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B npepnaraemoil KH¥re paccMaTpuBarOTCH METOABl pacue-
Td TEIIOSHEPTETAYCCKAX XAPAKTEPUCTUK TEPMOIICKTPH-
yeckux rereparopos (TAI) — ycrpoiicrs, koropsie ocymie-
CTBJIAIOT NpAMOe mnpeoOpa3oBaHUE TEIJIOBOM OJHEPTHU B
2JIEKTPUYECKYIO,

OcHOBHBIC HayYHEIE PE3yJIBTATH, NMOMYYEHHBIE P pa3-
paborke TOT, ony6auKoBaHE B GONBLUIOM KOJMYECTBE Xyp-
HaJbHbIX CTATEH, 8 TAKXE CUCTEMATH3MPOBAHKI B psiac 0630-
poB, MOHOrpachuii ¥ CHPAaBOYHUKOB. DTH Ny6AMKAAU OX-
BATHIBAIOT HIMPOKMII KPYT BOMPOCOB — TEXHOJOTHIO TOIY-
YCHHMSI W CBOMCTBA IIOJYIPOBOJHMKOBBIX CIJIABOB, KOHCT-
PYKLIMH TEPMOIJTEMEHTOB M TEPMOIJICKTPUUECKUX OaTapei,
METOABl M3MEPECHMSA, CXEMBl M TIaPaMETPhl IHEPTETHYECKUX
YCTaHOBOK M Ap. Bmecre ¢ TeM Merons! pacuera Temnosmep-
FCTHYCCKUX XapakTepuctuk TII' ocBemieHs B HMX *HEOOCTA~
TOYHO TIOJTHO.

Bo-11epBBIX, OTCYTCTBYET CHCTEMATHUECKOE MAJIOKEHUE C
CAMHBIX MCTOAWYECKMX MO3MIMHA TEOPUHM TEPMOIIEKTPHUEC-
KHX Ipeobpa3oBaTeseil — BhIBOX OCHOBHBIX PACYETHBIX COOT-
HOLICHMH, aHAAM3 UX TOYHOCTH W NPENETOB MPUMEHMMOCTH.
Bo-BTOpBIX, PEKOMEHAYEMbIE METOOMKH PacyeTa OOBIUHO HE-
AOCTATOYHO YUMTHIBAIOT OCOOEHHOCTH IIPOEKTHUPOBAHUS, W3-
FOTOBJICHUS Y MCTIBITAHUHA KOHKPETHBIX KOHCTpyKimid TOT.

C nepexonomM ot 1a60paTOPHBIX MCCACAOBAHMM M M3rOTOB-
JIEHMS CAMHUYHEIX 00pasLOB K CEPMIAHOMY MPOM3BOACTBY U
sHenpennio TOT B pasnmnunbie 061aCTH TEXHUKM ¥ HAPOTHO-
r0 XO039UCTBA M3MCHSIOTCS TPeOOBAHWMS, NMPEIBIABIASICMBIC K
TEOPHH TEPMOIIEKTPHUECCKUX upeobpasosaresneil. Bosznukaer
HEOGXOMMOCTD HE TONBKO OLEHUBATh HamOosiee obujme xa-
PAKTEPUCTUKHU, TAKUE, HATIPUMEP, KAK MOIIHOCTh WA KO-
scppunment monesnoro aeicteus (KIII), HO M DPOBOXUTH



NETANBHBE PACUETHl C IENBK0 ONTHMATHLHOIO BHOOpA KOHCT-
DYKIWK, W3YUYCHMH TEMICPATYPHHX MNOJCH, WCCICAOBAHMIA
IOTEph B GTAS/BHBIX DJIEMEHTAX, AHA/IM34 BJAMSHMAS KPACBHIX
sddpexros u apyrmx ¢axropos. [lpu 3T0M BaxHYXO PONb
HIPAOT TOYHOCTH PACYCTHRIX METOJOB ¥ BO3MOXHOCTD MOJIY-
yeHHs ¢ MX NOMOMBPI0 GM3MUECKH HAIVISAHBEIX PE3y/BTATOR,
TPOCTOTA ¥ AOCTYIHOCTh MHXCHEPaM-paspaboTunxam.

Vxasausbe 06CTOATCIBCTEA 00yCIOBINBAIOT NOTPEOHOCTD
8 TIocO0MM, XOTOPOC HAPARY € CHCTEMATAYCCKMM H3JIOXEe-
EMEM TCOPETHUYCCKHMX COCHOB PacycTa TEIIOJHEPreTHMUECKuX
xapaxrepuctuk 130 comepxano 6sl KOHKPETHBIC PEKOMEH-
JAUMY S peleHns Haubosice BAXKHBIX C IPAXTHYECKON
TOUKK 3PEHUS 33084,

ARTOpH CTAPAIUCh AATh MORAPOGHBIN ¥ NOCAEAOBATCIBHBIA
BRSO OCHOBHBIX TEOPCTHUCCKUX COOTHOLUEHMI MCXORS W3
33KOHOR COXPAHEHWS OHEPrHM ¥ 3ACKTPUYECKOro 3apsana.
[IpurcHCHEE METOZA MAJOro mapamerpa (TCOPHM BO3MY-
JEHUIT) MO3BOJMAO B IBHOM BUAS HAXOQUTH PCLICHUS HE-
nugehHpx paddepeHENaIbHbX YPABHEHVN IEPEHOCa 1 01 e-
HUBATH WX TOMHOCTh, KAk TPABMJIC, DEIIEHWS NOBEIEHHI AC
TPOCTEMMEX PACUCTHBIX (DOPMYJT 1 METOAMK, KOTOPbIMYU MO-
¥eT OOJB30BATECS WHKEHEP-pa3paboTumK B MOBCEHHEBHOU
MpaKTHKE.

TlockoneKy mpegraraemMasd KHUTA NOCBALICHA WCKJIIOWH-
TCABHO BONPOCAM TCIUIDIHEPICTHUECKOTO PAacyeTa, CBENCHMS
o xoHCTpyKuEsax T30 1 WX XapaxTepucTrkax JAroTCsd JIMOTh
B TOH MEpe, B Kako# 570 HeoOXOmMMO TS UMCIICHHBIX
QIEHOK ¥ OBOCHOBAHWS NpUMeHseMblx npubmmkenui. (g
Gonee HoapoGHOrc 03HAKOMIICHHS C COCTOAHUEM TCPMOIICKT-
PUYECKOW DJHCPICTHKY B LENIOM YMTATENI0 CHACHYyeT obpa-
THTECS K JUTEPATyDe, KpaTkuii 0630p KOTOPOW [NaH BO BBE-
JACHWH., :

PaboTa HAA PYKOMWCHI) DACHPENCHAUNACh MEXAY aBTO-

pamu caenyiommm obpasom: M.3. Maxcwmos — w1 I,
B.Y. Jlosbua — . 2, AJl. Kamua — i 4, opanoxe-

aue 1, O.B. MapueHKO — BCC pasjec/sL.

Asvopm Gaaromapust csonM koneram C.I1. Jlamsikumy,
1G.J1. T'y6anosy, B.®. Kykosy, A.A. Hnnukuzu, H0.1. Ily-
napery, 10.I1. ITpuneno, H.M. Cynaky, ofcyxnerue ¢ KOTO-
DBIMYM BOTIPOCOB, PACCMATPUBACMBIX B HACTOSINECH MOHOrpa-
¢uu, cnocobersopano Gonee rayOOKOMY NOHUMAHUIO TpedO-
RAHEI K TEODAM TEPMOISKTPUUECKOro mnpeobpasosanud
SHEPrHu.



IMpamoe npeobpazosanue sHepruu B TOI ocHopano Ha
HCIIOAB30BAHAN TEPMONICKTpHUeCKuX 3(EKTOB, MPOIBII-
IOIUXCA B TOM, UTQ FPAOMEHT TEMIIEPATYDPH B TBEPAOM TEIE
BEI3bBaET Aucdy3uw HOCUTENeH TOKAa (B IOJYIPOBOXHH-
K€ -— 3JIEKTPOHOB ¥ HEIPOK) ¥, HA000POT, NBUXEHUAE HOCHTE-
JICH TOKA COMPOBOXIAETCA BHACACHUEM WIM NOIVIOHICHUEM
TEIA.

OcHoBHeIe TepMOanekTpuucckue 3¢pdekta — 3eebexa,
IMenvroe n Tomcona — Ovmu orkpeiTel B XIX 8. K ToMy xe
BPEMEHM OTHOCATCH MCPBHIE MONBITKY NOJNYYCHHSA ¢ KX IIO-
MOWIbIO BrekTpuueckon sneprum. Oxuako TOT, cocroasmme
W3 METAIMYECCKUX Tepmonap, umenn Huzkui KIIO (MmerHee
1 %) ¥ HE HAULIYM HPUMEHEHMS B KAyecTBE HMCTOUYHHMKOB
TOKA.

TTonoxeHue CyIeCTBCHHO H3MCHMIIOCH C MOSBJICHUEM MO~
aynposogHnkos. B 1930 r. akapemuxk A.D. Modde ykazan
Ha nperMymectso TII" U3 NMOJYIPOBOZHUKORB TI0 CPABHEHMIO
¢ MeTannamu, mopcumTas, uro mx KIT[ moxer mocrurayTs
2,5—4 % . HaneHe#mne uCCHEROBaHN, TPOBOANBIINECST IO
pyxosoacteoM A.D. Uodde B Jlerurarpanckom ¢$pu3HKo-TEX-
HWUYECKOM "MHCTHATYTE, IIOKA3aJMHM BO3MOXHOCTE IOJIYy4YCHUSI
KITO mo 15 %. Beinu paspaloraHsl ¥ OYIIEHHE B CEPUITHOC
TIpOW3BOACTBG mepseie Honynposoxaukosrie T30, mpemna-
3HAUeHHBIC 19 paboTHl B moieBHX ycnoBusx. x “ropsume”
CNay HAarpeBaJMch TIAMEHEM KOCTpa, a “XOJIOUHBIE® — O0X-
JIAXAANNCh KANAIIEN BOJOM.

KpoMme ycriexoB ¢pHM3WKM W TEXHUKHA [HOMYIPOBOTHUKOB
Pa3sBUTHC TCPMOZJICKTPHMUYECKOW 3JHEPrETUKH CTUMYJIAPOBa-
JIOCh NOTPEGHOCTHIO PA3NHYEEX 00/1ACTEN HAYKH, TEXHUKH U
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OTpacaei HAPOAHONO XO3SMCTBA B HANIEXHBIX, JOJITOBEYHBIX B
ABTOHOMHBIX MCTOYHMKAX JJICKTPHYECKOMU dHepru. Takumu
kauecteamu obnamaror TOI' ¢ paavMOaKTHBHEIMH MCTOYHM-
KaMd TeIja, Nno3TOMY BO3MOXHOCTH HCMOJIb30BAHMS SAECP-
HBIX PEAKTOPOB M PAagMOAKTHMBHLIX M30TONOB /I NPSIMOI0
(6e3MAIIMHHON0) NPOM3BOACTBA JJICKTPOIHEPTMM BHI3BANA B
50—60-x rogax pacmmpenune pabor B 061acTH TEPMOIIEKT-
PHYECKOM SHEPreTHKH,

OnHako HapsAAy ¢ yKa3aHHBIMH JNOCTOMHCTBAMH MO CPaB-
HEHHIO C TPAAMOMOHHBIMM MCTOYHMKAMM 3JIEKTPHYECKOMH
saeprud TOI' MMEIOT ¥ HEIOCTATKH — OTHOCHTE/IBHO HU3KHHA
KIT/I » BeicOKYI0 crouMocTh. Micxons u3 3Toro onpeaemmnacs
obnacTh MX NPUMEHEHNS — Majas JHEpreTuka, rae Tpebyer-
Cs AMMTEIbHAd M HajgexHas pabora 6e3 obcayxuBamus, a
BOMPOCH 9KOHOMMYHOCTH mpomnecca npeodpasoBaHus SHEPruu
OTCTYNAKT HA BTOPOM IUIAH.

U B Hame# crpaHe, u 3a pybexom paspaborano Gosbmoe
KOJIMYECTBO pPa3JAYHBIX KOHCTpykumit TII. Pammomsoron-
aeiec TOT" xopomo 3apexoMeHAoBanm cebs B Meauuube (Kap-
AMOCTUMYJSTOPH), HA HABUIAaUMOHHHIX CHOYTHHKAX, CIOyT-_
HAKAaX CBf3M, MasgKax, METEOCTAHUMSX, B JAJbHHUX KOCMH-
YEeCKMX MoJeTax, Ha JyHHBX craHuusax. ['eHepatopn Ha
OpraHWYECKOM TOIUTMBE CIYXAaT Uik 3amMATH TPYO6OnpoBOIOR
OT KOppo3uu (reHepaTophl KaTOAHOM 3amuTh). B ormanes-
HBIX IOXHBIX palOHAX B PSAE CJIY4YacB OKa3biBaCTCs LIEJIECO-
o0pa3Hoil YCTAaHOBKA MOJIHOCTBIO ABTOHOMHBIX CONHEYHBIX
TAI', HanpuMmep A1 NOTbEMA BOMHI.

TOI' ¢ HArpeBOM OT PAJMOAKTMBHHX H30TONOB OOBIUHO
UMEIOT anekTpuyeckyio MomuocTs 1o 100 Br, ¢ Harpesom or
SIEPHONO peakTopa — A0 Heckosnbkux kmiosarr. B CIIA
“IIxenepan 21eKTPUK" pa3pabaTeIBAET PEAKTOPHYIO KOCMM-
yeckyo oHeproycraHoBky SP-100 mommoctsio 100 xBr,
dbupmoit “Bectunrays aaekTpuk“ mnpemnoxeH mpoexkt TIT
VIS DJTMTENHHOM aBTOHOMHOM paboTH MOA BOAOH MOIIHOCTHIO
3 MBr. B nameii crpane nepsuie TOI' ¢ HarpeBoM OT SIEPHO-
ro peakropa (ycranoska “Pomamxka‘) ObIM M3rOTOBJICHH M
ucneitTadsl B 60-¢ roaml.

HecmoTps Ha BHICOKYK cToMMOCTh, TOI' Moryr OHTH
9KOHOMHYECKHM I(PPEeKTHBHE B KAUECTBE OCHOBHHIX, PE3CPB-
HBIX WJIM ABAPHMHBIX MCTOYHMKOB 3NEKTPOIHEPIMM B pa-.
OHAX JCLECHTPAIM30BAHHONO JJIEKTPOCHAOXEHUs, B YaCTHOC-
ti Ha Kpaisem Cesepe. B coueranmm ¢ ycTaHOBKAMH TEMN-
JIOCHAOXECHUS — OTONMTE/JbHBIMA MEYaMH MJIM ATOMHBIMH
CTAHUMSMH TEIUIOCHAOXEHUS MaJIOH MOIIHOCTH — OHH IO03-
BOJISIOT OKOHOMHThH JOPONO¢ B ITMX paMOHAX NPHUBO3HOE



Puc. 0.1. TepmoanekTpu- 1
YECKHUI reHeparop.
1 — wucrounmk Temna, 2 —
TEPMO3JIEKTPHUECKHit  npeol-
pasosatenb; 3 — XO0J0AWIb- 4
HMK; 4 — CONPOTUBJICHUE HaA- 2
TPY3KH. \\

TOILIUBO, 3aMemas
YacTh JHEPruM, BHIpa-
GaTHBacMOH Ha M- O N\
3€JBHBIX JJIEKTPOCTAH-
uuax. B Hacrosmee
BpEMs TOTOB K BHEA-
PEHHMIO MPOCKT ATOMHOM CTAaHUMM Mano¥ MomHOCTH “Ene-
Ha“, pa3paboTaHHHN 1OA HayYHHM pykoBoacTBoM MHCTHTY-
ta aromuon sHeprum uMm. U.B. Kypuarosa. Mcnoan3zosanne
TAT no3songer obecneunts GecnepeboitHOE TENIO- U JIEKT-
pocHabxenue norpebureseir B aBTOHOMHOM pexume (mpak-
tiueckn 6e3 o6CAyXMBAHMS) B TEYCHME BCEIO CPOKA CIyX-
6n — 25 ner.

Jlroboit TIOI' cOCTOMT M3 TPEX OCHOBHBIX 4YacTell — WC-
TOYHMKA TENAa, TEPMOIIEKTPHUECKOro npeobpasosarens u
xonommasauka (puc. 0.1). Tenno or ucroynuka nepeaaercs
au60 HENOCPEACTBEHHO TEIUTONPOBOAHOCTHIO YEPE3 TEIIone-
pexoanl, 160 ¢ MOMOMIBbIO OTHOTO WM HECKOJBKMX KOHTYPOB
TEMJIOHOCHTEAS TEPMO3JIEKTPHYECKOMY 1npeofpasosBaTeo.
TaM yacTh TEIIOBOW SHEprum npeobpasyerca B 3MEKTpHYec-
KyO M COBEpIIAET mosie3Hyl pabory Ha Harpyske. Ocranb-
HOE TEIVIO MOCTYNaeT B XOJOAMJIBHMK M COpacHBaeTcs BO
BHEIIHIOK CPEAY TEIUIONPOBOAHOCTHIO, M3JIYyYCHHEM MJIH
xousexumei. TepMuH “TEPMOINEKTPHYECKHMM TeHepaTop*
MMEeT Takxke M Oosee y3Kumii CMBCA, 0003HAuYas HE BCKO
JHEpreTHYeckylo ycraHosky (cm. puc. 0.1), a sump ee
YacTh — TEPMOIJEKTPHUYECKMN npeobpa3oBaTesb.

TepmoanexTpuueckmii npeobpa3oBaTenb NPEACTABASET
coboit nabop Tepmoanextpuueckux 6arapei (TIB), coemm-
HEHHBIX B NOCIEAOBATEBHO-NAPAIETBHYIO SJEKTPHYCCKYIO
pens, KomnoHoska TOTI' U3 oTmEbHBIX B3aMMO3AMEHAEMBIX
T3B no3sonser ynpocTutb cOOPKY, KOHTPOJIb KayecTBa re-
HepaTopa M NOBHCHTH ero HagexHnocth (puc. 0.2). OcHosa
TOB — TEepMO2JEMEHTH, KOTOPHIE COCTOST M3 ABYX BETBEH
(TepMOCTONOHMKOB) , M3rOTOBJICHHBIX M3 IIOJYNPOBOXHMKOBHIX
CIIABOB p- M N-THMOB NMPOBOAMMOCTH. BeTBH coeMusIoTCs B
MOC/IEIOBATENBHYI0 IEKTPAYECKYIO LEMb METAJLTHYECKHMH
IIMHAMM, MECTA KOHTAKTOB BETBEH C IIMHAMM HA3HIBAKOTCH
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Puc. 0.2. TepMmosnekTpuuecKkas Garapes.
I — BeTBu TEpMOINTEMENTA; 2 — UMHR; 3 — TeIUICNIePEeXofibl, 4 — rermin-
uzonauud. CTpeiKaMy [OKasaHo HAMPABACHUE JIBMKEHUI IICKTPHUUECKOTO
TOKA.

N

cnasMu. B BETBH p-THIIA HPOBOAMIMOCTH TOK ABHXETCHI OT
“ropguero” cnag K “xXOoJIOXHOMY®, B BETBM r-THIIA HAMIPAB-
JieHne ToKa obpatHoe. Temionepexonbl OMHOBPEMEHHO CIy-
KAT HJASKTPOM30ASTOPAME, NPENIATCTBYS 3aMBIKAHMIO JJIECKT-
PHYECKOM Hemu uyepes Kopnyc., Tenmon3onsanus yMEHbIIAeT
HapasuTHEIE TMEPETEUKHN TEIUIA MEXAY MCTOUHMKOM TCIUIA
XOJIONWJIbHMKOM, & TaKXE NPEJOXPaHSACT NOJIYyHPOBOXHUKO-
BbIi CIUIAB OT MCHAPEHMS M XMMHYECKHX B3aMMOACHCTBHIA
[pY BBICOKHX TEMIIEpaTypax.

IMpeacrasaennas Ha puc. 0.2 koHCcTpyKuug TIOB — Han-
Gonee mpocras. Bo3aMOXHBI (M NPUMEHSIOTCS HA NPAKTHKE)
TAKXKE APYrHe KOHCTPYKUMH, A€ NOKA3aHHBIE JJIEMEHTHI
KOMOMHUPYIOTCS, 00pasys HOCIEHOBATEIbHO-IIAPAJUIEBHBIC
LENM Mo TEIUIY M 3aexTpuyecTsy. Hanpumep, Kaxnas BCTBb
MOXET COCTOSITh M3 HECKOJBKMX DPAa3NUM4YHBIX MAaTEepUAsIOB
(CErMEHTNPOBAHUE), a TEPMOAJIEMEHTHI YCTAHABIMBATHCH
Apyr Ha Apyra TakuMm o6pazoM, 4YTOGH IOCICAOBATENHHO
nponyckate uepe3d cebs Temwno (kackaguposanue). Bersu
TEPMOJ/JICMEHTOB, [IAHBI, TEIJIOMEPEXOALl MOTYT OBITh HE
TOJILKO TIOCKMMM, HO M MMETh JPYryx0 GOpMy, B UACTHOCTH
OAJIAHAPHYECKYIO WK ChEepUUECKYIO.

Takum obpazom, TIT npencrasnser co00i MHOTOAJIEMEH-
THYIO CHCTEMY ¢ HEPABHOMEPHBEIM PACHPENCACHAEM TEIVIOBBIX
U SJIEKTPUYECKMX mosiei. PacyeT ero xapakTepuMCTHK YU BBbi-
6op ONTHMAJBPHOM KOHCTPYKIMH C YUYETOM 3aBUCHUMOCTH
CBOMCTB MATEPHMAJIOB OT TEMIIEpaTypel (T.€. HEJIMHEAHOCTH



auddepeHnnaNbHbEIX YPABHEHUN TEIUIO- M 3JEKTPOIEPEHO-
€a), HEU3OTEPMUUHOCTH TOBEPXHOCTEH HArPEBA M OXJAX-
JAeHNd, B3aUMO3aBMCHMMOCTH TEIUIOBOIO M 3JCKTPUYECKOrO
PEXUMOB, CBI3M TCPMOIJIEKTPHUECKOrO mnpeobpasoBaTens ¢
UCTOYHUKOM TEIJIA ¥ XOJOOVIBHAKOM ~— JNOBOJIBHO CJIOXKHAS
3apaya. ITonbiTka (hopMaNBHOTO MOAXOHA K €€ PEHEHHIO, T.C.
HENOCPEACTBCHHOE UUCICHHOE WHTETPUPOBAHNE CHCTEMBI
aupdepeHnUanbHbEIX YPARHEHUM, IPUBOXUT K OOJIbLIAM BB~
UYHCIMTEABHEIM TPYAHOCTIM, IOITOMY H3 HPAKTHKE TAKOM
HOAXOA HUKOTAA He mpumenserca. OOnuno paspabaTeBamT-
Cd CIEUUaNbHBIE METOAbl PEIICHUWsS, KOTOPHIE YYHTHIBAIOT
OIIPEAEACHHBIE OCOOEHHOCTH CHCTEMHl YPABHEHMH M COOTHO-
IIEHNS MEXAY BXOASIIMMH B HEC MAPAMETPAMHU.

TernnosHepreTMUECKe PacueThl MPOBOOATCH HA BCEX HTa-
nax paspaborku TOT, npuuem B pasHBIX CIy4yasx NOCTAHOB-
Ka 3amayu moxer OhiTh CYIIECTBEHHO pa3MuHOM. Boaen-
CTBUE ITOI0 HCHONB3YIOTCI MATEMATWYECKUE MOAECIH, pas-
JIAUAIOIINECS AETANBHOCTHIO ONMMCAHNS, HAOOpAMM BXOTHEIX
MApaMeTPOB U OrpaHUYCHUH.

Ipu npoexTuposanuu TIT mpoBOAAT ONTUMM3ALMOHHBIE
pacueTrhl, LEJb KOTOPHX -— BHIOOpP KOHCTPYKLUM H IEo-
METPUUECKHMX PAa3MEPOB OTHEJBbHBIX JJIEMEHTOB TakuMm obpa-
30M, YTOOH YAOBJIETBOPUTH HEKOTOPHIM YCJIOBMSIM ONTHMAJ b~
HOCTH, HAmpuMmep 0GecreuyMTh MAKCHMYM 3JeKTPHMYECKOk
vomuocTH Wiy KITI, muammym maccsl wan rabapuTos u T.10.
Ilpn mociegyromeM W3roTOBAEHUM B COOTBETCTBHMH C pasMe-
paMu, ONPENCACHHEMM Ha CTaAUM ONTHMHM3AUMMN, BO3HUKAET
HEOOXOAUMOCTh HEKOTOPO! KOPPEKTHPOBKH OTACJIBHHIX Iapa-
METPOB C Y4YETOM TEXHOJOTMUYECKHUX BO3MoxHocTe#. Torma
TPEOYIOTCS MOMOJHUTEBHEIE PACYUETHI, HO YX€ IpPH YCJIOBHUH,
YTO 4YacTb mnapameTrpoB 3acdmkcumposana. Kpome Ttoro, no
pe3yJbTaTaM U3MEPEHus OTHENbHRIX Oarapei win TepModsie-
MEHTOB HEOOXOAMMO PACUETHHRIM IyTEM NPOrHO3MPOBATH Xa-
PAaKTEPHCTHKM BCETO I€HEpaTopa eme A0 ero cbopku.

IToce cOOpKM TEPMOIIEKTPUUECKOTO NpeobpasoBarens
MHOIIA OKAa3KBACTCH 1EIeCO000Pa3HRIM IPOBOAUTL €TI0 aBTO-
HOMHBIC MCHBITAHUS, 3aMCHAS MCTOYHHMK TEIUIA M XOJOXW/Ib-
HHK MMHTAaTopaMu. B 3TOM ciyuae mjgg TOYHOrO NpoOrHo3a
noseacHus TOI' B, peanbHBIX YCAOBHSX HYXKHBI NEPECUET
OKCTIICPUMCHTAJILHLIX JAHHBIX M NPUBEACHUE XapaKTEPHCTHK
K JEHCTBUTENBHEIM PEXUMAaM JKCIUTyaTtanuu. B pansHeiituem
IIp¥ WCTIBITAHUSX U 9kcruryaraumu TOI' Moxer moTpeGosarh-
CA pacyeTHas OLCHKA W3MEHEHUS €ro BHIXOAHBIX Xapax-
TEPUCTUK B TEYCHUE CPOKA CIYXOB UM YTOUHEHWUE OTHE/Ib~
HBIX IAapaMeTPOB II0 PE3YJIbTATAM U3MEPCHHUM.



B Hacrosmeir MoHOrpadmu OaH BBIBOJ PACYETHHIX COOTHO-
LIECHHUI ¥ APEIJIOKECHE METOAMKH PEUMIEHAS HEKOTOPHIX, Hau-~
fosce BaXHHIX C IPAKTAYCCKOM TOUKH 3PEHMS 3a0ay, BO3-
HUKAomuXx npu paspadorke TOI.

B nepgoii riase UCCIEAYIOTCS CBOMCTBA Au(bdepeHInANb-
HBIX YPaBHCHWH, OMUACHIBAKOIIAX NEPCHOC TCILIA Y DJIEKT-
PHUECKOrO 3apsaAa B CIJIOITHOM cpene. [loyueHsl ypaBHEHHS
OasaHca aist BCEX 2JIEMEHTOB KOHCTpPykumu 125, mpoBenen
aHaJM3 UX TOYHOCTH, PACCMOTPCHO COIVIACOBAHME 3JICMCHTOB
MO TEIIOBOMY M 3JICKTPUUCCKOMY PEXMMAM — OTHEIbHBIX
Y4aCTKOB TEPMOCTOI0MKE, CEIMCHTOB B MHOTOCJIOMHONH BET-
BU, BETBEH p- M N-TUIOB IPOBOAMMOCTH M KACKaAOB farapen.
HaiifieHp 3HAYEHHMS DAPAMETPOB, 00ECIEUNBAIOLINE COTIACO-
BaH¥E, ¥ COOTHOHMICHUS A OLEHKM NOTEPH NPU OTKJIOHCHUHU
3TMX MNApaMETPOB OT ONTMMAJIbHBIX 3HAueHWU. BriBeneHa
CHCTEMA YPABHEHWH IS PA3/IMUHBIX BAPUAHTOB KOHCTPYK-
oMu KackagHon TOB ¢ MHOrocaI0MHBIMHM 37€MEHTAMH W JaH
AJITOPUTM €€ PELICHMS.

Bropas rnaBa NOCBSIICHA W3YyUYCHWIO XapaKTEPUCTHK
MHOTI'O3/IEMEHTHBIX T€HEPATOPOB C HEM3OTCPMHUYHBIMM Cra-
IMH, cocTosnmx 13 6oasmoro xkoamuecrsa 13b. Uccnenosa-
HO BJIMSHHAC HEPABHOMEPHOTO pPACIPEACHCHUS TEMIOCPATYpPH
Ha MomHOCTh TOI' u pexmmbl paGoTH OTAE/NBHBIX Garapei.
Pemena cucrema auddepeHINaIbHEX YPABHCHUM OIS XOJI0-
AUJIBHUKA-N3JAYUYATE/IS M HAWACHB AHATUTHUYCCKHUEC 3aBHCH-
MOCTHY MEXIY TapaMeTpaMu (pacxoloM TEIUIOHOCUTEJNH, TEl-
JIOBBIM MOTOKOM, TEMIIEPAaTypaMu BXOAa M BHEIXOAA) IIpH
pa3JMYHBIX BAPMAHTAX MOCTAHOBKM 3agauu. BumosHeH aHa-
JIN3 TEIUVIOBHIX CXEM TCHEPATOpa C XOJONWJIBHUKOM-U3JIyda-
TEJEM, ONMMCAHB METOOMKH €ro ONTHMM3ALMH, [TOBEPOYHOrO
pacuera, MPOrHO3MPOBAHMUS XapPAKTEPUCTHK I10 PE3y/IbTaTaM
HCHBITAHUM. .

B Tperwpeit rnaBe pemed pax 3ajau TEIUIO- M DJIEKTPOIIE-
PEHOCA MPU HEOXHOMEPHBIX PACIIPENCICHUSX TEMIIEPATYPH U
nmoTeHunana. Takue 3axaum CBS3aHBI JHOO ¢ OCOGEHHOCTIMH
KOHCTPYKIUM (TCPMODJIEMEHT € DPA3BUTOM TOBEPXHOCTBHIO
KOHTAKTa, TEIUIOBHPABHUBAIOWAS ILIACTHHA MEXIOY Kacka-
NaMH, pa3HECEHHBIE TEPMOJIEMECHTH, HAKJIOHHBIN TEPMOIJIe-
MEHT, OOKOBOM TEmMI000MEH), MO0 ¢ 0OCOOEHHOCTSIMHI TPOBE-
NECHUS W3MCPCHMH HA 3KCHOEPUMCHTANBHBIX YCTAHOBKAX —
YTEUKM TEIIa ¥ Kpaesbic norepr. IlonydeHsl aHAIATHYECKHE
pElleHns, JaHbl OUECHKHM BKJAjga COOTBETCTBYHOMUX 3ddek-
TOB, 4 TAKXE PEKOMEHJAIMM MO ONTUMMN3ALUN KOHCTPYKLHHI
¥i COBEPILIEHCTBOBAHUIO MCTOXOB M3MEPECHHUS.
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B yerBepTo# ryaBe pacCMOTPEHBI BONPOCH!, OTHOCSIIMECS
K pexumMmaM paboTbl TEPMOSJIEMEHTOB IPH PA3HHIX IPAHHY-
HBIX YCJAOBHSX (3aJaHHBIE TEMIIEPATYPH WM TEIUIOBHIE 1O~
TOKM), YCTAHOBRJICHBI CBSI3H MEXIY PEXHUMAaMH, NPEII0XEHA
METOIuKa onTuMusauun TID U3 CerMEHTHPOBAHHBIX TCPMO-
3JIEMEHTOB, O0OOINEHB YpaBHEHHMS TEIUIOBOrO 0OasaHca Ha
Cayuay mepeMeHHBIX TPAHMYHBIX TEMIEparTyp.

ITpunoxeHnsa COXEPXKaT CBOAKY (POPMYJI M OMUCAHUE ITOC-
JIEHOBATENABHOCTH pacuera TOD pa3jiMyHBIX KOHCTPYKIHH, a
TakXe QopMyJinl I/isk BHIUMCICHUS CyMM HEKOTODHIX MEIJICH-
HO CXOOSIIMXCS TPUTOHOMETPUUECKUX PSIOB, BCTPEUAIONIUX-
Ca IpH pelIeHUH 3aJa4 TEIVIO- M JJICKTPOIEPEHOCA.

OcrOBY MOHOrpa(MM COCTABWJIM PE3YABTATH COOCTBEH-
HBIX HMCCACHOBAHMM aBTOpPOB. [y COXpaHECHMS MOCACAOBA-
TEJBHOCTH HM3J0XEHMS HMCIOJb30BAHE TAKXE ONMyO/JMKOBAH-
HBIC paHEE HAHHBIC, KAacaMUECcd KOHCTPYKIWHM M Xapak-
tepucTuk TII', NOCTAHOBKM OTAEJbHBIX 334a4 ¥ METOAOB MX
pemeHus,

OTMeruM HEKOTOpHE HamOosee BaxHhe paboTsl MO pac-
yery TemtosHepreruueckux xapakrepuctuk TII. Teopus
TEPMODJICKTPUUCCKUX SBJICHUH B TIOJYTIPOBOTHUAKAX M3JI0XKE-
Ha B crathe A.I'. Camoitrosnua u JI.JI. KopenOsmra [1]. B
HEHW BBIBECHBI YPABHCHMS, OMUCHIBAIOMMC MPOLECCCH TEILIO-
¥ JJICKTPONEPEHOCA, C TIOMOMIBI TEPMOAMHAMMUYECKOrO MOX-
XO0[a YCTAHOBJEHBI CBI3M MEXAY MX KOosdduummeHTaMu.

Teopus 3HEPreTUUECKOrO NMPUMCHCHUS NOJIYIIPOBOAHUKO-
BBIX TepMOdseMeHTOB paspaborana A.D. Hopde [2]: mo-
JIyuCHBI ypaBHEHUS TEIUIOBOro Oananca, ¢opMyasl g
anekTpuyecko momuoctTu u KII, Brepsnie BBeOeH Kpu-
tepuii 3¢ddexTussocTr Matepuana aaa TOT — 1o6poTHOCTS.
Otu peayapratel yroudeHsl A.M. Bypmreitnom [3] m
B.4. Moiixxecom {4 ] npu 3aBuCANINX OT TEMIEPATYPH CBOM-
crBax Martepuana. VIMu MCIO/Ib30BaHbl PA3JTUYHBIE MPUOIH-
KCHHBIC METOABl peIICHUA HEMMHEHHOTO AuddepeHInaIbHO-
0 YpaBHEHUS TEIUICIPOBOOHOCTH — IIOCTPOCHUWE “CHHTE-
THYECKOro“ pEIICHHS M METOHA HOCAEHOBATE/NbHBIX MPUOIH-
xenmi. E.K. Mopnaammusuan [5] paspaboran MeTox pacyera
MHOT'OCJIONHOTO TEPMO3JIEMEHTA C YUETOM BHYTPEHHHX IIO-
TEPh, 4 TAKXE CUCTEMATM3NPOBAHBI JAHHBIC MO PA3THMYHBIM
KoHCTpyKuaM TIAT ¥ X XapakTepUCTHKAM.

B monorpacdun A.C. Oxoruna u ap. [6] suepesie mpeaso-
XEHA METOAMKA ONTUMHAZAIMHN XaPAKTCPUCTUK TEPMOIIEMEH-
TA MPU DOCTOSHHBIX TEMIIEPATYPE MCTOYHUKA TEILIA ¥ TEILIO-
BOM MOTOKE, OIMpEHEJCHA ONTHMAJbHAY TEMICparypa H3Iy-
yaTens KOCMUYECKOi sHeproycTanoBku ¢ TII', ycraHoBJIeHa
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3aBUCUMOCTb AJiSL 3JICKTPUUCCKOTO CONPOTUBJICHHS MONCPEU-
HOW KOMMYTaIlHH.

Bompocel xoHCcTpynpoBanusa U pacuera TII' ¢ paguouzo-
TOITHEIMM MCTOUHMKAMHY TEMAA, 4 TAKXKE 0CODEeHHOCTH mpuMe-
gernsg TIT Ha cynax ocsemarorcs B [7, 8 . B mororpacduu
[9] paccmarpusarorca TAI' ¢ ApepHBIME UCTOYHUKAMU TEN-
jia, MPEUMYHIECTBEHHO BCTPOCHHOIO THIA, KOTAa TEPMO3JiE-
MEHTH PACIO/IAraloTCs B AKTUBHOHM 30HE SAEPHOrO PEaKTopa
M HAXONATCH B TEIJIOBOM KOHTAKTE C TBIJIAMH.

ITogpoGHbIe CBEACHNS O Pa3IMYHBIX TEPMOIICKTPUUYECKUX
ycrpoicreax cobpansl B cnpasoyHukax K. Korsipro u
I0.H. Jlobynua [101], a raxxe J.W. Anareiuyka [11]; moc-
JeqHsas pabora comepXur odmupHy Oubmrorpaduro o Tep-
MOONIEKTPUUECTRY.



_ TEPMODJIEMEHTHL
TEEMODJIER TPMHECKUE BAT

1.1. TepMO3IEKTPUYISCKIE IBJICHUA

14

B HepaBHOMCDHO HArperToi CIUIOMIHOH Ccpene Hapany ¢
TOTOKOM TETiia 32 CUCT TEMJIONPOBONHOCTH BOZHMKAET TAKXKE
audhdysus HOCHTEAEH SACKTPUYECKOTO 3apdna, T.€. JICKT-
PHUECKHH TOK. B CBOIO OuYCpep MICKTPUHECKHH TOK CONpo-
BOXIAETCS TepepaclpencaeHueM HOCHTEICH 3apaia Ho SHep-
rESM W BbIIEJCHHCM WM NOMIOWEHMEM Tenja. Takue #s-
JIEHUS Ha3bIBAKOTCT TCPMOIICKTPUUCCKUMH.

TepMOaMHAMHUKA TO3BOJISCT YCTAHOBUTE CBE3b MCXIY KO-
GdEIMEHTAMY, XAPAKTEPU3YIOMWME  DA3IMUHBIC TCPMO-
sekTpudeckne spdeKTs, 2 KUHETHYECKAS TeOpHd — HaWTH
YUCACHHBIE 3HAUCHUA KOo(hdUuuueaTos.

He ocTaHasMBadch HA 5THX BOMPOCAX, JOCTATOUHO MO~
po6HO ocpemeHHBX B JmTeparype [1—3], sanmurem Ges
BBIBOAA HBA OCHOBHEIX COOTHONICHHUSI TCODUH TCPMODJICKT-
PHUCCKUX SABACHUIA — 0000IIEHHBIE 33KOHB OJICKTPO- H
tertonporogHocTH. QOHY CBSI3BIBAKOT IIOTHOCTH JJICKTPHYEC-
KOTO TOKA j ¥ TUTOTHOCTB TEIUIOBOTO HOTOKA ( C TPafnCHTaMMU
Temmeparypsl T # [OTEHLHMANA @ U MMEKT CICAYIOMUHA BN

1L
. 1
i= —E(aVT + Vo), (1.1

q= — »VT + aTi. (1.2)

Bneck a — koabounuent TepmoI[C; » — xoaddunueHT
TENJIONPOBOAHOCTH, © — YAEGJBHOE BIEKTPUYECKOE COmpo-
TUBJIEHUE — NAPAMETPH, KOTOPHIC XapaKTepU3yrOT CBOMCTRA
Cpedbl ¥ 3aBUCST OT TEMIEepaTyphl, 4 B HCOGHOPORHOM CPEne,
KPOME TOrO, ¥ OT KOOPAHMHATEL.

B uacrHOM ciyuae, korga « = 0, mpomeccsl mepeHoca
TErIa U JJIEKTPHYECKOrO 3apsia CTAHOBATCH HE3aBUCUMBIMIU.
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Torna us coorromennii (1.1) u (1.2) crenyior:
3axoH Oma

1l
|

u 3akoH Qypre
q=—uVT.

Ecmi xe a # 0, o craraemoe aVT B (1.1) mpencrasaser
c000#l HAMPSKEHHOCTh JAEKTPHYECKONO OIS, KOTOpOE BO3~
HMKACT BCJEHCTBUE HEPABHOMEDHOTO HArpEeBa M IEHEPHUPYET
TEPMOJJICKTPUYECKUE TOKM, a wieH aTj B (1.2) xapaxre-
pU3yeT MEepeHOCHMOE 3apsaaMu Temo. [Iockonbky Kaxpas
3apSKCHHAA YACTUIA IICPEHOCHT C COOO0M TaKkXKe SHEPIHIO ep
(e — 3apsn), NJIOTHOCTD IIOTOKA SHEPTHH PABHA

W= q + ¢j.

Ilns onpeneneHus TeMmepaTyphl M NOTEHIMANA CAyXar
ruddepennmanbHEe yPABHEHNU, KOTOPHE SBJISIOTCS CHIEK-
CTEMSAMY 33KOHOB COXPAHEHHH. BHYHUCIMM  DSHEPruio, BHO-
CAMYIO B COWHHIy BPEMEHM TEILUIONPOBOAHOCTBHIO M HOCHTC-
JiAMH 3apana B o0beM V, OrpaHMUYECHHHH MOBEPXHOCTBIO S.
Umeem

i

& 45‘ ds
dt-— (wn) ’

Tae N — BHEWHAS HOpMasb. [Ipeobpasys 910 BEpaxenue no
reopeme Octporpanckoro — laycca, moayumM .

de

— =~ [divwav.
B craumonapHoM cayuae %i— = 0, mO3TOMYy BEKTOD IJIOT-
HOCTH TIOTOKA SHEPIMH YAOBJIETBOPSET YPABHEHHIO
divw = 0. (1.3)

AHanormvsbIM 06pa30oM M3 3aKOHA COXPAHEHUS 3JIEKTPUUEC-
KOTO 3apsiga CJAERYET

divj = 0. (1.4

Pemas muddepenumanvunie ypasuenns (1.3) u (1.4) ¢
COOTBETCTBYIOIMMH IPAHUYHBLIMHA YCJIOBHSMH, MOXHO HAWTH
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T4 T2
Puc. 1.1. DnexTpuueckas Uernb W3 ABYX MaTepHalioB.

pacrpencieHus TEMIIEPATYPH M NOTEHIMANA, 4 3aTEM Onpe-
JICJTUTD!
TEIJIOBOM HOTOK Uepe3 MOBEPXHOCTh S

r

Q = ftqn) ds,
S

SNIEKTPUYECKUH TOK

J = [ (i) ds
S

U OpyTHE XapaKTEPHUCTHKH.

PaccMOTpUM YCIOBHS, KOTOPHIE BBUIOJHSAIOTCS HA TIOBEP-
XHOCTH KOHTaKTa AByx marepuanos. U3 (1.1) m (1.2) BeTC-
KaeT, uTo Temmeparypa T M TOTEHUMAJK ¢ ROJXHHI OBiThH
HETIPEePHIBHEL A/l TOTO, 4YTOOB OOECTIEUMTh KOHEYHOCTh BE-
anuuH | 1 q. Janee, ecau BoIACIUTH of6beM, comepXalui B
ceBc TIOBEPXHOCTh KOHTAKTa, M YCTPEMHTh €TI0 TOJMKHY K
HY/K, TO U3 YCJIOBUH COXPAHEHHUS B JAHHOM obbeMe DHEprum
¥ 3apsjga CAEOYeT DPaBEHCTBO HOPMAJIBHBIX COCTABJISIOMMX
BEKTOPOB ILUIOTHOCTH ITOTOKA SHEPTMM M IUIOTHOCTH TOKA Ha
MOBEPXHOCTH, pasaesstomes obractu 1 u 2:

Wi = Wipo Iyt = Ipae
TTocko/IbKy ORHOBPEMEHHO @, = @,, TAKOE XK€ YCJIOBHE COIpa-
BEUTABO M /i IUVIOTHOCTH TEILIOBOIO IOTOKA

qnl = qnz :

Coorsomrerng (1.1) u (1.2) onuceBawT HaOIORAEMBIE
OKCIIEPUMEHTAILHO TEPMOOIEKTPHUECKHE IPdexThL.

Addexr 3eebexa. B pasoMKHyTO!N LETH, COCTOSIICH M3
aByX nposonHukoB (/ m 2 Ha pmc. 1.1), MecTa KOHTaKTOB
KOTOPHIX b ¥ ¢ TOAAEPXKUBAIOTCH MPA PASHBIX TCMIEPATYpPax
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7 uT,, areMnepartypa KOHIUOB a ¥ d OIWHAKOBA, BO3HUKAET

PA3HOCTE HOTCHUKUANIOB ~— TCPMOSJICKTPONBHKYIIAasd Cina
E = (pa - SD(Z’ o

Honaras 8 (1.1) j = 0 u u=rerpupys BrOmsL UEmH (OCH X),

Haxomgum tepmo31T:

d T,
ar |
E=Ja—dx= [(a, - a)dl.
T

a 1

Idpdexr Ieapthe. IIpn npoxoxnenwnm ToKa uyepes mo-
BCPXHOCTE KOHTAKTA ABYX MATCPHUAJIOB BRIACAICTCH (I/UII/I
MOIVICIABTCH) TEIUIO,

Bocronp3oBasmivich yCI0BMEM PABEHCTBA HA MOBEPXHOCTH
HOPMAJIBHBIX COCTABJAIOINAX BCKTOPA IUICTHOCTH TEIUIOBOIO
HOTOKA, TONYUYHM

/ 6T\;2 T

TAC OCh X BANPAB/ICHA OT Marepuana / K marepmany 2 no
HOPMAJIK K MOBEPXHOCTH KOWTAKTA. BeJMUMEA B JICEOH UaCTH
PABEHCTBA TNPEACTABASCT COOOW KOAWYECTBO TEMAa, OTBO-
AMMOrC B CAMBMUY BPCMCHM C SAWHULB! HOBEPXHOCTH KOH-
TAKTa 33 CYCT TenaonposoarocTH. JHO KOMIEHCHPYETCS Ter-
JIOM, BBIAC/IMAIMNMCA B KOHTAKTE:
n = le jx’

rae I, = = T(a, — @) — xoaddumuent Ienbree. Di-
tdext Ilenpree MEHSET 3HAK NPY W3MCHCHUM HAIPABJICHHS
TOKa Ha obparTHoE,

Oddext Tomcona. Temro, BHEENAIOMWESCH B COAMHUNY
BPEMEHM B eAuHUIE 00bEMA NPOBOAHMKA, MOXET ObITh 34-
NHMCARO B BUIE

gy = —divw = div (xVT) + pj* — T jVa.

Ileppoit uieH B JAHHOM BHIPAXKEHHHU CBSI3GH C OOBIYHOM
TEIJIONPOBOXHOCTHIO, BTOPOM, IPONOPIUOHAIBHEIN KBANPATY
TOKA, OMMCHIBAET JKOYJCB HATPEB, a TPCTUH MPEACTABJIACT
coboll Tak HaspBaeMoe Temio TomcoHa. Eciam Marepuan
OMHOPOXEH MO cocraBy, To Koadbunmenr repmo3C a 3a-

da

BHCHT TOJIBKO OT TEMNEPATYPE M Va = o7 VT. Torna sto0
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CIATAEMOE MOXHO BBIPA3HUTH CAEKYIOUIUM 00pasom:
g = — T}VT,

194
30ECh T = TE — koatdumment Tomcona. Kak u sdpdexr

ITessree, shdext Tomcona nponoOpUMCOHANIEH HEPBOM CTe-
IIEHH TOKA ¥ MCHSICT CBOU 3HAK ¢ MSMEHEHHMEM HANPABACHHS
TOXKa Ha 00paTHoe.

1.2. DuepreTudeckyie XapakTepuCTUKA TEPMOCTONDHKA

Ypasuenua (1.1)—(1.4) onuchBAIOT I1POLECCH IIEPEHOCA
TEIJIA M JACKTPHYECKOTO 3apgAa B W3OTPOIHOM TBEPIOM
teje. Onu cnpasenmusel A4 JIOOON0 2/IEMEHTA TEPMO-
ANEKTPUUECKON OaTapen — I10/IyIPOBOIHMKOBBIX TEPMOCTOI-
Oukos (o # 0), TCIIONEPCXOAOR, IUMH, DAEKTPO- W TEILIO-
v3onguun {a = 0).

MonyucHne OOWIEro pelieHus JTUX YDPABHEHWH A/ KOH-
KPETHOTO YCTPOMCTBA BECHhMA 3aTPYNHUTEABHO M3-~3a CJIOXK-
HOU 3aBMCHUMOCTH TEILIOMUIUUECKUX CBOWCTR MATCPHUAJIOB OT
TCMICPATYPBl ¥ KoopauHAaTH. UXHAKO TpH Ten/IOdHEpreTH-
yecknx pacuerax TOT B GospmmHcTE Cayyaes He TpeOyercs
ONPEHEJICHNE JIOKAJbHBIX 3HaueHu#d T 1 ¢. OObuHO HEOO-
XOAMMO 3HATH JIMIIb MHTErPAJBHBIC XADPAKTCPUCTHKM, HA-
IIPUMED TEMIOBBIE TIOTOKYU, SACKTPUYECKYIO MOHOCTE, KI1/I
Y Ap., HIO3TOMY yPaBHCHMS TEILIO- U SJEKTPONEpeHoca peuia-
I0T B KAaXJIOM OTAC/JBHOM JJICMCHTC KOHCTPYKIMY W HAXOUHAT
TEILJIOBOM TMOTOK M JJIEKTPUUCCKMI TOK HA Cro rpaHMuax B
3aBUCHMOCTH OT 3aJAHHBIX HA TCX XC I'DAHMIAX 3HAYCHMI
TEMIICPaTypel M HoTeHnuasna. [losyueHHbBIE COOTHOIICHUI
(YpaBHCHHA TCIJIOBOTO 0ajaHCa M BOJbT-AMIIEPHAS Xapak-
TEPUCTHKA) 3aMEHJIT AudQepeHiuansHbiec  ypaBHCHUS
(1.)—(1.4), a pacuer TEpMOSJEKTPHUECKON OaTapeu CBO-
TUTCI K PEUIEHUI0 aarebpanueckoi CHCTEMBI ypasHeHME Oa-
JIaHCa TEIJ1a ¥ 3apsgfd. B COOTBETCTBHH C ITHM NOAXOHOM
MOCJIEA0BATE/IbHO BHIBEIEM TAKME COOTHOLICHUS HJIS OCHOB-
HBIX 9JICMCHTOB KOHCTPYKIHH.

HauneM ¢ moJiyInpoOBOXHHKOBOIO TEPMOCTOIOMKA, KOTO-
pEIYi mpeacTasaseT cobo# CTEpXEeHb QJMHOW [ C MOCTOSHHOM
IJIOHMIaAbI0 TornepeuHoro ceuenusa S (puc. 1.2). Ha ero rpa-
HHOAX {(Cnasx) 3aJaHbl 3HAUCHUS TEMIICPATYPH M MOTCH-
Mana:

TO)y =T, T({()=T, (L.5)
p(0) = ¢, @) =9,
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g & x
Puc. 1.2, TlonynpoBOAHUKOBBIN TEPMOCTONGHK.

OrpasuuymMcs 1IOKa CIy4yacM, KOrHa CBONCTBA MaTepuaia
a, # ¥ p HOCTOsHHBL, OTMETHM, YTO PELICHUS IPU TOCTOSH-
HEIX CBOMCTBAX MATCPUAJIA OKA3BIRAKOTCH CIPABEN/IMBBIMUA #
B CJyyae MPOU3BOJBHBIX TCMIEPATYPHHX 3aBHCHMOCTEH
a, ® ¥ p, €CIAU NOIb30BATHCSH BHIUMCICHHBIMU 110 ONPENCTCH-
HBIM TpaBWIaM uX cpegHuMu (Win 3¢G¢GEKTUBHBIMA) 3HAa-
yegngmu. [lompobuee nauHbli BOIPOC OyAET PacCMOTPEH B
pasg. 1.3.

B kOoMnDaxTHOW MHOTOZJICMCHTHOM TEPMOIJIEKTPUUECKON
GaTapee 0OBIMHO MOXHO NMpeHeOpeub moTepamu Temaa ¢ 6o-
KOBOM MOBEPXHOCTH KAXKIOTO TEPMOCTOAOMKA; BCE BETMUMHBI
3aBHCAT TOJBKC OT KOODAMHATH X, T.C. 3aAauya 4BIAIETCH
OHOMEpHOM. B KauecTBe NMOIOXUTEABHOTO HANPABICHUS AJIS
MIJIOTHOCTH TOKA j, MJIOTHOCTH TEIVIOBOTNO NMOTOKA (| ¥ ILIOT-
HOCTY TIOTOKA DHEPTMU W YCJIOBHO BBIOEPEM HATIPABJICHHUE
NPOTUB OCH X, T.C.

j=—j_x$ q::_.x, W-—_—'—wx.

Torpa coornomenusd pasg. 1.1 MIPUHUMAIOT CACAYIOIIUN BUA!

L1 dT  dp)
i=3 adx+dx’ (1.6)
dar
g=n—+caTj, w=gq+ ¢j; 1.7
dx v
dw/dx = 0; - {1.8)
dji/dx = 0. (1.9)

W3 3axkona coxpanenms sHepruu (1.8) cienyer nudbepen-
LMAJbHOE YPABHEHHME IS TEMOEPAaTyprel (ypaBHEHME TEILIO-
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MPOBOIHOCTH)
d’T
x—+ jp =0, (1.10)
dx

rae B coorBerctBum ¢ (1.9) j = const, a Terio Tomcona
OTCYTCTBYET, TAaK Kak npu a = const xoacddunuenr

T da
T = — .
7 PaBeH Hyso

Pemaga (1.10) ¢ rpasuunsiMu ycnaosuamu (1.5), onpe-
AECJAM TEMOEPATYPY B 3aBHCAMOCTH OT KOOPAWHATH X:
T, -T 1j?
1 0 P
T(x) =T, + — X + ETx(l - X).
3nech mepBbie ABA CAATAEMBIE COOTBETCTBYIOT JIMHEHHOMY
pacnpeneseHnio, OTKJOHEHHE OT KOTOPOTO 00YCIIOBIEHO KXKO-
yJAeBHIM HArpeBoM (rpertse caaraemoe). [lomcranoBka Haii-
nenHoro pacnpenescHud T(x) B (1.7) m0O3BONSAET BEHIYUCIUTD
IUIOTHOCTh TEIUIOBOrO MOTOKA Ha rpauuax x = 0 u x = [/
(ypaBHEHHUS TEILIOBOro 0ajgaHca):

T, - T, . 1,
-"""‘l""“‘“+]0zT0 +'2‘] pl,
Tl - TO . 1 .2

o) =g =n——"F— +jal, — Jj'pl.

B 5TH BHpaxXeHNs afQUTHBHO BOLUUIN WICHBI, YUUTHIBAIOINIE
NMEPEHOC TEIVIA TEIUVIONPOBOAHOCTHIO, BBIACJICHHE (IOrnome-
nue) tenna IlenpThe Ha cnasx u BbAeacHUE Teia Jxxoyng
B o0beme tepmocTonbuka. CBS3b PA3HOCTH NOTEHHUAJOB
(HanpsXeHus) ¢ MIOTHOCTBIO TOKA j, T.C. BOJBT-AMIIEPHYIO
XapaKTEPUCTHUKY, MOXy4yuM, npousrerpuposas (1.6) mo x B

npeaesax Or Hyxd Ao [
w() - Pl E V= a(Tl - To) - ]pl'
YMHOXas TEneph yACAbHBIC BEIMUMHH HA IUIOIMAxb Home-

PEYHOr0 CEUeHUs TEPMOCTONOMKA S, IEperndmeM COOTHO-
[IEHUS B BHJE

g(0) = ¢, = »

Sn(T, — Ty 1,
o=f+"aTo+;J R,
- Sx(T, ~ T, 1
Q = ___(_11___32 + JaT, — - J°R,
V=a(T, ~ T,) — JR, | (.11
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l
e R = P E —~- BHYTPCHHCC BJACKTPUHYUCCKOE COIPOTURIICHUC

TepMOCTON0NKA; J = j§ — DIEKTPHUYECKHM TOK; g, =g, 1
Q, = ¢S —— TeIIOBHE HOTOKU.

AnreGpanueckue ypaeaesus (1.11) noaHOCTBIC ONUCHIBA-
10T paboTy TOXYIPOBOAHMKOBOTC TEPMOCTONONKA M ABISIOTCS
OCHOBOH /IS TEILIODHEPTETHYECKOTO pacuera odoro Tepmo-
DNEKTPHUECKOro yerponcTea. Caenyer DOSYEPKHYTh, UTO HC-
NMOJIB30BaHMe NpH permeHun auddepeHInatsHbX YpaBHEHAM
rpaHHYHBIX yCJA0BMEA nepeoro ponxa (1.5) HUCKOIBKO HE CHU-
xaer OOWHOCTH PE3yJibTaTa. 3HAUCHUY TCMIICPATYPH ¥ 0O-
reranmana nmpu x = 0 w x = [ — BCCIO NUUIL NAPAMCTPHL,
Yepes, KOTopsic yHnoOBo BLpasuTs dyskimu Q, Q, u J.

PaccMOTpPMM OCHOBHBIE PeXuMbi paboTel TepMOCTOIOKKA.
Tennoso# noTok O, MPCACTaBIISCT cob0li KOAMYEeCTBO TEMmIa,
MONBONMMOTO B CAMHHUIY BPEMECHH OT WCTOYHMKA TEIIAa K
CHAK TEPMOCTONIOHMKA IpHM TeMIeparype T, a morok (), —
KOJIMUECTBO TEIIA, OTBOAMMOIO B €XMHWIY BPEMCHM OT ApY-
rOro Cras K XOoJopwibdauky npu temneparype T(T, < T)).
Wx passuna mpeodpasyerca B JJICKTPUUYECKYHO JHEPIHUIO,
COBEPINAIOLIYIO MONE3HYI0 paboTy Ha Harpyske, uepes KOTo-
Py 3aMKHYTa 3JCKTpUYccKas nenb. [[eHCcTBUTENBHO, BHI-
uuras () u3 Q,, HaXOoUM

Q ~-Q =W,

rae W = JV — pJekTpuuecKasd MOMIHOCTh Ha Harpy3ke. Ilpnm
srom KITJ npeobpa3oBanus TEMJIOBOU DHEPTUH B 3JICKTPHAUC-
CKYIO ONpEenenseTcs KaK OTHOINEHHE MOIIHOCTH K ITOABO-

w
OUMOMY TEILIOBOMY MOTOKY: 77 = ~— .

9

W3 BeIpaxeHus IS BOJBT-AMIICPHOW XapaKTEpPHUCTHKH
BUIHO, UTO MOIHOCTH MOJOXUTC/IIbHA NPY USMCHCHUH 371EKT-
puyeckoro Toka J B Mpeaesiax OT HyJad A0 TOKa KOPOTKOro
3AMBIKAHU:

a (Tl — TO)

4 JKS = R

TTpu Takux TOKAX TEPMOCTONIOMK paboTaeT B peXnuMe resepa-
Topa, npeofpasys TEMIO B AICKTPUUECKYIO 3HEPru0. AHAIN3
copmya (1.11) nokassiBaer, yro npu J < 0 BO3MOXHZ CHATY-
ammsg, xorma Q, < 0, Q < 0, W < 0. B mamnoMm ciayyac
(KOTOpHIM MBI HCCAENOBATH HE OyAEM) TEIUIO MEPEHAETCS OT
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crasi ¢ MCHBILICH TeMIeparypoi 7) K crnase ¢ Gonbiie# Temrie-
patypo#t T ¢ 3arparou paboTs! W OT BHEWIHEIO MCTOYHMKA
TOKA, T.€. TEPMOCTOA0NK paboraer B PEXUME XOICAMIBHUKA
WJIM TETIOBOTO HACOCA.

Jing ogHO3HAUHOro BHIOOpA 3HAUCHMY HEPEMCHHOW J W3
WHTEPBANA OT HyAs KO J HEOOXOOUMO NPUBJICUYCHME HEKO-
TOPBIX JOMOJHUTENbHEX ycaosmit, OGeiyHO 210 TpeboBanus
makcumyma ubo mouHoctn W, mubo KIIH n. Cooreerct-
BEHHO pa3JMuaioT ABa pexuma paboret Tepmocrondmka —
MAaKCAMANBHOM MOIHEOCTH ¥ MaxcumaasHoro KII. Ipu on-
ruMuzanun Momuocty wim KIIJ mo toky HeobGxomumo uc-
II0JIb30BATH COOTBETCTBYIOIIYE TPAHUYHBIC YCIOBHS, T.C. CBA-
3aTh Temuepartypst ciiace 7 u T € 3aaHHBIMY B KOHKPETHOU
3afaye BEAVMUYMHAMHM — HANPUMEP, TCIJIOBHIMM IOTOKAMU
WY TEMIECPATYPAMY OKPYXArOMEH cpenbi ¥ KoadhdpmuueH-
tamu Temooraauu w 1.0, CICOOBATEADHO,  OHTMMAIbHOE
3HaueHne TOKA J ¥ COOTBETCTBYKOILUME MY 3HAUCHUS JHEDP-
TETHYECKMX XAPAKTEPHCTHK OVAYT pasJUuHbIMM I Pa3HBIX
IPAHUUHBIX YCIOBUM.

B xauecrse wambonee mpocTorc, HO BMECTC € TEM TpAK-

THYECKM BAXHOTO CIyuasi paccMoTpuMm yciosus T, = const,

T, = const. [Ipy NOCTOSHABIX TEMMEPATypax Cnacs BOJBT-
aAMICPHAsd XAPaKTCPUCTHKA JUHEHHA, a DJICKTPHUECKasi MOIIL-
HOCTh W B 3aBHCHMOCTH OT TOKA Npeacrasjsger coboi mapa-

6osy. ITpm Toke, paBHOM

a(l, =T
J = 2R ) (1.12)

MOIIHOCTh AOCTHIACT MAKCUMYMa

2 2
a(T——T)
W= —Li 2
4R

[Mogcrasnss MOMYUCHHOE ONTUMANBHOE 3HAUCHHUE TOKA B
pexumMe makcumanbaor momHocTH (1.12) B dopmynsl pis
TEIUIOBLIX TNOTOKOB, Hampsxeuwsg u KII, MoxsHO HauTh
COOTBETCTBYIONIME 3HAUEHUST STUX XaPAaKTCPUCTUK,

Tlepeiinem Temepp K PEXHMY MAKCHMAJIBHOTO KIII.
3pech yRoGHO BMECTO TIEPEMEHHOM J BBECTH HoBon epeMeH-
HYI©O M no dopmyae

a(T, — 1)

= R+
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Toma BBRIDAXCHUSA S TCIUVIOBBIX TMMOTOKOB, HANPAXKCHUA KU
MODIHOCTH HNPUHMMAIOT BU

Sx(T, = T,) "1 L T 1AL =T

0 { M+ 1 2(M+1)2 ’
S, -71) | T 1 AT, — T.)]

Q ="t ¢t L]
l M+ 1 2 M+ 1)

V=ali-T)

2 2
' a" (T, — T,) M
W= ——t—

) (1.13
R (M + 1)

rae mapaMerp z = a’/px XapakTEpU3yeT CBOMCTBA MaTe-
puasa u HasmBaeTca nobporHocTeio [2]. Tlepexon x Oespas-
MEpPHOM TNEPEMEHHOM M, KOTOpas MMEET CMBICI OTHOLIECHUS
COMPOTHBJICHUY HArpys3kd K BHYTPCHHEMY COINPOTHBJICHHIO
TEpMOCTONOHKA, MO3BOJIII BEICTATE B BBHIDAXEHHUSIX s Q)
M (), B K3aueCTBE IVIABHOTO WICHA TEIIOBOH IIOTOK 33 CUET
TenonposoguocTy, a temwio [lexptbe u [Ixoyns mpencra-
BATb B 0e3pa3MepHOM BHAC, YAOOHOM IUIS OLEHOK BKJIAAA
otux 3dgdekros. OrMernM, 4TO PACCMOTPECHHOMY pPEXUMY
MAKCHMAJIbHOH MOIMIHOCTH COOTBETCTBYET 3HAUCHHE NEpe-
MeHHOM M, pasmoe eauumne. [na onpenencnus M (u, cie-
OOBATEJbHO, COOTBETCTBYIOWIEIO TOKA J) B DPEXHMME MakK-
CHMAaJTbHOTO KT npoaucdepeHupyem dbyHKIHIO
n = W/Q, 1o nepeMeHHOX M M NPUPABHACM NPOU3BOAHYIO
Hymo. Pemas nmosyyeHHoe ypaBHEHHE OTHOCHTEIBHO M, Oy-

~ ACM MMETh
T, +7,
M=M= 1+z-——;——>1.

