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B MOEOrpa(pu paccMoTperrH BayqIGIe oclloBbl MeTo.qa IeTeKTI4pOBaHUg ra3oB II

a&TI, IBHgxqacTnlcI IoMoqb0noIy[poBo]EI l IKoBbIxxI , IM' IqecKIDtceHcopoB'aTaKIce

BOUp9CH rrpltrMellegtlg CeHCOpoB B IIpeITIsUOHHHX (FISIECO-XI1E,&I'IeCKI'D( I4CCJIO.UOBa-

HnflX. JIo.U)o6Ho LIsJIaraeTcs Teopl4s QopltrrpoBalflIs a,qcop64{oIrHoro oTIc[uKa

sreKTpo@I3uqeclsD( IlapaMerpoB oKcIISTbIX IIoJIyqpoBO,4ilIKoB. MeTo,UIKa IIpI4MeIIe-

HlIg IIOJIyIIpOBO,UflIICOBbIX CeHCOpOB B @I3I{ICO-XI{Mr!IeCIC'Di SKCIIepIIMeETaX I43JIoI(e-

IIa Ha lcoltrcpeTHtrx llpuMepax }rccJIeIoBaIMg reTeporeHHblx I,I reTeporellHo-reMo-

reHHHx XUMtrrIecKID( peaKl$fr, a TaKJfte TaKI,D( qpoUeccoB' RaK peJlaKca44s gHep-

rrflI Bo3oyEIeEAilX COCTOSHTfr qacTl,ul raSa Ha IIOBOpXEOCTI4 TBep.UOIO reJla fi

gMtICCr4s afiTl/tBHrrx qacTfiu rIpI4 cTpyICTypHOft llepecTpolh{e llptInoBepxEocrllblx

cJroeB a,4copoeETa.

JIrfi nay'nilx r4 r.rHxteHepHO-TeXHr,IlIeCKrfi paooTIIItrcOB, cIIeqUaJII{3I{pynilII4XCs B

oOJIacTlI pa3padoTKl4 xuMIiIqeCKID( CeHcopoB I,I (Flsl,ncoxm\fiel reTepoIeHHbIX II re-

TeporeHllo-roMoreHHblx rrpoue ccoB.
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The nonograph is devoted to scientif ic basis of semiconductor

chemical sensors technique. Its attention is focused at the usage

of semiconductor sensors in the precision physico-chenical studies'

The monograPtr expounds physical and chenical- basis underlying the

seniconductor sensor method, discusses the mechanisn of processes

occurring under interaction of gas with seniconductor absorbent surface'

Ieading to changed electrophysical parameters of the latter'

The nonograph is intended for the scientists and engineers specializ-

ed in ptrysical-chenistry of heterogeneous and heterogeneous-homoqeneous

processes and designing of seniconductor chemical sensors'
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IIPE,4I,ICJIOBIIE

MoHorpaftirfl rrpe,ucraBJrfler codoft [epByro norErrKy [o.q)o6Eoro orurcaEuE Ha-
yrfiilx ocHoB Mero.ua noJlyqpoBo,ufitr{oBblx XI4MI/I1IeORI/D( ceEcopoB, Hatuerrrero B
EACTOflqEC BPEM'I Itr{POKOE IDI4MEIIEE}IE KAR B PASJIIFIIIbTX OOTACTSX IPOMbIIII_
JIeEiOCTLI, TaIC I[ B IIOBCe.4IeBEOfi IC43IIU. oTJE[WITerbEoft .{eproft upe.ularael,lofi
MoEorpa(For, BH.{erfl@eft ee cpe,ry cyqecrByqefi Jrr4reparypbr, IlocBqemroft
gTOMY METOAY, flBJISETCA TO, qTO OCIIOBIIOE BHI4MAEI4E S HEft YTEJIEHO }TCIIOJIb-
BOBaHIID Mero.ua noJlytrpoBolFr4rcoB[rx ceEcopoB B rIperI[3],IOHHbIX ft,13rtrCo-Xr,ilitr{-
qE CK,ID( I4CCJIE ]IOBAIII4fiX .

ycroago Monorpaft,rfi AelrrTcs Ea rBe B3arlrMo.uorroJrrrfiurpre .qlyr ,q)yra qacrr4.
B ubpnofi I{3 HID( rocrarorluo nolqpoono i{BJraranTcs (prslnco-xrd\itrrqec1q14e ocrroBbr,
Ea KoTopbrx oasupyercs MeroA rroJiyupoBo,EtrtrcoBHx ceEcopoB. pacRpbrBarorcfi Me-
xalMgMbr qpoqeccoB, rrporeKan@D( qpl{ B3al.tMo,ueftcrBwt ra3a c rloBepxEocrbto
IlowllpoBo.urrlKoBoro a,ucopoerrra r4 npr,rno.qflrrEx K EsMerreHr{s elerrpo@rer.rvecrulx
xapaKTepr{cruK rrocJre,ryero. IIo,4)o6Eo pasorpaDTcs BosMOIGTNe MOAeJTI4 aACOp6-
r.prolfiIoro orrc,nlKa sJreKTpO([A3lIrIeCKrD( XapaKTeprIcrI4K [oJryqpoBo.uII[KOBOTO a,4_
copoeETa. AEaJMSfipynrcff peSyJrbTarH MHOXeCTBa ft43l.tr{O-Xl,nvfirqecKl.D( oKcrrep}I-
MEHTOB' IIPOIE.NAruNU ABTOPAMtr 3TOft Klflffi I,I A)YTXMI,I IICCJIE.qOBATEJISMI, JIEXA-
IIUD( B OCITOBE METO,{A IIOJIYSPOBO,EII{ROBTIX CEECOPOB. IIOKA3AEA BOsMO)reIOCTb iCO-
JII{qECTBEEHbIX I{3MEPEHIM CBEPXMAJIIIX KOItrIEETPAIPfr MOJIEKYJI, ATOMOB, PATruTA-
JIOB' a raKjre BoSoyr([eElrilx rIacrI4II B ra3ax, xrl.utocrflx u Ea noBepxHocu4
TBep,&Ix TeJr - a.ucopoerrToB Ir KaTaJMsaTOpOB.

BTopaff rracrb Morrorpa(pM [ocBfiqerra Ilp]rMerreErtro yKa3alfioro Mero.qa B F,t-
sITKO-XI4MI{IIECKn( ICCJIEAOBAIII4AX. IIOMI4MO rJUIIOCTPATI{BIIOfi HATPY3KII, 9TA gACTb
KIIUTU qpe.qcraBJlger caMocroareJlbllyn EayitrIyn qeltrlocrb. 3To cBSsaHO C TeM,
qro B KagecrBe trpxMepoB l4crroJrbsoBarrr{fl Merora B KH}rre [puBe,4elro llo,u)o6Hoe
OM.ICAHIIE IICCJIE,{OBAH}Ifl TAIqD( BNSbIBAWD( ETPOKI,Ifi ruITEPEC M,I3ItrCO-Xru\,[(qEC-
KrD( rrpoqeccoB, KaK a,ucopourur, KaraJru3, rtr[poJM3, ooroJel3, pa.u{oJMs, cirr{Jr_
IOBEP-3(NFKT, A TAIT{€ TAKIDT IIPOdJIEM, KAK IIOBE.IEHI4E CBOdOlrtrTX PAroTKAJIOB
Ha rpaHnle pag,UeJra (Das, aearuuo.qeficTBfie BJreKTporrEo-Bo3oyll(,4eHHbrx sacr[u c
troBepxHocrbn rBep.uoro reJra, BJrr4firrl4e Ilepecspolt{u [oBepxrrocrtl a,4COp6erITa
Ea FpoTeKaHlIe paSJrr,Frltblx re TepoFeHHblx Ilpoqe ccoB.

B IIepBoft rJIaBe paccMarprrBanrc.q (F.r3rEco-xm/el'{ecrure ocHoBbr, Ha Koropbrx
oasr,rpyercfi MeroA troJry[poBo.uilrcoBbrx xI{MrlFrecKE( ceEcopoB. rocraroqEo [oJI-
pooHo pa3dlfpaFTcs Bonpocbl o Mexarlllt3Max B3aurto,ueficrBr,rrr ra3oBoft (pasN c IIo-
BEPXHOCTbD TBEPAOTO TCJIA, O PASJIIIITIHbIX (DoPMAX AACOP6qI&I, O KilHETI,TKE AA-
copoul{oHlrilx [poqeccoB lI 06 a.4copouroHHblx paBHOBeCr,I.SX, CyqecrByru&rx B pe-
aJrbltux cl4creMax ra3 - noJlyupoBo.uflIKoBbrfi oKcrIlrfiffi aAcopdelrr. AHaJMsr{py-
e?cE poJrt oreKTporftioft Teopr{r4 xeMocopolu&I B pasBr4Tr{rf llpercraBrerild o
BJM.'IHId4 AACOPOIUtr,I HA SJIEKTPO@IBI,IqECKI4E CBOfiCTBA IIOJIYIIPOBO,EII4KOBbIX AACOP-
6eHToB.

no.E)oOHo oocy]l(Ianrcs Mo,ueJM a,ucopou{oltrroro I4BMerreE[s sreKTpo(F{Br4r{ec-
ruD( XapaKTep}IcTnK lroJry[poBo.urr4KoBoro aAcopoelrTa, odycroBrelfioro IcaK xe_
Mocopolu{oltrtrD,r BapsxeHlleM [oBepxHocTr{ Ba cgeT rrepeHoca Bapq.Ua MerUJ lro-
BEPXHOCTAbIMI{ COCTOEHI4SMII I{ OdGEMHbIMI,I SOIIAMI,I ATCOPoEHTA, TAK }I JIORAJIbIINM

xr{M[rqecKr,rM Bsam,roleftcTBr.reM a.{cop6aTa c sJreKTptrqecK}r aKTuBHbtMr{ ,4e(FKTaMr4
noJrynpoBo.0Hlrrca. 
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PaccMarprganrcfi cyqecrBywe MoAeJM a'ucopdqtrollgoro orrq[fiKa gJIeKrpo(F'I-

BIFIecJCtrX Xapa$TepI{CTEIC trIeaJIbIIOlO MOIIOKpI{CTaJUII/!qeCICOro a.UCopdeIITa' MOEO-

Kpr.rcTaJUIa C EeO.UroDoSIoft [oBepxEocTbn' a Tarure IIoJIImp]ICTaJIJItrrIecKorO ail-

copoenra, xapaKTepr.r3ynqerocs rraJrlrrMeM allpl{opllofi oapbepEoft pasyIlopsloqeE-

rrocTrl. I/tccJre.4lrercfi poJrb rrepeSapff$M olIOrpa(FqecKIlIX TIOBepXHOCTHbIX Cocros-

rfitt B upouecce a,qcopoluoEnoro BapsfieEtrfl troBepxflocTll IIoJIyIIpOBO,EIUKa.

IlorcodEo pa36m)aercs porb roqetuilx Ie(FKTOB, qpl4cyTcrByroD( B odreMe

tr rra noBepruIocTtr bKcu,Uffx a.4copdeEToB, B alcopdul4oElloM lIsMeIIeElm sIeIcT-

poFlsr4qeclcE( xapaKTepI4CTtrK. BEfiCEseTcs B,IlIsELre CO6CTBeIIHOft trpIfpo${ a,u-

copoetrTa, a raKffe rrprporu ueHTpoB aAcopdIIM.

BTOpafl rJraBa EerrocpeAcTBeIIEO IIOCB@eIIa TeOpeTLIlIeCKI,rM MO,UeJISI\' a,qcopo-

Ul,IoHlroro oTK,Iruca aJlelcrpo(F[strrlecKllx xapaKTepllcTl{Ic peaJIbHblX soryupoBo'Etrl-

KOBbIX a,UCOpOeBtOB, trCIIOJIbByeMIIX B KaqeCTBe TIyBCTB[TeJrbHbIX gJIeMeHToB Xtr-

MtrlIeCKtrX CeECOpOB.

IIo.4)oOHo pa3duparTcfi BotrpocE, cBsBaEEIIe c TIledoBaIIUgMIr BilCoKo[ qyBcT-

BrrTeJrbHOCTu II ceJIeKTI4BIIocT]I oTKJIII&a gJeKrpo(FlslrrlecRux trapaMeTpoB B or-

HOrrreHtrII ICOBTpOJmpyeMoro raSa I,IJIU [syqaer,loro Tl[fla aKTIIBHbIX qacTuq' a TaIC-

ree c .E)yruMI{ rp€doBaEllsMtr, qpe,UbnBJIgeMDMtr r a.UCOpoeETaM ]U4MI4!IeCKI'[ ceE-

copoB. OdcyfIaDTCs IIpUEIItrd, Ea KOTOpbIX Oa3rpyeTcfi pelleEue BTIID( IIpooJIeM.

I,lccJleAyeTca BOtrpoC o KpI,rclaJUMqecKOM Tme SgyqaemD( a.4copOeIIToB' Iletro-

cpeAcTBeffiO CBflSaHHOM C XapaKTepoM MexKpucTaJUMl�HSX KOIIIaKTOB'

Eo.rrUOe BEUMaIII4e y,4eJlgeTcf, Botrpocy O BoaUMocBflsII MeTo.[oB ItpIlroToBJIe-

ffis troJE[cptrcraJurr{rrecKtrx a.ucopdeHToB I{ odJlacrefi npI,IMeEI4MocrIll rIoJIyqpoBoA-

III{KOBffi CeECOPOB Ea l/ft OCIIOBe.

IIOn)oOEo paSdIIpaDTCS BOIIpocU, cBs3aflHEe C gJIeKrpo@tBI'ItIecKI'IMI4 cBoftcT-

BaMll ctteqenrurx noJrnrcptrcraJrJlrqecnl/B oKcrI.UoB, a ral{*e c IIx a.4copdltrIoEHblM

r{sMeEeEI4eM. AEaI[3l,rpyeTcfi paBJII,I1Me B a,UcopdLuIOEHIlx IISMeIIeEI{flx 9JIeKTpo-

6{Bl{r{ecrclD( XapaKTepI4CTuK CTeXtrOMeTpI,ItIeCKEX tr IIecTeXI'IoMeTpI{tIeCKIlD(' qac-

TTIFIEO BOCCIafiOB.IIeEIIHX OI{CI4UIbIX aICOp6eETOB.

B TpeTbe[ rJIaBe KopOTKo ITSJIaIaDTCA MeTom [3rOToBJIeE[rI qyBCTBuTeIbHblX

gJIeMeIIToBtroJrytrpoBof i I l lKoBnxceHcopoBIJIStrpoBeAeH}Igl lccJle.uoBal lugpf lAa

aFISrtrCO-Xr6,S[qecrE trpoqeccoB B ra3ax, au,4tocTff' a TaKfre IIa IIOBepXIIOCTII

TBep.&[X T8Jr. IIQKASaHH OCOoeffiOCTIlr UpmoToBJIeEtrs 0TI4X 9JIeMoIITOB B saBtl-

clIMOcTlI oT qeJleft n yCJIoBIfi Ifi trcIIOJIbSOBaHI{s. I(paTKo I4BJIaramTCtl MeTo'6I

,qeTeKTrIpoBaIIUs - KI{IIeTtrqecICd E CTArytOBapHlfr, uI ocodeEIIOCTIlr tr IDeItMyqe-

cTBa a rex ruM TIHbIX (F43rIKO-XltMlrtIecKE( CtrCTeMaX'

B 3TOil Ee rJraBe qpIIBOAsTCs IIO,4)O6HbIe pesyJIbTaTbI I'�ICCJIe'IOBaEI'IS BJMSHIIS

a l copo l sMaToMapHbrx r l acTn l , aTaK lBecBoooEu l x f i pocTe l t l l l lD (pa ]p IKaJ IoB I I a
gJrelcTpoqpoBo,nFocTb IIOJIyIIpOBO,EmOBEX IIJIeEOIC ORCnUa $IIIKa'

Ha trplduepax trByqegltfi arcop6qm H-aloMoB' a rar$e aroMoB pagr]rllHllx Me-

TaJIJIoB BoIu\,PMeTpIlrqecKI4M tr qyqKoBbIM MeTOIaMtr .UOKaBaHa cTporafi trpo[opryIo-

EAJTbEOCTb MEITY BEJI'IIIUIIAMtr A,4COP6Itrfi tr ITSMEIIEEUSMI4 TMCJIA EOCI4TEJIEft TOKA

Ba.4cop6el lTe.AIraJo| [En, IeSaBI{c l IMocTl IqpI IBoI ' ITcf i l I IJ IScIyqaf la.ucop6l@

aKUgUTOpEI{X qaCTItrL TaK14X, &aIC MeTuIbHEIe I[ OIIIJIbI{I'I@ PaJIIIICAJIE' a TaKt[e

rrIff)oKcI.IJIbHbIe tr asoTco,UepseilU4e paIUIKaJIbI. Ha llpl8'lepax a.UcopoIIIM yKaBaE-

Itblx qacTI4U EoIcaBaIIa BbItroJIHI{MOcTb llpocreltlu cooTIIoEeIilffi Metl(Ay lfi lcoruIeE-

rpaulefttrtrSMeEeEIIflMtrIIpI4MecEoiloJIeKfpoqpoBo.EocTI,IaAcopoellTa.

IIpr,Bo,[sTCs pesyJIbTaTbI 9KCIIepUMeHTOB II,4ae Tcs Teope Tl'�IllecKas l4ETepqpe-
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Tal$8 aJItrAErrs IIa gJrerrpoqpoBo.Eocrb ceEcopoB a,[cop6l[!n MoJreKyJrfipEoro Kr_
cJIOpOra tr aJrRlurbBrrx pa.uEcaJroB B KonreBc4poBarrHbrx cpeAax (so.ua, IIporoE-
ao,4ouopElle II atrpoToHHEe pacTBopnTe,fltr) c pas.nrwtnna BHaqeEI4.qI\,o[ BeJTFcIIEI
IIII9JIEKTPETIECKOfi trPOIilOIAEMOCT'!. YCTAHOBTEEO, IITO HA3BAIffNfr IIAPAMETP CY_
4e crBeEHbtM oopaBoM BJtrr8e r Ea odparrorbre tr3MeEef,r{s gJleKrpofipoBo,ulocrr.I ceE_
copa B BTrltr Cpe,qax, crporo Bab[C@.Ie OT KOEUeETpaI$u pacrBopellEoFo KIIC-
ropoAa.

IIoIcaBaEo, qro asarorrlutrre s@Kur Ea6m.uanrca tr B crytrao rq)lrMerrerrnff
raBofiapoQasr*rr cpeA qpr! ycJIoBLu EaJIFItrA Eacbqeruoro Ilapa rofi I{JIrlt LrHOfi
,rs{Erocr}I' oopasynqero Ea rloBepxEoclx rloJlytrpoBosfl{Koaoro a,4cop6eETa roli-
RUe &[UUCOClHbre CJrou.

B rrerBeprofi rJraBe paccMorpeE r{ oIItrcaE pa.u @erdco-xgMrFrecRl{x {poqec-
coB' B KoTOpblX IJIS aI{aJMga Ea cO.UepraglIe TeX UJM I4HbIX arcTI,IBHbrX qaOTrd{
6HJM gpEueEeEil lloJryIlpoBolErrrKoBbre ceEcopEl. Barcreftrre IrB Hr{x - peKoMolfira-
Luts aroMoB II pa,4IKaJIoB, mrpoJll{g rrpocrrD( MoJreKyJr Ea ropslrrD( H}Irrrx, (Doro-
Jrr[3 B ra3oBotr @ge tr a.ucoporfpoBartrIoM cJloe, a raK[€ gJreMerrrapHrJe cralwr
HeKOTOpblx KaTaJruTr[rrecKrrx reTeporellHrlx qpoqeccoB, trpoTeKax[@( Ea oKcnlax.
B eroM cJlyqae troJryllpoBorErrrKoBbre aAcopoeETE ErpaJIu Foffiyp poJlb: rcaK ICa-
TaJIgBaropoB' TaK lI WBcrBtrTeJIbHbu( oJIeMeEToB - ceEcopoB B orl{oueEu}r ruo-
MeryTOlIAI[X aKTtrBHr{X rracluq, rrofi&rrswryca Ea troBepxHocril rata;urearoDa B
xo.4e KaTaJl/trtrtrecKoro qpouecca.

KpoMe yKaSaESIX lICCreAOBarud, oru{cbl8aFTcfi TaKse pesyJrbrarbr 3nc[ep[-
MeIITOB trO [CUapeEI{Io cBepxeTexl{oMerpFrecK}Ix aroMoB MeTaJTJIOB C rroBepxHocrrr
pasJrI/FTHEX ORCI{IOB, a TaKfte t uoaepxaocru MeTaJUItrlreCKr4x (lplrr c uenbF oII_
pereJreEllfl trx rellror rrcllapeHrlfl, 06EapyaeEa xopolraff cxo.utrttocrb gKotrepr4_
MEETAJIbEbDT sHAqEIild C TAoJtrTEtrtr\,trI AAIIHITMII, IIOTYqEHISN,III I{IIbIMI4 METO.UAMI4.

c florro[bn '[JIooI(JD(" oKc]I$rbrx ceEcopoB }IByqeHE JlarepaJrbllafi Er@ysfig
Il-arol,rog u culrJuroBep-o(@KT,

HA OCEOBE COBMEqEII'Ifl METO,qOB IIOJIYqPOBOEIITKOBbIX CEECOPOB }I MOJICKYJ],P-
HID( trYIIKOB I,ICCJIE.IOBAIIA AACOPory!fl ATOMAPHbIX, MOJIEKYJItrPHbIX I,I K",IACTEPHbIX
qACTIflI METAJUIOB EA OKCruIAX METAJUIOB.

yrca3brBaercs Ea Bo3MoeHocrb trpr4MeEeErls noJlyqpoBo.utr4rcoBbrx ceHcopoB B
trccJre,qoBaEtrflx B3arrMo.ueficrBr{s c uoBepxEocrbn oKcr4IoB u a.ucop6[poBaEHbtM]4
Ea IItrx cJroaMtr Bo,uopoAa uorloB Bolopola E sJreKTpoIIoB pa3rroft srreprwr, a raK-
ae B UCcJIe.{oBaEtrsx 7-pa,ryofil3a yIJIeBoAopoIoB B rasoBblx LI jK.I.U{IlDt cpe,Uax.

Ilsras r.naab uocBrueEa BotrpocaM rlcrloJlb3oBarltrs noryupoBo.u[rKoBbrx ceE-
copoB B rrccJreAoBaEr{fl( reTeporeHHr[x qpoqeccoB, qpoTeKaru[D( c yqacTr4eM
aJrercrpoBosdy![,Uelrublx aroMoB r{ MoJreKyJr. JIaE Rparrcrd odsop ft,r3rtrco-x}o,ffqec-
Kr{x cBo[crB BJreKTporrEo-Bo3dy,uemfix qacrEl. MeroAoB ]!( ,uereRTr.IpoBaHr,rff, a
TaKAe BOqpOCOB, CBssaHHEr( C lD( ,4esaKTrrBar$4e[ Ea noBepxHocTr4 lloJryrrpoBo.4-
III4IcoBEx oKc&.[oB. Ii[Brox€TIrJ Eaytficle ocIIoBH ceEcopEoro Mero,ua AereKTI{poBa-
III4g 9JIeKTpoffio-BoB0y{,UeIfiItD( rlacrnl. Mero,UEca trpl4l\relieHr{s ce$copoB B TaKo-
ro po,4a IlccJIe.4oBaHI4gx oruIcaHa Ea RoEIcpeTIII[x rrpl4Mepax BBaIo,toIeficTBI/tg cItI-
TJIeTIIOTO ruICJIOpO.4a lI MeTaCTaoIuIbIlrIX aTOMOB I4IIeprHbIX raSOB C IIOBepXiIOCTbI0
rloJlyrrpoBo.@[KoB rr mgJreKTpltr{oB. Ilorca3aHo, RaKr.$,r oOpaBoM ceHcopE Moryr
6HTb ucIIorb3oBaHE ,qJrr orrpe.ueJreHr,rrr s(DqleKTrrBHocru rereporeHrroro ryrrreHufi
SJIeKTpOEIiO-BOSoyXIeItr$IX qaCTIdI II BHSCIIeEIIIE KaIIaJIOB WICCliiJtatIiJ/I lD( oEeprl{Lr
Bo3dyffIerilrfi Ea rroBepxEocTflx pa3Jrr{rrrrofi rurpom. 06cyMeril,r MexarM3Mbr rrsMe-
Helrr4fi sJreKTpoqpoBo,qrocru rroJryrlpoBolFtrrcoBbrx oKcr{.qoB c r&rcrofi u lao.ryrffufl-
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poBalfioft ,UodaBKaMI4 lloBepxilocTbn IIoA .UeftcTal4eM gJIeKTpoIillo-BosoyMeIIHbIx

qacTuq.

B necTofi rJraBe rrprlBeleHE pesyJIbTaTH 3KCIIepIIMeIITOB IIO OdHapyxelflflo c

IIoMoqbDtrowfipoBo.ulllKoBblxceEcopoBI/tlIccJIeIoBaIIlnoEI[poKoIoKpylagBJeIfld
gMtICCtlI,I aKTI4BHilX qacTIdI c IIOBepXEOCT]! TBep.ux TeJI 3a Cr{eT gHepIUI4' BblAe-

Jrsruefics B qpoUecce rr46eJ[a JroKaJrbHbrx Bo36y8IeEIfr B rrpurloBepxHocTllllx cJIo-

sx. ilolodln{e SBJreEtrs qpe.ucTaBJlsnT IIecoMHeHInfr finTepec ,4fis [oH]IMaH]Ifi Me-

xaH[3Ma Sapox(IeEl{fl r'r Bblxola B ooreM reTeporeElto-roMorellHl'Ix peaKll}il' a

Tarufte reTepoIeIIHLIX KaTaJMTI4qeCKIO( EpoqeccoB' upoTeKamryDt no qeEIoMy Me-

xarrusMy.
B 3TOfi te IJIaBe paccMaTpIiIBapTCS CtreLUI(lEqeCKUe MeTOE{qecKI{e upI{eME'

fipmreEseMue IJIS I{.UeIITu(FIKaIIM B IasoBoft (DaBe aToMoB Bo,qopola ' KllcJiopo.4a '

cepeopa, aJrrcuJrbHilx paI[maJIoB, MOJteKyJI cuIIrJIe$IOrO KICJIOpOIa' KOTOpEe MO-

ryT HafiTI{ IIMpoKOe IIp}IMeBefIIe B IIpaKTtrKe IIp}IMeEeHI'Ifl IIOJIyIrpoBo.EiItKoBbIx

ceHcopoB B (FIsIIKO-XI{MWe CKffi [CCJIe.UOBaIItrsX.

TeKcr KrflE'u cHadr€H MIIoroqucJrerIHHMr ptrcyEKaMl4, rpa(PIKaMII u TaOJMIIaMI4'

troSBOJrfiUrIr{M[ HarJrfl.IsIO rlpo,UeMorrcTptrpoBaTb np]IMe]I]IMOCTb MeTO'[a rIOJIyrIpoBo.u-

HrlKoBbtx ceEcopoB ,4JIfi I4CCJIe,4OBaIM'I yKasaHHbIX qpoueccoB I'�I CO[OCTaBI4Tb IiO-

JTIIeEH{e c ero troMoqbF peSyJIbTaTbI c peSyJIbTaTaMI4, IIoIyqeEHrn/EI I,I3 aIIaJIo-

TIFTHbIX rlsMepeulil, upoBe,qeIIHEX rcyruMtr MeTO'qaMtr'

BceoTo,[eJIaeTl lpe,4JlaraeMytr I tEI I ryBecbMatroJIeSIIof tAJI ' IW[poKoroKpyra

trcCJIe.IIOBaTeJIefi U cIIeIEIaJMcToB B oOIacTtr (FlglEcoxlo,trtr4 IIOBepXEocTHbIx sBJIe-

Hrfr, sar,HrepecoBaEHllx B pa3BIITlI[ lI I{ctroJlbsoBallfitr MeToAa IIoJIyIIpoBo.UMI(o-

Bbrx ceEcopQB, a Tanfte .4JIs aCnUpaIITOB II CTy,qeIIToB CTAUIMX KypCoB' crle-

waJMSUpyW[xCA B yRaSaIIHIU OoJIaCTffX.

fraBa 1
OI{3I4KO-N4MI{IIECK}TE OCHOBbI M�TOIA IIOJtrIIPOBO]U}flTOBbU( CEHCOPOB

1.1. qTO TAROe IIOJrynpOBO.4{nKOBHe Xr.rMUqeCKr're ceHcopH?

HarfieM c oqpe.ueJrerMrr.t IloJry[poBo,Eir{rcoBbrfi xuMlFrecKr.fr ceHcop - BTo eJreKT-
poltrtrfr rDr{oop, fipe.ura3Haqerufifr ,qJrs rcoETpoJra ga colepx(arrr4eM B oKpymaqeft
cpe,qe qacrrtrI Toro IIJIIT I{Eoro raoa. \npruuur ,ueficrB}rs fipu6opa ocHoBaII Ha
ofiFKTe rparc(popMa4m BeJIIrrqI{Hbt a.qcopdryrlr rreuocpe.UcrBenno B slerTprrrecruM
cIIrEaJI, cooTBeTcTByW{ft KoJrrFrecrBy rracrru{, a,UcopolrrpoBaHHblx I{g olcpyxarcqefi
cpe.U u.rur fie fiofiBrrBrrrlrxcfl IIa [oaepxBocr]r paooqero gJreMeHTa ceHcopa 6raro-
.qapfl rereporeHrroft xr{Mr{rrecKofi peaKr-Utr{.

i,lcxo.qs trs ,qarfroro o[peleJlenr.rff, rroJryqpoBo.urrrroBbre xilMurlecrue cencopbr
Motqlo ycroBEo lclaccfifra.UfpoBaTb rlo cJreAyr@II\, [pugEaKaM: ufiy BbrOpaiIHbIx
.uJrs noHTpoJrs gJreKTpo@4Br4rrecKI/D( xapaKTepr4crr4rc, TaKrD(, KaK eJreKTpoqpoBoA-
Hocrb, TepMo-3,UC, paoora Bblxola oJreKrpoEa ![ T.rI.; r[rry I{ Epr,rpole rroJly-
IlpoBolErr,rKoBoro a.qcopoerrra, ucrloJlbgyeMoro B KaqecrBe paooqero oJreMerrra
ceHcopa,I{, EaKoHer{, IIo MeTo.Uy perr{crpaqr}r aAcopol-proruroro ornJtrE(a ero
sreKTpoft{sllqe cKEX XapaKTepr{cTr{K.

BH6op roro r{Jrrr rrHoro alcopoerrra, oreKTpo(fti3l{r{ecKoro [apaMerpa II MeTo-
.4a perr{cTpatlltrt ero r43Merrelffi, a TaKltre Bu6op pasJllirq$rx llpe,qa,4coporyroHHblx
oopaooroK lloBepxEocrlr aAcopdeHTa B. KaEIoM KorilcperrroM cJyqae odycroBreE
TrtrroM 14 xapaKTepoM perlaeMofi aEaJtrrrrqecKofi Ba,Ua,fi. Haupruep, ecm qacTfi-

- lf , arTuBHHe B trJrarre r.rsMelleErlfl oJreKTpo(F4Br{Rr4 rloJlyrq)oBoErr4rcoBoro a.ucop-
oeHTa, IIoffBraDTca rra ero rroBepxEocrtr oJraro,uaps trporeKaH![ro xr4Mr.rrrecKofi pe-
aKr-uE{, peareHTaMl4 KoTopoft fiBrflFTcs rIeaKT[BIiHe qacrr.il-Ut, To ecrecrBeHEo
tIcIIOJIbSOBaTb B KaqeCTBe paooqero gJreMerlTa ce8copa fi{6o noJlyrlpoBo.4ilrKo-
BHfi MaTepLIar, KaraJMgIfpyWM ,UanEyD peaKlUtro, JM6o, ecJM oro HeBoBMoI(-
so, oqpe,ueJrerrH[re rroBepxllocrlnre ,qoOaBKr4, ycKops@4e pea&lu,rn. XoJM x(e ra-
KI{e rracrrtrSl trofiBJraDTcrr B pesyJlbTarc a.Ucopolptr{ I,ro orcpyx(anqeft a.Ucopderrr
048il, To B gToM cJryqae B KaqecrBe padoqero sJreMeIITa ecrecrBerfio lrclroJrb-
3OBaTb IIOJIyTTpOBO,UIIIKOBEe MaTepr{aJbr C MaKCIlrMaJIbEofi alcopoquoruroft rryBcTBI4-

TeJrbirocTbD BHopaErroro sJreKTpo(F{SlrrrecKofo [apaMeTpa rro oTrrollleEulo K KoE-
KpeTrIoMy Fa3y.

'lTaK, ceucoplsfr o@KT saKJmgaercff B I{BMerreIIIrI{ paoJl}rlrrrux oJIeKTpo@I3r,I-
qecKlIx xapaKTepucTlm, rloJlytrpoBo,Err4KoBoro alcopoeETa rq)r4 trosBJreELM Ea ero
IIOBepXEOCTtr AeTeKTIlfpyeMbIX qaCTIUI HeBaBIICUMO OT MeXaHI{3Ma IIX IOSBJIeEIIS.
IIpotrcxoEIT oTo rloroMy, qTo BogHEranwe B pe3yJlbtare xeMocopotptrr AocTaTo-
EIo ycrofiwBble troBepxEocrHbte xflMlrrrecKtre coeDlEeHrls Bo'Mllorlrx cwqaflx 06-
JIa,qaDT ctrocooEocTbp JEloo odMematbcs BapsIoM c oobeMHbrMr.r soHaMI4 a,ucop-
6enra, lu6o Eellocpe.qcrBeffio BgalrMo,ue[crBoBarb c oJrerrpllFrecKl{ aKTr{BHltMlr

,4e(FnTauu lloJryqpoBoEruKa E TaKUM oopa3oM trBMenETb rcaK rretrocpe.{cTBerrEo
rcoErleElpalulD cEooolEu( EoctrTerefi toKa, TaIc r,I B otrpe.[eJlellEbrx cJryqatr(
SapflqoBoe cocTofirrne troBopxEocTl{.

B ToM cJrygae, Kor.qa B KaqecrBe aAcopdettTa trctroJrboyprcfl rIoJryrIpoBoEIuKr{
c xapaKTepEbtMtr paSMepaMtr (to;qura ruIeEI(u, pasMep MEcpoKpI,IcTaJrJra rr T.II. ),
qpeBEIIIAI@r,rtr &rry grcpal|qpoaaElilfl .ue6aff, xeMocopol&oErroe r4sMeIIeElIe troBeJ
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XrIocTrIOIo Bapfi.4a IIpI4Bo,UI{T K lIcKaXeHI[Io soEIIofi marpaMMbl IIpUIIoBepXHocTEofi

ooJracrlr u, TaKn odpasoM, K TISMeIIBHIm Bcex sJIeKTpoF'IsuqecKI'fi xapaKrepl4c-

TIIK MaTeptraJla, oOyCJIoBJIeHfllIx fiBJIeIiI{aMlI llepenoca, Taxoe RpylmoMaclllTaOnoe

-ItC,KptIBJIeHIIe 
gflepreTi.ItlecKoro peJlbeoa EIa 3OHII IIpoBO,U{}IOCT}I II CooTBeTcT-

BerrHo troToJIKa BaJeETHofi 3oHE, qpoucxoAtlqee IIpu xeMocopolu{u pasJll{wux

rIACT!trI }T CBOICTBEIfiOE I{MEEHOI trOJIYtrPOBO,EItrKOBbIM MATEPI4AJIAM' Irp!{BO.4'TT IC

peBKoMy TTBMeEeEUD KoIIlIeErpaLUM cBooo.Ufix HoclITeJIeft, yqacTByruIID( B ToKo-

lepeEoce. He ueuee SaMeTIIoe LIsMeHeIile KoIflIeItTpaLUI,I cBo6o,U{blx HocfireJlefi

oaprr,Aa MoeeT EaOJIIo,Uarrcal u npn qpflMoM a.UcopdIPIoIIHoM BsauMo1eftcrBlg 14

CooTBeTcTBeEIIo usMeBeIIUI/I KoIUeIITpaLEtr{ gJIeKTpIlrgecKI4 aKTI,IBHbIX,4eSeKToB'

oTBeTCTBeHEIIX 3a IIplIMeCEyrc oJIeKTpOtrpOBO.UOCTb IIMpOKOSOIIHIiX IIOJIyIIpOBOJEIII-

KoB. .&Is MeTaruuFIecKId aAcopOeIIToB, EaodopoT, xeMocopowoHHoe I,I3MeHeHI,Ie

Sapg.4oBoro cocTofiIfig IIoBepxEocTlI ilpaKTrqecKu IIe cKaSbIBaeTcE Ha ROIilIeIIT-

paudl IIocI{TeJIefi TOKa, A rpogBJlgeTcfi, ulaBHbIM o6pa3oM qepeS I'tSMeHeIile I'D(

IIOIIBI,DKIIOCTII, 3a CqeT I{3MeEeIIi4fl IIOBepXHOCT|OIO paocefiHl4g' qTO, ecTecTBeH-

Eo, ropaslo cJladee cKas[IBaeTctl Ha 9JIeKTpo(PTBIFIeoKLD( xapaRTepucTl{Kax Ma-

TeptraJra. t{MeEIO BblcoKatl qyBcTBUTeJIbHoCTb 3JIeKTpo@I3I4IeCKI,IX xapa&TepucTllK

rIOJIytrpoBoEIlIKoB K aAcopdlutr4 paBJIlIrIHEx ra3oB, a TaKfie BoBMollGIocTb ylrpaB-

JIeEI{q ero II treIaDT STII MaTepI{aJIbI IDI{BJIeKaTeJIbHiIMII .4JIg I4SIOTOBJIeHI'IS Ha I4X

o cr{oBe r a 3oqyBcTBnTe JIbHblx a JIeKTDOI{ffX rrpeoopa 3oBa Te JIeft .

I i(;ra nOWUloBO,UIuKoBblX xIIMlrtIeCKlD( CeEcopoB xapaKTepHl[ EI'I3Kas cToI{-

MOCtb, MaJIHe paSMepE, cBepxBHcoKaq qyBcTBI{TeJIbHOCTb, saqaoTyn HeIocTI4-

xrrMafl B rcyrlD( MeTO.qax aEaJM3a, HaAefiIIOcTb. ItpoMe Toro' RoruIeHTpal]lls .ue-

TeKr�I{pyeMEX qaCTItrI [peoOpa3yeTcrl EeIIOcpe.UCTBeEIIo B sJIeKTplIrIecK]ffi CUIHaJI'

a sreKTpolffa8 ocEaCTKa llpl,Ioopa [pe.4cTaBJlfleT cqoot llpocTeltlylo gfleKTpfiqec-

Kyn cxe!!y, roTopas Mor(eT 6brTb peaJrr[soBaHa B aKTI{BHOft !IaCTI4 HeCyUeft nO/I-

JIOlffKlt, 
'

I4cfo$syet6re B KaqecTBe a,Ucop6e{ToB [oJIyIIpoBolEIlIKI,I no cBoeft KpI4cTaJI-

JII[tIeCROfi Oopsre, EeEOCpe,[CTBe]fio CBrIsaIfiOfi C IIyBCTB]ITeJIbHOCTbI0 K aAcop6-

LutrI, B SaBtrCI,rMOCTI4' OT TEIIa peuaeMoft 3a.4a1M MOryT IIpe,ucTaBJIrITb COdOil MO-

IIOKpIICTaJUI$ IIJM MOIIoKpIICTaJIJIIIqeCK[e IUIeEKI'I C OIIpe,UeJIeEIIoft KpllCTaJIJlOIpa-

ft{'recKoft opuelrTalU{eft padoqefi IIoBepXEocrI4; cneqellHble B BaKyyMIfix ycJIoBI{sx

trOJII4KpIICTaJUMIIeCKI4e IIJIeIIKITT, IIO CBOIIM OJIeKTpi{qeCKI'rM CBOftCTBaM gBJIfiIoU[4eCg

aIIaJIOIaME MOIIOKpI,ICTaJIJIOB, IIO B OTJiItlMe OT III/D( OdIa.UaUU4e MaKCI'IMaIbHO pa-

BBI{TOfi IIOBepXEOCTbD; CIIeqeHHHe B OIC}ICJMTeJIbEOfi cpe.4e nOJII'ftpIICTaJIJI[qeCKI{e

IroJryqpoBo.qFlr$r. Pasrflqa Met(Ay ,@yMfi yKasaIiHblMI.I TIIIIaMI4 noInKpI4cTaIJMqeC-

IOD( a,qCOp6eHTOB, IIOMTIMO CTeIIeHU CTeXI{OMeTp![qEocT]I lD( COCTaBa' saRlloqaeT-

cgl IBxapaKTepeKoHTaItToBMelq[yoT.[eJIbHNMI4KplrcTaJIJIaMf i 'qTolrpogBJlgeTcg

B IraJItrtIrM IIJIu orcyrcrBtll,I MerccpI4craJIJMTHbIx SHeprerl4qecxi'Ix oapbepo3 Irff

4Pffiglu{q BOCIITeJIefi TOKa.

i OOqnna Tpe6oBarr[rrMr4 K IIoJIyIIpoBo.UItIRaM Bcex T1III9B' ucnoJlb3ye!6lM B Ka-

qectne pa6oqlD( sJIeMeHTOB CeHCOpOB, gBJlgmTcg cJIeAyIouI{e: IIOJIyIIpOBO.U{I4iCI4

1ogqtbr rIMeTb,[ocTaroqnyp xuttrF{ecKyF cTolfitocrrf ne,4oJI]lGIbI o6pasoBbIBarb

ycToItqI?IBI[X XIIMIIIIeoRID( coe.4,trIellrtft c aAcopd[poBaIIHbIMlI qacTI4UaMu ]1' KpoMe

Toro' ,{oJr'rc{il ooJta.uaTb .uocTaTotfiofi TepMrqecKoft u MexaIMrIecKo[ Ilpor{I{ocTbl0.-

Harutyqmo, oopaSoM BCeM yKa3aHHbIM TpeooBaH[ffM y.uoBJIeTBOpsrcT MeTaJIJIO-

oKcll.Ulile IIOJIyEpOBO,uIIIKI4' TaKI4e, KaK ZnO, SnOz, TiOz Ir rcyll4e' IloNfln'�llo

9TOIO, TaKtre mIpOKO3OiIgbIe IIpHMSCIIE9 IIOJIy[p6BO,UI1IKI4 o6la.UalgT oqegb BbICo-

KOft qyBcTB[TeJrbHOCTbm K a.ucop6lptr4 (IIO cpaBHeH]IIO' Ha[pI4Mep' C 3JIeMeHTap-

HEMII), qro cBgBaHo c oqellb Maroft KoHrleHTpau}Ieft coocrBeHHbrx cBooo,Eil,lx Ho_
CIITEJIEfi 3APffAA II IIOTOMY OTPOMHOft qYBCTBIITEJIbIIOCTbIO IIEJIOTO Pg.qA I4X 3JIEK-
Tpo(PlsuqecKrD( rrapaMerpoB K fioooMy r?riy Jrerr{poBaHr.r.fi .

Ilttororucreruftuvgt gKcrIepI4MeHTaDeI 6bulo rIoKaBaIIo, r{To B pegyrbrare aAcop-
6urur axrrcrux qacrrul. cy.4s rro a.ucopoeHTa, a r,rMerrHo; rro rrBMeHe-
rrrdo ero 9JreKTporrpoBo,Erocrr{, paooTbr BExo.4a oJreKTpoEa, a raKffie repMo-3.uc,
xorroBcRoft Sllc I,I T.A., BCe aKTlIBItUe iracTrtr]! MoxEo pa3leJrrrTb Ha Tpr4 rpy[_
IIII - AKUEIITOPtr gJIEKTPOHOB, AOHOPbI U EEftTPAJbIilJE qACTI,II.IbI. HA TTPNACPE OK-
CLIJETEX noJlyqpoBo.ufltr{oB gJreKTporrHoro n-Trtrra, iaruor, rcax zno, Tioz, cds fi
,qp., I! .qbrpoltrtoro p-TItrIa, TaKffi, KaK Nio, cuzo u .U)., 66uto noKagaEo, rITo

IIeBaBI4clIMo oT Xi{Ml{qecXoro coCTaBa OKcI4Ia' [pEIaIJIeI(aUelo K ToMy ]IJM I{Ho-
MY TItrIY qPIIMECHOIO IIOJIYqPOBO.UII{RA, AACOP6II4g AftIIEIiTOPIfiX AI(TI4BHNX qAC-
rl[L T.e. ooJra.4awD( cpo,4crsoM r{ oJreKTpoHy, narpuMep fipocreftuD( pa4ma-
JIOB CH2, CHr, CrHr, CaH7, NH, OH lt ,E)., a Tarufie aTOMOB N, O, CI 14 aICTIIB-
Ilblx MoJIeKyJI 02, cL2, Br2 lI T.n' ' Bcer.{a yMeEbnaer rrpl4Meclryo oJleKTponpo-
BO,EIOCTb OKCIIAOB n-Tuna I4 yBeJlllrquBaeT pa6oTy BExo.4a 3JIeKTpOIIOB.

3aMerlar' qro a.ucopor-u4fl aKrlerrropHblx qacrr.flI lra oKcr4$trrx rroJry[poBo,urfiKax
p-rlma BJII{,IeT Ha IID( eJleRTpoqpoBolflocTb lI padoTy Bbrxo.qa rrpoTlrBorroJlox{nbrM
oOpaBoM. {to xe Racaercg.UoBopHbIx llacrl,q, TaKIfi, KaR aroMbl H, Na, K, zn,
cd, Pb, Ag, Fe, Ti, pr, pd r4 MHorr{e Ipyrr4e, To rD( a,ucop6lu4s qp}I cpe.Err/D(
lr HtrsKrlx reMrreparypax (Kor.qa orcyrcrByer saMerEafi .qr!{y3ilfl gTr{X aroMoB
BIIYTPb KPIICTAJIJIA }I, CJIEAOBATEJIbIIO, OTCYTCTBYET O6PABOBAIfl4E ATOMOB sAME_
qeHlIrr, rcoropbre lloFf.trrsarcs rrpaBr.rJry BepBeE) Bcer.ua coqpoBot(Iaercrr yBeJM_
qEHUEM 9JIEKTPOIIPOBO.EIOCTI,I 14 YMEITbIUEHI{EM PA6OTbI BbIXO,UA NOJIYIIPOBO.EIIIKOBOIO
alcopoeHTa n-Trtrra lr EpoTtrBorroJroxHbrM .UeilcrBr,reM B cJryqae p-TEta.

It EeftTpaJlrnrw qacrr4rlaM, a,ucopdUrur Koropbrx He aKTrrBsa B orHorleli[rr BJM_
srrlla Ea 0JleKTpo(pr3r,ruecK[e cBofictBa floJlyqpoBoFu,nca, Morcro orlrecrll TaK[e
qACTI.tr.E' KAK CTA6I4TbIUE PAIFIKAJIbI, A TAR'rE OTPOMEOE MHOTCECTBO MOJIE_
KyJr opraHr{rrecRrD( coelutrlerilff, Earrprn ep qpe,{eJrbnbrx yrJreBo.uopo,uoB cHa ,
crH., crH. u T.,u., EeIIpeAeJIbHbIX yrJIeBOAOpO.4OB, a TaKI€ MIIOII4e I{JIaCCN III4_
KJIIIrIeCKID( I{ apoMarI4tIecKID( coe.utrIeHlil. Iils neoprarurvecKl4x fipocreltnD( coe-
.umerfid K sToMy rUlaccy cJreryer orrrecrlr Bce dJaropoFnne rasN, MoJIeKyJrffp-
rrrrft a3oT, a trptr Hr.rBKrD( TeM[epaTypax - MoreKyrFprffft Bo,qopo.U. Cre.4yer oro_
Bopl4Tbcfi' o.ulaKo' qro yKa3afiIilJe qacrl{Lr SToro Rlacca ocralorcfl,uo rex ilop
HefiTparbltr'u\el B orHomeHltrI BlD/'frfrtg, l!( a.ucopotptrI IIa 3JIeRTpO[pOBOEIOCTb IIO-
JIYIIPOBO.trI}IICOBEX AACOPoEHTOB, IIORA PEIIb I4IET 06 OTCYTCTBI,trT B IIID( KAKOI'O-
rM00 (KoJreoareJrbEoro, sreKTpomroro) aogoyMerfirs./ B.rursruaro Ha oJreKrporrpo-
Bo.urocrb rloJryrrpoBo,urlrKoBbrx a,4cop6errroB a,ucopo6i0/ gJreKTporrHo-Bo36ylr(.4emftrx
qacTI{lI B 0TO[ RHItre IIOCB.qeEa c[eu]raJlbEag IJIaBa. l

Ilolrmro rpe6oBarus BEcoKoft a.ucopdr&roruron qyi;G[rerbgocrrr, rroJryqpoBol-
Hr4ICOBbre CeHCOpH .UOJIXHE OdJra,Uarb ceJIeKT[BEOCTbn OTIt"tD{I{a no orHomelrl4to K
orpereJleHEoMy ra3y, a raRi(e BNcol{oft craourbHocrbrc, T.e, Boc{poI4SBO.UOdOC-
Tbro cIlrHaJIa B TerIeIMe .qJMTeJIbHoro IIepI,Io,Ua paooTbl rrpfioopa.

IIpooIeMa ceJreKTI,IBHOCTfi OoyCrOBJIeEa TeM (Dafttorr]l; rrTo a.qcop6rlr4rr rracTr,rq
pa3JMwloft lrpupo.4,I B KoHeqHoM cqere BbIBHBaer o.uIor]IIIHbre I4BMeHeH],I.g oJreKT-
TDG4SI,IqECKID( XAPAKTEPI,ICT}IIC AACOPoEHTA, qTO qPIIBO.U4T K CTOrc{OCTI4 ,4ETEKTI4-
I)oBaHI,Iff ofipe,qeJeruIoft KoMIIoHeIITN aKTr,rBEofi fa3oBoft cMecr4. TeM He MeHee
(ryqec.rByrr rrp[eMbr peueE]rfi oTofi IIpooJeMr, rrosBoJrffrowe noJryqarb arcopoeH-



TbI, qyBCTBI{TeJIbI$Ie JII{lllb K OIIpeIeJIeIIHEM IABaM. It TaRUM IIp[eMaM MoryT 6NTb

oTHeCeHN: BH6op TeMnepa1ypBoro lIIITepBaJIa AeTeKTI'IpoBaHIIs' IIo3BoJlfinqero

peItIcTpI,IpOBafb oIIpe.ueJIeIIEIe, aKTI,IBIIEe I4MlgHO B 9TOM lIETepBaJIe rIacTI{I-EI' I

ro BpeMrr KaK lpyrue KoMIIOEeETH CMeCI.I B grofi OoJIaCrlI TeMnepaTyp eue ]IJIII

yffe Ee oora,qaDT AoJrrcrofi aKT[BrrobTbn; EaHeceEI{e HeoOJIbllIIlD( (- r%) ,4odagOr

KATAJMTI4IIECKI4 ARTIIBHNX METAJIJIOB, CMEqATD( MAKC}IMYM qYBCTBUTETbHOCTI{ B

cTopoEy BbIOpaEIIoro ra3a; cooTBeTcTByrc@[[ BHoop cTpyKTypbl I'I ToJIIIIfiI{H oKcll-

.ulblx cJIoeB ceEcopa TaKI€ IIOSBOJISeT ,&ICKpIIMIIEIIpOBaTb ,4eftcTBlle pgAa aKTIB-

Hbrx ra3oBbtx qacTrdl. 3toft Xe qefi[ cJIyxaT pasJll{\�Efie (MJIbTpbl' ooJla,4altr&e

cEocoOHocTbF ceJIeKT[BHoIo oT6opa qacTuU HyxGIoI'o BI,I.4a. Xopoul4x pesyJlbTa-

TOB B BTOM HaIIpaBJIe$ilI{ IIO3BOISeT IOOI4TbCS I'ICIIOJIbSOBaIMe MHOIOCeECOpHIIX

cficTeM, qpe,4cTaBJrswrx cooofi Eaoopbl a,ucopoeIITOB, XapaKTepll3yFlrytr(Cfl pa3-

JII,FIIIOft qyBCTB[TeIbHOCTbIo IIO OTHOIIIeHI{IO K paBHNM qaCTI,IqaM' nO3BOJIflUIIID( CO-

3.UaBaTb " aAcopoluorunne IIopTpeTE" OIIpe'qeJIeHHEx IasOB'

Ha.upaKTI4Ke, o,uraKo, a TaKlre B @,IBI4KO-X!IMI4!IeCKOM gKcnepliMeHTe 3a]Iaqa

aHa f i I saqac roy [poqaeTc , I ' a } IMe I f i ocBo , r y ITc f lRcJ IexeE I I I osaxoAoMl rpoqec -

ca IIyTeM HeIIpepbIBHOrO aHaJMSa BeCbMa MaJIUX KOIIIIeHTpaI-u{tr ToJIbKO OIEOIO

rcoM[oHerrTa, EanpuMep cJre,uoB KIIcJIOpOIa B dJlaropo.uslx la3ax, B BO,UOpO,4e I'�I

aBore, a ralcne B pfi,[e opralMqecKl4x raSooOpaBHHx BelqecrB II lgu[tocrgx'

yRa3al l l f iu{MeTo' [oMcI loMoqbnnoJlyqpoBols luKoBtD(ceEcopoBMoIyTpeEaTbcgHe

ToJrbRo QyH.UaMeETAIbHHe @{3uKo-xuMrqecKr{e 3a.Ua!M' Ho ]I TexEOJIoIuqecKUe' B

KOTOpbtX BCe rlaqe I{ qaqe BOSIIIIKaeT IIeOOXO.UnOCTb I4CIIOJIbSOBaIil{g CBepXTII4C-

Tbrx IaSoB r?t fir4.u{ocTefi, Tpe6ywD( KoHTpOJIg CO.UepXaHI[g B HI'�D( CJle.4OB KIICJIO-

pol1a r4JM royrr6( rrpr4Mecefi Ha ypoBIIe Megee qeM 1o-6- :-0-7o6,%, Co BpeMeIIeM

oJlarolapg noBHIIIaW{IilCg TpedoBalfll$rl EayICI4 II TeXIII4K[ K TilICTOTe Be[lecTB

yraearu+fr .Uo[ycTlrMbrfi llopor K6II]I9HTpaLP61 6y1er 11oE l]I(aTbcfi Io 10- t-

ro- 10o6.%, B ocooeHlloclu ecJtur peqb uAer o raKoM sllepl'erl'rqecKlI I{ 3KoJlo-

IrlreCRI{ BEI'o,EtoM }I BecbMa pacqpocTpallellHoM ToIUII4Be' KaK BoAopo,4' BJM3IcI{e

saraq[ Bo3rrncapT ]r rrpl4 pelleHl4l{ HeKOTOpbIX 6UOJIOIIUqeCKUX IIpOoJIeM.

IIpoOIeMa cTa6[IbHooTI,I curHaJla ceHcopa TaRlre BbIBbIBaeTcs IIeJIbIM p'I.UoM

ilprrrlEr, cpe,4.I ltoropblx rlacrrltrIafi Eeo6parl4luocrb xeMocopolutr4 MHorux qac-

TI4II,qpllcyTcTBl1eHeKoltTpoJlllpyeMblxIaBoBExtrpn,eceft'[poTeKaH}IepasJII4lIHHx

IIO6OqHbIX X]IMI,IIIeCKID( peaKl-trfi ]1 IIpOUeCCOB IIa IIOBepXEoCTII I{ B IIpI4IIoBepXHOC-

THUX CJTOSX a.UCOpoeIlTa. oCHOgInnM cpe.ucTBoM IIO.{AepXaE]{g cTaoI4JIbIIOCTI'�I CI4I-

HaIa Ha sa.uaEIIOM ypOBIIe fiBJIfieTCfi nepfio,ultlecKas pefeHepaufls lloBepxHocTll'

SaKJloqanqaf icgBqpoBeAeE}IupasJIEt IHID(TexEoJIoI I , I r IecKuxof leparyi l ' laKl lx '

KaK IIaIpeB Io TeMnepaTyp' [peBbII[aWDr pa6ow[e, o6pa6oTKa noToKaMlI pa3-

J[ttIHrrX pa3OB, OoJIyqeIlI{e I4 T.,q.

He MeHee BalEIafl lrpooIeMa AJIS yclleruIoro paSBI4TIIg CeHcopHoto HaIIpaBJIe-

Htlrl, B OCOdeHIrocTI{ B O6JIaCTI4 oyHAaMeIrTaJrbIIblx I4ccJle,uoBalfldt' CBgSaHa c BbI-

gBJieIMeM IIpOCTeltttrD( I{ O.UIOSIIaqHHX ROJII'HeCTBeHHEX saBI4ClIMOCTeft MexAf cl{t-

HaJIoM cerrcopa , T . e . BeJrr4llt4rlofi r{gMeHeIII4s gJlelcrpotrpoBo.Elocrll, paOorbl Bblxo-

. 4a14T . I I . , l l KoEqe I ITpa I I r e f i . 4eTeKT} IpyeMb IxcJ Ie .uoB I I p I , rMec I {B } I ccJ l eAyeMo f t
cpe,4e. B TeopeTI4qecKE |JIaBax oTo[ Icliltr'I4 IIoKaSaIIo' qTo TaKI4e 3aB[cI,lMocTI,I

B caMoft rlpocTefuefi Qoplae cyqectByloT, SaAarIa sKCnepI4MeHTa COCTOI4T B TOM'

qToobl yoe.ulTbcfi Ha MHOII{X np]IMepax, qTo 9TI{ SaBUCI'�IMOCTI4 rtp}I cooTBeTCTBy-

IOrr&D( ycJIOBI{gX Ieft CTBI4TeTbEO Ha.4e}lc{o BbITIOJIIISnTCfi '

O,uro .mmr fiepequcJleHl4e yKasaHHlrx BbIIIIe TpeooBalflM I4 [po6IeM' cBfisaHHblx

c l ! ( y , uoBJ IeTBopeHI , I eM,cB l I ' 4eTeJ IbcTByeToToM,qTopaBBI , ITueMeTo .4a I I oJ i y -
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rIpoBo.EII4KoBNx xuM,IqecKtrx ceHcopoB orKpblBaer lltrfpoKylo ooracrb .[JIg I,rccJIe,Uo-
BaItrM. JIrfl perleHr{s orru( upooreM I,l pacKpbrrua Bcex sosl,rorctocteft Mero]Ia
IIOJIyIIpOBO,UTUKOBbTI CeECOpOB B HaCTOruee BpeMA CyUIeCTByroT .4Ba aJrbTepHaTrrB-
Hbrx rryTtl: crapbM rryrb 'tlDoo u outrrooK" u (yrb, cBffBaIfftrffi c .UaJrbHeltnrM
u3yqeHl{eM (Prsrtrcoxr.il\rrtrr rloBepxHocrHbrx sBJreHrfr, peaKryfr u qpoueccoBr sa-
JrofrerrHbrx B ocHoBy Mero,ua. CoBepueruro scHo, qro uMerfiro BTopoft llyrb fiBJrs-
eTcs saJroroM ycrrexa B .qeJre co3,uaHr{s fioJlyqpoBo[r]rKoBbrx ceHcopoB, npe.uras-
HaqeHHbrx KaK ,uJIg I4CIIOJIbSOaaHLIS B rrpeLpIStrOEHlIX EayqEbIX I4CCJre,UOBaIII4fiX, TaK
tr IJIg Hyr\.U IIpaKTI{rIeCKOrO raSOBOrO aIIaJMSa.

He yMarfls BHarruMocTb I{ qprFo.UrocTb IJrE pemerM-fi yKa3aHHbrx Balaq .qpyilD(
MeTO,UOB, MOAHO C OqeBUIUIOCTbn yTBepMaTb, IITO MnilIaTIopHbIe, MaJIOBeCOMbTe u
MaJrogHeproeMKl4e allaJMSl/rpynryre ycTpo[cTBa, Ilo.uooHbre rroJryIIpoBo.&II4IcoBbrM ce-
HcopaM, ooJra,uawre orpot\,trroft qyBcrBlrreJrbHocrbro, rpl,IdJtrofiaroqeftcs K [opory
oooHflrtrIs [c{BoTHEx, B caMoe oJ[rnalimee BpeMa Bafti,tyr JMlpfpyauee rroJror(er{r4e B
HayKe I{ TexII}IKe.

1.2. Ponb onenTpouuofi Teopffi xeMocop6$d{ B paoB}rrr,rr4 npegcraBJleur4ff
o BJrrrrEr,ru alcop6r$rr4 Ea gneKTp@usr.rqecRne cBoficrBa
rroJryrlpoBo,UoucoBErx aAcopoesroB

Heo6xo.U.il\,tocrb r.rcrroJrbgoBalrr{s aJreKTpoEnilx qpelcraBJreErfft IJrfl perrreHr4rr pfi.ua
(pr3nco-xnanvecr{JD( Ba.uaq, Bo3Hr,rKaroq}Ix IIpfi trccJle.UoBaHur{ rereporeEHbu npo-
UeccoB, 6HJIa oco3gaEa ll[capx(eBcKia, yxe B IIaqaJIe 20-x ro,UoB t1], a
HeKOTOpBIe HeTpr4Br{aJIbIIbIe I{,Uerr o BJrr{fftuu a,4copourur Ha ofieKTpo(prsuqecKlre
cBoftcrBa rIoJIy[poBo.EItIKoBbIx a.qcopoeHToB 6bIJM gaJlo]r(eHLr B KJlaccllqecKr,rx pa-
6orax I4o@ [2], PorrurcKoro t3l r{ rcyr}Ix ]rccJre.uoBareJreft..qarbEeifuee
TeopeTl{tlecKoe pa3BIltTI{e eTu l{,ueu noIyrMJeI B tpylax BoJlbKeHlTel&Ia fi efo
yqeErtKoB (cM. MoEorpaFm t+t II co.4epxaudcs raM crll{corc JMreparypbr), a
raKae B paoorax Xay@ Ls,6) u pf i .Ua.qpyr[x sapydercrux aBropoB [7.8].

fraBuaa lr,Ues 0.0.Borbrcerurel&{a - ocuoBo[oJroxurtrca oreKTportr{oft reopr4r{
xeMocoporryM - Ba&Jnqaracb B ToM, qTo xeMocopol4poBal{Has r{acTI4Ua Lr rBep.qoe
TeJIO IIpeICTaBJI'ToT e.U[Hyn KBaIITOBOMeXaELITIeCRyTo ClICTeMy, rrpr4 aIIaJMSe lcoTo-
poft Eeo6xo&tr\,to yqI{TnBaTb }I3MeiIeH}Ifi oJIeRTpOHIIOTO COCTOflHI4E KaK aAqaCTrflIH,
TaK lI CaMOTO a.qcopoeHTa t9]. Ipyrra/Er cJroBaMil, a,4cop6lu,rfi B gToM cryqae
qpelcraBJlfler co6oft xrflfifqecKoe coe.utrreHfie MoJreKyJr c a,ucopoeEToM.

PaccMorpelue icBaHToBoMexaHlrqecftofi Ba,Uaqu o Bgal.nuo.UeftcrBtM olII{oBaJIeHT-
Horo aToMa c rroEEoft peueTKoft MeTo.qoM MoJrercyJrFprrbrx opouTaJreft [e,10] rro3-
BoJIIIJIo AoKa3arb, rITo aAcopOLfpoBaHHbIe r{acrld.U co3laloT JIoKaJIbHbre rloBepxHo-
cTr{lre gHepreTrlFrecKlre ypoBrs{ .uJrs gJreKTpoEoB rr ftrpoK. I{ccre.uoBarMe sHepre-
rr.rqecKoro crreKTpa cllcTeMil a.4cop0aT-a.ucop0eET yKasaJro Ha BoSMOXHOCTb Cy-
qecTBoBaHlrfi paSHrilx oopM xeMocopouIlI: EefirparbHoft u sapsxelllrofi. B cJyqae
cyqecrBoBalilfl HeftTpaJbHoil mp!fi,r cBs3b allracrlqg c a,4cop6eHToM ocy[ecr-
BJrsercg Ba cqer ooooqecrBrelil.rs ee gJleKTpona c aroMaMu peuterKl4, a BoBHI4-
Kaaflud .nora.nrrufr ypoBeHb, pacnorox(elllsffi B BaqpeqeErroff 3oHe, oKa3brBaeTcs
He3aloJrHerrHbrM. TaKas o,urosJreKTpo$Earr cBfisb xeMocopolrpoBarrHoft qacTuubr c
noBepxHocrbp lroJryqpoBo,Uncca Hoclrr EaBBarMe XeMocoporpoBarfiaa
qacrurla B groM cryqae oKa3NBaercfi B Tofi t(JD[ r,rEoft Mepe norffpr,r3oBalfioft,
rDr{rteM BTor ,UIuoJIbHbrft MoMeHT, Bo3Hi{rcanllud rlpu xeMocop6rlr4r{, rrMeer q4cro
KBaHOTOBOMeXaEI.IIIe CKOe IIpOI{CXOMeHI4e [ 9 ] .
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Ilpr,r Bapsr(eltrloft OopMe xeMocopoqm cBooc.usrfi sJIeftTpoH pelllerKl4 14 xeMo-

copo[poBallHag qacTl4qa cBgSbIBaIoTcg ooMeltrnnM B3aI4MO.4eftCTBI4eM, [pI4BO.Ug4I'IM K

JroKaJMsar.u&r cBooo$roro oJleKrpoHa (I4JM .&rpKfi) Ha nOBepXHoCTHoM sHepreTl4-
qecKoM ypoBne a,{qacrrulbt, qro u IIpI{Bo,ryIT x Bo3H]4KIroBeIMIo "ffpotfiloft" CBS3I,I.

Taftr.ru odpa3oM, B odpasoBaHru "rlpoqHoft" cBssu B cryqae a.ucopoll4l{ o.uIoBa-

JIEHTHOTO ATOMA YI{ACTBYIOT .UFA STCKTPOHA: BAJIEHTH�TI 9TCKTPOH ATOMA II CBO-

6o.ufiffi greKTpoE pemerKfi.

l4TaK, B cryqae "[porHofi" cBs3u c xeMocoporpoBal{Eofi qacrI4qeft noBepx-
HOCTb TBep.4OrO TeJIa OKa3NBaeTCg 3apflr(eEllofi IIO OTHOIIIeHI4IO K ero O66eMy,
.{To c Eel{Bdefixlocrbn BbIBHBaer ucRpl,rBJreHile aHepnerl{llecKl{x 3oH rrp}trloBepxHo-
crHoft o6Jacrr4 a,ucopoeHTa. STor MoMeHT 6Hr yrrreH Xay@ I4 BeftueM [5-7]
qplr co3,4arr!m TeoprM a.ucoporyroHrroro "rparil4wroro cJ1ofl", IIo3,u$ee EoH'I-E'py-
eBlrq [11] Ha nptlMepe B3al{Mo.qeffcTBl,rg o.E{oBaJIeHTHoro aToMa c sreKTponoJlo-
rc,rTeJrbHHM ,4e(FIcToM, pacIIoJIor(eHHbtM Ha rroBepxHocTl4 I4oI{Holo KpI4cTaJIJla,
troRa3ar, rITo a,ucop6lu{s Ha .ue@KTe gEeprerl,flIecKr{ Bbrro.Eree a.ucopoufl{ Ha
ll[eaJrbrrofi peureTKe,

B pe3yrbrare grID( KBaEToBoMexaHI{lIecKrD( pacqeroB 6NJa ,uoKagaHa npruflx{-
IMaJIbIIag BogMoxrrocrb paccMorpelfl{g xeMocopo[poBaffiofi qacrfir]N KaK HeKoeFo
rroBepxHocTHoro .ueQeKTa, KoTopbrft B 3aB[crrMocTr{ oT cBoeft npl4pol[},] u IIpl{po&I
a.ucop6eHTa Mor(eilrBJrrrrbca rroBepxHocrHbrM rlerrrpoM roKafiIsalllo[ JM6o cBo6on-
HLIX SJIeKTpOHOB, JM6O.&rpOK, BbICTynag, TaKnM Oopa3OM, COOTBeTCTBeIIHO B
poJII{ aRqetrTopa I4JM.UOEOpa SJIeKTpOHOB [12], qpil STOM 3aCeJIeIIHOCTb TaRID(
JToKaJMSOBaIIHHX ypOBHefi B yCJIOBtIgX TepMO.UtrraMrlreCKOrO paBHOBeClIA O.ErOsHa-
IIHO OIIIICEBAETCfl CIAT}ICTITKOfi OEPUtr4. JIPYTI,II\,tr,I CJIOBAMI4, SJIEICTPOIIN II .&TPKU,
JIOKaJMSOBalfille IIa SHepreTl,rqeCR!D{ ypOBIrfiX a,{COp6!UOIII{OrO IIpOIICXO't(.IeHI{g,
qpEra.4JrefiaT ooqefi greKTpoifiofi cucreMe a.ucop6ellTa, I,1, B qacrllocrl4, 0T!I
JIOKaWISOBaIItrTe EOCIITefi[ Sapg.Ua BJII{finT Ha IIOJIOX(eHIIe ypOBHg oept'et B UOry-
IIpoBo,uIlrKe [12-14]. SaMeTnr, qTo nocre.uree .ueJraer BoBMox(IlblM yqer B3aI4M-
IIOrO BJITIfiIIUS aAqaCTItrI B Cryqae OqeIIb MaJEIX 3anofiIeltrd IIOBepXEOCTII, KOr,4a
rrpgl\roe JIaTepaJIbEoe BSaI{MoAeftcTBI{e Mex,lIJ H}IMlt rrpaKTI,IlIecKI,I He rrpOgBAgeTCg.

l4TaR, ocEoBrfire llp]4,rerMTerbEo Ic reopu[ Mero.ua IIoJIy[poBo.&MIcoBbIx ta3o-
Bbrx ceEcopoB BEBo.u parrHr4x pa6or BorbKeHuTeIHa 14 ero yqeHltrtoB 3aK[Ioqa-
DTCA B CJreWmEeM: a) XeMOCOportrIs qacTml Ea rIoBepxHocTI4 rloJlyrlpoBo,uflma
MOeeT COTIpOBOfrIaTbCS rrepeEOCOM saps.UA MeI,IIJ Oopasywn{rlCfi nOBepXBOCTHNMTI
ypoBrrsMrr a.ucopdulloHlloft mrpo,u r{ oobeMHbrMrr 3oHaMr a,4copoellTa I4 0 ) He Bce
a,4copollpoBaEEbre qacTrd.ur EaxoAsTcrr B SapssellHofi &opMe, a JIuInb lleKoTopafl
r[ qacrb, olrpe.qeJrseMarr llpl{poIofi KaK a.Ucopdara, TaK lI a.[copoellTa.

3aMernil, qro trocJe.usM BEBo.{ B KopEe orJll{llaercs or BHBo.qoB "Teopl,flI

rpaErqEoro cIoa" [5-7,15,16], r43 KoTopO[ CIeAyeT, qTO XeMOCOpoIlrpOBaIIHafl
qacrrqa ooaSaTeJIbEo 3apflfieEa r,r yAeprruIBaeTca IIa rloBepxHocrl{ JIoKaJMSOBaII-
HbrM olcoJro Eee Eocr{TeJreM sapsla. HeftTpaJMsalgs 3apfl,ua paccMaTp[BaeTcfl B
9TOfi TeOprM KaK aKT .UeCOpoUtr{ qaCTl[-E lr I{Cqe3rroBerrl{fl CooTBeTcTBypqero
troBepxEocTHoro ypoBIIg, rITo AeraeT oeccMJcJleElftnt caMo BBeAeHtIe rloHaTrItl
JroKaJIbEOrO ypo8H8, CrrOCOoHOrO,IIO OIIpe,4eJIeH]m,KaK qpI{HUMarb, TAK I4 OT,4a-
BaTb oJIeKTpOErr [17].

BHBo.u aJeKTpoBIIofi TeopIM xeMocopolllu o cyqecrBoBaH[I,I KaK g8pgl{teHlloft,

raK tr trefiTpanbEofi (lopMil XeMoCOpolUtr{ cEIMaeT tr CyqeCTBoBaB[ee B paHIIefi

TpaKroaKe "Teopm rpaHlltluolo cJlosrr [poTrlBopeq[e Me,I(.I[f EaoJIIo.4aeMhlMlI Ha

orrure .[ocrarorltro oorbluD,q BeJll{rrurraMr4 a.[copoutrI pasJILrqHbIx qacrfiIl !I EaJM-
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tIIIeM nqpe.qeJra BefiIa" [7], cBI{IeTeJIbcTay@ero o cyqecrBoBaHllu npe,4eJlbHo-
ro, BecbMa aeooJrbruoro (- 1%) 3a[oJEreir4s rloBepxEocTr4 xeMocoporpoBarrHbrMr.r B
3apsrcmot (!) &opMe qacTrqar,Er. B 6oree nos,urrD( Bapr{arrTax oToft Teopurr

[16,18] ,lr.rrff ycTpaHeHr{fi yKasarrHoro [poTr{BopeiMs BBo.urTcrr qpe.ucTaBJreHr4e o
EeftrpaJlbEofi (DopMe a.qcop0r.Eol, B KaqecrBe Koropoft Bblcrynaer F43a.qcop6qus.
XeMocopOIEs re uo-Ilpexuetvry collocraBJlflercfl qMerrHo c BapsxeHrroft @pMoil a.u-
copdtsItr, a JroKaJrr[3ar.Es cBodo.uroro EocltTeJrs saps,ua Ha rroBepxEocTHoM ypoB-

E6 CBI{treTeJIbCTByeT C gTOfi TOTIKI{ 3peErlg O IIepeXO.Ue a.4qacT]4lr'r U3 {m3a.[-
copdnpoBaEEoro cocrofiEr{s B xeMocoporpoBaruIoe [18].

B ,qeficrBtrTerbrrocrl4 se Borrpoc o crporoM pa3,[eJreHr4r4 pa3Jrl,r.rnrlx QopM a,q-
coporurn BecbMa cJrolreE I,I EeolurosEaqeE [1e], sro Mbr BRparue oocy'ryft,r $ec-
KOJIbKO lffie. celtqac 8e yMeCTHO OTMeTIItTb TOT @aKT, iITO rrpfiMoe COnOCTaB-
JreElIe xeMocopouu c 3apsxerMeM rroBepxHocTrr B pE.ue cryqaeB Mor(eT IrpI{Bo-

,u{Tb K EeBepEHM BbIBO,UaM B TpaKTOBKe OKC[epIIMeHTaJIbHIJX peSyJIbTaTOB, Ha-
qpruep, B pgAe paooT IIa ocEoBalfltr[ JI]uIb rMcro gJreKTprrqecKl,Ix I4SMepeEId

,[eJraJMcb BDrBo.u o MexarMsMax rrpoTeKaH{fl a,{copoll}loHHblx qpoqeccoB. OTcre-
x@�rBas saBrrcuMocTb KaKoro-JMoo greKTpo(Fr3lrllecKoro [apaMeTpa rloJlyrrpoBo.ull4-
Ka (o6blqao gJleKrpofipoBo,urocrr4 riJrrr padorbr BHxo,ua) or Ilapu{aJibHoro ,uaBJre-
Er{s trccJrelryeMoro ra3a, .IeJIaJIII 3aKrr0qeru.rff o B]r,4e r.rsorepMbr a,qcopo4lrr, a uo
Kr.rrreTr{Ke trsMeEerrrrfl r4ccJre.4yeMoro [apaMeTpa - o R'IIIeTIIKe xeMocopduaoruroro
upoqecca. Ha cauou ae,ueJre a,ucopolus f,aJraeTcfl JIIinIb olrloft 143 cTa.uM IIpo-
qecca sapasems rroBepxEocTlr rroJryllpoBo,u{r4Ka, BKJroqaFrqero B ce6s euie }I ne-
perroc Baps,4a Ea o6pa3yro.recq floBepxEocTrrr're ypoBrM. IficreTlllca rlpouecca 3a-
pfi[eE]Iff rloBepxEocrrl tr co4poBoxAaqero ero orrq[ru(a B slraqeHuflx gJIeKTpo(Fr-

srfqecKEx xapaKTepucTnK a,4cop6eETa oqpe,[eJrrrercfl Jrr.rMr4Tr{pyrcuefi cTaJu,re[ upo-
LIeCCa, B KaqeCTBe KOTOpOfi B oorbUOM qr,rCIe CJyqaeB, Earrpl{Mep rlpu a.ucopo-
rl{}r aKllelllopoa Ea IIrIpoRoSoIIEEx rIoJIy[poBo.uII4Kax n-rfirla [18,20], BbIcTyrIaeT
nepeEoc Bapg,4a Ea a.[copourollHEe noBepxHocrHHe ypoBHrr. Ta&ruu o6pa3oM, B
3Tr.d cJlyqaflx KIIEeTI4Ra r.r3MeHerrlls gJreKTpolrpoBolrlocT]I oTcJIerc,BaeT I4MeIIHo
Kr,IHeTr4Ky OoMeEa EOClITerflMlI 3aDg,4a Me'l(Ay OoreMHbrMI{ SOHaMU nOry[pOBO.Uil,IKa
I{ SEepf e TtrtI€ CKUI\fiI ypOBEgl,M IIOBOPXIIOCTHI{X COCTOfiHIM.

IIpu ueyvernr BaBtrcnMocrll BeJIrrrItIHbt ycralloBllBllerocfl oHaqeEug SJIeKTpo-

qpoBo.EocTE trJu paooTbl Bblxo,qa oT .qaBJIeElIfi rasa cl4Tyarllfl He MeHee cJlol(-

Hafi, taK KaK Ea saBrrcrrMocrb r{sMepaeMoro [apaMeTpa or KoHueHTparyryr 3apfi-

xeltrroft (Dopt\fi xeMocopd[poBarililx rracrrnl. Koropafl caMa no ceoe Bo MHor]D(

cryqagx aBrfleTca ,uocraTorulo cJlo)ffiofi, EalilIa.&IBaercfl coorHoueHlle, cBgSbIBa-

nqee KoEIIeETpaI[m 3apfi'IterrHoft QopL|br c rIoJIIIoft KoHIIeHTpaII{efi XeMOCOporpO-

BarrHrrx qacTroll4 saBrcruee oT IIprpoIFt aAcopoaTa I{ a.ucop6eHra. Jimlb nocae.u-

Hffs BeJrn1lrrma ( EoJEad KoHueEtpaws xeMocopdllrpoBaHHl'Ix qacrull) B rrpocTeft-

mfix cJryqafi a,ucopouloltr{oro paBrroBecr4s oIMcuBaeTcE }I3BecTHbrM[ rI3oTepMaMI4

aJICOp6UU. oTMeTlOt, lrro B CJrylrafiX Ee OqeEb MaJrbrX 3ArroJrHerfld lloBepxHocrll

aAcopoaroM KaprI{IIa ycJlorKllflercg oraro.[apg IIaJIIMn "[pe,4era Beftua", .ueJlato-

qero qpaKTutleoKtr EeBOSMOtfiXIblM AOCTITffieHlIe 3a peaJIbIlIJe BpeMeHa paBHOBeCHOIO

3anoJlllermff rroBeprurocm xeMocopdrpoBallHbrMl{ B 3apflll(ellHofi tlopMe qacTuqaM[

t - ,  , 2 L ) .
B SaKmqerue oTMeTIIM, lITo ocIIoBHbIe I4TEfi, IIOJIOT(EHI{bIE B OCHOBY sJIEK-

rpoHofi Teopm xeMocopouca BoJbKeHllreftia, a racrotrllee BpeMfl rlo.urBepx(.uelIbl

n cyqecrBemo paSBtrTbr B doJrbtrroM r{}lcre pa6or rlo KBaIIToBoft xI4MI4u (cM., Ha-
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rrprfirep, i22]), ylrarbrBauruD( ,ueraJrbHHe ocooeErrocrr{ roKarbl{Hx B3altMo.ueftcr-
Brfr xeMocopo[poBarfiroft qacrrtru c 0JM]ftalfur.il,r aroMHr,IM oKpyaeH]IeM IIa rloBepx-
HOCTI,I.

r.3. PasJM.{Hte ooplrH aAcopoud.r

I(aK orMeqarocb B rrpe,uNJlyqeM pa3IeJIe, qpoqecc a.4copoux{ rasoBblx rlacruu Ha
IIOBepXEOCTII nOJIyTTpOBO,UII{KOBOTO aACOpoeHTa fiBJIfieTCg O,U{Ofi I43 OCHOBHbIX, a
B HeROTOpbTK cryqasx r4 orrpe.ueJrsroEefr. crawteti a.[copdu{oHlloro I4sMeHeHI4s Be-
Jrl{rltrHbt rloBepxHocTHoro 3apfl.{a, [pl,rBo.4sqero Ic I43MeHeHI4Io MHofIu noBepxHocT-
HHX r{ OoseMHbrx ereRTpo@r3ifrecKH xapaKTep}rcTrrK a.4cop6eHTa.

He craBfi rrepe.u codofi Ballagy no,K)odHoro orMcaHr4s ffBJIeHLrfi a.ucopoutr{, MbI
xoTeJM 0E BKpaTIIe OCTaHOBTITbCfi Ha OCHOBHTTX ero nOHfiTI4fiX, a TaKll(e Ha OC-
HOBI$IX TeOpeTIrtlIecKIDl I4 9I(C[epI{MeETaJIbHHX peByJIbTaTaX' HeOoXO.UlIlrbIX IIJIfl
,uarbHeltuero noErrMaHlrs Koruem-ull4 MeTo,ua rloJlyrrpoBo.ufl,IitoBblx ceEcopoB.

Tpa,ud.u.roltrlo a.ucopduls, T.e. cBs3blBal&re lmopo.Etblx qacrI4LI Ha noBepxHoc-
TLI TBep.UOrO TeJIa, no.4)aB.4eJlrreros Ha G,I3rqecftylo 14 XI4MIIqeCKytO, OT.rurVanwe-
cfi rro Trmy Bsar4Mo.ueftcTBrrs Me:r(,4y a.qcopdaroM I{ a.ucop6eHToM, ol43l4qecKya a,4-
copouDo rrpullfiTo roJIICoBarb KaK rroBepxHocrltoe cBggbIBaHIIe, ooycJroBJleEl{oe
rroffrpl{Salprorll$IM ,utrIoJlb-.utrroJrbHbrM B3ar{Mo,[eficTBI4eM BaH-.uep-Baarbca, a xII-
Mr,rrlecftag a,qcop6lu{9, KaK I{ Bctrcoe xl{M]{lrecxoe B3aI4MoAeftcTBI{e, ooycJIoBJIeHa
KOBaJIeIITItblMll CIIJIaMU C BOSMOXIIbIM yqaCTI4eM UOIIHOIO B3aLIMO.UefiCTBl4fl. B OTJM-

1Me OT XeMOCOp6I.uD{, qpr{ KOTOpOft, KaK olMeqaJIOCb BbIUe, a,Aoop6lrpoBamlas
qacTnla I{ caM a.ucopoeHl claHoBgTcfl e.uEroft KBaIIToBoMexaHiIqec$oft cl4cTe-

Mo[, (Fr3a.ucop0]rpoBarfiras qacrlIrla Jrr4lrrb cJlaoo Bo3Mytqaer pellerKy rBep,qoro

TCJIA.

.[narpauraa no Telfl.fiIarbHofi

BHeprwr IIo JleEtap.qy-

.lDroEcy

llHTepec K (Plolrr{ecKoft a,ucop6lltr.{, IIpIIMeHlITeJIbHo K paccMarpl4BaeMhlM HaMI4

rrpodJleMaM a,4copotslroilHofo lI3MeEeIilI,I Sapg.uoBoro cocTofiHllg rIoBepxHocTI{ rlo-

JryrrpoBo,uruKa, ooycroBreH TeM, qTo m{3a,qcop6l.IpoBallHoe cocToflHl4e, IcaK 3a-

rlacTym cqllTaerca [21], fiBJlsercfi nepBoHarlaJlblloft c1a.4'Iefi cBgSblBaltr4g ra30-

Bbrx rracri.flL rlpe,4llecrByloulefi fipoqeccy xeMocopolun4. Ha]460ree HarJlfi.u{o cBssb

Me{Alt @{3rfrrecKoft I{ xI,IMI.IlIecKofi a.qcopowefi llpocJlerolBaeTcs Ha KpItBbIx ,tleH-

HapIa-,UI(oHca p3,24), ortrIcHBaWIx gHeprno cucreMbl a,qcop6ar-a.4cop6eHT B

3aBUCTTMOCTTI OT paCCTOS$Us Mer(Ay qaoTl,Iqeft I,I rloBepxHocTblo (pllc.1.1). 9TI'I

KplIBEe 68fi[ Ilpe,uroxeHbl B cBoe BpeMs .qJIg od5flcHelilIfi gI{cnepI4MeHTaJIbIlo Ha6-

JDo,qawD(cfl [3o6ap a.ucop6lptr{,yIca3HBaI0utrD(, t{To 3a MaKCI4MyMOM a.Uoopolltr4,

xapaKTeprroM ,urrr ,uocTaToqHo HI43KI,IX TeMrlepaTyp I{ IlptlrMcblBaeMoM cF{3a.ucop0u-
poBaHI{bIM rlacTmlaM, rrpl4 noBillleHl4l4 TeMrlepaTypbl cJIe.4oBaiI He orM,qaeMblft MoI{o-
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Tortrtrfr cIIa,U, a Bo3Hr{KaJt eqe Uemffi prr.U MaKcro/ryMoB. Ha p[cyrrKe 1.1 IIpeA-
cra&[eHr{ ,uDe a,ucopouroErrNe KptrBbre, coorBercrByrou[4e mrsr,rqecKoft (Kp[Barr {)
lI xnMlrlrec&oft (Rpr.Bas 2) a,qcopoll,M. 3.Uecr ei TerrJrora a,Ucop6urtr4, r, _
paBHoBecEoe paccroaflrre, oEpeleJrsnqee Mlrrrr4MyM rrorerrrrJ4aJrbHoft , sHeprrM. B
cryqae xeMocopou{ll r ropa3,qo Merrbrrre, a e BsaqurerbEo 6orb[re Tex ne Be-
Jrr4rrrm, xapaKTepHblx ,UJrrr (Fr3a.[cop0lu{il. Ilorerfl[,raJrbrrbrft oapbep 6E, o6pa3yp_
lnMcff B peByJIbTaTe flepeceqeHlls reyx sTrrD( a.Icop6ryroHHrrx KpuBhrx, qacTo
rllaKTyeTcfi KaK sEeprrr.rr aKTlrBarltr4 fiepexo.Ua I4B @rsa,qcop6]rpoBar{Horo cocTorr-
Ifirfl B XeMOCOpolIpOBaEHOe. Tarsnr o6pa30M, BBo.ryrrcs rrorrETue axruerponaruroft
a,ucopdluot, rlacro Eaofio.[aerrlofi a BKcrIepuI\reIITax lI lloeroMy qacro oTox{ecrB-
JrrreMo[ c xoMocop6lpreft. Eoree roro, rraJrlllrlle oHeprr4u aRTr,rBar_uM il Heo6pa-
TIIMocTb SarIacTyD cqllTaloT oTJII/rrMTeJIbIlNMlI cBoficTBaMI,I I4MerrHo xeMocopoutr4.
B .ueftcrBllTerbrlocrn .ueJro oocrolrr He raK. XeMocopoufis Heooparrdilafi u aKTr4-
BITPOBAIIHAS IDII O.UIOfi TCMIIEPATYPE CTAITOBI.ITCff O6PATI,U!'IOfi I{ HEAKT'IBIIrPOBAH-

Hofi rrpri 6oree BbrcoKo[ Terrfieparype. Eoree roro, xopouo ]rBBecTHo r{B TeoprM
xuMrqecRr.D( pea&L[il, qro cyqecrayer rleJrbrfi rJacc peaKu4fi, Koropbre He rpe-
oynr .urg cBoero [poreKaH]4g IEEcaKoft olleprwl aKTI{BaII,EI, KaI{, HaEpI4Mep, He-
Koropbre peaKr.uE{ coe.utrreHrrs. C A)yroft cropoHE, rlaJMrrr{e flaTepaJrbHtrx BBa-
!ilroleftcrBlfr MeE4y F{sa,UcopoupoBarlHbrMtr rracrrrlater, Tr{rMqrrr,rM rrpuMepoM Ko-
TopEIx Mor€T fiBr.qrbcg .UEIoJIb-.U[noJrbIIoe Bgal,iltoleftcrBr4e (ttpl4qeM l[moJu
Moryr obrrb KaK coOcrBerurofi, TaK r{ rroJrqprr3ar_UrorrHoft spr,rpo,uH), Tarcr{e Momer
npIIBo.&ITb K BoBIILIKHoBeHIm glleprr4l4 aKTuBalUg4 a.Ucop6qI[4.

&e ea oEIII lr3 Kpr{TeplreB pasAeJreHurr pa3JMqEbrx clopM aAcop6tutr4 qacro
nptrHr4MatoT HaJIIltlMe rlepeEoca gJIeKTpoIra MeruJ a.4copol4poBallHofi rlacruqeft yI
aIcopOeHToM t2sl. oEraKo, Bo-[epBbrx, KaK orMeqaJrocb B rrpe.ubr.qy[leM pa3.Ue-
Jre, cyqecrByer EeftTparbEarr @pMa xeMocopolutrr - "cra6as" cBfiBb, o6pa3y&-
qagcfi 6eB rI3MeHeHI4g Sapg.qoBoro cocrofiHtlg tloBepxHocrll tI I4BMeEfiIo[afi JI]IIIIb
EtrroJrbrryrc cocraBrfiruJ/n paoorE Bbrxo.qa, a Bo-BTopbrx, 14 @,I3alcopoUllfi Moxer
B prr.ue cJyqaeB rrpr4Bo,u.ITb K sJreKTporrHbrM rrepexo.uaM B TBepIoM TeJIe. .ueftcT-
BI4TeJrbrIo, BooHlIKrroBeHlIe noBepxEocrltrrx DtrIoreft, oopa3ylotql,rxcg IIp]r qMBa.U-
copor_u4r4, rraprrAy c odpasoBarMeM lBolh{oro cJros, }rsMeErrroqeto paooTy BbtxoAa
a,qcopdeuTa [26], Mox(er rgiu 4ocratovno Bhrcor]!( .crenenflx BanoJruenr,rs noBep-
xHocTII qp[Bo,u4Tb K JroRaJMSarlM eBooo.Etrrx Hocl4TeJlefi 3aps,4a B .qocTaToqHo
rryooRtD( rrorerilgaJrlHblx fllrax, BosHtrrcarc[ruD( 6Jraro.4apfi rrepe&pbrBaHr4lo . cryqaft-
HlIx sreKTpocTaTr4rlecKl4x fioreft 9TID( ,IEmore[ tL7 ,27-29) .

PaB,UeJeHue (pr3rvecKofi I,I xw!fi[t{ecKoft a.Ucop6l[tr4 IIo BeJMqttrIe rerlJlorbr a]I-
copolFtrr TaK$e He rrprlBo,urr K o,Uto3rrarrHbrM pesyJrbraraM. ycJoBEoe paBAeJreEr,Ie
Ha MaJIbIe rerlroTbl e - 0,01 + o,2 BB, cBoftcrBemnle ff{gl4qecKoft a.Ucop6lutr4, II
- r gB, cBoftcTBeIIHNe xeMocopdluel, ilacro Hapymaercn, TI4TMqHLIM rrpwepoM
qero Mo,rer cJry}&rrb .ryrccolprar[BHarr xeMocoporlrs, xapaKTeplrsyeMas MaJIbtM
cyMMapHbrM TerrJroBhlM g@RToM.

l4TaK, Ea cero.urffltrfltft .ueHb Ee cyuecrByer .qocraroqHo yoe.u,rrerbHoft Krac-
c4ptrcarutr4 pasJrr4rHbrx rlopM aAcopoUltrr. Har46oree qpaBr4JrbHbrM, rro Bceft Br,uI}I-
MOCTII!, gAJITIeTCfl paCCMOTpeHI{e Ol.qeJIbHHX BU,4OB a,4COpoqIrOHIlbIX BSaI4MO.UetCT-

Br.ffi B coorBercrBrru c icJlaccdF{Kalll4eff xuMl,rqecKle( cBa3eft [le].
B EaI46oJee odqeM Br,ue trpoueccbl, IrporeKa@{e IIp'I coy,uapelllM rlacrltr"El

fa3oBofi oasH C rIOBepXBoCTbn nOJIyqpOBO,Uiltrta, qpe.ucTaBJIeHlI IIa pI4C. 1.2,

3arNcrBoBaIIHOM C IIeKOTOpbIMI4 I4SMeIIeH[flMI4 lI3 USBeCTHOft ruUrU POdepTCa U
MaKrur t3ol. Ha BToM prlcyHl{e fipouecc 1 rq)e,ucraBJlffer codoft yfipyroe pacces-
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PI , I o .1 .2 . CxeMa rrl)oueccoB, I4MeWD( Mecro Wa B3auMo.ueficralM

rasoBoft 0a3br c TBep,sIl, TeJIOM

rII{e, BosMO&rOe rDrr coy,qapeHr4r{ qacrr{r.r c lroBepx$ocTblo rBep,qoro reJla, B
pe3yJlbTaTe qpoqecca 2 rlacTb KI4IIeTlIqecKo[ gEeprl4]{ r{acrI,Illbl paccel{BaeTcff I!
oEa oKasbrBaercs y.[epxr,IBaeMoft ua rroBepxEocrr/r B cocrorffiull cJlaoofi aAcopo-
r@r, trepeMeqaffcb xo ,ury uoTeHr.pIaJIbIIofi sMu, pasMeHllBas usoblTolc IIepBoHa-
qarbEoro KoJreoaTeJrbrroro Bosoyxq4elMs - npoqecc 3. SToT xe paBMeH Mo)rceT
rpor.I3ofiTtr rr trpII trepexo.ue qacTrdsr qepeS lloTelil-u{aJlbl$Ift 6apbep, pas,ueJlsrould

coce.ull{e troTeH[4aJTbHrre sMH - rrpoqecc a. Ilpoqecc s cooTBercrByer Ml[rpaud4
cJladocBg3aluofi aA.IacrruF no coce,UII4M UeETpaM a,Ucop6tl4,L B xageclne cJIa-
docBs3aruofi oopr"fiJ a,[copdu{}r, rIoMrIMo @I3a.4copoutr{, Moryr Bblcrynarb pas-

JIIFIEIIe MOJIeKyJIFpHile KOMnJIeRCbI, BOSHI{KaWIe B peSyJIbTaTe BSaI4MO,4eftCTBLrg
aAcoporpyrofxcs rracrrul c [pelFapfiTeJlbilo a,qcopOEpoBaHHbIMI4 t31], B peByJIb-

TATe qpouecca 6 rracTrola oKasHBaercfl xeMocoporpoBarfioft B HeftTparbHoft 6op-
Me, qpll sToM trepexo.4 B 3apflx(eEllyF 6opMy cooTBeTcTByeT qpoqeccy 7. oTMe-
TuM, qto cocrosErls, coorBercrByuu{e (Frsa.[copOUlllr rI xeMocop6u4,I! Moryr
Eaxo.ulTbcg B o,uloft u roft fie roqKe lloBepxHocrn, rITo Mox(er npllBo.urTb K ne-
pexoAy sacTrnlH B xeMocoporpoBarrHoe cocroEHr4e 6e3 Epe.uBap[TeJrblro[ MLIrpa-
LU[u rroBepilrocltr - trpoqeccE 8 lr 8'� . BosMo:rGafi wtrpar-u4fi a.qqacTl,tr]bl IIo IIeHT-
paM xeMocopouru cooTBeTcTByeT rrpoqeccy 9. nps BbrcoKr{x TeM[epaTypax Bo3-
MOfieE rrepexo.u qacTfirl r,r3 a,{copouaoHnbrx noBepxHocrrrbrx cocrosrild B o6beM
uowfipoBo$ilIKa, rlprrBoArrlud R 3aJrequBaErm ]4Jrrr oopaBoBaHrrro ,ue@KToB - npo-

uecc 10. llpoqecc 11 cooTBeTcTByeT ooceMHoft ,u4&&y3rfir a,ucopdrpoBarrnbrx qac-

Tr4rI. IIOMT4MO yr{asaHHUX qpOUeCCOB, a,4oopolrpoBaHr$re qaCTUU! Moryr yqACTBO-

BaTb B trpouecce SaJreqrrBarMs vrJD[ oopasoBarMs rroBepxHocTHbrx .[ereKToB -

Ilpouecc 12. IlaparJerbHo paccMorpelfirbrM lTpoueccaM ]I.4JIT rrpoueccbt ,4ecop6ur,fl{:
13 - 16. B Ka.reCTBe LIJTJTIOCTpaIpM Ha prIC, L.3 npe.4cTaBJreHbr pe3yJrbrarhr fo-
[eJrff [32] rro llccJle,uoBaHrno grrepreTrmr,r Bsar,rMo,qe[cTBr.rs MoJreKyJrflpHoro KrrcJro-
poAa c TepMo.uEIaMIltrIecKLI cTaouJIbHrrMrI rloBepxHocrgMr4 zno 14 Tioz.

Pe3rrfirpyfl Bce cKa3aHr{oe BHrrre, Morclo BaKJrroqurb, qro aAcopoqfloHHoe B3a-
r4MO,4e[CTBlIe rasa C TBep,&lr\ir TeIOM, BIII ROTOpOTO Ollpe.UeJlfleTcs rD]rpO.UO[
KOHKpeTHOft lrapbr a,4COp0aT-a.UCOp0eHT, TeM[epaTypoft CUCTeMbr, npe.UBapl4TeJrb-
Eofi oopaoorKofi rloBepxaocrl{ u, rraKoHer| pagJMqiftrMfi "ceHcll6llfi[3l4pyl0ql,nvM"

BIIeIEII,IMII BOS,UefiCTBrrsMr{ (Ha[pril,lep, ClOTOa,UCOpoUnefi), npUBO,ryrT K O6pa3O-
BaIItm paSJII{rIHbIX KaK a,UCOp6LU'IOI{HNX, TaK !I COpotI4OHIrbIX COCTOgItrfr qaCTI4U,
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Sneprerrvecrag &talpaMMa B3aflI\,to.ueftcTBl{I{ o- c zno yr
T io2
1 - (PtBa,Ucop6]4'.E. (r/z)ozg) ) (r/2)o2(Or, 2 - xe-
Mocoporu{s: (Ll2)o2@) + (L/21o,(*);  r  -  BaJrerrr{BaHr4e
rroBepxr{ocrHbrx .ue@KToB; yo,"+ (1/2)02 (9) ,  o,," i
4 - BaJreq[BarMe oobel&ftrx .uemeKToB: vo + G/2')o/gl
r ori 5 - MetryoeJrbrrrM rloBepxrrocrrtrfr KrIcJopoA:
(Ll2)oz(s't , o,,", 6 - Melry3eJbltrfi odEelrlfilft KrrcJro-
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BJMfl@D( Ea sJreKTpoqMsi,rlreoKr{e XapaKTep[cTrIKI{ rIOJIyrrpoBo.uII,IKoBOrO a.UCOp-
6eHTa. 3To BJMtrure Moxer 6ETb odycroBreEo KaIc aAcopoql{oHHIIM }IsMeueE}IeM
BeJII{qIIHII UOBepXEOCTIIOTO 3apgla a.UCOp6eHTa, BII3IIBaIOIU{III I,ICKATGIIIIe SOIIHOfi

.&rarpaMMbr ero uplltroBepxHocTllot o6racr[, TaK I4 lrpsMblM BsaI{Mo.ueficTBI4eM aA-
copotrpyeMrx rracrEll c gJIeftTpIFIecKtr aIcTIIBHIIMII .qe(FKTa n rloJryIrpoBo,utrma.

o,uraKo B o6oE cryqaflx BoBIuKaWre saKolloMepHocr]I aAcopdutrollEoro tr3Me-

HerII4a aneKTpo(FsnqecKtrx xapaKTepIIcrI4K a,[cop6elrra B 3EalntTeJlbEofi cretrelu

saBtrCsT OT XapaKrepa xeMocopounoffioro qpouecca. 
, I

r.r. ltsorepmr aAcopolstr{ .

Iuaccrqeclqfr Mero.q trByqemfi aAcopolFrn SaKmqaercs B ycraEoBJIeEtrII 3aBtrctr-

rrlocTtr Metl0l TepMo.ulEaMrrlecKtr paaEoBecHbIM KoII[qecTBoM aAcopoEpoBatrofo
rasa, TeMtrepaTypoft B ero UapLEaJIbEIIM ,[aEIeIMeM B trpoorpaEcrBe, OKpyAaD-
qeM aAcopoeET. 06brwo qptr trccJle.uoBam aAcop6u@ tro,q.qepfrIlBaDr llocroffi- ri
qyD reMtrepaTypy tr uo (DopMe trowqaeMlrx trsoTeIX cy.qsr o xapaKTepe a.qcop6-

u}Itr.
B llpocrenleM cJryqae trAeaJlbEofi, gEeprerEqecKtr o,qEopo,ulofi troBepxHocrtr

aAcopdr&offioe paBEoB€ctre EeBSaul|o.[eftcTBywtx qacTuu omcHBaercff tr3orep-
Mofi JleFltrpa [33]:
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( 1 . 1 )

ctrpaBeIJIr4BO[ .UJrs Ee,4{CCOr_U4aTrrBHOfi a,4COp6UUr4 C HaCbUeHr{eM, COOTBeTCTByp-
4nt oopagoBarrlm MorroriroleKyJrspEoro cJroa. 3,[ecb N - icoHqerrTparlrff a.Ucop6u-
poBalrBblx qacrtrtlt Nr - [JrorHocrb rIeHTpoB aAcop6wtr4t p - AaBJIeEtIe B ra3o-
aofi Saee;

b = boexp{-Ql&T},
Q - Terurora a.UcopOLpII4;
!{A .- MoJleKynrprsfi Bec aIcopor4poBal$Iofi qacrrtr-Fr.

B cJry.rae lprccorfrartrBHofi aAcopoutr{, Rorla alcopo4pywarrcff qacrrtrIa pac-
la.uaercg Ea n "ocKoJE(oB", Rax,&[ft LIB KoropHx gaHllrMaer cBoft qeErp a,{cop6-
I.u[II, UMEEM

N = N.,,/[r+]

* : ".,r['.[*J"]

( 1 . 2 )

B fipocreft[eM cryr{ae bo " a.1ot(yor)t" ;

( 1 . 3 )

B trpelerax MaJux ,uaBJerflfr u3orepMa Jlefftflopa [epexo.U{T B rr3orepMy IeHpI,I,
orrr{cbrBamyn JserelhryD o0 Jra c rb a.ucopdrlrM :

n = l -3-

IIJIJd

N = N.t_i_J

( 1 . 4 )

( 1 . 5 )

coorBeTcTBeErro ,qJrfl rre.U{ccot_S{aruBHof rr [rccou{arrrBEoft alcopolutrr.
Ha oru,ITe Eadm,qaDTc.fl rlr ,U)yrI,Ie rr.rnH ]r3oTepM, He cBol@llecg K (1.1) -

(1.5). K EauooJlee qacTo BcTpeqawn cff rr3oTepMaM B cryqaflx cyoMorioMoIeKy-
JrfipHrlx EoKpHTd oruocfi Tcs :

cTeIIeHEas tr3oTepMa Opelhluuua tsll
N = CP7, ( 1 . 6 )

r,4e c a 7 - EelcoTopbre rlocTorutHHe, saBtrcsryre oT IIapH a,qcop6aT-a,ucop6eHT,
Jofapn(hfl{qec$as r{soTepMa opyrrr.rura t 35]
N = A + B l n P ,

r,IIE A I{ B - trOCTOSHHIIE.

HapyEe8lrs upocroft JIeIIT[oopoBcKofi KaprIEsI a,4copolutrI cBl4.uereJibcrByloT o

He$ITIOJIETIIIOCTtr Ea OItrrTe TeX UJII4 I,IHblX .4OrIyqeEIM, SaJIO)$eHIrnX B OCHOBy MO-

AeJIn. IIO9TOMy qpu IlocrpoefiIm reOperl{lIOCKIDI MO.qeJIeft , a.UeKBaTHo Om{CbIBaIo-

ulD( sKotreptrMeEtaJlbHlre .uaIIEbIe, ooEl{Iro l4cnoJlb3ynT o[4II I43 ]IByX rlyTeft: JM60

BBO,4ST gpe.4oTaBJrel{Ilre O EeO,UIOpO,EIOft IIOBepXHOCTV G6,37], J|X6O yqI'ITbIBanr

pa3rrrriroro po,qa BsauMo.ueficrBl.rs Mer(4y a,4copOI4poBaHHNMI{ rIacrI4.IaMI,I [4,38] '

B cryqae BBe.[eEtrs nollsrl{a BeoJr{opo,uroff rloBepxHocrl,.r cq],ITaloT, r{To Bclo

IloaepxEocTb riloffio pa36l{Tb Ea yqacTKI,I, XapaKTepll3ylouuecs pa3JMr$lNMI4 Terl-

JroTaMtr a.{copdlsltr oi I{JM, B 6oree o6qeM cryqae, pasfiIqI$IMI4 odparlnlNM aI-

cop644orrHbrME Kog@trI4eHTaw bi = boiexp{-Qi/kT}. BBo,qs @yltrclun pac[pe.4e-

JIEIilfl TEIUIOT AACOP6I.uIII UJIU OdPATIIHX KO9GFfi.PIEIITOB A,UCOP6I]I4II, ,4J1'I CTENEHI4

3 atroJIIIeErIfl IIOBepXEO C TI{ UoryqaeM Bbrp ar(eH[e

( 1 . 7 )

( 1 . 8 )
h." f..*

, = 
J*ftutr(e)de 

= 
JF s troruo ,

a.it brnin

r.4e P/(P+b(O)) - BepofirlrocTb sarIoJIIIeHI4fi a.UCOpoIIIIOlIHofo MeCTa C Ba.UaH-

HbIM sEaqeElleM b(a); f (a), 0(b) - nJIoTHocrI,I pacqpe,[eJleHus TenJIoT a.Ucopo-

r.uII! u odpaTabrx a,ucopdlEroHlrHx Ko3@fl-u{eHToB. Bbloop pasJMrlHbIX BI'I.4oB @y}fic-

$d pacllpe.[eJlelMs rrpl{Bo.u{T K pa3HbIM 3aKoIIaM a.4copolII4oHIMX paBHoBecl,ff'

1B

B'IaCTBOCTU, SKCIIOEeEII4aJIbIIoe paC[pe,4eJIeH]Ie MeCT a.UCopoq]II4 nO TenJIOTe

a.qcoporyM rrprrBo.&rT K r4soTepMe opefuI.uJuD(a t3el, a paBIIoMepHOe pacffpeAeJle-

HI4e Q - K BO3HI4KIIOBeIIItr0 fisOTepMbI Qpytruocra taol '

Bse.[eIMe Ileo.Eiopo.Elofi IIo TeIUIore a.UcopOLUUI IIoBepxHocTI'I .UeJIaer JIerKo

ootscrrr4Moft I/I Eaofio.4aeMyD IIa oEITe BaBI4cI4MocTb l[{cFpeEql4aJlbHoft TenJIoTbI

a.ucop6$Il{ ot cTeneIII4 satrOJIIIeHlIfl IIOBepXHOCTI{ [36] '

OObIEIo TeIIJIoTa a.4cop6l-Ultr yMellbllaeTofi c pocToM cTeneI{I4 SanoJrHeHI4fi I1o-

BepxHocm, qTo c no3urlfr xeo,uropoDrofi IIoBepxHocTII MOXeT 6bITb CBSSaIIO c

IIepBOSaqaJIbH]trU saIIOJIHeHI,IeM MecT aAcopOU]II4, xapaKTepl'I3yl0[llD(cs MaKcl'IMaJIb-

HNMUQ,ayxe I I oMepe I 'D ( l lCTOqeH l IE r rpo l4cxo , r y IT3a r IOJ I I I eH i l eMec r ' xapaKTe-
pltgyryD(cs Bce MeIIbllII4MtI TSIIJI9TaMI,I aICopOLU4I4. Hafipl4luep, coBMecrlloe ]4c-

rroJrbsoBarrue ypaBneHrfr tl3orepM, I43O6ap I{ ]I3ocTep a,qcopoqwl ,ulg seo,4ro-

poFroft troBepxEoorl{, XapaKTepI,ISyeMoft gKcIIoHeilII4aJIb}rblM paclTpe'qeJIeHI{eM Q'

rrplrBo,U4T K 3aB[cI,IMOcTu Q : Qo-c]ne, KoTopas MeIIfieTcs Ha JII4IIethlNfi saKoH

yMerrbrrreH[rl Q C pOCTOM e B CJIyqae c[paBe,qJI]IBoCTI{ paBHoMepEoIo pacqpe.qeJle-

Hrls no ?erIJIoTe a.4COp6Uru{.

Ileutpalrgoft 3a,uaqefi Teopr4r4 IIeO.UIOpO,ETOfi noBepxHocTl'�l SBJIflJIOCb Onpe.ue-

JreEr/re Ea ocIIoBe aIcopOI-EIoHHbEr AaIIHHX XapaKTepa Heo,UIopo,UlocTI'I noBepxEoc-

Tr.r. B oOtreM BI4Ie gTa odpaTEafl saAarla 6bua pe[eHa Telficltr{5lM t4r]. EbIJI pa3-

B]{T MaTeMaTI4rtecKId alglapaT, IlosBoJlslilU,fr IIo I'IsBecTHoMy BIIIy ]I3oTepMbI a.q-

cop6ryIl{ rroJryqaTb BI4.q {VEKIrytr[ pacfipeAeJleEl{s TeIIJIoTbI aAcop6ql{I4. TaKI'IM 06-

pa3oM, TeOpUfl rreo.uropolsloft IIOBepXEOCTII B &aqecTBe o.urofi u3 cBoltx saAarl

B[lIeJIa "UaCIIOpTI.I3aLUtr0" KOHKpeTHOfi IIOBepXEOCT]I. o,UIaKO' KaIC Cm)aBe.ILfi![BO

yKaBHBaeTcs B t4l, paBJIIrtIIIbIe agcopdaTp, xapa6TepI{3yscb pa3JII{1IH1IMITI tr3o-

TepMaM[ a.ucop64[11 ,4JIs O,UIOTO I{ TOrO fie a,qcopoellTa' IrpI{BO'UflT K CyqecTBo-

BaHrnO Ea O,nFOfi l{ TOfi x(e trOBepXHOCT}I pasJII4tIIIrB SaKOIIOB pacqpeleJlelMs TeII-

JroT aAcopolulrlr, qTo IIpI{ yqeTe BosMotKIOro pasJILrlMrI CaMl[ IIeHTpOB aICOpoLUM

,UIfi pa3JII/rrIHbrX raSOB IIogBOJIffeT B JIyqneM cJyqae qpOBOJEITb "[aC[OpTI43alUE0"

noBepxIIocTII sa.UaElloto a,qcopoellTa IIo oTIIoueEIlIo K sa.UaEllol(y KoEtpeTIIoMy

r a 3 y .

B HeKOTOpOM po.4e aJIbTepEaTrBOft TeOpIM IIeO,EIOpO.SIOft IIOBepXEOCTII ffElg-

eTcg llo.u(o,u K oIMCaEIIIO IIeJIeET![opoBcKlIx SaKOEOMepIlOCTefi, ocEoBaltrft[ft Ea

yqeTe BosMorreroro B3Ar{MO,{efiCTBr{fi MelftIJ aAqacTuqaMu. EoJIee ToIo' oFIII I[ Te

xe saKOHOMepHOCTr,r, Ha6Jrr0.4aeMile [pI4 lIsyrIeEIoI a,UCOpoI[{OHHbIX qpoqeccoB' [lo-

fyT 6ETb OrMCaHrr c fipl{BJeqeru.reM fioooro I43 yKasaIIHbIX [O,U(O.UOB. STOT oaKT

.u,o cero.4tgumero .ulff BIloclIT lrSBecTIIyp Eeo.EIOSIIaqHOCTb B TpaICTOBKy oKctre-

pr4MeIITaJIbHI[K pe SyJIbTaToB .

B Ka.IeCTBe BOBMOXIIbIX B3aUMO.4eftCTBI,il Me,r.JJ a.UqaclltrIaMU' BJIIiIgWg Ea

:]aKoHoMepEocTlr a,ucopduroHlrnx rlpoueccoB, ooHrIHO paCCMaTpLIBaDT CJIe,IIJW4e:

/U4noJrb-.UluoJrbrroe, xapaKTep$oe .UJIfi @IsaIcopdrpOBaIIHIlX qacTUIl [42] ' KyJIo-

ltoBcKoe c paBJII IIIHMI{ saKOIIaMI{ gKpaEIrpoBIoI' OTIIoCtrteecfl Ic xeMOCopo4pOBaII-

rrHM B 3apffEeltrroil @pMe qacTuqaM [43], ,UtrIOJIb-.UtrIOJIbIIOe MeEAr EeftTpaJIbEE-

Mr.r XeMOCOpOIIIOIiHbIMI{ KOMIUIeKCaMU, ooMeltrloe BSaIirMOAefiCTBIIe qepe3 pellerKy

itAcopoeHTa 1441, o6MelfiIoe B3ala\,toleficTBue, qpl4BoAsqee K Ic,IacTepl4sallrul xe-

Mocopdl{poBaruilx qacTInI. sa cileT pacufipeHl{fl oOJIacTI4 JoKaJM3aLUs{ EocuTeJIs'

:JaxBaqeltrIoro Ea gHepIleTI,IrIeCKIfr ypOBeIIb a,UCOp6U,IOHHHX IIoBepXEOCI'HtrX CO-

O,rosHr.il 11s1. B [oCJIe.UIee BpeMg IJIfi oOJIee fOppeKTIIOfO yqeTa BJMSEIITI

B3ar,rMo.UeficTBlfr, cy[eCTByWD( B aAcopOI-EIoHHbrX cJIOfiX ' penapTcg cJIofiHEe

Mrroroqacrl/ftlllfle 3a.4arM, yl[ITbIBaW{e BKJIa.U .UaJI6IIID( COCe'Ueft [46].

B .qeficTB$Terbrlocrlr IIpI{ a,qcop6l-u4l{ qacTtlu rasoBoft (pa35l Ea peaJIbBIlX IIo-
T O

I
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BepxEocTrrx MoryT o.ulroBpeMeHHo rlpoflBJrsTbcrr KaK rleolEopo.trrocTb troBepxEoc-
TrI, TaK I4 BBaI4MoAeficTBr4e Melrly aAtracTnlal,M. r{To BEoctrT otrpeAersu@fi
BKJIa.U-B KaEIoM lcorrKperHoM cryqae, tro Bcefi Br.r&orocTl4, gaBlrcrrT oT qpqpoF
Koril(perHoil rrapH a.Ucop6ar-a.Ucop0errr,

1.s. ISrHeruRa alcopdq{rt

Cropocrb. aIcopdryur Henoroporo BeqecrBa rra rroBepxnocrlr rBep.qoro reJra otrfi-
cblBaeTcrr ypaBIIeHr4eM Trtna

# = ep(r-al" 
"o' '*t- 

"".-"o'*t, ( 1 . e )

r.Ue a - cTeneEb BarrofirerMrr rroBepxEocrr4, oqpe.UeJrseMoft KEK € = N/N.; N(t)-
KolilleETpar.us aAcopor4poBaEux K MOMerrTy BpeMeHr4 t qacT[u,. N. - KorqerlTpa-
r.us Mecr a,[cop6ryM; EA u Er - gHeprr4tr aRTuBar.url4 a,ucopdr.uEl u lecop6rIfi!
cooTBeTcTBerrEo; AIltB-KoucTaHTbr, colepeaMerpe.qsKcrroEeEIFIaJIbHEe Mrro-
&llTeJtrr, BooHl{Icaro{e B Teoplu[ cKopocrefi peaKr.ryfr lI B KIIEerI4qecRo[ Teop]II4
rasoB; p - llaBJreElre B lasoBoft oa3e. ilepBbrfr qreH ffpaBoft qacrr4 ypaBlreEus
(1.e) orMcEBaeT qucro qacT[q, trprlD(oIroDc us raeonoft oasbr Ha e.4mr4rly uo-
BepxHocrrr a.ucopoerrra B e,Umnl]r BpeMeHrr, BTopoft - rMcJro qacruq, yxo.UflrqlD(
B ra3oByn (!a3y.

B pa[ffax reopwr JleErlffopa ypaBEellrre (1.9) trpr4HuMaer Br4I

d N - S P
iiE = ^o

{zfimkT

3.Uecb n -Macca a.FracTrn_Ut y - qacToTa KoJreoaHrd a.qqacTr4w,. s - rrJroqalb
rroBepxEocru, BarfloraeMas olErofi a.qqacruqefi; i = Koexp{-EA/kr} - KoB@rU,r-
eHT IrpI{JIItrIaEtIfi, i o u-rexp{+E-lkr} - cpe[Iee BpeMa upedneaiua a.uqacr]u6r
rla rroBepxnocrtr. Urrrerp?rponaruie ypasnerus (1.r-o) .uaer

N.P  -K ,  t
N ( t ) : p + l -  ( 1  - e  ) ,

r,ue
K^sP -8.  /kT -E_lkT

K . =  "  e '  + y e  A  it 
,r6ffi

- ( E ^ - 8 . )  / k r
b : _ - ! - { z n m k t e  ^  4  = b o e x p ( - e l k T ) ,

^ 0 "

-E . /k r  -EJkr
( N * - N ) e  "  -  y N e  a

e - Terurora a,ucopolutrir. Ha MaJErx BpeMerrax (t < K. ) BbrpaxelMe (r..t-r-) [pr4-

III4MAET BIII

x o s -8.  /kr
N ( t ) " - - l - - e  A Pt ( 1 . 1 2 )

,ffi
oTMerI&t, qro rembflopoBcKafl RIIIIeTTIKa, oIMcbIBaeMag BNpatr€HI4flMIr (1.1r-) u
(1.r-2), ,qocTaToqHo rracro EaoflolaeMas rra omnre, He MeHee qacro EapyuaeT-
cfl. oqeEb qacTo AaErsre uo IcI{ueTI4Ke a,Ucop6r-Ur}r cJre,qyloT rl3BecTrroft KrtHeTr{-
qe c&oft ll3orepMe ?orErcKoro-Serb,uoBi{qa-EroBr,Fra [ 4 7, 4 I ]

( 1 . 1 0 )

( L . L 1 )

N ( t ) = r * e r " [ r * f ]  
2 0

( 1 , 1 3 ) 2 I

14 KrrrrerErlecKoil usorepue EeID(eMa-Eapra [49]

N ( t ) = A t 7 - B , ( 1 . 1 4 )

FIe A, B, 7 i4 t. - KOrrCTaHTbI, 3aB[Csq]Ie OT rrpI4pO.UbI rlapbl a,4cop0ar-aAcop-

6eEr.

KaR I! IIpII aHaJM3e a,ucopouloruloro paBHoBecI4fi, B cryqae u3yqelulfi K]IEe-

TI,UCU aACOpdLUtrt BOSIIIIKIIOBeTMe IIeJIeIrl,flopOBCKtIX SaKOHOMepIIOCTeft OObflCHgloT

EapyueEI{rIMu Tex }IJM IIHilX nOCTyJIaTOB, SaJIOI(eHHHX B OCHOBy TeOptM Jleffl\flo-

pa. llaqe Bcel.o I[ B 3TOM CJryqae oTBeTcTBeIIEOCTb 3a IraoJIIo.4AeMbIe OTKJIoHeIT]IS

IrptrrII{cEBaeTCfl JMOo Heo,UIopo,UIoCTlI IioBepxEocTII a.UcopdeilTA 136l ' JM6o BBa-

uMO,[eficTB]IgM B a,qcJlotr(. Iil TOT IiI ,@yroft IIODIoI OIMcbIBanT KaK pasJMqHI[e

oKctrepI4MeETaJIbIIO yCTaEOBJIeIIIIbIe TI4m{ KI4HeTI{IIeCKrD( USOTepM, TaK U IIaoJIIoIa-

eMOe Ea OIIHTe yBeJII{tIeIII4e glleprl{Il aKTI,IBaLU&I a,4COpoIgM C yBeJII{qeEI'IeM cTe-

rreEtr BatroJrEeEIIs IIoBepxHocTIr. IIpII sToM B IIo.4(p,Ue Heo.UlopolFroft noBepxHoc-

Tfi B KaqecTBe ocHoBHoro MoMeIITa BbICTyIIaeT Heol[Iopo.ElocTb a.ucopolll4oHHblx

rlrecr IIo slleprruI AKTI/IBaLUII! a,4cop6qruri, qro c oqeBl4'ulocrblo rrpl'�IBo.ryIT K 6yIIK-

IUOUaJIbIIO COBIIaIaTaI\, saKOEaM paC[pe.qeJIeHIIS TeIIJIOT I{ gllepl'],!ft aKTIIBaIIfr

a,4cop6rsM .uJlfl r[BoTepMbr opyr\,trsHa ]r KtrrreTI{KI{ 3eJb.4oBrqa, a TaKXe ilsOTepMbI

opelHAJED(a tr KLIEeTTIKE EerO<eua, oTMe.IeEil'Ie COBIIa,4eHI4g BbITeKaIoT I43 IIOCTy-

"Ill[pyeMofi cBgBI{ Me,rly KEIIeTIIFIeCKITTMI,I rI aAcopoLUIoHIIIdMlI xapaKTepl4crlncaMl4

paBJrI{rrHEx MecT neo.Ulopo,4lofi IIoBepXHocTlI (cooTHollelfl4e TelEcI&ia-noJtffiI[)

t36,37), B p8'qe CryrlaeB aHaJIoTIFIIIOft opeECTe.4oBCROMy r!frIy.

OKcr4Efire aAcopoerrrE, odErffio rrpe,qcraBJlsm&Ie codoft noJIItrcpI4craJIJMqecKI4e

o6pa3tu, odIa.uaDT IrpaIcTtrtIeCrCI{ BCeM EadOpOM AHOMaJibHIIX CBOftCTB, IIpUCyUID(

rreytrOps.qoqegl$nt C14cTeMaM. Heo.UIopo.UIoCTb IIOBepxEocTI4, gBJ1rlnqafics o,UU'lM

I{B qaCTHI[X IIpOfiB.,IeHItft EeyIIOpg,4OqeIIIIOCTI4 MaTepUaJIa, no BCefi B],I.UtrlrOCTIl'

sBJrffeTcff xapaKTepHNM cBoftcTBoM oKclIIoB. 3To HaxoIE4T cBoe KocBeruIoe ilO.4-

TBep,fi,ueHIIe B TOM, qTO I(}tHeTUKa aACOp6LU{I4 MHOTI'D( Ia3OB Ha nOBepxEocTlI

pABJII{IIHIB OKCIIIOB yAOBJIeTBOpLITeIbIIO OIMCEBaeTCS KI&leTI,lqeCKoft ]'IsoTepMoft

PorrEtcKoro-SeJlblloBl/rqa-E[oBl,Iqa. 3To oTHocI,ITcfl, EaIIpI'IMep, K a.Ucopouuu co

Ha MnO2 MiO 136,47 15O),  02 I Ia SnO2 l I  zno t5 l ' '521,  Hzo I r  H,  Ha ZnO

t531. JIJIS aJlcopdu{oElloro paBHoBecI'Is Ha oKcI4&{Nx noBepxHocrflx c[paBe.4JM-

Bofi Bo MEortrX clyqasx ol(a3blBaeTcs llsoTepMa Opelhl,4fiD(a. B qacTEocTI4' 3To

orrrocr4Tog K a.UcopduEr (B ollpeAeJleluilJx TeMlepaTypHl'Ix ]I]ITepBaJIax) co Ea

MnO2  [4? ,54 ] ,  02  Ha  ZnO t r  T iO2  [ 55 ,56 ] ,  C2H5OH Ha  SnOz  ] I  ZnO [57 ] '  I r pO-

naEa lra Sno, [581. Heo6xo.UnaO oTMeU.ITb, IITO nsoTepMa opethufi{xa c[paBe.q-

Jrr[Ba tr B cJryqae aAcop6l.uM 02 Ha MorIoKp]IcraJIJIe zno (1oio) KaK rrpfi ,4ocra-

roqrlo ETIsKEX TeMnepaTypax T - 1OO ; 2oo K (@I3a.4COp0UUfl) t5el ' TaK I4 IIpII

r - 3oo + soo K (xeMocopoulfi) t6ol. lleoreprrloft OpeI&uJMxa xapaKTepl'IByercs

Ilr paBIIOBeCUe B CI{CTeMe coz - zno 1rolol n o6JIacTlI TeMrlepaTyp T - 300 :

- 4oo K t6ol. B To 8e BpeMff, corJlacEo ,qaHHbIM pa6oT 16L,62) ' a.qoopouilg

co2 IIa trOJII{ICpI,ICTaJIJIIIFIeCKID( ZnO tr AI2O3 y.4OBJIeTBOpfleT I43OTepMe JleilMnpa

c TeIUIOTOfi aACOp6I[E.r, Ee 3aBtrCffqeft oT cTeneEI.I 3aIIOJEIeHIIS nOBepXEocTI'I.

B cJyqasx aAcopOLuM IIa oKcllIax raKru( xi{Ml'rqecKl{x alcr]IBllblx qacrl'Iq' KaK

aToMbr tr pa,UIKaJIII, KLIEeTuKa llpouecca xApaRTepI,ISyeTcs JtrIliel&Ioft BaBI4CIIMo-

cTbD B ,qOCraTOlmO EITpOKOM BpeMeIIITOM I{IITepBaJIe t631. ilepexo,[ B petlolM Ha-

cbueHl4fi B 9TOM CIyqae OoycIoBJIeE XI4MI'IIIeCKI,IMLI [peBpal{eHI{rIMtI B a.4CJIOe,

HMefuI{MMeCTO AaSe [pI4 BeCbMa MaJIblx cTerleEax SaIIoJIHeHlIg nOBepxHocTI'l

t641. Tr.ffiTqrilfr qpl,tr4ep raKllr trpeBpaqeErd - peaKlu{s peKoMoilHaqIII4 a,UcOp6}I-



poBarrHbrx qacrtrU aroMapBo[ rprporu ufi[ peKoMor,trtaunff aAcopotpoBaHHbrx aro_
MoB c aToMapHLIME qacTIdIaMI,I, EaJlerarory{r\ru i{g ra3oBoft Qa3br [65-67].

1.6. XapaKTepucTr.rqecKr,re TeMrrepaTyprrble rrHrepBaJrrJ BsarlMoAeflcrBr4ft
ra3 - TBepAoe reJro

KaK orMe.IarocB B paBIeJIe 1.3, rrpl,l B3arilllo,ueficrBl0l pa3oBoft 6agH c fioBepx-
tsocrbD TBep,qoro reJla Bo3Moxfio oopa3oBalil{e pagJII,FIHbIx rI4rIoB rloBepxHocrHUx
tr oober\,tr&Ix cocrotrIld KaIc aAcopolrpoBaHHblx, TaK II cop6rpoBaltrfix r{acrl,rU,

ooycJIoBJIeHHbrx paBJII{rIHuMI{ TfirlaMtr B3al,!'.tofleficrB}Ifl rag - TBepAoe reJlo. Xopo-
lllo lIsBecTIIo, lITo XeMocopOLUrI lI B oCOOeEIIocTI4 cF,Isa.qcop6q[s BaJreHTHo-Hacbr-
qerrnEx MoJreKyJr pa3Jrr{rrr{ru raBoB Ha oKc}rlutbrx a.4copoeHTax rrpoTeKaroT B o0-
JIacTr.r Hr{BKEx u yMepeEIIo Hr,rBKr.Da TeMfieparyp: 1o0 - 300 K .qrg @Iea.Ucop6uer
I{ 3oo - 600 K.Ur.E xeMocopoluo{. B o6.nacru BbIcoKID( TeMrreparyp, HaqI{Hag c
T - 700+900 K, BSaLIt\TOIefiCTBI{e faSa C TBep,&O,t TeJIOM MO)r9T IIptBO,U4Tb K 06-
pa3oBaHr4ro pa3JrrflrHilx rroBepxHocrHHx tr oobeMHbrx .Ue(FKToB, TaKru( rrprrMeHr4-
TeJrbHo K olcctr[aM, KaK Kl,IcJlopolrfie ]r MeTaJIJTI4TIeCK]re BaKaHC]\U, a TaKrCe
MexrySeJIbHUe aTOMbI MeTaJIJIa II ru.ICJIOpO,qa [68-70].

CyqecrBoBalil4e pa3JrrrrrrHilx TeM[eparypHNx r4rrrepBaJroB, xapaKTepfioyro[l]D(cri
npeuMJrqecTBeHHilM rrposBJreH.reM rca&oFo-JM6o I{3 yKa3aHmrx BsauMo,4eilcTBrfft,
ooHrrEo xopono BrI.Uro Ha repuogecopdlprotuux ctreKTpax, Hauprulep, TepMo,Ue-
copdr.E{oHrrnft ctreKTp, IloJyqeruftil B paoore t7r.] Ea cKoJre MoHoKpficTarra zno
1:.ofo; uocle ero BsalrMoleftcrBfis c RtrcJropo.UoM (puc.r.a), [orca3brBaer rraJM-
lMe raKlrx TtlutrqHrlx reM[eparypHltx lrETepBaJroB, xapaRTepHbrx .UJrrr F{salcop6-
UEI (@), xeMocop6uM(d), odpaeoearil4s rroBepxEocrlr ,Ue(FKroB (6) r, naxo-
Eeq, oopasoBarMs odGel,fibrx .ue@rcroB (2).

Puc, 1. 4. XapaKTep[cTI4,IecK[e
TeMnepa Typrfi e uHrepBaJrrr
83 am,to nefi c TB?rrr 

-KI{c 
Jlopo,qa

co cKoJIoM zno(1010) t71l
/00 J00 500 700 900 /600 /700

T , R

HaJE[que raKtrx xapaKTeptrcrEtrecKtrr( TeM[eparypHNx r{rrrepBaJroB .qeJraer
qp@@IaJrbEo BosMO'rErM paS.ueJrenue yKaSaEHrlx gpoqeccoB. Tar, @rearcop6-
utrg l|oneKynfipEbrx ra30B Mo&er 6bITb rerKo or,{eJreHa or xeMocopolutrlt rrpl{ Er4B-
KtrX TeMtreparypax B cnrry SaMe&leffiofi lclrHerruc}I llocnelElefi. AEa{or}rEraa c}I-
tyat&fl uMeer M€cro tr B cJryqae oopa3oBaErs troBepxHocrHrx u oore!fifix Ie_
(FKToB. TaK KaK saeprtra odpa3oaarufl troBepxaocrHbrx roseqHrx .ue(FKToB Err-
Ee, geM ooteMEux, To, EaqpuMep, qpUMeEIITeJIbEO K ZnO [72] IIpI,I T _ 9OO X
KOHrIeElpar&rI troBepxEocrEElx Ae(FKTOB Ea 3 - 4 tropfl,u{a Bbute, qeM o6re&m(.
TaKru oopagoM,B B groM cJryqae cyqecrByer BooMoxrnocrb Bbl6opa reMeparypnrlx
!ETepBaJIOB &[rI pasJlenbEoro tr3yrreEtrfi uoBepxEocTnnx tr oobeMEbrx AeiFnToB,
BOSrrln(aM IIpU BSaUMO.qefiCTBm raSa c TBep:EW TeJroM.

cyqecrBoBaMe pasJrnEbrx (!opM trpof8neEtra BBatrMO.[eftCTBtrf, TBep,qoro reJla
c rasoBofi (psofi, raru, rcar (Fsa'[coporuf , xeMocop6lu{s, odpasoBarue uo_
B€pxEocrHEx tr ooreMEbrx Ie(FKToB,rioreT qptrBoruTb B HercoTopbrx cJyrrasx ir
ycnoffieEtrD mTep4pefalu,flt gKctrepnMelrTaJlbHrlx .qarrHbtx. lleftcTBr.ITeIbHO, lSI

aa

P"
v2

3EaeM, qTO XeI\tOCOpdU{g paSJIIIIIHHX qaCTUq MOXeT COIIpOBO}ltIaTbCfl nepeEocoM

Baps,Ua B ctrcTeMe a,{CopdaT-a.4cop0eET, oOycJIOBJIeItrfiIM JIOKaJII[3atmefi 3oH]IbIx

EOCUTeJTeI Aa troBepxHocTHba ypoBHsx a,UcopdryIoHlloft llpl4po.el, ttTo eCTecTBeH-

Eo cKaBbIBaeTCS IIa 9JIeICTpO@I3I[IIeCICEX xapaKTepucT]IKax a.qcopoeHTa, o.EIa-

KO U B CJryqae Bsarilo.ueftcrBl{fi raSa c rBep.&It{ TeJIoM, npl'�rBo.[fl(ero K oopa3o-

BaruD troBepxEocTHrlx tr oo5eMHllx ,4e(FKTOB, TaKfie BOsMOllfiO lI3MeIIeHI4e eJIeKT-

po&rcrucu a.{cop6errra. A Intelllfio, paBIIoBecI{oe cocToslr4e cl4creMbl alcopoaT-

alcopoeur qpn saIaTr{rrx BIIeIIHID( ycJIoB]Isx xapaKTepi{3yercs, rIoMI{Mo Bcero

upoqefo, u ycrarroBJreHr{eM paBlloBec[fl Mefi,uy sapfixeiiHoft IlI HetTpaJlbHoft FopMa-

ilu[ IeoeKToB, cyqecTBoBalue KoTopEx ooycroBJleEo rrpoqeccaMfi I,IoHlIBaqlu 14

peKoMdtrIraul}r. Iil3MeHelfl4e BIIeIIHI{X yCJIOBI,il, EaIIpUMep .UaBJIeH[s B rasOBOft 6a-

3e, BUSbIBaeT rrsMerrerrr4e paBIIoBecHEx roruleutpaqd yKasaIIHbIx IemeIcToB, qro,

B CBOD Oqepe.qD, C.EUraeT paBEoBec[e Mex(trJ ID( SapH]I(eIiHOfi I'r HetTpaJIbIIOft

ooprral,q rr, TaKUM o6paooM, I4sMeIIser gJIeKTpo(PI3I[lIecKue xapaKTepI{crI,IK}I a,q-

copoeETa t?31. oTMerlor, tITo IIoAoOEoe B3al4Mo,qeficrB]Ie Mollcer lie colIpoBo$-

,uaTbca ESMeIIeErIeM IIoBepXEOCTSOTO Sarl/r6a SOII aACOpdeHTa, T.e. Ee rrp]IBO-

IIIITb rC trSMeEeEm BeJII{qUflU TIOBepXEOCTIIOFO 3apfiIa, a BCe I{sMeHeIMe, Harlpl4-

Mep gneKrpotrpoBoJurocTr, ooycJIoB,MBaTb JII{mb I{sMeIIeHI,IeM KoHIIeHTpaLPI}I 9JIeR-

TPIIiIECKU AKTEBHbIX .qE@KTOB, BJM'Ircq}D( HA KOIilIEHTPAqUIO CBO6O,ETbIX EOCI4TEJIEft

3aps,ua.
I{TaK, u3MeEernre oJrexTpoipr3rlFrecrcrD( xapaKTep}rcTltK rIoJIyFpoBo,EI}IKoBbrx aA-

copOeEToB, oOycJroBJeEIoe ero Bsal4Mo,ueftcrBl{eM c oKpyx(auleft rasoBofi cpe-

,Uofi, Mo)reT 6bITb BHBBaHo paBHilMIrI IIpI4qlIIIaMlI I{ IIoAtII4Harbctl paBJII4iIHbIM SaKo-

EoMepEocrsrrr, ooycroBreltrfin pasJMqHofi fiprpolofi Ftstuco-xl!\na'{ecloD( rlpouec-

coB, BblSEBaw[x BTI! I{3MeEeIMfl.

L.7. BJMgIue a,qcop6ua{ Ha sneKTpoon3ullecRr.te cBoftcrBa noJIynpoBoAH].IKoB

3a,qoJFo ,uo trofiBJIeEI{s &raccI[tIecKID( pa6or BorbKelnlrel&{a I4 Xay(EF, saJlo-

xr.rB[Mx ocrroBy sJrexTporrnoft Teoprrtr xeMocopdlutr4, (DaKT gaBl4clrt'tocru paBJIIir'{ElIx

cBoficTB rroJryllpoao,uilIcoB oT cocTaBa oKpynarcuefi aTMoc@pbl oTMer{arcg Bo

Mrror[x paooTax. K sTlot ruIoHepcKtrM paooTaM 3O-x ro.uoB oTHOCgTCfi ]IccJIe,4O-

BaHr4ff BarEepa 174-76'J, IWp.IatOea t77) lr rcyrru( aBTopoB. B 60ree rIo3.uIID(
paooTax Ibefl c coaBT, [78-80] oblJIO IIOKa3aHO, rrTO I4sMeIIeH]Ifl rrpOBOE4-

MOCTU EeKOTOpbIX OKCtr4rEX a.UCOp6eIITOB MOryT 6bITb I'ICUOJIbSOBAHbI .UJIS l43yqe-

Hnfl ICr{treTEKlr a.4COp0U{oEIIO-AeCOpoLUIoEHblX IIpOUe CCOB.
O.EraKo ocIIoBIIofi cMbIcJI rIccJIeAoBaIIId Toro ueplto.ua saKJIIoqaJIcg B u3yqe-

HIM BoSMo&H!IX }TsMeITeEId codcTBeIIHbIx cBoftcTB IIoJIYIIPOBO,SfiIICA, OOYCJIOBJIEIT-

HHX ero BsaUMO.[efiCTBr,reM C ra3OBO[ oa3ofi, .qI)yrUMI4 CJIOBaMI, 3TOT BOrrpOC

Henocpe.ucTBe8llo cBssNBaJICfl C trpOdJIeMaM[ 6ypEO pas8lrBaloqeftcs B To BpeMS

F43rffq,I IIoJryrrpoBolEIItKoE, Tl[trfEfto,l [p]IMepoM gToro SBJIsercs raK HasHBaeMbrfi

rasoBM r.utr{Jr EapJuHa-SbarraftIa [81] , 3aK.ru0qa@lilcs B BosMollfiocrl{ a,q-

COPOU{OtrOTO YtrPABJIEEI{g IIOTCIII.EAJIOM IIOBEPXEOCT}I IIOJIYIIPOBOI$IruCA '

Iil.ueg, s EeKoropoM cMHcJre oopafiraa yKagallHoft, saKrroqaFuaflcs B BoBMoll(-

Hocrr{ KoETpoJIs cocraBa oKpyeanqefi troJlyrrpoBo,qE}Ilc rasoBofi arMoc(Fpbl, ucxo-

,ufl r{3 arraJusa uSMeEerffi ero gJleKTpo(fta3llqecKllx xapaKTep]Icr]trc, EacKoJtblto
HaM r{3BeCTEO, BrrepBEe U ITpaKTFIeCK[ O,UrOBpeMerUrO 6bUIa BblCICaSaEa XaftreH-

/toM [82] u MacBffioBtn,r t831. UMeIfro gTa ]Ilefl ]I 8B]IJIacb ocHoBoil Eufle llrpo-
Ko pacqpocrpaEeElloro Me ro'[a rIoJIyrIpoBo,uflIIcoBHX CeHCOpOB'

ocHoBEag IIOCHJIKa BHCKaSAIIHOTO B 3TID( paooTax rrpe.qJloxeHl.lg SaKJIIot{a-
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JIaCb B CJre.ryqeM: JleraJrErroe tr3ytreutre ll3MeEerud a.nerrpo@rentecrcn< xapa&_
Teptrcrrtrc troJrytrpoBo.u['r*oBoro aAcopoe'Ta, ooycroBJrerlHrlx a.qcopdr$etr oEpe-
.qeJreEroro rasa B rocrarotrEo rlzrpoKoM rrHTepBaJre .uaBJreErd llocJreErero, re_
JIaeT BosMO&rbrM pellleEr.re oopaTEoil Ba.[aqu 06 oupe.qererilM KOHUeTparIEr BToro
raBa B olcpyaanleM a,qcopoeET OdbeMe tro BbrsBaEIrOMy ero [pr4cyrc?Br{eM }13_
MeHeHrm gneKTpo(Fr3rqe cKt[ xapaKTepr.rcTi4rc aAcopdeHTa,

06e yraaam*re n're,n, sa*Jr'qa@ecfi RaK B BOSMOrcrocrr,I y[paBJre'r{' rrpil_
uoBepxEocTElMtr CBOficTBaw troJrytrpoBo,urlrKa qpu rloMoru.r aAcopoutr{ pa3JMqHbrx
ra3OB, TaIC U B BOB!/|oAXIOCTU KOHTpOJIA raBOBOt aTMOCQepEI, I4CXO,Ug IIg B8JII4!M_
roT 

,UEITEUEUIR 
BNEI{IPO(fu3XFIECKI,IX CBOTCTB IIOJIYqPOBO.UIITKA, TPEoOBAJII{ ]IJIff

CBoero RoEKpeTIIoro BoIIJIoqeEIla ,qocKoEaJlblloro I{3yIIeHI4,I caMoPo gmeKTa BJII{-
fiEr's ra..Bofi cpeE Ea 'JreKryo(F.I.trICy rroJlyqpoBo.ufltrcoB. Sa,qaqa 'Ta ycnoffHq-
Jracb yKasaEHlrM B rlpe.wryqeM paSrene mroroodpasr.reM CBfiSaHHr{x c a.4copor-[4eft
qpoqeccoB' trprBoAriluq K rrSMeIIeELrD gJlercTpoft{3rflrecKlrx xapaKTepI4crI,IK A.qCOp_
oeETa. ocraEoBnMcs EecKoJIbKo tron)odEee Ea s@ftTax lrBMeHeHI{s pa3Jrr4rrrirx
gNEKTPO@SETIECRID( XAPARTEPI/ICTI4K NOJIYITPOBOEII{&A, OOYCJIOBJIEHHbIX KAK XEMO_
copdlElefi, TaK tr a'4copoq[oIIELIM I{BMeHeHIreM KorflIeuTparlr4r.r oobelfitru( r{ rroaepx-
rrocTH[lx ToqeEilrx Ie(FKTOB.

1'?.1. xeuocopd4.roHrroe [cRpuBneHr4e gHepreruqecRr{x 30H noJryqpoBoAHrrna
IlpoucxoA@ qptr alcopdrytrr trepexol qacTl{ xeMocop6fipoBartr{,rx rracTr4U B Ba_pfi,reHr{yD (Dopr'ly upioo,wr K trsMeEeHm BeJlr,r\rr4rrN rroBepxHocrHolo 3apfi,ua, 06_ycJroBJrerlEoto Jro&aJr[3ar.u{eil cBo60.E$D( SreKTpoEoB rr :srpoK rra lloBepxHocrHbrx
ypoBEflX A'4.Oporuoffiofi uprpo.er. Bosrouc'oBelue LrJrr4 'rsMeEerrlle BeJIFrlrrN 3a_pfiIa Ha IIOBepXEocrtr troJlyrlpoBo.ut}trca qpI4BO,lU.rr K r4SMeHeII]4D grleprer]rliecxoro
IIOJIO'TEHITS BCEX IIOBEPXEOCTHbIX YPOBIIEft OTEOCI{TETbHO OOSEMA, T.E. BbIsNBAET
B [pocrefueM crytrae troBepxEocrEbre Sarr{6br .ura 30IrE qpoBo.uadocrr{ rr rroroJr_
Ka BaJreurEofi 30HE (plrc.l.s). 3orutrIe ErarpaMMbt oTHOCsTCs K cryqaD SM rlep_
BOUAqATbEo EeftlpanbEof uoBepxuocrlr (o) u paaEoeecHoro sarloJrHerrr{fl IIo_
BepxEocTH[IX ypoBtrefi, cooTEeTCTByWD( XeMOCOpOIIpoBaIfintM qacTuuaM (o),
IIpIHSTH cJIeIyDqI{e odo.Eaqel'nra: Eaax - ypoBe'b Ba&yyMa, E" tr 8." _ rroJlo_
fre'lra .wa '.II'I qpoBo,un ocm orlrocureJrbrlo ypoB'fl BaKyyMa B OoSeMe n
IIA IIOBEPXEOCTtr IIONYtrpoBoIETKa, Ev u Evs - noToJIoK BaJIeHTIIoft SoHbI cooT-

;:::::'ff:"ilffi'T":##iilXl"'ff;"ff , 
-.:il::;:,ff 

:H;" \";":::ilffi:
AAIIH'IM qACTEUAM' qUS - BET*IUIIA IIOBEPXEOCTIIOTO 6APbEPA, OoYCTOBIE,*IOTO
sapflaelffeM IIOBepxHocTlI,.z- BeJIFTIfiIa cpoAc?Ba K SJreKTpoHy IioBepxHocTI{
noJrytrpoBolErulra' q9 - padora BEXora oJreKTpoHa, 6 - napaMerp Jrer{poBaHr{rr,
3a.ua@fi rrydmry SaJreraErrs ypoBrrs oepMrl rIoA rHoM 3olibr qpoBo.unrocrl,t B
oo5eMe lroJrytrpoBo.urr4Ka, Lp - .[edaeBclcrd pa.uyc eKpaEEpoBarr]Ifl, olrpe.qeJlaro_
ryfi TJYoIEIY UPOHUKIIOBEEtr' IIOJIA TOBEPXHOCTIIbIX 3APfl.qOB B OObEM IIOJIYIIPOBO,U-
IrtrKa. JlEarpamrH, EpelcraBJreEnue Ea pr{c. 1.5, orlrocsTcE K cryr{ap [epBoHa_
!IaJIbEO EetlpaJbuofi IIOBepXEOCIU. B 60lee ooqeM cJlygae rroBepxHocrb xa-
palcTeptrSyerca EaJIFMelu oqpeleJleruIoro 34pff,{4, uaxo,qfiIleFocfl B TaK rra3E-
BaeM[rx 0trorpa(E'FrecrcE( troBepxEocrHilx cocrosB]Iax t4,841 U qpl4BoAqero B
tro.[aBrsqeM 60rbumcrBe cJryqaeB & cyqecrBoBaruno aqpuopHoro rroBepxEocrHo-
ro 3aruoa 30u. I(poMe ororo, KaK OTMeqaJOcb BMe, aAcopoqpoBarrHue qacrr,qbl
Moryr odJa,uarb oqpereJreEHbrM n[tronbHbrM MoMeETOM CO6Crnerurofi ruu arcopo-
IEIOIIHOfi UPruOB, IITO MO&ET BEsBATb B !,IAE CTYqAEB sAMETIIbiE }I3MCHEHI,Ifl BE-
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Pltc. 1. 5. Sgeprerlrqec&aa cxeMa, uJumcrpltpyuas fipmoBepxgocr-

IIOe trCKprIBreEIle glleprerrrllecKEx 3OE, OoyCJIOBJIeEIIOe

a.qcopdlu{efi aftqerlTopHllx qacTEI Ea trepBoEaqaJlbEo IIe[-

Tpa JIbIIOfi trOBepXtrO CTtr

Ptrc. 1.6. SEepreruqecRafl cxeMa, rrJuuocrpqpyqas rr3MerreEua B
BoIfiofi KaprLIEe qpmoBepxEocrrrofi ooJracrrr a,{copOeETa,
ooycJoBreruu{e a.qcoporyeft aKrleuropoB, ooJra,uanutrx
oqpeleJrerrnbtM .wIoJrbHEM MOMeTTTOM

Jrr{rErHtr Cpo.UCTBa K gJIeKTpOIly IIoBepXAocTII a.UcopOeIITa [18,85,86] . I4Ta$' B

doJree o6qeM cJrytlae gEepFpTtrrleoKas CXeMa, IIJullocTpl/rpynuiafi IIplmOBepXHOcT-

rroe UCKprrB,IeEtre gEepreTIItIeCKI4x 3OH, OOycJIOBJIeHIIoe a.Ucopoqfiefi' B ,Ua$IIoM

cryqae aKlleuTopElrx ilacT]trI, trSodpaaeEa IIa ptrc. 1.6. B Cflyqao aAcopoll{ll

IorropHEx qacTl4l 3arlro BoU, IlsoopafrellHl'fr Ea ptrc. 1.5' 14 llsMeHelme BeJII4M-

HbI nepBOEaqaJIbIIOrO 3au46a BOB, trOICagaIfiOe Ea pUC 1'6' MeIIgSTCg Ha IIpO-

TIIBOIIOJIOSIIbIE .

Heodxo,unro oTMeT[Tb, qTO BO3MO:ICIN IFa TUIIa paBHOBeCUg B MO.UeJ&I llepe-

Hoca Bapf,.qa B cIICTeMe aAcopOaT-a.UCopOeIIT, ooycIoBJleltrfie JMoO IIoJIIIbIM IIe-

pexoAoM xeMocoporlpoBaEHblx qacTruI B SapsteEllyn sopMy, ,ITO I4MoeT MecTo B

cryqae ,4ocTaTormo MaJrEx KoErIeErpaIsM a.qqacT[Il XapaKTepI,Isy@D(Cfl K TOMy

ae ooJlbEoft BeJII/FII4Bofi cpo,UcTBa Ic sJIeKTpo$y IIO cpaBEeHltro C paooToft BbIxOIa

rroJlytrpoBo.UlllKa (B Cnyqae a.{copol$Il aruIeIITOpoB ) IIJIII MaJIoft BeJII4II4IIofi IIo-

rerrr.EtaJla uoESsaLEEI (IIpI,I aAcoporyol .UoEopoB)' JM6o BblpaBHI4BaIlUeM ypoBl{s

Oepr,M a,[cop6eETa C SHepreTI[tIeCKuM ypOBIreM XeMocOp6]IpOBaIIHbIX rIaCT[rL qTo

Bo3MOEEO qptr .qocTaTolmo oorbmd KoIIqeEEpaI-trIrD( TIoCJIe.EII{X .

IIoJe BosElmauero trprr xeMocopdllEl IIOBepXEOCTIIO|O Sapsla IIpuBo,&I1 &

flepepacfipe,qeJleE]Ilo cBooo.lElblx IIocIlTeJIefi BapflAa B IrpIIIIoBepXEOCTHIIX cJlosx

rroJryIrpoBo.@ca, trpoc$fpanouD(cf, ,[O TJIyOI,III, Oqpe.UeJIgeMbIX,UJIItEoff oKpaIII4pO-
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BaEtrs, ocyqect&lflerloro Eetro.@I{ffiIn,tr rIoIIaM[ npI4MeCU 'I [epepacqpe.4eJlrlBtlM-

MtrCfl CBo6o,@$rE OJreKTpoEaMtr tr ,U{pKaMII. Jipyrn,I{ cJIoBaMu, a,qcopdl-u4s rIpIrBo--

,ur K BosEtrr(EoBeEtrD OdJracrtr qpocrpaEcrBeElloro Saps.qa (0II3), BJMflqefi Ha

ane&ruo(MsFrecKtre xapaKrcpucTEKtr, ooycJroBJIeHHIIe f,BrelultlMll nepeHoia B

trputroBepxEocrEofi oonacrtr troJryqpoBo,@IKa .
Teopufl cJros IlpocrpaEcrBeffioro saps,qa B troJlyrrpoBo,EMtax 6blJla pasB[Ta B

paoorax l l lorrrctr t87,881, Morra tsel,  JIaBbUoBa [e0,e1], ElarratBa f,e2l l t
ps,ua ,q)yrEx aBropoB. ]Ees o BJItrsEIu aflcopdls.l Ea xapaKrepllcll4Kl4 0Ir3 IIo-

JryrrpoBoErrrKoBoro aAcopoesTa trptrEa.ute&IT xaycEe [ 5, 6 ] . B ,4AJibEeltleM 8ra

trqes uoJryqtrJra BcecTopoffiee pasBclxe B paooTax BorbKeHlTeftIa lI ero yqeHtr-

KOB [4,93,94], a TaKBe B paoOTaX Mapra 1ss,sol,  MoppucoEa t2L) u ruyr]D(
ECCJIe,qOBaTeJrefi. ocTaEoBtrI\tcfi BKpaTue Ea o6ryI)( qepTax oToft MoAeJM.

Ilpe,ulo.nounir, qlo Ea troBepxEocrtr troJlyrrpoBoFEta, Haxo.ufiqerocfl B a.4cop-

outroffioM paBaoBectrtr c EercoropHM ra3oM, r{MeDTcs aJItIacr}II}il c KoIIIIeHTpat[Iefi
Nt. HeKoTopas rracTb gTrrx aAqaclgtt EaxoETcs B SapfltreElloft (popMe, KoH-
qeErpaqm lcoTopEx o603traqtrM qep€3 nt. KpoMe ED(rHa rloBepx$ocTtr llaxo,4flTcf,
pa3Jrr{rrHxe 6uorpa(E{,recKrre noBepxEocrEue cocroaHnfi c KorrrleHTpar-Eefi Bapfl-
x€rrHoft (pop/lll nE, orlpeAeJrsqefi BeJMqrffiy ar[MopBoro 3afr46a 3oE quso.

HaJsf,fie noBepxHocrrroro BapsAa qpr{Bo.quT K trepepac[pe.ueJreErno cBooo.utr{x
ItocI4TeJIeft Bapg.Ua B rloJlyrrpoBo.tril{Ice, qro odycJoBJuBaer BoBETIICEoBeHI{e KoM-
rleEcqpy@ero oOBeMIIoto Bapg,qa rr gJleKrpfiqecKoro rIoJIg E, cBfiBaIIHofo c Be-
Jrr.rrrr4rroft ooseMHoro 3apsAa ypaBHerlrreM llyaccoEa :

d i v E ( r )  =  p ( r ) / e e o ( 1 . 1 5 )

PeueHue ypaBHeHllfl (1.!-s) B pfl.ue rracrHHx cryqaeB [o3BoJrfier Bhrpa3urb
BeJMqrury ooleMHoro sapfl,qa qepes BeJMwtrIy lloBepxHocTHoto 3aru6a qoH gus,
a BareM, lrcnoJrbByrr ycJroBlre oJreRTpoHeft'TparbEocru Bceft cucreMbr alcop6ar-
a.ucopoeHT, orlpe.qeJMTb mrrepecyw{e Hac xapaKTepr4cruKr4 0IX3 a,ucop6eHTa.

Ct[.ITaff JIJIff qpocToTH, i{To rloJlyqpoBo,Ullrtrc BaIII4MaeT noJly[pocrpaEcTBo
x . o, EepenruleM ypaBHeHrre IlyaccoHa B Br4.ue

(  1 .  1 6 )

r.Ee €(x) = qu(x)/kT - rroTeEr.praJrbEaa sHeprl.Is cBo6o,Eioro oJrelcTpoEa B rroJre

IIOBepXEOCTHbIX 3apg.UOB, B![pal€rrHaff B e.4rEtrr]ax kT. ypaBHerile sIeKTpoHefiT-
paJIbHocTlI B paccMaTpr[BaeMoM cJlyqae Inileer B]r,4

ut l  = qpf" l
- 2  c e k T 'q x o

tn t  +  nE =  
Jo t " lu "  

.
0

I{B ypaBEermfl (1. r-6) cJre,{yer

1  k tce  - -  l -
lp (x )dx  =  -= l  *gE l ^  ,

J Y . ^ | "

r n t + n E =  + S i l - = ,

( r - . 1 7 )

0

orKy.Ua, ylMTHBag ycJroBl4e HeftTpaJlbltocru ooreMa a.qcopoeHTa, qro Bo3Morclo

rpfi epo roJrrIUEe. MHoro ooJrbrleft pa4ryca oKpaEr[poBarMs, rroJryqaeM BbrpafieHr4e
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( 1 . 1 8 )
n o  =  N o + "  N o ,  p 9  o  n r z / N o  , ( t . z L )

cBrSblBaroqee IIJIOTHOCTb lloBepxnocTHolo 3apff.ua c BeJII'[1IIIHOff EaIIpflXeIIHOCTII

oJreKTpr,rllecKoro noJlg HeIIocpe.UcTBeIIHo y noBepxIIocTI{ (TeopeMa faycca). IIo-

cJIeIEgf BeJMqI4Ia HaXo.ryITCg HenOCpeIcTBeHHHM pellleHl{eM ypaBHellfis IIyaccoHa

(1.16) IIpI4 IIO,4CTaHOBKe B EetO p(x), BNpaffeHHoft qepeS BeJMr&IHy 3afl46a soH

E ( x ) .
TaK KaK yCJIOBileM TepMOIU&IaMIiIqeCKOIO paBHOBeCI{fi flBJIAeTCfi IIOCToSHCTBO

ypoBrrfl oepM,r Bo BCeM oobeMe alcopoellTa, TO Boslli4KanflU,!ft 3aru6 3oI{ lI3MeHs-

eT paccTofiHr4e Mer(nJ/ ypoBIIeM 0epl44 I4 soHaMI4 3llepl1lff, qTo B cBoF OqepeAb

r.rsMegseT pac[pe.UeJle6l4e llocfiTeJieft 3apg.Ua no BceM slleprerfiqec1qfiM ypoBHfiM'

B o6ueM cryqae lleBbrpo}I(,IeEHofo lloryllpoBo.ul]4Ka i4MeeM

(  ,  - r l v \ \  (  F t v \  I  f  1  f  E . - E F  )  1 - 1
p e t  =  q {  n ^ 1 1  -  e - € ( x ) l  -  o ^ [ r  -  "  € ( x r l  *  N ^ l  i " * p {  #  |  |  -

|  - \  )  
- o (  -  

)  o l  z  -  (  ^ r '  )  )

- ", I i.*{ 
"ir"' *, } .']-'- N^ [ ]."n{ ++ } *,]-'*

* n ^  [ + " " {  ! } - . } . ' ] - ' } , ( 1 . 1 e )

rAe cJIaraeMIIe B rDaBofi qacrs BErpaaeEllg (1.19) oIMCEBaIoT COOTBeTCTBeIIHO

UsMEIIEHUE KOEIIEETPAUEI CBOdOIHEX 9JIEKTPOHOB II ,&IPOK' A TAKT€ OJIEKTPOHOB

rr .6rpoK JIoKaJMsOBarrHilX Ea OdreWtrIX ,4OHOpIIbIX I4 aKUeTITOpHbIX ypOBIIflX C

gEepruefi Eo tr E^ u KolllleErpaqtref No U N^. IIpu [o.ucTaIIoBKe BbrpaxeE]'rfi

(r-.r-e) B ypaBllerMe (1.15) 14 TIOCJIe BbITIOJtrIeEUfl I4ETerprpOBaHlIs JIeTKO Ha-

xo.urcff IIepBbu r{rrrerpaJl ypaBIIeEI4g waccona

' l#l = 
{-++ [""["-e* eJ * n"[.€- .J ] - f*t 

n,", * " ]'",
( 1 . 2 0 )

r.ue A(x) - EeKafi (ryItrcl[lrfl, yIOBJIeTBOpsqafl COOTHOIIIeHI{F

( . _ f t ,  f E o - E p r  t - l  ( t  , " ^ - E l * r ) r r \ - t l

| ",Lt **[ -h- 1 .'1 - 
t iexpl +r- -) -) I

-n^[{  +"* [Ls). , ] - ' - {+""" [  }$ .J. , ] - ' l l  *=sgu,
a c - rcoEcTaETa, oqpe.ueJrseMafl u3 rpaEnrrHbrx yc;roslil, IIaKJIa.ulBaeMblx IIa { II

lta dg,/dx. orueruM, qTo B o6qeM Bu,[e ypaBIIeErIe (1.20) He I,IMeeT rrpocToTo
pemeEr{E, Eo ,[ocTaTorlEo trpocro mTerp[pyeTcfi B paBJIrtlIlEx qacTHHx cryqa8x

t e 7  )  .
l.,lclloJbByeMre B lcaqecrBe rryBcrB[TeJbHblx (pa6o'trD() gJIeMeIIToB ceHcopoB

LTKCII.U PASJIFIEIU( METAJUIOB O6HWO IIPE.UCTABTSNT COOOI IIPITMECITbIE IIMPOKO-

r,,HHHe IIOJIyqpoBO,UilKTI n-gEIIa, TaKI{e, KaK SnOz, ZnOz, TiOz U ,4)yr[e, OC-

rrognofi ,uoEopEofi rrpuMecbD KoropEx fiBJIgDTcg JM6o Me]ry3erbHbte aroMbl MeraJI-

Ira, ;udo KtrcJlopo$ue BaKaEcIM. CoorBercrBywle uM ypoBIIlI pacrloJlotreHbl B
'ranpeqemofi soEe BoJu3tr ,ua 3orfl qpoBolp{MocTrl taK, qTo qpll TeM[epaTypax

/tare rrops.uca KoMIIarIIofi IIp]IMecb fB.,rsercs rrpaKT]T(IecKlI rIoJIIIocTbF I{oHtI3I{po-

rramrof, B aroM cJryrrae KorqeErpar.ua ocEoBHIIx Eoclrrereft olrpe.qeJtflercg ItoH-

r trrrrrparFefi ooreilEsE .UoEopoB :



r.qe n-- coocrBeltrrafl rcoErleHTpar[rs cBooo.&nu Hocr4TeJreft Baps.ua.ypaBEeIMe (1.2o) IIpII ]rclroJlbsoBaHr4rr rpaHr4rrHbrx ycroBrd € = o u d(/dx == 0 IIPII x+ o IIpI4HI{MaeT BI4II

# =.  f i  . -c *  € - ,  . [ -a\ ] ' " .  ] " ,
lll- -": - 

{ecoktTq2r'l D) -..JDEra s*pari}rpoBa'us re6as. r'cxo.'s r43 ycJroBr4s3JIeRTpoHeft Tpa JrbHo c Ttr 11 [peHe 6pef afi KoEr]eriTpaUfiefi .uEpoK, IioJr.yqa eM
+ h  f h- " t  " 6  

f  
- q .  

1 1 / 2-  =  l i e  -  
+  F  -  1 l

L - S ' I{ 2  N L
D O

( 1 ,  . 2 2 )

( L . 2 3 )

( r . 2 4 )

.  (  1 . 2 6 )

KOTopHx

nE, I,tMe-

lla 
€" = eu.,ztr - BeJI}IquEa sarIIOa BoH Ha rroBepxHocrr4 rroJ]yilpoBo.Elr,rKa.

OqeBI,IEIo, qro cyuecrByer Bbrpar(enue, aHarorlrqgoe (1.23), cBq36Ban(ee KoH_r're'Tparrr'F 3apfllrer'roft soprfi' o[ofpaftivecruu rroBepx'ocrHrrx cocrosril4ft c Be_JpIqItrIoft .qoa.qcoporlromioro Barr46a 3oH €so:
F t- - E  

=  f " t = o  *  "  _  r f r n
J:--:-: L =so -J

D O
TaKIa,4 oopa3oM, BeJMq}lr{a ts cBff3aHa c paBHoBecEoft KoHUeHTparII4eft xeMocop_or,rpoBa*srx B Bapflxefftofi 6opue vactrrl cooT'orrre'I,IeM

B cry.{ae a.ucop6qId4 .qoHopHr,rx qacrl4u.
x apaKTeprlSye T c fi no TeHrIr4aIoM r4OHr43 aur{14
E M

xeMocopouuo}n{oe cocrosHr,re
rtd r.I KoHlleHTparlreft Ntd <

|  / - r  / - ; - . _ 1
t n r = , , / ,  " o " o l . r / " = = * g = - r  _ / " - . = o * q = o _ l  

l ,  ( L . 2 5 )
t  - -  j

Ii4e SHaIc nJrmc B JIeBoft qacTr4 BhrpaxceHllfi 1a.ru) ornoa.-"Tcs K CJ[yrlan a.ucopo_
ufiI{ aKuerITopHHx qacrr,fll, a Mlfiiyc _ .uoflopHux. yq[TblBafl, .rro u puunouaa*
SarIoJrHerII4e lroBepxHocTIIbrx ypoBHeft a.qqacTI4q oIMcHBaeTcff cTaTI,ICTulroft Oeprv[4,
,UJIfi ollpe.qeJreHraff Bbrcorhr noBepxHocrHoro Oapbepa, ooycJroBJreHrroro a.Ucopourefi
aKuerITopr*IX r{acr,nu, xapa*Tepfi3yrourr4xcs ge;ulqrnoft cpo,ucrBa K sJre*Tpo'y EtaII rroJrHotr r{oHueHTpaill{eft Nta, IoryqaeM ypaBrreHr{e

a 
-so+€so

o :  (Eta -  z -  6) lkT > ot  } I  B CIyqae tso>1 r loJryqaeM

E- " [,I- * 
".. 

)'' s  
|  

- s o  
l ,

,  * o l o ,
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( 1 . 2 8 )

r4pn B!{IIoJIEeHI4E OopaTIIOTO yCJIOBI'�Tg:

UMCEM

,ru , /i- "r", 
['/ 

"--.- - / ,=. ]

f Nt.
€ = o o . r " i -

l l  t  ",", [ /"- /?] )

€(*) " €=[1 - r'''+-f .
,  y { s  L o ,

' ] ( r  . 2 e )

( 1 ' 3 3 )

]IJIfi BEJII4II4HI'I 3AU,I6A 3OH

( 1 . 3 4 )

tI3 c[II{BKrr BHpat€Iud

Bbrpaseril,re (1.28) .Uaer paBrIoBecHyD BNCOTy IIoBepxHocTHoIO 6apbepa, o6yc-

JIoBJTSIIEyF rroJIHbrM rrepexo.{oM xeuocop6r,rponaHilblx r{acutq B 3apfir€IrHylo mopMy'

B cJry.Iae, oItr[CbrBaeMOM BbIpaxeIMeM (1.29), paBIIOBeCHafi BbICOTa oapbepa

o f i pe . [ eJ l geTcgBb rpaB I I I ' IBa IMeMgEep reT l4qecKo roypoB$sa IqacT I ' I t $ ICypOBHeM

oepwr a.ucopOeETa. IIpu aAcopdu&r IoiIopHbIX qacrl,Ill B cJtyqae

I r * ^ - x  - 5  l / k r > o ' n o -N t a . y ' 2  N D L o [ r ' € = o - y ' 4  
J , r , U e  

"  
, , -  )

JryqaeM aIIaJIOrrwto

( -  N . ^  ) '

E= "  
l l  e="  -  

, . . - -L |  
(1 '30)

\  t /  2  N o L o  )

B rporl*ororottcroM crvilae ".u ' /r---.- "r"r[/{ - /;- 
J 

^utt

t
F  z e - l r ' l  

N t d  - t l  .  ( r " 3 1 )
- s l - t / - - / - \ l

V ,  n " r " l r ' € . ^ - r ' e  ;  )L  u  " t  t

OTMeT}IM, qTO BblpaxeHlrfl. (L.28) - (1.31) IIOJIyqeInn 6e3 y'{eTa BOSMO]IC{Ofi ne-

peBapfi.ucl4 6uorpa.F,r.IecKlD( IloBepxEocTilblx cocTofiIildt [84,98], qTo clrpaBe.uJM-

BoBToMcwqae 'Ko r ' ua9T l I cocTo f lH l4 f l xapaKTep f i s y roTc f i I I oJE tocTb IoSanoJ IHeH-

HblMil SHeprer!{lIecKUMI,I yIDBHSMII, pacnoJlox(eHHbll"[ rJlyooKo B 3allpeuellHoff SO-

E e .

3HaIil{E BEJIIIII}IIIbI {s IIO3BOJIfiET HAftTI4 PACIPE]IEJIEIII4E HQCI,ITEJIEfi TOKA NO

ToJru4IIe a,ucopoeHTa. TaK, B cryqae a.4cop6u{u aKuenropllblx qacrl4ll Ha lre-

ooJlbwlx rJlyoruIax, r,Ue BNIIOJIHfleTCfl yCJIOBI'Ie €(x) > 1, I43 pellleHl4s ypaBHeHI'�Ifi

( 1 . 22 )  noJ ryqaeM

- 3  1 2  (  / -  \

143 sroro Bblpax(eH}1fi, c[paBe.uJl],IBoro qpu x < 2 "o 
lr' €= - rJ , cre.4yer'

qTO y nOBepxHOCTtI BosHllKaer O6e,UreruUft IIo sJIeKTpOIIaM Iq)OBO.UIIilOCTII CJIOft
- € ( x )  (  s t z  7 -  "  I

n(x)  -  NDe 
-  

:  n=exn{z u '  Es 
AI  

,

r.4e ns = NDexp(-€s) ' IIpI4 doJtb[trD( 3IIarIeHI4sx x

r4MeeM BbrpatreEl{e

'  i .€ ( x ) - r e x p t - x / L u J

3.[ecb A - KoHcralrra, 3Haqefi]'Ie Koropofi ofipe.ueJlgerctl
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(L.321 V. (1.34) Ha rJryOEHax, r.ue { _ 1. oTMeTn{,
Moxer 6NTb crrpaBe.qJlllBo llpll no6nx x B ToM cryqae,

uenipar&q a4racrr.u HacroJrbxo Mara, qro€s " { E;
B groM cryrlae

€(x )  =  € - " *p{ -  x / r - }
D )

I t = l  "  z

qTo Bb[)axeEr{e ( 1. 34 )
KOP,4a €so < 1, a Kog_

*  N r " /  {  2  NoLo ) .  <  l .

npfi a.ucopdum .qoEopHrx r{acrr{rl TaHre BosMoffi$r pa3JrrrirH{e cr,ITyau[r. BT o M c J l y r l a e '  & o r r a  k T 9 : r a u  - x - 6  > o ,  H o 6 <  { = o ,  T , e .  y p o B e l l b x e i , r o -
coporrpoBarfiofi qacrrtru paclroJrorce' B sarrpeqemroft so'e-r**e rIoJroseEUS ypoB-
ua oepwr ua EeftTparb'ot fioBepx*ocrr,r, saBr.rcrrMocrb q(x) or*cbrBaercs B]rpa_
me*u'l\i&I (1.32) - (1-3s) co BHaqeELIflMrI €s, 3a.qaBaeMbIMLI B,opaSeIIIrflMrI (1.30)
rI (1'31). E.JM ne ycJloBllre e > o Ee n*nofir.aercg, TO BOSMOfieE rrporlrBorlo_
rotcft[ft 3arr46 30H y rroBepxirocr[ a'copoe'Ta, ''pr'BoA@d rc odoraue'm ,Ip,n-
noBepxEocTHblx cJIOeB gJIeRTpoIIaMI{ IIpOBO.EI},tocTt1.

TaR' [pI4 ycJIoBlM Nrd ' NoLo /il, ,.ot L, EJIfr. paBrroBecnoro Barrroa
3OE, OOYCJOBJIEIIHOIO IIOJIHbIM OIIYCTOIIIEE}IEM AOrrOP,-X YPOBITCft A,4COP6ryIOHIIOtr
Epr{po,6r, uMeeM

( 1 . 3 s )

|  / -  N-.r e = l  " [ ' / 2 € s o - f f i J  " .
I

l lpa / z NolDtexp(1/2) .  / t=o- 
J 

.  ".u .  / i=-*o"o["xp1et /2,
BeJI[rII{Ha rloBepxEocTHoro Barfioa BoII paBrla

N * ^  )

/-i- ", )
D D

( r - . 3 6 )

* t / € . o j

( 1 . 3 7 )

r{ Talore odycJoBlena rroJrnbrM nepexo.qoM xeMocopot.tpoBarunrx ,{actltri B Bapgtren_
HyIo @pMy. B cryrrae r.o '  / i -  " ," , ["*o1,r,  / / ;  J .  / i l  

] ,  , "o,  , ,
BeJllltl&fia IIOBepxHocTItoIo 3arfioa 3oH odycroBIe
paBIIa , 

- oo"''o rud uuycJIoBJIeEa BupaBHlIBaHlIeM Etd c EF yl

t l
l € . l = t e t + r n l  N t d  

I_  
l  f _  |  |  .  , _ 1 .  ( t . 3 8 )

l l  ,  NoLo 
[""n{ r" t  rr}  . /  e]  ) lI'{c*pr*Jertr{e s'eprerr{rrecKr!( 30H B 'TOM Cryqae upi4 Tex x, np,n Koropru-€(x) > 1, olMcbrBaeTca Bbrpar(eHr{eM

€(x) * ,  t , ' {"€=/ '* *r, / ;  ""} . ( 1 . 3 e )

,[ns roro'esrpau* sJre*TporroB rrpoBo.uo,rocrr4 cra'oBrrrcs cqpaBe.qJrrlBflr\,r Bblpaxe-
H}IE

- €  ( x )  N
n(x) = Noe = 

7;l;--------- ,, , {= < o,
|  \ c / _  |

l e -  + x / { 2  r o l
t  " J

JU
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pnc.t..t. BfirtrfiIe xeMocopoluM aKrlerrropHNx (a) u.uoHoplnix (6)
qacTlu IIa BeJMqmIy noBepxHocrlloro 3ar[6a BoH (€"o _

BeJrrfrrfira loa,Ucopdu{omroro Barr,r6a BoE )
o: €sl cooTBeTcTByeT IIOJTHOMy SaIIOJIHeHInO ypoBHeft

aKqenTopoB, KolllleHTpal_u{ff KoTOpbIX Nt. He,4OCTaTOrtrta

AJIA BbrpaBHIIBaHr,rfi Eta tr Eri €", cooTBeTcTByeT BbrpaB_
Hl4Barflm E, tr Er"j d: q'"1 ooycJoBJIeII SapfixeHl4eM BCeX
IOHOpHbIX alJtlacTull, KoEueHTpawfi KoTopblx Ntd He,4OC_
TaroqHa HII .qJrfl IrHBepcI[}l 3HaKa Bar[6a BoII, III4 IJIS
BbrpaBHI4BaHI4g E, tr r.oi 9"2- IIOJTHOe 3afloffIeElle [pI!_
Bo&IT R I4IIBepcru{ garfloa BorI; {"3 coorBercrByer BbI_
paBHlrBaHIIIo E, tr r.,

LlMeloqee MecTo Ha rryoruIax, y.qoBJlerBopfir0ru,rx ycJroBltro €(x) < _r. OTcn+a
Br4.UrO' qro qpurroBepxHocrrftrft crofi B cryqae 60rburD( KornleHTpaufr xeMocop-
6rpoBaltrslx .uoHopHblx qacrnl ,uocraroqEblx .qJlfl rrHBeprr4poBaHlrfi nepBoHaqarb-
noro earuda 30H, o60raqeH SJIeKTpOHaMI,I fipOBO,4nOCTI4. I4rfiOcrparilBEo BCe
3TtI cJlyqa[ Il3oopax(elnr IIa pr{c. ]..7, oTMerltri{, riTo, KaI{ BI{[ro IIB ptIcyIIKa,
[prl .uocraroqHo 6orbmD( KoIqeETpaIIIfix .qoilopnbrx qacrrtl t.t MaJIbIx rlorenr_u/raJlax
t4x IIOHU3aI-UI'I BOSMOIma He roJIbKo I,IrIBepCIrs SHaICa [epBoHaqaJlbHoro 3arfioa
3oH, Ho tI co3.qaHl{e rlpltrloBepxHocrHofi ooracrr,r Buporquefiu.rl [s6].
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r.7.2. BJITBIMe aAcopoq{o}soro 3apflJxeHr.rs noBepxHocTu
IIA BEJMIMEY qPOBO.U.TMOCTI{ ITP'INOBEPXHOCTHEIX CJIOEB

tI paoory B6rxoAa noJryrlpoBo,UMKoBoro aAcopOeHTa

Ilpoucxo.(fllee IIplI a.qcop6rld,r BapsxeHr,re rroBepxEocrl4, coqpoBoMapqeecg LIB-

MeHeHI4eM oHeprerl,rllecKoto peJrbe@a .ula goHll rrpoBo,4r4Mocrl4 I{, ecrecrBeIIHo,

rlorofiKa BareHTHoft BoHbi noryilpoBo.ufl{Ka, cyuecrBeHEo cKagblBaercs Ha fiBJIe-

Hl4fix rlepeHoca. B fipocreltneM cJyqae MoHoKpl4crarfiI{qecKoro odpagqa Bo3HIIKa-

nuud IIpI{ a,4cop6uflr fipwroBepxHocrruJt r43rfi0 oHeprerlrrqecRltx BoH rlJtr{, rITo

ooree llpaBrurbHo, r4sMeHeHrre loa'4coporyIoHHoro saruoa BoH rrpl{Bomlrr K uBMe-

HeIIlIro KOHrIeHTpar-Utr/t HOCI4Tereft TOKa B 0II3 U HenOCpe.UCTBeIfiO CICaBbIBaeTCTI Ha

Be JII{WIIe SJIeKTpOrrpOBO,UlO CTI,I ITptfiOBepXHOCTHOtO CJIO g :

Ao  '  q  sn ( I - n  +  b l - n )  .  ( 1 . 41 )

B.qecb b = lplun i unt;[ up - nolFlltctocTtl SJIeRTpoHoB lI ,ublpoK; fn tr fp -

rloBepxEocrltile I{36bITK$ oJIeKTpoIIoB tr,u{poK, oqpeleJrseMbre, corJracHo fu66cy

[99], KaK pa3lrocrrr Me)I(4y ooryilu KoJ[rrirecrBoM KoMrroHeHTN B cI4cTeMe, Ilpl{xo-

.uffrMlrcs Ea e,utrII{lly rrJroqa,&r rroBepxHocTr4, u TeM KoJMqecTBoM, KoTopoe obr-

ro 6br B o.Uropo,Uroft 0a3e:

( r .  4 2 )

3,qecb, KaR n rrpelR.ue, n(x) n p(x) - KorrrleHrpaqrur oJreKTpoHoB r,r .&rpoK B
0II3; no " po l!( KorrqeHTpar.uEr R odreMe Ba rrpe.ueJraMr{ 0II3. Cqr,rraercs, qro

ToJwrrra I'IJM cpe.uild pa3Mep Mr4rcpoKpr{craJrra a.ucopoeHTa } cyuecrBerrHo npe-
BHIIIanT AJII{Ey SICpaELTpOBaIII{8, x - KOOp,ElIIaTa, OTCrMlNBaeMag OT TIOBepXHOCTI4
B I'TyOb IIoWTIPOBoIEII{KA.

B @r3r,recKofi Teoprtr{ [oBepxfiocrr{ rroJryrrpoBo.&vrKa lappgra-Ebarratbra

[92] CrMTaJrOCb, qTO ITOIFTDrcIOCTI4 SJIercTpOHOB ?r .&rpOK B rrprtrrOBepXHOCTHrrX
cJlosx IIoJlyIrpoBoIFnca re [€, qro }I B o6beMe, qro, o,EraKo, c[paBe.qJrl,rBo
J&rrrrb Ao Tex rrop, IIoKa ToJWIHa cJIoS IrpocTpaIIcTBeHHoro sapg.ua He cpaBHfieT-
crr co cpe,Eefr lJgtrrou!. cBooo,uroro upooera Eocl4Tereft. Ilptn4elfltv,rocrb ororo
fipud.nmertr{s rlccJre,uoBaJracb UIpufiFpoM B paoore []-001, B Koropoft Ha ocHoBe
coorBercrBymlero pemeHrrs ypaBrreEtrs EorbrsraEa floryqeHa BaBr4craMocrb BeJM-
,fftrtrI g@KTlB�noft uo,@],r)lorocrl'I Eoc}lTeJlefi or Be Jufwtrfi,I tIoreIIIII4aJIa IIoBepxHo c-
fl.r B cJryqae rroJrHocrbF ,ryromv3Horo rroBepxHocrrloro pacceslMs. IIoICa3aHo, ,ITo

B IIeKoTopEx cryqasx s(EFKTr.BEaf, rro.ErrKrrocrb Mox@T obrrb Ha rlops,4oK MeHb-
ure, qeM trolFl4ltEocrb B ooceMe [oJryqpoBo,4rrrKa. ]ilTaK, ,uJrfl nccTpoeEufi aAeK-
KBarHot peaJrbrrocflr MoAeJrrr a.ucopolu{oEroro uBMeHeHfis lrpoBo,urlrocrl{ Heoo-
xo.un o yrMTEEaTb [oupaBKy Ira rloBepxHocrirys cocraBrarorrrJlo paccefiHfffl .

B cryqae paccMarprrBaeMofo [pr4Mecgoro ho.nynpono,uuuta n-TtIrIa cl{Tya-
r&rfl y[poqaercfl oraroAaps oorbEoft Tofiume 0II3 rlo cpaBlleHl4ro c ,qfimofi cBo-
6o,utoro fipooera HocI{TeJIeft u, TaKI4M oopagoM, no,ucraHoBKa BbIpax€I{IM
(1.42) B (1.41) [pr4 yqere crlpaBeAJrrrBocM oorbuMaHoBcKofi crar}Icr!trtll IJIff
cBoooJ[ux sJreKrpoHoB ]r ,ulrpoK [pr.rBo.ryIT K Bbrpa]rceHuro

€
r,.,: Jr.r*) - noldx = z J"r.r€) - ""r ISJ 

'ae 
,

0 0

r €
rn = 

Jrrr*t  
-  poldx = z f  reto -  n"r [S] 

'ae 
.

0 0
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d € ,  ( 1 . 4 3 )

tr3 KOTOpOTO BtrUrO, qTO yBeJMtIeHlre IIOBepXEOCTSOTO 3ar]Ioa SOII (€ > o) CO-
qpoBo&,[aeTcfi yMeEbrrreEtreM qpoBo,@vrocTr!, IocTrlraqefi rdtrsoryMa rll)u 3HaqeEr.fl{

€, = {. = rnt{/ ut12f, auue Koroporo qpoBoEr}rocrb Hairruraer yBeJrr4rMBarbcs

6naro.4aps uoaBJreErm trBdbrro.rEJx,&{poK,
IIpu enaverorax BeJrurIuEbI troBepxEocrEoro Bafrroa BoII, MeffbulD( €., T.e.

B,UaJu oT oOJIacTtr trEBepcE[ upoBo,UnrocTl{, Bbrpa,relMe (1.43) y[poqaercrl
[  1 0 1 ]  :

f , L -
to . -/ 2 I l.trrNot,o/" 

-"* 
{"- I ,

orKyla, EctroJrbsyfl ycJroBue sneKrpoEefirpaJrbrrocrr.r (1. 23),
BHpaeeEtre

Ao = _{l xrr.t ,
cqpaBe&rMBoe B cJyqae a.4coporsM aKqetrTopHblx rracTr{Il I{

A o = q I n r t ,
cqpaBe.uJMBoe B cJryqae a.Ucopdum ,qoEopoB, r.ue nt - paaHoBecHarr &oErlelrrpa_
r-Efi sapfiaeEEofi (Doprfi{ xeMocoporltrolmfi rroBepxEocTHux cocromud. .

B[rpaseMs (1.45) rr (1.46), cEpaBe,UJrr{Bbre B cryirae BErroJrrrr.rMocTlt c.ueJrarr-
HTrr RrJme trpeEorofellld, cBu.qereJlbcTBypr o IIaJII{qIM npgiltoft qpo[optlloHaJlb-
Eocrtr MeUAI BeJuqmofi rlgMeBeErrs qplrnoBepxEocrHoft llpoBo.Utr4ocr]I rroJlyqpoBo-
.@rrcoBoro a,4copdeETa tr KoErleErpalueft xeMocopo[poBarrHNx Ha efo rroBepxHoc-
Ttr aIrIacTtrIL Eaxolfltrrcs B sapaaerilIofi (DopMe. 3To IIpnBoJprT K TOMy, qTo
qptr SaIIOJIEOEEflX trOBepXEOCTI{ aAqa0T}Iqattrt, MeIIbtlII/D( B9JII/FII4HbI

x ' = / ; - n r ( / " -  / - \
ta D D( 

- / {so J 
B cryqae aKIIe[TopHblx rlacr]trI It

( / - -  / - \Ntd = r '  2 NDLot/ qso - /  e 
J 

B cIyt lae,UoHopHbtX,

BeJrnqffia trgMeEeEu.E greKTpollpoBo,uocTu qpo[opqfiorlaJrbHa lloJtrrot KoIqeETpa-
r-Uu gacrEII. B c.lryvae &e ooJbm KoEIeETparyil a,qvacrllrl IIo cpaBrrefiI/rlo c
yKaBaEH[rMtr xa",u aenrwma trBMeEerilm sJreKTporrpoBo,&rocrrr IIpI,I aAcopdlutr4 Rarc
AKIIEIITOPOB, TAK U ,IOEOPOB OqPE.qEJISETCfi BHPABHI{BAIII{EM JIOKAJIbHI,IX YPOBIIEfi
xeMocopotrpoBalrlfFn !racr[r( c ypoBaeM oepm4 arcopdeHTa r4 IIpaKT}IqecKr4 lte 3a-
Br{cr{T or KoEIIeETpatlM a,rntacrl{rl. TaK, B cJyqae a,qcoporldt aKrlenropoB

6n " -q,n/T ",to[/"- /e' ]  
] ,

a B cqyrrae a,qcopor&r AoHopHbrx rracrlrl

rc * /Tg unno"o[4,o- - , /  "  
) .

Talgn odpa3oM, qpr 6orbtuD( RoHUeHrparyIflx a,qqacTurl rrro Hefiocpe.qcTBerfio
cBsBaEo JMoo c I{x 0or6mnfi[ IlaprEaJrbailMtr AaBJIeHr,rsMtr n raeoeoft OaBe, JMOo
c 0oJ6[on BeJEEErofi rtx TeruroTDI a.{copdryfi, Bce Rr{rrerrrrlrecKr4e &pr,rBhre o(t),
Btr[ KoTopru, KaK oy,UeT troKaBarro Etrre, cyqecTBeIII{o BaBrrclIT or rcoErlenTpa-
rvrr a,{qacTrul Nt, rrpr! ooJbulx BpeMeEax trpl/Ixo.u8T K orlpe.ueJreEroMy srrage-
Em op, 3aBtrcf,tqe[y or qpqpom B qpe.Srcrop n aAcopoeBTa r{ He BaBr4cflqeMy
OT BEJIEIIEEII Nt.
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( 1 . 4 4 )

rreTpy,uro [oryqr4Tb

( 1 . 4 5 )

( 1 . 4 6 )

( r .  4 7  )

( 1 . 4 8 )



Heooxomrc gaMertrTb, qTo Bce trptrBeAeEHfle BHrrre paccy]r.IeEfirr orHoc]rteJrb-
E-o cocroM paBEoBecug, cBffgar{Frrx JEI6o c troJIHUM BanoJIHeHI4eM a.qcop6lMoH-
Hru( rroBepxEoclEtx cocrosrtrd, Jtr6o c B[rpaBIuBaEr{eM !D( JroKaJrbHbtx ypoBHefi c
ypoBHeM oeprs a,qcop6eETa, cqpaBe,qJ[uaE B ToM cJyqae, Kor.ua cootBercrByp-
@e Berl[rrsEr paBEoBecr$rx oapbepoB IIe qpeBErrrraor BEcorbr dapbepoB Befita,
ytloMulraRnrIrrcs B paB.[eJre r.z. B qpoTtrBtsoM cryr{ae, BosMoI(EoM IIpr4 oorb!trfi
RoruleHTpaUuflx alFlacrrlU tr BecbMa rJryoolcoM BaJreraHlr}I I,D( BHepreTl,rqecKrlD(
ypoenefi tro,[ ,EoM BoHrr qpoBo.UnocTtr, BaBr?rcr4Mocrb o(t) Ilpru(o,&rr K "Kturerrr-
tlecKoft ocralloBKe" qpl{ ,uocrmeElEl IIpe.{eJIbHbtx BEcot oapbepoB riopa.u{a 1 sB,
rlpaKTl/rrlecKtr Ee 3aBr4c@D( oT IIpI[po.u aAcopoe$Ta, a cTaur{oHapHoe sHaqeH}re
.o cTaIIoBtrTcg EeqyBcrBI{TerbE[IM K .llaJlbEeltueMy yBeJIIlFiIeHIoo [apUfiaJlbl{oto .UaB-
reros alcopotrpyeMoro rasa.

IlpollcxoAgqee qptr alcopor.uM sapsxteHrle troBepx$ocTtr ecrecrBelr$o cKaBNBa-
ercs tr rra BeJIFMrre TepMogJreKTporuoft paoorE Btrxo,Ua noJryrrpoBoJErr4Ka 14,s2).
IIo ogpe.qeJleEnD, TepMosJreKrpoErras paoora B[rxo,ua paBHa pa3ilocr]r gfieprtfr
cBooo.Uoro, Eaxo.Uruerocs Ea ypoBEe BaKyyMa gJreKTpoHa rr sJleKTporra B o6b-
eMe rBepAoro TeJra c aEepruefi, cooTBeTcrByqefi gHeprurr 0ep[94 (cM, pl4c.
1.5). l4 B sroM cJlyqae pactreT a.[copdworrHoro ll3MeHerufi padoTbt BbrxoAa
a(S9) "B rIepBoM IIpI,IoJEraeIiler" cBo,UTcs K orlpe.UeJreErrF BeJlr4qr,trtil oOycJroBreE-
Eoro a.[copdr.Eefi I4BMeEer*rs BhrcorH noBepxEocrrroro 6apbepa, oupe.4erflaqeftcfl
trB perrreHtrs ypaBEerMF [yaccona.

B dorbuoM lMcJe sKctreplnteETaJlbltilx u TeopeTlrtltecKl/D( paooT [4,1o2,1o3]
Ouro ycraEoBJeIIo coorBetcrBl4e MeE4y ugMenerrlrsMr.r gJrercrpolTpoBoErocrl{ I,I pa-
oorbr Bbrxo.Ua, Eadrnlar@d\,Mcs qpu a.ucopoqor pa3JrwHbrx qacTI,rU Ea paBHbIx a.q-
copOesrax. A nuelfiIo, aAcopor.Fs aKrIerITopoB Ha [oJIyrrpoBo,UrIIKax n-TgIIa,
trpl{BoAruqafl K co3.qaE]m trpruoBepxirocrHofi odracTu ode.Utelilrfl rlo gJIeKTpoHaM
qpoBo,uIlrocTtr, BbrsHBaeT yMerrbmeEr{e o II yBerrqelflrc q9. A.qcoporyrs qacT],ru

IoEopEoro Tma Ea raKrD( alcopoeETax qplBo,ryrT K o6parnoMy r4BMeHerIlIIo KaK
o, TaK U qp. B CJryqAe trQryqpoBo,&rrrKa c,4{poriHr,rM TrtrroM lrpoBo.uottocTr4 BJMrr-
roe a,qcop6rym aulerrropoB tr ,[oEopoB IIa BeJrr4qfirtrr o 14 qe MeEffeTcg Ha rrpfiMo
qpoTllBorroJroffioe, a uMerfio aru{errTopbr trprfBo,qgT K pocTy o ]r yMeEb[reE]Iro q9,
a IoEopbI - K yMerrbrrreH[t0 o I. I  pocry qp. Bupaxeruls (1.2s)-(1.31) t I  (1.36)-
(1.38) cBtrAereJIbctByFT, qro B}II BaBr.rctrMocrl,I BeJrr4rr{Hbt paBHoBecHofi paoorbr
BExo,qa troJryqpoBo.ErrrrcoBoro a.qcopdeETa or KoHr]eHTpar-uI}I xeMocopofpoBaEntx
qacrrtrl otrpe,UeJrsercs Mrrox(ecrBoM (laKTopoB, xapar(Tepusyrofllr4x c]rcTeMy aAcop-
daT-a,UcopdeEr, u [eMeHgercfl oT creneltrrofi ,qo rorap],r6\fi.rqecKoft.

Bo lfiror}Ix cryqasx, KaK orMeqarocb BHrrre, Eeo6xo.Utl|,,to yqrrrbrBaTb raK,(e I,I
.UrrroJrbrryn cocTaBJrtroqyn a.Ucopolu{oHrroro trBMeEelil{s paoorbr B6rxo.qa, o6ycro-
B[eIIHyn HaJILITMeM y a.4IaCT]IIl ,4trIOJIbHI[X MOMeIITOB, I43MeEgIoryD( BeJII[rtrtrIy MI{-
KporroreEU4aJra rroBepxEocru. ItaK orMeqaJrocb B pa3.[eJre 1.2, rrpl{poAa orl4x
,uEoreft Moser 6ETb coBepnerrEo pa3J[[Erot: or coocrBeltrlofi Io KBaHToBoMexa-
rilfrrecRoil [4].

OTMerm,r, qio n nocre[ue ro,Ur rIoflBrIJMcb reoperrrrecrr4e pa6orbt, yrfirru-
Baurpre rcaK ,ErcKpeTrrocrb, TaK n cryqaftiocrb B pacfloJror(eH[r,r a.Fiacrlru B
IUraEe Ex BJruflIMfi rra trpoltrtrIaeMocrb rroBepxEocrHoro 6apbepa, T.e. B KoHeq-
EoM cqeTe Ea repMosMr.rccl{oHHrre cBoficrBa rroJryqpoBo.&rr4rca, TaR, B paoore
[104] qpl{MemTeJrbEo n cJtyrraD MaJrrD( KomleBTparpff cJlyqaltro paclloJlor(errHHx
aAqacTItrL ooJaAaE@D( Oqpe,4eJrerrHNM ,IutrroJrbHrw MoMeIrToM, nolyqeHbr Bbrpafielll,Ifi
AJI.'I TOICOB TepMOgMlICCUfi, CBI{.[eTeJIbCTByWIe O EeappeHlIyCOBOM BIrtAe IrD( TeM-

J4

treparypEotr 3aatrcllnocrtr. B pa60Tax [105,105] [ccJreroBaJrocb uSMeHerrl4e pa_
oorE BrEo.qa lloJryrrpoBo.@ma rq)tr EaJrrirrlrM Ea ero rloBepxHocTll cJlyllalblo pac_
trOJIOEEF''HI @ONEtr B IIITPOItOM I(oHIIEETPAI.EOIIHOM ]U4AIIA3OIIE. YCIAAOBTERO,
qro qptr Korrrle'Tpar$fix aArracTu't, ooJbroE Ee*oropoft o'pe,{eJreruofi tl, oc_
EOBEOfi BK'ra.[ B BeJrrrlrrc{y tr3MeEe*ns toRotrpoErrqaeMocrfi oapbepa BHocsr cJry_qAMIE CKOIUIEEI.Ifl A.FIACTI,q TrOC]. JINoOTUTEO OTMET}ITb, qTO BbrPA:rEElIE ]IJIfi
a(qp) B gToM cJryqae 1Na r x=) EarroMrrEaer rurpoKo rrsBecrEoe BHpaxeHI{e
reJ6[,trOJ6tla Aq, = 4ndNt, CqpaBe4mnoe Mfl EpoTI.BOIIOJrOrctbtx gpe.ueJrb'rlx
c(yqaeB: y6trBaqe MaJErx Konlegr1raryil a.qtIacTEI I4, EaodopoT, MogocroilHoro
IIOKPbITtrff. O.IEAKO B OTJIEIIIIE OT ,IEfiCTBIITEIbEOfi KOIflIEETPAUM A.UqACTNI N.,
Bxo.{.Uetr B reJIbMroJIBUeBcKoe BbrpaneErre, B (FpMyny, IloryqeEflyro op" y".iu
cJryqahoro pactroJroreEtrs a.{qacrnl Bxo,u4T rD( EeKas a@KTnBgas KoilIeETpa-
utrfl.

oTMerlo,t, qro cyqecrByer BEarIureJIbEo€ KorlrrrecrBo sKcrIepI,rMeiITaJrbHbIx pa-
0oT tr tro trccJreloBa8trD Brrr{flEr(fl aAcopOr[M Ea .qpyr[e erextpo(Frs]IllecKl,Ie xa_
parcTeptrcTEKtr orccrllHllx a.{cop6eEToB, TaKue, KaR TepMo_g,UC t1ozl, gmeKT
XoJLrra [108-110], BoJlbr-aMrlepErre t58,1111 I{ qacTor]tble [112] xapaRTe_
pncurRE. Ilpoaeleue TaKI4x I\iEIoromIaIIoBbIx llccre,UoBarflfr rroBBoJIfieT HaJIeflTbcfl
Ea BOSMOffiOCTb TIOCTpOeEUfi B dmatileM 6v&yqel,a a,ueKBa?Hot peaJrbrlocrr{ Teo_
penl.lec&ofi Mo,qeJM a,4COp6U40EHOFO USMeEeErr.E greKTpo(Er3ltr{],I rIOJrynpoBo.4r}IKO_
Boro aIcopoeETa.

BtrepBbre Boqpoc, cBf,BaHEfr c a,{copOt-Forfiofi Mo,Uerbro odJracTu UpocrpaHcT_
BEIIIIOFO 3AP8.4A tr C &)II{AIflEM A,4COP6I[EI IIA 9JIEKTPOIIPOBO.UIOCTb MOIIOKP}ICTAJI-
JrrFIe cKoro uoJrygpoBo,urtrKa, .[ocrarorlEo IIo.4)o6Ho 66UI pa CCMOTpeE C aEAor,trpc_
rcllM [e3,113]. BtrocrercrBm paccMalpr4aaeMafi Mo.qerb olx3 6brra cyqecrBe]IHo
pasBrlTa oraro.qapfl yqery u yroqneHrrsM Mrlorr{x yllpoqelflM, BaJIO'nSIrIrbrx B Mo_
.ue&r rappsra-EbarrajtEa Jszl. It ertrM MoMerrraM cJre.Lyer orHecrr.r IIpoBeAeH_
EOe rrccJre.[oBame &luraHr4s IIa xapaKreprcuucn 0Ix3 rpoLIsBOrbEOft CTerreHr{ I{o_
irr'r3ar[rrr/I oober,Eofi trpl/Mecu [114,115] tr yqer rlepepacfipeAeJ]erMfl qp]rMecl,I B
oo5eMe trpoBo$ruKa tl16l , uptrBol@ero, c o.Uroil cTopoHril, R yBeJrltlleHrm a,q_
coporuoE'ofi cuocodsocru troBepxEocrr{, a c ,4)yroft - K HeKOTOpOMy crrpSMJIe-
Erm ero gEeprerErlecKEx BoE, qro upofiBJlgercfl B ocraoreruel BaBrIcI,tMocrI{ Be_
Jtr�TIUHE gneKlpotrpoBo]IEocTtr nputroBepxHocrEoro cJroff or BeJI]rrIr4ItbI SapfixelMa
rroBepxEocrtr. Baffifr BK'IaA B pasBurse reoplM aAcop6r.u40riHoro eapa*erutR no_
Bepx'oclu trowqpoBo,@ra BEecJrtr pa60TH ltora'a telr ,n IIeueBa t117] oO
a.4coporuoEEofi CUOCO6EOCTtr J[trCtrepcr+rn troJryrlpoBo:ErrtKoB. B 9TIO( paoorax
ycra'oB.rre'a Baffiaff ponb ,&I.nepc'ocrr! rroJry[poBo,ur]IKOBOrO arcopde'ra, o,'_pe.qeJlaeMaa olEoIIIeEtreM ruloqa.u lroBeprurocTr.r Mr4RpORpr4cTaJIJra K BeJlr/rwEre ero
odreMa, a e(@rrax a.ueopdu{o*ro'o Bapsfterilg rroBepx'ocrrr, IIoKaBaEo, ,rro
rrplt yMeEbueEI,lMTOro oTEolteEtra .uo BeJII4lItIItbI Ilopfl.uta 14 MeIIb[Ie ]IJI]IHbIsKpalMpoBalflla arcopd4trolutrIe troBepxnocrHble cocrofiIll{fl HarIItrraIoT BJrrrflTb y!.
Ha rroJlo[eEtre ypoBIIs oe$,M B oOGeMe aAcopoeHTa. gTo rrptrBo.u]rr. K ToMy,qro c yMeEbueEtreM pasMepa oopasqa ero aAcop6u40lfias cllocodEocrb IIo orHo_
rrre'r{r' K 3apsaeffiofi (DopMe a,4qacutri dy.4er na.uarr HesaB}rcI4MO OT Tr{rra qac_
rrtrl B CJryqae trpe*eopeen'no Marofi BeJrrlFirr'r$r rroBepx'ocrrroro 3apfl.qa, ooyc-
JIoBJIeEEoro 0l[orpa(Mt{eclclo,tr{ rloBepruIocruLrMlrr cocro.rrgrdfiMl,r, r4 ]43Megsrbcfl B
PASHbIX EAqPABJIEEIIFX .UJIA .UOEOPHIIX II ARIIEIITOPHHX qACTI,Iq IIP}I SIIAq],ITEJIbIIOM
dfiorpa(EflrecKoM Baps.ue rroBepffrocrtr. oTo ffe Eapy[reHi4e He[TparbEocrr,I oobe_
Ma MeJlrcolrrcuepcEoro a.ucopdeETa orBercrBeHrro 14 3a raK Ea3brBaerift[ft KOMIIeE_



catgonTtrt s@KT, TeopenrrecKtr trpegcrasarufifr lleuedru,l tl1el tI orcfieplr-
MoETaJrbEo ooEapyreEufi B paoorax [11e,120] . Cyrb aCfteKTa saKrrorraeTcs
B aEruoalEoM u3MeEeFrrr B€JIFIIEII trorerflFrarbEofi sEepr]u pJIeKTpoHoB B o6be-
Me troJryqpoBo,@ca E BeJIFrxErr goBepxEocrEoro Barr,Ioa BoH, T.e., ElyrtlMtr
cJIoBaME, I(oEqeETpaIPnr CBOoO,Uflx EOCUTenefi 3apfi,[a I4 BoBMoICIOCTI{ trX BEXOIa
Ea lroBepxEocTb, rraupuMepr[rlf, yrlacTtrf, B peaKrl{Ilt. Heodxolutr\4o oTMeT[Tb, qTo
ylcagaFmrt 9(FeKT "B[Eora&BaTnrg" aEeprerrvecKlu goH c yMeIIbEeErIeM pagMe-
pa alcopoeETa paccuarpEBaJrcs eqe ilom€peBbtM [121], Ho oe3 y'{era o6pat-
Eoro BJItrflEtrfl uBMeEeImf, troJlo&eEua ypoBEff oep!,tr{ B ooteMo IIoJryrrpoBoF{LlKa
ua BeJMwEry ero troBepxEocTlloro 3aptr.4a.

Boo6[e, ocooeffiocrtr troBepxEocrEDlx g(meKToB B ToHKtD( [oJIynpoBoIEII{Kax,
.4rrfl KoTopb[x qpeIcTaBJIeEtrff uoJryoecrcoEeEofi r'eoMeTpld4 cTaHoBffTca BerfprrMe-
EuMbI, paccMarpEBaJucb Bo MEortrx pa6orax. B oroM cryqae roJuDtrra IIoJIy[po-
BotrErtrrcoBoro a,UcopoeETa cTaEoBtrTcg, KaK IIoIcaBaEo B paooTax [101,113,121-
1231, o'!@'r BB orrpe.qenf,@ trapaMerpoB. Tarc, B.pa6ore t1211 lloryqeHr co-
orEolreErla Me8nr trgMeEeEr(gMtr rrpoBoMrocrtr II paoorH B![xoAa Toiilcoto rroJly-
IIpoBolEIrIKa co cnaoo uoEtr3upoBaEHHMs trpuMecflMtr Wr{ EaJIr{!0gr noBepxflocTlloro
3aps.4a, a B paooTe [122] tro,4)O6EO SCCJIeIOBaEO BJMfiH]Ie 9TOIO saps.Ua Ha
ToMtreparypEyn gaBucuMocrb paoorbl BbIxoIa tr qpoBolMMocrrr AocraroEto roilKo-
ro a.qcop6eEta. B padorax f101,1231 r{sylleEa oaBuclrMocrb floBepxEocrHofi
trpoBo,@rocTtr E BeJIFIIInS trOBepXEOCTEOTO sapsAa Ot ToJW[rfi IIOJIyrrpOBO.4rr,ffa
rr BeJIITTMEI{ IIOBepXEOCTEOTO 3aruoa 308, O6yCJOBJIeImOTO rCaK a.ucoporyIet, Tarc
tr qp&rroreEtreM B8errrEero rroJr.ff.

r.8. Ponb nepesaps.Eo{ duor?aorqecptr rloBep&IocrHDrx cocToaril&
B rlpoq€cce rerocopou{oHHoro gaptrefiLra uoBepx[ocrr{ TIoJII[rpoBo.Uil.rKa

HaJMge Ea peaJ6Eo[ troBepxEocrtr TBep,&[x Ter dorBuofo tfi4cra 6]rorpa(FrqeKlD(
troB€pxEocrEbrx cocroM (Euc), KOTOp6nU Moryr aBJrflTbcs codcrBeltrnJe IIo-
BepxEocTEIre cocToaEtrs [124], a TaKfe pa3JltrrrEbre ctpyKTyplrble.qe@IcTbt, qpu_
MecErre tr xeMocopotrpoBaElilre qacrnu tr T.r., cyqecrBeHrro BJrI48er, a I{HofJIa
oqpe,[eJHeT IcaK MexantrBM, TaR E Kmeu{Ky a,qcopdryor qacrr.flI tasosoil oaobr.
IIoMro roro, gro yragarrn'e .ue(FKTH ritoryr, KaK orMeqarocb BEWe, SBJrarbcfl
rIeEl])aME aAcop6l@, Ee Merr€e Bamo tr To, qTo IIpIr aAcop6utr4 BoBMofiHa IIe-
pegaps$d EUC, trpmo.q.uas rc BoantrKrroaenno .qoJrroBpeMegHux perarcar.@ ra-
Ktrx Eadm,qael,Erx B alcopdrEroEEbrx trccJre.qoBaHlrsx xapaKTeprrcrl4K a,Ucop6eE-
Ta' KaK trpoBo,urtocrb qptrtroBepxEocrnoro c.ltoi, xoJIJIoBcKlIe xapaKTepucrl4Kl{,
paoora BbIxoIa tr,q)yrE, cB8garFrrr c BeJMwtrIofi Baps,qa e6. TaK IcaK xapaK-
Tep u BeJrErrtrEa qpotrcxolfulx upu a,Ucop6um trBMeEeIflM yKagalrHilx cBoficrB

. troJryqpoBo,@oBoro a,4copoeETa rIoBBoJrsDT cy.u4Tb o KorrrleHTpar-utr{ .UeTeKTr,rpy_
eMEIx qacrEl B oKpyrarqeM ceEcop o6reMe, To r{gMeHeH}re es sa cqeT [epega_
pa,&cE EIIC, Ealq,ra.&lBarqeecs ga wcTo a.[copounoHrroe IITBMeEeHI{e es, B pg.ue
cJrytraeB Mo&eT MacrMpoBaTb peaJlbryn KuIIer�lrKy npoTeKarua a,Ucopou,IoHHrlx
qpoqeccoB.

HaJMwre aqptropEoro uoBepxEocrHoro Baruoa soH Eso, cyqecrByqero B rro-
JryUIXJBO@COBOM a,UCOpoeIlTe, B SEaqrlreJrbEo[ Mepe, IcaK 3To BI{EO IlrS Bbrpa-
feEtra (1.28) - (1.31) tr (1.35) - (1.38), B"'rr, I8eT ira BeJrrlnlr l l l ly €.,  o6yc_
no&[eryp a.Ucopor$eft, ,uafre oe3 yqera Bo3Moffiofi nepe3aps.Ur],r EIIC, orBer_
cTBeEffX 3a CyqeCTBOBaHI4e qso. Be;Uruura €.o pealtno cBSSaHa c qpeFcTo_
ptlefi arcopdeEta, B ToM rfi{cre }r c paSJIrrIEbrMlI o6pa60Trar\,tr{ ero ltoBepxgocrlr.

ItaK yKaSbBaJ Bo{brelilTellg t4l, B paaJrr{rrrrbrx cJiyqafix, orJll,rlraroulru(cs coorlro-
ueElIeM BeJUqtrE 3apfl.4a, rraxo.4@erocs B a.4copoltrIorrHbrx r4 ouofpam{qecKfix IIo-
BOpXIIOCTEbIX COCTOfiIII{flX' BO3EtrKanT paSJIIlriIHIIe BI{,4n SaBI{CI4MOCTI,I BEarleH]tff
oJelcrpo(n{3rqecRrD( xapaKTeprrcrr.r& alcopdeETa or KorilIerrrparlrM aJHacrr4u.

BarcrocTb yqera uepe3aps.B[ troBepxEoctHbrx cocroEfld (nC), ]oremefi Mec_
TO IIPIT PAsJIIFIHtrX BOSMYqENUfiX trOBEPXHOCTI{ IIOJIYIIPOBO.UilTKA, 6bUIA OCOSIIAHA
eqe EapEffis,| t12sl llplr oorflcteruE{ cradofi BaBr{cr{Mocrl4 Bhrcorbr oapbepa IIIor-
TKtr' Bogllul(aroero Ea ROIITaKT8 MOTaJIJI-IOJIyIpOBO.UII4IC, OT BSJIIIFII4H51 pA6OTbl
BbrXOra MeraJrJra, fturo ycraEoaJreEo, qro abrpaBrrrfBarrr{e ypoB$efi @epw veralra
II trOJIYIIPOBO.UII{ICA .COqPOBOEIAETCA I{3MEIIEIMEM cTeIIeHI.I SaIIoJIHeHIIf IIc IIocIel-
Eero' qro B lleKoropoM poAe oKBuBaJIeIITIIo gKpaHnpoBaHlro nplmoBepxHocrlrofi
o6Jra c rlr troJrytrpoBo.UrrlKa .

Ilpo,ncxoAsqee uptr a,4cop6utr{ usMe'e*re troJronerrrlrfl yponnn Qepwr [onyqpo-
BO,UrrrKoBoro a.4cop6eETA OTHOCrrreJrbHo Kpaea 30rr r4 JroKaJrbHbix ypoBlrefi Ha IIo_
Bepxlloclg' ooycnoBJrerrHoe trepexo,4oM qacrE xeMocopofipoBamnnx qac?nl B 3a-
pfitreEllyn ooptt{y, BaqacTyD rrprrBo,UrT rc lrapyllleEroo paBrroBec[a B oarroffie$fi]r
EIiC' qrO cyqecTBellllo CKasblBaeTcfl Ea BeJILMItHe IIoBepxEocTIiofO BaI}IOa Bog.
npo,ueMo'cm'pyeM oro rra qptrMepe a.qcop6r-u'{ rca* a*rlerrropHblx, TaK ,n ,uoHop-
Hrx rlacrull Ea IIn4poROSoIfiOM IIOJryqpoBo,ruII4ICe n-Titrra c xapaKTepliblMllr fifiet&sl_
MII paSMepaMtr, 4peB[rruaw',u AJ'lrEy o*pa*4poBalrr{fl. EyAeM Cr{InTa?b, qro sHep_
rerlfqecKtre ypoBIII{' coorBercrBy@{e EIIC, BcDry [JIorIIo BanoJIIrffDT ga[peqeE-
Eyxl so'y g'eprffi Eg, T.e. xaparcTeprr'ynTcs KBaolr'errpepbrB'uM clercTpoM c
IIJIOTEOCTbD COCTO.EIIId DS(E). CUPABEAJIITBOCTb IIOCJIE.UTETO 4PE.UIOJIOftEEI.Iff .[OC-
Taro![ro Eo.4)ooso oocyrq[eEa B t84]. B KaqecrBe Ao&asarerbcrBa cyqecrBoBa-
w$. RaasrlEerlpepblBEoro ctreKTpa IIc B OKCI{re LptrrKa co[reMcs Ea paoory
[ 1 2 6 ] .

JIrs otrpe,[eJeEus paBHoBecHo[ BHcorbr rroBepxHocrHoro gHeprerlFrecKoro oa-
pbepa €so, odycroBJemolo BarroJrEemeu EIIC, BocrroJlbayeMcs pacqpeAeJreHr{eM
Qeptu-jlrpara B trpr46Jtrr8eunr a6comrgoro tryJIfl reM[eparyp, ,{To crrpaBeAJIIrBo,
icaK troKaSaEO B pa60Te 11271, Mf, Cra60 MeEffWdcfi rrJtorlrocTet IIc. .[r8 0n_pereJlellEocrtr 6yreu cqurarb, lITo EefiTpanbroMy cocrorur{o rloBepxgocrr{ coor-
BercTByeT rycTas goEa [IC, a caMtr EIIC cooTBeTcrByFT aKUerl?oplroMy Trrrry.

B upocrettrleM cJyrrae paBEoMeprroro pacqpeAeJreEl,Ifl rrJrorriocrr{ EIIC IIo E
A.[s BblcoTu paBEoBecEoro Oapbepa B padoTe [128] fioryrreHo Bupa:feflI{e 
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quso = (89
( 1 . 4 e )

f  1 t l 2f .4e Nr = qo"L("s - 6)/2ceoNJ

ECJE Ea uoBepx8ocrtr aAcopdenra, xapaKTeprlrsyuqeFocs Aoa,qcopouroruEnu
3ar[60M 30E (1.49), uof,B,Imrca aKIIetrTOpEbre a.4ilacr][F C KOIqeHTpaIgIetr
xta' oo'a.{arye aerutqmofi cporcrBa K gne*rpo'y Ex", TO ycJIoB[eM ru( [epe-
xoAa B BapflaeryD @p[,ry frBnreTcfi BbItroJIEeEtre EepaBeIIcTBa

E t " t Z + 6 + q u s o ,  ( 1 . 5 0 )
T'e' 3ap.Efre'tre IDOtrCXO,UT Jrmrb Ea troBepEIOCTr{, Xapa*Tepl{.y@eficg B.JMWI-
Eofi Aoa.qcopdtEoEEoro BarIlOa BoE Mes[efi BeJuryluor (Eta _ z _ 6). ycroBr.Ie
gJleKlpoEefiTpaJlbEocrtr tro3BoJraeT oqpe.UeJMTb pannonecryn BhrcoTy Bo3rrr.rKan_
qefo qptr a.qcopolultr trOBepxEocrEoro oapbepa:

J I



eU, = (En - ( 1 . 5 1 " )

(  1.  51) C[paBe.uJMBo,

- frta) / (r - i) , r.ue

;  = (Eta -  x -  6 l / (E -  6) .  ECJM trepBOHarIaJIbI Iaf i  BblCOTa oapbepa He y.uoB-

JeTBOpAeT'yCJtoBr.rio (1.so), To a,ucop6t&s aKuenTopoB He IIpI4BolplT K I'I3MeHe-

Htlro BHcorN oapbepa. ycroBueM oloro gBJlfiercg N, t Nr. : &1/21 1t - &1 '

IlaF{tlecKlt xo,u SaBlIcI4Mocru qus or NB Irp]I 3a.uaruloM Nta fi3oopar(eH Ha pl4c'

1.8,  OTMerLsr,  qro rperbf i  ooracrb Kor i l IeHTpal t r f r  Nr, 'N,  < NBz'  xapaKTepI4-

3y@ascs flocTosrfiofi BbrcoTofi oaplepa qus, o6ycJoBJlelfiron BblpaBHI,lBaHI4eM

ypoBlrfi OepMLI a.UcopdellTa u JIoKaJIbIIoro ypoBIIs a,UqacTI4U' Bo3HI4KaeT I43 IIpu-

oJUDrcIfl{A a6COfiOTEOI|O HyJIfi TeMlepaTyp, UcIIoJIb3OBaIIHOIO .IJIS OIMCaHIIfi 3a-

IIoJIIIEEI{fi A,ICOP6I.IIOItrN,IX IIC.

Pllc, r. a. SaBllclo,tocrb BbIcoiH 
I

rroBepxHocrHoro oapbepa,
ooycroBrerfioft a.{cop6lu{e[
AKIIEIITOPHHX qACTUII, A
OT TIJIOTHOCTI4 HIC N;

N 6 r  N o z  N o

B mrepecynqeft Hac odracrlr NB < NBr, r,Ue qpogBJlgercs nepe3apfl.&{a BnC,
.uJlti BeJII{rIlHrI rloBepxEocrltoro Bar}Ioa BoH [oryqaeM Bhtpax(eHl{e

t'l-

6 )

t -r"'
r le f i . .  = uH.",, / l {zr"oNo(89 - 6)l  Bupaxerule

KaK BI I .U IO l I3  yCJIoB l I f f  (1 .5o) '  , ! I J I8  NB <  Nr , ,  :  (&1 /2

( r . 5 2 )

cpaa'elme Koroporo c BbrpanerueM (r..28) 
[tr" 

=[/?] *"../,/ r-"r"r]'J ,
troJlyqeEruo, TaI$(e .UJITI clyqag llofiIoro BaIIoJrrIeHlIfi N te I{o 6eB yqeTa nepe3a_
psntll EIIC, cBrqeTeJrbcrByer o6 sRpaHu3],rpymqeM BJMsHlrr,r EIIC Ha rrpouecc a.q-
copdtgroltrroro sapfitfterrrrs rioBepxEocTr/r (prrrc. 1. 9,o) .

IIpu a.Ucopdrynr ,UoHopHEx qacrrtrI c rroreHr]}laJroM r4or{r43aur[{ rtd .uJIs paBHo_
BecHofi BHCOTH IIOCJea.4Cop6lu{oHHoro 3aru6a BoH HerpyE{o [oryqurb Bhrpa]fieHr{e

q U -  f n.., = F = t'lJ . #i;t, - #-,=")]',

t/4%l *.u,// i-"o"oJ', ", . N,, = ,/ a-f tt '  - at,

o =  ( r td -z -6)  l k r  =  cons t ,  NB, . " r .  u r r= [ . /6 - *u .u ]  / f  r -61  ,  (1 .53)€ = g  =

( r -

[ n " " - / r _ . * "
D

Ntd l - € s o k r / ( E q - 6 )  
) z

' ;='- ; i l )J ' N  > N
I  8 2

cBI4IereJlbcrByqee o 3I{alII{TeJIbItoM oRpaHlrrpoBaHl,rr4 gaps}rceHl4fl noBepxHocrr,I,

3B

' ' tn

dso min o fro €so ror fso

P r 4 c . 1 . 9 . 3aBl4cr.[rocrb BHcorbI daplepa, odycJroBreEroft [oJEnIM
BarroJIHeHlIeM AIiC, or ero fiepBonarlarbxofi Brrcorhl
o - a.Ucopolu.rs aKUerrTopoB, c = i lnr- 6)/ kT;
d - aAcopdrun .qouopoB, o = 6 (Es-j) | kT. I+pr6as. I
- oes y.rera rrepe3apsE{rr 61IC, KprBafl Z - Wu yrreTe
IIepe saprr:[rr4

ooycroBrelfroM rlepe3apsIKofi trIC , r{ B cryrlae a.qcop6ur,tr4 .UoHopoB ( cM .
p f i c ,  L . e , 6 ) .  3 , q e c b  5  =  ( r t a  -  z  -  6 ) / ( E s  -  6 ) .

