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TepMoanekTpuueckue
CHUCTEMbl OXJTXKAEHUSA

[TocTpoeHue cOBpeMeHHBIX JTa3epHBIX, OLITH-
YECKUX, panuO2JIEKTPOHHBIX CUCTEM HEMBICIIIMO
6e3 IIPIMeHEHNUST OXJIKIAIOIINX 1 TePMOCTATH-
pYyoIIHX cucreM Ha 6ase coBpeMeHHBIX TOM.
HanexXHOCTb U O3KHIaeMBblil pecypc HapaboTKu
Ha 0TKa3 3JeKTPOHHOTO 060PYLOBaHMUS U IPU-
60poB 06PaTHO IPOIOPIMOHATBHBI TEMIIEPATY -
P€ KOMIIOHEHTOB, BXOIAIUX B COCTAB CUCTEMBI.
YMeHblIIeHYe pabotei TeMIIEPATyPbI KOMIIOHEH-
TOB 000PYIOBAHIS U IPHOOPOB COOTBETCTBYET
OKCIIOHEHIIMAJIbHOMY YBEJIMYEHUIO UX HANEXK-
HOCTH U BpeMeHH HapabOoTKu Ha 0TKa3. Cienyer
OTMETUTD, UTO YBEIIMICHHUE TEIIOBOT'O pacces-
HUA B OTIEIbHBIX CUJIOBBIX 3JIEKTPOHHBIX KOM-
IIOHEHTAX IIPU ONHOBPEMEHHOM YMEHbIIEHUN
1X KOHCTPYKTHBHBIX Pa3MePOB HEHU30eKHO BIle-
deT 32 c060i HeOOXOMUMOCT TOTHOTO paciera
OXJIAJUTENbHOI CUCTEMBI, TAPAHTUPYIOIIEN CO-
XpaHEHUE 3aJaHHbIX [TIOCTaBIIMKOM UHTEPBAJIOB
PabouKX TeMIepaTyp IpH CaMbIX HeOIArOIPHST-
HBIX BHEIIIHUX TEMIIEPATyPHbIX BO3EHCTBHAX.

Tepmomnapa (KOHTAaKT ABYX pPasHOPOIHBIX
MeTaJUIOB) B TOM BHJE, B KAKOM OHa ObLIa HC-
II0JIb30BaHA B 3BHAMECHUTHIX OIIbITAX HeHLTbe,
HE€ UMEET ITPAKTUYIECKOr0 3HAYEHU 1JIs1 OHEDP-
reTHYeCKUX MpUMeHeHuIt: 111 3P GeKTHBHOTO
OXJTXKIeHUST HeOOXOIUMO Pa3BepHyTh pabodyIio
OBepXHOCTh. CileflyeT OTMETHUTH, UTO KOHC-
TPYKIHS TEPMOIJIEKTPUIECKOTO MOYIIS, IIPEf-
CTaBJIeHHas paHee, OyneT paboTaTh B MEPBHIIL
MOMeHT. JI>KOy/IeBO TeIUI0 PABHOMEPHO BbIe-
JIA€TCA B TEPMOJJIEKTPUIECKUX IJIEMEHTAX U PaB-
HOMEPHO IIPOTPEBAET CUCTEMY. DTO HETaTHBHO
CKa3bIBAeTCsI Ha mpoliecce oxurakaeHust. Co Beeit
04YeBUHOCTHIO, TOM He MOKeT OBITH IPHMe-
HeH 6e3 COOTBETCTBYIOIIETO YCTPOICTBA OTBOMA

CoBpeMeHHbIe pelueHUs
TePMOIJIEKTPUUECKOIO OXIaXKAEHHUSA
AN PaAUOINEKTPOHHOM,
MeOULIMHCKOMW, NPOMbILLIEHHOM

1 ObITOBOM TEXHUKM

MepBas yacTb cTaTbu COfeprKaNa KPATKUH IKCKYPC B UCTOPUIO TEPMOINIEKTPH-
YyecTBa U ONMCaHHe OCHOBHbIX )U3UYECKHX NPOLIECCOB, NPOTEKAIOLHUX B TEPMO-
anekTpuueckux moaynsx (TAIM). Paccmarpueas Haubonee pacnpoctpaHeHHble
BapHUaHTbl UX KOHCTPYKTUBHOIO UCNOJIHEHUs, GbIM NpeacTaBneHbl 06nacTw,
B KOTOPbIX UMEIOTCS TEPMO3JIeKTPUUECKHE OXTaXKAEHHEe U HarpeB UMeIoT 3Ha-
uMTeNbHbIE, @ B HEKOTOPbIX Cnyyasx — abconoTHbIe NpenMyllecTBa.

TemIa. B upeaqpHOM Ciydae HEOOXOMUMO CTa-
OUIM3UPOBATH TEMIIEPATYPY TOPSIIEH CTOPOHBL
MOZYJISL CO 3HaUeHUeM, OJIU3KIM K TeMIepaType
OKpyKatoIreil cpefpl. Takum 06pas3om, mpume-
Henue TOM Bcerfa cBsA3aHO C HCIIONb30BAHUEM
TOTO WJIX UHOTO PaJIaTopa, KOTOPBIH II03BOJIS-
eT COPOCUTD He TOJIBKO TEIUIO, [IepeKadnBaeMoe
TOM ¢ X0JI0IHOI CTOPOHBI, HO H IKOYJIEBO Tel-
710, BeIIeTIsieMoe B TOM 1pu mpoTekaHuu depes
HETO JIEKTPHYECKOTO TOKA.

BaXHENIINM IIPENMYIIIeCTBOM UCIOJIb30Ba-
must TOM coBMecTHO ¢ 3¢hHeKTHBHOI CUCTEMOI
cbpoca Terwa ¢ ropsIeil CTOPOHbI MOTYJISL SIB-
JISIETCST BO3MOXKHOCTD 00eCIIeINTDh OXIXKICHUE
00beKTa [0 TEMIIEPATYPBI HIDKE OKPY KoLl
CpefIbl, IIPY 3TOM, B CJTy4ae IPABIJIbHOTO PacdeTa,
ofecrieqnBaeTcst He TOILKO KOMIIEHCAIIHS 06pat-
HOTO HAaTeKaHUS TeIlIa Yepe3 TeIUIOBYIO U30JIs-
I[HI0, HO U OTBOJ, TEIUIA, U3/IyIaeMOro 0OBEKTOM.
TBCp,ELOTeHbHaH, TepMETUIHAA KOHCTPYKIUS TEIl-
JIOBOTO Hacoca Ha ocHoBe TOM 1o3BoJsieT 0TBO-
JUTH TEIUIO U3 TEPMETUIHO 3aKPbIThIX O6'I)EMOB.

UcxopHbie faHHbIE
ANSA pacyeTa TEPMO3IEKTPUUECKOH
CUCTEeMbl OXNTAXKAEHHUSA

[Ipesxzie 4eM MPUCTYIUTh K KOHCTPYHUPOBaA-
HUIO TEPMOJJIEKTPUIECKOI CUCTEMBI OXJIK/Ie-
HUAI, I/IH)KeHep OOJIDKEeH 6bITb TOTOB OTBETUTH
Ha CJIeAYIOIIHe BOIIPOCHL:

o [Ipu xaKoii TemMIepaType OKpYysKaloIie cpe-
IIBI OXJIXKIAeMBII 0OBEKT Oy/eT SKCILUTyaTh-
poBarbcs.

o Kakoe KoJIi4eCcTBO TeIIa TOJKHO ObITh OTBe-
JIEHO OT OXJIAKIaeMOro 0ObeKTa.

o HackosIbKo BayKHA CKOPOCTB BBIXOJa HA PEXKUM
[IPY BKJTIOYEHNH F CKOPOCTD PEAKIUH Ha H3Me-
HeHISI TEMIIEPaTyPbl OXJIKIAEMOT0 0OBEKTa.

o KakoB uHTepBas pabouMX TeMIIePaTyp U KakK
6BICTPO OH MOKET MEHSATHCS BO BPEMEHL.

o KaxoB ypoBeHb HaTeKaHMUS TeIUIA K OXJIXKIa-
eMOMy OOBEKTY 3a CUeT TeILIOIPOBOLHOCTH,
KOHBEKIIUY /WU PaAaIUHy.

e Kakast MOBEepPXHOCTh U 06bEM HOCTYIHBIL
nis TOM u nis paguaropa.

o Kaxkas aeKTpuyecKas MOIIHOCTb TOCTYIIHA
myst pabotsr TOM.

o C KaKo¥ TOYHOCTHIO HeOOXOLUMO ITOAAEPIKIL-
BATh TEMIIEPATYPY OXJTAXKIAEMOr0 0ObEKTa.

o KaxoBa MaKCHMaJIBHO IOy CTUMAs TeMIIepa-
Typa pajaTopa BO BpeMst paboThI.

