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Bbi6op moayns

No TepMO3NIeKTPUUECKUM
XapaKTepuCcTUKaM
(Choice of Modules)

OTa 9acTb POrpaMMBbI ITO3BOJISIET PACCINUTATh,
KaKHe XapaKTepPUCTUKHU OyeT obecrieqnBaTh 3a-
JAHHAs CUCTeMa OXJIaXKaeHus. [T1aBHas 1ienb co-
CTOMT B OIpe/ie/IeHUN TeMIepaTyPhl OXJIaXKae-
MOro 00beKTa (TeMIepaTypsl BHYTPU KaMepbl
TEPMOIJIEKTPIIECKOTO XOJIOAMILHIUKA).

B600 ucxodnwvix dannix
onst Bvi6opa modyneil

[Tocne 3amycka nporpammsel KRYOTHERM
u BbI6opa paszena Choice of Modules mosisis-
eTCsl OKHO, IIpUBeJieHHOe Ha puc. 22. B BepxHen
CTpOKe pa3MeH_[eHbI KHOIIKH, ITO3BOJIAIOIIINE
Peanu30BbIBATh JOIOMHUTENbHbIe QYHKIUH.
Tak, TI0JIb30BATEIIIO IPENOCTABISAETCS BO3MOK-
HOCTH HpOI/I3BeCTI/I yCTaHOBKy UCXOOHBIX IaH-
HBIX IJIsL PelraeMoli 3aaqu, BEIOpaTh BapUaHT
MOCTPOEHUsI CUCTEMBI: CIIOCO0 OTBOMA TeIIa
oT ropsraeit croponst Mopysist (Hot side cooling),
3HAYEHUS TEMIIEPATYP OKPYIKAMOIIEN Cpefibl
(Ta) u oxnaxxmaemoro o6wekra (Object) u mip.
XonomunbHasg MOIIHOCTE (Qc) MOKeT OBITH
YCTaHOBJIEHA IPOU3BOJILHO WM PACCIUTAHA
B OT/IEIIbHOM IIOIpasiesie IPOTPAMMBI, TIEPEXO]I
B KOTOPYIO OCYIIECTBISETCS HAKATUEM KHOIIKH
Calculate Qc (puc. 23). Crenyer umers B BUALY,
qTo HpI/I OTKpLITI/II/I OAaHHOTO pa3ILeJIa B HETO
y)Ke BBEICHBI HeKOTOpre HUCXOOHbIC HapaMeprI
10 YMOJTIAHHUIO.

CHUI0Bas JIEKTPOHUKa

Pa3pab6oTka TepMO3NeKTPUUECKHUX
CUCTEM OXJIAXKAEHHUS
U TEPMOCTAaTUPOBAHUA

C MOMOLLbIO KOMMNbIOTEPHOMU
nporpammbl KRYOTHERM

B nepBoii yacTu cTaTbi 6bin AaH KpPaTKMi 0630p BO3MOXKHOCTEH NPOrpamMmbi
ANA pacyeTa TEPMO3JIEKTPUUECKHUX CUCTEM OXJIAXKAEHHUS U TepMOCTaTUPOBa-
Husa (TCOT) Ha ocHoBe TepMo3asieKTpUueckux moaynei (TAM), npusepeHbl
npuMeHsieMble B Nporpamme o6o3HaueHus, Nogpo6HO paccMOTpeH nepBbli
paspen nporpammbl «Ipacduueckoe npepcTaBneHUe TEPMOINEKTPUUECKUX
xapaktepuctuk TIM» “Performance Graphs”. 3aecs 6yayT npepacrasneHbl
ocTaBLIMKecs ABa Haubonee MHTEPECHDbIX C TOYKH 3peHHUs pa3paboTunKos pas-
aena nporpammbl KRYOTHERM, nomoralowue Bbibpath Heobxogumble gas
CO3laHUA CUCTEMbI MOAYJIM U NPOU3BECTH pacyeT KOHKPETHOro yCTpolcTBa
C NpMMeHeHHEeM TEPMOIJIEKTPUUECKOTO OXJIaXKAEHHS.

Ha HavanpHOM 3Talle IPOEKTUPOBAHUS TEP-
MOJJIEKTPHIECKOI CHCTEMbI HeOOXOMMO OIIpe-
IeATh, B KAKUX YCJIOBUAX OHA OylIeT 9KCILTya-
THPOBATHCS. K TAKOBBIM YCIOBUAM OTHOCATCS
TEMIIEPATyPa OKPYIKAIOILEN CPEbl M OXJTaKIae-
MOTO0 00beKTa, a TaKKe HEOOXOIUMAs XOJIOIO0-
[IPOU3BOJUTEIBHOCT CHCTEMBIL.

Basupysch Ha nHGOpPMALUH, TOJTYIEHHON
B pesyiibrare pabOTHI C IEPBBIM PA3MIEIOM IIPO-
IPaMMBI, K MOMEHTY Havajia pacieToB paspa-
GOTYHMK MOYKET OIPEENINTH OCHOBHBIE TTapaMe-
TPBI 3JIEMEHTOB KOHCTPYKIIUH CHCTEMbI OXJTaK-
meHws1. B mporpaMmy HEOOXOIMMO BBECTH TaKKe
BEJIMYMHBI, KaK:
® TeMIepaTypa Cpelibl i TEMITepaTypa OXJIaxK-

I1aeMOTO 00BEKTa;
® MOIIHOCTD TeIuIoBbIeaeHus B oobekte (Load

Active-Wob);
® TerI0BOe COLIPOTHUBIIEHNE MJIA MaTepHall U30-

nanuu (Material Insulation);

o Tun oxnaxneHus (Natural — KoHBeKIIMOH-
Hb1t, Forced — o6myBaembrit, Flow — xup-
KOCTHBIH) ITO ropst9eil ¥ XOJIONHOM CTOPOHAM
U MaKCUMAJIBHO JIOITy CTUMbIe 3HAYEHHUS TeIUIO-
BOTO COIPOTHUBIIEHUS 1151 K&XK/IOM U3 CTOPOH.
[Tporpamma 03BOJISIET IIPOM3BECTH MTOAGOP

HarboJiee TOAXONALINX MOYJIEH IJIst KOHKpeT-

Hoit TCOT. [1st 3TOr0 HeOOXORAUMO BBIOPATD

KpUTepHUM onTuMusanuu (Hanbonbias a¢-

¢extuBrOCTS — COP max uin MUHUMAIbHAS

rera — COST min), BBeCTH OIIpeleeHHbII Ha-
6Op BXOJHBIX TAHHBIX: TEMIIEPATYPY OKPYIKai0-
wieit cpensl (Ta), TeMIieparypy OXJIaxaaeMoro
o6pexra (Tob), X0I070IPOU3BOAUTENBHOCTD

(Qc), a TaKkKe TEIIOBOE COMPOTHUBIIEHHUE Ha XO-
JIOJIHOII CTOpPOHE cucTeMbl oxXJIaxaenus (Rc).

Bennuuna X0JIOAONIPOUIBOAUTEIBHOCTHU
Qc — 3To mosIHas TerIoBast IHEPTUs, KOTOpas
MOTJIOIAETCA Ha XOJIOJHOH CTOPOHE TePMO-
3JIeKTPUYECKUX Mopyiel. Eciu Tognoe 3Haue-
HII€ X0JIOJOIPOU3BOAUTENILHOCTH HEU3BECTHO,
HO M3BECTHBI TAPAMETPBI 00BEKTa U PeXKUM €ro
PaboThl, TO MOXKHO BOCIIOJIb30BAThCSI COOTBET-
CTBYIOIIVMU ITYHKTOM MEHIO I KHOTIKOH IS
pacyera JaHHOW BEJINIMHBI.

BenuauHza Rc xapakrepusyeT 1ojgHOe TEIUIo-
BO€ COIIPOTUBIICHIE MEKIY 06BEKTOM U XOJIOf-
HOM CTOPOHOM TEPMOIJIEKTPUIECKUX MOIYIIEN.
B KkadecTBe IIepBOro IPUOIIDKEHNS MOKHO IPU-
HATD, 4TO TEMJIOBOE CONPOTHUBIIEHNE Ha XOJIO/-
HOI CTOpOHe paBHseTcs Hymo. Ecii onpenenen
Cr10co6 Iepenadn TerIa oT 00beKTa K MOTYILIM,
TO CJIeflyeT BBECTH CyMMApHYIO BEIMIKHY TeTI0-
BOTI'O COITPOTUBJIEHUS BbI6paHHbIX panuaToposB.

Taxoke pa3spaboOTINK MOKET yKa3aTh, KAKUM
CII0CcO60M OyIeT OXJIAKAATHCS TOPSIIast CTOPO-
Ha cucreMs! (Hot side cooling). Teronepenaga
OT TOpsiYedl CTOPOHBI TEPMOINIEKTPUIECKIX
MOJLyJIeHl MOKET OCYIIeCTBIATHCS IyTeM ecTe-
CTBEHHOH MJIX BBIHYKIEHHON KOHBEKIINY, a TaK-
Ke TTPY IIOMOIIIY IIOTOKA KUIKOCTH U OTIpefie-
asteTcst TpebyeMolt BeINIHMHOMN TEIUIOBOTO CO-
npotusienus Rh. IIpore Beero uconbp3osath
BO3/IyIIIHOE OXJIaXK/I€HNE, OTHAKO MPHU TAKUX
YCIIOBHSAX TIeperaj] TeMIIepaTypel Ha pauaTope
MOXKET OKa3aThCsI 3HAYUTEILHBIM I 3¢ eKTuB-
HOCTb PaOOTBI MOAYyJIe yMeHbIIUTCSL. st a¢h-
¢exrusroit pabotsl TCOT mepeman TeMieparyp
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Puc. 22. Bbi6op UcxopHbix AaHHbIX Anst pacueta TCOT
1 CIUCOK COOTBETCTBYIOLLMX PELUEHMIO MOAYEH

Ha pajuiaTope He oJKeH npesbiniaTh 10-15 K.
B ciygae Bor6opa moroka sxupkoctu (Flow)
110 J1F0601 U3 CTOPOH HEOOXOMMMO TAKKe yCTa-
HOBUTb PAaCXOf] H TEMIIEPATyPy MOTOKA Ha BXOTIe.
JlononHNUTeIPHBIE BCTPOEHHBIE B IIPOIPaMMYy aJl-
TOPUTMbI MOT'yT 6I)IT]> HCII0JIb30BAHBI HE TOJIBKO
JJIsL BBIYUCIIEHUH TEPMOIIEKTPUIECKUX CUCTEM,
HO U KaK yIOOHOe CPeICTBO AJIS IUCTO TEILIO-
(dusuIecKUX PacIeToB MaPaMeTPOB TEILIOBOM
HU30JISIIAM.