BHpaxertr {E (1.52) r4 (1.53) cBr4.UeTeJrbcTByroT o cyuecTBelrHoff  poJM rrepesa-
pfi,uru EnC B s@KTax a.ucopdlu,roEroro Bapsr(eHr.rfi rroBepxHocrr{. offraxo

rrprlMble I,IgMepeELIg paBHoBecHblx llocrealcop6ryroitrtEx BHaqerud s"'re$tpom43]4_
qecKI,D( xapaKTepfic?tlK Ilt IIpOCTOe COnOCTaBJIeHI4e C I4X IOa,4COp6qI,rOIfiX,t_
Mr,I BEaqerMrIMI4 lre rIoBBoJIriloT BbIrIBI,rrb poJrb yKaBaHHoft nepeeapaprl4 tI TeM ca*
MblM ocTaBJIfnT IreKyD Eeoqpe.4eJlel{HocTb B BbI,UeJreHr4r4 a.Ucop6rll4o}s{ort cocTaBrs-
nqeft [offtoro I.IgMeHeEug tIBMepfieMEx xapaKTepl4crr4K, Bbtxo,{oM ras rarcoft crrye-
LUEr flBJrtreTCs JMoO EaJrr.rrMe a[pr4opEoft rtr{QopMautr{ o .uoa,4cop6ur4oHHoM cocTos_
Hr4!I rloBepxllocrrl, qro BoBMoxHo rrp[ qpoBe,qeHI,II4 Llccre,uoBa]ild Ha MoHoKpI4c_
TaJIJIIlrIecKI4x aAcop6euTax 1rzs1, nt6o l4gyrlegue Kr4HerI{Ic}I Bapfircenr4g rloBepx-
HocTI{' IIoBBoJIg@ee B pg,qe clyqaeB paBIeJMTb BKJIa.UbI B I4sMeHeHI4e BeJMrII4Hll
noBepxEocTHoro Sapgla, ooycJoBJelfilble SapsxeIII4eM aIqacTI{u r4 nepeSapg.4{oft
EIIC, B cr{Jry pa3Jrr{lMa cropocrefi srrD( [poueccoB.

1.e. It],rseruRa aAcopolg.roltrroDo 3apaxeHr,r.a loBepxHocrr.r noJrynpoBo.qH]IKa
qpu yqere peraRcaru4r.r 6rorpa(luvecxoFo rroBepxHocrHoro BapsAa

IIo.U)oOEoe paccMorpeBr{e sroro Bonpoca [poBe.ueEo B paoore tes], B Koropoft
Ha ocHoBe I{ccJIe,UoBaHI{.fl clIcTeMH ypaBHeIilM' olMcblBanqux KLIH€TI{Icy 3apgmeHlls
a.qcopouroltru,rx rroBepxEocrrrbrx cocrorilxd (AIIC) u nepe3aps.U{r4 6lIC, noryqelsr
Kr.rHeTI{tIecKrlle 3aBIIC}TMOCTII BeJrr4l[ribl noBepxHocTHofo oapbepa Ilprr a,qcop6urd4
Ha IIoJIyIIpoBoIHIII(oBoM a.UcDpoeHTe KaIc aKUeIITopHbIx, TaK 14 AoHopilblx qacTlrti

B paBJII/ttIIIbIx [pe.UeJIbHbIX CJlyr{affx, OTJIIrtqauU4XCfl no COOTHOIIIeHI4F XapaICTepI4c-
TIfIIECKID( BPEMEH 3APST(EHIT'I AIIC T.T EIIC. OTMETI,U\,.I, qTO UCCIC.UOBAIfl4E KI4I{ETI4ICI{
3apsrceH[F rloaepxHocrr,r rroJrynpoBo.u{rri(a IIpu yqere nepesaps.u{rr FIIC paHee
ilpoBo,&rJrocb B paooTe [13p], o.utaKo B gTofi paooTe Ee yqr.rTbrBarocb BJMsHrre
[oBepxEocrHoro oapbepa IIa RI{Herr4Icy [epexoAa caMlD( a,uqacr]4r_I B BapgtfieruIyrc

@pMy, qro odycroB;rmaer rlacrrilfr xapanTep [oryr{enrslx pe3yJrbraroB.

B o6qeM cryqae ,qJrg o[pe,qeJreHug Ktffierr{Ktl gapffr(eHl,rfi noBepxHocrl4 Heo6xo-
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,umo qpoBeAerrr4e caMocorJlacoBaHltoro pacqera KIIEeTI{KI'I 3ATIOJIEeIiUfr AIIC !I

nepe3apfl.U$r E[IC. npr,IeM B KaqecrBe corJlacynqero ycJIoBI{fi Heooxo,un0 Ic-

rIoJIbSOBarb ypaBHel{ue llJacco$a, cBflSHBaqee Bblcory rloBepxHocrgoro oapbepa

(Barr46a. BoE) B lrpou3BoJlbHtffi MoMeIIT BpeMeIxI t c KoIIUeETpalIIeft Sap8fteilnblx

B sTOt MOMeTIT BpeMeIil IIC O6OID( TIITIOB. 3axBar HOCI4Terefi sapslA, IIpOUCXo-

Iflflufr ruI,I trepexo,qe a.{qacrnl B sapsxeEEyF @puy lt rpl4 nepe3apg,4te Eil]C,

paccMarp[Baercs B a.&Ia6arl{rlecKoM llptroJMxelilM, T.e' clll{Taercs' qro BHyTplI

oOEel[IbIx BoE B Kat&&rft MoMeHT BpeMeHlI ycneBaeT ycTaHaBJMBaTbcs paBHoBecl{e

1r cr4cTeMa xapaRTepI4SyeTCE MTHOBeIIHHMI?I paBIIOBeCHbIMI4 3IIaqeIil4ffMI4 BCeX ](a-

paKrep[cr]Il( 0II3 t13r.l .

XopoEO r{BBeCTIIo [4], qTo IIpI4 HedoJIbmD( cTeIIeEsx saIIoJIHeHI4s lloBepxHoc-

Tr4 KorqeIITpaI-u.Is xeMocopolrpoBallHblx B sapsseltrloft @pMe alqa crl'Iu Bospa crae r

tro saKoHy, oIIlIcEBaeMOMy ,@yMfl 9KCIIOEeETaMI{ C pa3HblMI4 XapaKTepucTl,IqecxlMl/I

BpeMeEaM[, coorBercrByruFMtl caMoft xeMocoporyu I4 rlepeHocy HocfiTerefi 3apff-

Ia MeE[y grrepreTrFlecKuMr4 ypoBrrflMtr o6pa3yF4D(cfi IIC U Oobebfib[\84 3oHaMI,I AI-

copoeETa. B cryqae, ecJg{ JIT4MIIT}rpyrcqeft cra.uaeft 3apElrcEl{s noBepxHocrrI fiB-

Jrffercfi oopa3oBaHue AIIC, To xapaKTepllcrl4llecRoe BpeMff Bcero llpoqecca o]Tle-

.ue Jlse rcs rrapu4aJlbHLlM AaBJIeIxIeM a,ucopofipypqerocg la3 a, &o 3{ft[u],1e$toM nll{-

JII4traIIUs aFlacrllq' sHepruefi aKTI4BaIII'�rIr XeMOCOpoIIU'�t' TeMneparypoft' a tafir(e

xapaKTeptrcrmaMn IIeIITpOB a.4COp6l-UM. B nporl[BHoM cryqae' Kot.ua JII'IMI4T}py-

mefi cra.Elefi sBJIflercE rlepexo.{ a.4lacrml B sapsxellHylo (!opMy, xalaK-

TepficrtrrlecKoe BpeMs saBI{cI4T OT TaRID( rlapaMerpoB a,qcopoara u a,qcopoefiTa,

KaK BeJTFIIIHa .Uoa,qcopdryomloro IIoBepxEoCTEoIo oapbepa, BBaI4MHoe IIoJIol{€Me

ypoBIIs oepwl aAcopoeHTa rI JIOKaJIbEOTO ypOBHtl AIIC, Ce'{elflte saxBaTa cB0d0.4-

Hbrx rroctrTeJlefi 3aps,4a Ea gTlI ypoBEI, I/tx KoIueIITpaq[g I{ T.A.

SKcueplneETaJIbIINe .uaIIHIIe B 6orblEElcrBe cryqaeB cBI'I,qereJibcrByI0T, qro

Jtrtr\itr{Tl,Ipyrqeil cTa.ufeft BapgaeHl,Ig troBepxlrocTl4 TIoJIyITpOBO,EII'�IKOBOTO a,qCOpo€ETa

rrBJrseTcff trepexoA a.FIacTIOI B sapslceElryD soplay 1141. B cryqae aAcopdlfiel

aKqerrTopnbrx qacTnl BTo, IIo Bceft B]IJUnraocTu, oOycJroBJIeHo, noM]IMo MaJloIo

ceqeEl{s BaXBaTa HoCUTeIefi [84], rJIaBHblM oopasoM IIaJIaMeM ,UOCTaToqHO Bbl-

coKrfi pEepreTI4tIecKID( oapbepoB, c IIpeoAoJIeEneM KoTopblx cBsBaH llepeHoc [o-

cI{TeJe[ Ea oEepIeTI{tIecKtIe ypoBIM AIIC. B cIy.{ae alcopoUldd ,aKTI{BHilx lac-

TUq, TaKID(, Rarc aToMH u pa.uEcaJrE, 9To odycJIoBIeHo oTcyTcTBI4eM IIJM IIp€He-

operofl\rofi MaJIocrbD.gHeprI{II aKTI[BaLPtr{ xeMocopdul4ll raKI{x qacrl'ru' qro .qo4'c-

KaeT oIII,IcaHI{e xeMocopolutr4 qpu rIoMotlFI Mo,qeJIII "Jtr'tmtoft reHTN" [132].

B pa6ore [98] rIoKaBaHo' rlro IIptI a'4copdlulr arqerlTopoB Ha ff'rpono3o]lnoM

rroiryllpoBo.uu$e n-TI,Ila, xapaKTepl{syqeMca EaJIII\II4eM aIIpI4opHOil llplmoBepx-

EocTHofi Od.11acT14 ofe.Ereruls, upoficxo,Uqee o1iycTo1negue ypoeneft EI]C aaMe,l'Ifl-

eT KIIIIeTtrICy SapAI€HIIs IIOBepXEOCTII UO CpaBEeHIm CO CIyqaeM oTcyTcTBIIs Ca-

rv[D( 6IIC TIJIII trX trepe3aps${u. CI,ICTeMa ypaBHelfld, olllIcblBalo[Mx llpouecc 30ps-

Berrfifl rroBgpXIIocTtI B trpe.UIoJIoI€HI{u Jtrff\itrITl,Ipynqeft poJM lIepexo.Ua a.4qacTu B

sapsxelllryt {opMJr, I4Meer BU.U

F = *.. {[H."-".J"-€1tl- 
'1"-"]

d n -  ( (  \  - ; / f \  
- 7 s )

at' = *r,u t[*u-.uj. 
' ' " ' -  n"e - l

f  -  n - ( t ) + n + ( t )
/ F * " - '  - t =  "  "

'  
/ i -  *o"o 
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(  1 , 5 4  )

(  1 , 5 5  )

( 1 , 5 6 )

J.qecb, KaK tr qpeEle, Nt. tr Nr - rIoJrHEe KomlerlTparlrrr AIC lI 6TC; na(t) u
n"(t) - KoEIIeETpatlM I/D( BaprljreEHilx (DopM B MoMeHT BpeMeHlI t; ER _ gnepre_
ufiecKrd ypoBeHb E[c; €r = (Era-z-6) lkri 7s = (Eu-z_6) 1X'r; 11ti _ BeJrr{qu_
Ea troB€pxnocrnoro dapbepa B MoMeIIT BpeMeru t; xla u xrr" B.&IoEroM.Irp&_
6;unxermr, qpuMeE"^|oM ,qJlf, m(porco3orrHb[r o&cr.IJoB c oorlnoft KoluerlTpaluefi
cBepxcrextroMer1rullecnr.Ix arolroB ueia;ura t1331, paBrrbl:Knr= vnvor !r Kn6 =
= hvoB , r,[e v - cpeErfia TeIL,roBas cKopocTE CBOoO,ESTX sOCfiieleft s-apg_
ra'_rt tr r, - cerleEr!.fl ft saxsata Ea rroBepxEocrHHe ypoBrr[ ArIC u BIiC, n., -
- odber,Eafl r(oEuerrrparss cBodoEuu EoctrTerefi gapsAa, crrllTau[agca paBIIo[
KOIIIIeETpaLU4I?I MeJ1KEX TOJIHOCTbD UOEI4StrIIOBaEHbIX .UOEOpOB: hr,= No.

Pe[eIMe crrcreMrr (1.54)-(1.50) trpu EagaJIbBbIx ycJloBrlax:-n+(o) = o u
n"(0) = n5o, I.qe rso Oqpe.UeJIfleTCA Irc ypaBIIeHI{g {ru_r,uo)-.*p{€.o) =

1 1 2
= .so"*p(-z) tr €so = nso / { 2 NoLo, rIoKaBIIBaer, qro IIp}I Bb[IIoJIEe]il4Ir yc_

JIOBI4A

" ' [ ' .+- t

e x P  € s o  >  1 ,

EaK'Ia.srBaqero orpaEr{lreHrre cBepxy Ea cKopocrb 3Apflrr(eH}Is AIIC orHoc[TerbHo
cKopocrtr trepe3apfl.Ktl EIIC, a.4copolproHrroe rsMeHeHr4e BNCOTbT oapbepa Maro:

!.  
t€"o (pr!c. 1.10, Kpr4Bafi Z)._B.qecr . t  = i  NorrNr.,  .s = i  NooENE .

llpyrlu/u cJroBaMu, B oroM .cJrytrae 
',dbrcrpoft nd.qcucrel,roft" sn.nsrc-rcg 6ltorpaF4_

qecK&e reiFKTbr' a "Me.ure*roft"- AIIC. IIpr l tt l Bapsr(e'r{F fioBepx'ocr]r npr4
arcopolrtr[ qpoucxo.44Tb rlpaKTrrirecKE Ee dy.uer, qro odycroBreEo obrcrpotr pe-
raKcauleft SapsJIa B EtrIc. olEIaKO, ecJM TaKlIe peJrarccar-u4oHHble rrpoqeccbr rrpo-
TeIcaDT .uocrarorHo Me,4[eEEo' B EaqaJlblilile BpeMeIIa oH]I npaKTI[Eec&I! Ee
BJII{ADT IIE KtrEETtrICY SAPSAEEIIS IIOBEPXEOCTTI. ICOJ&IqECTBEIfibIM B6IPAT(EHUEM 9TO-
fo aBJIADTCA yCJrOBlrff

( 1 . s 8 '

c TeqelueM BpeMeEI{' qpl{ t >> tE, cropocrrr sarroJrrlen}rg AIIC 14 onycrolregr4g

r < 1 tr t < .u = 
[r." 

/{ ""n[-e="J]

Itlxremqecrure KplIBEe BapsxeElls rroBepxEocTr
BO,Err{Ka n-Tlfira B rrpoqecce a.4copoutrr
Arcqeuropu:  I  -  q ,  L ;  Z  -  r  <  1 .
.[oEopbr: 3 - ".  . .  Hr; 4 - N,, NB

Puc.  : . .  to .
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rroJrytrpo-



ETIC BbrpaBlilIBaroTcn r4 3aBl{Cr'tMocrb {(t) [p]D(o.u4T K Kr{r{erfigecKofi ocrai{oBKe.
STor cryqafi  [3oopax(eH Ha pr{c. r. .ro (rprcas Z).

Aacopdu.rg ,qoHopoB Ha raKrrx a.qcopoeHTax B cJyqae laaroft nlorEocrn ar_
riacrnl ro cpaBHerfl{ro c nJrorHocrbn sapfilreHHbrx EIIC MOrrrcT corrpoBolK,[arbcfl
ueMoIIoToIIHoft KmeTrxroft r.r3MeHeHrff €s(t), ,ITo oOycJIoBJIeHo ohIcTpbIM onycTo_
lreH[eM AIIC u nocreAyuqeff Me.qrerilroft .qo3apfl.Urofi EnC (ci,r. prac. 1.10, Kpr4_
ea.s 3). 'lcllorESoBaHlre rr.flrrlHblx 3Ea.reliltft rlapaMerpoB paccMarpr4BaeMNx cfic_
TeM aAcopoar-a.4copdeHr rroKasnBaer, rrro ollycroueHue ,uoHopHHx ypoBHefi xa-
pal(Tepl{3yerc,I BpeMeIIaMI'I nops.uta ceKyHr, B To BpeMs KaR peJraKcaur,rfl saps,qa
a EIIC .unrrcs qacaMrr.

B roM cJtJrlae, ftot.qa KoIIIIeHTpat-EIrI .uoHopltbrx a.qqacr[I] .uocraroqHa .uJrs noJI_
HOro ycrpaHerMrr rroBepxHocrHoro oapbepa, ooycJoBrerilroro 3apfl.qoM B FIIC,
sKcrpeMaJlbHoe lloBe.ueEl're €(t) cMengercg MoIIoroHI{ilM yMeubtrreglreM BSJ1K.II4IIbI
€ (cM. p[c.1.1o, Kp]rBas 4). BnpaerfiBarr]re cRopocreff 3apffxeru,rfi AII0 14 no3a_
ps.uru Etlc, llMeulee Mecro rrocJre r{r{BeprqpoBaHr{s sHaKa 3arl,r6a 30H, rryr.rBo4,rr
K HAC6IIIEEItro B SABI,ICI4MOCTII €(t), EP}I STOM CI{CTCMA IPE6bIBAET B PEXI4ME IIPO-
,{OJDftA@ETOCS sAPg]I(EHI{fi AIC lI ETIC. B ROiIE.trIOM I{TOIE EI]C 3AIIOJIHflIOTCfi

;:#il:il;#.il;""1fl 
crvqan Ntd > NE, a Arrc paB'oBec'o c yqeroM

Pegrcil,oDyg Bce rIBJIor(eIIHoe BHlIe, Molclo BaICDor$,ITb, rITo Harl,tqfie B a.qcop_
oe'Te a[ptrop'oro g'eprerrrrec*oro dapbepa, sarpy.u'qroqefo [epexoA cBooo.u-
Hbrx HocureJrefi Baps,ua Ha Bo3Hrrrcarore DpII aAcopoll]tr4 rroBepxHocrEne ypoBH?r,
9KBIIBAJIEETIIO IIAJIIIIIIIIM B IIPOIISBOJISEOI .UEIA!,firqECKOft Ci,ICTEME SHAq]4TETbHOft
Bsolcocru' odycJoBJuBaqefi uonoronrofr xoA Krlrrerr{rlecrrg( rcp}tBbrx. l4 Haooo-
por' rraJrr4Me arrpuopEoro 3arfioa 30H, cllocoocrBy0uero 3apsx€Hr4ro a,{cop6ara,
trpllBo.4llT B cJyqae MarHx KorqeHrpau.il aAgacTr{rl K rrosBJrerMlo IreMoHoToH_
IIOCTtr IIA KI{IIETI4TIECKIIX ICPITBbIX }ISMEEEII}1.'I SIEKIPO@I3I.IqECKI4X IIAPAMETPOB A.U-
copdeHTa. ycrpaEerMe 6apbepa, T,e. r{rrBepctr8 sHaKa 3afll6a 30H, qro Bo3_
MofrIIo trpII doJrbud Kolllleurparyrsx aAqacrnl grBtrBaJrerrrno Boenr,rftrloBeHr4to B
ClICTeMe BSBKOCTI{ TeM oOJIbUefi, qeM ooJlbme BeJII/rrI]4IIa €s.

coBepne*ro oqeBu.uro, rrro a.ucopdr-u4o'r6re r{sMe'e*,rs pasJ*qrux sre*Tpo@r-
STIFIeCKID( XAparcreDficr!trc a.ucopdeHTa, TaKr.D(, KaR sJrercrpoqpoBo.urocrb, paoora
Bbrxo.qa, TepMo-3Jic Il T..q., Moryr 6HTb CBAsAr6r c a,4cop6lu40rtruM r,IsMeHerM_
eM B€JIFITIHT troBepxllocrHoro dapbepa, npfl'to oOycfloBJIeHHNM I4BMeHeHI4eM BeJM-q!'Ifi rloBepxEocTBoro Bapsla, TarCInt oopa3oM, lrHTeHclrBHocrb, MoHoTorrHocTb
rIJItr HeMolloroEllocrb KI{HerrIKtr trSMeEeIIu.rt qs Moryr orcJlexl4Barbcg, rIoMnMo
trp.EMHX gKCIIepUMerrroB trO g(rueKTy noJI{, Ofipe.ueJrflnu&x BeJMq]Ery rroBepxHocr_
Eoro 3ap'fi'ua Qs, Talofte II trpl{ I{sMepeEl'ru KI4IIer[KI4 I4sMeHeHI4s ruyf]D( gJreKTpo-
(Fr3r,rqe crcrD( x apaKTepr{c rtrrc a.ucopdeETa .

Iifcxo.ug uB crasattnoro BHIue, orMeTuM, qro c.{eraHmJe B i98l BhlBolbt naxo_
.qsr cBoe tro.urBepxueEl{e B 6orb[oM rMcJIe oxc[epr,tMerrraJrb]rbrx pa6or 11o r43yqe-
IfiUO A.UCOPOI.UIu MOJIEKYJI'rPIIbrX I{,ATOMAPEI{X TABOB IIA IIOJIYIIPOBOIEIIIKOBbIX OKCII-
.uax. Bo MIIOTTD( U3 III4n [oRa3aEo, r{To arcopolEfl TaKn aKTI{BHLIX qa0Trq, KaK
aToMil BOIoPOIA' &IlcJlopo.Ua' asoTa' aToMDI paBJII+IHbtx MeTaJTJIOB, a TAKme npo-
CTEfiMTE PA.UTKAJIE HA TOIIKIIX CIIEqEHIfiD( IIJIEIIKAX }I MOHOKPI4CTAJIJIAX, KAK IIPA-
BIIJIO' COtr�POBOETAETCfi MOHOTOHHIM I,ISMEIIEEIIIEM ry oTEKTPOft,IeIrVECKI4X XAPAICTE-
prlcrrrK B nI{poKrD( rrpe.qeJrax KoEle8lpaud a,ucopdara LI dfiorpafu.rqecKlo( cocro_
ftflil, III)EqeM KorillerrTpatu{a fiocJre$ffx Bo MIIot]D( cJryqafix Bapb]IpoBaJlacb lry_
TeM I€FI'IpOBaHIIA IOBeFXHOCTI{ O&C}IIOB aTOMaMI{ paBJIIIIIIITHX MeTaJIJIOB. HaEpU-
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MeF' s paoore [134] uoryrlella cep]Ifl MoIIoroIIHux KI,IHerIrrlIecRI/Ix KprlBbrx rIBMe-
EeEtra gJleRrpoqpoao,Elocrrl b(t) a [poqecce a.ucopour4r4 H-aroMoB rla crregenHllr(
trOJIIIKptrCTaJUIrTIeCKIID( [JIeIIKaX Zno, glCrU:r LI JIer]IpOBaHHbIX aTOMaMI{ zn, pb,
Na, rn. CTatSIoEapHag odbeLfiag KollqellTpall}ra H_aroMoB B BTr4x eKcIIepr4MeHTax
cocraB,ISJIa - 10t CM-t. AIIaJOrr.|Ifle MoHoroEHIre saBtlcrrMocrr,r o(t) Ilprl a.4-
coporFnr lr-arolloB rra MoIIo&pr{cTaJIJrax zno qpr4Be.ueHbr B pa60Tax rc|,L2s), a
l8Kfe B pa60Te [135] ,urs cryqas a.ucopouEr H-aroMoB np]r H]r3Kr,rx reMfiepa-
Typax Ea paSJrtrrrnbrx cneqerrBilx oKc[rax. ErMsRlre pesyJrbrarbr ohuM noryqelnr }I
B c4yqae a.Ucopotulr Ea sTr{x oKctrIax a?oMoB Mrrort!( MeTaJrJroB [136].

SaMer,^t, o:Eia*o, qro rne'Tcs paoor'r , B Koropbrx ra*xe B cryqae a.u-
cop6uo{ H-aroMoB EaoJuoAarocb HeMoIIoroIIHoe I4gMeHeII}Ie gJlexTporrpoBo,u{ocrl
BO BpeMeErr, TaK, B paooTe [137], B ROTOpOfi l lsysaracb, B qacrHocrr4,
tr a.ucop6r&s H-aroMoB Ha cas, ebuorEerfiofi B KOppeKTHbrX gKcnepweE-
TaJIbTfrrI ycJloBugx, troKa3aEo, qTo EeMOIIOTOltrtafl BaBI4CIIMOCTb o(t) Ea6II0naeT_
cs Jrunb trptr EIi3KEX TeMfieparypax (?7 K't v. trpu MaJrbrx KoHqeHTparlr4fix Boropo_
Aa B peaKrgoffiofi sqelh{e (ro -tTop). 

IIoBbEeE4e IaBJrerMa Bo.qopo,Ua,qo ro 
-a

rop qptrBo,&rJro rc crJraar{BaHrm Kpr{B}rx o(t) c [epexo,uoM rc MoHororrHofi 3aBU_
0I4MOCTII. oTNrerE\r, tITo a.qcopolu{fi H-aroMoB Ha 9TI4X r€ O6pa3qax cds IIpn
RO[,EarEOfi TeMrleparype raKae coupoBor(ItaJlacb Mogoronnofi SaBI{CI,rMOCTIIO o(t).

JIo cux trop peqb ura o6 arcopoutr{ Ea rroJryrrpoBo.ElltrroBbrx oRcr{.qax .qoHop-
T{Fr qacrEl. rITo 8e ICACaercg BJII4gII[fl Ha I4X gJIeKTpo(pISrtIecK[e xapaKTepltc_
IECu AICOP6IW A&UEIITOPHIIX qACTEI, TO B COOTBETCTBIII,I CO C,4CJIAHHbIMI,I BbI-
BOraMtr a,ucop6ufisEa n-troryqpoBo.EilrKax raKrD( xapaKTepHbrx aKuerrropHNx
gacrr4ll' rcar uolerylrproilt u arouapnril KlrcJropo.u, aroMN aBOTa, a raK)r(e Epo-
crelm{e aJrKEJtbHbre u aMr4rropa&maJlbr, Er.r B o.&roM cryqae Ee collpoBoil4aJracb
EEMOIIOTOIIHUMU USMEHEIII4.EMII XAPAKTEP}ICTItrC AACOPOEHTOB, XOTfi 9KCIIEDI4MEHTbI
qpOBO,UfiICb B CaMID( paBJII1[!IHTIX yCJIOBI{flX.

Ha[pnrep, B paooTe t67] qplrBoAfiTcff saBucr4MocTr{ o(t) B clyqae a,U_
COP6I.U0[ IIA IUIEEICAX ZNO MOJIEKYJIFPIIOTO II ATOMAPHOFO KIICJIOPO.UA, A B PAOOTE
[138] rroKasaEbt MoHoTOTI$re Kr{rreTl{rrecKl,Ie Kp}rB6re r43MeHerus o(t) u paooTbl
Bblxora' mre@e Mecro rrprr a,ucopolutr{ o-aroMoB Ha cfleqeEHbrx oopaSqax zno,
B paoorax [13e,14o] Ilp]rBo,urrcs oorbEofi gKcrepr.IMeHTarbrsrft Marepr,Iar ]IBMe-
HeIilfi o(t) ' uoJlyrleEltrfr IIa JIerrpoBaIIHbIx Ir lleJrerl.rpoBanmrr rlJrerrxax zno,
cdo, Nio B [poqecce arcopduuI Ha rr]rx aroMoB a3ora. HI{ B o,uloM ]rs sr!D(
3RCIIEPUMEETOB EE YIAJIOCb EA6MIATb HEMOIIOTOIIHOCTb 8 3ABICI4MOCTI,I O(t). B
[]'411 troKaSaEo' qro u B cryqae aAcopdwol Ha rrJrellKax paSJM\III,IX noJryllpo-
BOEIIIKOBIIX ONC}IIOB trPOCTE'truE AJIKI{JIbHbDI PASIICAJIOB _ TTIIIII{IbIX ARI]EIITOPOB
sJIeKTpoEoB Bcer.qa Ea6m,4aracb MoIIoroI[Iafl KtIIIeTI$IecKag gaB]Icl4Mocrb o( t ).
rITo fe ftacaercfl EeMEororMcJleaHllx rallnbtx rlo HeMoIIoroIIofi Kluierl,uce rirsMeHe-
HIIS 9JIEKTpOqPOBO.EOCTtr tr BEJII{III{HU IIOBEPXEOCTIIOIO 3AP'I,4A, $A6TNIAEI'I,IX,
EaqptrMep' trpu a.4copor.E'r 'lo2 rla pbs B paoore [142] ' TO yKa3alrHafl HeMOHO-
TOIIEocTb MoIJIa BosII}IKI(yTb, Ha BaIII B3rJIfi.u, BcJIe,qcTBI{e HeoopaTl4r,ro|o x,IM[-
qecKoro B3ar.$ro.ueftcrBlrs aKrlerrropHru( rracrrol Noz (B fip[cyrcrBr,rr{ napoB Bo&r'
odpagyr@u [apbl a3oTtrofi KxcJroTH) c rroBepxHocrbro cepH]rcrofo cBr4Hua, [pr4_
Bo'u'qero Ic oKtrcJIeEIm ero noBepxEocrl4 I{' cJle.uoBareJlbl{o, corJlacHo .rIaHHbtM
KraccFlecKo[ paooTrr t143], K OopAsoBaHruo IlprmoBepxHocrHoro cJrol p_Tr4rra,
qro u lroaer ooecEeqtrTb gKcrlepl/ileETarbHo fiaom.qaeMy$ HeMOHOTO]IHOCTb BaB[_
ctrlrocTu o(t) .

TaKmu odpasoM' TeoperIFlecrril attaJMB I,I MIIoroqlrcJIeHHHe gKcrIepuMeHTaJIE-

43



EiJe laFrile uogBoJlfipT cruTaTb, qTo rlpor4cxolfl[ee IIpI,I a.UcopOUlI]I gapaxeHfie

uoBepxEocrE a,{cop6eHTa Moeer gpItBo.U4Tb K peJraKcarlr4i! Baps.uoBofo cocrosrMs
atrptropEo cyqecrBywtx E[Ie tr BJDirSTb Ha K]rrrerr4Ky rrepexo.ua a.qqacT[U B oaps-
r€IIHyD (Dopt',ty. 0,Uraro uptr xeMocopOLUEI aIcTTBIINx qacT!o], xapaKTepr/r3yrouMxcrr
Marofi trocroEtrrofi BpeMerM oaprrxeHrrfl rro cpaBrreHr4ro c nepesapfl.U{ofi FIIC, xr,r-
Herr{Ra B BeJrr[rruEa uBMeEerils greKrpo(Fr3I{qecrc}Ix xapaKTepr4crr,[r a.ucopoeETa B
IlaqarbEte MoMeETH BpeMeHI4 oqpeAergnrcg KJEIertEcoft Bapsr€Hl[g a,ucopoara.
SaMerHoe trlpoflBJreHlre s(llercroB, cBflsaErrlu c rrepe3aps.nxoft FIIC, .UoJrlcro Ha-
ofio,qarbcs rlptr ,rlocraroqEo dorbfitrD( BpeMeHax, BaqacryF He .qocrr4raeMux B sR-
cIIepHMeIITaX, II 3aK[IoqaTbcff B OCI{OBIIOM B IIOHI{I|(eIII4LI CTaUI4OHapinIX SHaqerfld
a,qcopdtsorlrrrr tr3MeEelilfr greKTpo(F,r3r,rqe cKr{x [apaMe TpoB rro cpaBHeH]rro c qpo-
llcxo.[flrmm Ea anplropEo wlcrblx rloBepxBocrgx . l4TaK, uMe}trro ,qaHHNe o
HaqaJlbr+rr clcopocrflx tIBMeIIeHrIg greKTpo(pIBLrqecRI,Ix napaMerpoB aAcopoeHTa
upfi a,qcopOLUM, ooycJoBrerfioro gaparfiefl].reM rroBepxEocrr,I, rlo3BoJrsror cy.urrb o
KorrrleErpar.uM qacrurl Ha fioBepxHocrn a.ucopoeHTa rr B rasoBoft (pa3e.

1.10. BJtrrsEre a,{copdrlrroHHoro 3apfreHr.rfi noBepxHocrr.r
Ea snenrpoou3r.rqecRlre xapaKTeplcrr.rKtl
noJrnRpr,rcraJrJtrrqecRHx [oJryrlpoBo,Err.rKoBux a.qcopdeHToB

B pag1erax 1.7 - 1.e llJta peqb o BJMgHr4rr qpo[cxo.ufluero rrpil a.qcopo-
utrr! sapseeErrs rroBepxEocTr{ rroJryrlpoBo,Err{KoBoPo a.4copoeHTa Ha ero gJreK-

rpo(FBrFrecKIIe xapaKTepr{cfltrc}r. IIpII sroM, rrecMorps Ha To qro Kpr4craJUM-
qecKas qprDo,qa a,qcopoeHTa r{e leraJMsqpoBaJracb, rr3 caMoff cyTr,r paccMoTpe-

IIrIa Boupoca o BJII{SHrI}I a,Uqopouu{ rra SJIeIcTpoqpoBo,UIocTb rrpruroBepxHocrHoro
cros aAcopoeETa cJre.UoBaJro, qro r4MeJtrlcb B BrrJJ r4MeHHo MoHoRpr.rcTarruqecK[e
o6pa3uE.

AAcopdelrrbl IIa ocHoBe oKcI4IoB paBJMrIItbIx MeraJIJIoB, I4cnoJlb3yeMbie B Kaqe-
crBe paooql,Ix BJreMefiToB xuMrqecKlo( ceHcopoB, oobrqHo rrpe.ucraBJrfiror coooft
noJIIrKpI{c?aJUIIFIecKr{e Marepr{aJrr{, oora,qaMu.re BceM naoopoM aHoMaJrbrrbrx
cBoficrB, pe3Ro orJrr{qar@D( ]{x or MorroKp]rcrarJMqecKr4x oopa3qoB. B nepByp
oqepe.qb 9To orfiocttrcg K aHoMaJIbHo BHcoRo[ rIyBcrBureJIbHocrI,I paorl,IqHrlx xa-
palcreprlcrl,IK TaRIirx Marepr{aJroB R BrremEnM Bo3,qeftcrBl4flM t r44 I . Ila$pts,rep,
ecJM peqb trAer od aJIeKTpo(Fr3I{qecrsD( xapaKTepr,rcrr{r{ax Marepr4aJra, TaKru(,
KaK gJreKrpoEpoBo.n]rocTb, TepMo-3JIC, g(IFKT Xorra, To BbrcoKas qyBcrBrrrerb-

ItocTb yIcaSaIIHbIx xapaKTepl{cTtllc K ocBeqeHlm, IIpI,uIox(eHI,Ip BHeutHI,Ix SJIeKTpo-
MaTIflTHIIx EoJtefi, Te[JoBbu\t Bog,UeficTBtlflM ]{ T.n, B gEa.ryITerbHofi crelIeHll
cBflsaHa c uSMeHeII],IeM TOKOnpOErrqaeMocTr{, Epr4cyTcTByroupD( B MaTepr.raJre Bbtco-

KI{X MeArpagyJIbBIlX oapbepoB, c [peoAoJIeErIeM lcoTopblx cBssaH nepeHoc cBo-

6o.uslx EocureJrefi Bapff,ua. B floJtrIofi Mepe 9To orHocllTcs I{ K a,[copouo[ pa3-

JII{IIIIUX TIACTITU, IP}IBOA&ER B OOTbEOM 'MCJE CIYqAEB K I{BMEIIEHIIIO BNCOTbI

MempaEyJlbrnxr oapbepoB Ba cqer xeMocopoLu{oHloro I{SMeHeHug BeJII,FII,IIIbI rlo-

BepxEocTrroro 3ap8,qa M[icpoKprIcTaJUIoB.
o$Ia&o Ee MeIIee Bae(yD poJrb B yKasaHHLlx [poueccax ffrpaer $aJMque B

peaJlbr{rrr noJltrIcptrcrarJlrrlecKnx oKc}IIar mtpoKoro paSopoca Bblcor 9TID( 6apbe-
poB t1451, ooycJroBJrerrHoro BapEaluflIulr pasMepoB lI oopM MI{KpoKp}ICTaJIJIOB,

cryqaltutr\,M BaKoIIaMu pac[pe,ueJleHl{s .ue(FKToB I4 llpl4\.leceft IIo rloBepxHocrflM u

odseMaM MtrKpoKprrcraJrJroB I{, EaKoIIeU, Cry,{al&roft KpIloTarrorpa(prqecKofi op]I-

eHTatu,lefi rpagefi B Mec,rax KoHTaIcra KpucraJIJIIIToB. Hafipwep, B -paoore

t1461 ycraEoB,reHo, qro aMIUMTy,{a pasopoca oapbepoB no Bhlcore B noJI}IRpI{c-
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TAJIJIISIECKOM OBC4qE IIIIilCA COCTABJISET O,3 - O,Z SB. TAKOI CJIYqAftIO-HEOJIBO-
poEcfi xapaKTep gHepfernqec&oro perEe(Da ,UIa soriln qpoBo,nForocrlr [p]rBo.ryrr K
BO3E}IKEOBEIIINO B MATEPI.IAJIE IIEP&OJIf,I.UIIOIIIIOfi CTPYKTYPbI, O6YCTOBTEruIOT PAB6U-
erMeM ero Ha rUlaccrlllecKlr paspe[reHrrbre r{ saqpeqeHHbre ,4Jrfl .uB}rr(eH}rs cBoootr-
IIIJY HOCETEJIEI SAPg,UA OdTACTII. B CBfi3I4 C 9TIIM B IIPOBO,UTI\'OCTI.I BA IIOCTOtrI-
EoM _r€K€ yqacraypr He Bce dapbepbr, a qq! ueroiopue, Bxo.usq,re B TaK rra-
3brBaemfr oecxone.uufr K.[acrep, otaercrgeEffiil ;a omrvecxyn npotio.Enacicir
MarepfiaJla 1 rni,  r lel  .

cyqecrBoBaEEe raKoil oapbepEot pasyuopf,[oqeEHocrrr orBercrBellHo 3a Ha-
JII/FIITE B trOIIIKPUCTAJUIIFIECICID( TOJryIIPOBOSUECOBbIX MATEPI/TAJIAX flBJIEIild AHO-
MaJrbEo.uoJtrofi KllEernKr.r saryxaEnfl (lorotrpoBo.@rocrr{ [14e], aHoMaJrbIIo paH-
Hero Haqara EeoMI.rlIEoCTrI [1sO], arcopolsloHlloro I{SMeHeII[fl B'lUa BOJIbT-aM-
trepHEx xapaKteprrcrtrK (BAX) trrrl. EcrecrBerfio [pe,uroJlol&ITb, rITo ylcasaH-
Eafl pasytropfi.uoqeErlocrb AoJDEra rlpofiBJrarbcs r4 Bo BJMSIIIM a.UCOp6U{OHITO-KA-
TaJU{TtrlreCKtrX qpoqeccoB, upore&a@ c yqacrneM xeMocopdrpoBaHnbtx B Bapa-
x€ItrIoil (lopMe t{acrlfl{, IIa gJleKrpo@reuvecnue xaparTep}rcr}IKrr [oJl]ficp]IcraJrJu-
qecKl{x troJryqpoBo,ufltKoBrD( a,4cop6eHToB [151-153]. IIp]r gToM coBepueEHo oqe-
B}ISIO' .ITO y&a3affioe BJMSIIUe ire MOEer 6Htb a,qe$BarHo omcaHo Im Ha ocHo-
Be xopouo paBpa60Tamq MoreJeil BJMsslrs a,4cop6uEr Ha grelcTpoft{3![Ky MOIIO-
KptrcraJIJIoB [4-6], rrr,r rla ocgoBe qacro Llcuorbeyelaofi MoAeJr]I xeMocopdlplolfiIo_
rO OTIi'ItrKA 9JICKTPOIIPOBOIEOCTtr TOJtrKPIICTATI]IqECKOTO IIOJIYIIPOBO,UIIIKA I4,
154,1551 , BbrreKarqefi trB TeoprM dftrpucra.nla Borbrepa-[eTpl,rqa [ 156, 152 ] ,
Mo,4eJErpyrueft troJrrocprlcraJUrr{qecrcld d.4cop66rr ua60pou oFHaICOBbTX rro Bbrcore
{ r[,4eETFrHHX trO CBOftCTBaM MempaEyJIbHrD( dapbepoB, coe.u{HeHflbtx cpaB}M-
TeJIbEO mSKOOMBbrMr,r o6Jacrff\,q. Hafi[we uu(poftoro pasopoca Bbtcor BTtrx 6a-
pbepoB' a raKae cyqecrBoBalue Q.reBuJurofi KoppeJrsr[M Me,ti03/ CKOpOCTbn a.q-
copdlu.roEroro s3MerreElrfl BHcorbr'obbiepa Il ero [epBoHaqarbHon Bbrcorofi
[158] trptrBol.fiT n Tor\ry, qTO a4cop6lu{s r{sMerraeT oqpFepFyq -pa3-yllopfl,uoqeH_
irocrb a,uco-poeul! 1 Qnpe,ue{aer,rv6-- aftar-u,ilriepna.nou . pQ alIpeAene*" un.o,
0apbepoB.

Ilocrpoeue Teopm s.,MsrII'.E a,4copdrFnr rra sJlercTponpoBo,UrocTb rroJrlrKptrc-
TaJUItrqecK[x aIcopOeEToB B cradnx tr ctrJlbubtx gJle$?prlrlecKr.!( rroJlfix flB]rJrocb
qeJrbF qeJloro para pa60r [1s1,158-1611. BE60p B RarlecrBe odcelcra uccJleAo-
BarflM o!,ffqeclcofi 9JIeKtIOUpOBO.UOCTE OoyCrOBreE rrpe,rqe Bcero rpa.4{Lu{oHHoc-
TbF sKctrepuMeETaJlbEoro MeToAa uccJIe.[oBaEI'Ifl aAcoporyIoErro-KaTaJrLITI,rrIecKIlD(
Ilpoueccoa [ocpe.[crBoM arraJMSa coorBercrBywDt }I3MeHerud sJreKTporrpoBoA-
Eocrtr a.Ucop6eETa' Ea ocEoBe KoToporo u pa3al{Jlcff MeTo.q noJIyIIpoBo.UMIcoBbIx
ceEcopoB [83,162]. llTO Kaoaerca SJIeKTpOrIpoBo,4Iocrr4 B cr{JrbHbrx eJreKTpr4-
qecKtrx troJrflx, a uMeErro .yjJra-.EgKno{g BAx [oJutrcpr4claJrJrr{rrecKoro arcopoeETa,
To' KaK Oy.[er troKa3aro ime, uMeIIEo sra xaparcrelMcrrtKa rreJII/rKoM orlpeAeJlg-
ercs cretretrrD dapbeprofi pasyuoplgoverrrocrr{ aAcopdegra, a e6 a.ucopdu{og_
EOe trSMeEeme cBgSaEo IIe c IISMeEeElIeM BbICOTH OTAerbHblx OapbepoB, a c
KoJUreK-1-'zBEilM IIoBe.[eEtreM bcefi cncrew qp$cyrcrByl0[r[D( B aAcopdeHTe Mexcpa-
Eygry oapbepoB. orMefio,r, rrro peqb trIer o ?aK rrasbrBaeMNx 4gp:q=,[aj!c-?qlJoHl
NbIX BAX' T.E. O 3ABtrCIIMOCTTI EAqAJbHbIX MTEOBCEHSX BEAqEiild TOKA, IIPOTCKA-
rqiiro vepes crrcreMy, or BeJrFIuHrr llpltroxerffrofi crylleEbKr4 IIa[p.HxeIII{fl [146,
1'631, UBMepf,eMEIX rO Eacryrulelmfl peflaKcarrroEHr[x llpoueccoB, ooycroBneEnrx
uepexo'4oM cucreMll K IIoBoMy IIoJIoaeEIno paBHoBecrlrs, xapaKTepll3yrqeMycs Ho-
BOfi CtetreEbp salloJrHeHr.rfl [oBepxEocrrrbrx cocroruilfr, coorBercrBynqeil aeJM.rl{-
Ee rrpr{JloaellEoro EaIIpgx(eIII4g [1641.
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IIOCIe,4oBaTeJbEas Teoptrs TeMEOBoft fipoBo.qnilocT]I ]I MO,4eJIb $0yllopfi,[oqoE-

Eoro troJlul(ptrcraJulFlecroro troJryIrpoBo,@lKa pasBrITbI B paoorax [146,150]. B

paMKax 91ofi lbAeJItr BEICOTbI rrempaEyrbrr'n dapbepoB q (lISMepeEaI{e B e'uEIlI-

uax kT) sB.[mTcs BesaBnc]tMo pacqpe,[eJleEHHMtr cryqalttrnttl4 Ber[tIIIEaMil C .UIC-

uepctrefi pa36poca lEoro doJb[eft e,u@tru, a troJIIIKptIcrarJIy corocraBJserca

cJryqalftas aJleKTptrtlecKes cerKa c gRctroEenLEIaJIbHo mrpoKI4M cIIeKTpoM conpo-

TtrB\rreffi R = Roe:q)q, sJIeKTpOtrpOBOIEOCTb KOTOpOft paCCIMTEIBaeTCA I'�ISBeCTIIH-

Mtr MeTO,[aMtr TeOpEtr qpoTeKautrs 1147,r48'J. B OwrqecroM pexnrMe rJaBlft[ft qreE

Jloraptr(Fra oneKlpollpoBo.Focr[ oqpeAeJlteTcs BHcoro[ KpI4TI'ITIeCKI'D( dapbepoB

€", "Eecvngrr Ea ceoe" ypoBeEb trpoTeKaErrs cJryqalhroro IIoTeHuI,IaJIbItOtO peJlb-

e(Da .Ea BoEE IrpoBoJuntocrl[ troJurptrcraJullFlecKoro rIoJlyrrpoBo.ulllKa' B npoBo-

.UNltOCTtr YqACTBYDT COqPOTEBJIEEIIfl' BICMOqEENEE B dECKOEEEilfr KJIACTEP (EK)'

rrpeAcraB,rflr@ cooofi KptrTrrllecKyD llo,qcerKy Hecyqefi cerKll' xapaKTepHHM
pa3MepoM roropofi fl&[sercs pa,wc KoppeJIrIuEl r, - cpe.uud paBMep flqelt{u

Kprrrtrt{ecKofi tro.[cerKtr, oupe,ueJlsl@!fi cpelEee paccrofEole MeilAy KpI,ITI,IIIeCKI'IMI4

oapbepar,Eltry,uoBJrerBop@frycroBmL) r ) LD, r,ue r - cpe;Eufi  pasMep

MmpoKptrcraJlJla, Lo - ,4eoaeBcld pa:fryc gKpaIMpoBaIII4fl. IlJorHocrb pac[pe-

.[eJreHrri BEcoT MempalryJbl{}Ir oaplepos f (q) sa.uaer KaK BeJMqruly ypoBlrtl

qpoTeKaHrls, T.e. BbIcoTy KptrTEtlecKro( oapbepoB

oqpe.[enfiwlx cooTBeTcTBeHHo sEeprlm aKTUBaLuIIl Il BeJMqrfiy trpe,ugKcIIofleIITII
g(lreKntBEofi oJleKrpotrpoBo.ulocrtr MareptraJla [ 146, 148,15e ]

v
a =  ov  f  ( {c )  e :cp{ -€c}  , ( 1 . 6 1 )

r.[e ov - BeJrr,fitrHa, saBl{cqafi oT oobelfiIoft qpoBolunocTlrl MEIcpoKpucTaJUIOB,

trx cpe,uero pa3Mepa I[ EeRoropHx oowm xapaKTepncr[K KoIITaKTa MEKpoKptrc-

TaJUTOB; v - KpuIr.rqecKrfr r4rIIekC pa,4[yca KoppeJlflI-utr4; f (€c) - IUIOTEOCTb

Kplrrr{rrecKlB oapbepoB; x(€) - ,Uors cBq3efi (xontarton), co,qepaauB oapbepH

c B6ICOTOil, Ee rrpeBHEaruefi q; x(€c) = xc - tropor trporeKaHllg B 3a,[aqe cBg-

3efi - BeJu[wtrIa, gaBl{cfl[ag or IUIorIrocrI{ y[aIcoBKtI MlrICpoKpI4craJUIoB.

IIpI4 [llpuJofieitrEl gJlerTpl'rllecKoro rIoJIg BeJM,xmoft E > kT/qL, r,qe q - 3aptu
gJreKrpoEa , nBMeIIeIII4e oJIeKTporDoBolfIocrI.I 6apbepHo-Eey[ops,qoqelfrofi cncreMH

odycroBn{Baercg, IIoMTIMo rfl{cro fioreBoro IloHllx€Iltrg BbIcorH dapbepoB, e[e s

[epecrpoft{ofi EIt, orBercrBeHlloro 3a roKorlepeEoc [15o]. B gToM cJryqae Nffi'

BItIa BAX cqpaBe,uJlnBo Bupaxerue [15o, 146, 15e]

,€ '
" -  =  l f  r ( E ) d q  ,U  I J

t  €. t^

TAIC tr BEJMTIIEry PA,WCA KOPPEJISIIII!

L  =  r l x ( € c  +  1 )  -  x " l - v o  l f  
- ' , r " r ,

( r  d t F t r  
- v  

r f  )
r = ro exnl lc ' r ;+= f ({c) |  I  ,

T.e. TaIIrec yrJla Eai(JIoEa BAX B Koop.4Erarax
EOM Cryqae vr o o,8g) oll}IcblBaercg B![pat(eIMeM

1 _ V

r  n - t  1  l * v  1 + v

P "L *=i= I r (qc) '
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( 1 . 5 e )

( 1 . 6 o )

( I . 6 2 )

r / 2
In(J/ro)  - lEl  (B rPexMeP-

r.qe c - IlocrofiIlHru MIIolfi]ITeJIb; Jo - BeJIIrq[IIa, cra6o 3aBl4cgqag or E. ]43
BbIpatreIIIM (1.5e)-(1.63) BrlrJUIO, qTO KaK B Or,f i [qecRofi (r. .61), TaK U B rreo-
r,ffqecKofi (1.62) ooJlacTu eJrertponpoeo',u{ocTb MaTepl,raJra 3aBllctrT ot ronlen-
rpar-uM Kpr{Tr.rqecKrdK oapbepoB f ({c), o[pe.uerseMofi KaK BrrIoM f ({), Tar tr
rmrepBaJroM pacqpe.ueJreHnrr BEcor MeropaHyJrbrrtrx dapbepoB Ag. IIpI! sToM uMeE-
Ho rarrrec yrJra HaKJoHa BAX a,qcopdelrra IIeJIIIKoM oqpe,ueJlrlercfl BeJgrt[ffiofi
f (€c), A To BpeMs KaK oMI/FIecKafl sJIeKTpoIIpoBo,UIocTb co,Uepxllt 9Ty XapaRTe-
pllcr�llKy B [pe.[9KcloHelil[IaJrbrloM MrroxuTeJle .

Ilpoucxo,q@ee FIpr4 aAcopolutr4 BapflfierfiIe rroBepxEocrrr KprIcraJUIuroB 3a cqer
nepexoAa rracrfi xeMocopotrpoBaruil'Ix qacrltll B BapafreEIIyF @pMy t4] I{"plv.rejler
BH.99Ty MemparrylbrFr dapbepoB. IIpII eToM c ]rsMeHerr[eM Bbrcorbr oapbepa r4B-
MeEffercs cKdpoctr trepeaoca sapsra Ea eqe _rr.g sarroJrHeHrrbre noBepxEocrrrbre
ypoBril aEeprrM a.qcopor-Eorfioro rtrrra. Cre,[oeareJlbHo, cKopocTb trBMeHeHr.Ifl €
3aBucur or trepBotsaqaJrbEoil BHcorH oapbepa qo lI r{BMeHseTcfi llo Mepe 3arroJt-
HeErs aAcopoluorrHtrx lloBepxrrocTHr[x cocToEud, T.e. cyqecrByer BaBl1cfl{arr
or-Pry-y€p rcoppe4qqq,l Me&uy ooycroBJrerrHbrM a.ucopotu4eft usr,,1eibrsrer,a Bncorbr
oapbepa B ero trepBorraqarBEofi BEcoroft, qro, ecrecrBerfio, rrpnBo.u,rr K 3I-
copo_r&otrofi rpaEc(DopMarUu trepBoEarraIbEoro pacqpe.UereHr{s BbtcoT Merc{pfic-
TAJUITTHbIX OAPbEPOB. 3TO B CBOD OqEPE,4b BIISbIBAET USMEIIEEI{E BbICOTbI I{ KOH-
qeErpar@ rpurnvecxllx OapbepoB, rrro trpoaBJraercrr B l{gMerreHrll{ KaK oJreKTpo-
qpoBo,EocrE, TaK r! Tatreca yrJra EaKJoEa BAX a,ucopdeHTa. TaKra,,! o6paooM,
.{JIg oUpeAeJIeFEs BeJIFII{HrI r{ rorEetr.rKl{ a,qcopou{oHrroro orn"IDtrra o(t) I,I F(t)
Eeodxo.Uora @opMau{s o rroBelerrrM rrJrorEocrr{ pacupeleJreElla Bhrcor 6apbepoB
f ({,t) uprr a,ucopOudu xax aruenropHbrx, TaK r! .uoEopHbD( qacrl,ru,

JI.nr orpeleleErrs KoppeJrsr.Um uenuy {(t) r €o r reM caMbrM IJrfl Eaxo)fiIerMs
Btrua BaBtrcullocfir f (€,t) paccMorpr{M KrEerr{ny sarloJrireHrrs cBooo.Eul\,|u Hocr{-
TEJISME SAPgIA SOBEPI.EOCTEIX YPOBEEft, COOTBETCTBYIONPD( AIIC. BAXBAT sOIIHI,I,X
Eoctrterefi, upoucxo.q@d trprr trepexo,(e a.qrlacTrflI B 3apfineHEyn (Doplay, xan u
trpea,[e, oyAeM paccMarp[BaTb B altraoaTllrrecKoM fipl{oJMx€rflEr, T.e. cqr,ITafi,
qro BEyTptr BoHE qpoBoFnocul (BaneETEofi solnJ) B Karrq$tft MoMeIIT BpeMeHI{
ycTaEaBJrrrBaeTcs KBasr.rpaBEoBecue I[ cgcTeMa KpLICTaJTJMTOB XapaKlepu3yeTcs
UiIUOBeEHHMU paBEOBeCHbIMtr SEarIeEIfll,[{ €" U 1,.

KaK yKa3DBarocb B pas,[eJre 1.9, B BaBI{cr.rMocrI{ or roro, irro flaJrgercs
JIXMtrTTpy@tt 4poqeccoM odpaSoBaEffi SapsseErofi 6opi,ff,r xeMocoporpoBarusH
qACTEI: YCTAEOBJIEEuE 9JIEKTPOffiOTO PABIIOBECITfl UEX5.Y AIIC I4 OObEMOM IIOJIY-
rrpoBo.@lKa ruu caM qpouecc oopaSoBaru!.fl AIIC, xlrretrra r{SMelreH}rfl BECoTH
troBepxEocTEoro dapbepa oqpeleJlserca JMOo cKopocrbn ooMeHa Bapg.qoM Merfi,Ey
3oEaMtr IIOJVtrpOBOI@rKa tr troBepxEocrHrrMtr ypoBEf,Mr{, JM60 CKOpOCTbTO XeMOCOp-
6l@ tracrnl. Tarrn,t oOpaBoM, B odqeM_qryqg,g.AJrfl o4peleJrenr.tfl saB[cr4Mocrr.r
€(t,€o) Eeo6xo.@{o pelteErre KmerErlecKoro ypaBEeHllrfi, olulcblBau[ero garIoJI-
neroe AIIC c aaBucqefi or BpeMem KoEueEfpar.Erefi llocre,uflD(. Iloroxeltrre
eneprerrvecria ypoBEefi AIIC orEoctrTeJlbEo ftpaeB soH, KaK o6HEro, o[pe,qeJrs-
eTcs BeJIIrImotr cpo,qcrga K aJrelctpoEy Ed ruM rroTeHIIlraJIoM uoEllr3al[u{ ra B
cJryt{ae aAcopdllt�a aKuetrTopoB uJlrr AoEopoB cooTBercTBelrHo. BcFAy B .UaJrbHeft-
rrreM paccMarpuBaercs rrIIfpoRoSoFFrIl upruecmfr troJryrlpoBoEtlrK n-tlIrIS c o6beM-
EOft lcoEleETpargefi nerlrpynq[x .4oEopoB No r! rlapaMerpoM JIerIlrpoBaII],1-S d, xa-
parTeprsy@u rJy6rffiy saJreragns ypoifis Oepml uoA .ulroM Bonbr qpoBo.uorocrlr
B ooreMe lcptrcTaruuTa.

( 1 . 6 3 )



1.10.1. A.qcopOr$ff aKllenroplfix qacrlltl

B cJry.rae a.Ucopdutr{ aKrlerrropHbtx qacrrtrI KuHeruqecKoe ypaBHeI{I4e, olMcblBalo-
qee.c&opocTb trgMeireEr{s rlrorEocTu BarlflTnx oJIeKTpoHaMrr AiIC, I,[4eeT Br4I

r.qe Bce o6o3Earlelilfl coorBercrBynr o6oonarleltlrgM, qpmsrblM B pao.ueJle 1.9.
BEcora oapbepa q(t) B MoMeHT BpeMerxl t oEpe.[eJrrrercfi l,rs perrreHrrfi ypaBHeHi4g
rlyaccoHa B qpe.qrloJroseEl4u: 1) cooJuoAerfirfl ycJroBrrs sreKTpoHeftTpaJrbHocrlr
cllcreMbr a,Ucopdar-a,Ucop0eHT; 2) oTcyrcTBr{E BJMarrrrfi nepe3apfil[{r4 EIIC Ha
KUIIertrKy 3Ap.Eaelrl4fi trOBepXHOCTtr, B pesyrbrare crari.uaprlloro peureHfis noJry-
qaeM BEpaaeEue, cBssE8anqee BeJMr[Gry €(t) c TeKyrrtr,rM 3HaqeEr4eM n,(t)
(cM. BbrpafeEtre (1.25) ) :

/""\ H =[*: (  1 .  6 5 )

>  1 ,  A J r s  € ( t )lluutuaaa, qro, trcxo.qs rI3 caMoro oupeleJreEr{s 6apbepa, €o
EOJLyTIaeM 2

f /-- 
'l

€ ( t )  '  l /  € ^  +  n * ( r )  |

3,[ecE tr B ,qarbuefueM troI Nt rr nt rro4)asyMeBaeM orr4 Berl,Iqrufi HopMr,rpoBaH-

HUMtr IIa [pOI4SBeAeHI4e NDLD.

IIoIcraEoBKa (1.66) B ypaBrreHr{e (1.64) EptrBo.U4T K roMy, qro pelreHr,reM
IIOCJIE,EETO BAAJIII OT IIOJIOtrEEI{g PABHOBEC}Ifl, CB'I3AIfiOTO JM6O C IIOJIiIbIM 3A-
IloJrrreflueM AIIC, JM6o c Br[paBrrr4BaErreM Ed c ypoBEeM Oeptl[{ a.UcopoeHTa _ EF,
SBJIAeTCS BEpaaeEr.re

( t . 6 7  )

ornaerru, qro dorb'oe qr4cJlo s*cnepnManirn"** eaKToB rro'BoJrser cqurarb,
qro qpoqeccbl, cBsBaHHbIe c [epeEocoM gaps.qa Ha oopagypurrecs EpI{ a.ucoporlrfl{
aKuetrTopoB Ea oRlIcJIeHHEx oKcrlrax n-Tma rroBepxEocrrrbre cocroflHlrfi, rrpo-
TEKANT SIIAIMTEJTbHO ME,UJIEHEEE IDOIIECCA OoPASOBAIS4S CAI,MX AIIC 'T ffBJI'IIOTCS.

TaIcItM odpagoM, Jtro,uTlmyqeft cTa.u{efi [poqecca BapsfieHr4s noBepxHocrr4
[18, 20]. I i lTaK, B 9TOM CJyqae MoKHo crMTaTb Nt(t) -  Nt const ] I  Bbtpai le_
afie ( 1. 67 ) qprrEuMaeT Br{I

€(t) " go * rr,{," * *t ftj "-'"} ,

d n *  t t  r  - € ( t )  - c 1

ai = K"t{[r.- n.Je - ' t '  
] ,

{ ( t )  "  €o *  r r , { ,  *  r *n Gj . - t "  i  r . r r )ar } .

,,r, " ,[t"{*t 
["J 

] '-e" < rn{rct 'Ei 
},

[€o* .. ./{ .-to , €o > rn{rt ,fi; 
} 

.

( 1 . 6 4 )

( 1 . 6 6 )

( 1 . 6 e )

( 1 . 7 0 )

( r - . 6 8 )

r.4e r = 2KntNt. AIIaJII[3 IIOJIyqeIfrOIO Bbrpa]reHl48 (1.68) nOKaObIBaeT, qTo K
[poI{SBOJrbEOMy MOMeIITy BpeMeHlI t nepBoHaqarbHo Hauoofiee rrr43Kr,le oapbepbr

c BblcoTofi {o, y,qoBreTBopsqefi ycJroBr{lo exp(€o) ll Eo. Kt, IlpaKTfiqecKr4 Bbr_
paBHgJltrcb tr .qaJree pacryT c o.qmaKoBofi, Ee BaBr,rcsqeft or € cKopocTblo, a
oapbepbt c doJbmaor qo I{BMerlfiprcs oqerrb craoo (pl4c,]-.11,.). farn,l o6pasolr,
BllpaseEtre (1.68) y,UoBJIeTBopI,ITeJIbIIo almpoRcl4tvffpyeTcrr .qByMs aCI4MnToTrrKa-
ME:

48
49

f "G , t )

@q['

qAEM BbIDA'NEIME
f /-- -cl 

-l

f a ( € , t )  :  ( A € )  ' 1 1  -  K t  t /  €  e  = l

fo.,n doro"

PIIC. 1. 11. SaBrrcrtr'4ocrb BEcorbr oapbepa €, ooycJroBJrerfioft a.ucopo-
Lprefi aKqelropoB, or ero nepBoEaqarbEoff Bbrcorbr q^ B
paSJII{rIIIbIe MOMeHTH BpeMeIU tl < t2 < t3

Pv.c.L.L2. Ilrrornocrb pac[pe,ueJrerrr{s Bbrcor oapbepoB B pa3Jrr/rrrrrbre

MOMEIITU BPEMEIff TPi,I AACOPorytr{ ARIIEIITOPOB

o  -  t '  " r  " . [ , n  ;  6  -  t " , , . n '  t r '  t o

Tetrepb JIeI'Ko IIpocJIe.U4Tb 3a BJMfiIII4eM aAcopolU,tr{ aKUeIITOpoB IIa cTeIIe]Ib

OapbepBofi pasyfiopfl,uoqeEllocr]I noJIlIKplIcraJIJII'rtIe cKoro a.ucopoeHTa '

c\tr{Tafl ,UJrfl qpocToTu, trTo [eDBoHaqaJrbHo BbIcoTbI oapbepoB pac[pe.4eJIeEII

paBIIoMepEO B I4I ITepBaJIe O{ = €or.*  Eorrrr ,  t .a.  f (€o) = 1aq1-t ,  na OCHo-

BaIfl&I (1.68) ,UIE IUIorHocrrI pacllpeAeJleE]Ig BbIcoT B MoMeHT BpeMeH]I t noJly-

( 1 . 7 1 )

rlo,UrrepKlBarqee cyqecTBoBalile "rpyltrEl BbrpaBIIe$IIblx oapbepoB" (pfic . ]' . 12 , o) .

O,E{arco noryqeHlfiIe salcoHll }rBMeHeIII4s q(t,€o) 14 fa(€,t) I4MeloT Mecro

JMIIIb,UO TeX IIOp, IIOKa IIe EaqIIeTCff (eCJM OTO BOSMOIIG{O) I4CTOI[eH]'Ie I{eBaIIoJI-

HeIIHEX AIIC. VKaSaIffsffi perc,IM l{cToqeEl,Is ,IJIfl KpI{cTaJIfi4Ta C o[pe.UeJIeHHllM

3EaqeHI4eM €o BOSMOtceE JII4IIIb IIpU KOIqeIITpaII{gX a$racTflq Nt , He.4ocTaToqHblx

(Iaxe B cryr{ae !D( noJIIIoro [epexo,ua B sapsxeEllyn @pMy) .uJlfi BbrpaBHlIBaI]Idfl

Ec! lI E;, IIJM, .qpyrl,illl cJIoBaMI4, € I,I c!' B cryqae paccMarpi'IBaeMoft aACOpoUn'�I

aKqeIITOpoB TaKI4M yCJIOBI{eM MaJIOCTI{, O6yC.ltOBWTBaIOullO'I nOffIOe ganOJHeIil'Ie AIIC

xorrl ON IIa caMblx [epBoHaqarbEo MaJIbIx oapbepax' flBJlfiercg

lr. < / a - y' €^ IIpu etou ycJIoBueM [pI4MeHI4MocrII Bblpa]ce]fld (1.68) -
'  -min

(1.7o) rJrg 6apbepa c o[peAeJIeIIIlHM g gBJlrlercs EepaBeIIcrBo t < t., (Eo) =

((  / - - - - - . . . \2\  z f - l -
= *-'"*p.l lt.l. + r' g^ | l// e^. IIptI BbnoJmelfltr{ ooparHoro ycJIoBI4S N, t

L \  r  "  t  )

, / o- - /7: paBIIoBecEoe cocrofits{e, ooycroBrem{oe noJIIIbIM sarIoJIIIe-
"min

I



H1IeM Nt, HeBoSMOSIIO HIr .4JI,I KaIC]IX {,o rI BaKOHT,I TpaHc@opMatII4I4 (r,sa) _
(1'70) c[paBerJItIBbI BruIorb ,uo epeMea, Ha norop'x Haqr4rraercfi BbrpaBli&BaHrre
{-c d, T.e. .qo BpeMeH rropfi .r tra tc = rc-rexp(crlq.

l4rarc, [p]r rcotrrleurpar-ptr{ a&qerrropHbrx qacrnl *. . /o- _ {t . Harrs_
Hafl  C t  !  t  = t  (F I  f f i r '^v^F,F -. , .  mln

exmin -"*i€o^rrr) [po[cxoJII{T BI'I.qoIIsMeHeHI4e eaxoHa"-?a(€,t),

ooycroBrerftroe r4sMe'e'r{eM Brnla SaBr{cr{Mocrrr €(t,{o) rJrs dapbepoB c EAU*
MEHbIIII{MI{ €O' 'IIIA IIID( RI,IIIETI,IqECKOC YPABIIEHI'IE (]..64) IIP]4HI4MAET BI4]I

dn--'t 
- ,, ( ( /- 'r2\

t i E - - ^ n t ( N t - n r ) e x p t - t } / { o  * * , J  
} ,  ( L , 7 2 1

pe[IeH[eM &OTOporo EBJIflercS BbrpameEfie

€(t,€o) = y;;. ".[' - "*e{- +}]]', ( 1 . 7 3 )

1 / 2
IIE tf = ZU.€O t",. CTCAOBATEJI'HO! IIP,' MAJIIIX N+ B ''PO,n3BOJbIil{fi MOMEET
BpeMeHlI a r a."_._ Bce oapbepbl, qpr4cyrcTByMMe B cllcTeMe, pa3orBaETcfi HamJ-n

rpyurrbr, oTJrr4lraultrrecfi BnIOM fa(€, t) :

r  1 t 2  1 2a) oapbepH . 
[€o,,n. 

".j . < ln(Knrt) He r4sMerrrrFTcfi I1r xaparcTeprrsyDTcs

IIOJIIIbIM 3aIIOJIHeHIIeM Nt ;

6) 6apbepu c tn(Knt) < E < rn{rct 1r.r.aj"} r{BMegflnrcff oqerrb Me.rrJrerrgo
CoIJIaCHo Bbrpar{eHlrro (r.73) ; 

\ /

(  1 t 2 \
B )  O a p b e p i l c  I n t K t  ( r n r t )  

| < { < c p a c r y T c o r J r a c E o  ( 1 . 6 8 ) ,

r) oapbepbi c € = c BOOoqe ire r4sMeHrrnTcs rlpfi a.qcop64[r (paccMaTprrBaeT_
cryqaf t  €o > c ) .

max
OTcnua rlrq [rorHocrr4 pacrpe.ueJleHrrg € B llpou3Borbrfiffi MoMeIIT BpeMellrlr

t t t"* . [pI4oJMSI,iTeJIbHO MO'tfiO HaIMCaTb BbrpaxeH]Ie
nln

- 1 (  
N +  \  , n  r zt ae l  l r  -  + l  ,  [ /  e . .  *  u * l ' .  s  .  r ' { . t l n * i } , r t . r ny

|  / t  )  \  - n i n  t

f " ( € , t )  "
( 1 . 7 5 )

( 1 . 7 6 )

rrJrJrrocrpr,rpyeMoe pllc. 1.12, d. TaKnr o6pa30M, B]r.u saBrrcrrMocrr{ fa (e , t) cBtr_
re reJrbcrBye r o cro,lffioft saRorroMepHocr[ a.ucopoq}IoHEoro rrsMerrerds u.norrro"tu
pacnpe'4eJle'['tl {' 3al'mrlamqeroc,I B HaqaJIbHoM cyrce'[I4 rIIITepBaJIa pac[pe.ue-
JIeEUrr €' rrro ooycroBreEo ollepetraFrrleft cKopocrbro pocra MerlbrrrrD( oapbepoB no
cpaBHeHrrr0 c 60Jlruro&r, Ilpr4Bo.qEqeft K O6pa30Barfioo "rpyrE6r BhrpaBEerffrEx oapb_
epoB". B cJlyqae MaJrbrx KoluerrTpal.pil arracrr,ru (r,ta;ux naprytarbnux lIaBJIeilff
a.4coporpy@erocff rasa) Ha .uocraroqrro doJbffr,rx BpeMeHax EawtrIaercfi ,,B6rBa-
JE'IBaril{e" fiepBoEaqaJrbrro Hal{60ree rMsKlD( oapbepoB I{3 "rpymtrl BUpaBEerfiEx,,
3a cqeT IIpOI{CXO.Uflrrlero Ha HI{X rIOJrEOto SaIIOJIIreHrIfi N^.

b0

ItaK [oKaBaEo Brme, a.UcopOUlIoIIHoe [SMeIIeIMe BeJII/I(IUHII trepKoJlflt$4oitrIofi

3reKTporrpoBo,EOcTI4 a,4copoeHTa !I TaI{reHca yrla flal(J|toEa ero AopeJIaKcaUloH-

HJx BAX Oupe.qeJlfieTcfi a.{cop6wlolffslM lIsMeHeIMeM BeJII4qI{II ypoBEA trpoTeKaHUfi

E KoppeJrsq[offioro pa.&Iyca cl4creMu' T.e. rloBe,[eEueM Ec(t) :4 f (qc't) ' 0T-

HocureJlb'o qc(t) Moxcro cpa.y xe BaKJDorMTb, lITo rrpll ". ' /o.--. ' { \",

T.e. IIpU nedoltUnu Nt I,I AocTaToqHo BEcoKofi liaqaJlbEoft gJleKTpoltpoBoff{ocTl4

a.[copdellTa (TaK KaK Inoo- - €"o)' n,eeu B$pax€Ill1fl

- t  ( (  / - - . -  t 2 \  z / - l -
n.ue tex = x- 'exp{ l*r*  y '  t "o 

)  } , r t l  
e""  -  xapa1Tepgoe BpeMg'  Ha Roro-

\ \  -

poM lrpotrcxo,uT "BEna,4erMe" Kp[TLfqecKID( oapbepoB I43 "rpyrtrtrI BbIpaBHeESIX".

IIp[1a Btuoffregg odpafiIoro EepaBelrcrBa ,, , / o- - / r* Irpll ydJIoBEI4

€"o . o K[EeTIIKa I{SMeEeHI'IS €c(t) OIII4CHBaeTC' BbrpaI(eHI4eM (]-.77) BnJIOTb

,qo BpeMeE I IOpg.Ba td.  I IpI I  €"o t  o I {MeeM {"( t )  = €.o =.const ,  T.e.  He

r{BMeHaercs IDII a.ucopotuel.

AICOpOLUOItrIOe UsMeEedIe KOIflIeIlTpaI-Utr{ KpllTllrllecKux oapbepoB f ({c't) TaK-

xce pAgJII/rtIIIo trpU paBHbIX COOTIIOIIeHI4SX Mel(,uy [apaMeTpaMll Nt' €co U d'

TaK, B cJryqae MarEX Kolilresrparyil a,{qacrrlq ot.- t / o- - { ,*

[ t " o  *  t , , { , .  *  * r {T } " - t " " } ,  o  <  t  .  . " * . ,
q c ( t ) . 1 / - -  

A . , ,
[ [ n ,  

*  U € " o  
J  

=  c o n s t ,  .  t  a . * " '

f  ( a€ )
' [ e " r . rJ "  ]

[ ( a € )

t t t " * " '

t t t " " " '

t ""*" '

t t t " *
c

( L . 7 7 )

( 1 . 7 8 )

( r . . 7 e )

( 1 - . 8 0 )

( 1 . 8 1 )

( 1 . 8 2 )

( 1 , 8 3 )

( 1 . 8 4 )

r.ue e - ocIIoBaIMe llarypaJlbnoro.norapu(bla; to" = *'t"("o / G-"; n1ema,

rra &oTopoM qpol{cxo,44T SaXBaT KpI{TI{qecRD( oapbepoB "I|pymoft BbrpaBHeEnnx".

llJp[lt BbrrroJIHeIM ooparfloro HepaBeIIcrBa *t , / o- { ,* rloBe.ueHl4e

f (€c,t) olltrclrBaeTcs BHpax(eH[eM (1.79) BTIJIOTb IO BpeMeIr llops'uKa td

I,{TaK, r4cxo.4ff l I3 BbrpaaeBld (1.6r-)-(1.63) u (L.7'1) -(1.80) '  B cryqae Ma-

Jrux KorqerrTpaqlfr a6qe[TopoB Nt . /;- - { ,"" .uJIs KIII{eTI{IcI4 I'IBMeHeIuIff

o(t) II F(t) [oIYqaeM BbrpaxeEfifi

1 [ , .  *  t l t " "  J - ' ,o ( t )  "  J \
c -  l r  ,  / -  \ - n  ' o c
"  

l t t  +  NE/{  Eco J f . * "

_ m

r ( r  *  t r t ^^ l  
' * '  

,
l \  

" " )  
v

| ,  -  \ . T ;

l lr * N.z''t €.o J' '

b I
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r.4e rn : 0,46 B TpexMepHoM cryqae, c[paBe.qJrrlBoM J,IIfl OopasqoB c ToJrytrIofi
h > L (vz .  o,88),  r , I  m -  o, t5 B ,@yMepIIOM cJlyqae, C[paBe.UJMBOM ,{JIr I  o6_
paSIIOB C h < L (vz = t,35) . IIpr4 ToJrrru4uax arcopoeHToB nopa.uta BeJII{r&IIilJ
pa.&ryca RoppeJrsr_utrr (h - L) BO3HUKaeT saBr.rcuMocTb o u F oT h [148,165],

FLBoBpacraHrM 
KorilteHrpau&r afiacrrtrI Bhrue fipe.uerbEoft **.. = fr -

- v {"o' TeM oorbuefi, qeM 6orbne Beruqlfi{a HaqarbEofi oJreKTponpoBoElocr}t

A.qCOP6EHTA, KI4EETIffiA IIsMEI{EHI,IS O(t') TA B(t) OIMCbIBAETCS COOTBE?CTBEIfiO
Bbrpatfierrr{8Mr,r (t.81) }r (1.83) Ha Bcex BpeMeEax t < t€(. rpa(FlllecKfi llorylrell*
Hbre saBr4crrMocT[ o( t )  r4 p(r)  [pe.qcTaBreEt i ra pf tc.  1.13.

I43 noryqeltrsrx 3aBr4cl,o,,locreft Br4'4ro, rrro B cJryqae MaJIHx KoEUeHrparyfr aI-
rlacrl4r rrpll I43MeHeHr.rr4 t B oKpecrrroat" a"*" qpo[cxolprr .uonoJIIfl.ITeJIbHOe 3a_

METIIOE YMEIIbMEEI{E, O[fi.TqECKOft SJIEKTPONPOBO.uTOCTU 3A CqET YMEHbIIIEII}IE BEJIIT-

,qr,fiftI [ttperexcnollenTbl ot (r + t /t )"t r 
/- -v

r  , ,  * . . * "  l t oJ -  >  1 . . uo  (1  +  l l a  / r '  { " o  )  <  l  qpu

[paRTLIqecKI{ HeLI3MeIiHoM BHaqeHuI[ tIoKaBaTeJrs gncrronenTu t"=(Na * 
4 l'.

Tauec yrJra rraK,roHa BAX Ha gToM r4rrrepBaJre BpeMeH Bo3pacraer or
-n  l ( f t v )  v l  ( l +v l

(1 + texc /toc) < r- .Uo (1 + Nt ly' E"o ) > 1. TaKafi aEo-

MaJrbHocrb a,ucop6lu40ltrroft Kmerr4cll o(t) il B(t) Ha oorbwD( BpeMeEax
. o a"*", oTqeTJrrrBo Haofio.qaeMafl B sKclepr,rMelrTe [159], OoycroBrela B,M8_

Iil{eM a.4cop6utrr Ea KorrrleHTpar"utro Kpr{Tlrrrecru{x oapbepoB, orlpeAeJl8[qyn BeJr[-
quHy rrpeAeKcrroHeETH BJreKTporrpoBo,UrocTr,r i{ yroJr Harq[oHa BAX. pocT f (€c) sa
cqer cyxeEl{g I[HTepBaJIa pacqpe.ueJleHrlff € rrpu t . to" I{ yBeJIrrIeIMrI IoJM
KpIITII.Ie.CKID( oapbepoB rrpl{ to" . t . a."", ooycJoBJeItrIOrO pacmrpeH}IeM
"rpymu BEpaBrreHHbrx 6apbepoB", IIorrouaqefi Bce HoBHe oapbepE c qo > {co,
rlepBoHaqaJllEo fie yqacrByW{e B rrpoBo.trfraocrtl, cMeliflercg .UocTaToEro p€BRutl!
yMelrbr[eHueM f(€c) qpl{ a - a.*" sa cqer,'Brtrra,qeril4s" tc llo BTo[ rpymnl rro

,qOCTIrDreEI.M HA IILD( IIOJIIIOTO SanOJIHeIIlIg N..
orMer!ilr, rrro IIaJII{rMe n nupaxerum jr.ery troKagareJlfl crerle'I{ r < 1

MoxeT ooec[eqr.rrb fiaofioAaeMyD B gKcrlepuMeHTe Is1,84, ]"661 gaMe.uJIeH_
HOCIb RIIIIETIIKtr I{sMEHEHIIfi O(t) trPlI A.4COP6UtrI AKI]EIITOPOB IIO CPABHEHI.IIO C
TeoperrFlecKuMa trpeAcKasaHlrrrMtl, ocEoaarrHHMI{ rra Mo.qeJII{ omp[craJrra t84].
MaJocrb rIoRaBareJIg crerIeELI I{ cBgBaIIHaff c grrlM BaMe.uJIeIIHocrb KrrHerrr6r{
o(t) ooycroBJelnl B rra[reM cryqae trposBJleHr4eM cnoeo6pasnoto KoMnelrcalplo$-
EOrO 9@KTa, SaKrmqarqerocfl B sHaqUTeJIbIIOM pocre BeJMqr,[u llpe.qgKcnoHerl-

Puc .  r .  r :  .

Itltrlerr4ca r4BMeHeHua o(t)
(nprnue I,  S) u B(r) (Kprr-

Bbre 2, 4) IIpI'I a.ucopoutrr
aKIIerrTopoB

1 , 2 - N r < { d  - { E . " i

o , 4 -  N t > y c  - y € " .

B

/30
6o

52 ' .  t

TE trpl4 yBeJItrTIeEI{I[ gHeprl[tr aRTIIBaIII'I IIpOBO,U4I!,|OCT].I, qTO CBg3aHO C O.${OBpe-
MeIIHLIM yBeJIIFIeEI.IeM Kaft BNcorbI ICpI4rlnIecKlD( dapbepoB, TaK r,r rycTorbl ToKo-
qpoBo.4@Ix tryrefi.

Heodxo&nro gaMertrTb, qro Bce qpllBe.ueHHbre Bbrrrre paccyl{c.qeHl,Ifl orHocI4TeJIb-
Eo cocrotrffi paBHoBecl4s, cBssar{Hllx JM6o c rroJrHbrM sanoJrHeH],IeM AIIC, JMoo c
BbrpaBEtrtsaElleM Ea LI F, CnpaBe,qJMBbI B TOM CJIyr{ae, KOI.4a COOTBeTCTBynUUe
BeJrr{qEilr paBrroBecHbD( oapbepoB rre EpeBNrrraror Bbrcorbr oapbepoB Beftrla tzl. B
[portIBIIoM cJytrae, BoBMo[cIoM trpu 6orbme( &oHqeHTpal-u4ffx ra.uqacrr4t] r,r BecbMa
rJyooRoM saJreraErM rD( grreprerrFrecKru( ypoBEeft [o.U .EroM Bor$t [poBo.U{r!,rocrr,r,
o(t) {prDto,EIT K "RilHeTUqeCROft OCTarrOBKe" IIp'I .qoCTrr$eHr,ril BbrCoT oapbepoB
ilopfl,UKa 1gB, a crat$oHapEoe BIIaqeEue 6 craHoBI,ITcg HerryBcrBlreJlbr{htM K
.uanrEefueMy yBeJrr{qeErm traplptaJlbHofo AaBJreHua ra3a aKuenropHHx qacTr,ru,

OTEocI{TeJbHo Bcero cica3allHoto B],Iue Heodxo.U{Mo BaMerrrb, qro i4cxoJFbre
BbrpaseHfifl (1.5e) - (1.63) clrpaBe.4JrrrBbr.qJrs Hey[opff.4oqeHHblx crIcTeM c 3Kc..
uoIIeHLFaJIbHo m[poKI4M crIeKTpoM JIoKaJIbHbIx 3Harlelfid oJleKTponpoBo.ulocrl,I. B
paccMarprrBaeMoM HaMr{ cJyqae mrpoKufi ,Ioa.Ucopor$orrHbrfi pa3opoc € B crrJly
cyqecrBywD( BaB}Icmroc?efi E(t) or €o B ps,ue cryqaeB Ha 6orbu[,D( BpeMeHax
3Ua!UTeJIbIIO Cy)meTcrr 1I npI,I Onpe,qeJrerrHbrx cooTHorrrerMrrx Mex.4y napaMeTpaMr,r
cllcreMbl a.qcop6ar-a.ucop6eET Mo,r(er JM6o Boooqe fic.reBHyrr, JM6o odpa-
3yercg sualtrITerblraff KorqeHTpaq}Is BbrpaBHeHHbrx oapbepoB c ,4oreil ooJb-
treil [oporoBofi - *". Hecrolctril aIIaJMB KaMoro KolilcperIroro cfiyr{afl, xa-
paRTep[3yqerocs onpe,ueJreHHNMlr cooTHor[eHrrrrMr4 Mexuy fiapaMeTpaM]r cr4c*
TeMil, IIOSBOJIfleT JrerKO Eaxo.ryr?b yCJIOBr.rrr r.r BpeMeHllbre r4HTepBaJrbr IIpI4MeHr4-
Mocrrl BbrpafteEM, Iloryr{emslx Ha ocHoBe reop]4l[ rIepKoJIgUJ4I[.

r{TO KACaerCfi paBrroBecHHx 3$aqerutft os tr F=, To rr 3.4ecb BaIaIyrc polb r4t-
papT cooTHotreEtlrl Metr,UJ TaKI4MI4 rlapaMeTpaM[ ctlcTeMbl, KaK EaqarbHafl oreKT-
poqpoBo,Urocrb aAcopdeETa, i{oHrleHTparMs xeMocopOrpoBaHrrhrx qacrr4u, B3aI4M-
Hoe pacuoJrotreElle gEeprerlrqecKlD( ypoBfieft aAcopoara r,r a.qcopoeHTa, TaK, npu
alcop6u1M aKIleIITopoB B cryqae MaJrLrx KorilIeETpar$ff aAqacrrll]. rrcrloJlb3ys
(1.82) rr (1.84), fioryqaeM BilpaaeEr{fi IJrfl paBHoBecHbrx BHaqemd oltr4qecftofr
sJreKTporlpoBoJurocrr.r r{ Tar{reEca yrra HaKJoHa BAX:

/  N  \ - Y  t  r  2  -  \'= = 'o(,. +J ""o{-[*.., *./{ )]
y' €"o

r  N .  . l r h
B = = B o l t +  - l

,  y ' € " o ,

(  ! " . 8 5 )

(  1 . 8 6 )

(  1 . 8 5 ' �  )

(  1 . 8 6 ' �  )

d3 KOTOpbIX AJfi CJIylIag r

o  z o  [ r - ,  
* ' I

s  o l  / -  |r  r z €  ,

0 " " n " [ r  * r + , , 1 ; ]

t ua /i- . ". . ,/o------ - {r- .noryqaeM

. / r; lrMeeM

"*n{-' ",/c; } .
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IIpr4 Bo3pacTaHr4rr KoEueHTpaurM aKuerrropoB,uo 3HaqeHrrrl
/ /

v a  - v E r o ' N a  
. . o

o  - o [ r / 7 * ] - "  (  )- o ( - '  *  " t J  exP t - (d  -  € . . ) i

,{operaKcau4oitril,le BAX ''pI{ TaKoM coorHo'te'ul{ Mex(.uy napaMerpaMrr
ilMEIOT BIII

( 1 . 8 s " )

( r . 8 6 " )

(  1 + r )
F  I E I
- / -  -  '  l E l < l E , l '
2 { d  N

t

/ -
B " / l E l  -  z y '  a  N t ,  t E t > t E , l ,

rre lE,l  = n""i  B"(t* ') .  Ire nocreEiefo Bbrpaxe'I4s Br.r.Ero, r{To ' ,pf i  lEl<tE.l
TAHTEHC YTJIA HAKNOHA BAX NA.UAET C POCTOM Nt, HO CIIPfiMJIfiIOTC' BAX B sTOM
cryqae B ROOp,U{HaTaX rn(J/Jo) _lEl. IIpr4 E > E_ BeJMqrrHa ps rrpaKTr{qecKr4
Bo'Bpalqaerc' K cBoeMy uepBofiaqarb'oMy BHaqeHI4Io 8., a pocr'Nt rrpIIBo.u4T
JI}IIIIb K [apaJI.IIeJIbiIoMy c,(BI,Iry BAx IIpII He[3MeI{I{oM F. npu 3EaIIeHI,IfiX N >
> v d, - y6-€"o .qoJlg BbTpaBHeIIHEX oapbepoB IIpeBbIIIIaeT x- 14 Bblpa)tceHl,Ifl
(1.59) - (1.63) Heqpl{Merr}rMbl. ItaqecrBeIEilJfi Bu.U eagucn4ocreft o"(N,) v
p.(Nt)  qpeAcTaBJreE rra prc.  l - .14.

o'lao; f,lfo
P u c ,  r .  r t .
Itaqe crBeltrfifr BUI BaBlrcr4Mocrefi paBiroBe crsH
3Ea.reIIId gJreKTporrpoBo.urocTr{ o" (Kpr/IBas /)
[}I ?anreEca yrJra }IaluoEa BAX p" (KpIBEe 2,3)
oT ICOEIIeHTpALUM XeMOCOpoIIpOBaHHlrX
arulenTopoB

2 - L n o o " { " o > s l 2 i

3 - t n o o o € " o < d l 2

I n J -

J

( 1 . 8 7 )

CI,ICTEMbJ

( 1 . 8 8 )

( 1 . 8 e )

'nrermr, qro Bbrpaxertr4a (1.85,) _ (1.86. ) cupaeelJ*Bu iurq .uocraroq'o
HI{SIcooMEbIx oopa3qoB c €"o = ln(oolorr) < d/4.IaK, B cryqae aAcop6II4I4 o^
Ea zno uptr t ' zoooc BeJIIlttIlHa kT a ! 0,9 9B t20r lt Er.. a""-nonnoa#*t €a" . o,zgeB. IIptr Boopacraluu KoHIIeETpary{u a.uqacrifll cBblrre N =- - t *

:" 
o - y' €"o SaBtrcuMocTII (1.59) _ (1.63) .uJI8 TaKI.D( HI4snOOMHNX a.{cop_

oeEloB IIapyEaFTcfl tr IlepKoJlglElomnfr IIoD(o,U craIIoBlITcg Hellpla,4em,fl\,r. TaK,qptr  kT c *  0,9 98,  11 {"o "  o,z eB, No "  1o17cM-t ,  f ,^  = ro- icu u r  "
'  300 K uoIyqaeM N..  .  3.1o12cM-2.

B[rpaseEls (1.87) - (1.8e), EaodopoT, [pr.rMerrr,rMhr .qJrs BbtcoKooMH]tx oopaB_
IloB c €.. > a/2. Iax, npl{ kT a x o,9 gB Ir kT €"o o 0,6 oB o6racTb rrpr4lre_
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IInMocTtr Bllpaxerud (1.87) - (1.s9) tro KoIIIIeETpaLUtr4 a.Ur{acTtIU cocTaBJIfieT
lo t tcM-2  .  N .  .  3 .1o t ' cM- t ,  a  Bbrpaxer f ld  ( r . .85 , )  -  (1 .s6 , )  -  coorBercr -

BeIfiIo Nt . ]-ottcM-t.
[pI4 pa3lsrx l43orepMax a.ucop6rug4 aRqerITopHLIx qacruu Ha,ocEoBaIIIM BbI-

paxeIIIM (1.8s) - (1.89) - IloJlyrlarcTcfi paBJIIlrrIIIEe BaBI,tc?It\rocTrI paBHoBecHbtx
3Haqelilffi o" or rIapLUaJIbHoro ,{aBJIeHI{g p (or crelleHltrilx Io gKcrIoIIeH-
I-U,rarbi6rx), TaK, B cryr{ae cqpaBeIJrr4BocTI.I rolapu(b/tr lecKofi lr3oTepw Nr -
- InP BbrpaxeHfie (1.85') EpI{Bo.4[T K SABIIC]TMOCT]I o" - p-*, .{aCTO HaofiF-
,uaeMofi B sRcnep?rMerrre [2o,83,rss1. K TaKoMy xe BUJJ BaBr{cI4MocTI,I os - p-*

MH rrpID(O,U&r rr B qpe,ueJie, orMcEBaeMoM Bbrpafterr[eM (1.87) , B cJryqae c[pa-
Be,UJrrrBocrlr rroorepMbr opefuIIJtrBa .

Heooxo.Uo,ro orMerurb, qro B cI{Jy BaMe.qreltrlofi KI{HerI.rRr4 IrgMeBeHI{a o(t),
Haofio,{arueftcfi IIpr4 a.Ucopdlptrr MIIorrlD( aKUenropoB, rre r{cKJlrogeEa Bo3MorfiEocTb
gKclleplrMeHTaJrEofi @rKcau8{ "IcBa3rpaBHoBecHofi" 3aB}Ic}IMocTi4 oJleKTpolrpoBo.u-
rrocrb-IaBJreErle. B oroM cryqae, Hal{ooree xapaKTeprloM ,uJrfl BbrcoKooMHbtx a[-
copoeHToB c ooJrbEu\,tr4 tc, r{cxo.us r43 Bnpafteliltft (L.77,) - (1.81), [Oryr{aeM

1 " " " { " o + 1 n ( 1 + I t . N t ) ,  ( 1 . 9 0 )

-€^^
X : 2 K { E  e ' "

n t  - c o ( 1 . e 1 )
; "  o o o ( 1 + l . t ' N t ) - n

TarcrlrM oopa3oM, srreprus aRTrlBar.utr{ "KBa3r.rpaBHoBecHofi" IIpoBo.4rMocr]I I,IBMe-
rrseTcs rorap[Fvs{qecRr4 c r,rsMeHeHr{eM rcoEqeHTpau{I{ aAqacT[rl qTo . IIp]I rlafifi-
rIId{ IIpiloJMgLrreJIbIIo JtrEleft{oft BaB}IcI{Mocr}I Mex.4y Nt Ir p cooTBercTByer oK-
cllep]o,reHTarbEofi c]rryarlltrr [15s] . BaMerrrr\r, qTo gaB]Ic]rMocrb (1. e1) B cI{JIy
Marofi BeJE[qruu 'lr yloaJreTBopuTeJrbEo arqpoKcuMrpyeT HadIn.uaeMyp B SKcnepll-
MeHTe Kr4rreTr{Ky o(t) -  A - Bln(1+t/t .)  [51,167,168]. Eoree TOFO, IIpI, I  .Uo-
CTaTOltrIO BbICOKID( IIapI[IaJIbHIIX .UaB,llennfiX ra3a aKUenTOpO-n, t.e. Ilpl/t BbICOK!D(
ROIIIIeETpaLtrIflX Nt,BUpa)reHlIe (1.81,) [pI4 t t to"r t", npruIl4MaeT BI,IJI

o(t) r  oo{t/ t*)-n - (t  Nt)- ' t t  I{s ororo cJleAyer, nrJ' ira oorblrc( Bpe-
MeHax, xapaKTepl4SyeMbrx LaeAnerlilofi rmetrtcofi o(t), uMeeT MecTo cTeIIeEIIafi
BaBrrcuMocrb "r€a3npaBEoBecEoft" sreKTponpoBolElocTr{ or KorqerrrpaluEr a.Ftac-
TI{I tr cooTBeTcTBeEIIo oT u ,[aBJreHrrfl B ra3oBoft (pa3e llprr HaJrI,trt]II4 JII4]iefi-
HOrO saKorra a,ucopor-ulu. Ilpruerll4TersHo.Kodpasr{aMc h > L n o 0,5 14 Mbr
qp[xo.urr\f x KopHeBoMy oarolly b. - e-112. O]uccau.Ieft "KBaBI,rpaBHoBecIsIx" Ba-

Btrcrorocrefi p or p, oru[crrBaeMnx B[rpa)rertreM F" - (1 + consr , ".; 
-I-'*'1

Mofier oobscEsrbcrr Il EaoJuo,UaeMoe B paoore [111] yMeHbrneHl4e yrJla IIaKJroHa
BAX zno c pocroM P^ .

- z

Bo3Mox6afl lrpu a,UcopdryIlr [epe3aps,u{a EIIC cKa3brBaeTcq I4 Ea BaKoEe aI-
copoluoltrrofi TpaEc(DopMar.uEr BlIAa (DyltrcuEr pacfipeAeJreHufl Bbrcor oapbepoB. B
3TOM CJyqae arraJrorrFrEo ToMy, KaK 3To AeJraJlocb B pa3.4eJre 1,8, HeTpy.EIo
IIOJIy\MTb

. l (  N .  I  _  N ,  (  / -  r z ' l  -  v rf " e ( q )  =  ( A € ) - ' l l t  -  - * - l  * i - *  l l  e  -  " . 1  l ,  1 '  =  - t ! - . 1 t . e z \
L t  { - )  / T  

U i l  E , - 6

CofiocraBrerfire Bbrpa]KeEd (1.92) w G.'74'), [oryqeHrilnx IIp?r I4 oeo yqe-

Ta nepesapffJ${r4 bIIC, yKa3brBaer Ha ro, qro llepe3apfl.U{a EI]C TopMoBI4T yMeHb-

llelll4e BeJIIlfrII4HbI f (€s), IDOI4CXO.UT€€ IIp]I IIOJIHOM 3alOIHeIIi,ll.I Nt, ]I TAKI4M

oopa3oM c,Uepls4Baer pocr F r,r yMerrbuerMe qpelsKcrlorreHTbr o.

co



PaBEoBecEre BEaqeEIIa o tr p, odycJToBJreIIEHe arcopou.ref aKIIerITopoB, B
cJryqae Bo3troffiofi trepe3apsJucu EIC ormcbrBapTcs BbrpafteHtrEMtr

f  H  ,  . t  
-v (  

r' , ,  "  o. lr*- ' : -- [ '+eJ] "*{-1":[ ,- ie"")*2N.4-[,-0,_J]] , ,(1.e3)
r _  y ' { . .

I  N,  ,  , l+-
F "s  "  Fo l l  a  - - - - r - l r  -  i € "o l  l t * "  ( r . e4 )- L  

4 '  
" - ' J

l4TaK,Depe3apfiluca EIIC cyqecrBeffio rpetrarcrByer a.qcopdu4orffroMy I{BMeEo-
Em cTetreEtr 6aprepaofi pa3ytropfl.{oqerrEocru a,Ucop6errTa r.r Mo)fieT ObrTb B ps.Ue
cJlytraeB orBercrBemofi 3a MaryD qyBcrBl.rrerbEocrb gJeKTpoft43I/rqeCKIDt XapaK-
TeptrcTm troJrytrpoBoErr{Ra K a.ucopduM. SaMeTtor, \iro yKa3artrraq nepe3apfi.{Ka
EIIC MoeeT fiB.,Isrbcs o,@oft uB rrpwr{E cyqecrBeElroro BJMaHT{g cllocoda qprro-
ToBJIeErrs a,qcopoeETa tr MeroIoB odpaoorKlt eFo troBepxHocrl4 Ha BeJIlIqrury u
RmertrKy xerrocopdr$oEloro orKlma.

1.10.2. a,qcop6u{r .qoHopElx qacTr.rq

IUEerrEca otrycrorrreEtrs AIIC, coorBercrBywD( xeMocopo[poBaEsrM ,uoEoprrbrM
qacrmlaM' xapaKTeptrSyroIrrcs troreI[EaJIoM IlroErIBaLu[Ir rd, olMcbrBaercfl ypaB-

r,ue e = (ro - x - 6)/kr. Iils peueEl{s ypaBEeHr{s llyaccona c cooTBeTcTByrull_
Mtr rpal*rnbrMtr ycJroBrsMtr B qpe.uoJroserur, irro tG: - ".^l , ,, r.ue

\  - m l n  ' " )

Nt. - paBEoBecEas roErleElpat&ff xeMocopo}IpoBaEHbrx rracrr4l HaXO,4flWD(Cfl KarC
B BapsreeEEo[, TaK B B Eesapsfiemofi tlopMe , Eerpy,Ero [oryrmTb cBs3b Mer&rrJ
BeJIFImaME {(t) tr nt(t), OUITCHBaeMyD B 3TOM CIyiIae Bbrpa,rcEueM

t ( t ) = V \  - r , . r t r ] ' � .

# = *"[[n.,t) - n.Je-e - n,"-{] ,

- t-"

1rc, " l/T- 
- .o'J n.r.l " 

'o 
u.]',

(  1 .  e 6 )

PeEeIue ypaBtreHrrs (1.95) B.[aJrrr or troJlo&eEr4g paBlroBecltfl, cBrr3arrHoro

JEIoO C BrlpaBEtrBaHneM rd ttr EF, Jru6o c troJlltiltr orrycromeHlreM rorropHbrx AIIC'
trO3BOJIAET OqPEIEJIIITb BPEMEITHYN SABIICtrMOCTb ROHIIEHTPAITII�T sAPg)fiEHHOfi @PI\&I
AIIC:

*  t - T

n,(t) = to-t 
J 

r. tr) " 
to 

dz ,
0

I.{€ to = k-lexpe; SaBr{cI.tMocTb Nt(t) omIcblBaeT KI4IIeTIIRy XoMOCOp6U&I .qO-
EOpHtD( qacrnl. TaruD, o6pa30M, KErrertrrca rlsMerregrra B6rcor6r 6apbepa, ooycro-
BJreEIIoro a,qcopor&efi ,UoEopHtlx qacTItrL olltrcrrBae Tcs Bbrpax€IMeM

(  1 .  e 5 )

( t . e 7  )

0
cqpaBe.4,ItrBHM EpU t < nin{t,,t"}, rle t. tr t€ oI4)eIeJIffroT xapaKTepHbre Bpe_

MEEA YCTAEOBJIEEtrfi PABIIOBECUS, OOYCTOBJCIfiOTO fi{6o NOJIHbIM OIIYCTOIIEEi,IEM
Nt, Jltroo Bt[paBtrn-RaIMeM Er I4 rd cooTBerc?BeElo. .llrg o[pe,UeJIeH]Ifl t, rI te
cJryaaT ypaBEeErrs 

bb

0

B t r A K o T o p E x B o T J I I [ q { e o T a K u e t r T o p E o r o c l y q a g B s E a q [ T e I b H o [ c T e I I e H } r
oqpeleJrfle rca rurloM xeMocopol.u4oEllofi Kl'fie rl{KI4 Nt ( t )'

cquTafl, KaK tr qpe&ue, qTo 
5 pacfipe,qeJleHlJ paBIIoMepIio B ]IHrepBaJIe A{ =

= {o - €o. , .uJltl a,4copouloEltoro SaKoIIa rpaEccpopMal[E'I Bl'�r'4a f (€) B '4o-
ml a ln

. ; '  j ' " . r . 1 " * { -  
? }  

dz  =  N . ( t . ) r

.l'i '*.r',"*{- T} u" = {{ - /;- ,

EOpEOM Cwqae EoryqaeM Bbrpafrellrle
- r (  n . ( t ) l

f o ( € , t ) = ( A € )  
[ 1  

. J = j  , € < e ,

$ = *^fn.r.r"-" - ".["-" . "-(q- "" ' ' ) ' ] ]

peEeIItreM KOTOpOTO gBJIgeTCff

' l

n , ( t ) = t d J N t ( r ) e

0

|  (  (  r : -  . . . ) 2 ) ' l - 1
td.  :  td l l  + exn{e -  

[n 
e.  -  N,( t ) , |  

i l

( 1 . 9 e )

( 1 .  r . 0 0 )

(  1 .  1 0 r )

( 1 . 1 0 2 )

( 1 . 1 o 3 )

( 1 . 1 0 4 )

ctrpaBe,UJMBOe BAaJM OT paBEOBeCIIs; nt O[peAeJIgeTcrI BUpaffeII]IeM (1'e7) '

IIpI4.IIptr6JU[x€EI[I{ € K paBHoBeCEoMy SEaqeEIm q", oOycJtOBIeEIIoMy noJIIlbIM

otrycTotlleElIeM N., ypaBHelllle (1.95) IDIIIII{MaeT BrII

_ X - T
t

(  / -  \ 2
B cuJry ycJroBr[s rin[r' €. - Nt(t) 

) 
, ", fipe,uloJlararcqero' qro .[a$e noJIHoe

t _ 6  \

otrycrotleEtre AoEopHbIr( ypoBHeft AIIC na ooJrbEefi rlacr[ oapbepoB He ooecliequ-

BaeT BllpaBEmalilg F ltr rd, I/13 Brlpat€Illlg (1.104) CreAyer' qTo to"" td, 3

3aBI4CIIMOCTb nt(t) OT go qpeBBU'{al&IO CJladati II IIpaRTIlrlIeCKI4 IIe BJMfleT Ha

BtrU fd(€,t) I[ trp]{ 6or6mD( t' li lTaK, B ,qOEOpIIOM Cryqae *" €on,l " . ,o,,n

BpeMerrEas 3aBllcrMocrb BtrIa ctrvllrcls{u pacqpe,{eJlelll4fl BbICOT oapbepoB uMeer

BII]I

f d ( q ,  t )  "

( a q ) - r ,  t o . , n =  r .  "  ( l ' . 1 0 5 )

, o e l - ' [ " i  p 1  * . / i - - r � t t ) ] , { = e ,  ( 1 ' 1 0 6 )

r o e l - ' [ t  +  n , ( t )  { e -  ] ,  
" .  q .  

[ , 4 : . - , , . t t l J ' ,  
( 1 ' 1 o 7 )

trBodpaeellHrJl Ea puc. 1.15.

SHaIMe OalcorroB I,I3MeEeIItrfl q(t) U fd(€,t) IIoBBOJIfleT, alIaJIOr[qHo lOMy'

KAK 9TO ]IEJIAJIOCb B AKIIEtrTOPEOM CJryTIAE' OIIPEAEJIIITb K'IHETIMY II3MEBEIMfi BE-

JrFrr{E €c(t )  u fo({" , t )  t r  reM caMEM, t rcxo,qs t r3 BHpa8el f l i l  (1 '5e) -  (1.63) '

ycTaEoBtrTb SaKoErr r43MeIIeHI4fi o(t) tr p(t), uMero{e pasJM!trfiffi BI{I [p!I pa3-

JirrrIEEX 3EaqeEUflX UapaMe rpoB cl[crew a.qcop6ar-a,4cop6eHT .
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h(e  , t ) o(t)/ao; p1t\11to

l ^ , \  
'

f  o . in

Puc.r.rs. IlttorEocrb pac{pe,ueJreEl4fl 6apbepoB no Bbrcore B pa3-

JII{IIHIIE MOMEHTE BPEMEII}I IIPlr A,UCOP6LUtr{ ,4OIIOPOB

( t l < t 2 < t 3 )

P[I{c.l.].6. Ita,recrBeltrsffi BI,II BaBr{cr4Mocrefi o(t) (KprBas I) t4 Brc)
(rcpunag 2) B cryqae JruEeltHofi KI4iIerI4KI4 xeMocopotuM

.4OHOpOB

TaK, B cryqae Nt < y' E"o - y' e [pr4 rroobrx t c[paBe,{JMB6I BbrpaxceHr{g

(  n . ( t ) l '  (  / -  \
o ( t )  :  o " l 1  *  

, - _  |  
e x p l 2 /  9 " "  n . ( t ) i  ,  ( 1 . 1 0 8 )

\  y ' r  )

f "- ,.,1 - ri;
B ( r )  .  B _ 1 1  +  : l  ( 1 . 1 0 e )

o l  / -  |\  y ' E  t

rtpr Boopacrarfl&r Konuenrparrr,r a.qqacrrur 
[". 

' /!] - /;) Bbrpa)rceru{s
( r-.1o8 ) 14 ( 1. 109) CTaHOBSTCfi CqpaBe.4JMBbrMr,r Jrlrrrrb Ha BpeMeHax t < tc6, r.ue

tcs - xapalcTepEoe BpeMg, offpelergeMoe r,r3 ypaBHeH],rs y' E"o n,(t"") =

= y' e , [pe.qcraBJtfinuero co6oft ycJroB],Ie BbrpaBII[BaHr4s Kpr{TI{r{ecKI,rx oapbepoB

E " c g .

I I p I 4 t > t c e i l M e e M

o( t )  -  " .1( /  "  +  n, ( t ) ) ' -  , .J ' " "n{e." -  , }  , ( 1 . 1 1 0 )

(  1 . 1 1 1 )

[pr , r  lEl>lE.( t )  l ,  r le lE_(t )  |  -  of fpe.uererrHaff  oyr t rcur, r f l  BpeMeHr4 14 napaMeTpoB

cr,rcreMN. IIpu Eallpg]relfiocrft noJlg E MeHbueft E, (t) yrofi HaKroHa BAX TaK]i{e
yMellbmaercfi co BpeMeHeM, Ho cllpgMJlgtoTcfl BAX B BToM cJyqae B Koop.u{rrarax

In(J/J")  -  lEl .  oTMeTrf f r4,  qTO SaBI, ICI IMOCTI{  (1.110) r4 (1.111) C[paBe.UJ'r r , rBbr

JIIIIIIb IIpI4 BHnOJIHeHIIfi HepaBeHCTBA nr(t) < vEco+ e - \/ e , 3a.4au{ero yCJIO-

BlIe orcyrcrBug EIt, cocroflqero n3 BblpaBHeuHblx 6apbepoB, T.e. ycJloBhe trpta-

MeHilMOCTTT rrepKoJrslltroHlroro fio.uxo.qa. KaqecTBemilnft Br4.u 3aB[cr4\,,rocTefr o(t) r,r

F (t) IIpe.{cTaBJIeH HA pI1IC. 1. 16.

r - - - l
I I
t l

I  n '  ( t )  I  
- t l '

F ( t ) = B 1 1 + - . lo l  / -  |\  y ' o  t

5B b9

.[Jls paBEoBecHbIx sHaqe}I!ff o" il F. B cJlyqae Nts

I I3 Ki lHeTUlrecKID( saBI{CI4MOCTeft  (1.108) U (1. ] -O9) '

/  N  \ Y  (  / -  \
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I I D u N  , / F -  - , / i - ^ "
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s  o  t 3  

-  
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r  N  ) - = r -
B  " B h  +  t " l  1 + v .
"  " (  

/ ; - )

f  N  - l
rde(€" )  "  

l t  
+  

t '  
-  o r iN , " /  € "  I 'y  / E "  J

< { 8 . " - { e , i l c x o . U s

rroJryqaeM BbrpameHl4g

w

(  r . .  r12  )

( 1 . 1 r 3 )

(  1 .  r - 14  )

( 1 . r . r - 5 )

( 1 . 1 1 6 )

( 1 . 1 1 7 )

( 1 . 1 1 8 )

( 1 .11o )  14  (1 .1 r "1 )  CJ Ie .Uye r

IIpI,I pa3JE['mrx rmax r4sorepM a,ucopolutr,I AoIIopHhIx qacri,rq Ha olccfiAax (cM.

paS,ueJI  1.5)  Bbrpa,r€I t r { f f  (1.112) -  (1.11,5)  OoeCIIeWBaOT pOCT os I {  yMeHbl le-

ErIe 9" C pOCTOM IIapLtrIaJIbrIOrO ,UaBJIeE[g ra3a P, Om{CbIBaeMbIe paSHbIMI{

Oyrucruosa.nlmnar 3aBucrrMocrsMrr. TaK, B cJlyqae rDlIMeIII4MocrI4 llsorepMbl feHpII

IIpU MaJIbIX P MH flMeeM SaKOH os - exp{const'P}, [epeXOAgII[4ft C pOCTOM P B

cref ietu lo i l  BaKoI l  03 -  t ' ,  vacro Hadmo,uaewi l  B SKcrIepuMeHTe [1s4, ] -55,1691.
yqer llepe3aps.u$r 6TIC, nr,rewm oorbnoe sHaqeElle fipu a,ucopot$4]I ]IMeHHo

.uoHopHbrx qacrrtrI [84,e8], fipoBe.uerffIrffi aHaJIor]4tIHo aKuenropHoMy cryqan,,qa-

E T

r.ue, KaK r{ npet(Ae, i = kt/ (8, - 6). oTKy,ua .4JIa paBHoBecIbIx sHa.IeI{IM oNtrI-
'recKoft sJreKTporlpoBolgtocrrl Ir rallreEca yrJla HaIeIorIa BAX B cryqae MaJINx

KoHrIeIIrpaIryfr a.qqacrltrr *." . /?] - /;- noryqaeM

"", "'.1'*,* - o!H."/s- ]J-4r"."24 ,-o;t

f H
B ^ = B  l r +  ' "  - o i N

a u  o l  r s
L  r ' € " .

_ v
t-- I t,v

r ' E " .  1

CpaBEelil{e Bbrpaxerfld (1.1r.7) }I (1. r.r.8) c coorBercrByrorqr,rM4 BbpaxeHr,r-
sMrr (1.112) rr (1. r.13) , noryrreHrsn&r 6eB yqera nepe3apfl,u{r4 EIIC, cBr,r-

IereJlbcrByeT o roM, qro, rIoMI4Mo yMeHbEeHlIg BeJII4III4HbI a,ucop6ul,Ioltr{oto or-
It.fiErca o lI F, rlepe3apfl.4{a EIIC ooycroBJEBaeT To, qro a,ucop6lu,rs .4olropoB,
qporeKaroas Ea .uocrarorrHo BbrcoKooMHbrx odpa3rlax, Moxer rrpr,rBo.ul4Tb K Bo3-
pacrarflm p Ao BHa.reltrd oorbmD( nepBoHaqafibHofo Bo. B cryqae HI{sKooMHbtr
oopa3qoB a.ucopolprff .uoEopoB Bbl3hrBaer yMerrbrrreHlre F, a BKJra.U nepe3aps,qKl4
EIIC MaJ. STor BhrBoA coorBercrByer reoperr,rlrecKrrM BbrBo.uaM paoorbr [98], B
Koropofi, KaK orMeqaJrocb B pasAeJle ]-.e, ycral{oBJleHo cyuecrBellHoe rDosBJIe-



Eue yKasariEoft trepe3apsJutlr utterrHo trplt a.Ucop6]Il,tr4 ,[oEopoB, B pg.qe cJryqaeB
UPlrBO,4AqEfi K BO3HIIKIIOBEIUN SKCTPEMYMOB EA REEETIAIECKI,IX KPrBHX 3AP'IIEH}Ifl
troBepxHocm. tr cJaooe fipofiBJreEtre rrepesapss{r4 rrp}I a,4cop6qrer aRrlerrropoB,
vfo neo,groxparuo HaOJDoAaJrocb gncrepr.ruerrraJrbrro .

1.r0.3. Alcoporyaomufi oTKJrr{K SneRTpool,Isuqec&ux xapaRTepr4cTnlr
noJryrlpoBo.urr{KoBHx ceHcopoB Ha ocHoBe 6 apbepHo-pa3y[opsAoqesEbrx
IroJlUttpucTannilqecRr.rx oRcI{IoB

l'lTar' trpoaeAe'-''*t Teoperurrecrfift aEaJMB &tualua a,ucop6qnr Ea eJlexrpoupo-
BO,ETOCTb lI BAX troJEtrcptrcraJurrrrecRoro rroJryrlpoBo.uilrKoBoro a.qcopdeEra rlpi4
yqere ero dapbepHofi paoytropfi.{oqellnocr?I rroRaBaJI, liro Berrflrlura I,I Rr4rrer}rrca
'IsMEIIEIIRfi O(t') U B(t) IIPtr AACOP6I.Etr{ KAK AICqEIITOPOB, TAK !I ,IIOHOPOB PE3KO
orJrlFIaDTCfl OT qpe.qcKasblBaeMbD( Teop[efi rar Alg cJrygas }IleaJlbltofo MoHoKplr_
craJlJra, TaK u rroJlltr4ptrcraJrJla, paccMarpuBaeMoro c fio3rfl_uM ollKpucrarbEofi
MO.UCJItr.

Ocra*oBn c.H B*parrle lra srcrrepr{Menra.nruoti curyar-utr4, crors,rBueficfl npu
'usyqeEEr a.qcopdltrroHltoro ornrudca e;rertpo@teruecrucr [apaMerpo8 troJrurcpl4_
cTaJUiIFIe cRtrx troJlyqpoBolFl{Icoablx aIcopOeEToB Bbrconr4Mr{ MefiKp}IcTaJrJrrlTrIbtMrI
oapbepam.r.

I43roeelfiraa B Hacro@eM pa..{eJre llepKoJrsrryIo'rraf Mo,ueJrb a.ucopdu.roEloro
OTICJII4KA OCEOBAEA HA trPE,qIIOJIOII{EEUII O CYqECTBOBAIIIfl B IIOJIIIKPI{CTAJIJIE IurPO-
KOrO pa3opoca Btrcor MemcptrcraJrJtrlTrrHx OHepreruirecKrD( dapbepoB. 3TO qper-
rIoJIOSeIMe olcaSblBaerct cIIpaBeIJIIIBHM .qJIg MHOTID( TIOJII4ICpI4CTaJIJI]FIOCKI{X rroJly-
IIpoBoEMKOB lL45,L46), lI B qacTllocTtr AJIfi oKCIIIOB pAsJII4TIHIIX MeraJrJroB,
xapalcreplrsym@ucfl IIpaKTI{rrecKtr crex]roMerpr{rrecKr4M COCTaBOM llplmoBeputocr_
iIIIX CJIOEB. I{MEMIO TAICIIE OKCI{M, KAK OY,4ET IIOKABAITO B CJIE,qYrcqEft TJiABE,
xaparcrepr{synrcs xeMocoporyroHHbrM ornrEtrroM sreKTpoft43r4qecfir.D( fiapaMerpoB,
ooycroBreruftw B OCHOBTTOM aAcopolu{oltrfiw sapflxeH}reM noBepxHocrtl a,ucopoeE-
Ta [32'52'155]. HaJE[.trIe B yKasaHHbDr troJrtrKprrcraJrJrax Er[poKoro p8sdpoca Bbr-
cor Mexq{p[craJUII'ITIlru( 0ap6epoB aKcrIepI4MeIITaJrbIro IoKaBbrBaJIocb paaJrrlrlutbtMr,r
MeroAaMllt. 3To tr fipfl,Gle ]ISMepeHrIa traAeIMfl llatrpftrelll{fi Ha or,ueJtbHllx &oiITaIc-
TAX MI4KPOKPUCTAJIJIOB [145], I{ UCCJIE,4OBAEtrE BEJI}IqUHbI IIPE.{9KCIIOHEHIfiAJIbIIOTO
MHOTG,ITEJIfl O},tr(.IECKOfi 9JIEKTPOTIPOBO.UIOCTI,I TAKOTO MATEPIIAJIA, OTJMqAIUEIOCfi
B L/1. pa3 B Metsbl[yD c?opoEy IIo cpaBIIeEI{IO C O]II.IIaeMHM B Cfiyr{ae o.E{I{aKOBbIX
IIO BbICOTE OAPbEPOB t146I, lI IICCJIEAOBAEI4E AHOMAJIbHOIO PAEIIEIO IIPOSBJIEIII4fl
EeoMI{rIIIocTu [146'163] ' I{' HaKoHeIL EprtMoe gKcrIepgMeETaJIbHoe oilpe.UeJreHl4e
BIIIa (Dyltrcrler pac[peleJrelurr BEcor MexKpIlrcraJIJMTInix dapbepoB t17o] .

Ilpor4cxorffqee IIp}I a,ucopdlsDr sapfi:r(erMe rroBepxHocrrr raKr!( arcopoeEToB,
IIPABO,4ff R UBMEIIEHI{P BECOT METCCPIICTAJIJI}ITHHX OAPbEPOB, TPAHCOOPIMPYET BftI
I!( oymcuEr pacqpe.ueJreflr{s. IifueItrIo rrSMeHerillre BI4ua oyrfl{urtrr pac[peAereEurl
nucor dbprepoB' KaK Cre,uyer lI3 MOreJrrI, Mofier 6brrb orBercrBelfiro 3a aAcop-
ou4olfiroe l{BMerreHrre raKofi Balrerofi xapaKTeprrcrr{Kr{ rroJrl,Ecpr4craJrJra, KaK Kpy_
rll3Ea ero BoJlbr-aMlepH[x xapaKTepucrlrK uJrl/r, qro 60ree y.uo6Ho. B EarrrrD( r{c_
0JIeAOBAHTTAX, yror EaKJoHa BAX B KOOp.UHarax rn(J/J ")-lEl1/2. oTMerr.D,r,
rITo c tro3rtrgil Teoputr orucpficTarra lrpl,l alcop6ll,[,I cJre.UoBaJIo ObI olg4.qaTb ne_
peMeqelfif, KpIBofi BAX RaK l{eroro B ooJlacrb Melrbrrrr4x r4fir oorbfitrD( Brrallerffi
ToKa nptr coxpaEeHrllI IDt BI4IarIt B qacrEocrll yrJla HaKJIOI{4, EOIIBMOIIHEM.
SKctreprDreETH 8e, Haqpor![B, troKaBbrBaDT, qro a.{copou4s pa3JruuHbrx ra3oBbrx
qACTUII,BEBEBA'I U3MEIIEEI,IE OUfiftIECKOfi AJIEKTPOIIPOBO.EIOCTI4 AICOPdEHTA, qPIBO-
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Ilts (U.e.) r/Jo (nxA)
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et( 1n1c4r'

20 +0 a,B

PI.IC.1.17. JloperaKcar_U4oEEre BAX raoreTl(ll zno rlptr paBJItrrIHtrx sEa-
qeEtrsx po_( rop ) (o) u . cTar${oEapailx BAX lUreErtr.

".ro,, .o4rf,*aqefi 15 Bec.fi Nb, Ali pas.nrqux KoHrIeE-
rpaulil rporraEa (B 06.16) (6)

Q , z L  -  5 ' : ^ o ' 2 ;  2  -  s ' L o ' t ;  3  -  5 0  [ 1 1 1 ] t
6 t I  -  o i  2  -  o , t ;  3  -  o , + i  4  -  0 ' 6  t 5 8 l

JET u K rpaEc{opMargE! Bu.ua BAX, Ha puc. 1.17 rlpelcraBJrerrJ rcapr[rrbr rparrc-

mopMatpr.r BAX, o6ycnoBJerlrofi a.{copdqtrefi.Kr,rcropo.ua Ha rroJir4xpr{craJrJrrrllecroM
oKctrIe r@ca (o) tr a,ucoporffefi trporraEa rra rroJrrtrcpr4craJrJrr4recKoM -IIB*yo4glrJIe
oJIOBa, JIerqpoBaEIIOM trepelo.4l{I'n'![ MeTSruIaM[r (6) t58,111] . oTMeTrn\r, qTo B
rrepBoM cryqae oDrrrE BalunqaJmcb B cEflTEII ,uopeJraKcar.u{oruux BAX, Bo-BTo-

IrcM trccJre,4oBanocb a.IlcopotmolrEoe uBMeEeIMe B]rIa craru{oEapHblx BAX, T,e.
BJIurIEtre a,[copot.uof Ea ycrarroBrrBrMecs BEaqeErrs ToKa, cooTBeTcrByrou{e Be-
JrFr[EaM upuK[a.uBaeMofi rc odpaorly pasEocru rrorerwraJroB, cptrrcr4pyeMbrx rro
uponecTBr{tr qpoqecca peJrarccar.uM.

C EaEefi ToqRtr speEl,Ifl, qatrooJree ltrr(DopMarr4Brtrs,| B nJraEe r,rccJre.uoaaHr[fi
BJrtrfiEtrs a.qcopdlgu Ea crerleri baprepsoil pasyflops,uoqerlnocrtl noJrr{&pr4craJr-
Jurrecrcoro agcopdenTa,1a@oit oqpeleJreErryr rur@pMarruo oO aAcopdu{orutoM
trBMeEerrnr ToKoqpoFrnlaellocTtr MexKplIcTaJUMrHilx dapbepoB, gBJIfleTcfi Mero.q
"IopenalccalploFr+rx BAX' . B toM cryqae, Kor.Ua uccJre4yercs BJMflIII{e a.4cop6-
rr,wn Ea Br4A cTatFoEapII!0K (trocrepeJraKcar.EorrEbrx) BAX, cKorb-rfl4oyAb o.utosrra-
wrofi rEoopMaIlIM o lrporeKaEu alcopdlEoElroro llpouecca rloJryqr4Tb rreBoBMoI(-
Eo. 3To cBflgaEo c Macr(4pywdi, AeftcrBr.reM peJlaKcar-u4oHHNx [poqeccoB, ooyc-
JroBJreEHlrN EapyEeHr{eM rrpr{ trlpuroaeErur BEemreft pasHocrtr rrorel[praJroB paBHo-
Bectrfl MeEAt cBooo,uil,ufi4 HocI{TeJIflME gaps.ua B BoHe qpoBoFmocrlr u JroKafi{Bo-
BaIIHbtMr{ rra eHepreTr4rlecKl{x ypoBElx IIC KaK a.qcopolplolffIoft, TaK }I 6r4ol'pa{$-
,recKofi rDnpo.U. nog?or,fy cralI{olraprrfle gEaqeH}Is roKa, coorBeTcrByuryre Be-
JIIFIIOIe qpUJOteffiOrO Haqps8eEtrfl, saBr{crrT He ToJrbKo oT xapaKTepr,rcTrtrc ax-
copory{oltrsrx IIC, uo eqe i{ or raKrrx xapaKrepucrlrrc 6r4orpa@HecK[x IiC, KaK
ItJlorltocrb E cocrosnrd B oallpe[errxoft BoEe, eeJffqfib 

-ce,rbrus 
oaxBara cBo-

oo.Uftrx EocuTeJlefi I,I T.,U. [L7r]L?21. EoJee roro,B oroM cryqae coBepueHEo
HeBoBMofrHo trccJreAoBarrue Kugerr,ffe a,qcopdluoruroro u3MerreHrrs yrJ[a llaKJrorra
BAX, ,uaqefi @opMalum o Kr{Herr4rce Bapfifie}rl4rr floBepxEocr}I, HpoMe ororo,
a,qcopotEotroe u3MerreEr.re ruIortlocrn cocrotrfld B BarrpeqeHHoft soEe caMo rlo
ceoe Moaer trpuBolE4Tb K n3MerreErtro Blrla cTat-u{oEaplnilx BAX I4 oT,UerbHoro Merc-
KpllcTarrEqecKofo dapbepa [171]. 
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lilcxoAs trB Bcero cKasanHoro BHIIIe, B HarrIrD( BKcIIepI4MeHTax IIccJIe.uoBaJIocb
a,UcopOuI{oIIHoe ngMelle$lle ot'iol,IecKofi gJlelcrpo[poBo,ElocTlr 14 yrJla HaKJroEa ,uo-
pe JIaKc atflroHHbrx BAX nofincpllc ra JrJrr[rre cKrc( oft cr{lunnx a,qcopdeHToB,

B KaqecrBe a,qcop6enToB I4crIoJIbgoBaJIr{cb [oJIIfi{pI4craJIJII{lIecK[e TIJIeHKI4 zno
u sno2, EaIIocI{MbIe ilB BoEIoft cycneHBllu coorBercrByuryD( oKcI4.UoB rla KBap-
IIeBbIe troIJIotKtr c BapaEee qpl4roroBJrerrHHim nyreM BrreKar{rrfi firarl,trroBofi rlac-

TbI KOHTaKTaMU. 3a3op MeXAy KOHTaKTaM'T CoCTaBJIgJt nopfl.u{a to-2 cl,l. Bce

oopa3r.[r tro,EepraJMcb IIpe.EaplITeJIbIIoMy trpoKaJII4BaHrIIo Ha Bos.llJxe B TeqeHI4e
qaca ttpt.t T-5oooc. B KaqecrBe raga aKIIetrTopHEx qacrltll IlcrIoJIb3oBaJIca orfi4-
qerfitril MoreKyrfrplftfr K[cJtopo.4, B KaqecrBe ,qoHopHblx rlacrlfl] - H- I{ zn-aro-

MbI, a raKfe MoJIeKyJIE co. Iilccre,uoBaJlucb KaK K[IIer]IKa I43MeHelfl,fr olor,IecKoft

sJreKrpo[poBolFocrtr ]r rallleca yrra EaIqIIoHa .qopeJlaKcal-[4o]fislx BAX, o6ycroB-

JIeIIEIIe a.ucopou{eft ylcagallHbrx ra3oB, TaK u 3aBllcllMocrlrt cralryIoEapHblx 3Ea-

verod rcc;regyeMblx xapaKTepl{crltrt or KoEqeETpaLuII{ aKT}fBHLIx qacr}Iu.

Hafiplo ep, B alcqerlTopEoM cJryqae olurH 3ar^moqafi[cb B cIIgrI4]I RlIEerI4-

Ku r{BMeEertr,Ifl o ([prtrua.uBaeMoe EarrpalfieElle -18) II B IIplI EarlycKe B npe,@a-
p[TeJrblro BaKyyMrrpo8aErrrfr lo ro-tTop oRpyfrawd a.4copoeHT o6beM pasJMq-

HbIX KOJIIIIIECTB MOJIEKYJIfiPIIOTO KIICJIOPO,qA. METODIKA CH'ITIIS sABI,ICI{MOCTII F(t)
sarUlDr{aJlacb B MHoroKparHofi sarMcfi .uopeJlaKcal-trIolfin'Ix BAX a.ucopoelrra, IIpo-

trsBo,u$,rofi qepe3 otrpe.ueJrellmJe rrpoMerytKtr BpeMeHrI, B TeqeHue Bcero qpoqec-

ca nadfioAaqerocfl a,qcopdullollHoro I,ISMeIIeIMTI o(t). BAXII cHl4Mafi[cb KaK no-

Toqewlo (trpl[ BHxo.ue o(t) Ea EacblqeHl{e), t.e, IIplI [o,uaqe cryIIeHeK llafips-

seEr{s pa3rr[rllloil ne;ur.ucu [146,163], TaK rI fipu [o.4aqe rpeyroJlbHblx I,lM[yJlb-

coB t1z3l c aMruMTy,[ofi 2oB u AJMTerbHocrbn paBBeprKI{ - 7c, ooeclle'trlBalo-

r[I,Ix Baltltcb oaB]IcuMocfl[ ToKa or HaIrpffeeEI{E B .u4arlagoHe nolefi o-z'ro3B,zcu'

BBu.4y cnadofi BHpareEIIocrtI peJIaKcaLu{oIIHtrx EpoqeccoB, EaoJuo,uaslqlD(cs rpu

MaJrbrx .uaBJreEtrlx oz [111], BHopaffias .uJrtrTeJrbHocrb pasBeprKl{ rIoBBoJIsJIa lla-

xo,urbcfl B ooJacrtr .uopeJraKcalu{offiJx BAX. oIUiTE qpoBo.ryIJMcb I{a$ Ha o,uloM

a,qcopoeETe qptr pasJrrfrrErlx .uaBJleH]rffx 02, TaK rI Ha pagHblx aAcopoeHTax, or-

Jrl/rrlan@(cs ,40a,4cop0utroEnilMl{ SHarIeErIro,u gJIeKTpOrrpoBo.EIocTI4. B TOM Cryqae,

KorAa trctroJrb3oBaJrc8 o,@I aAcopdeHT,Mer(4y IIa[ycKaMI,r pa3Hblx llopu,il 02 ocy-

[ecrBJrflJlacb oTKawa grcctrepuMellTarbEofi aqeh.Jr,uo,4aBJIeEI,Is ocTaToilHilx fa-

soa ro-tTop. IlporpeB Bce[ sqelfiu ne upeauta,n rsooc B ueJlffx ],I36e!raHI4s
trpouecca BoccraEoBJIeEI4s oKcll.Eoro a,4copoellTa .

Ha pl{c. 1.18 qpllBeAenu saBEcr/rMocru o(t) I4 F(t), Eaornaalotll}Iecs uptl

sauycKe pasJrtrqEr[x KoJUFIecTB KllcJlopo.ua Ea o.4lu I4 TOT [€ a,UCOp6eHT, Xa-
parrepnsyryfrca EaqaJrbEUM corrpoTtrBJleEueM - 1oEoM. B cry,rae Maff'lx ,4aBJIe-
Iild 02 (MaJHx uMemo .4rs Bblopaltrloro a,4cop6ellTa) Ha oorbulD( BpeMeHax Ea6-

Jrr0.qaetcfl aEoMaJrbEocrb KEIIeTI,IKI{ (cM. KpBUe t,2), IlponaAa@afl B cryqae

dorbro AaBrerilil (cM. KpuBEe 3,4).ll/3 xoJla KptrBblx I fi 2 sll[to, qro Ha

oqpeleJleFr{Fn , ooblqEo BecbMa 6oJ6utx, apeMeEax yMellb[tefiue yrra IIaruIoHa

BAX cMeEflerc8 ,qocrarortrIo pegKuM ero pocroM c o.EroBpeMenruu saMerHblM
yMeHbrrreHl{eM oMullecKoft sJleKTpotrpoBolEocrtr aAcopdeETa. OTMerIB,r, rITo BpeMfl,

Ea KOTOpOM EadJUO,4aeTCfi "trepeKfiogelllIe", yBeJtrrwIBaercs c pocToM EarlaJlbEoro
corrpoTuBneEtrt o6pa3ua. Vragar**re asoMaJTbH[Ie uSMeHeIMfl o I{ F 3-AKaIiltr[BaFT-

ca BbIXo.4oM Ea cTar[rotsap, upu gToM cTaI[IoHapHI{e sHaqeH]4g B .UJIfl BCeX aA-

copOeEToB, Ea lcoropru nao.molalocl "uepeKfioqeH[e" BAX, IIpeBHIIIaJM ffi .Uoa,4-
coDotEortrwe oEaqeEtrfi .
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Puc.1.18. I tmerr.rKa trsMerreEtrr a(t) (KpfiBEe 1a 3) u B(t,
(Rpmbre 2 a 4) trptr a,ucopdr-uEr 02 Ea zno

I ,  2  P n  =  5 ' 1 0 - l  r o p  ;  3 ,  4  -  P ^  =  7 . 1 0 - 2  T o p  ; '
-  

- 2  Y 2

Ro -  lo"ol  [ rsg]

Puc.r.rg. CotrocTaBJeMe TeopeTFIecKE( 3aB[cru\,rocTefi (1.81) n
(1.83), OTItrCDTBaTtx KrlEeTERy o(t) I1I p(t) B cJryqae
ooJb[ffi la&fielild ra3a arcuetrTopoa, c pe3yJrbTaraME
gKcIIepLrMeIITa ( po = 3o0 Top , oo: 0,16 EA / B ,- z

t* o 12o L[{E)

TaKn odpagoM' KEEeTu.IecKI{e uccJIeAoBaIMfl rlooBoJlfiror c.ueJlarb BbrBo.[ o
CyqecTBemo paBJIIFTEoM troBe.[erllM o(t) I{ B(t) B crylraqx, oTJr]Jrlanl[I4xcfi KoH_
rleElpal&sMtr aKuetrTopEHX qaCTtrII.B OKpysanqeM a.ucopoeHT O6beMe. ilpr.r Mafi,rx
UpUMemTeJIbEO K .UaIIEOtr/ty a,UcopoerrTy AaBJrer{Irfix oz Ha OorbUrD( BpeMerrax B
COOTBETCTBM C BbIBOIAMI{ IIEPKOJISII4OIfiOfi MO.UEJM OTI{ETJIITBO HA6TN.IAETCfi
"trepeKJ$Ierilre" BAX, cotrpoBo[,qamteeca SaMerHilM yMeHbmeHI{eM SJleKTporryoBo.u-
EOCIU' Ee qpc,trcxorsqee qp}I .qocraroruro oonbmd (orMerro, eqe pa3 - fiprrMe-
mTeJrbEo K .[arlEotry a,4cop6eETy) AaBJieruFx Kr{cJropoAa. SaMeTm\,|, qTo B COOT_
BercrBtrtr c Mo.qeJrbD Ea6m,4aeMas B gKctrepnMeETax EaqarbHarr c$opocrb a.4_
copoutroffioro usMeaeEtra o EpeBH[aeT aHaJlolrrqHyn xapaKTep]IcTr.rKy F.

OTMeqaa KarrecrBeffioe coorBercrBrire ycrauoBrenrroro oxcrreplrMellTaJlblro lr
trpe,[cKaSamollo TeopetFrecKr{ xapaKTepa IrsMeIIerII4S o u F IIg]r a.ucopouwr aK_
qetrTopEblx qacTEL SaMerIlrM, qTo rpaBl/rJlblilJil BHoOp napaMeTpS to" B BbIpASe_
Err.Ex (1.81) tr (1.83) Aenaer BoBMO'ftrrErM B pfl.Ue cryqaeB yAoBrerBopr4TeJrbHoe
KOJrtrrIeCTBeffiOe omlcaElre Rr.rrreTEKtr o(t) I,I p(t) (pr4c, 1.19). Haorro,uae!,6re
pacxo8reEllg lroryr 6bITb cB8oauilrC O.trIOfi CTOpOEITC nOSUO1CtOfi SaBilcxMocrblo
trOICASATEJIA CIEtrEEIT U OT TOJUIHIT CJOfl AACOPoCHTA, qTO BOSMO}IGTO rrPI{ TOJIIIII4-
Hax uopEura BeJII[qI&il pa,44yca KoppeJrsruEl (B HAEeM Cryqae ' Iloprr.4Ka ,{ec.arr,r
MtrICPOE)' trCIIOJIbsYEMHX B 9KCIIEPI,IMEHTAX, C .H)YrOfi CTOPOHLI, C ]m(!&Y3lIOItrN,IMtr4
sarpyEeElsiuI' qpllBo.u@nM IIIIofAa K EapyEelltrn gaJror€Hrroro B Mo.ueJrr4 Tpe-
ooBarua EeooxoEorocru cBooo.ulofi ra3orleuporrl{rraeMocr}r Bceft Tofiqr4lsr a.qcop-
6eETa. SaMeTIot, rITo c1Torr,rfi yller oTu .qDyx llorox(erufft MoxeT rrplrBecTr4 K
IIOE&'IEEtrD SABtrCfiqErO OT BPEMEIM IIOKA3ATEJIfl CTCIIEH}I B BbIPAftE}MEX (1.81) 14
( 1 . 8 3 ) .

gTO [e EacaeTct B3a]IMOCBAS]I C?aU4OHapHbIX SEatIeiMft o, I g" u .qaBJIeHI4fl
KI,ICNOPOIA, TO 9KCtrEP}IMEIITH IIO,UTBEP.U{JII{ HAJII/TII}IE CTEIIEnHOI SABUCI,IMOCTI{ O-- m s
- P^ c D o o,4 = O,5 (p l4c.  1.20),  a raRfte cJolNf iOft  3aBI, ICI4MOCTTI B" OT
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-Z - l  0 IgPo, -2 -/ 0 IgPs,

Puc.r.zo. Saauc[rvrocrr paBEoBecHo[ BJreKTpoqpoBo,UtocTtr TaoleTrctr
Zno OT .qaB[eHIIA KTCJIOPOAa

PI.Io. 1.21. Sasucruoctr paBEoBecEofi BeJr]IrrtrHrr Tarrreca yrna Ea-

&[o[a Iop€JIaIcCar.EOFnHI BAX OT .qaBJreEtrs Kl{cJropola

I  -  a o =  1 1 , 8  H l l  /  B ;  Z  -  a o =  2 , 2 5  ! t r t A , /  B

p^ , uMerqefi Arff dorbEofo qrIcJIa trcrIHTaItrfix oopagqoB KoroKofiooopa3luffi BI4.U

(pic. t.zr, fiptrBas f), qTo cooTBeTcTByer qpeAcRa3aHusM fiepKorsryIoltrloft

MoIeJM. jlttg pg.Ua oOpaBUoB c a}I3KI{MI'I SHarIeHI'lsl,[4 HaqarbH$x cofiporuBrelfld�

SaBtrCtrMOCTb F, Of Po, XapAKTep[3yeTCfl MOtrOTOIIHI'IM yBefiI'IqeHI4eM Ps C pOCTOM

p^ c trocJlelywo/! eblxololil Ha IIacbIIqeEue (psc. r.zr' KpI4BarI 2)' '{to' Ea
'z

nan asrns,U, Moser 6HTb cBgBaIIo c BoBHIIKEoBeIUIeM oorbuloft ,4oJIlI BblpaBHeHHblx

oapbepoB tr, TaK[u oOpaBoM, c HapyneHneM ycroBld IIpuMeH]IMocTlI IIepKOJIflItrI-

OrrEOrO tro,Ug,qa. B oTOM CJIygae' KaK OT'MerIaJIocb Bbllle' BeJII/tlII4IIa yfJla EalUIo-

Ea Aope;1a6catg1ognux BAX IoJDffia cTaEoBI{Tbcs Heq_yBcTBuTeIbHoft K .{aJlbllettue-

My tr3MeHeEI{n nor, nto II fladrlo.qaercs B sKcneptrMellTe'

npl4 u3yrreHfitr alcopdlEroruroro orluEma o llr p' oOycJIoBJIeIIHoto J9.Io_1,

HNMtr qaCTEIaMtr, Tarctre ICCJI€,4OBaJIIICb KaK KUIIOTIIICa lIBMeIIeElIfl yKagai{HLlx Xa-
'parrepUCncc, 

Ta& u saBItcllMOCTb I.IX cra44oHapHblx 3Ea,Ieififr OT KOHUeIITpaUI&I

a.SraCTr4rI. Mepof rO;urveofBa alcoporpoBailllblx qacTI4U B clyrlae a.4copolutrI Mo-

JreKyJr.EpHbrx qacTI4I CJIyX0IJIO AX [apLtrIaJIbIIOe ]IaBJIeEI'�Ie B Ia3OBO[ (pa3e' a B

cJyrrae aToMapHbrx qacT[U - BpeMs oOpadoTKII IIoBepxnocTII a.UcopoeETa IIoToKoM

eTEx qacrlul. ^f

B aa66 ouflTax alcopdl$g io ocyqecrsrgJlacb uB arMoc&ep asora OCrI lr

ocyEerrEolo Bo3,UyXa, EaxoI@D(C8 trpU aTMOC(FpHOM ,IaBIeEI'III I'I T - 3OOoc.

06se[pgag KoHIIeETpaLurrI S napurpoaaJlacb B rrpe'{eJlax or 10 ppn ao r,s o6'%'

IitcTowtrcoM aToMapBoro r[IIlKa cwxs{Jla TlITaHOBas JIO'UoqKa ' CoAepl(aqat

[pe,@aptrTeJrbEo treperuIaBleElfifr B aTMoc(Fpe Bo.4opo,Ua I4 nepeIlEalfiil'Ift MeTaJIJI'

paoo.{afl TeMlrepaTypa .;1OAoqKU-UCTOqHUKa trO'U.UeprclBaJIaCb Ea ypoBEe tasoc,

qTo ooectrer@aIo aucoKld qpoUeET coAepsalll4fl B IIoToKe oIUEIoiIHLIx aroMoB

III,IEICA.

Bo.UopoI EaIIyCKancs B clIcTeMy rlepe3 HlIiceJIeByD MeMdpaEy. l4cTolniltrcoM

aToMapnoft (!Opt6I cIytK.UI rIJIaTItrIoB[u III[poJMBep c aa,4alfiioft TeMflepaTypofi E]I-
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ItrffreTruca I{BMeEerII{fl gJreKrpoupoBolEocrtr troJrmprcTaJl_
Jrrfqeclcoro orc[qa IIptr aIcopor$E[ AoEopEEx rIacTEU
t - co Ea snoz, o,11 oO.t co B Boo1yxe, ? = 3oooc;
2 - H-arobfi Ea zno, l*- 

= s.ro't Top , ?a = t4oooc,

rzm' 2ooc;

psc.r zs. il"ffil'ill*x3#";,m'il;;'f.' ;:;: na*,ro'a
'UopeJIaKCaLUOFr{FI BIU( qptr aACOpdr@ .IIOE.pOB
I - H-aTot\,u Ea zno;

2 - Zn-aTOrfiI Ha ZnO

t r

Ttr EaKaJIa, odecuewBarqet HyryD rcoE[eErpauno h-rroro". Be;urrucor laB.le_
Efr Bo.qopo.qa trptr 3a.uaruIofi reoMerptru aqeftrlr BbrorpaJurcb l{cxorfl I{B ycJroBffi
clMTa t1741 TaK' 'rro6br. KoEUeETparrr.E H-aroMoB ydHAara uprl yraJIeEI/M OT UC-
TOqEITlKa gKCtrOEerflFraJIbIIO C .UeKpeMeETOM, IIe BaBlfC@n OT ps .

xaparcreprue Kpr{BHe Klrnerr{Ktr l{oMerrelufi o(t), ooycro"nario"o a.qcop6u4eft
H- tr zn-aToMoa, oJIEoTtrIIEE (puc. 1,22). ItlEreTr.fta r4BMeHeHr,rR o(t) B cJryqae
a,UcopdtIM co trMeeT arraJroltrElEfi BlrA, o,EaKo. B oTJlrrrrMe oT.qByx IIpe.EIAyq]D(
cJryqaeB ctrr'EaJr O6pa1!ru UpII y,[aJreErEI co. JIaJEtg{e. KBaBIIBKCIIOEeEIS.IaJTbIGTX
yqacrrcoB sa rereuFrec&l'x rcp]raEx o(t) ,4ra Bcex rpex BlIroB aacoporr4BoB flB-ffbrur 6qd -o.uirnr 

rocaemw Ao*aBarerrbcr"o" 
-u 

*ii"r-.4;d;i"l,nur;;.
s{c-o-ryryaEq-o 

'u3Meneulra 
eilerlpotrpoBo.Eocrr{ rroJrr,ftp}rcraJrJrr,rrrecnlfx rrJreuon

zno II sno2, a aitCdp6Uromoe yMerr6[renr{e p(t) (ptrc. 1.23) _ B rroJrbBy rrep_
KOIflI.U{OItrIOft MOACJU. CPABEEIuIE. IIOJTqEHItrO( KI4HETIIIECKID( PE3YJIbTATOB C PE-syJIbTaTaME tr€p-KoJr8tg4oHrrofi MoIgJM (Crr,r. prc. t.re ) caluereJrbcTByeT KaK Oo
r{x *aq.crseffi& tooiberctgrr,i, TaK u o "o""ooo.rrr Mo.qeJplpoBarr}rfi [poqecca
aAcopdrEoErroro trSMerreEr{fl o u B rlp'I coorBercrByroqeM Bbr60pe [apaMerpoB cr4_
CTEMII.

qTo 8e rcacaeTcs crat.EroEapHrlx BEaqeIfiM crlFllaJra, To, KaK rrolca3aJr orIIJT,
saBtrCr4MOCTb os or lco'qe'rpau* co rrs paSnbrx a.ucopoe*T.B IIA ocrroBe
sno2 IrIlrI paSJIIlrqEbIx reMleparypax B I{IITepBaJIe 1OO - aoooc B Ooracrr,r KoE_
qelrTpar@ co MeHbultg t5o ppn gMee1 Juqrel&trfr B14I c yBe;14rlltBarutr.rMcf c
POCTOM TEMIICPATYP'I IIAKJIOIIOM. B O6TACTI4 6OT''"D( KOiIUEHTPAIPII ( > 15O PPN)
HaoJUOAaeTCfl CTetreffiofi saROE r{3MerleEr,Ifi o - o. = {tcol _ tcol.}r, ;
'n ! 0'68 + o,77, rITo lcaqecrBeEEo coorBercrByer BbIBoraM rlep&oJlfir.udoElloft

P a c . r . 2 2 .
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tcol" - EocTosEEHe, 3aBtrC@e 01 XapaKTeptrcTI{K ICOIiICpeTIIOTO aAcopoellTa.

B gaK,mrlerue SaMeTUM, IITO SICCtrepUMeETaJIbHtre TOqRIT' UOJIyqeHHbIe IDII lI3-

MepeErrr BeJurqtrHII CmEa.na s = t(doldt) o-'lr-o B SaBtrCI,IltOCTlI OT TeM[epa-

Typbr Etrrtr EaKaJIa - trcTorIEtrICa H-aToMoB qpu pa3JItrlIHEX ,qaBJle$[sx MoJIeKyJIfrp-

Eo roBoAopo la ' y I o& , I eTBop I ITeJ Ib I IQyKJ Ia ,& IBanTcgHa I I p ' IMNeBKoop .@IaTax

lns - T-r (ptrc.1.24), EaKJI6II rOTopEX, Otrpe.UeJisloqd BeJIlIrIlIEy gllepr14tr JIII9-

c o w a l I f i f i [ | o J I e K y J I r p E o r o B o , [ o p o A a ' A a e T 1 o 4 ! 3 K K a I , / M o f l b . E J E t S o c T b e e K

TaoJI'IrrEony sEaqeEm (Loz,s taKail/Morb) cBglereJlbcTByer o rIPorIoFI]lIoHaJIb;

uocTu AeTeKTOpa Ea ocIIoBe uoJIlmpIIcTaJuFIecKoro oKcI'IJIa I-UIHKa IIa aToME BO-
* 

,Uopo,Ua'B OdJacflI I[x oTEOcETeJIsEt$. ItOIilIeETPaIgil' pasJMqalollpD(cfl ooJlee qeM

Ea rpu trops,6a.

P t r c . 1 . 2 4 .

Sae[cntoctr BeJIFIUHII curgaJla

oT reM[epaTypH mTtr

EAKAJIA trCTOqEI&A H-ATOMOE

,  -  , r ,  =  o ro35  Top  i

,  -  P t z=  o ,o5  Top

6 7 8 9
72+/t , R'l

IiItaK, KaK cJIeAyeT II3 EBJIoxeITEoTo BDuIIe, EaOJDO,qaeTcg yToBJIeTBopI4TeJIbIIoe

coorBercrBtre peSyJIbTaToB, upe,qcKasbrBaeMrrx trepKoJlgr.u{oElloft MoAqJIbD aficopd-
rr{onuoro orrc,Mra eJerrpo(Fro}rqecKtrx trapaMerr6iliiorstrcpucraJrJrr.rqecroro uow-
trpoBo,@lKoBoro a,4copoeEta, uMeqeMyc8 9KcIIep[MeHTaJIbIIoMy MaTepI{aJIy, B

i ps,qe cJryrlaeB paEee Ee Eaxo.uIBIIIeMy cBoero yoe,ryITeJlbHoro o65flcEelMs.
': 

11p64norem+fr [o.u(o,u K IIoJItrI(pr{craJUMrrecRr4M a.qcopoeHTaM craHoBtlTcs
BeCbMa trepCtreKTtrBHHM IIplI paCCMOTpeHI4tr IIOJItrICpIICTaJIJII/rIIeCKID( KOMIIOBIITOB'
trpe.4cra&lsu@ codofi cMecll pasJrr4qHirx oKc?tIoB, LlcrIoJIbSyeMbIx B KarlecrBe
a,qcopdeEToB ,uJrs xxMnrrecrsB.cetrcopoB lL75-L77). B yKaoalil6lx paoorax ycra-

Eo&[eHo, qro 
ry_4q9lb-{e-4- }yP9TE}IreJIbEo,grlD K oIIpe,4eJIeIIHbIM raBaM o6rala-

.pT-.q!,{99tr.p-apg!*Sg!"9"T-9:goB., Eoree roro' a,{copourollHoe rIoBeIeIII4e oJIeK-

$o@BwecKr{x [apaMerpoB TaKtD( KoMtIo3lIToB B HeKoropblx cryr{aflx xapaK-
TepI43yeTCg aIIOMaJIIIflMII ls8,L76,r77L trpUCyUOdU JIIIIIIb OIDe,qeJIeIIHbIM COC-
rasau Ror,floEiTtffiia. 1.25 ) . HaJmqlte rarrD( aEoMaJEd rrpe,qcraBJlser ollpe-

Aerelmfr rrETepec Ee roJrbKo B lMcro HayqsoM rIJIaIIe, Ho rI B rrp!1R.,Ia,4IoM,
IITO OCEOBAEO EA }IX BO3MOtrHOM IICNOJIbSOBAIIIM ,4JIfl CO3.4AIIIIfl 

' 
CIIHAJM3ATOPOB

; oqpeAeJrerrHilx KorueETpar.tril Ba.uanHur ra3oB. IIpoBeAeIfisIft n paootax 1to:.,
,' L62, r7B) reope-rygcx@"egg,g_B troKaoaJr, qro cyqecrBeTrllo.poJlb q .Fj?Me",IIeruuI
, eJreKrpoqpoBo.uEocTrr KoM[o3[Ta, trpotrcxo,uqeM qpu ]ISMeHeIilM ero ..c,-QcJaBa,

mpaer rpanc@pj[argr Br.ua &vTcrIM pacrpe,qeJlefiis bucb.r.. il:rccpllg.tg4pr.rec-

ir-KlD( oapbepoB. TaKI{M odpasoM,'n srr4t padorax 6trro BnepBbte ycraHoBJIeEo,

i\ qro ?aK" a,ucopdlu.rs, rar r{ rroMelrenlre cocraBa . $oMrIoBIlTa BJIIIaFT IIa ero
I  

_ -F i

rl s.nerrpor4pBo,uocrb qepeo I,IBMeEeEIe crertelm 6aprepnofi pasy[opsAo,{ermq{.tr,r.
-ia;urwre 

ranof rcoppeJflrgfl rroaBoJuro c@pMyJmpoBarb rrpiliuruI Bbloopa. ggg.r.,aBa
KoMnosr.rra, odra,qaruero MaxcuMaJrblloft .ryecretltemnoctln r a.ucbporuor. I

t g s
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Pac.t.zs. 3aB[crorocrb sauprseEfifl odnapyeelil{s u or KoHTIeET-
parsM rlporraHa c Nlg. oopasr{a sno2, JlerqpoBaHEoro
N b  ( e  B e c .  t 6  )  t s s l

Puc.t.zd. gaBficturocrll Ea.raJbEo[ oJreKrpoqpoBo$ocrtr (oo), rrya_

crBr{TeJlbEocru K aAcopOLUEI co (t@o/dt) r-tl,-o) tr
KaTaJrrrTrFIecKo[ aKTTBEOCTTT ( [coz ]/ tcol ) B peaKtwd. 

*-//.
oREcJreIIrIE co .4o co2 a.qcopoeETa IIa ocEoBe cMecE
zno + SnO2 OT efo COCTaBa

itnaenro, Tarsil cBoficrBoM odraAapr rcor,trros[Tu c cocraBaM]r, oqpe.qeneurrbr-
Mtr tro yrlacrKaM saBuctrMocrtr sJleKrpotrpoBo.ulocrb-cocraB, xapaKTepIIByD-
ryo,tcfl EatrOoJbueft cKopocrbr I{aMeIIeErIfl aJlerTporrpoBo.qllocr}r rpl{ I4gMeEeIilM
cocTaBa KoMtrosUTA.**ffii'i6brae 

e*ctrepuMe'raJrb'oro rroArBepxAe*rrfl Ha pilc . L .26 rrorasa'br
3aBr4CUMOCTtr EaqAJBEOfi oJreKfpotrpoBoElocrlir oo, qyBctBlrreJlbHocrll K co s = i
= t(arolatt) r-tl. o tr KaTaJMTTFIeCKOfi arrmgocttr B pea&$Ill oK}ICre]fiIs co :
.qo coz or cocraBa arcopoeETa' qpeAcraBJrmqero codofi cMecb rloJrr,ftpr,rcraJuM-
rIecKI4x zno E snoz.. yee,{aBEo ycraEoBJIeEo, rrro aAcopOeETbI IIa ocHoBe cMecl4
yKaBaHEEIx orc4qoB odna.[apt qptr oqpeleJrerrnpx cocraBax Bbrcorofi qv;;Tff-l
TeJEEOCTbD, EatrpuMep, K gTaEOJry B BOSAyXe [17s] . ,'

AEAJIUS qPtrBEJIEI+Tr�lr EA PI{C. 1.25 PESYJIbTATOB IIOSBOJIfiET C]IEJIATb BAIC'M-
qEEUE O EAJIFI}Itr YKA3AIEOI KOPPEJLq&I MEE,4Y CftOPOCTbO I.I3MEIIEIII4S AJIEKTPO-
fipoBo.Eocru a,qcopderrra upu u-Cueueixul ero cocraBa rl aeJm,ncrofi qyBcrBr.r-
TeJIbEOCTE a.{COp6rW. SaMernr, qro Ee60rbMe r[sMerreH]rs KaraJMTlrqecxofi an-
Tr.IBEoclg, EadJmlarcnlrecg rFI{ ugMeEeIIm cocraBa Kot\itrIog}rra, He RoppempyFT
c trsMeEer{reM ero wBcrBnreJrbEocrl{. KpoMe 3Toro, upoBererfinfr peETreHo(Da-
3oBbfi AEAJM3 trCIIOJIbSYEMbIX KOMtrOsItTOB trOKAsAJI B qPEAEJIAX TOqHOCT}I }ISMEPE-
mfr orcyrcTBue rarofi-.moo EoBofi (!aBE, ctrocooEoft oTBerlarb Ba Ha6;uolaeuoe
npr! a,qcopOr@ co trBMerreEtre aneKrpotrpoBoEocTtr. Bce [c[orbgyet\,[de KoM[o-
3I4m rlpe.4cra&[aDT cooofi, tro Bcefi BtrlEll\tocru, r',texadigeexfti blirbCli ncxonux
orcltloB, a euawre.nlnofi cretreru orJmqa@{eca 

-dil;_Si*ry"r-iiaC'np-ele.riero.rs

BLTCOT l4e!rc(ptrCTaJulrlrrrecKu oapbepoB. IMeItrIO 9TOT MOMeHT r.r UOeSOrqei; 
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uefi TorIKtr gpeErlfi, Ee[pornBopeqrBo oObffcItrITb EaortoAaeN[,Ie Ea o]EITe aHo-
MaJrbHrre SaBtrclrMocTr{ qyBcTaI,ITeIbEocM ceHcopa oT cocTaBa KowoSr4TIIoro
a,ucop0eEra.

I{TaIc, Bce qptrBe.ueHHEe sKcrleplrMeETaJrbHile rrpr4Mepbr cBrr.uereJrbcrByicr, qro

,qrff rlocrpoeErlfl TeoprII4 aAcopou{oltrroro orKrrrrKa rroJrrtrcprrcraJrJrr{qecKoro rioJry-
qpoBo,@roBoro alcopoeETa, a,ueKBarrro ormcEBaxuefi paBHooopa3Ebrft oKcrreptr-
MeHTarbrcffi MaTeprraJr, Heooxo.Uoro yqr,ITbrBarb, rroMr.rMo BJrr{fiHrrs ynops.[orreH-
Hocrlr rroBepxnocrrr a.qcopdeuTa Ea ero a,{cop04{onltbre xaparTepllcrrrrtr,
TaKJle u BJMEDTe caMofi a,qcop6r.uM rra pagyrlopfiltogeElrocrb aAcopdeHTa, oII-
peAeJrsrqyp KaIc ero coocrBeHEEe gneKTpo(Fl3trlrecKtre xapaKTepI{crI4K}I, TaK lr
Ex a.UcopOLEoEEoe rrsMeEellue.

1.11. BJtr4slre a.qcop6l[dr Ha Korqerrrpars{D lloBepxHocrHlnx
u odBemsrx ToqeqEnx IeoeKToB B noJryr{poBo,U{uKoBoM aAcopoeHTe
tt oOycnoBnerrHoe orulr u3MeHeHlire ero gneKTponpoEo.qHocrlr

B rlpe.ur.qtqD( pa3,ueJrax ocrroBHoe BIIuMarlI,Ie 6buro yAereEo a.UcopoworfroMy ]rB-
MeEeErtro sJreKrpo(ErBI/FIecKEx xapaKTepr{crr4rc rroJryrlpoBol$il&oaoro a.qcopdeHTa ,
ooycroBfleruor,ry smercTar\,rl,I 3apflselMfi IroBepxEocTI4. o,ura:co, rax yKasbrBa-
Jrocb B paBIeJIe 1.6, nBMeEeHI4e glercrpo(prgtFlecKru( xapaKTepr4cTr{K TaKm aI-
copoeEToB Moaer 6HTb ooycroBreEo I{ A)yruMIr qpr/rr&rrraMu, B r{acTHocrr.r IIps-
MEM B3alato,[eficrBlreM aAcopdara EerlocpelcrBelfio c rroBepxHocrHbtMtl Ie-
(FKTawI, a KaqecrBe Koropbrx B paccMarpltBaeMoM cJtyqae oKcu,uilnx agcopder-
TOB MOfyT BHCTyIIaTb CBepXCTel(llOMeTpIMeCKrre aTOMbr MeTaJrJla lr RrrcJropo.Etrile
BaKaEcuu. ItaKofi trB yRa3arrHlu upoUeccoB BHocrrr rraBltrff BKJIa,q B HaOJuo.Uae-
Moe Ea orl[rre usMeHelfle gJleKrpo(F3r[lrecKEx xapaKTep]rcrl4K a.Ucop6eHTa, BaBr,r-
cut oT ycJroBd ero trpuroroBJreErlfi tr ero gpe,Ucropr,M. ItaK 6yIeT rloKagallo
Bo.BTopofi rJraBe, Ha cero,4Effifr,qeHb trpr{rrsro crMTarb, r{To g(EFftTbr saps-
8ellufl rloBepxEocur fiBJI-flDTcfi orrpeAeJrsw![4 B cryqae a.qcop6eHToB, xaparre-

* d - - r . ^ . -

pr{3y@cff upaKrErre cKtr 
.cTgxtroMgrp4:re 

crcn cocTaBoM rD( qprmoBepxHocTHbrx
cJroeB, B To BpeMfl Karc ,4rrs .-.l?-9.-T-gfiI_o_"p_occT.alloBJlelrltbrx oKclr,qoB lraBrsffi BKJa.U
B uBMeEeEIle rB sreKTpo(M3r+recKr{x xapaKTeptrcrtrrc odycroBJuBaercff rps n
BBgB{pA9scr94eM a.Scopq.qla. c IloBepxEocrHbrMr4,ue0eKrarw{, IlpaKrr.rrrecKrr He
uptrBo.U@, K EBMeEeEm IloBepxEoc$roro 3aru6a goH [32], B nacromleM pa3-

,{ene Mbr paccMorplM BoEpoc o BJMsIrutr ra3oBofi Oasbr Ea greKTpo(b43r4,recKr.re

xapar{TeptrcTuKtr a,UcopoeEra, ooycroBreT$+re aIcopOLU{oHnbrM tlgMelreHileM paBrro-
BecEofi IcoHUeErpar.UIII roqeqnux Ie(FKToB, Eaxo.{@D(ca B oobeMe }r Ha rroBepx-
EOCrU rrOJIyIrpOBO,@Ka .

EcJu{ wcroe BeqecrBo, HarrpuMep orctrq MeraJIJIa Meo, Haxo.Wrrcfi B paB-
EoBecIM c orpyraqet cpeXoft, To B ctrcreMe rag-TBep.uoe TeJro cyqecrByer
EecIcoJIbIco pasJrEttrtrD( TrrtroB paBEoBec[il. K rflD, orHocgrcff: paBHoBecr4e KaK
MeE[y aToMaMrr MeTaJrJra, TaIc tr Me{Ar aToMaMr{ Ic}IcJlopo,ua, HaxoArr[u{Mrrcrr B pa-
sJrr{rrHEX cocrofiHr4rrx, a ruerrEo: Bo BEemrefi (DaBe, B yoJrax pelrerRr,r, Me]l(IoyB-
Jrrrtrr u B SaMeqeHHrlx ysJrax peEeTKu; paBaoBecrre Mex,rrJ aToMaMr,r Me II o, a
TaKse paBEoBecue Meil&lr pasJrr[lrHilMr'r tro gap8,[y @pMater Me ].r o, cyqecTBoBa-
Er.re KoropEx ooycroBreHo rrpoqeccaME troEI,IBatIIu I! peKoMdI,trIaUM. .Urfi Karuoro
trpoqecca, trprrBoAflqero K r4sMeHeHrrro KoEqeETpatpIr[ Toro ]rJrrr llEoro KoM[oHeH-
Ta, IIa ocEoBarnnr garoca ,UeficTBymUD( Macc Mo)ffio HaIMcaTb cBoe ypaBHeIII4e
paBlloBecr'rs, oaraEc RoropEx u o[pe.ueJrser paBHoBecmffi B .qaHrrbrx ycJroBuflx
cocraB crlcreMil. JIJS rcal(Iofi Koltrcpefirofi cucTeMbt rJIaBHyro poJrb B ycraHoBJle-

68

filM. paBHOBeCEOfO COCTaBa [rpanT Jrrrrrrb oqpeAeJreH$re qpoqeccbr u Ie_
QeIcrE, Ilprruepatsr Hal{doree pacfipocrpaEeBHrrx .Ue(reKToB B oKculax pas-
JErrnnrx MeraJrJroB aBJrsnrca BaKatrcutr rcucJropoga 1vo vi v;-) , MerarJMqecKue
BaKarrcuu (q., q-", q.;, Mer$/BeJrbrrbre aror,nr laeril.na- fu*, uel, uej-y n,
rraKoHeu, MeryseJrbmne aroMrr KucJlopo,ua (o:, o_, o.-).Baecr m,ueKcbr ", : i,r
ll osHa,ranT EeftTparDHyn, oEroKpaTlro rr Eatr(,&I BapffxeElryn @pruly .qe&erra.

B cwqae ycrarroBr{Brrrerocs paalroBecu.s 6aragc Meruy pasJmrrruMr4 aroMaMlt,
Ae(FKTarru E rtx pasJrr{rrHHMr.r sapafrerrHrrMr{ sopuawa [o.4,4eprc4Baercg oraFo.qapE
IlporeRaElm peaKryfr [73, 69)

l { e o ( v )  ?  } r e ( s )  +  }  o r t v ) ,

Me(v)  ?  ue(g)  +  v ; .  ,

o ( v ) ? ] o r r s l + v i ,

v i . ? v * . + p ,

v r . ? v r . + n ,

t ? " 1  * € ,
v i ? v i + e ,

r.4e trIueKcH v }I I o60suaqanr qpffia.ure,ruIocrb coorBercrByrouero aroMa pe-
rlerKe rBepAoro reJla IIJM ra3oBo[ @a3et p I,r e - cBo60E]bre .&rpKa u gJreKT-
pou coorBercrBeligo. Cot;lauro BaKoEy .ueffcrByrolu,rx Macc ,uJrs Kalt(4oro qpoUec_
ca Morcro salE[caTb ypaBHeH]rs paBHoBecr.rs:

K  = P  P o ' 5
iS le 02

*ui.: "* tq.l

\ ,"  = Pl ' t  tv,: ,1 ,' O  " z

K . -  =  f v -  I  r p l l  f vo  I
u * .  _  i e _  - _  '  -  x e -  '

Kv;; = rv-.:  tPl l  tv;.1,

K , , -  =  t v ; l . t e l l  t v : , 1  ,' o

K v ; -  =  r v i - t  t e l l  t v ; 1 ,  ( 1 . 1 2 s )

"o, "-" u poz- coorBercrBynul4e ,qaBJleHlrfl, a l{Ban)arHbre c&o6Kll ooo3HaqaloT,

KaK o6Ht{Bo, cooTBeTcTByFrryIe KoHIIeHTpaUItr4. RpoMe ypaeirerud paBIIoBecI4s
(r.119)-(1.125), I4Meercf i  I{  ycJIoBI{e gre&TpoHeftTpaJlbHocrr{,  Bcer.ua BbInoJrHg_
r0ueecfi [p]r paBEoBecl,flr. B paccMarpr4BaeMoM cJiyqae oHo r4Meer Bu.u

t e l +  [ v - e ] + 2 r v r - t + t l l i l + z t H i - t  =  t n l * t v j t  *  z t v i . t + t N j l + z t N j . t ,  ( t - . 1 2 6 )

rne tN;l u tni-t, tlljl n tN;-l Koruerrrparrrr[4 o,utoKparno tr rBarubr r{ogr4-

3r,rpoBarrHHx npxMe cHNx aKrlerrTopoB lr IoHopoB .
l4e nupaxerud (1.11e)-(1.126) Br4sto, qro ycJroBr{f i .B ra3oBoft @a3e BJMEToT

Ha BeJMlIilItbI paBHoBecHInx KoEUeHTpaUrft Bcex 6eg r4clrrlorlelil,Ig ror{eqHblx .Ueoeft_
'foB I4, TaKlrM oopa3oM, Ha KoIIUeIITpaI-Fflo cBooonil,rx HocfiTereft Bapfi,Ua.

( r - . l 1 e )

( 1 . 1 2 0 )

( r - . 1 2 1 )

( L .  L 2 2 )

( 1 . 1 2 3 )

( 1 . 1 2 4 )
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EoJMocEoBInnM.uoHopoMgJIeKTpo}IoBgBJl f ie lcgMexyseIblsr f taToMMeTaJIJIa 'B

paccMorpeH[e .uoJlllc{bl obllb BKrIoqemI Tarufte peaKlllltl

ue (g )  5 l ae l  ,

ue: 5 l,tei + e.

y cJIOBi,Ifl paBEOBe Cufl KOTopbIX OIMCHBaIoTC g BbIpaKeHI'IgMI4

F.r"it = Kr"o / Pr" ,

1u " ] t  =  x * " r  t t u t " l l l  t " l .  
( 1 ' 128 )

trlTaK, .IJIfi u?rpoKo3oHItofo IIpLMecHoIo IIOJIyIIpOBO'E{ItrCa n-TlIrIa' Haxo'ufiqerocg B

paBI{oBeCI&r c BHeffiIefi cpe.qofi, co,qeptcauefi rc[cJlopo,q c napufiafibHblM .UaBJIeIIi4eM

po , ypaBl{eElle nefitpalluocrll Mor(er l4Merb BI{'4

t , " ,  
=  i v i : +  z r v i t : +  t u . l l .

( r .  L 2 7  )

(  1 . 1 2 e )

B roM cJLyqae, rorla'ocno_nt9.!,.--.9.lqlar B [sMeEeHtIe KolueErpauM cBooo'uux

EogsTe;1eft AapT IFaxItr iOril6lrponarmte BaRaHc414 KIIcJIopoIa ' rITo cIIpaBe,qJIlIBo

trprr Bgcor(&( remib"paryspbf, 
'rurs 

rorUeurparyM eJIeKrpoHoB npoBo.Uo'locrll troJly-

q a e M t e ] . 2 t v ; . ] , o r K y l a H a o c I I o B a E I { I l r B b l p a f f e l f l i l ( 1 . 1 2 1 ) | ( | . L 2 4 ) ' I

(1.125) CJIe,nyeT

t e l  :  ( 2 \ , + +  K r .  \ o ) t / r  o ; t l ' '  ( 1 '  1 3 o )
' v o ' o ' o " z

qToqpmo.&tTIcEBBecTHoftSaBI, IcI4Mocr l IpaBHoBecEoftsJIeKTpoIIpoBo'EIocmaI_

copoeBTa OT .qaElIeEUs IqICJIOpOIa:

-  - - n -  ( 1 . 1 3 1 )
o  -  P o ^  ,

I.qe; = rie. Onaernr, qTo.[Iszno qpfi TeMlepaType BbIIIIe 11oo K HaOJII0,4aeT-

c s , ; .  1 1 5 , 5  [ 1 z e ] ,  a , U m i l o z  4 p t r T >  1 4 o o K  n " i l a , s  t 1 8 o l '  I { o r . U a

KoEqerrTpau{s cBo6o.uux nocllte,neft 3aprl.4a oqpeAeJlfieTcg tvol u.rr KoHIIeHrpa-

I s I e f iMe rySoJ lbHb rxaToMoBMeTaJ I J Ia ' 3aB I I cuMocTbKoHqeHTpa I I 4 I49 Ie I cTpo I l oB

rrDoBolIIrMOCm oT p^ uMeeT Br4I o - [e] - n;t/o [rar]. ItoIAa ocIioBHNMtr
ut "z

Ie(FKTa!,M flB,Itlnrcs l,reryae;rrrue aroME KtrcJlopola' Eerpy'ulo rloKa3arb' rITo

a.ucop6eur, o6ra.[awd B eroM cryqae ...p-{rqou- g.p9--Po4A'!o-crI'I' ooHapyxrBaer

3aBItClIMOCTb gJIeKTpOrrpoBo,uIocTb-,4aBJIeIII4e KlrcJlopo'4a Bu'qa

o -  ' l l ro  
.  

(1 '  132)

xapaKTepIIyD .[JIg ralolx oRcI['uoB' KaK sro, Thoz, zro'� Bao [180] ' OTMerw'

IITO BOEpOCtr, CBgSarrffile c odpa3oBaEleM Odbelvsnrx Toqewslx .ueQeKTOB' ltX

cTaoruM3al.EefttrptroxJIa8AeHlII4MaTep[aJIauBJMfiHlIeMIIa$oHueIITparyI l I I4[o]I_
BlDfirrocTb cBo6o.4nrx HocIITeJIeft 3apfl.[a B MOEOKpUCTaJIJII{qecKux IIoJlyIfpoBo,uM-

Kax, tro.4)o6Bo paccMorpeHu B O63Ope [32]'

IIp[ Tel,Eeparypax Ilops,4ta 7oo-9oo K oqpeleJlsloqyo poJlb B 3aB]4cl4Mocrll

paSJrr{rlHbtx gIeKrpo@43I,IqeCKlD( IIapaMeTpoB a.ucopoellTa OT COCTaBa oKpylraxilleft

oas t rE |papt I IoBepxHocTI Ib IeToqet lHb le ,ue{eKT6I t32 ] . I taKy lcasNBaJ locbBpas-
IeJe 1.6, 9TS IeqBRTbI OopasyloTcs B Tel\'�fiepaTypHoft o6IacTl4'� B KOTOpOft

cooTBeTcTByuafi KozueHrpalu,Ig oobelvfislx ,qeQeKToB oqefib MaJIa' oxJIaIgeEI{e

a,ucopoenra [o KoMEarHbIx reM[eparyp rpllBo.u{T K ToMy' rITo lI3-Ba rlepepac-

rpe,[eJleEfi f l ,ueoeKToBliapyEaeTcfi l [o,ulopo.uloepacqpe.ueJleE{e.Ham4,II4eIIe-
oElopo.Eoropacl lpeAeJlelug.qeQeKToBIrpIIBeJIoKBoSI1I,IKEoBeHI{IoEoBoftMoAeJ-M
ooe,ueluoro [oBe?-{Ir9-qT-Hglq*c*.{-L o cl{oBalfioft Ea SBJIeIII4}I noBepxHo c r$!ro

otulmAs la&;foB t1821 r'r ssrfiiqercs aJlbrepHarl{Boff cyuecrByloueft MoJIerM

oaptepa illoll^xf . _t 183 ] .
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B ocEoBe MolIeJM JIeMT qpelFoJlo[eEr{e, saKrrorramqeecg B ToM, qTo yMeHb_
lIeIMe Koa@Elenra E4DilV3ro[ .4e(FKToB, qpor4cxo,{flqee IIpu oxJran4eE&]r oopas-qa or reM[eparypbl orfrIIFa' ycraEaBJI]IBaer rleo,ulopo.ryoe pacfipereJle'rre BaMo-poaemr'" recDeKToB' Xaparcreptrsyqeecs yMerrblreEl4eM !!( KOIilIeHTpaLuM IIprI
trpudJuee8lltr K uoBepxnocrr. 3to upnao.ur K yMerlbrrrel{4ro x}IM}rrrecroro rrorerr-
I.U,IATA, qTO ECTECTBEIIEO OoYCJOBJETRAET BAFIIo BOII B IIPIIIIOBEPXEOCTHOI OOTAC-
TI!, odectre(IBarofr trocTosEcTBo ypoBEs Oepr,u ao nceu oobeMe a.qcopoellTa.
Shsmep [182] creJraJr BrrBo.u, qro ralcofi roMotrepexoA ooree coorBercrByer
''prmoBepx'ocrEofi odracrg ooeEerus, cyqecrBywefi, Harrpl,tMep, B zno, EeEe-
JM 0n3, oOycnoBreffiaa OapbepoM IIbTTKI{. O.Eraro B paooTe I6e] Ha ocrroBa_
r{nrf peBe'r{a .urmy3,noffioro ypaBEeE]rff c sasucsqefi or BpeMerrI4 BeJffqmoft Ko_g(DpflEeBra .um[ysro qpoBeAeE pacrrer Mo.qeJM Oltr3Eil.epa ]r ycraHoBJreHo, qro
TAKOI g([&ERT .UEfiCTBtrTEIbEO UMEE1 MECTO, O,4IIAKO BEJIIITrIITEA ErO MAJIA. TAK,
,urff zno BeJtrrrrlra sartrda BoE, odycroarenrroro ,rr,nn 

-rlmgiefoill*tocgijliger

JII4llIb recfiTyD 'racrb EaoJuoraeMofi gKctrepuMeIITaJIbIIo BEcorlI rloBepxgocrlloro
dapbepa. 9To tro3BoJllro c.qeJraTb BrrBo.U, .rTo ocaoBgoft 11pr4w6ot llp]4rroBepx_
EOC''TOT. 3aruoa 308 sBJrserc8 troBepx'oc''roe Sapsxe',,ne aAcopoe'la, qpr*o-
A'qEE K BOsEtrKEOBEH"n O6TACTtr O6E,UIEIME, OIMCbIBAEMOT MO,4EJIbIO IIIOTTITI. OI_
rraRo trocre.uffi BbrBo,u pa60Tbr [6e], cBfi3arusfr c rJraBeEcrByroqefi porba uor_
TKI,IHCKOTO sATUOA 3OII, .IEJIAET EEKOPPEKTHbIM lI PC3YJIbTAT, CBIIIETEJIbCTBYTIId
o EaJrrFIlItr ooe,lEelMs troBepxEocTrrofi ooracTu rro KorqeETparutr4 .4e(FKTOB. lleft_
CTB}ITEJIbIIO' EAJIFItrE AqPI4OPEOTO 3ArU6A 3OH, OdYCTOBJIEITHOI'O CYqECTBOBAETEM
sapsaeltrroft troBepxHocrtr, cyqecrBerfio &,Mre r rra pacqpe,4e JIeE]Ie lloHl4srlrpoBaH_
'n''x.qeoelcroB, upr{Bo,4a, KaR troKasaEo B [4,116], & o60raqerutr0 {p&rroBepx-
HocrEoro cJIOs lroJromreJrbrro sapafieEftofir Ae(FRTaMr/r rlma ue] ra vl r4 ooe$re_
Htrn ''o KoEUeETpar''li o$EIATeJrbEo 'apfiile'I''I* ,UeoercroB oj 

-r.r 
vi", rrto

B CBOD OIIEPE.Ub TAKIE BJII{8ET EA BEJMqIfiY 3Ar[6A BOIi. OUEHKA COBMECTEOTO
BJMSIT,nff Ea rcoElrefirpalum troBepx'ocrHux Ae(reKTOB KaK arrpr4opHoro 3ar[oa
.OE' TAK tr qPOqECCA IIOBEPXEOCTIIOTO OKI,ICJIEHI,Ifl AE(reKTOB IIPI,IBEAEHA B PAOO-Te [70] ' B ICOTOpOft ycraHoBJreEo, rITo rrpfi BbicoKrD( TeM[eparypax, Korna Kr{c_
Jropo.uile BaKaEctrrlr Eaxo,[.ETCs B paBrroBecrM c oKpyaanqeft arcopoeHT ra3oBo[
0a30fi, rD( IrpruoBepxHocrEafl KoErIeETpa4{fl Morfter Ira ?pr nopEl[ra Bospacrarb
no cpaBlleElm c oDropo,uftnr pacrrp€.4eJreErreM.

EoJbEafl .4e(FKrgocrb troBepxtocrlr a.ucopdeHTa rrplrBoJllrr rc Bgar{r4TeJrbgo oo_
Jree ctrJrsEOMy trSMeIIeErm BeJrlrrrr{Hrr greKTpo(pr3r.rvecrrur xapaKTepr4crr{Ic a.{cop_
6eHTa rrpr4 Brlecelrr4r4 ero B peaKltrroflrryD cpe.qy ,,o cpaBrreH]rro co cryqaeM r4.qe_
ATbEOft ''OBEPXHOCT,'. KAK OTMEqAETC' B A[70], SRCIIEPI'I\'EETH, B'IIIOJIHCIIHI,IE
[prr Kor,rrrafEotr Telfieparype Ha zno, oromfie-rniou npu aro"c, ooEapy[orBaroT 3a_
BI.IcLrMocrb o - p;t , F.qe n - 3.- z

TAKN' O6PA3OM, IETAJTbIfiffi AEAJIIIS I{OHIIEETPAI.FtrI ,qE(reKTOB B IIPI4IIOBEPX-
HOCTHOM CJIOC ,n B O65EME A.4COPOEIITA, A TAKJ€ OqEEKA BEJITq",I KO'&ft^IIEBTOB
'u{@ygru re(FK?oB II rracr4l paBJII/rtrH[rx rasoB B Marepr4aJre a.qcopoeHTa cyuec_
TB.HI'' .qJIE ECIIOTO [orIlMaII[g EpoqeccoB KaK o6parl.!,40ro, TaK ]4 He.oparlsttoro
r43MerreEr4fi greKTpo(F43lrqecKllx xapa&Tepr{crlrK rroJryqpoBo.urr{Ka IIp]I ero H]r3KO_
reMrleparypHbrx (IIo cpaBHerum c reM[eparypoff o6pa30BarMfl .4eFercroB) BsarrMo_
.[eftcrBtrflx c rasoBofi OaBofi.

B KA'IECTBE qPI'MEPA PACCMOTPXM 'KCIIEP}IMEHTAJIbINNE PESYJI'TAT'I PAOOT'I
[184i, B KOTOpOft r.rsygaJrocb l{sMeEeHr.re gJIeKTpoIIpoBo.ErocrrI lI pa60fbr Bbrxo,4a
.ue@RTIIOTO MOIIORpIICTaJTJTI/'.IeCKOrO a.UCOpoeBTa rio2 (11o), o6ycroBJrelficie ero

N I
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B3anjp[).qeftcTBEeM c Ktrcnopo.{oM (pllIc. 1.27). IIpI{ - 300 K ]r3MeEeHlrfi o yr q0
cBfigaElr TJIaBEilM odpa3oM c BJInfiEueM xeMocoporltr4 oz Ha BeJII,tlItIHy noBepx-
EocrEoro gapq,Ua. IIpu 6onee BHcoRr.rx reMueparypax BJMaHue xeMocopou{oruioro
trBMeEeHtr8 BeJlrqurrH rroBep&rocuroro oapfl,ua llpeEeopernoro MaJro fio cpaBrrerrr4o
c a([&KTar,B, odycroBJeEftu,or upoE]rKEoBeE]reM KucJropo.Ua B rrpurroBepxHocrrryxl
odJacrb, trptrBo.4.runt K ycrpaEeEtrD coocrBe}IHFx sJeKTpI[qecKlI aKTTBEIX Ae{e-
RToB - RtrcJopo,4l{}Ix BaRaEcd. 3To odycJoBmaer BEarMTeJIbEoe yMeHb[reHue o
uptr upaKTIFIecKtr oTcyTcTByueM rlsMeHerlEr BeJIIFrrlrErI 3aruoa 3oE, qTo cJIe.4yeT
r[B uocrofficrBa padorE Brrxo,qa. B oroM cryqae tro.E(oA K orlpe,qeJreHlrD Ao,
ocEoBaEnrfr Ea oueEKe tr3MeEeluff KouueuTpat.uM cBooolrlUx HocllTeJefi 3ap8.ua,
ooycroBrreffioro troBepxEocrEu, BaruooM BoEr cTaEoBrlTcfi ire[puMeHr4MbtM. oTMe-
TsM, qro oopagoBaEne roqerfifto( Ie(FKToB .Uocr]Irallocb ]IarpeBoM lI obtcrpbrM

oxJlatqemeM o6paoua or r - 12oo K qpr.r poz- ro-e l,&r.n.lrudap, ycrafioBreno,

qTo EarpeB Ao - 350 K trpaKTlMecKu ,uocTaTogeH .4JIg aKTI,IBaLutr{ gEepreTu-
qecKrfi oapbepoB m@ys.&pywtr'r KucnopoAoM, qro r.r rlprlBoJtrrr K.H.9o0paT.ilyfiM
(Ilptr Ko[EarErx reMleparypax) trBMeHeril{m gJreicrporrpoBo,ErocT]r a,qcopderlTa.

1.12. BJ!'ItuMe rrp]rpoEr a.qcopoesTa Ha a.ucopou{oHrroe r,rsMeHeHi,re
ero sreRTp@usutlecKl'tx xapaKTepl.IcTt'tK.

. flpl,IpoAa rleHrpoB aAcop6II[{ u r{x poJrb
B lrpoqecce sapsreHl{a IloBepxgocTu

Bce ocEoBEJe xapaKTepl{crtrKr{ xeMocopdluorfiroro orrq'trtrra gre$Tpo(nlgfiqecl(]D{

rrapaMerpoB rroJryqpoBo.@roBoro alcopoeETa, raKtre, KaK qyBcrBr,rrerbEocrb,

ceJIeKTEBEocrb, mepr.&offiocrb, o6parl,[rocrb, ecrecrBeErro BaB]Icsr KaK or
upllpo,U aAcopoeETa, TaK rI oT xro/[r'{ecKofi aKTr{BrrocTrI a,UcopoaTa no orrroEe-
Etro K Bbrdpamor,ry aAcopderrry.

CotrocTaBJeMe gKcrrepuMenTallbHblx AaEHilx rlo a.qcopouM pa3rlrrfitEx qacrl,rq

Ea pagrilrr a.UcopoeETax cBI{.UeTeJrbcTByer o roM, r{To B o@KTax BJMflHI4S a,u-
copol[M Ea aJreKTpoEpoBo,urocTb oKtrcHbrx rroJryqpoBo.4rlrKoB oorbmya poJrb [rpa-

t a

er pearuEorrHafl cnocodriocrr a.qcopoara. HaIIplIl'ep, srreprllfi aKT]rBaur4]r a.u-
copoum MoJleKyJrfrplroro KtrcJropoAa Ha zno cocraBJrrrer 8 K&ar,/Morb t831, a
MoneKyJrspEoro Bo.4opo,ua - 30 Krcar,/MoJrb [18s]. Bcre.4crBr,re croJlb 60rbuofi
sneprtrII aKTEBaU!I{ aAcopdutr{ MoreKyrsprfifr Bo,uopo,{ IIp]r reM[eparypax a.ucop_
denTa MeEbue loooc B rlportrBolloJloxHocrb oz rq)aKTI{qecKI4 He BJMger Ha eJIeK-
TporrpoBo$rocrb oKcll,uoB. MOTeKyJFpIIbI[ a30T r{ MIrOr}re fipocreftryle yfJreBo.{o_
po*1 (cH., czH", crH, lI rc.) ocTapTcg I4IIeptIIbIMI4 B STOM OTIrOUeHrIrr B ltrr.fporcofi
OdIACTI'T ?EMtrEPATYP T64]. COBEPEEIilIO EEAKTI{BHUMI{ gBJIgFTCg I,I ATOMbI I{HEPT-
Hlrx ra30B. Hao60por, xeMocopolus aroMoB lr paE{rcaJroB rrporeRaer co 3Haqu-
Jporcruuefi sneputeft irrmaryu.r, veu xeraocopf4as r,ao.n'6ryJr. :

B pado?e [141] troragano, tio"r.rjr'aeriijrur6 i"treripoiffbBorFosru B cryrrae
xeMocopduItr paSJrllrtlntrx aJPir.nrrnrx pa.uIKaJroB Ira or[roM lt roM r{e oKcl,r.4e B 3a-
MeTIIOI CTeIIeTilr SaBncI{T OT XrlMtrrlecRofi trpupo.u cBo60EsIx paDmaJIoB. B erou
cwqae pactroJlo[eEr4e uccJle,qoBalrHbrx B pa60Tax [132,186] fipocreftnD( pa,uma-
JIOB B trOPg.U{E YobIBAIMfi I'[ BJII4gE}Tfi IIA OJIEKTPOIIPOBO.ETOCTb ZNO OYAET CJIC,qY_
UIII4M:

c H z > c l l s t g r H r > c r H r ,
rITO CorraCyercff c y06tBalil{eM I{X XnMIltlIeCKOft aKTI,IBEOCTI4 [187], HO He COOT-
BercrByer trx pactroJlofteEruo B rrops.ure ydbrBarfirE cpo.qcrBa R SreRTpoHy [188],
TpeoyeMol,v ,uJI8 oorflcrentrS ororo s@rra c roqKr4 3peril4s Jrrtrrrb KoJrJreKT]rB-
Hru gneKTpoEHbrx (DaKTOpOB. B roft se padore [141] rIoKaSaHo, sro fipu
xeMocorbrtnr IlpocrefuD( pasmaJroB rra oKcrrAax n-Trl[a B o$Mx I{ rex r(e
YCJIOBtrAX BEJIFIIEIA 9(DFERTA (I43MEEEIfl,Ig EPOBO,4O/IOCTII) 3AB]4CI,IT OT XI,IMI,IIIEC-
Kofi r'mDIBI,rA/aJIbEocTtr a.Ucop6eETa. TaK, pacnoromerMe oKctr,qoB B Ilopfl.u{e
yobrBaroff BeJlr[.rrlEbr {3Merrerrr4fi sJreKTporlpoBo,Erocr}r IIpu xeMocop6ur4]r cHa-pa.u4-
RAJIOB .[8ET

ZnO > TiO2 > CdO > WOt > UoOz,
riTO COOTBETCTBYET YMEIIbIIIEHTO CNOCOoEOCTI METAJIJIA O6PASOBbIBATb C CH,
troBepxEoc THIIe Me Ta JIJIOOpTaEI[riIe cntre coe]II4IIeIMg .
ftrfrm56'im*"te 

-ir'd 
uexarqsu arcop6ryroruioro risr,lenerus errerrpo(Frsr{qec-

Krrx xapaRTepucrE{ aAcopderlTa oRasrrBaer, RaK orMeqaJocb B rrpe.Er,uJrqeM pa3_
.qeJle' EaJulIIIe COdCtAeHn'tx ,qeoeKToB t321. omraRo rre MeHee cyuecrBeH-
tsOE &'I}IEEITE EA CAOfiCTBA ORCIIIOB, U B TOM III,ICJIE HA .{YBCfBITCJIbHOCTb }IX
gleKlpo(FSrvecxu cBoficrB K a.ucopolutr{, oKasbrBaror pasJrr rHr,re [pr4Mecr4
t4,51. He60r6rlue RoJIFrecrBa npnaeceft (IIopsBa o,s-r laor.%) Mofyr rcaK
y-B.e-;llfgparb wBcrBnrerrhgocrr ijrcrra, Eaqpr4Mep, K RrrcJropoAy (aooaixa
Y2O3 K OTCCUA| KaJlbtulta B UETepBaJIe ,[aBJlerilfr 1o-, - 1o-. MM pT.CT, tr.8e] ),
TaK r{ yMeEb[rarb ee (.qooaBKa cazo] K zno [leo]) mlOo Boooue IIpu_
BOJII,ITb K EEBABtrCI,IMOCTIT 9JIEKTPOIIPOBO.UIOCSI{ O? .4ABJIEII!Ifi II9Y:A9MqIO rAsA
(KaK aro'u[,teer rtab'iro a orsonerd,M toro xb'o" npu .qooaBre o,s-1 MoJI.t JM-
rrrill Nio t leol ) .

lilcxo[a trs cyqecrByrqefi ToECu BpeEr{s, paccMarpr4aaroqeft llpoqecc xeMocop-
6rFnr KaK xtrMErlecKyll peaKllm alitacrrtru c ueHrpoM a,qcopouEr [pi,r yrrere
BJltrflEtrs &aK caMofi erofi pearugrr Ha Becb a.4cop6eET, TaK }I a.qcop6eHTa Ha
caLry peaKrlrr{, T.e, qptr yqeTe Toro (Darra, qTo cr{creMa a.Fracrrrrla _ rIeHTp
a.4cop6r@ - a.qcopoeET qpercraBJrser codoft e.4rrlyD KBaHTOBOMeXaH[qecRyro
ctrcre}ry' coBepllleEllo EeAouycrrIMIM aBrrsercfl urnoprpoBanue JloKaJrblroro 6aE-
TOpa xeMocop6r&r' T.e. Boqpoca, cBflSarrHoro c nprporoft o,Eroro r43 KOMIIO-
EEETOB PEAKII'TN - UEEryA AICOPOITItr U C MEXAEtrSMOM B3AI.il'O.UEftCTBI.IS KOMNO-
EerrToB. ?3



Oorltffo, I.IcxoAs I,I3 sreKTpolilroft Teopuu xeMocop6u4l4, nofiaranr' qro Bcs

rffroopMar[ls o trpEpoAe IIeHTpoB aAcopduEr I{ o MexaHI'I3Me Bsal4'[o.[eftcrBus c

HtrMr4 aIqacTI4II BaKJuoqeEa B B}[palreIII4II ,qJIs IIoJtrIofi paBIIOBecHoft KoHI]eHTpal$fl'I

xellocop6rpoaamux qacrlflL Eaxo.uglllDrcfi KaK B 3aptxeltrlofi, TaK I'I B Hefi-

TpaJIbIIOfi QOpMe , BeJII/rtIIHa KOTOpOft 3aBUCIIT OT XapaKTepI'ICTI4K a.Uoopoara v

a,qcopdenra. IIpu groM BcJIe,qcrBIre orcyrcrBlls .uocroBepHoit I'fimopMauryI Ee

.qeraJms4pyercfl III4 lrplfpo,qa lloryqarulerocs B pe3yJlbrare xeMocopoul44 noBepx-

Hocrlloro coe.utrIeHrlg, HtI ero [apaMerpH. o.uraRo' KaK rloKaBblBaer ollllr [64],

a[puoprraff moopMauls o ueHTpax a,4copol-ufl,I Tex I{Jtr{ I'IHHX qacrl,Irl oqelrb no-

Jre3rra, a BallacryF qpocro Eeooxo,44Ma KaK ,qJIs yfipaBreHfis paBJMqHbIM[ rrpo-

ueccaMl{ I{ peaKI-u.IgM!.I, TaIC I,I .UJIfi CO3IaHtIg CeJIeKTI/rBI{HX IIOJIyIIpOBO.$fl4KOBbIX

ce8copoB  [141 ] .
B TeopeTLI.IeCKOM IIJIaHe STIIMI,I BOIIpoCaMI{ HenOCpeICTBeHHO BaHIlMaeTcs

KBaIITOBaTI XI4MtIg. Ha oCHOBaIIIM paCqeTOB pa3JDltIIffX KJIaCTepHblX MO.4eJIefi

t1911 UByqanTCfl cBOftCTBa IIOBepXHOCTI,I TBepAOTO TeJIa, a TAKI(e BOIIpOcbI BBa-

r,flvtoleficTBug ta3a C IIoBepXEOCTbn a.4COpdeBTa. O.Uraxo EeIIJIoXIIe peSyJibTaThl

B groM IIa[paBJIeIIIM fioryqeHbl JII{mb upfi pacqerax a.ucopoulfl4 Ea MeraJI-

Jrax. CyqecrBeHHbIM ycJIotKIIeIxIeM TaKm( pacqeroB B cryqae'a.ucop6qm4 Ha rlo-

JIynpoBo,UII{Icax,II B qacrHocrl{ IIa oKcI,I,4ax, gBrgercq Heooxol[o!4ocrb yqera

oOJIee CIOXGIOIO CTpOeEI4g OOreMa a,{cOp6enta, a TaKI(e HaJMqI4g Ha I4X IIoBepX-

rrocr[ pa3Jr],IrlltNx oyECI-u,IoHarbIilJx rpym.

3$cnepln\,teHTaJlbHo Borrpoc o qeHTpax a.qcopOL[E'I I'IccJIe,4oBaJIcfi Bo MHofIu

pa6o?ax. Hafipn ep, n paoote t65] I{a ocHoBaI[II4 aHaJMBa sKcrIep]'IMeH-

TaJIbITEX llarrHbD( [OKa3aHO, qro B Cryqae a,ucopoqru{ aroMoB Bo,uopo.ua Ha rIo-

BepxHocTII oKcl4.[a LUIlI{a UeHTpa!,ffI xeMocopoluo{ MoryT 6bITb peryJlflpHlle K}IcJIo-

po.uue IoHII pefiteric]I, T.e. fipoqecc xeMocopolur}I H-aroMoB Morcer oHTb npe.[-

craBJreE B BrI.4e cJle,ul/qeft rloBepxHocrHoil peaKqul'I:

11,  *  o:  (Ho? )s ? Grol l  + e ,

r,qe I4IIUeKCH I' I{ s OoOSHaqaFT COOTBeTCTBeIIEO CBOoO.U{Oe I{ IIOBepXEOCTHOe

CoCTOTIEI{8. 3TOT B6IBO.U [o.qTBepIUaeTCg TeM, qTO IIo,q BJMfiHI4eM XeMocOpOqI/EI

H-aToMoB greKTporrpoBo.Ulocrb oKcu,[oB paSr]'rrlHHx MeTaJIJIoB (zno, Tio2' cdo)

trBMerraeTcs [p]IMepHo o.UEIaKoBo HesaBI{ClrMo oT IIprpo.&I MeTaJIJIa, 00pa3oBa-

Er4e troBepxBocTHblx oH-IpyrE IIpu xeMocopolutr{ H-aToMoB IIo,UTBepIC.Uaercg 14

OaKToM yBeJII{tIetU{s EIITeHCIIBIIoCT}I cooTBeTcTByP[ryD( ]IM noJloc B tlK-cllelcTpax

t1921. B paooTe t1361 ycTaHOBJIeEO, qTO aACOpdLUlfi aTOMOB pasIUqHHX MeTaJI-

JIOB, TaKUX, KaK Na, Zn, ]'n, Cd' Pb, TaK lre KaK I{ H-aTOMOB' qpeSBNqal&Io

clulbgo yBeJIIltqI[BaeT qpoBo.uolocTb oKcl{,ulilx IIJIeIIOK n-TIIIIa 14 IIpO]4CXOIIIIT Ha

o,4rr.[ II TeX fre uellTpax aAcop6ullI - tcucJlopo.umx l4oHax peuerKl{'

t{MeDTCs B JrrrTepaType I4 oITpe,4eJIeHENe ,qaEHbIe o IIeHTpax a.ucop6ufl4 aRUen-

TopHEx qacrrflI Ha o1cr4.Urux a,qcopdeuTax. Eonruofi sKcrIepI4MeHTaJIbI{bIft Marepl4-

aJI IIo BIIITIEIm aAcopoutr[ fipocTefuD( panlKaJIOB Ha gJeKTpom{3l'lqecKl4e cBoftc-

TBa oKcllFlblx rIoJIyqpoBo.uMIcoB, fiory'{elftfiil B paoorax []-32,1861 ' noSBoJMJI

Balcrmqllrb, qro ueETpaM[I a.ucoporyfl B gToM cryqae sBrsloTcs IrpI'IMecI$Ie aroMN

MeTaJrJra, B3al[|toleftcTBl4e pa,UIKaJIoB c KoTopblMll oopa3yeT llecrolfi{I4e noBepx-

IIOCTHXe MeTaIJIOOpfaEIrgeCKUe Coe.4trIerilg. Qrlr4eqaeTgff' qTo B pe3yJlbTaTe Ta-

Icolo BSAUMO]IEfiCTBI{g TMCJIO ,UOEOPI$TX UEIITPOB' KAKOBbIMI,I I4 SBJI'IIOTCfi ATOMbI

cBepxcTex l l t oMeTp l {qecKo roMeTaJ I J Ia , yMe I I bmaeTc ' I ' qTo14c f l y xc , {T ' noMI IeH I , I n

aBTopoB 9TIIX pa6oT, ocEoBHo[ I1p1,1rn,glofi yMeIIbllleHI'Is sJteftTpollpoBo4tocTu ToH-

Klrx oKctuHnx [JrerroK t14r-]. BbIBO.q O fip4pole qeIITpOB aAcopoqlfl4 yKa3aHmtx
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qacrllll IIoATBeplI(Iaercg I{ pesyJlbraraM[ orrblToB rlo I,IccJre,uoBaHIrIO CBfl3r{ Me]r(.uy
IloBepxEocrllofi romleltrpar[reft rpe.@aprareJlbllo EaIIeceEHbrx aroMoB MeraJrJIa ]I
BEJUI.trEIOI IIsMEIIEII}I.fi 3JICKTPOIIPOBOISIOCTII ARTUBIfPOBAIfiIOft TAK}IM O6PA3OM
rrJreHRr{ trpr4 aAcoporytrI Ha Hefi cE3-pa'uEcaJIOB, AEATOT}Iwil,re pesyJrbrarbr rroJry_
geHII U flpll IICcJIe.UoBaIileI alcopouer rcyrrD( aKrlelrTopHhrx lracTrtr] (oz, o, oH,
N I{ T.JI. ) UA NTEECAX OKCIITOB METAJIJIOB, IIOBEPXEOCT5 ICOTOPbIX JIEI}fPOBAHA
aToMaMtI z^, Ti, Fe [139,193], u Ha rIoBepxHocT]I MoHoKpl4cTarJMr{ecKr,rx oKcI4-
.408' JlertrpoBaHHbrx aroMaMI{ COOTBeTCTBy@D( MeraJrJIoB. Hanpruep, B pa60_
Te [194]' B KOTOpOft 'ICCJIe.UOBaJI.aCb aAcopou}Ig 02 IIa noBepxHocrrl Tioz
(11O), JIETEPOBAItrIOff ATOMAME Ti, YCTAHOBJEHO, qTO B 6OTbIII&ICTBE CTYIIAEB
UeHTpaM[I a.qcop6qu TaK[x qacrl{rl Tart(e gBJIfinrcE [pIII\recHLIe aroMbl MeraJrJIa.
orBercrBellltble aa FpoBo.&orocrb a,qcopoeHTa.

B ps.ue pador Ito I'rSyrIeEm a.ucopor-uu KrrcJropo,ua rra MouorcpircraJrJrax r{ rro-
pomcax oKcrrra l[ffira ycraEoBJreHo, qro rIeHTpaMlI arcopoqrM 02 fiBrflroTcfi JM6O
rrpflMeclrbre aroMbl yrJlepo,4a [195,196] , fi{60 aKTrrBHtre noBepxHocrHrJe KoM_
rrJreKcH' corepffau{e yrJrepo,4, Trrrra zn-coo-t]-e7r. TaKoft BbrBo.q, Hallprruep, B
padorax [19s,196] AeJlaerca Ea ocIIoBaHI{I{ Macc-cnexTpoMerpfiqecK14x r{ccJle-
.4oBalilrft [porJKToB (loro,4ecopoufi.I c rloBepxnocrlr zno, IrpoBo.E{rr[hrx [apaJrJreJlb-
EO C ESYqEItrIEM RIIIIETUKII I{SMEHEIIilg IIOBEPXEOCTHOft rrPOEO.&E\4OCTI4 AACOPoEHTA.
Ha ocHoBalfltr{ pe3yJlbraroB srllx omrroB.ueJlaercs BNBo.q o roM, qro eorore'e-
patlls .ErpoK rrpI4BoJIlIT K HeftTpafilsaIlot u ,uecopdrlm [oBepxgocrlrbrx KoMrrJreK-
coB co2. Jlanue oxe-aHaJMsa [1e5] cBurereJrbcrByror raKlfte o fipsMofi Koppe-
JlrlLutr4 MeXIy crerleHbr yrJlepo$roro 3arps3HeHr.rfi rroBepxHocrr,r 14 BeJMgIIHOtr r{3-
MeneMs troBepxEocrrrofi lIpoBo.uorocrur zno llpll xeMocoporrr4r{ Kr4cJropo,4a, a raft_
ffe (loro,{ecop0wroltrrofi aKTr.rBHocrbF alcopoeHTa.

HarlporuB' B padore [197] Ea ocHoBaHnr r.rsyqeHr4s a.qcoporrrM o, Ha noBep-
xHocTlI MolloRpllcraJlJll{rilecKoro oKcl{.ua ufimca Mero.uaMl{ K.p.n. , noeepxnoctttofi
{orocnercrpocKoltlm ll ofie-cnenTpocKoIIrIIt orMeqaercg, rITo ttoBepxEocrb zno,
He [o,Feprrryrag cflerltrarbHofi o6pa60TKe, 3aKfi0qaloqefics B ee ocBeueHrr4 B
uplrcyrcrBr4u cMecrr raSoB co + 02, ne ooHapylo{Baer KoppeJrrrluM MeXC.Uy noH-
uellTpau{efi IIOBepXEOCTEOTO yrrepo.4a r4 BeJu[W{Hoft xeuocop64tr n}rcJropo,ua.
o$raxo yKasLlBaercfl, qro Ea qpe.uBaprrreJrbHo oopaooraHEoft TaKuM oopa-
3OM noBepxllocrtr zno BeJIIlrrIIfiIa XeMocop6utr{ 02 BoSpacraer IIa rpl{ Ilopfi.u{a.
,{eraercs BNBo:I, qro raRoe Boopacrarrue rrplt [parTr4lrec6r{ rrei43Merfiroft Be-
Jrrrl?Ixe troBepxEocrlloro 3aru6a oofi ooycroBreEo coS.uaHueM aKTl4Bribrx no_
BEPXEOCTHIIX KOMIIJIEICCOB, BRJDqAWD( B CE6fi YTJICPOI, KI,ICJIOPO.4 II IIOHbI IIIfi-
Ka I{ cJry:ftarya alcrr.rBHbrMtr UeHTpaM}r xeMocoporynr KtrcJropoIa.

Bce lrgronerfioe BEne fimflfr paa [o.uqeprr4Baer Farcrocrb ygera JIoKaJrbHo-
ro MexaHI4SMa XeMOCOpoII{tr, T.e. yqera JIoKaJIbHOTO CBgSbIBaHI4fi a.4oop6ara Ea
oupeAdie*rwr ueETpax a,ucop6ryEl, rrprr KoropoM BJtr[fiHr4e 3arr46a 30H rBep.uoro
TeJra gpeAcTaBrseT co6o[ craooe Bo3MyqeHr4e.

Ilps,tro, tro,urBepureEtreM JIoKaJIrHoro MexaH]rBMa xeMocopotptr4 aKTIdBIrbrx qac-
tr4rl sBturroTca pesyJrbrarH pa60T [1e8,1ee], B KOTOpbTX [ocpe.4crBoM r43MepeEr,rfi
pacceflEM ATOMapHbIX [yrIKOB MltueflgMr4, I{STOTOBJIeIIHITMI I43 pa3,rE4r{Hblx oKctl-
AoB' troKasaHo' qro trpII yBeJIIrtIeHIIII gJleKTpoqpoBo,&Iocrtl MIIueEI,I-rIJIeriKr4 Tio2
B 7 pa3' 'qocrtlraeMoM ryTeM HaJIoxeIItrfl IIa rIJIeHIcy [o[epeqHoro greKTpr,rqecKo-
I'O IIOJIA' KO9(E&tr.pIEIII IIPUJIlItrAIMfi ATOMOB R'ICJIOPO.UA BO3PACTAE? BCCIO B L,2
pasa' a,4JIg aroMoB Bo.4opoAa yMerlbrrraercfi Jrlrr[b B 1,3 pa3a. 06 9TOM rrc CBr4-
IETEJIbCTBYET lI CIO[Cft(ft B}'I 3ABI{CI4MOCUT XOEoI]IA$AEHTA IIPI4JIIIIAHI,Iff H-ATOMOB
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OT CTetreEtr JlerqpoBaffig IIOBepXtrOCTI{ IUIeHRIT! Zno aTOMaM[ pagJIIIlIIrbtX MeTaJIJIOB
[199] (ptrc. 1.28), Oo5fiCns@dcfl, rro MeEeHr{ro aBTopoB, o.uroBpeMell}IbrM refi-
crBI{eM Ka& JIoKaJrbIIoro, TaK tr KoJrJrercTr4Brroro (paKTopa .

A[ptropEas E4DopMaws o ueurpax a,qcopdrys.r pa3Jr]rrrnbrx riacr]rq Ha oKcrurHbrx
a,4cop6eElax Baffia r{ B IUraEe floryqeHfi.H Bo3MOXIIOCTTT pas.ueJrbrlofo AoreKr4po-
BaErIa paBJIIFIEbrx qacT!trI B I{r cMecflx t2ool. o.Ura rr3 Bo3Motrctocreft cereKTr,rB_
Horo ,qereKTr[poBaEla BaKJuoqaercfi Bo BBeAeIItET ga noBepxHocrb a,ucopOeHTa
trpr'rMectr Tofi I4JM r,fiOfi rDrpo.u, noeao.nanqefi B [3BecrHofi Mepe ynpaBJrflrb a.u-
copolu{oEofi cllocooHocrbr rroBepxrrocrl.r B orEorleHl{I{ qacruq pa3Eofi qprposr.

P u c . r . z e .
Iil3MeEerus RoBsIIrtrMeETa
trpr4J1tfl arufi aToMoB BO.4OpO.Ua
IIPI{ JIerlIPoBaEltrI IUIeHKtr zno

aroMaMI4 eq ( I ) ,  zn(Z) u
IrptrJIOSeEtrII K IUIeEIoe UOUepellIIOrO
greKTpl[qec&oro noJls(3) [198' 19e]

q 7
0 /  2  3 /n /ns

TaK, B [134] troKa3aEo, qTo a.ucopol,IpoBalslbre Ea rroBepxHocT[ zno aroMhr Me-
TaJrJIa EplIBO.4sT K yMeHblreIllr ee qyacTB[TeJrbHocTI{ K aTOMaM BOIOpOIa BCJre.4-
crBlle oroKtrpoBKtr ocsoBHrrx UerrrpoB a,qcopoutr{ H-aroMoB. C arrdu, KaK rroKa-
Barro B [2o1], cBsBaE.Tor (Frcr, qTo, Ha![Eras c o[peleJrerrHbtx creneEeff Jre-
rlfpoBaEfts, MeEseTcfi caM xapaKTep BJMfirMs H-aTOMOB Ha gJreKTpOrrpOBO.U{OCTb
paccMaTpmaeMoro n-rroJryqpoBo,urrlRa c ,4oHopoEoro Ha aKuelrTopHlrft, rrTo o6y-
cJIoB.,IeEo qpofiq,reEr,reM a.qcopou{u H-aroMoB rra ll3obrrowil,rx aroMax MerafiJta
l2o2). C .@yrofi croporfi, a,qcopdu.rs Ha rroBepxHocrlr zno aroMoB zn, sBJrrrm-
ryD(cs qeETpaMu xeMocopoutrr aroMapHoro KucJropo,qa, aKrr4Br{pyer ,UeTeKTopbr rro
oTIIOEeElIto K Eervry [67]. H TaKOMy rr(e pesyJrbTaTy npr4Bo,u]rT llpe.4Bapr4TeJrbHaf
a.Ucopdr.U/Ifl aToMoB MeTaJIJIoB LI I1o orrrouleEloo K alcopdqltr4 aroMapHoto a3ora
[13e], CH3 - [64] tr  oH-pa,UIKaJIOB [193].

'lcxo.[ff trB Bcero MJIofteEIIoro EHIIIe, MoltHo cAeJlarb BbIBo.4' r{To Ha cero.u-

Eqmflm IeEb cyqecrByer Ila,uexfias (El3rtrto-x1il,ff'IecRas ocfioBa, Ha Koropoft 0a-

ar{pyercs Mero,u uoJrylDoBoEltrIcoBbrx xI4MlFIecKlD( ceHcopoB. Ee3BosBparHo oro-

rrurtr B IIpor[JrOe qpe,4c1ae[eEtrs o BJtrIfiHIM aIcopdUOI Ha sJIeXTpo@I3I4Ity IIoJIy-

rrpOBO.FrrnOB JIImb KaK o TeIUIOBoM BogMyqeHfitr, O6ycIoBIeIfi{oM JIoKaIbIIbIM pa-

gorpeBoM troBep&IOCTtr, cBssaIIHbIM C BH,qeJIeEIIeM TeIIJIoTLI a.UcOpOqI4I,I. Hao6o-

por, odqeElpullsroft cw{Taercfl RaprllEa, cBaBaIIHarI JMoo c nepeHocoM 3apfl,ua

MeEIyaAcopoaToMtratrcopoeEToM'rIToBflSHBaetIISMeIIeE'IeBeJI}IquIIIJIIoBepx-
rrocrrroro 3apsla, JM6o c JIoKaJIbHHM xuMIrqecRI4M Bgaloro.ueftcrBl'IeM a,[copoara c
gJIeRTprFIeCKtr aKTIIBEEMT ,[e@RTaI,EI trOJrytrpoBO,UIIlKa, IrporlBJlflloul4l'[cs B I,IsMeHe-

EItr{ RoEgpoJMpyeMblx Ha oulrre gJIeKTpo(F{3[qe cKru( xapaKTepl'IcrllK'

3KcIIepneETaJrbIIo .uoKasallo, rtro cyqecrByFT .[oEopHlle ]'I aKIIe[TopIIbIe aro-

MbI I{ MoJTeKyJEI a,4cop6aTa, IIpI{rIeM uX IIpruIa,UJIeIfiocTb K ToMy IIJM ItHoMy TI4IIy

orrpeAeJlflercs IIe roJIbKo lD( coocrBeltrlofi xld\&rqecKofi rlpl,Ipo.uoft' Ho ]I nprpo.qoft

alcop6enra (cM.,EauplBrep, {ra,2L,2o3-2o51 ). C ToqKtI speE}Is gJIeKTpoH-

nofi Teoptol xeMocopdluer y,uaJlocb odrEclfl4Tb sJleKTpoa,ucopottuomrrft gmmeKT

[206] rr ffBJreEr{e pa.uIKaJIopeKoMOIfiaLu{oEIoil JInMlIIIecIIeEI-uIlI lrpll xeMocopolsfl'r

[2o7]. SKcnepuMerrraJlbllo uo,urBeprueHa Bo3MolKtocrb rlepexo.ua o.uloft @plfi,l
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s/so

xeMocoporrEr B Alyryn IIpr4 LrsMeEeHr[II IIOJrOrCeHr4s ypoBEs oepl,tr{ B a.4COp6eHTe
[ 2 0 8 1 .

PasBUTr reoperr{lrecKne MoAeJM BDnfrfrrs. IlpoficxoArrrqero IIpfi a.4coporytrr 3a-
PA'I€HI{A trOBEPruIOCT}I HA sOIIIIYF PIATPAMMY NPIIIIOBEPXHOCTHOfi OOTACTI,I NOJIY_
trpoBo'ull4RoBoro a.qcop6eETa. lifccle.qoBallo BJnrfffiIe rroBepxgocrgoro gart4oa son
rroJryrIpoBo,4EIrKOBOrO a.qcopoeETa Ira ero sreKrpo(F43r,rqecK[e xapaKTep]4cr]rK]r,
ooycJroBrerusre ,rBJrerrr{aMn rlepeHoca. IlocrpoeEr reopEr a.qcopdrgloHEoro orrcM-
KA gTEX XAPAKTEPI{CTI,IK KAK .UJIA I{JEAJIbIIOTO MOHOKPI{CTAJIJII{qECKOTO A.UCOPoEHTA
[4] r'r MoIIoKprIcraJL[a c Heo,Eopo.ulofi [oBepxHocrbro t1s4], TaK r,r ,urE rIoJM-
Kpr.rcraruIurrecKoro a.qcopoerrra, xapaKTep[3yqefocfi HaJI]rrMeM allpuopHoft 6apb_
epBoft pa3ytropsro'IeffiotTll, T.e. ultpoKnM pasopocoM Bbrcor Mexccpr4craJrJuTnr,rx
oHepreTEqecKrD( oapbepoB [ 1s8 , 160 ] .

Ha ocEoBe oEpereJreHHbrx ycnexoB, rocrl4rHyrbrx B r/r3yqeHrM xlrMuu HecoBep-
[ iEIIHilX KPI{CTAJIJIOB [2O9], BHfiCIIAETCS POJIb TOqEEilNX .UEQEKTOB, ITP'�ICYTCTBYIO_
[pfi B o65eMe ]r Ha fioBepxr{ocrrr oKcr{.urblx a,4cop6eHToB, B a.ucopdrrr4cHr{oM ]43-
MeHeEIM rD( orercTpo(FlBrFrecKr{x xaparcTepr{cTurc [32].

HaJMque dorbEoro gKcrrepuMeHTaJrbHoro MareplraJra B coBoKyrlHocrl,r c flocJre-
,tr{nMtr llocTtraeE'lflIvrtr RBaIIToBofi xlofiIu trosBoraer alrafirgr{poBarb rrpqpo.llJ/ Bos-
MOAHbIX UeUfpoB aAcopdryg{ qacrlol pa3JIrIHrD( ra30B, a raKr(e BI{r, xl,IMr4qecKne
r{ BJrercrporrHble cBoftcrBa noaepxEocrHblx coe.ulllerfld, odpa3yDqID(cfl rrpr,r BBaI,r_
laogeilcrnrot aAqacrnl c qeErpaMu a.Ucop6utr{.