Ecnu nopcrasuts Tegeps M, B (1.13), MOXHO HaliTH xapak-
TEPUCTUKH TEPMOCTOIOMKA B pexume MakcumasapHoro KITJ.
-B wyacrHoctun, npu M = M, KIIO #» mnmocruraer CBOEroO

MAaKCHMAJIbHOTO 3HAUECHHUSI:
T, — T, M, -1

n =
T, T,

(1.14)
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Taxum oOpasom, KIIJl mpeoGpazosanusa TensoBo 3HEp-
UM B OJACKTPUYECKYIO OKas3aacsd pPAaBHBIM I[IPOU3BEICHUIO
nByx comuoxuteacyi — KIIJ mukna Kapno, ocymectsisc-
Moro Mexay temneparypamu 7, u T

3 T - TO
77[{ - T1 ’

u sHyTpernero KI1JI repmocronbnka

M, -1
g = ’
To

M +

o r

”

TIpryemM MIOCACKHUAN 3aBUCHT JUIIb OT OOHOA XapaKTEPUCTUKYU
MaTepuana, a MMEHHO moOporHocTH z. IlepBmie TeopeTH-
yecKMe OLECHKM J(DMEKTHBHOCTH TPAMOro npeodpazoBaHud
sueprum B TO3I' Bumonmenst B paborax [12, 13], B
okonyarensHoM Buae ¢opmyna (1.14) monyyena A.D. Mod-
de [2].

Ipn pemcH#M pa3IMYHBIX 3aa4, OTHOCAIIMXCH K pacue-
TY TEPMOIJCKTPHYECKUX YCTPOMCTB, UACTO MPUXOTHUTCS
MOJB30BaTECE npHOmmxenHeMu  pemeHusmu.  [locnennee
OKA3bIBAETCHY BO3MOXHBIM 0Jarofaps MaJIOCTH PIJa UYICHOB
KakK B ucxomgHbix auddepeHunanbHbiX YPABHEHUAX, TAK U B
ABASIOMINXCS MX CACACTBMIMHU ypaBHeHusx Oamaxca. Becema
MOJIC3HBl YMC/AEHHBIC OICHKH, TMO3BOJISIONINE BLISCHUTH
BKJIAN pa3nMuHblX 3(P¢EKTOB B HUCKOMBIE XAPAKTEPHUCTUKH.
N TpOBERCHMS TAKUX OLUECHOK BO3bBMEM CICAYIOIME TH-
nuyHele IS HU3KoTemmepatypHeix (T, = 250 — 320 °C)
TEPMOJIEKTPUUECKMX ~ OaTapel 3HAYCHHMA  IApaMETPOB:
a = 180 mxB/K, #=1,510"* Br/(em - K), p =
=107 Om-cM, z=a*/pr=12,16-107 1/K, Bricora
tepmocToibnka [ = 1 cM, mromagk MOMEPCUHOrO CCUCHUS
S = 1 cM?, rtemmeparypa ucrounuka temna 7, = 600 K,
TeMnepaTypa xoaoguiabHuka T, = 300 K. Torma KIIJ, pac-
cuntasubi 1o dopmyae (1.14), pasen n = 0,106. J1o o3Ha-
yaer, uto B AaHHOM cayuae jwmwb 10,6 9 mnoasommmoro
Teia Q, mpeobpaszyercsa B SNEKTPHUECKYIO JHEpryio. B Ha-
crosimiee Bpems KIID 6oabmIMHCTBA TEPMOJJIEKTPHUYCCKHX
Garapeit nexur B uaTepsane 2—10 %.

OueHuM Tenepb BKAAA pasiuMuHbiX 9(P@EKTOB B TCIIOBOM
6ananc. B pexume makcumanproro KITJ, korna M = M, =
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= 1,404 (mpu stom J = 22,5 A, V = 0,032 B), umcem

S» (T, - T
Qn=~—~——(—~12---—0)~=4,50 Br,

Qp = JaT, = 2,43 B,
Qﬂ = J°R = 0,50 Bt

W PEe3yJIbTHPYIOIUH TEIJIOROH TOTOK
1
Q =9, + O — “Z‘QH = 6,68 Br.

IIpoBencHHBIC OLEHKM MOKA3BIBAIOT, UTO TEPMOIJIECKTPH-
YEeCKHH . [1pe0dpasoBaTENh IBJISCTCS HU3KOBOJBTHBIM CHUIBHO-
TOYHBIM WCTOUHMKOM nuTaHuda. g COrIacoBaHus C Io-
TpeduTesieM 1 HA0Opa HYXHOTO HANPSXEHUS OOBIUHO HEOO-
XORAMMO TIOCIAEACBATENPHOE COeTUHEHNE OOMBIIOTO KOJIMYECT-
Ba TepMOCTONIONKOB. [lanee, BUAHO, YTO FEHEPUPYEMAS MOIIL-
Hocte W= Q7 = 0,71 Br Mana mo cpaBHEHMIO C TEIJO-
BoIMM moTOKamu Q = 6,68 Br u Q = Q, — W = 5,97 Br,
IIPHYEM OCHOBHOM BKJIAN B TEIUIOBOM MOTOK JaeT OOBYHAA
rernonposogHocTh. Tero [lenpThe Qp cocrasager 30 %, or
Q,, a remno [[xoyns Q,H — 7,5 %. D10 06CTOATEABCTRO
urpaer O6OMbIYIO POJb KaK Ipy paspaboTke npulivKeHHBIX
MHXCHCPHBEIX MCTOHNOB DPACUCTA, TAK M NPXM HOCTPOCHNU aji-
TOPUTMOB YHCJCHHOIO PEHICHWd CHCTEM ypasHeHuid Oananca.

OnpepenuM Temepb, HACKOJABKO IJJACKTPHYCCKAd MOUI-
Hocte W B pexume makcumanbHoro KIIJI meneme csoero
MAaKCUMaJIbHO BO3MOXHOTO 3HAaUcHud (B PEXXUME MAKCUMAaJih-
HouM momuoctn). Havimem ornOmenwme momuOCTH W npm
M = M x momuocTs npu M = I:

2
W(M, M, = 1)

w(l) M, + 1) '

B coorBercTBMM C UMCACHHBIMM 3HAUYCHUIMH TAPAMETPOB TP

M, = 1,404 nocnegHee cnaraeMoe paBHO
2
M, — 1
—| = 0,028,
M +1

0

T.€. IOTEPs MOIIHOCTY B pexmme MakcumanbHoro KITJ coc-
tasaseT 2,8 9. AHanoruuesM 06pa3oM MOXHO CPAaBHHATH W
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snauenus KIIJ B asyx pexumax. [locne pana HeC/OXHbIX
npeobpasoBanuii EMeeM

2
77(M0) MO -1 1
e Fyaurerd B RS b

Hockombky 7(M,) << 1, #aHHbf pPe3yabTaT MPaKTHYCCKH
copmazaer ¢ npegbiayumM., Takum 00pasoM, MOIIHOCTH U
KIII Tepmocrosifuka Ipu mepexoic M3 ONHOTO pEXUMA B
APYTOH M3MECHAIOTCH HE3HAYMTENBHO.

B 3axjoueHue IMOJIYyYMM €eIe OAHY TMOJNE3HYIo (opMyny.
IIpn M = M, BEIpaXEHKE /I TEIAOBOTO MOTOKA (), MOXHO
MPUBECTH K BURY

’ S»(T. =T, 1
i 0/
1 ! ' ‘MO 1 -~ QnMo‘
1 - E’;’(Mo)

Takad 3amuch TOKA3bIBACT, YTO BJNWSIHUAC TEPMOIJIECKTPHU-
yeckux 3(QEeKTOR Ha TEMWIOBOM MOTOK () npubANKEHHO
CBOMUTCH K YBCAWYCHUIO KOIDPULIHUEHTA TERIOMPOBOTHOCTH
» B M, pa3. [Toatomy nis pexumoB, OJU3KMX K ONTHMAJb-
HOMY, TEpenauy 7Teria 4epe3 TepMOCTONIOMK MOXHO pac-
© CMAaTPUBATh KAK OOBIYHYI) TCILIONPOBOXHOCTH ¢ 3hdexTus-
HbIM KO3(DAIMEHTOM TETIONPOBOXHOCTH o = M.

1.3. Meron cpenHux napaMeTpos

CBoMCTBA HOUTH BCEX TEPMOSJACKTPUUCCKMX MATCPHAAIOB
M3MEHSIOTCS B MHTCPBAIC Temneparyp or 7 Ao T, HacTo/lb-
KO, uTO npenebpeub WX TEMIEPATYPHON 3aBUCHMOCTBIO HE
yaaerca. s mpumepa Ha puc. 1.3 NpUBEACHB XapaxTe-
PUCTHKM MOJYIIPOBOAHUKCBOIO CIJIaBA KPEMHUM — repma-
Hui [0 ], ana koroporo koaddunuent tepmodC a u yaens-
HOE JJICKTPHUYSCKOE CONPOTHRIICHHME O M3MCHSIOTCS B UHTEP-
pasie remneparyp 300—1100 K noutu B 3 pasa.

Il pacuera SHEPTETMUYECKUX XAPAKTCPUCTHK TEPMOCTOM~
O0uKa C NEPEMEHHBIMHM CBOMCTBAMW MPUMEHSIOT Pa3JIM4YHbIC
ynCneHAbIe W aHaauTuueckue meronsl (3, 4, 14—16]. Hanm-
Gonee pacnpoCTpPaHEHHBIM —— METOA CPEAHMX MapaMETpOB,
COIJIACHO KOTOPOMY TEIVIOBBIC HOTOKU (J,, O, ¥ HampsSKEHNUC
V MOXHO BHIUMCJAATH MO TEM X¢ (HopMysiaM, 4YTO U B CIy4yae
MOCTOSHHEEIX CBOHMCTE (opmynsr (1.11)), moacrasass B HUX
cpenpuc 3Hauenns ¢yukumid «a(T), #(T) u p(T). Crenyer
NOAYEPKHYTh, UTO METOR CPEAHHX NapaMeTpOB HE SABJISICTCH
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Puc. 1.3 3Basucumoctu koabduuuenra tepmod/IC (a), xoaddu-
[MEHTa TENAONPOBONHOCTH {6) U yAECNBHOID 3JEKTPUUECKOrO COTPO-
THBicHUA (G) TONYNpPOBOAHMKOBOrO cnuiaBa Sig; — Ge; 3 n-TMna
ITPOBOTUMOCTH OT TEMIIEPaTYPHI.
IiITpuxamu nokasaHa annpoxcumaius (1.24).



Puc. 1.4. Uwmnapuueckas (@) v cepudeckas (6) BETBH TEPMO-
AJEeMEeHTa.

nocrynaroM. OH OCHOBaH Ha NpUOIMXEHHOM DEIICHUH CH-
CTEMBI YPABHCHMI TEIUIO- M JIEKTPONMEPEHOCA, M3 KOTOPOro
BHITEKAET CHocob ocpemHeHus CBOMCTB Matepmaina. Caenyro-
HIee IpuOIMXEHUE TO3BOJIIET OLUCHUTh TOYHOCTh YKA3aHHOTO
METOJA.

IMpu o6o0IwEeHnn PE3y/IbTATOB, MOJYUEHHBIX IS TEPMO-
cTonbmka C IOCTOSHHBIMHM CBOWCTBAMM HA CJAy4al, KOraa
Q, % WM p 3ABHCAT OT TEMIEPATypH, OyAeM pacCMaTpHBATH
HApaAy € IUIOCKOM (cM. puc. 1.2) BETBM IUAMHAPHYECKOU H
chepuueckoit dopm (puc. 1.4), T.e. pewiath 3agauy B o6meM
ogHOMepHOM cayuae. Kak Oyamer mokasaHo najiee, 3TO HE
CO34AeT [ONOJHMTENBHBIX TpyAgHocTed. B TO Xe BpeMd
TEPMOIIEMEHTHl IAITUHAPUUCCKOA (POPMBI IIMPOKO TPUMEHS-
forca B Tpybuateix TIT.
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BriywiC/ICHAA TIPOBOAKEM B TOUM X€ IOCAEHOBATCABHOCTH,
ute ¥ B pa3sn. 1.2. Ppanuunwe ycnoeus (1.5) samenmorcsa ua

T(XO) = T()’ T(xl) = 711’ ‘P(xo) = ()Do’ (P(xl) = 301"

3pecs B ormmume ot (1.5) x, # 0, Tax kak cmai UUIMHL-
PHUECKOro uan cDEpMHECKOro TepMOCTONONKA HE MOXET Ha-
XOMUTHCA B HAYAJNC KCOPIWHAT. BBIpaKeHud s IJIOTHOCTH
TOKa J, MAOTHOCTH TCIUIOBOIO MOTOKA ¢ U MJIOTHOCTY HMOTOKA
JHEPrUM W COXPAHSIOT ¢BOHM BuA. OOHAKO HYXHO NOMHHTD,
9TO B TAKuX (POPMYJIAaX CBOMCTBA MATCPHANA YXE ABISIOTCS
(DYyHKUMIMHA TEMOCPaTypul. 3aKoHB coxpaHcHuda (1.8) u
(1.9) 3ameHg0TCH HA ‘

d
n—1
— " = 0,
, . X w
d 1 =
— — O’
dx *

F[€ 3HAUCHHUA MoKasatTenda n = 1, 2 ¥ 3 COOTBETCTBYIOT ILIO-
CKOM, HATHHAPUYCCKON U cheprueckon dopMam.
Eciu reneps nepedTH K HOBOW KOOPAXUHATE

. n—1
x" = f (—Eﬂ dx
%

)

u uepes j, oB03HAYNTD ILIOTHOCTE TOKA npu x = O (upum
n # | TIOTHOCTE TOKA j, TaK X€ KaK ¥ N0 MOMEPEUYHO-
o ceueHud S, HE COXDPAHACTCS MOCTOAHHOM), TO VPABHECHUE
TEIVIOMPOBOZHOCTY M TPAHUUHEBIC YCJIOBHY K HEMY HpUHUMA-
FOT BHJ

d ar ar

" + jT + jip =0,
dx"  dx’ %o x fo £
T =T, T(I") =T, (1.15)
xl /:C \ -1
agech [* = f - dx.
X, \x

0
Jns nonyuenusd coorHowenuil Gananpca tuma (1.11) myxHO

peminTh ypaBHeHue tensonporonrocT (1.15) u maiinennoe
pACIIpeacacHue T(x*) TIOACTABHTH B (POPMYJIH

+jaT|| «

x =0

dT
Q, = S,

4] %k
dx



Car )
O = 5;|» +—7oaTi

! dx" ) =
T I
v={adr—j {pds (1.16)
T 0

0

Cpapuusag cayvan n = 1, 2 » 3, J€rKo 3aMCTUTh, UTC
HWIMHAPHYECKAS 1 ChepuyecKas TeOMETPU#M CBOAITCH K ILI0-
CKOif, DOCKOJBKY DEWEHWe Wit n = 2 u I3 JICTKO HAUTH
TIPOCTOM 3aMEHON DEPEMEHHBIX -— AAMHZ TepMocTonluka

[ = X, — X, 33MEHACTCH HA ", a sxomsmue B (1.16) mnor-
HOCTH TOKA ¥ IUIONIAAb IIOTIEPCHHOrO ceucHua Gepyrca B
touke x,;. C yueToM 9TOr0 HUXKE NIl YIPOMICHMS o6o3Ha-

eHuit OymeM NPOBORUTH BeuMCICHMS mpw # = 1 u x, = 0,
xorja X = x, [' = [

B oTsimume OT ypaBHEHUA C MOCTOSHHEIME KOo3Q@uuueH-
tamin (1.10) amanutuvecku pewmurh ypasucaue (1.15) npnm
NpON3BO/IbHEIX 3ABHCHMOCTAX », T H 0 OT TCMICPATYPH HE
ynaerca. ONBAaKO MOXHO HOAy4UMTh €TO NPubMKEHHOE pe-
LICHYE, KOTOPOE B NPAKTHUECKWX cavuasx obnamaer ymos-
JETBOPUTEABHOA TOYHOCTEIO. BOCTIONB3YyEMCE MAJIOCTRIO TEII-
na Tomcona u Jxxoy/is 110 CPABHEHHED ¢ TEIUIOM, HepeRasac-
MBIM TEIVIONPOBoaRocTEI0. Kax GBUI0 MOKa3aHO UMCICHHBIME
oueHKamy, Temno dxoyna Oy cocrasnger ~ 0,1 Q,. Cpas-
HUM Teneps Mexay coboit remo Tomcoua U [Ixoyns (Bro-
po¥t M TPETHH WiCHbl B YP3BHCHMM TEIVIONPOBOAHOCTH) TIPH
ONTHMANBHOY IUIOTHOCTH TOKA B PEXAME MaKCUMaabBON
MOTHGCTH!

a(Tl - TO)

Ting onenku npubamkcuHO 3amenuM rpapuent d7T/dx #Ha
(T, — T,)/1. Torna Gyaem umers ‘

- dT
q. T odx
—— = ——— a2z 2k
2 9
QH TP
dina .
me k = T —— TIOKA3ATEeNNb CTCICHH, XaPaKTCPU3YIOUiNM
n

. - , I

pocr xoahduuucara tepmod1C ¢ Temneparypoi (o ~T%).
O6wiurao k = 0,5 — 1,0, nosToMy TEMIOBLIACACHUC 33 CHET
ahpdexros Tomcona u [xoyns npu ONMTHMAJLHOM TOKC -~
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BCJIMUYMHEBL  OJHOTO TIIOPYIAKd MAJIOCTH, 0O6a cJaracmaie

dr
jt =+ j’p = F(x) MOXHO paccMaTpuBaTh Kak Majioe BO3-
X

MyHICHAC B YPABHCHNH TCIJIONPOBOOAHOCT W HUCKATh peE-
WIEHUE METONOM IIOC/ICHAOBATE/IBHBIX npubmxennit, [Tpum
aroM yaoGHO mepeitt ot AuddEPEHNNATBHOIO ypaBHCHUS
(1.15) ¢ rpaHMYHBIMH YCJOBHSIMM NEPBOTO poaad K SKBHBA-
JIEHTHOMY HMHTErpPajJbHOMY YypaBHeHU0. llpoumnTerpuposas
(1.15) mBaxgwel mo x B nmpegenax or 0 po [ M onpeneaus
MOCTOSSHHHIE M3 TPAHMYHBIX YCJOBUM, MOJYYHMM CAETYIOMEe
BBIPAXKCHHE:

X ! x
dT—fR@m+%ffFMde,

0 0 0

1
H— = —
[

dx

C;ﬂ'_.,ﬂ

KOTOpPOE MOCAE HNOACTAHOBKU Crofa F(x) w mepexona OT MH-
TErPUPOBAHUY 10 KOOPAWHATE X K MHTETPMPOBAHUIO TIQC TEM-
neparype T OpUHMMAET BHJ

dr " H z T
%-d:“—f%dx+]lf-~—&? frdeT’-fth +
0 Ty w— T, To
N p T
+ ji- deT’ —dT|. (.17
/ lf dr f J dT (.17)
TO T 0 %_ TO H
dx X dx

Cooraomenue (1.17) npencrasager coboit MHTErpaIbHOE
YPAaBHEHUE OTHOCHTC/IBHO HEW3BECTHON (DYHKIMH TEMIepa-

TYPBI % d_ . HanHaga dpyHKuus CONEPXUTCH KAK B JCBOM, T4K
* :

U B TIpaBO# 4YacTdx paBeHCTBA. [Ipm TOKe, PaBHOM HYJIIO,
KOTAA TEIUIOBhiEe/IeHUE 3a cueT addexroB Tomcona u [Ixo-
y/Ast OTCyTCTBYyET, ypaBHeHue (1.17) mMeer TouHOE peumrenue

ar® _E@ -1y
dx l '

(1.18)

3mech M HMXE YEPTa HAZ BCAMYMHOM 03HAYACT €€ OCpeH-
HEHME B MHTEpBaie TeMneparypsl ot 7, 1o T, mo npasuiy
T,
_ 1
%= ——— [ %(T)dT,
I, -T,
TO
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T.€. cpegHenHTerpaabroe sHauenue. Pemenne (1.18) moxso
NpUHSTH 34 HYJEBOE NPUOAVKEHUE M, HONCTABUB €r0 B
dr @

npasyio uacts (1.17), Haiitn nepsoe nNpubMIXEHHE u

X
T.%. TTOCKOIbKY MONpaBK¥ 3a CUET TEPMOITEKTPUUECKHX IP-
¢dexToB B mpasoi yactu (1.17) manbl, IOCAEAOBATENABHOCTD

d1 @
(i = 1, 2, ced) 6 acT OBICTPO CXOAUTHCY X TOYHOM

dx
dT

pemenuio. Ecou npu onpencnesuy Z OTpaHHYMTHCA TIEp-
X

BHIM npuOamxenueM, a B GopMmyay mIg BOJbT-aMIEPHOM
XapaXTEPUCTHKH

et

Tl Tl "
V=fadr-jf —‘—’d—T—dT
TO TO HE

moAcTaBuTh Hyseoe npubsmkenue (1.18), To cooTHOmIEHUS
(1.16) mpuHEMAIOT BUX

Sn(T, ~ Ty _
Q, = — +J(T, — T )l — n) + Ja(T )T, +
+ J*R(1 — np),
Q = — 7 - JU(T, — Tn, + Ja(T)T, — J°Rnay,
V=ao —T)—JR, (1.19)
pn l
e R = %‘E , a
/ Tl T
' [ = [ rarar
Ty Ty
n,=1-_- vy
(T, — T,)
oo
fxfpudeT’
Iy Ty
nn = 1 R 2
nox (T, — Ty
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NPEACTABIIIOT coloir DO TEILIOT Tomcona
Q, = J (T, = T,) u Ixoyas Qy = J’R, yuuTHBAOIMMIE UX
pacnpenencHue B 0anaHcax Ha “XOA0OHOM® M “ropsuen”
CHasx TEPMOCTONONKA.

[Ipubmxennsie ypasaenus 6anancos (1.19) 6su1a moay-
yeHs pasusiMu  cmocobamu  AM. BypuwrreiisoMm [3] ©
B.4. Moitxecom [4]. Bugno, uTto 0OHM yROBJIETBOPSIOT 33KO0-
HY COXDAHEHMS JHEPTH¥, T.€. PA3HOCTh TEIVIOBEIX HOTOKOE
Q, — O, pasHa reHcpupyemoun momnocry W = JV. Ilpu mo-
CTOSHHBIX CBOICTBAaX Marepuana «, » U p dopmyas (1.19)
nepexopar B (1.11), mpumuem, Xak w paHee, HAIPSXKEHHE
34BHCHAT OT TOKA JIMHEMHO, 4 TCIUIOBHIC TOTOKH COICPXKAT
JVIHEHHBIC ¥ KBaZpaTHYHBIC 4YiIEHB MO TOKY. Ha mx ocHose
MO>XHO 1IPOBOXUTD JIOOHE TEIIOIHEPreTHUECKUE PACUETHI, B
YACTHOCTH B SIBHOM BHAC MOJYUMTh BBIPAXKCHHUS IS MaK-
cuManbHOl MomHOCTH 1 mMakcuMansaoro KITI. Oprako pac-
ueTsl craHoBarcs Gosiee rpomozakumu, niosromy AU, Bypin-
TEHHOM OBUIO TIPOBEACHO AanbHe#mee -yupomexue ¢GhopMys
(1.19).

o cux mop HCNOAB30BaJACH JUITB MAJOCTh Temnor To-
mcona u [Ixoyng. Bmecre ¢ TeM ciiemyer ydects Takxe TO
06CTOSITENBCTRO, UTQ O, *, P, T ¥ UX NPOU3BEREHUS OOBLIUHO
AOCTATOYHO IVIAAKHUEC MCIJICHHO MCHSAIOIMECHS (QyHKUWH TEM-
MEPATYPHI, IPX BHIYMCICHKU MHTEIPAJIOB OT KOTOPHIX MOXKHO
npubJMXKEHHO BHIHOCHTh MNOABIHTErPANLHYI) BEJIMUMHY B
CpeHER  TOuUKe MPOMEXYTKA MHTCTPUPOBAHHSA
Tcp = (T, + T))/2, T.e.

1 T
f=——"—/] ATdT =
i
‘f( Cp) f ( gp) 24 "'Nf\ cp)'

Torna no= Ny = 1/2. 310 npubavixeHue He BAUZET Ha BUI
BOJMBT-AMIIEPHON XApPAKTECPHUCTHUKH, a IOTPEIIHOCTb, BHOCH-
Mmas B 3HaycHust O, n @, Oyner weGOMBINON €HIC ¥ TOTOMY,

YTo CaM# CJIATAEMBIC, NEpen KOTOPhIMHU CToaT koa(hdumu-
€HTH, Majisl TO CPaBHEHMIO C T[JABHbIM  WICHOM

SE(T, = T,) |
QK = "~-~~'—Z+"-—. THopcraBnag n, = ng = 172 8 (1.19),
do
NpoBOAS mpeoOpa3oBaHus C YYCTOM CBHA3M T = de—; , @
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TaKXe€ OMOJHHUTEABHO npeHebperas B moToKax Q, u Q
cJaaraeMbiM

I o _
EJ[Toa(To) + T(T)) — (T, + T)a},

HOJYUAM
S;E(T1 - T,) _ 1
Q=" +JaT + IR,
SH(T, - T,) _ 1,
Q =", +JaT, - IR,
' . V=a, -T,) - JR (1.20)

Hanubie GopMyJIB M €CTh OCHOBHBIE COOTHOWICHUS METORA
CpemHnx napameTpoB. OHM IOJHOCTBIO COBNAAAIOT 1O BHAY C
dopmynamr (1.11), B xoropeix kosddunment repmodIC «
U KO3(pOUIUEHT TENIONPOBOTHOCTH » 3aMEHSIOTCS cpen-
HEWHTCIPAJIPHEIMK, 4 YAEAbHOC 3JIEKTPHUUECKOE COMPOTHB-
JIEHUE 0 OCPCAHIECTCH ¢ BecOM ».  CACHOBATENBHO, OCTAIOTCS B
CWJIE U TIOJYYCHHBIE BBIOIC PE3YJBTATH OISl PEXHUMOB MaK-
CHMAaJIPHOW MOLIHOCTH M Makcumasbroro KI1JI, mpuuem no-
OpOTHOCTD MaTepHMaa BEIYMCASETCS 1O (OPMYJIe

aZ
pr

Merox cpenHMX NapamMeTpoB HAIIEN MIMPOKOE MpUMeE- -
HCHHME B NMPAKTUYECKMX PACUETAX DPA3JIMYHBIX TCPMOIEKT-
PHUYECKMX YCTPOMCTB. BaxHoe 3HAaueHME MMEET HcCaenoBa-
HHAE €T0 TOYHOCTH, [/If OLEHKY KOTOPOW MPH HPOM3BOIbHBIX
3aBUCHMOCTSAX CBOMCTE MAaTE€pHaaa OT TEMOeparypsl Tpebyer-
Cd YYET BINIHHUS TEPMOSJEKTpUuecKuX 3ddexkToB yxe Bo
BTOPOM HPUO/IMKEHUN.

~ Beenem crenyiomue GespasmepHBIC mepeMeHHbIE: TEMIIe-

(T - T,) P il
parypy © = m KOOpIMHATY £ = T MK f =

Torna kpaesas sagaua (1.15) u cooTeTcTBYIOMmEE €if MHTET-
pansHOe ypaBHeHue (1.17) npuamMMaror Bug ‘

)
S~
(=]
N’
1
<
)
—~
ey
e’
i
[—
_~
(S
N
-
S
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dg , d®
%-(—15—0 0
1 %* e’ * ($] *
v . r %
Te "{A*i@{ _do 0% { Lae %9 12D
e "

A 3BE3OYKOM OTMEUEHH CBOMCTBA Marepuana, obespasme-
pPEHHBIC HA COOTBETCTBYIOMINE CPEAHEWHTETPAJIbHBIC 3HAUE-
HH$ TaK, UTO

1 .
[#'©)d0 =1 urn.
. 0
Pemenue muTerpassHoro ypasuenud (1.22) mMoxHO wc-
KAaTh METOAOM TOCJEHOBATENBHBIX MPUOJMXEHWHA, KaK 3TO

GBLIO ONMMCAHO paHee, HAUMHAS C HYJICBOIO NPHOIMXEHHS
de
*

dg
OpPOBOIMTD passioxkeHue npasoid yactu (1.22) B paj no crene-
HaM ¢, M ¢,. Torna pemenue OygeT uMeTh BUI PSAa TEOpUU

BO3MYIIEHMH 10 ITAM IapaMeTpaM:

H = ]. [Ipoueaypa ympomaeTcs, €CU Ha KaXkJOM Luare

. d© S
S z Aijeiezj. - (1.23)
i, j=0 :
[Mepsrie mecTs K03DOUIAEHTOB A, ; PaBHbL:
1 2} e
Ay =1, 4, = [« [1°d0d®" - [ 146,
0 0 0

1 o’ e
A, = [» [videde - [v'de,
0 0

01
0

2 2

S | e’ 1 e’
Ay = [ |[d0| do - | [« ['a@d0’|
0 0 0 0
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o 2 . e 2

-
[ |[vae| d0 - 2| [« [vaeae’| +
. |

0 . 0 0

Aoz =

o w

T e ® L {© 2
+ [ [vdede’ [vde - 5 |Jvae|,
0 0 : Q 0 )

1 Q' e’
4, =2 [v*d0 [ r*dode’ +
0 0 0
1 8" e
+ [ [v* [ r*d0d0'd0" -
0 0 0
1 e 1 e’
— 3 fu [v'dede’ [« [*dede' +
0 0 0 0 :
1 e’ e © e’
+ [ 7 [rrdede’ [vae - [+ [ iede.
0 0 0 0 0

Ionaras B (1.23) ® = 0 u © = 1 u nobasnss cnarae-
Mbi€, yudTeiBaomue tenno [leasthe (cM. (1.16)), moxHO
HAWTHU TEIUIOBBIC IOTOKH Q, u Q, ¢ TpebyeMOil TOYHOCTBIO.
Ecnu orpaHuYMThCS JMINb JAHEHHBIMM 110 €, ¥ £, YWICHAMH
(i+j<1), to nonyunm pemenne (1.19), xBampaTmuHbIE
yiICHB (i + j < 2) MO3BOJSIOT OLEHUTH €ro TOYHOCTh. Ko-
ahduumenTsr A;; MOXHO JICTKO BBHIYMCIHTH TIpHM MIO6HIX 3a-
BUCHUMOCTSIX CBOMCTB MAaTEpUasa OT TEMIEPATYpPHI, MPUYEM B
Cayuyae, Hanpumep, IOJTHHOMHANBHOM 3ABHCUMOCTH BBIUMC-
JICHHS MOTYT ObITh MOBEIEHH 4O KOHUA AHAJMTHUYCCKIH.

IIpy HEKOTOPHIX YACTHHIX 3aBHCMMOCTSX YDABHCHHUE
(1.21) wmmeer TouHbie pemenns. Hapagy C HOCTOSHHBIMU
a,nmp @ =0, =1,v" = 1) nauborsmmit maTEpCC
TPCACTAB/AET C/y4ai, KOTHa T M # HOCTOSHHEL, 4 0 3aBHCHT

*

OT TEMICPATYPH JHMHEHHO, T.e. 7 =1, »* =1, +* =
=a+ 0 (a=1 - 5/2). 310 CBI3aHO C TEM, YTO TAKHE
- 3aBHCHUMOCTH 1O CBOEMY XapakTepy OJIM3K¥ K PEaIbHBIM s
MHOTHX TEPMOSJIEKTPUYECKUX MaTepuanos. Hanpumep, aug
cnasa Siy . — Ge, , nosenenne xoadpunuenta TepmodIC u
YIEIBHOTO 2TEKTPHUECKOrO COMPOTHBJICHHS B WHTEPBAJIE TEM-

nepatyp 500—900 X ynosnereoprresibHO annpokcuMupyercs
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byHKIUIMUA
a = (—1062 + 195,6 InT) mxB/K,

p = (-2,9 + 0,0277) - 107 Om - M (1.24)

(urpuxopas nwHUS Ha puc. 1.3), a K02 IULIHEHT TEMLIONPO-
BOIXHOCTH OTKJIOHSICTCS oT CpeaHero 3HAUCHUS
% = 4,18 - 1072 Br/(cm - K) ne Gonee uem na 7 %. Ilpu
MHEHHON 3aBUCMMOCTH ¢ OT Jorapudma TemMneparypsl KO-
sppunnent TomcoHa OyAET MOCTOSHHBIM, B AAHHOM CTydac

da
1 = T— = 195,6 mxB/K.
dT
Iipu s* =1, »* =1, v" = a + bO ypasuenne (1.21)

SBJISCTCS JMHECHHBIM, €r0 TOUHOE PEIIEHHUC, YAOBJCTBOPAIO-
miee TPAHVYHBIM YCJIOBUSIM, UMECT BUL

o) = Tf‘x“ Hl + 50 - eKz>}er‘=’ ~

- [1 + %(1 - er)}eKzé} - %

Y IPaJMEHTHl TEMIIEPATYPbl HA CTIA4X PABHbI

- A -
©'(0) = (1 + 3) Vi g2 3(5—1- + —vﬁ“ch\fﬁ),/

b| shvu bl2  shvu

e'(l) = (1+%)(—%+ Yir ch\/ﬁ) a Yk 2

£

2
[
1
rge 4 = (é] - ¢&,b, K,=- > + Vu.

Takoe peulcHUE COpaBefiuBo IIpu U > 0. Ecmm xe
pn <0, 0V =iV || (( — vEAMas eAMHUNA) M

ivVigl Vel VTl = cos Vel
S = e VAT chiViu| = cos Viul.

Tounoe pemenue (1.25) MOXHO Pa3/IOXUTh B pax no
creneHsM €, 4 &,. OrpaHMYNBANCH KBAJPATAMHBIMA YJICHAMH,
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HAXOIUM

] b 1 2
@(O)z1+*81+['2'+'662+—1"2"81+
bl 22y [ Lyl
360 0 24|27 |12 T 12| &%
a b 1
' —~ — — — — —_—p?
O'(l)=1- e [2 + 7|, + 6

Fida, e (1.26)
a5 T 24 2T 202 ‘
Tor xe pesyawrar cnemyer uz (1.23) mpm t° = 1, »* = 1,
v = a + 40O, ‘ '

ITpuMenrnm nosyueHHBIE (OPMYJIBI K MATEPHAMY C “3a-
Bucumoctamu (1.24) npu T, = 500 K, 7, = 900 K. Pasno-

0
xenue (1.26) sanmmercs caexyomum obpazom:

I I |
©'(0) = 1 + ¢, + 0,444e, + — ] + 0,027¢] + 0,112¢ ¢,

‘ r I, ‘
©'(1) = 1 =~ e, — 0,556, + e} = 0,029, + 0,055¢,¢,.
| (127

Bunso, yro KoadhdunMeHTH Npy KBaApATHYHBEIX YJICHAX Ma-
JIBI, 3TO CBHUAETEIBCTBYET O BHICOKOM TOUHOCTH JIMHEHHOTO
npubsvxenus. Pe3ybTaThl pacyeTa TEIVIOBBIX IIOTOKOB Q,u
Ql IS TepMOCTOI0MKA ¢ BHICOTOH [ = 1 cM M IIOmMAmbBIo

nonepeudoro ceuennsa S = 1 cM® npuseacHs B Tabm. 1.1,
Pacuer npoBopmics 4YETHIPbMS METONAMH: MO METOAY Cpen-
Hux napamerpos (1.20), B coorsercTsun ¢ suHeHHEBM (1.19)
n kBaapatnyaeiM (1.23), (1.27) npubamxeHusMu, 1O TOY-
HBIM (hopmyaam (1.25).

AHamu3 pe3yJibTaTOB CBUAETEABCTBYET, UTO IIPU TOKE,
61u3koM x ontumansHOMY (J = 30 A), morpemHocTh MeToxa
CPEOHUX NapaMeTPoB HE npesbimaer 1 % B TEILIOBOM MOTOKE
u 2 7% B MomHoctn W = Q — Q. JluneitHoe npubamxe-
HHME, [aBas Ty XE INOIPEHIHOCTh B MOIIHOCTH, IIO3BOJISET
yMeHbmuTh OmuOKy onpenesenust Q U Q,, OTHAKO B IPaK-
TUUYECKMX pacucTax AaJbHEHINEE YTOUHEHHUE IIOTOKOB MO
CPaBHEHMIO ¢ METOIOM CPEIHHUX HAPAMETPOB, MO-BUAUMOMY,
HE uMeeT cMbicia. Pe3yabTaTsl KBagpaTUUHOrO Ipuliam-
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Ta6auna 1.1 Pe3yasTatsl pacyera TeIIOBBIX IOTOKOB QO u Q) (BT
PasHbIMU METOIAMH

Meron, cpegHax JIuneiinoe Keagparuisoe
1A napaMeTpoB npubmpxenne npubJIKeHME Tounbie sHauenny
2o 9 2 Q4 2 & 20 2

10 17,88 | 18,59 | 17,95 | 18,66 | 17,95 | 18,66 | 17,95 | 18,66
20 19,21 | 20,30 | 19,32 | 20,41 | 19,34 | 20,43 | 19,34 | 20,43
30 20,69 | 21,85 | 20,84 | 22,00 | 20,89 | 22,03 | 20,89 | 22,03
40 22,33 | 23,24 | 22,49 | 23,40 | 22,60 | 23,46 | 22,61 | 23,46
S0 24,14 | 24,47 | 24,29 | 24,62 | 24,50 | 24,72 | 24,50 | 24,72

XEHWs TPAKTUYECKH COBNAJAKT C TOYHBIMH. JTO O3HAYAET,
yro pax (1.23) ObicTPO CXOAWTCS K TOYHOMY DPEHICHMIO M
MOXET OBITh MCIIOJIB30BAH KAK A/ YTOYHCHHBIX PAac4eTos,
TaK ¥ JUIS OLEHOK IIOTPEIIHOCTH MEPBOTO IPUO/THXEHHS.

B pacCMOTPEHHOM NPMMEPE CBOWCTBA MATEpUasa AOBOJIb-
'HO CHJIBHO 33BHMCHT OT TEMIICPATYPH, OQHAKO METOM CPEIHUX
napaMeTpoB OKa3ascs BIOMHE npuemembiM. Ombir MpOBE~
ACHHUS PacyeTOB IOKA3HIBAET, UTO METOA CPENHMX Mapamer-
POB NMpPaKTHUYECKM BCEIZA JAET PE3ysbTaThi, COBINAAAOMNC B
npeaenax omuboK N3MEPEHMHA C IKCIECPUMCHTAIBHBIMHU. 2T0
06CTOSTENBCTBO, a4 TAKXKE IPOCTOTa METoAa O0yCIOBHIM ET0
mupoKoe mpumeHeHue. Ha oCHOBE METOAa CPEAHAX MApaMeT-
pOB IS OTHEJBHOTO TEPMOCTONOMKA CTPOSTCS ANTOPUTMEL
pacueTa CJAOXKHBIX MHOTO3JIEMECHTHBIX TOT.

1.4. Yca0BMS COTIACOBAHNS B TEPMO3JIEMEHTE

B mocieacBaTesibHOM 3JEKTPHUECKOW LCHH BO3MOXHBI
MOTEPH, CBS3AHHBIE C TEM, YTO TOK HE SBJIACTCS ONTHUMAJb-
HEIM Ha KaxjacM u3 yvacTkop. [lorepy, 0OYC/IOBIEHHEIE
S7IEKTPHUECKUM PACCOIIACOBAHMEM, BOSHUKAOT KaK B T3Ib,
COMEpPXKAIIEH DPA3INYHBIC TEPMODJIEKTPUUECKHAEC MATEPHAJIL,
Tak W B OTAEAbHOM Tepmocronbuke [2, 5, 17]. Ux Heob-
XOQMMO TI0 BO3MOXHOCTH CBOAUThE K MUHUMYMY COOTBETCTBY-
oMM BHIGOpPOM MATEPHAIOB M KOHCTpyKumu. B Tex xe
CTyuadx, KOrja BeOpaTh MapaMeTphl TOYHO PABHRIMH CBOMM
ONTHMA/ILHBIM 3HAUCHMSM He yaaercd (Hanpummep, moO npu-
UMHAM TEXHOJOTMUECKOTO XapakTepa), Tpebyercs OLeHNBATH
[OTEpY B PEANbHBIX KOHCTPYKLMAX 0 CPaBHEHMIO € Mue-
4JIM3¥POBAHHBIMHA YCIOBUSIMH. o

AHanu3 yCIOBMil COIJIACOBAHMS HAYHEM C PACCMOTPEHHI
MeTONa OGECKOHEUHBIX KACKajoB, MO3BOJSIOMIETO BHIUMCIUTDH
XapaKTEPUCTHKY THIIOTETHUECKOTO TEpMOCTONONKA, B KOTO-
pOM BHYTDEHHHE IOTEPM OTCYTCTBYKWT. [las HMCKIIOUEHUS
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7, | _ T

Puc. 1.5. TepmocToNGHK ¢ HE3aBUCHMMBIMU Harpyskamu (a) u ¢
ofuuei Harpyskou (6).

NOTEPh TEPMOCTOJOMK HYXHO pa3fAe/UTh HA JOCTATOYHO
Gompmoe (B mpeaene GECKOHEYHOE) KOJIMYECTBO YUYACTKOB
WIM KacKajoB, paboTammx Ha HE3aBUCHMMBIE Harpysku. Tok
HA KaXJIOM y4acTke noabupaercs onTHMaJbHbIM. Takas cxe-
Ma MO CPaBHEHHIO CO cxemoi ¢ ofmei Harpysko#i (puc. 1.5)
TO3BOJISIET MOYYHTh NPA 3aJaHHKIX TEMIEPATyPax U CBOKCT-
Bax Marepuana Oosee BHICOKHE 3HAYCHHS MOIIHOCTH HJIK
KIII.

Monaras B Qopmyne (1.14) T =T =T u
T, — T, = dT, HaiiieM MaKCHMAa/IbHbIH KII[ yuacrka:

rne M = V1 + zT. KIIJ] yyactka no OnpeaesieHuio paBeH
OTHOIIEHUIO MOIIHOCTH K MOZBOAMMOMY TEIUIOBOMY ITOTOKY,
T.C.

dQ
dn = —.
e g
WETerpupysa BAOAb TEPMOCTOIOMKA, NONYYHAM
Q (fM-1dT
In— = e
M+1T
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[ToacTaBnss AAHHOE OTHOIICHHE TEIUIOBHIX MOTOKOB HA
cnasx B BhpaxeHue anas cymmapsoro KIIJI TepMOCTOIONKA

QI_QO Q,
n = =] =-=—,
Q, Q,
6yaeM HMETBH
T‘M 1dT
7, =1—exp —{MH7. (1.28)

0

Sra dopmyna onpeaenser makcamansani KIIJ repmocron-
6mka no MeTony OECKOHEUHHIX KACKaZoB M HasmBaetcs (op-
mysoi 3unepa [14]. Ilpn nepemeHHBIX CBOMCTBAX Mare-
pHAia B MOABIHTErPATBHOE BHIPAXCHUE BXOMMT TEKYIICE 3HA-
yenme nobporsoctu z(T) = a*(T)/p(T)(T), B TO BpeMs
kak B dopmysne Uodde (1.14) mrs KIIJ| TepmocTonbuka c
obme#t marpy3koi (rako# KIIJ] s ormmume or 7, Gyaem
o6osnauate 7,) AOGPOTHOCTH BHIPAXAETCS YEPE3 CPENHHUE
spauenus koddduumenra repmoI[IC a ¥ npousBeacHAS px:

B

Z =

OrMeruM, 4TO MoAy4YeHHas apyrum crnocobom [3 | dopmyna
M-1

7\ M+1
N =1- |
T

0

caenyer u3 (1.28) npu M = const.

OueBHaHO, YTO NpH JIOOBIX CBOMCTBAX MATEpHasa AOMIXK-
HO BBITIOJIHATHCS yCAOBHE 7, = 77,. [I0CKOABKY pasHMUA yKa-
sauasix KI1JI ofycioBjieHa BHYTPEHHMMH [OTEPSMH B TEP-
MOCTOJIONKE, TIPEACTABASET WHTEPEC YCTAHOBHUTH CBSI3b MEX-
Ay BeTMYMHAMHE 7, U 1],.

[TyTeM HECAOXKHBIX Npeo6pasoBaHAH NPUBEIEM (1.14) x
BHAY

] ,  (L29)

T M+

=T oM+ 2

me AT = T, — T, Hanomnum, uro T = (T, + T)/2u
M, = V1 + zT,,. OueHKH NOKa3kBaT, YTO BTOPOE Carae-
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Moe B Cko0kax Mas0 mo cpasHeHMIO ¢ eaunmuen. Tax,
HanpuMep, NpH

T,=300K, T, =600K, z=2-10K™" (1.30)
HMECM

2T, M, +1

= 0,053 <« 1.

Torna, pa3oxus Bupaxenue B ckobkax (1.29) B creneHHOM
PSA MO ITOH BEJAMYMHE W OTPAHMHUMBINNCH JIMHEHHBIM 4ie-

HOM, HAXOOHM
AT M, - 1 1 AT M, — 1
. - ] (1.31)

N o=
L M ¥

2T M, +1

B Tom xe npubamxennn KITI 3miepa paBeH

Tl
M-1dT 1dT
ﬂm~£M+lT -—IM+1T. (1.32)

B cuny cummerpur Bupaxermi (1.31) u (1.32) ana cpas-
HEHHS 7], M 7], AOCTATOYHO PAacCMOTPETh TOJMBKO IJIABHHIE

YIEHH, KOTOpHE YAOOHO 3amMcaTh B BHAE

_ZT)dT _
f (M + 1’

AT
RS ————— 1.33
N M, + 1) Kbt

Brauasne CpaBHMM 7, W 7, B Ciyyae, KOIJa CBOWCTBA

MAaTepHasia He 3aBHCAT OT Temnepatypu u z(T) = z = const.

BHHOCS NMOCTOSHHYIO BEJHUMHY AOOPOTHOCTH 34 3HAK WHTEr-

pana, paanaras dyHKmao temmepatypw 1/(M + 1)* B pan

no crenensm T' — T, A MHTErPUPYs NOWIEHHO, Oynem mMeThb
2

1 1 4M, + 1 1y AT

HaitneHHas mompaBKa B KBaAPaTHHX CKOOKAX y4YHTHIBACT
pasauuy Mexay asyms KIIJI npu noCTOAHHBIX CBOMCTBAX
matepuana. Ilpu Tex xe 3navenusx napamerpos (1.30) ona
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cocraBnger ~ 0,3 - 1072, r.e. npeneGpexumo Mana. Takum
00pa3oM, IPM MOCTOSTHHBIX CBOMCTBAX Marepyasia paccoria-
COBaHMC B TEPMOCTONOUKE ¢ 00mieit HArpy3KoM IPaKTHUCCKH
OTCYTCTBYET.

Hanee, mycTh CROMCTBA MAaTepyasia 3aBUCAT OT TeMIEpa-
Typbi. Kak BUOHO ¥3 NPEOBIAYINETO, 3aBUCUMOCTH (hYHKILINH

1/(M + 1)* or T C BHICOKOI TOUHOCTBIO MOXET GHITh yuTeHA
sameHoit M Ha M. Iloatomy

AT | .34)
nm~(M0+l)2, (-
) (&
v Tl
- 1
z = "A-:ijj: z(T)dT

Ma (1.34) m (1.33) BugHO, uTO mepexoa OT (HOPMYJibL
Hodde x ¢dopmyie SHpra COOTBETCTBYET 3aMeHe ek~
TUBHOM A0OPOTHOCTH Z HA CPEXHEHHTETPAIBHYIO Z, T.€. MpPO-
neaypa BHIUMCIECHHS JOOPOTHOCTHM 4epes CPEeAHHE o M P
TNIO3BOJISET YUYECTh BHYTPEHHUE TOTEPH 33 CUET PACCOrIAco-
BaHMS OTAC/BHBIX y4acTKOB Tepmoc"ron6m<a.

Jl1g CpABHCHHMS BEJMUMH Z M z PA3VIOXHM CBOMCTBA Ma-
Tepuana Kak (QyHKIUU TEMITEPATYDHI B CTETICHHBIE PAObl B
OKPECTHOCTH T . OrpasnunBasiCk KBAAPATHUHBIME YWICHAMH,

3anyueM

[N

= Z(Tcp) 1 + (295_’; _(f_)_y_)’_i) _A_Ti

a ~ pn ) 24|

= T 1+z"‘A7‘2
z = 2(Tg,) PR

OTCrona HaxOmuM

) 2
s (/T
z ==zl — | |—=} — —,
- p%) p%) 12 |
Kak u CJICH0BAJIO OPKI/IL{&TI), A ardoro Marepuana cuapa-
BCIVIEBO YCJIOBHUC Z Z npuyeM pPasCHCTBO BHINOJIHACTCH

JWMIUb B CJIy4ae MOCTOSHCTBA BAOJIb TEPMOCTONIONKa TapaMerT-
pa a/px. Toraa paccornacoBaHue OTCYTCTBYET ¥ 7], = 7] .
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Ousnueckuit cMuic TpeboBanms a/px = const OYEBH-
aex. OHO 03HAYAET, YTO CBOWCTBA AO/IKHB M3MEHATHCH Ta-
kaM 00pa3oM, 4yToOs TOK OBUI PaBEH ONTHMANBHOMY JUIS
KAXJI0T0 yuacTka. [[eHCTBUTEIbHO, ONTHMANbHAS TUIOTHOCTD
TOKA HA Y4acTKE JUIMHOM dX COCTAB/IAET

adT

7= oM+ 1)dx

Iockonsky npu 27 < 1 sesmumsa (M + 1) nameHsgercs
He3HauuTenbHo u #dT/dx = #AT/l, n3 ycaosus j = const
caenyer a/p» = const.

To xe Tpe6oBaHME K CBOWCTBAM MATEPHAIA COXPAHICTCH
IUIS PEXHMMa MAKCHMAJTbHOM MOIHOCTH. B oTOM ciyuyae

_ adT
B 20dx ’

J

¥ TIpEABIYIHE PACCYXACHUS OCTAIOTCH B CHIE.

Kpurepmii a/px = const nojay4eH Aas OJHOPOJHOrO Ma-
Tepuasa C 3aBUCANIMMHA OT TEMIeEpaTypl ceoicrsamn. Onua-
KO €r0 MOXHO TPHMEHSTh TAKXE ¥ I aHA/IW3a YCJIOBHH
COTJIACOBAHMS B CETMEHTMPOBAHHOM TEPMOCTOA0MKE, COCTOS-
meM n3 AByX wim Gosee pa3/MYHEIX MaTepuasnos. Ecau, kak
970 4acTo OWBAET B MPAKTHYCCKMX 3a7ayax, TEMOEPATYpHI
IPAHMIL CETMEHTOB 3aaHB, MOXHO, MHTETPUPYS TIO JAHHOM
MEpeMEHHOM, BHUMCAATE  ohdeKTHBHYO  A06pPOTHOCTH

z = a*/px. HanpumMep, Ans TepMOCTONOHKA M3 ABYX CErMEH-
TOB C NOCTOSHHBIMN CBOMCTBAMH

2

) ! 2, 7% )
5 = P4 /" P1*
zZ =2 ’
AT
L AT2 pz"z zl ATI

rae
zlAT1 + zzAT2
AT, + AT, :

Z =

a MHACKCH 1 ¥ 2 OTHOCATCAS COOTBETCTBEHHO K NEPBOMY M
sropoMy cermentam. OTCIONa JIETKO ONMPEAENHTD MOTEPH -
(exTusHOM nobpoTHOCTH 2, onpeaensromed KIT/T npcobpaso-
BaHuS p,, IO CPABHEHHIO €O CpeJHEHHTErpaIbHOM 100POTHO-
CTHIO z, KOTOpas XapakTepusyer tepmocronbuk 6e3 moreps
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Puc. 1.6. TepMOa/IEMEHT,
] — noNynpoBOAHMKOBbIE BETBH; 2 — METAJUTMYECKME LUIMHBbL.

(KI1[, #_.). Jlns BECHIbHO PasnMYAOMMXCH MO CBOMCTBAM
cermentoB U AT, = AT,
2

a - l 1 1 az ~ al
zZ=12Z — ARSI (KSR
4 P4/ ™

U3 pansok dopMyibl BUAHO, YTO CCIM NAPAMETPHl &/ px IS
NEpPBOT0 M BTOPOrO CETMEHTOB Pa3/IMuAlOTCd MEHEE YeM Ha
20 9%, To norepu B 06POTHOCTH HE MpeBHmAanT 1 %.

Jlo CHX TmOp MBI PacCMATPHBAIH B KA4yeCTBE MCTOYHHKA
9/IEKTPHYECKON IHEPruM OTAEbHKIN TepMocTONOuK. B neiicr-
BHTEJILHOCTH CXEMa, NmokasaHHas Ha puc. 1.5, 6, Ha npak-
THKE HE NPHUMEHSETCH, NOCKOJBKY OTBOJ JJIEKTPUYECKOIO
TOKa HA Harpy3ky coO ClaeB, MMEIOMMX PasHbIE TEMIEPATYPHl
T, u T,, CONpOBOXAAJCH 6n GoBPIIMMM TIOTEPSMHM TEIUIA.
Dnemenrtaproit suciikon TIB gBagercs TEPMOINEMEHT
(puc. 1.6), cocTosmmii U3 COETUHEHHBIX META/UIHUECKON K-
HOM JBYX BETBEH — NOJOXMTEALHOM (p-THI) ¥ OTPHLATE/b-
HOM (n-tun). B orpuuarenpHOM BeTBH KOd(pdHumEHT TEp-
MoDJIC a, (unmexcamm p u n Gyaem o603HAuaTh THN NpO-
BOAMMOCTH) MEHBIIE HYJS, MOITOMY BETBb NEHEPHPYET TOK
NPOTHBONOAOXHONO HANPABJICHHS — OT “XOJIOAHOro“ cmas K
“ropsuemy“. OObeaMHEHHE B TECPMOINEMEHTE BETBCH p- M
N-THNOB TNO3BOASET 3aMKHYTh JIEKTPHYECKYIO LENb HA Ha-
rpy3Ky NpH OJMHAKOBOM TEMNEPaType TOKOBHIBOAOB (Kak
npaswio, npu Gonee Hu3ko# Temuneparype 7).

[TocKO/IbKY ABE BETBH COCAMHEHHI 3JICKTPHYECKH MOC/IE-
JAOBATEJBHO, 4 MO TEIUTy NAapaUIesbHO, TEIUIOBHIE MOTOKH H
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HaNpSOKEHUs  CkianbBaioTcs. llociemnee mosBosiseT mepe- .
mucath cootHomeHud (1.20) npuMEHHUTENABHO K TEPMOIJIC-
MEHTY CACRYOmuM o6pasom:

_ _ = I
Q, = (S,%,/l, + 8,%,/L) + J(@, + a )T + SR,

Q = (85,7, /L, +5,%,/1,) + J(@, + a,)T, = 5 J°R,

V = (@, + &,)AT — JR, (1.35)

rac

l l

. R=|p, L+ +p,>|
Py s, Py 3

31ech CBOMCTBA MATEPUA/IOB BHIYMCALIOTCS B COOTBETCTBMH C
METOIOM CpPEAHHX NapaMeTpoB (yIeabHBIE DIEKTPUUECKUE
COIIPOTMB/ICHUS OCPEAHSIOTCS € BECOM X, M X, W OTMCUCHDI
3HAKOM ~ ), 2 BMECTO OTpHUATEILHOrO Kodddunuenra rep-
M0J/1C. n-BeTBHU ucpes a,, 0003HayeH €ro MONYJb.

OTMEeTHM, UTO B TEPMOICMEHTE BEICOTHl BETBEH OOHIYHO
COBTIAJAIOT:! lp = [ (cM., HanpuMep, puc. 1.6). OnuHaKOBEIC
pasMepel BETBEH HEOOXOMUMBI /il COEANHEHHUS WX IJIOCKAMH
HIMHAMEA A 00ECIIEUCHUS TEMJIOBBIX KOHTAKTOB ¢ HCTOUHHUKOM
Teria W XOJOAWAGHMKOM. VHOrga mpuMEHSIOTCS KOHCTPYK-
1{MH, B KOTOPHIX 3HAUMTE/BHYIO 0K BBICOTH BCTBY 3aHUMA-
JOT pa3aMyHble MOAKOMMYTAIMOHHBIE CJIOU, ¥ TEPMOIIEMEHT
HY>KHO PACCMAaTPHBATh KAK MHOTOCTOWHBIN. Ecim npu stoMm
MOXHO npeHebpeusb nepenagamMy TEMIEPATYPH ¥ MOTCHIMA-
Ja Ha CJI0gX, TO B pacyerax CIeayeT YUMTHIBATb JIMIIb
XapaKTEPUCTHKUA HOTYNPOBOAHUKOBBIX CIJIABOB IIPH lp = 1.

Gopmyas (1.35) 103BOAAOT MCCIEHOBATH PEKUMbBI MAK-
cHMaJIbHOM MomHocTH W MaxkcummasibHoro KIIJL tepmoane-
MEHTa TOUHO TAK X€, KaK 29T0 OBUIO CHAENAaHO Ald TEPMO-
cronGuka B pasa. 1.2. OGobumeHMe COOTBETCTBYHOIMX pe-
3yJAbTATOR CBOAMTCH JIMIIb K BBEICHMIO K03 PpuuuecHTOB,
YUMTHIBAIOUIMX CBOMCTBA M PEOMETPUUCCKUE PA3MCPhI obenx .
BETBEH — BMECTO & HYXHO MNOACTABJIATH Ep +a, u1a B
utore KOGPOTHOCTH TEPMOSJIEMEHTA OKA3bIBAETCSA PaBHOM

;= @, + 3, (1.36)
PR, + PR, WP, +p, 7Y ’ '

rae mapametp ¥ = S nlp / Spln BHIPAXXACTCS YEpe3 OTHOHICHME
paamepos Berseil. [Tockoneky KIIL (1.14) yBenmuuBaerca C
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pocToM AOOPOTHOCTH, PasMepHl BETBEW B DPEXHMME MAaKCH-
manbpHOoro KIII nomxum OmTh BeOpaHm TakuMm 00pasoMm,
uro6bi 06eCICUnTh MAKCHMYM Z,_,.

OnTumanpHOE 3HAYCHHME napame'rpa W maiinem, nudde-
perumpyq (1.36) mo naHHOM NEPEMEHHOM M NPHPABHUBAA
npou3soanyo Hymo. Torga 6yaem uMeTh

W=y =\/f’:”—;—°2.
0 o7

pnm
Moncranoska W, B (1.36) maer MakcuMajabHOE 3HAYCHHE
nobpoTHOCTH
- \2

— 2
(\/pP *, + \/pn ®, )
KOTOpOE 3aBHCHT TOJBKO OT CBOMCTB MATEpHAaJIOB H HE 3a-
BHCHUT OT pa3MEPOB BCTBEH.

ITpr koucTpyupoBanun TIOB mo pany mpuuyvH HE BCEraa
yaaercs BumomauTh ycnosue W = W, Jlng OueHKH CBSI3aH-
HHIX C 3THM noreps npuseaeM dopmyny (1.36) myrem ToX-
JECTBEHHBIX Npeofpa3oBaHmii K BUAY

zZ
0

(1.37)

5=

Ll g @-9y

1+(1+§)2 Y,

rae & =V p, %,/ p,n,. Orciona cpasy cnenyer, uro W, —
ONTHMATHHOE 3HAUEHHE nepemenroi W, npu xoTopoM z,_,
AOCTHraeT MAaKCHMyMa, PaBHOTO Zz,, NMPHYEM MOXHO JIETKO
ucc/enosarh noseaeHue dynkmun z,_, (‘W) B61M3K MaKcUMYy-
ma. Ecim cBojicTBa BETBEH 6;maxn u v - | <1, 10

2 zo[l - ; W - wo)z].

JIo6pOTHOCTD 2z, HE 3aBMCHT OT FEOMETPHYECKHX Pa3MEpOB
BETBEH W I/ napu Bu6pammx MATEpHAJIOB SIBJISCTCS npe-
AEeABHO AOCTHXuMOM BemmumHOM. OpHako paxe npw
¥ = W nocneaosaTeabHOE JIEKTPUYECKOC COCAMHCHHE BET-
BEH B 06meM Cyuae He MO3BOJSET KaXaoi u3 Hux paborath
B pexume makcumanbroro KIIZ. Ecau npupasHSTH OnTH-
MaJIbHBIC TOKH

A AT

J, = =, Li=p,n,
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¥ npuOAMXEHHO NPUHSATH M, = M,, To npu ¥ = ¥, no-
JIyYMM YCJIOBHE COTJIACOBAHMS BETBEH

Z, = 2, ,
T.€. PaBEHCTBO A0OPOTHOCTEH MATEPHAJIOB.

IIns TEpMOINEKTPUYECKAX MATEPHAJIOB OOBIYHO Xapak-
TEPHO CPaBHHTENBHO ciaboe nameHeHne Koapduuuenra rep-
MoDJIC npm nepexome OT OXHOIO MATEepuana K Apyromy.
Ecau npuHSTH pSj AONYIIEHWH, a MMEHHO NPEANOJIOXHTD,
yTO JUIS ONMCAHUA SGBJICHUH IEPEHOCA B MOJYNPOBOAHMKE
NPEMECHMMA KJIACCHYECKas CTATHCTHKA, YTO TEMJIONPOBOA-
HOCTb KDHCTA/UTMYECKOM pEIIETKH M TOABHXHOCTh HE 3a-
BHUCST OT KOHIEHTPALMH HOCHTEJEH TOKAa, a TaKXe mpeHel-
peub JJEKTPOHHOW COCTABJISIOMIEH TEMIOMPOBOAHOCTH IO
CPaBHEHHMIO C TEIUIONPOBOJHOCTBIO PEIIETKH, TO OKa3bIBaeT-
CS1, YTO MAKCUMAJIBHOM AOOPOTHOCTH MaTepHana z COOTBETCT-
BYET HEKOTOPas ONTHUMAJbHAS KOHLEHTPALHMS HOCHTENICH TO-
ka [2]. [Ipu aroit xoHnenTpauun koadduuuent TepmoIAC
AN BCEX MATEpHaJioOB — BEJMYMHA TNOCTOSHHAS, paBHAd
a = 172 mxB/K. B npakTuueckux Cryuasx nopobHuie pomy-
IICHUS CTPOTO HE BHINONHSIOTCS M CpefHui KoddduuuenTt
tepmolJ1C namensgercs B npepenax 150 — 250 mxB/K. B o
X€ BpeMs KO3((UIHEHT TEIIONPOBOAHOCTH M YAC/JBHOC
3MEKTPUUYECKOE COTNPOTHBJIEHHE PA3IMYHBIX MATEPHAJIOB MO-
TYyT pa3NMyYaThCs B HECKONBKO pa3. [las OueHkw corsiaco-
BAaHHS p- M N-BETBEH NpubmmxenHo 6yneM CUMTaTh &, = Q

p n
Toraa dopmyna ans z, NpEHUMAET BHA

. 2
B o
z=z!+z,,1_g-1 E 44+ 1
0 2 E+1 ]+§2

Orciona npu |§ — 1| <« 1 nonyyaem

st-

4 zf'i;—ﬂ [1 - 3—(& ~ 1)2].

N

Wrtak, HCIIONB30BAHUE MATEPHANOB, A1 KOTOpHX & # 1,
MPUBOAMT K CHMXEHHIO AOGPOTHOCTH TEPMODJIEMEHTA IO
CPaBHEHMIO CO CpefHeapudMeTHUECKOn (Sp + £,)/2. Bmecre
C TEM MMEETCH AOMOMHUTEIbHAS BO3MOXHOCTb CHHU3HTb MO-
TEepH, 00YC/IOB/ICHHBIE PAcCOrIaCOBAHMEM BETBCH.

Kak yxe OTMEYanoch, MAKCUMAJIbHBIC 3HAYCHUS nobpor-
HOCTEl BETBEH ip M 2, AOCTHralOTCH MPH HEKOTOPHIX Of-
THMAZILHBIX KOHLIEHTPALMSX HOCHTEJ]CH TOKAa MyTEM BBE-
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neEms nerupyiomux npuMeceir. OOBYHO TaKyl0 ONTHMM-
3aIMI0 TPOBOAST VIS MaTEpUasa KaxIOW BETBH B OTAC/Ib-
goct#t [2], uto He obecrmeuMBaeT MaKCMMyM AOOPOTHOCTH
TepMoaneMenTa z,. B obmem cryyae Qynkumio (1.37) caeny-
eT ONTUMH3UPOBATH N0 ABYM HE3aBUCHMBIM NMEPECMCHHBIM —
KOHLEHTPAIMIM HOCHTENCH B BETBSX p- M N-THIOB NpO-
somumocti [18]. Ilns 9TOM mesM MOXHO BOCMOJIL30BATHCA
K4K TEOPETHYECKMMH, TaK M IKCHEPAMEHTAIbHEIMA KOHIICH-
TPALMOHHBIMH 3ABHCHMOCTSMHM TEILIOpU3IMUECKAX CBOMCTB
marepuanoB. Takod pacyeT MOXET OHTH JIETKO NPOBEACH
YMCJICHHO.