TOM B anmapaType MOKeT 9KCILTyaTHPOBATh-
sl B Pa3/IMYHBIX PEKIMAX:

o PeXxuM BRIIOUEHHUS-BBIKTIOUEHS ([T HEKOTO-
PBIX THIIOB MOJYJIEl TAkKe BO3MOMKEH PEKUM
CMeHbI HOJIIPHOCTH, TI03BOJISIOIIHIL COKPATHTh
BpeMsI [IePEeXOHOTO LUKIA). [JaHHbIH PeXUM
B IPOCTENINEM CJIydae peanusyeTcs ¢ IOMo-
IIIBIO TEPMOpEJIE PAa3IMYHBIX KOHCTPYKIUH.

e PexxyM IOCTOAHHOTO BKIIOYeHKA (Hanboiee
671arOIIPHUSATHBII C TOUKY 3PEHIsI HaIeKHOCTH
IIpY IPaBIILHOM BbI6ope TiIIa TOM 1 pesxu-
MOB ero paboThl).

e PesX1M BBICOKOTOYHOTO ITOIIEP>KaHUS TeM-
epaTypsl, 00ecIeInBaeMbIil KOHTPOJIEPOM
TEMIIEPATYPbL U JATIUKOM (TepMUCTOPOM).
KoHTposu1ephl IOCTaBIISIOTCS MHOTHMH POC-
CUHCKMMU U 3apyOeXHBIMU KOMIAHUIMHI
U UMEIOT YHUBEPCATbHOE WU CIeIUaIA3U-
posauHoe 1t TOM Hasnauenue. Poccuiickue
3aKa3YMKH O4EHb YaCTO CAMOCTOSATEIBHO Pa3-
PabaTBIBAIOT CXeMHBIE PEIIEHISI IS BLICOKO-
TOYHOTO yIIpasieHust TOM, IIpu 3TOM UCIONb-
3YIOTCSI MEKPOKOHTPOJUIEPHI U CIIEIUATU3HPO-
BaHHbIe MEKPOCXeMBI (HaIlpuMep, KOMIIAHHI
Linear Technology LTC1923 min MAXIM
MAX1978/MAX1979), npenHasHadeHHbIE
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11t ynpasiaeruss TOM B pesKuMax oXJIaxue-
HUS 1 HarpeBa (OUIOJISIPHBLI PEXUM).

PacnpepeneHune Temneparyp
BHYTPU TEPMO3/IEKTPHUUECKOM
CHUCTEMbI OXNAXKAEHUS

Paree 65U10 OTMeUEHO, ITO TEPMOIJIEKTPUIEC-
xuii apext [TenbThe SIBISETCS TOBEPXHOCTHBIM,
TIPH 9TOM IIPU NPOIYCKAHUY IJIEKTPUIECKOTO
TOKa OIpe/ieJIeHHO! BeJTMYMHbI OJJHA IIOBEPX-
HOCTh TOM oxTa’kaercs, a Apyrasi HarpeBaeTcs.
Ha puc. 1 u3o6pakeH [OMEPEIHBII Cpe3 Mpo-
CTeHIIIel TePMOSJIEKTPUYECKOM CHCTEMbI OXJIaK-
TeHus, cocrosieit u3 TOM ¢ TepMoaneKTpudec-
KUMH 9J1eMeHTaM (1) ¥ aJ1eMeHTaMHU HX KOMMY-
TAIlUK Ha KepaMIIecKuX IuiacTuHax (2). Topsaast
1 XOJIOHAsI CTOPOHBI MOAYJISI CHAOKeHBI panu-
aropamu (5 ¥ 4 COOTBETCTBEHHO),  TAK)KE yUTe-
Ha TeIUIONIPOBOMSIIAs 1ACTa, 06eCIIeINBaIOIIast
HauIy4IINA TEMJI0BOM KOHTAKT TOBEPXHOCTEN
Mopyns ¢ paguatopamu. C prCyHKOM COBMeIIle-
Ha 3TI0Pa pacIipefieleHust TeMIepaTyp BHYTPU
CHCTEMBI. DITIOpa NTOKa3bIBAET, YTO MAKCHMAIb-
Has Pa3HOCTb TeMIIEPATyp JOCTUTaeTCs Ha KOM-
MYTAaIlMOHHBIX CIIaAX XOJIOJHON U ropss4eit cro-
poubl BHyTpu Moyt (Tcj u Thj), Ha BHemHel
TTOBEPXHOCTU MOJYJIS Pa3HOCTh TeMIIepaTyp
OyneT MeHbIlle Ha BEJIMIMHY TEIUIOBBIX IIOTEPh
B KepaMUuKe (BeCbMa MaJIbIX, HO HMEIOIIUX 3Ha-
YeHwe IIPpU GOJIBIIIX TEIUIOBBIX TOTOKAX).

4 3 /i
7 _/_\_ 7
= Thi
Th
=1
Tc
= Tcj

Puc. 1. Pacnpesenetue temneparyp BHyTpH
TEPMO3/IEKTPUYECKOM CUCTEMbI OXNIKAEHHA

Bbi6op cnocoba otsoaa Tenna

Kaxk y>ke 6bUI0 CKa3aHO BBILIIE, U1 obectiede-
Hust 9 PEKTUBHON U HAIEKHON SKCILTyaTall Uy
TePMOJJIEKTPHYECKOTO YCTPOICTBA HEOOXOMMO
00€eCIIednTh OTBOJ, TEIIA OT FOPsTYeH CTOPOHBI
TOM B 6oJee XOIOMHYIO OKPYIKAOIIYIO CPey.
Cy11ecTByeT HeCKOIBKO CIIOCOO0B C/IeIaTh 3TO.
B 3aBUCHMOCTH OT YPOBHS OTBOJUMOM MOIIL-
HOCTH Q,,, BOSMOKHBI:
® Q,, < 15BT — MOHTaXX Ha MeTaJUINIECKUH

KODIIYG;

e 15Br < Q,,, < 35BT — s10KaNBHBIN pafuaTOp;

20p

® 35Br<Q,, <80Br— BBIHOCHOII pajiuaToOp +
+ BEeHTUJIATOP;
e 80BT < Q, , < 300BT — MemHBII BHIHOCHOMK

20p
paguaTop + BEHTHIATOD;

* Q,, cBbiie 300 Br — BogsiHOE OXJIaXK/IeHHE.
Pexxum paboTst TOM U TepMOIEKTPHIECKOI
CHCTEMBI B I[eJIOM OIPENIeIISIOT HEOOXOMIMYIO
CKOPOCTB «COPOCa» TeIIa C TOPsIIeil CTOPOHBL
TOM, npu 3T0M Heo6XOUMast CKOPOCTh COPO-
ca MOXeT OBITb B HECKOJIBKO Pa3 BBILIE CKOPO-
CTH OTBOJIA T€ILIA OT XOJIOHOH CTOPOHEL. DTO
COOTHOIIEHNUE OIIPEENIAETC PACCMOTPEHHBIM
B I1epBolt YacTH crarTbu koo dumentom C,, —
OTHOIICHUEM XOJIOAUJIbHOU MOIITHOCTH K JJIEK-
TPUIECKON MOTPeOIIsIeMOI MOIIHOCTH:

Cop = kXTI IPxR
Quop = xRtk

e k— xoadduruent Ilenbroe.

O6wue npunyunvi Bvi6opa

paduamopob u benmunsmopob
PapmaTop — 3TO YCTPOICTBO, yIIydIlaoliee

Iiepeziady TeIIa OT ropstdeil HoBepxHocT TOM

B OKPY’KAIOIIYIO Ccpeny (KaK IPaBUIIO, B BO3AYX

WIH BOJLY, HO OBIBAIOT U IPYTHe BAPUAHTHI).
Jist mpaBHIIbHOTO BBIGOpA pagrartopa Heob-

XOIMMO M3HAYAJIBHO OIIPEJENUTD CIIeNyIoIne

[apaMeTpsbl:

e Q) — monHas (MaKCHMaJbHas B CIydae pas-
JINYHBIX PSKIMOB PaOOTHI) MOIIHOCTD, ITOCTY-
IIAIOII[as HA TOPSIIYIO CTOPOHY MoxyJs [Br];

o T .« — MaKkCcHMaJbHas TeMIepaTypa Ha ro-
pstueii cropore TOM, BepxHUH 1pefies KOTO-
PoIt ommpefessieTcsi KOHCTPYKTHUBHO-TEXHO-
JIOTHYEeCKUM BapUaHTOM UCHONIHeHus TOM
(cM. Tabauy 1 B IIepBOIL 9aCTH CTAaTh), YKa-
3biBaercs B crenudukanun [°Cl;

e T .,— TeMIlepaTypa OKpPY)KaloIliei Cpemsl
[°C], st crygast paGoOTHI B 3a]aHHOM HHTEP-
BaJIe TeMIIEPaTyp — ee MaKCUMaJIbHOE 3Hade-
HHuE ( Tamb max) .

OTHomenne pasgoctu Temnepatyp AT =
= T}, max— Lamp K HEOOXOIUMOIL BeIUIUHE TeIl-
JIOBOTO paccessHus Q) ompesieNsieT BeIUIUHY
TEIJIOBOTO COLPOTUBJICHUS 6 CHCTEMBI OXJIaK-
nenus, [°C/Br]:

0=AT/Q,

JIJist OXJTasK[eHUs TOPsTIeil CTOPOHBI BIOH-
pathb paguaTop CIeAyeT, HCXOs, KAK MUHUMYM,
U3 IBYX XapaKTePUCTUK: CYMMapHOH ILIOIIAiN
MOJIYHeﬁ U BEJIMYUHBI TEIIOBOTO COIIPOTUBJIE-
HHA CUCTEMBI UX OXJIAKICHU . ITo xaTamoram
TIPOU3BOAUTENEH OAOUPAIOTCS PagUaTOPHI
C IUIOIAMBIO, PABHOM MJIA HECKOJIBKO GOJIbIIIei
IUTOIAM UMEIOIIUXCA MOZYJIei, U U3 HAX BbI-
GUPAIOTCs Te, KOTOPBIe IMEIOT HauboJiee ojIxo-
AAITYIO BEIUYUHY TEIVIOBOI'O COIIPOTUBICHU S
(oHa OOBIYHO YKA3bIBAETCS JUIS OIIPENENIEHHOTO
3HAYEHUSI TEMITEPATYPbI OKPYIKAIOIIIEN CPefibl).