IIoJry,trIBEre B rIocJIeDMe rolu m{poKoe pasBrrrrre oKcrrepuMerrraJrbubre paoorbr
no u3ylreEtm B xopouo KolrrpoJllIpyeMbtx ycJroBtlflx rroBepxHocrHirx cBoficrB MoHo_
KpTIcTaJIJIoB oICclIIoB pa3JII{.IHEX MeTaJIJIoB l32,zlo') noBBoJIflloT lrpoBoltrITb rJry-
doKril aEaJug pag.ueJrbuoro EMaEr{s paoJrr/rrlabrx oarcropoB Ha xapa&Teprrcrr{rc}I
SOJIYqPOBO&IITKOBEIX TA3OBIIX CEECOPOB. B 3TOM EAtrPABJIEHIM IIOJIYqEEI IIIITCPEC-
IIbIE PESYJIbTATII trO BJII{fiTuD EA BEJIIFrIItrIY AACOP6U[OItriOrO OTICI'IIIA PA3JII{qMUr
3JeK1!O(FSUTIeCKE( XapaKTepucrtrK MoEoKptrCraJlrllilecKr.ot a,4cop6eHToB TaKrD(
oaKTopoB' KaK KptrcraJulorpa(prvecraa opr4ellTau{fl rpaEeft [21]-l, IraJrrFMe
crpyKTypEblx .qe(!erroB, Eapynegl{e c?exl{oMerpl4lr [32], Haneceglle MeraJrJrrfrec-
Km .[o6aBoK I2L2) E T.r. 3rtr pesyJlblarbr oqerrb lloJresnbl rrp].I co3.4aErtrI CeIr-
copoB Ea oqpe,qeJer.'rnre raSbl c SapaEee sa,qarlnflMr{ xapaKTepr4crrBaMr4.

o.FaKo cJle,qyer gaMerrlrrb, qro rr.a cero.uIgrutrd .qelrb doJrbmErcrBo rr3 cy-
r{ecrByrrqnr ceacopoB KaK qpoMNIIUIeEIIOTO, TaK tr nadoparopEoto rtrrla coS.uaH!
IIa OCEOBe gnllrpuqecKoro tro,Eo,4a. 3To, ecrecrBeErro, cBssaHo co cJroltrHocrbD
odBeKra EccreAonaffi, uo.qAaqerocg KoJrr+recrBexrroMy ollltcagl{r Jrr4utb B Ea}r-
6oJee upocrbE cJryqaflx. TeM Ee MeEee BcecroporrHfiff ler@pMaws o rroBe.ueElln
.4etercr4pyeMbrx qacTrd{ ga rpaErdle pas.ueJra fa3-TBepAOe TeJro Mor(eT r4 lIoJDFra
a&,rsTbcf, BaJIoroM yctrexa B ,qeJle co3.qaEl{s TaKoro poAa [pu6opoB.

rloBepxHocrlr. M.: Ii[B.q-Bo
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InaBa 2
TEOPtlfl AnC0PEIrytOHlIOfO OTIUIIII{A SJIEI{TP0OI{3I{[IECI{,0( XAPA}{TEPI4CTI'IK

noJtrIIPOBo,llHltItoB,he a.ucoPEEI{ToB
METO]IH KOJII{qECTBH{HOTO ETEIfTI{POBAHI,T.E

2.L. 06u.re IIpI{Itr$fiEt no.u6opa noJryr{poBo,ufiRoBHx aAcopoel{ToB,

'IcnoJlb3yeMux B KaqecrBe pa6ottr{x SJIeMeHToB ceHcopoB

llcxora lIg caMoro HaBIIaqeEug rloJlyrrpoBo.ull{&oBNx laSoBblx ceHcopoB, cJleAyer,
qTo ocHoBEru\iEI, [epBocTeEeEroft BarGocTI{ TpeooBaHr{flMl{, IlpeArfiB.nfleMblM]I K

TaKoro po,ua ycrpoficrBaM, fiBJlffnrcg BblcoKaa qyBcrB[TerbHocrb 11 ceJIeKTI,IB-

HOCTb B OTIIOEeIIIM KOHTpOJMpyeMOTO ra3a I4JM [3yqaeMoro TItrIa aKTfiBHbIX qao-

Tr[I. SToMy rce nops.uty BaxHocrlI coorBercrByer rpeooBalMe Boclrpoll3Bo.u{I\,toc-
Tr4 BeJII{qLIHE CUrEa.na IIpI4 MHOTOKpaTHbIX I43MepeHI,IfiX B O.UMX lI TeX Xe yCJIOBII-

tu, a raKfre IIaJI]{!Me Bo3Moxciocrll pereHepaluM a.[cop6eHTa, T.e. cyqecrBoBa-

HI{rI paSJII/TIIHIIX TeXEOJIOTFIeCKI'D( rrI)lIeMOB, fiOBBoJISnIUD( BOSBpaUIaTb nBMeprIeMbIe

xapaRTepI{cr}IKII a,ucopoeETa K ru( nepBoEaqaJIbHbIM SIIaqeE}IflM. It .{octaro'uro
BalclbtM TpeooBalll,rffl, cJle.uyer orlrecrl{ Talore rpeooBalfiIe ooparl,trvlocrl4 cllrilaJla

ceEcopa, T.e. cllocooHocru uSMepseMofi xapalcrepl{crl,IKll aAcopoeETa orcJlexu-

Barb ooparn\rble rlaMeileEufl coAepaaEl{s KoIITpoJMpyeMoro rasa B oKpyaarcqeM

o6beMe, a ralq(e rpeooBatMe IuISKotr I4IIepu{oEIIocrI4 c}rfIIaJIa, T.e. Marocr}I

IIocTofiIIHOfi BpeMeIIU T, Eeo0XO.U{I\,tOrO .UJIfi yCTaHOBJIeIII{fl IIOBOIO SHArIeHlIg I43-

MepseMoft xapaRTeplrcrl{Krl IrpI{ I{3MeIIeIII4LI rasoBblx ycroBld, o6ecllewBaqero
rpe6yeMyn roqHocrb lrsMepeHufi. OnpeAereltrcle tpe6onaruan HaKJIa.urBaIoTcs raK-
xce I{ na BeJrrlrq]uy reMfieparypBoro Koo([EqleHTa I{3MepffeMoft xapaRTep}IcrllKtr,

Harrpr.rMep co[porr4BJreHr.rfl a,ucop6ellTa, TaK KaK ero BeJIIlrqI4Ha o[pe.4eJlfleT IIe-

ooxolpo,ryD crporocrb craduM3aryI}I TeMrleparypE .[rfl lloryqeHut 3a.uaEEoft Toq-

HOCTII trSMepeffis trIrrepecywlx KoIqeIITpaud. cyqecreylor TpeooBaEufl K BeJII-

EtrIe trorpeorf,eMoft trptrdopoM MoEocT�lr, T.e. K BeJIIltlIlIIIe pa6o'{e[ TeMleparypbl
ceEcopa E, EaKoEerL K cpoKy cws6H pado'Iero ereMeETa 6eB elo pereEepa-

uol, oupe,qeJrseMo[y BpeMeEeM, B Teqelue KoTopolo coxpaHflFTcfl IIapaMeTpE
a.qcopdeETa, ooecnelmarllllre sa,uaEEyD TollEocrb II3MepeIUfi.

06@e uprrFrur, Ea lcoropEx oa3rpyercfl peueElle yKaBaIIHblx rII)ooJeM, o0-

cy8qaJMcb EaMtr B pasAeJre 1.1. 3,[ecb lre yMecrlro orMeTlITb, qTo B Kax,uoM

KOmpeTEOM CJryqae (CnOArueUCn JU6O K pellleBn0 trpelpISIIoEIIofi aIIaJMTlrtIecKofi

sa,uaqlr .ueTeKTEpQBaEna ydlBaqe MaJII{x KoEIIeETpaud KaKI4(-Jtr[6O qaCTI,flI IIptr

.qocTaToqEo xopouo trsBecrEoM cocraBe oKpysarqefi cpe,ul t11, JM6o K cosAa-
Erm trpoMHIIIJIeEEOTO CeECOpa Ea TOT nJM t'JJic.ll ra3, y,UOBJIeTBOpErcqerO sapaEee

3a,[aEHEM 1?eooBaEl{flU Ea ,4ouycrsMble cocTaB tr ycJloBua oKpyx(a@eft aTMoc(FpbI

t2l ) Mero,&I ,uobrlmerMs Eeooxo:unrofi tIyBcrBI{TeJIbHocrI4, ceJIeRTI{BIIocr[, 06-

partrMocur, oHcTpo.4eficTBrs tr T.I. MOIyT oHTb CBOlr, 3aBl{cf,lple oT llpe,4tssB-

naeMrrx.lc sptroopy 1pe6oBaEil E ycnoBd ero otreplrpoBalll{fi.

TaK, B (@BlEco-xru\lu,recKE trccJIeIoBaIIIItr BcrpeqaDTcs raKuo oKcrleptr-

MeETaJIbEIIe ctrTyalFrrr, KOrAa B peaKq14gffioM O(beMe 11ORBJIfiT9TCA o[IOBpe-

MeEEO E aTOME E MOneKyJIE, AOCTaTOTIEO SaMeTIIO BJltrflr@Ie Ea gJleKrpotrpo-

Bo,Eocrb a.qcopoeETa, Eaupxuep aroMapElil tr MoJeKyJtspltril rurclopoA. B

STOM CJVqae ,qJIa paB,qeJIeEtrS CtrIlSaJIa OT paSJmqHEX ICOMTOEeBTOB rq)UMeHf,DTCfl

, t
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TAK IIA3HBAEMEE KOMOIffilIPOBAEHINE BOII&I 13], IIPruUtrI .4EftCTB}Ifi ROTOPbIX OCHO-
BAE EA TOM, qTO CBOOOEE ATOMII II PA]UTKAJIil HE MOIYT ITYoOKO TTPOHI4KATb B
TOrCTbfr CrOfi trOptrcroro a.ucopoeETa tro Ilprl.rrlHe LD( fereporerfirofi rr46eJM, B
TO BPCMA KAK MOJIEKYJILI BECbMA JIEFKO IIPOHIIKANT B sTOT CTOft. IIO gTOft rrP'I,{I{-
EE KOM6}IEAI.EIS TOIilCOfi IUEITKII II TOJICTOTO CIO.N6NIA ORCI{IA OY.UET IABATb CIF-
traJr rra usMeptrTeJrbEoM ycspoftcrBe &I@pelil.uarbEoro rwra roJrbi{o B cryqae
A.UCOPOIS!tr IIA III4X ATOMOB I.TJM PAIUIKAJIOB, HO HE MOJIEKYJI, ITPAKTIIqCCKI4 O.ry{HA-
KOBO lISMeEflWtX 9JIeRTpOTDOBOEIOCTb O60ru( a,4cop6eHToB t3l. TaKue cI4-
TyaLuM' cBffSaHHsre ' & upmrepy, c Eeooxo,uorocrbro .qereKTr,rpoBaru{s He-
oorblulx KoJIlI.IecrB aroMapHoro nr4cJlopo.qa na @ne BHaqureJrbHbrx KoHqeHTpar-Erfr
MOJIEKYJIfPIIOFO, BO3HIIKADT B IICCJIEIOBAHI{fiX qPOqECCOB TETEPOTEruIOft PEICOM6}I-
EAIIM ATOMAPHIIX qACTMI IIA PASJII4IHIIX IIOBEPXHOCTfiX, B USYqEH}M I'OMOI'EHHI,IX
II reTepoleEHr[x oKIrcJItrTeJIbIlbIx peaKl[fr' HaKoHeU, B oIIpeAeJIeHI4I{ IcoHUeHTpa-
rffr aroMoB KtrcJropo,{a B pa3Jrr{rrHbrx RncJropo.qcoleptlcarqr4x cpe.qax. OrMerw,
qro oToft f,e ueJrtr cJryE{T r.r llpe.qroxeltrc[ft B paoore t4] ceHcop Ea ocHoBe
pbo' troSBonm@[n oeJIeRTIIB]IO ,4ereKTI4pOBarb O-aroMN I{ MOJIeICyJET O, 6Jtaro-
/Iaps IIx pagJEEro[ peaRl-U{omroft cnocodEocrr.r, qp}Bo.ufllefi * ,qoHopHoMy am$eR_
TY B tr3MEEEEI,Itr gJICKTPOIIPOBO,4IOCTU, O6YCJOBICIiIIOMY XEMOCOPdryIEfi O_ATOMOB,
Ha (DoEe aKrlerrTopHoro leficTBrrfi, Ilprrcyqero MoJreKyJrrpHoMy Kr{cJropo.qy.

Eorbuyn poJrb B rrJraHe ,uocrllrerllls sa.ualtrroft ceJreKTr{Brrocrl4 ceHcopa IIo or-
Ho[reHrIIO K orrpe,ueJlefiHoMy r]my aKTI/rBItEx qacruq l[Ipaer, KaK yKasbtBaJrocb B
[epBoft rJIaBe, IIaHeceHI4e IIa noBepxfiocrb a.ucopoeETa paSJM\U{brX .UO6aBOK.
TaK' ilerlrpoBanl{e IIoBepxEocrI{ zno rutrrroM rroBBoJMJro naccrBr,rpoBarb syB-
CTBI{IEJIbEOCTb TAKI{X CEHCOPOB K H-ATOMAM il, EAOoOPOT, AKTI,IB'fPOBATb
K O-ATOMaM, IIpErreM rrpfi orpe.4eJrerErofi crerlerilI Jrer{poBai,Mfl .qocrr4faercfl Har{-
rJturras ceJIeKTrlrBEOCTb Is] .

oTMeuor, rITo IIa [paRT]IIce garlacryn BcrperlaFTcfi curyaulM, B Koropbrx .qo_
crllffieHtre EaIIJIyT{UerO BEnOJIHeII}IS O.U{OIO I,I3 TpeooBarild, [pe.ubflBJlfieMblx K a.u_
copoeETy' &[eqer 3a cooofi trpompHE B OTrIOUerrlM rcyrux rpeooBarfid. Heo6-
xo.untocrb otrTuMtlSarpM rlacro BoSIII4ICaer IIplI Eeooxo.uorocrfi o.uloBpeMel{Horo
BI{IIOfiIEHIIff TPEdOBArufr: qYBCTBIITEJIbIIOCTb - CEJIEKTI/TBHOCTb, PAOOqAS TEMNC-
PATYPA - qYBCTBUTEJIbIIOCTb }I T.I. HAIIPNdEP, IJIS YBEJMqEHI,Tfl MEXAHIqEC-
KOI trpOlrHOCTtr arcopoeBTa B KaqecrBe cBssyqero BerqecrBa B i4cxo.u]yF
rracry B psAe cqyqaeB craJEr ,{ooaBrfiTb rfiA)o(Furbrsrft KpeMHeseM t6], qro
[p[aeJro Eapfl.Ef c yBeJrnrloHrreM trpoqEocrl4 u r pesrouy yBeJMqeH[ro "[apa_

3trT8ofi'' qYBCTBI,ITEJBEOCTT TAK}D( A.4COP6EETOB IC COIEPXAHI,NO BJIAII4 B AEAJI[3}I-
pyeMoM ra3e, IlosTotr(y a .4altneftuerrl rrru)oFr.nbruffi KpeMrreseM 6bur saMeHeH Ha
rtrrco(DodErfi, c yctrexoM llpmreHerutrd.uJrff co3,qaHnff ceHcopa Ea co t7]. Ilo.ny_
rIeEfiffi uptr sToM aIcopOeET oKaoaJrca cla6ovyncraureJrbnbrM .K rroMenenr,rsl,,
BJraffiocrtr E TeMtreparypH oKpy[aqefi cpe.U.

Boo6qe, tro Mne'uro Moppuco'a tsl, ua ce.o.trrsmfld,ue'b cyqecrByer rrer6r_
pe Eauoonee oorynr [yru .[JLE peueEllfl 3a.Uaq[ o ceJrercrlrBrrocrr4 noJryqpoBo.uM-
ROBbTX CeEcopoB. It EO' OE OTITOCtrT: a) I[cuoJbSoBalilIe KaraJMsaropoB lI qpo_
lloropoB' 6) rcuo'meoname MeroAa reMlleparypHoro KorlTpoJrfi, e) r,icnoftso-
BaEne oqpeleJleFETlrr troBepxtrocrHblx IodaBoK, o6ec[eq4Bapull4x npoTeKaHile cIIe-
L@rlecKofi a.ucoporFnl, tr, rraRoEerl r) ucuo$eosaH{e pasdr4qHbrx (FurbrpoB.

TaK, dbuto ycrasoBfieEo, qro r{gMeHelrr4e reMleparypbt a.UcopoeHTa B ro_
CTATOTMO UXtrORE qPE.qEJIAX SPIIBOEIT R IIOSBJIEHIM PA3MbIT6IX III{ICOB HA 3A-
BI,ICI,IMOCTtr SJIEKTPOIIPOBOEOC?}I OT TEMIIEPATYPbI, OOYCTOBTEHITbIX BJMfiH}IEM PA3-
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JIIITIHID( ra3oB, qpl4cyrcrByroD( B oKpyxtarcqeft cpe.ue r4 [posBJrrrpu[4x cBoro Hau-
doJlnyn B uraue r,rsMeneuuq sJrercrporq)oBo.utocrr.r agcopbenra axTlrBnocrb npu
pa3Jrr[rrHrlx, xapaKTepHEx .uJrfl rcaMoro ra3a rer\rnepaTypax [e], o.uFa&o cr4rb-
IIaff paSMHTOCTb IIIIICOB I{ ooyCJIOBJIemtOe gTrrM rD( Cra6oe paSpetlelMe He nosBo'
JIspT cgl4Tarb Mero.[ TeMrreparypHo-fiporpaMMrpyeMoro KorrrpoJrfi locraro.rHo o0-
ryoi! peueIIToM,qocTlltftelMg ce JIeKTI4BIIO CT'I.

HaHeceE{e Ea [oBepxEocrb rroJryrrpoBo.u.{trKoBoro alcopoeHTa pa3JMqr$rx Ao*
6aBoK, cueur6.rqecRlr a,UcopdupynwD( rrJM pearffpyuryD( c .UereKrr,rpyeMbrMrr qac-

TI4qaMrI, rlosBoJrser B pg.Ue cryqaeB .Uo6ltTbcfi ottpe,[erelfi{oft ceJIeKT?iBHocr}I.
B Ka.IecrBe rrpllMepoB MotKIto llpllBecr]t [c[oJIbBoBaHI4e rnrpocKoIEI.II*Ix coreft
flJIa cBggHBaIIlIg BoF B cellcopax BJIarcIocr]I, HaHeceIMe qacrI,IU cyrbmalflIroBoft
rg{cJIoTbI IIa IIOBepXHOCTb NiO .4JIfl .UeTeKTItpCBaIMfl NOz [1O]. o.UIaKO BbICOXag
paooqas reMlellarypa oorbmcrcrBa noryIlpoBo,UuKoBbrx ceEcopoB ooycroBJMBa-
er,{acTltrfr xapaKTep Me ro,qa creu.r(F{qe cKrD( rroBepxHocritbrx,uoOaBoK,

HeIIJoxI{e py3yJbTaTE IIpu u,ueETr,r@trcaud{ paBJMqInJx KoMnoHeHToB ta3oBbrx
eMecefi !I ceJIeKTtrBIIoro .UeTeKTrpoBaIII4fi orrpe.UeJleElloro KoMnoHeIITa .UocTIIraloT-
cfi Irpu IIoMory rrcrroJrbsoBaH[a pasJrrlrrrHNx (F4rbTpoB, KoTopbre Jtrrdo ycTariaBJM-
BaFTcs Ha rlyru lroroKa ra3oBbrx qacrrtrI K.uereKTopy, JM6o noKpbrBaroT rroBepx-
Hocrb alcopoeETa. TaKrre @{rbTpbr Moryr 6brrb r{BroroBJreHrr r4B Marepr4aJroB,
aKTlIBItH.x B orHomeELI[ rI46eJM - peKoMdlfiralufi4, xr,IMlrtllecKoro cBgBblBaHirtg I{
T.rr. Toro rlJtlMHoro rrtrra aKTIlBHblr 'qacrru, ffpucyrcrBytqqr4x B cMecr4. TaK,
cepeopfiIilJe @urbrpbr aKT![BHo ylaJrrilor o-aroMN, a dMrbrpbt Ha ocrroBe
coro4 - clffil'Jerlsu KLIcJIopo.q [11], paBJII{lIItbre ueoJlIirbl Moryr l4clloJlb3oBarbcs
B KaqectBe IIorIoTI{TeIeft MIIOTID( raSOB IJIS BbI.{eJIeIMfl HyIffOft KOIvInOHeHTbI
1121. B To fre BpeMa ntr{poKoe pacfipocrpaEerile rloJrystrJM @urbrpbt, o6ralaFqr,re
"Epogpasocrba" JEtr[b Ars .rleTeKT]rpyeMbrx qacrr.q, tlpltr'{epaN&r raKoro po,ua

@ulbrpoB cJlyaar rIJtar[HoBHe r4JM TIaJIJIa,UI{eBbIe rIJIeHKil, {poE}IIIaeMbIe .[Jrff Bo.qo-
po,ua [13], r$rpnorufi, uporuuae[ftffi IIpr{ BbrcoRr,D( TeMrreparypax.qJlfl Rr4cJropo.[a
[14],. I{ pfl.[ ApyfrB. lilcnorb3oBarMe (ErJIbrpoB - Ha[6oree IIpFMoft ]4 .rr,rcTHft

rlyTb ,qocTlraeHrrfl ceJreKTr{BEoro ,4eTeKTrpoBall}rfl, Eo, K coxaJreEltro, fipr.rMerr],rrurdl
JIIIIIIb ,{JIfl OrpaEI.IqeEIOrO !MCJIa ra3OB. _-!

HatrdoJee Er[poroe pacfipocrpanerue AJrff AocTtl]fienr4a Ba.qamroft celentu- '

BIIOCTU CeECOpOB trO OTIIOEeIIIfl0 K TOMy IIJM I4IIOMy ta3y nOJlyrflUIO I4CnOJIbSOBa-
Etre KaraJMsaropoB rr trpoMoropoB pa3Jrr[trHi[x peaKr]lfi, IlaHocr4Mbrx B Br4.qe MeJr-
Kolg{cuepcEofi (DaB6r Ea troBepxsocrb rroJryrrpoBo.uMrcoBor.o a,ucop6eBTa. ItaK rro-
KaB$Baer oIIET (cM., EaqpnMep, [B] i4 crE{coK r_U4TI[pyeMo[ B orofi padore JM-
TepaTypH), EarreceEtre raICrD( Io6aBoK qprlBo,U4T B 6orbuoM qucJre cJryqaeB, no-
MtIMo ,qocrllaeBl{ff ga.Ualnlofi ceJIeKTIlBIIocTrI, ]I K yBeJlnenr,no qyBcrBI.ITerbHocTu

ceHcopa IIo orEorrreErm K BbrOpaEEoMy ra3y. o,UraRo Ha cero.u{firGil{ft IeHb He
cyqecrByer oEosgat{Iloft fcEocrn Er4 B nolluMarrll}I MexaElr3Ma BJMflrrufl KaraJtrI-
TrFrecKEx .UooaBoK Ea ceEcoprtrfi e(reKT, rrr.r B onTr4Mr{gat[4tr Bbrdopa HaEocr4Mbrx
rca TaJnaSaTopoB ,

B KaqectBe ,Eyx Bo3Morffibrx MexaHI{BMoB BJMgHr,rfi EaIreceEEbIx lcaraJlr43aropoB
IIa BeJmgrrEy r! xapaKTepucntrC[ aAcopdtl}loEEoro oTrqlEtrca ceHcopa, a raRr(e Ea
ero ceJleKrtrBEocrb Mopp$coE t8l paccMarpr.rBaer cIIr{JrJroBep-s@KT 14 o*(!eKT,
cBgsaltrftil c trBMeEeIItreM rloJroxelil[fi ypoBlrff Oepr\d,r noryupoBo.EltrKoBoto a.qcop-
6eETa ( p$c.2.1). BKpaTUe 9To rrporrBJrseTcff B cJre.uyroqeM. .&4ccourrarr.rBHafi
a.qcopdu{s MoJreKyJrFpHtrx ra3oB, ?aKllx, ftaK Kr{cJlopo.u tr Bo.uopo.u, r4Meroqafl
MecTo Ea IIOBepXnOCTI4 MeTaJIJII4!IeCKr.D( RaTaJMSaTOpOB, TAKI,D(, KAK |IaJIJIa.Ud I4



a,

+ A
x

xr(g)

X
xo(g)
I

0td

6  t r ( s ) ,

xlo .-xo(g)

0xcu0e e """-" 
i

Puc. z. r. BogMoxcute MexaEtrBMbI BJMfiHI{g EaEeceHHrrx MeraJUIIFIec-
Krlff sacTr4rl Ea a'[copotu.rorrHoe I{sMeBeH}re alerrpo@su_
qe cKrD( xaparcreprrcrr{K aAcopoelira
o - xrrMttrrecKafl cetrcuduJM3arfis: poJrb IooaBoK cBo_
lIlITCg IC aICTr4BaLUtr4 I{ CTMJIJIOBepy peaKTaIITOB;
d - oreKTpoHEas ceEctr6r.uEr3arl{s: poJrb .qoOaBoK cBo_
Etrca Ic roMy, gro B BaBrIcI{Mocru or ycnoBuil B ra3o_
Boft 0a3e oHr,r craHoBsTcfl JMOo aKUenropator, JtrIoo Io_
aopaMr4 gJreKTpOrIOB

IIJIATIfiA, COtrPOBO)(IAETCfl ' 'CTE&AIMEM'' 
A.UATOMOB HA IIOBCPXHOCTb HOCI4TEJIfi, B

KarrecrBe Koroporo Bsrcryriaer [oJry[poBo,ufltr{oBbrfi a.ucopdeHT t15,16]. Ilocre-
[yuqa8 l[ xeMocopou{fl B sapsne$Eofi (popue u;u.r odycroBremroe r4x 60Jbuofi
xl4,trrrlecKofi aRTEBHOCTbD yqacrue B peaKlrlrfix c .4]yrIlMI.I XeMOCOpoI4poBaHHbIMtI
qACTIqAMI,I JtrIoO 9JEKTPEqECKII AKT}IBIINMI4 IIOBEPXEOCTHbIM'I ,UE&eKTAN[4 IIPI,IBO,U{T
K ropaSAo 60tee pesKoMy lrsMeHerrr4to sJleKTporlpoBo,trrocrtr noJryrrpoBo,4flma IIo
cpaBrreEun c rrSMeHerrlraMr{, ooycJoBreltribo,[4 arcopou{eft coorBercrByrou&D( More-
KynEpHbrx ra30B. IIo,u)o6Ho poJb crMrroBep-s@KTa B pa3fi{qHbrx rereporeHHrnx
trpoqeccax tr peaKrrytsx, a raK:re B BorDOCe Co3.qaHlls ceHcopoB "[oBepxHocrHo-
ro rEra" ,urs rereKTlfpoBarrl{fi Mtlrpfipy@( IIo noBepxEocrrr a.ucopoeHTa qac-
Tr{rI paccMaTpuBaeTcs B rJraBe 4.

BJMtrue EaBecennlx KaTaJMSaTopoB Ea qyBcTBIITeJIbHocTb I,T ceJIeKT}IBHocTb
troJryrrpoBo,@trroBblx ceEcopoB Moser gposBJlsrbcfl TaRrce lI qepe3 a.ucoporyrolnloe
rrsMerlerMe xapaKTepr/rcrlrK ooracru npocrpancrBeru:oFo 3aps,qa, paclloJomeltrrof
Herlocpe.ucrBeffio [o.u RoETaK?OM KaraJMTrrrecKag ..{ooaBKa - IIOJIyrrpOBO.Uir4K, B
qACTEOCTU UOA ICOIITAKTOM METAJIJI - IIOJIYITPOBO.IHITK. NEftCTBI,ITETbIIO, IIPO}ICXO-

.4tnqee IIpu aAcop0rytr{ IIa MeraJIJIIltttecKI4x Mr4xporpr{craJrJrax I{BMeHeIIue B eJreKT-
porfrofi troAcl{creMe uocJlefiirD( BbrsbrBaer r{sMeHeHr4e xapaKTepI4CTI4K oapbepa
lllorrrur, cyqecrByqero Ea rpag4e pao.ueJra MeraJrJr - [oryqpoBo.ufltrc, rrro
CKASbIBAETC'I UA KOIIIIEHTPAIIM CBO6O.UIbIX HOCI,ITEJEI B OIi3, YqACTBYIqqTD( B
TOKOtrEPEEOCC. IIO.@O6EAfi IIOJryKOJII$IECTBEHIIAfl MO.qEJIb OTOIO fiBJIEHI4fl 6YIEI
paccMoTperra B rJIaBe 5. 3lecr fte xoTeJrocb 6H oTMeT[Tb TOT &aKT, qTO

,qJlfl IlposBJreEnfl yKa3aEHoro g@rcTa B ps.Ue cJryqaeB coBepfielrHo Ee ooa3a-
TeJbIto treperpbtrse 0IX3, co3,UaBaeMtrx coceErrrMlr MtrKporcptlcraJrJraMu Laeial.na,
I€K sro Tpeoyercs n oapreproft Mo,[eJM paooTbr ts]. Jlero B roM, qro, rroMtlMo
IIOJIItrCPtrCTAJIJItrTIECKtrX AICOPOEBTOB, XAPAR?EPI43YWD(Cfi BbICOKI,IMII METCCPIICTAJI-
JMTEilMtr oapbeparvfi, Jtro,suDywn/M ToKorrepeEoc (ctu. paa.qen 1.1o), Ha [paK-
TtrKE qACTO IICtrOJIbSYDTCS CEECOPH, PA6OqUMI{ 3JIEMEHTAMI{ KOTOPHX CJIYI(AT CIIE-
qemffie oKcn/ImJe troJrytrpoBo.@ft[. cTpyKTypa raKnx a.qcopoeHToB xaparcrepl{3y-
elca EaJIIFMeM TOEICEX TTTOCTUICOB, Coen[Eflm@d coce,ui}Ie MI,IKpoIrpI4cTaJrJrbr, a
qpoBoJEuocrb gTtrx ruocrtrKoB o4peleJrser qpoBo,uorocrb Bcero odpagqa [17,
181. B c[.,ry MaJIbIx pagMepoB MocruKoB 1- ro-5cu), He rrpeBbuuanuuo(,qJtrtrIy gK-
paErfpoBaatra, cyqecTBoBaEtre Ea ltx trOBepXEOCfl{ .[aile OT,4eJrbI$rx M!trrpoKpl{_
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CTaJUITKOB MeTaJIJIa f/tofreT B SEattrITeIbEOft CTeIIeIII,I BJMflTb Ha I,I]( ffpOBO.44-

MOCTb.

CoBepueffio otleBu.Eo' qro Bce l\,fioFooopa3lle Bo3Molfiblx Bfi{Erfi[ft IIaHeceH-

TItIr KATAJUTSATOPOB EA qYBCTBtrTEIbEOCTb I4 CEJIEKTRBI{OCTb IIOJTYIIPOBO.UIIIKOBbIX.

ceEcopoB Ee Moael 6gTb cse.ueEo JIImb K yKasaIIHrW ,FyM MeXaHlISMaM. Herb38

BadblBatb O BO3MOfrIIOM &tugEm KoHTaKTHEX noJleft, OOpadaTbIBaIOWDi SflaqlITeJIb-

EyD odracTb troBepXEocTII alcop6eETa, pacIIoJIO$eEIIyP B0JII43I{ MeTaJIJMT{eCKLfi

IoOaBoK, IIa peaKl[IoryD cllocooEocrb a,uqacrltrI [19] ' a raru(e o BoBMoIIGIoM

IrpflMoM KaTaJMTtrrIecKoM .ueficTBI.III ,UO6aBOK, COUpOBO'(UaUIIeMC'I OdpasOBAE[eM

EJIEICTPFIECKtr AKT}IBAIIX trPOAYICTOB PEAKUIff U3 HEAKTI{BHTIX B 3TOM IIJIAHE PEA-

PEETOB.

TeM se MeEee EeJIbBfl He r{}rsllarb c[paBe.uJI]IBblM ocHoBIIoft BbIBo.4 MoppucoHa

t8l o ToM, qTo 34.{aqa AocTIIxeIufl oeJIeKTIBIIOCTII rasOBbIX CeHCOpOB IIpI4 IIO-

MOryr qpl{MerreEr[f, KaTaJusaropoB orJlllrqaelcfl or 3a.4aq[ ,qocr]IxeErls ceJIeKTuB-

EocTlI B KaTaJMTI[rIecKtrx peaKIIIax. B ra3oBoM AeTeKTI,fpoBaHru lleooxo,4olla ce-

JIeKttrBIIOCTb peaKTaEToB tr y,uapeEIe ,4eJIaeTCg Ea I'IByrIeE[e BOSMOII$IOCTII yCKO-

peIMfl JM6o, EaooopoT, TopMot€IlIIfl peaKlutr{ IaIIHblx rlacrl,Iq, B To BpeMa KaK

B rcaraJrrr3e Eeooxojun a ceJIeKTItBIIocrb tro rrpoAyKTaM peaKlutr4, r{To rpeoyer

I43yqeHIlIs tr lcoETpoJrs Bcex cTa,uM [pouecca. Taruo,r oopa3oM, rrpfiMoe ucrloJlb-

3oBaHle KaraJrrrsaropoB u3BecrHux peaKlpil AaJIeKo He Bcer,Ea rrpI,IBo.ryIT K re-

JraeMilu pe3yJrbraraM. o.ula&o B Tex cJlyqaax, KorAa lloooqlnle flpoqeccN I4

[po.uyKTbr peaRr"uEr rre oKast[BaFT cyuecrBellEoro BJiI[firMfl Ea sreKTpo@,I3I4Icy aA-

copoeETa, trprntoe MrIoJIbsoBaEI4e KaraJMBaropa KaKoft-JMoo peaKr-u{}I, rrporeKa-

Fqefi c ytracrtreM ,uereKTlfpyeMoft rlacrlou, Mor(eT oKa3arbcE orleHb lloreglfio't. B

KaqecTBe rrpnMepa oTueu/il pa3paoorKy llllsKoTeM[epaTypHoro ceJIeKTI4BHoro

ceEcopa Ea'oKctrI yrJlepo,ua [2o], paooqo,r oJIeMeIIToM Koroporo fiBJlflercg Ka-

TaJIIISaTOp OKtrCJIeIIEfl CO Ea OCHOBe rerllrpoBalfiOro TITTaEOM d-Fezo3, CO.4ep-

aaqero MeJrKoructrepcEyD EpaKlgtro soJlora.

Itse K o.EoMy IIB BAAIIID( trPI{EMOB CCJIEKTIIBIIOTO ,UETEKTI/TPOBAII}IS CJIE,4YET

orEecrtr qpe:tsaprlTeJlbEoe Bosdyx,qeErle .uereKTl{pyeMblx qacr[rl. 3To llpel|(,ue

BCeFO OTEOCIiTCff K EeaICTtrBEilM B OCIIOBIIOM COCTOSEIIII MOIeI{yJIaM B OTIIOIIeHIM

ugMeEeEr{s gnerrpo(F3lfsecKu xapaKTepllcrlllc a.ucopdellTa. SreKTpolfioe UJM

KoJIeoaTeTbEoe BoSOYUAEEtrE IIEPEBO,ryIT ID( B AKTI,IBIIOE COCTOflHI4E ' qTO TO-

SBOJrser tro peFrrcrparF KoEIIeErpaLuM BOsoyUIerutr)IX- t{aCTI4{ CylPlTb I{ 06

odqefi KoEleErpal.u[tr qacruu lIccJle,uyeMoro rl{[a t21] (cM. rraBy 5).

B BaKJuoqeroe AaEIIoro pa3.4eJla ocraHoBuMcs eqe IIa olfloM BalcIoM Borrpo-

ce, cBs3arrEoM c BosMoffioft, c Eauefi Totlcl4 3peEl4s, Kraccu@ficalll{eft ceHcopoB

tro &pucraJultrrleclcoMy tI[Iy alcopoeEToB.

IlorytrpoBo,@EcoBble a,4copOeHTH, EctroJrbsyeMble B KaqecrBe pa6os]D( SJIeMeII-

ToB ceEcopoB, Moryr trpe.ucraBJrsrb co6o[ lloEoKp]IcraJIJIbI ]IJM MoIIoKpI4craJIJtr[-
qecKfie rureEKE u troJIIlKp]IcraJUIbI, upFIeM trocJle.4Me Moralo ycJIoBIIo pa3olrrb

EA ,@E TPYItrtrI, OTJIFIAW{ECA trO CBOfiCTBAM KOHTAKTOB MElr.AY MOIIOKPI4CTAJIJIA-

MIr. It trepBofi pyrme orllocsrcfl Te rloJll4KptrcrarJllrllecKl4e aIcopOeHTbI, B

Koropblx rcoETaKTbr MeEAy KprcraJIJIIlraM[ Moryr 6bITb rpe,ucraBJlellbl B BI{,ue

,Boftoro oapbepa lllorrr(g r[JM, B ooree ooqoM cryqae, ]l3orl4rlHofo rerepolle-

pexo.qa t2z) ( ptr.c. 2.2,a). TaKue KoETaKTH cBoftcrBeltril,I .HacbIIIIlbIM, crl])ecco-

BaEHLIM IIJM EaMaSAHHUM IIOJII,IKpI{CTaJIJITITIeCRLO/I a.qCOpoeIITaM, Ee nO.4BepraBIIIllMCfl

BbrcoKoTeM[epaTypHofi o6pa6oTKe, a TaKxe B orlpe.ueJlel{Hoft cTeneE],I r IIoJIII-

rcpr{craJrJraM, cnerreHrro,r B or(}rcJMTerbHoft cpe,ue. Ito BTopofi fpylme orHocflTcs
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BeprcramlE€ rcnlakrlr 6a!6epHoro (o) n Mocmto

lloc]l@ 3axllrolo (o) ! or(prroro (d) rEos

IOJ@{qrCTA,Lltq€cMe norq'rqDBoFl]@, B rcrolax rcsrsrir|r Meri.J|t' oT,[ar16EoM
x!{crai"rsralM ralaxrelrrsyDrcr sannqneM mEr6 ooo,@rsrr€rbM Mocrn{oB
1r1,13.2t1 \cM. pxc.  2.2,4) ,  B 3€Brcmcrs or  rsrn m!aM€&oB, Rak ror-
u{sa Mocmri€, croneli n6r4oBarflr Msmpxai€, a rol{le€, eollrerirlallrt
relleRrc! B MocrE€, BeJEqtrra rcBepxsocrHoro Ba!r,qa, nolian€oBaEoio Ea
Ilc lBsJM1fioro ma, ynasarrfie Mocr@ lrcryr
oallepatm 'qnt ltsm€er Eocfirerefi roris B nolLyq)oao4 ft€. ?ncynoR 2.3 rn-
rmcr![pyer Fe €m cmyar@r. Br@o, qro m!a6& cnyyat, xalErre!rcyo4dlct

3HelreftqocrcFo 6a!!€pa, cMsaE c nelBkFem€M o6nac-
r€n od6,rFea@, qro ooJcnoB"telo Manof ro"@ot MocrE{a (h < 2r,D) E
oorE[ot Berr'fiEot EoBelxHocrHoro salraa. Bo BroloM c,ly,]ae rakoro D€pe
nlHlrr se lpotrclo,@r tr oalb€la ,u!ls mrcle!€Hoca He BostrBaer, 3 I8r[E€!,

rapakloptr3J@€cr Ea"ErrtrteM lE€prerEqecrcro da!6€ps c Bbrco-
lsa, tr!€E6uaqet kr - mnnoByD sqeprlfo Eocrrenefi, 6yIeM Ea3rBar! B

c [prffflrofi r6$@oro!I{€t 12./25] MocrrrraNor 3€ftlHroro ryma,
a !0 oomaaf@e oapleloM - Mocrr{|sie or&pHmro rfia.

yrla3€Erre Mocrn(.sre crlJarr'lr odd€o Eo3M{aDr lr.or cftkamfl !q,q€ no-
fifi.@orarrusecr4 oKcr,loB, irlnq€M Eandon€€ laeB€rln€Hr8s, ?aft ria3brBeeMst
',arypEar crpyerwa'! oo!€syercs E!tr cnelarrdr B Bar.yyMe wM B €rMocqBpe
rffellErx trrM locclsEoBnr 9ro cBr3€Eo c
ripncrarr.n€x lrrs odlasoBarfir tr yrcrlEerrm mcreB E€o6xoEoro ,qB?fi<eE e raE

aruom, n nosrsw oomfi cftolocrL llloq€coa olD€,4er.serc!
crclocrbD @merflr Bandem€ llo@r[€oro rroEa, ooHqroi r(an, HerlprrMep, B
zno, ar,o:, nto! z@Ba 126t. flcso, riro pa3rlrn&e o€I{rop|l, lJFsDu,{e H€
cx.locrB mpesoca yna3all1rx qacml, rrcMeE xr? cRolocrb cn€rian{r, T8ri,
yBerEq6rs0 l{crs rscnolo,@rx BaKsHcmi EFol|cxor4ee n!tr rporF€Be o6!a3qa
B laccMarp@aeM arMoc@per ruM B Bar{yyMe i n!Eo4rr,

It6llodnror!€@rfl ctr€s€Eotr flneEi,r zno co crpyriry-
!ot, cocro@en m Mq{!o&!{cralanoB,
IJ cooot ?oErro/m (prcraruMqecl(Ifie rcor4ialfl (a).tr
c a)rylrojt crptnrJ@t, rapaKre!rcyrq€icr rcleMelr-
Eofi roJ!!@on B6rBet (d), yBsJ@eE{e 2.10r

lasgxrm c6mro rloqecca dekMr r r. yelBq€Ifio ero crolocrtr. co3€!Irr8a-
so oqeB44ro, Yro yMeEEeMe caodo2Fojt sBepr@, [porcxol4ee rro Mele
w€Eneer Beeqq&r [oErelxEocrrr, ooycnoB,trBa€r yforqeM6 roII.E Mocrfi-

Ea !6!Be cra,@Er c[er€Ers, 9ro rrmnocr!trp]€rcs Mnloooro
rya6jftE crpyrirylH Eo,m|pncra,rrMqecftoro o(ctrra r@B:a i orrrocrurM4cs ft
!83JuqEnr no lelecEocrs B!€$eEsM cEeriaB{r ( Dtrc, ,,4). 8l,terc, qro c
yBeJMq€r e B!€MeB{ cnerial@ FlBo Bular€rnlre Mocrm{n-yc6r trponaranr E
odpaBy€rcr o@aa awlEas crlyxrypa, xapa(repByrqaros fie!€Merr]ot ro,t-
[![rot Ber!€t, &orye! 36 noJ@ptrcrzruuqeclq!( o6!a3qoB B Rtcnolo,qcorelri€
@ c!€rax collloBo[,lE€lct yMer$n€r{a€M Ro4eE!!ar@r ftecnolo,Eflx Ba1!.rdd,
sro qpm4{r k szMelreMo rFouecca crreRa! r r yB€me!r!, IoJtx Tostffx
rccrmoB-ycoB r,r 6e3Mocre B ooqeM q,rcne Mo*rprcramrnru

I4cxoff {s cRaBaEoro B6ue, Mo[0to c,qen€Tl Heftoropne BLrBo&r orHocnreJrb-
Eo odnacretr Elra{err4rocry rcryrrlomAco&i ceHcoloB lta ocBoBo troJ@!tr

a'4co!oeE1oB, rr@'oroerr€r!fix B pasldx ycioBfim, A,o,rel!ro:
norwqpEcr€rlmrecroo saco!d6!rn, orrea€ME€ e or{yc"tr{r€,15Hoft aMoc(Ele,
Earnywfi oopaooM Moryr dlllb trpra{Brl,W rifi 4yH{&ol! poBaE{r B xa$crBe
laooqd semEroB ceEcoloB, Epe4rasHarrermD{ !m otrpereneHrs cn€loB Boc-

ffx ropDw fa3os srMeHeB/r a"s.rpo@
strqocl@ rapakrolsclE{ a,qcop6eHre ) B B$,qyxe lM B &ucno!o4co4e!*a4rx
clelax. B loccrsBoarrsGEi6 clerax, B arMoc(Ele ifi€lrlm
xyla6 Ecllojrlso3€r e Taltrfl a.qcolo€rroB, ocooerlEo rr!!r noElm€rjtux remela
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Typax, Barpy,qFeEo lrs-Ba nocrorltrHoro .4)efima BHa,rerud r,rx gre&Tpoft43ulrec-

Kr{x xapalcreprrcrrtrc, ooycroBJreiffioro qporeKarouMr\r BoccraHoBJIe}MeM oKc}I.Ua.
Haooopor, rroJrr{KprrcraJrJrrFrecKrre a.qcopderrrE, crreKaeMbte B BoccrarroBr,rreJrb-

Eofi aTMoc(Fpe, HaTIJIyIIIIII4M odpasoM rIpuMeHlII\rbI B KaqectBe pa6oqlo( SJIeMeHToB
ceHcopoB, rrcrroJrb3yeMu( .qJlfl oqpe.UeJlelurs MaJrNx KoHrIerITparId pa3JMq}[nx ra-
3OB6rX trpn\decefi B BaKyyMHEX yCJrOBrrsX rr B aTMOCsepaX r4r{epTHNX (e nJaHe
Bl]IfiIltrfl Ea sreKTpo(Frglmy aficopoe$Ta) ra3oB. l4cnorb3oBartr4e ru Ha BoB,Uyxe,
ocooeEro rDtr troBbrrrreHHrlx reM[eparypax, Barpy.trreHo B crrJry BosMoffiroro npo-
TeKarrlrs oKtrcJMTeJrbHbtx llpoqeccoB.

IilTaK, ooractb rlprlrMerreHr{s [epBoro rrma troJrr4KprrcraJlJMr{ecKl4x a.qcopdeH-
ToB c MeaKptrcraJUItrTH[IMtI KoETaKTaMr4 oapbep$oro rtrla - Tpalfru{ortrrbrft ra-
BoBbfr aEaJMB Bo3,uyEnbrx cpe,u. 06racrb rrpr4MerreHr4rr noJ&rKpl4craJrJrr{rrecKrrD(
a.qcopoeHToB c Me:RlrpucraJrJ&rrHuMu KoHTaKTaM[ orKpbrroro Mocr],rnoBoro rrr[a -

qpelu.rslloErrfle BaKyyMlrHe rrccJre.uoBaHus r,r AeTeKTr,rpoBarrr4e cJre.uoB fiprd{eceft B
BOCCTaIIOBUIeJIb'{HT tr IEIepTIttrX Cpe.UaX,

Heodxo,Uno oTMe[rrb, qro BoBMofieH u Tpertfr Tm a.qcopoeHToB - MoHoKpr4-
craJuurleclue oKcnrlr. OoJlacrbn llx qpI,IMeHeIMg, c Haueft ToqKI'I gpeHfig, fiBJIg-
etcfi trByqeEtre gJIeMeHTapHbrx cra,Ud B3an\to,UeficrBuE rag - TBep,uoe reJro, pe-
SyJrbrar'rr KoToporo Moryr 6brrb llcfioJrbooBaHrr rrpr4 cos,qaE]4r4 ceHcopoB Ha re
trJIU UHIIE TA3II.

Cyqectsy@e pa3JltrrMs B crpyKType MoHoKpI{craJrJMqecK}D(, oapbepifix u
MocrmoBblx troJIuIcptIcraJIJIIFIecIgD( a.ucopoefiToB oofiBam,I fipofiBJlgrbcfi I{ Ha Br4,qe
a,Ucopor.U4orfroto oTKJII{Ka elerrpoftisrvecKt!( xapaKTep}rcTr4K TaKr,D( a.ucopdeHToB
[25]. ocEoBltrre Mo,UeJM a.Ucopd4{oltrtoro orrq[nKa MoHoKpr,rcraJrJrr{lrecftr4x 14 6apb-
ep8blx troJrrrKpucraJrJlrrgecKr{x a.ucopdeHToB 6buM paccMoTpelrbr B rJraBe t. OrMca-
ElIr paBJIIFIEbIx reoperlrqecl$4x Mo,uereft a.qcopoltrIoEloro orKJrr4ICa noJr!tr{prdcraJl-
JIIrlIecRLtx alcopdenToB c MexKplIcTaJUMTI$rMrrr KoHTaKTaMI{ Mocrr4roBoro rr[rra u
I4X COUOCTaB.I€EIffi C SKCIIOPI4MOHTaJI6HIOI{I{ peByJIbTaTaMI{ OyIyT IIOCBflII€IIbI IIo-

cJre.Uy@4e paB.UeJIH Eacrosqefi rraBbr.

2.2. cneqellrue rroJtrrrcpr{cTaJrJrr{qecKue alcopoeHTH

B[ue oOcyEIaJIacb BoBMotKIIocrb cyqecrBoBan]Ig pa3JII{rIHbrx rI4rIoB rloJlrtr{ptrcraJl-
JIII$IeCKE( IIOJTqpOBO,SIIECOBEX a.{COp6eHTOB, OTII4rIaFrryD(Cs XaparcTepoM KoHTaK-
TOB OT,UeJrbHrrX MrlrCpO&pUcTaJrJroB. Eoree [o.4)o6Ho paccMoTp]4M BJMfiHr4e sroro
pa3JllrtMs na aAcop6rSoEHNe rr greKrpo(Fl3l{qecKue cBoficrBa a,UcopdeHroB rn,
qto caMoe Baxqoe, Ea MexalrtrgMtr ]{3MeHerII.Is ereKTpo(pr3r,trcr4 rloJlyrrpoBo,ullma,
odycroBJemoro ero a3ard{oAeftcrB?Iel,] c rasosofi Oaoofi,

CJe.$rf rrMpoKo rllrrlrpyeMofi padore XarcoHa tr_sl, r4soopa3uM noflepeqHoe
ceqeElle oparMeHTa cleqeEroro o6pa3ua B Br4,ue, [pe.qcraBJrer{HoM Ha pr4c. 2. s,
SaurpruoBaErafl odJracrb EpelcraBJrrrer codoft ooracrb rrpocrpaHcrBeHlroro sa-
psla.

ItaK BI.rEo rIB pllrcygRa, or.ueJlbltble MlrlcporptlcraJlffn JM6o coe4rl{eubl TonxrlMrr
MocrErcaMu, oopa3ywoitrrcs B pe3yJrbrare clreKaHufl ( KoHTaKTbr I v 2) , rg1160
qpocro KacapTcfl  myr rcyra B Mecrax cTb&a (KoHTaKT 3) [ i , i  ,25], Ha
pllc. 2.6 IIpe,qcTaBJIeHrr ,@a BoSMo)fiHbrx Trma yKa3aHHbrx MocTr4rcoB B yBerrFreH-
HoM BgIe tr I{BoopaaelilJ BoEHbre .ryIarpaMMbr IJrfl florepeqr$rx ceqerflffi B
Epe.ryIoroaetrnr cyqecTBoBaHrrs afipr4opEoil [pEroBepxHocrHoft o6racrr,r ooe:Fe-
Hr[s ocEoBEbtM]I Hocr{TeJrsMlI Sapg.ua - gaeKTpoHaMrI qpoBo.u4MocTl4 IJrs paccMa-
TpIIBaeMoro B IarbHeflueM troJlyqpoBolErr4Ka n-TItrIa, CoBeptueltrlo or{eBl4.ulo, rrro

90

A-A (A'-A')

L C

Pi le .2 .s .

CIIeqemtrfr noJtrtrcpficraJfi{qe cKrd
oopaBeq (FparMeur) irel

-[.-fr.
F--l t'
l-1Ev

'puc.2.6. IlollepeE6re ceqeHr4a MocrrrrcoB orRpbrroro (o) u BaKpbr-

roro (d) TrtrroB r4 coorBercrByrowre uM cxeMrr gHepreru-

qecKlDt 30It

Mocrrrrc, trBodpa,reltrfiffi Ha pl{c. 2 '6,a, TrpeFcraBJlger coooft MocrIIK orKpbl-

Toro rllrla, a tr3oopafieltrfiffi l{a Puc. 
2.e,6 - SaKpblToro r!trIa. SHeprerI'I-

qecKafl s{arpaMMa ceqeEng B -B ,qJIg MOCTIIICa 3aICpbITOfO TI4IIa I4JlJit0CTpI,Dy-

eT B&&eRT oopa3oBaiilIfl rrJlocKtD( BoH, Ilpucy[Il4x Ha],I6oJIee roIlIu4M MocrI4IcaM 14

OdycroBJUlBaWD( cyqeCTBoBaIII4e BbIcoKoIo sEepreTl4qecKollo dapbepa flo BCeft

TOJTIHe MOCTI4ICa ,UJIS [epeEoca SJIeKTpOIIOB ITpOBO.U4I!i!OCTI'I MeIUy COCe.Ufl'�lMII MI4-

KpoKpr4cTaJIJIabs{ (cM. p l rc.  2.3,a) .

B rol,t clty,Iae, KorAa B MaTepLIaJIe npeooJla.qaFr MocrI4IcI4 SaKphlTolo rltrIa,

TO I4MeIIHO O$U I[ OiIpe,4eJifiFT COqpOTIIBJIeE]Ie BCefO OOpaSIIa I'I IIpaKTI,Ir{ecK]'I BCe

rraJleEr{e aEemero Earrpsfierrr4ff, [p]Eq[a.&IBaeMOrO K O6pa3lly, fipl{xo.ulrcfi Ha

gTIt MOCTI{IC{. TaK RaK IIoJIOXeEI,Ie ypOBHg OepWI OTHOCI,ITeJIbHo.U{a 3ol{ll rpoBo-

lII4MocTtr B MocrI{Ke gaKpbiroro rl{rla o[pe.UeJlgercg TJIaBHbIM oopasoM Bemlqltrroft

rroBepxrrocTlloro 3aps.ua, To u lI3MeEeHlIe SJIeKTpOIIpOBO,U{OCTI,I TaKorO MaTepfia-

ra, Eadm,qaMeecff qpl{ uBMeHeII]M BHe[IHID( ycJIoBI'fr (a.ucopoul4l'l' reMnepary-

pbl, ocBeuemg), qeJu4coM oqpe,ueJlgeTcrl lI3MeIIeHlIeM BeJMTII4TSI nOBepXHOCTIIOIO

3apfi,Ua. SEeprI4o aKTlIBalUut qpoBolpnlocTll TaKoro MaTeptIaJIa oObIqEo conocTaB-

JITIDT C TeIIJIOTOil a.4CopdLUEI !{aCTI4IL OTBeTCTBeHHNX 3a BeJMqi4Hy nOBepXHOCT-

HOrOSapg ,ua ,acaMyqpoBo ,unocTbTaRo foT l I r I aHaSb IBanT3J Ie&TpOITpOBO,E IOC-

TbD, JIIIMtITI[pyeMOfi IOBepXEOCTHbIMI,I COCTOSIII{SMI4 ( surface - trap - limited

conduc tance  )  t 24 ,25 ' 27 ) ,

B c.nyvae, Kor,qa B MaTeprraJ[e rIpeooJla.uanT MooT!IKI{ OTKpbITOTO TIIna, a To-

qHee, cyqecTByeT ,qocTaTowloe tMcJlo EeIrpepbIBHbIX IIyTeft, rpoHIISbIBalouI'lX BeCb

OOpageU II COIepXaryD( JIUIIIb MOCTIIKII STorO TUna, SEeprIIfi aICTI4BaUI&I IIpOBo,U'I-

MOCTI,I CBrISbIBaetCg C aHeprueft uoHI'IBaUltrI O6EeVEIOft .IIOI1OpHOft rrpIIMeCI4' a CaMa

rrpOBO,UOrtoCTb IIoCI,IT IIaBBaII4e oJIeKTpOqpOBo.EIOCTI,I, m.O,UrrpyeVOft o6Eelitrnllv&I

JroBytllcaMl4 ( bu]k - trap - limited conductance ) 124,25,281. IlpoBO[n!4OCTb

or.4eJIbIIOFO MOCTIIICa B 3TOM CJiyr{Ae qpofiopufioHaJlblla rOJIiIlIfIre llpoBo,[Elqero

KaIIaJIa h - 2L. , r.4e h - ToJIIUIHa MOCTIIICa, COCTaBJIgloUafi' no oueHlcaM

Fltr{uaHca t241, [opq.uKa 1ot or pa3Mepa MI4IcpoKpIrcraJIJIa, L- - uupl4fia 0Ii3'
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bJlxfrtde aAcopoui/M 14 l(pyrEx BHerlrrrD( BO3.4eftCTBI4ft, [pr{Bo,4flryDi K rIsMeEeH}no
BeJrrrqrfir{ troBepx'ocfiroro .apflAa, B.r*rrer u Ha r[].[pn'y o6racr[ o.e.urel*fi,qTo HeIIOCpe.[cTBeIrHo cKaSt[Bae?cfi Ea mDlnie qpoBoAflqelo KaIIaJIa r{, cTaJIO6bITb, Ea BeJIrlqlIHe co[poTI{&,IeEI4rI Mocr[Ka.

ItoETaKTu 3-ro rr.r[a (cta. puc. z.z,a),[pe,qcraBJrflr0lru4e cooofi Mecra crbrnaUIJM ICACAEIIf, OT.UEJIbIiHX MUKPORPI{CTAJIJIOB, OKBI{BAJIEIITIIII, KAK YKABbIBAJIOCb Bqpem'ryqeM pasAeJre' rBolfisnr oapbepaM uorr*,n ,nru, qro oo,,ree upuur.nrno,I{sorlIIIHblM lerepollepexol.av. 122'2sJ. Sneprus aKT]4BarpM gJregTporrpoBorrrocr]I
MareprIaJla c [peo6ra.uanqefi ,4oreft KoIITaKToB Ta*oro rl.rra oupe.qeJl'ercs, KaK''0,4)06'0 oocyfi'arocb B pa3.ueJle 1. 10, BbrcoraMr{ Me]rftplrcrarwl'Hbrx oapbepoB,a I{sMeHeIItre gJleKTporrpoBo.u{ocr}r rIoA BJ&rrrHr{eM pasJrrrHrrx BHerr[I?D( BosAe[cr_Bffi'tv B qacrHocrl{ a,ucopdl[elrCBnsaHo c rISMeHeH[eM BrICOT6T 9TI4X 6apbepoB,

B peaJlrErx troJIlIIcptIcraJUIltrIecKLD( Marepl{aJlax, no Bceft Bu.&ilrocrll, Ilptlcyr*crByrr Bce rptr yKaBaHIiHe TEIIJ KoIITaKToB. Curraercfi, rrro Borrpoc o Epeoo_
JIA.4AHI'tr TO'O trJM I4IIOI'O T}IIIA KOHTAKTOB CB'SAH KAIC C TEXIIOJIOI'Efi IPI4TOTOB-JIeHI4s oopagrla, TaK r.r c nocre.qyqeft ero o6pa6orr ofr tr7 ,24,2s,3o) ,
BOIEE TOTO' CYqECTBYDT PASJII{TIHEE TEXHOJIOTUqEC*,IE qPI4EM'I, IIO3BOJIflI''PTE
rrepeBo.*{Tb oopaSrlbl o*oro rrrrra, T.e, oopaSl*r c qpeooJra.*a'r{eM offpe.ueJre'-
EoFo copra I(oHTaKToB, B n)yroft Trm i3ol.

oTMeTIor, rtro rlo&a M! paccMarp[BaJIII JI]r[Ib troJI?TKpIIcTaJIJI]I, xapaKTepl{Bylo_
flplecfi EaJ''lmeu anpuopnot ''prtrIoBepx'ocr'ofi o6racrl4 06e.Erel*fi ocrroBlrbrMrr
IloclreJrrrMrr BapffIa. XeMocopol&rfi, rlaqpr4Mep, a&UenTopHLrx qacrr,ru, co[poBotr(_
IA@AflCfi IIEPEEOCOM CBOoOIESIX 'JICKTPOHOB tr3 BOII'I qPOBO.tr4MOCTII HA BO'HIIKA-
wre IIC aAcopoulnolr'oft [prpo.u, olucbrBaercrr B 'TOM Cryqae B TepMrr'ax reo_pltu ooe.Ueltrloro cJrofl t311, TaKafl MoAeJrb xopouo [pr{MeE],rMa, HarrpuMep, .UJIgo*ctr'qa LEIIKa ' oKI'IcJIeEuoro lra BoB,uJxe ,n xapa*Tepl'gyloqe'ocg cocraBoM ,,p,n-rroBepxEocrHlrx cJoeB, oJtrI3Kro,r K crextroMerpr.rqecKoMy [30] .

COBEPIIEHIIO .q)YIAS ftAPTUEA BOSH}IKAET B CJIY*AE ,'OJtrIKPI4CTAJIJI}I'ECKI4X IIO_JryqpoBo.tru&oB' Up,nroroB.,rse'brx B Ba&yyMHUX ycJroBr'fix. Tarc, B pa60Te t3o]lrccJleAoBaJrtrcb odpa3rE zno Tpex rmoB:
zno 1, troJryqeElsre fipu uporpeBe Lutrfico.qepxraryD( KapooHaroB rra Bos.UyXe''pu - eoooc; zno 2, troryse'nue BaKyyMHbrM paSJroxe']reM Kap60*ara c nporpe-aoM rrpr4 - soooc; zno 3, qpe.ucraBJlrrry.re co60fi cflegTparbgo ru4crbrfi flopofllo*oKctrIa LuIHKa.

Iilccre.qoBar*s aAcopoutr{ [ .qecop.rytrr rcrrcJropo..a, a ra*xe ero soroa.ucop6-
ryI'r rr ooroAecopdrynr rr, Ea&oEerL cKopocrr4 rrsoTorrHoro ooMeEa c r4crroJrbso_
BA*''EM TfifiEJIbIX tr3OTOtrOB K'ICJIOPO.*A IIPI.''EJM ABTOPOB PA.OT'I [30] K BNBO..Yo cyqecrBe'B. paslroM xapa*Tepe ''pore*a']rs errrx ,,poueccoB Ha pasJ*q'srx
o.pa.Uax. A loreltrro, BJMfiH,ne cBera qp]rBo,ryuo K .Uecopotlldrr KI,IcJIopo.Ua c no_Bepxfioc'fi zno !n, Hao'opor, rc 'o[oJEtrrreJrb*ofi a.qcop.qwr u anyoru ,.,o r.l4soro*sd ooMe' B Cryqae zno 2 ffpore*aJr S'ai{r{TeJrbrro cra6ee, qeM B cryqaezno L. II IIaRoHeIL qro caMoe, Ha HauI BBrJIrI.q, Ba,rGIoe, a,4copolll4oHnbre noBe_
AeII[fi ZnO 1tr zno 2 pe3&o oTJIrqaJMCb: a.4cop6ryI8 Kr,ICJrOpoIa Ea zno 2 rlpo_TeKaJIa I{HT.IICI{BH.., gBJLEJIaCb 60ree Eeodparl',t.ft, qeM Ha zno 1-, II .40crr4ra-
EMUE CTEIIEHII! SAIIOJIHEHI{.H IIOBEPXHOCTII OI(ABbIBAJIIICb CYUCCTBEHHO BbIIIIE. TAKOEpaBJII{rIEOe IIOBeIeT{e zno ! vt zno 2 oBTIBbIBaIOT C TeM, qTo zno 2 fiBJrfieTc8
qAcTFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFtIo 

BoccTaIIoBJIeIIE[IM oIccI{IoM IIo cpaBIIeEIfO c zno L, qTo ooycfoBJt,IBaeT
cyqecTBeIIHo oorbnee coAepxarue B HeM cBepxcrexuoMeTpr,rlrec&oro utrrrKa,

o t

STor aHBo,q Eaxo,u4T cBoe llo.qrBep]fiAel{I{e B ToM, rITo IrporpeB zno 1B Bo.qopo-

.ue .[eJlaer ero uoBeAeIMe uo.[ooltuu IIoBeAerum zno 2.

Harwue ooJGEofi KoIueHTparyM cBepxcrexlroMerpl{rlecKoro UI4I{Ka B qacrrqEo

BOCCTAEOBJIEIIEOM OKCIITE IIIHKA, OCOoEEIIO B IIPUIIOBEPXHOCTHOft OOJACTU I,I HA

troBepxHocrtr oopasUa, Bo-sepBEx,,ueJlaer BoBMollclNM cylqecrBoBaHl4e arDllopllblx

oooraqeEflx qplluoBepxHoc'fHblx cJIoeB, T.e. Moxer rrptlBo'ryITb K HaqafibHilM yc-

JroBltgM, Kap.U'HaJrbEo qportlBotroJloxclblM [ocryJII,IpyeMbIM B Mo.qeJM "ooe.Ureruroro

cros", I{, Bo-BTopE]t, odecEet@aer BosMoxclocrb rq)sMoro B3a]duo,4eftcrBl.Ifl a,{-

cop6ara, B AarrEoM cryqae RtrcJlopo,4a, Eellocpe.UcrBelfio c rIoBepxEocrHbIMrI ,4e-

@KTaMtr, B KaqecrBe Koropblx MotyT Bbrcryrrarb aroMH Mer(y3eJlbHoro LgII{Ka }IJIII

KUCJTOpO.ETUe BarcaEor4tr. IIprS{epOM TaKOTO BsaI&[O.UeffCTBI4fi, rrpI4BOAsqerO IC BHa-

!MTeJIbIIOMy IISMeEeIrm 9JIeKTpOtrpOBO,UIOCTI4 a.qoopoeETa 0e3 i43MeHelfl4g BeJI4III4-

HH rloBepxEocrrroro Bapa.[a, cJIysI4T sKcrIepuMeIITaJIbIIaf curyalll{s paoorbl [32],

oIIIICArrHaff B pa3.[eJle 1.11. Ha BaUEyp pOJIb rrptnoro B3a]IMo.ueftcrBtlfi a,ucop-

oara c oJIeKrprFrecKE aKTI4BHHMI4 Ae@Krar\a,I a.4copdeHta B g@KTax a.4copoli[-

OEIrorO trBMeEeIII4fl AJIeKTpOUpoBOIEIOCTII IIOCJIe.UIeTO yKasblBaeT B CBOeM o63ope

u follerb t331. 3To BsauMo.[eftcrBse, no ero MEelflflo, fiBJlserca ol[loft u3 oc-

rroBHbIX trptrq[E pa3Jltrq}Is MeEUJf KoJIIIFIeoTBOM gJIeIcTpoIIoB, JIoKaJMBy$n[4xcs Ea

JIC aIcOpOIEoI[IorO Tlltra, U I[3MeIIegI{eM KoEUeIITpaLEtrl cBoooESIx HocI,ITeJIeft

roKa, qpotrcxo,[ronr trp}I a,ucopdu[Il.

I/tTaK, trcxoAs tr3 cyqecrByweft Ea cero,4ljmflEft ,qeHb rolIKI{ 3peHl4fl' Bce

crreqeEHbre trOrumpl4cTaJuMtlecKue IIOJTIIpoBo.UII4KOBbIe a.4copdeilTE MoryT 6bITb

pas,ueJreEbr Ea JFa doJbud lc,Iacca, pasrl4qawD(cs IIo rilny lIpeo6ralanwDa B

MaTepuaJle KoETaKTOB, a I4MeEIIO MOCTtrKOB OTKpEITOIIO IIJI]f 3a&pbITOrO TI4IIa.

IIpeoOJIa.qaEIe KOnTaKToB TOro I{JM I{Horo TtrIIa ,4oCTIIraeTcs BbldopoM TexHoJIo-

rI'II trpmoroBJleEIfl aAcopoeBTa u, qro BecBMa BaxGIo, TexHororm cllefta]rils.

2 . 3. 3ne&Tpo0[3l.IcecR[e cBo[crBa cIIeqeHHHx [oJII,rKp]Icr a JIJMgecRIltx

IIOJTr{poBO,4IuItoB

B Eacroflee BpeMs Ila[ooJlblllee pacrq)ocrpaHerue B KaqecrBe pa6oqID( gJIeMeII-

TOB CeECOpOB EaIIUIII TaKtre IOJIy4pOBO.EIIII(OBbIe OKCll,&I' KaK Zno, snoz ll

Tioz, qro ooycroBreEo, Bo-IIepBIlx, ID( XOpOEe[ I{syrreIffIOCTbF' BO-BTOpbIX'

BaffiocTED trptlMeEeEtrg B KaqecrBe KaraJMSaropoB paBJII/FIENX peaKl-mft U, HaKO-

EerL TeM, qTo om Jrylme ,qpyrlx yAoBJreTBopsnT I4sJIoxeIIHbIM BbIIIIe TpeooBaHl{s[l

K trOWtrpOBO.@rKaM, IICtrOJIbsyeMEIM B KaqeCTBe pa6OWD( OJIeMeHTOB CeHCOpOB. B

Ear[rB trCCJIeAoBaEIlsx Tpa.4nu[oHllo Ba[doJrbEee nplIMeHeIIue IIoJIyIIIIJM a.4cop6eH-

Tbt Ha ocEoBe oKcI,IIa LuIBIca.

oKcuA rlEtrca - xopouo l43y'{eltrtrff Tllr&Ilmfr [oJIyrrpoBo.uII4K n-TItr'Ia c mDlI-

Eofi BatrpeqeEllofi soHH - 3,2 3B rI .UIeJIeKTpI,IlIecKofi uocrofiHHoft - 10. IleH-

rpaME, oTBeTcTBerrHbIMU 3a rpI4MeCEyn oJIeKIpOqpOBO.EIOCTb zno , ffBJIsloTCfi

KaK MexVBeJIbEHe aroME zn, TaK It Rl{cJlopo.ulble BaKaEc}Ii{, oolqaF KoItrIeHTpalIIg

KOTOpbIX Bapb4pyerca B rrpe.ueJlax 1016 - lotecM'1. Ilo,uBurclocrb gJIeKTpoHoB

B MoIIoKprIctaJIJIax zno npl{ KoMHarIIofi Tet\,fleparype flopfi.u{a zoo cu?c-t. r.ny-

6ffia gareramff .uoEopHblx ypoBHeff, coo?BercrBynu[D( Mexy3eJIbHoMy zn u KJtc-

JlOpO.UtrIIr, BaKaECSffIU' trO.4 IEIOM SOHbI IIpOBO,UII\{OCTII COCTaBJIfleT IIeCKoJILRo co-

$B,qorefi oJIeKTpoII-BoJIbra [18].

I,IcuoJbSyeMIe B KaIIecTBe paOoED( SJIeMeIITOB IIOJIYIIPOBOJFIITCOBbIE IIJIEIIKI4

zno troJryqaFTcg oKlrcJIeErIeM rrpl4 - 5OO - 6OOoC B TIOTOi{e OqI4IIeIIHOTO KI{CJIO-

rD,{a r.u'IrKoBofi trrelltsr, Eariecelfroft B BaKyyMe (p - ro-7Top) Ea no,uJlol{cclI I43

o2



IUIaBJIeEoro KBapua, c trocJreAywn, rry. cnexanfieM rrprr - 35ooc B BbIcoKoM
BarlyyMe [34]. npr.foToBJellisffi TaKnu o6pa3oM cueqeEfi,rfi rlofi'trcpucTafi[qecKfift
o6paseq, KaK cJrellJer lIB ,[aEHbtx paoorH [17], qpe.{craBJrser cooofi He rrpocro
coopaHne MEoaecrBa or.qeJrbHbrx, cofiprncaca@D(cff MefiI]/ co6oft Kpr.rcraJrJMToB,
a HeKI4t arryUftffi MoHoJMT, B KoropoM MrrrcpoKprrcraJrJrbr .&raMerpoM ], - r,o MKM
coe8Eeflll Mex,4y cooofi MocruKaMr{ ,uJtrtrroft u rofi[]trrofi nopfi.u{a o,r. MKM
(cM.pr {c .  2 .4  )  .

lilEoroqucJlelllue l4ccJle,uoBarlltrl gJIeKTpoIIpoBo.EIocTI4 yKaSaHHHx IIJIeIIOK Ha
trepeMeEIIOM II TOCTOIIIIIIOM TOKaX F4-37) IIOKa3aJM, qTO B TaKI/D( MaTepI{a-
Jax doJbuaf llacrb cpaBHr4TeJrbrro xopoNo qpoBo.qsqero Marepr,raJra pag,qeJreHa
TOEKIMtr CJrOsMtr C OTEOCT4TeJIbTTO IIrOXOfi qpoBo.uorocTbro. EhJo ycTarroBJreHo,
qro ooracrmfiI xopoEefi rDoBo,uo{ocrl{ qBJIflDTcfi MtIKpoIcpI4c?aJIJrrI IIJM r4x 6roKu,
ooJracTsMu ae utoxofi trpoBo,EorocTrl MoryT 6HTb KaK Tor{Kue BaKyyMHbre illM ta-
SoBre trpocJrothtu Me&ry BeprraMu, TaK r.r MecTa crHKoB Kpr{craJIJmToB r.r roHKr,Ie
coelmureJrbEbre uocrrucu. Eolee roro, B paooTe t3sl 6buro uorca3aHo, rrro

oJIeKTIIOtrpOBO,EOCTb ZnO USMeEgeTCq trpl4 a,[COp6I.uEI I4MeHIIO 3a CgeT I43MeIIeHI'IS
qpoBo,@\rocTtr coe.UlHltreJlb}{rrr MocTtIKoB. o,EIaKo IIaJII,tlMe raKtD( qpKo Bbrpa-
aeuHblx MocrEKoB, KaK cJre,4yer trB 6or6Eoro ln{cra pa6or (cM. ,EarDr{Mep, [26,
38, 391 ), cBtrAeTeJlbctByer o KparKocpoqaocru clleKaril{s.

yBeJu[qeroe Bp€MeIrtr ctreKaElrg [prrBo.urr K yroJlqeH]m Mocr]rrcoB. K groMy

[e, IcaK yKa3bIBaJIocb Bbtlre, qpr[Bo.qsr pagJlrrtrrule (DaKTopbt, BJMfllo[U{e Ha KoErIeE-
rpaluuo BaKaEcd. Hafipmrep, ,UooaBrerue [pr,IMeceft c BaJreHTEocTbto, orJrrrqan-
qeftcg oT BaJIeEluocTII aToMoB pe[IeTKI,I, MoT(eT IIsMeHSTb KoIIIIeHTpaI-utrO KIIoJIo-
po.UfiDr BaKatrcm rr, cJreAoBareJlbEo, cKopocrb cIIeKaIMa. TaK, ,qoOaBKa Lioz K
zn'o UpIIBo.UT Ic yBeIrqeEIIn cKopocTll CIIeKaIIlIs IIOCJIelFero, a BBelleru.Ie
rpexBaJrenTu{x KaruorroB Ga3'[ Al3'- K ee cnr{$enrlro t25]. IlporpeB oOpasuoB
zno B aTMoc(Fpe BoAopoAa BHBbrBaeT yMeFbEeIMe rMcJra RaTuoHHux Ba-
KaEcd tr yBeJIEIIeELIe aroorrTrFx, qro TaKfie qpI{Bo,u4T K BaMeTIIoMy yBeJItrrIeErIIo
cKopocrE ctreKaEM, KaK [oKasaJur sJreKrporrHo-Ml4KpocKorrl{(recKr{e ficcJle,qoBaH]rrr
[40], c yBeJrr[qeEr{eM BpeMeEr{ BaKyyMEoro crleKarllls oopa3UoB zno rpKo Bbrpa-
aeEHrre MocTEKtr IIpoua,{aDT tr o6pagyercs e.Uffias afiypEafl crpyKTypa, xapaKTe-
pssynqascf, trep€Meffion ToJ[qIlEo[ sereefi (cu. puc. 2.4,6).

JIJfl trpaBtrJIbEofi EreptrpeTar@ pe3yJrbraroa oneKtpo(F{Br4recKrD( r,roMeperfld,
IIpOBO.@\lltU Ea CUeqeSIftE B BaKyyMe UOJTqpOBO.UMTCOBEX IIJIeIIKaX ZnO, oOJIbulO[
rlETepec trpe,qcTaHlfJl Botrpoc o ToM, KaIcoBa rrpr.fpo.qa IcoHTaKToB Mer(Iy oTIeJrb-
HbrMtr KptrcraJuMTaMtr, oqpe,[eJltn@D( gJrelcrporrpoBo.Utocrb MarepllaJla. C sroft
rleJrbn B paooTe [37] c troMoqrD MeTo,umu lopeJraKcar.u,ronHbrx BAX rpoBeAeHrJ
cpaBHtrTeJrbE[Ie trccJre,uoBaErrs MexaEtrSMoB ToKorrepeEoca B TorrKlDr clleqeillll{x B
BaKyyMe IUIeEIcax E cqpeccoBaFFrrr troJIItr{prIcraJIJII{rIecRlx TadreTKax zno,

LJts trocTpoeEtrfl BAX a paoore 1tz1 n earyymrot fi,reftre (n - ro-5rop)
cEI4MaJIucb KptrBEe trBMeEeErla roKa Bo BpeMeEr! rrpl{ rlpl,IJlofieHr4r,r K oopa3qy cTy-
treErKtr Eatrpsrerurfl. Ec.mr ua EeroropoM dapbepe rragaer Hallpsxerrr4e, To qepeo
Eero EaqllEael Terrb ToK, BpeMfl ycTarroBJrerMfl Kotoporo Ilops,ura MaI(cBeJIJIoBc-
Icoro BpeMeEtr peJlarcat$tn. O,EaKo pa3gocTb II9TeHLU.IaJI9B, yMegbmaa BbtcoTy
dapbepa B upouycKEoM EatrpaBJenrm, Eapyuraer paBHoBecl{e MergJ HocI,ITeJrSMr{ B
BoEe qpoBo,uorocrtr tr JrorcaJrusoBaFFHvn rra rroBepxrrocrHbrx ypoBEfix. EcJtrI IIC
gatroJIEeEfl Ee.qo KoEIIa, To cBooo,Uue HoctrTeJu HaqrElapr rlepexoj[4Tb ]IB BoHu
qpoBom,tocrtr Ea troBepxEocrErre ypoBHtr, Bbrcora oapbepa B rrpo[ycrsoM rraEpa-
BJIeEntr pacrer, a toK yMeEbrrraBTcff. STor qpoqecc, KaK yKagblBaJrocb B pag.Ue-
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ItlfrerrgecREe KptrBbIe MMeHeHlIg ToKa trpl4 pagJlllrrlHbrx
BEaqeHtrgx EaqpaeeErla, qptrJroaeHrroro K ctreqeluroft [Je_
EICe zno

f - 2 o B ; 2 - 4 o i  A - 8 0 ;  4 - L 6 o ;  b - 3 o o B  t 3 7 l
Itlelerl{qecR]{e Kp]IBEIe ]IBMeBeIIlIg Tolca IIptr paBJII/rlIHbIx
sEaqeEr{ax EarrpfiSerrrrfl , trpl{JronelrHoro K crll)eccoBaltrIofi
TaoreTKe zno

f  -  r . ooB ;  2  -  3oo ;  3  -  540  B  t t z l

JIE 1.1O' qPO.IOJIAAETCfi AO YCTAHOBJIEHI,I.E IIOBOTO PABIIOBECI4fi METSJ IiC I4 OOb_
eMHilMtr 3oEaME, coorBeTcTByroero BeJlLttucte UpuJlorcellHoro nafipsfielil4E. I4B-
BecTHO, rITO XapaKTepHue BpeMeHa TaKoro qpouecca coAepftaT gKcnoHeHrll,IaJrb-
Eo 6oJ6[ofi aKTflaaurolilsfr MrloanreJrb ]r Moryr .qocrlFarb 102- Lot" 1ar-1, B
paooTe 1rz1 BAX crporrJMcb rro MaKcr{MaJrbHbrM sEaqeEurrM ToRa, T.e, B cocrofi-
IIUI{, Ror.qa oopa3eU MaKctrMaJrbHo y,uaJreE or paBEoBec}Is. UMeItrro raKas c]rrya-
I.Ea, RaK IroKaBaEo B [42], rrosBoJrser [oryqarb r,trr@pMaqfim o crarr{crrme
oapbepoB B ctrcteMe. Ha plc. 2.7 nr 2.e rpuBe.qeHlr RilHerulrecKlle Kpr4Bhre r4s-
MeHeIilg ToKa B rorucot clle'relfiIofi TIJIeIIKe ]I cl]peccoBaHl{oM nopottrKe zno, Ha-
xo'qfilwcg B BaRyyMe, qpl4 pagJrr.rrlHblx BHaqeEtlgx [p]IJIomeHHoro EafipflxeltrIfl. l4B
ptrcyIIKoB cJre.qyeT, qTo trpllJoaeHfie Earrpfl]fteHr4fl K crrpeccoBarrrroMy noJrrrKpr4c-
TaJUEFIecKoMy o6pa3lly UplIBo.u{T K pegKoMy yBeJlurreEr,ilo roKa r,r ero [ocJreAyro-
qel!ry CUa,Uy AO EeKOTOpOTO CIaI.trIOEapHOIO SHar{eIUIE, TOrAa KaK B CJIyqae c[e-
qemrofi IUIeEKtr craruoEapEoe oHaqeEl4e ycraHaBJrrrBaercfl cpa3y. gTo cBI4,{e-
TeJIbCTByeT O paSJII/rrIAbIX MeXaEI4SMaX TOKOIIepeHOCa B I4CCJIe.UyeMbrX O6pa3UaX,
qTo EarrflEo lloATBepx,qaeTcfl xapaKTepoM lloreBofi BaBfictrMocrr{ gJreKTpo[po-

Bo,Ulocrtr (puc. 2.9). OqeBLI&Io, rrro Earutrrafl c uoreft - a.ro'B/cui saron OMa
IJIg ctrpeccoBaffioft TadJefi(u zno trepecraeT BbrrroJrrrsrbcfi, a BAX xopouo ortr4-
cblBaeTcf, (lopftryJofi llfi<.lroscroro (cM, Bbrpa!fiertrrs (L.62) 14 (1.63) ).

CJe,[oBaTerbEo, ctrpeccoaaru$tft odpaeerl zno oora.qaer Me:ro{ptrcraJrJMTHbrM[
oapbepawr, xapaKTeprlr3yrxrFnr4cfi rrurpoKtrM pa€opocoM no Bbrcore r,r fpe.ucraBJrrr-
@/tr4 cooofi onpe,qela@ T!trr Me,rccpr{cTaJrJrrlTHrnx KoETaKToB. B To r(e BpeMfi
,U[a ctrerleffiofi B BaKyyMe rureHKI{ zno EaoJuo,qaeTcfi crporoe BbrrloJrHeHile 3aKorra
Ora Bo BceM trETepBaJIe qprrK,ra,SrBae!fiff fioreft. 3To oocrosreJrbcTBo I{ To, qro
OUEEKtr CPEItEEfi BEJIrlItrHbI UA.qEEI{g EAI4)gxeE}Ifl Ha oIFoM KoIITaKTe cocTaBI4JIII
-0,2 3B >> kT ' o,o25 OB, ToBBOJIAOT BaIUuorMTb, r{To B cneqeEHHX o6pa3Uax
cyqecTByDT KaEaJIII UpOBOll[I\,locTI[, xapaKTepu3yl@[ecfi oTcyTcTBr{eM }ra Hr,rX
sIIepreTEtIecKEx oapbepoB c Bbrcorofi, $peBil[anqeft TerrJroByro gHeprr4lo Hocure-



6'10-,8 1n- l

R ,  x 0 n

l0 75 /oo 5 25 45 +.rn-z n,
, t l z  u i l i . rn - tn  

tw  '  rv  '  ' q

fl0

94

70

+6

Ilorenne BaBr{cnMocrr{ oJIeKTpoIIpoBoEocru rortrcoft cue-
qeruroft nreEr$t (f ) r cnpeccoBarfiofi rad;rerru (2) zno
[ 3 7 ]
qacTorEag gaBucuMocrb corl)ortrBJleHftff cneqeltrtoft ureH-
KA ZnO [34J

refi' IIo Bcefi Bl4rl[rocru, EaJIIlFme raKux oMtrrIecKLD( [yrefi ToKorlepeHoca, Bog-
IilEtAWff B IIPOUECCE BAKYYMEOTO CIIEKAHU'I IIOJI}IKPIICTAJIJMqECKI!( O6PA3UOB,
Moaer oblTb odycroBJeEo tr KoaJlecUeHr_U{efi rpucta,nmron t43,441, IlpuBo.ufllleft
K ycTpaEerrED oapbepoB, cBs3aHHblx co c.nyvahroft KprrcraJrJrorpaF,rqecKoft opu-
eHTarSe[ rpanefi B MecTax co[pr.rKoclloBerils KpII0TaJTJMToB [45].

BEBoA o ToM, r{To B IlpoBo.Uorocrr{ Ha rlocroErrHoM ToKe yqacrByr0T He Bce
MlrKpoKp[craJUIE Oopa3Ua, tro,{TBepMaercrr tr pesyJrbraraMu usMeperud oreKTpo-
rrpoBo:Erocru crreqeElltx trJreHoK zno Ea [epeMerrHoM ToKe (p}Ic. 2.10). HaJ&rwre
de3oapbeproo( oMtrllecKE( Ilyreft norrBepr(raercfi u l,aa.noil eefffqruroft HaqarbHoro
co[portrBJreEtrs ctreqeEHllx odpagrloB:- 1 - 5 ROM, a rarcxe oKcnoHeHusafibHofi
3ABr/ICI{MOCTbD oJreKrpoqpoBo,ulocrtr or odparHoft TeMneparypN c aHeprl4efi aKTr4-
BatUItr - 0,o3 - 0,5 9B, lITo coB[a,{aeT c aHepurefi r.roHrr3ar-Utrr MeJrK?rx .qoHop_
Isrx ypoBEe[. TaKafl fre BeJrrltrtrrHa noryqaercfi I,r }IB IIBMepemd Ter,rneparypHoft
BaBtrcnMocTtr KoEcTaErbr Xonna 1le1.

TaKIo, oOpaBoM, I{MeWecs ,[anHue rlogBoJlfiior Bart.lInqltTb, qro qacrr,rqgo
BOCCTAEOBJIEFIT'JC CNEIIeHIIEe IIoJIIIKpUcTaJIJII4lIecKue IIJIeHKn IIo cBoIIM OTeKTpo@I-

BEqecKuM cBoficrBaM B Karoft-To Mepe flBJIaDTcE auaJroraMrr MonorptrcraJrJroB, Ho
oOraIaDT EecpaBEerrEo 6oree pagBr4To[ y.uerbHoft rioBepxHocrbro.

Ilocre.@ BIBoA EaxoJg4T cBoe yde,&rreJrbuoe [o.qrBepryenr]re B peByJrbrarax
paoorbl [40] , B Koropofi llpoBe,ueEo r4ccJre.qoBarile B3ar4MocBrrslr crpyr{TypN r4
xapaKTepa a,[copouromoFo trBMerretrIIfl oJrerrporq)oBo.u{ocrrl MorroKp}rcraJrJrrrrlrec-
KI4X U paCCMarptrBaeMEX qaCTTI1IHO BOCCTaHOBJTeHHbTX rrOJElKprrCTaJiJrrrqeCKUX ak
copoeEToB zno. CpaBEtrTeJIbEoe u3yqeEue xapaRTepa lI Berl1qfiI6l orlilIttr{a gJIeIc-

TporrpoBo.@ocru o6oE( a,qcopdeEToB Ha alcopouEo pagrl,rqHbrx aroMaprrbrx r/r Mo-
neKyJlffpHrlx qacTn{ rroSBoJIIluIo c.[eJraTb saruuoqeE[e od I.IIeHTuqsocT]r KaR caMI'D(
MexaEtrBMoB gJrercrporrpoBolflocrr{, TaK r,r MexaErrBMoB ee a.ucop0ru{oru{oro }IBMe-
IIEHI4g.

lttar, secr KoMtrrexc cyqecrBypuUn( sxctrepuMeHTaJrbntrx AalrHbrx cB]rlereJrb-
crByer o roM, qro oorb[afi gacrb Me,tccp[craJlJMTHblx KoHTaKToB B clleqeHHux B
BaKyyMe troJll4Kpl4craJrJrr{qecKrrx orcr{Iax qpe,qcraBrser co6oft Mocrlrnr4 orKpbrroro
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TIEa. Eoree roro, BalcyyMEoe ctreKarile IIp]I yMeperrHNx reM[epaTypax - 3oo -

lsooc uprBopr K oopaooBaEno B Mareptrare e.umoft axypuoft crpyKTypbr (cM.
purc. 2.4,6), pasrpaHrlrrreErlre ftoTopoft Ha oT.ueJrbHLre MlIRpoKpncTaJrJrrJ r.r coe,ryI-
HrrreJIbEbIe Mocrlllcu trparcrrfqecKr{ Tepfiet cMbrcJr 137,4o]. CTpyKTypa uoryqeE-
rroro rarr4M bopasoM a,qcopdeaTa upercraaraer codoft cJrolqoe [eperrJrerenlre
BeTBeft llepeMeEroft roJqcrbr.

CoBep[elffIo,qpyras naprlrga Bogrurcaer B cryqae rroJrrrrprrcraJurrrrrlecKoro a,u-
copdeuTa, uo,Beprnyrbro BucoKoreMfleparyproft o6pa6or&e rra Bos.uy]rg rrJt]I B
,4)yrofi ntrcJropo.Uco.qepfrarqefi cpele. B sToM cryllae BoJlbTaM[epoMerpruecrufr
auaJu3 ooEapyxoBaeT pe3Ko EeJnrl{eftile BAE. , upFrer\,t orKJIoHeHr{s oT BaKoHa
OMa upoflBrsrlcn B aHoMaJrEEo HtrsKID( rroJrsx [47]. Bce gro cB]IleTeJrbcrByer o
cyqecTBoBaEtrI/r B TaKEx alcopoeETax BIIcoKItx MeIccplIcTaJrJrnqecKLD( oapbepoB,
Koropbre MoryT 6bITb orEecetsbr Karc K oTEIKaM KprrcraJrJrnroB, TaK lI I( MocTuKaM
3aKpbITOIO TIIIa, XapaKTepUSyWOrCff rroJrHrrM rrepeKpblTllreM 0II3, upllFreM IcoHIIeH-
Tparus KoETaKToB TaKEx rtrtroB sB,rse?cfl npeoorala@eft, ucKfioqarqefi BoBMox-
Hocrb cyqecTBoBaEua oe3oapbepErx IIyTefi , IIpoE]rBbrBauUD( Be cb oopa3eu,

2.r. BJtrreil.re a.qcop6l[tr{ rr9 g cneqeHl{Ltx

IIoJIT{Rpr,IcranJu{qecR[r a.[cop6esroB

l4cxoffI trg MareptraJrartrBJrofrellEoro B trpe,ulAy@r pag,qeJlax, Irerpy.uro saRJIro-
t&trb, tITo B BaBLIctrMocrIl or roro, IIo KaKofi TexIIoJIorI4I[ npfir'oroBreE TIoJII{-
Kptrc?aJultrtlecKlfr aAcopdeET, Bo3MolcIiI KaK pa3JrF{Irbre MexaIMBMbI ero BJreIcTpo-
IIpOBO,UIOCTtr, TaK I[, eCTeCTBetrO, paSJII{rIHbIe MeXAHI4SMbI }I 3aKOHOMepIIOCTII
a.qcopoltsoffioro u3MeEems BeJltrrunbl aJleKrpo$poBo.urocrr4 a.qcopdellTa .

JleficrBtrTerbEo, B cryqae qactr(mo BoccrarloaJlelfforo oKclr.ua, xapaKTepl4-
Byqerocfl g8atorrerbEofi crerrerrbD Hecrexl{oMerpr/Fmocrr4 cocraBa n orcyrcrB}I-
eM oEepretErlecKrrx oapbepoB B 6oJrbEe[ qacru Mecr KoHTaKToB MtlKpoKpr4craJr-
JroB, gJrerrpoqpoBo.Focrb ooycroBJeEa rloHllsalll{eft oobelGil'lx ,4oEopoB, B Ka-
qecTBe KoTop[Ix BHcTytraeT cBepxc1exuoMerpllFlecKlfi MeTaJIJI - MefiyseJlbllble

aroMbr MetaJUIa ruM lctrcJlopo,@e BaKaEcutr. 3(!FeKT a,4copdq4oltr{oro }IBMeHeII[tl

BJreKrpoIIpoBo,FocrII Talcu aAcopoeEToB Moxer 6NTb ooycJoBJIeII JM6o sapqxe-

rrlreM troBepxEocru, qptrBo.qflmt K tr3Mellefiruo [MpI{HbI npoBo,[fiqero Kafiara' JE[oo

I{3MEEEEEEM KOEUEETPAT.UItr 9JIEKTPI{IIECKII AKT}IBETD(,4E(reKTOB' OTBETCTBEII_
T{rr Ba rrpuMecEyn oneKTpotrpoBoJEocrb, JMoo coBMecrHbIM rrposBJIeiII4eM yKaoaH-

EEX MEXAFNSMOB.

B cJrytlae uclloJrb3oBaEtrfl troJllKp}IcraJuE[qecKoro aIcopdeETa, rlo,4BeprHyroro

BHcoKOTeM[epaTypEO!,ly oRtrcJIeEIrP tr XapaKTep]ISyqerocs UpaKTIlrtIecKtI CTeXI4o-

MeTpFIeCI(gM COCTaBOM trOBepXEOCTtr, ero 9JIeKTpO[pOBO.UIOCTb CBssaHa C [peo-
IorestreM EoctrteJIflMtr ToKa BECOKn( MempIICTAJUMTHI'IX oapbepoB. BJII4fiIMe aA-

coporyu Ea gJleKrpollpoBo,Eocrb laKoro po'ua aIcopOeIIToB rlposBJlgercfl rJIaB-

mn! odpaBoM qepe3 EoMerrefiae Bbrcor MexlcplrcraJrJrr{gecKru( oapbepoB, ollpe,{eJlg-

Wtxcfl BeJMMroft rloBepxEocrEoro 3apfl.ua.
ocraEoBnrcfl llo,npooEee IIa cyqecrBylwD( Ha ceroJultrmld IeHb ocrloBHblx

Mo,[eJrax, oE]IcbrBa@D( xeMocopoll{oEllrffi orIUMIc SJleKTponpoBo.ulocllt rIoJIyrPo-

BO,@{OBOrO aICOpoeETa, PaccMorpIII\t KaK cral&oEapHble sHarIeHUA 9JIeKTpOUpO-

BOIFOCTU, yCTaHaBJIlIBaru4eCfl rrpl{ AOCTLIXeEII4 paBIIOBeCllfl B CUCTeMe a.4COp-

oar-a,UcopoeET, TaK I{ KrmerrrKy }IgMeIreE[s gJleKTporrpoBolflocr]I, ]IaOJrs,UanUyn-

cs IIpu usMerreEtrI{ cocraBa oKpyffauefi aTMoc(FpbI. or.4erbHo pasoepeM cryqafi

a.UcoporyM aKrIerrTOpHbIx I{ .UoEopHI[x qacrqU. Bo Bcex cJlyqafiX ocoooe BII]IMaI{i4e
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6y,Ier y,UenfiTbcg Bollpocy o gaBtrcuMocrtr BeJrr{q}rHH }r xapaKTepa clIrIIaJIa or
crpyrcrypEoro Ima aAcopdeEra, a trMeIIEo or xapaKTepllcrltrc ofipe,ueJrflUero
Ttrtra I(oATaKTOB MEKpOIC!trCTaJUIOA.

2...1. A.Ucop6Wa roneRyn8prGrx aruleflTopHux qacT]nl.

MoJIeKynf;pIEfr K[cnopo.q

0@, EB ocEoBErrx, TBepAo ycraEoB,IennFrx gKctrepuMeETarblffJx (larroB fiBJIaeT-
cfi cyqecrBoBalue crelremofi oaBucrtrrocre Me[,Ur BeJrrrq]Hofi paBBoBecHofi BreK-
rpoqpoBo,Eocls a,[copoe8Ta tr ,uaBJreffieM KucJropo.4a B oKpytrapqeM oo5eMe:

t  -  " o ,  ' ( 2 . 1 )

rle ,0 -qtrcJremfr xoe(@geET, tr3MeE@ilcfl oT 0,5 ,{o rryJrfl. Iip}r gToM 3a-
KoE (2.1) cBaBaE uMeEEo c xeMocopdnpoBarrHNM KtrcJIopoAoM, T.e. c ero BJtrIfl-
EtreM Ea gJlelcrcotrpoBo,Eo0Tb OIcCU,4a' a Ee C BbICoKOleMIIepaTypIfi'lld paBHOBecI{-

eM Metly Kucnopo.UoM ragoBof oagH u KlrcJropo.qoM perrrerKr{ oKc}IIa, oIMcaIIHbtM
B pa3,[ene 1.11, qpr4ao,uroor K 3EarreEtrfll,t r! paBHbIM ]-14 14 116. B oorbEoM'er-
cJe pa6or lzs,4s-s2l, B Koropbrx B KaqecrBe a,UcopoeIIToB rrcrroJlb3oBaJMcb
CEEqEEIIIiE IUISEKtr OKCtr,IOB I.WTA, TIITAEA tr OJIOBA, ObIJIO IOKASAIIO, IITO B OO-
nacrtr yMepegnpr reMlleparyp (r < eoooc) uplr paBIIoBecHot xeMocop6u$lr MoJIe-
KyJIE)Eoro KEcnopo.[a EaOJm,UaeTcs BEaqetsIre ,n ! 0,5,

JIJa odsscnems saBtrctrnocru (2.1) cyqecrByer UeJI!fr pflI troD(oAoB, oc-
EoBalT|rrrT Ea coBeputeEEo paBJII[rIErtx IIpe,EoJIo:reElIE(. K ruor, EaIrI]i4Mep, orHo-
ctrTcg qpe,UoJro&eEtre o ,UccotEaTtrBEoM xapaKtepe xeMocopor.uM o, f24,2s,
531, qpoTeKanqefi tro cJreAtwn/! cxeMaM:

CxeMa I

I  o ,  r s t  + +  o ( s ) ,

o ( r ) + e 2 o " ,

CxeMa II

o2(9)  ?  oz(s )  ,

o z ( s )  + e 2 o . ( s ) ,

o ; ( s )  + e 2 z o r ,

r.[e o2(g) - Ktrcnopo'u B raBoBo[ (Da3e, '�o2(s)'u orts) - EefTparbEas r{ 3apff-
aeIIEafl MoreKyrfipltrre (Fptusr xeMocopOrpoBarffioro KlrcJropo.Ua, o' - aroMapEaa

(DpMa. Herpy.uo BaMerrrrb, rrro B o6ora( cryqasx o - [e] -.";o;t.

CTeueEofi BaKoE (2.r) y.{aercs raKffe BEBecrlI l1cxo.Us "a *a*ono*u*"
o0 sEeprerEqecKo[ EeolFopo'Eocflr lroBepxEocrn aAcopoerrra t27,54,55), A
UMEIIEO, qPEIEOJIATAS EAJIIrIME 9ICCNOHEHI.EAJIbIIOTO PACqPE,UEJIEEI4fl IIO TEIIJIOTE

aIcopOLUM, T.e. , ,{pyruMu cJroBaM[, fipe,qroJlaras cEpaBe,UJIIIBocrb r{3oTepMbl
opefm$EEa $H aIcopOUM KlrcJropoAa Ha oKcr{Iax, IdrM@pA t54l rroJrytMJl Bbr-
paaewle n - ri'r, rAe z = krlEo, o < z < 1, ttprrleM rlapaMerp Eo xapanTepu-

Byer [rEpry pacqpe,{eneEtrfl Teruror a,[copoutrr.
CyqecrByer ueJEfr pg'q pador, B rcoropbrx BaB[cr4Mocrb (2.r') c n = 0,5

oobacrlf,ercs trcxo,qs trB rrpellloJlofieHna o roM, '{To ocEoBHofi aAqacrl4Ueft, BJM-

( 2  . 2 )

( 2 . 3 )

( 2  . 4 )

( 2 . 5 )

( 2 - 6 )

9B

rueft Ea gneKTporlpoBo.Eocrb a.ucopdeHTa, sBJtgercfl pa.umaJr o, Is6-se].
JlefictsureJ6no, KaK IroKasbrBaDT AaEnbIe IIo SIIP rrr TepMo,Uecop1:u 12s,60,61],
trptr TeMtreparypax MeEbuI[x zoooc Ha rloBepxgocrrir oKclr,uoB B peoyJlbrare a.u-
copOIFrI| 02 o6pa3yDtca rJraBEbrM oOpaBoM rrapaMarlrfiTHr,re a.uqacrlrr-Dr o; 14 BeRo-
TOpOe KOJIETIeCTBO O-. IIO OqeEraM aBTOpOB paooTbr t6ol .4oJrs xeMocoporpoBaE-
EOrO Ea ZnO IIpU KOrfiraTEO[ TeM[epaType K[cJropo.4a B Br{,ue o' coc-
Ta&rrffer Ee 6onee 8t. tlpll gToM crMTaercg, qro o6pa3oBarMe rrpr4 rolo-
Kr[ TeM[epaTypax o; tr o- - gpoqeccbr, craoo cBfi3arilfire rcyr c t[)y-
rou, a qptr reMueparypax Bbrrle 2oooc o; ,qecopOupyercs, a He nepe-
xo ,Ur  B  o-  t611.  TaKm,  o6pasoM,  cxeua I I  (cM,  BHpaf te ru f l  (2 .4 )  -  (2 .6 ) ) ,
cropee Bcero, EerrpuMeBrMa, a cBflgb Mex.uJI a,qcopou,Ieft RllcJlopo.ua B OopMax
o, u o', tro MEeErm aBTopoB padoTE [61], npofiBJrflercrr TJTaBHNM oOpaBoM
qepe3 KomcypeEm Ba rlearpE a.UcopOtSE{:

o2(g) + zn'  -+ oz znz'  ,

o2(s)  + 2 zn* + z 1o'zn2'1.
OTMeri.tru, ,ITo oopagoBaEl4e o-, KaK rrpe.EloJlaraercfl B [61-], qpol{cxo.E4T IIpI4
a.Ucopoutr4 MoJreKyJrrr RlIcJIopoIa cpa3y rra ,UByx rleHTpax c llocJreAyFqlo, pa3phi-

BoM o-o-cBg3l,t. B paoore [60] ycTarroBJrerio, qro oopa3oBartr{e o, laoxer UIT]r
c yllacrl{eM cBooorufix gJIeKTpoItoB, a oopa3oBalMe o'- ToJIbKo lta BoccralloB-
JIeITHHx orctl,uax i yvacrnela HecrexltoMerplt\Iecroro zn. 3ro Ito.urBeptrlaercfi
lI BHBo.UaM[ paooTN t28], B KoTopoft IIoKasaIIo, rrTo o6pa3oBai{4e rrapaMarHur-
Hlrx aIqacTI{lI IIpI4 a.Ucopolucr 02 Ea qacrr.r!trto BoccTarIoBJerrHoM olccrir.Ue r[4Erca
qpol'qoJmaeTcfl II TOr.Ua, ROrAa IIIITeIICI4BIIOCTb CI4riiaJIa C g = L,96, CBSBaIIHOIO
co cBo0o,Utrtr\r&I gJIeKTpoIIaMI{, yne Ee MeHgeTCrI.

- SaBr,rcwocrr o - ri5 B cryqae, Korla ocnoBnoft sapflEemtofi (poplaofi xelao-- 2

cop6rfpoBamroro KrcJropo.ua sBJffercs o; 14 r{MerrHo odpa3oBarMeM o; ooycJroB-
ruBaeTcfl r[BMeHerI[e oJIeKTporrpoBo,IEIocTtI a.ucopdexTa, Moxer dbrrb norytrena
r4cxoArr tI3 llpe,uroJroffeHtrs TIaJIIITMS cJreAywD( ctawflli

( 2  . ' 7  )

( 2 . 8 )

or ( v )  ?  oz (o ) ,

o2(o)  + uei  .  tue6'o! - l !  ,

1u .6 ' o l - l !  +  e  e  (Meor ) r ,

r.Ue o2(0) o3llaqaer cJtaoo cBffgaluoe rloBepxEocrrloe cocrogEl4e KI4cJIopoIa.
.lleftc?BnrerbEo, B s?oM cJyqae odpasoBarilre EeftTpaJbEoro rroBepxHocrHoro

coe.4[rreH[s 1u"6-ol'l! cogpoBoffIaercs cBssH8antreM EeftrparbEoro cBepx-
cTexr{oMelpllttlecKoro ue It, TaKUM oopa3oM, yMeIIbuteEI{eM KoHqeHTpaum .uoHo-
poB, orBercTBeHHrlx Ba rrplluectryD oJreKTporrpoBo.Eocrb aAcopoeETa. B ToM
cryqae, Korra oopaooBaBrngecfi noBepxnocrtoe cocroflElae g.r"5-oj-l! odJaAaer
,qocrarollEDnt cpoAcrBoM K oJlercrpoEy, BogMomla JroKafir3al&Ia. Ha IIeM cBooo.Ero-
ro sJreKTpoEa lI oopa3oBaril[e BapflaeErroro IroBepxHocTEoro KoMrIJIeIcca lueor)=.
Pac.Ier tarofi cxeMn rrprr ytrere ycJroBrrs srerTpoEeftTpaJrbrrocr[ h.[e] +
+ t(r,!eoz);l = tt.tu"il tr B rrpe][roJrofierrnr IIoJEofi troHrrsar.Url4 MeJIKtrx AoEopoB,
a TaK,re cqpaBelJrtrBocT}r }I3oreplfir feEpu qptGo&rT K Bbrpar[eEr4D

r  . /  t t / ?  r  . /  t - r / 2o - [e] " 
l tue*|o/, /  

kr|  
l '  

t  no",/  ' ")  ,  (2.L2)

r.{e [Ue*]o " [e] - ao - EaqaJlbEafi KOIilIeHTpaLPIg CBepXCTeXIlrOMeTpIlrtIeCKOfO
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( 2 . r - o )

( 2 .  r - 1 )



MeTaJIJIa;  kz(T) -  I ioHCTaHTa paBHoBecl ls  f ipoUecca (2.1] . ) ;  p"  :  h/k, f r  h -

ToJutlHa MocTI4Ica, I4JM, B ooree o6qeM cflyllae, oTHorueHue oobeMa MocTI{Ka K
nJlotqa.ryI ero rloBepxHocrl{, r - &olicraHTa leirpr4, kr(T) - KoHcraHTa paBI{oBe_

ct l f i  l lpouecca (2.10).  l4e enpaNeruaa (2.12) BrrEio,  qTo npr4 norr  ""

t  . /  t 1 / 2 t  . /  t 1 / z  
' 1 / 2

o  -  [ e ]  "  
[ f u " . ) " 2 .  

k r )  
l P " , /  

P o r )  -  o o ,  ,  ( 2 . 1 3 )

wtr Por. P"

o - [e] .  
fw". lo/*r]  

" '  

[ ,  
-  eo 

r r, /ze"). ( 2  .  L 4 l

oTNrern\t, qTo gaBuculrocrb rwra e.14) gKcrIepuMeETaJIbIto Haorro.qaracb rrpl4
MaJbIx .Ua&lemf,x B ctrcreMe oz tra sno2 rrp]I T - 1sol25ooc B paOore t62l,

HecMorps Ea o6ruue orctrepr4MerrraJrbuLrx .qaullbtx tto fiByqeui4ro MexarrnsMa a.u-
copouttr KEcJropola Ha oKcrrIax, Ha cero,Ursmud .UeEb oRoHrrarerbHofi scHocrll
B oToM Boqpoce Ee cyqecrByer. Her orBeTa lra Borrpoc, KaKas @pMa Rr4cJropo-
Ia orBercrBerrEa Ba B6rcoKoreM[epaTyplsffi TepMo,Uecop0r.[4omnrft, m{K t28,61] .
TeM 6onee Ee flcHo, B Kalctrx ycJroBrrsx, KaKaE rrs Bo3Moxcnrx OopM xeMocopou-
poBaHHoro KtrcJropo,qa oupe,[eJrser Ha6Juo,[ae[6re ]rsMeHerMfi BreKTpo@48u.{ecKr,rx
xapaKTeprrcTrl[c alcopdeETa. XcJM Ko BceMy oToMy ,uooaBuTb xopouo raeeecfinnfi

OaKT, galcmqan@dcf B ToM, rrro r.r SIIP }I l,llt-clleKTpocKomM orlpe,ueJrsror Jrr4rrrb
MaJryD qacrb trs Bcex pasEoBrr$rocreft a.qcoponpoBaHrroro Kr{cJropo,(a, To crarro-
Bnrca troEfilEuM cyqecrBymlee o6r,ilere TpaKToBoK gKc[epr4MeHTaJrbHHx .{aHr$rx,
cBflBaHHI[x c BJMffIII,leM K[cJIopoIa Ha oJreKTpo[poBo.Urocrb oKcr4.U]brx aJIcopOeH-
TOB.

TeM tlo MeEee cyqecrByer UeJIafl cepllrff orcneprrMenTaJrbH]rx peeyJrbraroB,

uogBoJlauafi, Ea Ea[r BBrJIa,u, qpe,uJloxl4Tb u ooocHoBarb .uocraroqHo oouyro Mo-

IeJrb, EeupoTtrBopeqr{Bo orMcbrBamJn EaornlaeMoe Ha orlrnTe BJ[rsHi4e a.Ucop6U]tr4
KEcJropoAa Ea sneKrpo[poBo.Elocrb qacrrrtrto BoccraHoBJreHHbrx orcugon. Pac-
cMoTpI,lM oTtr gKCUeptrMeETaJrbHEe pe SyJrbTaTbI.

Bo-uepBbrx,orMeruM, qro,. KaIc yKa3NBaercs B o63ope [63], o6pa3oBaiMe
a.ucopdtrpoBaltrtrs pa.uEcaJroB o, na6;uo.uaercs Jrlrrrrb B xo.qe [pouecca peoKr,rcJre-

Etrff lloBepxEocrtr IIpe.@ap[TeJIbEo BoccraHoBJlerlltblx oKc].I,uoB. IIpI,I uocaegynqeft
aAcopdrFrr KucJlopoAa pa,EI$afiI o; tse o6pa3ytorcs .uo rex rlop, noKa oKc14.4
Ee oyAer BrroBb qpe,@apr,rreJrbrro BoccraHoBJreH.

Bo-BTopblx, B pa6ore t64l, B Koropofi o.uroBpeMerfio orcJreruBaJracb Kr4r{e-
TlIIca aAcopOlFnr 02 Ha rIacTLItgIo BoccTaHoBJIeIIHoM Tio2, ooycJoBJlelfioe 3TI4M
tr3MEEEEtrE SJIEKTPOIIPOBOJSIOCTII II KIIIIETIIKA EAKOIIJIEHI{g A.UCOPO}TPOBAIfiIIIX PA.&,I-
KaJIOB O;, yCTaHOBJIeEO, IITO SaMeTHOe HaKOIIJIeHI4e O, U OCUOBUOe I,I3MeHeHI4e
9JTeKTI)OUpOBO,EOCTtr qpO}ICXO.Usr B CyqeCTBerrHO pa3JMlIItr)Ie BpeMeHa, a r4MeHHO,
JItrIIIb ICOTIA 9JIEKTPOIIPOBO,IEIOCTb YXE fIPAKTI{TIECKI,I NEPECTAET ]43MEHgTbCfi,
ToJIbKo roFAa EarlruIaer EadJoo.[arbca Ir Bo3pacrarb c reqeEl4eM BpeMeHr{ 3n?-
currar or o].

B-Tperbu, B padore [65] ycraHoBJreEo, qro B qacrr4rrEo BoccraHoBJrerrHoM
TiO2 CyqecTByeT llBI/laeEI,Ie 'uoHopoB, B KaqecTBe koTopbrx BbrcTynaFT KI4cJIopo'4-
EIIe BaKaIIctrtr u/I{JM MeryBeJIbIIHe aroMbl TI{TaHa, BJMgtoqI{e Ha a.ucopoufito KI4c-
Jlopo,{a. 06- gtou fte g(!!eKTe rrpr4MeHrrreJrbrro K oKcr{Ay rlr4rrrca roBopr4Tcs B pa-

doTe [171. JloKarbEoe Bgal!\ro,[eficrB]re Me,I(,uy oooraueltr{oft Ti rroBepxHocrbro
Tio2 u a/lcoporfpoBallHbrM KrrcJropo,qoM sBJrfiercrr, no MHeHr,rro aBropa paoorbr

I00

[65] ' trlpF&rEofi na6.mraeuoro r{sMerreHll.H saKorra a.qcoporyDr Krrcrropo,4a ilo
cpaBrreEIlo co cryqaeM troqTu cTextroMeTprHecKofi rroBepxEocrlr.

y*aoa*r.'re pe gyJrbrarbl B coBoKyrlflocrr' c pe.yJlbraraMl4, II3Jiot(eEI$rM[ B. pa.-
'4EJIE 1.11' CBIIIETEJIbCTBYDT O TOM, IITO A.qCOP6UITOIIHOE II3MEHCHI,IE 9JICKTPO_
qpoBo.[EOCTU CtreqeEltrD( tr qacrl,ritrIo BoccraHoBJIerIHbIX OftCtIAOB OoycJtoBfieHo
TJIABflbIM OoPASOM A,UCOP6I.EOHHbIM trBMEITEETIEM KOIilIEHTPAI-EII! CBEPXCTEXI4OMETPIT-
qecl(IE aroMoB MeraJIJIa' fiBJlgwdcfl orBercrBeHHbIMrI Ba rrllllMecfiyro oJreKTpo-
qpoBoJrrocrb, a Ee sapsaerl}IeM rroBepxEocrr{ a,4cop6enTa 3a crrer o6pa30Baril4fi
pa.uEcaJroB o] u o-.

orou'rateJrbnoe, c Eauet ToqKtr BpeE}Ifi, rlo.urBep&4eHr,re oror BbrBo.u [oryq]4r
B padote t661, B Koropofi Ea ocgoBe o.UloBpeMerrnoro uByrrenus a.ucop_
outr{ 02 IIa qac?Il.trIo BOCCTaIIOBJIefiEOM ZnO rI ooycroBreruIoro STrrM r43Mel{e-
ElIs oJIeKTpOIpOBO.TOCTI{ yCTaEOBJIeIIO TTOJIHOe CoBna.qeEue BHeprr4r,r arcrrrBaur.{lr
xeMocopotuM tr gIIeprIM aIcrIrBaI_U&r I{gMeIreEI4s gJrelcrporlpoBo.Elocrrr. Ilocre.uEee
BO3MOffiO JIImB B TOM Cryqae, Kor.ua JIoRaJMSarpIg cBo60.4HOrO gJIeKTpOHa Ha IIC
IIe CBssaIIa c [peo.qoJrerlr4eM troBepxHocrrroro sHeprerr,tqecKoro oapbepa, Her,13_
0er6o up}IcyrcrBywero B MoAeJM rlp!trroBepxEocrlIoft ooracrz ooe][rerurfl .

Bce BHIIIeI[SJIoxeHHoe IIosBoJIgeT c(DopMyJMpoBaTb Mexa}II{BM BJMEHI4fi a.ucopo-
LUtr4 KtrcJlopo.qa Ea gJIeKTpoIq)oBo.UlocTb crleqeHllblx I{ qacTfiqgo BoccTauoBJreni{brx
IIonyqpoBo.uIr&COBEX O&Cr{JIOB.

A n\,lerffIo, a.ucopdearbr raKoro rrtrra qpe.qcraBJrsror coooft noJrr4rcpr4craJrJM_
qecRue MareprlaJlu c llpeo6ra.4arc@ur{ TI[rIoM MexacpucraJIJMTIIbIx ItoHTaIcroB B Bure
orKp[ITbrx MocuIRoB, o6oraqem$Ix cBepxcrexr{oMerpl4qecK}IM MeraJIJroM, aBJrgto-
qorcrl ocHoBnflM ,uoHopoM sJreKTpoaoB. A.ucop6u4fl Rr{cJlopo.qa, IlpnBo.ufiuta.q K
CB'ISEBAIflNO CBEPXCTEXIIOME?PIIIECKru( ATOMOB METAJIJIA, OoYCIOBJMBAET II3MEI{E_
IME KOIIIIEETPAI.UM CBOdO.ESIX SJIEKTPOHOB B MOCTIIKAX, gTO II BbISNBAET I4sMEHE_
Hue BJreRTpo[poBo.Uiocrr{ Bcero a.ucopoeHTa .

3Ta Mo.qerb, rrpe.uJroxeHlras eqe B paHHr,D( padorax MffcrflrRoBa c coaBT.
[48,591, odtscuger orpottrsfr Ea60p grcc[epr4MeHraJrbr{rilx AaHHHX rle roJrbxo no
BJMfiHI4IO MOJIEKYJIFPIIOTO KIICJIOPO,{A EA 9IEKTPO@,I3UqECKI,IE XAPAKTEPI,ICTUTI{],I TA-
ROrO po,4a a,4cop6eHToB, HO Taftr(e }I rro BJMAHTIflO MHOrr4r rpyrfix MoJre&yJrflpHbrx,
aroMapHEx rI paJUlKaJIbHNx tlacrln.L cllocoolilff K xttMlfllecKoMy B3al,u\,to.UeftcrBl4lo c
BECbMA AKTtrBHbIMtr B STOM IUIAHE CBEPXCTEXUOMETPI4.IECKI,IM?I ATOMAMI4 METAJIJIA.

npl'fifln as Bo BfiuMaE]re nce Buue rrGJIoxeHEoe, renepb HerpyJrro oobscrMTb 14
SKCIIepIlMeIITarbEO Ha0JUO.4aer6r[ SaKOE o - "oo^t [s9], r{acrurfiIo BOCCTaHOB-

reEI$Ie oKclI,D ooHEIo llpe,4craBJlgnr co6ofi cu.iairo JrefrrpoBanrnre rroJry[poBo.q-
Ifl{KI. Bo BcgIcoM cryqae,rD( trpurloBepxEocrlnle O6racrl4 Moryr odra.uarb BecBMa
BNCOKOfi Ko'qellTpau,neft uSoilTO.oIOrO MeraJIJIa: = r.o l scM-r, 

ITpe,ucraBJrffnqe-
ro coooft  m)ocTbre ,uoHop6r gJreKrpoEoB [1s,6?]  (pytc.  z.  11),  Hax u3Becrr lo
(cl't' 'Eslpm,tp' t68l ), ,4JIS cIIJIbHo JIerIlrpoBaHHbIx lroJrynpoBolEtrtr{oB XapaKTepHO
gBJIeHI{e "UOJUITporng4" qp}IMecu, B gacTIIocTI{ SaKrrcqarcqeecg B TOM, IITO .UaXe
[pI{ TIoBHIIIOHHI'IX TeMlepaTypax EpuMecb MoxeT ONTb I,IoIIIlBI4poBaHa He rroJlHoc-
TbT. 06 STOM frE IrP}IMEIUTEJIbIIO & OICC}TIAM YIIOM}IIIAET }I TOMAC T67]. B 3TOM
cJyqae' IIo aIIaJIoTIM c JIerEpoBaHHblM rloJlyrrpoBo.ElltrcoM, co,qepnaryo,| Ee rioJrHo-
crbp r{oEa3r'fpoBarfiryp rpnMecb o.&roro rrma, sJreKTporrpoBoffrocrb uponoplryro_
HaJIbHa KOpHro KBa.4)arEoMy Lr3 rcoHrleETpau{u fip]rMe cr{ :

o  -  [ e ]  -  { I y re . ) ,

f.4e IMe.] oBEagaer IcoHIIeHTpal&D CBepXcrexlroMerpllrllecKoro MeraJIJra.
IO I

( 2 . 1 5 )
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Ptrc.2.11. feoMerpFrec&afi tr sJleKfpolmas crpyKTypH noBep$Iocrtr

z n o ( 1 0 i o )  t 3 3 l

vi" - noaepxnocunfr .qe(FKr; vo s oi - odEer,ffiIe Ie-

(FKTE, trpeAcraBJlsrqre cooofi KtrcJIopoIEtre BaKaIIctr[

tr Mery3eJlbruffi KIICJIOpO.{ COOTBeTCTBenEOI Eo, tr E^r'

E0,,,2[ E^,,, - TIOBepXEOCTEIIe I[ Oorer,ffile 9EeIF

rerurrecKtre ypoBm ,4oEopoB B alcueuropoB. noBepx-

IrocrEld ypoBellb E^s cBfl3aE c xeMocopolrpoBaHEuM 02

CrMTeTb, qTO B CI,Uty Ma'lIEX TOJWIH COe,EIHIITeJIbHIIX MOCTI{KOB (- ro-5Ctrt) t't

BecbMa 6oJE[EB Icos(!ft4.U{eEToB .ut{fiy3l{tr MetryseJlbHoro MeTaJUIa' B clyqae

zno Drn .  2t7.  ro-a exp{-o,5slkt}  cut '  c t  t671,  KoI IUeHrpaI.EIg cBepx-

CTeXIIOMeTptrtIeCKOTO MeTaJUIa trpaKTIFIeCKI[ IIOCTOSHIIa BO BCeM Oo5eMe MOCTIIKa.

PaccMaTplBafi Xelaocopdrym KaK xuMtrtlecKoe Bsam\roAeftcTBl,Ie ' B .UaIIEOM CJIy-

qae KrCIopoIa C qegrpaM[ a,Ucopdrym' B KaqecTBe KOTopEIx BNCTytraPT IIOBepx-

EOCTHbte CBepxcrextroMeTpErlecRlle aroMbl MeraJIJIa' MOXeM SaIII4Carb

o z ( ! r )  S  0 2 ( C ) ,

I02

( 2 . 1 6 )

o2(o) + r.r". 3 [r.r"6'o!-J". ( 2 . L 7 )

IIp[ ycra'oB'e'I{tr paB'oBecr.t' IIa oclroBa'rlr{ Barco'a .qeftcrByuryor Macc uMeeM

[[n"'* ol-].) ./ 1",,r,1[u"J = xgr.
Ilorarafl, qro Boar{MoJleftcrBl{e aKrletrTopHbrx qacrr.flL B .rlaHrroM cJyqae Kr4cJropo_
'4a' c tr306lroq'blM MeraJUIoM - e.nrrlcrBelfia.q ,,p*',&ra ]r.Me'e'r4fi Korqe'Tparlr*trocJre,ryero qptr a.ucop6r.uM, [oJryqaeM

[ [ ' " ' . " : - ; "1  =" { [ " "J " - f , . J ] ,  e .Ls)
r ' 1

r'ue 
Lue.J o 

- .[oalcqp6lEollna.E Kotrllen?paryrs cBepxcrexr4oMerpnlrecgrD( aroMoB
ME?AJIJIA. IIP}I YCTOBET MAJIbIX 3AIIOJIIIErud IIOBEPXEOCTI{ AACOPd?DOBAIIHIIMII MOJIE-rcyJraMr{ MOAer oKasarbcff cllpaBe.qJErBofi r{goTepMa a,4cop6rr4r.I relIpll, T.e,
1or(0)  J "  a "o. .  ' txyAa, o.be.U' Iss B[rpaf le ' r { f i  (2.L8) 14 (2.r9) ,  [oryqaeM

f " "  l " t
f". I = L 'Jo
L ' J  1 + p ^ / p -

" z

IioIcTaEoBICa KOTOpOTo B (2.15) AaeT saBucr{MocTb
I JleRTpoupoBo,Eoc Ttr O T AaBJIerMs Kr{c JIOpo.qa :

f  1 r t 2
Ln". l^ ,  Po-.- ,r .

o  *  A( r )  -  "  o . [ r *  + l  
"

^T-TEft" 'c)

Orcnla *o,"lro nptr po2. p" : h / K(r) r

r Y \" " ""tt- 4J,
w "orr ""

I  p^\  1t2
" " o"[F:J

( 2 . 1 8 )

( 2  . 2 0 )

BeJrulMIibI panoeecnofi

( 2 . 2 L )

( 2  . 2 2 )

( 2 . 2 3 )

( 2 . 2 4  \

3aMe*flr, trro gacro fipu o6pa6or*e excneproleirraJrb'lrx pe'yJrbraroB B KBVac;
TBe BeJII{\IIiHI{' xapaKTep}I3yuefi KaIc paBIIoBecHoe [ocJtea.ucop6lu{oploe srraqe-
rrr're sneKTponpoBo.urocru aAcopoeirra, TaK }I adcoflorHoe ee usMeHeHrle ,Ipo, ar_
copolud.I, IlcrroJlb3ypT rlapaMeTp

a - a A o r , / c z ,
( 2 . 2 4 )

IAe Ao = oo- r; o - paBEoBecIIoe 3IIAqeHI.Ie gJIeKTIlOqpoBo4rocTII 
[1,48,59].

Ha ocf,oBaruE B[rpax€rtrd (2.18) r{ (2.19) rrerpy.Gro rIoKaBaTb, rrro

o A o
" = 

;, 
= const Poz '

T.e. yKa3alllfifi fiapaMerp sBJIAerCfi y,406Ho[ xapaKTeplrcrrlRofi, fio3Borfi@efi
cy&Tb o trapMaJrbrroM AaBJreEr{r4 a}raJrr[sr.tpyeMoro rasa B oKpy,raroeM a.4COpoeHT
oobeMe.
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Harofleq, BaBrlclrMocrb o - ,;"^' Moaer 6bub rloJlyqena I'I B cJyqae rrparTu-

qecKff troJEIOft I4OHI43aLU{U CBepXCTeXIIOMeTpATIeCISD( aTOMOB MeTaJIJIa TIJIII &]ICJIO-

potrtblx BaKaEcId, T.e. KorAa crIpaBe,[JII4Bo ycJIoBI{e o - [uer]. B gToM cJIy-

qae, qpe,4roJlaras crpaBe.4JII{BOCTb qpoUeoca' ollllcEBaeMoro Br[pafieHl4eM

o2(O) + 2! ter  -+ ( ! re.o -  oMe.)"  ,  (2 '25)

T,e. cqtrTas, qTo xeMocopd4)oBalrHarr qacTuua KIICJIOpO.Ua CBgsEBaeT CpASy .qBa

Mer(y3eJIbHHX aTOMa MeTaJIJIa, rIOJIyqaeM cJle,{yruee ycJIoBI4e paBIIOBeCilg:

h (  [ ue .  ]  -  1ue . J  )
'  

;  = K ( T )

t02(o) I  t l Ie. l '
OTcD.ua [oJyqaeM BHpar(eHLIe IJIS SaBI4clIMocru BeJIIlttIlIHIn paBHoBecEofi

IIPOBO.UIOCTII AJICOPoEETA OT AABJIEETS K'ICJIOPO,4A :

a r t - t

+ " + fl + y' r + 8r^ tr4e,) /,/ P" 1,u z \ " 2 - ,

trg Koroporo B qpeAeJIbEoM cJlyqae Po2< P" / 8[Me*]o cre,uyer:

o o oo ( t  -  2 [Me-]o Po,  . /  P" l

B cJlyqae 6orbuD( AaBleHId *.nono.u. 
["o,

XCIIIIE

o  *  ao  {P . . /2 [Me. ]o  )  
tn  

ro r tn

' e"'/ e w"J.) c[PaBe'4JI]rBo Bbrpa-

llTa6, B .4ocraroqgo qpoKoM I'IIITepBare .uaBrelfld saBl4cllMocrb t - n;:"

Mor€T orrrb ooycJroBJrega trprIMbIM B3am\ro.ueffcrBl4eM a.ucopol4pynqerocs *rnop'o.u.

c coocrBenrmm sJrenrprfrrecnrl aKTI4BHNMI4 ,Ue@I{TaM!I a.4cop6eBTa' Ee Irp![Bo'Us-

r[r4M K saMeTEOMy sapsxe$m rIoBepxHocT]I.

SaMeTr.$,r, qTO BbrpafrelflIs, (2.2L), (2.271 IIoJIyqeHbl IIpI4MeII]4TeJIbHo R or-

.ueJrbHoMy MOCTTTKy OTKpETOTO TIIIa, XapaKTepI4syUIIeMyCfi TOfirytrIOfi h I{ nepBo-

Ha,raJlbEoft KOIilIeBrpaWIefi CBepXCTeX[OMeTpI{[IeCKOIO MeTaIJIa Jue*1o. B peafib-

HOM IIOJMnpI4CTaJIJIe, C llpeooJla.qanqefi .4ofieft MOcTrlKoB UMeHEO OTKpbITOIiO T!{IIa '

r.rMeeTcg cyqecTBeltrtrfi pasdpoc KaK no ToJu[IIe MOCTItrCOB, TaK I4 IIO KOIIUeE-

rparyrsM coAepxarr[D(cs B rrr,D( ,4eqFRTOB. Taru&l o6pa3oM, JIOIg[bEas 9JIeK-

Tpo[poBo.UrocTb paccMarptlBaeMoro MaTep]IaJIa flBJIffeTcs \cfiyqal&Ioft Be{{:lT-

HOfi, pa3JMWrOfi B pasHlrx MecTax oler,IecKoft IIO.UCeTKI, Odpasye]rofi 6e36apb-

epIIbrMI{ KOETaKIaMI4 MI,IKpOKpIICTaJIJIOB.

3O{eKTtBEas sJreRTpOrIpOBOlrIOCTb TaKoft lrpocTpancTBemlo-Eeo,ulopo.uloft

cpe,4,I MOeeT 6HTE BUqI4CIeIIa B paSJiI/rtIHIilX [pe.4eIbH5IX CJlyqasx, oTJII{qaFI&D(Cs

coorlloEeEneM MeIIJ JIoKaJIbEoft greKTpofipoBo.&Iocrblo II ee cpeluMM SEarIeHileM'

MeTO.4aMI{, paSB}ITHMtl B paooTax t7o-72). A I'$lelfiIo, ecJM JIOKaIbHaTI SJIeRlpO-

rlpoBo,Urocrb o(r) Maro orJll'rllaercg or cpe'&teft <o>' T'e'

1 ( 2 . 2 6 )

0JreKTpo-

( 2  . 2 7  |

( 2 . 2 8 )

( 2 . 2 e )

( 2 . 3 0 )

Mero,4aM[ TeopIM
< ( o - < o > ) ? >  n a n r z ,

TO 9@KTUBIIaE gJleKTporrpoBo.urocrb MoxeT 6bITb BNqI'�ICreHa

soeMyqerflfr tTol:

r " * = . o t - 1 < ( o : 1 g > ) 2 > .

I04

( 2 . 3 r - )

B c;ryvae BEIIoJIEeEI4a ycJIoBrIg <(o - <o>12 - <6,;'2 [p]IMeHI4Mo lrp11d.rgselge
"o(EeKTEEofi cpeN" t71l, CJryqaft BKcrIo$eHr.UlaJrbHo dorbr[ofi Eeo,4ropolnocrll,
T.e. KOr,Ua trMeeT MeCTO COOfiIOEeme

o( r )  =  ooexp { -E ( r ) } ,

r.ue g(r) - paccTofirrr4e oT lula soHrr llpoBo,4nocTtr .uo ypoBrrs oepMs, Bu-
pa:reHlroe B e.@trIax kT, $pl((reM cIIpaBeIJrr4Bo IrepaBeHcTBo

< ( { - < € > ) 2 > > r , ( 2 . 3 3 )

paccMaTp[Baercs c troMoqbn reoprM rrporeKaHi4s (cM. pa3,Uer 1.10). CoBepueH_
Eo oqeBl.rEro, rrro llocreEtrtft [pe,UeJrbErffi cry.raft coorBercrByet paccuotpemrofi

B pa3lere 1.10 ctrTyarlE{, BaKrFqaqetc8 s cyqecrBoBaHr4r4 B MareptraJre rurpo_
KOTO PASOPOCA BEICOT ME8KPIICTAJIJMTIIIX 6APbEPOB, XAPAICTEPEOTO .UJI8 IIOJIITKPI4-
CTAJUIOB C trPEOOfiA.UAEIEM MOCTI,IICOB SAKPHTOrO TI4IIA JMOO AT.E qPECCOBAEHbIX
IlopoutKoB [5s,73].

B o6cye,4aeMoM EaMtr cryqae gacrlltilllo BoccraHoBJ'IeHHbIx oKc[qoB cKopee
BCETO trPI,IMEIIIIMO BEIPAEEEIIE (2.31), CqPABe.4JIITBoe .uJlfi MaJIbIT oTKToEeffi Io-
KaJIbr{FT o OT CpeEIerO <o>. 3To odycJIoBJIeEo TeM, qTo B upoBo.@rocTu Ha
trocrosrlEoM ToKe rrptrElIMaDT yqacr[e fi[ub oe3dapbepHrre ygactKr{, T.e. rrocrl4-
KI{ C Ean60Jee IItrSKuMtr 38arleEtrff\& COIIponBreIuM. l,lLleltrto eu! rlyrtr, xapaK-
Teplr3ywrecfl trepeMeEEilMtr ToJurytHaMtr trpoBo,[roDr BeTBeft r{, BosMoffio, trepe-
MeErofi KoEIIeETparEefi .[e(Fxros, ooecfierutBapr ocHoBEoft BrcrraA B oJreKTpoqpo-
ao,Eocrb MareptraJra. Iloorotry a.qcoporyroruroe rrBMeHerIlIe (B cJyqae aAcopoutrr
aKuerlTopoB) gileKrpofipoBo.uocrn uMerfiro orrD( rryTeft ooeclleqrIBaer trSMeEeHI4e
sJlerrpofipoBo,&rocsu acero a,4copdenTa. Ho rro caMoMy cMbrcJty BbrIeJIeE]rs HltB-
KooMHbrx qyrefi oHr?r rre Motyr coAep:ftarb orAeJIbHIne yqacrKl4, xapaKTeprl3ynq.re-
cg JM6o EI4BKI{Mtr gllaqeEltf,Mtr [Me*Jo, JM6o MaJEuveI h, TaIc KaK oro 6E qprBo-
EIJIo K IItrgKI{M BEarleE}Itrvt sJeIcTpo[poBo.EIocrI,I lI He no3BoJlflro 6bI In, BKJIIo-
qATbCfl B IItr3KOOMEYD trPOBO,[gqYD IIOICETKY. YqACTK}I C dOTbEOfi IIO CPABEEIil4IO

co cpemtM sEaqeElleM KorqerrTpar[ret [Me*]o ril&r c oorbnofi BeJM'xlEo[ h
ttparTuqecKtr Ee Brrocsr II[IcaKoro BKJIa.ua B odqee corq)ortlBJrerue trpoBo.qflqeft
BerBtr. Tarunr odpa3oM, KaK caMy BeJMrrr.trry Ea'IarbEofi BJreKTpoqpoBo,EocTE a.U-
copoeHTd, TaK II a.qcop6r&oFr{rre ee troMeEeHr{s oqpe,qeJrsror MocTuKtr rr.rM, sro
6oree IIpaBI[JbEo B cryqae ctreqeEHsx aAcopoeBToB, yqacrKl{ rlpoBo.[@ Ber-
Beil co BHalremsMr{ h tr [!re*]o, oJM3rctil,tu K cpe,UIlIM. BAecb yMecuro oTUrer]rTb
Tarixe u ro, qro a,[copdr.U,rfl, yMenbrrrafl crerrerrb rreoEtopoErocr[ alcopdexTa,
qro trptrMerrtrTeJlbrro K a.[copdqm aKrletrTopoB, fipfiBo,ryrr K Hal,Iooree 6Hcrpo-
[ry yMerrbrrreE]m SJlercrporrpoBolrrocrrr yllacrKoB, xapaKTep]rSylou[Ees Eall60Jbludvs4
EaqaJIbEbIMrlr 3EaqeHl4flMtr o'}I odycroBJEBae r B KoEeqHoM lrrore [puMerrr.rMocrb Bbr-
pafrerrtrf i  (2.31).

TaKm, odpaeoM, a.ucopdrs4olfiras BaBr,IclrMocrb o or po, lrMeer Br4J

( 2  . 3 2 )

( 2 . 3 4 )

a " < o > o f  J
h (ra..t 

o

X  d [ M e * J o  r

o1r , , r " * , ' j t  
[ r  

*  
t * l o .  

I  

- t t  
r ( h ,  [ ue * ]o )dhx

r,ue f(h, 1r.le*lo) - coBMecTrrafi IIJroTHocTb pacEpe.ueJeHlrfl ToJrrqcu BeTBtr u Ha_
qarlEot IcoEIIeHlpaLU[}I CBepXCTeXIltOMerpI4rIecKoro MeraJIJIa. CoBepEelfro orreBu.u-
ao, qro clcorbKo-Itr{0y.[b rraAefixlofi ruroopuaum Eu o pac[peAeJleHr4rr h, Er4 o
pac[pe,qeJreErrtr Jl{e*lo, Err TeM 6oJee o B3ar4MocBrr3]r gTtrx pacfipe.qeJeEil r!6r
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Ee uMeeM. Ilpe,urorofrerue o EopMaJIbIIoM rorapuFvErr{ecKoM pac[peAeJIeEI{MoJI-

utH litoctrucoB, c,qeJlamoe B t241, K co,t(aJIeHInorHI4 Ea qeM He ocnoBallo. o.&ra-
KO' trpIIEuMafl Bo BHIIMaEIIe Oqpe,[eJIsFIItJn poJlb yqacTKOB co cpe,Wnrrl4 SIIaqeIM-
ffMtr h tr nre*Jo, .uJIg trocJrea,ucopdluoElloro SHaqeErIa o c offpeAeJleElldfi eTeIIe-
EbD 1O!IEOCTtr MOXIIO SAIMCATb

< o >
o

( 2 . 3 5 )rE
r,4e <oo> [ .P"t = <h>/fk(T) : CP€,EI}Ie SHaqeE]4g cooTBeTcTByW{x xapaKTe-
prlcrulc. B c,ry'rae ctrpaBe.&,ItlBocrl{ EepaBeIIcrBa po^> <pc> fioryqaeM BaBItcIt-

MOCTb

o x <a^> aP-r' l '  Pn"' ," z ( 2 . 3 6 )

odE trro ua6.rm,uaeMyD B srccnepl,rMerrre .
oTMeg1ln , rrro BaBucl4Mocrn (z-24', a (2.361 crrpaBe.UJtrIBbr ,{rs paBHoBecBoft

aAcoporyM uMeffio MoJreKyJrfipHm( ra3oB. Eoree roro, BTa BaBr.rclrMocrb oKasbr-
BaeTcfi c[paBe.uJtrBofi tr ttptr alcopdryul KtrcJropo.ua, pacrBoperrnoro B [oJr.rpnilx
fitrUtocTfix, laKrc(, IcaK Hzo, cHroH, clHeoH, c6H12 tr T.,U. [59]. Pe3yrbTarH
gTtrX IlCCJIeIOBaiflM, CBgSaHHrD( C I4SyqeIMeM BOSMOIruIOCT]I IeTeKT]rpOBaE4g CJIe-
,UoB KncJropo,qa B m4SCrD( cpe.Uax, a raKjfte Bo3MorcrNe MexaHr4BMN sBrerils 6y.B/r
tro,()odEo ugJIoaeIGI B rJraBe 4.

Ha ocEoBaI{rn paccMoTpeltrlofi MoAeJM HeTpy,U{o noJIylMTb BbrpalreEltg, o[trcN-
Baw{e RI4Ee TI{Ky I{SMeHeEUg SJIeICTpOqpOBO,U{OCTI4 CneqeImOIO qACTI{IIHO BOCCTa-
EoBJrerrEoro oKcrrsroro aAcopdeHTa, IIpu rDoreKaHr,IlI npfiMoft 14 odparHoft peaK-
r.@ ypaBnelMfl (2.r7). Pacxo.[ cBepxcrexr{oMerpr/rlrecKr{x aroMoB MeraJrJra, rrMe-
ro{ft Mecro rrpu a,Ucopollol 02, orMcHBaeTcs ypaBHeHueM

d t M e . l
- - -AE-  =  -k , tue* ) to r (0 ) l  ,

r.Ue frr - IcorrcTaHTa cKopocTtr llpsr\,rofi peaKr-ullr. IIpu fipoTexariltr,I o6paTEofi pe-
aRI-E{ ypaBEerMe oaraEca oyAer n\rerb Br,r.u

d f i l e . ' l
- _ u . I - :  k z t ( M e d ' o : - ) s l ,  ( 2 . 3 8 )

r,Ue Fz - KoHcraHTa crcopocTl{ o6parHo[ peaftr-Urr, y,ilrrbrBas Bbrpa,r(eHfie e.Le),
trocJre.Eree ypaBEerll{e MofiEo treperMcaTb B Br.r,4e

d r u e . l
--E- :  k.h { 1l ' te*Jo- 1l. le*J } (2.39')

I'ftITerprpoBalile ypaBHerufr Q.3?') t4 (2.39) B rrpe.UloJroxrcEr,ru, rITo upfi flpoTe-
raruu.r npmlofi peaKryrrr oopa3oBaltr{fl rloBepxHocrHbrx lcoMrrJreKcoB 1l.le6.ol-), w-
r"Mnrpyqeft cTa,&Ieil flB.rraerca r{MerrHo peaKr.urs Bsardtro.qeftcrBr4s KucJlopo,ua c
[oBepxEocrHHMrr aroMaMu MeraJIJIa, a He odpa3oBalMe F,r3alcopoffpoBaltrloro KI4-
cJropo.qa (T.e. I loraras, qTo to2(0)] = const I4 rre MeHfleTcff co BpeMeEeM)'
ITPIIBO.UTIT K CJIE.UY@TIU BTTPAftEHI{M, ,4JIg KIIIIETI{KI,I ITPflMOI I4 OoPATIIofi peaKlT-,fr

COOTBETCTBEHHO:

l M e * l  "  I u e * ] o e x p { - f r r t 0 2 ( o ) l t } ,

r  [Me . ]  r
rntl - 

ftail i  
= -R2h t + const,

( 2  . 3 7  \

( 2  . 4 0 )

(2  .4L ' � )

I06

I l , qe  cons t . l n { k  l oz@) ) /  ( h  +  k l o2 (0 ) l ) } ,  k  :  k r / l < r ,  OTc ro .qa ,  [ pe ,U roJ ra_
ras, KaK r! Ilpefi,ue, c[paBeAJrlrBocrb JtrtrIel&roro BaKoHa a,ucoporyff to (C)]"
fPo ' ,UJIfi IQIIIeTTIKI4 rIsMeIIeElIfl gJIeKTpoIIpoBo.UIocTlI IIpI{ [poTeKaHI4n llpntofi u
ooparEofi pealtllil [oryqaeM Bbrpax(eHi4a

( 2  . 4 2 )

( 2  . 4 3 ' )

OTMerr4,r, qro Bbrpadcergls, (2.42) vr e.B) no or.ueJrbHocrr4 Moryr orMcbrBarb
KIIIIOTIIKy Bcelo upoUecaa (2.L7) ' IIo JII{mb B.UaJM oT IIoJIoxeH}Ig paBlloBecfifi,
T.e. KOr,4a BTOpOfi Upoqecc upaKTr.rrrecKu He qposBJrseTcg. Har Irfi npm/toft,
TaK tr AJrff OoparHoft pearu&rl ycJroBueM gToro fiBJrrrFTcfi He oqeHb oorb[ele Bpe-
MeEa t' a 3To o3Haqael, qro B cryrlae fipfl,toft pearcuE{ o(t) He.4oJIxHo c}IJrbIIo
orJll{qarbcfl or oo, a B cryqae odparEoft peaftur{r.r - or paBHoBecHofo Slraqe-
HIIS op, 3a,[aBaeMoro BbrpaffeE[eM (2.2L) ,

xwrtngag Bce cra3arlnoe BbII[e, a Talore To, r{To op < oo, ,4I8 RI{HeTI4ICu
[sMerreEr{s o(t), odycJroBJrerrHoro qporeKaHr,reM fipflN,rofi pearryu,raorcro IIpIIoJtrr-
3UTEJIbIIO SAIIIICATb

3 = ""n{} k,,.no..} ,

r"{,, - 
[a-J'] 

: -ft,rr t + const .

j = r + + R . r P ^  t  ,'  " z

a B cryqae o6parHo[

r " [ r . - F j  " - o . n t + c o n s t

SnpaxeEfi e.44, n e.4s), KaR yKasEBaercs B paoore t4Bl, qpeK_
PACEO OIuCHBAFT AKCtrEPNMEETAJIEHO HAoJEOIAEMYIO KI,IIIETI,IKY I4SMEEEEII.fi AICK-
rpollpoBolFocrtr cueqelfrofi I{ qacrnrtrro BoccraHoBJlerrHoft IIreItrCtr zno qpu
a.ucopoulu tr .4ecop6ryu MoreKyJrffprroro KlrcJropora. Bbrpax€rMeM Q.441 TaKr(e
y,4oBrrerBoptrTeJlbEo OrrtrcDlBaerc8 rr Kr{Herr.rKa r{3Mer{eH[ff o IIp}I aAcoporstr{ 02 Ha
zno' [oBepxEocrb Koropof ooofaqeEa roHopaM[ 3a cqer QoroJMT[qecKoro pa3-
JIo:reHIis zno B BaKyyMe U4).

06[ee supaxenr{e rJrs Rr{rrerr{Ru r.rgMerrennfi gJrerTporrpoBoErocr}r, o6ycroB-
JIeEHOTO a.ucopolu.refi 02 B ToM CJLyqae, Kor'4a cBoft 3aMerr6rft orneqaroK rla
xo,q Bcero qpoqecca Harq[aNBaDT KarC [paMaff, TaK I4 06parHafl peaKr$u, trMeer
B}T.[

( 2  . 4 4 )

( 2 . 4 s )

( 2  . 4 6 )

( 2  . 4 7 ' � )

ilpu auuo;uernr ycJIoBtrfl "ort "" .&rlg KmertIKI4 o(t) [oryt{aeM BEpaSeIIue

o(t) * ""[+)"'
trB Koroporo BtrEo, qro rreM oorEue AaBJreElre K[cJIopoIa B oKpyaaueM a,[cop-
6eET odbeMe u treu stui' TeMlleparypa, TeM 6{crpee I.IsMerrflercg gJreKrpoupo-

Bo.Eocrb a.[copdeETa.

JIns EaqarbEon cKopocru trBMeEeIIutr gJrelcrporrpoBolrlocrrl clpaBe&rrtrBo BHpa-
fieHrire 

I0?

( 
3*1*,."o,.)



d n l  1  -

# l t - o  
-  _  j  o o k ' [ o r ( O ) 1  ,

roropoe B JEHelhIofi ooracrl4 a,ucopolu&I, T,e. IIpI4 cnpaBe.[JI]IBocrI{

feHpll, nreer B]r,u

d a l  1  -

# l t - " - i o o k ' r P o r '

( 2  . 4 8 )

I4SOTepMbr

( 2  . 4 e )

ABa nocre.WDr Bbrpa)reHfis c oqeB]{,Ulocrbp cB]4.[ererbcrByl0T o r4]orlopLU{ollaJlb-

HOCT1I BEJII/TIITIHII BA'IATbiIOff CKOPOCT],I A,4COP6LpIOMIOIO II3MEHEHIS 3JIERTPOITPO-

Bo,urocrrr a.ucopdeETa RollqeHTpal-[tr4 a.ucoporpoBam$lx Ha ero rloBepxHocrb qac-

TtIu, trJtrI, B locraro':trto o6qeM cry,{ae, KoHIIeHTpaII4I4 9TI4x rracrlEl B oKpyx(arc-

ueM ooBeMe.
yKagaffiffi pegyJlbrar oHr rioJtoxeH B ocHoBy raR llasblBaeMolo Krlllerlrqec-

Koro Mero.ua .qereKTI{poBaIII{s, BrIepBbIe [pe.uJlor(elmoro B paoore Mscruccoea

t75l 6oJee 30 JIer roMy Ea3a.U. B eroft paoore obulo npoBe.UeHo gKcrIeplIMeH-

TaJIrHoe co[ocraBJIeELIe ll3MeperuM orHocl4TeJlbHblx KoHIIeHTparyil palu[RaJloB cHj

a ragoBofi tDa3e uo crar[4ollapHblM sEaqeEllflM eJleKTpo[poBo,urocrll rI IIo HarIaJIb-

Eofi cKopocry ee IIBMenerII4g. Or6Ir uorcaeaJl rrpeKpacHoe coBrla,4elrlle I43MepeHIIbIX

3Eaqerflfr. Ha [pwepe a.ucopoltrtr{ MeTLIJIbHIIX pa,UrKaJIOB obIJIO yCTaIIOBTeEO, qTO

pa3peBaqas ctrocoollocrb raKolo Mero.4a cocraBJlser MeHee l0 qacrl'ul B Ry-

or,IecKoM caHTr/uerpe oKpy:raFqefo oobeMa [75,76).

PaccMorpeHEafl Mo.qeJIb lISMeHeHufi IJleKTponpoBoEtocrlt qacrl{lllto BoccraHoB-

JIEIIHbIX IIOJIYIIPOBO.UIIIKOBEX OKCI4IOB, O6YCJIOBJEruIOIO A.UCOP6U}IEfi MOTEKYITPII,IX

aKrIerITopoB, ocIIoBaEa cyryoo Ha JIoKaJIbHoM MexaHIIsMe xeMocopoluM 12s1. He-

o6xo,ud\,to oTMeTnTb, tITo ycTaIroBJIeHHbIM IIa npmleDe a.ucop6ul4[ 02 SaKOHOMep-

IIOCTgIil MMeIIeEI4ff OJIeKTpOIpOBO,UTOCTI{ a.4COp6eHTa noAqmsl0TcE rI .4lyr}Ie aK-

ue[TopEIIe MoJIeRyJIH, KaK, I{AIIpuMep, aMMI{aK [77), I4oL t78,7e) ' XJIOp'

B OTHOII€EUII KOTODbTX paBII/!!IIII'IMII MelO.UaMtI Tanfie ycTaHOBJIeHO' qTO OC-

EoBHofi o(lIeKT u BJMSHI{a IIa sJleKTponpoBo,&Iocrb a.qcopoeilTa o6ycroBreH

Ilx npflMHM B3atrMo.UeilcTBtreM co cBepxcTexl{oMeTpr{qecR}IMll aToMaMLI MeraJIJIa.

ItorreKTrBlue g(l&eKTbI, cBffsaEHIIe c sapsxeltr4eM [oBepxHocr]I a.qcopOeHTa tI

TaKr,rM odpa3oM c ucKpI4BJIeHI,IeM .ula BoHbl rrpoBo.nllMocrfi, ooycroBJlllBa@nt u3-

MeEeHIIe &OEqeElpaIprI' cBodo,uux Eocurereft 3apfi,4a' KaK yI{asNBaJIOCb BHile'

upofl&,umrcs B TaKE( ctrcreMax o,IeHb cra6o B clIJIy oorbooft cretreHll ,qe(FKT-

Eocrtr qacrEwo BoccraHo&tleHHllx oKcI{IoB, 00 SToM xe cB}l,uereJlbcrBynr rI pe-

syJrbTarE ytroMI{EaBI[IBCs B pa3,qeJle 1.12 OIIHTOB C aTOMApHHM4 rlyr{RaMu [80,

811. oTcF.ua cJleAyer, qro MIIorue oaKTopbl, Blloctrq,Ie HeKoropyD BeoqpeAeJIeH-

Eocrb B TpaKToBKy a,ucopolElomilx l4sMepeltrd, qpoBolF'Il,{6lx IIa oKcl4.qax c allpll-

opEofi upmoBepxilocrEofl ooJlacrbD ooe,ulelilIs, B paccMarpl{BaeMoM cryilae

trpaKTIlFIecK}l Ee uMenT .IilIcaKofo SHaqeHufi .

B trepByF orrepe,{b 9To orllocl{Tcfl K [epesapfiIKe dfiorpaff4qecKlD( [oBepxHo-

crrtrrx cocrotld u ooycroBreltrlofi 9TI,!'l 'Bo3Morcloft MacKlrpoBKe alcoporyros-

HOI.O gapg8eHtrA trOBepXBoCTI4. B paCCMaTpIlBaeMOM CIyqae qaCTI4!trIO BoCcTaIIoB-

JIeHHIIX OKCLIAOI C oOJIbUofi cTeneHbn HeCTeXI{OMeTpITIIIOCTI,T noBepXEOCTI4' HeC-

MOTpTI Ea TO,. qTO '{aCTb a.4COpdrpoBaIIHOro K}ICJIOpOIa, BOSMO]rcIO, Oopa3yeT

BapflfieHIINe IIoBepxIIocTIIHe clopl"fJ oru/utu o- ('ITo' ecrecrBelrHo' rDuBolu4f

tr K Bo3MorfiHocrn rlepesaps,utl{ 6llorpa@Iqecl.D( noBepxHocrHllx cocrottrIld)' oc-

goBHoe lI3MeIIeHUe oJIeKTpOIIpOBO.EIOCTII, ICaK O.U{OsHaqHO nOKa3bIBaloT OocyffueH-

EEe OKCIIepUMeETH, BHSEBaeTCfl He 3TI4MI{ ITpOUeCCaMI4, a MaJIag TOJIIUEIa IIpOBO-

ll8rruD(cs BeTBefi o6ycJoBJE{BaeT Ko BceMy [poqeMy coxpaHeH]4e nJIocKlIx 3oU.

IOB

llpeaedpemuuas MaJrocrb s(FeKTa Baps)renlrs rroBepxuocrr4 MocruroB B coBo-
KyIIHOCTtr C CyqeCTBOBaEIIeM B IIID( IIJIOCKI/D( BOH OTBeTCTBeIIHa U 3a UpeHeope-
&IMo MaJroe BJrr4EItue a.ucopdr-UM rra llo,EtilrHocrb cBo6o.u$rx nocurelefi sapfl.ua.
Hatrpln ep, qpoBe.ueHrilne B pa6ore t 46l KoMlJreKcHbre r4ccJre,uoBaH[fi BJI]rs-
rrr4s aAcopoutr4 Karc aKrlerrTopHbrx, TaK 1I ,UoEopHbrx qacr],rq Ha oJreKTporrpoBo.q-
Hocrb, IcoErleHrpal&n u uo,BrDftrrocrb Hocurerefi ToKa noKasaJM, qro aAcop6ur4-
oIIEOe I{SMeEeIIIIe SJIeKTpOIIpOBO/IIOCTI.I CneqeIIHNX B BaRyyMe ZnO tr TiOz O6yc-
JIoBJIeHo TJIaBHbIM oopaooM I,rBMeIIeElIeM Korn]eHTpar-u,1lr cBooo$rbrx Eoc]rrereft
Baps.ua. B qacrHocrr, I{cxo,ua lls }I3Meperfld sJleKTporq)oBo]FiocTrr r.r KoHcTaHThr
Xonra np[lt aAcop6tpu oz Ea zno, duro ycrauoBreno, rITo 11p14 aa/oo= o,1 plg-
JItIlIrfia Anlno, OIII4CbrBaroafl I{SMeHeIII4e KOIqeIITpatrII4 IIOCIrreJIeft TOKa, COCTaB-
Jlger 9ot orHocr4TeJlrEoro yMeEbrIreII}Ig gJleKTporrpoBo,rgrocrl{. oTMeTr.trt, qro,
KaK cJIeIyeT trs sTofi x(e pa6oTE, c yBeJMrreHr4eM KoHrleHrparlr4r{ xeMocop6r4po-
BAEHbIX qACTIdI BK'IAI OT J{3MEHEIMfi IIO.UBIIrcIOCTII HOCI,ITETCft B USMEHEHUE SJiE_

KTporlpoBo.urocrr{ Bo3pacTaer. 3To, IIo Bceft Br{.Utr'|Iocrr{, cBflBarlo c Bo3Mo]rcroc-
TbN BOSIII?IKIIOBEII}I'I B IIEKOTOPbIX BETBSX IIPOBO,4gIqEft CETKI,I BbICOICID( 9IIEPTETI,I-
qecKrfi oapbepoB rr, TaKr4M o6pa3oM, c yBerrrqeH,reM "g(pmeKTr4BEoro paccetrllls"
Hocr.rrereil ToKa qpu a.Ucop6lutr4 aKrlerrropoB I{ c ooparrfi,rM npoqeccoM, T,e. c
ycrpaBerrrreM BbrcoKrD( dapbepoB qpu aAcopoutr{,qoHopoB.

3AMETru\', IITO, IIOMln,tO PACCMOTPEIIHOft KI,tIETUTCIa ITSMEHEH],IS SJIEKTPOIIPOBOT.
HocT[I. l  (2.44)-(2.47't ,  B oKcnepr{MeETe qacTo Eaorro.qaeTcs (cM. pas.Uer 1.10)
Jlorapl4(Frrqec&ag KlIIIer[Ica, IIoAooEafi BaBrrc]IMocrr.I SerbnoBl.rqa-Porr4HcKoro-
E l o B r q a  [ 3 o ,  6 s , s 2 ,  8 3 ]  j

o ( t )  :  A , -  B l n ( t  + t  )  ,  ( 2 . 5 0 )
F.4e A, B, t - KoHoTaIITEI. TaKoro po.4a saBIrcI4MocTb oobrqHo oobscHsnT r{cxors
JMdO I.I3 CYqECTBOBAI{}Ifl IIEO,UIOPO.UIOCTII IIOBEPXHOCT}I AACOPoEETA IIO BEJIII.IIIHE

SIIeprru a&rI4BAtUort a.ucopoug{, JM60 u3 CyqecrBoBaHl4g noBepxEocrlroro oapbe-
pa' trpetrarcrBymqero trepexo.IlJ sJIeKTpoHoB lI3 3oIIbI npoBoErrMocrl{ Ea rloBepx-
HocTutre ypoBIM a.qcopol[ronHoro rrtrra.

JIeilcTBIITeJbHo, rroJrarafl, qro rroBepxEocTb alcopoeHTa xapaKTeplr3yercfi
paBEoMepHbrM pacqpe,[eJreErreM aEeprl4ft aKTrlBarwr aIcop6qr,fl{, rfi npnxo,u&t K
KltrIeTuqecKofi r4ooTepMe SerbAoBr.rqa-PormcKoro-EroBlrqa Nt- In{(t + t')lt r,
qTO II OOCCUETMT EAM trPIT IIAJIIIIIIII}I IIPSMOTO BSANVTO.UEfiCTBI4E ATqACTIEI C OJIEK-

TPOEAMtr qPOBO,UII\4OCT}T I4JIII 9JIEKTI]FIECKIII AKTI4BIILIMI4 AEQCTtawt B[noJIIIeHI4e

3ABIICIIMOCT}I (2.50). TAROI MEXAIMsM fiBJIEHI{fl, OCHOBAItrSIfi HA MOIEJM JIETI4PO-

BaIIHoro rI qacrl/FlHo RoMneHcllrpoBalfiIoro noJIyrrpoBo.EIIIKa, r,qe B KaqecrBe KoM-

ueEcrpyqefi trprlrMecu Bbrcryrlanr a.ucoporpoBaE{bre aKuerrropbr, rlpelJroaeH B pa-
Oore t821. 3aMerrru, o.uraro, r{To Joraplt(!&tqecKaq I(I{IIerr4Ka }IgMeIIeEus BneK-
TporrpoBo[rocrr4 cBoftcrBeltrra rJraBHbrM oopa3oM oKtrcJreHHbrM oopa3rlaM. gTo llp.fi-
Mo rro.UTBepMaerca pesyJrbraraMr{ itoMypo [65], Koropbrft IIoKa3ar, rrro BaB[cr4-
MOCTb rurla (2.50) EaoJUO,UaerCg Jlr4ub B Cryqae [paKTI,IqecRI4 CTeX[OMerpIlFIec-
Kofi troBepxHocrl{, T.e. Epn cyqecrBoBaHr{r{ Ilpl1rloBepxHocrHoro croff ooe.ulelilrfi
ocrroBHNMr{ Eocr{TeJrsMtr, }I [pona.uaer npu o60raqeril64 EpunoBepxEocrEoro cJrofi
I,ISOIITOEDUVtrI ATOMAMI{ METATJIA. OI�TAXO II CAMA JOrAPIIF\,EIqECKAS KI4IIETI4KA AI-

COPOLUEI KI4CJIOPOAA TAKJfiE CBOfiCTBEHA I4MEITHO B IOCTATOqHOft CIENETUT OKI,ICJICH-

HbrM oKcr.rJaM lrol. JImr pe3yJrbrarbr paoorN BilEceeBa t84l, B KoTopoft llpfi-
MO r,r3yqaJrocb BJItIsHr,re aAcopolufl{ Kr.rcJropo.ua Ha BbrcoTy rroBepxHocTrloro 6apbe_
pa B ZnO, CBIA€T€JIbCTByI0T O TOM, VTO lorapuFrnr'{eOKafi XUnetr.Uca ]IBMeIIeHI4fi
SJIeKTpOIrpOBO.UIOCTI{, CKOpee Boero, ooycJoBJIeHa BJMflHIIeM TIOBepXEOCTIIOTO
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oapbepa Ea K[Eer]IKy gJIeKTpoHHEx rlepexo,4oB MetftIJr IlC a,ucoporyIolillofi gpl4po.&l

r4 oobemn'nM 3oiraMr{ a.4copoeETa, a Ee arrpl4opEoft ueo.uropo,urocTbD troBepxEoc-

TII.

IlpolcxoaAeril,Ie RtIIIerI{KtI (2.50) 3a ciler cyqecrBoBaHl4fi rloBepxEocrlloro

oapbepa MorcIo JIerKo rlollsrb IIa ocIIoBe pe3yJibraroB pa3.ueJla .1.7. JIeficrBI,I-

TeJIbEO, IIptr MaJILIX CTerIeHflX SaTIOJIIIeH]IS TIOBepXHOCTI'! B,4aJM OT trOJIOr(eHI'�Ig

paBi{oBecl{fl KLIEerI,rrIecKoe ypaBHeII}Ie (1.54) Mox(er oblTb IrpeAcraBJIeEo B BI{.Ue

# "  Kr , , * t " "xp{ - { ( t ) } ,

r.ue, RaK r.r trpel(Ae, Nta- noBepxEocrHas Koiil.IeETpau}Is xeMocopoupoBaHHrlx aK-

rlerrropoB; na(t) - KoElleErparufi fix sapsfiel{Ilofi @pM,I B MoMeHT BpeMelM t'

llrs BbrcorN rroBepxHocTlloro oapbepa rpu ycJIoBI4I{ nr< nE, T.e. IIpI{.uocTaToq-

no 6o$uoil rrJrorHocrrl dfiorpa@{.IecKlDr IIC, crefleHb sanorHelilrfi Koropblx MaJIo
rlyacTB}ITerbEa K a,qcop6lutr{, I4MeeM BbrpaxeE[e

c( t )  "  [ * l ] ; ' "  e" [ ' . ' f , ) ,

( 2 . 5 1 )

( 2 . s 3 )

( 2  . 5 4 )

( 2  . 5 2 )

rAe €o: (tE / y'Z- r,ror,o)2, IIo,qcraHoBKa Koroporo B (2.51) tr qpuBolErr K
ypaBireHrno TI[ra ypaBEeHrrs Be rB.[oBl{qa-Porrutcxoro-Enoal{tra

d n  - B n

a d - o "  "
peneHr{e KoTopofo uMeer B}rI

n , ( t ) : ; l n ( t + t ' )  - F

IIo.ucTaEoBKa (2.54) B (1.45) ( (o o oo- qpn(nt+ nE) ) [pr.IBo,uT R Blrpafie-
Hr{ro (2,5o). TaKIo,| odpasoM, rorapl{fifi{qecKas KEreruKa r.r3MerleHtrfi sneKTpo-
qpoBo4locrtl npu agcop6tgot KllrcJlopo.qa, crcopee Bcero, cBoficrBeffia MoIIoKpI{c-
TAJTJIIIFIeCK'IM I4 CneqeIIHUM IIOJIItrCpTTCTaJIJILfieCRUM O6pa3UaM, XapaKTepusywntcg
IIpaftTI{qeCKLI CTex}IoMeTpIrtqeCRI{M coCTaBOM IIoBepXEOCTII, T.e. CyqeCTBOBaIMeM
np]droBepxHocrHoil ooracrl{ ooe;greruls uo ocHoBrror(y rully cBodo,uilx Eocurerefi
Bapfl.ua. .noAqepKEeM, qro B cfiyqae creqeHl$Ix TIoJIIEcpI{craJUII{rIecR[x oopaoqoB,
xapaRTepr{Bywrxcfi .norapr(finrvecxoft Krrrerrtrcoft a,qcopoluolilroro n3MeEeryrr
SJlerTporrpoBo,utocTl{, ocHoBHNM TItrIoM Me]reCpICTaJIJILTTHIIX KOHTaK?OB .IOJIXIfi 83-
Jlgrbcg MocTITKI{ KaK BaxpblToro, TaK I{ orKpHToro rllna, Eo oOJa,uan0U{e EpII-
rroBepxHocrlrofi ooracrbm o6eEreril,Is.

2 . | . 2 . A,qcopdrprs MonexynapHux,UoHopHrrx rracruq. Monenynaprcil BoAopoI.
oncrA yrrepoAa

Bofipoc o MexaHrI3Me I{gMeHeII[fl oJlerTpoIrpoBo.ulocrn oRl{cnoro ttoryttpoBo:FIlca
nol B.rMf,rrr,reM alcopouer.,uoHopHrrx qactru,ff B qacrrrocrrr MoJreKyJr ropDrI]D( tr
BoccraIIoBI{TeJIbHEx ragoB, Ha cefo.uffilllHld ,qeHb oKoIilIareJIbIIo Ee peueH. Cy-
qecrByer qeJEM pfiA rroBepxrrocrHblx u oorervfifirx qpoqeccoB, BErBuBaeMbE a.qcop-
oryreft TarcrD( raBoB, rrporeKaHr{e rcoTopblx rlpr{Bo,ryrr K I{oMeHeErm oJleKTporrpo-
Bo.l6ocm a.qcopderTa. B sasucrd\rocul or rrprpo,U agcopdenTa, yc.loalfr ero
[prtroToBJrelu{fi, a TaK]Be oT pexq4Ma tr ycJoBr.fr [poTeKaIMs a,4copouu ToT IIJM
rffiofi npouecc r{JM peaKrsrrn 6yAyr orrpeAeJrfiTb u3MeHerrue aJreKTpoqpoBo.ryocTtl u
MoryT 6HTb BbrdpaHbl B KaqecrBe dasoBoro MexarrtrsMa padorE ceEcopa. ItaR
yxa3brBaeTcfl B oooope ltfircl&opla t54l, B rracTo@ee BpeMs npl{gflTo crMTaTb,

I I O
I I I

qTO IETEICT4POBAE}IE BOCCTAHOBI{TCJIbHbIX tr TOPDIIID( rASOA IIOCPE.4CTBOM IIOJry-
IIpOBOEIImOB6TX OKCI{IOB OcyqeCTB.'rffercfl dnaro.qapfl rrporeKaEr4D KaICOTO-JMoO tr3
rpex BosMofirrr{x qpoqeccoB.

1. BoccraEoBureJrbrrbre rasE, B3auMo,ueftcrBy.E c aAcopofipoBartrsnt B Bapa-
freErrofi (Dopire Kecropo.4oM, OdpaSyDT npo,uJRT, rer&o or,ua@ gJreKTpOE B 30-
Iry llpoBo&Orocfir tr oEclpo Aecopdllrpywdcfl [8s-88]:

R ( 9 )  +  o .  r B ( 9 )  +  e  . ( 2 . 5 s )
S,qecb R - BoccraEoBtrTeJbruffi ra3; B - ra3ooopaslftfr qpoIyKT. B cryqae Eo_
JytrpoBoJtroca n-Tma BJleKrpotrpoBo.urocTb a.4cop6euta BoSpa cTae T .

2. BoccraEoBtrTerbEfr ErM ropnwfi ra3 caMocroareJlbHo .ueficrnyer KaK ,rIO-
EOP gJIEKTPOEOB. A,qCOP6TPOEAItrSIE MOJIEKYJIII }III]fiEKTI4PYNT OJICICTPOEU B BOIIY
trpoBo,@rocls tr TeM caMHM yBeJIFrrrBaFT gJreKTporq)oBoIrIOCTb [ 8s, I 6, 8e ] :

n ( g ) ? R . 2 n ' + e ( 2 . 5 6 )
3 ' BOCCTaEOBtrTeJIbETTe rum roppiMe rasbr draro,uapa yqacrruo I oKtrcJM-

TCJIbITO-BOCCTAEOBTTEJTbTTIIT PEARI.UE)( OKASEBAPT BI'MfiH}IE }IA CTEX}IOMETPIIIO OK-
cu'qa u' cJIe.[oBareJI6Eo, Ea KoHIIeErpaum crexrroMerprrlecKltx ,ueFeKToB, o6bt.r-
Eo oqpe.{ensut@ trpuMecEyD gJleKTporrpoBo.Ulocrb alcopdeETa [26,61 ,as,a6,so),

R(9 )  +  UeOz  ?  B (g )  +  (MeO) *  +  2e -
AJM

R(s )  +  MeO ?  F (v )  2  r ' 1 v1  +  e - ,
IIe F(v) - o6bel,gfr r - Ue'rp.

coBep[eruo orreBtrEo, qro s uaE60ree rrHTepecHoM ,4Jrfi Hac cwqae !rQ-�
IIOJIbSOBAIltrff B KAqECTBE A.UCOPOEtrTOB qACTI,tlutO BOCCTAIIOBJIEHHIIX CUEqEEHbIX
oKctrAoB ocEoBEbIMtr Ilpoueccarrs'I, BJMffw{I\tlI Ha ru( sJreKTporrpoBo,urocrb, 6yryr
peaKr[trEtrr (2-561-(2.58). SaMerL$r, qro peqb r.r,qer o qpelu3r4orrHbrx r4ccJrelloBa-
rrr4sx &,ErrrEl{.fl oqeH6 MaJHx KorirleHTpar_Il4fi }rccJre,qyeMoro ra3a B I.IBBecrHofi
(ooE,trIo EetrTpaJBEofi) cpeAe. IIpI.I srot B ooracTl,I yMepeHH]D( TeM[epaTyp
rraBEfr BKJIa,u B r[BMeHeHr4e sJreKTporll)oBo.Utocrrd 6y,qer .uaBaTb qpoqecc
(2.56). oTMerIOr, Vro e@rrH r{3MeHerMfl sJreKTporrpoBo.uJocrr,r arcopdeHTa,
odycroBJreFmre BoccraIIoBureJIbHbIMr4 rlpoqeccaMlr (2.57) lrJD1- (2.s8), Ear4MeIIee
IIPI{BJIEKAIEJIbMI B IUIAEE CO3,4AIIIIS IIA lDl OCHOBE CEECOPOB COOTBETCTBYNqI4X
BOCCTAHOBIITeJETTT{r. ra30B, qro cBaSaEo c Heodparl4\rocrbn yKaSaHHHX Ilpouec_
coB }I ooycroBJreElofi STLM BOSMOICIOCTbIO AOCTaTOTIHO obICTpOrO nOgBJIeEr.rfl Ee_
BOCEpOtrsBO.{iltrtOCTtr pesyJrbraroB ll3Meperfld. r{To Kacaercfi peaKr_uo! Boccrarro_
BUTEJIbHHI TASOB C XEMOCOPOEPOBAItrfiI\,! KLICJIOPO,4OM, IIPI'CYTCTBY@D,I EA NO_
BepxHocrtr a,qcopoeETa, TO, KaK OTMeqaercs B t54l, BTOT MeXaEr4SM aBJraercrr
Ear.r60ree BeposrEblM ,4.IIfl XeMOCOp6U{OH8O|O OTrqfiruca noJrynpoBo.urrrKoBbrx ceHco_
poB Trma "ra3oBoro ceEcopa TarylM" tell, rlpu r4sroroBJrerr]4r{ Koroporo ocy-
qECTBJIfiETCA BHCOKOTEMIIEPATYPItrfr OT'tC{r IIA BOS.IIJXE, A O6TACTb ID( IPITI\'EIiE-
Hlrs 3aKJlloqaerca B oqpe,qeJreEl4r{ KorilIeHTpar-ud pa3JMl[tbrx ra30B B Bo3,UJXe.
OTMerIdu, o,UIaKo, qro MexaItrIBM (2.55) B ps.qe cryr{aeB MolI(eT ObITb orBer_
crBeIIHnM 3a I43MeIIeErre pJIeKTpOrq)OBO.UIOCTI4 II I4CrIOJIb3yeMbIX B EauIID( I{ccre]Io-
BaHI{gx qacTllllEo BoccraIIoBJIeIIH[Dt oKcI4,{oB. 3To oTHocllTcg K llccJle]IoBaHi4to
pasJlllrrrHbrx (@3mo-xm/ffqecKrD( qpo4eccoB, B KOTOpbTX Hapfl.uy c BoccraHoBrr_
TeJIbHbIMtI la3aMtr IIplIHuMaeT yqacTue I4 KI{CJIOpOI.

Ilor\dno yKasarrHbrx B od3ope t54l Tpex ocHoBrrbrx rrfnoB rrpoqeccoB, qp[Bo-
JIroD( R I43MEHEEIIIO gJIEKTPOIIPOBOEIOCTII OKCI4TOB IIPI4 A.qCOPOqI&I HA HIID( qACTI4U
IoHopEoro rurla' B qacrflocrl{ BoccraHoBI'ITeJIbHbIx I{ fopFql4x ra3oB, c Eaueft
TOqKI,I SPEHI{.'I, CY(ECTBYET Ir qETBEPTbIft TIIII, OTBCTCTBCIIIIIIft 3A }ISMEEEHI4E

( 2  . 5 7  )

( 2 . 5 8 )



aJreKrpo[poBo,Eocrl{ oKcl{Iuloro a.{copdeETa, HaOrIoAaeMoe rlpu a,4copollM cltrrp-

ToB n Eelcoroptrx ,4)yrlm BoAopo,[coAepx(a1ryfi coeI0{Iieltr'il' B gToM cryqae' KaK

6y.uer rloKagallo B pa3,[eJle 4.5 ' oKcI4'4 firpaer ,uBosKylo poJlb: fiBJlgercs

aKT[BHbIM RaTaJIIIsaTOpOM peaKl[tr{ ,UerU.4)I4pOBaIil'�Ig 14 O.U{OBpeMeIIBO qyBCT-

BtrTeJIbEbrM gJIeMeEToM cellcopa Ea aTOMapI1Iil Bo,UOpo.4' oopa3ynw,!ftcs B Xo,Ue

peaRr[or. IIpE sToM ]IMeHIIo .UaHIIile o EoIilIeIITpal-PII{ oopa3ylouD(cs H-aToMoB

trosBOJIsDT CyI&Tb O KOEIIeIITpaI-UI}I .UeTeKTI4pyeMOro ra3a.

OCTaEOBI[itCg troIPOoHee IIa yRa3aIIHnX MeXaHIISMaX I{ Ha I4X gKcnep}IMeETaJIb-

HilX OooCEOBaIItrSX.

o,u{oft tr3 uepBblx qacTlnl .uoHopHolto TlIIIa, BJMSIII4e a.4COp6UeI KOTOpOft na

oJreKrpo(El3trIcy oKclI,UlHx IIoJIyIIpoBo.UIIIKoB & HacToslqeMy BpeMeIil EatrooJlee

troJtHo II3yqeHo, flBJIseTcs MoJleryJffpErffi Bo.4opol. B pesy,nntate llpoBe,{eHlrblx

B paooTe [8e] IIcCJIe.UoBaIfld 6Hfi{ BIlepBbIe ycTaHoBJIeEH KoJMqecTBeHHhIe saKo-

IIOMepHOCT1, CBrI3bIBaWIe XeMOCOp6U410 BO.4opOIa Ha qaCTnqHO BOCCTaHOBIeIIH9M

oKcruIe LUffiKa C ero gJreKTpo[poBo,utocTblo. B sTofi x€ paooTe ohul IIpeAJIOI(eH

o,uEI tI3 BO3MOXIIbIX MeXaIMSMOB yBeJL*IeHI4q gJIeKTpOiIpOBO,&tOCTt'�t zno B llpllcyT-

crBrtr4 BoAopo.4a, cBssalfiIrffi Ee c xeMocopol-u4efi MoreKyJ1spHoro Bo,{opo.ua ' Ko-

Topaf , KaK IIOKasaJM OIIIITH, qpfi IM3KI'IX TeMnepaTypax [poTeKaeT 0e3 I'�IsMeHe-

ffifl aJleKrpolTpoBolrrocr{, a c BTopr{qHbrMr4 rlpoueccaMl4: lll4ccolll4alg{efi H2 Ha

aToMH tr rlocJreAymqefi uorilI3ar.u4efi xeMocoporpoBallHoro aToMapHoro Bo.uopo,ua '

rrpr{Bo,Uqefi K }IIIXeKLUET gJIeKTpoHa B 3oHy IIpoBo.U4I!'tocTI4, ycTaHoBJeEo' qTo

BaMeTr{oe tr3MefieE}Ie SJIeKrpo[poBo,UIocTI4 zno Itp]I a.Ucop6lll4l'I H2 trpol4cxo.U4T

qpfi T > toooc, B To BpeMg KaK xeMocop6ufifl Bo.uopo,[a Ha zno lta6fi0.[aercg

Aa,r(e qprr Or{eIIr HI4BKTD( TeMnepaTypax (- -zgoc) t92l . Ha ocHoBaH}II{ .4eTaJIb-

Hbrx r{ccJle,qoBalflM fipoueccoB aAcopOI-EtrI I{ ,qecopol$d4 BoAopo.ua B paoore [8e]

6Era trpe.qrotreHa cJie,qYuas cxeMa:

nr (v )  !  (H2)s  ,

(Hz) = ? 2H=

t u " 2 t t ! + e ,

Jrr{Mtrurpy[qefi CTa,&Iefi KoTOpofi flBJIsetCs F[CCoryIaUlg H2. CqI4TaeTcs' t{To IIpI4

HnSKlrx TeMtrepaTypax uMeeT MecTo JIIIIIIb peaKl-u.Ia (2.59) ' He IrplBO.U&as K I43-

MeEeHIlm sJleK1lotrPoBomocTtr .

litcxOJIS Es trCcJle,[oBaHl,1fl saBUCLtMocTlI gJIeKTpoIrpOBo]iTIoCTI4 oT Pu- ' a TaKI(e

tr3 lrccJle,uoBams KI/tEerI,IKlt gJIeKTpOtrpOBO.EtOCTI4 IIpI,I .UeCOp6UUI4 AO,U5pO.Ua, ae-

ropoM padorH t89l 66ulo ycraIIoBJIeHo' qro, KpoMe npoqeccoB (2'5e) ' (2'6L)'

uMeer Mecro tr PelcoMorfraLErfl
H r * t r l e ( H ; ) s ,  ( 2 . 6 2 )

rrpllBoA&afl rC ToMy, gTo r4)tr paBHOBeCIM BCe gJIeMeHTapEle cTa,utrI MOryT 6blTb

}r3O6pa8eEII CylvntapEofi peaKl-u{eft

H z ( s ) ? ( n ] ) " + e  ( 2 ' 6 3 )

ITIEIETTIIECKOE YPABBEIilE, OIMCEBATqEE I4sMEHEHI4E KOi{IIEHTPAII{}I 9JIEKTPOI1OB

rrpoBomrocTtr, a 3IIaqI4T, Ir BpeMeBIIyr SaBtrCI4MOCTb 9JIeKTpOLpOBO,UIOCTI{' I{Mee T

B}1]I

# -  +P =  k ' tn . l s  -  k2 tu ; rs te l ( 2  . 6 4 )

(2 .  5e ' )

( 2 . 6 0 )

( 2 . 6 r , )

3aecb kr tr k2 - KtrrreTrrrecKl{e IIoCTOgHmIe EpsMoro r ooparEoro upoueccoB

(2.62), B KaqeCTBe KoTopbrx BEcTytrapT Dflcaowaws n2 II peKoMoI{EaUI{A UOEa

BoAopola c gJIeKTpoIIoM c rlocJle.uyqefi ,[ecop6u{efi coorBercrBellHo'

I I2

r,[e, KaK U qpetrIe, llae*J - KoEIIeIITpaIS4A cBepxcTexrroMeTprlrtrecKoro IIItrIICA. B
paccMarplIBaeMoM B raJlbtsefi[eM Cryqae MaJED( 3aflofitelild rloBepxllocrl{ MoeHo
CtMTATb

tue l ;  "  1ue i lo  =  [e ]o  ,
rAe r{Euelcc "EoJE" o3Eaqaer loalcopdlu{oEHble KoHIIeETpaU[I4. I/tTaR, yr&ITbIBas
BCe CKaSaIIEOe BEEe, trOJyrIaeM

ycroBue Eeftrparbrrocrtr B paccMarpmaeMoM cryqae r{Meer BI4J
hte l  =  i s ; l s  +  r r  lue l t  ,

d'(olo^) ,, .1, 
* ,., [o 

.l
--aE: = ki - kl 

[oo.t 
--z 

[ooJ 
,

r . { e  k i  =  k i lH2 l s / t e l o  ;  k ;  =  kz te l oh

I,lBTerprpyfi (2.66) C BaqaJIbHEMr{ yCJIOBI{flMr{ o(t=o) : oo, [oJyqaeM

( 2 . 6 5 1

( 2  . 6 6 ' � )

rAe  Ao  =  o  -  oo ;  k '  =k i / k ;  =  ( k r l kz ) [ t " r := ln  r " r i J  .

otcD.Ua ,4rra KnHerr'rKr4 llpfl,tofi E odpaTEoft pearuUr (2.63) Herpy.Eo troJryiMrb
cJrelym{e Br[paseEl{f :

f  =  k , tH . l= t  ,

/ o^t
In t l  +  f i j  

=  x r f " :oh  t  +  cons t

( 2  . 6 8 )

( 2  . 6 e )

IIpr ycranoa.ltefilu .umaMrltecroro paBrroBec[s uMeeM Bupatrerue, cBflBuBamlee
paBrroBecEoe BHaqeHIIe gJreKTporrpoBo.Erocrrr c napaMerpaMrr cr4creMbr a.qcopoar-
a.UcopoeET:

( 2  . 6 7  )

( 2  . 7  o )

B odracm MaJrEx .uaBrerfld

( 2  . 7  r l

( r * * 1 1  = r k ' + r
\  " o  )

B cryqae cqpaBeAJrrrBocru n3orepMrr feHpr.r, T . e .
H2, BbrpaaeEr[e (2.7o) qpr4Mer BrrI

I  t n  \ 2
1 2  =  +  1 l  -  4 k P . .  +  1  .
\  " o  )  n z

y,uoBnerBoptrTeJlbEoe corJlac[e Btrpaxelflfi (2.67) In (2.7r) c om,IToM' a raKxe

COOTBeTCTBEO E€BaBUCUMO trOJyTIOHISIX OIIbITHbIX AaIIHI'IX lIO KI4II€TI{Ke I43MeIIeEfis

o c lar{mMt tro paBEoBecrm troBBoJMJIo aBTopy paoorbl [89] c.UeJlarb BIIBoA o

!orr, qTo trpe'4noseEHlfr MexaEII3M BJMSIIIIS BO.UOpO,Ua Ha 9JIeKTpOIIpOBO.UIOcTb

trowupoBo.I@coB MOreT oblTb OIFnt I43 peaJIbEO AeficTByIOIqrD( MeXaH[3MOB. TeII-

nora cyMMapEofi pearuso! Q.63), BUr$4creItrIAg lI3 Haft,ueHlil,Ix 3Eaqelflil' cocra-

BuIa - 4,6 RftaJI.

OTMerIo.{, rrro IIplI ycJloButr 4k'PH 
-> 

I BEpax(eIMe (2.71) rrpI4HI'IMaer B!f,ll

t / 2

o . a l k  P r -  ,  ( 2 . 7 2 )

T.e. OoEapyMBaeT cTetre8Eofi 3aKOE, xapaKTeplsffi Boodqe .4JIfl 3aBI4clIMocTI,I

BeJIITIUEE XeMOCOp6I.trIOBIIOTO OtK'MKa 3JIeKTpOTIpOBO.UEOCTIA A,UCOpoeHTa OT,4aB-

JIeIilg BOCCTaIIOB[TeJIbIiOrO EJM ropnqero rasa [54].
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BEao.q paooTE tsel o Ee:plccor-Urarr,rBHoM xapaKTepe a.UcopoUrur Bo.Uopo,{a Ha
rroJlyrrpoBoEruRax rltrra zno Ep}I EtrsrKax reMneparypax (nume zooc) ocEoBhrBaJr_
cfl Ea sKcnepuMeETaJlbr{rrx @anrax, cBluereJlbcrByuryD( o roM, qro aroMH BOIIO_
pora ' trofia.qaWle EeBaBI[cuMo I43BHe lra rloBepxHocrb noJlynpoBo.uflma, qpalcrl,I-
qecKtr rroJrEocrbD l40Hr{3npyx}?cs c Maroft gHepruefi axrfiaarlr4r( - 2 RKar), [pr4_
qEM trBMEHEEUE OJIEKTPOqPOBOEIOCTI4 B OTOM CJIYVAE I4MEET MECTO BIIJIOTb .4O
- -leooc te3r. oTMerr4t' qro IIpII a.4cop6utr4 MoJrer{yJrffpHoro Bo.uopo.{a eHepfr4s
aKTTIBaIUM IISMeIIeHM sJlercTpoqpoBolErocrll a,4cop6enta cocraBJraer oKoJro 3o
KKaJr  [89 ] .

Heodxo][oro oaMerETb, qro B paccMarpuBaeMoM cryqae, KaK ]r rqrr a.ucopo-
r-utr{ KtrcJlopoAa, rJaBI[fr Brqnar B usMeHeHr4e sJreKTpoqpoBo.&rocru ooycroBreH
I{SMeIIeE[eM IcoEIIeETpaLUI4 Eoc]4Tereft ToKa (B .qamtoM cJryqae gJIeKrpoHoB
qpoBo,4trrrocrtr). Tolffio cefi.lac sro o6ycroBrero noril43at_u4efi rroBepxrrocrHbrx
cocrofflgd roEollEoro rEra, oopaByuruD(cs IIpr{ a.qcop64.tr{. Bosrnmanqee IIpr4
gToM Sapfiaelue troBepxHocrl4' KaK I{ rrpe]tc.ue, ]IpaKT[qecKI4 He cKa3blBaercg Ha
BeJrrqi{He 9JTeKTpOTDOBO,UEOCTT{.

oTMerlnr, qro paccMarpr4BaeMoe BJMrrHr4e Boropo.ua Ha sJreKTporlpoBo.Erocrb
HE CBfl3AEO l{tr C BOCCTAEOBJIEHTIEM OKCI4.UA, EU C O6bE[E$IM PACTBOPCIMEM BOIIO_
pora B oKcrue. [IepBas BosMoncrocrb r,rcKJnqaJacb oraro.uaps [peABapr4TeJrbrroMy
IlporpeBy arcopoeETa B arMocoepe Bo,40po,4a .qo ycrarroBJrerilfl crar.trroEapHoro
sBaqeEu.H oJreKrpowoBoEoroc?}I IIpr{ TeMrreparype, [peBbrularoqeft MaKcuMaJrbHyro
TeM[eparypy oIIHTa (TryolpeBa - 4oo;420'c;. Bueo4 06 orcyrcrBrd{ B ycJroBrr-
gx oErTa IIoTIoJIEI{TeJIbIrolo pacrBopeH}Is BolopoAa I,IJtr{, Bo BcgIcoM crygae, oo
orcyrcrBl/M SaMerlloro RIIITfiHI{g groro qpoue cca Ea srelcrpolrpoBo.Eiocrb a,ucop-
6eETa MoxHo c,qeJlarb Ha ocHoBaIIu[ conocraBJleHl4a no;ryu'eruu,rx B [89] pesyJlb-
TATOB C XOpOEO IISBeCTHHMU pesyJlbraraMr{ no [poueccy pacrBopeEr{ff BoAopo.4a
B OKCrrre LurrrKa [e4,e5). Tax, TenJrora cyrrnrrapnoft peaKrlrE{, qprlBorJrqeft K 06_
pasoBaErn0 cBo60,usu sJreKgoHoB, B Cryqae pacrBopeHr4s BO.UOpora cocraBJr.Eer
3,2 sB t951. B To BpeMa KaK rrplr paccMarpr4BaeMoM B3ar4MoleftcrBrrr H2 c zno_
Ilop8.u{a'o,2 98. Ha0Juo,4ae!,6re IIpu xeMocop6u&r{ r4sMeHeH]4rr sJrercrpoqpoBo.urocrr{
aAcopoeETa, trO trOpss(y BeJrrlrrrrlrlff coBrrarau[r4e c .uoaAcopoqrroHHEMlr 3Eaqertrls-
MII [8e]' cBtr'[ereJlbcrByDT o roM, qro RoIrIIeHTpauIIa FJIeIcrpoItoB qpoBo,urr\rocrr4
u3Mellflercfi troqrl{ B 2 pa3a, 

'B 
TOM Cryqae, Kor.ua no406Hoe lI3MeHeHI.Ie KOH-

IIEETPAIIII! EOCETETEfi OdYCIOBIEEO IIPOqECCOM PACTBOPEHI,Iff, 3AB}ICUMOCTb O OT
P" I{MeeT BI{I n - p:.'o B oTJII{riI4e oT HaofiolaeMofi c [olta3aTereM cterreHr{n z  x  2

0,5. BoJee roro, KaK cJlelyer lro t951, qpIr T - 4oooc rr pH^_ 7 + e Top
(T.e. rrpfiOJmgrrreJrbuo [prr rex xce ycJroBrlsx, rrro t,r B ts9] ) c6oreercrnynuee
ltBMeIIeEI{e KoIIIIeHrparwI oJIeKTpoHoB rrpoBo[4Mocrld cocraBJrfler - 1o15cM-,,
qTo Ha 2 - 3 rropff,ura MeHbme HaoJuo.uaeMoro B paoore [8e].

ocralloBlarcff Terlepb HecKoJIbKo IIoA]oOHee Ha Borrpoce o llpelraraeMoft B
[8e] rreErccourarr.BEofi (FpMe rur3Korer\.trreparypHoft xeMocop6$tr{ H2. B noJrb3y
9TOrO BbrBO.Ua, KaIC OTMer{aIOCb BbIIIIe, CBI'IIeTeJIbCTByeT COBepUeHHO IIEOe nOBe_
AeIII4e oJreKrpoqpoBoErocrr.r a.qcop6eETa, HaOJroIaeMoe rDr,r a.ucoporyEr H-aToMoB
[e3]. O,qraKo rlpudfir3llTerbHo B sro )re BpeMs B ]4sBecrHoft paooTe plhreEca u
rcyrrD( [e6] , r.icxo,Us r{s r.r3yqeH[rr llK-cnercrpoB rrorJlor[eEr4ff a.Ucop6l4po-
Barruoro Ha brccuae ulrrrxa Bo.uopo,qa, .qeJraercfl BbrBo.u o roM, qro aAcop6lu4fi
Bo.qopo.ua, [p@o,4rr rc [epexo,qy oJreKTpoHoB c noBepxHocTrlx KrrcJropoDtLrx r4o-
rroB Ea as-ypoBH[ peryJlnpHbrx lloHoB t!fiKa, ooycJroBJrrrBaeT clopuerpoBarfl{e

I i 4 I15

Eyx gJleKrpoffiIx cBg3eft oH !l zno:

Z n O + H r 2 Z n H + O H . ( 2  . 7  3 \

B KaqecTBe ,UoKa3areJrbcrBa aBTopbr paoorN t96l rrpr,IBo.4flT Tor maKT, .rro rIO-
sBJrflK@recs IIpII Err3KoTeMneparypHoft aAcopOLUr],I rroJrocbr rrorJroqerMfl oJMB]rfi
Ic troJlocaM BaJIeIITHIIX Kore6alfitfr oH lt znH B raaoBofi 6age, KpoMe roro, pe-
ByJIbraTn ,[efiTepoooMeEa raRse cBrrJereJrbcrByror oO oopa3oBarfi&I rpyEr oH lr
znH. Mefi,4y uHTellcttsEocrrrMr{ oH- u znH-[oroc cyqecrByeT ficleltEatr BaBr,rcI,I-
MOCTb, a OTirOUreHr{e KorqeHTpar_ud oH- r'r znH-r,pylm paBrro e.utrtrIlle. li[syrrerue
BaBtrcEMocrtr uETeHctrBHocrlr oH- I4 znH-IIoJIoc Ea o.EroM lI ToM r€ o6pa3qe zno
or KonrtlecrBa Bo,qopo,qara,ucop6ltpoBalfioto ttplr 3ooc,no3BoJuro aBTopaM pa6o-
TH [96] pas,qeJrrrTb Rpr{ayn lrsMeHerrus }rHTerlcnBrlocTrr Ba Tp}r yqacTKa: trepBblfi
yqacroK, FAe, EecMorps Ea llAyqyp a.Ucoporyrn Bo.Uopo,Ua, rroJrocbr oH- r4 znH-
rpyflrl Ee EaoJuo.uanrcfl; BTopoft yiracroK - mnefuioe Bo3pacraH[e ]IIITeHcI,IB-
Eocrll oH- E znH-noJroc; Tperr.il yqacroK - cJaobrfi, Eem4Hel&srft pocr rrETeH*
crrBHocrr4 troJroc. TpeTr,il yqacroK, no MrreEtrro aBTopoB, cBs3alr c a,ucopdqr{eft
BefiTpamnoro Bo.uopo.ua tr odpasoBarueM H'-raouoe Ba cqer rq)oqecca Ho +
+ znl'+ n" + zn] , T.e. flepexo.ua gJrerTpona c fiepBonarrarbno EefiTpaJrbrloro
H-aTOMa Ha Mefry3eJlbHbrft r4OII CBepXCTeXrrOMeTpI4lIeCKOtO LU{IIrCa, IilMeIfiO STOT
o6pa3ywdcs zn], uo MHeHrm 3tmeEca lr ,qpyrux, fiBJrrreTcfi orBercrBeriHbrM ga
pocr gJreKTpollpoBo.urocrtr rlplr r > eo'c, qro HadrnAaercg IIo yobrBarflno ooHo-
Boro llpollycKalilIg Ha cBooo.uslx EocureJrflx,

oEraKo co[ocraBJlelMe qeJloro pfl.ua gKcrlepuMellTaJrbltbrx SaKToB orlffTb fre IIo
I4lt-clleKTpocKomdr a.ucopoutr{ MoJreKyJrnpHoro ]{ aroMapHoro Bolopo.qa, a raK:re
rro I4BMeHeIilno oJleKTporrpoBo.ulocrl4 a,ucopoeilTa cBrr,{ereJlbcrByer o doJlee cJlofi-
Hofi KaprrrHe sBJreHr4a. Hafiprd\rep, B paoore te7) Ilaps,6/ co ctreKrpaMll
norJroqeElrs a.qcopor4poBarfiroro MoJreKyJrffprroro BoAopo,qa obutrl [o,q)ooEo IIccJIe-

.uoBaHE crIeKTpH rlorJroqerrr4s a,qcopofipoBarffilrx I{B ra3oBofi (DagE aroMoB Bo.[opo-

,qa. B cJyqae , ecJrrr E, a,ucopofipyerca lFlccor$armno, B crleKTpe zno
cJIe.uoBaJIo 6H ofc{rarb rIoffBJIeIMe rex x€ caMblx rIoJIoc 3498 }t tzog cM-t
lrJM rro Kpaltleft Mepe o$roft r,r3 rrr.D(, qro E fipu a.ucopor.pM H-aroMoB.

B .[eficrBl4TerbHocrrr fte no Mepe yBeJrnlreH]rs KoJrrlFrecrBa. a.UcopotrpoBaEHblx
H-aroMoB Ea6Ju0,uarocb ycfineHlle IIorJIoqeIIIrrI qplf 3672 cM ', B To BpeMg KaK
rlorJloqeni,re qpl( 349s rI 1708 cM-t Ee roJIbKo He BogpacraJlo, arrao6opor, oc-
raoeBaro. HapsAy c yrcaBaHHHM r{3MerreE}reM l,{It-c[ercrpa IIadfioAaJIocE yBerfiqe-

HI.Ie gJreKTporq)oBoJfroerr4 r y66rBarMe (PoEoBoro rq)o[ycKalfifi. Heooxo.uno orMe-
T[ltTb, qro rloJroca 3672 cvi-' coxpallflJlacb B xo,ue Baryyrr/trfpoBaliltg. zno rrpl{
KOt\,rIIarEOfi TeMneparype,B To BpeMff KaK B [97] tr B [96] ITOJIOCE, O6paSyF-
luecs UpI,I a,ucopoutr{ H2, rloJrrrocrbr [cqe3aJrrr trpr4 orlcaEce trpll oroft TeM[epa-
rype. &e.o,uflDr (PaKroM, Iro MIIeEr,IIo aBTopa paoorbr [e7], He yrura.4tBawn{cfi

B RoHueIlIm rrr43KoreM[eparypHofi .u{ccowarl{Blloft a.ucopolEdl H2, sBJIflercE To,
qro yRaBaEffiIe rIoJIocE 349a vr rzog cM-t trpocrefiIlBanrcrl ulltr arcopol@r H2 Ea
zno ,[a][e B cJryrrae oqerrb Hr4sKEx TeM[epaTyp, Iloprl4ta - 15ooc, I]pFreM qeM

Hlrxe TeMrlepaTypa, TeM rq)I{ MeIIbllIeM .UaBJIeIIIM H2 IIOEBJISpTCfi .4aEHUe TIOJIOCH.

,[rs oobscEeErs Bcefi coBoKyIIHocrI{ srccfiepuMerrraJrbHbrx pegyJlbraroB MoxtEo,
Karc yKasblBaeTcs B [97], Epe.uroJrorolTb, qTo B ycJIoBMx ETI3KEX TeM[epaTyp
Hz a.ucopofipyercf, rra zno B (DopMe, rlpoMelryTolulofi MeEAy .r[cro rroreKyJFpEofi
I4 rMcro aroMapHoft,IIo cxeMe [96,98]
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xln/eruecras cBrrob B Tarru( MoJreRyJIax cyqecrBerfio paBpExJIeIra, irro,BoBMofiHo,
I4 qpelogpe.qeJrrer rroBltEerrHyD aicrrtBHocTb srofi fipoFBJfirqeftcfi s ]Ild_cuerr_
pax (!op!,6r a.[coporpoBarfioro Bo.qopo.Ua, flarrpuMep B peaKr.Ee{ rtrq)rlrpoBaErrs tr
AeftTepoooMeEa [e6,ee,1oo]. ],lMeltrro rraJrrlsr{e ,Eyx pfi,4oM pacuoJrofteEHrlx aTo-
MoB ooycroBfiB�aer BeposrHocTb JroKaJrbEofo [epeEoca BapfiAa rre&rrJ rloBepx-
IIocrHbIMtI uoIIaMu BEyrptr o,Uoro aIcopdu{olfiIoro Kot\,r[JleKca 6eB yqacTl.Is
cBooo.trftB gJreKrporroB, C pocroM TeMEeparypH crarroBr{Tcff BoBMoaeE pagpEB
ocJadrelfioft cBflou B a.u?toJIeKyJIe Hz LI pa3deraHrle znH-Iir oH-rpyruI tro rloBepx-
EocTI'r. IIo MHeHr4to aBTopoB padoTbl tgsl, yBerEqerrue Kor{qeHrparlprn cBooo.Uftu
Eocurerefi (r.e. pocr gJrerTpoqpoBo4rocrrr) Mofrer OETI cBrrBaE c pexol,r6rub-
r&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&ef [ toc{eAyrqef ,uecop0r.u4ef aToMoB Bo.uopoAa, alcop6rpoBaEux Ea zn-

troEax, qptrBo.[^uefi K ErileKr-u&r .qDyx oJreKTporroB or Ka]l(,uoft napE B eor{i npo-
Bo.UwtocTr. HeodxoEoro orMeTaTb, qro, corracHo ,uaErrLrM paoorE t89l, sHep-
rua aKTEBar.gIE trBMeEeEus gJleKTpotrpoBo,ElocTr{ zno rrpl,I a.UcopOluer MoJreRyJrsp-
Eoro BoAopola cocTaBrseT rlop8ura 30 KKar/Morb, qro BecbMa dJMBKo K
BeJrrrrruHe oEeprwr aKTrrBarprw .udmy3ru G L,Lz sB) Bo,uopo.ua B oKcrrle r.ptrrKa
[e4]. I{cxols rr3 sroro rre Eclc,rpqeHo, qro crorb BhrcoKafi aHeprfifl arcrr4Barlfl,r
u3MeEerilff aJIeKTpoIrpoBoIIIocTn IIpu a.Ucopor[tr4 MoJreKyJrffpHofo Bolopola Mo)fier
6brrb cBagaEa c ueooxo,Uorocrbr MI4rpaLpM Bo,[opo.ua, a,qcopo[poBaEroro Ha
zn-uorax,,[Jrs o6paooBauufl c Kr{cJropol$rbrMlr r4onaMr4 perlerrr{ 1o-x1t--rpyru,
KoTopbre, corracEo [67], ,ueficrBypr KaR rrpocrNe IoHopbr c Marofi sneprl4eft
aKTIIBaLEI (TaK, B cJryqae ID( KoIIueIITpaLpIlI Hrrr(e 5.1or6cM-3 snepl.l4g ,Ix
tIoHlIBaLuoI cocraBJrfier o,051 sB), oTMerIo,t, rITo yKaBaEHHft pasptrn H-H-cBfiBIt,
coupoBo8Aawdcs pocToM gJreKTpoqpoBo,&rocrr{ a,qcopoeETa, Mor€T Haomo.uarbcs
r{ rrpr4 Kowafitoft reuueparype no.u .ueftcrBr,reM 6oM0apMpoBKr4 noBepxEocrr{ a.u-
copoeETa troroKoM Me.UJIeHHI{.X gJIeKTporioB [1o1].

Maras sEeprtrfl aKTrIBarEtr{ rrgMeHertr{fi sJreRTporlpoBo.urocrtr oKcl{.{a LuBKa,Ha-
omo,qaeMaf trptr a.ucopouer H-aroMoB (- o,o8 gB) tr-o2l, KaK pas r.r Mor(er co-
oTBeTCTBOBaTb gEepIUU IIOrrUsaLpM (O-H) 2--rpym, oopaByroulxcs uprr [pflMoM
Boalo,togeficrBm H-aroMoB c o t 

--I.totsauu pemerKr{.
B pgle cJrygaeB a.ucopdryrfl MoJreKyJrfrpHnx raBoB Moxer rrprrBoMTb K 6oree

cJoxuloft KapruEe uBMeEeEtra oJreKTporrpoBo,Urocrtl alcopdeHTa, 3To, B qacrEoc-

T}1, Eaom,qaercs IIpu a.ucop6lu& co Ea oKcrrlax MeraJrJroB. TaK, IIpI{ a.u-
copor[Irn oKcrr.ua yrJrepo.ua rra rioz Irpr4 T <330 K oH IeftcrByer Karc aKllerrrop,
a upq ooree B[rcoKr4x TeMrrepaTypax - KaK .qoEop [33,103]. Sxcnepruenrn no
TepMo.[ecop6r@ odEapyreaFr rrplr o?oM B oKpyxcamleM a.qcopoeET oobeMe Hefto-
TOpOe KOJItrTIeCTBO CO2. TaKOe IIOBeIeHIIe CO Ha TiOz CBgSbIBatoT C paSJ&IgItbIMtI
MexaHrl3MaMtr BJItraEI.Ifl co Ha qpouecc o6pa3oBarl}Is roqeqHbrx .ue@RToB t33].
06paBoBaIMe rloBepxlrocTu$x ,ue@KToB flBJlffercrr, IIo Bceft Br44o,tocTtl, sarcrot
cTa.u.reft r{ B qpoqecce tr3MeEelufi oJreKTpoqpoBo.u-rocTr{ zno lrpl,I aAcop6t-uu co
[33,104 j. o$IaKo BtroJure scEofi n o,ErosHarlllofi Kapr]Esr, Koroparr 6br orMcbr-
BaJIa qpl,trrrgtrfi padortr ceHcopa Ea co, T.e, MexaHr4BM orKJrr,rKa eto gJreKTpo-
trpoBo.ElocTu, Ea cero.Urffiild ,qeEb He cyqecTByer 1zs;. Bru1rymt,raH u MapK
[82] trpe,uJroerJM Mrrr(pocKorr]rrrecKyn MoAeJrb flBJreE[sr @r3u,{ecKoft ocsoaoft Ko-

I 1 6 z  ( B - \  +  a H - )  z . ( B )  +  e
A -  '  '  A

I I?
( 2 . 7 e )

Topoft SBJIseTcfl oKI4cJIeIMe co npI{cyTcTByPIq4Iu IIa noBepxHocTl{ oKcI,LUa xeMo-

coporpoBaltrftn KI{cJIopoAoM c rlocJleAyloqeft g[,['Icclle[ sJIeKTpoHa B solly fipoBo-

DnocTn aAcopoeBTa. B stofi paooTe 6bUIa IIpe,UIpI4IIsTa IIoIIbITKa oobficHeHl{s

CJIe,{ym@D( sKCIIepUMeETaJIbHEX &aKToBl EeOOXo,4n'4OCTb IIpI4gyTCTBI'IS KIICJIopo.qa

B OKpySaqeM oobeMe, T.e. .4eTeKTi4pOBaIII4e BOCCTAHOB[Te.[rSOro ra3a Bo3-

MofrEo Jnrrrrb B HepaBHoBecBofi rasoBoil cMecfi, B ltoTopoft IIp]IcyTcTByIoT KaIt

BoccraHoBrrre.nrmfr ,uetexrrpyebsffi ra3 (co, Hz, rl4.qpoKapooHarbl)' TaK I4 Kilc-

Jlopo,u; cyqecrBoBalMe "telrrepatypnoro oKEa", BEe Koroporo fipona,uaeilryB-

crBI4TeJIbHocrb ceHcopa, .4)yruwl croBaMI4, cyqecrByer reMrleparyplIblff MaKctI*

MyM OTKJn{&a, T. e . oTl{oclrreJIbHoe [SMeHeHr{e gJleKTporrpoBo$locT]{ rrplI HanycKe

BOCCTaEOB[TeJrbnOlO ra3a cHaqara pacTeT c pocToM TeMrlepaTypbl, a SaTeM IIa-

.Uaer llo HyJIg llpll ,[ocraroqEo BHcoKrfi leMneparypax; Haruql{e KopireBoft 3a-

BIrcI,IMocrI{ o - ":'', r.ue: pR - napuraJlbnoe .[aBJIeHI4e BoccraHoBI4TeJIbHoro

I'a3a, SaMerl4t\,t, lITo orIIocI4TeJIbHo sroft SaBI4ctMocrrI TaKlre cyqecrByloT pa3-

JMliHEe MIIeIrr{g. Hallpl,il,,rep, MoppucoE co ccHJucofi Ha "Ofirapo-KaraJlof taSoBH](

ceEcopoB" yrBepn{aer []-osl, qro KBa,4larHo-KoplreBafi 3aB]IcI'IMocrb rrpeKpacHo

arlqpoRcul\rqpyeT oorEmEIcTBo TIBBeCTHIIX peSyJIbTaTOB IIO BJMsHI,rn BOCCTSIIOBI'I-

TeJIbHIIX raSOB Ha SJIeKTpOTTpOBOIIIOCTb CeTICOpOB Ha OCHOBe rio2. IlrM(mOp.U

[5s] cr[4TaeT, qTo fipoBo.u{Moc?b raKI,Ix ceHcopoB cBgSaHa c naplII4aJIbH]IM ,4aB-

JreHlreM BoccTaIIoBI{TeJIbiIbIX lasoB 3aBICI,IMOCTbIO o - ef , r,4e e y.uoBJIeTBOpseT

ycJroBr{ro o < B < 1I{ fipsllro qpo[opu{olraJlbHa TeMnepaType F = cl. MaK Areep

c cOaBT. [2s]  yTBepX(,{aeT'  qTO.qJl f l  ceHCOpOB Ha OcHoBe snoz 0,3 < F < o '8.

B pa6ore CTpeftcrepa u Pefr,ca t1051 [pe,4JIoxGHII pa3JII/rqHbIe K[IIerlIqecKI,Ie

cxeM,r, oobacHffur[4e yKa3aHl{yn cTeneilHyF 3aBlIcI{MOCTb C 0,s < F < 1' TeM Ee

MeHee B ocIIoBe Bcex 3TI4x pa6or relc{T rrpe.uloJloxeHI{e o B3amuo.ueficrBlil'I

BoccrarroBl{TeJlbltoro areETa c KrIcJIopo,uoM, a.qcop6[poBamn'IM lra rloBepxHocrl4

oKcr{.ua, T.e. K[cJIopo.{ cJIyxtIT B KarlecrBe cBoeoopagEoro ceHcl46l4JM3aropa,

o6e clle,fl{BaMle f o I,ISMeIieHI4e 3 JIe KTporrpoBo[lo c ru,

B paoore [82] ct[rraercg, qro BoccraIIoBrITeJIbHbIft ra3 R B3al4MoleficrByer

c xeMocopo[poBaIIHHM B BapsllteHHoft @pMe Kl4cropo.uoM, oopa3yEryncs B pe-

SyJIbTale IIpOUeCCOB

z ^ ( ) +  A ( s ) + Z ^ ( A ) + A H 1  ,  ( 2 . 7 5 )

z r ( A )  + e ? z ^ ( A - )  + A H 2  ,  Q . 7 6 )

r.ue A - ceHcrr6r.uM3r,rpyFrryrfr ra3 (Kr,rcropo[)i zo( ) - ueHrp efo a.ucopou'II[

(HesaHsrbrft); z^(A) lr z^(A'\ - coorBercrBellHo HeftTparbHafl 14 sapffreruIaa

(poprifl arcopofipoBarrHoto A; aHr- TerIJIora a.qcopoutrI HeftTparblux qacrI,III; aH2

- TenJlora oopa3oBarilIfl Bapst(elfiIofi @ptGI. ycJoB[eM oopaSoBaluf za(A) ec-

TecrBettrIo gBJlflercs aHr > kro, rAe ro - TeM[eparypa oflIrra. SreKTpo[po-

BO.uIOCTb ceIICOpa I4SMeIIgeTCrI draro.Uapg peaKl-utr4 BoccTaIIoBI{TeJIbHoro rasa

R c z^(A ), a r4MeHrIo, peaKTaET a,ucopollrpyercq B coorBercrBl4lr c peafturetr

z R ( ) + R ( g ) + z R ( R ) + 6 H 3 '

r.qe zr( ) - Mecro a.ucopoltrtr4; aH3 > kro.

Trrraer z^(A') u Bcrynaer B peaKlum:

z r ( A - )  +  z R ( R )  - r  z ^ ( B - )  +  Z R (  )  +  A H 4 .

( 2  . 7 7  \

I\Mrpr4pys IIo rroBepxEocrrr, oH ,uoc-

( 2 . 7 8 )

Xelaocopdlrpogaruufi npoAyrcr peaErlrur Mofter xapaKTep[soBarbca ooJlee MeJIK'IM

pacnoJror(eElleM sEepreTl{qecnoro ypoBIIfi oTIIoc[TeJIbIIo ]EIa sOIlN npOBoJTIIUOCTI4

no cpaBrreElm c z^(A-), tITo rIp$Bo.&IT K gMtICCruI oJieKTpOEa B sOHy npOBO.E[-

Mocrlr B coorBercrBl4lI c paeftI"u{ett



ycJloBlreM trporeKarll,Ia Koropofi aBJrEercs laH5l < l^Hzl. KoHewrofi cra,u4efl
Bcero [poqecca aBJrflercs,uecopotMrr rrpoAyKTa :

z ^ ( B )  + A H 6 + z a (  )  + B ( S ) , ( 2 . 8 0 )

trpllBo.4qas K pereEepalun4 cBooo,uux qesTpoB a,4copour4]r ceHclIol/IJM3l4pyrulero
raSa A.

cyl$,tapnas pearur{fl ,iata*t"po"a*rr, TaKuM oopasoM, r4Meer Br,rr
R ( 9 )  + Z ^ ( A - )  + A H 5 + A H 5 + e + Z ^ (  )  + B ( 9 )  + A H 3 + A H . .  ( 2 . 5 L ' )

oTcnAa BI.IIEo, qro o.@ gJIeKrpoH Bo3Bpaqaercs B Bor{y fipoBo,utrdocrr{ rDr4 lca-
EIoM alcTe oopa3oBartr{fl BaKaHTrioro Mecra AJrrr a.Ucop6lll,tr4 ceHcl4ouJ-M3aTopa.
TaK KaK qeErp[ a,ucopotwl zR( ) Ee BxoAfiT B (2.s1), To oEeprerr,fta upouec-
ca Ee gaBltcur or roro, KaK [poucxo${T coJMrcerMe R ]4 A', T.e. or roro,
KaKofi MexaroBM peKoMoEraI[III (IeFMropa-XEilrerbByAa r4JM l4JM-PrlUUra ) r4Meer

I{TaK, upe,Urox(eilHag Mo.ueJIb oobflcHgeT nao.rnogaeuoe Ha omnre BrlrsHr{e co
Ha 9JIeKTpOtrpOBO.UIOCTb pfi,4a OKCITIOB J&lrrrb rrpu HaJMqrfl{ Rr{cJropo.ua B or{pyxarc-
qeM ooleMe. Ta&Be craHoBlrTcrl noHgreH OaRT cyr(ec?BoBaHI4E orHocI,ITeJrbHo y3-
Koro TeMrrepaTypEoro [ETepBaJra, B KoropoM Eadrro,qaercfi qyBcrBurerbHocrb

a,qcopoeHTa K co. 3To Mo:rer 6brrb cBrr3arro c reM, qro ecJM pa6o.rafi TeMnepa-
Typa To MaJra, To qpo.trJKTN peaKr-uIlr (B cryqae co 3ro co2) He 6yAyT .uecop_
ormoBaTbcs (cu. (z.eo) ), r.e. He oy.qer BoBMoxHa pereHepaur,rfl rIeHTpoB a,q-
copouu KlrcJropoAa. Xcm ro BecbMa BeJlurca, crarroBr4Tcfi HeBo3Moncra a.qcopo-
ws KaK K[cJIOpOIa, TaK tr BOCCTaITOB]rTeJrbrrOrO ra3a.

tlTo [e Kacaercrr saBr.rcnMocrrt o - ,:'', To ,uJrff ee odbficuerug Heo6xor0d\6r
,[aJrbHelMe qpe.ulloJloneru{s. Ha[puMep, B [106] rrpe.uroJrafaeTcfi, qro rroJry-
IrpoBo@IK troJrHocrbm ode.Uren, a Ea noBepxHocrr{ cyqecrByror lFe Foprfi,r xeMo-
copoKpoBanEoro RtrcJlopola, Jrurrrb oIHa rrs KoropNx rrpr4Hr4Maer yqacrr,re B peaK-
IIItr c BoccTagoBureJbHruu ra3oM, ilpu gToM cKopocrb mrrepKoHBepcr4r.r grr4x

oopM BEaq.rreJrbEo Melrb[re cKopocrr4 IroBepxHocrHofi BoccraHoBr4TerbHo[ peaK-

ryM. TaKas [e &apruEa rrBJreH]rfi qpe.UJrofleHa u B paoore [1o5] .qJrs a.4cop6eH-
ToB, xapaKTepl{By@(cg BbIcoKr{Mr4 MerfiptrcraJrJrrrTrtrrDu4 oapbepaMi4, qro ooe cne-
TIIIBaeT SflaqIITeJIbIIoe nSMeEeHI4e gJleKTponpoBo.UtocTr.r IIpI4 HeooJbuoM I,I3MeHeHI4I4
rurorrrocrr,r troBepxuocrnoro Bapfl:la, B pa6ore [54] 3aBrdcr4Mocrb " - "f Bbr-
Bo,tET rlcxoAs r[B qpeEroJrofieEr{s, qro BoccraHoBr,rrerbErft ras pearrpyer c
@BaIcopOrpoBaFrNM KtrcJropo.qoM, Fpr{qeM a.Ucopourrfi flocJre.urero coorBercrByer
rl3oteprre opeth&'Il[ra, T.e. cretreEb BanoJIEeHI{g noBepxEocrl4 yr(e ffBJrffercfl
cTetreffiofi WmlEefi uaptElaJrbBoro .UaBJreHlrfi. .[aree s [rorrKtrrrcKoM [pu6JMx(e-
fitrll Oqpe.qeJrseTcff B[rcoTa Mexacpr4cTaJrJrrlrTHoro oapbepa KaK (pylllcuus cTerreH]4
BarroJrEeElIS rloBepxEoc${ KtrcJIopo.UoM, 3aBucflleft, ecrecTBeHr{o, or rraprlr4aJrb-
Eoro .UaBJIeHtrs BBaIno,qeficrBynqero c HtrM BoccraHoBi4TeJrbHoro ra3a, Ha-
xolmTca BaBscuMocTb 9neKTpotrpoBo,u-rocTr,r oT AaBJreHr,ls BOCCTarrOBr4TeJrbHO-
ro  ra3a.

Bo gcex uepeql{cJleEHblx MoAeJrsx ooulefi rrepTofl fiBJrffeTcfl llpe,uroroxewre 06
oOfBaTeJrbEoM B3alnro.ueficTBlfiI BoccralloB[TeJrbrrofo rasa rn4erfio c a.ucop6[po-
BaEnuM lcEcnopo,qoM. OEario cyqecrBypr u Ipyrr{e roqKfi 3peHrrrr. Tafi,
B.padorax [107,10s] clMTaeTcfl, gTo co B3ar4r,ro.qetcrByer c peuero\fitbrM

KEcnopo.qoM, a poJrb a.ucopdtrpoBaErroro Kr{cJropola cBo.ryrrcrr Jrr,rrrrb K BaJrelII4Ba-
m oopagy@ca trptr aroM KtrcJropo,Erbrx eaxaEcril. A n4eltrro, aAcopdr_Ers co
Ea zno 1roio1 rpooruT rc o6pasoBaE4r0 roqeqHoro ,qesexra 1cor. vi) (Duc.
2.12), r(oTopbfr leficrByer KaK cJaobrft aKqenrop t1o7l. llecopou}Is MoreKyr
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6 roootPrrc.2.L2. 44cop6ryIo*fifr KoMrure*c

Ea f loBepxuocr]r zno(lofo),
o6pa3yer,,s[ft qpl4 BBaIrMoAeftcrBIM
c  c o  [ 1 o 7 ] .-t:t

coa c oTr{x Mecr qpr4BoMT R oopasoBanrtro ctrJrbnoro .uonopa vi - nonepxuocr-
Eofi BaKaBcrM KrrcJropo.ua. Tarsnr o6pasoM, rrpl4 coBMecrHoft a.Ucop6ql4r.r co r4 02
odpaoyprcfl .uonon vi tt aruenrop o-, ctrJrbnoe KyJrorroBcrdoe rq)]rrsxenr{e Meltcgy
KoTopHMI4 I{ Moaer oObficIilITb BbIcoKyIo KaraJMTlrrrecRyro aKTIlBIIocrb zno B rIJraHe
oRtrcJleErrs co, MaKclrMyM icoropoft rprD(o.ryrrcfl rra reMrreparypHbrft rfiTepBar
2oo - 3oooc. JI.na cropocnr odpasoBarufl rrpo.UyrTa B paccMarpuBaeMoM cryqae
uMeeM [1o7]

aN (r,Pco,Po 
I 

: *,r, "J; "3', , ( 2 . 8 2 )

r.ue aN - lMcJro MoJreKyJr coz, oopa3yronsficfi rra e.ul4r{I,Iue noBepxrrocTu B eE4rrr4-
uJ BpeMeI{u; K(T) : Koexp{-ElkT} - KOHCTaIITa CKOpOCTT,T peaKlllll l; n. - [opg-

,qoK peaKllul orHocLITeJIbHo Kaqofo KoMloHeHTa, ,[.nR n, IT n2, I{cxo.4fi r{B KI4-
IIeTI{TIeCKID( ,UaIIHbIX, obUIO yCTaHOBIeEO , rrTO B O6IaCTI4 BbICOKT4X TeM[epaTyp

1T > ZSOoCI .t= ^2= Ll2 , B TO BpeMg KaK B HI4SKOTeMrrepaTypHOM l[4ana3oHe
I{MeeT MeCTO CJrOrrffiOe [oBe.qeHr4e n.(T). ,l]po6Hr'rft nopa4orc peaKrlrtrl, Ha6rr0.4ae-
tlrffi ttplr TeMneparype r t loooc,Laoxer 6hrrb odgficne]i B [pe.UIoJIor€HIdrr, riro

JEOitrITrpyFqefi CTa.UlIefi Boero qpoqecca a otoft od.nacru T fiBJIEeTcfi peaKul4fi
"oaretnBalil,Ig" earcaucw,r vi :

v l + e + o  + o
9 r W

3,uecr o" - alcoporpoBaltr$ffi KrrcJropo.u; oy - peureroqrfitt. Ilpe.uroranaercfl,
qro KoMnoneura tvi + e) oOpaoyercfi rrprl dbrcrpoM Bear,il4o,ueftcrBrlrd co c peue-
TOqHbIM KI{CJIOpO.IOM Oy;

C O + O y + C O z + V i + e ,

orKyAa nt = L/2. IIp[ BNcoKrD( TeM[eparypax (-zoooc;nr= r/2 B cvrry qper&,ty-
qecTBelfio .U{ccoUlaTI,IBIIoro xapaKTepa aAcop6rlr4r4 02. OTMeTm{, qTo fipu .qarb-
HeltleM pocre reMrreparypE KaraJMTr,rqecKafl aKTr,rBHocrb na.uaer, qro oobficHs-
erca, rro Mrreurrro aBTopoB pa6orbr t1o7], yMernrfenr,reM Kor{rlenTpar-u,r],r vi u o".