Ha ocHOBe UCXOIHBIX JaHHBIX OYIyT paccau-
TaHBbI TeMIepatypst ropsraeit Th u xomonwoit Tc
cTopoH Mopys. B okue Results BoIBogsTCs pac-
verHble 3HaueHus Temmnepatyp TCOT.

Onpedenenue zeomempuu o06vexma

Jliist onpesienieHNst XOJIOAOIPOU3BOAUTENb-
HOCTH HeobxozxuMo 3ajats reomerpuio TCOT
1 BBECTH IIPE/IIOJIaraeMble pasMepsl.

[TporpamMa mo3BosieT BBIOPATh OJHY
u3 ¢popm (Form) — mapasnenenumnen (Box) wim
munuagp (Cylinder), Han6osee cOOTBETCTBYIO-
yo gopme o6bekra. 3aTeM HEOOXOTUMO BBE-
CTH BHYTpeHHHUe pasmepsl obbekTa. Eciu ato
KOpo6Ka, To 3T0 6yayT mupuaa Wi, Bercota Hi
u JuirHa Li, eciu ske HIiHAp, TO 310 GyayT BbI-
cora Hi u guamerp Di.

TennoBas nazpysxa

ITox Harpyskoit Wob moHuMaeTcs BbIEISIO-
II1asics B 00beKTe TeIUIOBas 9HEPrus, KOTOpast
IOJDKHA OBITH OTBEIeHA C IOMOLIIBIO TePMOIJIEK-
Tpudeckux Mopyseit. Eciu B 06beKTe TerioBbize-
JIeHUe OTCYTCTBYET, CIIELyeT BLIOPATh IACCUBHYIO
Harpysky (Passive). B mpoTuBHOM cirydae Hy)XHO
BBIOpaTh aKTUBHYIO Harpy3ky (Load active) u 3a-
[aTh YHCIEHHOe 3HAUeHNe TEIUIOBOI SHePruy,
KOTOpast BBIIETISIETCS B OXJIAKIAEMOM OOBEKTe.

Tepmousonsyus (Insulation)

[tst Toro 9T06BI TeMItepaTypa 06beKTa OblIa
HIDKE, 4eM TeMIlepaTypa OKpYsKalollel cpe-
IIbI, HeOOXOIMMO MPUMEHSATH TEIJIOBYIO U30-

Puc. 23. Pasgen nporpamMmbl, 103Bonsiowuii Bbibpath hopMy TepMocTara,
napameTpbl TEN0BOH M30NSALMH, OCYLLECTBUTL pacyeT HeoBXOAMMOM X0N0AH/IbHON MOLLHOCTH

nsnuio o6bekTa (Insulation exist). [Tporpamma
BBIBOJJUT CIIHCOK MaTePHAJIOB, KOTOPbIE 00BIY-
HO HCIIOJIB3YIOT B KAYeCTBE TEIIOU30JISIIUHL.
B ciryvae HeOOXOAUMOCTH IPUMEHEHHS HHBIX
MaTepHaJoB CleflyeT BBECTU 3HAaYeHHe KO3 (-
¢duIenTa TEIIONPOBOIHOCTH TAHHOTO MaTe-
puana. Takke HEOOXOLUMO BBECTH TONIIHHY
nsoysanuu (th).

Pesxum oxnaxoenust (Regime)

JIOBOJIbHO 9acTO BO3HUKAET HEOOXOMUMOCTh
OXJIAKIEHUS OOBEKTA 10 OTPeNIeNeHHOM TeMITe-
PAaTyphI 32 KAKOE-TO BPeMsi, TO €CTh Pedb UJIET
0 HecTanmoHapaoM pexxume (Non-stationary).
B aToM ciryuae HEOOXOOMMO YKa3aTh BpeMs,
32 KOTOPOE OOBEKT MOJKEH IOHU3UTH CBOIO TEM-
nepatypy ot Ta mo Tob, a Takke BBeCTH Xapak-
TEPUCTHKY MaTepuaja 0ObeKTa: ero MIOTHOCTh
U yIeNbHYIO TeIIOeMKOCTb. [I1st Hauboee
PacIpoCTpaHEeHHBIX MaTEPUAJIOB B IIPOrpaMMe
HpI/IBeJIeH CITMCOK JaHHBIX XapaKTepI/ICTI/IK.

Pesynomamut pacuema
xonodonpousbodumenvrocmu,
CMayuoHapHvLil U HeCmayuoHapHolil
pexumvt

B pesynbTaTe pacueTa MOXKHO OIIpefieIUTh
Tpe6yeMyI0 XOJIOMOIPOU3BOTUTEIBHOCTD
Qc. Ha ocHOBe 3TOTr0 3HaYeHUS IJIS CHCTEMBI
OXJTKICHUS 6y11yT PeJIOKEHbI ITOAXOAIIE
TEPMOJJIEKTPUIECKUE MOMYIH.

B cTanuoHapHOM pexuMe 3HAUE€HHE XO-
JIOOTIPOU3BOAUTENbHOCTH QC HEO6XOMUMO
IoAAEPXXKUBATH ITIOCTOAHHBIM BO BpEMEHU.
B HecTanmoHapHOM peXXuMe 3HaYeHUE XOJIOf0-
TIPOU3BOAUTENBHOCTH QC HYKHO MOJIEPIKI-
BaTh B TeUYeHHUE 3aJaHHOTO BPEMEHU OXJIaXK-
nerus. [To ucredeHUN 3TOrO BpeMeHU 0OBEKT
mocTuraet TeMieparypst Tob, u B manbHeliem
TpebyeTcst OAeP)KUBATh MEHbIIlee 3HAIeHIe
XOJIOIOIIPOU3BOAUTEIBHOCTH: XOJIOIOIIPOU3BO-
IHUTEJIBbHOCTD B CTAlIHOHAPHOM pexkume Qstat.
B HecranmonapHoM pexxume 3HaueHHe Qc cTpe-

MUTCS K 3HaueHuIo Qstat, ecy BpeMs OXJIaxpe-
HUSI CTPEMUTCS K OeCKOHEIHOCTH.

B xadecTBe pe3y/nbTaTOB pacueTa B JaHHOM
pasjiesie IPUBOUTCS BeIMYUHA TEIIOBOTO CO-
HPOTUBJIEHUS MEXIY 0OBEKTOM B OKPYIKAIO-
mieit cpenoit Rins, a Takke BHyTPEHHHI 06beM
kamepsl TCOT.

Onmumusayus, copmupobxa u npocmomp
Bapuanmob
B pesynbrare pacuera IporpaMma BHIBOIUT
CIIHCOK BCEX TEPMOIIEKTPUIECKUX MOIYIeH,
C TIOMOIIBIO KOTOPBIX MOYKHO 06eCIednTh 3a-
HaHHBIe TPeOOBAHUS K CUCTEME OXJIAXKICHUS,
U UX OITHMaJIbHbIE XapaKTePUCTUKH. 3afada
noa6opa BapuaHTa /sl TEPMODIEKTPUIECKOH
CHCTEeMBI OXJTKICHUS PEIIaeTCsl IPU OTHOM
U3 TPeX yCJIOBUI: MPU MaKCHMAIbHOM XOJI0-
nmibHOM Koaddurnuente (COP max), npu
xonopunbHOM K03 unuente Ha 10% HuKe
Mmaxkcumansaoro (COP-10%) unu mpu MUHH-
manpHO# croumoctr Momyseit (COST min).
OCHOBHO¥ 4epTOi peKMa MaKCUMAJIbHOTO
COP sBnsieTcs MOBBIIIIEHHAS 9KOHOMUYHOCTD
paboThl, HO IIPU ITOM TPeOyeTCsl ZOCTATOTHO
60JIBIII0€ KOIUIEeCTBO MOYJIelt. B pexxume Mu-
HUMAaJIbHOI CTOMMOCTH 3a1ada MOXeT ObITh pe-
IlIeHa [IPY UCII0JIb30BAHUU MEHBIIETO KOJIIe-
CTBA MOTYJIel, OMHAKO 3HAICHIUS XOIOAUILHOTO
k03¢ puIHeHTa OKA3bIBAIOTCS 3aHWKEHHBIMU
(puc. 24). U3 rpynmbl rpaduKOB 3aBHCUMOCTH
COP ot pasHOCTH TeMIlepaTyp MOXKHO BbIfie-
JIUTH TPH HauOoJIee XapaKTepHble 00IACTH:
® 00aCTh MAKCHMAIBHOTO XOJONHILHOTO KO-
abduruenta (1);
® 006J1aCTh ONTUMATBEHOTO COOTHOIIEHHS X0JI0-
IUIBHOTO KO3(ppUIIneHTa U Pa3BHOCTH TeM-
nepatyp (2);
® 007aCTh MAKCHMAJIBHON PAa3HOCTH TeMIepa-
Typ (3).
ITpu 06011 BHIOPAHHOM ONTUMU3AIIUY UMe-
€TCsI BO3MOXKHOCTb IIPOCMOTPETh BaPUAHTHI
B TOM IIOPSIIKe, B KOTOPOM OHH PaCIIOIOKEHBI
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Puc. 24. XapakTepHbie obnacti 3asrcumoctn COP oT pa3HocTH TeMnepaTyp ANs pa3inuHbix 3agady noctpoerns TCOT

B kartanore kommnanuu «KPMOTEPM» (Not
sorted), 60 orcopruposars (Sorted) mo orru-
MU3HPYEMOMY TTapaMeTpy (XOJIOMMIBHOMY KO-
adduriuenTy NI CTONMOCTH MOZYIEI).