Y0661 pHOIMXEHHO OLEHATh BHIMIPHII B npobpoTHOCTH,
KOTOPHIit JAET COBMECTHAS ONTHMM3ANMS MaTEPHAJIOB BETBEMH
TEpPMO3EMEHTA, BHOEPEM B KAuecTBE HE3aBMCHMOM nepe-
MEHHOM 3/IEKTPONPOBOAHOCTE O = 1/p (xoropas mnponop-
IMOHAJIPHA KOHLEHTPALMA HOCHTENCH) W PaCCMOTPUM, KaK H
B [2], MOZEb OHOAOIMHHONO HEBBIPOXACHHOTO NPAMECHOTO
TOJIyTIPOBOAHMKA €O CheprUEcKOH M309HEPreTHUYECKOH TI0-
sepxHocTsio [19], aAna koroporo

mae i = p, n; A ¥ B — NOCTOSHHBIE, 3aBUCALIMC OT TEMNEPA-
TYpHl, YPOBHS XHMUUYECKONO NOTEHIHANA, addbexTuBHON MaC-
Chi, MOABMXKHOCTY HOCHTEJICH TOKa M (haKkTOpa pacCesHus.

Hajijgem BHauaje ONTHAMYM [IpH pa3gcabHOM ONTHMM-
saumu Bersei. VI3 yciosmi

dz, i
d&-i = 2 i= P, n,
caepyer
5 1) = Ao, aw=28 1.38
o) =exp | 2" = 2|, @ =25. (1.38)

i

[Mepelnem Teneps K ONTHMA3ALAHA AOOPOTHOCTH TEPMO-
SNEMEHTA Z; = Z, (ap, G,) MO ABYM NEPEMEHHBIM: 0, U O), .
PemeHne CHCTEMb YPAaBHEHAM

Aacr
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218
8

P73
52 = (gL IO 2 (2L
O = [o,] g, % (1 _/3) , (1.39)

= M ) 4 0
e f = o/ (@l + all).

[Monaras a[()l) = af}) (8 = 1/2) n noacraBasgs TONyuCH-
HBIC 3HAUcHUS nepeMeHubix (1.38) mam (1.39) B BEIpaxcuue
IS ZOOPOTHOCTH TEPMOJJIEMEHTA z,, TIOCJIE PANA HECTOXHBIX

npeofpazosaHniit  yCTAHOBUM  CBSI3b  MEXAY z, =

=z, (51)(1)’ (;n(l)) nz, =z, (5{)(2), 5n(2)) .
2 4 -1
1 -£

’ . Z2 = Zl 1 - 1 +§ B (1.40)

rac

=M
o
L2
=M
n

e
i
X!

COBIAAAET € MCNOAb30BAHHBIM BHILIC 3HAUYCHHMEM JTOrO mapa-
METpa IpY KOHUIEHTPALUAX HOCUTEJCH, ONTHMAIbHBIX T4
KaXaoi BETBU B OTAECIBHOCTY.

N3 coornomennsa (1.40) caenyer, uto z, Z z, Upu TO6BIX
sHaucHusax napamerpa . OHHAKO 3aMETHOrO yBEAMUCHUS
mobporHocty (Gosee 10 %) 3a cyer COBMECTHOH OMNTHMU-
3a0MU KOHICHTPALUWY .HOCUTCJCH B BETBAX p- U H-THIIOB
MPOBOAMMOCTH CJEAYET OXHMAATh JUWb Ui MATEPATIOB C
CHUJIBHO DA3IAYAIOIUMUCS CBOMCTBAMU, kKorjga & < 1/2 mam
E> 2. ‘

1.5. DaexTpuyeckoe CONPOTUBIEHKE
TOTNepPeYHoN KOMMYTAIUU

OJIEKTPHUECKOE CONPOTHBJICHHE TEPMOJIEMEHTA CKJIaIbl-
BACTCA M3 CONPOTUBJIEHUW BETBCU p- M N-TUNOB NPOBOIAU-
MocTH. B TOuHBIX pacueTax HEOOXOAMMO YUYECTh TAKXKE BIUS-
HVIE TIONEPEYHOM KOMMYTAUMU (COCAMHSIONIECH WX METaj-
JIMYECKOW IIMHBI), BKJIAX KOTOPOH COCTABIACT. HECKOJBKO
NPOLICHTOB, & B OTACABHBIX CJAY4asX MOXET AOXOAUTh A0
10—20 9%,. Ilponeccol mepeHoca B CUCTEME TEPMOCTONOMK —
MONEPEYHAS KOMMYTAUMs HE SBASKIOTCS OJHOMCPHBIMH,  UTO
3arpyaHser peurcHue gudgepeHuanbapX ypaBHEHTH,

Ha puc. 1.7 u3o0paxen TepMOCTONOMK BHICOTOM [ C nps-
MOYTOJIbHBIM HOIEPEUHBIM CCUCHUEM miowianbio S = ab. Ha
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Puc. 1.7. TepmocTonGHK € NMONEPEYHON KOMMYTalLIMEN.

ONHOM W3 CNAacB B TEIUIOBOM M JNCKTPHUYECCKOM KOHTAKTE C
HHM HAXOAMTCS KOMMYTHDPYIOIAs IJIACTHHA TOJIIAHOH O.
HanpasieHuE ABMXEHUS TOKA B IUIACTHHE M TepMocTonbuke
MOKA33aHO CTPEAKAMH.

[Ipexpae YeM NMEPEXOANTH K CTPOrOMYy PEIICHMIO 3aJauH,
nposeaeM npubamxenubie oueaku [6 . Ecomm npeanosoxuTs,
YTO IUIOTHOCTh TOKA HAa crnae (B HAMPaBJAEHMM MPOTHB OCH V)
MIOCTOSIHHA, TO YEpe3 KOMMYTHPYIOIIYIO IUIACTHHY B CEYEHUH
X TIPOXOAMT TOK

J(x) = J(a) f ;

rae J(a) — TOMHW#M TOK, BXOASIOHA B CACTEMY IpH X = 4.
[Moreps 3AEKTPAYECKONM MOIIHOCTH HA YYaCTKE JIMHOM dx
paBHA NMPOM3BEACHMIO KBAApaTa TOKa W CONPOTHBJICHMS yua-
CTKa:

bé

Unpgexcom “x* OTMEUEHO YAEABHOE JJIEKTPUYECKOE COMpo-
THBJICHME KOMMYTHpYOImEH miactaasl. MHTErpupys no x or
HyJIsl A0 @, TIOJIy4YMM

2
dw = [J(a) E:I i 3 dx.

1 a

F— B . o
W = J(a) 3Px3s
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Orciona caegyer, uTo SJEKTPUYECKOE COMPOTHBJIEHHE KOM-
MYTHPYIOIMEH IIaCTHHE

W
x ~ 3Pxps°

(1.41)
T.€. COCTABJMET OAHY TPETHIO YacTh €€ INOJHONO CONMpPOTHB-
JICHWS B HANPABJICHUM ABMXCHMS IO HEH TOKA.

CpaBHUM [AHHYIO BEJIMYMHY C COMPOTHUBJICHHEM TEPMO-

l
cronbuka R_= p 5 Ux oTHOmEHHE

Ry 1pd

R, 3Pl

Mpu a=1Il=1cm, S=005cm, p=1070m:" cm,
p,=2-10"°0m - cM (memp) monyuaem R./R_= 0,01
OTciona BUAHO, YTO B NPUBEACHHOM CIy4Yae BIAMSHHE KOM-
MYTHPYIOIIEH IUIACTHHBI HA CONPOTHUBJICHHE TCPMOIJJICMCHTA
HEBEJAMKO. DTO NO3BOJISET NP PEIEHUH 3anayM npeHebpeys
APYTHMHM MAJIEIMM BEJIAYMHAMM ¥ NMPUHSATD PSA YNPOMIAKOMMX
AOMYIIECHHN.

Bo-nepsuix, OyaeM CuMTaTh, YTO CBOWCTBA MAaTEPHAJIOB
NOCTOSIHHBI, T.¢. BHIOpAaHBI paBHBRIMH CBOMM CPEJHMM 3HA-
yeHnsSM. BO-BTOPHX, IPMMEM, YTO TOJIMHHA KOMMYTaLUMH O
MaJja N0 CPaBHEHHMIO C BBICOTOM BETBH TEPMOINEMEHTa [
[MocneaHee AonymeHWE MO3BOSIET MpeHeOpeub M3MEHEHHUEM
TEMIEpPATyphl ¥ MOTEHIHANA TONEPeK IIacTHHEL. [TocKoaBKY
rpaHAYHBIC YCJIOBUS AT TeMmeparypsl cosmagawt ¢ (1.5) u
HMMEIOT BUJ

T=T, y=0

T=T, y=l

a pacrhpene/EHHE TEMIECPATYPhl B CHCTEME HE OTJIMYAETCS OT
pacnpele/ICHHs B OTAETBHOM TEPMOCTO0HKE, pemaTh 3aHOBO
TEIVIOBYIO 3aaauy Her HeoOxogumoctH. UTo Xe Kacaercs
9MIEKTPUYECKOrO MOTEHUMANA, TO JUIS HEro

p=¢p ¥Y=0

¢ =P, x=a, l<sy<l+2ad.
Bce OCTasIbHBIE TIOBEPXHOCTH B CEYCHMH Xy, a MMeHHO: ABC,
CD w EF, 31eKTpPOM30JMPOBAHKI, T.C. HOPMAJIbHAS COCTAB-
JNFI0MAs MPOM3BOAHOM NMOTEHIMANA HA HUX PABHA HYJIIO.

3agaua COCTOMT B HAXOXAECHHH BOJBT-AMNEPHOM Xapak-
TEPUCTHKH — 3aBACMMOCTH HANpsSXEHHs HA Harpyske
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V = ¢, — ¢, or nonsoro toka J = J(a). Ecmm Takyro 3a-
BUCHMOCTH TIPEACTABUTh B BHAC
V=aT — T, — JR, .

TO MCKOMOW BEIHUMHOW OyAeT BHYTPEHHEE COMPOTHB-
aenue R.

PaccMOTpHMM BHAuajie KOMMYTUDPYIOUIYIO IIacTusy (00-
nactb BCDE). 3axkom aaexrtpomposogsoctr (1.1) mnpum
a = 0 ¥ 3aKOH COXpaHCHMS 3apsia (1.4) marvor madde-
pEHIIMAIPHOE YPABHEHHE AJI 37CKTPHYECKOrO MOTECHIMAIA

"2 2
Fox T

ax* .oy

= (. (1.42)
B COOTBECTCTBMK ¢ HaAIMMHW zxonymeﬂymmn HOOTCHI AN 99K
¢1a60 3aBUCHT OT y, YTO MO3BOJFET OCPEHAHUTH €r0 MO ITOU
KOoOpAMHATe. BBOAs cpeanee 3HauYCHME NMOTCHIMAIA
i I+6
f(x) =3 [ o (x, »dy,
!

uaTerpupyda ypasaenwe (1.42) mo y B mpeaesax ot [ mo

dso
[ + 0 u yuuTHIBAS, YTO —— l

b

y=I+é =
nOJIYyUynM
dzf 1 dp
Y —= | (1.43)
'dx2 y= I

O6nixHOBeHHOE auddepenmuansHoe ypasaenue (1.43) c rpa-
HUYHBIMU YCIOBUIMU

df

dx |x=0

=0, fla)=p
uMeeT pemeHue
1 RNee
(=9, +35f { o | o 4" (1.44)
TTpou3BoaHYIO MOTEHLMANA ¢, HA TPaHMIE HalfeM Hpu-

paBHWBad HOPMAJBLHEE COCTABASIONM{ME ILIOTHOCTH TOKA B
obnacrax BCDE u ABEF:

— =Xy (149
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3necs W = ¢ + aT — 0606meHHbI NOTEHNHAN, KOTOPHIA B
obsactu ABEF ypoenersopsier nuddpeperumansbHOMy ypas-
HEHMIO

2 2

axt 9y

C TPAHUYHBEIMH YCJIOBHSIMH

¥=9 +al, y=0;

¥Y=f(x)+al, y= l;

v

—=0, x=0, x=a.

ax
Pemenue JaHHOTO YyPaBHEHMS MOXET OHTb NMOJTyYyeHO METO-
JIOM pa3fe/cHAs NEPEMEHHBIX B CIEAYIOMEM BHAE:

y =
‘P=goo+aTo+7[a(Tl—To)+f-¢p°]+

an

w sh—y a

a 2 an nn

+2 e~ [;ff(&)cos;&d&]cos;x. (1.46)
n=1sgh—1 0

a

Yepra Hajm CHMBOJIOM, KaK W paHee, 0003HAYAeT CPEAHCHH-
TerpanbHy BenmymHy. [lOJHBIA S7AEKTPHYECKUH TOK Ha-
XOAWTCS MHTETPHPOBAHMEM IUIOTHOCTH TOKA IO CEYEHHIO TEp-
mocToabuka:

a
=5 5, 0<ysi (1.47)

IMocne  ToXpmecTBeHHWX  npeoOpasosanmii  Gopmys
(1.44)—(1.47) 3anauy onpeaesicHUs BHYTPEHHETO CONMPOTHB-
nesus R MOXHO chOpMyaMpOBaTh CACAYIOMMM 0OpasoM.
Wckomas BeaMYMHA R BHIPAXAETCH Uepe3 CpefHee 3HAYCHUE
dyskuum f(x) n BEuncagercs no gopmyne

I ¢y =f
R=p—+ .
Ps J
a cama yHKUUS YAOBJETBOPAET MHTErPAJbHOMY YPABHEHHIO
Pyt

f(x)=¢1+26ba(xz-a2)+
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+ %Z h—sz(g)cos—gdg x

n=1
x [(- 1y — oos”—an-x]. (1.48)

N3 (1.48) BmaHO, YTO nNpU MaJOM BJIHSHMM KOMMY-
THpylome# naacTuan (popmanseo p > 0) dysxumio f(x)
MOXHO HMCKaTh B BHAC PSja MO CTENEHSM p,, T.C. PEmaTh

MHTErpaJbHOE YPAaBHEHME METO/IOM IOCJAEAOBATEbHBIX NMpPH-
6anxenni. [Tonaras B Hy/s1eBOM npubAMXEHHA

P!
f(x) = ¢, + 3= (¥ = &)
¥ NOACTaBAgs 3Ty (DYHKIMIO B paByo YacTh (1.48), Hainem

f(X) ¢ TOYHOCTBHIO 0 KBAAPATHYHOIO YWICHA 1O P . Torna ona
BHYTPEHHEIO COnpoTusjicHus R GyaeM MMeTb

2
_ U L1l &a_’) !
R—ps[l+3pdl (paz @[, 149

[]-——z cth -

n=1

rac

[Ipu CyMMHPOBAaHHH HAHHOIO PSAA CACAYET YHYECThb, YTO HIM-
puHA TepMOcTONOMKA, KaK npasmwio, He 00JbIIE €ro BHICOTH
(I/a = 1). CaeposatensHo, ¢ poCcTOM n runepboMUecKui

KOTAaHreHc OhICTpO mpeBpamaercs B eauHHALY W dopmysy
ans ®(1/a) ynoOHO npeacTaBuTh CexylomuM 06paszom:

)52l

3necy { — nmaera-pyskums Pumana, npuuem §(3) = 1,202,
a pysKuMS

g

l
il [exp[z:un ;] - 1]

6uicTpo y6mBaer ¢ pocrom //a. B wactaocTH, npu l/a = 1
umeem @ (I/a) = 0,004 u ®(I/a) = 0,078.

54



[Tpoana/m3upyeM MOJYYEHHOE BBLIPDAXKECHUE IS IJIEKT-
puaueckoro conporueaeans (1.49). B aroit dopmyne rnasubin
uneH pl/S mnpeacrasaser cobod IMEKTPHUYECKOE CONPOTHB-
nenne repmocronbuka. Craraemoe ~ p, YUMTHIBAET JNIEKT-
PHYECKOE COMPOTHUBJAECHHME KOMMYTHPYIOMEH TIUIACTHHE B
NpuOIMXEHHH TIOCTOSHHOM IUIOTHOCTH TOKAa M COBNANAacT C

2
(1.41), a monpaBka ~ p, YYHTHIBAET ABYMEpHBIE 3Pdek-
Tl — HCKPHBJICHHE JIMHMHM TOKA NPH MEPEXOAE 4epes rpa-
HUMLY pasaena Asyx obsacreit. ITapameTpom pasnoxeHus B

psn aBsiercs Ge3pasMepHBli KOMIUIEKC p,a’/pdl, KOTOpHIiA,

kak 6BL10 MOKa3aHO, MHOro MeHbme exmHmMusl. OTciona ma-
noctb conmportusnenus R, = (1/3)p, a/bd amromaTuuecku

Breyer 3a co60i ManOCTh WNEHAa ~ P2, BKJAJ KOTOPOrO B
CONMpPOTHBJICHAE 3HAUMTEJbHO MeHbme 1 9,, TaKk 4TO moc-
neqauM cnaraemeim B (1.49) moxHO npenefpeus. OkonHua-
TEAbHO (POPMYIA Al COMPOTHBJEHMS TEPMOCTO/10MKA C TO-
NepevyHOd KOMMYTALMEH NPUHAMACT BHI

l 1 a

R ps+3p"b6° (1.50)

OTMETHM, YTO AOMYIIECHHE O MOCTOSIHCTBE CBOWCTB OBLIO
HEOOXOMUMMO JIMIb AJIS YNPOMIEHUS NMPOLEAYPH OTHICKAHMS
Masioil nonpaskH. ECTECTBEHHO, Npu NMPOBENCHHH pPacyeTOB
no dopmyse (1.50) yaenpHOE 27EKTPHUECKOE COMPOTUBICHUE
p CNEAYeT 3aMEHHTh HA CPENHEMHTETPATBHYIO BEIMUHMHY p.
Yuer Xe IIaCTHHH Ha JPYTOM CIae TEPMOCTOJIONKA CBOOUTCS
K Bxuouennio B (1.50) eme omnoro craraemoro supa (1.41).

[Monyuyenusie (GopMysIN MO3BOJNLIOT PACCUMTHIBATE JIEKT-
pHUECKOE CONPOTHBJICHHWE TOHKOM KOMMYTHDYIOIIEH ILIac-
THHBI M3 META/UIa C BHICOKOM 3JIEKTPONPOBOAHOCTHIO (MaJIBIM
conporusienuem p ). Unorna 8 TOB npuMEHSIOT MMHH HE
TONBKO M3 MEIH, HO ¥ M3 MarepuasoB ¢ 0osee BHICOKMMHU
3HAUCHUSMH p , HANPHUMED Bosb(pama, MoymbaeHa wau rpa-
dura, ¢ nensio obecneyeHus TEPMOCTOMKOCTH KOHCTPYKIIHH,
NPENOTBPALICHAS XUMUUYECKUX B3amMoneHcTemd, anddysun
u 1.1, B Takmx cayudasgx gad YMCHBIICHHUS IJIEKTPHYECKOrO
CONPOTHBACHAS [IMHB TPHXOMAWTCS YBEJAMYMBATH €€ TOJ-
muHy 0 W npubimxenne O << | MEPECTaeT BHINOJHSATHCS.
310 03HAYAET, YTO NpH pemieHun AuddepeHMaIbHONO ypas-
nenus (1.42) yxe Heab3s OCPEAHATH NOTEHUHAT @ (X, y) MO
KOOpAMHATE Y.

BHIUMCIAM 3JEKTPHUECKOE CONPOTHBJICHUE “TOJICTOH
IUMHE B NMpHOAMXEHHM MOCTOSHCTBA IUVIOTHOCTH TOKAa J 1O
ceuennio Tepmocronbuka. Pemam muddepenuuansaoe ypas-
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uenue (1.42) 8 obnactu BCDE (cm. puc. 1.7) ¢ rpaanyHBEIMA
YCJIOBASIMH

Py

ax |x___0 - Oa ¢x(a) y) = ¢

Py Py :

a—' = b — _ = Jp,
y y=l+6 ay y=04

a 3aTeM OMpPEAEJHM CONMPOTHBICHHE KOMMYTAIHH KaK OTHO-
MEHHE Pa3HOCTH MOTEHUHMAJOB K TOJHOMY TOKY uYepe3 ce-
YyeHne TepMoCTOI0nKa:

ol o | d
X" jab (¢1 a* #ul® ) x).
[TpoBoAs COOTBETCTBYIOIME BHIYMCICHMS, MMOJYYHM
R =~p 2 pf2 (1.51)
x = 3Pxp (a)’ '

rae BeeacHa yHKUHS

48x 1 4
F(x) = cth—(2n + 1)x.
*) .7:32(211+1)3 2( )

n=0

Uccnenyem nosenenue F(x) B obnactu 0 < x < . Ilpu
x=»0

F(x) = F(x) = 1 + £, (1.52)

amnpux-—> ®

F(x) = F_(x) = 3cx[l + -;—ze" (1 +e "")] (1.53)
C

3nech

1
c= Y ———=0,540275 ...
=, @n+ 1)

Acamnroruku (1.52) u (1.53) BMecTe ¢ TOYHBIM 3Ha-
yenueM ¢yskumu F(x) npencraenens Ha puc. 1.8, otkyna
BUAHO, YTO C XOpomed i MNPAKTHKH TOYHOCTBIO npH *
8/a < 0,5 MoxHO monb30BaThCH BEpaxcHueMm (1.52), a npu
6/a > 0,5 — supaxenuem (1.53).

Kak ® cnegoBasio oxuaars, npu O - 0 (npmbimxenue
“roukou* muab) dopmynaa (1.51) nepexonur B (1.41). Ecm
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Flx)

1,4

7,2

7,0

Puc. 1.8. @dyukuua F(x).
1 — Tounoe sHauenume; 2 — Fy(x); 3 — F_(%).

Xe TONIIMHA WAL HEOTPAHUUEHHO yBeInuuBaercs (O ~),
€€ JJISKTPHMUECKOE COIPOTHUBJICHHAC CTPEMUTCH K MOCTOSHHOM
BEAAUMHE:

R =—.

1.6. MaremaTuueckas mMoneib TOB

IIna ofecreueHHs BBHICOKOM HANEXHOCTH, OOJCrucHHAS
OPOIECCOB M3rOTOBJAECHUS W KouTposns TII' cobmparor u3
OTAEABHBIX MOAYJEN — TepModaexkTpuuyeckux 6arapeit. TOB
SBJASCTCH CIOXHOM MHOTOJJCMCHTHOM KOHCTPYKUIMEHN; OHA
BK/JIOUaeT B cebs MOAYNPOBOOHUKOBBIE TCPMOIICKTPUYECKUE
MaTepuanbl, MHOTOCJOMHEIC KOMMYTALMOHHBIE IIEPEXOAbI,
META/VIMYECKUE [IHMHEBI, TEMJIONEPEXOAspl ¥ 3alUMTHHIE MO-
KpbiTHs (TEIUVIO- M 3JICKTPOH30/A1MI0) . Pacuer Takux KOHCT-
PYKIUM OCIOXHHAETCH HAAMUUEM OOJBIIOTO KOJIMYECTBA Na-
paMeTpoB (TEmno(pU3MUECKUE CBOMCTBA, IEOMETPUYECKHE
pasMepsl M TEMIEPATYPHl BCEX 3JEMEHTOB), BAPUAHTOB CO-
EIMHECHUS B TEIUIOBHIE M 3JIEKTPUYCCKUE LEOM, MHOroo6-
pasmeM TpeGOBAHUM K pexXumy paboThl (MaKCMMyM MOII-
HOCTH, yaenbHOM momsoctu, KIIII; corsacoBanme ¢ motpe-
OuTeneM JJEKTPUUECKON SHEPruM, MCTOUHUKOM TEIUId M XO-
JIOMUNIbHYKOM; OTPAHUYEHHd N0 Macce, rabapuraM, IIpeaesib-
HBIM TEMITIEPATYpPaM OTHEAbHBIX JJIEMEHTOB ¥ T.1.).
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Ilns mposeaenns pacuera TOB Heobxogumo pemats cuc-
TEMy HEJIMHEWHBIX YPaBHEHMH TEIJIO- M 3JIEKTPONEPEHOCA,
KOIZIa MapaMeTpsl 3aflayd B Pa3/IMYHBIX COYETAHMSX ORIBAIOT
6o 3ananEMu, 100 onpenesiseMbIMU BETHYMHAMH. 31ECh
BO3MOXHH pAa3HEIE THMB TPAHAYHBIX YCJIOBHH M YCJIOBHH
COMPSKEHMs, 4 TAKXE WMMEIOTCS JONOJHHTEIbHHIE CBA3H
MEXAY NapaMeTpaMH THIIA YPAaBHEHWH M HEPABEHCTB.

OnkIT NPOBEAECHHS PACYETHLIX MCCNEIOBAHMH KOHKPETHBIX
YCTPOJCTB TO3BONSET BHACHUTE KPyr Haubosee 4acTo BCTpe-
YalOmuUXcs 3a7a4y ¥ 060CHOBaTh PAA AOMYIIEHHI, CYMECTBEH-
HO YNPOIIAIOUIMX PACYETH.

B KayecTBe OCHOBBI NPH MOCTPOCHMH MAaTEMaTHYECKON
moaesu TOB GyaeM MCnoOab30BaTh HAWJEHHBHIE M3 PEIICHHS
cucreMsl auddepeRuanbHbIX YPAaBHEHRH TEIJIO- B JIEKTPO-
nmepeHoca NpubIMXEHHbIE COOTHOMIEHHS TEIIOBOro Gasanca
H BOJBT-aMnepHylo xapakrepuctuxy (1.20), rae conporus-
JICHHE TMONEPEYHOH KOMMYTALMM ONpEeACIsSeTCsS COTrJIACHO
(1.50). 10 o03HAauaer, YTO MPEANOJNATacTCS OXHOMEPHOCTH
MpoLEeccoB NepeHoca B kaxaom anemente TAB. B uactHocTy,
npy¥ ONMMCAHMM TEIUIONPOBOAHOCTH TNPEANOJAraeTcs M30Tep-
MHYHOCTb TOBEPXHOCTEH B HAMPAaBJACHWH, NEPNCHAMKYJISpP-
HOM pacrnpocTpaHEHHIO Temaa. Takoe mpubamxeHue aocra-
TOYHO XOPOIUO BHINOJHSETCS JJIS MHOTMX KOHCTpykumit. Bo-
JIee TOro, Aaxe Npu HEKOTOPOH HEM30TEPMHUUHOCTH OKa3hiBa-
eTC BO3MOXHBIM C YAOBJETBOPUTENBHOH TOYHOCTHIO ONpEae-
A9Th CYMMAapHBIE OHCPrETHYECKME XapaKTCPUCTHKH, IO-
CKOJIbKY MOCJICAHME 33aBHCAT IVIABHBIM 00pasoM OT CPEIHHX
3HAYCHUH TEMmepaTtyp.

B obfmem cnyuae TOB cocrour u3 Habopa KOHCTPYyK-
THBHHIX OJIEMEHTOB, COEAMHEHHHX B TOCJAEJOBATE/ILHO-
Napasie/ibHBIE LEMH MO TENJIOBOMY MOTOKY M JJIEKTPHYECKO-
My ToKy. Kaxpsiit 3 5/1€MEHTOB OMMCHIBACTCH TPEMS YpaB-
HCHMSMHM, CBS3HLIBAIOIIHMHA BXOASINMNA B JJIEMEHT TEIUIOBOM
motox QF, BeIXoasmMi U3 Hero notok Q™ W HanpsxeHue V
C rpaHMyHBIMM Temmepatypamu T, T, ¥ 3/IEKTPHYCCKHM

TOKOM J:
Q" = Q(Ty, Ty, J),
Q¥ = QXT,, Ty, I),
V=VT,T,,J). (1.54)

Oty ¢ysxknum 3apaorcs supaxennsamu (1.20), xoropme
nosiyyeHs ans TepMoctonbuka. M3 HMX B yacTHOM ciyuae
a = 0 crenyor GOpMyJIE /IS TEIUIOBONO MOTOKA YEpes He-
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DJIEKTPOIIPOBOOHBIM CJOM (TEIUVIONEPEXOH, 33IMTHOE IOK-
PHITHE)

2 AT
Q=S 7 (1.55)
1 N4ACHNY HANPAXCHAA Hd NPOBOJHUKC
) .
V = -—Jﬁg. (1.56)

HaroMHuM, UTO B COOTBETCTBHHM C pe3yjbraramMu pasng. 1.3
3anuck (popMyJsT IS IUIAHAPHYECKOR Mau cepruyeckoi re-
OMETpPHUY CBOAWTCS JIMIIb K 3aMeHe 0003HAUEHMIA.

Mrorna Tommuxa caog secema mana (! - 0) u He nopna-
- €TCH TOUHQEMY onpeaencHu©. B 1o Xxe Bpems nepemnan reMime-
paTyphl ¥ NajicHAE MOTEHIMANA HAa TAKOM CJI0€ MOTYT OBbITh
CYHmECTBEHHBIME, TOrAa BBOAYT MX TEPMHUUECKOE & U DJIEKT-
puueckoe { KOHTAKTHHIE CONPOTHBJEHUS, KOTOpHIE W3MEpsi-
FOTCS JKCIEPUMEHTAIBHO M 3aJaI0TCA B KaYeCTBE MCXOMHBIX
nagsbix, a B ¢dopmynaax (1.55) wm (1.56) mnonararmor
I/n=§, pl=2¢. :

MareMaTtuueckaga Mogeap TOD BkIrOUaeT ypaBHCHUS BU-
aa (1.54) pgng BCEX IMEMEHTOB KOHCTPYKLMHE COBMECTHO €
VYCJAOBUSIMH COINPSIKEHNS — PABECHCTBOM TEMINEPATYD ¥ MO-
TEHUMAJIOB HA MPAHHUILIAX M YCIOBUAMH COXPAHCHHS SHEPIUH
W 3apg]a — DABEHCTBOM TEILIOBBIX ITOTOKOB M DJEKTPHUCC-
KUX TOKOB IIPM IOC/JEAOBATC/JBHOM COCOMHCHUYN W MX ajiu-
TUBHOCTBIO MpH MapaienpHoM. Kpome Toro, B cucremy
yPaBHEHMII BXOAAT rpanuyHeie ycaosud aaga TOB, koropeie
MOIYT OBITh BECbMa pa3HooOpasubiMu. Tloka M Gymem cuu-
TaTbh, YTO 3aAaHbl TPAHUYHBIC TEMIICPATYPH (FpAaHUYHBIE YC-
JIOBUS TIEPBOTO poaa) M TOK. B caenymommeM pasmene o6Cyx-
AQAIOTCA CIOCOOB pelIeHnd 3aJaUM U C JPYTUMU TPAHWYHBIMH
YCIOBHSAMH.

[TonHas cucTeEMa YpaBHEHWH BHINISXAT MEHEE IPOMO3AKO,
€CJIM BBIIEJIMTh TPH MEpApXMUECKuX ypoBHS: nepsorii — TOb
B IIEJOM, BTOpOM -— Kackax Oarapem, Tpetud# — TepMo-
cTON0NK, ¥ HA KaXIOM YPOBHE HCIO/JIb30BATh HE3AaBUCUMBIEC
obo3HaueHud.

1. Barapes (puc. 1.9) mpencrasnser cofoil IocienoBa-
TEJBHOCTh | = 1, 2, ..., 1 CJI0EB, HAXOALIIMXCH MEXAY COO0M
B TETMJIOBOM KOHTaKTe. HacTh M3 HUX SBJSCTCS TEILIONEPEXO-
IaMu, A9 KOTOPHIX CIpaBEAJMBHE COOTHOIeHUs Buaa (1.55),
a oasg-m cJIoeB (m <€ n), 9BASIOMMXCA KACKajaMu Oatapeu u
UMEIOMHKX CJAOXHYIO CTPYKTYpyY, ¢hyukumum (1.54) Bxomsar B
CHCTEMY ypaBHEHUMU I Kackajia, Mo3TOMY HA AAHHOM ypOB-

59



L=

Puc. 1.9. Muorocaotinas TOE.

HE MX MOXHO CUMTAThb M3BECTHBIMH. Ha rpaHMUHBIX MOBEpPX-
HOCTYX 3aAaHbl TEMIEPATYPH — MakcuMajbHasd TX U Mu-

1
HumanbHag T, . HeusBeCcTHB MPOMEXYTOUHBIE TEMIEPATy-

pHL Tz, s Tn (n — 1 HeW3BeCTHBIX) M TOKHM B KacKajax
Iy s I (m HEM3BECTHBIX).
PaBeHCTBO TCIVIOBBIX IOTOKOB HA rPAaHMUAX Ogaer # — 1

ypaBHEHUE
Q*=0.L, i=1.,n~1 (1.57)

Ianee BO3MOXHBI TPH BapUAHTA.

[Ipu a1eKTpHUUECKH HE3ABUCUMEIX Kackagax (KaXkabii Ka-
ckap paforaer Ha CBOKW HArpysKy) Bce TOKM J ,.,J, —
cBoboanble mapamerpel. OHu MoryT nmbo 3anaBaThed, au6oO
ONPEAE/ATHCS U3 NOTOJHUTEBHBIX YCJAOBUH — MaKCUMyMa
mouHocTy v KITJI Garapen.

IMpu mapanneibHOM 3JCKTPAUECKOM COEOMHEHHMM KACKA-
0B mMeeM m — | ypaBHeHHE

Vi=V,y=V, i=1,,m~—1, (1.58)

rae V — Bexoadoe Hanpsxenue TODB. Onqun ToKOBHIHM mapa-
METP OCTaeTcs CBOOOOHBIM, W [0 HEMY BO3MOXHA OIITH-
MU3anud. IT0 MOXET OBITh TOK ONHOIO M3 KACKAAOB WU
NOJIHBIA TOK:

J=X1,.

m
J=1

60



Ilpu nociaenoBaTeIbBHOM JJIEKTPAUECKOM COEMHEHWM Ka-
ckagos emecto (1.58) nmonyumm

J.o=Jd,. =J, j=1,.,m~1, (1.59)

d BBIXOOHOC Haﬂpﬂ)KeHl/IC HAXOOUTCA CyMMI/IpOBBHHeM H&l’IpSI—
KCHHUM KACKA10B:
. m
= 2 1%
j=1

3meck TakXe BO3MOXHA ONTHMHU3ALUS 110 OOHOMY IApaMeET-
Py, HampMMEp MO IOJHOMY TOKY J. '

2. PaccmMoTpum oaMH M3 m Kackanos 6arapen. OH COCTOUT
13 N, nocjaeRoBare/sbHO U N, NapajiebHO COEAVHCHHBIX MO
TOKY TE€pMO3NeMEHTOB. [loaBOAMMBIN ¥ OTBOAMMBIA TEILIO-
BHIE TTOTOKM W HANPIXCHUE BRIYUCISIOTCA 1O popmynaM

Q" = le\’z(Qpr +Q, + Q)
QX = NlNz(pr + 0+ Q)
V=NIV,+V, - J(R, +R)I, (1.60)

rJi€ MHACKCAMHA P U 1 OTMEUYCHBI IIOTOKHM M HANPSIXCHUS TS
. TEPMOCTOJIOMKOB p- H #-THUIIOB; J, = J/N2 — TOK 4epes
TEPMOCTOIOHK R, — 9/JEKTPHYECKOE CONPOTHUBJICHUEC LIVH;
R, — ODJIEKTPHYECKOE COMPOTUBJICHUC KOHTAKTOB; (J
TEIJIOBOM MOTOK MO 3aMMTHBIM HNOKPHTHAM (TEIIOU30JI9-
uum). Ha puc. 1.10 mokaszaHel TPW THIHMYHBIX BapHaHTAa
' KOHCTPYKIHMM — IJIOCKas, MWINHIPUYECKAd ¢ KOMMYyTanuen
MO KOJIBIY ¥ MHIMHAPUYECKAS ¢ KoMMyTanue# no ocu. s
BCEX TPEX BApMAHTOB R , R 1 QO OTIPEAEATIOTCA €ANHBIMM
34BUCUMOCTIMHA:

R, =+l tp v Cp | [ +Yp
m"'a;H‘z,/"p H“y . J 8mrr 5

. il
o Ll e, 1 [, b

X Hp 7 ry W I ry ’
0 =2|—2 oY g ke (1.61)
=W ————— + 2H,|— . .
0 Hy+ 26 J r.In(r /1) ‘

B asTux dopmynax M, W i, DABHB MPOM3BCACHUIO YIJIa, TOX
KOTOPBIM BHICH TepMOLTOJIGHK HA €ro JIMHCHHBIM pasMep
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Puc. 1.10. Tepmoane-

MEHT: njockuit (a), uu-

JIMHADUYECKHH C KOM-
28 wmyrauMeit no Koably
| (6) m 1o ocu (a).

H; — mupuHA TEPMOSJIEMEHTA NO “ropgyeMy” cnmai B
HanpaBJICHWH, MEPNCHANKYJISPHOM TOKY B IIHMHE; 0 — TOJ-

MMHA 3aIUTHONO MOKPHTHS 10 “ropsyemy cnaw; r,, r, —

pPajgMyCHl COaes; § —IUVIOMANb, MPUXOASIIASCS HA OXMH TEp-
Mo3a71eMEHT; W — OTHOmMEHME IUIOMAAEH BETBEH n- U p-
THIOB; Py Py — YACABHHE IJIEKTPHYECCKHE CONPOTHB-
JIEHHS MAaTE€PHAJIOB IIMH Ha “ropsueM“ u “xonogHOM" cnasx;
O+ Opy — TONIMHW IHH; { (MHAEKCH p, n, T, X) —
KOHTAaKTHHE IJJIEKTPHYECKHME COMPOTHBIEHUS COOTBETCTBYIO-
muX nepexonos; AT — nepenan TEMNEPaTypsl HA TEPMOJJie-
MEHTE; ¥, — KOIPPHUMEHT TEMIONPOBOXHOCTH 3AIMTHOIO
nokpuTHs. [lnomaab § BHpaxaercs A8 IUJIOCKOM KOHCT-
PYKIIHH Yepe3 MOJHYK IUIomanb Kackana S:

s = §/(N,N,),

a Jig OWIMHAPHYECKOH —  4epe3 pajguyCc r, H JIHHY
Kackana L:

s = 2nr L/(N,N,).

Muoxurens Y pasen | nis BapHaHTOB KOHCTPYKUMH (@) u
(6) (cm. puc. 1.10) m Y = (r./r,)* — nns sapuanta (o).
ITpn pacuere mAOCKOr0 TEPMOIEMEHTA, KpOME TOro, B ¢op-
MyJaax  HeoOXOmMMO  cAenaTb NpEdeNbHBIM  NEpexop
r>®, r,>ooupur —r. = [= const
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Puc. 1.1I. MHorocnolHeIi
A UUIMHOPUYECKHH TepMOCTOJI-
GUK.

77r+7

3. Tepmoctonbux (B o0meM cayyae HUIMHIPUYECKOH
dopmei) cocronT 13 k croes (puc. 1.11). B i-m cyoe

r_ ;“i‘u = L |
Q =—"— (T —Ty) +JaT, = SR,
1+1
In
i
Q=9 —JV,,
V,=a(T, - T,,)) = JR;, (1.62)

J/IEKTPUYECKOE CONMpOTHBIEHUE cnost R, = (p,/u)in(r;, /1),
a TapaMeTp ¢ UMEET TOT X CMBICT, UTO U B II. 2. CsoiicTBa
MaTEpUuaaa ai, Hi n pi BHIUNCAYIOTCA IO METOAY CpCAHNX
napamerpoB B MHTepBane temnepatyp or T, A0 T, .

Ha rpasunax c/I0€B BBHIMOJHMIOTCH YCIOBUS

QX=0Qf, i=1,. k=1, (1.63)

i+1?

a MOJHOC HANPSKCHUL HA TBpMOCTOHGI/IKe

k
Y = z V. (1.64)
Jj=1
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Hpw 2aganwpix rpagsassix TCMIOCPATY PAX CUCTEMA YDAB-
neruit (1.37)—(1.64) smngercs 3aMKEYVION ¥ MOXer GuTh
penrena ymbo ymcnenHeiMu, AnG0 (IpM HEKOTODHIX py-
OAMXEHUSIX) AHATUTUYECKUME METOOAM.

L.7. AnpropntMpl peiieHUs CUCTEMBI YparHeHun

B 3aBucMMOCTH OT 7010, Kaxkue napaMerps T36 spiasor-
CH 3a[aHHBIMA, 4 KAKUC ONPCACTSCMBIMH BeJHUMHAMM, TPV~
MCHSIOT DA3NIMYHBIC HOOXOAM K PELICHWI) CHCTEME ypas-
Aennl (1.57)—(1.64). Yacro TOUHOCTE pacyeTa OKa3hBaeTCs
YACBJCTBOPUTE/IDHOM /IS NPAKTHYCCKHX UCHEH Kaxe npu
CYMICCTBCHHOM YNPOLWICHUM CUCTEMEL. 1Ak, HAIIPUMED, B TIep-
BOM NpuONVKeHNN MOXHO Npeme6peus ToTepsMy Temia 1o
3AWMTHYIM  [OKDHMTHAM, KOHTAKTHBIMY TEPMUYECKUMY U
SACKTPUMCCKUMY COTIPOTUBACHARMMU, TEMOCDATYPHOR 3aR¥-
CUMOCTDBIC CBOHCTB MATEpHasos (T.e. BuilipaTs BX CpeHuMu),
BBCCTH OQWPEKTUBHBIC CBOWCTBA /I ONUCAHHMS MHOTOCAOH-
HHX TaKeToB ¥ T.4. OcoGeHHO 370 OTHOCHTCH K 3a43uaM
ONTUMMIALNH, KOTA3 HKCXOMHBIE JHEPreTHHECKHE XAPaKTe-
pucTRKU BOMM3U ONTHMYMa €300 3aBUCAT OT BAPLUPYEMBIX
[IEPEMEHHBIX.

Bonee crporue Tpebosanus K TOUHOCTH [pEXbABASIOTCS
0pY aHaM3C XAPaKTCPUCTHK YXE CNPOCKTHPOBAHHOR Bara-
peH, T.C. pM MOBEPOYHBIX pacderax. B TakoMm caygae gmc-
JICHHO DEMIAIOT MOJHYI0 CHCTEMY YPABHCHHMIA,

[lpu nocTpoenvn anropurMa pacuera CleIyeT YUUTHBATE
ocobennocry paborsi TOB —— neGombmuoi BKIAR TEPMO-
SNACKTPUUCCKUX BMPMEKTOB B TEIUIOBHIE NOTOKM IO CPAE-
HEHMIO € TEIUICTIPOBOOHOCTBIO M OTHOCUTENBHO CAabyio 3a-
BUCHMOCTE CBOYUCTE MATCPUANIOB OT TeMIueparypsi. Toria pac-
YET NPOBONKTCH CHEnyIomnM obpaszoM. Brauare 3amaerca B
HYJACBOM NpAGAMKCHNYE PACOPEAC/ICHUE TEMIEPATYDH [0
CROAM M O MCTORY CPEAHUX TaPaMeTpOB BBIUHCHTIOTCH
CBOWCTBA MaTepuanos. 3aTeM pemiaeTcs TemioBas 327aua,
NpH4eM TEIUVIOBBIAC/ICHUE 3a cuer abdexros [lenpree m
[oxoyns yunreiBacTca & HysnesoM npubmxernnun. TTocre on-
PEOENCHMS TCMIEPATYD yTOUHSIOTCH CBOWCTBA MATEPUATOE U
BCAYMIE, (BA3AMHBIC ¢ TCPMOIEKTPIULCKUMY HPdexTaru.
Mrepaumn nosroparorea zo tex aop, noxa #e Syaer ofecie-
yena TpelyemMas TouUHOCTS,

Paccmorpum Oonee nopnpofHO NauEBd anropuTM npu-
MCHUTCARHO K MHOrOCHOREOMY repMoctonbuxy. Toncrasus &
ypaBrenue (1.03) BmpakeHns A/ TENNOBBIX NOTOKOB, NpU-
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BEAEM €r0 K BUMAY
r -
Qi(nr,, —lInr) =2u(T; — Ty ) +

i~1

Ja,T, —JZR +I >V, (169
l ] =1
rac Q' — TEnJIOBOM MOTOK, NOABOAMMBIN X IIEPBOMY CJOIO,

T.c. KO BCeMY TepMOcTonOuKky. Bsegem crienyroume 0003Ha-
YEHMY:

. B | i-1
v, = = UE T, — PR T )V,
! r. ! 2 ! ; J
i I j=1
Torma u3 (1.65) crexgyer cB3b TeMmeparyp B i-M u i + 1-M
CIIOSX: ’

T, =T, —Qf, +v,. (1.66)

i+1

Cymmupys 1o § oT 1 1o k, roxyuum

&
Tl k+1 ?
=

or = . (1.67)

1 k
2 F;

[Ips TIOREPOYHOM pACYeTC 3aJaHbl BCC pasMepsl, T.€. pa-
RIYCHL CJIOEB 7; (z = 1, 2, ..., k + 1). OcraipHBIC BCIUYUHEL,

BXONSIIUE B ,6 , MV, , U3BECTHB B HYJICBOM npubarKeHuu,

Tlocne seuucaenns Q) no gopmyse (1. 67) us (1.66) mocne-
HAOBATCBHO ONPENEAAIOTCS TEMITEPATYPBI CI0CE T, T,.. Ty
qunmmcg BCE /3 M v, ¥ DACUET MOBTOPSICTCA. Arano-

TUYHEIM 00pa3zoM pemae’rcs{ CUCTEMA YDABHCHMAY ¥ HA ApyTaAX
YPOBHAX — IIPU pacuyere XapakTepucTAK KacKanoB H BCEH
T3b.

Kpome mOBEpOYHOTO DPAcueTa NP 3aJaHHBIX pa3Mepax
BCEX DJICMEHTOB NPCACTAB/ISET MHTEPEC NOCTAHOBKA 3a1auH,
xoraa masectHe temnepatypsl T, T,,... T}, ¥ TPAHHUHBIC

Pamuycel r, W r,,, @ OCTAIbHbIC pasmepm Tpebyerca HAUTH.

—
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Torna ypasuenue (1.65) ynobxo nepenucats B BHAE

A
Inr,, =Inr + E’ : (1.68)
1

rac

i=1

[J&,T,. - %JZR,. +J Z Vj].

j=1

A =% u(T, =T L
i = u(T =Ty + r,

Cymmuposanue no i or 1 go £ maer

k
24

o == —. (1.69)
k+1

i

In

ITocnenoBaTenbHOCTh pacyera 34Aech TakKasd Xe, Kak M B
npeANaAymeM cayyae. BHauane BRIUMCASIOTCS A; B HyJEBOM

npubimXxeHnu, 3aTeM ONPEAESeTCs NOTOK Q] M MoCienosa-
TEJIBHO HaxoadaTca paguycw mo dopmyne (1.68), mocne uero
YTOUHSIIOTCS 4, .

Jlo cux mOp Mpeanosiarajioch, YTO 3afaHBI TEMIEPATYPH
rpaHMyHNX moBepxHocreir TIB. PaccMorpmm, xakmm obpa-
30M BJIMSICT BH/J IPAHAYHBIX YCJIOBMHM HA ANTOPHTM pacyeTa.

Ecnu nosepxuocTh Garapen, mmeromast remnepartypy T'g,

0OMEHHMBAETCS TEIJIOM CO Cpeaoi ¢ rTemmeparypoit T° mo
3akoHy HpioTOHA, TO TEIUIOBOH MOTOK 3aNMMCHIBACTCH CJAEAY-

romuM o06pasom:
Q = Sa*(Tz - T,

rae S — IUIomaab NOBEPXHOCTH; &' — KOIP(HIHMEHT TEMIO-
oraaum. [na yuera TeriooOMeHa AOCTATOYHO BBECTH B MO-
AEJIb AOTIOJTHUTE/IbHBH CJIONM, MPUITHCAB MY KOHTAKTHOE TEp-
MHYeckoe conporusaeHue & = 1/a*, 3maueHme KOTOpOro
(ecsiu OHO 3aBHCHT OT T') yTOYHSIETCS B MPOLIECCE MUTEPALMA.
AHA/IOTrMYHO YUYATHIBACTCH M TEIUIOOOMEH M3MyUCHHEM, ANS
KOTOpPOr0 MOXHO BBeCTH 3(pdekTHBHHU K03dduuueHsT ren-
JIOOTAAYM, 3aBUCSIINHE OT TEMIICPATYPHI.

JloCcTaTOYHO IIMPOKMIA KPYT 337a4 PEImAETCs NPH YCIOBHM
nocrosHcTBa mnoasoguMmoro K TOB Termosoro moroka
(Q = const). 910 yCJIOBHE OTHOCHTCSI, B YACTHOCTH, K Paguo-
nzoronaaiM TOI'. Ucnonsays 6auzocrs TIB no xapakrepuc-
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TyKaM K OOBIMHOMY TEINOOOMEHHMKY, JIErKO Monndnu-
POBATH CNMCAHHME &JTOPETM JJid  yKASaHHOTO DEXEMA,
Iipencrasum DOABOMAMELR TENUIGBOM HOTOK B BULXE

O = KAT, (1.70)
e AT = T .. — Toin — OOAHBIH Depenag TeMIeparTypsl

us Garapes, 3 K — cnabo messomasca QyHKIUES, 3aBHCA-
ag OT TEDPMODACKTUMYECKHX 3pQeKTOB ¥ pPACIPCACTCHUL
TEMIEPATYD MO CROUM. 342Bas B HYICBOM npROAKKCHAR
;}“’m&x B onpeneady w3 pacuera TEILIOBOH TOTOK uepes Hara-
DERD Qp;. MOKEO HaiTH Koddduumenr K = Q /AT u yTou-
HUTH TEMICDATYDY i
, 7ok = T on™ Q/K.

TIoBTOPSHME NAHHONO Ipouecca OBECHeuMBACT BHIIOHCHUC
yenosus Q) = Q¢ TpefyeMoit TOUHOCTHIO.

B paubonee obmem cnyuae, korga 125 Bxomut B resepa-
TOP ¢ HEPABHOMCPHHIM PACTIPEAC/ICHUEM [TAPAMETPOB MO KO-
ODIMHATAM, LA HEE BMECTO TPAHMYHBIX YCAOBEM 3a8aKTCs
yeJIOBYS CONPAKEHUS —~ HENPePRIBHOCTD TEMIEPATYP U TCH-
noBLX N0TOXOB. [[py TAKMK pacuyeTax XapakTepucTMKH T3b
TAKXKE VAOGHO ANTPOKCAMEPOBATH 3aBACHMOCTAMU BUAA
(1.70) ¢ DoCAERyWMmyM YTOUHCHNEM xo3apdumuenra K, Ma-
HOCTE OTKJICHEH#WY KOTOPOTC OT NOCTOAHHOTO 3HAUCHUE olec-
HEUMBACT CXOAMMOCTE MTEPALHORHON DPOLECCd.

1.8, Corracopanvie KackKkanos

Auanusz KM no meroxy OECKOHEUHBX KACKANOB (cM.
pasz. 1.4} no3BOIM yCTAHOBHTE, YWTO IDH NOCTORHERX CBO¥-
cTEAX MATCPHAAA KACKANMPOBAHWE NPAXTHHCCKY HC JRacT
BHAMTDHILA B BHIXORHBIX DHEPIETHHECKHX XADAKTCPULTHKAX.
OauaKo, MOCKObKY HOOPOTHOCTE KAXIOTD MATepHand Mar-
CUMASTLHA AUUIB B OTHOCUTEABHO y3KOM TCMIIEPATYPHOM RHa-
faz0ue, OPAMEHCHHE Kackanoe, COCTOSIMX W3 DAsHbIA
TEPMOIIEKTPUYECKAX MATEPHUAJIOB, & TAKXKE COCTABHBIR (cer-
MCHTUDOBAHINX) BETEEH TEPMODJICMCHTOB, AACT BOBMOK-
HocTh riopsicuTs addexrusrocTs TOD 3a cHET WCTIONRIO-
fauuY KANQIOTO MaTeprana B Haubosee BRITOZHOM [l HCTO
uHTeppase rtemneparype. M3 orux coofpakCHUA TIPH TIPC~
exTHPOBANEN OOBIUHG 33AK0T TCMOCPATYPhl Ha KAXAOM TED-
MOCTONBHKE, 4 1EABIO PACcUCTa SBJIFETCH OUPEACACHUC COOT-
BETCTBYIOIMX TEOMETPHUECKMX PA3MEPOB ¥ KOJMUCCTRA TCP-
MOIACMEHTOB.




IIpu 3alaHHBIX TEMIEPATYpPax PacyeT CErMEHTHPOBAHHBIX
BETBEM MPOBOAMTCS NMOCPEACTBOM CKBO3HOIO MHTErPHPOBAHUS
CBOMCTB TEPMOCTOAOHMKA MO METOAY CPEAHHUX NApPaMETPOB.
Pa3meps ¥ KOIMYECTBO TEPMOIJIEMEHTOB B KaXJIOM Kackaje
HAXOASTCY W3 ypaBHeHwit OasaHca Teria, 3apsana
3akoHa OMa, KOTOpHE MOCAE MNOACTAHOBKH B HHX OI-
TAMAJNBHOIO 3HAaueHus napamerpa M (M =1 wm M =
= V1 + z(T, + T,)/2) CTaHOBSTCH JIMHEAHBIMH OTHOCH-
TENbHO ITHX HeH3BeCTHHX. IloacraHoBka 3mauenms M, on-
THMAJIBHOTO A8 KaXIO0r0 M3 KAacKajoB B OTAENBHOCTH, CBS-
33aHA C TEM, 4YTO MOIHOCTH TOD, paBHas cyMMe MONIHOCTEH
KacKajos, JAOCTHraeT MakCHMMyMa, KOrja KaXIeid ¥3 Kacka-
noB paboraer B PEXHME MAKCHMaJIbHOM MOmHOCTH. Jlerko
MOKa3aTh, YTO AHAJIOTMYHOE YCJOBHE CIPABEAJIMBO H IS
pexumMa makcumansHoro KIIJ.

ITycrs K i-My Kackagy (i = 1, 2,...,N) NOABOAKTCS TEIIO-
BO# MOTOK Q;; OTBOAMMEIH OT HErO MOTOK Q,,, TOCTYNAET HA
caenyromumit kackan. Torna KITJ i-ro kackapa paseH

Ql‘ - Qi+l Qi+1
B ] e ; (1.71)
! Q; Q;
a cymmapasii KITI TOB onpeaenseTcs BuipaXXeHAEM
Q, — Q. On.
R (1.72)
¢ Q, Q

3anuceiBasg TOXIECTBO
2209 vi_ %
Ql Qz Qs QN Ql

u noacrasasg B Hero (1.71) m (1.72), madneM cBsi3b 7y C
KII[I otaenbpHBIX KaCKajioB:

N
7. =1-1101 = n). (1.73)
i=1
B yactHoM ciayuae N = 2 OTCIOAa CNEayeT
ny =M F 10, = 07,

Ecym KIT]I i-ro xackaga 3aBMCHT OT HEKOTOPOTO nmapaMeT-
pa x, (Hampumep, TOKa), TO 7y = N (X2 Xy 50003 X p0)- Ontu-
MAJIbHBIE 3HAYEHMS NMAPAMETPOB BHIYHC/ISIOTCS M3 CHUCTEMEI
yPaBHEHHH
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IMoncrasnsa ciopa (1.73) u yuursisas, uto sce 7; < 1, mo-
Jy4uM

M O fiom 1By
0x ;
J

T.e. IS 00ECHEeUeHnsl MAKCUMYMA 7y KaX/Ibl# Kackaj nos-
xeH paboTare B peXHME MAKCHMAJIbHOIO KIIJA. Coorsercr-
sylomue (hopMymH Ad pacyeTa KOHCTPYKIHH KaCKaHOM
T3B npu NOCAEA0BATEIPHOM M MapajIeIbHOM COCAHHCHHAX
AaHH B TIPWIOXEHHHA 1.

KpoMe pacueTa ONTHMAILHOIO PEXHMMA BaXHOC 3HAUCHUC
MMEeT MCCAEJOBAHME MOTEPb, CBI3AHHBIX C paccoraacosa-
ameM. PaccmorpuM Hambosee pacmpOCTPAHCHHYIO ABYXKa-
ckagaywo TIB.

BosbT-aMnepHas XapaKTEPHCTUKA KaxJIoro M3 Kackanos
HMEET BHA

V,=E -JR;, i=12,

rae 3Havenns E; (3OC) u R; (BHyTpECHHEE CONPOTHBJICHHE)
3aBHCAT OT CBOWCTB MAaTepMaJsioB, TEMIEpPAaTyp, pasMCpoB H
KOJIMYECTBA TEPMO2aEMEHTOB (opmysint (1.35), (1.60),
(1.61)). Momuocrs W, = J,V; nOCTHTacT MakCMMyMma
W, . = E}/4R, npn toxe J; = E;/2R,.

[Ipy NOCAEAOBATENBHOM 3IEKTPHYECKOM COCIHHCHHH Ka-
CKajoB MX TOKHM paBHH: J = J = J,, a HanpsXEHHS CyM-
mupytorcs: V =V, + V,. Orciona BOJABT-AMIIEPHAS Xapak-
TepucTyKa AByxkackaguoi TIB

V =E, +E, - J(R, + R),

a MaxkcuMaJibHasd MOIIHOCTD

. (E, + E,)’
max "~ 4(R, + R,)’

[Ipu mapa/uieNbHOM COCAHHEHUH

=J +J,
V=V, =V,
Torna
- ER, +ER _, RR,
Rl + R2 R1 + R2
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G (E\R, + E,R}) |
MY 4R\R\(R, + R)
Beenem koadduuueHt

W

ﬂ= max

’
Wlmax+ WZM

xapakTepusyomui 3pdeKTHBHOCTh COMIACOBAHUS KacKasoB.
IIpy OTCYTCTBMH MNOTEPh OH PABEH CAMHHMIE. O603HayuM
Takxe uepes E* = E,/E, u R* = R,/R, oraomenns I/IC
M BHYTPEHHHMX CONPOTHBJCHWH Kackajgos. [lns mocsiemosa-
TEJIBHOTO COSAMHEHUS MOMYUYHM

B, =1- Ky
: (B + R)R* + 1)
AHAJIOrHYHO /18l NAPaJUICIbHOIO COCAMHEHHS
B wigies R*(E* - 1)
2

B+ RYR +1)

BuaHO, YTO B MOCJAEIOBATENBHOM CXEME MOTEPH OTCYTCT-
sylor npu E* = R*, a B napaanessHoli — mpu E* = 1.
3asucumocts Koaddunmentos B, u B, or E* m R” nokasasa
Ha puc. 1.12. Ilpu nocnenoBaTeNbHOM COCAMHEHHH MOTEPH
3HAYATE/IBHO CWJIBHEE 3aBHCST OT R, ueM NpH mapauieb-
HOM. DT0 OOCTOSTENBCTBO CJIEAYET YYHMTHIBATH MPH MpO-
extuposannn TOI' ¢ H3MECHEHHEM BHYTPEHHENO 3JIEKTpHYEC-
KOTO COMPOTHMBJICHHS B TEYEHHE CPOKA CJIyXOH, HanpuMep 3a
CYeT TEPMOMEXAHWYECKHX TOBPEXJCHHH TEPMOIJIEMEHTOB,
xorna Oosiee TPEANOYTHTEABHOM OKa3HBACTCA CXEMa C
napaieJIbHbIM COCAUHCHHEM.

O penecoo6pa3HOCTH HMCIOIb30BAHMS TOH MM APYIOM
CXEMBI MOXHO TAKX€ CYAMTh MO COOTHOIIEHHIO MOTEPb:

1 - B, _ (E° - Ry
1 -8, RYE*-1}"

B =

Mpu B = 1(E* = VR® wm R* = 1) norepu B ofenx cxemax
pasue. O6nacTH, B KOTOPHIX CJIeAyeT BHOMpaTh MOC/IEN0BA-
TeapHyI0 (B, > B,) WM NapayIeabHYK CXEMy B, < B,),
npexcrasaeHs Ha puc. 1.13.
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v 1 i

0 a8 7,0 55 E*

¥

1.12. CornacosaHvie KACKANOB TpW NocieioBaTenbHoM (a) u
napaniensHom (6) CoenMHeHMSX.

I~ RY =025 205 3—1,0, 4 —~1,5 5—20; 6:1—
RY = 0,25, 2 — 1,0, 3 — 2,0.

Puc.

a’

Tlpu npoexktupoBaEmy T3D MOXHO TNOMYyYUTh MO0BE

snauesng E u R v 06eCcrieunts BHNONHEHNE YCI0BIA TU00

E* = R*, ymubc E™ = 1. Opgnako, TOCKOABKY KOJHYECTBO



Puc. 113, G6aactv oONTHMANBHOCTH NMOCACAOBATE/IBHOM (3a1UTpU-
XOBAHA) ¥ NAPaIC/BHOM CXeM.

TEDMOSJIEMEHTOR B KACKANAX -— NAPAMETD AUCKDeTHEH, K14
0GecrieUCHUA  YOOB/ICTBOPUTEABHOIO COTVIACOBAHUS  MOXKET
rroTpebosarscs auaynTenpbroe apobnenme xackapos. Takum
00pasoM, OKOHUATEHBLHBIN BHOOP JOMKEH OCYIIECTBANTLCH C
YHETOM TEXHOJOTHYECKMK BO3MOXKHOCTCH, a Takxe tpefo-
BAHMHM K BBINOZHOMY HAaNpSXKEHHUIO, KOTOPOE B HOCAEAOBA-
TENBHOU cxeMe Gopme.

1.9. Annpokcumanug CBOMCTE MATEPHAJIOR

Hna rernosuepreruyeckoro pacuera TOD myxum cpea-
HCMHTCIPAILHBIE 3HAYCHUA CBOHCTB MATEPHAIOB B COOTBET-
CTBYIOWIWX WHTEpBasax Temnepatyps. . [lockoneky 3skcie-
PUMEHTa/ISHBIC JAHHBIC OOBIYHO MpPCACTABJASHH B BUAC I'Da-
tdukos wan tabsmn, rpeSyerca ux upeasapuresibHAd obpa-
00TKa ¥ TIOCTPOEHWE ANNPOKCHMUPYIOIMX (DYHKLuHA. AHa-
MUTUYCCKAS ATTIPOKCUMANUS TEMIIEPATYPHLIX 3aBUCUMOCTCH
CBOMCTB MATEPUANIOB MO3BOJSET NpW pacucre na IBM wuc-
KTHOUATH MHTEPIONIUMIO, YACICHHOE WHTCTPUPOBAHUE U TEM
CaMBIM COKPATUTh BPEMY CUETA.

3ajaua COCTOMT B HAXOXICHUM 33BHCUMOCTH y(x) MO
M3MEPCHHBIM B TOYKAX X, X,,...,X, 3HAUCHUAM OYHKONN
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Yps Yyrees¥,e TIPEATIONOXRHAM, YTO y(X) MOXHO NPEACTABHTH B
BHAE
¥(x) = @ f(x) + o f(x) +..+ o f(x), (174

rae f(x), f,(x),....f,(x) — samanHbie QyHKUHA.

[l OnEHKH HEM3BECTHHIX MAaPaMETPOB W, @,,...,00, Yac-
TO MCIOAb3YIT METOA HamMeHbmuX kBaapartos. [lupokoe
NPHMEHEHNE ITOIMO METOAA IS MOCTPOCHHUS ANmpPOKCHMALUM
HA OCHOBE JKCIEDHMEHTANBHHX AAHHBIX OOBACHAETCS TEM,
YTO OH, BO-TIEPBHIX, MO3BOJSET MOJYYHTh OLEHKHM, 0bmanar-
H¥€ ONpEeNeSCHHHMHA ONTHMAJbHHIMM CTATUCTHYECKUMH
CBOMCTBAMH, M, BO-BTODHX, NMPHBOAHUT K IPOCTOM BHIYUC-
JIATCIBHOM MPOLEAypeE.

[Tycts dyrkuus

Wx) = D f (%) + & f,(x) +.t D f(x) (175
9BJISETCS OLEHKOM MCTHHHOM 3aBucumoctH (1.74). Torna
8= Yy ;'(x,')
npeacTaBasgeT cofoi OTKJIOHEHME PE3YJbTATa M3MCPCHMS Y,

oT 3HauyeHud, nporHosmpyemoro mopensio (1.75). Koaddu-
MEHTH JAHHOM MOJIEJH B METOAE HAMMEHBIIMX KBAJAPaTOB
BuibMpalorcs TakuM 06pasoM, 4TOOB CymMMa KBajJpaTOB OT-
KJIOHCHHHM

n
~ ~ ~ y 2 -
S(@y@,500,@,) = 2 & =

i=1

n
= Y Iy = Bfy(x) — &%) —m @, f(x) T (1.76)
i=1
6ona MunumanbHOM. [uddepenuupys S mo w; u npu-
PaBHMBAS NMPOM3BOAHYIO HYJIIO, TOJYYHM JIHHEHHYIO CHCTEMY
YPaBHEHWH OTHOCHTE/IBHO HEH3BECTHBIX K02 dUnueHTOB
@ (i=0,1,2,.,):

C:)O 2 fo(xi)fj (xi) + (:’1 2 fl(x,')fj (x,-) )

i=1 i=1

ik &, [N () = Y v f(x). (LI
i=1

i=1

Kak BMAHO, METOJ HAMMEHbIIMX KBAJAPATOB HE NMPEAbSAB-
Aser cnenmansHeX TpefosaHmii Kk BHAy  (DyHKumMi

74



fo (%), fl(x),...,fr(x). JlocratouHo auulb, 4TOOHM OHU OBLIH
JHHEWHO He3asucumbr (MaTpuua cucremsl (1.77) He BBIpOX-

neHa). B uacTHOCTHM, MOXHO IpeacTaBUTh y(X) B BHAC PAXa
Tennopa

() =1, fi(x) = x, f(x)=x,,f(x) =,
psina Oypoe
f(x) = 1/2, f(x) =sinx, f,(x) = cosx,...,
Jyp(x) = sinrx, f,(x) = cosrx

U T.0.

