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MPE4MCITOBME

CoBpeMeHHOe Da3BHTHE 3HEPreTHKH XapakTepusyeTcs BHe/ADeHHEeM
SIepPEbIX PEaKTOPOB B 3JEKTPOIHEPTETAKY, TemiocHabmenne, MOPCKOH
TPAHCIOPT, 4 T2KKe MOHCKOM M Pa3palboTKOH sAiepHLIX HCTOYHHKOB
3HEPTHH JJi% HOBHX o0Jacrefl ee MpHMeHEHH.

AP HeKTHBHOCTL HCHONH3OBAHUS sNEPHBIX PEAKTOPOB Da3nduiord
HASHAUEHHS 3ABHCHT OT HX TEILICHANDAMKEHHOCTH, IO3TOMY PaccMOTpe-
HHE BONIPOCOB TEIIOBLLACIEHHS B S/IEPHOM PERKTOPE ABJAETCR aKTyauls-
rOW aamauved.

Duepras LeaeHust noj AcficTBAEM HeHTPOHOB peafnsyercs B BHLE
KHHETHUECKOH 3HepTHH NPOJLYKTOB DeaklHK AeJeHHs H SHEPruu y-KBaH-
TOB, T. €, B BUJE SHEPIHH YaCTHIL H 4-KBAHTOB. JTa 3HEPTHS B PesyJih-

‘raTe B3auMOLelCTBHA co cpen0ll MpeBpailaeTcs B ZHEPIHIO TEIJIOBOIO

JIBHHKEHHA ATOMOB MATEpPHAHOB AACPHOTO PedaKTOpA. HpH NPOEKTHPO-

‘BAHHK U IKCILJIyaTallud peaxTopa BaiXXHOo 3HaTh, B KAKHX aJeMeHTax

I B KAKOM KOJHYECTBE BHIAEJSIETCS TeIIo, ¢ TeM uToObl Oblin ofecre-
yeHbl HEOGKOAHMEIE YCJIOBHS OXJIAXACHHSA PLaKTOpa Ha BCeX pemuMax
ero paboTHL.

Jlagnas Kumera KaK pag M NOCBAILENA CHCTEMATHUECKOMY HBJ0NEe-
HHIO UIHPOKOTO Kpyra BOIPOCOB, CBA3AHHBIX C TEIVIOBBIAEJEHHEM B 3J12-
MeHTax A4epHOTO peakropa. B melt npusoastes HeoOxouMble U OH-
pejieieHlsl TEIJIOBBIIeJNeH T CBeEHHsT O DACNpOCTPAHEHHH PeaKTop-
HBIX M3JyUeHHH B BellecTBe, DPACCMOTDENHl PAaclpefeseHUs SHEPIUH
No MPOAYKTaM PeaxIid AejeHHs, (PUsHKa 1POUECCOB B3AHMO/EACTBES
NPOJAYKTOR PeaRUMH MAJeHHs cO cpelofl ¢ BLIIeJEeHHEM TerIoBof
3HepTHH, pacnpejleleREe TenJ0BbIEACHES 10 sJeMeHTaM SAePHOrO pe-
axropa.

Ilpennomxensr a3 heKTHBHEE pacquiIme METOAE AJA OpeleeHHR
PACHPENiesIeHs TenoBLAC eI B pasHIHELX 3JIeMeHTaX SAePHOTO
peaxropa,

Pacuerneie MeTOAB, Tpe0yoliHe HCIONb3OBAHHA COBPEeMEHHBIX
DBM, couetamwrcsd ¢ UPHOIHKEHHWMH COOTHOIIEHHAME, TOE3HBIMH
AAs GHICTPHIX ONEHOK MpPH NPOSKTHPOBAHMH H SKCIJYaTALMH PEaKTO-
poB. Hapsay ¢ pacueTHHIMH METOJAMH NPEBOANTCA OCHOBHLIC CBENE-
"y 06 BSKCHePUMEHTAJNBHBIX METOLaX ONPEeHEJIeHHA TEHJOBLILe/IEHNA
B peaktope. UTo0n 00JErunTh uTeHHE, Haubonee FpOMOSJlKHe BHIKJak-
KH ¥ (POPMYJIBl BHHECCHH B NPHJAOMEHHUA K KHHUTC.

ABTOpH OCcOGeHHO HmpH3HaTeJNBHH mpod. B. B. XpoMoBy, KOTopbm
TIATEJBbHO TMPOPELeH3HPOBaa PYKONHCh W CAENAJ TOJesHble 3aMeda-
Hus, GOJBUIHHCTBC U3 KOTOPBIX OLINIO yUTEHO.

_ Bce 3aMeualis O KHHTe aBTOpaMu OyuyT HpHHHTbI c: 6naroxap-
HOCTDBIO.




o Fnasa 1
oo BENERME SAEP U PACIPEOENEHUE
S MBNIYYEHMM B PEAKTOPE

.t BHEPIMA LENEHMS

OLHOCTH TPH PaboTe AAEPHOrO PEAKTOPA MPOHCXOAWT 3a
AKLH JIRNEHNS SIeP ypaHa, IMYTOHNUA U APYTHY TpaHc-
IEMEHTOB NOZ [ieHeTBHEeM HeHTpOROB,

\eJleHHe ANpa ¢ MacCOBEIM uHcaoM A * noj uelicTBheM HeBTpoHOR
CXOMHT B JBa 57and. CHayana o6pasyercs cocTaBHOe AAPO C Mac-
coBBIM upcaom A +1, KOTOpoe HAXOAATCH B BO3GYKIEHHOM COCTOSHHA,
3aTeM 3T0 TaBH_oe AAPO MOKET PA3NeNHTHCA ¢ ofpasoBanmHeM Oc-
COKOB [le % C MACCOBBIMH uucaaMu Ay u Ay, HeATPOHOB M y-KBaH-
1). TIpu 3TOM NMpaKkTHYCCKH MIHOBEHNO BRLAGIAETCS SHep-
KMHETHUYECKOH SHePIHH OCKOJKOB JeNeHHs, HEATPOHOB H
1H. y-KBAHTOB, [1OCKONLKY OCKOJIKH AeJeHHA NpPeNCTaBAsiOT CO-
pafHOdKTHBHbIE AApa, NpH B-paciiafge HX NPOMCXOLHT BELLENEHH:
EPLHH. C HEKOTOPHIM 34a3/bIBAHHEM 110 OTHOWIEHHIO K MOMEHTY Je-

K OLECC ‘BE/IENEHAA SHEPIHE IPU AeACHHH PAcCMaTPHBACTCH
noipo6HG Ha MpHMepe fejeHus ypana-235.
Kinernueckast SHEPrus. Ockonkor neenus. OCHOBHAT YaCTh 3HEp-

EHHA: IPHXONHTCR Ha KHHETHIECKYK HSHEPTHIO OCKOJKOB Jefe-
YHAUCHUE  JHEDTHH, YHOCHMOH  OCKOJIKAMH JesJeHus ypana-235,
T3 {9) H JOPUMETPHUECKHM H3MEPEHHAM H H3MEePeHHSM

0TEPb Ha-HOoHH3anulo: 168+5 MsB. :

: TERNE OCKOIKOB HeICHAN IO KHHETHUECKOH SHEPTHE HMeer
OK0JI0. 65 M3B A T5HKENEIX OCKOMKOB H IpPYrof —
B AU IerKiX: OCKOJIKOB, NPHYEM pacipejieleHHe HMeer

L% Ciincox 0603HAYEHKI IPHBEAEN B KOHUE KNHTH.

3aMeTHyO MHpuHy. XapakTep sHEPTeTHUECKOT0 paclpejeieis ocKko.l-
KOB JieJleHHsT MOXKHO NPOHLTIOCTPHPOBATE HA IPHMEpe pacnpejeiienus,
MOJIYUYEHHOTO W3 3KCIePHMEHTAJNbHHIX JAHHEIX IPH AeJeHdH ¢ o6paso-
BAHHEM OJHOTO M3 OCKOJIKOB ¢ MACCOBLIM duciaoM 97:

focﬂ (E) =A exp[— O:OOT(E - Eodﬂ)zln

rie Eocx — cpefiHAs KHHeTHUeCcKas 3HePIUsi OCKOJKOB Aesexns, MaB;
A — popmupyIOmMUE MHOKHTENb.

OBsMu0 1pH pacyere TEMJOBHAENCHHA B AKTHBHON 30HE PeakTopa
He HHTEPECYIOTCS 31epreTHUeCKHM DACHPELCJeHHEM OCKONKOB, IIPHHH-
Masl 3HaYeHKe HX SHePTHH PABHBIM CPelHEMY 3HAUYEHHIO SHEpIHH maphl
OCKOJIKOR.

OcKONKK feIeHHA B 3HAUMTEILHOR cTeneRd HONM3HpoBaHL, Havadn-
HBIfl 3apsi)i OCKOJIKA ReJeHHS COCTABJAsAeT mpuMepno 20 sapanos saex-
Tpora. Paszerascs ¢ GOJBIIHMI CKOPOCTAME OT TOTO MecTa, TAe Ipo-
H30ULIO JEJEHHEe, OCKOJIKH IePeialoT BeIIECTBY OCHOBHYIO 4acth cBoed
sueprun (95—97 %) nyTeMm noHusAUHH cpeXl, ofpasys Ha CBOEM IIy-
TH HeCKOJbKO MHJITHOHOB I1ap HOHOR.

3amelnasich, OCKONKH NEJeHHS 3aXBATHIBAIOT 3/JCKTPOHH H CTaHO-
BATCS 3JAEKTPHYECKH HEHTPANLHEIMH aToMaMu (IDOAYKTAMH LeeHHS).

YacTe 3HEPTHH OCKOJKOB PACCEHBACTCH NPH YIEPYTHX H HEYHPYTHX
COYAAapeHHAX C aTOMAMH BELIECTBA. 3ATOPMOIHBIIHNECA OCKOJOK Lese-
HES, SIBASIIONIANCH, KaK NIPaBHI0, PAJHOAKTHBHBEIM aTOMOM, BHEApSeT-
Cst B BeINecTBO, TOPMOXKeHHe OCKOIKOB NPOUCXOLHT Ha KOPOTEKOM OT-
peske nmyTH, KOTODHft xapakTepusyerca AaHEEMu [1], nmpuBencHHEHMII
8 Tabn. 1.1. BpeMs TOpMOKEHHA OCKOJKOB AEJISHHS COCTABJAAET OKO-
ao 1012 ¢

Tadnuna I.1. MakcuManerelt HpoSer OCKONKOR JeMeHUf B HEKOTOPHIX

" MaTepuanax
Marepuan Al ’ Cu’ U0 u
Hymua npofera: Mrjom? 3,7 5,2 10,0 12,6
. MKM 13,7 5,8 11,9 6,7

- DHEPFHHA, TEPejaNnas OCKOJKaMH ReseHHs BEHIECTBY, Tipespalia-
€T€R B TEIUIOBYIO SHEePIHI0 JABHXKEHHS aTOMOB, H JHIUL He3HAUHTEJHHAasd
ee J0Jst uiier Ha ofbpaszoBanue Ne(eKTOB HJM HAIMEHeHHe XHMHUYECKUX
ceazefl B Marepuase. MoxHo cefe npeacTaBuTh TAKKE TPONECCH, IPH
KOTOPHIX BHAYHTE/ILHH UACTh SHEPTHH OCKONKOB MeJCHHS MOoXKeT NOH-
TH. HEIOCPEACTBEHHO HA CTHMYJMDOBAHIe XHMHYECKHX pPeaxkuuit win ga
IPAMOE NONYUCHHE HIeKTPHUYECKOR 3HEPIHH.

Va3 nauuHX, npuBefensbx B tada, 1.1, ¢/le/lyeT, YTO IRepTHS, YHO-
CHMAafs OCKOJIKAMH [€JCHHH, BLJCHAETCA B HENOCPeNCTBEHHON GIH30-
CTH OT MeCT&, I'Ae NPOM3OLIVIO JEJeHHe, T. €, B TeHJIOBRLEISI0IIHX
SRCMEHTAX, IPHYEM: 9TA HSHEPIHA BBIEAAETCH OpaKTHYeCKH (es samas-
AbBAHHA (MI'HOBEHHO) OTHOCHTEJBHO AKTA JEJICHHA,
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JHeprus HeHTPOHOR edenns. B3 mpollecce Aefedds sapa ypana-235
HCTYCKaeTed B cpefieM ORouIo 2,5 MTHOBeHHEBIX HefiTpoHa, B aTOM cay-
yae CyMMapHas sHeprud, MPHXOLAWAACE Ha nefiTpoas penenus, £, =
=5+0,50 MaB, H ux sHepreTHuecKull CreKTp HAXOANTCT B BeCbMa IIIH-
POKHX fpeAeNax — 0T HECKONbKHX JAeCSITKOB KHJAOJIEKTPOH-BOALT AQ
20 MsB.

Has cryvas nenenus ypaHa -235, BEIBBAHHOT'O MEAJEHHBIMH HeATpo-
HAMH, aHepreTquCKHH CHEXT] HeHTPOHOB AeseHHS XOpPOHIC ONHCHBALT-
¢ noaysMaapuyeckof hopmyaod [1, 2]

% (E) = 0,484 sh V2E exp.(—E) (1.1)

rae E —-BHEpI‘HH ‘HefiTpoHoB nenenns, MasB.

Dopmyaa: HOPMUPOBANA Ha OJBH HEHTPOH, HCIYCKAEMBfl IPH fese-
HuH. CpelHssisHepris; NPHXOAAIAasca Ha OAHH HEHTPOH NPH JACJEHHI
ypaua-235, ‘cocrapnger- oxoqno 2 MsB. B raba. 1.2 npusepeno suep-
reTHYECKOR pacnfiefeneHue HelTPOROB Henexust, rie f(E) — noas med-
TpOHOB af{epmﬁ KOTOprX npespluaer sayenne F.

g "--_T=a é'n‘uu Al 1:2, DuepreTHuecKoe pacnpepetesue HeliTPOHOB JelieHHS

4 5 8 10 16

11 5,5 0,60 0,12 9,2.10—¢

HOMHMO MrHose;mmx HeHTpOHOB ZAeJIeHHS BOZHHKAIOT 3alasjibiBalo-
Iie HefTPONsY, MONBJIeHHe KOTOPHIX CBA3aHO ¢ PaAHOAKTHBHBIM pac-
HajioM: rtpo,z[yKTOB ,t:e,neims{ ‘Onmako nx HONS HEBEJHKA — IPH JeJeHHH
ypana-235 TennoeMu. HefiTpGHaMH OHa cocramaser 0,65 %, mostomy
B SHepI‘eTquCKOM 6aﬂaace pOJ‘Ib 3aNas/bIBAONIEX HeHTPOHOB HE3HA-
SHTEJbHA: &

HePI'I‘pOHbI oﬁpasymmﬁec;x Hpn JeJIEHHH, TEDTIOT CBOIO SHEPIUI0 B
pesyJibraTe YNpYTHX W HEYNPYTHX COyZapeRnil ¢ ANpaMH MaTepHaIon
PasJiHUHEIX ‘ 5JIEMEHTOB 'PeakTopa:  JHeprus HeHTPOHA IPH 3TOM B OC-
HOBHOM IepefaeTcs ;mpaM OTJdUH, KOTOPHIE PACCEHBAIOT ee B BellecT-
BE, HOHH3HDYH CPeAy H HCOBITHBAS yupyrie W Heynmpyrue coylapenus
¢ atomami, Tarum oﬁpa30M, SHEPTHA ‘HEATPOHOB B KOHEUHOM CueTe
MePEeXO/INT B HHEPIHIO TEMI0BOro J:LBH:»KeHHH aTOMOB M HaCTHYHO HAET
Ha 06pasoBaHHe neeRTOR CTPYKTYDEL,

.- Tpn meynmpyrom paccestnun HeATPOHOB B oTﬂﬁqu oT ynpyroro pac-
cesHAA Hapaly ¢ 00pajopawnéM. sipA OTA4YH SHEeprHs HefiTpoHa ua-
CTHUHO HAET HAa BO3OYNKAEHHE ANPa  C HOCHELYIOIIHM HCIYCKAHHEN
4-KBAHTOB, SHEPIMA KOTOPHX: yT-IHTbIBaeTCﬂ B 6anche SHepI‘HH dene-
HHS OTHEJBHD,

~.Tag Kax npolece 3aMeAIeHHA MIROBCHHEX HeHTpOHOB JeJIeHRS TPo-
ncxo,tm'r_ 3a BpeMeHa, COCTaB/IAILMe MaJble JT0JM CeKYHAR, TO IpakK-
THUECKH BCH -HX KHHETHYECKAH SHEPTHA HEOCDEACTBEHHO BCJAEH 34
JICJICHHEM TIePeXOLHT B. SHEPTHIO TeUNOBOT0 ABHKEeHHs. B mpomecce

[+8

3aMeIJIeHIs HeATPOHOB JeJeHHs MyTeM IOCHe0BATENLHBIX cOyRapenuil
C SIpPAMH BEIeCTBA NPOUCKOAHT MX MHrpanus no ofbeMy peakropa
U TEHAC BRIAEJASETCH BO BCex ero ademenrax. Cpennss nnufa aaMel-
JEHES HeBTpOHOB ZeselHs OHpe,[LEJIHeTCH COCTABOM MATepHala W ero
NAOTHOCTBIO,

iz -saMesaenns HeHTPoOHOB ,H,e.JIEHHSI B BOLOPOACOHAEPKAIIHX Cpe-
IaX COCTABJAeT HECKONLKO CAaHTHMETPOB, B ADYLHX MaTepHanax — fe-
CSTKA CAaHTHMeTpOB. HacTh 3aMeRJAIINEXCS HeHTPOHOB TOKHJAET pe-
aKTOp, yHOCA ¢ cOG0fi HeBOMLIIYIO LOMI0 SHEPIHY JIENeHHS, -

DHeprist MTHOBEHHLIX y-KBAHTOB. DHepIUS MPHOBEHHBIX y-KBAHTOB

cocrapnser. Ey© =7,8 MaB na 0ii0 feseHne ans ypana-235. Drepre-
TquCKHH CHEKTD 3T0T0 H3/IyUenHs [2, 8] peicTaBien B tabia. 1.3.

T a 6 duma 1.3, Sueprernyeckuil CICKT) MFHOBEHHOTG “y-saayenusa [31,
. BO3HHKAOWEro NPy JIeNeHk K

Hutepsas SHepruu Uueno y-KBAUTOB Ha 0JHO Uncno y-ksallTon Ha np,no
T MsB ' AeNeHHe B YKASALHLOM  Aenefime, OGmajamuyx

’ HHTepBaNe 3HePrHH sueprueft F

4,25—0,75 3,1 3,2 npu 1 MsB

0,75—1,25 1,9

1,25—1,75 ' 0,84 0,8 npu 1,5 MaB

1,75—2,25 - "~ 0,B6

2,26—2,75 - - 0,29 0,85 npn 2,3 MsB

2,75—3,25 0,15 0,15 npx 3 MsB

3,253,765 - 0,062 S _

3,764,256 ‘0,065

4,25—4.,75 0,024, .

4,76—b,2b 0,019 : 0,2 npr 5 MsB

5,26—b5,75 0,017

5,76—6,25 . 0,007

6,25—6,75 0,004

MpumevyadHne. [IOAHAT SMePrHT MIHOBEHHBIX Y-KBaNTOB- cocTasiser 7,8 M3B Ha OHHO MNe-
JeHne.

BaauMogelcTBHe y-KBAHTOB C BEINECTBOM NPOHMCXOIHT B OCHOBHOM
B pe3y/abTaTe NPOTEKAHHS OLHOTO H3 Tpex nponeccos; gortoaddexrTta,
KOMNTOHOBCKOTO paccedfHs HMAK 00pa30BalHg MAPHE 3JeKTPOH -— HO3H-
TpoOH. B 9THX npoueccaX sHeprust y-KBaHTOB TepejacTcs 3JeKTpoHaM
H OPeBpailaeTcs B 3HEPPHI0 TENJOBOrO ABHIKEHHST aTOMOB BellecTBa.

HacTe SHEPrHH B HOHH3HPOBAHHOM BellecTEE Npeopasyercd m
JHEPTHI0 XUMHUCCKHX crA3el, y-KBaHTH 06nanaoT 3RauNTeNbHLM HpO-
feroM B BellecTBe, MO3TOMY HX INOTJIOIIEREE, & CAeLOBATENBHO, H Ie-
pefaya sHePTHH MaTephanaM peakTcopa IPOHCXCAHT BO BeceM ofbeme
peakTopa. HacTH4HO y-KBAUTH NMOKHAAKT Ipelle/itl peakropa.

JHePrus PajMoaKTHBHOTO Pacnaja NPOLYKTOB jeneHHs. B npouec-
ce JeJeHHS BOSMOMHEO 00pasoBanHe pazlMYHBIX l1ap OCKOJMKOB Jene-
nuA. YHCAO THHOB HAp OCKOJKOB, OOpA3YIOIHXCS IIPH AENCHHH AALP
ypana-235, mpepnimaer 30, B ockonkax jJeNeBES OTHOIICHHE HHCJA
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HEHTPOHOB K YHCAY NPOTOHOB GOJbIIE BeJHUHHBI, XapaKTepHOl .15
cTabuabLHbIX HYKAHOOB, BCISACTBIE Yero IPOHCXOIUT CEPHSA HOCAE10BA-

TeJBERX B-pacnanon (B cpennem 3—4). IIpu B-pacnasax ofpasyrored

Bos0yxeHnble: Spa, KOTOPHE MepeXoisaT B OCHOBHOE COCTOSHHE C HC-
MyCKAHWEM y-KBAHTOB; B-pacnaz cONPOBOXRAACTCS TAKXKE HCNyCKaHAEM
HelTpHHO (aHTHHEEHTpUHO). B. cpejHeM Ha OAHO jAeJeHHEe NPE f-pac-
nane ocgoboxaaercs oxono 26. MaB sueprun (aueprus f-uacrau Fpas
~8 MsB, sHeprus ykpatirop E)" =6 MaB u Hefitprno (anTHEHTpH-
Ho) Ly=12 MsBY). f-Uactrunsl TOpMOIATCH: B BEHMECTHE, [POXOAT H2-
Gostemiie paccronnud. HanpuMep, notTok f-uactul ¢ smepruest I MsB
ocﬁaﬁﬂaercﬁi B <> Pas Ha IyTH, COOTBETCTBYIOIEEM TOJIIHHE MaTe-
puana npamepHo: 0.5 /cm
~..Bedienctare HeGompworo npofera f-UacTHL BCS HX 9HEPTHS Ipak-
THUECKH' [IePEfaeTCs BeIecTBy B 30He 00pasoBaHuA B-UacTHI, T. €. B
-30He PaCHONOKeHHA ACIAIIETOCS BellecTBa, JHepriud y-KBaHTOB mepe-
| LAeTCT MaTepHalanM pPeakTopa Io BeeMy ofnemy.
-_Sﬁep_m-ﬂ_:neﬁTp-HHo HpaKkTHYeCKH NOIHOCTLIO YHOCHTCS 32 Hpejesinl
peaxTopa: BBHAY UYpe3BLIUANHO BLICOKOH Hx NpOHHKAXUeR crnoco6HO-
. CTH; TI03TOMY ee MOXKHO He YUHTHIBATh B oOmem OafjlaHce 3HEProBLIIE-
CJIeHMA B peakTope.

- Tlpouece ocBOGOKACHHS 3HEPIHH PajHO2KTHBHEIX NPOAYKIOB Ne-
- JIeHHs! TIPOTEKAaeT BO BpeMeHH. BpemenHas 3aBHCHMOCTh BLI@JIEHHS
‘sHepruu . f-uacTHuaMua  B(f), MsB/{c-men), u vy-keamramun I'({),
MsB/ (c-meun), A0CTaTOYHO yIOBNETBOPUTEILHO AJS HHIKEHEPHBIX pac-
- UeTOB ORHCHIBaeTcs MO ncTeveHuy 121,0 ¢ mocie akra jeJedus nojay-
- sMnupHueckAMH (opmynamu Bes n Baruepa:

B() = L4t (1.2)
T = 1,262, (1.3)

o v Boylenenne sHeprud pajHOaKTHBHOrO pacnaia HPOAYKTOB AeeHHS
- HPOMCXOMHT, U NIOCTe NPEKPANeHHS IpoNecca ReJIeHH: ANep B PeaKkTope.
- DHepreTHUECKAll CHEKTP HCIyCKaeMHX f§-U4CTHI{ B y-KBAHTOB 33BHCHT
. OT.BPEMEHH,, IPOLIeLIer0 Hoce AeJeHHA. o

o BopaBore: [4] npusenenn Gosee Touuble (OPMYJSE IS pacyera
OCTATONHOrO SHePTOBEIIENeHHS. IPOLYKTOB: AeIeHHSY ypaHa-235 Temto-

‘BBIMIL HEHTPOHAMI: -
o Bp= Z,B; exp (— Ait);

S TO=Znen(-T,

o 3mauenust (i An.Vi Ap HpHBeNeHH: B Tabi:-l.4. CnexTp: y-KRaHTOR
IIPOLYKTOR: HeJeHNsl NpejcTaBier B: Tabux. L. P

o OHePrus, BHIINRIOILAACS: APY 3aXBaTe: Helirpona. Hefitporw, nud-
byRIEpYE: B PEaKTOPe, HMEIOT BePOATHOCTS NOTJIOTHTLCH A/APaMH, Ma-
TepHAJIOB: pearTopa:. QOpasylouiAecs: B pe3yJbTaTe: HOLJIOIIEHHA Hel-
TROHOB: BO3OYM/IeHHBIC: AJlpa NCPEXOAAT B OCHOBHOE COCTOAHHE Ipax-
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TadGnuuma 1.4, 3navenun woncrawt Py Ay v n A

{ ' By \ Ay R P

1 0,484 0,82 0,0723 0,058

2 0,330 0,25 0,0133 0,014

3 0,0817 0,071 2,62.1073 3,1.10—#
4 0,0163 0,016 3,71.10—¢ 6,8.10—¢
B 0,0019 0,0038 1,85-10—¢ 2,6.10—¢
6 0,565,103 1.10—# 2,42.10—5 6,7.1078
7 1,28.10—* 2,8.10 2,58.10™¢ I,5.10—%
8 1,63.105 5,4.10—8 6,06.10—7 6,8.-10—¢
9 5,53.10—¢ 1,76- 18 2,26-10—7 1,3.10—8
10 3,93.10—7 2,20.10—¢ 2,90. 10— 1,6.10—7

Tabarma 1.5, Juepreryueckuil crekTp Y-nadydenus HNPOLYKTOB
denenus Bo Bpems paforn! peaxtopa [5]

W Her

0,1—0,4 0,4 0,645 1,8-2,2 2,18 0,677
0,4—0,9 0.8 3,87 2,226 2.5 0,290
0,9—1,35 1.3 0,645 >2,6 2.8 0,032
1,35—1,8 1,7 1,08

) Hyeuawn e, [l0AHaA SHEPrUA 32NA3XBIBRIOLLAX Y- KBAHTOR OPOJYITOB ERNEHHR COCTARJAET
7.2 MsB Ha opp0 jgiaeHue.

THUECKH MI'HOBEHHO HJIH B OpOLecce paJHOaKTHBHOINO pacrmajia IpH HEe-
NYCKAHHH Y-KBAHTZ HJIH KaKOH-JHGO UaCTHLH, ofrajanmel onperie-
Jennoil sHeprHefl. Ta sHeprHs He ABJAETCS NPAMBIM CJASACTBHEM HC-
JIEHHS, HO ee OOBUYHO YYMTBIBAOT B ofuleM OaJalce SHEPTHH AENEHHA
IpH pacueTe TeIUIOBLIENeHHst B MarepHane peaxrtopa. f-Hanyuenns,
BOSHHKAlOIlee B pesysabTaTe AKTHBAIHOMHOIO 3axXBaTa HEHTPOHA, HI-
paer WesHAYHTEJbHYIO POJL B 2HEPTeTHUeCKOM OalaHCe DeakKldu Je-
genust. OAHAKO B OTAeAbHBIX CJAyuasix BO3HHKaeT HeOOXOAHMOCTb €ro
ydera.

B TensoBHX peakTopax, paGoTaloiux Ha crafooboralleHEOM ypa-
He, Ha KaXJoe JeJeHHe ypaHa 3a cueT HOPJOLIEHHS HEATpOHA ypa-
HoM-238 B cpemmem ofpasyerca 0,5—0,6 sapa ypausa-239, XoTophble
IpH IIOC/CLOBATENbHOM f-pacuaje NepeXoiaT cHAUAIA B HenTyHHH-239,
4 sareM B mayToHME-239 (c mepmojaMu moaypacnaga 23 MHH A
2,3 cyT). Duepropbliesedde IPH f-pacnaje sTHX IEMEHTOB Majocy-
NIECTBEHHO AJSt paGOTAIOLIEr0 PeaKtopd, HO NOC/Ae OCTAHOBKH PeaKTo-
pa OHO MOMeT COCTaBJsITh Jonee 30 9% sHeproBHIAGJEHHS OT pacmana
NPOAYKTOB ACJCHHS.
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Peaxuuu noraomenus HeHTpOHOB ¢ 06pasoBanueM -4aCTHI H TpOH-
TOHOB NMPOMCXOAAT B OCHOBHOM Ha Jerkex sippax. M xora B ofmes
Ganance SHEPIHH IeNEHHA HX POJb OTHOCHTENLHO HeBeJHKa, AJ8 He-
KOTOpHIX 2I€MEHTOB PeAKTOPA, B YACTHOCTH A/ OPTaHOB PEryJHpoBa-
HIUL, COAEPIKALINX 3HAUHTENbHbIE KOJHIECTBA NOMNVIOTHTENEH HeHTPOHOB
(raxux kak §op, JauTHE), BRAa 3HEProsEAeIeH s oT 08pasyIoluxc:
3aPAREHHBIX YACTHL, CYUTIECTREH, . :

Koauuecrso NOJIOMCHHEIX HefTPOHOB, OTHECEHNHLIX Ha OXHO Jetie-
HHE, & TAK:Ke SHepPI'Ns; BRLASNAIOMANCT Ha OfuH KT NOFAGUIEHHS, 34-
BHCAT OT. THI& PEAKTOPA H MaTepPHANOB, BXOASIIHX B ero coctar. [Ipi-
GJIMKEHHO MOMHO CUHTATE, UTO Ha OO fe/eHie 34 CUET 3aXBATA Hel-
TPoHOB mpuxonuTes. 5—10 MsB sueprun. Baaropaps nuddysun meil-
TDOHOB, 3T SHEPTH: MOKET - BLIACIATLCA T10 BCeMy oGbeMy peakropd.
- .T_aim_M_: 00pasoM, B peaysIbTaTe peakunit NejqeHHs saep Noj JeHCcTBH-
©M HEHTPOHOB H IOCSAYIOUIErO PaAHOAKTHBHOIO pachala OCKOIKOB Jie-
JICHHA, - 8 TaKXKe COMyTCTRYIONHX HeHTPOHHLIX peakluil B. peakTope
BOJHHKZCT [OJIe H3JyUeHHH, BR/IIYawNee B cefd NOTOKA OCKOJIKOB
AeNeHHl, HeHTPOHOB, y-KBAHTOB, SJAEKTPOHOB W JIPYTHX 3apSIKEHRBIX
YACTHI[.. JHEPTHA STHX H3/IYUeHHH NpeBpamiaeTca NpH B3aHMOZeHACTBHI
C'BOIIECTBOM. B TEIJIOBYIO SHEPTHIO, BEAENSICIIYIOCT B.DAsJIHYHELX, S1e-
MeHTax peakropa. JImmb HeGoJbIIAR KO/ U3JAYUEHHS B BHJIE IIOTOKOB
HEUTPOHOB M. y-KBAHTOB BEIXOJHT 3a MpeAessl peaxropa, cozfaBasi pa-
AHALHOHHYIO ONMACHOCTh B OKPYXKawouleM mpocrparcrse, HacTs sHeprun
U3AYYeHds HACT B MaTepHanax peakTopa Ha ofpasoBanue Jedekros
CTPYKTYDHL-BEIIECTBA | H3MEeHeHHe ero XUMHUECKHX CBA3eH. i
~.. Llepeunciennble; BEIIE NAHHLIE 06 3HEPTHE, BHAEAdoWedca B pe-

.. 4KTOpe NpH JAeneHuy sylep ypana-235, cepensl 8 radu. 1.6, C yuerom
| OHePIHH, BBLIEMAOIEHCT UpH' 3aXBaTé" HeHTpoNa, TNPHHEMAETCH, UTO

--_._j’_I‘_ei Sruiia 1.6. OSHeprus meacHun vpana-235 TerioBeIMM HeHTpoHAMH

1 Bmepryis, nbigginmio-. | - SHepras, mmmensio-

: T e ncTenenno
Mo : R o masgca cpaay nochae . it Hrore
Meczo; Tae. BEISIASTER SHEPr U3 - ‘FeNeHus (MrHOREHHO), nocJje mesequs MaB

(¢ samasaniBaknen),
MsB

. B6iinoH Necia HeMeRus. (5 TBa- | Edm‘:'iés . E,=8 176

‘Paccésina 1o neemy. peakrepy . | ety | 19

Mroro . Ul b ) s

Opusmevanume, 3Ja cver saxsata HeHTPOHOB 'Ha “O[E0 JeieHue ' JONOJHHUTENLHO BbIllenseTcH
sHepran  E34%.i5.410 MaB. )
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Ha OLHH AKT AeJeHWd Bhensercs nphbausHrensro 200 MsB snepruu.
Hcmombsysl 3Ty BeJNUAHY, MOKHO LOJYUHTh CJACAYIOLMIE mepeBOjHOH
KO3 hHIHeHT;

1 Bt coorsercteyer 3,1 10! pen/c. ' _
ITO 03HAYAeT, UTO UpH Aedenny 1 r ypauna-235 seieasercs ~1 MBrX
K CYT SHEpTUH. ) '

Ilpu mornomenun HeHTpOHOB AAPaMH ypaHa-235 KOHKYPHPYICLIEMA
[POLECCAMH ABJASIOTCH JIeJeHHe H pafHalidOHHEIR 3aXxBaT ¢ o6pa3oB4-
H#eM ypana-236. CooTHolIeHHe cKOpocTell peaknyuil neqedHs W paana-
IJHOHHOPO 3aXB4Ta COCTARJAST AJs TENJOBHX HEeHTPOHOB NPHOJIH3H-
reapHo 0,84 0,16, Dro osnauaer, 4T0 NpH «cropaddu» 1 r ypana-235
BHgengercs ~0,8 MBr.cyr suepruu.

TIpn ananuze AaHHBIX Taba. 1.6 MOKHO caeaaTth CJAeAYIOILHE Bhi-
BOZHL.

1. Bitjesienne sHEPTHH JeJIeHUS TPOHCXOJHT BO BCeX 3JeMeHTax
peakTopa.

2. B mponecce paboTel peakropa Ha MolEocTH Gogee 90 % sHep-
FHH BHAGJAETCA B MaTepHaJe TBIJIOB.

3. UHacrtuuno sHeprHf [e/eHHS AKKYMYJIHPYETCA pajHOaKTHBHBIMH
NPOAYKTAMH JIJeHHS, ee BhIeJeHHe MOKEeT MPOHCXOAHTh H HOCTe 0C-
TaHOBKH peakrtopa. JLoJsi 9HepruH, BHIGJIASMOH B TB3JaX IOCJe OCTA-
HOBKM peakTopa, cocTasaser okojao 60 %. :

Jo cux nop paccMaTpuBajJoch fAeJeHHe ypaHa-235. B Oyaymem
B KAUECTBE AEJAMErocd MaTepHasaa MoMUMO ypana-235 Bce Bospacralo-
My posas GyJeT HrpaTh BTOPHYHOE ALepHOe TomAHBO (ypaH-233, mo-
JAyuaeMbii H3 TOPHA-232, W aayroHHi-239, noayuaeMelt H3 ypaxa-238).
[oaToMy yMecTHO CpaBHHATh BeNHUHHY M pacrpeiejeHHe SHEPTHH Je-
JIEHHA 110 UPOAYKTAM peaklHd AJA 3THX HYKJHIOB C SHepraed Jaede-
HHA ypara-235.

B npunoxenun 3 mpuBOEATCA Taxkie ganneie {6, 7]. Onu moxasw-
BAIOT, YTO SHEPrHA JedeHHHs W ee paciipefejeHHe 110 NPOLYKFAM pe-
AKUHK [J8 EPYT'HX HYKJNMAOB GAM3KH K TakOBHIM AJIA ypaHa-235, H
nosToMy, Ges HMapylleHds OGUIHOCTH B JajbHeflIeM TelIOBhieNeH e
B 3JeMeHTaxX SLEPHOrO peaxtopa paccMaTpUBaeTcsl Ha OpHEMepe HC-
NOJMB30BAHUA ypana-235 B KayecTBe Aexdlllerocs BeilecTsa.

2, MPOCTPAHCTBEHHO-3HEPTETUUECKOE PACIPEAENEEHUE HEHTPOHOB
B AREPHOM PEAKTOPE

Bce BHAB PEAKTOPHOIC H3JYUEHHH ABJAIOTCS OPAMBM HJIH KOCBEHHBIM
PE3YJALTATOM SIAEPHHIX PEAKUHH, NPOHCXOASIIHX NOA AelicTsHeM Heil-
TPOHOB B MartepHanax peaxrtopa. ChaefoBaTelinHO, paclpeleedus Hi-
TOUHHKOB DPEAKTOPHOIO H3JYUeHHsA H, B KOHEUHOM CUCTEe, TeJIOBhLIE-
JIEHHA GHPeReaAIOTes NPOCTPaHCTBeHHO-3HePTeTHISCKHM PaclIpe/le/en -
eM HeHTPOHOB B peaKTope. :

Kak wusBecTHO, HeHTPOHHI B SAEPHOM peakTope NOSABJSIOTCS Pl
JleJIeHHH siflep, DpHYeM B cpeiHeM Ha ONHO Je/jeHHe HOSABASETCS vy
BTOPHUHBIX HeHTRPOHOB, rie v~=2,5-3,5 B 3aBHCHMOGCTH ©T copTa Ae-
JSIIIEroCA BellecTBa W HEPTHH HEHTPOHOB, BLI3LIBAIOMIUX HAEJCHHC.
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Cpenusisi sneprus HelTPOKA jJeNenHs cocTaBasier npuMepHo 2-10% 3B,
CrankmBasics ¢ sapamu BEDLECTBA, HeHTPOHH 3aMelmsiores u Jud-
byunupyor. B npouecce SaMCANEHHT 0 AHQDHYSHH HeHTPOHOB MOTYT
IPOXOIHTD SAePHLIEC DEAKUHH O JNefCTBHEM HeHTPOHOB, Takie Kak
HEYNpyroe u ynpyroe paccesiHMe HefTpOHOB, HX NOTROINERHe, yTeuKa
H3 DEAKTOpa, NEJEeHHE siiep, KOTOPOe NPHBOAHT K NOSBIEHHH) HOBBIY
HEUTPOHOB nenenus. Takum oGpasom, npu paGore A[EPHOTO peakTopa
peannsyercs NEeNHOA AJePHEI mponece.

BosmoxknocTs LEMHOro SIICPHOrO MPONHEcea B siAepHOM peaxTope
Xapakrepusyercad sdOERTHBHEM Ko3hOHIHEHTOM pPasMuOKeHHsT Hef-
TpQHQBu_!;ea[b, IPEACTABAAOMEM co00H OTHOIUEHHe IJIOTHOCTH MCTOUHI-
KOB HEHTPOHOB HNeJICHHS ABYX HOCAENOBATENBHRX NOKOJCHHH.

uﬂ,ﬂ_ﬂ_ MSYHEHHA IPOCTPAHCTBEHHO-SHEPIEeTHYECKOTO PACIIPEede N
HEMTPOHOB B AREDHOM DeaKkTope BBOAATCH TMOHSITHE NJAOTHOCTH NOTOKA
HeATpOROB ¢ (r, E, Q, ¢), npuuem ¢ (r, E, Q, {)dEdQdt osnataer ey
HEHTPOHOB ¢ aKepruelt B unrepBane ot E o E-+dE u ¢ HalupaBJIeHHAM A
oJieTa B HETEpBAJE OT Q 10 Q- dQ, KOoTOpHE NepeceKanT eHHHYTY O
TLIOTIANKY, OPHEHTHDOBAHHYIO IEPNEHAHKYIAPHO HRNDPABJICHMIO Q,
BOIN3H TOUKH [ 38 BPeMsi OT £ ji0 - di.

IlnotHocts notoka HEHTPOHOB B PEAKTOPE YIOBAETBOPSIET PA30KHHe-
Tiateckomy ypasrennio Boabnmana [1, §—117;

1 dp SRRTTRN S e
a TWe= =3+ [or B, @, 93,0, F) X
G XW B, @ > E, QE” d@' + S(r, E, @, 1), (2.1)

Sg?cr_) Q — exHARUHEL: -BEKTOD, YKasblBalOMuH HampaBicHHE IONeTA
HEHTPOHA; 2y (r, £) — MaKPOCKOHHYECKOe. coueHue YIOPYroro M neyi-
PYTOTO paccesinus HEATPOHOB ¢ suepruelt £ B Touke r; Wir; £/, Q'—E,
Q). — HHAMKATPHCA: PACCEAHNS (MIOTHOCTh BEPOSATHOCTH JJS YIEPYTOT'O
1 HEYNIPYTOro: DACCEARHRIX HEHTPOHOB IepeliTh U3 nyuka (E, Q), 1. e
¢ sEepruelt £/ u HaNpaBJICHHEM NBIDKEHHST Q7, B mywox (F, Q)). Huna-
KRATPHCa HOPMHPOBaHa Ha eAHHHILY, T. e, . o .

[W(r; E', @ 5E, QdE d@=1;

2 — IIOJHOE MaKDPOCKOIHYECKOe CeypHHe B3aHMOAEHCTBHA HeHTpOHO:;
S(rE, @ ) — MAOTHOCTE: HCTOUHHKOB  HeHTPOHOB, KOTOPHE BRAIOUAIO
B cefn HEHTPOHEL OT BHRINHETO HCTOUHHMKA, HEe CBASAHHOTO ¢ JeJeHHeM
A4ep, U HefiTpOHK Jefenns.

CTa'uI_{LQHapHoe ypasHeHHe Bodsnmana ms cayuas, KOTZA BHEIIHHE
HCTOUHHKY HeATPOHOB 'OTCYTCTEYIOT I HEHTPOHLI NOABJFIOTCA 34 cyer
Renenult (B NPeANONOKEnIHE, UTo YIIOBOE pACIpeNeIcH e HEHTPOHOB
AeNeHHT H3OTPOHHOY, HMEeT BH] e o '

QVCP _[_th): ‘S‘ o(r; E, 9/)2‘“_. (l',.._ E')W(]‘,E’, Q’*-)-E, Q)dE’dQ’ -+

5 X(E} : e L4 r . r. 0 .,r'“ J' r.
“l-_?qj_”“gn—ffp(f, B, @) 3,0 E)vy(r) EYAEAR,  (2.2)

i2

Bnecy y(E) — cnextp memtponos fenenus (y(E£)=0484 exp (—E) x
X shV2E); Z;— MaKPOCKOIHYECKOE CeueHHe ACJNCHES; v; — YHCJAO BTO-
PHUYLBIX HEHTPOHOB, OPHXOAALIHXCA HA OJIHO jAeJeHHE, Rsp — coOcTBeNH-
Hble 3HAYEHHA OAHODOAHOIO ypabueHHA (2.2) (MakcHMaJbHGE 3Haye-
UHE Rsg ABJAETCH 3(peRTHBHEIM KO03(Q(QUUHEHTOM pasMHOKeHHS Hefi-
TPOHOB B AJepHOM peakTope).

K ypapmennio (2.2) mHeo6xoauMO A0GABHTL CJIEIyMOHIHe YCAOBH,
HaKJIafbpIBAEMBle Ha ¢ Ha BHEINHeH rpaHHLe peakropa R:

o(r, £, Q) >0 BHyTpH peaxropa;
@R, E, Q=0 npu (2, n) <0,

rle fl — BHeIHAA HOpMaJb K MOBEPXHOCTH peaktopa. [Ipeanoaaraercs,
YTO BHEUHss NOBEPXHOCTh PeaKTOPa sIBJSETCS HeBOTHYTORH.

Ypapuenre (2.2) u rpaHHuHBIE YCJAOBHS, O KOTOPBIX FOBOPHJAOCH Bbi-
Lle, ONHCHBAWT pacipejesieRne IVIOTHOCTH NOTOKa Bo Beell ofnacTd
H3MeHeHHs SHEprHH HEHTPOKOB, BKJlouas H 06JacTh (OpPMHUPOBAHHS
CIeKTpa TENJIOBLIX HEHTPOHOB (00sacth TepMasusau#u}, Hdas stoll
0GJIACTH 3HEPTHH, CPABHHMOH C SHePTHOH TeNnOBOrO NBUXKEHHT CPes,
HeoOXOAUMO YUHMTHIBATL TEIJOBOE JBHIKEHHE SAEP HNPH HAXOKACHHH
MaKPOCKONHYECKHX CEUCHHH W HHJIHKATPHCH DACCESTHHS HelTPOHOB, I10-
CKOJNBKY HX 3HAYEHHS ONPEAENAIOTCA OTHOCUTEBbHON sHeprued ueArpo-
HOB H SAEp.

Hacto sHepreTHueCKHIl CHEKTP TEILIOBHIK HEHTPOHOB HAXOLHTCH Yi-
POLEHHO H 3aTeM BCE TenJIOBhe HeHTPOHL 00D IHHAKTCH B OAHY SHEp-
TeTHYECKYIO FPYNIY € HJAOTHOCTBIO IIOTOKA (e (I, Q) H C yCpeALEHHBIMI
IO CHEKTPY HeHTPOHOB 5((eKTHBHBIME CEYSHHAMH.

Ypapnenne BosbuMaHa aHa ETHYECKH MOMKET GBITH PElIEHO TOABKO
B He0OJIBHIOM KOJHYECTBE CJyYaeB, [OITCMY JJIs €ro peIIeHHS HC-
HOMB3YIOTCA, KaK IpaBu/0, YHCAeHHAe MeTOAL. OHAKO H B 3TOM CJIy-
yae pellleHHe 3aTPYLHACTCA CJAOKHOR 3aBHCHMOCThIO NAPAMETPOB, BXO-
LAIHX B yPABHEHHE, OT 3HEPTHH HeHTPOHOB, a TAKIKe YIJIOBOH 3aBHCH-
MOCTBI),

B cBA3H ¢ sTUM OGHIUHO HCIOJB3YIOT HEKOTOPBE NPHOIHMKEHH
K HCXOEHOMY ypaBHeHHK Boabumana. s onmHcazus sHepreTHYeCKoi
3aBHCHMOCTH HauboJee YACTO HCTOABL3YETCs MHOTOTPYNIOBOE MpHOIH-
XeHHe, CYTh KOTOPOrO COCTOMT B TOM, uTO Bes 06JacTh 3HEPrHn Hel-
TPOHOB PasfHBAETCA Ha HEKOTOPOE KOJHYECTBO MHTEPBAJOB (Tpymm) H
KaX/IOMy TAKOMY HHTEPBAJY COCTHOCAT ILIOTHOCTE fIOTOKa HEATPOHOR,
HpHYeM, eC/H IpaHHYHBIE HEPIMY jJjs rpynnel j 0003HauyuTh £y ; M
E; (rpynner myMepyloTcst B NOpPSAAKE yMEHBIIEHHS SHEPTHH HeHTpOoHa),
IJIOTHOCTH IOTOKA j-H SHEPreTHIECKOH TPYHILI ONpelefeTest CleNyIo-
muM obpasoM:

Eja
@ {r, QY= ! o{r, £, Q dE. (2.3)
£y

VYpasHenre (2.2) ¢ yuerom (2.3) B IpeAnoOJIOKeHHH O BO3MOMKHO-
CTH paspie/ieHys SHEPreTHUECKON 3aBHCHMOCTH M TIPOCTPAHCTBEHHO-yT-
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MOBOH 3dBHCHMOCTH [T KaXKaoi rpynmel npeolpasyercss X auy
. . {—+] -
Qv (r, Q- Yo (r, @) = Z j or(r, )L OV (r, @ > Q)" -
=1y
m

_Low E vizt jfm(r, Q' de, (2.4)

Ryp  Am
. =1

I=f .
rae B4, Si; 2, W(r, @' —Q) — ycpeanerniie no sHeprHM IPYINOBLIE
KOHCT&HTEL.

Hajbreimie npuOnKeHHs. Kacal0TCa YIMOBOH 3ABHCHMOCTH IVIOT-
HOCTH [I0TOKA, CII0COO yNPOWIEHKS KOTOPOH M ONpeiesseT HA3BAHHE
METOAA,

1TupoKko HCHOIBL3YIOTCS CAEAYIONIHE MeTOLbL _

1. JluckpeTHOe npeICTABIEHHE YIIOBOH 3aBHCHMOCTH ¢ OCHey1o-
IUM 4HC/ICHHBIM pPelIeHHeM IIOJYYeHHBIX ypaBHeHu# (S.-MeTox).

2. PasnoxeHHe yrIOBOR 3aBHCHMOCTH 0 cpepHICCKHM FapMOHH-
KaM (P,-Meroq).

3. HAuddysronnoe npubiukenne (Pj-npaGIMmKenne ¢ yYeTOM caa-
00l yr0BOH 3aBHCHMOCTH HHANKATPHCH PACCESHHS).

Kpome srux Metomoe menosbsyercst rakime meroy Monre-Kapao,
UpH KOTOPOM DasBHITPHIBARTCA HEKOTOPHIA CAyYaHWEIH HpoLece, MOLE-
JUPYIOUME (U3HIeCKHe TBJCHHS, HPOKCXOMSILHE B peakrTope, noseje-
HHe HeHTPOHORB B KOTOPOM HMEET CTOXacTHUECKHH xapaxtep. TIpH 9ToM
Ha: IBM Momesmpyercs GOMBIIOe 4HCAO HCTOPHH HeATpoHoB. JLas o-
peleseHES MeCTa CTOJKHOBEHHH HeNTPOHA. W WX THNA (IIOrJIOHIeHHE,
paccestHue: M- T. I} HCHOJB3YITCA BEpalatsiBaeMble DBM ciyuafinnie
UHCJIA,  PABHOMEDHO: pacnpespeqeHHble Ha uurepsBade or 0 go 1. Pe-
3yJaeTar pacuera no meroay Monte-Kapao sBjsiercs CTaTHCTHUECKOH
BEJHUYHHOH, M €¢ OTHOCHTENbHAR IHOrPeillHoCTh O6PaTHO NPOTIOPLIHO-
HaJpHa KODHIO KBAJDATHOMY H3 UHCIa COGEITHH, ee ONpefesslIomux.

B psne ciyuaeB HCTONB3yeTCsl HHTEIPANLHBIE METOM PEIIeHHs! ypan-
Henns BoabliMana, B KOTOPOM yrioBas 3aBHCHMOCTL He COAEPIKHTCH
(MeTo/l BEPOATHOCTH CTOSKHOBEHHI), : :

-Hanbonee npocThiM ABaseTcs AHGQY3HOHHOE NPHOINKEHHe, B CBS-
BH'CYeM: OHO- YACTO: HCIOJB3YETC B IIPAKTHKE DACYETOB DEaKTOpa.
B 97ToM npHONHIKEHAU BEOJHTCA B PACCMOTPEHHE MIIOTHOCTh CKAJAPHO-
ro moToka relTpoHoB. O (r, E), He cojeprailas YriOBOH 3aBHCHMOCTH:
Yol SO Ey=fo(r, E, @)dQ.

4

Mmr'orp'jrﬁhoﬁf;fé ypaBHeHHﬁ (2.4) B anddysHORHOM TPHOTIDKEHUH npecs-
pasyioTes K Bty R o

i L T e Iy 1=
yO; + B, 4 S0, 1+ T, = k%; E VIS, + E Zep s,
S H

=t i=1

(2.5)

rae @;(r) = joy (£, Q) dQ —naoTHOCTs CKAASPHOrO NOTOKa -HefiTpouoR
j-# rpynnsl, V — onepatop HaGaa (M5 IpAMOYTOABIIOH CHCTEMEl KOOPIH-

HAT V=ia——|— j—ai + kai ); o) — MaKpPOCKONHYECK O ceueHUR NOFII0-
X i 2

ILeHHs] HEHTPOHOB j-H TPYNIEL, BXJIOUYAS DEaKLHIO AeJdeHHs; 2o ~— MaK-
POCKOHHYECKO® COYQHHE YOPYIoro 3aMe/iieHds HeHTPOHOB [-H rpymb;
Yinl — MaKpOCKOMAYECKOE CeUeHHe HEYNIPYTOTC 3aMEJJCHHA HEHTPOHOR
j-it rpynmel;, vy — UHC/I0 BTOPHYHBIX HeHTPOHOR, NPUXOAANIMXCS Ha Of-
HO ZHeseHue 3a cueT HelTPOHOB j-# rpymmbl; X4(Z4) MIME}KPDCKOHH-

. -+
HECKOE CeueHHe jJeseHHs AJA HelirpoHow [-# (j-#) rpymost; Znep —— Mag-

POCKONHYECKOE CeyeHHe TepeXO0B 34 cHeT VIPYTOro H Heympyroro 3a-
MeAeHHa w3 [-f B j-10 rpyany; Di=1/3(ni+240) — Kosdgpunuent
audhysun  Heittporos j-fi rpynmel; Zsf -— MaKpOCKONMUECKOe TpalC-
TMOpTHOE CeyeHHe AJIA HEHTPOHOB j-H IPYNIBl; ¥; — MHOIOrpYINIOBOI
CHEKTD HEHTPOHOB Ae/CHHS. —

Jliofoe U3 1epeYHC/ICHHLIX BhILe MAKPOCKOIMUECKEX CCUCHHH siBJisi-
eTcsl CyMMOH NPOHSBEJEHHH SACPHBIX TJIOTHOCTEH HYKJIHLOB, BXOLS-
HIHNX B COCTAB pacCMAaTPHBAeMOH 30HEI, HA MHEKPOCKOIHUECKOS CeUeHHE
paccMaTpHBAEMOTO HYKJIHAA, T, €.

2})-, = pl()'il -—|— pzo'ig + s s e + pNO-,j\r:Ny

L€ pp — siepHas TUIOTHOCTH k-rO HYKJAH/A; Oy — MEKPOCKOIHUECKOS
CCUCHHE peakUuH X A7 HeHTPOHOB [-I TPYNNH; Gie=0sk(l—pos);
—~ 2 ' ] .
Mo = —~— —~CPEAHUI KOCHRYC YTJia PacCesiHus HefiTpoHa B Jgatopatop-
k
HOfL CHCTeMBI KOOpAHHAT;, A — aTOMHAf Macca paccMaTpHBAEMOrO
Hyiania k.
_..Cymectsyer Godblioe KOMMUECTBO DA3JHUHLIX MporpaMm Ha DBM,
HpeiHA3HaUYeHHBIX AJd DacyeTa KPUTHYECKHX NAPaMETPOB H IIPOCTpaH-
CTBEHNO-3HEPTeTHYECKOr0 pacnpeileiedus HefiTPOHOB B HAEpHHIX Deak-
TOPax, KOTOPEIE MOTYT (HITh HCIOJIb30OBAHE! A/ HaXOXKACHHS pacipee-
JeHHS TeIVIOBBLIEJNEHNS. B OCHOBY TakHX NPOrpaMM NOJOMKEHH Kax
nudQysHoHHOE npHOAMMKeHHe, TaXx H GOJiee TOUHBIE METOAl PeLIeHHs
PA30KHHCTHYECKOro ypaBHeHud (S,-Metol, Metoq Moure-Kapio, meron
XaPAKTEPHCTHK, METOJ BEPOSATHCOCTEH CTONKHOBEHHE H T, J.), -

[TpuMepamu Takux TpOTpaMM AJA pacueTa OMOTEHHBIX SIEPHBIX
:PEAKTOPOB B JIHQDYSHOHHOM MPHOIHKEHHH MOTYT CIYKHTL TaKHe HpO-
rpammel, kag BHIIP [12], TABH [13], APAJAP [14], SINVAR [15].

IIpuMepoyM ucnons3oBanma S,-MeToja: MOLYT CAYKHTH [IPOIPAMME
SNARAM [16, 19], meroma Moate-Kapno-— MMK-22 1 MMEK-2925
[17, 18], merona BeposThOCTEl cTosKHOBenuil— WIMS [19], PNK
120] w ap. ' - o :

A1 TereporeHHLIX ATEPHHX PEAKTOPOR PACYET NPOCTPAHCTBEHHO-
SHEPreTHIECKOTO paclpeieleHHs HEATPOHOB YACTO NPOBORHTCA B /1BA
srana. CHauaga HaXOMHTCA MHKPOCTPYKTYDA NMOAA HeHTPOHOB B Impe-
Jlellax: TETePOreHRON siuefiky, DTa 3afaua pelldeTcs, KaK IpaBHJIO, HA
OCHOBE T'a30KHHETHUECKOID ypapHeHHA. A 3areM IouyuarT s @exrus-

. i5




Coe A e

iible rpymitopkie KOHCTAHTL! ayTeM ycpelHeHHA C secopolt hynkuned,
ompesenseMofl pacnpelefennen LIOTHOCTH [IOTOKa HefiTpOHOB IO Auel-
Ke. DTH «FOMOTEHH3HPOBAHHBE? KOHCTAHTE HCIOJBSYIOTCA 4N pacue-
Ta MAKPOCKOIHUYECKOTO pacnpejeseHns MJOTHOCTH TOTOKA II0 BCEMY
peaktopy. Takne pacuersl rOMOTEHESHPOBAHHOIO PeaKTopa IpOBOART,
KaK DPaBHJO, C HCAOIb30BAHHEM AHG(HYSHOHHBIX IPOTPAMM.

[TOMEMO METOAA FOMOTERH3ALMH JJIA pacuera TreTeporeHiblx peak-
TOPOB MOTYT OBITH HCTOIL30BAHLL NPAMELE rereporenubie MeTomnl [21—
93], mpuueM Az OOaacTd peaxropa MemAy GaoKaMH, KaK Opasiilsd,
pcnoansyercs AnpPysHoOHHOE ApUOJKENHYE, A 1A CaMHX §I0KOB, KO-
TOpHE MOIYT HMETh J0CTATOUHO CHOMKHYIO CTpyKTYpY, — Bosee TOU-
HBle TIPROIHKEHH .

Pememie ypasuennii peakropa (2.2), (2.4), (2.5) mposoAHTCA C HC-
[OL30BAHKEM HTEPAUMH IO HCTOUEKKY HEATPOHOB AGCHIA [1, 8—111.
Tlpu TakoM NOXXOAE HCXOjiHAdA OAROpPOAHA aagaya CBOJHTCH K MHO-
FOKPATHOMY PeIIEHHIO YPABHEENS peartopa ¢ H3BECTHON NIpaBol Ha-
CTbIO, B KauecTBe KOTOPOH BHICTYHAeT IVIOTHOCTH HCTOUHHKOB HEATRO-
uoB genendst Q(r), BhuHCAsEMAas [0 pOCTPAHCTBEHHO-9HEPTETHIECKO-
My pacnpeieleruio HefTpPOHOB, jafieHHOMy M3 IpeJBIAyIled HTepi-
Y. ViTepaumud IPOAOJIKAKTCH A0 TeX nop, [HOKa IIPOCTPAHCTBEHHOE
pacnpe/enenie HCTOGHHKOB HeHTPOHOB AeJCHHS He YCTAHOBHTCA C 3A-
NAHHOH CTENeHblo TOUHOCTH. DpheKTHBHBLH ko3 (h(hHHHEHT PasMHOMeE-
yus HefTpOHOB B PEAKTOPEe HAXOJKTCS 3aTEM KaK OTHOIIeHHe MJOTHO-
CTH KCTOYHAKOB HEHTPOHOB [EJeHHs ABYX COCEANHX ATepaLHi:

. Q(p} ) 9
kmb - Q{p_i)(r) ( 6)

THe HijleKe p 03Hauaer HoMep HIepaLHH (uny HOMep NOKOJeHHs Hefi-
rponos). Cyrh Merola urepaupil Mo HCTOYHHKY HeTPOHOB Jle/IeHHA
MOJKHO NPOCJELHTh HPH DPACCMOTPEHHH CXEMbI pelteHns AHGPY3HOH-
HbiX MHOTOIPYITOBBIX. ypaBHEHHI.

Jas oTuxX nenelt ypaBHeHne (2.5) mepenuuieM B BHAE

f=1 I=f

' yDIyD; + @ = x'Q) + El g0, 2.7)
=

rae B, = 5L+ 24 3
. o k m o
Q)= VS, 28)
X . 1. .

f==

— TLAQTHOCTb HCTOUHHKOB HEATPOHOB ACJICHHA,

| CoriiacHo METORy HTePalHil HCTOUHMKOB NpeinoJgaraercsd 3alal-
EBIM pacrpefesieHne MCTOUHHKOB HeATPOHOB /IENeHHd (p—1)-ro noxo-
nesnst Qr—N(r). Toraa ypapsenne. (2.7) Oyner HeOAHOPOHLIM.

./ PelligHHE CHCTEMDL (2.7) Gynem TPOBOAHTDL noc/JefoBaTeSbHO, HA-
ypgas C. HepBOH TPYIID (mepBas rpylua — 370 TPyl HeHTPOHOB,
orpanAdeHHasn. MAKCHMAJBHON SHEPTHEH, BOMOKHOR AAS HEHTPOHOB
JAeJieHH A, OOLIUHO OKOJIO 10—15 MaB).. -

Ilnst mepsoit rpymnb (j=1) ypapaenue (2.7) npu uCHONB3OBAHHH
MeTOo[Aa HTepAllHH HpHMeT BH]L .

— yDy@{? 4 2L = Q¥ (1), (2.9)
T, €. HpHXO}lBM K ypaBHEHl/E}O THIA
— yDYD (1) + 20 (r) = f (1), (2.10)

tie [(r) — uapecTHas GYHKUHA KOOPJHHAT.

Takoe ypaBHEHHE MOKeT OHITh 3P(PEKTHBHO PellHO ¢ HCHOJb30BA-
HHeM coBpeMeHHBIX OBM umcneHnbIMH, aHAJHTHICCKHMH HJAH LOJY-
aHAJTHTHUECKHMH METO[aMH [, 8—14]. :

Pewas ypapHenue (2.9), nmoayyaeMm BeJHUHHY o (r), xoropas 6y-
JeT Tenepnb usspecTHol QyHKIHEH KOOPAHHAT.

IlepeiizeM KO BTOPOH Tpynmne:

1 +2
%VDEV(I)%P) 1 Efm@gﬁ) — %2Q(B~l) )+ Zﬁepq)(lm (r). (2.11)

BuaHo, uro IpaBas "acTh 3TOTO YPABHEHHs — H3BECTHAs QyHKIHI
KOODAHHAT [Qr-1(r) uapecTHO M3 DPEJBIAYILEH HTEpALHH, 4 @ (r)
HaliigHO NPH PEUICHHH YPaBHEHHS A/l nepsofl TpynNsl B paccMarpi-
BaeMofi HTepauuu].

TakuM o06pa3oM, 3ajaya CBeJach K DPEUICHUIO yPaBHEHHS THIA
(2.10). Pewas ypasremue {2.11}, HaxoAum ®f” (r) kak uaBecTHYIO

¢yaxuuio KooparHar. Temepb ypaBHEHKE A/ TpeTbed TPYNNH HMeeT
BHJ,

. o ) 5 o _ 13 2->3
— yDOP + Z5.0¢ = 2P (1) + ey @17 (1) 4 @ (). (2.12)

_ H;:);_m.as{ 4acTh ypaBHeI(&I;m (2.12) sBasieTcA M3BeCTHOH (yHKUAEH
KOODIHHAT, 3HATHT, A/ OY” nonyuaercs ypasnenne thna (2.10). [po-
mecc pelfenis TPYMIOBLIX ypaBHeHH NpoJo/KAETCH A0 TeX MOp, MOKa

‘e Gyayr Haitgens see P (r) (j=1, 2, ..., m).

TTocne HaxomAeHHS nJaoTHoCTEH CKaJSIpHBIX NOTOKOB AJist BCeX 3HCP-

(7}
retuueckux rpymn @O (r) onpenenserca Hosoe npul/dKeHHe IS pac-
IIpefesieHHs] HCTOUHHKOB HeATPOHOB JIeJeHHs

B 1 o A IS
Q@) =3 Vi@ ) (2.13)
=1 0
Q(P) ft)
QP=(r)
HOﬁ CTEIeHBID TOYHOCTH HE 3aBHCHT OT KOO HHAT, TO O -
¢ 328 Kag: _ . pA ' O HPHHHMACT:

Q(D) (r)
Q(p—” (r)

H npoBepseTCa OTHOLICHHE . ECJIH 3TO OTHOMIEHHE ¢ 33jJaH-

pih T

H pacyer 3aKaHYHBAETCH,
2 2ax, 386 o 17




B nporuBHoM cityude mpomece HTCpAalHd N0 HCTOUHHKY HPOROJA-
Kaercs,

B kayectse mexomuoro (Hy/1€BOT0) NPHOIHMKEHHS MOKET GBITH NpH-
HATO Kaxoe-1HGO MPOH3BOMBHOE  PacHpeieseHiie, Talile BCEro B Kaue-
cQToB(e) Hyﬁeﬁoro pacnpejie/iennsl TPHHHMAIOT KOHCTaHTY [HanpuMep,

ry=1].

Taxofi mponecc urepauufi B GOJAIIHHCTRe HPAKTHYECKHX Cayuaen
CXOMHTCH, XOTA AJA PH3HYECKH GONBLIMX PeakTopoB (kw—1<1) Tpe-
Gyercs HCHIOJB3OBATL METOALI YCKOPEHHS. CXOKHMOCTH. Pellemne mmi
®©; (r) IHOAyUAeTCS C TOUHOCTBIO A0 OAHOTO FiTOTO IKe MHOXHTE, Be-
JHYHHA KOTOPOro HAXOAUTCH H3 YC/AOBHS HOPMUPOBKH UHCAA ACJCHHH
B CJHHHIY. BPEMEHH B PEAKTODE Ha BEAHYHHY MOILIHOCTH PeakTopa.

Cxema pelleHHs ypasHeHUH peakTopa B G0Jee TOYHOM npubanxe-
HHH, HanpHMep ypasHenu# (2.2) um (2.4), NpH HCIOJAL3OBAHUH HTEpa-
UHH HCTOYHHKA HEHTPOHOB JeJeHHs aHaJorMuyia IPHBEJSHHOH CxeMe
penrenua AHGOY3HOHHLX MHOTOTPYIIOBEX ypABHEHRE H HAXOLUT paK-
THYECKOe BOMJIOIIEKRHE B GOJBIUAHCTBE COBPEMEHHEX NPOrpaMM pacye-
Ta HjePHEX peakTopos Ha JBM.

Heopsopoaubie ypasHeHHs, NOJydYaiolEecs NPH HCIOIb30BAHHT
HTepalHil HCTOUHHKE HeATPOHOB Aenenus [HampuMep, Aas audpyaHod-
HOTO mpHbaHKeHHs — 370 ypasHende Ttuma (2.10)], momuo pemats
pasanyHRIME MeToZamu. Haubosee IIHpOKoe paclpOcTpaHeHWe B Ha-
CTOsiee” BPEMA NOJAYYMJH YHCJeHHHE METOAB, OCHOBAEHHE HA JAYC-
KPETHOM npeJCTaBJeHHH SaBHCUMOCTH IIJIOTHOCTH TOTOKAa HeATPOHOB
OT apryMeHTos. B psae mpocThix  ciyuaes MoryT 6HITh 3(h¢eKTHBHO
HCIOJNB30BAHE AHANHTHUCCKHE H NICJIYAHAJHTHUCCKHE METONLH. o

A OUEHOUHBIX DACYETOB YacTO MOMKHO OTPAHHUHTHCSH npocTefi-
INHMH aHaJUTHYeCKHMHA DelieHHsIMH yPABHEHHH pedKTOpa M/ CIeHH-
aJNbHBIX ciyvaes. Haupumep, npocroe amamuTHueckoe - pelieHHe MOXK-
HO HOAYYHTH AAA peartopa Oe3 oTpa)kaTess, CROHCTBa AKTHBHON 30HE
KOTOPOTO He BaBHCAT OT KOOpAHHAT, Ha BHEWHeH 3KCTPaUOJHPOBAHHON
rpaHHNe TaKor'o peaxropa Ha IJIOTHOCTH IOTOKa HEeATPOHOB HAKJAaALI-
BAKTCH OAHOPOAHLIE I'PAKKYHEIE YCJIOBUS, 4 AMEHHO

@, (R,) =0, ' (2.14)

rie Re=Re+0,71Asng; Ro— TOuxa Ha JefiCTBHTENBHON I'DaHHLE peax-
Topa; fo— BHEWIHSS HOPMa/b K IOBEPXHOCTH peakTopa B TOUKe Rg;
Atp=1/Zy —ycpennenHas NG BCeM SHEPreTHUECKHM TIPYNRaM Tpamc-
HopTHAf AauHa npobera HEHTPOHA B peakrope.
B stom ciyuae pemende ypaswenns (2.7) MOXHO HCKAaTh B BHAE
o @; (r) = O ¥,(1), o @15)
IipHyeM o I :
Q = Q¥ (r}, o (2.16)

rie Oy 1 Qo — MOCTOAHHLIE BENHMYHHH, HE 3aBHCSIIHE OT KOOPAHHAT;
W (r) yROBIETBOPAET BOJIHOBOMY YPaBHERHIO

V¥ (1) =—a¥ () o - (2.17)
18

i I'PAHHYHOMY YCJIOBHIO
¥(R,) = 0. (2.18)

Kpome roro, na W(r) HakaaJbIBaeTcs YCJAOBHE €€ NOJOMHTeNbHO-
crH B 00beMe peaxTopa.

Kak ussectHo, sajgaua (2.17) sMmecte ¢ ycaoBHeM (2.18) aBasercd
zajauell na cofcTBeHHBIE (DYHKUHE K coOCTBEHHbBIE 3HAYEHAS ONepaTopa
Jlannaca. MapecTHo, 4TO MEJOXKHTeNbHAS B paccMatpHBaeMoM ofbeMme
cobereennan GyHxuuA ¥ (r) cooTBeTcTByeT MEHHMAaJbLHOMY HEHyJ/eBQ-
My coOcTBeHHOMY 3HaueHHI0 o [ocHOBHasm cobcrsenHas QyRKUUA
(rapMonuKa) ¥ ocHoBHOe cofcTBeHHoe sHauenue]. Komkpernble 3Ha-
ueHUs M BHA COBCTBEHHHWX sHaveHHH W cobcrBeHabix QyHKUMH omepa-
Topa Jlannaca onpenessioTcs reoMeTpHed n pasMepamu ofzacty, sa-
HHMaeMOH peakTOpOM. :

[IpuMeHHTENLHO K AePHOMY PeaKTOPY OCHOBHOE COGCTBEHHOE 3Ha-
yeHHe o UACTO HAJIBIBAIOT TEOMETPHUECKHM [IApaMeTpoM peaxTopa,
npu 31OM cofcrBennas (QYHKUHA ONHCBIBACT NPOCTPAHCTBEHHOE pac-
npejieneHre HeHTPOHOB MO 00BEMY PeaKTOpa.

B ra6Ga. 2.1 mpuBOzATCA 3HAUEHHH IEOMETPHUECKOrO Hmapamerpa
i BHA GYHKIMK pacupeleseHuss HeHTPGHOB B PeakTope HAJA HEKOTODHIK
HanGoJee XapaKTepHhX recMerTpul.

Jasg HIoCTpaiEY 3aBHCHMOCTH NJIOTHOCTH HOTOKA HeHTPOHOB OT
KOOPAHHAT Ha pHC. 2.1 mawTca rpa@uUKM OPOCTPAHCTBEHUBIX paCOpeke-
JeHHit past peaxropa 6e3 OoTpaxkaTesss B BHle IJACTHHBI, HHIWHApPA
u cgepdl, Jng ymo6eTBa cpaBHeHNA KOOpJAHHATA NPHBOAMTCS B OTHO-
CHTeJbHLIX eIHHHIaX. BHAHO, UTC BCe 3TH paclipefe/¢HHS HMeT OfH-
EAKOBHIH XapakKrep. MakcuMalpHOe 3HAuCHHE HaxOJLHTCH B HEHTpE
H CHajaeT K nepHbepuH.

To e caMoe MOXHO cKa3aTh OTHOCHTENbHO pacnpele’ieHdi js
KOHeUHOTO NHJHHApPA H Iapaielend-
nefa. Ilo Mepe yaancHma or uedtpa ¥
‘peaKTopa BAONBL BLHIOpaKHOIO Hampabie-
HHY (YHKLIHS pacrupeleseHHs IJIOTHOCTH .
IIOTOKa HEHTPOHOB CagacT. 2

MagcuMasbHBle 3H4YeHHA ILIOTHO-
CTH TIOTOKOB HeHATPOHOB (B OTHOCHTENb- .|,
HLIX ©JHHHHAX) [/ KaKaofl sHepreTH-
yecxoft rpynnel O H 3naueHne kg AAA
peakrTopa MOryr OBITL JIETKO HaHJeHH
H3 ypaBHeHus (2.7} IPH HCIOJL30BaHHH o
MeTOJa HTepalHii mo HACTOYHHKY Hed-
TPOHOB fAedeHHd. Ilockonsky B Jfad- 05
HOM chayuae (opMa  pacnpefenenHs ( 2/(Hy/2); /Ry
NJOTHOCTH NOTOKA HEHTPOHOB [J% BCEX
SHEPTETHYECKHX TPYIN OAMHAKOBA M H3-  pyc 2.1, Tpocrpancroerioe pac-
BCCTHA [;I,JISI OIpeleJie:THOM I'COMETDHH  npejesenne NAOTICCTH [0TOKA
peakTopa 3TO pacnpeiededHe YKA3aHO HeHTDOHOB B PpeaKTope Ges or-
B Tabn. 2.1], oKa3eIBA@TCH JNOCTATOUHBIM & PAMATENT: .