B 3aBHCHMOCTH OT JKeTaHUSI MO>KHO IIPOCMO-
TpeThb IepBble 5, 10 WK Bce BapUaHTBI PellleHUs
3alauyl OXJIAKAEHUs. TaKKe IPenoCTaBIsIeTCst
BO3MOYKHOCTb BbIBECTH Ha 9KPAH U Ha [IeYaTh IIPO-
H3BOJIBHOE KOJIMIeCTBO BAPUAHTOB. B aTom ciry-
Jae HeOOXOUMO 3a/IaTh HAYAIBHYIO H KOHEIHYIO
TIO3UIIY CIIUCKA peliteHuiL. Vcronbp3oBanue Heco-
PTHPOBAHHOTO CIUCKA IT03BOJISIET IIPOCMATPHUBATh
OTZie/IbHbIE IPYIIIIHI MOTYJIEH.

Bapuanmut pewenust 3a0auu oxnaxdenust

ITporpamma IpefjiaraeT BapuaHThbl IPIMEHe-
HUS BCEX TEPMOIJIEKTPUIECKUX MOIYIeH KOM-
nauuu «KPMOTEPM», koTopble MOTYT cOOT-
BETCTBOBATD 3aJAHHBIM YCIOBHSIM OXJIAXKICHUS
(puc. 22).

Kasknplit MOLYJIb CIIeTyeT HCIOIb30BaTh B KO-
JUYeCTBe N MITYK, IpUIeM AJIs CIydaeB OLTH-

MH3AIWHY 10 XOJOAUIbHOMY K03 durmeHTy
1 10 MUHAMAJIBHOM CTOMMOCTH MOLyJIei OyyT
TIPEJUIOKEHBI pasIMIHbIe 3HAYeHUS N. B Kaxmom
BapUaHTe MPUBOIUTCS 3HAYEHE XOJIOIIILHOTO
xoa¢uruenta COP.

K xaxxgomy Momysio He0GXOIMMO MPUKIIa-
npiBath pabouee Hanpspkenue U (B), u gepes
KaK/IBIIl MOTYJIb IOJDKEH IPOTEKaTh paboduit
Tok I (A). W (BT) — aseKTprdeckast MOLITHOCTS,
oTpe6IisieMast MOIyJIeM OT UCTOYHHUKA ITHTAHISL.

Qh (Br) — aT0 TemnoBas sHeprus, Bbile-
JISIIOLIASICSL HA TOPsIYeil CTOPOHE TEPMO3JIeK-
TPUIECKOTO MOAYJIsL. [yt OTBOMA 3TOM 9HEP-
TUY PEKOMEHIYETCs IMETh Ha KaXKIbIil MOLYJIb
YCTPOMCTBO TEIIOOOMEHA C TEIIOBBIM COTIPO-
tusneanem <Rh (K/Br).

Fpacmku ans Bbibopa Mogynen
B paspene Choice of Modules mporpamma

KRYOTHERM mpenycmaTpuBaeT HOCTpOeHUE
rpaUKOB, AHAIOTUIHBIX TEM, ITO UCIOIb3Y-

CHUI0Bas JIEKTPOHUKa
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10Tcst B pasziene Perfomance Graphs. [lns xax-
JOTO BAPUAHTA MOTYT OBITH IOCTPOEHBI CTAH-
JapTHBIE U eTaTbHbIE TPAPUKH.

Cmanodapmnvie zpaguxu

OTH 3aBUCHMOCTH BBIYUCIAIOTCS UCXOIS
13 ImapaMeTpoB BbIOpaHHOro Moxys. Ilocie
Imepexofia B 9TOT pasfeln (puc. 25) moaIb30-
BaTesb IOJydaeT rpadudeckue 3aBUCHMOCTH
Qc, U, COP ot pasHOCTU TeMIepaTyp U BOJIbT-
aMIIEpHYIO XapaKTePUCTHUKY, IIPU 3TOM BCe
rpaduKu CTPOATCS mpu PUKCHPOBAHHOM 3HA-
qeHUM TeMIlepaTypsl ropsdeit cropoust Th.
Cranpaprasle rpaduku Ne 1-3 crposrcs npu
onHOM, GUKCHPOBAHHOM 3HAUEHUH TOKa I,
a crangapTHbIA rpadux Ne 4 cTpouTcs npu
OnHOM, (PUKCHPOBAHHOM 3HAYCHUN Pa3HOCTH
TeMIIEpaTyp MeXIy ropsdell U XOIONHOM CTO-
pOHaMU MOJYJIAL.

[Tpu Ha)KaTHM Ha BTOPYIO 3aKJIAfIKy BBIBO-
IATCS DOLOTHUTeNbHBIe rpaduku Ne 5-8 3aBu-
CUMOCTH XOJOAMUIBbHON MoTHOCTH QC 1 X010~
nunbHOTO Koaddunuernra COP ot mpukiagsi-
BaeMoro Kk TOM HaIpspKeHUS U IIPOTEKAIOIIEro
Jepes HEro Toka (puc. 26).

Bce xapaKTepuCTUKH, BHE 3aBUCUMOCTH
OT TOT0, CKOJIbKO MOJIyJIeH IIpe/ioIaraeTcst uc-
nonb3oBath B TCOT, npuBeneHs! 11 OHOTO
MOJLYJISL.

Hemanvnvie zpaguxu

O1u rpaduxu npencTaBisoT co60it Habop
3aBUCHMOCTEN XapaKTePUCTUK BEIOPAHHOTO MO-
IyJIst IPH IBYX (PHKCHPOBAHHBIX [IApaMeTpax.
DuUKCHPOBAHHBIMH TapaMeTpamu siBistiorcst T,
Th, Qc, W. B cooTBeTCTBUU C BO3MOKHBIM BbI-
60pOoM IBYX [TapaMeTPOB HeTaIbHbIe IPadUKU
[ONPa3Ie/SIIOTCS Ha CIIeAYIOIINe THIIbL:
e tun Ne 1 — Qc = const, Th = const;
o T Ne 2 — Qc = const, Tc = const;
e tun Ne 3 — Tc = const, Th = const;
o rur Ne 4 — Tc = const, W = const;
e tun Ne 5— Th = const, W = const.
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Puc. 25. CraHgapTHbie rpadmku Ne 1—4 xapaktepuctuk TOM

13 pasgena Choice of Modules

Puc. 26. CraHgaptHbie rpadvku Ne 5—8 xapaktepuctuk TOM
13 pasgena Choice of Modules
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Puc. 27. [etanbhbie rpadomku, Tun Ne 1 — Qc v Th = const u3 pasgena “Choice of Modules”

Bb160p THIIA OCYIIECTBIISAETCS B BePXHell da-
CTH OKHA C IeTaIbHBIMU TpadUKaMU. SHAUCHUs
ITapaMeTpPOB 3aJaI0TCA B IIPaBOM HIDKHEM YIIIY.

B ka)XOM THIIe eTaTbHBIX IPaUKOB CyIIe-
CTBYeT I10 YeThIpe IPYIIbI IPapUKOB, OMUCHI-
BAIOINUX PAa3JINIHBIE XapAKTEPUCTUKU.

Kax 65010 yyke OTMeUeHO B IIepPBOIT IaCTHU CTa-
ThbH, KpaﬁHe Ba)KHO UMETH B BUTY, 9TO Ha HEKO-
TOPBIX rpaduKax ajst 60JIbIIeH HATISLHOCTH
3aBHCUMOCTEN XapaKTePUCTHUK IPeICTaBIeHa
uHpOPMALUS B IIHPOKOM IUANA30HE, MIPEBbI-
IIarIeM HOHYCTHMbIﬁ TEXHUYECKUMU YCJIO-
BUAMH U cnenudukanuert. Hanpumep, rpa-
¢uku, unmoCcTpUpYyIOIUe H3MEHEHNE TeMIIe-
parypsl XOHOILHOﬁ CTOPOHBI OT ITOABOIUMOTIO
TOKa, HAlIPsDKEHUS U MOIIHOCTU Ha puc. 27,
IIpUBefIeHE! AJis1 06JI1acTeil, Ie BO3pacTaroliee
IDKOYJIEBO TeIio Oyner mpeobiagars Ha a¢-
(exrom ITenbThe, U HaNbHElIIICE YBETUIEHTE
TOKA, HAaIIPSDKEHUS U IOIBOIUMOM MOLIHOCTU
HE 6YILCT IIPUBOJUTD K IIOBBIIIEHUIO PA3HOCTU
TeMIepaTyp (Ha rpadukax — crpasa OT TOU-
KU epern6a). [IprmMeHeHe MOMTy/Iel B TAHHBIX
obacTax HegomycTuMo. IIpu OKOHYIaTeTbHOM
BBIOOPE MOAYJLSI CIeTyeT IPOBEPUTH COOTBET-
CTBHE BHIOPAHHBIX XapaKTEPHUCTHUK IIPefeIbHO
AOIIYCTUMBIM YCJIOBUAM JKCILJTyaTalluW MOJYJIA.
B ocranpHOM CTaHJapTHBIE U JE€TAJIbHBIE I'Pa-
¢uku paspenos «I'pacdudeckoe mpencraBieHne
xapakrepuctiuk TOM» u «Bpi6op MomyJist» TIpo-
T'PaMMbl aHAJIOTUYIHBI IPYT IPYTY.

Hononnumenvhas ungopmayus

HomnonuurensHas nHGOPMAIKS BHI3bIBAET-
Csl IBOMHBIM Ha)KaTHEM JIEBOU KHOIKU MBIIIINA
iy HaxatueM kHonku Additional Information.
B oxHe comepiKaTCst CBeIeHUS 0 KaKIOMY Ba-
PUAHTY IPHMEHEHHS TEPMOIIEKTPUYECKHAX MO-
nyeit komnaauu «KPUOTEPM» (puc. 28).