Oaun u3 Hanbosee yaobubix npu pacuerax TOI crocobos
ANIpPOKCMMALMHU CBOUCTB MATEPHAJIOB — MPEHCTABICHHUE UC-
KOMOH (DyHKUMH B BHIE DSAA IO OPTOTOHAMBHBIM IIOJIMHO-
mam. [lommromer Q (x), Q,(x),...,Q (x) Ha3bIBAIOTCA OPTOTO-
HA/IbHBIMY Ha JMCKPETHOM MHOXECTBE X, X,,...,X,, CCU /I
m00BIX MHACKCOB j U k BBITOJHAETCS COOTHOLUEHUE

n 1, j o= k,
> Qix)Qu(x;) = 0 = {0, j‘ = k.
i=1

KoaddpuunenTs mosmaoma Q j(x) MOXHO OIPEACANTD, PCIIas
CUCTEMY JIMHEUHBIX YPABHCHUU

2 Q,(x)Q(x) = 0,

2 Qj (xi) Q, (xi) = 0,

...............

21 Q; (%) Q;_,(x) = 0,

> QM) = 1.

i:

—_

Bonee mpocraga MeToauMka MOCTPOCHMA CHCTEMBI OPTOrO-
HAJIbHbIX NOJMHOMOB OCHOBAHA HA NMPUMEHEHMM PEKYypPpPEHT-
Horo coorHomeHus Qopcaiita [20], koropoe umeer ciaeay-
FOIIMHM BU:

CQj (x) = ij-l(x) - AQj_l(x) - BQj_g(x)’ (1.78)
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n
A= x0% (%)
i=1

n
B = 2 Q%) Qj,(x),
i=1
a mocrosHEAs C ONpEAESeTCs U3 yCJIOBHS HOPMUDPOBKH

n
Z sz(xi) =:1.
=1
Cooraomenue (1.78) nmo3sonser mocaen0BATENbHO HAXOMHUTh
nomuuoME Q, (%), Q,(),..., HAUHHAL C Q,(x) = 1/Vn. Io-
Ka3aTeNbCTBO 9TOM (POpMYy/IBl MOXET OHTh NMPOBEAEHO METO-
AOM MATEMAaTHMYECKOW MHAYKIHH.
Ecnu npunsats f(x) = Q; (x), TO MaTpUILIA CACTEMBI yPaB-
Henuit (1.77) ssnsercy nnarona.nbnoﬁ Orcropa MOXHO cpa3sy
HAUTH pPELICHHE

3

&= ) %0 (x). (1.79)
i=1
CoOTBETCTBYIOLIMI ANMPOKCUMUPYIOIMHA NOTHHOM
Yx) = 2 ;Q; (%)- (1.80)
Jj=0

IMoacrasnasa (1.79) B (1.76), monyyuM OCTATOYHYK CyMMY
KBaZpaToB

[TOCKOMBKY @, @ ,...,0%, ONPEACISIOTCS HE3ABUCHMO, IIPH
MOBHILIEHUY CTENEHH ANMPOKCUMALUMM 7 HA EAMHMILY A0CTa-
TOYHO BHIYMC/IUTH TO/JIBKO OAMH CICAYHOMMiA K03 dnuueHT
@y

PaccMOTpUM CTATHCTHYECKHE XaPAKTEPUCTUKH ANIPOKCH-
manmm (1.80). Benencrsue cayuyaiHOro pasbpoca pesyasraT
M3MEPEHHS y; OTKJIOHSETCS OT MCTHHHOIO 3HA4YCHHA y(X;). C
WCTHHHBIM 3HAYEHWEM COBNAAAET JIMIIbL €10 MAaTEMATHYECKOe

OXHAAHUE
M(y,) = y(x;).
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Tatbnwuoall TeMueparypHas 3asucyMOoCcTe ¥03duuMenTa

TepMoS BT
T, 7
[{oxasare)is -
300 500G 700 360 1100
o, MxB/K 100 i54 216 269 289
X —1 3,5 0 4,5 i
v 0,463 6,713 1 1,245 1,338

Jlanece, openncoxmM, YTC HM3MCPCHHS DABHOTOUHBIE, T.C.
MUCTIEDCHR TOCTOSHHEA:

. I P

D@y =
j @‘f:'), HCNRGIbIYE K3 BCCTHBEIC ODABWIA BHIMI ACHCRWUS Mate-
MATHUHECKODD OXMIOAHKSE U ,B{MCHGPCHH, H@ﬁy UM

A y 7‘ o= _}’{:)C\js

Diy(x) 1= 0"y QUx)
j"—‘—'k)

J(X} ecTh HOCMCIICHRAL

(X}, a BACTEPCHE — MEpPA
: <5 moforo samamHorc x. Boma
BBECTH  [OBC gzvmfﬂmmm CUBAN, PARHBA YOBOCHHOMY
CPOAHCKBAPATHUFOMY OTKIOHCKIMIO, 7O DTN PE3yNbTaTH
MOXHEO OGBERMHUTS B BHAC CHUHOE GOpMYyIsH:

9 =500 = 20 3 G.
j=

B XayecTRe OPEMEDE DAACKCHEHS 3ANAHHOW 1afimysHe
(ﬁ}w’*ﬁalﬂfém B DU U0 OPTOTOHAALHEM HOJHHOMEM PACCMOTPHM
ARTIPOKCHMATL G Tﬁwr‘fgamymw FABNCYMOCTH KOSGbmmn-
eHTA TepMOJ,Laé’”" criaga Siy . — Ge, 5 P-THNA TPOBORAMOCTH

0,7
(6] (rabn. 1.2 ibvmcmg 33KaH4 B MHTEPBANE TCMOCPATYD
or T, = 3@%5 K po T, o= 1100 K.

Ilepeinem k éema“rﬁepm;m CPEMEHALM!

Zif b }F ﬁ'}_ v”f‘ j
X = - — o= o
ar Y alt )
e
Tmin & Toax AT = T o
cp 7 s B4 T A ey min



[lofMHOME, OpTOIOHAJLHHIE HA MHOXECTBE X = — 1,

x,=-03 .., x = 1, onpemensiorcs MO PEKypPPEHTHOMY
coornomernnio (1.78):
V5
Qy(x) = - = 0,44721,
Q,(x) = @x = 0,63246x,
2V14 1
Q,(x) = —7—(x’ = ;) = 1,06904x* — 0,53452,
2vV10 17
Q,(x) = —S—(x’ - Ex) = 2,10819x° — 1,79196x,
2v70 , , 31 9 ;
Q%) == (x - S 70) = 5,57773x" -

— 6,17535x* + 0,71714.
Koadduuumentn paznoxenns Haxopmm no cdopmyne (1.79):

~

&, = 2,12821, &, = 0,72164, &, = — 0,09514,
&, = — 0,05977, &, = —0,00370.

Bass B (1.80) HECKOABKO MEPBHIX C/IAara€MhBIX, MOJAY4YHM am-
NPOKCHMALMIO COOTBETCTBYIOMEro mopsaka. MakcumansHo
BO3MOXHBIA B JAHHOM CJTy4Yag MOPSIOK aNnpoKCHMAuMu pa-
BEH YETHpEM. 3aBHCHMOCTh y(X) npH r = 4 nocjie npuse-
neHns nogo0HKIX WIEHOB IIPHHAMAET BHA

¥(x) = 1 + 0,5635x — 0,0789x* — 0,1260x" — 0,0206x".

S3T0T NMONWHOM YETBEPTOM CTENEHM TNPOXOAUT uYepe3 BCE 3a-
A3HHBIC TOYKH.

Cnenyer OTMETHTb, YTO B TNPAKTHUECKUX Cay4yasx HE
BCErga HYXHO CTPEMHTBCH K TMOBHILICHWIO CTENEHH an-
NPOKCHMHPYIOMETO MOJMHOMA, MOCKOJIbKY IMPH JIy4meM Co-
[JIACHH C SKCTICPMMEHTATbHBIMH JAHHBIMH MOXET MOJYYMTh-
S XYAIee COrNaCHe C MCTHHHOM 3aBHCUMOCTHIO y(x). IIoBHI-
maTh CTENEHb NMOJMHOMA Henecoo0pa3Ho Mmb A0 TEX Iop,
noka Koadduuuenr a'), 4, 3HAUMMO OTJIMYEH OT HyJS. [Tpun
ANMpPOKCUMMALMM TEMIEPATYPHBIX 3aBUCHMOCTEH CBOUCTB
6OBIIMHCTBA TEPMOIJICKTPHYECKHX MATECPHAJIOB YOOBJACTBO-
PHTENbHHE PE3YJIbTATH AT IOMMHOMb TPETHEH — YETBEP-
TOM CTCIICHH.
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RS 2
MHOT'O2JIEMEHTHBIE

2.1. TOT' ¢ HEM30TEPMHYECKUMH CNASIMH

Jlns resepatopoB 6OMBmION MOMHOCTH (MHOINO3JIEMEHT-
geix TOI), B 4acTHOCTH AJIS NEHEPATOPOB C PEAKTOPHBIMH
HCTOYHMKAMH TEIUId, XapaKTEPHA 3HAYMTC/IbHAS HEPABHOMED-
HOCTh TEMIIEPATYPhl BAOJb TEIVIOKOHTAKTHHIX NMOBEPXHOCTEN.

Peakropasie TAT" aenarca Ha ABe OCHOBHHE rpymms [9].
BCTpoeHHBIE reHepaTOphl KOHCTPYKTHBHO COBMEMICHH C TBI-
JaMH peakTopa, TEIJIO OT KOTOPHX NEPefaeTcs TepMo-
aNeKTpUYEecKMM OaTapesM TEIUIONMPOBONHOCThIO. Beaencrsue
HEPAaBHOMEPHOCTH TEIUIOBHAC/ICHUS B AKTHBHOM 30HE pEak-
TOpa TEMNepaTypHHe ycnosus Ais 6atapei 6yayT pasHeIMH,
BHHECEHHBIE NEHEPATOPH HAXOAATCS BHE PEAaKTOpa M CBS3a-
HB C HMM (3 TakXe C XOJOAMJIbHUKOM) KOHTYpaM# TEILIO-
HOCHMTE/NEeH wWiaM TemioBeiMu TpybOamm. 3pmecs Temmneparypa
BOJIb 'EHEPATOpPAa TOXE M3MEHMETCs, TAK KaK OTaasas Ter-
JIO, TETUIOHOCHTEb OXJIAXAAETCH.

Uucnennsie pacyersl TOI' ¢ HEH30TEPMAYECKUMH CHIAIMH
MOXHO NpPOBOAMTH, pa3buBas €ro Ha yYacTKH, B Mpeaeaax
KOTOPHIX TEMMOEpPATypa M3MEHSETCs HE3HAUMTENbHO, ¥ MpU-
MeHSIS M8 KaXJ0ro yuyacTKa aJI'OPATMBI, OMMCAHHBIE B
pasa. 1.7. TouHble AHAMTATHYECKUE PCIICHUS CHCTEMBI ypaB-
HeHuit g Takux TOI' 0Ka3nBaOTCS AOCTATOYHO CJOXHBIMH
u rpomo3akumu [21], yTO 3aTpPyAHEET MX MCHOJAB30BAHUE
NpH pacyeTax XapaKTEPHUCTHK KOHKPETHHIX JHEPreTHUECKHX
ycraHoBOK. Ecnm Xe cuesath psA ynpomEeHWH, MOXHO MO-
ayuyuth GONee HAIISAHBIE PE3yJbTATH, NMO3BOJSIOMME OLE-
HWBATh NOTEPH, O0YC/IOBICHHBIE HEH30TEPMHYHOCTHIO.

Paccmorpum TII' ¢ HarpesoM (OXJaXIEHHEM) TEILIO-
HOCHTEAAMH. [IpM ABMKEHMHM XWAKONO WIH ra3oo0pa3Horo
TETUIOHOCHTES BAOJb MOBEPXHOCTHM TemiooOMena (puc. 2.1)
ero TeMnepaTypa M3MEHSETCS B COOTBETCTBHHM C YPaBHCHHEM
OanaHca SHEpPruM

¢GdT = dQ, 2.1)

e ¢ — YAeJbHAsS TEIUIOEMKOCTh TeruioHocurend; G —
MaccoBuiii pacxon; dQ — TEIIOBOH TOTOK, NMOABOAMMBIA K
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FPuc.2. 1. Harper (oxjaxJcHue) NOBEPXHOCTH TEIJIOHOCUTE/ICM.

TCIVIOHOGUTEII0 Ha 2JICMEHTAPHOM VYACTKE IUIOMAABIY dS.
Tennosoi noTok d(J pasen NpoU3BEACHUIO IAOMANN YUACTKA
HA IUIOTHOCTH TEIUIOBOTO JIOTOKA 4EPEe3 [OBEPXHOCTEH:
d(Q = gdS. Iipm oreoxe remna or TemnoHocurens JdQ cra-
HOBUTCS OTPULATCIRHBIM U TEMTIEPATYPA, KaK IT0 CHERyeT
uz (2.1), nmonwxaercs (4T < ().

Ha pumc. 2.2 cxematwuso mnpeacrasier T30 ¢ msyms
KOHTYPaM{ TEIIOHOCUTEAEH M TIOKA33HC pacnpeaciacHue
TEMACPATY DBl BAOJE rCHepaTopa (fe3paszMepHas KOOpDAUHATA
& wmamensercs or O go 1). B xodTypax HArpEeBa # OXJax-
iCHU S ABMKCTCS TEIVIOHOCUTENb ¢ pacxogamu G, u G, cooT-

BETCTBEHHO., TEMDCpaTypa B KOHTYVDPE HATDEBA CHUXKAETCH OT
1, #Ha BXOAC B TEHCPATOP N0 T, ma swixope. B xomrype
OXJIAKJACHUS NPU ABUXECHUM TCIVIOHOCHTEIS B TOM K& Ha-
npasnacauy (OpsMOTOK) TEMICPATypa BO3PACTAET OT T, Ao
T,,. B caydae npoTHBOTOKA TCMIICPATYPA IO KOOPAUHATE &£
y6piBaeT (WTpnxoBas JuHud Ha puc. 2.2, 6),

Cucrema mndyepeHUnaNBHNX YPABHEHME [ OIpene-
JACHUA TECMIEPaTyp verionHocurened 7 u T, B 3dBUCHMOCTH
OT KOOpAMHATH & (IPSMOTOK) WMEET BUX

— ¢ GdT_ = g.SdE,
c, G AT, = q Sdi. (2.2

3naecy S — nOnHAS IOMAAb ICHEPATOPA, 4 YACALHBIC TEII0-
BBEC DOTOKM ¢, ¥ ¢, JOJDKHBL 1400 BHUMCASTEC 1O DOpMy-
JaM TenJOBHIX OaNaHCcoB s tepmoctoabukos, aubo {(aaa
T3b co croXAOH BHYTREHHEN CTPYKTYPOL) OnpPEIeasTLCs U3
pelenns cucrtembl ypasHenuin (1.57)—(1.64). B xauscrse
TPAHUUHBIX YOAOBHI MOPYT OmTh 3dJAHEI TCMOEPATY DS HA
OIHOM W3 KOHLOB, Hanpumep npu § = O

T(0) =T, TJ(0) =T, (2.3)
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Puc. 2.2, TOF ¢ aBymsa KOHTypamu TeiuioHocHTeNei (a) v pacripe-
JeNIcHKEe TeMepaTyps! TenjioHocurenelt gaons TA0 (8).

Icpexon or mpaMOTOKA K HPOTUBOTOKY COOTBETCTBYCT
U3MCHEHMIO B (2.2) 3Haka nepen G, va MuEHYC, 3HA4MT,
pewiate cucreMy (2.2) oTHensHO AAs MPOTUBOTOKA HET Heob-
XORMMOCTH, KOCTATOYMHO B OKOHYATCABHBIX BHIPAXCRAAK TIDO-
u3pecTn 3ameny G, » ~ G

Kax yxe 0OTMEuasnoch, TepMOSNEKTpUuEcKue siperTh
NpUBOAAT K YBCAWUYCHMIO NEPEHOCA TEIUIA YCpPEe3 TepMmo-
CTOIGUK, YTO MOXET OHTH YUTCHO BBCACHUEM 3hhEK THBHOTO
KO3POUUHEHTA TEMIONPOBOAHOCTH., 3HAYEHUE DTOF0 KO-
ULUCHTE ONMHAKOBLL IS ¢, M ¢ , IOCKOJBKY ICKTPHYEC~
Kas MOWHOCTh MaJia 110 CPABHCHUIO ¢ TENRORbIMKA NOTOKAMH,
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T.e. ¢, = ¢,. llanee, B nepBoM npubIMXEHNH MOXHO npeHed-
peus M €ro M3MCHCHHEM C TOKOM, TaK Kak BO3MOXHEIC
pexumbl paboTel (MaKCHMAIbHOM MOIIHOCTH, MAKCHMAJIbHO-
ro KI1/I) pasauuaiorcs He3HauuTensHO. Toraa MOXHO 3a-
MACATHh PABEHCTBO

q. = q, = kKT, - T,)s (2.4)

e k — xKoapduuMeHT TEIIonepenayu OT ropsyero Tervo-
HOCMTENS K XOJIONHOMY, Bhipaxawoompmiics uepes d¢pdexTus-
Hbei K02(hdHUMEHT TEIIONPOBOJHOCTH M BBICOTY TEPMOIJJE-
MEHTOB 10 (opmyae

e 3
[

Ananoruunas (2.4) 3anuch BO3MOXHA M IS MHOIOC/IOM-
Hoii Garapen. B Takom ciyuae Beamuuna 1/k Gyner pasHa
CyMME TEPMHUYECKHX CONMPOTHBJIEHHH CJIOCB, BKIIOYAs M TECP-
MOaneKTprYecKuii Matepuan. OTMETHM TaKXe, UTO BBEJCHHUE
Hapady C #,4 abdexTuBEEXx koadduumenta TepmoI[C n
YIETBHOTO HJIEKTPHYECKONO CONMPOTUBJICHHUS MO3BOJISET MpPH-
6AMXEHHO ANNpPOKCHMMPOBATh XaPaKTCPHCTHKH MHOIOCJIOH-
HOit GarapeM 3aBMCHMOCTSIMM, CNPaBEA/IMBHIMH JUIS TEPMO-
cronbuxa. Takue annpoOKCMMALMH MCIO/IB3YIOTCH AaJIee.

IMoacrasnas (2.4) 8 (2.2), HAXOAUM

dT,
ZE - AT, — T)),
dar, A
7; = ;(Tr - T), (2.5
rae
A= _‘& o= xCx
Gr O

[Ipu onpefesieHUH CYMMApHBIX OJHEPreTHYECKMX XapakTe-
PUCTMK I€HEpaTOpa BAXHYIO POJIb MIpaeT rnepemnaj remnepa-
typu AT = T — T, [IuddepcHuuanbHoe ypaBHEHHE WIS
AT nosyuwm, BHYMTAs BTOPOE ypaBHEHHE (2.5) u3 mepsoro:

d _ 1 +o0
EAT = —A =
Ero pemenue, yAOBAETBOPSIOMEE IPAHHYHOMY YCIOBHIO
AT(0) = 7"m s’ ATO,

AT.
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AMCET BUT

1 + 0o
o

AT(E) = AT exp(— A &). (2.6)
Honcrasus 310 pacmpenesicune B npassie uact (2.5) u
MPOUHTETPUPOBAB 1o §, HAWJEeM KaXAyi U3 TEMIEPATYp B
OTAC/IBHOCTH:

T(&) =T, — ATOT-%—;[I ~ exp(~ 4~ 205)],

1

i

1 + o
T, + ATOT;—;[I — exp(— 4 — 5)].
Bumso, uto nipu npamoroke (o > () nepenaa Temuepary-
pPBl OKCMIOHEHUMAABHO yMeHbmiaerca Bpoab TOI. Ilpu mpo-
TUBOTOKE (0 < () BO3MOXHO KaK YMECHBIICHWE, TAK M YBE-
JHYEHWE mnepenaga. B uwacrHom ciayuyae ¢ = — 1 nepenan
OCTAETCS MOCTOSHHEIM:

AT(E) = AT,,

T($)

a TEMOEPATYPBl TCIVIOHOCUTCICH M3MCHSIOTCS JIMHEHHO!
T (&) = T, — ATOA§,

T () = T, — AT, AE.

Jlokanespit TennoBoi notox ueped TOT (2.4), a Ttakxe
BEIpa0aThIBAEMOE TEPMOIEMEHTAMHM HAIpPSLKEHHE (BOJIBT-
AMNEPHAsd XapakTEPUCTHKA) JUHEHHO 3aBUCST OT NEpPenaga
temnepatypsl. [1ockonbKy BbIUMCIEHHS IMOJHOIO TEIJIOBOTO
MOTOKA ¥ CYMMAapHOTO HamupSIKCHUS CBSI3aHBI ¢ WHTErpU-
POBAHMEM HO KOOPAWHATE &, IOC/ICAHUE BBIPAXKAKTCH uepes
CPCOHCUHTETPAIBHOE 3HAUCHHE TIEPENaga TEMIIEPATyPel

AT = [ AT(E)dE.

Bocnonpsosasmucek pacnpenencauem (2.6), nonyunm
1 +0
I'—exp |—4A—
AT = AT,
I +0
e

Wuorna ynoOHee BhIpaxaTh CPEIHEHMHTErPAIbHBIM HEpenan
TOJIBKO 4YE€pPe3 TEMIICPATypsl Ha BXOAE M BHIXOAE, MCK/IHOUUB
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JABACHMMOCTE OT DAZMIDOR
Jieh {/{ 141 tj} }GT arag %‘

B TCTINIOHOCUTE -

= AT(1)

Orcona
I + o
Ay =
i
— AT, — AT,
AT = e {2.7)

In (AT /L\[ 3

14

Bem AT wsasns TAKXKE ) =F“?3§{3ﬂ(‘f‘”ijym‘\/i}("”{(,f’}(’i‘
TeMIE PHBIM HBOODOM, 2 {ﬁ)@g}m;
HONB3Y FOT IPY PACYETAX DAZJIMUHBIX T
. .‘p:me cpenHe fﬂwm‘[
AT BROJAAT CDEAHECH
METWYCTKAN Te

NePeHazos Ha BXC’JI s TS0

MOXHO JICTKG VOTAHORWTE CRAZD MEKIY AT v AT, Bt Hern
npencrasnm (2.7) B BUAe

)
&

AT = AT

P
Pt
3
!
i
i
i
|
|
i
|
i
o
a3
£
e

?;,a.ugmsf (2.8) B pag mo CTEVICHSM ¢ B OPDEMUUMBANCD
}:{Byiﬂﬁ HCpBBIMM YHCHAMY, HaXOlM

[¢]
3

i
i
.
[~
[
Nt

i
!_},
=~
g "'“;:""""’"’“i




Pa3HuIa mepenagos TEMNEPATYPHl B MPAKTHUECKUX CAydasix
COCTABJISET HECKOJBKO MPOLEHTOB H MOXET OLCHHUBATHCH MO
dopmynre (2.9).

B T3T' ¢ HEM30TEPMHUECKMMM CIASIMM U1 TEPMOIJIEMEH-
TOB, HAXOMSIIMXCH B PA3HBIX TEMIEPATYPHHIX YCJIOBHUSX,
onTuMansHoe 3HaueHue Toka (1.12) Oymer pasnmmusbiM. B
MPUHLMIE, MOXHO MOA00paTh SMEKTPHYECKYIO CXEMY CO-
enmHeHus Oarapedt (a TakXe TEpMO3aEMEHTOB B 6arapesx)
takaM 06pa3oM, uTOOB TOK OBUI ONTHMAJILHBIM HAa KaXIOM
y4acTKe, ¥ TEM CAMBIM MCKJIIOYMTh NOTEPH HA Paccoriaco-
paaue. ONHAKO 3TO NMPHUBOAUT K HEOMPABAAHHOMY YCIOX-
HEHMIO KOHCTPYKIHMH. 3HAYMTEIBHO NMPOME H3rOTOBUTH BCE
GaTaper ONMHAKOBLIMA M COEAWHHTH MX MOCAEAOBATEIbHO. B
TaKOM CIy4yae HeoOXOAMMO OLIEHMTH NMOTEPH IIEKTPHUECKON
MOIIHOCTH, 00YC/IOB/IEHHNE PACCOTIACOBAHUEM.

MomHocTs, BepafaThBacMas TEHEPaTOPOM Ha Y4acTKe
d&, paBHa

dW = j(aAT — jpl)Sd§.

CpaseuM jBa pexuma paboTh: NepBhii — KOIAA IJIOTHOCTb
TOKA ONTMMAJbHA HA Kaxjaom ydactke (j = aAT/2pl), u
BTOPO# — KOIZA j HE 3aBHCUT OT { ¥ BHIGMpaeTca U3 ycioBus
MaKCHMyMa MOJIHOM MOIIHOCTH. B nepBoM peXuME MOIHOCTh
TAI' nponopuMOHANBHA CPENHEMY KBaJpaTy TEpenajga Tem-
nepaTyphl:

Saz
= - 2
w, = [aw ol 5T
a BO BTOPOM — KBajpaTy CPEIHErO nepenajna:
Sa? 2
W, = ol (AT) .

Ucnoab3ys 3aBHCUMOCTD (2.6), HAXOAMM OTHOIICHHE MOLIHO~
CTEH B ABYX pEXHMAaX:
i e
W, _ (AT) _ AT
W, AT? ATcp
OHO 0Ka3a/10Ch PABHHIM OTHOIIEHWIO CPEAHEHHTErpPaJIbHOIO M
cpeaneaprdMETHYECKOrO MepPenasoB, KOTOpE CBI3aHbl Gop-
myao# (2.9).
VCTaHOBHM, KaKMM MOXeET OnTh MakCHMaabHOE (npw
npsMoToke) pasnmume mepenagos AT, u AT, T.e. Takoe,

ytobn eme OBO 1Eaeco00pa3HO MOCAEAOBATEBHO COEAHU-
HaTh Garapen. PaccMorpum 3aBucumocTs MommEocTH W, OT
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pasMepoB reHeparopa — tomanu S. llpu ee yBeawucHum
Go/bIIC HEKOTOPOro KPUMTHMYECKOrO 3HAUYECHHS YacTh Oarapei,
pacnoaoxeHubix BOmm3u & = 1, mepeiger B pexum norped-
JICHHS DJHEPruM M MOIDHOCTh IEHEPATOPA HAUHET YOBIBATH.
Huddeperuupys W, no S, npupaBHUBas MPOM3BONHYIO HY-
JIIO ¥ BHIPAXAas 4epe3 Iepenagbl TCMIICPAaTyphl, MOJIy4YuM
ypasHEHHE

[«

AT, AT,
— =1+ 2ln—.
AT, AT,

Ero pemenne AT, /AT, =~ 3,51. Takoso nambospmee OTHO-

MEHue  DepenmagoB HA  BXOOE€ M BHIXOAE;  NIpH
AT,/AT, < 3,51 Bce COENUMHEHHBIE TOCTEAOBATEABHO GaTa-
pen BHIAIOT 3JEKTPUUECKYIO SHepraio norpeburtemo. Ilox-
CTaBJIgs 9TO OTHOWICHHUE B (2.9), HAMAEM, UTO MAKCMMAJIBHOE
pazmuue AT u ATCp cocrasager 10 %. Taxxe paznuuaior-
Cd ¥ MOIIHOCTH B pEXUMAax C ONTHMMAJbHBIM Ha KaXIO0M
YYACTKE ¥ € MOCTOsHEBIM 110 Beemy TOIT Tokom.

CrcnaeM aHaJIOrMyHbie OHEHKH s BcTpoeHHOro T3I, B
AKTUBHOM 30HE PCAKTOpa 3aBUCMMOCTH TCIUIOBHIACICHUS OT
KOOPAMHATH NMPUOIM3UTEIBHO ONUCHIBACTCS KOCHHYCOUAAIb-
HPIM pacnpenesenueM. [Ipy HOCTATOYHO WHTEHCHBHOM OX-
JAXIACHUM “XOMOAHBIX® CHAcB MX TCMIeparypsl GyayT pas-
nuuarecy cabee, ueM “ropaunx”. Benencrsue ceasu (2.4) ¢
k = const no KocuHyCy OyaeT pacrpeneicH ¥ nepenaj TeM-
meparypsr Ha TO. lns mpocToTsl ANmpOKCUMUPYEM €T0
napabo/on, CMMMETPUUYHOM OTHOCUTEJNbHO CpPCAHEH TOYKM
E=1/2:

2
i

AT(E) = AT o — 4(ATmax - ATmin) & - Py

O6osHauum y = ATmax / ATmin 1 BBIUHMCJIMM CPEIHUM KBAI-
paT nepernana W KBaapaTr CpeIHero nepenana.

1

AT? = AT?. —

8y + 4y + 3),

2 2 1 2
@) = AT, 5 2y + 1)

Otcroga
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Ecnu, kak 310 OmiBaer npakTuyeckd, y — 1 <1, 10

.& 1 4 12
w =1 -l

IIpn pasnuMuMy TEIUIOBHX MOTOKOB (M COOTBETCTBCHHO TCM-
nepaTyphl) B LICHTPE M HA KpagX aKTHBHOW 30HH, HANPHMEP
Ha 20 % (y = 1, 2), nonyuaem

W,/ W, = 0,996,

T.e. MOTEPH, CBS3aHLIE C PACCOIVIACOBAHMEM IIPU MOC/IEA0BA-
TEJIBHOM 2/JIEKTPAYECKOM COEAMHEHMH, B JAHHOM CIy4ae mpe-
Hebpexumo mMannm — meHee 1 %.

2.2. X0a0AUIbHHK-H3ay4yaTe b

Kax sagso u3 cdopmya (1.13) u (1.14), mommsocts u KIIJL
TAT" BO3pacTaloT C yBEIMYEHHEM NEPENana TeMINepaTypul Ha
TepMoonieMenTax. I109TOMy BCerna CAEAYET CTPEMHMTBCH K
MOBHILICHUIO TEMOEpPATypH “ropsuux“ cmaes, KOTOpas B
MPAKTUYECKHX CJIy4asdX OrpaHMYHBACTCH TEPMUYECKOH CTOM-
KOCTHIO TIPUMEHSIEMBIX MATEPUAJIOB W SJIEMEHTOB KOHCTPYK-
mui. B 1O Xe Bpems TeMmmepatypa “XOJIOAHBIX“ CHaeB ompe-
AENSeTCs BO3MOXHOCTSMH TEIUIOOTBOAA B OKPYXAKOWyIo Cpeay.

B HAa3eMHBIX ¥ MOABOAHBIX JHEPreTHYECKMX YCTAHOBKAX,
AJIS KOTOPHIX rabapdThl ¥ Macca CHCTEMBI TEMIOOTBOAA YacTo
HE MMEIOT PEMAIOmIEr0 3HAUEHNS, TEMIIEPATypa “XOJOAHBIX
Chaes JOCTATOYHO 6M3Ka K TEMIEpaType OKPYXalomen cpe-
ast (pasampa ~ 20—50 rpap). Muaue obcromr neno ¢ koc-
MHUECKMMM OJHEPreTHUECKMMH YCTAHOBKAMM, K KOTOPHIM
npeabaBagerca Tpefosanue obecneueHMs 3aJAHHOH MOII-
HOCTM TIpA MHHMMAanbHHIX pasmepax ¥ Macce [22]. C6poc
TEermIa B KOCMOCE BO3MOXEH TOJIBKO HM3Jy4YCHHEM, NPHUEM
CHMXCHHE TEMIEPATyphl U3ayyaTess Tpebyer 3HAUMTE/IbHO-
1O yBEJMUYCHHUS €ro pasmMepoB (MpH MOCTOSIHHOM TEMJIOBOM
NOTOKE IIOmAgh H3jayyareas o06paTHO NpONOPHMOHAIBHA
yeTBepToM crenend Temnepatypsl). [Ipm npoekTHpoBaHHM
KOCMHYECKON OJHEPrOyCTAHOBKHM BO3HMKACT 3ajaya OnTH-
MaspHOro BHOOpa pasmepoB maayuyarens, TOI' u ux Temne-
parypHoro pexuma. [las ee pemenns TpebyroTcs 3aBucu-
MOCTHM MEXJY OCHOBHBIMM NAPAMETPAMH XOJIOAMIbHHKA-H3-
JlyyaTesisi, BHBOJ KOTOPHIX HAETCS HUXE.

[TpenBapuTENbHO OLEHUM pabouyi0 TEMIEPATYPY XOJIO-
pwTbHMKA-uamyyarens. Paccmorpum TOT, paborarommi B
uaTEpBane or T, (Tremneparypa “xonopsoro* cmag) mo T,
(remneparypa “ropsuero“ cmas). Or uCTOYHMKA Temaa K
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T3T nogsogMTCH TEMJIOBOM MOTOK Q,; moTOK Q) OTBOXHMTCS OT
YCTAHOBKM M3/IyYEHHEM B OKPYXAIOWIEE IPOCTPAHCTBO:

Q, = FeoT,', (2.10)

rae F — naomanb M3JIy4yaTeas; € — CTENeHb YEPHOTH 0 —
nocrosHHas Credana — Bonsumana. Cornacuo (1.14) KITI
npeo6pa3oBaHMs TEIUIOBOM SHEPIMHM B 3JEKTPUUECKYIO PaBEH
npousseacanio KIIJ mukna Kapuo u sBayrpennero KIT/:
_ n -1,
7= =" 5 g
1

C npyroit croponsi, KIIJ u resepupyemas MOIHOCTb COOT-
BETCTBEHHO

Ql_Qo_l )

To T o

W=Qmn=0mn/(1-nmn).
[MoxcraBass B opMyny Ans MOIIHOCTH TEIJIOBOM MOTOK
(2.10), KIIII 7 = ngng u temmepatypy T, = T,(1 — ny),
MOy UMM
W = FeoT (1 — ng)'ngng/(1 — ngng).  (2.11)

Kak yxe ormeuanocs, remneparypa 7, subupaercs 6.1m3-

KOM K NpPEAeJbHO AOMYCTHMOM, T.C. SBJASETCH 3aJJaHHOM Be-
maunHo# (T, = const). Kpome TOro, MOXHO mnpubanXxeHHO

NPHHATH, YTO 775 = const. Torma u3 (2.11) crenyer, uto npu

3a/laHHOM IUTOMAM M3TY4aTess MOIHOCT B 3aBMCHMOCTH OT
nepemeHHOA 7y (0 < 7y < 1) umeer makcumym. OnTumans-

HOC 3HAYCHME 7] HalaeM u3 ypasHeHns 0W/ oy = O:
2 1
g = 5

1+l ——

IIpu 5 > 0 ameem

Ecma xe ng - 1, 10

N
Be
I
»lw
-

Tk
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Puc. 2.3. XonoauibHUK-H3Ny4aTelb.

T Ty F

Takum obpasom, onTHMAIbHOE 3HAYECHHE TEMIEPATYPH M3-
JIydaTens JIEXHT B HHTEpBase

T, = (0,75 — 0,80)T,.

B Hacrosmee Bpems IS BHICOKOTEMIEPATYPHBIX MaTe-
prasoB [6] peansHO AOCTHXMMEM 3HAYEHHEM pabouell Tem-

nepatypu  “ropsuero“ cnas seasercs T, = 1200 °C =

= 1473 K. Orciona T, = 800 — 900 °C, t.e. KocMuueckmit

TOI' — BhicOKOTEMIEPATypHAs YCTAHOBKA. DTO ONpeaeaser
psa 0COOEHHOCTEH KOHCTPYKIMH XOJOAMIbHUKA-U3/TyYaTe s,
B KOTOPOM OOHYHO HCNOMB3YIOTCS XHUAKOMETA/UTHYECKHE
remwtonocurenun (Na, K, Li) [23].

[lepeiineM k aHanM3y NapaMeTpOB XOJOAMIbHMKA-H3NTY-
yatensi, cBu3aHHoro ¢ TOI' konTypom Temtonocurens. Uamy-
uaTens npeacrasaser coboi Tpyby (puc. 2.3), BHyTpPH KOTO-
POH ABHMXETCH TCIUIOHOCHTENb, MMEOmui Temmeparypy 7.
Bsenem ofosnauenus: T, — TemmepaTypa BHyTPEHHEH mo-
BEPXHOCTH TPYOH, F' — mI0mans BHYTPEHHEN MOBEPXHOCTH,
T, — TeMnepaTypa HapyXHOH M3Iy4yaromed NOBEPXHOCTH,
F — ee mromans. B npuMEeHSeMBIX HA NPAaKTHKE KOHCT-
pykouax Tpy6a Moxer umers ope6peHMe, y4yer KOoToporo
CBOOMTCH K BBEACHHIO 2(DEKTHBHON IUJIOmMAAN M3Iyyalomeit
NOBEPXHOCTH.

B craumonapHoM pexume Ha yvactke dé (6eapasmepHas
KOOpAMHATA £ U3MEHSETCS OT HYJIS HA BXOAE TEIUIOHOCHTES
B H3/Ty4aTesb 10 €IMHHLB HA BHIXOAE) BHIMOIHSIOTCS CAEAY-
IOIMe ypaBHeHus 0anaHca SHEPruu:

dQ = — cGdT; (2.12)
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dQ = a*(T - T_)F'dt; (2.13)

dQ = k(T — T,)F'd§; (2.14)
dQ = eoTFd — qFdt, (2.15)
rme dQ — TEmI0BOH MOTOK, OTAABACMHIM TEILUIOHOCHTE/IEM;
¢ — TEIVIOEMKOCTh TEIOHOcHTEns; G — pacxom; a& —

K0 dHOMEHT TCIIOOTAAYM HA BHYTPEHHEH TIOBEPXHOCTH
TpyOnl; kK — k03bdUUMEHT Temnonepenausd uyepes CTEHKY,
¢ — NAOTHOCTh TEIUIOBONO MOTOKA OT BHEIIHENO MCTOYHHKA
(ConHua), MorjaomaeMor0 Haay4yaTeaeMm.

Uckmouas u3 (2.13)—(2.15) T u dQ, onpeneanum cBi3b
TEMIIEPATYPHl TEILVIOHOCUTEAS T C TEMMEpaTypod M3JIyyar-
mEeH noBEPXHOCTH T

o F

1 1 F
T=T + [-‘: + T (eoT,; — @) — ‘V (2.16)

C yuerom aroro (2.12) u (2.15) npHEAMAIOT BHA

1 1
_+_

a* ok

F
dQ = — cG[l + 4o —

T;] dT,; (.17

F(1 1),
(eoT; — Q)FdE = — cG[l + 4e0 -i—'(;—". + z T, 4T,

(2.18)

IndpdeperunansHoe ypasaenne (2.18) nossonsier HaiTy 3a-
BHCHMOCTb TEMNEPAaTypnl uanyuatens T, OT KoopauMHaTH §.
Pasnenss nepeMeHHHE M MHTErpupys no & Or Hyas [0
enmauoe, a mo T, or T, =T (§=0) no T, =
= T, (§ = 1), nonyuum

T F 1 1
BRIX —_— —_ 2 =\ 73
l+4wF(a‘+k)T“ i
= > dT, = T 2.19)
T Tx-qw

Ananornunnim obpazom u3 (2.17) HaxoaMM MOJHHM TEIJIO-
BOH MOTOK

Q = cG(Ty — Tyy,) X

1 1
= +7 (T F T NTZ+ Ti )| 2.20)

xl+£
EGF
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Ypapraenus (2.19) n (2.20) ycraHaBAMBAIOT CBA3b MEXAY
TEMIEpATypaMu  M3JIyyaTesss Ha BXOAE M BBIXOAE
(T, T,y)» TEIUIOBBIM HMOTOKOM O, nomwanp U3ay4arend
F v pacxogom temioHocutesas G. OTMETHM, 4YTO MOCJACAHKE
TPU napaMerpa Bxomdar B xoMOuHaumu F/G u Q/G u and
pacuera u3ny4yaTess AOCTATOYHO 3aJaHUd TOJBKO ABYX M3
HHX. ‘

PaccMoTpuM HEKOTOpPBIE uyacTHbie cnydau. s npose-
HCHUS [aJbHEHIINX npeobpazopaHuil yaoOHO mepeiTa K 6e3-
pasMEPHBIM MEPEMEHHBIM:

* %
th = TBX /T, tBHX = TBHX /T,
q L F(1 1
= , b= deaT” —|— + —|,
o T T oEle Tk
eaFT™>
TG
me T° — HekoTopas XapakTecpHas Ttemrcparypa. Torpa
ypasuenud (2.19) u (2.20) npmAVMAOT BUA
D, b)) =T 2.21)

BBIX

co b
—_ 4 _ 2 2
Q = FeoT Ll o (o g Mg T+ 8 )] X

-1

X T AN S | (2.22)
BX BEIX
3nech
t
o B0+ by
D, L) = f—;;‘:'*a—dx. (2.23)

tBbXX

S3TOT MHTErpaa BHPAXaeTcs uepe3 3JieMCHTapHbIE (DyHKIWH
Q(tBX ? tBL[x) = QD(IBHX) - ()D(tBX)S (2‘24)

rac

4

) ‘[Z+11 z+ Va b1(4 )
z) = arctgz— + “In——5—| — —Iln(z° — a).

APV e T ) I

Ilpn sanavubix £ ut W3 (2.21) MOXHO Cpa3y ONpEACIUTH

f (orHomienue F/G), a u3d (2.22) — mnOTOK HA EOVHUIY

mwiomanu uanayvarenas Q/ F.
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PacueTsl CYINECTBEHHO YOPOILAKTCH, CCAU VUeCTh TO 00~
CTOATCABCTBO, YTO B HPAKTHUCCKUX CAYUASX NADAMETPE a4 U
O MAIL

IL@MCTBHTCHM{@, ccau T — nopsioka TCMIICDATY OB “TO-
paucerc® cmaz (77 = 1000 K), 10 npy COMHEUBME DOTOKAX
sfamzr opbute Semau g S | xBr/m® = 0,1 Br/om? (23]
3HAUCHNC ¢ HE NPCBRITACT

O,i

a < - = {J,018,
5.67-107*(1000Y

Ipy nCrnonb30BaHNK XUAKOMCTATHMECKMX TCIVIOHOCUTENEH
¥ craneHeix TpyS pasmuna rtemmepatyp T o# 7, HE Bosee

Z2~5 rpan. B rakom cayuae us (2.16) moayuacM OHCHKY
T -7 i 5 1
b = 4 * = . 4 = 4 16 4 = (},65
T (T/T) ~a 1000 (0,8)" - 0,018

Mockoneky a u b mans, dysxkuuw (2.24) MOXHO paz-
JIOKATE B PO IO ITUM mapamerpam. Pasaoxenue ynobuHo
ApOU3BOIUTE HETIOCPCHACTBOHEC NOH 3HAKOM FHTErpasa B
(2.23), a 3areM pIX WHTErDEPOBATE HOWISHHO, ’}maﬁﬂqﬁsau
Ch NUHCHHBIMY WISHAME, HAXONMM

i/ iy fﬂx,a(i 1)

q)(gaxﬁ Bmx)u};_ 3 _,3? + ‘é!ﬂ? +?’: ;ﬂ:*m;—?i
z\ TEEIY "B Bhix ‘\m}zi “EX /9

(2.25)

ITpu pocratouno OOABHINX DPACXOJAX TEIJIOHOCHTENY MAna
TAKXKE DPABHOCTh TEMOEDATVD HA BXONS B M3AVUATENB ¥ HA
BRIXONE W3 HETO!

Sy F o T <%
Af = L = by K 1.

Paznoxcune (2.25) B pax no wicHos ~ A7 paer

r 2 1
g ,
At 5(Ar) L, a
q ; P I N W - —
Dty o) = 75 |1 51|+ b+ ),
cp i ep cp |
e
oot Tl
op 2



Tabawvna 2.1.

3asucumocts Q/ FeoT ** or napamerpos a u b

: b =0 b = 0,025 b = 0,05
(226) (222) (222) (222)

0 0,388 0,388 0,388 0,388
0,01 0,378 0,378 0,378 0,378
0,02 0,368 0,367 0,367 0,367

C yueToM CAeNaHHBIX NPUOIHKEHMM BHPAXEHUE LIS TEIUIO-
BOIO NOTOKA NIPAHMMAET BUJ
2

S(At

_ “4,4 ok a
Q = FeoT tep 1 6[ ]

.-—4
tcP

(2.26)
by

B nannoi popmyne rnaBHLIM YIEH NMPONOPIHAOHAIEH YETBEP-
TOM CTEneHu cpeaHeapudMETHYECKOH TEMIEepaTyphl M3lyya-
TENAs, 4 TMONPAaBKH YUYHTHIBAIOT COOTBETCTBEHHO HEM30TEP-
MHMYHOCTh BJIOJb M3JyuyaTejs M BJMSHAE COJHEYHOro obmy-
yenns. B 1abxa. 2.1 npeacraBaeHs pesyabTaTh pacuera 6e3-
pa3MEpHOrO TemIoBoro noroka Q/FeoT™ npu ¢t = 0,9,
t .= 0,7 B 3aBHCHMOCTH OT TAapaMeTpoB a ¥ b mo mnpu-
&ﬁxenﬂoﬁ dopmyne (2.26) u mo Tounoi (2.22). Buaxo, uro
B TIOJTHOM COOTBETCTBHHM C (2.26) TEMI0BOM MOTOK HE 3aBHCHUT
or b, npuuem pe3yJbTaTH pacuyera nmo ykasaHHO# dopmyne
NPaKTHYECKH COBNANAOT C TOYHHIMH 3HAYCHHSMH,

[Tycts Tenepr 3ajaHBl OQHA W3 IPAHUYHBIX TEMIEPATYP,
Hanpumep £, , ¥ OTHOICHHE F/G (sennuuna f). IloacraBngas
(2.25) B (2.21), pemiasi NOJIyYEHHOE YPABHEHHE OTHOCHTE/b-
HO f, . W OTrPAHMYMBAACH JIMHEHHBIMM YWJIEHAMM 10 a | b,
6ynem umeTh

3

(= % % b(%) Iny + %(ﬁ) (1 = —';) (2.27)

14

ey = (1 + 372 )13

Pesynbrathl pacuera mo npubiuxenHoit dopmyne (2.27)
M YWCAEHHOrO pemends ypasHemmss (2.21) npu
a=0,02, 5=0,05 u f= 0,5 npusegesnt B Tabn. 2.2.
Takum ofpasom, c¢opmyna (2.27) no3BoasSeT C BHICOKOH
TOYHOCTBIO ONPEACAATs TEMIEPATYpy HA BHIXOAE M3 M3Jyua-
TENs.

OrMmeruM, YTO 3aBUCMMOCTh (2.27) MOXHO MCIOJB30BATh
U Ang pemeHus ofpaTHOM 3agauM — HAXOXACHMS TEMIepa-
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TaGauna 2.2. 3aBUCUMOCTD Iy, OT fuy

' 0,90 0,85 0,80 0,75
BX

, 2.27) 0,7133 0,6931 0,6707 0,6458
BRIX (2.21) 0,7132 0,6930 0,6706 0,6457

TypHl f, TIO 331aHHOU Lo Jlag 3TOr0 CACAYET MpOM3BECTH
3aMCHY I, <>

e /7 — [ Onnaxo B TakoMm ciyyae saga-

~1/3
4a MMECT pemeHne b npn ¢ < (3/)77°,

2.3. OnTuMU3aLMS DHEPreTHYECKON YCTAHOBKY
€ XOJIOAMJIBHUKOM-U3IYUYATEIeM
L4

Kocmuueckasa sHepreTuueckas YCTAHOBKA BKJIIOYAECT HC-
TOUHUK TEIIA (JHCPHBIA PEAKTOD), TEPMOSJICKTPHYECKMII re-
HEPATOP, XOJ0AUAbHUAK-H3JIyYaTEIb, 3 TAKXKE BCIOMOIATENb-
HBIC CHCTEMBl — OOWH WJM HECKOJbKO KOHTYPOB TEIIO-
HOCUTEAH, HACOCHI, TenoBme TpyOGel u T.m. [22]. Pacuer
TAKOW CHCTEMBl TIPOBOAST UHWCJCHHO, peuas ypaBHEHUS
TCIUIO- ¥ 3JJIEKTPONEDPEHOCA B KaXKAOM JJIEMEHTE KOHCTPYK-
uun. B cBI3m €O CJIOXHOCTHIO ¥ MHOIONAaPaMETPUYHOCTDHIO
3a7auy Ha CTaJu¥ NPOEKTUPOBAHUS LEJeCO00pasHO MOab30-
BAThCY YHPOWECHHBIMUA MOACASIMH, KOTODBIC ITO3BOJYIOT MO-
JAyunTh O6ImMEe PEKOMEHAALMH N0 BHIGOPY TEIIOBOM CXEMEI
YCTAHOBKM U OLECHKE €€ OCHOBHBIX XaPAKTEPUCTHUK.

PaccmoTrpnm creaymiomme cxeMbl IOABOAA W OTBOAA TEILIA
(puc. 2.4):

I — nemunesas. Iocne uarpepa “ropsumx‘ cmaes TOD
TEMJIOHOCUTE/b TOCTYNAET B H3JAyUYaTENb, OXJAXIACTCH, a
3aTeM OTBOAMT TEILIO OT “XOJIOAHBIX " CHAEB ¥ BO3BPAIAETCH
B UCTOYHHUK TEIJIa;

II — dayxkonmypnas. Ina varpera n oxnaxaeaus 137
CIYXaT HE3aBUCHMBIC KOHTYPH! TEIJIOHOCHTENS,

IIT — odnoxonmyphas ¢ pacopeneseHHBIM H3XyUYaTCAEM.
BTopoi#i KOHTYpP TENMJIOHOCUTEAS OTCYTCTBYET, 4 KAXKABIA TEp-
MO3/IEMEHT I'€HEPATOPA CHAOXCH OTE/IbHBIM M3My4aTeNeM;

IV — oonoxonmypuas c¢ obummM wmanyuarenem. B or-
JAUME OT NPEABIAYHIEd CXEeMbl, TeMmIeparypa “XOJOmHBIX
Criaes MOQAEPXKUBAECTCH ITOCTOSIHHOM.

[1pu BBIBOOC ypaBHERUM, ONKCHIBAIOIIUX IIPOLECC TEIIO-
NEepPeBoca B YCTAHOBKE, MNPUMCM CJACAYIOMKE HOMYICHMU,
Tennoso# norok dQ uyepe3 mo00K 2IEMEHT MOBEPXHOCTH
reieparopa ¢S u KIIJ npeoGpasopanus sHeprum 7 Tpo-
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Tar Tar
X —l Xu
T X

Tar Tar

XA %

Puc. 2.4. CxeMbl dHEPreTHYECKOM YCTaHOBKH.
I — nernesas; 11 — asyxkourypuas; IIl — c pacnpenesieHHbIM H3-
nyuaarenem; IV — ¢ ofuumM maayuatenem; SP — apepunlit peakrop;, XU —
XOJIOAMIBHUK ~HATYHATE b,

NOPUMOHANBHE nepenaxy Temneparypnt AT mexay “rops-
yuM® 1 “XoN0aHBIM" TEIUIOHOCHTE/ISMH, T.C.

dQ = kATdS,
n = HAT,

roe k (xoadduumenT reronepenayn) u A — NOCTOSHHBIC.
Ananna 3zasucumocrer (1.13) m (1.14) mnokaseiBact, 4TO
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TAKHE JUHCHHBIC ANMPOKCMMALMH B MPAKTHYECKUX CIy4yadax
061a7a10T YAOBJIETBOPHTENBHON TOYHOCTBIO (IOrPEemIHOCTD
cocraBiager Heckosbko nmpoueHToB). [lockosnsky KIII man
(n < 1), 6ynem mnpenefperaTh pasHMIEH MEXTy NOABO-
AMMBIM K TIEHEpPATOpy M OTBOAMMBIM OT HEr0 TEIJIOBBIMHU
norokamu. Kpome Toro, B ypaBHcHMHM wuanyyarens (2.27)
OrpaHMYMMCS JIAINb TJIABHOW 3aBMCHMOCTBIO, T.€. HEe Oyaem
YUMTHIBATH BJIHSHHE COMTHEYHOrO O0/yueHHUs ¥ PasHUIYy TeM-
nepaTyp MEXAy TEIUIOHOCHTEJIEM M M3JYy4alolieH MOBEPXHO-
CTBIO, YTO AomycTHMO ans kocmmuueckux TII' ¢ BuicOKOM
TeMnepatypou mamyyarens. Jlanee, npuMeM, YTO MOIIHOCTh
W,, norpebasemas HacOCOM, MPOKAYMBAIOMAM TETUIOHOCH-
TCJIb, pacXOAyeTCs Ha MPEOAOJCHHE CHI TPeHUus B TypOysien-
THOM notoke [24 ] u cBs3aHa ¢ pacxogoM G COOTHOIEHHEM

3
G = AVW, ,
e ¢ — TEIUVIOEMKOCTh TEIUIOHOCHTENs; A — mnapamerp,

BHPAXAIOMMICH Yepe3 raipaBAMYECKOE COMPOTUBICHHE KOH-
typa. [lasg npocrothl OyaeM Takxe mosarath, 4to B cxeme II
pacxoanl TEIJIOHOCHTENSI B KOHTYpax paBHH, HO Hanpas-
JICHHS MX JABH)XXEHHS NPOTHBOMOJIOXHK (IIPOTUBOTOK).

C yuerom 5Tux npubavxXeHuit cuCTeMa YPaBHEHHH MMEET
caenyommi Buj (pUMCKHE DH(PH 03HAYAIOT HOMEP CXEMBI,
K KOTOPO# OTHOCHTCH JAHHOE YPAaBHCHHE):

[—IV i ; (2.28)
=V =g g =sl =g :
I—IV  £(0) = 1; (2.29)
dt,
LI —g—r = s(t - b); (2.30)
1/3
I (1) = 1(1)(1 + 3= 11(1)) (2.31)
1/3
I () = t(O)(l E3= 12(0)) (2.32)
I st -t) =1t} (2.33)
1
sfa, - t) dt = 1t 2.34)
0



1
I—IV 1/(1 —p)s = [t - )dE; (239
0

I—IV g= aV u/(1 —u). (2.36)

3nech BBEACHN 0€3pasMEpHEIC apaMeTphl
L =TT &= T/T

2 2 max’
c G H SkT H
B8 BT
¢oFT>
f= ——;'“’-ﬁ a= AT _HW /3,
P
W + WH
U HMCNOab30BaHHW ofo3Hauenms: T — TeMneparypa TEIIo-
Hocarenst; T, . — €€ MAKCHMaJbHOE 3HAYECHME HA BHIXOAC
U3 MCTOYHHKA Temna; W — nosesnas Momuocth TIT; § —
NOoJHAS TEMIOKOHTaKTHAas maomaas TOI; F — miomans

M3NydyaTens; ¢ — CTENeHb YepHOTH; 0 — mocrosuHas Cre-
dasa — Boabumana. Uenexcw 1 1 2 0THOCATCH COOTBETCT-
BEHHO K “ropsumM“ H “XOJOAHBIM" KOHTYpaM TEILJIOHO-
cuTe.

B cucreme (2.28)—(2.36) maddepeHumanbHbie ypaBHe-
aus (2.28) u (2.30) ¢ rpanuunbM ycaosueMm (2.29) onuceBa-
JOT M3MEHEHHE TEMTIEPATypHl TEeIoRocuTeq no aymee TIOI
sapucumoctd (2.31) u (2.32) cBA3HWBAKOT TEMIEPATYPhl HA
BXOAC B M3JAyyaTeJb ¥ HAa BBIXOJE M3 HErO; COOTHOWICHHS
(2.33) u (2.34) BHPaxXawT PaBEHCTBO KOHAYKTHBHOIO M
panMAaIMOHHONO HOTOKOB TemAa; ypaBHeHHE (2.35) mpeacras-
aser coboit ycnosue, yro TII' BHIpabaTHBAET MOIIHOCTH
W + W,, dopmyna (2.36) onpenensieT 3aBHCUMOCTh pacxoaa
OT [0/ MOLIHOCTH, PACXOAYEMOM Ha MPOKAuKy. YKa3aHHad
CHCTEMa yPABHEHMI TIO3BOJISIET HaWTH CBH3b MEXay Gespas-
MEpPHHIMH NapaMerpaMu — [UIOMAAbo Maayuarens f, mwio-
magbl0 FEHEpaTopa S, 3aTPaTaMM JHEPrHMM HA MPOKAYKY K,
PacXonOM g ¥ MAPABJIAYECKON MPOBOAMMOCTBIO KOHTYPOB 4.
Takas CBS3b OAET BO3MOXHOCTb BROMpPATh BAPWAHTH KOHCT-
pyKuuM, B KOTOPHX NPH 3aaHHON MomHOCTH W niaomanb
uanyyarens (WM IUIOMAAb NEHEPaTOpPa) MUHHMAJIBHA.

Ons cxem I, II m IV 3aBHCMMOCTH MEXAY NapaMeTpaMu
MoryT OHTh TONYYEHH B AHAJMTHYECKOM BHAC. 31e€Ch
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pemenrne yAOOHO BHIpaXxaTh 4EPE3 BCIIOMOraTe/IbHBIA Mapa-
METp — TEMIepaTypy Ha BXOAE TEIUIOHOCHTENS B M3ayya-
Teab. Torna ans cxemsl |

-3
g 1
= E[[' (1 - wee(l - 9)] B 1}’

rme v
1 s
0=tl(l)--l—; 1 <t
ansg cxemnl 11
f1]=fp
e
9=t2(0)=1——ms=,

¥ g cxemul [V

fil e 2 |
e 27 I ,
v =" g( \/ (1 = el - 6y

rac

2
p=,=1-1/- .
L (1 — u)gll — exp (—2s/g)]

[Tockomeky B cxeme III Temmepatypa KOHTypa OXJax-
NeHns c1abo U3MEHSETCH MO KOOpPAMHATE (MPONOPUHOHATBHO
KODHIO YETBEPTOM CTENEHH M3 TEIUIOBOTO NMOTOKA), PEIICHME
MOXHO HCKATh METOAOM MOCICAOBATENbHHX MpHOIMXeHHA.
IMonaras B HyjesoM npubnamxenuu 7, = 6 = const, npuneMm
K COOTHONICHUSM, MOJYYEHHHM Is cxeMul IV. YTOUHMTH HX
MOXHO caemyromum obpasom. W3 ypasuenuit (2.28), (2.29)
n (2.33) maiimeM cBS3p MEXAy nepenaaoM At =1 — 1, H
TEMNEepaTypoi uanayvarens i,

4
t, = const VAL,

s
At = (1 - 6) exp (—;E) =
s ¢ dt, s
— exp (-;5) {Eexp (;E)d&
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rac
6 = 1,(0).

[IpuBeACHHBIE BHIPAXEHHS TO3BOJSIOT IOCJAEAOBATEABHO
yTounsite pacnpenesnenus £,(§) m A{§). B Hynesom npm-
OMXEHIH UMEEM

s
e |
t,=6, At=(1-8) *,

B CIEAYIOMEM NMPHOIHXCHUA

et
= 48
tz_oe ,
s 15
4 ad 4 { .=
At=|1-=06le ¥ +-6e ‘¢
= [1- 20 ¥+ Lo

[Moacraenss pamnee 3asucuMoctn B (2.33) m (2.35), us-
rerpupys (2.33) mo & or 0 go 1, Hadinem ruIomane u3ayva-
TENS

5

Sy 1 (e R

rae napamerp 6 onpenensercs U3 ypaBHCHHS

S iezi(l -2§)+
(l—p)s- 3 25 =

0\’ 2 . 2 4 2% 4
| 25 = g o i - ==,
+(3] : (1 e )+3e(1 30)(1 e )53.

[lpu Manbix 3aTpaTax MOMMEOCTH HA NPOKAYKy TEIUIO-
nocurens (a > 1) cxemw II—IV 6am3kn mo cBOMM Xapak-
TEPUCTHKAM ¥ TP @ —> © MOJHOCTBIO coBmanawT. B stom
cayuae onTWMasbHOe 3Hauenwe u = 0, g - o, a niomans
M3Jyyarenas

& |-

+ie(1
i S

0q |

1

f=o‘(1-a)'
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T T T T T T T ™
0 70 20 40 60 &0 0 0 20 40 60 80 S

Puc. 2.5. BaBUCHMMOCTb TUIOIIAAM m3ayuyatens (a) M ONITUMANBLHOM
MOIHOCTH Hacoca (§) oT nnomanu TOT.
] —a = 50,2 —175;3 — 100; 4 — oo, IUTPUXOBBIC KPUBBIE — CX€Ma I;
cruomiele — cxema 11

CorjiacHo Takol 3asMCAMOCTH [ HOCTHracT CBOEro MMHH-
MaJIbHOTO 3HaueHud [ . = 12,2 npu 6 = 0,8, uTo coBmanma-
eT ¢ ONTHMMAJbHBIM 3HAUEHUMCM TEMIIEPATYphl HU3TYy4aTC/is
T, = 0,87, MONYYCHHBIM M3 YCTOBAS MaKCUMyMa MOLIHOC-
TH NPY DOCTOSHHOM ILIOMIARW M3Iy4aTess u #p —> 0. Coor-
BETCTBYIOHEE 3HAUeHne 0e3pasMepHOi mIomanu reHeparopa
s = 1/(1 — §)* = 25. MoxHo noxasats, 4to cxempr [I—IV
6AM3KM ¥ IPY KOHEUHEIX, HO NOCTATOUHO GOJBIIMX pacxonax
g. JlefiCTRUTEIBHO, OPPAHUUMBASICH TMHEHHBIMM WICHAMM THO
5/ g, NOIy4uM

o fo ! A
1 I v b1 = 801 - k) 6, g’
Tac
0T TV

Cxema | CymecTBEHHO OT/IMYALTCH OT CXEM [I—I1V. Ilpu
4 - 0 ONTHMAJHHOE 3HAUECHUEC PACXOHa KOHCUHO, MOCKOMABKY
Opu g —> o NEpenaj TCeMIEpaTypsl Ha TOT' crpemMuTcs K
HYJIIO.

Ha puc. 2.5, a HOCTpOEHBl 3aBUCHMOCTH JUIOWANM M3y~
yarenas f OT IUIOIAAu PEHEPATopa s s CXEM 1 u il opn
PA3HBIX 3HAYCHUSX . YUYACTKU KPUBBIX NpPaBeC MUHMMYMa
(Tam, Te MIOMAAb M3IyUaTesIs pacteT ¢ yBCIMYCHUEM TUI0-
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I@nu reHEpaTopa) He NMPUBENCHHI, OCKOABKY OHH HE Ipe[-
CTaBJAIOT MPaKTUYECKOro uHrepeca. Moss osHeprum, 3arpa-
UMBAEMOM HA MPOKAYKY TEIUIOHOCHTENS, BHIOMpATACH OM-
THMAJIbHOM B KaXJO# TOuke U3 ycaoBms 9f/du = 0 (coor-
BETCTBYIOIIME 3HAYCHUS CM. HA puc. 2.5, 6).

CpaBnenne kpusbix Ha puc. 2.5, g IOKA3HBaer, uyToO
ABYXKOHTYPHAd CX€Ma 3HAYMTEBHO Gosiee a(hdeKkTuBHa, yem
neresad. Ilpu Toit xe niomanu usnyuarens ona TpeGyer B
2—5 pa3 menpmed maomanu (1 macce) TOT. [Moxyuennnie
3aBHCUMOCTH TO3BOJISIIOT HA CTaAWU NPOEKTHUPOBAHUS Bbi-
OpaTh BAPMAHT KOHCTPYKLWH B COOTBETCTBHM C 330AHHBIMH B
AQHHOM KOHKDCTHOM CJyyae TpeOOBAHMSAMH U O0ECHEuYnTh
60 MUHMMYM IUIOMIANY M3/Iy4aTens, subo MUHHUMYM Mac-
Chl YCTaHOBKHM, KOO NDHHATH HEKOTOPOE KOMIIPOMHCCHOE
pemenue. IT0CKOIbKY MUHMMYM 3aBUCMMOCTH f(S) JOCTATOUHO
mosiorui, OCOOEHHO AN CXeMbl I, B MpPaKTHYECKHMX CIydasx
CTPEMUTECS K CTPOTO MUHMMA/IBHOY IUTOMAAM M3IYYATETs He-
BBIMOZIHO, TIOCKOJIbKY IIPM ITOM PE3KO BO3pacraeT mwiomans T

2.4. MaremaTuyeckas MOJeJb JBYXKOHTYpHOro TOT

ITocne MIPOBCACHUSA HA OCHOBE YOPOHMICHHBIX MAaTEeMaTH-

YECKHX MOJAC/JECH ONTUMH3ALMOHHBIX DPACUETOB — AHAINM3A
NPUHONTHATIBHOW CXEMBI M UCCACHAOBAHUS O0JACTH H3Me-
HCHHA OCHOBHBIX MAPAMETPOB SHEPrOYCTAHOBKU — HEOO-

XOMMO BHIOpATE TCXHWYECKHE DELICHUS, peanusyiomme
[IPUMHUMIHNAIBHYIO CXEMY B BUIAC KOHKDETHOM KOHCTPYKIUH,
1 B NOCTENYIONICM PACCUUTHIBATD BEIXOAHBIC XA PAKTEPUCTHKH
¢ MaKCHMAaJIbHO BO3MOXHOM /IS MMCIOLIMXCS MCXOAHBIX AAH-
HEIX TOYHOCTBIO (00BiuHO 3—5 % ). g storo HCIOJIB3YIOT-
€ ACTA/TIbHbIE MATEMATHYECKME MONC/IH, OMUCHIBAIONUINC HPO-
LICCCHI TEMJIO- M JJIEKTPOIEPEHOCA B KAXAOM JJIEMEHTE KOH-
CTpyKUMH. PaccMOTpUM Taxyio MORE/b 4/ ABYXKOHTYPHOIO
TOAT', KOHCTPYKLHMS KOTOPOTrO yAOBJIETEOPSET OCHOBHEIM Tpe-
GOBAHMSIM, TIPEABLSIBASEMBIM K KOCMUYECKHAM DHEProyCTaHOB-
kam [6, 21, 22].