. I — i 2 — 1y ; 3 -
onHO# Hrepaumuu. Tak Kak MB DACCMAT-  chepa HiTEAD

i
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Tatanua 2.1. feomerpuuécxuft napamerp u pup dynxiun pacnfeseens
HeHTpOHOB Ana peam‘opa 633 OTpa)KaTE.ﬁﬁ C {Jﬂ&ﬂ“‘il‘loﬂ TEOMeTIJl'!eH

TeomeTprueckni Pacnpelienenne HaiiTpoHOB
TeomerpHa napamerp o2 B (1)
Tlnactusa  Tommmmoll  H, FA 2 CoSOr 2
(onuomepras  3aflava), 0OCh H
NepreHjHKyAAPHA  IOBEPXHOC- 2
M JIACTHHH, HAYAJO0 KOO
IHHAT— B ¢ CePefiune;
0<) 2] < Haf2
Upmmngp pamuycom Ry Gec- 2,405 \* Jy (@)
KOHEUHOH BEICOTHl  (OBHO- R
mepran sapaua): 0<r<Rp 9
Cdepa pamuycom Rp: T \*® sin (o)
0<r<Rs R, or
Korieqanstit (BAEHAD PASHYCOM cc:E—}— m:, I (o) cosctaz
_ RE, W hIcOTOl: - Hy - (Hauamo : _
.. 'RCOPIHHAT HAXORATCA: B HeHT- |- rie ot (_2,405 ) )
. - L
B pe: .Im.nnﬂ,npa) i o r Ry
SR . o \2
o, =
4 1.. HB
HpHMoy[‘OJleI:IH Itapasiede- m; —+ a; + m:, cos (otex) cos (oY) X
mmen ¢ pasMepaMu  dg.b, Co ’ A % cos (¢432)
no ocaM x, y, 2 (Havamo - w0l ) _
koopausar HaxonwrcH B memr- | TRE G = 0 ;
pe Hapastelenunefa). . .
z T
%ﬁ(% )
3 I ,2
oL, ==
& & .

pHBaeM OJHOPOAHBIH] peaKTop, TO Koacp(}muneﬁ'r aupyann D He 3a-
BHCHT OT KOOPAHHAT H YJeH — vD’V(D, B ypasHeHHH (Z.7) MOXHO 3a-

‘mucats B BHAE —Diyi0; Toraa MHOFOIPYNToBOe ypasHeHHe (2.7)

-[puMeT BH[ _ _

' . : T ST S I SO R . _

— DDy + B = QS Tg @ (219)
. Y — o

SJICCB npumsato S = 3.
Ho,ncmsmm B YypapHeHHE (2 19)
(‘D (I)fOIP‘ (F),

“9p

noaydaemM
i 7 : ft1 Iwj
— D@72 (1) -F 205 (1) = y/ QW (r) + W (1) 2 ZhepPy- (2.20)
=1

Ecau tenepe vV (r) samenHTh Ha -—o®W(r), urc ciefyer M3 ypaBHeHHA
(2.17), 10

. . . f—11-]
Di®yo¥ (1) + SO (1) = Y QT () + T (1)'S) Snep Dipe (2:21)
=1

Tax xax W{r)s=0, To ero MOXHO COKpPaTHTh, U ypaBHeHne (2.21)
NepexXofuT B anrefpanueckoe OTHOCHTeRLHO My

. . . =1 1=j
.qu)jo‘xz + EI(DJO = %'Qy + 2 Er{epcDIO' (2.22)
=1
Henomssya st pewenus (2.22) merod wrepaiuil 110 HCTOUHHKRY H IPHHH-
Mast Qp == 1, moayuaem

P+ 3 a0

ey (2.23)

i
Ol =

CD(” HaXOJAUTCH NOCASAOBaTENbHO Aad [=1, 2, .., m.

B camom geme, pas j=1 coornouienne (2.23) mpeobpasyerca K
BRILY .

1
O = —2 (2.29)
Dig? |51

Has j=2 B npasyio wacrn (2.23) Bofizer IDEB), KOTOpoe yxe Hall-
JgeHo. Takum ofpazoM MOTyT OBITH HAJEHB HOCJASJOBATENLHO BCE
(D(!)

ITocse Toro kax (IJ,‘u” HaBJeHsl AJAA BCeX [, UacTh 3aJa4H VIKe pe-
IIeHA, TAK KAK 3THM CAMEIM ONpeAEIeHO IPOCTPAHCTBEHHO-DHEPreTH-
YecKoe pacupeneseHHe HeHTpPOHOB:

@, = Of) ¥ (r). (2.25)

D70 pacnpejeseHHe HaHJEHO C TOUHOCTBIO AO MHOMHTENA, KOTO-
PBI onpeAenfeTCA TEILTOBOH MOUIHOCTBIO PearTopa.

Jts maxoxaennsa sddekTusHOrO KosbdunueHTa pasMUOKenns Ky
COCTABHM HCTOUHHK INOCJSAYIOULEre NpPHOIIKeHHS (NOKOJMEHHS):

! PR ASN § DYA/AE (2.26)
BCDH_ Q(u) - 'Vf P JD r '
0

i=l1
TaK Kak Q¢®=1 mo npexnonoxenuio.
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AficomoTdple 3HAUEHHA IOTHOCTE NOTOKOB HERTPOHOB MOTYT OBITH
Halfleds HCXOAA U3 HOPMHMPOEKH Ha MOUIHOCTL peakropa. TakuM of-
pasoM, 3afaua juis peaxtopa ez orpaxkartes]s pelieHa,

YacTo msf OLEHOK TeNJIOBEAE/ICHHS B PEAKTOPe IPHMEHSIOTCS Ma-
JIOTPYNNeBHe NPUO/AMIKCEHA, HanpaMep ABYXTpynmosbe. B apyxrpyim-
NOBOM NPHOMHMAEHHH JJA PEaKTOpa HA TenJOoBLIX HeHTpOHAX ypaBHe-
HHf peaKTopa IPHHHMAIOT BHJ,

— Dy D, - ED; = sz"%q)z‘» (2.27)
— YDy, - 3, — TP,

B sTofl cHCcTeMe ypaBHeHHH NpeAnroJaraercs, YTO BCe HAJTEIIOBhLE
HefiTponsl O0BefHHERE B OIHY TPYNNy, a BCe TelJOBHe HeHTPOHH —
B ApPYTYIo, npEYeM HelTpPOHBl IepBOH Ipynnhl He MOTJICIEAIOTCH H He
IPHBOAAT K JGJEHHIO, a BCE 5TH IPOUECCH HAVT TOJbLKO Ha TeILIOBLIX
HeBTpoOHAX,

B rarom ciyude E!— MaKpPOCKOIHUECKOE CEYMeHKe 3aMeJeHHs HeH-
TPOHOB H3 nepBOH TPYREEL BO BTOPYID (COCTaBASIOILASs, CBf3apHast ¢
MOPNAOIeHHEM HefTpOHOB, OTCYTCTRYET),

s omHopopuoro peaktopa 6Ges orpaxatens (D'=const, D?=
=const) MOXKHO HOJYUHUTH CJAEAYIOLIHC BEJHUHHDL:

kon
Fow = e (0 e (2-28)
. vf?.? “
rie __k‘,,:-—-i&——— koaDdEIEeHT pasMHONKeHHsT HeHTPOHOB B GecKoHey-

HOH cpene; 1:=—§T — KBaJpaT AJHHHE 3aMejieHHs HEHTPOHOB Ae/eHMA
10 TENJIOBBIX SHEPTiA; L2 — KBajgpar AJHHH AEQPY3HH TEIIOBHIX Hel-
TPOHOB; '
: D, = Dy ¥ (r); @, = Oy, ¥ (1),
Bennuuysl -

1 1 1 1
Dy = ' Dy = “xa 2 \ 2] 2
X {1 4 ar) 2 (1 4 o2 (1 + «BL?)

NPHBOAATCH C TOYHOCTBIO 0 OLHOTO H TOTO JKe MHOMKHTEA, ONpefenan-
MOTO. TEIJIOBOH MOIIHOCTBIY DeakTopa. BelpaxeHHe JLJA pacuera Koad-
GbHUNEHTA PaSMHOXKEHHA HEHTPOHOB B GECKOHEUHOH cpelle R LIS pe-
AKTOPd Ha TEeRJOBHX HefTPoHax 0OBIYHO NPEACTABIAIT B BHAE QOpMy-
JIEL geTHIpex coMuomutresed [1]:

koo = vppb, (2.29)

rie v — 1HCAO0 BTOPHYHLIX HEHTPOHOB Ha OJAHH IOIJIOILEHHbIH B JeJi-
anemcs Marepuane; p— KoahuIHeHT Pa3MHOMKEH S Ha OHCTPHIX HeH-
TPOHAX; ¢ — BEPOATHOCTb H30eXKaTb DEe3OHAHCHOrO MOTJOINEHHS Npd
saMeieNHH HeATpoHOB; 0 — Kos(p(HIHEHT HCIONb30BAHHA TeIJIOBLIX
HeHTPOHOB {/0JA MOTJIOMEHHHX B~ ASAAHIEMCA MaTepHa/le Ten0BhIX
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HEeHTPOHOB H3 BCEX NOTVIOUICHHLIX B AKTHBHOH 30HE TeILIOBBIX HeHTpPO-
HOB).

st pacuera peakTopa MCHONL3YIOT TAKKE OAHOTPYNTOBOE TPUEIM-
JKeHHE:

ko
kay = o > (2.30)

rie M? —xBajpar RJHHB MurpauMu Hefitponos [1/6 cpexmero xpad-
paTa paccTOAHHSA, NPOXOAEMOro HelTPOHOM, OT MecTd pPOMeHHs (Ipu
JeJeHHH) [0 MecTa ero IOrJoleHAA].
Hast peaxropa na TemioBeix HeHTpoHax M?=v+ L2 KpHTHUeCKHM
YCJIOBHEM AIBJIACTCS Rsgp=1 HaH '
k

1= T (2.31)
OTKyZRA
: hy—1

—p = ol (2.32)

Benuuuna (ko—1)/M? 38BHCHT TOJBKO OT COCTABA AKTHBHOR 30HEI
H TIO3TOMY HasBBAeTCA MaTepHalsREIM HapamerpoM, O603naude ers
#?, MOJIyYHM YCJIOBHE KPHTHUHOCTH: ®®=q?, T. €. AJf KPHTHYECKOTO
peaxTopa Ges OTpaxaTeRs ero MaTePHANLHBIH MapaMeTp paBeH TeoMeT-
PHUECKOMY mapamerpy.

Hlast pacuera peakTopa Ges OTpaskaTenNss HA TEILIOBLIX HeRTPOHAX
RKOBOJBLHO MACTO HCNONB3YeTeH MU Hy3HOHHO-BO3PACTHOR TPHOIHAKEHH 2!

dg fr, T) 5 .

== i (r$ 1) i
ot v ) (2.33)

— D0, + 270, = 9q (T, Tp_y),

rae g(r, 1) =EZ,D(r, t) — NIOTHOCTL 3aMEJUIEHHS HeHTPOHOB; T (1) =
11

D u
=§‘ = du’ — KBafipaT NJMHBL 3aMEAJEHHs] HelTPOHOB [0 JNeTaprui
) &
0

e _
i (LL = In—EP— ); EES=%pk§hUsh — 3aMeJIAIIas crnocobHOCTh  CPeiH;

Er — CpeAusia JorapHQMHuYecKas IOTEPS SHEPTHE HPH YIPYIOM 3aMef-
MCHHH Ha k-m myxaune; O — NIOTHOCTH CKAJSPHOTO [OTOKA TEIlIOBBIX
HeHTPOHOB.

Hpx nonyyennu ypapuerrit (2.33) npeanosaranock, 9T0 B HPOLECC?
3aMejJieHHs TpeobaajaeT YNpyroe paccesiiiie, OTCYTCTBYeT NOTJOMNIE-
HHe W HEeHTPOHH JedeHHs o0MafalT oaHol snepruelr K.

K cucreme ypasuenmit (2.33) Heo6xoauMo a06aBHTH . HAUAJBHBIE
H I'PAaHHYHLIC YCJIOBHS, KOTOPBE BBINVIAJST CICAYIOMUM 0fpasom:

g{r, 0) = %EZ‘%@'); - ‘ - (2.34)
g R, 1) =0; (2.35)
O, R} =0, ' (2.36)
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rie R,-—oKerpanoanposannas rpannua peaxropa,

Pemenue cucremn ypapmenui (2.33)
. C HaYaJdbHHM M rpaHur ;
ycxopuaMu (2.34)—(2.36) umeer Bun A

g{r, 1) = Aexp(—at) ¥ (r);

@, (r) == pA exp (—alry ) ¥ (1)
D™ g? 4 3 '

rng.rﬁk; — KBaApaT AMUHL 3aMeAAeHHsT HEHTPOHOR /10 TENJOBbIX sHep-
ruf; >0-—KOHCT82HTE1, onpejleseMas ¥ypOBHEM MOINHOCTH, CHHMAs-
MOK ¢ peakropa; o u W(r) mig pas/uuHBIX TeOMeTPHUEeCKHX (hopu
peaxTopa mpHBeACHH B Talj. 2.1,

3nauenne spdexTHBHOr
0 KO3 pHIHEHTA Pa3MHOKEHHS ja -
paskeHneMm b aerest Bt

koo exXp (_' C!,ﬁ’lfm%l)

Fag = ==Y (2.37)

Hocratouno uacto pas onenounsx PAacueTOB TENIOBLHIALACHHS B pe-
AKTOpe C OTpajkaTejeM HCHOMb3YeTCsl TAKOH IPHEM, COTVIACHO KOTO-
POMY DEaKTOpy C OTpaiaTeseM CTABHTCA B COOTBETCTBHE SKBHBANOHT-
HEIA DEaKTOp (€3 OTpaKaTeNs, pacyeThl A/ KOTOPOTrQ HPOBOAATCH TO-
pasjio npomute. C 97T0# UeJLI0 BBOAHTCS NOHSTHE sthperTuBacH no6ap-
KH 38 CUET oTpaxarend &, TaKoH TOMMUMHEI H3 MaTepHANA aKTHBHOA
SOHEL, KOTOpas OOECHeyHBaeT COXpaHeHHe 3HAUECHHS k:p mpu 3aMene
HM, OTparaTels. XapaxTep 3aBHCHMOCTH &, (B OTHOCHTEJIEHHX#EE,HHH‘:
IaX) OT TOJUINHB OTpaxkaTeas A npefcraeied na pac. 2.2 (6s"° —
- 3HayeHue §, mpH A—o0). ’

S -E_B_H,_tx_}r_o,_q'ro ds BO3pacTaer ¢ yBeJHUEHHEM TOJIIHHHL OTpaxaTeaqd
H HMEET HACHILICHHE, KOTOPOE HACTYIAET NPH TOJMILHIE oTpaxarTens
Gonee (2-:-3) M, rne M’ — nnuna MHIpanMH HeATPOHOB B OTparare-

JIe, IpHYeM IpH TOMMHHAX OTpaateas A<M’ sapmcamocts &, or
A 6au3Ka K JuHe#HOM: :

pa.s 71
8, ~

DDT[J

g S‘ 1 lp}'ﬂnaM KOSq)(pH”HeHI
1 I . . .

Da.3

85 = M
. poTp )
5,/05% L1
g5 ‘ r/
_ _ E PHE!. 2.62. 3asHcuMocTs  addberTHn-
_ HOH foGaBRH 33 Cyer oTpa
0 45 40 45 28 48 4 or ero romumnn e arean
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MpeancnoxuM, HeoOXOZHMO OPOBECTH DACYET IHJIHHEPHUECKOTrD
peaxkropa ¢ OTpaKarejeM, CcXeMa KOTOpPOro HpecTasieHa Hn
pue. 2.3, a. Onpenensem adQexTHBHLIe 100aBKH 34 CYUeT pasHaJLHOrO,
HHKHETO H BEPXHEro TOPLUEBLIX OTpaikaTeseH, HUMEIOUIMX TOJMNTHHL
Ar, Ay H Ap coorBercTBeHHO. Ilyeth aTH athderTnsable 1o6aBKu pas-
HBL Gap, Bar1, Oaca.

{ -
o // . N
x PED
| -2 P
] 5 f —1__ |
L~ F “
= - D {/7
‘ r
4 ]
P .
§ e
R _14r| ‘ Ry .
a} )

Pre. 2.3. Cxema saMenbl peaxropa ¢ orpamareseM (@} 3Q@eXTHBHHM DPEAKTODOM
Ge3z orpamarens (0):

I — pepxumii Topiesolf orpaxarens; 2 — aKvHBRHag 30HA; J — PAAHAJBHLIN OTpaxarens; 4 —
HIKHUR Topuencll eTpamarens; Ry,=Ry+8,.; H =40, +0,,5 Ry u Hy— pasMeps axrus-
HOl A0HB HCXOAHOIG DEaKTOpa ¢ OTPaiSATEReM

Paccmorpum sksupanenTubli peaxrop Ges orpaxareas (puc. 2.3,6).

PacueT SKBHBAJEHTHOro peéaxkTopa Oes OTpamaTesad HPOBOAUTCA
aHAJMHTHYeCKH [cM. HampuMmep, dopMmyas (2.23), (2.28), (2.37)]. Lxaa
H/IJHOCTPANMH BOSMOXKHOCTEH MEeTCLA, OCHOBAHHOIO HA MCIOAL30OBAHHL
apdextuBrOof noGaBkH, Ha puc. 2.4 H B Ta0J, 2.2 APUBOAATCH Pe3yiib-
TaThl pacyera cepuYecKoro PeaxTopa Ha TenJOBHX HEHTpoHAX ¢ Of-
pajxkaTeneM, NOJyUeHHble YHCJISHEEM H aHaJHTHIGCKHM METONAMH ITpH
3aMEHe erc SKBHBAJEHTHBHIM peaxTopoM 0e3 oTpaikarens (B KayecTshe
IpHMepa B3AT peakTop, MO coctaBy Oauskuaid K peaxTtopy BI'P-50
[24]). PacnpenejeHds NJaOTHOCTH II0TOKOB HeHTPOHOB O pamHycy
AKTHBHOR 30HH [/ COOTBETCTRYIOUIHX SHePreTHUECKHX IPYNI, HOJMyIeH-
HBlIE NPU HCIHOab3oBaHKE 3(pekTHBHOH A00aBKH 3a cueT OTpaxaresd
(npuGJHMXKEHHEI! pacyeT) H NIPH WHCJACHHBIX paciderax peaxkropa c oT-
paxareneM (TOuHbI pacwer), Gausku Apyr K Apyry. HanGoapmue oT-
MHYHA B 3THX PACNPeNeseHusiX JOCTHTAITCs AJS TedJOBHX HeHTpn-
HOB BOJH3H OTpaxaTe/]s, NPHUEM 3TO OTJHUHE YMEHBIIAETCH IO Mepe
yianeHusl OT Oorpamarens B IAy0b aKTHBHOR 30HL H HPAKTHYECKH
HCYe34eT Ha PacCTOSHHH, pasHOM AnuHe AndQY3HH TENNOBHX Heli-
TPOHOB. )

To xe caMoe MOKHO CKA34Th OTHOCHTE/IRHO DacnpejlefieREl HCTOU-
HEKOB HeHTPOHOB JAeJeHHMs u TennosbijeneHnsd. Taxum o6pasoM, J.idA
GONBIIMHCTBA NPAKTHYECKHX CJyYaeB NPOCTHE pacyeTEBE OLEHKH ¢
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Prc. 2.4, PacipegencHye ILIOTHOCTH TIOTOKOR HEHTPOMOR MO pajuycy cepHYECKOra
peaKkTopa ¢ oTpakareneM, ¢ TpaGHTOBEM 3aMepanteneMm (tuma BTP-E0):
[—26 — WAGTHOCTH MNOTOKOB HeHTPOHOR AJA COOTBETCTEYIONLHX — SHEPreTHuecKdx rpynm; 27 —
HCTOYHHK HEF’IT{)OHOB ARJCHHA, - pacHuer pearkTopa ¢ OTpamareneM; -— -— — - — pacuet
peaKTopa ¢ uCUOMbacBaHKeM 3(hdexTunyoll JoGaBKy 2a cYeT oTpaRaTend

Ta6unina 2.2 duepreTutieckoe paaGuenne WA IPYNMNEl ¥ 3HAYEHHA INIOTHOCTH
e floroka welrponop B Iextpe peakropa (Tema BI'P-60)

D : E'Inomocrg HJ‘IOTHOCTE
" " . noroka nedr- nOTOKA HefiT-
ep) T Lo el fonep | Mmerma | | e
E—F. pearropa, B, peakTopa,
i =i~ ¢f' oTH. el. =1 @}, o, oa.
1 6,6—10,5 | 0,016 1,00 15 465—1000 | O 45,4
MsB . : 2B
2 4,0-6,5 0,088 . 7,02 16 §. 215—465 0 45,2
3. 2,6—4,0. ;0,184 [ .. 17,1 17 100—215 ¢ 44,1
4 1,426 0,270 54,6 18 48,5—100 0 43,3
5 0,8—=1,4 | 0,202 52,9 19 21,6—46,5 | 0 42,3
L6 ,4-—0,8 0,141 60,7 20 10,0216 | O 40,2
T 0;2-—0,4 0,061 49,2 21 4,66—10,0 1 0 37,5
8 i 0,1-0,2 0,024 46,9 22 2,15—4,65 1 0 36,7
"9 46,5—100 0,010 ; 49,3 23 1,002,151 0 35,9
i " ¥sB ) 24 10,4656—1,0 0 35,2
10 | 21,5-46,5 | 0,003 48,5 - 25 °|0,215=-0,465( 0 34,2
11 10,0—21,5 | 0,001 46,8 26 0,0252 0 256
12 4,66—10,0 | 0 46,5 .
13 2,154,685 | O 46,5
14 71,022,150 0 45,8
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HMCTIOIb30BAHHEM 5G(EKTHBHEX N06aBOK 3a CUET OTPAXKATENT MOLYT
A8BaTh IpHEMJeMble Pe3yAbTaThl Kax AJS Onpeje]eHHs KPHTHYeCKHX
[1apaMEeTpPOB, TaK M A Dacmpejiefenus NAOTHOCTH HOTOKOB HeHTpo-
HOB H TEILJIOBLIZC/ICHUS B Npeiesax akKTHBHOH 30HH peakropa. Ojraxo
B psife ciayyaeB, HANPHMED sl peakTopa Ha OBLICTPLIX HeHTpOHAX
TOACTHIM ({AZ>M’) samennsonuiM oTpaxcartesieM, yIpOLEHHEH TOXXGL
MOXKET NPHBECTH K 3aMETHOH NOIPEUIHOCTH B DACHpeAeJeHHH 3aMef-
JIEHHBIX HEHTPOHOR, @ C/eJOBATENbHO, H TEIVIOBLIAGNEHHS B AKTHBHOI
30He BOMM3H OTpaxaress, H B TAKOM CIydae HEOGXOAHMO IPOBOILHTDL
GoJsee TOUHBIE PACYETHl peakTopa ¢ OTPaKaTeseM,

3aMeTHM, YTO NP HeHTPOHHO-PH3KUECKHX PACUETAX AACPHOFO pe-
aKTOpa B CHJY OJAHOPOJHOCTH HCXOUHBIX YpaBHeHHH pacrnpefeferue
IUIOTHOCTH HOTOKA HEHTPOHOB HAXOAHMTCH C TOUHOCTHIO O MHOMHTEJH,
T. €. B OTHOCHTeJbHBX eldHHIax.

AbcomoTble 3HAYEHHs HOAYYAIOTCA TYTeM HOPMUDOBKH HA TEILIO-
BYIO MOIHOCTL PEAKTOPA B NPEANONOKEHHH, UTG BCA SHEPTHS IIPH Je-
JIEHHH BBIleJISIeTCS B BHJAe Tensia B peakrope. MeXols U3 yeJOBHS, UTO
1 Br MoOWHOCTH, BLILEIREMOH B SAEPIOM peakTope, COOTBETCTBYET
3,110 men/c, nonyuaem

n
A 2 U Sl®,ay = w31 100, (2.38)
=1 Vas
OTKYAA
YA y W
= . , (2:39)
3,1.1000) ;j 210 v

=1 Ya.s

rie W— momuoets peaxropa, Br; & — IOTHOCTh 1OTOKA HEHTPOHOR,
OTH. el., IpHYyeM abCOMOTHbIe 3HAYEHU MJIOTHOCTEH TPYIIIOBHIX HOTO-
KOB HeHTPOHOB HOJIYYAIOTCH CAAYIONUM 06pasoM:

D} = 0,4, (2.40)

HeoGxopumo oTmeruTs TakiKe, uTo npuMeHerHe B AZEPHLIX DEAKTO-
pax OTpakarelss HeHTPOHOB IMOMHMO SKOHOMHH JeNdAIIerocss MaTepHa-
J1a IPEBOART K G0JIee PaBHOMEPHOMY pacupeleeHHIO TeHIOBEIeMel s
no akTHBHOW 3oHe. Hampumep, kosh@HUIMEHT HepABHOMEPHOCTH Tel-
JOBBIAEICHHA N0 PAJHYCy MHAHHIPHUECKOTO PeaKTOPa k) MOXKET yMEHb-
WHTHCA OT ~2,3 )i peaktopa Ges orpamarens Ao ~ 1,5 aas peax-
TOpA C OTPaxaTeseM,

Haist qeATpoHHO-(PH3HYECKOTO pacueTa SEEPHOro PeaKkTopa M Ompe-
ACJCHHA TEHJOBLIACAEHHS B HeM HYXXHEl sfepHBle Aa2HHBE 0 PeakKIlH-
M TOJ AeHCTBHEM HEHTDPOHOB BO BCeM [HANAa3OHe SHepruil, xapakTep-
HOM Ana AgepHoro pearropa (or 0 jgo 15.10° 3B) n mas Beex nyxan-
A0B, BXOAALIHMX B eI'0 cocraB. B ocHose 3THX HaHHHIX Jexar skcnepw-
MEHTAJbHLIE PE3YARTATH H3MEDEHHH, KOTOPHE OOBIUHO MOCTYHAIOT H3
Pa3MHYHBIX HCTOYHHKOB. JTH NaHHBIE HeOGXOLHMO o8pafaThiBaTh, pac-
nojarars 8 yZ00HOM [OJIF PacyeToB PeaKkTOpoB (ropMate, YTOUHATL HX
HO Mepe HOCTYIJEHHS HOBBIX SKCHEpHMEHTOB W T. X. Mo mepasmero
BpeMeHH NPHMEHANHCh PasJHYHBIE CHCTeMp] SAePHBIX ZaHHEX,
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Hanpumep, naa pacuyeTa peaxTopos Ha ObICTpHIX HefiTpoOHAX IHpO-
KQe pacnpocTpaneHue NOJyuuaa 26-rpynmoBas  cHeTeMa KOHCTAHT
BHAB [25]. Ona sBasercs 10cTarouno yHHEEPCAIbHOR H MOMKET GHITS
HCIIOJB30BaHA AJIf DACUETOB PeaKTOPOB HA NPOMERYTOIHEIX H OBHICT-
PHIX HeHTPOHAX, 32 MCKJiOUeHHeM DACUETOB DEAKTOPOB HA TEIJIOBLIX
REHTPOHAX, KOPAA HeOOXOLHMO yuuTHBaTh ((eKkTH TepMaln3alun.

Hast peakTopor Ha TEMIOBLIX HEATPORAX UaCTO HCHOB3YIOT 4-rpyn-
IOBYIO CACTeMY ALEPHBIX AaHHBIX [26]. [das ONeHOYHHIX MAH AJA ON-
THMHZAUHOHHAIX PACYETOB YCTAHOBKM B LEJIOM IPH OMMCAHUH (U3HKM
PeaKTOpa HCHOVIL3YIOTCS ABYX- H OLHOTDYUIOBOE HIpHOIMKEeHHS.

B ocHOBe MHOTOUHC/JCHHBIX CHCTEM TDYINOBHX KOHCTAHT JIeIKAT
IOAPOOHBIE HCXOAHBIE JAaHHBIE, NOJYUeHHbIe SKCNePHMEHTAMbHO. B fo-
CJACAHHE TOABI 3TH HCXOJHBIE JAHHBIE CTAHAAPTH3VIOTCS, UTO CTAJD
BOSMOXKHEIM G/1aroZaps CO3LaHHI MAWHHHMIX OHOJAHOTEX sepHHIX
A2HHABIX Ha coBpeMennsx DBM. :

HapGosee mwmpokoe pacmpocrpadenne noayumia  6nGIHOTERA
ENDF [11, 27]. CymecrByior IBe pasHOBHAHOCTH AAHHBIX — ENDEF/A
u ENDF/B. Ilepsas (ENDF/A) Bkmowaer B cefst Bee HOCTYHHbBIE
AREpHLIe JMAKHHBE H MOXKET COAEeDKATh HECKOJBKO Pa3JHuUHBIX OLEHOK
ceueHuft Kamjoro mareprana. Ms srofi Gubamorexm paGowast rpymna
OLEHKH CeUYeHuil NEepPHOAMYecKH o0pasyer CHCTéMY DPEKOMeHAOBAHHBIX
sjepuex fannbix ENDF/B. Cucrema ENDF/B B mio6oft buxcnpopai-
HEIH MOMEGHT BPEMEHH HMEeT TOJLKO OAHY FOJNHOCTBIY OLUEHEHHYIO G-
CreMy SLAEPHHIX TAHWHX JUIS KAXKIOro MarepHana, JTyd AaHHBE BeCbMd
MOAPOGHL (WHCJIO 3HEPPeTHUECKHX TOYEK, KOTOPOE MOMKET HCLHOJbB30-
BaTLCA JUISL OMHCAHHA 3ABHCHMOCTH KOWKDETHOIO CEYCHHSI OT 3HEepru,
nocturaer 5000) u xpaHATCS Ha MATHHTHBIX JIGHTAX HIH AHCKax SBM.

OucHennas cucTeMa AACPHBIX AAHHBIX AJA KaXOr0 MaTepHamii
pasjencra Ha dafuibl, KakALIHL W3 KOTOPHIX COAEPIKHT sjepHble 1ad-
HEIE OIPeNesIeHHOro KJ1adca.. . .

IIpaMo sTu naHHBle OOBIYHO He HCHOJB3YIOTCA NJIR pacueTa peax-

T0pOB. Ha HX 0CHOBE ¢ MOMOIIBIO- CIELHANBERX 06pAaBaTHBAIIHX TPO-
rpaMM TOJyYaloTcsl PPYNIOBLIE KOHCTAHTH (KOJNHYECTBO TPYNI H SHEp-
TeTHYECKOe pasfuenHe Ha TPYNNH 3aBHCAT OT THIA PeakTopa H Mo-
CTABJEHHOH. IPH DACYETAX IEJH), KOTODHE 3aTeM HCTOMb3YIOTCH A%
PacueToB KOHKPETHOrO THIA SIZEPHOTO peakropa. [IpuMensioTed K apy-
rHe OHONHOTEKH AACPHEIX Aanunx [28,20].. . .
... Taxum 06pasoM, B HACTOANEE BPEMS. AACPHLIE JAHHBE CHCTEMATH-
3HPOBAHH H OGOPMIEHH B BHAE MANIHHHEIX GHOJuOTEX. C HOMOIIBIO
CHeHHaNbHBIX, NPOTPaMM 9TH, ZaHHLHE MOIYT OBTH ofpaborann SBM
H BBUIAHBL B, HYXCHOM (OpMaTe A/ HCTOAb3OBAHHA B PACUETAX SAEp-
HEIX PeakTopos, . . T S

3. PACTIPEENEHME UCTOUHMKOB PEAKTOPHBIX M3SIYUEHMM -

Uro6bl: HafiTH PACTPeLENeH e TeIOBLICCHHS 110 -3 IeMERTAM PEaKkTO-
pa, HeOOXOAMMO, SHATh DAcTpefesen e HCTOUHHKOB - PEaKTOPHEX H3Iy-

UeHHH, TAKHX KaK HeATPOMHOe, - H -H3JYYEHHS, H3JIYUCHHE OCKOJKOB

AeTIeRHs, 3apAMEHHBIX YacTHL, (o, TPOTOHOB) H T. JL, .
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Pacnpenenéitué neroditnkos PEAKTOPHLIX HBJAYUCHNT 3aBHCHT of
IIPOCTPAHCTBEHHO-3HEPTETHUSCKOTO pacnpefe/]eH s HeHTPOHOB B Anep-
HOM peaKTope H OT MaKpOCKOIIHUYCCKOrQ CeYennus B3aHMOJeHCTRUA Hel:-
TPOHOB ¢ BEIISCTBOM, KCGTOpoe xapaKTepHsyeT BO3HHKHOBEHHE pac-
CMaTpHBaeMOro THIa HIJYUCHHA.

Pacnpenenenne ucrounnxon H3AYUEHHs! k-TO THIIA 8 AAEPHOM peak-
TOpPEe MOMKHO 3aIHCATE B BHJE

Se(t, B) = 2(r, EYD(x, B, (E, E"dE", (3.1)
¥}

rae £ — 3Heprus BO3HHKAIONIETO H3/ydeHH] E’ — sueprus Hefitpona,
BEISHBAIOCILETO peakuuio; fi (£, E') — KOMHUCCTBO YACTHI, HAM y-KBAH-
TOB C SHEPTHeH, nexkallell B eAHHHUHOM HHTepBaJe BOJH3H SHeprun L,
KOTOpHIE 06pasyioTCs IPH B3aHMOAECHCTBHN CO cpenoll HefiTpona ¢ sHep-
rueit B’y 3 (r, E’) ~— MaKpOCKOIIMYECKOE CeyeHHe B3auMOmeficTBHA
HEHTPOHOB, NPHBO/SILEIO K BOSHHKHOBEHHI) HMSAYUCHHS £-TO THIA.

llonnas sHeprusl MsayueHHS, BOSHMKANILETO [OA AeHCTRHEM Heil-
TPOHOB ¢ sHepruell E', jaeTcs BHIpaKeHHeM

Ey(E") = | Efy(E, E')dE. (3.2)
0

OcuoBHOH peakuueff B A7€PHOM PeaKTOpe, ONpEIEIONEH H3Aye-
HHE OCKOJIKOB, MIHOBEHHBIX y-KBAHTOB H MTHOBEHHBLIX HEHTPOHOB, HB-
JACTCA peakius fesieHus. [IpocTpaHcTReHHOe pacnpeseeHHe JeieHnl
OMMCEIBACTCH BRIpaxKenHeM

8, (1) = ;fzf(r, EN®(r, E')dE". (3.3)

Paccmorpum Goaee noxpo6uo sty hopMyay, Tak KaK oHa 3ajaer
HPOGCTPAHCTBEHHOR pacHmpefesienie HCTOUHHKOB M3JAyuelHi, HanbBonee
CYIIECTBEHHLIX B OTHOLICHHH 2HePrOBLIAQ/ICHHUS.

Maxpockonuueckoe ceueHue JesieHusl, KAK W3BECTHO, SABHCHT OT
HCNOJML3YEMBIX B peakrope ACMHALIHXCsS HYKAHAOB, B ofwem cayuas,
KOrla B peakTope #dMeercs HeCKONbKO JeNAIHXCA HYKJIHIOB, AJ
Z¢(r, E') MOIKHO 3aHCATH BHIDAKEHHE

2, (r, El)zpfl(r)cfl(E’)+pj2 (Tho (B . . e ryon (E), (3.4)

rae pp(r) — slepHas IJIOTHOCTb i-TO ACMAIErocs HYKJAHAA BOJH3H
TOUKH F} 67:(L') — MHRDOCKOINYECKOE CedeHne Ae/IeHHs i-I0 e SIero-
€A HYKAHAA IPH B3AHMOAEHCTBHE C HeliTPOHOM ¢ sHeprueli £,

Taxum obpasom, pacnpeneserue gedeHuil B obmem Clyuyae 3aBHCHT
OT = HPOCTPAHCTBEHHO-IHEPIeTHYECKOTO  pacupeleseHdst HeATPOHOR
@ (r, E') noT pacnpesieqerss 0o KOOPAHHATAM AJSIIIETOCH Marepuaa,
OTO BAXKHO YUHTHBATL B PAKE CAYUACE, TAKHX KAK CIEHATbHOE Hepas-
HOMepHOe pacnpefiesieHue Jelslierocs Marepkana [0 aKTHBHOH 30He
PeaKTopa B UEAX IOJYUCHHT HYXHOIO NPOQHAS TeINOREIIENeHHS RN
HEpABHOMEPHOE pacnpeie/eHne [eALerocs MaTepHala ¢ IPHMeHeH-
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HBbIM 110 HYKJAHLAM COCTABOM B peakTopax ¢ OOJAbHIOH TAYOHHOH BEITO-
PaHEsl TOnJHBA H 3AMETHRIM BOCITPOH3BOICTBOM.

Ecnu B agepHoM peakTope HCHONB3YETCA OAUH ASMRIIEACT HYKJIHN
(nanpumep, ypan-235), Bupakenue st paclpeaeneris 1eJeHHE MOXK-
HO 3amHcaTh B BHIE

S,() =p, (1)1 (r), (3.5)
rae py(r) — Axeprasi WIOTHOCTh AeJsUIErocs MaTepHasa;
()= o, (E) O r, E'YdE’ (3.6)

0

— MHTETpal jeleEMd Ha OHHO SEPC AENSLIETOCS BEILUECTBA.

Tarum ofpasoM, pacupejesenue eJeHUll 3aBHCHT K4K OT pacipe-
AGJICHHS IO KOOPAMHATAM HHTErpaja JeJeHndl, CBA3ZAHHOTO ¢ NPOCTpan-
CTBEHHO-3HEPreTHYECKUM DAaCNpeAeeHHeM HeATPOHOB B DeakTope, TaK
H OT NPOCTPAHCTBEHHOTO PacipelesieHHs AeAllerocs BelecTBa B ak-
THBHOH 30He peaxropa.

B GoJplioM uxcsae NPAKTHUECKHX C/yuaeB paccMaTpHBAeTCH paB-
HOMEpPHOE paclpeseseHke Aendllerocs BeHecTBa II0 KOOpJAHHATAM pe-
aKTOpa, H MOXHO CYHTATb, UTO pACIpefeseHHe AeJeHHH 10 00beMy
peaxTopa XapaKTepH3yercst paclpelejeHHeM MO KOOPAHHATAM HHT2-
rpana genenufi f(r).

Hro6w1 nodayuuTs pacnpezeaerne [ (r), HeoOXOANMO 3HATEH pacnpe-
naenegne QO(r, L£’), Koropoe HaxOAHTCH TNPH HeHTPOHHO-(DUSHIECCKOM
pacuere SAepPHOrD peaxropa.

HnTerpan gejeHHlt B MHOTOIDYIIOBOM NPHOJHMKEHHH ONHCHIBASTCS
COCTHOIIeHAEM

1) =3} ooy ), @3.7)

=1

rie of — FPYNIIOBOE CeUeHHE JJeH s HCIOAb3YeMOrc Ae/IALerocs Ma-
TepHaJa,

B romoreHHOM sIepHOM peaKTope (&3 orpaxkaressa HJIH NPHOIH-
JKeHHO AJd peakTopa C oTpazKkaTedeM IIPH ydeTe OTpaxkaTel]s ¢ HO-
‘MoIb1o sihexTHBHON A00aBKH IPH PaBHOMEPHOM pACHpEACICHHH Je-
JSHIETOCS MaTepHaja pacipefeleHue JAeedHi IPONOPIKOHAJIBHO OC-
HOBHOM ' coGcTBeHHOfl yHKUMHE oneparopa Jlamnaca W (r) [dyHxuu:
W (r) uMeer cnajaomuil kK nepudepun peakropa xapakrep].
~ . XapaKTepHBH BHJI PaCIOpeleseHHs JSJICHHH IO pagmycy H BBICOTE
AKTUBHOH 30HBI UHAHHADHYECKOI'O DEaKTOPA NpEeCcTaBJaer Ha puc. 3.1

- Ecnw péaktop  ABASeTCH TeTEPOTEHHEIM; TO paciipefefieHHe HHTe-
rpafa. Jenenfil OT TB3Ja X TBIJY B DaAHAJLHOM HANpABJIEHHH aKTHB-
HOH: 30HEE HMEET, KakK INPaBHJAC; TAKOH e Buzi, Kax Ha pHc. 3.1. Oce-
BO€ ‘pacnpejenenne NpH 3TOM COBIAZAeT ¢ KPHBOR Ha pHe. 3.2 :
- XapdarTep pacnpeneNCHHA HHTerpaka peseHHfi BHYTPH KamkIOro

‘TBAJA: FETEPOTEHHOTO peakTopa WMpeACTaBaeH Ha puc. 3.3, Bumen a¢-

‘(peKT «BblefaHHA» 3aMeJJICHHBIX HEHTPOHOB K LEHTPY TB3Ja, B CBA3H
30
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Puc. 3.1. PacmpepesncuMe pefenyii Mo pajnycy AaKTHBHOH 3OHE LLHITHE I PHUECKOro
bearTopa mpH YUeTe OTPaZaTeNd ¢ NOMOIbI 3GheRTHBHGH 106aBKH (Ra.s — pagil-
Yo axTHBHOR 30HM; Ry — p(PeKTHBHEH pajuyc peaxrtopa; A, — To/ulina pagHab-
HOro orpaxarent; Oa, ~ adexrnpuan no6aBka 3a cyer paiMaIbHOTO oTpaxaTesan)

Puc, 3.2. Pacnpegenente jeqenuii mo BHCOTE AKTHBHON 30HEL peaxtopa (Ha.s— BHI-
COT& AKTHBHOH 30HBL, Hs — a(QeKTHBHAA BEHICOTA peakTops; A. — ToNIHHA TOPiERD-
ro orpamarend; 8, — spdextnprias gobaBka 3a cuer TOPLEBOLO OTpAMATEN )

C ueM HaGJIOAAeTCs €majl KuTerpana jAefeHHil oT mepudiepHu cepaed-
HuKa TB3Ja K ero uenrpy. Ilpn yBequuenun oforalmleHus TONAKBA Ie-
JCHHS MPOHCXOAAT B OCHOBHOM B IOBEDXHOCTHOM CJOE TB3J4, LIPH
3TOM BHYTPEHHHE CJOH TONJRBa OJOKHDPY-
10TCH. : :
IIpocTpancrsennoe pacnpegencHHe uc
TOUHHKOE OCKOJNKOR [IeJICHHS COBRajaer ¢
pacupeae/eHHeM NJAOTHOCTH AENEHHH.
Takum ofpasoM, npocTpaHcTBeRHOE pac-
OpeliefeHHe HCTOYHHKOB OCKOJIKOB A€JCHHH
JNAETCH BHIpAKEHHEM

oo

,Sfocﬂ (r)=g E_f(r' EYD(r, E')dE’:Sf(r)

- S

0 g2 45 07mr/R,

(3.8) '

H Onpeiendercss IPOCTpaHCTBeHHO-3Hepre-  Puc. 8.3. Pagmansuoe pac-

THYCCKHM DAaCIpefiesleHHeM HeATPOHOB | ggﬁ’;gﬂgil‘f’r ATerpaa ae

IPOCTPAHCTBEHHBIM DACHPEASTEHHEM ACAS:  porennoro ppea;;fg? reres
Ierocs BellecTBa. '

! — cnabooGorameltoe  ypa-

HpocrpaHcrBenno-sHepreTuueckoe  pac- — HoM:235 Tonawso; 2 — cae-
. HooGoramerHoe  ypanoM-235
npehesicHne HCTOYHHKOB HEHTPOHOB AeJeHHs TOILTHED

OOHACHIBAeTCH Bbipa}KeHHeM
S,(t, E) =% (E)[ v,(E)E, (t, E)D(r, £)dE, (3.9)
Q

rae () — cliektp HeTpoHOB Aerernns.
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B peakropax na npoMesyTouneix u OBICTPHIX HeHTpOHAX Mpoct-
DAHCTBEHHAS] 3aBHCHMOCTh WCTOYHHKOB HeHTPOHOB JeJNEHHS MOXeT
UMeThr HeGOJBIIoe OTAHYME OT GPOCTPAHCTBEBHOTO DACHOpefeNelns he-
JIGHHI H3-32 3HEPreTHUeCKOH 3aBHCHMOCTH vy (L),

[IpocrpatcrBeHHO-3HEPTETHYECKOE — DACHpe/lesieHde  HCTOYHHKOB
V-KBAHTOB (y-H3/JIyYeHHs) ACNEHHA DA€TCHA CHeAVIOILHM BbIpameBHeM:

sl E)—fﬁff“(ﬁ)yZ(r ENO(r, E)dE = f"(E)S,), (3.10)

rae fy (E) — CHeKTp y-KBAHTOB JEJEHHS, NPHHAT He3aBHCHMEIM OT
SHEPIHH NOPJONIaeMbIXx HeATPOHOB. '

ITpocTpaHCTBEHHOE pacTIpelesielne HCTOUHHKOB — B-H3JYYeHHS X
p-KBAHTOB TIPH pPAaCmaje MPOLYKTOB AEIEHHS ONpejelsieTcs IpocTpaH-
CTBEHHBIM DAclpe/le/ieHneM IPOAYKTOB jeleHns. B GOJbIIKHCTRE Cay-
qaeB NpeNOJaraeTcs, yTo. HPOAYKTH JACJACHHS H3-3a MaJjoro mpobera
OCKOJIKOB JeJeHHs OCTAIOTCH B TOM MecTe, IJle HPOMCXOAST JAeleHHd.
B 7aKoM ciayuae pachpejeseHdie HCTOUHHKOE B-H3JIyUeHHsS H y-KBaHTOB
NPOAYKTOB Je/eRHsl MOKHO 3allHCATh B BHAE

S (r, By = o (E)[ %, (r, E)YO(r, EYdE' = Fp(B) S, (3.11)

S, E)=F"E)] 3, 2O, EYdE = FU(E)S, (), (3.12)
0

roe fp(E) —cuekrp P-uactum; [y (E) — CHeKTp y-H3JYueHHS HPO-
LIYKTOB JeieHus.

Caejtyer, OLHAKO, EMETh B BHAY, 4TO HEKOTOpPbIE NPOAYKTHl AeJeHHd
MOTYT MHPPHpPOBATH B TpoUecce pafoTh peakTopa, a B CAYYAe MCOJIb-
30BaHUA TBSJIOB MadOH NAOTHOCTH (rA30BEE HJH HJAa3MeHHBIE PeaKTo-
PH) NPOAYKTE JEJeHHs] MOTYT YAAJATHCA OT MecTad, e MPOH3OLIIO
JleJleHie, Ha 3EaudTeJbHble paccrosnus. B Tarux cayuasx Tpelyercd
fosee AeTaJbHOE DACCMOTDEHEE jJS ONPEACJ]EHHsI PacipeleseHHs HC-
TOUHHKOB - H y-H3JIyUCHR# NPOLYKTOB AEJIeHHA,

I[TpocTpaHCTBEUHOE pacHpefeseHde paflHaitHOHHOIO 3aXBaTa refTpo-
HOB Ofipefeaer NpPOCTPAHCTBERKOR pacnpejenerie HCTOYHHKOB 3a-
XBATHOTO y- Hmyqeﬂuﬂ

'_Sff:‘( E)_S 2 (r E’ (r ENF(E, E')dE’. (3.13)

Pacnpeneﬂeﬂﬁe HCTOUHHKOB ¢-YACTHL H TPOTOHOB ONPEAEJSIeTCs
pacnpeneneﬂnem MOTJIOMEeHA s, HeATPOHOB B peakuuax (n, a), {1, p):

Supt, By = Zuplr, EYO(, ENVuo(E, EYdE.  (3.14)
: 0. . : : .

Pacrpesiesiense aKTHBALMOHHOIO 33XBATa HEHTPOHOB ONpeAenseT pacnpeze-
JieHHe WCTOUHMKOB aKTHEAUMOHECTO B~ B y-H3lyueHHs:

82

8.

SE(E, B) = [ Zawn (1, BV, BV (E) dE; (3.15)

o

e, B) = | Somle, EYOG, BFSE)E.  (316)

i

Pacupefie/ieHie HCTOYHHKOB —Y-H3JAYUeHHd, BOSHHKAIOINEro IPH  Heynpy-
oM paccesiiud HEeHTPOHOB, ONpPEIeNAeTCH BbIpAXMEHHEM

S (r, B) = { Sy, (r, YO, BV (E, E')dE'. (3.17)
| |

Tnaga 2
SHEPIMA AENEHMA KAK UCTOUYHMK TEIMJIA
4. TEMNAOBLIAENEHKME 3A CHET OCKOAKOB ,EI,EHEHHSI

B4abplnas 9acTh SHEPTHH AeJeHHs NMPHXOAHTCA, Kak OBIIO OTMEUEHO
BEIIIEG, HA KHMHETHUYECKYIO 3HEPruio OCKOJKOB Aededust: OCaajast sHa-
YHTEJbHBIM 3aDAA0M U DOMbIIOH CKODPOCTBIO, OCKOMOK JAeJeHHA TepaeT
SHEPTHIO B OCHOBHOM B Pe3y/LTATE HOHM3ALMH H HE3HAUHTENbHO — IIPH
cOyllapeBESx ¢ aroMaMu Bemecrsa. [lo Mepe TOpMOMKEHHS 3apsy O~
KOJIKA YMEHBLIACTCH, M B KOHUE NyTH NOTEPST SHEPTHH NPOHCXONAT 1PH
YIPYTHX H HEYNPYIHX ATOMHLIX CTOJKHOBEHMX.

IloTepst sHEprEm OCKOMKOM jleNEHNA 34 CUET HONH3AIMH MPHBOAHT
K BLIGHBAHMIO 5/eKTPOHOB € BSHepruefl, L0CTAaTOYHON AJ% BTOPHUHOH
HOHH3ALKH, TAK YTO BOKPYT TPAEKTOPHH OCKOJKa obpasyercsd Kacka/[,
5/1eKTPOROB. [IPOHCXOANT HOBHIIEHHE S/@KTPOHHOH TeMIIEPATYpPbl € 110~
CMeAYIOLUIMM Pa3orpeBoM OKpyKawolued cpeibl. PasMep 3CHBI JIOKalb-
HOI'O pasorpeBa OUpeAEAsercsl AJHEAMH IPoGeroB S/JeKTPOHOB H 33-
BHCHT OT THIIA CBS3H ATOMOB B BelllecTBe H Je(EKTHOCTH CTPYKTYPBL
[Ipr Goablioll KOHIEHTpALEH LedeKToB 00'beM 30HDI JOKAIbHOIO PA30-
I'pEBA YMEHBIIAETCH H B ee IDaHuilax TeMiepaTypa MOMKeT MPeBOCX0-
JIHThL TEMOEpaTypy MJAABJCHHA MaTepHama. '

30Ha AOK4JALHOTO pas30TpeBa BO3HHKAET TakKKe H B KOHIE MNyTH
OCKOJIKA TPH YIPYIHX H HeYNPYTHX €ro COy/apeHHAxX C aroMaMH, Tak
KaK NPH TOM KOHLEHTPaUHs NePe/laHHol B cpejieM Ha aATOM SHEprun
NpeBBIIAET SHEPTHIO CMeIeHHS B J0CTaTodHO GoabmwioM ofbeMe Be-
HI¢CTBA.

OcTHBAHEE JOKAALHO pa30rperhx o6beMOB BeLIeCTB4A M COCTBET-
CTBYIOIHA Harpes OKpyXamoulefl cpPeAbl NPOHCXOLHT 34 cuer Telo-
IPOBOAHOCTH C XaPAKTEPHEIM BPEMEHEM HOPfjKa 10-19 ¢,

Baarofaps GOJbIIOMY CEYeHHIO BaARMOEHCTBHS OCKOJKA C Bemé-
CTBOM, KOTOpO€ MPONOPLHOHa/AbHO KBaJApaty 3apsia K macce, fpober
OCKOJIKA HEBEJAHRK W B TBEDJAOM BEHIeCTBe cocTapBigeT oxoio 10" MEM.
Jnamerp 30HH JIOK4JBHOI'O PA3OrpeBa~— MOpsAKa COTEH aHFCTpeM.,J

Taxum 0Opasom, KuHETHYeCKAad SHEPTHS OCKOVIKH JeJeHHs BEAS-
JISETCSL B BRJI@ TelIa NPaKTHYCCKH B.TOM Mecre, IJie NPOH3OUNIO Aese-

3 3ax. 386 _ 33
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HHE, -1 pacopéndndnise Temosbinénetiusg 34 Cuét KugeTHUeCKOH 2HEN-
PHE OCKOJIKOB JeJeHHA MOMKHO HDHHUMATL COBMALAINIHM C pacrnpenpe-
JIEHHEM HCTOUHHKCB OCKOJIKOB JeJIeHHH, T. €. C DACHDejeNeHHEM /e~
JIeHHH.

B sTom cayuae MoxHO 3anmcats

(ﬁi:;“ = BEDGIiSj (r)! (4.1)
rre B —xosddHINENT [epeBOAa eHHHI 2HEPrHH  {Meras/eKTpoH-
BOJIbT B JIKOVJH).

Manoxwennrie B § 2 u 3 meronm onpeﬂeneHHH MPOCTPAHCTBEHHO-
SHEPTeTHYECKOro PACHPeACICHHS] IIOTHOCTH OTOKOB HEeHTPOHOB U pan-
¢ TpeRejleHHd HCTOUHHUKGE OCKOJKOB [e-

1'3_ I ] 1 JMEHUA AAKT BO3MOKHOCIS HaXONHTE pac-
0 npeneqenre TeIOBLIAJIEHHS OT OCKOJ-
'&Z "L 7 KOB HeleHEA
Sg6 HGHOCpe,[LCTBEHHOQ H3MEpPEHHEe Tem-
g L / JIOBBIICICHRA B TB3J14X 3& CHeT KHHeTH-
S y UECKOH BHEPIrHH OCKOJKOB JeNIeHEd 34a-
£ r /§ TPYAHEHO, TAK KaK B ceplLeuHHKEe TB3J0B

025 . e BBLACAACTCH TAKMe, XCTH W B MeHbImIH

%_— T . A0Je, TeRJI0 34 cuer JpPYrux BUACB H3-

g 62 BF 07 g Jdyvensit (HeHTpOHOB, Y- KBaHTOB ﬁ-qa-

CTHIL).

Pue, 4.1. Pacnpe}le‘qe[{[,{e oT- BOBHHKHOBEHHE 30H JCKaJbHOTO pa'
ﬁg;ﬂ?iJ;ngl;oKoﬂ;g:Ho;;;;ﬁ; 30TpeBa NIPH TOPMOHCHINA OCKOJKOB Ze-
(r) JIEHHA [MO3BOMIAET SKCIHCPHMERTABIO OI-

Vou - paﬂ,HyCy cep- pefesuTE IPOCTPAHCTBEHHOE pacmpeasaie-
(c . HRE OCKOJIKOB JeJIGHHS H TéM CaMbIM
Eelfg;}(a tesaa [30] (rou- KOCBEHHC DEIIATh 3akauy HaXOXAeHEd
KH — 2KCHEPHMENT, JIHHHSH -~ pacropenesieHasd TEIJAOBLIAEJNEHUSA 34 CYer
pacuer; rg -~ BHEIIHHH paii- KHHETHYECKOH SHEPTHH OCKoakoB, Ecanm
¥C TOINHBHOTO CepASTHHKE) BHYTDH [deJAHIerocs MaTepHala cepaed-

HHKa TB3Ja Pa3MeCcTHTh TOHKHE ciaol je-

TEKTHPYIONIETO MaTepuaa C BHCOKOH TeMueparypoli 1JaBNeHHS, 06-
Jajlaolero HH3KOH 3/EKTPONPOBOZHOCTRIO, TO OCKOAKH RENCHHSH, 06-
pasylolHecst B MaTe€pHade CEpAeYHHKa y TPAHHILI KOHTAKTa C JeTek-
TOPOM, HCHaAyT B HEr0 W NpPH TOPMOKEHHH BBI30BYT 00Pa30BaHHE JO-
KaJbHLHIX 30H IleperpeBa ¢ IJIaBJeHHeM BellecTBa jJeTektopa. B pe-
3yJNbTaTe B BEHmIECTBe AeTeKTopa’ HPGHEHTCH BHAHMLIE I{Of MHKPOCKO-
NOM TPEKH, KOJHYECTBO KOTOPHIX B AaNHOH TOUKE NPONOPHAOHAJLHO
IJIOTHOCTH OCKOJIKOB HIH IVIOTHOCTH ACEHRH B MaTepiale ceplednuKa.
B xauecrne marepuana getexropa s H3MEPEHUS INIOTHOCTH OCKOUI-
KOB 'HesMeHnst B KPHTHIECKAX cBOpKaX OBLITHO' HPHMEHSIOTCA TOHKHE
NIeHKH OpraHmYecKoro BemecTsa  (fapcaHa), _TpefOBAHMA K TOIIHHE
KOTOPHIX ONpPEleJsIOTCS BO3MYIIAIOUIHY BO3NEHCTBHEM HAa LOTOK Helf:
TpoHoB, Ha pauc. 4.1 0Ka3aHO pacupeic/ienne OTHOCHTENBHOTO TEIIo-

BBI,IIEJIBHHH OT OCKGAROB JeJieHuss B HHJIHH}IPHQECKH}( TB3JI4X H3 BEHICO-
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KooGOorallle HHOI'G YPARA, H3MEPEHIOe ¢ NOMOILbIG TPEKOBOTG AeTekTopa
B BUJe JIABCAHOBOH INIEHEW Touauiupol 30 MiM. JlanHble pHCYHKa UJ-
JIOCTPHPYIOT BOZMOXKHOCTH K TOUHOCTH METOAa H TIO3BOJANT PEKoMed-
JIOBATL €ro AJ8 NpaKTHYECKOTO HCMOAL30BaHuA., MamepeHHe colepixa«
HHS NPOAYKTOR AeJEHHS B TOIJHBE XHMHYECKHMH METOAAMH HJH y-dK-
THBHOCTH NMPOAYKTOB AEJNEHHA TAKMNSE@ IOIBOJSET BOCCTAHOBHTL PACTpe-
JeJleHHe TelJIOBBLASJEHHS OT OCKOJKOR JeJIeHHs IO DeakTopy B LeJoM
HIH BHYTPH TB2J4,

5. TEMNOBLIAENEHME 3A CUYET 3AMEANEHMA HEHIPOHOB

ITpu menerun gensmuxcd MATepHAJOB NOA ACHCTBHEM HEHTPUHOB BO3-
HMKAT HeATPOHB HOBOTO HOKOJMEHHH, KOTOpHe obdagamr Gonaspliodl
KHEeTHvecKol sHeprrefl. Hampumep, npu genedun ypata-235 nop peii-
CTBHEM TEIJIOBHIX HEATPOHOR BO3HMKART, B CpeiHeM, npuMepHo 2,0 Hed-
TPOHA CO cpefHell sHepruel xaxkaoro oxono 2 MsB, tax yro ma opHo
JdeneHye ypana-235 ApHUXOANTCA B BHAe KHHeTHUeCKOH sHepTuy HeHTpa-
HOB penerus okodao b MsB. PomxieuHble npd AeJeHHH OLICTPHIe Hell-
TPOHEL B3aHMOAEHCTBYIOT ¢ AAPAMH CPELE, IPH 3TOM WaCTh KHHETHUe-
CKOH 9HePI'HH HeHTPOHGCB Iepejlaercs B BHe KUHETAYeCKOH SHePTHH 5/-
paM oTHauH,

OCHOBHEIMH B3aUMOJRHCTRUAMHE BBHICTPLIX HEATPOHOR ¢ SApaMu ¢pe-
B, HPH KOTODHIX 3aMeTHad UaCTh HX KHHOTHUeCKOH 5HEDTHH iepefa-
ercsl sAnpaM OTJAUH, HBJSIOTCA YIPYIroe H HeyIpyroe paccesHHe Hed-
TpoHOB, (#, 2n)-peakuHs, peakuus pajHAUHCHHOrO 3axpata (a4, y)
H peaknuH c o6pasoBaHueM 3apsiKeHHBIX uactun (n, o), (4, p).

B peakuuax c¢ ofpazopaHiaeM 3apseHHBIX YacTHU KEHeTHUYECKAd
3HeprEf NPOLYKTOR peaKIIMM, BKJOUAS SHEPCHIO sApa OTHAdH,- PABHA
CyMME KHHeTHUECKOH SHepI'MH HeATpOHa, BEI3BABINETD JAHHYIO Deax-
uuio L, u sHepruu apepuol peakupy (), IpHIeM KHHEeTHUECKAST AHEPTHS
NPOAYKTOB pPeaKIHH BBIEEJACTCA B BHAE Temya BOJH3H MecTa, Iiae
IPOUZ0LLNA pPeakuus *,

Jong xuHeTHuecKoll sHepruu HefTpOHA, NepegaBaeMas SApPY OT-
JauR NpH ARepHHX peakuuax g(E), moxmer OBThL OUpEjeNeHA HA OC-
HOBAHHH 3aKOHOB COXPaHeHHS HMNyJhCa K SHEPTHH HpH 3JeMeHTap-
HOM aKTe B3aHMozelcTBHA HeHTpoHa ¢ agpom [I, 31].

st yapyroroe paccesiHusl HeATPOHOB

= 1 —u 5.1

g.(E) A+1)2( 1), (5.1)

rge E-—sHeprEfl Hajeramero HeHrpoda, A -— aroMHas Macca $i-
pa-MHULICHH; p,— CPeJHHHA KOCHHYC yrJa paccesHHs HeHTpoHa 1o OTHO-
IIEHHIO K TePBOHAYAJBHOMY HANDABJICHHIO ABIDKEHHS B CHCTeMe IeH-
TPa HHEDPIHH. :

* TeHﬂOBbI,[[eJIeHHE 3a cyer ])EélKHHI{ HE]’IT])OH““*SHI)H}KEIIH&H HaCTHIIA PACCMAT-
pHBaercss OTALJALHO B § 6 B CBJA3H C yeM B JaHHOM naparpacpe TAKHE peakKuunm He
YUHTHBAKTCH.
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Heoxomumo oriernts, uto 1 xapakTepudyer créneis AHHIOTPOTUU
paccesHMsi HeHTPOHA B CHCTeMe HeHTpa HHEPHHH (M H30TPOINHOTO
pacceanus p=0).

HM3BecTHO, YTO M3OTPONHOE paccesnHe Hab/lofaercs TNpPH MaAbX
3HEPTrHAX HEHTPOHOB ¢ OPOHTaJIBHEIM KBaHTOBHM uncaom [=0. IIpu
GoabuX 3Hepruax HefiTponos (/=1 u GoJee) xapakTepHa aHHIOTPO-
HH$ DACCesHHd B CHCTEMe HeHTPa HHepiHH. JIJIg OUEHKH CTENeHH aHH-
BOTPOHHH paccesHrsl B pabore [1] xus sHepruii HeHTpOHOB, Xapak-
TEPH3YIIIHXCST OPOHTAJLHLIM KBaHTOBEIM UBEIOM Z;I mogaydesa dop-
MyJia

1= 0,07A2/3E,

rae £ —sueprus, MaB.

210 BHIpaxKeHHS, cripapejuiEBoe s /=1, nokasksaer TR IQHIHIO
IPH YBENMYEHHH SHEPTHH HeHTPOHOB K DACCERHHIO NMPEHMYLIECTBEHHD
BIlepes.

Hast meynpyroro paccesnns nefitporos [31, 32]

g1 (E) = (A_fl)z [I—- A2-1};1 7@ + (l A+l ' )1/2} (5.2)

rge Q — sHeprus Bo3OyK/€HHA COCTABHOTO AApAa NTPH HEYNPYTOM pac-
cesHHH; p’ — cpedHHH KOCHHYC YIvIa PACCesHMS SApa OTAd4H N0 OT-
HOIIERHIO K TIEPBOHAYAALHOMY HANpaBJ/JeHHW /[BHIKeHHA refiTpoHa,

Ecaun yposux BosOy:kAeHHS COCTABHOIO AAPA NMPH HEYHNPYIOM pac-
CesSHHM HepaspelIuMBl, TO I gm(E) MOZKHC BOCLOJIb30BATBCS COOT-
noiuennem. [31, 32] . ; .

B
'gzn(E):"g{W‘E-FF—i—?u Tl(m]’ . (5.3)

rae £ — sHeprus HefTpOHa TOCIe HeYMpyroro DACCEAHHSA B CHCTEMe
IeHTpa MHEPIHH.
Ina peakiuu (n, 21n) MOKHO nonqub

RS

_f
(AHP+AM+U A—p

gnn(EY = (A— 1)[

A 1 e
ﬂfm+) }

A AGF DA 64
rne Q— aﬂepmﬂ peaKHHH (n 2n)
JIna peaknuu pajMauMOBHOTO 3axpata Hefirpouos (7, ¥) HMeeM
_ HN B2, L | »
grvlB) == E 2{A+E)'ﬁ1969 ’ ©-5)
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rae N;—uHea0 y-KBAauTOB ¢ steprueil £, HCenycKaeMbix apH pagiHalld-
OHHOM 3axBate Heiirpona; Ey — sueprus y-xsanra; (A 1)myc? — snep-
THs TIIOKOA COCTABHOrO fAApA.

Brpamxennsa (5.1)—(5.5) yuuTHBAOT TOMBKO KHHETHUECKYIQ IHEp-
I'HIO f/pa OTR&YH., DHEeproBhijiesenHe 3a cuerT obpasyionlerocs y-KBat-
Ta paccmarpupaercaA B § 7,

Kunernueckan 3HEprHs fApa OT/A4%d TPaHCHOPMHPYETCH NPH €ro
B3aUMOJEHCTBHH € 3JEKTPOHAMH H AaTOMaMH{ BeIIECTBA B OCHOBHOM
B TeIIOBYK snepruio. Hefoabwiasg A0S SHEprHd sijpa OTAAYH HAET
Ha ofpasoBaHue AeeKTOE B MaTepHaJe U H3MeHeHHe XHMHYECKHX CBi-
3eil BellecTra.

Takum o6pasoM, oGbeMHCe TeMJIOBHARICHHE 3a CUET KHHETHAUECKOR
IHEPTHH, HOJYUYEHHOH aTOMAMH IIPH CTOJKHOBEHHSX ¢ OLICTPLIMH He#-
TPOHAMHE, MOKHO 3alIHCAaTh B BH/E

o0

“Gvn =B X.p; (‘] (050 (E) ot (E7) + 01,E"3 81ni (E") - 0, 2myi (E7) X

X ooy (E') + 0,4 (B) g (ENE D (r, E)dE, (5.6)

TAe Os, Oin, O(n2m), O — MHKDOCKONHUYCCKHE CEUERHHs YHPYroI'o pacces-
HiLsl, HEYTPYroro paccesanns, (n, 2n)-peakunn, pazmatHOHHOTO 8a¥Bara;
p — SLAePHAS TJIOTHOCTH; - HHAEKC, ONPEACNAIIHNE THI 3NeMeHTa.

PaccmanHBaH 3/eMEHTapHble NPOLECCH, MPHBOAALHNE K nepefaye
KHHETHYeCKOH sHeprun sApaM oTaaud, H oflllee BHIpaxKenHe AN Tem-
JIOBBIIGJIEHNA, MOJKHO BHJETh, YTO TOJLKO B CJyuae YIPYroro pacces-
HHS IDH CepHY MOCAeN0BATeNLHBIX cronkHopeHufl GEIcTporo HefiTpoHa
¢ AIPAMM BCA €r0 3HEPrHA pealU3yeTcs B BHAE KHHETHYECKOH SHEprax
fAep OTAAYH ¥ 3aTeM B BHie Telljia. B APYTHX CAVYasx TOJABKO YACTh
KHHETHYECKOH SHEePruy HeHTpOoHa peasHsyeTcd KAK KHHETHUECKAs SHep-
THR AApa OTAAuM.

Taxum 06pazoM, B GOJBUIHHCTBE NPAKTHUYECKH BAXKHBEIX CJAyUaeB
¢ HEKOTOPBIM 3allacOM MOXKHO CHHTATh, UTO BCA KHHETHYECKAS SHEPrHst
HEATPOHOB TIpeBpallaeTcs B TEINIO 3a CYET VIPYIHX CTOJKHOBEHHH
GHICTPHIX HEHTPOHOB € AAPAMH BENIECTBA.

Heynpyroe paccesHHe xapaKTepHO AN TAKENBIX SIeD, IPHUEM H2-
yopyroe B3anMoJeHcTBHE HEHTPOHA ¢ AAPAMH ABASETCS NOPOT'OBONH
peakuHedl H NPOHMCXOAHT IIPH BBICOKHX SHEPrHSX HeffTpoHa, AocTaTou-
HHIX AJIs1 BO3Oy:KAeHHs aapa MEMeHHd, COOTHOMEHHe TEMJIOBBIISIEHHS
34 CUET HEYNIPYTOTQ M YIPYrore PAcCesHHs OOHUHC HEBENHKO H MOMKET
JOCTHY4Th SAMHUNEl N §0jtee TONBKO AN THAKENHX 3JeMEHTOB, TAKHX
kak Zr, Mo, Sn, Pb » np. B cad3H ¢ 3TUM Heynpyroe paccesHHe OpH
pacyere TEIIOBIEJNCHHS NOJKHO YUHTHIBATCS B peakTopax Ha Ghict-
PHX HefiTPOHAX, HMEIOIIHX KeCTKHH CHEKTp HeHTPOHOB.

Makpockonuueckhe ceuenus B3aHMOICHCTBHA, CBASAHHEIE ¢ pajHa-
HHOHHBIM MOTJIOLIeHHeM HeHTPOHOB A peakTopa B LEJA0M, TIO cpaBHe-
HHIO ¢ APYTHMH IIDOHECCAMHE HEReJHKH, H Y4eT STEX KOMIIOHEeHTOB 5
TENJIOBEIG/IEHRE MOXeT HMeTh SHaueHHe TOJbKO A 3JEMEHTOB pe-
aKTOpa, B KOTOPHIX 3TH PeakUHH mpeolaaaaiorT,
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Paccmorpem Goaee 1oApoGHO TEMUOBHIENEREE 3d CUET YIPYroro
pacceanns HElTPOHOB,

3amernm, uto Ana A1 g.;(F) coBmagaer co cpenHeit jgorapud-
MHYeCKOH moTeped sHepryu HeHTpoHA NPH YNPYroM paccesHuH E; W,
CJEA0BATENLHY, B MATEDHANAX PeaKTOpa TenNoBBLIeAeHHEe PACHpeLes-
eTcs NPOOOPLHOHAMBHO  3aMeJJsdioilel  coocoOHOCTH — Marepuada
pigsigi = E X,

Q0bemnoe TeNNOBHLE/eHHE 34 CYET YIPYIOTO paccesHns HeliTpoHOB
B TaKOM ciyuae OyAer UMeTb BHJ

gn(r) = B]: (€2, (E)) ED (v, E)dE. G.7)

Ecxn BBeCTH B DACCMOTPEHME IJIOTHOCTL 3aMeJUIeHHst HeHTPOHOB
g(r, £) u BoCIONb30BaThCA BOSPACTHRIM HPHOJIHIKEHHEM S ILIOT-
HOCTH 3aMe/JIeHHs

g(r, E}y =82, (E)ED(r, E), | (58)

TO BLIpazeHue Aag 00BLEMHOTO TeIJIOBBAENEHHS] B peakTope IpHMeT
BUJ,

‘JVn=BFG’(r: E)dE; (5.9)

00BIUHO B KAaYeCTBE BEPXHEro Ipelesa B HHTerpaje BLipaykeHHS (5.9)
NpHHAMAIOT 3HaUeHHe CpefHe aHeerH HeliTpona gexaenus Eo=2 MsB.

Toma _ Gyn (1} = j‘q(r EYdE. (5.10)

B MHororpynnoaom NPROHAKCHIH Bmpameﬁpre (5.10) moxmo sanucaTh B
BHJIE

-1 @,
qvn (l') = ij AE: 'ujji“", (511)
pe= j du
' X,
uj____l

rae AE;=FE;—E; | — IIUpWHA SUEPIeTHUYECKOTO WHTEpBaka TPYNNH /)
t— JINTEPTHH, CBA3aHHAA ~ ¢ sHepruell  COOTHOLIEHHEM u=1n—E—°;
@ (r) — DXOTHOCTL MOTOKA HeHTPOHORB.

"B uacrHbeTH, B ABYXI'PYLIIIOBOM NpHOJHMKEHWH AJIS peakropa Ha
TEIIOBEIX HefiTpoHAX OGbeMHOE TeNIOBLASICHHE 33 CUET YIPYIOro 3a-
MeJIJIEHKS] HeATPOHOB MOMKHO OLEHHTD 1o (opMyJIe

: (DI (r) .
gra(r) = B
du :
EZ‘.