Crengyer UMeTb B BUJY, YTO PAcXOXKJeHHE
MeXny paC‘IéTHbIMI/I JAaHHBIMU U XapaKTEPUCTU-
KaMH peabHOM TEPMOJJIEKTPUYECKON CUCTEMBI

CHUI0Bas JIEKTPOHUKa

MOJKET IOXOIUTH 10 20—25%. D10 00BIYHASA I10T-
PELIHOCTD PaCI€TOB TEIIOBBIX PEKUMOB MHOTUX
cucreM. OHa CBsI3aHa He TOJIBKO C IPHOIIHKEH-
HOCTBIO TEIUIOBOII MOJIENIN, HO ¥ C HEBO3MOXK-
HOCTBIO Y9eCTh BCe KOHCTPYKTHBHBIE 0COOEH-
HOCTH CUCTEMBI OXJIQKAEHUS, C HETOYHBIM OITpe-
IereHreM TeIIO(U3MIECKUX CBOCTB U IPYTUX
[IapaMeTpOB JJIEMEHTOB KOHCTPYKI[HH.

I1s1 TOro 9To6B!I OBIIO IOHATHO 3HaYeHue 0,
PaccMOTpHUM IpUMeD: IIPU TEIUIOBO Harpyske
20BT Temmeparypa HCTOYHHKA TeIlIa BO3POCIa
Ha 10 °C. [lng 3TOr0 pagmaropa TemioBoe co-
npoTusienue cocrasut 10/20 = 0,5 °C/Br.

Jpyroit mpumep: AJisl TEMIIEPATYPBl OKPY-
Karolel cpensl 25 °C TeMIepaTypa paguaro-
pa yBenuuuiachk Ha 10 °C, a MOIITHOCTB, KOTO-
past mojvKHa OBITH paccestHa, cocTasister 10 Br.
TenoBoe conpoTuBIIeHHE PAAUATOPa COCTABUT
1 °C/Br.

Ha npakTrke mpuMeHSIOTCS TPU OCHOBHBIX
THUIIa PafiHaTOPOB: PaIUAaTOPbI C €CTECTBEHHBIM
(KOHBEKIIOHHBIM) OXJIQKIEHIEM, 00yBaeMble
BEHTUJIATOPOM U C JKUAKOCTHBIM OXJIAXKAEHU-
€M, TUIIOBbIE 3HAYE€HUS TEIIJIOBBIX COIIPOTUBIIE-
Hu#t 0 UL KOTOPBIX IPUBeeHbI B Tabiue 1.

Tab6nuua 1. Tunosble 3HaUYEHWs TENNOBOTO CONPOTHBEHHS
PafnaTopoB Pa3NMYHOM KOHCTPYKLMK

TunoBoe 3HaueHHe TeNN0BOro

Cnoco6 otBopa Tenna conporuenenus 6 ['C/Br]
€ paguaropa
MHUHUMYM MaKCHMyM
KoHBeKUHOHHDIH 0,5 5
06pyBaembli 0,02 0,5
KuakocTHoe oxnaxpeHue 0,005 0,15

Crenyer OTMETHUTD, YTO GOJBIINHCTBO Tep-
MO3JIEKTPUYIECKUX CHCTEM CTPOSTCS C IpUMe-
HEHHUEM O6ﬂyBaeMbIX BEHTUWJIATOPOM UJIH OX-
JaKIaeMbIX JKUIKOCTBIO PafiHaTOpPOB. DTO
06y CIIOBIEHO BO3MOKHOCTBIO CYIIECTBEHHO
YMEHbIIIUTb TaGaPUTHI YCTPOUCTBA OXTXKIECHIS
IIpU OIIpeJeIEHHOM 3HAYE€HUH XOJIOAMIbHOI
MortHocTHa Q.

CymecTByeT 0OJHO3Ha4YHas 3aBUCUMOCTH
MEXIy MaKCUMAaJIbHBIM IIEPETPEBOM 06'beKTa
6e3 ucronb3oBanus TOM 1 MaKCUMaTbHBIM
BBIUTPBIIIEM OT IpuMeHeHus TOM, npu aTom
OIITUMHU3AT XA MOXET GLITb OCYyIE€CTBJIEHA
II0 TeMIIepaType, XOIOAWIbHOMY K03 durru-
€HTY, TOKY ¥ TeIUIOBOY IIPOBOIUMOCTH MOJYJISL.
ITpumenenne TOM n1s yMeHBIIIEHUS TeMIlepa-
TYPbI OXJIAXKIAEMOT0 06BEKTa 3 CIeT HHTECHCU-
¢buxaruu Teronepenadn 6e3 yBeIUIeHus pas-
MEPOB HMEIOIIIEr0CsI PafuaTopa 1eeco00pasHo
IIpu yCcjlIoBUH, 9YTO MaKCUMaJIbHBIA Ieperpes
ob6bekTa He mpesbinaer 55...60 °C.

TemnonposonHocTh MaTepuana [Br/m-K],
U3 KOTOPOTO U3TOTOBJIEH PAJIUATOP, TP IIPOYHX
PaBHBIX KOHCTPYKTHUBHDBIX PEIIEHUAX B 3HAYU-
TeJILHOY CTeNIeHH! OIpefieisieT TEIIOBOE COIIPO-
THBJIeHUe paguatopa. Haubosbliee pacpocrpa-
HEHUE IIOJTYINII AIIOMUHUA U CIIJIaBBI HA €70
ocHose. [Ipu renmonposogroctu 205 Br/m-K
OH HMIMeeT MaJblil Bec, JIeTKo 06pabarbiBaercs,
MOYKeT OBITh U3TOTOBJIEH METOIOM KCTPY3HH.
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TeruonpoBoAHOCTh ATIOMUHUS B 4 pasa jydiire
TEIIONPOBOHOCTH CTaNH. TelIonpOBOIHOCTD
MeJI¥ IIOYTH B /IBA Pasa JIydIlle, YeM aTIOMHHUSL
(400 Br/m-K), onHako Meznb mopora, CIOXKHA
B 06paboTKe U MMeeT GOJIbIINI YIeTbHBIN BeC.
MenHble paguaToOpbl IPUMEHSIOTCS B 0COOBIX
CITy9asix U TOPas/io Peske aTIOMIHHEBbIX.
OCHOBHBIMH IIApAMETPAMHU BEHTHIISATOPA,
YCTaHABJIMBAEMOTO Ha PAHATOP MJIS OXJIaXK-
nenust (puc. 2), IBIAOTCSA 00eCImeIrnBaeMblil
MOTOK BO31yxa (00beM B e[UHUIY BPEMEHN),
CKOPOCTH BpAIl[eHUs OCH, THII MOAIINITHNKA,
MaKCHMaJIbHasl pabodast TeMIrepaTypa U pecypc
HapabOTKU Ha 0TKa3 (KaK HMPaBUIIO, IPHUBOJHUTCS
TOJIBKO JIJIS OTHOCHTENBHO TOPOTHX MOTIeJIel).
Ciienmyer OTMETHUTB, ITO CPEM¥ IIPOU3BOIUTENEN
HeT eINHCTBA B METO/IAX OIIpe/ieNIeHust Hanbortee
BaXHOTO [TapaMeTpa — rapaHTHPOBAHHOTO I10-
TOKa BO3/[yXa. B 3TO¥1 CBsA3K BTOPBIM 110 BasKHOC-
TH ITAPaMETPOM SIBJISIETCSL pABOYHil TOK (3J1eKT-
pyYecKast MOIHOCTE) fBuraresis. O4eHp 9acTo
pabodee HaPsDKEHNE BEHTHIITOPOB U HALPSDKe-
Hue nuTaHust TOM B3aHMHO OIPeIeNSIOT BEIOOD
pabovero HarmpsuKEHMst CUCTEMbI OXJTKIEHHUS.
Hawu6os1ee pactipocrpaHeHHbIE BEHTHIISATOPHI BbI-
ITyCKAIOTCS C HaNpsDKeHNeM nuTaHus 12 u 24 B.

Puc. 2. Paguatop c yctaHOB/IEHHDIM Ha HEro
BEHTMIATOPOM

[Moxanyit, HanboJiee BaKHBIM IS KAIECTBA
U HaJI)KHOCTH BEHTUIATOPA SIBJISETCS TUII IIPU-
MEHsIeMBIX HOJIIHITHUKOB (CKOJIbKEHUST U/ MK
KaveHust). [IO[IINITHAKY CKOJIbKEHHUS JIeIIIEeBbI,
6aropiaps 4eMy 1eHa BEeHTIIISTOPA MOXKeET ObITh
B HECKOJIBKO Pa3 CHIDKeHA. BeHTMIIATOPSI ¢ Im1a-
PHUKOBBIMU IOJIIMITHUKAMY OTJIMYAIOTCS B He-
CKOJIbKO KpaT 60Jiee BBICOKOU HafIe)KHOCTBIO.
ITomHS, YTO BEHTUIATOPHI ABJISIOTCS HaUMe-
Hee HaJIe)KHBIM Y3JIOM B TE€PMOJJIEKTPUIECKON
CHCTeMe C BO3AYIIHBIM 00[1yBOM PaiHaTOPOB,
CJleflyeT He TOJIBKO PyKOBOJCTBOBATbCS CIIEIU-
¢dbuIEpyeMbIME IIPOM3BOIUTENEM OCHOBHBIMHU
rapaMeTpaMy, HO U IIOJIy4aTh OT U3TOTOBUTEIIS
rapaHTHIO MIHIMAIBHON HapabOTKH Ha OTKA3.