IIplI Ttr4BKTD( TeMfieparypax Jrr4Mr4Tr,rpyrculr{M irpoqeccoM EBJrsercfl peaKtlrrs
v i + o r + o " * o ' r ( 2 . 8 5 )

ynpaBJlgeMag cLIJIbHbIM KyJIoIIoBCKLIM Boalo,,to,[eftcrBl4eM Mellc.qy rloBepxHocTI{HM}I Io-
EOpOM r{ aRqerrTopoM.

I4cxo,qs IrB Toro, qro crelreur{ r{onr4oar{r4rr KaK IoHopoB vi, rax 14 arr{en-
TopoB 02 BecbMa c[JIbIIo BaBI,IcflT or IIapq],IJrbHbIx ,uaBrelflffi o6oux KoMIIoHeH-
ToB, craIIoBLITcg floHfiTEoft EaoJuo,uaeMafi gKcrIepmIeHTaJIbHo cJtoxHafi TeMrrepa-

TypHafi 3aB[cI{MOCTb BeJII/FII4IGI rnl OT COOTIIOUeIil4fi .UaBrelfid po-l pco [33].

I4TaK, Ea trplrMepe co xopouo BI,I,Ero, qro MexaEr4BM ta"arrur*" slerTporrpo-
BO.EIOCTTI CeECOpa IIpu a,ucopolul}l BOCCTaHOBT4TeJIbHHX ta30B MOXer 6brrb BecbMa
II BeCbMa CIOXCITU\,I. 3TO fimild pa3 [oFIepRr,rBaeT ToT QaKT, IITO B OCHOBe CO-
Braifl'rs ceEcopa rra re IIJM r4rrbre ra3br, odra,qaarqero Ba.qaHEbrMr,r xapaRrepr,rcrr4-
KaMlI, ,4OJDrcIa oblTb SaJIO]reHa xopouo l,I3yr{effiag F,t3ruco-tcr.uamecKafi RapTIIHa
BJrrrfiHrrfi a,ucopouru{ BHdpaEroro raga Ha oreKrpoff43r.trcy a.qcop6eHTa.

I 1 9

( 2 . s 3 )

( 2 . 8 4 )



2...3. A.ucopown aroxapr$rx rr pa,&rrcaJrbnHx lracrrrq

CoIIocraBJe$I{e sRcrIepaMeIITaJIbHIlx IaiIHbIx rlo BJMffHItr0 alcopdl]ru,r pasJII'rrIHbIx
rrdcrrdr Ea greKrpo[poBo.EEocrb oKcr{rrEx a,ucopOeHToB rrprBol&I, ICaR yKaSilBa-

JIOCb B paS,UeJIe 1.11, K BHBO,UJ O TOM, qTO CyUeCTBeiIHyto pOJIb B oTOM fiBJIe-
EfiU rrrpaer peaKrtrroHlras ctrocodHocrb aAcopdlfpywD(cs qacrrtrI, B cBgBu c
3TUM BbIBO,IOM BOSEIIIC BOtrpOC O BJIrlflIlI4]I IIa OreKTpOftr3Lr,IeCiCUe CBOfiCT-
Ba oKctruilx rroJlyqpoBo.ull4lcoB aAcop6r-ud{ TaRrc( xuMr4qecK[ aKTr,rBHbrx qa-

crrlrl rcaK cBodo,uue aroMfl rr paIE{IcaJIbr 1r,34,76193J, otK4,qarocb, tITo a.u-
cop6ls{s BTrs qacrrul Ea oKcrrErrrx a.ucopdeHTax BbreoBer gIIalI[TeJrbrIo oofibnure
[SMeIreHr{s gJreKgl)oqpoBo,Elocrrr, qeM a,qcopdryrs MoJreKyJlrpHtr]t rlacT}Iq. Oru,lT
trO.4TBEP.UIIJI CAEJAItrfifr BbIBO,4 [93]. STEKTPOIIPOBO,UIOCTb TOEKIE IIJIEHOK OKCII-

AOB MeTaJTJTOB (Zno, Tio2, cdo r4 ,4lyrl{X) Uog BJMfiH]4eM a,qcopbutr{ Ha'H}Ix
aKTtrBHr[X qaCTUrI UsMerrsercs CaMbrM CyqecTBeHHbIM OopasOM .qafte B TOM CrytlEle,
ecJrrr KolueuTl)at$s orl{x qacr}Ill B rrpocrpallcrBe, oKpyr(anqeM a,UcopOeET, c0-
cTaBrrser Bcero Ju/tIIlb 106 - 106 qacsdl,/crd. B pesyrbTaTe qpoBelerrHbrx uc-
cJeAoBarflil 6trro ycraEoBJreBo, rrro yKasarrHrtM Mero.[oM Moryr oblTb I[,4eIITLIq[4-
IIrpoBaHrI cBo6o,@re aroM[I Bo.qopoAa [48,109-111], KtIcJIopoIa [112,113],
asoTa [114], aroME MEOrrfi MeraJrJrOB [],151, a raKxe. IlpocTelfiMe CBO6OEil,Ie
pa,U{KaJII{: aJIKtrJIbHI'Ie [76]' AWHO- lI XMrlHorpynml [116,117]' r[4]oKcIIJIb-
Hbre [118] ]r .qpyrl4e pa,umaJrlr. Bce Boupocn, Kacaw'ecfl BKcrIepfiMeHTaJIbIIoro
tr3ylleEl4fl qptr noMotr[t MeToAa rroJryqpoBo.ufltrcoBHx ceHcopoB [oBe.qe$r1fi cBooo.u-
TTHY aroMoB tr pa.urRaJloB B releporeEHllx cl{creMax, 6y.4yr ,4eraJrbEo paccMoT-
pelrfl B rJraBe 3. B HaCTOsqeM pa3.UeJIe MbI trpl[Be,4eM BbIBO.4 COOTHOUeHIM, CBs-
SUBaWD( BeJrFrrrfly rr KuEeTaIcy rIsMeHeIMs sreKTporrpoBo.urocTlt IIoJIyIIpoBo,IEIll-
KoBoro a.qcopoeETa c KolilIeHTpat-u{eft aKTlIBHbIx r{acrnl B oKpyx{anqeM ceHcop
odbeMe. KaK tr trper(Ie, B KaqecrBe aAcopOeEToB paccMarptlBaETcfl LIcrIoJIbsy-
eMble B yKaSaEHUX gRCrIepI{MeHTaX qacTLr\IHO BOCCTaHOBJIeEHIe CIIeqeEm{e OKC}I.61
paSJMrIHrrX MeTaIJTOB. ortrIT trOKa3aJ, qTO gaCTb lI3 HaSBaHHblX qaCTI4I np]4 B3a-
ro{o,ueficrBuE c oKcrr.utEMll a,qcopdeETarM n-Trma yBeJIIMI{BaIor !D( SreKTpoqpo-
Bo,uocrb (arorry BoAopo.ua lI aroME MerarroB), qacrb xe us Hl!(, EarlportrB,
ee yMeIIb[IaFT (arotftI N, o, c2H5, cHz,cH3). IIp]r,{eM STII I{3MeEeII[rl gJIeKTpo-

trpoBolFocrtr trptr troBHIleEHIlx reMleparypax a.qcopoeHToB o6parl,trvfi,I, a lrpu

HlrsKr4x reMtrepaTypax EeoopaTuMbl. Ilporpes a.icopoenta qprl T - goo ; ssooc

trpr.rBo,ur K troJrEoMy BoBBpary oJleKTponpoBo.urocrra K ee ,uoa.ucop6r-[4oltrIoMy
gEa'{elmo. STor pe3yJrbrar KoppeJrrfpyer c .uarrHbrMrr rro SIIP - ficcJle,uoBaEItfiti!

a,ucoporpoBaFFFr aroMoB tr pa.uIKaJIoB, Koropble cBlIlereJlbcrBynr o Maroft

lpoqEocrrl cBfiBrr aIcopOIq)oBaFFHn paDmaJIoB c rloBepxHocrbn a,4copoeETa

[ 1 1 e ] .
tlpl,I'xmoft croJlb donb[tofi aKTIBHocrtr aroMoB I4 pa.E{RaJIoB B IUIaHe I{3MeHe-

Hr4s sJeKTpoqpoBo.Eocrtr a,ucopoeETo8 sBJlrlercfi, c Eal[eft TolIKlI 3peErlf,, ]Dt

BHCOKaff XUMEqeCKaS aKl�nBEocTb [93]. A rMeIfiO, aKUeIiTOpbI AJIeKq)OIIOB, Ta-

RI{e, KaK aTOMEI KtrCJIOpO,4a, a3OTA, MeTI4JISIIbIe pa.UECaJIbI Iil ,E)yrue, BeClMa

oxorEo BSauMo,4eficTByDT C IIOBepXEOCTEHMT ,4e(reKTAIveI, B ICaqeCTBe KOTOpEX

BHCTyIIapT CBepxcTexnoMetptr(recKtre aloMu codcrBerfioro MeTaJIJIa I{JtrI rrpl4Mec-

IIOTO, T.E. C AOEOPAMtr gJIEICTPOEOB, IITO' ECTECTBEIIHO' KAK II B CTYqAE AI-

copdrsM MoJreryJIFpIiEx aKIIetrTopoB, upIlBo,&IT K yMeHblueHillo sJle$rpoqpoBoJEloc-

TE a,[copdeETa, Eo c cyqecrBeffio oorbEeft Befi(ltrtrIoft 3@&Ta.
rITo ile $acaercfl aAcopoluel TaRru( aKTIIBHbIx qacrruL KaK aroMbl Bofiopo,qa u

MeTaJUIOB (,4OnOpU oJIeRTpOEOB), TO 3TI4 qaCTI{LEl, HaIIpOTIIIB, rIOEa.Uafi Ha I]O-

r20

BepxEocTb oKcEuoB, JIeu[pyFT I,IX, yBeJIi{rII4BarI TIOBepXEOCTIIyI0 KO}IqeIITpaIII{F

,4OEOpOB 9JTeKTpOIIOB, qTO, eCTeCTBeIIHO, rIplIBO.UlT K yBeJII'IrreHIm rrpoBo'untoc-

Ttr aICOpoeETa.
BDrcoKaa xtrMErrecKas arcrEBllocrb a.Ecopol4pyDfluD(cfl aroMoB II pa,ulKaJloB rrpo-

sBrrgetcs Ee roJIbKo B lrx nealn|o.ueficrsruI c ueIITpaMlI a.qcopdlltr4' IIo 1I Bo

BSaUllO,4efiCTBtrII MeXAy CO60fi,,8 TaKfi€ C HaJIeraWIIv$ rI3 ra3oBoft 0A3N aKTI'�lS-

HbrME qacTnlaMl/[ tr MaTepIIECIUMtr MOJIeKyJIaME t12O]. BbICOKaS SmmeKTUBEOCTb

rrpoTeRaEllf, aTltx trpoueccoB rrpltBo.ryT K ToMy, qTO aICOporFs aK${BHbIX qac-

Trrrr He ,uocr[raer cBoero paBEoBecEoro 3IIaqeIItr8, T.e. paBlloBecEo-alcopolu-

oErroro satroJEems troBepxaocrlI Be ,[ocTuraerc8, 8o Ea ,qoclatoqHo 6oJbluD(

BpeMeHax ycraEaB.mBaercs ctaqtroEapEoe sEaqeE}Ie ' odycJtoBrellHoe BbrpaBIIuBa-

BlreM CKopoc1efi llpm{oro tr oopaTEOrO UpoqeccoB, OTBeToTBeIIHUX 3a sanoJIIIe-

rltre troBepxEocrr{ a,[copdrpoBarlnblMl4 qacrldlaMu I4 3a !D( y.qaJIeIII{e C TIOBepXEOC-

Tn. Ha[p!tr\,rep, B cJyqae aAcopou,gl pa,umaJloB, oopa3yowD( IIa noBepx-

HOCTII OKCI4,IOB HeCTOlbilIe MeTaJIJIOOpPaIII{IIeCKI4e Coe.Umefl}Ifi, TaKuMIr rrpoqecca-

Mtr, I{prrBo.4fllluortr K y.4aJIeEUn aAqacT}Iq, MotyT 6blrb t12o] Aecopoulls pa.uma-

JIOB, tD( XI4MI/FIeCKOe BSaIO,rOIeftCTB[e C pa,UlKaJIaMI4 tI MOJIeKyJIaMI{ I43 OltpynaF-

ro a,ucopderrr oo5eMa, troBepxEoctEas peRoMol,fiIaullfl aAcopoupoBaHHblx pa.uIKa-

JIOB.

EcrecrBeEo, rtro trpoqecc a.4copolutrI paDmaJIoB, cofipoBo)MalupMcfl I/Ix

BBaIno,uefcrBneM co cBepxcrex]IoMerplfllecKI,tMlI aroMaMtl MeraJIJia, BbISbIBaer

YMEEbUEETE OJIEKTPOIIPOBO.WOCTtr A,qCOP6EETA. TOT OAKT, qTO I'IMEEIO ,4E@KTbI

Tarcoro poAa sBJIaFTca qeETpaM[ a.ucopolutr4 pa,ErKaJIoB, oora,uanqlD( sEaql'ITerb-

Eofi BeJrlrrlffiofi cpo.4crBa K gJleKrpol(y, Ha cero,ulflllH]ffi .4eIIb Mo[GIo cqurarb

AoKaganHuM. 06 gToM cBlrIereJIbcTByDT MHoroqucJlelfible sKcrIepIlMeHTN rlo BJMfi-

EtrD JlerrrpoBaEtrfl troBepxEocrtr aroMaM[ MeraJIJIa IIa BeJI],IlIlIHy aAcop6ultr4 aKT]IB-

rrlrr qacTEII [1,1211., oC aToM ae cB[qereJlbcrByer I4 xapaKTep KlIHerlIKlI lISMe-

rreEnf gJreKrpoqpoBo.uFocTtr rrpl,I a,ucopolflEf pa,umaJloB t34,r2o,12]'l ' HaKOEe4,

oO groM cBtr[ereJlbcrByer rol (!arr, qro a,qcop6lE4fi cBo6o,utru pa.uIKaJIoB IIpI4-

BO.lItrT K SEaWTeJIbEOr/ry OCJraoJreErm [IITeHc]rBrrocTI4 CI4THaJIOB 3IIP, ooycroBreE-

HIrr aroMaMtr MeraJLIoB, upeJFap[TeJIbEo aAcopOupoBaHIibIM}I Ea rloBepxHocrl4 oK-

cltuoB 7tzz1 , llftar, ftaK u B cJyqae MoJIeKyJItrpHbix aKuenTopoB' yMeHBmeHue

gJreKTpotrpoBoJtHocrlI nowUpoBolElltrcoBoro oKc!I,4a n-TfiIIa, 8a6fi0.[aeMoe rlptl

a,qcoportrM TaKEX pa,@{aJIoB, Mox(eT 6bITb oOycIoBJIeHo yMeI{btreIII4eM KoIUeIIrpa-

rrfTl| cBepXCTextrOMeTpIlttIecKOro MeTaJUIa-AoEopa gJIeKTpOHoB rlpoBol['[!'locTi4. 06-

parrofr llpoqecc, rcreo.qroil K pocry oreKrporrpoBo,ulocrll a,4cop6eEra, cBEsaH'

uoM[tMO oobllgofi ,UecopOlutrl, fiposBJflrqeftca U B cJlyrlae BaJIeIITIIo-EacbIuIeEI$Ix

qacrEl, c rtroeJrbD paJsrKaJIoB, ooycroBreHsoft ID( noBepxEocrEoft peKoM6!4Eaug-

efi E E xlIMErIecKI4I\, B3a[Mo,Ueficral4eM c MoJIeKyJIaMI4 I,I pa.U{I(aJIaMI4, rrpl4xo.4gl[t1-

Mu lro o6beMa, oKpyfraqero a,4copoellT [112] '
yg.ITEBag BCe CKaSagEOe BHIIIe .4JIg CKOpOCTI4 I43MeHeHi4fi KoHqeHTpaIII,M XeMO-

COpdEpOBaEHbIx pa,UEcaJIoB, oOpaBy@D( EecTol&o,Ie MeraJlJloopraHuqecKue IIoBep-

xEOCTHbre COe,UrEeHI,Ifl , [OJLyqaeM BHpaxeHue

IIepBHfi rurefl k'Nv(Nso - Nr) omIcNBaer cKopocrb oOpasoBalryIfi a]Icop6?Do-

BaHHEX KOMIUTeKCOB; r" = 11n6- t"l-l=li N, - KoHuellTpaurs pa.uIKaJIoB

B oobeMe r4JM, qro, BosMorclo, 6oree [paBI4JIbHo, ID( KoIilIeIITpaqI4s B lrpe.ua.u-

copdryloErloM cocrofiHlE{, B KarlecrBe Koroporo Mox(er Bblcryrlarb 1{ Fl3a,4copo-

( 2 . 8 6 )

TzL



I.EIEi Nso - KoltrleHTpar.ufi Mecr xeMocopolutrr, T.e. RoHueHTparllrfl aroMoB cBep-

xcTexlloMeTpl,rrlecKoro MeTaJIJIa. cs{Tag, qro Nso ! h [Me*]o, r,4e h - ToJIIIltl-

Ea MOCrlrICa, [Me*]o - OoEer\rHag .4oa,4cop6lu,Ioifirag KOIiUeHTpaUI4g CBepXCTeXr4O-

MerplrrlecKolo MeTaJIJIa, Mu TeM caMbIM no.{qepKl4BaeM, qTo ltpaKTr4qecK[ Bce

MetrySeJIbHile aToME MeTaJIJIa, CyqeCTBylff&Ie B MOCTtme, B CI4Jry MaJiOCTr4 h I4

BEcoKofi rro,FrnrEocrr{ srrD( .qe{eRToB Motyr 6brrb .uocryrrHH a.ucoporpyroqrd\4cs
qacTlqaM. TaKn{ o6pa3oM, N=o N. "  h 1r ' re*Jo -  N" = h [Me*] ,  r .4e [Me]*  -

TeRyqee ssaqetfie oobeMloft KoErIeHTpar-pM ,qoHopoB, npo[opr-u4oHaJibHoe , KaK
yKa3brBaJrocb BElre, RBa,qpary oJleKTponpoBo,utocrr4 a.ucopoeHTa .

BTopoft u rperrfr qrelnJ ypaBHerflrs, (2.s6) orMcbrBaror Kr4HeruKy rftoeJM pa-

.umaJIOB, COOTBeTCTBy@yD yKaBaHrrbrM Bbrrrre [poqeccaM, rrpoTeKauqr4M rro saKc-

HaM rlepBoro Ir BToporo IIopfi,UKoB B oTlroueHr,rI,I xeMocop6rpoBaHrrHx paE4ICaJIoB.

oTMerl.ilr, .ITo RoIIcraHTa cKopocll4 k" Mo]t€T BaB]{cerb or IcoHueHTpatII4]4 cBo-

oo.unrx pa.E{KaroB B oobeMe.

BBOAq OoO3HaqeHUfl: x = N=/N=o, kl = k'� N.r, k .= k .|+ k", k: = k""

trepeltrlr[eM ypaBEellfie (2.86) B Brrle

# = * ,  
- k . x - k r x 2 ,

pemeHr,re KoToporo y.qoBJre TBopse T BbrpaxteHr.flo

( x .  - x )  ( - x . )
r r - = - { t  t ,xr (x-)t  )

r.4e xi II x2 - KOpBII KBa,rcaTIIOrO TpexqreHa k,- krx - kr*' , Fpe.{cTaBJITID-

wre cooofi To'trg'I ycroltqBoro I{ HeycroltwBoro cocroslild paBHoBecl4fl:

- x  r / T -  *  * / ^ -
\ = :!-;- i 'z= ?' 

r 'ue r = xl + ax,x,> o

( 2  . 8 7  \

( 2 . 8 8 )

( 2 . 8 9 )

( 2 . 8 s ' )

Hecrorctril aEaJItrs .@r.meulrs I{3oopa]faqeft Tot{KI,I no FasoBoft Tpaeroplll4 (p[c.

2.13)trOKa3bIBaeT, qTO xr IIpe,UCTaBJISeT COoOfi CTaI-U4OIIapHyIo ftOIIqeIITpalIlo Xe-

MOCOpOrpoBaEHbtX pa1reaJloB, COoTBeTcTBynqyn sa.4aIIIIbIM BHellIHlIM.ycJloBI,IgM.

P I I o . 2 . 1 3  .
OagoBas rpaeKToptrs
CITCTEMH

BrDa[eEEe (2.88) ritoaet 6HTb llpe.qcraBleHo B Br,qe

* t * ' 1 '

qPlI x > xl

uctroJrb3yeMoM IIp}I odpadoTKe oKcrrepuMeaTaJrbHbtx,qaHHbrx t34,LL2).

!ecopf4un

...nf*,*'*,* I = /}--. * .r.n[ *, It/;- ) " t{;)

r22

( 2 .  e 0 )

Peuertr{eM ypaHerfld (2.88') - (2.9o), OIII4CbIBamUUX KI4EeTfiKy Odpa3oBaIfiIs

xeMocopdlrpoBallHblx pa.UmaJIoB qpfi ID( B3alo'lo.4eftcrBlat c tleoHtoqHHMI'I aToMaMI4

MeTaJrJra upl4 yileTe o6paTEoro qpouecca - ruoeJM palElIcaJIoB, fiBJIffeTCfi Bblpa-

aeElIe

' - ""n{-/i-.- .}
N = ( t )  :  N = . ( 2 . e L )

t * r " " n { - / ^ - - - . }

3.UeCb Ns. - "rN"o - CTaIgIoHapIIas &OHIIeHTpallEs xeMOcopOUpoBaIIi{Hx pa.UIKa-

loa 1n6-...u"!t)"; r = xt/ (-*z) . 1 JIrn K[IIerI4KI'I yMeIIblIIeH]'Ifl sreKTpo-

rrpoBolEocrtr B oroM cryqae c yqeroM coorHouelild

( 2 . e 4 )

r,qe o. - cTar.Eo8apEoe sEaqeH}Ie ofleKrpollpoBo,ulocTl,I a,4copoeETa.

B ,r}yx IIpe.qeJIbTrHrr cJlyqa8x, oTJII{rIa@t,D(cff cooTIIoueEI,IeM BeJII/rqI4II cTal-[4o-

uapEofi KoEuellrpar@ xeMocop0lrpoBaE+,D( pa,umaroB I4 HarlarbEofi greKTpofipo-

Bo,Eocrtr alcopOeETa, BbrpaseltrIe (2.94) rlgllHllMaer cJleAyrilryfr Bur:

o ( t ) ! o o - ( o o - 0 6 ) rpu o_ -{ oo , ( 2 . e 5 )

N ,  =  ( 1ue* l o  -  [ I ' { e * ] )  h

u
o  =  A (T )  y ' [ ue * ]

Eerpy.Eo trowrMTb BlrpafiellIle

o - a
o - - +

.�---j- 
- t w

o ( t )  =  

[ " ] - , " : - " : ,

- ""n[-/^- tl-  . "p l - l  r  t l  f1 /2

;"""t;; 4

,n ,
o ( t )  r  t " "  

- " o @  < <  o o .  ( 2 . 9 6 ' )

( 2 . e 2 1

( 2 . e 3 )

( 2 . e 8 )

|  ( o  t ?  , 6 l t l  
1 / 2

L'.[ {J " j * '
yE{rEBafi, rITo rllrl Juooblx t llMeer Mecro HepaBeIIcrBo z exp(-y'I- t) < 1, BbI-

paselMe (2.95) Ha MaJIEX BpeMeIraX (y'r- t < 1) MO*eT 6blrb rrpe.ucTaBJleEo B

B&Ue

oo- o 
-  {^-*

r e  - - z - ' ( 2 . e 7 )

yq{THBafl, rITo B BToM cJryqae reKy[ure SIIaqeH],Ifl o He cfirbEo orJMqanrc.fl or

oo, Brqlax€Erle (2.e7, Ww Eeoorb[trD( t y.qoBrerBoprrreJrbHo allffpoKcl{Mlrpyer 3K-

ctrepnMeHlaJrbEo y cTarIoBJIeI[IyD KI{IIe T}ItIe CKyF S aBI,ICIIMO C Tb

Haofio.qaeMyn upl{ a,{copolEtrt aroMapHoro aSora [123]. r{To Kacaercfi cral-u4o-

HapHblx 3Eaqerufr gJIeKTpOrrl)oBo,EIOCTlI oo, TO, KAK BI4.4rO E3 BLIpaXerflM (2.88)

r E  ( 2 . 9 2 r ,  ( 2 . e 3 ) ,



oTKyAa, BCtrOMtIHag, 9TO K'= K Nv, K2= K Nv+ K, IIeTpy'UrO [OIyqI,ITb:

A o . o
e = _ _ _ _ l - +  N _  ,  ( 2 . 1 o o )

c , x '

r,Ue Ao = l" - o- Bupaxerue (2.100) c[paBe.UJr]rBo JM6o rDfi K"u K"', T.e.
npl{ cradoM qpofiBJreEr4r.I qpoqecca peKoMOrEraUE4 xeMocopdrrpoBarufirx pa,U4-
KaJIoB rro cpaBlleErrn c Io( ruoerbn rlo BaKoHy peaKr_U4r,r uepBoro [oprr.q-
Ica, ml6o, Hao6opor, rrptr K"'> x", no a cry.rae JMdo BecbMa MaJrbrx KorirleHT-
pauil pa.EmaJIoB B ooreMe: N, < (K")2/ K' (2:r-"'- K") = Nnz , JM6o y$e rrplt
trx ogeEb doJlbEofi RollqeHrpalpflt: Nv > 2(2K",- K")/ K,= N"r. oqeBr4,Uio, rITo

o6a grltx cJryr{as ranxe rapairrlrpynr rrper4MyqecrBerrnoe rrporerarue rrl6e;ur a.q-
coporpoBaltrN( pa.@raJroB rro pea&rwr [epBoro [ops.qfa B orrroEerilFr rrx IIo-

B ToM cJryqae, fior.ua tr N,r< Nv < Nvz, T.e. B cryrlae cpe.EIL!(
o6Ber,tr$D( KorilIeETpaud pa,uEcaJroB I{ peKoMortrIarproErroro MexarilsMa rr$ rere]r-
reruIoft I�II:OeJDI, .qJlfl BeJMlrr{Hr{, xapaKTepr{By@efi crau{oEapEyo oJreKTponpoBol-
Eocrb a.UcopdeHTa, troryqaeM BblpaileHrle

_ Ao a^ /;--
a - ---j " -/-+ N

o " x
( 2 . 1 0 1 )

OTMCTI4I\,I, TITO BHPAXEHI4'I, AIIAJIOTFIITbIE (2.100) II (2.1O1), IIOJYTIEHHNE B PA-
6oTe [120], Eatlfifi cBoe gKcrrepuMeHTaJrbHoe no,{TBeplMerrue Bo MIIorrD( cr{cre-
Max cBooo@.@rfi pa,umar-oKcl,IEDffi a,ucopoeHT tr,34,57,L2o),

'lcrre3EoBerole a.ucoporrpoBarfisrx pa,umaJroB c noBepxHocrr4 rroJlyllpoBo.Ufl{Ko-
Boro a.qcopoelrra qpr{Bo.UI{T K yBerr.$reHno sJreRrporrpoBo,Utocrr.r uocJre.Eero Ba
cqer BbrcBooo)MeHlrg aroMa MeraJIJIa I4 nocJreAyqeft ero I{oHLIgaI"Utr{:

x "  e  ( R l : . u e f . ) "  ?  R ( s )  +  u e . 2  n l i y  +  u e ]  +  e (2 .  Loz)
Cwrraff, rrro tI B oroM cryqae fio,s4Tupyueft cra&Iefi rrBJrsercfi paclla,u rroBepx-
nocrnoro KoMrrJrerca (R6-....u"f')", a He ycrarioBJrerlle oJrercrporrnoro paBno-
Bec}lfi rrpl,I ]toHrr3aulM npI{Mec}I, KuIIerlIKa qpoUecca Mofier 6bITb orMcalla reM fte
ypaBrreH[eM (2.s6), o.uraKo c,4)yrnMr4 HaqaJrbnbtM[I ycJroBrrsMtr, cooTBeTcTByD-
[&rMlI ".uecopoluoHHoft o6racrr4" Kpr.rBofi (lagoBoft TpaeKTopr,M Ea pnc.2.13, T.e.
dNs/ dt < 0. 06bFtrIO fipoqecc rlIoeJM pa,umaJloB, a ToqHee, ooycroBrelfiryn
grlrM RrrHerr4Ky r.I3MerreHrrs oJreKTporrpoBo.Urocrlr a.qcop6eHTa r{ccJre.qyroT npl4
peBKoM ficqe3lloBerirM pa,uftaJroB I{s oobeMa, oKpyxa@ero a]IcopdeHT. B srot[
cryqae Nv = 0 lI peuleEl{eM ypaBHeHI{s (2.87) aBJIseTcs

x ( t )  =  x
exp ( -K2  t )

( 2 . 1 o 3 )\
{ I K,l

1x," ,*  Cl  
-  Xaaxexp(-K2t)

(  5 . '

rAe X*, - KorillerlTparufl xeMocopo[poBaHrrEx pa.uE(aJroB (B e:fiEildiax N"o) B
Har{arbrfiffi MoMeHT [poreKaHr{a ooparHoro trpoqecca. B oKc[eprd,reETe 9To (B
3aBr,rcr4MocTr.r oT MeTo.ua reHepalu{I/I paFucaloB) MoxceT oHTb MoMeHT BhlKJuorlerfl,Is
l rc ro lEr r {KacBera ,Hr4Tr , rHaKaJnrBar I I , Ia  r . r  r . r r .  (cM. ,Hanpro , lep ,  t1 l ) .8  Ea-
qaJlbHbre MoMeHTH BpeMeHI{ IIOCIe BbIIUmqeElIg ]ICTOEI]IKa IeEepaLpIlI pa.UmaJIOB,
y.UoBJrerBoprrwre ycJroBrrro Kzt < 1, .UJrs KoHrleHTpar-pnr xeMocoporrpoBarfffix pa-

,u{KaJroB cqpaBe,uJrr{Bo Bbrpar(eHrre

L24

1 - - K  t
N i . ( t )  - N * -  

n  
-

r + -fiI:I xrt
(2 - L04l�

( 2 .  r . o 5 )

( 2 .  r - o 6 )

( 2 . r o 7 )

( 2 . 1 0 8 )

( 2 . 1 o e )

( 2 . 1 1 o )

tr ,UJIfl KI,IIIETURtr YBEJIIIFIEE}IS 9JIEKTPOIIPOBO,UIOC?I{ A.UCOPOEHTA UOTYqAEM CJIEAYIO-
qee BbrpaaeErlo:

, t '  = @:- 4tr" '  ,
KOTOpOe B CJryqae trpeEeopeeDrocrl4 rrpoqeccoM peKoMortrIarrytrI xelaocop6rponau-
Hbrx paJE{aJroB, qTo BoSMofirro trptr ycJIoBtI[ o..( 6o, rrpl{H}rMaeT BI4I

3aMerru\ t ,  l ITo B Bbrpa[eEl4f lx  (2. ] -05) yI  (2.LO6'  B KaqecTBe N"*,  (T.e,  &oE-
qEEIPAI@I XEMOCOPc.IIPOBAIIHTD( PA.UIRAJIOB B MOMEHT BTECTIOqEIilIS UCTOTIHI4CA rE-
EepaLuM) rrctroJrb3oBallo Nso, T.e. cquTaercff, r{To rrpoqecc xeMocoporyEr K
sToMy MoMeETy BpeMeru ylre BHrrreJr Ba cTarlfioHap.

B erou cJryqae ,4,rs EarlaJbEofi cKopocru yBeJnrrteHrrE oJlerrporrpoBo.urocrl4
agcop6erTa (t < K;1), odycroB:reffroro [poqeccaMr{ rudewr pa,u{rcaJroB, rroJry-
qaeM BHpaneflue

r  d - r
11  -  - ;  lK r+  K,
\ o - l -

---..-;-'
/  " -  \

1 + 1 1 - + l K - r
\  o ' . ,  

J

o

orKyAa

# l. " -"lrr;"i l,..'['- 5H

a- | r'I-- x
# l . o  - - z r : K z - K r - N v

Ecrtrr K2 . \(ol - "'_l t ol , ro

d6  |  y r  - * , ' l ' . -  t  /T  l 'f f i l r o - t - - - - j  * ' - t / q  
, |  

K 3 - K l  - N

d o  " - t " l  - l
d E = t - [ l - ' J

trlB Brlpaxerurff (2.10s) Blt4ro, qro B pagJllrlrHbrx rrpeAeJrbnbtx cryr{asx, orJllfllato-
IIpD(C'I SaKOIIOM rE6eJE{ XeMooopolfpoBarffil,lx pa.44rcaJloB (MoHoMoreRyfl.flpHafi lrJpi.
omroJeKyrfipEas peaKr.pla B orHomelrrtrI rtx KoErIerITpaUE{), cropoctt r43Merrerrrrrr
sJreRTpOtrpOBO,&IOCTtr IIpE Bb[(JIDqeErII4 [CTorfittrCa reEepalu4ir pa.4maroB rrpouop_
rr4ollaJrbEa Ex KoErIeETpar.wI, cyqecrBosasmeft B oKpytrarcqeM o65eMe ro MoMeHTa
BbtKllorreEtfl. JIetcrB[TeJbEo. TaK RaK o'- o2 - N", = (/r- - K2) / 2K3, To
B Cryqae x, r xr{rt - "'.1 t ol nory*r3"

3aMefltr'|, rITo yKasaEtroft [polopr&oHaJlbrrocrtr y.qoBJrerBopser r4 iraqaJrbHas
cKopocrb trsMeEeEr{s oJreKrpollpoBoErocrtr IIplI a,4cop6qrM pa.uEcaroB. neftcrBff-
TeJrbEo, trctroJlbsys Bb{paeeme Q.94'), rroJrygaeM

d a t  
y ' f , - ' 5

# l. o 
- -:T- /i- ' orryra rq)rl K2 > 4KrKl

125



# l r " - * ,  t ' - K , - N '
B llporBotronoffioM cJyqae qpll K2 < 4KrK]

do | /Tl r:-
& l . o - / 4 Y K 1 K 3 - K r - N " '

(*'l = [.'J* = [tJ"oo: ('-L) = 
*l ,

IilTaK, crporoe peEeme KrffetrlFlecKoro ypaBHerrr4a, orE4cbrBaruero rrBMeHeHI4e
sneKTpotrIrcBo.Eocrtr troJrylrpoBolutrIKa llptr a.[copdlu[Ir pa.UmaJroB, no3BoJrse T Ba-
rqrmrMrb, ,rro @opMarI4a o ftoIilleHTpaUM pa.uma{oB B oKpyxtaltrlefi agcopoett
(!a3e rroser dETb uoryqeEa ug u3Mepelilfr KaK cralgroHapErx BEageruffi gJreKTpo-
qpoBo.EocTtr, ycTarraBJMBar@cs IIo lq)ouecTBltl1 oqpe.ueJleErroro BpeMeHr4 rrocJie
BIc,InqeEIIff trcTolIEI{Ra reHepaITII,I pa.EmaJIoB, TaK I,I I43 l.I3Meperu[fr HaIIaJbHbIx
cRopocTe[ trBMeEeEtrfi oJreKTporrpoBo.Frocrrr rlpll BKrFqeHId4 lrJrtr Bulc.moqeH]rr4 rro-
ToKa pa,umaJroB, oopadarHBaqero rroBepxEocrb a.ucopoeETa, T.e.

( 2 . 1 1 1 )

(2 .  LL2'

( 2 .  r . 1 4 )

( 2 .  1 1 3  )

IAe,RaK Ir qpe8le, a = ooLo/o7; o - cTatuoHapHoe SHarIeHI4e gJIeKTpo[poBo.4Io-

cTtr; V* tr V^rr. - EaqaJlbHble cKopocTl4 lISMeHeIII4g SJIeKTpOIIpOBO,EIOCTI,I
uP vwP

(doldt)t+o IIptr BKIOqeEIdI I/t BIIK,U0qeHI,II{ IloToKa pa,4{KaJIOB; (N" / N"o) ; .
: [Rv] / [Ro] - OTEOCUTeJIbEafi KOHrIeHTpaWfl pa.U{KaroB. Bce Befi{qr,Tr6r, 3a-
K,rroqeEHle B KpyrJrHe cKooKn, [pe,UcraBJrsnr coooft orrroctrreJrbHbre sHaqeHrdfl
cooTBe TcTByur[qX uapaMe TpoB.

Ilpouootronoffioe paccMorpeulloMy cryrrap Ir3MerIeH[e gJIeKTporDoBoIfIocTIt

a.qcopoeETa EpoEcxo,U{T rrptr alcopdrlM TaRlIx aKTr{BHHx rracTrltl KaK aroMbr Bo-
.qopol.[a u MeraJUroB llrs,Lz4,rzsl; K aEarorEttrroMy s@KTy nprrBoltl4T rr paryr-
oJMB yrJreBoAopoloB [126] Ba cqeT oopasoBarMs lI xeMocopdutr{ H-aroMoB. tI
B grax cwqaflx IcaK cKopocTb a,Ucoporu{oltrroro [BMeHeHr4rr sJreKTpoqpoBoEroc-
TlI' TaK tr BeJIIIFIIma ee CTaLU{oEapIIOro BIIaqeHI{fl OIIpeIeJIfiaTCs cOBoKyriHocTbF
[poqeccoB, colrpoBo8lar@D( xeMocopoluF [ 12? ] .

lllBoroql.IcJlel{rilre ercuepmvtenru IIo aAcopor-uEl H-aToMoB, B![IIOJrHeHHbre Ha
paBJII[tIHrU( OKCtrIaX RaK MOIIOKpTICTaJUII'IIIeCKOfO' TaK ]4 nOJIItr{plICTaJIJIIrtlIeCKOTO
TuIIa ' o.EIoBHarIEo IoKagaJIII cyqecrBoBaEle IIa noBepxEocrll o&cu.[oB Ba-
pErfiemrofi r.r He3apfffteltriofi Fopu xeMocopor.rlrcBaHrrrrx H-aroMoB [8e,loe,],o2,
LLO,L25, r.28I . I{CXO.4g U3 oomfpEoro sKcrlepflMeETaJrbrloro MarepffaJra, B pa-
6ore [127] 6hula B[epBHe qpe,uJlor€Ila cJreAyroag cxeMa, HeflporuBoperr{Bo oltrI-

cHBaqag xeMocopollilo H-aroMoB:

I

t l

-+

i . ,
I I I  (

f

n

t:
l '
J * r

;
;---:+ H + e

l "
K I2 l

u  t r j "  t

(Ht) " ( H 2  ) " +  ( H 2 )  
"  

( H .  )  u

I4IUeKCbI s r4 v OsIIaqanT cooTBeTcTBeHHO aICOpor4pOBarIHOe

126

r,4e, KaK il lrpe'(.4e, ( 2 . 1 1 e )

I,I cBooo,IlEoe cocroflElrfi. Ha ocHoBalfl&r Tofo, rITo Borrpoc 06 l4IeETl,rft.trcau{u
xeMocopolrpoBaHlroro cocrogHl4fl aroMapHoro Bo,uopoAa .qocraroqEo rrorpooEo
paccMarpl'IBaJlcfi B pa3.ueJle 2.4.2, ocraHoBI4MCfi 6oree [o4)o6Ho IIa Berr4rrr4rle ]r
KuIIeTlIIce I{3MeHeHI'Ifl 3JleKTporrpoBo.UlocTlr TIoJItIKpI{craJIJII,rtIecKoro, cneqeHEoro B
BOCCTaHOBI4TeTbHoft cpere a.ucopoeHTa, ooycJoBremroro arcopoqfiefi H-aroMoB,

B odueM Brrre peueHl{e, olMcblBarmlee fiporeKall]Ie [pouecca no cxeMe
(2.114) ' BeCbMa rpoMoSlliro. .[eftcteureftEo, om{caHue KI{HerI{Kr4 rr3MeHeHrirfi
gJrel{TporrpoBoElocr}i IIpI,I a.ucop6ul,[,r H_aroMoB norpeoyer r4ccJre.uoBaHr,rg noBe]Ie_
HIIg D{IIaMI.rqecKofi cucTelH Ea TIJIOC&OCTI4 CJle.Uynqero B}IJIa:

KOTOpOe' XOTS rr Moxcer obrrb rrpoBe.ueEo craHraprHbrM crlocoooM [].2s1, reM He
MEIIEE MOI(ET 6HTb C IOCTATOIIHOft CTENEEbN TOqHOCTII SAMEECEO 6OIEE IPOCTbIM
I{ HarJlfilrrblM aHaJMSoM CXeMbr (2.r.14) B paSJMrrHnx qpereJlbHblx cryqasx, coor_
BeTCTByIourD( paSJII/tqHI{M TeMnepaTypaM T I,r KOIrUenTpau}rsM cBodo.uftrx H_aTOMOB
tH , l  .

llrs Haqara paccMorpr4M TaKyn ooracrb r ll tHv], r.qe Morclo fipeHeope.rb
ooparlfiw qpoqeccoM B cryneHl{ rr I4 llo60rtrIblr\,fl4 rlpoueccaMr.I rrr - v, [pI4-
BO.qfl[[vM K lloBepxHocrHoft peKoMoffiaq]d{ H-aroMoB, T.e, paccMorpr4M ooJree
qpocTyD cxe[ry:

1# = *,rn"r[r- 
f f  

j .  k,rn]rrer- *,r""r[r- ":r i
-  K3tH, l  1n"1-  lur l t  '

1S = *.r"" :  [ . -  # l  
R,rn]rrer-  K5r ' , r rH:r ,

r  t I
H.. ---;+ H ---:+ Ht + er ^ t a a 2 .

( 2 . 1 1 5 )

(2  .  116)

( 2 . ] - L 7 )

( 2 . 1 1 8 )

O'IeB[Eo' qro c*opocrb Ea&orure*]rs Hs Ha rroBepx'ocrr. o[pe.ueJlfiercfi B oroM
cJryqae BbrpaneEtreM

d r H r
+ #  =  K , t H " J ( r - e ) -  K a t H . l  ( L - e  )  ,

r'4e o = [H.] / [H.o] - CTeUeEb 3aIIOJIEeIIILS IIOBepXEOCTI4 Hs_ aTOMaM[; [Hro]- MAKCUMAJIbEO BO3MOMOE 3AIIOIEEIItrE trOBEPXEOCTI! XEMOCOPo}II]OBAHIINM BOAOPO-
IoM, T.e. wcJlo ero IIeErpoB alcopouM; g - crerler{b oarroJlHelr}rE rroBepxEoc_
TE H-aroMaMtr' XerpcoporfpoBaEHbrMtr B 3apsrfterfiofi @pMe. SaMern{, r{ro rr B
AaffioM KOmperEoM cJryqae ocEoBEOe trsMeEell}Ie snelcrporrpoBo.4rocrr{ Moc?r[KoB
ooycJro&,reEo "Jrerrq)ywo, 

.ueficrBtreM" H-aroMoB, B KaqecrBe BHoBb o6pasyn_
qIXcA .qOEopOB r/roryT BblcTytraTb, &aE oTMeqalocb BFq[e, (o_n)2-_rpyrrnl,
BoBEIIKaWe rIpE B3anMoletcrBrur H-aroMoB c KtlcJropos6rr\,tr{ I{oIIaMr{ pelrer*lr.
MaJEe roJnInFrI lrocrmoB h B gToM cJryqae qpr{Bo.qfiT K ToMy, trro BoBMolcHHe
3{meRTE Sapa:ftemff troBepxEocrr[ IIpaKTEqecRlI He qprlBo.urrr K sarr4oy 30H lI He
BJII{.EDT IItr EA KtrEETtrKY qPOUECCA, EIr IIA EEPEEOC EOCI.ITETEfi TOKA. CqI.ITAfl,qro B paccMalprBaeMoft odJlacrr.r r I.r [Hv] e'.. 7, Irerpy.uro rroKasarb, qro
peuteEueM ypaBEeEr.IS (2.118) .EBJLEeTCfi BblpaxeH[e

Kt  [Hv ]

" = I liii-it, [,- "^- q Tr;l

-*.['.f,ffi].]1.
L27



ywTrmaa, qto tH:l qpe,UcTaBJrfler codofi $omleurpal$n xeMocop6upoBalunnx B

BapflSeffiOA (DOnIe H-aToMoB, T.e. H-aToMoB, oopasylqu4x,UByxsJIeKTpoIIHylo

cBsgb c troBepxEocTbn, uMeeM

t H : l  -  ( t e l  -  [ e ] o ) h ,  ( 2 ' r 2 o )

r,[e te] tr [e]o - TeKyqafl ]I EaqaJIbIIafi KOHIIeIITpaLUM 9JIeKTpOHOB qpOBODD,|OC-

Ttr. OTcD,[a u Es K[HertrKE, olurc[rBanqeft cra.Um rr cxeMbl (2-LL7), cJle,[yer

+ | e J . - r S = K z r u . l h - l ,
orKy'ua, ytltrTblBas Bbrpafreme (2.119) ' [OryqaeM

# = ++t+ ['- ""n{-*,t'*P 1"'11'}]
r.I€ c = (tr z)-l Kr' qvK,| h-l ; q - 3apflI SJIeKTpoHoB; v - noAaurcIoctr

EoctrTerefi ToKa; p = K,|/ KrtH.oJ, llb 12.]-22') BI'IEIo' liro Ha HaqarbHHx Bpe-

M O E a X  r  <  [ K 2 ( 1  +  p  [ H , l ) l - r d o l d t . d K z [ H v ] t ,  a  I I P I I  t > [ K 2 ( 1 +

+ p 1n"J)l-r sHarleElls cKopocTll oJleKTpotrpoBo,ulocm Bblxo.4flT Ha craunoHap

-  c r f H l
d o  -  v -
#=i+-E-i f rJ '  (2 '123')

B ooracru ,uocrarorlEo BblcoKtrx reMfleparyp, Kor,ua cqpaBe,uJlrlBo ycJIoBI4e

lB"l <. K2[II.o] / Kl , BEpa*eIII4e (2.123) trplIluMaer doree trpocroft BIII:

( 2  .  r 2 2 )

( 2  .  r 24 l

( 2 . L 2 5 1

o${ocr{TeJIbHoI

( 2 .  1 2 6 )

$f " c rrr"J,
oTxy.4a cJle,[yeT, qTo oTHoc[TeJIbIIaff KolllleErparyl8 H-aToMoB B OKpyxanqeM a.q-

COpdeET OoEeMe MOXeT 6ETb B![paxeHa rlepeB cKOpOCTb I{SMeIIeIMS ero sJIe&TpO-
qpoBo.EocTrl cJleAy@n/t oopa3oM :

lH" l ,  (do/dt \

Tfr;i; 
=Ia-o/aq,-

B doree ooqeM cryrrae, orMcbIB€eMoM BHpa,reHIleM (2.L23) ' Ms
KOIIUeHTpar.Ultr H-arOMOB [OrytlaeM

[8 ,  ] ,  " ; -  T

Tfr;I; = ?FT
T I I l e r = B / d i  d o / d T , ! / T .

yclJIoBI{e da/at = const coxpaEgeTcfl Jnllllb B TeqeHI4e ,uocTaToqEo KopoTKoro

qpoMeryrKa BpeMeEIr, trocJle qero doldt EarMHaeT yMeHbmaTbcfl' qTo IIpu .4Oc'

TaToqEo B[IooKEX TeM[epaTypax odycJloBJleno qposBJIeB]IeM oCpaTHoft peaKLMII

cTyrreEI,I II I[ ilIoeJrbr n-aToMoB 3a crler pea&I[[[ III, Iv 14 oopaTfioft peaRIWI

CTyIIeIIE I. yKaBa1gIOe O6CTOATeIbCTBO IIpIIBO,TIT K TOMy, IITO BMeCTO cxeMLI

(2.LL:-) .UJrA .qOCTaTorrHo BHCOKm TeMlepaTyp cJ1elyeT paccMaTpI{BaTb cxeMy

(2.114), qpelEIoJIofrI{B rrptl groM, r{To JEofi4Tl4pyroeft cra,rytefi I{sMeHeII[fi sreK-

rpogpgBo,Erocrtr sBJIfieTca CTytreIIb II . 3To cJIe,IIJeT II3 MaJIocTI{ (qpfi II6BHIIIeH-

BbIx relfieparypax) KaR BneprI4I[ aRrI'IBaIIflI cra&frr r' TaK I'I craL[4oHapHo[

Korlr(eHrpaluor Hs-aToMoB, yoTarlaBJrrrBarueficff, TaKm, oopa3oM, ,4ocTaToqHo 6H-

cTpo.

Caser uex,rJ cratpIoBapEblMl/t Kolil.Iesrpau{sM4 cBooo,uilJx H-aroMoB B oobeMe

tr XeMocopOrpoBarrHllMl4 Hs-aTOMaMI{ 6y,UeT olIpeleJlsTbcs TeM, KaKafl I43 peaKl-Prft

(rrr, rv llJu odparnas r)B raruslx ycJloBl4ax orllrra fiBJltlercs Aol,guflfpynueft.

r28 I29

( 2 . 1 3 4 )

B ToM cry,rae, RorAa ,[oMrrErrpyer ooparEafi peaKlu{fi r, gTa cBESb oyIer

UMETb BI{I

e k '
* : =  j ,  ( 2 . 1 2 7 )

k.

CBtr.qETEJI6CTBYWd O TOM, IITO IIPI{ BEICOKID( KOHIIEHTPAIgISX [HV] CTEIICHb 3A-

IIOJIHeEtrg IIOBepXUOCTII HS-aTOMOB trepeCTaeT SaBIICeTb Ot KOHIIeITTpaIII]r H-ATO-

MoB B oobeMe.

EcmI ,uor,trMpy@efi sBraercfl pearu[Is rrr, To

*=f,,"",  ' ( 2 . L 2 8 )

l a . L r z )

\ z . L J J )

tr' EaROEerl' .uJrs peaKrstr{ rv, Bbrcryrlaqeft B KarrecrBe roMr4HupyFrrlero qroqec-
ca, uoJryqaeM BEpaaeEtre

ez k,,

I : e = F l . H v J ,  e . . J . 2 s )

Koropoe " lrry*aa e << ,. upr4rl'rMaer Brr.u

( 2 . 1 3 o )

TaKnt odpagoM, garroJlEeEtre troBepxEocrfi a.{cop6eHTa Hs-aroMaMr{ Mox(er JMoo
rre SaBucerb or tr3MeEeEtrff [Hv], JM6O LrsMeIIflTbCS rrpofioprprolraJrbEo ["r]t2
llJt[ [Hvl . IIepByr] cr4Tyarym cJre,uJer o)fi]r,qarb B cryqae oorbu!fi RoHlerirparril
[Hv] tr qpu 6oJrbuD( crerreEfix 3arloJrrrerrr48 rroBepxHocrr4, BTopaF c]rryarr,rf ]rMe-
er Mecro Eptr ,qocraroqEo 6orbmo( crerleuffx BanoJrrlenllg rloBepxnocrrr I4 MaJIux
[Hv] tr otrpeAeJlserca rJIaBHbrM oopa3oM rrol3]rrctoc?bro Hs-aroMoB, Tperbs cr4_
TYAIIIS UMEET MECTO IIP}! MANOft BEJIIIIIIfiIE gHEPII4I4 CBfl3I{ HS-ATOMOB C NOBCPX-
rrocrbD alcopoeETa.

ll;rs c&opocru trBMeEeHr.rfl Koruer{Tpar.uM gJreKTpoHoB qpoBo.uorocrrr }rMeeM
ypaBrrelMe

g { t l = k 2 t u , l  - [ r n ] t r e : ( 2 . 1 3 1 )

lilcxo,[fl trg cKagallltoro Bme, crMTaeM, qro cral-EroHapEoe gHarIeI{?Ie [Hs] ycra-
EaB.,IllBaercf, oqeEb orrcTlo r[ oqpeAeJrsercs o,UIr4M r4B Bbtpaxerud (2.L27)
- (2.130). yWlEAaf, yCJIOBUe OrercTpoHefiTpaJrbHocTr.r (2.!2o)

h . t " l  r n ] ]  +  l u e l l r r  =  [ H + l  +  [ e ] o  h  ,
rAe tue:l , KaK E IIpeMe, KoHrIeETpar-U4rr cBepcTexnoMeTpr4rrec6ux aToMoB Me-
TaruIa, ypaBrreEue (2.131) MOXfiO trepelMcaTb B Br4Ie

( ,Ki1l2 /--" " 
IEJ /[Hv]

d  r a l
K z [ H j ]  -  K 2 ( t e l  -  t e l o )  t e l h ,

perleHlreM KoToporo flBJrseTca Bt[paaeE}Ie

z ^ f * t
ar th o =*x, t .n+-r -  + ar th

/f+lR- ' ,/T*-T

K  t H ' I
FAe X = =r # t K'= ft2le]oh , omcuBaroqee KI4r{eTI4Ky trsMeEeHrr.{

K a  h  I e ] '
gJIEKTPOIIPOBOETOCT}I ATCOPoEETA. IYTEM IPEIETbIGIX IIEPEXO.UOB JIEIKO IIORA_
sarb' qrq ICtrHertrKa llptrrtoft peaKlu4{ rr cryrreE}r orMcbrBaercfl Bbrpar(eHr4eM

f = * ' ' ,
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ue xi= Kzlr.l/ [e]o, I Rllgernrca ooparflofi peaKII[u - BblpaxeHueM

r  o r

f n l r +  * - - 91  =  K .+  cons t ,
I  A V , I

PAo Kr=  hK2te lo ;  cons t  =  ln (1+ oo lAomx) .

JIlg crarsouapHrlx BEaqerfifi oJreKTporlpoBo,Ulocr]r ypaBHeHr4e e.r3z) rrprBo-
EIT R BHPAIEIItrD

F= ' . '
r,u. *o= rr{7 e)2 lH)/ R24h . SaMerr/rM, qro B cury nupaxerud e.L27 -

-2.130) 3aBtrCI{MOCTb IISMepgeMOFO Ea OIIIITe llapaMeTpa Lao/oz oT RoEIIeH-
rpautrI [Hv] Moaer 6brrb KaK JtrEreltEof, TaK rlt KopHeBoft. Baoeras Brrepel
([o.q]ooEo oro dyler troKasaEo B rJIaBe 3), yKa,fieM, qro rrp]I fie cJrrrrrrKoM
6oJbmD( KorrrleETpar.Msx H- a ToMoB Eaofio.uae Tcs KopHeB a fl s aBr,IctrMo c rb

As- = "or,'tlil
o '  

- v  -

( 2 .  L 3 5 )

(2  .  L36)

( 2 . 1 3 8 )

( 2 . 1 3 e )

(2 . L3'7'�)

u orllocr.rreJrbEoe r.r3Mellefll1e KoTIIIeHTpaUM aroMoB Bo.qopo.ua B oobeMe peaKrlr4_
oHHOTO COCy,Ua MOfter obrrE BbrpafieHo qepe3 crat-E4orrapHoe 3HaqeHr4e sJre$Tpo-
qpoBollrocrrr aAcopoerrra cJre,rrJrc@n odpa3oM :

== {.-o9a!1 
'

Ilonygemsle Bbrpax(enrlg, ormcbrBaw,Ie KIrHerrE{y I/r BeJMrrEIy orKJII4Ica gJrenTpo-
IIpoBo,UrocTr{ oKcr4$Ioro aAcopoeETa fipu alcopdqru.r aroMapHoro Bo.qopo.qa, B
o6qeM cry\rae ocraDTcs c[paBe,4JrrtBbrMn n LJtfl aAcop6ryM rnobrx pa.U&carbrsrx
qacTnlqoEopEoro rma. o.UtaKo B KalI(4oM noEKpeTrroM cryr{ae ,uolfimnpyw&l
[poqeccoM' oqpeleJlfl@Il, KaK Kllllerffiy' TaK 11 craIII{oHapHrIe 3EaqeH}Ifi 3Jlefi-
TporrpoBo,Eocrfi, Moaer 6nrr no6ot rr3 qpoqeccoB cxeMbr (2.Lr4), ofipe.{eJrae-
rdrfi clleryr(pncoft KoltrcpeTEofi cr{creMbr [12e] .

Hauplnep, B cJyqae a,qcopouer aroMoB MeraJIJroB [46,1]-5,130-1321 gKc-
[epI/MeETaJIbHo ycraEoBreHo, qro K[IHerIIKa LISMeHeIIlIfi oJleKrpofipoBo.ulocr]I
zno IIo,4 BJMaIMeM IIapoB MeTaJrJroB BnJroTb ,qo CTarlroHapHoro BHaqeErrs Xopouo
oIMCEBae TCfi BbrpaXeHI4eM

a[*r-J = r"'"t,
fAe A(o/oo) = 1o- /o;) - 1o/ao) .

3Ta SaBLICEvtOCTb CTaHOBIITTCfl OTIeBLIJTIOfi, eCJM, KaK I4 B Cflyqae a.{cop6u,trI
aToMoB BOAOpO.qa, CrMTaTb, qTO IISMerreHUe o KoHTpoJffpyeTcfl cKopocTbro [epe_
xo.ua aAcopofipoBarrEtsx aroMoB MeraJrJia, &oHr]eETpar.[rs RoTopbrx [Me"] cuuraer-
cff rlocTofiffiofi, B sapsfteltrryn (DopMy Met:

. rd r  tMg' l . r  /  ^r  \
i !  =  K , [ue " r  11 -  _  . - l  =  K , tMe"J  l r -  f ;F l  ( 2 .140 )

1t' le. l .  '  "" ' )

l{ETerpupoBarue ypaBnenua (z.L4o, rDrlBolprr r{ Bbrpaxen}ro (2.13e) co cJrelryF-
I[O&I SEaqeElISlM trapaMeTpoB: c = K,[Me"J/Aa_, p = Ao. /ao.

B rJaBe 3 6ylet tro,q)ooHo orp�tcaEa sKcrrepnMerrraJrbrrafi npoBep(a [oryrlell-

I30
13I

n*r B gToM pa3reJle BEpaftelufr, cBaBbIBaw$ ftolil{ellTpauM aKTIIBHbrx qacrr.flI
B oKpyaamleM a.4cop6eET odbeMe c uBMeEeIIlIeM ero gJrerTpolrpoBo.urocrtr B cra-
II?IOEapIIOM tr KEHeTEqecKoM peauMax, a raKjr(e Srccfiepr4MerrraJrblrbre loKasareJrb-
crBa cqpaBe.qJll{Bocru qpe[IoJlofierud, cAeJIaIIHbrx rlpr4 BbrBo.ue yKasaEr{brx Bbrpa-
seEd.

lfTalc, l,u tro.E)ooEo paccMorpeJrr{ pa3JrrlrqEbre reoperllltecK}Ie Mo.ueJru BJrr.ifrflr'.
arcopor-utr MoJreKyJrfrpHrE, aroMapEux I4 pa:urKaJlrrftrx qacrr,fll rra oJreKTpo[poao.4_
HOCTb rIOW[poBo,uruKoBbD( aacopoeEToB pasHblx Kpr{craJJMrrecKrD( TrrIoB. oco_
Ooe BExMar{we 6bulo yrerego cuerleElfisr Ir qacrl,rrtrro BoccraIIoBJIeHHNM olccurl-
EblM a.ucop6eETaM' xaparTeplrcym[lltlcfl MocrrIKoBHM TrrrroM Mer6pr4craJrJrrrrgrrx
KoETaKToB c qpelo,ryqecrBelrl{trM co.{epxaElleM MocrtIKoB orKpblToro Tlrrra, qro
OoYCTOBJEEO IEIPOKEM trPUMEEEIIUEM UMEHIIO TAKOTO TIMA AACOPOEHTOB B KAIIECT-
BE qYBCTBtrTEJIbHtrX 9JIEMEIITOB CEtrCOPOB, }ICIIOJIbsYEMbIX B IIAUI/D( ff43lmO-X}[V[4_qe oKI4X trCCJIeIOBaIfl{AX.

A.4copolus gacrl{u paoJll+moro rIItra qpllBo,u{T K r.r3Mer{eEroo oJle&TpollpoBo.q-
EOCTtr TAICEX MOCTI{KOB TJTABIUM OdPASOM BA CqET JIORAJIbHOIO XUMIIiIEC&OTO
BSaln,toreftcrBus arcopolfpy@D(C8 rracrrol c sreKTprqecKr,r aKTrlrBHbrMr'r .ue(percra_
Mtr' fiB,I8f@lMEc8 AoEopaMr4 sJreKTporroB, u [prrBo,qffrrlero, TaKI4M o6paso[,r, K
yMeHbEeErm nx KorluerrrparyI}I JM60, Hao60por, K yBeJMqeHr4ro 3a cqer oopa3o_
Balrrlg EoBrlx ,4e(FKroB trorodEoFo uma, B o60rD( cryqaflx, KAK obrro rroKa3aHo
BbIIle' cyqecTBypT AocTaTor$o 4pocTble II JIerKo llpoBep.rreMbre Ha oILrTe cooTEo-
IIIEffII.g' CBfl3IIBAT@{E RAK EAIIAIbHilE CKOPOCTI4 i{SMEHEH}I8 oJIeKTpoIIpoBo.EIocTII,
TAK U BEJIIIIIIIIHTI YCTAEOAI{BIIII{XCff EE CTAIIIOHAPHUJ( 3EA'{EItrd C KOIfl]EHTPAIgIEtr
a,Ucopoqpyxilulxca tracmq B oKpynauleM aAcopdeET oobeMe.

HaJerwe a 6o*mou t*cre cryqaes J'ffielhioft BaBr.rcr4Mocrrl Mefi,ry yKaBaHHNMrr
BEJIIIqIMAMtr tr IIOSBOJIIIJIO O6OCEOBATb .@A METOAA ,4ETCKT}IPOBAIII4fl - CTAIII4OIIAP-
Efr tr KJEerr.rqecKld. y8e trB caMoro nbbnaE{q crarroBrrrcfl acEo, qro rrepBbrff
METO.U trOsBOJIgET N<i USUEPREMbIM B OIIIITE CTAI.EIOIIAPHIM BEJII4II}IEAM A,UCOPOLpIOIT-
ItrD( tr'MeEerutft gJIeKTpotrpoBoEIOCrtr a,4copoenra cyFITb O Ko'rleHTpaur{fix .re-
TeKU{pyeMbIX qacrrflr' BTOpOfi rroSBoJlfier [oryq]4Tb gTy Xe wr60pMaudo r4c-
XO'49 tr3 U3MEPEM EA'IAJIbEOI KI,IIIETI.IKtr IISMEIIEH}Ifi 9JIEKTPOIIPOBOIIIOCTII.

Hall6onbuee pac[pocrpaEelue B IIaElrx rrccJre.uoBan]rsx rroJrylgJr I4MeErro Krrge-
ru'I9!94-Mtrol IereKTqpoBaIII{s, qpe.qJroxcenH!ffi B pa6ore t751. IlpelrMyrq;cfBa
9TOrO Mero'ua uepe.{ Mero.qoM r{3MeperMfl crar[4oHapHoft sJreKTporrpoBo,urocrrr,
rroM[Mo gKCUpeCcEocTu IIoJIyqetsI4a Aalrnblx, sarcIroqapTcfi B TOM, gTo oH B pff.Ue
cnyqaeB trosBoJrfler troJryqarb mo0puaruno o KoIIIIeHTpauwr .rlereKTl4pyeMbrx qac_
mII Aatre IIp}I uporeKaH]ru KaICLs-JEr60 rloBepxHocrHbrx pea&u.fr, B KOTOpbrx gTrr
qacrn$ IIprrEtrMaDT Eetrocpe.qcrBeEEoe yqacrr4e. ilpocretm],fr qpn4ep _ noBepx_
rrocrHafl pe*oM6r*ar-ur.E' usyrre'r,re Koropoft uo crar-u,l0'ap'oMy. Mero.uy .uere*Trr-
POBAHI,IA trPOCTO EEBO3MOffiO. O,UHATO TJIABHNM IIPEUMYI(ECTBOM KI4HETIIFIECROrO
MeTOIa AB.I.EeTCg BOBMoffioCTb oqeHb AJMTeJIbIIoTo r4crroJrb3oBarridfi a.qcopoeETa
60B p€re'epauu ero troBepx'ocrl{. gTo ooycroBre'o reM, rrro ,,pu ra*oM Me-
TO,4e .UeTeICTqpOBaIIIrfl SatroJIEeIIUe trOBepXEocTIrr aKTI4BIIoro oJreMeHTa cegcopa
aAcopdaToM, EeOdXO.Unroe Mfl trSMepeEr!8 TeKyqero SHageEus (dc/dt), 

o,.IPEBBbITIAfuO MAJIO trO CPABEEEtrD CO CIAI.U4OEAPHbIM 3AIIOJIHEIIUEM, COOTBETCTBY-
urFo, ooremrofi KoEteErpal@ AereKs{pyeMbrJ( qacrnl. Barcrocrb groro Mo_
MetrTa troAqepKuBaercf, BBe.qeEtreM lroEfrr{ff "npr4TnqecKofi 

eMKOCTT4 a.UcopdellTa",
otrpe.uer@efi q[cJio BoBMOXHbIX ll3Meperud, B rrpeAeJlax Koroporo He HapyBaer-
Cg EAIIAJTbIIAS EPOtrOPII4OIIAJIbITOCTb MEX,trJ BEJDIWETOft C?FHAJIA CEHCOPA 14 I(OH-



rleHrpar.uM ,[ereKTlrpyeMllx qacTull' conepmercro or{eBuJ[Io' qTO qI4cJIO I'IsMepe-

rfiEft, Koropoe Mofiflo qpoBecrs Oe3 peretrepalue[ IIoBepxHocrI4 a.ucopdellTa rrpl4

trCIIOJIbBOBaEtrtr KI.IIIeTtrqeCKOrO MeTO,[a, HeCOIIOCTaBUMO oOJIbUe qI4CJIa I,I3Mepe-

rfld,,uoIIycKaeMEx cral-u{oEapHlllu MeroAoM'
BCe Am tr .E)yrl{e BOIfpOCbI, CBflSaHHI'Ie KaK C BRClepI4MeHTaJIbiIhlM OoOCEOBa-

IIr4eM CaMI[x MeTO,qoB .UeTeKTqpoBaIIfifi, TaK LI c oru'ITHot rpoBepKoft IrpI4Be.UeIIHbIX

BHIIIe COOTIIOI[eIflffi Me,[,UJ BeJIITTIIIIIIaMIiI CIIrEaJIOB ceHCOpA I,I KOHqe]ITpaWgMI'I .Ue-

TeKT[pyeMbIx rlacr]Ill. oy,uJT trorcooBo paccMorpeHbl B cJle.4ylolleft rJIaBe.
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flaBa 3
BKCIIEPI,IMUITAJIbHbIE yrCCJIElloBAHI,tfi BJrlrflHl'lfl MCoPEIW{ AlsI}IBHbA qACTI{ll

HA 3NH$POItrOBO]IHOCTb IIOJIYIIPOBOEIIICOBbU CEHCOPOB

3.1. TEXItr{RA I'ISTOTOBJIEH}T' TIYBCTBI{TEJILIflX SJIEUEHTOB

u cnoco6H rrpr.IMeIIeHI4a ceHcopoB ,qJIs AereRrI.lpoBaHLIs aRTI{BHux qacrI.III

ilolaBrEroee OorbwtrIcrBo FereporeEHID( xlIMtIrIecKlIx Ia (preIEco-x!ttr\,trfqecKE rrpo-

qeccoB corrlrcBotfAaDTcs oopasoBalueM Ea rloBepxtrocrrl TBep.uoro reJla trpoMery-

ToqHHx qacrlu - cBooo,ufix aroMoB I4 pa.uEcaJloB, a raKEe gJIeKTpoIIEo- u

Kore6areJrbEo-Bo3dyt[,ueIilnu( MoJIeKyJI, BpeMs xol3lll{ Koropblx B a,{cop6[poBaEloM

cocTorlEltll r. orrpe,qeJlgeTc8 cBoftcTBali,[4 oRpy$anqeft cpe.6l' a,ucJlofl I4 TeM[e-

parypofi. Bo rv[IorrB cryqafix re paBHbIx sacrl{q cyqecrBeHHHM oopasoM BJMffer

IcaK Ha cKopocrb, TaK 11 Ea Ll36[parerbHocrb rerepofeHHblx I'I rereporeHllo-

|oMoremsu( (P13mco-xlu\,trrqecKl!( rrpoqeccoB. B cBg3u c 3TI'IM oorbEoft trIlTepec

fipe.qcTaBJlfieT BOSMO]reIOCTb .UereKTqpoBaH]Is noBepxHocrHblx aKTrIBHbIn qac-

Tr{U, oqpe,UeJleEtrs IIX cBoftcTB I{ KoIIUeIITpaUT Ea IIoBepxEocTlI Toro IIJIII

ruroro IcaTaJIIIsaTOpa II alcopoeETa.

JlocruxceruIe yKaBalffioft IIeJIU Aaae B MaJIoft cretrelM sBJlsercfl rpyFofi 34,4a-

,Ieft c rot{ICtI Bpelrfifl RaK KaqecrBeHlloro oqpe,[eJlellllg iIaJII{tMrl Ha troBepxHocrll

aKTr.rBr$rx qacrI4II IIplI odblEslx repMo.utrIaMllqeclcllx ycJIoBlIrIx' TaR I{ ocooeE-

Eo rcoJrr{rlecrBeEiloro .&lfiOepelil-PrpoBaHHoro aHaJMsa I4x fipl,Ipo]tr ll poJM B

lOM lrJM rcyrOM reTepofeElloM qpoqecce.

B Eacrosqee BpeMrI cyqecrBynr Mero.4r, Koropble rloBBoJIgFT Ha6m,[arb He-

Koropbre rr3 BI4,qoB grlD( rlacrl.Iq B ooblqlilx repMo.4maMllqecKl{x ycJIoBI{tx I

cJre,u4tb 3a ux qpeBpaqeIII4rIMLI, EatrpuMep raKoft yHfiBepcaJbrtrfr Mero'u' KaK

aJreKTporfitrrft uapaMarlu,Irltrffi pesoHallc (3IIP), rlyBcrBurerbHocrb Koroporo

cocraBJlser npaKTI{tIecKI4 lOla gacuul/q"f ttt. yKaSaEIas llyBcrBrlTeJlbHocrb,

o.Eraro, Irq trccJle.{oBagllg @ISIdto-xLil,trf'IecKID( rlpoqeccoB' rrporeKarc@D( B

ra3ax, xu,urocrrlx I4 B ocooelfilocrl{ Ha rpaE[I]e paS.ueJla c rBep'&$, TeJIoM'

llaJieRo IIe locraroqHa, TeM 6oJree ecJII{ peqb I{Ier o ,qereKrEpoBaltr,Ill

xllMl,rrlecnl,I Bauooree alcrl4BHilx qacrnl. a ]rMeI[Io cBooo,uil{x llpocrefuDt

paD{KaJIoB I4 aroMoB. rITo ae Kacaercg Bo36y](,4elfffix MoreKyrfipgblx tllu

aToMHbtx qacTlq Ha IIOBepXHOCTI4 TBep.qOrO TeJIa, TO gTa SaAarra ,4o clg rop

rrBJrflercs apxfiTpyDloft, TaK KaK B 9TID( ycJIoBI,Isx BpeMeHa I{x peJlalccal[Il{ tro

(Frsr4qecKro, lI xI{M[qecKlIM RaIIaJIaM [2] cocTaBJIrIIoT B ps,qe clyqaeB I4cqe3arcqe

MaJrbIe BeJIIrtrMttrI, .UOcTaTOr[lbIe, O,UIaKO, .4JIg TOIO, ,ITOON BcTyIElTb BO BSAXMO-

lleficTBr{e KaK c CaMI4M TBep.&$, TeJIoM, TaK I4 c a,4cop6l4poBaHH[ff Ba IIeM cJIOeM

MOJTeKyJI, aTOMOB I{ pa,umaJloB.

ItpoMe yRa3alfiIoro BIIIIIe Mero,4a, Bo MHorI'D( cryqasx c yc[exoM Moryr 6bITb

npl{MeHeHtr CIeKTpOC$OIMqeCKI{e, gJIeKTpOIIE[e, a TaRJtre KI4EeT!/I1IeCKI{e MeTO&I'

Tpeoywle, Bo-rIepBHx, TqateJlblloro llp![roroBJlelfllfl cTIeIPIaJIbHIIx qpeEapaloB,

a BO-BfOpEXrCBflSaEHi,Ie CO MIIOTI'IMI4 gRCIIepUMeHTaJIbHbIMI4 Tpy.EIOCTflMl?l' B oco-

derfirocru. ecJIII gKcnepuMeHT Eeooxo.uoro qpoBo,&rrb in situ.

Jlnlb BcKorb3b y[oMEIIyTHM 3.uecb Mero.4aM aHafil3a B JMTeparype IlocBrIIIIeE

qerbM psA oputltrIa.nbnEX crareft lI Mollorpa@rft t3l, rlosroMy B Hally sa.uaqy

ne BxolIIrT trX oIMcaIMe, a JIIIIIIb cpaBEeHI,Ie Bo3MoxBocTeft oTLD( (F43Itrco-xID,trI-

qecKnK Mero,rloB c Mero,uaMtl noJlynpoBo,4rltRoBblx .4erelcropoB (ffIn) I4JM ceEco-
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.lOB (mC ) ' KoTopEIe yctrelllllo paBBlIBanTcs U uMeDT yIflIcaJIbHIIe ttepctreKTtrBbl B
saMrlx pa3Jll{rrErlx ooJracrsx xx|ofier. @3r.tr(g tr 6rororEl, a rarcfie ,4Jra p€lrerltrfl
pflI(a TexEI[l�IecKEx, gKoJrorFlecrctrx r[ A]yrtrx 3a.qaq,

cToJE oomtpEre Bo3Moxcrocrr[ Mero,qa rIIc cBs3ar{rr c rpocrorofi u3roroB-
JIEHI/T.f, IT III]EMEEEIUS ETo qyBcTB[TeJIbHEIx gJIeMeEToB, a TaK:me c trx llorcrEe
OTPO&fiOfi qYBCTBtrTETbHOCTTTJ NO OTEOIIIEHIIIO K AACOPoI.UM IIA EID( XtrMFIECRE AIC-
T![BHrlx qacrnl pasEofi uprpom rr cfpoeHrls.

IfiIorowcrenrilJe IrccJIeAoBaIIrIa lltqpoKogolrr{m. oKcII.uIrbIx rloJlynpono,ryncoB,
I{STOTOB'IEHHbIN B BI{JE .4OCTATOIIHO TOIIKOTO MOIIOftPI4CTAJIJIA UJM CtrEqEIfrOfi EA
.u4sreKTplrrrec&ofi uo.4ro&ce rorilcofi rureHrctr, troKa3aJM, qro B cryqae rq)uMerre_
Etrs raKr'rx oKctr{oB' KaK zno, TiO2,SnO2,Cdo }r .41. ' Molclo 6e3 rrpe,uDaptrreJrb-
EOI aKTIBalIM a,{Copoaroa c .4ocraroqEoft ToErocrbD oqpereJrarb cBepxMaJrEe
KoIIqeETpaLtrtr'I laKIlB aRTgRHEIx MoJIeIcyJI, aroMoB I!.pa.urKaJroB, KaL! o.z , .cr.2 ,Brrr Jz, Hz, H, N, o, oH, cl,  cH3, c2H5, CaH7, NH2' NH tr.qp. '  a TaKJre 

.,

aToMoB MEOTtrX MeTaJUIOB - Na, Ag, Zn, cd, pb, Fe, pd, pt I4.qp.
cpero yKa.an'rlx o*clrroB mfpo*oe upuMerre'r{e .uJrs "uereKgnpoBaul,rs aK-

TI'rBHr[x sacrrrrl B pagJrnrlblx @eax uame,n orccr{I turrrrca, llsroroBreruftfr B BI/ue
JItrOO TOITKO.FO MOEOKPECTAJIJIA t4], JU{OO TOIilTOft CIIEqEItrTOI IIJIEEKtr. B XA'IECTAE
IloctrTeJlfl-tto&floeu qeJecoo6pagno IIcrIoJIbBoBarb, KaK rIoKagaJI omrr,,[ocrarorl_
EO wlCTHfi IITABTEItrfr KBAPU, KEPAMITKY, CI{TAJIJIbI. CTEKTO ObICIPO OTPABJIflET
EaIIeceEIryD troJ(yllpoBo,uMlcoByD TIJIeIIKy' cyqecrBellEo rIBMerIgs ee uepBoHa-
qarbHle 0reKTpo(F{srqecKr{e xaparcrepucrtrKi{, ocooemro trpl{ rrarpeBaril[ creK_
JEfrOfi trOrJroeRI,I c rraEecerrHoft [rerffcofi oKcl{.ua, qro cBssaEo, oqeBrslo,.
c F@y3}Iefi B IUTeIIKy u3 creKJra [ocropoErrr4x "orpaBJswD(" rlpruueceft.

B BaBtrcr.orocr[ or saAartrI oKcrrepuMellTa qycrBr{TeJlbHrre gJreMeE$r ceEcopoB
lIBroTaBJrr4BanTcs B Br!,qe rrJracurrroK ToJru{Iloft 2_4 MM paBJMqHofi (polniEr (Kpyr_
Jrbre, KBa,qparEr{e, qp.Hr\royroJrbEre) u, rcaK qpaBrrJro, EeOoJbuE pa3MepoB (JM_
Eel&fie paSMephl KoreofioTcs or Melree r ro 10 MM). yKasaElbre ruracrl{Hfl
JM00 trOJUrpyDTcs, Jq00 Anfl Jywefi a.ue3r{r{ oKcr,rJa troBepxHocrb ,[eJraercfl Ma-
TOBOil. B COOTBETCTBIT}I C (DoPMOfi }I EA3IIAqEHI4EM qYBCTAIITEJIbBOrO AJIEMEIITA C
rroMoqbD ctrelu{aJrbEofi flrarr,[IoBoft tracrH B COOTBercrBy@[x Mecrax EaEOCSTCS
MlElIaTPpIIbIe KoETaKTbI' K I{oTopHM SaTeM IIp}IBapIIBanTcfl ToERtre IUIaTffioBHe
orBo.u' KOTOpbre qptl EeooxoEnrocrrr Moryr BaKyyMrro EpotratrBarbcff qepes
cTerrRrit gKcIIepnMeETaJrbHbIx slleeK.

Ha trorroroBrerffire rro.qJlo,rKr4 oKcuA Irtrfta rraEoctrTcs B Brlre tracrH, uoro-
TOBTeItrIOft r43 TOItrCOI BsBeCr{ gpelnsprare,nbrro rqareJTbEo owlrleErloro tr trepeMo_
JIOTOTO B araroBoft cryrlKe rlpeuapara. HaEecelfitrfr lloryfipo3pawfr cJofi Bbrcy_
IIII4BAETCfi I{ SATEM trOCTEIIEEIIO B XOPOIIEM BAICYYME (6Eg IUACTA I! PTYTII! ) EA-
rpeBaercs Ao lsooc 4pu rrocrorrrrEoM KorrrpoJre pocra ero oJrercrllcqpoBo.ryocrlr.
rlporpeB rptr lsooc qpe&paqaercs, &or,ua gire*rpo,,poBo.ulocrb oopa.ua ycra-
rlaB.,ItrBae?ca trocrosllllot. IIremrI oKc]rAa trocre 3TOfi OllepatgtrI B TeX f,e ycJro_
BUSX "trpO!,ffBaDTC8" rltrCtbrM (trpollyqemw qepes trarJa.ueBbfr @rElp) BoAopo-
AOM' KOTOPbfr 3ATEM OTKAqI{BAETCA AO trOCTOfiIIEOI'O 3EAII6IMfl 3JIEKTPOtrPOBOA-
HOCTU IUIEHKI{. IIPIU'OTOAICEfifr rAftIO,t OOPASOM IIYBCTBI4?ETEItrfr OJIEMEIIT IT3 OK-
clrAa rpffiKa roToB K paoore,

He,4ocTaTKoM oII[caEIIoro MeToAa I{3ro?oBJIeH[fl IloJlyqpoBo.4g4coBotr IUIeEICtr
oKcI'Ira uuIIKa gBnlercs ee MaJIaa rpo.Illocrb s orEoneruei oEcrporo EarpeBa I{
oxJra,ueElr8' a raKJre corpflcerlr4a rurerrRr.r, EarrprrMep, 6brc1!In, B[ycKoM rasoB
Lil[t orKaqKofi ]t r.[. Takag IIJIeHICa CO BpeMerIeM orcJlau8aera or tro.uroxE(ll It
rpecraetcg, [ocJre qero oEa Eellpuro.ura K I4CrroJrbsoBaIII4Io.
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HaHeceEIe nJIeEKII oKcl4.qa Mero,qoM ce.4nteHTal"utr[ trJM sreKTpo$ope3a u3

Bo,EIoro, clMproBoPo UJM deHSorbHoro pacrBopa raKne rlo3BoJlrler troJryrMTb

,uocTaloqHo Tolil{yp lI BecbMa qyBcrBilTeJlbHyn K a.Ecopou[I4 yRa3aIIHLlX Bme
qacT l 'q ru le l lKy 'o l r laKo l IBSToMcJ lyqaeMexaHl , IqecKaf i l IpoqBocTbIUIeEISoKa-

3EIBAE TC'I EE.IIOCTATOqIIOtr.

Ha[6oree Ha.UexHHM ]I KoHTpoJII,IpyeIvsu, cllocoooM llaBecelrl{s oKc]ISIbIx IIJIeEoK

fiBJrrreTcfl Jtrloo pacIEUIeHIIe cJIofi oKcI{Ia (Hafipln\tep, JlaSepHbIM nyvou), iM6o Ea

TqaTeJ IbHono I I oToBJ IeH i I y r c lmcTynKBap I I eByDno ,uJ loxccyBxopo [ I eMBaKKyMe
-ro-t-ro-\op (6eB Macra lr pryru! ) nytela ilctraperlls rI3 TaETaJIoBofi Joloq-

KI4 fiamIJIgeTc,I ToIIKag MeTaJIJII,I!IeC&AS IJIEIIKA IITIIKA (COqPOTI4BIIEEI,IC EE O6bITIHO

cocTaBJrgeT E-ro 0u), RoTopaff 3aTeM oRI4CJIfieTCTI B nOTOKe WICTOIiO RtrCJIOpO-

,ua, a tarrce Bo3.4yxa B TerIeEIe 4-5 q rrplr TeMrleparype -5op0c. ilocre yrca-

SaHHbIX OIIepAWfr nory[poSpar{Hag IIJIeHKa OftCruIa lumKa "fipot\'slBaeTcg" tI

[porpeBaercs B BOAOpOIe IIpI{ 350"C, sareM BO,4OpOI OTKarUIBaerCg' co-

rrporr{BJreHl{e nJIeHRIt oKcl{.ua Kore6Jercs or 10 Io 20 KoM B BaKyyMe. Ilo.uo-

ToBJreHrrafi tarunl oopaeoM IIJIeIIRa noJIyIIpoBo.&IlIKoBoro oKcl{Ia BecbMa IIpoEIa

r.r MofreT Llc[oJlbsoBaTbcs B JadopaTopHoft I,IJII TexHoJIoIFIeCKoft yCTaHoBKe IIp[

ycJroBllla oTcyTcTBI4fl OTpaBJISnUD( ee Ia3oB I{ ,UaXe }IX CJIeIOB (IIapOB MI4IIe-

paJrbHblx KI4cJIor, @cF.raoB, apceEI4IoB, MHorI'D( cepllllrcrbrx coe,uffieruil }I m.).

IIpu EeooxoEorocTr.r .uJMTeJrbHOro XpaHer{r{fl rrpuroToBJIeIIIIHX IIJIeIIOK JIyqIIe Boero

lrcrroJrb3oBaTb qncTyn aTMoc(Fpy BO.Uopo,4a, a3oTa I{ }IHeprHrIx ra3oB. yKaBaIl-

EHe yCJIOBI,Ifi XpaHeHllg CBfiSaHH c TeM o6CTOSTeIbCTBOM, qTO B IIpIICyTCTBI/M

KtICJIOpo,qa .Uaxe EplI ROI"EIaTHOfi TeMnepaType IiI IIpl{ MaJI[lX ero ROJII{IIeCTBAX

corrportrBJreglre rrJregrr{ MegJrenrro rr HeodparuMo pacrer B cBfl3ll c oKlIcJIeIMe}l

Ha ee rIoBepxEocTI4 CBepXCTexI{oMeTpI,lqecKrD( aToMoB LIUUCa - IlpuMeca[rx IIeIIT -

pOB gJreKrpoEpOBo.4IoCTlI oKcll.qa Lutrfica. 3aMeT}il,t, O.UlaKo, qTo TOJlbKo JIImb Ma-

JIag qacTb I/I3 H],D( He IIO,U,qaeTCA BOCCTaHOBJIeEI'ID lrpl{ EarpeBaH[[ IueIIKtr B BO-

.uopo,qe. I(poMe roro, B rrpllcyrcrBlll{ Kl{cJlopo.ua IueEIca oDlcrpee "crapeer",

T,e. EeodpaTr,rMoyxJruaeTcs ee qyBcTBI{TeJIbHOCTb K a,[COpoLUOl pasJI]ItIEHX aK-

TTTBHIIX qacTI4I. 3TO CBssaIIO, OqeBU,UlO' C Eeo0paTr$'trtr\fi{ cTpyKTypEbIMlI I43-

MeHerMrrMr{, BHsBairmrMr{ oKrIcJrr[TeJIbEHMn qpoqeccaMtl, npftBo,uro{Iutr nkomle xon-

uoB IIJTeECy K pacTpecKl,IBaiflDo I{ pesKoi,ty BospacTalllm ee coupoTlIBJIeEUs' qlo

,{eJraeT ceHcop EeIIpTFO.I$rbrM rC pa6oTe, TaK KaK peao[JMTI.IpOBaTb ero B 3TOM

cJyqae fle y,[aeTcs.

cpeFr cyqecTByroD( CnOCOdOn UsMepeHI{a sileKTpo(FrsrqecKtrx BeJItrIIIIE B

cryqae qpilMeEertrls IIIC rrMpoKoe pacqpocrpaEelu{e B JaooparopHoft IDaKTnKe v.

Ea TexEoJrorIItIecKI4X JItrIiI/IffX UOWqnJM .@a ocIIoBHIIX CIIOCOoa [5]: KUIIeTEqeC-

KIdt, T.e. ![BMeperMe B Kr4rIeTLrqecKoM pemMe Tex I,IJM m{tJT SJIeI(rpo(FIslrqecIc}IX

trapaMeTpoB, u crawonaprufr (paBfioBecrfifr) cuoco6, cassaHHlJq C USMepemeM

ycTarroBr{AsllllD(Cfl IIapaMeTpoB (gIeKTpo[poBO.UIocM, padoTH BbIXO,{a' SJIC XoLna

u  r , n .  ) .
IIepBEft tr3 yKasaHHtrX CtrOCooOB OcrroBarr Ea llsMepeHllu HaqaJlbnoro sEaqelllls

U3MeEeE[rr gJeKTpI[qecKm llapaMerpoB (,Iaqe Bcero UpilMeCEOft BJIeKTpOUpoBO,U-

Eocur o) uorynpoBo,&fl[coBofi IUIeERa ceEcopa IIo,q BJItrsEneM a.4copol[E'I tra

Eefi aKTrerilx qacTnl. B lrpe.4eJle 3Ta BeJMIIfia MO!€T 6blT6 saII]ICaEa KaK

f a o l  I u " l
[-j., o= [-aE-jt=o .

Teop}Ia u oIMT rIoKa3aJM' rITo np}I 'uocraroqEo MaJIoft o65eMHoft KonleHrpa-

utrII aRrtrBHnx qacrtrq n Marofi crerleHn 3alrflTocrl{ rloBepxHocrl{ nJIeIIKa Aoc-
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Tarorrro cTporo BbllloJtrtfierc8 coorrro[erMe t6] (p}Ic.3.1. ) :
r  r  ( -  )

I o l"= "l+fl-l = ,r ,L  J -  
[  

- -  
. l  t = O ( 3 . 1 )

r,4e [Air- Roruerrrpar$s aKTrlBHbrx qacrfiu B rasoBoft (rcr:ucot) (Da3e BoJMsI4
rroBepxHocrr4 pas.qeJra c IIJerucoft floJryrlpoBo.Eiltrca; d _ roe(@uprexr qpo[opq[_
orraJrr'ocrrr. IIpaBas qacrb ypaB'e*ns (3.1) ,Urfi Kpar*ocrr{ ooos'aqeEa oy*-
Bot 1'.

ItIEIeumecKId Meror .qerenTl4poBalllrg ,uaer BosMo,rclocrb no rlgMepeglm gJre&-
rprtlecKl{x [apaMerpoB' B6ISBaHHIIX a.ucop6uret aKTI{BHbIx rIacrIrII Ea rroBepxgo-
CTI{ NOWtrPOBOEIIIKA IIPI{ BECbMA MAJIbIX CTEIIEHflX SANOJIHEIItrfl IIOBEPXEOCTI.I O,
r{3MepflTb KorilIeErpalum aKTrtBHbrx qacrrtrI B o65eMe flqeftr}I. I43 0r6rra cJrerJer,r{To rDtr qyBcrBtrTeJbEocru rroJlyrrpoBo.urrrKoBbrx nJrelroK , cocraBJraqefi ro-6-
ro-7# uonoc.noa, T.e. 1ot-1ot qacrwcu2 t7r, Aaxe ec.r* orcyrcrBy'T o.[-
fioBpeMeIIHO rrporeKarolre c a.ucopoqfieft }I qacrr{wo "ocBodo[4aw,re,, ero IIo_
BepxEocrb or arqacrrur upoqeccE (.qecopdryrs, percoMdrfirar$s, gMrlrccuff r{ T.n.,
a raKfte peJraKcar-ulrs Bo3oyff4erufi, ecJM peqb IIIer oo a,4cop6l[trr Bosoy8IeEHrrx
,IacTrflI), ceEcop MofeT rrpr4MeHsTbcs 6eB pereEepaluryr B TeqeE}Ie ]IocTaToqHo
.UJII4TeJIbHOTO BpeMeHI{ ,qrfi [oJyqeHI,IA yCrOfttrmnx I{ BOCIIpOTTSBO.U{I\,bIX curEaJIoB
rt.

co BpeMeHeM, o.Earo, ecJrr cxopocru odparmrx upoqeccoB, BoccraHaBJr[Ba-
WD( O IIJIEIIKI{' MAJIII trJIII BOBCE OTCYTCTBYNT, IIPII B6I6PAruflX YCJIOBI{SX 3ICCUE-
pI,IMeHfa O,UIa I{ Ta xe BeII/trII&ra, Uelaeperura'a ceHcopoM, 6yAeT IIO Mepe Ba_
trOJMEHtrg IIOJIYIIPOBOEII{KOBOfi IIIEIilCtr OTIC[OITfiTbCfi OT EE MAKCUMAJIbEOTO sHAqE-
IMA. XCJM ,qOIIYCTIIIMOE OTKJIOHEIME COCTABJIflET HECKOJIbKO qPOqEIITOB, TO q}ICJlO
rlpo,4eJraHrrlx }I3Mepelfld TOro ruM llrroro [apaMerpa B gTr/D( rlpe.ueJrax Mo]Ker ,uo_
crllrarb MHoU4X .[eCsrKoB ]I Aatce coreH 6e3 pereHepaulrr4 nJreIIK]I nvreM Ha*

v . /02

/c/0

P t r c . 3 . 1 .

P t r c . 3 . 2 .

C.l0-9, anfcnl

SaBr4cnocrb rrasaJrbnux suaterud r{BMerreur{a gJrerTpo_
rlpoBo.@ocTlr llrerrRlr zno qpI,I 31ooc (/) It 3so0c (Z)
or KoEIlenrpaLUII{ aroMoB Bo,uopola B ra3oBoft (Dage
I{gMeIIeme gJreKTporrpoBo.Utocrr{ rcoMotrErlpoBarfioro sorilia
uo.4 BJMaEr4eM a.qcop6r.uEr MoJreKyJr Hz(f ) I,I o2(3); pa.U{_

raJIoB cHr(z); aToMoB H(4). TorEITa= 3oooC. o - fiorrB-
reur{e qacrrtrI B cocy.ue; b - ttr }rcqegrloBer{re (s[uuuo_
qeHLIe rcTo!trgEca )
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qpttr{ep, .4rMTeJrbHoro EporpeBa rrpfi noB[I[eIIHux reMneparypax. Befifrflma Ao[y-
cTuMoro oTKIIoIIeHIIg 9JIeKTpOIIpOBO.trIOCTII Ao. = oo-ot CeIICOpa B IIpOqeCCe II3-
MepeHI{a c ero rloMoqbD KaKoro-filoo F{3ltrco-xl.ilfirrlecKoro uapaMeTpa, Earrptr-
Mep Maroft KoaqerrTpauM aKTr4Blrilx qacrlnl. 6bula HaSBaEa "el\,[cocTbD rIJIeItrcrI"

tgl. OEa cocraBJEer, KaK rloKaS6Baer orlltr, HecKoJItKo rrpoqellToB or EaqaJIb-
Hofi (Io trBMepeHr{fl ) sJleKrpotrIrcBo.4roctrl TIJIeIIKII, T.e.

L o . l  r o = * 2 + 3 % ( 3 . 2 )

yrca3aEEaff BeJrr{r&fia Hocnr He cJyqalmfi xapaKTep, a ooycroBJeEa teM,
IITO UMEIIEO B OTIIX UPE.IEJIAX I4SMEHEEIIS OJIEKTPOqPOBO.EOCTT NNC C TOEIOCTbD

Ao HecKoJIbKtrr qpoqeEToB BbrrroJrllgercrl qpollopll4ollaJlbEaff (JII{IIeI&afi) saBI,Ic]r-

n ocTb MefrIy BeJIIITIIIEaMII O n KOEIeHTpar.Ueft aRT[BiSlX qAcTlq B rIpOCTpaIrCTBe,

qpr4JreraqeM K noBepffiocri4 noJryqpoBo.&ilEcoBofi trJIeEKrr cellcopa (cM. ypaBqe-

Ifl{e (e.1)). HaliAerfiras BaB}rcr,rMocrb B yKaBaHHbIx qpe.ueJlax Ao IIreHKlI rIoBBo-

rser .qocraroqEo rortrro lr fipocro orrpe,ueJlfiTb (I43Mepsrb) I4 pacctMTilBarb rlo

IloryqeElslx .4aEHIIM TaICIre BeJIIfII4IIH, KaK gEeprI[II paspblBa CBS3I4 B MOJIeKyJIaX,

TeIUIOTE I.IC[apeHIIfi MeTaJIJIOB I4 3MI{CCIM paSJIIFIHllX qaCTIdI C IIOBepXIIOCTTI aA-

copOeHToB u KaraJrrr3aropoB, a raKrr(e Ml{orfie .ruyrl4e BeJII{IIIIHIi (Ilolu)ooEee o0

9TOM CM.rJraBy 4), UCUOrbsyfi ,4JrA oroft rIeJM npOCTbIe I4 .4ellleBHe MrIB]IaTUpH[e

noJIyIIpoBo.4rr4KoBHe .4aTqr4Kr4-ceEcopbl I4 BecbMa TpI4B[aJIbIIoe sJIeKTpI4IeC&Oe

ooopy.uoBalue. HanooJee rolrHEe lI Ha,4exclHe pe3yJlbrartr floJyqanrcff TorAa,

4or.ua ceEcop gpe,ucraBJrfler co6ofi cuaperuue rcyr c .q)yroM oJII4SIcue IIo cBoLlM

rrapaMerpaM trJrerrKr{, rroBepxHocrb o.u{oft I4B Koropblx saKpETa roltrcoft ll.'Ielil{ofi

HaIIIIJIeIIEoTo rcapua IIJM .E)yroro xr4MLItIecKu EeftTpaJbiloro K aKrI.rBEbIM !Iac-

Tr,rrlaM MareprlaJla, cJly,fiaqero lrperpa.[ofi ,4JIff uorla,4altr{fi Ha ee rloBepxEocrb aK-

TrlBHbrx qacTltrI. 3TI4 TUIeHKII coe,UmsnTcs ruyr c A)yroM IIo cooTBeTcTByqefi

oJleKTpl{qecKoil cxeue, I{crloJlb3yruefi llplEtr!ffI BbFIrraHI4rI gJIeKTptrrIecKEx cIIrEa-

JtoB. O,um r{B artrx crrrHaJloB ooycfloBreli rar a,qcopoLEteft Ha orKpHTofi nrelilce

aKTI{BHbtx rlacnu, TaK I{, B gHarfiITerbEo MeHbEeft crerleH}I, pa3Jluturoro po.qa

[oMexaMrr (Hafipro,tep, TeM[eparypHbrMr{ TIJIII IIaBe.qeHHNMtI ,4)yrl,IMtr ucrorfirucaMll u

T,n.), Ipyrofi - TorbKo rloMexaMtr. B oToM cJy.rae qyBcrB[TeJlbHocrb rlocrpo-

eHIIOTO TaKID' O6pa3OM CeIICOpa SIIaqUTeJIbIIO IIOBIIUIaeTCS I{ eto nOICaSaIMA .UaAe

B r{BMeHsWD(cs BHeuuil!( ycJloBrlsx craoruM3lrpyDTcff. SaMerI4I{, qro IIptr $oHT-

poJre raBa B Jlr4Errsx B orMcaHHoM BNEe ,ryI(llepeHI-pIaJIbHoM Mero.4e rlac?o upl,l],le-

rrflnr ,@e o:[HaKoBHe (e [pe.4erax 1o%) IloryrlpoBol$tllKoBHe TIJIeHKtr c orKpEToft

IloBepxHocrbF, rro paSMeqetsHbre B pa3Hilx, BKmoqeEI$Ix B raSoByn JII{Em eM-

Kocrsx. B o'ulofi I{g IILIX,qJITI cpaBEeHI4g nporeKaer rmcrblft f€3-IIoc]IT€Jlb, B

,q)yrofi -'Tor tre ra3 c rIpe.trIaBIIaqeIIHHMtI .uJlfi KoHTpoJIs rIpI{MecffMlI. B gToM

cryqae y.4aeTcfl yBeperrHo r4sMepgTb to-o 06. #, gaupruep, KlrcJlopo,ua B Bo.uo-

po.ue IIJII{ a3ore, a raKjfie B rcyrlD( ra3ax. cyqecrByer I{ ueJEfr psA rcyrlD(

rrpueMoB, orJIFrlITeJIbIIofi .Ieproft lcoropDrx gBJlgercfi, RaK rrpaBuJlo, co[ocraB-

JIeHlIe CmIIaTOB CeIICOpOB, OCHOBaHIIOe Ea paSJIlIrIHUX CBOftCTBaX KOMIIOEeEIOB

arraJMStrpyeMofi IIpII}eclI, Hafipmuep, oKcI,IJuIlM ilflC Mo,rer qeTKo pasJllft{arb

cr4rrraJrrr or a,ucopotoM sJIeKTpIttIecr[ aKTtIBHblx aroMapllblx rI MoJIeKyJIfipHrx ra-

BoB B cMecI,I. 3TI4 paBJIIiIlMg cr1rcgrcrl Ee roJlblco Ea BeJII{rIIfiIe cIITHaJIoB
(aroMapEre qacrr4.u xwvtrrqbcKu 6oree arcrr6ru), cKoJtbKo Ea LIsBecrHoM cBofi-

crBe aroMoB I4 pa,umaJroB K peKoMorfirautr{ Ha rroBepxEocm rBep,u$x reJI, Ea-

Ilpn,rep B llopax caMoro copdeHTa. ,UJg gTofi IIeJM MonEo I{crIoJIb3oBaTb ToIIKyD

rroJrynpono.ryncoByn rrJrerrKy, HaqpuMep, oKcrl,4a r-uIIrKa B nape c IIoprIcTHM cToJI-
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OIUCOM ([TIOTOM), trS'OTOBTEIIHNM TAIOTE I1r3 OICCIITA ryErKA. OOA WBCTBIITEJIbIilJTgJIeMeETa ceECOpa tro-pa3Eolly pear{pyDT rra pa.nllrcaJrbr tr MOJIerCyJrbI trccJreryerrblxfipn{eceft B ra3.BoM rlgrorce EOCrrreJIfi. Tonrcaa rlJrerr*a tr3Meflser gne*Tpoqpo_
BO.UrOcrb B rlpr{cyrcrBrr' rasa-Eocr'TeJrs Rarc aroMoB, rar ,n MOJre&yn (Eaqpu_Mep' KtrcJropora), s ro 8e BpeMfl crordr.tr( o*ctrua pearrlrpyer roJrblco Ea lroJle_IcyJrrr, cuocodHr{e B EpoTuBorroJromlocTb aroMaM r{ pa[maJlaM rcaK yl,o,Eo rJryOo_KO 'U@y'${poBarr B rJyob rroptrcroro o*cr'ra tr TeM caMNM CyqecrBe'EbrM Oo-pagoM trBMerrsrb ero sJe&TporlpoBo.ryocrb tel. Ha pr(c.3.1 tr 3.2 rrsoopa_'l€IlH CIITEaJH troJlyqpoBo:EinroBbrx rryacrBl4TeJrbHbrx gJTeMeETOB B qptrcyrcrBru Brage yRaBaIIHHx IcoMloEeIIToB, IIpu ncnolrsosarnul roro ee ttpuulErla lroryroETb EpIDTeEeHII UHIIe floprlrcTble MaTep[aJIbI, ,,oAeT6Ie,, , *anarr"" ,,uyoKII,, Eao*y I43 oRcruIHbIx IUIeEoIc' BaMeIIfit reM caMbIM ee ecrecrBe'IryD trop[crocrb.
HAKOHEII, qPIIBE3KA CUTIIAJIOB IIOJIYqPOBO.EIITKOBHX IIJIEEOK, O6YCTOBJIEffiD( ATO-MapH[IMIlt qacrldlaM[ (paElKaratrl) rl xuMlr.lecrIa aKrIlIBHbtMtr MoJIeKyJIaMlr, ripryT68Tb trocrpoe'a rra qpI'rE-E''e,*.CTa'.uo'rroro pas,'eJre'rra pasMeqeEHErX o.uma-KOBO CeECOpOB tro xo.qy TaBoBOFO trOToKa-Hocr{Terfi. rIeM 60rbEe Aa&leEtre rasaIIocI{TeJIfl tr qeM Mellbrrre ero cKopocrb, TeM MeIrbEe Mo8er OHTb BEopaHo pac_
cToffEtre ' trocTaTollxo cTporo pagAeJlgqee cIlrEaJI[I Ea fiepBofi IUI.EK., B'IB-BaHHtre cyMMapEofi a.qcopdr&eft llpnrecefi (aToMoB u uoneryu) ot crFrraJroB,
ooycroBreruux a.qcopoq[et .uocrrluryBrrrero sropofi rrJregKu MoJre*yJlfip'oro KoM-IIOIIeETa qpllrMecll B raSe-Eocl.ITere. Ii[3MeEgfl cKopocrb rloroRa "ara-_"oarra*,
MO*EO trBMEEffTb PACCTOfiHI'E MEUTY IIJIEIIKAMI{. iIPU PEUEru'n sAAAI$ EEtrPEPHBIIO-
ro lt3MepeBtra o,IIIIOrO KOMIIOIIeHTa IIpUMecI{ B Fa3e, xItMI[rIecKrI MaJIO arTIIBtrOro
& ce'copy ' MofiIIo 'uJlfi cpaB'e'I{fl qpnMelrflTb rreqpepblBlly' tro,,epeMe'rryD tro.qaqy
K CeECOpy ECCJre.4yeMoro ,n qtrcroro rasa c uoMo[tb' aBTOMaTI{qecKoro K.,ra_''aEHOrO ycrpoficrBa. rIeM oOJrbEe KorflIelrrparryrs aR,,.BEOfi trp]rMectr B trccJreAye_
MOM raSe ' TeM BflIIIe .UOJDICIa 6bITb qacrora tro,,epeMell*Or. Eatryc*a wcroro allccJleAyeli[oro ra3oB. B cryqae, Earrpm/rep, cI{cTeME anr.u *anopo.4a B asoTe
BAAIIO EECI{OJIbKO AKTI,IBI{POBAT' TA3 CPABHEII}Ifi OVEEb MAJIHME .UO6ABKA[,M BOAO-po.Ua wM. KaKoro-JM6o .qpyroro rasa_BoccTaEoBl{TeJra, KoTopbfr 6y,qer ,,cm_
Marb" ocrauc,n KrrcJlopo,.a c rloBepx'ocrfi TIJI.IIKTT 3a BpeMg [epesauyc*a aobrcrpee [puBo.urb ee B rlcxo.uroe cocrosEr'e. Moryr 6brrb rrcrroJrbs.BaHtr u.E)yrue qpl4eMbr, peqb o Koropru( Ilofi,qer .[aJrbrrre.

Heo6xo.40ro orMerr{Tb, lrro B CJryrrae npuMe'e*,nfl J]JIC B (F.,.ruco-xuM*qec*u
sICC[epI,MeETax rDII Marblx .4aBJIeEIlreX raeoB 1to-3-ro-u Top n rraenee) BO.Etr_Kaer Eeooxo.utruocrb paspaoarbrBarb rroB're cfiocoobr Aerelcr4poBa']rs. IIpu EaJu[_qWI B CI,ICTEME CBOOO.UfiX ATOMOB I,I PA.UIKAJIOB B 9TI4X YCJIOB}I.HX CJIE.{YET trC-IIOJITSOBaTb RaK xllMllrrlecKyru peaKry{ollHyn ctlocodHocTb, TaK }l reTeporerurynpelcoMdlfiIaum aKr'IBIrbIx gacrl{q Ea creIIKaX gKCUepuMeIITaJIbIrbD( gqee&, a raI'fteB CIIEI.EAJIbAbIX TOPIICTbDI IIEPETOPO.&AX, IIOKPbITIIX ,4JS dOTbEEfi AKTIIBEOCTtr E
cTetro* MeTaJUIIInlIeCR[Mtr IU'IIRaMU paSJ"nEIOft ry,opo4n (pd, pt, pb, sb, ti nn
rc,), JMoo ycKopEwrrutr peRoMortrIaum (nanpra,rep, pt, pd u rc.), JrtrOo tro_
rJroqar@n[E aKrI4BHrre [pr.lMecl{ (nanpmaep, pb, sb tr &.). TaKIre MeMopaEr
oy4yr HaAexHo rrpo[ycrcarb roJIbKo MoJreKyJlfipEr{e ra3rr, Ba,[epffrrBaa aKTtrB_
HIIE &O'UOEEtrTH. 3.UEC' TAKXE MO*ET 6bITb trPTMCIIEE ''p"HITE OJIEKTPETIECKO-
ro BblrMTarrua u ruyrlle sJreKTpulrecK}Ie cxer\rbl. Taftro, re ctroco60M Moryr oblTb
[poaIIaJI4SIrpoBaI$I u cMecl{ paSJIlMHux IIo xIrMI/rrIecKtIM csoficrgal\t pa.UtKaJIoB tI
aroMoB, EaqpuMep H-arotru u aJIKtrJrbE{e pa.uftaJrll. Orueunt, gro B cJryqae qe_
ooxo.utrrrocrll paSAeJreH]Lfl cMeceft HeKOTOpEX MOJreICyJIApflilx ra30B Moryr ourb
c yc[exoM uctroJIbBoBaIIE rIoJIuMepHHe MeMopaltrr.
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PaEee peqb yile uula o roM, tITo oorbnDmcrBo rrpocrHx ,a raKfte cJlolffi[lx

MOJreKyJr Ee aKTT,IBHE B OTHOIIetrItrI BJIIITIHTIS rc( aAooporytrll IIa OJIeICtpO(FSIIFIeCKrIe

cBo[crBa troJryqpoBolrlltrcoe. TaKas trIleprHocrb B ps.[e cryqaeB, ecJm Ee clM-

Tarb BJMflHtIS ,ultrloJlbHblx cocraBJIgWD(, oOycJoBreEa orcyrcrBl{eM xxMErlec-

KOrO CpO,UCTBa aIIaJMsI,rpyeMorO KOMIOSeIITa R BeqeCTBy IIOWIIpOBO,4mCOBOfi

ITJIeIIRtr trJrrr xe rlaJrrdrMeM oo{buoft oHeprrM aKTrtBatpgrt xl4MrrllecKofo Bgam{o,4eft-

cTBlIfi peatellToB c noJlyrrpoBo.uulcoM, BH3blBaroero UOffBJIeIMe 9JIeKTpFIeC-

Koro cI4rIIaJIa. JIJIS roro rrrooE BEalMTeJIbHo yMeEbttM?b SIIeprIm aKTtrBaLuII4

gTOrO B3afiMO,4eftCTBI4s, MO!reIO IIoftTI{ rIO tryTl{ rDe.@apIITeJIbHOil aKflBa$[r pea-

reHToB r4JM trOryIIpoBOlSII4ICa, a UMeIIHO, eCJM peqb rIIeT, EaqpltMep, o ,uele&-

TI{pOBaEI4tr ra3OB, COCTOroD( U3 .UByXaTOMHTU rOMOg,UepIIbIX MOJIeKyJI (O2,H2,N2

u rc.), To,[Jra aKTr{Bar-u{I4 oTID( MOJieKyJI MOIICIO Epe.@aprlTeJlblro ltx.IFICCOLUEI-

poBarb Ea aroME ucrot{ErllcoM, oJMgKo pacrIoJIoaeIIHIIM or ceEcoparl[ TaKI{M

oopasoM Bo3,[eficrBoBarb Ea llocre.ufld xI4MLrlIecK[ aKTLIBHHMU aroMaM[ (o,N,H I4

m.), a raKne B cryqae 6oree cJloxctblx MoJIeI{yJI (upe.uemrue u Eerlpe.4eJlbHile

yrJreBo,UopollE I{ rc. ) .Uocra rormo pe aKr"UoHIIocIIocoOIfto/M qpocrefill]IMl4 pa,@ta-

fial\M (cH3,c2H:,crH, tr T.[.). llrt noBHIleEI{a usouparerbEocr}I ceHcopa MoryT

TaKXCe qpr{MeEsTbcff pasJILfIHLIe qp}IeMH, O KOTOp6D( peqb Era BE[e.

Ilpe.qBapurerbuyF aKTl4Bar-udo Moxffio ocyqecrBJlflTb He roJIbKo ,u4ccolural"Erefi

aHaJM3lrpyeMbrx KoM[oHeEToB, Ho Ir ID( Bosoytt(,ueltrIeM (areKTpolfio lI lcoJeoa-

TerbEo) JMoo B ra3oBoft 0a3e, JMoo, qro eqe ryqEe, Hellocpe,4crBelfiIo Ha IIo-

JrylrpoBo.urr4KoBoft flrelfte caMoro ceEcopa. SaMeTw\,r, '{To IIo.uooIIId rrp]IeM MofrIIo

trpoBo,urrb rr B orrroEelll,Ill rloBepxHocrtsoil $.IccoryIalutr{ B a.ucJloe. Bogdy&4eiflle

MOJIeRyJT B a.UCJIOe (perrb U,4er O @taa,qcopolrpoBallHblx ,Iacrlqax) Motlfio rrpoBo-

]I!ITb Jtr4do OIITI,TqECKI,T, JM6O OJIEKTPOHHbIM (IIOItrfiN,|) IIYIIKOM, A TAKfiE IIYqKOM

sJreKTpoltHo-Bo3oyxuemux aroMoB, IlallpnMep Hg [10,11].

,ll.ng &IccoIs4aIrIlrMoJIeKyJiB a,ucJloe oKcfira MofiHo I{crIoJIbsoBarE gBJIeH}Ie

cIMJIJIoBepa ((FTocItrUUIoBepa ) , [pe.uBap}ITeJIbHo ARTITBI{POBAB IIOBEPXEOCTb OIC_

cula ryItsrca qacrnlaMu (KJacrepar,ol) Pt, Pd, Ni, }I.qp., Koropble, alcopol4po-

BaB MOJIeKyJIgpHHe ra3E, B OCO6eIfiIOCTI4 Hr, Orft ooJree CTOXCGIe MOJIeKyJtrI,

fiBflTcg IlcrogHrucaMl4 (reHeparopaM.I) aKTtBEIx tlacrl[I Ha rloaepxEocrl4 Eoctr*

TeJrff [12], crloco6$,ix, KaR yxe o0 gToM ynoMI{HaJIocb, .[axe B MaJIEx KomleET-

paryrsx BHaqr{TeJrbHbIM oopa 3oM B.lMrITb IIa [pI4Me cHyn sJleKTpo[poBo,4locrb rloJry-

rrpoBol$fltrcoBoro oKcl4.ua, TaKLo't oopa3oM, aKTI.IBI{poBaIilsfr fiJacreplfisrM qacrtr-

uaMu rrepexo.uil{x MeTaJIJIOB TIOJIyTTpOBo,UII4KOBM OKCI{.U firpaeT ,BOTIICyF poJlb -

aRTlrBaropa I4 aliaJll4Baropa (ceHcopa). JloKasarerbcrBoM,4JIs raKoro saK,IxFIe-

IITIA fiBJIgeTCg lIOCTaTOrfio oOJIbUOe KOII{TIeCTBO pa6OT, IIO.4)OoHO OoCyX(IaerAIX B

o63ope [13], B KoropHx IIoKa3aIIo, rITo oopa3yrc@ecF B qpoUecce aKTIIBaI-Uc'r

qacrl,rlu BecbMa aKTlIBItbI B orIIoueHI,M BJMtrMrI ID( Ha gJIeKTpo(FI3[qecRtIe cBoft-

CTBA CEHCOPOB, IISIOTOBJIEHHbIX I,I3 IIOJIYTIPOBO,UII/IICOBbIX OKOIT,4OB B BII.UE TOEKIID(

CIIEqEEIftIX IIJIEIIOK.

Ilpe.@apute$Hag aRTI{BaLtrIs MoJIeKyJI Molfter 6HTb ocyqecrBJleHa raKEe IIe

npRMbrM rrorJroqeHl{eM allafil3l/rpyeMoft Iraolexy;tofi gHepru]{ Bosoy{IeHgff ' a ' Ha-

rlp!ilep,B cJlyqae MoreIcyJI KllcJlopo,4a rrpe,Eapl'ITeJlbEoft a,ucopoufiefi 9TI'D( More-

KyJr rra BoBdy'[.ueIuIoM cBeroM cJloe KpaclITeJIff [14] I{JM MoJIeKyJIFpIIo l&c-

IleprrpoBallHoro oKcl4.{a v2o5 [15], HaEeceHHIlX Ea paSBr'ITyn rIOBepxHocTb

crersla I{JM KBaprIa, a raKxe l[)yrlD( HocllTeJefi. B TaKD( c]IcreMax trpu coor-

BercrByrou[ix ycJloBl{fix (,uaerenle raaa, TeMtreparypa, IIHTeHcI{BIIocrb cBera'

pa3Burocrb rloBepxBocrl,I ?r ee .4ocryrfilocrb ocBeqelrl{n i{ T.rI. ) 3a cqer rpll-

t42 I43

IIJICT_?PIIIIJICTIIOTO OoMEEA SHEPII4I{ MC](IJ BO36YfrIEHHIIM KPACI{TEJIEM }I KIICNOPO_

.qoM oopasyercs xr.rMr/rlrecKlI aKTnBrilffi crur.nerruffi KlrcJropo,u, .uecopOqpywd c
rroBepxHocrtr Kpacr4reJrs B ra3oBbrfi oobeM r,r llofia,4ar[ufi Ha rroBepxEocrb ceHco_
pa' B oroM cryrlae ceHcop "orBeqaer" Ea Bo3reftcrBl,Ie MoJIeKyJI ror(cmt.net-

HOTO KITCJIOPO.4A) OOJIEE BbICOKI4M CITTHAJIOM I{SMEHEHI{g 9JIERTPOqPOBOEIOCTII, IIEM

B Cryrrae arcopou}trI HeBosoy]l(4ertrroro (TpEUrerfloFo) rurc.nopo,qa. vraeaHrftnl
cnoco60M Moryr .uerexT[poBarbcfi ]r A)yrlle MoJIeKyJrbI, Earrpl{Mep, 6eE30ra,
Ha([TafitrIa, aHTpaueHa u A).

Eomuoft urrrepec [pe,ucraBJrrrror raR]re ceHcopE, rroqyrFoBo,urr4KoBbre nJreHKr4
Koropblx aKTI4BLrpyIOTcg Kpacl4TeJ.rnvoI IIJM ,ulyII4MI4 aKTlIBaropaMI{, cttocoolsnifl.I
[p]'r ocBer[eHfir{ [epe.uaBarb sJreKTpoHrioe Bosoy,ruelnre He IloJryrlpoBoErrrKy, a
anaJMsr{pyeMNM MOJreKyJraM a.[cJroa, Roropbre, oyAywr B BOsdyX,{eruIoM coc-
TOfiHrM, C MeHbme[ gHepruefi aKTr{Baryr}I nsa nolefictaynr c IIoJIy[poBoEI]IKO-
BOft NTEHKOfi-HOCI,ITEIEM AKTIIBATOPA, OOYCTOBJtrBAfi TEM CAMbIM trO8BJIEHI{E
c[rHaJra sJleKTpoqpoBo,qlrocrr4, &oropM 6es yKaBamroil KoMOrffrar.UM JM6o coBceM
oTcyTcTBoBaJI, JMoo 6Nr Mar. B .UaEEoM cJiyrlae MN n\reeM .[eJIo c rroJry[po_
Bo.EIItrcoBHMI{ OoroceEcopawl, arTrlBlrpyroorr{ u perrrcrptrpyryoirr4 MaJroaKTrrBgrre
MOJIEKYJIfPHbIE qACTIfl.EI. OTMETI,N\', qTO }t B STOM CTYqAE MOXET 66ITb UPIIMEHEH
fiP!trryM SJIEKTPI4IECROTO BEITUTAIMA CIFIIAJIOB CNAPEIIHil( IIOJIYTPOBO.UU{KOBTIX
IIJIEHOK.

3.2. .[ouopru,re iracTtrrsr
3.2.1. ATor,ct BoAopoAa

B paoore [16] B[epBbre 6buro o6napyxeno, qro IIpII TeM[eparype cxlDtreEfioro
a30Ta (7? K) a,qcop6rr{8 aroMoB Bo.uopo.qa B r4)ornBoloJrolfiHocrb MoJreKynEpHo-
My Bo.4opoAy BecbMa aKTlrBHo yBeJIrtII/IBaer gJreK?pofipoBolsrocrb rroJryIIpoBo.EI}I-
KoBNx oRcI'LUlbIx TIJIOHoK' B qacTHocTrl oRclIIa IIIIIKa, IIaEeceIIHoro IIa KBap-
IIEBbIE II .@YT}IE IIOTJIOAK}I. IIPN6JM3ITEIbIIO B 3TO )rE BPEMA IIEBABI{CI/IMO OT

9T[IIX pa00T arraJroulrrrH]ffi e(lfercr 6bur odEapyaeB r rJts MoIIo&p]rcraJIJroB oKCU-
,4a LUmKa 1121. Tor.ua x€ B paoote t18l 6buro B[epBbre BbIcKaBaEo qpeA_
troroaeEtre o BoSMOXCTOCTI4 rrcrroJlbsoBaHr.rs noJryrrpoBo.uflrrcoB .uJrs ooHapyfre-
Ilrlg aroMoB BoAopo.ua' a raKEe rcyrlfx aroMoB u paDIKaJIoB B pagrl/rrlHblx cpe-
,qax I{ rr3MepeElls I[x KorueErpal&fr. Tor.ua fie 6buro llpe&,IomeEo t19] rr [orcasa_
EO HA OItrTTE BO3MOXHOE I{CIIOJIbSOBAHI,IE IIOJIYqPOBO.Ufltr{OBEIX OKCIIAOB B KAqCCTBE

ceEcopoB MoJIeIcyJItrpEoro KtrcJlopo.qa' aKTrIBIIocTb KoToporo B oTIIoueEm ero
BJItrfiEI4g Ea sJeKrr'o(F{3uKy IIoJIytrpoBo.uuTIcoB xoTfl I{ ycTyIIaeT B aKTI,IBIIocTI{
cBo60.uftD( aroMoB u rpocrefiruor pa.umaJroB, rlo flBJrsercfl .uocraroqEo ctrJbEoft
.UIfl YKASAEH�TX IEJIEfi. JI;IS YCIIEUEOTO PA3BITTIIfi CEECOPEOTO EAIIPAB.'ICHITS B
aEaJMSe aKTtrBHUX qaCTIOI B paSJIIlrqHIlX Cpe.uax BoSHtrIua ocrpag Eeooxo,ull|tocrb
B qpoBe.{elflM trolooHbrx c&pyuyJ[eBHr{x uccreAoBarud BJrr[sEtrfl aAcoporFrn aKTrrB-
HTTX qACTItrI EA OJIEKTPO(F�T3IIICY OKCI{TOB KAK B KI4HETIIqECKOM, TAK tr B CTAIINO-
HapIIOM pe:ruMie

Bn6op Eeooxorunroro oKcnla A.rrR orofi qeJM 6a3l[poBaJrcs, c o.UEoft cTopo-
HH' Ea EeOoXO.UO/IOCTII IIOryqeE}Ia xopomero crlFllaJra, T.e. xopoEeil qyBcrBtr-
TeJrbHocrtr rroJryqpoBo,utrrKoaoro o6pa34a r a.4cop6uEI aKTrrBnbtx qacruq B
ornofireH[r{ ero sJiexTpogpono,Urocrd o lr padoru BEXo.Ua sJIeKrpoIroB Ap, c rcy-
rofi-Ha xruvtrf.IecKofi [poqBocr]r oKclIIa, T.e. ero xr.ilitrrqecKofi rrEeprEocrn tro
orHolleErm K ]rccre.rrJeMoMy oobeKTy, qto aarcroAirsboectreqelxft,fl ,4oJDEIOfi BOC-
qpor4sBoluo{ocrfi crlFEaJra, AoJrroBelurocrra ero padotu B Eeooxo.uorot ooJacfl{
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PeaKrEroEtrItr cocyA .4Jls trccJle,uoBallEs aIcopdIIM aro-

MOB H IIa Zno tr ee oJIeKrpOIIpOBO,UEOCTI{
f - Errb IlaKaJllraaEtrs; 2 - Pt/PtRh = TePMotrapai 3 -

CTOJIIIK IJIfi tr3MepelMfl lrpoBoInntocTll IIJIeIIOK znoi 4 -

rrJrerrKa zno - alcopo€rrT;r$ - KoETarcTbr; 6,7 - BEBo,&I

IItrTE EaKaJMBaE[ff tr TepMoIIapE
SaBucruuocrb sJleKmoqpoBo,Eocrrl IUIeHIctr zno or KoJM-
qecTBa a,qcopol(I)oBaHlloro aToMapHoro Bo,uopofia

t - Teuuepatypa IUIeEIII -196oc, IilTtr looooc; 2 -

TeMtrepaTypa IUIeEICU -196oC, H1ITU 11OOoC

t0

P t r c . 3 . 3 .

P t r c . 3 . 4 .

TeMllepatyp U T.tr. JIJIS aTOMoB BoIOpoAa TAICtrMII OoBeKTaMI,I oIcaBaJIIcb oKC]IIbI

rlnE(a,Tr,rraEa, Ka,u,rEff tr &., n ro BpeMs KaIc oKcrI.&I BoJrb(lpaMa' Mo.luoAella I,I

m. t7l oKaBaJIlIcb Manotrpl{ro$uMll. ]itSroroBJelilIe Eeodxo.u{r\rblx ,q.[s 0To[ qe.JM

ceEcopoB qpouSBo.uJlocb B cooTBercrBll[ c omcameM' rIpIlBeleIIHblM B rrpe,u-

.qyqeM pa3,4eJle.

B HaMerIem{X gIcC[epIlSreETaX Eeooxo.Utrrlo oEJO troKa3aTb, qTO cyqecTByeT

oElossaqEas llocrosllEafl cBs3b MeftAy KoIIIIeHTpal.Feil' EaEplorep' aroilloB Bo'uo-

pola, EptrcyTcTByn@[x B OdseMe Cpe,&l (r43, x(tr.utocrb, TBopAoe Tero)' rlpll-

JleraqeM IC troBeplEocl'tr IUIeEICI OKcI{Ia, U BeJEIIEEIofi CUTIIaJIa o (B KHIIeTI'I-

qecrcoM MeTo,qe) IIJM.oTaIEOHApENM I4sMepeEI/reM sJIeKTpOqpOBOETdCTU ao (B CTa-

rEoEapEoM MeTo.4e). JUts AocruteEtra yKaBaffioil Uelu 6n.no ru6pano EecRoJIbKo

(FrBnCO-XrnUqeCKtrX MeTO,{OB I{3MepeIII4fl alcO'pdtgE'I aKTI,IBHbIX rIacTI[U tr [poBe.Ue-

EO COIIOCTABIIEEtrE trOJryTIEEIilTX PESYJIbTATOB C BEJII$MI{AMtr I{3MEHEEIIS gJIEICTPO-

(MSSIreCICIS BeJIFITTE TTOWtrpOBOJTTTECOBHX a,qCOpoeETOB IIOA BJIIISHI4eM a.4COpoIPnt

BTEX qacTEI. TaK, KJacCtrIIecKI![ MeTo.[ BoJIU\teTpI{n, a B AaJIbIIefueM I{ MeTo,U

aToMapEbIX IryqIcoB IIOSBoJIIIJM, I{ctroJlbsys e@rr JleHrwpa .4JIs HIISKE TeM-

IlepaTyp, cpaBEIlTb BeJIrrtItrHbI aAoopdlufll H-aroMoB Ea TIJIeIIKe OKCI'IIa UIIIKa C

BeJTtrtMEaMtr tr3MeEeEtrA gJIeKTpoIIpoBoEtocTu OToft IIJIeItrCI{ uO.4 BJMSHITeM a,4copo-

rrertl H-qacTruI,

SKctrepIDreET trpoBo,&IJlcg B peaKIItroIIHofi sqefue' I'I3oopafieruIoft Ea prlc'3'3'

BrryTpeEEtre cTeEKI{ KOTOpOfi 6blJM IIOKpETH IIIeruCoft OKCI4Ia LEItCa TOJ@CIOil

r44
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CoorlroEerilIe Mef,[]f i[4cJoM a,qcopdlrpoBallftu( H-aroMoB
Ea IIJieIIKe I{ KOJIIITIIeCTBOM 9JIeKTpOIIOB, OoycJIoBIBUld
yBeJrr{rleEr4e ee qpoBo.4nrocTr,r
Pacqer cAeJIaH tro AaITHNM ortrrroB c TeMtreparypaMr4
IIJIeHKU: f -  l roc; Z - za"c; 3 - r96oc. Tewreparypa
EIITu Bo Bcex cJryqafix 11oooc
ItfiIermca xeMocopolu!tr H-aroMoB (AplApn.,) (I) tt
BJIeKTporpoBo.UIocTb rrJrelrKlr zno, aa/LoMx (p) (nce se_
JIIITIUEII oTIIeceEH Ic I[x MalccuMaIbltrtr,I sEaqelulsu)

fomlra = -19ooc; TtT,irn= 14oooc; [r"]aosre eITtr
=  2 . 1 o l l c M - 3

10 MKM [20]. IIoBepxEocTb r{BMepr.rreJrbrroft flrerilor Ea KBapUeBoM cToJutK.e coc-
TaBJrsJra r/44s Bceft [oaepxEocrr.r rrrerlKl,r Ea crerrKax cocy.ua. Pe3yJbrarN gpfl-

MHx sKcrreplrMerrraJrbHbrx r,r3MepeEd, noryqeHlslx .uJIE TeMleparypbl a.ucopdeHTa
paBnofi -tse'C lr TeMfieparypbr rurpoJMBEoft rilrrrl (reneparopoB H-aroMog) :"ooooC
Ir lroooc, rlonagafiN IIa plrc.3.4, LIB Koroporo Molcto Bl4rerb y,uoBJIerBopI{TeJIb-

Hyn BErIoJIIItIMocrb wEleltHofi BaBfictlrrocrtl Me,tpJ rlapaMerpaMll ao - I{BMeIIeEIteM
SJIeICTpOITpOBO,4IOCTII! IIJIeHKII I{ APx2- yMeIIbEeE[eM .IABJIeIIIfi BO.4OpO/la 3a CqeT

a,ucopduttrr H-aroMoB, T.e. Br4:axeRras

A o  =  k ' A P * . =  k a ,

rle a - BeJsrlrtrrra alcopor-trfl{ H-aroMoB; k', k - Kool!frItrU4eHTH qpo[opr-u4o-

HaJIbIIocrI4. Ha puc.r.s rloKasalrbl raruG pe3yJlbrarbl aMJIoTIFIHITX oIIIrroB, cle-
Jraunbrx rrpn reMfieparypax -78 r -ssoc. IIp.[ Aarrne@eM [oBurrrenrrtr TeM[epa-
Typtr creHoK Korobr y6Erb .uaBrerMrr Bo.uopo,ua Ee y,[aBanocb BaMerrITb, qro

cBsBaHo, oqeBu$ro, c Bo3pacrarfl{eM cKopocrrr I1oBepxEocrEofi peKoMorrrar.uEr u
yMerrbrrreHlreM Koo(lFtr-u4elrra llpllrunal*Irl H-aroMoB c pocroM TeM[eparypH,

Ha ocHoBarflM EorylreHr6rx gKcrrepr4MerrraJlbnblx IaIIHLTX Herpy.uto oIIeH[Tb
crerlenb lIoIIIroaIItr4 o aAcopdrpoBagllblx H-aroMoB. I{cKoMyn BeJII4TIIIIIy Mo,tfio
BbrpaSIITb CJIeIyFUgtrOt OTIIOIIeHI4EMI4 :

f  n ' I
L  x c  J  ( 3 . 4 )

[ " , " ] . [ " 1 " ]
I.IrM, raK rarc 

lnl" I 
= ^tel,

a  =  A l e l / a ,

I45
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SaBucuMocrb Mex(,lIJ crarploEapHNMtl BeJII{TIIDIaMI{ 9 JIeKTpo-
IrpoBolgrocru o ao lI BHaqeEI{gMr4 HaqarbHrlx cKopocrefi
I{BMeIIeHurI gJIeKTpoIIpoBo.UIocm (tolittl r-o= v,4JIfi pa3-

Jrr{qHrD( TeMneparyp ropsqeft rilrrr4 (T.e. pasJrr4rrHrlx KoH-
rleETpar.pfr H-aroMoB B odEeMe cocy,qa)
f - l o o o c ; 2 - r g o ' c
ycraEoBrca,qJlfl llccJle.qoBaHl,Ifi BBaI,IMo.ueftcrBlIs aroMHID(
qacrrul c troBepxEocTbF TBep.4oro TeJra MeTo,qoM oTpase-
Hftfl aTOMHOTO IIyttrCa
f - KaMepa c ficroqHrtrcoM aroMHrrx qacTltrI; II, III -

[lTpoMelt(yrortrIarr I,I paooqafl RaMepbr; I- rMpoJM3rraE
rMTb;2 - Korfinfi{pymu[ftKaBar; 3 -qpepbrBare$ [yq-
Kai 4 - pacnrlfilTeJrb rurarra; 5 - RoJtJll4Mtfpyu(ag Uerb;
6 - rirueEb; 7 - Bacrorfica; B - Ea orKalucy; 9 - ril{Tb
EaKaJra; ZO - IloryrlpoBo.utrEcoBNfi ceEcop (zno)
Ilpo$,ulb r4rrreHc[Brrocrr4 r rralaqero fia MI,IueHb [yrrKa
H-ATOMOB

.llaBreluo nyqlca B padoriefi KaMepe 6,1.10-t rop, TeM-

rreparypa rurpoJmonofi rnrrrl reueparopa H-aroMoB rssooc

P u c , 3 . 9 .

L46 L47

r.qe Atel- IDI{pOCT rIlICJIa SJeKTpOIIoB qpOBO.UIMOCTII B IIJIeHKaX CTOJII4ICa II cTe-
HoK KoJOE; a - o6qee qucro a,ucopofipoBarfffix aroMoB Bo,qopo,qa Ea IUIerrKe B
Baps$elilrofi (H'") u He3apflxeltrrofi (rl,") @pMax.

IIpe.UIoroxoB Ha ocgoBarrurr padorlr [16], lITo sJrerTporq)oBo.Eocrb Kpr{craJr-
Jrr{KoB crie,relffroft rrJreHKu zno Bo3pacraer oa cgeT oooraqeltr{fl aJIeKTpoIIaME
qpoBo.wn ocfr,I ee [pEroBepxHocTHoro cJros II IIpunsB B cooTBeTcTBIru c JI]ITepa-
TypnHMn1anHbrMrr [21] tro.@rucrocrb sJreKTpoHoB B oopasrrax s = 10 cMtc-tB-t,
3aB[cgntJn or reM[eparypbl no BaKoHy t, - T't/', Moxno oqen]rrl Berllwtrry
Alel fi3 BUpaxGHlIfl Ao = qpAlel , r.4e Ao - IIprpoCT rlpoBo.UnrocTl4, G,r-r.cu-l
q - 3aps.4 SJIeKTpOIIa B KyJTOHaX; p - UO.@IDKEOCTb 9JTeKTpOEOB B KptrCTaJUre,
Bbrpaxeunarl B cM2,c-1 . dr. Huxe [pI[Be.ueHII peoyJlbraru AJIa cr:

Terunepatypa,oC
d , %

- 1 9  6

5

-74 - 3 3

8 1 3

CJeAyer orMerllTb, qTo gro JMIIIb opI4eHTLfpoBorIHbIe pacqeTE, BaBlrcrlqtre or
IIpaBIT[JIbIIOCTI4 C,UeJIaIIHOTO [pelFIOJIOneHI4fi I{ [pffirITbIX BeJII,F{I4II IIO]IBI4{IIOCTII
Hocurerefi ToKa B oKcr{,qe rtrtrffa, nJrfi y6e.U{TeJr6Eoro [o.urBepMerlr,Ifl coxpaEe-
IilIs cTporoft [ponopU]rorraJrbrrocTrr uexAy a.Ucop6uuefi a rra rIJreIrKe zno u I.IsMe-
HeHlreM ee sJreKrpo[poBo,4rocT]r Ao Io llpel€Jrbrroro rpr4 AaHHbB ycJroBr4fix omtTa
sarloJueHrlFx rloBepxHocrl{ aAcopoeETa aroMaNM Bolopo,Ua IIa plrc. 3. 6 rrpr4BeleHbl
KI{HerI{rIecRI{e KpuBEe BeJII{wfi a,Ucop6lI}II4 a ]I ]IBM€HeHI,IS BeJII[wtrI ao, ooycJroB-
JreHHrIe gTofi a.ucopdErefi B r4rrrepBaJre o-4oo Mtrrr Ilprr TeM[eparype ropflqefi
rrrrr{ (reneparop H-aroMoB), paBnofi reooo0, tr TeMleparype crenorc, rrorpbrrbrx
rtremcofi zno, paBroft -tgeoc.

Ilpme.[elfiilJe B gToM pa3,4eJle gKcIIepITMeIITaJIbflile IaEITbIe IIoSBoJIflrT yT-

BepMarb, qro Kmer!fta xeMocopdlutr{ r4 r(&rrerEca r{BMerrerrr4s sJreKrpo[poBo.q-
Eocrl{, odycroBJreErroro grofi xeMocopou4efi, orMcEBanTcs o.uHoft I4 roft &e (ffE-
Kwe[.

Ha pnc.e.z B dxJorap4FrrrecRm( Koop,Umarax rroKa3alla Jmrel&as cBs3b
MeXEy cTaIg{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{OEapHEMlr SHaqeIUISIUIr BeJII/FIIf 6Aa ti $/tto [6], a CJIe,[oBaTeJIbIIO,
rr RoHqeErpalusr\/rll H-aToMoB B o6reMe cocyAa, qTo cB4eTeJrbcTByeT o u(poKofi
rrpnMeHl{MocTtr zno-ceEcopoB ,qJrfi c}rcreM, B Roroptlx rro reM I,IJII tIHtrM cooopa-
xieHrlgM Heooxo,uorc ,uereKTl{poBarb aroMH Bo.uopo.ua JM6o B Kwrerlr.IecKoM, JM6o
B crar.EoEapEoM peftur\4e B[Jrorb ,uo ]rx qpe.ueJrbHbrx KoErIe.ErpaUd Ha troBepxEo-
c?r4 troJryrq)oBo,UfltrcoBoil rrJrerrRr4, oqpe,UeJrffeMilx rJraBHbrM oopasoM saps.qoBbrM
cocTofiEr{eM qacTEL Ter,EepaTypoft u KoruerrTpau{efi aKTrBrilD( qacTrtrI B odseMe
Ereft{I. IIlIse 6y,qer troKa3arra [pr4MeEr4r\rocrb rroJryrrpoBo,urrtrcoBErx cellcopoB IJI.8
uccre.UoBalgfr releporeHHrD( rr roMoreErro-rereporeHHbrx EpoqeccoB, rrpoTeKap-
[[D( c yrlacrl4eM H-aroMoB B oobeMe I{ Ha rloBepxHocrr{ TBep,u{x TeJI, a raKae
B paSJIIrtrIIItrX ra3OBrD( Cpe.qax.

Mero,u MoJIeKyJIEpHI[x (aroMaplfiD() r(yrtrcoB 6bul rllroreEen EaMIr BIIepBEIe .UIa
,uoKa3areJlbcrBa cyuecrBoBaltl,Ig crporoft KoJII/FIecrBeEIIo[ cBqBtr MeEA/ lMcJIoM
a,qcop6r4poBalilfix aroMoB Bolopo.qa Ea trJeHKe zno, rlaroroBJlerfl{ofi ylca3altrmt
Bme cllocoooM, u yBeJII{rreHlIeM ee sJre&Tporq)oBo,urocrn, Bbr3BaErofi a,qcopolqpfi
BTr.D( qacrilrl. B gTrD( KoppeKTHblx sKcllepuMefi?ax coIIocTaBJlflJMcb BeJrr[rruErr qI.I-

ceJr o.Uropa3oBoro coy,uapeHlrs c u;rerucofi zno H-aroMoB rla,qaqero EoroKa
(EyErtrca), EarrpaBJleHHoro na MI{meHb zno, c yBeJr,rqeE[eM ee oJIeKTporI)oBo.Foc-
Tvr 122'J. Ha p[c.3.8 cxeMa?lrrtrlo rIoKaBarI IIyEcoBffi MeroA, trput\reEel{flrrt B
srofi pa6oTe. npoFr.ltb IIyEca li-aroMoB, "crrffTd" c rroMoqbD rroJFExrroro B ro-
prlSoETaJrbHoM rra[paBJreEr&r zno-ceHcopa, rroKasarr Ba pllrc, 3.9, B gToM Me-



TOIIe C rroMoqbp rnralloBoro pacmrfi[TeJlrl, qpe.ulaSEaqeltrloro 'qra EaEeceEua

Ea BrryrpeHllfie cTeHKI4 alnapaTypH cJIoeB cBefiero TrITaHa' ylanocb trpalcTEqec-

Klr cBecrrr K rryJuo "6ryx(,ualilIe." B odbeMe rlpl{oopa aroMoB BoAopola u Ktrcnopo-

.ua, paccefiHltilx BIIyrperuII{Mtr ,ueraJlsMll armapatypH. Eraro,Uapfl y&agaffiolvry

cBoilcrBy uptrdopa craJlo BoBMofiIIHM trccJle,[oBaHrle B3anMo.[eficrBtrff aI{rtrBEIx
qacrlrq c troBepxHocrbp MtllleEu r[pI.I ycJIoBrI[ crporofi oElopaSoBocrtr coylape-

rutft rcar c I{ccJIeAyeMo[ [oBepxilocrbp, TaK u c rloBepxnocrbn luleuKtr-ceEcopa.

ItrreEcuBHocrb (yqKa aI(TIlBHllx qacrnl peryJMpoBaJlacb reM[eparypoft nfpoJus-

Eoil rurll. JIaBJeIil{e MoJIeKyJItrpHoro Bo,uopo.ua cocrailuro B rrplldope 6,s'to-5

fop, TeMtreparypa mrpoJrnorofi luaTu t55o0c, orpafiareJls-Mltrlelltr B cJryrlae'

$alrpr4MeprH lt o-or 23 go :sooc, ceHcopa - ztoc. l[ITeEcrBEocrb tra,[aEe-

ro rry.nca H-arouos peryJu{poBaJlacb tro Mepe Ea1o6nocrlr B qpererax 1oE-].0t2

ar/cf .c, Baryyr\,tr[poBalile EposgBo.&rJlocb c IIoHonbD degMacJrEruu( tr 6e3-
pryrHlrx cpe.ucrB orKarficfi. C uoMo[bp ormcalfiIoft ycraEoBKtr trpe&[e Bcero y,4a-

JIOCb trOKasarb CyqecTBoBaEIIe nofiIofi M.@O3EaqEOfi KopperfllEl MetrAf mTeE-
cnBHocrbp rIaAar@D( [yqRoB IIa IIJIeIIRy-MlIueIIb aKT[BHIlx qacrrtrl (H- E 0-aro-

MoB) tr cKopocrbD uBMeEeIIlIs gJleKTporrpoBo.uocrl{ IuleEKtr-ceEcopa trptr MaJED(

Banoffrenrrsx ee noBepxgocrtr a,4copdI,rpoBaHHbIMII qacrldlaMtr. X,qalocr raKse otr-
pe,ueJMTb tro UETeECIIBUOCTm/I IIa,{aWD( rI OrpaaeEH[rx tryqlcoB aKTEaEbIx qacTnl

Kog(@-u,IeIITbr paccefiErlfl o, a uB BeJIIttIIm cKopocreil tr3MeHeHtrs oJleKTpotrpo-

Bo,urocrtr M[rrreHu - Kos(@.u,Ienr rIoIIu3aLgEI $ aroMoB Bo,4opo,4a I4 REcJIopo.Ua Ea

IUIEEICE ZNO,
IloJyqeEftre SHaqeHIIs o n o [23] tro3BoJIIlIJttr paccqtrTaTb aocoJmTru{e sEaqe-

Hrrfl [IlTerrcr[Brrocreil noroKoB cBooo,EIEX H- tr o-aroMoB tro EaqaJIbHHM clcopoc-

IfiM tr3MerreHr{fi gJleKTporlpoBo,ulocr}I zno-ce$copa, ooycroBreluoro IIaAarF
nu{rutr rroToKaMtr aroMoB. Irs oonbfleil yoe,ureJrbuocrfi cKasaElloro rIoJIes-

EO npr4Becrn cJre.uyr@{e lMcJIoBHe trpItMepEI t221. IIoloK o-aroMoB, paBErfi

z,ee.totat.cM-t.c-t'lacgu, sxcnepuMeETarbro ttoJryiIeIIEfr B grm ou[tax

lr paccwlTaElfifr no IaIIEEM SJIeKTpOIIpOBO,EOCTtr MltUeEI{ ZnO, BtrOJIEe KOppeJItr-
pyeT c pacqeToM Toro ae rIoToKa, BNtroJIIIeEnHM rIO paBEOBeCEUM KOEqeElf)aLUflI\l

aTor\roB y troBepxEocTtr ropfl.Ieft EIITtr [24] C yqeTOM reoMerpm ycTaEoBKE

rlo AarrHHM t251. PacqeT B gToM C{yqae IaJI BeJI}IlIrury UOTOKa, paBEyD

z,st.ro'ar.cu-t.c"t. Allalorurlubte gaEI[Ie 6EJu uoJy'{enr B ,uJIg aroMoB Bo,qo-
poIE, I TaKao ['Is aroMoB MeraJUIoB, o qeM peqb Ilolfler Enae.

lls acero cKagaffioro oqeBtrFo, qro roEKue IUIeEKtr zno lroryT cJryaErb

aOcoJDTEs,g ceEcopaMtr ,qrs H- B O-alorroB, a raKfe .q)yru aroMoB u pa.uEca-

JIOB, ROTOpEe B'tnsnT Ea rrx oJleKTpotrpoBo,EocTb (cHr, oH, N u .4).), €cJE tr

,qJI' OTtrX qACTItrI OIIPE,4EJMTb BEJIFIUIIH (,) tr O. tr3TO'I€EHLIM BEIIIE METO.4OM.

Jlatrue tro paccefim aroMoB Bo.[opoAa tr IucJlopoAa troBepxEocrbD IUIeEKtr

zno-ce8copa, EowqeElilIe MeTo,{oM aroMapEux uyrIKoB, troSBoJIEJItr pacctruTaTb

t23l cTetreEtr troHrrsaLuu o xeMocopo}IpoBaaElrx qacTIdI Ea IUIeEKe IIO tr3MeEoEtrD

ee sJreKTpotrpoBo,uEocTtr (ra6J. 3.1).

Ta6JtrtrIa 3.I

qacrrtrIa
CTetreHb troHtr3aurui

2 7 1oo -:.sooc

H o , 2 6 0 ,  4 5

o 0 , 4 5 1 , 0 0

I48 149

lfo clcaoaruroro cre,[Jer, rrro

' -  = 
[ " : . ) /  [ [ ' : " ]  

.  
[ " , " ]J= 

tn. , , / t^ t r - , � )  , ( 3 . 6 )

rge u'", Hxc - xeMocopdfipoBamtle aroMbr Bolopo.ua B HegapfitreruIofi u Bapg-
freliltofi {opMax; an- uBMeHeHlIe r&IcJra oJreKTpoHoB B Borre qpoBo.uorocrrr rlo-
JryrlpoBo.&fltrcoBoft rrJreHKrr 3a cqer xeMocopdutrr aroMoB; r^- rroroK qacrltrI. 3A_
MerlrM' qro paHee ofil3Klle pesyrbrarbr obuur fioryqeHbr AJrs Bo.4opo.ua B padore
[20] Mero'uoM BoJln[4erllu}I. TaK, rrff zno IIp}I TeMEeparype -ssoc otlo, Mero]IoM
HaJlIeHo, qro (,)fl = o,1, gro IIe [porI,IBope\MT .uaHHEM, IIoryqeEHbM [yrrKoBHM
METO]IOM.

CotrocraBrel{{e r{sJIo$eHHEx B sroM pao,ueJre sRcflepltrideETaJrbltflx,uaHHEx
IIo oqpe.UeJreElno KorrUeHTpaUM H- II o-aToMoB B o06eMe rasoBon cpe,U r4JM Ha
IIoBepxEocTI4 C lloMoqbn IIoJIyqpoBo,UII4KoBbIx IIJIeHoK zno c pe3yIbTaTaMr.r pac-
qeroB, cleJrarrHHx rro {opMyraM, qprlBe,qeHHuM Bo BTopofi rJraBe, noBBo-
JIfieT yTBepMaTb, qTo ,uaxrc r4cqesaqe MaJrNe KoHrIeHTpar_uI}I aKTr{BEbrx qacTrdl

1ro5-ro7u-3; Moryr 6ETb KoJrr{rrecrBento ofipe.ueneHrr c rroMoqbp cencopoB KaIc
B ra3oBoft oa3e, TaK r{ Ha rroBepxEocrr{ TBep.Ux Ter (oO g?oM cM. ril4x(e),

3.2.2. ATord ueTaJrJroB

Ilpocrefun&r loflopHHMrlr qacrrtrIaMu rrBJr.Enrcs aroMbr Bo.uopo,ua. Henocpe.ucr-
BeIIIIo K Im{ "upru\,EECaFT" TaR IIagEBaeMHe Bo,UopoAono.qo6Ere .UoEoplfie qacrltrSl
- aroMu MEorrrx MeraJrJroB. I4g oOWD( coodpafielud o crpoerrrtrI ru( BEemrefi gJe-

IcTporfioft odoJoqKu B cpe.ue, odra.qa@efi .[ocrarotmo dorbEofi .&rsreKTprqecKoft
nocroflIuloft e, BaJierrrHHe s.nerrporur gTrD( aToMoB IIo.UoOIil{ sreKTpor{y aToMa
Bo,Uopo,Ua, B oTJrr{rMe oT BaKyyMa ooJa.qanr pacrsEyrbrMtl op0l{Tarsr\,trr c pa.uy-
coM, qpofioplu{ollaJrbHbrM e cpe,uL T,e.,Ipyrr{Mr{ cJroBaM[, ]DC pa.uyc BoSpacTa-
er B c pag IIo cpaBrreHrm c pa.UrycoM srr4K xe aroMoB B BaKyyMe t261. B BToM
cryqae, IcaK tr AJIa H-aToMoB, oEeprl[g llx cBggn c aroMHbIM ocroBoM - aroMBuM
fl.{poM, oxpaqpoBanflEM ocTaBrnr{Mcn oJrerTporrnbrM sapsloM, yuenruaeTca a "2
pa3, T.e. B corHu pa3. STor o(meKT rrpltBo.urr Ia,re [p]r Kolr8arBofi TeM-
rreparype TBep.Uoro ?era-a.qcop0ellTa K qacrtrrrrrofi }IoHI4BaUs{ gTrtx Bo.qopo,Eotro-
,qooEblx tlacrltr]. rroMeqeuHax B TBep.uofi Marplrqe c .uocraroiHo oorbuoft ,ursJreK-
Tpl4qecrofi trocTorofirott (.[.lrs zno e - 1o). yrcagaruilx\,tr{ cBoftcTBar,E! oOJaIanT lr
Bo.Uopo,Uo[o.qo6rure a?oMN MeraJrJroB [26], Haxolfirtrrecg ria rroBepxEocrr4 rBep-
,uoro reJra. OpdrTawr grr&( IloBepxsocrril{x aroMoB HecsMMeTpI,IrIEo BETrrEyrbr
BrryTpb troBepmocTHbtx cJroeB .TBep.uoro TeJra.

EcJu rprBe,uerrEoe cpaBIIeHI4e cBoilcrB aroMoB MeraJIJroB co cBoftcrBal,u aro-
Ma Bolopola Ea rroBepxHocrr.r rBep.Uoro Tera ([oryfiponoEuuca) [paBoMeprlo, To
orMcaEl{e BJrrlffrr,Is rD( aAcopdlul,I Ea gJeKTpo(F.r3rffcy no;rynpoeo,uuixoBo[ Ilreril{u
oKctrUoB 6y,Uer oJpreKltrir rro xapaKTepy K roMy,. qro nMeer Mecro rrptr a.UcopouDr
aroMoB Bo,qopola - BecbMa rlo.qBl{Ictblx qacrltrL cllocoolillx B orJIIFII'Ie or aroMoB
MeraJUIoB K rloBepxHocrEoft peKoMdr,|IlatuE4 c odpasoBalfl4eM Eacr,nqeHHbrx MoJIe-
KyJI, o6JraAarq4x fipoqlloft KoBareETEofi cBssbto.

ATot\,N MeTar.rroB, Ila$eceHflble Ha rroBepxEocTb TBep.uoro reJra B MflrKI4x yc-
JIoBI{sx (MaffIe reMlleparypa MI4llIeHI/r I{ fiIITeHcI4BIrocrb IIoroKa), EarrpxMep c
flOMOqbD ATOMIIOI IryIIIKU I25] (UCrc4 MOJIERYJI.EPHbIX trYECOB) r4)ll YCJIOBIItr IIX
[gDflO'ATb$Oft ErMVsItrI BHYTPb ICPI4CTAJIJIA, EE IIO.UqIIIISNTCfi qPABI{JIY BAJIEENIOC-
rrl BepBefl [27], TaK IcaK odpaoypT Ha rroBepxnocrr.r Mrlturerm B rlollaBJrflxueM
dorbutrtHcrBe cryrlaeB aroMbl BHe.u)eHI4g, cfiocodm{e IIp}I Maroff gHeprlg{ I{oHI{3a-



tutr4 oT,UaBaTb cBofi BafleETIffr sJIeKTpoH B 3oHy qpoBo4llvlocTtr IlorytrpoBol[Ilma'

yBeJlrrllr,rBag reM caMbll\,t KollqeHTpal-uoo cBo6o,En'Ix HocI'ITeJIeft ToKa '

JIrs [o.uTBep)fi,4errils crca3ariHolo B pfi,4e pa6oT 3RC[epul\,reHTaJIbIIO 6bUIO nOKa-

BaEO, qTO I{ B 9TOM Cryqae C IIeKOTOpbIMII OCO6eImOCTtlll[I4' IIe CBfiSaHHbIMlI CO

CBoftcTBaMI4 caMI{X IIflC, uMeeT MecTo KoppeJlflru4g Mell(IJt rMcJIoM aToMOB B noTo*

Ke, na,qaroqeM sa floBepxHocrb MIIneELI, UJDI nu rloBepxHocrlloft KolueErpawefi u

I{BMeIIeErreM (yseJufqeElet .uJIg rIoJIyrIpoBo,EII4Ka n-TlIrIa ) sreKTponpoBo.ulocrll
gTOfi r&meIII[ t28]. npllBe.{eHHue IraMI4 COOTEOIIeETIS B fiepBoft qacT]r KEIIr]r rIOS-

BOJISnT nO trSBeCTHbIM BeJIIFII4IIaM IISMeHeHI{g AJIeKTpOIIpOBO,UIOCTII TIOJIyTTpOBO,UU-

KoBoft ETeItrcI{-MIINEEII PACCqUTbIBATb KOIIIIEHTPAI-UIII ('IIITEHC'IBIIOCTI4 IIOTOKOB)

srl[x qacrt4l B BaKyyMe I[fiI raBoBoft cpeAe B ToM cryqae, ecJII[ sTlI BeJII4 ,llruru
]IOCTATOqEO MAJIH.

,llJfl yoe.UTerbHocrr,I cKa3alfioro llefiIlmle IIplIBecrl4 pe3yJlbrarH lleKoropblx

ugMeperuil, BbItroJIIIeHHIIx c[elu4aJlbEo ,4JI,I orofi qeJM, .IToou reM caMHM oooc-

ItoBarb rrpuMeEeltrIe IIIIC ,urs peI[eIII,IE MEorlD( 3a.uarl, I4MenuD( ,4ero c aroMaMtr

u K"lacrepaMff MeTaJIJIoB (r aaryyue rI Ea rloBepxHocrll), peEelile KoropEx.4)y-

ruMI{ MeTO.UaMr.I IIO TeM I4JM rIHHM npI,IrII4IIaM KOppeKTHO He y,4aeTctl qpoBecTtr'

Jira KoppeKTtsoro qpoBe,4eHl4s sKcIIepI,IMeHToB c MeraJIJIaMI4 Eeo6xo,ud\,to [oJ-

IIOCTbF OTKaSaTbCg OT MaCfiAHbtX , a TaKlKe pTyTIIHX Cpe,UCTB OTRaIIKII, TaK KaK

III4IcaKag "ga[ulTa" pa6owD( ffqeeK c MeraJurrrlecRuMll oopa3ualull c IIoMoqrF ox-

Jrax(IeIMs Ao 77 K r{ Htffie JIoBylreK, B[trIofiIeHHHx caMbIM LIsoq)eHHIIM o6pa3oM,

rre Mor(er fia,qemlo ucl(.moql4Tb lrpocKoK B BI4Ie asposoreft pa6oqld( BeqecrB

BaRyyr]E[pynwD( ycrpoficrB. B excuepnr,tenre uocreneHllo MacJIaEofi IueIIKo[

TIoKpbIBaDTCE BCe TIOBepXEOCTTI I{CCJIe.IIJeMbIX TeJI I,I CTeEOK COCy,UOB.

.Urs peEeErs yKaBaHHnx 3a,4aq BIIomle trpuMeIII,IMbI pa3prl,uue, &pI,IoreIIHI{e,

aAcopotMoltrsle, a raKr(e typdoMolexy.lltrpHlle I4 ,4)yrlle orKarIuBaWIe ycrpofi-

crna. Halr6olee y,uoOHH\fi,I Mero.uaM[ ,qrs no,[oolslx ficcre,qoBalfifi gBJIgFTcg, tro

HauIeMy MIIeHIm, aroMapHbre nyqKu MerarroB cfiaooft IIIITeIIcI[BHocrlI, crporo pe-

ryJtrrpyeMue repMfiqecR[. JIrg ucc.[e,4oealMs a,ucopouM, Haqpl4Mep, aroMoB ce-

peopa Ha rlJrerrKax oKcr4oB Hytfio, qrooH noroR aroMoB, rIoJIIIocrbn EaKpbIBaJI

MI4IIIEHb, I4BTOTOBJIEEIIYF II3 IICCJIC.IIJEMOIO MATCPI{AJIA, I{SMEPEEIIE SJIEKTPOIIPO_

BO,4TOCTU TCOTOpOI qpOBO.UITCq c IIOMOqbF BHBe,4eHH5IX HapyI(y TOIIKITX [.'IaTUIIO-

BEx KoETaKToB. Ha pI,Ic. 3,10 [olca3aHa ueJIbIIorIaEEafi SKclep]IMeIITaJIbIIafl
gqeft{a, BtrIIofiIeIIHag lI3 r$4CTOrO TIJIaBJIeIIOTo KBapIIA, rIOSBOJIflruaf C qeJlbn

orr{crKl4 qporpeBarb ee qpu reMneparype cnule looooc. gla 3Kctrep[MeIIToB B

BTof q'relt{e 6NJM llcrlorb3oBaHrr MeraJIJtbI cepeopo u [arJIaIEil, Koropble cpaB-

IMTeJrbHo JrerKo l4crlapEnrcs c nrarmoBoft JIeHTbI-[c[ap[TeJIrI, TeM[eparypa Ko-

Topofi crporo KorrrpoJrlrpoBaJlacb IIo repMonape, l4ccJeAye[4'Ie MeTaJIJIIJ B Btrqe

@Jbrn pa3MepoM 3 MM x 3 MM [pIlKperIJIrIJMcb Ic firarlffioBoft reETe IaK, qro6E

UeHTp rrcflaprrreJrrr Haxo,ryilIcs crporo fiporl{B IIeIITpa TIJIeHKI{ zno c paooll}IM

paSMepoM Tarufie 3 MM x 3 MM. tr'�[$TeECfiBgOCTb TIOTOKa MeTaJIJIOB, rIa,Ua@D( Ea

Mtmerrb-rlJleEcy zno, pacclMTblBaJlacb rlo TeM[epaType ucfiapllTeJlfi, reoMeTp]Iu

cocy.qa lr coorBercrBywrLt rerlJloraM ucrlapeHl{g MeraJUIoB B BaRyyMe. TalCInl

odpa3oM cKopocrb ooMoap.ryfpoBKil MIIIIIeHLI rz, a cJle,4oBareJlbllo, u a.4cop64m

(TAK KAK KO9@TI.U{EIIT IP}IJII{IIAHI4g .UJIS gTIfl( METAJIJIOB S COCTABTSET BEJMqItrIY'

oJMsKyn ft e.uEiltrIe) pacclMTEBaJlacb no (popMyre r,= r^ s, r.4e r^ - IIETeII-

crrBrrocrb rryqca, s - rlJloqa,ub MImeEI4. yBefifqelfiIe rr4cra greKTpoHoB (Eoc[Tp-

JIefi TOKa) alel B [JIeIIKe Zno paccquTHBaJlocb c yqeToM BpeMeB]I eKcllostrlgM

MI{IIeHI{ [yqRoM c rloMoqbr I{SBecrIlNx coorronelflM:

I50 I5 I

z0
r/r.nl x1

6,7 6,5 4J

4 5

/,0 a

/,6 t-

2,0

2rf,

/0,2 /4+ /46 /0,8
//r. tol xn

Puc.:.ro. Pea1ryorurafl  sqeh{a
t - arotflras IIy[Eca; 2 _ TepMocTar; 3 _ ucuaptrreJlb Me_
TaJUTOB; 4 _ pt/pt_Rh_ TepMorrapa; 5_7 _ KOTJEO/tr[I)yrye
oTBepcTr{fi (6 3 MM); g_earsop, 9 _IIOJryrrpoBoJErItKo_
eufi cencop (zno): IO - tro.qBrrffirfr KBaprleBbd rpysuK;
If. - BbrBo.&r IrJraTlrrIoBEx KoHTaKToB; fZ _ ocreKnoBaEHile
xeJIeBHLre c?epflxll{ IJIfi rlepe.@IDrelu{g MarTrrrTol,t; lB _ na_
qpaBJlflW4e KBaprleB6re peJrbcbr

P[c.s.rr. BaB}Iclnrocrb v"= (daldtlt-o or ?IlcnaptrTeJlr I appe_
Hr4ycoBcRI/D( KOOp.UrHaTax npu ucuaperllu cepeopa (I) u
IlarraErs (2)

A o o  =  4 1 " 1 u . t , 6 . 1 - 0 - " ,  a r  =  a  6 o - 0 , ( 3 . 7  )

rAe Aoo lI ao - rrsMerreEfte y.4erbHoft r4 ooqeft gJreRTpotrpoBorHocstr ureEKtr; ]-
IlI s - ,qJI[IIa tr ceqeEl4e IueIIKtI; rr = 10 cu'/c.B - Ilo,qBlrffiIlocrr nocure;refi ro_
Ka IJIA ZnO. cotfiacEo ,4aIIHIIM pa60Tbl [29], CAeJIaHO rrpe.uloJlotftelllle, \rro rlo.u-
BI{]KIIOCTb HOCNTCTCft TOKA EC SABI{CI4T OT CTEIIEH}I 3ANOJIHEHI4fl trOBEPXEOCTII
aroMaM[ uccJIe.IIJeMbIx MeraJUIoB, ecJEI oHa ocraerc.fi .uocraroqHo Marofi, Ha oc-
HOBaIIIItr .UaHHUX, [prrBe.ueHHblx B Taor. 3.2, Ea p]Ic. 3.11 IIOCTpOeEII SaBrICU-
MOCTTI B KOOp.U[IIaraX Lqv-- L/,r, lI3 Koropblx 6NJEf paccwlTalfi TerlJrorbr rlc[a-



peElra cepeopa tr traJura,@s (54 u 95 KrcaJL/r-aT cooTBercrBeEllo), .ITO C TOg-
EOCTbD ,4O EeCICOJIbICUX qpOqeETOB COBtrA,Uaer CO 3EagerulgMtr, qptrBO,@rHME B

TaOJmIe A.Hecuenroaa 1ro1 .

TaOJu4ua 3 .2

Merarr

Tewle- Tetme- IiIETeE-
CI{BIIOCTb
Da,4aue-
ro rlyEca

r  . 1 0 t o
^ z

or, .  gv-  ?

CKopocrb
0oM0ap-
,ufpoBKr.r
trJtEIIKtr

a r . c -  e

unvtr!urD
II3M€E€;
IItrg KOII_
IIerITpa-
lrym Eo-
cllleJIeil
B trJIEEICE

V e . 1 o - e
9JreKTpOH

I
f : = {lpaTJ pa

IITCUKtr
o c

I Jd fJ !d

ffctra-

o c
IIo trE-
TEECIIB
HOCtlt

IIIJU'l'eIJ-
& a :
I'I30TOtr-
EII ME-
TOI

JIEEtrE
tro SJIC
Xorra

Ag 2 0

5 5 0 o , 2 4 0 ,  3 9 0 , 1 1 3 , 5

670 o  , 4 9 0 ,  6 8 o , 2 3 3 , 0

7 to 2  , 4 9 3  , 4 4 o ,  8 8 3 , 9 4 , 4

730 4 , 9 3 6 ,  8 8 L ,  8 9 3 , 5 3 ' 4

0 ,  6 5 o , L 7 4 3 , 8

Pd 1 5 0

1 1 1 0 a , 7 2 5 , 8

12  00 8 1 ,  5 1 1 4 , 0 2 3 , 2 ? , U

12  00 8 1 , 5 L 4 4 , O 2 6  , 4 4 , 2

1 2  5 0 2 2 4 , 2 3 1 4 , 0 6 2 , O 5 , 0

1 3  0 0 6 0 5 ,  0 8 4 6 ,  O 1 8 8 ,  1 4 , 4

1 8 0 0 ,  6 5 0 ,  5 1 5

Ilo.nyvem*rs peByJIbTarE dJecrqe rro,urBepf,uaDT Brmomniocrb, KaK B cJry-
'{ae H-aToMoB, cooTIIo[IeERfl V = r]Iz, I.Ue O-CTetreEb I.IOEI{3atItrI{, SaBIICflag OT

a,ucopoara, aAcopoeHTa r{ TeM[eparypH. CKaBaIEoe o3Haqaer, ,rro llrelilcl.I zno
(gTo cupaBe,4tmo lI .Uttr cJrofi cdo, I{.[Jrrr.{)yrrD( xr4MrarecKl{ ycToItlIr{BHx troJry-

rrpoBo,ullmoBlD( oKcr,rtroB) Moryr 6bITb I4cIIoJIbBoBaIIbI B lcaqecrBe Be.crMa qyBcr-

BureJIbHtD( MTIIII{aTFpHHX ceEcopoB ,qJIg l4SMepeEtrg rIIITeIIcnBEocrefi [oroRoB aro-

MOB rlCCJre,UOBaEEbrX oJarOpO.UilJX MeTaJIJIOB Ag I4 Pd (CM. Ta6r. 3.2). ECJU

uyBcrBr4TeJbnocrb IIBMeplITeJbEoft aulaparypu .uoBecrlt go rg-ttA, To c E( tro-

MOqbD MOmIO tr3MepflTb trOTOKrr arOMOB, panrure tot ar/cuf.c.3aMeTE\t, ,rTo

cTetrellb SaIIOJIEeHI4g IIOBepXEOCTU B oTID( OIIIITaX COCTa&'I,IJIa BCeIO JIUIIIb OT

ro-o Ao to'2g6. rrpu ralux BarIoJIIIeHlIfx rloBepxttocrtr rIocJIe Bbllc.[sleltltfl rloro-

KoB aTOMoB peJlaKcaltrIs gJIeKTpoIIpOBo.EocTu ,4a8e lrp}I IIOBIIIIIeHEEX Tel\,fiepaTy-

pax TIJIeEoK zno (1oo-18ooc) otcytcrgoBara. IIpu BEaruITeJbEo 6oJr6mo( garIoJI-

Eerrl{flx a srm( fre ycJroBrrfix oJreKTporrpoBo,Eocrb peJlsKc[pyer K cBoetr trepBo-

Haqalbnofi BeJrrFrr4IIe. Ilpr,nmr sroro rro.E)o6go pagdrparTcs B cJe,4yruefi rJa-

B e .

HaM tre rrpe,ucraBJrsercfi r.rrrrepecHilM tr BaxfiilM B oroft rJIaBe I(E[rtr uplBecrE

e[e necKoJrbRo sKcrrepllMeHTaJlblrbtx [pLIMepoB, xapaRTeprl3y@D( Bsal{lrocBfi3b

ME'II.4Y IMCJIOM ATOMOB PASJII4IIHbIX MCTAJIJIOB I{ }ISMETIEIII4EM OJIEKTPOIIPOBO,UOCTtr
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,acoc{ +

P r c ,  s .  r z .
PeaxI-Etorurag sqelt{a

f - [l[c[llapl{reJltr-i 2 - repMotrapa;
3 - ceKrEoEras uIacrI4EKa;
4  -  ceHcop (zno) ;

5 - Koruuo,trmywle orBep'c${s;

6 - sarBop Arfi trePeKPbITEs
[yqKa aToMoB

noryllpoBo.uflficoBoft nJIeIIKI/t-ceEcopa, a raKfre oaBl{c}rMocrb BeJIIfILIItbt crrrHaJla
oT cTeiIeIl}I SaIIOJIHeIIlIfl IIOBepXEOCTLI.

llrs BbtrroJureruf [ocraBremroft BaAaqu Mero.qaMtr KoJIJIr.rMrfpoBaEHbrx aroMuux
[ytIKoB I'I paBEoBecHoro [apa' a raKte pa,uoaKTrIBHIIx rrgororroB, o@KTa xon-
JIA ll U3MEPEEtrfi gJIERT]JOIIPOBO.UIOCTI4 TOHKIIX CTOEB A,qCOPdEIITOB_IIOJIYqPOBO.4III-

r{oB Ha llpuMepe a,ucopolutrt aroMoB cepeopa r{ Harpr{a dLUIa ficcre.qoBarra B3atr-
MocBfBb Meqnl lIIIcJIoM a.UcopoffpoBaruilJx Ha ruIeIIKe oKc]IIa rFrr{rca Ag-aToltoB u
YBEJIIIqEIMCM KOEIIEIITPAI-U&I HOCI4TEJEft TOKA B IIJIEIIKE-CEECOPE, O6YCTOBTEruIOM
qacrrErofi trorl}I3alprefi aroMoB B allcJroe.

0r6rrH c aroMapHbtMtr rrylIKaMlI paE4oaKTEBHoro cepeopa e9r10 r4)oao.ryrwrct
B sqeltne (p[c.3. 12 ) , orraqamrofi Io ocrarotmoro ,uaBJleruls - ro-hop
alcopdtuIolffiu\rtrI I/f reTepoI4oHHbIMI{ IlacocaMtr [31]. yKa3altrIag ffqeftta IIoBBoJrflJIa
padoTaTb c KoJIJrr{Mr[poBaHHNM rryrtrcoM MeqeHblx aToMoB cepeopa AJulEo[ ?o tur,
.&raMerpoM 2 MM I{ yrJrOBbrM pacxofi,ueEr4eM n ro, moqa,4b rfimeEefi cocraBJrflJla
O,T c#. B 3Tru( gKcIIepI/MeHTax trepe,u aToMapEHM IryiIKoM B KaqecTBe MTIeEII
9irclloruIpoBaJlacb JM00 o.wa ]r3 ceKu{fi tro.Etrlclot I€apUeBOfi uracrrErbl, Ju60
IJIEIIKA-CEECOP. B IICPBOM CTYqAE CTABTJIACb SAAAqA EAKOIIIITb IIA MUIIEEI IIEKO_
Topoe KoJlrqecrBo pa,uloaKTl{Bltoro cepedpa, AocraroqEoe IJIS KoJlllrrlecrBeEr{oro
AHAJMSA, BO BTOPOM - OIIPEAEJMTb ITSMEIIEIII4g 9JIEICTPOqPOBO,TTOCTII IUIEEKtr-CEE-

copa (.qeterropa) B pegyJrbrare rrofia.qallnf, Ha IIee aroMoB lly,fica rofi se ry-
TeIIclIBHocTtr' qTo I'I Ea ceKII}IIl TIaOTIIBII B TeqeEtre o[pe.qeJlellEoro BpeMeEI{.
lil3MepeEra aneKrpotrpoBo.Eocrrr rrJleEl(tr-cellcopa upoBoEJrncb ,[o u trocJre Ea-
rrrrJreff[fi cepeopa Ea o.w tr3 ceKr@ rlJlacrrrHrr llyttrcoM aroMoB ea.uarmofi IIETeE-
ctrBHocrtr. Iloc.ne.qnss ollepau{ff .ueJlaJracb Irfl Toro, qrodbl yoe,Irrrbcs B Betrg_
MEIIEOCTTI IIaTEECUAEOCTtr IIYqKA ATOMOB CEPEOPA B TEqEE,IE BCErO SKCIIEPUMEE_



Ilocre llpoBe.[elMrr ceprM orrr,rroB c rryrrRaM]r pa3JE[,fiofi urrrerrcr4Brrocrtr ceK-
lpIoIIHafi uIacrI.IEa I{BBJIeKaJIacb lIB grrelhu, paBIII4MaJIacb IIa qacrll, c KoropEx
SaTeM paEoaKmBlroe cepedpo cMbrBaJrocb asorHofi rcucJorofi. IloJry'remfie pac-

TBOpbI aIIaJM3EpOBAJTI4Cb IIa paEIOaKTIIBHOCTb C TIOMOqbF MIIOTOKaIIaJIbIIOTO CUeK-
TpoMerpllqecxoro cutrrrfirJfiLu{onnoro 7-cqerqmca qyBcrBI4TeJIbIIocrrn ro-t f,
T.e. oIcoJIo 1ot3 aroMoB agtto, rITo, KaK IIoICaBaJIIIT pacqerH, n tos pas uem-
tue qyBcrBtrTeJbuocrlt zno-ceEcopa: lo-tor uJM tot9atolron cepeopa t28].
CToJb dorbuas paoErrrla B qyBcrBr4TerbHocru Mero,uoB cos,[aBaJra ooJElMe Eey-

AodcrBa B gKctroHtlpoBaEtr{ r,EmeHefi .[JIg I{crIoJIbBoBaHtIff Irx B ToM I{ E)yroM Me-
TOIE B CJry'IAE CEECOPA ,UJIfl sKCtrOHI[POBAIilfl TPE6OBAJIOCb BCETO JIUIIb EEC-
KOJIbKO CEKYIU, A B CWqAE AE CIItrITIIJIJIAI.trIOEHOTO CqETqIIKA ,UJIS EAKAIUUBAIMS
TOil 8e Cyr\ff\rapHofi paEIoaKTr{BHocTrr - HecKoJrbKo qacoB, qTo He MorJIo Ee BIIe-
crrr rreKoropofi onfiol(s, cBflBaIfiIofi c ecrecrBerfiofi Ee,uocraroEloft ycrofiqB�o-

cTbD aToMIIOTO fiyqKa B TeqeH]Ie .4OCTaTOrffiO .UJMTeJIbEOTO BpeMeIM gKCIIOET4-

poBalxl8.

B Taor. 3.3 rrplrBo,qsrcfl .qaHEue tro trBMepeErm InrreEcrBHocrefi IlyqrcoB
lgtto lto ]IgoroIIrIoMy MeroAy tt MeroIJ IInc, rIe B KaqecrBe ityncrBr{teJlblroro
gJIeMeETa 6HJa trcrloJlbgoBalla IIJIeHKa oKcu.ua zno. ll3 IIprIBe,ueIIHIlx IarIHH'{
BrrEro, qro u B sroM cJLyqae Eaofio,uaercfl y.[oBrerBol]sreJrbEas JuEleftrocrb
Mex,qy tMcJIoM aroMoB cepeopa,. tra.qarory Ha troBepxHocrb IIJIeIII0I zno, u [3Me-
HeElIeM ee 9JleKTporrpoBo,ulocm, a lIMeIfio rISMeHeEIleM rMcJIa SJIeKTpoHoB
rrpoBo,4nrocTr,I gTofi lurerlRu, odycroBJerfitrnr aAcopdlu{efi rraAawD( Ea gee Ag-
aToMoB. 3To wlcro 6Ero lloryrleEo HaMI{ Ira oclroBaHr.Ir4 pe3ynbraroB u3Mepeffi
xoJIJIoBcK[x xapaKTeprlcrllK oopagua B rlpouecce a.qcopot$[ l2el, a raKee pe-

ByJrbratoB oKcrrepr{MerrroB tro oupe,[ererum Kog(!(ftupreura paccesHrrfl o aroMoB
cepeopa trJeltrcoft zno. ho BeJrrrErrra oKa3aJlacb oJtrr3Koft K e,UtrtrtrIe (ecJur He
npI4MeEgJMcb MacJIffHbIe Mero.u BalcyyMtrpoBallufi srleftq). Pac'Ier qpoBo,u{Jlcrl

tro u3Becrno[ @pMyre (cM. BHpa)rerMg (r.e) u (3.7)).  SaMerrd\r,  qro 3a-
troJrIIeEI{e IIOBepXEOCTtr IIJIeHKIT ZnO B 3r!IX Oru{TaX COCTa&)IffJIO He oOJIee
rotocM-', T.e. 1o-u Mosocrofl,uJM r.o-rir. Ilplt 3aceJrenrrocrrr troBepxxocrrl
oKoJIo lotocM-z BoggtrKaer Heooxo.umocrb yllurblBarb peraKcaum BJIeKTpo-
qpoBo,EocTu IUIeHKrI 3a crreT arperalullI IIoBepxHocTHu( Ag-aToMoB B KIIac-
TepEile qacTnr, roTop6re coBceM r{Haqe BJMSnT Ha gJrercTporrpoBo,urocTb troJry-

rrpoBo.@IKoBoil IIJeItrCtr ([O.4)O6Eee CM. 06 9TOM EIIAe).

Ta6JMua 3.3

Tel,Eeparypa
I{ctrapema,

o c

I4$TeHcBEoctb
trOTOKA ATOMOB

Agl I o 
rlIBoroII-

Itrffi Mero,U,

r ^ . 1 0  
- l  

. a r ' c - t

CKopocrb rIBMeHe-
Hr4s rcoHqeErparulll
EOCIITEJIEft TOKA B
trJIEEKE, METO.q II[C,

v . . 1 0 - ' ,  o J
'  - 1

c '

I
a = -T"-

670 1 0 , 7 0 4 , 6 2 , 3 3

6 8 0 L 4 , 6 7 5 , 5 8 2  , 6 3

6 9 0 2 2 , O 5 ' t  
, 4 4 2 , 9 6

Ilpnue.raule. rr- rlgrencrlBllocrb rla.4a@ero rryqra aroMoB Ha ttJIeIIKy, ar/c'1 i
vc- cRopocTb rISMeHeE}lff ROIIIIenTpaIUq.I EOCUTereft IOKA B IIJIeEICe.
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KpoMe upmeAeHHux gKc[epr4MerrTaJrbHHx AaIIHHX, qpe.UCTaBJIffpl ne uenruudt

I{IITepec rI KIrIIeTI,ItIecKtre BaBI4cI{MocTI[ a,UcopoutrI aroMoB pa3JIlrlIHbI]( MeTaJIJIoB

rra oKcu.4ax, o KoTopbtx qpl{ I4cIIoJIbsoBaII[I4 ,UJITI 9TO[ qefil CeECOpfiOFO MeTOAa

cy,ryIJll,r trO I{SMeHeHrtrO BJreKTporrpoBo.uroclll qyBcTBIITqJIbEOrO gJIeMeIIla - IrJIeIrKlr

oKc[Ua UErKa. IIoIyqeHIftIe saBl{c}lMocfl4 I{ I4X SKCIIeptIMeHTAJIbHaS lrpoBepKa

trogBoJrrrJM aBTopaM yKa3aifioro [ccJIeAoBaIII{fi y6e.u{Tbcs B ToM' qro 'ufls

HedOIb[trD( BaIIOJIIIeHId IIOBepXHoCTLI IIJIeIIKI{ aTOMaM[ MeTaJIJIOB MO,I(IIO IIptr

pacqeTax [clroJlbSoBalb B OTIIOIIeHIM SJIeKTpOEOB IIpOBO,UO'OCT]I nOJIyIIpOBO,Ui[Ka

doJIbI$/taEoBCKyF cTaTscTrucy u Ee yquTEBaTb 3(&eIcTbI sapsxeB[s IIoBepxEocTLI

I{ arperarlM 9TID( a,qaroMoB B TeoperrqecKoM oIMcaEI4I[ fipoqeccoB alcop6uel

r4 rroErr3arw aAaToMoB MeTaJIJioB. r{To KacaeTcfl MeTO,Ua paBIIOBecEoIo [apa'

ro, Haqpul\rep, B paooTe [32] rloKasaHo, qTO rlapbl HarplIF' Igtrfta' rclryIff' a

TaKfie Ka.4\'trfi, CBIIHIIa I{.fr),. MeTaJIJIoB, a,4coporpyflcb Ha IIJIeIIKe zno IIIB raSO-

BOfi $aBU, BHaq[TeJIbIIo yBeJII{rI[BaDT ee gJIeKTpoqpoBO.UIocTb, B To BpeMf KaK

Ilapbr pTyTr! IIOJIHocTbn [IIJUI(mepeIITHII, qTO cBs3aIIO, BepoflTEO, c ooJlbmofi

rroJIBrDrGocTbF Hg-aTOMoB Ea rloBepxBocTtr. llldiln atbEafl yqpyrocTb trapoB

MeTaJUroB, IrpU KoTOpofi y$e MoXIIo $a6JDo.UaTb g(Fert ID( BJMfiIII,IS Ha oJIeKTpo-

trpoBo[Iocrb IUIeHKrr, cocraBJlffJla B grltx oltrlrax orcoro 1o-t-to-thop

ItlueTr.fia UsMeEeIIUfl gJIeKTpoIIpoBOIfIocTI{ IUIeHoIc zno IIo,U BJtr[fiIMeM aIcopoUEI

aToMoB MIIOTIB MeTaJIJIOB BIIJIOTb ,UO ee CTalploEapEoro SEaqeHI4fl xopouo olElcil-

Baetcs IIpocTEM ypaBEeE[eM [33]:

a l - 9 - l  = A " - o t ,  ( 3 . 8 )
[  

" o J

*. ^[+,J=t+t]. 
[-tJ; 

oo !I o - oJle*rporrponon{ocrb TIJIeEKI'I zno .qo I{ B

qpouecce alcopowEl aToMoB; IIIlqeKC o O3II8980T CTaI![OEapHOe KOEeqI{oe sIIa-

qelue BeJIIITIEHII rrpll IaruIOfi TeM[epaType; d rr A - itoctomuUe ' SaB]tC@'Ie

oT reM[eparypE. Jlr4lmepeE$[poBalMe ypaBHelrl{fl (3.2) qpIIBo]&T K CJle.Uyqeft

@prryre:

[-=-] 
- t"*' ( 3 . s )

rAe i = Acroo - Kog@tr[rerrT. oopMyJla (3.e) BlrpaffaeT BpeMeIIIIyD saBrcuMocTb

c$opoc1,tl I{3MeIIeEIIA o trfieEKl4 IIo,q BJE[fiHtreM a.UcOpOIIltr4 IIapoB MeTaJIJIoB (cM'

Bupaxe f f i e  ( 2 .14  ) ) .

IlplBe,[eltrilre ypaBEeHr{s (3.8) I4 (3.e) xopouo BbIIIOJIIIflprcff,qJlff a,4coporyItr

aToMoB ltccJleAoBaHruIx MeTaJUIoB' a TaKll€ .4.'Ifi aToMOB BO,qopOAa 14 MoryT oblTb

BNBe,{eHrI IIa OCIIoBaIIIU o6!SD( Irpe.UcTaBIelfld (DopMaIbEoft XI4MlFIecKOfi KI{EeTI{KII

,4rq sapsseEril{x qacTruI (B TOM W4CJIe I{ gJIeKTpOHIIOft UpOBO.4O OCTII ITpOBO'FUI-

na ) , t r o , t r I l l l l s f@D(c f f oo rbwaEoBcKo [c ra r f i c r s l ( e ' , u r f i c J t yqa f l 'Ko r ' [ aMoxq1o

upeBedpeqb saps)serrr4eM IIoBepxEocTr,I llowlrpoBo,ul]IRa a.4COp6I{pOBaIIHHM!( qacT]I-

uaM[. IlponeAeruue IlpoBepKll ypaBlreBldt (3.8) I.I (3.e) cBs,qeTeJIbcTByDT o

rlpaBr.ulbEocTr[ cAeJ[arrHbrx IDII ID( BbIBO,4e Ilpe,uloJloxterufr' qTo' B CBOD Oqepe'qb'

rro3BoJrseT TeopeTIFIeCKlI ooocEoBaTb cOs,UaHIIe IIIIC Ea trapE MeTaJIJIOB IJIA lco-

rfirlecTBemloro aIIaJMBa MIIorux @.Igttrco-xl4\,fi[,IecKllx gKcrIepuMeIIToB' IIpoTeKaF-

qID( C trX yqacr$eM.

B S a K J m r l e l u e c J I e ' { y e T o T M e T } I t b , t I T o r I a B H a ' I q e J l b g T o r o p a s l e J l a c o c -
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Teufieparypa
narprfl, oc

v  . 1 o -  t

AJ  r 'C

r " . 1 0 - t o ,

A T ' c t v t - '  .  c -  
t

r , T o p  . r o r  o

pac-
IIET

TaOJU[qsre
Iarfl{rJe

L ,  Z a r , 2 5 o , 3 0 ,  1 3

4 , 2 0 4 , 2 0 1 , 0 0 ,  4 0

7  , O O 7  t O O L , 7 1 ,  0 0

4 2 1 0 ,  0 o 1 0 ,  0 0 2 , 4 2 , O O

L 2  , 5 0 L 2  , 5 0 3 . 0 2  , 5 0

Ilpnreqarme, z - qlrcJo ygapoB aroMoB na r cu'rroBpxnocrtr B 1c.

Ta6.E{ua 3.4

Ta6rMqa 3.5

BeqecrBo
l,lErepBar l,lBrepBar

IaBrerild [apa
oErra, Top

H, Krar,/MOr,r
reMIIepaTyp

om{Ta, oc MeTO,q
l1II

JMTepaTypHEe
IAEAUe

Harprd 20-L20 1 0 - t o -  1 0 - 6 2 , O 2 3  , 4

Illtrtrc 1 0 0 - 1 6 0
- o

1 0 ' - 1 0 - 2 3 , 8 3 O , 0 2 7 , O - 3 O , O

ItaA,fid 1 0 5 - 1 8  0 1 o - t  -  1 0 2 L , O 2 2 , O 2 3 , 9

CBrcreU 350-420 1 0 - - 1 0 - 4 3 , O 4 4 , O 4 3 , O

Cepeopo 6 9  0 - 8  6 0 1 0 - - 1 0 ' 5 9  ,  0 6 0 ,  0 6 0 , 7

CBlcreq 2290-2650
- A

1 0 ' - 1 0 - L 7 , O 1 7 6 ,  O

TofiJra B ToM, qToOH troKa3arb (ln3ltr{o-xmrn{ecKyp ooocHoBarlHocrb rrpuMeEeEtrfl
rroJryrlpoBo,UrrucoBEx oKcr{Sllrx ceEcopoB AJrs KoJrrrlrecrBeEHblx I{BM€peEIfi trcrle3a-
nqe MaJIblx KoEIeHTpal[il aroMoB MHorrff MeraJrJIoB B BaKyyMe r! Ea rroBepxaocTtr
rroJryqpoBo,UlllrcoBrlx a,ucopdeHToB. Bhrue qpr[Bo,qsrcff TadfltrI'I ynpyrocTefi mpa
Harplrff, rlgMepellHilx Mero,qoM rroJIyrrpoBoIWIKoBEx ceEcopoB (TadJ.3.4), n
TetrJror ucnapelltrfi pa3rllqElD( MeTaJIJIoB (Taor. 3.5).

3.3. arsIenToPHUe rracTursr

3.3.r. MoreRyJIH I{ atoMEr rrpocrux rasoB

it gToMy ruaccy qacrr{rl cJreAyer orrrecr[ Te cBodo4mre aroMbr, pa.UccaJr[r r'r
MoJIeKyJrrr, KoropEe I a,ucopdfipoBarrHoM cJroe o6.ra.Uanr cllocooEocrbn 3axBarbr-
BaTb 9JTeKTpOHS qpOBO.UnOCtu OKCr{STOIO IIOWtrpOBO,UrrlKa I1I TeM CaMHM, Eaqptr-
Mep B cryqae n-Ttlfia (zno II.U).), yMeHbflrarb ero EprrMecEyD gJreKrpofipoBol-
rrocrb, a B cJryqae troJryqpoBo.Urrrrca p-Trfna, EarlporrlB, yBeJMqrrBarb ee, yKa-

BaItrfifr Kracc riacrr.q ,uocra?oqEo rrtrfpoK KaK rro cBoeMy pa3Eoodpa3lDo, TaK u
IIo xapaKTepy Bo3Ae[cTB[ff Ea sreKTpoF,I3ltrcy oKclr&ux uolynponopucon. B
Eeto Bxo.qsr Mrror[e cBo6o,F$re pa.umaJrbr pasJrl/t![tblx yrJreBo,qopoloB, a Tarse
rr{E)oKc}IJlblfiile, uMuHo- I4 aMl{Iro-pa,UmaJrtr u Mlrorl{e .U]yrue. I{B gKclleprueETa
cJle.Uyer, qro c}IrbHo aKrlerrropEEMr4 cBoftcrBatM B a,{cJroe Ea oKc}IJ[tHx troJry-
qpoBo.trfimax oora.uaDT TaftJre aroMbr a3oTa (n nposmonoJlorcrocrb lloJulofi
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trEepTEOCTU ltOJIeKyJrfrpEOrO asoTa ) , aTOMrr II r/lOJreKyJrU KT4CJIOpOAa, XJrOpa A

ruyrE aKTtrBHrlx ra3oB. B padore [34] ooEapyaeEo, tITo sJIeKrpoEEo- g KoJre-
JleoareJlbEo-BoeoyxgenFrg rlacrltru oz, Nz, H2, a raKBe BoBOyEleItrile arol,Et
6raropo.@E raBoB Be,qyr ceos B orEorrrelrE r BJMsErrs rra BJleK?poqpoBo.Eocrb
grE aIcopOeEToB caMHM paBJII{!rEHM oOpaBoM B BaBllcsMocrtr or reM[eparypH u
rfiIIa uo{ylrpoBo,@[Ka .

B Eac?oqeM pasAeJre rfir tro,U)odEo oxapaKTeprr3yeM cBo4ctBa llpocreffi
pa,uEcaJloB B aToMoB, EaxoA@Ixc8 B a.4cJloe Ea oKcn;t[Frr troJryqpoBo.uuKax, a
TaKAe trpoaEaJMsEpyeM uoJryqeElilIe x,oJuqecTBerrlftre cBa3tr Mex,4f I@EIIeErpauruI-
Mtr gttrx qacrEl Karc B ra3oBofi tr e,ucofi (Da3ax, TaK E Ea troBepxaocrtr oKctr-

.qoB (rraBlfiw oOpaBoM zno) u BeJrtrluEaMtr B3MeEeffi Ex sJreKTpo(F3trrrecKEx
trapaMerpoB. SaMerw, qro ormcaEtre or![x cBoficrB c{yMT B gToM cJryqae
ToJbKo o,Eofi rnaBEofi UeJII,I, a l/rMeffio .qoKa3areJrbcrBy cyqecrBoBaEEq Ea-

,qemrofi (F3r,recKofi II (F{BrEco*xr.ufir,IecKofi 6aBE ,UJI8 .UaJlbEelmefi paspaoorKtr r
rq)uMeHeEllfl troJlyllpoBo.rFrKoBrrx ceEcopoB B clrcTeMax tr qpoqeccax, IJIe aKTEB-
HIIe qacrltrf EoflBJIflDTca Ea rloBepxEocrrl JM6o B KaqecrBe lcoporKoxnrRyt$rr
IIpoMeryToqHHx oopa3oBalufi, JM6o gMrlTr{pyprca c rloBepxEocrtr B oKpyaaqyD
cpe.qy B BtrAe cBo6o,4rFx qacTEI (reTepo-roMoreEllile IIpoUeccE).

KaK tr B cryqae ,uoEopHrrx qacrlul AJrs peneErtfi nocragreruofi ga.[a!m Epe[-
.ue Bcero Heooxoluruo sKcEepuMeETaJrbHo ,qoRa3arb B yKa3arEofi ooJacrs trapa-
MerpoB (,[aBJreErre, TeMtrepatypa) cTporyD BE[troJIH]lMocTb B![Be.4eEHHX cooTEolle-
rilfr Ea .qocraroqEo dorbEoM KoJrrFrecrBe trpr4MepoB. B [ocraEoBKe raKEx grcctre-
pm\teEToB, KaIc IISBeCTIIO, EeOoXO,@rrO U36eraTb MHOrlre "IIO.@O,UIIIe Ka[,Er",
Koropble Moryr "trot oqb" gKctrepEueETaropy trprIEfiTb reJlaeMoe ga ,qeficrBtrTeJb-
EOe, a TeopeTuKy yKaSaTb Ea "oTcyTcTB[e" B trcKoMblx cafl3ax trpocTEx cooT-
EoEerod. IlepBbre sKctreprrMeETbr, qpoBe,uerrErre c aKuetrTopaMtr B sroM ruraEe,
KACAItrCb TAKEX AKTtrB'TFT IIACTI{II, KAK T/|oJIEKYJIfiPEEfr KIICNOPOI, OONAIA@, C
o,Eofi cropoEH, curbsxrrrll aKrleurop8brMtr cBoficrBaME, c .U)yrofi - 8Br@cfl
BecbMa pacqpocrpaEerrEbrM r[ xr4MlrtrecKr4 Aocrarorrrro ycroFmlnt BeqecraoM B
oTJrrlFMe oT cBooo.uslx rasoB lr pa,umaJroB, cKJrorffilx llper(ue Bcero K peKoM6E-

EarIltr, a TaKre rcyrmr Bsan\ro,qeficTBrrsM KaK B o65eMe r4crETyeMofi ctrcTeMH
(ra3, MJuroctb, TBep,uoe rero), TaK g Ea ee troBepxEocrtr, JIrs llccJeAoBarils
srerrpo(@smu cr4creMu rcrc.noin.q-uo.nyqpoBo,urm Mosuo trcrroJrbsoBarb KaK KE-
Herr,recKrfr, TaK II paBEoBecEfr Mero,E AereKTqpoBarMs ,r, TarsM odpa3oM,
noIIIITaTbCg trpOBeCTtr trO BO3illomIOCTtr CTIIOTOe CpaBEeEtre [OJry\Ier{FTrx C IIOMO-
MOUbD oTEX IFyX MeTO.IOB peSyJIbTaTOB, qTO ,UafieKO Ee BCerIa y,[aeTCA CIe-
Jlarb tro orEo[reElm K aAcopoIS[E BaJIenrEo-EeIIacqeFr{Frr qacrEtl - aroltoB E
paJfrrcaJroB, KaK oTMeqarocb B rJraBe 2, Nts MoJreKyJrsIlEoFo KtrcJropoAa B pa-

6ore [1e] Ea ocrloBaEtru llpuMeEemfl BaKoEoB (Dopt anbEofi KI{EerEKtr KaK IC Mo-
JIeKyJIaM, TaK tr K 9JIeKTpOEaM trpOBO.UnOCrtr trOJryqeEH KOJITqeCIBeFE}Ie COOT-
EorneEna MetrAr r@nleETparsrrMtr r/|oJreKynspEux qacTrul B rasoBofi (Da3e tr sneK-
TpoEoB rlpoBo.uarocrtr B cEe,reErofi rrJreErce troJryUpoBo,@Eca, KoErleETpar.us Ko-
Koropblx, o,EaKo, He rrpeBHltaJla Eopora Bbrpofi,qeEtrs gJleKTpoffioro ra3a. Ipy-
rr4Mu cJroBaMtr, cBoficrBa Bcex rlacrrtrI trccJre.[yeMoft cl{creMbl y,Uo&lerBopf,Jl[

rpeooBalus,t oorbt$raEoBcKofi crargcrttru, KpoMe roro, B yKaBaHHflx BEBo.4ax
dbIJlO IIaJIOX@EO TaK[e OrpaEr.rrterifie Il Ea CTerIeIIb SaTIOJIIIeIII4g trOBepXEOCTE IIO-
rryqpoBo,@EcoBoft llrelucfi alcopo]rpoBaEtrs,trI qa crrIIIaMrI. TaK,,urfl paBEoBe cgoro
cryqas AaE BEBoA ypaBrreEus, cBflSDlBaqero KoEueHrpalu{I{ MoreKyJtrpEI[X qac-

rrrll r{ oJreKspoEoB rrpoBo,Unocrr4, tr rroKasaEo, .rro trpocrefiuee BbrpafieE}Ie
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r.qe o0 u o - paBHoBecHLIe SIIaqeEI{g fipliltecHofi SJIeKTpo[poBo.EIocTtr B Eaqare
OIUTa ll qpll paBIiNX sHarIeHIltgX paBlloBecHofo Po-, Xopomo oIMCbBaeT gKctreptr-

MeHTaJIbHHe .UaHrrHe B I,IIITepBaJIe TeMtrepaTyp 250-3OO-C II ,4aBJIeEII[ KtrJIOpO,{a
or  ro - ' Io  1  Top.

Ilo,urBepxlerilreM cKa3arrHoro Morler cJyrs,rrb prrc. 3. r-3 , r,ue EaftIeltrras
BaBtrcl{Mocrb rpa@r,Ie cKn xopouo cfiprlMJrrre rcfi B 6rutorapuF\,ff,Ie cKI{x Koop.uIEa-
Tax. yfJIoBHe Kos@tr-u4eHTbr rrprrBeAerrHrrx [psMbrx AJrF pa3irbrx reMneparyp coor-
BercrByFT TpeooBarlllm,| ypaBHerus lr paBHrr -L12, sro I{ [o,UTBepr(4aer BEtroJr-
Hr/rMocTb BtrBe.uelmoro BbrparrcEl,Ia ( 3 . 10 ) . or6tT [oKasHBaeT , qTo saBncuMocTb
(3.10) XOpOtrO BbrrrofitfleTos II Ilplr ErrsKr.rx TeM[epaTypax, o.uraKo BpeMs .uoc-
TII'€III{F paBIIOBeC[g B gTOM Cryqae BeJUECO

[-tJ'= t, -" Po"o'

6/6o

5 / 0 / 5
t, nut

Prc. r. rr. SaBscn\rocrb gJlerrpoupoBogocrtr rureHKtr-cetcopa or
,[aBJIeIIrrfl Kr{cJropo,qa B norapn(F\MqecKE Koop.UrEarax
I - zsooc; 2 - 26oi 3 - 467i 4 - 62ooc

Ptrc.3 . 14. CouoctasJerile trgMeHerild oulocl?rreJrbrrofi snelcrpoupo-
Bo.Eocrtr TIJIeEKE zno, ooycJlo&rleEHrlx xeMocopdlueil.
o-aTOIttOB (/) r uoleryJl 02 (2) rpu leloc

| - p = 4.10-4 Top (No = 1012 qacq,/cuf);^ ' 9

2 - No - 1se an/cuf

IloJyr{eruue peoyJlbraril nosBoJlr{Jrr HaM croncrpyr{poBarb [1e] tryBcrBr.rreJlb-

Ififr ceEcoprfifr aIIaJII4gaTop Ea K[cJropo.U, mfpoKo ficuorb3oBarufifr EaMtr B ,UaJrb-
HeltED( uccJre.UoBaHfifix (cM. cJe,uJqyp rraBy).

SaMermr, o.EaKo, qro Mero.u, cBssarfifiil c r{BMepeurleM c rloMoqbr ceEcopoa
paBlloBecHbrx rrJM fte cTatll,IoEapHl{x KorrrleHrpar.tril KtrcJropo,{a,tr B oToM qacTEoM

cryqae flaJlflercfi rre Bcer.Ua y,4ooffin u qprIMeHlIMilM. IIoA'rac rpeoyercfl l,Eoro
BpeMeHn ,4Jrs peaJrrlsarpor gTr/tx usMeperfld. KpoMe Toro, gToT MeTo,4 Bcerla
cBgBaE c Aocraroqlo 6orbu6,M BaIIoJIEeIII{SMII [oBepxEocTtr noJrytrpoBo@{oBot
ruIeEKE, croJloruca npn nBMepeHrII{ Aafie MaJrbIx KoIIqeETpaIu(ft I,IcIIHTyeMEx ragoB,
qTo Eel,flEryeMo BIeqeT 3a cooofi ocTaTorlnfle fiBJleluff, cB8Sarrr+re c qacTm-

flIw f,eo6parlnno, onr,IcJrelrr4eM troBepxnocrtr cencopa, orrrrogb He ctroco6crBy-
@, xopoEefi Bocrlpo]r3Bo.un{ocrn rroKa3arfffi ceHcopa trp]r rroBTopEbE usMe-
perrr{flx.

T l^Q r59

B cBsoll c rroryr{errrsu\dr4 pesyJrlTaraM[ rro .UerenTr,IpoBarrrtro MoJIeKyJrfipIIoro
Kr{cJlopo.qa c rroMoqbp IllIC, r.rsroToBrerrHblx Ea ocrroBe clleqeEEblx IUIenoK zno,
HaEeceIIHrE IIa .UIgJIeKTpI{rIecKtIe tro.qJlollccl{, BcTaJI BorII)oc o lloBepxHocTr$rn (E-
gtrKo-xuMr+IecrrD( r4 alerrpo@rorqecrJD( cBoftcrBax arqerrropnbD( qacrltrI lre Mo-
KyJtrpEol'o TErra, a 6oree IIpocTEx, Ho rre Merree arpeccltBHblx cBodo$firx aTo-
MOB pasJrrlrlrHlrx BeuecrB. It Taxlnr qac?ElaM rrpe&4e Bcero cJreAyer orHecrr{
aToMbI KllcJlopo.4a, xJlopa I{ T.,U. p1g11eproreg1br IIoI{aBaJM, rITo aTOMbr rrpoc-
Tbrx BeqecrB (r&rcropoL a3or), ooraAaw{e aKUerITopHbrMr4 cBoftc?Bam{, uo_
,4o6Eo IoEopHbIM qacT[qaM, aauprrr\rep aToMaM Bo,uopo.qa, BeAyT ce6s gHalM-
TEJIbIIO AKTIBIIEE 8 OTEOMEEI/M BJI}I'IIMS IIx AICOPOUtr,I EA ANEKTPOtrPOBO.EIOCTb
oKclI,4oB' qeM MoreKyrfrplue qacrwirr, gro cBggallo c ux oorb[eil xltr\,Elrlec&ofi
aKTI,lBHocrbD, T.e. c Maroft sHepruefi al{u,Bar.Uor Ex a,Ucopol[IlI (xeMocop6ud.r)
Ea oKcr{Ie IIo cpaBrleHrm c MoJreKyJrapHHMr{ qacTrdlar,Er, a.4cop6ws rcoTopilx qac_
To rrpoTeraer qepes troBepxEocTqrn,UccorErar[m, TpedyWyD BIIaTMTeJIbEyD
gEeprm aKTr{BatUEr. flpKril llprD,tepoM Torry cpeFr aKrletrTopElx qacTr.u fiBJrmrc8
KtrcJIopO.U II a3OT, B To BpeMfi lcalc B cJyqae xJlopa ero lEccollllrarltrs BA aToMLI
Ha rroBepxHocrtr oKcI4,UrOrO trOWUpOBOlrIlrrCa llporeRaer co 3aalMTeJrbEo MeEbuefi
OEEPFIIEI AKTIIBAUI}I, A IIO9TOMY PABJII{II}IE BJMSIIUA ETO MOJIEKYJIAPHbIX I,I ATO-
MAPHbIX qACTIIII EA 3JIEKTPO(F{3UKY IIOJIYIDOBO.UIUKOB IIPII ,4OCTATOiIIIO BHCOICtrX
reMrreparypax ByaJrnpyercs. Pa3Jtr[q{Tb reficrBue Ea IreKTpo(Fr3r[trecKr4e cBo[-
crBa rIoJIy[poBo,uIlIKoB aroMapHEx u MoJIeKyJLEpHblx qacTnl B ToM cryqae, ecJu
Te tr IPyFI4e flBJIaDTcE 9JIeIcTplFIecKrI aKTTIBHHMI4' MoxHo' KaK yKaBbIBaJIocb BbI-
me' c troMoqbn rcoMdrutrrpoBalfforo mlc tgl , yclpoficrBo Koroporo ocHoBarro IIa
BIC.IEOTIEEUU B TAPAJIJIEJIbIIYN OJIEICTP}I':IECKYD CXEMY TOIUCOft CNEqEffiOT IIOJIYIDO-
BO.EiltrCOBOft TIJIeEKI{ I{ CneqeEHOrO EapIIKA rrrr mrnfra, I4SroroBJIeEutrX r43 Mare-
plraJla sToro [e rloJlyrrpoBolErrEca. SaMern, qro K yKaBaErN\r trapaM qacrrtrI

cJreAyeT oTHeclI,I MOJreKyJrbr r{ aToMbr KtrcJlopo.ua, xJropa II MEorrre ,qpyrtre IIapH,
EAIIPI1MEP BOSOYE,4EIIHI{E I,I HEBOSoY[,qEruillE 9JIERTPI{.IECKI AKTIIBHTE qACT}NT}I
(MoreKy.IH rpr4rulerrroro, cfisr,nerEoro }I KoreoareJbro-sosoyfireEroro K[cJropo-
Ia, Bosoye,4elrHrre MoJIeKyJrrr a3oTa, Bo,qopo.ua II Ip. ).

B paooTax [35,36] BrrepBble 66uro IIoKa3aEo, qTo BJMsrrr4e a.ucopduxrr o_aTo-
MOB Ea SJIeKrpOrpOAo.EocTb trJreHoK olccu.ua IstIIKa It,{p. oKcrrIoB Bo MIrOrO.Ue_
cfiTKoB pa3 qpeBocxOJtrtT IIp}I llpoqiq paBHbIx ycJIOBI{sx 8JMalille rilOJIeKyJIfrpIIoIo
KI{CJIOPOIA B OOTACTU YMEPEIIHbIX I4 IIOIIIIDTEIINbIX TEMIIEPATYP. O,UIAKO CJIEJIJET
BaMer[Tb, qTo alcoporyrs aroMapHofo Rr{cJropo.ua Ea oKculax coqpoBoMaercs
.qaae Upu Kot\,rllarEofi TeM[epaType IIocTerIeHHlIM Eeo6parl4l\,ftu\,t oKlIcJIeIII4eM Me)r-
y3eJrbHilx aToMoB rUIHKa - rIeHTpoB aIcopouru o-aToMoB. rIeM Bbwe Teweparypa
l{ 6orb[e crerlellb BarroJIIIeHrr.E troBeprurocru, Tetu dbrcrpee rlporeKaer oror rlpo-
qecc. IIpu EtrsKrIx reMneparypax oE rrpaKTrrlecrst Ee Haofiolaercfi. Ha pr4c.3.14
IOKA3AIIO I{3MEIIEEI{E OTHOCI,ITEJTbIIOfi 9TEKTPOIIPOBO&IOCTI{ IIJIEEKII,ORCTIA LUIIIKA
B rrpoqecce xeMocopor.pil.r aroMaprloro rr MoJleKyJrfiprroro Kr.rcJropola B odracrr,r
MaJEIx .qaAJelilfr (Poz = 4.1o-Tfop ). PaC.IeT IIbKagblBaeT, qTo B 9TOM ortrrTe

KolflIerrq)alpla o, cocraBJrsJra 1ot2 uacl ./clf, a arouos - rot ar/crt.
TeM Ee Menee cnopocrb tIBMeIIeHrIS lr crar[.Ionaprrafl BeJIrrMHa trgMerelrr.rff aJIeK-
rpoqpoBo,EocTlt IrJreHKr{ oKcr{Ia B clyrrae a.qcop6r.Efi{ o-aToMoB Aaae llpr/r TaKoM
dorbEoM rx Ae(ptr$Te rra troBepxtsocrr{ oKcl{ra BrrarMTeJrbrro npeBlluraer IrsMeEe-
rue sJerTporrpoBo4locrll Toro t(e rloJryrrpoBolfrr{Ica or a1copdryul O2-MoJeKyr
np}I 3EalMTeJIbEo ooJlblleM SaIIoJIIIeIIIM ePo rloBepxEocrl4 grllrM[I qacrlqaMfi.
yKa3affioe odcroarerbcrBo cBtr,{ereJrbcrByeT o dorbmoft xltr\,tr(qecKoft peaRr.pIoE-



EOft CTOCOdEOCTII o-aroMoB, a raKBe 06 oTcyrc?Brtrr saMerEofi lloBepxHocrEofi
.ulccorEar.uM IIa aroME fipr xeMocopdutrr oz-MoJeKyr tro Kpal&refi uepe B o6rac_
Ttr yMepem+rr TeMtrepaTyp.

UKCIIEPEMEE$I C ATOMAM'I AsOTA IIA OOHE MOIEKYTffPHOTO A3OTA C qPtrMEEEEtr-
eM II[C' c o,Eofi cropoHrr, srraqrrreJrbHo yqpoqaFTcs d;tarogapa trIreprrrocrlr ri|o-
JreKyJI a30Ta, c 4)yrofi - ycJroersxlrcs 3a cqer 60Jrbuefi rDorElocrl{ cB83U Mef-
,qy aToMaMu a3oTa, qTo saTpyEISeT qplrMerreHlre MeToAa Tepl,fiFlecKoil .&rccoutra_
IIETIT MONEIryN A3OTA, qTO SACTABJISET trPUMEHffTb MOryilE TEEEPATOPbI BECOKEX
TeMtreparyp. Ilocne,Eee B gKctrepr.rMeHTarbEoil TexHtrIce MaJIo aeJrareJlbEo Es-Ba
oonb[ofi BepoarEocrtr sMEcctrrr B ragoBbil o6reM EapflAy c N-aroMaMtr rcyl.rD(
qacrrtrI tr trplrM€cefi, colepsauD(cs B EarpeBaeMo[ 'racr[ reEeparopa, llro xe
Kacaercs trpuMeEelrfifl B groM tr llo.[od'nrn cryqasx pa3psnux ycrpoficTB, To
oBo, co cBoefi cToporut, eqe ooJbEe ocJro&IeHo oOpaBoBarMeM rrocropoErtrx
qacrErl pagrEllEoro Tutra, or Koropbrx ilBoaBl{Tbcf B sKctrepuMelrre oqeHb gy.q-
Eo. Eoree roro, ecJrrr B cryqae nl{�poJtrl3a MoJreKyJrgpHblx ra3oB Moffio KoHTpo-
JItrpOBaTb [24] KorlqeEfpar.um UJM urrTeEcr.rBEocTb IloTorca aToMapEllx qacTtrIl to
qpI/I uoJryqerrrr Ex B pa3pf,,qax pasJrtrrrHoro TI{ua, Ee rrpxMeEsfl IJI8 sToro,q)y-
rID( trBMeptrTeJbEIx ycrpotrcrB, cAeJraTb gTo KoppeKTrro trpaKTlF�lecKu EeBoBMof-
EO, qTO eqe ooJbEe ocJro&rfieT oKctrepr{MeHT II cBo.u{T Ea EeT qpocToTy u
y,uoocrBo qpuMeEeErrs ceHcopHrlx AarqrucoB.

B paOore t37l BIIepBHe troragarro, 'rro aAcopdu{fl N-aroMoB IIa lurenrce oK-
ctr4a lFrrIKa cogpoBo[Iaercs yMeHbtrreltr4eM ee sJreKTpollpoBolEocrtr ,qo EeIcoTo-
poro cTalgoEaplroro SEaqeEI,Iff, 3aBtrcroero, KaK I.I B cJryrrae aToMoB KtrcJropo-
Aa, oT crarffoEapEon KorqeBrpautr{ rracrnl B oObeMe, rrptrJleraueM K trJreErce
ceEcopa, tr oT ero TeM[epaTypE.

CTauroEapEas KoHqerlTpawfi a,4copofipoBarilfix aKuetrTopHbrx qacrnl o- r.r N-
aToMoB Ea rureErce oKclIIa LuErrca peaJM3ye1cfl rJraBEbrM oOpaBoM draro.qaps
RoIIKypeHrlIII xeMocopoluor qacrrilI tr rB Bsar,Ir/toleficrBtrs - pelcoMolrEar[ltr KaK
,(pyr c ,4)yroM Ea rloBep&rocTr'r a,ucop6eHTa, TaK r! co cBonMI,t cBoooEtrtr\lu aTo-
Marr/M, "aTaRynuool" a.[cJo[ a,ucopoeETa u3BEe,

B upouecce xeMocoporstr{ aroMapHoro KucJropola rr a3ora B cJryqae EX
yJlbTpaMaJrrrx KoEqellrpauot Ea rurerrRe oKclIIa UmKa B rrMpoKoM MTepBaJre Bpe-
Meru IIpI'l yMepeFFr'rx tr noBbrr[erlHlD( TeMfleparypax Eaomlaercs JuEelffioe uBMe-
IteH]Ie orEocrlTeJlblloil oJleKTporlpoBoEocTtr IUTeHKE oKcI{JIa co BpeMeEeM, T.e.
BTEIoJELHe rca npoctefuee K[Ilertrqe cKoe ypaBEeEI{e runa
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tlllllIe oo u o - sJeKrllo[poBo.UEocrb rrJrerrKl{ zno Io a, B qpoqecce aAcopdlE{; k
- KrlIueTLIrIeCKafl trOCTOfiIIEafl. yKasaffias Jrr4rIel&IOCTb odycJIoBJIeIIa, BepoflTEo,
MaJIofi cretrerrbD BaIIoJIEerrr{ff rroBepxHocTtr o aAcopdeHTa aroMaMtr KtrcnopoAa
rrJrr{ agora Bo BpeMfl ouJTa. Ooberwras KoHIIeETI]atErs aKTnBHblx qacr[U B gToM
cryqae cocraBJlgJra Bcero Jufl[b 107- 1oe at rctf, IIpE 6oJb[trD( Koaqerrrpa-
rryrrlx aKTIIBT{Nr. qacTrtrI K[IIeTLIqeCKI{e SaICOHOMepEOCTU ,4JIff aTOMOB KtICJIOpO,qa U
agoTa fipuooperanT 6oree croxcfifr xapaRTep oraro.uaps Bo3pacTaErm cKopocTtr
r.d B3aInoleftcTBlra .q)yr c .U)yroM Ha troBepxEocrr4 noJryrrpoBo.UuKa.

Ha puc. 3.15 troKa3aEa Bb[[oJrHrrMocrb yKagalfioro fipocrefrlero ypaBrreEtrs

Alff a,qcop6utr{ o-aToMoB trpu HaJrurIII'I paBJIrrIHru( KoIIIIeETpaI@ Mety3eJlbrnrr
aroMoB rlcrrca Ea fioBepxrocrrl orcr{Ia rycuca. B cryqae aroMapuoro KtrcJlopola
orMT rrpoBo,U4Jrcs B orcyTcTBrre MoreKyJrFllEoro Rr{cJlopo.Ua, ,ITodbr ero a.qcop-
6urg ne ByafifpoBaJla g@KT r{BMeBerilrfi aJleKTporrpoBoEtocrr or a.[copdrufr
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Puc.:.rs. Itltsermca oJreKrpoupoBogocrtr zno IUTeEKE trptr 2ooc B
upoqecce aAcoporFnr aToMoB ICECJTOpo.{a
/ - Ao o6pa6ous rureEKtr trapaME r.Erruca; Z,g _ B .@yx
trocJre.UoBaTeJlbHux orrbl?ax trocJre a.UcopdrFrr aToriloB
rnrrKa. I{c?oqMc o_aroMoB _ IItrpoJIM co. qpl,t p =
= or9 Top tr TEI*I = 116ooc

Pr4c. 3. 16. I0merluca oJreKrpoupoBoEocT4 rrJrerucl'I oKcu,4a rlruuca B
qpoqecce a,ucopolutrr N_aroMoB rrptr lroMEarEoft Te[,Eepa_
rype

O-aroMoB, Iorop'e troflyqaJucb B gToM orIbITe IIyreM III{poJMBa Eo*cqgs yr,4g-
po,qa. I,l3 pucyEl(a B[EO, rrro EaEecerr*e Ea troBepxEocrb rureEKtr OKCEAa rIrF-
Ka aroMrr l@a (cBepxcTextroMeTpeqecKtre ) fiBJraDTca aKTtrBHbIMtr IIeElpaMtr a.q_
copoqm o-arorroB. AEaroruwoe 6Ero troRa3aEo tr AJrrI aAcopOltlrr aroMoB a3oTa
t381. B 3TOM CJryqae 4ptrBereEEoe ypaBrleEtre (3.11) BTEOJEAeTCA B 60nee uE-
porcoM trETepBaJre BpeMerq tr trptr 6orbu[ oOre[,Erx KoErIetsTpaLEflx aKTEBET{X
qacTtrII.

SaMermu, qro B cryqae a.UcopouM o- I4 N_aroMoB Ea ruleElcax zno trIltr ToM_
treparypax selrn6 29909 B rlqporoM trETepBaJre rcoguegtpalEfi aKTEBEbIx qacrnl
xopouo BblrloJlEaerca RmertrqecKoe ypaBlleEtre, BEBe,[eEEoe Ea ocEoBe rlpuMeEe-
Itr{s (FpMa.r6Eo[ Krorermcs, Koropoe Mo[er OETb BarltrcaEo cnelyul@,r oopagoM:

Aoo/o,  = kt  , ( 3 . 1 2  )
r.qe t - BpeMa; Aoo= oo- ot (cM. rJIaBy 2, Brrpaserue (2.44)).

O.EaKo B odracrtr yMeperr'brx (r < zoo.c) tr Hr{BKrrN TeM[eparyp trpuueEtr-
Mocrb 9Toro ypaa'ems Eapy[aercs. B pa60Te t3el or@p'lrec*u 6buro Eanre-
EO ypaaEeEue (cM. rraBy 2, BDrpaftelile (2.e8))

Aoo/La -  k t  , ( 3 . 1 3  )
r'4€ Aoo= t,- t i o@- MtrEuMaJlbgoe SIIaqeEI{e SJleKrpoqpoBo.ulocn{ B ycJloBtrtlr
'uamloro orrblTa, tr3 KOTOpOTO CJIe.Uyer, vro B trowuposo,qlflEcoaofi mleflrce trMe_
nTcs rq)uMecEile qeIITptr oJrelcrpoqpoBo,Elocrur He yrlacrBywle IIo rofi riJM Eiolr
rprrllrEe B xeMocopOIOM aToMoB a3ora r{JII{ Kr4cJropola.

Ha puc. 3.16 rroRa3arra xopouas trpllMeElrMocrb groro ypaBrreElrff .qJrs a3o-
T a .