I‘,.ELe (I)1 - IIJIOTHOCTE TTOTOKA’ Ha,IETeHJIOHbIX HeHTPOHOB.
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[Tpa mcmonb3OBaHHH S PACUCTOR TEILIOBBHIIENEHHS TMPH VAPYTOM
paccesHHH HEHTPOIOB BO3PACTHOIO HAHM MHOTOLPYHNOBOTO NMPHOJHIKE-
HHA CASAYeT HMeTh B BHJY, UTO IpHEMJeMble pe3yaAnTaThl GyAyT noay-
YaTLCA A Cpeil, A0CTATOUHO TOMOPeHHBIX MO COCTABY H PACIpelede-
HHIO MCTOYHHKOB HEHTPOHOB. LA pe3Ko rereporeHHLIX Cpejl, B YACTHO«
CTH IIPH OOpPENeJNEHHH TCNJOBLIAGNEHHA B OTPAMKATENE 34 CUeT 3aMej-
JeH s HeHTPOHOB, HAVINHX H3 aKTHBHOH 30HBI, AJA BBIUHCJEHHS JIOT-
HOCTH NOTOKa HeHTPOHOB HeoOXOAHMO HCHONL3GBATL O0J€e TOUHBIS
NPHOMHXEHAA KHHEeTHYECKOr0 YPARHEHHS,

HuxkeHepHEe ONEHKH TENAOBHIETEHHsT B MATEPHAIAX AKTHBHOH 30-
HEl PEAKTOpA OPH YOPYyroM 3aMelfieHud HeATPOHOB MOXKHO BBIIONHHTD
O ApocTeHiuMM COOTHORIEHUAM B OPEANOJOKEHHH, UTO [HPaKTHUECKH
BCH 9HEPTHS HNEHTPOHOB JeJeHHA NepeLdeTcs BeIecTBY B Ipejenax
aKTHBHOH 3CHH peakTopa. Hoxamewm sro.

OueHHM AOJMIG 3HEPI'HH IEHTPOHOB [esieHHs, KOTODPA BHIIENAETCH
B SIeDHOM peakKTepe, W JOJ0 SHEPTHH HEHTPOHOB IejeHHs, KOoTopasd
YHOCHTCSL HeHTpOHAMH TIpH HX yTeuke W3 peakrtopa. C aToff uedblo
pPAaccCMOTPHM peakTOp. Ha TellJiOBBIX HeliTpoHax Ges orpamareds. Ilpei-
TONOMXKHM, 4TO CHpaBel HBO AUO(YSHOHHO-BOZPACTHOE MPHEAHIKEHHE
AN MVIOTHOCTH 3aMefJaeHHsl HEHTPOHOB, a4 HMEHHO:

q(E) = goexp [— a*t(E)], (5.12)

The a°-—TeoMeTpPHYecKHH napaMerp peakropa 0e3 OTpa)KaTels;

* D (E") dE

E
CT(E) = i & (5.13)
B (B E -

-~ KBajpaT AJuHB 3amMenreHust (Bospacr @epmu); D(E’) — rosddu-
uuenT pugpy3un HeHTPOHOB.
"~ Besmuuny v(E) Momxuo nprOIHKEHHO sanucaTs corgacno (5.13)

B BHJE |
T(E)N( EDzs )In(%) (5.14)

— cpefiHee 3HAUEHHe,

me( =
s OLeHKH M0JTH TeNNOBBIIS/IEHHS 34 CUeT 3aMelJIeHuH HEHTPOHOB
B peakKTope N0 OTHOLIEHHI0 K IHEDIHH HeHTPOHOB IENeHHS BOCIOAb3Y-
emcsl coorHolennamu (0.8}, (5.10), (5.12), (5.14).
Torna

Ey
Aen 1 j‘ (_E_)m dE, (5.15)
Wwle = E £y '

£y, _
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Hocne nuterprposanus Bhipaxkenust (5.15) moxHO nomyumts

"?Vn . l 5
qﬂEU I—i‘( D )az ] ( llﬁ)
) ‘523 /
HO TaK Raxg
: D )Oc2 Az otein -y ,
82 In £y
TO B
Tyn - 1
FoEy 1 Ay ’

.. In (EofEm—i)
Hons suepruy, YHOCHMOH HeHTpOHAMH u3 peakropa, Oyaer pasHa

7
I — Ava = I (Ey/Epm_y)
7oy [+ Py )
I (Ey/Ep_y)

Hs Teopun peaxropos H3BECTHO, YTO J0JIA HEATPOHOB, YTEKalOML
U3 peakrtopa Ges oTpazareas mpw mx 3aME/UIEHHH, COCTABJSAET IPHOIH-
SHTENBHO @ Tm—y. Tak xax In (Eo/Em—1) =20, T0 noas SHEPIHH, YHOCH-
MOH HEHTPOHAMH K3 peakTopa, mpHMepHO B 20 pas MeHple, yeM of-
HOCHTEJIbHAS yTeuKa HEeHTPOHOB. A Tax xax yTeURa HEﬁTpOH(;B He Mo-
J::;e'r:_--'npepmmal"b 4(}—u50 % poxpamonmxcs OpH JMeNeHHH HeHTpOHOR,
Ho'Béj[-'l;erﬁ{eiI ;;IE}}FHH HegT?o:I{oa e upesbimaer 2—3 % sHeprum welitpo-
. Takum oﬁpa3ogvr, 84 TDEJeNIBl PeaKTOpa YHOCHTCH HE3HAYHTENLHAS
H4CTh SHEPIHMH HEHTPOHOB mejgeHHs. B OPEANOAOXKEHHH, YTO OCHOBHEBIM
NMPOLECCOM NPH 3aAMEAJIEHHH GBICTPhIX HeATPOHOB SBATeTCS yipyroa
paccesune, a 310 cOpaBeaaHBo g PEAKTOPOB Ha TEMJOBLIX HeHTPOHAX
MOXMHO CUHTATB, YTO NPAKTHYCCKH BCS SHEPIUR HEATPOHOB AEJIEHHS BLL-
Rejercs B peaktope. B atom cayiae npHbAHKeHHOe BLIpaMeHue s
pacueTa TeNJIOBLIEJNCHAS NPH 3aMefIeHHH OLICTPEIX HEHTPOHOB B Ma-
TEpHANAX DOCTATOYHO TOMOTEHHON AKTHBHON 30HD MOMCHO TOJFYUHTH
CACAYIOUHM ofpasomM. o '
... [pocrpanctrennoe PaCIpeie/IeHHE TeIVIOBBI/ICNCHHSI 0 AKTHBHOMN
SOHe 34 CHET. yIPYFOrO. 3aMeaNeHus HeHTPOHOB NPHGIHKEHHO MOXKHO
CIATATL NPONOPIHOHRMLHLIM . PACHPEECHHIO HOTOUHHKOR HEATPOHGB
AEJNCHNL, T. & IVIOTHOCTH HeMeHHH, TO BeCbMa TOYHO AN cpefl ¢ Ma-
JMOR ATOMHOH Maccol, KOrja 3HaUHTENbHAA IO SHepPrHH 3aMeIsfio-
LLHXCH HEHTPOHOB IIEPEAAeTCH NPH [EePBHIX CTONKHOBeHHAX. Tax kak
ﬁggnpexene}me TCOOBLIIRJCHHA 10 OTASABHEIM KOMIIOHEHTAM AKTH.4-
S0HB! IiPONMOPHHOHANEHG ‘3aMe Isiones
iy p l{ ex  CIOCOGHOCTH MaTepuanos

En St() BBy W

Gy (1) = B o -
By Sp B3 Va, S S
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rie §Zs, EX;— saMeansiomasn ¢nocoGHOCTL MaTepuada B-ro KOMMo-
HeHTa H Cpenlsis 3aMelisoulafd CIoCOCHOCTL MaTepHaga AKTHBHOH
30HH; E,=5 M3sB —sueprust nefirponos nenenust; E;=200 MsB- -

aHEPrHa JejeHns; Sy(r) (S;) — pacnpeiesenne fenexuit (uepra cepxy
O3HavaeT ycpejHeHHe Mo 0ObeMy aKTHBHOH 30HBI); W — MOILIHOCTL pe-
axTopa; Vays— 00beM akTHBHOH 30HH,

6. TEMNOBLIJZENEHME 3A CYET PEAKLIWHM
C UCNYCKAHMEM 3APAHEHHBIX HYACTML

I1Ipu B3anMoJeficTBHE HEHTPOHOB C AAPAMH MOTYT NPOXOAHTH PeaKIHH
C HCIYCKaHHeM 3apKeHHLIX YACTHI, TAKHX KaK «, B, p. DTH 3apsaxKeH-
HBIe YaCTHUBl M COOTBETCTBYIOLIME fAApa OTIAuH, IPOXOAS Yepes Belle-
CTRO, TEPAIT CBOIO SHEPFEK) B OCHOBHOM 32 CUST B3aMMOMeHcTBUA ¢
3JeKTPOHAMH aTOMOB Cpelbl, B CBfA3W ¢ 4YeM IPOOETH HX B BeIIecTBe
HeBeJHKH, TI03TOMY MOXHO CUMTATH, YTO 3HEPrHS PeaKIHH C HCIyCKa-
HHEM 3apsaXenHof 4acTHLULL BLIAENAETCH B BHIE Tenna BOAH3H MecTa,
Ie TPOU3OLUIiA siAepHAsA PeaKRHs pacCMaTpPHBAEMOTO THIIA.

[IpocTpancTBennoe pacnpejeseHHe TEMJIOBLIACIENUS 34 CUET pPeak-
IHA ¢ HCIYCKaHHEM 3apfAKeHHBIX YACTHL MOJKHO YPOHJLTOCTPHPOBATD
Ha IpHMepe (7, ¢)-peakiund.

OfbeMEOe TenqOBbIE/NCHHE 34 CUET (#, a)-DEakUHH LaeTCH Cie-
JYIOIHM COOTHOUNEHHEM:

gva =B [ Su(r, E)E dE, (6.1)
4]
rie
Salty E) = [ Sa(t, END(r, £/, (E, E')dE" (6.2)
0

— pacupeje/ieHne HCTOTHHKOB (-H3Jy4eHHS 3a CUET peakuuu (#, a};
B — nepeBosHoft Kos(duLMeHT, CBA3BIBAIONINE PA3Hble CAWHHIEL SHEp-
THH (HampHMep, RKOYJIH U MerasIeKTpoH-BOALTE, B =1,602.10-!3 x/
/MsB). '
Ecau cnextp mefiTpoHos c1a6o 3aBHCHT OT KOODAMHAT, T. €. Iepe-
MeHHBle o E qoa ©(r, £} pasgensiores, To A5 KaXA0H M3 30H peak-
Topa [Maxpockonuueckoe ceueHne Zq A% 30HL He 3aBHCHT oT (r)]
MOKHO [OJYIHTH
G () = BE 2D (r), (6.3)
rae £, — cpeanas CyMMapHAS HEPUHs 3apAKEHHOK YACTHLM U sipa
OTAauH, NPUXOARLIASCA Ha OJHO NOIVIOIeHHE HeATpoHA B peaKkuyH
(n, @}; Zq-— MaKPOCKOUUURCKOE CEUCHHe DeaklUMH (n, a), ycpeaHen-
HOe 10 cnekTpy HelrTponos; ®(rj= | ®(r, E')dE’ ~— uuterpaabHad no
BCEM 3HEePrHAM IJIOTHOCTH HNOTOKA HeHTPOHOB,
Bemnunnn Eq, Yo oupefienaiorcs 0o CAeAyOUIMM COOTHOMIEHUIM:
. {EdE [ 2, (E)® (v, E')} [, (E, E') dE’ 6.4)

& — H

T Za (B O (v, E') 4B’
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- S_(E') @ (v, E') dE’ _
§, - 1% VAE (6.5)
[O(r, E'ydE"
Ecan peakuns (#, a) upoMCXOZHT B OCHOBHOM HA TCHJOBHIX Hefi-
TpoRax, sepaxende (6.3) npuuumMaer Bui

Quak = BEcxzamk(Dm (I'), (66)

rae Ey, —ToANas SHEPrus 9acTHI, IPHXOASIIANCA B cpeflHeM Ha OIHY
Pearuuio (n, a); Zgmp— MaKPOCKOMHYCCKOR CeueHNe peakli (n, a)
ANA TIVIOBBIX HEHTPOHOB B k-it some; @ (r)— pacnpezenenne mIOT-
HOCTH NOTOKA TellIOBLIX HEATPOHOB, :

Pacnpenenenne miorEOCTE nmoToka HeHTPOHOB HaXOAUTCA MpH Hel-
TPOHHO-PH3HTECKOM pacueTe peakropa. s Cpelibl JOCTaTO4HO GOJb-
LIHX DasMepOoB €O CAAGBIM NONIOILEHHEM pachHpejeieHde NIOTHOCTH
IOTOKA HEHTPOHOB MOMKET OLBITh HOJYUICHO HCXOMS H3 AaGOy3HOHHOrO
HpHONHEKeHAS,

Ha npakrike remgosbijenenne sa cuer peaknus HeHTPOH — 3apd-
/KCHHAS HACTHUA OKAJBIBACTCH CYMIECTBEHHLIM I OPIaHOB PeryJiH-
POBAHHA, BHIOJHCHHBIX H3 MOTJOIIAIONIHX MATEPHAJOB Ha OCHOBE CO-
epleHnl 6opa. B Takux opramax peryampoBamks, KAK H3BECTHO, npo-
HCXOJHT peakums (n, «). B peakropax Ha TeMNOBHX u MPOMEeKyToU-
HBIX HEHTPOHAX OPTrdHBl PeryNHPOBaHHs, COLEPIKAIHe GOp, SBJIAITCH
CHABHLIMHA MOIVIOTHTEAMH (<4epHBIe CTePIKHUY) 1 AHGhYIHOHHOE HPH-
GiiKenne AU HaXOXKEHHA TPOCTPAHCTBENHOIO PACHPENeNeHis mIoT-

HOCTH {IOTOKa PIEfITPOHOB'B HHX, HYMXKHOIO MAJSI ONEHKH TenJdoBblje-.

JIEHHHA, He IPHMEHHMO,

Hns maxompedas pacnpele/eHHs MIOTHOCTH HOTOKA HeHTPOHOB B
opranax peryJupOBAHHI HecOXOZHMO HCHOMbAGRATE GOJee BLICOKHE
CTENIeHH NPHONHKEHHS KHHETHUECKOro ypasuernd. [Hupokoe nprmens-
HHE [V 3THX eIl MOy HJ HHTeTpatbHbHl MeTO/ BePOSTHOCTEH CTO-
kxosenuit {19, 20]. . : :

B psne cnyuaes jas pellleHus BOIPOCOB OXJANICHHS OpraHoB pe-
TyMTHPOBANKS . NOCTATOYHO 3HaTh OCLIYIO TEHJOBYI MOIUTHOCTD, BHIe-
JIACMYIO B crepakHe. s HHTErpasnHoll OUEHKH TeIVIOBON MOMHOCTH
B CHJABHOM IOINIOTHTEJE HERTPOHOB, B KOTOPOM NPOMCXOZMT Peakiist
C BBIIC/JEHHEM 34DSIKCHHOH YACTHIB 34 CUET TEIJOBEIX HelHTpPOHOB,
MOXKHO HCTIOTB30BATH CACAYIOUIHI YIPOUEHIbIE TpHeM.

- Ecom oBosHauaTs J(rs) MAOTHOCTD TOKA TEMIOBHIX HEeHTDOHOB Yepes
TOBEPXHOCTD, OTPAHHYHBAKILYIO -PACCMATPHBASMBI  NOMJGTHTENb, |
TIPEATOIOKHTD, YTO NOIVIOTHTENL SABJIETCS aGCO/MIOTHO YEPHRIM, TO
KOJIHUECTBO, HEHTPOHOB, . MOTVIOIICHHLIX B 3TOM IONIOTHTEE, Gyrner
paBHo .. §J(r)dS, rne S—nuomans IIOBEPXHOCTH crepxust. Torna
TCIVIOBLIACNIEHNE B paccMATPHBAeMOM. ofbeMe 3a cueT (1, a)-peakiun
OyAeT OMHCHIBATHCS BHIPAMCEHHEM. . .. . ... ‘

o - Qa=BEafTgdS. (6.7)

_Ecsin J nocTOSHHO MO MOBEPXHOCTH, TO -

_Qup=BE4JS,
42

HEU]HIIHE CTEDKHSA BIHAET Ha pacaopelleneHlie IJOTHOCTH IOTOKA Hedl-
TPOHOB BHe crepaus. Hasadaume crepiKHS OGEIURO YUHTHIBAGTCH C IIO-
MOILEIO 3G hEeKTHBHOIO PPAKHYHOTO YC/IOBHS y:
oo 1

e 68
@ o s Y
NpHYEM B OGJTECTH, He 3aHATOH CTEePKUAMY, NIpeanoJaraercs Crpapeli-
JTHBbIM A dysHonnoe npubauxenne, B ragom cayuae

, (6.9)
S

J=p22
or

rie D=1/(32;) —kospbduuuent andpdysun HeATPOHOB B cpese BHE
CTEPKHS.
Torpa us (6.8) u (6.9) noayuum

J = OsDpy. | (6.10)

Hns erepixHell GOMBIIOrO AMaMeTpa 1O CPABHEHHIO C AJLHOH CBO-
foanoro npolera HEATPOHOB B OXpy:Kalollelt cpeje

'P = 0;71}\,,” == 0)71/257"

Ecau mornorkrens npepcraBnsier c¢oGo# UHAMHADHUECKHMit cTep-
¥eHb, TIONHOCTHIO [OTPYKEHHHH B SAeDHBIH peakTop, TO pACHpemesa-
HHE TEeNJOBBIAEGNEHHS HA €AHHMILY AJMHHBL MO BHICOTE CTEPMKHS Oyaer
NPOROPUACHANBHO PACHPEALJICHUIO NOTJICIIEHHH HeBTPOHOB IO BHICOTE
cTepXu#. B peakTope Ha TemIoBLIX HEATpOHAX 3TO pacnpenesenne
OPONOPUHOHANLEQ paclpefeseHHIo TUIOTHOCTH IOTOKA TEMJAOBHIX Heli-
TPGHOR II0 BHICOTE PEAKTOPA. ‘ _

Hurerpanphyio OLUEHKY TeNJOBHIICAEHHS B NOMNIOHIAOLIHX CTEP-
JKHSIX OPFAHOB DETYJdpOBAHMA 34 CHET PEAKNHMH HEHTPOH — 3apsiKeH-
Hasl 44CTHIA MOMKHO NpOBeCcTH, 3Had 3QQeKTHBHOCTL OPraHOB pETY-
JMHPOBANHS IO PEaKTHBHOCTH,

Kaxr nasecTHO, 3Q(GeKTUBHOCT MONVIOWAIOIETO CTEPIKHS OIpeaes-
eTCH M0 COOTHOLISHHID :

[~-]
{57 %¢, ByO' (v, B) D* (v, E)dEQV
Alag - Vin 0
kaq) I—LHH
rie Ver—obbem crepiua; O'(r, E) — npocTpaHCTREHNO-3HEPreTHY2-

CKOe pacnpefesieHue MJIOTHOCTH NOTOKAa HEHTPOHOB B peakrtope ¢ MO-
NIOWAILAM CTep:KHeM (BOSMYIIeEERE peaxrop): @+ (r, E} — npo-

: (6.11)

CTPAHCTBCHIO-3HePIreTHYRCKOR pacnpeielicHie L EeHHOCTH HeﬁTpOHOB e

peaktope 03 NOrAOLIAIOIIEFO CTEPXKHA (HEBO3MYIIEHHEIH peakTop);
Za(r, E) — MaKpPOCKOIIHYECKOE CeYeHHEe NOTVICINEHHA B CTEPIKHE;
UHI = § { {v2.(r, E)D'(r, E) dE [ x (E") D+ (r, E"YdE'dV  (6.12)
Vaa 0 . :
~— [EeHHOCTL HEHTPOHOB JleJIeHHS.
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B pepamenuu (6.12) Vi, — o6bem axrusuoi sonsl; 3;(r, ) — Mak-

POCKOIHYECKOE CEUEHHE [eJeHHS B AKTHBHON SOHE; vy-—UHCIO Hel-
TPOHOB neqenus; (L) — coekTp HEHTPOHOB JeNIeHHA.

TEHJIOB!:I,[LEJIEHHE B CTEPXHe B IPEANOJOMKEHHH, UTO TOIVIOLIERKE
HEHTPOHOB B CTEPIKHE NPHBOAHT K peakiuH HEHTPOH — 3apaKennas
YaCTHI2, OMKHCHIBAGTCS BHpAKEREEM

. = BE, IH z o(r, EYO' (r, E)dEdV. (6.13)

MOLIHOCTD, BBIREIACMYIO B peakTope, MOZKHO BHHﬁCaTB B BHJIC

Q; = BE, jfjj}: E)®' (v, E)dEdV. (6.14)

Bripaxenue 145 3{EKTHBHOCTH MOTJOMAKIIEr0 CTEPIKHS C yq«.-
Tom (6.13) u (6.14) Mo¥xHO MpeoGpasoBaTh CAGAYIOUIHM 06Pa3OM:

Abyy _ Quely I I J ] D0 B0 . 5

ka Q TQ o0 -
! 7 Hf [v2 0 B0 @ B aE] 3 @) @ 6, £) dE'ay
Vi 0 0 o
H f fE {r, BY® (v, E) " (r, Ey dEaV
Ey | H fEc(r, E) O (v, E)dEdV
Qer VCT b _:
ol | . (6.15)
! HJ" I 5o, E)dﬁfx(ﬁ)mwr 'y dE"aV
a 3

o0

Ly (—vlf—) jvfﬁf {t, E) D' (v, E)dEdV
J

31_1ecr:. (I/Vj) — cpeﬂﬂee o anepmn 3Hauenue 1/v;.

‘Tak Kax' mOrVIoIelHe HeHTPOHOR B cTepIKHe A SUCPHELX peamo-
pOB ‘Ha TEINIOBLIX HEATPOHAX IPOMCXOJHT B JIOCTATOUHO YSKOM OBaacTH
CIeKTPa - (B OCHOBHOM' 5TO: TeIIOBbie HEHTPOHH), TO' HEHHOCTH TOIIO-
I aeMBIX. HeHTPOHOB  MOMKHO BEIHECTH 34 3HAK MHTerpata no F, aame-
HHB ee HeKOTopOH cpeaHelt BEJIH‘{PIHOK Ot -

I/IHTerpa.r; b[‘ w(E") (I)+(r E’)dE’ ],'IpeﬂCTaBJIHeT ©060fi LeHHOCTH 01-

HOTO HEHTPOHA JeNeHHA, KOTOPYIO yAOOHO 0603HaunTE Off, -
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B xanmou cayuae supamenue (6.15) npeoBpasyercs K BHAY

(7] ar (r)j P (c, EYO' (¢, E)dEdV
VGT ¢ ¢

[ B (r, B) D (r, E}dEdV
Aked: _ Qc'fEJ‘ ( _l ) J‘ i‘V(Ert‘J . (616)
E = = ; p ] .
v e N a0 ] e B O D agay

T v, B ® (r, ) dEaV

o= f

YHCJIO TOFJIOHIEHHHA B norJaonaloueMm CTepKIe

“”2 E) (r, E)dEdV

MOXKHO BHIPA3HTh, KAK OTMEUYAJOCh BEHIIE, Uepe3 WHTerpas no moBepi-
HOCTH CTEPIKHS OT MJOTHOCTH TOKA HEHTPOHOB J, mpHueM J MOMHO 3a-
AHCaTh ¢ aoMmomeio O(r, L) Ha DOBePXHOCTH CTEPKHL:

I, E)=®(r,, F)Dfy. 6.17)

Ecau OpCANGJOXKHTE AaJee, 4HTO RJOTHOCTL CKAJADHOTO IIOTOKa AJd
BDSMyHleHHOFO peaKTopa Ha HOSerHOCTH CTep}KHH TlpO]'[Ole,HOHaJIbHﬂ
INJIOTHOCTY [OTOKA JLkA HEBO3MYLIEHHOTO PeakTopa, a MpocTpaHCTBeH-
HEIS paCﬂpE,ﬂEJIEHI—IH INJOTHOCTH HOTOKA H IEHHOCTH Hefr,ITpOHOB COBITA-
JaKT C TOUYHOCTRIO I.[O MHOXZKHTEeNId H OJHHAKOBBE AJIA BCECX SHBpl"H]fI
HEHTPOHOB TO"

AFf{weaydsf [ [waav

£

Mgy == QorEy ( 1 Sur ' Va.a (618)
kay WP N\ v g [wegas| [ [wrmay
o7 &.3

rae W(r) — npoCTpaHCTBEHHOE pacnpejefeHHe MJOTHOCTH IIOTOKA
(1 uensoctH) HelTpouod; As /A4 — oTHOWEHHE LEHHOCTH HeRTpOHA
JeleHH] K IEHHOCTH MOTJIOMIAGMOrO CTepIKHeM HeHTpoHa Aas dUKCH-
pOBaHHOH KOOpAMHATHL peakTopa (B KauecTBe TAKOH KOOpAHHATH Ua-
e BCero GepyT TOUKY B LEHTPAJIBLHOM {10 BHICOTE CEUCHHH AKTHBHOH

j 300K B MECTEC DACHOJIOMCHHA ITOTJICLEAOIIRTO crepmnﬂ).

Ws coornomenus (6.18) serko noayuuts [33]

EAf [ [ [w2@yav g (¥ ey as

’ Gar - Akyy v Va.a aT (619)
: Qe ke T par [ (v@av | [wrEyds -
a.3 a7
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HJn HHaue i
S o By Lol TaoVer (6.20)
Qy kag Efﬂf‘lra.aqyé

re yepTa CBepXy O3HAyaeT ycpeAHENHEe [0 COOTBETCTBYIOIIHM 06Ja-
CTSM.
HeofxonuMo oTMeTHTh, uTO MHOMKHTeNb Aft/A,F Mano oTaHuaercs
OT €HHHLBl (He MPEeBOCXOJMT €LHHHIY), & HMEHHO jJIsl peakropa Ha
TEIJIOBHIX HEHTPOHAX

1 A
! I~ | —<—L <1, (6.21)
L
& \4 / rfle v-—YHC/JI0 BTOPHYHL A HEHTPOHOB HA
£950 OJIHO IIOLJIOLIEHHE B JIE/SIIeMCS BellecT-
:53 Be; LL-—KOBQ)C?PIU,HEHT pasMHOMKeHH Ha
0,25 OLleTpHIX  HeHTpoHax; O — KoadHuH-
€HT HCHOJb30BAHHA TEINJIOBEIX HEHTpPO-
HOB.
0 625 08 | ryornen. [Mockoanky 1/vu0=0,5 u
A
Puc. 6.1. 3asucumocth Tenmo- 0,5 < <1, (6.22)
BBIACJICHHA B IOrJOLILaI0leM A+
cTepEHe Qcr OT €ro pacmo- L
Susaeiiit & SRENBHON Spig Aft/A.T nmpuGnukaercs K eAHHHIE IO
peakropa r

Mepe yBeJHUEHHS HOJH IOIJIOLIaeMBIX
HAATEN/JIOBLHX HEHTPOHOB § CTEPIKHE.

Ilpn morviomieHHH TOMBKO TEMJOBEIX HEATPOHOB STOT MHOKHTEJD
BCErJa MeHbIlle eJHHHLL H MOXKeT focTHTaTh ~0,5.

HcnonbnsoBaHHe H3/I0KEHHOTO METOMA /1A OLEHOK TEIJIOBBILe/eHH S
3a CYeT KHHETHUYECKOH 3HEPIHH MPOAYKTOB PeakuHH (A, a) B CTEPHHAX
PeryaMpoBaHus, cOIepXallux B KaueCTBe MOTJIOTHTE/S COeJHHeHHS 60-
pa, oKageiBaercd YAOOHLEIM, TaK KakK 3¢ (eKTHBHOCTDL OPIaHOB pEryili-
POBaHHSl SIBJISIETCS, KAK MDAaBHJIO, H3BECTHOH BEJHUMHOH, ONpenesse-
MoOil H3 3Kcnepumentos. HanGosee s()(eKTHBHO ¢ MOMOIMIBIO 3TOrO Me-
TOJA MOJyYaTh 3aBHCHMOCTb 3HEPTOBLI/le/IeHHs] B [OIJIOL(AOIEM CTep-
JKHEe OT IIOJIOXKEHHA B peakrope (puc. 6.1).

7. TENNOBLIOENEHME 3A CYET y-KBAHTOB -

y-KBauth, o6pasyiomuecs B peakTope NPH pasJHYHBIX MPOLECCax
(mpu pesneHuy sifep, IPH PaJHOAKTHBHOM pacnaje MPOAYKTOB JleJIeHH,
IpH 3aXBaTe H HEYNPYrOM pacCesHHH HeHTPOHOB), B3aHMOMEHCTBYs
C BeLIeCTBOM, NPHBOAAT K TEIJIOBBIJEJEHHIO B PA3JIHUHBIX 3JeMeHTax
peakropa. Uro0bl ONpPEAENHTh TENJIOBLILENEHHE, €CJHH H3BECTHO IIPO-
CTpaHCTBEHHO-3HePIeTHUECKOe pacnpejle/ieHHe HCTOUHHKOB Y-KBAaHTOB
85, Sp° 8t 8 (S HeOGXOAHMO 3HATh 3aKOHOMEPHOCTH
B3aHMOJEHCTBHS y-KBAHTOB C BElL[ECTBOM.

* 83T — IIOTHOCTL HCTOUNWKOB Y-KBANTOB 32 CUeT aKTHBAUMH HYKJHAOB NPH
3aXBaTe HEATPOHOB.
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dueMeHTapHbIE NPOLECCH B3AUMOTEHCTBHS y-KBAHTOB ¢ BelllecTROM.
OCHOBHBIMU mJist pacueTra TemVIOBBIAEJCHHS] MPOIECCAMH B3AHMOLEHCT-
BHS 9-KBAHTOB C BEIECTBOM SIBJAIOTCA (DOTOINCKTPHYECKHI athdexr,
KOMIITOHOBCKO® paccesinHe u oGpasosamme map [2, 3, 34]. Beposir-
HOCTb TOrO HJIM HHOTO B3aUMOJEHCTBHS 9-KBAHTA C BEUIECTBOM xXapak-
TCPHIYETCS ceYeHHEM B3aUMOJCHCTBHS JJS HAHHOTO npouecca. QOoblu-
HO cevenye B3aHMOACHCTBUSA y-KBAHTOB BHIPAKACTCS B fapHax Ha OQHH
4TOM O, HJH B TOMCOHOBCKHX €JHHHLAX HA 3/JEKTPOH 0¥, COOTHOIIEHHE
MeXJy KOTOPHIMH HMEeT BH

GT[ TOMCOH. €]l :[_: 1,504 G{' 6 “
3JIEKTPOH Z ‘

aToM

rae Z — aTOMHBI HOMep. o :

QorTosaekTpHuecKHH sdPexrT. [Ipu corosnexrTpHueckom
s(QQexre sHEPrus y-KBAHTA Mepefaercss OLHOMY H3 CBS3AHHBLIX SJEK-
TPOHOB aTOMa, KOTOPLIH BEIETAET H3 aTOMA C KHHETHYECKO! SHeprHed,
PaBHOH PAa3HOCTH 9HEPrHHl MajaioLlero Y-KBaHTa H SHEPTHH HOHH3aLHH
TOH OGOJIOYKH aTOMa, Ha KOTOPOH HAXOLHJCH aaekTpon. Taxum obpa-
30M, (oTOs(peKT sIBJsIETCA UPOLUECCOM NOJMHOTO MOMIOLeHHS v-KBaH-
108. Ceuenne (GoTosdhexra pacrer ¢ yBedHUEHHEM ATOMHOIO HOMepa,
Kak Z"(4<<n<5). Beposrnocrs dorosddpexra cumpio YMeHbLIaeTCs
C YBEJHUCHHEM SHEPIHH y-KBaHT4, B CBASH C ueM BKaal dorospderra
B NOLVIONIEHHE SHEPrUH p-KBAHTOB C yBCJUYEHHEM HX SHEPTHH [ajaer.
Hanpumep, Briag gorosdgerra s normonenue SHEPTHH y-KBAHTOB He
Ipesrlaer 5% A aqlOMHHHS, MeIH, 0J0Ba H CBHHIA IIDH 3HEPrud
y-KBaHTOB OoJgee 0,15; 0,4; 1,2 u 4,7 MaB. Takum oGpasoM, poab hoTo-
QJICKTPHUECKOrO MOrVIOUIEHH s CTAHOBHTCS MaJOCyIeCTBEHHON YiKe [P
Ey>1 MsB.

KomnronoBckoe paccessnme. Ecun 3HEPTUA y-KBaHTa 3HA-
UHTEJLHO GOJIbLIE 3HEPrHH CBSSH 5JEKTPOHA B 4TOMe, TO 2JIEKTPOH
B TIpOLecce B3aUMOACHCTBHA C y-KBAHTOM MOMKHO CUHTATH CBOGOIHBIM.
Komnron-appexr npeacrasasier coboii NPOLECC paccesHHs yP-KBAHTOB
Ha cBOGOJHBIX 3JIEKTPOHAX, B pesyJbrare KOTOpPOro MeHfeTcsd Kak Ha-
IPABJCHHE JIBHMKEHHUS, TAK H SHEPIHf Najalolux y-KBaHTOB. KoMuro-
HOBCKOE paccesiine NPOHCXOAHT Ha CBOBOAHBIX SJMEKTPOHAX, BCJIEACTBHE
STOr0 OCHOBHLIE XaPAKTEPHCTHKH SIBJCHHS MOIYT GLITh OMpPeIeseHbl A5
CAHHHYHOTO 3JEKTPOHA, & JUIfd HAXOMKICHHS CEUeHHS JiJI aTOM4 Heob-
XOZUMO YMHOXHTb 3HAYEHHE CEYCHHs, IOJYYEHHOrO Jsi SJIeKTPOHA,
Ha Z.

Takum o6pasoM, nosmoe ceueHHe KOMITOHOBCKOIO B3aHMOAECHCTBHSA
Oc~Z W OTHOCHTEJLHO MEJJICHHO YMEHbIIAETCH suepruel. pyro#
BEJMYUHOH, TP/ICTaBAAIONIEH HHTEpec MPH pacuere TEIJIOBbLIeJeHHS,
ABJACTCS CPELHAA OTHOCHTEJ/ILHAS TOTEPs] SHEPTHH (POTOHOM B IpoOIec-
€€ KOMNTOHOBCKOro paccesanusi (E—£E’) /E, rne E — sueprust nagaiome-
ro ¢orona; E — sHeprusi paccesHgoro thorona,

HMcnonbsyst sty seanuuny, BBOAAT ceueHme

E_E'
Um = E—E—“ Ug! (7.1)‘
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KOTOpOe HA3HIBAETCs CEUCHHEM [OTJIOMEHHS SHEePTHH HJH CEHEHHEM
MCTHHHOTO NOTVIOUIEHHS y-KBaHTa NpH KOMIOTOH-3pdexTe. B TOMCOHOB-
CKHX [MHHMIAX 5TO CeYeHHe MOYKHO BBIYHCIHTH IO opMyJie

3

T T
Gryg — 0, — —
ca ¢ 8 [

n(l 26

2 (1 - E) (2B — 2E — 1) 8E*
E3 E? (1 - 2E)? ] ’

T (14 2E)?
(7.2)

rie E BbpaskeHO B eMHHIAX SHEPIHH NMOKOALIETOCH 3JEKTPOHA.

st sHaveHu#i smepruii Fy~0,5 MsB o.~1/Ey, T. €. BEPOATHOCTb
KOMITOHOBCKOrO pacCesHHs yMEeHbLIAETCs Me/lIeHHee, ueM BepOsATHOCTD
dorosddexra, IlosTomy KOMNTOH-2(DPEKT ABAACTCH npeobia LA
NpPOLECCOM B3aUMOAEHCTBHA B IIHPOKOM SHEPreTHYECKOM HHTEPBAJIE.
Iaxe AJIs TAKHX TSKEJBIX 9J€MeHTOB, KaK CBHIHeIl, ceueHne KOMITOH-
spdeKTa cOCTABINSICT OCHOBHYIO UACTh NMOJHOMO CEYEHHs NOTJIOLLEHH:A
B muTeppajie o 0,5 no 5 MsB. Ilosromy Ha mHpakTiake AOCTATOHHO
yacTo B3aUMOJeficTBHE y-KBAHTOB C BENIECTBOM MOXHO CHHTATL KOM-
[ITOHOBCKHM pacCesiHHEM.
~ O6pasopaHHe map. B snekTpHYECKOM IOJe Slep HpH SHEDP-
PHH y-KBAaHT4, [peBLINIAIONIE yABOCHHYIO 3HEPTHIO MOKOs SJEKTPOHA
(2mge?=1,022 MsB), Moxer nporekaTh mpouecc o(pa30BaHusA IapH
5/1eKTPOH — MO3HTPOH, IIPH KOTOPOM BCS SHEPTHs Mafdiollero y-KBatTa
nepefaercss 06pasoBaBLUIMMCS UaCTHUAM H AIpY, B M0/ KOTOPOTO Hpo-
usourto obpasosanue napel. Taxum 06pasom, JLaHHbI TpoLece NPHBO-
JMT K TIOJHOMY IIOTJIOIIEHHIO Y-KBaHTA.

DnepreTHUeCKHil MOPOr mpolecca paBeH 1,022 MsB, nocae KOTOPOro
NPOHCXOJHT MeJIIeHHOe HapacTaWhe mpouecca; IpH E,=4 MsB ceue-
HHe [POIecca CTAHOBHTCS MPHOJNH3HTENBHO MPOMOPUHOHALHLIM In E;.
Omno Takxke mponopuuonansHo Z. IIpoumecc 06pasoBanis KaxKIOoH maphbl
COMPOBOKAAETCSA BTOPHUHLIM -H3JyUCHHEM B BH/E ABYX ($hoToHOB C OJH-
HAKOBOH sHeprHell, paBHO# Ey=2moc?=0,511 MaB 3a cueT aHHHTHIALH
3aMe/THBIIHXCS MO3UTPOHA H 3JeKTpoHa. OOLIUHO CUMTAIOT, UTO AHHH-
HJISIIHOHHOE H3jyYeHHe TOIVIONIaeTcsl B MecTe ero 06pasoBaHHs.

TakuM 06pa3oM, cyMMapHOe B3aUMO/JCHCTBHE y-KBAHTOB XapaKTEPH-
3yercsi NOJHBIM CEUCHHEM HX B3aMMOLEHCTBHS C BellleCTBOM, KOTOPOe
npexcrabisger coboi cymmy ceyennii (porosdderra, KOMITOHOBCKOIO
paccestHus H 06pa3oBaHHus map:

0 =0y + 0, + On, (7.3)
a morJIomenne SHePrHH — IOJHBIM CEYeHHeM MOIJIOUEHH SHePrHH:
0, = Oy + Opq + On- (74

Ha puc. 7.1 npupejeHbl 3aBHCHMOCTH IIOJHOTO CceueHHS H OTAENb-
HEIX €r0 COCTABJSIONIHX OT 3HEPTHH [JI KHC/IOpPOAA H CBHHIA. [Ipu
pacuerax B3aHMOJGHCTBHS y-KBAHTOB C BEILECTBOM OOBIYHO HCHOJB3Y-
0T MaKPOCKONHUECKHE XapaKTepPHCTHKH B3aHMOLECHCTBHA y-H3Jy4eHHs
B BHJe MPOHM3BEJEHHS MHKPOCKONHYECKOro CeueHHs Ha KOHI[EHTPaIHi0
ATOMOB — MAacCOBBIH K03 (HIHEHT B3aNMOLEHCTBHA, B KOTOPHIH BXO-
T KOHLEHTPALHS aToMOB B 1 I' Bemecrsa, H JIHHEHHBIH KO3(Q(QHIHEHT
'B3anMOJleficTBHS, B KOTOPBIH BXOAHMT KOHIIEHTpauus aTroMoB B 1 cm?
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Puc. 7.1. 3aBHCHMOCTb ITOJHOTO CEeYeHHH B3aMMOJEHCTBHA H OTJAEJbHBIX €ro COCTaB-
JSIOIHX OT SHEPTHH Y-KBAHTOB Had KHcaopoja (a) u comia (6):

I — KOMIITOHOBCKOE paccesnue; 2 — (orosddexr; J—noiHoe  ceyenne; 4 — ofipasoBanie
nap

BemiecTsa. Hampumep, MaccoBblit kostbdunuenT ocnabiaeHus y-HaayUe-
Husl, cM?/r,

W 06022 o 0,42 .
A A

rae A — aroMras Macca; ¢ — ceuenue, 0.

Tak Kak, 3a HCKJIOUeHHeM Bojopoja, orHouenue Z/A=~1/2 nns
BCEX BJIEMEHTOB, TO MAacCOBBIH KO (HIHEHT ocnabJeHus y-H3ayueHHsS
HMeeT NPHOJH3HTENbHO OLHHAKOBOE 3HAUEHHE [JIS BCeX 3J/eMEHTOB
B TOH 5HepreTHuecKoll oyacTi, rie JOMHHHPYIOIHM IIPOIECCOM SBJS-
ercs KOMOTOH-3QdeKT.

Jluneiubiil kosadduumuent ocnabaenus y-u3nyyenus, 1/cm,

n=9yW,

rje y-— IMJOTHOCTh cpeibl, r/eM®,
Anasoruuso onpegensioress Ko3(pQUIHEHTH MOIVIOLUIEHHS 3SHEPTHH
4 3ax. 386 49




p-usayuenns Wo u pe. Snavenus MunefHEX ¥ MACCOBBIX KO3((HIHEH-
TOB B3AUMOJEHCTBHS y-KBAHTOB € Pas/HYNLIMH MaTepHanaMH HPHBO-
agared B [5, 35] (cM. TakKe npuiaoxenne 3).

PaCHpOCTp?—lHEHHe vy-KBAHTOR, Hcerounugn '\|7 H3AYUSHUI [OPOKIAZIT
noae usayyeHus. B npejenax murepecylomeil HAC CHCTEMEl OHO IIOJI-
HOCTBIO ONpeAeienq, ecJH B A060H TOUKe npocTpancTBa 3TOH CcHCTEME!
H3BECTHLI SHEPreTHUECKOE H YIVIOBOE paclpeleseHHs ILIOTHOCTH IOTO-
Ka uanyteHHa. Bce 5TH cejlenus naer pacrnpefesenue IJI0THOCTH OTO-
Ka y-KBanTOB (y-M3nyuenus) ¢(r, E, Q).

Qyuruua ¢(r, E, Q)dEJQ onpexenser 14ca0 y-KBRagTOB B TOUKE I
NPOCTPaHCTBA, HMEIOUHX SHEPTHIO B HHTepBAde dE BOansn E, ABHKY-
IIHXCA B 3JIEMEHTE TeJecHoro yraa df B HanpaejeHUH eIHHHYHOIO BeK-
TOpa 2 M NepeceKalIiMX B €IHHHLY BPEMEHH €QHHHYHYIO IVIOLIAAKY,
HOpMaJb KOTOPOH HampabJeHa BAoab Q [34]. PesyabTaTsl pacueros
H 9KCHEPHMEHTOB MO NPOXONAEHHIO y-H3AYYEHHT B BEIISCTBE YacTto
BEIPAKAIOTCSL UEPE3 DA3THUNGIe MHTETPaisl OT p(r, E, Q). Ykaxem
BaKHeHIIHe H3 HUX.

Eciu 1eTeKTOp M3JyueHMS H3OTPONHBIA M He DABJIHUAET HAIpPABJIC-
HHH, 110 KOTODBIM H3JIyUeHHE NPHXOAHT B HEro, TO €ro NOKA3aHHA
NPONOPUHOHANBHE (PYHKIUHH

D(r, E)m [(p( E, Q) dQ

n
F(r, Ey— jEcp(r E, @)de,

rie (I)(r, E) — II0THOCTh CKaJSIPHOrO MOTOKA y-H3JyYeHns sieprun E,
a F(r, )~—~nn0’ruoc:'rh HNOTOKAa SHepPrHH Y-H3JAydYeHHs (y-KBAHTOB) ¢
aHeereH E. . :

I/IHTeH(:HBHOC'rh y- HSJ‘Iy‘IEHHH OPENCTLTCA COOTHOIIEHHEM

_ I(t) = [ F(r, E)dE.
CDyHKLum Jr, E)= 5 Qcp(r E, Q)dg Ha3HB&ETCH TJIOTHOCTRIO TO-

Ka v—usnyqeﬂnﬂ (v KBaHTOB) ¢ ‘smepruef; E.
Uacto TpebyeTcsl ONPEHENHTh JHllh KOMIOHEHTY MJIOTHOCTH TOKA
BIOJb HEKOTOPOrO HallpaBJeHus, 3ajaBaeMoro. BektopoM k [2]:

h=R)={e0, E, ode, (7.5)

FIe & — KOCHHYC YT/ MEXKAy BeKTopaMH Quk-

‘Pacnpeneiende I0THOCTH HOTOKA y-KBauToR ¢ (r, E, Q) onpeaens-
eTCHd- H3 " PelleHHs *KHHeTHURCKOro ' ypaBHeHNY BOJIbIIMaHa ONHCBIBAD-
mero mepeHoc: nanyyerus, PaspuThe K HACTOSMIEMY. BpeMEHH PaCUCTHEE
METO/(3! pelleHnd ypaBHEHHA BosbuMaHna SBJSIOTCS BEChbMa TPOMO3AKH-
MH, H [ TPOBEACHHI HX. Tpeﬁye'rca MOL[!.HaH 9JIEKTPOHHO-BBHIYHC ] -
TeJbHAA TEeXHHKA.

Cpasnenne pESYJIb’I‘aTOB pacqe'roa d BKCHBpHMEHTOM H HCIOJB30-
BAaHHE HX AJIS DEUIeHHA HPAKTHIECKHX. 3aZad CYIEecTBeHHO YHpolia-
ercst GAarofaps: HCIoAp30BaHUIO: (JaKTOPOB HaKOILJIEHHA, S

a0

daxTop HAKOMMEHHS ONpefensercsl orHomernueMm sbhderrta, nPOHI-
BOAHMOTQ BCEMH y-KBaHTaMH, K 3ddeKTy, MPOHABOAUMOMY HepaccenH-
HBIMH y-KBaHTaMH.

B zaBucuHMOCTH ©T XapakTepa perucTpHpyeMoro sgderrta pasania-
IOT HEeCKOJBKO THIIOB CIJBKTO})OB HaKOIJAeHHA. @aKTOp HaKOIIJeHdA IIJA0T~
HOCTH IIOTOKA Y-KBAaHTOB OIIpefeJisieTcs CACAVIOLUIHM OGPBSOM:

TTn0THOCTE CKAZIZPHOIO TIOTOKA Y-KBAHTOR {HODACCEAHHEIX H PACCESIHHLIX)

BN (l') = v

IlnorHOCTE TIOTOKA HepacCeAHNBIX Y-KBAHTOB

HJIH
@ (r, EYdE

(@, (s, E)dE
AHaNOrHYHO MOXKHO ONpejeinTs (akTOp HAKOIJIeHH IVIOTHOCTH HOTO-
KA SHeprap y-U3jaydeHus:

By (r) = (7.6)

(F(s, E)dE
[ Fy (v, E)dE

[Tpu pacuerax sHeproBLIeNeHHA OT y-H3JyyeHus HCHONb3yeTes hax-
TOp HAKOIVIGHHS TOTJIOULeHHOH 3HEPTHH B WHTEpecyioliel Hac cpeje:

a (B)F{r, E)dE
B, (r}= BT D (7.8)
jila(E)Fo(F’ E)dE

£ () = @.7)

Quernine, uro Beerga B 1.

Ecnn paccMarpHBaTh TOYEYHBIH H3OTPONHBIH HCTOUYHHK y-KBAHTOB,
H3AyyawolWud B eQHHHLY BpeMeHH S, y-kBaxntoB ¢ sHepruedt [, ro
Ha PACCTOSHHH r INIOTHOCTB NMOTOKa 2Hepruu Fo(r, E), KOTOpYIO HeCyT
HepaccestHibte Y-KBAHTE, €CTh

_ Sfeee (= (E —E,). (7.9)

)= 4t

Fy(r, E

IlockonbKy AaHHOf TOUKH AOCTHIAIOT H Yy-KBAHTH, KCHLITABLIHE
OHO MJIH HeCKOJBKO KOMITOHOBCKHX pacCesHHi, MJICTHOCTL INOTOKA
sHeprad Gyder Goaplue, ueM Fo. 2T0 yBeJMUYEHHE NPH pacuere TEILIo-
BBICJICHHA MOKHO YIHTLIBATL (DAaKTOPOM HAKOILIEHHS,

Taxum 00pasoM, B ciayyae TOUEUHOIO H3OTPONHOTO MOHO3HEpreTi-
YECKOr0 HCTOYHHMKA ¢ HCIONL3OBAHHEM (HaKTOpa HAKONJNEHHET MOXKHO
3a0HCATh BLIDAKeHHSI AJS HHTEHCHBHOCTH y-H3JIyUeHHA H 00HEMHOrO
TENMJAOBLIAC/ACHHSA 82 CUET IOTJIONIEHEOH 3SHEeprHH §-H3JVYeHHs Ha pac-
CTOSHHH 7 OT HCTOUHHKE:

1) =f1«‘(r, E)dE =
S, Ey
= Bg (r)5F0 {r, £)dE = Bg(pr, EO)&Texp(—_—ur); - (7.10)

mm:ﬁwmmw=
4% Bl
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exp (—pr).  (7.11)

®axTop HAKOMJIEHHS 3aBHCHT OT HAYAJNBHOH SHEPIHH y-KBAHTOS3,
FeOMETPEH HCTOYHEKA, KOMIIOSHIHH H TOJMINHHBL BEHIECTBA H PACCTOA-
HHs, IPOXOAHUMOTO H3lyuenHeM B BemecTse. GakTOpH HAKOLJIEHHS pac-
CYUMTAHBL A Cayuasd GecKoHeyHOH CpelEl MeTOROM MOMEHTOB, 4 KOHel-
HOH cpeabt — Merogamu Morrte-Kapao [34, 36] u MuOrokparaero pac-
CCAHMS RS TOUEUHBIX H3OTPONHEIX M HAOCKHX HCTOWHHKOB C 3aJaHHBIM
YIIOBLIM pacmpeflefieHHeM B pazaHUHLIX TOMOreEHBIX cpenax [34]. i1
pacyeToB ¢ HCNOIL30BAHMeM (DAKTOPOB HAKOHNREHUS KeNaTeJbHO HMETh
aHaHTHYECKOR BhipaeHne 1Jst (hakropos raxonnenus. Haubogee npo-
CTHIMH H yA0OPBIMH fBIsAIOTCA [2, 3]

Bq (ur, Eg) = exp ([ (Eo) — pa (E)l 1) (7.12)

By, £o) = 1+ [HE=Re El ] (7.13)
L pa(By)

B mpunosenun 1 1aHEr pasiHYHEIE NPe]CTABJEHAA AA% GAKTOPOS
HaxonseHus, [IpHMeHeNHe 3KCIOHEHIKAMLHOTO BHA (QAKTOPOB HAKOI-
nenust (7.12) mosBoAser 3anmkcaTh CAAYIOLIYIO (QOPMYyJy s IIOTHO-
CTH MOFJIOIIEHHOH SHEPTUH B CJIyYae TOUUHOTO H3OTPOMHOTO HCTOYHHKA
Y-KBAHTOB (IJOTHOCTD - NOTJOIUIEHHOH SHEPIHH Y-KBAHTOB COBNA/AET
€ 00beMHBIM TEIJIOBHIENCHAEM 32 CUET y-KBAHTOB):

a (Ep) S, Fp
%m:&ﬁi— Pt B (7.14)

ECJIPI cpep;a MHOTOCJIOHHAsT, aKTOp HAKOMAEHUS,; 3anHCAHNKE B SKC-
HOHEHIHANLHOH $opMe, IpeACTaBAIeTCS B BUAE NPOH3BENEHES (HaKTO-
POB- HAKONJIEHHs! OTAENBHHIX CJIOCB H BHpAamKeH#e AR ILJIOTHOCTH I0-
TACINEHHOH 3HePIHH JUJisl TOUeIHOr0 E30TPOIHOr0 HCTOUKHKA IPHHHMAET
BHJ,

= B, | woFo v, B dE = B, (ur, Ep,—2-

4nr2

Ba(ry Ey) S,Ey )
%ﬂ)*fm#i -jmv Eydr|.  (7.15)

TEHJEOBH,H,EJIEHHG B peamope oﬁyc.non.neﬂﬂoe 'y-KBaHTaMPI Ecan
H3BECTHO NPOCTPAHCTBEHHO- anepremtzecxioe pacmupeieseHHE TNOTHOCTH
cXajspHoro noToka y-usnyuenus @, (r; E); To 0GpeMHOe TEIIOBLIENE-
HHE gvy(r), ofycaOBIEHHOE V- RSﬂyquHeM B TOUKE T MOMeT GBITh pac-
C‘IHT&HO o opmyse

%M‘W®@ﬂmr)'.' ‘khm

rae EQy(r, E)dE ~ NIOTHOCTh NOTOKA E)HEpI‘HH V-H3JYUeHHS B UHTEepBa-
Jge; sHepruii ot E po E+4-dE; pa(r, E) — nuHedHB# Koaddumauear mo-
FJIOIIEHHS SHEPTHHE y-H3AYUeHHS sHeprus £ B TouKe r.

y-Hajiyuenne B peaxTope HACTO. IPEJCTABMSIOT B BHAE CYMME JIHC-
KPeTHEIX ‘MOHOZHepTreTHIeCKNX JUUHd £;, 1 Bbipakenue IJs 00beMHOTD
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TENJOBBIS/ACHHA NPHHHMAET BH)
il

B npaxriueckux pacuerax, ecju H3BecTeH aHalNMTHUECKHH BHJ QyHK-
HHMH BAHAHHE TOUSUHOr0 HCTOUHNHKA, KAMARE 00'beMHBI BCTOUHHUEK y-H3-
JYUEHHA peakropa pasaaraercs Ha CYMMYy 3JIeMeHTapHBIX HCTOUHHKOB,
H HHUTEHCHBHOCTL Y-H3JAydelHs B TOYKe T BLIYHCJAAETCS KakK CyNepIo3u-
g GyHKUME BAHAHHSA HETEHCHBHOCTEH H3JyuYeHHT BCeX aJeMeHTap-
HBIX HCTOUHHKOB. B cpege ¢ OZHOPOLHEIMH CBOHCTBZMH BHYTPH H BHE
o0BEMHOI0 HCTOUHHKA OOBEMHOE TENJOBBLIeNeHHe B TOUKE I onpeje-
JAHTCs BHpamenueM (7.17), rae

£38,; (rg) {exp [— 1 (£} (| r—ry N1}Bg (s Ej) dV
Ed,, () = |~ k . (7.18)
i”s Am(r —rg)

E;8y;(rs) — OMOTHOCTD MOIZHOCTH HCTOUHHKOB y-H3JVUEHHS SHEPIHH
E; {j-# suepreruveckol rpynnet); p(E;) — aurefinsift kosdrbHIIMEHT OC-
nabneHus y-naayueHna suepruu £y Ba(l, E;) — dbakTop HaKomieHus
MOIVIOLICHHON SHEePrHH y-H3JyYyeHHs sHeprHu E; B OfHOPORHOH cpene
Ha PacCTOSHMH [, OT TeKyniefl TOUKH HCTOYHHKA J0 TOUKH 1eTeKTHpPOBA-
nus; Iy=|r—r,|; Vs o0beM HCTOYHHKA.

Bonee o0unf cayyal pealusyeTcsd, eC/H UMeeTCS HECKOABKO 00heM-
HBIX HCTOUHHKOB H Tpefyercss HafiTH 06beMHOe TeIIOBLIeeHHe B TOY-
Ke f, TIpHHaAJeXailiell okpyxawomell HX cpefe. B aToM cayuae aid He
epeKPHIBAIOIIMXCSA HCTOUHHKOE BHIpaXKelHe JJA gy, (r) 3amHCLIBaeTeH
B BHJAE

Gy (1) = % 2;: E; Oy () po (1, Ey), (7.19)
rine
. ES  (Fsi) Ba (gns oy Ej)exp—Don (Bp) lan — {85 In] dVsn
S ) i

VSH-

ten (£} 1 p(E;) — aunefinble KoaDHIHEHTE! ochaalie s y-H3JIYUeH S
sueprud L; B MaTepHajax p-rO HCTOYHHMKA M CPEAH, OKpyiaioled
HCTOYHMK; Bo(lsn, s, Ej) — GarTop HaKONMIEHHS NMOTJIOMEHHOH SHePTHH
Vv-H3JydeHns sHepruau F; B ayxcaofiHOR cpelle Ha paccrosiHuk lod+1.
OT TeKyilel TOUKH MCTOUMHKA JO TOUKH JeTeKTHpOBRaHuA; len, [, — OT-
DE3KH TMPAMOH, COeMUHANMEN TeKYIYI0 TOUKY HCTOUHHKA ¢ TOUKOH j1e-
TEKTHPOBAHHUSA, JekKallre B 06JAaCTH HCTOUHHKA H BHE €To.

K BLIYHC/EHHIO HHTEIPAJIOB TaKOro BHAA CBOAATCA PACUETH pAChpe-
IeseHHsl TEeIJOBLILEEHUA OT y-H3/JAYUCHHA B 3/eMeHTax peaxTopa. Ya-
CFO OTHAQJBLHBIE SJAEMEHTH H 30HBI, ABJIOMIMECH HCTOUHHEAMH y-H3JIy-
YeHHH, HMEIOT IIP2BHJLHYIC TeCMeTPHUecKYI0 (POpMy B BHJE HAACTENDI,
LUAHHAPA HIE Wapa. [IoaroMy KeoGXOAMMO paccMOTPeTh (hOpMYJILI
[ pacuera MJIOTHOCTH [IGTOKA M TFOKA Y-HAJAYUEHHS OT KCTOMHHKOB
ApaBHILHOE reoMerpruecKofl GopMbl. TakHe GOPMYIH AN HCTOYHHKOB

B BHJE TJACTHHM, UMJHHAPA HJH HIAPA IPHBEeJEHb! B IPHJCKEHHH 2.
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HecmoTpst Ha OTHOCHTEJLHYIO MPOCTOTY HHTErPajos KOHEUHBIH pe-
3yJAbTAT HE BCErja NPEACTABMACTCH B BHJAE 3JEMEHTAPHEIX PyHKUHI
H TpebyloTes TabAUHUB CenHabHEX GyHKIHA.

lomMoreuHas akTHBHAas 30HA. Lciad akTHBHAS 30Ha He
uMeer SIPKO BEIPAMKEHHO#E reTepOreHHOH CTPYKTYpPHI, TO €8 MOMKHO Io-
MOTeHH3HpOoBaTh. B TaKOM cjyude aKTHBHas 30Ha CUMTAETCH ENHHBIM
O00BLEMHLIM HCTOUHHKOM Y-H3JyueRHS. BaHLIMH MOMEHTAMH pacuera
TAKOH CHCTEMBI ABJAKTCH BHGOD IeOMeTPUTSCKON MOJENH AKTHBHOMR
SOHH H YY€T DeaJbHOH HeOJHOPONHOCTH PaclpeleseHHs HCTOUHHKOS.

Pacemorpum npocrefiukit cayuall, KOrjla aXTHBHAA 30HA M OTpaXa-
Telb HMEIOT ONHMHAKOBEie cBolictBa. B sToM. cayuae ¥ jas aKTHBHOU
SOHEL, H JIJI OTPAKATRNS MOXKHO HCNOML30BAT €AHNLIH (pakTOp HaKoI-
JICHHS TIOTVIOIIeHHOH 3HEePrHH AJA OJHOPOAHOH cpeint (cM. MPANOKE-
uie 1):

B, ()= Zi A exp (—aypr).

[TpennoyoxuM, 4TO HCTOUHHKH PABHOMEPHO pacnpeledeHsl 10 00b-
eMy axkTHEBHOH 30HLL Hig pacyera 00'beMHOTO TeHJOBLIIE/JEHHA HMEEM
ceAyloulee BLIpaXKCHUE!

Ty (1) = ?‘EJ'(I)W (r) g (E3), (7.20)
rjie
Dy; (r) = Sy; ;A,!X,-j (r);
X, (1) = J" exp [— pozy | r— 15 1]V,

o 47 (r — 1) ’

Via .

Moz = (1 + ) ly;
1 — JHHEAREH KoadnbHITHEHT oc/abaeHns] y-U3AYUeHHST SHEPTHA £;.
Brn koMmorenTta X;;(r) 3aBHCHT OT reOMeTPHUYECKOH (DOPMBI HCTOU-
HHKa. EciH akTHRHAA 30Ha npeacrasiser cobol chepy paiguycoM Ry,
To pasf Xi;(r) MOXKHO 3alMedTh 2HAJHTHUECKOE Bhlpaehre (CM. nmpH-
Aoxenue 2): .
1Jst f‘-/Ro-<1

=
”( Hoij

TS exp [— P‘Oz.r (RO 4 !‘)]]

{1 —_—eXP I Hoss (Ry— Pl —

{[1 '1_ lois (RD — f)] £Xp ["'—p'()u (RO
Mol/ r

=T T By (Ro - ) exp [ gy (Ro + M1} +
o B oy (Ro == Bl (Ro -+ )
I(JIH r/Ro > 1 S
Ky()=

{eXP [— Pozs (1' - Ro)] — exp [— oy ( + Ro)]} -
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{exp [— gy (r — Ro)l Iingzy (r — Ry)] —exp [— plog; (r + Ro)l X

Fogj
1 (P —RY
X rgs; (r - Ry) + 11} By —(——;—D)“ {E7 sy (r — R}l —
— Eltgs; (r + Ro)}e ey
. XaparrepHuble 3aBHCHMOCTH fhogXs)
igij Ry=o9 OT paccTosufA MO pajgHycy INoKasa-
HXg Hbl na puc. 7.2,

20

g AES) ///f"‘f"‘
v

L0 1 2z . MR

Prec. 7.2, : Pne. 7.3,

Puc. 7.2. Pacupenenesne Wo;Xy(r) B Oeckoseunoll 0IHOPOAHCH cpeie ¢ OZHODOR-

HHM COEPEEECKHM HCTOWHHKOM V-KBAHTOR (r — DAcCTOAHHE OT UEHTpa cepHYecKoro

HCTOUHHKA [0 TOUKH JETeKTHpoBaHHA; Ko-—— paguyc wHerounaxa., HopMmupopka:
oa

e pgf;Xf,ar“’dr= 1 )
3,
Ry [5

Pue. 7.3. 3apucumocts gyu” /(ES,> or pasMepa axrBROH 80HM peaxropa:

[—3 — nAacTHHa, UHAHHAD (GecKonewnofl BEICOTH) H cdepa; R — papuyc (NOAYTOMIIHHE) aX-
THBROE 50HHI, U — aypefHBE Kood bHIHeHT OCHa0MCHHS,

Ecim axTuBHas 30Ha paccMarpHBaercs KaK 0ecKOHeuHAas MJIacTHHA
TOJIIHHOH A, TO AN $YHKIME X;;{X) MOKHO 2alHCATEL CJASAVIONIHE Bb-
paxKeHus:

Xy (x) = % {2— Ea (o) — Eg gy (h— %1} npm Wz— < 1y (7.21)

0if

Xu‘ (x) =

— (By Ity (5 — )l — Ealpoyy]} mpu —=>1. (7.22)
0i J

Jlan aKTHBHOH 30Hbl B BHe GECKOHEMHOIO [0 BHICOTE HWHJTHESpA  pa-
naycom R, mMeeM

R, on botj Y2+ p* —2rpcos g ]

o
2
1 exp | — .
Xy() = | odo | do | [ ol (7.23)
0 0 0

VrE+pt—2rpcosy
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Henonssya Bepaxenue g X;;, MOIKHO PACCUNTATH IPOCTPAHCTBEH-
HO€ pACHPEICNEHHe YAMLHON MOIHOCTH TeNJIOBHIRCICHHS B MaTepua-
JlaX aKTHBHON 30HH! peakTopa.

IIpu pacuere oxuamjenus s/eMenNTOB peakTopa OGLIUHO MPECTAB-
JIeT HHTEPeC MaKCHMannioe o0BbEeMHOe TeIJIOBLAejedue. EcTecTBeH-
HO, B TOMOT€HU3HPOBAHHOM PeAKTOpE GeCKOHEUHBIX PASMEpPOB ¢ PaBHO-
MepHBIM DACHPEACCHHEM HCTOUHHKOB Y-KBAHTOB HX YTeUKa OTCYTCTBY-
er, i 06beMHOE TEIJIOBLIjle/IeH e PABHO MIOTHOCTH MOILMOCTH UCTOUHH-
KOoB y-usayueHus (ES,) ¥, OTHowenne MakcuMaJbHOIO 06BEMHOTG TEIl-
JOBEIARJIEHHS!, KOTOPOE HMEET MeCcTO B IeHTpe aKTHBHON 30HEL, K MJOT-
HOCTH MOIIHOCTH MCTOUHHKOB y-KBAHTOB B 32aBHCHMOCTH OT PasMepos
pearrTopa nokasaHo Ha puc. 7.3. Ilpn pasmepe peakropa pR =2 MOXHO
€ JIOCTATOWHOH TOYHOCTLIO NpeHeGpeus pacTeukoll y-KBAHTOB M CUH-
TaTh, UT0 O6LEMHOE TEIVIOBHJEJICHHE B LEHTPe MPHOJIHIRTEALHO PaR-
HO MJAOTHOCTH MOUHOCTH HCTOYHHKOB y-H3JIyUCHEA:

Gy 2 {ESp. (7.24)

Pacnpenesentie 061eMHOr0 TETVIOBHICNCHEA MeM/y OTASLHEIMH
SIEMENTAMH peaxTopa (BKAIOYAs OPTaHBl PEryJAupOBaHHs) npHOIH3H-
TEJNBHO  TPONOPUHOHAIBHO ~JIHHEAHOMY KOS HIMEHTY IOrJIOmeHHs
JHEPTHA:

Th, = % Ty (7.25)

. B oGnacty smeprum y-KeaHTOB, rie mpeoGaafaroluM IpOIECCOM
B3AUMONEHCTBHS SIBJAETCH KOMITOHOBCKOE PacCesHHe H MAaCCOBBI KO-
shduuKenT B3AUMOACHCTBHS HPHOINSATE/HHO OJEHAKOB LJA - PAS/HT-
HLIX 2/eMeuTOB, BoIpaienue (7.25) ¢ yueroM pw=y- W npunnmaer suj

Ty = %qw o (7.26)
T. 8. 00BEMHOE TEMMOBHe/IEHHE B M KOMIOHERTE CPEAH ONpejenser-
Cf er0 MAPHKAJLHOH IJIOTHOCTBIO H, CAELOBATENLHO, A5 OHEHKH MOX-
HO OPHHATE, Y10 OGbEMHOE TEINIOBLIACHCHHE B {-M KOMIOHEHTE TPOIOp-
IHOHAMBHO €r0 MACCOBOH A0Je B aKTHBHOH 30HE. _

- B ¢ayvae HEOTHOPONHOTO pacmpejeneiina HCTOURIKOB y-H3/yUeHHS
B aKTHBHOH 30He AJIS PACUETOB MOMHO MCIOJIL30OBAThL PE3YJALTATH, IpH-
BElleEHble B NPRIOKEHHN 2, ANNPOKCHMHADY S peakTop GeCcKOHeYHOH miaa-
CTHHOH C NPOH3BOJILHEIM DACUpEfe/eHHEM HCTOYHHKOB, chepPHRUECKON
HJA. NRJHHADHYECKOH TeOMeTpHeH €O CTYNeHYaTHM pacapejeleHnem
HCTOUHHKOB IO 30HaM. - 7 o . '

FeTeporennas akTHBHAs 30HAa. B akTHBHOH 30He ¢ reTe-

POTeHHON CTPYKTYPOH HCTOUHHKH H3My4elis COCPEAOTOUEGHH B THaJax.
B raxoif cucTeMe BaXKHO OHpeAesHTh O0BEMHOE TENJIOBHASHCHHE B 34-
MelJiuTeAe, OXpyXKamlieM. TBanbl. TBaJE MOMHO pPacCMaTPHBATL KaK

oo * 3Hech H padee. rx‘b,'u,.'_"(ES_T} JIQHEMAeTCsT  clefyiomlee BHpAZEHHE: - <ESY>=

= E'S, (nEME
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IHITAHAPHYECKNE OIHOPOAHBIE HCTOUHAKH Y-KBAETOB, OKPYIKEHHBE MIG-
rocqofiroft  ofogourold. Tlpennosarasi, 4TO NJAOTHOCTEL [OTAOHIEHHS
p-KBAKTOB, BHIIE/IINX K3 TB3Jd, B COCEANHX TB3JAX Majo OTAHTACTCA
0T RJOTHOCTH MOTJIOLLEHHS B MEMXTBIJAbLHOM BeleCcTBe, [JH8 pacuera
TEILIOBbLEAeHKS B MEIKTB3/LHOM TIPOCTPAHCTBE HCMONB3YeM Bhbipaske-
HHSI, MOJyYeHHBlE B NPHAOKEHEH 2 LJIA O/IMHOYEOrO UHJHHJ(PHISCKOTO
HCTOYNHKA E3AyyeHHsA, O0bheMHOe TENNOBbLIeREHHe B MEXKTB2JIbHOM Be-
N[eCTBE OmpeielIseTcsd BEPaXKendenM

qw'(r) = 2;.! ;Ma (EJ') Ei(‘DWﬂ ), (7-27.}

e ##— HOMepa 'PB3JIOB, IO KOTOPRIM BeAETCH CYMMHPOBAHUC,

{ : By 23-:
(Dw'n (r) = _2’; S'yfnjv p dp ‘ d(p X
Q {

'y
~ Uy RoP (0, @) — 2 Hog (R — Ry_) oy {p, )
i

exp

Bo {2 ks, Efy 0
- i

cos B

il
2
X dg Vi p?—2rpeos o

¥

1
Blp, ) = Vrt-f-p*—2rpcoso =

1 ( r )2 pZSin‘Eq)
r{r-—pcosqg) Ry {r* 4 p* —Zrp cos ) .
T R () —2peoso VAT o —trpcs
1 R,
0;(p, )= ——— [ R
:( ( Ri M1> [Ri—} X
Ri

FI 7\ psind @ .
Xl/ _(&-) (™ + p* — 2rp cos @)
N

’i r pisin g .
l/ ( Re) Fro—tpese |

i=1, 2, ..., [ —HOMepa BHEUIHHX OTHOCHTEJbHO HCTOUHHMKAE 30H; Rg—
pajuyc MCTOUHHKE; R; — BHEWHHH pajmyc i-i 30HH (R;=_ru); l,-—IIpPIU-
HafjexallHe i-M 30HaM OTPe3KH NpAMOH, COeIHHSIIOIIEH TOUeUHbLT
HCTOUHHK H3JIyYeHHA ¢ TOuKoh mabmomenns. _

Bce paccrosiHHs COOTBETCTBYIOT A-My O0BEeMHOMY HCTOUHHKY (445
YIPOILEHHS 3AIIHCH HHJEKC 7 ONYyLLEH), : :
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Ecqn pasMeprl aKTHBHOW 30HB B AJHHAX CBOGOAHOro mpobera He-
BGJHKH, TO MOMKHO HCIOJNB30BATE (PAKTOD HAKONJESHHS NOMVICIIEHHCH
SHEDPTHH B BUIE

B, (2} Wil Ej) = eXp [; (a7 = Laiy) li] .

Torpa
' . R o5
Dyju(r) = o Syin 5 Pdpj de %
0 4] ':
I ;
n — Mas;RB (p) ) — D) Bars (Ry— Ri—1) s {0, %)
2 exp i=! 3 d9
cos
® 5. . VA +pT—2rpcosg )

0

Hererpans Takoro THIa TpeﬁyIOT YHCJIEHHOTO pacuera.
Ecau HMelotcs Ta6y upoBaHHble SHAUCHHS HHTErPAJBHOIO CEKAHCa

Fi
2

seci(¥) = [ exp(— xsecB)ds,
0

TO

R,
1
Dy (r) = o Syin ( pdp X
0

2.n: sec i [i’l'as;Ruﬁ {p, o) — Z Bazi iRy — Ri_y) @ p, ‘P)jl

XS ¥ r*F p* —2rpcos @
Y !

do.

[Tpr m3ydyenHs cHCTeM C IeTepOTeHHON CTPYKTYPOi 4acTo CTasHTCA
3ajava PACCYATATD TEIJIOBHZCJCHHE TPH MOTJOLIEHHH Y-H3JAYUEHHA He
B OTAEMLHEX TOUKAX, & B OTASILHAIX. KOHCTPYKIHOKHEIX 3J€MEHTAX 2K-
THBHO# 30HHL. TakKHMH 3JeMeHTaMH MOrYT OHTEL TB3JH, CGpASYIOIHE
PerynspHele pelIeTKH, OILHHOIIHI)IE'-TBE)JII:I CIEMHAJBHOI0 Ha3sHaYeHHd,
GJIOKH 3aMeUTeNS U T. 1. :

Tlpy BBINOJHEHHH TAKHX - pacqeros BaXKHO 3HAThH cetylomue Bepo-
ATHOCTHHIE XapaKTEéPHCTHKH 2JeMEHTOB!

Py;, Pj— BepOATHOCTH. BHX0/a ¥ HOMMIOWIEHHH SUEPFHHK Y-KBARTO3,
pomﬂ,eHme B PACCMATPHBAEMOM SJEMENTE C sneprueir £j;

| Pgj -~ BEPOATHOCTS nomouzemm 3Hepmﬂ 1: KBAHTOB, na,&:afomﬂx Ha
3JeMEHT H3BHE ¢ sHeprucit £}

EC/IH Ipe/UI0JI0KET, UTO HCTOIHHKH ‘y KBAHTOB B 00BEME saeHenta
H3OTPONHE " PACTIPEAEJNEHDB PABHOMEPHO, a° (aKTop HAKONJIEHHS I10-

IVIONIERHOH SHEPIHH MPEACTABUTL B 3KCIOHCHIHAABHON (opMe, TO aTH

BEPOATHOCTH 114 Teli NPaBHJILHOH TeoMeTPHUECKOH (GOpPMH JIeTKo pac-

CUHTATb, H OHH CBH3A4HGHI Me}KﬂY COGOPI HpGCTbIMH COOTHOIICHEAMY
[10, 37, 38]

4V '
PJ' = [ mpﬂj; Pa.i — M’a}POJ’ (728)

rae Vo —o0beM smeMenrTa; SounoserHOCTb 3JIEMEHTA; [g; — KO3d-
GQHEHMEHT MOFJIONIEHHA YHEPIUH B HJEMEHTe.