Ob6nactu npumeHeHns TOM

3a nocenuue rogst kommmanust «KKPUOTEPM»
MpoBeJIa HeIbli psij pa3paboTOK M OCyL[ecT-
BHJIA BHEIPEHUE B CEPHUITHOE IPOU3BOACTBO
TOM nus1 pasnugHbIX 001acTeil IPHMEHEHNUS.
[TpakTrKa pa3pabOTKH TePMOIIEKTPUIECKUAX

Tabnuua 2. 061acTH NPUMEHEHNS TEPMOINEKTPUYECKOTO OXNAKAEHHS

:g’l:::‘:c’:':?;: rlpggt:i:uu Haztauenue K:::a’::l! Toim € Tiaxs "C
0,05 3 Dorogertektopsl (InAs) 4 =73
0,05 3 CCD Bngeokamepbl (MaTpuubl) 3 —45
0,01 3 ®orogetektopsl (HgCdTb) 3 =50
0,1 M ®uanotepanus 1 0 50
0,15 3 PentreHocnektpometpbl 4 —-100
0,2 & Qortogetextops! (Ge, Pbs, PbSe 1 ap.) 2 =30
0,2 n Mukpodpotokonopumetp 1 =20 20
0,5 " JlaTumK TOUKK pochl 2 =35 85
0,5 3 JazepHble AUOADI A1 ONTOBONOKOHHOM CBA3N 1 25 25
0,5 8 JlasepHbie Auoabl AN MHTEP(EPOMETPOB 1 25 25
1,5 ) JHK-amnaucpukarop 1 0 90
1,5 3 YcunuTenu ¢ HU3KUM YPOBHEM LLYMOB 3 —45
2,0 " TMpubopbI ANs ONpeaeneHHs TOUKH 3aMep3aHHs 3 —60
2,0 5] OxnaxpeHue npob B cnekTpochotoMeTpe 1 10
3,0 n Mogenb abconioTHo yepHoro Tena 1 50 200
3,0 M OxnaauTenn Ans MAKPOCKOMNoB 1 20 60
3,0 n JloBywwKK ANt BAKYYMHbIX HACOCOB 1 =30
50 n OxnaxkaeH e CBEPXbSPKMX CBETOAHOA0B 1 =5 0
5,0 4 OxnaxpeHue Kopnyca hOTOYMHOXHUTENS 1 =20
5,0 ] OcyLueHue npob razos 1 1 3
5,0 M MUHUXONIOAUNBHUKHN AN MEAULMHDI 1 5 15
8,0 3 OxnaxaeHKe NpoLeccopos 1 60
10 n OnpegenuTenb TPOMHOM TOUKM 1 =25
10 b lMporpammupyembie TepMocTaTbl 1 =20 100
10 ) MUHUXONOANUBHIKM NS NPenapaToB KPOBK 1 4
1 C OxnaxxaeHue Wwnema nuaoTa 1 26
13 n XONOANNBHHKHM AN NTUKHUKOB 1 5 60
15 n TexHoMoru4ecKue H3oTepMUHECKIe BaHHbI 1 10 70
15 n OnpepaennTenb TOUKW NOMYTHEHHS HedhTH 1 =10 -10
25 ) Ocmometp 2 1"
50 n Mopynu ans BO3YWHOrO KOHAULMOHEPA 1 5 70
70 n XuMHueckoe ocaxpeH1e 1 0 70
70 n TemnepaTypHblit KOHTPO/b LIMPKYNSATOPOB XHAKOCTH 1 =10 70
100 n UcnbitatensHoe o6opyaosaie 1 =25 70
100 n Oxnagutenv soapl 1 10
100 iy TMepcoHanbHbil komdopT 1 24
300 n 3aMopaxuBaTeny ans kpenneHus obpabarbisaembix getaneh 1 -10 30
500 n Oxnaputenu Ans NpoM3BOACTBA NONYNPOBOAHUKOBBIX MHKPOCXEM 1 =10 30
1000 M TennoobMeHHUKHM ANs ONepaLuii Ha OTKPLITOM cepaLe 1 10 42
2000 n KoHauumoHepb! Ans NoMeLLeHIi 31eKTPOHHOTO NPOM3BOACTBA 1 20 30
5000 n KoHauumroHepbl 4ns X /4 BaroHoB 1 20 24

YCTPOMCTB BBISIBIISIET MHOKECTBO HHTEPECHBIX
3ajay, peIIaeMbIX C TOMOIIBIO TEPMOIJIEKT-
PHUTECKOTO OXTaKAeHus. BosmoskHble o6irac-
tH npuMeHeHust TOM B cucTeMax OXJIaKIeHUS
1 TIPSIMOTO NIPe06Pa30BaHUs TEIIOBOM SHePruu
B 9JIEKTPUIECKYIO OTHIO[b He OTPAHNIMBAIOTCS
[IpUBeNeHHBIMY HIDKe. B Tabnume 2 ykasaHsl
JIMIIb HEKOTOPbIE U3 TPUMEHEHHI TEPMOJJIEKT-
PUYECKOrO OXJTKIEHUS B PA3INIHBIX 00IACTSIX
IesITeIbHOCTH destoBeka. O61acTy IpUMeHeH s
Pa3MellieHb! B IOPsAIKE BO3PACTAHUS XOIOIHIb-
Holl MomHOCTH TOM ¢ yKazaHHeM 4mcIIa Kac-
KajoB B TOM, TUIIOBBLIX 3HAUEHUH TeMIIepaTyp
(Tin 4 Tppay) IO XOTIORHOI CTOPOHE. Y CTIOBHO
00671aCTH IPUMEHEeHUs pa3fiesieHbl 1 0603HaTe-
ubl 6ykBamu: b — 6uonorudeckue mpudops;
I — momamHss TexHuKa; M — uamepurenbHast
TexXHMKa; M — MemIuIIMHCKasg TexHuka; [1 —
TIPOMBIIIIEHHOE IPHMeHeHNe; O — 3JIeKTPOH-
HbI€ yCTPOMCTBA.

Tabsmurra 2 faet npeacTapieHne 0 HeKOTOPBIX
CHCTEMaX, PeaTl30BaHHBIX Ha OCHOBE TEPMO-
9JIEKTPUIECKOTO OXJIXKIEHUsI. PaccmoTpum 60-
JIee IIMPOKUI KpyT npuMereHus TOM.

B panmnoanexTpoHuKe MITHHATIOPHbIE OXJIa-
TUTeIH UCTIONb3YIOTCS [JIS:
® BXOJIHBIX KaCKaJIOB BBICOKOUYBCTBUTEIBHBIX

PanuONPUEMHIKOB U YCUIHATENEH;

MOIIIHBIX F'€HEPATOPOB U PATHOIJIEMEHTOB;

® JIa3epHBIX U3ITydaTesel U CUCTeM;
® IapaMeTpPHYeCKUX YCHIUTeIel Pa3IudHOrOo

Ha3HaYeHUS;
BaKyyMHBIX U TBEPIOTEIbHBIX poTOIpHeM-
uukoB u [13C;

MHUKPOIIPOIIECCOPOB U MHUKPOCXEM, JJIEKT-
POHHBIX IUIAT U 6I0KOB.

JIis1 06111er0 IPOMBIIIIIEHHOTO IPUMEHEHHS:
KOHIMIIMOHEPHI JIsE aBTOMOOUIBHOT TeX-
HUKU;

OXJIQKIEHHE U IOLOTPEB CUMIEHUI aBTOMO-
6ueit;

YCTPOJICTBA OXJIAK/EHUS U TEPMOCTAOUIIU-
3aI[UM CUCTEM HOYHOTO BUIEHUS U CUCTEM
BUJICHUS B CIIOXKHBIX YCIOBUSIX (TyMaH, 3a-
IOBIMJIEHHOCTD );

OXJIOXKIIEHNE JIEMEHTOB JIEKTPOHHBIX CXeM
BCTPOEHHBIMU MUKDPOXOJIOIUIbHUKAMUY;
OXJIa)KIeHUE BXOIHBIX KaCKall0B BHICOKOUYB-
CTBUTENIbHBIX TpreMHUKOB 1 CBY-ycunure-
Jiew;

TEPMOCTAOMIN3ALIIS TAPAMETPUIECKUX YCH-
JIUTEJIEN;

TepMocTabunusanys st GOTOITEKTPOHHBIX
YMHOXUTEJIEN;

OXJIQIUTENTH IJISI MUKPOIIPOILIECCOPOB B CIIe-
[IAAJIBHOU BBIYUCIUTEIIbHOU TEXHUKE;
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® KOHTAKTHOE OXJIQKIEHHUE U TEMIIEPATY PHbIIA
koHTposb MK-nataukos, [13C-marpui;

® TeMIIEPATYPHBII KOHTPOJIb JTA3ePHBIX MO~
IOB JIg BOJIOKOHHOI ONITUKU C TOYHOCTBIO
mo +0,1 K;

® TepMOCTAOMIN3AINSA UMIIOPTHBIX JJIEKTPOH-
HBIX KOMIIOHEHTOB JIJ1 00ecriedeHrs X Ha-
IEXHOI pabOThI B paCIIUPEHHOM HHTEPBAJIE
TeMIIeparyp.
HWupycrpuanbHoe 060pyoBaHue:

® CUCTeMbI KOHIUI[MOHUPOBAHUS TePMETHIHBIX
mkagoB ¢ 060pyIOBaHEeM;

® CHCTEMBI OCYIIIEHUS B TEPMETUIHOM 060py-
IOBaHUY;

® IaTYMKU TOYKH POCHI;

® KJIMMAaTHYeCKOe UCIIBITaTeIbHOE 000PYN0Ba-
HYe JIJI51 9JIEKTPOHHBIX TIPUGOPOB;