O6was cxema 9HEPreTHUECKOH YCTAHOBKH C OBYMS KOH-
TYPaMM TEIUIOHOCUTE/S M XOMOTUABHUKOM-U3TYYATENIEM TI0-
KasaHa Ha puc. 2.2, a. TOT" cocTouT U3 OCHOBHOI ¥ HACOCHOIH
CeKUMU ¥ HpPEACTaBasieT coboit HAGOP TEPMOIICKTPHUECKHX
faTtapeil NpoM3BOJILHON BHYTPCHHENA CTPYKTYPHI, PacnoJo-
KEHHBIX MEXAY TCIUIOMPOBOAAMH, B KOTOPHIX JBMXETCS TeIl-
nosocHTeab (puc. 2.6). Vcrounnk Tteria (agepHulii peakTop)
CHaGXeH CHCTEMOI aBTOMATHYECKOTO PEry/IMPOBAHMS TEMIIE-
paTypbl; TEMJIO OT TEHEPATOPa OTBOAUTCH TEIJIOHOCHUTEIEM
KOHTYpa OXJIAXACHHS, UMUPKYJUPYIOIMHUM YEPE3 XOJOMHJIb-
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{ |

Puc. 2.6. Konctpykums TOI.
1 — repmoanextpuueckue Gartapen; 2 — TEMIONPOBOJbI.

HUK-H3MyyaTess. L{apKyasmuio TenioocuTens obecneuusa-
eT CHeuMaabHBIH HAcoC, MMTAHHE KOTOPOro OCYMECTBASETCS
HACOCHOM CEKIIMEH reHeparopa.

Kaxnaa rpynna 6aTapeit MeXIy TEIIONPOBOAAMH KOHTY-
pOB HArpesa M OxJaxjcHus (9TaX) B HANPABJICHHHM NBH-
XEHHS TEIUVIOHOCHTENs cocrout m3 L psmos Oarapeit mo
a;; (j=1,2,..,L — Homep papa; i = 1, 2,...,N — HOMep
aTaxa) B KaxXnoM paay. 19 yMEHBIICHHS NMOTEPh TEIUA B
OKPYXAIOmee NMPOCTPAHCTBO KOJMYECTBO ITaxed N BhOH-
pAaeTCs YETHBIM, TAaK YTO B KpaWHMX Temionposoaax i = 1 u
i =N+ 1 uupkyampyer TENJOHOCHTEJb KOHTYpa OXJIaX-
ACHHS.

Cpeausia TemnepaTypa TeIoHocarens 6, ; B I-M Temuion-
poBoje B j-M pSAy OmpeAensercs u3 ypaBHenus Ganamca
JHEpruM:

v j_l
6= 1" =213 [@@)n + (@@ i +

i fie=1

l * L
+ E[(aQ )y + @@, j] } 2.37)
i=1,2.,N+1; j=12..,L,
me T' =T, Q;‘k~ =Q, v =1 a1 KOHTYpa Harpesa;

T =T, Q) = Qu v =—1 nn1s KOHTYpa OXIaXICHHS;
Q,, — nomsonumui K Garapee w Q, — OTBOAMMBIM OT
GaTapen TEIUIOBHIE MNOTOKM; g — PacxXoj TEIUIOHOCHTE/S B

i-M  Ttemwionposoge. s  KpaMHHX  TEIUIONPOBOAOB
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i=1(=N+1) urennt ¢ mugexcamu i —1 (i) caeayer
OMyCTHTDH. Pacxofbl B OTAC/IBHBIX TETJIONPOBOAAX g; CBS3aHHI
C NONHBIMHM PAacXoiaMu B KOHTYpax Harpesa G M OXJax-
AcHUA G, COOTHOIICHUSIMMU

N/2

z & = G.; (2.38)
k=1 B

N/2

> 844 = G, . (2.39)
k=0

Temneparypa TEIJIOHOCHTE/IS KOHTYPA HArpeBa HA BXOAE
B TOT" nopgepXuBacTcs MOCTOSHHOM:

’ T = const, - (2.40)

o
4 TPaHWYHBIC TEMOECPATYPBl KOHTYpa OXJaxacHus T, u T,
CBY3dHEI YPABHEHUEM U3IyYaTENd

T
Xl dr
chfm—;———-— =1, 2.41)
eoFT" — (O

T %0 ¥
rae Q p — TIOJIHBIA TEIJIOBOM MOTOK OT BHEIIHEIO MCTOUHHKA,
TOIVIOIAEMBIM U3IyUaTEIEM.

Pacxonel TemoHocHTENS WM HApIXE€HUE Ha Hacoce —
U3BCCTHBIE (DYHKIUHM 3JEKTPUUECKOTO TOKA, IPOTEKAOIIErO
4yepes Hacoc:

G.=¢,(J); (2.42)
G, = ¢,(J,); (2.43)
V, = p,(.), (2.44)

KOTOPBIA BMECTE C TOKOM J OCHOBHOM cexuuu TAT paccuMThI-
BaeTca no opmMynam

J = ; (2.45)

> g Rij + Ry

Q
-1
2 By Ry = 0103 (aR,)
J == Y (2.46)
H -1

L+ ruzz (ainij)
3nece ¥V — HampsaXeHue Ha Harpyske; E, 5 R, ;o SIC u
BHYTPEHHEE CONPOTUBJICHHE GaTapeu; R, r, = CONpoTHB-
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JICHMSE TOKOBEAYIIMX LInH; €2, w — 00JacTi PacroNoXCHUs
OCHOBHOM M HacOCHOU cexnmit coorBercrseHno. CoeguHeHne
fbaTapeil B OCHOBHOHM CEKIMM TMOCJCAOBATENBHOE, B HACOC-
HOM — MOCAEAOBAaTEAbHO-TIapasiacabHoe. 115 OCHOBHOM CEK-
(i, j € )

J..=J, .47)

JUIS HACOCHOU (I, j € w)
’, - % ~ %(f,;) ; I
ij i
CyMMapHBIe TEIUIOBEE MOTOKH YEpe3 reHeparop Q. u Q.
MOILHOCTb OCHOBHOW CEKUHUA W M IPAHUYHBIC TCMIIEPATYPBI
OnpenensioTCa CAERyouMM 00pa3oM:

(2.48)

O = a;Q;; (2.49)
Q+w

O, =09 - W (2.50)

W= JV; 2.51)

T,=T,— Q.7cG (2.52)

T, =T, + Q /cG, NG XX)

[IpuBcaeHHBIE COOTHOUICHWMS AU pacnpeneactus TeMnepa-
Typ TNPUMERMMBI B CJIyYac ABVDKEHHS TCIUIOHOCHUTENCH B
KOHTYpax HArDEBAa M OXJAXACHUS B OJHOM HAaNpaBJICHUM
(npsMoTok). 9 HpOTHBOTOKA BO BCex PopMynax ciaemyer

caenars (GopmanbHylo 3ameny G, > — G, ¢, — ¢,

&k+1 ™ T Saksr
XapakTepucTHKH OTACIbHEX TIB MMET BUA 3aBUCUMO-
CTEH TEMJIOBOTO MOTOKA Qpop ¥ HANPSIXKEHUS Voypyy OT TEMIIC-

paTtyp TEILJIOHOCUTE/II U TOKAd:
QT@B = fl(era 6){’ J ); (2.54)
Vigs = 1,60 60 1), 2.55)

a OTBOAWMBIN OT 0arapcy TEIJIOBOM MOTOK, €€ BHYTPCHHEC
conporusacHue ¥ DL C BHUKCAFIOTCSA B COOTBETCTBUMU C 3aBH-
CUMOCTSMMA

QT@B = Qpog — I/ (2.56)
R = —9f,/aJ; (2.57)
E=f +JR (2.58)
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QysKIUAA f, m [, Haxomsatcs b0 M3 pelleHus CHCTe-

MH ypaBHeuu# (1.57)—(1.64), mbo sKkcnepuMeHTAIBHO
[251].

Ypasuenus (2.37) —(2.58) pewiarorcs 4MCAEHHO METOIOM
NOCAEAOBATENbHBIX pubavokenmit, [na aToro sagaercs pac-
NPEAE/ICHAE TEMIICPATYPHl TEIUIOHOCUTE/IEN B HYJIEBOM MPH-
OJIMXEHMH, PACCUMTHIBAIOTCH XaPAKTEPHCTUKY BCEX 6aTapei,
a4 3aTCM DACTpEacaCHHAE yTOUHAETCS 1o dopmyne (2.37).
Ecny Ha xaxnoi wrepauuu 4ag ONpefeacHus 3aBUCHMOCTEH
(2.54) n (2.55) pewarp cucremy ypasHesmii ara TIB
(1.57)—(1.64), 1o Bpema cuera aas TII, cocrosuiero us
corer T3, Moxer okazaTbCcs MOCTATOYHO 6OJIbIIII/IM Lene-
coobpazuee _IPEBAPUTE/IHHO ANNPOKCUMHKPOBATEH 3aBACHMOC-
™ (2.54) u (2.55) HekoTrOpHIME (DYHKUMSME, HAIpUMEp
NOJIMHOMAMM, a YXE€ 3aTEM pemiath CUCTEMY ypPaBHEHHM

(2.37)—(2.58).

2.5. Ocpensenue rnapamMeTpos
B70Jib MIOBEPXHOCTHY TENnIoo0MeHa

YucaeHHBIC PaCUeThl SHEPrOyCTAHOBOK C UCITONB30BAHMEM
cucremsl ypasHeruit (2.37) — (2.58) nokasmBaroT, 4TO B pane
CIy4acs CyMMapHBIE DHEPreTH4yeCKue xapaktepuctaku TOT
K3uCCTBEHHO HE OTJIMYAKOTCH OT XapPaKTEPHMCTUK OTAECIBHOTC
TEPMOJIEMEHTA: 33BUCUMOCTh MOIMHOCTM W oT Toka J
6/1M3Ka K KBaJPATHYHOMA, 3 BOJbT-AMIECPHAS XaPAKTEPHUCTUKA
V(J) nunelina. 310 CBUOETEABCTBYET O BO3MOXHOCTH YIIPO-
UICHNS CHCTEMbl YDABHCHUW M BBEACHUS cpeaHuX d(hdex-
TUBHBIX CBOMCTB HE TOJIBKO OTACABHBIX 0atapeil, HO TAKXE U
Bcero TOT.

Meronpl, OCHOBAHHBIC HA OCPEXHEHUM pasnuqﬂblx napa-
METPOB M NOMOIr¢HHM3auMy KOHCTPYKIUH, OKA3hIBAIOTCH BECH-
Ma 3(PdEKTHBHBIMY NIPY PEUICHUM PA3JIMUHBIX 3aay (DU3UKU
Y TEXHUKHM — pPACUETE HEHUTPOHHBIX moseh [20 ] u puHaMuky
AXTHBHOM 30HBI 9AEPHOrO peakropa [27], onpeaenennu tem-
MEPATYPHOIO PEXUMa PaAMOIICKTPOHHBIX ammapatos [28] u
HEOAHOPOAHBIX cucTeM [20 ], m3yuenum pacnpenesieHus TeM-
neparypel B myuke .TBasoB [30, 311 m np. das TOT ¢
TENJIOHOCUTE/ISIMU IIPOLUERYPA OCPEAHCHMS TapPaMETPOB BAOJb
MOBEPXHOCTH TEMI000MeHa onpannbmaefrcsl pPSIOM  JOTMOJI-
HUTE/JbHBIX OOCTOATEIBCTB.

Tax, MakCHMaJIbHAS MOLHOCTH [EHEPATOPA, COCTOSIETO
M3 1 IJCKTPUYECKM MOCICIOBATCIBHO COCAMHEHHBIX TEPMO-
JJIEMEHTOB, paboTalomuUX Ha OOWYI0 HArPY3KY B PasHBIX
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nepenagax Ttemmeparyp AT, , MOXeT OBITh MPEACTABICHA B
BUAC

n
—_ 2
W, = (), AT,)*/4nR.
i=1
Ecm xe 3aMEHUTH MECHEPATOP COBOKYITHOCTBIO OJAMHAKOBBIX

TEPMO3JIEMEHTOB, pafoTaromyx B CPEAHEM IIEpPENane TeMIie-
parypst AT, TO

— (na KT
W, = (naAT)"/4nR.

Orciona cJIeayer, uTo B Cayyae, KOraa CPeqHMil Nepenan
TEMIIepaTypsl HaXOmHUTCA 110 opMmyie

1
AT=;2ATi,
i=

BBITIOJTHAETCH PaBEHCTBO W1 = Wz. CnenosaTesbHO, CCIH
3aBuCHMOCTD mepenana AT, OT KOOPAMHATHL BJOJb IOBEPX-
HOCTH TeriooOMeHa Oym3Ka K JWHEHHOM, €ro CpefHee 3Ha-
yeHue I8 pacyeTa MOUIHOCTH MOXHO ONpPEAECUTh IO mnepe-
najaM Ha BXOAE M BBIXOAE, T.€.

AT. + AT 1 <
AT o — O 1
AT ~ —— ~n2Aﬂ,
1=

HE BBIYMCJISA pacmpeacsieHUe TeMIEpaTyphl BHYTpM TEeHEpa-
ropa. Kak 6pu10 mokasano B pasa. 2.1, pacmpenencnue
TEMIIEPATYP TCIUIOHOCUTENCH JMHENHO MPH IPOTHBOTOKE
(0 = — 1), Tlpu pocratouno Gospmmx pacxomax (4 < 1)
pacmpefeJacHns TeMmreparyp OamM3ku K JIMHEHHBIM M 14
NpsIMOTOKA, [axXe MpH MaKCUMaJIbHOM HCU30TePMHUYHOCTH
(AT,/T, = 3,5 1) oranuue cpeaHeapuMETHUECKOTO nepena-

Aa TEMIEpPATypHl OT CPERHENOrapudMUUYECKOro HE MPEBHIIIA-
er 10 %. :

TO 03HA4Yaer, YTO CyMMAapHBIE SHEPTETHYCCKHE Xapax-
repuctuku TOI (MOIHOCTh M TEIUIOBBIE IIOTOKH) C IOTpem-
HOCTBIO He 00Jiee HECKOJBKHMX MpPOLEHTOB (4TO OOBIYHO HE
HOPEBHIIAET MOrPEITHOCTY WCXOMHBIX JAHHBIX) MOXHO IT0-
JIy4dTh, 3aMEHSA B CHCTEME YPABHEHMIt TEMIICPATYPHI TETLIO-
HOCHTEJICH HAa CPEAHENMHTErpaabHbie. Takoe OCpeaHEHHUE MO3-
BOJIICT NpPUOAMXKEHHO YUECThb M TEMIIEPATYPHBIE 3aBHCHU-
MOCTH CBOMCTB MATEPHAJIOB, MOCKOJIBKY B COOTHOHICHUS ISt
pacueTa SHEPreTUYECKUX XapaKTEPUCTHK BXOASAT UX CPENHUE
JHAUEHNS, KOTOPHIE OTHOCHTENBHO C1a00 (MM MO 3aKOHY,
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OMM3KOMY K JMHEHHOMY) uaMeHsiorcs Buoab TOI. Torma
cucrema ypasaenrit (2.37)—(2.58) npuruMaer Bun

2

5(T,, =T
Q.= eUFT):cp 1 - g["lﬂ;——& - Qr; (2.59)
xcp
G, = ¢,(Jy)s (2.60)
G, = ¢,(J,); (2.61)
n(d +AAT) -V
g el A8 2V (2.62)
ng(—lﬁ) + R, :
, a,(, + A, AT) - E
J, = = (2.63)

a
@
aw(—-lé) :z; tr, 7y,

Q. = (ng + n)A, + LAT) + A,(Jng + Ja,); (2.64)

0, =0, - W (2.65)
W= Jv; (2.66)
T, =T, - Q/cG,; Q2.67)
T, =T, +Q/G, (2.68)

ra€ BBEACHH 0003HAUCHU:
2

_— AT, = AT, 1 (AT, — AT,
T=——"——"""—"=AT |l - —|———— ,
ln(ATO/ATl) cp 12 ATcp
ATO =T, Ty ATl =T, - T,, »
ATcp = Trcp - ,Txcp’ T, cp (T + Trl)/z’
Txcp = (T,, + Txl)/z,

Rg, N, -— TIONHOE KOMMYECTBO GaTapeit B OCHOBHOMU M HACOC-
HOM CEKIUAX COOTBETCTBEHHO; @, — KOJHMYECTBO MOC/EA0BA-

TEABHO COENMHEHHBIX OaTapeil B LMW HACOCHOM CEKL(HH.
3neck ansa 3asucumocreit (2.54) u (2.55) mcnosp30BaHa Ju-
HEHHad annpoKCUMALUs

Opyg =4, + 4,06, — 6 + A, J; Q.69
Visp =44 + 456, — 6) + 1J, (2.70)
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AHAJIOTMYHOE TIPUOIKEHNE [UI BOJbT-AMIICPHOM XapaKTe-
PUCTHKYM HAacoca

V,.=E_ +/r (2.71)

: H H’

a ansl ypaBHeHMs uanyuareasa (2.41) — zasucumocts (2.26).

Cucrema ypasaenmit (2.59) —(2.68) 3BauurTensHo npoue
VCXOMHOM CUCTEMBI (2.37)—(2.58) (oTCyTCTBYIOT
L X (N + 1) ypasuermit (2.37)). Janee, BuaH0, uTO onpexe-
JeHue Bcex xapaxrepuctuk TIOI' He mpencrasnger rtpyza,
€CJIM M3BECTEH nepenan temmneparypol AT. [leficTBUTEIBHO, B
takoM cayuae u3 (2.62) u (2.63) naxogum J m J,, To
dopmynam (2.60), (2.61), (2.64)—(2.66) monyuaem G, G,,
Q. W, Q,. 3arem Boyucasiem T, (2.67), T,, — T, (2.68) u

Ty = (T + Tp)/2; (2.72)
2
—_ V (T, - 7T, +T, —T
AT, = AT|1 + —|—F="" "“] ; (2.73)
Tch =T, op ATCp; _ 2.74)
T = Tyep = (T = Ty)/2; (2.75)
Ty = Tyep T (T = Ty)/2 (2.76)

Ina onpenenenusa nepenaga AT TIpeNCTaBUM €ro B BHIE
| AT = AT(1 + &%). Q.77

Torpa, npenebperas 4IeHAMH BTOPOTO MOPSIAKA MAJIOCTH IO
e*, uMeeM

D/A1 -1 278
= 5 ( 07 )
Bl/Al + 4B2/A2
rue
' _ 0 — A0 _ 70
A =Q., B =AT"(p — Va), A, = Txcp,
—_— 1 (pi
B, = AT°|1 + p - Q°— ,
2 chro Qr Gro
o )2
0
D = eoFA; |1 - > = O,
CGXA2
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p=(ng+ nw)/l2 + 13(n9a + a b),

n, /15 a, /15
a= , b =
nQ(-—-/lé) + R1II

a

N w
aw(—A6)~n +or

w

Bennumunl ¢ maAgckcomM “0“ BBEpXy BBIYHCASIOTCA II0 3HA-

yenmio nepenana remneparypst AT %, [lns ynpomenus pacue-
TOB (HECKOJBKO yXyAmas TouHocTh) dopmyny (2.78) MOXHO
3aMUCaTh B BUAE :

. D/A -1
e (2.789
' 1 + 4AT /A2

Hapsiny ¢ BEIXOXHOM 3JEKTPHUYECKON MOIIHOCTHIO BaXHOU
xapakrepuctukoit TOT, cOCTOSWETO W3 ABYXKACKANHBIX 0a-
Tapei, gBagerca remieparypa “ropauero” cmas II xackana
T, Hnst ee ompenenenus cucTeMy (2.59)—(2.68) wneob-
XOAUMO [ONOJHHUTh 3aBHCUMOCTHIO, aHajornuHou (2.54) u
(2.55):

TrII = f3(6r’ Ox’ J), .79

HAMACHHON Mig oraecapHoi TADB pemenueM CUCTEMBI ypas-
pennit (1.57)—(1.64) wmm skcnepumeHTanbHo. [Iposens
pacuer TOI' m mopcrasue B (2.79) 3HaucHUS TEMOEPATyp
TEIIOHOCHTE/IEW ¥ TOKA, MOXHO BHIYMCIHTDL 7 ;1 HA BXOAE U
Boixofe. IIOCKONBKY pacHpeac/icHUuE TEMIEPATyp TENJICHO-
cUTeNcH BAOJNb TEHepaTtopa OJM3KO K JIMHEHHOMY, TaKHX
OLEHOK B IIPAKTHUYCCKUX CIydasx JOCTATOUHO.

Takum obpasom, pacuer TOI' nmpoBonuTCcs B CACAYIOIEH
MOCJACAOBATECIBHOCTH: L

— Bribupaercst Hynesoe npubmmxenne AT °;

— PpAaCcCUMTHIBAIOTCI XAPAKTCPUCTHKA B HYJEBOM IpH-
6mxernn o dopmyaam (2.60)—(2.68), (2.72)—(2.76);

— ompegensrorcd € 1o dopmysne (2.78) u HOBOE yTOU-
HCHHOE 3HauyeHue nepemnapga temmepatypsl AT (2.77). Ilpn

H€06XOIII/IMOCTI/I pacyeT HOBTOPICTCd € HOBBIM 3HAUCHUCM

Nepenafa TeMICPaTyphl, MEPO MOTPELIHOCTH CIYXHT &2,

JanHEI ANTOPUTM 00eCIeUnBAET 3HAUUTEIBHO 00s1eE BHI-
COKYIO CKOPOCTb CXOQMMOCTH MTEpPaliMi, YeM METOX NOC/IEN0-
BATEIbHBIX NMPUONVKEHUI VIS YMCICHHOTO pEMIEHMs CHCTE-
Mubl ypaBHenu# (2.37)—(2.58) (puc. 2.7).

IpusencHnag cucrema ypapHeHmin (2.59)—(2.68) u me-
TOX €€ pemcHMs NpeIHA3HAYCHBI JUIS ONPEACACHMS Xapak-
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0,95

”

! T
7 2 4 g v

Puc. 2.7. 3aBUCUMOCTb MOLIHOCTH OT HOMEpa UTEPALIVM,

1 — uucnexdHoe pewenue cucremst (2.37) —(2.58); 2 — pacuer no dopmy-
qaam (2.77) u (2.78).

tepuctuk TOT' mo csoficTBaM MatepHasios wiam Oarapei (B
3aBUCUMOCTH OT crocoba HaxoXnaenud Xod3(pPuuueHTos
A, i=1,2,.,0). Oau Taxxe MOryT OHITb HCIOJb30BAHBI
g mporso3a xapaxkrepuctux 1Ol mo pesyanrataM HCIBI-
TAHMS TEPMOINECKTPHUECKOrO npeobpasosarens, KOrna saep-
HBIH PEaKTOp U XOJIOMUIBHUK-U3IYyUYATE/b 3aMEHSIOTCA UMI-
TaTtopamMu. B mocaegHeM Ciyyae NpPUMEHLETCS YIPOIICHHAS
CHCTEMA YPAaBHEHUH C OSKCICPUMCHTANBHO TOJYYCHHBIMU
KOHCTAHTaMHU (BHYTPCHHEE COMpoTHBAcHUE R, 5 heKTUBHBIA
koadpdummenr tepmoIC «, mepereukm Temna AQ, Tep-
MHYECKask MPOBOAMMOCTh R, yjA€/ibHAs MOLIHOCTb HACOCa
w,). Torma Heo6x0oMMO CHENATD 3aMEHY:

ng(—A) + R >R, np —»a, 4 =0,

| AT = AT,

T(E, + J,r) = AT w; (2.63"
Q, = R.AT,; (2.64)
Q = Q,+AQ, (2.65")

a pacuer & HpoBoxuTEH 1o ¢opmyne (2.78').
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2.6. OTKIOHEHHE NapaMeTPOB OT HOMMHAJIbHBIX 3HAYEeHUM

ITocne BuOOpa KOHCTPYKLMH H NE€OMETPHYECKHX pa3me-
POB YCTAHOBKM C TEPMOJIEKTPHUECKMM T€HEPATOPOM M Mpo-
BEJEHHMA TOBEPOYHONO pacuera obeiyHo Tpebyerca mccaeno-
BaTh €€ paboTy B peXMMax, OTIHYAIOMMXCS OT HOMHHAJIBHO-
ro. [TocenHee CB93aHO C BOSMOXHBIMHM H3MCHEHUSIMH B IIPO-
Lecce IKCIUIyaTauumM napaMerpoB Kak camoro TOI, tak u
YCNOBMI TEMI00OMEHA ¢ MCTOYHHMKOM TEIUIA M XOJIOAHJIbHH-
koM. OTKJIOHEHHME NMAapaMeTPOB OT HOMHHAJIbHBIX 3HAYCHHU
06yCNOBNIEHO TAKXE TEXHOJOIHYECKHM pa3bpocoM MpH M3ro-
TOBJICHMM H HOCHT CJyuyalHuId xapaktep. ITockosbKy uyacTo
9TH OTKJIOHEHHS MaJIbl, MOXHO 3HAYHTEIbHO CHH3UTh TPYAO-
€MKOCTh PacyeToB, NPEACTABUB BHIXOAHHE XaPAKTEPUCTHKH B
BM/IE CTENEHHBIX PSAOB MO JAHHBIM OTKJIOHCHHAM.

[Tycte  BHIXOOHHE  XapaKTEPHCTHKH  I'€HEpaTopa
{¥)» ¥ysees¥pyt = ¥ (MOIHOCTB, TEIUIOBOK MOTOK, TEMIEPATY-
pH) HAXOASTCA M3 PEUICHHS CACTEMBI YPaBHEHHM

F,(x,»»=0, i=1,2,..m, (2.80)

rae {x,, X,,...,x,} = X — 3aJaHHHE BXOJAHHE NapaMETPH
(pa3Mephl JNIEMEHTOB KOHCTPYKUMM H TeIodH3nYecKkue
cBOMCTBa Marepuanos). U3 pacuera 6a30BOro BapMaHTa KOH-

CTPYKIMH TIpH X = X" M3BECTHH COOTBETCTBYIONIME BHIXOZ-

Hee xapaktepuctuku y = )°. Torna npm x # x° MX MOXHO
NpPEACTABHATH B Buae psaa Teinopa

n ay
= Tk — 40
V= + E % Ix=x° (%, — x) +

i=1

- x; = X°) +...
+ 121 axax ngxO(xi x,)(xj xj)+ ,

k=1,2,..m

KoadbdnuueHT psaa MOXHO ONPEAEIUTb, NOCAEAOBA-
renpHo auddepenumpys (2.80) u pemas JUHEHHYIO OTHO-
CHTEJIBHO TPOHM3BOAHKIX CHCTeMy ypaBHeHu#. Ilockonbky ¢
YBEJIMUCHUEM CTEMNEHH NOAMHOMA CJIOXHOCTh BHIYHCICHHM
BO3pacTaeT, NP MaJNX OTKJOHEHMSX MapamMeTpoB
Ax; = x; — X JOCTATOMHO OrPAHMYMTHCS JHHEHHBIMH uJic-

Hamu. Torma ypaBHEeHHnE

n
3
=kt X |5 || et A% 2.81)
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MO3BOJISIET MCCJEAOBATH 3aBHCHMOCTh Y, OT NMapaMeTpoB X,

B6su3m mx HOMMHanbHbIX 3Havenmit (|Ax,| < x). Tou-

HOCTh (2.81) MOXHO MpHOAMXEHHO OLEHUBATDH MO 3HAYECHHUIO
oT6pOImIEHHBX KBAJPaTHYHKIX wieHOB. Ecim xapakrepucra-

xn TOT paccmarpusaiorcs B obnactu |Ax,/x)| < 0,1, 1o

OTHOCHTENIbHAS morpemsocTs Oyaer nopsaxa (0,1)° = 0,01.
70 MO3BOMLET NMpPH BHYACACHHH Koddduumentos B (2.81)
NOJIb30BATHECH YNPOIEHHOM cucTemoi ypasnenui (2.80), ne
VUYMTHIBAs WiCHbl, BHOCSIIHE BKaan menee 10 %, B To Bpems

KaK 3HAUCHMS XapaKTepPHCTHK 6a30BOro sapuanTa )° JOIKHBI
HAXOMAMTHCd W3 TOYHONO pEIIEHUS CHUCTEMB YpaBHEHUH
(2.80).

[TpuMeHnM AAHHEIA MOAXOA JJIS AHAIM3A XapPaKTEPHCTHK
TAI' ¢ xonoAMILHAKOM-H3yuaTeaeM. ['eHepaTop cocTouT U3
mByxkackagubix TOB ¢ mapasiensHEIM 3JIEKTPHYECKAM CO-
ENMHEHNEM Kackanos. [l/1s OLEHOK BJMSHHS Pa3MEpoB JJie-
MEHTOB M CBOMCTB MATEPHAJIOB HA MOIIHOCTh M TEIUIOBOM
pEXHM NMPUMEHHAM YNPOIIEHHYIO CUCTEMY YPAaBHCHMM:

- — o 4
Q = A, AT, = A,AT, = constT,,

AT, =T, - T* - Q,

AT, =T" -T,

E, = AAT,, E, = AAT,,

E = E1R2 + E2R.l R = RIRI
R, + R, R +R,
E-V
W=V k. (2.82)
e Q — TtemwnoBoi morok; T — Ttemmeparypa;, AT —
nepenan Ttemnepatypu; 7' — Temmepatypa “ropsuero”

cnas Il xackana; E — DJIC; R — 3/1EeKTPAYECKOE COMpo-
THB/ICHHE; £ — TEPMHUECKOE CONMPOTHBJICHHUE TEILIONEPCXO-
na mexnay kackagamu; A B A — oddexrusane Koad-
¢rmenTH TemtonposogHocTd u TepmodIC barapeit; W —
MOLIHOCTB; V — Hanpsxenme. MHaexcu: r — “ropsumin”
cnai, x — “xonopmmii“, 1 — [ (BEHICOKOTEMIDEpATYpHBIH)
kackaa, 2 — Il (am3koreMnepaTypHu#) Kackaji.

B cucreme (2.82) BAMSHHE TEPMOIIEKTPUYECKHX IhDEK-
TOB HA TEMIIEPATYPHOE NOJie NPUGAMXEHHO YYHTHIBACTCS
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BREACHUEM I(PDEeKTUBHBIX KODDULMCHTOB TENIONPOBOTHOC-
TH A, NpudeM MPEANONAracTCsi, YTO TEIUIOBOM NOTOK () He
A3MEHIETCS, IPOX0ad Yepes 0arapeio (TemaoBoil nuchanauc).
Honoxum T, = const (3agaHa TEMIICPATYpa MCTOUHKMKA TEll-
aa) u V = const (nOCTOAHHOE HANPSIKCHME HA HArpys3ke).
Torpa BrpHO, YTO MOIMHOCTE 3aBUCHT TOJAbKO 0T DJIC Kacka-
O0B W MX BHYTpeBHHux conporusicuuit. [Ipencrasnas W B
BHAC CTCTICHHOIO PANA IO OTKJIOHEHMSM 3THX NapaMeTpoB OT
HOMHUHA/IbHBIX 3HAUCHMM, HONYUHM

R, E, AE, R, E, AE,

+ - -
Rl-i-RzE—Vﬁl R1+R2E—-Vlz2

W= Ww°1 +

+ R, E — VAR, R, E, - VAR,

Rl-%-A’EZE—VI\?1 R1+R2E-—VR2

,(2.83)

roe momuoeTsh W0 a Takxe koahhUIMEHTH PAaa COOTBETCT-
ByIOT 0a30BOMY BAPHAHTY. DJEKTPHUECKUE CONPOTHBJICHUS
KACKAJOB 3aBUCAT OT PA3MCPOB TCPMOIJIEMEHTOB M CBOKCTB
mMarepuanos, a 2JIC Taxxe u OT HCpenanoB TEMNEPATY P HA
xkackapax. [lnga omux nepenagos ¥ NPOMEXyTOUHOM TCMIepa-

Typsl 7" B 32BUCHMMOCTH OT A, A, m £ umeem

| - + -

~ 0
AT, = AT, Z T z 1 z E

AT, + QE + T, /4 AL, AT, M, Q& A&T)

AT, AL AT + QE +T./4 Ak, QF A
— -0 R 1 T X 2 T 71
AT, = AT, (1 + :

A Z L —z &

N 0 { ATl AT2 + Tx/4 Ml
T =~ 7|1 + ' -
Y T* z A

AT, AT, + 08 AL, O AT, + T/4 AL

T* Z 4, ™ z &,

, (2.84)

e Z = AT, + AT, + QE_+ T /4.
Paccmorpum npumep pacuera ¢ WUCHOAb30BAHMEM all-
npokcumauui (2.83) n (2.84). Ilycrs naa 6a30B0ro BapuanTta

T,=1200K, T, =850K, T"=950K, Qf = 50K,
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R =08R,, E =E, = 2V. Torma dopmyan (2.83) u
(2.84) npuHUMAIOT BHI

0 AEl AEz ARI ARz

w=w°1+111—+ 0,80 — - 0,56— - 0,44—|,

E, E, R, R,

( A Al AE)

AT, = AT°[1 - 0,64 5 + 0,18 — - 0,09i L

1 1 \ A A, 51)

Al Ak AR, AE)
AT, = AT, \1 + 0,36 T - 0,82 72— - 0,09 5—7/ ;

Ak Al A
T* = T*%|1+ 0,12 - 0,05 - 0,03 i 289
11 ‘2 E‘r

WUccnenyem Bausaue Ha xapakrepuctrku TIOT mebGoabmoro
H3MEHEHMS BHICOTH TEPMO3JEMEHTOB | Kackajna, Hanpumep
ee ymenpmenns Ha 10 %. Tlockonbky oddexTuBHBIA KO-
s duuuerT TemwronpoBoaHocTH A, 06paTHO NPOMOPLMOHA-
JIeH, a J/7IEKTPAYECKOE CONMpPOTMBJIEHME R, NpsMO Mponop-
LMOHA/NBHO BHICOTE TepModnementos, 10 A4 /A = 0,1,
AR /R, = — 0,1. U3 dopmyn (2.85) creayer, 4TO MPH 3TOM
nepenaj Temrepatyps Ha I kackane ymesbmaercs Ha 6,4 %,
ma Il ysemmumsaercs ma 3,6 %, a memmeparypa T" yse-
maumBaerca Ha 1,2 %, wm Ha 11 K. IMockomsky IC xac-
KaZioB TIPONOPIMOHANbHB COOTBETCTBYIOIIHM IIEPENanam
TEMIEpATyphl, NMOACTABMB B BHIPAXCHHE IS MOIIHOCTH

AE /E = — 0,064, AE,/E, = 0,036, a takxe AR /R, =
= — 0,1, #aipem, uro momuocte TOI yBenwmumBaercs Ha
1.7 %.

BuaHo, 4YTO TakME ONECHKHW IIO3BOJISIOT 3HAYMTEIbHO
YMEHBIIMUTh TPYAOEMKOCTh M NOBLICHTh ONEPATHBHOCTH pac-
YeTHHIX HCCAemoBaHuit, B 10 Xe Bpems [/d pEmEeHus: MHOI'MX
NPaKTHYECKHX 3aJad MX TOYHOCTh OKAa3hIBAETCH YAOBJET-
BOPHTENBLHOM. PacCMOTPEHHBIH IOAXOA MOXHO NMPHMCHATH M
K YCTAHOBKaM JPYTMX THIIOB, 4 TaKX€ YCJIOXHATb CHCTEMY
ypaBHeHu# (2.82), BKIIOYAs B HEE AOMNOJHHUTE/IbHBIEC WICHHI,
YUMTHBAIOMHE HEH3OTCPMHUYHOCTh, YTEYKHM TEIJA, MOTEPH
MOIIHOCTH Ha 3JEKTPHYECKUX CONMPOTHBJICHHUSIX KOHTAKTOB, A
3aTEM MCC/IENOBATH BJMYHUE YKAa3aHHBIX (DaKTOpPOB Ha Xa-
pakrepuctuku TOTI.

Jluneinbie annpoxcuMauun Buaa (2.83) nossonsdioT uc-
crenoBaTh 3aBucMMocTh MomHocTH TOI OT CBOMCTB TEpMO-
ANEKTPHYECKHX MATEpHasioB M chopmyaupoBats TpeboBaBMS
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k HuM. [loacrasnss (2.84) B (2.83) m yuuThBas, 4TO

E ~ aAT, A ~ x 1 R ~ p, nonyynmM
Aa A A
W=w°[1+o,56(2——‘—0,7 . p‘)+

al Rl p1

A A% A
+o,45(2—'5’--—1,2 % _ p’)]. 2.86)

a2 "2 P 2

Kax wm3sectHo [2, 6, 32], B 3aBMCHMOCTH OT peXuma
paGoThl TEPMOI/IEMEHTOB KpUTEpHAMH 3DDEKTUBHOCTH TEp-
MOSJIEKTPHYECKONO  MaTepuasa  SBASIOTCS  NapaMeTphl
a’/p, a*/pn, a*/px* u np. Ilpu pabore B pexume Mak-
cumansaoro KITJI (1.14), xorma addexTuBHOCTE MaTrepuasna
XapakTepusyercs 106pOTHOCTBIO z = a’/px, Npu HeGOMb-
IIMX OTKJOHEHHSX CBOMCTB MATEPHAJIOB OT HEKOTOPHIX (uk-
CMPOBAHHBIX 3HAYCHHMH

dlng(. Aa Ax Ap
o~ n’ i -
”~”[l+alnz(2 a ® P)]’

Orciona BHAHO, YTO KOXDMHUUMEHTH NMPH COOTBETCTBYIOLIHMX
unenax (2, — 1, — 1) nawoT nokasarejgu CTENEHH, NO3BO-
ASIOMMAE COCTaBUTh KpuaTepui  3ddekTBHOCTH z =
=ah ™,

[To anasoruu ¢ 3taM B3 3asucumocte (2.86) Haxomum
xpurepun sddexTusHocTH Marepuanos | u II xackanos:

_ 2.,-07,.-1 _ _ .03
Y =% P = 5%

- nd,=12.-1 _ - 0,2
Y, =@, P, = 2%,

INonyyeHHB# pe3yAbTaT CBHAETENBCTBYET O TOM, YTO
3dxbEKTHBHOCTb TEPMOIEKTPUYECKOro MaTepuana mis TOI
C M3IYYaTEJEM MOXET NPHOJHXEHHO OLCHHBATHCA MO €ro
A06POTHOCTH z, T.€. KauecTBO OaTapeil XapakTepu3yeTcd HX
koadbdunuerToM nosne3Horo AeicTus. aHHBIA pe3yabTaT
MOATBEPXAAETCS ONMBITOM YHMCJICHHBIX pacyeToB Xapak-
repuctik TOI € MCO/NB30BAHMEM CHCTEMBI YPABHEHHH
(2.37)—(2.58).
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2.7. Banguue Cay4aiiHOro pasépoca cBOMCTB Garapeit
HA MOLHOCTb

IIpm pacuere MHOrossemenTHoro TOI' B KauecTBe MCxon-
HBIX JAHHBIX HMCIOOJB3YIOTCS CPEAHWE 3HAUEHUS OTpEAesIsie-
MBIX OKCIIEPMMEHTAJIBHO CBOMCTB OaTapeil, COBIANAIOIIUE
npu OO/IBUIOM KOJHUECTBE HM3MEPEHMI C MaTEeMaTHUECKUM
OXHMIAHUEM COOTBETCTBYIOIMMX napameTpoB. Takoil pacuer
TO3BOJISET MPOTHO3UPOBATH CPECOHUE 3HAYCHUS BBIXOOHBIX
XapPaKTCPUCTHK, B TO BPEMS KaK XapaKTCPUCTHKHM Ka>kKI0ro
OTAEJBHOTO TeHepaTopa OyayT OTAMYATBCA OT OJHOrO H3-
neausa K APYroMy B CHJy HEu30eXKHBIX OTKJIOHCHHMH B MpO-
11eCCE M3TOTOBJICHMA.

- Onpenenenne pasbpoca momuoctu TOI' scnencrsue ciy-
YaWHOrO IIyMa BXOOHBIX NAPAMETPOB MMCET BAXHOC 3HA-
YEHHME OIS COBEPUICHCTBOBAHMA TCXHOJOIMM CUHTE3d MOMY-
TTPOBOJHHUKOBBIX MATCPHAJIOB, M3IOTOBJACHUS TEPMOIJICMEH-
TOB ¥ y3J0B reHepartopa. I1pu umciessoM pacuere Ha IBM
IUI9 pelieHud STOM 3aJaud NMPUMEHSICTCS METOH CTATHCTUYC-
ckoro mopesmposBanud [33], OCHOBaHHEIA HA MHOTOKDATHOM
pECHICHUXA MCXOXHOM CHUCTEMbI YPABHCHUU CO CIIYYAWHBIM Ha-
0opoM BXOAHBIX mapaMeTpoB. [lonyuyaemsiit B JAaHHOM CiTyyae
Ha0Op BHIXOAHBIX XAPAKTEPHCTHK IO3BOMET OLECHHUTH MX
CTAaTMCTHUUYCCKOEC PACTIPEAC/ICHHUE, '

ITpakTrueckoe NpUMCHEHUE YKa3aHHOTO METOAa NpH pas3-
paborke TAT satpyaugercsa 6onbmum 00bEMOM BHIUUCICHUI.
3naunrenpHo 6ojiee MpPOCTas OUEHKA CTATHCTUYCCKUX paci-
PEACHCHAN BEXOMHEX XaPAKTEPUCTHK MOXET ObITh MPOBENE-
Ha ¢ NOMOINBIO JMHEHHOM anmpoxcumanuu (2.81), TouHOCTH
KOTOpPO# AOCTATOUHA A TOCTABJICHHOM e npH HEOOb-
mux OTKJIOHeHusx mapamerpos (10—20 9). B uacrHOCTH,
VTS DJIEKTPHUYECKON MOITHOCTH

Ax;
W= W1+ Y HxY)— |, (2.87)
i X

1

rme W° — momHoCTE, 6230800 BAPHAHTA, a KOI(MHULMEHTH

XApaKTECPU3YIOT CTCIEHB BIMSHHUS KaXAOro M3 MapaMETPOB
X; HA MOIIHOCTb B NpEAnOnoxXeHud, 4to |H(x))Ax,/x}| <
< 1.

Jlng WcciexoBaHUs BIMSHHY CBOMCTB Oarapeit (xoad-
dnoumentos A;, i = 1, 2, ..., 6) Ha MOIHOCTB BOCTIO/Ib3yEMCH
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cucreMo# ypasreHu# (2.59)—(2.68). Umeem
H@) = = F(1 +p)A (ng + n,)/E,
H(@A,) = — F(1 +u)d,(ny + n )AT/E,
H@,) = = F(1 +p)A,(Jng, + J, a,)/E,
H(,) = A,H(A,)/A AT,
HQR,) = F{1 - [13(nga + a b)(1 + p) -

'

- Va - er%b]ﬁ/is }
r

. ng(—lo) i a
HO) = o+ ry * 5[13 ("“" 1, (A0 +

b a, a
+ aw.l“)-‘;(—,la)n— (1+up)-vJ E(—l6) -

e, b a,
= ”Ql‘ Er JH 1—5(-16) n_wJ .
3neck BBEAEHH 0003HAYCHUS:

E = pAT(1 + u) - Vaﬁ'—er%bﬁ-l-

r

+ 4(Q, + QF)ATcp/Txcp’

#= 20, - QF)/CGrTxcp’
AAT

A+ AAT = V/n, -

F =

[Iycts B coorHomennn (2.87) HOMHMHA/NIbHLIE 3HAYCHHS BXOX-
HBIX napameTpoB (cBoicTB Oartapeit) paBHH WX MarTema-
THYECKMM OXHAaHusSM, T.c. X; = A} = M(A,). Torna, BH-
UHC/ISS MATEMAaTHYECKOE OXMAAHWE M M CpeaHEKBaJpaTHu-
HOC OTKJOHEHHEe o MomHOocTH TII' B mpeanosoxenuu, yro
napameTpn 6arapei SBASIOTCS HE3ABUCHMBIMH CTyYaHHBIME
BEJIMUMHAMM, MOJYYHM

M(W) = W,
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o (W) 1 < o))’
e T \/Tz”"‘”[i?“ ] - B
- =1 i

B Tabx. 2.3 npuBeieHN 3HAYCHHS KOXPOHIHMEHTOB BIHS-
uns H(A,), a TAKXE CTATHCTHYECKMX XapaKTEPHCTHK M(A)
o(A,;), NOAy4ECHHBX obpaborkoit 70 nBYXKacKaaHBIX Garapei
[34] aByxxouTypHOro TOT' ¢ XOJOMHIBHHKOM-H3Ty aTCACM.
CreusanbHl AHATAS NOKA3aJ, YTO BCE A; — HE3ABHCHMMHIC

e BEAMYMHL, TNPHYEM BHINOJHSIOTCS YCJIOBHS
A < 2,6, -6, A, < A6, — 6,), TaK uTO BAMIHHCM A
u A, MOXHO npesebpeun. Pacuer no Qopmyne (2.88) mnsa
TAI, cocrosmero u3 ng + n, = 120 Garapedl, naer

o(W)/W° = 1,7 - 107%, T.e. pa36poc MOMHOCTH C BEPOSITHO-
ctei0 y = 0,95 me npesmmaer +3,4 % ee CpeaHero 3Ha-
yeHHs. DTOT Pe3y/abTaT YAOBJETBOPHTEIBLHO COrnacyercs o
snavenmem o( W)/W° = 1,5 - 107, nafineHHEM 118 TOrO
xe Tl no MeToay CTATHCTHYECKOND MOJCIHPDOBAHMS. Cne-
AyeT NOTYEPKHYTh, YTO B NOCAEAHEM CIyHac IS NOTyUCHHAS
YCTOHUMBHX CTATHCTHYCCKUX XapaKTCPHCTHK MOIIHOCTH TPE-
fyercs YMCJICHHO PELIMTH CHCTEMY ypasuermin (2.37) —
(2.58) me memee 10° pas, Torma XaKk NPHMCHCHME NpH-
Gruxensol dopmyas (2.88) nosposnser Cpasy NOJIYHHTDH
pEe3y/bTaT C YAOBJICTBOPHTENbHOM A1 MPAKTHKH TOUHOCTRIO.

Kax uaso u3 Taba. 2.3, cayuaiinsii pa3bpoc napaMeTpos
T3B cocrasaser 5—15 %. Hockomky B TOI' ¢ Hemso-
TEPMHUCCKHMHE criasiMu GaTaped HAXOASTCS B PA3HBIX TEMIIC-
PaTypHHX YCTOBHSX M BHPaGaTHBAalOT PasHyl0 MOMIHOCTD,
NOSBASETCS MPHHIMNHAILHAS BO3MOXHOCTD NOBHIICHHS Bhl-
XONHHIX XAPAKTEPHCTHK TEHEPATOPa 3a CUET ONTHMAIBLHOIO
pacnpeaenenns Oarape#t BAOIb TENJIOKOHTAKTHOH MOBEPX-
HOCTH TAaKkHM oOpasoM, urobm syuymme 6arapen paboranu B
GonpmeM mepenane Temneparyps. [l18 YMCICHHOW OLCHKHM
3hdEKTHBHOCTH TAKOH ONTHMH3AUMHA NPCACTABHM MOIIHOCTH
TIT 8 Baae

n
W = const 2 ATy;
i=1
rae AT, — mepenaj TeMneparyps Ha i-i Garapee; y; — ee

obo6mennni kpuTepuit sbdexTuBHOCTH (CryvadHas BEaH-
yura). [IpeanoaoxmmM, 4To

=y +e,
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Tab6anuua 2.3. Koah¢unuueHTs! BAUSHAY U CTATUCTHYECKHE XaPAKTeE-
puctuku T3b

Hapamerp a3 13 4s 46
H) ~0,55 -0,15 1,91 ~0,92
M) 0,370 0,206 0,407 ~0,60
o(A) 0,025 0,026 0,020 0,092
rae Y° = M(y,), a &; — HOPMAJbHO PACIIPEAEe/ICHHAs CIyYaii-

HAasg BCJAWUYHHA

1
2 2
g) = exp (—e* /20
| f(e) Vorno p( )
C HYJICBBIM MATEMATUUYECCKUM OXHIAHUEM.
Tlpu mpowm3sBosbHOM (CayualHOM) pPAaCIONIOXEHMH Oara-
pey B r¢HEepaTope UMeeM

W, = M(W) = const - y°nAT,.

Ecim xe 6araped pacmosoXeHsl B HOpdake YOBIBAHMA &
BIO/Ib KOOPAMHATH § = i/n (yCJIOBHO mojaraeM, uto AT; ¢

poctoM i yOmIBaer), TO
£~ [ f(e)de, n>1,
£
1 MOIIHOCTHh PdBHA

n
W, =W, + constz M(AT; ¢,).
i=1
IlpuauMas A/19 OLEHKH JIMHEHHYIO 3aBMCHMMOCTb Iepenana
TEMIIEPATYPHl OT KOOPAMHATHI
AT(§) = AT, — (AT, — AT))§

M NEepexXons OT CyMMHMPOBAHHNS K MHTErPUPOBAHMIO 1O &, mns
NpHpPaUICHUI MOIIHOCTH NOJYyYUM

1
AK_ ATO—-ATlf
0

ol-

A
Ee(E)dE =~ 0,25 ——
|14 y ATCp 0 A7Cp

y

Iockoasky Heumsorepmuunocts B TOI' oObiuHO HeBenmka,
TaK 4TO

AW o
(ATO - ATl)/ATcp < 0,5, Torma ——VI—/— < 0,1(?).
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10 03HAUACT, YTO NMPH Pasbpoce CBOMCTB PEAIHHBIX KOHCT=
pyxumit o 10—15 %, BoaMOXHOC YBEMYCHHE MOIIHOCTH 32
cueT ONTHMANBHOO pacnpefenenus Garapei COCTaBascT
okoso 1 %.

Jlpyro#t myTh ONTHMHM3AUMH KOHCTPYKLHH TII', cocros-
mero u3 Garapei co CTyHaRHBIM nabopoM TenIohUIMICCKUX
cBoficts, — BHO6Op Hambosce PAUMOHAILHONO COCAMHCHMS
KACKANOB B AByXKackaaHoW Garapee. Bui COCAMHEHMS (moc-
JICHOBATEABHOE WIH NAPaJICbHOC) paifupaercs M3 yCJIOBHS
COr/IACOBAHMS MO TOKY M HANPSXCHHIO. Bo3MOXHB pas-
AMMHBIC BAPMAHTH KOHCTPYKLMM, HANMPUMEP C HMCNOJIB30-
BAHMEM MEXKACKATHON IJEKTPOM3ONSIMH, MONHOCTLIO pas-
AEASIOMEH INEKTPHUECKHE LENH KACKA/I08, M 6e3 nee, xorna
TCPMOIEMCHTH COTPHKACAIOTCS [IMHAMK B TOYKAX, MMe-
JOIMX PABHHE (B CHIY CHMMETPHHM) NOTCHLMAJIKL [pn ne-
JHAUNTC/BHEX TOTCPAX MEPEnaja TeMnepaTyphl HA JNCKT-
POM3OMPYIOMMX MUIACTHHAX M MOCTOSHHEIX XapakTepucTH-
Kax TEPMO3/IEMEHTOB TAKHE BAPHAHTHL JHCPrETHHECKH IKBM-
BAJIEHTHBI.

JleicTBHTEBHO, MOWHOCTh GaTapen ¢ MEXKACKaIHON
M3ONSLMEN, KAXIBH Kackaa KOTOPOM COCTOMT M3 1 TEPMO-
9/ICMCHTOB,

2 i -
o= [@ R”) 'y (}; R,,) ’]. (2.89)

a momuocTh Garapen 6e3 M3ONSLMH

(nEY? R, R, \~
W' = . (2.90)
o3 it

TIpH NOCTOSHHBIX BHYTPEHHHX CONPOTHBIICHHSX R,; = const,
R,; = const 9T¥ MOIHOCTH pasub: W' = W',

Ecim xe R; n R, — CAyyaiHbIC BEJMMMHB C MaTe-
MaTHueCKMM OXuaaHueM R, R, M CPCAHCKBAAPATHHAM OT-
KJIOHEHHMEM O, 0,, 3 (2.89) n (2.90) npm al/ﬁl « 1,
0,/R,« 1 cnenyer

mw"y-Mw) n-1_RR a)', (A}
W(R,, R,) n (R +RY|R] R

7.6, MATEMATHUCCKOE OXMaanue moumoctH W '" BCceraa Bbi-
me, yem W'. [lpu R, = R,n» 1 n o/R=02-03
Pa3HMUA B MOLIHOCTH COCTABJISCT 2—4 %, Taxum obpasom,
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BAPHAHT KOHCTPYKIMH 6€3 MEXKACKAAHON WIO/ISLMH B CPEA-
nHem Gonee addexTuseH.

2.8. YTeukH TOKA NO NEKTPOH30IALUHH

Mpumensemuie B TOI' a1EKTPOH3OISUMOHHBIC MATCPHAJIB
(M30NMPYIOIME TOKPHTHS, TEIUIONEPEXOan), KaK MpasuJo,
06120310T HA HECKOJIBKO MOPSAKOB MEHBIICH /1K TPON POBOA-
HOCTBIO, YEM MOYNPOBOAHNUKOBHIN TEPMOINCKTPHYCCKHA Ma-
tepnan. CreaosaTe/bHO, NMpH pacueTe oraeasHon TIB, co-
aepxameit He6ONBIOE KOMHYECTBO TEPMOIICMEHTOB, MOXHO
HE YYHTHIBATh UIYHTHDPOBAHHE OCHOBHOM NEKTPHYECKON LICTTH.

B ycranoskax 6obmoii MOWHOCTH C YBCAHUYCHHEM KO-
JMYECTBA COCAMHEHHBX MOCAEA0BATEbHO 6aTapeit BHYTPCH-
Hee COMpOTHB/CHHME reHepaTopa Bospacraer. ONHOBPEMCHHO
CHMXACTCS COMPOTHBJICHHE M3ONSUMM M YBEIUUHBACTCH TOK
yTeukn Ha Kopnyc. [lOmOJHMTEIbHEM tdaxTopoMm, BHI3LIBA-
JOLIMM YBEJTHYEHHE TOKA YTCUKH, MOryT GmTh cybammauus
TEPMOI/IEKTPHUYCCKONO MATEPHANA MPH BHICOKMX TEMIECPaTy-
pax # 06pasoBaHMe NMPOBOASIIMX MEPEMBIYCK HA M3OIALAM.
[Tpu nocrarouno GonbmoM KommuecTse Garapeit TOK yTCUKH
CTAHOBMTCS CPABHMMHIM C TOKOM 4e€pe3 Harpysky, ¥ NpH
pacuere YCTAHOBKM HEOOXOAMMO YYHMTHBATbh COOTBETCTBY-
jomue norepu momuocTH. OUEHHM ITH NOTCPH, 0606mus
pe3yIbTaTH NPOBEACHHBIX PAHEE HCCACAOBAHMM (6, 8, 35 ] Ha
Cyyail, KOrAa COMPOTHBJICHHEC M3ONSUMH H DMIC 6arapei
pacnpesie/IeHsl HEPaBHOMEPHO 110 KOOPAHHATE, YTO XapakTep-
HO s GosbmmECTBa MEOroaneMeHTHRX TIT.

Ha puc. 2.8 noxasaHa 3/eKTpAUECKas CXCMa T3T, cocro-
gmero u3 N COCAMHEHHHX MOCACAOBATCIBHO TCPMOIICKT-
puueckux Garapeir. J[AC Garapeit E, E,,...,Ey pasTauaiorcs
Mexay coboil BCIEACTBHE M3MCHCHHMS NEPENAna TEMNepary-
ph BIOb TEHEPATOPa, B TO BPEMs KaK MX BHYTPCHHHC
CONPOTHBJCHUS R MOXHO MPHOIMAXCHHO CUMTAaTh OJAMHAKO-
suMu. OcuoBHas oaextpuueckas uens TOI myHTHpYyeTCH
COTIPOTHBJICHUSMH 7,, Fyyeeey Fpvyys 1O KAXKIAOMY H3 KOTOPHIX
yacTs BHPA6aTHIBAEMONO TOKA YXOAMT HA 3EMJIIO (xopmyc).

IMoCKOIBKY KOPIMYC META/UTHUECKHH, €r0 NOTeHIHaN ¢" noc-
rosHeH Baoas TOI.

Kak yxe OTMEYanoch, y4eT TOKAa YTCUKH Heobxonum
JIMIIb B YCTAHOBKAX C 6O/BIIHM KOHYCCTBOM 6arapei. Ipn
N > ] MOXHO NEPEHTH OT CXEMBI C AMCKPETHHIMH 3JCMCH-
TAMH K CXCME C HENPEPHBHO PACNPEACNCHHHMH 0O KO-
opmmnare & (0 < § < 1) napamerpamu, B KOTOpPO#H
E = EE§), = r).
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Puc. 2.8. Dnextpuueckas cxema TIC.

3anuimeM CUCTEMY YPaBHEHMHA, MO3BOJISIOMYIO PACCUMTH
path xapakrepucrukun TOI'. Ha yuwacrke dE, copepxamem
NdE Garapek, SNEKTPHYECKHIl NOTCHIHA ¢ MIMCHSCTCH HA
BETHUMHY

d¢ = (E - JR)NdE'

rae J — TOK B OCHOBHOH LEIH. Orcona

1 1 dy
J = m (E— NdE)' (2.91)

Yepea Kaxjuoe UIYHTHPYIOmEEe CONPOTHBACHHE r HA Kopmyc
yXOauT TOK (P — @")/r, MOITOMY Ha TOM XC y4acTKe dE
M3IMCHECHME TOKA B OCHOBHOM LCIH

4y = — 2= Ndt, 2.92)

r

Nudpepesmupyst (2.91) no & 1 noxacTap/ss TyAd dJ/dE w3
(2.92), nonyuum audxpepeHuMATEHOE YPABHCHHE BTOPOrO
NOPS/IKA, OMHCHBAIOWIEE PACNIPECCHHE MOTCHUMANA BAOE
resepaTopa:

d’p dE , R ,
dgzaNd§+N 7(«p—¢). (2.93)

[lns ero pemenust HeOGXOMMMBI ABA TPAHNUHEIX YCNOBHS.
Tak KaK 971€KTPHUYCCKHM TOTEHIMAN ONPEAC/ICH C TOUHOCTHIO
A0 TPON3BOIBLHOM MOCTOSHHOM, B KAuecTse TAKOW NOCTOAH-
Hoit BriGepeM 3HAUCHME MOTCHUMANA NPH ¢ = 0. [Tycrs Tak-
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Xe 3aJaH0 HanpgxeHume HAa Harpyske U. Torma rpaHUYHBIE
YCAOBYS 3aMMLIYTCS B BUAC

0(0) = 0, o(1) = U. (2.94)

3uas pacmpenesncHuc noreHnuaaa ¢(§), Jerko HalTH TOK B
ocHoBHOK menu J(§) (2.91), a TakXe CyMMAapHBI#A TOK yTCUKH
Ha KOpIyc:

1
1 *
0

DTOT TOK MOXHO BHUWCANTh M ApyruM cnocobom. Murer-
pupys ypasuenue (2.93) no § or 0 no 1, mmeem

Ty = J(0) = J(1).

14

B npuBemensnix ¢opMynax HEOMPERAENIEHHON OCTANACh
OHA MOCTOSIHHAS — HOTEHIMan kopryca ¢ . s cxembr 2.8
(Oypem Ha3BIBATH €€ CXCMOM A) DOTEHIMAS KOpmyca Ha-
XOOUTCS U3 YCAOBUS

Ty = 0. (2.95)
B srom cayuae TOK uepes HarpysKy / COCTABUT
I=J(0) = J(1). (2.96)

BoaMmoxum M npyrue sjiek~puueckme cxemsl TIT', Ha-
IIpUMEP KOrJa OOWH W3 TIOJIOCOB IEHEpAaTOpa HAXOMWTCI Ha
xopnyce. Ecnu kiaemma mpu § = 0 3aMxkHyTa Ha KOpPIycC
(cxema B), smecro (2.95) u (2.96) 3anumem

=0, I=J).
Ecam e Ha XKOpnyc 3aMKHyTa aApyrasa kjiemma (cxema C), 10
o = U, I=J(0).
Bo Bcex Tpex cryvasx nmoae3Had MOIIHOCTb HA HATPY3KE
W =IU.

[epekneM K OMpeC/ACHUIO JHEPreTHYECKMX XapaKTepuc-
tux TAI nng cxem A, B u C. Buauane paccMOTpuM Caydan,
KOTIa LIyHTHPYIOIIME CONPOTHBJICHWS PABHOMEPHO pacrpe-
ACJCHBL BOJIb TEHEpATOpa (r = const) M M3MEHEHME Tepena-
Za rtemnepatypsl Heseauko (E = const). Pemenwme ypas-
Henus (2.93) ¢ rpasnunbiMu yoiosusamMu (2.94) uMeer Buj

* _1_ _ L3 — %* —
o=+ [(U @*)sh k& — p*sh k(1 5)], 2.97)
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rac

k = NVR/r.
Hnst cxembl A u3 (2.95) crenyer
o = U/2,
JlaHHLIA pe3yspTaT — CIACACTBAC CAMMETPUM LCIH TIpH

HOCTOSHHBIX MapameTpax. Pacnmpenenesue norcHomana
(2.97) nossoasier Berumcauts TokH J(0), J(1), HalTm TOK
yTCUKM U MOLUHOCTb HAa Harpyske. IIpu orom Hampsaxenume U
(pabouyIo TOUKY HA BOJIBT-aMIICPHON XAPAKTEPUCTHKE) HYX-
HO BHIOPATh U3 YCIOBUS MaKCMMyMa MOLIHOCTH

. dW_O
du '

ITpoBOnS BHIYMCICHUS, AJIS1 CXEMBI A MONyYMM

NE
J =0, U= Tfl(k)’

yT
W--NE2 k k k2 2.98
= g 10 fl()"k1+chk' 299
CoOTBETCTBEHHO A9 CXEeMBl B
g =Yk s '1 L
v = mysn (CBET D =7 L0
W—‘E2 k k _ 1k 299l
=~z /5, f2()—k. (2.99

Iocnenrue 3aBMCMMOCTH CTIpABENJIMBH M 019 cxembl C, 3a
MCKTIOMEHUEM TOKA Jo ., KOTODBIA TIPH TOM ke abcoI0THOM
3HAUCHUM UMECT MPOTHBOIOXOXKHBIA 3HAK.

Uccnenyem xapaxrepuctukn TOI' B 3aBucmMocTd OT ma-
pamerpa k B ABYX IpEAeNbHBIX cayuasx: x - 0 (mangoe N ,
fonBIIOE CONPOTHBACHKE 7) U k -> o (Gonpmoe N, majoe

conporusaenue . Ilpu k = 0

k) =1 —l—k2
L) =1 ==&,
1
ACEREEYS (2.100)
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Puc. 2.9. dynkumu fi(k) n fo(k).

Kak u cregoBano oxuaath, npu k& = 0 (HCT yTCUCK TOKA)

NE NE?

2’ 4R

Bropo¥i unen passiioxenudg mo creneHaM & B (2.100) mpen-
CTABASIET COOOCH OTHOCHTENBHYI) NOTEPI0 MOHIHOCTH 34 CUer
YTEUKU TOKA MO U30AAUMHA. BUAHO, UTO 3a3eMACHUE KJIEMMBI
MPUBOAMT K BO3PACTAHMUIO MOTEPS B 4 paza.

B apyrom mnpepensHom cayuae (k - o)

f,(k) = 2/k,
£,(k) = 1/k.

[Moncrasnss f (k) B (2.98), nna cxempr A noaydum

U=E \/r W BN/

B R’ " 2R VR
Hna cxem ¢ 3aszemisieBHON kKaemMmoll (B ¥ C) COOTBETCTBY-
0IMye 3HaueHua B 2 pasza McHbiue, [Ipu Goabpmux k Hamps-
KeHde ¥ MOmHOCTh I yxe He 3asucar or N, T.e. yBe-
JVUEHHE KOAMuecTBa 0arapeit He NPUBOOMT K M3IMECHEHUIO

BBIXOAHBIX XdPAKTEPUCTHK ICHEpAaTopa.

Coornomicrue f (k) = f,(k) BBINOAHAECTCA HE TOJNBKO B

PACCMOTPEHHBIX MPEACHBHBIX CAy4asX, HO TAKXKE W BO BCCH
obsacTy uaMeHeHus napamerpa k& (puc. 2.9). Takum o0pa-
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30M, B CXEME C 333EMJICHHOM KJIEMMOM NOTEPU MOIHOCTH 33
CUET TOKA YTCUKH BCETAZ OKA3hBAIOTCA OOJBIIE, YEM B CXEME
C M30JIMPOBAHHBIMU OT KOPNYCa TOKOBBIBOZAMM.