BepoarnocTH BHIXOAA 3HEePr¥H y-KBaHTOB Po; U3 5JEMEHTOB Hpo-
CTHX FeOMEeTPHYECKHX (POPM HMMewT caenyloulni sujx [1]:

ANt GecKOHeTHOH MaacTHHel TOMUHEOH §

I ' .
Py = ET) [1— 2E,(u,;5)]; (7.29)
. Viag
s ceprr pagunycom R

3 ! 1
Py = 1 — 1 exp (— 2u,R — L _\]; (730
¥ iR [ YL p(— 24ty )( R + o )] (7.30)

A1 OecKOoHeUHOro LMJHMHApA pajuycoM R
ag

Py = 2pR 2

L9 Ka (9% = 2 {1, (1R K, (1R) -+
My iR
MR UK (g Ty (s R) — Ko (R 10sR) — 21+
+ 2RI Ko (40rR) 1o (osR) + K (4R Ly (rRY). (7.31)

JLas 3/1eMEeHTOB NPOU3BOJLHON IeOMETPHYECKOH $opuEr Po; MOKHO
BBIYHCJATE 0 NPEOJIHKeHHOH (opMyde, HA3HBAEMON pamHOHaJILHBIM
IIpHﬁJIH}KEHHEM Burrepa [10]:

Py=—o—. (7.32)
I

. Moy
1]

B ra6a. 7.1 mpuBeieHLl 3HAYEHUs BepPOSTHOCTH BHIXOAA 3HEPIHH
V-KBAHTOB Kax ¢hynkuuu napamerpa {(4Vo/So)ue IS OCHOBHBEIX TIeo-
MeTpPHUECKHX (hOpM 3JEMEHTOB H B DALHOHZJBHOM NPHOJMKEHHH.

M3 rabanuer BUAHO, uro panHONaAbLHOE NPHGJIHKEHHE IPHBOAHT
K 3HAUEHHAM BePOATHOCTY BHIXOJAA IHEPIHH 4-KBAHTOB H3 3JAEMEHTOB,
OIH3KHM K TOUHBIM, K €r0 MOKHO HCHOJB30BATH B pacqerax

Ecan pasmephr aaementos Maasr {(uard < 1 u Mo R < 1), 1o q)opmy-
an (7.19)—(7.31) yupowmarores:

HJIST TETACTHHEL o

1 3 '
Poj = 1= 150 [7 —lIn (wafﬁ)] ;

A ceprl

v = 1,781;

3
Poj=1——pals

B9




Ta6auumwa 7.1. BepoarHoCrd BuIXOAR 2HEPLAM P-MANYHCHHS U3 DJICMEHTOB
Pasuply reoMeTpUYecKdx. opM o B PANAOHANLHOM NPUGHHKEeHHU

(/5 Ve o Mananep L i
0,04 0,978 0,974 0,952 0,962
0,1 0,948 0,939 0,902 0,909
0,2 0,896 0,885 0,837 0,823
0,3 0,850 0,819 0,785 0,769
0,5 0,767 0,753 ..0,701 0,667
1,0 0,607 0,596 50,887 0,500
2,0 0,411 0,407 © 0,390 0,333
3,0 0,302 0,302 0,295 0,250
5,0 0,193 0,193 0,193 0,167
10,0 0,099 0,099 0,100 0,091

-AJA TTHMHEAPA
4
Py=1 ——3‘MajR :

[IpH pa;d—-0 uam paiR—0 Poi—1. ‘
Ecai 3HAYeHHR |y 0;, Mo R BEJHKH, TO BCe (GOPMYJB IPHBOAAT-
¢ K OJHOMY BHLY:

So
oo Vy: )

. Pauponanpuoe npub/HiKeHHe: 1aeT TOUHLIE Npele/LHEbEe SHAYEHUA
Py; npit: paid—0 UK pagR—-0 1 PR Wid-—-00. HAH: faR—-00.

B cayyae OIWHOUHOTO H3JMYUAIOHIErO TEIJOBHIAE/AOMIEr0- sJeMeHTa
BEPOSITHOCTh TOTO, YTO SHEPTHS y-KBAHTOB, HCTOUHAKH KOTOPHIX PAaCIs-
JI0XEHH B TENJOBLHAE/SIIONIEM 3jeMeHTe (30Ha [), morJotdarcs B 3a-
megautese (sona I1), OKpyRawlieM 3TOT 3JEMEHT, IIPOCTO paBHa Be-
POSITHOCTH BHIXOAA SHEPTHH H3 HEro:

CRPtePh (7:33)

II,J',[PE peLHe’I‘KH HBJIy[IaIOHIHX TGI’IJIOBE:IB,QJIHIOIH,HX SJIBMGH’I‘OB IHEPIHA
‘\.7 KBBHTOB BbIHIB,H.U.IHX 3a npeﬂ,emﬂ Ka}K,ILOI‘O TBHJIOBI::ILIGJIHIOH},QPO aJe-
MeHTa IIBCTE/I‘{HO HOI‘JIOHJ,&ETCH B SaMe,ILJIIdTeJIE 4 JacTH4YHO — B ApyTHX
TQHHOBBI,ELEJHIIOUJ,HX SJ!EMBHTEiX Bepom*uoc*rb IIOI“.HOIIIEHHH SHepI‘I/IH
v -KBAHTOE B 33MBIIJ'EZ’IT€JI€ G : : 3 .

P}—*H—Po; . I—e , ' (7.34)

AV
Cpedigfre — Lk pl )
el ‘af © Of
( So

rae ¢—rnonpaska JlankoBa, KOTOpAs YUHTHIBAET HAJIHTHE DEHIETKH
TB3J10B, Al PeINeTKH H (OPMYy TB3JOB, .

0 =

Hns TeanoB HHAHHADHUECKOH “hOpMB TOAPOSHEE TabAniE SHAUE-
i[{jf(l){] ¢ npHBeflensl B [39], mna snementor cepuueckoli dopMm — B
B paunonanbHOM npubamKeHHH
1
Cr= —
-t (7.35)
I

B I‘ETEIJOFEHHOI':I CHCTeMe 3aMenJaaTeJ L SIBAdgeTCsI HUCTOUHHKOM 3a-
?(BaTHOT‘O P-H3JYUCHUS, 3HEePIHS KOTOPOI'o JacTHYHO NOTJACLIAeTCS B 34a-
MeNJUTCNe H B TB3Jax.

BepOHTHOCTb TOro, UTO 3HEPTHA YP-KBAHTOB, HCTOUHNKH KOTOPHIX

PacrnoNOiKeHsl B 3aMeAJHTENe, JIOFAOTHTCS B TeNJIOBLIAGAAINHNK BJe-
MeHTax, paBHa

1 1
Py Vo PI—»II
IETEETRE)

I 11

af ' 0
(opopMyJIa HOJIyueHa ¢ TOMOIIbI0 COOTHOWCHEA B3akmiuocth {10}).

Honwoe renyioBriiesieREe 38 CUET y-H3JIY4eHHS MOKHO Jerko oue-

I I -
HHTb ¢ noMompio Beuyun Py u P! IpH DABHOMEPHCM pachpe-
A@JCHHH HCTOUYHHKOB B npegenax sou I u II. Ecan NJOTHOCTH MOMIHO-
CTH MCTOYHHKOB - HSJ’IyquHH mm j-i 3HEPreTHUECKOH IPYINL B 30HAX

u II oBosmaunts E;Sy; n E;Syy, 70 TelI0OBbe/eH e 32 CUeT p-KBAHTOR

B sonax I u IT (QI H QU) MOxeT GBITh BBIYHC/ICHO HO CAEAYIOULHM
COOTHOIEHHAM:

Q' — }I] [E;SyVi (1 — P~ 4+ E,Siyipit-T]; (7.37)
Q" = Zj [E,Sy VP B SUv™ (1 — _Pj-H)], (7.38)

rae V! w V¥ — obnemu I u I 30m.

Pacmonaras  BeposITHOCTHLIMH — XapakTeDHCTHKAMH  HOTJGLIEIH
BHepI‘HH s KBAHTOB, MOKHO paccqma?h OJOTHOCTE HOTOKA SHEPI‘HH B
SJT,BI,)GJIBHI:IX TOUKAX 3JeMEHTOR, TaK, AJ0d 3JeMeHTOR U,HJ]HH,ILPPIT{ECKDH

OPMEL

#a E;0} (0) = E,Sy; [1 — Ki (ML'R) + Py —P I"_*H) Kiy (1a;R) X
1
% (T _ y,fsz)] + Bty L ki, (Ma;R)( — R (7.39)
0f Pg 0f
rae Ki, (x) — crieupaibhas ¢yHKIps [41];
ey O (R) = E;Syy [ — pigR {ugyR K, (wiy R) 1y (wlyR) +
-+ Ky (MHIR)[ (H’EUR) +K1 (F"aJR) Iy (Ma,'R) — I>} -+ E; S (Pﬂfﬁ

N I[PII*I
P} ”)( uéfR) FES!

v A
I K ( 1 I
| — HaiR .
v Py )

Pt = (7.36)

PI
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Jnst cpepuux sHaueEn#t INIOTHOCTH nHOTOKA SHEPIHH B 30HaX Igil
HMeeM

TR I L1 n VI 2 40
uaEy@; = E;Sy; (1 —P;"0) -+ EfSyy — P75 (7.40)
1 >
W By = E;SY —— P ES (1 —P). (141)
v

TennoBprnaeseHue B CACAX, OKPYyXalUWHUX aKTHB-
HY® 30HY. PaccMOTpHM TenJOBLLAENEHHE As caydast, KOrjia akTHB-
Has 30HAa OKPYyXKeHa MHOrOCJA0HHON KOHCTDPYKUHeH, cocroawed us obe-
: qafKH, QTpaxarens, TEIJAOBHIX 9K-
paHOB, KOpNyca pedkTopa, CJloeB
o & ZAIGHTH, HMEWLINX  Das/IHYHbe
7 Lk cpolicTra. Jlnd pacuera TEIVIOBHIAE-

' 7 " JIeHHS B 33JaHHOM CJIO€ OPHXOIHT-
T i I s ¢l TMOJbL30BaTbCA (PaKTOpAMH HA-

T KOIIJICHHSI JNIOTJIOLIEHHOH SHEpPTHH,
P ' i YUHTHIBAIIIHMH MHOFOCJOHHYIO
: _ CTPYKTYPY PEaRTOPOB IPH NPOXOK-
- JEHHH H3JyYeHHs M3 ¢J0dA, B KO-
TOPOM OHO BOSHHKAeT, B 3aJaHHBLH
CAOH.

Puc. 7.4. PacuerHas cxeMa IJs onpe-

HeNleHHA TEeIJIOBEIISEEHHR 33 CHET Y-H3- S P
JYYCHHS B 9KPaHe, PACTIONOMEHHOM 34 A5 KOHCTPYKIHOHHEX 3/eMeH-
OTPARCATEAEM; TOB, HaXOJANIHXCH Ha OOIBLINX pac-

{, II- HI—akrtapuas soma,  orpamarens  CTOSAHHSX OT HEHTpa AXTHUBHOK 30-
#.2upa o Tommunanu . £ & @ HEl, aKTHBHAs 302 MOMKeT pac-

CMaTpHBaTECS KakK OecKoHedHasd
IJIACTHEA 3aJaHHOH TOJMLIUHEl H BeCch PACYeT TelJOBHIIEJEHHS MOXKeT
IPOBOAHTLCS AJH THOCKOH TeOMeTpHH, YTO CYIIeCTBeHHO olJeryaer
BBIYHCJIEHHS.

B xkavecrBe npHMepa paccMOTPHM TenmJOBLIe/eHHE B 3KpaHe, Ha-
xojameMcs 3a orpaxareneMm {puc. 7.4): nf, p'%, w!'' — nunelHole KO-
st PuUHeHTH ocnabIeHns: p-H3/IYUeHHsS B COOTBETCTBYIOUINX 30Hax; [,
L1, BT — orpesku, npuHagJexaiiye sosaM 1—III, npsmofi, npoBeleH-
HOM 43 TOUKM HCOYCKAaHHA Y-KBAHTOB (30H4 {) B TOYKY AeTEKTHPOBA-
HEA.

3anumewm, Henoasdys gopmyay (I11.3), selpaxenns aas ¢akropos
HAKOMAGHHS TOrAOIEHHON SHEPIUH- y-H3JYUEHHH, IPUHXOASILIETD OT TO-
YeyHLIX HCTOUHHKOB, PACHOJOMKEHHEIX B aKTHBHOH 30He, OTpazKarTese
W 3KpaHe, B TOUKY: AeTEeKTHPOBAHHS, DACTOJOXKEHHYIO B SKpaHe:

JUIT HCTOYHHMEAZ B AKTHBHOHR 30HE

B ti bt A 0 B = Balui ff, Ejb
+ By A ui B E) B (i d g B A ) —
C— B (e, B B 4w A B =
. _
= 3} (Al exp (— et 4) + Al exp I—aif (u 6+ 1" 0] +
=] .

02

it It ¢ i i f
+ Al exp [— eff (o) i+ pl 2 T A — Al exp [— ! (0l )] —

— Aji exp (— e (b 4 - W 1)) (7.42)
AJad UCTOUHHKA B OTpa}KaTe.}Ie

B G B Y B = B, B+ B G
+ Hul"” lé[l, EJ) _BéII (j.la;” J;II' E}) —

2 |
— 3 Afexp (ot )+ A8 exp o (o 2
>
] — AT exp (ol ) (.43
A18 HCTOYHHKA B 3KpdHe

2
III—11 i1 11T 111 IIT I 1 AI1L I HI LI
B (" 6", By = BaT (" 5", Ej) = ) Al exp (—alfp 41

= : -

(7.44)

L—M .

31ecs By — (aKTOp HAKOIJIEHHs! IIOIVIOUIEHHOR SHEeprHH AJ5 V-H3

JY4eHHS, IPUXOAAMEro K3 30k L B sony M; BY ™+ = BL .
lpeAnonoxum, uTo MIOTHOCTL HCTOUHEKOR y-H3JyueHHs j-ii sHep-

TeTHYeCKOH TPYNNEl MOCTOSHHA B KaXKZOH 30He H papHa SL;,S{.},S{,I,-'.
O0remHOe TennoBLIIeNeHHE B 3KpaNe HA PACCTOAHMH d OT PPAHHIHL
BKpafa paBHO CyMMe OO0bLEMHEBIX TEIOBRISJNEHHHA, HABOJHMBIX HCTOU-

HHKAMH KaxKJ0H 30HbBI:

Gy () = ) E,Dy; (d) ], (7.45)
1 |
rpe '
1 2 2 2
Dld) == | Sy BV + S 3 v+ SR v @)
= =1 t==1 .
Vi (@) = Al — | (ul't - pf"d) — E, [n ™ + }"d +
_ W+ a) 1
+ (1 + o) ihl} + Al ———— 5, [(1 -+ o) 't +

(1+ai)y
] — By [(1 4 i) e + ' - (14 oulf) pjal} -+

1
4 Aiﬁ‘m (B, U1 + aif Y 't + wd (1 4 ol —
ij i
= B (1 +alfl) ('t 4+ w'd 4 i)} — Al "(*;ﬁl)? X
L - GEU }Ll-
X AB 't 4 "' dl — By [nf't + i - (1 -+ af]) winl) —
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—alf B+l e bl — B (1 o) '+

11

Fufd (1 + o'} wikll;
B (W a) — By [pd A (1 4 i) ']

(1o
A W@:%§74&m+@ﬁﬁW—fﬁu+ﬁ3x
X (i )1 — A {E, ()""d) —

T
— Ey [ 4 (1 + o) " 815

??%37;DMEJU+@%M%Lw
TR

— B, [(1 + i) " (a— D}

Yii' (@)= A4

B nacrosiee BpeMs-Hapsily C HIJIOMEHHEIMH BhIUIE npuGANEed-
HBIMH MeTOJaMH pacueTa pacrnpejefleHys y-H3AyUEHHA ¢ HCMOJL30BA~
HHeM (GaKTOPOB HAKOIJIEHHs WHPOKOe PAacnpOCTPaHeHHe IOAyuHIHd
npsIMBle UHCJGHEbBIE METOMBl PEIUeHHs FasOKHHETHYECKOro ypaBHEHHT
J151 y-KBAHTOB, HampiMep mertol Moute-Kapno, METO/ XapaKTePUCTHK,
MeTox cepHueCKHX FapMOHHK (P,-MeTOA), METOL AHCKPETHBIX OpAH-
Har (Sp-meron) u Ap. [36, 42, 43]: v .

PeaJusaiisi YHCAeHHBIX METOLOB CTasa BOSMOMHOM B pesyJqabTare
PA3BHTHA MOUIHEIX BLIZHCJHTEJDLHBIX CPEACTB M HAKOMJIECHHA JETdJIH
HOB HHGMOPMALMH N0 SAEPHLIM IAHHBIM. DDLIIH CO3AAHEL CAOKHLIC KOM-
MAeKCHEE TPOTPAMMEL, IO3BOJSIIONIHE NPOBOAUTL PACUETH pacipellenc-
HES TJIOTHOCTH HMOTOKa Y-KBAHTOBR B TEOMETPHUECKH CIOMKHBIX cpelax.
[IpuMepaMi TaKHX TPOCPAaMM MOLYT CAYKHTL NPOTPAMMEL, OCHOBAH-
upie na Merome Monte-Kapao, IETAC-4 [44] u FASTER {45] ¢ koH-
CTAHTAMH, KOTOpHE (POPMMPYIOTCA IPOTpaMMOIl PAIL [46]. Omwmr
npEMEHeHH ITHX NPOrpaMM AJs pacucron [44] NOKA3HIBACT MPAKTH-
YECKYIO IeJECO06PasHocTh HX, HENOML30BARNA H LOCTOBEPHOCTE MOYy-
YaeMEIX pPe3yJabTaToB. o

ITporpamma PO3-6 [47] npexHasyayena 1) peileds ypaBHERHA
mepenoca HauaydeHHs B ORHOMEpHOR TeOMEeTPHH (nrockofl, IMUJIKHHLPH-
yeckoll M Cg)EpHUECKOl) NPH HCROJIB30BAHMH METOLA JQHCKPETHHIX Op-
JMHAT MM MeTOAa XapakTepicTuk (mOCHeHee — I IJIOCKOH reo-
MeTPHH).

[Ips pemleHHH 3a7ay O paclpeAe/eHHH NOTOKa y-H3JydeHus He-
[Ob3yeTCs - CHCTEMa KOHCTAHT APAMAKO-Gu [48]. Has naxoxpenns
NJIOTHOCTH TOTOKA Y-H3JyYeHHA B ABYXMEPHOH T€OMETPUU NPHMEHSIOT-
cst mporpamyir PAIIYTA [49] w JOT-TIT [50}.
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Frnaea 3

PACIPE AEJIEHME TEMJTOBbIAENEHMA
B PEAKTOPE

8, PACMPEOENEHUE TEMNOBLIAEAEHKMA NO 2NEMEHTAM
AAEPHOFO PEAKTOPA

[Tpu ompeneseHAd TeNAOBHIeNeHH#A H €r0 pacnpefeieHHs IO Pas/di-
HHM 3JIEMEHTAM SNePHOr0 pPeaxtopa HeoOXORMMO YUHTHIBATH BCE NPO-
Hecchl, 0 KOTOPHIX peub Lija Bhie, HampuMmep, B akTHBHNOH 3ole peak-
TOpA NPYU ONpeleNedHn TeNNOBbACIeRHS HeoOXOAHMO YUKETHIBAThL CO-
CTABMAKIINE TEIOBHe/eHHA 38 cueT KHHeTHUECKOH sHePrHH OCKOJKON
JeREHHS, 3aMefJeRns HeHTPOHOB, 3APSIKEeHHEIX JaCTHI, BO3HHKAIOUIHX
NpH PeaKUUiX ¢ HeHTpouamHu, B-sactui, pacraia MPOAYKTOB PEaKUHd
JeneHnst, YP-KBAHTOB,

B opraHax peryaupoBaHus HeoOXOAHMO YUHTBIBATE COCTABJSIOILH:
TENJNOBLIAENERNA 34 CUeT peakundl HeHTpOoH — 3apiKeHHAs 4YacTHIL,
3ame/lJeHls HeHTPOHOB, y-KBaHTOB, B-uacTdy o T. A Huxe npusoasTea
OPHMEPH! ONpeAe/eHHs BeJHUHHLL TEIJIOBLASJEHHSI H XapaKTepa pac-
ApeJIeNeHAs TEMJOBbIAEMEHNS B OCHOBHLIX 97eMeHTaX DeakTopa, TAKHX
KAK 2KTHBHAA 30HA TOMGTEHHOTO W reTeporeHHOrC PeakTopoB, 3aMenIH-
TeJb, OTPaKaTesb, OPTAHL! PeryJipOBaHHsA.

B 3TOM paccMOTpPeHHE IPEANOJAraeTes, yro silepHsid peakrop pa-
GoTaer AJMUTENBLHOE BPEMsi HA NOCTOSTHHOM yDOBIe MOIBZHOCTH (paBHO-
BECHBIH. DEXHM).

TemioBbigenense 5 raanax. OOGDBEMHOS TENNOBLIASAEHHE B TBAJIAX
CENAJILIBAGTCH M3 TEMJICBBHIIC/JSHHS 34 CUET KHHETHURCKOH SHEpruu o¢-
KONKOB JeJIeHHsI, 3aMejJjeHus HeHTPOHOB, y-H3JyueHHs!, TOPMOXKeHH:
3apsKEHHbIX YaCTHI, BKJAOUAs [-pachiaj BPOLAYKTOB fejeHHA, (1, a)-
peakuuy u Ap.

OcHoBHAS JOJS TENJZOBLIAEASHHS B TBSAAX HPHXOAHTCHA Ha TenJo-
BLIJEJNERHE 32 CUET KUHETHUECKOH SHEPTHH OCKOJKCE nejedud. Kax
VIKE OTMEeualiocs, TeRJOBLIIENCHHAE 32 cUeT KHHeTHUecKOoH sHeprun oc-
KOJIKOB HeJIeHHA U P-H3AyueHHs NPOJLYKTOB jeseHus npu paboTe Ha
CTALHOHAPHOM YPOBHE MOILHOCTH cocTarjdger okoqao 90 % cymmapHoro
TENJAOBBIICNEHHST B AKTHBHOH 30He, TPHYEM BBHLY MaJjoctd npodera
OCKOJIKOB AEJCHHS H [-UaCTHI[ B BEINeCTBE pacnpefiesedue STOH OCHOB-
HOH COCTABJAIOIIEH TENJIOBLIAENCHHS MOMKHO CUHTATL IPONOPUHOHATG-
HBEIM PACOpPENeJEHHI0 UHCaa JeeHHl. -

Pacupejlesenne TeNJIOBHENEHUS IO AKTHBNOH 30He 3a cuer 3a-
MEeJJIEHHST HeATPOHOB H 34 CUeT y-HANYUEHHS HECKOJIBLKO OTJHYAETCH OT
pacripefeseHns 4HcAa AEJEHHH, UTO CBA3aHO ¢ 0oJblIoH NPOHHKAK-
Eefl CHoCOBHOCTLIO HEHTPOHMHOrO H 4-Haddyuenud. Ho BBHAY TOro uTd
9T4 COCTABJAIONLAN TEIJIOBBIEJIEHUsS BROCUT Madblil BRJAj (He GoJee
10%) B ofumee TenaoBhLLIENEHKE B TBAJAX, MOXKHO NPHHAThH, YTO CYM-
MApHOE TEeIJIOBbIZeJieHHe B TBJ4AX pPAaCHpeleseHo NpPOMOPLHOHAJBHO
paCTIpeAes e HHIO UHCAa AeNeHHE.

Joas sueprau s3amMelJsiCILEXCSl HeNTPOHOB H y-KBAHTOB, BBILEJSIO-
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iredcs B TBAJNAXK, ZABHCHT OT CTPYRTYPH AKTHBHOH 30HH. B Tomore-
HOH aKTHBHOH 30He, KOTHA B COCTAB TBHJIOE BXOLHT MaTepHaJs 3aMeid-
TS U KOHCTPYKIMOHHEIE MAaTepHaaLl, HallpHMep B akKTHBHOE 30HE pa-
agropa BTIP ¢ wapoBbiMe TB3maMu, NPaKTHUECKH BCA SHepPTHsl Heli-
TPOHOB H -KBAHTOB HapH1y ¢ KMHeTHUeCKOH 3HepTHeH OCKOJKOB Zede-
HHS BBILEJASETCS B TBIJAX,

B rereporernoft akTmpHOol 30He, KOTAAa TOIJHBC OTHETEHQ OT 3a-
MeJJIETEeJA, 3HepTHA HeATPOHCB H y-KBAHTOB paCHpelesseTcs MexIy
TB3JIAMH H ADYTHMH 97eMeHTAMH aKTHBHOH 30HE NPOTIOPUHOHAARHO 34-
Meanaled crnocoBHOCTH 2JeMeHTOB I HeHTPOHOB K MAacce 3JIeMeH-
TOB JIisl y-KBAHTOB. :'

JByxMeproe pacnpesencHHe TelJOBHIAETSHHS 10 aKTHBHOH 304e
HHAKHAPHUSCKOTO PeaKTOPd ¢ PABHOMEPHLIM 1O aKTHBHOH 30He nac-
IpegeneHueM ACAALEr0cs BelllecTBA NPEOMKEHHO MOXKeT OBTh IOJIy-
UeHO K&K IPOH3BeJeHHe PaiHaJbHOr0 H OCEBOTO paclpemernedili:

qir, 2 2,405 n
1x = ] ' LI '
7 (0, 0) "( R ”)COS Hy © (8.1)

Heo0xoauMo oTMeTHTE, uto B (8.1) He yuuTHBaeTcsl XapaKTepHEIH
BCIVIECK TEIJIOBBIENeHHsI B aKTHBHOH 30He BOJHM3U OTpaxaresel, CBA-
SaHHEI ¢ BO3BpameHHeM OTpaXAaTeNeM B AXTHEHVIO 3CHY 3aMenJenHblx
HefiTpoHOB., DTOT BCnaeck 3aBHCHT QF TOJIIHH QTpakaTenell  OT OT-
JHYHS BpPEMEHH KU3HH HeHTPCOHOB B akTHBHOH 30HE W oTpaxarese,

Bpewms Xu3ruw HeATPOHOB B AKTHBHOH 30HE, Kak OPABHJ0, MEHbIIE
BpeMeNn JKH3HH HefiTpOHROB B oTpawmarene, Ecan orpamarens JocTaToy-
1o Toukufl (A<M}, TO yKa3aHHOTO BCRJECKa TenJOBLIZENeHHS MO-
JKeT H He 6uTh. Ecid oTparkarens TORCTLIH, TO BCINECK TEMJIOBLLLE/IE-
HHA MOXKET OLITL 3aMeTHRIM. JTOT BCIJIECK DPaclPOCTPAHAETCsl OT OT-
paxaredd. B rayOb akTHBHOH 30Ul HA PACCTOSHHE, CPABHUMOE C AJlil-
HO# i y3uH. BOSBPallaeMBIX OTpaXKarteaeM HeATPOHOB.

Ha pue. 8.1 npeicrabiedo xapakTepHOe paclpejesieHHe TelJoBLI-
JeJleRHd MO PaiHYCY M BHCOTe AKTHEHOH 30HLL PedKTopa HA TEMJIOBRIK
HEATPOHAX C TOJICTHIM  OTPAMKATENeM, WITPHXOBOH JHHHEH OOKa3aHO
npubjlKeHHOe pacnpeeneHie TelsoBle/eHus 6e3 yuera BCIJecKa
34 CUST BO3BPAHIEHHS B aKTABHYIO 30HY 3aMeiJleHHBIX OTpaKaTesaeM
HeATpoHoB. Heo0XomuMo OTMeTHTh, UTO AJd PeakTOPOB AOCTATOUHO
GONBINHX pasMepoB, Korja ¢ObeM oBJacTH, B KOTOPO#H wabiaiofaercs
3TOT BCILAECK TEHJOBBLLEAEHHHA, HEBEJHR, H JJsl PedKTOPOB C OTHOCH-
TeJbHO: TOHKHMUE OTPAKATENAMH BCHJEGCKOM TEHJEOBBIIEACHHA MOMKHO
npeuebpeub u MOJb30BATLCA YIIPOIIEHHMMH BhIPAKEHHAMH AN pacmpe-
denenrst renjopbieneand. OcobferHa 5TO KacaeTCHd BADHAHTHEIX pacue-
toB. IloBeépouHble. TEITOBRIE PaCcueThl peaxtopa HeOOGXORHMO NPOBO-
JMTH ¢ UCAOAB30BAHHEM YTOUHEHHBIX paclpefeieHHH TeIJIOBbLICRCHH,
KOTOpPHIE B HACTONLIEE BpeMs MOryT OBITh JIECKO NMOJYYeHBl HCXOAS W3
MHOTOMEPHBIX MaIIHHHLIX HeATPOHHO-(PH3HUECKHX DaCHETOB peaKkTopi.
- Bamerum, 4To ecHH mpi paboTe peaKkTopa B.ero. aKTHBHOH 30He Ha-
XOJATCH PEryJIsTOPb, HATPHMED: MONVICI AL He. CTePKHE, TO HeoOxo-
IHMO YYHTLIBATH HX BJHSHHE Ha pacnpejesieHHE TelJICBbLAeJEH s, KO-
TOpPOE MOKET 0Ka3aThCs cyllecTBeHHBIM, Pacnpejpenenne TenI0BbLICIC
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HMSl HBMEHSeTCsl NP HEPABLOMEPHOM PACHONOMEHHH MaTepHaLcs
(TOIHBO, 3aMEJNTEb) B PEakTOpe, B TOM HHCJIE TIPH pepaBHOMEPHOM
BLITOPAHHH TOJIHBA.

Ha pme. 8.2 rpuBeieHa 3aBHCHMOCTD pacmipejle/ICHils TETICBHAE-
NeHist M0 BHICOTe AKTHBHON 30HBI PeaKropa OF DIyOHHB MOIPYKeHKsL
MOIMIOUAONIAX CTEpHKHell B AKTHBHYIO 30HY. BUAHO 3aMeTHOE BAHAHHE

max - Puc. 8.1. Pacupepeneune TeNIO-

& : nu
Wty poiiesenna To pagnycy (I) 1
poicoTe (2) aKTHBHOW 30HBL po-
agropa Ha TEMJOBbX Hefirponax

4 ~ Puc. 8.2, 3asxenMoCTh paclpe-
2 Je/eHHs TEILOBBIIE/EHHA O Bbi-
&5y coTe akTHRHOA 3oHEl ot rayln-
HbL TOTPYMKEHHS  IOTAOLIACUNX
CTepIKHEH mast clydas HHIKHErS
TopueBore OTpamarens Ges To-

A rnotHresst {a) H ¢ TOIoTHTE-

t nem (6):
1,0 { — crep:HU  H3BJIEeYeHH, 2, 83—
Q Z/H, Q?p/ﬁ ‘ cTepixHE Tmorpyaenm na 0,4; 0,8 361-
- 4.8 .3 - COTEl aKTHBHOH BOHBI
; T [ 7
| t 2
N
AN ]

0, 04 08 Z/Hpg

ryGUHLE [OTPYXKeHUs CTepIKEed Ha paclpeleqelne TENJOBH AeJeH1H,
4 HMCHHO IO Mepe OOTPYXeHHA CTepxHefl pacnpeieneHnie TCII0BbAC
JeHAS HCKAYKAEGTCS € YBeJHUCHHEM MAOTHOCTH TeNJORLIACIEHHA B TOH
YACTH AKTHBHON 30HE, H3 KOTOPOH CTERHHH H3BJCUSHE ip1]. Ilpu noJ-
HOM LOTPYKEHUH CTePRHEd B aKTHBHYIO 301ty PACHPEALICHIE CTAaHOBHI-
st DPHMEDHO TAKHM IKe, KaK AJA peaxropa ¢ HOJMHOCTRIO H3BJIEUEH-
HBIMH CTePHKHAMH. 3aMETHM, IO JJIA PEarTopa, B HHKHHH TOpLEsOH
oTpaxaresb KOTOPOTo A00aBJieH NOTIOTHTENL HEHTPOHOR, BJIHSHHE TI0-
TpYIKeHUs CTep:KHeH Ha pacmpellenenye TenVoBLIAL/ICHHH MeHblne {Cp.
puc. 8.2,a 1 6). 7 .

PagnajpHOe paclpefe/eHie TerJOBLILe/NeRHA TPy HaJHuNH HOrA0-
[MAKLHX CTepIKHEll B aKTHBHON 30He Takze 3aMeTHbIM ofpaszom HeKa-
waercss. KOHEUHO, CTEIeHh HCKAYKeHHS DACTPENENCHUA TeMJ0BbIAEE
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HHsI IO AKTHBHOH 30HE TPH MOrPy)KeHWH oPraitoB peryinpobBanus 34-
BHCHT OT MHOTHX (i)aKTOpOB, B TOM UYHCJS OT B(I)QJEK'E‘HBHDCTH CHCTEMEL
cTepyHel, pazMepoB 4KTHBHOH 3CHEl, AJMHEI MHIDaGHH HeHTPOHO:
Hr M. HOSTOMy BJHAHNEe OPraHoB peryJ/JHpOBaHMA Ha paciapeieseHHe
TEILJOBEIEJNCHNUA, KO LA TPeRnoNaraeTcsa pa60Ta peaxTopa c GOJBIINM
3411acoM peakTHBHOCTH Ha CTepIKHAX, HQOGXO,[LHMO I(’d}K).i,IJIf:I pas clellM-
aJLHO HCCJAeAOBATh.

4,0 10
3 3
< g
E 0,5 6,5
- W
& &
2
2
1 1 - 1 {1
a8 1,0 0 0,5 1,0
r/Rg gy OTH.E4. z/Hy 5, OTH.EL.

Pac, 8.3. Pacupegenenue Tenio-
BHZEJEHHS 10 pajgHycy peakTopa
(gv) ¥ KOHNEHTpAIHMH AENANIETG-
¢d BemiecTBa ANs NpoduaHpoBaH-

Prc. 8.4, PacopeneneHHe Temao-
BEJ(e/IeHHA TIO BRICOTE peaxropa
(gv) ¥ KOHUEHTDPALHY kLeJSIIErO-
¢S BellecTBa A EPOQHAKRPOBEH-

HOro peaktopa (pf):

I — gempoduauporangsiii PRAKTOD;
2 — npodunHPOBAKREEIE  pEakToD

HOrO peakTopa {p;):

I — HenpoduAKPOBAHHEIN peaxTop
(K, =182}, 2 — mpoGHAHDOBANHEI

peaxrop (K,=1,00)

Ha pacnpefiesieHHe TeIJIOBBIASTCHHS MOMKHO BO3AEHCTBOBATL LEpe-
pacnpejpenenuem Mareprados mo ofbeMy axTHpHOH 30HBL Taxoe BO3-
JelcTBHe HPHUHATO HA3HBATH (QH3IMYECKHM npOQHJIHPOBAHUEM PEAKTO-
pa {b2]. Haunfonee wacto dusuueckoe apoduanpOBaline TOMOrEHHBIX
SACPHEIX PCaKTOPOB OCYUISCTBJIACTCS Nepepacnpefe]eHHeM RO akTHB-
HOfi 30HE JeNfuIerocsd BellecTea. 3a ‘cUetT HeNpepHBHOTO H3MeHeHMA
KOHIIEHTPAIHI JeNSIIerocs BENeCTBA MOKHO CYIIEeCTBEHHLIM 06pa3oM
IOBAKRATL ‘HA NPOHHIL SHEPrOBLIAEEHHA Kak [0 PagHyCy, TAK # WO
BLICOTE @KTHBHON S0HLI peakTdpa,

Ha puc. 83 # 8.4 npHBoIRTCT TIpHUMepH  POMUHIRPOBAHMSA 110 pa-
HHycy H BBICOTE HAEPHOTO peakTopd, TPHYEM 1O paiHyey OGHIUHO
CTpeMsITCS K pABHOMEpPHOMY  paclipelefieHHIO  TEINJOBBIASTCHH#
(puc. 8.3), a 10 BBICOTE AKTHBHOH 30HBI — K SKCHOHEHIHATHHOMY pac-
npefeseHHI TeIVIOBLHASJICHAA, cNafalolleMy HpPH yBejduuyeHud 2 (Ha-
HpaBJIeHHE OCH 2 COBIAJAeT C HallpaB/eHHEM [BHKeHHA TeIJIOHOCHTE-
Jist; pue. 8.4), uro croco0cTBYeT BRIPABIERBAHUIO, HATPHMED, TeMIepaTy-
PH CTEHOK KaHa/Jd0B AJA Te[NIOHOCHTe s mo ux paune [52]. -
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- 4T, TOYKH-—3KCHEePHMEHT:

Bo3MOXHO TaKiKe 30HHOE NMPOPUIUPOBAHAE Peaxtopa ¢ MOMOIIEI0
iepepacnpeielenna AesSLEerocs pellectsa mo sodam. Hpu srom KoH-
LHEeHTPALMS [eNAUIErocs BelecTBa MEHsIeTCsl 0T 30HBI K 3CHe, OCTa-
Basich HOCTOAHHON BHYTpH Kax/10f H3 HHX (pHc. 8.5). B nauxoMm cayuae
YA4eTCs CYLIECTBEHHO CHH3HTh Ko3dduuuenT HepasHOMEPHOCTH pac-
npefeaeHHs TENAOBLIACAEHHS N0 CPABIEHHIO ¢ KO3 hHUUEHTOM Hepan-

4,0 £
| N2 !
! ]
E % 1 N -
< | INE- B
£045 } G4s
3 L2 o
Puc. 8.5. Pacnpenenennc Tenyo- = | i N
BEIENEHHT (gy) M KOHUGHTPAUHM 1
AenAlierocs  peiectBa  {p) 00 | 1
PAJHYCY PeaKTOPa NPH OCYLIECT- i I
BJIEHHE 30HHOTO npodumupopa- i Lo
nHa: i L1y
I — menpodurapoRaHERH peaxTop; b 0,8 4
2 — OpodHAHDOBANHBIE DPEaKTOp r/By g, OTH. 84,

HOMEDHOCTY pACIpeleseHns TellJOBLAeTeH s A1a HeIpOQHIADOBATHO-
ro peakropa. BoamoxHo sospeficTBue Ha NpOQdHAbL TEHJOBBIAEAEHHA
nepepacipejesienueM APYTHX MATEPHAJIOB, HalpuMep 3aMelIuTe/Isd, Io-
ryioTHTE s, 4 Takke nepecraHoBkolf TBC ¢ pasnuuHoH rayOuHo# Bhi-
ropa#nsa. OTor Bolpoc Gonee MOApOOGHO paccmarprBaercs B paforax
[52—55].

B axTHBHOH 30HE TeTepPOreHHOI'O PeaKkTopa paclpeleseHHe TemJao-
Bhlle/leHHH B TBaJax NDHOJMIKEeHHO HAXOAHTCA HA OCHOBE HEATDOHHO-
(pU3HYECKOTO pacueTa FOMOTCHH3HPOBAHHOIO DEAKTOpAa. ¥ TOYHEeHHLIR
HeH TPOHHO-(PHAHTECKHE pacyeThl eTepOreHHOrO sSAePHOTo PeaKTopa Mao-
IYT OBITH IPOBEJEHE C HCIOAL30BAHHEM NPAMBIX [eTePOTreHHLIX METO-

Puc. 8.6, Pacnpepenende
TENJOBEASAEHHA NIPH NpO-
(DUANMPOBAHHHE  [ETEpOres-
HOPO PeakTopa PaccTaHoB-
kol tsaros [56, 91]: a—
CXeMa PeAKTOPA C KOJbIE-
BEIM DaCHo/IOFKEHHEM TB3-
ao (0, 1, 2, 3 —nome-
pa Te3oE; Ry, R Ri—
PAJHYCH  PACTOJIOXKEHHS
TBIOB); 6 — pacnpegene-
HHE TEIVICRHICIEHHS TR3-
J0B mpH  R=0,290R,..;
Ra=0,561Rq 0} Ry=

2 Y s '. AkmuBnan
—0,841Rq.s (asuns — pac ona

i
=)

g, OTH. 4.

g

S
L=

Fas 0,6 1,0

r/Rq.30 0TH. B4 -

pepuauedsid 6)

H3MEpEHHE YPaHOBLHIMH Ag- D ompLKAMEnt

TERTOPAMH) L .
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A SKenepumentanpanlx (ToukH) smavenufi mommpocTe TBC peaxtopa BB3IP-3

Puc. 8.7. ConocTasJ/endsa pacueTHeX (JIHAAH)

B pafioueM cocroanue [57]

J0B ¢ a/Jb0elHBMH TIpPaHHYHLMH YCJIOBUSIMH lid IIOBEPXHOCTH TB3J/0B
[56].

B rereporeHELIX peakTopax Ha TEMJOBLIX H NPOMEIKYTOUHLIX Hefi-
TPOHAX HPO(HIAAPOBAHHE OCYNIECTBIAIOT HE TOJABKO 34 CYET H3MEeHEHHs
KOHUEHTPALKY JeJsIerocs BeliecTBa OT TB3J4 K TBIJY, HO M 34 CUeT
EX HepaBHOMEPHOH pPacCTaHOBKH B 3aMeiJHTede. B mocaenHem ciayuae
B TB3JaX, Ha KamKALH H3 KOTOPLIX NpHX0AATCA GoJiblle 3aMelHTeds,
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Puc. 8.8. Kaprorpamma nepmofl TonquHodl 3arpysks |/3 axTHBHOH 30HEHI
peaxropa BR3P-3 [57]

GyLer OTHOCHTeNbHO GOJbIIe K 9HC/IO AeJEHHH 3& CUeT 3aMemJeHHbiX
Helirponos (pue. 8.6). B kauecTBe mMpHMepa BHPABHHBAHUS TEILJIOBHI-
AeNieHuA 110 CeYEeHHIO AKTHBHON 30HH GOMLIIOTO PEAKTOpA C MGMOIIBIO
TBC pasnoro oforammeHHs H CTepkiell peryJnpoBaHus Ha pHc, 8.7,
8.8 mpeicTaByeHEl H SKCICPHMEHTAIbHLE JaHube Jas peakTopa BBIP
[57].

B rereporeHHEBIX peakTopax LOCTATOUHO UACTO TPHXOAUTCS YUHTHI«
BATb XOX YAEJbHOTO TeMAOBHIAENCHHA 10 CEPAEUHHKY TB3Ja, TaK Kak
3TO CKASBIBAETCS HA TeMliepaTYPHBIX NOJAAX B TBage. TensoBwAeleHHe
B CepJIGYHMKE TB2Jia YMEHBUTAETCS K LUEHTPY, YTO CBA3AHO C «BRIELARH-
eM» B CEPJICUHHKE TB3j1a HeATPOHOB, NafalolAX €O CTOPOHBI 3aMelJlk-
Tead, JTO ABJEHHE HA3BIBAETCH GJOKHPOBKOH /eNAlerocs BellecTBa.

Ha pue. 4.1 nprBezed npuMep pacmopeieseHHs TENJOBLIAeJeHAS M0
pajiMycy cepieuHHKa TB2Ja, cONEpKallero ypad BHCOKOro oGoramenHs
ypanom-235. PacnpejeseEre MO BECOTE CePIEYHHKA TB3Ja GJIH3KO K
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ROCHHYCOHAaRBHOMY. [[0BO/ILHO wacto apd pacuerax TeMmeparyplibix
NOJIEH BAMHO y4HTHIBATL TAKiKe a3uMyTAJLHOS paclpe/ie/eHHe TeILIo-
BBUICJICHNS 11O CEPREUHHKY TBosa. [Ipu 3TOM NpOCTpaHCTBEHNHOE pac-
IpejenieHHe TeIVIOBLILe/IeHNs o 00beMy cepleuHdka TBJa peaxTopa
Ha TEMJIOBLIX ¥ NPOMEKYTOUNLIN HEHTPOHAX MOMHO AlIPOKCHMHPOBATH
¢ MOMOUIBIO CAERYIOLICH (ODMYJILL:

q’(!", 1, Z) _ _ R—."
TR oo = | @ e (=1 Y1+

N :
-+ Z a, sink(p — ) | + o cos 1?

Joe==] )

2

rae 1>030; A—miuua eBofojnoro npofera TEMOBHX HEHTPONOB i
cepaeynuxe TB3N4; H, - sdbextusras Bhicora peakTopa (Z OTCUHTHI-
Baercd OT cepeAuHul H.); an, (por HOAGHPAIOTCA HA OCHOBAHHH pacuer-
HEIX #HJIH 3KCIHePHMEHTAJLHBIX AANHEX,

OO6LIuHO GHBaET ZOCTATOYHO OAHOTO WieHa B CyMMe KO A, ApHYIEM
@] IO MOAYJI0 He npesbimaer (0,2,

B cayuae HenorezoBannsa ca6ooforamennoro TOMJINBA, KakK IpAa-
BHJIO, MOMKHO CYRTATEL, YTO pACHpeleNeHre TeliOBbIIeNeHHsS B cepied-
HUKE TBJIOB HE 3aBUCHT OT PA/AHyCca M a3HMYTAABHOIO yraa (pasHOMEp-
HO [10 CEYeHHI0 CepACUHHER).

Tennosbinenenue B 3aMenautene H APYrHX JeMEHTAX AKTHBHOMN
30HB. B saeMenTax akTHBHON 30HBI peakTopa, He COAEPIKALINX AeJs-
HHXCA MATepHaIoB H CHAbHBIX HOIVIOTHTENeH HeRTPOHOB, TAaKHX Kak
3aMe/lIHTedb H 9JeMEHThl KOHCTPYKIMH, TeRACEHeNenHe 00yCA0BACHO
3aMejJIeEHeM OBICTPHX HEATPOHOB H B3auMoeficTBHEM y-H3JIYUeHNT
C MaTepHaJoM.

TennoBbifeeH e B PasAHUHBIX KOMIOHEHTAX AKTHBUON 30HH 34 CYeT
3aMe/UIeHHs HeHTPOHOB TMPONOPIHONANLHO 3aMel somel CrnocodrocTH
MaTePHAJNOB 3THX KOMIOHEHTOB {X; H INIOTHOCTH NOTOKa GHICTPHIX Heli-
TPOHOB, & TENVIOBBIEJIEHHE 34 CUET y-KBAHTOB B II€PBOM NPHOJIHIKEHH
TPONOPHKOHAMBHO IIJIOTHOCTH BENNECTBA KaXJO0T0 H3 KOMIOHEHTOB 9
IJIOTHOCTH JIOTOKA y-H3MYUEHHS,

. Mlns ompepenenus pacnpenesenus TEMAOBHIAECHHS 10 06DBEMY pe-
4KTOPa OT 3aMeJlNISIONIHX HEHTPOHOB H y-KBAHTOB UPUOHAHIKEHHO MOXK-
HO. CUHTATD, UTO pacmpeiefeHde MO aKTHBHOH 30He NIOTHOCTH HOTOKA
OBICTPBIX HEHTDOHOB, KaK { IMIOTHOCTH HCTOUHHKOB V-H3NYUeHHA, OIH-
CHIBAETCH OCHOBHOH coGCTBeRHOH GymKHMel omeparopa Jlammaca: mo
paauycy axTHBHOH 30HbB — QyHKUMeH DBeccens, mo BLICOTE — KOCHHY-
com (cM. Taba 2.1). _ . _

Pacnpeznenerue TensoBblIeseHNs MEKAY pas/JHUNEIME KOMITOHEHTA-
MH AKTHBHOH SOHDI, €CTECTBEHHO, HPeJCTaBasieT HAHGOMBLIHN HHTEpC
Uit TETEPOreRHOro pedaKTopa, Koraa Tpebyercs ofecHeUHTE CIETHA /-
HOe OX/axKIeHHE 3JEMEHTOB 3aMEMIHTENA WM KONCTPYKUHH, OBLEUHO

Ha HAYaJbHBEIX CTAZHAX MNPOEKTHPOBAHHS NOCTATOYHO OUEHHTL TEJo-.

BhIIeNeHHE B 3AMENJIHTR/IE N0 COOTHOUICHHIO 3aMeJMSINIHX CIOCcO0HO-
cTelt s HeATPOHOB M N0 IVIOTHOCTH MaTePHAJIOB -— JJIA y-KBAHTOR,
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B sieMeNTax KOHCTPYKLUN, KAk MPaBUJ/IO, Ten0BLIACEIHE ofycaoie-
HO y-KBAHTAMH I XdpAKTEPH3YETCs COOTHOLICHWEM TJOTHOCTEH 3THX
MATEePHAJIOB.

Ilas Gosee TOMULIX DACHETOB PACHPEAENEHHS TEMIEPATYDRI 3 3a-
MeAJHTe e TeTePOreHHaro peaxTopa HeoOXOAHMO HAXOJIUTh pacnpese-
Jelfe TenJoBbLlAeeHUs B 3aMEAJAHTENe B MEKTBIJIBHOM NPCGCTPAHCTBE.
B »roM cayuae s HAXOXAEHHs PacnpeledleHus TemJOBLIAENCHHA OT
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Puc. 8.9. Pacnpegesenne TedNOBHILNIE- Puc. 8.10. Pacnpgﬂ\eﬂeme MJIOTHOCTH HO-
HHS OT Y-KBAHTOB H S3AMeAJOUIHXCA  TOKA TETUIOBBIX HEHTPOHOB MO BBICOTE B pe-
HeliTpoEos B suefine peakropa PEMK:  akrope PGMK [5S]:

71— or v-xBanTOR; 2 — 0T  3AMEJSIOHIEXCA - o= — = HATANBICE PACMPCAEAeHNE] enenem;
HelTpolioB; 3 — oT Y-KBAHTOB M 3aMeAjsio- JOTANCBHDIGEST MO KaMGAHKH  pachy
DINXCH HERTPOHOR {7200 2 300 3d. cyr)

v-KBAHTOB HCTOJIB3YETCS METO, H3A0KeHnblil B § 7 [dopmynt (7.27)]‘.
Ha puc. 8.9 npuseseno paamansHoe pacnpefe/eRie TenOBbLACNCHHT
0T 3aMeAJAIUIMXCA HEHTPOHOB | y-KBAHTOB B A4eHKE pEeaKTOpa PEMEK,
XapaKTePUCTHKN KOTOpOid BaaThl k3 pabornt [58]. Xapaxrep pacnpe-
feJed s TenJOBLIACACHHA IO BHICOTE 33 CUET y-KBAHTOB H 3aMCAIAI0-
muxcs EefiTpoHOB B siuefixe peakTopa PBMK ananormuen pacnpenene-
HETO NAOTHOCTH NOTOKA TenoBbx Hefirporos (puc. 8.10) {591

IMpun pacuere pagHatbHOTO pPACHpe@EHHS TENJOBLLAGIEHHT OT
y-KBAHTOB ¥ 3aMeA/SIOIIAXCS HeHTPOHOB OBLIO BHIARJCHO JABE SOHHI
suefikn peakropa PBMK. IlearpaibHas soHa I-— TeXHOJIOTHISCKHH
KamaJs u nepudepuiinas sona 11— rpaduroBbii saMeinTe b. TeXHOMO-
ruvecKnil kawaj npefcrabiaser coboil rpyGy H3 LUPKOHHEBOro CIAABA
BHOINHUM aMameTpoM 884 MM, BiyTpH KOTOPOH pacmoJaramred
18 TB3JOB ¢ TONJIHBOM Ha OCHOBE ABYOK:xcH ypama 2 U-mzoro oforaiue-
HHA ypauoM-235 ¢ oB80eJOuUKOH M3 HMPKOHHEBOIO CHJABAa; NO IEHTPY
TeXHOJOTHUECKOrO KaHada MpOXOiuT Hecyllas Tpyfa (KOHCTPYKUHIO M
COCTAB TeXHOJOIHYECKOro KaHana M. B [58]).
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Teanosuinenenne or y-k8antoB 8 sonax I u I] suefikn PBEMEK o1ge-
HABAJIH € [IOMOIGBIO KHTETPANBbHOTO MeTOAa o (hopMysam (7.37), (7.38)
W 1a6i, 7.1. CHeKTp y-KBAHTOB LM TPOCTOTLL TPHEHM AU ABYXTPYINIG-
BHM ¢ a(PesTUBEBIMY sHeprEsiMH 1 u 3 MaB aas mepBod H BTOpOH
PPyLIEl COOTBETCTBHHO. 30Ha | mpepcTabiser coGofl TOMOTeHH3UPO-
BaHHLH LUUAHEAD AHamerpom 8,8 cm, soHa II— rpadurosyio npusmy
KBa/JpaTHOTO CEUeHUs CO CTOPOHOH 25 CM ¢ HeHTPANbEHIM OTBEpPCTHEM
AnameTpom 8,8 cm.

Hafinennble npr pacuere Kos()pHUHERTH HOrIOLIEHHS 9HeprHil
Y-HIJAYUEHAS ¢ sHEpTHIMH 1 1 3 MsB pasau:

JIs1 30HH |

par = 0,18 Ljen; oz = 0,13 1/em,
aas sonsl I

ot = 0,045 Ljoa;  pld = 0,0345 1/eu,

[o 5THM 3HAYCRMAM [, C HCHOJL3OBAHMEM reOMETPHUYECKHX napa-
meTpos guefixn PBMK 6eunu natinenst Py, Pt

Pél = (1,4675; PII"” = 0,412 P{I»I —0,178:

Py =0,569;, Py =0,480;  pIT=0,195.

HByXIpynnoBOf CHEKTp HCTOYHWKOB Y-H3AYUYEHHS BbLI NoRydYyeH U3
MIOTOIPYIIOBEIX CIEKTPOB, NpHBeAeHHHIX B Tada, 1.3, 1.5, a ans sa-
XBATHOTO y-H3JIyueHus —u3 paborsr [5]. Ilpn sToM moamas sHeprus
HCITYCKAEMOro y-H3/MY4YeHHS Ha OAHO JekReHHe B 30He | cocrapiaser
17,85 MaB/nen, 3 unx 8,6 MaB/nen npuxoaures Ha V-KBAHTEHL C 5HEp-
raedd Fy=1 MsB u 9,25 MaB/nen-— na Y-K8aHTH ¢ fy.=3 MsB,

[loanas srepres HemyckaeMoro SaxpaTHORO Y-H3JAYYCHHS B Iepe-
cuere Ha oAno nesenue 8 3oHe II cocrasnger 1,8 MaB/nea nns y-xsai-
TOB C sHeprued Ey,=3 MsB. Hcnoassys dopmyas (7.37) & (7.38),
noaywaeM Qry=10,22 MaB/nen; Quy=943 MaB/neun.

TennoBriesenne Npu 3aMeANeRHH HeHTPOHOB OHEHHBANN B npej-
UOJIOKCHHH, UTO BCA 3HEPIUs HEATPOHOB BHIEAsieTCA B rpadBTOBOM
3aMmeniiuTene H  TENJOHOcHTeNe suefikM, T. e, B 3omax 1 W 1l
34 cuer saMefyleNusl HeATPOHOB BuAeAseTcd Qi =5 MaB/nen, Q=
=0,5 MsB/nex, Q,=4,5 MaB/xen.

Taxnm 00pasoM, HMeeM HOJHOE TEIVIOBBLIENEHHE 32 CUeT V-H3JIY-
TEHHA W 3aMeAJNeHHs HellTPOHOB:: ‘

- B 3ote [ Qr=10,72 MaB/net;
‘B 3one IT Qu=13,93 MaB/nean;

B siuelike Q=Qr+ Qy=24,65 MaB/nen.
3ro (OSHAMACT, UTO B IPA(PHTOROM BsaMeANiTese Buaensercs ~7 9%
o01efl ' MOUHOCTH peakTopa. SaMeTdM TaKkXKe, uro B 30He I ga cuer
V-H3JIyUCHHST BEIRGIITCTCH OKOJI0 5 % O6IIefl MOWHOCTH peakTopa (rem-
JOBEINEJICHHE 32 CHUET 3aMe/lIeHHs] HeHTPOHOB B TB3/M2X H KOHCTPYKLH-
OHHBIX MATEpPHA/IAX TEXHOJOTHYCCKOIO KaHAaNa NPEeHeGPeXUMO MaJo).
Pacnpepeiienue TensIOBBIACEHNAS 33 CYeT V-H3JYICHHT B FPadHTOBOM -
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3aMel/IHTeNe HaXOLUIoch mo dopMylte (7.27). Pacnpepenenue tenio-
BLIAGJAEHHSA 34 CHET p-KBaHTOB IO pajuycy 30HEI [ paccuMTHBAIOCL 1D
dopmynam tana. (112.34), (112.37).

JAs dHCneHHBIX DACYeTOB pacnpejeseNMs TemIOBHIAeNeHHs OT
V-KBAHTOB B OT/AEJbHBIX TOTKAX AYCHKH (LEHTDP M TIpaHuia 30HH [,
cpefiHHe sHadenns 10 3oHaM I, 1I) ObIJIM HCOONL3OBAHBEL BLIPAMEHHS,
sasucsuyie or P g, P}“}H H P}I"”, a TAKXKe OT FeOMEeTPHYECKHX Xapax-
TEPHCTHK M XCaQ(QUIHEHTOR [NOrAOUEHHS SEEPTAM y-H3JYUeHHS [0
topmynam  (7.39)—(7.41). PeayanTath

9TUX PACUeTOB IpeicTaBaeusl Ha pue. 8.9, L0 =1
Tennopsiienenne B oTpamarene. OTtpa-

HaTeAb peaxTopa OOBIUHG JAJIACTCA H3  f5H -~

MarepHafa, cnafio nOrJIOWAIWEro # Xopo- =

o saMejjanuero HefTpoww. Iosromy = s

TEeRNOBLI/eNerEe B oTpamarene ofycnosae- %' \ 2

HO B3auMojeficTBHeM 4-KBaHTOB ¢ BeilecT- D‘M A . /z
clAeHHeM Helltpo- O

Hob 5 Hew. Ocxoson merousmon yaman. | | =T {

} : ]
TOB ¥ OLICTPEIX HeATPOHOB HPH 3TOM $B- 0 0F 47 45 27 25
JdfeTcs akTHBHas 3oma peaxropa. [loaTo- A7, OTH. 8l

My, KaK MOPABHJO, DACIOPELEJNEHUE TErio-

BHICTIGHHA N0 TOAMIMHE OTpAMaTeNs HMe- féfﬁogfﬁelq‘emf;aﬁ%"iﬁ?ﬁﬁﬁﬂi
eT Bi/ PesKo cmajaomelt oT TPAHMmEl aK- - T oot R ()
THBHOH 30HBL ¢ TepUpEpPAA OTPANKATENR y ¢ yuetom (2) HCTOUHHKOR
¢yaxuun (puc. 8,11}, Y-KBAHTOB T KOHCTPYKLHOM-

Hacro 3a orpasareneM peaxropa pac- I:IQI;CGMMHT?E;iI?ﬁg aicg’rlﬁs;

NMOJATAIOTCA  KOHETPYKIHOWHBIE ~MaTepua- o Loc, Hl rpanmepmpa-
Abl (KPeNJIeHNHs PeakTopa, hOPHYC M T. JL),  watens W akTasOf  30iw)
KOTOPBle  MOLYT  SIBHTHCH  HCTOUHHKAMH
V-KBAHTOB IPU PALHALIHOHNOM 34XBaTe Hefi-
TPCHOB, NOKHZAIOUIHX OTpa)kaTe/b. B TAKOM cJyuae IPH pacueTe pac-
NpeleseHHs TeIIOBRILieselinsl B oTpaxareie HeoGXx0IHMO yUeCTb H 3TH
rerouHnky. Ha pue, 8.11 nokazaHo Takke pacnpejelieHHe TEIJIOBHIAE-
JIEHHS. B OTpamAarTese, KOUJd YuUTEeHbl He TOJLKO HCTOYHEKH y-KBaHTOB
H HeBTPOHOB AKTHBHOH 30HH, HO K HCTOYHMHKH y-KBAHTOB B KOHCTPYK-
IHOHHLIX MatepuaJiax, DacloiomeHdnlx 3a oTpaxkateaeM. Oblee Temn-
JMOBHLIEMeHHEe B OTpakartene gaxe IS peakTopa ¢ HebOAplIUME pas-
MepaMu aKTHBHOHN 30HBI OGBIUEO He mpeBbilaer ~5 Y% TemioBblzeleE s
B 2KTHBHOH 30He, _

TenncBbigenctye B oOpraHax peryiaupopanus. JleficTBie Opramos
peryJaHpoBaNHs OCHOBAHO HA HK3MeHeHHE OanaHca EefBTpoHOB TIpH
U3MCHEHHH HX HCJOMEHHS B PeaKTope.

B nacrosumee BpeMs B SAEPHBIX PeaKTapax ualle BCETD HCMOJb3Yy-
I0TCA OPraHBl PeryJHpPOBAHHA NOTJOIIAIOWEers THma. B xadecrse no-
TIOTHTE)isT HefiTpOHOB OOLIMHO NPEMEHSIOTCS MaTepHannl Ha OCHOBE
Oopa (wHanpumep, Kapbug Gopa, Gopucras crais u T. 11.). KpoMe Toro,
MOTYT ACHONB3OBATRCH MATEPHANH Ha OCHOBE FafOJIMHEA, TaHHA, eB-
ponHs, caMapHs H Ap.

OGLINHO OpraHsl peryJupoBaHust BHIIOJNHAIOTCA B BHAE IOIJIOLLALO-
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UHX CTEDPIKHEH, nepeMellaeMbly B BepPTHKA/IBHEIX KaHaAaX peakropa,
KaK B aKTHBHOH 30HE, TAK I B PajUaJ/bHOM OTpararede.

Ha puc. 8.12 npupesena npumepras cxema PACTIONOMEHHS CTED-
xemeft B peaxrope BI'P-50, a ma puc. 8.13 — mpumepnas cxeMa mone-
PeYHOro CeUeHHA CTEePIKHA, COCTOAUIEr0 H3 KOJBLEBOrO MOTIGTHTEJA
(nss1a) u oboaouer (saiue Beero us craau) [51, 60].

@ - Cmepxiu A3 O -1k
. (no2gysme nommeHod-
7 O —Gmepaenu AP Pyreus e emeprie )

Tue. 8.12. Puc. 8.13.

Puc. 8,12, Cxema pacioodents opranon peryJnpopapns B peagrope BI'P-50 [51]:
I~ aKTHBEAR 305a; 2 — OTPAXKATRIb C THICHAMH

Pre. 8.13. CxeMa NONEPeYHOTO CeMeHHs NONMOMAKINETD CTEPKHS:
! — nordoTeTenL; 2 — ofoouKa

B pane cayuaen AAs peakTOpoB HeGOMBUINX PA3MEPOB MOI'YT HC-
[10B30BATBECA OPransl PeryAHpOBAHHs MOBOPOTHOYO THNA, pacroJarae-
MDbIe B pajiHa/NpHOM OTpazkarene. Taknue OpraHbl PEryJHPOBANHT HMEIOT
(GopMy NHIHHIPOB' ¢ OCHIO, MAPaJJIENLHOA OCH peaxTopa, ¢ pacmoto-
KEHHEM Ha IepH(pEPHE H4 JacTH TNEpHMETpa OpraHa peryJHpOBaHHA
Cj1os morsomaromero Marepyana [61]. Tlpu Bparmenun taxoro opra-
Ha DEryaHpOBAHMSA BOKDPYI CBOEH OCH HOMJIOAIOIHI CJIOH MOXKET npu-
GauKaThCA K aKTHBHOM 30HE HJIM YAAJATHCA OF Hee B TeM CaMBIM MO-
HET H3MEHATbCH KONKYECTREO MOTVIOUWEHHEIX HEHTPOHOB, 4 CJAeL0BATENb-
HO, # DeaKTHBHOCThL peakTopa.

- TernosbiesieRle B OpraHax PeryTHPOBAHMNS C MOTJIOTHTENEM Ha OC-
HOBe Oopa (wanpumep, B4C) 06ycaoBauBaeTcs B OCHOBHOM peakunef
(n, @), mpoucxonAmed mox AeficTBHeM HefTPOHOB Ha sapax 6opa-14.
B peaktope Ha TenMoBEIX H NPOMEKYTOUHLIX HeHTPOHAX NOTVIOMIEHHE
He#ATPpOHOB B Gope-10 MPOHMCXOLUT B OCHOBHOM Ha 3aMeIJNEHHHX Hef-
TPOH&X, 4TO CBF3aHO C 3aBHCAMOCTBIO CeUeHMs (7, a)-Peakluy o 3a-
kony <1/ (v— ckopoers Hefirpona). Peaxuuss (n, o) Ha Gope-10
HIleT 00 CAeAYioUled cXeMe: S :

14108 == ('Li -+ @) (2,31 MsB) + (0,48 MsB);

T4K KAK y-KBAHTH 00Maf2i0T MaJ0H 3SHEPTHeH, MOMHO CUHTATH, YTO
UX 9HEPTHsl, TAaK XKe KaK W SHEePTHH q-UACTHI 4 AZep oTAauH JUTHS, 1O-
PJAOUIZETCA B MaTepHaJte N344.

Taxum 06pa3oM, MOKHO CUNTATEL, UTO Ha OAWH NOLJCIIEHHHH B 60-
pe-10 mefiTpox BHzeasierca 2,79 MsB rensoBoii smepruum B nadje.

Pacnpejenenye TeNNOBBIIEJIEHHS TI0 JAJUHE CTEPKHS OUDEJLHATLTCS
pacmpejejienneM IJIOTHOCTH NMOTOKA HEHTPOHOB IO BHICOTE DEAKTOpA.

IIpH noaHoM forpy»KeH#s oprada PeryJaMpoOBaHH® Ha BCIO BEICOTY
AKTMBHOH 30HB! pacrpepiesieHHe TeIJIOBBLJGJNEHHA IO JJHHE CTepKES
OyzeT GAH3KHM K DACHDPEAEASHHI0 TEIOBBIENERES [0 BHCOTE AKTHB-
HOH S0HBHI,

Tenzopnienenue 3a CueT y-KBAHTOB B I3JaX H B KOHCTPYKLUMSIX Op-
FaHOB PeryIHPOBAHESA MOMeT GHTh OLEREHO KAK A0JH TeNJOBLIAeMeRH
B PeakTope, IPONCPIHOHAALHAS MACcCaM COOTBETCTBYIOIUMX KOMIOHEHT
CTEPACHA,

B rag.. 8.1 npuBeseHs xapaKkTepHble AaHHLIE 110 BKI&AY B CyMMap-
HOE TeilNOBLIeNIeHHEe B NOTJICLANILEM CTEP3KHe Ha OCHOBe KapOuaa
Gopa {n, a)-peakiun, y-H3JyUeHIS 1 3aMefJeHnsd HefiTpodos. 3a 100 9/2
NPUHATO NOJMHOE TENJAOBHAGNEHHE B CTepxHe. BHawo, yTo OCHOBHOHA
BKJaJ| B TEMJOBLILENEHHE B pACCMATPHBACMOM CTepiKHE naeT (n, a)-pe-
LRIV

Tab6anuwa 8.1, Brnag pasaquuely peakiuuii B TeNToBHI@JeHHe
B [OTJOAMHIEM CTePKHE

KommoHenTa It " Haons temio-
(MarepHamn) pouecc paauMogefictens Bh|TeMennd, ¥

Iaa (B,C) Peaxuns (r,%) 60

[Isn (B,E) BsaumozeHcTBHe V-HANyueHHT M 3avef- 10
JieHHEe HeHTPOHOB

O6osouka (cTads) BaauMozeHCTBHE P-H3AYHEHHS H 3aMEH- 30
JIEHH® HeHTPOHOR

Tax Kax oCHOBHOe TEIJIOBBLAE/JEHHE B OpraHax DEeryJHDOBAHHS Ha
ocHope 60pa MPOHCXOJNUT B [3Je, TPHUEM HMEHHO B N3/ HMEET MecTo
HanboJblllas HEPABHOMEPHOCT) TeIOBLIACACHHS 10 KOODAHHATAM, Ua-
CTO OKA3LIBAIOTCH NOJE3HBIMH almpOKCHMalHOHHBIe (DOPMYALL A4S pac-
npefeseHHs TeMNOBLIAGACHHA BHYTPH NaJia cIeIyIoIIero Tuia;

qv(f', Z) = BZW(P (Z) ¥ (r, (82)

re By — OTHOLIeHHe MOTHHOCTH, BELAGAAEMON B M3Je CTePIKHA, K MOML-
HOCTH peakropa; W -—Temnosas MOMHOCTE peakropa, Br; ¢(z) — pac-
npejesieHne TEIVIOBLIACNEHHS O BbhICOTe CTepHA [2=0 OTHOCHTCH K
BepXHeMY TOpLY CTepPHKHH, OCh 2 RanpaB/leHa BAOGJL CTEPKHS BHH3
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(cTepikexy npu H3BJEUCHHH H3 peaKTOPa MOAHMMAETCH BREpX)], 3aBa-
CUT OT NOJIOKEHHS CTEPIKHA B PeakTape.

MoxHO nCmONL30BaTh Cle/lyOmHA NPHOIMKERHLE BHE (YHKIHA
¢ (2):

¢ (2) = C,sin

a

(%mz) 0<z<H,,

3aech Ha=Haa+285r; 85— appexriBHAn n06aBKa 3a CUCT TOPUEBOID
orpaxarens (B AaHHOM cayuae npeAmoJaraerTcs, UTG OHA OAHEAKOBA
I8 BEPXHEro M HHKHEro TOpIeBBIX oTpamareneii}; H, ., — BLCOTa ak-
THBHOM 30HLI H PeryqupyIOMerc crepxts; C| BEOHpaeTcs H3 YCAOBHA
+H&.B

[ o@dz=1.
0

Jaist panuansEOTe pacnpeSeseHus TeIoBbIACICHHS MOKHO HCIOb-
30BaTh (YHKIHIO BHIA

‘F(r):a{—bexp(——fﬁh—_r), (8.3)
R1< r< Ry,

rae Rp-— BHELUHWH pajliyc Isia, cM; K| — BHYTpeHHM{ pazmye msia,
CM; A — IipoBer TeIJIOBOro HeHTPOHA B MaTepHaJte NsJja, cM; @ H b—
KOHCTaHThI, OIIPEACIACKEIE H3 YCAOBHS HOPMHPOBKK

Ry
[ 2a¥(r)rdr=1
Ry

H yCJIOBHA anupokcEMaudu hopMynot (8.3) pajamanproro pacnpegese-
HEA TERVIOBEIAE/EHES, HONYIeHHOro H3 Gosee TOUHBIX pacyeroB. Coot-
HOIeHEe MEXAY & H b noabHpaeTest TakuM 06pasoM, YTOOB OTHOLIC-
HEE TENNOBBLIJeNeHUA 3a CYET NOrOIieHHH HAATEIIOBEIX HeHTPOHOB
K TenJOBhIISJCHHIO 38 CYET NOMVIOLECHHH TeroBbIX HEHTPOHOB, MOJY-
YCHHOMY IIPH TOYHBIX PacyeTax, PaBHJI0CH OTHOLIEHU

R.z Ry R .

: .
aj 9t dr b's exp (% )
Ry Ry

. Hanpumep, aasa crepxkusi ¢ pasmepamMu R, =4,0 cv; By—=5,5 cv: A=
=0,046. cM, pacnosaraeMoro B axTHBHOH 30He peaxkropa BI'P-50 [62],
noayueno: a=0,012 n b==0,292.