® UHTEHCUBHOE OXJIAXKIIEHNE IPOIECCOPOB;

® yCTPOICTBA s OBICTPOT MONTUMEPUSATAN
KJIes ¥ TUIEHOK 110 3aIaHHOM IPOrpaMMe;

® XOJIOfHBIE TA60PATOPHbIE TIOBEPXHOCTH;

e anmaparypa Jyis OlpeliesieHns CBOICTB Hed-
TENPONYKTOB;

® CuCTeMa OXJIAK/IEHNS TeJleMETPHIECKHX TIPH-
60pOB B CKBOKUHAX;

® a30Bble AHATU3ATOPDI;

® TepPMOKAIHOPATOPHIL.
MeaunuHCKOe U MeJUKO-OUO0I0THYeCKOe

obopymnoBaHue:

® OXJIAKIAEMBbIE TEPMOCTATUPOBAHHBIE KIOBETHI
IJI5 KIIMHAIECKUX IKCIIPECC-UCCIIeNOBAHMIL;

e oXJIajaeMble MOOMIbHbBIE KOHTEHHEPHI
17151 XpaHeHUst GMOIOTUIECKUX TKAHEH U SKUI-
KOCTeH;

® AHECTE3UOJIOTHIECKOE M OPTATbMOIOTHIEC-
Koe 060py/IoBaHme;

® pUGOPHI C TEMIIEPATY PHBIM [IUKJIUPOBAHUEM
(mampumep, myist 9xcrpecc-aHanusa [JHK);

® XOJIOMWJIbHUKY JIJIs IEPEBO3KU KPOBU U Op-

FaHOB [IJIs1 TPAHCIUIAHTAI[VN;

OXJIKIeHUE Ta6OPATOPHOI OCYIbI;

TePMOCTaOUIM3AIST MUKPOCKOIIOB;

OXJIaXKIeHUE TUAaTHOCTUIECKUX IaTIUKOB;

TEPMOCTAOMIM3AIIUS TKAHEH U MUKPOKYJIb-

Typ;

® GOKCBI JIsl 3aMOPAKMBAHUS YETOBEYECKUX

OpraHoB;

KPUOTMHIIETH;

JIOKanbHOe 00e360/IMBaHME;

OXJIaJK/IeHUE TOUEK aKyIyHKTYPbI;

JIOKJIbHOE OXJIQJKIIEHHE JIJIs1 TIOBBIIIIEHNUS Pa-

60TOCIIOCOOHOCTH YeIOBEKA.

XononuibHOE 060pyIOBaHHE:

® MUHU-06APbI U MUHU-XOJIONMIBHUKH JIJIS TOC-
THUHUYHBIX HOMEPOB;

® aBTOMOOMIIbHBIE XONOIUIbHUKY.

Mpumepbi

NpaKTHYEeCKOro UCNONb30BaHHUsA
TEPMO3N1eKTPUUYECKOro OXNaXKAEHHUs
B 06opynoBaHumM U npubopax

ITepexons oT 00I1Iero K KOHKPETHOMY, pac-
cMOTpHM 60J1ee TOAPOOGHO HEKOTOPBIE PELIeHsT
¢ npuMmeHenneM TOM, yCIOBHO pasfieleHHbIE
110 BH/IaM 000PyOBaHHA.

Puc. 3. ABTOMOBH/IbHBIM XONOAUABHUK
C npumereHrem TOM

Puc. 4. Oxnagutenb HanuTKoB, paboTatoLmii oT 6opToBOM
ceT aBToMOBHAS

B aBTOMOGIMIIBHOT ITPOMBIIIIEHHOCTH Tep-
MOQJIEKTPUIECKHE MOJYJIH IIIUPOKO UCHIOJIB3Y-
JOTCSL B PA3/IMYHbBIX CHCTEMAX OXJIAXKIEHUS. DTO
06y CIIOBIIEHO TeM, YTO HALIPSDKEHUE TUTAHUS
TEPMODJIEKTPUIECKUX MOJYJIel COBIIAMAeT C Ha-
npspKeHHeM 60PTOBOJI CeTH, a KOMIIPECCOPHOE
OXJIaK/IeHUe TPYIHO IPUMEHUTD B CBSI3U C Me-
XaHMIECKUMU BUOPAIMSIMHU U TPSICKOIL.

Haubosee pacipocrpaHeHHbIM IPUMEHEHN -
€M TEPMO3JIEKTPUYECKOTO OXJIAKIEHHUS SIBIISIOT-
Cs1 pasINYHble XOJIONWIBHUKHY, OIKII0YaeMble
K 60pTOBOI1 CeTH aBTOMOOIIIS, U BCTPOEHHBIE
OXJIAJIUTEIIH [IJIs1 HATIUTKOB (puc. 3 u 4).

Taxoke HIMPOKO MPUMEHSIOTCS TEPMOIIIEKT-
pUYeCcKHe MOTYJIH [l MECTHOTO OXJIaK/eHHSI
WM HarpeBa CUIEHUI B COOTBETCTBHH C MH-
IUBUYaTbHBIMH PEANOYTEHUSIMA BOJUTEIISt
1 maccaxupoB. LIUpKy/ISIust BO3AyXa O BHYT-
PEHHHUM BO3[yXOBOJAM C KOHTPOJIHPYEMOI
TeMIepaTypoil BHYTPH CHUIeHbs 0becriednBa-
eT MHIMBU/YaTbHbIE PEKUMBI IJIsI KaXKOTO
oJ1b30BaTeNs1. [laHHbII BU]] KJIMMAT-KOHTPO-
JIsL BHYTPU aBTOMOOMIIS He TpebyeT YCTaHOB-
K{ MOIIHOTO KOH/IMIIHOHEPA, TI03TOMY JaHHAasI
TEXHOJIOTHS ABJISETCS 9HeprocOeperaromiert.

CHUI0Bas JIEKTPOHUKa

Puc. 5. NpotoTun KoHA1UKOHepa
[I151 TPAHCMIOPTHbIX CPEACTB

DosbIiye mepCnekTHBB OTKPHIBAET TEPMO-
3JIeKTPUIECKOe OXJIAXK/IEHUE IIPH CO3TAHUU OT-
Ka30yCTONYUBBIX, HEIIPUXOTIUBBIX K H3MeHe-
HUSIM HalpsDKEHHSI TUTaHUS KOHJUIIOHEPOB
1J1st GPOHETeXHUKH, KAOUH TPAKTOPOB, IPY30-
BOI1 TEXHUKH U KYII€ XKeJIe3HOTOPO)KHBIX Baro-
HOB (puc. 5).

B HepTAHOI IPOMBIIITIEHHOCTH ITy60KOe
TEPMOJIEKTPHIECKOe OXJIK/IeHNe HAIILIO IIPH-
MeHeHNe B alaparype AJIsl OLpe/ieIeHUs TeM-
TIepaTyphbl IOMYTHEHHUS U Hadajla KPUCTAJLIN3a-
I[UY CBETJIBIX He(TenponyKToB. Temmeparypa
B obutactu uccnenoBanust — 10 —80 °C npu Ha-
JIMYUY TEIUIOBOM HATPY3KH.

C IIOMOIIIBIO TEPMOIJIEKTPUYECKHX Y CTPOIICTB
MO>KHO OCYIIIEeCTBJISATh KOHTPOJIb 32 TeMIIepa-
TYpoit 110601 9aCTH Tesla YeTOBEKa, HarpeBast
U/WITH OXJTK/IAs ee. DTO MOKeET ObITh 0COOEHHO
Ba)KHO IIPU paboTe B 9KCTPEMAJIbHBIX YCIOBH-
ax. Tak, HapuMep, IIPH IeperpeBe CHUKACTCS
CKOPOCTB PeaKINH, YTO KPUTUIHO AJISI IIUJI0Ta
60eBoro camorera. TepMoaIeKTpUIeCKUe yC-
TPOCTBA, pabOTAOIINE HA OXTAXKIECHIE HITH
HAarpeB, TOMOTYT 00eCIeYnThb BHICOKYIO 60ectio-
COGHOCTB.

Mogenp abCONOTHO YePHOTO Tesla BKIKYa-
eT B ce0s1 BBICOK03((HeKTUBHBIE MOYIIH, 1103~
BOJISIIOLI e Ha KUIHOPOBOYHOM IIOBEPXHOCTH
HOJIYIUTh TEMIIEPATYPY, CTAOMIH3NPOBAHHYIO
C BBICOKOW TOYHOCTBIO [ IocTupoBku MK-
IATYNKOB M M3MEPUTeEJIEH TeMIIepaTyphl.

CucreMa TepMUIeCKOTO (POPMUPOBAHUS
usobpaxenus (Thermal Imaging Camera) mos-
BOJISIET TIOJIYYUTh KOHTYPHOE U300paskeHue
00beKTa, IMEIOIIEero OTIINYHYIO0 OT OKPYIKako-
el cpefpl TeMIlepaTypy. Takue cucteMsl Ha-
LUK IIMPOKOE NPUMeHeHNe IIPU IPOBeAeHUN
CIacaTeabHbIX OIEpPAIUil B yCIOBUIX CUIb-
HOI1 3a/{bIMJIEHHOCTH, IUIOTHOTO TyMaHa ¥ Jp.
[yt CHU)KeHUsI YPOBHSI COOCTBEHHBIX IIIYMOB
HH(PAKPACHOTO TATIMKA B TAKOI CHCTEME IIPH-
MEHSIOT TePMOJJIEKTPUIECKOe OXIaKAeHue,
TI03BOJISIONIee IOBBICUTh IYBCTBUTEIBHOCTD
U 9€TKOCTh U300PaKEHUS IPH IKCILTyaTal[HH
B IIPOKOM JMAIIa30He TeMIIepaTyp.