Ha skpan BeiBotuTCs crieruuKariys ¢ 6oka-
M nHGOPMALIH 00 UCXOIHBIX [JAHHBIX, BBEIEH-
HBIX [I0JIb30BATENEM, PEKUMOM PabOThI BHIOpaH-
HOTO MOmyJIst (MITH MOZLyJIel), TapaMeTpaMu Te-

IUIOBBIX IIOTOKOB Ha OXJIAKIAEMOW U ropsden
CTOPOHAX C YKa3aHUeM 3HAIeHHsI TOIIyCTUMOTO
TEIUIOBOTO COLIPOTUBIICHNS HA KOXKOI U3 CTOPOH.

Taxk, B 6;10ke Initial Data of Task and Tempe-
ratures MPUBOASATCS UCXOLHbIE IaPaMeTPHI 3a-
Jadu: TeMIIepaTypbl OKpYysKaloIei cpenst Ta
1 OXJIaXKIaeMoro o6bexTa Tob, X010n0mpons-
BOUTENBHOCTH QC, TEIIOBOE COLIPOTUBIICHNE
Re, a Tarke Buf OXJIXKIEHUSI, PeKUMBI COPTH-
POBKU U OIITUMU3AIIUY BaApUAHTOB. Ha ocuoBe
UCXOIHBIX MAaHHBIX BBIYUCIIAIOTCA TEMIIEPATY -
pot ropstaeit Th u xomonuo¥ Te cropon MopyIs,
a TaloKe UX PasHOCTb.

B 6110ke Solution nmpuBoguTCs Ha3BaHUE MO-
IyJisl 1 HOMEp €ro MO3ULUU B CIHCKE PELIeHN
1 ONITUMAJIBHOE KOJMIeCTBO MOLYJIEH .

B 610Ke Thermoelectric Module Parameters
NIPpUBOJATCA OIITUMAJIbHBIE TTAPAMETPHI NJIA
OJIHOTO U IJII N MOIYJIEH: XOIOZOIPOU3BOLH-
TeIbHOCTH QC, moTpebisiemMast aHeprus, pado-
9Uit TOK 1 pabodee HALIPSDKEHNE, a TAKKE XOJIO-
nubHbLE k0o duruent COP.

B 610oke Parameters for Heat Exchangers
Design npuBOAsATCS XapaKTePUCTUKU, HE0O-
XOAUMBIE IJId IPOEKTUPOBAHUA paluaTOPOB.
BbIBOILf{TCH 3HAYE€HUA TEIJIOBOTO COIIPOTUBJIE-
HUS Ha XOJIONHOM CTOPOHE CHCTEMBI OXJIaK/e-
HUS B pacueTe Ha KOKABIA U Ha Bee (1) MOTy/IH.
JlaeTcst pekoOMeHIANusI UCII0Ib30BATh HA TOPSI-
deif CTOPOHe CUCTEMBI PalHaTOp C OMpeMieseH-
HOW BEJIMYMHON TENJOBOTO CONMPOTUBIEHNUA.
HpI/IBO,[II/ITCH KOJIMYECTBO TEIJIOBOM JHEpruu,
xoropylo Hano orBectu (Heat Removal) ¢ ro-
psideit CTOPOHBI MOAYJIEH, a TaKKe IUIOIIANb
MOAyJIed U IUIOTHOCTh TEIJIOBOTO IIOTOKA
(Heat Flux Density) Ha ropsideif OBepXHOCTH.
BoiBoguTcst Benmauna addextuBHOro koo -
nuenTa rertoornadn (Heat Emission Effective
Coefficient). OddexruBHbit K03 dunment
TEIJIOOTIAYU YUCIIEHHO PaBeH BeINIrMHe K03d-
(buIIeHTa TEIUIOOTAYH, KOTOPYIO HE06X0IUMO
00€eCIIeYnTh, YTOOBI OTBECTH TEIJIOBOMH IIOTOK
C TOPSYUX ITOBEPXHOCTEN MOIYJIEH.

Puc. 28. Cneuundmkaums pacuetHbix napamerpos TCOT

MakcumanbHble 3Ha9eHUs K09 DUIIEHTOB
TEIUIOOTAAYH MOTYT OBITh IPUHATHI IJISI €CTe-
CTBEHHOU KOHBEKIIUY B BO3IyXe IPIMEPHO PaB-
HbiME 10 Br/(M*K), 17151 BBIHYKIEHHOI KOHBEK-
nuu B Bosayxe — 100 Br/(m*K), mist BoIHy K-
IeHHOM KoHBeKIuu B Boge — 3000 Br/(m2-K).
ConocTaBiisis JaHHbIE 3HAUCHHS U BEIHIHHY
addexruBHOrO K03 PUIKEHTA TEIIOOTHAYH,
MOXHO CHeJIaTh BBIBOJ, O BO3MOXXHOCTH KC-
[OJIb30BAHMUS TOTO WIN HHOTO BUMA OXJIAXKIE-
Hust. Heo6xomumo yaecTs Taxoke TOT GakT, 4T0
ILIOLIA/(b OPeOPEHHOI TOBEPXHOCTH PaguaTo-
pa CyIecTBeHHO 60JIbIIle IO OCHOBAHUS
pazmuartopa u TeM 6ojiee GosbIlIe IUIOIIAIH Pa-
601eit moBepxHOCTU MORYJIs.. COOTBETCTBEHHO,
peanbHas BenuduHa KoaddurinenTa Temnnoor-
[adu Ha OpeOPEHHOI IOBEPXHOCTU MOXKET OBITH
Ha IIOPSOK MEHbIIIe PACICTHOM BeIMIHHBI 3(h-
¢exruBHOrO K09 PUIIIEHTA TEIIOOTAAIL.

Bs160p papuaTopa A/ OXJTaXKIEHUS TopsIIeit
CTOPOHBI CJIEAyeT AeIaTh UCXOMS U3 IBYX XapaK-
TEPUCTUK — IUIOIIAAY MOIYJIeH 1 BeJIUIMHBL
TEIJIOBOTO CONMPOTHUBIIEHMs. 13 KaTanoros mo-
CTaBIIHIKOB HEOOXOAUMO TOF06PATh PafUaTOPhL
C IUIOIIAAbIO, PABHOM MJIN HECKOJIBKO OOJIbIIIel
IUTOIIAfU MOJYJIeH, U U3 HUX BbIOPATh Te, KOTO-
Ppble HIMEIOT HAUMEHBIIYIO BeIMIUHY TeIIOBOTO
COIIPOTUBIICHHUS.

I[TonydeHHbIe pe3yIbTAaThI IOTO0PA MOAYJIEl,
a TaKKe COOTBETCTBYIOLIYe IpadUKU U BapHUaH-
THI PEIIeHNI MOTYT ObITh pacliedaTaHsbl.

Pacuer
TEPMO3/IEKTPUUECKON CUCTEMDI

Iocnedobamenvrocmo pacuema
mepmoaneKmputecKoil cucmemol

Pasnen nporpammsl Thermoelectric System
Calculation nmpenHasHadeH 1S BBIYUCIECHUI
XaPaKTEPUCTUK PAGOTHI KOHKPETHOI TepMO-
QJIEKTPUIECKOT CHCTEMBI OXJIAKIEHUS B CTa-
MOHApHOM peskume. [Ipenmosnaraercs, 9To ma-
paMEprI KOHCTpYKLlI/II/I CHUCTEMBI Y)Ke 3aIaHbI,
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Puc. 29. [nasHoe okHO pa3gena «PacueT TepMO3NEKTPHUECKOH CHCTEMbI»

1 OCHOBHAS LIeJIb PACUeTOB COCTOUT B HAXOXKICHUH 3HAUCHHUSI TeMIIepa-
TYPBI OXJIAXKIAEMOTO 00BEKTa, @ TAKKe IPYTUX 3HAUCHHI TeMIEPaTyphl
1 9HePreTUIecKUX XapaKTePUCTHK CHCTeMbI (puc. 29).

JI106y10 TEPMODIEKTPUIECKYIO CUCTEMY MOKHO YCIOBHO Pa3ieluTh
Ha TPU YaCTH: MOIY/IM, XOJIOAHAsI CTOPOHA, TOpsidast CTOpOHa (Ipumep
n306paXkeHNUs IpefcTaBieH Ha puc. 28). Takoe pasgesneHue Mo3BOL-
T He3aBUCHMO PAacCMAaTPUBATh XaPAKTEPUCTUKY KaXKIOTO JIEMEHTa CH-
CTeMbI OXJIK/IEHMNS, YTO CYLI[eCTBEHHO YIIPOIIAeT PacueT KOHCTPYKI[UN.

B Hauare pacueTa HeOOXOAMMO 3a[aTh THUII U KOJIUIECTBO UCIIOIB3Y-
eMBbIX Mopyelt (mpu Haxxkatuu xiasumu Select Modules oTkpsiBaeTcst
KaTaJIor MOMYyJIeit). JJisl HeCTIOXKHBIX TePMOIIEKTPUIECKIX CUCTEM JOCTa-
TOYHO MCIIONIB30BaTh 1-2 Mopyst. Eciiu BEIGpaHbI HECKOIBKO MOJLYJIeN,
TO, B 3aBUCHMOCTH OT UX KOJIMIECTBa, MOXKHO BBECTH CXeMY UX COeLU-
Henust. Tawoke CIeLyeT 3afaTh TOK WIN HALPsDKEHNE HCTOYHUKA TUTAHIS
IJISL BCe CHCTEMBI OXJIAXKIEHUSI, UCXOMS U3 [IapaMeTPOB MOAYJIEH, UX
THCITa ¥ CXeMBI COeTUHEHNS.

TepMOaIEKTPUIECKUIT MOLYIIb B CHCTEME OXJIAXKICHHS pabOTaeT KaK
TEIIOBOI HACOC, TIEPEeKAIUBAIOIIUIL TEIUIO OT 00BEKTa B OKPYIKAIOIIYIO
cpeny. TepMOaIeKTpUIeCKUIT MOLYJIb He SBIISIETCS IIOITOTUTEIEM Tell-
J1a, TaK KaK Ha ero Topsiieil IOBEPXHOCTU BBIACIISETCS SHEPTHs, KOTOPast
IOJDKHA OBITh OTBEIEHA C IOMOII[BIO TEIIIO0OMEHHIUKA.