I'lB cKa3affioro B orEorrreHr{lr arcopdr[EI aroMoB R[cJropoAa r{ a3ora cneAyer
3aMertrTb, lrro rrpaxTrueciaa gpr.r Jmobtx clrryar&rfx HaqaJrbrras cKopocrb usMerre-

l0 20 30 t, nuu
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Etrs oJlercryoqpoBo.urocTE IUIeIIKU OKCU.qa UIIIRa IIOA HILISEI{eM a,4COpoIuIu ytrOMfl-

4yTb lxBgToMpaB, [eJ IeaKue l lTopHt rxqacTn l ,KaKI IBc Iyqae 'uoEopE[EqacTuu '
I lpouoplsoaaJlbuaKoEIeETpaI.uuqacrruIBl lpocrpaEclae'qptrJleralqeMKIIoBep-
xEocTtr IUIeEKtr OKCIUa, l.e. BErIoJIIlflerCs BEpaaeulle

( 3 . 1 4 )

r,ue tAl - KoErleErpar.ufi aToMapabrx qacrlnl s rasoBot 0a3e. cRa3aIEOe OsEa-

qaer, qro Bcer,4a l,IMeercs qpoflopu[olraJlbllocrb MeEIy tIucJIoM a'qcopoEpoBaEnblx

gacTm Ea OKctrUofi trJIeIIrce zno qptr ,UoCTaToqEo MaJIHx SaIIoJIIIeEtrsX ee IIOBep-

xHoCTtr U qrrcJIOM cBOdolE[D( HOctrTeJIefi ToKa, Ea KoTOpoe tr3MeHruI-acb UX trep-

BorraqaJrbEas (Ao a.qcopotFt) BeJMWEa. 3TO OTflOCUTCS K aACOpoLUII! KaK aK-

ueIITOpHlD(, TaK tr ,qoEopHbrx qacTnl. c.UeJlalililfr BbIBO,4 XOpOEO KoppeJltrpyeT c

peSyJIlTaTaMtr, uolyqeEHHl[{ B paooTax [28,40] IIO yCTaEOBJIeE]m yKasaF'FrJ:r

coOTnoUIeEIfr MeTO,[,oM trSMepeIItrF xofiJIoBCRofi SJIC B llpoUecce aICopoLUItr alolloB

Bo .uopo ,ua ,K t r cJ l o l ) o . [ augo .ua ' aTaKx (eaToMoBMI Io rExMeTaJU IoB 'gTocB t r I e_

TeJrbCTByeT o EeCoJIbllIoM lI EeCyqecTBeHEoM BJItrfiEtrII Ea yKasaIIEyD qpotropq[O-

flaJrbrrocrb MaJrilx trsMeEeItrfi xorJroBcKofi llolFl4tclocrll sJIeKrpoIIoB qpoBo,@rocrtr

B 4poqecce a,qcopouEl aKTtrBHLIX qaCrEI Ea IUIeEICe OKCII.{a I[EIIca trpu Ee6oJ6-

IIIID( 3aTIoJIIIeEUEX ee rloBepxllocTl4.

BcecKasal t r loe06a.ucopo4elaKqeIITopEbIxaToMapruuI4MoJIeKyJIFpHblxqac-

rruI uo.urBepMaet odud BEBoA oO ooocEoBalnlocrtr TPuMeIIeHI{ff paspaooraffiilx

IIJIeEOTTETD( CneqeEIIbIx trOJIyIIpoBOSII{KOBbIX OKctrIoB (IIJIaBIIIX\'i Oopa3OM zno) B

IcaqecrBe BBcoKoqyBcrBr4TerbHlrx IIflC, qpeEla3llaqeEHbrx .UJtfi KoJII[qecrBeIIHIlx

ff3Meperflfr ucrresaqe MaJIIIX KOIIUeETpaLUd aToMapflEx n MoJIeKyJIEpHHX aKqeF-

TOpHbtx u ,qoEopHEX qaoTl'�flI' COCTaBJISWD( B pgle cryrlaeB oKoro 1o7-1Oe aro-

MoB B KyoI[tlecKoM caETl{Merpe rpocrpaEcrBa cpe.F' [pi{reraueft K IIIIC'

3.3.2. CBooo,sue Pa.EdKaJu

06Eapy8effiJe BaMU sJIeKrpI{tIecKrIe o@KTH IIa IIOJIytrpoBo,uflII(OBbIX OKC}IIaX B

qpoqeccexeMocopo l t n raToMap l f i l x . I acT I4 I6HJMt ro r cooEo l . I s yqe l i l l [ 41 ]u ' u , I l f l

cJ lyqagxel locop6ulupa3JM,tr Iof i t rp l lpoFcBo6o.uuxpaMtaJroB:cH2'cH] 'c2H5'

c.HroHr,oH,NH,NH2 u,4)' OKa3aJIocb' qro 8ce 9Tu qacrnlFl nocgt arqeuroprufr

xipaxiep 11o oTrrglreglm K sJIeKgpoIIaM Upl4\recgofi trpoBo,Un/tocTll oKcI4SflX troJry-

IIpoBo'@EcoB, a I,D( a,qcop6ul'I' KaK IIpaB[JIo' ''oopaTnua'' B lasoBoft cpe,ue B

odracTl.I IIoBEItreEHHx TeMlepaTyp. ?e'Ib I'IIeT, pasyMeeTcfi, o0 oopaTl4'ocrfi Ee

alcop6r@ pa,4ma,noB, a SJIeKTpOEIIOTO cocTofiilfts IIJIeHIOI OKCI4Ia IIOCJIe IIpO-

rpeBartrs ee trpE TeMtreparype cBme 250-3000c B BaKyyMe ruu ruIeprsofi uo

orEoEeHltro K olccll,uy cpe.qe. Cylr6a xe xeMocopdEpoBalilux pa'u[caJloB trocJle

TaKOfi O6pa6oTKtr Otrpe,ueJlfieTcfl pac[afioM trOBepxEocTIIilX KOMIIJIeKCOB pa'@taJtoB

Ea I I e I ITpaxxeMocopd l@I (qaqeBce rogTocBepxcTex t roMeTp rqecKueaToMHMe-

TaJ I J IaoKc I I . ua )uBH 'ue Ie I i l , I eMBrasoBMo6beM,KaK t rpaB}U lo 'BaJ Ie I ITEo -EacE-

EerrHllx xuMtrqecKm yrreBo.4opoEftD( I{ ru)yrll)( coeFtHelil[fi'

o l ]b lTI IoRaSaJI ' I IToBceuccJle,uoBal{mleI iaMtraJIKI4JIbI IHe' I I I '4)oKcI{JIbHbIeu

aM l { I r opa , scca . ruB l l poqeccexeuocopd t . uu rSHarMTeJ ib I l b IMoopasoMyMe I Ib I I I aDT
gJIeKTpoqpoBoEIocTbl IyBeJI IFI} IBaFTpaooTyBExoIaTaIcID(oKcI4ElbIx l loJryqpo-

BO.EII4ICOB, KaK zno, Tio2, cdo, wot' MoO3 I4 El' SaMerm\/r'� qro oollapyt(eaElre

9 (nFRTb IBecbMaBeJ i ' IK I , I ' Bocooe l t r I ocT l . I ecJMpeqb } I . 4eToB f i { aH I I l I xeMocopd -

ul4r4 aKT[BH!rX qacTItrI Ea gJIeKTpOIrpoBoJrIocTb cIIeqeEIIblx TOIIKtrX (C TOfiUHaMtr

MeHbmelMtM)noIyKpI, IcTaI I I i rqecKI,D(- t roIyqpoBo.uI l IKoBbIxI IJIeI IoK.TaK'oIeK-
10<

rpoupoBo4rocrb raruD( [JIeIIoK B rrp]rcyrcrBl,Il{ cBooo.ulblx cH3-pa,ulKaJIoB c KOIi-
qenrparyteil gaxe toocu-3 I4 Mellbute Moxer B BaBrcr,rMocrlt or ycroBrd grcne-

PI{MEHTA }TSMEEflTbCg IIA IEC'I?KII I4 COTHII IIPOUEIITOB NO OTHOIIICHITtrO K CE IIEPBO-
EaqaflbHow 3rraqeHrflo.

yMeEbmerfire gJreKTpollpoBo.Etocrlr B qpoqecce xeMocopOutr{ aJrrctrJrbHbrx pam-
KaJOB IIa IIOJIyIIpOBO.UIIIKOBbIX OKC]IgaX n-TIIIIa OobrEIO HOCTIT IIpI4 noBbueHH}Jx
TeM[epaTypax odpaTlo,trfr xapaKTep, o.uraKo B o.&rrD( 14 Tex fie ycJroBr{sx BeJM-
wtrIa g(meKTa BaBrircr{T or xr,rMrrqecKofi r.fi,u{BrA/aJrbHocrtr alcopoesra, Haupfi-
Mep, pacrroJralas llccJreloBaHEbre rraMrr oKcr4.U B nops,Ure yoDrBarMs rrsMege_
Erfi lrx sJreKTpoqpoBo$rocTtr [o.u BJtr{firlleM xeMocopouru{, c(a]r€M, cH2-pa.utrca-
JroB, Irptr trporDrx paBHrrx ycroBnqx omJTa, noJryqaeM creIyWM prrA aK?r[BrrocTl{
a.qcopoeEToB:

ZnO > TiO2 > CdO > WO3 > UoOl .

JIerKo BaMerIITb, qTo B oroM psAy JreBee pactroJroaeHr{ Te oKcI{]El, c MeTaJUIaMtr
KoTopHX CBOoOJtFHe pa.U{KaJIE OxoTEee OopaByFT MeTaJIJIOopraErFrecKUe coe.UtrIe-
IItrfl.

OErr troKagar ratq[e, qTo usMeHerrlfe gJteKTporpoBolFocrrr KaKoro-JMdo o.u-
EOrO OKCtrIa (Eatrpnrep, zno) B cwqae xeMocopoluM rra EeM paBJrrFrHru aJrb-
KUIEHIX pa.@CaJIOB, TaKAe trptr qpoqlD( paBEIlx ycJIoBI[gx oIIbITa, g satteTEoil
cTetreEu SactrcuT oT xllrMtr(IecKofi lll)I/rpo,u cBodo.utrD( pa.@{aJroB. EcJEr I,ICCJeAO-
BaITFHe trpocTe'IMe aJIKtrJIbHbIe paIumaJIH pacIIoJIoaI{Tb B IIopR,u{e y6EBaro8
rlx BJII{AEtr^f, Ea 9JIeKTpOqpOBO,UIOCTb rUreEOK, tr3TOTOBJIeITHTD( tr3 Bblopaffioro
IraME oKcula, To EoWrIuTcr creAy@d ps,q aKTlrBEocrII a.qcop6aroB:

cH2 > cH3 > c2H5 > caHT .

HeooxoEDro orMerETb ro oocrosrerbcrBo, qro gTa trocJreloBareJrbEocrb xo-
pouro colJracyeTcff c ydEBaMeM B BToM ps.6t xnMnqecKofi aKTrBHocTtr trep€trtrc-
JIeEr{Fr pa.qrutaJloB [42], EO EaXO.UITCfl B trpOTI4BOpetIIM C BeJIIltrIItAaMtr, EaUpI!-
Mep, gJleKTporrEoro cpo,UcTBa EeKoTopHx uB rrr,ff [43]. [IprBelemrHe pe3yJrb-
TA$I C EECOMEEffiOCTbD YKAsIIBADT EA AOI,IIIEI(PYUIIJTN 3EAIIIIIMOCTI (IIFU MAIbIX

3aIIoJIEeEtrax uoBepxEocTtr troJrytrpoBomflrrca ) B a,Ucopdrlrrrf cBooo.Uiltx pa,@canoB
trx xtrMErrecKoft aKTBEocl% tr, qro Ba&ro, Bo BJMfiruItr ee Ea oJrercrpolpoBo,u-
HocTb clleqeFr$rr IUI€EOK oKctr[oB' a Ee cotrpoBo&,{ar[ero ee Bapfl[eHtrg uo-
BepxEocl% a.qcopoeEra. JIrs ebrsBnema trprpo.u qeHrpoB a.[copoqro pa,4rKaJroB
6HJu trpoBe.qeErr gKcIIepuMeETbr uo JrerEpoBaEroo paBJrI{lrEbrME MeTaJUraMtr (Na, zn,
Ti, Fe tr rc. ) rrJIerIoK, rrsroToBJrerrHEx I,I3 OKCtrIa UrrrKa. JlerrpoBalue trpo-
Bo,@JIocb ,FyMa Mero.qaMl{: Mero,qoM aroMapHilx [yqlcoB JM6o Mero.uoM paBEo_
BecEoIo [apa trpU MaJrr{x .qaBJleHrrsx (Na, zn).

Ha pEc. 3.L7 g. r.18 uoKasaHE pegyJlbTarbl onHToB rlo BJMgEm Ea sJroK-
TpoqpoBo.UocTb a.IcopdrFnr cH2- tr cur-pa.UmaJroB Ha rrJreglcax o6ctrIa rFr{Ka,
JrerqpoBanFlrr aroMaME IIEETCa [41] tr Trrrarra t441. Bu.uro, qro qeM 00rb[e Be-
Jrtr\uEa oo, T.e. qeM 6oJ6Ee B oopasqe I{p]rMecHrE aTorrroB, TeM 6o.rlbue BeJItr-
quEa cTatluoEapEoro trBMeBemfl sneKTporrpoBorErocrtr,T.e. oorbue cretreEb Ba_
IIOJIEEEtrA trOBEPXEOCTtr IIJIEEKE XEMOCOPOIrPOBATTITrJUH MATEPTAJIAMI,I. C YBEJUIqEro-
eM rltrcna a.qcopdl&ornrtJr UeErpoB, KoropbrMtr, KaK cJle,4yer llg qptrBeAer.nlJr
3,4ECb POSYJIbTATOB OIIIITOB, flBJIADTCfl IIPilMECEIIE ATOMH METAJIJIOB, YObICTPSET-
cs ralc8e tr a.qcopdlEoffias rcEEerrrrca trgMerreErrg oJrercrpoqpoBo,ryocrtr nerEpo-
Baffiofi rL,IeEKtr. B coorBercrBrEr c EaEefi rnnotesofi o trpffpole rIeEryoB xeMo-
copolFnr aJugJGrrwy paJ@aJIoB Moelo qpe.UIoJIofiLITb, qro qeM aIcTtrBEea oEtr
B3anoIeficTByDT C aTOMaMrr laErroro MeTaJUra: zn, Ti, Na, pb I Ap. (olurIn



lo '10, xlrll
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Puc.3.17. I0merma BJreKrpotrpoBolurocrtr rureEKE oKcuAa r.uffiKa B
qpoqecce alcop6r.@ cHz-dtrpa.umaroB rq)tr roooc
Pa.Umafi{ troJryqaJurcb (foro.msou EapoB KereEa rrpll
p = 0,5 Top o _ uocJle a.{copouc.r zn_aToMoB; 6 _ lo
(/) s nocre (2) a,ucop6uq.r zn-aroMoB

Plc.r.re. Iherma oJreKrpo[poBoEocrn rurelrKr.r zno B rlpoqecce
A.UCOP6I.UEI METITJIbHIIX PADIICAJIOB CH, qPII KOIT,AATEOfi
TeM[epaType B SABT4CUMOCTT{ OT CrerreHr{ EpeFap[TeJr6_
IIOFO Jrer4poBaHIIg ee troBepxEocTu aToMaM[ TttTaEa
f - xorocrofi orlbtr Ea rucrot (6ee aroMoB rtrTaEa)
ruleurce ( o -,Uo JlerllrpoBaufifl; o _ trocJle trporpeBa
JIertrpoBaEEOil rureEKlI trptr 3sooc, T.e. [ocJre pe_
reEeparyM nrerilCtr)i.Z _ S _ omtTbr c JrerqpoBaHHllMu
IUIeEKaMtr, c?erleEb JIeI'IIpoBaEI{.8 pacTeT B pflIJ 2<3<4<s

Ilaaera c MeraJUrrFIecICtIMtr BeprcaJraMll t42l), TeM B oorbmefi crerreErr rlpu ga-

IaEEofi TeMuepaType oEtr 6y.UyT trBMeHflTb oJreKrpoqpoBolEocTb cooTBeIcrBy&-
qelo oKcu.[a.

oErr rro.qraep8laer c,EeJramoe qpe,qronoreur{e (cM. Ilp[BeAerrHile BD[rre pssl
a&TIBEocru). ,lB cKagaEroro creAyer, qro Upoqecc xeMocopdlru aJrKnrbrulx
pa,UmanoB cxeMaTtrrlecKE r\roxGo u3oopagrrrb cJreAyW{M oopagoM :

t  (  \  ,  (  -  . \*,r.--:+t" - MeJ E-+ [" 
- u. 

.f . ,

rle v B s - raBoBafi tr TBep.Uas (!aeH; ue u ue'- .qe(FKTHrre (MeryBeJrbrue)
ATOMII tr EOHII METAruIA; R - PA.@(AI. IIPIB€AEEAS CXEMA Y,IOBJIETBOPTTEJIbEO
oIItrcbIBaeT alcopoum pa@aJIoB I",If, cJryrIaE MaJIbIx troKpbtTlfft, ror,Ua Momo Ee
yqE$IBaTb pe aKt.('|!T troBepxEocTBoil peroudmar$rn B B3amuoAetcrBl{s alcopdEpo_
BarrEHx pa,@canoB co cBo60,4triltr pa,u&aJraMtr tr MoJreKyJraMtt MarepltHcKoro Be-
qecTBa. IilB aTo[ cxeMt, KaIc tr B cryqae a,qcop6rr,rt' rcyuu aKuetrTopHblx sac_
Tutl (N- tr o-aroMoB), EalIaJIbEyD cKopocrb xeMocopdryM pa.IurKanoB, a cJIe_
.uoBareJrbrro, tr cKopocrb r3MeEems oJreKTporrpoBo,nFocrtr [oJy[poBo.@trcoBofi
trJreEKtr oKctrAa Moffio qpe.qcTaBtrTb cne,rymun,t o6pa3oM:

d o  d f  R t :- - a E - f f = k [ R ] v [ ] t e l .  
,  ( 3 . 1 5 )

rAe k - RuBerr{rrecRas troctofiHrrafl, saBtrcruas oT TeMleparypH. }{s groro
ypaBEeErrfl, KaK rroKa3arro B rJraBe 2 (Btrpaaeril{e (2.44)), rlerpy,4ro BHBecrtr
ypaBrreHtre ryLqa

-la'10, xln-l

*F = -*'o
I64

( 3 . 1 6 )

trJItr B KOEeqUTE pasEocTsx

-Ao- = 1g ( 3 . 1 7 )

rlpl$reEn|ocrb trocJre.Eoro ypaBEeHr4ff I( oultcaHr{n BJMfiHTTE rra sJrercrpoupoBo.q-
HocTb trJIeEoIc zno alcopdqru pa.UlKaJIoB tro6agarra Ea rrpllryepe cHr_pa,UEraJIa
(P}IC.3.19 ) . Ii[g PI{CYITKA BI4SIO, .ITO CIIP'IMJIEHITE 9RCIIEP}IMEIITAIbEOfi KPI,BOft ',
orroaeruIoftBKoop.UmaTax ao/o -t, BnoJIHe yIoBJIeTBoptITe.rIbHoe Brru[poKoM
I4IITepBaJre BpeMeHtr r4 r{sMeHeHr{s gJrercTpoqpoBo,urocn{ [41] .

SaMernu, tITo coBeprlegllo aHaJIorIFIEoe ypaBIIeIII4e ottlrcEBaer BJrr{trfle Ea
9JlelcrpoqpoBo'Elocrb TIJI€EOK zno raKlD( aKIIerITopHux rlacrltrl, KaK aroMH a3ora
n Kr{cJropo,{a (cM. BbrpaeeEtre (3.12)),

B padore t3el [oKa3aHo, rrro arraJrornrmoe ypaBHelr]re c[paBeAJrtrBO llr B
cwqae arcopdrr,nn NH- E Nlr2-pa.@{aJloB. }IMeercff Mlroro gKCrIepIlMeEraJIbHbD(
AaEHHx' tro,qrBep4,uaur&D( trperJraraeMy0 myxcra,ryftryD cxeMy xeMocopdr[M cBo-
6o,UftD( pa.UucanoB Ea trory[poBo.urrrxoBbrx oRcI,IJax. BaMeTr.n{, rITo crat"u.ronapnafl
KoEqerrrpal&s cBo60.uilIx pa.umaJroB B rrpllBe.ueHHrlx orrbrrax ]rMeJla IIopsAoK
1oE-1oe qacr'I sa r cbl ra3oBoro o6beMa, T.e. qr4cJlo yrapoB rlacrrtrI oo
:. c# uoeepxrocur a.qcopoeirra B 1 c cocraBJrsJro Bcero .lulul rorz, qro n6
Kacaercf lIlIcJIa yAapoB MoJIeKyJI Marepl{IlcKoro BeqecrBa, To oHo, rraqp}rMep,
B OIUTAX UO (POTOTUISY IIJII{ IIIIPOJMsY AIIETOEA IIPU TABJIEIII{I! IIAPA 9TOTO BE-
qecrBa 0,1-0,01 TOp AOCTIIIaTO BeJIIlrrII4Itil Otco.no to2o..CreroBareJrbllo, {ptr
yMepeHHr{x reM[eparypax a.qcoporpoBaEff,re pa,umaJrbr oxorrlo BSaI,nore[crByFT
Ee toJrbKo ruyr c,qpyroM, rro u c ero MoJreKyJraMr4, qro B eqe 60rb[en crerle-
wr yMelrburaer crat-uoEapEyD KolflIeETpaum a.ucoporpoBaEil,rx pa,uIKaJIoB, KOTO-
pas' &aK ?errepb trSBeCTrro t45l , ycralraBJrllBaercfi orar.o,{apfl KorilcypeElrM
MeEAr a,[cop6luefi pa.UmaroB r{ rD( Bgar.ilto,qetcrBfieM Apyr c ,qpyroM n c MoJre_
KyJraMr4 MareptrrrcRoro BeqecrBa B a.[cJ[oe (Keroru, r4ql]a3rrnfl n rc.).

06 BToM cBllrereJrbcrByrT Tarxe srcllepilMerrru, qpoBe.qexnxe B ycnoBr{ax,
KOT.qA IUIEEICA C XCMOCOPOUPOAAHIfiIMtr EA EEfi PA,UECAJIAMI,I MOTJIA ObITb OITqEEA
IIA ECKOTOPOE BPEMA B E.BId AUETOHT A sATEM BIIOBb IIEPEBEAEEA B IAsOBbIfi
oobeM (Bce 3TO trpolrsBolprJrocb in situ), trocJre qero ee fiepBoEarrarbHoe ,uo-
a'qcopdrultoElloe sEaqerttre gJlexTpollpoBo.Eocstr MrrroBerfiro BoccragaBJrr{BaJrocb .
3aMeflfirr, rrro sru LurKJIbr Moffrro qpo]IBBo,@ITb EeorpaErfrleltrroe qllcJro pa3. B
gTOM Cryqae trMeJro Mecro ro ae caMoe, qro tr qpll uporpeBe oKcuErofi trJrerrKtr
c qperBaptrTeJrbEo xeMocop6[poBaEm,u.r Ea Eefi paDmaJraME IIetrOCpeAcrBeEIrO B
ra3oBofi (Daaa ("aurroEa - o,lTop ) c qelrn "BbFMCTICT{" rloBeprurocm a,{cop_
orpoBamoro croa. o.UEarco sra ollepalu{a Ooree IJMTeJIbrraa, qeM qpe,El.ntqafl
c all]IrocTbD.

yw''IBa.s cKasarfiroe pagee, EerpyEro 'tpdTnt K BrrBo,uy, qro trpu rarctrx
YCJIOBEtr CTAIEOEAPIIAfi BEJII$I}IHA sAtrOJIEEHI{g trOBEPXEOCTIT IUEIIKtr XEMOCOPOII-
POBAHHHMtr PA,4IKAJIAMI,I 6YIET BEsEAq4TETbIIOfi I4 OY,4ET IlsMEIIgTbCg trPAIilA ,IIPO-
tropr$oEaJlbrro cralu{oEapEofi RoErlerrrpar[or cBoooEsrx pa.umaJroB B o65eMe co_
cyra' a cJre,{oBareJrbEo, u B 9TOM C{yqae 6y.uer trMerb Mecro BrrtroJrHelme
yEtrBepc a Jlblroro coo TrroEeHr{ff

( 3 . 1 8 )

llrg ua.ruur gsaqeruM e 6y.uer r4uerb Mecro [pocrafl rrpo[opr.urouaJrblrocrb MeEA]l
HAqATbIIOft CKOPOCTbN IIsMEIIEIII4fl 3JIEKTPOIIPOBO.UIOCT}I OKCIISIOfi IUIEEKIIT, IIAIqM-
Mep zno, a KomleElpaulleft cBooo,uDrx pa.urKaJroB B IIpoCTpaIrcTBe, qpEJreraxl-
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PlIc, 3. 1e. It,trlerrfica gJleKrpollpoBo,Elocul IUIegKu zno B qpoqecce

aAcopduu cBoOo.uIHx pa.uucaJloB qr. upu resoc

I - o/oo = f(t); 2 - [poBepKa BbIIIoJIBeEls ypaBneEtrf,

( 3 . 1 7 )

P[c.3.20. 3aB[cbrocrb sJleKTporrpoBo$rocrtl o uIeHKtr zno B ycro-

Br,rsx @ToJMBa aueroHa (ficro'trilEc cH]-pa,umaJloB) or

IriITeHcIIBEocrIl cBera rs (B oru. eA.') IIpu 3ooo c,

ParIeTOna= 3,8 Top ;  O -  (Ao -  I ) i  6 -  lg(o/o*, ) -
- lgr" I f - yBeJM,IeIilIe r.i 2 - yMellbllleHrle rs

qEM R IIOBEPXEOCTII gTOfi IIJIEHKi,T. B CIY.IAE A.UCOP6I.UE,I trPOCTEITUTX AJIKtrJII'{IJT

pa.utr ta l loB,aTaKaeI{MlIHo-I taMI4I Io_paD[KaIoBBcIIJIyExdoJlbEof ix lo/ t r IqecKoft

a K T I { B I I o c t I 4 K a K , 4 ) y r K r u y r y , T a R I , I K M o J I e K y J I a M B a , u c J l o e c T a l . m o E a p E a a

BeJII{qIma € Bcer.ua sHaquTeJIbHO MeIIbme e.u[IlllllE' a rIoSTOMy IICIIOJIbSOBaETIe

.[ocTaToq8o cTporofi qponopL[IoIIaJIbHOCT[ Me]ft,uJ BeIIlrtII{IIaM[ CI{rHaJIa BJIeRrpo-

rrpoBolFocrn, r.e. BeJII/tlII{Hotr,l*Ll."o' I'I RolilIeHrpalu'�Iefi aKTTIBEEX llacruu B

[ccJreAyeMoM raBoBoM o6beMe 
'B[oIiIe 

,qo11ycTryo I{ o[paB,Uago ,UJIfl qprMegegtrfl

IIIIC na pal[trraJlu B rrCCJIe.UyeMbIx cpe.uax c IIeJIbF lISMepeEIrS paSJIlItIEHX (E3ItrCO-

xI , rMI/r t IecKI/ Ix [apaMerpoBBIaBoBbIxI4: tc{ 'E{ ID(c[cTeMax'aTalof ieuatroBep](Eoc-

Ti{ pa3.qeJla (!43, o rIeM peqb noJtler B creAyuefi rJtaBe'

HaWr[ccIeIoBaII I4f l [46]B3an\ 'o.4ef icTBu' I r ru0)oKcl{J lbEbrxpa,uBaJIoBcI Io-

BepxEocTbnolccl l lJsr lutrowl lpoBosl l IKoBblxIueEoKtroKaSaJM,qTo} lBgToMcw-
r l a e B c e c R a 3 a l f i o e o , q p y r [ x p a I $ K a J I a x [ p } I M e I I l I M o l I K 9 T I , I M q a c T l t r I a M ' T a K

RaK I4I( XtrMI{rIeCICafl aKTIBIIOCTb AocTaToqEo BeJMICa. B clyqae xI{MI/tlIeCI(II MaJIO

aKTr{Bnrrx pa.urKalroB crrtyaLE4fi sEaquTeJlbHbel oopasoM UsMeHgeTCs I{ IIpII6JE[Aa-

eTcSKTo f i ,Ko r l apeqb } I I eT06a Icopd l - uMBaJ IeS rEo -EacHqeHHI I xMoJ IeKyJ I .

B 3AKfiO'IEIil[E 3TOfi TJIABE CJIEAYET IIOI(IEPKHYTb, qTO B OTJII4TME OT BJItrSEI[fl

IIaSJIeKTpo@3lIKyoKctr.@xIIoJIyIIpoBoIFtrcoBalcopduuMoJIeKyJIfrpHI[XrIacTEI

cIIeLuI@IKa gTolo BJII4gEI'Ifi B cryrlae raKI'D( xl'IMlfqecRu al(fl[BHllx qacrru' KaK

trpocTeltlMe cBoooEx{e pa.uEcalllr MTOME lrpocTblx ragoB (H2' or' 
I, 

' CIz II

. u ) . ) ,SaKmqaeTc f l r J I aBHb IMoopasoMBI , I xS I I aq I4TeJ rbEo f t x l 4$ , f i f . I ecKo f t aKT} lB_
HOCTtr rro oTEOIIIeHIm K IIplrMecHbIM UeHTpaM [47] ' OTBeTCTBeIIHHM 3a IIpI{MeCEyD

sJleKtpoupoBoEocTboKcl{ '@xtroJryEpoBo,uI I {KoB.I IToaeKacaeTcgBJM'IEI I f lEa

Exa.ucopoumsJieKTp[qecKExIIoJIef t ,Bo3l i lE(awffdJlaro,{apf loopaSoBalr I rDEa

t roBepu loc r t r sapaxe ru ro f iQop l , [ { aAcopOLuM,Too I I oMaJ IocKaSb lBae rc f lHaee

BeJII i$t r I Ie,oqeMKpacEopetI I IBocBII IeTeJIbcTByFTpesyJIbTaTNoKcIIepI4MeHToEtro

BJMg Iung (EpeKTa [oJ l f f I I aa ,ucopdumMoJ IeKyJ I ' I pHE ' ( I I aToMapH l r xqacT I t r I [ 48 ] '

rroJrEocTbF trO.[TBepxlawle BEaqI{MocTb B I{sMeIIeEIII{ IlplrMecHoft aJIeICTpOIIpOBO'U-

llocrllrloJlyqpoBo,@ccaxurfifqecftoffaKTrIBrIocrI?ra'4cop6]IpywD(csqacrllu'
Loo

Cyr-,il,eIl)ys Bce cKasar{I{oe o crlery@trce a.qcopOLUM aKrEBabrx paJUIKanoB tsa
IIOBepXEOCTE OKCr{.EIX trpUMeCH[U( trOJryqpOBO.l@,O8, MOfir{O 3arCruoq}rTb o cyqe-
crBoBarnfll cepbegEoro oxctrepuMeHTaJlbEoro ooocEoBaE4.fl trpe,uro8eluofi B pa-
oore t41l Il tro4)o6Eo paccMorpetroft Bo 2 rJraBe cxeMbr

'  r  r I  , n -R v 4  R s -  
+ e - .  s

z-[-r I z-J--.n/"1 N " / "1  N, z ' l \ , 1 1 \
N l t t t

NT' '

rae \ u i., - caodogule paprraJrbr rasoBofi (paBE r4 xeMocop6rtpoBannue Ea tro-
BepxEocTtr; !,r - MoneKyJIbI MaTepruIc&oro BeqecrBa B ooreMe cpelsl u B a,Ucop-
orrpoBaEroM cJoe; er- Kaa3trcBooo,utrfr gJreKTpoH TBep.qoro reJra; !,r co rrrrptrxa-
Mu - MoJreKyJIbI pasJrtrqEux BeqecrB, odpaoyroD(cq B peoyJrbrare Boanuo1etcr-
BUfl lilOJIeKyJr U C XeMOCOpoEpOBaEHHMtT rraCT[Ua]&.

Eraro,qaps rcoElcypeEr-Ern yKaBaHHnx Ha cxeMe cra&fr. ycrarraBJrllBaetcs cTa-
rl4oEapHas rcoBrleurpar.uE a,ucopdqpoBaHHblx lracrrtrI [As-] ]r tA.l - oapsfiellEafi
E rre3apsteHEafi Oopr,ffr xeMocopduu n oJreKTporroB r4rruecuoft trpoBo.qn ocrtr B
rloJryIrpoBo,uilEce . Berurwura craru{oEapEofi KolrueErpar[Il4 xeMocopdr4poB6spsrr p0-
,umaJIoB B Bapseel[lofi (DopMe, a cJreAoBareJrbrro, r4 gJreKrporroB qpoBo.@toclu
B IueEIce troJryIlpoBo,@Eca saBI[cIIT OT TeM[epaTypbr, cTarI,IOEapEofi KOEIeErpa-
rgtr[ cBooo,rrux pa.rEraJroB B .oKpy[aqeM rroJryrlpoBo,@tr{ oobeMe u KoErIoETpa-
Lutrr MoJreKyJI MaTeprrEcKoro BeqecTBa.

.llJs AereKglrpoBaErfl pa.UmaJroB c rroMoqbn rloJrytrpoBolFlrKoBbrx IUIeEoK lrptr-
Meiiln, Ee roJIbKo lcmerfirrecRuft, tso }I craryIoEapHril MeroA, ocEoBaltrilfr Ea trc-
troJrbsoBalrm 3aB[chrocrefi Meff;rJ crarlroHapHofi sJreKTpoqpoBoFoctbn tronyqpo-
Bolurtrr{oBrlx ILreEoK (naupm,rep, zno, cdo lI ru. ) I,I crai[4oEapHrrMu KorrrleETpa-
I.EIglurI,4eTeKTrpyeMbD( aKT}rBHbrX qacTIdI.

TaKLIe BaBucErrocTrl, KaK oTMesaJrocb B pa3.qeJre 4.3 rJraBil 2, 6bug troJyrre-
ffi B ps,ue paoor. Hatrpnep, B t4el BrrepBbre uoKa3arlo, qro Mer(4y orlg{tr
BeJII{qEIaMtr,[ocrarollEo crporo BLrrroJlllgercfi BEpaaellr4e (cu.rl.z, BHparealIa
( 2 . e e ) - ( 2 . 1 0 1 ) )

o ' /Ln = const /1n1 (1-e)  ,

( 3 . 2 o )

( 3 . 1 e )

r,ue ao = oo- o; oo - oJelcTpollpoBoEtocTb IIoJIyIIpoBoEIt[ca B oTcyTcTBxe pa_
.EmaJIoB Ea rloBepxEocrtr; o - cral-ulrollapHoe BIIaqeEIre sJleKrpoqpoBoElocrtr rlo-
JryqpoBo.4rrr&a B [prrcyTcTBtrIt pa.uocaJroB.

IIpr ycJrosltrI oo>>o I g<<1 up]Be,uemas (DopMyJa llpeodpagyercfi B IIptroJM-
fremoe BHpaaeElre

o = "on"tr,/,r/ff

CtrpaBe,uJEBocrb BHpaEeEIIff B gToft paoore rroKa3arra Ea trpr4Mepe xeMocopdrFnt
MertrJIbHlE pa.U{KanoB. MeruJrbE{e pa,@caJrrr troJryqaJMcb (DoToJMBoM trapoB aIIe-
ToEa. SaMermr, qTo uoryqeffioe BHpaseErle 4qeETtrlrBo BbrpaxerMro AJrs alcop6-
IItt lrfoJleKynsgggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggpEoro KtcJIopoAa IIa tOJrqpoBo,UIIIKe, a uMeIIEo o = const/y-E;-

1rs1. B om{Tax rro (DoroJtr{By KeroEoB, HaqpuMep, arlerona rrgMelreme crarg:
oEapEofi RoEqeHfpar-Utr pa,UEcaJIoB c rrr{Tellcl{BHocrbp rlorJloqeEHoro cB€Ta rs
cJre,uyer Barcoxy tAlr _ r'q . Ilo.ucraBrss sro BHpareElle B qpe.ur.6rqyD 6op-
lryJy, uolyqaeM coorEolleEl{e, cBgSblBaqee rs c SJIeKTpoI4)oBo.urocTba IUIeEKtr
rroJryqpoBo.uuKa o, T.e.

o = constr,lr-
t67
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SKcuepweE1aJbEaff trpoBepKa 9To[ {opt\4yffr troKaBaIIa Ha p}Ic. 3'2o' BtrEo'

qTO B norapdn{trllecKEx KoopFEIaTax nMeeT MecTO xopo[ee cIIpSMJIeEtre sKcIIe-

puMeEtaJrbEofi KpllBoil, troKa3alfrofi B ICOOplUmarax Ao - rs. . TaFeEc yrJla

EAI{IOEa trOCTpOeIcIofi Epmrofi CoCTaBJIgeT BeJMqEIy 0,25. CKa3aHEOe OgEAqa-

et, qTo BEBe,UeEEafi (FpbryJla xopouo BEIIoJIESeTCS. li[3 IIpIBeIeEsIX COoTEOme-

ffi, CBssmaf,@g trsMeEelltre gJIeKTpoIIpoBo,UocTII IUIeHoK oKctr[oB c KOEIIoE-

rparg1efi aKuetrToplfilx qacTnl (MoreKylfipnffi KtrCJIOpO.U, CBO6O,@e pamcaJlH)

B IlpocrpaEcrBe, oKpy[aueM rlJlemcy, KaK B ycJIoBrIm( paBEoBectrs (rulc.lopo11'

TaK tr B CTaISIOtrApIIOM pefinMe (pammaJEl)' c orreBu.uocTbm cre'uyer' tITo BE-

paseErre
o "on"t/,/ 1fi

( 3 . 2 2 ' � )

r ,qetA]-KogqeErpal .FgaKuetrTopEExtIacTIt r I ' f iBJI f leTcgyu}IBepcaJlbEf lMtrBt I -

DoJlEsercfl B cryqae a,qcopor$M moofi aKuetrTopEofi qacrEIH. BBI{Iy roro qro

TaROTO po,qa BEpa&eEne BEIBO,&UIOCb B COOTBeTCTBI{I{ C IIpXMeEsItilOCTbD saROEa

lIeficTBtrA Macc KaK ,UJIS sapfffreEHlD( II Eesaps[eEHblx troBepxHooTEblx qaCTmI'

TaK tr ,ll,fiff 9JIeKTpOEOB IIpOBOntMOCTtr trpII ycJIOBm BIItrOJIH]IltOCTtr IJIIf, I{n-{

6oJ6I$raEOBCKo[ CTaTtrcTlficll, a TaKfe ,4.[s cWrIaeB MaJEIx 3allofiIeffi troBepx-

Bocrtr tr trpuMeEuMocrtr saKoEa feEpl4, cAeralffiil BL[re BbBoA o0 yEuBep-

caJlb8ocrtr uoJryqeEloro BbrpafreEl4fl flB.lfieTcg trpII yICaSaIIHIlX OrpaEl[rleEtrgx

BuoJIBe OOOCEOBAEEEIU.
qTo se Kacaercg 3apfl,reElIfi uoBepxEocrtr IIoJIytrpoBo,EIIIKoBoft IUIeEKE B qpo-

uecce odpasoBaMs sapsseEEofi (DopMI alcopol[m, ro B .4affioM cJryqae oEo

flB'raeTcfl JII$tb coqpoBoxlaulllfiu qpoueccoM, Ee JIUMtrTlrpyI@Ol Becb qpoqecc xe-

Mocop6r.@ B qeJIOM.

Pacqer troKagilBaer, rITo craLUoEapEafl KoEIIeETpaUEg pa'@caJloB [A]r qptr

MaKcuMaJrbEo[ IrETeEcEBEocTE cBera pryrlrofi larul CB]llll-5oo B 3TE oIIETax

COcTaBJIgJra ge 6olee ro10 papt4. /cyf, IIpU etou cTaLEOEapEafi gneKTgO-

trpoBo.Eocrb IIJIeEKtr ZnO (T = SOO0C) trSMeEfJIaCb Ea 3oo-400f, tro orEollleEm K

ee EaqaJ6sobsr (.qo alcopoum) SEaqem. cIe.qoBaTeJSEO (B COOTBeTCTBm c

trpBe,[eEofi flortryJofi (3.21)), C rroMoqbD troJryErJOBO.4ilccOBOrO CeEcopa ]pryr

6brrb trBMepeEI IcoEIIeETpaLutrI paDmaJIoB, paBIIHe to6-107 paluq ,uq',1, r.e.

Ha 7 UOpS,UtoB Eme' qeM 3TO MOxIIo cAeJIaTb CyqecTByI@,m ts na0TOqee Bpe-

Mfi METO.IAME.

AEaJIorFIEue pe3yJlbraru dbuM lloJryqeEl M cJlyqae reEepalFnr cBo6o,@Ix

paImKaJIoB rrr[poJm3oM aIIeroIIa Ea IUIaTI{EoBoil MTtr aaKaJIa [50].yKaQamil&

Mero.uaMtr B BaBtrcuMocrtr or trp4poJltr KeroHa 6HJa lIccre.uoBaEa raKEe alcop6-

tglff tr 6oJee cJIoaHIrx pa,4[RaJIoB: czH:, crHz, cH2c6H5I4 ,4). IlplBe.[effiag BHIIIe

SaBUCUMOCTb y.UOBJIeTBOpI{TeJrbHO BbItrOJIIIfleTCS rI B gl�lrx cJryqaax, qTo yIcaSE-

BaeT Ira yEmepcaJlbEocTb lraltleElloro coorHollleElls (3.22),ItoTopoe MoaeT

6Drrb c ycllexoM trclroJlbsoBallo tr B ceEcopEofi Mero,Ence.

3.4. CescoP[r B KoHIerrc4poBaIIHlx cPe.qar

llo cux IIop rrua peqb o Bgal/ntocBs3rl romlenrpal@ aKTtrBHIlx qacrnl B ctrcre-

Max ra3 (nap) - TBep,uoe reJlo (IlorynpoBo.uil4c) c I{SMeEeEEeM SJIeKTpO-

qpoBo.Eocrtr troJryrrpoBoJFma. JIrs 3rI/D( cllcreM oHr IIp[Be,qeH pf'4 coorlloEe-

ffi, KoropEe Moryr oETb }IclloJrbsoBaElr ,4,Ifl KoJllfqecrBel$loro IIp}lMeEeE]la tro-

JryrrpoBo,urrrKoBEx ceEcopoB B aEaJIIl3ax paSJILFIHITX raSOBN( CpeL COAepAaU[x

AKTEBHI{E ICOMIOEEIITH.

I68

He MeE6Eyn, a Mo,fier 6brTb u oorbEyn sHaquMocrb ulrenr upooreMtr qpuMeEe-
ElIfl CeECOpOB B XGr,UctD( rr ?Bep,SrX Cpe,4ax, B RoTopru rro TeM r{JM ,4)yI'uM qpl,r-
qr.firaM co.uepfiaTcs aKTrrBHrre qacTn&r B Br{Ie MOJreKyJrfrpEOro RucJlopoAa,
xropa, 6poMa u m., a rarcxe cBooo,usrx aroMoB rr pa.uficaJroB. JIereKT[poBa-
Erre yKa3aaHilx qacrrffI (B ocooeHBocrr4 aroMoB r.r paEtrcaroB) B rcoEIeIIcUpo-
BarlHbtx cpe.uax-qpe3B6rt{al&ro cro[$as BaAaqa, cBrrsarfiras s oduqElx repMo,@a-
qecKllx ycJloBtlgx c yJIbTpaMaJIbIMtI KOIIqeIITpaLU,IgMtI oTI1D( qaCTItrI. TeM Ee Me-
Hee B paoore tsll [o&a3aEo, qro oqpe.UeJreEr{e, Earq)r4Mep, MaJrbtx rcoHqerr-
rpaUlfi pacTBopellHoro KI,IcJropoAa c IIoMoqbD rroJryrrpoBol$IltKoBbrx ceEcopoB
(Toltr(I.ff cueqeEl6lx TIJIeHoK zno) BnoJuIe BoBMolcIo rrl)l{ KoMEarIIofi lI 6oree rus-
KI{x TeMtreparypax c .4ocrarouroft crerreH}F ToqHocrr{, ecJM latre r.D( BeJrlrrIgHbI
cocraBJlmr llopff.ura 1o-t-10-t 06. 96. Taroro pora auaJtrls Mo,rer qpoBo.urbca
KaK B BO,UIt&f, CpeAaX, TaK rr B opraHlftrecKE)( pacTBoprrTeJrax, KoTopbre xuMr4-
qecKl{ EHepTEbl tro oTIIoueHIIIo K OKCrI.qaM MeTaJIJTOB r.r sBJrflnTCA IrOJrrpHHMI4 mA-
KocrgMll c F.IoJIeKTpIfrIecKofi rIocTofiIIEoft He MeHee s-6.

tlo.U)oorfie rlccJre,UoBarMr a.4cop6ulM KtrcJropo.Ua rra zno-rrJrertrcax B Bo,Uflx
II opraEl{llecKl4x pacrBopl{TeJiFx (nporoltrfix u afiporoHHblx) c pasJtrfqfiu\,gr era-
qeElrrrMrr ,&IoJleKrpnlrecKoft nocrotrtrioft 66utrr rpoBe.UeHbr B paooTax t51-541, Ba-
MerI{M, oSIaKo, tITo LlccJre.uoBarr[e 3aBr4crrMocrrr crlrHaJla ,[erercropa (ceEcopa)
or KoruenrparyD'r xr,rc.tbpo.ua B napoBofi Oa3e, paBnoBecuoft c xfi.u{ocrbn
(crtrrpr, BoIa lr rc. ), uoKa3aro, rrro fiapot|or.&ocrrsffi Mero.u aHaJM3a rla co-
,uepxaHr4e cJreIoB lrtrcJropo.qa B ra3ax (ruleprrnre raBE, a3or, BoB.Uyx, yrJreBo-

AopoIE r ru. ) TaK)[e ocyqecrB]rM t52) n Mofier oNTb peaJMsoBalr .4afie B ToM
CIYqAE ' ECJM trOJIYITPOBOEIIIKOBAff IIJIEEICA IIOMEqAE?CE IIPI{ KOMIIATIIOT TEUTEPA-
Type B arMoc(Fpy EacHrqelrHoro [apa BbrdpaEroft IIoJrpHot xrfi.4rocrrl B yKasaE-
Hllx ycJroBr.rsx Ea [oBepxEocrfi f[Ic KoH.UeHcr4pyerca crofi (flreruca) rM.ucocrtr,
I{ sroro BrIoJrHe ,uocraroqBo .EJIff [pogBJreBI{rI Tex xe sgmeKToB, rITo u Nn
rrJreEKr{ uowupoBo,Err{Ka, fiorpyseltrrofi B x(}r'4ry0 rroJrnpHyD cpe,4y. 3auer4ra,
o.ulaKo' rITo AJIa roliltofi xq.I.4tocrnofi TIJIeIIKT{ rra rroBepxaocrrr larqrtrca B oT-
JII{TME OT trOTPYtrCEIIOTO B AUJIKOCTb TIIIC &I(MVBUOEIII{E OTPAHI,IIIEEI4A AJIA AACOP-
oLEDI lctrcropoAa IIa ceEcope ecrecrBelfiIo cEIIaaDTca ]IJM BoBce ucileganr, troo-
Tot\,ly IIEepI&oEIIocrb ceEcop€ B groM cJlJlrae oqpe.ueJrflercfi B oclloBrroM Kurre-
udcofi xE\,uqecKgx troBepxEocgEbrx qpoueccoB, 3aBI4CgIitrU, &aK rIoKaSaHO B pa-
6ore t531, or E'rgreKTprrlecKofi llocrosrfiofi cpe.q! (pacrBopurera) I! ee xIr-
Mr.rrrecKoft upl{po,u.

Ilpelnayqectgo trapolu.u{ocrrloro Mero,{a AereKTllpoBarrus Kr{cJropora B ragax
rro cpaBrreEuD c fitrrKoctHNM MerOroM (uanpm,rep, .4Jr.E pacrBopeErroro Kr4cJlopo_
AA) sAIq'IDqAETC.E B OTCYTCTBI{I4 XEO6XO.FN,rcCTU IIEPEMEIIIIIBAIME [@I.BOCTI,I (ffIg
cIIsTtIS .@ffy3}Ioltrloro TopMofrelllrs), rrTo sEarElTeJrbr{o y[poqaeT yctpoficTBo
[orytrpoBo.@roBoro ceHcopa, Kpoue roro, Ilapoxc.IAKocrrtril Mero.u trooBoJrger
tr3MepflTb KOEIIeIITparF,ro KIlrcJIopoAa, BDl,Uersrcderocfl trB Tex r4JM IIOJrFpHbrx SXI.q_
KOCTEfi BO BPEMA KAICId_JtrI6O XUMI,IqECr.Id, OO?OXII\fiIqECKID( PEAKryil NJM SE OlI-
oJrorFirecKr.rx upoqeccoB, qporeKanltD( B Xrr.r.4rIO( cpe.uax ((poroBEqererile K}Ic-
nopoAa BoAopocJrflMr{ B aEagpooHilx ycJroB}rflx tr ro). 3aMerr.tr, TarcJre, qro qpe-
IrllyqecrBoM 9TOrO Merora llepefl "xg{,qKocrltuu" fiBJIgrcfl TO OooToflTenbcrBo,
qro ro3(mtr]ueET pacfipe.ueJleH]rs KrrcJropoAa Merq4y xq,r.uroil ra3oBofi oa-
BaMI{ (oTEouerue paBHoBecHHx KorqeETpaUtil) acerAa MeHb[re e,utriltrDl. TaK,
.IJIfi BoIH oE coctaBJrfler o,o3, ,qJrs clE{pra- 0,15. Elaro.qaps groMy tro_
sBJIfi@Cfi rrptt [poreKarlr4r4 Toro wM trHoro llpouecca B XC{.UKOfi CDe-
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,[e Rr4cJropo,u fiper4MyqecTBerrfio (paBEoBecEo) cocpe,uoTorfi.BaeTcfl B IiasOBOft 0a-

oe, qro yBerulll{Baer yloOcrBo ero aHaJIMa' IlafipuMep' "cyxln " ceEcopoM

r,IJM lre uapo@a3lsu\t Mero.[oM.

It Ee.uocTaTKaM IIapOXd'IS{OCTIIOTO MeTO,[a CJIeAyeT oTHecTlI IIeKOIITpOJI]Ipye-

MOCTb TOJIIUEIII KOH,qeECIDoBaIIIIOIIO CJIOS XI'IE{OCT}I Ha noBepxEocTl{ ,4eTeKTOpa'

qTo MoXeT IIpIrBecTI4 IrpI4 locTaToqHo 6oJIbWD( ToJIIIUfiax cJlog K ,UlmysI4oIfiIOMy

TopMoxeHrm XeMocopduEr KucJlopo,Ua I{ TaRUM oopasoM IIoBJMSTb Ha BocIIpoI4s-

BO.UtlrO CTb lI qyBc TBI4Te JIbITO C Tb,Ue TeKTOpa .

B cBfiBu c yKagaHHbtMtI Bulle KaqecrBeHHbIMtI BooMoltclocraMll npwenen'ra IIIIC

,[Jifi )fitl.4{tD( Cpe.u BcTaeT BoIIpoc o saKoHoMepHocTrlx I,I KOJII4IIeCIBeIIHbIX coor-

EorrreHlrflx MeXAy gIeKTpo(PtsrqecKI4MI,I [apaMeTpaM[ IIoJIyqpoBo,Ufl{ICoBoft fiJIeffiil

I{ rOH]IeIITpal[Ieft pacTBOpemIOIo KlICJlopOIa I,IJM KoiflIeHrparyIeft ero B IIaCHqeII-

EOM nape pacTBopLITeJIg. AHaJMs MEOrrfi gKCIIepI4MeIITaJIbHblX AaIIHbIX IIO BJtrIfiHI4D

a.qcopoUltr{ KlIcJIopo.Ua IIa sJIeKTpoIIpoBoFrocTb IIJIeHoK zno B IIacEIIeEIIoM llape

I4JM Ilorpy:rcIlHl[r( B cooTBeTcTByWd pacTBop[TeJIb IIoBBoJI]IJI qpelfiIoloxr'rTb

[s3], rITO Ha IIOJIyIDOBO.UilIKaX - oKcll,qax MeTaJIJIOB (B OCO6eItrIOCTI4 ZnO)' UO-

rpyxeHHilx B rIoJIfipHEe xll,Utocrtr paBJErIHoft r$rcolEl' lrMeer Mecro xeMo-

copoul{s KtrcJiopo,4a c odpasoBaHl4eU (kax I{ Ha "cyxoft" rpalfldle ts4]) 3apfl-

xerrrofi oopri/6r xeMocopouEr B Bll.ue IIoJIfrpHIIX IIOBepxHocTHblx KI{cJIOpOEtr'Ix KOM-

IIJIEKCOB. IIO.U BJMtrfiIEM IIOJIFPHOfi CPESI 3TII KOMTIJIEKCbI 6OJIEE AKTUBIIO XITMtr-

qecKfi BBaLil,toIeftcTByFT c MoJIeKyJIaM]I pacTBopI4TeJIff yfie npu RoMIIaTIIofi lr I,a-

rfie 6oJee rul3nofi TeMrreparypax.

Mo!ffio, no_Bll'uuuoMy, TaKI(e IDelFoJIofiI,ITb' qTo xl,IMlfqecKafi aKTuBIIocTb IIo-

BepxEocTHrIxKI, IcJIopo.ulbIxKoMIIJIeKcoBIIooTIIotreEl IDKpacTBopl ITeJI IoSI iaEI-

TeJIbIIO BO3pacTaeT B CI'IJIbHO noJltrpHbrx cpegax sa c'{eT odpaSoBaHl{g Ea IIOBep-

xIIocrI[ a.ucopdelrra KoHTaKTHID( |IJM coJIbBarIIo paS.4eJIeIIHI[x IIoIlHEx rlap

' -!+ ^-r -- rre zi - nPntecrufr arou'
l z n  "  . . .  e z t ( c O . l t l g ) ,

Obpaeyr@aecs Ba rroBepxEocrr{ }roH-pa,4cca.mr o, ee:rua aKTTIBIiO BCTyTIADT

B pearuuro c MoJreKyJraMr.r pasJII4lIHiIX pacTBopuTeJlefi' B pesylbTaTe KoTOpOfi MO-

ryToopasoBHBaTbcs I I epoKc I4JE ' r I ' I . 4 )O r IepoKc l IFUru )y ruecoe 'u I l l e l i l { s ' cKo -
pocTbEaKaIIJI I {BaIMf iyKasaHHbrx[po.uyKToB,O,UIa&O'BpaccMaTpIIBaeMOMCryqae

BECbMA MAJIA I[3-3A MAJIbIX KOIilIEETPAUIil PACTBOPEHIIOTO KI,ICJIOPO.4A B TIAEI,IX

oIINTaX, MaIOI IIOBepxEocTllr IIJIeIIKII IIOJIynpOBo.ufi[Ica It MaIOt CTeIIeEI'�I ee IIo-

Kp6r1r4fi XeMOCOp6EpOBaHHbTME MoJIe&yJIaMU KACJIOpO.Ua B 3aps$eEllofi @pMe

( - r o - a -  r o - 3 t s s l  ) .

I43Be CTBO, qTO BpeMfl IG{3HII COIbBaTI{pOBaIIHIIX [epoRcI4.nIIblX I{OE-paJulKaIoB

BpasHHxpacTBop I4TeJ IExpas I I 4 IHo .TaK ,B IMp l I . u {He I4 ,u {MeTuJ I cyJ IbQoKcu '4e -
rracbr, B qpoTorrHrrx pacTBopfiTeJlgx (BoIa, crufpTH u ro.) sHaE'ITerbEo MeHblle

- MIIIIYTH I s 6, 5 7] .

3AMETUM,I ITO,&ICCOLUALI, I f l I IOBEPXEOCTHbIXROMnJIEKCOBICI ' ICJIOPO'UABIIOJI f fP-

HHX pacTBopr{TeJigx Ea rroJryBoccTarloBJrellHblx IIJIeIIKaX zno' IIo-B}IJUI{OMy' Tep-

MO.UEIaMITIIeCK!.I OqpaB,UaHa' TaK ICaK TeTIJIOTa a.qcopoutr{ KIIoJIOpOIa $a zno ttl

paoora Bblxo.4a gJIeKTpoEa cocraBJIflI0T [s8] coorBercrBelfio 1I,I - 5 9B' B To

B p e M , I K a K s H e p I l M c p o l c T B a [ 4 3 ] M o J I e K y J I I C l I c J i o p o A a K s J I e K T p o E y ' c o J I 6 B a -

TaI-uI tcyuepoKcl{ 'EroroI{oHaI4l loBepxi locTHbrxo.4{o3ap,I .unrx l lpuMecHblxI , IoI IoB

r-ulIIKa cocraBJIgFT coorBercrBeHEo o'a7' 3,5 I{ 6oree 3 9B'

IITO6bI EafiTI4 cBfi3b Me)r.Uy cTaLU,IoHapHofi RoHIIeIITpalPIeft EoCI'ITeJIeft ToKa B

rrJlerrKe rroJryrlpoBo,uil/trca LI KoltrIeHTpals4eft pacTBopeHIIOrO KI'�ICJIOpO'Ua B IIOJIfpIIOfi

xlt]ucocrr.r, Eeooxo.E4],ro 3arMcarb Bifpar€Elrs IJIS cKopocr]'I xeMocopolu&I DacrBo.-

pellHblx MoJre&yJt Kr,rcJropo.4a Ha ruIeIIICe ZnO I{ ero xfir\,&I'IecKot .uecopou{t[ c IIo-

I?O

BEPXEOCT}I 3TOft IIIEruC}I [O.q BJII{fiHI{EM MOJICKYJI PACTBOPIITEJIfi. B COOTBETCTBI.tr{
c nplIBe.UeHHNMlI BNIIIe paccyMeIMgMLI AJIfi MaJrrrx [oKpbITI4fi rloBepxEocrtr IIJIeERI{
a,4cop6lrpoBaHHblM KI4cJIopo.4oM cRopocrlr erI/D( rlpoueccoB Molmro qpe,[craBllTb Btr-
pafteEI4eM

da
o ^

* 
= *ro I or(.o.r]l '"1 ] '"n[-[ae.*u*t*e)7*rf

da
o z  

- -  f  * +  - t  r  ' l

* - :  
* l c  I  zn  " " "o 'J tco" tne l l ru l

r ' l
x a o l o z t a a c ) J  r  (  z 1= :*" 

l*l 
exn 

l- [eoo+u+ 
tse'/kt] ' ( 3 ' 2s )

A v t  I

1"40 ao2- KoJrr[qecTBo a.ucoporpoBaruloro B sapamemlofi @pMe KtrcJIOpO]la; Kan tr
KIc - KorrcraHTbr cRopocrr{ peaRl&il aAcopoutrr r4 xr,il/IfqecKoft .uecop6l@r Kr4cJro_
poAa c rrJreHKrr znoi q?o vr aqq - paoora Bbrxo.{a oJIeKTpOHa zno .{o a,4cop6rrE{
RIICJIOPO.qA lI CC ESMEIIEEIIE, O6YCJIOBTEItrIOE ,UtrIOJIbHHM MOMEIITOM OPIAH}I3YWB-
Cg A,4{OMIUIERCOB' U _ SIIEPI}IS ARTIIBAI-UE{ A.qCOP6IPM EE9JIEKTPOETATI/FIECKOTO
qpotrcxox,4eHr4s; tHl{l - KorflIerrrpatu{E MoJreKyJr pacrBopr{TeJrs. nrs crau4oHap-
HOrO COCTOfiEIIS CtICTeMbr I4MeeT MeCTO, OqeBU.4IO, BHpafteIiIIe

f  * *  - ' I

Lt " .  " '  o , l  (conrn)

( 3  . 2 3 )

( 3 . 2 4 )

['":]
B KOTOPOM KOIIUEETPAIIIfi KI4CJIOPO.EIOTO KOMNJIEKCA HA IIOBEPXBOCTI4 MOtrET 66ITb
flpr{paBHerra pasHocrl4 ilpnMecHbrx aroMoB r_utrIKa Ao r{ [ocJre a.rlcopoutr{ RIICJTOpO_
JIA' ECJM TOJIbKO OHII CJIYI(AT E.UIHCTBEHHEMrI qEIITPAMU AICOPOIEI ISICJIOPO.4A B
sapsxeltrroft @pue. Iloraras, qro B paccMarprBaeMoft clrcreMe s fioooft MoMeHT
BpeMeHr{ rrporeKarrllfi rrpoqeccoB (3.23) vr (3.24) .UocTlrraercs oJreKTpoErroe
paBHoBeCUe, MOtfirO sarErcaTb [5e]

r".:,=fz"]] "{pl11 ",e(m,,,.*r) , G . 2 6 )

rAe [es] - KolqellTpaq}Ifi sJIeKTporroB qpoBo,UodocTr{ B IIJrerIKe; AE - OrIepreTU_
gecKl{ft 3a30p Me&Ay ,EOM BOrtrt [poBo[rr\rocrrr r{ fipuMecflHMn ypoBHSMtr Zrrfn ea-
fipeqeltrroft BoHe.

tl3 ypaBEerflfr (3.25) lr (3.26) AJrfi ;umeftroft o6racfl4 (p _ xoe([!@n&esr
reEpu) a,qcopdrym pacrBopeHrloro K[cJropora Ha roHrcEx rrrerrKax rroJry[poBo.urE-
Ka rroJryquM ypaBrleHl{e

*.ro[o],[+]'-'= f  (  \  - aexn 
f- [eeo+u+ 

tev 
)/xr] ( 3  . 2 7  )

*o"[*]

cBrrSblaaqee rrgMeEeHr{e gJreKTporq)oBo4rocrr4 0 c KorqeErpau.refi pacrBopeHrroro
KrrcJropora [o2]o u KorrcraHraMr4 crcopocrefi Kortr{yp}Ipy@ IlpoqeccoB a,ucop6-
r-uM r4 xr4Mr4qecKoft .4ecop6r-ud,r, BHpafrerrHblx ypaBrreEtrsMlt G.23) A (3.24) ts3l,

06osHaqas ,UJrrr KparKocrrr reBya qacrb ypaBHeHr4rr (3.2s) qepes B .u.ns
MaJrbrx 3alloJtrIerilM rroBepxEocrrl nJreHKr,r aAcoporpoBarurb[u KtlcJropo.qoM (aqp <.
<< q9o+u), [oryr&IM Blrpanenl{e

^  - -  r  ' l  K . a . u I  f  (  )  , lo = *olo.lp ' r,ue Ko= --ft .*n l-ln "*")z4rl
x.^ lrnr l  L \

A v L  J

L7I

( 3 . 2 8 )



tso.44 METtrJIOBHI?I CIIEPT

* . . 0  =  
[ * J .n=  1 , ro . ro3 K . , ro ,  =  

[ * J  "n=  r , ea '1o '

! = 2 2 o c  \

o o  =  6 , 6 L . t O - 1 o K o f , t - 1 ,  c  =  8 1 .

T  =  2 2 o C
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co r-tot,
A o q
o t ' w

0

R
*L ' t o  

t co ,  .  10 t
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oe sl
o t ' "

o

D fu , ' to
4 , O 2 , O O o , 4 1 ,  0 o 1 a  ? 2 A , 7 0 ,  6 5 6 3 , 6 0

1 6 7 , 7 0 o ,  1 5 9 1 ,  O O 4 2  , 7 6 1 ,  5 L  , 6 0 7 3 , 7 6

6 0 3  , 2 6 o ,  7 5 8 L , 2 6 9 2 ,  O 9 6 , 9 2 , 8 7 9 3  . 1 3

1 5 4 6 9 , 7 0 L ,  881- L , 2 2 2 L 3 , O 1 8 9 , 5 7 , 3 7 8 3  , 4 6

L z O , 2 8 3  , 4 5 2 L , L 4 4 5 7 , O 242 ,4 1 3 , 6 5 3 3 , 0 0

7 J,T L 9 7  , 3 6 7  , a 4 3 1 , 1 0 9 4 5 ,  O 4 9 9 , 3 3 4 , 9 1 0 3  t 4 6

2952 5 O 5 , L 7 3 5  , 6 2 3 r , 2 5 L92L,  O 6 5  , 5 4 3  , 4 r

5 7 0 0 6 t3 ,20 4 9 , 4 7 2 o ,  8 8 3 9 3 5 ,  0 1 t - o 9 , 0 L 4 5 , 2 J , 0 6

8 7 3 5 , 0 L543, ' l 2 7 O , O 3 ,  1 0

TaOJMua 3.6

I43odyre"rroBdt cEfpr BaKyyM

* . , 0 o ,  =  
[ * )  t o  

=  1 5 ' 6 ' ] 0 3 h a r =  [ * J . n  
= 4 , 5 ? ' L o s

!  =  2 2 o c

o o  =  6 , 6 5 '  t o -  
1 o f t o M -  1 ,  

c  :  J . 8

I  = 22"c

o o  =  0 , 5 0 6 ' t o - l o K O l r t - 1 ,  c  =  1

c o r . l o u
o 6 .  %

A o q
o o '  " B & . ' t o c o , . 1 0 t

c � 6 .  %
- o B

a
ci-^ l-0

-3

3 , 6 2 r , 7 o ,  4 8 O L 2 , a 5 , O 3 7 3 , a 2 2  , 4 7 4 t 4 A

1 1 , 8 6 0 ,  8 1 ,  5 8 5 1 4 ,  O 1 3 , 2 6 9 0  , 6 6 1 ,  5 1 4  , 6 4

2 2  , 6 9 2 , A 2 , 7 L a 1 2  , 1 , 3 9 , 5 t 3 6 6 , 7 2L4 ,  LO 5 t 4 2

4 5 , 2 1 8 5 ,  4 7 , ) - 4 5 t -5 ,  8 5 9 , 2 L 5 4 2 , 9 2 6 9 , O 4  , 5 4

9 0 , 4 3 O 2 t 3 1 5 ,  L 8 5 1 6 ,  I 8 1 ,  5 1 8 3 1 , 3 3 7 2 . O 4 , 5 6

1 8 o ,  o 4 8 8 , 0 3 3 , 5 7 0 l ' 8 , 6 t - 13 ,  1 2 3 8 0 , 0 6 1 5 ,  0 5  , 4 4

7 2 2 , O t t  8 0 , . 0 1 3 8 , 0 1 0  1 2 L O , 4 2 9 6 7 , O 9 4 O ,  O 4  , 4 7

3 9 4 t 5 4 l - 9 0 ,  0 1 8 3 8 ,  0 4  , 6 6

t - 5 7 8 ,  O s 3 3 3 , O7t- l - ]  ,  o 4 , 5 1

C[paBe,UJtrBocrb lloryqeltrloro ypaBrleEns IJrs paBJII/FIHblx .pacrBop]ITeJlefi [o.q-

TBepr(4aercfi TadJEtrIefi aKcrIepuMeETaJIbFHx AaT{r{HT, tIB KoropHx BlI#Io, qro .qJff
rca&[oro pacTBopllreJrrr B rrMpoKoM .nFirala3oEe KolilIeHTpar-trd (EecrcoJbrco nopg.u-
,KoB) pacrBopeElloro Kr4cJlopo.ua B coorBercrBlll{ c BupaxeH}reM (3.28) BeJtr[wEIa
Ko (Ko = gTlorlo) .uocrarormo nocroflIfia, Eo c yMellblleHlleM a pacrBopl{TeJlfi -

Bo3pacraer. Ilocfie.nffld o(nFKr,IIo-BlIDo,loMy, cBrr3arl TJTaBHHM o6pa3oM c

r72

yMeIIbmeEIIeM BeJIIfIITIHI'I K[c, T.e, Xr,IlvtrrqecKoft aKTI{BHOCT}I OKC}I,Efi{X XOMIIJIeKCOB
c troJrrpHblMr4 MoJreKyJraMlr pacTBoprTeJrfl rrprr yMeHbrrreEr,M r pacTBopr4TeJrfl
(ra6.n. :. e; . l,,lg BuBeAerfioro Bupanenr,rff (3.2s ) , o.uraKo, B fiBrloM Brt.ue BaBr{-
ci4MocTb BeJIIITII4HbI *[ Ot s BOBCe He CJIeAyeT. ,[.ng $aXoxIeHLIfi yKa-
BaIfioft gaBI4cI,tMocrI4 Heooxo,utrrro, orreBllslo, IIp}IBreqb coorltoneEllg, ortr4-
cblBaruI4e roMoreHHNe peaKrlr4r{ B pacTBopax lI cBffSbrBauryIe KoHcTaETbI CKO-
pocrn pearrpVmgog 3gpgx€EHblx r.I rIoJIfipHbIx qacr[Il c BeJM.rtrIo[ c pacrBopr,rre_
Jrr, noJraras rlD( qplIMeIII{MocTb Ea rpaErqe paS.ueJra aAcopolfpoBaruGlft CJOft-
pacrBopilTeJrb. EcJtr{ c.UeJraHrroe qpe,UloJroxerrr{e lollycrr{rvro, To rrpouecc B
reTeporeEroft crrcTeMe Mo]fiHo TpaRToBaTb Karc [oBepxHocrHyro peaKilr4ro cy-
ilepoKctl[Iblx I{oH-paruEcaJIoB 02 c IIOJISpHIIMI{ MOJIeftyJIaMLI Hl4 B IIOJIflpHOft
cpe.4e, fir6o RaK BsauMo.ueftcreue KopoTroft fiorfioft napn (2f,-...o;)-xowtercca
c l[4rroJrsMr,r pacTBopuTeJrs :

f  * r  - 1  + e

|  
2",:" q; l  

(corln)+ * 
; ;  

Hor*i  *znl(coms)'

EoJM qpullflTb, qTo B cTaH.UapTIIoM cocTogH1M c = D, To, corJlacHo t6ol,
IJrs 4{rroJrb-I,rorrEofo B3ar.no,4eftcTBr,rfl (nepBM cryqaft) r4cKoMoe ypaBrrerrr4e
AM4ca Lo,reer BI4.U

InK"  =  lnKo +  Yod^7/Xr , ' * r "  , \ 3  . 2 9  )

r,qe yq- Bapa.U uoEa; dxr- .UtrIoJIbItHff MoMeET norgpHofi MoJIeKyJrbI; rmr- HatI-
ooJlblllee paCCTOflIMe Melr.UJ qaCTi4UaMlI, [p]r KoTopOM EaqnIaeTCA ilX BBaId\rOIeft-
crBr4e; Ke- KoHcraETa cKopocrr.r KlrcJropo.Eroro r{oH-pa.UmaJra c MoreKyroft pac-
TBOpI,IleJrg, SaMeTn\,t, IITO ,4JrI OTpI{IIaTeJIbIiEX i{OHOB (yq<O) BTOpOft qJeH IIpa-
Boft qacru groro ypaBHeHllfi orprdlareJreH. ,llJs .Emorb-.umoJrbHoro B3ard\ro,{efi-
crBlra (BTopoft cry,Iafi) IIo [pst\,tofi JII,IELr4, T.e. AJrF opr{ellTl{poBarrBbrx ,UI�tronefi,
ypaBHeHI{e AM[ca t6o] Moxer 6HTb BaII]IcaEo raK:

lnR" = InKo -  2d^dD/, /kr  r1" ,"  , ( 3 . 3 o  )

rAe d^, do- rooJrbHrre MoMeHTbr pear{pyn@D( MoJreKyJr, BaMern , qro KoHTaKT-
Eaff r4orffas napa Moset paccMarplrBarbcfi KaK rloJrfrpEafl MoJreKyJra c oonblrtrM
J[trroJrbE[tM MoMerrroM. Ha pr4c.i.21 rroKagalla saBr4c]rMocrb cKopocrtr peaKr.tlflr
a,ucopdfipoBarfiolo fia zno &trcJlopola c MoJreKyJraMI4 pacTBoprrTeJra B BoIHo-,u-
orcaroaofi cMectr pa3JrtrlrHoro cocraBa, T.e. c pa3Ju(,trrofi BewrqlEofi e. I{e pu-
cyBKa cJleAyer, qro ypaBrreEr{e A}fiIca (3.29) y,UoBJrerBoprlTeJrbrro BrurofiIfle!-
cg. B tro,urBep&qeHrle BToMy pacqet BeJrr[rr]rHr{ rmx tro rarfency yrJla EaIc[oEa
BKcllepsMeuTarbEofi llpfl\rofi ruIs cJryqaf dn o 2D rIoKagaJI, qro rmx ]IMeeT
BTIoJIEe pagyMIIyD BeJIFDtr(y. Pac.Ier To[ ae BeJI[rI]IIIbI rmx B coorBercrBul{ c
ypaBEeElIeM (3.3o), ecJM opl{eETrrpoBoqfio qpltrrsTb, qTo BeJI]Iq]rrrH Ilr{rroJlbr*nr
MOMeEToB dr.= 2D U d(znl ..o;) " 1oD, .qaeT CyqeCTBeIIEO SaHl4xeffiOe glrarle-
I i l Ie rBx(<1A) .

B-cry.rae 6oree craoofi BaBtrcrnrocru cKopocrlr a,[cop6lutr4 K[cJropo.ua Ha zno
Klg OT c paCTBOpIITeJIfl rIO CpaBlreEno C SaBIlClII\rOCTbp Kac OT e (qTO nO.4TBep-
,(4aeTcs omrroM) sB ypaBreEld (3.28) u (3.2e) [oJywtr\, BbrpaxeErre

IgB ' const - Yg dx 
,r,/Xt 

tzr"ra ( 3 . 3 1 )

,llrff orplulareJlblro sapsxelrEoro I{oEa o.(ve<o) qpslras, IlocrpoeElraa B Koop.ryI-
IIaTaX IgB - t/e ,,UoJDflXIa obtTb C IIOJIOXT.ITeJIbHbIM yIJTOM IIaruIOEa, qTO COOT-
BeTCTByeT OItr{Ty ( prc . : . 22 ) , ?acqer BeJ&frIlIItH r.x AJIS groro cryqafl

EoKagaJI, qro ona cocraBJlger z,o E, r.e. TaK$e uMeer BrIoJHe peaJlblloe BHa-
qeElle.
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Pvc.3.2L. BaBl,Icm\rocrb clcopocrl{ "cEflT,nF', RttcJlopola c IIJIeHKI.I
zno (B orH. eI, ) or e Bo.Uro_.qfioxcalroBbrx cMeceft
(qpoBepKa BbrrroJrHr4MocTu ypaBEeHr{fi (3. 29) )

Puc,z.zz. BaBlrclil,tocrb BeJIlrrIIlIHu B or lplgJlelcrp}I(lecKofi IrpoIIIdIae_
MocTlr c pagJrr{lrHrrx c_pacTBopr{Terefi (Bo.Ua, cnffpTbt) ,qJIg
rrJreHKtr zno B qptrcyrcrB[fi Kr{cJropo,Ua (c^ = ro']od.#)
(npoBepra ypaBnerud (3.2e) rr (3.31) ) 

'2

Ha p}Ic.3.22 rroKasaH pesyJrbrar npoBepKr,r ypaBEemfi (3.28) r,r  (3.2e).UrF
cJlyqag B3al4,rc,qeficrBlts a,4copolfpoBarfioro Ha IIJIeHICe ZnO KtICrOpO.Ua c MoJIeIcy-
JraMr4 rloJrffpHtrx r{ xr{Mr{rrecKr,r llo.uoolsrx pacrBop]treJrefi npu olurofi u roft trc KoH-
ueErpauol pac?BoperrHoro B Hrrx RrlcJropoAa, SEaqerMs € 3TII[ pacTBopfiTerefi
USMeIIADTCfl OT 17 .40 18. 3KC[epn,teHTaJIbHHe rorlKu y.uoBJrerBopI.ITeJIbHO JIO-
xaTc8 Ea upmryF IqB - r/e , tITo. CooTBeTcTByeT TpeooBarflm ypaBEemM
( 3 . 2 8 )  u  ( 3 . 2 e ) .

TaKm, odpa3oM, oKcrrepr4MeHTaJrbrrile .uaHr$re Ee [poruBopeqar clenaHHoMy
qpeFoJloaeEtm o0 greKTpoJtrrrlrqe cKofi .uficcoltrrauru rloBepxrloc rHbrx KoMnJreKcoB.
oopa3oBartrsu a.ucopo'IpoBaltrfin R[cJropo,qoM c orcc[uaM[ MeraJrJIoB (B t{acrHoc-
TII' C ZNO) I[ O XI4MIITIECKOM BBA!il{OAEfiCTBI{II HA NOBEPXEOCT}I COJIbBATEPOBAEHEX

cyllepoKcu$$u r{oH-pa.4trcaJroB c MoJreKyJraM[ pacrBoprrreJreft [pr.r KotfirarEoft
TeMfieparype B TeMEoBbrx ycJroBfiax. 3Kcllepr4reHTbr t53] C allporoHHilMtr pacrBo-
pureJrsMtr (.qnteruJ(popMatiM.u, lfluraerlrJrcyrbooKcnu, mmrr+ntrI, auerorMTpr{n, aqe-
TorI tr Ap. ) troKaBaJM, lrro B srr.u cryqaflx HaoJuo,qarcTcfi Te xe B@KTbr I{
CIq]ABEIJIIIBbI 3A8I{CI,TMOCTI,I, HAIiAEItrGIE TJIA IIPOTOIIO,UOEOPHbIX PACTBOPI,ITEIEft. B
TqATEJIbHO OCYMEENbIX II O!trIIqEIIH}IX AIIPOTOHHHX PACTBOPIITCJIflX C IOCTATOIIHO

6oJ6[ufi 3EaqeEneM c IraOJIIoIaercs .Uocraroyro oHeprrln{noe BBaru\,toleftcTBue
MoJreKyJI pacrBop[TeJlefi c a.{cop6r,rpoBarrHblM rra zno KrrcJropo,uoM rro peaKr.uEr
IIepBOTO trOp8lra IIo oTrroueErrro K RolruerrTpa]pM pacTBoperrHoro RrrcJropo,ua II
EyJreBoro tropfi.u(a IIo oTEoureHrm K pacTBoptrTeJm.

IilB ypaBEems (3.28) creAyeT, qro tr B el/t,&ocrHlrx Bapr{aETax oqpe.ueJrelr}Ifl
ICOSUeEll)ar.UM pacTBoperrHoro KlrcJlopoAa uJllr K[cJropo.ua, Eaxo.Ilsqerocs B alra-
JrtrsIIpyeMbIX rrocTopoErltrx rasax (a3oT, Bo.uopoA, rrfiepTmre ra3E, yrJreBolopo,ubr
tr ,q).), coAepfiarytxcff B rrape, paBHoBecHoM c [cir.urHM rroffrpHHM pacrBopr{TeJleM
(BO.qa, cuI[pTE tr rc.), cupase.wurBo to ae caMoe BEpailerMe, qTo r.r B cJiytrae
oqpe.qeJrelMs "cyxnr" Mero,UoM B BaKyyMe ruM B arMocoepe yKaBaHH[rx BNr[e ra-

2r0

/,5

/,0

26J6EI
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3OB, a UI{eIIIIO

o : .on"€r,/{ fQl, , ( 3 . 3 2 )

qTo lI cJIe.[oBaJIO OXlLUarb KaIc B TOM, TaK n B ,qpyroM cryqae ' IIcXO'Ug ]I3

[pe.[Jror€IIHIIx ypaBHelilfr xeMocopdu]I]I I4 c.ueJIaHHbIx r$e,uloroxeHlM o qpEpo.ue

UerrTpoB xeMocopouer U o6pa3oBarutr4 c II'IMI4 sapqx€HEoft cloplfi,l XeMocopoupo-

BaHIIOTO KICJIOpOIa.

AHarorlf.trIoe BbrpaaeEr{e c[paBe,[JII4Bo I4 B cryqae xeMocopolplll .E]yrI/D( aK-

UerrTopHl[x qacTEI (cBoooJfsle aToMbI Ir pa,U{IcaJII[) [s2]. fJaBlrioel oTJMLMSMII
"MoKpofi" rpaHInW ceEcopa or "cyxofi" B aIIaJMBe yKaBaIIHI'Ix qacrldl rIpIrI .Uoc-

TaroqEoft ,qJII[TeJIbIIocrll ouETa qBrffercg :

a) ycraEoBrelMe B rIepBoM cryqae cralI,IoEaplffx Berllrql4E gJIeRTpoqpoBoA-

HOCTTI CeECOpa, BO BTOpOM - paBHoBecHblx;

O) ooparlorocrb noKasalfld ceEcopa B rIepBoM cryqae IIplI Jtr06oft TeM[epa-

Type (e paeymcp1 [pe.Uelax), Bo BTopoM - roJIbKo 11pE gqBNIIIeIIHIIX (cBHIue

zOOoc), XOf,{a KLTHSTLIIISSKI{e orpal{IrFrelgfi IIS3BOJISpT IIpOBo:$Tb lISMepeEIIfi 3a

.qocraTolmo KopoTKoe BpeMa.
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fnaBa I

IlpnreHeFre rronj[rpoBo.urnrcoBHx ceBcopoB

B SKCIIepIUeIITgJIbItLtX I{CCJIe.qOBaHI.IfiX

rreRorop6rx 0r,r3r{Ko-xraorqecKEx qpoqeccoB

{.1. PeKoudruIarg{E aroxoB l{ pa.UtKanoB

BpeM.B mBM cBo6o.@Ix aroMoB r! paFlRaJIoB orpaxaer crerreEb B3aEuoleficrBufi
aTn( qacrEl c oKpyfiaf,qeil cpeAoil r{ .q)yr c .U)yroM. EraroAapff oonbEofi peaK-
r.EorilIofi ctrocooEocrfi aKTUBHIIX qacTEI BpeMa rm &rBHn B raooabtx u ocodeffio
er,4tn cpeAax BecbMa uato. B cryqae ra3oBo[ 0a36r oEo olDeleJrfieTcfi uptr
MaJ&D( ,[a&,reErrax rereporeHrrofi pe&oMdrtrIar$efi sTffi qacTItrI Ea crerucax cocyla
tr llx BBatrMo,ueficrB[eM c aAcoporpoBaEN\r cJroeM, a qprr oorbED( IaBJTeEI{flx
ra3a - ID( odbetvBoft peKoMdElalpIeft n xul\fifqecKm, B3am,rc.qeftcrB1leM c olcpy8aD-
@o,tll MOIeKyJIaMII.

B coorBercrBrtr'r c AarrHbrMtr paooTbr t1l B cryqae rereporeErofi peKoMdr.ffia-
r$flr aroMoB q pa.UucaJroB, uporeKauefi tro trepBoMy tropsFry, pac[pe.UeJrerMe

IcoEUeErf,)aLUIII pa,UmaJroB tro Brrcore h AJrE r.UirJrrGrl(pl,IrrecRoro cocy.qa Motrer oHTb
Brfpafierro cJre,ry@u odpa3oM :

N / N o = e x P ( - 6 1 1 l 2 h )

( 4 . 3 )

( 4 . 1 )

JIrs BToporo nops.6a noBepxxocrgoft peroMdrcrar.[Er gra ae BeJrrlrrrrqra Bupafiaer-
C g  T A K :

N , / N =

[1+(No6dY6sD) 
1t2 h l  

' ( 4 . 2 ' � )

r,4e h - paccTosErre,4o ycJroBEoro MecTa oTcqeTa (B aalIIeM cJlygae - SaTBop);
N r[ No- KOErIeETpar.UItr pa.4rRaJIOB Ea ypOBRe h Il yCJIOBIIOM WJIeBOM ypOBEe ho;
5 = lrrgzlsol"'; u - cpe.ursfl cKopocrb tracrruI; II - rreplorerp cocy'qa, s -

[rlJloqa,ub ceqeflufl cocy.[a; D - Koo(Epff&eEr ]trI@yslel rracrrtrI; t v d. - Koe(m-
Lu{errrE (BeposrEocrb) peKoMdmarE4 rracrrtrL T.e. orlloueEl{e qncer pe3yJrbra-

TrtBHbrx coylaperffd qacrltrI o rloBepxHocrb rIJrI{ MeEAy coooft K ooqeMy 'tr,Icry

coyfiapelfiffi. SaMe?n , qro Mero,[ Cr,ftrra [1] upeAycMarpr4Baer, qro pa,UaJrbuoe
pactrpeAeJlellllre KoHIIeIITpaLUtr4 aRTI4BIIEX TIaCTItrI Ee I4MeeT MeCTa. 3TO BTEOJEIS-
ercg, ecJIII coomAaercg ycJroBl{e

^/2 << r .. !|
r,[e r - ,[JrrtEa cBooo,uroro [pooera; r - pa.u(yc cocy.qa.

'ls llprtBe.qemilrx @pMyr BI{IEo, qro B cryqae rereporeEEoft peKoMoIIEar.uM
tracrn"L ttporenaqeft no ne$nony nops:u{y, AJrs oqpeIeJrerufi a6coJlloTgblx BEa-
qeEIfr z Heodxo,utr\,to BIIaTb JItIIItb pacqpe.4eJleElle oTHoctrTeJlbltllx rIacTLq BAoJIb
EallpaBrgqefi ul{JrrEr,&llllecKoro cocyla. EoJM 8e rereporeBrlaa peKoMortrIar.Es
tracTuq EporeKaer rro BTopoMy rroprlJury, To B gToM cryqae Eeooxo,Uoro gHarb
TaK[e IJrfi KaRoro-JMoo sHaqeHrrs h aocoJrr0Trryn KoHuerrrpatEoo srlx qacrr,ul.

IlEoFowcreruue rlrccJreAoBalMfl rroKa3aJrr{, !ITo, KaK rrpaB}rJro, reTeporeErras
peroMdlfiar.U{s cBodo.Uiltx aroMoB r,r pa.Utr{aJroB rrporercaer rro [epBoMy rrops.By,
a, cJIeIoBaTeJIbIIO, ,4'Iff Oqpe.UeJIeIIlIfi AeJIIlrqlIHI{ 7 EeOoXO.UOTO B 9TOM CIyqae II3
OIIUTA BEATb TUIUb SABI,ICUMOCTb V = f (h). JITfi 3TOTO MO)ftIO IIO HAITAEIfrO!,ry
pacrlpe,{eJleEm oTEoctrTeJlbmlx BeJrr{rtrrH v : 1ao/dt1 ,- o BAOJTb IIa[paBJrs-
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P u c . a . : - . 3aBl{ciduocTb pacqpeAeJreHr{s KolilIeErpaurft cBooo.Etrlx
cH3 pa,U/UCaJIOB B KBapIIeBOM lpIJIItrI4)e OT paCCTOgrut
h rureHoK cerrcopoB Io MecTa reHepar-uM pa.uftaJroB npr4
pa3Htrx TeM[epaTypax cTeEoK cocy.qa
I  -  zsoc ;  Z  -  t+o i  B  -  z+ t ;  4  -  zes ;  S  _  3oooc

Pttc.4.2. SaBl4clatocrb orHocl[TeJrbEoftKOEqeHTpAII[II (rflNo) H-
aroMoB B peaKLuoEIIoM cocyAe, uslaeperurofi pa3rlltllEblMr{
Mero,UaMrr (Z _ uoJryfipoBo.UilEcoB[il ceHcop, Z _ LsEcpo_
KaJroplrMerp, 3 - Er(mysr.rortrftfr Mero,q Bpe,qe), or orEo_
ctrTerbHoft r{rrreHcrrBrrocrr.r pa3ps.(a (c[$J ToKa) B rpyd_
Ke By,Ua (J/,r")

qeft LUIJ&rEqlla ' IIo Roropof flepeMeqaercs ceEcop, oqpereJMTb sHaqeHr{a
7,  Tarc Karc v/vo= N /  No (cM. oopwry (4.1)  ) .

B KAqECTBE trPUMEPA HA PIIC. 4.1 qPI{BEIEHII PEBYJIbTATH trCCJIE.4OBAEIIfl rE-
TEPOTEEIOI PEICOMO}IEAIIEI METIUIbIIbIX PA,UTKAJIOB EA CTEKJIE IDI{ PAsJII/rIIHHX TEM-
lepaTypax cTeKJIa. ycroBlrg orluTa 6HJE[ nolodpallbr TaK, rITooH EepaBe[cTBo
(4.3) Ha.4e[cEo BbIrIoJHaJIocb (r < ]- cM, 7 oKoJIo 1o'", r - 3 cM), Br$to, .rro

oopMyra (4.1) B groM om{Te xopoEo BErroJrEflercs, o qeM Morrfio cy,urrb rro
CNPflMJIEEI{N OKCIICPI/MEHTAJIbIiNJ( .qAHI$IX IJI'I BCEX CEP}il OTETOB, CEflTbIX IIPI4
pa3Jrr{qEEX TeMrreparypax crerroK peaKrproErroro cocy,qa. 3Kc[epnteETarbrsre
ToqKII yAoBrerBopnTeJrbEo Jroaarca Ea o,Ury r4 Ty ]Ke rrpmryn. IloryrreEsre pe_
SyJlbrarbl oSEaqaFT, qro Bblrloffiffercg nepBHfi [opfl.uoK pe&oMoreraltrfi MerrlrJrbH[[x
pa,umaJroB Ea crerue, Koropafi [poreKaer c aHepflleil aKTr4Bar.utr4, 6JMsrcO[ K
EyJtro.

AEaJor'I.]Iftnr oopa3oM MeroroM [oJlyqpoBoErltrcoBHx ceHcopoB 6bula ficcnero-
Balla rereporeltrlag peKoMolIHaLUg pa,UlicaJloB NH? r4 NH t2,3], a rar$(e aroMoB
BoIopoAa [4] ,  Kr{cJlopo,4a [5]  I , I  asora [6] ,

JIrf r.rccre.uoBarMff rereporerfiroft peKoMd:tri.arwr aKTr[BHbrx rracrl,tr] Ha or,ueJrb-
HHX rpaEu( MOEOKpI4CTaJUTOB TaIffie C ycflexoM Moxer 6brrb IIpuMeEeH Uero.u nfic.
B oroM cryqae, o,trraKo, cJie.qyer [cnorbgoBarb orpaxerrHrle or orrrx rpanefi -

M!!ileEeft ROJIJIIII\MpoBaHHbIe MoJIeKyJInpHlIe [yqK]I t7l, nolla,Ualo@4e Ea IIJIeIIKy
IIIIC' pacfloroaeHrroro B peaKlurorfioM cocyre coorBercrByrouurM oopa3oM. BaMe-
TuM, qro .urs cryqas rereporeErofi percoMdmar-uE{ aroMoB Bo,uopo,qa t4l pe_
3YJIbTATH, IIOJIYqEHI$IE METO,4OM IMC, 6HJtr' COIOCTABJIEHN C PC3YJibTATAMU, IIO-
rytreErsn/M B o.utoM I{ ToM Be OrrbrTe 4)yrr4Mr,r (RJaccrqecKr.oier) uero'uaul, a

I18

/2 /6 h,cn
45 / ,0

,s (Jr ,)

rrMelrHo M[rcpoKaJlopur,teTpuefi u n4(DFysuomnw MeToAoM BpeAe t4]. IIpOBe.UeEIOe

TaRr,[u oopa3oM conocTaB.[eE]Ie IIoKasaJIo xopoluyn cxo.UruocTb peByJIbTaroB Bcex

Tpex MeTo.qoB, xoTs ,&ta[aSollbl Kolil{eHTpaLuIu H-aToMoB' IIplI KOTOp6IX 3rl,I Me-

TosI npuMeHr4Mbr, .rpe3BH.laltlo paBJILrIIlH. Mero.u ImC IIpI'IMeHfiM ]IJIfl ooJlacrrl

KOIrUeHTpaUlil Ha 6-8 rIOps.UtOB MeEbllle' qeM .Fa ApyfID( Mero.4a' KoropHe B

groil o6racrI4 KolueETpawil HeqycrBlIleJIbHIr K aKTI'IBHNM gacrIoIaM (pnc.

4.2). [,rs. 6oJtbwD( Kolil]eETpal-pil H-aroMoB, IIa[porI'IB' ceHcopE cTal{oB.fircrl

Maro qyBcrBllTeJIbHHMI{ K Hrllr.

SaMeTrD, TaKtre, qTo'MeToA fmc oJaro,Uaps 6oJIbEo[ qyBcTBlITeJIbIlocTII MO&eT

oHTb yclleutrlo rrpuMelleH II B cryr{ae uccJle,uoBaHufi roMoreHHofi peKoMdIIBalrEr

aRTUBHIIX iIaCTIdI B raSOBblX Cpe,4ax IIpI/I pa3JII'rrIHHX ,UaBJIeIMflX ' B TOM TMCJIe

BHCOKTD(, eCJM BbITIOJIItfinTCg yKa3alrHble B[Iue ycJ]oBI4rI, HarrpuMep a uopax aA-

copOeEToB. B sroM cryqae qpuMeHllMa cJle,uyroas (popMyra CleITa c yqeroM rlc-

IIoJIbSoBaIIilg ,UJI,I .4CTEKTI,IPOBAIilIff AKTITBHLIX qACT'IU METO.UA IIIIC:

th/ th=o= ( 4  . 4 )

IL+  (No dP /  6D)1  I  
2h lz

r,ue No - IIaqaJIbEag KOinIeHTpaLu{fl paEmaJIoB; P -,UaBJIeEI{e rasa; c - rOe@-

@fl]lIeHT odsetfiIofi pelcoMolelalueli v : (do/dt)g-o- nava.nrrag cKopocrb I{3Me-

fleIMg SJIeKTpOIIpOBO,EIOCIU CeECOpa,qJIrI paSJII{lIIrbIX h .

4.2. IlrpoJ[is qpocrbtx rasoB Ha ropsq[x sllrflx

I4ccre.uoBarfire repMl4qecKofo pac[a.ua MoJIeKyJI Ea ropslflo( noBepxEocrax rBep-

,uJx reJr qpe.ucraBrser cyqecrBeltrftM lllrrepec rle roJIbKo .urs I,I3yqeEI{s Mexa-

HI{BMoB rereporeHlloro pacnala MoJIeKyJI IIa ocKoJIKlI, aKTI,IBIIo B3aloro,ueftcrByp-

U[['IE C NOBEPXEOCTbIO TBEP,4OTO TEJIA, HO lI T,JIfi BbIfiCHEIflffi B OTIIX CJLY-

qaflx poJtrl xltrvgrqecKoff rDl,rpo.u! Taep.4oro TeJIa. KpoMe Toro, B gKcrle-

plrMerrTaJrbHoM OTIIoueIIIM III{poJMB MoJIeKyJI IIa ropfiqlfi IIIrTffx 6;raropo.@ur ue-

TaJIJIOB, a raKjre Borb0paMa, TaHTaJIa }1 ,U). flBJIffeTCs y,UOoHblM MeroAoM reHe-

paU{II aIcrIIBHux qacfllq, rlo3Borgro{I\, TelfiIeparypoft H]ITll IUIaBIIo peryJll[po-

BaTb r[HTerrcltBllocTb rlx IIoToKa [8].

B pg.qe cJlyqaeB rlo reM[eparype ffiTIt u repMo,uEIaMI/trIecKlIM ,uaBHEM MotGIo

TeoperErlecKtl paccrMTarb [9] I{HTeHc[BIIocrb rloroKa cBooo,uil{x aroMoB' 06-

pa3yrqD(cs IIpII .ulccorfirat&fi MoJIeKyJI' TaK, B cJyqae ,rylccoltrIalltr4 MoJIeKyJI

BOIppOIa, KI{CJIOpO,4a tr aSOTa Ea ropflgl4x MeTaJIJIrIqeCRlrX }rnTfx B odracrfi

.UABJIEEIfr TIOJIEKYJIfiPTI$T TASOB 6OJb!U[X IO-OTOP }IIITEIICIIBIIOCTb trOTOKA II

o6pa3ywDrcs aroMoB A tI3 MoJIeKyJI A, Bbrpa8aercs OopMyJofi

I , = A
( 4 . 5 )

rJIe A - wlcro ABora,4)ot "t ,UaBJIeIMe MoJIeKyJIflpIIoro ra3a; K - RoEcraffra

paBEoBectra qpouecca A2 ? 2A trpll 3a,{aIIHOft TeM[epaType E]ITI{ T; l{A - aToM-

/-F;-R-
/ n z

ftU Bec; R - ra3oBas trocrofiIlllafl; s = Ay' 
-Z"F 

; ED - oHeprfis E.ccow-

ar@l MoJIeKyJI 42.

B cJry.rae trcrloJlb3oBarlun rloJlylrpoBo,EltrIcoBoro ceEcopa B KaqecrBe aEaJMsa-

Topa odpa3yn@ca Ea IilTI{ troroKa cBoooIEillx pa,4IIcaJIoB I4 aroMoB BErpafeme
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(4. 1) aarrErreTca cJre,qywor oopasoM:

{r v = """. . ' ""n[-] ]

fiJrx

Ln ( f -  v )

( 4 . 6 )

( 4 . 7 1

(  a*\
l.{0 v = 

[#J". 
- EaqarbEas cKopocrb trBMeHerrfis sreKrpo[poBo,Etocrr{ ceHco-

pa (,u,rlrl I ( 1); const - BeJM!MI{a, IIe SaBLIC&ag oT TeM[epaTypH ttrITU. IitS
@pt'ryJEr (4.2) BtrEo, lITo BeJrrtrruna 1nr'T tto cpaBrreu]Iro c 1/T 1r3yegflercfi c
TeM[eparypofi trpeHedpeeno MaJro, a rrogtoMy oe3 cyqecrBerfioft o@6K}I eKctre-
puMerrraJlbErre raHH[re IIo rqpoJrrrsy Moxcto orrqna,&laarb B KOOp,nIHarax lnv -

1
T '
IlpocrefuuM peaKutrolilofr cocyA, B KoropoM trpoBoErJrltcb oKcrreprrMearE lro

IItrpoJII[3y Bo'4opo'4a' KtrcJlopo,ua I{ asoTa' a TaKfe rcyru MoJIeKyJt, IIoKaBaB Ea
prrc ' 4.3 . Ilnpomenas rl}ITb (Brilr3y ) or,qeJreEa or a,4copdr.Folfioft KaMepE
(BBepxy) c troEIDffiIlM cencopoM, rlepeMeqa@\,rcn KoalcctraJrblro rsrJrrtrrApr{rrec6o-
rvs/ cocy,4y' IIJTOCRUM sarBopdM,. TDIIBO.UOTHM B .@lDreHr{e MaIHI{TOM, rlpe.Uras-
EAqEHItril .UJI.E 9KCUOIqPOBAIIIIS CEECOPA IIEPE,4,YCTAIIOBI4BII4MC8 ATOMHIIM IIOTOKOM
B TeqeHtre Eyffioro BpeMeM. BpeMfi sRcrroEnpoBarufl lI paccTosma uo.Br.reroro
ceHcopa Ao SarBopa BHd}Ipanrcff Tarc, qrodbt 3a[oJrHerlue rroBepxEocrr{ ero syB-
ctBr{TeJrbHoro 9JreMeETa a,qcopdrposaltrftu,M aroMaMr{ dbuto dbr wuunaa.nrruw. geu
oorb[e IlIITeBcIIBHocrb rla,uaqero rloroKar aroMoB Ha ceEcop, TeM MeEbrrrr4M BbI-
ofipaercs oro BpeMs (oobrrfio or irecRoJrbKnx ceftylr.u ,qo botrIyrbr) I,I ooJlbrrrr4M
PACCTOfiEI{E. SAMETI,N', O]HAICO,TITO B BTOM 9KCIIEPI4MEIITC Mil UMEEM ]IEJIO HE C
TYIIKOBbIM METO,{OM, B KOTOPOM AKTITBHbIE IIACTI,flSI B IIYTUCE HE CTAJIKI.IBAruTCS

&yr c 4)yroM tr co cTeEKOfi COCy.qa, a ToJrbKo c r{ccJre.4yeMofi MtrueIIbD, B
cBff3tr C yRaSaHHbrM oocroflTeJrbcrBoM HeO6XO.UOTO yrMTHBarb qpr{ MaJrbtx .uaBJre-
HI4fiX MOJIeKyJTfrpHHX ra30B rereponeEHyn penou6nrar$no aKTtraHUX rIaCTLq Ea
creHKax cocy,ua. no.q)o6Eo 06 3TOM CKasaHO B pas,ueJre KHrlrrI 2.4.3, rI3 rcoro*
poro cJre.qyer, rrro BeJIFrtrHrr v, tr Vo CBssarrH MexA/ cooofi Ju{Helho. 3To [o3-
BoJIfler IJIfl Eaxo8ueEua gHeprwl pa3pblBa cBss]r' EarlpuMep H-H B ltz, crpo]trb
rpa@rrc B Koop,EtrIarax (tnvh - 

il " rro raHreEcy yrJra Ear(JIoEa upmrrrofi (plrc,
4.4) o[pe,4enflTb rlcroM]rn BeJmqlttty. Iilg srrn( .qauurlx cJIe.rrJeT, qTo Be.lurqruIa
gEeprm paspma cBsStI B H2 paBEa 1o1 KKar/MOrb' T.e. JIIIEIb IIa EeCKOJIbKO
IIPOUEETOB OTJIEqAETCS OT BEJIIIIIITITbI, OIIPE,4ETEEIOI trO CtrEKTPOCKOIIU}IECKIM
.qAIIHLIM: 104 ICKAJ/MOTE. AAAJOITEtrIE PE3YJIbTATH ObUM UOJYqEIilI gTI{M AE ME-
TO.IOM B CJyqae rE[pom3a KtrcJropora t5] I.I a30Ta t6l. SaMeTInr, qro B cryqae
BO.4opOra obuta paccq[taEa crarr4orrapHafl rcoHllerrrpalus H-aroMoB oKoJIO ceEco-
pa, pacrroJloaeErroro Ea.paccTofirlrItr 1s cM oT rrtrTrr qpft ee TewepaType, paB_
Hoft 75o0c. Haltuelulag BeJIFII4IIa cocraBJlfler Bcero JIIlutb rotar.cM-t, * y*a-
SbIBaeT Ea doJlb[yn qyBcTBIITerbEocTb ceHcopoB, IIpIrMeHgeMHx B sT]or sKcuep[-
MEHTAX.

B cwgae E[poJrrr3a 6oree crorffirx MoJreKyJI, Koropbrfi rrporelcaer c o6pago-
aaHLIeM cBooo,Entx pa,UIKaJroB, (Dopuyla (4.s) He Brfirorriltr"ra, TaK IcaK oopa3o_
BAIilE PA.UECAJIOB TI TIX TI4OETb B TAICIID( CI4CTEMAX EE ABJIflFTC'I O6PATI,O/SN/EI PE-
AKII4AMIT, A NOgTOMY CTAIryIOBAPHAfl KOEIIEHTPAUI4fl AKTIIBHEX qACTI,IU B 9TIIX CIIC-

TeMax B BaBucnMocrr.t or ycJoBlfr rtrIpoJMoa, oupe,ueJr.fil0[p!( trepabffi }IJM nropof
uopsloK rudefi! aKTi{BHbtx rlacruri, Bbrpaftaercfl ypaBHerr}rrrMr4 t8l

= c o n s t  
* + ,

iB0

P l I c . 4 .  s .

P I { c . 4 . 3  . CxeMa ycranoBnrr AJrs r'rccJreAoBanrrs lu{poJusa MoJrercyJr
MeTOAOM rrOJrynpOBO,ErI{KOBbrX CeECOpOB
t - peaKu{oltrsffi cocyl; 2 - xeapqenufi rpy3r{n c nJrerr-
roff zno (cencop); 3 - (Fr.nbrp; 4 - KoETaIcTEI; 5 -

Hlrrb HaKaJia; 6 - TepMonapai 7 - aM[yJra c BeqecTBoM;
I - MarioMerpr.rqecKas JraM[a; 9 - flaJeu; /O - Ror6a;
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v ceHcopa

2  -  t q a o r '

3aBllcltr',locTb orIIocI{TeJIbHEx BeJII[1II4II
v = (do/dt\ 

6:9 CeHcopa OT TeMlepaTypH IurpOJEiIBEoft
IIITTII

a - v - r, 6 - rgv - r'1; Z - TeM[epaTypa oEtra
l l ooc ;  2  -  r 8ooc ;  P ,  =  1o -2  Top

Sanucnaocrr ornocItreJIbHLtx BeJIIltriItIn
oT TeMrrepaTypbr Hr4Tr.r
a -  v  -  r l  6  -  rgv  -  r '1 ;  I  -  t z toc ;
P  =  O , 5  T o Da u e T o H a
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lR l  =  f i r t r r r l  exp ( -Eo l2 f i T ) ,

t i l  =  K ,  exp ( -Eo /R r ) ,

( 4 . 8 )

( 4 .  e )

r.ue Kl M2- oTIIOmerrr4S KtrIteTI(lIeCftI,IX nOCTOgIfitNX peaKlril pactra.4a MoJIeKyJI'
peKoMortrIarufi4 cBooo[su pa.umaJroB ]I ]o( B3arrMoAeficTBus c MareplrElcKtrMr{ Mo-
JreKyJraMtr; t!.rl r{ tRl- cTar.u{oEapnbre KorueHTparpflI MoJreKyJr }r paErKaJroB; x
- yHuBepcaJlbEag raSoBag uocTofiEl{ag.

Ha pI,Ic. 4.5 rIoIcaBaI$I pesyJrbrarbr III4poJII{ga auerorla, Iro Koropblx cJIe,lIJer
BrrrroJlEnMocTb rrpr{Be,uerfiroft @pMyfi,r (4.8). CKa3altrroe o3Haqaer, qro rroMerre-
Hue KoErIerrrpaUEI cBooo,Usu pa,umaJroB y rloBepxHocrlr ceEcopa, a cJreloBa-
TeJIbIIo, lI BeJI]IEIIil (da/dt)t o= v 38B]ICII.T OT TeMnepaTypbl IMTI{ B COOTBeT-
cTBlII4 C COOTHOIIIeHIIeM (4.8). IIpr4 TOBHIIIeIIIM .[aBfieHI{fi aUeTOHa BEIIOJIIInUOCTb

ororo coorEorrreErrs EapyEaercfl draro,[aps dNcrpoMy B3aroro,ueftcrBlno cH.-pa,&r-

KaJIOB C MOJIeKyJIaMI4 AqerOEa.

TadJMqa . .1

B TadJ. 4.1 fiprrBe.[eHu IaEHIJe IIO oHeprfi8r\,r pasp[rBa cBs3efi B pasJlrfrrErlf,

MOJIeKyJIaX, trOJryrIeHISIe MeTO,UOM TIOJIytrpOBO.trIIIKOBHX CeHCOpOB rI COIIOCTaBJIeE-

Hrre c aIIaJIofElInHMI{ .uaEHHMtI, BBf,THMI4 tIB crrpaBorlEofi JMTeparypbr [1o].
Cxo.uo,tocrb grllx AaIIHIIX yKa3blBaer Ha I[x KoppeKTllocrb, a ralcxe Ea rrpI4MeHrI-

Mocrb IIIC B TaKoro po,ua trccJre,{oBaHrrfix.

Be[ecrBo TI[r cBs3[
AKTUBEafi
qacTIdIa

E D ,  K I
q t m  I

I
IaHIII'Ie I

I

:AJI,/MOJIb
-lmF-€pa-fyp=

HUe ,UgHHHe

BoIopoA H-H d 1 0 0 - 1 0 2 1 0 4

ltucfiopo.[ o-o r r 5 1 1 8

A3OT N - N N 220 225

Jlrto$cru
yrJrepo.ua o-co 8 0

AIIE TOII cHl -cocHl
CH, 7 L 7 2

nportrurdeHsor c 2 H 5  - c H 2 c 6 H 5
c r H , 5 6 F !

EeHBI{Ial&trI N H 2  - C H 2  C 6 H 5 i", 5 0 5 9

AS0TucToBo-
.qopo.uras

KI4CJIOTA
HNtN NH a 9

JIlIoeIrBI4J c 6 H 5 c H 2 - c H 2 c 6 I { 5 c.uu itr, 5 0 4 8
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r.3. ooroJ[ts B ra3oBoil 0a3e

Ilorroqelu4e KBaETa cBera nepeBo,&IT rracrl4ry, KaK IIpaBI{JIo, B KoporKoxs{Byqee

Bo3dyfi.ueHHoe cocroslele, LI3 Koroporo qacrl4lla JM6o nepexo,El1 oraro.uapfi u3-

JlyqarerbHtB, I[ deSblsry,rareJlbHHM rrpoueccaM B [epBoHarlaJlbEoe (EeBO36ytr[eH-

Hoe) cocroaEne, m[6o xuMtrtlecK]I B3altrlo.ueftcrByer, a raKfte Erccot[IUPye.T Ita

ocKoJIKI4 - cBoooJflble arot\rbl I{ pa,umaJlbl, KoropEe, B cBon oqepe.ub' BBauMo-

,qeftcrBypr c MoJIeKyJIaMlI oKpyfiamqeft cpe,u u myr c .U)yroM'
l4ccre.uoBalrlle orlD( qpoqeccoB B TepMo.4[IIaMLrlIecKI4x ycJIoBI'Inx c vc-

rroJlbsoBarrlreM B Jaooparopflsx ooEqHHx LIcroEruIcoB cBera sarpylrlsercs Ma-

Jroft .ryBcrBureJlblIocrbD cyqecrBymql4x B Ilacrosqee BpeMs Mero.uoB .UereKTqpo-
Barfl{s (6eB Earconrelil{fi) cBodo.uil'Ix aroMoB rI pa,utrcaJloB. no 3Toft TIpI,I11II[He B
pfi,[e cryqaeB TaKoro po,4a trccJle.4oBallrlfi rlpoBo,uaTcrl KocBeHHbIM rIyTeM' CBff-

SarrHEM C .UOoaBKaM[ B peaKLE4OIIHyn CpeAy pasJIIlrtIH]D( aKTIIBIIEX B OTIIOEeIilI,I

cBooofiux pa,uEcaJloB BeuecrB (nanpmaep, I4o.ua) II c IlocJle&y@{l/! aHafi[3oM

xr,rMr{qecr$D( rIpoAyKToB @rorMsa. Ilpm,lenerue Macc-crleKTpoMeTpoB paslloro

Trr[a fio.Frac 3arpyroIsercs pg,4oM oocroflTerbcrB, o Koropblx Mo]ffio cy.rylTb

r43 rrocJle.qymero rr3Jror€Itr4s. Hauooree pacEpocrpaEelffftM B IIaCTO@ee Bpe-

Mfi SIIP-Mero,[ oora,uaer EeBblcoKoft qyBcrBrlTeJlblrocrbp r qaqe Bcero IIp}I-

MeEgeTcff ,uJIg aHaJII[3a rIepBI/ttIHII]t IIpO,trJKTOB (lOTOJErsa rIyTeM rrpelFaplITeJlb-

Eopo rraKoIUIeIss oopasyEmdca palumaJloB BbIMopafiIIBaIII4eM IIa creHKI{ KBapqe-

BOrO rIaJIbrIa B caMoM rrplIoope, qro,uaer Bo3Mo)lclocrb, c o,4roft cTopollbl' rle-
penarrryrb .Iepea dapbep qyBcrBlrreJlbnocs4 sToro fipudopa,qJlff Herlocpe1crBell-

Hnt( uelaeperud, Ho, c .4)yroft - fipofirparb BoBMo]IcIocrb lIpl'r raKoft cl{Tyal-utrI

r4ctroJrb3oBarrlrfl rrpsM![x K[iIerI{lIecK}D( I,I3MepeIflM. Mero,q tlJI0 rlo3BoJrfier B ooHrr-

HHX yCJrOBrrsX rr trprl I4crIoJIbsoBaIIrM CraobIX IICTOqEIIKOB CBera ,UereKTI{poBaTb
aKTr,rBIrHe qacrn-W lI oEpeleJlsrb ID( KoIIIIeHTpaI[M B rrpouecce (DoroJEIsa Ee

ToJrblco B ra3oBoft (pa3e, Eo I4 B [q4.u{JD( cpeAax, B KoropbD( BpeMs xl'I3EII qac-

TI4II MaJIO, a CJIeAOBaTeJIbIIO, I/Ioqe3aue MaJIN ]I KOHIIeErpaII{I'�I BTEX qaCT}lU.

yKa3altrsle EBMepeElIfl MoryT dHTb IIpo[3Be.qeHII B sToM cJyqae KaK B KIIIIeTII-

qECKOM, TAK tr B CTAI.EIOIIAPIIOM PEfr}IME.

B Ka'{ecTBe rrpr.rMepa I{ctroJlb3oBaEl4fi ,Urfl gTofi IIeJIII rIoJLyqpoBo'UIlIKoBil( ceE-

copoB pacciltorpr4M (DoroJMB rretrpe.ueJrbnbrx rrpocreltlun( ylJleBo,llopo.uoB (e1%-

JreE, Irpo[rrJleg, aqeTrrJreg r[ m. ), KoTopblft trpoTe6aeT B ofgacT14 fiecT4oro

yrbrpa(FloJera, IitB lleroro ps,{a pa6or (nanpmaep, [11] ), [sBecrHo' qro mo-

TOJMS oTI4JIeIIa MOAeT trpoTeKaTb tryTeM oTqeIIJIeIMg OT ero MOJIeKyJI BO,4OpOAa

JM6O B BI{Ie MOJreKyJr (B e.uEIOM arte ) , .ru6o B BIIIe aToMoB BOIOpOIa ' KOTO-

pEe OaTeM peICOMOItrflrpyFT B MOJIeKyJtrI UJIII BAaI'IMO,UefiCTBynT C MOJIeICyJIaMII 3n{-

reEa. B cBfl3II C 3TtlM BCTaer BOIIpOC; KarJO' OopasoM MOIG{O pelIMTb gTy 3a-

rly c IIoMoqbD, HalrprMep, ceEcopoB?

B pesynbTaTe orqerurerrl4s Bo.4OpO,Ua OT MOJIeKyJIbI sTlIJIeIIa, KaK USBeCTEO,

oopa3yercs auerl{Jlell I4 Bo,[opo.q IIo peaKltrIslt

ar"o V czH2 + ttz ,

"rHo P crn., + zil .

coBepmeItrlo or{eBl{.uto, qTo B peSyIbTaTe 9TID( qpoueccoB IIpoTeKanT TaR[€

cJreAyrule BTOpI{rIEbIe rrpoqeccbl :

H + C r H o -  l C r n r ) "
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K flaxggny

Pr.rc.4 .5. CxeMa pearcropa
/ - cocyl; 2 - rsapueeHfi rpy3r,rK
c rtrelucoft zno (cencopj;
3 - Ilo.qBfixcftil EJe-rF-BopoT;
4 - ratutrra; 5 - pyoaunia .u.rrs
OXJIaI(AeEIIA; 5 - eCnOMOraTeJbrSU
ceHcop; 7 - cremufr (Filrbrp tr3
MopdJMra; B -IO - TepMocrarbr

{crnri  * {crurf -  cor,o

c oopa3oBaEreM grr{JrbHHx pa.uucaJloB (c2H5i u BaJrerrrHo-rracbqerrHux MoJIeKyJI
qpeleJlbrroro yrneBoAopola (6yTana), a TaKxe peKoMomau{s cBoooEslx H_aTo_
uoe. l4g qprrBe,{eHH[x BHpa:relufr Bllsro, qro B pesyJrbrare (Doto;ulea orr{Jrelra
MoryT oopagoBaTbcs .qBa Brrla [poMex(yroqHr{x aKTrrBrrbtx qacrrtrl _ aroMu Bo]Io_
po.ua (uepBl[Efire qacrrtrF) rlr orlrJrbrGle pa.&maJr[t (BTop}I'irn,te qacrnE), KOTO-
P6IE B OTJltrlME OT BAIEHTHO-HACHqEHHtrX MOJIEKYJI YTJIEBO.qOPOIOB I4 MOJIEKYJIflP-
Eoro Bo,uopola Moryr oqerrb aRTtrBEo BJMffTb Ea eJreKTpoqpoBo.ulocrb ImC, aI_
coporpyflcb rra trx troBeprurocrtr. PaBMep qyBcrBr,rrerbEofi noBepxHocrlr (ruIeEKtr
oKctrqa l@fia) ceEcopa Ey[6o Bbtdlrparb B TaIcIrx llccJre.uoBarl]Iflx MIItII{MaJrbErrM,
IITO6bI trPEEEOPEXOIMO MAJIO I4SMEII.HTb CAMI{M CEECOPOM CTAIItrOEAPEOE PACtrPEAEJIE-
Erle alcrtrBHilx qacrnl B peaKr.trrorrEoM cocyAe (pr4c. 4.5) 3aBucfllee or BH-
opaltrflx raBrreEl{fl gTtrreEa, TeM[eparypu, uHTeEcuBlrocrrr aKTtrBHoro cBera, a
TA&[E AICTI,TBEOCTtr CTEIIO& PEAKT.trIOIIHOIO COCYAA (EIABJCHOI'O KBAPIIA) C AI-
copo[poBarililn, rra Hrtr( 9TI{JeHOM, omlru Jrrl IIo (DoroJMsy ortrJleHa npoao.u-
JMCb B KBaprIeBOft s.reh{e, Il306paxemroft Ea ptrc. 4.6, I4CTOEtrECOM CBera B
A'{EftTE CJIYATIJIA PESOHAIICEAS KBAPIIEBAfl PTYTEA' JIAMIA, BtrASEIIA'I B EIryIIDD
qacrb cocy,4a' orAereruryF or BepxEe[ qacru ,srpqarm,t @.ulbrpoM, LISroroBleIt-
HbIM U3 MAPoJMTA, HE rIPOIIYCKAFqUO' AKT],BIfiffi CBET JIAMIIT B A.qCOP6LUOItrTD KA-
MePV, go sBJUInqI4Mcs BrroJrffe "rllrospattrtroru 

AJrfi aKTrB}{rr]. qacTrtrL lp[(!o.yE[rpy_
wBB tr3 rrrnmetr B BepxEDp qacrb cocyra. J[ra ronrpora BoSMOffiOrO BJwrffixn
Ea ce8cop oopa3yr@Bcs IIpu (loro.'M3e grurelra KaKrDt-JEroo MoJreKyJIfipHLtx [po-
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.qyIcToB (aqeTnrreEa, BTaEa, dyTaEa) na paccroroum 50 cM or BoFrr (DoroJMga
6bur ycraEoBreE BTopot ceEcop, paccwraltrtrs Ea Brrecerrr4e rroupaBoK B BeJM-
rIuIry cErEaJra tro,@rrffioro ceEcopa. yrcasaEroe paccrosErre 6buro BErdpaEo c rofi
qEIbD, IITO6EI ATOMII U PA,UECANbI B CJryqAE BOSIIITKEOBEEI{'I IDI B ItrrEIEfi qACTlI

cocyra Ee rrorJlu 0E .qocsrqb aepxEero ceEcopa r!B-3a rd peKoMomautrI lr B3a-
II'OAEfiCTBI.IA C UOIETYIAMU, B TO BPEI.'fi ICAK ,UJIA MOJIERYJIffPHbIX qPO.IIJKTOB BE-
6panras y.qaJrennocrb Broporo cerrcopa Ee troMexa Mfl w,U@yglu R ero tro_
BepxEocrg tr arcop6rr,f,'rr. Ilo,qroroeJerilfirft raKm, o6pa30M aKcrrepuMeBT MO{er
,qATb CPABY OFOBEAEfr OTBET B TOM CTYqAE, ECJII{ trOCJIE BK'MqEE}IS IICTOqIM-
KA AKTtrBEO.IO CBETA IIOIBITftHTffi CEECOP Itr.I B KAICOfi TOECE COCY,{A EE 3A@trCCII-
pyer ,4afte B Maroft cretreEtr lcarofi-JtrI6o curuaJr yMenbrnelufl nJvr yBeJrl{lregr{s
ero 9JIeKTpOIpOBO.EOCTII qpu .UaBJTeEIII{ BTI{JIeIIa B {IITepBaJIe o,o1 Top I p r
I o,1 Top. IIOJryrIeEcM peByJIbTaT 6y,UeT osEaqaTb, qTo (loToJMS BTr[JrerIa B
YKA3AIIHIX YCJIOBTffi trPOTEKAET TOJIBKO IIO MOJIEKYJISPEOfi CXEME, T.E. C OIPE-
BOM OT MOJIEKYJIH OTtrJIEEA B E.UGIOM AICTE MOJIEKYJIFPIIOTO BOIOPOAA. B PAOOTE
[11], O.Earco, troKa3aEo, qTo pesyrbTaTE sKCnepuMeETa fioJlyrrapTcfl coBceM
Im,ot. oKaSaJIoCb, IITO trpU lroMrrarrrofi Te!fireparype B 4por{ecce (!o10JEr3a 9Tr4-
JIeEa trptr MaJroM "uaBlerrr4u (0,01 TOp.'S MeEee) IIo Bcefi BEcore peaKrrroEroro
cocyAa EaoJmraerTcs lloroxqrerbrGu (yBeJErqerilIe oJreKTpotrpoBo,urocrr4) crrrHaJr,
no,@trffioro ceEcopa. Bepxriltft (KoETpoJErpyrqd) cencop, EaqporrrB, ,,MoJrqlIT,,.
noJryrrerufifr pegyJlbrar oallaqaer, qro Aalffi,fr cIIfHaJI odyc.nouten HaJrrrttreM
npeBaJMpy[qe[ Bo BceM cocy.ue Koruenrpar.utr{ H-aroMoB, odpasywD(cfi B ErD[-
Eefi qacrtr cocy.lla II trpfi yKaSaIIIIOM ,UaBJIeHIM OT![JIeIra JIerRo .uocrr4ramuD( ero
nepxneii pa6o.reft .racrr,r. Ilprl noBbrrrretur[ .uaBJreur4s orrrJrena B cocy.qe Kapr?rna
rroBe.ueHr4ir [o.@r4xrroFo ceEcopa MerrrrercF. IIpI4 ,UaefierflE4 srr,rJreHa o, 05 Top
BJreRTporrpoBo.Focrb ceHcopa, Eaxo.Usqerocfl Hr,Dre orMerKa 11 (cM.pnc. 4.6 ) ,
B lrpoUecce (poToJMBa yBeJMr{r,rBaercrl, Btlue srofi orMerrcr,r rpl4 qpoqflx paBriHx
ycJIoBI,Igx, HarrportlB, yMeubrrraercrr, a Ha ypoBne 11 coBceM ue uslaenAercg
(HeftTparbmrft ypoaenr ! ) . Ilpil rroBHflerrrDc AaBJrerMfl grlrreHa Ao o, 07 Top
EefiTpamlftfr ypoBeHb orlycKaercg Ao orMerKrr IIL nwr larbHeft[eM rroBbrrrreEur'r
.uaBJIeIII4g STI1IJIeEa .qO O,]- TOp 14 BbUIIe nO BCeft BbrCOTe COCy.4a, B qpOTr4BO-
noJlolclocrb roMy, qro Eaorto.uaJocb IIpfi .qaBJreHur/r o,ot Top, gJreKTporrpoBo,q-

HocTb rlo.ItBttltctoro ceEcopa yMeHbmaercg, ,ITo ooycroBreEo HaJMrlueM rrpeBaJtr{-
pynueft IIo Bcefi BNcore cocy,ua KoHrlerrrpalutr4 srr4Jrbrrbrx pa4rKaJroB (aKuenropoB
sJrerrponoB rroJrynpoBo.Urrrna). ldouTpoJmpynryd cencop rrpr{ sroM .qaBJrer&rr4 Brr,r-
JIeIIa B rrpoqecce gKcrIepI4MeHTa "MoJrq{T".

IloJryves'wg B orr[x orrHTax peByJrETar[I odEscEfiFTcfl rela, qro IIpI{ MaJIEx
.qaBJreEtrsx aluJrerra oopasywecfi B pesyJrbrare (loroJErsa BTr{JreEa IIo aror,trIoft
cxeMe B ru[ffiefi qacTn cocyAa aToMbI Bo.Uopola Tar8e rer$o "B]ocrpeJElBaDT"
BcD ero BepxEDD qacrb,I{' cJreaoBareJrbEo, B srtrx ycJroBr{sx BcDAy 6yAer rra-
oJmrarbcfl Eoro&rrerbrtrfr (Bo,qopo,Eilfr) crlIHaJ cerrcopa. IIplI oorbEoM .uaBJre-
HIII{ STIIJIeIIa (P = o,1 Top ), EaqpOTr,rB, Bce aToMbI Bo.UOpoIa IIOrJIOqaFTCfl
3Tr'IJTeHOM UO yKa3arfioft peaKr[tr4 y]re BoJEr3tr JraMmJ, T.e. Elu(e (prmrpa z
(cM.p[c. 4.6), trro tr roJDrcro rq)trBecrr! K llpoTrrBorroJrofirroMy curHa.ny ceHcopa
Ha Bcex ypoBaflx cocyAa, ooycroBreEroMy rrpeBafitpyqefi a.ucoporyreft Ea.ero
floBepXHocrtr ,Urtryrmrpyuqrrr r,rs rumreft qacru cocy,Ua B Bepxgrgro gTlrJrbgbrx pa-
.r0{KaJIoB.

IIp[ trpoMeryTorrHux .{aBJrerrr4sx srrrJreEa B rtrIficreft qacr[ cocy.Ua 6y.Uer rrpe_
BaJqpoBarb KomleHTpar[[fl H-aroMoB, B BepxEefi - (c2H5 )-pa.umaroB. HeftTpaJb-
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In,Ift YPOBEEb OIIPE.UEJISETCfi IIOJIO}fiEHI{EM CCHCOPA, &OI.qA KOHIIEETPAI.PIII H-ATOMOB
I{ (c2Hj)-pa,UmaroB TaKoBbI, qTo lra ceHcope BoBHI4KaroT ABa paBEIx no
BeJII{rlIme ' Eo [poTI[BonoJIo&HbIx IIo sHal(y clIIHaJIa ]IBMeHeIMff gJIeKTpo[poBoI-
HOCTTI CeHCOpa 6raro.qap.s oEIoBpeMeHHOfi a,4COp6UOt Ha HeM .rloHoplrbrx lr aK-
rlerrTopH[x rracTrtrI B cooTBeTcTBy@E KoHrleHTpallrfix.

B cBg.n c noryvertimnr pe.yJlbraraMfi BoBHuKaer ionpoc: Moxrro JM B omI-
TE IIPII HAJII{TII4}I .qRYX BIIIOB AKTIIB:ItrX qACTI4II C IIOMOqbF CEHCOPOB CJIE.DITb 3A
Ra,l(,EAt U3 HIIX S orleJrHoCtI.I, r{TO B pfl,{e CIyrraeB EeooXO,UtrrO .UJrg OoJIee
TJIYOOKOIO IIOIII4MAIIIIfi MEXAHIIISMA &OTOJMSA? ,IIA, MOrcrO, CCJM }ICIIOJIbSOBATb XI,I-
MlIrIecKtIe cBoftcrBa aHaJII{SlrpyeMLrx qacrruL ID( OCO6eIfiIOCTU, Tar, EarrpxMep,
xopono [3BecfiIo' rITo IIa TIaJIJIa.UIII, rIJIarI,IHe I4 HeKorop[x IpyrID( MeraJUIax
arcrrrBHo peKoMor.trflfpynr H-aroMbr (Kog@fl-preHT rDi rr,roefit r 6.Elsox K 1) , B To
BPEMfl ICAK AJIKIIJIbIIbIE PAETICAJIbI IIPOSBJI'IET rIO.UO6HYIO XE AKTIBITOCTb HA 4)YrI4X
MeTaJIJIaX - CBlIErIe, CypbMe lI rc., K ICOTOpHM aloMH BO,4opOra "orHocflTcg"

BECbMA IIACCI4BEO. HAEOCfi YKAsAITHT,IC METAJIJII{ HA BHYTPEIIHIOIO IIOBEPXHOCTb
CIIEq}IAJIbHO }ISTOTOBJIEHHNX CTEICJI'IITHEX DIpqaTbIx (PUIbTpoB, MoTGIo JIeIKo STII
(F'urbrpH creJrarb r.r30r{pareJrbHbrMr.r B orHorrreHrM IIpoIIycKaH}I.s qepeB ce6fl Toro
IIJM I{HOIO BI4JA AKT]4BHbIX qACTI,q. 3TlI (FUIbTPbI CJIEAYET IIOMEqATb BbIIIIE OIIT}I-
qecKoro (F4rbrpa (cM. pllc. a.5) r raxran oopaeoM yraercs Ea6rr0rarb B rrpo-
Uecce (DoToJMga ToJIbno o.Urn BnJ rracTr.U. B rlolooltrrx eKcrreptrMeHTax Motrc{o
IIOfiTI,I IAJIbIIIE, A I4MEIIUO, }ICNOJIb3Y'I XI,IMI4qECKIIE CBOftCTBA KA]([OrO BI,I.4A qAC-
Trrrl, [ocrpor.rrb .UBa ceHcopa, ftar(&fr r4B Koropbrx "o6cryrMBaer" Ilpe:fra3Ha_
qeIiltrM ToJIbRo eMy o.EIoMy BI,u qacruu. B srot cryqae ylaercff o.EIoBpeMeHHo
cJre,u{Tb 3a BceMrr Bu,uaMn oopasynu&xcs n Qoro.rulee, Eanpr4Mep, gTtrJrelra aR-
TI{BIIbIX qACTIq. JITff USTOTOBJEItrIff IIOIOOHbIX CEHCOPOB MOIYT 66ITb IICIIOJIbBOBA-
HIr JM6o .&rpqarue KoJIrIaqRIt, aKTttBr4poBaHHHe coorBercrByloryoiel MeraJrJraM[I,
JMoo Heooxo.Utr4afi aKTrrBarlrg [por,r3Bo.Urrcr Henocpe.[crBerlHo Ha noBepxHocfl4
caMl4x qyBcrBI,ITeJrbHr,rx gJIeMeHToB ce$copoB. TaKTB HaueM cryqae (loToJMBa

oruJlel{a fiarra.ud noJrHocrbto pa3.ueJMJr .ueftcrBr4e lcriru)'- pa.umaJroB or
H-aTOMOB, a CBrrHeU BbTnOJIHIIJI IIpOTr,rBOnOJrOXfiyn 3a.UAqy.

3aMeTI,il, rITo gTlrM fie ceEcopHLIM MeroIoM 6buM [oJyqeHbr BecbMa I(HTepec_
mte pe3yJrbrarH rro @ToJMBy ar leroHa [12] ,  aMMrraRa [ ] -3 1,  a3ora [14] ,  Ktrc_
Jropola [15] tr ,&roKclua ypJrepo,4a [16].

B cryqae aMMtIaKa npu .ueftcrBlDl cBera c I = 1849 A MoJIe&yJIa aMMr4a-
Ka pacrraAaeTcfl Ha aToM H r{ pa,uEcaJr NHz [13]. Ha rloBepxEocTlr oKcula lptrma
IIepBarI qacTllua gBJIgeTCfl .UOEOpOM 9JIeKTpOIiOB, a BTOpag * ID( aKUeIITOpOM,
Ortrrr [oKaBaJ, qro qpI,I Qorofir3e aMMuaKa B cocy.ue, rr3oopaxeltrroM Ha pllc.
4.6, rlo Bce[ ero BHcoTe, Haq]EIaq or r,rcToqEilIca, y,4aeTcg Ba(pfficl,IpoBaTb
JILIIIb H-aToMbI. STor gKcuepfi\reHTarbltrM @alcr MotftIo oobficril,ITb reM, qro H-
aToMLI .UaXe B IIpIICyTCTBI4II TaKLD( aKUenTOpOB, KaK NH2-pa,UI{KaJU,I, Ha IIOBepX-
I{OCTII IIOJIYITPOBOEII4KA ICCUCOPA) BEAYT CE6g 6OJEE AKTI,IBEO B OTIIOIIEHI4I4 BJIIT-
,IHI{g Ea ero 9JIeKTpOtrpOBO,UIOCTb.

EcmI fie o6ry,II{Tb TeM ffe cBeroM (eqe oFm npueu) cMecb rasoB NH3+ r{e
(1:10), To cImIIaJI gJleKrpoupoBo.UtocTlt BoJMBI4 JIaMrIil cTaIIoBI4Tcg oTpI{-

UareJrbnbrM (Ha paccrotrflu.I 1-5 cM), a Ea dorbfltrD( paccrorrrrr{fix (10-1s cM)
- IIOJTOXTTTeJIbIEI\,i. 065eM pea&Lu4oIIHOrO UIIJII4HII]riIeCKOIO COCy.Ua B 9TOM CJIyqae
IIOAeJMJICfl Ha .UDe 3OHH, B ICOTOpbIX 9JIeKTpOIIpOBOIUTOCTb CeHCOpOB I4sMeHgeTCg
fiporrrBorroJro]rcrNM oOpaBoM. Iloryqerfisre pe3yJrbrarH MoxHo odrficEflTb reM,
qTo .uooaBKa l4rreprlloro raga EeBHarr.ITerbHIo, odpaBoM yclrJEIJIa oobetifiIyn
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peKoMdrfrat"W E-aroMoB 3a cqer rpoftilx coy,qapeHIM' B To BpeMff IcaK

cropocrb peRoMoIEIaUlIlI 60lee cflollfiux qacrltrl - MIIoroaroMHbIx paIMKaJIOB

un, i frpncyrcTBlll,I ullepTlloro rasa IIBMeHaJIacb Mellbllle, a cJIe,qoBaTeJIbIIo' ID(

oTHOCIITeJIbIIafi KoIUeETpaIIIg B IIpIICyTCTBIII{ HeOHa Bo3paCTaJIa (IIO OTEO[eIfino

K IcoErIeHTpaI-uE{ H-aroMoB). TaKoro po,ua 3@KT 6y.uet ruerr Mecro'rrl)tr coqe-

TaHIII4 H-aTOMOB C fiOoEU\iEI .qlyrl4Mtr MIrOroaToMHbIMlI pa,ullcaJlaMll, oo'Fel\'fiIafi pe-

KoMorErar.u.rs KoropEx Moser fiporeKarb rrpll cToJIKIIoBeHI'Isx l{pyr c .4lyroll u dee

yr{acTua rpeTbero TeJIa.
3aMeru"t, B paoore t16l rlo rurpoJM3y I4 (poroJMsy 'u4oKcl4ra yrJlepora

IIOKaBaEO, IITO C IIOMOqbD,@yX CeHCOpoB (6.nUCrerO IiI yIaJIeHIIOTO Ea 12o CM)

y,[aJrocb o.uloBpeMerlHo HaoJuo,4aTb .Ea qpouecca:

C O 2 + C O + O

CO2 -------+ CO + 02 .

IIepnUfi rr3 ffiIX peIIlCTpI{poBaIcs OJEttciltr\d CeIIcopoM, IAe EaudoJee aKTI{BHOft

qacruuefi cJIytrtIJI aroM KtIcJlopo,4a (aKuerlTop), BTopofi Epoqecc' T.e. oopa3o-

BaHlIe MOJTeKyJIEpHOTO KICJIOpO.Ua, peil4cTpllpoBaJlcs y,4aJIeIIHbIM CeHCOpOM' IO

Koroporo [yreM ,ry(!6ysld[ "Io6].rpaJEtcb" TorbKo MoJIeKyJIrpIue rDo.uyKTbI (o2 I'I

co), B To BpeMfl KaK aTOMbI ICI4CJIOpO.Ua Ira TaKOM paccTogHlll4 IIOJIIIOCTbD OTCyT-

CTBoBaJIIT. IITO KACAETCff MOJIERYJI CO, TO OIII{, KAK II COz' SJiEKTPI4IECKI,I MAJIO

aKr[BHbr IIo cpaBHelflm c KI{cJIopo.UoM. I,Ic[oIb3yfl oTI4 3@KTbI' c lloMolllbp

ceHcopoB ObUIa oIIpe,UeJIeEa gHepI]Is aIcTI4BalI{I4 aToMIIo-MoJIeKyJIrpEoft peaKIItr'I

co2 c o-aToMal\,el. oHa oKaSaJlacb paBEoft 5 KKar,/MOrb' qTo xopoEo coBrla,[aeT

c JMTepaTypsblMtr AaHHNMI,I t171.

r.r. ooroJMg B a,{cop6}rpoBaEHblx cJloax

l4cuorb3yg MeTo.[ ceEcopoB ,4JIfi lIccJIe,UoBaItrIfl froToJM3a a,4coporpoBaHHllx cJIoeB

KereIIa Ha oKcullax MeraJIJIoB, yAaJlocb Ea6r0Aarb I/D( paclla'q IIo.u BJIIISEI4eM

yJIbTpAF4OJIeTOBOIO CBeTa C OdpaSOBaIMeM B nOBepXEoCTIIOM CJIOe MeTIIJIeHoBEX

pa,4lrcaJroa Eo peaKI-MrI

(cH2co)an - !Y+ 1cn.)6g + f  co ,

KOTOpEIe, Ee trOnl4qag IIOBepXEOCTb (O .Iel\t CBI,I,qeTeJIbCTBOBaJI paolloJlo]reltrfifft

6JM3KO OT trOBepXEOCEI{ aICOpoeETa noJlyqpoBo.ufltrcoeHfi l\dncpoletelcTop), xeMo-

copoupoBafilcb Ea Tofi xe rrrerrKe trowfipoBo,ufiIcoBoro alcopoeETa, odycIoBJM-

Ba'I TeM CAMHM, KAK II B CTYqAE UONA,UAETIS EA IIJIEIIKY CBOOODil'IX PA.EIKAJIOB

I{BBHe (Eatrpltr\rep, I[3 rasoBofi 6aBbI), yMeEbEeI[4e gJIeKTponPoBo.uIocrI4 alcop-

oeHTa-ceHcopa. 3aMe$4\r, '{To B uo.uoolillx c}rTyalflgx rIoJIyIIpoBoEIllKoBHe oK-

Ctl[Irbre IUIer{KI/t BEIIOJIIIflnT KaK 6H .UBOfiICyF poJlb - poJIS a.4COpoeETa, Ha trO-

BepxHocTII KoToporo pa3blrpblBanTcs (loTollpoueccE' lI poJlb ceHcopa aKT?IBHIIX

iracr}Iu, nosergroD(cs Ea gToft ]Ee rloBepxEocrll B pe3yJlbrare IIporeKaIMff Qo-

roJrrr3a a.qcopou)oBalffIoro cJlos MoJIeKyJI.

Ha puc. 4.7 IIOICasaHa 3aB[CI,IMOCTb OT AaBJIeH]Ifi IapoB ICeTeEa BeJ[rq[H v:

=@o/iftl1-6 - rragsJrbHEX CKOpOCTefi I43MeIIeHI4fi sJIeKTpOrIpoBo.rIocTI( trJIeHR[

zno ceHcopa (B orII. e,u. ) B Ilpouecce @ToJMsa qpl4 KoMIIarHoft Tewleparype

alcopdnpoBaElolo cJlos KeTeEa na.Uawn [epIIeH,U{KyJIfrpEo K troBepxEoc-

ru rureHKr.r cBeToM (rpmas r) I4 (DoroJEIsa IIapoB KefeHa IyqoM cBeTa'

HaIrpaBJIeIInbIM IIapaJIJIeJIbIIO IIJIeEICe I{ OTCTOSIryA' OT IIee Ea paccTogHlfl4 1 CM

(rpmag 2).ls plIcyIIKa BI4'uIo' rITo BEaqare (BocxoAsu4e, qacru KpI4BHx y' I,I

2) yBemtqelfife .4aBJIeHI4fl KeTeIIa, a cJIe,4oBaTeJIbHO, lI yBeJII{rIeE}Ie cTeIIeIM
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SAIIOJIIIEE}IA IIOBEP)HOCTU trJIEHK,n ZNO AACOP6',POBAH,,HMW MOJIEKYJIAME KETEEAqPIIBO,IMT K YBEJIIIIIEH,'D BEJIIFIIEI ., KAIC B I'A3OBOfi @gE, rAr tr HA IIOB€PXEOC-
Ttr tr' IcaK CJIe.U0TBI{e, K yBeJlrrqeElm cTalmol{aplllrI .KorlllerrTpat[ff pa,UmaJrOB BraSoBo[ OaBe tr B a.UcopdrpoBaluloM Qroe. llo Mepe .Uarbgefuero yBeJrrlrrreEr{a
IABJIEHtrA trAPOB ITETEEA BEJIEII}IH'I V ,qOCTI{TAPT EEKOTOPOTO MAKCUMAJIbEO_
ro S'aqe*ufl E SareM .brcrpo yMeribrrranrcs B Cryqae raS.Bot (Dasg Ao
{yilfi, a B cJryqae troBepxEoclxoro cJlos - ,uo HeKOTOpOTo trpe.ueJrbEoro sEarre_
EI4A, Ee SaBUC@ero oT Aae,IeEll{ KeTeIIa, qTo cBaSaEo B 9TOM CJryqae c Epe_
AeJIbHbIl, SatroJIHeEIIeM troBepxEocTll ILIeEICII,

ltp
V p=4t Top

Pt4c .4 ,7 .
OoroJtrIB Kerera B raaoBoft OaBe
(Kpr{Bafi 2) us aAcopo[poBaErroM
cJloe Ea ruIeERe zno (Kploafl 1)
qplr KoMEarEofi ?eMrreparype

n r . J +

P,  Top
yRasalffoe yMerrbuerrr{e KorflIerrrpar-@ pa.URaJroB B ra3oBo[ ease y rroBepx_

IIOCTIT IUIEHKI{ U B A,{COP6I,fPOBAIIIIOM IIA NJIEEKE CJIOE OOflsAEO BOSPACTAII,ID B3A-
Id\,IO.UEftCTBUA 9TID' qACTItrI C MOJIEKYJIAMI,I KETEEA IIO MEPE POCTA IIX KOEIICHTPA-
UIM, a TaIOre B cBfl3ll c yMeIIrmeHIleM Kogftftfl.UregToB .Ur{6ysrpr arcTEB-
Itbu( rlacruq B ra3e I[ Ha rloBepxEocrl'I' rITo qprBoplT K yBeJII{rIeEIm BpeMeErI
IOCTIDSEEII.'I AKTI,IBIIbIX iIACTItrI I,I B TASOBOfi FA3E IO IIOBEPXEOCTI4 N'IEEKI{, IT B
alcJroe Ao rIeETpoB xeMocopoluu{.

IftITepecEre pesyJrbTaTbr 66uM floryqelllr u B clyqae (loToJMBa xeMocopotrpo_
BaIIHLIX CJTOeB MeU4JTbEUX pa.lMrcaJroB Ea o&cnusD( rrJrerrKax t181. IItrDBeIeFHre
o$ctreptrMeEr[I tro.qTBepDrJM rutrOTesy t1el o qp4poAe troBepxEocT]tbrx coe,rFrl'e_
Ed' BoBrflmar@fi rlpl( xeMocopor.uM npocrefiuu paErKaJroB rra oKctrJIaX MeraJr_
JIOB.

Mero.[ Irlc c yc''exoM 6Er trprore'e' Ta*xe .q.rrfi [ccJre,40Barr[s o�poMeryTorr'Ex
qacrrtrI qprr pa'MoJrtr3e oprarff,recKr,rx coe.u{Heltrfr B ra3oBoft tr rtr/rrcofi cpeAax
[ 2 0 ] .

Coqerafl JIerEpoBaEIte rloJryqpoBo.SilrcoBnx oKctrAoB paBJIulrHflM14 MeraJUraME
(r{crroJrbsyfl ,4ra eTofi ueJM, Eaupnep, MoJreKynqpmre IIyttrCu t211) c [3Mep€_
IItrflMtr oJle*TpoqpoBo.ltrtocru oKcl{.u'ox MrueEfr, y.qaJrocb ycra'oBfiTb, rr?o Eatr-
6oree aKT@Itru/fr IIeETpaMtr a.4copouufi upoctefuu aJIKr{JrbErrx pa&maJloB sB1fi-
FTCS CBepXCTeXUOMeTpIFrecKue (fipmreclrlre) aToMbr zn, sb, cd, pb, Ti tr ,4).
METAJIJIOB, C ICOTOP6IMI4 AJIKTJIbEIIE PA,UtrTAJIbI OoPASYNT IIOBEPXHOCTIIIIE METAJIJIO-
opraH[rlecKl{e KoMIUIeIccbI, pactraAanu{eca qptr TeM[eparypax cBtwe 150-2oooc.
xeMocop6ll'Ifi aJIIclIJIbHru( pa.uccaJloB IIa rannx orclrrax [porercaer c MaJrHMr{ BEa-
qEElIgMlI OEEPTtr}I AICTI4BAIuE�T IIPII! KOMIIATITUX TEMIIEPATYPAX U IUDME. IIPtr 9TOII
cKopocrb xeMocopou& c troEIOreHIlreM TeMneparypH trocrerleHEo yMelib[Iaercfl, I
CTeIIeEb IIOKpHTIIfi IIOBepXEOC?I{, HaqpOTIlrA, yBe JrI{rII4Bae TCg.

IIPUAE,qEffiTE IDI{MEPE 9KCNEPITMEIITAJIbIIbIX }ICCJIE.qOBAIild, BbIIOJIHEIIHUX C EO-
MOqbD CeIICOpOB, TaKrdt( IlpoqeccoB, KaIc reTeporeElag peKoMdmau{fi aKTtrBHI[f,

IBB

qacrrflL rqpoJus u &oroJus xuMrlrecnrrx coe,uurerflM n rasoBoft Sage u Ea uo-
BepxEocTII TBep.&u TeJI - oKcIIIOB MeTaJIJIOB I{ CTeIq[aX, nOKaSIlBapT, glo Ma-
roraoapr,rrrsle qyBcrBureJrbHbre ycrpoficrBa - ceHcopE cBooo,uilJx aToMoB tr pa-
,ulKaJroB - troSBoJrsnT B p8.4e cryqaeB ycTaHoBr[Tb cKpbrTbre IJrS ,qpyrr4x MeTo,4oB
uccJle.qoBalfilg BarcIEe oJIeMeBTE MexaHrlgMa qpoqeccoB KaK B ra3oBoft oa3e,
TaK tr B aICJIOe, a TaKme qpu EaJII/r!IIII1I IIeCKOJIbKID( aKTIIBEIIX qaCTUII - OCO6eE_
rrocrtr pac[pe,UeJrerMs sTI.[ qacrrtrI B ooteMe peaKr_UoErroro cocyla, n reM ca-
MbrM rloKa3arb Heo,Eopo.urocrb peaKu{oHrroft cMecl4 B TaR!D( rrpoueccax, a cJre-
,qoBareJlbHo, r'r HeolHopo,Erocrb reruroBofo rroJlfl. Crca3aEroe o3rraqaer, qro B
TaKrlD( CJlyqafix peaKIryIff B paBJr![rlHblx ToqKax oo5eMa cocyAa trpoTeKaeT c pa3-
Jrr{lrHHMlr cKopocrflMr4, qTo, B cyryrocTl{, Bpru JEr Motffio odHapy8}rTb c troMoqba
Karolx-JMoo &yrrD( Mero.UoB l{ccJre.qoBarMs (saspnlep, Mero,qoB BIIP, Macc-
ctreKTpoMeTprM, Jru\,fiIllecqeETlloro MeTo,4a lI, rraKotseq, crreKTpocKoll}ItrecK!fi Me-
To.UoB). OopMarbHo rcEHeTrrqecKlre MeTo.Ur rlccJleloBaEr{s [cIIoJIbByDT B TaKtrx
cl{Tyar.Usx Jrr4r[b ycpe,EeEHEe BEaqeEI{s KolnleETparpil aKr]rBHtrx rIacTI,trI, qTo

AeJIaeT KITEeTETIeCK!!e AaHIINe MeEee ,{OCTOBepHIIMI{ B OIIIICaHIIII MeXaEI{3MOB
IlolooErx pearryfr.

4.5. 0 HeKOTOpbTX sJIeUerrTapHHX [poueccax reTeporeHHrrx
r(ara JBrTI{qecK}rx pe aRIUd Ha oKcr.rAax Mera JrJroB

B EacTo@eM pa3AeJre llpr{Bo.usrcs B KaqecrBe rrptrMepoB rrpr.rMeHeHl,Ifl troJryrrpoBo-
.ufitr{oBtD( ceEcopoB K IIccJIeAoBaHIm reTeporelrHbtx KaTaJItrTlflIec&ID( IlpoqeccoB
peaKr.utr{ Aertrn)upoBarMs ssorq)orMroBoro crlrpTa }I pasJrofterIts rr4n)a3trIra rra
oKclIIe uuIIKa.

Xopouo trBBecrHo [22], qro a pe3yJrbraTe rcaraJrrrrtrllecKoro ,qertrqp4poBaurrfi
lr3ollpollr{JroBoro c[qpra Ea oKctrUe uEfta oopa3ynrcfl Upeur\ryqecrBeErro Bo.[opo.u
rr aUeTorr, CoBepueEro HescHHM, o.EaKo, ocTaeTcs Boqpoc: uo rcaKoMy oJIe-
MeETapEolly MexaHI[3My qpoTeKaeT sToT qpoqecc-uo MoJIeKyJIFpnoMJr, T.e. c
oopagoBaE[eM Ea uoBepxEocru B e,@oM aK?e MoJreKyJI Bo.uopo,qa, uJM &e uo
aToMapEor{y, t.e. c oTqelueEtreM oT MoJreKyJrbt crtrrpTa Ea fioBepxlroctr4 KaTaJM-
saTopa aToMoB BOAOpOIa, TCOTOpEe SaTeM Ea trOBepxHocTrr KaTaJMsaTopa peKoM-
dr,mfpyDT B MoJIeKyJIIt Bo,uopo.qa? Bcraer raKtre Botrpoc: ecJrr! Ha rloBepxEocru
KaraJMsaTOpa oopasyDTcfl H-aroMEr, To .4o peKoMomar.uM u llpyr c .qpyroM
MoryT JItr oEtr yqacTBoBarb B Aerrr.qpqpoBarutr Apyr'[x a.qcopoEpoBaFFrr MoJreKyJr
cIMpTa, T.e. trMeeTcf, JM sAecb CBOeOopasEaA OoparEa8 CBfi3b? Ha [ocTaBJeE-
Hrle Bo[pocE tro3BoJrtrlo oTBelsrb rrccJlelo3aHr{e, B KoTopoM dEn trpuMerreE B
ftageclBe KaTaJuSalopa .uerrrEIfpoBaHr.rs crtrIpTa oKctrA rlnrrrca, Ha KoTopoM rrpo-
TeKaer gTot Upouecc AocraroqHo r3drparerbEo, Iocrrrras B6rxo,qa oKoJro e6-
egt6. OKcnL IETKa rrrpaJrB sKcnepnxeHTe ,qBosKyD porb, oAnoBpoxeHxo flBJrsscb
reTepoFeEHIo{ KaTaJTLISaTOpOM lI qyBCTBUTeJTbENM CeECOpOM rra aTOME U pa,4ma-
Jrrr, rcoTopbre B aToM qpouecce troffBJIfinTcs KaK Ea IIOBepXEOCTn KATaJMBaTOpa,
TaK tr B ragoBoft (!a3e, ocooeluo B Tex cJryqaflx, Kor,Ua creuelrb oarroJrHelllla
IloBepxHocrrr KaTaJMgaTopa peareEToM Ee Aocrmara ooJrb[E[x BEaqeruM. IilTarc,
MAJIEEbKAfl IUIEEICA ZNO, IsTOTOBJIEEIIAA IIO CTAE,UAPTIIOtr METOTI{KE C BbIBE.UEHIT{-
MI,I Eapyry KoETaKTaMlI, 6rura troMeqeEa B pea&u{on}{Ffi cocy.u, cEaoreEfifr Ao-
Bl{py@!}r ycrf)oftcrBoM rrapoB clltrpra tr TepMocraroM. OreKTpollpoBo.Eocrb
rurenrcn trBMepsJracb, a rarore BallrrcgBaJracb c rroMoqbp ulrefifioaoro ocr$Jurorpa-
(Da B TeqeMe Bcero qpoqecca. WBcrBureJrbrrocrb ceEcopa K aroMaM BoAopo,qa
6bIJIA TPEIBAPUTEJIbIIO trPOBEPEEA B 9TOM [E COCYIE C IIOMOqbF IIITPOJM3A EA Etr-
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/o/a,
?

3 4 5 0
t, nuu

q5 1 ,0
t, run

P l r c .  l .  s . ocl&Irorparsff,t IISMeIIeHI4TI oJleKTporrpoBo'Elocrll ceHcopa

zno IIocJIe BIIycKa B cocy.q [apoB ]I3oIDoIi]IJIoBoIo cIII[p-

Ta (HaqaJtbHoe .uaBJIeH[e [apoB o,o1 Top )

f  -  l s o o c ;  2  -  t ' t o ;  3  -  3 5 o ;  4  -  t z o " c ;  5  -  n o -

cJIe BrIycKa n, rpn :so'c

Ocu{rrorpal,$,fi trsMeHerms gJleKTpoqpoBo'Eocrra ceEcopa

zno Bo BpeMeIII4 B saBI4cUMOcTI{ oT EaqaJIbHOIO JIaBJIeIII4ff
P t r c , 4 . 9 .

[apoB tr3oqpo[IIJIoBOTO CIII.fpTa

L -  5 , s ' 1 o ' 2 ;  2 - z , a ' : . o ' 2 1  3 -  r , e s ' r o - 1 ;  4 -

3,zs'to-t Top ; TeM[eparypa zno - 39ooc

Tr{ MoJreKyJIfrpIIoro Bo,4opoAa. B fipe.@apureJlbllblx ollurax l,ftI yoeJp{Jtrlcb ' qro B
pe3yJrbTaTe aAcopOUEI H-aToMOB Ha IIolFoToB.lleHIIOft ,4JIfi KaTaJIlI3a IIJIeHICe oK-

crrla r.utrIRa rloflBJlttercs Ea ooHe craooro clIrHaJIa or MoJIeKyJItrpEoro Bo,qopo-

,{a cIluIbIIaS BCIEIIIKa yBeJIIfIeHI4fi sJleKTpoqpoBo.ulocTll - EeoopaTn\tag IIp]4 KoM-

HarEofi TeM[eparype !I nocreIIeEIIo cfla,4arcqaff Io uepBoHaqaJlbHoro SHaqeIMfl

rpII rIoBEueIIHbrx reMrleparypax oKcI'IIa ('IeM eme reM[eparypa oKcrl'4a' TeM 0E-

CTpee CIIA,4 9JIeKTpOIIpOBOETOCTI). PaC'IeTbI glleplllM aKTIIBaLU&I yBeJILlqeHI4g

sJreKTpoIIpoBo.EIocrI{ oKcrIIa I-EIIIKa B rrpoqecce aAcopoLuol H-aroMoB I'I ee c[a.ua

IIOCJIe BbIICJIngeEtrg UCtolIIMICa aKTIBHI'IX qaCTId{ IIOKa3aJM, qTO OHa COCTaBJIfieT

cooTBeTcTBelulo 2-3 I4 30 KICaJL/MOJIb [23].

Ha ptrc. 4.8 uoKaBarI{ ocrl4JrJrorpaMMH r{SMerreH[rr BJIeKTpOtrpOBO.EIOCT]I TIJIeH-

ICI{ ZnO B qpoqecce KaTaJMTrqecKoIo AeII{4)I{poBaEI{g }I3OIpOII{JIOBOTO CIMpTa

uptr pa3Hilx reM[eparypax KaraJM3aropa tr o.ufiIaKoBHx rloplplfix clelpra (5.1o''

Top ), arryqeEnE( B peaKlu4oIIIIyD ff'Iejh{y. ItoroKoroodpaBHag QopMa rloryqeHHblx

B srr{x onflTax KpI,IBbIt( /-4 odycroBreHa, KaK MbI rloJlaraeM, c oluloft cropoHll'

pac[a.UoM IIapoB cIMpTa IIa IIJIeIIKe oiccll,4a c oOpasoBaIMeM IIoBepxHocTHNx aTo-

MOB BO.UOpO.qa, XeMocopottr!fl KoTopbrx Ha nJIeIIKe, mpaFueft B tramftffi MoMeIIT

poJrb ceEcopa, [pI{Bo,ryIT R Bcllilm(e sJleKTporrpoBo.ulocrl{, c ru)yroff cropoHE'

cna.UoM RpIlBblX sJIe$TpoqpOBo,UIoCTI{, ooyCJloeJlelfinw noIIIbIM pagJIOxeHI.IeM Bny-

qelilroft IIopluE{ cIMpTa ("BbECfiOqeIilIeM" I{CTO,]]flECa H-aTOMOB) I,I rIOBepXHOCTEOft

peRoMorEral_pleil Oopa3oBaBmD(cfl B peoyJlbTaTe .qeII4.4)EpoBaHIItl cIIrpTa xeMocop-

orpoBaEnrx aroMoB Bo,[opoAa. MoreKyrfipltrffi Bo,4opol' BH.uersloufrcs B qpo-

qecce peaKlutr{, Ee oKaSEBaeT Ha 3JIeKTpOIIpOBO.ETOCTb IIJIeEKI'�I CTOJIb oOJIblllOfO

tro cpaBHeHIIIo c aToMapHblM Bo.qopo.UoM BJMfiHlIs, o qeM cBI{,UeTeJIbcTByeT (crtl'

KpIlByn 5) pesyrbTaT BIIyCfta B peaKwoHliyn flqelt{y IIpI{ upolli,D( paBHI'Ix ycJIO-

BtrEX MOJIeKyJIfipEOTO BO.UOpO.Ua B KOJrr{rIecTBe ooJ[bneM (,uls IapaHTId4), qeM

a6.  /0 - :  0 i l
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MorJro ero oopa3oBarbcff B pesyJrbrare ,Ueru.qpr{poBaH}rs Bceft Bllyqerfioft Iloplu,Ir,r
crMpTa.

Pac'rerN gKcllepllMeHTaJrbltbrx IaHHEx rIoKaBaJIII, qro oHeprl4fl aKTuBalutr4 gJre-

KTporrpoBo.Urocrr{ B orrHTax co cIMpToM ( reBHe rracrfi RpuBbrx prrrc. 4.8 ) coc-
TaBJIgeT - 4s RItSJLzMoJIb, a gIIeprUrI aKTI4BaLUtrI yMeHbmell}lfi BJIeKTpOqpOBOIHOC-
r�ll ([paBble rracrlr KpllBblx) cocraBrger - 30 KKar,/Morb. SaMerrl\r, qro rlocJle,u-
Hflg BeJIII1IIEIa coBrla.qaer c Befi{wfirofi BHeprrIlI aKTUBaLU&I yMeHbmeHrrfi sJreKTpo-
rlpoBo.Ulocrtl TIJIeEI(II, uoryqerfiIoft B pe3yJrbrare peKoMolfitau{I4 xeMocop6[poBaH-
HHx aroMoB Bo,uopo.ua, "nocaxeltrux" Ha rloBepxHocrb TIJIeEIcI4 IIBBHe B orrllTax
IIo mrpoJtrr3y Bo,uopo,ua. STor pesyrbrar, rrecoMrrerrHo, rro,urBepr(,uaer BbtBo&r oo
oopa3oBaruM rroBepxEocrHblx aroMoB Bo.4opo.qa rrpll .Uerrr,qpr4poBaHr4ri crrqpra Ha
oKcI{.Ue l.utrfia. IIepBafi ae BeJMr[ma (- 45 KKar,/Morb) oKa3aJlacb paBEofi sHep-
FIIII aKTI{BaIPM .{erl[qpltpOBaHlr[fi IIapoB IIBO{pOIII4JIOBO|O CIIlIpTa Ha oKcI,I.{e II4H-
Ka, oEpe,ueJreltrroft B rcyrrD( orrlrrax 'I .qpyruMrr Mero,uaMr{ t24). UB yKa3arrHoro
coBrra,qeHr4s [oryqeHrsrx pesyJrbTaToB cJre.uyeT, qro Jrr4Mr,lrr4pyrflur{ qpoueccoM
yBeJll/rqeEug gJIeKTpoIIpoBo,trtocTI{ nJIeIIKT{ qpfi.Ieru.ql]r4poBarfler Ea Eeft MoJIeKyJI
crMpTa rrBJrseTcfi rD( pac[a.U, a rre BTopas cTalfts oToro qpoqecca - xeMocopo-
ryrs o6paBynqD(crr aroMoB Bo,uopo,qa, ooycJoBfi{Banqas yBeJMqeHr4e qpoBo.uoroc-
TI,I ruICHK}I OKC}I]IA.

Jlamrefuie lrccJre.qoBaHr{fi ooHapyxeHHilx s@rcToB rroKaBaJM, qro c yBeJEr-
qeHIIeM rroplutr{ BrrycKaeMEx B cocy.U rrapoB crtrrpra IIpu Karcoft-JM6o rlocroEtrroft
TeM[epaType KaTaJ[ISaTopa - IIJIeIIKTI OKC]IIa BHarIaIe BeJI]{qruIa BCIIbIIIIKTI SJIeK-
Tpo[poBo,U{ocrr4 pacrer, a BareM c ,UarbEeltmn yBefirrrerMeM nopruM BrrycKae-
Moro clmpra yMellbmaercg (Hawtraff c,[aBJIeItI,ta r.o'ro-tTop ) t,r rrpu.qaBJren]Irr
r,z.ro-tTop "BcnJIecK" BJlerTponpoBo.Erocrtl TIJIeHKIT oKcfi,qa llrrlilca craxoBllTcg
MaJIo BaMerHbIM, a BareM I,t  BoBce l ,rcqe3aer (pl4c. 4.9). STor g@eKT cJe-
.uoBaJIo oxc4,uarb. IIo HaneMy MHeHI4n, oH cBgBaH c reM, r{To no Mepe yBeJIIfrIe-

Hr4s KorrUerrrpa4ru rrapoB crurpra cKopocrb Bsaro,{o,UeftcrBuff ero c a.Ucoporpo-
BarrHbrMrr aroMaMr{ Bo.qopo.qa, a raKJrc crcopocrb rD( noBepxHocrHoft peKoMonsaruna

B MoMeET oopa3oBarors craEoBsTcE B cyMMe 6orb[re cKopocrrr xeMocopoqrer srr,D(
aroMoB, KoropaE r4 ooycroBJ[{Baer Bo3pacraHr{e gJreKTpofipoBo.urocrr{ oKcu.uroft
ruerucu [oJryrrpoBoEil4Ka 3a cqeT peaKu]ilr

H a r . . ' . . . . - H a r * " " '

B BaKfio.Ierfl{e BaMerI,IM, lrro no.urBep]I(4elil4eM oOpaBoBaIMg aroMoB BoIopo,ua
Ea IIOBepXEOC${ RaTaJtr[SaTOpa ORCLr,qa rumKa B IIpOUeCCe ,4efUrctIpOBaIlI,Ig CIDIp-
Ta, T.e. IlporeKarrl{s erofi rereporerffroft peaKr.Uel c orpbrBoM MoJreKyJr Bo,qopola
oT MOJIeKyJI CItr[pTa He B e,UEIOM aKTe IIO peaKr_ptr{

cHlcHoHcH3 + cH3cocH3 + 1 Hz,

a qepe3 o6pa3oBarMe aroMapEoro Bo.Uopo,qa rr ero nocJre.Uyffileft peKoMor4latwr c
Bbr.UeJreEr,reM MoJreKyJr Bo.Uopo,Ua, sBJrsercrr ooHapyx€rMe [2s] c [oMorrlbro ceEco-
poB qacrl,rrnloft glvMcclnl H-aroMoB B ra3oBbfr o6beM B qpoqecce KaraJu{TrqecKofi
pe aKlutr4 .uerI{JpI,IpoBaIMg crtrIpTa [p]r MaJrrrx IaBJreHuffx .

Iloryqelfiil,re peByJIbTarH yoe,ryITerbEo cBI{,uereJIbcrByFT, rITo KaraJMTrrtecraa
peaKr-urr ,ueru,qpnpoBaHr{fi crMpToB rra oKcr,rle u{rrKa irpoTeKaer no pa[maJrbHoMy
MexaHuBMy. Bblopoc H-aroMoB c rloBepxHocrr,I KaraJM3aropa B o6beM Moxrer 6bITb
ooycroBreB crpyRTypHoft peraKcar.[4eft, Boooyx.ueltrroft peaKu],reft rroBepxHocrr{
RaTaJrrc3aTopa t261.

BTopoft re reporelfiloft &araJMTr['ire cKofi pe aKrlrefi , MexaIIlIBM ftoropoft ffpoaHa-
JMBIfpOBaII C IIOMOqbIo CeECOpOB, sBJrseTCs peaKrlus KaTaJMTI4IIeCKOIO pac[4.44
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rI{4)a3I{Ea HA OKCr{Ie Lu{HKa, B tCOrOpOfi nepBI4rIENM aICTOM MOAer d6ITb pa3p6r8
cBffBLr N-N c oopasoBaruen riHr-pa.umalon rrJtrr fle paspbrB cBsor{ H-N, co-
lrrpo:oaAarydcs oOpasoBarueM H-aroMoB lr Hrrir-pa.EucaroB. B pa6ore e7) c
troMoqbD cellcopoB 6Hro IIoKaBaEo, qro IIa oRcLrIe luIIIKa trepBLrlIHuM aRToM pac_
na'ua MoJreKyJr r[&)a3![Ha flBJrseTcfi oTpbrB H-aToMoB, T.e. paspDrB cBs3tr H-N, a
He paspbrB N-N' KaK 0To qpe,uroJraraJrocb B pa60Te t28l rra ocrroBalfllr rroJly-
qEHISIX ABTOPOM OKCIIEPI,IMEIITAJIbIfiD( ]IAEilIX .

,r.6. ltcnaperue cBeprcTexJ{oueTpuqecRr.rx aToMoB MeTaJrJroB
c noBep&rocTl.I oKcIuoB UeTaJUIOB

B ps.ue pa6or t2el 6buro IIoKaBaHo, qro roHKue rrJrelrKrr ol{cIIIa UIHKa gpe3Bbr-
qatt{o qyBcrBIrreJIbIrbI B orHoureElll[ rD( tlpmrecEoft gJreKTponpoBoErocr]I K a.{cop-
oI.uE[ rra Hr{x aroMoB pasJrr{rrH[rx MeraJrJroB (cM.,r4. 2tr,r3) . I4cloJb3ys grtr
CBOftCTBA OKCIIJ@X IIJIEtrOK, B PAOOTE [30] BIEPBEE 6HT ITPI4MEIIEE CEECOPEil
Mero,q ,uI8 rrccJreroBarMs trcuaperMfl cBepxcrexr4oMerpuqecruD( aroMoB c rloBepx-
IIOCTtr OKCtrUOB MeTaJIJIOB, B qaClEOCtI4 OKCI{Ia UffiICa.

IloJMtrecrBeEsre r4ccJreAoBaH[rr raRrlx qpoueccoB rrpe.[craBJrnmr dorbnoft ffi-
TEPEC TJIfl EOIINMAHUg MEXAETT3MA XEMOCOPOIIDT II Pg.4A TEIEPOIEEHbIX KATAJMTIT-
qecKro( peaxryfr B cBrIBtr c reM, qro Ha oKcruax MeraJrJIoB aKTIrBHbtMtr ueETpa_
wr a.ucopotuM pa3rFrHbrx qacrr,u (pa.UEcaroB, MoreRyJ), a raKne KaTaJMBa Bo
MHOTID( Cryqasx gBJrsDTcfl 4r\,!eErro cBepxcrexlroMerpr{rlecKr4e ([pnecmre) arouEr
([OI$I) METAIJIOB, IIOABJIEHI,IE ICOTOPITX HA IIOBEPXHOCTII CB'IsAIIO JM6O C 6IIOTPA-
@refi odpasqoB, JM6o c reM, r{To gru aroMbl BHocflTcg cller.u4aJlbHo LtgBEe (re-

rtrpoBaErre ) . yKasarffire ficcJre,uoBaHr.rs c [puMeEeIMeM ceHcopHoro Mero.Ua ryo_
Bo.&rJrrrcb B cocy.ue, rr3oopaneErroM r{a pfic t.ro. B ril,Ircrefi qacr[ cocyla nMe_
ETCS RBAPUEBL& CTOfitrC C 9JIEKTPO,UAMI,I, qPE.4IA3EAqEItrfifr .UTg EAIIECEEI.IS IIJIEII-
KlI I{CCJIEAYEMOIO OftCIqA U I{sMEPEIM'I EE OJIEKTPOqPOBOD{OCTE IIOCPEACTBOM BbI-
BeIeEHrlx qepe3 creHRrr cocy.qa KoHTarcroB. B BepxEefi qac?[ cocyla, oTIeJreE_
Eofi oT Fmefi .EyMa cKoJrbs@o[lr BarBopaMlr, Eaxo.Ulrrcfl fio,U3fixcfiM I][C I.
B xopoEo orRarraErofi s.ret&e repMocraroM T2 EafpeBaercs oRcr{.u .uo lryx6ofi
TeM[eparyp6r, a oareM orKpbrBaercs sarBop 3, l.ns roro qro6H trplBecrtr
,UerenTop t, EarperM TepMocraroM Tr .uo reM[eparypn 1oo - 15ooc, B Tetr-
JroBoe paBrroBecr4e c trc[aplrreJrbrroft KaMepofi. Ilocre 3Tofi oilepaluel oficpblBaer-
cs. BaTBop 30 n u3MepfleTcs BeJrr{rrurra v = (dolattrt 

o. TaKro/r oOpaBoM, B
CEP}III OIIbITOB UOJryTIAFT 3AB[CI4MOCTb BEJIIITITDI V OT TEMIIEPATYPtr UCCJIEAIEMOTO
orcr.rla. Eoree toro, a orr{x ne otrr,rrax o,uloBpeMerfio r{BMeprIJIacb srexTpo-
qpoBo.urocTb KaK nJrerrKlr oKclIIa IIlrrRa Ha croJrrnce B ucnaprrreJrbHoft KaMepe,
TaK r,r rroEnFtoro ceHcopa f B BepxEe[ a.UcopoltrroErofi rcarraepe.

OrHT rroica3aJr, sro gJreKrporlpoBo2grocrb rElxGeft ruerrKlr oKcr4,[a 2 yMeEb-
IlaJlacb Bo. BpeMeErI, a BepxHefi TIJIeEKLI ceHcopa /, EarIpoTI4B, yBeJII{rIIIBa-

JIaCb, qTO CBfiSaHO C IIepeHOCOM CBepCTeXUOMeTpUTIeCKIO( aTOMOB IIIIIKa C HI4U_
He[ urerilcu scuaprrreJrs rra BepxEron rrJreEKy-ceHcop (moftroft KoErpoJrb ! ).

llo pacqera cJleAyer, qro rnTegcuBnocrb noroxa zn-aroMoB, IIa.UaFDII/D( Ha
IIJIeEIcy-ceEcop, B grltx oKcrIepI4MeHTax cocra&,I.EJla B cpemeM rot - lotoar/cM2.
Ha pI,Ic 4.1i- BI4&Io, rITo Bce oKcrIepI4MeHTaJIbHIIe roEcI,I, orodpailawle B or-
HOCTITeJIbHID( eJIIIEIUaX CROpOCTI4 yBeJl{rleflU.fl (CeHCOp) U yMellbmeHllg (IIJIeluca-
ficrrapuTeJrb) gJrercTporrpoBoErocTu, B Koop4lllaTax (rnv - 

fi) v,uouerBopllTeJrb_
EO JrOrfiaTCfl Ira O.Ury qpflMyn.

Paccwrrarnras rro rrarurony arofi npm,aoft sneprlrs aRTrrBatIEr qpoqecca lrcfla-
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K darygng

-T1

/6,J /6,1 /49 /5,7
t0+/r, x-1

/4,t /4J /5,1
1,2
tg (v'r0 ")

t,6

2,0

2,t
,720 J30 ,7+0 J60 J80T,"C

Pr.rc. e. ro. PeaKr.trroltrtrfr cocy.[
I - reapqeeM rpy3rrrc c rloJlyrrpoBo,umcoBoft trrerutof
zno -ce8copoui 2 - KBapIIeBM croJII4I( c EaIIeceEHI'IM IIa
Eero cJroeM oKctrua MeraJIJIa; 3, & - earnopu; 4 -
ptlpt-Rh-TepMonapa; 5 - oflaffrrtrfi creK"[oM ffere3ltrfr
cTepfierrb; 6 - [JarrEroabre KoJrbua-RoIITaKTII c Pt-[po-
BOAaMI,I; T!, T2 - TepMOCTaTH

Puc.a.tr. 3aBl{cmrocrb HaqaJIbHEx cKopocret v yBeJrllqeHl.Ifi tr
yMerrbrueH[s BJleKTporrpoBo,ulocrn ceEcopa (I) u aI.-
copdeEra (2) or rer',tneparypbr omrra (a,qcopdenra)(o) u
IIpsMas AppertrIyca, trocrpoeEllas IIo Kp[Bofi a (6).

TeM[eparypa ceEcopa (zno) I(otufiarEaff

peHI,It zn'-aroMoa (cBepxcrexlloMerprllecKl4x) cocraBJlaer 32 KKar,/r-ar. gTo
oSHaqaer, qro rerlJlora rlcllapeHl4g cBepcrexuoMerpl4qecKrD( aroMoB LufiilCa (zn')
c oKclr'Ua LUffiKa cocTaBJIseT BeJII{quHy, coBIIa,UamJ/D c aIlaJIorI{tIHblMu .qaIIHHM!I,
noryqeEitrqw,r B paoore [ 3 1 ] Macc-c[eKTpoMerpr.FrecKrril MeroIoM.

3aMeTr.ilt, qro aHaJrorFrrilte u3Mepelrl4fl dEJM fipoBeleHrr t3o] B cJyqae llcna_
PEH}Ifi ,qE(FKfiilX ATOMOB CBIIEI]A C OKCIIIA CBlIIflIA, A?OMOB MATHII8 C OKC}f,IA
Marrrr4a u ,{).

4.7. Arooysr.{q aKTr{BrrBrx qacrr.rU Ha lroBepxHocrrr u B o65eMe rBep.Erx ren

lilEot(ecrBo (F{Breco-xlnfirqecKru( rrpoqeccoB rrporeKaer IIa rroBepxEocrrl TBep.&Ix
TeJ C yqacr[eM (B lcaqecrBe rrpoMexryToqEbD( riacrnr) cBo60Ennx aroMoB I,I pa-
lrmaJroB, Koropbre, Er(myEmpyfi no noBepxHocrlr a,qcopoeETa-KaraJnr3aropa,
MOTYT EE TOJIbKO OSPEIEJISTb KIIIIETT{KY KATAJMTI,TqECKOTO, @TOKATAJMTI{qECKO-

2,5
v . l0 - l

2,0

/,0

0
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ro, a raRtre lleKoropblx rereporellHHx pa.ryIau{ol{HlIx fipoueccoB, Ho u 6bITb oII-
pe,4eJlgFryf\rl4 B Oopa3oBat{l0{ TeX I4JM IIHNX npO,4yKTOB peaKI-[O{'

Ilpocreltno,el I,IB TaK[x rrpoqeccoB sBJIflIorcfi rerepolexrlas pexoM6l'fial$g

aKTr,rBHLrx qacrr,[l 14 ux B3ardro,UeftcrBr,re c MoJreKyJraMr4 a.UcJIos, cKopocrr.r
ICOTOP�TX B SABI4CI,IMOCTI,I OT 3ACEJIEEHOCTI,I IIOBEPXHOCTII YKA3AHHbIMI4 PEATEHTAMII
MoryT UeJMKoM BaBr4ceTb oT clcopocru I,D( uoBepxHocTHoft .ryI@yglfi[ K aKT!{BHbtM
IIeIITpaM Bsaid\,to.UeftcrBlta. B page cJryqaeB cKopocTb JaTeparbHofi ,Uj4@y3r,fl,r on-
pe,4eJlsercfi He ToJrbKo fiprpo,qofi .ryI@yH,Ufpymqeft .racrr.fl]bt, Ho raKr(e, 14 IIo.D]Iac
B ooJbEefi creneHr,I, BaBIrcI,rr or qpl{po,&I u cocrorH}Ig noBepxHocrr,I TBep.qoro
Tera. B cBfiBrI c reM ,ITo 6NJo cKaBaHo o poJM I4 BHarIuMocrI{ IloBereHr{a }r
cocraBa aKTlrBHbrx rlacrlol B a.ucoporpoBalffoM croe, BosrrrrKrla Eeooxo[u"tocrb
IrpflMofo tlgMepeHr{sKoam[II4eIrToBJaTeparbHot JI]rQoyBwI 3TID( r{acTn] I{ rrccJle-
IOBaHI{fl I4( SaBI{CIIMOCTLi OT UeJIOTO pfi,Ua [apaMeTpoB TBep.qoro TeJIa,

JIrs peEeril.rfi Bo3rilmuefi 3a.qawr [oaBr4Jracb r4,ueff npr4MeHr,rrb .qJrs groft rIeJM
noly[poBo.EII4KOBbre CeHCOpN, qyBcTBrTerbHocTb KoTopblx otpoMHa K TaKITM aK_
TI{BHbIM qACTlUlaM, KaK aTOMH BOIOpO,4a, a3OTa, KLICJrOpO,4a, a Talcx(e npoctefi_
mre pa,u{r{aJrbr (cH;. cHr, c;rr, rirn, irxr, 6u ll lqp. ). ItpoMe roro, BaMarrlrr4BbrM
B rrpr{MeHeHr.rrr IIIIC Ar.E petreH}rfi srofi Ba,qawr rrBJrsercs ro oocrosTerbcrBo, qTo
grLI TIJIeIIKlI-ceHcopH, Harrpr4Mep BIITToJIIIeHHIIe ]r3 oKcltqa Uefia, Moryr 6btrb
EaHeceI$I Ha [o.UJIo&cy B BuIe oyKBaJIbHo "ngrrftwca" D{aMerpoM AecfiTKtI u Me-
IIee Mr,rKpoH IIJIII ToHKtD( IIoJIocoK, I{a KoropHe u oy.qyr, KaK qpe[IoJlaraJlocb,
nonalaTb Mfirpl,IpytfiMe IIo ftccJreAyeMoft noBepxHocril aKTr{Br$re qacTul_Ul. CoBep-
rrrsIIHO HeOrreBr.uHHM, o.u{aKo, gBtIJrocb c,[eJIaI{Hoe qpeltrIoJro]KeHue o BosMo}rcIoo-
TI,r "[epecKoKa" uccre.[yer,blx rlacrnl qepex rpaltrtrIy pa3.qera: uccJIe]IJeMaa rlo-
BepxHocrb - rroBepxHocrb oKcrqa, Mop(pororufl Koropofi r.r BJreKTporfioe cocros-
HITE 3ABI4CflT OT MEoII,D(, Ilopoft Tpy,&Io ylMTEBaeMbIx OaKTopoB. TeM He MeIIee
rlpoBeAeltr$fr gKcnepI4MeHT c rDI{MeHeEueM EarrrrD( ceEcopoB B "IlroclcoM" BaplraH-
Te troIcaBaJI rlJlo.UorBopEocrb Bo3rfltruefi rute[. IIepBbil sKcnepuMeET B sroM Ha-
rrpaBJreHlrr{ 6Er cleraH B paoore [32] no ll3MepeEroo Ko9(@trMeEra .er@ys!trr
aroMoB BoAopo,ua (fipornq }I .ueftTepr.rfl) rra nofi{poBaifiroM KBapqe. ,UrE srofi ue-
JM oHra paspadoraBa cner_U4aJlbllag BaKyyMHarI gqefu{a, paoornd oJIeMeHT Koro-
pofi  l {BoopaffeH Ha pl4c. 4.12.

0 cKopocTr.r ,eI&OyBruI rlr urrreHcr4BEocrr4 rroroRa l,sFprpywD( IIo rroBepxEocrr4
mapqa aroMoB Bo.4opoAa cv&uu rro BpeMerrlr (fiepr4ory mayruwr), pa3,4eJffqe-
My Eaqaro oEITa ("Iloca.u{a" H-aroMoB Ea rloBepxHocrb KBapua) I4 BCIIbIIIIRy
gJleKTporrpoBolflocrtr rrJrocKoro ceHcopa (plrc. +.13), odycroBJreHrryn BJMfi-
rMeM aficopoutr{ uru.prpy@rx K HeMy rro rloBepxEocr}r rcBaprla aroMoB BoAopo,qa,
a.ucopdffpoBaruilx, B cBon oqepe,qb, Iia KBapqe I{B ra3oBoft (!aBH, CTar-u,roEapHarr
KozueuTpargrfl H-aroMoB y noBepxnocrr,r paOoqefi rrJrarbr cocraBJr.EJra B olrirre
7,7.roe.{actml/c$i. SrerTporlloBo.utocrb ceHcopa }rgMepflJlacb c rotulocrbm
0,01*. AToMbr Bo,4opo,qa ao BpeMrr oIIbrTa retseprpoBaJMcb lls tasoaoft Saeu rII!-
poJMsoM H2 Ea EarpeTotr rp4geBofi Hr{Ttr, r{To rro3BoJrr.rJro ruraBHo peryJrrfpoBaTb
llx &oBrIeHTpat"Uu0. B TeqeIMe Bcero omtTa crar.proEapHafi KorrrleHTpatu4ff aroMoB
Bofiopo,ua B FagoBoil (DaBe, a cJreloBareJrbHo, rr crarl4ollapEoe 3arroJrlleHrre uo-
BepxEocTu reapqa 9TaMI.I qacr]rrlaMr{ ocTaBaJIEcb nocToEilfi$fi.r.tiTooE ycrpaHrrrb
B sTlIX OIIIITaX BJMfiII}Ie Ha IIOKaSaIItrfi CeHCOpa IIpfflrOrO U OTpa)reBIIOrO IIOTO-
RoB, a rarc8e orynuawur aroMoB Bo.qopo.ua rasonofi Saeu, cencop I{B oKcrIIa
urErca EpurcpbrBaJrcff troJlocEofi IIa MapOJMToBoro cTeKJra. Ha BEyrpelililoF rloBepx-
HocTb troJIocKE trpe,EapI4TeJIbIIo cyOJEoDrpoBaJM (in .mL) ailoa TtrTaHa u$rg.
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I - rroJMpoBarrHas rcBapqeBarr rrJracrrrrra; 2 - Iloryrlpo-

BO.UtrECOBbIft CeECOp (ZnO); 3 - rrOJrOCKa lI3 MOpoJMTOBO-

to cTelq[ai  4 -  cJrc l r  TLITaHa ( [arra.&rf l ) ,  x  :  o,o27 cM
- nyrb noBepxEocrHoft r,fimpauM H-aroMoB; h : o,oo25cM
- BoB.uymfiffi Ba3op Me,(4y KBaprIeM r4 crer(Jltrmoff noJroc-

Kofi

Pr.rc.4.13. oTHocr,rrerbEoe lIBMeHeHlIe gJleETporlpoBol[Iocrl,I oloo

ceHcopa zno IIo.u BJMfiHtIeM lMrpI{pyM[D( K HeMy IIo IIo-

BepxHocTrr rcapqa aToMoB BoAopoAa, a,qcopofipoBarftfi,rx

rrs ra3oBofi Oa3br
?on = 403 * ,  " ,= 6,7 l la ,  &OHIIeHTpaLpIf l  l l -arOl{On y

rroBepxnocu4 oopieqa 2,7. ro'cw't

naJIJIa.&Ig ,&IIg 6oJee o(meKTt[BHoro yJIaBJIIrBaHrrfi riolla.qaurfiD( Ha ]D( rioBepxHocTb
aToMoB BO,4OpOIa.

C EoBbEertr{eM TeMIIeparypH padoqeft flrarE Haorrc.uaJrocb yMerrblreHrre urrArK-
r$orrHoro treplllo.qa (BpeMs saAeprqs{) BcrrbrrrrRr,r crlrHaJla eJreKTpoqpoBo.urocTr4,
gTo obrJro odycroBreHo Bo3pacTarrlreM cKopocTr[ rareparbEoft I]r@yB]M aroMoB
Bo.qopo.qa IIo EarrpaBJreErrro K ceEcopy. BbrB,rcremafl no rarlrerrcy yrJra Harq[oHa
appemryconoftqpE\rofi gHeprr4s aKr[Barl&r Mmpauel qacrr,q IIo rroBepxHocTr4 sio,
cocTaBlIJIa BeJMqImy * 20 K,[8,/MoIb.

AHarorI[Efi,Ie sxcllepl4MeHTbl 6NJM [poBe.UeEr TaKr(e u c .qeftTepfieM, oTKy.[a
IIplI coIIocTaBJIeHlIu IIoJIyrIeHHNx .uaHHbIx B sTrD( SKCnepI4MerrTaX C sKCnepr,MeII-
TaJIbHHMIII ,qaIIHHMr{ rIO llpoTltro oburo cIeIaHo sarumqeEr{e, qTo oTIIoueH[e pac-

ctmrarrubrx rcooom[prenroB ,ur@ygwr orrD( ,@yx [poueccoB oJMBKo * /7, ,.".
e otoMcryqae fiporrBJrfieTca noplaaltmffi lr3oTormqecK],fr o@rcr .rlJrfi .ur{@y3rur,

/ . /
panrufr { ro ,rt M, = { z , qro }I cJleroBaJro ox[rarb, ec.Itrt.u&&yerfi fiBJrfi-

eTcfl JrrrMrrTrlrpyrqeft cTa,44efi rpexcrapffiroro .fipouecca: Mnpaurer qacTal IIo
rloBepxHocrlr, aAcopoUttrr c rroBepxEocrlr KBapua Ea rroBepxHocrb oKcr4.qa urfiKa-
ceHcopa aroMoB Bo.qopo.qa I4, IlaKorreq, rroBepxEocrHoft r.roH4gaur,M - xeMocopo-
I-UM alcoporpoBaHHbrx aroMoB Ha oKcr4Je rMI{Ka, Koropafl I4 rrpr4Bo.Urr K nofiBJre-
rfltro "BcrEoncfi" crrnala BJIeKTporrpoBo.U{ocrI{ ceHcopa. .[JI.a no,qrnep&UeHus c,qe-
JIaEIIoro npe,Sto.ltoxeH[g gaMerr4M, qro glIept'Ifi aKTr.rBaUI{n alcop6l,IpoBal{Inlx Ha
oKclI.Ue UuHrca aroMoB Bo.Uopo.Ua cocTaBJIfleT Jrrrrrrb oKoJro 2 ld'Kail/r-atoM. rITo xe
IcacaeTcg 2-fr. cTa&frt qpoqecca (fipfll"Glx .qaHHbrx HeT), To, cy.qfi no TerlroraM
aAcopouol u-aToMoB Ha KBapqe (- 20 KKar/Morb) u Ha oKcr4JIe rptrrKa (- 3s
nra;r,/laom), gHepfr{fi aKTrrBarytrr sroft cra.uflr HeBeJr[rca, no rpaftneft Mepe [pr,r



MaJrbrx sarroJrHerrr{sx rroBepxHocrn oRcl4.ua H-aroMaMI,t (Ko3([iptruelrr rrp]IJIImaHIrrI

oJsrBoK K 1). C,ueralfible ouelrKtl [o.[TBepMaI0T pe3yJlbrarbl sKcnepLrMeEToB c

rrporrreM I{ Ae[Tep],IeM.
Coomomelil{e .uJrs lcos@tr-MeHTa ,4IOoyBIM npu o,uloMepHoM IFI,IXeHI4LI qacrltrl

D = x ' / / z T ,  ( 4 . 1 O )

r.ue x'- cpe.ElerBal[larldw{oe cMeqeHue rlacrItru Ba BpeMfi u.

JIrfl ,@yMepEoro ,uDl{aeHftfi ypaBl{eHue 1a.ro1 npeo6pasyercs K BI4.4y

o  =  ) , r r .n " ,  (4 .11)

rra zz = *t * y', *' yt ;' - cpe.ulerBa,K)arl,rqnue cMe[eurls qacrl,tr]bl B opro-

roHaJIbHHx Ea[paBreH[qx. Cpe,un0n BeJII,rqtIHy D paccql{THBaar }I3 yrrpoqeBlroro
ypaBneElrs:

p = xzr,/zr

l4B sKc[epruueHTaJrbHo noryr]eEHEx c noMoqbp ceHcopa BeJII{quH cllrrraJroB B
SaBr'ICI4MOCn{ OT BH6paltril{X r{3 onilTa 3Haqerutfr x 6Ena oueHeHE KO3@1-
IsIerrru lg@y3rm,qJIs rrportrs r,r  .ueftTepr4ff:  1,56.10-rr u ] . ,0o.10-ttM 7c2,
T = 3 4 s K .

Ilpru\renerue IIIIC Irfi r{BMepeurs RorrrlenTpalglr,r arTrrBirux riacruq B TBep,Ux
TeJIaX IlpeAcTaBrffer HeMam,rft firrrepec B cBs3lr c usyqeHlleM ocoderfirocret F4-
strKo-xuMtrrlecKtrx [poqeccoB B peaJrbHux rBep.qEx rerax (Ha[prurlep, B rrofi,rMe-
pax), IlporeKaf,@D( c yqacnreM cBooo.utrD( aroMoB r4 pa.urRaJroB.

B[epBEe Ha ral{yn Bo3Motrclocrb 6Nro yKaBaHo B paoore t33], B Icoropoft
I4ccJreIoBaJMcb qpoqeccH :frclFysrru }I peKoMomar-uE4 aroMoB BoIopo,ua (npoms u
.ueftTepr4s) B HaMoponerrHoM rra rroJryrrpoBoEir{r{oByn nreHrcy oKcr,rla utlrrKa cJroe
Bo:Fr. ABTopaM{ oburo rroRa3aHo, qro B ycroBlIsx 6oMoapE[poBKtr H-aToMaM[ IIo_
BepxHocrlr Jre,UtrIofi rrJreHRr4 fiB ra3oBoft OaBtr llpoucxo,ryrr cBoeoopa3Hoe "pasro_
paH,Ie" cImrIaJIa ceHcopa. IIo Mepe yBeJIIrlIeHI{g roJryIHIt cJrorl H2o BpeMff "pa3-

ropalug" cI{rHaJIa raxJre Bogpacraer, rITo odycroBreno, no !D( MHeHrrn,
BAME.qJIEEI{EM qPOqECCA YCTAIIOBJIEH}IS CTAU{OEAPEOft KOIflIEIITPAIIM H_ATOMOB trPII

LD( .uI{@yBIeI crgosl crofi H2o. BpeMs "pa3ropaHfis" crtrHaJra rrpr4 oroM .qoJDnrro
xapaKTep[BoBarb BpeMs F,r@yBrEI H-aroMoB Ea roJrruEry relffroft rrJrerrKr{, TaK
KaR CTal-U4OEapIIafl KOIflIeETpaLtrITI H-aToMOB Ha rureIIKe ceHCOpa zno yCTaEaBJIlr-
Baercg rIIM paBellcrBe cKopocreft ffi EocrynJrerrr4s Ea IpaEuuJ paB,EeJIa Hzo/zno
Ba cqer &4[iDyBreI tr xeMocopotutr{ Ha floBepxHocfir zno. Iiocle.uutft lIpoqecc
qpoucxoprr oqeHb 6Hcrpo (oEeprlls aKTrrBar.U&r cocraBJrFer orcoJro 3 rcKar,/Morb).
Cre,uoBarerbHo, I4BMeIIeEr,re cral_uoEapHofi KoHrIeHTpaIgIII H-aroMoB Ha rpaEltr]e
H2O/ZnO B SaBI4CIIMOCTrI OT BpeMeHr{ rr ToJIIutrtH cJrorl Hzo .uoJDrcIO XapaKTepI{3O_
BaTb cooTBeTcTByr@Fe fiapaMeTpbr rrpoqecca ,ryr(&y3wr, a He xeMocopdulu, .ll;rs
roro qrooE [poBeplrrb c,{eJraEHoe rDeEroJroxcerule, 6u.rur qpoBeleHbr gKcnepr4-
MeHTbI c [cnoJIb3oBaIMeM .UefiTepl,Ir{ (D-aToMoB). B oToM cryriae Ea rroBepxHocTr{
zno ceHcopa HaMopa]fiI,IBaJIcfl ()rour Hzo c BecoBoft ToJrytrlofi - 4.Lo-5cM u Ha
Eero Bo3leftcTBoBafi[ rloToKaMlr o.UEIaKoBofi Korrr]eHTpauEr H- rd D-aToMoB. Xa-
paKTepHrre pe3yJrbrarbr rrpe,UcraBJreril Ha pfic. 4.14. Itp'IBbre f,g orE{cbrBanr Krr-
HETIIRY I{3MCHEHI{g COIIPOTIIBJIEHI'ff WICTOfi IIJIEHKU ZNO qPII EE B3A}O,{OAEftCTB]4I,I C

H- I,t D-aroMaMu coorBercTBelino. Kp[Bbre 2,4 ormcnaanr Bgard\ro.[eftcrBue rex
xce qacrurl c nolcpblTofi cJIoeM Hzo mermoft zno. pacrler rIoKaBLIBaer, qro coor-
HOIileHIIe BeJII/I!II{H OTHOCIITeJIbHOIO yMeHbtreHfig C&opocTefi clla.uaHl,Ifi oJleKTpolpo-
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Ptrc.4-L4- Ifimerl,uca uBMeHeHuq coEporl{BJIeHI{g qrlcroro }r rIoKpbITo-
ro cJIoeM H,o zno ceBcopa IIoI .qeftcrB[eM H_ Ir D_aTo_
MOB

/,3 - B3al.nro.qeficrB[e H- u D-aroMoB coorBe?crBellHo c
r&Icrofi rloBepxHocrbx] rureIIKI4 znol 2,4 _ B1awro&efr_
crBlre I{- I{ D-aroMoB c roKpHToft cJIoeM H,o rloBepxHoc_
Tbn zno

Pltc.a.rs. ItErerrd{a oJreKTporlpoBo.utocrrr oopa3ua F.d/zno B xoAe
Ullft"uoB IIalycK (+) - o$a.nca (*) aoAopo,Ua qp].r 2es K

BOETOCTT.I ql,rcroft ll uonpBlToft cJroeM Hzo rrJrerloK zno B cryqae Bo3,4effcrBl.rs Ea
HI!( H- I{ D-ATOMOB COCTABJISET - ]-I53' T'E. BEJIIIIIITHY, oJMSICYF K TEOPETI4-
rrecRoMy srraqeHrtro r{soTomroro e@xra IIp}I .ryrc!6y3!fl{ H- rI D-aroMoB B
TBep.uoft Marplrqe (- 1,41) t341. Iloryqeliltr're pesyJrbrarbr cBurereJrbcrBy-
I0T O Eei,ISMeIIHOCTI4 B3aI4MO,4eftCTBUg oKCI4SIOTO CeHCOpa c H- u D-aroMaMrr I43
ra3oBofi I4JM TBep.4ofi cpeAH, a raKr(e o [p]rHlrtrMaJrbHoft BosMOlreIOCTlr [cnoJrb-
BoBaHlIfi ffiC l.ng uccJleloBarlug @r3ltrco-xru\,orrlecKrD( rrpoqeccoB B TBep.&D( cpe_
Iax c yqacTueM aKTlrBHbIX r{acT[u.

a.a. TepMo- u (lorocmr.uoBep arouoB Bo.qopoAa B Msoro@a3rsrx o.rcreugx

IIo,[aBJgWaff qacrb pa6or, Inreqa.Ecs B Hacroqee BpeMrI B Jr]ITeparype tto
CIEUUIOBEP-B@KTY, T.E. ffBJIEHIM ''IIEPETEKAIIIIff'' 

AKTIIBItrIX TIACTI{I] B TCTEPO-
reIrHEx cr4creMax c aKTuBaropa (ronopa) Ea rrocr{TeJrb (arcqeurop), fiocBrueHa
BO.qOpO.lIJ. cKaSaEroe Kacaercg rJIaBHbrM O6paeou cl4creM MeTaJIJI-OKCrr,u, Ha
qplrMepe KoropEx 66ur B[epBNe odHapyx€E eToT r4rrTepecErffi p@Kr t35].

OcooyF BHatnil'{ocrb gro gBJIeHr{e [oJIyrMJIo B cBgB]I c aIIaJMBoM MexaHr{3Ma
rerepofellHblx repMo- u ooronpoueccoB Ea raK IIagHBaeMbIx MeraJrJIIrlIecKIlDr Ea-
HeceHliblx KaraJMSaropax, KoMnoHeIrraM[ Koropbrx ooblrfio aBJlgloTcfi "luleprltril

itocr4Terb" (Al-2or, sioz, c !I rc.) 14 aKrllBaTop, poJlb KoToporo qaqe Bcero
BbIrIoJIHgnr MeraJIJIbr (Pt, pd, Ni, Fe lI rc. ), IpIcIIeprItpoBaIII{Ne IIa noBepxHoc-
TII HOCI4TEJIfl.

B oBEBIl co cJloffirocrbro groro sBJIeH]Ifi oIII{caHI4fl rrpffMbrx Haor]o.ueH}Ift ]4 I4B-
MEPEIilM B JMTEPATYPE IIPAKTI/TqECRI{ IIOJIIIOCTbF OTCYTCTBYP?, PABIIO KAK I{ BbI_
CKASAIIIIbIE CYl(4EIIilg O IIPIDO.4E STOIO }IIITEPECHEIAIEIO fiBIEIllIg BCCbMA, SAIIYTA-
m,r. rlaqe Bcero oEo Ha6Juolarocb KocBeHHbrM rlyreM, a r,rMeI{Ho Oraro,qapfi
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ero BJII[fiHIno Ha u3ororEtrffi oOMeH, a ta]cr(e Ha cKopocrb I{ rloJlHory IIeKo-

Topblx rereporeHHblx oKI{cJMTerbHo-BoccraHoB[TeJIbHLrx peaKu]fr, B Koropblx Ka-

Tafi{SaTOpaM}I CJIyXg4Jtr[ OitC]4I[J MeTaJIJIOB (A12o3, SiO2, TiOz, WO3 lI I[). ), aK-

TI4BrrpoBaHIfie nepexo.uil{Mll MeraJIJIaMIr. EcrecrBeltrlo, rITo yKa3aHrrbre cl1ocooH

He MorJM IIoBBoJMTb Herlocpe.{crBeltrlo Ha6fi0,uarb 3a Mllrpaqfieft aIcrI.BI$Ix qac-

TlIlL lISMepsTb lrIrTeHc[BHocTb IIoToIcoB sTrDr r{acTrtr] B SaBrcI{MocTlI oT ueJloro
pfl,ua napaMeTpoB peaKr-u4ll, a TaKxe noryqaTb gKc[eprIMeHTaJIbI{o no.uTBepr(IeH-

nbre rfpe.ucTaBJleBllg o lrpl,Ipo,ue sTrD( qacTltr"I u o caMoM sBJreHr4r{. cyqecTByFuMe

MOIr[fie MeTO.4! IICCJIe.UOBaE]4g IIOBepXHOCTII TBep,4OrO TeJIa (OXe-CneKTpOCKOrMg,

BJreKTpoErras crreKTpocKomrfi, a raKr€ onrr{qecKas crreKTpocKorElfl lI ltp, ) He

nosBoJrsror Hadfio.uarb arot e$!ert.

B[epBne llleg l1crloJlbgoBarb .uJfl gToft ueJM oKcr{.uue IIoJrynpoBoEItIIcoBbIe

ceEcopE obura BbIcKaBaHa B paoore t36l, B Koropoft aBTopbI Eaofito.uaJM Ba trB-

MeHeHlIeM SJIeKTpOTTpOBO.UIOCTII CIIeqeIIHHX TIJIeIIOK ZnO, aKTfiBTpOBaHHbIX Pt ]I Pd

B rrpoqecce ID( B3al4\4o.ueftcTBuq c MoJIeKyJItrpHrn Bo,qopo.[oM rrpr,I icolfiIaT$oft tI

6oree BbIcoKID( TeMfieparypax. Ebuto gaMeqeHo, qro B rrpl4cyrcrBllu aKTllBaropa

B Ilpotleccax HarlycKa r.r oTRaqRI{ BoIopo,4a I,r3 cocy.4a, I.qe Eaxo.u4JMcr 9TLI 06-
pa3rlH, yBeJrFreHlre gJreKTporrpoBo,&rocrr{ odpa3uoB Hocr{Jro JErr[b qacrr,rtcro o6pa-

Tld\,tffi xapaKTep (puc, a. 15 ) , B To BpeMs KaK B oTcyTcTBI{e aKTIlBaTopa
yKaBaIIHoe ffBJIeIMe He EaomoAarocb BoBce. O6bffcHelil4eM groro Ha6Ju0,uewlg,Ilo

Bcefi BepoflTHocrr4,cJryxrrr crMJroBep-BmeKT Bo.uopo,ua, Koropbrft KaK 6bI "aKTu-

BIrpyeT" oKclII I-u{HRa BnyqeHHbIM B cocy,q MoJIeRyJITpH,IM Bo,4opoAoM IIyTeM elo

rloBepxHocrllofi .urccoruarprr Ea aKTlrBarope (pt, pd lI ru. ) ],I "Ilepellor3altrlg"

oopagyrcWD(cg H-aroMoB c aKTlBaropa Ha rloBepxHocrb rloJlyrrpoBo.Uflma - TIJIeH-

Kr,r oKcrr,ua ru{Hrca, KoTopafi i4 (ptrccl4pyeT rDi a.4cop6un0 HeoopaTl,nitlM (qpfi IIeBbI-

coKI/D( TeMrlepaTypax oKclua) cr[rHaroM yBerfiqelll,Irl gJleKTporrpoBo,ulocr]I rloJly-

qpoBo,urlrKa.

3aMerlor, o,u{aKo, qro sror IIoryIIpoBo.uflE(oBDM 6pyrro-Mero.4 no3BoJlger

Juerb Ea6fi0,qarb cI{rHaJI sJleKTporrpoBo.Urocrrl o6pa3qa, cBfl3alffslft c a.ucopdlpleft

POI(,4EHITbIX B CIIITJIJIOBEP-3@ICTE H_ATOMOB HA OKCI,I.4C, II TOJIbKO. B CfiCTEME,

flocrpoelfiloft TaKI.[!! oOpaBoM, Tpy,Ero cy.ryrrb o0 ]lHTeIIctrBEocrI,I rloroKa aKTI/iB-

Hux qacrI,IU Me&.trJ 6aoar'g{ (aKTIBarop-Hoc[TeJb), BeJIFIIIIa Koropoft SaHI{xeHa

uB-Ba rraJrlrrMrr a raKoM o6pa3qe IIo Rpalftefi Mepe ,uByx rll)orl{BorloJlolrcrblx rrpo-

rleccoB - "po&[elufl" aKTI,IBHI'Ix qacrltrI Ha alcrrlBarope ri r!8 pexotl6rtiaum. ,[.ttg

ITCIIOJIb3OBAH],IS TAKOft CTOX(IIOft CI{CTEMU B KAqECTBC IiIIC MOJTEKYJqPHOTO BOTOPO-

,ua (B HaEeM cryqae) Heooxo.Eono Ilolooparb coorBercrBylcruu{Iu oopasoM tI Eocll-

TeJrb I{ aKTI{Barop, a raxJce llogaoorfiTbcg 06 onrl.ilrarbHoft crenelill rIoKpbIT]Ifl

[oBepxEocTrr IlocIITeJIg MeTaJIJMqecKI4MrI lJlo6yra[trr lI 06 I,D( BeJMqI4He (paSMep-

r t r f f i  ec lQeKr)  t361.

JIrff pa3pa6orKu 6oree l,trr@pMaraBHoro I{ npflMoro MeroAa l,IsyqeHus oIeIJIJIo-

Bep-3fi{eKTa aKTITBHbIx qacrltrI aBTopH paoorH [37] rrpe,uJIoIs4JM ucnoJlbsoBarb

cencopm,fr Mero,u ,uerexrrrrpoBaulls bfi{rprpynu[D( qacrltrL ocnoBalfisffi Ha .&IcraII-

ru,rorrHoM pa3.ueJreEr&r ceHcopa I{ oMtITTepa (IoEopa) aKTIIBHHX qacrlfl], cocros-

qefo I,IB amix l,,Ietaffu,r,IecKlD(-rrooyJ r4JM R[acrepoB (.&IaMerpoM oKoJIo 2o-3oA)
pt, pd, Ni u .&. (aKTl,rBarop), HaHeceHHbrx Ha rrJracrfiI{Ky KBapqa ILJTLL KpI4c-

TaJrJra At2o3 B BII,ue rroJlocKr4 mlrpfiHoft MeHee 1 cM. B KarlecrBe qyBcrBl{Terblro-

ro ceEcopa H-aToMoB Ha gTy nrc nJracTuHy HaHocI4JIacb noJlocKa oKcI{Ia qlIIIKa

(uutprura Koropoft cocraBJIsJIa oKoJIo o,1 cM rt 10o HM) Ha paccrogHltr4 o,o3 I4

0,6 cM (,@a Bapr,raHTa) oT BHyTpeHIII4X KpOMOIC nOJ1OCOK aICTIrBaTOpa [38].

l9B
I99

90 t, nua
P l I c . 4 .16 .  CxeMa  paooqe f t  n ra rH  (S reMeHra )

f _ flracrltrnca sio2(Ar2o3); 2 _ lracrl,IllH IIaHeceHHoro
MeraJrJIa; 3 _ IIoJocKlI qr{croto (He aKTr,IBIfpoBaEHoro
MeraJroM) Hocr4Terg (o,o3 cM);  4 _ f i re l i l {a zno _ ceH_
cop H_aroMoB; S, 5,_ rlJrarr.rl{oBNe oMl{qecKfie KoIrraKTH

Puc.t.tt. Itlererlcca rrgMelreHlla sJleKTpolpoBo.UtocTr,r ceEcopa zno B
pe3yJlbrare Brrycxa B peaKr-U{oHItyD firlefuty I{ orKaqKu
(yKasaHo crpeJucoft) Hz ,4o (Rprtrras I) u nocle (Z_4)
aKTrrBat-uE{ padoqeft nJrarE naJrJIa.uI{eM
o r a  =  5 . 1 o t 5 c M 1 2 ;  p ,  

:  
u , ,  r l a ,  T o n  =  2 9 5  K  ( 2 ) ,

378 (3) I,I 413 K (4). 6nee.uoq1a6.r ooo3gaqe'o r{aqaJro
',pa3ropam,rflil 

clrrHaJla cegcopa rIoA BJII,raHr4eM a.UcopoUlM
Mlrrpr4pyrcwDr K HeMy H_aToMoB

Ha ptlc. 4.16 rlgodpaxena cxeMa pa6oqefi rlJtarbl, r.Ue ,UJIS ycI4JreHI{s crfuaJla
sJle&TporrpoBo.&locrl4 rIoJIyrrpoBoE{I4KoBa.s IIreERa HaHoc]rJracb B ee cepe.uHe, a
rlo RpaSM rIJIarH Ha yKaSaEHbIX BUne paccroflIlu.qx c noMoqbro c[el-u4aJibHbrx MacoK
HaHocI4JIcfl aKTI4Barop. Bce fio[oroBl4TeJlblir,re paoorN qpoBo.u]4JMcr B BHcoKoM
BaKyyMe (- 10"top ). wBCTBUTeJrrHocrb raRrD( ceHcopoB K a.4COp6Ur{r4 fl-aro-
MOB rlpr{ &olftlarHoft fi 60ree Hr{3Kr.D( TeMneparypax cocraBJrsJra fiops.uta ]-ot -
]'o' ar,/ctf ' qro coorBercrByer crerleEll 3anoJIHeHI4ff rioBepxHocr?I, paBltofl
Bcero JILutb olcoro ro-8 - to-7g5 1r. 1,

Bapbr'rpys rer'eparypofi o*crrepuMe'ToB n' paccrofiHr,r.sMu Mexq4y a*rr4Baro]rcM
I{ CeHCOpOM' yraJrocb norylr}ITb eKcrreprrr\reHTaJlrHr,re .qaHHbre (p[c. 4. L7), ne
KOTOpHX obuM paccquralftr sHeprufi aKTr,rBar-ptr{ Mr[rpau{r a.uaroMoB Bo,40po.4a
(nporus lI ,qefiTepuE) rro noBepxuocrrr Hocr{TeJrff r.r Koo4pmqr,renTbr JrarepaJrbrrofi
.U,rQ{Vsr,tr{ H-aroMoB, oopa3oBaBur4xcs Ba cqer crMJroBep_o(FmeKra (cla. raot.

CpaBlil{Bafl orl4 pe3yJlbrarbl c aHaJIorr4qHbIM}r pe3yJlbraraMtl, IloJyileHlfiu\fiI c
H-aroMaM[' "nocaxelil$u\itr{" 

Ea [oBepxHocrb roro :fie EocLITeJIg Henocpe.ucrBellHo
r43 ra3oBoft (Fa3br (cM. rrpemry[Ir4ft pas.uer), Herpy.u{o 3aKJrroqr4Tb, qro arcr]4B_
Hbre qacTl4ltN, OopaSylotqr4ecg B irpoqecce cDlJrJrOBepa Bo,4opo,4a, no rprrpo.qe
cBoeft aEarorlrlrHbr rrocJrelEri,rM (aroual,r Bo.40po,4a), r.e. fiprpo.ua Mr4rpr@yruu4x
qACTI4U B CIITJIJIOBEP_3(EFRTE BO.qOPOAA HI/FIEIO OdUETO HE I4MEET, HAIIP],IMCP, C
rrpe,qJlo)fteHHbrMfi paEee noBepxEocrHHMr{ RoMrIJIeKcaMtr (n-...")", (H....H )",
tn]1", tHrl" (ro;re6areariro-Boa6ynrerfi$Ie MoreKyfir), a raxxe cBo6oE{bnvtr{ r,r
coJItBaTr,rpoBaHHNMr4 rrpoToHaMr{ t 39 I .
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SaMerl,&!, o,ulaRo, rITo IIIC [ogBoJII{JtrI TaKJ(e ycraEoBfiTb, rITo Mlrrpl,Ipynql4e

qacrfiubr Bolopo.qa B cm{JIJIoBepe Hecyr Ea cede He3Haqurerbl]Nft norolMTerb-

m,Iff 3apfi,U, o qeM cBil.qereJlbcrByloT pe3yJlbrarN orlblToB, IrpoBe.Uenl{llx rlyreM

HaJror(eElrg gJieKTpuqecKoto IIoJIff Melt{y IIOJlocKoff aKTI4BaTopa }I oRcI4.UoM UI4HKa.

SJieKTpI4.IecKoe nore (nopfi,u{a HecKoJIbKI4x cor BoJIbr Ha cM), HaflpaBJeifioe

oT aKTI,IBaTOpa K CeHCOpy, ycKopsJlo Mtlrpauiln aKTI4BllNx qacTfil] BoAopo.ua, B

TO BpeMfi KaK rrpoTllBorloJlo,lfio HarrpaBreHHoe rIoJIe, HarrpoTllB, SaMe.uJIgJIo cKo-

pocTb Mrrrpauull, qTo L cJIeAoBaJIo O)pI.4aTb, eCJM Ha OCHOBaHI'Ifi [OJyqeHHnx

pegyIbTaTOB C.[eIaTb BbIBO,q, qTo lrtn'prpyFlql4e rIacTn-DI BO.UOpO.Ua B oIMJIJIOBep-

ameKTe HQcyr HeKoropufi nolorutrerbffIft gm{eKr]'IBrilJft 3aps.u.

B cBgBil c pe3yJlbraraMl4 IIo repMocIMJIJIoBepy Bo,4opo,4a B cl4creMax

pd,/sio2 (A12o3) BoSIIrut BOIIpOC O BJMfllfi{U CBeTa Ha 3TOT IrpOUeCC. cne-

ilI{aIbHO nocTaBJIeHHbIe SKCIIepI4MeHTN B BTOM IIJIaHe C [pINeHeHI4eM nOJIyIIpO-

BO.UHIIKOBbIX ceHcopoB aToMoB BO.UOpO,Ua IIpI'IBeJM K IIOJIOIIO4TeJIbHOMy peSylbTaTy

t4ol. SToMy EoBoMy gBJIeHIIIo aBTopbI ,4aJM IIasBaIIue "FoTocrfiuuoBep"'

fiereril{e OoTocIMIIoBepa Bo,qopo.4a, salslDoqalqeecs Bo BJMfiIIru[ ocBeqellI4s

rpaHlrr_U pa3.UeJra (Das (arrrlBarop-Hocurerb) IIa uIITeIIclrBHocrb lI HanpaBrelfl4b

TepwFrecKoro cIII4JUIoBepa' 6blro B[epBHe o6napyxeno B padore t4o] (p],Ic'

4.18), ABaJeISUpyg 3TO ffBJeEUe, aBTOpH IIpImJEI It BHBOIy' q'�To' ro Bceft Be-

pOATIIOCTI{, OEO B ooJlbEeft CTeIIeIil4 CB,ISaIIO C BJI]IffilIeM OCBe[eIIt4g Ha ]IOIIOJI-

rrr{TeJrbrroe 3apflfteHl4e IIJM ae llepe3aps.Uty rpaEtrIsl pa3,[eIa Qa3 MeTaJIJI-[oW-

IlpoBotruur, qeM c a@KToM yCKOpeH]Is EOI BJIIIffilIeM OCBeEeHI4g Ml(Ilpal-ufi'�I uo-

rroB Ha IIoBepxHoCTI4 IIMpoKosoEIIoro IIoJIyIIpoBo,UilEca [41]. yKa3alfinle (!0T036-

qFKTbr Ee TOJIbIco MoIyT saMeTHHM oOpaBoM IIoBJMfiTb IIa cKopocTb cIMJIJIoBepa

SapsfieHHUX qacTltrl BO,4OpO,Ua B CI{CTeMaX MeTaJIJI-.U'�I9JIeKTpI{K-noJIyIIpoBOlIElIK'

EO lr r,I3Mefi[Tb IIa[paBJIeEI{e TepMOCIIItJITOBepa'

3aMeTrilr, ,rTo ooHapyxeElloe c IIoMOqbF IIIIC sBJIeIMe @TOcmUIJIoBepa B He-

MaIOft CTeneItrI nOMOfreT lrpo,uSruryTbcg B noIIIIMaHII[ MeXaHI4SMa HeKOTOpbIX BaI(-

I l l rx@ToKaTaJMTIr IecKI, IxqpoueccoB,HaIIpI{Mep'@ToreTepolel lHoropaSJloxeHug
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Pr.rc.4.18. ItIEIerma I{BMeIIeHI4g sJrelcrpoqpoBoEtocrrl ceEcopa zno
Ha aKTLIBLTpoBaEIo[ pd rrJlacrrrEe sio, uocJle BrIycKa B
sqelhry H2

1 - 6eB ocBeqerilIfi rrJracrEil{; Z _ Bo BpeMrr ocBe_
qeElra cBeroM n o6.nacru 3Ig ru larrsrofi llpil_Soo c
.4orroJrHr4reJrbHHM Bo,urHM ipurBrpoM I4lt_r43ryqerufi . BBeB_
,qorlKofi rIoKaBaHE MoMeIITbI cImrIaJIa ceEcopa

Bo.&r tr cIE[pToB Ha rroBepxHocm rroJryrrpoBo.ErrrKoB (Tio2, zno ]r ro. ), Jrerqpo_
BaEHNx qacTI4IIaMI{ MOTaJIJIOB' qpoTeKarcqero, qTo oqellb Balfio, c BbIIeJreHI4eM
Boropo,ua' a rarcxce @roraramrrvecKoro oRtrcJreEfifl yrJrepo,4a rra arcr[Br.rpoBarr-
HbIx MeTaJIJIoM rloJlyupoBo.uflDcoBblx oRcll.uax, cB.rIBaIIBoro, IIo Bceft BepoETIIocrrI,
co crMJrJroBepoM [I morocrtr4JJroBepoM a.UcopoupoBa]Efix o_aroMoB.

..9. A,UCOPoTUTS ATOMAPHbTX, MOJIEI(YJI.EPIIHX U KJIACTEPHINX qACTI,rq METAJIJIOB
HA OKCI,TIAX METAJIJIOB

Ha fipld\,tepe cepeopa MeroroM KoJUrr4Mr{poBaHHLD( aroMapHbrx [yqrcoB c qpr4MeHeHrr-
eM rIoJIyqpoBoEII4ICOBbIX OKCI{.UIbIX tvfimelreft (rJaBHro, oopa3oM zno), u3roroBreE_
HEX B BIIIC TOHRID( CIIEqEEHbIX IUIEEOIC HA IIOJtrfPOBAIIHOfi NOBEPXEOCT}I KBAPIIA C
qPEItsAPI4TEJIbHO IIAHECEEIIIIMII TIATITIIOBbIMII 9JIERTPO,4AMI, }ICCJIE.UOBAEO BJMgIilIE
a.ucopouM paSJIIrlIHNx qacr[q cepeopa Ea oJleKTporpoBo,Etocrb orrlD( iLreIIoK,
Sa.qaqa yKa3aHHoro eKcrrepuMeHTa cocrorrra fipe]I(,4e Bcero B tol,t, ,rro6u ruo_
cJIe.ryITb c rloMoqbD rloJlyr4)oBo.trIlrKoBoro ceEcopa-Ml4rlreHl{ 3a I{SMeHeH}reM el'o
BJreKTpOtrpOBO.UIOCTlr, BbTSBaHHNM rroBepxEocrHoft afperau{efi a,4aroMoB cepeopa.
IIpu eror,r fipeEroJraraJrocb, qro MoJreryJrgpnbre u 6oJee Kpylrrrbre (xracrepm,re)
qacrltr-bl cepeopa MeHee IluM BoBce Ee aKTIIBH5I B orHot[eIIIM BJMEHITfi w. a.u-
copouer lra sJrercrpo[poBo,urocrb rroJryqpoBo.ufi{rca t421 , no,EooEo roMy KaK 3TO
nMeer Mecro B cryqae peKoMor&aqru4 Ha noBepxEocu4 rroJryrlpoBo,uil{Ka raKrD(
xapaKTepHrD( ,uoEopHbrx qacrrtrL KaR a.4oopofpoBaEHtre H-aroMbr, [poreKaryefi c
OdPASOBAHUEM 3J]EKTPI{ITECRT MAJIO AICTIIBHbIX MOJIEKYN BOAOPO.4A. ATOMbI METAJIJIOB
[pe.ucTaBJrrrnT B TaKr/B Uocre.uoBaEu.sx O6.nrrod r4HTepec, rreM H_aToME, rro_
cKoJrbKy olllr Motyr oopa3oB6rBarb rre roJrbKo .4n4epbr Ag2, EO r4 qacrrr.r c
Oorbmo" KoJII/tqecrBoM aroMoB. KaKoBlI xce gJIeKTpI{rIecKue cBoficrBa orID( qacrI4LI
Ea rroBepxEocrr{ TBep.ux te.n? BepoRrno, Ira oTor Borrpoc ryrfllratt o6paso]r,qacr
OTBET IIIIC, KOTOPbTft B ATI,D( I'ICCJIE.4OBAEI{fiX MO!ftCT BEIIOJIHSTb O.4{OBPEMEMIO
rotrcyn poJlb - arcopoeETa-mMell}I I.I rlyBc?BrreJlblroro ceEcopa Ea a,4aroMbr
cepeopa, EarrarbEag Rollqelrrpal]?Ig lcoropEx .uoJDtcla oEITb .4ocraroqHo Maroft,
qTOOH MOXfiO ObUIO B OIIIITAX IIO T4SMEHEIflM SJIEKTPOTq)OBO.&TOCT'T BO BPEMEIII4
(uocre nepe&phrrrrs [yq&a ) npoc.ne.urrr Ba yKpymrerMeM qacrr{q cepedpa B MEo-
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PHc.4. 19. Pea&rryIom1ag ffrlelhta

I  -  ceHcop znoi  2 -ucEapl lTeJlb;  3-reHTa-I Ic[ap[-

Terb; 4,5 - TepMorlapbl; 6 - 3a.El4recai 7,8 - orIJIaB-

JIeHHI'Ie crelqlloM xeJIeBIGIe crepxclll; 9 - KoHTaIcrIue

KOrbua

Puc.A.2o. l,l3MeEelflre BJIeKTponpoBolfIocrI'I rIJIeHigI zno B rrpoqecce

ee 6oudap;prpoBnll I4 rIocJIe ltepexpblBalilIfi tryqKa Aq-aro-

Moe (creea u cIIPaBa or nYIIKTITPa)

Telmeparypa TIJIeITKI'I: I - s+'c; 2 - tszoc:' T^= 78ooc

foaroMHNe odpa3oBarMs (KJacrepd), ecJM, pasyMeercrl, BbI,ErIIIyroe trpe.uloJlo-

ftelil,Ie [42] o Maroft gJleKTpl/tqecKoft aKTrBHocrtr lc,IacrepHHx qacrl,u Ea rloBepx-

EOCTLI rIOJIyrrpOBO[MrCa nO CpaBIIeHIm C aTOMapHbIMI,I qaCTnIaMr BepHOe.