Ha puc. 8,14 npupejens! paguanbuble pacmpeiesieHHe TeILIOBbLIAE-
JeHHS, MOMYYEHHOE U3 TOUHHIX PACHeTOB, H ANNPOKCHMAUHA €ro IPi-
GuIHXKeHHBIM COOTHOWeHHeM Thna (8.2). Buano, uro mpuusTas ammpok-
CHMaUHOHHAS (OPMYJIa XOPOMIO ONUCHBAET PacHpele]eHue TeHJiCRb-
JeJIeHHsT HO TOJMHHE 574, _ o

- TennoBuizesenwe B Opranax peryJiHpOBaHHS, He COAEPHANIHX 60
B KauecTBE' MaTepHana HOTVIOTHTENs, B KOTOPHX HCIOJb3YIOTCH APyrHe
NOMVIOWAIONIHE MaTepHanbl, o0yCl0oBNHBACTC B3aHMO/EHCTBHEM y-HS-
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JAYUéHHS ¢ MATEéPHAMOM PECYASTOPOB H 3aMe/IeHHeM GLICTPBIX HEHTPO-
HOB. [IpE sTOM HEOGXOAHMO YUMTLIBATL 2aXBATHOE Y-H3AYUICHHE, BO3HMA-
Kamwllee B CAMOM IOIVIOIIAIONIEM MaTepHazke OPTAHOB PeryJdpOBaHus,
TaK Kak AAf UCNOJb3yeMalX H4 IPaKTHEe norgorureseff, Kpome Oopa,
OCHOBHOM peakunel SBJSETCS, KAk NPABHJIO, pafHalHOHHOE IIOrJIOole-
HHe HeHTPOHOB. '
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Puc, 8.14. Pacnpepencnue TeNAOBHILSHRA 0O PARKYCY IOTJIOMADILESH TacTH CTepIKAA:
! — Tounml pacuer; 7 — pacyeT 1o ANNPOKCHMANHOHHON dopmyse

Pre. 8.15. Pagwanbhoe paclipefenciine TeNAOBBIASICHE B 30HE BOCIPOH3BOACTRA pe-
axtopa ma Gmictphx mefitpouax BIP-300 [63, 64]:

! — TennmoBRiACIEA e 334 CYRT TOPMOMEHNMS OCKOJKOB Henedus: W B-HajyueHns pacmana RpPoAVE-
TOR BENCHHA: 2 — TeRJIORKMAEAEIHE 33 CYCT Y-KBAHTOB H3 AKTHBRHON 80HL, § — TeOJOBLIEeNCHHE
3a CYUET Y-KBAHTOB, POMAEHWHIX D PaAHafbHON WOHE DOCIPON3BOLCTBA (V-KBAHTH HENCHHS, Pr-
AHAUUOUHCTO 33aXBaTa, HeYUPYrorc pACCeHHHR), 4 — HOAHOE TelIOBRIENeHHE

JLOBOJIBHO YACTO CaMOMOTJIOMEHHEM ¢-KBAUTOB B NOMNIOTHTE/IE MOXK-
HO mpeHeSpeyb B CUHTATD, UTO TENJIOBEIHENEHHe B IOIVIOTHTEAE 34 CYET
p-H3JIYUCHHS COCTABJSLT JOJI0 OT TEIJIOBLIAENEHHS 34 CUET y-H3JAyUeHHs
B aKTHBHOM 30He, NPONOPUHOHAJLHYIO MACCE 3TOMO MOTJOTUTENH,

ITpoerpancTBenHOe pacmpe/le/ieHHe TeIIOBLIRICHHA TPHEIMKENHO
MOJKHO CUHMTATbL HPOIOPLHOHAJLHBIM OCHOBHOK TapMOHHKE omepaTopa
Jlanmaca, 7. e. cos (nz/H,) {(no Bhicote mormotuTens), w Gpyuxuun bec-

2,405

ceqst | fy 2 Rg ) {B 3aBHCHMOCTH OT PACCTOSHHSA OT OCH PEAKTOPA /10
. 3

OCH PacIOJIONKEHHs CTEePHHA B aKTHBHON 3one K.,

Tennopblpenenne B 30He BOCAPOM3BOJCTBA PeaKTopa Ha OBLICTPHIX
HeRTPOHAX. B peakTopax-pasMHONKATEAAX AKTHBHAS 30HA OKPYXKAeTCH
30HaMU BOCIIDOH3BOACTBA, COLEPKALIUMH BOCHPOH3BOAAIIA MaTepHal,
B KauecTBe KOTOPOrO 4Halie BCEro BRICTYmaeT ypau-238. uanm Topui-232.
Ilpu ompeneneHHH TEMIOBLIAGNEHHA H €0 pachpelenielna No 30He Boc-
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HpOHSBOACTBA HEOGXOUMO YUHTHBATL foMHuMO 3aXBATHOTO y-H3JyHe-
WHst y-H3JyyeHHe 34 CUeT HEympyroro paccestHis GBICTPBIX HEHTPOHOR
W jejeHne TSKEJIbX AAep (IOporoBoe AeneHHe Ha GricTphIX HEATPOHAX
BOCIPOMBBOMAILHX MATEPHAJNOB H ACJEHHE HaKOMABUIMXCS B KpaHax
33 cUeT BOCHPOH3BO/ICTBA ASJALLIXCH MATEPHAJIOB).

Pacnpe/iejense TEMAORDieNEHHs 34 Cael KHEETHYECKOH B3iCprHY
OCKOTKOB JCJeHHs H P-HBJAYUeHisl pACcnafa HpoAyKIOB qeneHdsl B 80HC
BOCHPOM3BOJCTBA HAXOLHTCA B pesynbTaTe feHTPOUHO-PUIHIECKOTD
pacyera peakTopa ¢ yUeTOM H3MEHCHHH HYKJUAHOTO COCTABA B SAEMCH-
Tax peakropa B TeueHue KaMuaHii. '

Pacnpe/ieJeHEe TENIOBbIACCHHA B SOHE BOCIIPOH3BOACTRA 32 CUET
y-H3JYUEHHA HAXOJMTCA AHAIOTUNMHAO TOMY, K4K 5TO jlejaerca JpH Om-
‘pe/lelleHHH TeIIOBLIIENERRA B oTpa)arene; INpK 3ToM HeoBX0IHMO YUH-
TLEATh CAGNYIOUIEE HCTOYHKKH y-KBauTOB Kk B AKTHBHOH 30HE, TaK
i B 30HE BOCIPOUIBOACTHA: HCTOUHHMKA y-KBATOB MTHOBEHHLIE H 3a1a3-
JLBAIOILHE 32 CueT [eNeHHH, HCTOUHHKN y-KBAHTOB 3a CleT HeyIpyroro
paccesyHs HeATPOROB U HCTOUHHKH ¢-KBAHTOB 3aXBATHOIO H3JYyICHUA.

Haxox/IeHie TenJoBbASNCHI H erO pacmpejesenns B 30He BOCHPO-
H3BOJACTBA pPeaKTOpa-PasMHOMKUTE IPOHJIIOCTPHpPYEM  Ha IPHAMEPE
pa3pabaTEIBAEMOr0 PeaxTopd ¢ reJEeBLIM TeNJ0HOCHTENCM BI'P-300
[63, 64] (cm. Tpujioxenne 5).

AxTHBHast 3ona peakropa BI'P-300 mpelcraBiiet coBol LHIAHAD
papuycom ~90 cM H BuIcOTOR ~ 100 oM. AxTHBHAd 30HA OKpyEeHa
pajnanbEOH 30HOH BOCIPOH3BOACTRA ronuyHol ~ 40 cM, BLITIOHEHHOH
3 OGeAHeHHOH ABYOKHCH YPaHa, B TOPICBLIME 30HAMH BOCIPOH3BOACT-
Ba K3 00eAHeHHOH ABYOKMCH ypaHa roqmuHof b0 cM Kamaad.

Jlast tiesieft BBIpaBHUBAHMA Tell/IOBLUeJeHAA aKTHRHAN 30HA COCTO-
Wt M3 IBYX paiHasbHBIX SO, pasaHUAIONHXCs 000TaleHHEM. [Ten-
TpajpHas 30HA C MCHPIIHM oforaleHleM AeNSUIAMC MaTepnaoM
HA3bIBACTCS 30HOH Mayioro 0GOraments (3MO), nepupepuiinas — 30-
Holl GombuIoro ofOTanleHHs (3B0). boxzee noApoGHoe OnBHCanue KO-
CTPYKLHH M COCT2Ba AKTHRHOJ 30Hbl ¥ 30H BOCHPOH3BOACTBA IPHBEAT:
wo B [63, 64]. Ilpn mpoBeieHHH pacueToB MPEANoJaranoch, 4o peax-
TOP COCTOHT H3 ABYX 40H — akTHBHO# 30HEL (1) H pajiHabAoOd 30HbI
pocnpoussogctsa (1), ¥TO HCTOURUKA y-KBAHTOB B AKTHBHOM 0HE pac-
npejlesieHsl PABHOMEPHO, a B JOHE BOCHPOH3IBOJICTBA C xopolael To4-
HOCTBIO AMNPOKCHMEDYIOTCS : YORBAIONHMI IO TOJIIIHHE 2KpaHa 3KCHO-
HEeHTaMH. _ :

-Cuexrp v-usﬂyqeﬂﬂﬂ-:mﬂ-.Ka}K;Loﬁ W3 30H NpHHHEMAJNCT ABYXTPYM-
OBBIM AHAJNOTHUHO TOMY, KaK 3TO fH10 CLeJaHo BhIlIE NpH paccMoT-
peHuH: AyefiKH pEAKTOPA PBMK. 3oru 1 u I B pacuerax TOMOreHH3H-
posaiuch. B taGn. 8.2 mpHBEACHH paccUHTAHHbIE KO5POHALHACHTH 0~
FJIONIeHEA SHEPTHH y-H3ityue s 715 ofenx CPynI B 30HAX. HByxrpyn-

[OBOM CIIEKTP HCTOUHHKOB y-H3JyHeHHA $blJI DOJYUeH H3 COeKTPOs, IPH-
BeeHHEX B Taba1. 1.3, 1.5, a 7% 3aXBATHOFO. y-H3IyHEHHT H y-KBAHTOB
Heynpyroro paccesHus HEHTPOHOB — K3 TAGIHIL [3, 51

" CHeKTPL HCTOUHHKOB' P-H3JYHEHHSE B 30HAX peakTopa B ABYXIPYI-
fiOoBOM IpHOJHKEHNH NPHBE/CHbL B rabi.. 8.3, rie fy;— AOJA HEPIHA
KCTOYNHEOR y-H3JIyUeHHH, npuxoaduleficss Ha 10 FPYHAY. COOTHOEHH
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Tadauna 8.2. Koshdmmpentnl
HOTJOWEHUA SHEPTHE Y-H3AyueHH

~Tabauma 8.3. AuepreTHUSCKHE
CNEKTPEL Y-HANYHEHHS [, HCTOuHHKOR

_ ; e
B aonax peaxropa BIP-300 7 it 1/em B pasmMuHuX 30Hax peaxtopa BIP-300
Homep suepraTH-
wecKolt rpynau j 3ona I Bona 11 .i?}?{,% ?;%ﬁ:,“} 3ona I 3oma 11
0,157 0,260 1 0,56 0,35
2 0,115 .| 0,186 2 0,44 0,65

ﬁE}KILy IAOTHOCTAME MOIIHOCTH HCTOYHHKOB SHEPTHH 4-H3JYyUeHHH Pas-
g;{HJII:IX HepreTHYecKUx IPYII BO BCeX SOHAX HAXOLHNHCH HCXOMR W3
Pe3yAbTaTOB HeHTPOREO-(PHU3HUECKHX PACUeTOB, ABYXI'DYIIOBBIX CIEK-
TPOB M BHIXOAA SHEPTHE y-KBAHTOB HA OAHO JI€JeHHe, HA OLHH 3aXBaT
" HaB OJIHO HEYHpPYTOe paccesHHe HeHTPOHOB B KaXKIOH H3 30H.
o BIXOZ SHEPrHH y-H3JIyUeHHs 8 aKTHBHOH 30He (C yUeTOM 3aXBaTHO-
B HEYNPYIoro v-H3JyIeHHs]) B [lepecyeTe Ha OJIHO A&jeHHe B aKTHB-
HOH 30He cocraraser 20 MaB. T ' o
o Bg;:;g}hld SHEPTHH Y-H3JyYeHHS B pajHa/]bHOi 30He BOCIPOU3BOACTRA
y 3aXBAaTHOTO M HEyNpyroro y-H3JyUeHHs) B INepecueTe Ha
OfHO JeNeHHe B 30He BOCHPOM3BOJACTBA cocTaBaser 56,6 MsB (sto
MAKCHMAJBHAA OIEHKA TelNJOBBIAEJNEHHS, MOJNYUCHHES B ,npe,ano.nox{e'-
HHH, YTO Macca HaKONJAeHHoTo B pajHaNsHOH 30We BOCIHPOH3BOACTRA
JeJAMErocs BeHIeCTBA PABHOMEDHO paclpeielieHa RO O0bEMY H CO-
crasiasier 2 % Macce BOCHPOHSBOASILIEro MartepHasta). Pacuerw npo-
BOJHJMCH ¢ McmodbaoBanuem Qopmya (12.3) u (I12.5). Pesynbratsl
pacuerToB NPeACTABJCHL Ha puc. 8,15, Tie BHAHE BKJaj B 0o0liee Ten-
JOBBI/IeNIeRAe  OTACBHEX COCTABJTIOIHUK TEN/OBBISJERAS, XapaKrep
pachpeeeHns: TEIIOBbI(eIEHNS N0 TORULHHE pamlaﬂbﬂoﬁ’ SOH}IJJI 90{,!-
NPOHZBOACTBE ‘W MacnTal BeJduHHE OOBEMHOrO TEMJIOBHIAEJNCHHS I
CPABHEHHIO ¢ OOBEMHLIM TEIIOBbI/le/IeHHeM B akTHBHOH 30He °
. TenjoBbieqenke B KOHCTPYKIHUAX peaxropa 3a 0TpamaTéneM Hast
00ECTIeHeH s HAMeKHOIO OXJaXKIeHHS KOHCTPYKIHM PeaKTopa 3a o1-
pamkaTeseM BaxHo 3HATh PACIpejeseHHe TEIIOBLIENeHHs B 9THX KOH-
crpykuusix. TeusoBreneHHe B KOHCTPYKIHAX, PACTIONOKEHHbIX 3a OT-
paxcaTenen, 06YCAOBNEHO B OCHOBHOM B3ABMOJIEHACTBHEM y-KBAHTOB
¢ BEIeCTBOM STHX KOHCTPyknuH, MCTOUHHKAMU ¢-KBABTOB MOTYT CJy-
JKHTh KaK aKTHBHAs 30Ra (y-KBAHTH JeJNCHHA H 3aXBaTHhe), Tak y'rl
APUMETAOUIHe CJAOH ¥ MATePHAJa paccMaTpHBAEMON KOHCprKU,,HH (3a-
xpaTHsle y-xBaytH}. Ha pre. 8.16 nokasauo pacnpefieeHHE TE[lIOBEL-
AQilellHsl B MaTepHale KOpIyCa H B IPANEralolux KOHCTPYKIHSX BHYT-
PH Kopryca peaxropa BBoP-440 (xcHdurypauud H cOCTaB aKTHBHyoﬁ
30HBl M KOHCTPYKUHH, PacIOJOKeHHHX 3a Heif, BKAIOUas KOpPIye peax:
TOpa, B3sTH u3, pabor [65, 66]). ye peE

o AKTuBHAs s0Ha DeaxkTopa NpeicTaBaseT co00H NHWIHHAD pajiycoM

44 cm w sucoroll 250 cM. B pazuaibHOM HANPaBJAeHHH aKTHBHAA 30-

na 1 ogpyxena sonoff I1, KoTopas COCTOHT K3 HECKOJABKHX CJIOEB BOJLL

M CTaNbHMX KOHCTPYKUMH (BHITOPOAKA, KOP3HHA, IIaXTa) CyMMapHOH

6 3ax, 38
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W s - g, TONUEROH 33 cm. 3ateM ciefyer crannHORH
@g5r Fo00z  Kopnyce ¢ wuanaaskof (3vEa [II) ofmef
- Torunnod 14,9 cM. [Ipu npoBeleuun pac-
uera Bee NePedHCHEHHBIE 30HBEl OMOTEHH-
3HPOBAJUCE H HOPEANONard/och, U100 HC-
TOYHHKH §-H3JYUCHUS PACUpENCNCHE Pak-
HOMEPHO IO 00beMy aKTHEBON 30HBE.
e : B sonax II n Il pacopesenenna uerou-
IEKOB 34XBATHOIO y-H3JYTEHHA HMEIT Xa-
pakTep yOnBAIOINHX 1O TOJLIHHE 30H SKC-
nonenT. ChoekTp vy-H3JAyYenHs AJAd  [po-
CTOTBl TNPHHAMAJCS ABYXTPYNHOBHM ¢ 3(d-
CIJEKTHBHI){MH sHeprusMu I u 3 MsB ana
IEePBOA U BTOPOH TPYNI COGTBETCTBEHHO.
Ananoruuno ToMy, Kak 510 GLIIO CAeNA-
HO BHIIE [pH pacueTe TENVIOBLIAeJeHHs
B suedike peakropa PBMEK, 6nuin. moayue-
HBl KO3(QANHEHTH IIONVIGHIEHHS 3HePrHH

0,04
003
1 bao0f

02

a1

1 | ! t
0 W 20 30 40 xoq Y HSIyuemHs Jus o0eHx I'pyIE BO BCEX 30-

Hax (rabna. 8.4). HByxrpyunosodi cmextp
HCTOYHHKOB y-H3JIyUeHHs OLIJ MOJYYeH H3
mpeflescnue  renaosnienenns  MUOTOPDYMIOBBIX CHEKTPOS, NPHBEIeHHBIX
B KOHCTpyKuuaX, oxpywawo- B Talu. 1.3, 1.5, a Jusl 3aXBaTHOTO y-H3JIy-
IUpx aKTHBEYIO 3CHY DEAKTO-  yoHHS — H3 Taﬁmm patorn [B]. Crekrpu

Pre, 8,16, Papuanwnoe pac-

pa BB3P, mraouaa xopnyc: : 4 s )
I renxopuenemne B xopmyce: {CTOUHHKOB Y-H3JYUCHHA B 30HAX peaxTopa

2 — rennosbinenenne Bo mayrpu- B ABYXI'DYNOBOM UPH6JTH-‘PK3HHH npHBEIe-
KOPIYCHEIX. KORCTPYRUHSX . BBl B rtabua. 8.5. CooTHollleHHA Mexay
. - L : HHOTHOCTHMH I\'IO]_HHOCTEH HCTOYHHKORB i'e H3-
- N JTY‘-IEHHH pdSﬂHIIHBIX SHEPILJI’IQECKHX prnn
HaXOﬂHJ’IHCh HO peSyJ]deTaM HEHTPGHHO @HSHHQCKHX paCHETOB 138
ﬂByXprHHOBBIM CHEKTpaM ..H BBIXO,U‘Y aHepFI{I/I Y-KBAHTCOB HA OAHO Je-
JICHHG H Ha OOHH 34XBA4T HeHTpOHOB B Ka¥I0H U3 30H.

"TaGauna 8.5, depretudecxue
"CHEKTPBI Y-H3FYUCHHA fw- HCTOUHUKOR
B pasaMyHblX 30HaX peakropa BBIP

Tafauma 8.4 l(oécl@uﬁﬁ"eﬂ"m ;
HOTOWEHAS SHEPINH P-U2AYHEHHS
B 30HaX peaxtopa BR3P p,g},

'Hq.mep SpepreTt- - . : . = Homep sRepreth- — = g
ueckoit rpymnst | 8 ] g we cKol rpymnb J g g 8
. i 3 3. &l 5 ) 3
] @ & A 5] @

1T 7| 0,177 {0,084 | 0,205 1] 0,49 0
2 0,129 {0,089 10,176 . 2 0,51 1 1

BLIXO,[[ eﬁeprmr y-H3JIYYeHus B AKTHBHOR 3016 (c yqemM 34XBATHO-
ro ‘P'H3JNYYEHHS) B pacueTe Ha OAHO JleJleHue cocraBasier ~ 18 MaB.

- BRIXO[ 3HePrHH y-H3JYueHHd Ha OQHH 3axBaT HefirpoHa B some Il
cocraBisier 6,6 MsB, a B sone HI— 7  M3B. Pacuers TIPOBOHMHCH
¢ HCHOAB30BAHAEM - (popmy.rz (T12.3), (I12.5).
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9, TENNOBLIAENEHME. B AOEPHOM PEAKTOPE |
FIOCNE EFO NYCKA MM OCTAHOBKM

aMeHeHHe MOIHOCTH DeakTopa BO BPEMEHH NpH OCYNIECTBICHUH 3a-
AauHol MporpaMMel padoThl HAK B ABADHAHHX CHTYALHAX OTJAHYACTCH
OT XapakTepa H3MeHeHHs BO BPEMEHH CKOPOCTH JeJeHHH, CBA3AHHOM
C HSMEHEHHSMH PeaKTHBHOCTH, JTO OOBACHACTCHA, B YACTHOCTH, TeM,
YTO MpOLece OCBOGOMKCHHS OAHON H3 COCTABJSIONINX MOIHOCTH peak-
TOpa — SHEPrHH PALHOAKTHBHLIX TPOLYKTOB ATEHHS — IPOHCXOLHT C
3anasjbBAHHEM 10 BpeMeHY OT MOMEHT4 jleseHHd. B CBA3H C 5THM
COCTABJMOIUIAN SUEPTOBHIIEIEHHA 32 CYCT PAAHOAKTHBEOTO pacnaja
NPOAYKTOB AGJEHHS B PACCMATDH- ;
BACMHIH MOMEHT ONIpefe/neTcs 0T g .
HOCTBIO fesieHu#, NpPOHCXO/HBILIHX
B IpejlecTByOLIee BPEMs, T. e _ //\
npeArcTopiell  paforhl  peakTopa.
I[IpeanonoKHM, YTO H3BecTHa
BpeMeHHas 3aBHCHMOCT IVIGTHOCTH

NeJeHHH, NPOMCXOAALHX B AIepHOM ¢ dt’ *
peakrtope, Sy(¢) (puc. 9.1). Urobu t! 7!
ONPefeNHTE COCTak.JRIOINYI) MOILEO- #

CTH peakTopa, QOyCJOBJeHHYK Da-
AHOBKTHBHHIM PACHAAOM UPOAYKTOB  puc 91 Cxema ann pacuera cocras-
ACJEHHST B MOMEHT BDEMEHH f, PAC~  jyiomieli MOUIHOCTH AAEPHOTO DEAKTO-
CMOTDHM HEKOTOPBIH TIpEALIECTBY- pa sa cueT pPajHCAKTHBHOTO pacoaja
OUWHE MOMEHT BpeMeku 77 # Ma- MPOAYKTOB JeseuHs
AHH HATepBaA 4t

Uneno niesennil, KOTOpbie TPOHSONIIA B SACPHOM DEAKTOpE 33 HH-
tepean di’ B6auszu ¢, Gyner pasro Sy(i’)dt’; MOWHOCTh, KOTOPAA BHI-
HeJMTCS 34 CUeT pacnaja OPOAYKTOB Ae/eHHs B PesynbTaTe STHX Jie-
-eantt, 6yner

S,¢"yd 1B(x) + T (v')], _(9.1)
rae B(v") u I'(t') — sHeprus, BhHjeJsieMas 3a €JHHHLY BpeMeHH npn

palHOAKTHRHOM pachaje MPOAYKTOB JeJCHHS CIyCTA BpeMd ' mocae
denenns (cm. § 1).

Ecnn MB npouuterpupyeM Bupaxkewne (9.1) no ¢ OT HyJAS 110 t,
TO MOJAYYHM HCKOMYIO COCTaBJSIONLYIO MOILHOCTH 3a CUeT pacnaja mnpo-

AYKTOB J€NEeHHs:
¢ o
Wy, g () = j‘Sf (EYIB(x') + T {x")dt'. 9.2)
b

Tak Kak # =f—1’, 70, nepefias K mepeMenHo#l v/, Bupaxenne (9.2) ne-
penuuleM B BHME

W, 5(6) = [ S, —7)[BE) + T (@)]de. ©.3)
0 .
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[Tpn mpunusgerinbix otiertkas aas B (1)) n ['(t') MOKHO BOCHOML-
80BaTheA (opuynoit Bes — Buruepa [67]

B({v) = 1,40¢""% MsB/c:
Txy=1, 261:’"E *? MsB/c.

Cuuras a1n opmysan cnpaBeMHBHMH (Hayunasg ¢ =1 ¢), no-
Jyuaem .

(9.4)

Wy, 5 0 = .lfsf (¢ —7)[B(¥) + I () dv'. (9.5)

IMocnepwee BripaxeHne sBARETCA ZOCTATOYHO OOIIHM H REET BO3-
MOXKHOCTb ONIPEJEHTH COCTABASIOULYI0 MOUIHOCTH pPeaxTopa 3a cuer
PaJHOAKTUBROTO PACN2/d UPOAYKTOB JEEHHS TIPH NMPOHIBONLHOM 3a-
KOHEe H3MeHEHHS CKOPOCTH jeieHy#i B peaktope Bo Bpemenn, Ias Go-
J16¢ TOUHHIX PACYETOB OCTATOYHOTO TEMNOBBIIEACHHS MUMKHO BOCIONID-
3oBaTbcA (hopMyaaMu u3 pabotw [4] (cu; § I).

. Ha mpaxtuxe 04eHb uacTo DPHXOAHTCH YUUTHIBALL TAKHE YACTHELE
Cayyay, KaK NycK peakTopa H €ro 0CTaHOBKA.

paCCMOTpHM Gonee moipobHO HmycK peakTopa. Hpe,ILHOJIO}KHM uTo
B KaKOH-TO MOMEHT BpEMEHH ({o=0) maoTROCTH HesenHil B peakTope
YBCJIHUHBACTCS CTYNEHBKOH OT HyJs N0 BEJHTHHB Sor U jlajee BO Bpe-
MEeHH He MeHdercs, Toria cocTaBJMoLlas MOIKOCTH 34 CYET PajiHOaK-
THBHOTO pacmiaa, M:)B/c Moer ObITh BHUHCIEHA To (opmy.e

Wy, p(f) = ofj )+ T () dv. (9.6)
I/IHTerHpOBaHHe ¢ yuerom (9. 4) naet

Wy () = 8y 2280 2 66 [0 = 5,05, 3[1— 2]._ 9

[lonnag MoOmMHOCTD, MaB/c BEIZEAgEMAs PY II018UCTH JeJIeHHS
S[)f, 6y1geT paBHa

. . ) WW"O‘—'_:‘ _pr',_'
I‘,D‘.e E;M?.OO MsB Toma
b , e |
LU 12?;]03[1 e } e
HJIH i .
| LB - 6,65 10—2[1‘-— 71“] 9.9)

(t BBIpa}KaETCH B CEKYHAAX).

Brjro, 9T0 COCTAB/IAIOMAs MOIEOCTH 32 CYET PafHOaKTHBHOIO pac-
Naja mpH NyCKE PeakTopa HapacTaer, AOCTHTas HACHIIGHHA [PH Bpe-
MeHH paGoTH peaxTopa !> 10% ¢ u cocraBaser ~7 %. MOMHOA MOIILHO-
CTH, BHIJSIONEHCH B PeaKTOpe 3a CYeT JeJeHHi.
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Tettepy Gosee mozpofHO paccMOTPHM OCTaHOBKY peaktopa. [Tpex-
MOJIOX M, UTO PEAKTOp [0 OCTRHOBKY JJIHTEJbHOE BpeMsl padorat Ha
NOCTOAHHON MOMIHOCTH. MOMEHTOM Hauala OCTANOBKH GyNeM CYMTATD
MTHOBEHHOE CTYNEHUATOE BBEAEHHE OTPHUATENBHOH peaKTHBHOCTH 3a
CYET OpTaHor peryaupobanus. CHUMKEHUE TEIACBHAEJEHHS B peaKkTope
noc/e BBEICHHA OTPHUATENbION PeAKTHBHOCTH ONpele]AcTes C/elyio-
IEMH npoueccaMy [68]: meseHueMm TONJHBA MIHOREHHBIME HeRTpona-
MH, 33Ma3/[LBAINMA HefiTponaMu H (POTCHeHTpPOHAME; - H ¢-H3Ny-
UEHHAMH [PH PaZHOAKTHBHOM paciiajge HpO)'I,yKTOB JeJTeHUs, HaKOIUB-
Hrxcs 3a BpeMst paGoTHl peaRTopa. :

MoninocTn, o6yCIOB/IeHHAS MIHOBEHHRIME HempOHaMH CHHIKAETCH
38 NOAH CEKYHAHL

Hannuue B peakrope 3ana3jsisaloniux HeHTPOHOB H (GOTOHEHTPOHOB
CYILEECTREHEO OTPAHHUMBAGT TEMI CHUIKEHMs! MOUIHOCTH B TEUEHHE IIep-
BHIX MHHYT: 1I0CJ€ 0CTaHOBKH, POTOHEHTPOHH MOABJATIOTCH, B peakTo-
pax, coIepKAUHX B AKTHBHON 30He GepHaUIAH WM TAKEAYIO BOLY, 38
cuer peaxuui (y, n), nxaag KOTOPBIX B Pfife CIyuaeB MOMKET JIOCTH-
rars 15 % noau zanasibisalomux HeHTpOHOB :

OcnosHo#t cocraBaARINeH TENMOBOH MOMWHOCTH B J06OM AXeDHOM
pearTope uepea HECKOJBKO MHHYT ITOC/E €r0 OCTAHOBKH GYAeT Tenso-
BHAeMeHHe 32 CUST PAJHOAKTHBHOTO pacnana TpOAVKTOB JeNeHHs, Ko-
TOPOE COGCTBEHHO H NPHHSATO HA3KIBATE OCTATOYHBIM TEMIOBLIACAEHHEM.

Pacemorpuy Gosiee AeTaJbHO- HMEHHO 3Ty COCTaBAAIOIY. Iycrh
pPeaxTop /10 CCTAHOBEH pafoTan] Ha TOCTOSHHOH MOINHOCTH. B TeYeHHe
BpeMmenn T, BpeMs, OTCUHTHIBaeMOE NOCAEC OCTAHOBKH peakTopa, ofo-
sHauuM 1. Torza rexymee ppemst { Oyiaer paBHo {=T+7 (puc. 9.2).
HenenasiMy Ha MIHOBEHHBIX M 3aNas/BBAICIINX HEHTPOHAX HOCHE OCTa-
HOBKH peaxtopa mpenefpexeM. Torga aHanor€uHo cayyaio nycka pe-
aKTODa

Wy, 5 (1) = TT ST 4 v —7) [B) - I @) dv'. (9.10)
1

fc 40 fMLlH 540 3044 2 68 foyr FA0 G
] LR I

Sr . : Wb [
, Sor W i‘\‘\\
1;0-2 \\
: = T~
T T = S~
0 ¢ o it B
¥ forF i iinpl 211 et 1) 1
S w0ttty g

Puc. 8.2 - Puc. 9.3.

Puc, 9.2, CxeMa g pacuera cocTap/siuiedl MOLHOCTH SAEPHOT0 DEAKTOpA 34 CYET
PARHOAKTHBHOTO pacnafa HPOAYKTOB Ae/IeHHs IOCHAE er0 GCTAHOBKH

Puc, 9.3 Tpatbmf it onpe,n.ereHHH OCTATOUHOTO TEIOBHAENEHH NOCAE GCTAHOBKH
peaxTopa
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Hurerpan, crosiuuil B npasoft yactn (9.10), pasobreM Ha ABa c mpe-
nenaMH HHTerpHpoBanus oT 1 no v u or © Ao T ++. Ho nurterpax B mpe-
jenax or 1 mo 7 paseH HyJo, TAK KaK Ha TOM HWrepsajge S; pasHaer-
es Hy.mo Torna Bblpa}KeHHe {(9.10) npeo6pasyeTcd K BELY

Wy, p () = f ST 1 —T) [B() + D ()],

rie
ST 41 —7') = S, = const.
CeloBaTeNLHO,

Wy, (%) = ij [B () + T (v")] d’. (9.11)

TaKPIM 00pasoM, ec/IH BOCHO/AR30BaThesl QopMynami Bes—Burrepa, MoxHO
NOMYYHTE

1 1
| Wv'p(T)—SOfIBﬁ[ R L ] (9.12)
AR ' _ _
: W, o{t) 1 1
v pAY .10 — 9.13
- = 6,65-10 {10,2 TR ] (9.13)

B cayuae, xorga spema ctosukn 1< 7T, Bepaxenue (9.13) snauu-
TEJIBHO YHPOULaeTes:

W 1
— P~ 6,65-1072 : (9.14)
' 0,2

Wy A

re Wy — MOUHOCTb DEAKTOPa AO OCTAHOBKH; T-— BPeMA MOCJEe 0CTa-
moBxu (T:>1) [68]. -

W, %
100 — .
; .
50 -
| - .
) AN ] )
I \<
SK\\ L . .
4 e L e -
- ' "“‘——-—-—-—.\\
g 1 ol —l _:}—‘—‘—-. ]
. ¢ Cexywdor . Mu.wymm l,f_a_cbr . Cymiu ¥

Puc 5.4, CpraTypa HSMEHEHHA MO[!I.BOCTF[ YI0CAE OCTAROBKHE peaKTopa

{33 cuér MrHODSHHWX HeitthoHom; J-— 8a cuer sanasuBIBAIOUIHX wekTpoios; § a3 cqc'r pa-
AMOAKTKBHOIO pacmafa HPOAYKTOB AENeHHA {OCTAaTOYHOS TENJOBLIAENSHHE) .
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Ha puc. 9.3 npuBenen rpadhuk st oupeneienis MOUHOCTH OCTa-
TOYHOTO TEMVIOBBIIRIEHHA FOCTe OCTAHOBKH peakTopa.

OGunil xapaxrep H3MeHEHHS MOILHOCTH NOCJAE OCTAHOBKH PeaKTo-
pa npeAcrasJjed Ha puc. 9.4, roe yKa3aHo BAMSHKE MPHOBEHHBIX H 3a-
Na3ibBAIIAX HeHTPOHCB H PAAHOaKTHBHOrQ pacmajza NpOAYKTOB ne-
JEeHHS TIO BpeMeHd NocJie OCTaHOBKH. N

Ta OCHOBAHMH H3JCIKEHHOTO MaTepHAaJd MOWKHO CeNATh CHelyio-
UIHA BHBOA: IPH M3MEHEHHH MOU[HOCTH DEaKTOPA COCTABJAIONIAS, CBS-
3aHHAA ¢ PaLlHOAKTHBHWM pacrmaloM HPOAYKTOB JeseHusi, MOMET Hr-
parh JOMHHHPYIOUIYIO POJb, OCOOGEHHO NIPH OCTAHOBKe peaxropa. [lo-
3TOMY TPeBYIOTCA CIenMAaNbHas CUHCTEMA OTBOMA QETATOUHOTO TEIla H
CHCTEMA PACXOJAXHBAHUA peaKTopa NOC/Ae €T0 OCTaHOBKH. '

10, DHEPTHA, AKKYMYRHPOBAHEASA PAOWMALIMOHHLEIMA AEDEKTAMMK

ITpu EBaH\dDﬂ,eHCTBHH H3JYUENHs ¢ BEECTBOM €10 ATOMB MOTYT NORY9NTH aHeprmo
MPeBBIUAWILYI0 sHepraio  cesar, (JGpaloBaBimidecd nNpH HTOM NePBHIHO BHIGHTHE
atomsl ([IBA) Topmoadrci B Beliecthe, BI3aMMOACHCTSYA C 3JEKTPOHMAME H ATOMAMA
Hpu Gonsmux cxopoersix ApHxenns [TBA npoucXoAuMT 3 ocHoBEOM Bo30ywIcHHe
9JEKTDOHOE W HOHMS3AlHA Bellectea. ITo mepe saMemierns JIBA HauMpaer npeofaa-
ZaTh MPGHECC yIpyroro B3AMMOKSHCTBEM € AaTOMAMH BellecTBA ¢ 0GPa3zcBaiHeM BTO-
PHYEO BHOHTEIX aToMOB. BOSHHKaeT KacKall CMEHIEHHHX ATOMOB.

BaaimofeHCTBAe CMEI{EHHBX ATOMOB C PEMICTKOH BEIECTRA ITPH TeMIepaTypPHOM
H pajMamHOHHOM BO3ZEHCTBHAX HA TPOLECC MOMKeT TPHBOJHTh K BOCCTAHOBJCHW.O
CTPYKTYPE BelecTBa, & 4YacTh CMEWEHHBIX ATOMOB MOXeT OGpPAZOBHBATE IPOCTHE
¥ CNCHKHHE ZederrtH, -

Harkonsiene fedexTOR yReIHURBAET NMOTEHUHAJLEYIO SHEPTHIO BEIIECTRZ, H TEM
caMbIM TPOHCXOIHT ARKYMYJIHPOB2HHE SHEPrHH B BemlecTne. Maenenue vesosait pa-
Gorhl MaTepHaaa ¢ gedexTHON CTPYKTYPGH, MANDHMED HOBHILLEHHE erd TEMIEPAaTYDH,
TNPHBGJHT K HHTEHCHPHKANHH NPOLECCA OTAKATA DaRHALHOHEEX Ae(eKToB H BHIC-
NeHNI0 HAKOMJeHHON B BelllecTBE SHEPrHH B BHAE Tellia.

IIpouecc axKyMyAHpOBAHHA SHEPTHH 3a CHET PafHALHOHHEIX ﬂednemoa XOPOLD
HSBECTEH JJA rpaduTa, KOTOPHH HACTO HCHOJBAYETCA B KEUECTRE 3aMeJITHIelsd
B SfepHEX peartopax..[69]. AXKYMyJAHPOBAHHAS SHEPTHsI ONACHA TeM, YTO NpPH 1O~
BEITIERRH TEMIEPATYPE COAYICHHOIO rpadHTa 9TA SHEPrHA NPH ONpeJeNeHHBX yo-
ZOBHAX MOXKET CHOHTAHHO BHAGTHTECH. Takoe fBACHHe HAGMGAAZOCH Ha TPAKTHEKE,
. .Tag, B rpacpmosou xIafke peaktopa B YHnickefize B 1957 r. npousomao
HeKOHTPOJEPYEMOe BEIRJIEHHE AKKYMYJHDOBAHHOR 34 CYET PafAHANAOLHLIX AedeKToB
B TpauTe SHEPrEH, 4YTO IpPHBEJO K TaKenof apapud. B ceasu ¢ sroft aBapmed
B Anrqwm B 1958 T. 6BLIA NpPOBEACHA CEPHA SKCTEDHMENTANBHEIX HCCAEZOBARME HA
peakrope BEPO- mo smaydensn HagomJNeHHs HEPTHH, CRASAHECH C DPaAHANMOHHEIMA
KedexTaMH TpadHTa, ‘M YCAOBHH BHIEJEHHS aKKYMYIHPOBZHHOH PANHATHONHBIMH
medbeKTAMH SHEPIHH. JTH HCCTEEOBAWHS OHJH Halpabgensl Ha ofecrieuende Gesomas-
HOlt pPaGOTEL peakTopoB ¢ rpadATORBIM aaMentuteser. Ha OCHOBANWE 3THX SKCIepH:
MeyTANbHEX, HCCAEAOBAHHE GRIO OSHADYMKEHO, YTO aZKKYMYJHPOBAHHEA. pafHAHHOA-
HEIMH ederTaMu sHeprus B TpauTe ROSPACTAET C YREJAUCHHEM duIoenca mefTpo-
0B, 0fry4ajomux, rpapuT, NpudeM 3'aBHc11mocm'yﬂeanoﬁ AKKYMYJAHPOBAHHOH 3HEp-
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rae H ot thmoenca nefirpoHoB HOCHT HACHIMAKUIME XapaKTep H XODOIIO OMHCHIBA-
erca QopMyaoR

H = Hy[l —exp(—KF)], (10.1)

Tae Ho, — yAeAbHAS aKKYMyJHpOBaHHas sHEprwa NpH zachmenun; F— duioenc melf-
TporoB; K — HexoTopas KOHeTamTa.

SuaueHHe BeNHUMHN Mo OYEHb CHABHO 3ABHCHT OT TEMIEPaTYPH, HPH KOTOPOR
nponcxonur oGmydense rpadura, Tak, nps ofiydeHdn rpadura IHpH TeMmnepatype
~30°C yneapHasd aKKyMyJZupOBauHas sHeprua H. cocrasaser 500—600 xan wa 1 r
. + rpapura W Momer moxoAnTb Zo 700 kaa/r. Ipu

e oGayuesHd Tpaduta IpH TeMmiepatype ~750°C

o
. g .
Hvan/r N snavenne Ho cocramaser socro 9 gana/r, 3apa-
CHMOCTh YASNLHON aRKYMYN¥pOBAHHOH pajuaum-
K ORHBIMH EedexTaMH HeprEM o7 ¢unoeHca Hedi-

( TPOHCB NpH OOJyYeHHH rpadura IpH HEBHICOKHX
! reMnepaTypax npHeefeHa u2 prc, 10,1,
Brino oGHapyMKeHO, YTO HHTEHCHBHOE BHI-
10 20 J0 IeleHHe AKKYMYJHPOBAHHON SHEPTHH HAUMHAETCS
F, 107%etiTp/Am?
s UpH HarpeBaHHH rpadHra o GoJsee BRICOKHX
TEMIEDATYD, YeM TeMIepaTypa ofJNydeHHs, IpH-
yeM Obinn ofmapyyKemsl IMCKPETHEIE 3SHEPreTH-

Puc, 10.1. 3asucumocts ag- °
EYMyJHpoBagHO# B rpadure

SHEPTHH OT (hiioeHca HefTpo- YeCKHE YDOBHH, TIPH KOTODHIX HIPOHCXOAHT HAaH-
soe [69]: Gonee MATEHCHBHOE BHIAGJEHHC AKKYMYJHDORAH-
! —ofnywenne npx 30°C; 2 — 1o Holt B rpature smgepruu. Jak, o

e Nocne OTIKHfa npx 1000 °C B pag prii. aK, o profay ek
Tegemue 3 y rpaguta npn  temmepatype 30°C stm amepre-

THUECKHE YPOBHH COOTBETCTBYIOT  CJIEVIOUIHM

HaTepBanaM Temueparyp: 180--200; 380—410;
~T700°C. Kpome srux ypompefl Hmelorcs crafo BHPameHHsle yposmm mpm 1300—
1400 n ~2000°C, BHgeneHHe SHePIHH NPH KOTOPHX MAJ0 W NPAKTHYECKOrQ 3Ha-
YCHHS! HE HMeer.

THocne ofnyyenrs rpadura npm TeMmneparype —193°C B peayabrarte oTKEra
Gbla 0CHAPYMEHR MAKCHMYME BLUICACHHA aXKyMYJHpOBAHHOR KedeKTaMu SHeprHH
npu TeMmuneparypax —63; —53; 27-—87; 107—137; 167—-177°C, Taraa asckpersocth
ofiycnonena HAH HamiudeM B  O0NyweHHOM rpadHTe PAsiHYHBIX THIOBR Ae(eKTon,
HJIH MOCHENOBATEALHEIM NPEBpalIcHHEM NepBOHAYAABHEIX AediekToB B 0Jee CIOXHEE
TpE NOBBIIEHHN TEMHEPATYPH OTHKHCA. :

HauBonee uurencupHoe DBHeNeHHe AKKYMYJ#POBAHHOH DARHAUHOHHEMH Jedex-.

taMit sHeprur Halmojaercd NpH TeMhepatype oxono 200°C. Ilpm sToM cropocth
H BEJHIHHA SHEPTOBHICHCHHS ONPENeaAlOTCH YCAOBHAMA oOAyyeHHs (TeMmeparypa
H Guioerc HeHTPOHOR) W MOFET INCTHTATh TAaKHX SHATEHHH, IPH KOTOPHX MOMKET
npo#3ofTH GHICTPEIE caMopaszorpes rpaduta RO BEICOKOW TEMNEPATYPH, ONpeiedse-
MO KOHKDETHHIMHA YCJOBHAME 08aydeHHs rpadHTa H YCAOBHAMH BO3MOXKHOTO TeNO-
CHEMa BHAAAEMOH SHepruE, . :

Bring 3aAKCEPOBAHH CNYyYaH DOBHIIEHHS TeMIepatypsl rpadmta *go* 1500 =
1600°C [69). Jlons axgyMmy/aHpoBAMEOR' pagHARMOHHHMH NedeKTAMH SHEPCHH, BH-
AenseMoft npa reMmeparype ~200°C, goctEraer MakcuMyMa Ipd (iloeHce HefTpa:
HOB ~4-10% meitrp/cm®, Ilpw jasnsHefeM® yBeJUYeHHN : QUIOEHCA HEATPOHOB BO3pPI-
CTaeT KOAA 3HEPTHH, ocBOGOXRiACMONl BO BPEMH OTHKUTZ IPH 0GoJee BLICOKHR TeMRe-
parypax, 4T0 YKa3LBaeT Ha IpeBpamlelite NPocTHX AetheKToR B Gofee caoMEMe, DTo
ABJCHEE TOATREPIKAALTCS TAKIE DasMBTHeM ANPPAKUHOHHBIX PedTTeHOBCRHX JIHHHM
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nns  rpadura, xotopui - ofsyuasca  HefirposaMy a0 (MIIOCHCOB, TPEBHIIAIIULIX
4109 nefirp/em

Tpi NoBLIUEHHH TEMOEPATYPH, NpH KOTOPoH NpomcxoauT obJyyeHHe rpadmra
He#TPOHAMHE, N0Jf 0CBOGOMKAAEMol NDH HE3KOTEMPEDATYDHOM OTHKHIE AKKYMYJHPO-
BAHHOH 3HEPrHH DE3KO yMeHbmaercs. Kak yie OTMedanoch, TemIeparypa, NMpH K-
TOPOH HAYMHAET BBIJIEAATHCA AKKYMYIMDPOBAHHAS IHEPTHA, HECKOJBKO BHILIE, u4eM TeM-
wepaTypa TpadHra, IPH KOTopod W0 ero ofiyuesde nedrpoHavu. DTO NIpeBHINEHHE
TeMIEpATYPH coctaBager ~55 °C ans ofiyuennoro npu Temmepatype 30 °C rpadura
H yMmeHblIaeTcd UpAKTHIECKN JxHefu0 TPH LOBBULEHHH TeMiepaTyps! OGIydeHHi.
Ilpn Temneparype ofinyaenys 160°C 3To npepulllenye COCTaBJAeT OKOJO 25°C. Ta-
ruy o6pazoM, 3uas TEMIepatypy, TPH KOTOpoll NpOHCXOXHT ofmyyeHde rpadura,
MOMCHO OLEHHTH 3aa¢ D0 TEMOepaTyDPe A0 Nauaja BHAEJEHHA AKKyMYJHpPOBAHEOH
pASHALEORUEME JKeheKTaMH 3:epTHE K, KOHTPOMHDYS TeMmepaTypy rpadura, uslu-
KaTh aBapHiHBIX CHTYanuH, .

Taxum 06pasoM, akKyMyAupOBANHAS IIPH OGJyueHuH MATEPHACB HEHTPOHAMH
IHEPrHA JIOJDKHA YUHTHBATLCA APH UPOCKTHPOBaRHK M SKCIAYATAUHM SAEPHBIX peai-
TOPOB, NOCKOJbKY OHA TIPH HeGJArGNPUATHHIX YCIOBHSAX MOKET NPHBRCTH I BHAEHR-
HHIO TelNia ¢ BHCOKHM TEMIIOM H DPHBGANTh K HEPIHATHEIM [OCACACTBHAM. .

FTnasa 4

DKCMEPUMEHTAJIBHOE ONPEAEJIEHME
TEMJOBBIAENEHUA B PEAKTOPE

Ofnasi MOIIHOCTL DEAKTOPA H3MepaeTes, KaK NPABKJO, Ha CTaiMd
3HEPTeTHEECKOrO NYCKA ¢ NOMOIb0 OOGLUHBIX MeTONOB Temaosoro Ga-
nauca. Toraa ;e B 3aBHCHMOCTH OT OCHAUEHHOCTH peaxTopa AaTyHKL-
MH H CHCTGMAMH H3MePEeHHs MO:KeT OblTh M3MEPEHO TeILIOBBIeNeHHe
B Pa3JIHUHBIX 4dCTSX peakropa. B peaxrope mpu (QU3HYECKOM TYCKe
HJIH HA KPHTHUECKHX ¢OOpKax, T. . NPH MAaJblX YPOBHAX MOIIHOCTH,
naMepsasa GAYKTYalHH MOUIHOCTH CTATHCTHYECKUMH METOAAMH, MOMKHO
ONPEASNHTL CPeAHIOKr CKOPOCTh AeJIeHHI B PeAaKTOPe H, CReLOBATRILHO,
ero o0IYK MOHIHOCTh.

Kpome Toro, pazpaboTaHb H PeaiH30BAHb METOAB H3MEPEHHH 1I0-

TJIOIIEEHOH SHEePIHH PeakTOPHOIO M3JYUeHHS, NO3BOJMIOIINE HMETh Je-
TaJbHYI0 KapTHHY pacnpejesesus TelJOBBIAENeHHS IO 3NeMEHTaM pe-
aKTopa W CTPYKTYPY COCTAB/SIOUIMX KOMIOHEHT SHEProBblJe/IeHHA.
Cpean 3THX METOJ0B MOMKHO DasJHuaTh TPAMble MeTOLBl U3MepeHHT
TEIUIOBBLICJNEHUsST (K HHM OTHOCATCS KANOPHMETDHUECKHE MeTOIB) U
KOCBEHHEIE METOAH, KOTOpHE NPeANONaraloT H3MepeHHe KaKoro-aubo
s(dexra, BEIZBAHHOIO TeM HJAH HHHIM H3JyUeHHeM, H CONOCTABJICHHES
31010 3thdheKTa ¢ sHEPreruIeckHM. 3KBHBAJIEHTOM TIOTIOWAIOLLEr0C H3-
JIyUeHHA.
.. Bo.BcHKOM cJyuae KOCBEHHHie MeTOJABl RO3BOJITIOT M3MEpPHTH OTHO-
CHTEJLHOE pacapejelieHie TEIJIOBBIASACHHS] B OJIHOTHITHBIX 3JeMeHTaX
peakTopa. K TaxuM MerojaM MOXKHO OTHECTH aKTHB2L{HOHHEIC, HOHH3A-
LHOHHBIE, XHMHTECKHe, TBEPAOTE/IbHEE H AP,
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11. KANOPMMETPHUYECKHME METOkI

KajlopuMerpHuecKde MeTOJL MOMHO HCIGIb30BAThH NPH HAJHUHH Bbl-
COKOHHTEHCHBHbIX ToJell Haayuenus. C HX HOMOWLI H3Mepswor ab-
COJIOTHYIO BEJIHUHHY INIOrJIOEHHOH SHePrHU B uccaelyeMOM MaTepHa-
ne. MaMepenne NOrJIOWEHHON 5HEPTHH KAJMOPHMETPHUECKHM METOILOM
OCHOBAHO Ha TOM, 4TO NPAKTHUCCKH BCH SHEPTHA H3JAYUCHHS, NepeAaH-
Hast 00y acMOMY BeLIeCTBY, NPEBpaUlARTCH B TEIIO.

KasopuMeTpHueckHe npuOOpbl, MpeAHAsHAYEHHBE IS H3MEpeHH:
OOTJIONIEHHON SHEPTHH H3JydeHuil peaxTopa, .B NPHHIHIE YCTPOSHH
TAK e, KAK ¥ OOLBIUHBS KaJopHMeTpHueckne IEROOPE jisa HaMepeHHus
TEHNOBbIX 3(PeKTOB, O/JHAKO HaJHylle WHTEHCHBHHIX ToJe#l AmepHOTD
A3JyUeHHsl NpelbABJsSer X KaJopHMeTpaM HOBme Tpeboamua [701.
Houusupyomee HanyueHne peakToPa NPEBOIUT K TENIOBRIENEHHIO KAK
B HCCJAGEYEMOM MaTepHase, Taék H B KOHCTPYKUHAX TprbOpa, B fard-
KaX TeMIePaTyP H KOMMYHEKALHSX; AJS BHYTPHPEAKTOPHBIX H3MepeHdH
Tpebyloress ManoraGapHTHLE ITPUOOPE], IPH 3TOM JIJHMHA KOMMYHHKA-
UHH, COeAUHAIIINX NaTYHKH C HaMepHTeanHOH anmapaTypol, Bospa-
CTAeT [0 NeCATKOB METPOB; KpOMe TOro, oA AeHCTBHEM HAJyUCHHIH
HeKOTOpHE CBOHCTBA MaTepHadoB M YCTPOHCTB MOTYT HpETepHERATH
CYWIECTBERARIE H3MEHeHHd, KOTOpPHE BJAESIOT Ha DPe3yALbTaThl HaMepe-
Erit, 1 1. . M3 npHMeHsleMBIX B HACTOsLIee BPEMs KajOpHMerpHue-
CKHX METOAOB OMNpeleNieHHA TIOTJIONMIeHHOH SHEepTHH peaKTOPHOTO H3-
JNYHeHHsT MOMKHO BBHIAJHTL TPH OCHOBHLIX METOZA:

apMabaThyecKHul, KOTOpHIH 3aK/0UaeTcss B DPETHCTPALHH CKOPOCTH
pocTa TeMIepaTypHl 00pasia B VCJAOBHAX ero TeNJOBCH H30JAIHH OT
oKpyKaloulell cpeisl;

KHHeTHYGCKHH, OCHOBAHHEIN. Ha perucTpaly MIMeHeHHS TeMIepd-
TYPEL €O BpeMeHeM NpPH Ha/JHYHH TennoobMeHa ¢ OKpyzkatoied cpeaol;

-CTAIBOHADHEY H30TeDMHUCCKRI, XapaKTepHIVIOWHACA perEcTpam-
el pasHOCTH TeMOeparyp Mexay ofpasnoM H cpelofi HPH TENJOBOM
paBHOBECHH,

IIpuMeHEHHE TOrO HJH WHOTO METOA ONMpenesseTcsi KOHKPETHHMH
YCJAOBHSIMHE - H3MEPEeHHH, HallpUMep. METEHCHBHOCTBIO H3JYYeHHH, ycJo-
BUSIME OXJa’KJeHHus, CBOHCTBAMH HCCJAEAYEMBIX MATEPHAJIOB M T. IL

B ocHoBy KalopHMeTPHUECKHX METOACB IIOJOMKEHO ypaBHEeHHe Tell
JoBoro HasgaHca e . :

Vycpﬂ&m? = Vg, —aFT (x), (11.1)
rae : V—o6ben: obpasia; Cyp-— yieabHas TeNJ0eMKOCTb; 4 -—— IJOT-
Hocte; T(t) — TeMnepatypa o0pasia B MOMEHT BPEMEHH T, ¢ — KO3h-
(bunnenT TenacotAaud; F— poBepxuocrs 06pasna; ¢y — o0beMHOR
remiosEIenende B obpasue. Temneparypa okpyXaollel cpeisl HPHHI-
T4 PABHOH HYXIO. :

- AnmabaTHuecKufi MeTo[ DPeaAKTOPHOH  KaJAOPHMETPHH OCHOBaH HA
TOM, - 4TO - TEILJO, -TeéHePHpyeMOe B o0pasiie, He PacCCHBALTCA B OKpY-
JKalomee -APOCTPaHCTBO ¥ HOITOMY -TeMuaepatypa ofpasua (mpH- mos

CTOSIHHOH TENJAOeMKOCTH) -JIMHEHHO BO3pacTaeT BO BPEMEHH,  IpHUYEM

b0

CKOPOCTh BOBPACTAHHS TeMIEPATYPHl NPOMOPIMOHANLHA TOTIONIeHHON
B 06pasiie MOUIHOCTH. R

Yenosre aanaGaTHOCTH B KaJOPHMETPAX BBICOKOH WyBCTBHTEJBHO-
CTH H TOYHOCTH MOJIEPIKHBAETCA ¢ NMOMOLILI) ACTONHHTENLHOTO 3J€K-
TpoHarpepaTess H BAKyyMHOH H30AAUHHM. BHyTpu Hccaemyemoro of-
pasua Ameercs 3JeKTDOHArpeBatTeNb NI TPALYHMPOBKH KaJOPHMETpa.

KrneTruecKHl MeTOL peakTOPHOR KaJOPHMETPHH 3aKAOYAETCH B pe-
PHCTP2LMH KHEETHKH HATpeBa HJH OXJaKIeHHA 00pasua npH HaJdHSuH
TemioobMena. ' :

Pemenue ypasrenusa (11.1) B 37oM cayuze pMeer pug

| T (%) = -?:— [l —exp(— vt)], E {11.2)
I‘ﬂe ) R S e i
P
t= v
V= e’ T, €. W= yCpv.

Ecnn marpers teso 10 HEKOTOPOH TeMmneparyphl Ty, 4 34TeM MIHO-
BEHHO YA4AKTH BHEIHHE HCTOUHHK TEIJa, TO OCTHIBAHKE Teqa OIHLIST-
¢ ypaBHeHHEM

V«;cp%ﬂ = —aFT(v), (11.3)

pelrenne KoToporo
T {7y = Tyexp(— vt'). (11.4)

W3 coornomenus (11.4) mo skcmepHMeHTaNLHMM AAHHBIM MO OCTH-
BAHHIO Tela MOMXKHO HAKTH v U 3areM, 3Had y i Cp, mo (11.2) ompese-
JHTL Gy TAKOH MeTOA onpefeseyss ¢y MO KPHBEIM HACPEBA H OXJaXK-
JeHHS OBl mpuMener Ha Ox-Pumkckom peaxtope BSR. PesymbraTn
SKCHEPHMENTOB MO0 OlPe/e/ eHH MOIRHOCTH IOIZIOLIEHHOrG H3JAyUeHHs
AT psina MaTepHAaNOB Ha DasyiHUHbIX DACCTORHHAX OT aKTHBHON B0HE
peaxkTopa mpeiacraBaeHs! B 1abua. 11.1 [70], Dru panuble xaparrepu-
3YIOT 3HAUEHHs YAeJNLHOH MOIUIHOCTH IIOMVIOIIEHHOTO M3/yUCHHSA B BAT-
Tax Ha | r Marepuasna B pacuere Ha MOI{HOCTH peaxtopa 1| MBr.

TaGuumall,l, 3nauenus MOWBOCTH TOTAOMEHHOIO H3MYHEHNR
ANA pashmuHBIX Matepuaros, Br/(r-MBrt)

Pacerosne oT NOREPXHOCTH AKTHEHDI 30HBI, MM
Marepuan '

0 . 50 75 £00 180 | 230
Chinmien, | 0,285 — | o,150 — | 0,077 | 0,037
Amomunaii 0,188 | -0,113 — 0,064 — —
HKengso . : 0,233 0,149 — 0,090 — —
Mepp - - . 0,197 — — _ _ e
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4 HMaoTepmuueckHil MeTOA PeaKTODHON KaJophMer-
pUH TPEXyCMaTpHBAET HAJNKUHe BHellHell o6os0Y-
KH C DOCTOSIHHOH TeMmepartypoil. D skcneprMeHnTax
Ha PeaKTOpe B KAUECTBE H30TEPMuYeCKOH 000704-
KH OOBIYHO HCIOJB3YeTCs OXJaiKideMas TelOHO-
CUTEJEM CTEHKA KaHAJa, CKOPOCTh H3MEHEeHHA TeM-
meparyphl KOTOpoil HesHauuTeapuz. [IlosroMy w
KAaJ0pUMeTDe MeXAy 06pasuoM u GO0J0UKOH ycra-
L2 HaBauBaeTcAd PaBHOBECHAS pasHuCTs TeMIeparyp
H 0 Hell onpelensieTcd TEILIOBH,ICHeHHE 34 cYeT
NOTZOUIEHHOH SHeprHH H3JyueHHs B obOpasue, AJs
A-F gero HCIOAB3YETCS IpajyHpPoOBOUUas KpPHBas, II0-
N AyUEHHAS ¢ NOMONIBIO 3JeKTpoHarpepatTens (Kax
IPABHJIO, FPAAYAPOBOUHAS KPHBas SJH3KA K JHHEH-
HOB).

HeoGX0EHMO OTMETHTL, UTO Ha NPAKTHEE CYy-
nrecTBYET G0Jbiioe pasnoofipasie THICOR H KOHCT-
DYKLREA KaTOpHMETPOB, HCOOJIB3YEMBIX B peaKTopax,
ure 06yCAoBieHD pagHoobpasHeM pasMepoB H yoT-
pOHICTBE 3KCRepHMeHTa/bHbIX KaHaJACB, BHAOB HCCJIe-
JyeMblX  MaTepHal0B, WHTEHCHBHOCTH H3JIyUeHHH
PI{;. 111, Kometpyk- 5 . (puc. 11.1) [70].

HHOHHAA CXeMa H30-
Hapszy ¢ Onpe/iesieHHeM TeNJCEH/IeNEHHS 34

repMHYeCKOro peak-
FOPHOrQ Kaﬁopﬂl_\f[e'[‘- CcHeT (,yMMaPHOK HOFJIOLL[QHHOH SHeLTrHAy H3JYUYCHUHA

Y

Y

-~

pa Fr0]: peaxTopa BO3HUKaeT 3aJayuya HaXOMAEHHA COCTaRn-
! —=epmonaper;  7—  JIFIONIHX NOTVIOUIEHHON SHEpPUHH H3JAYYeHHA, OCHOB-
ofpasen; §-— KapKac o “

¢ RarpeRaTesen HBEIMH KOMIIQHEHTAMH KOTOPOTO HABAHIOTCS HEeHTpo-

HH K y-H3JyUeHHe,

HomomeHHaﬂ 3HeprHA B OG/IyueHHBX MaTepHaJaX MOMXKeT OBITh

pasneneHa Ha HeHTPOHHYI H y-COCTABJIAIOMINE Ha OCHOBE 3KCIHePHMEH-

TOB AJS HECKOJBEHX PA3JHIHBIX MAaTEpPHAJ0B C nocenyiomel Hx 06-

paGOTKOH HanpuMep, Ui AByX MarepHalJoB ¢ PasAHYHOH ATOMHOR

Maccon A; n Ay ana pasnenenns COCTABMSIONIAX [IOTVIOMEHHON HHep-
THRE 'MOXHO pellaTh CHCTEMY ypaBHeHmH Tana

D, = D{V 4 D{™; }
D, = D{Y + D{Y
WK ' '

o .D D(V) Dfﬂ) : . .
D GDW)_]_‘I‘“ bD(ﬂ) } . (I 1 ’5)

rie D—-—nomomeHHaH 3Heprnﬂ HeHTpO}IHoro H y-H3IyueHHs; D9,

{D™)) — norjonenHan 3Hepruﬁ HeHTpOHHoro (y-H3ayuenus) B eqHHH-
/’r‘z EZD 2/’?2

e MaCCbI oGpaaua a= ;b= :
ul‘i’m SR

Macconhi KoacpchuHeHT HOPOUEHHS y-H3MYIEHHS PeaKTopa; XYy —

3aMe/IAI01as CHOcOOHOCTh ANA OBICTPHX HEHTPOHOR peakTopa B Pa-

CHeTe Ha CAMHHLY MACCLl Marcpuana,
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pe®/p — shdexTHBHET

Tabunua 112, Ornocurenthbie BkAAAM KOMIONERTOB B NOLJOMERHYIO SH&PrHI0
HpH OGRYyHEeHMH MartepuanoR B aKTHBHOH zoHe peawtopa BEPO

Bunay B morsouierayio BRI B NOMVIOHEHEYIO
sHeprum, % SHEPruio, 9%
Marepuan e § Marepuan = §

ol g B o = O o

M8 L | ®E @ & & | wi&
Bepuanuii a7 64 — Bona 66 34 ——
Tpadmr 19 81 — i Tsxeqan Boga 50 50 —
Amomunnit 15 85 | 0,7 |i ¥rnesopopogst 70 30 —
Cepa 19 81 i 0,22 || Ornce Gepunran 28 72 —_
JKeneao — 1100 | 1,13 || /Ieyoxuch xpemuus 20 80 | 0,I2
Hupronni 5 95 | 0,16 |} Bopopon 90 10 —
CeaHelt — | 100 | 0,08 || Hefirepuit 90 20 —_
Bucmyr — | 100 — || Knenopon 19 81 -

Penrag cucremy ypapsesmit (11.5), ompegenseM cocTaB/smIke
DM g DM, B gayecTBe NpHMepa HCOONL3OBAlHA MeToga B TaGx, 11.2
NpPHBELEHEl Pe3yNbTaThl ONpedesieHHs - KOMIOHEHTOB NOTJOUIEHHOM
IHEPrHH PEeaKTOPHOTO H3AYUYEHHS LPH 3KCTEPHMEHTAX Ha peakrope
BEPO [71]. :

B paGore [72] npepjioxeH MeTOA H3MEPEEUs TEILIOBHIICACHHS 3
KPHTHYECKHX COOPKAX ¢ HCIIOJNb30BAHHEM KBapPIEBOTO JIATUHKA TeMIe-
parypel (TepMoiaTynk). s STOro B LEHTP HCeaeiyeMoro oGhema
[OMELIAIOT TePMOAATYHK HpH OBecileueHyd HajeKHOTO TENNOBOIG KOH-
TaKkTa ¢ KOHCTPYKUHAMH 57eMeHTa. Brierpo BeBOAAT KPHTHUECKYIO
cOOPKY Ha IOCTOSHHBLIA YDOBEHL MOMIHOCTH H H3MEPSIOT BpPEeMEHHYY)
3aBHCHMOCTL M3MeHEeHHS TeMIepaTypul IPH NOCTOSHHOH MOHIHOCTH,

Hckomoe Tennopmjlenente MOXHO ONPEASIHTh 110 (GoOpMyJe

L 4
200
Q= (5 +f(t)), (11.6)

Ny

Ie CKOPOCTL M3MCHEHHS TeMNepaTypLl MPH NOCTOSHHOH MOIIHO-

cTH peakropa; Cuf— MOnApHas TENNOEMEGCTb (-I'Q 3JeMeHTa, BXO/A-
LIEr0 B COCTAB HSMepHeMoﬁ 30HHL; pf — IJIOTHOCTb SIAEp i-TO 3JEMEHTH;
Ny —wdcqo Aporaapo; [{{) — cKOPOCTL H3MeHEHHS TEeMIEPATYphl NPH
HYJIeBOH MOHHOCTH peaxTopa.

Lo xpurHueckux c6opox BOC XapakTepHbIMH SIBJASIOTCA BEJAHUA-

HI;I%?—.w 10-2°C/muu; §(¢) ~10-*°C/mun. [laa perucrpalyy Takux Ma-

-JAbIX H3MEHEHHH' TeMIePATYPHl HCHOJAb3YeTCsl YACTOTHBIA NATYHE Tew-

93




nepaTyphl — KBapUeBhll pesoHaTop ¢ coBCTBEHHOR uacToTOH fo=
=5 MI'y u koadpruxenToM uyBcrauressHoctd K=710 I'u/°C [72].

12. MIOHMU3AUMOHHBIE METOALI

IIlupokoe pacnpocTpazHeHue s PErHCTPALHH M3JIVYSHHS TONYTHIH
KOHH32LHOHHLIE METOJAL, OCHOBAHNblE HA H3MCHCHHM ZJICKTPOIPOBO-
HOCTH pabouero ofbeMa AereKTopa NpH OO0JIYyYCHHH, H H3MEPEHHH 370-
ro sddexra ¢ TOMOLBIO 3JeKTPOHHLIX cxeM. Ilo peayasraTam HiMe-
peHus! H3MeHeHHs 3JeKTPHUIECKOH IPOBOJUMOCTH MOZKHO CYAHThL 06 HH-
TEHCHBHOCTH UBAYHCHMH, 3HAA HHTEHCHBHOCTE, ¢ NOMOUILI0 PACUETHHIX
HAH 9KCHePHMEeHTAABHO HAHIGHHLIX KO3(DHIHEHNTOB ONPEACSIETCHE Tell-
JIOBBIZIEJICHYE 33 CUET TOrO HJH HHOIO Ha3jiyueHus. Haubonee TOYHO Npu
9TOM MOMXeT ObTbh HAHAEHO OTHOCHTE/IbHOE PacHpeiencHHe TeIlNOBhI-
Aedenud. Tak gax TeHJNOBRIC/EHHE 34 CueT PeAKIHH JEeJeHHS Hpo-
TOPIEOHANLHO HAOTHOCTH [IOTOKA HEeHTPOHOB OIPefeneHHOro CIEKTpa,
TO OTHOCHTEJbHOE pacnpeleseHue TeIJIOBBIARJIEHHA MOMKeT OBITL OMH-
pefeeHO IPH H3MEepeHHH pacnpejejeHHs HeHTPOHOB HJAH CKOPOCTY
Kakux-aub0 peakuiuf nof AeHCTBHEM HeHTPOHOB A RYKJHZOB LeTek-
Topa, ofaanaoiyux 3HepreTHYeCKoH 3aBHCHMOCTEIO. CEUCHHHA B3AHMO-
JeficrBHs ¢ HeliTpoHaMpk, OJH3EOH K 3aBHCEMOCTH CCUCHHS JeJeHHI
HCMIOMB3YEMOTO B peaKTope AeJALerocs MaTepHasa.

Beuay TOre YTO HEHTPOHHEI ABJAIOTCH HEATPAJIBHAEIMH YACTHIAMH,
OHH He MOryt OBITh HeloCpefCTBEHHO 3aPerHCTPHPOBAHEL, H IMO3TOMY
JETEKTHPOBakHe HeHTPOHOB [IPOROANTCSA KOCBEHHO ~— IIPH MOMOILY sAep-
HEIX peaknHi, B pe3yibTaTe KOTOPBIX MOABJAOTCA BTODHYHBEE 3apH-
JKeHHBIe YZCTHIGI, KOTODBIE 34TeM NPUBOIAT XK HOHH3AUUM palouero
0o0beMa AeTeKTOPA H PErKCTPUPYIOTCSL,

7 CyumiecTBYIOT IBA pasJHuUHBIX THU2 TakMx peaknuit. K nepeomy ta-
Iy OTHOCATCS PEAKIHH, B KOTOPHKX 3apsiiKeHHBE YACTHLB MOABJASIOTCA
mriosenno. Hanpumep, B pearuusx °B (n, w) 'Li, *He(n, p) *H, ?***U (n,
[) BO3EHKAKT 3apsIKeHHBIE YACTHIE MMM OCKOJKH HeJeHHS, & B peak-
LHAX paccesHHs HEHTPOHOB Ha NPOTOHAX - MPOTOHBL OT/AAuk H Ap. 3a-
MeTHM, YTO AJA ONPEAeJeHHs TEIIOBEENEHHST 3a CUeT OCKOJKOB Ae-
JTeHAR HAEGOMCE HOAXONAUIIMY SBAAITCS CHOCOOH, OCHOBAHHbIE HA HC-
[OJBL30BARHM PEAKLHH JeJeHHs, Tak KakK 3GQeKT HOHEZAUHH B JETEK-
TOpe, colepKaleM AeAAnINica MaTepHal, BO3HHKAET HelloCPeJCTBEHHO
. 3& CUET OCKOJIKOB JlesIeHH. :

Ko BTOpOMY THIY OTHOCATCS TAKHE PEAKIMH, B Pesy/bTaTe KOTOPLIX
o0pasyioTes pajliOaKTHBHBIE BEWECTBA, UCIYCKAOUIHE IPH CBOEM pac-
naje B- | y-U3/IyUeHHe, KOTOpoe MoxeT OBTh 3aPErHCTPHPOBAHO MOC/Ie

HIBJIEUeHHA Oﬁ.ﬂy‘{CHHOI‘O Bemecrsa K3 HEHTpOHHOI‘O 10J15 (MeTOll aK-

THBALHH) ...

 Monwsanuonusie Kamepm. HpHHan AeHCTBHS MOHMAAIHOHKEX Ka-
Mep OCHOBAH Ha HOHHK3AILHH [430BOTO HAIOJHHTeNs KaMephl 3apsiiKeH-
HBIMH YaCTHIAMH WK y-KBaHTaMu. DHCrpas 3apfaXennas 4acTHUA HJd
Y-KBAHT, IPOXOAS MPOCTPAHCTEO MEXKAY 3AEKTPOAAMH, K KOTOPHM NPH-
JJOKERa PasHOCTL MOTEH{HANOB, HOHKE3HPYeT Fas, NPHYeM 3JeKTPOHEI
1 IOJOXKHTRALHO 3apSIKEeHHBIE HOHLI JBHKYTCS B 3J1IeKTPHUECKOM MOJIE
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'K COOTBETCTBYIOIHM 3J€KTPOAaM H BOZHHKAET TOK, KOTOPHH BHI3LIBA-
€T BO BHELIHeH LENH Ha CONPOTHBJICHHH IaJleHHe HanpsiKedus, H H
PErHCTPHPYIOMEeM NPpHOOpe BO3SHHKAET CHTHAJ.

[lpe onmpefesesHHOM HAUpSAMEHHE HA 3JEKTPOAAX TOK JOCTHIAET
PaBHOBECHOTO 3HAUECHHA, HE 3aBHCHILEIs OT HANpsKeHUS (S0HA nJaa-
TO). DTa 30HA HauGoaee yrobHa AaA paloTbl, TAK KaK TOK Hacblle-
HHS HEMOCPEeACTEEHHO CBA3aH ¢ HHTEHCHBHOCTLKY HOHH3AIMM r'aia W He
YYBCTBHTE/EH K NPUJIOKEeHHOMY HAaIPSKeHEI0.

Taxue rasoHamoNHeHHBle CHCTEMEl, pPaGOTAIONlHE B PeXKHME HACH-
INeH s, HABLIBAIOTCA HOHH3ANHOHHLIME KamMepaMu. MoHnsalluoHHE e Ka-
MEPBl MOTYT paboTaTh B ABYX PeKHMAX:

PETHCTPALHY CTALLHOHADPHOIO TOK4,

PErHCTPAlHK UMIIYJAbCOB, CO3AaBACMBIX AKRTAME HOHU3ZUWH,

Pasnuune B THIIE Kamephl ONpele/seTcs 3HAUEHHEM NOCTOSHHOH
BpeMeHnH npuGopa. Eciam nocrosumas epemenn npufopa BeJrKa nO
CPABHEHHI} CO BpeMeHeM MeMKJAY aKTaMH HOHH3ALHH, TC H3MEPSIETCH
OOCTOAHHBIE TOK, B IPOTHBHOM CJyyae H3MepPAETCS KOJHYECTBO UM-
Iy IbCOB.

Haub6onee npeanourkTe/nHo KaMepEl HCOONb30BATL AJAA PETHCTpa-
UK Q-YaCTHIH H OCKOJIKOB AelieHHs; TaK KaK B 9TOM CJAyiae HOHH3AUHA
HATIOJHAWILEr) KaMepy rasa Goaplie (R0 CpaBHEHHIO ¢ f- W y-B3AYUR-
HHEM).