ITepenaua Terwa ot 06beKTa K XOTOTHOM ITOBEPXHOCTH MOAYJIEH U OT TO-
PpsTdeli ITOBEPXHOCTH MOZYJIEH K Cpefie OCYIIIeCTBISETCS C IOMOLIIBIO TEILIO-
06MeHHNKOB. OHU XapaKTepU3yIOTCs OMpeNIe/IeHHBIME TEIUIOBBIMU COIIPO-
TUBJIEHISIMU. {151 OIIpefie/IeHst XapaKTePUCTUK MOLYJISL B TEPMOIJIEKTPIIe-
CKOI1 CHCTeMe HeOOXOIMMO 3a1aTh ITapaMeTPhI XOJIOHOM 1 FOPsTIelt CTOPOH.
CremryeT OIIpe/Ie/IUTh THII OXJIKICHIUS 1 TEIUIOBbIE COLIPOTUBIICHUS TOPSTIeit
1 XOJIOFHOI CTOPOH. B mporpaMmy BKIIOUEHBI CIIEAYIOLIYE THIIBI OXJIAK-
IeHUs: ecrecTBeHHas KoHBeKIms (Natural) — oxJtaxxmeHune mpu oMOIIA
panuaropa, BeiHy:KneHHast KoHBekius (Forced) — oxuraskneHue mpu momo-
17 paguaTopa u BeHTwIsTopa i motok (Flow) sxuaxocry wu rasa. Berbop
ocyruectsisiercs B paspernax Calculate Rh u Calculate Re, B koTOpbIX mpons-
BOIUTCA OIpenesieHIe IIapaMeTPOB XOJIOAHOM U TopsiYeii CTOPOH.

ITox mapameTpamMu CTOPOH, IIPEK/E BCET0, TOHUMAIOTCSI TEILIOBBIE CO-
IIPOTHBIICHUS TEIUIO0OMEHHUKOB. TeII0Bble COIPOTHUBICHUS TOpsIIei
1 xosonHo cTopor Rh i Re paccauThIBaIOTCS Ha ONUH MOLYIIb M CKJIa-
IBIBAIOTCS U3 IPOMEXKYTOUHBIX TEIUIOBBIX conportusiaenuit (Rh2 u Re2)
U TEIJIOBBIX CONPOTUBICHUN TEMIO0OMEHHIKOB Ha OJUH MOLYTIb
(Rh1 u Rel). ITporpamMma mo3BOJIsIeT BBECTH WIM PACCIUTATH IIPOMEXKY -
TOYHOE TerioBoe conporubienue (Intermediate heat resistance), npu
9TOM YYUTHIBAIOTCSE OCOOCHHOCTH KPEIUIEHNs MOAyJIelt (Iepe3 TeIIompo-
BOJHYIO [IACTY U TEIUIOIPOBOX). Takke MMeeTCsl BOSMOXKHOCT BBECTH
JUTH PACCIUTATh TEIUIOBOE COIPOTHUBICHIE TEILIOOOMEHHIUKA (pafuaTo-
pa). Mcxopst U3 3aJaHHOTO KOJIMIECTBA TEIUIOOOMEHHUKOB U MOTYJIel,
IIpOrpaMMa paccauTaeT TerioBsle comporusieHus Rhl u Rel (puc. 30).

Puc. 30. PacueT napameTpoB ropsiyen CTopoHbl cucTeMmbl (3aknagka Calculate Rh)

st cydast moToKa (JKUAKOCTU WJIM Ta3a) TOIIOJHUTETBHO JOJKHBI
OBITH BBEJIEHbI PACXOf, 1 TeMIIepaTypa IOTOKA Ha BXOJIE, a TAK)Ke CBOHMCTBA
MOTOKA (IIJIOTHOCTD U TEIIOEMKOCTD ).

ITpu 3aaHUK TOTOKA II0 XOJIOAHOM cTopoHe (3akiaznka Calculate Re)
OCHOBHOJ! LIeJIbIO PAOOTHI TEPMOIIEKTPHIECKOL CHCTEMBI SIBIIIETCS OXJIaXK-
JIeHHe IIOTOKA OT BXOAHOI TemmepaTypsl Tcf0 1o ompeneseHHOI Temmepa-
Typs! Ha Berxoge Tcf 1. CTemeHsb OXJTaXIeHNS OMpefIeseTCsl 9KBUBATIEHTOM
noroka Wec (Br/K). O xapakTepu3yeT KOJTHIeCTBO TEILIOTHL, KOTOPOe He06-
XOIMMO OTBECTH OT IIOTOKA, YTOOBI OXJIAIUTh IO Ha OfUH IPATyC.

B mporpamme mpenycMOTpeH CleNHUaTbHbIN aITOPUTM, TO3BOJISIOII[IIA
BBIYUCIUTH 3HAYeHHE K09(D(UIIEHTa TeIUIOOTHAYHY.

OcraeTcst 3aaTh TEMIIEPATYPY CPebl X MOLIHOCTb TEIUIOBbIIETCHII
B 00beKTe, U MOXXHO HAUMHATh pacieT U H0A60p XapaKTePUCTUK Tep-
MOOJIEKTPUIECKO CUCTEMBL. [l 9TOro HeOOXOMMMO HaKaTh Ha KHOIIKY
Calculate system, mocie 9ero mosBSITCS OAPOOHBIE Pe3YJIbTAThI pacuera:
TeMIIepPATyPHOE HOJIe B TEPMOIIEKTPHIECKOI CUCTEMe U IHEPreTHIeCKIe
XapAaKTEePUCTHKHY, COOTBETCTBYIOIIINE BHIOPAHHBIM Y CTIOBUSIM.

Eciu momydeH pe3ynbTar pacdeta, KOTOPBII He COOTBETCTBYET OXKH-
maeMoMy (HampuMep, HEIOCTATOYHO HU3KAs TeMIlepaTypa o0beKTa),
TO pacder BCerJja MOYKHO MMOBTOPUTH C U3MEHEHHBIMU MCXOHBIMU TaH-
HbIME. Heo6x0I1MO IIpoaHaIN3upOBaTh Pe3yIbTaThl pacieTa U OLpefe-
JINTH, KAKOU U3 3JIEMEHTOB KOHCTPYKIIUK TEPMOIJIEKTPUIECKON CHCTEMbL
CllefyeT Iy dIInTb IpesKe Beero. Hampumep, ecu pasHOCTD TeMIlepaTyp
MEXKIy Topsdell IOBEePXHOCThIO Monyiist u cpenoit Th-Ta 6ombure 25 K,
TO TEIJIOBOE CONMPOTUBIICHHUE II0 TOPSUe CTOPOHE CIHUIIKOM BEIHKO
U He0OXOIMO BHUMATEIHO OTHECTUCH K BBIOODPY TEIIOOOMEHHHUKA.

ITpu HeO6XOMUMOCTH IIPOU3BECTH HaubOIee TOUHbIE PACIETHI IPO-
rpamma KRYOTHERM npenocrasiisieT BO3MOKHOCTb BBECTH ITAPAMETPhI
Kepamuku B pamke Heat conductor paspena pacuera IpOMeKyTOIHOTO
TEIUIOBOTO COLIPOTUBIICHNUSL. SHAYEHNS TEIUIOBOM IPOBOIUMOCTH CTaHAPT-
Hoit kepamuku (BK96), mpumMeHsieMoii Ipu POU3BOICTBE MOIYJIEi, pABHO
25 Br/mK. B 0c0o6bIx crrydasx IpuMeHseTcsl KepaMUKa, H3TOTOBJICHHAs
u3 Hurpupa antomusust (AIN), nmeroras rerutorpoBogaocTs 180 Br/m-K.

Buoi6op modyrneti, cxembt cOeOUHEHUST U UCTOUHUKA NUMAHUS

[TporpaMma O3BOJISIET IIPOBOJUTH PACIETHI CHCTEM OXJIAXK/IEHHUS
U TEPMOCTaTHPOBAHUSI C UCIIOIb30BAHIEM IIOJIYIIPOBOIHUKOBBIX TEPMO-
anexrpmdeckux monyseit. [Iporpamma KRYOTHERM naet Bo3MOXHOCTB
IIOCMOTPETb, KaK IOBEMET cebst 0601 MONY/Ib B KOHKPETHOM KOHCTPYK-
1uu TCOT. st BeI60pa MOLyJIst HEOOXONUMO HaXKATh Ha KHOMKY Select
Module u BbI6path 0OiHY U3 3aKIANOK C THIIOM MOJYJIS:: MUKPOMOJYJIb,
CTaHIAPTHBI, BHICOKOI(DGEKTUBHBII WM MHOTOKACKaIHBII.

[Tocie TOTO KaKk BBIOPAH THIT MOAYJIsl, HEOOXOAUMO OLPEIeNTUTh UX
KOJIM4ecTBO. JIJIst OOBIYHBIX TEPMOITEKTPUIECKUX CHCTeM (Hampumep,
ABTOMOOWIbHbIE XOJOMIBHUAKY) JOCTATOYHO MCIIOIB30BaTh 1—2 MOMYJISL.
Ecnu maHupyeTcst HCrnoab30BaTh MOAYIIb HEOOIIBIION XOIOMMIBHOM
MOIIIHOCTH WJIM KaMepa OXJIAK/IEHUS MeeT 3HAYNTeIbHbIe Pa3Mephl,
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Puc. 31. OkHo Bbibopa cxembl coeanHerms TOM

TO 11€IeCO00PAa3HO YCTaHOBHUTD GOJIbIIIee KOJTHIECTBO TEPMOIJIEKTPHYE-
CKUX MOZyJIel. DTO MO3BOJIsIeT MOBBICUTH 9 (HEKTUBHOCTD TEPMOIIIEK-
TPUYECKOH CHCTEMBI OXJIXKIEHHSL.