OrurN rrpotso.u.rJMcL B s,Ieltte (pl4c. 4.1e ) [pLI BaRyyMe IIe xyxe , rIeM

r-o-' Top, Koropblft rlo,u,qepxcrBaJlcg B Ter{egrle Bcero omtra ttocrofltuffir. cTe-

neHb SaIIOJIIIeHI'IS IIoBepXEOCTII B 9T!tX Om,ITaX COCTaBJIAJIa BCefO JIIIIIIb l-o-4

ro-'t. rpr,r rarrD( BarroJIHeIII{Ex rIocJIe BbIKEor{eHurI fiywca Ita.uauruo( IIa Mfirlelrb

aTOMOB peJIaKCa4,Ifi eJIeICTpOIrpoBo,UIocTIlt OTCyTCTBOBaJIa ,4affe IIpII IIOBIIneHHbIX

TeMrleparypax (roo * rao'c), Kor,qa no,qDlrrctocrb a,4aroMoB SaMerHo BoSpacra-

ra. IIpil 6o.nru n BanorrleHllflx rloBepxHocrtr MI4llleHlI aIaroMaMI4 UJM ooree Bblco-

KID( ee TewepaTypax oJIeRTpoIIpoBo,UIoCTb peJIaKcI,DyeT B 3TI'IX x€ ycJlOBI{ffX R

cBoeft fiepBoHa,raJbHoft BeJIutI],IHe (Ao aIcop6uel). C yBeJMrreIMeM TeMrleparypbl

II CTerreElr rIoKpbITI,Is IIOBepXHOCTI4 CKOpOCTb peJIaKCaUM BOspaCTaeT.

Ha puc. 4.20 noKa3aHo uBMeHeIMe SJIeKTporrpoBo,EIocrI{ B npoqecce 6oM0ap-
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,u[poBKI{ rUreEKr4 ZnO }I trOcJIe rlepeKpEBaHrrfi rlyg&a a?oMoB cepeopa (creBa lI
crrpaBa or flyrilcrr.fpa). noryrrerfifie pesyJrbrarbr (xaparrep &prrBELr, fiBJreHr4e pe_
raKcaryDl) ooycroBrerfi, KaR rroJrarapr aBTopbr 3Toft paoorbr, xorucypemgrefi ag-
copoutr{ c fioBepxEocrBofi arperau,refi a.[aroMoB, rlprBor@et K rroffBJreEru0 tsa
rroBepxtsocrtr 6oree Kpyrrrrbtx qacrrtrI (,Uu,lepu, rpr4MepE rr r.A. ) cepeOpa,'
SAMETIIO IIE BJIIISUIPD( B COOTBETCTBIIII C BbI.UB}IIIYTbIM IIPE.UIOJIOX@HI,IEM HA 3JIEK-
TporlpoBo.urocrb rlreltrcr4. TaRra,t o6pa3oM, yKa3arrHr{e qpoUeccbr .uoJDffibr cMerrrarb
paBrroBecr{e rDnBe.ueHHofi pea&Lptr{ BJreBo :

M e . . + M e ^ 7 M e * + e ,
v s e s

rre uev, Mes - aroMH MeraJIJIa B raSoBofi oa3e I4 Ha rIOBepxEoc?lI coorBercr-
nerrto; r're'rI es - rlolrbr MeraJrJIa B a.ucJroe lI SJIeKTpoEI SOHbI qpoBolrorocrrl.

Ilocre BlucJ[oqeHrrs rroroKa aroMoB r.rMeroT Mecro JMIrrb rloBepxEocrrrfie qpoqec_
cu' cBs3aHHbre c Mmpatpreft araroMoB r{ rD( arperau}refi B 60ree Kpy[Hbre qac-
Tru-lbr (ucnapeEl{e c rloBepxHocrr.r [pr{ yMeperrHrlx reMleparypax ucKfiorraercfl ).
B HaqarbEoM rreprro.qe Ea noBepxHocrrr nperaayqebrreruro [poreKaer Eauooree
Bepogrrftffi qpoqecc - .urMepu3ar-u4s (peKoM6maryrfl) a.ucopd[poBaHHbrx aroMoB -
Ilpouecc BToporo nopEF{a (ec.nr mmpall,rq rD( K rIeHTpaM arperarpru He Jrr4Mr4Tr4-
pyeT ero). SaTeM no Mepe EarcolJreHlra.UIrMepoB I,I 6oree RpyrrHNx rracTfiq,[oJDr_
rro I{MeTb MecTo yMeHbrrreElre fiops,qKa rrpouecca Ao nepBoro IIo oTlromeHrm K Mo_.
HOMEPHbIM IIOBEPXHOCTHbIM qACTI4I]AM (BEPOffTEOCTb ID( BCTPEWI C KPYrIHbIM,I qAC_

TI{IIAMI4 I4 IIPIIJI}IIIAHI4g K II'IM C 3AIIOJIHEH}ICM IIOBEPXHOCTI{ PACTET). JI,Ng NPOqEC-
ca BToporo fiopfl.uta IoJI]lclI,I BrtrIoJtrIfiTbCs cJleAyut[4e (DopMarbffi,Ie K]IHerrlrrrec&I{e
BblpaneHr4g:

a t a s / d t =  - K . : , l / a s = K t + 1 / a o ,  
( 4 . 1 3 )

r.UE AS _ IIOBEPXHOCTHAS KOIII]EHTPAItrIfl A'qCOP6UPOBAHHbIX ATOMOB; K - ICOHCTAH_
Ta cxopocrl{ arperaluu a.[aroMoB; .. - rorn]etrrpaufig a,uaroMoB B EarrarblftM
MOMeET afperaluel a.qaroMoB ([ocre [epeKpbrBaEr{s nyq$a ooMoap.ryfpyDryD( rrfi,r-
[eHb aroMoB). Bnr'r4ir toro qro rIpI{ .uocraroqHo MaJIbrx crerreEffx BaIroJIIIeHI4fl
troBepxEocTl4 ILreHKrI rroJry[poBo.Errrrca Me,RAy KoHqerrTpar]fefi a.UaToMoB rr lrBMeHe_
IIIIeM oJleKTporrpoBo,ulocrl{ [JIeHRI4 BbrnoJrrrflercrl [ponopLE4OEaJIbIIafl 3aB[cr4Mocrb
(CM. TJI.1) IIO ISBECTHbIM .qAtsHbIM (KO3(EFNPTENTil IPIIJII4IIAEIIS, A TAKXC KO-
e@ugetr noaepxHocrnofi }IoifiI3ar-uE4 aroMoB), llcrroJrb3ys coorHotreHrra

:  A l e l ' r r . r , e . r o - l e  r  L o  :  
i  o o "  , ( 4 . 1 4 )

O II AO - USMEHEH}IE YIEJIbIIOfi lI OoqEft OJIETCTPOIIPOBO.4IOCTI{ IIJIEIIRI4: 1I4

S - AJIIIHA }I CEqCHI{E IIJIEHKI,I; IEJ fi II = LO CM./C.B - KOIIqEIITPAUUfl N [O]I-
BtlrcIocrt Eoclrrereft ToRa, obuM pacclMTaHH BeJIlrlrr,rI$I as.

Ha pnc. 4.21 rIOKaSaIIa BbrrIoJIrII4MOCTb .4JI,I arpefaltrIll aroMoB cepeopa rr,Ine-
Tr4rrecKoro ypaBEeHlls B r4rrrerpaJrbHoft @pue ,4Jrff rrecKorbKr{x rer\.ffieparyp. pac-
qer rIoKaSaJI' qro gEeprllrl alcrrrBal-EtrI noBepxEocrlroft arperaru,flr (BTOpOft nopg_
TOK) COCTABJISET Z,Z XXAN/r_AT, A KOHCTAHTbI CKOPOCTEft TJIfl PASJMqHbIX TEM_
nepa Typ ofipeAe Jrfi roTcri c JreAy}]Ilunit Bbrp a&e H]re M :

K ^ r I  a r  ' c M t . c - t 1  =  1 , 2 ' 1 o - 1 5 e x p ( - 3 2 o 0 l R T ) . ( 4 . 1 5 )

IloryrleEil'Ie Krllrerl{..ecKofe .qaHHbIe ra*J[e cBl{,qereJrbcrByloT B rIoJIbBy rrpe,uJlo-
XeHIIOTO OorficEelfl,I.H noBe.ueH[fi rlacrrrll cepedpa Ha rloBepxHocrrl oKcu.ua LumKa
B OTHOIIIEHI4}I CPABHI{TCJIbHO 66ICTPOfi MIITPALU&II PCKOM6IfiIAII,tr4 lI OoPASOBAII{A
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(*) ,0 "

2,

0 2 0 4 0 6 0
t, nun

P v c , 4 . 2 L .
KI&re rldca noBepxnocrnoft
arperalutr4 aroMoB cepeopa Ba
rrJrerilce zno (qpoBepKa ypaBHerrlrrr
(4 .13) )  r lp l r  pa3Hnx
TeMnepaTypax

i I - ^ O o c i 2 - 9 4 ;

3 - I 5 0 ; 4 - I 9 3 o c

6oree KpyrrHbrx qacrrtrI (KJacrepoB), He B3ar,u!rcIeftcrByFqD( c areKTpolfiofi
rogcItcreMofi lloJlyrrpoBo,&il,t:ca, SaMern{, o.Ura&o, qro co BpeMeHeM B pe3ynbra_
re oopa3oBarMs Ha rroBepxEocrlr KprrcraJUrrrKoB cepeopa, T,e. HoBoft (!asbr, B
STOM CJIyqae BOSHImapr 0a30BEe B3aru\4oAeftcrBtlg, IlpllBorro4e R nosBrelil4o 6a-
BOBbIX CKa!trCOB rroTemuaJra, BosAeficrBymuD( coorBercrByrolluo/r oopaBoM HA sJre-
KTpOr{Hyn rrorclrcreMy rorilcofi [JreHKu oKcu.qa uruca. vxasaHHoe B3auMoreficrBue
rlsMeH8er coorBercrBywo, oopasoM lI a.ucop6r.u4orffiyr0 crlocooHocrb rrpfircoHTarcr-
HbIx ooracreft rroBepxHocrr4 oKcllla [43].

lirs roro qroobr noATBep.E{rb noryr{eEirEe c lloMoqbp ceHcopa pegyJrbraTtr B
orHorrreHllll arperallM a.uaroMoB cepeopa B BNopaItrnIX ,uJlfi OKCIleptIMeHTa ycJIO-
BI{SX }1 TEM CAMbIM Y6E,4TITC8 B IIPI,IMEH}IMOCTI,I ,4J1ff PEIIEHIIfl 3TOft 3A,4Aqtr METO.UA
IIIIC' aBTopN paoortr [42] I4ccJTeroBaJM TaRJ(e rroBepxHocrEyp arperallm aroMoB
cepeopa ipoTorpaG.fiecKr.n MeToIoM o0pa6oTKII ooTo.{yBcTBnTeJrbHbrx gMyrbcrd,
colepaaryD( rleHTpbr cKpHToro trBoopafterMs (apperarbr cepeopa, cocrosryre He
MeHee qeM I43 .4ecgrRa aroMoB). o,utaro B orltolreElM arperrpoBaHHbtx aroMoB
cepedpa Ha rrJreErce zno obrJr llclloJrbsoBarr He odHwftffi cllocoo o6pa60TKr4 moro-
r{yBcrB[TerbHblx cJIoeB, a Meror raK Ea3ilBaeMOrO (Fl3i{qecKoro [pogBJIeHrIs
[44] nyTeM oopaooTxu rrJrerrRlr zno c a.qcJroeM cepedpa B pacTBope, co,qepr(aqeM
TOTbKO dpot[I/IcToe cepeopo r{ MeToJlrllull]oxttrilEl. OrsrT [oKa3aJr, qTo B cryqae,
ecJM Ea noBepxHocTtr IIJIeHICI{ zno Ilpemap[TeJlbllo a.ucopo[poBaEo ]-ot - lott
ar,/c# (sJercspoupoBo.urocrb Bo3pacraJra Heooparfiuo, r{To yKa3brBaro Ea or-
cyTcTBr{e arperalpflr Ag-aToMoB), Ee ouro 3aMeTHo uocre fi.rsrqecKoro IIpo-
gBJIeErIff oTotr rIJIeHKrr ee lloreMEerrrfi; ecJM ne rloBepxEocrirag &oEqeETpat&Ifl
a.qcopo[poBarfistx aroMoB cepeopa rocrurara 1ot2 - ].oto at/cuz, To B sroM
cJyqae saofioAaracb u peJraKcar.U4s gJreKTporlpoBo,urocrrr (arperaryrs Ag-aro-
MoB! ), II [osBJIeH[e KoHrpacrlloro rrflTHa fiocJre rrpofiBJrerrl4a rrreHRrr. SaMerr4\r,
tITo locJre (F3rvecKoro [porrBreEr4fl aIcopOeHToB c rraEeceHrrNMu rra HID( arpe-
raTaMtr aroMoB cepedpa 6Jxl3rue pe3yrbratH obutrl noryqeHE Irs cTeK"[a r4 ,qrfl
TIJIeIIRII Ar2O3, qTO yRaShIBaeT Ea MaJIyD pOJIb rlpnpo,lDl ItoclITeJIA arperaToB ce-
pe6pa B rrpoqeccax [porrBJreHr4rr.

PesyrbraTtr grr{x orrbrroB TaKtre rroATBepManr cIeJraEHlre s pa6ore BbrBo,u o
MexarMsMe arperar[&r rra ocHoBarrtrlt ,4aHHHx, IIoJyqeEIII{x MeTo.uoM rroJry[poBo,4-
IIuIcoBbIx ceEcopoB, KoropM, o,ulaKo, gHar{rITeJIbEo 6oJee rlyBcrBureJeH, TaK
KaK [ogBoJlfier Eaofio.uarb oJreMetsTapHrre troBepxHocrHbre qpoqeccbr Bapo!(ueHrrs
ueETpoB KoEueEcat_utrr aToMoB MeTaJUIOB Ha aTOMapHOM ypOBIre.

B cBgBI! c ugJroxerrHilMl/t pegyJlbraraMlr rlo BJMflHrtro aroMoB LI 6oree KpyIIHbIx
rlacrnl cepedpa Ha gJlelcrpo[poBo.ulocrb rIJIeIIKr,r oKcrIJa IfiHIca Bcraer Bonpoc

i:.u4 201)

Puc.4.z2. PeaKr.u4orfftrfr cocy,U
f  -ceHcop zno i  2  - r Ic [ap I {TeJ IE Ag-aroMoB;3-$ [a-
aon, [epeKp6rBar@M rryqoK Ag-aroMoB; 4 - KoJtJuntr-
pyw,Ie oTBepcTr4s; 5 - orBepcr[s IJrfi orKawc[I; 6 -

Marrrrrr; 7 - MarE'raulfi rpnBo,u ,uJrs OJrafKa; B - rer-
Tep; 9 - JraM[a Iw�l-zi lo,ru - sJrerpo.u{; 12 - repMo-
IIapa

o BoSMOIffiOCTtr trpgrroro S&CnepUMeHTaJIbIIOrO CpaBIIeEI{g TaKOTO BJItIggUg a,UCOp-
orpoBamq aToMapHbD( tr MoJreKyJrspHrlx \racrrtrl cepeopa.

B paooTe t4sl AJrs gTofi rIeJE{ 66u[{ fipoBe,[elilr orru1s " cepeopoM Meto.uoM
KOJIJII4MIIPOBAUHbIX ATOMHIO( IIYTIKOB B CI{JTbIIO UEO,�TOPOI�TOM MATIMTIIOM IIOJIE.

I{.qeff orEITa cocrofiJla B ToM, qro B lleo.ulopo.uloM Marrr}rrrroM rIoJIe rIapaMarIMT-
Hbre aroM[r tryEra 6ylyr orrc]roHrrrbcs, a MoJreKyJrspHbre qacrnlbr coxpaEsror cBoe
HarDaBJrerIIIe ,@nfrertr{s, T.e. taKnM oopa3oM, r{crroJrb3ys g(EFKT lepJraxa-lllTep-
aa, Moxmo pag.[ernrb rryqoK qacrrflI cepeopa Ha MoJreKyJlrfl)Iryp rlr aroMaprryD co-
ctaBrfir@{e tr TeM caMbrM pa3AeJIbHo rro,qDeprHyrb ooMoap,urpoBKe Mr4rreIM olccl,Ila
ryIIIKa IIywaMtr aToMoB tr MoJreKyJr. JIJS grofi qeJtrr 6bula pagpaooTaHa ycrarroBKa
(tro rEry ycrarroBKrr fepJaxa-lllTepHa ) , cxeMa Koropofi rroKasarra Ha puc.
4.22.. HallpgfieEllocrb Heo.ulopo,Eoro MarEI{THoro rIoJIg cocraBJIgJIa 15ooo g,

,qJuIIa KaHaJra B rroJre'zo MM, .u{aMerp 2 MM, ,u{aMerp Mrrrrleur.r 2 w. Ourypm're
IIaKoEeqElIKtr MarHtrTa c.UeJIaEE IIB fteJIeBa "Apttrco", ncrl{poBlca ycrpoficrBa [po-
BO,TIJIaCb JIaSepEbIM ryrIOM.

Ortrrr trptr BlctmqeffioM I4 BEIIqtmqeIIHoM MarEl,rrHtrx IIoJIE( cocrofiJl B ToM, rITo-

oEI tryTeM oTKpHBaIIna ruII{ gaKpbIBaHI,Ia (nlarccoM 3 (fiprBo,utr\,fto,r B ,qBrraeHr4e Mar-
ErrTErrM ycTpoficTBoM) .U.ra(lparbsr 4 r\,fimeEb f (uo.nyuposo.Ulr4KoBafi IIJeHKa zno)
Eeooxo,Uo/toe BpeMfl gKcnolfl{poBaJlacb IIepe,U [yrIKoM rIacTIq MeTaJIJIa. IIpu
gToM (@rcfipoBaracb cnopocrb ssMeHertr{s gJreRTporrpoBo,uFocrr{, Berr,rtlltrra Ko-
Topoil trptr MaJrEx BarroJrrrerfl,Isx noBepxEocrrr crporo [po[opt[4olraJrbr{a q[cry

aTolloB MeTaJUIa, fia,4arru[x Ha rloBepxEocTb IUreEoK, T.e. Galdt) 6-o- r^' r.ue

r^ - I{IITeHcsBHocrb rIytIKa. tleM Kopoqe oKcrroBI4IMfl lI MeHbr[e TIIITeIIc[BHocrb



[y$(a B Kafi.UoM omtre, TeM oorbuee KorrqecrBo raKtD( om{ToB MoltGo IrDoBecrI4
0e3 pereHepaluE{ nJreHKr{.

Olfirrbr IIpoBo.{}IJMcb rrpfi Kor\&rarHofi TeM[eparype c fiyrtrcoM cepe6p8. OEeprus

.u{ccor[raruDl lFyxaroMHr,rx MoJrercyJr cepeopa paBrra 1,78 eB, a reulora [cnape-
Irr,rfi MoJIeKyJI - 95 KKar,/MoJrb [46]; TerrJrora ucflapeHr{ff o.U{oaToMHoro cepeopa
cocraBJlger 64 lclcar,/Morb. Macc-clleKTpoMerpr/FlecK]Ie rrccJle.UoBaHr,rfl [46] napa
cepeOpa HaI MeTaJIJrr{rrecKtIM cepedpoM IapT cooTHorrreHue KoJMr{ecTBa I4oItoB
eq'/esi, paBHoe ,@yM. B Jlpyrux paoorax [47] yrca3aHa 3rratMreJrbEo oorbuafi
BeJtr[Ecra. IIpu rogz - 114zoc MoJrelcyJrfipnas Macca cepedpa B rrapax paBna

27a ! 90 [46], T.e. cpe4lee KoJII{rIecrBo aroMoB B MoJIeRyJIe cepe6pa cocraB-
J IAeT  2 ,56 .

Ham! orEJrN noKa3aJM, rrTo curHaJI yBeJIIrrlIeElIg o IIIeHKII, Haofio.uaetftfr B
oTcyTcTBue IIoJITI, TOTr{aC I,ICqe3aJI, KaIC TOJIbKO MaIIMTHOe nOJIe BKmqa-
JIOCb, lI Ee IIOSBJIAICTI AO TeX rrop, IIOKa IIOJIe OCTaBaJIOCb BKIFrIeHItrnvt,
IloryrrerEftffi B oroM oKcrreplrMeHre pe3yJrbrar Ka& 6y,uro raRr(e no.qrBep8Aaer
cAeJraHrloe paEee IrpeEIoJIoaeIIRe o rraJrr4qlM SJIeIcTpI{qecKotr a$TLIBEoCTU Ha IIO-
BepxHocTrlr lroJlylrpoBo,Err{KoBofi flfierilcll ToJrb&o aToMoB cepeopa. r{To6N yoe.ryrTb-

ca, o.ulaKo, B ToM, 1ITO IIplI BICmqeFtOM nOJIe qaCTItrU Cepedpa Tal{l|(e [o[a.qa-
nT IIa MUIIIeIIb (B CIyqae aTOMOB 3TO Btr&ro trO CtIIHaJIy 9JIeKTpOITpOBOIIIOCTU
nJrerrKrr), B oToM cryqae 6Hr npr4MerreE Mero,[ (F{Bl{qecKoro llporrBJreHr{s o$cI.I-

][Iofi TIJIeHKI4 IIocJIe Aocraroqrlo IJMTeJIbHoro gKcnoHl,IpoBaHllfl ee rlepe.U uyrilcoM
qacrl,rq cepeopa IIpI4 BrcmqeIfiIoM MaTIII4THoM [ofie. CTeIIeHb rIoreMHeHI4ff IIJIeHKn
nocJle ee @Igfiqe croro qposBJIeH]Ig IIpI,IoJMBI{TerbHo npofiopt&IoHaJlblla KoJII4Ie cr-
By cepedpa, norraBrrrero Ha rrJreHKy,

Ha ocHoBalilct uoryqenuux B BTID( orlu?ax rIoJIo,IoITeJrBItbIx peeyJlbraroB Mox6o

c.ueJrarb B6rBo,u, qro MoJrer{yJrFpHNe rr aroMaprfie qacrrdlbr cepedpa Be,qyr ceoa B
orltoneHllIf BJMTIHI,IS Ha oJeKTpo@IBI$IecRIIe cBoficrBa olccl4sGlx rrJreHoK allaJiortI-
\mo aroMaM rI MoJIeKyJIaM EeMeraJIJIoB c roft JEmb pa3lilolefi, qro B cryqae aro-

MOB MeTaJIJIOB, TOIIaBIIIID( B Me,lt.4OySJMfl IIOBepXHOCTI{ pelreTKu, BCe OEI{ IIeSaBlr-

cr,rMo or npr.fpoltr MeraJrJra Be,4yr ce6s RaK Bo,qopo.uouo.uo6iNe Aorropbl oJreKTpo-
HoB. rITo lce Kacaercg MoJIeKyJI MeraJrJIoB, To rrpu EeBHcoRtD( TeM[eparypax no-
JryqpoBo,UfllrcoBoro a,{copOelrra, Kor.Ua Her rD( floBepxrrocrHofi ,UI4ccoUI4ar-UEr, oril{
Ee npogBJlsrcT oaMerEofi aKT![BItocrtI B BToM orIIoEeHI{I!.

IloJry,{erunne B gr!D( LIccJIe.qoBaHrIgx pe3yJrbra?bl eqe pas BbIfiBJIator npilwfiIy
peJIaKcaLuM llpl,n\,lecHoft gJleKlpofipoBo.urocTl{ IIJIeHoK oKcI{Ia luffiKa IIocJIe Ilepe-

KpHBaELIg aTOMItOfO nyqRa MeTaJUIOB, JIeflIpyWD( IIOBepXHOCTb gTID( IIJIeIIOR, I4
rlo.qrBepx,qaFT c,qeJralrHbre paHee BHBo.U o0 greKTpfiqecKoft EeaKTI{BEocrr MoJIo-

I{yJItrpHEX qaCTrtrI MeTaJrJrOB.

a.10. llsMepelnre np<tuls RoInIeHTpaU{u aroMapHoro RucJlopo,4a

B InmHeft TepMocoepe seMJD,I xero.qou rIoJryrIpoBol[MKoBBIx ceHcopoB

Mero.[ III]C ,qaer Bo3Morrcrocrb rr3 lloKa3alfid sJleKrpoqpoBolulocr[ (Ilplr 3lra-
qeEIM Koo(lFn-u{eEToB tIoHr,rBaLuII4 lt orpaxeHl4rl o-atoMoe Ha [JIeEcax oKcI4Ia

rIEilca) ofipe,[eJErrb BeJrr{rrrfiry Bos.ueficrBoBaBllero Ha ceHcop floroKa aroMoB,

T.e, B 9TOM CIJqae CeECOpItrfi MeTO,q I{3MepeEtrfi Mo:[eT 66ITb IIpIOreEeH KaIC a0-

coJuoutrfr Mero,u [21]. .UeficrBtlTerbEo, I{sMeIIeHrIe sJIeKTponIloBoIfIocrLI noJly-

rIpoBo.EII{KOBOfi llreltr(n aoun, O6yCJIOBJIeEIIOe a.qCOp0LU,Iefi, TIOJIHOCTbF OosSaHO,

KaK rIBBecrIIo [21] , I{BMeIIeHIIIo RoIIqeIITpaLuII4 EocflTereft ToKa an B rlJleltr{ax,

a IIe usMeIIeEIm ID( IIO,qSILI€OCTU s, T.e,
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F,[o oo - y.[eJlbllafi sJlexTponpoBo,urocrb rrJreHK[; no - KorilreuTpal&g EocfiTereft

Tolca B e.EIHIIUe oobeMa rlJlerrKrr; q - saptu gJIeKTpoHa; s - B[JU{I\roe ceqeE}re

rurerrKrr; l. - paccrofirrue Me]4IJ gJIeKTpo.4aMlI; r! - rlo]IBlficrocrb srdKTpoHoB.

lpI.I BHaHIII{ Koo@lLueIIToB rroHll3ar-u&I v tr orparceHrfi o aroMoB ,urg
IIJICHKI,I OKCI,I.4A I.U4IIKA MO'IGTO SAII'ICATb
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'

( 4 . 1 6 )

( 4 . L 7 1

( 4 . 1 8 )

f.ue r^ - IIoToK aroMoB IIa ceEcop; vo - clcopocTb tISMeIIeE]Iff BJIeKTpoqpoBo.q-
rrocr[ll ceEcopai v - Koo(!funpreHT ]rorrrr3ar!ryr a,uaroMoB; o - Kog@nu,IeIIT orpa-
xeEr,IE aroMoB or TIJIeHKI ceHcopa. SHailem.Ifi Rog@tr-u{eIIToB v I{ o AJIS cryqarl
B3arrMo,[eficrBlls aroMoB KlrcJropo.Ua rr Bolopo,Ua c rIJIeHIcaMI4 oKclIIa $EIIca oEpe-

.qeJreEr B t211. Ilocrosrfias BpeMerrr4 IIIC xapaKTepr,r3yercs BEaqeE}Iffrvu Mellee
ro-'c 1aa1, qro rIoBBoJIser ooec[ew,rrb Bblcoroe BpeMeIIHoe rI rq)ocrpallcrBen-
rroe pa3peneB?re IIpr4 r.r3MepeHuax I{3MeHs@D(cff Kolil{eErpalpfr aroMoB MeroAoM
IIIC. WBcrBr,rreJrbrrocrb IIIIC B orgoneglllr yKaBaIIHbIra qacrltrLuocumaer tot -
- loto ar .cM-z.c-r. crom gucorag qyBcrBurerbnocrb K aKTTIBHNM qacrlt-

rIaM coxpaHgercE IIpIr ,uaBJreHr{fix BnJrorb .uo arMoc(pepHoro.
yKagalffff,re cBotcrBa IIIIC uosnorsnr r[poBo.u.ITb lIccJIe.uoBaIIrIfi Ha co.uepftaEl{e

aroMoB KrrcJropo.qa LI BoAopoAa B paBJIIttIHIlx ooracTsx arMoc@pbl. Barccuvr B
orot rDodJeMe fiBJrrrerca ooeclleqeltrre ceJreKT]rBrrocrr{ rr3MepeBld oupe,4eJlellHbtx
KOMnOHerrroB. TaKas sa.qaqa 6Hra BIIepBtre peneEa B paoore [49]. PaBpaoorafl-
rtrffi B sroft paoore cereKTuBltrffi ceHcop IIoBBoJIfier .qereRTltpoBarb aroMapltrs
KlrcJropoA B trplrcyrcrBrr[ aroMapEoro Bo.uopo,ua. IIo.E)ooEoe oltr{caElle KoEcrpyK-
r-utr4 pa3paooraHHoro ar{aJrr[3aropa I,I llprlin[fioB ero paoorbl ,uallo B 5as1. Sarr,re-
TUM, qro CyqecrBoBalMe raK HaSEBaeMoro 3@Icra lcpllTlltllecftoft el&cocrfi fiflc,

orpalll4rlllBarueft BpeMg gKcno3l4lUtlt rIoJIytrpoBo,UIr4KoBElx TIJIeEoK rlptl IIIITeHcIIBI$IX
rroToKax aToMoB, a TeM caMHM I4 BOSMO'TIOCTb rrpoBe,[elMg .4OCTaTOrfiOrO WICJIa

usMeperflM ceBcopoM B Jscleftrofi ooracrl4, B Koropofi coxpaEsercfi rrpo[opLuo-
gANbIIOCTb ME&AI IIITTEECIIBHOCTbD IIOTOKA IIA,qAWD( EA IUIEIIKY ATOMOB II CKOPO-

cTbn rr3MeEeHr[fl ee SJIeKTpOUpOBO,EIOCTtr B Kafr.qOM OT.4eJIbHOM rIBMepeErII[, flBJIfl-

nrcfi oIIruM rr3 ocHoBHbrx (laKTopoB, orq)e.ueJlffrc@D( KoHcrpyKlum IIoJIyrrpoBo.uM-

KoBbtx aIIaJMoaropoB. TaK, rDtr "orKpHToft" ycralloBKe IIIC, RorAa rlo-

ToK arMoc(Fp6l Eellocpe,ucrBeltrlo Bo3.qeftcrByer Ira cescop (IIp1I ycJoBI{}I ooe-

clleqeH]rs BEcolcofi qyBcrBurerbEocrll TaKolo aHaJMBaropa), BpeMs IIerPepbIBHbrx

LIBMepeHIfr B JuElel&Ioft ooracrl,l IIplI rloroKax aroMoB rloptiluca ]'o10 - lott ar '

.cM-t.c-t cocraB.nget 10' - 1ot c. o.utaxo B lrlrxcreft TepMoc6epe, oco6er-

Ho B odracrll MaKc]rMyMa RoIIIIeHTpaLptrI aroMapHoro KI4cJIopo.4a, cocraBrgqeft

rropsAox r-ott - 1012 ar ,/cf , rcoraa BpeMrI Bblxo,ua lr3 fiEIeItIofi ooracrn

MaJIO, nOTOK ATOMOB IIa CeHCOp ,{OJIXCeE aBTOMaTI,rqeCKlI OrpaEIlltI[BaTbCrI I,I $pe-

pHBarbcfl, qro rro3BoJlger yBertTq[Tb BpeMfi ]IsMepeHId B fiffiefuroft ooracrn'
yKagalfiag cllTyar-u.Ig qpI4Bo.&IT ft Eeo6xolud\rocru lIcrIoJIb3oBaII[fl "3aKpEToft"
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RorrcrpyKr.@ aEaJrrl3aropa, B Koropofi fiIIC [oMeqaDT B uoJrocrb, coodqaqyFcs
c arMoc(Fpofi rcaEaJroM, rrepercpEBaeMHM K,rarraEoM.

B aEaJur3aTope Eaxo.UflTcs 1TII qyBcrBureJ6HHx oJleMerrra (Torocue ruIeEKI,I
oKclIAa r.@ca): ,qDa tr3 Hr[x sBJrsDTcs padoEtrvEr, a rpeufr rrBoJII,IpoBaE oT Bog-
I:encrBvr arotvtoB u trcrloJlb3yetcfl Ntfl KoMlleucarp{ir BpeMelfioro tr TeM[eparyp-
Eofo mefi(F, a raru(e BJIEfErrf, trroJleKyJlffpHHlr cocraBJlflrutx oKpyraruefi cpe-
B .

JIrs pagpaoo$cfi s@KTrBEoro ceHcopa Ea aroMapltrfr KrrcJropo,q qpeAcraBJrfl-

er I{ETepec otleErca Bo3Momoro Brc,ra,ua pa3Jrr[lrHrlx cocraBJrsrruB arMoc(FpH B
BeJMqruIy CrIrEaJra, trptrrlllcEBaeMoro o-aroMaM s $'TTrctrpyeMoro arraJusaropoM
IIIIC, [BroroBJreEHHM Ea ocEoBe oKc]IJIa lumKa c yqeroM npmflToft Mero,ulKl{ trg-
Mepemd.

MoJeKyJrfipEil a3or, llHeprltfle ragE, rlpocreltfi}Ie yrJreBolopoF Turla cH.,
c2H5 tr T.II., a TaKBe O3OH, OKCn4Ir aSOTa N2O, NO, NO2 qpI,I TeMlepaTypax

,uereKTopa Etrte 50 - loooc IIpaKTI.IrIecKtl Ee oKaoblBanr &,IrlgEtrff Ba ero oJIeKT-
porrpoBo,urocrb. 3@err or Bo3.ueftcrBl{s aroMapHpro KrrcJlopo,qa Ea rlony[poBo.[-
Er4rcoByn ruerrKy oKclIIa urrrKa Ha MIIoro uopfl,uroB rrpeBbultaeT llo.uooElffi gqFIcT

or 02 [15]. IIptr orEoEeIilEI tozl/tol = to6 elcra,4 oz B BeJITITIIEIy clrEa.na
cerrEcopa (o$cil,ua l.@ca), ecJII{ He rlpruIrlMarb RaKrre-fildo cuelu4aJrbabre Mepbrr
cocTaBJrrreT olcoJro 50t. HaJrrFMe KoMlleEcqpyqero ,4eTeKTopa cEI[naeT gTy

BeJrFtratrG{y IO 5 - 7l (rOWreUCatSs rrelroJrrras BCJreACTBrre EedOJbEOfi EeEs-
6elcrofi Eer[,qerrrrrlnocrrl troJryrrpoBol@rnoBblx uenor). Ilpu oroM rlorpeugocrb
tr3MepeEtrs 3a cqeT Brcla,[a 02 B rrsMepeHtrfi aToMapEoro Kl4cJlopo,ua 8a BEcoTe
1oo KM (torl / tol  oro;ro 10 ) cocraB}IT Bcero (5 I z;.ro' t t ,  B AarbEeltneM
yMellbtlaf,cb c yBeJltrrleuneM BEcorbr. 3Ta ctrTyar.Es .ueficrBurerbBa ,uJIa .{ereKTo-
poB, pactroJloaeHElIx "otKpblTtnt" oopagoM, B aEaJM3arope, o,ulaKo, .[ereKTopH
tro uSJIOAeFrilJM BH[e COO6paSeIM,n,| paCtrOJIOAeErr B CUeLUaJTbIIOfi U3MeptrTerbHofi
troJtocrtr, coooqarueilcff c arMocoepofi KaEaJroM. IIptr gToM cJreAyer yqlrrEBarb,
qro ga cqer rtroeJM aroMoB IIa creErcax KaHaJra rr troJrocrtr qpol{cxo.u{T o6ora-
qeHue rasa MoJIeKyJrfipHbrM RucJropo,{oM (IIo cpaBEerilno c aTMoc(pprum), ,uo lre-
MeIIaeT BeJItrTItrHrI florpemocT€fi Ba cqeT BruIa.ua 02. Ta$, .uJrfl ucrroJrb3oBall]Is B
gKCIIEPUMEETE AEAJM3ATOPA KOEIIEETPAUruI ATOMOB B IIOJIOCTII COCTABJISET OKOJIO

:.0'a roroleurparlu B arMoc(Fpe, qro odycroBfi[Baer BeJmqrtr(y [orpeurrocrrr Ha
BHcoTe oKoJro 1oo K[r paBEofi o,s - o,7N.

Moreryrsprufr KtrcJropo,q B Boodyfr,qeruroM cocrorrnrtr{ oz(las) (cmlletrufr
tcnclopo.u) oIIaiMTeJIbIIo clIJIbEee BJII4fler Ea usMepeEug. Hallpln|ep, usMe-
IIeIMfi gJrerTporrpoBo.Eocrtr IUreHoK zno Iro.u geftcrBlreM o2(rAe) u o-aroMoB pa-
BErr trptr orrEoEermr to2(rA;) 1/tol = 3,5.1o . norpemrbcri, odycroBreEras
BIOIa,{OM O2(rAs), COCTaB[f ieT Ha Bncore 1Oo I(M (to2(lAe)') / lo] -  ro-t;  oro-

r o : . : . 0 - 2 t .
BJmflrure raKE( aKTTTBHHX IcoMnoEeHToB, rcar N; oH; n, na ItrIC qpn rrpoqtot

paBHbrx ycJroBr4flx cotr3MeprrMo c BJrrrsrMeM aroMapHoro Kr4cJropoAa tsol. BKJaI N
u ott, 6ygyw qpofloprg{orrarer r[x ofiroctrTeJlbuoMy co.qepfiarfloo (uo cpanneruno c
o) B aTMoc(Fpe, cyqecTBeltrftnr odpagoM MotreT cKaBEBaTbca Ea BbrcoTax MeHee
60 - 70 ICr,. IIpI4\,teHeEIe B aIIaJIgSaTope ceJIeKTtrBHEx ,qeTexTopoB ITcK,IFtIaeT
BJItrtrtue aroMapEoro BoAopo,qa. I4ccJe,uoBarfl.re a.ucopoluor [apoB Hzo Ha rrJrerrKax
zno [50] cBrulereJrbcrByer o Kpafue rIeBHalMTeJrbHoM IID( BJMEptrI [pr.r reM[epa-
Type EneIIoK rtrrse loooc. I43MeEeH,Ie oJrexTporlpoBo,ulocrr{ nJreHoK rro,q AeficrBrl-
eM rlapoB l{2o tr o-aToMoB cou3Mep}il,ro [pr4 orHorrreH]rr{ KorqerrTparyil tHrol/tol=
= l -oe .
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ll3MeperMfl RorflIelirpaluIlI aroMapHoro KficJlopo,ua c noMoqbp ceHcopa c noJly-
IIpOBO.UII4KOBUMI4 qyBCTBI.ITeIbHIff\,9{ 9JIOMOHTaMI{' yCTaIIOBJIOIIHOTO IIa MeTeOpaKeTe
MP-12, rlpoBelelnr 27 ,qeKa6ps ]-e79 ro.ua B nyrrKTe "BoJForpaI". I43Mepelufl
BeJrI{cb Ea BocxoAsqeft BerBu rpaeKTopttr4 paKertr Ea orpe3Re rlyrl{ c 96 KM .4o
Bep[II4IIH TpaeKTOpI4rI IIa rOZ rU. IIyCX paKerbl COCTOSJICS B 18 r{ 11 MTIII
MecrHoro BpeMeElI. leoMarlgrTHafl I,r coJIHelIHag aRTlIBHocrI{ Bo BpeMfi gKcrlepu-

MeIITa XapaKTep[3oBafi{Cb CJIeAyW{I\{rI BeJIITFIIEIaMII: IIoTOK pa'ryIougJlyqeHlIfl COJI-
InIa F.^ - = L64. tO-" Bt,/ll'.ru, Cpe.uree 3HaqeH[e noToKa pa.ryIou3ryqeHfifl

3a rpII MecfiUa F,|0,, = ztg'to'"Bt/ut'Jll, lurlerc Ko = 3. CeEcop 6bUI yCTa-

IIOBJIeH Ea TOTOBEOfi qaCT[ paKerH TaK, qTO rrpO,{OJIbIIaff OCb ero 66UIa [apaJl-
JIeJrbEa ocl,r parerbr. TaK Karc parera cradI.IJMBIrpoBaJIacb B rrpocrpallcrBe Ba
c,{er dHcrporo BpaqeHfiff (oKoro s o6/c), To Ha Bocxo,u&eft BerBtr ceHcop osr
opr4errrlrpoBaH Bxo.urr,rM orBepcrueM Brrepe.{ rro BeKTopy cKopocrrr. IIpu o6pa6or-
Ke rrepaFraux .qalrHtrx rrcrroJrb3oBaJracb Eaft,ueltrrafl B paoorax [48] oyru(Is{oEaJb-
Hafl cBsab Meril]J/ KoHrleErpau4efi aroMoB KrlcJlopo,qa B cBooo.ulofi arMoc(repe I.I
r[x KorrqeHTpaqlteft B llpu60pe, [peAcraBJrs{m{ilt co60fi c(FpllrrrecKyn rroJrocrb,
coe,u,rnffrcfiU/ncF c arMoc@poft TpyoKofi, ,qrF cryqas cBooo.ulo MoJIeKyJIffpIIoro
TeqeEtrfl IIptr IIyJIeBOM yrJle aTaICU C yrreToM rl4oefil aToMoB.

Ha pac, t.zt qpe,ucraBleHll pe3yJrbrarbl I{eMepeEId gJleKTponpoBo.Ulocrrl

nIIc, [oJryrreEsle c rloMoqbD TeJIeMerpI4II c 6opra paKerE MP-12' a raxse IIeKo-

TOPbIE ORCIIEPUMEHTAJIbHI{E I[ MO,UEJIbHNE ,4AIIHilE APYTID( ABTOPOB. TAKTE IDUBE-

l / .  xn

P u c . 4 , 2 3 .
Pactrpe,qerenue $onlenTparyfr 0-arolaoe B Bepxueft arMo-
c@pe
t - Mero.[ I I IC, zt.rz.zs,"Bolrorpa.u"(nacrosqas pa6o-
ra)i 2,3 - Macc-aneKTpoMerprrsi 4,5 - pesorraEcrras
crreKTpocKolrr.rfl; 6 - cepeopffsle rrJreIIKI4; 7,8 - Mo-
.qeJIbHIJe pacqeT6l

4 6
L0) ,  cn-1

209

4 6 /0,1



Ieltr{ gKctrepuMerlTaJlbHrle peByJrbTaTbI aHaJIorI{lIEbIx l,!3Meperfld, rloJlyr{eHHblx
PASJIIITIIIIbIMU METO.{AMI/T, B PASJIITiTEOE BPEMfi I{ B PASJII{TIIINX YCJIOBIIfiX. VTASArofiE
odcrotrerbcrBa He nosBoJIfiFT, CTpOTO roBopg, Herlocpe,qcrBeriHo I/Dt cpaBl{Ilr-
BATb. B IIEJIOM' O.UIIAKO, NOJYqEHIftIE METO.4OM IIIIC PEsYIbTATbI [5]-] HAXOIATCfi
B COOTBETCTBI,Itr C UMEWIMI{Cfl AAIIHEMI{, TAK, IiAofiO.qAETCff OJII4SOCTb IIO-
ryqeHriltx c rroMoqb[ nIIC pe3yJrbraroB c MoleJrbp t52], pacctMTaruiofi IIJIfl
SuMrII4X yCJOB?fr. SAMerut, rl?o rIpuMeEeElIe flIIc B 3TOft Ooracru gBJlfiercfl [I{o_
HepcKo[ pa60To[, ooeqaqefi, c EaEefi Torrtr4 speHurr,B ra.nnneftuell pasB]rrbcs
sHaqurerbHo ycllemHee x mfpe, TaK KaIc uoJIyIrpoBo,uMICoBbIe ceEcopbl Marora6a-
PtrTHbI' OdTA,IAMT MAJINM BECOM I,I 3HEPrOIOTPE6JIEHI,IEM, A TAK]KE IIPOCTOTOft !I
,UeneBl{3Eoft Iq I,IBroroBJIeH]IrI I4 sKcrlJryararlM.

..11. ll3MepeE{e uaJrrrx Ror{rleHTpaud McJropo.ua B pasfl4rrHr,rx rasax
IIpu aTMocoeprroM .(aBneHlrr u Ror,EraTHofi TewepaType

yKa3amlyn Ba,qaqy Morfio pelMTb, ecJM BocrloJib3oBarbcg noJryrrpoBoElrrlcoBNM
ceEcopoM' co.uepxauun'l B KarrecrBe qyBcrB[TerbEoro oreMeETa rIJrerIKy oKcrqa
I-umKa' Ilorpyr€Imyn B rroJrspHyrc r4Jrr[ Jryqle [poroEoAoHopHyro reulrocrb (cM,
pa3. {e r  3 .4  )  .

Ha pl4c. 4.24 noKagalla cxeMa raooparopHoro Mal{era rKll.u{ocrlloro rasoaHa-
JIII3ATOPA HA KUCJIOPOA. AEAJM3I.TPYELftfr TAB IIPOIIYCKAETC'I HEKOTOPOE BPEMfl HA,U
x(ll.UtocTbF (Molmo rag 0ap6oTl4poBaTb qepeg rc,tufoctr), a gaTeM "BalufpaeTcfl',
B aEaJMsarope. B 3TOM Cryqae o6btqio ycraHaBJrr,rBaercrr paBHoBeclle Meruil
RlrcJlopo.4oM B raSe-HoclITeJIe, HaIIpI,rMep B BO,4OpO,qe, tt pacTBopeHHNM B BbI_
opalfiroM ,{rff s1ofi UeJrr[ pacTBop[Tere. rIeM Oofibne ,UIIsreKTpI4qecKas nocrofiH_
Hafi c qpoToHo.qorlopEoto pacrBoprrreJrfl (Bo.ua, crtrfprbr, BolFo_IIoKcaEoBbre
cMecr't u rc. ) ' TeM dbrcrpee ycrarraBJrltBaercfi crar-urotapuarr Kouqerrrpar_u,rfi a.u-
COPO}IPOBAIfiIOTO KIICJIOPO,4A HA IIJIEEftE OKCII.4A IIffiKA, A CJIE.IOBATEJIbIIO, II
CTAIT4OIIAPHOE SEAqCEIIE SJIEKTPOIIPOBOIFIOCTII CEHCOPA, COOTBETCTBYIOqCE ROII-
ueHTpar-utr{ KtrcJropo.ua B ra3e-HoctrreJre, yMrroxerrHoil na xoe(@u.glent Eyiisexa,

N o = N o B , ( 4 . 1 e )
-z 'z

rTE N - ICOHIIEHTPAI-U4'I; I4II,{EKCN P,r O6O3HAqAIOT PACTBOPUTEJIb I4 IASOHOCI,I_

Cxelff,I raBoarIaJIIrTIfiIecKID( gqeeK IJIfi [apoBofi (o) ]I
nc,r.ucoft (d') @as
I  -  c o c y . U ; 2 - c e n c o p  ( n r e n r a  z n o ) ;  B _ r c o g r a r T b r ;
4 - ocreKJoBamloe &eJle3o; S - MarIil4THarI MeruaJrKa

2I0

P u c . t , . z t .

2TI

TEJIb COOTBETCTBEIIHO; F - KOOGPfl.IIEIIT bYHSEHA (OTHOEEIME PABIIOBECHUX

oObel,ffiD( IcoIIlIeIITpaud B IPIJ[tocrI{ I4 B rase Ha.q xEu{ocrblo). SaMerm\r' o.EIa-

Ro, rrro oucrpoe ycrarroBJreEue crar.uloEapnofi KoIilIeIITpaII{I4 a,4copol4poBalmoro

KIICJIOpOAa Ha IIJIeHKe zno, IIoMelleEIIOfi B paCTBOpUTeJIb c 6OJISU![| SIIaqe$I4eM

c, uMeeT MecTo ToJIbKO B TOM Cryqae, ecJM rIoA rIoJIy[pOBO.UfiIICOBOft TIJIeHKOft'

HaEecemloft Ha rbIJIbHyIo qacrb KBapueBoft firacrl4ltr${ (ry,rue B Bfi.4e ,u4cKa ) ,

Bparqaercn Ha HeKoropoM paccrottHl&I or Hee (-2 cM) c .4ocraroqEoft cftopocrL,lo

(- 5OO O6ll'/fi{I{) Marlil,IfHafi MeulaJIKa, I{StoToBJIeHIIafi I43 CTeiq[RI{HOfi TpyoKLt .&{-

aMerpoM 3-4 MM I4,qJtrtrIoft l5-2o MM c BIIagHHbIM Blryrpb r{eJIeBHbIM crep$ei{bKoM.

HaBHa,IeIue [epeMetMBaHI,Ig galqru0qaercg B "cIIfiTId4" .ryI$my3}Ioltrroro ropMorceH].r€

B no,qaqe Kr4cJropola K rIJIeIilce I4 y,uaJleHrrfi rrpo,4yKToB peaKI-uM (cM. rJ. 3) a,4-

cop6rpoBaruroto KtlcJlopo,ua c MotolcyJIaMI,I pacrBopl{TeJlg, qro B cl,ulbHoft crene-

Hlr oqpe.ueJlfier BeJMquHy tI BocllpollSBo,ulMocrb caMoto g@&Ta - ycraHoBJIeHI4fl

c T auuoHapHoft 3 JIe KrporrpoBo.ulo c TI{ ceBcopa .

.[rg pacrBopl,ITereft pa3fi[rfi{oft IIprpo.[N, Ka& oKa3aJlocb, MI4iI],IMaJIbHafi Heoo-

xo.u{r4afi cKopocTb nepeMelll{BaHl{s pa3JMwIa, qTo, IIo-BI4,U4],OMy, OoyCJIOBIeHO

BCJMI{}IIIAMII KOHCTAHT CrcOPOCTEft A.4COP6IIIDT I{ TJIABHLIM OOPA3OM PEAKUI4II B3A_

l4rvlo,UeftcTBus a.Ucopol,rpoBalllloro Kl{cJlopo.4a c pacrBopl{TereM (cM. fJ. 3). TaK,

6Nro ooHapyr€Ho, .rro BecbMa cJlaoag saBl,IcllMocrb ycraHoBJIeIMs craul'I-

OHAPHOft 9JIEKTPOIIPOBO.UHOCTII CCECOPA OT CKOPOCTI4 IIEPEMEIII}IBAH]4fl IIPOflB_

rfiercs B ?oM cryqae, Kol.ua ,qJIs aIlaJMSa Ira KI,ICJIOpO.U B BO,qOpO.Ue I4CnOJIb3y-

ercs ]t04,urocrb - aueroHl{Tpl,ut, 3To oocrofiTerbcrBo rIoBBoJIfier rrpoBo.u4Tb aHa-

JM3 raSOB IIa KIICJIOpO,U C rIOMOIIlblo yKaSaIrHOro pacTBopI4TeJIs nplr Kol\,fiarHoli

TeMnepaType 6eB nepeMeul4Balll{s, qro 3HarlrITeJIbHo ooJlelqaeT qpoBeleHl4e aHa-

JM3a. Pe3yrbrarbl  BKcnepI{MeHToB noKa3aIIbI  B Taor.  4.3 I i I  Ha puc.  4.25.

Puc. t  . zs  .

IIpoBepKa BElrloJrrrlrMocrl,r ypaBHeHlIE
(3.29) am rrJreERr4 zno B pasJrr{rtrrblx
pacrBopr4TeJrsx B arMoc@pe Bo,qopo.qa
[IIpu Kor\firarEofi TeMleparype (I-4)
lr B BaKyyMe upllr 25ooc (5)
I - Bo.ua (&I,u{ocrb (c = ?B) lI

Lg B'/02

Hacbuerfiftil fiap)i 2 - Merr4roBbM crtrrpr
(e = 36); 3 - orllJoBbrfi crerpr (rolsrocrr
(e - 26) II Eacbuemftd nap); 0
4 - oyruroBbffi clu{pr (€ = 17 )

IIplaBe.Uercffe .UaHHbIe leMoHcTplrpypT yIoBJreTBoprreJIbHyIo uo"opora"or^roaru
CI,IIH8JIOB }I3MEHEHI4ff SJIEICTPOIIPOBO.UIOCTI{ ZNO_CEHCOPA OT OTbITA K OIINTY .UJIS
PASTI,FIItr{X KOEIICHTPAU,Ift PACTBOPCHIIOIO B XI4'E{OCTI{ KI,ICJIOPO,4A I,I, KPOMC TOTO,
.4JIg OrrriroB' rrpoBe.qeHHbrx B pa3JMqmne EI}I I4 MeCfiUX 6e3 pereEepaun4 rrJrer{Kr4
14 SAMEHH XI,IJU{OCTII. CKA3AIfiOE OTIIOCIITCa IC .4AHIIrIM, IIOKAsAHHI,IM RAK HA PI4_
cyHI(e,  TaIC 14 B TaoJMUe 4.3.

SaMerr4t4, oEiaKo, q?o B ylca3amroM cJlyqae arIaJMg Kr4cJlopo.Ua B Bo.Uopo,qe
rrpoBo&rJrcfl B )I[I,IE{OCTr4 fipil HaJMqI,III na.q irefi paBHoBecEoff flapoBoft ',Ilo.uyrxKr4",

B KOTOpOft paBHOBeCI{ag o6%ewlag ftoEqeHTpa4uq KilCJIOpO.Ua fipeBocxo]trrJra KoH-
ueHTpalll4ro B ffi.U{Oft saee r coorBercrBr4l4 C rOo@rqr.renrou Eyneera, qro .[e_
Jlaer B 3TI'IX yCJIOBT4fiX aHAJM3 B tC{,UKOft OaSe Ea co.4epxaE}re RI4CJrOpo.4a B ra_
3e-HocI4TeJIe MeEee roqlfilM no cpaBHeHtIIo c aHaJM3oM, IIIroBeAeHHbrM rrpl4 Tex r(e
YCJIOBJ,ISX B IA3OTIAPOBOft 6A3E, B CBff3I,I C STIIM SAMEqAHI{EM AHAJIITS HA KI,ICJIO_

? t



Tadf in la 4.3

AIETOHI4IPI4JI

n  .  t ^ 5- o ,  - - '

0 6 .  ?

aar,/n " , %

on .  N89 OII .  N9O on .  N9  I oI I .  N92 OI I .  N9 3 cpe.Eltrfi
BeJII/rlIlIHa

l tX ,%

7 , 3 5 , 8 6 , 6 6 , 4 r 1 . 0

r r  t 7 L 5  , 4 L 2  , 6 L 3  , 4 1 ?  q t - 3 , 6 1 0 ,  0

2 3  , 4 2 2  , 5 l - 8 , 6 l - 9 , 8 2 0 , 7 2 t  , 7 2 0  , 7 1 0 ,  o

4 6  , 4 3 2  t O 3 0 , 1 2 9  , 6 1 0 ,  0

9 3  , 6 4 2  , 1 , 3 6 t O 4 2 , o 4 0  , 4 4 , 7

L A 7  t 2 4 A , O 5 6  , 7 5 4 , 9 L 4 , O

3 7 4 , O a 3  , 4 7 7 , O 1 6 , 2 7 4 , 7

po.ue B Bo.Uopo.qet a3oTe r{ A). UeJrecooopa3Ho (B ocooelltrocru rpII ucrroJlb3o_
BaHI4II ar{erolll4TptrJra, a Bo3MolKt{o, u .Epyroft llo,406Hofi xa,uFocru) ]IeJrarb B
HACbIIqEIIHI'IX NAPAX AIIETOIII{TPIIJIA (CM. rT. 3 ). HE.UOCTATKfi BTOIO METO.IA. OT-
MeqeHHI'Ie B pa6oTe t53l' B cryqae lIcnoJIbBoBaIMg aUeToItrITpI{JIa crJlaxlltsat0Tcg
B CB'Is}I C MATOff 3AB}ICIIMOCTbN B STID( YCJIOBIIfiX BOCIIPOII3BO.UTI\'OCTII PCSYJIbTA-
TOB OT BOSMOTIbIX KOJIEOAHId TOJIIqI{H}I IIJIEIIKI4 IIC,I.u(OCT}I HA IIOBEPXEOCTI,I qYBCT-

BureJlbHoro sJreMeI{Ta (orculs qrffilca) Bo BpeMfi r43MepeEd.
IIpI4 l,IcnoIb3oBaliltrl III]C .qJIg IIsMepeHlIg KoIIIIeETpauDI KI{cJIopoIa B lasax-

HOCr4TeJISX, a TaKJKe B I{I,I,4rtD( Cpe.uax Mox(eT 6brTb pemeHa }I .q)ylag 3a.uaqa, a
uMeI{Ho offpe.{ereHr4e Kog(plprlfreHTa pacfipe.tlereE]4E ictlcJiopo.qa B [&r.u{ocrll fi
paBEoBecEoft c Heft napoBoft 6ase (Ko3fifidl}reHTa EyHBeHa).

.4rg gToft UeJM Heo6xo.Unro l{gMeplrrb r,r3MeHer{I4e gJreKTporrpoBo.Urocrlr o.U{oro
14 Tofo fie llolF&Iltfioro ceHcopa B ireHacblueHrloft ra3o[apoBofi (pa3e ]d B Is,r.u4o-
cru, odycroBflerrnoe HaJMq[eM sa,UaruIoft (Jtr06oft) Marofi KoHueHTpaIIrrr KtrcJropo-

.qa B ra3e-HocllTeJe (Bo,uopo.ue, a3ore, tHeprHoM raBe 14 lp. ). Ha ocHoBaHI4lI

BTID( I,IsMepelflfr Kog{@fl]ileHT EyH3eHa B Moxfio pacclMTarb no cre,qyrueft (Dp-

My re  ( cM .  r f l .  3 ,  pas .ueJ  4 ) :

^  f r o " z e l j - r ' 1
F = 1 , . . 2  - l '

t t o  / o t  -  r l' r

( 4 . 2 0 )

rAe o" r,r o - BHaqeHI,Irr paBHoBecHoft oJlelcTpo[poBo.urocrtrBorcyrcrB[eI,I Bupl4-

cyrcrBrrrr KI,IcJIopo,Ua B cooTBeTcTByf,il[,u @a3ax. ,[rg cryqag, Kor,Ua (oo)p -

= (oo)", a TaKxe oo> o (qTo qar[e Bcelo ld\,teeT MecTo), noJIyqI4M ylTpoqeHlroe

BbrpaxeEr4e (4.20)

B  :  l + l  ( 4 . 2 1 1'  t o  I. D ,

,{Jrff fpiloJx3nreJrbHoro ofipe.ueJreE[s KoefrFuneHra EyESena c r]oMoqbr0 II[C.

2.12

Cre,ryer, o.EaKo, BaMertrTb, rrro B napo@gEoft cpe.Ue fru.ryocrrras rureErca Ea
rroBepxEocrtr qyBcrBtrTeJrbEofo sJreMeHTa ceEcopa (oRcr4la uffica ) IoJma 6HTb
AocraroqEo roEKofi, ,rro6E Ee roptuogrrrb .u(!{UBtrortrtfr rroroK KtrcJropola qepe3
gly rurcElcy. BoBMotEIoe oTcyTcTBse 3 r44rtocrrofi IIJrerrKe crurorrrEocTr{ (EAJIrqe
"nop") se Me[aer, KaK rroKa3aJr ortr{T, olDelerem llapooaslfto,t Mero,uoM rcoE-
qeBrpaUE{ Iucnopo,ua B o6reMe^cocy/la. B oroM cJryrrae Mbr r,rMeeM .uero c "uo-

Jlycyxlor" Mero,uoM. HaJtr[,rue TorcTo[ M.utoculofi IUIeHKtr, IraqporuB, oEaiM-
TeJbEo trcKaaaer usMepeEus o I cBsolr c trHtrM pacqpeleJreErreM KorflIeHTpaWfr
rorcJlopo.qa B cEcreMe ra3-xol.qKocrIfifr crofi-trJeEca rloJrytrpoBo.ErrEca (oJMBreD/r rc
cr{cTeMe troJrytrpoBo.uruKoBaf uJreErca - llc.r.Bocfb), Ee roBopa yxe o HaJrrlrrrr4tr
ooJrbmE ,Uowollomfix saTpy$reEd .UJrrr &trcJropo.Ua B TaKrDr crrcreMax.

B gaKJuoqelue BaMeruM, qro aEarorltlErafi 3a.uaqa Moxer 6HTb pelleHa u .qJlfl
ooree E4BrgD( TeM[eparyp fir4.Urocrr4, qeM KoMrra$ras, Up]r Koropbtx cJreAyer
ofrl4.uaTb Jrrrrrrb yBeJrr4rerils BpeMelru ycTaHoBJreEtrs cTats{onapEoro sHaqeE}Ifl IIo-
KagaIII{g ceEcopa, cBrIBaEIIoro TJIaBHilM oOpaBoM c yMeHbmeIMeM icoIIcraETbI
cKopocTr4 peaKr.uM B3ar4Mo.[e[cTB[s alcoporpoBarrHoro Kr{cJropo.4a c pacTBopr4Te-
reM. B cBffBtI c aril\t oocrogreJlbcrBoM mu rIoEIISeIIHbIx reM[eparypax Eeodxo-
.uoro BEoK)arb mr.U{yD cpe.uy c dorb[trn BEaqeEreM c (cu. pas,4eJr 3.4). SaMe-
TUM TaK&e, qTO qeM ooJb[e arraJMsrfpyeMas RoHrlerrTpar[rs Kr4cJropo.ua B rase-
HOCIITTeJIe, TeM MeIIbt[Afl EeOoXO.UOTOCTb BOSII]IKaeT Iq)I{ aIIafiISe B toI.UCOft CpeAe
I{crloJlb3oBarb ItETeHcIIBIIoe [epeMe[II[BaIMe xa,r,Urocrl{. C.(eJamloe BaMeqaHI4e He
B MeHbne[ cTetreElt orEocrrrrcs tr K Bbloopy .U{areKrpuqeclcofi rq)oHr.rUaeMocrr4
xrltJurocfl{, r{eM MeEb[e ee BeJII{!IIIEa, TeM B Mellbtuefi creuerur TpedyeTcfl llepe-
MerII[BaH]4e (HaIIpI6rep, aqerorurplen); T.e. B sT!D( cryrrafix o@KT MerrraJrK[
(ao: oo - or, r,Ue I/IIIIeRcE o r.r u o6o3rraqanT oIcyTcTBI4e I{ IIaJII,T!Me IIepeMe-
IIIltBaHna) c yMeIIblIeEIIeM BeJrI{lrIHH c clcaoblBaerca [pr4 Meirbullot KoIIqeE.rpaI[4tD(
KlIcJIopoIa. SaMermr,t TaK[e, qro,IJrg Jtrodoft xtr.&'ocrl4 rrprl IIoJIItoM orcyrcrBltrI B
Heft pacrBopeffioro KtrcJropoAa, TaK xe rcaK trpr{ 6orbED( ero KoHrleHTpatIrax,
g(EFKT MerrraJrKtr paBerr EyJIn, T.e. cralu{oHapEoe BHaqerilIe rrBMeIIeElIfl gJreKrpo-

fipoBo,[Eocrtr IIIC, odycroBJreHHoe RaJrLrrMeM KtrcJropo.qa, B grrD( cryiraflx IIe Ba-
BtrCI{T OT IIepeMe[II{BaIMg.

MaKcIn arbrtrfr 3([&eKT trepeMerrrr4BaHr.rs Ea6m,4aeTcfl rrpr{ paSJrr{llrrbrx KoHTIeHT-
paryrfix pacTBoperrHoro KficJlopo.ua B pasr$D( frr{srocTtD(, HarrpnMep B MeTr4JroBoM
cllnpre paBEo[ z.ro-2 od. ,6 (Wn rpyrrD( pacrBoprrreJrro( - Ilprr IIIrbrx BHage-
IItrSX). gTIt SEAqeEtrg ICOHIIeIITpaI_ptr{ IIaSBaIIH KpI{TIlrqeCRrn\iM KOIqeIITpaI$flMtr
Nf;p , srue Koroplrx nMeer Mecro crra.[ 3aB]rcuMocr[ B@KTa MemaJrKI{ or Korr-- z

uellTpauru{ KI{cJIOpO.Ua B fiU.BOCTrr.
Ha pllc.4.26 rroKasarl o06elcr MerrraJrKr4 Ao I^IIS pasJrrlrqrrbtx fs{.nlcocrefi c pa3-

JITEILIMtr BIIaqeIMgMLI c. Bururo, qro IIo Mepe yMeIibtleIII4.E e pacrBopl{TeJlfi BIIa-
tlelilg N:p yMeEbEanrcs, a,uJlfl BecbMa MaJIErx BeJII{IIIIH e BMecre c yMeHblIeHIIeM

u -  -

llfip eauerro traAaer rr BeJuqutla caMoro o(ruenTa MerrraJrrl/t, u, rrarorle{, ,uJra

EeKoropbrx EetroJlfrpHbtf, xu.Erocrefi (6eEBoJt, reKcarr tr ,E). ) ona cranonurcs
paBEoft IIyJm llrrfi fiodbrx RoEleErpar@ pacrBopeflIloro B rirlDr KtrcJropo,qa,

SaMernr, qTo B craobrx troJrfrpHrlx (c < s) u HenorffpHrrx pacfBop[TerrD(
y.uafirrB ("BEArTb") IErepTIow rasoM (Bo.uopo.uoM, a3oroM !r rc.) upe.@apu-
TeJrbrro alcoporpoBaH8rff Ha [JrerrKe zno Kllcropo,u Ee y,qaercs, TaR ]re KaK u B
ra3oBoil IIJEI fieEacbueltrrofi [apoBofi 6age (uolrpnoft rol[rocrll IIpu fiodoM c)

:1 i,.i
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P u c . + . 2 a . 3@Kr MerrraJrKr4 llJrs Bo.&r I{ opraHr{qecRr.D( pacTBoprrre_
JIeft [pI{ pasJII{TIIrlx KoHIIeHTpau}Iflx RI{cJIopoAa
I  -  u r o  ( e  =  7 8 ) ;  2  -  c H r o H  ( c : 3 6 ) i  3  -  c o x r o t t  1 c :

I  
1 z ) ;  4  -  c 6 H 5 c l  ( c  =  7 ) ;  5  -  c 2 H s o o c z H 5  ( e  =  4 ) ;

6 - c.H,, (e = 1,9); Rpr.rBaa 6 cJtrrBaeTcfl t-ocrp aoc_
ul{cc

IIPII KOMEATHOI TEMNEPATYPE, T.C. B YCJIOB}IflX, KOrAA C = 1 II EO NJIEHKE HE
oopa gye rc.s KoHAeHcrpoBalrHoro c Jros :[r4JIKoc rr{.

IIptr Kor,rEarHofi Tel&eparype lreHacHrqeHHr{e [apbr yKa3arrHEx rloJrfipHEx r{ Ee-
rloJlfiplrblx ,pl[{ocreft SaMerIIo He BJMSDT Ha CICOpOCTb aAcopdutr{ I4 X}rMr.rlrecKyn
alcrlrBEocrb tse ToJIbICO a,qcopo4poBaHHbrx cJIoeB KI{CJIOpO,4a, HO I{ COBCeM royro-
ro rItrIa a&qerlTopoB gJIeKTpoIIoB troJlyrrpoBo.Eflma, a I4MerrHo aJrKr4Jrbribrx pa,u{Ka-
JIOB [54]. 06 9TOM MH CY.4{JII{ IIO EEIsMEIfiOCTII BHAqEIMfi 9JIEK?POIIPOBOruIOCTIT
trreHol{ zno c aAcopdfipoBatsHblMtl Ea H]D( aJIKIIJIbIIHMI,I pa,u[RaJlaMr4 I{JM Kr.IcJIopo-
roM B arMoc(Fpe HerlacHqerrHtrx rrapoB yKasaHHbrx pacrBoplrreJrefi, a s cnyqae
KIICJIOPO.UA }I trO OTCYTCTBIm YoHJDI ETO KOEIIEETPAUI}I IIPI4 ?AKIIX YCJIOBI{fiX.

Iloroxerue, o.Eia*o' B Kop'e rr.Me'r4Tcs, ecJrl' B arMoc(Fpe Eacbrrqelr'brx tra-
poB rloJrnpHrrx rc.r.uKocTef Ea rroBepxgocTrr rloJryfipoBo,UiltrcoBofi rrJreIIKr{ odpaeynr_
cg ID( ICOiI.UeHClfpoBaHHbIe clou. omaea,nocb, qro B TaKnl ycJloBr{flx rlBMeHerr[e
9JIeKTporrpoBorIIocrI?I ruIeIIoK zno rI MeIIee EpKo BIlpa&eHIIoe rio2, BTIBBaIIEOe
a.ucopdr&eil Ha Hr.E KrrcJropora llJru &e cBooo.ufiD( aJlrg,urbH[x pa,4maJroB iHr,

(c.ttr)', {crHr)' Eocr{T BtroJrHe odpafl,nsffi xapaKTep .ualre IIp}I KoMHarlroft ]r 60_
Jree rl?IsK!f,r reMrrepa?ypax, o qeM Moxclo 6buro ra$r(e cy.u{Tb no cr{rlra.nal,| nfic
[ 5 4 ] .

ooEapy8e*roe B oru paoorax rroBoe SBJreHl'e sarqnpqaercff, tro cyrr4 ,4eJra,
B pasJrrFll4u XnfifliecKofi aRTr4Brrocrr4 o.4rlrx Il Tex se a.ucoporpoBaHfirx gacruu B
KOETaKTe C OIIEr{Mrr r4 TeMr{ tre MoJreKyJraMtr cpetr Ba rpaHruIe pas.qeJra TBep.4oro
TeJIa (UIeIIKa ZnO) c rloJrrpEofi lomcocrbn ]IJM ee [apoM. yKaSaIfiIOe paSJII{iMe
BH3BAEO TEM' qTO B CIYqAE KOETAKTA IIJIEHKI{ C A.UCOP6IfPOBAHHIIM ItrA HEft CJOEM
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Pua .4  . 27  .
I{BMeHeril4e sJleKTporrpoBoElocrll

IUIeIIKI4 ZnO IIO,U BJMTIHII1eM a,4COp6Uru[

cH3-pa,4[KaJIOB IIplI ftOrrnarHofi

refoieparype AJIS paBJIlrtIHIIx .uaBrelfld

[apa aIIeTOEa

L, 2 -  2oo ToP ;  3- I  ToP ;

LZ - Io 14 IIocJIe oopaooTlcll nJIeHoR

zno lllUIRI4M aUeTOHOM; 4 - [JIeHfta
B CJIOC ]ru{III{OCTI,I

l a ' / 0 ,  x0n - l

0 5 /5 2, 3f, t,nun

(KucJopol� aJrKr.rJrbnbre papnca;u,r) c fior.EpHoft ,lor.U{oft cpe.Uoft rrrvreJro Mecro B
cJryqae Kr{cJropola xr,tMrrrtecKoe BsamroleficrBile o6pa3ypu}D(cs Ea noBepxHocrr4
[JreHrcr,I coJrbBarr{poBaHHbrx r.roHo-pa.u{KaroB o; c MoreKyJaMr4 pacrBop]4Terff (cM.
rJr. 3, pa3.[eJr 3.4). B c.nyuae rrc a.4copoffpoBaHHbrx Ea zno aJrRr4JrbHbtx pa,Ecca-
JIOB MOATIO, OqeBI4.EiO, TOJIbKO TTpe,UIOJIOXC{Tb nO aHaJrOrUI{ C alCOpdttpoaartn,Ila
IcrrcJropo,qoM, rrro rll)ocTetm4e aJrRr,rJrbHrre pa.umaJrE B qpoqecce a,qcoporytrr Ba
zno oopa3ynT co cBepxcTexlloMeTpl/rrlecRlrMr/t (.Ue(FKTItrs,trI) aToMaMI4 Ulenca (zn'-

IIpIIMeCHIJe UeHTpbI qpoBoruI\rocTlt ) MeTaflIoopraHllllecKr,re KoMnJreKcE TlrIIa
cn;6 - 2n".6 geu Oolrne sJre&gporloJloxureJlbnocrb MeraJIJIa B grI/D( KowJIe-

Kcax, TeM oorbEe lIoIIHocTb cBg3LI yrJIepo.U-MeraJrJI, IIpI{ sroM yrJlepo,U EBJIffer-
cfl orplIIIareJIbIIbIM KoIIIIoM l$trlorfi. TaR, B cryqae cBflBI4 c-K llollHocrb
cocTaBJIffeT 51t, a IJIS CBff3lI C-Mg I{ C-Zn COOTBeTCTBeIIITO 35 tI ].8t t551.
TaKIo,| oopasoM, MeraJIJIoopraHI.rqecKI4e coe.u{HeHl,Ifi co,uepx(ar JrrIIub qacrlrFl-

Ho KoBaJrerrrHue cBs3r{ MeraJrJr-yrJrepol (KpoMe coe,Ufierfld pryrr.t).

MerarJoopralflrqecxl,re coe,ulrlenlta aBJlrlnrcff l4crcmoql,rreJlbllo peaKIIr4oHHocrIo-

codH[o,It K Bo.[e, Kl{cJlopo.qy I.I noqTl4 Ico BceM opraHllrtlecRllM pacTBop]ITeJlfflvt,

KpoMe yrJreBo.qopo.uoB r{ [pocrbrx s(FrpoB. Xm,s4qecKr,re cBoficrBa qpe.uJro]r(eHrnnx

IIOBepXIIOCTHbIX KOMIIJIeKCOB TlIrIS (Zn'*6- 'n-t)" " IpICyTCTBI{I,I pasJI],FIHbtX Op-

|aHIIFIeCKIIIX paCTBOpI4TeJIeft HeIISBeCTISI, O,EIaKO IIO aEaJrOrr4I4 C KI4CJIOpOITI]IMI4

KOMIJIeI{CaMI{ rUna 12n"6 - O.tl" B paCTBOpI{TerrIX C pasrl,IqHofi norgpHocTbn

Moxfio oarllarb oraro,qapff coJlbBarat-Utr4 KoMnoIIeHToB B KoMrIJIeKce I{x gHaql4-

TeJrbHyD peaRq{oHr{yD cuocooEocrb. B oroM cJryqae BoBMorfiHo oopasoBarfl,Ie Maro
t(lIBywD( coJIbBaTI/tpoBaIIHbrx noBepxEocTrsrx Kapoalfl[oEoB.

JIrfi fio,urBepff,uelilfi cRagarrHoro B orHoEeE]ILI cBoftcrB aAcopol,IpoBaltrnlx ar-

KI4JIbHbIX pa.UIKaJIoB IIa noJlynpoBo.UtrtrcoBofi TIJIeHKe zno BHalIaJIe 6IIJM IIpoBe,Ue-

HbI sKc[epI,rMeHTbI, B Kotopblx MeT]IJIbHbIe pa.U{IcaJIbI aAcop6i{poBaJMcr rae naponofi

maBE aUetoHa rrprr KoMrrarrrof Ter\,fieparype. Oopa3oBarilre pa.umaroB B srtrx yc-

JIoBI4m( ocyqecTBJrsJrocb rIyTeM @ToJMsa [apoB aUeroHa ([o.q)eoHee 06 BToM

cM. tJL 3)  npI I  MaJroM IaBreEr,M aUeroHa (-  0,5 Top ) .
SrerTponpoBo.ur6cm rrJrenKfi zno B qpoqe,cce a.qcopdluer cBodo.Enrx pa.uma-

JIOB, KaK I4SBeCTIIO, SEaqUTeJIbHO yMeHblllaeTcff AO HeKOTOpOIO CTaII,IOHapHO|O

sEaqeH}Ifl, ooycJoBJeEroro, c o.uoft cropoHE, a,Ucop6qlleft, c .K)yroft - peKoM-

6rffIau4eft a.ucopolrpoBanHbrx aKTr4BHbrx qacrrtr{ rcyr c .K)yroM r,r co cBo6o,Eft[\,Tr4
pa.UmaJraMr{, aTaKyFrnfl/fl{ noBepxHocrb (cM, p],Ic. 4.27, npuBafl 3).

BaTeM B gToM rG cocy,qe rro,@r4rrclafl TIJIeHI(a zno (in situ) norpyxaJlacb Ha

Ilel(orope BpeMg B xel,Uc.il aUerog. Ilocre u3Breqelil{q rIJreHKr,I rr3 rKI4$ocrI{ I,r

[o,UcyrrrKr{ a.Ucopougs pa,UrKaJroB rrprlr rrpoqi.Dt paBHNx ycJroBr4ffx rrpoBo,U4Jracb

BHoBb B ra3oBofi oa3e. Bo BTopoM om,ITe 6HJM IIoJIyqeIrbr r43MeHerri4fi orelcTpo-
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IIpOBOIIEOCTtr IUeIrKr,r zno IIo,q BJIrIgrII4eM a.qcop6r_uEr aJIKI4JIbHNX paFuca.roa, o.lM3_
RUe K noryqeErrblM B trepBoM orErTe.

Ynagarunnl clloco6oM MotrIto [oBToprITb orlr BKcrrepI{MeIITbI IIeorpaHIrrrIeIIHoe
ROJII4TI.CTBO pa3' B TO BpeMa rar n arlaoc@pe arlerolla ''pu MaJIOM .{aBJI.H}M(-o,1 - 0,5 Top ) [oBTOperMe oErra (oe3 rrpeEapllTeJrbHoro,,KynaHrlrrr" rrJreE-
RrI Zno c a.qcop6[poBaHHNMr{ ria aeft pa.umaraN&r) r4cRJrcrreHo, TaK rcaK aAcop6[_
poBaltrE[ft croft fiocJre trepBoro orrNTa B BToM cryrrae Ee yIaJrerr. Ilocre.UMft
o*cneplluellT C "KyUaHtreM" TIJI.ERI ZnO MOTruIO ''poBecrl4 uliaqe. .Urg oroft uefiI
rocraroq*o rlocre''ell'O yBeJI]rrMTb ''ocre "uoca,util" pa.u*.aroB Ha o*crwlyn
rrJlerrRy.qaBJreHrlre trapoB arleroHa c o,5 - r, Top ro 2oo Top (.uaBreril.re Hacbr_
qerrHrrx [apoB auerorra IIpII l(oMHarHofi Tel,rneparype)r]r rorgac IIocJe oopaSoBa-
Ifllg Toltrcoft m,IETo[ IIJIeaKE aueToHa Ha IIoBepxEocTI{ oKcl,urloro IIoJIyIIpoBo.EII4Ka
9Jrer(TporlpoBo,Erocrb ero .uocraroqHo 6HCTpO "BosBpAqaercfi" K ee 3EaqeHno ,qo
a'ucopou'ru Ea Heft pa.4rr{aJroB (cM. puc. 4.27, Kp''afl f [paBee fiyrtrcrrpa).
Ilocre ororo Mol[Io rroBToprrrb gKCUepr.rMeHT, B pesyJrbrare Koroporo rloryqaDT-
cs peSyJrbrarbr' oJMsRUe R pesyJrbraraM nepBoro sKClepr4MeHTa (cu. xpunym
2). SaMerm\t, rITo rrplt MaJIHx ,{aBJIeH[rIX aueroila ttocre BbIKmorIeIMg re'epalu{rl
cBooo.trslx paElKaJroB cBeroM ([paBee uyrucrrpa) flriftaRr{x fiBMeEeifitft gJreKTpo_
qpoBom{ocrtr Ee Eadmlaercs B Terlentre IJrtrTeJibuoro BpeMerM ( xpmag g).

IIOJIyTIEIfftr{E B OItrTCABHIIX 'KCIIEPI{MEIITAX PEsYJIbTATH IIO.qTBEPXIANT '@EKT"c'flTug" xeMocoporpoBal*fix qacrulr B pe'yJlbrare "KyrIaIMfl,, IIJI.H.K c [per-
BAPIITEJIbHO XEMOCOPoI4POBAIIHNMI4 EA EEft PA.UNCAJIAMI{ B XIIETOM AIIETOIIE. SAME_
?InM' qro trpl4 MaJIbrx 'uaBJreH]Iflx aueroHa arcopolrpoBaffsle Ea zno cH3-pa'umaJru
MOTYT 6bITb YTAJIEIiI{ JII{IIIB IIPOTPEBOM IIJIEHKI4 B 3TID( YCJIOBUflX qPU TEMIIEPATYPE
cBbrrrre 2oo-25o'c. Heo6xo&o,to orMer[Tb ra*xe, qro ecJM rr.rre'Ky c a.{copoqpo_
BAEHhIMII PA.UIKAJIAMTI IIOTPY3IITTb B HEIIOJIfiPIIYD fiI4JUTOCTb (TEKCAH, 6ErrSOU, ,tr{-
OICCAH) ruM, CKOIIAEHC4POBATb EE IIAPE IIA IIOBEPXEOCTI,I gTOft NTEItrClI, TO B 9TOM
cryqae ErffcaKoro o@KTa "CEfiTlI8" XeMOCOpor4pOBarrHux pa.ulKaJroB c rro'epxEo_
crl{ IUI.HKII Ee HaOm'.uaercg' o qeM MorrcIo cy&rrb IIo orcyrcrBur0 l{gMe*etr,ng
gJIEKTPOIIPOBOIIIOCTII IIJIEHICI,I ZNO B PEsYJIbTATE IIOTPYX(EHU,I B I|(!4.UTOCTb II qPI4
BTOPI4EIOft AICOP6IItr4 HA IIEft METI4JIbHIIX PA.U{KAJIOB. OTCYTCTBUE O@KTA B
gToM cryqae Mo,ruto odBgcHI.ITb TeM, rITo Ha noBepxxocTll IIJIeHKI{ zno IIocJre rlo_
IpyxeH}I.E ee B HenoJlffpHyp truI.uKOCTb ocTaBaJII{Cb "Ee TpoEyTIuvoI" a,4cop6[poBaE_
Ifie Ea Hefi B nepBoM oIIuTe pa.UmaJtrr, KoTopbIMr.I 6tula OJoIc{poBaHa Bca aKTIIB_
Hafi rroBepxHocrb alcopoeETa (oxclua ucnca).

I,{o I'po'Be,uemilx peByJrbraroB Aere*Tr{poBa'r.rfi o*crr.utroM rrJrerr*aM' rutri*a (B
MEHbMEI tUTAgA ) CJIE,UOB KI{CJIOPOAA, A TAK]rE AJIKIIJIbHbIX PA,4MAJIOB - AKIICIITO-
poB 9JIeKTpOEOB rIOJiy[poBoEI]IICa B paSJlrrnnrx ycJIoBI4fiX B]IEIO, EACKOJIbKO rIO-
xoncr roBellerue II SrelcrpftqecKlle cBoftcrBa 9TLfi qacrfiu B pasJImIIrNX cpe.qax
(ra3, [apoBas ([asa I,r KoElerrcqpoBarrHarr cpela) B BaBr{c}rMocr}r or rrx Wr_
9JIEICTPIITqECKOI TOCTOEtrIOft }I B MEHbEEfi CTEIIEHI4 OT XI4METIECRIIX CBOtrCTB.

SaMertil't ralc:t€, gro I'I KoJMqecrBerIHbIe cBgorl crar-u/toHapullx KolflIettTpau{t
gTlIX qACTIdI C }I3MEEEHU.'IMI{ 9JIEKTPOIIPOBO.UIOCTI,I ItrIC (gA OCHOBE OKCI,![A Uffi-
Ka ), odycJoBJrerrHtrMrr rlD( a,4copdttrrefi , aHarorr.rEil,r reyf Apyry .

B cBggI'I c ''oryrle'Isn' pegyJlbraraM[ Bcraer ecrecrBelilnnfi Borrpoc o cBofi-
CTBAX A,4COP6}TPOBAHHbIX HA OKCI4.4INX IIOJIYqPOBOEIIMAX rcYrI4X AKIIEIITOPItr{X
qacTItrL HaIIpUMep aToMoB a3oTa, aMr.tr{opa,umaJloB, TI44IOKCI,IJIbHI{X pa,uEcafloB
II MHOTID( ltpyr}Ix. CBOfiCTBa ITaBBaHHIIX qacrlul He u3yqeHbr. r{To Kacaercfi ar_
copol{poBal{Islx .qoHopnbrx qacTuq, To cefiqac nBBecTHo r4B oRclepl,rMerrToB, [po_

2r6
2r7

BeIeHHbrx B grofi cepr,s4 pa6or, qro [@r$rtre cpe,u c paBJrr{ErLrMr4 sEaqeEI'IsM[I e
IIlIcKoJIbrco Ee BJMrrpr Ea cBoficrBa a,ucoporpoBarilrbrx aroMoB BoAopo,Ua.

a.r2. IIonylpoBo.uMRoBHe ceHcopH B r.tccJreAoBaHuflx pa:p!aq,roH{o-
r.r nJIaSMeHHO-XI{MI.IqeCKr.iX qpOqeCCOB

BSaLI\,tO,qeficTBI4g aKTtIBItbIX qaCTUU, CBO60,UfiX aTOMOB, pa.UffiaJIOB, IIOEOB, SIe-
KfporroB I{ Bo3oyxIerusu qacrnl odpa3yrotr(cs B rroJre pa.&rar_u4orfioro l{oryrre-
IIIIS BbICOKOft glleprllll I4JM B SJIeRTpI{tIeCKOM pa3pg,qe c paSJIIlrrIHI'IMI4 XI{MI/rueCKII-
Mr{ coeDrIIeHI{flMI4 coupoBoMaroTcrr MrlofiecrBoM roMoreHHbrx u rereporeEsrx (F4-
Br,rKo-xuMrqe cKr.D( rrpoue c coB,

0 MexarflIsMe yKa3aEHblx rpoqeccoB u o0 Im cneu4@trce cy.qffT iraqe Bcero ro
,uaHHHM aEaJrrrga oopa3ywD(cs KoHeqal[x qpo.trJKToB, B ocooelfftocrr{ ecJM peqb
lller o pa,UoJMse B KoIiIeEcrtpoBaEHEx cpe.Uax trpl[ oobrqrux reM[eparypax,
T.e. B ycJIoBI4ax, Kor.ua (F{sm,o-xro,fif,recKEe Mero]E, Epe.ErasEaqeBrilre ,UJrfi
ooEapyaelug qpoMeryTolmu qacrlul B TaK[x Epoqeccax, nenpnaemnru (uacc-
crreKTpoMeTpua, orrrr[qecKas cneKTpoMerpr{s }r r.rr. ) r4s-Ba rD( Maroft qyBcTBu-

TeJIbIIocTu. IlecoriErelmffi ullTepec B TaKoro poAa r4ccJre.uoBaHlrsx qpe,qcTaBJranr,
c Eaueft TorIKtr gpeHrds, KmrerurlecKfie .UaifirEe, orpasaw{e pagBlrrlle grnx [po-
UeccoB Bo BpeMeHI4, IIarpI{Mep oOpaBoBaIMe cBooolfsD( pa4{KaJIoB !I aroMoB B
HaqaJrblftffi u lrocJre.rrJwe MoMeHTbr ooryqelgls ra3oodpa3rftrx r{ rfitl.UsD( yrJreBo-

Iopo,UoB rI .qpyrrd coe.qurerud. 3aMerr.il TaKJne, qro B yKasaIIHbIx ycJroBtrfix Ko-
JrullecTBa odpaSywD(cs aKTlBHr,lx qacTrEI cToJrb MaJrrr, qTo Heooxo.m\ro qprne-
rrrrTb TaKlre MeTo.qFr ,qeTeKTr.rpoBarrlrrr u rr3Meperrrrff RorqeETparyrt gTr.D( qacTnl,

KoropHe cuocooHu 6eB KaKrD(-JM6o ,uo[oJtrilTeJbrtrrx rpeooBarfid (Eallprtr[ep, Ha-
KaIIJII4BaIIfiA pa,UlKaJIOB BbIMOpaXI4BaHIlreM) OTBer{aTb peEelflm UOCTaBJIeIIHLIX 3a-
,qaq. fraBftn,t uB HeoOxo,uofi,Ix rpedoBalfld ,tBJrgnrcg BEcoKag rIyBcrB[TeJbEocTb

Mero.[a (Ee 6onee qeu 1ot - toto qacrltrI/cla3), ua.nag Ereplpronllocrb, gpoc-
ToTa trpl4MelleHufi Ir BoBMo,KHocrb r{BMepeHr.rs B modofi ToqKe lrccreAyeMofi cpeE.
losaryfigTpy,Ero rra3Barb rE{ofi Mero,q, ooree oTBerraWM BceM srur\r rpeooBaEr-
flM, qeM Mero,{ IllC.

Ha fipr4uepe HeKoroprlx (Frgruco-xlBnrqecKr.D( pa6or B odcyMaeMoM rlafipaBJre-
III{I4 MII xoruM IIoKaBarb rrpuMeu]IMocrb cellcopoB B ragoBofi u KollleuclfpoBatulofi
cpelax. B cJyqae ra3oB!D( cpeA trpll MaJrbrx AaBJreEr.rfix ra3a B paoore ts6]
6buM ucuorb3oBar6r IIIIC Ars o6Eapy,reHr{s 14 r{sMepeEr,rfl Kolfllerrrpar.utrI N-aroMoB
B arcMBrroM a3ore, qpe.UcraBJrsrcqeM cooofi B odracT[ pa3pfi,Ua cMecb cBodo,Ufix
N-aroMoB, rrorroB, a raR$e Bo3oy]Meltrsrx aroMoB r4 MoreKyr. ,{ra ooHapyxeril{fi
u r.rccJle,qoBaHr4s Ka](Ioro BEIa gTrD( qacTrtrI [pr4MerrsnTcs pa3JnrlrrrNe (F,r3rtrco-xu-
Ml/tqecKue MeTo:r. Bo Bcex cJlyqagx, o.ulaRo, rIyBcTB[TeJrbHocTb ID( .4oJffiEa
6bITb Aocraroquo oorbuoft u cocraBJlarb loto - 1ot5 lI MeIIee aroMoB B lcyol4-
qecKoM carrruMerpe. Ilpra,rerilE\rocrb nnc }lB oKcrrla U{rrKa .uJrrr oqpeleJle$I,Ifi Ma-
;ru nomlenrparyfr aeora (ro8 - r-o10 at,zcf ), rroryqerusrx, Ea[pl,rMep, Iurpo-
JMBoM MoJreKyJrfrpHoro asora Ea pacKareltrroft BoJb(FpaMoBoft HlITr{, nona3aHa B
[57]. EorbEas qyBcrBr{TeJrbrrocTb IIIIC uoBBorfier rIpoBo,U4Tb r4ccJre.uoBaE}rrr oT-
Hro.4b He c lrrrreHcuBHHMrr (popMarw.r pa3ps,Ua (Treroqero, BbrcoKoqacrorHoro rr
rc. ), Koropble o06lqto [pLrMeIIrInTcfi .ura lloryrlelfl{a N-aroMoB, a c MeEee Moq-
HbIM IILIBI{oBoJIbTHbIM pa3pff.qoM c HaKaJIeHHHM Karo.UoM. Ilpeld,tyqecrBa ororo rItrIa
pa3prrla B ToM, qTo, Bapbrfpyfl HeKoTopHe [apaMeTpN pa3prr,4a, Mo,tcro rrJraBHo r4
B rrtr[poKoM lPlanasorre rlr3Merrs?b KoHrlerrTpar-uno oopa3yrouerocs B EeM aToMaprroro
a3oTa. CoorBercrBywre sKcneplrMelrTbl fpoBo.ryrJMcb B omrcaltrroft B t5s] peaK-
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Pnc.a.ze. BaBr,tcn4ocrb LIoHrIoro roKa ./ I{ KoIilIeETpaUr[ aroMoB
a3ora [N] or rlorerrll{aJla cerRl{ pa3pgJfroro ycrpoftcrBa
(I{croEilnca N_aroMoB)

Puc.t.zg. z-3([!ert B Oyrane fiptr KoMuarrrofi Ter\ifieparype 1zooc1
'I PASHbIX .UABJIEHI,IfiX

t - t o u ' = 5 7 2 T o p i  2 -  2 5 O t o p ;  J -  q p o B e p * a
ypaBHeHr4fi (4.26) LJtfr orrD( orrLrroB (cM. KplBbre I,Z)

Lu{oltrroft sqeftre, B rcoropofi B rMrarefi qacr[ cocy.ua 6HJo BorpoeEo pa3pfl.uroe
ycrpoftcrBo, cocrogqee r,r3 Karo,ua, cerltll !t KoJIJreKTopa uoHoB. .Urfl Toro
qroObl l[cKfloq'ITb llolla.uaHue BapflxeHHblx rlacrlq Ha ceHcop, Mer-.[y goHofi paB-
Pfi.qA U IIIIC 6bUM YCTAEOBJIEHII SJIEKTPTTIECK}IE I4 MATHI,ITIIbIE (F{JIbTPbI. BATftftW
pesyrbraroM gTOft pA60TH sBJrsercs ooHapynertrIe nprr 3ar{slFaHrrll pa3pfl.4a B
ASOTE IIP}I .qABJICH}II{ O,OI. - 0,5 TOP CI,IJIbIIOIO YMEEbIIIEHU'I 9JIERTPOITPOBO.UIOC-
TI{ o ceHcopa - nJIeHRIlr oRcIHa LtrrIIKa, gaBl{ctqero or I{IITeEcIrBHocrIr pa3pfi.ua
u oSHar{arqero' qro c rloMoqbn mlc B ylCaSamnJx ycJIoBUAX y.UaJIOCb 3aperl{cr-
P'TPOBATb IIOSBJIEEIIE N-ATOMOB I58]. .4ATbEEIfuIC 3ICCNEPI4MEET6I IIOKAsAJtrI, gTO
y.qaercff He roJIbKo Sapeflrtcrpl4poBarb rrosBJrelrr4e N-aroMoB B TrD(oM pa3pfiAe,
EO }I COIIOCTABUTb ID( ROIIIIEHTPAI-UDO C BEJM'fitrIOft I4OIIiIOTO TOICA lI O6HAPY}A,ITb
He oTMerlelfiyn paHee B JII{TepaType cn daTgocrb BaBffcnrccTeft oTID( BeJrrfrrrrll
or paSJlrrrlltbrx napaMerpoB paSprl.ua r ycroBrfr or6rra. TaK, rla pl4c. 4.28
IPE.UCTABJIEHU SABI,ICI,TMOCTI.I 9TID( BEJII,fTI}IH OT CETOItrIOTO IIOTEIil-PIATA. BlIn-
Eo' rITo crIJIbHoe Hapacralll4e KaK tloilHoto roKa, TaK LI fioIrIIeHTpaI-pIlI N-aro-
MOB Ea6JUO.4aerCs llpll o,u{oM !I TOM Xe [oporoBoM srIaqeIIIM Cerottrloto rroreH_
wIara. creAyer SaMerr{Tb, .{To s-o6pa3rsd xo.q Kpr.Boft fioltrftd TOIC - rloreHr-u{-
AJI XAPAKTEPEH ]IJI'I IMsI{OBOJIbTHOIO PAsP'!.4A C HARAJIEHHbIM KATO,{OM, IIPME.4EN-
IflE PESYJIbTATH NOKASbIBAIOT, qTO B MfPOKOM I,II{TEPBAJIE I{SMEHEEIIfi UIITEHCI{BHO-
cTr{ paspEIa CEpaBeIJrrrBo Bbrpa)fteHr4e

(  d * \" = 
[#Jr=o 

= KJ .

t ,Ue K-Kosftmnu,reHTlrpolopr_[4oHaJlbHocrr,r;  J_cr{Jla ToKa; v_ c&opocrb Ha_
2IB

2520/5/0

v, onn.e0.

qarbEoro tlSMerreHr{fi SJIeKTporrpoBo,uIocrlr nJIeHKI,I, Ilponopul4oHaJlblras cTaI-uIo-

HapEofi KorueIITparIM N-aroMoB [58], orKyAa creAyer, rrro B pa3pff.4e B a3ore

MerQly cTar-u{oHapHoft KoHIIeETpaU4efi aTOMOB a3oTa [N] I{ CI,IJIoft l4OIfiOrO ToKa

I4Meer Mecro Ju4refutafl cBs3b, T.e, BLInoJIIifiercfi SaBIrcI'IMocrb

[ N ]  '  c o n s t ' J  ' ( 4 . 2 3 ) -

r]le const - nOCTofiIIHarI qponopl-U4oHaJIEHocTII, He SaBI4CsI(aff oT XapaKTepllcTlll(

paspElla.

3aMerIa,r. r{To aHarofuwlas BaBI{cI'IMoctl nadnoAa.nacb B no.uoolillx paoorax u

B cryqae oopa3oBaifl.Is aloMoB Bo,uopo.ua t5el B pa3pfi.ue Bo.{opoAa. B yxaean-

uoft padore HaltueHHaff c rloMollblo IIC saBI,IcI4Mocrb conocraBJlella c ,4aHI{!IMI4

.ryr(Foy3uoffioto Mero.ua Bpe,4e fi3Mepelfl4s KoIn]eHTpalUII4 H-aroMoB, a raKxe c

AaHHNMTT MtIKpoKaJIoptIMerplrl[, T.e. RJIaccII.IeCKID( Mero,uoB (cM. puc' 4.2)'

KoropHe noJlHocrbro uo,urBep,4,IJM pegyrbrarbl, noryqeHrlble Mero.uoM IIIC. Ha

IrpLIMepe pa,ryIoJMSa optaHI{rIeCKI,D( Coe,Ufielflrft IrpeAeJIbIIOrO lI HeIIpe,UeJIbHOfO

Tr{rroB B paoore t 60 I noKa3aHa rll)}lMeill{Mocrb fAC r4)I{ pa.ulloJMse rla-

poB grID( coe.utrIelfd, a raKrce B KoH.[eEc]rpoBalfiofi Qa3e. B KaqectBe o6reK-

roB r{ccJre.{oBalMs 6NJM BbIopaHE 6yraH I,I lI3oOyr[JIeE B rasoBoft ma3e IfpI4 pa3-

HNX .UaBJIeHI{fiX 11 TaKi(e Cxru(eEHble yrJIeBo.uopoIFI. 3Kc[epId\,'leHTH [poBo.ryIJMCb B

sanaRHHbIX aMnyJIaX C BCTpOeHHbIMU Ty,4a CeHCOpaMI{ - nJIeIIKaMU ORCI'�Ua III&IKa.

B KaqecrBe I,rcrottEl&ca I43JIyrIeHug cJIytK{JI KooarbroBbfr ficrotrHrtrc z-n3ryqeEufl'

pagMeuemtrffi B cIIeUiIaJIbItoM IIoMeqeHlIn c aBToMarI{lIecKuM]4 ycrpoftcrBalM AJIfi

BBo.ua lI BHBo.qa aM[yJI ]43 "ropra" ]lcrorIEIIIca. MouFocrb ucroqHr&ca B STID( 9K-

c[ep],IMeHTax cocraBJIffJIa = ro-2 penrren,/q.

Ha pI,Ic 4.2e noKasallo yBeJIIrtlIeHlIe sJleKTpolrpoBo]EocrlI IIIIC (ilaxo.qqerocfi

BrryTpr,r arrmy;u) B llpoqecce o6Iyqelil4s oyTaEa, a TaKJI(e [poBepKa ypaBHeH[s,

OIMCbIBAIOqEIO KI{HCTI{ICY I{3MEHEHI,Tfi SJIEKTPOIIPOBOIIiOCT}I CCHCOPA B COOTBETCT_

B[r,r c fipelForaraeMofi cxelaoft gToro cJloxHoro rpoqecca. Ero ocHoBIIofi [po-

Mer$yTo.ffioft cTa,ureil ffBJIfleTcg o6pa3oBalMe H-aToMoB B pe3yJIbTaTe "OT-

pHBa" or MoJreKyJI yrJIeBoIopoAoB, rlporeKaWeft (IrFlI oory'lelflfiI yrJleBo.uopo.ua

B rrprrcyrcrBrtr[ a.ucopoeETa - nJIeE$I4 oKc]I.ua umca) B ocHoBHoM B a,4copolDo-

BarrHoM cJroe KaK 3a cqer BTopI/FIHoro (penrreEoBcKofo lI .4)' ) usryrrelolg,

TAK II BCTE.UCTBIIE TOTO, qTO NJIOTIIOCTb BEIIIECTBA B EEM BO MIiOTO PA3 TTPC_

BHrrraer nJlorHocrb B ra3oBofi 6age, T.e. peaKIIrM

M  + M  \ , , \ / + n  * f f  * R  * H * * "
v s l t s 9

r,ue Mv r,r Ms - MoJIeKyJIH yrreBo.uopo.ua B raSoBoft 0a3e I,I B a,ucJloe; i", tl" l't

n* - pa,unca;u, aroMu LI I{oIIbI Bo.uopo.qa B a,{cJloe Ea oRcLI,qe LUIIIKa coorBercr-

BeEro; es - sJeRTpOE IIpoBOIUOTOCTU B noJIy[pOBO.Uflme . 3$eprllll aKTIIBaLUtrI

xeMocopoud,I aroMoB Hs r.r pa.UD{aJIoB Rs Ira oKclIAe rIr4rIKa cocraBJlflnr coorBer-
crBeErro 2 ri 5oJree I KKar,/Morb, qro qpr,rBo,ryrr rrplr rreBbrcoKrD( TeM[eparypax &
qpeBaJMpyFqefi xeMocopoluer Ha oKcuAe H-aroMoB, ooycroBfi{Baroqefi yBe-

JII{rIeHIre gJleKTpolrpoBo.Urocrtl [mc-oKc[.qa rl4rirca, TaK RaK B gTt!( ycroBurlx aK-
uerrropEJe cBoftcrBa oopa3ywD(cfl KpyrrHrrx pa,umaJroB cJa6o trposBrsroTcfl. 0c-
HoBHbrMr,r KorrKypEpyE@{r\ifir c a.4cop6lu4efi H-aToMoB B a,qcJroe fipoqeccaMl,l, qplrBo-

.4tr[ffvffI IC yMeIIbueEIIlO KOIUeIITpaLUtr4 HS-aTOMOB, gBJIflDTCfl I.D( peKOMoI,ffiaL[Ifl U
BSAn\,tO,qeftcTBUe B a,4CJrOe C a.qCOp6[pOBAHHLTMII MOJTeKyJIaM]I yrJIeBO,qOpOAa, T.e.
peanlu[}I

H" * H" -r (Ha)" l l  H3 + U3 J R + HR ,

a raKae draro,uaps g(meKTy rorerKrr B a.ucJroe peaKq,rff

H " . * i " . ' i l " '
2I  C)



IIHTeHCIIBHOCT' KOTOpOft He BeJrrtr{a ,n3-3a ooqefi Oorb'oft ,'o cpaBHeH,nIO
c n tro.qBurrorocrbn qacrrilI Hs, B To BpeM.rr rcax o(UeKT KJrernrr .UJrfl Kpyrr_
Hbrx pa.&ffaJIOB BeJr[K ]13-3a l,rx Malofi ro.uSrorurocru. oopaBoBarue H _aroMoB Ba'4cJroe [o.u BJMfiHr,reM 7-O6ryr{eHr,rs, fiporeRaroqee IIpaKT].rqecKlI 6es sireprwr ax_rrtBar-Ir4r'' r{ pasBr.Tr're dbrcrpbrx rco'rcyprrpy'rrr,D( pea*qr,il B qpoqecce ooryrre'ufi
''P''BOI'T IC O'ICTPOMY YCTAHOBJIEHIIIO EA IIOBEPXHOCTI{ OKCI,I.qA CTAITIOHAPHOfi KOH-
UEHTPAryOI 'ACT'II HS I,I YCTAHOBJICHIiIIO B EA'ATE OdIYqCI'nfi IIOCTO.EHCTBA CKOPO-
cTtr tr3MeHeIItIff SJIeKTpo[poBo.E{OCTII

I a*\
" = t # J  = c [ H " J ( 1  - e ) ,  

( 4 . 2 4 )
odycroBreEloro peaKu}Iefi H" + H' + es , r,4e c! - ko3@0r4eHT rrpofioplu{o-
HaJrbnocrr4, e - crerrerrb BanoJrHeHr4rI noBepxtocrll H*_uonal,q, *oropou ^aa,
Mecro 'uo rex uop' rlo*a sarroJrrleHr{e noBepx'ocm a,4cop6e'Ta xeMocopofpoBa'_
HbrMI/r H-aroMaM[, T.e. BeJrrlrlrr''Ia tn]rrrraa;ro. rlp,n 60rb[trD( sarroJrHe'ftffx noBepx_
Eocru BeJII{tIrfia v .Hcrpo yMe'bnaercg nn fiprl.Jllo,raercff K IIyJn'. BaMerlo,r,qro s'aqel*e € B STID( rrpoqeccax BCe tre .qJIIrreJrbIIOe BpeMrI ocraercg
MaJITW' TaK KaK C pocToM XeMocoporytrI Hs_qacTr{q cKopocTb r,D( peKoMorrHarlrdr4
yBeJrl{rrrllBaercfi qpotropuro'alrno 1n'12 r,r u-epaofi crerre'fi Jn*1 n pearryna nsa_
mlo,qefictnug H'-uoEos c Hs_aToMaMIit I.I c a.u,/toJIeKyJIaMI{ ylJreBo.qopo.qa. SaMe_
TIIM' o.UIaKo' qTo c&opocTb qpoTelca'I{fi BTID( qpoqeccoB ,qocTaTori'o saMeTrra
Jrnrrb rrpli troBbrrrreHHbrx reMtrepaTypax pa.u{oJMsa.

Ha ocrroBaruor qpuBe.qensrx coodpa!fierild qpe,urroJrafaercfi, qro yBer[qenr,regJreKTporrpoBolIHOCTr.r o uJieflKI,I oKcr,IIa lumfta rr{Meer Mecro B cryqae .o.*.,*r-L ";;rT:::T:T:il.'ki;1'T,rill
H-aTOMOB, nO,'yt{eHHrD(, ilaqp'Mep, '"TPOJM.OM ,tJnrr pagpfi.qoM B BO,UopoIe, a
trPOTTTBOIIOJIOIIGITE EE I4sMEIIEHIIff (KOIilCYP}DY@,IC ) qPOIIOPI&IOEAJIbI$I O IIJIEIIKI4
noJlynpoBo,E{rrKa u tH]t. Itmerr4qec&oe ypaBHerrr4e, Koropoe oErcbrBaer ilror
rlpoqecc c yveroM KaK xeMocopottrr]r aroMoB Bo.4opoAa, TaK }I rI46eJM n,_qac_
TITU, UMEET B cooTBeTcTBI4I/T co cKaSaHHbIM BTmIe cJIeIJnruM BI,II:

# 
= *, |  [Hs] - K2 fHl: fe"t , ( 4 . 2 5 )

rlle Kr I{ K2 - ICI'IHerI4lIecK'Ie rlocroEHlrble' gaBrlcrore or reMleparypn; 1e"t- KolllleErpaqtrfi SJIeRrpoEOB qpOBO.UOiloCTrI, a BeJI[rIr4Ea [Hs] B rrpoqecce pam_
OJMSA IIOCTOfiHEA.

Ilpeoopa.oBarue lI r4rrrerplrpoBa'r{e ypaBrre'}rff (4.2s) fipr ycJroBrru [H"] =
= const A a = ooqpft t = O IpIIBO.trIT K BhrpAX(eHIIIO (,4.nA ClyUaA a < x)

,"[."''["aj - *'[*J] = K',t , ( 4  . 2 6 )

A =  ( 2 \ o / o o + L r ;  " = 6 G . ;  * = x i 7 r ,  ;  ^ o = 6  - r " ;  x i = K r l i e " l " ,

f1 _= 
*rr""t" i , o \ o(o = te;l .qs) - sreKTpoqpoBo,Erocrb rrJrer{Kr4 noJry[po-

BolEMKa ,Uo lr ttocJle o6ryqelufl, q r{ p _ Baps.{ lt fio.qBr4lctocrb Hocr,rreJrefi To_
Ra, t - BpeMfi.

beJII{lImIa Kl , XapalcTepr43y@afi cKOpOcTb qpsMoro Ilpoqecca H + H. + e
SaBrlcltr or aeJInrIlIIrbI a.qcopouM Hs-rIacrrIII lI rrlireHcftBHoar" "anina*""; Be"JM_r0rrra K2' xapalcrepr{3yqaa odparmM Ilpoqecc, saBrlc],rr roJrERo OT TeMnepary_
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pbl. JIrg [poBepRtI crlpaBeAJIIBocrI,I Bbrpaxett]Ifi (4.261 K BblrrylcrttJucb lr3

grcc[epflMerrraJlbHrnx .uaHHbIx, a sareM crpollJMcb rpa@trcl{. IIo, EarJtoHy [ory-

qeHHbrx lrpqElx oFpe,4eJIsJIIlcb sHaqeEufl K2. I{3 BeJII,TIIH K LI K2 Or4)e.UeJIgJIIlCb

SHAI{EHI{'I K. .

Ha pfic. 4.29 rIoKaBaHa BETIoJIIT]IMocrb qpe.4Jlox€Irllolo ypaBEellllg (4.26) B

cryrlae 6yraEa rrpfi pagHl{x IaBJreH}Igx. B}IEIo, qro SKcrIepI4MeHTaJIbIII'Ie TorI-

Krr ,UByx orrNToB Jro&arcg rra o,Ury llptr\ryn, qro o3Eaqaer (B coorBer-
crBwt c rpeooBarereM ypaBHerMs) paBeHcrBo BeJrr,It[rH xr, xoropue He Mo-
ryT SaBI4ceTb oT,4aBJIeHIrrfi. Bemrwtut rfie K, paBJII{rtrIbI I.I BaBr4cgT oT IaBJreHiIg
dyraEa. B crygae cxnreErroro oyraEa BeJrr{quEa K" sHaqr4TeJrbHo Bo3pacraer,
qTo oSIIaqaeT yrlacTue B a,4cop0u[4 H-aToMoB, o.dpa3ynryrxcfl IIe ToJrbKo B a,u-
cJroe, Eo tr B laJrbrrr4x qpr4Jrera@D( K rroBepxEoc"Tr4 cJrosx !r4u{ocTr{.

AEarorrq{afl BHTIoJIIITIMoCTb ypaBHeHLIfi (4 126) rioKa3aHa uI I'Jtfl r-06-
ryqeH}In l13o6yrureHa. O.ularo B gToM cryqae Berlrrq]IHa x, rt,Ialo gaBlIcI,IT or

,uaBJreHr4s r{ arperarHoro cocrosHr,rs. STor peoyJbrar, rro Bceft BepoflTrrocrr4,
cBgSaII C TeM, qTO BO BCeX 3TrlD{ OnNTaX C U3OoyTIIJIeEOM IIOBepXHOCTb a.qCop-
6eHTa 6Era rroKpHTa IIo Kpafureft Mepe MoEocroeM u3o6yrrrreEa, Koropbrfi, IIo-
BLI.EOTOMy, B gTOM CIytIae ilIpaeT fJIaBEyIo pOJr6 B,UOCTaBKe aKTT4BHLIX gaCT?It-l K
rloBepxHocTr4, B ocooeltriocrll 0To Kacaercrl H-aroMoB, IJI,I Koropbrx Eerrpe.[eJrb-
HbIe yIJIeBO,UOpO,U gBJIgnTCs aKTIIBHbIMII aKqerrTOpaMI4.

B pa,uraryromfix r{ rrJra3Merrrrbrx xr4Mr,rqecKrD( qpoqeccax, KpoMe aroMaprfix
qacTr.ill 1r pa.uEcaJroB, BaxHyD poJrb lrrpaFT TaKJKe [oHbr E gJreKTporlbr, o6pa3y-
FIISlreCfl U aKTIIIBI{O BBaI,$lOAeftCTBymq}Ie c ooryqerusll\4 BeqecTBoM, KaK B IaSOBOM
o6beMe, TaIc u. B oco6eruIocru Ea floBepxrrocr]r rBep,uJx rer (crelioK cocy-

. {oB, aAcopOeEToB l I  T.n.  ) .

llrs ficcre,{oBaiela B3ar.il,rcIeftcrB]{fl Bapsx(errHNx qacr!trI c alcop6l,IpoBariltrff\,r
croeM Eeooxo,Uoro IIper(Ie Bcero pacrroJrararb rtrrQopMaruefi oO areMeETapH{x
aKTax BBaLIMo,UeficrBus r4oHoB c rroBepxEocrbn rBep.Uoro rera, B paoore i61l
n3yqeHo BBaI.nto.qefiCTBI.Ie [yqKa nOroa u, c aBepll4eft 10 - 50 oB C Tortrsdvfi,r
CIIeqeHHblMI4 IIOJiyKpI4CTaJUIII[TIeCKI,IM[ IIJIeIIKaMI,I OKCtI.4a LUtrfia, KOTOpbIe OEIOBpe-
MeHIIO CJIyI@IJM ,l CeHCOpal\,[I aKTIIBHbIX TIaCTIdI (Ea[pnep, H-aTOMOB), MOryqID(
rrpogBl{Tbcrl Ea IIx floBepxnocrtl B grl4x qpoueccax. Itoucrpyrlprfi I4oIIHoro ]Icro-
qnruca rlogBoJrsJra [oryqarb nyqnlr rironoB n] nrtericmnocrbro g.rott uon/cl,tf.c
lI oEeprllefi or 10 .qo zoo eB. oHepr}Is sreKTporioB ycraHaBJrr4BaJracb paBnofi 20
3B, 'ITo odecrtewlBaro orcyrcrBlle B tryrrxe nocon H'. Ofibrtu [poBoIUirJMcb rlptr
TeM[eparype rlrerrntr pannoft rsooc tr ,uaBJren]rr{ Bo.Uopo,ua s gqefure 1.10-o

Top . IIpn BrrycKe Bo,Uopo,Ua B cocy,q c pasorperoft Hr,rrbp-rcaTo.uola na6;uolalocr

IleKoropoe yBeJrr{rreHrre 9JreKrpo[poBo4tocTll rrJrerrKrr zno BcrelcrBue aAcoporlr4r{
Ha IIJIeIIKe H-aTOMOB, KOTOpbIe OopasoBblBafi[Cb lrpr{ rurpoJll[3e H2 Ha pacKaJIeII-

BOfi Ifl{TI4. 0 KOJE[qeCTBe XeMOCOpor4pOBaEHbIX Ha IIJTeHKe ZnO H-aTOMOB CyII-{JM
no fipi{pocry gJleKTponpoBo.u-Iocrtl TIJIeHRI,I. OqeEca IIoKaBaJIa, qro B yKa3aHr$rx
ycJIoBIIax gra BeJlI,rwtrra cocraBJIaJIa 7.1ott cM-t, T.e. crenelrb BanoJrrreu[s
noBepxitocrtl H-aroMaMI{ He rrpeBNIIIaJIa rrecKoJIbKrD( IIpoqeEToB, Ilocre BToro
BIqMOgAICg IIOIlIffft I,ICTOTIHIO{. IIOA BJMtrI}IeM ooMOap.ryIpoBKI,I IIoBepxEocTI{ nJIeIIKI4

nyqKoM Hl-uouoe Haofio.Uarocb yBeJIIlrlIeHI{e gJlel{Tporq)oBo.Srocrr4 rIreHKr{ oKc}r,qa
I_U{HRa UpI,I BCeX srraqerMsx gHeprIM rryqKa r4orioB (roi 2oi 30r 40; so eB),
qpurleM ,IeM oorbne aHepil,Ia, TeM oorbEe LIBMeIIeIMS Bo BpeMeHI,I gJreKTpoqpo-

BOIETOCTII Ao. IiOCIe Bb[qmoqeHl{g [yilKa gJIeKTpOrq)oBo.uIocTb IIJIeHKT{ He BOSBpa-

rlaeTcs rroJrrrocTbro K HaqaJIbIioMy (,uo 6otrr6ap.urpoBK[) 3Ea'{eE4Io. Apyrl4tvtrI cJIo-
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Bat'trr'6oM6ap,ryDoBKa UOTIaMII n] u;rerucu zno c a.ucroeM H2 qpI{Bo.4I{T K rracrrrtHo
EEOoPATIO,IOMY YBCJII,fqEHIIIO 3JIEKTPOIIPOBO/TIOCTII, KOTOPOE NOCJIE IIPOTPCBAHII,I
IJIeHKI{ B BaKyyMe rpu :sooc noJurocrbD cEI,rMaJIaCb. 3aMerlo,r, qro c pocroM
TEMIIEPATYPH IITCHK],I 3ABICIIMOCTb BEJITII}IHI,I SGFKTA I,ISMEHCIil{g O, O6YCTOBTEE-
HOrO 60U6ap,ryrpoeroft ee rroBepxHocrlt, or sHeprtlr{ nyqRa I40IroB cra}roBr{Tca
cra60fi. Ilo.nyvernue pesyJrbrarbr rIo3BoJIaDT qpe,UIoJIOXC,rrb, qro fipllrfitrra g@Ic-
ra Jrexcrr JM6o B rOM, qro no,4 BJtr{fiHUeM 6oMoap.&rpoBKr,r r4oHaMr,r Hl aacoporpo-
BaHHOTO CJIOS H2 rlMeer Mecro qacrlltrlrlafi .&Iccou4aullq MoJIeKyJr c odpaSoBalfl{eM
aAcoporpoBalfirbrx H-aroMoB, xeMocopolurfl Koropblx tI Bbl3brBaer Eaofio.uaet\isdt 3o-
@KT' JE{6o noA BJMfiH}reM y,uapa H;-lroHoB o noBepxflocrb nJrenrrr orrlr caMr{
Elccoluolpypr c odpaBoBaIMeM B a.qcJloe rex xe H-aroMoB, a .uaJlee Bce rmo_
I{CXO.&IT TaIC, I{aK B IIepBOM CJIyqae.

He MeHee, a Mo)r(er 6ETb r,r 6oree I4HTepecHrrM r{ BarfibrM B rIJragMeHHIrx IIpo-
ueccax ffBJIflerCA BSal["|oreftcrBlle gJreKTpoHoB pasJMrIHOft SHeprI4I{ c rBep.&nr
TEJIOM I{ B OCOOEHIIOCTI4 C A.4COP6IPOBAHHbIM CJIOEM BEIqECTB, IIPI{CYTCTBYIqIIru( B
peaKr-u,roElloM cocy,4e. EoJM ile B KarrecrBe rBep.uoto rera (r,fi,rnerill) Ilpr4,uteHsrb
TOHKUE IIOJIYITPOBO.Uil{ICOBbIE IIJIEIIK'I, HAHECEHIIbIE HA CTEIIK]{ PEAKIIfiOIIHOIO
cocy.ua UJM rce Ha clleuuaJlbEo I,ISTOTOBJTeHIIbIe ICBapueBbIe TIJIaoTIII{KII C BhrBe.ueH-
IIbIMII 3A IIPE,4EJ6I COCY.UA 3JIEKTPOIAMI,I U PACIIOJIOT(CEII}IE B I4IITCPECYNUT,D( ]4CCJIE-
roBareJrg rowax cocyra, To raKr{e rrJreEKI,r Motyr 6brrb o4toBpeMeruro ucfloJlb-
BoBaHrr B RarrecrBe MI4IIIeHeft I/t qyBcrBureJblfirx IIIC.

opra ras I4I{TepecHHx Ba.uaq Moxer 6bITb peueHa rrpl{ r4cnoJrbBoBarflM Imc, Ha-
IIplMep rIJreHKlI oKClIra LutrilCa (a raKxe rioz, cdo ],I 4). ), HaHecemloft Ha KBap-
ueByn (cr4TarroByto) uoAJorary , u nyuna e.neicrpoHoB cBfisaHa c r4ccJreAoBaH[eM
MEXAIMSMA A.UCOP6LUtr4 TEX UJM I,IHbIX MOJIEKYJITPHbIX COE.UfiEIilM HA OKCI,I.4AX MC-
TAJIJIOB. Y$A3AIfiAg UH@OPMAII}Ifi IIEO6XO.UONIA IJIS NOHI4MAIIU'I, B qACTIIOCTI,I, MC-
xaHlIBMa MIIoIID( KaraJMTI,rqecKItti peaftl-pil, IIporeRarII[D( rlepeB xeMocopou,uo

IEAI'EHTOB, KOTOPAfi fiBJI'IETCE IIEPBbIM HEIIPCMEHHbIM A&TOM fiOoOrO fETCPOIEHHO-
ro qpouecca. B paoore [62] rroKa3aHo pet[eErre TaKoft 3aAaqu Ha rrpr4Mepe a.q_
copollpoBarnloro Ha rrJrernce oKcilra Lumrca MoJre$yJrfpHoro Bo.uopo.4a rrpr{ yMepeH-
Iil,IX U 60ree BbIcoKI{x reMneparypax. ,4rg srofi 4eJM aBTOpbI LrCIIOJIbsoBaJrlI cIIe-
IplaJrbHyn BaKyyrvlHyro sqerh{y c yqpaBJrseMbrM u c@Kycr,rpoBaH}srM nyrrKoM oJreK_
TpoIloB' rla,[aFryat Ha MI4lleHb - rIJIeHIcy oKcI[Ia UEma, I{oropafi firpaJla B gTrD(
gKCrIepI{MeHTaX .@OffCyro poJrb - a.4cop6eHTa !I qyBcrB[TeJIbHOTO lrOu ar,zcla3;
ceHcopa aroMoB Boropo.qa, rcoropbre MorJM o6pa30Barbcfl B rrpouecce noBepxHo-
crHoft ,44ccoryrarpfl{ arcoporpoBar{Horo MoJreKyJrspHoro Bo.uopo.qa uor BJMfiEr,reM
I{alpeBarilrs }rJM xe 0oM6ap.urpoBKr4 SJTeKTpOHHHM rryltKoM a.4ooporpoBaEroro cJros.

Om,ITbI [poBo.u{JIIIcb B creAyroeM nopg,Fe. Baftyylfias cficreMa orraqlmaracb
.uo ro-8 Top , Terdneparypa IcoMIIarIIafi, sreKTporrpoBo.Elocrb o IIJIeHKII oKcr4ra
I-UffiKa Ee [SMeHgJracb fipfi ooMdap,&IpoBKe ee B 9TLD( ycJloBr4sx sJrelcrpoHaMl4 C
oHeprfiefi Io Bo gB (pl4c. 4.30, npsruafi f). BaTeM qpoBo&rJracb a.qcopduls
Bolopo.Ua Ha oKcrr,qe r&m{a IIpI,I KowraTHoft reMfiepaType (greKTportrsM [yqoR
BbccmoqeH). Ilocre BrIycKa Bo.uopo,Ua u glccno3r{r_Uol TIJIeHKU B Bolopo.4e, Koropafl
cocTaBJIfiJIa B gTrD( OIMTaX 5t 30 U 12O M!tH, Irpll O.UiOM tr TOM Ae .UaBJIeHIM
Bo.uopo.ua crrcreMa BHoBb orrcatluBaJlacb .qo ro-8 Top, fiprr srID( oflepawflx o
IJIeHK]I Ee ],IBMeHgJIacb. KaK rIoKagaJM rrpoBe,qeEHEe gftclleplIMeHTbl, nol�ueftcT-
BIIeM gJIeKTpoIIoB c Blleprlrefi 20 oB o rIJIeHKr4 c a.Ucop6[poBaHI{bIM Ha ee rloBep-
xHocrl{ BoAopo.uoM yBeJir{rII4BaJIacb. Ilpr,r groM TeMfieparypa noBepxHocrl4 TIJIeHK'I
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3aBI{cIn ocrb cKopocrr.r ]rBMeHeIlI,Ifi aJreKTporpoBo,ulocrl4

IIJICIIKII ZNO OT I4IITEHCIIBHOCTU NYI{KA STEKTPOEOB, 6OM-
oap,&fpywD( rrJreHrcy, .qJrs pa3firlqHbrx BpeMerr ee Upe,u-
BapI{TeJIbIIOfO ROHTaKTa C MOJIeKyJr.frpHblM AO,4opoIoM rrptl
KOrrfiraTHOft TeMnepa Type

1 - IIoBepxHocTb zno, cBooo.Eiafi oT Bo.UopoAa; BpeMrr
KoIITaKTa: 2 -  5 uuu;  3 -  ro;  4 -  L2o uts

/  ,  oTH.  ed
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20 +0 60 I, uxA
oftcIIIa U{IIKa rIoI BJMfiIIfieM sJIeKTpoIIHolo flyqica He ]I3MeIIfiJIacb, T.e. TerIJIo-
Bas .qonoJrHr{TeJrbrras xeMocopolu,rfl MoJreKyJr Bo.uopo,4a rre qpofcxolErJra,

Ha puc. 4. 30 noKagaHrr peoyJIbTaTH gTI4x gKcnepuMeIIToB. Br4,uro, rrro
IIo Mepe pocra BpeMeIM KoIITaKTa Bo.qopora c oKcrrJoM r-uI]IKa yBeJll/rlrrr-
BaJracb KorueETpar-prs a,qaToMoB Bo,UopoAa, oopaByro[U,Drcff IIo,{ BJtrrfiHr4eM 6oM_
oap,ryfpoBKfi a.ucJlog Ea rloBepxEocrrr oKclrra uIHKa oJIeKTpoHITNM [yqKoM rrpu
qpoqr,D( paBHlrx ycroBfi.sx. I43 31rD( .UaHHbD( aBTOpbI TeJIaIOT BbIBO.U: [ocKoJIb-
Ky a.Ucop6lg4s Bo,UopoAa Ha oxclr,Ue LUmKa qpu Kor\,firaruoft TeMneparype He
BJMfier aa eto o, To, cre,uoBareJlbllo, rDI{ groft TeMneparype a.ucopoqfig More_
IcyJr Bolopo.Ua He coEpoBotruaercs BaMerriofi .ryrccolpraq}Ieff Ea aroMbr, T.e. B
oToM cryr{ae mreer Mecro accolplarl4BHag a.ucoporyIff Boropo,4a, qro nporl4Bope-
rr4T peSyrbraraM lq[accuqecKofi paooTH 3fuenca lI IIJMCKT&Ia, noKa3aBm4M C nO-
Moqbn lllt-cnertpocxo[rl[, qro IIa oKcI{Je r.uIirKa B orrD( ycJroB}Igx a,4cop6ryIg
BO.qOpO,Ua [p]rBoErT R ero .ryrccou,ralu{r{ t631.

B gltclleplilreHTax c oJreKTpoIrHrM nyqKoM aBTopaMI,I IIoKaBaHo, qro ecJM a]I-
coporpoBarb MoreKyrEprftffi Bo"uopo.u rpr4 TeMneparype Bbrrrre 2oooc, To 6oM6ap-
[fpoBICa a.qcoporpoBaHEoro cJrofl IIpI4 IIpo.rID( paBIIHX yCJIOBT4.EX Ire fipr{Bo&rr K
I{SMeIIeEI0O sJIeRTpoqpoBoIrIocTII nJIeHKI4. npllBeleltril,Ie ,4aIIIIbIe, IIo MHeHI]Ilo aBTo-
poB' cBl4rereJlbcrBynr o roM, qro B 3Tr/D( ycJIOBI{EX (Tzm> 2OO.C) B lrporl{Bo-
noJlo,tclocrb KorwlarHoft TeMneparype r4Meer Mecro noJIHafi .&ICCOrr4aUUfl a.ucop6l4-
poBarrHoro Bo,uopola.

,utg o6rsclleruaF [porrlBopeq4rr Mer(4y raEHEMr4, IIOJyqeHHbu\ier rpr4 KolfirarHofi
TeMleparype B paooTe [63] r4 B Eacroffqeff pa60Te, cJre.uyer rrpeltrroJroxtlTb,
qro Afis HtrsKr.D( TeMleparyp arcopdeHra Hs-aroMbr, oopa3yroryrecfi rrpl{ &rccorr4-
arrmnofi a,ucopdlutr{ H2-MOJIeKyJT II Hs-aroMbl, odpaSyrou4ecg IIplI EeIIOCpe.qCTBeH-
nofi a.qcopdr]lu,t Ea oRcule cBooo,Enrx H-aToMoB lIB ra3oBoft Oa3br (.qrs MaJrrrx
troKpblTlfi rioBepxHocrl.I), orJIl{rlanrcfi TeM, qro B nocJie.uJeM cryr{ae BgaI4Mo_
reftcrBue a.4aroMoB noJIHOCTbT ftCKrroqaercs r43-3a 60rbmllx paccrotrfld Merq4]/
HI4M!I (IIO,qBIlXftIOCTb XeMOCOpoIrpOBaHHIIX aTOMOB IIa OKCII.4aX IrpI4 KotrHarHot
TEMNEPATYPE MAJIA, TAIC KAK TEIIJIOTA XEMOMOP6LUtr.{ COCTABJIflET OftOTO 30 KKAI,/
MOJrb)' rrogToMy oHr{ Moryr xeMocopor.fpoBarbcrr B Bapffr(erurofi clopMe c yBeJM-
qeHr{eM oJleKTporrpoBo.Elocrr4 o nory[poBo,UilIKoBoro oKcr,r,Ua, rrro u HaononaeTcff
Ha onblTe. B To BpeMg KaK xeMocopolu,rg Hz-MoJIeKyJr rrpll KoMIIarIroft TetfiIepa-
Type (r4 ooree ril{3KrD() Ee llprtaotMr K r,rsMerreEr{Io o oKcuJIa r_urr{Ka, -T.e. B
3TOM Cryqae, cJre.4oBareJrbHo, oopasyrorcfi Hs-aroMbr moft upr4po.6t, Ee crloco6-
HLIe K XeMOCOporyEr B sapsxcemtoft @pMe, tITo MofteT 6HTb CBfi3aHO, ecJM MOltcIO
TaK BBtpasI{TbCff, C A(!FeKTOM "IIrOCKOft KJerKU" B a.ucJroe , T. e . sTIr aroMbr
ocTaloTcg B KaKoft-To creneHll "cBgsaltrGntrr" 

ruyr c ,U)yroM, a rroroMy r4
IIOCJIE F,ICCOI.U4ATfiBHOft XEMOCOP6III}I MOJICKYJI H, OHII EE MOIYT B YKA3AIuIOft
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oJMBocrI{ I{olMgtrpoBarbcfi c oOpa3oBaIMeM IByx oJulBKo pacrIoJIo*eIIHbIx a ol,(r_
rraKoBo sapaxceHHrrx qacrrtrL rrro Eorpeoyer sEaqlrreJrbHo 60rbuefi sHepu4II
axTrrBaluu' qeM B Cryqae ID( xeMocopo4trr B 3apflrr€rtrrofi o0prrae Ea ooJbnoM
paccTosHl , ru . ,

SaMerr'Dr, rrro B pa60Te t63l a.ucoporrrD aroMapEoro Boropo,ua r{3 ra3oBo[
QaBN MeroroM tllt-cttetcrpocrorutr{ aBTopH, K co,ftaJreur,rp, He r{ccJre,qoBaJu, qro
66UrO C.qeJraHo B paooTe t641, rro.qrBep&raqefi yrcasaHrrHe rrpercraBJreHlrs.

r{To xe Kacaercg H3-aroMoB, Korop'Ie oopa.ynrcg B a.qcJloe Ha o*c}Ire Luffi-
RA IT3 A.UCOPOIIPOBAIIHbIX MOJIEKYJI BO.UOPO,UA NOI BJMfiIMEM EJICKTPOIIHOIO (lloffio-
ro) yIapa, To cJreAyer rlpe.Sro.noxnTb, qro B BTI{X cryqaflx qpfi neawo.qeficr_
BIII,I gJIEKTPOHA (I4OHA) C AACOPOUPOBAMIOft MOTEKYJTOft BbITETFETCA IOCTATOqEO
gEeprll}I U qpOUCXo.U]IT "pagIeT" IIO [OBepxHOcTr4 Hs-aToMoB c paBpbIBOM fi06ofi
cBfl3r4 MeX(4y rflner. B oroM cJyqae oopa3yro,recfi Hs-aroMbr ynoAoorsFTc.fl
H'-ATOMaM' rIorIaB[I]4M Ha [OBepxHocrb oKcl4ra lI3 ra3oBofi Qaeu npu MaJIbrx 3a-
rroJIHeHI{8X rloBepxHocrrI, T.e. orII4 cnocodlilt xeMocopol4poBa?bc.rl B Sapgr(eltrlofi
IIOPMC II TEM CAMbIM BJII'ISTb ITA OJIEKTPOqPOBOEIOCTb OKCIIIA IImftA, qTO COTJIA-
cyeTcfl c o$rToM.

B nra3Meruux }I palFrau]roruro-xtftMqecKrrx Ilpoqeccax oorbEyro poJlb B xtrMr{_
qecKru( peaKr.E,clx I{rpaor TaKx(e Bo3oyrueErsre qacrrtrIH (MoreKyfi,r, aroMtr, ]ro_
ffr)' arcrr8Ho Bsar4rvro.ueftcrByFryre c rcoMnorreHTaMr.r rasoBofi (x@r,qKofi) saeu u c
A,UCOPOI{POBAHIIbIM CTOEM. OIMCAHIIIO 3TI4X IIPOqCCCOB B HACTOflqET KIflFE IIOCBfi-
qeEa cneuIaJIbEaA lJraBa.
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fnsBa 5
B3AI4MOEftCTB}IE 3JIEITTPOru{O-BO3EY{NEIITbE qACTIIII rA3OBOI OA3H
C IIOBEPX{OCTbN TBEPIIbE TE'I

s.1. greKTpoltrIo-Bogoyr.[eltrste cocrogHllff aroxoB x MoJIe&yJI

Pa3BtrTrIe coBpeMelfiIofi TexIIoJIorIM BE.EImaeT Ha nepBEfi IIJIaII I.ISyqeHI{e HepaB-
IIOBECHtrX I{ EECTAI-U{OEAPHbIX gBTEIil[ft B (FTSItrcOXNfitrI TETEPOTEIIHNX CI{CTEM.
Bamroe Mecro B gToM EaEpaBJretsIM trccJreAoBaril[fi llpruraAJex[rr rq)ooreMe ooMeEa
BeqecrBoM II gEeprr4e[ MeEAf Bo36y84emofi ra3oBofi (la3ofi r{ rroBepxHocrbn
TBepAOro reJra. O[pe.4eJerue xaparcrepa gTrrx fipoqeccoB rrrpaer peraqyn
POJI6 .UJIS trOEI,IMAIIII.g TAKI{X UPAICTI{IIECRtr BAAHIIX .SBTEItrd, KAR BO3.UEftCTBI{E
rryrrRoB sapsfieEr$rx qacrru r{ JrasepEoro tr3JryqeHus Ea rpaHr4rlJ/ pa3AeJra ra3_
rBep.4oe reJro, BsaaMOAe[CTBIIe rurasME CO CTeECOfi, pa4{ar.u{orrHo- }I Ooroxroer-gecRue peaKuIll B rereporeHEux cucreMax, rereporerlBo-roMoteErrble qpoqeccbr
} I  T . I .

B cocraB Bo3oyureE{ofi ra3oBofi (!a3br, rcaft qpaBrilro, Bxo.E{T ueJtril "oyKer"
aRTIIIBEHX qacTuu - aToMoB, pa.uEcaJloB, OJIeICTpoEIO_, XO.nedate.nrEo_ u Bpa_
qareJrbrro-Bo3dy4uermrx MoJrercyJr u rD( oparMeEToB. ItorilcperHafi rrpEpo,ua Bo36y-
'(TEHEE)( qACTItrI TT I[ KOHIIEETPAI-U,Iff 3AB[IC8T OT XIIMI{TIECKOTO COCTABA TA3A,
METO'UA ETO BO36YETEHIIfl, UIITEIIC}IBEOCTI{ ITAKAqKTI SEEPT}III B TA3OBYD (DA3Y.
Tarcmr odpasoM, ME lrMeeM oqe'b crox*yr cucrer!ry, cocrogqJ/n LIs ooJb[Ioro r,,{-
cJra Eepegco Bsal[|o.qeficrBywD( Meqry co60il oobeRToB. rlToo6r pas06parbcs B
MexaEr.rgMe ooMeEa sHeprllefi Me&4y Bo36y&4erfroft ra3oBoft oa30[ lr uoaepxHoc_
TbD TBep.4oro reJra neodxo[uo 3Earb, KaK Berer ce6ff Ha rpaElrlre paS,ueJla
oa3 Ka[IbI[ copr aKTrrBHbrx qacrror. B rDe.qbu$rqeil rraBe 6buro oocy&ueHo BBau-
MOIEfiCTBI,IE ATOMOB I[ PA.UUCAJIOB C IIOBEPXEOCTIP OKC}IIOB II I{CIIOJIr3OBAIIUE
ceBcopoB .urs r.rccJreroBafl[a sTrlx qpoqeccoB, Jlauuaq rJraBa rrocBsrqeHa usyqe_
Hrno He MeEee Balcrofi cocraBrflqefi aKu4BHHX ra30B - gJleKrporrHo-Bo3oy{,qeE-
Hlrx aroMoB tr MOJreKyJr. Ha ronrpermlx [pr{Mepax Mbr rroluraeMcs rroKasarb, Ka_
Isol| oopasoM troJyqpoBo,Err{&oBNe ceEcopbr MofyT OETb tlcrroJlbooBaHH llJrs [ccJre_
.qoBaHr4.E rereporeHHbrx rlpoqeccoB c yqacr[eM gJreKTpoErro-BosdyxqemJx qac_
TI{q' a raKfte ortrIcarb BoSMoaIIbIe MexaEuBMfl I[BMeIIeHIIfi crpyRTypHbrx tI oJIeRT-
poHHtrX CBOICTB TBep,uoro reJra rrpr{ ero B3a}rMo.uefcrwm c BoBdy8leltrtoft ra3o_
Bofi oa3ofi.

" oud.rqrreruEofi qeproft gJrercrporfiro-Bos6yr(qemrx aroMoB Ir MoJreKyJr sBJrser-
Cfl IIAJIIITII}IE Y ruU O.UIOft IilIIT EECKOJIbKID( BOsdY!(AErufiIX SJIEKTPOIIHHX OP6I4TA-
reft. ocEoBInIe cBoficrBa Brllx qacrml - oorbEoft Barac BHyrpemlefi sEeprrel,
JIOICAJMSOBAIItrOtr EA BOS6YEIEItrSIX OP6I,ITAJffX, I4 trPI{IN.UtrMAJIbHO OTJII.ITMOE OT
ocHoBHoro cocrofiHtrt crpoenrle greKTpomloil oooroqKtr.

BpeMfl telgril{ sreKTpoluo-Bo3dyff,ueEElx rlacrnr B rasoBot oa3e BaBuctrT or
Ilx trsJlyqaTeJlbHofo BpeMeEI{ fiI{3HII, o[peAeJlgeMoro BepogTIIocTbD cIIoIITaErIoro
I4SryqeH[.H (FTOEa C nepexoroM rracrltru B ocEoBrloe cocrofiHlle, a raKxe npo-
rleccaME oesHsryrrareJEEoro ryrleEtrff rrplr coyrapeErsx B ra3oBofi oa3e u co
creffiaMlr, BosdyMerffire cocrosHlrs, ,uJrs KoropEx BosMOlreH rrepexo.{ B ocrroB-
EOE COCTOEIIIIE IIYTCM }r3JryqEHllfi EtrIOJIbIIOTO OOTOHA, EASbIBANTCS PC3OEAIICEO-
Bosoy8Aertrsoru. Pes0EaHcEo-Bo36y{,(elmre cocrosHrrfl c 60rbmoft 9(meKTraEoc-
Tr,n oopasyDTcs KaK trpu Bosoyr4ueruM ra3oBoft (Da3H CBerOM, TaR rr Eprr trpoxo-
EreHlrII ToKa liepe3 ras. o.ulraKo oHu oHcrpo paspyrlanrcrr trocpercrBoM r{3Jyqe-
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IIIIfi (DoToEa. I{3W,IaTeI6Eoe BpeMfl Islsrrq TaKE cocTogp41 coc1aB,IseT 1o't -
- 1o-t c t:.l. JIerKo paccqsrarb, rrro Ba BpeMs f,[sgtr aJreKTpogrro-Bogdyr-
,ueEHaff rIacTItrIa upoJIerI{T ga cqer cBoefi TetrJoBofi clcopocrl,I pacctomue ro'2-
1O-" CM, T.6. Imtr AaBJreErIgX raSa MeEe€ I Top oEa c 6oJ6uet BepoflTIIocTbD
.ueSaKTtrBr{pyeTcs 3a cqer r{3JryqeEns, Ee trpeTeprreB rrrr o.Eroro coylapeE}rg c
ocraJrbHblMtr MoJIeftJruIaMI4 ra3a n co cremcatugl. 3to oocrogrerbcrBo nogBoJlger
BaM B .UalffIofi KEIITe Ee paccMarpllBarb flBJIeEItff c yqacrlleM pegoEailcEo-Bogoy-
fr.{eHHHx aroMoB tr MoJIeKyJI. yqacrue an8 tlacgnl B roMoreErMx pea&Lu{fix tro,q-
podEo paccMorperro B ps,[e Morrorpa(@t tro @rcxnnqr tr-a].

greKTpoEro-Bo3dy8Aerilfle cocTofiarlfi, ,uJrs Korop[Ix BallpeqeEo tro cE/rrry BoB-
BpaqeEtre B ocHoBEoe cocrofiEtre c EcuycKameM JruoJrbHoro (DoroEa, EagEBa-
DTcfi MeracraOlurblso,tr{. K TaKln cocTofiErlfl}, orllocffTcg, Eaqp}IMep, rs2srs- lt
ts-cocroEilI,g He, np5(n+t)sttpo.r-cocroffu8 Ne, Ar, Kr Ir xe (n = z, 3, 4
I{ s cooTBeTcTBeEIIO), CtrIIIJIeIHIIe COCTOfiHtrfi 02, Tpl{uleTrrrre COCTOflUIIfl Op-
TaEIIFIeCKI4X MOJIeKyn B T..q. MeTaCTa6[J6IX{e COCTOSIUTS OTJII{IIaDTCS oOJbUO,M
lrSJyrIaTeJCEM/m BpeMeEaME ISBEII, 3Eaqelltrfi KOTOpbIX JIeAaT B Upe.UelaX ro-J -
- tot c, B gaBrtcur\rocur or rorucpernofi trpfipo.u Bos6y[Ieruofi qacntrs. B
TaOr. 5.1 B KarrecrBe trpn\repa qprrBe,ueHrr cocrofiEtrs, srreprurl u g3wqa-

TeJrbErle BIreMeEa lu3rrll MeTacra6firbrtrrx cocrotrild psla aroMoB u MorelcyJr (B
KBa.q)arEEX cKoOKax .qaEt ccEJrKrI Ea l{cro,triltrc). BE@o, rrTo garrac oEeprutr
BEyrperuIefo Bo3oyqIeErg grlD( qacrlflLuocraroqHo BeJIr4K, a l{gJryqareJlblilre
BpeMeEa xtrgHtl AocraroqHo qpo.uoJDetreJIbHII AJIS roro, rrToOE ooecllerMTb aKTE-
BHoe Iq yqacme B croJrrcEoBtrTeJrbHrlx Bsarn|oAetcrBr{ffx KaK B ra3oBoft (!a3e,
TaK U ffA rpaEr{qe pas,ueJra ra3-TBepAoe TeJro.

EorbEue usJyqarerbmre BpeMeIIa frtrsHrr MeracraotrJEltrrx cocrotrilfr odec[e-
III,TBaDT BEcoKyp trx IUIoTEocTb B cJaool{olilf3fipoBalfroft IUIa3Me I.ITtr B Bo36y8-
.UeEroM rase. TaR, rro AaEErnr paoor [18,1e], B craoo[ortrr3[poBarrrroM reJrr!tr
trpl{ .uaBreEr[sx trops,ura EecKoJrbKrix ropp B rrlrTepBaJre TeMtrepaTyp 4 - 3oo x
rurorEocrb Meracraor,urbrfirx aroMoB reJMf rrpuMepEo rra ,Ea trops,ura trpeBHrlaer
uloTEocrb oJIeKTpoEoB. Befima IIJIoTaocrb Meracrao[rbr+rn aroMoB u MoJIeKyJI B
raBoB[D( Jragepax t?ol u B rura3Me pa3Horo rtrtra paspsloB B rase 1211. Cwrr-
Jerrfifr KtrcJlopo,q u rpEUrefifire cocrosErrs opraErFrecKrlx MoJreKyJI mpanT Bax-
nJn ponb B ooroupoueccar, qpotrcxo,[rlDD( B o}roror}IsecKrry c]rcTeMax, (!oroAe-

crpyrr.um troJrnMepoB tr Kpac[Terefi tr T.tr. (22,2i1. MoreKyJEr N2(A3t;) fipruu-
MaI0T yqacrr,re B cBfi3bIBaHI[I{ "aKTnBitoro" a30Ta B rerepofeEltux cl4creMax
t241. O.Ero sTo nepelMcJreHlre roBopr.rT o roM, qTo o,Ura trB BeAyrrUD( poreft Bo
B3AId'O,4CfiCTBIM BO3oY,(IEIfiOft IAsOBOft SA36I C IIOBEPXEOCTbN IIPI{IIA.4JIETi],IT
uMelfio MeTacraol,ulblsnn cocrofiHl,rslr. STLn cocrogltr4ffr{, rD( rloJryqeHlIro, .uereK-
TI,IPOBAHruO lI I{SYqEElm I,D( IIOBE.4EHI{g B TETEPOIEIIHzu( CIICTEMAX C IIOMOIIbN IIO-
JlyrrpoBo,triltr{oBblx ceHcopoB oy,Uer y.EeJIeHo ocEoBIIoe BrrtrMalue B .[arbHelfoeM
u3Joxeril&r. nrfi KparKocrl{ 6y,Uett IIx rra3blBarb sJreKTporrHo-BosoyMemfin[4
r{acrflIarln,r (3BY).

llrfi rrccre.uoBar{ufi B3ar,rMo.ueftcrBr,rs SBil c noBepxsocrrn rBep.uoro reJra se-

odxo,Uruo o6ec[e.I[Tb ycJIoBI,Ifl .qrfl r,rx feHepal-{D{ B ra3oBoft @a3e }t Tpallc[opTa

K lfiTepecyuqefi [ccreAoBareJrfi noBepxEocru. Cl,IrbHbrft 3arrper Ha fiBJryriareJlb-

Hrre nepexolul Met(4y OCEOBHLIM LI MeTaCTadtrJIbBNM CoCTOAEIISMII .qeJIaeT IIeBO3MO-

xcIbIM troWTIEEIE BOS6YEICItrtrU( ATOMOB II MOJIERYJI ryTEM CEJIEKTIBIIOTO OIITIIIIEC-

Koro Bosoy&AerflIs. IIoBToMy 06@\r Mero.UoM noJryqeE[s MeracraorrJlbHtlx cocrog-

Fd B trpocrblx ra3ax fiBJlgercfl EeceJIeKTlrBHoe BoSoyMeIflIe ra3a' HaqpuMep

8 * 227



TadErua s.1

ilacrrqa Cocrorfitr{e SEeprr,rs Bo3oy8Ueril[s,

BB

Iil3rygarerEEoe BpeMs

TI(3EI/I. C

H

He

He

Ne

Ne

AT

AT

Xr

KT

Xe

Xe

N

o
o
o
N .

o

o a

EeH3or

Eenso(b-
EUf,

HafraJEm

AHTpaUeE

^ 2 ^

5

3 ^

3 P

- P ,

- P

- P

- P

J - o

t -' D -

' D - , -

' D

t s

A - :

r t a
1 -

b t *

, B
l u

( n n  
' )

(nrrt )

(nn )

L O , 2 O

2 0  , 6 0

L 9 , 4 2

L 6 , 7

L 6  , 6

Lr ,7
1 ' 1 ,  5

l -0 ,  5

9 , 9

9 , 4

4 , 3

r  t 2 6

2  , 6 4

2 , 3 4

r , 9 7

4 , L 9

3 ,  1 - 5

o ,  9 8

L , 6 3

3  , 6 4

2 , 9 9

2  , 6 2

1 , 8 5

6 l

6 l

6 l

6 l

6 j

6 l

6 l

6 l

6 l

6 l

1 0 1

1 0 1

1 0 1

1 1 1

1 1 1

L2)

1 1 1

1 3 1

1 4 1

1 6 1

1 7 )

L 7 )

o , 1 4 3

t , 9 s . t o ' 2
'7  

,9  .  LO '

4 3 0

2 4  , 4

4 4 , 9

5 5 , 9

o t 4 9

8 5 ,  1

o ,  0 7 8

L 4 9 , 5

3230

2 , O

1 , 4  .  1 0 t

1 4 0

o , 8

t - , 8 . 1 0 - o

2 , O

z  , t  . L o t

7 , O

2 , 6 . I O ' t

3 ' 1 0  -

s . t o - '

2 .  r o '  o

s l
7 )

8 l
o l

e l

e l

e l

e l

e l

e l

e l

1 0 1

1 0 1

1 0 1

1 r l

1 1 1

12)

1 1 1

1 3 1

1 4 1

1 6 1

17 )

77 )

pasprr.4oM urrr tryqKoM sapafierrHrlx qacTrtrL rr uocJre.uyruee BpeMeHrroe lrJlII [poc-
rpaEcrBeErroe pa3,ueJleme uonyqeruofi cMecE Bo3Oy8lerffilx aroMoB n MoJreKyJr.
BpeMeEoe pa3AeJreme AocrEraercs, KaK qpaBrr.flo, B crarlrqecKtrx fagoBEx cr.r-
creMax tryreM mlrryJrbcEoro Bo3oya,[eErs rasa. IIo,q ,[eficrBrreM Bosdy{Aaqero
nmyJlbca odpa3yercg doJbEoe wcJo Boo6y8Ae'r{rlTrr B paBIIoe cocrofiElre aroMoB
u rlroJIeKyJI, o,q8aKo IIocJIe ero BbIKJDqeEtra pegoEaEcEo-Bo3oyaleHHrle cocroflmfl
BEcBeqlnBaDTcfi ga BpeMr tropfi,Ba Lo'' c, a KoErIeErpaWs MeracraourbruB
cocrofriltr ga sro BpeMs Merrserca MaJIo. IlpocrpaEcrBeErloe pasAeJreMe ,qocrE-
raercfl MeroAoM rrporoRa raoa qepes ooEy Bo3dyqem.Is. IIo Mepe yAaJreHrla or
BoItrr BoBOyE[eIil{g KoporKoxorByu{e cocroaEna BHcBerIrIBaDTcfl, It Ea EeKoropoM
paccTogEulI oT trcToqErlKa, oqpe,ueitgeMoM ,4aB.,IetslleM, cKopoc?bD troToKa rI xII*
Mf,recKofi trplrpo,qof ra3a, B IIeM ocraDTcg roJIbKo Meracrad[rbltrIe cocrofiHrlfl.

B tex crryuaax, Kor,qa rpedyercs BosOy,urb raBH u llaptr, cocro@Ie trg
MlloroaroMflllx MoJleryJl,Earrprflrep opraHFIecKIIx, gpI{MeHeII}Ie Dadps.uoa tr ruy-
rlrx EeceJreKTlIaHHx Mero.qoB Bosoye,qelxrfl lre fiBJraercfl rrJro,uorBopHilM. B ura3-
Me pagps,ua oopa3yercs oorbnoe KoJrltrlecrBo BbIcoKoaKTuBHr{x pa.umaJroB, uE-
Terrcr{Brlo myT xrMrrIecKIIe peaKl@r u a KoileqrloM rlrore KopeHHHM oOpaBoM Me-
rrsercs cocraB ra3oBofi (!aBH. B cury arEr rrpFrrlE K opraHr.rrrecKuM cr4creMaM
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rrpnMeEar? A)yrtre MeroE rloJryqe'trs MeracraorlrlbrfiIx coc?otrud. EcJM ol3y,Iae-
MOe BeqecrBo xapa*Teprlsyercs BbrcoKrlrM BIIXO.{OM po'(,4er*s rp",uleroB B pe-
syJrbrare ETepKoMdr*a'"o'uo[ Ko'Bepcrn', TO Meracraorrbri'e cocroa']r' tro-
JTqANT trYTEM CCJIERU{BIIOrO OIITEIIECKOTO BO36Y8TEIMfl COOTBETCTBYWD( CI4IIT-
JIeTEI{X yponget. Ec;ur Bbrxol TptrIUreToB rrptr otrTr{rrec6oM o6.11yqe1a41 MaJr, To
OCEOBEUM METO.IIOM IIX IIOJryqEE}Ifl SBJISETCS TPI{IUIET-TPXIIJIETIIAg IIEPEAA'A OEEP-
rtrr.r oT ctreltrraJrbtso fio.Uodparufirx MoJreKyJr_.UoEopoB, oOnaAaWD( OoJbEoft gcfeK_
Tr4BlrocTbD rElTepKoMolErat"Eolfio[ rcorrBepcrur t 1 7 ],

oopa3y[@{eca B ra3oBofi oase 3BrI rocfl[ranr rroBepxEocrllt rBep,4oro reJla
[yreM .ul4[iDy3lru. KosfiEnlleurbr .Ur(Epyor4u ABrl, KaR rrpaBtrJro, Merrblre rcogqptr$_
eETOB CaMO.U4EW3r4r{ MareprErclcoro ra3a, qro 0B.ESaIIO C yBeJrlfrreEr4eM ceqeHr4ayrDyroro paccefirrfls SBll Ha Marepr.rrrcKax MoJreKyJrax I{3-3a [epepacqpe.ueJleEr{s
'JreKTpoEIOfi IUTOTHOCT,T B B.Sdyfi.qeltrfirx op6r4?arsx t25]. KpoMe TO*O, B qpo_
uecce E4[Dh/3rrx SBrI Moryr Bcryrrarb B pasEooopasrue ra3o(pa3ril{e Bsard\,roAefi_
crBrrf , IlprrBor@re K [OTepe glleprrl}I Bo3dy8rers4fl. CxeMa BOsMoXHtrX tryreft
.ue3a&TI{BaUM B.3dyffrerffsrx aro'oB qpe,qcra&,re'a Ira prlc 5.1. ,[.ng MoJreKyJr
cyqecTByeT, ICpOMe rrepewcJreHHru Ea prlrcylrKe, eqe psl &aIIaJIOB I,ABOOa3EOft
'IE3AKTIIBAIIEI' CBflSAEHbIX C BIIYTPIIIMOJIEKYJIfiPHbIMI.I BI4OPOItrfiO,U4 qPOUECCAMI{,
NIccotllatryeft rr T.rr. IIo.4)o6Eo Boqpocbr lll(tro]/3rffr I.I B3aroro.UeftcTard OBq B ra_
soBofi oaoe paccMorpeflu B ps.qe od3opoB E MoEorpa(E4fi t6,26_2e1. Ba'-_

)GrwFrecntre u (Ftgttqecnrae EpoUeccu, [FuBo,{q,1s K 1y_
Eeruno Bo3oylr.Ieruux aroMoB B ra3oBoft Oage (BBsTo uB
t28t )
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1 4 3 J I Y q E H U E

Cnosmsoe u3nyceHue A + h/
BbrHyxleHu@ H3flyqeHue A + 2h,
Llz ny uew e, u u AyqupoBaHsoe
q o n x H o B e H t r e M A + B + h /

N E P E A A q A  S H E P T 1 4 L I

Pegonascnm nepreaaqa A'* + A
Hepesomucuu nepeAa% A + g* a 6t
AHmMnfltuls A** + A
9rerrpoxuo-rpanqaqHomEui nepeHoc
A + B + K E
3rexrpouuo-xole6arelruo-apaurarelr-
6lti + TpaHcnsr{IoHEtfi nepeHocbr
A + B C * + K D

r o H H 3  A r J U f l ,
Yqapma aouuaalns A+ + B + e-
Vorusa.{/.s llesnngra A + B* +e
Ac@4iauBsaa aoHx3aqqa ABr + s-
I}zcco\uamauu aoro3aut
A + B +  + C + e -
Ilowsl4l; c neperpymhpoBKoi
A B +  + C + e -

x t 4 M u q E C K 1 4 E  P  E A K U I , T U
Al lccoqt raqxgA+B+c
OrpbrB AB* + C
llpucoe.ulneme BAC

P t r c . s . r .



Elw Mn Eac BHBo,uoM trB trepelucJrems BosMoffiflx raso$agmlx trpoqeccoB c
y,racrueM SBll sBJrsercs Eeodxo,@\rocrb BEdopa B KaEIoM rcortrcperrroM cJlyllae
oIITI4MaJIbEoro ImrepBaJla ,uaBreffi ra3a, oOecllewlBauero ycJloBllrg RaR ,[JIa
e(lIeKTI{BEoro Bosoy8treMs ra3a, ralc u &nfi EdCpyBEI SBrI R l4sryrraeMoft tro-
BepxHocrll. lhyrw ycJroBrreM flBJrsercs lMcrora trcrloJlb3yeMEx ra3oB lr BaKyyM-
ItrIx ycroBd B gIccIIepnMeETaJIbEbIx ycraEoBKax, TaK KaIc IIaJII{ttr[e cre.uoB Be-
qecrB - aKr{errropoB sEeprltrr Mo$er rrptrBecrtr K rq)aKTrqecKtr rioJcrofi rr46eJM
Eyrafilx SBrl IIa uJTs or l{crorfirEca rc troBepxEocrn. Ilpruraepolrr raKofi rrpr,rMecr{-
TyrrMTeJrs Mofter cJryafiTb K[cJropo.q B trapax opraal{lrec&rrx coeMlelfltft. IIo .uaH-
mo, paoorDr [3o], KorIcTaIrTa cKopocrl! TyrleEtrs rpr4ureroB oeEBoJa B fa3oBoft
(!aoe cocraBJser s'ro-ttcrf.Mo.nr-t.c-t. B cJ$rae Boody8qerus aoora gJrer-

rpl{rlecKuM paBprI,UoM oOpagyurF.Iecff N aToME IIacToJIbKo g@KTuBHo TytraT MeTa-
cradlrrbnJe MoJreKyJrH N2(A]E;) t31l, rrro llpelrtorrrlrTerbrtro,t crtocoooM [oryqe-
ErIs IIocJIe.W[x cJrynoIT ue paBpR,U, a trepe,Uaqa sHeprr{r{ oT MeTacrao[rbrsrx
aroMoB apreEa [32]. CMcoK tro,qodErx rDI,IMepoB Mofier JrerKo 66rrb upo.UoJD[eE.
B crrry srr4x fipr[trrm trprr gRcrrepr4MerlTaJrbrroM u3yqeHrM Ferel]oreHHtrx [poqec-
coa c yqacrr4eM SBrI oqeEb xeJrareJlerr $orrrpoJrb cocraBa rasoBoff oasE KaK
rpu tro,uoroBKe ycranoBru K paoore, TaK r[ Eetrocpe,{crBeruro n xoie grcrreprr-

MEI ITA.

s.2. fereporeFroe rylreHr.re sJreKTpomto-Bosdyr.{eltrsrx rracrr.ru

B3ardro.ueficrBue 3Br{ c rroBepxHocrbr rBepNx reJr EoctrT cJorcsffi I4 .uo KoHrIa
He trBy.Ieltrfifr xapaxTep. Croxctocrb .rrpoUecca 83arDroAeficrBfifl odycroBreBa or-
poMHbrM lMcJroM cre[eHefi cBo6o&r rBeploro TeJra r/r, KaK cJre.ucrBrre, oorbmnl
rMcJroM Bo3Mofrnrlx KaEaJroB peraKcaus4 BHeprrM 3Bq Ea lloBepxEocru. Ha pvc.
5.2 Epe,UcTaBIeHa cxeMa ocIIoBHrIx (F.rBr'rqecKID( lI xuMrrIecKID( qpoUeccoB, IIptI-
BO.USWD( K TylreHrlro Bosoyx,qerrHrlx aToMoB Ha lloBepxrrocTrr TBep.uoro Tera, B
,qeftcrBurerbHocrr{ ,ueJro oocrour eqe cJromree, TaK KaR rrn o.Etrr r{s rrpe.[craB-
JIeEHbIX Aa pIICyHIce 5.2 KaHaJIOB peJIaKCar[WI,r, IIO-BII.U&!OMy, IIe CyqeCTByeT B
lMcroM Br{Ae, a uMeer Mecro peaJM3ar.frs cpa3y rrecKoJrbKrrx Bo3MorfiocTeft. Ha-
qprilrep, oMlrcclls gJreKTporroB MoeeT trpollcxo.u4Tb qepes cTa,um KoJTJIeKT]IBItoro
Bo36y,(,[eHrrs oreKTporfioft flo,ucrrcreMH TBep.uoro reJa, a.ucopdlu{s - coEpoBox-

,uarbcfl po8leHrreM (bEoHoB rrJm gKctrToHoB tr T.tr. EcJ[r Eareraqafl lla rroBepx-
Eocrb SBll sBJrfieTcfl MoreRyrofi, To nosB.[ffmrcs HoB[Ie KaHaJrbr peJraKcarurrl

oaeprrD{, cBs3aHrrile KaK c BrryIplrMoJreKyJrfpHHMlr Blloporffis,tr{ qpoueccaMr4, npo-
acxo.qroo/ltr B troJre rloBepxHocTHoro rroTeHlplaJla, TaK lI c xIIMI{rIec$aME peaK-'

wflMr/r (.@Iccoryraryrs, Eptrcoe,utrIeErre, treperpyrtrqpoBKa II T.[. ), B Koropbre
Moaer Bcryrrarb MoJreKyJlfiprlas 3BY Ea rroBepxHocrrr.

I,lJuuocrpar.Erefi r\erorooopa3rrr pea$r@ 3Bq Ea rroBepxHocrr{ TBepAoro reJra
Moifier cJry8lrrb rrccJre.uoBaHr4e BBanuo,ue[crBr4s Bo36y&ueltrux aBToMoB pryrrr c
oKcrIIoM II'IEKa t1861. IIpU nOnaAarrrM aToMoB Hg' rra oK[cJrerrHyro noBepxEocTb
zno rlpl[ KoMrIaTEoft TeMnepaType Ea6fi0,4aeTcs yBeJrrlrreHr4e sJreKTpo[poBo.urocTrr
rroJrynpoBo.sflnca (puc. 5.3, KptrBafl 2). CmHaJ IIsMeEeErIs sJleKTpolrpoBo,4rocru

Eeooparror, a IrpI,I TIoBHIIIeIIHII]i reM[eparypax IIocJle BbIK,uoqeEurI rloroKa Hg
uMeer Mecro .[otroJlH]ITerbHoe yBeJlllqeEne gJleKrpofipoBo.ulocrll (KpI,BbIe 3,4).

JIorE{Eo lrpelnoJloxurb, qro B AaIIIIoM cJryrrae MbI uMeeM.ueJlo c qacrr!trtrn'l Boc-

TAIIOBJIEIilEM OKCTIIA IIffiftA IIO CXCMC

Z n O + H q + ( H q O ) + Z n- - 6 3
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( 5 . 1 )

I OUI3UIIIECKI4EIPOIIDCCbI

P u c . s . z . )Cofi[rrecKne u @reuuecrne llpoqeccbr, qpl,rBo.q@re K Ty-
rrreHr{ro Bo3oyfrIeltrfiIx aroMoB rrplr Bsar{MoAeftcrBr,$4 ID( c
noBepxEocTbF TBep,{oro Tera (z-crdvBor [oBepxHocTrd)

nosBr.fl[qdcs B xo.4e peaKlEor cBepcTexrroMeTpuqecrufi LUIIIIC uoH]rsyercfi,
orraB€s gJreKTpoE B 30r(y qpoBoDnocrr{ zno. TaKr4M o6pa30M, sJreKTporrpoBo.u-
Irocrb rroJryrqrcBo,&rlrrca pacrer. Itorucyprpyryrrl qpoqeccoM, oqpe,qeJraurpn Ba_
qpefieJrl{Barme Kp![Bbrx rra plc. 5.3, ffBJrfleTCfi peaRr]Itfl

Zn "  +  Hg '+  (Hgzn )s

IIocJb BbmJDoq€Elrff Hg' r{}r noBHrrrerrHbrx reM[eparypax Epor{cxoErr
Hr4e noBqpxEocrHbrx coeFrrreEtft pryr[ :

( Z n H g l s + Z n s + H g

( l t g o ) s ' i H 9 " * i o ,

06pa3yn0uqcfi rl(prlr pa3Jrox@Emr cBepxcrexrlroMerpr4qecKrd r-u{rrK BbrsbrBaer ,uonoJr-
HI'ITeJIbEoe yBeJII{tIeIIIlIe gJleRTpoqpoBo,ulocru rrJreEoK zno Ilocre BbncJl$qelMa ]rc-
TOIIIIIIKa nd (cru.puc.s.3, Kpr4B6re 3,4)..[oraeareJrbcrBoM erofi cxeDcr cryxar
sKcrIeplIMeIItrH c ucKyccrBeHHr8\t BBe.qeEIeM B zno cBepxcrex[oMerpuqecRoro

( 5 . 2 )

pasJro,re-

( 5 . 3 )

I43JIYqEHI4E

Llsryueme, nHlyqupoBaHfl oe
coyaapeHHeM c noBepxHocTbo

4 . + Z + h v
Jlrcvuaecueaqun e aacroe
A z +  Z  + h y

NEPEAATIA SHEP|I{|4 TBEPAOMY TENY

Poxgeuue ueweumpnrrx nos6yx-
4euft (srcarorur, Qoaonrr u r.u.)
A \  + Z + a z
.I[eQexroo6pasoaffiue B TBepaoM Tere
A r + Z + I \ 2
SlerrpouHrre nepexoAbr B BepAoM Tene
A r + Z + s -

I{OHI,I3AUIIS HA TPAHI4IIE PA3,trEJIA OA3

ABTonoM3arurf, A*, + Z + e-

Bropavma euuccm 3neKTpoHoB
A r + z + + e '

I4owst4ta 6uorpa@uuecxoro aAcop6ara
A r + B f  + Z + e :

XI,IMI4qECKI,IE PEAKU}IIT

A,qcop6ls{n A + Z
Aarcp6uqg s sapmeuuofi $opve
A -  + Z + e ; ;  A -  + Z + p z

I43MeHeMe a,qcop6qnoHnoro cocrctruq
6norpa@uuecxoro agcop6am (asccoquauhq u r.u.)
A r + B z + C z + Z

flpucoe4lnerue x 6norpa$Nvecxouy
agcop6ary (AB) z +Z

3aMeul@ulaa aAcop6qas Az + Br + Z

,{eop6qnr ueftrpu6Hbu qacruq B @HoBHoM nru
eos6lxgemou cocroqHHu A" + 81 + Z

,{eop64uauoHoe Ar + B+r + Z + e-
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l,tgMeEelil{e aJIeKTporDoBo,EIocrE IUreEKu zno IIoA .qeficr-
Br4eM Bo3dyx,ueHHbrx aroMoB pryrll [186]
I - B[ycK [apoB HeBo3oy&4eErro[ pryrl,I (rrpffMaa cJIItBa-
ercg c ocbn aocu{cc); 2 - TeMneparypa ruterutll 250c;
3 - roo; 4 - 2OO c'. flyrilcrr.rpoM ooo3Ba.reH MoMeET
Bb[{.moqeHltrl trcroruuKa Hg'
l43MeEeril4e sJreKTpotrpoBo.uocrll wcrofi (f ) tr Jerlrpo-
BarrHEx rutrrrcoM (2,3) rrJrenor zno tro,u ,ueficrBueu xq'

[ 1 8 6 ]

I{olilIeETpals4fi cBepxcrexrloMe rpIFIe cKoro LuIEIca Bo3pac-
TaeT B pff.Al 2<3; reruepatypa IUIeEoIc I(oMHaTEas

P u c . s . g .

P t { c .  5 . 4 .

I-UEfia. Ha prrc. 5.4 troKaBarrbr KprIBtre rrsMerreEr[s gJreKTpoqpoBo,u{ocrr.r zno rro.u
.[eficrBr4eM ug'n sanr.rcruocrl{ or cretrentr JreltrpoBannff Marep[aJra rrJreERI4 LurH-
KoM. Bl{.uro, qro Ars oopa3uoB, oooraqeriltrD( lUIirKoM, $aofio.uaercfi l,IrrBepcr4rr
sEaKa UBMeIIeHlIg BJIeRrpolpoBo,EIocTtI, rITo cBI{IereJrbcTByeT o Baxclofi poJEl
I4BOHTo.utoro IrIEIca B qpoqecce ryt[elllrg Hq' aa nonepxHocrfi zno.

Ilyreu no,46opa cooTBeTcrBynqero ypoBrrs JrerrpoBarMa oKcrr,ua LuErrca gJreMeH-

TapHxM IUTIIKoM Molcro .uootrTbcs trofiroro ypaBiIoBerrMBaE[.H rrpoqeccoB BoccraEo-
BJreIIrrg II cBfiB![BaHng LuffiRa IIa noBepxllocrtr a,ucopoeETa u raRI4M oopa3oM oa-
IlaccuBru)oBarb rrJreErcy zno orEoc[TeJrblro B3arrMo.ueftcrBlls c ng'. Ilaccmaryc.r
rureEKr{ Mofrrro IocTI,ItEyTb TaKtre [yTeM .uJMTeJrbHoro Bo3.[eftcTBnR ng' Ha rreJI]I-
rrpoBaHlryn IIJrerrKy zno. Ha Tarcr{x IUIeEIcax craEoBrrrcrr BaMerrrbr g@KTbt, cBfi-
saHHr're c Bsan\ro,ueilcTB[eM Bo36y:(,{eHu[I'x aToMoB pTyTr{ c a.4cop6rpoBalllfi$&r
cJrosMtr. TaK, B paoote [lsz] rrorca3aHo, qro aromr ug'aKTIBIto B3an\ro.qeficr-
Bynr c aAcJrosMr{ H2 n I{BoIIpodaHoJla IIa troBepxEocr]r zno. IIp]r sToM oEeprus
gJIeKTpoHIIoro Boo6yfr,[eros ng" enge;raercs B a.qcopdrpoBallnoM cJroe rl pacxo-

,qyercfi Ba qporercaHlre xuMllqecKrD( peaKrryfi
( H r ) .  +  H 9 r ,  H "  +  H s  t  H 9 3  ,

11CHr) ,  -  Cr IOHl3  +  Hg"  11CH.)2  -  CHOI .  -  l I3  +  Hgs.

( 5 . 4 )

( s . 5 )

oopa3yFryrecfl B xo.4e peaKr.plrr H-aroMH troEr43rlrpynrcs Ha rroBepxEoc?t z^o, B
pe3yJrbrare r{ero sreKrponpoBotfrocrb a.ucopoeETa Bospacraer.

Talgd\lt oOpaBoM, Ha trplrMepe cllcreMH Hg' - zno MbI BI4I}II\,!, qro e,Ula I! Ta
fre SBII Moaer Bcryrlarb Ha rloBepxEocrrr B \e vJM lrrrbre rrpoqeccN B BbBrrcrtrroc-
n[ or ollorpa(@ a,ucopdeETa tr rDtrcyrcrBtrfi IIa EeM aAcopol4poBaEfiIl croeB.

llroroodpasue Bo3Molfinblx llyret rereporeltrloft .UeBaKTuBatptrI 9BrI frpmomt n
TOMy, qro,uJlfl KaffIofi KOECpefirO[ trapE SBrl - IIOBepXEOCTb OqpeIeIeEUe MeXa-
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rrFBMa ,lle3alcTtrBarlmt fpeoyeT KOMILIeKCFFI CaMOCTOFTeJIbFTx I4CCJIeAOBaE!ft,
BKJrnqarnu[x B ceofi trBMepeEtrs y6EJM trepBurffilx ABrl B ra3oBoft OaBe, Bogiloa_
Eofi g!,gccm BTopmnux qacruq tr llgryrrenua, a raKre KoETpoJrs ga cocroflEtreM
IloBepxEoclu TBeploro Tera. CJoeIocTb trocTaEoBKu TaKoro po.Ua gKcnepuMerr_
ToB oqeBtrEa' troBToMy uMeryecs B JurepaType cBe.ueIII4a o reTeporeluot
,4E3A&TtrBAI[M 3B1I EET,fiIOTOWCJIE}{HIJ II EOCAT, KAK trPABI{JIO, PA3PO3EEItrftfr XA-
panTep. Fo,nrmag u tracrb B  o 6 3 o p a x  [ 3 3 , 3 4 ] .

ocEoBEas qacrb uccJreroBarffi IIocB&eEa oupereJreEun [ETerpaJrbHrDr rrapa-
MerpoB rereporerrEoro ry[reHrr^E 3BrI. oro ocEoBaErr Ea rlsMepeEur[ xapaKTepa
y06uE SBrI B ra3oBofi FaBe tr AaDT Er(bopMargm rtrdo o Koe(mfllueETax orpaxe_
Etrs ryqKoB SBrl or pasJrr{lrHbrx troBepxEocrefi, .m60 0 rcos(ftFulteBTax rerepo-
reruroft ,qeBa&TrlBargDr B cryqae D4FysrEr Bo3dy8rerfioro rasa rra,4 rroBepxEoc-
TbD TBeproro rera. Bemwra rcoB@pteETa rereporeruon .ueSaKTtrBaurer 7
xapaKTeptrsyer BepoffTEocrb rtrdeJM SBrI trptr oEroKpa$roM coy,uapeHlul c troBep-
xEocrb[ tr Mo8er 6HTb troJ$reEa tr3 r{SMepeEr4s trpocrpaHcrBerfitoro pac[peAeJre-
Ms SBrI B ra3oBofi (Da3e upft rx crarproEapEofi ,u{(pc!y3rD! Ha.q rroBepxEocrbF trc-
cJreAyeMoro BeqecrBa. Jltrofiver40rffifr Meror oqpe.4eJrerrr{8 7 6EUI BtrepBble 8e3a-
BrrctrMo upe.uJroaeE crw{roM lI ceMeEoBrB{ [3s,36], a sareM paSBr4T B psAe paOor
[  3 7 , 3 8  ]  .

B cryqae Maroft KoHrlerrrpar.uE{ 3Bg, xor,qa uomro trpegeoperrb rD( rrapHflMrlr
BsaEr\,to.uetrcrBuEMfi B ra3oBofi (!aBe, u IIptr orcyrcrBr4u rrocropoHBl,D( raBo(DaSHHx
ryu4Tereft ypaBrreHlre craluoEapEofi ErmysEr SBII B oecKoEewrot ryr.nm4lwec-
&oft rpyde uMeer Brlr,u

D v N ( x , r ) - ( K N i + y ) N ( x , r ) = O  ( 5 . 6 )
c rpaErlIHHMI{ yoJIoBUTIME N(o,r) = No; N(o,r) = e; $tr,ol 

= o ;

$tx,r")  + #o u{x,ro) = o; t  = #. '# .

B aarMctr ypaBrreEus (s.G) ncrroJrE3oBaEu cJre,rrJwe odo3Eatrelers: D - Kog@-
IryteEr ,UlQoy3tru SBrI a codcrBeEEoM ra3e;v - ouepaTop Jlalraca; N _ KoEueE_
lparg8 SBll B ra3oBofi f!a3e; Nt - KorflIerrryar[4s MareprurcKoro rasa; x - KoE-
CTAIITA CKOPOCTII TYIIIEHIITS SBII CO6CTBEffiN,T TASOM; Y - KOHCTAETA CKOPOCTtr
[SJryqareJ6Eoro ryrleEua 3BY; ro - paDryc LuJrrm.@a; v - TeIIroBa8 cKopocrb
SBtl; x,r - derywe Kooptr0ErarE rro octr u pa.wcy u.rJMnJIpa coorBercrBeElro.

06qee pemeroe ypaBrreruff (5.6) uMeer BI,II

+ =,I.r,(r,./'")"*pf-[txlr, * r)lo * ril'll "'*l

f k ( 1  +  6 l r f t r l t r )
,  ( 5 . 7 )

r,qe Jo, Jr - oyHrcr.ptr{ Eeccerfi lryJreBoro tr trepBoro [ops.4{oB; Jk_ KOpELI ypa_
BIIeIItrF Jo(lk) = 6-lkJr(tk). B cJyqae lilSKoft aKTIIBIIOCTTI CTeIIOK OTHOCT,ITeJIb-
rro ryureEtrs SBrI (6 > 1) rocraroqao orpaEr.flMTbcs nepBrrM qJreEoM paSJIOlreE[fl
(5.7) Ur saMeHr4Tb ClyHrcuIII Eeccels coorBercrByM&r acr4MfirorrrrcaMrt. Tor,ua

$; " t'+-," ""e[-[-+:: . #n ,t)"' 4
Tarcnu oopasoM, B cJryqae BErroJrrreEtrs ycroBlfr orMcaltrtofi MoAeJM oKcrrepuMeE-
TaJrbHo troJryqeErilJe pacrlpe,ueJreErrfi.\ rurorHocrrr SBrl rro ,{fitrIe qrrrtrUu)a AoJxxGrr
crlpsMJlaTbcs B Koop.uBaTa* tn 

h=J 
- x , a TaEreIIcH EaKJrorra gTr,D( rrpsMbrx

( s . 8 )



* = [*"'u* 
' .;+ &)* ( s .  e )

.qoJmHr xapaRTepr43oBarb e(ffierrrenocrb rtroeJE SBrl KaK B OdbeMe, TaK lr Ea
troBepruIocrrI TBep,uoro reJa. rIT066I I{3 Btlpa:reEua (s.9) OqpeAeJII[Tb sEarreHu.q
z,neo6xo.6n'rc [pe]Fap[TeJIbHO yoe.4ITbCA B MaJrocrrl roMoreHEot COCTaBJrfimeft
yOEJM 3Br{ B rasoBoft (FBe. IlepemueM (5.e) B sIIIe

. 2 D = K N  + v + . 2 1  v
1  2 - 7  2 r ( s . 1 o )

Tpu craraewe B fipaBofi orarr'"op.*a'r4s (5.10) coorBercrBy'? ?peM ocrloB-
HbrM KaHaJraM y6uJu,t SB.I; fiepBoe xapaKTepl4syer ra306a3Hoe ty[reHue 3a cqer
croficHoBeErfr' BTopoe - raSooaSHoe ry[teElle Ba ctler crIoIITaIIHoro IrBJyqeELIE,
Tperbe * rereporellEyn r}Ioerb 3Bq. Bo3Moetrfr BIq[a.4 trSryqareJlbHoro sJreHa B
BeJIrrI{Ey .2p Mofter 6HTb CreJaH alrp[opEo. 3Eafl tr3 CrIe$rpocKoIM]I I43JIy-
gareJlb'oe BpeMs xc{BErr 3BY .r., , JIerKo oqe'r{Tb no (lopuyre gt&il[Tel&ra .qJM-
Hy .MQmy3r4{' Ha KO?Opofi Oy.uer saMerEa [sryqareJbEa8 rtroeJrb SBrl:

a * r " r t : { 2 D r o " n

Ea* .*r", > MIIOTO ooJrbEe TJEESI T.pIJIIIII4)a, Ea KOTOpOfi SKCTIepXMeIITaJIbITO
I{SMepseTcs .U4lfysuorEoe pacrDe,UeJreEr.re gBrl, To E3ryrraTerbnm,r rutetroM OBq I
Bilpafterlrm (5.10) Mongo [pexe6peqb. EoJM Taroro tlplr6Jurfterur.H c,ueJrarb rreJrb_
3ff, To KoHcraHTy cKopocTr{ ll3ryqarerbEofi ruoeJM Heo6xo.Un|o yr[{THBarb IIpI,I
odpadoTKe gKcrrepuMeETaJrbHEx IaEHHx.

IIepBM gJeH rlpaBofi ,racrr.r BblpaileEr,rs (s.1o), orerc'Barcqd rr46erb gBrr B
ra3o(!a3IU{X CTOJrKHOBeHr.rsx, orJrrtrlaercfl or ,4)yrllx qreHoB ororo BbrpaxeHurr
CBOEI BAB}ICI4,IOCTbD OT .IABJEIOIfl. 3TO ,[AET BOSMOXIIOCTb SRCTEPIIMEIITAJIbITO
o[pe,UeJrtrTb oTEocuTeJbrfim BKJra,U cToJIKHoBIlTeJbEo[ rtrderE B y6EJM KoETIeET_
parl4r'r SBrI B ragoBofi (page. ,t3Mepsfl pac4pe.4eJreurrrr KoErIeErpau{I! OBq qpr! E(
MWYSItr{ B.qOJIb I.TIJIUII4)A B sABtrCUMOCTtr OT ,UAB'IEEI{fi MATCPTHCKOrO rA-
3a' Mr MoaeM cy.u{Tb o coorEollleEm roMoreEHblx s re?eporeHlslx cocraBJrtrwu
rtroeJM 3Bg. Ilosclum 3ry MHcJrb Ea KonKperuoM qpsuepe. Ha pIIc, 5.5 B trOJry-
norapr@uEqec&rrx Koop4{Earax Epe.ucraB.,reElr pactrpe,[eJreEns KoEqerITpauM Me-
TacraouJtb*sr aroMoB reJma trptr trx mfr(w3r{tr B,UOJrb rsJl}rEqpa B BaBECr.rMOCTrr
or AaBJTeHUA He [3e]. B ramrou cJryqae MEI riroseM 3aBe.{oMo [peaedpeqb tr3Jry_
qarerbHoft ruderbn Meracradr.ulbltrD( aroMoB, TaIc KaK xapaKTepllafi ,[Jrrma .U46_

6ygLM lrg gToro qpoqecca cocraB,IgeT."r", > - 1o"cM, qro Ha rpr,r fiopff.u{a

l n V

P r c . s . s .
Pacupe.qereroe KomleErpaluo�r
MeTacTaOruIbEfi aToMoB
reJuf B,uoJIb I&JT,F rca trptr

paSITtJr AaBJIeIII[flX He [39J

f  -  r , r . r o - 2  T o p  ;  Z  -  z , s . r o ' { ;
3  -  z .1o-2  Top

h, cn

<J+

rrpeBHllaer peaJISIrbIe MacETaoH Cflara KoIIIIeHfparyE{ xe'. Buwtc.lgtr{ BeJMirr,rrIbI K
.4JIg RpI4B6rX r - 3 Ha prc. s.5 u [poaHaJIIlBI{pyeM I{x 3aBrCI4MOCTb OT.UaBreHuff
refiIfi. EcJtr{ rrderb Meracraolrbrflx aroMoB onpe.ueJlsercfl ToJIbKO rereporeH-
HuMI,I ltpoqeccaMl/I, To BeJII[III4IIa .2D -.2p-1 Ee 6y.uer BaBlrcerb or ]IaBJrenrrs.
EoJEI, Eaooopor, oqpe.[eJrrrqyn poJrb rrrpaer raBo(pasEoe ryrleEr,re, To BeJMqr{Ha

*'p-t ,4orrGa J[EreI&ro pacrrr c yBeJrr{tleHrreM .EaBJreEr4R. B TaoJ. 5.2 rrpr{Be.ue-
Ea o6pa60Tlca .qallHbrx, qpercra&,IeHHHx IIa p}Ic. 5. s. BTIEIO, qro BeJMrII4Iia
.zp-tB.qalilIoM cryrrae qpal{TI/FIecKI{ Ee BaBucI4T or.uaBJleHltg, T.e. yobIJIb
aToMoB tre*onpe,4elae rc8 ToJIbKO Ie TeporeHHNMr4 rrpoqe ccaMl{.
Ta6mrua s.z

P, Top rc ,  CM-1 r c - ' c M  - * 'r- t  lTop .crra' ;  
- t

t , l ' L o - 2

2  , 5 .  : ^ O - 2

7 , O . : . } - z

4 . 1 0  
- '

s ,  5  .  t o - 2

s , z s . 1 , o ' '

1 , 6 . 1 - O - 3

t  n a .  r  ̂ - 3

e ,  s 6 .  t o - 3

1 ,  2 3  .  t - O -  t

t , 2 t . t o - t

L , 2 2 .  : _ o '  '

Taxr'nr oopasoM, .uJrs paccMorpenHoro FplrMepa oopMyra (s.10) Moxer obrrh 3a_
IMCAHA B EI{IE

- 2 ^ -
7  -  

^  " ^ o

2  -  T  v  ,  ( s . r 1 )

orlcyAa rerKo BbIr[{cJMTb SEaqeE}Ig KO3@IIpIeHTa rereporeElofi ,ueSaKT]rBat_u&I.
Ee o.uunt EpaIcTI{rIeCKI{ Ba'rHbrM cIyrlaeM SBJIAeTCTI TyEeE}Ie 3Br{ Ha o.{eHb

aKT[l'BHbrX CTeETCaX O = r). B 3TOfi Crrryarryrrlr MoflHo aqpropEo rq)eEeoperrb Bce_
MI4 TOMOTEEHHMII qPOqECCAM!! TYUIEHI{A 3BI{ !I OIMCATb CIIA,4 ROIilICHTPAUEI 3Bq
B.UoJIb UlIJtrtrI.U)a rIepBEM qJeEoM BbrpaaeHl4g (5.7). Tor.Ua BeJII{qruIy y MoxHo
oqeHlrrb IIo (bpMyJe

2 7  -  4 D K  J l  ( K r o )

z - r -  v  E T K T ( s . 1 2 )

rAe Jo, Jr - (WIiKI.UItr Eeccers HyJreBoro lr [epBoro nopF.UcoB.
IIpoBeAeffiffi arlaJrrlr3 rrosBoJrfler c(popMyJMpoBarb o6[Me ycJroB]rE, Heooxor]r_

MI{E AJIA KOPPEKTITOTO OUPEIEJIEEI{g KOOQ(F{UIIEETOB ICTEPOTEIfiIOft IE3AKTI{BAUI4I{
mr@ysl{omffid Mero]IoM:
- rraqaJlbrra8 KoHrlellTparr4ff 389 e rasosoft 0a3e.4oJrxfia 6brrb HacrorbKo Maroft,
qro06l Molcto obulo [peEeopeqb rD( rrapHbrMr4 B3aID,rO.4eftCTBI{ffMI{ B ra3oBoft @a_

- cJleAyer ooecllelMTb rIO BO3MO]rc{OCT}I IIOJIHOe OTCyTCTB]Ie B ra3oBofi Oa3e
rrpi4Me ceft-TyrrMrelefi 3Bg ;
- pasMepbr rlrooy3fiorffroro rrrJrnr.qpa AoJrxcrrJ oNTb [O.Uo6paHbr raK, qro6N Bbrflor-
IrflJtrIcb fip]r0Jtru(elfl{fl @pMyJr (5.1-L) 14 (5.12), a uMerrHo ,o ., roi 

} u .o u

. I  )  tr .  - ,qJura rE,uEqpa; r -  rrrma cBodo,Eoro rpooera gBy n rase;;
- rereKrop 9B9 se ,4oJmeB BEOCtrTb CyqecrBenHr{x r(sMelreErfft B .u4my3[oEloe
pacqpe.[eJrerue 3Bq 810.16 tsJuEql]a.

B EeKorop[Dr cJryqaffi, Kor,qa Bce rreperMcJle*rrlre ycJloBas Be Moryr o[Tb
BbIUOJIEeEII oEoBpeMemo' Momo BEecTE cooTBeTcTByWIe I4BMeIIeEM B reoMeT-
pm ctrcTeMEI tr otrpe.[eJMTb BEaqeme z trs peEeE rs BEoBE Bo3rflEr[efi .U4@ysr,r_
offioft Sararu. TaK, B padore t401 .4Jr8 UsyqeEIIs .uesaKTr{Batptr4 Cr4lrrJrerHoro
RtrCnOpO,{a Ea BbICOKOaKTtrBEbTX trOBepxEocrfix rrpl4MeHaJracb .tpl yslroruran c[cre_
Ma' cocroqafi tr3 ,Eyx r@aKctraJrbHEx rr{Jrrm.qpoB. BneurrM ullJrlln@ 6bur BEIIofl-
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EeE tro cTeKrIa, xaparreptrgyqe1oca MaJrNu ggarreEtreg z - 1o-u, a Ea BrryT-
peM Ur.,ItrEAp MaJroro .UaMeTpa EaEocuJlcs u3yqaeliEfr MaTeptraJr c z _ 1. B
paooTe[41] trpoaEaJMBupoBaH[r cuTyar[nn, Kor.qa IeTeKTop BrrocuT BoSw[eEse B
trepButlroe ,@rgro6oe pacupe1eJlegue aKTtrBEbIx qacTrtrL a Ta*ae c,'ygafi
oonbEn KoEqeETI)atd aRTtrBEbIx qacrnl B ragoBofi O€se. OTMeTror, osraKo,
qro tro,4ooEre Mo.@(@rarym .Em3lIoruoro Mero.{a curbrro ycJrofirrflDT odpaoorKy
sKctreproreETaJllEbrx .qaEHrD( tr T!e6yDT, KaK llpaBlrJro, uptrMelleHr{a conpellerurofi
BETITCJIUTEJIbEOI TEXEUI(tr.

ffBJsscb ETerpaJIbEo[ BeJEFmrot, Ko9(EM&eET re repof erfrofi .qe3aKTr{Bar-ultr
AE trOSBOJIgET CY,ryITb O KOEICPETH}IX MEXAIil3MAX TYIUEEIIS 3BY rrA IIOBEPXtrOCTtr
TBep.4[X TeJI' EO rIO ero sHaqeflrm Mo&ro oqeHrrrb o6ud xapaKTep .umaMuKr4
ooMetra oEeprueil MesrJ 3BtI ragoBofi (la3br u troBep&rocrbD. o[pe,qeJerure BBa-
qEEITg 7, ICAR qPABIIJIO, gBJIgETCff trEPB6IM IIATOM B ITSYqCHI.III MEXAEITBMA B3AUMO-

,qeficrBns SBtl c rBep.&s, TeJroM, a raK&e rlMeer [paKTFrecKyn BaEIIocrb ,uJrs
BEoOPA MATEPtrAJIOB, KOIITAKTqPYuIFII C BO3oYEICroIOfi TAsOBOft OA3Ofi B TEX IIJII,I
r.rHbrx ycJroBEflx.

5.3. Mero,6t oqpe.qeneHr{.s Korrqesrparsd{ gBq B rasoBofi Oase
B trpeEAyqeM paBlene orlreqeEa Ba,fixlocrb trBMepellua KoEUeHTpar.us{ gBr{ B
ragoBofi oage IIp}I n3yqeEru rereporeHHtrx qpoqeccoB c r(x yqacrl4eM. IIpu oroM
METO.{ tr3MEP€Etr8 KOEIIEETPAUEI SBII .UOJIfrEE O6NA.UATb BbICOKOI IIYBCTB}ITEJIbIIOC-
Tbll' BEoctrTb MIllHuMaJIbEoe BogWqeEtre B trsMepreMyD cI{cTeMy tr xeJIaTeJIbIto
6bub upneltrnftnr B D@ysuoEilx ycJroBtrsx, IlorDodyeM paccMorperb c arof
ToqKtr BpeEtra ooEoBubre rlpntrfimr .qereKTqpoBaHlrs OBll B ra3oBoft &ase I'r oue_
EUTb BOSMOIIIOCTb ID( trpuMeEeErrs K uccJreloBaHrm reTeporeEl$lx qpoueccoB.

Bce cyqecTBywre Mero.Sr lerercr4poBaEtrs gBrI Molaro pag,UeJrrlrb Ea rre-
cKoJIbKo rpyEl: ctrelcTpaJlbHle, KaJIopI4MelTlIqecKlIe' xl{MtrllecRoe TI{TpoBaHI{e,
gJIeKTptrl{eCKEe, a TaK[e ceEcopHoe .4eTeKTqpoBarII4e.

I( ctreKlpanbEnr MeroIaM orEocflTcf, adcopoUtrorfraa ctreKTpocKorlrlfl, Jra3ep-
Eo-mA/l$rpoBama8 (nlryopecqeIITHas crleKrpocKorltrf , oOMeHoJDuvmIecIIeEIDta,
9[P. Adcopou{offias ctreKTpocKormf, fiBJrffercfi oEruM us Hatrdoree qacro qpuMe-
EseMbIx MeToAoB. 9ToT MeTOI obUI IIpnrcHeH BtrepBlle, uo-BI,I&noMy, llllrJraTqoM u
OproTefuoM 142) g;trfl. trgMeperrnfl clcopocTn odpaooBarurfl MeracTa6lurbrurx aro-
riroB EeoEa B pesynbTate gJreKTpoEHbrx y,qapoB. MeTo,q ocrroBaE rra sB-
JIeHlItr pesoEaEcEolo trorJloqeErrs tr3Jryrreufir, cooTBeTcTByqero trepexo[y SBtl
trg MeracraduJttuoro B Jresaqee Bbrrne pegoEaEcEo-Bo3oy8Aerfroe cocroflru{e. IIo
UETeECtrBEOCIU UOTJTOEeEUf, MOerO CyI[Ib O KOE{eETpargEI gBq B raSoBofi fiage.

qyBcrBtrTeJEEocrb Merola aocopdr.Eoffioil cueKlTocKortrM BaBtrc]{T or,qJIIIHil
orlTrrlecKoro uyTE Botr;'[rf'yqero cBeroBoro ry!trca B Bo3oy8qelfioM ra3e tr Mo_
aer rocrtrrarb 1oE - ro10 qacru{,/cf. Mero,q qpuMerraercff, KaK qpaBrIJIo, Ans
trccJleloBamf, rulagMt pa3pgloB trJrtr pacla.qauqeficff uragl,[{ Ha paHrrE cra,Uax
uocrecBeqeElg. Boeuomocrtr adcop6u,IoEofi cuolcrpocftoruu .uJrs rl3ygelus re-
Teporegr+Ir qpoUeccoB c yqacTrreM 389 geeeJrucu. Hatrpntep, AJrfl oqerRlt
o@KTEEocrI,r ry[reEtrq 3BY sa creEKax peaKTopa EeooxoEoro B cJlyqae [poro-
E{ofi ctrcTelfiI gEarb rcpllByD ctraAa tr EX KoETIeETpaII[tr B.{oJIb BogOyx,[elqroro
ra3a, a B cJryqae crartrtrecKofi cEcreME trx trpocrparrcrBeHHoe pacqpe,qeJreHtre.
B [epBoM cJryqae MaJaf, 4rMrra otrT]rqecKoro rryTr! soEErpyrqero cBeroBoro Jryrra
qpI,IBo,@T K Eeooxo,Enrocrr padotarb trpl{ cpaBEtrTeJIbIIo BbrcoKtrx .qaBJlemax.
Kor.qa Ea IIepBM rr.rlaE Bblxo,4ffT IIpoUeccE roMoreErroro Tyr[eElta I,r oqeEtrTb
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BK,raI rereporeErot cocraBn@et BecbMa cJroffio t431. Bo BTopoM cJry\rae
[44] B yCJTOAIISX Eelrpep[[BEoro Bosoyarems raSa BoSMOmO [CCJIerOBarb qpoc-
rpaEcrBeErroe pacqpereJreme 3Bq trptr ooqeM raBJem rasa ro'2 - ro-1 Top ,
'[ocrarorlHoM Nra rccJle.4oBarltra FereporeEH[rx qpoqeccoB. Ho B ycJloBtrfx
Eerrpep[IBEOTO Bo3oytreffif,' &orAa B OdbeMe urreDTca pactrpereneEEble trcrot.,u-
Ktr 9BrI, .4rr8 orrpe,ueneEtrfl s(rueKlrEocrtr rereporemofi r}I6eJE u60oxonnrc
sEaTb IIpo(MJrb I,Ix KoErIeETparFnr B Eeuocpe,[cTBeEEoft OJqgocTtr oT cTeEoK pe_
aRTopa, a 0Toro EeBosltomo .[ocrtrrrb B paMKax MeroAa adcopotlEoltrroft cIIelcT_
POCKOIItrU tr3-3A B.IuISEII.E OTPASEHd OT CTEEI(E EA BOEMPY@ Wq.

IIec*ofib*o Jry'{uefi qyacrBtrTerbEocrbD rr ru)ocrpatrcrBeEHblM pa3peEelil{eM oo-
Jraraer uero.q JIaSepEo-ErAfIspoBaEEofi sryopecuenraoft ctreKTpocronrrl,t t45]. B
ocEoBy Mero,{a raRre troJIoreEo sBJrerII[e pesoEarlcEoro trorJroqeEtrs cBera Mera_
craoErbflI''u 3B9. l'[@.mc JIASepEOTO tr3JryrleEtrf rIepeBoIFT B 3orr/{rFyeMoM
ooreMe 3Bq us MeTacraotrrbEoro cocTosEtrf, B pe3oEaEcEo_Bo3oyqleffioe, n
KoilIerrrparryrs SBII otrpeAensercs uo uEreEctrBEocrtr Nryopecuerulu BosoyEUeE_
EOrO raSa yae B pasp€EeEoil Odracrtr cueKrpa. Bucoras uETeECtrBTIOCTb tr
qpocrpascrBemaf, JroKawsarss JrasepEoro ryEra oqpeAeJrsDT rlpeuMyrrrecrBa
0Toro Mero.ua uo cpaBEeFm c Mero.[oM adcopdlsoffiofi cueKrpocKollrur, o,waKo
Ta&:Be BoSpacraer rr Bo3lryqaqee reficrBue, BrrocuMoe B crrcreMy SoEEIpy|xIuo,r
rryrrRoM.

Mero.u ooMeao -Jru\rmecrleFliln 146,47) ocuoBalr Ea aBJrettm uepeAarm guep-
rIM C METACTAO}ITbMIX YPOBEEfi 9B!I EA I}E3OITAIICHbIE YPOBIU ATOr/rcB U I,OJIEKYJI
TyllMTeJIfl. 0 ronlegrpgrT,nr SBrl B .qaffioM cryqae cy.[fiT tro rurre6cr{Brrocr11 cBe_
qeEna ry[IETers. STor Mero.q ooJraAaer qyBcrBureJlbEocrbD.[o -ror .q{acr, /cM3,
IIO ITPtrMEEEUI{E ErO OTPAEIFIEEO qPOTOtIEilMtr CUCTEMAMtr C BECOKOft CKOPOCTbT
uoroKa, r.Ue Moffio trpeEeopesb flB.,reErrsMr{ IlpoflBo.U@yoru{. KpoMe roro,
orr rrosBoJrser oqpereJurb roEqeElparym SBll B O,EOfi (ErctrpoBarfiofi ToEce yc_
TAIIOBKE' qTO CEJIbIIO BATIYIFSET trCCJIE,qOBAEtrE TETEPOfENHIIX qPOUECCOB, CBA-
BaEIIoe c trBMepeEtreu upoclpaEcrBeErroro pactrpeAelemlg OB{.

cyqectaynr Mero,&r cl]ercrpaJrbEoro oqpe,4eJleEtrff ROErIeErpaum 3Bq IIo IE-
TeECTBEOCTE CBeqeuEs noedytrerEoro raSa B ooracrsx cneKTpa, coorBercrBy_
x@B SAIIPEqEEAbIM O,UO(DOTOItrtrtr{ trEPEXO.IAM tr3 METACTA6ETbEOTO B OCEOBIIOE
cocToflme [48,49], trJ'tr re tro trETeECtrBEOCTtr CBeqeEtrfl, BOSEruCaqero qpu
roMoreffioM TyueErltr 3Bg coocrBeFl{rsr ra30M [50,51]. B cwqae llapaMarlltrTflUx
3Brl, Baupn ep or {rAr), Ar(rp2) , trx rcoEIIeETpaIm BoBMomo oqpe.qeJuTb Me_
ro.qoM SIIP 152,531. oEraro qyBcrBtrteJEEOCTb gTtrX Mero.4oB EeBeJMKa U Be
trogBoJlfler paoorarb trptr MaJrbIx laBlreEtrFx ra3a.

Ka.ropruerp. rtecKd Mero.u .qereKTEpoBaErrs gBg octroBaE rra lrBMepeHI{II Tetr-
JIoBoIo SmeKTa, Bo3rluKanqero qptr AeBaKTtrBaUm gBrI Ea goBepxEocTax, oOIa_
Ia[ltud BbrcoKofi 9([&eKTrBEocTbD TyrleEtrs. OroT MeTo.q qpuMeEaJtcs .UJrs otrpeAe_
JIeEtra o2(rAr) t31l, ps.qa rcoJreoaTerbEo-Bosdy8IeFHKr( MoneKyJr t541. WBcr_
BUTeJIbEOCTb K SB.I B AatroM cJryqae riroreT .4ooTmarb ror0 qacr ,zq"f . K re_
.[ocrarKaM Mero.qa rilomo orEecrtr orcyrcrBEe cerelcrtrBgocrtr, far rax retr_
roBofi o(lIeKT BosEm,aeT Ee ToJrbKo rlpu ,{e3a&TrrBarEr gBrI, Eo tr trpu percoMorr_
EaIIIU aToMoB, pa.@taroB, rlacTo qptrcyrcTByrrurr B Bosoy[AeruoM rase, qptr
uorJroqeEm llSryqeEua tr T.tr. ItpoMe roro, rcaJropl4MerprFrecKtre Aerercroprr BEo-
car ctrJIbEEIe trCKaAeEtrg a trpocrpaEcrBellEoe pacqpe.qereEle 3Bq B CtrCreMe.

Mero,q xmorqecKoro rtrTpoBaErrg garcrmqaerca B KoJIWecrBeErroM aEaJuge
qpo,RyKroB cnelg(p,rvecrw peau&il gB1l co clelfraJrbrro llo.[odpalutruitrr peareETa_
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l,q B ragoBoft ([ase tss], a TaK[e trpx trpotrycKaFrnr BogOyEIeEEoro ra3a qepeg
pacTBop peareETa [56] trJM ae qpu I(oEtaKTe rasa c TBepsw peareEToM [57].
XE\,scecRd MeroA odralaeT pfl.4ou cyqecrBeFnrJr EeAocTaTKoB. It M, oTEo-
csrcfl MaJIaa qyBcratrTerbEocrb, Eeooxo,@rocrb qpucyrcrBus B cucreMe Be-
qecTBa-peareETa II, rJIaBEoe, EeolFoSgagEocTb lI)aKToBI(tr uowqeTrl{Ilr peSyJIb-
TATOB.

BEcoKofi WBcrBtrTeJrbEocrb[ ooralaDT sJreKTpFrecKEe Mero,&I AereKTqpoBa-
rug gBtI, ocEoBaallfle Ea trBMepelrrn uaJ[rx roKoB, BoBEtrKa@ upu ceJreKTtrB-
Eofi uorugarlrq 3B{, Ju6o roxos BToprrIEEx greccd sJIeIcTpoEoB nM rroEoB,
BHdrlBaeMbrx SBll c troBepxEocTu TBep,UIx MrrreEefi (ecna tarag aMtrcctra xMeeT
Mecro ) .

CeJeKTEEag BoruBaIEg 9Bq ,[ocftrraercg Ba crler paggocrtr uoremFraroB
troEngaIIIE Bo3oy8leEoro tr ocEoBEoro cocrojtFffr aroMa urtr MoJIeKyJrH, paB8oil
BeJrrrtlre aEeprm Bogoyfi,qems. TaK, uorenuafir trontrBatwr cocroM ra- r
t:' ttucropo,qa Ea 1,o tr 1,6 oB coorBercrBerilro nme rorenga.la ro*"arti-
ocEoBEoro cocTosHtra 02 (L2,o6 9B). I,lcuoJ63yfl B KaqecTBe EoEns4pyqero
BoBAeficrBEs pe3oEaEcEoe tr3Jryrleme Kr (10,64 9B) n Ar (LL,?2, 11,54 gB),

B paoore [58] y,UaJlocb ceJreKTtrBEo BEIeJIutb Boooya,ueEErre cocro s 02 Ea
OoEe rpururergoro KtrcJropoAa. Cre,qyer, o.Earo, orMerrrrb, lrro rpaRToBKa
Macc-ctreRTpoMerptrllecrutf, trBMepeE[[ ctrrrbtro ycJloffifleTcfi B cJyqae aEaJmBa
MEOTOaTOMEIIX titOJIeKynfipEIIX raSOB tr CMeCU IaSOB C oJM3KU\,EI trOTeHLUaJIaMtr
troEtr3arnnr.

gwccgoFFre Mero,u AerercrtrpoBaEtrg eBq ocEoBaEr Ea cBo[crBe EeKoropEx

MeracraouJ6Ftlr qacrEl {urta5:l) ( uetacradu.mrue aroMH uEeprH[tx ra3oB)
BEOmarb gJreKTpoErr c troBepxEocTtr MeraJUroB t5el. CoBpeMeffiafl teyFrrKa trB-
MepeEtrs MaJr[rx TorcoB uoSBonaeT pertrcTl)EpoBatb oseEb MaJrEe rroToRlr gJreKrpo-

EoB, B6l6@aett,rla SBrl trB MeTaJUIErIecxE r@eEefi. TaK, trptr uccJle.UoBanrr pac-
cefiEEg reluloBtlx trytIKoB MeracTaoBJbEFr aroMoB EEepltsEx ragoB [60] trBMepa-
eMEe rrorortr SBtl cocraBnmr - 1ot .racr,/ct''c, tlro coorBercrByer KonueET-
parTnr B rasoBofi (Daee - ro3 sacr/ci. OcEoBEofi cJroxgocrbD trprrMetreatrfi .uar-
.mcoB EBrl fiBJrseTcf, EeycrofilrtrBocrE B pa6ore, cBfiBamafl c EecraouJ6EocrbD
KBaETOBOTO Brfio,[a BTOptrTIEIIX 9JIeKTpOEOB y MeTaJUItrlIeCKm gJIeKTpOIOB--Mrure-

Eefi. BeJMqEa KBaEToBoro BlrxoAa BTopFrEbIx gJreKlpoEoB trprr .qeBaKTEBarUflt
MeracTaotrrbr{rrx arolitoB ImeprEDIx ra3oB Ea troBepxEocur MeraJUIa BaBtrcIIT KaK
or cuocooa qp[roToBJreExs rroBepxEocTtr [61], Tarc tr oT rrp[cyrcTB[s a.{cop6tr-
poBar{Frrr cJIoeB [42], trogToDry oEa lloreT MeEgTbcg EeyrIpaBJIgeMHM oopaBoM Bo
BpeMs pa6oT! ,{ereKropa. B pa6oTe [62] era rpy,@ocTb odolileEa tryTeM Ee-
trpepEBEoro ocaf,[eEtrs MeTaJUIa Ea rroBepxEocTtr 9MtrTTepa, o,EaKo rcoEcTpyK-
TUBEafl CJTOffiOCTb Tar(OrO ,4eTeKTOpa AeJraeT ero MaJrotrpmol[rHM .&rrfl llpalcrtr-
qecKlrx rleJefi.

00qEu Ee,uocrarKoM, orpaflFrtrBa@, cpely rq)uMeEerltrf, oJleKrprqecKl{x Me-
To,IoB ,ueTeKTEpoBaHm 3Bll, saJlfieTcfl cJromocrb almaparypHoro o6ec[eqerus.
Bce om, KaK qpaBtrJro, rpeoyDT rlpnrueEeEtrs cBepxBEcolcoro BaKyyMa, TexErltKI{
ryrrKoB BoSoyElel{nrrr qacTEl, gJteKrpomofi otrTtrKtr, IryEIaFTcfl s eEcorofi uo-
MexoSarruTe.

I{g trBroseEoro Burre rq)arrcoro o63opa Mero,qoB perEcrpar.Er SBrl uorqo sa-
K'rxFrrITb, qTo m o,utrr tr3 Etrx B orleJrbEocTu Ee Mofiet cooTBeTcTBoBaTb aceil
coaoKyrrEocTtr rpeooBamn, EeooxoDnerx IJs n3yqeEtrs re TeporeHflbrx qpoqe ccoB
c yrracrtreM oTriE qacTrtrI. Ha Ean BgrJrEL rlp}lMeHelue noJry[poBolFr.ricoBbrx cefi-
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copoB .UJIF AeTeKTIfpoBaEIIg 3Bq Morer .uarb cotleraHl[e EeooxoEtr\,ux KaqecrB.
CeEcopbl BucoroqyBcrBurerbrlrr, rir![rrlarppnrr, trprmo.@r IrF pa6oru B trmportrx
ItETepBaJIax reMtreparyp tr .qaBrerfiM ra3a, orJrtrraprcs npocToroft trplrdopEolo
ooopMJerus. BMecTe c TeM Bcraer psl qpo6reM, cBn3arrrrFff c BorrpocaMtr rq)e-
tFapllTeJrbEotr tro[noToBKtr ceEcopoB tr soBbrueEtrs rfi ceJreKr[Brrocru. 3Tu u
,U)yure BoqpocH odqero xapaKrepa 6y,qyr paccMorpeHH B cJre,lrJqeM pag.[eJre.

5.r. IereKTrpoBars{e 3Bq c flouo[bD rroJrylpoBolErln(oBLrx [JreHon

ceEcopEoe AeTeKryrpoBaEIIe 9BrI sBrseTcff MeTo,urrecKr4 ooJlee croxcloft 3a,4aqet,
rIeM IeTeKT[poBaErre aroMoB II pa.UmaJroB. IIp[ a.[copdrytrI aToMoa u pa,WraJroB
Ea troBepxEocTtr IIJTeEoK rroJryupoBo,url[KoBbE oKctr4oB rD( sJreKTporDoBo]EocTb
MeEsercs roJIbKo Ba cqer a,ucopdlum B BapsaeErofi (FpMe. B cJry'{ae BgauMo-
,UeficTBlr.E SBrI c troBepx8ocTbn oKctrUoB riroryT uMerb Mecro KaK MtrIrnuyM .Fa
MexaEIlBMa trsMeEeHsa sJrercrpotrpoBo.Eocrl! ceEcopa. 0.@ MexarflrsM cBflgaa c
e(loeftrar,u sapsseruofi a.qcopol0{tr, n)yrofi - c uepe,uatrefi eHeprlg{ Bo3dy8Aerut
B oJreKTporyD uolcEcrebry troJrytrpoBo.@a. Ilpe.uctaBrerflrfi o [epe,Uaqe oEep-
rtrII oT Bo3oya,qeEHrlx a,uroJreKyJl TBep.uoriry TeJry BtrepBbre oEfir pa3Burbr B rc[ac-
ctrlrecKEx paoorax mco;ur Tepema t63l uo ceEcEdEJE[saryM (DorotrpoBolunocrtr
OKCtrUa IInEKa aAcoporpoBaTil{ru,q KpaCtrTeJIsMtr tr IItrrMeETaMtr. B paoOraX tel,
551 UpsMHMtr gKCrrepUMeETaMU trOKaSaEO, rrTO O.UIUM rr3 KaEaJIOB IlECCmar[III
gEeprm rpruulerEo-Boeoyq4ernrrr lroJrercyJr gptrTposEra, alcopoEpoBariltru Ea
oKrcJeruofi troBepxEocrtr Felx/raBus, sBJrsercfl orycror[eEtre JroByrrreK B cJloe oK-
cEqa u BEopoc gJIeKTpoEoB B BoEy npoBol@rocrE tro4rqpoBo[ItrKa. IlporeKarue
Talcoro po,tla Epor{eccoB BecbMa BeposTEo tr B c{fqae B3anroAeficTBlrfl troBepx-
Eocru oKcl'nmrr lroJryqpoBo.qMcoB c 3Bll, EaJlera@\rn trs ra3oBot oasbl. B Ee-
ItoTop[tx cJryqatr ctrIEaJlII�sMeEeEtrs 9JTeKTpOTIpOBOIFOCTtr CeECOpa OT XeMOCOp-
olpm tr uepelaqtr gEeprm 3Bq roreD1 paBEHe sEaKtr, qro ocJlor€fler lrrrreptrpe-
Tatuoo Eorca3arod ceucopa. flpKlo, tDrn,tepoM sroro s(EFKTa gBJISerca B3anrro-
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.qetcrBfie o,('A_) c IIoBepxHocrED cfleqeltrloro trorl{Kpr.IcraJuE{qec&ofo ceEcopa
a j

IIa OCHOBe ZnO, I{syqeHHoe B paooTe 1ee1. B gTOft pa6oTe uccJreloBarro lrBMe-
BeII}Ie gJIeICTpOtrpOBO.EOCTtr OKLICJIeEHbIX tI BOCCTaIIOBJIeIIHI'IX IIJIeEOR ZnO [O.U
AeficrBl4eM ctrItrJlerHoro KIIcJIopoAa. rITooE l4clcJEowrrb BJMfiIII4e BoBMoIctEx ra3o-
BEx trpmrecefi, MeIIg@( srerTpoupoBo5locrb zno, MoJeKyrbr o2(raq) noJIygaJM
pagHblMlt cuocodaMu: B o,UIoM cly.Iae CBll-paBps.UoM R Kr.IcJIopo.Ue, a n.qlyrol,l -
c noMoqbD xgMtlqecRolo I4cToqELIKa IIa ocEOBe peaICLUtr4

Hgo  +  o  e  Hg  +  o2 ( rag ) .

PegynbTarH ll3Mepenil Epe,ucraBJrerril Ea pr{c. 5.6 r{ s.7. B]{Iro, rrro nsMe-
EeHlIe aJleKTpoqpoBo,urocTr{ Eocgr EeMorroTorfilil xapaRTep. B EatraJlbrtrfi ]Iepuo,u
BpeMeEtr trocJre BrcrmqeEtrfi l{cToirHma o.{ra.) collpoTtrBJleHr.re ceHcopa yMeHbr[a-
eTcs, a saTeu HaqmaeT uraBHo pacTtr, rrprflreM pocT corrpoTtrBJlelMs rrpo.4oJD[a-
ercs u llocre BHrcmqeEtrff tlcrorrHurca clnrtJlerlloro Kr.rcJropo,ua. Ilorygerutrff pe-
ByJlbrar cBtrqereJlbcrByer o roM, qro lrptr Boararo1eficrBr.fl.r o2(1ae) c Erelfl{oft
zno upoTeKapT IBa upoqecca, o.utrt tr3 KoTopblx cBs3aE c [epe.uaqeft oEepru}I
MOJIeKyJIII O2(tAr) B gneKtpoHrryD trolc?rcTeMy oKctrAa r['rrrKa rr cooTBercTBer[ro
c lrccroM rrpoBo,uDrocrr4, a .4)yroft - c xeMocopdq{efi cr4rrrJrerEoro KtrcJropoAa
Ea cBepxcTex[oMeTprlecKr.fi aroMax zn, flBJrsnqr$cg rlerrrpaM]r a,Ucopolptr{ oa.
ItolilcypeE&Iefi g${x ,4Byx rlpoueccoB }I odbficEsercs gKcrpeMarbrtrffi xapa&Tep
cIIrEaJra rr3MeEerrr4s gJleKTporrpoBo&rocrn ceEcopa. B uorboy raRoft TparcroBKr,r
IOBOpnT TOT (DaKT, lrTO Ha BOCCTaHoEJreErflX O6pa3uax, odraAaw[X doJbnefi
xeMocopdr.Eorfioil cuocodnocrbD rro orHorrreHm K 02, aKuelroprtrM currraJr npe-
BaJqPYeT Ea,[ IOSopEItr"l.

l|to xacaetcg uepe,qaqu gIIeptlIIL MoJIeKyJT crlrrlegnoro KtlcJlopo.ua B rrpullo-
BepXEOCTHHe cJIoII OKcUIa UIHKa, To OEa ,[oJffiEa IIpIlBOI0tTb K yBeJIIlFIeEUro
sJleKr1)otrpoBo.ulocrtr troJtytrpoBoFmea Ju6o Ba cqer B[I6poca oJrercrporloB B soEy
trpoBo.unocrr! c MeJrKnx JroByrrreK [62], JM6o sa cqer rrrrxeKr.M]r 'gJreKTporroB

BOsoyf,UeEEHMtr qacut]laMtr B O&ClrI qtrIrKa [68]. TaKoro po.4a o@Krbr Ha6fi0Aa-
.rucb qptr BBan o.[eficrBlM troBepxEocru zno c BoBdyEIeEHuMrir [apaMr4 6enso@-
EoEa [zo], a raKxe qptr a,qcopol@r cr{mJrerEoro KrrcJropo.qa Ea rloBepx}tocr}r
MOEOICptrCTaJIJIa Zno B SJeftTpOJtrrTe [6e].

TaIcErt o6pagoM, BgasMo,[eficrBtre SBrI c lloBepxHocrbn ceEcopoB sBJrsercrr
cJIOxrflTrM qpoqeccoM, B peSynbTaTe KoToporo B 3aB[crIMocTlI oT llprfpo,el no-
BepxHocrtr tr trpupo,u aKTrBEofi rlacrltrf qporeKaDT c pas;utwtof cKopocrbD Kar{
xrMxlrecKtre qpeBpaqeEtrrr (sa[pn{ep, xeMocoporltrf,), Ta& u [epe.uaqa srreprr4rr
BoBOyEIems rBepAor\,ry TeJry.