QGopmyasl A8 PacueTa HANPSXKCHUS M MOIIHOCTH COAEp-
XaT IWYHTUPYIOIIEE CONPOTUBJICHUE r, KOTOPOE 4dCTO HE-
H3BCCTHO. EFO MOXHO OHPCOCIATh, U3IMCPIHE TOK YTCUKH B
cxemax B m C: H0CTaTOYHO 3aMKHYTh ONHY W3 KJICMM Ha
KOpIyC yepe3 aMnepMerp ¢ MaibiM BHYTPEHHUM CONPOTHUB-
JeHueM. 3Has TOK YTEUYKM M HANpPSXEHHE HAa HArpyske,
BBIYMCIVNM COMPOTHUBJICHUC M30ASUUNU 110 hopmyae

R v
n3 2 JyT

W3 nphiBeaeHHBIX COOTHOWIECHWH cCiaegyer, yto npu k - (
HaWZCHHOE TaKUM 00pa3oM CONPOTHBICHUEC HU3OJIALUK

4
Ry = 3
T.€. COBIIAACT C CONPOTHUBJICHMEM HEIM M3 N BKJIIOUECHHBIX
napasie/JbHG NIYHTUPYIOMuX conpotusicHui r. [lapamerp &
BBIPAXAETCH UYePe3 OTHOIIEHHUE CONPOTHBICHUS Rynp = NR

K COIIPOTHUBJCHUIO U30JAdLIHN
k = VRpyr/ Ry,

MO3TOMY TIPH MaJibIX kX OTHOCHTEJIbHAS TIOTEPS MOIUHOCTH B
cxemax A, B u C caenywomiasa:

. = L Rror
4 12 R’
H3

I Rygr

£ =
B.C
: 3 R,

ITepeiimeM Tenepp X CAydYa ICPEMEHHBIX NAapaMeTpoB £
n r. [lpu npomssosibHbX 3asucuMoctax E = E(E) ur = r(§)
TOYHO pemmTh ypasHerue (2.93) He ynaerca. OxHaxo MOXHO
MONYYNTh €70 NPUOANKEHHOE PCIICHUE B HAMOosIee HHTEpEC-
HOM C MPAKTUYECKOM TOUKHW 3PEHMS Cayuae, KOIjia ImapaMmerp
k mMan, T.e. MaJIbl MOTCPH MOLIHOCTH 34 CUET YTCUKM TOKA [0
M30ISIMHA. YCIOBUE MAJOCTH TAKUX ITOTEPh — OAMH U3
kpurepues xauectsa TITI.
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Unrerpupys asaxan ypaBaenune (2.93) nmo & u onpenenss
NOCTOSHHBIC M3 rPAaHNYHEIX ycaoBuit (2.94), npuseaem ero
BUAY

X
¢ =Uf+p+NR ff%(w—fp')dsdé—
00

1§
-Eff%(w -sO')dEdE], (2.101)
00
rac
¢ 1
u = N|[ Edt - & [ Edt|.
0 0

Jnst BeluMCICHHS Hen3BecTHOH dyHkuun ¢(§), KoTopas co-
JAEPXHTCH KaK B JICBOM, TAK M B NPaBOM YacTAX ypPaBHCHHSA
(2.101), BOCmONB3yeMCS METOAOM MOCAEAOBATE/IbHBIX NpU-
Ommxenni. [TOCKOMBKY MOCACAHUE CAaracMbie MaJihl,

¢ = UE + u.

IMoxacrasasg ary dysxkumio B npaByio yacts (2.101), Haitnem
YTOYHEHHOE pacmpenencHEne norenuuana. [lansueimme pac-
YETH NMPOBOASTCH AHAJIONMYHO CYYal0 C NMOCTOSHHLIMHA Napa-
METpPaMH, TPHUYEM BCIOAY AOCTATOYHO OrPAHWYMTBCH JIMIIb
JIMHEHWHBIMMA YWICHAMM MO MajloMy napamerpy N 2R/
OxonuaTtenbHbie QPOPMY/IBHE MMEIOT CICAYIOIMAH BHA:

Nl
U=Uy(l —¢), U, =7 [ Ed,
0

e aig cxemol A

1 &
1
IM=0,¢e,=NR 1, J [~ aeag -
00
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Ing cxemu B

u ana cxemu C

J‘Yf)=1vuof%'g— L+ £,

o\ U°)

zlzl( u
ec=NRf [~(1-& - |dkde.

00 \ 0

HerpyaHO NpOBEPHTH, YTO MPH NMOCTOSHHWX E M r JaHHBIE

coorHOmenus nepexonar B (2.98) u (2.99), re £ —» 0.
OnpeneauM NOJHOE CONPOTHBICHAE H30/ISLMA TEHEPaTo-

pa uepes OSKCOEPUMEHTANbHO W3MEDPSEMBIE BEJIUYMHBI 10

dbopmyie

R U
s By _ pC"*
Ta =y
Torna
-1

1
1
R, = |N[-d| , (2.102)
0

M3

T.€. MOJyYEHHAs BEJMYMHA OOPATHO MPONMOPIMOHANbHA CPEa-
HEMHTErPATbHOM 3MEKTPONPOBOAHOCTH HM3ONSUMH BIOJIbL Tre-
HEpaTopa.

IMopo6HEE 3aBHCHMOCTH TO3BOJSIOT MCCAEAOBATH BJIMS-
mne dyuxumi E(E) u r(§) ma xapakrepuctuka TOI. Bu-
[O/THAM COOTBETCTBYIOIIME OLEHKH ans cxemm A, Ilycts
BHauane r = const, a E(§) = ¢, + c,§ (1uHeiHas 3aBuCH-
MOCTH Tepenaja Temnepatypsl H, caegposareasHo, JIC or
KOOPAMHATH XapakTepHa, Hanpamep, mig TII' ¢ HarpesoM u
OXJIAXJEHHEM TEIUIOHOCHTENSIMH) . Burumcass € ,, BUIUM, YTO

WICHBI, COAECpXAIME C, M C,, COKpAamanTc4. 3HauMT, NOTEPS
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MomEOCTH npH JuHenHoN 3asucamocte DJC or kKoopauHATH
OKa3BIBAETCH TAKOM Xe, Kak ¥ npu nocrogaHon J[C, T.e.

e = L 2rar
AT 12 R,
[Ipy HEpaBHOMEPHOM pacnpeAC/ICHHM CONPOTHBJICHHUA
r(§) moreps MOIIHOCTH MOXET OnTe OOJBINE, YEM TIpH
r = const. B ciyyae MakcMMasbHOM HEPAaBHOMEPHOCTH (11po-

60it M30oM4UMK), KOTAA OCHOBHAS YTEYKa TOKA IMPOHCXOAUT B
TOukax ¢ koopausatamu & wm §,, sasucumoctn r(§) an-

npoxkcuMupyeM QyHKnuen

: ,) [}6(& - &) + 3¢ - £)|. 2109
1 2

1
r—
—+—.

n n

NRys

3necy 8(x) — neavra-pyHKOus, pasHas Hymo npu x # 0 u
6eckoneynoctn npu x = 0, npuuem ana moboit dyHKUUK

f(x)

fé(x = x,) f(x) dx = [ (x,),

eC/IM TIPOMEXYTOK MHTErPMPOBAHMS BKJIIOYAET TOUKY X = X,.
[Mocroauusiin MEOXHTENb B (2.103) gBigercs ycnoBueM HOp-
MHpPOBKH, ofecrneunBalomuM BwnosHeHue ycaosus (2.102).
Ucnonsays pacnpepenenne (2.103) npu E = const, aag or-
HOCHTEJIBHOM INOTEPH MOIIHOCTH HAXOAHM

_ Rppr (¢ - &)

£, =
A R ’
r r
" [1 +—‘][1 +—’]
7 "

Orciona cieayer, uTo € , AOCTUraeT MaKCAMyMa

| Rpgr
€ = e
A

npu r, =r, | —&,| =1 (npoboit B xpaitHux TOYKAxX
§=0mu & =1). Takum obpazom, mpu npoboe H3OAATHH
[OTEpS MOMIHOCTH MO CPABHEHHIO C PABHOMEPHBIM pacrmpene-
JICHHEM TOKA YTEUYKH BO3pacraer B 3 pasa.
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B PACTIPEAENER

¥ TOTEHIUA

3.1, TennoBbie NOTEPHU
APV MAMEPeHUY XO3DOUUKEHTa TeNIONPOBOAHOCTH

Omrumuzannsg u pacuer xapaxtepucrik T30 & Ooss-
WMHCTEE, CJIYUACs HPOBOAATCH Ha OCHOBE aArefpavUuecKux
vpasHecHu# (ajJaHCA, BHIBEIEHHBIX M3 CHCTCMBE nvicbpepes-
HUAXBHBIX YPARHCHWR TeIIO- ¥ ZJICKTPONEpCHOCE B ORHO-
MepHOM npubimxcHnd (e, M. 1). B HEeKOTOPHIX 3ajadax
FOUEOCTE TAKOUG NpEONMXCHES HEeNocTaroyHa., B Iepsyio
OUEpeb 3TC OTHOCHTCH K AHAMM3Y W DOCJICHYIOMEMY MCHO/b-
aosaEui0 npu pacucrax 130 sKCrepuMEHTANBHBIX JAHHBIX,
HOVUEHHBX HA YCTAHOBKAX, B KOTOPHX HE yaacred (v
HELe/iecoO0pA3He ¥M3-33 YC/IOXKHEHWY JKCHEPHMEHTA) oL~
HCpPKEBATE VCJIOBKE, WACHTHYHBIC YCIOBUAM paboTsl CoOT-
SETCTBYIOMIKX DAEMEHTOB WM Y3J0B B MHOTOSJIEMECHTHOM
PEHEDATOPE. B TAKOM CAy4ac TCIUIOBHIC M OJICKTPHHSCKHUE
HEORHOPOAHOCTY, OGYVCIOBAEHHBIC BJIMSIHMEM KDAEBBX O-
(HEKTOB B IXCHCPUMCHTATPHBIX YCTAHOBKAX, HOJKHbL Y UAThHI~
BATHCS € TOMOIIBIO IOMPABOK, HAWICHHBX DACUCTHBRIM Y-
TEM. '

HaubBonprrue TPYXHOCTH BO3ZHUKAIT IIPH ONPCASACHMY .
REVUIH, CBH3AHHLIX C W3MEDEHMEM KONMYECTBA TCHmAa -
TETAOBSIX TIOTOKOB ¥ X03(DMULIUEHTOB TEnIonposonsocTy. B
OTAVMUME OT NAPAMETPOR, HONYHYCHHLIX HA OCHOBE TOMBKO
JEKTDHYECKNX U3MCPeHult (HANPHMED, SJEKTPHUYECKOTO CO-
HDOTHRACHAS) , KOTA JOTPELIHOCTD HE NDeBBIACT -2 %,
TOUHOCTE MAMEpPCHES  KO3MD@UUEEHTA TeIIOTPOBOTHOCTH
ofrruno cocrasnser 5—7 9% 161

Tipu maMepesyd KO3QEOUDHEHTOB TCIIONPOBOOHOCTY B
obnactu seicokux remneparyp (300--1100 K) meropom cra-
IHOHAPHOTO IPORCBHOTO TEMACBOrO noToKa (puc. 3.1} A
VMEHbIJCHHS TEIIOBHIX TOTEPH 33 CUET MAJIYyUEHMS ¥ KOH-
BEKLUIH MPUMEHSICTCS TENJIOM3ONIUMOHHAS 3ACHIIKA 136 1.
Uaers TENIA, BRIAC/ASIOHICTOCH B KAJIOPUMETPUICCKOM HATDE-
sateae, npoxopur uepes ofpasen, cosnaBas Ha HEM HEPCTIAX
remmeparypsl A7, a gpyras erc «wacts (Ag) yXOnuT 10
TOICHA0ISUMOSHON 3acwnre. DopMyaa ANis BEHUNUCACHUS
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Puc. 3.1. Cxema uaMmepenus KoadpduumenTa TENI0NPOBOAHOCTH.
| — TennoBbie IKPaNbl; 2 — BCHOMOTATE/ILHBIA HArPCBATE b, 3 — xanopu-
METPUUECKMIA HArpesateab, 4 - OXPAHHOE KObLO, 5 — ofpaseu; 6 —

TEIIOMIONAIMOHHAS 3achinKa, 7 — OCHOBAHHE npubopa (XONOAMALHHK).

KoabUUMEHTa TEIJIONPOBOAHOCTH CACAYCT M3 Gananca

IHEPIrUK:
x = (W — AQ)L/S,AT, 3.0

rie W — MOIHOCTb Harpesares; S, — MIOmanb nonepey-
Horo ceuenus obpasua; L — €ro ANMHA,

Bo MHOrMX cayuasx, oco6eHHO wisi 06pasuoB Majnix
pasMepos, BKJAAJ YTEYEK TEMJa MO 3aCHNKE AOCTATOMHO
BEJIMK, M0ITOMY Tpebyercss METOAMKA KONMYECTBEHHOIO Or=
penesnenns 3HaucHus Ag. [lns aToro B [6, 36 ] npeanoxeHa

3aBHCHMMOCTD
VR/R, +2 AT
Ag = TR(R, = R) — "%, (3.2)
a B pabore [25]
Aq = (1/3)S» AT,/ L, (3.3)

me R, R, — paguycl 06pasua ¥ OXPAHHONO KOJbUA; ¥, —
KO WL MECHT TEMAONPOBOAHOCTH 3aCHIIKH, S=
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- Jr(Rf - Rg) — IUIOmAAb MONEPEYHOIO CCYCHHUS 3ACHINKH;

AT, — pa3sHOCTb TEMIEPATYp 3aCHINKH HA AJIMHE obpa3sna.

Qopmyan (3.2) u (3.3) maOT CymECTBEHHO pasjiMya-
IOIMECS PE3yAbTaThl, 0OCOGEHHO MPH MAaJBIX pagmycax ofpas-
na R,. Kpome TOro, OHM HE YYMTHIBAXOT 3aBHCHMOCTH KO-
apduumenra »,(7) OT TEMmEpaTyp, XOTs B MHTEpBaic
330—1000 K o Moxer m3MmeHaThcs Oonee uem B 2 pasa
[25].

B KaXJ0M KOHKDETHOM CJIyyae YyTEUKH Teria MoryT OuTs
YUYTEHB C MOMOIIBIO YHCIEHHONO HHTErPHPOBAHMUS COOTBETCT-
BYIOIMX HeJuHeHHHX auddepenunansunx ypasreami. Ox-
HAKO TNpH NPOBEJCHMHM SKCIEPHMEHTOBR BO3HMKAET HEoOxo-
AMMOCTh M3MEHHTh NEOMETPHYECKHE PAa3MEpH YCTAHOBKH H
ofpasua, TeMmepaTypsl HArpeBarens M XOJOAH/ILHHKA, NPH
9TOM 3aJaya pacueTa yTeYeK TeIJia CTAHOBHTCS MHOINomapa-
meTprueckoit. Mcxons W3 M3JI0XEHHOIo, /1 NPakTHYECKONo
HUCNOMB30BaHKs 0071ee NPEeANnOUYTUTEIbHBl AHATUTHYECKHE 3a-
BHCAMOCTH ANS OLUEHKM Ag, a TaKXe€ Aasd pacnpencacHHd
TeMnepaTyps B 00J1aCTH 3aCHINKHA.

PaccMOTpMM YCTAHOBKY A1 M3aMepeHust Koadduumenra
TemonposonHocTH (cM. puc. 3.1). Usmepenus o6biyHO mpo-
BOAATCH B YCJOBHSIX, KOIIa TEMIICPATyPhl MOBEPXHOCTH OC-
HOBHOTO M BCIIOMOraTeJIbHONO HATPEBATE/ICH MOAAEPXHBAKOT-
ca omuHakoBumH (T, = T, = T,). Hammume oxpanHOro
KOJIbIIAa YMEHBINAET TOMEPEYHHE YTEUkn Termwa or obpasua,
NOCKOJIBKY HAa HEM CO3JAeTCs PAacnpeiec/ICHHE TEMIEPATYpHI,
AHAJIOTHYHOE pacrpeaeseHuio no ofpasny, T.€. MOXHO CyM-
TaTh TEMIEPATYPH BAOJb MOBEPXHOCTH OOpasen — Harpesa-
TE1b ¥ OXPAHHOE KOJIbLO — BCIOMOraTE/IbHBIH HArpeBaTe/b
3afaHEeME QysKunaMA f(2) ¥ f,(z). YuuTbiBas, 4To Temne-
patypa xonomunabHuka T, B MpOLECCE M3MEPEHHMH MOMACP-
XHBAETCH MOCTOSHHOM, CTALMOHAPHOE yPAaBHCHHUE TEILIONPO-
BOAHOCTH I 3aCHiNKHM M TPAHWYHBIC YCIOBHS IS HErO
MOXHO 3aITMCAaTh B BHAE

1 8 aT 3 aT
my(T) ar + 9z #y(T) az %

T(r,0) = T,, T(r,H)=T,
T(R,, 2) = f(2), T(R,, 2) = f,(2). 3.9

[IpenBapuTEIbHBIH AHAIA3 H YHCJICHHOE MHTErPMPOBAHAC
nuddepeHEaIbHEIX YPABHEHHMH TENJONEpPEHoca Ajs ycra-
HOBKH B IICJIOM I0Ka3aJI¥, YTO fl(z) B0JIb OXPaHHOIO KOJbLA

JAMBEHHA, a HAa BCTIOMOraTEJbHOM HarpeBaresie 61m3ka K
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nocrosuHo# Beumpe T,. [IpuMEpHO TaKas Xe 3aBUCHMOCTD
nosryuena u ans f,(2) ¢ HeGoIBIIMMI OTK/IOHCHUSMH B obnactu
h <z < H, r= R, Takum 006pa3oM, MOXHO CUMTATh, UTO

T(R,, 2) = T(R,; z) = f(2).

K CO3NAKMIO TAKMX YC/IOBHi OOBUHO CTPEMSTCS MPH NPOBE-
[ACHUHM IKCIEPUMEHTOB.

st HAXOXACHHS NOTOKA TEIUIA OT HArPEBATENS U obpas-
na yepe3 3acHIKy pa3ofbeM YCIOBHO obaacTe MHTETPHPO-
panms Ha ase (o6nacru 1 u I Ha puc. 3.1):

= Agy + Agyps

A aTy
Ag = —2R, [ |n(D)— | 4z
0 r=R°

aTyy

R,
Agy = —2m f [us(T) -?z—] rdr.
0 z=h

Tennosoit morok Agy 06yc10BAEH HeGoIBIIMME OTKJIOHE-
wusmu T(r, 2) or T, B ob1acTa I1. 910 no3BOJSET PEMAThH
3afiauy METOOM MOCEN0BATEIbHBIX npubmxennii. 3a Hy-
nesoe npubmuwxenne npameM Ty (7, z) = T,, Toria pacnpe-
lefieHMe TEMIepaTyps B o6iacT I onpenensiercs M3 pe-
mernd (3.4). B IaHHOM C/Iyyae MOTOK TEMJa BAOJb MITPHXO-
BOJ JMHWM HA puc. 3.1 OTIMYEH OT Hyid, W €ro MOXHO
NPUHATb B Ka4yeCTBE IPAHAYHOIO YC/OBHS IS obnacrn II.
Toraa nosy4um

H
BT‘ H -z
Agy = —21R, [ [ns(T) ;] =7, 4
f

r=Ry

Monaras Ty(r, 2) = f(2) + W(r,z), ang GyHKOHEH
W(r, z) umeeM

I W, 2
1a @ 1’_%_’1 = ——x(D) % ¥(r, 2) + f(2));

r or
3.5
W(R,, 2) = ¥(R,2) = 0, ¥(n, 0) = ¥(r, H) = 0. (3.6

Ouenku noxaswsaior, uro |¥(r,2)| < f(z) BO BCEi
0612CTH WHTErpUpOBaHMS. DTO MO3BOJSET BOCHONB3OBATLCH
METOIOM IOC/AEAOBATEIbHBIX npubnuxenuit, LIS Yero yno6-
5o nepeiita ot mudhepeHUNaTbHOTO ypasuenus (3.5) ¢ rpa-
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auuHBME yoaosusmE (3.6) x mmTerpanpuoMy. MHTErpHpYS
(3.5) OBaXAH 0O r W YOOBIETBOPAA TPEHMYHBIM YCAOBULM,
[T pacHpenesieHus TEMIIEPATYPsl ¥ TEIIOBOTG MOTOKa MHO-
JIYUM

W(r, z) = -—f:%—fri;-csq[ly(r, 2) + f(z)] drdr +
R

o R 9 o
o
r R r
Ry * ¢! I
0 e 9 8 _ | ‘
* R fr%frazﬂaaz[ly("ﬁz)+f(z)}drd7‘7 3.7
f”dr Ry O &,
RG”%
qu =~ X
h i L A 3
X f R fwfr"f"f“”{",i{y(f‘g z) + f(z)] drdr|dz,
1 ru dz 30z
0 .,9- dr R, &
7K,
RO 3
J
(3.8)
. 'axs
#o(T) = oty (F + W) =, () + ¥ 0 F

[Tonaras B HYJEBOM NpUOIAKEHNM Wi,z = 0, us
ypasaenus (3.7) Hannem

I 4 af
W (rz) = D(r) *“—-9*% g

H’s dz 2% oz ’
2 2 2 2
o) = (R{ ~ R)In (r/R)) - (* — R)In (R /R))
‘ 41n (R, /R)

. 39

Zarem, mopcrasasg W (r, z) B (3.7), nosyunm W (r, z) ¥ T.I
Mockonsky nompasku W (r,z) Massl M0 CPABHCHUIO C f(2) u
BCe (PYHKLMH, BXOAAIMIAE B HEJMHENHOE MHTETPANBHOC ypaB-
renue (3.7), QOCTATOUBO IMAAKHE, CXOAMMOCTh paccMaTpuBa-
eMOTO METONA OUEBMAHA, MPpUYEM, TaK KaK Kaxnoe npu-
OavoKeHne Wn(r, Z) YHOBJETBOPSET IPAHMYHBIM YC/IOBUIM,
TIPOIECC CXOAUTCS K MCTMHHOMY PCIIECHMIO. B npakTuyecKux
cayuasx A4 DPAcyera TEMNEPATypPHOTO TOA4 € YAOBACT-



BOPUTE/ILHOM TOUHOCTHIO JI0CTATOYHO OrPAHHUHMTECS Pachpe-
nenenuem (3.9).
B arom npubAMXCHHH

R-r |\ ¥
Ag, = .7:[ 2in(R./R;) - Ro] (x, ;)zao. (3.10)

Jlns ONpeAc/icHMs MCKOMO#M nonpasku Ag, BXOAsIIEH B
dopmyay (3.1) mas BHYHCACHHS KoadxpuuMeHTa TEMIONnpo-
BONHOCTH, HEOGXONMMO KPOMC NOTEpb TCILIA HArpeBaTe/ICM
yepe3 3acHIIKY YYCCTh TAKXKE BIMSHHE YTCUCK reria ¢
Gokosoit nosepxHocTH obpasua Agp Ha €ro reniosoi 6ananc.
Pemas OXHOMEPHOEC YPABHCHHE TENJIONMPOBOAHOCTH VIS 06-
pasua ¢ W3BCCTHHM OTBOAOM TEIUIA M MCHOJL3YS pacnpeae-
neaue remneparypn (3.9), sanumem

R - Ry L of
= - R? — —_— -
Ag = Ag, + n[zm VX R} L{"'Jaz dz

A LR:_ 2|= AT
) (”’ a‘), - ] =“[2ln(kl/no) - R|%, =, GID

rae

Ry = ox [ %(T)dT.
TO
Ua coorsomenus (3.11) merpyaHo momyuuth Qopmyny
(3.2) npu x,(T) = const, A1s YEro AOCTAaTOUHO BBECTH Ma-
pamerp ¢ = VR /R, = 1 ¥ pas/ioXuTb Npasylo yacte (3.11)
B pail NO AAHHOMY mapamerpy. OrpaHuuuBasch NUHEHHBIM

wienoM, noayuum Qopmyay (3.2), xoropas CrpaBeATHBA
b npu ¢ << 1. Ha puc. 3.2 npuseAcHH 3aBUCUMOCTH

LAq 1
o= = 2 2
RAT n(RS ~ RY)

oT OTHOmEHUS paauycos ofpasua ¥ OXPaHHOTO KOJIbLA. Bua-
no, uro npu 0,5 € R/R <1 npubamxennas dopmyna
(3.2) n Gonee TouHaAd (B.il) pawr 6auakue pesysibTaThl.
Onuako npu R /R, < 0,4 smpaxenue (3.2) naeT 3aHMKCH-
ume snavenus. U3 conocrasaenus puc. 3.2 u dopmyast (3.3)
MOXHO 3aKMIOuMTh, 4TO (hopMysa CHpaBeiIMBa  IpH
R,/R, = 0,35.
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I I 1
0 04 0,8 Ry /R

Puc. 3.2. 3aBucumoctb o(Ro/Ry).
1 — no dopmyne (3.11); 2 — no dopmyne (3.2).

B coornomenun (3.11) MOXHO nepedTH OT paguycos R, u
R, K monepeunHM ceueHusM obpasua S, = 7R M 3aCHIIKH
S = z(R* — R?) w wmcnons3osath ero npu ofpaborke pe-

3ybTATOB M3MEPEHUs KOI(DPHUIHEHTOB TEIUIONPOBOAHOCTH H
TEIIOBBIX MOTOKOB 06pa3L0oB HEKpymIoro ceyeHus. Toraa

AT 1 S
quSES-L—[ __g].

In(l +S/8) 8

ITepeitnem Tenepep K MOJYYCHHIO PACHPEAESICHUS TeMIle-
parypsl B obnactu sacemku. Ha puc. 3.3 npeacrasiesa xa-
pakTepHas A8 GOMBIIMHCTBA MPAKTHYECKMX CJy4yaesB 3aBW-
cAMOCTB f(z) — maueinag npu 0 < z S L u GsicTpo cTpems-
masics Kk T, npu z = Lt

¥4 z
f(z) =T, - AT[I - Z)U(ﬂ.,z - 1], (3.12)
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F(z)

T
L Z
Puc. 3.3. Temneparypa Ha rpanuuax sachinku (r = Ry ur=Ry).

rae U(A, z/L — 1) — mnpenessHOe NpPEACTABIEHHE CAWHAY-
HoM pyHxkumm [37 ]:

1, 0<:z<L,
UR,z/L-1)-»Q(L,z) =4{1/2, z=1L,
0, z> L.

U3 (3.12) BuAHO, YTO OCHOBHOE M3MECHEHHE X ,0f/ 9z mpo-

MCXOOUT B 061acTM z ~ L M npubIMXEHHO Onpenessercs
BHIDAXEHHEM

9 of AT 3
az ’az =% L dz U(A - l)

[TockoabKy Takoe M3MEHEHHE NPOMCXONNT HA AIMHE
Az ~ (0,1 — 0,2)L, BocmosIb30BaBIIACH METONIOM CI/IaXHBA-
aus [37], noayuum npubIMXEHHOE BRpPaXeHUe 11d pacmpe-
AEJICHUS TEMIIEPATYPHI

AT r
‘-Pl(r, z) = —P(r _—[P! —— L)z] )
= oz = (0,05 - 0,1)L.

2

M3 nonyyeHHHX pe3yJbTaTOB BHTEKAKT CACAYIONHE
MPaKTHYECKUC BHBOK: TEIJIOBOW MOTOK MO 3aCHNKE ONpeac-
JSCTCS NMPEXAE BCCTO rPajgMeHTOM TeMmeparypu AT/L n
CPEAHEHHTETPAJIbHON TENJIONPOBOAHOCTHIO x U3MEHEHNE
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T@MHGEL‘ y;:w M0 r CYINECTBCHHO Jih B odacTy
Az ~ L %+ 0,05L. Oro osnauvaer, U0 NP NPOBCHCHMM DKC-
hﬁpifi{MﬁH’IOB TeMASpaTypy ofpasna HeoOXOmuMO Lf'ifwiﬂgﬁTh i
obaacr Az < L — 0,050, roe 083 MCHBLIS MCKAMALTCS TEIT
JOBRIMK NOTOKAMHE.

3.2. HorpemtHocoTy IPH M3MEPEHUH
HBEVXKACKanHBE Batapei

PAJV epenne sapaxrtepuctux TOb (T¢WIoBOre fOTOKE  #
BONBT-AMIICDHON XAPAKTEPUCTHKY) OOBIMHO NPOU3BOAKTCY HA
YCTAHOBKAX TONO XK€ THUHA, YTO WCOOIB3YIOTCH m:m HaME-
perun Koo UAEHTa TCIUICTPOBOAHOCTH TIOYITPOBOIHYKOR
(36 1" Ha puc, 3.4 cxeMaruMecKn MOKa3aHo KpericHue ToKo-
BEAYIUKX NPOBOJOB M TOTEHLMAAbHBIX BRIBOIOB K HIUHAM
apyxkackagHoli T3 ¢ mapanne/ibHeM JMEKTPRUCCKEM CO-
EMMHEHNEM KACKANOE.

[Ipn nposepeumy sxcricpuMeHToB W obpaforke ux pe-
3yJIBTATOR KPOMC HOTEPE TEMIA MO SIEMEHTAM KOHCTPY KUY
v remondongurn (oM. pain. 3.1) HEODKOHMMO YuATHBATH
BAMSHUE TOKOBEIYIUX NPOROACE ¥ UIvH Ha tenaosoli Gananc
i‘m'mpczm B aux swpensercs rerno Hxoyag, KoTopoe MOXCT
Onivh BECBMA 3HAYMTCABLHEIM npw TOKAX, 0OECTEUUBACMBIY
BEEILAEM HCTOYHUKOM (B OTAMYHAE OF YCAOBBH paborsr faTa~
pes B MHOTOOEMEHTHOM TSI). Kpome toro, 1o mmHaM
LOIMONER TeroodMen mexay TOD 1 OXpadumM TerioRbiy

e

'eHAOBON HOTOK 710 OOHOW W3 KOMMYTHDYIOUMX [WH
.‘Eia}iﬂ,{!‘}ﬂ“ﬁ&i 1o chopMyse (AHAJOTHYHOH YPABHCHMI TEIIORO-
ro dananca ang repmocronbuka npy o = )

YAT + : J? Ll
g, = 778 - I
E-i 2 sgz

rre AT ——~ TICPERan TeMI
DEHBL ANMHOW [ 1 7
coviac, Kﬁ?ﬂc MVHE pach JOMONEHN Ha “ropsuei” wim Yxo-
HOZHeES  CTOpOHE s;3§,¢ TETIOBOH HOTOK g = g, + 4, Be
UCKAKACT DACHPEACHCHYE TCMIIEPATYPH W NETKO VU THIBACT-
Cst FE}SW m?ﬂ‘ﬂ&@@”&“?@“ peay ETATOR M;&’%Lpﬁﬁ%ﬂz

Beay e wnns pa %HQYEO}KEHM B Lﬁ@,.{ﬁ“h;}{ wacty 120 (oM
puc. 3.4}, HONOAMUTENLHBIM TEIVIOBOM HOTOK ¢ BEIIBBACT
NEpePACTIPEACACHAC TEMICPATY b MEXKAY KACKANAME 1, Chg~
MOBATCABHO, BAVSET HA BONKT-AMICDHYIO X THE
T2b, Hng yueta 3Tore SherTa BOCHONBLA)

ALH CHOTEMON



3
Ve 7 /
/ Y
Jo Vi Je #
4’! =3
£ £ 7 ~
’ ¥ e

.mm,m,,.mm_,ﬁ 193 ﬁ

Puc. 3.4. CxeMa W3MepeHHs BOJIBT-aMIICPHON XapPaKTCPUCTURY
Jsyxracxkansoi T3B.
! — TOKOBENYIUKE IPOBOAA, 4 — IOTCHIIMANBHDIC BLIBOADLI; 3 - UMHBIL

ypasderuit (cM. takxe (2.82)), OMMCHIBAKOIIEN TEIUIOBOU M
JIEKTPHYECKUH PEeXuMBL PAOOTH Kackamos:

.
%l(Tl - Fz} + Jlasz + _ZﬂjllRl + g =

“y
o,
e
o,
3
H

1
.’5,‘1 A " In _— — 2
2 B 3} + J2a2T2 2 Jz Rz’

1
st i — 2
Q= n(T, = T) + Jo T, = IR,

Jl e J2 o J?
E -JR =E —-JR =1V,
E =a(T —T,), E, =a/(T, - T,). (3.13)

3necw T, T,, T, — TeMTEpaTyphl HarpeparTe/s, TCTI/IONCPE-
X0Ja MEXIY KacKajaM¥ ¥ XOJIOOWJIBHMKA COOTBETCTBEHHO;

a, # v R — mapaMerpsi nepsoro W BTOpOro (MHmEXch 1 u 2)
KaCcKagos,
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Cucrema ypasuenuit (3.13) no3BosiseT MCCIEAOBATH 3a-
BHCHMOCTh M3MEPSEMBIX B IKCIIEPHMEHTE TEIUIOBOTO MOTOKA
Q u HanpsxecHUS V OT NONOJHMTEIBHONO TEIUIOBOIO MOTOKA
no muHaM ¢. Ilockoneky |g| <« Q, orpammumBasce npu
pemenun (3.13) THHEHHBIMM YWIEHAMH 1O ¢, TOJIYYHM

a,R, — R,
(R, + R)K

Voos Vo= q

1
Q,=0Q+ * [ul + (a,T, = J\R) (a, + @)/ (R, + Rz)] q,
(3.14)

e
K=n1+x2+!2a2—.llal+

a, +a

1 2
+ R TR, [(al +a,)T, + J R — Jzkz],
E - E, + JR
A | 2 2 o

C noMOmp0 3THX COOTHOIEHHHM MO M3MEPEHHBIM JKC-
nepumenTaapio Q, V, J, T,, T, n T, MOXHO YCTaHOBHTb
MCTHHHBIE 3HauYeHHs TemioBoro moroka Q, = Q¢ = 0) u
Hanpsoxerus V, = V(¢ = 0). Koadduuuents @, » u R pac-
CUMATHIBAIOTCA MO M3BECTHHIM CBOMCTBAM MATEPHAJIOB OTAC/Ib-
HBIX Kackajnos. [1oCKOMbKY OHM BXOAST JIMIIb B MONMPABOYHBIE
WIEeHH!, BBICOKON TOYHOCTH NPH X ONMpejeaeHun He Tpebyer-
csl.

Jins wumocTpauuu npepnaraemMoro meropa B tabs. 3.1
NpUBEACHB 3HAYECHUS TEIUIOBOIO MMOTOKA M HANpPSKCHWS,
nonyueHHsie A Apyxkackanaeix TOB [34] B skcnepumen-

Te' W paccumraHebie no ¢opmynam (3.14). 3nauenne g, Kak
BUAHO W3 Tabmmun, gocruraer ~ 0,1 m3mMepsaeMoro TEIIOBO-
ro NMOTOKa W BHOCHUT 3aMETHHIC MCKAXCHHS B BOJbT-aMIeEp-
Hy10 xapakrepuctuky. Mcnonp3osanue 3asucamocteit (3.14)
NO3BOJISIET MCKJIIOUMTh YKA3aHHBIC MOTPEIIHOCTH.
PaccMOTPHM TENEpPDh BAMSHHE JIEKTPHYECKONO CONPOTHB-
NeHNd IIMH HA pesyabTaThl uamepennit. Heobxoaumocts cee-
AEHMS K MHHMMYMY TEII0O0OMEHAa NPHBOAMT K TOMY, YTO
[MAMETP TOKOBEAYWIENO NpPOBOAA (MEAHOro Xryra) BoiOu-

lI&auepeuml. pe3y/ibTaThl KOTOPhIX MCINOJL30BAHLI B HACTOSILUEM pasae-
ne, nposomuanck A.A. Yuiamkuam.
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Tabauua 3.1. DKCNEPHMCHTANLHBIC W PACUETHBIC JAHHBIE JUIN ABYX-
kackannon TIOB

i -

o 0 0 100 150
q, Bt -7.8 -5,2 -0,6 9,9
Q, Br 109 117 124 127
Q,, Br 104 114 124 133
vV, MB 116,3 84,9 53,4 22,0
Vg, MB 117,4 85,6 53,5 20,6

paercs He Gonee 3—5 mm. B o1OM caryuae xapakTep pacnpe-
JeNCHAS IOTEHIMANA 1O MHHE CYMECTBEHHO OTIMHACTCH OT
pacnpeae/icHus B MHOMOJIEMEHTHOM TAI', rae Garapen co-
SAMHSIOTCS MexAy co6oi Mo BCEH IIMPUHE MMHK. Tok non-
BONMTCA K UIWHE TOKOBEAYIIMM IPOBOAOM HA y4aCTKE WIH-
puHO# [ M, pacTEKasch MO Hel, OTBOAWTCS TEPMOJIEMCHTAMM
COOTBETCTBYIOMECIO Kackaaa Ha y4dacTke mupuHOH L
(puc. 3.5). TMorenuman ¢(x, y) YROBAETBOPSET macddepen-
LMAJBHOMY YPABHCHHMIO

’e , Ty
— + =0 3.15
e o @322

C rpaHMYHBIMH YCJIOBHSIMH
%=0, 0<x<H |yl=L2%

%E=0, x=0, l/2<|y|<L/2;
1
_—ﬁsjl' x=0, 0<|y|<1/2;
1
—=®_; x=H, 0<|y|<L/2 (16

Pemenue xpaesoit 3anaun (3.15)—(3.16) crenyromee:

(x, y) = const = L ] sin : X
X,y = - — E —sinnxn—

n=1

H l
X (shhn%—- cchnn-L—chZun{) cos?.nn%— jlpzx.
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L L J1 Puc. 3.5. PacuerHas Moaennb
X LLIWHbBI.

J2

Beenem obo3nauenms: U — HanpsKEHHME Ha TOKOBERY-
IUX TIPOBOAAX M V — HanpsXeHue HAa NOTEHIHAIbHBIX
BRIBOZIAX OMHOIO M3 Kackanos. [JIs OnmpenencHus ITHX BE-
JUYAH HeoOXOAMMO OT HANPSKEHHUS HA TEPMOIJIEKTPHUECKOM
npeo6pa3oBaTesie OTHATH MAfE€HUE MOTEHUMANA HA COOTBET-
CTBYIOIIMX YY3aCTKaX CHMMETPHYHO DACMOJIOXEHHHX OTHO-
carenpHo 6arapen mmH. Torna 6yneM mmerh

U=E-JR-2p, —¢"),
V=E-JR-2p,—¢) (3.17)

rae
172

2
P, = 7f 00, y)dy, ¢, = ¢(0, L/2),
0

2L/z
p* = = Jo(H, y)dy.
0

MNoncrasnsgs B (3.17) pacnpeneneHWe TNOTEHUMANA
P(x, ), nonyuum

V"'Jru,

U
V=V+Ir,, (3.18)
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rae BBeneHsl 0003HAYCHUS:

I7=E-J(R+2,o—g-),

| H
Q, ( Ny ) ;
I H
Q, ( T ) :

é — rommuHa muHH, a GyHKuMM Q (2, ) n Q,(z, 7) HaXO-
aarcs no dopmynam

8%

Ty

i

Ty

wlN

Q2 1) =

n

1 = sin® Anz
cth 2znt

sin tnz

2 « i
Q,(z,Q:;;E(-l)"‘ 5 cth 2rnt. (3.19)

n=l

[Ipu paBHOMEPHOM NOABEJCHHM TOKA IO BCEH MMPHHE
wnab (I = L) ry = ry = 0, orciona U = V = V, 1.e. uame-
psemuie HanpskeHus U ® V COBNAfalT C HanpsxeHuem V
Ha mmuax Oaraper B TOI, KOTOpOE M SBALETCH MCKOMOM
BEJIMUMHON NpPH IKCIEPHMEHTAJIBHOM ONPEACTICHAN BOJBLT-
amnepro# xapakrepuctuku. s dopmyn (3.18) BuaHO, uTo U
Mmerbme V, a V — Gosbie.

i mosyyeHns aHAJOrMYHBIX 3aBHCMMOCTEN 1)1 ABYX-
kackagaoit TOB (cM. puc. 3.4) noacraeum dopmysam (3.18) B
cUCTEMY

U=U, J +1,=1.
[Tocse ee pemeHns, OrPaHAYMBASCH JMHEUHHMH WIEHAMH TIO
napamerpaM r;/R wu ry/R, Gynem uMeTh

R, JR, +E —-E,

r
U
R1+R2 RI+R2

U=V -

R, JR +E,-E

-r (3.20)
U ’
2R1+R2 R, + R,
= R JR, + E — E
1 2 1 2
V.=V+r -
U
1 R, +R, R *+R,
R JR. + E, - E JR2+E—E
1 i 4, L2 @321

-r
U2
R1+Rz R1+R2 , T R,
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0 50 700 J, A

Puc. 3.6. BaBucuMocTh Hanpsxenus V, — U (@) u V, — V1 (6)
OT TOK4.



Bripaxenue pas V, ananornyso (3.21) ¢ 3amMeHO#H WHACKCOB
12 2

Coorromenus (3.18)—(3.21) mo3BoASIOT MO M3MEPEHHO-
My HANpSKEHHIO HA MOTCHUMAIBHEX BRIBOAAX V OnpenenuTs

Hanpsxenne V Ha mmHax Garapem B remeparope. O6nyHO
BHYMCIMTEBHAS NPOLEAYPa MOXET OHTh CymECTBEHHO yn-
pomena, mockoasky /L <« 1, H/L > 1/4x u dyskuun
Q(z,0) n Q,(z ) npubmkeHHO paBHHl (CM. NPHIOXE-

HHUE 2):

2 2
Q(z) =1 —;ln'btz-i-'a-(cth?.nt— 1),

Q,(z, 1) = 2ln 2 + 2(cth 21t — 1), (3.22)

Ins nsyxxackagnoit TOB [34] ¢ xapakTepucTukamu
ro= 21" 1074 Om, rg,= 1,4 107* Om,
ry,=08-107'0m, ryp=10,5" 107* Om,

E =E, R/(R +R)=0,5

3HAYCHHMS TONPABOK, PACCYMTAHHHIX 10 hopmynam (3.20)—
(3.22) npu ontaMansHOoM TokKe J =~ 100 A, oxasamuce pas-
HBEIMU

U-V=-84MB,V, -V =17TuB,V, -V =39uB.

I[Tpu 3ToM MCkoMoe Hanpsixerue V = 75 MB.

Orciona CaeyeT, YT0 MHHUMAIBHOE OTKJIOHEHHE H3MEpS-
€MOr0 HANpSXEHNS OT MCTHHHOIO HabyiomaeTcs npH Mo-
KJTIOYCHUM NOTEHIMAIBHEIX BHIBOAOB K KpPasiM IIMHH KacKaja
¢ 60sbmuM BHYTpEHHMM conporusaeHneM. OHO COCTaBsSeT
~ 2 9% u moxer 6uTh BEuUMCACHO Mo dopmyne (3.21). B To
XE BpeMsS M3MEPEHHEC HANPSXKCHUS MEXAY TOUKAMHM Kpemn-
JICHHS TOKOBEAYIIMX MPoBOAOB aaer ommbOky Gosee 10 %,
KOTOpas BO3PacTaeT C YMECHbIIEHNWEM TOJIIIMHE! NPOBOAA.

Ha puc. 3.6 noka3aHn pacyeTHne (CTUIOIIHBIC JTHHHH) M
SKCMEPUMEHTAIbHEE (IITPUXOBHIE) PA3HOCTH HANPSXKCHHM B
pa3MYHBIX TOYKAX IOWHH B 3aBHCAMOCTH OT ToKa. Hekoro-
poe pasJMuMe, NO-BHAMMOMY, CBS3aHO C KAaCAHMEM LIMH B
IUTOCKOCTH TEIUTOBOTO KOHTAKTA KACKAAOB, UTO HE YYHTHIBA-
JI0OCh B TEOPETHYECKOd Moxean. B mesoM, mosydyeHHoOe CO-
rIaCHE SBJISIETCS YAOBJETBODHUTEIBHHIM M  COOTHOIIEHHS
(3.20) —(3.22) MOryT NpMMEHATHCH A58 KOPPEKTHPOBKH 9KC-
NEPHMEHTANBHBIX BOJIBT-AMIEPHHX Xxapakrepuctuk TIB ¢
1Ee/IbI0 MOBHIICHMS TOYHOCTH MPOrHO3a MOITHOCTH MHOrO9J1e-
meraTHEX TIT.
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3.3. TepMOsIeMeHT ¢ DAIRHTON NOBEDXHOCTRI

Weenenoraane H;‘}Qﬁ’i‘{ﬁaﬁi’;"ﬁ*gﬁﬂﬁbﬂn DACTIPEICACHUN TeM-~
repa ‘V})Es‘ W NOTEHL e H@D@V OHIVMO HO TOMNGKD DWW Gied-
Kax BIMEHHEZ &E}E@.‘S;IL 34 QEQ,KTGE Ha pﬁS‘Vﬁh"{‘aTEﬁ BEME~
DEHUHM, HO H HAJUIE
TOB €O nem{&,m 0 BH 'pam{@ﬁ
IONVIDOBOMHEK  ~—  DJIE

=

m

w

Kax u3BeCTHO, Ha XaPaKTePUCTHRH TCPMOSICMEHTOB OKa-
IWBAKOT BAVSHHE KOHTAKTHBIE TEPMAUUCCKMC W SJERTPRUCC-
KHE CONPOTHBACHRS, CBUSAHHLIE C CYIMECTBEHBBIM OTJIAYHEHM
CBOUCTE® TEPMOINEKTPHEECKOTD MaTepuana B obbeme nomy-
NPOBONHEKA OT CBONCTE TOHKMX NPHUBICKTPORHBX CIOCE. 3
BAMSHVE CROAWTCH K VMEHBmERMO sdxbexTusHon Ho6por-
HOCTH  TEPMOICMEHTA G CDABHEHMIO € HODPOTHOCTDHIO

NOAVIINOBONHEKSR 2, =

A
R;H&,’i”:'s‘i'“{ st

. &~ TIOBLIICHHOS CO -mffrygm@mﬁ;e
TEMIOBOMY TIOTOKY B VAXOHU wﬁﬁagfm KOHTAKTA ~— nalbaoms-
£TCH 1pH %'mmeow'w@ T TEAA © TAR0M UIHW EKUIKO-
CTRIO. B HARHOM ¢V4ac

YECKONC CONPOTHBISH
HOCTH € MNOMOINBIO
“%i‘&‘i&&?h“ UTO COOTBET
BOJANT CHUI
CAMBIM VBCIMUYKTE

=
f.
53]

lii‘}'i“? DOTHOCT, TCPMO3JIE-

¥

MEHTA.

ONHHK, HAXONSIIEWACH )

< %3;,4;“ YCPEH VIVIK

I ;;,
JHCHEE CHCTE! TeNAQ- ¥
lfsw(i 4% nocT GOKETE TONABKO & 06

CBHO TIPHMEM,

[CTY KOHTAKTS

4 ﬂ:*

38pFIAMHA
TERIHS
IOTOM BIMAHMEY KGHT
GERCKONG ¥,

RpOT Kmﬂ?mzf’ﬁm {r. - @ Y, T.E.
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Puc. 3.7. CxeMa TepMOSJIEMEHTA ¢ PA3BUTOH (IOBEPXHOCTHIO KOH-
TAKTA.
I — 3neXTpox; £ — MORYIPOBOEHMK.

YCIIOBAAMM NIPUHUMACT BUJ

gr 8tr & &
ABCDEF: —+— =0, ——+— =0
ax oy dx° dy
aF e
AB, EF. — =10, =X =0
dy oy

BC, DE: T =8,

i o7 fp -
Co: 7= {9% - (Q’ -+ *fk j - ?29
£ k dy @y ) r«,D
FA: T = @, © = 0, (3.23)

TMockonsky B gaHHOM ciayuae TpeOyercs WCCACHOBATH
BJAMSHUE KOHTAKTHOTO CONMPOTMBACHUS r , BKJAN KOTODCIO B

oluiee COMPOTURICHHUE HEBEIUK, npu BRBoNE (3.23) He yuu-
THBAINCH APYTHE MAJIBIE CIaraeMele U 3PQEKTH — ONYIIEHbI
ujieHbl, YUHTHIBAIOUME BRIACHeHUE Ternia Jxoyad u Tomco-
HA, 4 CBOMCTBA MATEpPUA/id NOJIATAJMCE HNOCTOSHHBMH (MK
cpepuuMu). Tako#l MOOXOX COOTBETCTBYET MPEACTABICHHIO
pEICHUA B BUAC CYyMMBbI DIABHONO 4WICHA, YHMTHBAKLLTO
TOARKO Hanbonee CYWCCTBEHHEE SquhCKTE, M HESABUCHMELX
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Mexny coBoli TONpaBox, HAHAEHMBIX B AMHEHHOM npubim-
xenny (CM. pasm. 2.0).

Ecau peomres cuctemy (3.23) m HallTe pacupeiciacHusd
remniepatypsl 7 ¥ NOTEHLIyAna ¢, TO 34TEM MOXHO Onpe-
ACAUTh BENWUNHEL, XAPaKTECPU3VIOIMHEC BCIO CHCTEMY FIONY-
MIPOBOAHUK — JIEKTPOA (TEIUIOBOY HOTOK 34 CUCT TEIJIONPO-
BOIHOCTH W JJEKTPUUECKHI TOK), N0 (opMynam

S/2+4672 S/2468/2
0 L aT dp
= In —dy, J == = 4 =1 dy,
Q. f ax &Y P / “ox T ax|Y
0 0
—~H 4+ A< x<(, (3.24)

rae L — pasMmep CHCTEMBI B IIONEPEYHOM HAIPABICHUH.
HerpyaHo 3amMeTyTE, YTO TOCIE BBCACHUS 0006IEeHHOrO
NOTEeHRINANa

Y=¢+al (3.25)

3a71aUM PacyueTa TEMJIOBBIX WM ONEKTPUUYECKUX XaPaKTCPUCTHK
CTAHOBSTCS HE33ZBMCHUMBIME. Tak, JAsi JMCKTPUUCCKHUX Xa-
pPAKTEPUCTHK

Fw P w
2

ABCDEF:. — + = 0;
dx ay
oW
AB, EF:.  — = {j;
dy
1 8w U+ a6 ~W¥
BC, DE: ——— = ———""}
P ox r
P
I oY U+ af — ¥
CD: Frvi - ;
ay 7(/,
FA: W= 0
I3 S/24672 S
I=3 ' —dy, -H+h<x<0, (326
X

0

a i Toro uro0bl HAWTH PACIpPENE/]CHHE TEMIECPATYpbl U
TEIUTOBOM MOTOK, HAOCTATOYHO BOCIOJB30BATHCH PCHICHUEM
(3.26), npomssexs B  HeM  (POpMANBHYH  3aMCHY
Y - T, 1/p—>%,J—>Q”,r¢—>0,U+a0~>9.

Jing pemenusa kpaesoi 3agaum (3.20) nmpuMeHMM METOZ,
pa3paboTaHHBi Asig yuyera ABYMEPHHIX 3(dEKTOB NpU TCII-
aorepenaue uepes opebpensyo mosepxocTs [39]. Pasnme-
tum 06nacte ABCDEF na ase (I u 11 na puc. 3.7) u Bpipa3um
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pemeHune nmbd)?geannanwom ypasHeHus B o6nactu I uepes
[POM3BOTHYIO — Ix— u3 obnacru 11 ma rpanuue x = 0, a

pemeHue B 06nac-m II — vepes 3nauenue Qpynkumn W, e

n3 obnactu | Ha TOM Xe rpaHHIE. YAOBJCTBOPSS 3aTEM yC-
I0BMSM HenpepuBHOCTH 0000menHOro noremumana ¥ m
IUIOTHOCTM TOKa, TMOJIYYHM s TNOJHONO TOKA Cleaylomee
BBIPAXCHHE:
3)/
LS (S+8)/8

P e { f(z)dr, (3.27)

rae ¢yuxkuus f(r) (0606mEHHBINA NOTEHUMANT HA TPAHHUIE
x = 0) yHnoBiETBOPSET HHTErPAJIbHOMY YDPaBHEHHIO:
mat <1

S 1 2
=U+ ab - , X
1) a Z(H—h)’glGnynl+31n2un
2
sinpn S (S+6)/S
Kp S+ ’m
(5+8)/ S
2(H = h) 2(H — h)
x{f(t)cos(nks+ )dt wk =55 cthak =
.‘ k S : k s " 5
sin |u, + 7 S+d sin |u, — & S+d
X L o : 3 » COS K4, T3
L Myt 2o o = RS
pigt > 1
(S5+8)/8
S S
f7) = U+ ab = oo h)ls+a [ fx)dr +
= (S+8)/S
S 2H - h)
+2,§S+6 { f(t)cos( S+61)nk—_s+d X
2(H - h)
xcthnk——-—s+6 cos(nks+6r)dt}. (3.28)
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M/
o ﬁz/
F
‘_! i 1 [ ¥ ¥ ! .
0 6,2 0,6 70 Bi

Puc. 3.8, 3asucumccrs dynkuun ®(24/S, Bi) or napamerpa Bi.
I — 2078 = 0,28, 2 — 1,0, 3 — o,

3neck sseneHsl 0003HAUEHMS:

Bi 2h
4 thp —
G = Hy o S B; Sp
n Ri 20 2r, ’
1+ —thu —
i ,Lén it ‘ui’i S

f#, — Kopeds ypapHenusa uigu = Bi, n = 1,2,... .

[Ipu HeOOMBMION BHICOTE BBICTYNOB A MO CPAaBHCHHIO C
BBICOTOM TEPMOZAEMEHTA H ¥ MAaJIOM BAMSHUM KOHTAKTHOTO
INACKTPUUECKOIO CONPOTUBICHNS ¥ 3HAuUcHME (PyHKUHH f(T)
6imako x nocrosHEOR U + «f. TloaToMy HMHTErpasbHOE
ypasHenue (3.28) pemaemM METONOM HOC/ICAOBATENbHBIX TPH-
Onvxenni, noJjaras B HYJIEBOM UG IKEHAN

A
f(o"(z') = const. Torna B neproM NpubIrKeHUT IOy 9AM
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Puc. 3.9. 3aBHcHMOCTb OTHOCHUTENIBHOTO YBENIUYEHUS [0GPOTHOCTU
or Bi mpu 2A/8 = 1.

I —20/8=10;2— 153 — 20,0 — S/(S + 6) = 0,9, 6 — 0,5.

aJ m Q onpexensiorcs mo dopmygam (3.29) u (3.31).
Torpa Haxogum

S
+ D(2h/S,
2=z 26 =B s+ 3™ ) (3.33)
° s 1 s -
t o T B T Y@ Bi)

B npepenbHOM ciyyae OTCYTCTBMS BHICTYIOB (h—=0)
OTCIOAa CAEAYyeT M3BECTHOE COOTHOmeHue [0 ]
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z = zo/(l + ,3;;) = z' (3.34)

#

aas 3pdexTUBHON AOOPOTHOCTH TEPMOIAEMEHTA € YUYETOM
KOHTAaKTHOIYO 3JICKTPUUYECKOTO CONMpOTHBJICHUY HA Cnae

(z' < z).

0

Ananu3 3asucumoctu (3.33) moKasmBAET, YTO HEOTpa-
HAUEHHOE pPasBUTHE MOBEPXHOCTY KOHTAKTA

(§=0, 00, S/(S+9)->1) no3Bonger DOJHOCTHIO
KOMIICHCHPOBATb YMEHBUICHUE AOOPOTHOCTH 33 CYET KOHTAK-
THOTO JJICKTPHYECKOrO CONMPOTUBIEHAS U NOJYUUTh Z = Z,.

Ha puc. 3.9 nokasana sasucnmMocts (z — z')/z' or napa-
metpa Bi, otkysa sugHo, uro yxe npu 2H/S = 10 wu
Bi = 0,3 (npu orom z' = (3/4)z) ypennuenue 106pOTHOCTY
cocrapnger npumeproe 10 %, T.c. passuTuHe HOBEPXHOCTH
KOHTAKTA OKA3bIBACTCH JHEPIETHUCCKH BBITOIHBIM,

3.4. Onrumuzauna ko3pdumenra
YIIAKOBKM TE€PMOIJIEMEHTOR

OpHuM H3 OCHOBHBIX (DAKTOPOB, CHMXAKOMMX 3(deK-
TUBHOCTH TipecOpasosanus sHeprim B TOT, aBisSOTCY no-
TEPU TIEPENAAa TEMNEPATYPHl HA TCIJIONEPEX0AaX, KOTOPHIE
MOTYT JOCTUIaTb IOJIOBMHBEI MOJIHOTO NEpernana MeXamy uc-
TOYHUKOM TEIUIa W XOJONWJIbHUKOM (moapodHee ¢M.
pasa. 4.1). Ux MOXHO yMEHBIINTE COOTBETCTBYIOIMM BhIOO-
poM k02(hHLIMEHTA YIAKOBKM — OTHOINEHWS TIJICIUAAM T10-
IIEPEYHOr0 CCUCHUS TCPMOIIEMEHTOB K OOWEeH naomaim
T3b [40].

[Ipu pacuere TIDB ¢ pasHeceHHBIMU TEPMOITCMEHTAMU
HEOOGXOONUMO YUCCTh HEM3O0TCPMHUUHOCTH B ICHEPEYHOM Ha-
npaBcHAN, 00YCIOBICHHYIO CTATMBAHMEM TCIJIOBOTO NMOTOKA
K crasMm. PaccMoTpuM pacnpesenerue TeMrepaTypsl B MHO-
IOCJIOMHOM TEIIOOEPEXOAEC M MCCAeAyeM BamsHue Kodddu-
IMCHTa YNAKOBKM HA JHEPrETUUCCKUE XAPAKTEPUCTHKH
T3b — yaenpnyio momuocts u KT,

Ha puc. 3.10 cxemaTuuecky mokKasaHbl BETBH TECPMOIJie-
MEHTa WIMPUHON 24, DPACHOJIOXEHHBIE MEXAY MHOroC/I0M-
HBIMH TCIVICIEPCXOOAMH € IIAroM 24, 3a30pbl 3aI0JHEHBI
TEIJION30ISLUCH. Y AC/bHAS MOIGHOCTh w (Ha eAuHHUUY Mo~
mamm) u KO 7 Moryr 6Geith NpeACTaBACHBL CACHYIOLKM
olOpazom:

W= oo (AT')? i
— - Z 5
b € + & + &)



&
§ +E +E

rme AT’ — nepenag TeMNepaTyphl MEXAY HCTOUHHKOM TEILIa
M XOJNONMIBHAKOM; ¢ — nocrosaHas; & , &, £, — coorser-
CTBEHHO TEPMHMUYECKHME CONPOTHBJICHUS BETBH TEPMOINEMEHTA
M TEIJIONEPEXOa0B CO CTOPOHH “XOJONHHX“ ® “ropsumx"
craes.

Gopmyan (3.35) ornmualorcs or Gosee TOYHBIX 3aBH-
cumocren (pasa. 4.1) TeM, YTO HM3MECHCHHME TEPMHYCCKOrO
CONMpOTHBJEHUS ToaynpoBognuka & = [/x 3a cuer addek-
toB [lessthe ¥ JIXOyns yuuThBaeTcs BBeacHHEM 3bdek-
THBHOIO KO(dHUMEeHTa TEIIONPOBOAHOCTH X, a TaKXe
npexnonaraercs, uro KIIJ[ mpeofpaszoBanmst 3HEprum mpo-
NOPLUMOHANEH TEPEenany TeMmepaTypH, T.e. ¢ = const. 310
SKBUBAJIEHTHO MPEACTABJCHUIO (DYHKUIMA W U 7 B BUAC NeEp-
BHIX WICHOB Pa3/IOXEHHUS COOTBETCTBYIOIMX 3aBHCHMOCTEH B
psin mo crenensM GeapasmepHoro mapaMerpa zAT', moaTomy
B NPAKTHYECKMX cayuasx, korga zAT' = 0,1 — 0,2, ux Tou-
HOCTb YAOBJIETBODHTEJbHA JUIS PEHMICHUS TOCTABJCHHOH 3a-
fAaud — aHAJM3a BIAMSHMA HA w ¥ 7) Kodbduumenra yna-
KOBKH a/b.

TepMHUYECKHE CONMPOTHBJEHHS Teruionepexonos &, u &,

PaBHH OTHOIIECHHIO PA3HOCTH TEMIIEPATYP K TIOTHOCTH TCII-

n = czAT' (3.35)

Y
772N L L L Ll Ll Ll l
0 | \ .
J‘_Jmmm\\\“\ A AR A AR RRARARNY
v
2a -
1/

2b

Puc. 3.10. TOB ¢ pasHeceHHbIMH TEPMO3JIEMCHTaAMH,
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JOBOIO IOTOKA Ha Chdc:

118 P4 |
5 ] Z]‘ g\fT(xa 5)(1)&' - ; f T(X; G)dx 5 (336>
0 0

e T'(x,y) — pacnpenejieHne TeMneparypst B o6Jactin coor-
BETCTBYIOMICTO TCILIONEPEXOAA.

ITockonbKy TEMIONEPExOx npeacraenser coboii muoro-
CIOMHYI) CTEHKY C UCPEXOCBAHMCM CNOEB ¢ PA3JMUHBIMU 3HA-
yeuraMu KOIDbUIMEHTa TeIUTONPOBOJHOCTH # (METasL, Ke-
paMuka, 30HBI KOHTEKTOB), €0 MOXHO PAcCMATPURATL KAaK
KOMIIO3ULMOHHYIO aHM30TPONHYIO CPEY, IPUYCM #, > ..

ITpu srom puddepeHunanbEoe YPaBHECHHUE TENMNIONPOROA-
HOCTH, A onpenencung T(x, y) U I'PDAHUYHBIC YCAOBMS NpU-
HAMAKOT BHI

& T F)
+ M o=

X ax? Y gy

ar

ax |x=0  ox|x=b

aT

- - ki

g, y=10,0=sx=aq,
T
=4 0, y=0,a< x <, (3.37)
}’dy

a
q;,y:é,(}-ﬁx&b.

Toncranoska pewenns ypasuenws 7(x, y ) B {(3.306) nmaer

e
ﬁxwg*m
» %y

i
P (6) = Z = sin® 7k,

k=1
Zo1 -
W@y =2 5 sin’ k6 [exp (2tkBy) — 1} ' (3.38)
k=1

¥

e y o= v’%x/;»{ay > 1,



Opuy > 1 (0 2 a) pag ana dyaxkuum WV(6,y) asagercs
OBICTPO CXORSIIUMCS, M B CYMME JOCTATOUHO OTPaHUYHTHCI
JMIOb OEPBBIM unenoM. B 1o xe spems Boiyuciacuue P (6)
TPENCTABISET 3HAYMTEABHBIE TPYAHOCTH: PAX MEAJIEHHO CXO~
aaTcd npu Manbix 8, 0CofeHHO 3aTPYyIHUTCABHO €10 CyM-
muposasue npu 6 - 0, a Taxxe mpu 6 -> I, IOCKOIBKY
D (0) = B (1 - 6).

Toxpo6HO METOHB! BLIYMCICHHS CYMM TPHICHOMETPHYEC-
KMX DYJOB TAKOTO THNE PAacCMOTPEHB B npuioxeHuu 2. B
AAHHOM CAy4dae O NOoAyuYeHus yAoOHOrO MJis YUCJICHHBIX
pacyeros npenctasnenua ¢yHxuun P (F) BocmoB3yeMCH
pasnoxeHneM #HTerpasa Kiaysesa B psa no crencHaM 0
{411

sin k@

—f}n <2sm )dt i
k=1
(w_l)ic—l 92k+1

(26 TR 242k + 1)

= - 6ln |6] +9+Z
k=1
me B,, — wuucia bepuynim (B, = 1/6, B, = ~1/30,
= 1/42,...).
VirTerpupys 316 COOTHOIIEHUE, MOTYUNUM

@) |
2 3 — 2In 26 +

Dy(0) =

(-Il‘k 1 (2m9)2k
+ E (2k ! Bk k(k + 1) (2k + 1)

276 2710 2720)° 276)°
=(—-—z—l'3—2}n2z6+( o e @)
72 21 600 2 540 160

L
(3.39

Gopmynst (3.35), (3.38) u (3.39) nossonsior Mccaeno-
BATH 3ABUCUMOCTH yraenapHO# Momuoct u KIIJL or xosd-
bwmueHTa ynaxosku a/b. PaccMoTpuM npenenbHbie Caydau.
[Mpy nAOTHOM YIIAaKOBKE TEPMOJIEMEHTOB (a/b = 1) ymenn-
HAS MONIHOCTH JOCTHTAET MAKCHMAJIBHOIO SHAUCHHSA

cz(AT'Y
w

() )

(3.40)
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npu

e () )

JlaHHOE COOTHOMIEHHE ONXHO3HAYHO OMPEAEASET ONTHMAJIb-
HYIO BBICOTY BETBH [ .