Eciu BBIOpAaHO HECKOJIBKO MOMYJIEl, TO B 3aBUCHMOCTH OT UX KOJIHYe-
CTBa OHU MOTYT OBITh COSIMHEHBI PA3IMIHBIMU CIIOCOOAMU: ITOCIIENOBA-
TeJIbHO, TAPAJUIEIBHO WK IIOCE0BaTeIbHO-TIApaLIebHO (puc. 31).

BbI60p cXeMBI COeUHEHUS He BIMSET Ha XapaKTePUCTUKU MOAYJIeH,
HO OH ObIBaeT HeOOXOMUM, KOTZia Pa3paboTINKy HEOOXOTUMO OPHEHTH-
pOBaThCs Ha ONpeNieJIeHHbIH NCTOYHUK NMuTaHus. [Ipeanonoxum, 4To
B CHCTeMe HeOOXOIMMO UCIIOIB30BATh [BA TEPMOIIEKTPUIECKIX MOLY-
151 ICE-71. K Xa)XIOMy TaKOMY MOJYJIO OOBITHO IOfAeTCS HALIPSDKEHe
nutaHus 12 B. Ecin nuMeeTcst NCTOYHUK MUTaHUS HanpsbkeHueM 12 B,
TO MOJLYJIV COAUHSIOTCS APAJLIETBHO, @ TIPY UCIIOIb30BaHUHI UCTOYHN-
Ka Ha 24 B Monynu cefyeT coeuHATh IOCIeN0BaTelIbHo. B ciiy4ae, ecnu
Pa3paboTIMK He OTpAHUTEH ITapaMeTPAMU UCTOUHUKA IUTAHUS, IPE/IO-
YTUTETbHBIM ABJIAETCS NapaiebHOe COeIMHEHNEe MOMYJIeH .

Pacuem mennoBozo conpomubnenus usonsyuu

Tt o dexTuBHOM PabOTHI TEPMOIIEKTPUIECKOH CHCTEMBI (KaMephl
OXJIK[IEHNSI) 0COOEHHO BaXKHO IPUMEHSTH BHICOKOKAUeCTBEHHBIE Te-
IUIOU30JIILINOHHBIE MaTepHuanbl. OXIakaaeMblil 00beKT JOKeH OBITh
OKpYKeH CJI0eM TeIIOM30LIIIUH JOCTATOYHOM BeIUIHMHEL.

Ecnu Boi6pano ecrecrBenHoe (Natural) win Boiayskaennoe (Forced)
OXJIaXK/eHUE [0 XOJIOLHON CTOPOHE, TO C IOMOIIbIO IIPOTPAMMEL
KRYOTHERM MOXHO paccauTarh, KAKOE TEIIOBOE COMPOTUBIIEHUE OY-
IeT UMeThb 3afaHHas TEIUIOU30JIAIYsL. TelIoBOe COPOTHBIICHUE H30-
JIAIMY 03HAYAET, KaKast Pa3HUI[A TEMIIEPATYP MeXIY 00BbEKTOM I CPefoit
6yZmeT DTOCTUTHYTA IIPU ONpefeIeHHOMN XOJIONMIBHOM MOLTHOCTH Tep-
MOIJIEKTPHIECKUX MOAyJiet. B ciydae, korna Ha XOJIOLHOI CTOPOHE 3a/jaH
notok (Flow) »KuakocTy wim rasa, Takke HeoOXOOMMO UCIONb30BaTh Ha-
IeKHYIO Terousosnmo. OIHaKO IPOorpaMMa He yIUTHIBAeT HaTeKaHUe
TeIUIa depes U300 UL 9TOr0 pexxuMa. IIpenmonaraercs, 4To Temwo-
BO€ CONPOTUBJICHUE H30JLIIIUHU JOCTATOIHO BETUKO.

Yr066!1 BBIYUCIUTH cotipoTuBieHne usomsnuy (Insulation), mpesxme Bee-
TO HEOOXOIMMO BBECTH Pa3Mepbl 00beKTa (KaMepbl OXJIaKIeHHs): [UInHY Li,
umpuny Wi, Bicoty Hi st o6bekra B popme kopoOku wim guamerp Di u BbI-
coty Hi st o6bekra mpmisHprdeckort Gopmpl (Kak B puMepe Ha prC. 32).

3areM ciefyeT BHIOPATh U3 IPeIaraeMoro CIUCKa TeIUIOU30ISIIHOH-
HBII MaTepuas U BBECTU €ro TOIIUHY. JIyist GBITOBBIX XOJIOMMIBHUKOB
¢ 06bemoM ot 10 110 40 1 TomtuuHa u3omnsnue 20-50 MM U3 [IEHOIIOIHY pe-
TaHa OyIeT JOCTaTOUHOM. Ec/u B cimcKe HY)KHBII TEIUIOU30JLII[OHHBLI
MaTepHaj OTCYTCTBYeT, MOKHO CAMOCTOSITeIbHO BBeCTH KoadurimeHt
€r0 TeIIOIPOBOJHOCTIL.

Teronepenada OT cpefbl K 00BEKTy OCYILIECTBIISETCS He TOIKO depe3
CJI011 H30/ISIIOHHOTO MaTepHaa. TerIo mepenaeTcs IyTeM eCTeCTBEHHOM

Puc. 32. OkHo BbiGopa NapaMeTpoB TEMOM30NALUN

KOHBEKI[MH BO3/[yXa Ha BHEIIHIOI [IOBEPXHOCTH TEPMOIJIEKTPUIECKOI
CHUCTEMBI. B OmIusx MOXXHO BBECTH COOTBETCTBYIOIINI KO3 duumeHT
TEIUIOOTAAYH, U JIs1 OOBIYHBIX YCIOBHIT €10 MOXKHO HPUHSTH PABHBIM
5-10 Br/(m*K).

Ha ocHOBe MCXOQHBIX IaHHBIX MPOTPAMMa PACCIUTAET TEIUIOBOE CO-
[IPOTUBJIEHUE U3O0JIALNH, a TAKKe 00beM 00beKTa (KaMephl OXJIKIEHNS),
CyMMapHbIi1 00beM U IIOIIAAb BHYTPEHHel U BHEIIHe! IOBEPXHOCTel
KaMepsl.

Pacuem npomesxcymounozo menno6ozo conpomubnenus

B TepMOITeKTPUIECKHUX CHCTEMAX KpeIUIeHHe MOLYJIEH K TeII0006-
MEHHHKaM OOBIYHO OCYIIECTBISIETCS ¢ MPUMeHEeHIeM CIIeI[HaIbHOTO
BEII[ECTBA, CIY>Kallero IJIsl yMEHbIIeHH KOHTAKTHOTO TEPMUYECKOTO
conpotusienus (TepmounnTepdeiic). Hatrje Bcero 3To TeIIOIPOBOSHAS
KOHTAKTHasI I1aCTa, HMeI0Iast KA PUIMEHT TeIIONPOBOLHOCTH OKOJIO
0,8 Br/(m:K) (puc. 33).

TermronpoBOIHYIO IACTy PABHOMEPHO HAHOCST TOHKHUM CJIOEM
Ha ITOBEPXHOCTh MOAY/ISI U TEIIOOOMeHHUKA. ITepen HaHeCceHIeM acTy
KeJIaTeJIbHO IOZIOTPeTh. B 3TOM cirydae OHA 3arOIHIET BCE MUKPO-
HEPOBHOCTU KOHTaKTUPYIOIINX IIOBEPXHOCTel. B TepmonnTepdetice
Ha CJIO€ MACThI TOJIIIMHOM 0K0J10 100 MKM mepenaz, TeMIIepaTyp I10 ro-
pstdeit cTopoHe MOKeT cocTaButh 2—4 K u 6oee. IToatomy He06x0-
IMMO OTBETCTBEHHO OTHECTHUCH K OIlepalliy HAHECEHUs IaCThl U UC-
101630BaTh TOM U Ten1006MeHHUKY, IIOBEPXHOCTh KOTOPBIX HMeeT
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Puc. 33. OkHo pacueTa napamMeTpoB TepMOUHTEPEHCa MeXAY paguatopom n TAM
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HaujTydillee CoueTaHue MIIOCKOCTHOCTH U MapajlIeIbHOCTH. B ciiydae
NIpUMeHeHUs HeCKOIbKuX TOM, ycTaHaBINBaeMbIX Ha obmuit pa-
IHMATOP, OHK JOJDKHBI OBITH OTHIIH(OBAHBI B OIHY BbICOTY (0OBIYHO
OTO BBIIIOJIHICT Hpe,[[l'[pI/IHTI/Ie‘I/ISTOTOBI/ITeJIb). CJ'ICIIYQT IIOMHHUTD, 4YTO
MPSIMOM KOHTAKT IrOpsYeil IIOBEPXHOCTU MOIYJIS C PAUaTOPOM BCErna
o dexTrBHEE, YeM TeIIOBOM KOHTAKT Yepe3 TEIIONPOBO/SIIYIO IIa-
cry. C monpo6GHBIME PEKOMEHIAIMSIMU 110 YCTAaHOBKE MOJYJIEN MOSKHO
O3HaKOMUThCA Ha cafite kommannu «<KPMOTEPM».

Mesxay TeIio06MeHHUKOM U MOYJIeM MOJKET PacIonararbCs TeIIo-
mposop (Heat Conductor). O u3roTaBarBaeTcst U3 aTIOMUHUS WA IPY-
TOTO METaJIa X OOBIYHO yCTAHABIMBACTCS MEK/Y XOJIOLHON CTOPOHOM
TEPMOJIEKTPUIECKOTO MOAYIIA U XOJIOOHBIM PAalIaTOPOM, BBICOTA TEILJIO-
IIPOBOJA OIpefessIeTCs TOMIIUHOM TeIIon30/sIu. 110 X0m0nHo cTo-
POHe IUIOTHOCTb TEIIOBOTO IIOTOKA U Hepelanbl TeMIIePaTyPhl MEHBIIIE,
weM 110 ropstaett cropose (puc. 1. KuT. 2010. Ne 8).