IiorotypeT{rllln paBEopo,EIID( qpoqeccoB AeBaKTIlBalryIlI SBri Ea rroBepxEocrrr
ceEcopa cruIbEo 3a1ByEfleT trx ,ueTeKTIIpoBaIIue, TaK KaK He rrosBoJrEeT rrpoBo-
,ryrrb KoJrrqecrBeffiyn ouelrKy KoHrleHrparuEl 3Br{ B ra3oBoft Oage. JIlg nponop-
tEoEaJIbEoro,qereKTtrpoBaHr.rs SBrI Eeooxo.unla npelFapureJlbEarr o0pa6orKa ceE-
copa Ifft tro.uaB,reEtrfl o,I@[x KaIIaJIoB .[esaKTr{Bar.uM tr yBeJrlFreril4fl s([seKTI4SHoc-
Tt4 wrcwEralltr. oEeprrrr4 tro .U)yrlrM rcarraJraM. B cJyqae xlrMr/rrtecKE alcrrrBHrrx
3Bll, Eallplorep cumJrerEoro KncJropo,ua, crparertrfi [o,uloroBrclr .[ereKropa Earr-
paBJreEa Ea yBeJFreE[e xeMocopoqtroltrrofi aKTBEocrI{ rroBepxHocrr4, qro rro3Bo-
JlseT '4ocTFIb lrroEoToffioro IISMeEeEUS gJIeRTpoIIpoBoEIocTlI zno 14 lrpollopluo-
EaJIbEOrO,qeTeKT4pOBaIUfi O2(rar) t711, B CJryqae 9B!l C E43KOft XTO/rI[,IeCKOfi
aKTtrBIIocrbD lrpe,qnapure.ruEafi oopaoorl(a ceEcopa, KaK qpaBrlJro,,UoJrrc{a obrrb
HanpaB.[eEa na tracctrBar.Efio rloBepxEocrfi orHoctrTeJrblro xeMoc0p6qrr4 SBrI r4 ceH-
cIIoLUMBauo0 ee .uodaBKaMlr, o6Jerga@o,M llepefiaqy oHeprld{ B oJreKTpoErryn
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Ilo,qcrrcreMy troJrytrpoBoIEILIKa. nplorepoM TaRoro [o.u(o,ua cJIytpIT paoora U2), B
Roropofi fiyreM rrpelFapl4TeJrbBo[ a,qcop6ls&I MoJIeKyJI (pTarol-ElalfltrIa MarHIls Ea

IroBepxrrocTtr rrJreHoK zno y.uaJocb ocyqecTBtrTb rrpoloplplollaJlblloe ,4eTeKTI4poBa-
Etre rprllrIJIeTIUD( MOJreKyJr oeBsora II EaotaJtrEla.

JIpyrm,M actreKTaMrl ceEcopEoro ,qereRTEpoBaIIEs SBrI flBfiBDTcs llpo6rel,6l {a-
JE{6poBIc[ n yryq[eErs ceJleKslrBaocr]r ce$copoB. II'IBKaff ceJIeKTrIBHocrb cellco-
poB fiBJraercfi oous, Ee,UocrarKoM, rrpofiBJlflWntcfl qpI,I ,uereKTl.rpoBallul4 KaK
3Bll, TaK s pa,uftarbHrD( qacrrtrI. Mo.u,r(FIKaI.Fs troBepxEocrlI ceEcopoB pasJrq-

Etr\,[4 ,4O6aBKaMr{, rroBbrrrrawvs ID( ceIeKrI4BIIocTb, m{po$o IIpnMeHgeTcs B raso-

BoM aHaJMBe. o$raro Mero,uEca Ee tro,qo.&IT .4Js cryqas .uereKTl{poBaHllfl 3BrI,
TaK KaIc qparcrElrecrcE rreBosMo:rcIo [o,qooparb raKfie .4ooaBRI{, KoropNe o.UIoBpe-
MeEIIo oOec[eqI{BaJII[ 6H I4 cereKTl(BHocrb, tI Eeooxo.Unble ycfloBl{q .uJig qpofiop-

LuorraJlbnoro .[ererTrtpoBarrurr BogdyxAerrnbrx qacrnl, Eoree [epcleKTI4BHbIM no.u-

xoloM qpe.ucTaBJlfieTcff Epe.@ap[TeJIbIIoe pa3,4eJIeHI4e aKTI4BHhIX qaCTruI B BO3-

6yuleurol,r ra3e. TaKoro pag,qeJlelllls Motclo .uocr[rlb ycraEoBKoft MerK,4y soEon
Bosoyff,[eEIff ra3a r{ ,qereKTopoM coorBercrBywDi (F{rbrpoB, rIorJIoqaWD( rle-
aeJlareJrbrrEe aKTltBHbre qacrrd.lH I4 oectrpetrsrcrBerllro qporrycKanupD{ I4sMepgeMble

3Br{. B cJlyqae sBMepeHl,rq Koluesrpauel cilIlrJlerHoro K[cJIopoAa B pac[a.qan-
qeficfl IIJaBMe CBrl-pa3pff,[a B oz TaKI,tM (F,ulbrpoM Moaer cJIyr@ITb RaMepa co
cTeIIKaMtr, troKpblTbrMr4 cBefiepaclrlilJreltrsnr cepeopoM. Cepeoptrrarr rrJreIIKa o@K-
TTIBHO rrorJroqaeT O-aToMbI t731, a IroToK MoJreKyr o2(1As) ocradJlfleTcs rresHa-
qlITeJIbHo [71]. JIrg pag.UeJIeIIIIg SBrI II N-aroMoB B "aKTI4BHoM a3ore" Eauooree
s(lleKuBrfiu,tr'r ft.urbrpaM.r sB,rrilrDTcs rrJrenKr/r MeraJu[rrrecKoro Er[KeJrfi. Irr(mVEJeI-
pyfl EaA troBepxHocrbn Ni, Bo3dyr[Aerilftffi ra3 ode.Ulaercfi rro N-aToMaM Ba cqer
peKoMOErarsM, a odpasyqleca B xore ee MoJreKyJrH Nz(A3>;) yBeJrrrrlrrBanr
KoHlleErparyoo oBtl B ra3oBofi Qeee tzel.

KaJudpoBICa ceEcopoB SBrI Tarjme sr\reeT cBoD cfielumtrcy IIo cpaBrreHrrro c
ceEcopaM[ aToMoB u pa.WraJroB. JIrfl KaJMOpoBrctr lereKTopoB aroMHblx sacrr4r.L
Karc qpaBuJlo, oEBaeT ,Uocraro!fiio oqpe,ueJMTb Ea ocHoBe ceEcopHblx trBMepelfitft
o'Ey tr3 r[sBecTHEX B JrrrTepaType rcoEcTalrT, Earrp]IMep oEeprruo .ryrccourauu.r
MaTepr4Ecrcoro ra3a Ea lopsqefi ruru. B cJryqae .4ereKTqpoBarMs gBrI, KorAa
flMeeT Mecro EeceJIeKTlrBEoe BosoyfiAenl/re ra3a, ,4JIE KaJMdpoBKI{ ceHcopa Eeo6-
XOSN'O UAPAJIJIEJIbHOE trPUMEHEIIUE KATJD(-JM6O &YrID( IIYBCTBUTETbHUX CEJIEIC_
TtrBHm( MeTO,IOB ,4eTeKTrlrpoBaEr4fi 3Bll. KaJMopoBorrHbnfi.r MeToAaMr4 MoryT RBJrflTb-
c.E oIITIFIecKaa cIIeKTpocKoItrIg' xtIMI{tIecKoe Il ollrrtlecKoe TI{TpoBaHI,Ie, sMllccu-
oIIHIIe MMepeEtrfi I{ T.n.

TaKInr oOpaBoM, Mbl Br4srr\r, qro paepaootra troJiyllpoBo.ErrrKoBbrx AereKTopoB
3BY ssrsercs rpyl[Iof Ba,qaqeft, rpedyqefi BJra,4enu.E pa3Booopa3Eofi eKcllepr4-
Menrarbgofi Texrtrmoft, a B pf,ue cryqaeB u carr,loctogtellrux [6cJre,uogaHlM.
o,qEaKo MeroErlecKrle cJroxclocrr4 trcrcyllaroTcfl qpeuMyqecrBaMrd ceEcopEoro .qere-
KfllrpoBaHl48 3Bq. BecbMa BHcoKafi rlyBcrB[TerbHocrb, MaJrbte raoapurbr I{ 9}Iep-
roeMrcocTb, wrporsd llanasorr padowB TeM[eparyp I{ ,qaareiild rasoB, cBoficr-
BeHrrbre uonyqpoBo.ulrlKoBEM CeHCOpaM, TTO3BOJIfiDT C rrOMOqbF trpocTblx gKclrepu-
MeEToB oqpeAeJMTb Ba&lHe trapaMerpE B3araro.qeftcrB}Is gBq c floBepxHocrblo
rBepsu reJr. ItpoMe roro, (lopr\,trrpywfrcs IIo.q.ueftcrBr.reM ABrI crrHar rrsMerre-
Er,Ifl gJleKTporrpoBolulocrtr ceEcopa Eecer B ceoe ItrIclopMal_udo rre roJrbKo o KoE-
IIeIITparg&r SBil B rasoBoft SaBe,Eo I,I opeJraRcarfitr4 glreprr4r{ gJre&TpoHrloro Bos-
oy'ft,4erufi aa rIoBepxEocTI4. Bapbr.rpyfl petKr4Mbr paoorbr ceEcopa, uccJreAoBaTeJrb
I,MEET BOSMO'IGIOCTb UOJY\IIITb YHI{KAJI6I]bIE ,4AHHITE OTIIOCI{TETbIIO KOIIKPETHOTO



MEXAEI{3MA TETEPOIEHHOIO TYIIEIII.' SBII U TIYTEfi IIEPC.qATM OHEPIWI B 'NEKTDOH-
tryn [olcr[cTeMy troJlyrrpoBo,uufta.

- B KAqECTBE I{JIJMCTPAI-UM ATO*O ''OJIOfiEHI4' B IIOCJIC,4YWD( PAs.UEJIAX ME trO.{-podHo pasdepeM RolilcperHlJe rIccJIe.4oBarII{s .ueBaKTrBar.Er curlrJrergoro KlrcJropo-
TA I{ METACTAOIUTbIilTX ATOMOB UIIEPTNbIX rAsOB HA IIOBEPXEOCTII! OKCtr,UOB METAJI_
JIOB. CI,trlIIETEfr KI,ICJIOPOI FBJIEETCfi KJIACCI!.�IECKUM IIP}TMEPOM XI/rMtrqECKtr AKTI,IB-
Eoft 3Bq' a Meracra6ruIbnlre aroMbl I{EeprHbIx ragoB orJnttranrcJl llclqDornlTerbro
Maroft xrdvffrrecKoft aKTr.BHocrbF,r.t t!( oHeprus ,uccum4pyeT B xoAe (lnanqeclsD(
fipoqeccoB. Ha upnrepax gTrd aRTrBHbrx qacr[u Mol'o rlpocJreAtrT' Mero.ry wrr-roro&,reHrlrfi tr KaJ&6poBrc[ ceEcopoB 3BrI, a ra&ne rlD( npr4MerreEl{ff ,uJfl [syqeHr.rs
MexaErn.Ma ooMeaa g*eprueft aos6y4,4eruroft raeoeoft &a30ft ,n rroBepx'octb'
TBepAOro TeJIa.

s.5. reBa&TnBar!,rr cunrnergoro Kr{cnopoAS Ha noBeprurocrr.r o*crlr.[oB
s.5.1. oLIsr{KO-XUMLrqecRre cBoncTBa CI{rIrJIeTHOro Kl{cnopo.ua
TepWtrloM "ctrIlr.lteTmd KacJIopoI" IIagHBaITcfi IIrrBrrMe gJIeRTpoIIHo_BoB6y161e1g6Ie
cocrosfi".q or. oru.r ooo.Earra'Tca KaK 02(ras) tr oa(r';) tr xapa*Tepr4'ynrcs
gHeprr4sMr{ Bosoy8rerllrfl o,e8, 1,63 eB cooiaercraerdto. r4ery'rareJrbrroe BpeMs
ylT ofC1r, cocra&,rfler 2,t.ro. c, a oz(rE*) - 7 c. MoJre*yJrhr clrrrrJrer_
EOIO Kr4CJrOpOAa rltrIpo&o pacfipocrpaHerfi a 

-[prpole, 
c rD( yqacT[eM fipoTe_

Kaer pfir BaffHrD( rereporeruru( II ooTorereporeHHilX [poqeccoB. K raRID' rrpo_qeccaM orEocarcs @To.qecrpyrlEa IIoJII{MepoB; Btrr{Berarile eororrJlerro1, o6r4c-
JIEHUE HEQTffHbIX IIJIEHOK IIA IIOBEPXEOCTII BOF, Pfl.q oI{OJIOTII.IECRIITX qPOqECCOB.
ECTb OCEOBAIil.E IIOJIATATb' qTO B'ICOKA' CEJIEKTTBIIOCT' IIEICOTOP'IX TETEPOTEB-
IUX PEARI.trfr KATAJII4TTqECKOTO OKIICJIEHIIS YIJIEBOIOtrDAOB CB,I3AIIA C YqACTIIEM B
HI.E C}IIITJIETIIOIO RI4CJIOPO.4A. B TEXEOIOTruI CIfftr'IETICfr KI'CJIOPO.q IIPI4MEHffETC8
.qJIg EaKarIR[ trO,EIOfO JIaBepa, IIOJryqeHI4ff TOHRIID( IIIeHOK oKCI{IOB IIa IIOBepXEO_
cr' Me?aJTJIOB' ORTICJTeE}ig yrJIeBO.[OpOJEMX 3arpfl3ileru(ft Ea rloBepxEocrrr ILle_
HosHux cTpyKTyp.

oll3l4co-xru\fifrlecRlle cBoftcrBa cI4IfJIeTHoro Kl4cJropo.qa I4ByqeHH ]IocTaroqEo
ml'rpoRo Ir trsJrofreHbr B pfl,4e o030poB tr MoEorpaF4ft 122,23,75-77-J. B nacroroeM
paBAeJre r\ffr Ee 6yAeM uo,4rc6tso ocraHaBJrr4Barbcs Ha cBo[crBax cr4Hrnerr]oro
KrrcJlopoAa' [porrBJrseMr[x B rasaoaslnrx Bsald\roreficrBll.8x, a [oEpodyeM Aarb
KparRIIft o630p ralllsrx' Kaca@cfl ero re3aKT]IBaryM rra rroBepxEocrsx pa3Hoft
xm,fi{qeckoft ryrpo.ry.

I'lccreAoBaI*IE lereporellEoft .ueBaKTlIBar.u[I{ currrJie?Horo KlltcJlopo.ua B tro.qaB-
JigqEM 6OJTbIUUICTBE CJTqAEB qPOBO.USTC'I B IIPOTOTIIIUX YCTAIIOBKAX I[ HAIIPABJIE-
HU ITA OqPEAETEflI4E KOS(NEtrEIEETOB TETEPOIEItrIOfi AEsAKTIIBAI.Utr4 7. CIfiTTETIfifr
KlrcJropo.4 oobrlrrro floJryrra[T cBrr-pasps.qoM B 02, a KoruerlTpaum Bo36y{,4erffnrx
MOJIeKyJI B peaKTope o[peIeJISDT C rroMoqbp clreKTpocKolll,IltecrcjD( JM6O KaJIOpr4-
METPTI.IECKNX METOJIOB. CIE.UJET OTMCTIITb, qTO [O.ITI4 BO BCEX CJIYqAAX IICCJIE-

1::.*" 
oTEocrrTcs K oz(rAs), raK Karc MoJreRyJrbr or(rx;), Karc IIpaB].Iro, rl/16_

Hyr lra tryr?I or ucrowfirKa reHepau[Il K rlsMepr4TeJrbnol,ay npu60py rr3-3a MeHb_
Eero }rSJryqareJrbHoro BpeMeHlI xr{3Hrr tr 60rbBeft cKopocrrr ryr[eHi4s coAep)rarrfl4_
MtrCA B KpactrleJre EplrMecsMr,I IIOCTOpOTIH]IX ra30B [23]. Ha;urqre rreKoErpoJMpy_
eMNx rrpl,IMecefi II aKTrBInnx rlacr]ilI (o_aroMH, ogoll ]I T.II. ) flBrgercg ocEoBHbIM
He.uocrarKoM TaKOTO po,4a Merolutr(. IIo-B!IJInoMy, orr,rM iIeAOCTarIcoM onpe.qeJrfl-
ercs Heo{pe,4ereHflocrb BbTBoAOB oorbufltrrcrBa pador orHocr{TeJrbEo MexaH[3Ma
rereporeifroft .qeBaKTr{BalIM o2(rAe), a B ps.qe cJryqaeB r.r HeBocrrpoi4gBo.ur_
MQCTb pesyJibTaToB,
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Hafipn\dep, B padorax [zs-81] r]I6eJI6 o2(1as) Ea lurperce ugMensJlacb or
' t ,6. !o '6 

ro s.ro-5,  B paoorax [82-86]  KoEaTaETa rereporeuf lof i  r t r6eJu

oz(tAs) Ea l t r fperce -  or  9, t . to-3 go 2,6.Lo'2.3r t r  pesyJrbrarbl  r loragbtga[T,

qTo Ha BeJrr/FIUEy Kog(m[&eETa 7 CyqecTBeffio e[trfli]T IIpI4poAa IIoBepxEOCTtr

tr Mero,4 trpe,uBapuTerbEoft o6pa6orKlr creEoK. SToT BbIBO'U [O.UTBepMaerCff

Tarse B padotax [87,88], aBTOpbI KOTOpEX Ea6,n0,qaJM [sMeIIeE]Ifi 7 rIO Mepe

Odpa6oTrcu cTeBoK B TeqeEIIe 9KCtrep[MeETa. B paooTe [8e] trsMepeHII BHaqeEI4s

7 ,4rR AesaKTEBaIF{ o2(rae) Ba creKJIe, KpeMEI[tr tr pf,,[e MeTaJIJIOB rrpl4 KOM-

HATEOfi TeM[epaType. be.turqrEla 7 cocraBIiIJIa 1,4'1O't Ea CTeICre, s,5'1o-t Ea

aJlur{ruItr[l4, 6,s.10-5 tra TrITaIIe, g,o'to-u Ea luoJudAeHe, t,z':.o'o Ea ltrIodwl,

c , o .1o ' o  Ea  IU IaTT I I { e ,  z , l . t o ' o  ua  KpeMEr Iu ,  8 ,5 ' 1o -a  Ha  Me .u I '  2 , 7 ' r o - t  Ea

I i l IceJIe,  a,4. to-3 Ea aeJlege t r  1,1 ' lo- t  Ea cepedpe'  I toncranta r I46eJM

O2(rAs) Ea Cepedpe I[ Me.U IIBMeIIffJIaCb OT OrErTa K OItrITy IIa 5o*' Ea KpeMIIIM

ue.4nemro Bo3pacraJla co BpeMeEeM. BECKaSaEO qpeJEIOJIOAeEle, IITO rl{oenb

CITIITJIeTEOTO KUCJTOpO,UA Ea MeTaJUIaX MOAeT qpOECXOIU[Tb trB-34 peJIAKCaIIEI

ggeprfir sJreKrpoIIEorO BOBdyx,qoEIIs o2(1Ae) Ea cBOdo,&IbIx OJIeKTpoHAX MeTaJI-

J l d  .

ABTop pa6oru [eo] I4ByiIaJ ,ueoarTmalum o2(tas) Ea rloBepxuocrl4 KBapua

EaMOpOXeEHflMII CJIOflMI4 H2O, D2O, COr, Cr'dr, SF6. oIpeAeJIeHII 3EaqelfiIfi 7,

rroKaoaHo, qTO C IIoIItrSeIIlIeM TeMnepaTypH 3@KTtrBIIOCTb reTepol1elffIo[ rI,IoeJM

yBeJrlFrr{BaeTcs. IIpI,I TeM[epaTypax EIIae 15o K &ns Bcex I4SyqeEIilJx IIOBepruIoc-

Te[ TetufieparyplfiIe 3aBl{cltMocrll r Moryr oHTb trpe.{craB.neHH coorlloneHfieM 7 =

= ro€xp(Q/FT) , r.Ue Q - TetrIoTa a.UcopOllltr cIIErJIeTIIoro K[IcJIOpoAa.

B padorax tAo,91l LIccJIe.4oBaJtrI TeMleparypEyD sa8rlcrlMocrb 7 Arfl '4e3aK-

Tr{Bar.utrl oz(rar) Ea rcapue IIpI4 35o - 9OO K. IIOJ$reEilre TeM[epaTypHble 3a-

Bncr4Mocrtr uMeJM appeElrycoBcK!fr BIII c aEepr}Iefi aRrIBaLu]I 18,5 KJIE/MoJ6.

c,ueraso SaKmire&Ie o xeMocopdr&oErloM MexaFnSMe .qe3aKlllBalpu CI4IIcJeTIIOTO

nrlcJlopoAa Ea troBepxEocrMBaplla. H aEarortrwoMy BbtBoAy qprilJM aaropbl

pa6orE [92] orEocl[TeJrbno .ueBaKr![BaIEI 02(ras) Ea troBepxnocrl{ orottaenlloro

B Kr{CJIOpO,Ue SOJIOTa.

AHaJMBupyff qplrBe,4eHHEe AaIIHIIe, MoxGo c,[eJlarb cJIe.IIJ@e BEBo]bI:
- ll3ylleEue rereporeErofi ruoeJM c&rlrJlerEoro KncJlopoAa Ha lloBepxEocrn

TBep.ux TeJr Eeooxo,umo [poBo,&ITb B MaKCUMaJIbEO BOSMOilXfiIX "WrCTbD(" yC-

JIOBIISX, T.e. B OTCyTCTBIIe nOCTOpOIIEIIX BeqeCTB, trapoB cMaSKI'�I' BO.4{ tI

- freJraTeJrbEo I{crIoJIbsoBaTb MaJIHe &OHIIeETpaI.uII4 C}IIITJIetHOTO KIICJIOpO.Ua'

TaK rcaK IrpII B3AI,IMO,4efiCTBIEI ero C IIOBepXEOCTbD qpOUCXO,U4T !/!O,UI(FIKaLES IIO-

cJreluleft;
- EeflcEocrb MexaEIIsMoB rereporeHgofi r[6eJM clltrJlerEofo KIIcJIopo.4a Bo

MIIOTOM OqpeleJlserca tre,Eocrau{aM}I rpa'utrIllollHl{x gKctrepuMeHTaJIbHflX MeTOAOB

.[ereKT4poBarMs 02 (1ae) .

llctpanerum orMeqeIIHbIx rpy.ulocrefi Bo MEoroM Mo8er c[ocoocrBoBarb qp]I-

MerreEr{e ceEcopEbD( Me To,uEc .qe TeKTI{poBaIMs cI[srJIeTEoro K[cJlopo.ua .

5.s.2. JIereKTI,rpoBaIs{e cnErJlerHoro Ktlcnopo.qa c noMoqbD zno-ceBcopoB

IIptr pa3padorKe ceEccpoB Ea cutrrerltrfr KlIcJIopoI Bcranr ,Fe Mero.&rqecK[e

cJroffiocTtr. Bo-trepB[x, .4eTeKTI{pOBaIIUe CI{HrJIeTnOrO KI{CJIOpOIa qp}!(O,ryITcg

Becrr4 Ea (Dose odu'moro rpI,IrIJIerEoFo Kl4cJlopo,ua, roroprfr, KaK I4SBecrHo, caM

-d
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uo ce6e Bruaer Ea sJler.Tpo[poBo.Bocrb troJryqpoBo,@ftoBbrJ( ce'copoB. BO-BTO-pblx' B Cryqae BsaUMo,[eftcrBtrs ctrurresaoro KtrCJrOpoAa c rloBepx'ocrb' rroJly_qpoBoJE'"Ka no&er uMerb Mecro ouucaE'as BHII. Kolucype'rs{s (Ersnrec*m( u xu-MErIecKEx KaEaJIoB peJla*catru s'eprutr' qptrBorsqas R gKcrpeMaJlb'olly xapa*-Tepy trBMeselltrs sJleRrpoqpoBoEocTtr ceEcopa tro,[ ,4etrCTBIreM gB1l.
I(ar uorasaJu srcueprMegTaJrbnre nccJreloBautr t71l, cntrnerruil Ktrcnopo,qsBJlaercs Ooree c[r'Ifturr oKtrcJ'"TeJreM, qeM MoJI€KyJr[I TprrllJrer'oro McJropo,ua.Eraro,qapa gTotry troaBrlsercfl BostrrosEocrb .4ereKTqpoBarb cnlfrerrfiil KrrcJroporEa (tro'e o.E.or.ro c troMoqbtr ce'copoB Ea oc'oBe MeraJurulrec*'. r,rJltr rro{yltpo-Bo.trrr4KoBbrx IUIesoK. coorBercrBywtrr,r [o.u6opoM Marepl{aJla ceEcopa u [poqe.qy_pofi ero [o.uoroBrs{ k paOore Mo&ro .qoo[Tbcfl rIoAaBJIetrIlt,I (F{Br.rqecKI,[ qpoqec_

COB PEJIAKCAIF{ff ''EEPTIM tr AOCTI{rI' BECO&Oft TIYBCTBIITEJI'IIOCTII ,n qPO,'OPI'O-
HaJIbIIOCTtr CeECOpa.

SxcueplnenT rlorcagaJr, qro rorrRl,re ilreIIRE, rrpltroroBJrenubre I,rB pasJg{rlubtx

111:1":'* 
("",, coroo, as, tior, zno), ooJaAanr qyBcrBtrrenuro.r"n no

:.T:Ty 1 %('As). Haudonruyn vyacranre,mnocrb, Ea 2 _ 3 rrops4ra rrpe_BHIlaqyD qyBCTBrrTeJrbrrocTb KaJrOpUMe rpFre cKn( Me To.tloB, IrilepT rrJreERn, qp[_
roro&flellHlle trs qacr�l,r!trIo BoccraHoBJIeEIoro oKcrrla uffica. IIpI{ B3ar{MoAetrcr_
BTM C TAK,nMtr I''EIIRA'' T{OJIEKYJIII O2(IA,) BE'UYT CE6A ICAK AKTIEIITOPU 'JIEKTPO-EoB doree ar.urBro, qeM EeBoo6y8qermfo rcrc.nopo.q.

I'oe*ca zno' troMe[en'afl B'€TMOC(F'y KECnopoAa, trSMe'ser cBoD gne*Tpo-
qpo'o'ulocrb 3a cqer a.qcop.u!tr $trrrJler'{x l{oJreKyJI 02 Ea ee [oB.px'ocru.
0.Earo qepes EeKoropoe BpeMf, ycrarraB.ruBaercs EoBOe paBEOBeCEOe srraqerrl{e0JIeKt?o[poBo.EocTII, BeJII[rIIIHa KoToporo SaBUrvpbr ce'copa. xcr{ retrepb BK,rDrurb u.ro#lot.Hffillff" kJ"fiHT;
6YIET EAOMTATbC' ]IOtrOJIfltrTEJIbHIil CtrrEAJI YMEE'IIE"'A 'JIEKTPOtrPOBOEOCTtr
cetrcopa, cBaga'*ffi c B.aldro.qeficrBtreM ero c cuErJIerHbrM *"cropo,[oM. BeJu_qma ctrrEaJla oKasllBAercf, qpoflopr&oEaJrbEa roElleEtpaluor ctrHI,JIerIIOro KtrcJIO-pora B ra..Bo[ (Da3e. Iloro.Eoe BpeMeffioe pas.ueJre'tre trosB'Jrfier .'ere*Tnpo-Barb c uoMoqbD ceEcopoB cmrerEfr KEcnopo.q Ea goEe rpxrurerEoro.

IIptr EeceJeKTUBEOM BOS.y*oem KtrC-Jr.po.qa Bcraer ralcre rpo..neMa pa3Jrtr-

llTl 
o:Cor, or Apyrtrx a*rtrB'brx qacr'L BaEpnMep o_aroMoB r{rrr{ MoJreKyJro30'a. Bce 'Ttr rlacrnEl Bbrs[IBaDT CBepxpaBEOBeCEOe trSMe'e'ile gJIKTpO[poBo.q_

EOC'U ZnO-CeEcopoB, tro'TOW trx EeBOSr/pmo pasJr*Iarb tro xapaKTepy rr Be,rtr-qme cmEaJIa.
cyqecrayer EeqKoJEKO ryTet pe[e*a 9To[ trpoone]u. .JEE ryTb cBff.AE cBaptraq[efi paooqeft leMtrepaTypbt ceacopa. Ha ptrc. 5,8 troKa3aEo, KaIC MeEfleT_Cs qyBCTBtrTeJIbEOcTb znO-CeECOpa K o-aTOMaM tr CtrErneTEOrvry KtrCJlopo.[y B ga_

Btrcutrocrtr or reMtreparypu. BEEo, qro qyBcrBtrTeJrbnocrb ceacopa r ,o, 
Vue_

Ebllaercs c trareEtreu reMlreparypE pegqe' qou ror ae trapaMelp AJIfl o-aroMoB.
3ro .4aer BoslroagocTb troAodpalb Tarcofi mTepBan padoqn TeMtreparyp, B Ko_
TOpOM CErEarIr ceEcopa ot to, 6y.{yr upetreopemro MaJIET uo cpaBIIeIIUD c ctrr-
EaJIoM oT talcofi ae rconrlenlparFnr o-aTouoB. Ha . trpa6n6e Eau6o.11ee y'o6'o[
TeuEeparypofi' trptr Kol1lpoft peaJu3yercs raKaff ctrTyar&8, 8BJrf,erc8 77 K. IIo-
IoOEol 8e oopasou uoeo tro.qooparb TeutrepaTypElft ETepBan, B KoTopoM Oy_
'[er SaMelEO CUJIbEOe Bltrsntre Ea SneKlpotrpoBo.Eocrb ceucopa lloneKyn cEEr_
JIEIEOTO KECJIOPO.UA' TOT.q8 KAK BJItr'EtrE TPutrJIETEOTO KtrCJIOPO,{A OYAET CYqECT-
BeEEo EEae [1s8]. 06EsEo sro r€utreparypa tropfi.uca 170 _ leo K.

060cEoBaE[fr BrrBor o uptrpore a&lEEO[ qaclEsMOlBO Ta&[e c.qeJrarb,
2M

I, ona.e0.

tgft" .n)
0,75
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Prc.E.e. TerfiIeparypEaa saBtrcuMocrb qyBcrBr{TeJrbEocrE ceEcopa
zno K cotrocTaBtrM[rM roHqeErpar.g4flM 1o, (/) u o(2)

Pnc.s.s. Pactrpe,ueJerue RoErIeETpar.Um aToMoB rc[cropoAa (l) tr
MoJreKyJr tor(2) rpu E m(mysrnl B.UoJrbcreKlrEnofi;rpy-

6b I  t71 l

trBMepEB trpog1pagcTBetroe pacqpeAeJleme RoEUeBTparIIrn r1acT141l qp14 IB F1ffit-

3m rro rpy6e. Ha ptrc. 5.e qpe,ucTaBIIeEH COOTBeTcTAy@e pacqpe'4eJleErlfi

I@EIIeEtparFi .qrs .@gm o-aroMoB tr o,{tAr) B.[orb crelcltfiIffIoft Tpyon rrpu

ICoMEamofi TeMtreparyp€. BuEo' rITo ctra.u KoIIIIeETpaUI}I o-aroMoB B gToM cW-
rIaS 44er oucryee, rIeM ctra,q KoEIIeAU)aIFI[ CUEIJIeTEOTO KucJIopOIS. MoIeKy-

Jru ogoEa ,[oJmbl xapaKTeptrSoBaTbca eqe ooJlee cJlaoml qpocTpaIIcTBeEHNM pac-

trpe.[eneEtreM. TaKnM o6pa3oM, IIO XapalcTepy reTeporeElrofi rrIoeJM ME MOfreM

cy.urb, Karofi trg trpo,{yKroB BoBOyaAeIug 02 .qereKTrrpyercs c rloMoqbn ceEco-

pa. Tarofi pegyJlbrar Eowqaercf, Ee roJlblco,uJIs crel{"na' Eo lI ,uJlfl.4)yrux IIo-

rcpurd Bw1!e86fi troBepxEocrtr rcyobl (orc4u I@a' oKcl4.u rI{TaIta I'I r.rl.)'
qTo ,[aeT IotroJIEtrTeJIbEyD BOslrcffiOCTb IJIS trAeETI[(@caISII[ MOJIeKyJI CIEITJIeTHO-

ro KEcJropola.
Becrua gmeK$[BErM Mero.qoM ceJIeKTmEoro .4ereKT]rpoBaE]rs aKTI{BHLlx fiopM

KtrCJIOpO.4a C UOI/|OUID CeECOpOB AB'IfieTCs trpeIBaptrTeJEEOe paSIeJIeH[e llx cMe-

cE c rroilroqbD cuolsaJlbErIx (FrbTpoB, cuJIbEo Ty[lary[x ry IIJII ruryD @p[ry. B

pa3,qeJle 5.4 yre yIIoMtrEaJIocb,. qro cBeaepacllFJelnrfle IUIeIIKE Ag g([&eKT]rBHo

trorJoqaDT tr3 ra3oBofi o83bl O-ATlC!fir, EO CJIa6O TyllIaT MOJIeKy.tUl rOr. 
JIla ry-,

ltreEUA CaMEX noJIeKyJI ctrmJIeTEorO KtrcJlopo.qa cJIe,UyeT trC[OJlbsoBarb (F[JIbrpE C

troICpHTEeM tr3 CorO. [190,r9r1. Kar trOKasIIBaer OIU{T t1O1], CFHaffl OT tO.

B 9TOM CJryrIae OCJIAoJIflDTCS UO MeEbEefi Mepe B 20 pas. IIpI4'�ucuonbSoBalll4ll

co3% B KarrecrBe ry[mreJlg Jryq[e trclloJlbsoBarb oKcrIL IlpoKaJlelurfr Ha Bo3-

,qyxo trJIE B KtrCnOpOAe trptr zoooc. IlpoKaneEllllfi oKcIII o6e.EeH rlo KlrcJlopo,ry U

tr TyrrruT rO. c S@rrrenocTbD, 6JIu3Kofi K e.@Ie [101,18e]. flpoKaruca trp]I

loooc Upmo.UT K o[Oraqepm OI1CUAa trO KtrcJIopO,Uy 14 cEIffiaeT erg alcr]IBIIocTb

KAK TYIIIUTEJIS CUETJIETEOTO KECJIOPO,UA.

Teu Ee MeEee uptr cef,copEoM tr3yqetfl'ni rereporel{HrJT peaKwfr clltrJlerlloro

KtrCnopo,qa Jrylue uctroJlbSoBaTb ceJIeKTtrBHIIe UCTOrIIilmIl' Ee reBepqpywe fipy-

rtre aKTtrBErretracrltrIbrE ,4ar@Ie MaJue, Eo cra6}IJbElle KoIIUeETpaLU4{ O2(1Ar).

K TaKnu trcrorrrlltKaM Moffio ol5ecrtr (FroxnrnrqecKoe tr xuMlrqecKoe oopaSoBalMe

02( lAr ) .
OoTOreEepaLUa CUHTJIeTEoIO KEcJlOpO.4a IIpoI4CXO.UT IIpII ocBeqeEI{I{ IIOMeqeE-
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CxeMa xld\,mqecKoro reEeparopa cEIIJIerIIoro Kl4cnopo.Ua
[ 1 o 0 ]
f - trrarrtrtoBaa lE{poJrr.rsEaa H[Tb; Z _ Erpqamtr 6tlrrrp,[orcpbrtbfr oRc[qoM pTyTtr
ItltrreurqecKue lcpr{Btre trBMeEeflI{a orHoctrTeJrbrrofi ereK_TpoEpoBo,qEocrtr TIJTeEKU ZnO B saBtrclrMocTtr oT BpeMeHIroopaoorKtr cumJrerEbtM KEcJropo.qoM rtool
I - 2 3 o c , Z - 4 5 ; 3 - r s o o c

EOfi B ATMOC(FPY 02 IIOBEPXEOCTtr KBAP*A C HAUECEEHIIM HA HEE MOJTEKYJI'PHO-
.qtrclleprqpoBaEEuM Usrrro&c]IAOM BaHa.us [s3,e4]. c lloMoqbp raKoro rrcroqrllftaMO&O rroJrylrtrTb Ko'rle'lpar*n o2(1ar) B ra'.B.il oase Ea.* rroBepx'ocrbp KBa-
pua roE - ro' rao.nelryJr,ucrvf . AnaloruqEoro e@xra MoxEo .qocrl{rlb rrp,I ocBe-qETIITIT KBAPUA C EAIIECEHHbIMT MONEKYJIAMtr OPTAEIFIECKI4X RPACIITETEfi (TPIdIA{UA-Rnq, oeFarbcrffi po3oBbfr, wrEJrerroB[il rolrydofi) [e5,e6j. EoJee no.poOnoqpoqecctr rereporeEofi (FTOreEepar[M o2(rar) 6y.[yr usJrOAeHr{ HI{'re, B rJIA_Be' trocBs*e'E.t 'l"n.Cro aKTtrBEbrx gacrnl 6 UOAepxnocul rBep.{oro rena.

Tnrnrqaul qpuMepoM xtrM'rlec*oro'e'eparopa fiBJlsercs ycrpofic?Bo, [30opa-AEEEOE EA P,nC. 5.1O. OEO COCTOET U3 IIAICAJIUBAEMOfi TOKOM ',JATI,trIOBOfi JIEIIT'If - Etpo;uurleoftOro reEeparopa o-arouoB tr .4rpqaroro @JrsTpA 2, [olcpuTorooKctr'uoM pryrs. 0dpasyuqrecs upu nopontrBe aroMg RtrcJlopo,qa B'ar.lvroAeficraynr
c Hgo tro tr3B€cTEO[ peaKt@ t97_9e]

PI4C.  s .  ro .

Pr.rc .s . : . r .

H g o + o r H g + o 2 ( l a r ) ,

H g + o e H g o

tr MOJIEKYJI'I CtrETJIETEO.O KtrCJIOPOIA ''OCTYtrAD? B O6GEM 'ICC,,EPI,IMEIITAJI'EOfi YC-TAEOBRII. BapbEpys TeM[epaTypy IIJaTIHoBo[ JIeETII, Mofclo IIsMeIIaTb KoHuetrT-
PALUM O-ATOMOB U TEM CAMHM P€I,YJIIfPOBATb KOIqEIITPALUID CIIIITJIETEOTO KECJIO-poAa B qpeAeJrax 1oo - loit cr,,t-3. locrorucrBoM ororo MeroAa aBJlserca ro,
*TO OKCtrq pryrtr [cIcJIUmreJIbEO e(Fexumao [orJrorlaer aroM, KI{CJIopo.{a uoso r r  [ 188 ] ,

Ilproue'eme MaJroMouH[Ix re'eparopoB cr,r'rJle*roro KtrCJr.po.rra trp,n paoore cce'copaMr{ o''paBtra'o u c ron ToqK[ 3pe'trs, qro or* .uaDT BO.MOXCIOCT' trpo-Bo.Ig{Tb ooubume cepg[ trBMepelilfr, Ee Bbrxo,Ua trB .UatrasoEa mtrIehoro coorrro_rrreEr['fl Me8qy cuuraJroM trSMepe'r[fi gne*ryoupoBo.urocrn ceacopa ]r Korolefllpall*
arrr.IBrrrlx qacTru n rasogofi (!ase. O6tacrb Jumefuoctu cmIIaJIa zno_AeTexTopa
OTIIOCTTEJI'EO KOIflIEE'PAIIM O?(IA9) .ABtrC}IT OT TEMIIEPATYPE ,n CTEIICHU BOC-
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cTalroBrreEr!8 IIoBepxEoCTtr oKcIr,Ua LEilca. Ha pEc. 5.11 EpeIcraBJIeIIo IIsMeEe-

Etre sJrercrpoqpoBo,4locrtr trJIeHKI/t zno B saBucultocTtr oT BpeMeElI O6pa0oTI(I

CI{ETJIETHbIM KtrCJIOPO.4OM' BUJEIO, 'ITO .UIIEAMEqECKIfr ,EIAtrAsOII JIIffEIh{OTO AETEK-

TrflrcBarils cocTaBJIfleT 2 - 5* OT trCXO.EIOIIO BIIaqeH[fi 9JIeKTpOqpOBOFIOCTI{ Ce-

HCOpa. B C{yqae I{CnoJIbSOBaIII{fi CIIJIbIIO BOCCTAIIOBJIeIIHETX IIJIeHOK ZnO fpotrOp-

utrollaJrbBocrb Ea.IarbHofi cKopocrtr I{gMeueEI4s oJleKrpotrpoBo,ulocrl{ ceEcopa rI

KOEIeErpaLum o2(1ae) B FasoBoft oase coxpaEsercrl B sllaqlrteJlbEo 6oree Eu-

poKoM (.[o 5ot) I[IITepBaJIe tr3MegeEtrs gJleltrporq)oBo,ulocrE TIJIeHKII [101].
npl{ EacbuelflM troBepxHocrlI ceHcopa a,[copolrpoBaHflblMll aKTIIaHilMI'I rlacrnla-

Mtr orr TepAeT qyBCTB[TeIbEocTb tr tryfi,qaeTcfl B pe1'egepalgg. Pererepaltrtg zno-

ceEcopoB Ea cllmreTalfr KECJIOpOA ,[Ocruraerofi rrporpeBoM B Bo.uopole upu 500
-  6 0 0  K .

JIrs KaJudpoBrclr lrcToqErrKoB MaJrEx KoErIegTpaId cmrJIeTIIoro $llcJlollo,qa

MoaHo trctroJrbgoBarb moofi I4g tpa,utr.EroEHElx Mero,[oB, oora.qawm IlIITerpaJIb-

EOt r{yBCTBtrTeJIbgocTbF. o,uuo, Us Talctrx MeTo.UoB sBJIseTcfl XtrMEqecKoe T}ITpO-

BaElre. STor MeroA Itocur cKopee KaqecrBelffifr xapaKTep. fa3' coAepaa$[ft
tor, 6ap6ormryDT qepe3 pacrBop 1,3-Jln0eEruu3ooeH3o(WpaEa-.8 reKca.qeKaEe

1rsz]. 0 cTetreEII trpeBpaqeEtrff 9TOrO peareETa lofrEo cy'uTE rlo IIsMeHeIflm

ouTr,IecKofi IIJIoTEocrtr pacTaopa JMoo tro ugMeEeEm rIIITeIIcIIBEocrI4 Jl[trutrIlec-

ueHul4tr B troJloce 480 EM. ooecllBewalille pearesra orMcEBaercs ypaBIIeEIIeM

glat = + ["J * *ror ['o.] , ( 5 . 1 5 )

r,qe tAl - KoEuerrrpar.Erfi 1,3-lu4FlfltrIul3odeE3o(WpaEa B pacrBope (o6uwo ro-l
- ro-a uo$,/.lt): r - BpeMfl !trtr3lltr ctrIlrJlerEoro KtrcJlopo,4a B reKcaAeKa8e;

I'orl- ronrerrpaws MoJreKyJI cI{IIrJIerIIoro KtrcJlopo.ua B pacrBope. SEas pacr-

nbpft'locrr to, B reKca.UeKaEe, Moffio oUelurb KoIIIIeETpalUm cI4iIFJIerEoro Ktrc-

Jropo,ua B ra3oBofi (!a3e.

KaJEdpoBKa ceEcopa B orHouegrtr,I otrpe,[ereEsrl a6comrm,D( KolilIeErpaufi
to, - BecbMa cJloffiaf, ga.qaqa. B Eacroflqee BpeMfl [23], rlo-B]I.unoMy, cyqec-

TByer ToJrbRo o,@r MeTo.4 otrpe,[eJleEl4s aocoJmrlfiIx KolflIeETpau]il 9TLD( qaorruI

- trSoTepr\,uqecrffi KaJIopuMeTp TepMoco[poTEBreELIs c [oKpbIT]IeM I43 Coroo

ts7l. o.EaKo n oqeErcaM KoElleErpalErft, troJryqeHr{rJx c ero IIoMoqbF, ryaHo
tro,uo.uTb c oqpe.ueJleEllofi ocTopoelocTbn. KaK yae oTMeqaJlocb, BeJIIIFIIIHa IcO-

B([@.u4eETa rereporeElofi ruOeJM cEmJlerEoro KtrcJlopo.qa Ea corol saBI4crIT or
ycJloBrfr fipe.EapureJlbEofi llo.uoroBl([ oKcrIIa [18e]. KpoMe roro, ITpu aHaJltr3e

troKa3aild KanopuMerpa oOEEIo fipe]EoJlaraercfi, qro reflJoBoft e@icr ,uegaK-
rtrBal[tr4 MoJreKyJItr cnr.nersoro RI4cJIopoIa paBea glleprull gJleKTpoEgoro Bo36y-

fr'ueHllrrl. B AefiCTBUTeJITEOCTII Ae, KaK rIORaSaEO B paoOTaX [97,11O], fipI'�I B3a-

ru\to,lleficTB}Itr cMecl{ CUrq'JerHOrO I4 TpIdUIefIIOTO ruIcnopo.qa C nOBepxHocTbD
co3o4 lraoJllo'[aeTcf, SIIaqIlTeJIbIIOe paCTBOpeIMe KICJIOpOAa B pellleTKe OKCTIIa,

TaK qro B [111] .uafre Ee y,[aJlocb BtrIeJMTb clletuI@rqecKld 3@KT or xeMoco-
p6rym ror. OqeBuEro, trro c yqeroM teIIJIoBoro 3@KTa pacrBopeHl{s KlIcJIopo-

Ia odryfr TeIIroBofi 9GFKT dyAer orJE[geE or BeJIII.I]IHE 9reprl4l[ oJleKTpotrIoro

Bo3oy8leErrs. IIoBToMy Mot8o rloJlararb, qro c lloMoqbn ralcoro KaJlopn/i9Tpa

MOXTEO Jrlrub oueEllBaTb KoHueErpal.E{ B rfpe.ueJlax trops,uta.
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s. 5. 3. Ie3aBTr{BarS{a ct{rrulerBoro Kr,Icnopo.qa
H8 IOBep&IOCTT.I CTeKrIa r{ KBapIIA

IIp'\teEeMe troJrytrpoBolErrrKoB*x C'ECOpOB B trC'Jre,4.Barun' rereporemot ,ue.a*-
TlIBA'UTfr CtrtrJIETEOrO KtrCJIOPOAA IIOsBOJISET trPOBO.&ITb OICCtrEP}IMEETEI,B MAKCE-
MaJIbEo rMc$u( ycJloBtrsx' BKmqaM B ceos oeBMacJsHyD orKaqKy, IIpuMeEe-
Etre pexl{Ma crartrqecKofi ,ufi{ileru, rrcrroJ[bsoBame ra30B BbtcoKofi orMcrKtr tr
MaJIbIx KoErleETpaqlfi SBII' Ee Mo.u@srpy@ trccJleryetuvn rroBepxuocrb B rlpo-qecce .qeSaRTuBar.@, Har60lee trpocrflrrM B Mero.{Frec$oM cMucJre fiBJr8DTCfl
orIHTbr tro otrpereJreEm rcoo(mEeETOA z O,11A-; Ea paSJrrFIHrU rloBepxEocr8x,
Illtens zno g&)rfinrcs oqeEb y.uaqmnrr .qrr6*r3pr* AJrf, Taxoro po,ua rrsMepe_
Erft. Oro ManoraoaprTEr, JrerKo MoryT trepe.E}Er.aTbcfi BEyrpI.r BaKyyMEb[ ycTa_
IloBoK' BEoCaT MaJIoe BoBMyqeH.Ie B rIcxO.EOe paCtrpe.UeJreErlre KoErleErpartww aK_rtrBHHx qacTnl. III4poKrm ErrepBaJr pa6oqD( TeMEeparyp II .qaBreEd, cBotrcT_
BEHHbil ZNO-CEECOPAM, trO3BOJI.flET IIOJIYqATb 3ABtrCI,II'OCTI{ BEJIIFItrEII 7 OT YCJIO-Bt{fi grcctrepln errra tr Ea ocroBe E( agarfisa ,4er6TE BErBo.u o ua"anraua rere_poremotr .UeBaKTtrBatuM.

CTE&TO U IUIABIEIftM ICBAPII ,gBJIfiDTCfl OI''@,II3 CAMIIX IMEPTflTD( IIOBEPX$OC-
Tefi tro orrro[e']m K rereporeffioMy ?ylre'uro oz(ras). I!oe@wr*6g1 "rrrpo"ur_
uoft ru6em 7 B oroM cJryqae cocraBrfier ro-5 _ 10-6 B gaBI,IctIMocrrI or ycJlo_
BUfi 3ICCIICPIn'EETA. C TOBbIIIIEHIIEM TEMIIEPATYPE CTEIq'IfiItr$Ix CTEEOK BEJMIIIIIA 7yMeEb[IaeTca IIO 3aRory

7  =  ToexP(E/XT) ,

rTE 'HEPFI'IA AKTI,BAUruI E - 6 RKAJI,/MOJI' t1O2]. ITPOME TOTO, B CJT*AE CTEIqIA
7 IIE 3ABI{C'IT OT ]IABJIEEI'IA TP}IIUIETIIOTO KtrCJIOPOIA B 9KCIIEPI{MEEIAITNOfi YCTA-EOBKC. IIOTYqEEHEE ,IIAESIE MO&IO IIIITEPIIPET4POBAT' C TOTIKI{ sPEEIIfl MEXAHtrsMA
m{3l{.recnofi arcopoltrtr{ KtrcJropora c rocJre.(yryeft trepe.qaqeft s'eprtrtr Bo'oyEre_
HII' B TBCPAOE TEJIO, UO.UOOEO TOMY, KAK 9TO AEJIAJIOC' B [1O3,1O4] B CJT*AEKoreoareJbEofi peJaRCaUt}I KoreoarerbEo-Bo36yMerfi$D( MoJreKyJI a30Ta Ea ce_pe.pe tr Te([rro'e rlptr ErtsKrd reMfieparypax. Mexar*sM O*rc'rBaercs creAyueft
cxeuofi:

r K .0 2 ( A g )  +  z = 1 o r ( ' A . r z ,
K _ .

. K ^
o 2 ( ' A s ) z  1 o r t , ' E  ) 2 ,

rAe z - ctilrBoJi rlerrrpa a.qcop6uM.
B npe'ro.noxe'r4l. crar"u{o'ap'oc?[ [ 02 ( rAs) z ] rro Me ro.rrJ rcBaBtrcrars{o'ap'r'(

KoIillelITpar_UEM MosHo [oryr[4Tb Bbrpax{eHr,re'

" = i1:1 !l;'4 g rz", ,

( s . 1 6 )

IAE V _ CPEIEfig TEIIJIOBAfi CKOPOCT! MOJIEKYJI O,{1A,),. E - SAIIOJIIIEIME trO-
BEPXHOCTI.I CTITJIETH'IM KtrCJIOPO.qOM; S _ IIJIOqA,qb IIOBEPXHOCTI,I PEAICTOPA, V -
ero oobeM; [zo] - qncJro rIeET,poB a.Ucop6UM.

ncJM cftopocrb .rIeBaKTI'IBatutr{ cruI'Jrerrloro Kr{cJlopo.qa MEoro Melrbrrre cKopoc-
TII .qecopOLUM, T.e. K2 ( K_;, ?o

"= ' * '? . l i - " ' ; , , " ,
28

( 5 . 1 8 )

B groM rlpe.uroJroftelrru[ a.ucopduno cr{HrJrerHoro K[cJlopo.qa fia rroBeprurocrr4
MofrEo clMTarb KBas[crar.proHapHbrM rrpoqeccoM r{ ortr{carb u3orepMoft JlarllLtrpa.
Tor.qa ICoEcraHTa paBHoBecfifi paBrra

. . K r e^ = E - : - - - - - - - - - ; -- ' - r  ( 1 -e )  l oz (  Ae )  ]
TaK KaK IcoHIIeIITpaLE4R crrlfJlerlloro K[cJropola B ollucaruIoM gKcnepttMellTe

MaJra, To Moxclo cri]{Tarb, qro a.ucopoluls rrporrcxo,ryrr B ooracm feFpr4. Tor,ua
o = f l o 2 ( r a o ) J k r / l z ) , ( s . 2 0 )

rAe f - KorrcraHTa fespu; k - [ocrofiHrras EoJbq\raHat T - TeMneparypa.
Ilo,qcraBrss e B BBrparerMe AJrfl z, noryqaeM
7 = 4K2rkTs/w . ( 5 . 2 1 )

OTcn.qa Blr,alto, qro sneprruo arTr,IBar-trrlr rroMerregfifl 7 Mo,rcro uirreprrperrq)oBarb
KaK TerrJrory a.ucopolutrI clrHrJrerrroro KlrcJiopo,4a Ea crerc[e,

I{oHcraEry feEp}I r Mor(Eo oqeHrrrb rro Meroly Ilnrreprurra u KpeBeJrnEa
(cM. [1os]), ocEoBaffioMy Ha KoHrlertrryM, rq)e.qroxeltrrofi .qe bvpoM [106], o
cpelsreM BpeMerM xc{sHlr MoJreKyJGr, a,qcoporpoBamroft Ha rroBepxHocr[. KoJEFrec-
TBo a,qcopolrpoBaflHEx IIa rroBepxHocrrr MoJreKyJr paBHo

N " = i r ,

r,4e i - qlrcro coy,qaperfld MoreKyfi,r c lroBepxEocTbto; r - xapaKTepEoe BpeMs
Haxo,r(IertrIfl MoJreKyJrH rra IloBepxEocrfi. B coorBercrBrM c @p!ryJo[ opeltrreJa
( c M .  t 1 0 6 l  )

u =  Toexp(Q/Rt )  ,

rAe ro - rrepr{oA ocqrrJrJrsr.UM alcop6rpoBartrnrx MoJreKyJr B HanpaBreHI4I{, [ep-
ueHImyJIfrpHoM lloBepxEocrur Q - TeIIJIoTa aIcopOI[I}I. r{scJo coy,Uapelfl[ft c IIo-
BepxEocTbD paBrro

h : Ap / (znvnr)1/z ,
rAe A - rMcro ABora,U)ot p -.qaBreEue rpirrurerrroro KlrcJropo,ua; u - MoreKy-
JIrpHag Macca rasa; R - yEIIBepcaJIbIIag tasoBaa IIocTofiIIIIafl;

Iilcnorb3yg lloryqerunfr B oKcrrepr{MeHTe Kos(m[u.reHT.rereporerrHoft .qe3aKTtr-
Bar$d[ o2(rae) IIa cTerue 1ro-t1 u Telurory a,UcoporuEr (G Krar,/Morb), Moxclo
oueHr{Tb BpeMa peJraKcar.utr{ cunrrerEoro Bo3oyrgeErrrr Ha rroBepxHocrgl{:

T - ^ -  =  K - 1  =  a f : k t / t v .  ( 5 . 2 3 )p e J  z

IIpu ro = to-12 116-l3c fioJrytlaeM ro", = 1o-3 + lo-a c. 3Ta BeJII[rIIma cy-

qecrBeffio trpeBHrrraer BpeMerra peJraRcarlrr4 KoreoarerbEo-Bo3dyMeErloro asora
IIa cre&le 1to-tc 1roz1), rrro roBoprrr o Barpy.EeEEoM xapaxrep€ AeBaKTtr-
BarsEr o2(rAe) Ea qucTofi troBepxHocTr4 cTeKJIa. q[ctaq lroBepxEocTb IUIaBJIe-
Iloro KBapIIa Be,[er ce6fl I orrrouenr{u ryrrrerus c}rnrJrernoro Kr{cJropo,ua raK se,
KaK u rroBepxEocTb cTersra. o,uraxo Mo,&rFrKarprs ee aAcopol{poBaltrfi$/s cJrorrMtr
MO)I€T qpr4BO,qITb rre ToJrbKo K tISMeEeIiln BeJIIlrqUIrbI 7 ) tro I K CMerIe Mexarltrs-
Ma AeBaKTEBar.Er. IlpE!rcpoM BToro Mofrer sBJrsrbcs paoora [1os], rIe trccJre-

,[oBa8a ,4esaKTtrBat8[rr o2(1ar) Ha IIoBepx$ocT]I KBapua, co,4ep8aqero a.[cop6r-
poBar{nrJe ICoMIUIeIccH v2o5. oEJ!E trpoBo.@.IMcb IcaK NB cI4JIbHo ol(Ecrelfrofi

troBepxEocrr, TaIc II .IIJg saCrFInO BOCCTaIIOBJIeffiOft trpOKaJEcOft B BO.UOpO'qe.

JI.ng ongcletuoft troBepxnoclTl BeJIr.Ima 7 cocraBJlger 1o'' - 1,7'10-' u
yMeEUrraeTCA c yBeJMqeHneM TeMIIeparypEI olIrITa. SEeprl!fl aKTI4BaLUM trsMeEelills
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7 B 'TOM CTYTIAE COCTABJIfiET 2'1 KKAT,/MOI'. J43 'TID( .{AHIII,U MO'IfiO C,*EJIATbBEBO.q' qro rereporeiuoe ryrrre'r4e cu'rJrer'oro KftcJropo.qa fipore*aer rro (F.r3_a.UcoporyroruroMy MexaHrr3My, arraJrorr{EroMy orMcarrHoWr .qr.q creKra.
Itlas Raprma HaoJll',4aerca ,uJrrl Epe.qBap[TeJrb'o Boccra'oB,eruroft rroBepx'o_cr[. 3Aecb ]r3Meperrnoe Bgaqegr,re 7 cocraBrger,-o-, _ .o_j, I a *aro, ,ar_IlepaTypbr 7 yBeJrarrrBaeTcrr rro BaKoEy ApperMyca c aHeprfieft aKTr4BaLU&r s,2ICICAJI,/MOJI'. KPOUE tOrO, }TMEET MECTO SABIICIITMOCTb 7 OT .4ABJICHI'A TP}IIIJIETHOIO

Ki4cJlopo'a B ycra'oB*e, xor' ycJIoBI4fi gKcrIepr4MeIITa rlo.BoJrsror a[prrop'o ,,pe-EEOPEII' BJIIIAIMEM IOMOTEEH''X ''PO'ECCOB IIA 'POCTPAHCTBEIIHOC PAC',PCTEJIEHIIE

Y:jiry 
02('as).'[.nrre*nas o6pa6or*a uccre4yeMoft rroBepx'ocrrr rroroicoM

CTI*JIETIIOTO KI4CJIOPO.*A ''P!BO&IT K EEO.PATI,N,OMY YBETI,*EH,"O BHAqEIilIfi 7.Ilpune,qeruue lIaIIHrre rIoBBoJrrInr saftJIDqI{Tb, rITo B cryrlae BoccragoBreltrIoft

::::::":T.uf,r_"'o, 
pearrayerc.q xeMocopou{ortrnrft MexaHr.rBM .uesa&rr4Bar-upr,:|::l:^r" e2( ae). ilplr gTOM BeJrrfrr4rra srrepfuu arcTrlBatfitr4 7 MOxCeT 66rTb oTire_cerra K S'epruu arcrr'Bar-Mn.*ecopdr['' KrrcJropo'a c rroBepx'ocrrr oKcu,{a, a 3a_BI'CI4''OCT' 7 0T IIaBJI.IMA Oorgc'e*a KolilCype*u{eft a.qcopoql{I4 C*Irner'oro rrTPI{IIJIETIIOTO KrICJIOPO.qA HA BOCCTAHOBJICHHbIX IIOHAX BAHA&IA. EOJEE NO,4)OOHOxeMocopotu{ortrftfr MexaE}rBM IesaKTr{Barlu currrJrerHoro KrcJropo.qa 6y,Uer pac_cMoTpelr B cJreIyqeM paSAeJre.

s. s... llegaKTI.IBau,I.E cl.rHrJrerHopo Kr.rcnopoAa
Ha [oBepxgocTr.r o&c].Ila u{HI(a

I4ccre.uoBal*e ?y[IeHI4fl c*rrJler'oto &lrcJropo.ua Ea rloBepx'ocrr' .I(c]I..a q]Iri*atrpe'ucraBJlfier 60Jbmoft llrlTepec Karc B nJIaHe rlo'lrMa'ug pa60Tbl Ce'copoB Ha
_ol(tAr), 

TaK r{ B rrpltrnrtrMaJrb'oM rrJra'e. o.uroBpeMerfioe r,IsMepe'fte o@KTr'B-HOCTI{ rereporerurot ,[esarcrr{Barr{r{ r{ orK,lr'ca gJre*TpoqpoBo.&rocrr4 zno Ha B3a_Iil,IO.UEICTB,'E C CtrHrJIETI{rM KI{CJIOPOAOM B CO*ETAE}III C COBPCMEHHHMI4 IIYBCTBI,I_
TeJIbHbIMIlt MeroJlaLg.r I4ccJIe.{oBaHLrff a.ucopdryul 11osBgrrler cocraB]rrb .qocraroq]iorroJr'Oe Epe.ucraBJre'rre o MexarrlrsMe rylre']ra o?('as) Ha nouap"noar"l*c,nJ'rbrx
rloJlyupoBo.uuKoB.

IIepBm, EatoM ltccJregoBaHrrrrl gBuJocb l{Byr{egrre c rroMoqblo noJryllpoBo.u11l11o_
BbIX CeECOpOB XapaKTepa rereporeltrtofi AeSafiTI{BaI[M CI4IIrrerHoro ftrrcJlopo.4a
HA IIOBEPXEOCTII OKI4CJIEHiIOTO I{ qACTI4TUIO BOCCTAHOBJIEMIOTO OKCI4IA IpTIIRA
[102]. IIp}r Kotfirarnot TeMfieparype ]r .uaBJreH]M oz , 1o-1 ,oO- u-Jr**, "

T:.jlTTl 
o.{ra,) Ea zno cocraBraer - r.o-1. C pocroM reMrreparyphr oHaSEaqlITeJItEO yBeJII/rlrItBaeTca IIO 9KCIIOEeHI-EIaJITHOMy SaKOHy (pI,Ic. 5. r.2 ), [pI4'?OM 'Hepr,ng aKTIlrBaU]I]I COCTaBJIfleT 25 K*ar/Morb. Ha puc. 5.13 fipe.qcraBJle_

Ea BaBI4cI4Mocrl rcoo([&u]uenta rereporeruofi rt,roefir or ..aBJre'r,rs KrrcJropo.qa.
BI4Sro, tITo trpu yBeJr[rIeIIIl[{ .qaBreH[.q r yMelibtlaercfi. OToT @alcr He MoJreT6Errb oorflcEell roMoFeHnbrMI{ fipoqeccaMll, TaK RJIo r{ ryrrerrr4eM currrJrer'oro RrrcJropoAa u oap# ff:ffi:.kff:H:T":1_
dperlb . 

ruu&u 'vvuu -

rlprce..emue pesyJr'Tarbr rraxoAar a.ue&Bar'oe o.r.sc'er*e B paMrcax Mo.ueJrrr,qpe,ryroJrara@eft TyuerMe c[rtrJrerEoro KtrcJropo.qa Ba cqer ero xeMocopoulIr4 HaIIOBEPXHOCTI4 OKCI4IA UIIHKA. AITAJIOTT*IAfl r, O.4ETr 6HJ'A IT)E.qTOXEIIA B [107] AJIfio.bfic'erilIa rereporemloro ry'e'llfi K.re'arerb'o-Bos.y,*e*I.r. a30Ta Ha no-BepxEocTtr KBapqa Epr{ B6rco&r.Dt TeM[epaTypax. Ilpe,UtaraeloM Mexarrr{BM 6a3rpy_ercs Ha creAy@eft K]trrer[qecicofi cxeMe:
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Puc. s . tz . 3aBl,Icl,$,'tocrb Ko3(EFIqEeETa rereporeltrloft

clllrrJlerHoro KlIcJIopoAa oT TeM[epaTypbl

oKcl4.4a I-uffiKa rIpI'I eo, = o,r ToF [1o2]

Pxc.5.13. SaBI,IcId'{ocrb KogamtrPIeIITa rereporeltrloft AeBaKTI4BalryI4

Ha IloBepxHocrl'I oKCU'qa lumKa oT ,uaBJIeHI'Ifi KIICJIOpO.Ua
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.4e 3 aKTI4BaIUII4
noBepxHocTlI
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B COOTBeTCTBm C atOft cxeMoft IIoTeps SIIepIUI4 sJIeTpoEEOro BOS6yMeIIIIS

I4MeeT MecTo B pe3yJIbTaTe oOpaSoBaIMs XId\rUqecKo[ cBfl3tl C noBepxHOCTbF.

T.e. xeMocopoltrM. IIpI{ sTOM qpe.UroJlaIaeTCfi, qTO BpeMfl ]K.IsItr{ a,qCOpoI4poBaII-

HOt MoJIeKyJbI CIIHIJIeTHoIO &lIcJIOpO,Ua CyqeCTBeIIHO ooJlbue BpeMeHI4 IIOTep[

SIIepIIM BOB6y](IeHI4g, T.e. Kl ( K3. IIO MeTO.4y CTaIIIOEapHFX KOHIIeIITpaIEfi

HeTpy,ulo [oryql,ITb Bbrpar(eH[e

4 t 2 1
7 = 4 D '{ff' 

", * ",} roa(3'.) 1 * ax.,ff

r.{e sl , s2 - Kop(fiF,illlegTbl rrplIJI}IrIaH}Is o.{la") r or{3:i) coorBercrBellgo;

tzl - rroBepxEocTEafi rrJroTHocTb ueHTpoB xeMocopo4el; y - TelJoBafl cKopocTb

MOJreKyJl.

lit3 BaBUCIdUOCTII 7 OT .qaBJIeH[g 02 CJIe,qyeT, lITo cTeIIeIIb 3aIIOJIHeHI4g UeIIT-

poB xeMocopOlutr4 6JMBKa K elffHllqe;.uJls 0Toro cryqafi noryqaeM

- 1 4 K  _ 2 1 2 1---------=--
v IOr ( - : n )  )tt#",*",]

K .

l
t

l ISSToftoopMyJtr,IcJle,uyeT,IITogKcIepm'|eETaJIbIloo[pe.4eJIeIIHoeSIIaqeE[e3IIe_
pM aKTUBaU,II4 7 Ha noBepxHocTu zno Mollc{o oTIIecTI'I K SIIeprlIlI aKTI,IBaUI/II1I

Iecopouufi KI'IcJIopora c rloBepxEocrll oftcllua ulIIIKa' 3Ta BeJMqItrIa xopouo coB-

Ila,[aer c aEeprl4eft aKrI,rBaI-uIlI ]Iecop6lutr{, Herlocpe,ucrBelfio I'IsMepeEHoft c IIo-
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MoqbD rroJryrlpoBo.Urr{KoBrD( .[ereKTopoB B paoore tloe].
. CreAyer orMeryITb. qro Ea BoccraEoBJreEnbIX oopasrlax zno BEaqeEre 7 IIo_{yqaercfi cyqecrBeEEo BHrle, qeM Ea oKucJreEHnx. ItpoMe roro, IIo Mepe oopa_ooTIcII cIIIfJIeTHbIM RtrCnopoloM rog(llnflIrreET .qeSaRrEBar[trI o-(la ), IIa BOCCTA_EOBJT.EHI* oopasuax trocretreffio yMe'brlaercfl. 3TO roBoptrT 6'r3",--*ro qeET_pam{ xeMocopdrlrrrf cutrJrelE.ro KtrcJropora Ea zno '&'anrca caepxcrextroMelpu_qecRlle aroME rItrIKa tr RtrcJropo.Urbre BalcaEcrur. C.qerarftfr ""*.u no.ur"ap8laercs

u AaHHbIMtr IIo trsMepeEm gJreKlpoqpoBo.Eocltr IUIeEOIC ZnO rroA ,uetrcrBrreM
_ltltorr 

' B cJryqae Boccra'oB'erTTnrr ITJI.E.K Mbr sMeeM cr4rrraJr yMe'brre'ir' sre-KrpoqpoBo.urocru, o.ycroB'eF'rfr xeMocop.r&efi KtrCnopo^a (cra. s.z;. TaKofi[e cErrraJr BosrrI4KAeT qp}I a.{cop6rprr g6 zno tr ,qpyrtrx oopM Rr/rcJropo.qa
_!11(3E;), 

o-aroMbl), rcoropbre, $aK troRa3ano Bbrrrre, agcoporlpyrrcs Ea r{oobrro_q'brx aroMax rymca. lr,m cuJrblro oRtrcJreHHUX OdpaSqoB zno Bos,4etcrB,ne c*rr_JlerEoro KtrcJlopo.ua EptrBo.EIT K yBeJrrlrrrenur sJrelc1po11poBo:Erocrlr, T.e. Brcrmqa_FTcfi Fr3uvecKlre KarraJrbl Ntccwtatlrifr sEeprlEr, Ee cBsgaElrbre c rpoueccaMl{ xe_MOCOp.Luu' Eoree .'oJ*as rcaprrr'a B.a*U.reilcrBr4s ctrur,nefiroro K[CJrOpOAa ctroBepxEocrbD zno [oryqeta B padore t11o], rAe rraparuIeJrb'o c lrSMepeEr.IeMgneKTporlpoBollEocTr.r oftcllIa ry{IIKa qpoBo.ryJrucb EperltrslroHfibre l4sMepeElrs a.u_COP6I.E'" METO.UOM trbEsOKBAPUCBO'O MUKPOBBBEIIII{BAHII''. I4C,,OJbBOBAItril{E B PAOO-Te MIrRpoBecH TIMeJIIT qyBcrBureJlbtrocrb rlo Kr{cJlopoAy _ :-o_, "ot ocnog }I obIJMOCHAqEIIbI CUEIUtA.rrgOfi 3A[trITOft OT TEIL'IOBrIX ,TPA.EIEITTOB }I 9JIERTPOMAIHITTIITTX
IIOMEX [111]. B'ICOKA' TIYBCTBtrTEJI'IIOCT' IIOsBOJI.EJIA HA.4EftIIO B'I.UEJMT' AACOP6-IIO0 cI4IIrJIerHOro KtrCJIopoAa tra (Doge rpltrurerEoro. Ha puc. 5.14 troKaSaEo tr3_Metse*lle MaCCE lI 'JT.RTp.I'IOBOEOCTLI '',I.EOK Zno B BABI,ICI,$,'OCTI/' OT BpeMeIIU
O6PA6OTICII ID( CI4ETJIETH'IM RIICJIOPO.4OM. ]4'MEPEIilg qPOBO.TIJMC' IIOCJIE YCTAIIOB-JIeHlIfi B cl{creMe a.ucopdu{oulloro paBlloBeclr.fl orIIocLITeJIbIro rpl'rJler'oro Ruc-Jropora' Ars fioryqer*a or{rAr) rrcrroJrbs.BaJrca (loroxnarvecxril r4croqrrr'K rra

;::ffi.T':1'.,: ffTTffi,Hy,:ffir I* "ffTiLTi#,; ;#l;::;
Kr{cJlopo'rra qpoucxo['rr .qorroJr']rreJr'Has xeMocopdu{fl, Iroropafl coEpoBo$Aaercrr
I4SMEIIEEI{EM ICOHIIEIITPAUIM SJIERTPOHOB B SOIIE ,,POBO.UO,'OCT?I ZNO. HAIIATbIftIEcKopocrr! aAcopou* rr rrsMe'erils sreRTpoqpoBo.4IOCU{ ZnO paBlilr coorBercr_B.HTIO l,4'loto MOneKyJr,/c u roo elexrpoooi/". llt" BTI* Aal'rrbrx Mo'rfio oqe-HI4Tb BepoflTllocrb ,ue3aKrtrBattle[ o2(1Ar) na uonepxfiocrr,r zno IIo xeMocopolllr_
.IIIIOMy MexaEI{.My. ora panna - 1,6'10-1 ,n xopouo corJlacyercfl co S'aqe-HI'tMr{ rcos(!fttr&e'Ta rereporet*oft reeartmars* Cr.r'rJrer'oro &rcJropo,4a, ',o_ryrre'Hb[ifi[ tro MeTO^y ctffTa ]r [pr{BeIeHIrbrME BbUe. Apyrm, Ba)rHuM Orpa"rrpo",
KOTOPEffi MOXGIO OUEIfl[Tb EA OCEOBAHI{tr qPI/'"E,UEHHID( .IIAHITbD(, 'BJI'ICTCfi KO'(upI-ItrIEAT I{OITIISAIIruT C*'ITJIETIIOTO KtrCJIOPOTA. 3TA BEJEII,'ffiA 'O"'"N"" - ,O:;,
o'a IIOSBOrffer ''o curnary usMe'errtrs gJre*rpoqpoBoErocm ce'copa oqpeAeJ*Tb
ltr{cro, MoreKyJI rcrrcJlopoAa, aAcopo[poBaHHbrx B q]oqecce B3anvroAeftcrBfifl. Znoc oz( ae) .

,{JMIET'EAfi BbI.4EPICCA AICOPdEETA B TPUIIJIETEOM KI4CJIOPOTC ,,PI{BO,II}IT K IIO-
Tepe ero aKTITBHOCr�tr OTEOCtr?eJrsEO A.qcop6r@ oz(rae). 9TOT pe3yrbrar EaBo_
.uT Ea l,srcJb o0 ulerrTlrrrEocTlr uerrTpoB xer,aocopouu cuHrJreTHOrO I,I rpulureT_
IIO.O K[CJIOpO.qa Ea rloBepx'ocru zno. B [onbBy gTOrO B'IBO,Ua roBopgr II TeM_
fiepaTypHble tr3MepeEufi t112]. gEepr'rur aKTtrBarlrrlr a.UcOpdrIM TprtrUIeTEoFO u
crrrlrJreTHoro lcr{cJropo,qa rrpaKTlrrrecKE coBtralamT (rr rc,[*/MoJrb), Taxxe coBrla_
IADT U I{MEFT TY X(E BEI".I.trIY 'HEP'I4I{ AKTI,IBAIIB,T trSMEPEHI,I' 'JIEKTPOqPOBO,EO-
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IitsMeEerMe Macc[ (I) II rcoErreErparFnr greKrpoEoB (2)

B rrJreErce zno Bo BpeMerru fiptr a.ucopolsltr cuIIrJIeTEoro
KtrcJIOpO,Ua [1oo]
Bec EaBecKtr zno 4,5'10'"n, T = 296K

Pnc.s,rs. I4BMeHeEIe MaccH peSoaaropa c HaIIeceEELIM Ea elo
gJreKTpO,U Corol BO BpeMeIU trp}I aACOpou!}I TpI[UIeT-
EOrO tr CruIrJIeTflOrO KI,ICJIOpO,Ua [113]
cTpeJIItI,I ! A t OoOsEaqaDTBKlmqel{neI,IBEKJID-
qeEl4e I[CTOqEtrICa CUtrJIeTEOTO KtrCJIOpOIa. PO = 3'1o-r

Top, rcoroo = 296 K

cTu. zno IIoA AeficTBIIeM grtrx IDyx @pilt KtrcJlopoAa. JIoIIoJtrtrlITerbEas a.ucopol]lls
o2(rae) Ee Menser iDopttbl Kpreru IIsMeEemS SJIeICTporq)oBo,qHocrIl odpa6oralilil{x

KrlrcJropo,[oM IIJIeIIoK ZnO trpU r[X rUEel&OM rrporpeBe B BAKyyMe. TaICI4\,t O6pa3OM,
MOXGIO C,IEJTATb BHBOA, 1ITO EA trOBEPXHOCTtr ZNO CIEITTETHEft KIICJIOPO.U SAHUMAET
Te 8e ueETptr, qro I[ tprorertuffi, tr aAcopolDyercfl B Tex r€ cocroEHl4flx'

EoJtbuas xeMocopdu{oltrlas cllocooHocrb ctlllrJlerEoro KI{cJIopo.4a rlo cpaBIIe-
tsIrro c rpruuerHNM ollpe,ueJlsercfl cyqecrBelfro oorbmn{ sIIaqeHI{eM IrpeAslccno-
TTeHLEIaJIbEOTO (laKTOpa. I'lrftUW.I CJOBaI,M, MOJIeKyJIU CI4ttr.nerHOrO KI{CJIOpO,qa JIer-

Ko BarruMaDT ueETpbr a,ucop6utr{, ,qocryrl K KoropblM l['Is rpI{rIJIerIIoro KrlcJlopo.ua
saTpy.uIeE.

Heo.uropolFocrb troBepffiocwt zr^o olEocI4TeJIbIro a.4copowtr4 RI4cJIopo.4a Mo,l(er
r4rerb KaK cTpyKTypEyp (Eeo,sropo,uroe pacqpe,qeJlelele .ue(FKToB), tar lI Bapa-

,uoByD (rreo,uopoJuloe saps*eHlle troBepxEocrtl B xoAe aIcopOIWI) [plrpoAy. A.4-
coporryrs crltrJrerEoro Kr4cJropo,ua rra qelrrpax, gHeprerrqecKll HeBHroISGrx .qJIs
TpItrIJIeTEITX MOJIeKyJI, MO*eT n\reTb IIeCKOJIbKO IIpII(IIEI. 3TO MOtl€T 6UTb OTJU[qUe
crpoenl4g grerTpolfiofi o6oJot{R[ 02(rag) or ocuoBlloro cocrogll4g, ctrocoocr-
Byrcqee Eetrocpe,ucTBeffior\,ry odpasoBaHm a,4copou4omloft cBssrl c gTI4MI,I qeETpa-

MlI, a Moryr 6brrb fipoueccu, odycroBJeltrile o@KTar,tr4 llepe.qaq}I sHeprIM. IC
TaKUM rrpoueccaM orrrocsrcfi rrsMeHerfie Baps,qoBoro cocroElr}Ifi ,ue@KToB IIoBep-
xlrocrrl zno rlo.LueftcrBileM sHeprrtrI srelcrpoltrIoro Bo3oy,t(,4eltrIfi MoJIeKyJIbI
o2(rAg), a raKre BosrrrlrRrroBerMe roKarbEo[ c?pyKTypHoft pasyflopfl,qoqellEocrl4

B xo.ue ,&lccullaultr,I gHeprwr BoBOyx(IeIils B llpltrIoBepxHocrHblx cJlosx aAcopoeH-
Ta. IlocJre.Ess roqKa BpeHlIa Moxer 6HTb llo.u{peruIeEa cJle.trJurulvlrl coo6paxeru{-
r\,tr4. B paoore t1131 odHapyxerra KoppeJrawfl Me,rqnJ s(EFEu,BHocTbn norJlorqeHl{fi
cIIIITJIeTHOTO K[CJIOpO.4a a,qcop6eHTal\,tr{ I{ TeIIJIOTaME ID( paSJIO]KeHUfl, OTIIeCeEHd-
MI{ K o.UtoMy MoJno Rr4cJropoAa r{ TBep,Uofi @aBbI B III43TIIeM cocrotrr{Ill. JIfls zno
gTor r lapaMerp cocraBJrrrer 698,358 IcJIE, ,urf i  coro4 - 47a,r32 K,[x(, 4.4rf i  Mqo
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- r23,2a6 lil)r. B cryqae a,ucoporlM Crlllrrerlroro KI{cJrOpO.qa Ha rloBepxEocrl{
oKclIIa iIfiKa, [pe.uBap]ITeJIbIIo EacHqeruloft Tp]IIIJIeTHIIM KltcJIopoIoM, .uorroJlgtl-
TeJIbHOe r{3MeIIeH}re Maccbr arcopdeura .uocrr[raer HecKoJIbKr.rx qpoueHToB OT ee
I{3MeIIeE}Ig 3a cqeT a.ucopOryM o.t3:r). MeHee ttpo\trfi,Ifi o&c4 co3o4 xa]laKTe_
pfisyercrr ropasro 60rb[tro, norroqeHfieM cr,rHrJrerHoro RftcJropora. Ha puc. s.rs
IIoKa3aHo' KaIC ]ISMeHgercg Macca HaBecI{ImI coroo rrFrl BSamuo.qeftcrBl4ll C TprI[-
JIeTHbIM II cEIrJIeTHblM KI{cJIopo.UoM. Bu[Io, rITo BKmoqellr4e ficTowiltrca cr,rHrJIeT_
HOIO KI,ICJIOPOAA IIOCJIE YCTAIIOBJIEHIIff A,UCOPOLtrIOIil{OrO PABHOBECI,Iq IIO TPIIIITET-
EOMY RI{CJIOPOAY IIPITBO,ryIT K BECbMA sITATMTEJIbIIOMY YBEJII{IIEHI{IO A.4COPOI.U4I4. B
cryqae BSar'rMo.qeficrBuff o2(1ag) c Mgo rrpfi TeM[eparypax B[ule sooc rorIoJIIIr4-
TeJrbHofi arcopouor Boo6qe Ee EadJuoraercrr, xorfi s@rruenocrb ryrrreHlrf clfii_
rJlerHoro Kl{cJlopo.qa Ha oKci.IJe MarHr,rfi 6JMBKa K eplHr4ue,

llpyrnu (DarcroM, rro,urperrJrflwDr Bo3Morrcrocrb BosHrrKHoBeHufi crpyKTypHoft
pasy[ops.uoqerrHocr]I rDrr BBar4ro.4eficrarer 02(ras) c noBepxHocrblo oftclrroB,
aBJISercS ooEapyx(elflIe o6parnoro qpouecca, T.e. eMr4ccIM clrr{rJlerrroro KrrcJro-
po'44 B rasoByn Oasy rrp}t peJlarcau{u pagyflops.uoqer{Hocrr4 Ea noBepxxocrr{
si.o2 [114]. IIo'4)ooEo 9TO sBJreHr{e Oy.uer paccMorpeHo B cre.uJrorqeft rraBe.

s.6. B3aloroAeilcrBlle cuIIrJIerIIoro &[cnopo.ua c nneIIRaMI{ Icpacurereft
r.r apoMaT[qecR D( yFneBo.{opo.qoB

Ba]reraa poJlb, roropyn urpaer clfffrerlftffi K[cJlopo.u B oKrIcJIeI{Itr,r opra61rrlec1tp(
coe.umelflM, cfipe.qeIrreT [rrTepec & I{3yqeHrDo nea no.qeficrnua o^(la ) c uo_
BepxHocrbn gTrrx BeqecrB. Ilpw\reEerMe noJryqpoBoErr.rrcoBbrx au"taop3" B sroft
ooracru rarure clocodcrByer IIoJyqeElDo Opl'"I{EaJIbIrnx .uaHHNX. B pa60Te t].1s1
CEECOPHbIM METO]IOM 6bUIA I4CCJEAOBAHA ,{ESAKTI{BAI[4'I 02(1A9) EA IIOBEPXEOCTI4
TOTCTOft (2 - 3 MKM) 

.nremar 
rpma(DraB*ra, cyo;unnrpoiardoft na rroBepx'ocrr{

creK[a. Ilorasago, qro BeJrIrtIIma KoSQ(Ftr-pIeHTa rereporeElofi reSaKTUBar-U{rI 7
Ha rroBepxHocru rpuna(!.naBr.fia r,r3Merrsercrr B qpereJlax ro-3 - :-o-2 B 3aBr4ClI_
Mocrl{ or ycJIoBId gKcrleptrMeETa. 3@KTLBEocrb ryt[errr4a c]rrlrJrerrroto Kr,rcJro-
POAA SEATMTEJIbIIO YBEJI}IIIIIBAETCfi C TOBbIIIIEHI{EM TEMIIEPATYPbI IIOBEPXHOCTI{.
S'eprrg a*To'Bary'' trBMe'e',rg 7 cocraBl{Jla - 12 RK.JL/Morb, BeJMwma z TaK-
ftE YMEHbIIIAETCg IrPU YBEJIIITIEEtr,I AABJIEHTTS RIICJIOPOTA B YCTAHOBKE, OOUtrM XA-
parrep [oryrleE$rx SaBuclnrocreft Tarcofi ee, KaR & ,{r.s ruoeJM ctrrrrJrerHoro
IC'ICJIOPOAA IIA IIOBEPXEOCTtr OKCI,I.qA LUtrfiA. HA OCBOBAII}TI{ ST'IX ,4AHIIIIX ABTOPAMI{
c.ueJrarr BHBo.{ O XeMOCOpoI[rOIffroft llp]rpoAe AeBaKT]rBar-uM o2(1Ae) Ha [oBepxEo-
crr.r rprua(0.IlaBE{a.

Eo.nee uo.qlo6nafl ror@pMaryrfi Obura rroJrysega o BsalrMoAe[crBru cfir{rJrerrroro
KtrcJropola c rIJreHKaMu aETpaqeEa B paoore [11G], r.qe Eaps,4y c Merollal,fi IIo_
JIyqpoBo.uIlIKoBbD( .uereKlolloB IICrIOJrbsOBaJrr,rcb KBapueBoe MuRpoBSBerrrr4Baute vt
Macc-crreKrpocKoIMrr.

HA PUC. 5.15 IIOKA3AIIO YBEJII{IIEHIIC MACCE EABECKU AIITPAUEHA IIPI4 IICP}IOM-
qECKOM BKJFqEHT trCTO.IITIIICA O2(IAg) (TCIfiCPATYPA IIABECKI{ 243 K). BUFIO,
gro IIoA reftcrB}IeM c]IIIrJIerEoro rurCropo.ua l,lacca EaBecKtr yBeJrrlrrrr4Baercfl, a
B TCPEPbIBAX MEETY BKJmTIEtsITflMtr OCTAETCfi UOCTOffIIHOfi. MACC-CIICKTPOMETPIITIEC-
Kr'il aHaJErs ra3oBo[ oaSbr [oKasbrBaer o&roBpeMeltrryn rlloerb rlapr.u4aJrbHoro ra_
BJIEEtrg RtrCJIOPOTA B YC?AHOBKE. 3TU 6€KTH trOSBOJI'IDT CAEJIATb B[IBO,4 OO A,UCO-
por@ crufneuroro Rr.rcJropoAa rra ureHKax aHTparleEa. HarpeBarue oopaSqoB .qo
KOWIATEOff TEMIIEPATYPEI IIPI4BO,4IT K BH.qEJIEEtrIO ICtrCJIOPO,4A C IIOBEPXEOCTI.T A]ICO-
POEETA. BbITETffWfrCfl KIICJIOPO,4 YMEITbIIIACT 9JICKTPOUPOBO.EIOCTb IIOMETEEIIOrO
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Pnc.s.re. IilsMeHerure Maccbr EaBecKr{ aHTpaqeEa npl{ ee oopaooTKe
crrrIrJreTHNM IMCJTOpO.UOM BO BpeMerrl4 [116]
T = Z4A K, p^ =a.ro-tTop, BBe3.{oEcoft 060-a H T p a U e H a  '  a Z

SEaqeE MOMeIIT BlqmqeEll.s ]IcToqE[Ica cl4tr.neTgoro KI4_
cJropo.Ua, cTpeJEcoil - MoMeHT Bb[qmoqerilrs

Ea.u aAcopoeEToM zno-ceHcopa, Koropbu 6bur qpeglapnrelbno sanacclrBnpoBaH
IIO OTEOrrreEItro It TpI4IIJIeTHOMJT KI4CJIOpO.qy. 0TOT oaKT IIOBBOJISeT rrpe,UIOJIOXr{Tb,
qro Eapfl.6f c o2(rAs) c lloBepxEocn{ Iecopofipynrcrr MoJreKyJnn cr4r{rJrerHoro
KEcJropola. Taras cuTyar.Es Moffer peaJrr43oBarbcs B ToM cryqae, ecJM ctrHr-
reTltil KucJropo.q [pr{ msRllx reMnepa?ypax oopasyer rra rroBepxEocr]4 arrrpaqe-
Ha EecTol&,fie coe,UtrIeE[a-grl.4orrepo&cl'I$r u Ee ytracTByeT B rrydoKoM oKr{cJre-
Itrer. C,qeJaEEoe qpe,UloJroserrrre corJracyeTcrr c ,uarrHbrMlr paoorBr [112], r.qe IIo-
Ka3aIIo, qro pacrBopbl aIITpaUeEoB, oxJIa)r(IeIIHIre Ao 213 K,cllocooHbl Barlacarb
oIDITJIeTEII KUCJIOpO,4 tr JIeTKO BbICBO6OE4aTb ero B toM xe cocTogHr4r4 rtpu Har-
peBe.

IIpu rorratuofi s 6olee Bbrcorofi TeMfleparypax Raprr4rra Baarstro.ueftcrBus
cuHrJrefiroro IslcJropora c aHTpalIeEoM MeEflercrr. Ha pr4c. 5.17 IIoKasaHo ]rBMe-

A n ' t 0 !  r

0 l0 20 J0 t.nnn

,l3MeHerffre MaccE rraBecKll aErpaqeEa Bo BpeMeIu fipu ee

o6pa6orlce cr4rlrJrerHbrM KlrcJropo.uoM npII 296 K [116]
p^ = 2.lo-rTop. SBe3.uowofi odo3Ea.IeEo BKJII0qeIMe

'02, 
crpeJEcoft - Bbnqmoqeltr,Ie
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HerII{e MaccE IIaBecKn aHrpaueEa tro,u .4eficrBfteM o2(1as) rrpll KOMTIATIIOfi TeMle_
parype. 3,[ecb raK]Ke Ilpollrcxo.Elr SaxBar crIIIrJIerHOrO KI{CJIOpO.{a aHTpaqeIIoM,
HO B rlepepblBax MexAy BKJII0qeHTISM'I I4CTOEI'IKa Ha6fi0.[aercs yMeHbuelMe Maccbl
HaBecRrr' oEroBpeMeEro B Macc-cneKTpoMerpe raeosoft oa3Er perficrprpyercs
POCT IIAPII4AJIbHOTO ,IABJIEIXI' COz. 3TO TOBOPI,IT O IIPOTEKAIil$I B C,'CTEME IIPO_
ueccoB rJryooRoro oKl4cJleglrfl aHTpaueEa curlrJlerHbtM KI{cJIopo.uoM.

Tanr'[r odpasoM, olcc[epr4MeuTrr uo BsarduoAefcrB,* oz(rae) c ruerr*aMrr arrr-
PAIIEHA IIOSBOJISNT BbI,4EJMTb B STOM qPOqECCC .qBE CTA.4I}I: sAXBAT CIIIIFJIETIIOIO
KtlcJlopo.qa MoJIeKyJIaM[ aHTpaqeEa c odpaeoBalileM on.uonepo1crqoB r{ og}rcJregle
TIOOJIeEII'D( cI'IIIrJIerHrat KI{cJIopo.qoM, o qeM Moffio cyltffTb no Bbr.ueJleHl,flo .u]roKcr{-
.Ua yrJrepola. IIepBafl cra,ufl _ Obrcrpas, qporeKaer fipaKTr.rqec$rr Oeo eHepru]r
aKTITBaLU{'; BTopaa - oo,ee Me.qne'I'afi, qpoTe*aer c aaMer*oft cKopocrbp qprl
TEMIIEPATYPAX CBBIIIIE 258 K. IIOTYqEItrTTil PE3YJIbTAT IIOBBOJIfiET OorACiIlITb EEKO-
TOpEIe SaROHOMepHocrIr rIapLu{aJIbHOrO OkIICJIeIMS apoua ruuercrurr yrreBoAopoAoB
Ha o&clIEIo-BaIIaEIeBbIx KaraJMSaropax [118]' ecJM rloJrararb, qro B srrD( pe-
aru-um( [rpaer poJrb clllrfrerrtril RrrcJropoA, oopasywdcs B rrpouecce crpyK-
TypHo-xuMrrre cKr4x fipe Bpaqeltrfr troBepxEo c rtr Ka Ta JMs a roDa .

s.7. Bgal.ilo,qeftcrBlle MeracTa6ilJIbHLIx aToMoB LrHeprHLIx ragoB
c rroBepxHocTbD oKcr{EGrx noJry[poBo.uu.rKoB

MeracraouJrbril,re aroM[r trIreprHux raeos (t{A[f ) fipeAcraBrsnr coooft qpnep
SBtl' o6JIaAar@D( mtunaa.mnoft xrd\Mrlecroft axTmrrocrbn. Ec;ua Arg cr4llrJrergoro
RIICJIOPOAA OCHOBESIMII KAIIAJIAMI4 IETCPOTEIIEOTO TYI[EEtrg ABJIfiIOTCfl XEMOCOP6I.U4'I
u xuMrqecKr,re peaKr-uM, TO AJrs MAltr 3Tr4 rrpoqeccbr Boooqe lte cBoficrBeltrGr.
[Ireprril,re raBE rM B ocrroBnoM, rur B BoBOyxIeEEoM cocrofi$wr He a.ucoporrrpynr-
cJI IIa floBepxHocrl{ TBep&Ix T€JI rIpI{ TeM[eparypax BHEO &o&Eiarflofi, rrooroMy
CJIEAYET O'&ITATb, qTO PETAKCAII{.q }D( 3HEPTI4I,I HA IIOBEPXEOCTI4 6YAET IIPO'ICXO-
.U,ITb ToJlblco rlo m43l,rqecl(Iff\,t KaIIaJIaM.

Eorbm{e orleprtM BoBoyrf,Ierora lI oorbuere BpeMerra 'tcr3H]r MA]tr (cM, Taor.
5.1) .UeJIaDT 9TlI rlaCTrtr$r y,qodrunM o6beKTar\,[4 .urg I.I3yqeHI,Ifl rleperarM gHepruu
Bo36yxq4erMs SBll TBepIoMy reJy,

STOT qpoqecc sBr.serca o.@a,r tr3 BaaHblx rcarraJroB ooMeHa srreprllefi MeruJ
ra3oBoft 0a30ft tr noBepxHocrbrc B xoAe rereporeHllo-roMorel{HLrx, TepMI,t\recKrD(,
TIJIA3MO- tr QOToxmirruecrcrD( peaKr-trfr. [poqeccbr neperarM gHeprr4rf, [o-Br{[rrvro_
T[Y' IIrPANI OOTbUYF POJIb B TARID( flBJIEHIISX, RAK AKTIIBAIT{g CTEHOK PEAKTOPA
B3PEBOM [119], YBEJII,IqEH}IE KATAJMTI{qECICOfi ARTIBEOCTI{ CTEHOK IIOCIC OOPA6O-
TKr{ paspfiroM [26] U,qp, Tela ne MeEee Borrpoc o MexaE]r3Me [epe.48rM oHepruu
SBII rasoBoft oaBE TBep.qoMy reJry trByqeg HerocraroqHo. oTo Bo MHoroM cBflBa-
HO C HECOBEPIIIEIICTBOM 9ICCNEPUMEHTAJIbHbIX METO]ETK I[3YqEHI,Iff BSAIdNIO.UEfiCTBI'IS
3Bq, B qacrlrocrll I,l Meracrao[JrHbtx aroMoB I4lleprHbrx ragoB, c noBepxEocrbD
rloJryqpoBolrruKoB r4 E{sreKTpr4lcos. Ilpe.4.naraemfr pa3.{eJr rrocBsr{eH BorrpocaM
paSpaooTlcu ceEcopoB Ha Meracrao[rbEble aroMbt tr nsyqeHtfio c 1!( rloMotlbp re-
TEPOTEEHOTO TYIIICH}IS MAI4I HA qUCTOfi I{ trPOMOTI4POBAItrIOI ,4OOABRAMII NOBEDXIIO-
CTI4 OKCItrIIOB,

s.2.1. feTepoFellsle qpoqeccbr c yqacrlreM ueracra6ulbrsrx aroMoB
IIIePTHTIX ra3OB

MeracraduJbEle aroMbl - Balmaff cocTa&nfiqafl qacrb IUIagMbMIepTItNx ragoB.
B saBtrcrfiuocrr4 or xr.tMlfqecrofi rplrpo4r oEr{ xapaKTeptrByDTcs aEeprnsMr.r Bos6y-
frAerr]{s B rrpe.qeJrax 8 - 20 9B II trsJryqareJrbEbrMtr or coTEx ,qoJreff ceKyrr$ AJrfi
x"1tro) Ao * 2 q IJg cocrofiEl{fi n"1tsy. npuBeAeltrIrle napar,lerpu lvlAttr ody-
cJroBJrlrBaFT lfiroroodpasue fipoueccoB B ra3oBo[ (Dase c m yqacr[eM. TaK}I-
Mr{ npoqeccawr Moryr sBJrfiTbcfi Bos6y[AertrIe tr .4eBaKTlIBaI.trIfi rlpll .@yx- u
Tpex qacfl4rfiilD( croJIICEoBeH]Igx, xeMmor{r.€alryIff, troErlgal[4fl lleltriltrtr'a, [epe-

,4asa oEeprrm oJreKTporuroro BoSoya,[erufl, Imccorfirawfl ,,rylccorgraTr,rBHas rroHrr-
Bar$4s, xeMr{Jru\{rrBecr{eETHbre peaKl@ tr T.tr. Ilo.4)odlilfr alraJtrr3 Bsafi\,to,[eficrBd
MAtIf B rasoBoft oa3e,uaE B o63opax tr MoEorpa(Fsx t6,26,27,2s,2e1. B oroM
pasAeJre r,61 6oree tro,ql)ooHo ocTaHoBr{Mcs rra JMTepaTypHbrx IaHHilx, trocBfl-
qeIIHlIx rereporeBlloMy rylreEm Meracradu.t6Eu( aroMoB.

ocEoBEas ,racrb pa6or, trocBflerrHbrx B3alnro.ueficrBrtro MAI/tr c noBepxEocrbn
TBep,4OrO TeJra, OTHOCETCS K CrrCTeMe BOSoyE4erU$il rurepTIIIffi ra3 - MeTaJIJI.
npol,Icxo.uqafl B srofi crrcreMe BTopl[lrHas sMrrccl{s gJreKrporroB rlo3aorflet ne
ToJrbKo ouenrrrb Korqerrrpatutro MeracradubHru( atoMoB B ragoBot (PaBe, Eo u
cy,U{Tb o MexaIuBMe .[eBaKTtrBar[{lI Meracraourbrftrx aroMoB rra rroBepxEocrfi Me-
TAJUIA.

Parfiil[e l(.rraccrlrlrecKlre paoorbr B orofi ooracTlr [pruIa.Ure,raT oJqPaETy t120].
B cBoux padorax oE trcrroJrb3oBar ryqoK oEcrpu Meracraourblildx aroMoB re-
JMg, troryqeTnfft tryreM BefirpaJIIIBat[[I! troBoB Ha crelilcax rlJrarr4lloBoro KaIITIJI-
rfipa. oJtrr(DaHT BrrepBrre HaOm,[aJ aMEccIn0 gJIeKrpoIroB c troBepxEocrll MarHrrfl rr
Moffd,qeEa rIoA AeficrBrreM MeracradurbHrlx aroMoB, a ralcrN(e orpafieEIe Merac-
TaOI4rbEIx aroMoB or troBepxEocrtr MoJMo.ueEa.

0JMOaET u MyE [121] TeoperErrecKr{ paccMorpeJM Bo3Moxrrocrb gMrlccurl oJIe-
KTporroB rq)rr pe3oHaHcEofi uolur3alEl MeracraolIJlblloro aroMa BoJM3a rloBepxHo-
cTtr MetaJura. B padore lllexrep [122] r,rccJre.uoBaE qpoqecc oxe-He[TpaJMBalEr
rlorroB Ea rloBepxEocru MeraJrJra, I{o6ac u JIsMd t1231 rrpe,UJlofirrJrr{ Mo,qeJIb otfie-
.4e3arcT[BarPEr Bo3oy&uerrEbrx aToMoB. xarcTpyM 1124,L25') trpoBeJr ooooqawfi
arraJrn3 B3auMo,UeficrBtra MeracraouJbFrff aroMoB c troBepxHocrbp MeraJIJIa.

ocEoBrfinr UpoqeccoM, IrpoTeKaro[\r qptr BBauMoAeficTBI,tI,I MAI,lf c rloBepruroc-
TbF Mera.ua, sB.[sercs trx .[e3aKTrrBar.us c gMr4cctrefi oreKTpoHa. Bo3Molcsl .@a
MexaHuBMa raKofi ,qeBaKTnBaIWr t1261 , Ex grrepFerErrecKtre ,ryrarpaMMbr upe,Ucra-
BJreHu na puc. 5.18. B cJtyt{ae, Kor.ua padora BbrxoAa MeTaJrJra ep oortue IIo-
TeEr.uraJra rloHtrBar$E�r MeTacTaourbEoro aroMa (o), BoGMoeeE pe3oEatrcHbtft TyH-
EerbItrU trepexo.[ Bo3oyu,ueErroro sJreKrpoEa c oJleKTporurofi o6oJot&r4 aToMa Ha
EeBaHET6M greKrpoEmffi ypoBerrb MeraJUra. 06pasy@tfics I.IoE ]rHepTBoro ra3a
rrpereprleBaeT oae-$eftTpaJM3ar.utro: o.UrE trs BaJIeETHllx oJreKTpoHoB MeraJrJra sa-
rruMaeT cBo6o$ryF opOl,rTarb ocrroBEoro cocrorfiilrs rraJreranqero aroMa, a rcy-
roft s!fteRTr,rpyercs B raBoByD OaBy. B sroM cJryqae Bropr4rrrrbre sJreKTpoHrr uMeror
rufpoKril sEepreTrqeclffi cIIeKrp, [apaMerpbr Koroporo oqpe,UeJrrrnrcff rIoreHIEa-
JroM rroHr{3alurr{ ocrroBEoro cocrosErrs aroMa rmeprrroro ra3a u paooroft BExo.ua
troBepxHocTtI.

ECJM paoora Bbrxola MeIIbEe flotenryIaJla [oEI{BaLuII{ Meracraol4rbfioro cocro-
fiIlllfl ( CM. pUC. 5,18,d), TO IIpOqeCC peSOHaECEO[ r4orrr{3ar_U{r4 claHOBr{TCs He-
BoBMoIcIHM rI ocI{oBEIIM RaIIaJIoM tyEelII,Ig aBJlfiercg trpfl\roft qpoUecc oxe-Ae3alc-

rtIBaLUIu, aHaJlotl{rtrtrU fioEfigatptr{ Ileltrfltrfa: BareETIEffi gJIeKTpoH MeraJIJIa rle-
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P r c .  s .  t e  . SEepreuFrecKre MarpaMMbr BoBMotKHHx
aIcrI{BaLUtr{ Meracradl4nbErx aroMoB
IloBepxilocrll MeTaJIJTA [ 126 ]

MexaIMSMOB ,Ue3-
IIEepTHbtx raSoB IIa

o - pesorraHcrrafi r{oE[Bar.U.rs c [ocJre.qyueft ofe_Heilrua_
JElsar_U{efi ; d - ofte_.ue3arcr@alurs.
q9 - paoora Bblxo.qa MeraJIJIa; E., , 8,,_ glleprllg BoB_
oy8leruls tr rroreHlu.raJl troHrlsar.uM HaJreraqero aroMa
cooTBeTCTBeEEO; .Sr_ gEeptfi.s l{crrycKaeMofo gJIeKTpoEa,.
Ev_ ypoBellb BaICyyMa; .Eo _oEeprlIg sJIeKTpOEa B ocrloB_
IIOM COCTOfiHIIII ATOMA

pexo,&rr rra rresarlffTym op6r4Tarb ocHoBHoro cocrorrHtrs aroMa, a BosoyfiAeru$fr
gJreKTpOE C BHCORoft Op6r4TaJE[ aroMa sfreKrr4pyercs B rasoByro oa3y. SHeprer[-
qECKNfi CIIEKTP BTOPI{qHID( OJIEKTPOEOB XAPAKTEPII3YETCfl rPKO BbTPA'(EHHilI\' MAK_
CIIMYMOM, ITOTOPM COOTBETCTBYET PA3IIOCTII sITEPTruI BOBOY,I(4EIU{g METACTAOIJb_
Hoto aroMa I{ paoorbl Bbtxo.Ua rloBepxEocrl4.

Tarcoe coorHorleEl.re MexaHLrBMoB ,{e3aKTltBarrtrr Meracraofirbltrrx aroMoB c[pa-
BE.UJIIIBO ,4JIfi ATOMAPHO IMCTUX IIOBEPXHOCTEfi METAJIJIOB }r SKCIIEPUMCIITAJIbHO ,4O-
KaBaHo B ps,qe padoT t60,L27,L2al. Ilpm,ue .uoRagareJrbcTBa pe3oHarrcEofr vrc_
IIUBAIIII]4 METACTA6I,UIbMIX ATOMOB B6fiiI3U IOBEPXIIOCTI,I METAJIJIA IIPUBEAEITLI B PA-
6OTE T129]. EE ABTOP, HAoJEOIAJI OTPAftEEI,IE METACTA6I,ITbISIX ATOMOB HC B BI{-

IE UOIIOB OT NOBEPXEOCTU IIUICEJI'I B UPI{CYTCTBIIII A,UCOPdTPOBAIIHOTO CJIOfi KA-
Jl}lfl. IIPI{ 6OIbWB 3AIIOJIEEHI4SX IIOBEPXEOC!�II MNIIEEI{ ATOMAMII KAJIIT'I, KOT,qA PA-'
6ora BEro.qa cralloBrlTcfl MeIIbme rlorelfl[taJla llolil3aryIlr MeracradflrblftD( aroMoB
reJMg' [peKpaqaercs c[rsa.n or orpaxeHHbrx I4oIIoB' T.e. [poqecc pesofiaEcEofi
uoIIIISaI-Utr{ craIIoBI{Tcfl EeBogMoxeE u rytlelll4e Me?acra6[JbH{x aroMoB IIaqIIHaer
trqm uo MexaErrsMy one-,4e3aKTrBallr4}r.

IIp[cyTcTBI,Te Ha IIoBepxHocTI4 MeTaJIJIa a,ucopdrpoBaEslx cJIoeP il[M ToIIK'D(
ILreEoK oKctruoB trJrll .ql)yrln( coelrErerild ocJrotflxiaer Kaprr{Hy .uesaKTUBaIUnit Me-
TACTa6IIJIbIIJX aroMoB. A.qcoporyrff rrsMenfler sHeprerfircy [oBepxHocrlr, KpoMe
Toro, rrJrorHbre cJrofi alcopoara MoFyr BarpyEII,ITb rro.D(o'[ laeracradu.msoro
aroMa rra ,uocraroqEo 6JMBKOe paccrofirure K MeraJrJry lI TaKUM O6pa30M noAa-
BlITb qpoqecc pesoHaHcEo[ troEn3ar-urr{. Ilpr4\repoM ToMy Morfier cJry,r0rrb padora
[13o], rfie Ea IIptIMepe c}rcTeMH co-pd(111) noKaoaH rrepexol oT lpyx_ K o,U_
rrosJreKTpoHHOMy MexaEr4slry IIpII resaKraBarrE{ aroMoB He'. SrcuepnueHTarbrsffi
MarepllaJl no B3aI4\rO.qeficrBI4IO MeracTadrrbltrrx aroMoB c fiolcpbrroft a,qcopoaroM
noBepxEocrbn MeTaJIJIOB AOCTarorIHo BeJIm I{ qpe.qcraBJlell OOJb[II,[!{ KOJIIIFIeCTBOM
p a 6 o T  [ ] - 2 7 ,  1 2 8 ,  1 3 1 - 1 3 5 1 .

ocoobrft [rrrepec BblBHBanr pe3yJrbrarbr pa6or6r [135]. B Eefi rrccJre.uoBaHo
BJrrrff&re fipqporu lI crpyKrypbr a,{cop0r.rpoBartrfix cJroeB Ha Mexarrrr3M .ueBaKT}rBa-
uttt aroMoB He(2rs). IIoKa3aEo, r{To Ea E{croil lt [onpuTofi aAcopoupoBalfifi,n/trt
B MOCTI,IICOBOM rrOJrOr(eIIIM MOJIeKyJIaMtr CO IIJM NO trOBepXEOCTfi Ni(111) ,4e3aKTI4-
BaLtrIrI Meracraollrblnnx aroMoB llpoucxo.ur uo MexaItrIBMy pe3oHaEcEoft I4oHI4Ba-
r-u{u c rlocreAyroqeft o$e-HefiTpaJM3alu{efi. IIptr 6orbuD( BarroJrEeHr4sx a/Icopoa-
ToM, Kor.Ua a.UcoporpoBalilnle MoJIeKyJIIt pacrloJlor(eHll IIopMaJIbHo K rroBepxEocrll,

.ue3aKTlrBar-u{s upoucxo.Frr no o,ul{ogJreKTporrnoMy or€-MexaHr4sMy. A,4cop6upo-
BaIIHIIe cJIoLI c2H1 I{ H2o Ha Ni(lr-l-) Tymar aroMbl He(21s) ltcr.moro{Terbno rlo

EyxsJreKTpoHrroMy MexaEr,r3My, a B cJryqae a,qcopoqilI{ NH] o;gtoBpeMellHo pea-

JMBytoTcg ooa MexarMBMa .[eBaKTtIBaLu[4. Ha ocEoBarutrI qpllBe,ueHHblx ,uaIIHbD( aB-
TopH paoorH AeJrarcT BblBo.u, qro xapaKTep .ueBaKTtIBaLu4lI Meracraol4rblil,Ix aro-
MoB IIa [oBepxHocrr,I MeraJIJIa, noKpEToft a.ucopoaroM, orrpe,ueJlaercg crerleHblo
yAaJIeH[rI grelcrporffiofi rrJlorHocrlt BaJIeHTItbIx gJIeKTpoIIoB a.ucopdara or peflerKl4

METAJIJ IA .

npl4cyrcrBue a.ucopol{poBalilftrx cJroeB BJM.fler raKxe Ha .4)yrl,Ie napaMerpbr
BBaI.no,ueficrBl{fi MeracraouJlbHi'Ix aroMoB c noBepxHocrbF MeraJIJIoB. B paoore

[136] rroKa3arro, qro [pr{cyrcrB[e Ha rroBepxEocrr{ l.t(110) a.ucopo[poBaEroro
cJlog RI{cJIopoIa yBeJr[rir{Baer Ko3(liFn-trrexr orpaxceH[ff Meracraofirbrsrx aroMoB
remg. OTpaxelMe IIoclIT He3epKarblftM xapaKTep I4 ycllJllrBaercg IIplI yBeJIIIFIe-

Errr.r yrJra naAerMs [epBrfrrroro [yq&a. B pfl,ue paoor [132,136,13?] ecrb yKa-

BaHI4E Ha ro, qro rrprrcyrcrBtre aAcopol4poBalilil,Ix croeB BblgblBaer yBeJIrFIeHne

KBaHToBoro BbLKo,ua gMrrccltrI BJreKTpoHoB llg MeraJIJIa no.[ .ueftcrBl,reM Meracra-
6!1rbln{x aroMoB LIHeprHbD( ra3oB.

B JuITeparype, uocBqerlHofi BBam\roAe[crBI[0 Meracrao[rbEnx aroMoB lIIIepr-
HbIX ra3OB C TIOBepXEOCTbD MeTaJIJIOB, BOqpOCOM, BbISHBaFWII\,I HaUoOrbWIe ruO-
TuBopequfl, flBJrsercfl oTpax(eHlle B Bo3oyMerfioM cocrosHltrI. OUemCI,I IcoB(EpqI4-
eEToB orpaaelilIfl MeracraOI{JIbHEx aroMoB y pagHllx aBTopoB pacxo.ugrcfi Ea IIe-
cKoJrbKo rropff,uroB. B palililD( pa6orax, r,qe aBTopbr rrcnoJrbsoBaJrrl lrHTeHcr4BHbre
fiyqrur Meracrao[rbrilrx aroMoB c BbrcoKofi rotrIerr4,recKofi aEepruefi, 6buM rroJry-
'relnJ oorblMe BEaqerilrfl Koo([FtrIlreEToB orpafieHr{s. TaK, orlIQaHT t12o] oupe-

,uefifr, qro B ero ycJIoBI{gx Koo,I')lltrfienT orpar(elug He' or Mo yBeJllrrlluBaercrl

oT 0,05 .(o 0,5 Ilplt nSMeIIeHuIlt gIIepr]II4 IIOpO&4apUD( MeTaCTao[IbI$Ie aTOME
rrorioB or 21oo.qo 12o 98, B padore f!ffia trsel coo6qaercs, ,{To Kos@fl-U.I-
eET orparcelufl H"'or Mo cocraB,Ifler o,4 - o,zs B rIIITepBaJIe gilepfrft [opox(-
,4anqlD( IIToIIOB 30O - 1100 3B. B oOJIee IIOS,EIID( paoOTaX C UCIIOJIbSOBaHIeM OT-

HoctrTeJIbEo MaJIorcITeHcIlBItilx [yqlcoB Meracradurblil{x aroMoB c rellroBoft gEep-

ruefi 6buM noryqeru ropas,qo MeEbrrMe gEatIeHIIg Icog@d]}IeEToB orpameH[g.
TaK, B paoore AJJMcoHa c coaBT. [137] oqpe.[eJreEN Kos@d.g4eET6r orpax(e-
wrfl He1zl'rs1 , r,relrro,r) LI Ar(3p0,2) of troBepxEocrlr EepxaBeqeft craJM,
oEr{ cocraBJrf iDT 0,01, o,oz u o,o3 coorBercrBerfro. B padore I(oHpaAa I, I .U).

[60] roBopurcs, qro orpa*egrre u"lztsy or imcrbrx uoBepxnocreft pd(11o) rr
cu(110) cocraBJlger Ee 6oJee ro'6 neparworo trorona BoBOyr(,IeI{HLIx qacrldl.

llpficyrcrBlre a.ucoponpoBarfioro cJrog co Ea pd(1ro) EecKoJrbKo yBeJrrrnlBaer

Rogi!fttrgrenT orpanenr{s, Eo oE tr B BroM cryqae He rrpeBurrraer to-3. B ro xe
BpeME B paoore [136] coooqaercs o xopono BaMerrroM orpafferrrM Meracra-
ollrbEbrx aroMoB reJlrls or rpaErl (11o) BoJb(lpaMa. IIo ,ualtrtrfl\, oTrD( aBTopoB,
Kog(lFtrMeET orpatreEr{fi .uocrllraer o,s 4ptl doJbruDt yrJrax na,ueEl{fl rlyrma Me-
Tacrao[JrbHbrx aroMoB. Ilpl{.trma cyqecrByrc@D( pacxoMer{fr Kpoercfi , no-B}r&r-

L0

258

259



P r c .  s .  t e  . SEepreuFrecKre MarpaMMbr BoBMotKHHx
aIcrI{BaLUtr{ Meracradl4nbErx aroMoB
IloBepxilocrll MeTaJIJTA [ 126 ]

MexaIMSMOB ,Ue3-
IIEepTHbtx raSoB IIa

o - pesorraHcrrafi r{oE[Bar.U.rs c [ocJre.qyueft ofe_Heilrua_
JElsar_U{efi ; d - ofte_.ue3arcr@alurs.
q9 - paoora Bblxo.qa MeraJIJIa; E., , 8,,_ glleprllg BoB_
oy8leruls tr rroreHlu.raJl troHrlsar.uM HaJreraqero aroMa
cooTBeTCTBeEEO; .Sr_ gEeptfi.s l{crrycKaeMofo gJIeKTpoEa,.
Ev_ ypoBellb BaICyyMa; .Eo _oEeprlIg sJIeKTpOEa B ocrloB_
IIOM COCTOfiHIIII ATOMA
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ollrbEbrx aroMoB reJlrls or rpaErl (11o) BoJb(lpaMa. IIo ,ualtrtrfl\, oTrD( aBTopoB,
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MOT/!Y' B PASJIIFIIM YCTOBIil HA TiOBEPXfiOCTII, A TANrE B PA3EOft CTEIIEEU BO3-
IEft CTBI,IS EA UOBEPXHOCTb trEPBIIrlIHbIX IryIIKOB PA3EOfi IIITEHCI{BIIOCTI4.

He.qocrarowro sc'a Kaprr{tra Bgan^roreficrBo's Meracradrurbai'( aroMoB ]r'epr_
EbIX TA3OB C trOBEPXSOCTbD trOJIYIDOBO.UIUICOB tr IT3JIEKTP}IROB. JII.ITEPATYPI6IE
.uaH'rre e srofi o6racrtr EOCsr pa3po3'e*tril Xapa*Tep, qro cBasa*o B rrepBy'
oqepeAb c oTcyTcrBr,reM y,Uoorfix MeTo.qoB ,qrs Lr3yqerMs raKr.D( cr4creM.

IIpg Bgaro,ro.ueftcrBw Meracraorurb*rx aroMoB c EeMeraJ'rr{qecKr4Mrr [oBepx'o_
cr8MI4 B rrpruume Bo3Mo:rera gMrltcclla sJleKmorroB Ba cqer rrpoueccoB rroBepxEo_
crrloft uollusaluM [IerutrEfa. TaKas gMr{Ccrrfi EadJDO.UAracb B gK0rrepuMerlTax c
MOJreKynspHNME lq)trcraJuraMrr apoMarFrecK[x coe4Ererfld [139-143], c raJrore_
mAaMa qeJroqHbD( MeraJUroB [144] u c ceJreEoM [14s], O.UIa&o Bo Bcex sTr/D(
cJryqaffx oopaSrst rBep.6Ix reJr trpe,ucraBrsJ* cooofi TOHKr.e (AO soo r) nnencr,
na'eceH'ble Ea Merarrtrrlec*ue uo.uJlo&c'' rrputleM B pg,ue cryqaeB ]L4L,L42)
OTN IUIEHKT4 ffBJIgJII[cb .ucuepc'r*I,I IIoJIuKpIIcTaruIIlrTIecKuMII cTpyIcTypaWI. B To
se Bp€MA gMlroCtrs gJreKgoIIOB C MaCCT.TBHEX OdpasrloB lqpeKca t137] He IraOJno_
.UAJIACb. MEU,4Y CTY'{AflvI,I TOEKIIX EAHECEHIIHX IIA METAJUI IIJIEIIOK I4 MACCrrBIItrX
oopa3qoa' [o-B]IFruow, cyqecrBypT rrptrErrtrmaJlbnbre pasJlrr.Mfi B cMbrcJre gM[c-
Ctrfi 9JIEKTPOEOB IIO.U .UEfiCTBtrEM ME?ACTAdI,UIbIilIX ATOMOB. B TOItrCI4X OOPASIIAX
qPOI{CXO,ryIT 6HCTPAfl PEJIAKCAIUg IIABE.IEHHEX 3APff,qOB 3A CqET TYIIHEJII{POBAH}Ifl
BJIeKTpoIIoB I43 MeraJlJUntlecKo[ tro.4JOXCCtr. IIpU etolrt rloroR MeracradLUIbIUX aro_
MOB EE AOJMEE CtrJTbIIO MEEgTb 9JICKTPOHIIIIE CBOTCTBA IIOBEPXEOCTII MI4IIIEIU. B
cryqae fte MacctrBHbrr( oopa3qoB peJraKcarryffi Bapg.Uos qporrcxo.U4T MeIJIeEro. .4a,fie
ecJM B rIepBHe MoMeETbI BpeMeHI'I IIOA ,ueficrBl4eM Meracra6firbuux aroMoB ]r Mor(er
EaoJDorarbcs gMtrcclrs sreKTpoEoB, TO STOT trpoqecc AoJmeE cKopo llpeKpan4Tbcfl
tr3-3a UBMeEerrIIfi gJreKlpoEHrD( cBoficrB rroBepxllocrtr. TaRIn oopa3oM, sMr4ccuoE_
EIIE MEIO.qbI EE IIO.qXOAAT ,UIA tr3YtIEHI,Iff IESAKTEBALUE,I METACTA6IITbII{X ATOMOB
IlEepTEbIX raSoB Ea Ma ccEBHbIX IIeMeTaJUIlrtle cKEx uoBepxHocTffx,

B cuty gurx trp*'r{E oc'oB'afi grccnepr/Me'TaJr'na' Er(DopMar.u{s o B.ar,ilo.uefi-
CTBUtr ME TACTA6UJTbiI'"T ATOMOB C trOJryIIPOBO.UItrIcAME tr .UI3JIEKTPIIKAM}I OTIIOCI{TC,
r ros@npreuraM o1!a8eHrra, oqpe.[eJrfler,6ufi c rloMoqbD rly\rKoBbtx MeTo.Utrc, r.r K
roe(ffiugtentaM rereporerrEofi .qesarcMBarrM, oqpereJrseMHM a pr@ysuotcux yc-
JIOBr4SX. 0,&raxo r[ 3.qecb .qaHHile BecbMa cKym tr upornBopeqrBbr. pesynbrsTbr,
trOJryqEFFffE METOIOM ATOMHtrX IIYIIICOB, HE COTJIACYPTCfl C ,4TMrY3I4OIIIIbIM!I 3KCIIE-
puMeETaME' TaK' a paooTe t137r coooqaerc8, qro roe@nryrenru orpax€Hr{s
Me'acraourbr{''r atoMoB He, Ne, Ar oT troBepx'ocru rurpe*ca ,ruelor rropa.qo*
1o'2. IIo .qaEHbrM paoorE [60], [ptr paccefiEm Ea troBepxEocrrr MoEoKpr{craJrJIoB
LiF tr NaCr MeracraoruIblrilr STOMOB He U Ar Orpaselgle Ee rrpeBbllllaer 1o-0, a,
B CJryqae Ne - 'O-e. Itpgrb U Jlrotmcon [146] ycTarroBnJt[, qTo B.sdyMe*nre
aToMn He, Ne, Ar qpaKTFrecKtr Ee ollaaanrca oT ucrofi rpaHrlr (1oo) repMa_
Etrfl' EO Kog(lFnFregl olpaeeEtra oblcfpo pacrer trp'I arcopouEl Ha He[ KtrCJrO_
pola. B ro ee BpeMa lrcmlm c coaBT. [147] MeroIoM a,Ucopotu{oHrroft cuerc_
TpocKorrm ycTaEoBtrr, rrro Kog(A@[4eET rereporeltrrofi Ae3arcTr{Bar.lltr{ Mera_
craol'ulbltrIx aroMoB rentg z3s nn 2lS Ea crelc,re B ycJIoBI{gx rJler'qero pa.pfi.qa
cocTaBJIseT o,11 }I 0,35, qTo cooTBeTcTByeT 8e_ Lr 6s_IrpoqeETHOMy OTpanerutro
EaJleTau'utx aroMoB. B padoTe t1481 su{M xe MeTo.qoM ,[aHa ouerrKa Koo(Eft&m_
eETOB OTpaseErlr.q or rr4peRca B ycJroBrrsx xMllyJrbcEoro BoBoyfiAerula ra3a. oEa

::: : t : l : : t_\xp 
< o,75 sra nelzisl  r  0,15 . Ro,o. o,5 .qJrrr Ar(3pz). B pa-

oore [46] tro KocBeHHUM ,4aEHHM C,4eJIaHa ouerrKa ro-eomnpreirra orpaxerura aro-
MOB Ar(3P2) or troBepxEocrr{ KBApqa B [OCreCBeqeHrM pa3pfl,4a, oHa cocraBrfi-
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er R < o, s. fbyrmoft KaHa.ucrrx aBTopoB [ 44, 149 ] floryrreHbl pa,44aJlbHue

nrpodifi pac[pe,qeJlenl,Ifl rlJlorxocrll Meracraol,ulbt{n( aroMoB Ar(3P2) trpll Bo36y-

4fieHr{tr ra3a oegsreKTpo.ulHM B[IcoKoqacrorHflM paops.4oM. IIpofffiM 0TI4 rloqrl4

o.ulopo.@,r4, xorfi aBTopbI He IIIITaJIIIob oIIeElITb Ro3(@.[4eETbI rereporelfiIofi

.[e3aKrllBalru4 B 3TOM CJyqae, JIOIIFIIIO IIperuOJIO[ffTb, rITO OEII AOCTaTOqEO Ma-

ItaK BnrFro }rs rrpme,{eHEbD( ,[aIIHbIx, .4Ba ynoMtrryrblx BbII[e Mero,qa o[pe.[eJle-

Etrfi Kos(mrrserrroB orpaxeElrs MeracraorutbHlrx aroMoB or IIeMerarrFIecKLD( rlo-

BepxEocTefi .qaDT rrpI4III]ltrMaJIbEO pasHble peSyJTbTaTH. ,urs roro qToobl IIoEsrb

rrprwEry raKoro pacxo&ue$fft, Ineqefics B JlllTeparype ItrImopMautr4 He,4ocraro-

rmo.
&e 6oree pa3rrreJlbEble pacxoxleEl,Is flofiyqaDTcg, Kor,4a B ,&I@y3llorEslx

ycJIoBI4gX padoTaDT C MaJINMI4 I,I OqeIIb MaJIbIMI{ ICOHIIeETpaI[ISMI4 BOSoy,tq4eHHbIX

aroMoB. Tar, npwraeru[B orleEb qyBcrBl4TefibEffi Mero,{ AerelcrlrpoBaHl4g Metacra-

dl{rblilrx aroMoB, ocEoBaifftrfr Ea IrpI4EI-ume llEl{I[trrpoBallufl rasoBofo paspfl.ua,

aBTopbr padorbr tlsol odBapyxl,IBafil B rase rrpl4cyrcrBue Meracraol4Jrblslx aro-

MoB crycrs orpoMHr{e BpeMeEa trocJe BEK,[oqeEI{fi Bo3dyllq4aroero pa3pfl.ua. ,[JIg
I'eJMfl 0TII BpeMeIIa COCTaB.ISOT TECflTM' a AJIS,qpyrlD( ItIepTHLIX ra3OB - COTIII4

ceKyH.u, T.e. cpaBr[rME c l4sfiyqarerbHHMtl BpeMeIIaM[ rIeIBIuI. STor pe3yJlbrar

cooTBeTcTByeT El/rqToxclo MaJEO' KOg@trU4eETaM reTeporeruroft AesaKTI4BaueI. B
padore [151] Ba(ptrccllrpoBaHo rrpl4cyrcrB]Ie MoJIeKyJI N2 I4 aroMoB Ar B,[oJlroxu-

BywD( Meracraourbrslx cocrosBllgx B rloroKax codcrBelfroro rasa IIa paccros-

IilIII IO 45O CM OT IIICTOTIHIIICa fiptr CKOpOCTTI rIoToKa 10 cM,/c. SToT peSyJIbTaT

TaKme cBulereJrbcrByer o Maroft 9qFKTIaHOCTI4 rereporeElloro TylIeHI4s Mera-

cra6l{rb]fia( cocroglfld B ycJIoBLIgx oIII{caIIEoro 9KcrlepuMeilTa.
SaMern'r, qro aIIaJIorFrEag cl4TyatEg BoBHI4R",Ia IIpI4 I43yqeEIM rereporeHHoft

.uesaKTuBar.u[ gJreKTpollHo-Bo36ya.4etrilJx MoJIeKyJI N2. TaK, B paooTe [152] BbI-

cKa3HBaercs MHerMe, rrro sEaqelMs Kog(lUd.trIeEToB tereporemloft .4eBaRTI,3ausI
N2(A3t',v = o,1) ,u.lts Bcex rloBepffIocreft dJuBIcn K e,umllqe' C Alyrofi cropo-

Er, Bu.Uay,q c corp. [se,1s3] B cBollx gKcIIepuMeIITax IIoryr[uEI sllaqeEl{fl gTID(

Kog(lPu.ueEToB .uJlfl IIJIarIIIIH n Iurperca r.to-2 lr (1,8 : 1,2)'ro-5 cootnetcr-
Berfro. TadaEuft lI lllyd t154] IIccJIeAoBaJM rereporeHHyrc rl,Ioerb MoJIeKyJI
N2(A3t') Ea troBepxHocrl{ ruapqa MeroAoM odMeEo-fiq\fitrIecqeHTEofi crleKTpo-
cKorrtrrlr. ABTopH Iq)oBeJII[ ps,4 sIccIIeplIMeIITOB B IItrfpOKOM ([pUMepIIO qeTbl-

pe IIopsE(a) ErrepBaJle KolilIeHrpal.@ aRrlIBHI[x qacrltrI l1 IIpUIIIJM K BbIBo-

,qy, trro qpr4 rcoErlearparuur r.te3:l), qpeBHrrraqeft :.08 l,to;t,zctf , rereporellHas

AesaKTtrBarvrs II.[et c BErcoKofi o(reKTnBEocTbD (z > 0,5). tlpu MeHb[Il!( KoIl-

uellTpawgx Bo3oyMeIIHbIx MoJIeKyJI Kos([&trueET rereporeElofi ,4eBaKTI4BauI,ltI
MaJI I{ COCTABTSeT 7.10-'. Ilpr4qmr raRofi KolllleETparyrorurofi saBucrlMocTt4 IIe-
8CIlIi, O.UraKO MOIG{O qpe.UrOJIOf&IT6, qTO OHa I4MeeT MecTO I4 B CIyqae reTepo-
reHrroro ryEelils MeracraouJbEnr aroMoB I4IIeprHIIx ra3oB.

oTcyrcrB[e ,UocTaToqEoro rcoJrr4qecrBa Ha,4efiHblx gKcrIep]IMeIITaJIbHIIx ,UaIIHblx
oqpe,ueJlffer rloJtrryn EegcEocrb B ooracrlr IIoE]IMaIII4g MexaIMSMa flepe,uaqu 9He-
prm IIpI{ .ue3aKrr{Bar.Utr{ MeracraouJrbElx aroMoB meprHrD( FaSoB Ha rloBepxEoc-
Trr troJryrrpoBo.uurcoB rI ,rrsJreKrpr4KoB. IIo-B[&[roMy, cyqecrByer IIecKoJIbKo
BosMotrHnx KaEaJroB rrepe,uarM sEeprII}I B TaKLD( qpoqeccax. IipeooJa,ualMe roro
trJM r{Iroro KaEaJIa oqpe,qeJrsercs cKopee Bcefo KoI[cperIIHMI{ cBotcrBar,[4 rlaphl
Bosoy{Iermafl vacrnla - rloBepxEocrb. Ha[pmrep, UlBetUa c coaB. [155] Mero-

,[oM 3IIP Ea6fi0.uaJM B llporo'fiofi cllcreMe oopasoBalue pa.ulKaJloB Ha r].I.4ll4po-
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Ba*roft rroBepx*ocrr4 Mgo [o.q .ueficrBueM B..6y8reitrilx aroMoB reJ*s. U apro'a.
B to xe BpeMfl aBTopbr paoorbr t1s6r rrpearraranr o*curottrft[ft MexaHr{BM .qe.aK-
Tr4BarIM aroMoB xe(3pz) ria rroBepxxocrlr rBepgoft rceronoeofi Marpr{rlp. Ha Bo_
SMOXTIOCTb 9KCI{TOIIHOTo MexaIMBMa .4eBaKT![BaIIM Ar(3p2) Ha IloBepxHocTtl KBa_pLla yKaS6IBal0T Taoa'triltrc c coaBT. t461. He ftcltJlsqaercg raK]t(e Bo3Molclocrb
[3IYqATEI6EOfi .UE3AICT}BAITEI METACTA6ITbIfiIX ATOMOB B6JM3I4 IIOBEPXHOCTI{ 3A
CqET YIItr{PEHIIfi YPOBHEfi B IIOJIE IIOBEPXHOCTEOTO IOTEHLU{AJIA I{ OE3bISJIY-
qareJI'HO'O [epexo.ua Bo36y&4elfiOro gJIeRTporIa Ha paSperue*nIft ypoBelrb
[46,L26J. OoHAPYftEIfl{E I,IsMEHEEI4g 3JIE&TPOtrPOBO.EIOCTII TOEKITX IIOJIYIIPOBOro{II-
ICOBbIX IIJIEHOK NOI ,4EfiCTB,nEM METACIA6I4T'ISIX ATOMOB B PAOOTE [157] IO-
BOpIIT O BOBMOIICIOCTI{ [epe,Uaqu OHepfUIr B gJIeKTpoEH]rtO IIOICIICTeMy TBep,UOrO
Tera. o&raKo Bce STlr ynoMtrIyr[Ie BoSM.rcrocrr{ u3yqeHE He,UOCTarOrrEo o, .uaJle-
KtI OT CTa,UOt TeopeTfiqecKolo paccMorpeHllg,

noftet 1rsa1 Te.perr4lrecKo' paccMorpeJr orpa,fieHl.re Meracraor,rrbrsrx aroMoB
OT IIOBEPXHOCTtr TBEP,UOTO TEJIA B PAMICAX RBAHTOBOMEXAIIIIT{ECKOfi MO,4EJi!I, OCEO-
BaItrIOft na o6ryor cBoftcrBax cnMMerpIM TBep.qoro reJa. c TOIIKII Spelrurl aBTOpa
BepoflTHocrb orpalreEu.q Meracradnrblioro aroMa AoJIIGIa 6HTb IilFITolcIo Mara
BHe saBr{cuMocru or xr4Mlrirec&oft rlpnpom rroBepxEocr]r. O,Eraro rraJrr.FMe Ie{BK_
TOB r4 rreo.uHopolurocrefi rloBepxEocrr.r a.qcopdupoBaEsrx cJroeB .uoJtrcro qpuBo,u{Tb
K pesKOMy yBeJII{rIeI{m roefF[trIeEta orpaaeHrlg, }I Ea cr{JIbHO HeO,E{OpO.UIbIX
noBepxEocrax or{ Moxer rlptrdJtrffiarbcs K coorBercrBy@eMy rasooasHoMy ',apa_
Merpy.

Ha ocEoBe c,UeJrarrHolo odsopa JrrlrepaTypH. MoxHo fiplilTl{ K BbrBoAy, qro
BSAruUO.UEfiCTBUE METACTA6I4TbIIIIX ATOMOB trIIEPTHIIX rASOB C IIOBEPXHOCTbE IIOJIY_
qPOBO.IEII{KOB I{ .ryI9JIEICTPItrCOB I{SYqEEO HE.qOCTATOTIIIO. AKTYATbItr,tr,, gBJIgETCg
trsyqeElle MexaEusMa rrepe.4alM oHeprl4u SJreKTpoErro-Bo3oy,(4elrHbrx qac rnI TBep_
AOMy reJry B TaKr{X 4pOUeCCax. Meror ceEcopHoro rereRTr{posaErg MAI,tr [o3Bo_
Jlger floryqurb HoByD IEI&opMauDo o rereporellnoM Tyureg]ru Meracraotutbruilx
aroMoB' TaK KaK oH coqeraer BHcoKyo qyBcrBllrreJlbHocrb c Bo3Mollcrocrbro IIDo-
BoE4Tb'r3MepeHr{s B,ryr(lly3fioltrnrx ycJroBtrsx.

5.7.2. CeEcopH MeracTa6ur6tslr aroMoB tlHeprHux ra3oB
Ha ocHoBe crpyRTyp au/zno

IIepBaff romrrKa .qereKT4poBarus l\Hltr c rroMoqbF noJryrlpoBo,Er!tr{oBHx ceHcopoB
obura fipe,ulpltrrrrra B padore t157]. B KaqecrBe qyBcrB[TerBEoro oneMeHTa
IIPIIMEII'IJIACb CIIEqEI{HAfi IIOJII4ICP1ICTAJUII{IIECKAff IIJIEIIKA ZNO, METACTAOUTbIfiIE
aroMN lloryqafi[ B EeOEe C rIOMOqbn gJIeKrpoIIEoro y.{apa. Sbulo uoKaSa}io, rITo
lo,4 .ueftcrB[el'l I\{Al,r [po]rcxo,ulT Eeodparroroe yBeJrr{rreHne gJreRTporrpoBo.urocrr{
trJIEHKI{ ZNO. O.&IAKO IIOTYqEEItrIE CIITHAJU{ 6bUM MAJIII, }1 3TO HE NOSBOJI]4JIO
qpuMeHlrrb ceEcopHyn Mero.utrcy AJIS rrccJre.qoBarM{ rq)oqeccoB c yqacrueM Mera_
cTaoruIblfitx a?oMoB.

HAU6OIEE OqEBI.IElIil' IIYTEM IIOBIMEEI,Ifi qYBCTB{TEJIbIIOCTI4 CEHCOPOB r IIAITT
gBJIffETCg AKTITBAI.trIA IlI& IIOBEPXHOCTI4 .UO6ABKAWI, AKTIIBHO BoAI4[1OIEftCTBYNryII\4I4
C METACTA6I,UIbHbIMI{ ATOMAMI4 U I4MCWO/M OJIEICTPOIIHYO CB'I3b C NOJIYIIPOBO.UfiI_
KOM. TaKI,nfiI AOoaBRa[,[4 MoryT cJryfir{TB Mr,rKporcprrcTaJrJrbr.MeTaJrJroB. .lleficTBr.r_
TCJIbIIO' KAK 6hUIO IIOKABAEO B6IIIIE, TYIIIEHUE [{A}N IIA NOBEPXIIOCTI{ METAJIJIOB
I,Irer c BNCOTCOfi effirrunaoctbn tr co[poBox.4aercs glvelcclleft greKTpoHoB. IitIfiC_
poKprIcTaJIJIbI MeTaJIJIoB' IIaEeceHHEe IIa IIoBepxHocTb rroJryrlpoBo.E{rlKa, uMenT
SJIeKTpOIfiIyto cBg3b c ItoclITeJIeM t1591. 3TI{ ,Da oocrofiTerbcrBa noSBOJIgAT

gpe,uoJlofrI4Tb, qTo aKs.rBat_u4ff MEKpoKpscTaJUIaMlI MeTaJIJIa yBeJII4lII4BaeT qyBCT-

BtrTeJrbHocrb IIoJVrrpoBoDrr4KoBrD( rureEorc K Me Ta cTaourblrNM a roMaM.
3Ko[epru\,reETaJrbrroe uo.[TBep[AeEue sToro qpe,uroJroxeHrrs [oryqeEo B padoTe

[1601. B Eet 6buro r4ccJreAoBarro BJufiHue MAIilf Ea gJreKTporlpoBoJfrocrb r[rcTbrx

tr aKT![BI{poBaIIHIlx !fiIlcpoKptrcraJlJlaMtr BoJIora IUIeEoK oKcI4Ja uIIiKa. Sororo 6bI-
Jro BbtopaEo B KaqecrBe aKTtrBarqpa B cr4Jry ero xrurarqecrofi uEeprrlocrr4 r4
6oJtbuofi Jareparbnofi tto.Fmclocrlt, rITo TIoBBoJMJIo rIoJIyrMTb ocrpoBxoBse
rurerrHKtr rra rroBepxEocTy! zno Eptr KoMrrarrrofi Ter\,mepaType r4 TaKr4M oopasoM LrB-
6e8a rb BogMonnrrr Me TaJIJIyprIrrIe cKEx rrpoqe ccoB.

sKcllepul\reETu rrpoBotrrJM c troMoqbD ycrarroBr$, r43odpaxeHEofi Ha p],Ic.
s.rs. B KarlecrBe MrorIIIEIca MAylf I{crIoJIbBoBaJIrI pagprl.U uocroEHHoro roKa c
pacKaJIeIIHbIM Karo,uoM B raBoIIatroJIHeEIIoM .ryIoAe 1. Paoor{ee ,qaBJIeIII4e ra3oB
(refiIg, Eeoua, KplIrIToBa, KceEoEa) cocraa[gJlo ro-t Top, Harrpffxenfie IIa
gJreKTpOIaX BApbrIlOBaJrr[ B EpeleJrax 10 - 80 B, ToK pasps,qa cocTaBJrfiJI
a - s uA. i{B Borfi paspfl.{a Meracrad[JrbEre aroMbr ,ryrGDyEryrpoBaJr]I B I,IBMe-
ptrreJrbHrJe KaMepbr 2 u 3. KaMepa 2 fipe.qcraBJser codofi oJreKTpoMerpr/rrrec-
Kyn ,rqelt{y .uJrs r{BMeperMs KoEUeErparryIrr MAIII uo BToprr{Hoft o\ttulccwr oJreKTpo-
HoB. Srercrporilr BbrdrBaJMcb r.r3 rrurceJleBoro Karo.{a 4, troKpbrroro pacm,rJreHHbtM
B BaKyyMe MarHr.reM, tr codlfpaJslcb rra KoJurercTop 5. ItaMepa S upeEta3HaqeEa

t0 /20 200 280
J, omr. e0.

P } | c . s .  1 9 . CxeMa oKctrepmreETarbEofi ycralloBlcfi AJrg uccne]IoBaE[fl
BJMfiIII4fi MeTacTaoI{JIbHbIr( aToMoB I{IIepTHre( raSoB Ea
oJIeRTpOIII)OBOEIOCTb IUIeIIOK Au/ZnO [ 160]
f - rcro,trilE( Bogoy4lerilil{x qacr}fll; 2,S - uefi,repurerb_
r$re KaMepbr; 4 - MarHI{eBHfi KaTo.q; S _ IcorreKTop BTo_
pl,Ilmex oJreKTpoHoB; 6 - KBaprleBoe orcfio; Z _ rueruca
zno; I - crolra@e RoHTaKTbI; g - pacItrUMTeJb Au
CoornoEelile Me8qi/ EaqarbnmrI,t crcopocr.EMl4 y r4oMeEe_
Ilr,ra oJleKTporrpoBo.Ulocrtr IIJIeHoK zno c pasnofi KoEqeE_
Tpauftefi BoJrora lra rroBepxEocrl4 r{ ToKoM sMl4ccr4rr BTo_
pwErn( oJreIcTpoIIoB J C trOBepXHOCTT{ }r9 [o.{ IeficTBr4_
e M  H e '  [ 1 6 0 ]

I{omlenrpaurs Au pacrer B pa,py 2 > L
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262

P l c . s . z o .



IJIff orpaoorKtr ceEcopEofi Mero,UlKu AereKTtrpoBallr4s MAl,Il. OHa BKJuo,raer B ce-
ofi r.trusEr.4r{qecicrd cocy,[� IIo octr Koroporo MoseT rrepe.@firarbcs KaperKa c
rureEcoft o&crr,ua wfrr|'€ 7, a raK8e or.uereltrtrfr crerq[Errtrnr BarBopoM pacIruJEI-

TeJrb 3oJrora 9. SreKTpoEpoBo.urocrb rurerrKtr n3MepsJracb c noMoqbn MocToBofi
cxeMbl trocroEllHoro roKa qepeo cI{oJIbB@e rIJIaruIIoBbIe KoETaKT6I B,

IlpelpapnremHEe orElrbr troKasaJrrr, qro no,q ,qeftcrBrreM MAl/{f Haofio.qaercs
o,reHb cra6M CIIrIIaJI EeodparuMopo yBefirrteErlfl gJreKTporrpoBo4rocru iIJIeHKIT
zno, aEarorr4Esffi [oryqeEroMy B paoore [157]. Ilocre HarreceE]rs Ea rrJrerrKy
MtrrcpoqacrrtrI Au Kaprurra Merrflercfl. IIpI{ Bo3,uetcrBl{ll MA]tr rra arcrl,rB[poBarfiyn
MeraJUIoM ilIeIIKy zno EaoJllo'uaercg yMeEb[IeHI4e gJleRTporrpoBo.Elocrtl IIJIeIIK!!,. a
trocJle BElcrrsreErrs rlcrolrErrrca MAIIr - ero peJraKcar.&ff K l{cxolrroMy sEaqeEl4x].
]lBMeHeMe gJleKTponpoBo,rslocr'I aKrl{Bl/rpoBaErroft BororoM IUIeEKI4 zno rlo,q .{eft-
CTBUEM MAI,I| UPI{}'EP$O trA TFA IIOPflSTA UPEBHIIIAET AIIAJIOT.I,IIIIIYS BEJIIfI]HY ,qJI'I
BealcrBrq)oBarfioil IrJreEICtr i4 .uocTlrraer HecKoJrbKrD( qporleEToB oT tlcxol[{oro
SEaqeEIIfl.

o.uloBpeMeluo c curHa.[oM uBMerreEtrfl gJreKrpo[poBo.ulocrtl IUIeEKI4 Au/zno
perrrcrptrpoBaJrcfl ToK oJIeKrpoEoB, BEOnpaeMEx MeracradtrrbrsM4 aToMaMu lr3
MarEneBoro Karola, IIocKoJGKy MeroA pertrcrpauEl MAytr rlo roKy BToprrrrHbrx
eirelcrpoHoB Ee fiB)rsercs adcoJuorEw B crury Eeorlpe,qeJrellHocrll KBaIIToBoro BH-
xo.qa, qpoBo.&rJMcb oTrloctrTeJlbHtre [BMepeHnfl. IfoEIeErpaLUs Ir{AI,1l Bapb}rpoBa-
JIaCb IIJTeM lISMeAeEI{fl allo,Eoro HaIIpslfteIII/t8 Ea trClOlIIIlIIce aIcTI4BHbIx qaCTnI.

OKaoaJocb, rITo B cryqae reJMfi ToK gMficctrtr BTop[tlHbtx gJIeKTpoIIoB rIoflBJIrIer-
cs B paftone aIIo,UroFo llafipsseHlrs 20 B, trro rrpl,rMeplro coorBercrByer nopory
Bosoyfr.qertr4s MeTacradr4rbril,rx aroMoB teJMfi. C yBeJrI/rqeEI{eM arro,uroro EarDsrfte-
Errfl Torc oMrrccrrrr pacrer, rrpl,I(reM 06@ BIII Kpr.Bofi arraJrorFleB oaBl{c}tMocru
,[oJI]I IIeyIIpyrIa croficEoBeEffi or gEeprutr oJIeKTpoHoB, [oryqeEroft B ol]ilTax

-Mafiep-Jlefidrildla 
[161] IIo Bo3dyfr,qeEm reJMs sreKTpoHrftw y,UapoM. y,trITbrBas

Tor (DaKT, r{To B paspfl.EloM trcrortEltr(e Meracrao}urbrrfle aroMH po'ft,qanrcfi fie
ToJrbKo Ba cqer trpffruoro Bo3dyfi,ueErs sJreRTporrEilM ylapoM, Ito I,I trpu flepexo-
Aax trB Jrefra@( Bme BoBOyEIerufiq cocroffiffi u neftTpaJMsar.uEr rrorroB, MortIIo
c,ueJlarb BbIBo,u, rITo Ea6Juo,uaet\,8fr B .uamoM oKcrIepuMeIITe rolc BTopIrqHbIx gJIeK-

TpoEoB ooycIoBJeE BSan o,4eftcTBueM MeTacTaoErEEEX aTOMOB reJMfl C IIOBepX-
EOCTbD MATE}Tf,.

Clu'Ear trBMeEeIII{fl oneKTpotrpoBoEocTtr Au/zno qpl! tr3MeHerril]I aHo,Uroro
rratrpfiaeEtra ucroErur{a raK8e uMeer uopor trofi&lerufl B pafioEe 20 B, IIpI.I yBe-
JrulIeFWw aEo,uoro EatrpsaeEus traqaJlbEafl crcopocTb trsMeEeEutr gJreKTpoIIpoBo.4-

EOCTtr Au/ZnO paCTeT CnMoaTEO C TOKOM gMtrCCUlI 9JIeKTpOEOB, Bbr6I4Bae!,6tX Me-
TacradruIbEu\,u atoMaMtr reJug trB uarEtreBoro Karo,qa. SEa.reIIEe roKa 9Mllccutr
II EOEO.,6rsr cKopocrefi troMeEeEtrff gnelcTl)ollpoBo]Eocrtr rrJreIIoK Au/zno cofloc-
TaBJreEil lua paSlrHY KOEIIeEIpaI@ MeTaCTaoEIbFHr aTOMOB He Ha ptrC. 5.20.
ItaK BtrIFo trs pucyuKa, qpotropr.EogaJrbaocrb MeEAr srtrMlr BeJrrrrfiaMrlr coxpaua-
ercs Bo BceM trccJreloBaEEoM mrepBaJre lcoElleErpat@, Koropafl cocraBJraer B
raEIIoM c.lyvae ro5 - ro6 at/cuf .litg couocraBregtrg trps]rlrx | $. z cJro.ryer,
1ITO trpOtrOpU{OBaJrbEOCTb rre HapyEaeTcS qptr trsMerreErrtr KoEqeBTpar.uII! gaEeceE-
EOrO 3oJIOTa.

y'uTEBas ToT (!aKT, lITo ToK BTopIFIH6IX sJIeIcTpoIIoB rlpo11opl44ogaJreg KoE-
qeErpar@ MeTacTaourbHu( aToMoB B rasoBofi (!aee tszl,Motffio c,UeJIaTb BbrBo,q,
IITO CTpyKTypbr Au/Zno fiBlaDTcs BEcoKoqyBctBuTeJrbHbrMI{ qpotroprFroEamumlu

ceEcopaMtr Meracraourbr+xt aroMoB reJlrlf,. Axalorrwnte peSyJrETarbr oEJM IIOJry-
qeHrr tr IJrs 4)yrtrx mepTErDr ra3oB.

Cencopnoe ,UerexntpoBagrre MAIitl coupsxego c pfl.UoM Mero,IlrrrecKllD( cJrolcroc_
Te[, cBffsarrnblx c EeceJlelcrEBtrocrbD Bosoy8rerus ra3oBofi oa3br. npu BrcJrDqe-
EI.Itr UCTOqEI,IKA BO3OYEIEIilR rAsA B EEM EAP'IAY C MAI{I POTUANTCg }I MOrYT IO-
cTmarb IIcToqErIKa I[I)yrlIe aRTEBHbre qacrur.ull, TaR[e rr3Merrswre gJlercrponpo-
BO.EOCTb CeECOpa. Botrpocfl oqeEKE TaKr.rx trapa3rrrlsrx sBreltrfr I{ BbIoOpa o[Tu-
MaJrbHoro ucrorrErlrca MAytr paccrrolperu,t B t391. HJEI OIIpO60Baru pasrr4qHbre
TI{IU pagpf.ua (pa,Morlaclormfr' cBtI, pagpfl.q rtocrosnlloro rora c pacKaJrennbrM
KATOAOM) tr OUEHEE BK'IAA B tr3MEEEEtrE OJIEICTPOqPOBO.UIOCTII AU/ZNO CJIEAYAIIID(
(DaKTopoB:

1) [OtraAaEtre IIa IUIeIIKy SapfixeIIHLtX qacTltrI;
2) orrrugecKoe u3JyqeEI.Ie, {poErrrcaqee l,rs BoIIbr BoBOy:r(IeIers rasa;
3) ,4eCOpoU{n CO CTeEOK U aKTrIBar&a B pa3pfl,qe xuMr{.lecKrlr aKT}iBHHX 3ar-

psBEeEil.

IIo pe3yJbTaraM uccJreloBaEtra cAeJIaE B6tBoA, rITo HaI{OoJee yAootuu,r I{croq_
mcou lrlAl,tf AJrS ceEcopHllx rSMepelffi EBJIflFTC8 paspflrurHe Ilrcrorfirtrc}I [ro,{Iloro
T}ua' padora@e B pexqMe pagpsla trocrofiHlloro roKa c pacKaJIeIIHbIM Karo-
]IOM.

llpyroil Mero.u{rrecKofi ocooeffiocrbD trpuMerleH]rs Au/zno-ceEcopoB Ea Mera*
craotrJlbHble aroMbl meprEblx ra3oB aBJlflerca orpaElirrleEtre rrrrrepBaJla pa6o,trD(
TeMneparyp. IIpu EaFpeBe Ao reMtreparyp Bb[[e 500 K OT]r CeHCOpbt Heo6parut\,to
TepsDT WBcTBI{TeJIbIIoctr x MA!F. Ilprwml troTepfi qyBcTBr4TeJrbrrocTr4 cBffBanrr
c KoaJlecueEr.Eefi ilqtr(poKpucraJUroB Au, EaEeceHHilx Ha rroBepxEocrb zno; oril4
6yIyT odcyEIeIIII E}I[e.

s.?.3. MexalntgM rsreHeHlrt sJleRTpoqpoBo.Ulocrr{ Au,/ztro-cegcopoB
noA .qeficrBr,reu raeracradnnbHbrx aroMoB r{HepruLrx raooB

lilsMeuetue gJleKTporrpoBo,urocu4 Aul zno-ceHcopoB troA,ueft crB[eM MA]ill serse tcs
cJrofiHbtM rlpoqeccoM, Brqruoqar@o, cra.Em [epecrpolhcr4 greKTpoHHOfi rrojlctrcreMbr
rroJryrrpoBo.uilrca 3a cqer srleprro! Bosdy84erurfi MA[r, .4esarrr,rBrq)yrilufixcrr Ha r{x
rloBeprulocrll. ileficrBurerbEo, Meracra6ltrbHble aroME orcaorRapr .lInub Hegnaqrir-
TEJIbEOE BTI{AE}IE HA 9JIEKTPOqPOBO,4IOCTb IIEAKT}IBITPOBAIIHHX IUIEEOK ZNO. B TO
ffe BpeMfl MarccrrMaJrbrrag qyBcrBurerbEocrb Au/zno-ceEcopoB r lilAl,II peaJrrr3yer_
cfl B odracgtt{ rloBepxnocrnIlx Kolfl.le$Tpatrfr Au 1o15 - :.o16ar/cw2,Icor.{a Irpo_
BOEN'OCTb HAIIECEIIHHX OCTPOBKOBEX IIJIETIOK AU IIYIIT4PYETCS C]]ABHI4TEJIbHO H}I3-
KOOTEOI rrOJryqpoBo,4Ir{KOBOft IIO.4JIOXCCOfi , TaKm' Odpa3oM, Ea6JUO.[aeMOe Ha olbrre
r{sMeIIeHI{e 9JleKrpo[poBo,ulocrr.r Au/zno IIor ,ueficrBr4eM MAI/tr rrpo[cxoltrrr 3a
CqET I{sMEHEEI{fi 3JIEKTPOHHLIX CBOftCTB IIOJIYIIPOBO.UIIIKA. AICqEIITOPItr,II XAPAKTEP
CIIFIIAJIA IOBOPI4T O TOM, qTO B .UAIIHOM CTYqAE XAPAKTEP TTSMEHEIflM 3JIEKTPOH_
rilrx cBoficra zno RopeHHrM o0pa30M orJrr{ltaercs or ceEclIo}IJMBaqrtrI noJiyrrpo-
Bo'ululcoB RpacI{TeJIgMI4 163,64) Ilr roJIr€It olll{cblBarbcg ruyr}il4 MexaHI4oMoM .[e-
3aKTIIBatIOt.

BalftIafl poJlb a groM MexaH}IBMe rrp]fia,qJlexfiT EaHeceHHHM r{ac?nraM MeraJrJIa.
Tarcofi BbrBoA MotHo c.ueJlarb I4B sRcrlepuMerlToB rlo rrsyqeEffro rere]roreruroft re-
SAKTI,IBAUM MAI/tr HA E,ICTOfi Ilr AKTITBIIIPOBAItrIOft !,fitrCPOKP}ICTAJIJIAMII AU IIOBCPXHO_
CT'IX CTEIUIA I{ OKCIIIA LUEIITA [162]. 3KCIIEPId\,IEETE qPOBO.TIJDICb METOJIOM CNEI-
Ta, B KarlecrBe .uereKTopos MAI{| [crroJrrSoBafircb Au/zno-ceEcopbr. pesylrraru

ficcJleloBalil{fi cBe.qeHH B Tadr. 5.3.
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TaoJDrqa 5. 3

IIoBepx-
HOCTb

BecoBaq
TOJmlr,IHa
IUIEIIKII
AU. HM

Cpe.uflfr
pasMep
qacTIIq

B nJIeHKe,
HM

.Uors
noBepxHo-

CTI,I,
IIoKpbrTafl
trc T2 ff trnM

dqltrmr{4trn4 r'tr f ouur'trMu4

.UCSAKTI4BAUI{II T

Kr Xe

CTeKTo o 0 o
7 , 5 . r O - o

z , z . t o ' t 3 , 7 . r O -

Au/CTeKJIO o , 2 4 , O 0 ,  1 3 o  t 2 0

Au/CTeKJIO L 2 , O 0 . 4 5 0 , 4 5

Zno 0 o o 4 , 2 . L O ' ' 4 , 2 - L O  
-

4 , 6 .  1 0  
-

Au,/ZnO o , 2 4 , O 0 ,  1 3 0 ,  1 3 0 ,  1 0

A\/ZnO t 2 , o o , 4 5 o ,  5 0

I,,13 rp[Be.ue]fiilnx B TaoJMqe .uaHrIHx Bil.Ero, r{To KoB{F.tuueHT rereporeru{ofi .ue-

3aKTI{BarIr4r,r MAl4f Ha aKTIBIrpOBaHrrbrX SOJrOTOM OopaSrIaX Ha .{Ba nopgD{a Bbrue,
qeM Ha qllcrblx, ffpfiqeM 7 cJaoo SaBMIIT or rrplrpo.El nolJlo]tccl4 I,I Meracra-

ourbHoft qacrl,illbl. 06pauaer Ha ce6s BHI,IMaIMo KoppeJlgurs Mex(,4y 3HaqeHrrgMl{

7 I,1 ,uoreft rroBepxHocr]I o6pa3rla, noKpHToft MeTaJIJIoM ocrpoBKoBoft firelild]4. JIo-

rI,IqEO TIIPE,UIOJIOXIITb, IITO B OIMCAIfiOM 3KCIIEPUMEHTE MTIICPOKPIICTAJIJIbI AU B3AI,I_

Mo.qeftcrByl0T c MAttr TaI{ xe, KaK MacclrBHoe 3oJloro, T.e. [paKTI,IqecKI4

KaMOe CTOJII(HOBeHr,Ie MeTaCTaoUfibHOIO aTOMa C qaCTtIUeft Au IIpI4BO.U4T K ,Ue3-

aKTlrBalun. B ro Ne BpeMfl BsallMo,[eficrBfie MAltr c rloBepxHocrbro no.uJrorftcl4 B

oorbtrtrIcrBe cJyqaeB irpIlBolII{T K orparceHfia B BoSoyMeHHoM cocroflHl414, no.ur-

Bepl(,ueHueM qeMy CJIyIG{T HeSaBI,ICI{MOCTb peSyJIbTaTOB OT XI,n\,fl4qeCKOfr llpl{po&l

no]IJloltcg4.

C.ne,qyer orMefltTb, gro noryrregmile B ,uafftoft padore 3naqeHuff 7 .qJlfi q]1c-

TbIx rro.uJroxeK BecbMa MaJM lI He corJiacyloTcfl H]r c noe@tquentaMl{ orparceH}Is

Meracra6uJbrilnx aroMoB or rloBepxHocrl,I crelua [137], HII co SHaqeHugMu z,

noryqeHlilJMr,r B t147L o,ulaKo cyqecrByer cotJiacl4e c ,uaHIIbIMI4 pa6or Ilso,
r.511. IIpilqma pacxoruelild Moxer lcpblTbcfl B cocrofiEl{I4 rloBepxHocrtl odpa3-

uoB. TaK, B t1631 IIoKaBaIio, qro fipoqHo a.ucopdrpoBaffiafl Bo.qa [pIrBoIIrr K

pe3KoMy yBeJMqeHun aKTi,rBEocrI,I crel{Jla orHoclrreJlbHo ryureullff ue'. Iloctco.nlrcy

Bo.qa rlBfiflercfl o,uIlIM I,IB ocHoBIIIix KoMnoHeHToB BaKyywloft cl4creMbl,He ypIBI4-

TeJrbHo, qTo y paSHUx sKcnepl.rMeHTaTopoB noryqanTcfi paSrnte pesyJlbrarbl, TeM

oofiee r{To cy[ecrByer KoHuerrrparuIoHHafl 3aBucl,tMocrb BeJMqI.tfiI Kog{mluueHTa

rereporelfiroft ,ue3aKTrtBaufl,I MAI/tr.

Cre.uylo[ln.t ilaroM BNscHeH]rg MexaHI,IsMa ryueiflIs MAltr Ha rIoBepxHocrI4

Au/ZnO gBr{JIOCb CpaBHI4TeJIbHOe }ICCJIeIOBaH}Ie BTOpI4qHOfi 3l\i[,ICC]1?r 9JIeKTpOHOB I{

r.r3MeHeHrrfi sJreKTporTpoBo,ulocTI,l aKTITBIfpoBaIIHIIX SOJIOTOM nJIeHOK OKCI{,Ua III4}IKa

[164]. l4ccreAyeMag nreHlca zno 6buta HaHeceHa Ha BHyrpeI{EIoto lIoBepxHocrb

KBapueBoft no.qJro1fficr,r, idueroueft OopMy nororo pasoMKHyroro ITI,IJI[Ii.4)a. Ha ocfi

III{JItIII,qla noMeuaJlcg KoJrJrelcrop oJIeKTpoHoB, Bne.{erun're rrJrarlllloBble KoHTaKTbt

noBBoJIgJtrI [o,uaBarb Ha nJIeI{Ky IIoreHrIr4aJI uk, coorpanqI4ft UJM 3a,qep}erBanuud
gMtITTrrpOBaIIIIbte 3,'reKTpOHlr, a TaRXe U3MepflTb sJieKTpOnpOBOfflOCTb IIrettrCI,I. B
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RaqecrBe I,IcrolIHI4Ka MeracraourbElx aroMoB I,ICnOJIb3oBaJICS pa3pfi,u flocrogl{Ho_
IO TOKA C PACKAJIEHIIbIM KATO.UOM. CHAIIAIA IIPOBO]I4JI]{Cb I,I3MEPEHI,Ifi C III4CTOft
nrerilcoft zno, 3a?eM Ha ee rioBepxEocrb HaHocr{Jlocb soJioro c noMollbto KaJMo-
poBalHoro TepMI4qe cKolo I4cToqHrIICa,

SrnMccIeI oJIeKTpoEoB c .rucroft rloBepxHocrl,r zno Eo.u AeftcrBileM MAI{f He 6hr-
flo ooEapylreEo. Ilocre aKTIlrBauIM ZnO 30J10TOM Ha KOJIJIeKTOpe 6n.n saperlrcrpu-
poBaH gJleKTpomnnfi ToK. Ha pflc. 5.2L,A llpl4Berem{ BoJIbr-aMnepIIbIe xapaKTe-
pr4crr4Kr4 KoJIJIeKTopa oJreKTpoHoB llpl,r Bo3.UeftcrB]trr Ha nJreHKy Al/zno Meracra_
ofirblslx aToMoB re;ula paenoft KoHIIeHTpaI_pI}I, Hailpff]celtr,{e ut= -3oB cooTBeTcr_
ByeT noJIHoMy c6opy gl"tr4TTr,rpoBaHHLrx aJreKTpoitoB, u.= +3oB - noffroft lrx ga_

,qepxre. Itom{enTpalufl aroutoB u"' ea,qaea.nacb aIIo.E$n Harrpfixetn.reM trcrowfitrca
tr Bo3pacTaeT B psA]t I < 2 < 3. I4s pucymca BlrEo, r{To fiBMepffer\iftffi ToK pac_
TeT c yBeI[rIeEI{eM KolqeETpalmtr He' e ragoBofi OaBe, IlprlreM MaKcrrMyM rrpou-
sBoritofi Ha KprlBEx sareprrftr.r Jrea[T B paftoHe u.= +15B, qro rDuMepEo coorBe-
TCTByer pasrrocm gHepwM Bo36yx,4ertrIff He(3s) (1e,82 oB) II paoorH Bbrxora
soJrora (4,7 - s,3 sB)t1651 0 ToEroM coBtra.{eEM roBopr4Tb rre uMeer cMbic-
JIA BBIJJ IIEOIPE.IEJIEIIHOCTII 3EAqEEI4g IIOTEHII{AJIOB B YCTAEOBKE. HA PI{C.
5.2I'6 IIOKASAHLI KPI4B6IC 3AAEPXKN TOKA ROJUIEKTOPA STEKTPOEOB rrPI4 BO3.EEftCT-
B[lItr Ea IIJIeHKy Au/zno MeracraouJblstx aroMoB He U Ne. Ha rpunofi r (eulzno
- He') MaKCItrv(yM IIpolIgBoEIofi Ielc.IT B paftoEe uk = = +118, IITO cOOTBeTcT-
Byer pasrrocrr! gHeprnrl Bo36y&,ueEIIs Ne (16,6 9B) }I pa60Tbr Bbrxo.qa Au. IIp[-
Be.ueHHNe sKc[epuMeHTaJIbHIre laTrr{rre yoe&tteJIsEo rloKa3blBapr, qro ToK KoJI_
JIEICTOPA OoYCTOBIEH 3I\i&ICCUEfi 9JIERTPOIIOB C IIOBEPXHOCTI.I qACTItr{ SOJIOTA, IIA-
HecerrHlrx Ea zno, IIoA reftcrB[eM MAI/tr. EoJrbmofi mrrepec gpeAcraBJrfler 3a_
Bllcl4Mocrb roKa BTopIlFIIIo[ 3l,trrccwl u c[uIaJIa I{BMeIIeIII{II gJler1poripoBo.Ulocrll
Au/Zno tro,{ IeficTBueM MAI/n oT KOJIFTeCTBa sOJrOTa.

PegyrbrarH u3Mepelild qpe,{craBreHbr rra puc. 5.22. KpuBafl r ortrIcHeaet
3AB}IC'IMOCTb TOKA 3M}ICC}I}r SJTEKTPOIIOB OT KOIqEIITPAIIIIT AU EA IIOBEPXHOCIII
zno IIpI4 flocTotrfioft KoruerrTpar.um aToMoB n"' B rasoBoft mase. 3asficn[ocrr
gTa r{ocr4T 9KcrpeMarblsfr xaparcrep c .rutrIefttr$,r HapacraH}reM lI MaRCr,rMyMoM rrprr
KOITIIeHTpaIpM Au O,9.10r7 ar/cu2. .Urs cJryqas aroMoB xe" noryvaercfl aIIaJIo-
rrrlllafi BaBllcm,tocrb c MaIccI{MyMoM B TOft Xe roEce. }13 KpIAOft 3 BUFIO, rrro
B6JM3!I ToqR}I MaKcuMyMa roKa oMtrccrrr4 rraq}Iflaercfi peeK!fr, 6oree qeM Ha rprr
IIopgII{a clla,u co[porI{BJIeEI{f IUIeIIKtr Au/ZnO, cBg3arusffi c KoaJrecqeHltrIeft OC-
TpoBItoB Au I4 oOpaSoBaIMeM cn.ltomofi MeraJulltrlecroft ltretccl4 IIa rloBepxgocrn
oKcII.Ua UI4IIKa.

BaBI,Icm,rocrb EarlarbEofi cropocrl[ LIBMeIIeEI{g oJlexTpoqpoBo.urocrrl Allzno
[o.U IeficrBueM He' or troaepxEocrHoft KorqellTparpM Au (iipuBafi p) raxrue nre_
er rpKo Bbrpa,rerufiM MaKCnMyM B TOrrRe 2.to16ar/cw2, Odpqaer Ha ce6fl BHT4MA-
ElIe To, qTo roqlcll MaKcII],ryMoB KpI,IBbIx I u Z pae:fleaeHu no a6cltrIcce fiorrrlr IIa
IIOPfl.qOK' T.E. HET IIPE\,|Oft KOPPEJIflI.Utr{ MEEAY TOKAMII BTOPI.TEIOft OMilCCI4I,I I{
qyBcTBI{TeJIbHOCTbn IIJIeIIKT{ Au/ ZnO K Me?acTaol4IbltbrM aToMaM.

cpaBHerore [pr4Be.qeHrrrD( pesyJrbraroB c .uarrHbrMtr Mol{ororlIrecKoro uccJrero-
BAH}Ifi OCTPOBKOBHX IIJIEIIOK 3OJIOTA IIA IIOBEPXHOCTII ZNO [166-168] IIPUBEJIO IC
BbrBo,lrJ, qro MaKcuMyM Ea Kpr4tsoft r cB83aH C I,ISMeHeHlreM reoMerpuqecKofi rlo_
BEPXEOCTII OCTPOBKOBOft IIJIEHKI{ AU IIO MEPE EE POCTA, A MAKCI4MYM HA KPNBOft 2
- C IIsMEIIEEI4EM CPE.UIETO PA3MEPA MI4KPORPI,ICTAJIJIOB B OCTPOBKOBOft IITEIilCE.

Iloryrrerffraff rH&opMalryrfl AaJra Bo3Mo,rHocrb rrpe.uJroferrb MexaElIBM B3ar4Mo.[efi-
crBr,rff MAI/tr co crpyKTypaM[ Au/zno, ocHoBaltr$[ft Ha llpe.qcraBJrerxer 06 r{3MeHe-
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Hm xapaRTepa B3an\to,qeftcrBna EaIIeceEEIlx MllKpoKpI{craJIJIoB MeraJIJIa c [o.4JIo-

lccofi tro Mepe yBeJMtIeElIfl ee pagMepa.

ItaK llgBecrEo [169,1?0], SoJIoro oopasyer c oKcrl.uoM tuIHKa KoETaKTE TItrIa
oapbepa uloruo!. CxeMartr,fio BorrEas ,uarpaMMa raKoro KoETaKTa qprrBe,qeEa IIa
puc. 5.23. OrcctrI-umca qpeAcraJrser coool Erpolco3oHltrffi rloJlyrrpoBol@trt c
trpuMecbD cBepxcTexsoMeTpFlecKoro rlqrIlca, odecuewlBaqefi qpoBo,u{Mocrb n-
rma. [IoJrocpEctarJtrqecKEe cueqelTrFre IUIeEKtr zno xapaKTeptrByDTcg KBaBtrEe-
trpep[rBHbrM ctreKTpoM troBepxEocrEEx cocrotrffi tr rJryooRt!( JloByrtreK ,qoEopEoro
Tstra B Batrpeqeltrrofi BoEe, Koroptre oKagtrBaDT BJltraEne Ea @prerpoBaEre KoE-
TarcTa Me TaJrJr-troJryrrpoBo.Errr$, B qacTEocTtr BEsrrBaDT SaKpeIIJIeEtre ypoBEf oep-
Mtr IIa trOBepXEOCTn. TAK, B [1?1] 6bUrO trOKa3aEO, rrro pasJrr{lrHrle MeTaJUr[,
TepMI4rIeCRU l{altrIJlerrrrr{e IIa trOBepXEOCTb ZnO, OopagyrT BbIIIpgIvuIgW4e KOHTaKTE
c BHcorofi oapbepa 0,3 - o,5 aB, uprI\IeM Bbrcora oaprepa BecbMa cra6o BaBtr-
crlrT oT paooTE Brlxo'[a EarrecerrForo MeTaJIJra, qTo cBlrIeTeJrbcTByeT o ooJlblnofi
rrJrorrrocrtr cocrotrflfr B Batrpe[effiofi goEe troiryIrpoBo.ErtrKa BoJMBI! rroBepxEocru
paoAeJra. B Bone ode.uerilrfi oapbepa lllorncu ,racrb rrydo&r.fi JroByr[e& Ba cser
sartrda soE B6txo,ulrr Ea ypoBeEb oepr\Er u or,uaer gJreKTpoHbr B Borry llpoBo,uoro-
cTtr, [ptroopeTas [pr.r gToM troJoffi4TeJbHlfr 3apsA. 3r\,Erccl{s gJreKTporloB troI

.UeftcrBlreM Meracrao[JrbrroFo aroMa trB qacrEsl MeraJrJIa, o6pa3yrqeft KorrraKT c
noJryqpoBolEiltKoM, oKBrIBaJreETEa tro,qarle ra oapbep rloJloxcrreJlbl{oro cMeqeH}Ifl.
3arl{0 BoE yMeEburaercfl, qacrb gapafeEEbD( JIoByueK orlycKaercfi II}Iae ypoBIIfl

oepbu II Mofrer BaxBarr{Tb rr3 BoHrr rlpoBo,unrocrrr sJreKrpoE Ba BpeMfl IIpeOEBa-

Puc .5  .23  .

3oEEas .&rarpaMMa oapbepa
Illorfls! rra rpaElll{e paBAeJIa

3OJTOTO-OKCtrU r.EIKa

E .

m8 oapbepa B IrepaBEoBecEoM cocTosrrr4llt. IIocIe .KoMlleHcar.uflr EaBe]IeEiofo Ba_
ps.4a dapbep trepexo,u/tr B rlcxolrroe cocrofirile, n JroBylrrrrl, BaxBarbrBas BJTeKT-
porr' AoJraIIIr or.[arb r.r]r odparEo B 30Hy npoBoErrrroctn. o.urano B c]rJry flBJre-
r0M saMe.uremrofi peraKcarrM [172], XapaKTepHtrx.4Jrs rEtporcosoHHLrx [pocrpair-
cTBer[ro-Eeo,&ropo.UtbD( rroJly[poBo.ErrlRoB, gror ooparrftffi trpouecc rdJle? Mlroro
Me.uJIeIIHee qpffIuoro, c BpeMeHaMtr peJraKcar-tru{ B ,qecffTKr{ r{ corH}r ceKynA. Ta-
KIff O6pa30M, 3a BpeMs Bsamro.4eficrBrlF crpyKTypbr Au/zno c l\4Attr upollcxo.ryIt
EAICOIUIEE}TE oJIEKTPOIIOB EA JIOBYIIIKAX. IIPII STOM 3AMETIIO AOJIXEA YMEEbIIIATbCS
SJIeKrpoqpoBo,UIocTb rIoJIyqpoBo.EII4Ka. IIocIe B[IKJrDqeIIr4s I4cToqIIr4Ka l[AI{f eler-
TpoqpoBo,ryocrb ceEcopa' orIeB[EIo, ,qoJDNcIa orpeJrarccrlrpoBarb K rrcxo.EroMy
3EaqeEno.

MareMar[gecKr ora Mo.ueJrb Mofier 66rrb c(FpMyJtrrpoeaEa cJre]IJWnr oopaBoM.
ycroBtre oreRTpoHefirpaJrbEocrII rroJlyqpoBo.ufllrca, fipeEe6perag co6crBelffroff
IlpoBo:gorocrbD, Mofter 6HTb BarMcaEo B Brr.ue

N .  +  N  -  n  :  nq  t  t  q ' ( 5  . 2 7  )

rAe nq KorrrleHTpar.u4fl sJreKrpoHoB B Sorre [poBo]prruocrl{; Nd - q[IcJro I4oEIISI{_
- poBaEHbIX MeJIKI{X .qOHOpOB; Nt - TMCJTO rroH}tSlrpoBalrHrrx rryooKrD( JroByrrreK B

paBrroBecHoM cocrofiHlr}l; nt - qncJro rrydorru{ JroByrrrer, saxBarr,rBtrrr.D( gJreK1porr
B Ilpoqecce B3anuo'ueficrBl,Is c MAytr.

C&opocrb lraKonJreHr{8 Bapgla rra JroBymcax Ilpslrro [po[opqloEaJrbEa KoETIeHT_
patum IIeSaILEIEIX JIOByI[eK 1r'r, - n.) tr llacrore BSanto.qeficrBl{a qacrltrI MeraJi_
Jra Ea uoBepxEocrtr zno c MAltr, Koropas, B cBoD oqepe.qb, upo[opl-[4orraJrblla
trx KoHIIeETpar.@{ B raSoBoft gase (N.) . peraKcar&Is 3apflra IIa JroByrrrKax Mo,rer
dHTb orucaga MrgoBeTnflrrt BpeMeEeM peJlarcar-por E(t,T), sBJrfiurln ca B o6qeM
cJrytrae (WEcr.urefi BpeMem r[ TeMleparypH. ypaBEeEre, ortrrcbrBapqee [pouecc
uepeBap8.Eu JroByEeK, trMeeT Btru

d n n
-a+ = - 

.if;T,- + AN (Nt - n.) , ( 5 . 2 8 )

r.4e A - rcoe(EF[ueEr qpotropr.FoEaJrbEocTu.
3io ypanaenre irerro u'Terp'pyercf, B KBa.qparypax, a EaqaJrbllaa c*opocrb

tr3MeEeEllfi Ane&rl)ollpoBo,EocTtr cl])yKTypE Au/zno rrofieT 6ETb [oJryrroEa B Btr{e

Ik'/0-t' A

tg R v, omr. ed. { , onir. ed.

-zu t0 20 uk,B
+ 8 / 2

lAfi'10t6, mfm2

P t  c . 5 . 2 L . BoJtbT-ar,EeprfiIexapaKTepucrtrRtr KoJUIeKTopa BToptrrIEEx
oJlercrporroB trpu BoBAeficrBI& Ea IueEIcy Au/zno Me-

TacraollJrbr{trr arol,toB reJus pa3JrtrtlEofi roqeurpauu (o)

In MeracradurrnHx aroMoB Eeoga (Z) u reJl[fl (2\ (6)

[ 1 6 4 1
i/tBMeEeMe IlapaMerpoB BgaloroAeilcrBufi Au/zno c H"' uo

Mepe yBeJI[qeHIIfl KoEIIeETpaLEU IIaEeCer{FOrO MeTaJUIa

t r.64l

t - ToK BEemefi gMtrccutr SJIeKTpoIIoB; 2 - Ea'raJbEaf,

cKopocTb cIlrEaJIa gJleKrpoqpoBo,Focru Au/zno uoA .4efi-
crBEeM He'; 3 - troJIEoe cotrporEB,Ieflue IUIeEKtr Au/zno

Pnc .5  .22  .

t6

I

t6

/2

-t0-,10

( 5 . 2 e )

t + o
r,4e q - 3apfi.4 SJlercTpo'l?i u - tro,ErrmocTb oJreKTpoEa B SoHe qpoBo,untocTll
troJryqpoBo.wrKa.

Tarcw o6paaou, Eaxo.Errr oorscaeMe sKctreprMeETarbrtrfr (!aKT qpo[oprEro_
IIaJIbIIOCTtr EarlarbHofi cKopocrll trSMeEeEIIg gJIeKTpOqpoBo,[Focg{ Au/zno-cegcopa

zAq

# l  = - s q N * N , ,

2@



u KoIUeI{Tpat-U4I4 l,lAI4I B rasoeofi 6a3e. OrMcaItrffft Bbrrrre [o.[xoA no3BoJrfler raK-

xe oOBficIMTb 3aB[cl4Mocrb qyBcrBI,ITeJIbHocrLI ceHcopa r lteracra6u;tbH]rM aro-

MaM OT KOrilleHTpaI"UII4 MeTaJrJra-aKTI4BaTOpa Ha nOBepXHOCTr4 noryrpoBo.urr4Ka
(cM. plrc. 5.22, Kpl,rBarr 2). IIpu repMl{qecroM rrarrbrJlelfl&r ocrpoBroBblx rrJreuorc

BoJIoTa Ha oKcrI.U tutrfia npu KottEaTEoft Tet\ifiepaType HacHrrlanuag Kolfl{eHTpautg

Bapo,Emeft ,qocrllraercn fiplr lconr]errrpar-utr4 Au - 1015 at/cMz IL67 l, r,I .uaJrb-
EeftEd pocT nJIeIrKtI qpoficxo44T Ba cqeT pocTa oopa3oBaBrrrrDrcs Bapo,&ruet oe3

BaMerHoro uBMeHeHufi I{x rrJlorHocr}r [173], Ha groM grarle lMcJIo Mr4npoKpl4c-

TaJIJIOB Ha IIOBepXHOCTU Z^O BeJrr,riCO, a paBMepbl tIX.4OCTaTOqHO MaJbI, TaK qTO

[SMeHeHI{e Sapg.ua qaclltrl Au IIo,q reftcrBlleM MA]ill cLUIbHo BJMfler Ha CocroaHr.re
rrpr{KoHTaKTHrrx odracreft rroJryrrpoBo4ilrKa. Harpmrep, BN6I{Ba]Me ?JreKTporra rr3
rlacTm-r paSMepoM IIecKoJIbKO HaHOMeTpOB 9I(BI4BaJTeHTHO EaKla.&rBaeMOMy Ha
oapbep cMeqeHr{m B rrecKoJrbRo Borbr. Pocr or,ueJrbHilx craol,Irbltrnx ocrpoBKoB

yBeJII/rrII4BaeT rIyBCTBfileflbHOCTb Au/ZnO K lvlAl]lr, TaK KAK paCTyT paSMepbl rIpI4-

KoIITaKTHbtx odracreft 14 yBeJrr,Fll{Baercg BepofiTl{ocrb rlorraAaHr{fl Meracraol4rbHo-

ro aToMa B qacTnry MeTaJIJIa.

Itoarecqeilrylfi Mttr{poKptIcraJIJIoB Au B ocrpoBKoBo[ [JIeIIKe Irpollcxo.u{T He

TOJibKO IIpITI yBeJII,rrIeIIlM KOIIIIeHTpaI-UE{ MeTaJIJIa' EO I{ IIpfi TepMlqeCKI'IX OTIiM-

rax. OHa, rro-BllJu{r\roMy, i,I oqpe.ueJlaer orMeqeffIyp BbIIIIe norepto qyBcrBl,lreJlb-

HOCTI{ Au/ ZnO-CeHCOpOB rrpl4 BECOKOTeMIIepaTypETX fiporpeBax .

JIrs .ua.nrreltuelo ooocEosaHl{s qpe,uJloxelfiIoft Mo,qe JM 6buM Epo.uefl aHbI uccJle-

lIoBaIII4g, CBfiSaHHLIe C MO.U4(ptrCaI-U4efi greRrpOIfiIOft IIO,UCfiCTelfi,I nOryrpOBO.U{IECa

lr74,r7sl. o.Efln r,r3 Barc{btx oartopon fiBJlrlercg reMrleparypa, He BJMgg Ha

Ilpouecc gMllcct&I oJIeRTpoHoB tI3 MeraJIJIa tlo,L4eftcrnueu MAI/tr, oHa cI,IJIbIIo

,qeficTByeT HA IIPOqCCCbI TOKONEPEHOCA B KOIITAKTAX METAJIJI_IIOJIYITPOBO,4IIIK.

oqeril4Tb BJII{fiHtIe reMneparypH.Ea B3a[luo,ueficrBue MA!tr co crpyltrypaMu Au/zno

Morrcro cJleAylo[I[o/t o6pa3oM.

CKopocrb EaRorIJIerurfl gJIeKTpoHoB Ha lIoIM3lrpoBaIIHbIx JIoBytlIKax B SoHe o6e-

EreHtIfi oapbepoB lllorricu B KoIITaKTax Au-zno qpouopl[4ollaJlbHa xo]illeHTpaum{

llegallgrlD( JloByrrreft, qacrore, aRloB B3allMo.ueficrBug rlacrru MeraJIJIa c Mera-

craourbl$nM aroMaM[ I{ BepoflTllocrl4 SaxBara sJIeKTpoEa IIa JloBylllKy B e.um]4tl-

IIoM alcre B3auMojleftcrBlrfl MeracraollJlblloro aroMa c qacrl,Iueft MeraJIJIa.
IIacToTa aKToB B3AI,IMO.[EfiCTBI4g MOXET ObITb OUEIIEHA KAR

t r : f N ; u s * u r ,  ( 5 . 3 0 )

r,ue Nm - KorilIellTpalprs I{A[f B ra3oBofi (Dase; v, - !D( TerIJIoBafi cftopocrbt

U - KBAHTOBbfr BbIXOI 9MI4CC}II4 SJIEKTPOIIOB II3 qACTIIU METAJIJIA NOI .UCftCTBilEM

MAlll; s, - Cpe.Uss BeJII{q{Ha IIOBepXIIoCTII riacTld.f MeTaIJIat I" 
- n.no:rnoc$

qa cT!trl Me TaJIJIa Ha TIOBepXEOCTI nOJIyrrpOBO.UilKa .

BepogrEoctb BapgfieHl4g JIoByUIKI{ rrplt lloltr43alutr4 qacrl,fl-El MeraJIJIa Meracra-

durbltrnr aroMoM Morfiiro xapalcrepusoBarb orIIoueHI,IeM BpeMeIrLI [pe66IBaEIr 6.gpb-

epa B IrepaBIIoBecIIoM cocrofiHl{Ir t_ K rlocrotffiHoft BpeMelfl{ rlepe3aps,4{Ir Jlo-

ByllIKI,I rn.

Be.prwua tH ecrb BpeMg, Eeooxo.uDroe ,4JIfi KoMrieHcal-utr{ 3apfl.ua, nogBJlflIo-

Uerocg Ba qacrrflIe MeraJIJIa B pesyJlbrare ee B3alo'lo.ueficrBl4fl c Meracra6uJtb-

I$rM aroMoM. OHo Moxer 6bITb oueHeHo B paMlcax reoplfir roKonepeHoca qepe3

oapbep 1L761 lr B nepBoM [p],I0JMx(eIfl&I i.rMeer Bu.4

r.4e c - eMKocrb KoIrraKTa MeTaJIJI-nOJIyqpoBo,uiltrc,. k - fiocrosHHafi BorbuMaHat
T - TeM[epaTypa; a* - g@KTrBEa5r KoEcTaHra Pr.r,rap,UcoHar q - KooQ@4Ur,reHT
I4JeaJrbHocTr4 6aprepa; 9B - BbrcoTa 6apbepa; q - saps]I sJreKTpoHa.

BeJMwuIa Tr oueHrrBaercg, Ir77) KaIc Tr: 12cnno,) 
1, r,qe cn _ Koo&@{ur_

eIIT SaxBaTa sJIeKTpoEa JloBylltrcoft' nql - JIoKaJIbHafi IIJloTHocTb oJIeKTpoIroB B
MOMeHT ilepecerleHl,Ig ypoBHeM @eprur ypoBIIff JroBy[IKr{ Ilplr no.uaqe Ha 6apbep
IIpSMOTO CMerqeHug.

Ha cauola .IIeJIe BeJII,TTIIIE5I t" tr ., ,qoJI]xHbI paBJII/FIarbcE or KoHTaKTa K RoH-
TAKTY B BABI{C}IMOCTI{ OT YCTOBIfr IIA IIOBEPXEOCTI,T, TTYOltrSI SAJIEIAHI,IS I{ @,TgU-
trecKofi uprpofir JroBymeK, T,e. Tpeoyercs ycpe,ureHr4e rro BceM MrrKponoHTaKTaM
METAJIJI_IIOJIYIIPOBO,4IITK I{ BCEM TI,IIIAM JIOBYMEK. ilIbI OTPAIilIqUI!.ICff IIPC.ryIOJIOTCEHI{_
eM' qro Bce 6apbepbr I,I BCe JIOByTIKII O.4IIIaKOBbI. TOr.4a MOrfiO 3alrl4carb Ko36-
@fl-uIeHT A Bo BTopoM r{reHe [epBofi qacru ypaBi{eH].rs (5.28) , orMcbrBaroueM
cKopocTb HaKonJIeHlIff Bapfi,4oB Ira JIOByUI&aX KaK

r 99^r
A = b expt-Tf:J , ( 5 . 3 2 )

r.4e b = @ c k q r,/srNrcn.o,)/(2A'Tq) - Kog{m,rl[{eHT rrpo[opUr{oHaJlbHocTr4,
cra60 3aBl4c@d OT rerr,nreparypu (d - nocroEEftffi litrrolK,rrerb). Ilo.qcraBrrfi
(5.32) B (5.31), rIoJIyrII4M e gnnofi (DopMe BaBI{cI4Mocrb cIrrHaJIa r4BMeHeHI4g
gJIEKTPOIIPOBO,4IOCTII AU/ZNO CEECOPA IIOA IEfiCTBI4EM MAI/tr OT TEMIICPATYPbI:

( 5 . 3 3 )

Sxcnepn'lenTbl, [po.qeJIaHHbIe B [174], no.qrBepl(Ianr crrpaBerJuBocrb ypaBnenr4g
(s.33). Ha pllc. 5.24 rrpe.ucraBJIeHbl TeMrleparypl$re 3aBr4cI4MocrI,I HaqaJbuoft
CKOPOCTII I,I3MCHEI{I4g SJIEKTPOIIPOBOEIOCTI,I NJICHKI{ A!/ZNO NOI .UCftCTB],IEM META-
CTAOI4JIbIIbIX aToMoB reJII4fi }I RceHoIIa. Bil,ulo, rITo 3TI4 3aBI,ToIIMooTI,I cnpsMJ]flIOT_
crr B appeHr{ycoBcr(rD( Koop.uHarax, gmmeKTrBHafl SHeprus aKTr,rBaJr.fir orpr4r{a-
TeJIbIIa. ,4rE cry.{ag reJMfi ofia uMeer BHar{eHI4e o,38 t o,o: oB, a IJIff cJlyqas
KCeHOEa - 0,36 t O,OS eB. 3TlI Befitqwil coBria.uator B npereJlaL outl6nr4 3KC-
rIepI4MeHTa, HecMorpfi Ha dorbnoe paoJitrrme sueptrd Bosdy&4erflIfl He(3s)_ u
x.{'er)-arouoB. Jlofrwlo SaKJIOqUTb, qro BefiIq}trIa 3@eKTUBHOfr sHeprrr{ aK-
T[BAI-U4I,I IEfiCTB'ITETbHO XAPAKTEPI4sYET YCPEIEIEIIHYIO BbICOTY 6APbCPA IIIOTTKI,I EA
Ipal{I4r]e MI,IRpoKpI,ICTaJIIOB Au C OKCI4.UOM tItIIIKa.

c,4eflamilft BbiBo,u rlo.u{perlJlsercfi TaKne pe3yJlbraraMl{ gKclepI4MeHToB, cBrI-
SaHIIIX C [perapl,ITerbHofi a.ucopoqfieft Ea rloBepxEocrr4 Au/zno xI4MUqecKlI ax-
TIIIBHHX rasoB (p]rc. s.2s). A.Ucop6U[s aroMapHoro Bo,qopola (IlpffMafl I),
yMeHbmaroqag BeJM\II{Hy oapbepa, [ptrBo.u]IT,.K ,yMeHbrrreHl,rp KaK g{&eKTr.rBEoft.
9IIEPTru[ AKTI,fBAI@,I, TAK II AdCOTIOtrrOff EEJE[WtrtrI CIrTHAJIA I,I3MEHEHI,Ifi oIEKTPO-
qPOBO.U{OCTI,I IIJIEIIKII AU/ZNO IlO.q AEftCTBI,IEM METACTA6]4TbHbIX ATOMOB rEJMfi. 06-
paooTKa KI{CJrOpO.UOM, rloBrmarcqafi Oapbep, BbrsNBaer yBeJMqeHr{e rex rrc BeJM-
qml (ffpsl{afi 3). O6pa60ma aKTr{BHbrM a3oroM Aaer e@KT, aEarofr4qrfift Kr4C-
Jropo.uroMy.

orMcaltrsle pegyJlbrarbl rrpe.qcraBJlflIoT TaKfie caMocrogrerbru,rft r4}rrepec B
rIJIaEe CeJIOICT!{BIIOCTT4 Au/Zno-CexcopoB MAIII. Ilocro;rgy cr4rHaJI I,I3MeHeIII4ff
3JIEKTPOIIpOBOEIOCT'I NOTYIIPOBOIEII,IKOBNX IIJICHOIT, CBgBAItrIbIfi C A.UCOP6qUEft XU-
MI{qecKIlt aKTTIBHbIX qaCTI4IL yMeIIbEaelCg C rroHI4AeIIi4eM TeM[epaTypbl, a cltr]IaJr
OT I,4A]/tr IIP]4 3TOM PACTET, MO'IGIO BE6PATb IIITEPBAJI TEMIICPATYP, NO3BOJISIO-

21I
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[180 ]  rcaR

r dNlr

[#Jou*o"oo'", .ro 
= cnNlt. ,

r'4e ci - Koo(@u4eET SaXBara sreKTpoHoB IIa JroByrrrKr{; no - IcoHqellTpar_u,Ifl
sJreKsporloB B BoEe rrpoBo,u{nocrl{. CTatEoEapHaa rorulenrpau$a HepaBHoBecrfix
I{oHlrt34poBaHHilx JIoByt[eK IIptr EerrpepbrBEoM ocBeqeEtrll tr3 (s.34) Iit (5.35) Bhr-
paSuTcg KaR

( s .  3 s )

( 5 . 3 7 )

- l

Pnc .5 .24

J,4 3,6 J,8 _ +,0
t7r/T, K-l

2,7 2,9 ,1, / J,J
/or/\ K'

( 5 . 3 6 )

3aMerE\r, qro Bce ytroMsrlyTbre B (lopMyJax rrapaMerpbr IoJu{Hbr paccMarpr,rBarbcfi
RaK EeKEe yCpe,4IeHHIIe BeJIITTII{HII, XapaKTepl/tgyr)wle B I{eJIOM COBOKyI[IoCTb MI{-
KpoIcoETaRTOB Au-ZnO IIa IIOBepXEOCTU CeECOpa.

IIpu BosleficrBrer MAltr Ea ocBeqeryD Au/zno-rureEr{y B rrepeBapsF{e 6yIyT
IIptrHlrMaTb yqaoTtre Ee IOJIbKO paBHOBeCEIIe I'IOrUleOgaItr$Ie JIoByl[ICI4 Nt, IIO E
nourrsoRarrnue cBeroM rl. tlolcraaun B ypaBrellue (5.28) BMecro Nt cyMMy
(Nt + N;) , [oryqr{M BHpaaeErre AJIS EarlarbEoft crcopocrrr trsMelreEl{fi gJreKTpo-
qpoBoEocur ocaeqerffrot cr])yKTypE Au/zno IIoI letcrBuerr,r MAIi[f :

Pr4c .5  .  zs  .

Tet\meparypHag BaBrIcI{Mocrb HatrarbHoft cKopocrtl I{BMe-
HeHrrfi sJreKTporrpoBo,4rocTr{ IUIeHKU Au/ zno IIo.(,4eft cTBu-
eM Meracraor4rbrsrx aToMoB IeJMrr (I) u rcesona (2)

[ 1 7 4 ]

TeMleparypnag gaB[crrMocrb EarlarbHofi c&opocrlr I{3Me-
HeHlrs gJleKTpoqpoBo$rocsn rureHKr{ Au/ zno troA .4eft cTBr4-
eM MeracraouJrbHrlx aroMoB feJMs rrpu pa3Eoft qpe:Fapr{-
Terbtroft o6pa6orKe [174]
{ - nrelilca oopaooraHa aKTrrBHilM Bo.Uopo.UoM;
2 - I4cxo]Elag IIJIeIIRa;
3 - flrelilca oopaooraHa aKTTTBHNM Kr{cJropo.uoM

roM EaAexclo .qeTeKTr{poBarb MeracraorrrbHbrM aroMaM Ea (bHe myrru( qacrr{u.
fipmmd ,UoKa3areJrbcrBoM yqacTr4fl rJydoRr4x JloByrrreK B FoplorpoBarfler cr4rHa-

JIa Au/ZnO-CeHCOpa gBJIfinTCfi 9KCIIepI{MeHTH IIO COBMeCTHOMy eOegeftCrnruo na
ceHcop MAttr Ilr orrrtrqecRoro I,IBJryqeEIIs 1rzs1. Ec.nr ooryr{arb crpyrcrypy
Au/zno cBeToM B KpacHofi tt 'Jwu,fleft lllt-ooJracTlr, To Molrffio .qocTr{rHyTb r{3Me-
HeElIg rcoHrleHrpaurur uoHlr34poBaHHbtx JroByrrreK B rroBepxHocrHoft o6Jracr[ rloJry-
qpoBo.En[ca, ll3de:raB qpll sroM o(freKToB, cBa3arrHrrx c fiepexo.uaM[ BoHa-BoHa
[!I ruilre&!trrefi B troJryrrpoBoErrEc ropswfi oJreKTporroB ]rB MeTaJUra lr?s,L7el .

06osirawrrr nl KoHrIeHTpar-UDo HeaapflxerrHrlx JroBymex B o6racrr,r o6e,E{enrtrr
KoHTaRToB MnKpoqacrlflIa Au-zno B paBIIoBecHlIx ycJroBl4gx. IIo,q ,Ueftctel4eM cBe-
Ta oEIl 6yIJT r.rorM3r,rpoBarbcg, or.qaBarl gJIeKTpoHr,r B 3olty fipoBo.Unocru noJly-
rlpoBo,trsma. Ecru ooo3EaErrb KoiflIerrrpar.utro odpasy@Drcfl B sroM rlpouecce
IIepaBHoBecHbIx rIoIMorrpoBaHHbIx JIoByrueK lrl , to cropocrb I/D( HaRoTIJIeIII{a lrpu
ocBeqeEuu BbrpaSIITcg KaR

3.qecb odo3EaqeEl{a BBFTbMB (5.29)

IIo.qcTaBIB B (s.37) cooTBeTcTByrcqyp TeMEoBEM ycJIoBI{ffM BeJMqI[IIy Vo =
= - tl 9 A NmNt,trOJIyqInd

" = #lt+ o = -, n o ",[n.. 
+*J

- -  , r l  ,  c  n .  - r

% = = ' * u ; t ' . j f J

1#;".*"",,oo, = r ; 1,'l - ult, ( 5 . 3 4 )

( 5 . 3 8 )

3ro aupaxeruae olucllBaer BaBIlcI,IMocrb cr{rllaJra lrsMeuellr4fl sJrexTporpoBo.urocrr{
Au/zno rlo,[ ,UeftcrBrreM MAIi{l oT LrrrrerrcnBlrocrr.r ocBeqeErrs. Ha puc. 5.26 rlpel-
cTaBJIeEa glccllepuMellTaIbEo [oIyqeruIag SaBI{clIMocTb v,/vo oT I4ETeIICIIBIIooTLI
traAaqero cBeTa, oTllocgqaaca K BSan\,to.4eficTBEo IIJIeHKI{ Au/ZnO C MeTacTa-

dr4rbrsuvtr{ aroMaMtr refits. Br4ro, qro B Koop,utrarax tlt - 
[] 

- rl 
't 

v*r-
\ o

saIIEas saBucuMocTb JEIEelh{as' r.e. Bllpaxelile (s.38) HerrpoTlrBopeqllBo olltr-
cuBaeT rlpotrcxoA@4e 8a omrTe flBJreEr48.

Cyr\,s&rpyff r{Tou{ ormcarrHilx LrccJeloBarild, MorftIo IlpelcraBl4Tr cre.uywd
MEXAEI,I3M B3AI4,|O.4EftCTBUg MAI/N C AICT}IBI{POBAruIOfi METATTOM IIOBEPXEOCTbA IIO-
JIYqPOBO.4{TIKA. TYtrEIIIIE METACTA6I'UIbIilIX ATOMOB IIPOI{CXOE4T B OCIIOBHOM HA MU-
KIIOKpI{CTaJIJIaX MeraJura, oao collpoBo8{aetcff gMtrccEeft srercrpoHoB B rasoByp
Oaoy. SoJrb[afi qacrb gueprult Bogdyffrerflrs HaJrerar@D( Meracraor,urblslx aroMoB
YEOCI{TCff B SIIAE KIEIETF{ECKOfi EIIEPf}M BTOPI{TIHIU( 9JIEKTPOHOB. MEHbUAfl qACTb

OIIEPFIM 6TAI'OIAPff CUfibEOfi CB83I! METAJUI-EOCI{TEJIb IIEPE.UAETCA B EJIEKTPOIIHYN
trorcr{crelly rroJryrlpoBo,4ll4Ka, 3a cqer 9To[ sEeprE{ qpo'IcxoE{T nepecrpoltra

\rpocrparrcrBeffioro 3apfiAa B odJacrflx ode,EeElfl KorrralcroB MeraJur-rroJty[po-
BO.EIIIK. B UpOUeCCe OTOfi Uepecrpoftcll mreer Mecro saxBar sJreK?polroB I{3 30-
rril qpoBo.4noctfi Ea rwdoKtre JroBylltKu B saqpeqerrHofi eone. Ilocfle BbrKrroqellllrr
troroKa MAlll elerrporrHaa rloAcEcreMa rloJrynpono.uluKa peJlarcclrpyer B r{cxoEroe
COCTOSIil{E. IIOCKOJbRY POJrb TTYdOEUX JIOBYIIEK B IIOJIYIIPOBOIHItrCE IFPAPT AE&E-
KTN CTPYKTYPE' IIP}IMECHUE lI A.UCOP6IPOBAIIHbIE ATOMbI I{ MOJICKYJIbI, TO CJIEAYET

n3

r.ue r - [HTeIIctIBIIocrb rla.qaqero cBera; ; - ceqell}Ie onrrrlecftofo Bog6y)r.Ie-
HlIg 9JIeKTpOrrOB C JrOByUeK.

o.EroBpeMerfiro I{,qer [poqecc pe&oM6rErar.uM. JIJS Eanero cryqafl, Kor,qa ypo-
BeIIb OIITIIFIeCKOTO BO36y)t(,UeHLIg HeBeJII4R, TeMII peKOMomaU]M MOtrcIO OqeIII4Tb
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oxcr..Uarb, qro n{Arr_U,rpoBar{Hoe ryrrreHr{eM MAltr r,r3MeHerr}re rD( saps,UoBoro cocro-
fiHlrs oTpaBI{Tcg Ha BBaI4Mo.qeftcrBLM noBepxHocTtl odpa3Ua c A)yrI4Mr4 cocTaBJIrI-
nWINrlI ra3oBofi &agbl, B qacrHocru Ha a.ucopdlp{oHHblx I{ raraJMtuqecruD( ceoft-
crBax. Bo3Morrutocrb raKoro po,ua sBrerfld Ha,uo yqurHBarb rrprl arIaJMBe rere-
porerrHEx [ra3Moxr4M].rqecK[x peaicud I{ A)yrffi qpoqeccoB c yqacrl,IeM oorbmD(
KozueErpar.pil MAUr .

OTMerI4M, qro orMcaHEafi BbIIIle Kaprulla B3artrro.qeftcrBl4g MAI/tr c aKTI,IBI4po-
BarrHsrMrr MeTaJrJraMrI oKctIIaMu oTIIoclITcrI IIe ToJIbKO K CTpyKTypaM Au/ZnO. AHa-
JIorlFIIrilx fiBrelfltft BoBMoIcIo olK,r.uarb [I .uJIa ,qpyrru( uap MeraJrJr-[oJIy[poBoFII4Ic,
r.4e MrmpoKplrcTaJrJrbr MeTaJrJra oopasynT oapbepE{e KoHTaKTH c IIocI,ITeJIeM LI
uMetor Mecro rlpoueccH ,[oJFoBpeMeEIoft peJraRcal-utr{. B RaqecrBe I,IJIJnocrpauM
grofo noJloneEl{g MorrcIo ITpr4Becrll paoory [181], r,qe I,IByqeEo B3al,ilro.qeftcrBue
nJIeHoK Au/Tio2 c Meracra6r4rbrfinff aroMaMr{ reJMt, B padore rloKagaHo, qro

.uJIg TIJIeHOK Au/TiO2 XapaKTepHLI TaKlIe t(e CIIFIIaJIIT LI3MeHeH]Ig 9JIeKTpOTIpOBOA-
Ilocrl{ IIo,u .[eficrBfieM MA]tr, KaK rI ,uJlrt ruIeIIoK Au/zno, a raRjrce l4Meer Mecro
qponopr-u4orraJrbnocrb Mefrlry Eaqarb$oft cKopocrbF rI3MeHeHIrs gJlelcTpoqpoBo$roc-

TI4 Au/Tio2 I{ Korn]eHTpaulreft IillAUr B ra3OBO[ 0a3e. JlarbHefufte ]rccJre,uoBarrr{fi
B ooracru B3artrrc.qeficrBr.rfi MAIilf c rroJlyrrpoBo.ufirrcaMr4 .uoJDrcrbr IloKa3arb,
HacKoJrbKo rrMpoK K,racc MaTepr4aJIoB .4JIt paspaooTKl{ ceHcopoB Ha MeTacTaol,urb-
HNe aroMN u KaKofi crelleHbr oourocrlr o6ra.{aer MexaHI4sM TyrlelMa MAI/r Ha
aKTI/IBLTpOBaHIIOM SOJIOTOM OKCI{.UO LUIEICa.

5.8. IIepcneRT[Bbr pasBr{Tus cescopHux uero.qoB .qereKTr.rpoBaHr.rs
gJreRTpoHHo-Bo36yrAeEsrx qacrr.rq

B lIpe.u,uyuD( paB,{eJlax paccMogpeEr rrpr,rMep6r rrpr4Merrerrr4s noJryrlpoBoEfirKoBblx
ceEcopoB Arrr ll3yrreBfifl MexaErr3Ma rereporemoft ,{egaK1uBatptr4 9BrI. Ha orrD(
rrpr4Mepax xopoEo Brrlu ,uocrorrEcrBa r{ He,{ocrarKl{ ceHcopoB Ka$ IlpuoopoB .urs
HayqHoto r4ccJle,qoBall]{g. it oe3ycJoBltrs, .qocrol4llcrBaM orllocgrcg.BblcoKag qyB-

crBurerbHocrb B cogBTaEr{II co cfiocodHocrbtr paoorarb B ,44(l&y3l,Iottrfix yc-

JroBr4m(, MaJrNe radapurH, rrpocTcTa a[traparypEoro ooecfie.re]uff, ocHoBtsu\,[4
Ee.uocrarraMtl cegcopoB SBtl gBJffnrcff mgnafi ceJIeRTI{BHocrb, HeBooMolclocrb
I{IeETll@tcauor aKT]rBrroft qacrlluts IIo ctIrEaJIy trBMeBerila aJreKTporrpoBo,u{ocrr4,
TpylFocrrr Eprr r{BMepeHr{r[ aocomoTlso( KoIilIeETparyil 3Brl.

CoqerarMeM rroJroxr{TeJrbHbtx tI orpullareJlbHbD( KaqecrB orrpeAeJrsercrr Me cro,
274

KOTOPOE MOfiET sAIIfiTb METOI IIOJIYIPOBO.UII{KOBbI]T CEHCOPOB B PgIY N]YIID( 9KC-
tlepr4MeETaJlbffU( MerOroB (pr3i.rqecKofi xr{MEr{, a raKxe nepcneKTrrBbr ero pasB}I-
TI{9.

Eypfloe pasBlrTl{e B rrocJre.U[re ro.ry ablcoKoqyBcrB]rreJlbHbrx Mero.uoB aHaJMBa
rloBepxHocrr4 I4 ra3oBofi (!a36r (sreKrpor{Hafi crreKTpocKortrm noBepxHocrlr, Bpe-
Mrr-[poJrerEafl Macc-crleKrpoMerpr{s, TepMorecopor[4omrHft aHaJr[3 fi T.II. ) CO3-
AAJM 6TATOIIP}IqTISIE BO3MO'ICIOCTI/! ,4JIfi IIPOBE.UEHTIS CEHCOPHbIX I4CCTE.UOBAIild.
Bucorag r{yBcrB[TerbHocrb coBpeMemroft amaparypbr cpaBHI4Ma c qyBcrBI4TeJIb-

IlocTbD ceIlCOpOB, TIO9TOMy rIapaJIJIeJIbHOe I4CIIOJIbSOBaIIUe ee .qJrs KaJM6poBKI4
CEHCOPOB }I }IIEHryI@trCA!UDI ARTITBHbIX TIACTItr.I fiBJIfiETCg BECbMA IIJIO,4OTBOPIIbIM.
Harlpruuep, rtofiBJlsercfl BogMo)r&Iocrb cgaqaJra c rroMorqbro coBpeMeHnbrx Merojlrur
tr3Y,IIITb TOT IIJM IffIOft TETEPOTEItr$Ift IIPOqECC B BAKYYMHITX YCJIOBI,ISX i,I IIPOBCC_
Ttr KAJMOPOBKY CEHCOPOB, A IIOTOM YXE C IIOMOqbD CEHCOPOB IIPO.UOJIIAITb IICCJIE_
AOBarUe ATOIO qpoqecca B ycJroBi,Isx BbrcoKrrx raBrerfld, Korla ,4)yri4e Mero.u,r
Ee Moryr 6ETb [pnteHeru.

BblcoKag qyBcrB[TerbEocrb ceEcopoB raer Bo3Morclocrb r4cnoJlb3oBarb npl4
USYTIEEWI TETEPOTCEHHX IIPOqECCOB MAJIOMOUftIE I{CTOitrII{KE AKTUBHbIX SACTIIU,
ooJla.qaw{e ceJeKTIBEofi reEepatlllefi. TaKrBr odpa3oM MoxHo }rcKJnor&rrb BJrr4s-
IME TASOBOft OASE BA CBOfiCTBA IIOBEPXEOCT}T, A TAKJI@ IIOCJIEIOBATETbHO }13Y-
qATb BSATTMO,qEfiCTBSE C IIOBEPXEOCTbD TEX I4JM I{HbIX COCTABJISIOIPIX BO36Y}i(4EE-
EOft raSoBofi 6a3Dr.

Heodxo,uunw ycJroB[eM ,qJrs rrMpoKoro [pr4BreqerMrr ceHcopoB r (sa3mo-xnm-
qECKUM trCCJIE.IOBAEI4flM gBJIgETCfl PACIIIIIPEIII4E KPYrA IETEKTI4PYEMNX AKTIIBHNX
YACTIIq. CPE&T NEPCUEKTI{BHIIK HAIIPABTEIild B gTOfi O6JIACT}I MOJIGIO BbI.qEJMTb
PA3PA6OTKY IIOJIJqPOBO.UMICOBilX IETEKTOPOB IIA 9JIEKTPOHHO_BO36Y&4EIfiSIE MOTE_
ICyJIbI apoMarl4rtecKtD( coe.uElend. Ifiacc apoMarl{qecKlD( BetqecrB BecbMa uEt_
po&,Ir oIII{ llrpanr Ba)rfiyp poJlb Bo MHOrrDa ooToxr,fl/trrrlecKl4x qpoqeccax t3] ,
3,UeCb LrMeercg 60rhmoe KoJlllrqecrBo 3a,4ar{, B KorophD( qpuMeHeHue cencopoB
trOsBOJMT UOJIYIMTb EOBbIE OPIFITIAJIbHbIE PE3YJIbTATbI. IIEPBbIE UATI,I B sTOM HA-
trPABJIEEru IIPEEIPI4II8TEI B PAOOTAX T72,1.821. B IflD( IIOKAsAIIO, '{TO CEECIIoUJM-
3AI$g NOBEPXEOCTI/T O&CIIJA IIEftA OTAJOU4AIIruIAMI METAJIJIOB IAET BOSMOXIIOCTb
qpotropIEoIIaJIbHO .[erexr4poBarb rpnrlJrerrrbre MoJreKyJrbr oeEsora I,I Ha6TaJtrtrra, a
Tarcx€ trsyqeHu saKorroMepEocrr{ pacqpocrparreH}rfi BosoyMers{s B napax Mare_
prlEcKoro BeqecrBa. oqeEeE Brq[a.u rereporerffroft cocraBraroueft .u4@y3r4oitrioft
r}I6eJE[ aJreKTpoltrro-Bosoy8qertrilx MoJIeKyJI deHsoJa. It upodleue ceEcopHofo
,4ereKTr4)OBatrtrs SBrl BoSrilEcaer [po6reMa paspaoorKfi ceEcopoB Ha KoJreoareJrb_
tso-Bogoy8,ueltrfle MoJIeKyJrLr (I{BM). 9TII qacrlnu oora.qanr Merrbrrrr{M no cpaBrre-
trrr0 c 3Bg SaIIaCOM glleprtrfi, EO poJrb ID( B ft{SIECOXLTMIIr4 rerepofeElrbrx fipoqec_
COB BEJIIIIKA' TAK KAK OIIII POIr{ADTCA B oOTbruD( KOJII.FIECTBAX B XO.qE TEPMOKA-
TaJETrlrrIecKI{x peaKr[&, B pesyJrb?are peJraKcalu&r srleprr4tr 3Br{, IIpI{ aKKoMO.[a_
LEI rasa aa ropfirrefi rloBepxlrocrl{. Ilepnue paoorE [183-1S5], HarrpaBJreHHNe
EA trSYqEEI,IE BSAIAIIOAEfiCTBIIS C IIOBEPXEOCTbN IIOJIYIIPOBO,E{ItrCOBbIX OKC]4.UOB, IA-
JM O6Ea.4ers{BaMu,re pesyJrbrarbr. orcasarocb, qro Koreoa reJrbHo-Bosoyrq4eHHbre
MOJIEKYJIfl KtrCJIOPOIA U ASOTA SAMETIIO MEKENT 9JIEKTPOIIPOBO.UTOCTb IJIEIIOK ZNO
tr Nio' TaK xlo IcaK B cryqae 3B9, uo.ltgpnocrb cIFHaJIa lIBMeEeHr4s oJreKTpo-
qPOBO,EOCTII CEECOPOB trO,q IEftCTBUEM KBM MOfiET MEIIgfbCA B BABI4C}IMOCTI{ OT
TeM[epaTypbl' IITO cB{IeTelbcTByeT O KoIIKypeEI-UI}I IIecKoJIbKI4x KaIiaJIOB peJra6-
CAI.ET 9trEPTIE[ BOSOYSIEIflIff ITBM. TAKI,il,tr4 KAIIAJIAM}I, OI{EBfiIFIO, MOrY? 6bITb
xeMocopolu{s c [epeEocoM 3aps,ua, po,44elflre (lonoson, Bbropoc sJreKTpoHoB c
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troBepxHocrHblx cocrotruil I{ JroBy[reK }1 T.n. ,UarbHefue ],Iccre,qoBalulq B gToft

ooracrr.I, Ilo-Bllr,UrrlroMy, rro3BoJranr ,Uarb ooJree }IcqeprtrtBamJro xapaKTeprrcrrtrcy
BSald',{o.[eftcTBufl I(BM c lloBepxHocTbn TBepEIx TeJI u BosMo]IGIocTII I,D( .4eTeKTI4-
poBarrus c rroMoqbn rroJryrIpoBolEIIIKoB[x ceHcopoB.

fraBEot rlpodreMoft noJryrrpoBo.uruKoBEx ceEcopoB Ea 3Bq sBJlsercg, KoEes-
Ho, rroBbrrleHtre rrx ceJIeKTtrBEocr[. BMe yx(e o6cy8qarcrl Merol noBNmeHl{fi ce-
JreKTr4Brrocrtr ceEcopoB rryreM BHeceHlIs lioBepxHocrHilx .uo6asox. CyqecrByer
EqE O.UM trYTb IIOBIIIIIEEIIS CEJIEKTI4BEOCI'II, OH COCTOIIT B ITCIIOJIbSOBAIIIM IJIA

r4)I,IroroBJeEtra ceEcopoB Ee lMcrEx gJIeMeIIToB I[ coe.utrlelffft, a RoMrIoBuu]IoH-

HUX MareprraJroB u ooJlee cJroxqio opraErlsoBaHHblx crpyKTyp, STor nyrb pa3Bu-

Tua ceEcopEoft rexnororm BecbMa rpy,qoeMoK, rffioroooerqaDlq, Eo, K cor(are-

HI[o, MaJIo tIccJIe.qoBaII. B Hacroruee BpeM.H 6oree [epcrIeKTI,IBHHM, Ilo-Btl,u,rLto-

My, rrBJrrrerca Mero,q ceJIeKTuBIIoro ceBcopEoro Aerelcrl{poBaHl4s 3BrI, ocEoBaH-

Eil Ha ucrIoJIbBoBaIu[ KoM[JIeKcItblx .[arqncoB. TaKoft .uarqtrt cocrol4T lI3 Hec-

ICOJIbKID( CeHCOpOB' ITMeWD( qyBCTBI4TeIbEOCTb R pa3Hbnr KOMIIO]IeHTaM fasoBofi

oagE. O,uoBpeMeErroe [BMepeEr{e cImHaJIoB Bcex ceEcopoB I,I oopaoorKa ielFop-

Mar-uM Ha 3BM B llprufl[me [oBBoJIfloT oqpe,ueJlfiTb KoIIIIeHTpal-utr{ cpa3y iIecKoJIb-

r$rx aKTfiBEbrx qacrrol B ra3oBoft (Dase. Crpe[oITeJIbHoe pasBl4Tue MI,[cposJIeKTpo-

EI,IKII I{ BSTMCJI}ITCJIbHOI TEXIiltrCI4 IIOSBOJISET HA.4E'ITbCS EA BIIEIPEEIIE TAKOIO

poAa y crpofi crB B rrpaKTlrKy @Isl,trco-xm/trrle cKoro sKcrIepuMeIITa .
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laasa 6
npra{egemle rroJlyqpoBo,u{I{RoBltx cexcopoB Ert. r4ccneAoBagr.Ig sMl/rccJltr
aKTlrBrrbtx qacrr.rq c noBepxsocTu TBep.srx Ten

I'lccreroBaru{e oMficcr{rr a,4coporpoBaril$H aRTrrBriux qacrnl c noBepxHocrr{ TBep-
&IX TEJI [O.q BJMfiHITEM PA3JII{IIHIIX OAKTOPOB EAIIOOJIEE IIOJIHO XAPAKTEPI43YET IIII4-
poKue BosMorrGocrr{ Merora IIIIC ,4.ns r.rsyqeEr4s ,[o crD( rrop r4sBecrr{oro (Frewro_
xr4Mll$rec&oro gBJIeHI4g, a TaICXe no.{qeplcuBaeT pfl,4 Tpy.urocTefi, KoTopbre qp!D(o_
JtrITcg rpeoloJleBaTb B trpoqecce I4IeHTI,Ic@{aLUtr4 grnx rracT].rrl. KpoMe rofo, Ha
yKasaHHrIX npuMepax r,rJrJnocrpr]rpynrca MeroMqecKEe rrpueMbr IIIIC a;rs pe[reH[ff
ooree crorcloft aHaJMTrqecKoft ga.uarn.I.