Crpemnenne Kk ymenbmenuio rabapuros TOB uHOraa Bu-
HYXJaeT BHIOMPATh BHICOTY BETBH TEPMO3JEMEHTA MCHBIIE
ONTHMANBHOM, YTO MPH IUVIOTHOW YMAKOBKE NMPHBOAMT K CHH-
XKCHHUIO YACAbHOM MOmHOCTH. [IpuMeHEHME KOHCTPYKIMH C
HEIJIOTHOH YNAaKOBKOM A3ET BO3MOXHOCTb MOBHICHTH YAEJb-
HYI0 MOIIHOCTh NPH OrpaHMYEeHHBIX rabapurax. B yacrrocTH,
mpH x, > %, (v = ®) TepMHYCCKHE CONPOTUBIECHHUS TEILIO-

NEPEXOOB PABHEI

-if): a-3B),

H YCJIOBME MAaKCMMyMa YAENbHOM MOUIHOCTH AAEeT

lon=_:_[(%) i (%)] (3.41)

3pech ymesibHas MOIIHOCTH AOCTMraeT TONO XE€ MAaKCH-
manbHONO 3HaucHHS (3.40), Ho Hammuue B (3.41) mapamerpa
a/b no3BOASET COOTBETCTBYIOMMM €ro BHIOOPOM yMEHBIIMTH
ONTHMAJIbHYIO BHICOTY BETBM A0 3aJaHHONO 3HauyeHus. Yrto
xe kacaerca KIIJI, 70 HEnJOTHas ynakoBKAa TEPMOIJIEMEH-
TOB NpPH BHNOJHECHMM yciaoBus (3.41) npHBOAHT K €ro pocry
n ~ (a/b)".

Jlns CpaBHEHHS 3JHEPreTHUYECKHX XapaKTEPUCTHK IpH
a/b = 1mna/b < 1 BBenem Geapa3aMepHue napaMeTpH

5 w n
Et a I : W‘ — < + —_ :
n v wlaab ’ ”la-b

3mech ¥ HHXE MPEANoNaraeTcd, YTo TEIUVIONEPEXOAbl WMEIOT
cummeTpuuHyio koucTpykumio (§, = &, = §). Torna

2
1+g;

e

ONE B
_ l+§;
S+

+
w =

-

7 (3.42)
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7,70

1,05

if_; @‘7 Eo)
s !
- 04 a6 2,8 a/b

Puc. 3.1 3aBvicuMocTEk (e3pa3MepHBIX YIETbHON MOUIHOCTH W
(—) n KITA % (----) or xo3hdULHEHTa YIAKOBKH.
I — &= 0,42~ 0,53 — 0,6.

AHanw3 BHPAXCHUS 19 W NOKa3BBAET, YTO BHIMTPHII B
YACILHON MONTHOCTH NMO CPABHEHUIO CO CIy4YaeM a = b uMeer
MECTO NpHU {3; < 1, T.e. XOTZa BHICOTE TEPMO3ANEMEHTA MEHB-
e ONTUMANBHOW /i KOHCTPYKUME C IVIOTHOM YHAKOBKOK
(I < 202/ %y). B paccMOTpEHHOM TPENEIbHOM CIy4ae v ~> o
(XOpowio IpPOBONSIIMM TEJIC B NONEPEYHOM HAINPABJCHUN
TEIVIONEPEXON)  ONTUMANBHRE  KOMPPUIIMEHT YHNEKOBKH
(a/B),.. =& mpm & <1 ofecneunmBaer crnepyromwii

ONT I 2 IT :
npupoct MomuocTr u KITJT:

*.7 R *
PR Gl Mk
- * ¥ - - e
4y 25

Pesyneraret pacucra nc dopmynam (3.38), (3.39) wu
(3.42) nng XKOHEUHOrC OTHOmEHUS KoXbhUMIMEHTOB Termao-
TIPOBOAHOCTH #,/ "y (wo/a = 10) npuseneHn Ha puc. 3.11.
M3 rpadimkoB BHEHO, YTC NPH 5; = (,4 xoncrpykuus 19D ¢
onTEMAanpHNM KoshduunerToM viakoeky a/b = 0,5 obec-



MEYWBAET BHUTPHII B YACAbHOM MOmHOCTH ~14 9, mpn
snaumreabioM ysemmuenun KITJI npeo6pasosanus SHEpruu
(~ 40—50 %).

3.5. Hen3oTepMUYHOCTb TEMUIOBLIPABHUBAIOILMX MIACTHH

Ipu paspaborke kackamaeix TOB TpeGosamme MuHu-
Mu3anuy rabapuToB W PasNHYHHE TEXHOJOIHYECKME Orpa-
HUYEHHS HA Pa3Mephl JIEMEHTOB NPHBOAAT K TOMY, YTO B
HEKOTOPHX C/Ty4asiX KacKaJsl MMEIOT PasHyo IUIOmanb none-
peusoro ceyeHus. s yMEHBIICHHS MONEPEYHBIX IPafHCH-
TOB TEMIEPaTypH NpU TEIUIOOOMEHE KACKaj0B C PasHbIMH
IIOMAASMHE TPHMEHSIOT TEIUIOBHPABHHBAIOIME [UIACTHHBL.
Bui6Op TONMIMHE MJIACTHHH TPeOyeT MpOBEACHUS OLEHOK €€
HEN30TEPMUYHOCTH B monepeyHom Hanpasiesuu. Ocobenno
aKTyanbHAa 9Ta 3ajaya AIs TEPMONIEKTPHUYECKHX XONONHMIb-
HUKOB, T7I¢ TIPAKTHYECKH BCEraa pa3Mephl Kackauos CymecT-
BEHHO pasnmuuaiorcs [42].

UccienoBanue HEM30TEPMUYHOCTH IUIACTHHBI yNPOIMACT-
Cd 10 CPaBHEHHIO C MHOIOCJOMHBIM TEIUIONCPEXONOM
(pasa. 3.4) teMm, uro OOBIYHO NJACTMHA TOHKas W H3T0O-
TABAMBAETCS M3 TEIUIONPOBOAHONO META/UIa, MO3TOMY WPH
pEIEHUHU 3a5a4M JOCTATOUHO OrPaHHUMTLCS OHOMEPHOM MO-
nenvio. s Gonbmeit o6mEOCTH, a TaKXe 4YTOOH YAOBJET-
BOpATh TPEOOBAHMSM, TIPEXbSBISEMHIM K pacyeraM XoJo-
manbEnx TOB [43], paccMOTpUM HECTAMOHAPHYIO MOCTa-
HOBKY 3aJa4M.

YpaBHeHHE TEIUIONMPOBOAHOCTH A/l TEMJIOBBIPABHUBAKO-
meit iacTHe (puc. 3.12) ¥ COOTBETCTBYIOMME IPAHMYHBLIC
¥ HAaYaJbHHIE YCJOBHUS MMEIOT BHJ

i, o
H axz (x, t) =0y at )
ar, _ T _
ax|x=0 T ax Ix-b T
T(x,0) = 0, (3.43)

TAc

F(x, t) = ;l,r [ql(x, 1) — q,(x, l)],

T — TeMmmeparypa; { — BpeMs; ¥ — KO03((PHUUHEHT TErIo-
MPOBOAHOCTH; ¢ — YAENbHAS TEIUIOEMKOCTD; ¥ — ILIOTHOCTD;
d — TOoNmMHA;, ¢, H ¢, — TIOABOAMMBIM M OTBOOMMBIN
TEIUIOBHIE MOTOKH.
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Puc. 3.12. CxeMa TeIUIOBbIpaBHUBAIOLEH MJIACTHHBI.

Pemenue 3anaum (3.43) MeronoM paspencHUs MEPEMEH-
HHIX JaeT

2 [1 t b
T =73 ;ffF(ﬁ,f)dé‘dr +

© f
+ > Jexp [- (—) - r)] J P&, vycos - ededr x
n=1 0
X cos 7; x}- (3.44)

Uccnenyem maubosiee BaXXHBIH 118 IPAKTHKH CTALMOHAP-
Hu# pexuM. [Tomoxum

g — 4y x < a,

F(x, 1) = 3—‘ - x> a.

IMepexons B (3.44) x npeaeny { = «© M yYHTHBasd, YTO /4
CYIIECTBOBAHHS CTALMOHAPHOTO COCTOSHMS HEOGXOAMMO BBI-
noaHenue 6asaHca JHEPruv

b
[ FE, v)dt = 0,
0

nocae pspa npeofpasoBaHuMi ANS PAa3HOCTH TEMIEPATYpHI
MEXY LEHTPOM IUIACTAHB M €€ KPaeM NOJIyuHM
q1 a(b - a)

> (3.45)

AT = T(0) — T(b) =
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Orciona BRITEKAeT, yTO Mepenan TEMIEpaTypsl 00paTHO
NPOTIOPUMOHAICH TOJNMIMHE IUIACTHHBL. PaszMepol a w b B
dopmyne (3.45) yro6HO BHpazuTh uepes mwaOmAmH KACKanoB

S = 4a*, S, = 41, a g, — Yepe3 MOJIHBIA TEMIOBOH NOTOK,
TIPUXONAMWINK HA IACTUHY Q = g,5,. CaeposaressHo,

12 ([
AT_S%(S( R --1). (3.46)

1

Hainennas saBucumocts (3.46) mossosser ONEHMBATSH
HCU30TEPMMYHOCTD TCIVIOBBIPABHUBAIOMEH ruiacTunbl, I1ycTs,
HarpuMep, IVIOMAAKN KaCKagoB pasaMyarTrcs B 2 pasa. Torxa
npy TennosoM noroke Q = 50 Br nepenan remnepatyper Ha
MepuoH  mmactuae (= 400 Br/(m-K))  ronmmmoi

d = 1077 m Byzmer pasen 6,5 K.

3.6. 3ddexTHBHAA IIMHA HAKJIOHHOI'G TEPMOIIEMEHTa

B Hekorophix koncrpykmax T3B npuMensiorcs BeTEH
TCPMOIJIEMEHTOB B (DOpME HAKJIOHHOM npuamu [42 ]. B wacr-
HOCTH, BBIOOP Tako# hopMsl MOXeET GHITH 06YCIOBIEH cTpeM-
JICHUCM TIOBBICUTE TCPMHUUECKOE CONPOTHBIEHHE NOMYIPO-
BONHMKA (UPWO/IU3NB €10 K ONTHMAABHOMY TipH 3aJAHHBIX
TEPMHUYCCKUX COTPOTUBACHUSAX TETJIONEPEXOAOR), HE BBHIXOAS
3a onpenencHHbie rabapure. Kak nokasano B pasm. 3.4, 31a
UE/Ib MOXET TAKXE JOCTUTATHCH IOCPEACTBOM HEMJIOTHOMN
YHAKOBKH TCPMOJJIEMEHTOB.

Hockonrky pacnpenenenus remmepaTypsi u NOTCHINANA
B BCTBH TEPMOJIEMEHTA MOAOOHBI (C TOWHOCTBIC N0 HEHOIb-
woro eausEus 3ddexros Ixoyns u Tomcona), pemum remn-
JIOBYIO 3aja4y M BHUMCIUM 3(hpeKTHBHYIO AnMHY BETEH,
ONPCACTAIOMYI0 TCPMUUECKOE M 9JICKTPHUECKOE COMPOTHB-
naeHud, [inMHEA BETBM MOXET 34TEM HMCHOAB30BATHCH TIpH
pacuerax TOB B cucreme ypasmenmit, Tie yureHm Tepmo-
INCKTprYecKre ek TH, NEPEMEHHOCTE CBONCTE M T.II.

Pacnipeneserue remneparypu T(x,y} B BETBH HAKJIOHHOIO
Tepmodnementa (puc. 3.13) omucmBaerca auddepeHLAATb-
HBIM YPABHEHMEM
v "2
LA (3.47)

dx ay
€ TDAHMYHBIMH YCIOBUAMM HA CHATX
=T, y=0, 0<x<ag

0?

y=H, Htga <xs Htga + a (3.48)

17
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Puc. 3.13. HakJIOHHBIH TepMOaNieMEHT (KPMBbLIE C YHCIAMH —
W30TEpPMBI).

¥ HA TEIUIOM30IMPOBAHHBIX OOKOBHIX IpaHAX

aT oT
—cosa — —sina = 0,
ax ay

y=xctga, 0<x< Htiga,
y=(x—a)tga, as<x<a+ Htga. (3.49)

3Has pacnpenesieHne Temnepatypu T(x,y), MOXHO HANTH
a(b(PEXTHBHYIO AIMHY BETBH IO cbopMy.ne

= T5) / ( — dx] ; (3.50)

rne wmHTerpan Oeperca sm60 MO HUXHEMY OCHOBAHHIO
(y = 0), nubo no Bepxnemy (y = H).

Kpaenas 3anava (3.47)—(3.49) pemanace YHCAEHHO Me-
TOAOM KOHEYHHIX pasHocrer. [uddepernmanbunit onepatop
(3.47) annpoKCHMHPOBAJICS PA3HOCTHHIM ONMEPATOPOM HA ye-
THPEXTOYEUHOM mA6J0HE ¢ HEPABHHIMM IIATAMH CETKH IO
NEPEMEHHBIM X W y; INard BeIOMpanuch TakuMm o0pasoM,
yTOOH rpaHWIE PACCMATPUBAEMOM 001aCTH MPOXOAMIH ue-
pe3 yanau ceTku, CHCTEMAa pasHOCTHHX YPaBHEHHIA pelIasiach
METOJOM UTEPALM B COYCTAHMM C IIPONOHKOH BAOJb OCH X.

AHanu3 pesysbTaTOB PACYETa NMOKA3HBAET, YTO B MEPBOM
npubIMXEeHHM TEIUTOBOM MOTOK PacnpoCTPAHAETCs BAOIb 00-
pasymomei npusMbl (CM. M30TepMu Ha puc. 3.13), mosromy c
YBEJIMYECHHUEM JJIMHBI ~ 1/C0S @ MO TOMY X€ 3aKOHY YMEHb~
maercs 3¢xpexTMBHAS MIOIANL MNONEPEYHONO CEUEHHS.
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Tabunuua 3.2. 3arucumocts dyuxuun ¥ or YIji& ¥ OTHOWIEHME Pa3-
MEPOB BETBH TEPMOIJIEMEHTS

a «®

a 15 30 45 60
0,4 0,99 0,97 0,96 0,97
0,6 0,98 0,94 0,90 0,92
0.8 0,98 0,91 0,85 0,86
1,0 8,97 0,89 0,81 0,79

Orcrona sdbexrusnyo pmuy BeTEn YAOOHO TPEACTABHTE B
BUAC

3.5

rae dynkuus W yunTeiBaeT OTKAOHCHME OT 3aK0HA 1/cos’y
u onpenengercs uz (3.50) u (3.51) no pesyabraram umcncs-
HBIX pacueros (tabua. 3.2). .

ITonesyace nmonyuyeHusMu aHHBIMA, B KaXA0M KOHKpET-
HOM CJIyuae MOXHO JIETKO PacCUUTATE sthdexTusnyo pmry
BeTBY [ 10 dopmyne (3.51). dua y3koit BeTeu (a/H < 0,3)

W(a, a/H)y =~ 1 n, xak cienosano oxmnare, | = H/cosa.

3.7. BOKORO# TeruioodbMen
MEXAY BETBAMH TEPMOIIEMEHTOR

Heo6parumenii nepeHoc Temna or HarpeBaTens X XoJo-
AUJIBHUKY CHEXAET IPOHEXTUBHOCTD TEPMOXMHAMUYECKOTO
umKIa npeobpasoBanus sHeprum B T Ileperoc ocymect-
BIACTCH KaK MO BETBAM TCPMOJJIEMEHTOB (ROBPOTHOCTH
Oy NPOBOAHMKA OOPATHG HPONOPIMOKAIBHA Koahdunenrty
TCIVIONPOBOAHOCTH) , TAK M 10 TCIIOU3OISILUN MEXNIY BET-
BSMH,

Ilpu BrIBOME CHCTEMBI ypaBHEHMH AT MHOTOCTONRHOM Ka-
ckanuoir TOB (1.57)—(1.64) mpeanonaranocs, uro Terio-
BHIC IIOTOKM MO 3JICMCHTAM, NAPadJIC/AbHO BEAOYEHHBIM B
TCIVIOBYIO LETb, CYMMHPYIOTCH. DTO NpubAHXCHHE WMeer
YOOBJICTBOPATCABHYIO TOYHOCTH HJAS BETBEH p- W N-THUIIOB
TIPOBOANMOCTH ¢ GJMSKUMH 3HAUCHHAMY TENAO(MM3HICCKIX
CBOKCTB, @ TAKXE MPH PA3NHYAIOUINXCH, HO NOCTOSHHBIX O
KoopauHarte cBoicreax [44].

B peiicTeuTensHocTH Temnoduanueckue CBOMCTBA oy~
[IPOBOAHMKOB CYIIECTBCHHO 33aBUCAT OT TEMIIEPATYPHI, 4 B
COCTABHBIX (CETMEHTUPOBAHHEBIX) BCTBIX — OT KOOPAMHATHI.
TeMiepaTypsl COCEOHMX YUYACTKOB BETBEH B pEaibHBIX KOH-
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Puc. 3.14. PacuerHad cxeMa.
{ — peTBb p-THMOA, 2 — BETBb N-TN4; 3 — TEIUTOM3OILLNS.
’ *
CTPYKIMSX PA3JIAYAIOTCs, YTO MPUBOMT K MEPETCUKAM TCIl-
Na B NICHEPEUHOM HarpasieHuu. PaccMOTPUM BAMAHUE TAKO-
ro Ternco6MeHa HAa CYMMApPHBIM TENJIOBOM TOTOK, OIPERAC/IsS-
woupain KIT/1 apeoSpasosanns sueprun B TOI. INockomsKy
3apaHee M3BECTHO, YTO BIAMSHUC HEBENINKOQ, 6ynem npenebpe-
rath ApyrMMHA MAABMK O(dexramu, T.e. HCCILAYEM TONBKO
TerIoBYIo 3aaauy. OTMETHM, YTO ONPEACACHHUE TCPMUHCCKO-
0 COYIPOTUBJICHMS CHCTEMBI C TEPUOAMYCCKOH CTDYKTYpPO# B
HATIPaBNCHUM, TEPICHAYMKYISIPHOM PAciPOCTPAHCHUIO TEIIA,
TIPCACTABASET MHTEPEC TAKXE NPY AHANHM3E XAPaKTCPUCTAK
nakeror pebep ¢ AUCTAHNUOHMPYIOMUMY BCTABKAMMU 1451,
OTPaXAAXOUHX KOHCTPYKIMH ¢ “TCIVIOBBIMM moctamn® {461,
TEION3IUDYIONNX IVIHT ¢ APMATYPHBIMHI CTCPXHAMHA [47]
Wiy cwaossiMu Habopamu [48 ] w T.m
Ha puc. 3.14 noxasama pacyeTHas cxemMa — UEPeRy-
IOL(HECH BETBU p- # A-TUIMOB IPOBOAMMOCTH, PAa3NCACHHBIC
yakuMu (0 <€ g) CNOAMH TCIIOM3ONALMH. Pacnpenencnue
TEMIICPATYPHL B BETBSX OINUCHBACTCS YPABHCHUCM
: aT, ’ oTl;
L L Lo, (3.52)
dx * dx dy ' ady

3pech ¥ HVDKC HHAEKC { NPUHUMACT 3HAUCHWA i=p, I =n,
a koahbUIMeHTs TEIVIONPOBOXHOCTH »; 33BHCAT OT TCMIC-
paTyphi WA KOOpAuHATH y. Ha DOBEPXHOCTAX Y = 0 un
y = [ 3agaHbl TCMIEPATY Db

Ti |y=0 = To’ Ti gy:l = Tl’
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ampu x=0, a, a +9, 2a + J,... BHIOAHSIIOTC YCJIO-
BHMS HENPEPHIBHOCTH TEMIEPATYPH W TUIOTHOCTH TEIJIOBO-
o MOTOKa.

ITockombKy OCHOBHOM NMEPEHOC TEMUia NPOMCXOAMT B CHC-
TEeMe BAOJb OCH Y, OCPEAHHM TEMIIEPATYPY KaXIO# U3 BETBEH
10 €€ MOMEpevyHOMYy ceueHuio (koopamHare x). [lag aroro
npouHTErpUpyeM ypasaenue (3.52) mo x B npeaenax or HyJs
70 @ ANS BETBH p-TMOA M OT @ + O 10 2a + & Ajs BETBH
n-Tuna. Torna IS BETBH p-THNA NPOBOTMMOCTH HaXOMUM

S| w g |2y L
p ax |, ? ax dy ? dy ’
roe T — CPEelHEHHTErpaJbHAs MO CEYCHHIO TEMIEpaTypa.

Ana.nomquoe BHIPAXEHHUE CTPABENINBO /ISl BETBH n-THIA.

Ha 60KOBHX MOBEPXHOCTAX BHIIOJHIETCS YCJIOBHE HENMpe-
PHIBHOCTM TEIUIOBONO IOTOKAa, KOTOpPOE, HaNpuMmep, npwu
X = auod <« g AUMEET BHJ

oT aT %o
Mo ==
"y o ", -3— (T, =T )
3peCh #, — xoad:dmunem TEIUTONPOBOJHOCTH TEMJIOM30-

JISIMH. l'Ionaran T, T; m noacrasnss B auddepeHnuas-
HHIC ypaBHEHHS BHIPAXEHUS /IS NMPOH3BOAHHIX TEMIEPaTyp
Ha 6GOKOBOM TNOBEPXHOCTH, NOJIYYHAM CACAYIOWIYIO CHCTEMY

YPaBHEHKH /18 CPENHHMX MO CEYCHMIO TEMIEPATYpP BETBEH:

L - K(t, - t) =0,

dE’dE

d

dg dE +K(t -1)=0 (3.53)

C TPAHMYHBIMH YCJIOBHSMH
tp(O) =1(0) =0,

t(1) = £(1) = L. (3.54)

3necs BBeneHM Geapasmepusie mapamerpe: t;, = (T; — T,) /
/ (T, = T,) — Temmeparypa; & = y/l — KoopnuHATa;

#; = %, /% — KodUUMEHT TENIONPOBOAHOCTH (% =
= const — HEKOTOpOe XapakTepHoe 3HaueHwe); K =
= 2 ’/nad — xapaxTepuctuka Temwiomsonsuun (K =
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=( — amuabarumueckas rtemwrousonauus, K -» «© -— WU30-
J9UMA OTCYTCTBYET).

VcKoMas BCAMUMHA — TEMJIOBOM NOTOK, MEPENaBacMbiil
yepes CHCTEMY OT HArpesaresd K XOJOMUIBHHUKY. B Gespas-
MCPHOM BHJAC

¢ = %*jd—z"l + x*itﬁ
P dk " dE

CxnansiBag ypasaenus (3.53), nMeeM

d dt dt
| L+ —E = 0.
dE \ P dE nodE

Orciona JIEPKO HANTH BBIPAXKEHMC A/ TENJIOBOTO IOTOKA,
ecam k03dPUIUEHTH  TEMIONPOBOAHOCTH BETBEH BaBUCAT
TOJMBKO OT TEeMIICpaTyphL:

1
g = f(%; + 2 )dt.
0

TeruIoB0i MOTOK OKAa3aics HE 3aBuCAIMM OT mapamerpa K,
4TO MO3BOJASET CAENATh BAXHHIA IPAKTHYCCKUHM BBHIBOA — B
TAT ¢ oNHOpOZHHIMM (HECOCTABHHIMM) BCTBAMHA NpPH 1IPO-
MABOJBHOM 3aBUCHMOCTY CBOKCTB MATCpPHAJIOB OT TCMIIEpaTy-
phl GOKOBOJ TEMIOOGMEH HE BIMSCT HA ek TUBHOCTD TIPE-
06pa3oBaHus SHEPIMH. \

Ecin xe %; u %: — NPOM3BOJIGHBIE (PYHKIHM KOOPAMHA-
Tl £, TOMYUYNTh TOYHOE AHAJIMTHUYECKOE BRIPAXCHMC AJIH
noroka ¢ He yaaercd. OmHAKO CHCTEMA (3.53) npomyckaer
TOYHBIC PEINEHMS B Hauboaee MHTEPECHHX C [IDAKTUYECKOK
touky 3pcHua cayudasx K > 0 u K = .

Mpu K » 0
#i (&) . 1 1
{, = —, = N 4 y (3.55)
om0 T 0w,
anpu K » «
_ ., 9 s _ 1
L= =gy =D (3.56)
rae
3 £
dk | d&
w ==, v®=[5"=
9 %i 0 %p + H,n
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OucHKm TEIIOBOrO 1OTOKA B NMPOMEXYTOYHOH 061acTH
0 < K < » yno6HO NHpPOBOAUTH, NPEACTABMB 3aBUCHMOCTD
¢ (K) B BUIe cremeHHOro pspa. s 3Toro NIPOMHTErpUPYEM
(3.53) mBaxnel mo & M, yAOBAETBOPSIS TPAHUYHBIM YCIOBUSIM
(3.54), zanumeM cUCTEeMy MHTErpaNbHBIX YPaBHEHMM

4“,'(5) ld{";‘g
= || F K § — t —t)de'| +
RPN {H;f{(p W
£ e &
+ K [ i Ja - tyae, (3.57)
o % o

r¢ BEPXHMA 3HAK COOTBETCTBYET i = p, a4 HYXKHMH — | = n.

[Ipu K = 0 orciona cpasy cnenyer pacnpenesesHue TeM-
neparypst (3.55). [lpumnuMas ero B KauyecTse MEpBOrO pu-
OMMXEHUS M TIONCTABJALS B npasyno yacte (3.57), mHaiinem
BTOpOe npubimxenue u T.4. Torna BeipaxeHue A1s TEIIOBO-
ro 1oTroka Oyaer uMeTh BUI

1
& ® Kf /‘P(é) _ #n(«f)

g =q + PRORPRG dé + ...,

0
0

Ilpn nepemennslx m HecoBmagaoumx »* u x* JTUHEHHDBI
) n

UJICH PA3JIOXKEHUS ¢ B PN MO CTEHEHSM K BCErga II0-
JIOXHUTENCH. JTO 03HAYALT, YTO € YXYAIUICHMEM TEIJIOU30-
Aauun (K BO3pacraer) TemroBo#l motok uepes T yBeE-
JAUYUBAETCA, T.€. OOKOBOM TEIIOOGMEH BETBEH CHUXAET
SHEPTETHYECKYIO I(PPEKTUBHOCTS reHepaTopa.

PaccMoTpUM KOHKpETHHIEC 3aBUCHMOCTH koadumenTon
TCIZIONPOBOAHOCTY OT KOOpAMHATHL. [lycTs omHa u3 Bersei
CIUIOIIHASE, & APYTast COCTOMT M3 ABYX CEIMEHTOB:

I, 0<é<i,
= j J (3.58)

me 0 < § < 1,6 =z 1. ITogbopom napameTpos &, u 6 Mox-
HO MOAEMMPOBATH PEATPHYI) KOHCTPYKIMIO C COCTABHOM BET-
BBIO, IIPUYEM B TAKOM Caydae cucrema (3.53) mMmeer TOUHOE
pemenue:

c D shV2KE
tf" =G+ shV2KE,

1
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=cC b shV2K&
= €6 - shV2KE '

0<&<é;
) 20 2D shVB (1 - &
p=1- 1+0(1_§)+l+98h‘/F(1"5l)’
_ 2C 26D shﬁ(l-g)
e T g St S +0shVB (1 -&)’
E <E<,
TAe BBENEHH 0003HAYECHHS:

(1 + 6)*F
C= - ;
(1-67+( +86) [2 - &1 -0)]F

1 -6
(1 -6+ (1 +6) [2-51(1 -9)F’

F = 2K|:"7=;7Cth\f2_f§l + %Cth‘/p‘(l - 51)]’

1 +86
p=K e

3Has pacnpenesieHds TEMIEPATyp, BHIYMCINM TEIUIOBOM MO-
TOK 4Y€pe3 CHACTEMY

. 2(1 + 0)*F
T -82+(1+6) [2—&1(1 -o)]p'
[pu K - 0 u K -» o u3 (3.59) saxogum
. (1 +6) -1 -0)’
1 - §(1 -6)

. _21+6)
=2 g1 -9

q (3.59)

Tor Xe pesyabTaT MOXHO NOAy4YuTh, mnoacraBus (3.58) B
(3.55) n (3.56).
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Puc. 3.15. OTHOCHTEIIBHOE YBEJIMUEHHME TENJIOBOIO NMOTOKA 33 CYET
GOKOBOIO TeIJiooOMeHa.
1 —8=2,2—4,3—06.

Fnst ananusa BIMAHHA TEII000MEHA MEXIY BETBAME HA
xapakrepuctuku TIOT ynobro BBecTH BeMuuHy

* *
q, = 4,
r=—"F=

qO
E(1—-E)(1 -6y
[(1 +6) = £(1 - 9)] [(1 +6) + (1 - &)(1 — 9)] ’

PaBHYI0 MaKCHMAJBHOMY OTHOCHTE/IbHOMY YBEIMUYCHHUIO TEIl-
JoBoro noroka. Kak crenyer us puc. 3.15, npn makcumain-
HOM J/IS COBPDEMEHHBIX II0JlyIPOBOXHUKOBEIX MATEPHAJIOB
pasanunu KO3(hEOUIMEHTOR TENIOMPOBOAHOCTH CEIMEHTOR B
cocrapHou BeTu (6 = 4—6) y gocturaer 11—17 %. Ilpu
KOHCTPYUPOBAHMH TEPMOSJEKTPUUECKUX IIpeobpasopareneii
HEOOXOMMMO  NPOBOOMTH  AHANU3  3ABUCHMOCTH g (K)
(puc. 3.10) RS yMEHBIICHNS TEMIOBEX IIOTEPD COOTBETCTBY-
IOMM BBIOOPOM HAapaMETPOB TEIIOU30asLuu. TaK, Hanpu-
Mep, npu » = 4,5 Br/(m - K) (cnnaB kpememii — repma-
HUi) 1 pasmepax a = [ = 107% M 19 MCKIIOUCHUS TEILIO-

169



0,6

1 1 I 1

-
0 20 40 A

Puc. 3.16. 3asucumocts f = (¢" — g;)/(q,, = ;) ot K npu
E =05
I1—0=22—06.

obmena mexnay Berssmu (K < 1) ToMmMHA TENIOHM30HPYIO-
mero cios u3 cmoms (%, = 0,2 Br/(M - K)) nomxna ynos-
nersopatk ycaosuio 0 > 0,9 mm.



PEXXMMBbI PABOTbI TEPMOSJIEMEHTOB

4.1. OnTMMHM3aUMS TEPMO3JEMEHTA
NpH NepeMeHHbIX TeMIepaTypax crnaes

B pasa. 1.2 Obia nmpoBEAGHA ONTUMM3ALMS TO TOKY
momuoctd ¥ KITJl TepMocTonfuka mpy MOCTOSHHBIX TEMIIE-
paTypax crnaes. DTH De3yJibTaTh B IIEPBOM NpPHOHXEHHM
MOryT GBITh MCTOMB30BAHbI A1 OLEHOK XaPAKTEPUCTHK JIKO-
Goro TOT', MOCKONBKY BCJAEACTBHE MAJIOCTH TEPMOIJEKTPH-
yecknX 3PHEKTOB MO CPABHEHHIO C TEILIONPOBOAHOCTBIO TEM-
nepatypsl cnaes OOHYHO HE CWIBHO M3MEHSIOTCH BAOJb
BOJIBT-AMIIEPHOM xapakTepucTukm. [Ipu Gonee TOUHBIX pac-
yerax Takue M3MEHEHHsS HeoOXOMMMO YUYMThHIBATS.

BocnonsayeMcs ypaBHEHMSMH TemioBoro 6anamca Ha
cnasx TEpMOCTONOMKA EIMHUYHOIO NONEPEYHOrO CEUCHMS:

Tl—TO s 1 .2
q, = “_l_‘*‘ JaTl = ;J pl,
T -T 1
g, = ul—lo' + jaT, + ;jzpl. (4.1)

Jlanusie ypaBHeHus jerko o6o6mmte ans TIT, cocrosupmx
M3 NPOH3BOJLHOIO KOJIMYECTBA TEPMOIJIEMEHTOB, COAEPXa-
IOUX BETBM p- M N-THNOB npoBogumocTd (cMm. pasa. 1.4),
OQHAKO, YTOOH HE YCIOXHATh 0003HaueHus, GyneM mcnob-
30BaTh uX B Buzae (4.1). Orciona nerko HAUTH reHEPUPYEMYIO
MOIHOCTh, Hanpsxenne u KII:

w=gq, = q,= j(aAT - jpl),
v=w/j=alAT = jpl,
ﬂ = w/ql’ (4.2)

e AT =T, — T, — mnecpenag TEMOEpaTypel HAa CHoasx.
[TocsienHMe XapakTEPHCTHKH 3aBHCST OT IUIOTHOCTH TOKA J,
KOTOpasi Ao/XHA OuiTh BEIOpaHAa ONTHMATBHOM /1S 3alaHHOTO
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TWTA rpaHUYHBIX ycaoswil. Ipy sebompnux usmencHusax T,
n T, TO CPaBHCHMIO C NCPCTIAAOM AT MoxHO nipeHebpcub
V3MCHCHUSIMH CBOUCTB MAaTe€puata «, ¥ M p W CUHTATh HUX

MOCTOSHHBIMM, MOACTABJAS B OKOHYATE/IbHBIC BBIPAXKECHHUS UX
CPEAHCHHTEIPAJIbHBIC 3HAUCHUSI. ITO npubavxenune Oyaer
MCTIOJIb30BAHO B NMOCAEAYIOINX BbIYUCICHUIX,

4.1.1. 3a0annbie memnepamypol UCHOYHUKA MeENIa
U XON0OUNbHUKA

Temneparypbl cniaes T, u T, CBS3aHBI C TEMOECPATypaMu
UCTOUYHHKA TEIaa Tl’ U XOJOIMUJIbHUKA TO’ CJIEAY IOIUAMY

COOTHOLICHUSIMHU: |

g, = (T, — T) /&,

q, = (T, — Ty) /&, 4.3
e £ u §, — TEPMUYECKHEC CONPOTHB/ICHUS COOTBETCTBY-

romux remonepexonos. Ilpu § = § = 0 umeem pacemor-
DEHHBII paHee Cay4yail TOCTOSHHBIX TEMIEPATYp CHaes
(T,=T/,T,=T)). Ecmm xe §, = 0, §, # 0, To, mckmo-
yus u3 (4.1) u (4.3) HeusBEeCTHBHIE TEMIEPATYpH CIAEB,
HETPYAHO HANTH

1 X ! ! ’ ! b
4 =5[7(T1 - To) +:JaT1 (1 —]aEO) -

1
.....—.2
5 /Pl

~ .
1+2750v1a50) ,
1 [ad ! ! » 1 .
qo = Z[Y(Tl — TO) + ]aTO (1 + ]agl) +
1 M ,
+ Ejzpl(l + 2751 + ]aél) ,

w =1+ 3‘1—(51 +E) + jalE, — &) — jra%E,

M ONpeacauTh oTcIona xapakrepuctuky (4.2). OgHako Tenio-
BBIE TTOTOKHM YXE HE ABJSIOTCS KBAAPATMUHBIMU (DyHKIMSIMU
J, 4TO 3aTPYAHSET IPOBEACHUE ONTHMU3ALMH.

Jlns monyycHus TPUOIMXEHHbBIX COOTHOLIECHUH, YIOGHBIX
NpH PacyeTax, BOCIONb3YEMCS MANOCTHIO TEPMOITICKTPUYEC-

172



Kux 3¢dexToB, B YacTHOCTH Temia [IXoy/sd 10 CPaBHEHHIO C
TEmIOM, TEepeaaBacMbiM TEMIONpOBOAHOCTHIO. Kak u B
pasa. 1.2, nepedneM K HOBOH NMEPEMEHHOM M B COOTBETCTBHM

¢ opmysion

. aAT
I= oM+ 1y
Torpa ypaBHeHus (4.1) npuHAMAIOT BUA
"ATF ZTI | ZAT I
g = |t b ),
[ M+ 1 2 M+ 1)
= ﬁ.1 by T ! 4.4)
=" M+1 2+ 12 )
COOTBETCTBEHHO
a*AT? M
W= =y
Pl (M + 1)
= GAT —— 4.5)
ool =T :

Ucnonesys (4.3), nepermmem (4.4)
30M:

caepyomum obpa-

-

_ AT 1 + 2Tep z(ge8, — 9,§,) ZATM
ol M+ 1 2(M + 1) 2 + 17|
q, = ﬂ l + ZTC'P z(q()go - 0151) _ zZATM : (4.6)
0 ! M+ 1 2(M + 1) AM + 1)2-J
rac

T, = (T, + T})/2.

U3 (4.3) crepyer COOTHOMEHHE MEXAY MEPEnajioM Temmnepa-
Typsl Ha cmasx tepmocronbmka AT =T, — T, ¥ NOJHEIM

sagaHHEM mepenagoM AT' = T/ — T
AT = AT' — g, — g8,
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IMopcrasnsist CIOAa BHPAaXEHHAS VIS ¢, U g, U 0603Hayas uepes
&, = 1/ TepMuuECcKOE CONPOTHBIICHHE repmocronbuka, no-

JYYnM

AT T’
- ' pacitl J—

z(qo 60 gl - qlgi +* 005(2) - q 51 EO) zZATM
+ =2 +
2(M + 1) 2M + 1)

(gl ol Eo) *

Kak 6wuto mokasaHo pasee, cnaraemmie ~zAT B ypas-
HeHuaX TemwoBoro Oananca (remno [IXoysas) COCTaBASIOT
menee 0,1 or rmasHOoro wienHa. [IoCKOABKY B NEPBOM MpH-
6amxennn g, = g, = AT /§, nocaeaHne CraraeMuie B KBaa-
paTHHX CKOOKax ~ zAT(§, — &), T.e. MIMEIOT NOPSAOK Ten-
na JIxoyas W TPONOPUHOHANbHB DAa3HOCTH TEPMHYECKHX
CONMPOTHBJICHUM, KOTOpas B MNPAKTHYECKMX CAy4yasx Mana.
Ecnu nperebpeub STHMH YWICHAMM, TO BHIPAXEHUE IS Mepe-
nafa TeMnepaTyps Ha cnasx Oyaer uMeTh BHX

AT = M"j—“M+l 4.7)
EM+ A’
e
E=§,+E +&,

A=1+2T, (¢ +E)/E.

OueHKH TIOKA3biBAIOT, YTO MOrPemHOCTh npubamxenus dop-
My (4.7) B npakTHueckmx caydasx He Gomee 1—2 %.
Kpome TOro, BHAHO, YTO MEpPENaj TEMOEpaTypH Ha Crnasx
M3MEHSETCS BAOJH BOJIBT-aMMEPHOM XapakrepucTuxku. B pe-
xume xonocroro xoaa (j = 0, M = =) AT™ = AT'E_/§,
a B pexuMe Koporkoro 3ammkanus (0= 0, M = 0)
AT* = AT'E_/(AE). Taxum obpasom,
AT™

AT_’Q=A>L

N3MeHeHME nepenaga TeMIepaTyphl MPHBOAUT K M3MEHEHHIO
SOC wu, cneaosaTenbHO, HAKJOHA BOJIBT-AMIIEPHOM Xapak-
repuctuku. Iloacrasass (4.7) B (4.5), Haxoaum

E M
”=aAT'?nM+A
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Wiy, BeIpaxasa M uepe3 IOTHOCTH TOKA,
, En .
v = alAT F T jApl.

TTo cpaBHEHUIO CO CAyyaeM 3aJaHHOIO nepenana TeMiepary-
pPBl HAa CHadx, KOrAa HAKJIOH BOJIbT-AMIIEPHOM XaPAKTEPHC-
THKH , OIIPEAEJISCTCS JIAIIb BHYTPEHHUM 3JCKTPUUECKHM CO-
[POTUBJIEHUEM TEPMOCTOJONKA, NIPH HAJTMYMH TEPMHYECKHUX
CONpOTHBJEHMI OH Oombwe B A pa3 w®  paseH
(=0dv/djf) = Apl.

3nag nepenag temneparypsl AT, JIErKO BHIYMACINTD MOII-
HOCTD

, 6 M
w= z(AT') — ——— 4.8)
§ (M + A)

B saBucuMoOCTH OT NEpPEMEHHON M OHA MMEET MAKCHUMYM NpH
M = A ¥ coCTaBIsgecT

En 1
w = z(AT")* = 2 e (4.9

Buipaxenue (4.9) paer sHaycHME MOIHOCTH B paboued Tou-
Ke BOJIbT-aMICPHOH XapaKTEPHUCTHKM AN TepMocToabuKa c
goicoroit [. IIp¥ ONTUMM3AIMOHHOM pacuye€re ITY BBICOTY
HY>XHO BHIGpaTe Takum o0pasoM, 4TOOB MOIHOCTH ObLia
MakcuMaiapHa. Ecaum BBecTHM 0€3pasMepHYI0 IICPEMEHHYIO

=&/ (§, + &,), NPONOPUHOHANEHYIO BHICOTE [, To popmy-
aa (4.9) npumHUMACT BUJ

_ (AT P
T4 HE) (x+ B)(x+ 1)

(4.10)

e B=1+ zT’
OnTHMATEHOE 3HAUCHUC NECPEMEHHOHA X ONpEniesiuM U3
ypasuenus ow/ dx = 0:

x=VB ,
Z{(AT'Y 1
w =
max o4k + &) (1 + VBY
CoOTBETCTBYIONIAs ONTHMA/IbHAS BHICOTA TEPMOCTONOMKA

= (&, + £,)VB. 4.1D)

onr
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OHTHMHB&IH’IH MOIMHEOCTU B 3aBUCHMOCTHA OT BERICOTHL TCPp-
MOCTONIOMKA WMEET nPOCTOR (PUIMYCCKUU CMBICH. Ecnm moj-
crasuth (4.11) B (4.7), 10 npu Manoit noGporrocTN TEpMO-
JACKTPpUYCCXOro marepuana {(dopmansro z -» () noayuum
AT = AT' /2, r.e. BBICOTA TEPMOCTOAGHKA NO/DKHA BHIOU-
patbcd TakmM 00pasomM, uTOOB JIEpenag TeMmaepaTyps Ha
cHasx ObuT NMPUOAM3UTE/ILHO PABEH TIOJOBMHE TIOJHOTO mepe-
naga AT'. I'enepupyemasd MOIIHOCTb NMPUA NAHHBIX TEPMHU-
ueckux conporusnenuax § w &, Gymer MakcumansHol. Eciu

xeé =& =0,r0l  =0mnmw, - » 1Te ¢ ymessme-
HHEM BBICOTHL TCPMOCTOJNGMKA MOIIHOCTD HEOrPAHUUYCHHO
BO3pPACTaeT.

B npuseneHHbix OpPMYJaX HC YUUTHIBAIMCH IOTEPU
MOI[HOGTH HA NaPasUTHBIX IEKTPHUECKUX CONPOTHUBICHY-
9X -— KOHTAKTaX, MUHAX, HOAKOMMYTALUOHEBIX CI09X U
T.A. YKa3aHHBIC CONpPOTVBICHMA HE 33aBUCAT OT BBICOTHI TED-
MOCTO/IOMKA, TOITOMY UX YYET CBOAUTCH X 3AMECHE B MCXOJi-
HHX YPAaBHEHHUIX TEIVIOBOrG 0anaHca yHENbHOrO 3AEeKTpHuYc-
Ckoro conpormenacHus p Ha p(l + vy’ /[), roe mocroanuasg v/’
UMCET Pa3MEPHOCTH AmHbL Toraa yAcKeHAS MOMHOCTE Oy-
HET pasHa

2(AT'Y &
4E, + &y (x + i)z(x )+ x(x+ DB~ 1) ’

rae

1

-

Jdnddepennupys w M0 x M NPUPABHUBAS NPOU3BOJHYIO HY-
JIKO, HaxOmMM YPAaBHCHUC TPETHCH CTCHEHHM OTHOCHUTCIABHO
fe3pasMepHON BHICOTH TEPMOCTONONKA

X~ x(2y + B) — 2y = 0. (4.12)

Harepecyroummii Hac Xe#CTBUTENBHBIA KOPEHb 3TOTO ypaB-
HeHus (tabs. 4.1) Beiuncagerca mo dopmyne

S Ny
2y + B 1 2+ B)
x =72 ““TCOS garCCOS Y 5 . (4.13)

B uvacraoM cnyuyae y = 0 u3 (4.13), a Takxe HEnocpeucT-
BCHHO u3 ypasrenus (4.12) cneayer nosyuyeHHBIA BHILE
peaypTaT x = VB. Ecau Xe 3HAUCHHC ¥ OT/JMUHO OT HYJIS,
HO MaJI0, pacyeTsl MOXKHO YHIPOCTHUTH, PA3TOXUB X B PAX 110
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Tabnuua 4.1. 3aBHCHMOCTh KOpHN ypasHenus (4.12) or Bu y

B
i 10 11 12 13 14 15
0 1,00 1,05 1,10 1,14 1,18 1,22
0,1 1,17 1,21 1,25 1,29 1,32 1,36
0,2 1,31 1,34 1,38 1,41 1,44 1,47
0,3 1,42 1,45 1,48 1,52 1,55 1,58
0,4 1,52 1,55 1,58 1,61 1,64 1,67
0,5 1,62 1,65 1,67 1,70 1,73 1,75

creneHaM y. OrpaHMuMBasCh JMHEHHHEM wWieHOM, Oymem
UMETH

' 1+ VB
xz‘fﬁ_(l-i- iy y).

l'Ipn y < 0,1 norpemHrOCTs AAHHOK (DOPMYJIBI HE MPEBHIAET
1 %.

Bauuncium  KITJT TCpMOCTOJl6HKa, ANd 4YEero PpasfciuM
MOmHOCTH (4.8) HA NOABOAMMBIA TETJIOBOM MOTOK ¢, (4.6). B
NOC/IEAHEM BBIPAXEHMHM OTOpOCMM  Majoe  Cj1araemoe
~zAT(¢So - £ ,) B 3aMEHMM MNepenaj TeMNnepaTyps Ha cnasx

AT ero 3sauenueM (4.7). Torpa

6 (M + 1)X(M + A) 2T,

, 5n M B
+ AT F o l)(M+A)]} : (4.14)

OnpeaesuM ONTAMAJbHOE 3HAUCHHME nmapameTpa M, mpu Ko-
topom KIIJI makcumanen (pexum MakcumanbHoro KIIID).
U3 ypasuenns oy /oM = 0 crenyer

M = VA VB. (4.15)

[Moacrasnss (4.15) B (4.14), nonyuum dopmyay ans max-
cumansHoro KI1

& M-YA
E M+ T &
T+ - VDT F

Jlerko y6ematbcss B ToM, uto mpu &, = & = 0 ona nepe-
xomut B (1.14).

n = AT’
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4.1.2. 3a0annblii nOOBOOUMBIE Menao8ol NOMmokK

Ilpr NOCTOSIHHOM TEIUVIOBRIEJICHHM B MCTOYHMKE TEIa,
HANpUMep 3a CUET pacnaja paguOaKTHBHOIO M30TONa, TJIOT-
HOCTh TEIUIOBOro moroka Ha “ropsuem“ cnae TII' Takxe
nocrosHHA. EC/AM OXJIaXACHHE APYroro cnas mpoTeKaeTr [o-
CTATOYHO MHTEHCHBHO, TO €r0 Temmnepatypa 0;m3ka K remne-
paType XOJOAWIbHHMKA, T.€. SBJISETCS TOCTOSHHOW BEJIUYHU-
HO#M, HE 3aBHCAIIEN OT TOKOBOIO pexuma. Toraa rpaHHvHBIE
YCJIOBHMSI, KOTODHE COBMECTHO C YPAaBHEHHSMHM TEMJIOBOIO
6ananca (4.1) ommcmBaior pabory TepMocTonbmka, MMEIOT

BUJ
g, = const, T, = const. (4.16)

3neck Tak Xe, Kak ¥ B NPEABAYIIEM CJIy4Yae, MOXHO HAUTH

HEM3BECTHYIO TeMmmneparypy “ropsuero” cmas 7| U BBIYHC-

JIMTH BCE JHEPrETHYECKME XAPAKTEPACTHKA B 3aBHCUMOCTH OT
IUIOTHOCTH TOKA J.

Ins ynobcTBa MOCJAEAYIOMEN ONTHMHU3ALMA MPEACTABHM
ypaBHEHME TerioBoro 6ananca Ha “ropguem® cmae:

arf Ay o M+
Q9 =F ZAP
17 &y M+ 1 2AM + 1)

u orbpocuM NOCJENHWH UYJIEH, UMEIOMMA TNOPSAOK Temja
JAxoyns (~zAT). 3T0 no3BONKET BHIPA3UTh MEpenaj TeMmne-
paTypH Ha Cnagx CIexylomuM obpasom:

M+ 1

Tp 4+ C°

AT = ¢

mme C = 1 + 2T,
Toncrasasis ero 8 (4.5), HAUAEM MOIIHOCTh M HANPIXCHHUE!

2
a 2 M
w=— T
ol (9w (M + ¢)
" :
v=agf P (4.17)

Ilpu g, = const pexuM MAKCHAMAIbHOM MOIIHOCTHA COBNAAACT
¢ pexumom makcumanbroro KII[, mockoasky 7 = w/ q,-
Iuddeperuupys w no M ¥ NpUpaBHABAS MPOU3BOAHYIO HY-
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0, TOJYYHM
M= C,

2
it 2 1
Wmax = pl (qlgn) ol

[MocnenHss BEIMYAHA HE MMEET ONTHMYMA 1O BHICOTE TEPMO-
cToMKa; NMpH NOCTOSHHOM TEIVIOBOM MOTOKE € YBEIMHC-
puem | MOIIHOCTb BO3pacTaer, uTo OOBSCHSETCS yBEIHUE-
HMEM NEPENnaaa TEMNEpaTypsl Ha Cnasx.

Ecau B (4.17) Bmpa3uts M uepes j, TO BOJAbT-aMNCpHAL
XapakTEpUCTHKA NPHHAMAET BHI

V= 0015,, - JCPI.

T.€. B TIPUHATOM TPUOIMKEHHH SBAFCTCS NpsAMOii ¢ HAKJIO-
Hom (—dv/0j) = Cpl.

Cneayer OTMETHTb OAHO BAaXHOE 06cTOSTENBCTBO, KOTO-
poe HE BCEIAA YYMTHBACTCS INPH HMCC/ICAOBAHWH DPEXMMA
q, = const [32, 49, 50 ]. [TockobKY COOTBETCTBYIOMMM I1OA-
60pOM BBICOTH TEPMOCTONOMKA MOXHO TOTYHHTDH mobyio
temnepatypy “ropsuero” cnas T, Hapsay ¢ aHATH3OM Mo~
poctn u KITJI HYXHO YyYMTHBATH BO3MOXHOCTb JCrpafauyu
XapaKTEPUCTHK NEHEPAaTOpa NMpH BHICOKMX TEMMEpaTypax. B
CBSI3W C 3TUM TemmepaTypa T, OrpaHuUCHa CBEPXY HEKOTOpOH
TPEAEABHO AOMYyCTHMOM remnepatypod T, ... TAKOW, 4YTO
crabunsuas pabora TOI' B TeueHME 3aJAHHONO CPOKA CITyXK-
61 Bo3MOXHA b nipu T, < T, ... Jlng TOro yrobp MO~
HOCTH GbLIA MAKCHMAJIBHOM, TEMNEPaTypy 06H4HO BuIOMpaloT
paBHOM MPEACJABHO pomycrumoit: T, = T, ...

Taxum 00pa3oM, OKA3nBACTCS, YTO OJHOBPEMEHHO C 3a-
NAHHHIM TEMJOBHM MOTOKOM 3aJaHBl TAKXE TEMICPATYPhI
cniaep. CenoBaTebHO, NPH NPOEKTHPOBAHME PaIHOM3OTON™
poro TOI' MOXHO NOJB30BATHCS COOTHOMECHMSMH JUId Pe-
xuma Makcumanssoro KIJ, r.e.

T =Ty M-

'l—
T T
1 2
M°+Tl
U
¥ 1
M=M= 1+ 2 7

3areM, noacraBnss M, B yPaBHCHHE TCILJIOBOIO 6anamuca,
JIErKO ONPEAEJUTh TCOMETPHYECKHE PasMephl (nnomans no-
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MEPeYHOr0 CEYEHMs M BHICOTY), KoTopeic ofecneuar pabory
TOI' B JAHHOM PEXHMME, 2 MMCHHO: MAKCMMYM MOIIHOCTH M
KIIJ npu ycnosuu 7', = T, ...

Ecam Teneps m3rotoButs 1O B COOTBETCTBHM C yKa3aH-
HBIMM pasMepaMM M M3MCPHTh €r0 BOJbT-AMIICPHYK) Xapak-
TCPUCTHKY NPH ¢, = cONst, TO B TOYKE M = M, remnepary-
pa T, Gyner passa T .. , @ 9KCIIEPHMECHTA/IbHHC JHAYCHUS
W H 7 coBrmaayT ¢ pacueTHmmu. CMewasach BAOJIb BOBT-AM-
MepHOil XapakTECPUCTHKH, OOHAPYXHMM, YTO B ACHCTBHTCIIb-
HOCTH MAaKCHMYyM MOLHOCTH JIEXHUT B6/1M3n
M= C =1+ zT,. OgHako B TakoM CJy4ae Temmneparypa
“ropsuero” cnas Oyaer BuuE, MOITOMY MEPEXOA M3 pexXuma
M = M B pexum M = C sanpemen ycaosuem T\ < T .

Urak, npu mpoeKTHPOBAHMHM IEHEPATOPOB C ¢, = const
HYXHO MOJB30BATLCS (DOPMYJAMH, NOJYYCHHBIMH ONTHMH-
sanued  TepMocToNbMKa C TOCTOSHHBIMK TEMIEPATypaMm
crniaes. BMecre ¢ TéM COOTHOMICHMS, NPUBEJCHHBIC B HACTON~
EeM pasjesne, MOTyT OKa3aThCsi NOJIE3HBIMM JUIS aHA/IM3a
9KCIIEPUMEHTAIBHBIX XapakTepucTuk paamonsoronaux TIT.

4.2. Pacuer TOb
U3 CerMeHTUPOBAHHBIX TEPMOIIEMEHTOB

Paccmorpum Gonee moxpobxo Bompockl Bebopa reomer-
PHYECKMX PA3MEPOB M JHEpreTnueckux xapakrepuctux TOB
PagMOM30TOMHOIO IeHEpaTopa, AS KOTOPOro 3aaaHbl MOA-
BOAMMBINA TCIVIOBOM MOTOK M TEMMEpaTypbl, ONPCACALIOMME
CPOK CyXO0nl.

B IOMOMHEHKE K MOAXOAY, MCMO/Ib30OBAHHOMY B pasa. 4.1
ANS MCCICAOBAHUSA PEXMMOB paloThl TEPMOIJIEMEHTOB M Bbi-
SBJICHHS WX OCHOBHBIX 3aKOHOMEPHOCTEH, COrJIaCyeM nocra-
HOBKY 3ajiaum ¢ Tpe6oBaHMAMH, NPEALIBAIEMBIMHM K ONTUMH-
3aLMOHHOMY pacyeTy, KOTOpHI BHIMOJHSACTCS MpH NpO
eKTHPOBAHMM KOHKpeTHhX KOoHCTpykuui TIB. [Mpm Takom
pacuere HeoOX0auMO BuIGpaTh pasMEphl TEPMOIJIEMEHTOB M
MX KOJIMYECTBO, ofecneuuBalOmue 3alaHHBIA TEMNEpaTyp-
HBI PEXAM, HANPSOKEHAE M MakcuMym momuocTH win KIT/T
C YYETOM YTEYEK TEIIAa NO MOKPHTHAM TEPMOIICMEHTOB,
ONCKTPHUECKAX M TEPMMYECKHX CONMPOTHUBJICHMH KOMMYTa-
w1 wsonsumn. Ecam ans noswmmenus KITI npeo6paso-
panus oHeprum B TOB npuMeHsIOTCs CErMCHTHPOBAHHBIC
(MHOTOC/IONHBIE) TEPMOINIEMEHTH, TO INPU PEIICHAW 3a0auM
ONTHMM3AIMHM YXE HCAb3s NOJb3OBATHCH Merojamu [S1—
53], NpEANOXEHHWMMM AAS PAcyeTa MHOIOCAOMHBIX TEPMO-
9JIEMEHTOB C 3aJaHHBIMA pa3Mepam.
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ITycts paccmarpusaemass TOB cocroumr m3 N cermes-
TUPOBAHHBIX TCPMOJIJEMCHTOB (IO OBA CEIMEHTA B KAaXXIA0M
BCTBH), COCAMHEHHBIX B IOCACAOBATEIbHYIO SJIEKTPUUECKYIO
enb. TerioBoit moTok Q,» BHOENIEMBI PagMON30TONHBIM

MCTOYHMKOM TEIIA, TEMIEPATYpa mcTOUHMKA T, Temmepa-
Typa XOnoguIbHMKA T ¥ MPOMEXYTOYHBIX CIAEB (CTHIKOB
CErMEHTOB) T, (i = p, n-THN BeTBEH) 3a4aHBI, TPUUEM TO’
3aBUCHT OT yCJIOBHHU OTBOAA TCIJIA ¥ KOHCTPYKUMH T€HEPATO-
pa,a T/ uT; — or tpebyemoro cpoka cayx6er TIB.

Cucrema ypaBHenuit Gananca Tera (cM. 1. 1) Ha crmagx
TEPMOIIEMEHTOB UMEET BH:

Q=0Qum =81 -T)/; (4.18)
0= NZ Fli(Tl — TS /Ly, + Ja T, —
i=p, n
~ (JPL/28)p,; ¥, yK] +Qy; (4.19)
Qs = (Noy /LYT, — T)Ss; (4.20)

wi (T = TS,/ Ly; = %, (T, - TS/ L1 — y) =

= J(ay = )T, — (J'L/2S) [/511' N yi)] Yo

4.21)
Q-W= S(T, — TO’)/EO. (4.22)
3mece ( — TENIOBOM TOTOK, TOXBOAMMEIH K TOB;

n.=1— (AAT'/Q,) — mernosoit KIIJ T3T; 1 — npuse-
ACHHBIN KOI(DOUUUEHT TCI/IONPOBOAHOCTH TEPMOM3OIAILAN
(71 AT = T - T); § — nomsas nnowans TOB; T, u
T, — TeMuepaTypel CHacs; 51 34 50 — TEPMMUUYECKHUEC CO-
IPOTUB/IECHUS TEIUIONEPEXONOE HA CHAsIX; &, X M 0 — KO-
abuimentar TepMoAC, TEMNONPOBOAHOCTE M YACALHOE
9JICKTPUYECKOE COMPOTHUBJICHUE, BBIUMCIIEMBIC [0 METORY
CPCAHUX MAPAMETPOB; §; — MJIOWIAAL MOMEPEYHOrO CEYEHHS
BETBYM; [ — mNONHAs BHICOTA TCPMOJJIEMEHTA; y, = L,. /L;
L; — BrpICOTA CETMEHTA, PAabOTAIOWIETO B MHTEPBAJIC TCMIIEpa-
Typel OT T’ o T';; J — TOK uepes TOB; Y, — Koodbunmenr,
YUUTHIBAIOMWN 3TCKTPAYECKOE COMPOTHBICHHE KOMMYTALMAN;
Qs — MOTOK TEmIAa MO MOKPHTUIO TOJNIIHHON O H, —
KO3((DPHLUMEHT TEMIONPOBOTHOCTH MOKPHITHS, S s — TUIOIajh
HNOKpHITUSA; W — 3aekTpuyeckas mowuHocTs T3B. Mamexcs
1 u 2 orHocarcs x cermeHrtam, paGoTalOIMM B MHTEPBANax
Temueparyput 7, T; u T;, T, COOTBETCTBECHHO.
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[Mosnas naomans TOB pasHa cymMMe nuiomaney nonepey-
HOTO CEYEHHWS NOJYNPOBOAHMKOBHIX BETBEH H 3aIMTHOIO
NOKPHITHS:

S=N(S, + S, + 5,

OpUYeM A8 TEPMOIEMEHTa, MMEIomero ¢opMy npsamMo-
YIOJILHMKA CO CTOPOHAMH a4 M 24,

S, = 83(I(S, + S,) /21 + 4},

JIns 3AEKTPHYECKOH MOLIHOCTH ¥ BHIXOXHOIO HAanpsxXcHus V
HMCEEM:

W =1JV,
L NZ {ai (JL/SI) [pu Vi + Pz: (l o }’,)] }'K};
R 4.23)

_ 1 1 i
B { a,; (T)dT + [ a,, (T)dT|. (4.24)
i

T,

Cucrema ypasuennit (4.18)—(4. 23) npeacrasaser coboii
uacTHEIM cayyai cucreMsl (1.57)—(1.64) u MOXeET pemwaThes
YUCJICHHBIMM METOAAMHM C HCIOJb30BAHMEM AJrOPUTMOB,
onucaHHux B pasa. 1.7. Bmecre ¢ Tém BBHAY TOrO, 4TO
CpeHME CBOMCTBA MaTepuasoB 1ab0 M3MEHHIOTCS NpH HE-
GoMBIINX OTKJOHEHMAX TEMOEPATyp Chnaes, TONIMMHA IO-
xpmma 3HAYNTENBHO MEHbIIE JMHEHHHX Pa3MEpOB BETBEH
(0 < VS ) ¥ TEPMHUYECKHE CONMPOTHBJICHHUS TEILIONEPEXO0A0B
MaJbl 110 cpaaneamo C TEPMHYECKHM COMPOTHBJICHHEM TEP-
MO3/IEMEHTA, ITY CHCTEMY YPaBHCHHMI MOXHO PELIMTh MpH-
GAMXEHHO, OrpaHMYMBAACH JIMHEHHBIMH WIEHAMH NO YKa3aH-
HbIM 3pdexTam.

Kak yxe orMeyanoch, TEMNEPATyphi MPOMEXYTOYHBIX
cnaee T; OOBIYHO 3ajalOTCS, CJEAOBATEJIBHO, YPaBHEHHE
(4.21) MOXeT CAYXWTb ANAS ONMPERENECHHS BHICOT CErMEHTOB
(6eapasaMepHBIX BeaMuMH ;). Pemast ero MeTomoM BO3my-
meRui (4ieHBl, COACPXAIIHE TOK, Majbl) M TNOACTABASS
3HaucHue y; B (4.19)—(4.23), nonyuaem

Q= Nz r (T, - T)S;/L + J&T, -

_p n
- (J’L/2S)) p,.yx] + Qy (4.25)
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W = JNE[ - (JL/S;)p; yx]' (4.26)
i=p,n

Y = ya{l + UL/S)Y [a = 9) /%% (T, = T)] By
(4.27)
rac
Y =" (T, = T)/% (T, = T

ectb pemenne ypasHenus (4.21) mpu J = 0 u BBEAEHH
CpemHME a8 coc'rannoﬁ BETBH cnoﬁc'ma'

n, = Tl T f »,; (T)dT + f ®,; (T)AT [; (4.28)
T;
r T
_ 1
Pi= ST 12 fnup“- dT + fxzipﬂ dT|.(4.29)
x’i(i 0) T; A

IMockosieky Temneparypnl cnaes T, W T, HEN3BECTHHI, B
ypaBHeHusx (4.25) u (4.26) He06xommo nepeﬁ'ru K 3ajaH-
HHIM TEMIEPATypaM MCTOYHMKA Tersa 7', M XONOAWIbHMKA
T,. Dns aroro yao6HO BOCTIOMB30BATHCS oneparopawm cMme-
merms

P, , = exp [-(T,,'o - T, ) (3/3T,, )], (4.30)

KOTOpHE TMO3BOJASIOT B KOMIAKTHOM (hopMe mNpEACTaBAATDH
paznoxenus Gysxumit B psaw Teinopa. Toraa

T, T,) = P,PQ, (T} To); (4.31)
W(T,, T,) = P,P,W, (T., T}, (4.32)
34€Ch
0, = Nz [(Tt,.AT'/L)S,. +J@a, T, —(J*L/2S))p, yx] +0,,
i=pn

W, = JNz rAT’ (JL/S)) B, yx]

i=p,n

a CBOHCTBA TEPMOICKTPHUECKMX MATEPHATIOB, XapaKTEpPHU3y-
EMHE TAapaMeTpaMu %, &;, p;, U Q, BHUKCISIOTCS nO (op-
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mynam (4.28), (4.24), (4.29) u (4.20) npn T, =T u
T, =T,

[Tosb3ysich MaJIOCTBIO TEPMHUUYECKUX COMPOTUBICHHM &, M
&, MO CPaBHEHMIO C TEPMHYECKMM CONPOTHB/ICHHEM TEPMO-
anemenTa, onepatop (4.30) MOXHO NMPEACTABHTHL B BUAE

Pymli— [(T;,o- Tl,o)a/arlzo].
Orciona
PP, =1~ (T, = T)3/dT, — (Ty — T)a/dT,.  (4.33)

[Mpamenss oneparop (4.33) B ypasuenusx (4.31)—(4.32) u
yunaThBas coorHomenns (4.18)—(4.22), noxyvyaem cucremy
JMHEHHEIX YpaBHEHMH Anas onpeaeneHus Q m W, mnocne
peImIEHHs KOTOPOW B YKA3aHHBIX MPUOJIMXEHHSX M CyMMH-
posaHus 1o i 6yaeM UMeTh

Q= N[(Ea‘b AT'/L)S, + J @ 4T} -
— (’L/2S)by ‘yx] +Qy (4.34)
W= JN[oTad, AT’ — (JL/S,) pog, yx], (4.35)
rac
Hopp = (1 = &), @y =a(l - §),
op =Pl +2TLE), =%+ W%,

i

a=a,+a, p=p,+5,/%
E=nE +E)/L1+Y), z= a’ /APy
W= S,/S, T4 = (T +T)/2 (4.36)

AHANIOrMuHLIN NMEpPexXon OT TEMINEPAaTyp CNacs K TeMnepa-
TypaM HCTOYHWKA TEIUIAa M XOJIONWIbHHMKA B Gopmyne mis
pacyera BBICOTH CErMeHTOB (4.27) B Tex X¢ mpuOAMXEHHIX
nacr

y; = ¥ {1+ UL/S) (B, /2%) [(1 = yﬂ.)/AT'] (s, /s,.)z},
(4.37)

TAE y,; BHIYHCJICHO NpH T, = T;, T, = T,

Taxum 06pa3oM, ypaBHEHHS TEMIOBOrO 6anaHca HA crasx
T3B, cocrosmell W3 CErMEHTUPOBAHHBIX TECPMOJJIEMEHTOB,
CBEJIEHH K YPABHEHMSIM /15l OQHOCJIOHHONO TEPMOIIEMEHTA C
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ohdeKTMBHEMHA 3HAYCHUSIMU KOIDPHUUHMEHTOB X, & U
(4.36), 4TO 3HAUMTENBHO YNMPOMAET PACYET M ONTHMH3ALHMIO
T3B.

