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Mpeaucnosue

1 NOAIOTOBNEH O6LeCTBOM C OrpaHU4EHHON OTBETCTBEHHOCTLIO «ABaHrapa-TexCt» (OO0 «AsaHrapa-
TexCT») Ha OCHOBE COGCTBEHHOIO NEPEBOAA HA PYCCKUI A3bIK aHMNOA3bIMHON BEPCUM YKA3AHHOTO B MYHKTE 4
MEXAYHAPOAHOro AOKYMEHTA, KOTOPLI BLINONHEH POCCMItCKON komuccunen akcnepros MIK/TK 48D

2 BHECEH TexHuuyeckum komuteTom no ctaHaaptusaummn TK 420 «Ba3oBble HecyLme KOHCTPYKLUMK,
nevyatHble Nnatbl, c6oOpKa M MOHTAX SMNEKTPOHHbIX MoAynely», noakomuteToM MK-1 «Ba3oBble HECYLUME KOH-
CTPYKUMKN paanuoanekTpoHHbIX cpeacts (PAC)»

3 YTBEPXAEH W BBEJEH B IENCTBUE Mpukasom denepanbHOro areHTCrea no TEXHUYECKOMY pe-
rynuposaHuio u metponorumn ot 17 uiona 2016 r. Ne 649-cr

4 Hacroawmi ctaHaapt MAEHTUYEH MexayHapoaHomy aokyMeHTty IEC/TS 62610-3:2009 «MexaHu-
Yeckme KOHCTPYKUWUM ANA SNEKTPOHHOrO 000pyaoBaHMA. YnpaeneHue TeMnepaTypHbIM PeXxMmomM Likados
B cooTtBeTcTBUM C cepuamu IEC 60297 n IEC 60917. Yactb 3. PykoBoacTBO no npoektuposaHuio. Metop
OLUEHKMU TePMOINEKTPUYECKUX cucteM oxnaxxaeHusa (3addext Menbtbe)» [IEC/TS 62610-3:2009 «Mechanical
structures for electronic equipment — Thermal management for cabinets in accordance with IEC 60297 and
IEC 60917 series — Part 3: Design guide. Evaluation method for thermoelectrical cooling systems (Peltier
effect)», IDT].

HanmeHoBaHWe HACTOALWIEr0 CTaHAAPTA U3MEHEHO OTHOCUTENBHO HAUMEHOBAHUA YKA3aHHOIO MeXay-
HapoAHOro crtaHaaprta aAna npuseaeHus B coorsercraue ¢ NOCT P 1.5—2012 (nyHkT 3.5) u Ans yBA3Kku C
HaNMEHOBAHWUAMMU, NPUHATLIMU B CYLUECTBYIOLLIEM KOMIIEKCEe HaLMOHanbHbIX cTanaapros Poccuickon de-
aepauun.

Mpu NnpUMEHEHNUM HACTOALLIETO CTaHAapTa PEKOMEHAYETCA MCNONb30BaTb BMECTO CCbINOYHBIX MEXAYHa-
pOAHbIX CTAHAAPTOB COOTBETCTBYIOLLME UM HALUMOHaNbHbLIE CTaHAApThl Poccuiickon deaepaumu, ceeaeHus o
KOTOPbIX NPUBEAEHBI B AONONHUTENBHOM Npunoxenun JA

5 BBEJEH BMNEPBbIE

lpasuna npumeHeHUss Hacmosuiez2o cmaH0apma yecmaHoeneHsl 8 FOCT P 1.0—2012 (pa3sden 8). Y-
hopmayusi 06 UBMEHEHUSIX K HacmosiuemMy cmarHdapmy nybnukyemcs 8 €xxe200HoM (110 COCMOSHUI0 Ha 1 siH-
eaps mekyuezao 200a) uHhopMayUOHHOM yKasamene «HayuoHanbHble cmaHdapmbi», @ MeKem UuMeHeHul
U 110rpasoK — 8 eXXeMeCcsIHHOM UHGOPMaUyUOHHOM yKazamene «HayuoHanbHble cmaHlapmbly. B criyyae
nepecMompa (3ameHbl) Unu OmmMeHbl Hacmosuieeo cmarHfapma coomeememeyouwiee ysedomneHue 6ydem
0nybIUKO8aHO 8 eXXeMeCsIHHOM UHOPMaUUOHHOM yKkasamene «HayuoHanbHbie cmaH0apmel»y. Coomeem-
cmeyrowas uHgopmayus, yeedomaeHue U MmeKemsl pasmewaomes maKkxe e UHOpMayUuoHHoU cucmeme
obuyez0 nosib308aHuUss — Ha oghuyuanbHoM calime @edepasibHo20 azeHmemsa ro MexHUYeCKoMy peayupo-
8aHUI0 U Memporoeauu 8 cemu ViimepHem (www.gost.ru)