IMTporpamma KRYOTHERM mo3BosisteT y4ecTb HaudHe TEIUIONPOBOJA
(Heat Conductor) u terutonpoBonaoit nactsl (Thermal Grease) B Tepmo-
SHCKTPI/I‘IeCKOﬁ CUCTEME U PACCYUTATDH TEIIOBBIE COIIPOTUBJIEHUSA I1ACTHI
1 TEIUIONIPOBOJA, KOTOPBIE B CyMMe [AI0T IPOMEKYTOUHOE TEIIOBOE CO-
nporusienue: Rh2 mo ropsaeit cropore 1 Re2 1o X0I01HOI CTOpPOHE.

Pacuem mennoBozo conpomubnenust mensnoo6meHHUKA

15t TIepeaqy Teruia OT TOpsTIeil MOBEPXHOCTH TEPMOIIEKTPUIECKOTO
MOIYJIS K Cpelie U OT 00BeKTa K XOJIOHON TIOBEPXHOCTH MOIYJIS HCIIONb-
3YI0T Ter10o6MeHHUKH. Termnoo6MeHHUKY 0OBIMHO MPEICTABIIAIOT COG0I
IUTaCTUHYAThIC paﬂI/IaTOpr, M3TOTABJINBAE€MbIC U3 AJIIOMUHUSA UIN MEIU.

TemoBoe conpoTuBiieHre paguaropa (puc. 34) 3aBucur ot ero raba-
puroB (aauusr L, mmupunst L2, BbicoThl pebpa h 1 TOMIIUHBI OCHOBaHUS
h2), ot konmuecTBa pebep, TonmuHbl pebpa th, koadduimenra remno-
IIPOBOIHOCTY MaTepuaa i KoahduiireHTa KOHBEKTUBHOM! TEIUIOOTAAIH
K [IOBEPXHOCTH PAIUATOPA.

KoaddunueHT TennooTnatn onpeneseTcs TUIOM TeIIonepenain
(ecrecTBeHHast WM BBIHY)KIEHHAS] KOHBEKIIUS) M CPENOi (ra3 WIIH KU/
kocth). [Tporpamma KRYOTHERM nosBostsier paccaurars koadduriu-
€HT TeIIOOT/IAYM, KOTJ[a TEIIONEPENada OCYIIECTBIAETCS BhIHYKIEHHOM
KOHBEKITVel WK KOT/[a 3a/jaH TT0TOK. Eciiu Teruionepenada mpoucxonut
IIyTeM eCTeCTBEHHOI KOHBEKIIUH, TO IJIsL BO3AyXa KO3 DHUIIUEHT TeII0-
OTZAY¥ CIIeTyeT 3a1aBarh B fuamasone ot 2 1o 10 Br/(m*K), a muist Bogsr —
B nuamazone 200600 Br/(m*K).

Ha ocHOBe MCXOMHDBIX ITAHHBIX TIPOTPAMMa PACCYUTAET TETLIOBOE CO-
MPOTUBJIEHIE OPeOPEHHOT TOBEPXHOCTH TEIIOOOMEHHMKA (IIpuMep
[IpYBeZIeH Ha PUC. 34).

Kpome Tor0o, HE06XOAUMO YUecTh Iepeady Teria oT opeOpeHHO
MIOBEPXHOCTH K TEPMOIIEKTPUIECKIM MOIYJIAM [0 OCHOBAHUIO Pajiia-
topa. O6GBIYHO IJIOIIAb PAMATOPa B HECKOIBKO Pa3 MPeBBIIIIaeT II0-
II1a/[b TEPMOITIEKTPAUIECKOTO MOIYJIsL, TOATOMY [0 OCHOBAHUIO pajiia-

TOpa CYILECTBYET 3aMeTHasi HEPABHOMEPHOCTDL TEMIIEPATYPHOTO I10JIA.
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CHUI0Bas JIEKTPOHUKa

ITporpaMma faeT BO3MOXKHOCTh BBECTH 3HAUEHHE COOTBETCTBYIOIIETO
koadduirenTa HepaBHOMePHOCTH. [[aHHBII K03 UIHEHT TOKA3bIBAET,
BO CKOJIBKO Pa3 PasHOCTb 3HAYECHUI TEMIIEPATYPhI CPefbl U OpeOPeHHOM
[IOBEPXHOCTH PAAHATOPa B [EHTPAIBHOM JacTH (HaJ MECTOM KpeILe-
HESI MOTYJIS) OTIMIAETCS OT CPefHell Pa3HOCTH 3HAYCHUIT TeMIIePaTyphl
CpeIbl U IOBEPXHOCTH panuaTopa. HaxoxmeHne TOYHOro 3HAYeHUS KO-
abduruenTa HepaBHOMEPHOCTH IPEACTABIIET COO0I CIOKHYIO 3anady,
BBIXO/IAIIILYIO 33 PAMKH IPEZICTaBIeHHOM ITporpaMMbl. OIHAKO B KauecTBe
[epBOTO MPHOIIIDKEHNs 3HaYeHe K03 dUIIMeHTa MOKHO 3a/IaTh PaB-
HbIM 1,2. Ero MUHMMasbHOE 3Ha4eHHe PaBHO 1, a MAaKCUMaJIbHOE OMIpefie-
JISIeTCsI OTHOLLIEHUEM ILIOIIaziell PanfaTopa i MOTYIISL.

3Hasl TEIJIOBOE COIPOTUBIICHIE OPeOPEHHOI! IIOBEPXHOCTH PafUaToOpa,
pasMepsI OCHOBaHUS U K03 puineHT HepaBHOMEPHOCTH, MOXKHO OIpe-
IEJUTD TEIUIOBOE COIIPOTUBICHNE OCHOBAHUS PaHaTOPA.

B cyMMe TeIUIOBbIe COPOTUBIIEHHS OCHOBAHUS U OPeOPEHHOI 110-
BEPXHOCTH PaiIaTopa JAI0T 001Iiee TEIIOBOE COIPOTHUBIICHHE PaUaTOpa
110 TOPsIIeil WK XOJOLHON CTOPOHe. DTa BeIMINHA BO MHOTOM OyneT
onpenessiTh 3P PeKTUBHOCTh PAOOTHI TEPMOITEKTPUIECKOH CHCTEMBI.

CremyeT OTMETHTD, ITO CAMOCTOSITE/IbHbIE Pa3ieIbl TPEThel YaCTH IIPO-
IPaMMBbI MOTYT OBITh UCIIOIb30BAHbI Pa3paboTINKaMHU IS TeIIoduame-
CKHX PacueToB Ge30THOCUTEIHHO K TEPMOIJIEKTPUIECKOMY OXJIXKICHHUIO.

Pacuem xoapuyuenma mennoomaoauu

TemnoBoe conpoTuBiIeHUE TEIIIOOOMEHHUKA B 3HAYUTENBHOM CTe-
[IeHN 3aBUCUT OT BeIMYKMHBI K03 duiuenta reroornadu. C moMonso
mporpammbl KRYOTHERM (puc. 35) pa3paboTdrK MOXKeT paccIuTaTh
[aHHOe 3HAYeHNUe [Isl CIIydasi TeIUIoNepeadr IyTeM BBIHYKIEHHO KOH-
BeKIMH 1160 KOT/IA 110 JI060# U3 CTOPOH 3a/1aH [OTOK.

KoaddunmeHT TemnooTnads 3aBUCUT OT PACXOfid ¥ CBOMCTB )KUIKOCTA
i raza. Heo6X0nMMO Takke OIIPe/euTh MECTO KPeIUIeHUst HarHeTaTelst.
HarmeraresieM MOXKeT CITy>KUTb BEHTIIATOP (17151 BO3yXa U APYTHX Ta30B)
1160 Hacoc (st XKumKocTeit). ITpu KperuieHnH HarHeTaTesIsl BBEPXY TEIUIo-
obmennuxa (On the top of the heat exchanger), HampuMep KOMIIAKTHOTO
OCEBOTO BEHTIJISITOPA, BEIMYNHA PACXOJIA EJIUTCS Ha [IBE YACTHL.

Cropocrs gsmkenns rertoHocurers (Speed of flow) onpenesnstercst pac-
XOJIOM JKHIKOCTH/Ta32 U IUIOIIAABI0 [IOIIEPEIHOTO CEYeHNUs! PAfHATOPa.
BaxHyio poJIb B IIpoliecce TEIUIOOTAAYH UIPAET OLPefIesIoIIHil pasMep
(Characteristic dimension) — ruApaBIHIeCcKUIL FUAMETP, KOTOPBLI BBIUUC-
JISLeTCS! IICXOJSL M3 BBICOTHI pebep 1 3a30pa Mexxity HuMu. OIHIM U3 BaXKHBIX
CBOVICTB TEIJIOHOCUTEIIS SIBJIsSIeTCs1 ero BsiskocTh (Kinematic viscosity).

XapaxTep TeueHUsI — JaMUHAPHbIN WX TYPOYIeHTHBII — OILpeIes-
eTcst 6e3pasmepHbIM dncioM Peitnonbaca (Re), KoTopoe paccauThIBaeTCs
10 crteptyoreit popmysie:

Re = (Speed of flow)x
x (Characteristic dimension)/(Kinematic viscosity).

ITpu 3Havenusix qucia PeiiHonbaca Meree 2000 HabmogaeTCs TaMUHAP-
HBIU peXXuM TedeHus. [Ipu JaMuHApHOM peXuMe SKUAKOCTD MITH Ta3 JBU-

Frven mauniing _ Pocpitann of cackend

ot b o hbat anchange Coant: [l =] mmapuanr Cit[® =]

[y S i — 5 sl
Eimenatic vhomily (10 Y wijs  [EE

F _

Fom coln f =[SO BH] | Corety 1wtk = [T

Toabal I erans:

L D Praanadl o = il

Seedof how Il - o et B —

e iy T = F

[P Rp—— Uppm of o Towtbesd  Fsnsl rassber = |0 1)

Hadrualc sesistance (Fal =[5 | Hos emimsion conticien e " k1= [F7

[T |
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Puc. 35. OkHo pacueTa napamMeTpoB TEMI0BOH IMUCCHU
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CHUloBas /IEKTPOHUKaA

JKYTCA CI0sIMH, 63 nepeMernuBanus. [1py nosbienny ducia PeitHonbca
(Reynolds number) HaunHaeTCs epPeXONHBLIL, a 3aTeM U TyPOyICHTHBIN
pe)KI/IM TECYCHUI. OHI/I XapaKTepI/I3YIOTC${ MHTECHCUBHBIM HepeMeLHI/IBaHI/IeM
TEIUIOHOCHUTEJISL.