B pasnuyHOM MHAYCTPUATBHOM U aBHAIU-
OHHOM 000PYIOBAHUY ITUPOKO UCIIOIb3YIOTCS
KUIKOKPUCTALIAIECKHE TUCIITIEN ¢ aKTUBHOM
Marputeit. Heo6xonuMocTh mosydeHus cra-
6GUIIBHOTO 110 YPOBHIO Ka4ecTBa U300 paskeHUs
(KOHTPACTHOCTD, PKOCTH, IIBETOBAS TaMMa)
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CHUloBas /IEKTPOHUKaA

B IIMPOKOM HHTepBajie pabOINX TeMIIepaTyp
B psifie CITydaeB OIpeNIesieT BEIOOP TePMOIIEKT-
PHUECKOTO OXJIa)KIEHHsI/HarpeBa CHCTEMBI TI011-
CBETKH TaKUX YCTPOJCTB.

YyBCTBUTEIHHOCTH HH(DPAKPACHBIX JIeTEK-
TOPOB, I€TEKTOPOB BUAUMOTO CIIEKTPa, a TAKKe
I13C-yCTpOMCTB 3aBUCHUT OT YPOBHSI COOCTBEH-
HBIX IITYMOB.

Puc. 6. Mukpomogynu ans oxnaxaenus UK-gatumkos

B aTux mpubopax, a Takxke B IIEJIOM psifie pa-
IMO3IEKTPOHHBIX YCTPOUCTB MOKHO IIOBBICUTD
qyBCTBUTENBHOCTD U YIy4IINTh COOTHOILIIEHHE
CHUTHJI/IITYM 3a CYeT IIPUMEHEeHUs TepPMOJJIEKT-
prdecKoro oxJaxaeHus (puc. 6). B sapucumocru
0T TpeGOBaHUIT HPUMEHSIOTCS Pa3IuIHbIe
TEPMO3JIEKTPHYECKUE MOIYIIH: OT BBICOKOI(D-
(peKTUBHBIX OHOKACKATHBIX JIO CIIEI[HATBHBIX
YeTHIPEXKACKAHbIX ¢ ONTUMU3UPOBAHHBIMH
TEPMOIJIEKTPUIECKUMH XapaKTePUCTUKAMU
Ka)KIOTO KacKazia. Takue MOIYJIH MO3BOJISIOT
TIOJTY9UThb PA3HOCTh TeMieparyp no 140 K.

Ha ognoit u3 POCCUICKMX aTOMHBIX CTaHIIAM
yCTaHOBJIEHA pa3paboTaHHAas U M3TOTOBJICHHAS
xommanuert «<KKPYMIOTEPM» TepmoasnekTpirdeckast
CHCTeMa C CyMMAapHOI MOIITHOCTBIO OXJIaKIEHUS
Q. = 20xBr, nmpenHa3HaueHHAsI IS OXJTaKIEHHS
PaIMOaKTUBHBIX ra3oB oT +55 10 —20 °C, cucrema
copepxut 6ostee 4000 mopyeit (puc. 7).

Ha poccuiickoM cerMeHTe MeXIyHapOgHON
KOCMMYECKOU CTAaHIIUHU B COCTaBe IPY30BOIO KO-

Puc. 8. Brosnoruueckuii TepMocTar, paspaboTaHHbii
1 u3roToeneHHbli komnanuen «KPUOTEPM».
®oro ¢ 6opra MKC

pabist «ITporpecc» yCcTaHOBIIEH OMONOTIECKUI
YHUBEPCANbHBIA TEPMOCTAT JIS IPOBEEHUS
GMOTEXHOJIOTMYECKUX OKCIIEPUMEHTOB B PAMKaX
IPOEKTA MEKIIYHAPOIHON [IPOrPAMMBI 10 KPUC-
TUIU3ALUK IPOTENHOB B YCJIOBUSIX MUKPOIpa-
BuTtanuy (puc. 8).

OnHUM U3 YHUKAIbHBIX TIPUMEHEHHT TEPMO-
AJIEKTPUIECKOTO OXJIAKIEHVSA M HATPEBA ABJIAIOTCS
YCTPOWCTBA TEPMOIMKIMPOBAHUS (TEPMOLMIKIIE-
Pbl), HAITIEMIIINE IUPOKOE PUMEHEHHUE B TIPUGO-
pax st uccnenosanmit JTHK (amrumdukaropsr),
B KOTOPBIX [JIs1 YCKOPEHUS! UCCIeIOBAHUS OCY-
IIIeCTBILIETCS. OBICTPBIN (32 HECKOJIBKO CeKYH)
HArpeB 1 OXJIK/IeHHe (B JUalia30He HECKOIBKUX
IeCSTKOB TPAjlyCOB ¢ TOYHOCTHIO JI0 IOJIEH rpa-
Iyca) HCCIeTyeMOit TI0 CIeHaTbHOI IPOrpaMmMe
marepuu (puc. 9). [lyis1 periieHus Takoit 3amaqu
TPeBYIOTCS TePMOAJIEKTPUIECKUE MOMIYIIH, H3T0-
TOBJIEHHBIE I10 CIIEMUABLHOI TEXHOJIOTUY, TaPaH-
TUPYIOLLEH BBICOKYIO HAJIEXKHOCTD IIPY OBICTPOI
¥ 9aCTOM CMEHE IOJIAPHOCTH.

Puc. 7. O6Luit BUS KOHCTPYKLMK TEPMOINEKTPHUECKOH
CHUCTEMbI C X0/104u/IbHON MoLHOCTbio 20 kBT

Puc. 9. BHeLuHuii Bug nprbopa
ons npoeegenus [AHK-uccnegosaqui

Puc. 10. LLIkachunk C TEPMOINIEKTPHUYECKMM OXNKAEHUEM
D15t XPaHEHUsi KOCMETUKM

TepMoamekTpUYeCcKOe OXJIAKIEHNE [IH-
POKO IPUMEHETCSA B KOCMETOJNIOTUH, HAIPH-
Mep, it 06ecriedeHust TOKATbHOTO OXJIaK/Ie-
HUS Y9aCTKOB KOXH C [[eJIbI0 06e360MBaHus
U JIJIsL TIPOBEMIEHUs. MAcCaKa, HAHECEHUs pas-
JIMYHBIX TPENAPATOB ¥ XPAHEHUSI KOCMETUKH
(puc. 10).

B 1es10M psifie MENUITUHCKIX, GHOTOTHYECKUAX
U XUMUKOAHATUTUIECKUX TPUGOPOB, TIpeiHa-
3HAYEHHDIX [ IPOBEIeHMs PA3IMIHbIX aHa-
JIU30B, IPUHIUNIUAATLHO BAXKHO MOJIIEpIKaHUE
TeMIIepaTypbl UCCIIELYEMOr0 0OBEKTA C BBICO-
KOI TOYHOCTBIO (puc. 11).

Puc. 11. TepmocTtatipoBaHHas kacceta
ANs pasMeLLeHIs aHaNM3upyeMbix Npo6

JIJ1s1 CIIeKTPOCKOMUIECKOro aHaIN3a ra3006-
PasHBIX BEIECTB TAKKe HEOOXOLUMO IOAIep-
JKaHUe 3a[JAHHOTO YPOBHS BJIAXXHOCTH UCCIIe-
IyeMBbIX IPo6. BbIcoKast TOBTOPSIEMOCTD U TOU-
HOCTb IIPOBOIUMBIX aHAIM30B B 3HAYUTEIbHOM
CTelleH! 00eCIeINBACTCSI TEPMOIIEKTPIIECKOM
cTabuausamnueil TeMIepaTypsl (HaIpuMep,
B H30TEPMHUIECKHX BaHHAX) C TOIHOCTHIO 10 CO-
TBIX JI0JIel 'Pajlyca U OCYIIEHUEM Ta3a ¢ IOMO-
LIBIO TEPMOIJIEKTPHIECKOTO MOMLYJISL.
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BaxHOi 0CO6EHHOCTBIO, OIIPeIeNsIoNel
IIIXPOKOE IIPUMEHEHIE TePMOIIEKTPUIECKOTO
OXJTaXKIEHUS B PU3UOTEPAIIeBTHIECKUX U KOC-
MeTHYeCKUX Mpubopax, sBJseTcs: 6e30macHoe
L7151 9eJI0BEIeCKOr0 OpraHu3Ma HaIpsDKeHUe
muTanust TOM. DTo H03BOJISIET CO3aBaTh 60Ib-
LK€ MOBEPXHOCTH C KOHTPOJIIUPYEMOM TeMIIe-
PaTypoit JULst 0)KOTOBOIL U IPYTUX BUAOB peabu-
JINTAUU U T€pAIInu.

HeszamMeHUMBIM CTAaHOBHUTCS TEPMOIJIEK-
TPUIECKOE OXJTIAKIAECHUE IIPU HeO6XOIII/IMOCTI/I
TPAHCIOPTUPOBKU IIPENapaToB KPOBU U Opra-
HOB JJIg TpaHCIUIAaHTAlU Y. CHCHI/IEUH)HI)IC Iop-
TAaTUBHDBIE XOJIOOUJIbHUKY, ITpE€JHA3HAYE€HHbIE
IJISl MATAHUS OT aBTOMOOUIBHON 60PTOBOI
CeTH U UMeIOIIre COOCTBEHHbIE aKKYMY/IATOPSI,
I03BOJISIIOT C FAPAHTHUEl COOMIONEHNUSI TeMIIepa-
TYPHOI'O p&KXUMa NOCTABJIATH YKa3aHHbIE I'PY3bl
Ha GOJIbIIINE PACCTOSHHUSL.