Haitnem Tenepbh pacyeTHHE COOTHOLICHUS IS MAaKCH-
masbHOM MommuocTH, KIIJl, reoMeTpHyYecKHx pa3mMepoB Tep-
MO3JIEMEHTOB ¥ MX KOJMYECTBA NpH Q= const ¥ 3aJaHHOM
Hanpsxcuuu V.

Buuucias u3 ypasHenus (4.34) miomane S, W onTH-

MH3MPYS MOLIHOCTD MO TOKY ¥ OTHOICHHMIO IUIOWAAEH momne-
peuHoro ceueHus serBed W, sanumeM (KaK W BHIIC B JTHHCH-
HOM MpuUOJMXEHMHM MO MAJIBIM TONPAaBKaM) MAaKCHMAJIbHYIO
momuocTs TOB u koadbduument npeobpasoBaHus TeEmwa
(cymmapnmnii KIIID 7:

W= Qm 1 =nam,(1 — ME), (4.38)
rac
1, = (AT'/T) [(M - 1)/(M + T/T))],

s =[(VT+D - 1)/(VI+ D + 1)] (1 - ),
D = #M(1 — b)/x,(1 + ¥ )b,

b= (8*N/Q,) (#,AT'/L),
M=V1+:T,, ¥ =V&p5,/%,p,.

Kak cnenyer u3 (4.38), koadduuuent npeobpasosanus
renia B paagmom3oronHoM TOI' paBeH NPOM3BEACHHIO ue-
THpex coMHOXHTeneH: makcumanbuoro KIII #, (1.14) B

wnTepBane Temneparypu ot T, mo Ty; Temosoro KIIZL TII
7, YYMTHBAIOWENO NOTEPH TEINIA OT WCTOYHWKA, MHHYS
Gatapero; koapduuuenTa ucnons3opanus remwia 8 TIb 77, u
muoxutens (1 — ME), yyuTHBAIOMErO TEPMUYECKHE COMPO-
THBJICHUS TEIUIONEPEXOAOB.

KoauuyecTBO TEPMOINEMEHTOB, OOECTICUMBAIOMMX 3a/aH-
HOE HanpskeHHWe V,, W WX pasMEpsl HAXONUM W3 (4.34),

(4.35) u (4.37):
N=[VyM+ 1)/aAT'M) {1 + [(M + 1)/2] &},

S, = [Q“az,n,qd IV, 7(M + 1)]{1 + [M(M - 1)5/2]},

L= yT,.L{l + [(M - 1)/2(M + 1)] (AT'/T,,)(1 - yn.)}.
: (4.39)
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Ta6nwmuya 4.2. 3asucumocts pasmepos 1 KITJ TIB or napamerpa §

¢ e N Ly om Ly o "%
0 |0,123/0,126 | 122/125 | 1,152/1,146 | 1,011/1,012 | 8,23/8,21
0,05({0,124/0,128 | 129/132 |1,146/1,146 | 1,010/1,012 | 7,68/7,68
0,10| 0,125/0,127 | 136/139 | 1,141/1,146 | 1,008/1,012 | 7,18/7,15
0,15/0,127/0,129 | 142/146 | 1,136/1,146 | 1,008/1,012 ( 6,71/6,63
0,20/ 0,125/0,130 | 151/153 |1,133/1,146 | 1,008/1,012 | 6,28/6,10

n pHEMENAaHMHNEC Yucnuresns — TOMHOE PeIicHME, IHAMCHATSIL — pacueT Mo

dopaynam (438) u (4.39). Pacver nposopmicR IR ¢ e- W HHAKOTEMIIC
Mm?moa ([6] x)lpn Q(" =)200 Br,Vog=10B, T{ =700 K, 7§ = 30 K, T, = T,,p:%gbi?,
é=02mmxg=18Br/(m-K),L=2 cm.

[Noayuyennsie ¢GOpMYJIbl NO3BOJISIOT NPH NPOEKTHPOBAHMH
paguon30oTonHuX TOI' 3HAUMTENILHO YMEHBIUMTH TPYAOEM-
KOCTb ONPEAE/IEHAS OCHOBHBIX XaPAKTEPHCTHK MO CPABHEHHMIO
C YMCJEHHBIM DEIICHHEM HCXOAHOM CHCTEMBl HEJIMHCHHBIX
ypaBHernnii. CpaBHeHME PE3y/IbTATOB pacyera ¢ TOYHBIM pe-
menueM (Tabn. 4.2) NOKaspBACT MX YAOBJETBOPHTEJIBHOE
cornacue. Tak, HanpuMep, MaKCHMMaJbHAS MOrPENIHOCTD OIl-
peaenenus KIIJI (npu & = 0,2) cocrasaser 3 %, u4r0 0bbiu-
HO HE MPEBHIIAET MOTPEIIHOCTH MCXOAHBIX AAHHBIX.

OrMmeTnM, 4TO 2TH (HOPMYJHN MOXHO HCMOAB30BATH A/
pacueTa OJHOKACKaAHbIX (HECOCTABHBIX) TEPMOIJIEMEHTOB,
JUIS YEro AOCTATOYHO MOJAraTh CBOMCTBA 1-T0 M 2-10 CerMeH-
TOB OAMHAKOBBEIMA.

4.3. OnTHMHU3aL KU TEMNEPATYPHOrO pexumMa
paauousoronHoro TIAT

Kax yxe oTMe4asnoch, J/Is TMOBHIICHHS BBIXOJXHOH J/IEKT-
pHUECKOM MOmHOCTH pabouyas TeMnepaTtypa paaMOM30TONHO-
ro TOT" subupaercsa 61M3KOM K MPEAEABHO AOMYCTUMOM /IS
MCMOMB3YEMBIX B KOHCTPyKuuM Marepuanos. [Ipun mnpoex-
* THPOBAHMH TeHepaTopa OHAa ofecnmeuMBAETCHS COOTBETCTBY-
JOIIMM KOJIMYECTBOM TEPMOJJIEMEHTOB M HX pa3MepaMi.

B pexumax, OTIMYHBIX OT HOMMHAJIBHOIO (BAOJb BOJIBT-
aMIepHON XapakTepUCTMKH), TeMmneparypw cnaes T, u T,
u3MeHsorcs. [Ipu yBeJIMUECHHH TOKA OT HYJ i A0 TOKA KOpPOT-
KOro 3ambikanus J, , (KOra HanpsXCHUE HA HArpyske u
MOIDHOCTh PABHH HYJIO) TeMmnepatypa “‘ropsuero“ cmas
YMEHBIIAETCS BC/AEACTBHE BO3pacTaHus 3(HEKTHBHOMO KO-
adduuMenTa TELIONPOBOAHOCTH 33 CYET MOIVIOMEHUS TEIIa
[MensThe. B HEpaboueM cocTosHUM (IPH XPAHEHWH WM TPaH-
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cnopruposke) paguousoronHei TII" 06BYHO MOAAEPXHBAIOT
B pEXMME KODOTKONO 3aMuIKaHMs, Koraa temneparypa T, .
mueAMaibHa Ha mHTepsane [0,J ] M COOTBETCTBEHHO
CHHXAETCH CKOPOCTh  (PM3HKO-XMMHYECKMX  MPOLECCOB,
NPUBOASIOMX K [ErpajalM¥ XapakTEPHCTHK TEpModJie-
MEHTOB.

AHa/In3 ypaBHEHHH TEIUIOBOro 6asaHca MOKAa3sIBAET, 4TO
1py JaJbHCHIIEM YBETMYCHNM TOKA Temmepatypa T, mponos-
XA€T YMEHbIIATHCS ¥ JOCTHraeT MHHEMYMa IPA HEKOTOPOM
aHavennu J, > J .. OcymecTsjieHHe TAKOro pexuma (npo-
MyCKAHME TOKA OT BHEIIHETO MCTOYHMKA) MOXET OKa3aThCs
1esecoo6pa3HpIM, HANPHMED, NPH JUIMTE]bHOM XDPAHECHHH
reHepaTopa COBMECTHO C PAaAHOAKTHBHBIM HCTOYHHKOM
TEIa.

IOns ounesku DHEKTHBHOCTH HCNOJb30BAHUS pPCXHAMA
J = J, BOCTIONb3YEMCS YPABHCHUSMU 6ananca (4.1) u (4.3),
KOTOphIC 3anumeM B 6e3pasMepHOM BHIE:

L g
a=t -+ -5,
_ _,_E
w—ﬂ(t1 , zO)’
to—l
=g W, (4.40)

3nech ¢, wu § — Ge3pa3MepHBIC TEILIOBOM MOTOK, MOIIHOCTD
¥ 9NEKTPHUECKMI TOK; f, M f, — TEMNEPATYpPHl CMacs, OTHE-

CEHHBIE K TEMIEPAType OKpyXxawowme# cpeasl 6; z — nobpor-
HOCTb, £ — OTHOLIEHHE TEPMHUYECKOrO COTMPOTHBJICHHS TEM-
Jonepexoaa “XONOAHHIM“ cnmad — OKpyXamomas cpeaa K
TEPMHUUYECKOMY CONPOTHBJICHHIO TEPMOIJIEMEHTA.

Onpenenss u3 (4.40) TemnepaTypsl Cniaes, MOXY4YHM

2
f = [1 +q(l +8) - fak + 551 -ﬁ5+2£)]><
X [+ (1= T,
2
Lt —4= [q—ﬂ(l + ¢§) +%%(1 - Zﬂﬁ)]x

x [1+ B(1 — BET™ (4.41)
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Tabauna 4.3. 3asucamocTs TeMmneparypsi {, u nepenana AT or
Tokafnpug=1, z6=0,5, £=0,1

B

0,4 05 06 07 08 09 1,0

t 1,62 1,58 1,57 1,56 1,58 1,60 1,63
AT, K | 20,1 315 37,0 37,5 34,0 27,1 17,3

B Tabn. 4.3 npusBeneHsl 3HAYEHHS TEMNEPATYPH I, M
AT = 0[t,(B,,) — ,(B)] — crmxenus Temmeparyps “rops-
yero“ criag 1o CPaBHEHMIO C TEMIIEPATYPOH B PEXHUME KOpOT-
KOro 3aMelKaHud, paccuMTaHHeie no ¢opmynam (4.41) npu
3HAYEHHSX TAPaMETPOB, XapPaKTEPHHIX A8 HU3KOTEMIepa-
Typanx pammousoronHbix TIAI' [7]. BuaHo, uto npu B =
=B, > B, B, = 0,7; B, = 0,3) remneparypa “ropsuero”
cnas MOXeT OBTh CHMXEHA IO CPABHEHMIO C ITHM TNOKasarte-
JIEM B PEXHME KOPOTKOro 3amuikanug Ha AT = 38 K 3a cuer
NPONYCKAHUS TOKA OT BHEIIHEN0 MCTOYHMKA.

Onenkn nokaseisaior, uro npu & < 0,1 BimgHEREe nmapa-
merpa £ HAa TeMmepaTypy M ONTHMAJbHEIN TOK HEBEJIHKO.
IMonaras £ = 0, u3 (4.40) u (4.4]1) HETPpYAHO NOIYYHTH
AHAJTATHYECKHE COOTHOMICHMS, NO3BOJSIOIIHE CPABHHBATH
XapaxkTepucTHku paguousoronHoro TIAI' B pexumax MuHH-
MaJIbHOH TeMmepaTypu “ropsuero” cmas (4¢,/ df = 0) n xo-
porkoro 3aMukaaus (w = 0):

B, =VI+2(1 + 9 — 1,

By = V1 + 2(1 + g)28 + (6)° — (1 + 20),

AT = 2*/[V1+21+ g8+ (H) +V1+2(1+ B

UHTEpECHO OTMETUTH, YTO MPH MaJsIOi ZOOPOTHOCTH MOy~
nposonanka (z » 0) dopmyna ang passHocTH TEMnepaTtyp
AT nepexonuT B M3BECTHOE COOTHOIIEHHE /ISl MAKCHMAJTbHO-
ro mepenana Ha Cnasx TEPMOJEKTPUUECKOrO XOJIOAWIbHHUKA

AT = 26°/2 [2].

4.4. KBa3ucTalMOHAPHLIN peXuUM

TepMOINEKTPHYECKHE TEHEPATOPH IHEPreTHYECKMX YCTa-
HOBOK MomHOcThI0 W = 1 kBT, Kak npasuio, paborair B
crauuonapHoM pexume [0 ]. Pacuer ux xapakTepucTHK OCHO-
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BaH HA HMCNOJb30BAHMM anreOpavuyeckux ypaBHEHMH TEILIO-
poro 6anaHca, MNOJYYEHHBIX MO0 METOAY CPENHHX mapa-
Me'rgog (pasa. 1.3), morpemHOCTh KOTOPHX HE NPEBHINACT
2—3 %.

OaHako Takasg TOYHOCTb AOCTHraeTcs JMIllb NpU CTa-
6MIBHOCTH BXOAHBIX NAPaMCTPOB BO BpeMEeHH. Binsgnme pas-
JIMYHBIX BO3MYIIEHWHA (Hanpumep, KoiebaHWi TeMnepaTyphl
oKpyxamome¥ cpegsl [54]) npUBOAMT XK BO3HMKHOBEHMIO
NEPEXOAHKX PEXMMOB paboTHl, IS HCCAECAOBAHMS KOTODHIX
yxe Heobxogumo pemats AucGEPEHUHANBHOE YPAaBHEHHME
HECTALMOHAPHOM TEIIONPOBOAHOCTH, YTO CBS3aHO ¢ Gouib-
mmM obpemoM BeumcacHu#M [55]. Bmecre ¢ TeM mManas Cko-
poCTh MEPEexonoB M OJM30CTh XapaKTEPUCTHK K CTALHOHAD-
HbHM 3HAYEHHSM IO3BOJSIOT CYMECTBEHHO YNPOCTHTh pe-
meHue 3agaum. B cryvae, koraa BpeMs! pesIakCalMH TEPMO-
anemenra 7, = [’cy/% (I — BbHCOTAa BETBH, X — KO-
(bHIMEHT TEIUIONPOBOXHOCTH, ¢ — YAEAbHAS TEIUIOEMKOCTD,
y — IUIOTHOCTb) MEHBIIC XapaKTEPHOrO BPEMCHH T, M3Me-

HEHMS TPAaBMUYHBIX TEMNEpatyp (KBa3uCTALMOHAPHBIH pe-
XH4M) , MPOM3BOAHYIO TEMIEPATYPHI 10 BPEMEHH B YDaBHCHHH
TEIONPOBOXHOCTH MOXHO PacCMaTPUBATh KAK MaJioe BO3MY-
meHre U 0606muTh ypaBHEHMS TEIUIOBOro 6anaHca Ha He-
CTAUMOHAPHBIA PEXHUM.

Ina storo Heobxogumo pemnTh mHdGbEepeHInaIbHOE
YPaBHCHHE

g or da oT aT
—x— + ey = i :
ax ax T dT ax 1P i (4.42)

C KPaeBHIMH YCJIOBUSMH
T(0, 1) = T(f), T(, 1) = T, (1),
T(x, 0) = 6(x) (4.43)

M ONpeaeJuTh NOTOKH HA Crasix:

g [ 2 ip)
00()_ xax ]aJIX‘O’
ar )
q,() = (x—a; + ]aT/ Ix—-—-I ‘ (4.44)

OTMETHM, YTO CBOMCTBA MAaTEpuanaa a, », p, ¢ H Yy SBAFIOT-
cq pyHKuMsaMya Temmepatypu T, a IJIOTHOCTh TOKA j 3aBHCHUT
OT BPEMECHH 1.
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3amumem cucremy (4.42)—(4.43) B BUAE WHTErpaabHONO
ypaBHEHHS
¢

T s x x
JxdT = 3 [wdT + [ [ F(x, fydxdx -
T, T, 00

!
X
= f
0
rae BBeAcHO 0003HauCHHE

aT da aT ”
F(x, 1) = v JTE; - JP

F(x, f)dxdx,

QB‘H

NPHYEM HCKOMBIE TEIUVIOBHIC MOTOKM (4.44) BHIpaxawrcs ue-
pe3 maHHyio (QyHKUMIO CAenyomuM o6pasoM:

1 o -
a® = g0 + ja (TYT(D) = 7 [ | Fx, Hdx dx,
0 0
I
g,(t) = q(t) + ja (TYT, () + [ F(x, Hydx —
0

F(x, tydx dx,

ll
_-I.f
0

ckﬁg

rae
g (f) = AT, — T/l

[pmEMMas BO BHHMAHHME, YTO B KBAa3MCTALHOHAPHOM pe-
xmme F(x,f) — Manoe BO3MYIICHAE, PCIIECHHE 3aaud MOX-
HO OCYIIECTBHTH METOAOM TOC/IEIOBATENbHBIX NPUOIHXEHNH,
nonarasg B HyJesoM npubawxenun F(x, f) = 0. Taxo# nmox-
Xox ecTh 0606meHne METOMMKHM MOMYyYEHHS YPABHCHHMH TEM-
noBoro 6ananca (1.20) Ha HECTALMOHAPHBIM PEXHUM.

BHIMOIHSS COOTBETCTBYIOIIME BHIYMCICHHS, HAXOIUM

. 7, [1 dr, 1 drT,|
%0 = a;() = 7 |gUT) 5 + 34T,

=

.

) =q, +E9-l T ﬂ+l Tﬂ- (4.45)
ql()—ql(l) l 3“( 1) dt 6"‘( 0 dt . .
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aT/dt,rpap /c

|
70+
3 2 7
5
1 1
0 5 70 I,mm

Puc. 4.1. CKopocTh Harpesa TEPMO3JIEMEHTA U3 CnJiasa
KPEMHUM — repMaHMit,
1 — & = 0,05; 2 — 0,025; 3 — 0,01.

3nech nepeeie CAaraeMbieé B NPaBOM YacTH [PEACTaBJSIOT
coBoii TEIUIOBHE MOTOKH, BHIUMUCASEMBIEC 10 METOAY CPENHHMX
napaMeTpoB C 3aMEHOH TMOCTOSHHHX TeMnepartyp cnaeB T, u
T, na dyukuun Ty () u T,(7), a 4nCHH ~ dT/dt B xBagpar-
HEX CKOOKax — TIOTOKM 33 CYeT M3MEHEHHMS TEIUIOCOAep-
XAHHU4 NMPH HECTALMOHAPHOM HATPEBE M OXJIAXIACHHH.

B npakTHUECKMX CAyYasx NMpH 7, < 7, HEOOXOAMMO 3HATh
0671acTh MApaMETPOB, B KOTOPOH HYXHO YYMTHIBATH HECTa-
LHOHAPHOCTh Mpouecca, T.e. 0061acTs, re wienn ~ dT/dt B
(4.45) HaumHAOT BAMSTH HA Temosou Oananc. Takas 3a-
BHCHMOCTb CKOpOCTH Harpesa dT/dt OoT BBHICOTH TEpPMOIJe-
MEHTa nokasana Ha puc. 4.1. B obaactu nmox KpuBO# Hecra-
LIMOHAPHOCTHIO TPOLECCa MOXHO TpeHefpeub C MOrpemHo-
creio €. Tak, npu / = 5 MM DONMpaBKka HA HECTAUMOHAPHOCTH
cocrasasier meree 1 % B cayuae dT/dt < 1,2 rpan/c. Has-
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HOMY YC/IOBMIO YROBJETEBOPSIOT NEPEXOMHBIE MPOLECCHL B
TOT npm waMEHECHUSX IMCKTPUUECKOTO TOKAa [56] mwam mpn
BBIXOZIC HA PEXKMM TOCJIE 3arPy3KH TOIINBA (PagHOAKTHBHO-
ro m3orona) {37].

OnennM TeHeph TOYHOCTH YPABHEHMI TEIUIOBOrO Ganauca
(4.45) mpu cpaBHUMBIX BpeMeHAX T, ¥ 7,. Jlng sroro pac-
CMOTPHM OKCHOHCHIUHABHYIO SBBHCI/IMOCTB TEMIIEPATY DB

“ropsuero” cnag OT BpEMEHH, XapakTEPHYIO OIS MHOTHX
TEI000MEHHRX yCTPoicTs [S58 [:

T.( = 011 — exp(—t/7) 1.

Kpome Toro, nmpumem
T() =0, T(x 0 =0 j=0,

CBOICTBA IIOCTOSIHHEL.
Tounoe peuicHue 3anaun (4.42) —(4.44) maer

0 1z, ,
g,(t) = N I —exp(~t/7)) - fg;l- exp (—#/1,) X

L

o]

( H™A,m |

(1) = ﬁ? exp (/1)) + ~~f—exp( /7)) X
6o )
x |1+ ;g A1) jL’ (4.46)
e _
A = %{Cn — exp[- (Cl_n - l]t/r{}} /(1 - c,),
! "_o,
" (Jm) B!

s Tol xe 3amaum M3 npubmxenuox gopmyn (4.45)
craenyer

B It
g(t) = — |1 —exp(~t/1)) - —g-{? exp (—t/1)1,

- —

17
1 — exp(—t/1) + —3% exp (—1/7))|. (4.47)

q,(1) =
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1,0

— 7
A 2

o 7,0 | 2,0 t/7,

Puc. 4.2. 3aBUCUMOCTH TENIOBbIX NIOTOKOB g, ¥ g, OT BPEMEHH.
I — rtounoe pemenue (4.46); 2 — npub/mkeHHoe perresue (4.47).
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Ha puc. 4.2 npeacTaBjaeHbl pe3y/IbTaThl CPABHCHUS MpPH-
GAMXEHHBIX 3aBHCHMOCTEN ¢ TouHnMH. B obsactn mapamer-
poBT,/T, < lmt/t > 0,3 orsmume He npesbimaer 2—3 %.
Taxum 06pasoM, ypaBHEHHs TeIUIOBOro 6anaHca B KBasu-
crauuoHapHOM pexume (4.45), noayuyeHHbE B NPHOIMXCHNA
T, < 7,, OKA3HBAIOTCH NPHIOAHBIMK JUIS YCTaHOBJICHHS
CBS3M MEXAY TEIUIOBHIMH NMOTOKAMHM ¥ I'PAHHYHBIMH TEMIIC-
paTypaMH B JOCTATOYHO IIMPOKOH 001acTH M3MEHEHMS T,/T,
M/t

4.5. TlpuMeHeHHe aCUMNTOTHYECKUX METONOB
K PelUeHHIO 3ana4
HECTALMOHAPHOMN TEIIONPOBOJHOCTH

B pspe cayyaeB YCAOBHE KBA3WCTALMOHAPHOCTH TEIUIO-
BeIX npoueccos B TOI' Hapymaercs, BCJASACTBHE YErO BO3-
HMKAeT 3ajaya YCTAHOBJICHMS CBA3H MEXAY TpaHHYHBIMH
TEMIEPATyPaMH M TEIUIOBHIMH MOTOKAMM MPH MPOM3BOIbHBIX
COOTHOLIECHHAX MEXIY NMapaMETPaMH.

PaccMOTpMM NMPHMMEHEHME /IS STOM LIEJH aCMMITOTHYEC-
KMX METONOB Ha OCHOBE YPaBHEHHWS TEIUIONPOBOAHOCTH C
MOCTOSHHBIMH K03 duuuenramu

#r_or
ag?  9Fo’
T(0, Fo) = T (Fo), T(1, Fo) = T,(Fo),
T(§, 0) = 6 = const,

rme & = x/l — Ge3paamepnas koopauHata; Fo = t/1, —
yncno @ypee. Ero pemenue ¢ momomplo (ysxumit I'puna
yao6HO 3amucaTh B BHAE

T(¢, Fo) — 6 = U (£, Fo) =

npnuem Fo' o3mauaer, uTO WHTErpupOBaHWE MO T MPOBO-
maTcs 1o Fo + € ¢ MOCAERyIOmMM NEPEXOAOM K MpEnety

194



¢ > 0. Beons oy nepemennyio { = Fo — 1 u npumenss
K yskumam U (Fo) u U,(Fo) oneparop cMemenns

]
U(Fo - §) = exp (— Capo) U(Fo),
Iocsie paaa npeobpa3oBaHmii MOTyIuM
U, Fo) =

= M (1 - £, Fo, P)U,(Fo) + M (£, Fo, P)U,(Fo).

3necs P v M(z, Fo, P) — nuHeiiHbic OIEpaTopsi, XEUCTBY-
omye T0abK0 Ha pyrkuun U (Fo) u U (Fo):

' ~ d
P=—
dFo
M (z, Fo, P) =
1 yHi shvPz exp [Fo (P — ?3)] —exp [—e(P ~ 13)] Jp
T o . SNVP P—P “
‘y— o o]

YuuTHBag, 4TO BTOPOE C/IArAEMOE B TIOCACAHEM BhIpa-
XCHUM PABHACTCS HY/TIO M KOHTYD WHTEIDUPOBAHUS JIEXKHUT
npasec BCEX MOJIOCOB, BKIOUAs u P = P, GyaeM UMeTh

]\’\4 F 1'; 1 shVP2 exp [Fo (P - 1'\’)] dP. (4.48)
(z Fo, P) = i ¥ shVP PP o
Cc—{w

Teneps HETPyZHO HAWTM WCKOMEIC 3aBHCHMOCTY TEILIO-
BHIX TIOTOKOB ¢, ¥ ¢, OT 'PaHN4HBIX Temmeparyp U, u U, :

% dU " oM
£=0 \ z=1]

an (4.49)
aZJ 1( 0);’ ) .
2=0 b
w AU o oM
=1 Z={)

am
+ e U,(Fojl.

z=1



Takas ONepaTopHast 3aNUCh, C ONHOW CTOPOHBI, NO3BOSCT
[OMYYATH COOTBCTCTBYIOMKME PCHWICHNS B BUAC PSAOB TIO co0-
CTBEHHBIM (DYHKIMAM, C APYTOM — HAWTH aCHMOTOTUHCCKUC
paanoxenus npa Fo > 0 u Fo » «.

HpCI{B%pHTeﬂbHO W3YVUAM CBOMCTBRA oneparcpa
M(z, Fo, P). U3 suipaxenus (4.48) caenyer

M(0, Fo, P) = 0,  M(l, Fo, P) = Q (Fo, 0),

e Q@ — eaquHuYHAS (PYHKIAS:

1, Fo > Fo”,
Q(Fo, FO*) =<1/2, Fo= Fo", (4.50)
. [0, Fo < Fo™.

Y‘i{HTMBaﬂ, uTo A
M (z, Fo, P) cxp (— BFo) = exp (—BFo)M (z, Fo, — f3),
4.5D
MOYXHO OTIPEEANTh Pe3yJbTAT AEMCTBYS AAHHOTO ONEpaTopa
Ha crenesHylo gyHknuio. Jag 9TOr0 ZOCTATOMHO Pa3IOXHATL

JAEBYIO ¥ TIPABYIO 4acTH (4.51) B psagyl mo creneHaM 3 #
ripupaBHATh KOOMMUIHEHTH PY OXMHAKOBBIX CTCHCHAX:

M (z, Fo, P) Fo" =
" ~
— n — z o —_
=" [exp( BFo)M (z, Fo, ﬁ)]ﬂzo

i

n
n! PR
— — (n=k)
= z o= Fo"* M, (z, Fo, ) | ,
k=0

Tipu Fo - 0 (4Fo < 1), xorma shvP = (1/ 2)expVP,
BBITIOIHSETCS COOTHOMCHUE

,Z%;f(z, Fo, ;3‘) = %{exp [—- ut(d — 2z - bz] X
X [w (ip (1 —z) +ib) + w(iu(l —z) — ié)] ~
—~ CXP [- 2+ 2)° — bz] P
X {w (iu(l + 2) + ib) + w(ip(l +2) - z‘b)}}, (4.52)
e y = 1/2VFo, b= VFoP ,
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A 2
mz) = e + 7= Q(2),
' NI
Q(z) =e* | ¢ dt
4]
—XOpOULIO U3YYEHHEIE ¥ Ta0yIMpPOBAHHbBIE PYHKIMM.
Ecin Fo > o (4Fo > 1), 10 u3 (4.48) cmenyer, uro

OCHOBHOM BKJIAZK B MHTErpa/j AdeT 061acTh MajabiX 3HAYCHUE
P, T.¢. MOXHO OTPAaHMUUTECS YUETOM _ABYX nepnmx MOJIKOCOB

NOABIHTCTPAJIBHOIO Bmpaxcemm P PuprP= -7 Torna
. M(z§ Fo, P) =~

2 ~
shVpz Zrexp [ Fo (n° + P) .
= = A sin 7z z.
shvyp w4+ P

HpI/IMGHHH ACHMITOTHKY K BKCHOHCEIIIPIEIJII)HBIM SBBPICI/I-

MOCTSIM, HYXHO YUYUTHIBATB, 4T0 P = P -» — f = n* gqBjg-
€TCSI EBYKPATHBIM MOJIIOCOM TOABIHTETPATTPHOTO  BBIPaXKEHUS

(4.48). Ilng sroro Heobxommmo mnosarate P = — B+ec
TIOCIEAYIOUMM NEPEXONOM K Tpexeny € = 0 :
lim  M(z, Fo, P)exp (- BFo) =

p>-n

(4.53)

= exp (— 7°Fo) [~ zcos nz + 27Fo sinzz 1.

[Toncranosxa dopmyn (4.52) u (4.53) B (4.49) nossonsger
TIOJIYYNATH COOTHOLICHMS JJIS ONPEAETAEHAS TEILIOBOr0 HOTOKA
[P ManbiX U OOMBITMX 3HAUEHUMSX mapamerpa Fo :

w (= ib) — w(ib) ~

PU. +
26 Uy

gy (Fo) = — % {__ VFo exp (— )

Fo-o0

+ 2VFo exp (— 4 — #) : PU,

w(ipu —ib) —w(ip + ib) ~
25 ’

A

g —

VB
g,,,(Fo) = —-%{——\/}gcth\/};Uo+ U

Fo—»w
2 exp [-— Fo(n2 + }/’\)]

- 2, B (U, + U)t.
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3asucnmoctu ¢ (Fo) npu Fo -» 0 u Fo - o mMoxHO 06D~

eAMHUTH B OOHY, KOTOpad 6YAET CJIYXNTb MPUOIHXKEHUEM BO
BCEM WMHTepBane uameHenus Fo. Bocrmosapdyemcd nas 9Toro

exvuryBOl (byskuueit (4.50) npu Fo™ = 1/4:

g,(Fo) = [1 — Q (Fo, 1/4)] g, + @ (Fo, 1/4)q,,.
[IpoBoxs aHanorWuHble Npeobpa3oBaHus, HETPYAHO HAWTH
COOTBETCTBYIOIICE BhIpaxeHme A4 g, (Fo).

Kak u B pasn. 4.4, paccMOTpHM C/Iy4ay, KOra rpaHUYHBIC
TEMIIEPATYPHl U3MEHSIOTCS 10 3aKOHY

UO(FO) = Oa
' U, (Fo) = 8[1 — exp (- ﬁFO)],

rae B = t,/7,. Torma ¢ yuerom (4.51) — (4.53) Oymem
MMCTh

q Foyl 26 1
1 + —BFo
3
9w (Fo) ! .
== |- VB ctg V3 exp (- BFo) —
28 exp (= 7°F
_Hewonty) (4.55)
2~ f
3nech 6bi1a UCIIOIB30BAHA ANTMPOKCUMALUS
2 1
29 - levx—
X 3 2

1+ —«°
3)6

CpaBHeHHE Pe3yJIbTaTOB pacueTa mo (opMmy/am 4.54) n
(4.55) c TOYHBIM - pEeLIEHMEM 3ajaud MNOKAa3aJ0 WX IIpak-
THUECKY TOJHOE COBNAACHHE, T.€. BO3MOXHOCTH MCMOJIb30-
BaHMd COOTHOLICHMHM MEXHY TCIJIOBBIMU MOTOKAMU M Ipa-
HUYHBIMA TEMIIEPATYPAaMM BO BCEM HHTEPBAJIE N3MEHCHUSA
mapamerpa Fo. Takue 3aBHCMMOCTH MOTYT HAaWTH IpUME-
HeHue Tipy 06paboTke pe3ysIbTaToOB TEMIO(MHU3NYECKUX H3ME-
PEHMiI M MCCACAOBAHUM HECTALMOHAPHBIX PEXHMOR paboTh
TEI00OMEHHBIX anmapaTos.



»

Huxe cucremarusuposannl Gopmy/in ¥ nogpoOHO onuca-
HBEl QJITOPUTMBI PACYETd FCOMETPUUYCCKUX PA3MEPOB 3/EMEH-
TOB KOHCTPYKIIMM M JHEPreTHYECKMX xapakrepuctnk TOD B
ONTHMAJBHOM pexume paborbt (mMakcumyM KIII). Pacuer-
Hble (GOpMYJIBI HOJNYUEHBl PEMIEHUEM CHCTEMbI YPABHEHUIA
TENJIOBOro 6anaHca Ha CHAasgx TEPMOSIEMEHTOB M ypaBHCHMIA
Kupxroda nnsa arekrpuuecknx uenei (. 1, pasn. 4.2). Uc-
NIO/Ib30BAHA MaJIOCTh YTEUYEK TEILIA [0 3AIUTHBIM IOKPHI-
THSIM ¥ IJIEKTPUYECKHUX CONPOTHBJICHUN KOMMYTAlUd, KOTO-
pBIE€ YUMTHIBAIOTCA BBEACHUEM COOTBETCTEYIOMIMX MONPAaBOY-
HBIX Ko3abdunmenros. VIX OpHEHTHPOBOYHHIE 3HAUCHUS
OBBIYHO M3BECTHHI 3aPAHEE; MOCJIE ONPENCACHHS Pa3MEPOB
9JIEMEHTOB KOHCTPYKILHUHU B CAy4ae HEOOXOAMMOCTH 5TH KO-
opuumeHTH MOryT GHITH yTOUHEHBI. PacCMOTpeHBI CeRy-
IOIIVE BAPUAHTH IVIOCKOH M KOJBLEBOM KOHCTpyKuuu TOB:
ONHOKACKAOHAAd — M3 CIUIOMIHBIX M CETMCHTHPOBAHHBIX TEp-
MODJIEMEHTOB, ABYXKAacCKagHas — C MOCJACAOBATEABHEIM ¥
NAPa//ICIbHBIM JIEKTPUUECKUM COETMHEHNEM KACKAIOB.

1. Ongnoxackannag TOB

1. Hcxoonwvie dannvie o pacuema:
1.1. T, — remneparypa “ropsuero“ cmas, K.
1.2. T, — remnepatypa “xosonuoro* cmag, K.
1.3. Q — momBOAMMBIN TEIIOBOM IOTOK, BT.
1.4, V — nommuaNMBHOE HAmpaxeHue, B.
1.1.5. I — snicora’ TOB mo TepMO2AEKTPHUYECKOMY Ma-
TEPUAIY, CM.
1.1.6. TepmoanekTpuueckue CBOMCTBA MATEPUAJIOB p- H
N~TUTIOB TIPOBOTHMOCTH:
a‘;, a, — %)%?enmerpaijnme k03¢ pummentsr TepmoI/1C,
?

1

1.
1.
1.
1.
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M, %, — CPCHHCHHTEIpANIBHBIC K03 PUHEHTH TEMIONPO-
poguoctu, Bt/ (cm - K);
Py p, — CDENHCHHTETPAIbHBIC YACABHEIC DJICKTPHUECKUE
conporusiacHug, OM - cM.
1.1.7. ¢, — xoa(hdunuenT, yUNTHBAOMUHE yTCUKH TETUIA
[0 33LIMTHHIM MOKPHITASM M 3JIEMEHTAM KOHCTPYKIMH.
1.1.8. e, — k02(hUIMEHT, YUATHBAOMWA JIEKTPAYCC-
KWE CONpPOTHMBJCHUSA IEPEXOAHBIX CAOEB, KOMMYTHPYIOIHUX
HIMH ¥ KOHT3KTOB.
1.2. IHocaedosamenvrocme pacuema napamempos TIb:
1.2.1. OTHOmeEHUE IVIOMAEH MONEPECUHOrO CEUCHUS BET-
BEH n- U p-TUIOB
: N
Pp%
1.2.2. Cpenanit xoadpduuuent repmoIAC

_%H T

2

(04

1.2.3. Cpenunit K03¢p(HUIKUEHT TENIONPOBOIHOCTH
®x + W
. P n
H =
1+ W
1.2.4. Cpennee yaesapHOE JEKTPUUECKOC COIIPOTHUBJICHHC
1+ W 1
p - 4 pp + @_pn °

1.2.5. Jo6poTHOCTD

2
(04

T oup(l+e)) (1 te)
1.2.6. Cpenusas remnepaTtypa
T + T
T_o=1-0
p 2

1.2.7. Ilepenan TeMneparypol

AT =T, - T,
1.2.8. M= VI+ 2, .
1.2.9. KI1JL

AT M ~-1

T, M+ T,/T
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1.2.10. Boixoxnas anekrprueckas MOIITHOCTD
W= Qn.
1.2.11. HomuraneHsi Tox
J = W/V.
| 1.2.12. KosmuecTBo TepMoaneMeHTOR (nap BeTsen)

V M+ 1
T 2aAT M

1.2.13. T1nomane nonepeyHoro CeYeHus: BETEM p-THIA

’ QI 11 —75/2

P n(l+ WATN M 1 + ¢

1.2.14. I1nomanp monepeuHoro ceucHms BETBM N-THIIA
p = WSP.

1.3. Ipumep pacuema.
1.3.1. Ucxonusie nansbie:

T, = 523 K; T,=293K;Q0=200Br; V = 7:B; [ =2 cm;
a =1,85-107* B/K; a,=2,80-10"" B/K;

»,= 1,70 - 107 Br/ (M - K);

2,50 - 1072 Br/(cm - K);

X
I

= 12,2 - 107" Om - cm; P, =38 107"0OmM - cm;

)
~
|

e, =5-107% ¢ =6-10"2
P

1.3.2. Pacuer napamerpos TIB:

38-107%.1,7-1072
Y = \/ e — = 1,46;
12,2-107% - 2,50 - 10

1,85 + 2,80 _ : -
a=——*—2——-10 #=2,33-107*B/K;

1,70 + 1,46 - 2,50 - -
n o= 107% = 2,17 - 1072 Br/(cM - K);

1 + 1,46
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1 + 1,46

- —i L1074 =
p = (122 + 7= -38) - 10

= 23,5107 Om - cm;

(2,33 - 1074)?
Eom -2 -4 -2 A e
2,17-1072-23,5- 10701 + 5-1072) (1 + 6 - 1072)
=957-107* K™
523 + 293

Tcp == = 408 K; AT = 523 — 293 = 230 K;

M=vV1+957-107"-408 = 1,179;
_ 230 1,179 = 1
"= 523 1.179 + 293/523

W =200 -4,53 1072 = 9,06 Br; J = 9,067 = 1,29 A;

= 4,53 - 1077

7 1,179 + 1
N = — ’ = 121;
2-233-10"%-230 L179
§'om 2002 1 1 -453107%/2 B
P 2,17-107%(1 + 1,46)-230-121 L1791 + 5-1072
= 0,213 cM?;

S = 1,46 - 0,213 = 0,311 c»’.

2. TOB K3 CerMeHTUPOBAHHLIX TEPMO3JIEMEHTOB

. Hcxoonble OanHble 0t pacyema.

.1. TMapamerpu no n. 1.1.1.—1.1.5, 1.1.7, 1.1.8.

2. T; (i = p, n) — TeMnepaTypsl KOHTAaKTa CErMCH-
3

. TepMoanekTpuyeckue CBOMCTBA MATEPHAJIOB IO
.6 nng BHICOKO- M HHM3KOTEMNEPATYPHBIX CErMEHTOB
(mmexcu 1 ¥ 2 COOTBETCTBEHHO).

2.2. ITocaedosamenvrocms paciema napamempos TIB:
2.2.1. Ddbdexrusani xoadpduumenr repmoIIC

o 1 a; (T, = T)) + a,(T; = Tp)
i T, - T,

’

rmmei=p,n
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2.2.2. OddexTrBHBIN KOIDOUIMET TEMIONPOBOTHOCTH
(T, = Tp) + =, (T; — T,)
%i T — T ’
1 0

rmei=p,n
2.2.3. OddexTuBHOE YAEABHOE INMEKTPUYECKOE COMPOTHB-
JICHHE

_ P (T = Ty) + pip(Ty = T)

p, =
! #(T) = Ty) ,
rmei = p,n.
2.2.4. Pacuer mo m. 1.2.1—1.2.14,
2.2.5. BricoTa BBICOKOTEMIIEPATYPHOTO CETMEHTA
_ ) N -TyM-1%0-T)
& w(T, — T,) Ty + Ty M+ 1 s(T, =Ty |’

rac i = p, n.

3. IsyxkackaaHag TOB ¢ noc/ieaoBaTeabHbIM
3NEKTPUYECKUM COeMHEHHUEM KaCKa/10B

3.1. Hcexoduele dannvie dnst pacuema:

3.1.1. Napamerpn no 1. 1.1.3—1.1.5.

3.1.2. Napamerpw no n. 1.1.1, 1.1.2, 1.1.6—1.1.8 nas
BBICOKO- M HM3KOTEMIIEPATYPHOIO KaCKaAOB (MHACKCH 1 m 2
COOTBETCTBCHHO).

3.2. Hocredosamenvhocme pacuema napamempod TIB:

3.2.1. Pacuer no m. 1.2.1—1.2.9 mis kaxmoro Kackana.

3.2.2. Cymmapusumt KIT

g =1, + n,(1 — 7).

3.2.3. BeixogHas 3aeKTpUUYECKas MOIIHOCTE BBICOKOTEM-
IIEPaTypPHOro Kackaaa

W = in.

3.2.4. Bruixonuas :—meKTquecxan MOHIHOCTh HU3KOTEMIIE-
paTypHOro Kackazna

W2 = Q’?z(l - 771)'
3.2.5. CymmapHass MOIIHOCTD
Wy =W + W,
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3.2.6. HoMuuapHbI TOK
J=Ws/V.
3.2.7. Ko/muecTso TCPMOIJIEMEHTOB (I1ap BETBEW) B Kac-
Kaaax:
v M+ lvﬂ

. N = ,
1 2a1AT1 Ml 772

v M +1n(l—-n)
N 2 2 1 )

27 2a,AT, M, Ny

3.2.8. OTHOmIEHXAE BBHICOT KAaCKaA0B
L % AT M, —n_,_/z(
I, AT, M, 1 -1, /2

a= 1 — 7).

3.2.9. BricOTa BBICOKOTEMIIEPATYPHOrO KacKana

a

l .
1 a+1

3.2.10. BricoTa HM3KOTEMIEPATYPHOTO KacKana

L, =1 ‘1
27 Ta+ 1

3.2.11. Ilnomaas NOOMEPCUHOrO CEUYEHMd BCTBU p-THNA
BBHICOKOTEMIIEPATY PHOIO KacKaaa

B QL1 —n,/2)
P (1 W)+ 8 AT N M,

S

3.2.12. Tlnomazp NONEPEYHOTO CEUYCHHMS BCTBU pP-THIA
HU3KOTEMIIEPATYPHOTO KacKana

_ le(l - 771) (l - ’72/2)
27 (1 + W) (1 + £, )AT, N, M, '

3.2.13. Ilnomaapr MHOMEPEUHOrO CEUYECHUI BETBH N-THUNA
BBHICOKOTEMIIEPATYPHOTO KacKazna

S, = WlSpl.

3.2.14. Ilnomagp NONEPEYHOIO CEUECHHS BETBH N-TUIA
HI3KOTEMIIEPATYPHOTO Kackana
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4. Asyxkackagnas TOB ¢ napanjiejbHbIM
3JIEKTPUYECKUM COe/IMHEHMEM KaCKalloB

4.1. Hcxoousle Oanuble Oast pacuema.

4.1.1. Iapamerpsi o m. 3.1.1, 3.1.2.

4.2. Hocaedosamenvrocmsb pacuema napamempos T3b6:
4.2.1. Pacuer mo . 3.2.1—3.2.5.

4.2.2. HoMuBHanbHEIA TOK BBICOKOTEMICPATYPHOIO KACKaga

J, = W/V.
4.2.3. HoMuHabHREI TOK HU3KOTEMIIEPATYPHOrO Kackana
J, = Wz/ V.
4.2.4. KOMHuecTso TepMOOICMEHTOR (map BeTBEH) B Kac-
Kagax
.+
1% Mj 1

N. =
J ) . .0
ZaJATj M;

e j = 1,2.
4.2.5. Pacuer mo nm. 3.2.8—3.2.14.

5. OgHokackaauad Koabuesad TOB

1. Hcexodusie dannbie 0ns pacuema:

.1.1. ITapamerpst mo m. 1.1.1—1.1.8.

.1.2. R — panuyc KpUBU3HBI TOPSUYErO CHas, CM.

2. Tocaedosamenbrocme pacuema napamempod TIB:
.2.1. Pacuer nio mm. 1.2.1—1.2.12.

2.2, Hnuua TOb

_ QL —n/2)
T 2 (1 4 e ) (R+ UDATM

6. Koabuesasi TOb
Y3 CerMEHTHPOBAHHBIX TEPMO3JIEMEHTOB

Hcexodueie dannvie 0ast pacuema:
1. Mapamerpst no o, 2.1.1—2.1.3.
2. R — paagnyc KPMBHU3HEI TOPYUYEro CHasd, CM.

1.
1.
1.
2. Tocredosamenvrocms pacuema napamempos T3E:
.2.1. Pacuer no n. 2.2.1-—-2.2.3.

.2.2. Pacyer mo . 1.2.1—1.2.12.

SO
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6.2.3. Pacuer no n. 5.2.2.
6.2.4. BeicoTra BBICOKOTEMIICPATYPHOIO CEIMEHTA

B (T, — T)) . T =Ty M- 1x0,(T, = T))
=l |
! (T, — T) T+ T, M+ 1 »(T, —Tp)

”iz(Ti - To) L

X |1+
#, (T, = T,)) 2R

9

e i = p, n.

7. Koabuesasa apyxkackandag TODB ¢ noc/jenosaTeabHbiM
JEKTPHUUYECKHUM COeIUHEeHUEM KacKaaoB

1. Hcxoonwbie danHble 051 pacwema.
1.1, Tapamerpsr 1o m. 3.1.1—3.1.2.
.1.2. R — paguyc XKpUMBU3HBI TOPAUETO CHAS, CM.
2. [Tocnedosamenviocms pacuema napamempod TIEB:
.2.1. Pacuer wo 1. 3.2.1—3.2.7.
.2.2. OTHOIICHUC BHICOT KACKAI0B
4 %]VATl_j\_ﬁl -7,/2 1 =1

L AT, M, | —5,/2 1+ /2R’

a =

acuer mo 1. 3.2.9, 3.2.10.
IIJIHHa TOBb

3~
N
W

i

QL —7,/2)
2 (1 + ¢ ) (R + L/DAT M,

8. Koabuesas gpyxkackaadas TOB ¢ napajieabHbiM
3NEKTPUYECKUM COEJIMHEHHEM KACKAJ0B

1. Hcexodusle dannble 0ast paciema no n. 7.1.

2. Hocredosamenvnocms pacuema napamempog TIb:
2.1. Pacuer mo 1. 4.2.1—4.2.4,
2.

8.
8.
8.
8.2.2. Pacuer no n. 7.2.2—7.2.4.



BBHIYUC/EHUE CYMM

- HEKOTOPBIX TPUTOHOMETPUYECKHX PS/I0B

Pemenus 3ajauy TEIIO- M JJIEKTPOIIEPEHOCA METOAAMM
pasnesNCHUs TMEPEMEHHBIX WJIM MHTErpajJbHHX npeobpasoBa-
HHEHM 4acTO BHIPAXaloTcd uepe3 (hyHKIMOHANBHBIC PSIbI

S(x) = Y aby(x), )
k=1

rae nocaeAoBaTenbHOCTh Koadduumentos {a,} ¢ ysesmue-
HueM k OBICTPO CXOMMTCH K GAMHMUE, a KO3hduumenTs b,
MMEIOT BHJ

_ ey L [sinkxs| 1 |sin(2k = D)x;
bk(x) = (£1) [){‘ [cos kx]’ 2k - 1) [COS(Zk oo l)x” :
(2)

B KaxaoM KOHKDETHOM ciyuyae B opmyne (2) Gepercs 3HaK
IUTIIOC WM MMHYC, @ B KQU€CTBE COMHOXHTEJAS — OIHA M3
(byHKUMI, 3aKTIOUEHHNX B QUrypabie CKOOKH.

3anumem dopmyay (1) creayromum obpasom:

S(x) = Y (@ = Dh(x) + D, bi(x).
k=1 k=1

C ysenuuenneM uHaexca k koadduument (@, — 1) B nepsoi
CYMME YMEHBIIAETCS, TOITOMY NPH €€ BHIYMCJICHHHM BO MHO-
MMX CAy4asx AOCTATOYHO OrPAHMWYMTHCH HECKOJbKMMH (WM
Aaxe OXHMM) mepshiMm wieHamu (cMm. pasa. 1.5, 3.2, 3.4). B
TO X€ BpPEMS BHIUKCJICHHE BTOPOH CYyMMBbI MOXET NpPEACTaB-
JISTh ONpENEJCHHKIE TPYAHOCTH, O0co6eHHO ecm Tpebyercs
MCC/IEA0BATE 3aBUCHMOCTh S(X) NMpH MaJbiX 3HAYCHUSX apry-
MEHTA.
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Huxe npusoparcst opmynsl, mo3sonsonme mpeobpaso-
BAThb MEIJICHHO CXOAMINHECHd TPUTOHOMETPHUUYECKHE PSbl B
OBICTPO CXxopgINKecs 1O CrenenaM napamerpa x. C ux mo-
MOHIBI0O MOXHO HE TOJIBKO € BBICOKOM TOYHOCTBIO BHIUMCASATH
CyMMBI PSIZIOB, HO M AHAJUTHYECKH MCCJIEIOBATH CBOMCTBA
(pyaxuuu S(x), ycTaHABIHBAS NPHU ITOM ONpPEACAECHHBIE (PU-
3auueckue 3akoHoMmepHocTH [59]. Tlpm BEIBOmE coOTBETCTBY-
KOUWMX COOTHOUICHMY OrpaHUYMMCS JIMIIb TCXHUUYCCKOH CTO-
POHOM BOOPOCA, OCTABAAY B CTOPOHC HEKOTOPHIC MAaTEMa-
TUYECKHUE JETATH, B YACTHOCTH HMCCIACKOBAHUE 00JACTH CXO-
AUMOCTH pHA0B. B npakTuueckmx cnyuasx napaMmeTp X 9Bjd-
eTcd MasbiM IOJOXHMTeAbHBIM uuciaoM (0 < x < 1) u cxo-
OUMOCTD PSJOB AJAS TAKONO0 HHTEPBAJA HE BHI3BIBAET COM-
HCHHH. .

Paccmorpum pan

S,(x) = 2 pex = kZ: p*(cos kx + isin kx),
k=1 =1

rae { — MHUMAas eQUHHLA. BHUMCISg CymMMmy OCCKOHEUHOI

TCOMETPHYCCKON IPOTPECCHM CO 3HAMEHAaTeaeM pe'™ u npm-
DPaBHUBAY MHUMBIC ¥ OCUCTBUTENBHBIE YACTH, HOJYUKM

. psinx
Z prsin kx = . ; 3)
P p° — 2pcosx + 1
o0
p(p — cos x
Zpkcoskx= - ( ) . 4
k=1 p- —2pcosx + 1

[Mpounarerpupyem teneps 06e yacTy paBeHcTsa (3) 1o x B
npenesax OT X OO0 = ¥ mepeuneMm k npeaecay p = 1. Torma
Oynem uMeTh

i C"skkx = —1In <2sin~;5). (35)
k=1

IlpoBoxst aHanormuusie npeoOpasosanus npu p - *1 u
paccMarpuBad Hapaay C Sp(x) TaKXe U

1 o k-1, i(2k—1)x
S, (x) kz pite :
=1
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HAWIEM CYMMBI BCEX TPUTOHOMETPHMUYECKUX PALOB € O0IMM
wieHoM (2) npu u = 1:

w .
sin kx T - X

= ; (6)

k 2
k=1
i( l)k_l cos kx in(2 X N
- —— = In(2cos 7);
k=1 k < 2>
00 in k ’
> (=nF PR L X 8)
ol k 2
’ - cos(2k—1)x__1_. X
;%Zk_l —-zln <ctg2>, 9
- sin (2k = )x 7
Z 2%k -1 4’ 10
k=1
(k-1 S8k = Dx_m
,Z( 1) T = (1D
S (k- i@k = De 1 (o
,é( 1) T =55+ a2

Ecau CcHOBA IMPOMHTErpHpPOBATH KAXIOOC M3 PABCHCTB
(5)—(12) mo x B mpegenax or 0 A0 X, MOXHO MOJY4YHUTH
(bopMyIBI o719 BBHIYMCJICHUS CYMM TPUTOHOMCTPHUYCCKHX pd-
OB ¢ mokasarteseMm 4 = 2 u 1.n1. OFHAKO HE BCE MHTErpasibl
BBIPAXAIOTCS UECPE3 JIeMEHTApHBIE QyHKIMHU. B CIipaBOUHOMN
aaTeparype OOBIYHO NPHBOAATCH BHIPAXKECHHS CYMM PSEOB
(3)—(12), a TakXxe pIAOB, ABJILIOMUXCH CACACTBHEM ¢op- -
My (0), (8), (10) u (11); mng HUX HMHTErpabl OT MPABOU
yactu — mnonumHoMBL Jlanee Ha Ttakmx (opMyJsiax ocra-
HABJIMBATHCA HE OymeM.

BMecre ¢ TeM BBIpAXEHHUS IJI CYMM TPUTOHOMETpUUEC-
KHX PSAAOB, apasoumxcs caeacreueM (5), (7, (9 u (12), 8
JATEPATYPE OTCYTCTBYIOT, B UYACTHOCTH COOTBETCTBYIOIIHX
dopmysr HET B OOHOM W3 HambOIEee MOJHBIX CIPABOYHHKOB
[60 ]. HekoToprie 13 CyMM BBIPAXKAIOTCSH UEPE3 CIICHUAIBHBIC
¢dysxuuun — wnuarerpan Kiaysena [41] n dyskumio Jlobaues-
ckoro {611].
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Pasnoxum npasuie yactu (5), (7), (9 mu (12) B psags
Tewnopa [61]. MaTErpupys 3aTeMm no NEpeMEHHOW X B mpe-
penax or 0 7o x, momyuuMm

— sin kx - |192;¢|"2k+1
,Zl 7 x—xlnx+22k(2k+l)'
x3 xs
=x—xlnx+5+l44oo+...; (13)
© ; @ k k+
E(_l)k—l sin kx e x1n2 _ 2 (22 T l) |B2kl“:z ' =
P 2k(2k + 1)!
=1 k=1
X3 xs
=xln2—2—4-'96—0—..., (14)
o sin (2k — 1
S X102+ 1) - Zinx -
= (2%-1) 2 2
-3 E =B S 1
s 2k(2k + 1)! T2
20X T 0 T las00 7

i(—l)"" cos (% = Dx _ . _ i | B, | 2K+ _

- (2k - 1)2 - o 2(2k + 2)!
x" x‘ x°
—G-T—E——Z_B-—S_“” (16)

3necs BBeneHH obo3HaucHms: B,, — uucna Beprysmm
(B, = 1, B, = —1/2, B, = 1/6, B, = -1/30,
B, = 1/42, ...); E, — umcna Diinepa (E, = 1, E, = ~1,

E,=5,E = -61, ...); G = 0,915965... — mnocrosHHas
Karanana
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Uurerpupysa (13)—(16), monyumm dopmyns and BH-
YHCAEHHS CYMM TPHTOHOMETPHYECKHMX PSIIOB ¢ ofmmm wre-

HOM (2) npu u = 3:
2

zm’“ =t@3) - —x2 + %lnx =

k=1
I 2k| k+2 3
B 2 / 2k(2k + 2)! =@ -x+
4 6
3 X < S an

b PR -
+ X" 288 T 86400

DG i

coskx 3 P
3 =:C(3) ~ 711’12 +

k=1
© k k
N z (2% = 1) | By | ¥ _
& 2k(2k + 2)!
3 2 4 6
=;§(3)——ln2+%-+5760 + v} (18)
o €OS 2k - 1)x 7 X 3 ¥
=— ——(ln2+=\+—Inx+
k2=:1 (2k — 1)’ 89 ~ T (a2 4g) F
“ @2*t-y |4132k|x”‘*2 7
L 2 2k(2k + 2)! =30 -
« 3 L x' 7x°
-4—(1:12 + 2) + Tlnx e ¥ e Fows (19)

) k+3
[Eyl @™

k—1 sin (Zk o= l)x ve =
2 (b @k =17 Gx Zo 22k + 3)!

3
£_xX _ ¥ _ 20)

rae §(3) = 1,202... — sHauenme pynxuun Pumana
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Z 1
E(z) = » —
2

npu z = 3.

Qopmynsr (13)—(20) TO3BOAAKT CYLIECTBEHHO yMCHB-
UIATh TPYAOECMKOCTh PACUYETOB M BMECTO CYMMUPOBAHUS ME-
JIEHHO CXOOSILMXCH TIPY MAJbIX X TPUIOHOMETPUUCCKUX Ppsi-
JIOB TOJIyYaThk MPAKTHYCCKY TOYHBIC AHAJIATHYCCKHC peie-
HHUS, MOCKOJABKY mpu x < 1 B mpaBmix wactsax (13)—(20)
JAOCTATOUHO OTPAHUUYMTECS OJHUM-ABYMS CJIATA€MBIMU.



14

HaneXHOCTh, BBICOKAd JHEPrOEMKOCTb M BO3MOXXHOCTD
IJIATEJIGHON ABTOHOMHOHM paGoTei B HAuMOONBLIEH CTENCHH
obecreunBarOTCS MPH KCMOIb30BAHMM B KAUECTBE MCTOYHMKA
tera giag TOT aaepHbIX peakTOpOB M PaguOHYKJIMIAOB.

XapakTEpUCTHKH HEKOTOPHIX JHEPIeTHUECKHMX YCTaHOBOK
takoro tumna momuoctsio or 1 Br no 3 MBr npeacrasiennt B
tabn. I1.1 u 1.2 [9]. BonemmucTBO paguouaoronHbix TOI
YCIEIIHO padoTaid B COCTaBe OOBEKTOB MM MPOLLIM M-
TEIbHBIC WCHBITAHUS B YCIOBUAX, ONMUM3KHMX K DEaJIbHBHIM;
MHOTHE IPEACTaBAAior coboil cepuu MONOOHEIX YCTAHOBOK.

Ta6xauuya [1.1. XapakrepuCTHKH AICPHBIX JHEPreTHYECKUX YCTAHOBOK

¢ TAr
e~ Temneparypa*,
Tt - | KII
TPA" | Hanps- 2;110 npeo%— °c o M Cpox
YcranoBra q;%m xeHue,! mouy- |[pasosa- x- a;ca, cgy)&-
Hoﬁ- B HOCTh, | HMH, |MaKCH-|MHUHH- JIAXICHIE n];:
Br MBr % MaJib- | MaJib-
KDY Has Hasd
BoinecernHoco muna
“BecruHrays
NEKTPUK
(CIIIA) 30001 300 | 45 6,7 | 310 | 80 Bopna 15§ 1 1,5
“Maprun®
(CHIA) 100 | — 2,5 | 401330 70 Bopa 125 5
Bcmpoennozo muna
“Pomamka® Manyue-
{CCCP) 0,5 24 10,038 1,3 | 800 ; 570 HME 0,45 —

*
Jlnst ycraHOBOK BRIHECCHHOIO THIIA YKA3aHBI TeMIepaTyps! TEIJIOHOCHTE/IEH, BCTPOSHHOIO
THNa — TemrIeparypsl cnaes TOI.

213



Tabnuna 1.2 XapakTepucCTHKH PaqUON30TONHBIX TAT

31exT-

puvec- Cpox
YeraHoBRa MK;Z_ K?AH’ Hyxmup Mz;(ica, cITyK6b1, Hasnavenue
HOCTE, J1eT
Br
SNAP-3B7 2,7 | 52 {¥¥py| 2,1 5 |Hasuranmon-
(CIIIA) HBIH CIIyT-
HUK
SNAP-7A (CIHA) | 11,6 | 4,5 | °°Sr | 850 | 10 |Hasuraumosn-
HbII Oyi
SNAP-7B (CITA) | 68 | 4,7 | °°Sr | 2090 | — [Masx
SNAP-11 (CIITA) | 19 | 4,8 |2*2Cm| 7,87 | — |Jyuwas
CTaHuua
SNAP-17 (CIIIA) | 30 — | ®r | 13,6 | 3—5 |Cnyraux
CBsI3HU
SNAP-21 (CITIA) | 10 |8—10]| %Sr | 227 5 |Tlomeommmiit
- Oyt
SNAP-27 (CIIIA) | 63 — | ¥%pu | 14 1 |Jlynnas
CTaHU U
RTG-3 (CHIA) 1 — | ®8py !l 44 | 20 —
“Maprapura 20“ 12,5 4,7 90gy 8 —  [Kocmuueckuia
(Dpanyus) anmapar
“bera-1“ (CCCP) 5 2,4 14ce | 400 1 Mereocrauiug
“Bera-2“ (CCCP) | 5,3 — | %%r | 120.] 10 »

“Anrapa® (CCCP) | 12 4,8 | %9sr | 120 10 |Perncrpanus
. KOCMUYIEC-

KOTO M3Jy-

YEHHUSA

DHEProeMKOCTh JIYULITUX 06pasuos AOCTUTAET
100 kBt - u/Kr ¥ 3HAYUTEABHO (HA HECKOJBKO TIOPIAKOB)
IIPEBOCXOJUT MOKA3ATENM XMMHUECKHUX MCTOYHUKOB DJIEKTPO-
SHEPIuu.

Ilig nutaHud UMIUIAHTUPYEMBIX SJIEKTPOKAPAMOCTUMY-
JIGTOPOB, a4 TAKXE pa3JIMYHOU anmaparypsl, SKCIIyaTHpye-
MOl B TPYOHOOOCTYIHBIX OTHAJCHHBIX panoHax, BHUMU pa-
IMAUMOHHOM TexHUKM U CyxXyMCKUM (DU3UKO-TEXHUUYECKUM
MHCTUTYTOM paspaborana 6osbiias cepus MagoradapuTHBIX
pagumon3otonHbix TIAI' [7]. XapaxTepuCTUKH HEKOTOPHIX M3
HUX npuseneHs B taba. I1.3.

UCTOUHMKOM TEIUId CAYXHT DPAIHOHYKIMA >°Pu ¢ me-
puonoMm Tmoaypacnaga 87,7 roma ¥ yACNbHLIM TEIJIOBBIAE-
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Tabnwuuga I1.3. XapakTePUCTHKH MATOraBapuTHBIX PAIAOU3OTONHBIX

3ar
3‘?;(12;1" _ | TentoBast KIij Fa6ap1;';}:b;:r\f e Cpox

Mot~ Hanpa Mo1Il- npeodpa- Macca, r | cnyx6s1,
HOCTb, keHue, B HocTh, Br 3083}{ ui, Jier
MmBT ° [uamerp BBICOTa

0,3 0,5 0,1 0,3 16 38 15 15
0,5 5,0 0,15 0,3 16 38 16 15
1,0 3,5 0,2 0,5 16 50 30 15

50 12 3,5 1,4 65 120 1000 16
300 6,0 12,5 2,4 110 150 2500 10

nenueM 0,55 Br/u. Croumocrs redeparopa 6onee ueM Ha
90 %, ompenesseTcs CTOMMOCTBIO TOIJIMBA, KOTOPAS B HACTO-
AUIEE BPEMS COCTABIASIET OKOJO 2 ThiC. Aos./r. CHMXeHue
BBIXOTHO! 2JIEKTPUUECKOM MOIIHOCTH, 00YCIOBIECHHOE pacna-
JOM TOIUINBA U (PM3MKO-XUMHUCCKUMU TPOIECCAMU B TEPMO-
5JICKTPUUYECKOM Marepuasne, He mnpesbimaer 15—20 9% 3a
10-neTHui CpoK CayXOwl.
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