[lockoabKy HeATPOH HE EMEET 3JEKTPHUECKOIO 34pAfa U NO3TOMY
He MOHHSKPYeT BelliecTBO, HEOOXOAHMO BBECTH NPOMEMYTOUHYIO CTY-
MeHb B NOUECC PErdcTpaldi, HanpHMep HCHOJB3GBATL KAMEpHl Aede-
HHA, Taxkhe NeTEKTOPE! HAOAHEHDLI, KaK MPAaBHI0, aproHoM W padoTaior
B peXHMe HOHH3aHOHHOH Kamepbl Hessileecs BellecTBO HAHOCHTCA
O0BIYHO B BHAJE HOKPHITHS Ha sieBTpoldrl [73]. o BausHEEM HeHTpo-

 HOB IPOHCXOOHT JAeJeHHe saep ACJANerocs BEUeCcTBa | ‘06p83y}0LU,PIECH

IpH 2TOM OCKOJKH HefleHus, oGnazas OOJbHIOH KAHETHUECKOH zHEp-
THeH, BHISBIBAIOT MOHH3AIHIO, CO3AaBafg TAKHM OOPA3oM HMIVJbCHL

Kameprl jenendds MoryT OblTb MaJjorafapHTHEIMH, 4TO HNO3BOJASET
pasMewmars HX BHYTpH peakropa. OHH IOMYUIH/IH LWIHPOKOe PACHPOCTPa-
HeRke OJarogaps caefyOmuM CBOHCTBAM:

" BO3MOMHOCTH NOAeGpAaTs UYBCTBHTENBHOCTh KaAMEPHl M SHEPreTH-
YECKYIO 3aBHCHMOCTD CEUEHHS ACACHUS GJHBKOR K CEeueHuIo JeUliero-
cs1 BellecTRa, HCNOAL3YeMOTO B KauecTBe TOIJIHBA B PeakTope;

MaJIOf HHEDHHOHHOCTH IO OTHOILIENHIO K H3MEeHEHHIO MOUIHOCTH pe-
axTOpa;

AOCTATOUHO OOJBIIOMY AHATA30HY BEeJHUHH H3MEPAEeMOH MOUIHOCTH;

ManbiM rafapuTaM KaMephl AejieHud, 08JAeryalolumM ee pasMelilenne
BHYTPH DeakTopa. _

HelTpOnHO-4yBCTBHTEABHEIE 3JEMEHTHl KAMEDH  JIeJEHHS MOTYT
GHITh M3rOTOBJIEHLl Ha OCHOBE H30TONOB ypaHa (2351J, 2331j, 288J 286]J,
2341)), mnyTonusa-239, topua-232, nentyHuA-237 u 7p.

Hacto ucnoib3yioTes a5 AeTEKTHPOBAHHS HEHTPOHOB KaMepL o
OopHEIM TOKpHITHEM (!°B) —Gopﬂme K4AMEpbl, HOMH32IUA B KOTOPHX
EJIET 34 CUeT g-YacTHL, {7, a)-peakuud Ha Gope-10, a Takxe reHeBsIe
KaMepHl, rie paer peaxuus {#, p) Ha resuun-3 {73].
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Shv? KaMepsl A/ BHYTPHPCaKTGPEBIX HaMepeHHi uCnoab3yloTed
pesxKe, 4eM KaMepEHl JeJqeHHA, H3-3a GOJBLUIOrO H3MEHEHHs JyBCTBHTEIb-
HOCTH BCJeACTBEE BHropanus 6Gopa-10 mau resns-3. B kamepax nene-
HHSI KOMOEHCANHS BHITOPAHUA AEJAAINErocs BemecTsa MOMeT J0CTH-
raThesd 2a cyeT HoGaBJACHHA K AeNsIINeMycs BeliecTBY BOCIPOH3BOAMI-
utero. Hamprmep, K ypaHy-235 MOuKHO A0GABAATE ypaH-234, K IJayTo-
HHo-239 — ypan-238, k ypany-233 — TopmHii-232.

& w

Prc. 12.1. KouCTpYKIHOHHaS CXeMa KaMephl AeJeHHHA [74]:.

{ — premmnit 9ReRTpOA; 2 — LEHTPAJDLHBIl 3JEKTPOL; 3 —pagnatop; 4 — BHEGEEOH IBOAATOP;
5 — gxaGennuai Tpacca; 6 — OMOPHB E30AATOR; 7 — OTHKAUINAA TpYGa

Cymecrayer Gosbiuce pasHoofpasue KaMep, KOTOpOE 3aBHCHT OF
mesell MX HCNMONB3OBAHHA H KOHCTPYKIKH peaKkTopa, 8 KOTOPOM OHA
YCTAHABJUBAIOTCH.

‘Ha puc, 12.1 mpuBefeHa NpUHUUAHAIPHASA KOHCTPYKLUHOHHAN CX€-
‘Ma KAMEDH JeJIeHHs C HCHOMb30BaHIeM ypaHa-235 B KauecTBe YyBCTBH-
TeALHOTO 3ueMenta [74]:. . o '

JLisr pervcTpARHMM TEIVIOBhEASHHS 32 cueT Y-KBAHTOB IPHMEHAIOT-
¢ IeTeKTOpL, OCHOBAHHbIE Hd HOHM3AUHH Taza [-uacTALAMH, IOJY-
YAIOTIHMHACH NP B3AUMOLEACTBIH y-H3JIYYICHHA C BEIIECTBOM (hoTto-
sdrperr, xomnroH-s¢idekT, obpasosanne pap). JJst H3Mepenus sHep-
FOBEITEMEHNS 38 CUeT -H3MyHen#sl Ha PeakTopax ¢ HyJeBOH MOULHO-
¢ThI0 (Ha KpHTHYeCKHX cOODEAX WJH TPH (H3MIECKOM TIyCKe SHepre-
THUECKHX PEAKTOPOB) MOXKHO HCNOJAL3OBATH METOL C IPHMEHEHHEM
HOHHSANMONHEX KaMeP KOHJEeHCATOPHOrO THIA € BO3AYIUEEIM 3330DOM.
[Ipy 9TOM B K4YecTBE MaTepHana CTeHoK KaMephl JKeJaTeBHO IIpHMe-
Hsrth MaTepHaln, COBMANAKIEA ¢ TEM MATEDHAIOM peaKropa, TEmno-
BEifleieHHe B KOTOPOM 33 CHET y-H3JAYUCHHS Tpefyercd ONPefeNHThb.

" Ha puc. 12.2 upuBeseta cxeMa Taxoil KaMEPHL [lepén nameperus-
MH KOUJIeHcAaTOpHas KaMepa 3apmkaercs. O BesHUHHE MOTAQINEHHOR
SHEPI'HH Y-KBAHTOB CYAST IO paspaly KoHjeHcaTopHoRk Kameprl [75].
Biaarofapsa manabnim rabapuraM B OTCYTCTBHIO KOMMYHHKalpH H3Mepe-
‘JusT MOIYT TPOBOAHTBCH IPaKTHYECKR B JIOGOM MecTe peaxTopd HJM
KPHTHYECKOH COOPKH. Conchen e

.., Hefirpomnrte cuerunyu, [Ips. MOBLILIEHWE HANDTKEHRAS HA SEKTPONAX HOHHIA-
THOREOTO - IETEKTOPA, IPCHCXOJHT BTOPHYHAM HOHHIAWMI radd B HIMEPHTRIBHOM ofpe-
M€ 34 cUeT YCKOPEHHS 3JIERTPHICCKHM. [I0/ieM NEPBHYHELX HOHOB. JlatuHgH, B KOTOPHX
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iicmosbayeTes BTopHuEas HompaauWs (rasopoé yoiaenue), paborapr, Kak Mpawitio,
B MMOYJABCHOM DPeXHMe H HasblBaroTcst cueTunkam. OJIHH M3 SJEKTPOJIOB CHETYHKA
(aHoa) DBINOJHEH B BHAE TOHKOH HATH, & Apyro¥ ~- 8 BHAe KOGKCHANBHOTO LHJHHADH-
qeCKGPO ©Os, DEKTPHUECKCe [oJe BOMHSH HHTH DUEHb BBJHKO, H CBOGOJHLIE Mel-
TPOHBL CO3AAKIT B ITON 0OA2CTH HOHKSALHOHHYIO ABHHY, KOTOpas pPerHCTpHpYeTCs
B BHIE HMOYJBCA TOKA.

Pue. 12.2. Kouerpykuuondas cxema
KOHJI@HCaTopHOH HOHH3ALHOHHOH Ka-
mepht [75]:

i —xoppye (u3 MaTepnrana, aasg KOTa-
poro cupcaensercd TeIl.’lOBh!ﬂeﬂCHlle);
2 — BOSNYUINBIHE 2as0p; 3 — SKTPOL;
4 — HJIeKTPOMIOARLHA; 5 — KPBIUKa

&g

Puc. 123, KoHcTpyKUAOHHAS CcXeMa i H
gopuoro cuetunka [76]:

1 — xopayc; 2 — cofinpaoHi 30K~ — [ 2Va -5
Tpon; 4~ monocTs,  sanodHcHuan BFg J
4 — H3OAHTOD

i 2 J 4
%& 7 mesl

Feqn panpsweste =2 SAeKTPOLAX BRIOPAHO TAKHM, YTO AMILTHTYAZ DerucTPH-
PYEMOF0 HMIYJLCZ NPONOPLOHAIbHA NEPBAYHON MOHESALMH [ageBOro 00DBEMa, 10
CHeTUHKH HAasBIBAOTCS NponopuHonaibaeiMi. Ilpn fanmbuefiueM NDOBHINEHHEH Hampd-
MEHHS HA 2JEKTPOAAX MONKHO OCYLIeCTBHTb TAKOH pemum paBOTH, IPH KOTOPOM aM-
MAHTYAA MMOYZBCA HE 3aBHCHT OT HAUaJBHON nomH3anmu. TakoHd CUETUHK HAasblpa-
ercst cueTudkoM ledirepa - Mioaiepa H CAYKHT A7 JAETEKTHPOBAHMA KOJNHYECTBA
3apAMCHILX TACTHI, NPOXOASLINX 9YePes ilero, He3aBHCHMO 0T HX HOHH3HPYIOULZH
€rocoBHOCTH.

Has perserpaniy HeHTPORGE ¢ NOMOLIBI0 CUCTYHKOB Halle BCErD HCIOJIBaYIOTCH
TPONOPHHOHANBHNE CHETIHKH, PaloTa KOTOPHE OCHOBAMa HA pearnuax (m, o)
(n, p} [76]. - '

Oapg H3 chnocofon 3aKMIOYAETCS B HANOAHEHHE NPOTMOPUHOHANBHOTO CHETYHKA
rasoobpasamM TpHpTopHIOM Gopa (BFs) ¢ BRIcOKooGorameunni (~96 %) usoro-
nom Gop-10 Sopom (GOpHHH CYURTYMK).

B KkawecTEe HaNOJIESIONLEro rasa HelogbayeTcd Taxwe tpumerHa Gopa B(CHals
TIpuMeNTIOTCA TakM(e CHETYHKH, CTEHKH KOTODHX BHYIDH Ta30BOrD 0OLEMA MOKpHIT
TBEPAHIM  BRUIECTBOM, coiepmantnM Gop-10. Tasopas nonocth 3auoisierca oSell
HEM I230M, HCTIONB3YEMEIM B CYETIHKAX.
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Pabora cierqukd b mponoplxoHanbuofl obnacT# noapoafet BHACANTL HMIyaL-
CHl, CBA3AHHBIG C O-UACTHOAMH 33 cuer peakuwd B (n, a)’Li, orgenus ux ot HMmyis-
€08 8a Ccuer B- W y-MIYYEHHs C MOMOMISI0 COGTBETCTBYIOMIETO JMCKPHMHAETOPA.
C NOMOMBIO TAKOTO CUETUHKA MOJKHO OUDPEZENATb OTHOGCHTEBHOS pacupezesenue
TEHAOBBLASJEHHT TO OGBeMy peaxropa Wa TenVIoBBIX HEHTPOHAX, B KOTODOM B KA-
HECTBE JAGHALLErOCH MaTepHana HCHOOMB3YeTCA yPaH-235, NMOCKOJLKY sHCpreTHHeckas
33BHCHMOCTL CRUEHH:A peakusd {n, a) Ha siapax Gopa-10 H cedenus XGJeNHA LA
Afpax ypana-235 B Temnonci ofaacti Gausku {3aron 1/v),

Jag oTHX xe uenei MOTYT GBITh HCHOJB3OBAHEL IEAMEBBIE CUETIHKH — NDOTIOD-
NHOHAARHEIE CHETUHEH C 3aNOJIHEHHeM IIOJOCTH TelieM-3, B KOTOPRIX ZOA AefiCTBHeM
Hejfirpones mger peaxuust *He{n, p)3H. '

Ha puc. 12.3 B kauecTse NPHMepa NpHBEJeHa KOHCTPYKIHONEAA CXeMa GOPHOTO
cHeTUHEKA.

13. TBEPAOTENBHbLIE METORI

B ocuone TEepAOTEALHEIX METONOB JEKHT HCTOAL3OBAHHE AJH PErHCTDALHE H3Myye-
Hd (B CCHOBHOM B OGMACTH MaJALX 703) TBEPAOTENBHHX AeTexTopes. K HHM OTHO-
CATCA NMONYRDOBOARHKOBES, CLUHHTHAMANMCHHER H TPEKOBEE IETEKTODH, a TaKie Ten-
MOJIOMHHCCHEHTHEIS H PEAHOMOTOMOMHHECHEHTHEE JO3HMETDH, JATYHKH B BHAE OK-
PALIHBAIMXCA CTEXCN H IIACTHKOB H T. I

IipuAnnn AeficTBHA NOTYNMPOBOJHMKOBBIX CHETUHKOB GUMSOK K NPHHIHTY Aefi-
CTBHS TAJ0HANONHEHHBIX WOHH3ALHOHHWX KaMep H cueTuHKoB. Monusupylomee nsay-
HeHHe [nepe6pACKBAET SJAEKTPOHEI B 30HY HPCBOAHMOCTH, H OHH JABHIKYTCH 3aTeM
K IOJNOKHTENEHOMY MEKTPOAY, cosfaBad Tok. Cpepuas sEeprus, peobxommmas L
MEPEBOAa SMCKTPOHA B HONOCY NPOBOAHMOCTH, cocramisier ~3 3B, 4To Ha Mopsiaok
HIDKE SHCPTHH HOHM3ELHH B rascHanofHeHEbIX KaMepax (~30 3B). 2To oficroarens-
crBo ¥ fofbmIad IIOTHOCTE MaTepHald UYBCTBHTEABHOTG 3JEMENTA NO3BOJAIOT H2-
FOTOBHTH JETEKTOPL MAJOro paaMepa M $0AbHICH YYBCTBHTEABHOCTH.

Jina perscipauis 3apAMeHHEIX YACTHI, M y-WSAYUEHHS 4acTO HCOOMAB3YVIOTCH CLMH-
THNAUEOHHLIE CUETUHKM, TPHHUMN JeHCTBHA KOTOPHX OCHOBAH HAa CNGCOBHOCTH Ha-
KOTOPHX BeIeCTB MOZ AeficToHeM 3apiyKeHHHX TACTHH HAH y-KBAHTOB JAABATh CBETH-
BBle pembnkd (daocpecuenuua). Takee semecTsa maswpalor docdopamu. B rkage-
cree ocopor MoryT GHTL HCHOABIOBAHL ZnS, KPHCTZAAR AETPANEHA, CTHJALGEHA,
Hatpranana, Nal (axrapuposanmsti 1 % T1) u ap. [77].

CHRATHAMAIHOHNBIA CYSTIMK COCTOMT H3 ADYX OCHOBHMX SVIEMEHTOB: CHHHTHI-
JIATOPA, BHIIOJHEHHOIO M3 Karoro-aubo docdopa, 0 GOTOYMHOKHTEAS,

HanBoabimee npHmenedHe IS PerHCTPAiuM Y-KBAHTOB HOJYGsA tochop Ha oc-
sose xpucraina Nal (TI). Doasmue naoteocTs M 3apaj Z SApa uoja cOeCHeTHRAOT
BHCORAH KO3 HIHENT TOMVIOWEHHS Y-H3Ay eHHS, UTO B COUETAHHH C XOpOINell KOHBep-
CHOHHOH 3(@GeKTHBHOCTRIO NPHBOAHT K GOABIIOMY BBIXOLY ¢BeTa I0A geficTBHEM
y-Kpaarop H3 kpHcramaa Nal (Tl).

Caer momagaer Ha (GOTOUYBCTBHTENLHEN sneMent (PoToKAaTOA) GOTOYMHOKHTEN,
KOTOpHH 38 cuer (oroapperra sMuTHpyer smextponsl. [TomyueHuBlfi MMNOyasc auei-
TPOHOB YCHAHBAeTCA B GOTOYMHOMHTEJAE M 3aTeM DEelHCTPHPYETCH SJEKTPOHHOH ad-
napaTypoii. '

ITprnuEnzasbHAS KOHCTPYKLHONHAS CXEMa CHMHTHAZANHOHHOTO CUSTUHKE A7
PEFHCTPALEN Y-B3JYUeNHsl HOKa3ara Ha puc, 13.1.

TMorox y-kBarTOB I ponajaet Ha ¢ocdop 2, B KOTOPOM NOSIBAAETCH CBETOBAA
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BénbiKa. CpeT, mpoXois IO CBeToBOAy & © Momalad Ha (oToxarton 4, BuGHBAeT H3
HETO 2AeKTPOHBL. DJIEKTPOHBI YCKOPSIOTCS 3MCKTPHUECKHM NIOJIEM K [epPBOMY 3JCKTPO-
Iy {(aEnoay) GOTOYMIOXHTE/S, H3 KOTOPOTO BHOHBaETe §oJbllee KONHYECTBS sueK-
TPOHOB, 3aTeM [POLECC HOBTOPAETCA HecKoubko pas. Koad@HumeHT yeHieudd A
JocTHraeT suaueHHa npHMepio [0°—107. 3TOT HMOyabC 34TEM PErHCTPHPYETCA.
Peay/pTapylompil HMOYALC CLHETHILIATOPA NPOMOPUEOHANLH IHOTIOMEeHdol 3nep-
FHH y-H3AYUSHHS H, CNEOBATCALHO, FPH AOCTATOUUO GONBLIEX PA3MEDAX CUHHTHIA-
TOpa TPONOPIEOHANEH SHEPTHH y-KBAMTOB. DTO HOBBOJALT MCHONLIOBATH CHHHTHI-

1 2 F 4 & &

LR S

Prc. 13.1. Tpupnuneadbuas CXema CUHATHJSLHOHHOTO CHETHHKA &/ PErHCTPAlHH

Y-H3JAYHEHH !
i — HCTOUAKK Y-KBamTeB; 2 — Kpuerans Nal(Tl); 8 — ceetosoi; 4 — dororatomy  D2Y; 5 — gH-
sHonn ®IY; § — apof

JANAOHHEBIE CUCTYHKY AAf CHEKTDOMETPHPOBAHME Y-H3JYUEHH:, YTO BAKHO AAL O1-
pelenenyd TEIOBLRNeHHs 3a CUST Y-KBaHTOB,

CUMHTHAJZANHOHHEIE CYRTUHEH MOTYT OBITH HCHOAL3ORAHBD! TAKMKE LS PETHCTDAUHM
geirponos. Haumpumep, ecan nepex spueraitoM Nal (T1) pocrapurs nuacTrHy, ©o-
nepmamyio Gop-10, To y-wBaHTs ¢ smeprHeit 478 ksB, posHukalompe npH 3axpate
HefTpoHOB [mIACTHHOMH, GyAyT BHISHIBATL CBETOBLIE BCUBHIKH, KOTOPHE HANPABIAIOTCH
Ha (GOTOYMHOMKATENE A PETHCTPHPYIOTCH (BOZHHKAIOHHE B PEayabTaTe 34XBaTd Hed:
TPCHOB B ﬁopeilO Q-uacTHHEl MOTYT GBHITE 3asKpAWNPOBAHE BEHIY HX MaJjoro mpobe-
ra s Bemecree) [78].

CHUHTHAASUHOKNbE CYUSTIHKH HAHH IIHPOKOe MPHMEHeHHe NpH H3MepeHHSX Ha-
BeZeHHOH AKTHBHOCTH cOpA3NOB, a TaKMkKe HPH [aMMa-CKAHHpPOBaWHH DaGoTABIIMX
B PEAKTOpe TB3JOB B UEMSX NaXOXISHHS DACIPEEACENS TENNOBBAGNEHHA IO an-
THEHOH 30HE.

B nocneaxHe rofbl AAA U3MEPCHHIl pacTpelesieHus TeIVIOBHIAGMCHHA [0 aKTHS-
HOH 20HE PEAKTGPA HIMPOKO NPHMEHAETCH METOM cHeTa uHesa yrayfaenud HAam Tpa-
KoB, 00Da3’0BAHHEX OCKOJKAMH JACACHHA B IMISHKAX H3 CJIOABl, CTEKNa, NAACTMace
[79].

W30 0HOHEE MATEDHAJIE], TaKHe Kak CTEKNO, CHiGAa H OJSCTMACCHl, DerscTpu-
PYIOT TPOXOXNGIEHHE SapsIKeHHHX YaCTHL B BH/E Y3KHX CJIELOB PajHAlMOHHOT)
noppemgesda {Tpexon}, IOITCMY AETEKTOPH, H3TOTOBJAEUHEE H3 HTHX MAaTepHANOB
M. PErECTPHPYIOLEHE TPeKH, HASHIBAIOT TBEPACTEILHBIMH TPEKGBHIMH AETeKTOpaMd

(TTH).

Ui O6aacte nospeskzenps Matepuana TTIH maas (auamerp ~0,01 MEM H AJHHE

~ 3 pn). FlosTOMy A/Ist X PErHCTPALMH HCIOAL3YETCA TPELBAPHTENbHAR XHMHUCCKAL
obpaboTka (rpasaenue), Tpap/eHne EPHBOJHT K TPEMMYLIECTBEEHOMY DPacTBOPEHMIO
MATePUAMA B TPEKAX, H B peayJbTare Yerc HX JHAMETD yBeJAYHBAeTCH A0 |—2 MEA.
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ﬂ.lm peI‘HCTpQL[hH OCKONKOR Henénits fineHki M3 VRASAHHMK DRl Ma’I‘éDHEI.J‘I{!H
AGJHMKEBl TVIOTHO KOHTERKTHPOBATE ¢ ZENSHIHMCH MaTEPHAJOM, ABASIOMIEMCS HCTOYIM-
KOM 32pHM(EHHEIX TaCTHN (OCKOIKOB HeNedHH) NDPH OOIYYEHPH HX HelTpouamu,

Bpems 9xCHOSHIMH IJAEHOK H IUIOTHOCTE JeNEHH{l B JeAsIIEMes MaTtepHale [oT-
GupaloTes TaKHMME, 4TG0 B IeHKe OnuTo oxogao 5. 104 Tpexon/em?, D10 ofecmed:-
BAET MaA0e XKOJMUCCTBO COBNAZAIOLINX TPEKOR H TEM CaMEIM MO3BOJACT (PHKCHDO-

Puc. i3.2. Qotorpadua MICHKH H3 JABCAHA C TPERAMU OT OCKOJKOB JAeJeHHs (HCXOI-
HEI@¢ SKCIEDHMeGHTANBHEIE HaHHBEIE K PHC. 4.1):

I~ TpeKH OCKOMKOB padeuus; 2 — gediextol B cTpykType TTI

BATh MX Gea mpocuercB. QHKCAUHA KOMHUECTBA TPEKOB NOCAS XMMHUYECKOTD TPABJAEH S
OCYINECTB/ACTCA C MOMOWBI) MHKPGCKONEZ BH3YAMRUO OHEPATOPOM MJH ABTOMATHTS-
CKH C NOMOHIBID CHCTeMS: KsauTHMer [80]. Dzor MerTom Ayulle Beero HCNOIBIOBA™H
AN M3MEDEHHH pacLpeflesielid TENJOBHA/ENHA B DEAXTOPAX HYAEBOH MOL{HOCT:,
lpn HeNOALIOBARWE JETEKTOPOB H3 NARCZHA MPHMEHSIOTCH NNEHKH TOANIMHON OKONO
40 MEM B TpaBJCHAe OCYLIECTBJACTCH ¢ moMompno KOH.

Ha puc. 132 nowasana dororpadua saBcamcnolf TMEHKH ¢ TPeKaMH, KOTOpan
JICMOHCTDHPYET THIHYHEIE TIEPBHYHHIE 3KCHEPHMEHTAJbHEIE LAHHEIC HPH HCMOJB30BA-
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g TTH. Peayabrarsl o6pafoTka TAKMX HCXOAHLIX JIALHBIN [O3BOJAIGT ORpene-
JUTL pacipe/eneile TenjOBbACACHIA NG JABMCHTAM pPeakTopu  (CM., HAOpHMEp),
puc. 4.1).

14. AKTUBAUHMOHHBIE METObI

AKTHBAUMOHHBIE JETEKTOPE HBJIAOTCA  OMUHM W3  Haufonee  PacipoCTPAHeHEBIX
CPEIALTH SKCIIEPHMEHTH.}]IJHOFO H3IMEPeHHA AOCOMOTHOIO | OTHOCHTEABHOID I)EICHPE,B,E-
JAeHHH CKopocTel pas/MYILIZ peakiluii noi AefcTHeM HeHTPCHOR, KOTODBE MOIYT
GHITh [PUMEHEHB! AJT HAXOM(IGHHS BeJWUHHBEL M DAclpefejeHHs TEeM/IOBHIAeEHHA.
Jlus perucTpaliun HeHTPOLOR 5THM METOAOM HCIOAB3YIOTCS siiepHBle pPeaklHH, B pe-
3yJLTATE KOTODHX NOL AcHCTBHEM HEATPOHOB O0pAsYOTCA PAJNCAKTHBHEE HYKJAHJW,
HCNYCKAIOWMKE ApPH cBoeM pAaciaje (-4acTHUM HAX Y-KBaHTL, KOTODHIE 32TeM Deru-
CTPHPYIOTCH ONHHM H3 OIUCAHHBIX BHIIE CIOCOBOR.

MeTo) aKTHBALHM COCTOHT B TOM, 4To B HeHTDOHHOE HOJe Ha ONpeAefeHHoe
BpeMA IoMmenhlaerTcsd HHAPKATOP H3 MATEpHANA, KOTOPHE 0L AeHCTBHEM HefTpOHOB
aKTHBHPYETCs, & 3aTeM HCNBITHIBRET PAAHCAKTHRHBIN pacnaz. OTauuuressHofl deproll
3TOrQ METONa HABJAECTCA 3aNAsLEBARNE MOMEHTA HSMepenss II0 OTHOUEIHIO K M7-
MenTy oBayueHHs, TaxX KaKk JIH AKTHBAUHH HHJIHKATOPOR TpelGyercs oNpeaeieHHbI
TPOMEXMYTOK BpeMeHH. 3ateM OBNYHCHHOE BEIECTBO HIBJCKASTCHA H3 HEHTPOHHOMD
HOJAd H C NOMOIIBI0 CYETYHKOB [3-+ MAN Y-H3JAYYENHA ONpPEfeadeTcs HHTEHCHBHOCTE
ero pafHOZKTHBHOLO pacmaza.

Ha npaxrike HenonssyloTesl HUZHKATOPH pasiuunofl dopmst [B BMAe TOHKMX
KEPYTOBHX JHCKOB ((OABrH), TOHKHX MOJOCOK H MPOBOJOK, UHAHHAPHIECKHX 06pas-
uoBs, mapnkos], IlpuMenaoTea Takxe HUJUKATODH B BzAe rasza aprod-4l W mHIKG-
cTH (pacTBOp coepuHeHmfi cepebpal.

B xauecTBe MaTepHaJ]oB, KOTODHE 3aMeTHHM 0B6pasoM AKTHBHPYIOTCA TOZ JAell-
crenes HeHTPOHOB M MOIYT OBITH KCIIOJIB3GDAHBL B KAYECTBe JAETEKTOPOB HEHTPOHOR,
NpHMEHHIOTCA MapraHed, KoOadbT, Mels, cepebpo, WHIHE, MHCNPO3Wil, 30410TO M Ap.
174; 78].

B rabn 141 mpuBejern JMAHUBIE, XaPAKTEPHAYIOUIHE HEKOTODHIE BEIIECTBA, KO.
TUpble MOTYT GBITh HCIOJL3CHAHEl B KAYECTBE METEKTOPOB B METOje AKTHABAIHH i
PeaxToOpOB Ha TENJOBBIX HEMTPOHAX, ARTHBHDYEMBe H30TONBL 3AEMEHTOB H HX HpO-
IEHTHO® COAEPIKEHHME B NPHPOJHOM BELIeCTBE, 4 TaKie NoayyaeMble pajHOAKTHBHBIE
M3OTONEL H MX OepHozbl noaypacnazos [78]. OcHoBurie pajuoakTHBHBE H3OTOMH
JJEMEHTOR, HCIOJALIYEMLIe JUTA ASTCKTHPOBAHHH, BHIZeNeHk B TaGhule NOJMepKHBA-
mHeM, JIpyrue H3OTONEL 2JIEMEHTOB HeOOXOJFMO YUMTHIBATH HPH OLEHKE ITOTDELIHOCTH
H3MepPeHHs aKTHRHOCTH OCHOBHOTO H30TON&Z (BPCMA BEJIEPHEH — JUIA KODOTKOKHBY-
WEX H30TONOR, GOH — MAA JOATOKHBYIHX H3GTOIOB),

Mapranen mmeer ceueHse NOTJOMIEHHs HeNTPOHOR, MOJMHHMIOmeecs sakoHy 1/v
B Teiniosoi obnacry sHeprHf, Ha HPaKTHKE OH YacTO HCNoAbayercs B BHIE Maprad-
UEBOHHKeIEBEIX hoJIbP (MaccoBoe cofepxcanye Maprasya ~90 %). StH onanTH Becs-
Ma NpoYHHl, ¥ HX MOMKHO M3[OTOB/SITH HOCTATOUHO TOHKEMH (Ao 6 Mr/em? no man-
rauuy}, B peaxrope BBEP ajs HaMepeHHs OTHOCHTENBHOIO DACHPEZENIEHHS TEMao-
BEICICEHS IPUMEIseTcs CTaAbHAA IPCBOJOKE, COACDIANIAN MADraHel, KOTOPAs Dac-
noJlaraeTcs B BepTHRanbHbix Kawanax [74]. MaMepemus AKTHBHOCTH IPOBONOKH 1PO-
BOZATCS OAHH DA3 B CYTKH, AJS UCTO ABTOMAaTHYCCKH OCYHIECTBJSETCH JABHIKEHWHE
nposoioks B 12 kaganax (ZuaMerpom 6 MM KaXKAHH) aKTHBHOH BOHHL
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TaGauna 14.1. Ceoiictea HexoTOpHX, MATEPHANOR JETEKTOPOR,
HCNONIB3YeMEIX, B AKTHBALUOHHLIX SKCIEPHMEHTAX

a0e- Cpy [+ G. 6 HaoTouunit Uacz" 3] PagnoarrTusamil H3oton
MEAT |y —2200 m/c) 87 cocran, % (0,==2200 wm/c) {UepHok nosypacnaga)
Mn | 13,240,1 12,340,3 Mn  (100) 13,2401 M (2,68 w)
Co | 37,1£1,0 TH1 [#9Co  (100) 16,9+1,5 801 Co (10,4 wmun)
: 20,2:1,9 60Co (5,28 roma)
Cu | 8,81£0,03 |[7,240,6 [Cu  (69,1)]  4,41£0,2 | 8Cu (12,87 u)
C %Cu  (30,9) 1,8+0,4 86Cu (5,14 mmu)
Ag 1 64,5+0,6 61 [WAg (51,30) 45-+4 108A0 (2,3 Mux)
. 3,24-0,4 107 Ax (253 cyT)
i gAg (4’8,65) } 105:&:15 110Ag (24 C)
In | 1943-2  [2,240,5 P9In (4,23) 5612 14my (49 cyT)
2,0=0,6 | ttn (72 ¢
115l (95,77} 1602 uemin (54,12 mun)
4941 1sIn (14,10 o}
Dy | 9404220 | 10020 {t64Dy (28,18)] | 2000200 167Dy (1,3 i)
} 8404100 165Dy (140 muR)
Au | 98,5404 19,3:21,0 13740 (100)|  98,54:0,4 | 98Au (2,695 cyr)

Ha peaxrope PWR remiosofi meomsocrsio 1300 MBr (®PT) ncnoassyercs gns
H3MepeHHs PaclpefieneHns TelJOBHEENEHHA NHEBMOWMAPHKOBasn cuerema [74]. B meil
crafbuble HIAPHKH, COAepIKalllHe MAapraHell MAH BaHAAHH, BBOITCE B CyXHe KaHAML
# nocle o6MyueHHs BHBOIATCH H3 HHX IHEBMaZTHUECKHM CcHOCOOOM JJiii ofcuerd ax-
tHBHOCTH. JInamerp miapukcr ~1,6 MM, BHYTDeHHHA ARAMeTp KawanioB ~2 MM, 00-
Iee yucao Kazamos ~30.

Menr mogofHO Maprasuy EMEeT ceueHne IOTJGUISHHS, NOAYHHSIOLLEECA 3aKOHY
1/v. Beaegersne GOABIIOTe NepHoAa MOAypaciafa ¥ MaJoro CEUeHHA AKTHBALNH Meg-
HOle JEeTEKTOpPHl MeHee 4YBCTBHTERbHB, YeM Maprasuesonnxesepsie. Ma meam Moryr
H3TOTOBJSATRCA TOHKHE ONBIH HJH IIQJOCKH ¢ MOBEPXHOCTHOE Maccofl zo 5 Mr/om?

MOXHO HCHOMB30OBATE TAKIKE MeRHYIQ IPOBOJOKY ¢ IpHMechio Mapranuma. Ce-
pebpe H poAH# B aKTHBAUHOHHEIX M3MEDEHHIX TNPHMEHSITCA Peike, MOCKOJBKY TpO-
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Ta6auua 14.2. OcHoBusle xapaKTepHCTHEN HOJIFORUBYIIHX TIPOAYKTOR Ie/eHHs

g, g §a
L= é Es
< e g " EE
E ? E £ = EE T OHeprus y-uany 11 u[ E,E
IS TZ8 = 3 epHOL nony- N ’ oY1 &g
e [ZEED B | E | TRERRY o on o S e | £
g | g2 § | ¢
o | BxE| = &, ¥d
< mee | 4 = Ote
95 | 6,41 | Kr |0,00L1 0,5 ¢ 0,071
Rb {0,0686| 0,36 ¢ A1045r
Sr | 0,4679 26 ¢ Kf?§b+5r—>\’—>
Y [0,4146| 10,8 mun -0i5
Zr [000472] 63,98 cyr | [ 724,2 (44,1) /'Nbm
Nb™| 0,0006] 3,61 eyt { 756,8 (54,3) Zr-+Nb +Ma
Nb | — | 35,15 cyr | <765,8(99,8) 4
Mo — | Crafwinmfl 14,5
106%| 0,4 | Mo |0,68 9.5 ¢ Mo—Te—Rut »
Te |0,30 36 ¢ Rl
Ru {0,0186| 368,8 cyr —+Rh— ~Pd | 0,146
Rhn{0,0001| 2,2«
. 511,8(20,8)
Rh 30,35 < { 821'9 (6.3
Pd — Cratumsisi
137 6,18 | TL [0,1933| 3,5¢ 0,005, g,005
I |0,5248] 924,19 ¢ TISB] 185 e
Xe [0,2602{ 920,4 ¢ Tl ———>I-+ Xe -+
Cs 10,0214 30,3y O B
324,9 (6,88) 0,2
Bam | 0,0003| 156,5 ¢ { 6616 (84.7) | —>Corbia
Ba — Cradunbabi 0,058
140 | 6,34 | | 0,00 0,86 ¢ 0,38
Xe | 0,47 14,0 ¢ AXe
Cs | 0,39 67,9 ¢ 1>XesCs—+Ba -
162,6 (6,5) —~La -Ce 1,8
Ba | 0,05 12,8 cyr [ 304,84 (4,2)
539,25 (21,9)
_ 328,8 (21,0) 2.7
La — 40,2 y 487 (46,0)
815,8 (27,5)
1596,2 {95,6)
Ce — Crabaibyeii
144 | 5,4 | Xe |0,0011 8,8 ¢ 0,011
Cs [0,0668| 1,03 ¢ A3 Ba
Ba {0,4634| 11,9 ¢ Xe—»CUs+Ba—+La—
La |0,419 39,8 ¢ 1oCe
35,5 (8,1 Ce Pr—»&da
) s e nd
Ce 0,049 | 2844 cyr | 03,5 (108) 1
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* [Tpy IJIOTHOCTH NOTDXA Temophix AefiTponon Coabme 1 0% HaoOxoHMD YHYHTLIBATL OGDA3ORLHHE
1°8Rh ma 198Rh, 0 =13 310 6.
% J1pu MAKCHMAJLEBIE TeMOepaTypax Hike 1200—1300 °C.

CAVRTHL DEaKIFEH HMelOT Mafdel mepHof nogypacmaza. Fsorom unpza ¢ IepHOZOM
monypacnaga 54 MHH 4acTO HCIGAB3YETCS [AAA OHpejeNeHHs DachpeieleHHs Tenao-
BRIJIEJIEHHsT IPH MAJEHX YpPOBHAx MomuoctH, Hajxo HMeTs B BHAY, UTO CeYeHHe ax-
THBALHH HEZHS 3aMETHO OTJHUAeTCs OT sakona 1/v (Mmeworcs peaosach}, Ma mMe-
TANMHYECKOYS HHAHS MOCyT OHTb HM3TOTORJEHH npoudble (OARIH TOAUHHOR 19
“10 mr/cm?; Gosee ToHKHe hONLTH MOJAYUAIOT CTIABJCHHEM HEAUA C OJOBOM, OCaiKAs-
HH#eM TapoB HHAHS HA NOAXOAANYIO IOALOIKKY,

JHcnposufl Henoangyercd IS JAeTEKTHPOBaHHMs HeRTPOHCBR HPH MaibiX YPOBHAX
MoinocTH peagTopa. (eueHde aKTHBAUHH JHCTIPOIHH Caafio OTJMYAETCH OT 3AKOHA
| /v; RETeRTOPS HA OCHOBE JHCIPO3HE MOCYT HSTOTOBASTRCA HA JAHCTIDO3HH-aJOMH-
HHEBHRIX CIJIABOB MJIH H3 OKHcH paucnposua (DygQs), ocamZeHHoll Ha aJiOMHHHEBYIO
FROANOKKY.

Hag roynkx uaMepenxil, ocobennc maaa abCOMIOTHHIX H3MEDEHHH, NpeAnocuTH-
TeMbHO HCIIOJbL30BAThH 304070, M3 sojora Moryr OHT: H3FOTOBJeHH (NPOKATIOH)
doasry TommuHOl A0 5 wmr/cm? Gosee ToukdMe GoNLIH TONYHAIOT KOHIeHcalMed W3
apoBoit (ass.

Ha mparTHKe IMHPOKC MCHOJLAYIOTCH TaKIKE TOPOroBhe JeTeKToph — obpazubl
¢ COfiepMaHNeM TAKHX HYKJIHAOB, Kak cepa-32, docdop-31, ypan-234, ypau-238 n np.,
KOTOpHIE ZKTHBHDYIOTCS HeliTpoHamu Goabmmx sueprzii {(fonee 0,3—17 MaB},

Jasi MaMepeHHS paclpejlesieHHs TelVIOBHIZIEAeHHA HIHPOKG HCIOMB3YIOTCS JeTex-
TODHL, COAEpmAluMe fAeddlidecs Marepmanot (ypan-233, ypaw-235, nayromrii-239),
a TAKKe caMH Thyam pearropa. OGpasoBapiinecy Mpu HeATPOHUOM OOGAYHCHHH TAKHX
JIeTEeRTOPOB NPOAYKTH AENeHHA ABJAIOTCA PafiHOAKTHBHEIMH, H [0 PACHDPEACHCHAR WX
_ AKTHDBHOCTH MOXKHO CY[NHTL O paclpeleNesHHH TeNAOBRAC/CHHA [0 aKTHaHOM 3oue
peaxTopa.

Yacre AAd UPOBEPKH TOUHOCTH HAXCHIEHHA pacOpEAeNeHHS TEIJIOBBIACACHHS
ONMHCAHHMMH BHEIe MeTOJaMH H3MepAercs paclipefeseHie y-aKTHBHOCTH BCEX TPOAyX-
TOR AENCHHA HJH HEeKOTOPHEIX H3 HHX [0 TB3JaM HOTJe H3BJEYEHHS HY U3 OCTAHOBJEI(-
roro. peakropa. g HaX0XILEHHR DPACHpee/IeHHs TEIJNOBHAENeHHR N0 pPajuycy p-
aKTopa MOCTATOUHO H3MEPHTH FIOAHYI SKTHBHOCTH TB3JAOB C MX TOPUEBOH YACTH HJH
TRINA B HEJOM. ’
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Tis moJryueHHA pacTpefefdeHis TEMIOBHEEASHHS [0 LJHEE TH3JI0D OCYHIECTRAN-
eTCA TAaMMa-CKaNR[OBAHEE TBAMCR € HCNOJIL30HAHHEM CHELKANBHOTO KOJINMATORI.
Tax KAK IpH DLICOKEX TeMIEpaTypax M IPafHeHTax TeMAepaTyp Mo ThIY MOIKET

HMETE MECTO 3aMeTUas MHTPAalMA HPOAYKTOB JENenHs IO ofmbeMy T34, ueaecood
PA3HO UIMEPATH Y-MHUHM HEAETYuHX PafHOaKTHRHLIX IPOAYKTUD AR, TAKHX Kax
HuoGHl, mEpkonuf, ceaed. s sTOTG HeoBXOMNMO CIPSAelATh 3UCPreTHHeCKOs pac-
npefeneude y-H3JIYUeHHA H BHACAATL MIHITH YKASAHHLIX HYyR/IHIOB.
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Dye, 14.1. Pacnpesenensze Mowscets no cesesnio TBC peagropa BB3P [57] [rou-
KH — SKCIEPHMENT (aKTHBAINA TBHIOR); JAHHHH — pacuert]

2
Puc. 14.2. Pacnpemenenne shepropeizene
wus mo Buicote TBC peaxropa BBIP-3 =
[57] [rouks — skcmepHMenT (axTHBANUI .:.“1'
Cu); JHHAE — pacuer]: e M
[—TBC M 8§ (oGoramerwe 3%); 2—TBC T :

Mo 110 1<} 3%); 3—TBC M 58 1 ! 1
(oﬁoz'amem(xg ?l:’ﬁlie(}g;e pie. )8.8) [} 50 100 164 200z,6m

B raba 142 npHBOATCH OCHOBHLIC XaDaKTEPUCTHKH HEROTOPHX LONTOMHBY-

IIHX TPONYKTOB HEACHH, HCTOJNE3YeMBIX AJIA onpegeie A pacnpeagaeHya TENROBhI-

AeJSHMS] NyTeM aMMAa-CKAHHPOBAHAA TBHIOB.
Ha puc. 14.1 u 142 npupoaHTCS IPHMER HPAKTHUECKOTO HCTONb3CRBAHHA AKTHBA-

LEOHHHE METOZOB AN OLpPEAeTeHus PacHpefencHiia TEMIOBHILEIes I 10 CeueHO
g soicore TBC BBOP {akrHpanus TBIOB H JICTEKTOPOR H3 mean). BugHo, 9t0 pac-
yeTHHE DACHPRAEIEKHS COTMACYIOTCH ¢ OKCMEPHMEHTAMhHEIMIL.
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15. AETEKTORBI MPAMOTO 3APSIA

Hprnnun neficrsus getexropos npaMoro sapaga (JI13) ocHoBau ua
HEMOCPEACTBEHAOM NPeoGpasoBany AAEPHO SHEPTHM B SJCKTpHYE-
CKYIO 34 CHeT HCHOJL3OBARKSI KHHETHUCCKON SHEPTHH 3apsKeHHBIX da-
cran [81] (puc. 15.1). OcHOBHLIMHA aneMeHTaMu I3 semmores smut-
Tep, KOAREKTOP H SNEKTPHULCKAS HIOMILHL MEKY HEMH.

7 Z . g 4 &
\ \ e
e ] |
F A AN

. &

Puc. 15.1. Koncrpyrunonnas cxema JII3 [81]:

1— smuTTep; 2 — R30JATCP; 3 — Konmetop; 4 —kabean, § — thoroBan KuAa; 6 -— cHrHanbLHAT
I

B smurrepe II13 ofipasyioTes sapsukeHUbE YACTHIE 32 CyeT siep-
HEIX peakumuif 1oz JeHCTBHEM H3MEPAEMOr0 BEA4 H3JyYeHHsT. Mare-
PHAJT SMUTTEPA BEIOMPAETCH HCXOMS M3 BHAA PETHCTPHPYEMOTO Hadyie-
HHA, U3 TPeOOBaHHH HKCIEPUMEHTOB U 3aBHCHT OT THIA SMHTHPYEMELX
UM 3aDAKEHHBIX YaCTHI, M HX 3HEprHH.

KoanexTop CaAymuT AAs HAKONJEHHA 3apAKEHHLIX YACTHI, IIOTA-
A4IOIHX Ha Rero us sMETTepa. KoaeKTop 0JHOBPEMEHHO HCHOJb3Y-
eres i repmernsanud JII13. Hsoanrop JII3 mosken ofecmeunts
HaTHUHe PASHOCTH NMOTEHIHAJA MEXKAY SMHTTEPOM H KOJJIEKTODOM, 3
CBASH € 4€M OH LOJ/IKeH OOJI4J4Tb BHICOKHM 3JEKTPHUECKHM COTPOTHB-
JEHKEM TPH Malo# roaiukne. KpoMe TOro, H30JATOP HE HOMIKEH 5MuU-
THPOBATH 3APAMKEHHDBIX YACTHI H JAOJIKEH GHTh PALHAIHOHHOCTONKHM.
OG6EIuHO B KauecTBe H30JATODA UCHOMLIVIOTCH HEOPraHHYeckHe TBep-
Able- RHAMEKTPHKH, Tonuia H30M9TOpa JOMKHA OBHITL MUHHMAJBHON
HCXO/A U3 TPeOOBAHM YMEHbINGHUS 3aNHDPAIOITEr0 MPOCTPALCTBEHIOT)
3apAZA T HeM. '

Ilpaxriueckoe mpeMmenenie waman JIIT3, b KOTOPbIX HOCHTEJeM
3apsia ABAAKTCS 2aeKTpoHsu JTT3 Henoassyiores s H3MEepeHHs
MIOTHOCTH .NOTOKa HeliTpoos (Hefirpounne JI13) u y-kpanToBn (ram-
ma-JITI3). - :

HauGonpmee pacnpocrparenne noayyuan mefitponssie JT13, u no-
3TOMY Ha HHX VMECTHO OCTAHOBUTLCH NOAPOOHee.

Heftrpornpe N113 noapasgensores Ha aKTHBALHOHHDIE, B KOTOPEIX
HCIOIB3YIOTCS B-4aCTALB, BOSHHKAIONHE IPH B-paciaie HYKIHIOB, NO-
AYHEHHBIX B SAEPHBIX DCAKUEAX NOJ AeHCTBHEM HeHTPOHOB, H KOMITO-
HOBCKHE, B KOTOPBIX HCHOGMb3IYIOTCA REKTPOHS! (KOMITOHOBCKHE HJH
(hOTOSJEKTPOHBL}, BOSHMKAIOLINE 34 CUET y-KBANTOB, KoTOpLIe 0fpasy-
IOTCA B SMUTTEDE NPH FIEPHLIX PeakuHAX ROZ ZeHCTBHEM HEATPOHOB.

B raba. 15.1 npueogstcs mexorophie XaPAKTEPUCTHRKA HYKJIHIOB,
HCIIOJIB3YEMBIX B 3MHTTepax uelrTponnsix JIT3, o
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Taonuma [5.], XapakrepHCTHKH HEKOTOPHIX HYKNMIOB, HCMOMb3YIOUEMXCH B
sefirponnnx, JIM3

KapaxrepUcTHEa OOJYMCHHONO HYKJIULA '\"K‘i;“é‘r’g"'ag;ﬁﬁg“"“'
yranz {pacupo/-) O G
CTPAHBHHOCTE, %
' T, e | Ep, MsB Ey, Mo | Hneo y. ;%‘é’jﬁ
v 4,56 — —_ — 3,3 2,68
BV (0,24) 250 — — -— — —
51V (99,76) 4,5 225 2,73 — — —
52Co (100) 36,3 — —_— — 2,06 3,3
16,9 624 — 1,17 - —
20,2 1,67.108 0,33 1,33 — —
103Rh (100 152 — — — 92,87 1,72
149 42,4 2,44 — —_ —
12 264 — — — —_
Ag 64,8 — —_ — 3,35 2,19
W7Ag (51,30) 31 138 1,77 — — —_
WIA (48,65) 87 24,2 2,16 (60%) —— — —
2,84 (40%) e —_ —_
3,2 2,4.107 — 0,536 (429) — —
0,086 (56%) — —

Axrupauuonusie JAII3 ¢ pogueBEM aMHITEPOM HaULIH HaHOOJS:
[IHPOKOe NpaKTHUeCcKoe IpHMEHEeHNe JJS H3MEPEHHA OTHOCHTEJABHOIO
pacnpefesienns HeHTPOHOB KAK [0 BLICOTE, Tak H 110 pPagHyCy AKTHB-
HO# 30Hbl peagropa. OOBUEO 3TO PacHpele/eHHe CBR3HBAKT ¢ OTHOCH-
TeJILHEIM pacnpefefleHHeM M0 aKTHBHOH 30He TellJOBH EeJIeHs.

Pecype patBorsr JI13 xocTuraeT HecKOABKHX JieT TIPH MaKCHMallb-
HOft padouedt Temmepatype ~700°C -u aioeHce  HeHTPOHOB
~ 1022 pefitp/em® IlpexcraBaenne o KOHCTPYKHHH poguesorc HII3
MOXHO [OJAYULTh H3 CAeAYIOWIHUX JAHHBIX, DMUTTEPOM JeTeKTOpa Cay-
JKHT POJiHeBas NPoBOJOKa anamerpom 0,8 Mu, maonsuvedl — Kpapiie-
Bulfl KamHAAAR ¢ TOMUMHOH creHKH d={(,2 MM, 3andsHHBIA C OZLHOTO
KOHIa, KOJMJCKTOp npejcTaBager coboll TpyOKy Hs HepmKaselouieh cra-
JIH BHEITHHM guametpoM 1,8 MM. B xauecTBe JHHUI CBA3H CY#HUT ABYX-
KHILHBIE Kalesdb ¢ MAarmesHTOBOR H3onsAuued H 000J0UKOH H3 HepKa-
BEIOIIeH CTAMH AHaMeTpoM 1,5 M. -

K ocuoBubiM pocromuctsam JIII3 oTHoCATCA: MpoCTOTZ KOHCTPYK-
IHH, MaJble raGapuTs, BHICORAS TEXEOJIOTHYECKH JOCTHKHMAS HACH-
THYHOCTL NOKA3aH{H, THPOKHH AHAma30H H3MepeHHH ¢ HpaKTHYRCKH
HEOrPAHHICHHEIM BEDXHHM MpEAe/]OM, JHHCHHOCTL XapaKTePHCTHK,
GosaplIoH pecypc pafoTH, BO3MOMKHOCThH H3MEPRHHS pachpee/IeHHst
TEIVIOBEIAGAEHHS 0 PAJYCy M BBHICOTE AKTHBHOA 30HBI OZHOTHIHEIMH
JIeTEKTOPaMy, 4TO 00eCIeuHBAeT OTHOCHTEIbHEE H3MEPEHHsE ¢ XOPOIHeH™
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TOUHOCTBIO, BEICOKHE pafouue XAPaKTepHCTHKH W IPOCTOTA 3KCMAyAaTa-
UHH. DTH 0COOEHHOCTH OIPENSNHAN JOCTATOUHO IHUPOKOE HCTONB30BA-
tue [JII3 Ha gefictByomux peaxtopax ADC.

Ha peakrope BB2P-440 [65, 74] ucnoasayiores AI13-1m ¢ poame-
e 1 JI13-4n ¢ sanagnessiv sMurrepamn. CGopka JII13 yeranasau-
BACTCA B CYXOM KaHaJe AHaMeTpoM 6 MM.

Hcnosnssopanve naper 13 ¢ poaueBHIM U BANAJHEBEIM 3MHTTEpa-
MH NO3BOJIAET ONPEXeIATh CHEKTpaNsEEe HHASKCH JAJA5 HeHTPOHOR, He-
O0XOJHMBIE IJif HAXOXKJEHHs TeMJAOBbLAeACHHA. BCero 8 peaxTope yc-
TanoBaeno 12 cO0poK Taxoro Tuma. MamepseMble mapaMerpbl: TOX (10
2 MrA) n sHanpserne (1o B mB) ¢ norpewdoctbic me Gonee 1 %
OpH BpeMeHH H3MEePeHds IO OAHGMY WsMepHTeJsHOMYy kanaay 0,05 .

B peaxrope PEMK [58, 74] mcnoabayworcs 117 meTeKTopon KOH-
TPOJA TENJIOBLLAENEHHA 10 painycy peakTtopa H3 12 ceMHCEKIIMOHHBIX
BETEKTOPOB KOHTPOJA TENJOBLIZENCHHS IO DBBEICOTE AKTHBHOH 3OHHI,
2 Taxe BCIOOMOraTeNbHAA CHCTEMA, TpefiHAasHalUeHHa® AAS TPaAyR-
POBKH [AETEKTOPOB H OIPENENCHHS OCHOBHHX METDOMOTHYECKHX XAPAK-
TEPHCTHE,

JInHHA YYBCTBHTEILHOIO 3JeMEHTA DeTeKTOpa, NMPHMEHRAEMOro AAA
KOHTPOJS TEIIOBLAENCHHS HO PAAKYCY H PACIOJIaraeMOro B LEHTPalh-
oM oteepcTtHH TBC, paBH2 BHCOTe aKTHBHOH 30HEL

LerexTop KOATPO/IA TENTOBLIASNEHHS 110 BHICOTE NMPEACTABAILT CO-
Gofl TMOMYI THAB3Y M3 AJIOMHHHEBOTG CcnJaba AHaMerpoMm 70 MM M
TOJIIHHOE CTEHKH 2 MM, BNYTPH KOTOPOH PAa3MEIiedHl CeMb DABHOY A«
JNeHHBIX CeKUMH, TDHYEM YYBCTBHTEJNbHBE 3JEMEHT KaXKI0H CEKUHH Bbl-
OOJIHEH B BHIe CIHpanu fHameTpoM 62 mm w Beicotol 115 M.

Mpunaun aeficrsus gerekropa ramMa-JII13 ocuosan ga uamepeHun
PA3HOCTHOTO TOKA. 3JEKTPOHOB, BHIOHBAGMBIX NAJATOMIHME y-KBAITA-
MM H3 SJCKTPOAOB. DTOT BUJ LETEKTHPOBAHHH TNPEACTABISETCH TNEp-
CIEKTHBHHIM H3-3a BeChbMa HH3KOH CKODOCTH BHropanid. [IpakTuueckoe
npHMeHenHe HaxoRAT moka ramma-III3 (wam DT — smHCCHOHHLIE
JeTEXTOPH %-U3AyUeHns) ¢ SMUTTepoM us nnatuaw, [lo BenwuuHe mo-
JIe3HOTO CHT'HAJA, OTHECEHHOIO K CKOPOCTH IOT/ONICHHA y-KBANTOR, OHU
yCTynatoT JIHITh TaMMa-KaMepam,

16, XUMHMHECKME METQ/bI

Qcofioe MECTO B XHMHUECKHX METOAAX 32HHMAET H3MEDEHHE COAEPIKAHHA NPCLYKTDS
ReNeHHs 8 TB3MAX Nocse obaydenws B peakrtope. Ilo orofi BEANUHHE MOMKHG CYAHMTEL
O pacupejeNiendH TeMAOBHJENACHHA B peaxTope H 00 afCcoNIOTHOM 3HAYEHHH dHepr:d-
BHIP26OTKH.

Iz srolf nend HeoOXOZHMO, KaK HpPABHAO, BHSNHTL OAHH M3 PajHOAKTHBHEIX
HYKJIHAOB, HACHTHOUIADCERATL €ro, NPOKOHTPOMHPORATE OTCYTCTEHe TpRAMecedr [82].
TakuMu . paJMOHYKARZAME ABAAIOTCH Te, KOTOpHE oGaafaloT BLICOKHM BBHIXOLOM IMpH
ZeNeHHH, GOJLUINM LepHOIOM Noaypacitags, ofecneufBaliMM Heo$XofuMoe comep-
MAHHE HCCAeAYeMOrd DajHOHYKIHAZ [GCAE BBIJEDKKE TBIOB, 3NAUHTEABHEIM BH-
X0J0M SIAEPHBIX H3AYYCHWH NIPH DRAHOAKTHEHOM pacmape (radm. 14.2).

ITpu wHeHOMb3OBAHHH XHMHMYECKHX METOAOB BBHAEJACHHS DAJHOHYKAHICR IOPHXG-
KHTCH YYHTHBATH TOT (aKT, UTO BO MHOIHX CAYIAAX KONHUECTBO PAJAHOHYKJIHIA Ma-

108

A6 # Horepr X OpH XUMHYECKOM BEIAGNEHHM MOUYT BH3BATD GOJLUIYIO 01up161(y oy
OMpCACAeHEN AGCONIOTHOTO KOAHUECTBA PAJHOMYKANLA., B UeARX ITOBBIUICHHA KOJ4-
YECTRA BBAGAHEMOTO DAZHOHYKIHAZ B pacTBOPHl f00aBAAIOTCA HOCHTEJH, ofeciieyu-
BAIOLUIHE 33XBAT WOHOB, KOTOPHe HeOOXOAHMO BBILEJHTL C IOCACAVIOUIHM HX 0CaM-
JieHHeM.

[IHpOKO HCHOJR3YIOTCS PA3NHUALIe METOAE PALHOXHMHYECKOTO RHIAGNEHHA: 0CaX-
JAeHHe, HomoofMelnnoe pasiencHHe, WCMapeHHe, SKCTDAKUHA, BHIIENAUHBAHHE, 27K~
Tpoocaxmaenue, HanpuMep, 4aA BLAEJCHHS UHDKOHUA, HMOOHA M UepHS HCMOJb3YIOT-
€A SKCTPAKIHOHHBIE METOAB; JIPH 3TOM JOCTATOYHO NOJHOE BREIAEACHHE HPKOHISI
® HHOOuA (upumepHo mo 96 %) pocTHraercA JHME MUOIOCTYIEHYATOW SKCTPaKILHell,

JLnst M3BJIEUEHHA 11€3HA MCTIOMLSYIOTCA HOHOOGMEHHDIC MPOIECCH, 4 TAKME OCaNc-
Aderne rerpadenanfopatoM HaTpHs JHGO IAATHRGXJOPHCTOBOAODPOANGH KHCIOTOH B
NPHCYTCTBUH HOCHTEJEH,

Imsi Boijenenns [eJOYN03EMebHEEX IEMEHTOR YaLe BCErD TPHMEHSAQTCH OCAM-
LOHHE HX B BHAe KapOOHATOB, OKCANTATOB HJH CyAn(aToR.

Oppam H3 mauboiee TPOCTHIX CHOCOGOD BHASNEHHS CTPOHUHS SIBJSIETCA HH-
TpaTHEIA. Jna BOULRNEHMS DYTeHusT HCIOAb3YETCS HOHHLIE OOMEH, a Takme coocas-
ILeHHe HA IMHAPOOKHCAX Xeqesa HJH aJIOMHHAS.

XumMuyeckHe METOAB MOTYT ORITE HCMOAB3CBAHE ¥ ODH XOIEMCTPHH MElTpOLNs- O
H y-H3JYyYeHHH. JTH METsApl CCHOBAHEI HA H3MEPenHy BHIXOAA DAJHALHOMHO-XMMH-
HeCKHX Peakuuil, EPOTEKAlIHX NoX AeficTBHEM HOHH3HPYIOMIMX HanyueHwi. B pa-
3YAbLTATE TAaXHX PEAKUHA MOIYT H3MEHATHCH ONTHYSCKAsd MJAOTHOCTh XHMHUECKOH o4-
CTEMEI, YIGJI HOBOPOTA IAOCKOCTH MOMAPHIANHH, XEMHUECKHE COCTAB H T, W,

Peakusn moryr MPOXOAHTD B TBEePAOH, MHAKOH H rasoobpasHolfl ¢asax, uro pac-
HIMPSIeT BO3MOICHOCTH HX HCNoubzoBamis. HanpuMep, npu pas)ioikeHHH Oiapesenoil
KHCJOTH Mo AeHcTBHEeM HaIYVIeHHA COOTHOWEHHe MeXJYy NOTVIOMEHHOH HO30H H X4-
MHUeCKHM 3{@eKToM HMeeT DA

D = o€, In (Cy/C), (16.1)

rae Cp u € — KONNEHTRAIHH UI&BeNenol KUGJAOTH A0 H nocie OGAyUeHHS, & — KO-
s(bHLIACHT NPOTOPUHOHANLHOCTH,

K HepocTaTKaM XUMHUTECKHX METOAOB AOSHMETPHH H3NYUeHHH OTHOCATCA Heof-
XOJHMOCTS pasjaenenus sdherTon oT OGAYYeHHT HefTpOHAMM W Y-KBaETAMH H 3aBi-
CHMOCTL BHIXOJA DEAKUHH OT TeMIepaTypLl,

K pocToMHCTBAM XHMWYECKMX METOMOB /JOSHMETPHI CASAYET OTHECTH OTHOCH-
TEJbHYIO HX IPOCTOTY, OTCYTCTBHE HeobXOARMOCTH B MPOKAAJKE BJISKTPHIECKHX H ADy-
THX COeNHHETE]BHBIX JuHHH. Dosaee nmoZpofHEE CcoefleHHs 0 XHMHYECKHX METGHAX
MOxHO Hafitm B paborax [71, 82].

lnasa 5
U3MEPEHME M KOHTPOJIb
MOLWHOCTHM PEAKTOPA
17. U3MEPEHHME MOUIHOCTHM PEAKTOPA CTATUMCTHMHECHKKMMKM METOOAMM
[Mpomecc BaaumoneicTBUA HEATPOUOR C AAPAMH H HX MHTPALHS B Cpe-

Je HOCAT CTaTHCTHYecKHH xapaxTep. Hapsidy ¢ BepOATHOCTBIO HCIEL- /
TATh MOIVIOUIEHHE H BHIJIETETh 34 IPeAe/Bl PeakTopa HeH1POH MOKer
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BLI3BATH JENIEHHE ¢ HCIYCKaHHEM HOBLIX HEHTPOHOB, MPOAOJIKAIOIIHX
uennof mponecc. BepoarthocTHHE xapaxred sTHX coOLITHH H, KpoMe
TOTG, BAPHALMA KOJAHYECTEA BTGPHYHEIX HeATPOHOB, HCMYCKAEMLIX NP
JeJIeHHH, IPHBOAAT K TOMY, UTO AJHHA LEeNOUKH JeJEeHHH MeHseTcs cra-
THCTHYECKH K B pedKTOPEe BO3HHKAOT (AYKTYAIHH Yucja JeleHHi
H XOJHYECTBa HeHATPOHOB. 3aKOHOMEPHOCTH LERHOTO npollecca, onpe-
JeJseMble CTeNeHbo KPUTHUHOCTH peaKTopa, KOJMHYecTBOM HeHTPOHOB,
HCOycKaeMBlX Ha OJHH aKT JeJjeHHH, BpeMeHeM KH3HH HeHTPOHO3,
00yCAOBIUBAIOT B3aHMOCBSI3b COOBITHIH, NOPOHCXOAAILUX B peakTope.
CnepoBaTesbHo, n3yyast napaMerpnl (GpJyKTyallmi, TakHe KaK pacmpe-
JleleHHe IJIOTHOCTH BEPOATHOCTH, JHCNEPCHE BeJHYHH, KOppeaAlHOH-
HBle HJIH CileXTpadpHble (PYHKUHH, MOMKHO HaXOLHThH KHHETHUYECKHE fa-
paMeTph LeNHOre IIPONecca H B TOM YHCJAe KOJHYECTBC JedeHHH B le-
HoukKe,

Hameperns Takoro THIIA MOTYT IPOBOZHTBLA B KPHUTHIECKOM WM
IOAKPHTHUECKOM DeakTOpe, AAA Yero HCHONb3YKITCH TOKOBBle HJH HM-
NyJ/JbCHblE HeHTPOHHKME fATuHKH. (TAaTHCTHUECKHH XapakTep perHCTpa-
HUYM HeHTPOHOB, TAK e KaK H NOfABJEHHE B PEaKTOope BHENIHHX HekH-
TPOHOB (HCTOUHUK HEHTPOHORB), €CTECTBEHHO, BJAMAST Ha HaMepeHHs
GAYKTYanHH MOILHOCTH. OZHaKO KOppedHPOBaHHbBIE HENHLE MPOIeccul
JeNeHNH MOTYT ObiTh BLHIABJCHEl Ha (POHe cAyHaBHLIX TPOLECCOB B Je-
TEKTOpEe H HCTOUHHKR IPH HH3KOM YPOBHE MOILHOCTH W [IPH YCJIOBHH
JOCTATOTHO BEICOKOH »(h(eKTHBHOCTH perucTpalldd HeliTpoHOB. Taxme
H3MepeHHsl ITOSBOJSIIT HAPSILY ¢ KHHEeTHUYeCKHME TapaMeTpPaMH Olpe-
JeAnTs 5 (QeKTHBHOCT PETHCTPAIHH HeflTpOHOB JA@TEKTOPOM H, CJelo-
BaTeJbHO, a6CONI0THYI0 MOLIHOCTE peaxTopa.

Meronst 06paoTKH peayabTaToB H3MepeHHH OOBIYHO HCMOAB3VIOT
OAHOTPYIIOBYIG ([0 3HePTHH), TOYEUHYI0 (NpOCTPaHCTREHHO HE3aBH-
CHMYI0} MOJ(ells KHHEeTHKHM MTHOBEHHEIX HelTpoHoB. B 3TOM cayuae H3-
MeHeHHe BO BPEMeHH UHCJIa MTHOBSHHLIX HeHTDOHOB ONUCLIBAETCS 3KC-
noHeHTOH exp (—at), rie

1y (1 — Pog)
l

— KOHCTAHTA cmana MIEOBEHHLIX HefATPOHOB, CBizaHHAA ¢ 3(pdeKTHB-
HEIM KO3()DHUIHEHTOM PASMHOXKEHHT Rsp, 3QOEKTHBHONH noJefl 3amas-
JLBAIAX HeHTPOHOB [f»¢ H CpPeiHEM BpeMeHeM JKH3HM MrHOBEHHEIX
HelTpPOHOB /. .

B sroM npulanKeHHH 34Ra3AblBAKlINE HEHTPOHB HCKAKYAKTCA
H3 PA3BHTHA LeDOuUkH Ae/eHEH H QHIYDHPYIOT B IpoLecce KaK HeHTpo-
HBEIl BHEHIHEro HCTOUHHKA. B 06paboTKe n3MepeHnl BaXKHBl (JAVETYallHH
C XapaKTepHBMH BpeMeHaMH B JHAa30He l<i—< 7 Te @ —uacror-

(3
Has xXapaKTepHCTHKAa (UIYKTyauu#; A, — MOCTOAHHAA paclaga 3allas-
JIHIBAIOTIH K- HEHTPOHOB.

Tlonyuunn pacnpocTpaHeHhe CASLVIOIHe MEeTONbl H3MepPeHHS MOUI-
HOCTH, HCHGJB3YIONIME BHAEeHHE KOPPeJNHPOBAHAMX LENoueK AeJeHH
[39, 83, 84]: perucrpanus XoppeJHPOBAHHBIX coBHafeHui, Meroa Poc-
CH-@; OMpejlesieHHe JIACIEPCHH B YHCJe OTCYETOB JETEKTOpa, METOR
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Gefinmana; usMepeHne BePOATHOCTH OTCYTCTBHA CueTa B 3afaHHOM Hi-
Teppaje BpeMeHH; Pp-MeTo/l; H3MepeHHe CpefHero KBaipaTa PasHOCTH
HHTEIPaJILHBIX TOKOB KaMep; HaMepeHHe CPeHero Ka/lpaTa CIeKTpals-
HOH TJIOTHOCTH (uiyKTyanuil; H3Mepedue KOPPeAsUMOHHBIX (DYHKIHH
(GIYKTYyaumii TOKOB KaMep, METOA 4BTO- H B3aUMHEOKODDEASIHOHHBIX
hynxuuil. PaccMoTpHM B KauecTBe MpHMepa ABA METOMA, B KOTOPHIX
AN PErHCTDANMM HEHATPOHOB NPAMENSIOTCH HMIYJbCHLIA (CUETUHK) K
TOKOBBEIH {HOHH3aUHMOHHAS KaMepa) JaTYHKH.

Merop Poccu-o [85]. C noMowwbio cueTysKa H3MEpALTCH pacnpefe-
A€HHE N0 BPeMCHH YHCNA HMIY/AbCOB OT DeCHCTPHPYEMBIX HeHTpOHOB.
PuKCHPYS TAPB UMITYALCOB, CAHYIONHE CO CABHTOM { OTHOCHTEJBHO
APYT Apyra, MOXKHO ONpefe/]HTb BepostHocTh P (f)Af Toro, uro scneg
34 OTCYeTOM B MOMeHT /={ uepes Bpems { B HHTepBaje Al IpPoH30H-
AST CAGAYIOHI OTCYeT. BepoATHOCTH Takoro coSHTHS onpejensercs
BEPOATHOCTSIMH PETHCTPALMH CJIyYadHBIX COOBITHE H pEerHCTpaliy CBS-
34HHbIX, KOPPENHPOBAHHBIX COGHLITHH, OOYCJIOBJSHHKIX pPa3BUTHEM Ie-
NOYKH JleseHH# Ha MrHOBeHHLIX HeiiTponax. TeopeTHueckoe ommcamme

_BepoATHOCTH P (f) maeTcsi BhpaKEHHEM

v(v—I) Bag (I — Ba(b)2
(v)° Pag!

TAC € -——CKOPOCTh CUETR AETEKTOPA; & — 3()DEeKTUBHOCTL EETEKTOpa 3
OTCUETAX Ha OJAHO JlefedHe.

Beanuena v(v——l)/(v)2 XapaxTepHsyer (UIVKTYAIIHIO uucnd Helf-
TPOHOB, HCNyCxaeMBIX Ea OAHO [Jedenne. Mlameperms ans ypaua-235
mpusenu K [86] v?=7,32+0,15 u v=247+0,03, orkyaa caegyer
v{v—1)/(v)2=0,795.0,007.

Onpegensis 8aBUCHMOCTE BepoaTHOCTH P (£)Af ot BPeMeHH IpH pas-
JIHYHBIX 3HAYEHHHAX NOAKPHTHUHOCTH PeakTopa BIJIOTL OO0 Ksp=1, no-
JdydaeM BCJAHUYHHY ¢, a& NPH H3BeCTHOH BeIduRHe f.p Haxoium! [,
kap M e. MomIHOCTb peakropa F(men/c) HaxoZuTcsi Kak F=c/e.

S derTHBRAsT RONA 323 LBBAOMUX HeHTPOHOB OmpefensnerTces, KaK
[PABHJIO, PACYETHREIM IyTeM JJsl JaHHOTO peakTopa IO H3BeCTHOMN HoJe
BAUA3ALIBAIOINUMX HEHTPOHOB [ ¢ YUeTOM DAa3HHILI SHEPTHH MIHOBEH-
HBIX M 3anasfniBaloniux meiitpowos. IlorpemHocrs npu onpefenenud
Pap COCTABIAET OCHOBHYIO UacTh NOTPEIIHOCTH MPH H3MEPEHHH MOill-
HOCTH,

MeTox KOppensuHOHHBIX (GYHKLHI [87]. ITpE MCMOAbIOBAHER A%
PEruCTpalHy HeHTPOHOB HOHH3ANMOHHON KAMEPH COOTHOMICHHE MEXKIY
MOULHOCTBIO PeaxTopa H TOKOM KaMephl UMeeT BHJL

F = JN{eq),

P(t) At =cAt 4 exp (— af) AZ,

rae /-~ TOK HONM3AUHOHHON KaMephl; ¢— 3apsjl B KaMepe HA ORUM
NOTJOLWEHHEH B Hell HeHTpPOH.

[Iycts peaktop pafioraer ma craumonapHoM (B cpeaxem) yposHe
MOUIHOCTH,

OGpabaThiBas HaMepelnble GAYKTYHPYIOIIHE (oTHOCHTEJBHO TIGCTO-
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SHHOH COCTABASOIIEH) 3HAYCHMA TOKOB HOHH3aLHOHHBIX KaMep ¢ IHO-
MOIIbIO BhIpa3KEHHA
1 T
0

IpH HCIOMLEOBAHHH IOKA3aHHH OO KaMepsl H

D) = o [ 150y (v + D v

0

IPH HCIOJH30BAHUM NMOKA3AHMH ABYX KaMep, noJydaenm COOTBETCTBEH-
HO AaBTOKOPPEJALMOHIEE # B3dIMHOKOPpEJALHOHIbE (YHKURH, TAE
jilt) =Ji(t)—Ts.

AnmapatypHoe OTAeJCHHE NOCTOSHHON COCTABJSOMER TOKa ¢ II0-
MOHBIO 3JEKTPOHHOA TEXHHKH C JIOCJEAYIOUIHM YCHAEHHEM NEepeMetHo-
ro cHrHajga CyLIeCTBEHHO CHMMKAeT BIHSHHE ¢ola CayvailHpX Hpoles-
COB M PACUIAPAET AHANA30H H3MEPHEMBIX MOUTHOCTEH.