HsBectHO, 4t0 He Bce 100% sHepruu, 1otped-
JsieMO¥ IIpU paboTe JTa3ePHBIX CHCTeM, IIPeBpa-
IIIAIOTCS B JIa3epHyIo dHepruio. Eciu B mporecce
PaboTEL He OTBOAUTD TEILIO OT JIA3€PHOTO YCT-
POMCTBA, TO J1a3ep U3MEHUT AJIMHY BOJIHBI, CHU-
3uT 9¢EKTUBHOCT ¥ MOKET BBIATH U3 CTPOSL.
[lyist TeMIepaTypHO¥ CTabMIN3AIE PabOThI

J1a3epOB IIPOMBIIIIEHHOTO ¥ MEJIUIIMHCKOTO
Ha3HAYEHUI IIPUMEHSAIOT TEPMOIJIEKTPUIECKOE
oxnaxaerue (puc. 12). DTo M03BOJIsIET HOTy-
IUTH JTa3ePHBII Tyd CTAOMIBHON MOITHOCTH
U JIJIAHBI BOJIHBI, YTO IPUHIUIIAAIBHO HE00X0-
IUMO C TOUKY 3peHuUst Ge30IIaCHOCTH UL 3H0PO-
BbsI IIPU BO3/IEMCTBUM JIA3€POM Ha Y€JIOBEKaA.

Puc. 12. MonynpoBogHMKOBbIM Sla3ep, yCTaHOBNEHHDIM
Ha TePMO3/IEKTPHUUECKYIO OXnaxaatoLyio cbopky

Ha priake Tenexommynukanuit B BOJIC
LIUPOKO UCTIONb3YIOTCS TEPMOINTEKTPUIECKHE
MHKpOMOAyH (puc. 13), BCTpOCHHBIE B KOPITY-
Ca IIOJTYTIPOBOJHUKOBBIX ITePEAIOIIIX JIa3ePOB.
TemmneparypHas cTabUIN3aIUs TOCIEIHUX He-
obxoauMa I obecriedeHyst epefady TaHHbIX
B 33JaHHOM [[MIaIla30He YacTOT 6e3 HOMeX CO-
cenHUM nuanazoHaM. KpaiiHe BasKHOH Xapak-
Tepuctukoit TOM CTaHOBUTCS €r0 HaleXKHOCTb:

Puc. 13. CraHgapTHble Kopnyca
D15l MUKPO3/IEKTPOHHKM C YCTaHOB/IEHHbIMKM TIM

Puc. 14. LLikad ¢ ycraHoBAEHHbIMH
TepPMO3/IeKTPHYECKHMHU CHOpKaMH

TeJIEKOMMYHUKAIINOHHOE 000pyIOBaHUe IIPef -
Ha3HA4YeHO JJId OKCILJIyaTalluu B Tedenue 10
u paxe 20 jer.

TaK)Ke B OTACJbHBIX Y3/JIaX 1 KOMIIOHEHTAX
TeJIeKOMMYHUKAIIHOHHOT0 060pynoBanuu TOM
UCITIOJIb3YIOTCA I IIOBBIIIIEHUS YYBCTBUTEIIb-
HOCTH, CTAOUIBHOCTU ¥ HAfIEXKHOCTH PaboThI
Bcero obopynosanus B neaoM. Ocoboe 3Hade-
HIe HMeeT TePMOIIEKTPHIECKOe OXIKICHUE
repMeTHYHO 3aKPIBAEMOII allNapaTyphl.

B cBsi3u ¢ yBenuueHHeM 00HeMOB IIepeaBa-
eMoit i 06pabarsiBaeMoit HHGOPMAIHU pacTeT
IUIOTHOCTD pa3MelleHust 060pyOBaHNUS B IIIKa-
(bax u CTOﬁKaX, IIOBBIIIAECTCA U BBIACIAECMOEC
BHYTPU 060PYI0BaHHS TEILI0. [IJIs1 OTHOCHTEILHO
HeOOoIbIINX MKAOB U CTOEK ¢ paboduM 065~
emoM 710 100 1M (Hampumep, 9acTh CTOHKA
€ 0C000 IYBCTBUTENIBHBIM K IIEperpeBy 060pyo-
BaHHeM) IPUMEHSIETCS OXIUKICHIE C IOMOLIIBIO
TEPMOIJIEKTPUIECKHIX COOPOK (pHC. 14).

HpI/I IIpOU3BOACTBE IIOJTYIIPOBOAHUKOBBIX
MUKPOCXeM [JIs1 00ecIede st BBICOKOI TOTHOC-
TH HaHECEHHUS! TOIIOJIOIUH HEOOXOAMMO TIIA-
TeJbHO KOHTPOJIMPOBATh TEMIIEPATYPY IOJ -
JIOKKH. PerteHue naHHOI 3a7a4y TaKKe OCTPO
Heo6XOUMO IIPU Pa3paboTKe MOIIHBIX J1a3epOB
U IPYTHX 3JIEKTPOHHBIX YCTPOKCTB. Bo MHOTHX
cnydasax pjig 3TOTo IpUMEHAIOTCA TaK Ha3bIBa-
emble «autepsl» (chiller) — ycrpoiictsa, ume-
IOII[HIe B CBOEM COCTaBe KOHTYP € KHAKOCTBHIO,
TeMIIEPATYPa KOTOPOH C BLICOKOM TOYHOCTHIO
xouTpoupyercst TOM (puc. 15).

B xnMaTuyeckux Kamepax HeOobIIoro 00n-
eMa (eIMHUIBI IM®) C IIMPOKUM IUATNA30HOM
temmepaTyp (Hampumep, —50...+125 °C) mpu-
MEHSIIOTCSI MHOTOKackanHble TOM (puc. 16).

[IpuMeHeHMEe XOIOMHBIX IOBEPXHOCTEH 103~
BOJIAET CO3aTh YHUKAJIbHbIE II0 MUHUATIOP-
HOCTU BUTPUHDI JJI Pa3JIAYHBIX MAara3uHoB
1 BBICTABOK, YTO HEBO3MOXKHO C IOMOIIBIO
KOMIIPECCOPHBIX arperaton. Takue BUTPHHBI
HAIIUTH CBOE IIPUMeHeHUe B HeGOIbIINX 6apax,

CHUI0Bas 3JIEKTPOHUKa

Puc. 15. YcTpolicTBo nNpeuu3roHHOro TeMnepatypHoro
KOHTPOJIsi POMBILLIEHHOTO MPUMEHEHHS!

Puc. 16. ManorabapuTHas KiMMaTHuecKas Kamepa

6yderax u kade. B aTOM K€ psimy CTOST MUHU-

XOJIOJUJIbHUKH, OXJIAOUTE/IN IIMBA U JOMAIITHUE

BUHHBIE TOTPe6a, UCIOIb3YIOIINe IS OXJIaXK-

IeHus (a MHOTTIA U HArPeBa) TePMOAJIEKTPUYEC-

KHe MOLYJIH.

B mepBoIt YacTu CTaThU yKe OBUIH YIIOMSIHY -
THI TEPMOAJIEKTPUYECKIE OXJIAXKIAOIIHE COOp-
KH — yCTpOﬁCTBa, B COCTaB KOTOprX BXOIAT
HecKOIbKO TOM ¢ yCTaHOBIEHHBIME TEILI006-
MeHHUKaMu. [IpiMeHeHne TepMO3IeKTpUIec-
KUX COOPOK MO3BOJISIET 3aKa3YMKaM CO3IaBaTh
CHUCTEMBI OXJIAKICHU 663 BBIIIOJTHEHU S CIICIIH -
AJIbHBIX I/IH)KeHepHI)IX paC‘IeTOB.

K KOHCTpYKTI/IBHbIM 1 TEXHOJIOTUYECKHUM OCO-
GEHHOCTSIM TEPMOAJIEKTPHIECKUX COOPOK CIIefyer
OTHECTHU HPI/IMeHHeMbIﬁ BH]T TeHHOO6MeHHI/IKOB,
KOTOpBIe HOIPA3/IeNSIIOT CaMi COOPKH Ha TePMO-
QJEKTPUIECKUE TUIIA «BOSITYX—BO3YX» U TEPMO-
QJIEKTPUYECKUE TUITA KUIKOCTb—KHUIKOCTD.

OcHOBHbIE 00IACTH UX TIPUMEHEHISL:

o COOpKH THIIa «<BO3LYyX—BO3Ayx» (puc. 17, 18)
IJ_II/IPOKO HpI/IMeHHIOTCH HpI/I HU3TOTOBJIICHUHA
XOJIONUIBbHUKOB, BO3NYIIHBIX KOHJUIIAO-
HEpOB, CUCTEM OXJIAXKIEHHS 3JIEKTPOHHOM
armapaTypst 4 T. 1. COOpKU ONTUMU3UPOBA-
HBI [I0]I HAaIIpsDKeHUe MuTaHus 12, 24 u 48 B,
YTO II03BOJISIET MOKIIOYATh UX K 6OPTOBOIA
CE€THU HAa3€MHBIX, )KeJ'I€3HOJIOpO>KHbIX u BOM-
HBIX TPAHCIOPTHBIX CPENICTB.