6.1. 3[o{ccus qpe.qDapr4TeJrEHo aAcoporpoBarf$lx aKrr.rBnHx rracTr.tq
c pasyllopfi.[oqeEsoil rroBepxsocrr.r rBep.qlx ren

Kpyr sBrelild, collpoBo]ManqD(cg BHJTeToM aKTr4Bltbrx rracTuu B ra3oByro @agy,
BecbMa pa3Hoo6pa3eH. 3TO B rIepByF oqepe.uB rereporeEHO-TOMOTeHHI{e pea*-
IryM' KOTIA BbIJIET AKTIIBIINX qACTEI B IAsOBYF (F3Y IIPOIICXO.ryIT 3A CIIET 9EEP-
rr&r xr4\efqecKoft peaRrr4r.r [1], TepMo.qecoFdryrq aroMoB lI pa.umaJroB rr3 xeMo-
copollpoBaltrroro cJros t2, 3], (lorocrlrMyfirpoBarrHas,uecopolll{s aKTrrBEbrx iracrfiu
[4]' 3K3o3MrICClIfi IIOEOB tI SJTeKTpOHOB ts], pa3HoodpaSEble SMilCCIIOHIIIIe flBJre_
Hrrg' collpoBolruaFry4e pa3pyrrreH[s rBep]Frx reJr, r.r r.r. ]13 sTOrO pasHooopasus
fiBTEItrM IPEICTABJI'IETC'I IIiITCPECHNM BN.qEJII{Tb 3M]4CCItrO IPE.4BAPITTEJIbHO AICOP-
orpoBarilililx aKTI{BIIbIX rIacTI4u.

l4s oory,il( cooopaxemd cJreAyer, qro a.qcopoffpoBaEsrM aKTr{BHNM qacr[rraM
gHepterl{.lecKI4 60ree BHTo.EIO BEaqare peRoMdltrMpoBarb, a SareM .uecop6lfpo-
BATbCfi B BI4IE EEftTPATbHOfi MOJIEKYJIbI. B CBg3lI C 3TUM IIPII FAPPEBAHIIII A.UCOP-
6eETa Bcre,ucrBrle rloBepxuocruoft peKoMdI4HarlM Bepoarnocrb gMI,IccI4rI aroMoB 14
paE{KaroB HeBeJII{Ka. B [6,7] orleHeHa BOsMOTCTOCTb OoHapyncerMfl Koporl(olr{r4By_
Ufi CITJIbHO CBASAIIIIbIX C IIOBEPXHOCTbN IIPOMEXYTOqITbIX IDO.qYKTOB TETEPOIEIIHO_
Karafirrr,rlrecKofi peaKr"uer Mero,4oM (lren-.uecop6ryM. ABTOpar,[4 paccMorpeHril .uBa
KorrRypEpyrrrpD( [pouecca, qpoTeKawD( rrpr{ EarpeBaH}r[ KaTaJMsaTOpa,_ Aecop_
6'Irs [poMexyrotrnbrx qpoAyrcroB u qpeBpaqe'r4e r{x B rco'eqHrre [po,uy*Tbr. Bbr-
IIOJIHEIIIIbIE B 3TI.D( PAoOTAX OI]EHKII IIOSBOJISNT C.qEJIATb 86180.4, IITO .UT'I PEAJIb_
Hrilx KaraJrrrrr4lrec&[x ctrcreM cRopocrl{ .qecopot[tr4 lI [peBparqeHr48 [poMexyror{Hbtx
IIPOAYKTOB B ROIICIIHbIE [PO.4YKT6I OY,4YT CPABItrNfi,I IIPII CKOPOCTII HAIPEBA KATA-
Juoaropa loto- rorlrpa.q/c, tor.qa KaK B odu.tril,Ix g&crepl4MellTax tto (pJleu_
.uecopoqt[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[tI cfopocrrrr HarpeBa cocraBJIftor ro3- rootpa,u,/c (r010_ to11 Tpay,/c
AOCTIIX&IMN TOJIbKO C IIOMOqbF MOIIEIIIX JASEPOB). IIOOTOMY SMIICCIIIO ART}IBIIHX
qacrr4q rera Moxclo oxl{Iarb c 6olrnefi BeposrHocrbF B Tex cJyrragx, Kol,ra
nMeercfi Maroe SanoJEIeElIe rloBepxEocrl/r a$IacruqaMfi, craoat cBfi3b rlx c IIo-
BepxHocrbro a,qcopoeHTa, a raKrce IIo pflAy rrprulllr 3arpy,&reHa rrx noBepxHocr-
HAff MIIIPAIryTA. HEOOXO.UO"AS ,qlg BII6POCA AKTI{BIIIIX SACTI{II SHEPII,Ifi MOTrcT ObITb
ro&aJlbHo no'4BeleHa' EarrpllMep, (loToHaLM, LIoTIaMII, ropsql4tel aroMaMI4 JIIIOo B
gJIeMeIITapHoM xra,M'IecroM aKTe, a raRx€ B pe3yJrbrare peJlaKcarr4lr pa3y[opg-
Aorleffiocrll B upulloBepxEocrHblx cJIOgX TBeproro rera. B STIIX Ilpoqeccax BbI-
,4eJlgercg SEarIlITeJrbHas (,40 necro;rrrunr greKTpoE-Borbr) 3Heprl,Ifl,.4ocrarorl_

uarr AJrrr pa3p6rBa cBs3rr aKTr.BHofi rracrnlE c troBepxEocrbn u Bblopoca ee B
odreM.

0 tropgnre BeJIT(rMTTE orofi gHeprltrr Moruo cy,ryrrb tro rerIJIoBoMy g(FeKTy o0-
pa3oBaHr4s I,I rudeJM ToqeqHEx ,ue@rcroB B rBep.ux rerax. B Eacro@ee BpeMs
pa3paooraH ps,q DKcrrepr4MerrraJrbHux MeroIoB oqpeAeJlell}Iff sEepTIEr .[eSeKToB
t8l -,u4JIaTOI\/fi['{eCKId, RaAOpUMeTpI{lreCKId, MeTO,q nOSUTpOIfiOft aHIIUTUJIfiI[pr
r.r r.,U. KpoMe roro, paspaooralnr reopertrqecKl{e Mero,u BbMoJIeII}IS oHeprwl

,ue(DeKToB, RoTopble xopoEo corJIaCYDTCg C 9RCIIEPI4MEIITAJIbHITMI{ .IIAHHNMI,I [8].
l,{o srrD( .uarrHHx cJreAyer, qro rllrtrIwroe BEaqeHrre oHeprr4]I BaKaEcI4ft oKoJIo
1sB, a sHepfus odpa3oBarlllfl MexryBeJTbEoro aroMa 2 - 5 oB. TaKm,t oopa3oM,
oHeprl4fi, Bbr,qeJrrrnqascs llprr aHHrrrrrJrffr.uur (lpeHcereBcRoft rlapbl, Motrer Aocrll-
r a r b s - 6 s B .

&e oorbmas sHeprrrs Moxer BH.qeJrfiTEcfi B Tex cryqasx [epecrpolfiu IIoBep-
xllocrtl, Kor,ua B Ee[ yqacrBynr cpa3y IIecIcoJrbKo aroMoB, KBa3I{I,t3oJI}lpoBaIIHNx
or noBepxEocrlr. Ilopq,qoK BeJII/trIrIItbI oEeproBbl,ueJleHlla B floAool{blx fipoqeccax
MOtGtO OqeHtrTb rIO pasltrqe 9HepTI4MCIIOBIIOTO COCTOSIIIIS IC'IaCTepOB 113 IIe-
cKoJrbKr4x aroMoB pa3JE[Erofi KoE@ypauM. [Io.uoOEIe oueHruI BbIrioJIIIeHbI KBaII-
TOBOXI4M[qeCRm\&I MeTO.UaMI. Ha[pmrep, B t9] BbIrOICreEa glleprllfl ooIIoBIIOTO
cocrofirrr4fi KJlacrepoB JMTrrrr Li3 (paBEocToportrfld TpeyroJrbrlllK), Li1 (Ky6),

Lie(oobeMHo-UeETprpoBa'trfifr Ky6), Lilr (ortaslp;, Li13 (Itrcocao.4p) B 3aBI4-
cr{Mocr}r or BeJrilrrprHll Mextbs,qepEoro paccrotul}Iff. I{3 9TLD( ,4aIIHHx Cre.qyeT, qro

fiprr .uocraroqEo 6orbmD( paBMepax K,Iacrepa SHeprl{fl cBssl{, paccqurallHas Ea
o,uur aroM, rrpuoJrr.rrftaercs K grreplru KoreSIII[. Ba,EtrII"l peSyJIbTaTOM EBJIfferCs
cr{JrbEas 3aBlrcrrMocTb gHeprwl ocIIoBIIoro cocTofiHrla oT ero KoIIF{FypalwI v.
BeJrrtrnrnrr Merrbfi.uepnoro paccrognr{s. Ha[prduep, AJIS Li13 (rucocas;g:a) gneprlrrg

ocHoBrroro cocrorfills Ea 2 sB MeHbme, qeM.uJa Lir] (oKTasIIpa). fipu yBeJm-
qeHIM MeXbS.UepEOrO paCCTOfiHI4g B IC.[aCTepe Lis IIa 1 E Or ero paBfloBecEoro

BBaqeHI{E gHeprfifi lc[acrepa Bo3pacraer Ha ? 9B. IIpI4 coe,uElelflel .Eyx qerbl-

pexaroMHbrx rqrracrepoB Jtr[TrIg B o,ulll BocbMl4arobfififr (a rarag cI4TyaLrIs Bo3-

MolHa lra HaqaJbEo[ cra.utrI HamrJIeEI{s roIIKoft llremcu) Bbl.4eJlurca 2,e2 98.

Cre.uJer BaMenITL, qro B .ualffIoft paoore paccMarpl4Bafircb roJlblto re cI,MMer-
p[qecKr.re KoE@fypaluM lclacrepoB, Koropble uB oowD( coodpaxelfld oOra,4aPT

Har{MeHb[refi gEepruefi oclloBHoro coc1ofiEl{s. Ilepecrpol{Ka HecuMMeTplItIHtD(

aroMHrD( KoH(F{Iyparyil trplrBe.[er K dorbmn rerIJIoBbIM g(!{eKTaM'

OrIeI$ TosKI,Ie cBeaeEalrrJJreEHge IUIeIrKu BeqecrBa xapaKTepl{SyDTcg BblcoRoft

crerrerrbn ,4e(Frulocrll, KoIIqeHTPaII,Iff sarancrfr B EE Motfter ,uocrllrarb 10-3

tlol. orreB4ryo, tITo gHeprufl, BH,4eJlamtascs upll yfiopff.4oqeElal TaKlrx TIJIeEoK'

oKaSeT cr{JIbEOe BJM8III4e Ea cBOtCTBa IUIeIIKtr II Ea xapaKTep BBaIIMO,4eficTB]Ifi

ee C IIOBepXEOCTbF UOAJIOfrKII. BIOJEIe BOSIi'OX(EO, qTO 3a CqeT OTOft gIIepfI[I{

rrpoTeKanT EeKoTopHe CIIery4FI(IecKtre fiBneElls, TaK HaBEBaeMIIe KOHIeE0aIU4OII-

rro-cTI,IMyJIItpoBaIIHbIe g([&eKTbI [11], Korla EaoJIIo.4aeTCs, EaIIpI4Mep, aIIoMaJIbEo

BbICOKarr BsaI{MIrag pacTBopl4MocTb KOIIIeECaTA II trO,4JIOmCI[.

0.1.1. Sr[.Iccua aroxapsoro Bo.4opola c rloBePxsocrr.r aMopoHoft cypLMbr

Kar yxe orMeqarocb B rrpe,u,4yqeM paS.qeJle, B Ilpoqecce yllopfl.4oqeEtrtl pa3yrlo-

pflIolreHHllx aAcopoeEToB BbI,[eJIseTCg glleprl4s, .4OCTaTOq8afl .4JI,I paSpbrBa cBs-

Befi B trOBepxEoCTHbIX coe.UIEeHI{sx . IIO gToMy oMI4CcI{F IIpeIFapraTelbIrO aACop6I4-
poBarrHrlx aKTtrBEIIx rlacTl,Iq 3a cqeT peJIaKcaLU[ pagyllopH,[oileHllocTll IIeJIeCOoo-
pa3Ho I{BvqarL Ha saBe,qoMo pasyfiops.uoqeHHblx rloBepxfiocrgx' BecbMa y,4ooHoft
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.qra tro,qoornrr Eccre,UoBaffi qpe,[craBJrsercs aMoI[Eas cypbMa c a.Ucop6]rpoBaH-
EilMlr aroMaMtr Bo.qopoAa. CBo[crBa roEKEx IUIeEoK cypbMbr I{ByqaJMcb .qocrarotr-
Eo FJryooKo B cBsstr c ucrroJrbBoBameu Ex B trpaKTEKe trgroroBJreElrs (loroKaro-
A o B  [ 1 2 ] .

AMop(Fas qepnafl cypbMa uoJryrraeTcf, rryreM EarrbrJretr,Ifi ee B BaKyyMe Ha
crerilanayD trJrr{ rcBapqeByr uo.uJoecy, Koropaa Eaxo,urcs qprr KoMHarEoft v wn-
fte reMlleparypax. rlepEaf, cypbMa cnoETalrEo trepexo,ur B cepyxl KprrcraJrJrlrqec-
KyD cypbMy. Itr,EerE(a r(pEctaJuusar.UM cepofi cypbMbr orlpeleJrserca reM[epary-
pofi, " TaKfte HaJIFIUeM uprorecefi. A'[coporpoBaEsle ra3H,rr B rrepByn oqe-
pe.qb KrrcJropo& clrJrbEo saMeArlmr {ptrcTaJuruSatlm, Tarc qTo rra Bo3.uyxe oHa
Boooqe fipeKpaqaeTcfl t13]. B gaBuctrMocTtr oT ToJWrHrr aMop(Froft rrJrerrKr{ Kpr4c-
TaJTJMSaII{g CypLMbI MOfteT EpO.qOJrAaTbCff OT EeCKOJIbICIIX qaCOB ]IO geCKOJTbKID(

cyroK. oqerlb ToEKtre lureEKtr(.qo zo l) Bcer.qa aMop(Fsr, Torla KaR ToJrcrNe
(cBbme 20 lrfi$r) Bcer.qa KptrcrarJrrecnrre. EcJM TeMfleparypa rro.4Jloxcer, Ha Ko-
Topyn qpousBo,MTcfl EaIrrJJreEr{e ) 7't K) To rrJreEKtI cypbMbr, KaK rDaBI{ro, aMoF-
In{. IIpII HarpeBaHtM oEr! rq)trcTaJurtrByDTcff, nprlleM TeMtreparypa lurreHcr,rBHoft
Kp[craJrJrr[Bat@ ofipeAe Jrse Tcf roJruErofi uIeEKtr,

Baxqro oTMertrTb, rITo cypbMa coBepflerrEo Ee peartrpyer c MoJreKyJrspHNM Bo-
.4OpO.4OM, EO BeCbMa OXOTEO alcoporfpyeT aTOMapHrffi Bo,tlopo,u 1r:1. 3ru cBofi-
cTBa aMoI]fiEJx lureHorc cypbMH c a,qcoporpoBaFFrrMtr aToMaMrr Bo.qopola IeJraror
trx BecbMa y.UooEtntfir AJI8 rl3ylleEr{ff ol,i}IccrffaroMapEoro BoAopo.qa Ba cqeT yno-
pfiIoqeEEfl B IUreErCaX CypbMH,

SKctreplnenT qpoBoEJrcff t14,151 B cocy.Ue (pnc. 6.1), cocToroeM lrs IByx
IcaMep f tr 2, pag.UeJerrHrrx ulocKtrM BaTBopoM 7. EcJu,I BarBop BaKpbrr, To aro-
MH Bo,qopo,{a, KaIc rroKa3tlaaer ortrrr, qepe3 Eero Ee qpoxo,qrrr, OTMerm, rrro K
KaqecTBy BarBopa qpe,4tssBJrflnTcfl EecrKtre 1leooBarug. IlMprula mIIaIilIa ,UoJrlrcra
oHTb He MeEee 10 MM, cogprlKacau\qecfl troBepxEocTr! (FrarilIa lI .u4cRa .rioJr)tcr]r
6ETE [oJEpoBaErr uo 14 rc[accy ltEcrorH. MeJ6'ralfuMe qacrifl.f creKJra, rrbtJM,
trorlaHMe Ea oTtr troBepxEocTtr, IeJraDT BaTBop trpolm.laeMHM ,qJs r{acrr.flI. B Ka-
Mepe 2 pacrloJlaraercff TaETaJroBas Jlo.uowa c BapaHee rreperrJraBJreElrofi B Bafty-
yMe cypbMofi, Koropos HalruJrsercfl Ea creERtr cocyla tr rra Mlruerrb b - reapue-
ByD rlo.UJloxccy c rrJIaTruroBHME IcogTaKTaMtr. }{BMepeE{e cofipor]rBJrerilIfl TaKofi
IUIeIIKIIBO BpeMrI[ IIOCIeEaInIJIeEEfl trOgBOJItrJIO Cy'uTE O KI4EeTnce yllopg.qoqeElfi
cypbMtrIofi ILIeERII. B gTofi [e raMepe pactroJraraJracb rarrraJroBar r{Jrrr rrJrarr{Eo-
Bas JreEta .Errs rtr4poJMsa MoJreKyJr BoIopola. TeilEepaTypa Jrerrrbl KorilrpoJtr{poBa-
Jracb c troMoqbD lurartrEa-rularurropo.@eBoft TepMotrapbr 9. B or.Ie;rrrulx oErrax
aroMbt BoAopg.Ua troJryrraJu c rroMoqbD oe3sJe$Tpo.qEoro pa3pfiAa B BoAopoAe. B
KaqecrBe ceEcopa trctroJrb3oBaJlacb roErcafl &,IeErca orccEqa r@ffa - 6, KoropyD
Momo 6ruro trepeMeqarb trB KaMepbI f B rcaMepy 2 uptr rloMo&r ocTersroBaruroro
freJre3rroro rpy3ma f0 u MarrilTa.

, I4B oErTa cJIeAyeT, qTo trocJle BEK,rnqefltrf, trcrotnltrKa aroMoB BoAopo.ua r4
orrcaqKtr trpr46opa ,uo ,qaBJIeH[fl ro-6 Top trptr BaKpEToM garBope cencop Ee rlo-
Ka3brBaer HrrRaKLrx crrrEaroB (co[porrBJeru4e ero He MeBsercfl) (ptrc. 6.2),
Ec;tr saraop orlcpbrrb (cencop uptr sroM Eaxo.U{Tcfl B KaMepe f ), ro $aoJrro.ua-
ercfi craooe yMelrbuteBrle collportrB,reEtrfi ceEcopa, trro xapaKTepEo ,[Jrrr a,4cop6-
I.UII4 Ea EeM qacr![l -.UoEopoB gJreKTpoHoB (.Uosoprfifr ctEHar), IIpI4 [epeMeqe-
III,TI4 CEECOPA B KAMEPY 2 Ii IJf'Vc.JEffrEIIIM ETO K IIOBEPXHOCTI4 IIJIEIIKII CYPbMH IrA-
dJuolaercfl peoKoe ycltJlerrr4e .qoltopnoro cfirrraJra. IlepeMerqelue cegcopa B KaMe-
py l qpI{BoIMT K tow, qTo BHoBb perficrprrpyeTcs cradHfi IoHopIfiffi crrFrraJl fi
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3KcIIepn eETaJbEfr trpl[dop ,uJrs ]rccJre,uoBaErra oMllccrM
aKTrIBHIIX qaoTnl

{,2-KaMep!; 3 - roAoqKa-}rcf iaprlTeJrb; 4 -I lrarmo-

Bas JeBTa; 5 - Mrrl[errb; 6 - tro.4Buxffifr ceBcop; 7 -

BarBop; B - rontarrn; I - repirorrapa; fo- rpy3rEc
,4Jrfi rrepeMeuleErla ceEcopa
Iloica3arilm ceEcopa B cocy,ue c rrJremcofi cypbME, o6pa-
6OTAETOfi H-ATOMAME
IIpu t = 10, 20, 30 MrrE ceEcop trp}IdJumaeTcff rc uo-
Bepx$ocrtr urerrKtr cypbMbr. IIpr t = Ls, 26 MlrE cellcop
rrepeBo,&rrcfi B npeaEee troJloaelMe

T.A. TaKoe sBJIeHtre MoseT HadJuo.UaTbca npr! KolvEaTHoft TeM[epa1ype .qo Hec-
noJIbKtD( cyroK c MoMeHTa EamrreElls cypbMffiofi IUIeHKT{ I{ a.ucopoluel aroMoB
BO,4opoAa.

OrIeBltJfIo, qro ,[rf, tronn/raul{fl odnapyeemroro e@rcra B trepByn or{epelb
IrytGo ycraEoBtrTb, IcaKuMtr rIacTEIar,oI ooycnoBreEr cItrIIarbI ceHcopa. OTa Ba-
,uaqa pe[aracb pg'qolit ctrery@Iqecrurx gKcIIepIlrMeETaJrbEbD( trpueMoB, xapaRTeplux
,4'Ifl MeTO,{a trOWtrpoBO'uilECOBHX ceECOpOB.

I4B o6ryE cooopa8eHd cJreIJeT, .rro B .Uarfrofi cucreMe B rasoBofi Oase Mo-
ryT IIaxo.U4TbcS aToME BOAOpO.qa, aToME CypbMH, MoJIGKyJII'I I'I4.U)IIIa cypbM[ 14
cypbMfirroBo.UopoElbre pa.nlrKaJrbl. IIogToMy Eeo6xo,Uo,ro [poaHaJrr43l{poBarb BoBMoa-
rroe BJUIfiEI4e KaaJIo[ r{B EaBBaEHblx tlacrrtrI Ea cotrpor}IBJleET{e noryEpoBo,Uilmo-
BOrO CeECOpa B yCJTOBIIfiX OIrbrTa.

Puc .  e .  r .
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BJMaIMe rfirctr,Ua cypbMu Ha cofiporl4BJleiue cercopa
TeMneparypa cencopa 23oc, nplr t = 5 lnm qporroBo.&rr-
cfi IIa[ycR r,r4l[]r4.ua
Tebfi epa TypEJe B aBllcr4Mo c rlr cofipo rr{BJreHI{a ceHcopa
1 - a aaxyyr,re; 2 - B cocyle c rI,IIpEuoM cypbMbr

l43BecrEo [16], qro cypbMa trprr KoMirarrroft rer,neparype I,IcIIapaercE B Bune
MoJIeRyJI' MoJIeKyJIbl ,re cypbMN, KaK cJle.qyer uB [17], rre BJMrrror Ha co[porr{B-
rerue ce'copa r{3 .Kcrnla rutrfia. I( gTOMy r(e BbrBoAy qprrBo.urr orurhr co cBe-
&EBOCCTAIIOBJIEHI$IMII CYPbMtrIAMft IIJIEHKI4. OKA3bIBAETCff, qTO OE3 TTPE.4BAPI4TEJIb-
EOfi ArCOpdIIer aroMoB Boropo.qa He y.uaercs Haofio.qarb HlrrcaKlrx ci4rEaJroB cerr_
copa' f ta& 0To 6HJO B Cryqae orDITa (cM.p[c. 6.2). couporr*rer*e ce'copa
ocraercg [ocrofiiIIIEM na .ruo60l,r pacrogHrtrI OT rloBepxHocrr4 nJIeIrKI4 cypbMbr.
cre'qogateruEo, HaoJm,{aeMbre Ha oIIrJTe crrrtaJrbr cencopa He cBfiBaHbr c BJMflHu-
eM lIacTrIII CypbM[r Ha ceEcop.

PaccMorprd{ BJMsrrlIe rr{4)r{Aa cypbMbr Ha ceircop, &e B paoorax rlamrera
[18] 66tro rloKa3arro, qro B rlpouecce rJreruero pasps.Ua B Bo,Uopo.qe MeXnJ
cypbMrIIrbIMI4 oJIeRTpOAaMTI Eporrcxo,4{T CI{IITe3 SbH3. orlbrrbl [ 14, 1s ] c sbH3 '
[prIroroBJIeIIHilM rIO Mero.ume, aIIaJIOrrrIItOft Jre1, c Macc-cneftTpoMerp[qecKl4,f
aIIaJMSoM rtrm)}Ira' troKa3aJM, qro trpfi Bo3,UefiCTBI{U rtl4)I4ra cypbMbl Ha ceHcop
EAOJUOAAETCS BECbMA IIETEIICI{BHOE YBEIIIqEHUE CrO oJIEKTPOqPOBOEIOCTI,I. CCJM
ceHcop Eaxo,UTcrr llplr KoMrraTHo[ TelfiepaType. BaMerI,[\r, r{To e om,rre (crr.
pv.c. 6.2) CeECOp TaKfie Eaxo44Jrcs fiprlr Kor\firaTHoft TeM[epaType. Ha puc. e .:
IIOKaSaIIO trSMeEeHlre coqpoTl{BJIeHIIg CeHCOpa r{3 oKcl{Ia ulIIKa, BbrsBalrHoe BBa_
EUO.UeftCTBIIeM C H]rM U{,4)r4ra cypbMbr: rlpu t = 5 Mr4H [por43Bo44Torr HarrycK
sbH3. o'qEaKo ec.rM ceEcop Eaxo,&rTcrr trpr{ TeM[epaType HI4xe _2soc, ro IIpI,I
EarrycRe rrrJlpEAa cypbMbr .uoEopHoFo crlrHaJra ceEcopa He EaoJUO.UaerCs.

Ha ptrc. 5.4 IIOKaSaIIO lISMeIreEI[e coqporrrBJleHr4g ceEcopa or reMrleparypbl
Itpmag r [oKa3brBaer BaBuc]IMocrb co[porrrBJreH]rff ceHcopa or reMleparypbr,
KOF.qa ceEcop pacrloJrofteE B OTKAqamroM IIplI60pe. HaIIycK rlllplura cypbMbr rrpo-
uBBo,EITcfi rrpfi -zsoc, colportrBJleH[e ero IIp!I BarrycKe I{e MeHrrercg. I]pir
IIOBHIIIEHI,II{ TEMIIEPATYPbI CEHCOPA BIIJIOTb IO -2OOC BJMffIil{ff HA EIO COIIPO-
TtrBJIeEtre rr{4)rrAa cypbMbr Ee [a6Juo.qaercff. Jl]flb IIpu 60ree BbrcoKoft TeM[epa_
Type uoaHo BaMer[ITb orlc[oHeHr{e gaBrIcI4MoctI{ R(T) or KpuBoft f, r{To cBg3aHo
c pas.non6rueM sbH3 Ea zno. 3Tu pesyJrbrarH rrosBoJIIrJM qpoBecrlr orrbrr no
aMtrcctrtr H-aroMoB B crrer[raJlbrroM cocy.ue, Kor.ua sb-rrJreHfta, o6pa60Taltrras
H-ATOMaMrr' EAxo.u{Jracb rrp}I KoMlrarfiofi Tel,fieparype, a ceHcopH - rrpfi -ao"c;
[pI'I 9ToM ceflcop' KaIc cJle,{yer I{3 }rBJIox(eEIIoro BHue, HerIyBcrBrrreJIeH K r!rr-
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pll,trJ cypbME, Ho qyBcrBureJlbHocrb ero R aroMaM Bo.4opo,4a el{e BeJuEca. ORa-

BblBaercg, rITo B BToM cryr{ae y,uaercg ilaoJuo,qarb CIITHaJIII, aIIaJIorI4lIHIie c[r-

IIaJIaM B OIIIITe pI4C. 2. oTCn,Ua CJIe,UyeT BbIBO.U, qTO B 9ToM Om,ITe [OKagaIII4g

ceEcopa Be cBsgaHLI c BoS.ueftcrBl4eM Ha llero fI{A)I'IlIa cypbMbl .

llpyrna uo,qrBep]I(AellueM c,UeJlalfiIoro BbIBo,ua fiBJlgloTcg .uaHlnne IIo Kl4Her?trce

.UOHOpHOTO CIlrHaJIa. OKa3aIoCb, qTO ,4oHopflble CIITHaJIN CeHcOpa MOXI{O EaOJIn-

,4aTb ,4at(e B TeqeHlle 4 cyToK c MoMeBTa HaIILIJIeE[fi CypbMflHOft nJIeHK[ 14 aI-

copolDfrl Ea Eeft H-aroMoB. BpeMfl, 3a Icoropoe curHaJIN ceEcopa cHuxaFTcfl B 2

pa3a, .4oxo.urT ,qo 33 q, TOr.Ua RaK rIOJIynep[oI pacna.ua sbH3 lta cypbMs-

Hoft rrrerrKe cocraBJlser 6 rI [19]. B paoorax [14,1s] flutp]Lu cypbMbl noJI-

IIOCTbD pagJIOr,AJICg B Cocy.4e C IMCTbIMII cTeIIKaM[ (6e3 IIpeABapI4TeIbIlOlO Ha-

IsIJIeHr,Ig sb-[Ielficl4) 3a 30 r{. IIOCKoIbKy pa3JloxelMe sbHj - ABTOKaTaJMTI{-

r{eoKafi peaRltrIg, yCKOpfinqaECff o6pa3ynnunUCg B Xo,4e pa3JIOIceHI4g OCa.4{aMI{

[].91, TO Or{eBtI.EIO, t{TO B COCy,Ue C yl(e UMenqeftcg sb-flrelfltoft, KaK 3To 6buro

B OrrrrTe (cM.plrc. 6.2), pa3JIOX€H[e 6y,ueT UITI{ obloTpee qeM 3a 30 q tr

crrrHaJril CeHcopa, ecfiI 6bl olfl{ 6bUM cBs3aHI{ c rlI,4lI,I,4oM cypbMbl, 66UIo obl Ee-

BosMoIcto lla6fi0.[arb B TerIeHI,Ie EecKoJIbKID( cyroK.

TaKrD,r o6pa3oM, B pesyJlbrare ceplu[ omnroB I'I aHaJMsoB JMTeparypIIbIx ,uaE-

Hblx uoryrleHbl IoKaSaTeJIbcTBa, IITO B OTIHTe p14C. 6.2 CUrHaJIbl CeHCOpa Ee MO-

Iyr obrrb cBflBaIIII c Bo3.4eftcrBI,IeM Ha lrero ru$lil.ua cypbMbl.

B cocy.ue c sb-firelucoil r a.ucopdI,IpoBaHHNMl{ IIa Heft aroMaMI4 Bo.4opo.ua,

KOI,4a CeECOp y,[aJreH OT trOBepXHOCTIIT Sb-TIJIeEICI4 IIa 3 CM, Ea6rIO.4aeTCs, RaR

I{ B Om,ITe p\r}. 6.2, ,qOHOpI$ffi CImEaJI CeHCOpa. 3tOt CIU'Xa.n llorHocTblo llcqe-

Baer, ecJM B cocy.q Hanyc$,Irb 1oo rop a3ora [JII[ KaKoro-H'I6y.ub ulleprHoro

K rrreHKe ra3a. cItr'EaJEI rloqBfiTcrl BIIoBb rlocre ero orKarrKil (puc. 6.s). Ta-

KOe gBJIeHI{e XapaKTepHO TOJIbKO ,UJIS aKT}IBHblX qaCTI4IL KOTOp6Ie IIpI4 ,4aIrIlbIX
ycJloBl4fix BcJre.[crBe rereporeltrlofi ra roruoterutofi peKoM6maud He Mofyr Irpeo-

AoJrerb paccrofiHlre MeMi/ ceHcopoM rI cypbMsHofi llrelil(oft, Tor.ua KaK MoJIeKy-

JrEprnne llpoAyKrbl Bce paBIIo 6bt .uocrIFJM ce$copa. SaMerldlr, rITo qepe3 rIoJM-

poBarftsffi sarBop 7 (cM.puc. 6.1), KaR rloKasNBaer orIbIT, MoJIeKyJIfipHI{e [po-

AyKTN cBodolulo fipoxoAflI. I]ogroMy ecJM 6N clIuIaJIN ceHcopa ollpe,[eJlsJMcb

Bo3,ueficrBueM rtl,qpllla cypbMbl I,IfiI KaKolo-JII!6o .4)yroro MoreKyJlfipHoro [po-

.UyKTa, TO COnpoTI,IBJIeHlIe CeEcopa UBMeEgJiOCb I{ qpl4 SaKpbITOM 3aTBOpe' qeIO

Ha orILITe He Ha6rr0.[arocb, Cre.uoBaTeJIbIIo, lIsMeHeHlIe CO[pOT]4BJIeHIdfi CeHCOpa

rla oKcr4.[e l"rytrIRa B orblTe (cM.puc. 6.2 ) Moxer 6bITb cBflsaHo roJIbKo c

Bo3.[eficrBr,reM Ha Hero aroMoB Bo,4opo.ua I{JM cypbMsllo-Bo.4opo.uiblx palu{Ica-

JIOB.

EoJM rpe.uloroxl4Tb, qro ,uoHopHble crtrHaJIE cellcopa cBfisaHbl c a,4cop6u{eft

cypbMtrro-Bo.uopo.UrNx pa,umaJloB, To a,ucopol,IpoBallHlne Ha ceHcope pa.4IKaJIbI

sbH2 rro aHaJloruu c pa.uIKaJIaMlI NH, NH; t2o] (a r€Kafl aHarorllfl BTIoJI-

He yMeCTIIa, nocKOJIbKy rlI.4)I'IA CypbMbI EBJIseTcff TOMOJIOIOM alvn\iMaKa) Ha

rrJrerrKe zno IoJil{crbr 6bITb aKqenroparig! gJIeICTpoHoB !r, cJIe,4oBareJIbHo, yBe-

JItFIuBarb corrporr4BJlelll4e ceEcopa. Ha offtre I(e c yKaSaHHbIMI4 r{acrl4l]a-

Mr.r Haofio.qaercs yMeilbueHlte cofiportlBJleHfis ceEcopa. Jlaree, ecJM Bce r(e

IIpe,EIOJIOIOITb' rITo ,UOHOpHI'Ie cImHaJIIJ CeIICopa BCO-TaKI{ cBfi3aHbl c BJM-

8lil4eM CypbMtrIO-BOAOpO.UfiX pa.UmaJIOB, TO IIa TIOBepXHOCII4 CeHCOpa, 3a-

perrrcrprpoBaBmero .uonoplsrft cItrHaJI B orII{Te (cM. puc. 6'2J, 6ylyr llaxo.4,rTb-

cg cJIe,&I cypbMu, Koropble Mottffio odnapylg,ITb KaKI'[\r-JM0o rcyr]n',l cnoco-

6oM, Harlpr,ftlep c rloMoutblo arot'trIo-aocoporMomloro aIIaJMBa.
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l,t3MeHerue corq)ortrBJreEra ceEcopa B cocy.qe c uremofi
cypbMbr, oopadoranHot aroMaMtr BolopoAa
IIp[ t = 5 wlg qpo]r3Bo,u.rrcff EarrycK a3ora, qpI,I t =
10 MI{H - OTKAqKA

t{BMeEerMe co[portrBJreHrrfl ceEcopa
IIpu t = 10 MtrH qpotrgBo,urcfl lrarfyc6 0,1 Top srr.rJrega

C troMoqbD oToro ceEcopa y.[aercs ycTaaoBuTb npulrr{Hbr ot'tstccvu aroMoB Bo-
,uopo.ua c troBepxHocru aMop(Fofi cypbM[r. OKaBHBaercs, lrro sro SBJIeIMe xapa-
&Teprro roJrbRo ,uJs aMop{Hofi cypEMH B xo.ue ee Kpr4craJrJrr43arutr4. Cepafl. KpII-
cTarJltrrlecKaa cypbMa EeaKTrrBrra B sToM a&lleHur{. A.qcop6rI4s KtIcJIopo.Ua rrpe-
RpaqaeT KprrcTaJuMsarlDo rr, KaK cJreAcTBrre, qpe&paqaeT oMr{ccno aroMoB lcr{c-
JIopoIa. HarpeBalMe aMo@ofi cypbMrr c a,UcopoqpoBarrHr'rMtr aroMaMlr BoIopo,Ua
ycKopfieT ee y[opfl.uoqeEfle, a cJle,{oBaTeJrblro, qprr HarpeBaHtrr{ yBeJnrtuma-
ercs }rrrreHcuBllocrb oMlrccI4LI aroMoB Bo.uopo,ua. 3Tu onbrrN IIoKa3arII, qro Ba
BUneT aTOMOB BO.[OpO,4a OTBeqanT sK3OTepMErIeCKtre CTa,UIII B rrpoqecce yflops-

AoqeEus auop(Frofi cypbME. gtreprnfi, Bbr.qeJr.Erqascfl B TaKID( rrpoqeccax, Mor(eT
oETb .UocTaro'trIo oorbEoft. Hafiplnrep, npll percoM6rdarytr,I .qByx aroMoB cypbMbr
Bbr,UeJraercrr 71,8 Krcal,/MoJrb, qpr4 o6pa3oBartrEr rpexaroiltrtofi MoJreKyJtN us ,UByx-
aTo!,trIofi r29 KICaJ,/MOJrb [23] gEepIIIf paSpHBa CBff3I4 Sb-H COCTaBJIfieT
60 rcKar,/Morb [24].

lfirrepecHo orMertrTb, lITo oMrlccl{s aroMoB Bo.uopo,ua Eaofio,qaracb LI B cJIy-
qae peflarcaluu{ EaIINJIeIIHI(X cJIoeB IIJIaTI4HbI U IIaJIJIa.U{fl B Iq)I4cyTcTBIlM Bo.4opo-
,Ua rpr.r MaJrbrx AaBJrenr{ffi. l2s'J. B groM cryqae aBtopbr cpaBrrrrBaJm uoMenerrr4e
oJreKTponpoBo.IEtocrll ceHcopa, BHBBaiiHoe a.4copou{eft aroMoB BoAopo.[a, Bbtre-
TaWD( c MeracradtrrbEoft troBepxHocrfi MerarJEFrecKoft rIJreHKr,r (p!Ic. 6.7), c
IIOKaSaHIISMIII CeBCOpa, O6yCJOBJeItrIIIIV[4 a,4oopol[Iefi H-aTOMOB, KOTOpNe B RaJM-
opoBortrroM onHTe [oryqar[cb rryreM rtrfpoJMoa Ha ropflqeft reHTe. TaKas Mero-

,UIKa uoBBoJIIrJIa, Bo-IIepBEx, Ea.[elFro trUeErtr(@MpoBarb rrrrr rracrr.q-.qoHopoB
gJIeKTpotroB, Bo-BropEr, oUeErrrb BeJMrrrlEy rroroKa HecrarploEapHofi gti,fircctM

H-aTOMOB, qTO Il ,UaJIO BOSMOICTOCTb yCTarrOBrlTb KOppeJrsr_UEo MeIUy r4irTerrcrrB-
Eocrbn oMtlccruI H-aroMoB u gEeprtrefi arperaUlurr HaIIeceHIIoro MeraJIJIa,

/5
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.IIJTA UOS'IUEIMS TIYACTBI.TTET'HOCT}I ATOMEO-A6COP6I&O,'IOTO AEAJMSA ObIJI IIP'I-roro&'re' cr'eluarb*fr ce*cop c rroBepx'ocrbn, AOCTaro*rofi rJrfl TO.O,qroobr odqee rcoJMrlecrBo cypbMH B pe3yJlbrare a.UcopduEt cypbMsrlo_Bo.Uopo,Urbrx
pa'UIRaJIoB' KoTopoe Moxclo olleEtrTb LI3 I.I3MeHeHns aJrelcTponpoBo.UlocTn ceHco-pa' otrro ,uocryrEro .uJIs aroMHo-aocop6r.u40moro aIIaJMsA. AEAJEI3 ceHcopa uo_KasaJI OTCyrcrBI{e repeEoca cypbMbr c aHa.,Msr4pyeMbrMl.r qacrrfl_1at"fl4. A 9TO OsEa_qaer' gro B OrrlITe(cu. pr'rc. e.z)nadnoraercfl BHJIeT qpe.n3apr4TeJrbno arcopolt-poBaHHlIX aTOMOB BOIOpO,Ua c lroBepxHocTr/t aMop@rof cypbMbr B xo.4e ee yfiopa_
.rlogeElrs.

JIOATBEP{IEI'{EM STOIO B'IBOAA ABJIflETC' O,,IIT C IIAIYCKOM STIIJIEEA B COCY,4
c cypEMtrIOfi trJeECOft, odpaooraluofi aroMaMr{ Bo,{opoAa. 9TOT gKC,,epI'reHT fl'_Jlflercff qpro'[epoM KaqecrBelfiroro xrrMarleclcoro arraJM3a aroMapHoro BoAopo.qa,
lileeecrso [21], rrro BaxBar MoJrercyJraMtr orure'a aroMoB BoAopora qpore*aer cBACO&Oft C&Opocrb', B pe3yJrbrare qero oopasy'rcs orrrJrblr'e pa,ur*aJil. IIoc-ne.ullle aJloopdUpyntcs lra EaIIrrJIeffioM cJIOe cypbMbr IIpu [epBoM ae coyAape]Ir4r{
[22] ' qro 'qeJlaer craul{o'ap'y' Ico'qe'Tpar.um pa.ul*aJroB croJrr MaJroft, gro
orII{ Ee M.ryr Bfiltrb Ea co[porl4e,Ie*]Ie ce'copa. Ha ptrc. 6.6 rIoICa.aHo I43Me_Eeme cofiportrBJrerrr.s ce'copa Bo BpeMeHtr B COCyre c sb-,,re*coft nn a,4copo[_
POBAHHbIME ATOMAMtr BOTOPOAA. B EA'IAT5Itrfr MOMEIIT BPEMEHI{ EAoJDOAACTCAyMe'brle*tre co''portrBJre'Rfl C.HCOpA, oOycroBreffioro grv*C.[efi aroMoB BOIO_pora. IIp,n Earryc*e 10-t Top 'TlrJre'a cm'aJru ce'copa MTH.B.EEO [Cqe'aDT.
SaMerr'[u, qro EarIycK Ta&oro MaJroro KortrqecrBa a'ora rJM r{Hepr'oro 'aBarrpaKTtrlrecRlt rle BJMAeT tra IIORaBaHug ceficopa.

Tarma oopaeoM, TOJI'R' B peByJrbrare trc,IoJrb..Bar*fi pasEOOopasHHX e*crre_
PI4MEHTAJIbETD( trPI'EMOB, OCIIOBAIIHITX [A I4.BECTHUX B JII,ITEPATYPE ICTEPO- [ rO-MoI'eHHbIx peaKlryItx ' y.[aJlocb pelMTb IIocTaBJIeEIIyp agaJlr4Tr.rllec&yt' Ba.Uagyu TIeIITLI(FtrU[poBaTb qacTurlbr, BEJIeTaW4e B rasoByp FaBy c rroBepx'ocTrr
cypbMtrrofi rIJreHKr{. Iiomle'Tpaqtrs aroMoB BO,[OpoAa B ra3.Bo[ (tra'e B eroMcryqae EeBeJEU(a (oueruca ''o cKopocrtr rrsMerre'[fl AJre*TpoqpoBorEocr]r ce'copa
Aaer BeruEEry rlopfiJuca ro. cM-.'), a flooror\,ry rr yAaerca ooHapylMTb oro Ee_
TPIIBTAJIbHOE ABJIEHI,IE TOJIbKO 6JATOIAPff YIilMANbEOfi IIYBCTBI4TETbEOCTII CEECOPA
u3 oKcI.rIa ultrfia.
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IIJIeIIKTI OKCI{.{a t[trIKa
IIO,U BJMfiIII4eM aTOMOB BO,UOpO,4a, 9MI4TTIITpOBaIIIIbIX C trO-

BepxEocrrr cloprvtrrpyroEcs cJroeB rrraTl4Hr{ rra rroBepx-
HOCTII OKCIIIa Kp€MErrfl rrprl BIIyCKe MOJIeICyJIFpHOTO BO.UO-
po,ua

CTpeJEca yKa3btaaer Ea Ealraro oTKaqKtr BoAopo.Ua
Prr= 6, '7 I Ia, fpt = 533 K, Tr*= 293 K

Sr.erccua aroMoB cepeopa
f - r,r3MeHelil4e corq)orlrBJrerlrrfl ceEcopa-uo.qJrowt; 2 -

uSMeHeHI{e COIpOTI{BJIeIMS C eHCOpa-Ie TeRTOpa:
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6 . L.2 . 3M.TCCUA aTOMOB Cepeopa B XO.[e 'rx arpera4,rr{
Ha TBep,uDrx rroBepxsocTsx

Ita& yfte orMeqaJlocb B pa3,ueJle 6.1, IIpI{ ynopg.uoqeHlM cBe)i(eHarIbIJIeHHilx rBep-
,EIx nJreEoK Eaofiolaercg pag cnoeodpagHbrx qpoueccoB, cBs3aHHHx c BrI,{eJIeHrr-
eM oHepruu B xo'[e yllopg.UoqeHr,rfl (KoH,qeHcar_U,rolfiIo-cTr.rMyJlrrpoBaHl6re gft{eKTN).
BNrer alcoporpoBaHHblx aroMoB cepedpa c rIoBepxHocrr4 IIo.UJioXIrr,r B ta3oByro
QaBy nocre oKorrrIaIII4g EarrrrJlel{I{g fiBJrgercg rrpl4MepoM TaICoto Ilporlecca, Koro-
pbM Mottc{o o6Hapy&,rTb rr lIccJIeIoBaTb, Ilo-Bu,undoMy, ToJlbKo c lloMor[bn noJly-
npoBo.ufltrcoBoro ceHcopa. l4cflorbBoBalole JIce ceHcopa B KaqecrBe no.[Jlol{c{u-
EOCI,TTeJIS aTOMOB B STOM Cryqae nO3BOJrfieT IIOJIyIMTb gKCnepr4MeHTAJIbHbre IaH_
IMe, C nOMOqbI0 KOTOpbrx Moxlto c.ueJlaTb lrpe.uloJlolrcHrIfi o MexaHr,rSMe gTolo

[pouecca.
3Kc[epr&teHT rrpoBo.U{Jrcs B raKoM x€ rpr,r6ope, rrTo r43o6pax(eH Ha pr4c, 6.1,

Ilo.qroxfia 5 rrue.ra Bnyrperilil,il rroAorpeBareJrb - nJrarrtr{oByro nJrerfiy, r{aneceu-
Hyn Ha rNJrbHyn cropoEy rro.uJro'Gr4. Ilo.uroxcca EarpeBaJracb Ba cqeT .ult(oyJreBa
TerIJIa IIpu IlpollycRalil{u roRa qepe3 nJIarI4HoByIo rIJIeErcy. Tetfneparypa nreHKI4
KoIITpoJMpoBaJIacb rrpu rIoMo[U{ pt-ptRh-TepMonapH, TaKas KoHcrpyKrlr{g no3Bo-
JIfiJIa no,qorpeBarb no.uJlolfty Bbrrrre zoo"c, npu groM TeMneparypa B KaMepe I
cyqecTBeHHo He MeHfiJIaCb, a BHaqI{TrIIe MeIITIJIOCb COIIpOTI4BJTeHI4e CeHCOpa, qTO
BCCbMA BATfiO IJI'I IIHTCPIIPETAI.UOI ETO [OICA3AIilil. B HEKOTOPbIX OIIbITAX IIO,[JIOT(-
Icy Mo,tfio obulo IIoBopaEBarb paBHLIMtI cropoHaMtr no orHoueH]Ilo K ro.[oqKe g c
rloMoqbn ocreRJIoBaIIHoro r(eJlegHoro rpygllKa I{ MarH]rra. EcJM rloBepx_
Hocrb grlfi cropoH noIJroIRI{ no.@epraJlacb pa3Eoft Mexalil{qecKoft o0pa6or-
Ke, TO TaKarr ROHCTpyKr.us rrosBoJrsJra fiorrffTb poJrb cTpyKTypbr rroBepxHocTr,r
B sMrrcclru aroMoB cepedpa,

IlopsAoft lrpoBe.qeHr.rs omtToB 6ur crery@nr trs,26l. IIocJre HarrNreHr,rs oII-
pe.qerelllioil .uo3H cepedpa Ha nolJroxccy BbrKmoqaJrcff rro.uorpeB Jo.uoqKr,r c cepe-
opoM' orKpHBaJrcs sarBop 7 u ycraEaBfirBaJrca ceHcop Hanporr,rB rro.uJrolrcrr4 raK,
qToobr noBepxEocTb ce$copa 6Hra naparJreJrbHa rroBepxHocTr{ no,uJroxKr{. B oTI,D(
omlTax 6bur Baper[crprrrpoBaE Heooparrofifr ,4oHoprtrfr c[rrraJr ceHcopa, qro Mo-
xer oHTb cBaBaIIo c a,qcoporyIefi Ha ceHcope - nJIeIIKe oKcl{.qa rl4ruca-aroMoB
cepeopa, Koropbre, Karc r.r3BecrHo [27], fiBJrrrnrcrr,EoHopaMil BJreKTpoHoB, OTMe-
TUM' qro CIfIIaJII'I CeHCOpa EaofioraJucb roJIbKo [ocJle ycral{oBJleHl{g ceHcopa
IAIIPOTIIB IIOIJIOTGII. IIPII .@YTOM B3AUMIIOM PACUOJIOfiEIIIII{ CEIICOPA }I NO.qJIOXKII

cfirsa.m ceHcopa He HaoJuo.uaJurcb.
Itan yxe oTMellaJrocb, rlepBofi sa.{aqeft IIpI4 tro.4oOrux lrccJre,uoBaHr{fix aBrser-

cs I{,qeETI.r(PtrcaLU,Ifi qacrrr[L BJMSWD( IIa co[poTr,IBJ]eHrre ceHcopa. B ,qarurou
cryqae gra Balaqa yqpoqaJlacb, rrocKoJlbKy ceHcop uepeMeqaJrcs B a.qcop6l[{oE-
Hyn RaMepy 2 Torbno [ocJre oKorrqaHrrg EaltrrJreHllfl; aroMbr cepeopa B KaMepy I
qepes BaTBop He trpoE![KaJrrr, KpoMe Tofo, EaIIEJIeE]re qpousBo[4Jrocb IIpr4 IaB-
JreEr{r.r ocraroqHHx rasoB ro't rop , TeMueparypa uc[apr4TeJrs cepeopa He rrpe-
BNIIIaJTa gsooc. A oro ogllaqaer, q?o uplr ranl4x ycJloBtrgx B fipItdope Eer rene-
pautlll AoJIIOIC4ByUD( aKTI{BI{HT qaCTEL B"'IIIA|ru Ea CO[pOTIIBJIeHI4e CeECOpa,
KoropEre MorJEr 6E Haxo,&rrbcfl B trplldope yae qpu xoJro.uroM ucnapurele. IIoe-
ToMy gpe,froJrox(eErre o roM, qro loHopEne ctrrtraJlbl ceHcopa ooycroBrerun s[erc-
c}Iefi aroMoB cepedpa, fiBJIrInrcfl locraroqEo ocEoBarenbHEM]'.

9Tor BbrBo.U [o.urBep{,[aercs oJreMerrrEuM aEaJMBoM ceHcopoB, Baperr{crptrpo-
BABIIIETO CBbIIIE 30 .qO3 CEPE6PA, BbIJIETEBIIII4X C trOBEPXHOCTI,I IIO,4JIO'IG{i4 IIOCJIE

OKOIIqAEU.fl EAIIEJIEEIIfl CEPEoPA EA EE IIOBEPXHOCTb. OGITbI IIO MI4iCPOSOH,UOBOMY

,an

a8afil3y ceEcopa rIoKaBaJM, .{To raKoft ceEcop uMeer yqacrKl{' coAeprcaul4e '4o

o,z aec.% cepeopa e r mcd. Bcero x€ Ha ceEcop [orIaJIo z'to12 aroMoB ce-

pe6pa. l,1B groro cJleAyer, qro arol,Gl cepeopa pacrloJlaraloTcs Ha noBepxllocrl{

ceEcopa He paBlroMepEo, a JIoKafirByFTcg B Mecrax cKorlJleErrfi.ue(peRToB' '{To i4

ITo3BOJIIIJIO OdEapyK,Ilb Cepe6po Ea IIOBepXEOCTI4 CeHCOpa c noMolllblo peHI.eHOBC-

KOIO MtIICpOaHa.mea. C;re,UyeT BaMerIITb, qTO KOiITpOJIbItrM ceHcop, I'3IOTOBJIeII-

rfiffi B orofi xe llaprl,ff, IIe co'4ep*aJl cepe6pa.

TaKr.n" o6pa3oM, B 3TI4l( oltrnrax odHapyxreEo I{HTepecHoe gBJIeHue - BbIJIer

a.UooporpoBarfinnx aTOMoB Cepeopa C IIOBepXHOCTMIOIJIOII{KI4 IIOCJIe OKoHqaEI,lfi

IrarrbrJrerrr4fi, B eroft pa6oTe IIoJryrrpoBo&IrIKoBbIe ceilcopbl lIcrIoJIbsoBaJII{cb B ,4Byx

KaqecrBax: ceEcop - no.uJloxKa, IIa KoropyF IiaiIIIJIgJIocb cepeopo ng ro.uor{Kl'I'

qro .uaBaro Bo3Morctocrb KolrrpoJMpoBarb rloBe.qeHlle a.uaroMoB cepe6pa Ha rlo-

BepxHocrl{ a.qcopoeETa; ceHcop - ,4erelcrop BbIJIeraul[D( aroMoB cepeopa.

Ha puc. 6.8 rIoKaSaHE lISMeHeHI4e co[porI,IBJIeHtIg ceEcopa-fio,uJlo)tctl'I (KptI-

nas {) 14 rIBMeIIeHIre cofiporllBJleHl4fi celicopa-.uereKTopa aroMoB cepeopa (KpI,I-

eas 2) Bo BpeMeIM. KaK BI,I,Ulo I43 plIcyIIKa, rDu a.[copou,trl aroMoB cepeopa Ha

IIOJryqpoBo,EII,IKe n-T?IrIa (OKCI,U lptrnca BCeI,4a obIBaeT TOJIbKO 9JIeKTpOHI{!IM IIO-

Jlyr$oBo,ufltrcoM) rrpolIcxo,u{T yMeIIblIeHI,Ie ero corPorI4BJIeHI{s, '{To 14 Hadfio,ua-

Jlocb, HanpuMep, B t2?1. IIp[ HamrreIII4I4 aroMoB cepeopa ceEcop-,4ereKTop Ha-

xo.&IJIcs B KaMepe f sa SaKpblTrnt SarBopoM, rlooroMy coflpor]IBJleHile ero He

MeHrrJrocb. B MoMeHT BpeMelru 5 [,[trI (Ha p]IcyHlce orMeqeEo sees.uoq&oft) [po-

I4BBolIIrrcfl BbrKJroqeEI{e }IcroqIII4Ka aroMoB cepeopa I4 celrcop-.uereKTop ycraHaB-

JMBaercg B KaMepe 2 naqporug MI,ruteHI4. I]ocJIe Bb[unoqeEl4E l4crorlHl4ca aloMoB

cepeopa, KaK u cJIe,4oBaJIo ot(ll,Uarb'[27], EaorloAaercff peJlaKcaql4s co[porl4B-

JreHItfl ceEcopa-flo.UJloruu4, cBII.UeTeJIbcTByUas o llpollcxo,[fi[eff ]Ia ee IIoBepxHo-

crll arperalu{u aAcopo}rpoBaltrux a?oMoB. ArperarE ,rc cepeopa Ha rloBepxHocrl4

oKcII,{a tu{EKa aJleKTpoEefiTpafiblnl [28]. IIo.4 3TI4M TepMI'IEoM ilMenrcs B BI4Ay

qacTlds, oopaSoBalilnle l13 HeCKOJIbKID( aTOMOB, Ee OoraAaU[I4e cBoftcrBoM Mac-

cr4BIIoIo KpIICTaJIJIa. o,nlloBpeMeltrlo perucTpfipyeTcfl EeoopaTl,l"oe yMeHbllleHl,Ie

coIrpoTuBJIeHI4g ceHCOpa-,UeTeKTOpa, KOTOpOe, KaK IIOKaSaBO BbIIUe, oqpe.ueJlEeT-

cfl a.ucoporlreft Ea ee rloBepxHocrll aroMoB cepe6pa. IIpI4 [oBTopHoM IIaTEJIeEI4I4

TaKOTO r(e KOJIIItqeCTBa aTOMOB Cepeopa (o6nqro ,qo3a HaIIbIJIeHHoTO Cepedpa

cocraBJlflJla :.:.otscl,t-2) I,tMeer Mecro .qarbgelfoee yMegblleHue co[porI,IBJIeHIrfi

ceEcopa-tro.uJlox(Rfi, qTo cBI4IeTeJIbcTByeT O TOM, qTO I.I B STOM OrIbITe Ha IIOI-

JroxGe uMeFTca a,qaroMH cepeopa. Ilocre nuuuoqeEl4fl }Icro'Ilfltrca aroMoB cepeopa

TaK fie, KaK I4 B qpe.4rAyqeM onETe, HaoJuo,uaercfi peJlaRcal-u4fi co[porI'IBJIeH]Ifl

ceEcopa-Ilo.qJlorrccl{. Cre.4oBareJIbIIo, Ea IIoBepxHocrI{ rlo.uJloro{fi 14 B SToM cryqae

qpolrcxo.ryrr arperartrIfi a.ucopdrpoBarcGlx aroMoB cepe6pa. omalo B sToM oIIII-

Te co[poTlrBJIeIMe ceECOpa-,{eTeKTOpa, ycTaIIoBJIemIoro EarrpoT]fB ceHcopa-[o.4-

JrotrKtl, Ee Mellgercg. SEawIr, IIpI{ rIoBTopHoM IIaTIJIeIII4]! cepeopa Ha rlo,uJloxa{y

sMuccwl aroMoB cepeopa Ee qpol,Icxo,ryIT.

Pesyltraur arM oubIToB IIoBBoJIffnr c.4eJiarb olrlo3Ea'Ilslft BbIBo.4' qro

[15,26] rre [pol4cxo,ryIT TpuBl,IarbEoft .uecopdlutr{ craoocBflsarunlx aroMoB ce-

pe6pa, IlocKorbKy I{ B rIepBoM I{ Bo BTopoM orllire Ha IIoBepxEocrI4 IIMeJMcb

aAcopo4poBaltril,Ie aroMbl cepe6pa, Tor,qa KaK gMllccl4s Eadrlo.uaJacb JIl4Ilb B nep-

BoM orINTe. creAyer BaMerI4Tb, rITo fipu a,4copdlltr{ B flepBylo oqepeAb 3anoJl-

Ilrllorcg ueIITpbI c ooflee BblcoKoft TerlJloroft a,ucopolrytr,I, rlooroMy ecJM obl B

orl{x oltr[Tax rDol{cxo.u4Jla ooblwlafl ,uecop6ul4g craoocBs3alil{,Ix aroMoB (Ro-

TopHx rIocJIe noBTopHoro HarIbIJIeIII4ff oNro 6bI ropa3.4o 6orbule ) , To nocfie [oB-
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TOPHOTO EAIIEJIEH'''I MOXCIO 66UIO OEIATb OOIEE ITITEHCITBII'IX CITIIAJIOB CEHCO-pa-,4ereKTopa aroMoB cepe6pa, TorAa rcaK B OTOM Cryqae, &a& rroRasaJr olrbrr,r,rx oMtrccr.rfl noodqe ge Ea6Juo.[aracb.
IIOJY'IEESIE PEsYJIbTAT'I MO'IftIO IIOEfiTb, ECJM IIPE,UIOJIO,I.4Tb, IITO I,PI4 OOPA-SOBaIIUII Arpera?oB cepeopa, cocTo@D( I,I3 BedoJIbEOro qficJla aToMoB, rlacTb

B'.Ueraqeftcff o'eprr* pacxo.uyercfl ra rcoreoarerbuoe Bos.ylrqe'ue cBflsn aA-al.Ma c rroBepx'ocrb'' rrro qpr4Bo.ur K BtJrery ero B ras.Byn 6a3y. IIp,n [oB-TOPHOM HAI]I'JIEEI,II 6OTEE BEPOETEO qPICOEIEIEHI{E AIATOMA IC Y]rE I4MEUIU4MC' HA[oBepxHocTll arpelaTaM. Ilpllcoe,EEreE}re aIaToMa K arperaTy TaKI(e collpoBo]tr_
.uaerca BH.UeJrerureM sraq,rreJrEOt glleprr4l/r, nopfiEta gHepruu Koresr{}I 68 KKaJr,/MoJrb [2e], Tor,ua KaK Terulora a.qcoporyM aroMoB cepeopa _ 12 lcrcar/Morb
[30]. IIoSTOMy B cJryqae o6pa30BartrIs MarNx arperaroB BeporrrHocrb KOJIeoa_
TEJIbIIOTO BOSOY&UEIMtr CBfl3U A.qATOMOB C IIOBEPXEOCTbIO .UOCTATOI{HA BEJII{ICA,qTO IT IIOBBOJISET EAOJUO.*AT' OMI.CC,DO ATOMOB CEPE6PA, IIP,' ,,OBTOPHOM HA-ItrIJIeIIIM rlpoucxo.u{T, [o-BnIoroMy, B OCEOBEOM yKpyrrHeHr{e yxce ulreFruD(crr
arperaroB' Bbrrer'rcuasc' B 'TOM qpoqecce s*epr,nfl Jrerfto pacqpe.{eJraercg
IIo cB83gl\it KpyIEoft gacTIrrIU,I4 ,UOJIfl, Ilpr,r1o,4qarlcfi Ha aToM, Ee.UocTaTor{Ha .q.11Eero oTpbrBa.

I{3 sroro qpe.uioJrox€H}rs cJre.rrJer, trro 'M}r.cur' aroMoB cepeopa qp}r 3a.qa'_
Hofi cKopocTu EaIiIIJIeHI{fl MoaIIo oMIaTb c ooJbEo[ I4IITeHcuBiIocTSIO ToJIbKo BoIIpe.{eJIeIIEoM ltr{arra3oEe BalroJrHeHllrff troBep&rocrr{ aIaToMaMil, XaparcTepnoM .qJrs
'IAEIIOTO MATEPI4AJIA }I I,'fi .UAruIOfi CKOPOCTI. HAII'IJIEIII4A. ECJM CTETEH' .AIIOJIEE-
alra rroBepxtrocrfi aAaroMaM[ MaJIa (_ ro-a _ ro-r), To arperalu&r a]IaroMoB He
qporrcxorg4T raxe 4pr.r EarpeBarrlM rro.uJroaM r{B oKC}rJa uffiKA ,qo zoooc 1rr1.IlosroMy, Koula &oJII[rIecrBo aroMoB cepeopa Ea rroBepx'ocr[ ce'copa-,qere*To_
pa, Baperr{cTpr4poBaBrrrero sMtrccroo aToMoB cepeopa, MaJro, He Haorro.Uaercfi pe_
Jlal(cal$ff coIIporlIBJIeEtrs ceEcopa-.uererropa. IIpu Ooree BbrcoKr4x BarroJrEeEr{axyfte qpoficxo,@T arperarErfi, EO Beposfirocrb o6pas0BarMs arperaroB, cocroa-
wD( ,n3 60ree qeM rDyx aroMoB' EUsrCa, lo'Tor\ry qpu ra*oM no*pbrrr* MaJra
uHTeIIcuBHocrb oMtlccl,Iu aroMoB cepeopa. Haroneq, ecJII4 BanoJIIIeH]Ie rloBepxEo_
.TLI aIaToMaMtr B.JMCO, TO arperalE' I/r CBASamag c Hefi olrfi4ccl4g qpo,ncxo.ul'
Y]TE B qPOUECCC EAIIIIJIEEIIS A,{ATOMOB (TAK IIA3bIBAEMOE PEI4CIIAPCHi4E ATOMOB
[32,33] ) tr KoJIIFIecrBo B6IJIeTeBIII[X aroMoB o&oEtIaELIa EaIIbIJIeHI{a MaJro, oTa
rpaKTOBRa MexaEI{3Ma 'MUCCU,' TIOSBOJIAeT trotsfiTb cJIOXmyp SaBI4CI.MOCT' cKopoc_
Ttr peI.crlape*ug or B.JII.r.IU''I rIOl0&A uaraw{x aroMoB, Oo*apyxce*Iyn B F',2,

B paooTax l:.!�,26J oKasaJlocb, qTo gMriccl{.q aToMoB cepeopa Ha6Ju0.[aeTcs
TOJIbKO B TOM Cryqae, Kor,ua noBepx'ocrrrafl Korrrle'Tpar-u4s a.qaroMoB rraxo.&ITcfi
B .u{arlaool{e tors= 1ag1 = r.o16cM-2 qp14 cgopocrax HamJJIeH]Ig 1o,r_ loro
cM-''c-t. cTporo roBopfi, ylcaBa*fi[ft .&IaIIagoII rloBepx'ocr'Hx Kolilre'Tpar-ufi
.qoJDfieE BaBI,Icerb or clcopocrlr EaIIIiJIeIIIIE cepe6pa.

,[pyrse o*crrepuMe'T' rL4,26) rroATBep]Manr c,ueJlarrrue [pe.uroJroxeHr,rfl o
Mexa*r'r'Me sMl'rccr* aroMoB cepeopa. E.JM ''porperb rlo.uJlorcry c a,4cop6upoBa'_
IrbrMI'r a,uaroMaMr4 r{ arperararvtr{ cepeopa, TO B pesyJrbrare arperarll4rr a.4aroMoB
u y&pyrrBerfirr arperaroB llpol[3oltrer oopasoBarMe M[KpoKpr{craJrJroB t34]. Ta_
Roft llpoqecc trpftBe]Ier IcaK 6bI K "orllcrlce" IloBepxEocrll or a.uaroMoB h afpe_
raroa cepedpa. Tor.4a rroc.lte aAcopdlptr{ HoBoft IropUtrI aToMoB 3.lottc,.4-, Oy_
Ayr rrpol4cxoilllTb KaIC alperalplg a,uaroMoB II CBrISaIIIrafl c Hefr griu4ccurl, raK lrqpficoe.ulEeEr{e a.uaroMoB K y]fie r4Meworcs Kp}rcraJuraM. Ilocre.nlfid llpouecc,

,Q2

KaK CJre.UyeT I[3 trpe.[JIOXeEIIoTO MeXaEI[3Ma OMIICCIT'ff, Ee 6y,qeT CoqpoBox(IaTbcfl
gwrccnefi aroMoB cepeopa. creloBareJrbEo, IIpI,I EaIINJIeHI4II TaKoft xG .4oBH
(3.:,or5cl,t-2) cepeopa Ea uo,uJlotccy, co.qepffattryn MuKpoKptIcraJIJIbi, Mor(Ho o)il[-

,[arb Merree I4ETeEoIIBITD oMuccno, qeM B oltrrrax c rMcroft rloBepxEocrbn.

E}tJ rrpougge,ueu rlporpeB rIo.uJIotKIt olccl4ra uIIIKa, co.uepx(auEil 1oltcM-'

aroMoB cepedpa (n erou cJyqae yfte Ee HaofioAaercs gMtIccI4lI rIocJIe oKoIrtIaHI4fi

EarrrrJrerrufl), rq)u 3oooc. TaKafl TeprooopaooTKa rrpllBollrr K oopa3oBalflflo

EA IIOBEPXHOCTII IIOAJIOTGCI{ OKCIIIA IEIICA MI{ICPOKPIICTAJIJIOB' A HE I4CIIAPE-

Ertro a.qaroMoB. B padore [34] oHro troKaSallo, qro MltrcpoKp[craJlJlbl ,&Ia-
MeTpoM r-oo E ra rroBepxEocTll oKclr.[a IEIKa flBJIflDTCS aKIIerITOpaMI4 SreKTpO-

EOB, TIOSTOMy O6pasOBaE4e MI{KpOKpIICTaJIJIOB rrpl{BO,&IT K yBeJIlIqeEno COIIpOT]IB-

JIeH[f, cellcopa llo,uJlolfiKl4 Bllue ucxo,ulofi Be.'trFfinrF{ (.qo HaItrUIeIMfl cepeopa ) ' B

AarriroM cryqae ncxo$loe sEaqelMe coIIporuBJIeEIIs ceHcopa-Ilo,uJlon[Cl'I 6u;to z,:.

MoM, Eocre a,[copduM aroMoB cepeopa craJlo 7oo rou, a B peoyJlbrare rrpo-

rpeBa nprr 3oooc II cBffSalffioro c EIIM oOpaSoBaEIg MI4ItpoKpllcraJIJIoB-aK-

UENTOPOB OJIEKTPOIIOB BO3POCJIO ,UO 12 MS,t. ECJUI EA TAKYIo IIOAJIOXKY BHOBb

EaIIIJJIIITr 3.1ottcM-' cepeopa, To BEoBb EaoJmuaercg oMl{ccltfi aroMoB cepeo-
pa. ll3 trBMerreHtra cotrportrBJreErrs ceEcopa-AereKTopa aroMoB cepeopa cJre,uyer,
qro B oToM cryqae Bgreraer B 4 paBa MeEb[Ie aroMoB, qeM B oIbITe c q4crofi

IloAroecofi oKctrqa lgmKa, qro E rro,[TBep[Iaer qpe,uoJrorr€rr[e o MexaHr4BMe
9MtrCCI[}I a,UaTOMOB.

HaKoEerL ecJM rrporperb celrcop-[oIJloaKy c a.ua1oMa],s4 cepeopa Epr4 rroMo@r
BcrpoerrEoro rroAoFpeBareJrs (rIJIaTtrEoBoil trJreltrcl{, EaEeceltrroft Ha rbrJrbrryro cTo-
poty cencopa-[o,qJlofacl4) ,uo 7oooc, To rloBepxnocrb onctl.{a utIIIKa rIoJIHocrbD
oqucTrlTos oT cepeopa. 06 gToM MOffiO Cy,UrTb rro BeJrrlrlrr4rre corpoTr4BJrelrl4fl
ceBcopa-rroAJrorft[, Koropoe Bo3Bpaqaercs K rrcxo,srouy gBaqeEno 2,1 MoM (ce-
pe6po uplt Taron o0pa6once tlacrrrfiIo llctrapffercff, rlacrlrltr{o Mrrpr4pyer Ha
IcoETaIcrEI). OErr rIoKagaJI, qro B peByrbrare raKofi o6pa6orKl4 I4 orIHcrKtI rlo-
BepxEocrl{ ceEcopa-Ilo,4Jrox(KrroH IIoJtrtocTbr BoccTarraBJrl4BaeT cBon [epBoHaqaJbHyn
aKTmrrocrb B oraoueEm gMftcc$n aroMoB cepeopa.

li[B rq)eArofteltrroro MexaE[BMa sMrlccrur cJreAyer offlrlarb, qro sror o{SeKT
oy.Uer BecbMa qyBcrBr4TefibHm,t K MaTeprraJly I[ cocrosltrm rroBepxEocrr4 rrolJrox-
KII. ,[eficrB[TeJrbHo, B BaBl{crrMocrtr or nprpo.u Ilo,uJrofiK]r tr or cllocooa o6pa-
6oTKr ee lloBepxllocrtr 6y.uyr rDrerb pa3Jrr[rrrrbre ycJroBrrs AJrfl arperarltr4 a.uaro-
MoB rr rrepeAaq[ gEeprsl{ arperar.Etrr or,ueJrbEilM a.EaroMaM. IJs IIpoBepKI4 sroro
IrpeIEIOJIOneHlrfl 6brJM qpoBe,4eru onETrr rro r4ccJreAoBarfim oMr4ccl4n c rroBepxHocrrr
KBapuar trpIFIeM troBepruIocTb llo,qDepraJlacb paSJIrlIHofi MexaltrI'{ecKofi o6pa6oT-
Ke: ouraBJrgJracb, troJrr[poBaracb, EJU{@BaJIacb. B KaEIoM orrrrre c olrroft r4 Tofi
fre cRopocTbn Ea IIoBepxHocTb IIo.[JIolGctr HaItrIJIgJIocb olElo LI To ]ile KoJrI{qecTBo
aToMoB cepeopa (r.rolsctvt-2). OKaBEBarocb, qro ilal4doJlmefi aKTlIBItocrbIo B
oTHorrrerrr4r! gMrlccrtrI a.uaroMoB odraAaer EJtrrooBarilrbrft KBapU. ho aKTr4BHocrb,
o.EraKo, Ha rrops.uoK Hlrxe oRcr{,qa ry{IrRa, rorla KaK trraBrersrft KBapr.l coBep-
EeIlIIo EeaKTr{BeE B groM rlpoqecce. TaKofi pe3yJrbrar Mo,rer 6brrb cBssaE c
TeM, qro, tro-Bu.Etr\roMy, arperar[Ia cepeopa Ea [oBepxrrocrr4 rrJraBJrerroro
reapUa lrg-Ba oorbEoft llo,Errrcrocrrr a.qaroMoB B Briarfi{TerbEoft creuerul fipoTe-
Kaer yfte B qpoqecce EarErJreHrrg, rloaToMy u Ee llaoJrrolaercfi sMrrcclM aroMoB
cepeopa EocJre BbIKJIroqeHr{F l4cTorrEr4lca aToMoB cepe6pa. Ha uoBepxEocrr4 rroJM-
poBarlEoro n rrrJMooBariEoro KBapua cyqecrByor, oqeBfi.Uro, r4rrbre ycJroBr,rfi AJrst
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c*opocrl{ rarepa,b'ofi .&rs*v'ru tr uepe.qat* o'eprr4r4 .TreJrbrbrM aroMaM, rrro 14qprrBo.qal K gaMerHofi gMlrccll}r Ex c rroBepxEocrrr no.qJlomcl,I.
Ta*ru\'r odpa'.M, r{crroJrbs.Barile &oMdlfiar.utrr ce'copoB (ce*copa_fiorro,rs{[ r4ceEcopa-.UeTeKTopa BbrJIeTa@D( aToMoB) troBBoJMJro rroJryrMTb yHI4KaJrbHyto trH_@pMarym o Mexarrrr3Me eMlrccl{Ir aAcopd[poBaEfirx aroMoB cepeOpa B xole wrloBepxHocrllofi arperaurl' IloJryqdlufiIe .4aHIrHe rro3BoJranr rJyoxe rro'flTb Me]aa-ItrI.M tr 'IIEPI'ET}II(Y RO'IIEECA'*{OEIIO-CTI,IMYJII'POBAIfiN,IX flBJEIU[ft []-1].Ilo.qodnag MeroIIRa ana.rlltga BrIJIeTaWD( r{acrr4ll 6EJIa trplrMeneHa .qJIg Bhlgc_Ee',n'q r'prw* Eecra.n,b*ocrl{ rlbeS.IcBapueBbrx pe3.HaropoB c cepeopfiI{hrMl,IgJIeICTpo.qaMr4 t351.

5.1.3. Xono.uraa swccra aroMoB cepe.pa c rroBepx'ocrr.r rrJreHor( cepeoparra RBapqe IIo,q BJMaHrdeM ynETposByKoBux xoaeoar+rft
STlr l[ccre.qoBaHl{s IIpoBo.u}rJMcr na cepr&nu rrbe'o*BapueBbrx pe'orraropax AT_cpesa c cepeoptrsner roruconre'oq'Nl,q srerpoAa'M, Itoruori*i"---a- ,{acroroftro lilrq (peBoHaEcEoft qacToTo[ pe3oHaropa) Bo3oyfiIaJMcb reEeparopoM Tr,naTRf-3' ce'cop aroMoB cepeopa - rure'r*n o*cr.r{a ryrrr*a - pacrroJlataJrca B or-HoM cocyle c peSoIIaTopoM, IIJIocKocTb cercopa ObUIa uaparrerb'ot [roc*ocT]4pesorlaTopa; paccToaHtre Me,(Ay Hr{Mrlr cocTaBJrEJro 5 tffu. Ilepe,4 omrToM cocy.4 CpeSollaropoM I{ CeHcopoM [porpeBaJM rrpr4 473 K B TerIeH]Ie 30 MTIII B ycJloBrlfix.esMacrs*oro BarcyyMa (10-!'100' ). sareu wr 2s6 K B pe3.Harope Bo36y&4a-Jvr Kore.ar*s ,n EaOmIaJM Ee'pepbrBrufr poa, ,na*rpo'poBolfrocrr4 ce*copa .uoM.Merrra [pe*paqe'r{s Koreoar*a pe'.Ea?opa. Iloaroproe B.soy,*e'nne Koreoa_Itrd pes.Haropa cIIOBa EpllBo;gaa6 k a'aJl.rr4rltur!! c'rEaJIaM ce'copa. ome-a'a_JM3 CeHCOpa nocJre oftoHlraHll8 OKCnepuMerrTa [oITBep.&rJr fiepeHoc cepeopa crroBepxEocm pesorraTopa Ha rroBepxHocTb ceHcopa.

OIIeHKa KoJIIrrIecrBaso s padorhl"**":tT::'ffi'?'iffTH:ilff::";'J:#';::i 
;;aroMoB cepe6pa' a'ucopo,opoBaruux Ha rroBepx'ocr]r ce'copa B .ap'x.urr'oft (pop-Me c yqeroM .UOJtrr aroMoB, fiorraBrn'( r43 [crorr'rtr{a (pes'HATOp) Ha Mr{uerrb(ce'cop)' .qerucu [oicaB[rBa'T' qro IIHTeHCI{BIrOcrb rlorol.a aroMoB Cepe.pa crloBepxEocrll pe3ollaropa B oroM orIbITe cocraBraer BerI4l[4Hy ].,5.10r3y_..c-r,T.e. Ba 7s q paOoTH c pe3orraropa BbrJreraaroMoB cepe.pa (rpu ycroBr*, qro l*cro ,""J;;":lffi .;:fr""":ffffi;.;ffTaBJIfier 4'1orey-zr' odyc{oBJ'lBaer yxo.q peS.Ha'c'ofi rlacror'I or ero HOMI4_rraJrbEoro srraqeHlrfl ro MI! Ha 11 ft.

TaKIO't o6pa30M' I4CrroJIrs.BaHI{e ce'copoB nosB.Jlfier BbIffB}ITb ,'pl'Wfiy .*)efi-(Fa pesoua'c'ofi'{acrorbl rlbe.o*Bapue$D( peBo'aropoB, rcoropaff Ba*Jnqaercq BBNJIETC IIOBEPXHOCTHHX ATOMOB CEPE.PA C IIOBEPXHOCTII' CEPE.Ptr,,Oft IIJIEHI{I4 IIOABJMsrrr4eM yJrErpasByrcoBux Koreoarudt, Herprcna;rrao.r" ,ro"i'-r*;*ra" .r*ro_qaeTcq B TOM, rITO .4OIIOJIIIII?eJIbHafi gHeprl4g, Ilo,@o.utr{ag K a.4copotfpoBaruroMyCJION' MAJIA: 'O-ASB _ TOPAS.UO MEII'IIIE OHEPIru{ CB'I.}I IIOBEPXHOCTIilX ATO-MoB cepedpa c rroBepxuocrbn. I,fgBecrro [37], rrro B pesorraropax Ea rroBepx_HOCTH'IX AKycrI{rIecIcID( BOJIHaX B .u}IarIaS.He qacror 3oo-500 Mrrr roral*rue ue-xa'r,rrrecrue Eafipflrerrrrs Moryr Aocrrrrarr rotr.r,r-., "r" ; ;;;";;;.*"*.coBlra.[aeT c noBepxHocTHbrM]r Haqps,reHr4qMll, JrorcaJrfi3oBaHiruMr4 no [ep]rMeTpyT.rr*orrJre*oq'oro cepe.p*H.ro sJre*Tpora RBapr.eBoro pe3.Iraropa AT_cpe.a.IIO-E,'&D'IOMY, TAK,'E BHYTPCHII}IE HAqPs*EH,nfl I{ CBfisAHHbIE C HIIMI' YIDYTIIE AE-@pMar&ll oy.Uyr corpoBor(Aarrcfi reHepaq4eft lI rft6erbr0 ,Ue{eRToB _ BaKaHcttft tr
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Me,ry3eJrbirbrx aroMoB. Bbr,qerffro[eftcfi sHeprm IIpI,I rlIoeJM raKrD( .qe@KroB Ioc-
Tarowlo AJIg crr4MyJ&rpoBalMs .Ue copOLu&I orAe JibHbrx aroMoB .

6. 1.4 . 3lo.Icclrg aJIRt{JIbI{EIx pa.EIRaJIoB
c pasynops.[oqertrroff noBepxHocrr ceJreHa

JIrff [poBe,Uem{n raxoro po,Ua }rccJre,UoBarild BecbMa y.qo6urM pa3yloprr.qoqeHrsrM
a,ucopoeEToM sBrsercs nJrerrKa aMop@roro ceJreHa. IIpu Haru,urerfldr B BarcyyMe lre
xyxe to-' top odpasyercs ero aMop$ras Mo,u{fttrcai"[,Ifl t3s], rplrqeM cocy-
qecrByar ,qBe clopMr aMop(Froro cereHa, xaparcrepr{Byroqr4ec.rr pa3JMrrHbrMrr Koop-
n{Har-u4oHHNMrr rMcJraMlI r{ pa.urycaM[ Koop${Har${onHbrx coep. [epBaE @pMa 06-
pagyercfi npI,I HamtJIeHlII{ Ha rlo.uJloxecy npr,r zooc, .qpyraR - [pr,I oooc. CoBpe-
MeIIHEe lIccJIe.UoBaHlIfl paccMarprlBaFT aMopGilfi ceJIeH KaK noJtro,,repltrrft Marepr,I-
ar, Koropbfr Mor(er cocrogrb IIB clllrpaJlefi, KoreU Tuna ses lI uenoqeK, pacno-
JToaeIIHIIX B paSJIrrIHbIX IIJIOCKOCTSX LI paSJrr4qHO Op[eHTrpOBaHHbIX B Oo5eMe Ma-
TeprraJra.

C noBbweril{eM TeMneparypN aMop(Eroro ceJreHa KoJrbua se8 pacna,uarorcs Ha
UeuoqKI,I co cBo6o,Utrtr\,tr{ paro[KaJlbHo-rlo.4o6lsnff{ KoIqaM[. 3TI4 KoporKI,Ie qenoq-
RLI Mofyr [oJrltMep]I3oBarbcg B .UJII4IIHUe qeIII,I teKcarcllaJlblloro ceJreHa. B Ha,Ia-
JIe y[opg,uoqeH]Ifi KpI{cTaJIJII{rIecKag pemeTKa cr,IJIbHo HapylteHa lI EaqIIHatoT pa3-
BlrBarbca r{acrl,rrlllo yllopE,uoqeElGle yqacrKr{ - MrrrIeJUIbI. Ileru n Mr4IIeJIJIax Moryr
uMeTb pasJrr/rrrHyF pa.umaJrbrryF @pMy, rrroryr 6urr nepeBepHyTbr UJM cMsT6r. lrfir-
UeJIJIbI norpy)reHH B aMop(Froe BeqecTBo. Ilpr.r KpI{cTdrJM3aUI.ff{ Mr{rleJrJrhr pacryT
Ba cqer aMopftroro ceJreHa. ItpoMe roro, B ceJreEe qacro odpa3ynrca c{epoml-
T6I - oco06fi Ti,trI TeKcTypoBaHHbIx rIoJIttr{prrcTaJIJIoB, BbrpacTaFrru,Ix I,IB o.U{oro
ueHTpa. TeweparypHafi odracrb c@poJMTHoft Kpr{craJrJrr{3arlr.flr Jretru{T B r4rirep-
Bare zo - lsooc, Tor.ua KaK onrr{MaJrbrlag reM[eparypa Kp].rcraJIJIMaq]u4 Ba
cqer pocra MurteJrJI cocraBJlrler zrooc. Taxla,l odpagoM, n at,topftrou ceJrene
y[ops.qot{eHue qpoficxo.u4T B rrll,rpoKoM IlIaIIa3oHe TeM[epaTyp; oo - zro'c. o/pra-
Ko .Uaxe [ocJre .qJMTeJIbIIoro oflrMra rrJrerrKr{ se rlpelcTaBJr.ser coooft cyEepno-
31il$F paSJILTTIHIIX KpIICTaJIJII{rIe CKID( CTpyKTyp.

B3amroAeftcTBl4e aToMapHoro Bo,Uopo,qa I,I ceJIeBa collpoBor.IaeTcfi o6pa3oBa-
IIIIeM JleTyr{ero rl{.qp]I.4a, IIogToMy I4CIIOJIbSOBaIMe H-aTOMOB B KaqeCTBe a,4COp-
6ara Eey,qooHo, ropa3.uo 6oree yIoOIilt B sroM [raBe aJD4parr4rrecKue pa4r&aJr]r,
KoTopbre oxorrro Bsamro.qeftcTByDT c ceJreHou 1221.

SKcIIepra,reHTE IIo fiByqeHruo Bo3Momrocn4 oMtlccruI aJrKr{JrbHbrx pa,umaJroB c
troBepxHocrlr aMop@Ioro ceJIeBa rlpoBo.q{Jtrr B cocy,Ue, rrpelcraBJreErroM Ha pl4c.
e . r i 15 , 391 , Ilopff.uoK rrpoBe.qeEllfl gKc[epr4MeHToB 6bul creAyroutffi. B oTKaqaH-
rroM cocy,qe I4B ro.UorrKu 3 c [pe.qBap[TeJrbrro owqeEltrW ]r [epe[JraBJreHHbrM ce-
JIeIIoM Ha MI4trIeIIb 5Ir creltrcl{ cocyAa rIauI'IJIgJIcfl alaop@slft celell. SaTeu a co-
cy,4 HaIrycKaJMCb rrapbr rrpe,uBapr4reJrbEo oqr4eEroro r{ oTKaqaErroro l[4gTtlJrceJre-
In,tga oObIEIo .uo ,[aBJIeEI{g lo-tTop Kpl4TepileM rlllcrorbl rlapoB rlo KltcJropo.uy
6bulo IlocrogllcrBo BEarIeHug co[portIBJIeIIIrtg rloJlyqpoBo,ufl{IcoBoro ceHcopa zno
nocJre EanycKa [apoB, SareM nplI garcpbrroM BarBope 7 llpoBo,U4rcfl rII,IpoJM3
.ryIgrr4JroeJreHrlrAa Ea ropsqefi JrcHTe 4 (B oTlerblux oflr,rTax 3Ta reHTa 6bura u3
pt .rg46o ra). IIocJe sKcrro3rrrllrr B ort{x ycJroBr{sx rurpoJM3rras JreHTa oxJraMa-
Jracb, cocy,4 llarpeBaJrcff c llocrotrfiofi c&opocrbn - 10 rpa.4,/lw&{ rr rrsMepsJracb
cRopocTb trSMeIIeHI4g oJIeKTpOIIpOBO,UTOCTU CeECOpa - BeJII4II4lrbr, KA& IIOKaSaHO
paflee, qpollopwoEarbBoft Korqerrrpar.uE{ aKTr{BHux qacrrdl B rasoBofi OaBe.

3KcIIeprtr\|eETH c rrJrerrKaMr.r aMop{Eoro ceJreHa, Ha Koropbrx a,ucopor4poBarsr
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9TBJIbET{e pa.urKanbr t39l , trorca3aJrtr, qTo qptr EarpeBarlrlll gT}D( rrrefloK B BaKy_yMe EadJuo.uaeTcfi Eeo6paT&\roe yBeJUlIeEtre coupoTtr&,IeElrfl ceEcopa, cBflSalfitoec a.Ucopoqtrefi Ea ero troBepxEocru qacrnl _ aftUeIITopoB sJrercrpoHoB, RaRrlrMrr,KaK cJle,nyer u3 ,UaEHbD(, qpuaelenHT B rJI. 2, SBJISDTC.E AJIRI{JIbEEe pa_.ITBAJUI. 'Ttr CIITHAJIU CEECOPA EE EA6JUOAA,'trTCb, ECJE{ EATPEBAT' IIJIEIIRY CE-Jre'a c a.*copdtrpoBa'EbrM ,*trSTUrCereEI,*.M oe' npe,@apr[TeJlblroro rutpoJrr{.a eroEa ropsqet neETe, IIpuqeM pegyJlbrar ObuI o,umaKoBEM, ecJM [porpeB ceJreHo_BOfi ''IE'o* ''POI43BO,UJIC' ICAK trOCJIE OTICA*KU UAPOB ,U49TI{JICEJIEII}IAA, TAI{ TI Btrapax ero' cre.[oBarerB*O' qacfln'Er, BJ*fifir[4e Ea cofiporltBJre'r,re ce'copa,oopasynrcs toJrbro B peByJrbrare ,ufpoJusa .u{srr.urceJertr{,4a. .rraree rMpoJr}I3(c.Hr)rse Ir a,ucopdurs grurbflEx paml*aJroB r*otrBBo.u4J[{cb B ,u[arra.or{e reM_rleparyp soo - eSooc Erpo,*.EO[ JIeffT[, ICOrra B'rroJr'sercff ;unrefoias gABr'Crr_Mocrb arcuerrropE[x ctrrEaJroB ceEcopa tn4o/crtrt, - r-.|,-;;;;;;BJrerrraa
&,MflHI{EM OTtrJI'HIIX PA.U{KAJIOB HA CEECOP. IIPI,T TARID( TEM,,EPATYPAX BEPOffT-trocrb pa.pbrBa cBnBtr c-H MaJra; trogrorr,ry B ,ua'rroM orrbrre ".i, ivov, ,*r_CTBEEHIIMI,' AICTI,IBE'IMI,I qACrruIAMI,I, KOTOP'IE OOPA.YDTCfl q',n IIIIrPOJI}I.E.EcJEI nporpeB aMo@oro ceJrena c a.[copdqpoBatrfto,ff srr{JrbnbrMtr pa,u{r(aJraM[
[poI'I3Bom{Tb B rrprlcyrcrBl* 1oo rop asora rIJr}I lt'eprrroro ra.a, To Hr4KaKru(crrr'aJroB CeECOpa Ea6J'O,[arbcs He 6yrer, 3TO OS'aqaer, qro B ,qaEHOM Cryqaecrlr'ar' ce'copa oqpe.ueJls'T.s a,qcopourefi Ha ero rroBepx*ocrr' gTr'Jrb'rnx pa_'UIICAJTOB' Cre.uoBareJbro' qporpeB aMop(Foro ceJlerla c a,4cop6r4poBa'rrbrMr{ pa_
.UIKAJIAMTI U CBSSAHITAfi C 9TIIM IIPOTPEBOM KPI4CTAJIJM3AIIIS qP}IBOAfiT R 9MI4CC}IUpa,4lKaJroB.

IIa prc. 6.9 rIoKaBaHa flaqarEHaa c&opocTb r{sMerreH}ra BJrercrporrpoBo.&rocrr4ceEcopa (neJur,{ffia cTporo qpouopryroHaJlrEafl KoHrIeETpaUM pa,UmaJroB B fa3o_BOI 0a3e) B .aB,nctrMocru or reweparyp' CeJIeEOBOil irJre'Krlr c a,*coporrpoRa'-HUMI,I EA EEil STETbISN"' PA.UIKAJIAMI.. ITAK B,'EO tr. PtrCYIIKA, ETA SABI4CI4MOCT'uMeer KOJIOROroo.pasEil BtrA. Ta&oft Brrr rpleot oqpe.ueJraerca, flo-Br,rrl.ilro-l"ry' EyMfl Ko'rcypqpywo* qpoqeccaM'. Bocxo4*aa BerBb rcpr4Bo[ o[pe.qeJrser-cfl ycr.IJrelrueM 4poueccoB ytropS.qoqeHlra c pocToM TeM[epaTypbr r4, KaK cJre.4cT_BUe' yBeJIIFIemeM mreEcr{BEOCTT{ 'Mr{cc[tr. ]InncxoAqas "a*u" orrpaaaJrrrercrrtrcroqe'r{eM XeMocopdrpoBarr'oro cJIOfl BCJI.A'TB}I. obvrccwr14 pe*o'or,r'ar[4l{.
OqE'oCT UHTEIICtrBHOCTI,I SMECCI{tr PA,U'*AJIOB C IIOMO*TD CEECOPA IIOKA.bIBAIOT, qTO
C IIOBEPXHOCTI{ CETEEOBOil ruIEERU B'IJIETAET O,01 qACTb STIIJIbH'IX PA.UECAJIOB OTqlcra a'*cop.I{poBarr'blx. 'Ta o{e*Ca qpotrSB..rytnac' cJre.rrJrorryil/r oopa3.M.Pea*r&o*$fr cocyr (cM'pr4c. 6-1) obur I.r3MeEeE TaKr{M o.pa3.M, rITOObr pac-croaHlle Me{,q/ ce'copoM }r ralrraroBofi ,nenroft (re'eparopoM 'Tr{Jlb'brx pa.u{Ka_roB) paB'finocb paccroa',nro Merrq'y re'Toft (reteparcpol,a pa.u[{aroB) ,n ceJre'o_BOfi rrJre'rcofi, a raKlre paccros'r,flo Me44y Ce'copoM tr ceJre'oB.fi reHToft. o.u{_aaKoBtr oIIJIII lr paBMepE rpyoofipoBo.qoB, coentrIs@( ID(, Tor.qa, ]r.Mepfifi Ha-qarb'y' C*Opocrb rrsMe'errlrfl gJre*TporlpoBo.uiocrr.r ce*copa B ',pouecce re'epa_L@ panrKaJroB, MOrcro oqpeIe.,rrlTb B oTEOCT{TeJrbErD( e.ufirulax ftoHueHrpaMropa.umaJroB' trofia.qarur,tr Ha rIoBepxEOCTb ce'copa. IlocRorb*y reoMerp[qecftastroBepx'ocrb ce'copa tr ulerl*r.r cere'a B'onpaJucs paBHbrM[, TO, CJre.uoBareJrb_EO, Ea goBepxEOCTU ruIeHI{.[ CeJIeHa oRafteTcg cTOJI6ItO 're pa.u]4KaJIOB, cKoJIbICOtr Ba troaepxaocrr{ cegcopa. (B.uecr nplcunaaercs, rrro Kog{@4r&reHTH ffptrJrr4rrarusgTI'rJIrnrrJr pa.nftRaJIOB rL[rI ceJIeEa tr o*c&ra Lun"Ka oJII{3Kr.I. ) ].,rer,,,lepfig ile EaqaJIb_

HYD CKOPOCT' I{SMEIIEHIT'I OJIEICTPOUPOBO.4EOCTII CE,'COPA .,P,n HAIPEBAHIM IIJIEIIK,IceJIeEa c aAcopdlrpoBaEEilMr.r srrrJrbnbrMlr pa.EIxa,naun, Moxno noryql{Tb B rex r{e
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I{sMeEeEre IIoKaBarilil ceEcopa B BaBrrcEMocrtr or reM-
treparypE IUIeHKtr ceJreEa c a,4copd[poBarrHEMtr aJIKruIb-
ErrMtr pal@raJraMtr B xoAe ee EarpeBa co cKolrccTbn
10 rpal ,/ l,trEl

P}Ic . 6 . 10. 3aB[crtr\rocrb BJreKrpo[poBo.Eocrrr ILIeEKI4 ceJreEa c aI-
copofipoBaEmu,s{ pa.urKaJraMr{ or reMtreparypE (I) I.I cKo-
pocrll r{gMelreHrrs gJreKrpofipoBolFocrtr ceEcopa (2)

oTtrocIITeJIbE[x e,Umr4llax KoJIrrIecTBo pa,UEcaJIoB, trolcl{.qaWD( [oBepxEocTb se-
UJIENKtr. IIPU ETOTI IryEIO YIICCTb ,qOJM PA8IKAJIOA, IIOIIAAAIIIIIID( C SE-IIJIEHKII EA
IETCRTOP (TIIO BO3MOXEO C.qEJIATb, ECJM qPOTPEB IDOIiI3BOEITCfl IIOCJIE OTKAIIKII
MarepllncRtrx MoJIeKyn), IIp[ pacqere [peHedperaJu peKoMorcratu4eft pa.4tcaroB B
[poqecce o0pa6oTrcr ceJrerra.

3rr,tllccrtro cBoooEfirx pa.umaJroB EaoJuo.uaDI r1t B cwqae peJlaKcar-ulrr pa3ynops-
.4oqeltrroft rroBepffrocrtr ceJreEa c a,ucopdEpoBaHHrrMlr Ea Eefi MeruJrblrblMtr pa,ufica_
JIaMI4 [18,39] ' Koropble troJlyqaDTcfl rrpll IIrpoJMse aqeroEa [4o] B E{aIIaBoHe
Teweparyp 5oo-65ooc. ItaK tr rIpII rtrrpoJMse .U{sTrlurceJreflr{.ua, yKasarlHbrtr wra-
rIaSoE TeMrrepaTyp Bbtorrparcs TaKr.rM oopagoM, rlTod[I BepoflTrrocrb pa3pbrBa cBg_
3I{ C-H 6EJA MAJA.

IIptr HarpeBaIWI se-IUreIIKtr c rrpeBaprreJrbHo arcopoupoBarrHbrMn Ba Heft Me-
TI,IJIbEIIMIII PA]EIIcAJIAMIIT EA6JDOAAJEICb trOKA3AIln8 CEIICOPA, AHAJIOTIFIIIHE IIOKASA-
IIIIflM' KOTOpEe peu4crplrpoBaJMcb B cJtylrae ourrroB c se-rrJlerrKofi c a,4cop6[po-
BAIIHHMI,I OTtrJIbE[IMtr PA.UIKAJIAMI{. I{OETPOJEIIIE OIIITbI, CBSsAHIibIE C HAIIYCKOM
I{IIEPTIIOTO TASA, HATPEBOM E{CTOI IUIEHKtr AMOP(FOrO CEJIEIIA, EATPEBOM CEJIE-
EOBOfi IIJIEEIq C A.UCOP6}IPOBAIIHbIMR MOJIEKYJIAMI4 AIIETOIIA II B IIAPAX AUCTOEA
6eB ID( IMpoJMBartro3BoJrr{JM cAeJlarb BHBo,u, qro HaoJuoAaeilfile Ea orlbt?e crrrHa-
rbl ceEcopa orlpereJranrcff ToJIbKO olelcctrefi Epeltsapr4TeJrbEo aAcoporpoBarrHNx
Me TI{JrbHlrX pa.@(aJroB.

Ha ptrc. 6.10 rroKa3allo rrsMerreHtre sJerrporlpoBomocrl{ rrJrelrKrr ceJreHa or
TeM[eparyp6r' cBrrrereJrbcrBywee o Epol{cxoAqeM B Eeft llpouecce yfiopfl,uoqe-
IMfi (KpBas l). Itpunas 2 orpanaer BaBr4cnMocrb EaqarbEoft cKopocrr{ r,rBMeHe-
Hr4s 0reKTpo[poBo.urocrr{ ceHcopa or reMrleparypH cereEoBofi rrJreirK[. ]4 B eroM
cJyqae' KaK I{ B oI$ITax IIo I'tgyqeElm gMlIccrut gTIrJIbHxx pa.utr{aJloB, BocxoJlfl-
qAg BE TBb KP'IBOfi OIIPEIE JI'IE TCf YBE JI}I.IEIilEM IIETEECTIBHOCTIT EMMCCI4iiT PA,UE{A-
JroB, cBSBaHHbtx c ycrrJrelMeM rlpoqeccoB yllops,[oqem,Ifl. Ilrcxo.uguas BerBb raK_
fre oqpele JrEe rcs trcroqeHr4eM xeMocopdlrpoBaElroro cJros.

06paqaer BEr{Ma}rr4e, qro "Bqrswra" trBMeEeIilrff sJreKTporrpoBo.uroc?[ ceHcopa
orMeqaercf, rlpu 60Jree III[3Ktr[ TeMleparypax, qeM tI3MeEeHr4e co[porr{BJreH}rfi
CEJIEEOBOft IUIEHKI,I. CTE.4OBATCJbEO, HAII6OTbEAS I{HTEECI{BHOCTb PA,uNCA.NOB C
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IloBepxEocrtr ceJreHa qpollcxo,&rr B Eaqarbl$ffi MoMeET KpI4craJrJMBaI[tr{ c6JIeHa,
a.e. KofAa c 60rbmoil BepoflTrrocrbD odpaSynrcs K,racrepHHe qacrld.ur, cocrog-
UPIe I[3 IIecKoJIbKEX aToMoB, qTo cBflBaEo B oToM cJryrlae c BbITeJIeHI4eM 6olb-
meft eseprutr (Ea o.um aroM), qeM B cJryqae (DasoBrrx [peBpadeifld. AEeprus
paspbrBa cBsstr se-c cocTaBJrseT 65 rGar,/Mofib t24) i B cryrrae odpa_
3oBaEr4fl lmrilepa tro pa3pogllerrHHx aroMoB Bbr.qeJMTcs 75,7 kxar/nrcrb, TptI_
Mepa - 124 Rrcar,/Morb t411. 3Tofi gEepruu, oqeBtrUlo, IocraToqHo, '{ToOs He
TOJIIKO paSOpBaTb CBg3b B IIOBOpXHOCTEEX M€TaJUIOOpTaEI4IOCKI/IX COO,TIIIOHIIfiX,
Eo u opocfirb rD( ocKoJrKtr B raBoByD (!a3y.

Taruo,| oopa3oM, trcrroJrb3oBarile rloJrytrpoBo.EruKoBru ceflcopoB a 9Tr4x IIpo_
ueccax raJro BosMoxctocrb06HapyMTb tr tr4eHT!@UtpoBarb aJrKtrJrbHbte p8.Uma-
JI[I, BbIJIETAWE B IA3OBYD (DA3Y. OEEPATMHIffi KOIITPOJIb KOHIIEIITPAII]4II OTI4X
qacrrtrI B ra3oBoft 0a3e [o3BoJMr, B CBOD Oqepe.Ub, B6rfiB]rrb HeKoropbre SaKo-
EOMepIrOCTlr MeXaHrr3Ma tr trofisTb gHepleruKy 9Tr[x llpoqeccoB.

3r,s{ccn8 aroMoB Rucnopo.qa qpl.r B3arDro.qeficrBr.rrr
BoccraHoBJterrHoro cepeopa c xoneRynqpHEru ro{cnopoAoM

BoauMo.qeficrBl{e qrlcrbtx MeTaJIJIoB c paBJIITTIIIbIMI{ xtrMltllecnr aKTI{BHLIMI,I raBaMtI
coqpoBo'Rlaercs pasHoodpasltrs,fi oMtrccr{oErrHMr4 aBJIeHr4rrMI4. IIOrsrcoB [42] HA-
ofio,qar' KaR B3ar4MoreficrB?Ie rraJUla.wrs c MoJreKyJrnpHNM Bo,uopo.qoM corrpoBorfi-
,uaercs cBeqeHrreM cBo60.Eil{x aroMoB BoAopo.ua, BHJreraw[x c noBepxHocr]r
traJIJIaErs. XeMocopows raJrorerroB, EarrpuMep, xJopa I{ OpoMa Ha ps.q€ MeraJI-
TOB (UTTPfiff' I.&IPKOIfld, TI4TAH, rA(EtrM) B6I3bIBAET 9MIICCTN I4OHOB 11 9JIEICTPO-
HOB [43]. B t5l paccMarprrBaercs oMtrcclls SapfinerrHblx qacruu rrpr4 oKr,rcJreHfi]I
Al, Ni, !{, Zn, qp}rqeM B pR4e cryqaeB SMLIccltoItHEe aBJIeEI{fl CBfiSbIBapTcfl KaK
c aKToM agcopdIgorr, TaK tr c EaqaJlbEofi crawteflr oKlIcJIeELIg.

B t441 IIpu noMow nonyupoBo.Urr{KoBllx ceEcopoB Oburo noKa3aHo, qro BBalI-
MOIEftCTBUE CBEfrEBOCCTAIIOBJIEIIHOTO CEPEoPA C MOJIEICYJIfiPHbIM KIICJIOPOIOM IIPU-
Bo,&tr rc aEarryrrerbHoft sMr{ccm aroMoB KucJropo.Ua.

SRcuepEueETtr rrpoBo.U{JMcb B cocyle (p[c. 5.11) , cHaoxeltr{oM cr4creMoft
BAIIYCKA IA3OB I{ OTKAqKtr, OCYqECTBJIflEMbIX C iIOMOqbN oEsMACTtrTbIX 9JIEKTPO-
pasp8,urEx tr copot$olllilrx EacocoB. ueJrbfiotrafifi,fr cocy,4 pa3.4eJrEeTcff Ea JIBe
KaMepbt trpff IIoMoq.r rlJlocKoro rloJMpoBalrEoro garBopa 3. B BepxEefi KaMepe IIo_
MeqaJrcff ceEcop { aroMoB nrrcJropo,ua - ToIIKas rrJreHKa zno. B rlomeft pac-
rIoraraJII[cE aM[yJI6I c oopasuaMr?r cepeopa 2, or,ue;reruue roHRla/ru MeMopaEai[I
or ocraJrbHoro cocy,4a, qro rro3BoJlfiJro rrpol{3Bo.ryrrb o0pa60Txy .4erenropa Kr{c-
JroFo.{otrr 0e3 oKncrerolfl cepe6pa. B 3TLD( OrnrTax t44l oopasrlbr cepeopa 6NJM
paBJILflIHNMII: rIJIacrrIEa rlJloqa.[bn ao cM', cerKa - goo cM,, MeJIKo.u[clepcIIHe
qac?Lfl.El, IIaHeceIIHbIe IIa sio2j rlJloqa,ur rloBepxHocrl{ MerarrnrlecKofi maBN B
STOM Cryqae cocraBJIgJIa z U'. B OT.qeJIbHtrX OIEITaX [CnOJIb3oBaJMCb CBexeHa-
III,IJICHI$IE I1 COCTAPIIBIIMECS IIJIEIIKI4 CEPEOPA. IIOItrOTOBKA K OIINTY OOPA3qOB CE-
pe6pa cBojEuracb rc lL,MTeJrbHoMy (- 30 tr) BoccrarroBJreHrrs B Bo.qopole IIplI
arMoc@pnoM AaBJeF&I trpl{ 350 - 4oooc ll trocJle.qyqefi orxa.{Ke .uo IaBJIeHuTI
Ee IIIDfte 1o-o Top.

nopfiAor llpoBeleulrff omrroB 6u;r cre,4yryfr. B cocy.u HarrycraJrcs KrrcJropo.u
(odu'nto ,qo ,qaBnenlrg to-l rop ), ctrcreMa Bll,qepxc4BaJracb B Teqenue L2 -

I5 q, 3a 9To BpeMn craduJgronpoBarocb corrlroru&[entre cencopa, BbroBarfioe
aAcop6t1uefi MoJleryJrffprroro Kr4cJropoAa, a caM ceucop cranoBr4Jrcs EerryBcrBrt-
TeJIbELIM K l{sMerreErrro .uaB.rreHr4s MoJrelcyJrfrpHoro K[cJIopoIa. IIpr4 sroM coxpaEs-
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ETCfi BECOKAS qYBCTBtrTETbEOCTb CEECOPA K AKTIIBHEM qACTIqAM RICJIOPO,UA -

aroMaM, sJreRTpOrfiO- u RoreoareJbEo-Bo3oy{Aeltrsnr uolexylau. Ilocle raKofi
glrCrro3trrrtr{ EarpeBaJM oopa3w cepeopa ,uo EeodxoDo,toft TeMleparypbr (o6br,{Ho
zoo - +oooc), nocJle ororo paSdmaJIII MeMopalilr I[ Torqac I4JM CrIyCTfi oqpe-
.qeJrerlEoe BpeMS rrptr orKpbrBaHr{n salBopa (F4cctrpoBaJM cKOpOCTb trsMe}IeH}rrr
gJleKTpoqpoBomlocM ceEcopa' Koropafi qpofioplffollaJlbHa KoHueIITpaqIM aKTr4B-
HErx qacTrtrI B rasoBoft ([a3e.

Sxcnepn"enTlr rroragaJrr[ [44], rrro rlptr BoauMo.ueftcrBwr RrrcJlopoAa c grrcroft
rloBepxHocTbro cepeopa Bo Bcex cryqaflx Eaomolaercs sMtrccr4s qacrrul _ aKuerr_
TopoB' o qeM MoflHo cyA[Tb rlo yMeIrblIIeE[Io sreKTpofipoBo,ulocrr4 cerrcopa. He-
cJlorctble gKcrlepl{Melrrbl TIoBBoJIaDT y6e.U{Tbcfl, rITo c[rIIaJI ceEcopa B IaH]IoM
cryqae odycJoBreH BOs.UetCTBrreM rra Eero aKTlrBHbrx r{acrlul. IIpu nanycxe ap-
roEa (400 rop. ) HadrloAaJlocb MlnoBeEHoe I4CqeSIIOBeHI{e cIITHaJIOB CeHCOpa. B
oToM cIytlae, KaK It B CIyqae aToMoB BO.qOpO.Ua I{ aJIKnJrbHbIX pa,4}IKAJTOB, aR_
$4BHbre qacrr4lsr u3*3a rereporeHrofi u roMoreHnoft r}I6ew{ rre Moryr rlpeoAoJre_
Barb paccroflIll4e MetfiAy I{c?oqH}moM tr ceHcopoM. EcJEI 6N CIITHAJILI ceHcopa
orrpe.4eJlgJll{cb cra0}IJbrtrn/g.I MoJIeKyJIfrpHrlr\M rIpoAyKTaMr4, To DTlr qacrrll{br cBo-
6o,u{o trocfi.rraJM 06r ceEcopa. ItpoMe roro, KaK yr€ roBoprrJrocb Bbrrue, MoJreKy-
Jrfrpmre [poAyKTbr cBo60.&ro [poxo,[rrr cKBosb earpurnfi lloJPrpoBaffisrft sarBop.

xopomo I{BBecrHo [45]' rrro Bo.qopor Ee a.ucopoffpyercrr Ea cepeope, cJrero-
BareJIbHo' B gTOM CJIyqae llpoucxoplT TOJIbKO B3anloreftcrBr4e K[cropo.ua c qI4-
cTofi rloBepxEocTbn cepe6pa, a gTo oBHarIaeT, rITo cllrHaJrbl ceEcopa MoryT
oblTb ooycroBJleHil BJDTSEI{eM HeftTparbitrIx aKTI{BHNX r{acrvu Kl4cJlopo,ua - aroMoB
RIICJIOPOIA, MOJIEKYJI C}IHTJIETIIOIO R'ICJIOPO.UA }I KOJEOATEAbHO-BO36Y]iq4Erufl,IX MO-
JIeRyJI KI4CJIOpO,4a. (3apgaenHile qacruru pasJtrIlmoro 3HaKa, a raKxe mororfi Ee
Moryr [o[a,4arb rra ceHcop BBI{JJ CrOnsIOfi reoMerprM [pr460pa rr .uocraroqHo
Bbrcoftoro .uaBJlerMfi MoJ1eKyJrgpEoro K[cropo.qa. )

C IIOMOqbN PgIA (IMBItrCO-X'IMIIr.iECKI,D( qPIIEMOB, TI,Nr.IITbIX .UJlg METOIA IIOJIY_
qpoBo,uiltrcoBbrx ceHcopoB, y.uaercs llJeE?fi@ill}DoBarb BhrJreraroulr4e qacrr,lUN.

lfsBecrro, qro Kore6arerbno-Bos6y)fi.uenrrbre MoJreryJrbr RrrcJropo.ua AeBaKTfiBr{-
PYIOTCS IIPI{ CTOJIKHOBEHIM C MOJIEICYTAMtr IFIOKCI,UA YrJIEPO.4A C BEPOSTHOCTbIO
1/50OO [46], a [ooToMy HanycK 0,1 Top. CO, Iq)tr BblopaHHoff reoMeTpl4r4 COCy_
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CxeMa [pudopa IJrs rrccJre,{oBarri.rr
3MUCCtrlI aToMapEoro Kr4cJropo.ua
f - ceEcop aroMoB KucJropola;
2 - o6pa3rlr BoccraHoBJreEIroFo
cepeopa; 3 - BarBop; 4 - rpy-
BITRLI IJtg pAsoIrBaI{IIs MeMOpaE;
5 - [JarmoBafl Jrerrra AJrfl KaJM-
opoBKu ceHcopa rlo Korqerrrpar$Ilr
aToMoB mrcJropoAa
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Aa ,uoJlnen IlpuBecrrl K rIoJIHoMy llcqe3HoBeHm c4ruaroB ceHcopa. B gKcllepu-

MeIITaX [44] OICa3aJIOCb, qTO IIaIIyCI( yKa3aIIHOIO KOJII{IIeCTBa COz IIe ilpllBO]II{T

R BaMeTIIoMy lIBMeHeHIoo ctIrHaJIoB cel{copa. oTcF.Ua cIeIJeT, rITo IIaoJIIo.UaeMbIe

Ha omlTe c[TIIaJIE IIe MOryT 6HTb CBgSaIfl C BO3,[eftCTBUeM Ha CeHCOp Kore6a-
Te rbHo-Bo Bdyx,4elrHrlx Mo JIeKyJI KI4c Jlopo.ua .

Ms ps,qa pa6or u3BecrHo, qro AeBaKTIIBaLEIS gJIeKTpoIIHo-BoB6yxIeIfiftIx Mo-
JIeKyJI KIICJIOpO.Ua Ea TIOBepXEOCTT{ CorOo, O60,4Ii0BEOrO IIO KI{CJIOpO.IIJ, MOX(eT
trporeKarb BecbMa 9@KTIEEo, TaK rITo BepogrHocrb 0Toro rpouecca Mo*er
Epl.roJElaarbcg K r [46,48] . IlogroMy ecJM IIa rlyrrl or rlcror{Hl4Ka cl{IrrJlerHoro
Rr.rcJropo,ua ,uo ceEcopa BIryrpeHIIFn troBepxHocrb rpyoKu (u, = , cM, r, =

10 cM) [oKp6ITb co3o1, To rrpll AaB.[eEI,Itr o,1 Top gJIeKTpoItHo-BoBoyxr.ueHHlIe

MoJIeRyJIbI KacJlopo.ua oyAyr [oJtrIocrbp ,[esa&T]rBqpoBarbcg I{ He ,[ocrlllarb celt-
copa. Clletplarblsle oTIHTH c ]IBBecTHilM rIcroqIII4KoM cI4IIrJIerIIoro KucJlopo.Ua lr
rroKpuTl/teM co]o1, KoTopoe r4crroJrbsoBaJrocb .uJra aIIaJMSa, no,4TBept(4aroT 3([&eK-
TT.TBHOCTb ryrrreHrrs 'o2 Ha ero rloBepxHocrlr. KpoMe rofo, IIpI{ arr4x ycJroBrrsx

I{HTeHCIIBHOCTb TIOTOKa aTOMOB KIICJIOpOIa OT I{3BeCrEOrO I,ICToqfi]trCa, Harrpl4Mep
ropfiqefi [rarmoBofi rilrrfi 5 (puc, e.12), yMeHbuaercg B 2 pasa, B cry-
qae [44] oKa3aflocb, qTo rloKp[In4e cTeHoK co!o4 qp[Bo.ryIJlo K cHl,I]t(o$un noro-
Ka rlacrnl- BbIJIerawD( c rloBepxHocTll cepe6pa, Ee 00ree qeM B 2 pa3a, 1,13
IloryqeHlnrx pe3yJrbraroB cJrelJer BtrBoA, qro c rloBepxHocru cepeopa B gTnx

onIJTax MoryT BHJIeTaTb TOJIbKO aTOMH Kl.ICJIOpO,qa.
9Tor BbrBoA rro.urBepx,uaer KoHrpoJbrsil orur. Xopouo rIBBecrHo [47], qro

cBexceEarrrrJrerrHrre rrJreHKr{ cepeopa upr{ KoMrrarHo[ Teweparype EecbMa o(pFeR-
TIIBITo [orJroqaFT aroMaprfiffi Kr{cJropo,u. IlogroMy lracalE{a, noKpETafl Ag-IIren-

Ko[, aHarotfiEras Eaca.Ure c IIoKpbIT[eM co3o1, .[oJl]tfia [oJlnocTbto 3aAep)MBaTb
IIoroK aroMoB RtrcJlopo,qa. (OTEIT c tl3BecrHilM ]IcrorIH]IIcoM aroMoB Kl,rcJlopo.qa -

fops,reft pt-rrtrr6F fioATBepfr,uaer g(meKTr.rBHocrb ,ueficrBfis 9Tofi naca.urn. ) Ha
oluTe oKaSaJlocb [44], rITo B cJlyqae qacTlIIL BNJIeTawD( c IIoBepxHocTl4 Ag,
TaKAs EaCaIUra IIOJIIOCTbD 3alepfi[Baer rIOTOK traoTrtrI C nOBepXHOCTr,r [CCJre,rrJe-
Moro o6pa3rla.

CreAoBareJbEo, B qpouecce B3aln,to.ueficrBns K[cJropo,qa co cBexeBoccraHoB-
nelmoft IIoBepxBocTbD cepeopa qpo[cxo.qrT gMtrccEs aroMapHoro Kr4cJlopo,4a.

nplo,teBelMe [oJryrlpoBo,ErrlKoBoro ceEcopa B KoMorfratuel c pfl,[oM l[)yrr4x Me-
ToAoB (F43r.trco-xrrMrrrrecKEx nccJre.uoBaHrd IIogBoJIfler IIoJIylMTb .qaHHHe o MexaHr4-
BMe oToro Epoqecca. Ha pllc. 6.12 rroKasarra KrrEeTIrKa BMI{ccrII[ aroMoB KltcJIo-
po.ua upll BSanoIe[cTBI.tr{ MoJIeKyJIfipIIoro KtrcJlopo,ua qplll P = 0r1 Top. I4 2eo,
320 r.r 365oc c troBepxEocrbD oopa3uoB cepeopa, BoccrarroBJreHHbrx IIpu o.uHrrx rr
Tex ae ycJloBtrfix. oueIIKtr llETelrctrBHocr�lr troroKa aroMoB KllcJlopo,ua c rloBepx-
EocTI! cepeopa, BHIIoJIEeHIIbIe c troMoqbD trSBecTIIoTo IIcToTIHIlfta aToMoB KI,IoJIo-
po,{a (ropsqafl lulag4l{oBag lil{Tb), troKaBHBaDT, rITo MaKcuMaJIbHarI nJlorHocrb
rroroKa aroMoB,uocrrrraeT BeJII{1I}IHI 1l;SyrOra at/cuz -c, SHepr}rfl aKT}IBallru.I
upoUecca, orleEerrHas uB BaB[c]rMocrr{ MaKcuMaJrbltilx cKopocreft or reM[epary-
pH, cocraBJlfler 125 IcJIs,/MoJb. Ha puc. 6.13 troKa3arro IIorJloqeH]Ie oopaolloM
cepe6pa, osneceruroe K e,ulEI{IIe troBepxEocur (tcpreas l), npla eo = 1o-ltop
r.r 3o5oc. Bu.Eo, ,{To MaKcuMaJIbHafl }InTencnBrrocrb sMtIccI4}I lladJuo,qaercff rrptl

norpurltrl s.:.0r5 av/cuz, T.e. cyqecrBeltrlo doJbue MoltocJtorhlofo' Icoropoe

cocraBJrser, ecJM qpuEsrb, tITo oopagyorcfi lloBepxHocrlfift oKcl{r Agro'

z .1o to  ax /cu?.

I,TS IIPUBC,{EIIHIIX,4AIIHIIX flCIiO, qTO, BO-IIEPBIIX, IIOCKOJIbKY MAKC'IMAJIbIIAS
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P[c.5.12. I(ErerrEca sMtrccroI o-aroMoB r{ IIotJIoqeE[s MoJIeKyJIfipEo-
ro KtrcJlopoga rrptr Bsaln o,qeftcrBro 02 c cepedpou trpl4
36s  (1 ,4 )  tzo  (2 )  r  zso"c  (3 )

Plrc . 6. 13 . ItIGIerI,trca trporlloa uo.luuo,ul.uroft TIJIeIIKtr c EaIIITJIeHEilM
cepeopoM (l) u awrccru o-aroMoB (2) trpfi EaIIycKe Ktr-
cJropo,qa

mTeEcrrBrrocTb 3lercclunadJrro.4aeTca qp]I troKpbrTr{sx 6oJlb[e MoEocrolh{oro, Bbr-
Jrer o-aToMoB B rasoByp (!a3y ocyuecrBJrsercfl Ee sa cqer rerrJroTH a,ucopo-
r.uu KtrcJropoAa, rcoropaa tta.[aer c satroJrrrenrreM. Bo-BTopbrx, arreprr4fl aKTr4Ba-
rFrrr gMtrccm 6JEIBICa ft gEeprlg{ a&rfiBar[rn trorJloqelMfi KtlcJlopo.qa cepeopoM -

146 KJIx,/Morb [491. oTcpla cJle,(yer trpe,@oJloaeme, qro sMr4ccr.rfl o-aroMoB
qpotrcxoET Ba cqoT gEeprrur r}I6eJu ,ue(DeKToB B trprEoBepxHocTHrD( cJrosx Ka-
TaJrrrsaropa onaro,qapf, uorJroqeErm KtrcJlopola. C troBrEptrI TaKoro qpe.6ro.no*e-
Etra flcao, qTo I'ucToqeEtre" gl,uccm cBflBaEo c BaryxaIII4eM cKopocrll rlotJlotUe-
Errs KEcJropola (rcaK BfEo, Eatrpr4Mep, trB p}Ic. 6.12).

JIJa uo1TBepq1entrS Taroro trpe.@onoxelus 6uJa iocraaJrena cepr4s cleur4a-
JIbFlrr 9KctrepnideEToB tro u3y1l0Elfl0 IlorJroqeErrfl lctrcJlopo,qa [50] oopasqa[er ce-
pe6pa, BoccraEoBJreEHLrMrr IIo Mero.uEce t441. C rloMoqbp MeToIa cBooo.uloro
crepaEa [52] obrJra r[gMepeHa Kr4EerEca MexaHrtrecKEx IIaIIpflrfteIfld c rolrKr4x
IUIeEoK cepeopa, EaIIbIJIeEHltx Ea troJur/rMll'r,I{J|D troAJrotrccy. OKaoarocb, '{To B
,[affioM cJrygao uIeEKtr oKaBEBaFTcS EanpfiaerrEHME (ua orute HaornAaeTcfi r4s-
rtro tro.4rofccl4). Iilg aeJu[EmI nporu6a c rIoMoEbD l{gBecTlioro coorltoureHl,Ifi Mo}Ir-
EO OqpeIeJMTb BeJII4WT MeXaEr[qeCRI/IX EalrpsaeErM [51]

/ r2

, - " ^ r ( c t o + c " a 1 ]* - -=TfiETFhT-

/,, 20 t,nu

( 6 . 1 )

r,4e du - ToJII[DHa trOAJIOfrKU: d - TOJrrlI,rEa IIJIeEKII; ytr - KO96{Uqr4eHT Ilyacco-
Ea IIo.uJIoflrcI{; rx - pa.uryc Kpr{BtrBEbr odpasud; cF - orrroEerMe Mo,uyreft lyKa
cepeopa r[ noJII4tIMtIIEtofi troAJoxcctr. Iils eroro coorEoEerrr{s cJie,qyeT, qro MaKcr4-
MaJIbEoe BEaqeElIe Ear(I)f,aenil Mofter .qocrurarb Ao rot Kr,/claz, .Iro coorBer-
cTByer IaEHxM 1521. B pegynbrare EfrorpeBa gpr r = 25o:3oooc rrpolrcxolpll
olallr MQIaErrIecI(EX Eatrpstelflil (Ea olErre EadfioAaercfi BbrrrpElltJrenre [o.uJ1oln-
Kt r ) .

IIptr Eauycre KficJropoga (e = o,1 Top , T = 3oooc) BHoBb EaOJuoIaeTcs,Ue-
(DopMaLEs cTepffifl. IIpFIel, KIrIreTuKa ,Ue{opuaryu }rMeeT Bq4, anarorrr.uf,rft Ba-
BtrctlMocrrr lIETeEclIBIIocTrtr stflrccwr oT BpeMerrrr. Ha pl{c. 6.13 rroKaoaHa Kr{r{e-
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TuKa IrgMeIIeElIa BeJITIIIIIHII rDor[6a 14 gMtIccI{I4 aroMoB IcIrcJIopo,Ua. 06pau1aet
BEuMaHI4e, \iro MaKclrMarbltrffi IIporI{6 HacTyrlaer B MoMeHT Malccl.D,tarbHofi ]4rITeH-
cr{Brrocrtr sMnccrrl4 o-aToMoB (cM, pl{c. 6.12). ]il3 BeJrr,rquHH Ie(FpMaqr.E4 Mo]rcro
rloryrfl{Tb BeJII{wmy orlloc[TeJrbHoro y.UJIuHeIIug oOpaBUa, KalerrrKa Koroporo
oy,Uer Eo.UooBa Kr4Eerr4rce Ae(popMar-Utrr, B [10] upr,Bo,ryrrcrr coorHoueEi.re, cBflBbr-
Balcqee Beruqrury oTEoc[TeJIbHoro qpo,[oJrbHofo y,qJrr4HeHr4rr rortrcoft IIJrerrKr4 Ag c
KoErleHTpar-uefi BaKaEcrfr Ny:

r 'n ' /0.1 r

2,4

t,6

48( 6  . 2 )

TaKWr{ odpa3oM, KllEerllrca reHepal@r ,ue(FRToB B rroBepxHocrHNx cJroffx aEaJro-
TFIIIa KI{IIerI4Ice sMr4ccru o-aroMoB. (ouemcll IIoKaBNBat0T, qro MaKcI4MaJIbHafi
KoiIIIeHTpaLulrI saKanctil B AaIInoM cryqae Moxer ,uocrllrarb ro'5 gla odpagqa
uroqa.ubr r clat. ) Ec;M Eorararb, gro Ba sMt,tccno aroMoB I{I,IcJIopo.qa orBeqaroT
qpoUeccbr rr46eJu BaKagclil B o6pague, To IIB coBrra,qel{I4s BpeMerfiroft saBrrcr4-
Mocrtr crarl{oEapEofi RotrIIeHTpar.uE{ Ae(FKToB Moxaro c.ueJrarb BbrBollt qro Brr{
trpoqeccbr Jrr4M[rTrlrpyrcTcrr reEepau4efi AecFrcToB, rrTo, B cBoro oqepe.ub, orDe.ue-
Jrsercrr rpoqeccaMr4 odpasoBarMff oRcllfirofi oaoE B [prtrroBepxEocrrrbrx cJrofix ce-
peopa. OKucrelfl.Ie, ocodeltrlo B EaqarbEofi cra,uEr, KaK pa3 r,I xapaKTepr43yer-
cfi rrrrrerrcrrBHblM .UeQeKTooopa3oBaHlreM [54].

C gTnM .IaHHNMII corJlacynTcfi .4aIIHIIe rlo RlrrIeTI4Ice pacTBopeEl4fi Kr{cJlopola
B cepedpe, IloryrleHHble c rloMoqbn Mero.{a rlbe3oKBapueBoto MtrrcpoB3Be[rrrBaHl4g,
pagpenawag cnocodnocrb Koroporo rlo KrrcJlopo4y Mor(er ,uocrI,rrarb .IIo ro-3 or
MOEOCTOI&{OTO SANOTHEIilq T53]. HA P!TC. 6.14 IIOKASAIIA KUHETI.IKA IIOIJIOIEHI4g
RLIcJIopora cepedpoM ttpt,I T = 2oooc, p = 1o'r Top B Koop.umarax an(rnt),
I.4e An - KoJIFIecTBo rlorJloqel{Hoto &}IcJlopo.qa. BuIro, ,rTo Earlltrlafi c MoMeH-
Ta BpeMeHII t:18o C oTa KpIIBafi CIIpgMJIffeTCfl, T.e. nOIJIOUeIllIe KI4CJIOpO-
.4a Mox(er oIMcNBaTbcfl BaKoItoM oKtIcJIeHLIg Itaopepa-MoTTa .UJIS cryrlafi oileHb
ToIIKI{I oRc}II$tblX cJIoeB' nOps.U{a EecKoJIbKrD( E, ror.[a o&ItcJIeH}Ie JII4MI4TLfpyeT-
cfi TyHrreJrr[poBaH]reM gJreKTpoHoB rc noBepxHocr[ qepe3 oncfi.Ufi,rft cJofi ts4]. B
eToM cJryqae npoqecc oyAeT qpoucxo.4,rTb B ctrJrbHoM sreKTpr4qecKoM rroJre
(- ro7 B,ucu) tr 6yler coqpoBox,[arbcs lrrlTerrcr.rBHbrM [epeuocoM r4onoB MeraJrJra
rr Kr{cJropola qepe3 oRcl4J$trfr crofi, a cJreloBareJrbrro, I,I peKoMouHaqueft .ue{eK-
ToB Ha rpaHl{qe pasAeJla Oa3, saxBaToM oJIeKTpoIIoB, TyIIIIeJIIrpyFumx I{B MeTaJI-
Ja qepe3 OKcu.U K IIoBepXHocTLI, Ea coOTBeTcTByWlre IIoBepXEocTi$re UeHTpbr,
3a cr{er oHeppru, BN.uerfiqeftcfi B yKa3aErrEx qpoueccax, Bo3Mo}r€o, u fipore-
Kaer oMr4ccug aroMoB KtrcJropo,qa. SHeprI{s BaKaIIcI{Ir B cepeope 1,]- gB tsl,
aroMa B Melr(IoygJlrM - 3,5 oB t8l. ItpoMe roro, BoBMol{teE Bbropoc aroMoB Kr4c-
Jlopo.qa TaKr(e Ba c,rer peKoMottrIar.Eu Bapfl.UoB B rroBepxHocrrrbrx cJrosx, IIo.4ooHo
TOMy KaK B [55] HaoJrro.qaJrocb 3a cqeT peRoMotrIrarItr4 sJreKTporrHo-IFrporlrffx nap
KoredareflbHoe BoBOy,(Aerfl,Ie a,ucopdr4poBarrH[x Ea rroBepxHocrr4 qacrr,ru.

TorAa c rIoSI4IItM Tarcoro paccMorpenllg EepI4o.U BpeMeI{I4 t = 180 c, B Teqe-
IIlIe Koroporo Ee BblrloJlHflercs rorapu(F\iflrqecKafl Kfirrerr4rca fiorJrorqeHfifl KrrcJropo-
.qa, u cooTBercrByer BpeMeIIu "pa3ropallllfl" gMI4cc[lI aroMoB Kr4cJlopola lt
"pa3nopartr,Is" ,ue(bpMaru{r oopa3ua - sro BpeMs @pr\iflfpoBawrfl oKc]44{oro cJros
TofiprHofi B HecKoJrbKo arrrcrpeM. CIeraItrfiffi BErBo,q corJracyercs c peByJrbrara-
Mrr BoJuoMoMerprrltecKE( r.rccre,qoBarfld (cM. pIIc.6.12), a raKr(e llocrofuroro
otre-aHaJM3a, coIJIacHo KoTopoMy oKaSaJlocb, qTo K MoMeHTy OKI4CJIeIMS
t = 180 c ToJIIU{I1a CJIos, coAepfiaqero KI,IcJIopo.4, cocTaBJlfier Uopa.6ra ro A.
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oqeBrr'4ro, qro trptr ,ue(lopMauM odpa3qa BcJre,ucrBrre MexaHr/FrecKoro Harpy-
:fte$}Irr raRlfie oyAer upoucxo.&rrb odpaSoBarile }I ruoerb.4e&eKToB. B erou c.rry-
qae, TaK Xe KaK tr B qpe.uEl[U[x OII[ltax, BeJrrlrwrEa,4e@pMar[tr,I 6yAet oupe,4e_
JrflTb Korr{eETpar-um ,4e(FrcroB. o.uraro B cJyqae MexaHr,rlrecKoro EarpyneH}rrr
Ae(FKm oyryr pactrpeleJrffrbcs paBrroMepEo tro BceMy ooreMy o6pa3ua, ror.ua
ICAK B CTYqAE OKtrCJIEEI4A CEPEOPA OHg JIOKAJIIT3OBAJMCb TOJIbKO B NPUIIOBEPXHOC-
rHbIX CJIOEX. IIOETOIAY BbIJIET ATOMOB KIICJIOPOTA B YCJIOBI4'IX MEXAIilIqCCftOft ,qE-
oopMal-uer odpa3qoB B arMoc(Fpe K[cJropo,ua 6yrer MaJroBepoETerr BcnercrB]re
MAJIOI UHTEIICITB}IOCTI{ TUdEfiI .4E(FKTOB B IIPIIIIOBEPXIIOCTHILT CIOSX. CNEUT,TAII-
rrse gRcIIepUMeErbr trolTBepDrJrrr gToT BEBOII.

Ps,q n)yrux orcrrepr/rMenToe noiraep8laer BbrBo.u o roM, rrro gMtaccr,rfl aroMoB
KllcJlopo.qa oqpe.ueJlsefcs rlpoueccaMtr, cBqBaHHI'[\,Er c pacrBopeHr4eM Kr4cJropoAa B
cepeope. XopoEo rl3Becrrro, qro rerEpoBarMe cepeopa sJreKTpooTpr4uareJrbHbrMrr
sJIeMeETAMlr (Cepofi, ceJreEoM, TeJrJLypoM rr rc. ) pesKo cHr4flaer cKopocrb pacr-
BOPEHUfl KtrCJIOPO.qA B CEPEoPC T49]. JIErIPOBAIilTE XE qEIOqIftItvEI METAJIJIAMI,I,
Eaqpor[B' yBeJIIrrrIlIBaDT cKopocrb pacrBopeH[rl oa ciler BIIyrpeHIIofo oKtrcJrelil,Ifl
[53]. Iils qperJroneHrroro MexaS]rBMa ouuccwL aroMoB KrrcJropora cre.4yer, irro
JlertlpoBaErle ceJIeIIoM ,4oJl[ffio tro.4aBJlgTb oMllcc]m aToMoB KtlcJlopo,4a, Tor,ua KaIc
JIET4POBAII]4E qETOEilW METAJIJIOM OYIET YCUJTTBATb 3TOT IIPOUECC, HA PI,IC. 6.15
troRasaHa urrrerrctrBHocrb gMtrccr{ll aroMoB Kr{cJropo.ua c q}rcroro cepeopa (rpra_
Bas. r)' o6pa3r{a' co,qepftaqero o,2 ar.% se (Kpr[Bas 2), u o6pa3rla, co.uepxa-
qelo o,2 aT,% K (rpmag 3). Bu,UrO, rrTo Jrerr4poBaE[e se cH]rr{aeT rra I]opff.qoK
trIITeIIclIBIIocrb 9Ml/tccr4lr o-aroMoB, TotAa KaK JIerIrrpoBaHI{e Kafi{eM, Harrporr4B,
ycrrJrrrBaer sTy aMuccrDo IIo Kpal&refi Mepe B 50 pa3,
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Cre.Uyer orMerr4Tb, qto gMEccnfi aroMoB KrrcJropo,qa rra EaqarbHoft cta4ff/r
oKtIcJIeEtrf, Motret EaOJIIoIaTbcg II B cJryqae oKucJrentrs rcyr]!( MeTaJUroB, Iraupr4-
Mep HtrKeJIfi. B SToM cJryrlae BcJeAcTBIle BEcoKo[ c1opocT14 oKI4cJIeHI4fl,gMtrecWg
y,qaercg Eaom.uarb roJIbI(o B pe3yJlbrare oKtrcJIeEtrg cBex(eHarILIJIeHHbIx IIJIeIIoK
EtrIceJrfl trpE KoMHarEofi Terwepacype. IoraptrFrmecrd 3aKoH Kaopepa-MoTra
,U,rrs EEKeJrfi 6y,[eT BEtroJE Tbcff trocJre oopa3oBarofi oKctrqa ToJWrHofi r E tse],
rITo BecbMa oJM3rco K BEaqeffigM ToJ@tHH oKctrua, uoryrreHrtrnr ,qrs cepe6-
pa. Ha pIIc. 6.16 rroRaBaEa RErerma sMEccm aroMapEoro Rr4cJropoAa npll
OKI,ICJIEIilM CBEfrEEAItrIJIEEMIX trJIEEOK UIIICEJIA KtrCJIOPO.IOM (t = ZOOC, P = 1O.I

Top, ). Br4,Eo, qro qpoAoJrfrilTeJrbHocTb gMtrccfitr B groM orrrrre, Koropas cooT-
BercrByer EauooJlee UIITeEcIIBEHM ctpyKTypHNM trepecrpolh{aM B troBepxHocrlrrilx
cJtofi HnteJIa, paBEa - 40 MIIE. oTMerlor, rITo corJlacEo MarIIlIToMeTplrlIecIu4M
trsMepeElrmr [56], trpll BBaItriroAeficTBro KficJropo.ua c Hr4KeJreM tIpr4dJrr,IBr.rTeJIbHo
cToJrbKo ae BpeMeHtr Kucnopo.[ Eaxo,MTcfl B tro,El{arloM cocToFHr4r.r.

TaIcIa, o6pasoM, uclloJlbgoBanlre pf,Ia ctreu4prqecKlo( rrpl4eMoB Mero.[a rioJry-
qpoBo,l@oBblx ceEcopoB uogBoJII{JIo ooEapyerrb tr }rccJre,uoBarb oMrrcc}In aroMoB
KtIcJIopoIa Ea Eaqarb8oft c[aDd/r olcllcJleEtrs MeraJrJroB, xorg B cryqae cepeopa
cJreAyer BaMer[Tb, 'rro (!€BoBbre orcr4F cepedpa Ee oopa3ypTca, Koropbre rDrr

h c . s . r o .
Itlffrertsta gMtrccfitr o-aroliloB
qpr{ BsauMoAeficrsui{
KIICJIOpOIa C mIeIIKaMtI

HNKCJIg

0 20 40 t, nwt

TaKn('ycnoBr[flx EeycroltlrtrBE t57]. CKopee Bcero, trorJroqeme Rr4cJropola ce-
peopoM dy,qer cBs3aEo c pacTBopeEtreM u BEyrpeEHr4M oKtrcJleEtreM.

6.3. Sr[{ccua cuHrJlerlloro Kr.Icnopo.qa
c pasyrlops.qoseltrrotr rloBep&rocrr{ TBep,Ur ren

OIFofi uo aKTyaJrbHrrr IrpoOJIeM coBpeMemofi (F3IECI,I rroBepxEocrtr "un"arao r.y-
qeEfie qpoqeccoB oEeprrrn onercrpoErroro BosoyaAeMs Ea troBepxEocTrr rBep.&u
TeJI u B a.ucop0rrpoBaEH[u( crosx. 0co6oe MecTo B orofi rlpodJeMe gaH]rMaer rrM-
porcrd Kpyr flBrelud, cBfiBarrHrD( c rIoBe,UeHI.reM oJreRrporuIo-BogoytrIerfifi,lx More-
RyJr KtrCnOpO,Ua (CEIrJeTEOTO &r{CJIOpO,4a) B reTeporeElfiu ctrcTeMax. XopoEo
trsBeCTEO [59], qTO MOJreKyJrrr CtrIrrJreTEOro KtrcJropoAa mtpolco pac[pocTpaneHbt
B qpqpoAe, c ID( yqacrfteM rrporeKaer psA rereporeEHbrx u oororereporerrHblx
EpoqeccoB. It 'ercJry TaKr4x llpoueccoB MoaBo orEecrrlr (loroAecrpyKtgro rroJrr4Me-
poB, BHr.EeTaEre (DoTorpa(MqecKr.rx rrJreEoK, (DoTooKl{cJertr{e IIe&[Ex,rx rrJreHoK Ha
BOAE, A TAKEE ECTb OCIIOBAIIUE IIOJIATATb, qTO BIICOKAS CEJIEKTI4BHOCTb TIEKOTO-

pEx KaTaJrrrrr{trecKJE peaKlpil cBsBaHa c ygacTueM B rrrD( cultrJleTrroro KlcJropo-
,qa. oTcnua scEo, rITo lr3yqerflle BaKolloMepEocreft odpa3oBaHlrs r4 sMtlccu'r clrE-
rJreTrroFo KtrcJlopo,ua c lloBepx$ocrrr TBep,uIx TeJI qpe.ucTaBJfieT cyqecTBerfisffi
r{ETepec IJIfl TpaKToBKTI MeraHrrsMa Mrrorrrx rereporeHHrlx EpoqeccoB. B pa3.qe-
JIaX 6.3 tr 5.4 OIII4CaEII gKCnepUMeHTbI IIO I,ISyqeEm 9MtrCC]I]I ro- C IIOMO(bIo Me-

ro.[a nIIC.

G.3.r. 3r,s.rccu.E cugr,ltergoro Kr.rcJlopoIa c rloBepxHocrll l|exalltlqecKll
paSyflopr.qoqerrHoro KBapqa

BecbMa rlETepecHLIM odbeKToM .uJIs rlo.uodEoro po'ua I{ccre.4oBaHrd sBJlsercfi Me-

xaHr[qecKrr aKTlrrBupoBaErrrrfr KBapq, co'[epsaupil Ea cBoefi rloBepxnocT]I pasHooo-
pasH[e arcu4BHHe uerITpEI t6o], MEorIte I{3 KoropEx Eeooparltrito rlloEyr rrpr Ea-

rpeBaErrrr.
gftcIIepIn|eETN rlo u3yqeHlm BoBMofiEocuI oMI,Icctr]I aKTIIBHI{X qacrfiu rrpoBo-

,u4Jtrrcb B cocy,ue, aHaJIorFIIroM rlpe.ucTa&leEloMy Ha ptrc. 6.1, B KOTOpOM Ka-

uepa 2 coe.ErrrsJracb c ycrpoficrBoM ,4,Is BaKyyMEoro troMora. 3ro ycrpoficrBo

cocrosJro lrs roJrcrocrerotofi KBapIIeBofi IDo6lIpKI4 tr KBapqeBoro IIecrl,IKa, B Ko-

TopNt Bfiaffi ocrercroBarfftrffi sere3rilrfi rpyorllc. fiptr tro.[aqe I4MnyJIbca roKa c
saAaltrroft qacroroft rla lcary[trcy sJIeKTpoMarEtrTa trecrtlK qpullolulln aJlcs Ha 2 -

3 cM rr [a,uar. TaKoe ycrpoficrBo rroBBoJMJIo Aocraroqllo o(&eKTlIBEo pa3MaJII{-

Barb RBapq B ToJrcrocreHlloft fipootrpRe rI3 rIJIaBJIeaoro . KBapIIa [61],
OKagarocb, rrro qpu HarpeBaErEI rcBapqa, paoMoJlororo B KI{cJIopo.4e ,"g

- :.0-i topp), EadJuoAaercs gMuccllfl qacrrl{ - aKIIerITopoB grelcrpoHoB, o qeM

cyMJM rro lr3MeEeHun gJleKTporrpoBo,4roc$I ceEcopa-TIJIeHICtr zno [61]. C [oMo-
qbD MeToAoB 4UeET}{FIKaLU&I aKTtrBHIIX qaCTnL I{3JIOXeHHbIX paEee, y.4aJIOCb .qO-
Ra3arb, qTo B ,4aIlIroM cJyqae HaoJmAaercrl sMlrccllfl cmrJlerHoro KI{cJIopo.4a.

Hanpruep, 6buro ugMepeEo pac[pe.ueJleHae no AJIIEIe rpyoKtr aroMoB K]lcJlopo.ua,
KOTOpHe trOWqaWrCb III{pOJIUSOM Ea uIaT}IEe, II qaCTUIL BIIJIeTaT@D( C nOBepX-
IIocrE KBaprla. OKaBaJocb, qro coolEoEelue Ko9(EFtr$eEToB rereporelfiloft ru-
oerfi onu qacra{ oJMBKo K Torry, qro EueJo Mecro.4Jrfl ctrtrJrerlroro K[cJropo-

.{a tr aToltoB KacJropoAa,uonyqeffioe B [62]. KpoMe Toro, ecJM troKpETb rroBepx-
soctb rpyoru, coe.rytEflmtefi cryEcy c ocraJlbEofi qacrbD trptrooparcroeM co3o4,
trporaJreryD trpn zoooc, To oKafierca, rITo qacrnr, BuJrerariryIe c rloBepxgoc-
ru KBapua, Ee 6y,{yr ,{ocrtrrarb ceEcopa. HarcoEeq, m)oKaqKa llepes pacr-

eop r,r-.u(DeErrJrrr3o6eEso(lypaEa B rerca,qeraEe c EaqarbEo[ KorueETparryreft
ro-auour,/.n B Teqemre i;v upmom.na K 3ot-Ho.W yMerblrerrm KoErIeETpauEr pe-

areETa. coBoKyEIocTb peSyJIbTaToB goSBorfeT yTBepEIaTb, rrTo B ,ualtrIoM cfly-
qae EaoJuo,uaeTcfl oMEccua cuErJreTEoro KficnopoIa [61].

IIo.qoOEre aB.[eEtra trpe.qcrailIsror oorbuofi EETepec ,UJs troEuMaEtrs rq)oqeccoB
trepeAarrtr sEeprErr BJreKspoffioro BoBOyEAerus KtrcJropo,qy B lrpruIoBepxEocTHlB
cno8x TBep,E{x reJ, SaMerrst, qro uolodsas reEeparyrfl Ea troBepxEocrr4 " TBep-
,Ulx reJr EaoJmlaercfi .UoBoJrbEo peFco, trsBecrEo Bcero rmb EecKoJIbIco paoor

[ 6 3 , 6 4 ] .

l[BBecrEo [65,66], qro KEcropo.[ Ea lloBepxtrocrtr cBerepa3r/pJrororo KBapua
a,qcopotrpyerca B B4{e EecKoJrbKEX QopM, ,4rrs Koroptlx xapaKTepml pasJltrirrue
ycJroBtrg oOpagoBarua, Tellrr{rrrrecKas cradIIJEEocTb, rcoEIIeElTatEa tr T.I. flptr-
MeEeEUe trOJryqpOBO,{FIn{OBEX CeECOpOB B CoqetaI{lrrl C ,qI)yrUME MeTO,4aMI4 @I3tr-
Ico-xxMFIecKEx trccne,[oBaEld rrogBoJrtrJlo ycTaEoBtrTb uptrpo,uy a4coporpoaaruux
flopt\t lctrcropofla, orBercrBelrrrrrr Ba gMucclm to, 

[ez].
Ha pnc. 6.1? [pegcraBJremr peByJrbraru EBMep€rufr BaBuculltocrtr trrrrerrclrB-

Eocrtr aMtrccutr to. or re!,Eeparypu tr cocroartrf, troBepxnocrtr cBeftepaoMoJloro-
ro KBapqa. MexaElryecKas o6pa00Trca KBaprIa B ffieprEofi aflroc(Fpe c [ocJre.uJ-
urf{ qporpeBoM Ee IIptrBo,UT K. oopa3oBa@ ctrErJrerEoro KEcnopo.qa. TepMo-
oMtrcctrg to, Boor*caer roJrbro B ToM cJryqae, KorAa Ea IloB€pxnocrtr o6paBua
a,{copd4poBaE uolercyraprofi KEcJIopo.q. XeMocopor@ KEcJropo,qa rroxGo qpoBo-

mrb Byr,{fl cuoco6a[,E: .Mcrr€prtrpyfl KBapu B a!{oc(Fpe aroro rasa l4fir oOpa-

I3,  onh.eB.
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darbrBas KrrcJropo.qoM rroBepxuocrb odpaoua, fipuroroBJrerrnoro fipe.qBaprlTeJrbrrbrM
[SMEJIbqEHI4EM B I4IEPTHOfi ATMOC(FPE. B O6OID( CJYqASX I4IITCHCIIBIIOCTb I4 {OPMA
KprBofi TepMosMrrccrl}r to, 

nFmeFHo o.uHarcoBil. 3w4ccllfl H;a,'n{aercfi B .u4a]ra-
30He 200-50ooc, tr.rarc nyla ffiTeIICTIBITOCTII pacrloJloxeH rrpll goo-:zooc (cM.
plrc. 6.17, RprltBafi ?). IIoBTOprfiffi HarpeB TOI'O ffe Oopasua B I4]repTHoft arMoc_
@pe I4JM B npMyrcrBlM Kl{cJlopo.ua He co[poBo8Aaercs oopa3oBaHr,reM cr4HrJrer-
HOrO KI{CJIOpOIa. 3&Mccllom{aE aKTTIBHOCTb Odpa3qa lcBaplra BoccraHaBJMBaercrl
TOJIbKO B peSyJIbTaTe HOBOIO IIOMOJIa.

N r g ,  , 0 m 1 . 0 3 .
Pt t rc .6 .17  .
lilntencueEoctb eMrccl4u cLIIIrJIerHoro lcl{cJlopo.ua B gaBI4_
ctrMocTlr oT TeM[epaTypH cBer(epaBMOJTOTOIO rcBapua
f - r,r3MerbqeH[e B reJrrM, xeMocopol&rs 02 rrp[ ZO"c;
2 - To xe + o6pa6orKa rrpu ZBO"C; 3 _ o6pa3e[ 2 +
OKI/tCJIeHi4e IIpI,I 20'c

+

f00
r , ' c

Itpr'Bas 2 fra vrc, 6'17 COOTBercrByer orrbrry, Korop'rfi c'aqaJra [poBo.4{Jrr
RAK O6'IEIO, HO I'PI{ ZEO'C NOBEPXITOCTT KBAPIIA BOCCTAIIABJIIIBAJIIT IIYTEM OOPA-
00TK,n MOHOOKCT4T.M yrJlepora. np,n 'TOM gMr,rccrrff r{cqe.ra, ,n qpu .4aJrb'erfixeM
rroBHr[eHr{}r reruneparypN ee Ee y.qar6cb Ha6fi0.uarb. Ilocre .qocrrrr€r{r4s :zo"c
oopaseq dbul oxrarueE' o&lIcJIeH I{ BHoBb llarper. Taroe [oBTopgoe oKr4cJIeHI4e
KBapua ctsoBa trp[BeJlo K oopa3oBalilm il eu01tccr4I. cI4ntflerHoro KrrcJropo.ua (cM,
pl{c. 6.17, KpuBag 2), go roJrbKo B o6racrr4 TeMleparyp oKoJIo 3zooc. T.e.
BHrrre ?eMrrepaTypH rrpe.@apuTeJrbHoro HarpeBa.

Ta*,^t o6pa30M, oopaS.Balele MOJIeICyJI tO, cBflSaEO TOJI'KO C XeMOCOp.lrpo-
BAHH'IM ICI{CJIOPOIOM HA IIOBEPXEOCTI{ CBEfiEPA.MOJIOTOIO MAPqA }I DPOI,ICXO.U,IT B
xore Heo.parr4Moro qpouecca repMr{qec&ofi r,n6eJ'[ qerrrpoB a,*C.pol[4r{ Kr,rcJropo-
.qa. AHaJMS Jrr{TeparypHbrx AaHHEX peaftr.u{olilroil cllocooEocrn II TepMKqecKotr yc_
roffgoocrr @pM alcopdr.rpoBarlroro Rr{cJropo.ua t6s,66l rroragaJr, qro B .Erana_
oone reMtreparyp zoo-soooc Eporlcxolprr rr.r6erb
o.&roBpeMe'rro c rrr6er6tu s ror @prisr .o."oo,*".:#?:-0":ffiil1". 

"6"#f#,
,n r'n6erb IIeErpoB, Ha Korop'x o'a odpaSyercfl. KoHTporbIiI{e 'KC,,epI4MeHTbI no
[sMepe'rm reMneparyp'ofi ycrofiwmocru a'r{o'-paE{rcaroB o;, rco'qe'Tpaur4ro
KOTOPbIX OIPE.UEJISJIIT METO.qOM SIIP IIO AMIIJMTY.qE CIITHAJIA B TOTIKE C g = 2,032,
corJlacEo.uaHHNM [68]rtroRa3aJM, qro reMfieparyplfie lurtepnani rudeJM aHr{oH_
pa'ErKaJroB vr gvMCCW cr{rrrJrerHoro K}rcJropo.4a BecbMa 6JM3rC[. oTcnra cJre.uyer,.ITO O6pa30BaHI,Ie I4 SMIlrCCUfi CruirJlerHoro KI4CJIOpO.qa Ha floBepxHocrlr cBexepas_
MOTOTOTO rcBaprla qpoucxo,4'T B rrpouecce Heodparr.il,rofi r,noeJ'r UeH?poB arcop6_
rwr Kr{cJropo,ua' Ha ROToptrr RrrcJropor a,4cop6rpoBa' B oopMe oi. Heooxo.un,naa
Irs BoBOy,(IeHrrs s'eprus, ''o-BrrInroMy, Banace'a B UeHTpe xeMocopoutrr.

UHTeFecHo orMer[Tb, rITo cuoco.Hocrb K gMtlccl{r4 ctrllrJler'oro Kr4cJ,ropo.{a
KBaprI upuooperaer rre roJrbKo B pe3yJibrare MexaHr4qec&oro pa3MoJra, Ho 14
BCJI.'4CTBI{' fipeoblBarffg ero B ycJroBl4ffX rOpeH]IS CM.CU H2 + 02 [69]. I4'{'HTU*
@'ffcar-utro r{acrl'Ilr B oTOM Cryqae qpoBo.uI{JM TeMI{ 'ffe Mero.uaM[, IITO r{ MoJreKyJI
cI{IIrJIerHOtO Rr'rcJropora B i67r. cpaB'elil{e pac[pereJre'r{fi rlo B'ICOTe cocy.ua

306

aroMoB KI{cJIopo.4a u qacrldl' BbIJIe?awD( c rloBepxHocr}I KBapueBbrx creEoK,
rroKasaJlo, qTo coorEoEell}Ie Kooemd.U,reEToB rr4defir IJrf 9TID( qacrr4q lia [oBep_
xllocrll creK,Ia raKoe fte' KaK I{ rJIfi aroMoB R}IcJlopora }I MoJIeKyJr cl{rrJrergoro
R[IcJlopo,qa 1021. Iloxpurue crelror cocy.ua co3oa, fiporarenlloro npr4 zoooc, ua
IIyTI{ OT peaKTOpa.4O ceHCOpa [pIlBO,ryIT K yHIrrtITOxreH]IIo CI{THaJIOB CeHCOpa. Ha-
KOHeTI' IIpoKaqKa qepe3 pacrBop 1,3-mmerlllJM306eli30@ypaHa B reKca.4eKaHe
KI'IcJIopo.qa' co,uepx(aqero qacrld-El' BEJleranupte c rloBepxEocrr{ KBaprla, [prrBo-
IIIJIa I( 4ot-HoMy o6ecqBewtaarum pacTBopa, qro xapalcrepno IJrfl cr4lfJrerHoro
KI4CJrOpO.qa. cJe.4oBarerbEo, B pesyJrbrare B3pbIBa rpeMyqeft cMecll crei{xa KBa_
pqa qpfiooperaer cllocooHocrb K 3MrICCru{ Cr4r{rJrerHoro rcr4cJlopo,ua, &oropbrr4 Mo_
XCET IIPI4H?IMATb YqACTfiE B O6qEM IIPOqECCC, HAIIPI4MEP B PEAKII}II{ C ATOMAPH5IM
K[cJropo.uoM rro peal.lfitrr: ro, + H - o + oH (I). KoEcraETa cKopocrr4 sroil
peaKrlrtr4 [7o]

K = 19'e,7110,r0"*o[-  6280 + 93ol  e^,1/r r^ , . .^ t 
----- 

RT-l uv zuulo.C

llra cpannemrs yrax(eM KoHcraHTy cKopocri4 peaftryor rpr,rrrJrernoro Kr.rcJropo.qa c
aToMapr{bn{ Bo.qopoloM [71] 02 + H _ o + ou (2)

K = o,94 to- toexp1-rs: .oo,znr)  c# MoJIb.c

li[B cKopocru ooe cqBewBarilIfl pacrBopa 1, 3 -u4@rilutr{BooeH3o0ypaEa B reKcaAe-
KaIIe MOIICIO OUeHIITb BeJII.flIIffiy IIOTOKa CI4IITJIeTIIOTO RI{CJrOpOIa, BbIJIeTamrqerO C
IIOBepXHOCTI{ KBapLleBbrX CTeIIOK, LI3 qero CJIe.UyeT BEBO,4, qTO I4I,I MaJbrX IaB-
JIeIIISX (0,O1 - O.1 Top ) BIrJa.&I STId( peaKU[fi 6y.qyT COEOCTaBI,$,[,r.

ETor pegyrbrar nogBoJlger ycraIIoBrITb opty trg rrprlII4II rIBMeHeIrr4a aKTI,rB-
IrocTtI cTeIIoft KBaprIeBoIo peaKTopa, B KoTopoM IIpoucxoII4T ropeHue Bo.[opo,ua
IIpu EI,TBKID( .qaBJIeHI{gx. C fio3r,il.[fr TaKoro BHBo.ua JIerKo rIoIIfiTb I4BMeHeHr4e
cKopocTr,r ropeHr4ff Bo.uopo.ua B cocy,4e, cTeHKu KoToporo IToKpHTH oKcrI.[oM Mar-
EIIS [72], IIOCKOJIbKy OKCI{I MarIilIs 'rBJIrIeTCg XOpOlrr{M TyUMTeJIeM CTTITIJTeTEOIO
KlrcJlopo.Ua t731. 3aMeTIo,l, qTo c noBepxltocTlr MexaHrrllecKl4 aKT!{BrrrpoBaEHoI,o
o&crlIa MarHug Mo:IcIo Hadmo,qarb BMtIccIm cuHrJlerHoro KllrcJlopo,qa roJIbKo lrpr,I
BNcoRI,fi TeM[epaTypax [73]. oTKy,Ua cJreAyeT, rrTo BKJaA peaKrlE�r (t), ffpore-
Kaqefi B cocy,ue c IIoKpbrTHMtI cTeIIKaMI/t oKCr,L{OM MarIIIlIg, 6y,4er npene6perg4Mo
MAJI.

6.3.2. Slo.Icctrg cfirtrnerHoro RtrcnopoAa

c noBepxgocTll neHToRcr.IIa BaHa.u{a

C floMoqbn MeTo,utrclr, Koropag ucnoJrb3oBaJlacb AJra u.ueHTr@{KaIu4Ir MoJreIcyJI
clIIIrJIerIIoro KlrcJlopo.qa, BtsJleraroqero c IIoBepxHocrE IcBapUa, 6bulo IloKa3arlo,
IITO IIp!I HarpeBaHIM B BaKyyMe I4JM Kr4CJIOpO.Ue qaCTI,I!trtO BOCCTaHOBJTeTTHO|O
rleHToKc[ua BaHa,ryIfl HaOJuo.Iaercg sMr4ccufi MoJIeKyJI cI4IIrJIerHoro lcl4cJropo.ua

i741. I/l.qerrrr4(Ftrcaurff to, 
EpoBogJracb rro ux pearcr-utr4 c pacrBopoM py6pena B

reKca,qeKaHe. XapaKTepHa.fl ocooeruIocrb gMI4cclIlI B groM cryqae - ee noJIIIoe
I,ICTOIeHUe 3a II8CKOJIbKO qaCOB [pOrpeBa KaTaJMBaTOpa IIp!I .qaBJIeE]II{ KIiIcJIopO-

.Ua o,1 Top 3To rrptBo,&lT K ToMy, iITo sMuccug lo, orpelelReTcE HepaBHo-
BecHHMr{ qpoqeccaMr{ B rrprtrroBepxHocTHHx cJrosx KaTaJMBaropa. CrpaBe.UJMBocrb
TaKoro BbrBoAa rlo.UTBeprfi,Uaercs pesyJrbraral,[4 paoorbr [74], r,qe IIoKaBaEo, qro

ToJrbrco qacTururo BoccraEoBrerutrfr IIeEToKclr,q BaHa,ryrfl cnocooeE rqrd HafpeBa-
IrlII,I B BaKyyMe I,uM arMoc@pe RlrcJlopo.ua BH.ueJrsrb crtrIl'rerrilfr R[cJropo.u, Tor-

.Ua KaK q,rcTbil v2o5 (6eg nprrMecfi qeTLrpexBareHTHoro Ballalfifl), a TaKXe ril.r3-
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3aBficr.nrocrr.r tlrrrercnBucrr[ sMr4ccrm 1o, (I) E BEqeJre-

rilrfi HeBo3dy8leHrroro KtrcJropola (2) trpl.I Juffieft{oM Ea-
fpeBe B BaKyyMe o6pa3qa v6orl

TeMnepa ryprile s aBr{cxMoc rE rrorJroqeErrs EeBo3dyxlerflIo-
ro RacJropo.qa ({) tr oLmccEr crur.nerEoro KucJropola
(2) ruI,I HarpeBe B o,1 Top 02 odpa3ua v6o11

IIMe OICCTIE BaEa.Ug VrOo E VrO, OKaBbIBaDTCfl HeaKTIIBHHMI{ B OTEOIIeEU}I oMI'C-
crIIlI crrrrrJrerEoro KtIcJIopoAa. I(poMe roro, B BaKyyMe 3Ta gMucctrs llcrolqaercs
3a cqeT BoccTaHoBJIeHrIfi oKclr,4a Il trogBJlgeTcfl BIIoBb rlocJle qacTI{tIIIOTO OKI,IC-
JreHllfl oKctl.ua. Hallry.rwo, croco60M rrpllroroBJleHl{8 00pa3qa ueETolccu.qa
BaIIa.4Ig, aKTtrBHOTO B oMIICCIM tOrrflBJEerCfl OopaOOTKa ero B CMeCI4 KI4CJIOpO-

.ua c [apaMtr na(lraJEEa B ycJloBtrsx peaICIIEr rIapLtrIaJIbIIoro oKucJIeHI4s HaFTaJM-
Ea (arMocQepgoe .(aBJreur{e cMeclr ll TeMleparypa soo"c).

creAyer orMe$ITb, tITo Ara oKcrl.uoB BaIIaIFIfl xapaKTepEa llcK.IuolMTerbHo
B6rcoKafi rrolFr!fixlocrb KucJlopo,ua B pelterKe I4 ctrocooHocrb oKcrIIoB K odpaso-

Barrlm doJlbtrroro rucJta (DaBoBbIx oK[cJIoB, HarlpnMep (DaB Marxelu c odqeft 6op-
tryJlofi Vno2n-r [75] . IIptr BE4eJIeEm IMCJIOpO,Ua tro peulerKn TaROTO OKCRUa KI4-
cropo.Eofi BaKaEcrIII Ee odpa3yeTcff, a Epoltcxo,ur ,[e(DopMalgs peEerKll c 06-
pa3oBameM rroBofi @3E. IIp}I uocTofiHltEx ycJloBtrsx (trocToffiIx AaBJIeI&II4
KtrcJropo,{a rr rermeparypbr) odpasyetcs roMoreliltrfr oKcI{L qptrlleM BpeMfl ycra-

EOBJreHrrfl toMoremoro oKcu,ua MoaeT AocTmaTb IIecKoJIbRItx cyToK rrpl,I TeMne-
parype - goooc. Tarfirr oopaooMr ll?rp€Bantre rolrorentofi cMectr oKclrroB BaIIa-

tr[s. uJM. fie EarpeBaffie roMoreirEoro oRclIAa B ycJIoBI{Ex, .[aJIeKEX OT OoraCrI{
cyuecrBoBaElrs roMoreHrrocrr[, IIpIIBoIDIT Ic IIoBoMy cocraBy u EoBo[ crpyKType
oKcnla, qro, B cBoD oqepeAb, 6y.uer cotrpoBo8Aarbcs rerepaLEefi II rl46erbn
Toqelmu ,ue(FKToB tr MexaEllqecKEx EaIIpfaeEIfi B trptrrloBepxEocTHblx cJIoSx
tBeploro TeJra, T.e. upoqeccaMl4, B KoTopEX MoaeT lq)otrcxo.@Tb rellepaLE{rl u
oMtrcc}Ia aKTuBHtlx gacTl4u u, B lIacTIIocTE, MoJIeKyJI CUtrJIeTEOTO KtrCJIOpO,{a.

B 176,77) uoKagaEo, tlto oopa3oBalilIe tr oMtrcctra ctrHrJlelEoro KI4cJIopo,4a
oqpe.ueJrrrFTcs qpoqeccaMll BBaUMH[tx fipeBpaqelild (!as MarEe.lE[. Ha p].Ic. 6'18

[rIoKasaEII TeM[eparypnHe saBl{cl4Mocrn sMMccwI ctrIr,neutoro KtrcJlopo,4a tI Bbl.ue-
JreHnf, ao36yfr,qerrEoro Kl/tcJlopo.ua upu EarpeBaEun B BalcyyMe oopa3qa V.o,, c

Ilocrosrfirofi cKopocrbD; oTIIITeB olccrlla qpoBoJplJttr rlo Mero,@e, olMcamlofi B

t75l B KBapqeBofi aLuyJe c roEcofi MeMopaEofi. foMoreffiocrb oKclIIa [o,lITBep-

MaJracb peHTreEocTpyKTypHIIM aIIaJM3OM. .qwyJia c C1�IHTeSfipOBaEIIIIM \tuo,,
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tro:EarfBaJracb K cocy.uy, co,qepaaqeny ceEcop zno tr saTBop. Ilocre oTKaEcII
cocy,ua E tro,uoroBKtr K paoote ceEcopa pasotrBaJM MeMopaEy u trpoBo,u4JM grc-

cIIepuMeET. TaKag MeTomma rIoBBoJIiJIa ucK.llolltrTb BoBr/roffioe trBMeEeIIue [apa-
MerpoB oKcrl,ua Ilprr Barpy3Ke ero B EeorKa.raliltrfr trp}Idop. Ha pEc. G..],8 B]I:l-

rro, qro Btrurer to. qpotrcxo,ur B ,@arrasorre reMtreparyp, Kor,qa Eadfio,uaercs
sraru?eJrbroe BbrIeJregtre s seBdsdy&uemoro RtrcJropo,qa, T.e. BecbMa aKTr,rBHo
trpoucxo.UT u3Merreme crpyKTypbr rroBepxEocrEbrx croeB. SaryxaE{e gMl{cc$rr
to, c reumeparypofi rircfet 6EIrb cBggano c garyxanlleM trETeBcIIBEocrE crpylc-
TypEblx rrepecTpoeK B troBepxHocTEux cJloax oKc4ua, KoropM Eaxo.urcrr B Br{.qe
[opor[Ra, TorAa KaK ctrrrrJreTllllfi KlrcJropoA, odpaeoaaaMcfl B rwdnfibrx cJlofix
oopa3ua, ,uesaKTtrBrpyercff rrptr ,uEfily3rD[ ero K troBepxHocrtr. [Io,urBeprc,rerMeM
aroro Brreotra gBJlrlercfl Ea6.lu0Aelule cyqecrBeflEo 6oree cladofi o],&Iccld[ to,

trocJle oxra8[eEfifl v. IIoBTopEoto EarpeBaErm oopa3Ua.
Ha ptrc. G.19 IIoKagaIu TeMtrepaTypHre BaBscrtr\rocru sMtrccrr crErJrerlloro

KECJIOpOIa tr IIOrJIOqeElIfl EeBOSoyEIeImOrO KUCJrOpO.4a qpu EarpeBaFwn (Ha'rarl-

EOe AaBJIeEne 02 paBEO 0,1 Top ) OopaSUa V6O1t. oTMeTn, rITO E B 3TOM
cJryqae saTyxaEtre gMr{ccr4r! TaKBe, rro-Br{@\roMy, cBsSaEo c SaTyxaE}IeM cTpyK-
rypHofi uepecTpoltKs a rloBepxEocTHllx crosx oopa3ua. tlo,uodEfi pe3yJibrar rro-
Jrygaercfl tr .q.,Ig ,4)yrr{x oa3 illarEefil, EarlpxMep vroz, v:oc, pasErrua Barqmo-
qaeTcfi B TeM[epaTypEoM .rytanaSone 1I I[IITeIIctrBHocTtr oMI4ccI[I{ cEnr.neTHoro Ku-
cJlopo.Ua. STor pecyrbrar orrpe.[eJrflercfi pasJrErrrloft ycroftqBocrbD orcc]rloB, a
TaKEe paBJrr{Ero[ Beposruocrbr rtrdeJm to, ua uoaepxnocrtr orcrr,ua.

6... oorogro{ccr{s c}IHrJlersoro Rl,Icnopo.qa c [oBep&rocru rBeP'ux ren

6.a.r. ooroceBctrdn.EtsqpoBal$oe o6PasoBalMe

I{ B[UreT A ra3OByD 0a3y Cl4trneTEQrO IS,ICJIOPO.qa
B CUCTeUAX TBeP.qOe TeJIO-RPaCUTenb-Kl,ICnOpO.4

ll.qeD oO o6pa3oBaro cnfJlerEoro KEcJIopoAa B releporeFEtrr cucreMax Irptr

BBan\roIefiCTBEI TptrIUIerHlIX lbJIeKyJI KpaCtrTeJIs c KUCJIopo,UoM IIyTeM TpI4IIJIeT-

TpmrelEofi trepe.qaw gEeprutr BIIepBHO BIICKasaJI KayTCICId 12e1. on Ea6m0AaJ

oFoBpeMetroe ryEeEtre $oc{op€cueElro a,qcopoEpoBaffioro Ea ctrJlnKateJle TpI'I-

ua([rraBuEa KEcJlopo.{ou u oKtrcJleme a,ucoporpoBallEoro Ea ,qpyrEx sepnax oI4JM-

KareJrs nellKoocEoBams MaJlaxtrToBoro sereEoro' oK}Icneme trpotrcxoruJlo B y3-

rou .uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuatasone (L,2 - 2,4 1o-t Top ) .qaBref KEcJIopoAa. OH qpe,qro.noxlrl'

qro ontrcrro@ru areEToM silrfiDTcs sJrertpoffio-Bos0y[,4effiIe rircJlexyJltr KlIcJIo-
pora, roroptte odpaoyrTcs tro peaKII@ T + 30, - so * tor, r.4e r, so- TplI-

IlrerEo-Bo3oy&ueffioe tr ocIIoBEoe cocrofiatrs I\roJIeKyJIEt KpacureJls coorBercr-

BeHHo, 'o., to. - ocuoBEoe lt currJlerllo-BoBoy[reltroe coctoflEtrg KtrcJlopo.4a.

TaK rcaK ceEctrouJuISarop tr oK}Icrser&fr cyocrpar oEJut EpocrpaHcrBellilo
pa3,ueJreErr, KayrcRd rIpeAJIofrrIJI, qto cmrersfr KlIcJIopoI BEJIeraer B raso-

ByD (DaBy. CJre,qyer, o,utaKo, orMertrTb, trro trp}I pagEeceEldI KpacureJls-ceHctl-

ouE[BaTopa tr oKtrcJlfleMoro cyOCTpaTa Ea pacoTofiElre EecKOJIbKtrx MIIJUII,IMeTpoB

oKucJreEr4s Be qpollcxo.&IT. IIosTOMy Uptr TpaKTOBKe pesyJIbTaTOB BOtrpOC O lfpll-
poAe oKtrcirsnqtr gacrnl BESBaJI qeJLyF ISCRyCCIID. B Uocre,qymIe ro/FI 6bul

trpoBe.[en prr.4 sKcuepmtellToB [7e,8O,81], B KOTOpET CIIeKTpaJIbEHME Mero.4aM['

a raftiKe IIo cfler.udFrqecRrrM rrpo,{yKTaM oKlIcJreEI{s EaOJIIo.[aJIocb QoroceEcuollJpl-
BrrpoBarfioe o6pasoBawle ctrrlrJleruoro K[cJIopoIa. B t82,83] @tocencudu;utst't-
poBaIIHoe oopasoBalil{e to, [eyvarocb IIaoJIIo.ueHtIeM 3a Kolflrellrparyefi Bureralc-
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Pr [C  . 6  . 20  .
CxeMa [pu6opa /.Jrfl
u3yqelms @Toglufi,rccIM 

to,

I - RBapueBas Ror6a;
2 - KBapUeBoe oKEo; B - py6aE_

Ra IJI,I TepMOCTaTT{poBarM.fi;
4 - a.'[q\fitrtrIeeril gl(paE;
5 - (F.ilrbrp; 6 - pydauura .q.ns
TepMocrar4poBatiltfli 7 _

cltrlee crerq[o; B - cencop;

9 - nrarlHoBbre IcoJIbUa;
ZO - ocreruroBaHHbtft rpy3r4K
II - 13 - rMHsbr; /,5 - Roxcyxll
Irs onrr.rqecKorl l43orsrlltr{ IcaMep

qero B rasoByn (pa3y cr.trfrerrroro Kr.rcJropo.ua Mero.{oM noJrytrpoBolrrlKoBbrx ceH-
copoB. TaKas Mero,UrKa cBoooEra or pfi,ua He.uocrarKoB, npr4cy[uD( ruyr}tr, Me_
To.4aM' oOra.qaer Bblcoxofi qyBcrBl4TeJlbltocrbn rlo orltoEenlm K clIIIrJIerHoMy Kr4-
CJIOPOAY I{ IIOsBOTACT I,IsYgATb 9TII IIPOqECCH B OTCYTCTBIIE CEECUOI,UMsATOPA.
llcrolbgoBaril{e orofi Mero.U{Krrr rrooBoJuJro B [82,s3] IloJryrrr{Tb pflI rrprrnq}rrm_
aJrbIIo HoBbD( raHHbrx r4 creJrarb HoBhfr Ear B uorrlrMaErrrt qpoqecca (Dorocencu6n_
JMsI{POBAIfiOTO OOPA3OBAHII'I I,I BbIJICTA B TABOBYN (DA3Y CIffiTTETHOTO KIICJIOPO,qA
B reTeporeEHrlx cr{cTeMax.

SKcuepmreHTarblftil [pr4oop, B KoropoM rlpol{sBo,u,rJMcb orn rlccJre,qoBaH]4s,
troKaSaE IIa pI4C. 6.20, ICOTOpIifi COCTOSJI I{3 ,DyX OllrllrtrecKu ESoJI'IpOBaHHbIX
KaMep. B KaMepe rerrepallul crIllrJlerrroro KllrcJropola pacuoJrarancs fianecennbrft
Ba KBapu r[JEr ctrJrr.rKarerb ceEclrdll.rM3arop - Tpma(MaBm, oeEraJbcKr,fr po-
BoBEfi. B xauepe AereKTrpoBarufl troMeqaJrcff rro.Ertrfffi cetrcop MoJreKyJrror. onurvecrafl r{soJlffr.u{a ,@yx KaMep .qocrl/FaJracb reM, rITo yqacror Tpyorr{,
coe,lum8@ gTlr KaMepH, 66ur BimoJEreII tr3 crrelulraJrbrroro cruIeno creK,la (c-
50' JlerrlpoBalmil Ko6aJrbroM). I{3 gToro Ee crerula BrrrloJrnsJrcfl ctreurarbmnfi
JaOITpIHT, qepeo Koropuil trpoxolgrJtrr l,ro.leKy.mt to, tr He rlpoutrKar cBer or
pryrgofi Jatvtru JIPIII-soo. IlocKorbry rloron rrroJrercyr to, Jerro qpepuBarb nepe-
KpilBaIIIreM tryrrRa cBera, rraAaqero Ea rroBepxEocrb &oroceHc[6trJrr[3aTopa, To
IIJIfi pfiIa 9RCIIepI4MeHIOB UCTIOJIbSOBaEIIe BaTBOpa OKaS6IBaJIOCb U3JlI{@[r,t. ],l.uefi-
I'tr(IIECAI&IS MOJIEKYJI CIIItrJIETIIOTO KECJIOPO,4A trPOtr3BO.El'JIACb METO.UAMTI, AEAJIOII_
qELlMtr paccMorpennbrM B t621. I(poMe roro, .uJr.fl oqerrKlr romqeurpargm to, n
rasoBofi 6aoe [ctrorb3oBaJrcs Dmepelfl&arbEfr KodarbToBbfi rcanopnrerp ts3].
o,utro,| uJerroM Mocra aBJrflJlocb IUIarEroBoe repMocotrporl{B,IeErle - trpoBoJroKa
.U.IaMeTpoM 30 MKM tr.qJMEo[ 4oz cM, ruyrn - TaRafi ae qpoBoJroKa, rroKpbr_
TaE KooaJrbroM. CollporBreutre llreg rcaJrop]rMelpa I{sMepaJlocb tro MocroBofi
cxeue. IIpe.Eapr4TeJIbHo trpoBo,4.IJIaCb KaJMdpOBKa rcaJlopr.rMerpa. wBcrBr4TeJb-
EOCTb Kanopl{Merpa uo or8o[reE]rn K cmrJrerrroMy Racnopory cocraBJrfiJra
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lorocM'r, ecJM allpnollHo rIpurlarb, r{To retrrroBoft e(ffierr .qe3aKr[Barl]I]r cr{Hf-
Jrerlloro Kr{cJropo.ua Ea KooaJrbre paBea gHeprrrr{ gJreKTporrHofo Bo36yrc.4erurs.
ItaK [oKaBaJM oKcrrepnMeETbr c iu4repelilffaJrbHlrM KaJropwerpoM, KorrrreHrpau]rfi
CEIIJIETIIOTO KECNOPOIA, &OTOPEfi O6PABYETCS trP}r TYIIIEIIIM TPI4IIJTETEOTO BOsOV_
{renl{g ceHcltoltJuloaropoB, coctaBJlger BeJMwtrty ttopg.u{a ]-ot tcM-t.

C troMoqbD ceEcopa [s2,83j y,qaJrocb IIoJyr[{Tb psA BaKoHoMepEocTeft FoTo_
ceEcuouusrq)oBalllloro o6pa30Ball}Ifl C}IIIrJIerrIOrO KI{CJrOpO.Ua. OKaSarocb, qto
RoHIIeIITpaIIIff MoJIeKyJI 1o, B ta3oBoil (!aae ;unrehro BaBI{c}IT or uHTeIIcI,rBrIocrrI
IIAIAWETO CBETA, 3TO OSIIA9AET, qTO BEJIET CI,IIITJIETIIOTO KIITCJIOPO,qA B 1AsOBYIO
@ey uporcxo,u[T IIo [epBoMy rropsJlry. KpoMe roro, orcnEa rarcjre crreryer,
rlto c&opocrb (lorooKIlcreEll.fi cenc[ouJMsaropa rlpeEedpexr/rMo MaJra rro cpaBr{e-
rrlrD co c&opocrbn (DororeEepalum. Jlaree lrg BaB[c]IMocrI{ IHTeIIcrIBIiocrrr gMI4c-
cw,'o.. or ,[aBJIeHI,Ig MoJIeIcyJIfipIIoro Kl{cJlopo.qa .ueJlaercg BEBo.q, iITo o6pa3o_
BaEtre 'o2 rrpolrcxo'nl4T B a.Uoopor4poBarrHoM cJoe. STor BEBO.q UO,UTBepMaercfl
,qouoJrrflTeJrbEoft a.ucop64.re[ so.4fl, .Koropas Ee B,Mfler Ea (pocoopecqeErrr4ro rpr,r-
IIa(DraBr8a rr olEoBpeMerfio rurftrorpyer (DororeHepaum ro, B cBEBlI c BbrrecHe-
meM a.qcopd[poBarrEoro KtrcJropo.qa o noBepxEocrr{ Kpa cr,ITe Jrs .

Ilpegroxeruraa B [82,s3] Kr,Illerr[qec$as cxeMa xopoEo olMcrrBaer Ea6rr0rae-
MHe 3aKoEoMepIIocTI'I'tr B qacTHocTrl SaBI4cI4MocTb I{HTeIICIIBHOOTI fioloKa to,

oT 'qaBJIeIII{fl KIIcJIopo,qa' KoTopaff oIIpeAeJIfleTcfi KaK pocToM r&IcIa TpI{IIIeToB,
B3AN\.IOIEfiCTBYWDT C KECJIOPOAOM, .IIPI4 YBCJII/TTIEEI{I,I IABJIEITI{fl KIICJIOPO,{A, TAK I{
YBEJII?FIEIilCM BIq'IA.4A TI4OEJM MOJIEKYJI B O6bEME I{ EA CTEEKAX COCYAA IIPI4 YBE-
JIFIOHIItr ,qaBJIeEI{fl. 3Ta cxeMa rarr€ xopomo orucblBaer gaBl{cl{Mocrb uHTeIIcr4B-
IIOCTfi 9MI4CCIII! tO, Or retneparypH, rITo cBfi3bIBAerCE C yMeHb[IeIMeM BpeMeHrr
fitIoHII crurleTHoro KI{cJIopoIa n alcop6rtproBaHHoM cocTofiHrll,r Ea KpacrlTeJre.
3Heprru0 aKTI,IBaLUM clcopocrl{ (loroceHcI,IOruMBIrpoBaIIEoro odpagoBalfl{fi ctrrrJrer-
IIOTO KI.ICJIOPO.UA MO'rcIO OTIIECTI4 K TEIIJIOTE A,UCOP6IItr{ CfiIITJIETIIOTO RIICJIOPOIA
IIa Kpac[?eJre, Tax KaK KorrcTaETa cKopocTr{ Tyr[erII{E cloc(popecqelil.uM ceHcrr6r4_
Jr[Saropa Ee saBtrcxr or reMneparypbr t84]. Ilpoqeccbr oe3HSryqareJbHoft re-
rpa.qatflM arcoporpoBalffroro ceHc}IoIIJMsaropa t84] r4 rlepe,4aEr ceHclIoI{JMsarO-
pa B trorJloxacy EeBIIaqtrTeJIbIIil ) ur. vntur,. ruorcrb upenedpeqb. yBeJgrqeiqe KoHrreHr-
paluM EepaBEoBecEo xeMocopdnpoBaEroro KrrcJropo,4a c re!,fieparypoft He ?rMeer
Mecra' trocKoJrLKy 3,4ecb l{Meer Mecro paBrloBecrraff xeMocopor.u4f rcl{cJropo.4a Ha
RpacureJre.

TaRuu oopaBoM, SABTICUMOCTb rCOErIeETpaus{ c}IffrerEoro Kr4cJropora or reM-
treparypbl xopouo od5ffcEgercfi yMellbtremeM BpeMenlr frllorrfi cunr.nerrroro K[cJro-
po,4a Ea uoBepxEocrtr, IIo.4TBep4UerMeM 3TOfi Tolrrctr sperrlrfl sBJrserc.E Ea6Jn0Aae_
Moe B [84] oTcyTcrB]Ie ryrleEr.Ifl Socoopecqelil]nlr ceHcrror.uMsaropa Kr4cJropoAoM
IIptr a3oTaofi TeMfieparype. 3To aBJelilre raKfie Mo]rcro trollsrb c rolrrg.r speHr{fi
sABtrCtrMOCTIT BPEMEIItr'frI{3EII CI,IHTJIETEOITO KtrCJIOPO,4A E AICOP6IIgiBAIIHOM COCTO-
aEtru or reMrleparypbr. oqelleltrras B t84l relurora a.ucopolutr{ Ea rpma6naB[-
IIe, paBEaa 6 K&arlMoJ6, y.uoBJIerBOpI4TeJIbEO COrJIaCyelcg co SIIaqeHneM 3TOft
BeJIFII{EIJ 10 KKar,/MoJrb, IloJyqelfflofi B t83].

ll.na (lorocencrduJuoffpoBafiEoro oopaooBaruf, 1o. Barreroe Brlaqenr4e r4Meror
cBoficrBa IIo,UrofiKE, Ea Roropyp IIaHeceE cencr6u.lnfuarop. OrreBt.rtro, qro reo_
MelTlFreCXas crpyKTypa Hocr{TeJrs (pasMep trop, BeJrrtirr&ra yrerbHofi rroBepxHoc_
Ttr) O&a8er B,Msrilre Ea 1MCJIO Coyraperl}Ifi MoJIeKyJr 1o, c uonepxEocrbD HOCI4_
TeJrs trpr{ Tpasc[opre srr,rx qacrr.flI rr3 trop B oOEeM cocy.qa. tloerouy pElI Barco_
EoMepEocrefi (ganpwep, 3aBllclrMocrb or .uaBrerua) BHJrera clrrrJrerrrofo Krlc-
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Jopo,Ua B raBoByD oa3y AJs KpactrTeJlfl, rraEeceuHoro Ea clrJrlncareJrb, orJMqa-
eTcff oT aEaJIoII/FIU!IX SaKOEOMepEOCTeil .UJg ICpaCItTeJIff, rIaHeCeEEOrO Ha rJral-
IcIil IcBapII.

He MeEee BafiHrI TaK)Be rr sJreKTpoHfiLIe cBoficrBa noBepxHocTl4. E[e a 1as1
troKa3arro, qro, KpoMe rlepelarM sHeprl[ll Bo30y[.ueEr{s Kpacr,rrerg a.[cop0rpoBaH-
EoMy rra EeM K[cJropoly, cyqecrBypr raK8e rrpoueccE cneKTparbHofi ceEcr,r6r,uM-
saLUM KpactrTeJIsM[ IIeopraEI,MecRIlD( IlowqpoBo,truEcoB, T.e. [epelaqa aHepfl4u
Bo3dyfr,[erfirs rBep,uoMy rery. oTcF,[a scHo, qro EplI OoroceEctr6r.rJtr[Br4poFaru{oft
renepar.uu 1o, rorucyprpynT ,uBa qpouecca: trepegatra slreprw[ or rcpacr.rreJrfi B
rlo,UJloxccy tr a.qcopdtrpoBarrrroMy KncJropoAy. I4ctrorbsoBarue B KaqecrBe rrol-
JIoaKI{ oKctrIa UEHKa tro3BoJruJro BbIsBr{Tb lloJrb gJreRTporuroft llo.[cucTeMbr [o.UJrox(-
Ku B trepe.Uaqe oEeprrol gJrercgpoErroro BoBOy*AerMs TBep,Uor\ry rery, trocKoJrbny
SJIeKTpoIIHEMI4 cBoficTBal,ff sTolo oKcu.ua JIerKo yIDaBJIgTb IIyTeM ero oKI4cJIe$I4,I
trJM BoccTaEo&leHfffl. OKaoarocb, ,ITo B cJryqae c]IJtbIIooKtrcJIeEIIoro oKcI{,Ua
r@ra Eadm,qaercs g@KTrrBHaE peEepaq,rs cr4mJleTrroro Kr{cJropoAa, TorAa rca&
trpu trctroJIbSoBaHIM B Karlec?Be IIO,4JIOX{Ktr CI,IJIbIIO BOCCTaEOBJIeIIHOIO OKCtI.{a
lFffa odpa3oBarilIs cr4trJleTrroro Kl4cJlopo.qa ooBapy[eEo Ee 6buro. IIprqeM ecJM
ctrJIbEo oKncJleHfiblfi oKc]U UlrrKa B npoqecce oErra BoccTaHoBLITb B Bo.uopo.Ue,
To oopa3oBartrrs cl,trrrJrerHoro Kr4cJropo.qa B gToM cwgae toae He EadfioAaercs.

3TII pe3yJrbrarbr Moxcro uoErrrb, ecJM rrpnllgTb Bo BH]rMaHrre a@KT cneK-
TpaJIbIIoft ceHcllo}rJM3ar.u{u Kpac{TeJrsMr{ @ToceHc}I6r4JM3l[poBarfiofi llpoBoro4r4ocrlr
oKc4ua r.UErrca [86] . IIpu a.Ucopoum nuc.nopoAa Ea rroBepxHocTtr zno qpo[cxo.u4T
TepMrlqecKt{ aKTr.Bl{poBalfififfi BaxBar eJreKTporroB rra noBepxHocrHEe ypoBHr{ aA-

copOupoBaffioro KrrcJlopoAa [87]. corracEo [88]r]IMeIIEo Ea 0rll ypoBItrI ilpol4c-

xo.ur o@KTBEafi nepe,4aqa oEeprtrtr Bos6yEIeIMfi aICOpdI[pOBaIfiOrO KpaClITe-

ffi. B t89l rIoIcaBaIIo, qlo BoccraHoBJreltrfiil oKcu,4 tsIIIRa ltrdeet ooJbuoe lMcJIo

troBepxEocTlloro l{oErlSltpoBalfioro cBepxcTexl{oMeTprqecKoro LumKa rI coorBer-

crBeffio lrps aAcopdtuE{ ICI4cJIopo.4a co3.4aercfl oorbEas lulorEocrb troBepxHocr-
HTrr ypoBEefi. B sro!, cryqae Epoucxo&T 9(EFKTI4BEaS trepeKaqKa sHeprlM

Bo3dy8uelulfl lcpac[TeJls (rprfla([tlaBlEa) I rlo,4JlofiIcy (BoccraEoBreltrtrffi oKc]'u
qEfta ) , trogToMy BeposrEocrb rlep€AarM oIIepuIII RECJIOpoAy IilBKa ' qro u [plt-

Bo.@T K ElIgKofi s(lfeKTuBnocrll OorocencudutrSrpoBamloft reuepa!.uu ror. IIoc-

Je odpaoorl(u troBepxBocrtr oKcrIIa L@ta rroneKynfipEHM KucJropoAoM rrpoficxo-

.ur ero AooKucJIeEI{e, KoJIFIeCTBO CBepXClelroMeTpFIecKI[x aroMoB II{HKa
peSKo yMerrbrrraeTcff u, cJIe,{oBaTeJIbIIo, IIpI{ a.[ooporyl}r KucJlopola yMeEblllaeTcs

TIJToTIIOCTb TTOBepXEOCTHIIX ypOBEefi 1as1. B pesyJlbTate raKoro 9(nFKTa Bo3-
pacraer Beposfirocrb rlepe.uarM gHeprIIII Bo3oye,4ellnE K[cJIopoAy, qro qpIIBo,44T

K OoroceHc}IOuJII{B}rpoBaSEoft gt\elccl4u cuErJlerHoro KucJlopo.qa. IIplI IIocJeIyF[IeM

BOCCTaEOBJTeHI4I/! OKCI4Ia UIIIKa BO,4OpO.UOM BHOBb HaTIIUIaeT qpeBaJMpOBaTb nepe-

Iaqa gEeprrM B rlo,uJloxc{y, qro tr upmo,ur K trcqeSEoBelmo (loroolrl.Iccl4I[ cl4llr-

JIETIIOTO KtrCJIOPOAA.
C arlo,r BEBoAoM corJlacyprcg gIccIIepuMeET[I, B KoropEx B KaqecrBe IrocI4Te-

Jrs trcrroJlbsoBarcs rra.utld KBapu II r{eJulFlosa. Irs 9TIB MaTOpEaJIOB trepe'[aqa
gEeprtrI! Bo3oyfi,qeHllff KpaclITeJIf, B IIOAJIOICCy MaJIa, O qeM CB}IIeTeJIbcTByeT I{II-

TeHCUBIIas JTMUUEeCqeHIEfl a.4COpdrpOBaEIIOrO Ha HlrX Tlma([,IaBrula. 0TMerI4'4'
qTO OEEPTI4tr AKTIIBAI.gtrI BEJIETA CtrIITJIETIIOTO RtrCJIOPO,4A .UJIfl OKtrCJIEEIIOTO ATO-

MaMtr KtrCJrOpO,4a OKCtrAA IImCa, KBapqa rI ueJUIxuIosE o$'I3ftr lI COCTaBJIAI0T 5 -

10 KKaJI/MOJIb [83].

BecbMa llETepecltrfi pe3yJlbrar troJryqaercfi r4)I{ [cIIoJIbBoBaElu B KarlecrBe

ceEc}IotrfirsaropoB rre a.UcoporfpoBaruffx MoJreKyJr rprEaoJaBltrla, a aMop(Fibrx
IUIeEoK RpacuteJlfl. B gToM cJyqae ralc[e EaomAaeTca BbIJIer crltrJierEoro KIIc-
Jopo,qa B raBoByD oa3y upu ocBeqelll4u taKrrx IrJIeEox c aAcopofipoBaltrfio,rt Kr{c-
nopo.UoM. Cre.uJeT saMeTrITb, r{To aMop(@e [.rreEK[ rpma(nlaBrEra He {oc6opec-
r.trrpyDT [eo], oFraKo u B sroM cfiytrae oopa3oBarMe to, Moxclo oobscril4Tb
rpruIJleT-rpl,trrreTEoft [epeAaqefi oHeprr4tr Bos6y,&qeiil{s KpacrrreJra. Molerym,t
&pac[TeJls B tBep,uofi (DaBe B oorbEofi crerleEtr coxpaEgDT cBor.r rF/Umn{yaJrbru{e
cBoficrBa, rlocKoJrbRy cBgBEBaDTcrI cra6ro,|}I .UcnepcHEM[r cIlJIaM[, qro, Harrpu-
Mep, Ilo.qrBepfiAaerca oJM3ocrbn crIeKTpoB pacrBopoB r{ rure8oK rpI4IIa6[aBr4Iia
[91] . TaKyD Iuerury Mofirro paccMarpr4Barb KaK c]rJrbHorlorroqawd IloBepxHocr-
Efr crofi Ea cBoero po.{a "[o,uJolcce". Tor.ua ocooeEEocrb troBeAeHrrs a,qcop6],r-
poBaHErD( MoJreKyJr rprEa(pJraBEra Ea troBepxEocTs aMop(Ffix rurerroK orlpeleJrfler
ocooeEirocTtr o6pa3oBaE{s tr BErJreTa cErrJreTrroro K[cJropoAa. HaomAaeDue gKc-
treprrMerrraJrbHlte BaKorroMepEocTl{ [83] B gToM cJryqae JrerKo oorscruTb, ecJM
trpr4rl8Tb, qTo KoEcTaETa cKopocrr/r fiepeIalm grreprEr oT aosoy8AeEEofi UOleXy-
Jrbr KpactrTeJrs Kr4cJropoly oJM3Ica IJnr MoJIeKyJI Kpacr{TeJrff, alcopdrpoBalfioro Ea
Bapqe tr Ea rureErce lpruaeraBt8a. ItoEcTaETa cKopocrn lerpaAarfiM B trocJre.u_
rreM cJryqae 6yAer ua,qBa rropsJ&a Brtre, qeM,4rra MoJreRyJlfipHoro lEcrregrfipo-
BaErroro Tpr,ua([rlaBlcra, qTo MofreT 6brrb cBaBaEo c Koreoarerbnot ,Uerpa.uaryrefi
g8eprr4r[ BosoyEAeE]Ifl KpaC]ITeJrs B pesyJrbrare B3ar,n40.[eficrB[s c uo,uJorccoft. B
trroFe sHeprufl alcrtrBarSM oopasoBartrm 14 BsreTa B ra3oByn oa3y cr4i{r_
Jlerrroro lctrcJropo.{a upr4 ceEcu6r4.rMsar.uM trreltrcoft rproa(!.naalua cocraBJrEer
ls KKaL/MoJb, qTo cyqecTBerfio HIIxe, qeM AJrR MoJreKyJIqpEo ,Uc[eprffpoBarr_
Horo TpIua(['IaBlIEa Ha KBapqe rurn IIeJrJrD.rIoBe.

TaKI,s, odpagoM, rrpflMelreulre cegcopoB troBBoJrI4Jro Ee roJrbro o6napyr@rrb,
UIEHTI.(FtrIIpOBATb MOJIEICYJIbI CI{IITJIETIIOTO KtrCJIOPOAA, BbIJIETAWE rrPU (IOTOCEE-
CIIOI.UtrI3AU&I MOJIEKYJIAMIT KPACI4TEJIfl, HO tr UOHSTB IIEKOTOPEE SAICOEOMEPIIOCT}I

trepepacqpeAeJleE rs slleprull oJleKTporrEoro Bosoyxleru{ TBepIoMy reJly .

6.r.2. ooroceHclror.utrrsr{poBansoe odpasoBarMe crIrrrJrerHoro KrrcJlopo.qa
ga IIoBepxHocTt4 rlaHeceHgErx oKcnqoB llepexo.u{Blx xeTaJUIoB

odpasoBarflre cErrrJreuroro KtrcJropoAa tro MexarrtrBMy KayTcKoro t78l Ea6fl0,qa-
JIOCE EPU CEECI,T6lrJtr.I3AI.UItr IIC TOJIbKO A,UCOPdIrPOBAItrIUW,I MOJIEICYJIAMtr KPACI,ITE-
Jefi' Ho I{ EaEeceHEblMtr oKcl4AaMI4 rlepexomfiIx MeraJUIoB 1s2,931, qro BecbMa
BA}CIO,4JIg TPAKTOBKI{ MIIOTI4X (DOTOTE TEPOTEIIHIIX }I $OTOKA TAJMTIIqECKEX qPOqE C-
coB.

Iilccle,uoBarus BooMofrxlocrr{ (loroiercu6u;ulorrpoBaruroro o6paooBarura ,o, c
rloBepxEocttr FalrecerrHbrx oKctrloB rlporloBoErJMcb B cocyle, IIoIooEoM B t24] ,
ugeETll(pftaryrs 1o. ocyuec?nRJracb arraJrorFrHbrMr4 Mero.4aMr4, oqerfia Korrr]eHrpa-

ryM MoJreKyJI ro, n raeoaofi @a3e .[eJraJlacb tro cKopocrr! oKl4cJreril.Iff 1,3-
EQeroJM306eE30(lypaHa B reKca.4elcaEe. OKasaJocb, qro B AaHEoM CJryrlae RoH-
qenrpalplfl MoJIeIcyJI to, cocraBJaer lotocM't.

AHaJmB oKctrepuMeETaJIbr{FT raHEI{x 192,93J rIoBBoJIfler BaIc[uMTb, qro 60-
TOCeECUdr4JtrISI4pOBarfiOe odpasoBarue cr4rrrJlerEoro KtrcJropo.qa B rereporeErof
cucTeMe v2o, / sioz - ra3oBas oa3a [poEcxo.UT rro Mexarrr{sr0r ltayTcKoro,
IlpulteM IIeIrrpaMriI reEepalrM to, SBlanrcfl rroBepxHocrrl[e rpEulerr$re cocrofi-
ms orcolcoMrulercoB c trepenocoM Bapara, Bognrrrca@te Me&uy rronaMtr v5* Ia
RUCJIOpOAOM perrreTKll oRcI{Ia,
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Sror BHBo.u tro.qrBep8raercs ps,qoM aXctreprlrMeETaJrbHEx AaHH$x. orcasbrBaer-
cE, lrro c oopagtla aopocrrJra, [poMorr,rBrrpoBaHrloro r4oHaMr{ Bana,qtrs (1,5t Be_
CA), TTPOIICXO,&IT SOTOJffi\fiEIECqErrIr.Irg, KO?OPOfi IIPAICTETIECRtr IIOJIEOCTbD TYIIII4T-
cs [IIp[II HaIIycKe 0,5 Top Kr?rcJlopoAa. corJtacEo .4annN!! t94,s51, EaofiolaeMas
QoroJm\,fitrIecqeHlr4fl sBJIflerCS (Docoopecqefiurefi, a qeIITpaM[ cBeqeHrrfl Bucryrra-
nr rprrrrJrerEr oKcoKoMtrJreKcoa c ubpenocoM 3apfl.qa, o.EtoBpeMeruIo c gToro oo-
pa3Ua EaoJuo.Uaracb gMllccug cI4IIrJIerEoro KI{cJIopoIa. OTMeTn, rITo r,rsyrraTb
(bTosr"t,Iccno to, 

c noaepxnocrl{ rrpoMorr.rpoBalruolo agpocrrJla BcJIercrBI4e reo-
Merp}I.IecKr.D( oaRTopoB, oTMegeffEHx B rrpe,u.rrJqeM pa3.ueJle, Me$ee y,qo6Ho,
qEM C IIIOBEPXEOCTI{ KBAPqEBOfi KOJ6H, trOKPHTOfi PACIIEJIEHHIIM KBAPIIEM P2 193),

B t96l ycraEoBJreHo, qro fipu Bo3oyl(Aerflel cBeroM HaHeceEBilx Ba sioz
troHoB BaHam{ff B TIoJIOCe nepeHoca 3apffAa Ee qpor4cxo,44T rrpocrpaHcrBelmoro
pa3,qeJreHr4fi eJrercrpoHoB (o.o- ). Iloerouy coorBercrByFqee gJreK-
Tpolfiro-BoBoy8,qeErroe cocrofiHr,re oon.i!5r MaJEn BpeMeHeM )rursrifl }I Mo)fier 6HTb
KAIC TPIIIIJIETHUM, TAK lI CI{IIrJIETirbN,t. ,I]PYIAS KAPTI{EA ITMEET MCCTO IIPIf BO3-
oyfiIerilel MaccrrBHoro odpagrla v2o5. ItaK u3Becrlro [96], oror oKcI4J aBJlfiercg
rroJryqpoBo.ErrtrcoM n-TlIIIa c unrpruloft 3allpe[effrofi 30rrr,r 2oe rJx/rao.nr. ilp}I Bo3-
6yMemm sroro oKcrr,qa B noJroce aKTr{BHoro cBera raRxe rlpoucxo:ElT nepeEoc
9JIeKTpOHa C ,@a'(nts orpltqareJlblto SapsxeHHbrx lIoIroB pellrerormoro KllcJlopo,{a
Ha Karllolt MeraJIJIa. o.EIaRo gJIeKTpoH He JIoKaJII{ByercE IIa KarI,IoEe, a IIoIIa_
.qaer B sorry qpoBo,uorocrlr oKcr4.ua. IlooroMy qpll [orJroqeHr,M $BaHTa cBera
qpo[cxo.&rr rrpocrpaHcrBerrHoe pas,ueJreH]re rroJrolrc{TeJrbltilx saps.uoB (,urpor o-)
I,I OTPIUATEJIbHIIX 3APg,4OB (3TEKTPOEOB qPOBO,EO,IOCTI4) U YXE IIET CMbICJIA IOBO-
PUTb 06 OdPASOBAIilM C'IHIJIETHbIX II TP}IIIJIETHbIX SJIEKTPOIiIIO_BO36Yil,4EIfi$IX COC-
Totrfld. IIo oroft IIp}I.IIme B t93] r{ re naomo,qarocb gMl{cc}rr4 KLrcJIOpo,4a c no-
BEPXHOCTI4 MACC],IBIIOIO OKCI,UA BAHA.U4fi IIPII OCBCUEHI4I{ ErO CBETOM B IIOJIOCE
l.  >400 HM.

cIIeKTp rrorJlorleHrrg aapocr,IJla, co.uepx(aqefo [puMecHLIe [oIIbI Balla.u[tr, uMe-
er MaKcuMyM B rloJloce 290-380 HM, qro orHocl{Tcg [9?] K rlepexoAaM c rlepe-
HOCOM Sapg.qa B lcllcJropo,ucoAepr(a4,rx KoMrrJIeRcax nfiTr4BaJIeHTIIOrO BaHa,ItrIg:
vt* = 02- + v4*o-. C 4)yroft cropoHr,r, @Tocencr.r6[fi{Br,rpoBanrroe odpaooBa-
HIIE CUITJIETHOIO KI,ICJIOPO.UA HA IIOBEPXHOCTII H.AHCCEHflbIX O&}ICHOBAEAJII4EBbIX KA_
TaJrlr3aropoB Haofio.uarocb B noJroce r < 4oo HM,

Ha ocHoBarflEl [pl4BereHHrrx gKcrrep]4MeHTaJIbHNx raHHrIx MexaEI4gM eoroceHcr-
oruM3r,rpoBamroro o6pa3oBarrr4s KtrcJropo.ua Motrclo [pe.qcraBl4Tb cxeMoft

t v t '  =  o t -  l_  - s

+  1o r ,  

o
-  o-Jsr  [v4 '  -  o- ] r ,  *  to.  - - - - r  [V5'  -  oa-1so

f.qe so' s1 - coorBercrtsellHo OCHOBIIOe 'I nepBoe BoSoy,f{eruIoe cltrIrJlermle
cocrofiHllE B Balla.&ffiI{ItcJropoEtoM KoMtIJreKce c [epeHocoM Bapfl,ua.

IIplI B3ara,ro.qeftcrB]rrr Bo.uopo.qa ]rJM MorrooKcr4ra yrJrepo.qa c rleHTpawr ([oro-
Bo3oyn4eril4s rroBepxHocrlr sio2, co'4epxaqeft r4oEr rrsrr,rFaJreHTrloro BaHaErfirEa-
orFraercfl noBepxHocrlrag 6oro.u,tccoru,tall4fi Bo.uopo.qa I4 @oroolc}IcJleH]re Morroo&-
cl,ua yfJrepo,4a rro cxeMe [e3.e6]

tv " '  -  o - l -  +  H.  -  f -  +  on '  +  H^-^  ,. dav

[ v t *  -  o - ] r . +  2co  -  t ' .  -  co  +  coz  .

0 /  2  LgPoz 1 -45 0 0,5 / / ,5 2 tgPo,

lnc.6.21. Saeucn'toctr orlrocureJMofi IcoIflIeHTpa* tg or .uaB-

JIEHI,I'I 02

4 - oKl4cremfifr o6paseu; 2 - BoccraEoBreltrnfr o6pa3eu

Ptrc., 6 .22 . SaBtlcl4uocrb KoHIIeHTpaUIlI clIIlrJIe rlroro KI4cJIopoAa or

,[aBfl eH]Ifl HeBo36yfi,4emloro K[cJlopo,ua

B pe3yrbTaTe 3TilX peaKr]}fr fipoficxoprr lla,ueEue IIoBepxEocTIIotr KomleBTpal-ul[

IIoIIOB IiSTUBaJIeIITIIOIO BaHa.ryIfi, a 3HaqfiTrll yMellbllleEue KoIIIIeHIpaIUEI aKTI4B-

rlbtx uerrrpoB @ToreEepaIIM cIrIIrJie rHoro KIIcJIopo.qa .

Ha puc. 6.21 IFI{Be.qeEa BaBI4CI{MOCTb OTIIOCITeJIbIIOft ROIUeIITpaUM CI'EIII-

JreTEOro KI4CJIopO,4a B ra3oBofi ([age or ,4aBJIeElIfi KECJIopO.Ua B peaKqXOEIIoM CO-

cyle. ItptrBas t cooTBeTcTByeT l43MepeEl{srr, BiIIIOmeIIHilM IIa oKEcJIeIIEorrl o6-

pa3ue, KplrBaa 2 - u3Mepewlgl\r, BbITIoJIIIeEHHM IIa gToM ll(e o6pa3ue' Eo 06-

paooTaEroM B TeqeEIIe 5 MIIII B aTMocoepe Bo,4opo.4a. ItaK MoaIIO BIIIeTb' Bo

BCeM I{ETepBaIe EadJUo,UeIfl![ OMtrCCIIOEIIafl CIIOCO6EOCTb BOCCTaIIOBJIeIIHOTO O0-

pasua cyuecTBeffio Htrfre, qeM y trcxo,Eoro, qto oqpeAeJlfleTcs yMeIIblIIeIII4eM

IIoBepxHOcTIIofi KoEIeErpaLUIu trOEoB IIflTIIBaJIeIITIIOTo BaIIa,Uirs. JiotroJWITeIbEJe

orrrrtH rroKasaJM, r{To 15-l\,[EIyTEoe (DorogoccratroBJleltrIe oOpaBIIa B yKaBaIIHoM

pexl{Me cEtrfiaeT ero gMtICCtrOEIIyn aKTIIBEOCTb B OTIIOEeIII4II 3MrICCru CIIITJIeTIIO-

ro K[rcJropoAa B 3-5 pa3, 6o-MI4IIyTEOe trO.UaBlseT sTy aKTIIBEOCTb qpAICTIlrtIe-

cKtI rroJrHocTbp. nocIe,Uyroafl (loTooopaooTlca B BoAopoAe IIe B.tMaeT Ea ocTa-

ToEryD OMr4oCrroErryn cllocodEocTb o6pa3qa, qTo MOX€T 6ETb CBSSaIIO C reM,

qTo qacTb lIoEoB Balla,ryIfl Ha IIOBepXHOCTI.I MOfteT CyqectBoBa1b B BtrUe It[aC-

TepoB. B pesyJlbTaTe naKoIUIeEI4s BOCCTaIIOBJIeHHIIX (!OpM BaUa.Efi B IC.[aCTepe

peBKO cBI4AaeTcs CKopOCTb t98] (loroBoccTaEoBletrfis ]tX' trOCI@JIbKy B TaKoM

oKpy,reEIII[ pegKo clMaeTcfi BpeMfl eIsEI Bo3oyfi,UelilftIx KOMIUIeKCoB c trepeHo-

cOM Bapfl,qa Ba cqeT Ty[IeEI[a Ux trapaMarInATHHMtr troIIaMU. AEaJlorl(ttril{e pesyJtb-

TaTH UOJLyqaDTcfi tr 4ptt ooToBoccTaEoBJreH[U O6paSIIOB B MOIIOOKCtrqe yrnepo,ua.

TaKEvt OOpasoM, (pOTOI'eEepaIgIs MoJIeIcyJI CUIIIJIeTEoTo K[cJIopOAa c UoBepx-

EOCTIT KBapqa, co,qep8aqero MoJIeKyJIfipIIO ,Uctreprl[poBaEEDle I\rOJIeKyJlX treHTaO&-

c[4a, IIpoI{cxoFT 3a cqeT TputrIeT-IpntrJIeTIIOfi trepeIaqtr aEeprruI 9JIeICTpOHIIO-

ro Boody[Ie$trs c TpIEUIeTIIo-Bo36ylUeruroro IcoMIUIeftca C trepeEOCOM saps.Ua Ha

KrICJIOpOI.

C troMoqbD lloJryqpoBo,uilEcoBoro ceHcopa obul tr3yqeg raKfe ps'u saKonoMep-

Eocreft (Doro9l,mccl'fiI ror. oKasaJocb' lITo rorueurpa4ta 
to, a rasoBofi 6a3e

JMrrel&ro gaBltcut oT ImTeIIcI4BIIocTtr BosdyMauero cBeTa' qTo [oJEIoCTbP co-

oTBeTCTByeT MexaHr{3My KayTcKoro (cM. cxeMy). KpoMe ToIo, oTcF.4a CJIe,qyeT'

- l
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qro B IaIuoM cJryrrae trpoqeccH peaocopoutr{ tr JroKaJrbgoro pa3orpeBa ceEcl46fi_
JMsaTOpa Ee CyqecTBeHHH.

Ha pr4c. 6.22 qprBe.Uella BaBtrcl/tMocrb orEocr{TeJrbEo[ rcomlegrpaucr crnr_
JlerEoro KtrcJlopo,ua a raeonofi (Fse or .UaBJrerMa K[cJropo,Ua B cocy,{e. pocT
gMrrccru cullrJreTrroro KtrcJlopo,ua qptr BospacTanlu ,(aBJrenllfi Kr.rcJropo,ua oT ro',
40 6.ro-t rop odycroBreH pocroM cropocrl{ o6pa3oBaEig ro, na noaepxEoctu
ocBeqaeMoro a,4copoeETa. oTMerE\,r, qro B [e4,95] qprr raKoM AaBJlerrurr Kr4cJro_
po.ua EaoJrro,uaeTcs aHTtrdaTIlbIft XO.q oOC(bpeCqeIlIIOr V2o5 / Sioz - KaTaJM9ATO-
pa. IIpE ,{aJbHefueM pocTe .UaBJreEr4.B RlrcJropoAa rrpotrcxo,ryrr yMeEb[reEtre KoH-
rlellTparyM MorexyJr 1o, B raeoBofi Oage, 'rro orpeleJrsercfl pocroM cxopocrrl
I[x,Ue3aKTrrBaltrtr{ B ra3oBoft oa3e B oobeMe u Ea crerrKax cocyAa.

B paMcax llpelrox(e}trloft cxetsl oopagoBarue cmrJlerlloro KtrcJlopoAa Mot(er
r{ATr{ KaK rro y,uaprroMy, TaK }r rro alcopolu{oruroMy MexaE[BMy. 0$raro rr3 pe-
ByJIETatoB oKcrreplrMeETa (cu.p}Ic. 6.22) cJreAyer, qro B .uaHrroM crytrae xeMo-
copolI{olfiEft MexariloM doJree BeposreE, 00 gToM, B qacr8ocrlr, cBulereJrbcr-
ByDT oIIIITII, B Koropllx EaoJuo.Uaracb (FTo3r,ucctrg cmrJleTfioro KIIcJIopoAa rroc-
Jre orrcallKu lcl4cropo.[a I{B cocyAa. Ilocle yuenrueEtrff RomlellTpar.utr{ Kr4cJropola
c ro-t go 1o'5 Top ullTerrcrrBHocTb sMlrccruI yMeEbllII'IJIacb Bcero B 3-5 pa3,
qro EeBosMorcIo o6bscrtrrrb B cJryqae (lororenepaum 1o, no y,4apno[y Mexarrr4B-
My. lltrcJto coy.{ape$rM o crerrKy, RaK trBBecrEo, crporo trpo[optEroHaJrbrro ,qaB-
JreEm, IIO9TOMy qpu rlsMeEerru[ na,lFa rrops.Era AaBJeEr.rq K[cJropo,4a Bo cToJrb-
Ko lre pag .uoJDEra OEra 6br r4sMenurbcfl rconrlenTpaqtra ro, n rasonoft (Dase.

I{ccre.Uosaurg reM[eparypuoft oaBrrcmocrfi @Torenepar.uu{ ctrrrrJlerrroro Kuc-
JOpOAa C UOBepXSOCTE BapUa, JlerrpoBairEoro r4oEaMr{ rraTr{BaJrerrTHoro BaHa-
.q4a, rloraoantr, qro oMtrccr4" to. - aKTmlrpoBanofr rlpouecc c anepruefi aKT]r-
Barlmf - G KJIX ,/ Morb. PaccMarprrBafl otor (!aKT B paMKax xeMocopolu{oltrroro
MexaHI{BMa, uo,uooEo roMy, RaK gro 6EJo cAeJraEo B cryqae Qotocencudu;ulsu-
poBaffioft reuepauEr cr4rirJrerrroro K[cJropo,ua MoJreKyJIaM[ rpwraonanrura, Morclo
troJlaraTb, qTo ylcaSalfiag TeMnepaTypHag SaBucI4MocTb oIIpeAeJIfieTcfi yMellbue-
EtreM BpeMeril msrM cr4rrrJleTHoro ntrcJropoAa tra rroBepxBocrr.r c poclbM TeMne-
paTypH. IIpI1I trorfirfielflor TeM[epaTypE (lorocexcr.r6ra;ulsaTopa Er{Ee 18o K $oTO3-
Muccult ro, ne ua6;uo.uaercg, T.e. gpotrcxo,&IT cra6ruMoat[Ig uore$v.lI to, Ha
IIOBepXHOCTT{ OKCtr,[a.

CtrocodHocTb K OororeEepalptr{ cllltrJleuroro KlrcJlopola Eplrcyqa IIe ToJTbKo
cIICTeMe V2O5 / SiO2, EO I{ EeTCOTOpHM myrla{ IreQpraElrqecKlrM reTeporeHlrrilM
ctrcreMaM, rra lroBepxEocrlr KoropED( ulpn ylbTpaFloJreroBoM ooJyqerfltrI Bo3r{r4rca-
DT AoJrroffi{By[pte JroKaJibHEe BosoytlerilIfi rroBepxHocr[, odraAawre BarracoM
grreprruI, fipeBrwaqeft e4,3 rclla / \rcJl.t. IlpmrepoM TaKofi cl{cTerwJ Mo*er 6brrb
KBapq, JrelrlrpoBaliltrfr goIIaMr4 IrrecTmaJIeHTBoro MoJMoAeHa, IJIS . KOTOpOTO I,r3-
BecTEO [e6], qTO ,qoJnofiUByqas Jrm/MriecueEr[rs ooycroBIeHa cyqecTBoBaruleM
Ea IloBepxEocru rpr[urerHo-Bo3dyEleEsrx cocrotril[ft B KrrcJropo.urtrx KoMrrJreKcax
c [epeEocoM BapflIa uecTr,IBaJreETrroro r{oEa MoJtr[d,ueEa. Ilpoqecc aKTr{BautM
cBeroM 0Toro oKcI,IIa Moxer obrrb Barrucall cJle&yro{M odpa3oM;

ltto& = 02- 1ro 
h' , 1l'tot* - o- ) sr [t{o5* - o- ] r,, ,

r.[e so, sr - coorBercTBeEHo ocIIoBHoe Il trepBoe Bo3oyr(Ielililre cl.trIrJrerHrre
cocrosHl{s KoMIUIeKca; T. - Meracraor4rbEoe Tp}rrrJreTHo-Bo30yx,ueruIoe cocros-
Iile. BEcora rp[irJrerrroro ypoBHs paBEa rrp]t grou 272,4 r,{x / uom.

C troMoqbp allaJlrrrlrqecKrD( qpr4eMoB, aHaJror[qHblx reM, KoropHe ]rcnoJlb3oBa-
JMcb rrplt aIIaJMBe Sororenepalsm 

ro, c noBepxnocrl{ cl4crellbl v2o5./ sio??dbt-

3 I6

JIO IIOKa3aEO, qTO U B 9TOM CJyqae Uo&/ Sio, IIpOrICXO.UT ooToreHeparlr4fi
cuurletgoro KtrcJlopo,ua, [purreM MexarMsM odpasoBarMs gTrD( qacrrd{ [o.4o6eH.
BalcoHoMepEocl5[ (DotoreEepatsn4 (BaBtrclsrocrl4 or trIITeIIclIBIIocrI4 cBera, ,uaB-
reHlrs KtrcJropo,[a, TyrueHrrs (loro(pocpecqeElgtr{ KrIcJIopo,uoM M.,u, )noAraepx.uapr
ITpr4MeluMocrb MexaEr4BMa ltayrcKoro ll"rla groro [poqecca, T.e.
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ooroBoccraEoRreElle sio2, Jrer4poBaErloro EecrlIBareETsbIM MoJEIo.ueEoM, qpuBo-

,ur K yMeublrerutro rroBepxgoc$Iofi KoEreErpaIIuI ltonoB uo1 tr, KaK cJIe,ucrBI,Ie,

Talcas odpaoorrca cnrmaer cnoco6nocrb odpaoua K gMrtccutr 1or. IlofiIocrbn n
pesyJrbrare raKofi odpadornlr oMrtcclrolluaff crrocodrocrb odpaBqoB Ee cflru(aer-
ca, TaK KaK, cofJlacEo f96))Ea EaIIeceEHI'D( IIa SiOz OI(jICEOMOJEI6.UeIIOB6IX Ka-
TaJIIIgaropoB y,[aercfi QotoBoccragoBrlTb roJIbKo got I4oEoB lao*,

IIo,[ooEo oKtrcEorroJ&IoIeIIoBoMy KaraJl]I3aropy, ctrocooEocrb K gMtrccIItr cllHr-
JreTrroro KI,IcJIopo,ua rq)oa&rlfleT TaKfie SiO2, rerlfpoBarus[ft I4oIIaM[ cr6*. B 9rol,l
CWqAE, TAR &E KAK U ,UJIS OKIICHOBAIIA,ryIEBIIX KATAJM3A?OPOB QOTOTEEEPAUtr4
IIPOI,TCXO]PIT 3A CqET TPI4IUiET_TDINJIETIIOTO NCPEHOCA 9IIEPTI4I{ 9JIEKTPOIIHOTO
BoBOy'(IeT1I4E or KoM[JreKca c [epeHocoM 3apfi.Ila aIcopol4poBaElolry KlcropoAy.

TaKLtr\,t oOpaBoM, rrpl4Menenue BbIcoRoqyBcrB[TeJIbHr,Ix cencopoB B coqerag[I.I
c psIoM clleu.r@qecroD( npr{eMoB Mo]rcro peRoMerrJoBarb AJrs u3yqerl}Irr cJrorfibrx
IeTepoIeIIHbtx lI roMoreHHblx qpoueccoB, r.ue I4ccJIe,uoBaTeJM cTaJIRIlBanTCfl C
Heooxo[orocrbD aHaJrrIBa MaJIbtx IcoH4eIITpaIpfr alcrrlBltbtx qacrwl B ra3oBoft Oa-
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