TeopeTryecKye BHPAMEHHA A% aBTO- H B3aNMHOKOPPEJNAIHOHHLIX
(GYHKIUE GIYKTYHpYOWeH cocTaBasoLel TOK2 HMEIOT RHA

ji viv—Dha
O, @) = = WGXP(

ah

o) + 148 (1);

Tady v{v—1)
P,

Bropo#i umen B Boipaxennr aas Dye XapaKTepH3YeT KODDEJILHI0
oTcuera ¢ caMuM coboit npu f=0 (8-pynxuus Jupaxa). Ilpucyrerene
5TOrO YieHa yBeanuusaer GOHOBYK COCTABJAIOMYIO aBTOKOPPeAANHOH-
HOl (hYHKIHH, TOTOMY NIpH 06pafoTke SKCIEpPAMEHTANBHOA HHPOPMA-
KM CHeAyeT HCIOJB30BATh JaHHEE NpH {>>0. 1O 3aTPYAHEHO HpH
PHMEHEHHH ANAJIOTOBEX ANAPATYPHBIX MeToioB OGpafOTKH, HO MO-
KeT GHTb peasnsoBaHo npu uuPOBHK Meroiax obpaborki. Henoms-
30BAHHEe B3aHMHOKODPEJSIHOHHEX GyHKUHH Dy, MORYIEHHBIX C IO-
MOIIBK ABYX KaMep, M03BOJsIeT H30aBETLCA OT TpyAHocTell 06pabOoTKIl
SKCIEPUMERTABHEX JAHALIX, CBA3AHHBIX € KOppeJsinel oTcuera ¢ ca-
mMuM: coboft.. B pesymbrate 06paloTKH aBTO- B B3aUMHOKODPEJSILHOH-
HeIX OYHKUHH I8 peaktopa, paboTamollero Ha cTallHOHAPHOM ypOBHE
MOMUIHOCTH; ONPEARISIIOTCS IOCTOAHHAA a3 MTHOBEHHBIX HEHTPOHOB o
H MOHIHOCTH peakropa F. C IOMOILIBI) 3TOF0 METOAE MOXKHO M3MCPHAThH
MOILHOCTh OT COTHIX. Jlosiefl BaTTa A0 LeCATKOB KHJOBATT € NOrpell-
HOCTLIO HECKOJIBKO MPOLEHTOB,

Oy, (f) = o exp (— at).

18. CMOCOBL KOHTPONA MOLLHOCTHM M PACMNPEAESNEHMSA TENNOBLIAENEHMA
’ "HA AEMCTBYHOUIMX DHEPFETHMUYECKMX PEAKTOPAX

KOoHTPOJIb TEIIOBLACCHHSA B SAEPHOM peakTope HeoOXOJHM MA Ha-
pexuof skenayaraunn ADC, TpeboBanue HaAeHKHOrO KOHTPOJA MOML-
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HocTu m pacmpénénaeHusa TCNJOBBUIENEHHS Ha 9HEPreTHUIECKHX. PRaKTo-
pax JHKTYETCS MPeXx/e BCero €oO6pax<eHHAMH TeIJIOTeXHHUECKOHR Ha-
pexHocTy padoret ADC. B csAsu ¢ 3THM cHCTeMe KONTPOJSA TENJIGBH-
nenennst (sHepropoigesenus) (CKI) B COBPeMEHHLIX 3HepPreTHUECKHX
peakTopax npmaaercst Goabiuoe sHavenue, Onnlr padorsr CKI na pi-
Ie PeaKkTOpOB IOKaszmBsaeT, uto ¢ noMoilpi CKI MOMXKHO MOBBHICHTD
3HEProBLIpa0OTKYy peakTopa BC/Ae[LCTBHE YMEHBLICHWS HeOnpaBJaHHBIX
TEMIIepaTypHEIX 3alacoB, ofecnedeHHs O0e3aBapHUHON pabOTH pPEaKTo-
pa, COKpAlIeHHs BpeMeHH BLIXOZa Ha HOMHHAJBHYIO MOLGHOCTH [IOC/E
0CTaHOBKH pearropa. CK2 paioT BO3MOXKHEOCTE HAJeXKHO H ONepaTHB-
HO KOHTPOJNHPOBATH pacupeiedelHe TENJOBLIIEJNEHHS H MOryT BBIpA-
GaTEBATL CHIHAJLL AJsS PEry/JEPOBAHHS MOMHOCTH PeakTopa H S0HHO-
ro PeryJHpOBAHHS, a TaKie A CHCTEMDLI 3al{HTH peakTopa. Bee atn
BOIPOCH! A@TaJBLHO PAcCMOTpeHnl B padorax [58, 65, 74, 81].

[pusenem Kpatkoe onncanue npuunumo paBorer CKI. CreteMa
KOHTPOJIA TejoBLAeseHust paszfHBaeTcA Ma JBE TPYIINE: CHCTCMY
pHewHero KOHTpoas (BK) u cucremy BHYTPHPEAKTOPHOIO KOHTPOII
(BPK}. s

B cuCTeMe BHEINHErO KOHTPO/A TEIVIOBLIAENEHHS HCIIOAL3YIOTC Ae-
TEXTODHl, PACIOJOKEHHEIE BHe peakropa. JTa cHCTeMa IpPHMeHSercd
JJIS OHEpATHBHOFO KOHTPOJA cpeflel MOLIHOCTH peaKkTopd, aBTOMA-
THYECKOI'O YIPABJIEHHS W 3alllUThl PearTopa, ONEPaTHBHOIC KOHTPOJIA
3& A3MEHEeHHSMH MOLIHOCTH B PEAKTHBHOCTH DEAKTODA, OLRHKH pachpe-
JeJEeHHS TENJIOBLJGJIeHHs Ha NepHPepHH AKTHBHON 30HH, IPOTHO3HPO-
BAHHA COCTOSHEA PEaKTOpa B ILEJIOM.

Croco6H KOHTPOXS TeIIOBLIAEEHH] B CHCTEME BHEIUHEro KOHTPOJ
[54] chremylomue. '

Tennorexunueckuit ¢nocof HU3MEepeHHMs MOLIHO-
CTH., DToT cnocol ABASeTcH NHPOCTeHIIHM M HCTOJALIYeTCH KJH usMe-
PEHHE MONIHOCTH PeaKTOPa H HPH BOSMOMHOCTH OTAEIBHBIX TENJIOBLI-
JeJIsIoIEX cOOpOK. _

Tensropaf MOHIHOCTE ONpeAeaseTcH [0 pacxofaM HW H3IMEHCHHIO
TEIIOCOAEPKAHIS TEIIOHOCHTES B Ipeie/iax akTHBHOHA 30HEL. o Ha-
CTOSIETO BPEMEHH 5TOT CROCOD ABJAETCS 3TAJOHHEIM IIPH ONpeiaecse-
HEH TENJIOBOH MOIGHOCTH peagTopa AJAsl TPAZYHPOBKH APYTHX CHCTEM
KOHTPOMA MOIIHOCTH. : ,

Hefirpounusfd cnocol xoHTPOJAS Mol HOCTH B ocHo-
BE 2TQTO Cr0cofa JEeXKHT HCIOAb30BAREE HEATPOHHLX KaMep, PerucrpH-
PYIOIIUX TJIOTHOCTh IIOTOKA HeRTPOHOB. TOKOBEIE HOHH3ALHOHHLIE Ka-
MepH NPHMEHSIOTCH JJs KOHTPOJsl MOMIHOCTH peaktopa B pafodeM
H HPOMEXKYTOUHOM [IHAmasgoHaX MOIIHOCTH, a MMNyJbLCHLIE HOHH3AIH-
OHHElE KaMephl (HJH CYeTYHKH) — AJA IIyCKa peakropa. )

B crcreMe BHEINHErO KOHTPOJIS HOHU3AUMONILE KAMEDH pasMella-
I0TCS faJIeKO 3a NPefeaMy aKTHBHOH 30HDI H KOPTyca peakropa, 06bd-
HO B GHOJOTHUECKOH 3allUTe, MOYTOMY KaMEPEl M3MEPSIOT BaKTHYECKH.
HEATPOHE! yTeuKH. AGCOMIOTHAS PPayHPOBKA YYBCTBUTENBHOCTH KaMep
HPOBOANTCH € NOMOLILI0 H3MEPEeHHEIX pacmpejesieHud akTHBHOCTH JHe-
TEKTOPOB, OGJYUEHHBIX B MeCTe PacloJOXKeHHs KaMepbl H B aKTHBHOU
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30H€, # C MOMOLIBIO TIIOTEXHHYECKHX H3MepeHHud Ha pasdiHulbiX yPoR-
HSIX MOLLZOCTH DEaxTopa.

CHCcreMa BHEUINETO KOHTPOJIA H3-32 BHELIHErO PacIOJ0NKeHH: Je-
TEKTOPOB HMeeT PAL HEIOCTATKOB: HeT OJHO3HAUHOH CBASH MemAy
MOILHOCTBIO PeakTopa M NOKA3aHHAMM AeTEeKTOpa (3aTeHeHHe ACTeKTO-
POB OpraHaMH PeryJHDOB&HHM, NepPeKOCH nonef HedTpoHOB H T. m.);
HCIIOJE30BAHHE BHE3OHHBIX AETeKTOPOB HE IO3BOJIAET OCYMECTBAATH
B0HHOE DPeryJIHPOBAHHE, HCKIMHYASTCH BO3MONHOCTH HPOQHIHPOBARHA
C MOMOIUBIO OPraHoB PeryJMEPOBAlNA H HOAAEPIKAHNS B TEUCHHE KaMTa-
HUH ONTHMAJBHOIO PACHpEL/IeH S TENOBBLICACHUS 10 00beMy axTHB-
HOH 30HLI peaKkTopa.

B cBAA3H ¢ >THM MPOKOe NPHMEHENHE BIHACTOSIMIEe BPEMS HALIe
BHYTPHPeaKTOPHbIHE KOHTPOAL. OH TpeAnosaraer KOHTPOJL pacupepe-
JEHHS TEeHJIOBBICJERHS 10 SJeMeHTAM Peaktopa H B IEePBYK Ode-
Pelle IO AKTHBHOH 30HE C MOMOIIBIO AeTeKTOPOB, DACHOAOKEHHBIX BHYT-
pu peakropa. C MOMOIIBI0 CHCTEMBl BHYTPHPEAKTOPHOrO KOHTPOS MO-
HET OCYLIECTBAATLCH KAK ICPHOAMYECKHH, TAK H OmepaTWBHEIH (He-
MPEPEIBEBIA 110 BPEMEHH) KOHTPOIb pachpejesedds TeIUIOBLILe/enHts]
B AKTHBHGH 30He peakropa.

[Iepuopsuecku#t KOHTPOIbL OCYIIECTBJSETCA, KaK TPABUIAO, € I0-
MOIIbIO H3MEDEHHA aKTHBHOCTH, HABEJEHHOHA B TBSJMAX, TEILJOHOCHTENC
HAH B CHELHAILHO TOMENIAeMEIX B PEAKTOp aXKTHBHPYEMHIX BEHIECTBAX
(B rase, XUAKOCTH HJIH TBEP/AOM BeILecTBe B (OPMe TPOBOJOK, TPOCOB,
mapoB, GoJabr 1 T. m.).

Has peakropa PBMK B cucreMe BHYTPHPEAKTOPHONO KOHTPOJSA
NPHHAT QHCKDPETHBIH KOHTPOJb TeMJOBBIIEAEHHS, IPH KOTOPOM AETeK-
TOPHl YCTZHABJIHBAKTCSA B prjie GHKCHPOBAHHLIX KaHamos [58],

Tak xax npegeabuo gonycrumas Momuocers TBC peaktropa PBMK
cnafo 3aBUCHT OT OTHOCHTENLHOTO pachpejeseHHs TeILIOBELEJeHHs
no  Bricore TBC, ocHoBIOE BHEManpe B CHCTEME BHYTDPHPEAKTOPHOTO
KOHTPOJIA YACAACTCA KOHTPOJIID PafHafbHO-a3UMYTAJIBHOTO pacipene-
JIeHHs TEHJIOBBLIICJNCHHST B PEAKTOPE, HA3EBAEMOTO Jajee «PajHadb-
HEIM» paciipejesesyeM.

HeTeKTOpL KORTDPOMA TeMIOBHIAE/eHAA (3HePTOBBARICHHA) [0 pa-
nuycy HK2(p) peakropa pacrmosoKenrl B CYXHX UEHTDAJBHBX HHPKO-
HHEBEIX Tpy0ax, pasMemennex o ocH TBC Ha Bewo ux ammuy. B xaue-
CTBE HYBCTBUTRNLHOTO sieMenta HKI(p) ucmompsyercs $-amuccuon-
Hei jerexrop JAII3 ¢ smurrepoMm u3 cepebpa. Cpeiauee OTHOMEHHE
mounoctn TBC k toky pacnosomennoro B gem JIKI(p) cocrasaser
0,190 MBr/mrA na mauano xamnaune. Boiropasee THC n JII3 yuu-
TBIBAGTCH € HOMOUIBIO HONPABOYHEIX PACUETHO-3KCIEPHMEHTABHLIX KO-
apdunnentor [58].

HK3(p) pacnonoxens 8 117 TBC, 7. e. 8 ~7 % 3arpyKenublx xa-
HaJ/l0B aKTUBHOH 30HHL ™, Komerpyxuusa JKD(p) zonyckaer ux zaMeny
KaK Ha paboraioleM, Tak H Ha OCTAaHOBJICHHOM peakTope.

* Ha peex PBMK, nycraemux nocne Jlemmmrpanckodf ASC, KOJMHIRCTBO HeTek-
T0poB yBenndewo Ao 130. Homoumartesvmme JIKS(p) veranosneshl Ha nepuep:
peaxropa [B8]. S
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JeTeKTOpH KOHTPOUS TEMNOBBILENEHHS (SHEPIOBLIAEJEHHS) 11O Bhi-
core [AK3I(B)] ycranomnenn B 12 KaHanax, aHaJOTHYHBIX KaH&/dM
oy crepxuu CY3, pacrnosioKeHHEIM PABHOMEPHO 10 IEHTPAJbHOH 4a-
CTH aKTHBHOH 3CHBI, TJe pajHalbHOS pacupejeneHHe TelJOBbIAENeHRA
paBHOMepHO (30Ha, «mnatoy). Kamaek JK3(s) ecrn cOopxa, coaep-
Jallasg ceMb PABHOMEPHO PA3MELIEHIIEX N0 BLHICOTE peakropa [-sMuc-
CHOHHBIX JI@TeKTOpOB, BLINOJHEHHEIX B BHAe Kaleas, ¢ aMHTTEDOM M3
cepebpa, Kamuwi uyscrBurespnbifi anement JK3(B) mpedcrasaser
coGOH CIHpaab H3 5TOr0 Kabejsd HaDYHHBM AHaMeTpoM 62 W BHICOTOM
105 Mm. Obuiaa gruna xabensd B KaXKAoH H3 ceM cnHpajedt cOOpKA
cocragasier 2,6 M. CeMb JIETEKTOPOB PasMelleHLl B CyXOH TepMeTHUHOH
I'MJIb3e, YCTAHABAHBAEMON B KaHaa H OXJaKIaeMOH cloeM NPOTOYHOH
BOAH TOMMNHHOR ~7 MM. [Io OCH THJB3EL pacrojoxeHa TpyOxa, npel-
HASHAUERHAS [/ [ePHOLHUYECKOH AKTHB&IHH CTAJBHBIX TPOCCB JUid
mposepku JEK3 (B). Koucrpyxiust AeTeKTOpHOH cOOpKM H KaHajaa Lo-
nyckaer saMeHy cOOPKH Kak Ha pafoTalolleM, Tax d Ha OCTAHOBJEH-
HOM peakTope.

IlpeaycMoTpena nepHojiHueckas nposepka JeTextopos K2 (p) u
JIK3(B) B mpouecce sKCnyatTalui Peakropa, 4T0 HeOOX0AMMO AJA
MOBLIIHCHHS TOUHOCTH H HAAESKHOCTH KOHTPOJA pachpeieseHdsa TensIo-
BHIAGJIEHHS 110 00BeMy peakTopa,

JK3(p) mpoBepsiorcs METOAOM CKAHHPOBAHHMS OCTATOUHOH y-ax-
tueHOCcTH TBC Ha ocTamoBAeHHOM peakTope. MaMmepewusa mpoOBOAATCH
C TMOMOIILIO CaMMa-KaMep € AJHHOH UyBCTBHTeNbHOH wacTH, paBHOR
BLICOTE AKTHBHOH 30HEI peakTopa, yCTaHaBAHBAEMBIX B IEHTPaJbHEIE
wecymue Tpy6m TBC, pacnodomenusix pagoMm ¢ HK3(p}. Kax mo-
K434/ OILIT JKCIAYATALHH, BpeMd MEWAY OUepejllHMH ¥-CKAHKHPOBA-
gnamu TBC cocrasaser ~1 rof.

[Tporepka JIK3(B) ocyliecTB/seTcs MeTOJI0M aKTHBALHMH CTaJIbHOMH
HJIH MeJHOR NPOBOJIOKH B LEHTPaJpHOH TpyGe cBopkd. OnpeneleHHe
AKTHBHOCTH IIPOBOJIOKH NMPOBOANTCS TPH NEpeMelleHdH NPOBOAOKH ve-
pes CHendaJbHYH} KOaKCHaJbHYIO PaMMa-KaMepy, PACHO/IOMKeHHYIO B pe-
AKTOPHOM 3aje. JTa JKe KaMepa MO3BOJAET KOHTPOJHPOBATE paclpe-
[eJleHHe aKTHBHOCTH IO AJHHE uaBJeuedH:zx us peaxropa TBC, dro
JaeT BO3MOMKHOCTL NPOBOJAMTL AHATHOCTHKY HX COCTOAHHA M OHEHKY
OTHOCHTEJBLHOTO pachpefeseHHs TeIJNOBBIACACHHS N0 BHICOTE peakx-
TOpa.
Jlas KOHTPOJIS M yIpaBaeHus o6mlell MomuocTho peakropa PBMK
NpeAyCMOTpeHa CHelHaNbHad CHCTeMa, B KOTOPOH MCIO/ib30BAHLl B Kd-
yeCcTRe AETEKTOPOB MOHM3AUMOHHEE KaMepbl, PACHCJIOKEHHBIE B KaHa-
JaX, PasMeIleHHBIX 3a oTpazkartenseM. JTa CHCTeMa MpPeLycMaTpPHBaeT
BO3MOIKHOCTh CHHIKEHHS MOIMEOCTH HJH NpeKpalleHHs LEnHOTO AAep-
HOTO DpOLEcca TpH BOSHHKHOBEHHH aBapHHHbIX curyanufl, Peryaupo-
BaHHE DACIpPEeNe]eHdS TEIUIOBBIIRIEHHA H O0LIero ypOBHA MOUIHOCTH
OCYIIECTBAAETCS NOTJOMAMUME cTepxuaMH. Bee moraonaionine
CTEPHH MMEIOT HHAHBEJYaJbHBE NPEBOALL H IEPEMRINAIOTCA IO CHI-
HajaM, KOTopble (OPMHPYKOTCS B JOIHUCCKOH CcXeMe ynpapJeHHs.
CrepsKHn 06belMHEHbl B TPYNNbI aBTOMATHUECKOE PerylnpoBaHue 06-
Hiefl MOLIHOCTH, pyuloe KJH aBTOMatHYeCKOe pery/HpoBaHHe pacmpea-
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A&ieHus TeNACBLIACHNS, apaprliHoe cHuKeitne o6METo YPOBHS MOLL-
HOCTH WJIH [IOJIHAS OCTAllOBKA peakTopa. :

Koutposs ofmielil MOLHOCTH B NMYCKOBEIX PeKHMAX H Ha HH3KEX
YPOBHAX NMPOBOJHTCA TI0 TPEM He3aBHCHMBIM H3MEePHTENbHKM KaHAJaM
kamepamu fenenus KHT-31, pacnmonoxennsiMu B GOKOBOM oTpazare-
qe. Ilocie MOCTHMEHUA YPOBHS MOLIHOCTH, IPEAEJbHO IOMYCTHMOLO
AJs KaMep [CJICHHs], IOCNeIHNE M3BJAEKAIOTCS H3 PeakTopa M Ha npo-
MeXyTOUHb(X YDOBHAX MOILHOCTh KOHTPOJHDYETCH IO CHrHadaM ot
IYCKOBEIX TOKOB HOHH3AUKOHHLIX KaMep BBICOKOH YYBCTBHTEJABHOCT
KHK-56, koroprie pasmeinientt 3a orpaxaresiem B Gake GOKOBOH Bogs-
HOH samuTe. Ha yposmsax wmomuoctn 0,25:—6 % paboraer OfHH aB-
TOMATHYECKHH DEryasrop cpeiHell MOMIHOCTH, HMEOUIHH YeThipe KaHa-
Ja H3MepeHnA TOKOB nounsaunuoHuelx xamep KHK-53 u Bospeiicrsymo-
mHH HA YeTBIpe PeryAHpylOmHX crepiHs (AP-3), mepeMeHIaonuxcs
B aKTHBHOH 30HE CHHXPOHHO.

B nuanasome mommocre#t or 6 ao 100 % ucno.amr3ylorTcs aBa aBTO-
MaTHYeCKHX peryisropa AP-1 u AP-2, ogun M3 KOTOPHIX BKJOUEH B
pabory, a APYyroft HaxXoMUTCA B COCTOSIHHH «IODSYEro» pesepsa. Pe-
3ePBHEI DEryJSTOP BR/IKUAeTcs B paboTy aBTOMATHUECKH B Clyyae
OTKJOUeHHs] paboTalonero peryisiropa.

Ha puc. 181 npupesena cxeMa pasMelieHHA AETEKTOPOB H HOIIO-
AKX CTep:KHen B peaktope PBMK. .

Has xopnycueix peaxropor BBIP xapaxtepita paGoTa B pexuMe
YaCTHYHBIX DIEPerpy3oK TOWIMBA B TedeHke Kammnanuu [65]. Ilpu me-
perpyskax eoirpyxaiorca TBC u3 nentpaspHOf YacTd aKTHBHOH 30HMI
¢ HaHGOAbIIeH [NIyOHHON BEITOPAHUs H 3aMEHHIOTCH MeHee BhIrOPEeRIIH-
mu TBC, nepemeniaeMpivn ¢ nepudepus akTHBHOL 30HE, a B nepude-
PHHHYIO ¥acTh aKTHBHOM 30uBl 3arpy:kanred caewue TBC. Iag peax-
ropa BBIP-440 mpumsarT pekuM Tpex YACTHUHHX NEPErpy30K 3a Kam-
IAHHK, T. €, Pas B Iof. PexuM mepecTaHOBOK TONJHBE IO 2aKTHBHOKH
B0He ORMHAKOB JJ/1A BCEX Neperpysok. BLIGpaHHLIH peXuM IeperpyakH
ofecleyuBaeT XOpoHIee BHIPaBHUBAHHE TEIVIOBHIZENCHHA IO paidycy
peaktopa. Kpome toro, 6arozaps HCHOJILIOBAHHIO XKHAKOCTHOrO GOp-
HOTO DeryJHpOBAHMS yHAa/J0Ch CYUISCTBEHHO YMEHBIIHTL KOJHYECTBO
KOMIOEHCHPYIOLIHX OPraHOB PeryJUpPOBAHNS, UTO TAKXKe OPUBEAC K Aajb-
HEHIEMY CHHXKEHHIO KO3(DOHIHEHTA HePABHOMEPHOCTH -TeIlIOBBLIEJe-
HHJfI 10 aKTHBHOH 30He. :
© - TIpunarsii cnoco6 neperpysok TBC  HeNOAb30BAHHE KHAKOCTHO-
ro GOpHOro perynupoBalksd B NPHHIHNE 00eclHeunBaoT TpefyeMoe 3Ha-
yeHHe Ko3(hHIIMeHTa HePABHOMEPHOCTH TENJIOBEIIENeHHS M0 aKTHBHOM
30He; H; TaKuM 00pa3soM, CHelHaJbHOrO Pery/aHPOBaHMT Hpodguas Temn-
JOBBIAGNEHHA NG pajuycy peaxkTopa B ofmem He TpeGyercs. Tem He
MeHee npu skcmayaraunn ADC ¢ peakropamu BBIP kouTposs sa
pacnpeeseHieM TERJIOBBIIENEHHs O »AeMEHTAM PearTopa HeOOXOANM
[ BEIUHCIIEHHS TEIIOBOH MOMIHOCTH, KOTOPYIO MOMXKHO CHSITh € aKTHB-
HOH 3oHH. KOHTPOJAL 3a pacnpeleseHHEM TENJOBHIEEASHUA 110 00beMY
4KTHBHO} 30HEl PEaKTOPA NPOBOAHTCSH WITATHHMA PHOOPAMY M 3AKAI0-
YARTCH B H3MEPEHHH TeMIEeDaTypPHl TEHJOHOCHTES Ha BXOMAe W BHIXOIe
H3 peakropa u Ha Bhixoje H3 paga TBC ¢urcuposanumx rpymmr [65].
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Puc. 18,1, CxeMa pasMenesns JETEKTOPOB M HOIMOWIAMINMX CcTepiK#eH B peakrope

PBMK [581:

I—TBC ¢ HOK3{p); 2—kawam ¢ HK3(s}; 8 — crecpxeun pyudoro perymuposamus (PP); 4 —
crepmenb apapuiinolf sammrsl (A3); 5 — Kamepa KTB-3; 6§ — yKopouClUHEIE ClepIKHH-TOMNIGTHTE-
au {¥CII); 7—9 — crepkun AP-1; AP-2, AP-3 cooTBercTBenHo; 10 — cTepikelb JOKafbioro ab-
TOMATHICCKOre perynuposanpns (JIAP); JJ —mveliky ¢ TBC B axTnBHCI sone M rpa)HTOoBRe B
orpaxarene. Jiunpamp (Ayyams) yxesausl HalpaBleHHS pasMenienns wamep AP-1, AP-2, AP-3
H CcaMmMoiHlIyiliero notepuHoMerpa 2IMNB, KORTPOAHDYIOMErO MOUIAOCTh PeaKTopa

ITo naMepeHHLIM TeMIepaTypPAM EAXOMHTCA SHTAJBIIHA TEIJIOHOCH-
Teqdf Ra BXO[e U BEHIXOJE M3 peakropa H Ha Boxofe uactu TBC pac-
CMATPHBAEMOH rpynnbl. Janee B NpennosOKednd, UTO 3HTAJLINS TEl-
JOHOCHTEAA Ha BXoAe B Kaxayw TBC oayHaxkoBa H paBHA SHTAJBLINH
Ha BXOAE B PEAKTOD H UTO PACXOLHl TEIJIOHOCHTEJA yepes KaXAyio
TBC onunaxoshl, HaX0AHTCA MOLIHOCTL Kampaod TBC:

Pi = Gi (iémx - trisx);

rae G?— MaccoBHil pacxo. TemaoHocHTe s qepes j-10 TBC; il ilax
SHTAJIBIHE TENNOHOCHTENS Ha BXOJAe U BEIXOMe U3 xarkoii TBC.

Has tex TBC, B KOTOPHIX He H3MepfeTcs TEMNEpPaTypa Ha BHIXOZE,
3HAYCHHE MOLIHOCTH HAXORMTCA € IOMOIUBIO HHTEPHOJANHA H3Meped-
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HBlx BeJdHuuH A Apyrux TBC ucxoisa Hs pacyeTHOro pacupepeJeHHs
TeNOBLIAeJCHH A,
Momuocre Bcero peartopa PP onpejesnsercs o GopMyne

Pp = Gp -(‘r:m:}x - iBX)’

ree (P -— pACXOA TEIVICHOCHTES UEPe3 PeakTOP; fnx, feux— CPEHHAA
SHTAJBIHA TeIJOHOCHTE/S Ha BXOLE H BHIXOJEe H3 AKIHBHOH 30HH,

Kpoue TemnorexIHvyeckoro crnocota u3Mepedsl pacupeienerrs Tell-
JOBBIJIeJIeHHST H MOLLHOCTH DPEaKTOopa IPOBOJAUTCA HEHTPOHHEIHE KOH-
TPOJIh pachpe/lefeHHs] TeNJNOBE/ENeHHs 10 BASHYCY E BBICOTE PEAKTO-
pa [65, 74, 81]. B peaxtope BB®P-440 sra cucreMa KOHTPOJH COCTO-
UT H3 AerekTopoB mpaMoro sapsiga J[13-1M ¢ ponueBHM 3MHTTEpOM.
JTIT3 ycraHaBamBaKTCS B CyXHe KaHadsl HeATpOHHEE H3MEpHTe/bHLIE
(KHI) rmamerpom 6 Mm. TakKHX KawWajoB, PABHOMEPRO pasMellaeMEIX
Qo CeueHHI0 aKTHBHOH 30HH, 12, O"# pacmoNOoXeHH B LeHTPaJbBHRLIX
rpyorax TBC, cocroar uz JLI13, saipTHOr0 sKpana, yaaa YILIOTHEHHNS,
3ANIHTHOH apMaTyphl, NDHCOSAKRHHTEAbHOTC ycrpolictBa. B rammom
KHH pasmewaercst mo Beicore po 7 JIII3, uame BCero B caAgAyUIeM
coueranun: mects JITI3-1M u omun gerexrop MI13-4nm Kpowme roro,
5 KHI pacmonowmesna cradbHad NMPOBOJIOKA, COAEPHAILIAd Maprapew
(vnn mMegdas MPOBOJOKA) # NpeLHaszHaueHHAd JJIF KOHTPOJS pacmpe-
EGJEeHHS IJOTHOCTH NOTOKA HeHTPOHOB 110 AKTHBHOH 30He 3a CUET ee
AKTHBALLHH.

ILisi KOHTpOJST H DEryJHPOBAHHA MOWLHOCTH peakropa BBIP ma
Bcex ypoeusx (ot 0 go 100 %) ucmoapsyloTesl HOHH3ANMOHHBIE KaMe-
pEL, pacmojiaraeMole Ha nepH(pepHH peaxropa.

Mpunosenne 1. GAKTOPh] HAKOMMEHMS AN8 CHOMCTHIX CHMCTEM

AtasMTHUECKO® BHpAXECHHE LAA (BAKTODA WAKOINEHHS MM TOUEYHOTO HACTPONHOFD
HCTOUHHKA B eCKOHeUHOi cpefe GBLTO TMPELAOIKEND HECKOIBKHMH ABTOPAMH,
Beprep pexoMenpyer ciexyouee Bepamkenne (28]

B{uR, E)=1--C (E}YnRexp[D (E) uR], .

rae C{£) u D(E) —Ko3§pHOACHT, 3aBHCALNEE OT JMEPIAH HSAYICHIL F MaTepHa.la
epenn; R ~ paccrofiEe OT WCTOUNHEA A0 TOUKH HaG/MOTeHH.
Teftinopom npeasioiKeno BHpaIKelHe B BMAE CYMMH sKchoHeHT [88]:

B{iR, E) = Ay exp (— auR) + Ay oxp (— aapiR). (1iL.2)

" 3nawenust Ay, q), 0 3aBHCAT OT MaTepHAAZ CPEAB H SHEDTHH HaAyueHHs; Ay=
=1—A.

Haa pana Matepmaliop paccuMTais! Kosb(HIHEHTH, BXOAAIME B dopmyaLT
(IT1.1) m (T11.2) ‘ana ¢akropoB nakomnemus (cM. Taba, I11.1 m I11.2). Onmaxo
B pealNbHWX YCJIOBHAX NPHXOAHTCA HMeTb JeN0 CO CpelaMH, NpefcTaBJsiONEM T
cofioft cMecH MaTepHanos.

Husn cMecn marepuanos pexoMeniyerca Noo6paTh shHeKTEBHHE aTOMAMHE HO-
Mep CMECH H 3aTeM HCHO/L3OBATE (AKTOPH HAKOIMEHUS OLHOKOMIOHEHTHOH CpeALt
€ aTOMHEIM HOMEPOM, PABHBIM s(DQeKTHBIOMY arToMHOMY HOMepy chMecH. Jlas ompema-
aeHH 9@ PEKTHBHOTO ATOMHOrO HOMEDPA CMECH CTPOMTCH 3aBHCHMOCTh KosGdunuen-
T4 HOTJIOLIEHHS Y-HAJIYUEHHS CMECH OT 3HEDIHH Y-H3JAYYCHUA, 3Ta KpPHBAA CPaBHA-
BA2ETCH# C COOTBETCTRYRIIHMH KDHBBIMH JUIS Cpef, COCTOALIHX H3 ATOMOB OXLHOTO
copra. ITojofHe KPHBEIX SIBJSETCS TJABHLIM TPHIHAKOM IKBHBEJEHTHOCTH HX &TOM-
HHX HOMEpOS.

TaGumuua [11.1. Dapamerpsr B dopmyre Beprepa gng (baxropa HAKOILIEH He
HOIJIOMEHHON 3HEPrAK (TOMCHHBIH H3OTPONHLIA MCTOUHHK, GECKOHEYHAR cpema)

“:ﬁ Bona AdnroMBEHui Heneso Crusen

b

n;e C{E) D (E} C (E) D (E) C(E) D (E} C (E} D (E)
0,6 1,3782(- 0,1728 1,5207| 0,1204 1,6865 | 0,0689.] 0,4981 | —0,1000
1,0 | 1,1007 0,0958] 1,1347 | . ¢,0728 1,1406 | 0,0628 | 0,7544 | —0,0449
2,0 | 0,8411 0,0363, 0,7967| 0,0420 | 0,7583 | 0,0368 | 0,5662 | —0,0080
3,0 | 0,7409 0,0097, 0,6560( ¢,0203 0,5663 0,0332 0,3528 0,0214
4,0 | 0,5879 0,0022| 0,5349( 0,0107 | 0,4413 | 0,0329 | 0,2235 0,0522
.6,0| 0,4587 [ —0,0099] 0,35877| 0,0070 | 0,2901 0,0413 | 0,1227 0,0938
8,0 | 0,3825| —0,01641 0,3070| 0,0066 | 0,2032 | 0,0471 0,0862 0,1032
10,0 { 0,3113| —0,0194( 0,2487| 0,0078 | 0,1542 { 0,0564 0,0672 0,1005
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Ta6nuwa [11.2. Mapamerpst 8 dopvyiae Teidmopa aaa daxropa HAKOWISHNT
TOrNouieHHoH aHepriun (ToueUdstd WIOTPoMHsi MCTOUHMK, GecKoHeywas cCpesa)

Bopa JReneao
En' MsB

Ay —o1 Qs Ay —0iy Ciz
0,5 — — — 15,8 0,095 0,037
1,0 13,6 0,100 0,010 11,2 0,0865 0,045
2.0 8.1 0,068 0,0405 6,5 0,076 0,073
3,0 5,6 0,069 0,0730 45 0,078 0,088
4,0 4.5 0,0555 0,110 3,4 0,082 40,0965
6,0 3.4 0,0525 0,156 2,45 0,086 0,101
8,0 2,8 0,0500 0,170 1,85 0,089 -0,0895
10,0 2,5 0,0473 0,1719 1,55 0,096 0,048

PeannHbie CHCTEMEL, KAX [PABHIO, COCTONT H3 HECKOJDKMX CJAOEB pPa3HBIX Mare-
pEajzon HAM cMeceft. JIaw cHereM, COCTOAINEX H3 HECKOJIbKHX CJI0BB DASHHIX MaTe-
PHAMOB, NPEJJIOKEHH NONYSMIHpHUecKHe (OPMYZEL JiA {aKTOPOB. HAKOIVICHHS,

Bpozepom u ap. [88, 89] pexomengyerci caexyoman dopumysa;

B(% wxi>= isn(éi }Lixg) }] Bn(E‘ u;x,)-:BN(iEZ] r»tix;-)+

i==1 n= n==2

N—1 n n
+3! [Bn (2 Hixi)—‘Bn-H(z P'ixi)} , {{11.3)
f=] =l =1

CHe N — goaguecTBO . CAOCB PA3THUEHZX MaTepHasoB, MiX;— TOJMIHHA {-T0 CJOfL B

N
JunmHax ceoGojHoro npobera; B(zﬂi"i )—(bam"op HAKOTIEHH HA PACCTORHHE OF

HCTOYHHKA, paBnoME Ki%is Bn(z Wik )—tbamop HAKOIJIEHHH, B3RTHH NJAT Ma-
f==1

TBpHﬂJ{a 1-TO CJIoA Ha pacc*rosmme RiXe.

t=1
B uactHOM cayuae Ajd ABYX CJIOCB HMeeM

B (g -+ lae) = By (14%y - o) + [By (paxs) — Ba (Wa¥)].

Awpanoruuzas Qopmysa npepnoixena Kuraumymodr [88] :
N N N—] n n : :
B (E iy ) =By (2 Hixi) + 3 [Bn (E uixi) — Bn+a El waxy | [ X
(=1 n=| =l _ i=. . ]

=
Xexp( E v»-t,v”v'xv)' - ‘ . (It .4)

y=n-1t
Koadmiuents ¢ OnpefensoTer IKCHPHMEHTANILHO .
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Hacto nenoapayerca Takme Gosee ofwas dopmyna:

e (e

fu] =l =]

W%ﬂ(él P«ixi” H [(1— By, v)exP(" vl v By vH 6\1 v]]

v=+1
KosdunuesTsl ¢ H f — NOCTOSHHEE H OIPENe/ITIOTSA 3IKCHEepiMeHTadbHe. DTa
(opmysa coBnazaer ¢ topMyaoit Kutanyms, ecan B=0, u ¢ dopmynoli Bpouepa,
ccan o=0, :

8y By
H.0. Fe .
251 25 L 1
) i
201 201
{53 15 _
&idn 101 _
SEEE N N I R R R
; 5 10 0fﬂd)(r 5 1 aszdx’

Pué. I1L.1. 3aBrcHMOCTE q;wax'ropa HaKOIJEHHS OT paccmmms{ or mmc:Koro HCTOLIHH-
K4 A7 ABYXCJACHHON cpelBl jKeneao — BOLA H BOAA — JKeJes0:
f—-(l)aKTDD HAKOTLACHKRA AN OAUOC.T[OI"[IIOﬁ cpenbl H3 BOARI, 2 — TO Ke AAA sHenesa

O6man 3aKOHOMEPHOCTE NMOBeZeHAA (AKTOPA. HAKONJISHHA IJS CHCTEMEl, COCTO-
mell M3 ABYX ClOEB pasphlx Bellects, nokasawa Ha puc. II1.1. Buako, uro.n6ansn
IPAHHIE pasfens ABYX cpef (aKTo) HAKOMACHHA NPHHEMAET NPOMERYTOYHHE SHA-
YeHHS MeXAY 3HAYeHHAMH (aKTOpOB HAKOIVIEHHS IJIA Kammol Hs cpea. Braas or
TPaHMIE pasfena 3uayer#e (axKToOpPa HAKONJEHHS CTpBMHTCH K aHadeHHIo dpax’ropa
HAKOIJICHHA JUIS MaTepHaJa PaccMaTpPEBAEMOro CJOS.

Mpunoxenne 2. MNOTHOCTU NOTOKA U TOKA y-M3JITYHEHWA
OT UCTOYHUKOB PASAIHMHYHOM TEOMETPHUECKOHW hOPMbI

Hike paccMatpHBRIOTCH GOPMYJH U IIGTHOCTH - TIOTOXA W TOKA HEPACCEAHHOTD
V-HATYUennus, T. e B NpPeLNCAONEeHHH, uto’ haxTop Haxomiénua B=1, (Ilpegcrapas-
uHe (AKTOPA HAKOMIEHHZ B BHAE CYMMbI JKCIOHEHT Z2eT BOZMOMHGCTh BOCHONB3O-
BaTbCA 9THMH (POPMyNAMH; B wACTHOCTH, JUIK OAHOPOAHON epelib iipa Brbope hakfopa’
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HAKONJAEHUS B BHAE 2 Asexp (—aur) peaymﬂ"a'rh: MOXKHO TPEACTABHTh CYMMOR
=1

N WICHOR, Ka)KﬂIﬂH H3: KOTOPHIX IO (pOpMy.HE HIACHTHYEH Bpra)KeImIO AJ09 TMACTHOCTH

[IOTOKA HepacCeAHHOrO H3AYUEHWUN, HO 3HAYEHHE L 3aMenfaeTcs ].L(I+Cti) H HJAs1 KaxK-

JOT0 4JeHa OOSABASETCS BECOBOH MHOMHTEMND, dellbIH Al) KOHE‘{HHE pesyabTarh

BEIPaXAI0TCH, KaK NPaBHIO, B BHAC (QYHKUMH THIA

En () = " jme"p( Ly,
"
P .

1. Mcrounex B BHAC NJNACTHHH TOMIEHON fi.

} |
S[fj2ntl i
| x dx IR X 7 dx }
h Zi |
deht sl h_ :
PHE, Iz.1. ‘ Pne. IT2.2.

Puc, 12,1, 'Cxema IMA pacyera IAOTHOCTH HOTOKA H TOKA \}HSJIyquHH CHAPYHH
HCTOYHHKA B [IOCKOS TeoMeTpHH:

k——TOJ’[III\HHa HCTOYHEKA; it—'m.num}[a 30HBl [ BRe HCTOUHHKA; d—PdCCTOﬂHHE OO MAOCKOCTH
Halmonenus; S - RHASKC 30HB HCTOUHHKA

Puc. 112.2. CxeMa Ana pacyeTa HAOTHOCTH [OTOKA # TOKA Y-H3NYYCHHS BHYTDH HCTOH-

HHK4 B INIOCKO FEOMETPE{H (tho.numHa HCTOUHMKE; d — PAaCCTOABHE JO NJAGCKO-
CTH Haémomaﬂnﬂ)

CHapy:vm ucmwukd {puc. 112.1}

© exp (_ [(h — s+ N fzm] y)

oy — . - 1 . .
D é"s () dx 5 — dy; .(1.'12‘1)
: : k o= (h— ) bs -+
t= [ sya il x..,,us ) w e

) 1 Y
B cayuae S, = const=S)
U
_fD(f_i)= M [Ea(ztzuz) Ez(%_tt_itt-ifhﬂs}] ; (112.3)
0
= i" [#a {3 o) = Ba [ 25ty -+ )] (m2.4)

AT
Ecan Sygsvexp(L). 0

i22

50 ( >yt hpg
7
cxp

. qu.‘l . f ‘ “’“i“h , — 1
T ) [ 1(2 i | ] HSL) !
(2 iy, — " )] : ’ .(]_[2.5)
S T

W, {{, o) = J exp (o) £y (x) dx;
. & _

89 2ty s » L 1
J{d) = exp ¥, fg g, — et Y —
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—Waf Dby, — l_ , (H26
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: N -
fpa S, = ng an (x+ o)
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eyt |

J(d 302 i et _

(d) = 2“ 3 g ST {(h o (;nm)
— " By (Et;m + hP«s)} ’ (112.8)

rie s, Py — Kodh@uuuenTs ocnaGaeHnd I/ MATEPHANOB 30HE HCTOUHHKE H 30HBI [
BHE HCTOUHHKA.

Buyrpu uerounuxa (puc. 112.2)

d co L ) e
1 exp [—(d—
@ = [g' Sv(x)de‘ [.‘ p x_‘),psy] dy' s

1

h oo - PR :

—(x—d

+j‘ 8, () dxj exp [= = 9) Ps 4] dy]; (12.9)
g i ¥ : -

d . . .:
1 - exp [—(d—%) pgy :
Ty = “ Sy(x)dxj‘ [ 7 s4] dy -
] 1 :
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] oo
_ exp [~ (% — d) tgy
_ +j‘ Sv(x)dxj [ - st dy| . (T12.10)
. d
Jan Sy=const=S?r, =
. SD: .
@ (d) = 21;; {2 — Ey (ngd) — By [ g (h— )]} 5 (FI2.11)
- 80 Lo o

I (d) = 2111 {Ea[tts (b= d)] — By (ns)}- ([12.12)

Hpu 'S? (;t) = Sg exp’ (—z_) :

Sy NG/ 1
-=<D~(d)=—g~};;‘i-exp(—{){‘F_h(usd,-—@)wiﬁ[us(h—d), 'M,T]]
‘ (112.13)
Sy /4 1y ' 1
Y _ 7 . _r
T = g e (T) {‘yz (Hsd' T omsl )—‘lz[us (b= L ]}
: (T12.14)

Ecma S, (x) = S,?,:(x—i— )", To |
Co 0 n ar o . ._

: Y —— S S I ——D) ¢ é .
m(d)=—§%“; (1= 1 (ng)’ { T DT — (=D o X
- X (i) — (0 - )"~ By [th— ) ms]}i {12.15)
A .S‘&n]’ ) 2 __.,.__._ nt { (d+0)ngi-_ k(;_l)i._x 1i——(~— |)i'c.nﬂ' Xj 7

J{d)_ 2‘1_1,3 iz()‘ (n—s) 1 (“'S)i -2
X oty () + o 0" Et [(h— ) ]} (112.16)

2. Hc’:o't';-ank é BHXC Mapa paiiycoM R, Sv mconsthg .
Cuapyocu ucrounuxe (puc. I12.3). .
‘Ha paccrosHHE & OT OeHTpa Inapa

GRGFL 0ol

0 e N -

© (a) = S; - g dx S exp (— BB (x, 9)—2”1 (Ry— Ri—y) oy (9)) X

ajR,—1 i ) . . = y
- X sin 00 ([2.17)

So0g. /R s .
J{a) = "2 : S dx, g..exp_(wnsﬁuﬁ (x, 6) — E:“‘I,(Rl_lel—l) oy (y)) X
e T = & B

X ydy; L (112.18)
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Puc. I12.3. Cxema nas pacueTa TJAOTHOCTH NOTOKA ¥ TOKA Y-H3AYUGHHS CHAPYHCH
HCTOUHHRA B CHepHyecKol reoMerTpuu (Ro— pajuyc HCTOYHHKA; R, — BRENNIHE pa-
Anyc I-it 8OHBI; [ — MHAEKC 301 BHE MCTOYHHKA; & —— DAJHYC TOUKH ‘HaGJIGIEHHS; P -~
PajiHyC TEKYHIEH TOUKH HCTOYHHKA) '

2 @/R)—1
2x (a/Ry) ’

. TR @R —1 T
yn(x)ﬁl/l—[ TRTre J

Bix, O) =x ——5— cos - Y1 — (a/RD)Z Sin? 0;

@

Be o= x—RiV1 — VT —(@/R)® o
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8, (x) = arccos

I Ry
Q)= - T3 — geerartt
o® (Ry/Ri_y — 1) [ Ry V= @Ry sit o — YT~ (@R S QI"

1 Ry
o (y) = [ I— (/B 2 — V1 — Mgz};
L&) (RyR;_1—1) LR, VI— @Ry V (ff/Rz 1) a
Ry=a. i . .

C nocTosHEsME NpefleaMH HHTET PUPOBAHAN (hOPMYJII (I12.17) u {[12.18)
NPHHEMAKOT BHJL, ‘

I

SR f
D)= ——= ) dex
2 0

N o
if exp(— H5RB (5, 0) = 31 1y (R = o), e)) ¥ sin 00
L o . ! =] .

% _m2.19)

[}

(-3

#* 4 (@/Ry)? —2 (afR;) xcos B
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t
R ‘d
J(g)z_.“"__ib\ X
N

b exp(— ligh Bix, 0) — Eluz (R —Rl._l) oy (%, 9))[-}%— — X COS G]xﬂsin 0a6
' 0

=1
[ + (a/Ry)* — 2 {4/ Ry) x cos 8]/

X

L=—n

(112,20}

CfafRy —x E:os 0]
R Vo + (a/RU) 2 (a/Ry)x cos 0

. 2 X %2 sin® 0 ) .91
+ l/l N ( Ry ) [%2 L (a/Ry)2 — 2 (a/Ry) x cos B] ' ( }

wy (x, 0) =

Bz, B) =T+ (a/RO)2 =2 (a/R ) xcosB—

1 R; l/l_(i)z x2sin% 9 .
T (RiRt— 1) | Ry Ry [(a/Rp)A-+ %2 — 2(a/Ry) x cos 6]

o ‘/ , . Xsin® 0 ] . 2.2
Rl 1 [x2 - (a/Rp)* — 2 {a’Ry} x cos 8]

Ecau ceoficrsa HCTOUHHKA M CPeSH, OKPYXKAweH HCTOUHHK, OJHHAKOBEL,

T. & Wy =Hg, 10 l=1, Ri—dnr
a/Ry+1 O a

¥ in 6db Sy
exp (- 1 gRyx) sin =
(- . ) C2ug

(1] (ﬂ) == voo [ dx
a/f?n—[: 0

,<E[exp (—Hg (@ — RD))_

' I
—€Xp (— Mg (@-+Ry))] — P {exp{— s (a —Ry)) [rg l@a— R} 1] —

-Hs a?— R‘a
—exp (— g (@ + R}y [rs (@ + R} + 1]} — — {E1[is (@ — Ro)] —

— B [ugla+ RD)]}>: (112.23)
/Ryt YolX) 0 . 9
SURa - : HS / (G—RU)
S (a) = 1’2 0 S dx 5 exp (— ugRy%) ydy__4—}:g 4 1 —— W

a/R—1 0

1
X Jexp (— s (a— Ru)) —exp (— ks (@ R)] == ——— {[1§ (a — Ry + 205

X (@ — Ry} + 2] exp (—pg (@ — Roj) —[pk (@-+ Ry)? + 25 (a -+ Ry) + 2] x

4 (0 2y _ . ‘ |
ps (* —Ry) . S _
0 {[ pgla— Ry) exp (- pig (@ — Ry —

X exp(— g (@ + Ro.))‘] —

2,2
dapg
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{ 1 : _
T @Ry P (—kslat Ro))] L s @+ Ry)]— £, [ug (a— RG)]}:} .

(T12.24)
Buympu uemounura (puc. [12.4).
B roure Py r=0;
80
D (0) s ﬁ [1 — exp (— pgRy)]; [ (112.25)

Pac. 112.4. Cxema 19 pacueTa NAQTHOCTH OTO-
Ka ® TOKa Y-H3/YUCHAA BHYTPH HCTOUHAKA cipe-
DHuecKOH reoMeTpHH (R — pa;®yc  MCTOYHNKE)
d — paguyc ToYKH HaGamaedus; P, — Touyxka B
LeuTpe HCTOYHHKA; Pz — TOuKa BHYTPH HCTOUHH-
Ka; P3; — TOuKa Ha BHEIUHE# NOBEPXHOCTH HCTOY-
HHKA)

B rouge P, r=d<<R,;

9 1 I
(&) = u_;{l — 5O (= ts Ry — d)) — = exp (i (Ry + ) —

: _
g K1 Fps (R, — d)) eXp (g (Ry — d)) — {1 + pg (R, + d)y exp (~—ps X
HS (Ru —
X (Rot-d)) - Tngd (B [is (Ry — d)] ~ £y [ug (R, + )] )1} ;o (M2.27)
s° ~ & — R} | '
Tl = g [ I— LH] [£%P (= s {Ry — )} — exp (— pg (Ry + d))]—

Y {18 (R, — @ + s (Ry — d) 4 2] exp (— pg (R, — ) — [ (Ry + d? -

2 {qe — p)2 _ .
+2ps (Ry + d) + 2] exp (— pg (R, -+ ) — b . o) {[ eXP (— Hg (Ry—d))
dd%pg s (Ry —d)
eXp (— s (Ry -+ d))
s Ry d) T E s (Ry+d)] — £, g (Ry — dJJ} (112..28)

B touke P, r= Ry;

0 exp (~— 2 R)
pre— ¥ l s
D (R} = Zig (1 T 2GR, -+ ZusR, ) ; (112.29)
0
JR) = [1—_1! +f 2 I exp (— 2UR (f12.30
Tg 2ERT | MR, | gz g )P (TR ] o
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3, Herounug B Bufe LHAMHIDA.
Crapyscu ucmotsuie {puc. 2.5)

S‘SRG ﬂ/Rg‘H B!{‘x) @n(;x)
D (a) = el dx ‘ 40 S exp (ﬂpSRoﬁ (x, B, ) —
a/R—1 —By{%) 0 \
N
_1‘12’1 iy (R — Ry—1) o, (0, CP))d*P; (112.31)
—_

Pre. T12.5. Puc. NIZ.6

Puc. [12.5. CxemMa fja pactera IJIOTHOCTH GOTOKA M TOKA 4-HCTOYHHKA BHE HCTOUHR-
¥4 IAJHEAPHYECKOH IrecMeTpHH {Ro—— pajsyc HCTOUHMKA; & — PARHYC TOTKE gabio-
nenus; R — paccrodHHe OT TOUKH nabnmpjesns A0 ADOCKIUE TOUKH M HCTOUHHEA
{(M’) Ha NJOCKOCTH, NepreHHKyIAPHOR OCH [A/HEAPHSECKOro MCTOUHHKA M TPOX0-
auleli Uepes TOUKY HAOMOALHHS P, H, H Hy— paccTosiiie 0T BePXHETO H HHMHEI'0
TOpIOW HCTOWHHKA A0 NJAOCKOCTH, NépUeH ARKYAAPRONL OCH HHAHHAPA 1 npoxogaties
gepes TOUKY HAGMONSEH: P; p—paccrosuHe OT TOUKH pabmoaeurs P o mpoHa-
BOJBHOH TOUKH HCTGUHHKA

Ppe, :T12.6. Cxema st pacdera [AOTHOCTH OTOKA ¥ TOKA y-H3JyUeHHs BHYTpH HCTOH-
HHKA [HAJHHJPHEICCKOH IeOMEeTPHH [Ro — paanyc HCTOMHHKA; & — Dajuyc TOUKH 13-
Gmonenna. P; (2, P, ¢} — KOOPJIMHATH TOUKA M HCTOWHHK2 B IHJHHIPHUSCKOH CH-
cTeMe KOOpAHEAT; Hi H Hp~— pacCTOfHHE OT BEPXHErO H HHIKHEr0 TOPHOB HCTOYHH-
Ka 10 IHIOCKOCTH, MepIeBfHKyAApHOf OCH WHANALDE H npoxoEsLHel uepes TOIKY Ha-
Gmogennsn Pl . ‘
SSRO afR-1 Be(®)

Ip@ = | dx [ oaox
SRR 25¢ . J oo

' a afR—1 =0}’

(Po(x) N Y .
X j exp (~MSR0E'_(?_¢.. 9, @)—Z Py (R — Ry ) oy (B, rp)cosecowdcp:
L0 o e oo

S e (F12.32)
_SUR “/Rﬂ:!'l : Bg(ix) :
. g =—i ) dx ) deX

21
. a/Ry—1 —E, (%}
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Pol)

. . N
X j"exp(—usRuw, 8, @) — D W dR = Ri_p) o O, cp))sined(p; (T12,33)

b 7==1

FH, 1Ny H
6 x)z t —'1 — . j— it __1 .
1(- .arcg\. R x.}_.’ 9-2(x)—marctg( R ),
2 ) 2pd
%mmmm[iiﬁ&_i. R — o
' L 2(a/Ry) x ’ N !

. ,ﬁ (.)‘C,‘ b q))';x-——'(“/@ <os p — /W .

cos @ ;
Ry
= YT @RSt g —YT— -
ay (0, @) = R_l—1 o /Ry sint ¢ —/ {a/Ry__1)? sin? ¢

(Ry/R;—y— 1) cos 8 '
Bryrpu ucrousika (pic. H2.6). '

Tlpn i
. PHBEJCHEEIR HHXKE BOPMYJIL ¢ MOCTOAHHEIMH MPeAefaMyu MHTErPEPOBAHHS CHPa-
JAJHBEL A TOUKM, HAXOAAUIEHCS BHE HJH BHYTPH HCTOUHHKA;

.'SU RD 25
© (a) = —4"};5 pdpj dy %
0 o

N
Hy ﬁXP(”"P'SRoﬂ(P: & 2)“_'12 kg (RE_RE—I) wy {p, P, Z)) dz
hide : =1

, P4 | p—2apcosp » o ([2.3Y)
o Re am
" )
Ipl@) =— jpdpj dep X
b b
H, exp ( R.f 3
o p psReb (0. @, Z)"ﬁigl W Ry —Ry_paop{p. o, 2))(H—PC05CP) dz
A (8 + a* - p? — 2ap cos )2 ;
e (112.35)
) So R, 231
v
Iz (@)= ;n—j pdpj dg X
b b
H, X -
2 €Xp | — BgRB (p, 9, 2)—121 W (B —Ry_) oy {p, ¢, 2))2d2
% -
_h, @ o = 2apoos )T MR
RN = (1,

B(P' ‘3’-2) = V& Faf - oF — 2ap cos ¢ LS ala—pcosq)
‘ - A " Ry  Ri{a?4 p* — 2ap cos )
G 3ak, 386 )
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F/ “a* 4 p? —2ap cos @
'l/aerp -2apcoscp :

(D, (p, 2) ']/22 a2+pﬁ——2apcos P X

R I/ f( a )2 - s @
I—:— ———
R V.~ "\ R/ (&g —-2ap cos cp)
: R
— l

_Il/lﬁ ”")2- — psifg
TN Ry ) {a® + p® — 2ap cos @)
R :

e '|/aﬁ p —2apcos P

ILJIH GGCKOHC‘IHOTO 10 BHICOTE- [I\H.J'IHU}IP&
Ry 21

. S”
)"_‘"‘gpdpjdfpx

— HsRef (pr @) — 2 R R0, §)

ox . . AR N
P ‘ ""'cosﬁ ’ a0

o
2

X .
_DS Va® - p* — 2ap cos p '

0 \Ro- ’ 25

nsRof (0, @) — Zuz (Ri—Re_2) 01 (p, @

L&
Ty exp = cosO(a—pcose)dd .
5 j cosd : peose)dv.
v P ﬂg—kpz;——decoscp,:g T
N (I12.38)
. J-_z(fI) #_—__0.;._1?1'\, =a
f’(P (P) V02+p2*— 2apcosrp —-R— o
0 b
p?sin? @
I/ﬁl Q """ - a‘~'+ =P
S At 'S, p apeos § -
Ry (@ *}~pz—?apcosq)) 'TJ Vet pF—Zapcos g !

£330

(112.37)

' y-H3NYUSHHS, CONPOBOXKAACILEFD JeMEHHE,

i bR ‘1' WA
w {p, ) = (—-—&——l) ' R4 —< R;) (az+p2—2ap005(p)
‘ Ry

| > 2 p? sin? @ '
o (RzA) {a* +p?—2apcosg) |’

L 33 : .
© (0) = [1 — Kia (usRy)J5
I{0)=0
_ @ (Ro) = P“_; {1 '* !—*.SROV{_“_SRO [%o (”_SRD) !u (sRo) -
-+ Ki(usR) 11'(usRﬂ)] + Ky {isRo) T (usf?o) — 1}

Ra
J(Ry) = 8) = {1y (uSRu) Ky (ugRo) + 1Ry (K2 (uSR o) fo (usRu) —

f‘ Ky (1sRo) I (RsRo) — 2] 4 2 (RgRo)? [Ky (tsRo) To (1sRo) + K1 (BsRo) [1 (HsRa)]}-

Mpunoxenue 3. SHEPIMA AENEHUA U 3AXBATHOTO
V-M3NYHEHMA 019 PAZIMYHBIX HYKIIMAOS

DHePTHs ACJCHHH, CNEKTP y-H3JAYdeHHs M KOIPQUUMENTH ochalaeHHn y-H3IAYHERH,
B paGorax [6; 7] mposejes aHaNH3 HMEIOULMXCS AAHHBIX DO PacTPEJCNEHMIO BLIAS-
AeMOfl TIPH Je7IeHHH SHEPTHH JUIA MO0 PAMA HYKANNOB, BXOASULMX B COCTAB TOMU-

JHBA  AAEPHBIX peaKTOpOB OcHOBHLIE DC3YNLTATH 9TOTC AHANHEA HPHBEASHRL R

ra6a, T13.L. Jias HyEA#poB, ASAGHEE KOTOPHIX BHISHIBAGTCH HEHTDPOHAMH BBICOKHX

sHeprHil, YKaswBaeTeR smeprHst mefirporos Ep'%  nHsuBaowmx parenme. Cymmap-
HAf IHEPrHd, BLACAAeMAs NPH AeieHHH, Eypoyy CKJIALLBACTCA H3 KHHETHUECKOW iep-

;I‘HH OCKOJIKOB AeaCHAA Eocr\, HEPIHH HEHTPOHOB ,ELEJTBHHﬂ Ey JHEPruK MFHOBCHHOFO

EMFH,- SHEPFPHM -HMyUeHHT NPOAYKTOR

nenenna E 3", oreprau B-uacTuy npo,u.yKToa AJEHHH. Eﬁ 'SHEpTHH, BEIZEAseMOl Tpi

;3axparte HEHTPOHOB FEzax, -3HEPraH, yHocHMOH antHHe#Tponzo,  E,. DddexTisnan

SHEPrHs, BLI,ILCJIHGMHH Hp}l JCJICHHH, Ef or{peﬂ,e HHCTCH BLIYUTAHHEM H3 HOAHOH BHEPFHH

‘Eronn PHEPTHH HEATPOHOB, BHSHBAGIINX AGICHEE, Ew u aHeprm{ YyHOCHMOH aHTH'
netirpuno, E,, T, € oHa nmpeAcTaBaAeT ¢ofofi Ty SHEPruio, KOTOpaR MOXKET OBITB pa-
4JIbHO Henoab30oBana, [IpH ollesKax SHEPTHH, BELEJSIUIECA NPH 3aXBaTe IRATPOHOB,
{6n1710 MOJIYHeHO [6} 4To AJs GOMBIIMHCTBA THIIOB PEaKTOPON Ha TeNIOBbIX HeHTPOHAX
'Ha OJHH 3aXPAueHumy B MaTepHalax peaktdpa OKPYIKAIOUHX €ro KOHCTPYKUHE
HEHATPOH BHAENETCA SHEPIHHA, Papuas (6,1=0,3) MaB a 9SHEeprHH, BHACJAIONIARES
#a OJHO KeteHue B’ peamope an saXBaTe HEHTPDHOB paBHa {(v—1) (6,120,3) Ms3.
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Tafiuma 1'131 Pacnpéneienue. Breanemoii npy nenennn SHEPIAY JNA PasTRuBBX HYKAWaoB [6, 71

" R U S U R - = N = S S G
ol . —y [ [n) — — — v-: .-4“ .-..: ...: C\]A
= HoH O H A ‘
. AR =] °‘1I C-\ll-l C.YJ—DF I:I:i -—H c-y ﬁ :jj
Iy - I - = = R )
ZEEEFREEREESE
m ® - oM © O N 1w o~ o w ©
L) 5 X 8 = 8 2 < 9 © o of ©
%, = =2
wf 8 &8 &4 & &8 & & =N & 8 8 9
@ S A R - U~ N T~ S~ Y NUR N
2 R e - )
. HHHHHHHH LT H AT
% A R - - T - B = Yo S S R X
o ® e g 2w 0oa g o
E Wm0 % © @ W
cC o o o0 0o o & & 8 & o -
: H H H H H
. 2333733333333
: ©w o o P
u : = A s o B - T I
e
@ W oW oW @M oW oo W @ 1 o @
=1 2 e o0 o o o 0 O o c o
= e e L B R
Y T T @ 8 8 T2
oo Y N
E LR R R~ T - S T =S
o bl — — — — — v—: v—: -: —: v—(-
- H H HH HH H HHH
EP 53 gaexdg LS
4] o0 o - — [ra] ED !.'.’5 1) CD- :x. OO"
fsa)
R Wow om0 Mmoo
E v——}_c[ '.?i % ?i —-— — -—r ‘—: —: -—: -ﬂh v—-:
=" H 4 H '
RS Se e e e n ‘jj < l‘tj é;i :'ﬁ élb-l
& 0 W W O W M~ W @ I~ 0 I~
[}
s |88 _ = s . .
59§53 3595353
. H o4 <
= o~ +
o s 3 dgllggdddd
T S Y S Y= S P S V- S-S ST 4
o CD.. CO__ b I A o0 o o [#] [4=] o~ [ |
‘aq P A L 2 9 o
i + H 4 ;ooH
AN I R I B i B
3 W e W O 1 o o S O
W L g 8888 8EEERE
- =] [fe] . .
K8 ) = g =5 0 82 9
RE= I I = R N T - =TT ~ S S ey
B = e w49 g7 ="
E B R R PR R E &L odoa A
i 8 & & & 8 8 8 3 a 3 3 =3

SrtH peanynns H npusegenst B rafa. F13.1. M3 panseix taanuet sHAno, uto jAA
BCeX JeMAMIHXCA MATEPHANOB SICPHOTO PEAKTOPA 3HAUCHHS BHIALNTEMOH  SHEDTHH
HA OJIHO JAeeHHe JOCTATOUNO GJMBKH ADYT K JPYTY H B OOJBIIMHCTBE OLEHOK MOKFO
NPHHHMATh BENHYHHY BHAGNSEMOft SHEPTHH Ha OAHO ZeieHue pasnok 200 MaB AT,
MoBOro Aenullerocs BellecTsa, yKasanuoro B tadi I13.1.

Dueprusi, BhLENSEMAs NPH 3aXBaTe HEATPOHOB, coctaBiser Bcero 5 0 aﬂepmu
BBIEENACMOH HpH JEfeH¥H, HO OHA BHOCHT OCHOBHON BKJIAA B BnepFOBHJIGJICHHe BO
MHOTHX KOHCTPYKIHMOHHEIX 30eMEHTAX [eAKTOopa, PacioOMKeHHHX HeNoCPeJCTBCHHD
I AKTHBHOH 30He (MOTJIONAKIIME OPrashl PETVAHPOBAHHA W ApP.) H HA GOJBLIUX pac-
CTOAHHAX oT Hee (kopmyc peaKTopa SalKTA H AP, ), H noatoMy pacuer ee Tpefiyer
ocoforo BAEMARHA. '

Flpu saxsare nefiTpOHOB Gea JeJeHHS OCHOBHLIM NpOLECCOM ARAETCH pajxani-
OHHMIA 32XBAaT ¢ ACOYCKAHHEM Y-KBAHTOD.