KOMIMOHEHTbI U TEXHOIOTWA « Ne 12010

www.kit-e.ru

107




108

CHUloBas I/IEKTPOHUKaA

Tabnuua 3. OcHoBHble NapameTpbl TEPMO3NEKTPUYECKHX COOPOK THMa «BO3AYX—BO3AYX»

HomuHanbHbiH HomuHanbHoe XonogunbHas Pasmep
HaumenoBanue paboumii Tok (la)s pabouee HanpskeHHe  MOLHOCTD (Qpg)s Bec, kr
A pa) Br ANWH3, MM WHPUHA, MM BbICOTa, MM
60-24-AA 2,8 24 55 240 150,2 155 2,8
60-12-AA 9 12 60 240 150,2 155 28
120-24-AA 53 24 90 320 150,2 155 3,7
120-12-AA 15,2 12 90 320 150,2 155 3,7
180-24-AA 58 24 110 480 150,2 155 5,7
380-24-AA 10,4 24 220 252 200 210 6,4
Puc. 17. TepmoanekTprueckas c6opka «BO3AyX—BO3AYX» Mpumeuanue. XonoannbHas MOWHOCTb ykasaHa ANA T o, oo™ Txon. pag. = 0°C, npu T e 21°C.

Puc. 18. TepmoanekTpuueckas c6opka «BO3[yX—BO3AYX»
tina 380-24-AA

e COOpKH THIIA KIIKOCTb—KHIKOCTb» MOTYT
IPUMEHSTHCS B Ka4eCTBE AKTUBHOTO TeILIO-
0OMeHHUKA B Pa3HOOOPA3HbIX MHOTOKOHTY -
HBIX CHCTEMaX OXJIKIACHHS UIsl YBeIUIeHIS
ux 3¢ beKTUBHOCTH U perynuposanus (Ha-
rpeB/OX/IaXKIeHIe) TeMIIePATy PhI KUAKOCTH
BO BHyTPeHHEM KOHTYPe.
TepmoonekTpudeckue COOPKE UMEIOT OTBEp-

CTHSL I/IS1 MOHTQXKa X KOMMYTAlIHOHHYIO ILIATy

LIS TOAK/IIOYEHNS OIeKTPONUTAHYsL. B KazecTBe

IOIOTHUTEIHbHOM OIIMY BO3MOKHA YCTAHOBKA

Ha cOOPKY TeMIIepaTypHOro JaTINKA U KOHT-

poJLIepa TeMIIepaTypPBbl.

C HCIO0Nb30BAHUEM TEPMOITEKTPUIECKUX
c60POK M3rOTOBJIECHHE OXJIAXK/IAIOLIETO yCT-
POICTBA, HAITPUMeP, KaMepbl A5 KIMMaTHdec-
KUX UCIBITAHUI 9JIEKTPOHHBIX YCTPOUCTB, CHC-
TeMBI OXJIK/IEHUS], IPENOTBPAIIAIOIIIe BBIXOL
U3 CTPOS M3-3a Ieperpesa MajorabapuTHOro
IOPOTOCTOSIIEro 000PYOBAHNUS, CTAHOBUTCS
IpefeIbHO IPOCTHIM. [lOCTATOYHO B TEILIO-
M30/IMPOBAHHOM KOPITyCe BBIPe3aTh OTBEPCTUE
U YCTaHOBHTD TEPMOINEKTPUIECKYIO COOPKY.

Tepmoanexrpudeckre COOPKH THIIA «BOSLYX—
BO3/IyX», KPOME FOPSYero U XOJIOJHOTO Pajiia-
TOPOB, BKIIOYAIOT B Ce0sI U BEHTIUIATOPBL.

CrienmanpHOE TIOKIIOYEHNUE C PA3eTbHbIM
9JIeKTponuTaHueM 1711 TOM i BEHTHIATOPOB
[I03BOJISIET IPUMEHSATh PeBePCUBHOE BKIIIOUE-
ure TOM 1, B cirydae HeOOXOLUMOCTH, HCIIONIb-
30BaTh UX B PeKUMe BBICOK0I(b)EeKTHBHOTO
Harpesa.

HMcrnonb3oBaHue paguaTopoB C Pa3BUTOM
[IOBEPXHOCTHIO MO3BOJISIET C MUHUMATbHBIMU
TeMIIepaTypPHBIMU [IOTEPSIMU IIEPEaBaTh TEIIO
OT OXJIAXK/IAEMOT0 00’beKTa Ha XOJIOHYIO CTOPO-
HY MOZYJISL ¥ C TOPSTIeli CTOPOHBI MOTYJISL B OK-
pysKatoryio cpeny. O61yB painaTopoB IpH M0~
MOIIIY BEHTHJIATOPOB JIEJAeT TOT IIPOLIeCC eIre

Ta6nuua 4. OcHoBHble NapamMeTpbl TEPMOINEKTPHUUECKOM COOPKHM «KUAKOCTb—KKUAKOCTb» Tuna 400LT

HaumeHoBaHue .6 A

pa6?

400LT 24,5 24 400 600

Pasmep

ANWHA, MM WUpHHaA, MM BbiCOTa, MM

247 79 204 5

6o1ee apdextuBHBIM. Temon3osAnus, ycra-
HOBJIEHHAS! MEXKILy PAAMaTOPAMU, IIPEISTCTBYeT
06paTHOMY IIepPeHOCY TeIlla K OXJIAXKAeMOMY
06bexTy. OCHOBHBIE TAPAMETPhI TAHHOTO THIIA
c6OpOK pHBEEHBI B TabIHIE 3.

TepMoaekTpudeckas c60pKa «KUIKOCTh—
KUAKOCTBY (puc. 19) uMeer anoMHUHUEBbIE
SKUJIKOCTHBIE TETIO0OOMEHHUKY M U3TOTOBJIEHA
C UCTIOIb30BAHMEM MOII[HBIX TEPMOITIEKTPU-
geckux MoxyJteit. OCHOBHBIE [IapaMeTpbl Of{HOI
13 TePMOIEKTPUIECKUX COOPOK THIIA «KHI-
KOCThb—KHUIKOCTb» IIPUBENEHbI B Tabnuie 4.
OpuruHanbHble TEXHUYECKUE PElIeH s, TOU-
HOCTb U3TOTOBJIEHUS BCEX JIETAJIEH M UCIIONb-
30BaHME BHICOKOI(P(HEKTUBHBIX TEPMOIIIEKT-
pUdecKuX MOMyJIelt 00ecrenBatoT BBICOKHE I1a-
paMeTpsl BBIIICKaeMBIX COOPOK U UX BBICOKYIO
HaJIeKHOCTb.

Puc. 19. TepmoanekTpuueckue cbopka
©KUAKOCTb—XMaKocTb» Tvna 400LT

3aknoueHue

CrenyeT OTMETUTB, YTO IIPUBEJICHHBIE BBIIIIE
TIpUMeEPBI MOCTPOEHUS TePMOITEKTPUIECKUAX
CHCTeM OXJIKIEHUS He B IIOJIHOU Mepe OIUCHI-
BaroT o6acru npuMerernst TOM. CrienuaiucTer
xommanuu «KKPUOTEPM» nocrostHHO coBep-
LIEeHCTBYIOT TeXHUYECKUEe XapaKTepUCTHKU
BBINTyCKaeMOH NPOAYKIIUH, IPOBOAAT COBMEC-
THbIE € 3aKa3YMKaMU PaBOTHI 110 PACIIMPEHUIO
obacreil IpUMEHEHHS TEPMOITEKTPHYECKUAX
ycrpoiicTs. Tak, HarmpuMep, B crydae He06Xo-
IUMOCTH CIIEIHAINCTBI KOMIIAHUY TOTOBBL pac-
CYUTATh U U3TOTOBUTH TEPMOIIEKTPUIECKYIO

CHCTeMY B IIOJIHOM COOTBETCTBUH C TPEOOBAHU-
SIMH 3aKa34KKa U II0CTABUTD HE TOJIBKO [IPUBE-
IeHHbIe TUIBI COOPOK, HO U IPYTHE C U3BECT-
HBIMU KOMOMHAIIMAME, TAKUMH KaK: XOJOTHAS
IOBEPXHOCTD — KUIKOCTH (JIH BO3MYX), BOSLYX—
SKHJIKOCTB, )KUIKOCTb—BO3IYX. 3aKa34MKaM TaK-
Ke TIPENOCTABIISAeTCS BO3MOKHOCTD BOCIIONB30-
BAThCSI, 3arPY3HB C CATa KOMITAHUH CHELMATLHO
CO3MIAHHBII 1151 Pa3pabOTIUKOB IPOTPAMMHBIIL
MIPOIYKT, OTKPBIBAIOIINI IXPOKKE BO3MOKHOC-
TH, KaK [ HAYUHAOIIET0, TaK U I OIIBITHOTO
HHKeHepa CUCTeM TeluI00OMeHa (0T IPUHATHUS
peliieHus 0 BBIOOPY TpeGyeMOro MOIYIIsL st
PpelleHus 3aIa9l OXIKIEHHS 10 HOAPOOHOTO
pacgera KOHCTPYKIUU TEPMOIJIEKTPUIECKOI
cUCTeMbl OXJIaKieHns). [IporpamMma mo3Boisier
MIOJIYYHUTDH OTBETHI Ha HanboJiee BasKHbIE BOIIPO-
CbI, BO3HUKAOLIIHE [IPU Pa3pabOTKe TePMOIIIEKT-
PUYECKON CUCTEMBL:
o KakoBbI 0COGEHHOCTH PEXUMOB PabOTHI JaH-
HOTO MOJYJIsi?
o CKOJIBKO U KaKIX MOTYJIeit HEOOXONUMO IS Pe-
LIEHNS UMEIOLIENCS 3aIa9d OXJTAKIEHMS?
o Kaxkue pesynbTathl 6y4yT JOCTUTHYTHI B CIIy-
Yae IPUMeHEHHs B MMEIOIIEN ST OXJIXKIAI0-
IIIeif CUCTeMe JAHHBIX MOLYJIEH? |
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