VHTEHCUBHOCTD TEIUIOOTAYH OTIpeNesisteTcs Ge3pasMepHBIM YHCIIOM
HyccenbTa, mpudeM Ipu TypOyIEeHTHOM TeIeHUU OHO 3aBHCUT OT THCE
PeitHosnbaca u [Tpaunrist (Prandtl number), a npu TamMuHapHOM oriperie-
JIETCs BBICOTOM pebpa U 3a30pOM MeX[y pedpamu.

3nas yncno Hyccenpra (Nusselt number, Nu), Mo>kHO paccauTars Ko-
adUIHEHT TEIUIOOTIAYH 110 CIIeyoLelt popmyire:

Heat emission coefficient =
= Nux(Thermal conductivity)/(Characteristic dimension).

ITomumo k03¢ ULHEHTa TeIUIOOTAAYH, IPOTPaMMa IO3BOJISIET TAKKe
OLIeHUTH TuapaBindeckoe conporusienne (Hidraulic resistance) reruto-
o6MeHHUKA. 3HAHIE 3TO BEIMIUHBI HEOOXOMMMO /IS HOA60pa BEHTH-
JISITOpa MUIM HACOCA, KOTOPBII CMOT ObI 00eCIieYnTh 3aIaHHbIIH PACXOJ
TEIUIOHOCHTEJISI.

Oxpysxarowas cpeda u mennobvidenenue 6 o6vexme

J17151 TOrO 4TO6BI IPOBOAUTE BEITUCIICHIUSI TI0O0I TePMOSIEKTPIIECKOI
CHCTEeMbI, HEOOXOMMMO 3a1aTh 3HAYEHVE TEMIIEPATYPbI OKPY KAl
cpenpl. B mporpamme npenycranoieHa temmneparypa cpenst (Ta) +20 °C,
OJHAKO UMEETCI BOSMOXHOCTD 3a1aBaTh ,prFI/Ie 3HA4YC€HNs, B TOM YHCJIE
U oTpuIaTensHble (puc. 29).

YacTto pa3paboTIHK CTATKUBAETCS ¢ HEOOXOMUMOCTHIO OXJIaKIEHHSI
00b€eKTa, BHYTPH KOTOPOTO BBIIEISIETCS TEIIO. DTO MOXKET OBITh 0OBEKT
0601 IPUPOIbI — JIEKTPOHHAS CXeMa, [0 KOTOPOI Te9eT TOK, JJIEKTPHU-
9ecKas JTAMIIOYKa, OMOJIOTUIECKHI OOBEKT, COCY, B KOTOPOM IPOUCXOIUT
9K30TePMHUYECKas Peakuust, U T.I. [IJist TOro 9T06BI y4eCTh JAHHOE CBOT-
ctBO 06bekTa, mporpamma KRYOTHERM mnosBosisier BBeCTH 3HAYEHME
BhIfEIIsTIOLIEiCs TertoBoit MorHocTH (Object heat rejected-Wob, Br).

Eciu B cuicreMe OXJIaXKIEeHUs HeT ITOJ00HBIX 00bEKTOB, TO BeJIUYUHY
TEIUIOBBIJE/IEHNU CIIeflyeT 3alaBaTh PABHOM HYIIIO.

[Iporpamma yuuThIBaeT BbIIeNeHHUE TeILIa TOJIBKO B TOM CJIydae, KOIma
I10 XOJIOGHOHU CTOPOHE 3aJaHO eCTeCTBEHHOE MJIU BBIHYKIECHHOE OXJIaXK-
nenue. [Ipu moroke mporpamMma He yYHUTBIBAeT TEIIOBbIeIeHUe. Takue
CHUCTEMBI BCTPEYAIOTCA KpaiiHe PeKo.

Pesynvmamuvt 8vruucnenuii mepmoanexmpu4ecKoti cucmembl

OcHOBHOI1 pe3ynbTaT

OCHOBHOI1 11€JIBIO U Pe3yIbTaTOM BBIYMCIICHUH SBIISETCS OIpe/ieNieH e
temmeparypst o0bekTa Tob B korkperHoit TCOT. ITpu oxJtaxaeHn 1mo-
TOKa OCHOBHOM I1€JIbI0 BBIYMCIEHNUN ABJIAETCA ONpeesIeHe TeMIlepa-
typsl Tcf1. D10 TeMiepaTypa MOoTOKa Ha BHIXOMIE M3 XOJIOJHOU CTOPOHBI
TEPMOJJIEKTPUYECKON CUCTEMBI.

TemmnepaTypHoe mose

B KxauecTBe pe3yIbTaTOB pacieTa IPUBOLUTCS PaCcIpefesieHIe TeM-
[IepaTypHOTO HOJIS B CUCTeMe OoXJTaxaeHus (puc. 29 — Temperatures,
Temperature differences). B 06br4HOI TepMO-3JIEKTPUIECKON CHCTEME Camast
BBICOKasI TEMIIEPaTypa — 9TO TeMIIepaTypa Fopsiel OBEPXHOCTH (TOPSINX
CIIaeB) TepMOIEKTpIIeckoro Monysist Th, camast Hu3Kast — TeMIepaTypa
XOJIONHOM IIOBEPXHOCTH (XOJONHBIX craeB) Momysist Tc.

Pasuocts Temneparyp dT = Th-Tc, pasBuBaemast TepMOSIEKTPIIECKIM
MOTIyJIeM, COCTOUT U3 TPeX COCTABILIOLINX:

e mepemasia TeMiepaTyp mo ropsiaeit cropose Th-Ta;
® OXJIAXKMIEHHS 00beKTa OTHOCUTENBHO cpenibl Ta—Tob;
e Iepemajia TEMIEPATyp IO X0u0aHoi ctopore Tob-Tc.

OpnHoKacKafHble MOLYIU PaspabOTKH U IPOU3BOACTBA KOMIAHUU
«KPUOTEPM» 1103BOJISIIOT JOCTUTATh Pa3HOCTHU Temitepatyp mo 76 K,
OJJHAKO U3-3a HAIXIMS TEIUIOBOI Harpysku Qc pabodast pa3HOCTb TeMIIe-
paryp Ha CTOPOHAX MOLYJIsI HeCKOJIbKO MeHbIITe 1 00bIMHO paBHa 50-60 K.
B OBITOBBIX TePMOAIEKTPUIECKUX YCTPONCTBAX OXTXKIEHUE 00BEKTa OT-
HOCHUTEJIbHO Cpefibl, Kak IpaBuIIo, cocrasiseT 20-30 K, nepemnay temmnepa-
TYp TI0 ropsdeit cropoHe — 15-25 K, nepemnaz TeMmneparyp o X0lI0fHOI
cropore — 10-15K.

[Ipu 3aaHuy OTOKA IO TOPSTYEl WIN XOJIOLHOU CTOPOHE BHIYUCIIACTCS
TeMIepaTypa noroka Ha Bbixone Thfl wm Tcf1 mpu nsBecTHOM 3HaTeHUH
TemmepaTypsl motoka Ha Bxofe (Thf0 wiu Tcf0). ITpenmonaraercs, 4ro us-
MEHEHNE TEMIIEPATYPBI IIOTOKA JKUJAKOCTU WJIN Ira3a HOCUT SKCIIOHEHIIUA/Ib-
HbII XapaKTep I10 OTHOILIEHHIO K [/INHe paguaTopa. IIporpamma mospossieT
HAHTH CpefHee 3HadeHUe TeMnepatypsl moroka Thfa u Tcfa no ero miue.

DHepreTHyecKue XapaKTepUCTHKH

IToMuMO pacrpefie/ieHus TeMIIePaTyp, IPOrpaMMa I03BOJIIET BHIUKC-
JIUTH XapaKTepUCTHKY paboTsl Moxyieit B TCOT. Dtumu xapakTepucTu-
KaMH SIBJISIIOTCS: TOK depe3 Moxy/b I (A), Hanpsprenue Ha Mogyite U (B),
3JIEKTPIYeCKasi MOIIHOCTB, noTpebiisiemast moxrysteM, W = IxU (Br), xoino-
monpousBopuTenbHOCTh Qc (BT) 1 TerioBast MOIIHOCT, BBIIENSIOIIASICS
Ha ropstaeit mosepxaocta Moyt Qh = Qc+W (Br).

HpI/I JKEJIAaHUU TAaHHbIE XaPAKTEPUCTUKU MOXXHO IIOCMOTPETDH KaK I
oxHoro mouyist (per module), Tak ¥ ISt BCeit TEPMOAJIEKTPUIECKOM CH-
CTeMBI OXJIXKIeHUS (per system).

Kax 65010 yyke OTMeUeHO paHee, ONHUM U3 HanOoJIee BAXKHBIX ITOKa3aTe-
Tt pabOTHI TEPMOIIEKTPUIECKOL CHCTEMBI SIBJISIETCS] XOJIOMIIBHBII K09~
¢unuent COP. OH xapakTepusyeT SKOHOMHIHOCTh PAOOTEL TEPMOIIIEK-
TPHYECKOI CHCTEMbI ¥ YHCIIEHHO PaBeH MOIITHOCTH OoxIaxkaeHus (Br) mpu
norpe6ienuu sHepruu 1 Br:

COP = Qc/W.
3aknoueHue
[Tporpamma pasmerneHa mis CBOGOJHOTO KOUPOBAHUs Ha caii-

T€ KOMIIaHUU, 110 Me€pe ITOABJIEHUA HOBBIX Monyneﬁ B HEE BHOCATCA
COOTBETCTBYIOLIUE JOIOTHEHUSL. |
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