* B raGn. TI3.2 nas pspa peagToPHEIX MATEPHANOD UDHBEAGHE Z4HHEE 10 3b-
GERTEBHON SUEpTEHM, BHAeNAeMON NpH 3axpaTe mefitpona. OmM BRMOYAWT B cefy
SHePruio Y-H3JYHeNHSt H 3HEPrHI0 NOCAEAYUHX PAAHOAKTHBHBIX NEPEXOJ0B (B 31X
AAHERIX HE YUTCHA IEEPTHA HEHTpHHO, aIITHIIe}iTpHHO H pacnajios ¢ EepPHOAOM MOJY-

patnapa Goaee 10 .neT) : ;

TaGauna I13.2. Sﬂeprmt, BHEENSTEMAST NPH 3AXBATE

: He#TpoHoR
! ' SHeprus, SHeprus,
‘Marepuan MaB/saxsat Marepuan . MaB/saxsar
H 2,22 OCROVIKH ZQJIEHH 8,10
- D. 6,26 Z36]J 6,54
188 2,79 2361 ] 5,46
c - © 4,95 238 5,69
0 . 3,38 239Dy 6,53
Al . 10,74 40Dy 5,24
§i 8,66 241Pyy 6,31
Cr. 9,29 2Py 5,24
Fe . 7 3 80
Ni 8,53
Zr’ 8,07

Kﬂﬂemqecxaﬂ SHEPrUs NPOAYKTOB AAEPHEX DeariEd W [efover pajHoaxTHBHEX
pacna}ms nomomaemﬂ B HEMOCPEACTBEHHO GIHBO0CTH GT TOMKM 3aXBaTa HeHTpOH1.
TMorsoteHue SHEPTHH Y-HAMYUEHHT 3ABHCHT OT SHOPLHH Y- KBAHTOB, H y-H3JyueHue
IPOHHKAET Ha :33MeTHBIE DACCTONHMS OT TOYKH 3axpata Heftrpora. B cBAsH ¢ araM
BAJKHO 3HATH ~CIIEKTD Y-HBNYYCHHS, COTPOBOKAZIOMWErD 3aXBAT neitrponon. [lamere
o' 3¢¢QKTHBHHM SHEPIHAM M CHEKTPAM Y-KBAHTOB, HCIYCKaeMEIX NpH 3aXBaTe Heil-
TpoHOB, npHsejens B tafa, [18.3, I13.4 # Moryr GLTB HCIOJB3OBAHE B PACUETAX
TOTJIOIIEHHST SHEPrUH ynanyqem{ﬁ B MarepHanax peaxrtopa, B raGu I13.5 n T13.6
np'H'BeneHm Maccobbe Kosdduunents ccnabuemua W MOTAOMEH T SHEPTHE V-HANY-
YeHHA pa:am{qﬂmMH MATEpHAJIEMH, HCTIO/L3YeMble mm pacqua oc.uaﬁ.nemﬂ y-HaTy e

H HOFJ}OHLEHHH 3Hepr1~m y Hs.uyqeﬁnﬂ
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TaGawua 3.3, Cuexrp -y-KBanToB, KCNYCKABMEIX NPH TOTACILEHHN TEnnosyIK: i
1 . . ‘ . onMKeHnHe T . T3,
: HeliTPOHOB. paamMyneMy aupamu [90] - ) R : . S : S Tpoa a6 I13.3

Uncso y-x8an1os ¢ sHepruedt £, MsB,. ua 100 MOFAOLERHEX HelfTporos - ) : ? ‘Uncao, y-KeaHTob ¢ sHepryeft E, MaB, ¥a |00 norjcuennex Hefrponcs Hanboni-
Wexoxn- ) . . ‘ S::Z‘i;;;‘_ : Hexop-, i wan skep-
Hoe 1 : i THS Y-Keail- : ampo | . ‘ ‘ : : - vEA V- KAR-
e <0l| Esta2 | E=243 | Eo5a5 | Eesa? | E=7s0 | Emg | 700 MOB U |E=0s1] E=1-2| E=243 | E=845 | E=847 | E=749. Exmg.| 0> ™
H 0 0 100 o 0 0 0 2,23 . %&3{ : ,.19;% ) Vi 100: .23 © 34 0,3 0 7,33
D 0 Th . — | = — | = e — —
Li — ° 2 ° 123 - 68 8 ?Eé Dy | %0 |. 1020 | 106 43 10 0 .0 | B,8&7
Be 0 0 0 54 73 0 1o " 8,80 Ho " — 98 T 48 8 .0 0 | 6,1
iz} 0 0 0 110 98" 60 10,8 11,43 Er. .. 225 145 - 133. | 103 14 -0 0 6,68
uN 0 0 0 100 0 0 0 4,95 Tm o= 81 73 55 10 0 0| 6,50
O — — o 54 11 15. 12 10,83 “Hi: 137 137. | 86 | b2 i 12 -0,5 0 7,62
Ne — 100 — — 111 0 0 6,60 Ta- 137 1. .99 -4 €6 | .55 5 0 0 6,04
Na 96 127 187 70 31 0 |0 6,41 w68 [ 82 59 | .53 15 0,5 0 | 7,42
Mg — — 28 73 10 3,3 v 0'57 11,09 Re 124, o 88 62 b1 . -10,5 -0 0. 6,14
Al 236 195 69 62 19 13 o0 7.72 It [.98 (. 85 58 |- 51 19,6 0 0.| 6,088
Si 100 63 a0 89 11 41 0,1 10,59 Pt J109 |, 92 | -64 .45 3 15 1 0 7,92
P 290 97 85 98 27 7.2 |0 7,94 Al 100 | 89, 33 68 38.. 0,1 0 | 6,4%4
S 70 39 72 70 44 6,5 |0 8,64 Hg | .94 [ 1227 55 86 3 4l 0 0 | 6,446
Cl 49 35 4] 47 55 4 0 8,55 Tl . = |- = — SiT6 1 62 0 0 6,54
K 100 81 b7 .. 106 37 4,7 0 9,36 Phop 0 00 0 7 93 -0 7,38,
Ca 14 191 77 7. 8 ‘64 1,8 |0 7,83 'Bi L0 0 S0 100 0 0 0 | 4,17
Sc 52 59 38 65 29 i2 0 8,85 233Th M8 140 . 64 . 17 0 0. 0 4,92
v 83 132 11,4 | &7 . 18 10 7,08 ; ) : - i : ‘ P
Cr 85 41 21 12 23 . 39 6,4 9,72 ' - - - R - : .
Mn 125 S 9 60 | 50 34 T 17 0 7.26 "Pafmuna [13.4. Chnextps 3HepruH P-XUAHTOB ADA PAIHAUMOHHOM aaxsare [5]
Fe 7513 go 27 23 25 38 | 2,1 10,16 : — : R A S =
l%cl} 34 Zg ;g ‘213 gi Ség 8 g 8’%3? ER _ . DHeprHH y:KBaHTOS, Ms3B, HCHYCKA@MEIX Ha OJMH MOTJOMEHEME Hefirpon @‘E\
Cu 68 | | a7 26 30 | 7 43 |0 7,914 g ' : ' _ e
Zn 156 93 67 48 29 16 1 9,51 g o - T R S : £k
Ga’ — — — 57 34 0,2 0 7,73 §"o' 01 { 1—2 | 28| 8—4 | 4—5| 5—6 | 67 | 7—8 | 8—9 | 910 f}i*'f g
As — — — . 47 22 1" o 7,30 B - - - - Eadalle/
Se = - — 65 27 9- [ 1,7 | 10,483 e B
Br — — — 79 41 6,4 |0 7,879 H — — 12,23y — —_ =1 = -— - | 2,23
Sr — — — 69 - 51 4|01 9,22 D — — | - — | = — |62 — 1 — - | 6,24
Y 71 23 6 50 59 0 0 6,85 6L — =T =" = — - 0,51710,94| — ~~ | 1,45
Zr e B e 113 -35 4|0 8,66 Be | — | — | — jL70) — | — |512] — | — | ~ |682
Nb — — e 54 14 0,4 |0 7,19 wp- o] =l B0 | e | 1,93 2] 0,53 0,09 7,55
Mo 137 18 — 84 26 3 0,03 9,15 C — — — | 1,10 | 3,47 | — — - e — | 4,57
Rh 91 99 61 38 10 0 0 6,79 ‘N o= | o= || 1,15 0,72 1 4,77 | 1,07 | 0,66 | 0,35 | 1,17 | 9,80
Ag 92 87 64 70 17 0,5 10 7,27 Fop — | — | = | = [1,83]3202,82)| — | — | — 7,85
Cd 135 92 96 73 17 1 0,1 9,046 Na {0,80[/039)1,44|1,06| — 10,383(0,8 | ~ — — | 4,84
In 102 197 78 36 4 B I NV 5,85 Mg} — J:+.10,62(2,68)0,25:0,31|0,27| 0,0l ;: 0,26 | 0,056 | 4,45
Sn 216 1563 67 139 - 33 4 0;4 9,35 Al — — | 0,311,291 1,297 0,51 | 0,42 | 1,90 | ' — — | 5,72
Sb 150 89 58 a6 .12 AR I 6,80 St 7T ="10,37 ["1,61 |-2,14 {3,890 | 0,47 [ 0,92 | 0,62 | 0,14 0,02 |10,18
Te 58 |  — e — — — _— - P e —r | — 2,17 1,61 | 0,66 (1,04} 0,58 — — | 5,96
1 30 — — 97 22 0 |0 6,71 Si 10,40 — | 1,77, 1,62 [ 1,92 | 4,64 |.0,29 0,22| 0,00 | — 10,95
‘Cs 46 — — 61 25 0 0 6,702 €l 0,40 . — | 1,57 [ 1,07 | 1,67 (1,45 | 1,89 : 1,06 | 0,12 | — | 9,13
Ba — — — 75 14 -t 1,4 -0l 9,23 K 0,24} 0,610,831 1,8 1,86 (1,9 |0,2410,39 0,01 — | 7,97
La 21,71 8,2 — 35 12,56 -0 0 ~ 5,045 .Ca |'0,07 10,04 | 0,41 |1,08]|1,95]|1,28|2,32{0,07| — — | 8,13
Pr — — — 34 8 . 0 0 5,83 T i }0e,14:41,59 0,081 0,37 | 0,72 0,03 | 6,58 0,110,027 009,70
Nd 105 —_ . — — . — —_ | - — Vo f0;16:40,21:1.0,16 1 0,39 | 0,50 | 1,33 | 2,161} 1,07 | 0,008 — | 5,97
Sm 167 150 109 45 I 1 to~ 7,89 ° Gt fomed o= | — ] 0,26 (0,20 ) 0,62 [ 0,75 | 1,87} 3,93 | 1,11, | 8,83
Eu 106 153 109 56 85 | -0 [0 6,05 ‘_; ‘ ‘
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Npogonxenne Taba I13.4

(=
; Sueprrna y-KpaHTOB, MsB, wcryckaeMbix Ha' OfuH NOTACUIeHNEI# HeliTpor é"é_
i g}
ge 1=2 2801 38— | 4=5 [L520 | 67 | 78| 89 |9-10| 5x§
A . B
Mp| — | — § | — J12a]o98|r11l178] — & — |5
Fe 10,0510,30]0,20|0,37 | 0,45| 0,84 | 0,67 | 2.66 | 0,25 | 0,20 géé
Co. 10,32 10,25 0,0810,77 | 0.87 | 1,57 [ 1.,70:1 057 | — | ~ |&'15
Ni 10,07 | 0,06 0,04 |0,20(0,50{081|1,3271.35|4,57 | 0,98 |99]
Cu b — 0 — | — [ — |0,61|0,62|094 (313|016 — |56
As | | — | — 11,00[0,93 0,65 (0,84|0,17| — | — |340
Srol — - | — [1,46]|1,03] 0,91 [ 2,180,791 0,29 | 0,02 | 668
Zr | — | — | — 252,70 |LO7| L5 0015] 011 | = | 671
Nbf — | — | — |1,22/0,88(0,68[0,20/004| — | — |32
Mo | — | — | — |1,93|1,41|0,9|0,66]|0,16|0,05| — |51]
R | — | — 1 — |o82|o88lo045 0017 = | = 1 _ |92
Ag | — | — jo,2|1;52|,2810,8102|004] — | — |412
Cd.[ 0,46 0,34 0,40 — | — jo0,62|0,13|0,11} 0,03 ] 0,02 2,01 -
In | — | — 1 — |076|055[0,26| — | — | = | = |17
Sno| — | — | — [3,64|1,89|1,24|0,65i0,25| — |0,04|7.71
bt — | — | — [0,78(0,64)045( 0,28, — | — | |21
Ba { — | — | — [1,80|1,08(0,6910,10!0,01|0,01}0,0t379
pro| — | — | — [0,76]0,59]| 0,45 | —~ | — | |2 |18
Sm | 0,53 | 0,21 [ 0,77 | 1,21 | 0,55 0,28 | 0,081 0,07 | — | — |3'70
Gd | — — | 0.641030{0,15{006| — | — | — |15
Hf | — | — | — | — lo5010,81 0,170,028 — | — [121
Ta | — — | — 0,06} 0,10]6,04] — — — | 0,19 !
W | — | — | — |1,28/077/058033!003| — | — [2'99
Pt | — | — | — | 1,07]0,71|0,75|0,08]006| — | — {267
Au | — | — | (1,01 | 1,53 1,81 | ,10] 001 — | — [4.96
Hg 10,210,550 | 0,56 1,35|1,94|1,91|0,63|0,04] — | — |7.14
Tl — — — [0.94i2,15|2,68|0,95| — — — |s,73 .
P — | = = = = = = 74| —] — |74
Bl = = = =~ — D = 4l
BU|l — | —~ | — | — |[L,89]043] — |027| — | — |28
Taduurua I18.5. Macconbiit Koadnpuuueﬂsr ocnabaenun y-maxydenna W, 104 em?/r
. i - '
N E, MsB
" Marepran : - f . : - il
S 0,5 10,6 0,8 1,04 1,8 | 2,0 3,0]4,6]5,0]6,0 8,004 10,0
. Hy 1730 | 1600 | 1400 | 1260 | 1030 | 876 | 691 | 579 [ 502 | 446 | 371 321
" Be 773| 715| 628| 565| 459| 304 | 313°| 266 | 234 { 211 | 180 | 161
FC 870| 805| 707| 636| 518| 444 | 356 | 304 | 270 { 245:) 213 { 194
N, 869 805| 707.| 636| 517|445 | 357°] 306 | 273 | 249:] 218 | 200
L Oy 870| 806| 708| 636{ 5181445 | 359 | 300 | 276|254 | 224 | 206
" Na- 833| 770| 676 608| 496{ 427 | 348 | 303 | 274-| 254 | 229 | 215
. Mg 860| 795] 699| 627 5121 442 | 360 | 315 | 286 | 266 | 242 | 228
- Al 840| 777] 683 614 505] 432 | 353 | 310 | 282 | 264 | 241 | 229
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Mpopoaxenxe rada [13.5

E, MsB
Mazepuan
: ,8|6,610,8|1,0|1,8]|2,0]|3,0(4,0]|5,0|6,0]|38,0]10,0
51 8601 802) 705 | 635 | B17 | 447 |'367 | 323 | 296 | 277 | 204 | 243
P 846 780| 685 617 |'B02 | 436 | 358 | 316 | 290 | 273 | 252 | 242
'8 874 | 806| 707 { 635 | B19 | 448 | 371 | 328 | 302 | 284 | 266 | 255
< Ar 790| 730| 638 | 573 | 468 | 407 | 338 | 301 | 279 | 266.| 248 | 241
K- 852 |- 786| 689 | 618 | B05 | 438 | 365 | 327 | 305 | 289 | 274 | 267
- Ca 8761 809|708 | 634 | 518 | 451 | 376 | 338 | 316 | 302 | 285 | 280
- Fe- 828 762( 664 | 595 | 485 | 424 | 361 | 330 | 313 | 304 | 205 ; 294
-Gy 820 751|654 | 585 | 476 418 | 357 | 330 | 316§ 309 [ 303 {'305
Mo 851| 7611 648 | B75 | 467 | 414 | 365 | 349 | 344:] 344 [ 349 | 359
Sn - 886 | 776 647 | 568 | 459 | 408 | 367 | 355 | 355 | 358 | 365 | 383
J 9131 792 653 | 571 | 460 | 409 | 370 | 360 | 361 | 365 | 377 | 394
W 1250 | 1010 763 | 640 | 492 | 437 | 405 | 402 | 409 | 418 | 438 | 465
Pt 1350 10707 800 | 659 | b0l | 445 | 414 | 411 | 418 | 427 | 448 | 477
Tl 14301520 824 | 675 | 508 | 452 | 420 | 416 | 423 | 433 | 454 | 484
Pb 1450 1140| 836 | 684 | 512 | 457 | 421 | 420 | 426 | 436 | 459 | 489
U 1760|1360 | 952 | 757 | 548 | 484 | 445 | 440 | 446 | 455 | 479 | bIl
Boanyx B68| 804|706 | 655 | 517 | 445 | 357 | 307 | 274 | 250 | 220 | 202
H,0O 966 896| 786 | 706 | 575 | 493 | 395 | 339 | 301 | 275 | 240 | 219
Beron 870| 804| 706 | 635 | 517 | 445 | 363 | 317 | 287 | 268 | 243 | 229
Bromoruuec- | 936| 867 | 761 | 683 | 556 | 478 | 384 | 329 | 292 | 267 | 233 | 212
Kas TKaHb
Ta6auna I13.6. Maccosmii xoadipuuuent nornomeRust sHeprun p-asayvenua W,
' 10— ¢m%/r 15]
E, MsB
Martepsan
0,5 0,6 0,8 1,0 t,5 2,0 3,0{4,01 5,0/ 6,0 3,0 10,0
H, K91 | 590 | 575 | 557 | 509 | 467 | 401 | 354 | 318 | 291 | 252 | 255
Be 264 | 263 | 256 | 248 | 227 | 210 | 183 [ 164 | 151 [ 141 | 127 | 118
C 207 | 206 | 289 | 280 | 256 | 237 | 209 | 190 | 177 | 166 | 163 | 145
N, 297 | 296.| 289 | 280 | 256 | 238 | 211 | 193 | 180 | 171 | 158 | 151
O, 297 [ 296 | 289 | 280 | 257 | 238 | 212 | 165 | 183 | 1756 | 163 | 157
Na 284 | 284 | 276 | 268 | 246 | 229 [ 207 | 194 | 185 | 179 | 171 | 168
Mg 203 | 292 | 285 1 276 | 2564 | 237 | 215 | 203 | 194 | .188 | 182 | 180
Al 286 1 286 | 278 1 270 | 248 | 232 | 212 | 200 | 192 | 188 [ 183 | 182
Si 200 1 200 | 282 1 274 | 252 | 236 | 217 | 206 | 198 | 194 | 190 } 189
P 200 | 287 | 280 | 271 | 260 | 234 | 216 | 206 | 200 | 197 | 194 | 195
S 300 | 298 | 288 | 279 | 258 | 242 [ 224 | 215 | 209 | 206 | 206 | 206
Ar 272 | 270 | 260 | 252 { 233 | 220 | 206 | 199 | 195 | 195 | 194 { 197
K 995 | 291 | 282 | 272 | 251 | 237 | 222 | 217 | 214 | 212 | 215 219
Ca 304 | 300 | 290 | 279 | 258 | 244 | 230 i 225 | 222 | 223 | 225 | 231
Fe 904 | 287 | 274 | 261 | 242 | 231 | 224 { 224 | 227 | 231 | 239 : 250
Cu 206.1 286 | 271 | 260 | 237 | 229 | 223 1 227 | 231 | 237 | 248 | 26]
Mo 348 | 315 | 281 | 263 : 229 | 233 | 237 { 250 | 262 | 274 | 296 | 316
Sn 403 | 346 | 204 | 268 | 239 | 233 | 243 | 259 | 276 | 291 | 316 | 339
J 433 | 366 | 303 | 274 | 241 | 236 | 247 | 260 | 283 | 299 | 327 | 353
W 786 | 599 | 426 |-353 | 281 | 271 | 287 | 311 335 | 335 | 390 | 426
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IMpoponxenue taGa IT3.6

E, MsB

MaTepran L } .
o 0,5 ¢,6 _0,8 1,0 1_,5 2.0 3,01 4,0 5,0¢(6,0 8,0°[10,0
Bt 892 | 666 465 | 375 | 293 | 280 { 296 | 320 | 343 | 365 | 400 | 438
11 : 972|718 | 491 .1 393 | 301 | 288 |-304 | 326 | 349 | 354 | 406 | 448
Bb 9941 738 1 505 | 402 306 | 293 | 305-1-330 | 352 | 373 | 412 | 450
- U 13201 968 | 628 | 482 {-346 | 324 | 332 352 | 374 ) 394 | 443 | 474
Boanyx 297 296 | 289 { 280 | 256 | 238 | 211 | 184 : 1814 172 | 160 | 153
. HgU 330G 329 § 321 | 311 [ 285 (264 | 233 | 213 | 198 188 : 173 | 165
. -Deton 296, 295 | 287 | 278 | 256 | 238 1 216 1 203 | 194 | 188 { 180 | 177
Gecnormyec- ' 320+ 319 | 311 |-300 | 276 | 256 | 220 | 206 | 192 | {82 168 | 160

Kaa TEaHb - .

Mprunowenue 4. HEKOTOPBIE MATEMATHUHYECKME hOPMYNLI
M TABYNIMPOBAHHBIE thYHKLMM '

Pyuxunn exp (—x); ‘Ei(x) =—Ei(—x); Ea(x); Es(x); —E{—x)=Ei{x}. Ipyu
pacterax .ocaaG/leHH: H3IYYeHHS] MHPOKO HCIOb3YIOTCH SKCHOHEHIAANSHAS. 1 HH-
TErPATbIHE TIOKASATCbHbE (py}u{uﬁn :

0o oo“
. N —° .
exp (—x); - By (9 = 2" j. D) 5 S, (ﬁ i df,
i ¢
X - - 1.

TAE i~ LUeJoe NOJ0MKHETEIbHOE HHCJIO,
. Hexoropere cpoiicrea atHx QiyBxumii:

dE, . o« .
e YT Sy 5 Fay (8) d¢';
o |
Enfa(¥) = — (exzﬂ (— 2 — 2B, (0);

%

: 2]
. TIpH MaMsIX 3HAUCHUAX ¥ MOKHO nonbsoa'a'rbca pa3VICIKEHHEM .

. - o |
£y (x) = E (— pmt e —Inx—e¢
: |

3nece £=0,677215.., — nocroaunaa Jitnepa,
Hpu Gosviux zHauesHax X (=10} npuMendercs acHMITOTHYECKOE pPasioiKeHHe

E (5t @) =En (1) — aBp )+ o Ens () — . . .

'El (£} = -exp (— x) " + 2 (=n" m—|~1

Ormerim, wro Ej (x) == — Ei (%), —F; (— %) =TEi{k}, a E5 (¥} wdorga nasel-

BaloT yHKHed Knaura: v
" CEy () = exp (= %) — % (—Ei (— ).

HaecTnele 3HaveHu: -

En<o)=—_1—'1, l'n‘>!: Eo(x):""p‘%").

B Tafur, H4i HpHBEﬂeI{M 3HAYEHMA, SKCHOHEHI[HEIJII:]IOH b4 HHTCIpaJ‘[bHHX I0KasaTean.
HBIX GYHKUKI B IIHPOKGM JHATA30HE H3MEUQHHH ApryMesTa, :

Gynkunn Wy {x, o), Wolx, o). Tlpu pemeunn aagau o pacHpoCTPERHERHH HAIyu2
HHH 4acTO _BETPRURIOTCH tbyrkiun W, (r, ¢}, KOTOPHE OTPESENSIOTC CACAYIMHM 03-
paaoM : '

W, (x, oc) j exp (ocx) En (r) dt.

OcofBIfl HHTepEC MPEIETARIRET yuwiun ¥y (x, a), Koropaﬂ HMeeT CHeRVIOME BHA
B paBJIPI‘IHHX JHATIA30HAX ‘3HAYSHHH o& : :

o — | ‘1’1 (x, l) = exp (%) £y (x) - 1nx+ 0, 5772156
Cam 1 Wilx, —1)m—exp (— ) By (4) - By (26 0 2
f Cas=0 W(x, 0 =1-F(x);
AAS OCTA/PHBIR 3HAYeHid o : .

W (x, o) = i-.{exp (ocx)"Ei-{'x)—'El (¢(1—0) — In H—aly.

Creayer oTMETHTB, .UTO IIPH X—»00 cpylmuﬂﬂ b (00 o) KO}IEqHa TOMBKO - pH
a<<l,n ANA STHX 3HAYSHHE o

) '.I l . .‘
¥, (o0, oc,)=~——1p~‘-lnil—ou [y ¥ (0, &) =0;

- 1 ﬁ '
Yalrr o) = T (40 s () = 1L+ T (s, o)l
(!)yHKum{ Wy (x, o) 1 Walx, o} BHIUHCAAOTCH C NOMOMBIO . Q)yﬂxuﬂu Ei(x}, Es(x)
u Ei(k), anauenna koropux NphseaeHs! B Tadi. IT4.1.
Dynkunn Kig(x), Kii (x), Kiz(x), Kiz(x). o onpepenenmo

T

exp ( xch f) . n—1
Ktn (x) S——m R di= | exp g sin" "o doc
v 0 :

S'm $yHKRIHR BCTPE‘I&IOTCH IIpH peme}ma aajau o pacnpocrpanenﬂx HATYHeRHA
B LHIHIAPHYECKOH reoMerpun,
Hexo’ropue cBoMCTBA ITHX (YHKUNH:

Kig = K, (%),
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TaGauuwa IT4.1. DxcnoHewnuansHas W WRTErpaibHele MOKAsaTebHBE (yHKIHH

Ei (x)

% exp (— %) Ey (1) Ey (1) Eqa (%)

0,00 1,000 oo 1,000 0,500 —o0
0,01 0,990 4,038 0,950 0,490 —4,02
0,02 0,980 3,355 0,913 0,481 —3,31
0,03 0,970 2,959 0,882 0,472 —2,90
0,04 0,961 2,681 0,854 0,463 —2.60
0,05 0,951 2,468 0.828 0,455 —2.37
0,06 0,942 2,295 0,804 19,447 —2.18
0,07 0,932 2,151 0,782 0,439 —2.01
0,08 0,923 2,027 0,761 0,431 —1,87
0,09 0,914 1,919 0,741 0,424 1,74
0,10 0,905 1,823 0,723 0,416 1,62
0,11 0,896 1,737 0,705 0,409 —1,52
0,12 0,887 1,660 0,688 0,402 —1,42
0,13 0,878 1,589 0,672 0,395 —1,33
0,14 0,869 1,524 0,656 0,389 —1,24
0,15 0,861 1,464 0,641 0,382 —1,16
0,16 0,852 1,409 0,627 0,376 —1,09
0,17 0,844 1,358 0,613 0,370 —1,02
0,18 0,835 1,310 0,600 0,364 —0,949
0,19 0,827 1,265 0.587 0,358 0,884
0,20 0,819 1,223 0,574 0,352 —0,822
0,21 0,811 1,183 0,562 0,348 —0,762
0,22 0,803 [,145 - 0,551 0,341 —0,704
0,23 0,795 1,110 0,539 0,335 —0,649
0,24 0,787 1,076 0,528 0,330 0,595
0,25 0,779 1,044 0,518 0,325 —0,543
0,26 0,771 1,014 0,507 0,320 —0,492
0,27 0,763 0,985 0,497 0,315 0,443
0,28 0,756 0,957 0,488 0,310 —0,395
0,29 0,748 0,931 0,478 0,305 —0,348
0,30 0,741 0,906 0,469 0,300 —0.303
0,31 0,733 0,882 0,460. 0,295 —0,258
0,32 0,726 0,858 0,451 0,291 —0,215
0,33 0,719 0,836 0,443 0,286 -—0,172
0,34 0,712 0,815 0,435 0,282 —0,130
0,35 0,705 0,794 0,427 0,278 —8,94.10™2
0,36 0,698 0,774 0,419 0,273 . | —4,03.10—2
0,37 0,691 0,755 0,411 0,269 —9.79.10—3
0,38 0,684 0,737 0,404 0,265 2.90.10—2
0,39 0,677 0,719 0,396 0,261 6,72.10~%
0,40 0,670 0,702 - 0,389 0,257 0,105
0,41 0,664 0,686 0,382 0,253 . 0,142
0,42 0,657 0,670 0,376 0,250 0,178
0,43 0,651 0,655 0,369 0,246 0.214
0,44 0,644 0,640 0,363 0,242 0.250
0,45 0,638 0,625 0,356 0,239 0,285
0,46 - 0,631 0,611 0,350 0,235 0.319
0,47 0,625 0,598 0,344 0,232 0,354
0,48 0,619 0,585 0,338 0,228 0,388
0,49 0,613 0,572 0,332 0,225 0,421
0,50 0,607 0,560 0,327 0,222 0,454
0,51 0,601 0,548 0,321 0,218 - 0,487 -
0,52 0,595 0,536 0,316 0,215 0,520
0,53 0,589 0,525 0,310 0,212 0,552
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0,343

MMpogoaxenue rada [T4.1

L exp (— x) Ey (x) £q (%) Es (%) Ei {x)
0,54 0,583 0,514 © 0,305 . 0,209 0,584
0,55 0,577 - 0,503 . 0,300 0,206 0,615
0,56 0,571 . 0,493 0,295 - 0,203 0,647
0,57 . 0,566 £0,483 © 0,290 . 0,200 0,678
0,58 - 0,580 ¢ 0,473 . 00,285 ¢ 0,197 0,709
0,59 ¢ 0,554 - 0,464 . 0,281 0,194 0,739
0,60 0,549 - 0,454 . 0,276 0,192 0,770
0.61 0,543 0,445 . 0,272 0,189 0.800
0,62 . 0,538 - 0,437 0,267 . 0,186 0,830
0.63 . 0,533 | 0,428 " 0,263 {9,183 0,860
0,64 . 0,627 0,420 . 0,259 i 0,181 0,890
0,65 - 0,522 0,412 . 0,255 © 0,178 0,919
0,66 © 0,017 © 0,404 0,250 0,176 0,949
0,67 0,512 1 0,396 . 0,246 ¢ 0,173 0,978
0,68 + 0,507 ; 0,388 - 0,243 - 0,171 1,01
0,69 : 0,502 + 0,381 ¢ 0,239 - 0,168 1,04
0,70 o 0,497 - 0,374 © 0,235 - 0,166 1,06
0,71 0,492 - 0,367 0,231 0,164 109
0.72 © 0,487 0,360 0,228 0,161 - 112
0,73 0,482 (0,353 0,224 0,159 1,15
0,74 0,477 0,347 0,221 0,157 1,18
0,75 - 0,472 0,340 0,217 0,155 1,21
0,76 0,468 0,334 0,214 0,163 1,24
0,77 - 0,463 0,328 0,210 0,150 1,26
0,78 . 0,458 - 0,322 . 0,207 0,148 1,29
0,79 - 0,454 0,316 0,204 0,146 1,32
0,80 0,449 0,311 0,201 0,144 1,35
0,81 - 0,445 0,305 0,198 0,142 1,38
0,82 0,440 0,300 0,195 0,140 1,40
0,83 0,436 0,294 0,192 0,138 1,43
0,84 (,432 . 0,289 0,189 ¢,137 1,46
0,85 0,427 . 0,284 - 0,186 0,135 1,49
0,86 0,423 0,279 0,183 0,133 1,58
0,87 0,419 0,274 0,180 0,131 1,54
0,88 0,415 0,269 0,178 - 0,129 1,57
0,89 - 0,411 - 0,265 0,175 0,127 1,60
0,90 0,407 0,260 0,172 0,126 1,62
0,91 0,403 0,256 0,170 0,124 1,65
(4,92 4,399 0,251 0,167 0,122 1,68
0,93 0,395 0,247 0,165 0,121 1,70
0,94 © 0,391 . 0,243 0,162 0,119 1,73
0,95 - 0,387 0,239 . 0,159 0,117 1,76
0,96 0,383 0,235 . 0,158 0,116 1,79
0,97 0,379 0,231 0,155 0,114 1,81
0,98 © 0,375 0,227 - 0,153 0,113 1,84
0,99 0,372 0,223 0,151 0,111 1,87
1,00 0,368 0,219 - 0,148 0,110 1,90
1,01 0,364 4,216 0,146 0,108 1,02
1,02 0,361 0,212 0,144 0,107 1,95
1,03 0.357 0,209 0,142 0,105 1,98
1,04 0,353 0,205 0,140 0,104 2,00
1,05 0,350 0,202 0,138 0,103 2,03
1,06 - 0,346 0,199 0,136 0,101 2,06
1,07 0,185 0,134 0.0998 2.09



ﬁleIOJI}KEHHe ra6a f14.1

x Cexp (—x), Evn - | 0 Eaw By (x) .., Ei (%)
1,08 0,340 c 0,192 - 0,132 ©0,0985 2,H -
1,09 C0,33 | 0,180 . 0,130 . 0,0972 2;14.
1,10}, 20,3330 | 20,186 " | 0,128 0,0959 2;17 -
1,1 P 0,330 0,183 0,126 0,0046° 2,19.
1,12 P0,82 | 0,180 | 0,125 ..0,0934 - 299"
1,13" £0,323 7 0,177 0,193 ;10,0021 2,25"
i,14 P0,820 | 0,174 0,181 10,0909 2,28
1,15 © 0,317, 0,172 © 0,119 " 0,0897 2,30
1,16 . £ 0,813 | 0,169 CO0,18 | 10,0885 2,33 .
1,17 . 10,310 " | 0,168 £0,H18., 10,0873 . 2,36
1,18 10,307 7 | 0,164 P0,H14 . 0,0862 2,39
[,19. F0,304° {10,161 c 0,115 |+ 0,0851 " 2,41"
1,20 £ 0,300 | ;0,188 | ;0,117 | 0,0839 2,44 -
;21" £ 0,298 | 0,186 © 0,0 00,0828 ° 2,47 -
1,22 £ 0,205 - | i 0,153 b o,108° | 10,0817 2,50
1,23 - 0,202 £ 0,151 0,106-" " | | 0,0807 2,53,
1,24 D 0,289 | 0,149 0,105 | ' 0,0796 - 2.55"
1,25 L 0,287 7 | 0,146 0,103 0,0786 2,58
1,26 P 0,281 0,144 0,102, 0,0775 2,61
1,27 0,281 0,142 0,101 0,0765 - 2,64
1,28 0,278 . 0,140 0,0992 . 0,0755 7 2,67
1,29; ' 0,275 0,138 0,0078 | & 0,0745° - 2,69
1,30 0,273, ;0,136 0,0964 [ 0,0736 2,72
1,81, 0,270 0,133 0,0951 . 0,0726 2,75
1,32 0,267 - | ' 0,131 0,0838 - 0,07iT 2,78
1,33, 0,264 0,129 0,0025 0,0707 - 2,81
1,34, 0,262 | 0,127 0,0912 0,0608 . 2,83
1,35: 0,259 0,125 0,0899 0,0689 - 2,86
1,36 0,257 ° C012% 0,0887 . 0,0680 - 2,89
1,37 D 0,254 | 0,122 0,0875 © 00,0871 2,92
;38 0,252 | 0,120 ¢,0862 - 0,0663° 2,95
1,39 0,249 " 0,118 ° 0,0851 I 0,0654° 2,08
1,40 0,247 10,116 0,0839 . 0,0646 3,01
1,41 . © 0,244 7 | ] 0,114 0,0827 © 0,0837 3,04
1,42 0,242 © 0,13 0,0816 © 0,0629 3,07
1,43’ S 0,239 | voo,111 0,0805 S 0,0621° 3,09
1,44 P 0,237 0| 0,100 | - 0,079 : 0,0613 ° 3;12
1,45° S 0,235 0 [ 0,108 |, 0,078 0,0805 3,15
1,46 S0,232 ;0,106 | 0,0772 0,0607" 3,18
1,47 F 0,280 D0,105- | 0,0762 ©0,0590 - 3.21
1,48 ©D,228. 7 | 10,108 " 0,0751 . 0,0582 3,24
1;49° £0,225 - [ 10,102 | ! o0,0741 0,0575 - 3,27.
1,50 - S 0,923 [ 10,100 ¢ 0,0731 ©0,0667 3,30
1,51 - S0,221:7., | 0,0085 0,0721 ,0560 3,33 -
1,52 © 0,219 | fo0,0071 0,0711 0,0553" 3,36
1,63 S 0,907 7 | 0,0087 0,0702 0,0546 3,39
1,54 10,214 | 0,0043 0,0692 0,0539" 3,42
1,65 0,212 0,0929° | . 0,0683 0,0532 . 3,45 .
1,566 . 0,210 0,0015 0,0674 0,0525 3,48
1,57 {0,208 . 0,0902 0,0665 0,0519 3,51
1,58 0,206 0,0889 0,0656 0,0512 3,64
1,59 0,204 0,0876 0,0647 0,0505 3,67
1,60 : 0,202 0,0863 0,0638 0,0499° 3,81 ;
1,61 0, 0851 0,0629 0,0493 3,64

142

Hpomoamenune radn TI14.1
x axp {— x) E; (%) Ey (%) - - ¢ Ei (x)
1,62 0,198 - 0,0621 ©0,0486 . 3,67
1,63 0,196 0,0613 0,0480 3,70
1,64 0,194 0,0604 0,0474 i8,73:
1,65 0,192 0,0596 0,0468 . | 3,76
1,66 10,190 - 0,0588 0,0462 .. 3,79
1,67 0,188 0,0881 0,0456 3,820
1,68 - 0,186 0,0673 - 0,0451 . 3,86:
1,69 - 0,185 0,0565 | 0,0445 .- 3,89
1,78 - 0,183 0,0558 © 0,0439 3,92
171 0,181 0,0550 00,0434 . 3,95.
I,72 0,179 0,0543 0,0428 3,99:
1,73 0,177 - L 0,0536 | 0,0423 . 4,02
1,74 0,176 0,0529 - 0,0418 4,05-
1,75 0,174 0,0522 .| 0,0412 . 4,08
1,76 - 0,172 - 0,0616 | 0,007 ‘| 4,12
1,77 - 0,170 0,0508 00402 .4 4,15
1,78 0,169 0,0501 09,0397 . 4,18:
1,79 - 0,167 06,0495 00392 4,99
1,80 0,165 0,0488 0,0387 . 4,25
1,81 0,164 . 10,0482 0,0382 4,98
I,82 0,162 1 0,0475 0,0378 4,32.
1,83 0,160 " 0,0469 60,0373 4,35
1,84 0,159 0,0463 0,0368 4,39
1,85 0,157 10,0457 0,0364 4,42,
1;86 - 0,156 0,0451 10,0359 4,45 .
1,87 ¢ 0,154 60,0445 0.0355 4,49
1,88 - 0,153 40,0439 0,0350 . 4,52
1,89 ¢ 0,151 0,0433 .| -0,0346 . 4,56
1;90: 0,150 0,0428 0,0341 . 4,59
1,9t - 0,148 0,0422 0,0357 . 4,63
1,92 0,147 0,0417 .| 0,0833 .. 4,66 -
1,93 0,145 0,04E] - 0,0329 4,70
1,94 0,144 0,0406 0,0325 .. 4,74
1,95 0,142 0.0401 | 0;0321 .| 4,77
1,96 0,141 0,0395 - | - 0,0317 - 4,81 .
1,97 0,139 €,0390 0,0313 - 4,84
1,98 0,138 0,0385 0,0309 .. 4,88
1,99 0,137 0,0380 7| _0,0805 .- 4,927
2,0 0,135 3,75.10=% | 3,01.10—2 4,95
2,1 0,122 3,30.10—2 | 2,66.10—27 © 5,33
2,2 0,111 2,90.10—2 ; 2,35.10—3., 5,75
2,3° @,160 2,55.10-2 [ 2,08.40-%. 6,15
2,4- 10,0907 2,25.10—= | 1,84.10—2 6,60
2,6 8,21, 1,98.10—2{ [,83.10-2 7,07
2,6 7,43. 175.00=2 | 1,44.10—2 7,584
2,7 6,79.] 1,54.10—2 | £ 28.10—2 8,11
2.8 6,08. 1,36-10.2 | 1;13.10=2 8,68
2,9 5,50- 1,20-10—2 4 1,01.10—%. 929
3,0 4,08, 1,06-10—2 | 0,89.10=2 9,93
3il £:50- 0,94.10—2 . 0,79.10—2- 10,63
3,2 4,08: 0,83.10—2:| 0,70.10—2: . 11,375
3,3 3,69. 7,38.10—% | 6,26.10—3 | = 12,162
3,4 3.34. 6,54.10—3:| 5,56-10—%. 13,01
3,5 3,02 5,80.10—%1) 4,95.10=% | 13,93~
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Tadmuna  114.2. Bwavenns i IG
- HELH 1 g .
Gynewit Ki_y'(x), Ki, (x), Ki; (x} Mpononmenne rada [14.2
* Ki_z (x) :
1 Kig (x) Ki, (x} x Ki_y (x) Kiqy (%) Ky {x)

0 o - 1
0,1 9,838 2,42707 136517 51 3,6192.102 3,3083.10—3 3,0593.10—2
9,1° 6,4775 2,03003 71700 53 7500510 5 eso1 105 2,7459-107
.2 4, 7760 1’75270 s ’ > +107 ,6691-10—8 2,4650.10—3
0,3 3’0 0 ’ 1,02368 5,4 2,5066-10—3 2,3846. 102 2,2130.10—%°
0’4 211224 137246 0.86883 5,5 2,3256.10—3 21387, 10— 1,9871‘13_3
0,5 1, 6564 092442 9, 74520 3 5.8 2,0832.10—2 1,9185.10—* [17845.10—
0,6 1,30283 0 77755 061369 : 2a 1,8665-10—3 1,7212. 10~ 16027103
0,7 105028 0,66052 0,50889 5,9 1,6726-10—3 1,5444. 108 1'4395. 10
0,8 0,86178 0'56535 , 48720 6, 1,4992.10—% 1,38560.10—3 1,2031.10—3
0’9 071653 0,50535 8,42606 5’? 1,3439.10—3 1,2440. 103 1. 1618.10—%
1,0 0.60191 0 25105 ;37358 05 1,2049.10—% 11167102 1,0439. 103
1 0’ 20076 042102 8,32829 6.2 1,0805.10—2 110025, 10—* 079380, 102
1,2 0,43459 0'31851 0’28903 6’4 9’6-911'10:2 9,0014. 10— 9,0906.10—¢
i.3 0, 37955 0' 57895 0,25{.789 6 ?,()931-10_4 8,0831.10—4 7.5764. 104
1,4 0. 32084 0’54550 0,22:)10 &'a ,7989.10— 7,9593. 10— 68096 10--*
R 0,27739 0,21381 0! 17691 6,7 619708 10—+ 5800, 101 S0,
6 0,24063 0,18796 0, - 6.8 5362 10— 185701074 5,5032-10~4
1,7 0 5 : 15616 i ) 5,6362.10— 5,92618.10—4 4.6479.10—*
18 0 2000 0,16560 013851 6.9 5,0502-10—4 1.7275. 104 414489, 10—
2,0 0, 13987 0! 180 0/667130 7,2 5 G817 10— s 1o 3,5976- 1077
2,1 g 1927 ' ; ’ : 107 ,4308. 104 3,2356-10—*
2 e 0. Lovrs, 0,086396 5 3288410~ 50836+ 10— 56169 10—
2,4 8,3795.102 7' 0917.1072 8502 ‘ ,65830- 107 ,4918.10—4 2,3547 104

! — ,0217 - 6 1042.{0“—2 7!6 2,3833.10—¢ —dq i
2,5 7.3g91.1072 6 92481072 ) ’ 2,2402. 10 2,1184.10—

. ! - y2348- 5,4429.102 7,7 2,1412.10— 9 - tane

2,6 6 L1072 —2 ' ) ,0142.10 1,9059.10—%
2,7 5’?%%.10—2 E'S"ggs'ig—a 4,8543.107% ;,3 1,9239. 10— 1.8111-10—4 1,7128-10*4
2,8 5,1113.1072 '3 2 -2 4,3316.10 g 1,7288.10— 1,6287. 10— 1.5429. 10—
2,9 4 5286.1072 A 10— gggg”g:ﬁ | o' }ggggigﬁ‘j 14647104 1,3884.104
3,0 4.0156.1072 3 47401072 14581 , ,3964 10~ ,3173.10—4 1,2495.10—4

: — 14740. 3,0848.102 8,2 1,2552- 104 1,1849.10—* ’ ~
3,1 3,5634.10% 3 0955.10—2 ! —a 8.3 ' _ ,1849-10 [,1244.10—
3.2 ean . 10—2 10955 1™ 2,7667- 10 ; 1,1283.10—¢ 1,0668- 104 1.0120. 10—*
33 S8 10-2 2,7605 10 214610102 5.4 110143104 odgten. 0 09100, 10—
3,4 ! 102 ' e ) S0 ! : 0™ ,6258.10—5 8,1990.10-%
3,5 2 T 10— 2 1o I,9710- 1077 b 8,2000. 107 7,7606- 10~ 70380610~
3,5 1’979510_2 1’7 991672 1,7634‘10'_3 8,8 7,3736'10_5 6’982710—5 6,6441-10"'5
3,7 1,7628.10~2 1 Leat 102 Lome2 107 8,9 P 6,2831 .10 5.9911.10~
3i8 ]’5706-10“2 1,3 31 - 0—2 1,412710‘2 9!0 5,963510_5 5,654010—5 5,384910_5
3,0 1,2484.10—2 11160, 10—2 , 1328107 3’9 82451078 5792105 4,3556. 10—

! _ s . . Nl , 4,3399.10—5 4 1914.10—5 ! sy
4,1 ] l0—* _ 1,0147.10 ,1214.10 3,9309.10—%
s s ) dmewn | owee 8| gwdln | gowien | s
4.3 8,8722.107° 7.9880- 10— 5015, 10— 9.5 1602 10— ,3391- 1070 3,1875.10—

) - ,9880- 7,3019.10—3 , 3,1602.10—* 3,0058.10—5 -
4,4 7,9233.103 7,1401.10—3 ’ s 9,6 9 05810 2,8706-1075

* —_ [ . . —_ ] ,8435-10_5 2 7059.198 ’ _
4,5 7,0781.10~° 6,3999.10~3 S e 10— 9,7 ,7059-10 2,5853. 105

' _ ) . 10— : 2,56687.10—5 2. 4360105 29 —
4,6 6.3250. 10— 0’5501, 10—3 5,8689-10—7 9’8 5 — : 0 2,3984.10—5
4.7 : o—s ,7304.10— 5,2630- 10— , ,3025- 10— 2,1932.10—° 2’ 0072.10—5
s g | g | dme go | e | Dmwe | bwes
4,9 4,5212-10—* 4,1189-10—2 3.7990- 10— ' ,7780-10 1,7015.105
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Ta6nuna I14.5. 3sauenna dymiumi Ki, (x) n Ki; (x)

X Ki; (%) Ki; (x) x Ki, (x) Kig (x)
0,0 1,00000 0,785308 1,0 0,273621 | 0,237845
0,05 0,027295 0,737259 1,1 0,242801 | 0,212057
0,10 0,862521 0,692543 1,2 0,215644 | 0,180163
0,15 0,803040 | 0,650905 1,3 0,191678 | 0,168822
0,20 0,750450 | 0.612064 1,4 0,170499 | @,150734
0,30 0,656148 | 0,541863 1,5 0,151761 | 0,134640
0,40 0,575660 | 0,480375 6 0,135164 | 0,1203i1
0,50 0,506374 | 0,426358 1.7 0.120449 | 0,107545
0,60 0,446367 | 0,378792 1.8 0,107392 | 0.096166
0,70 0,384160 | 0,336825 1,9 0,095796 | 0,086018
0,80 0,348576 | 0,209730 2.0 0,085491 | 0,076964
0,90 0,308659 | 0,266921 3,0 0,027925 | 0,025647

Mpuromenne 5 [PMMEP PACHETHOM OLIEHKM PACIPEJENEHMS
TEMNOBBIAENEHMA B 30HE BOCHPOMIBOACTBA PEAKTOPA-PASMHOMMIENA

HocueioraTespiocth pacieTor pacnpeienels TelIOBECAOUNA B 30HE BOCIPOHARGL-
CTBA PRAKTOPA-PAIMHOIKHTLIA HARCCTIPHPYETC NPHMEPOM HAXOIKABHHS pPagHalLlIoOre
pacnpazenenns TeliOBLACIEHHA B 30He BOCHPOHIBOACTEA PazPalaTHBAEMOr0 peakT-
pa HA GLICTPHIX HefTPONAX C reNHeBHM TenjionocHTeqeM BIP-300 [63, 64].

[lpn naxompenwy paAHANBUOTC DACTPENCACHHS TOIJOREACTENAT MOMHO OIpd-
HHYHTBCH PACCMOTPEHHEM OJHOMEPHOIO UMSHIAPHUECKOTO PeakTopa. ®usHYeckH 210
O3HAYAET, UTG PACCMATPHBASTCS [aJHRbHOE DAClpeie’elie TeHAOBRASACHHIA T Ied-
TPaJbHOM TO BLICOTE CeHCNn peakropa. TenAosmeNeHNe B 30HC BOCUPOHSBOZCTRA
PEAKTOP2-DA3MHONKHTEN CRAANLIBACTCH W3 CJGEYVIOWIHX OCHOBHLEIX COCTABJSOILHX

1) TemyOBBIALASHAS 34 CHET TOPMOMNCRHS OCKOJKOE M [-H3AVIEHHT HPOAYKTOR
JeNents, or Jenenuil, TPOHCXOASILEX B 300e BOUIPOH3BOJCTRA;

2) renioBbijencHHs 3a CUeT Y-KB&HTOB, NMPONHKAGIINY B 30HY BOCTPOHIDOZCTBA
M3 aKTHBHON 30HH;

3) TRUNORBIiCNENHA 3a CYET Y-KBAHMTOR, BOSHHKAIOWHX B 30He LOCHDCH3BOACTRA
OT PA3mHYNbIX peakmuil MoA AeHcTBHEM HelTpoHOB.

Jdis maxongienins nepnoft  COCTABJAOMCH TENJOBBIASMEHHA HOOOXOAHMO 2HATH
paciipejie/ienne NUIOTHOCTH [JeAeHUN B 301e BOCHPOH3BGACTEA C YUETOM HeJeHHA [3a-
KOTFMBIIErOCH BYODHUHOTO SAEPHOro Tonanba (Mayrorun-239) w moporosofi peaxiu:
ZeJieHHs ypara-238, Ora cocTaBagONAR HAXOZHTCT B PeayaLraTe melTpoHno-gusuye-
CKOro pacyeTda, T. ¢. B PE3yJbTATe PEICHHA YPABHOHME AT DPOCTPAHCTBEHHO-IHEPTE-
THYGCKOro pacnpejensuus gelrponops s peaktope. B cayuae peaktopa BIP-300 nc-
HoMb30BadAchk pacvyeTHan nporpamMa GABI [13].

Pacnpegenenne TemJoBRZRJAEHHS 34 CUET TOPMOMEHHR OCKOJAKOB ACASHHST i
B-uacTHn, npH pacnaje DPOAYKTOB AEIEHHA NPOHOPLHHOHAJEHG PacHpeiefellHio IaoT-
HOCTH [Je/eHHE B 30Le BOCTPON3BOACTBA M NpeAcTasneHo Ha pue. 8.10 xpusoii 1.

Hna pacwera TenAoBHASACHHA 3a CYET V-KBZHTOB, NPOHHKAIGHX B 30HY BCC-
NpOoH3BOACTEA H3 AKTHBHON I0HLI, Hano 3laTb HpDCTp&HCTEBHHOO pacnpeﬂ,eﬂe]me
MJIOTHOCTH MOUHOCTH HCTOMHMKOB Y-KBEHTOB B axTHBHON aoHe. Tax Kak AKTHBHAA
sona peakropa BTP-300 copodminpopana B iendx BLIPABHEBAHEA pPachpelesieii
TEILJIOBLICHEHHA, TO MM OUCHKHM MOMHO TNPHHATH, 4TO [JIOTHOCTL AEJIEHHH, a4 Cie--
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KOBATENbHO, ¥ IJACTHOCTE MOIHHOCTH HCTOUHHKOB Y-KBAHTOR B AKTHUBLON 30He <ESY)
PACAPCARICHL DABHOMEPHO N0 DaiHycy akTHsHON sonul. y-KpsuTel B aktusnoiél sone
BOSHUKAIOT B OCHOBHOM 34 CUET PEaKUHH JedeHH: {MIHOBEHHHC H 3a11a3AbIBAIONHE),
KPOME TOrO, OHH HOABAHIOTCI B PesyNbTaTe PAAHALHCHUOrO TOrJOIICHES I HeYylIpyro-
TQ paccesiHus HelATPOHOB.

B 30He BOCHPOH3BOACTBA Y-KBAHTH BOSHHKAIOT B peaysibrare aHAAOTHEUBX HPO-
UeCCOB 34 CyeT FeaeHufl, pairalHOHBOrO IIOLIOIMEHHR W HeYNpyroro DACCEsHus Hel-
tponos. [IpocrpancTseunce paclpefeneliie HCTCURHKOE Y-KBAITOB B S0HE BOCOPGHI-
BOACTRA 00YCJOBJGHO NPCCTPAHCTBCUHHEM pAachpefesenned nefitponon, KoTopoc, Kax
LOKa3aJH pPesysbTaTel HeHTPomIe-GH3NYECKOTO DACcYeTa, HMeeT CHajaiollyl K Hepl-
(hepuH 30uBl BOCHIPOM3BOACTBA HOPMY.

Jst pajuanbHcii 40HB BOCHPOH3BOACTBA  9TO PACTPEAJSCHNE NNOTHOCTH HCTOYU-
HHKOB Y-KBAHTOB XOPOUIO annpokcuMupyercs opuyoll BuAa

X

CES)®P {x) = (ESyy" P exp (_ U?T) ’

rjie X -— PacCTOsiNEE, OTCUHITLIBAEMOe OT IPaHHIB axTHBHOH 30HH ¢ 3CHOH BOCIPO-
E3BOJCTBA B DAfHAJBHOM HANPABJEHHE AO TeKYLLEH TOUKH 30HH BOCTPOHIBOUCTBA;
(ESW>“~H—_n-zamcnnqammoe SHAUeHHE NIOTHOCTH MCIIHGCTH HCTOYHHKOB |-KRAHTOBR
B pajHajdbHOH 30HE BOCHPOUABOACTEA, A -— NOATOHOUHEIE IapaMeT), HMEMIMHH CMBICI
3 DeKTHRHON AJHIB peiaxcaildi GHCTPHX HeHTPOHGB B 30HE ROCIDOH3BOJACTBA.

Jns pacemarpueaeroro npuMepa A=1/0,0693 cm. ITAoTHOCTH MOLLIOCTH HCTOI-
HHKOR Y-KRAHTOB (ESV)E‘-a H <ES,‘,0>3-B OPOHOPUHOHANIBHE DOJHOH MOIIHOCTH peax
Topa. [loatoMy semHuHHH (ESyn (ESY())G-B yAoBHO HOPMHPOBATL HA ORHO Hes-
LHe B akTUBHON 30He,

Ilpy xamoM FeneHuH B aKTHRIOH 30He BRIJENAETCH:

1) sHeprud MIHOBeHHBEIX ¥ samasjbiRalinux y-xeaHtos (13,8 MsB);

2) zHeprust  y-KB2HTOD 32 CUeT DAAHAUHOHHOIG NOMOHIEHHA  UEHTPOHOB
(4,7 MaB) [37a peanumHa paccydTana HCXOAA H3 A2HEMX HellrpoHAO-(IH3HYECKOro
pacdera No YHCAY PeakuHil paIHAUMOHHOIO IONJIOHIEHHS K € HCIONb3OBANNEM XARIEKX
[0 3MEPFHIl Y-KBANTOB NP PAfHALNOHHOM HNOMNIOLWCNHN sedTpoios (em. tadua T13.2,
n3.3}1;

3) sHeprHs y-KB&HTOB 3a CYeT ueyNpyrux paccefnui mefitpodon (~1,5 MaB)
[ouenupaeTcs HCXOMS u3 HeRTPORHO-PHSHUECKOFO pacueTa Peaxiopd, KOTOpHE gaer
BO3MOXKHOCTh NOACYMTATL UHCAO HEYHPYIHX [EDEXOJ0B U Hi3MeHeHMe SHepruH Heil-
TPOHOB IPH 3TOM].

TaxHy ofpasom, na oAUO fAeNieHHe B aKTHBHOH 30He MOJSHAS 3HEPTHH HCTOYIHKOB
y-H3AYYeHHs paBHz ~20 MsB, T. e, MOWHOCTE HCTOUHMKOB V-HaJYYEHHH B 2KTHBHOH
3oHe cocTapifer ~ 10 % MOmHOCTH, BHAeAAeMOl B peaKrope.

Ha ocwopammm peayabrarcn neifirponno-uaudeckoro pacuera OBLIO MOAYYEHD,
UTO UYHCO LEJEHHH B pazMa/bHON scUe BOCHPOH3BOACTBA cocramaser ~ 0,6 9% umcna
JefeHHI B aKTHRHOHN 3CHC, JTC O3HAUAET, UTO B PajuanbHofl 30He BOCHPOH3BOACTHA
HpH ECJICHUH BLIACIACTCH E)HEPI‘HH V- HITYUCHEA (MJ"[IOBCH]]OFO H 3:11'183}'{]31]33]0]1[,@1’0)
HA ORHO flefienie B akTtupioil soHe (~1,32 MsB).

OHeprHS Y-HANVICHHA 3a CUCT PALlHANHOHNOro ICIVIONleHAa neHTpoios B 3oue
BOCHPOH3BOACTBA cocTapaaeT ~2,2 MsB, a sHeprust y-HaJygeBus 3a CueT HEYNPyroro
paccesiuua UefTPOUOR B 30ue Bocnpoussoicrsa — ~0,5 MaB na ojHo senenue 3 oax-
THBHOH 30HE. _

TloAnast sHeprHa y-HazAyueHHA, BOINMKAIOUIETO R 30HEe DBOCTPOHSBOACTRA, COCTAS-
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aser ~4 MsB ua ofHo gelende B aKTHEHOM 30HE, T. €. lNOJH&A MOUIHOCTE HCTOUHHKOB
Y-HAMYUCNHs B DAAHABHOM 3Kpane paBHa ~2 % momuocTH peakropa. 3nasg pactipe-
ARICHAC TNIGTHOCTH MOUIHGCTH HCTOUHHKOB H TONHYIO MOWIEOCTH HCTOUHMKOR Y-KBAH-
TOR B AKTUBHOH 30HE H B 30He BOCTPOHM3BOICTEAR, MOMKHO ONPEeLeNHTh MAKCHMAIBHYIO
MIOTHOCTE MOIIHGCTH -HCTOYEEKOD Y-KBANTOB,

Ecan sa emuudiy NpHHEATL sSHAYeHHE cpeanero (10 LeNTPAdbHOMY CEYEHHIO ak-
THEHOH 30HH) 00LEMIOro TEDJNOBHACHERHS, T0

(ESypy®=0,1: (S ¢\*" = 0,054,

B cBusu ¢ TeM uTo mpafor ocKOAKOB K B-uaCTHI B Marepuase peakTopa Mad, pac-
MPEASACHHe TENNOBH/GNCHHA 34 CUET TODMOXKENUST OCKOJKOB JeJelHs H P-1actdil
ByleT TPOTOpPUHONANSHO DacHpe/leflenno NAGTHOCTE gederuft. [as Y-KBANTOB Aelo
obcToNT Hiaye,

B aroM cyuae HARO YUHTHIBATEL, YTO SMEPTHS Y-H3AyueHHs NEDefaeTcd Cpefe na
GOMLIHX PACCTORNNAX OT HCTOUNNKA, B CRA3M C UeM pachpeleneHue ICTHOCTH Tell-
JIOBLIIQJCHUS 1€ TPONCPLHOHALBIO paclupeliefieHlio NJIO0THOCTH MOHLHOCTH HMCTOUHM-
ko3 y-kBaHTOB. IIpH pacwere remioBbILCJSHIA sa cueT BIAHMOMEHCTBHA Yy-KBAHTOR
C BENeCTBOM HeofXO[HMO YUHUIBIRATE SHe[TETHUECKHH CHEKTP Y-KBAHTOR HCTOURHKA,
HOCKOABKY KOZ(QHUHEHT ICNMIOWERES JHEprHH V-KEAHTOB 3aDHCHT OT MX SHepriw
(cm, Tabu. TI3.5, Ii3.6). CHexrp y-KBARTOR HCTOYHIKA CHOMEH, TAK KdK OH pasfy-
HeH Aaf PANBIX NPONCCCOB, NMPHBOAAUIMX K HOABJCHHIC Y-KBAHTOR (cM. rtabm 1.3,
1.5 1 I13.3).

OnHEKO XOBOMBHO 4YACTO CHCKTP MOM(HO YYECTh TPH DACUeTe B MaJOrpyInoBOM
MO DHEPTHE UpHOJUKeHHN. B gaEmoM nmpumepe R4S WAZIOCTPAUHH Y4eTa CliekTpa
paccmaTpuBaerca AIBYXrpynnosoe mpubmxense, K nepsof rpynne otHecenn y-KBamTsl

¢ smepruch F, B mutepBane or 0 fo 2 MaB ¢ sddextuniol suweprae E() =1 MasB,
p v P ¥

ko BTOPOH rpyrme — ot  fo —~ 10 MsB ¢ adextunuof snepruei EE{,”:S MaB.

SOnepreTHuecKuil COEKTP B ABYATPYIIIOBOM NpPHOTHIMERHH GLLY TOAyUell CBEPTHBA-
HHEM CHeKTpa Y-HsaAydeuds AenesH# [Mruosenmssix (o, Ta6m. 1.3} B aamasaueamn-
WX y-gBAHTOE (cM. Taba. 1.5}] W cmextpa y-Helyuesus, HCNYCKAEMOTO Tp# pajua-
HHOHHOM DONOUICHHE HeATPOHOB pasimiamMy HyKAAaMu (cu. radn I13.3). v-Many-
UeHHE HEYMPYrore paccesnua OTHeCeHO K Oepmofl sHeprernueckod rpymne, Crexrp
SHEPTHH Y-H3NYUENHS B ABYXTPYTIOBOM TPHGIHMKEHHH fw- npegcrasiaer 3 taba 8.3.

B mpororpynmopoM HpHOMEINKCHHH DACHPRACHEHHE TUIOTHOCTH MCTOUHAKOB MR
KAXKA0H H3 30H MOXHO HPEJCTABHTH B BHAE

CES ™= 2 (ESy)™ s (Tt6.1)
(P8 " = F(ESyy»™, (115.2)

rhe CESyy™® = (ESyY*° fyps (ESyy* " = {ES Y fyye

Bocnonpgopasines coorsomennsimy (15,1} w (I15.2), MomHo paccunTaTk pas-
npefenente o8LEMHOTG TEIIOBRIEASHHR 32 CUST Y-KRAHTOB NO pagdycy 30HE BOC-
IPOUSBOACTBA Kax CYIEPIOSHLHI) COOTBETCTHYIOMNX PACHPELeNeHHil MOIIHOCTH He-
TOUHHKOB KA [0 3HepreTHIeCKOH rpynnp (E,aSw->a-3 H (EI-SW)B-B. Jas a0l uenn
HeoOXORHMO SEATh AHAEHiBE KO>(GQHINEHTH [OTICIUEHHA 3HEPIHH Y-KBAHTOB U5
KaX N0 SHEPTeTHUCCKOH TPYNLH [ H B KaXfoH 3oHe k peaktopa ],ng, [
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Pacyer p, mpocr w Beaerca no opMymne (3gech WHESKCH £ M [ AaS mpocToTal
3aMHCH ONYIUEHH }

g = ; Wi {115.3)

rHe y; — lapUHajbHhe [ACTHOCTH MATEPHHINOB, BXOAIKX B COCTAR DPACCMATPHBAS-
MOH aoHs, rfemd; Wi — Maccompifi xoa(HIEEHT NOMNMIOIWEHHA SYEPTHH RS Y-KRAH-
TOB paccMmaTpHBaeMol SHepTerHueckod IPYNDEl H pewlectBa £, cm?/t (cm, tabn, [13.6).

Suavenns uﬁf, HOJNyYeHHEE BBHINIEYKA3AHHHM CIOCOBOM A JABYXrPYNIOBOrO
NPpHBALAERHA, TPEACTABICHR B Taba. 8.2,

Auanoruugo MoryT GbITh TMOAVUCHBL 3HAYelns JHAciiHOrO ocstaBnenus y-Kamyue-
gHg p® Jlas aroro HeoBXOAUMOC MCOOXL30BATL AaHHmle Taba, [13.5 4O Maccoporo
Koaduupesra cenabienns yv-geantos W,

Hnst arropa HAKOLMEHHS TONOLICHHON SMEPTHH OT TOUEYHOTE HCTOUHAKA MOK-
HO BOCHMOMBb30BATHCS SKCIOHEHUMANLHOW (GopMolt mpocrefiluerc buaa

By (ur) = Aexp (— {p—pg) 1),
rae A=1; r — paccrosgHe OT TOUGUHOIO HCTOUHKKA MO TOURH HAGMIONEIHSL.

Tak xaKk gag axrtuesod sonk wR>»3 (R — paguyc amTHBEHON aonm), a Toaulzaa
DajHanbHOR 30HET BOCHPOM3BOACTBA A€ R, TO A/t HAXOWASHHA PACHDEALNEHHA Mo-
TUOIEHAGH 5HEPIEH B PajHaNbHOH 30le BOCNPOUSBOACTBA 334 CUCT HCTOYHMKOR aK-
THBHOH SOHBI IM#JHHAPHYECKYID 38427y MOIKHO 3aMEHHTH IOCKOMN, HpHUEM AKTHBHYH

30HY AJA 2TOr0 Ciyyas CJACAYeT PACCMaTPHBATE KaK JeBOe HNOAYNpPCOCTP2HCTBO, Opd-

MHKAI0Uee K CNOI0 30HH BOCHpPOH3BoAcTBa ToMuEHofl A, Torza Moxkze BOCHOJB3O-
BaTheA (opMyaamu tHoa {[12.3):

2.3
3.8 <EIS'YI

(h 28;;)
Ty () == i i

me B () G S By (), (@S
Hai Hao

TAe ¥ — PacCTOANHe OT BUYTPeHHeH IpPaHHUBl CA0H 30UBH BOCHPCH3ROJCTBA BHPABO,

Oynkumz Ey W HX 3HAYCHAS DPeACTABJCHH B UpHAomeHnH 4, Pesyaprare pacueron

no aroil GopMyse mpepcrasiessl Ha puc. 8.15 b Buje wpupol 2.

Ilpn pacuere pacnpefeneis TeNjOBEAEJSHNA 32 CUET HCTOUHHKOB Y-KBAHTOR,
POKAAIMIAXCA B 30HE BOCHPOMSBOACTBA, BOCHOJbIYeMCA TEM, uTe (aKTop HaKom-
JCHES MOPACIIEHHOH SHEPTHH OTHCHBAETCH sKCUOHEHUHALHOR (opMyaol thna (7.12),
4 IMIOTHOCTE MOIIHOCTH HCTOUHUKOB [acTpefeleHa [0 SKCIOHEHHHAJbHOMY SAKOHY
(cM. npunowcenne 2). Ilpm S1OM 30HY BOCHPOHABONCTBA OyleM CYHTATE TAACTHHSH
Tonmueofl A, Toraa pacnpepesiesuc TenIoBHARNENHA 34 CueT HCTOARHKOB Y-KBAHTOR
30HH BOCOPOM3BOACTBA, HCIOALAYR GopMyiay tuna (I12.13), samamem B puxe

2
X
Tyy (9) = @ 0,5 {ESoyy™ " exp (m T) *
y=

FE (P —0, ——— . @)

KW pgPx,
wah

v
af ¥
Bup ¢yaxuuit ¥, npueegcn B npumomenny 4.
Pesyaerath pacvera mo stoii dopMyde npefcraniens a puc. 8.15 B buge Kpi-
Boit 3, CymMmmupoBanre xpuBux J, 2 g § 4aeT pachpefeseHHe FOJNROLO TEDIOBLILEeHHs

B DAJHAABHON 307 BOCHPOM3BOACTB2 (KpHBaa 4).
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CMHMCOK ObO3HAYEHMH

A — atomnan Macca HyKaHAA
B(r} — daxrop HaAXOWIEHH [Jis y-H3AY4eHHA
C — KOHUEHTPauud XHCAOTH
Cx — MONAPHAS TENAOEMXOLTh
Cp — yMeabiiad TeilJJOEMKCCTh PH TOCTOAHHOM JMARJCEHH
D — goafpumuent arddysan HeliTpouos
Dim, DY) — norgomennas sneprua HeATPOHHOrO M Y-HAJIYUEHHS COOTRET-
CTBEHHO
E — 3sHeprus 9acruuel (y-H3JyueHHs)
E — cpeipee 3HnueHHe SHEPrHH
Ey— cpeplisng sHeprHst HeHTpoHa JeneHH:
Eoown — CPeARAS] KENETHYECK:n SHEPTHA OCKOJXOB JeJeHHd
E¢ — sHeprHa JeJenyus
E, — SHEPrHS HEHTPOHOD ASHCHHT
E o — KHHETHUECKAS SHEPrHA C-YaCTHUB M SAP2 OTAAUM TPH peak-
unn (n, o)
{ESy> — WIOTHOCTE (PaclpeeleNie) MOIMHOCTH HCTOMHHKOB Y-H3NyHe-
nas
F — (mwenc nefitponon
F(r, £) — mi0TuocTs GOTOKA SHEPTHH Y-M3AYTeHHA {V-KBAHTQR)
f(E) — nons HeliTpOHOB JedeHHS, SHEPIHA KOTOPMX NPEBENLACT 3HA-
uenane £
F(E, E) — rommdectBo MacTHI M Y-KBAHTOB ¢ IHeprHedl, fexaimel B
e[UHHYHOM HHTepBade bOJEaM 5HeprzH £, Koropeie ofpaay-
10TCsI [IPH B3AHMOACHCTBHH CO cpefofil HefTpOHa, oflaaaome-
ro sHeprueit E'
foen (E) — pacnpepiensine OCKGJKOB JEJEHHA [0 KHHOTHYECKOR SHEPriM
f\“}”{(E) — CHEKTp MTHOBEHHOIO Y-H3JYYEHHA, BOHHKAKOMIEr0 NPH JAeNeHUH

fﬂ(E),(?im(E))——cneKTp f-uacTew {y-WsJiyuemis), BBLESAAIOLIMXCA NpH PaAHO-
AKTHBHOM pacnaje NpoAyKTOB AEJEHHS
g(E), (gG{E), giu(E) . bony
guon(E), gn,Y(E)) — ol KRHeTHYeCKO# S5Heprud wHeiTpoHa, HepelaBaeMas APy
oTpayl {NpH DeakuHAX YUPYroTo H HeYIPYIoTo DACCERHMA,
(n, 2n), (1, v)] '
f — ypenbHan akRyMyJHPOBAHHAS SHEDIHA 32 CYET DAJHALHOHHEIX
gedertoB
Il — sxerpanioauposarsas (Ham addexTHBHAR) BEICOTZ peaxTopa
I(ry — warerpas (pacnpepefeHHe HHTErpasa) AeNeHHH HA OAHO SADG
AGJTHIETOCH BelllecTBa )
I (rs, E} — WIOTLOCTL TOKA HelfTPOIIOB HAM y-HajyueHHs
ksp — sbexTHREBE KOa(PQTUHENT PAIMHOMEHHT HeHTPOHOB B Auep-
HOM peaxTope
ko — xosGipunuent pasmuemenna mefiTponce Ana GeckoHeuwHON cpe-
JE! 3aMAHHOTO COCTABA
L — pmnua pAddysun 1enaoBux HeHTPOHOB
M — [LANHA MHpanHH HeHTpOHOB
Ny~ mienc Aporagpo
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Q(r) — naoTHOCTL HCTOUHHKOB HelTPOHOB AGIELNS, TEMIOBLLIElelse
B paccMarpHBaeMoM olheme

Qf — oHeproBHJE/EHHE 32 CUET BeACHM{ BO BCEM HNEPHOM peaxtope

Qv_l_ﬁ—auepmﬂ, BLIAG/IAEMAH 34 CHET PajHOAKTHHIONO pacHaga Npo-

LYKTOB JiefeHHs
g(E), q{u) -~ nnoTuOCTs 3aMeflielHs Hel TPOICE
gy — 0f'beMHOe TEILIOBBLJeNeHHe
R, — paguyc-BEKTOD TOUEK, NAXOESMINXCA HA BHEUWHCH rpaniue pe-
aKTopa
R, -— pajAyc-BEKTOD TOUEK, HAXOJAAMHXCT 4 SKCTPaNoAHPOBAHHON
rpaHHle peaxTopa
R, — SKCTPANOJHpPOSAHHBH (nay sdhdexTupHafi} pajuyc peaxTopi
I — PAAHYC-BRKTOP NPOM3BONBHON TOURM RHYTPH peaxtopa
r — TEKYIH#I pajuyc B LMAHHIpHvecxoll cucreMe XOODAHHAT
S — maowiagp ICBEPXHGCTH Tenia :
S(r, E,Q, ) — nnotrocth (pacipefencHHe} HCTOYHHKOB HefTpoMOB
S;{r) — pacmpegenente (DUIOTHOCTH) feneHuf
S} aex(r) — pacnpegencave (IWIOTHOCTH} HCYTGURHKOD OCKOAKOD ASNEHMA
S{r, £) — mnorsocTh (pacipe/leieHHe) HCTOYHHKOR
T — teMuepartypa cpear!, HeHTPOHROIG rasa, BpeMsi pafoThl peak-
TOPA Hd MOHIHOCTH
{ — Texymee BpeMs

Hy
1= Jierapras neirpoda (u=In E

V — obneM Texa
Va.a— 00beM aKTHBHOH 30HEBI
W — MOWHOCTE  pearTopa, MaccoBeil  KosdibuumesT ocialieiis
Y-H3JTYYEHHS
Wir, B/, @'=F, @) — nuauxatpuca paccessus [IIOTHOCTD BEPosiTHOCTH Mepexeua
Hefitpoxos ms nyura (£, @) B nyuck (£, R) npu ynpyrom
W HEeYIPYroM paccedHiu}
W, — MaccoBhil KO3(upUUHEHT TOTJIOIIEHKEA 3HEPrHH Y-H3JIYUYeRHs
7 — 3apsp sSipa B eIHBHIAX 3apsia 9JIeKTpoHa
o — KOos(pHIHeAT TENN0GTAAUN
02 —— FeOMEeTPHUECKHE TapaMerp peakropa Oes orpamareis (cob-
CTBEHIICE 3uauenue onepatopa Jlanmuaca)
a2 (,?) — panEanbyad (ocepan) cocTapASIOmAs TCOMCTPHYECKOTO Lapa-
METDa PeaKropa
y — 9QPEKTHBAOS TP2HHYHOE VCJOGHE AR HEITPOHOR HA TIOBEpX-
HOCTH DOTJOINAIOLIErO CTEPHHA, TAOTHOCTh BEILECTRA
A - TOJILMEA OTPANATENS
8, — adwpextHBHag pofasra za cuer orpamaress (B, Gor-— Ang
PAJHANBHOIO H TOPLEBOID OTpaRaTeneil)
B — koa(uIHEenT HCTIOALIOBAHHS TEIVIOBHIX HEHTPOHOB
k,—1 }
1= —jjjE T — MaTepHabHHIT TapaMerp cpeasl
A\ — KOHCTaHTa paiHUAKTHBHOTC pacnaja, jJHHa CBOGOAHOrO Ipo-
Gera He#iTpoHA ‘
A — TpaHcroprHas AauHa cecbopmoro npobera meHTpoHZ B Cpele
W -~ QHHEHHEH Koz hunuesT ocaabients y-Halyuenis (y-KBanton)
g — AHHEANEE Ko3D(riugenT MOTJOUIEHHS IHEPTHU  Y-H3JAYUEHH:
(y-KBaHTOR}
L -— KO3 hHIHEHT pasMHOXKeRHA Ha GHCTPHIX HefTpoHax

= o4
He™ T34
CHCTEME KDOpﬂ,Hl[aT
HL —CpeNHHI KOCHEYC YIA2 DAacCenfHsd B CHCTEME LEHTDA HHEPIHH
3 — YHCJO BTGPHLIHETX HeﬁTPDIIOH HAa OJHO [IGIVIOIUCHHE B AEJ-
HIeMcCsl BEILECTRE

—cpefHHi KocHHyC YPaa paccesHHs HeHTpoHa B jaBopaTopHoft

153




Y — UHCIO BTOPHYHEIX HEHTPOHOB, NPUXOASLIHXCA HA OAHO JenelEe
V! — HHCHO BTOPHUYENX HEATPOHOB, NPHXOAANIHKCH 114 OLIO AE/elde
8& C4eT HeHTPOuCR j-H sHepreTHYecKOR IpyIILL
§-— cpefusia JorapudMUTeckas DOTePH DHEPIHM NPH YIPYroM pac-
CeAHNH HefiTpona
EZ — 3aMemaawINag crocofHOCTD epeanl
0 — SJIepUAs TIJIOTHOCTE
07 — AAePHAs MIOTUOCTh ZEALerocs MaTepHala
Z -~ MAKPOCKONMHYECKOe CEleHH® Cpest
Em Et‘r Ef'
Zs, i, D¢ — MEAKDOCKOTIIMECKO® CEUEHWE MOTJIONICHAS, 34XBATa, ASJNEHAS,
YHPYIoro pacCessns, HeYHPYFOrO pEccedHus!, NoJaHoe
s — MaKPOCKOMYICCKOE CeUerue YIPYTOrs H Heynpyrore paccefHus
z‘r:‘i: Ec‘fv fo‘
2., Zind, £y — MAKPOCKOIHUECKOR CeuenMe NOTJOMEHES, 3aXBaTa, HEJeHU s,
YOpYTOTO 3aMEMJICHHA, HeYIPYI'ore 3aMe/lNieHdd, TPAHCIOPTHOE
Ans [-it snepretaveckol IPYNNsl HelTPOHOB
I+
EIMP -— MaKPOCKONIUECKOE CcedeNHe MepeX0fGB M3 JHEpreTHyecKof
rpynnet [ B Ipynnmy j sa ¢4eT yOPYroro H HEYNPYIOro same-
JIeEHs
Zya'=Z 4+ ZJ+ B}/ — maxpockomsveckoa cevende yaoga He#TpOHOB W3 - sHepre.
_ THYeCKO¥ TPYIOLI
crjck-—Mmqpocxcoanecxoe CeYeHne DeaxUHH X AAf HYKAMKA & ¥ suep-

FeTHUECKOH I'PYIIIL |
U7 —— CeUCHHE B3AHMONSHCTBRA Y-KBAHTOB C BOUIECTBOM (B TOMCO-
HOBCKHX €IHHAUAX)
O -— cedeHde KOMITOHOBCKOTG B3aHMOASHCTEMA Y-KBAHTOB ¢ Bellle-
CTBOM
Oeq — CEWEHHE HMCTUHHOTO MOIVIONIEHHA SHEPTHH Y-KBAUTOB IIPH KOM-
nroH-a3dhexTe
T— BPEMI, OTCYHTLIBAEMOE TIOLJe OCTANCREM PeaKkTopa, KBAApAr
JUTHHBL 3aMelieHa HeHTEOHOB
@r, E) — na0THOCTE  (pacupezelenne MAOTHOCTH) CKAMAPHOIO NOTOKA
HCHTPOHOB HAH Y-KBAHTOB
@;{r) -- NaoTUOCTL (paclpefe/ieliie IJOTHOCTH)} CRAAAPHOTO HOTOKSE
HEHTPOHOB - SHEPIeTHUECKOH Lpymint
D+ (r, £) - - pachpeneseHie UeHHOCTH HelTPOHOB
@;F (r) -~ HenHHoCTE HeliTPOHOB j-ii rpynms
@-— BEPOATHOCIb H36EM<aTh PRIOHALCHOrO NOTJOULEEMA IPH  2a-
MeAJIEHHH HeATPOHOB
¢(r, E, Q, {) — mrornocts  (pacnpefefese IOTHOCTH) [OTOKA HEHTPOROR
HIH Y-KBAHTOB
@;(r, )~ nnotHocTs  {pacmpereneHHe TNAOTHOCTH) HOTDKA HeATpOHOB
HJAH Y-KBAHTOB AJAA -l SHEPTeTHUSCKGH IPYyENb
¥(E), % (1) — coextp mefiTponor fesenus ‘
¥/ — poan weittpomon penenus, ofiafdfOmEX SHeprEeH 5 Tpele-
nax {-§ 2pepreTHIECKON rpyImet
W (r) — coberBenHas QyHKIHA ofepatopa Jlamnaca
Q@ — e NHEIHEIH BEKTOP, XaPAaKTeDH3YIOIHH HARpABJeHHEe NOJ&TA
mefiTpoHa (y-KBaHTa)
HHI — ueunoctd 2eliTpoHOR Je/eHHA
v — oneparoep 'aMuaeTona
y?—oneparop Jlanzaca. (nannacuan)
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