© CraHgaptuHdopm, 2016

Hacrosawmi ctaHaapT He MOXET BbiTh MOMHOCTHIO UMM YACTUYHO BOCMPOU3BEAEH, TUPAKUPOBAH U pac-
NPOCTPaHEH B Ka4ecTBe 0hmLManbHOro usnaHmsa 6es paspelueHms deaepanbHOro areHTCTBa no TeXHUYECKo-
MY PErynmpoBaHUIO 1 METPOTIOTMH
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BBeaeHue

Kpome 06bIMHOro OXnaXxaeHns ¢ NOMOLLIbIO KOMMPeccopa CyLLECTBYIOT U APYIUE BAPUAHTbI OXITaXKAEHUS,
HanpumMep abcopOUMOHHOE oXxnaXkaeHue, TepMmoanekTpuieckoe oxnaxaeHue (MenbTbe), MarHUTO-TENNOBOE
oxnaxaeHue, oxnagaeHue ¢ nomouibio CO, u ap.

Ons NpoeKTMPOBAHMS TEPMOINEKTPUYECKUX CUCTEM OXNAXAEHUS HEOOXOAMMO MMETL NoKasarenu no-
Tepb TENna Ha paccesHue, 3aBUCALLME OT TeMMNepaTyp OKPY>KaloLLen cpeabl U MOMELLEHUS.

Pabota TepMO3aneKTpU4EeCKnX CUCTEM OXIaXAEHUS — 3TO (PYHKLIMA TEMMEPATYPbI OKPY>KatoLLEe Cpesbl,
paboTbl ropsivel U XornogHOW CTOPOH TennoobMeHHuKa (paanaropa), TEPMUYECKON Harpy3ku, KOHCTPYKLMN
anemeHTa NenbTbe U 9NeKTPUYECKMX NapameTpoB anemMeHTa Menbsrbe.

CneposarenbHO, AOMKeH ObITb pa3paboTaH OLEeHOYHbIA MeToa. [laHHOEe PYyKOBOACTBO MO NPOEKTUPOBa-
HUIO NO3BONSIET CONOCTABUTL PA3HbIE TEPMOSNEKTPUYECKME CUCTEMbI OXITAXKAEHUS.
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IEC/TS 62610-3:2009

HALULMWOHANBHBIW CTAHOAPT POCCUMNCKOWNW SGEREPALUMU

KOHCTpyKUMM Hecyuwme 6a30BbIe PaUO3SIEKTPOHHBLIX CPeaCcTB

YNPABNEHVE TEMIMEPATYPHbIMU PEXXKUMAMU LUKA®OB,
COOTBETCTBYKOLUMX CTAHOAPTAM CEPWUA IEC 60297 U IEC 60917

YacTtb 3

PykoBOACTBO NO NPOEKTUPOBAHUIO.
MeToa OLEeHKU TePMO3NeKTPUYECKUX cuctem oxnaxaeHus (3 dekr Nensrbe)

Mechanical structures for electronic equipment.
Thermal management for cabinets in accordance with IEC 60297 and IEC 60917 series.
Part 3. Design guide. Evaluation method for thermoelectrical cooling systems
(Peltier effect)

Dara BBegeHus — 2017—03—01

1 Obnactb NnpUMeHeHus

Hacroawumin ctaHgapT yCcTaHaBnMBaeT METOAUKY OLEHKU TEPMOSNEKTPUHECKUX CUCTEM OXNaKaeHUn
(adhpekT MensTbe). C NOMOLLBIO JaHHOTO PYKOBOACTBA MO NPOEKTUPOBAHMIO BOSMOXHO paccuuTaTh addek-
TUBHOCTb TEPMOSMNEKTPUYECKON CUCTEMBI OXNaxaeHUs (adpdekT MenbThe) n ee oxnaxaatowwen cnocoGHOCTH,
3aBUCALLEN OT TEMNEPATYPbI OKPYXaIOLLEn cpeabl M TeMnepaTypbl NOMELLEHNA. [laHHOe pyKOBOACTBO MO Npo-
E€KTUPOBAHUIO MOXET ObITb TAKXXE MCMOMb30BAHO ANA OLEHKU TEPMOINEKTPUYECKON CUCTEMBI OXNaXKAEHUS
nyTem onpegeneHus ee 9KOHOMUYHOCTH.

2 HopmaTUBHbIE CCbISKK

B HacTosiLem cTaHgapTe MCNonb30BaHa HOPMATUBHAA CCbINKA HA CNeAyIoWMn MeXAYHapPOAHbIN CTaH-
Aaprt. [Ina HegaTUPOBaHHOM CChIMKU NPUMEHSIOT TONbKO YKasaHHOE u3faHne CCbINOYHOro cTaHaapTa.

IEC 62194:2005 Method of evaluating the thermal performance of enclosures (Metog oLeHKK TennoBbIX
XapaKkTepUCTMK KOPNYCOB 3MEeKTPOHHOM annapartypbl)

3 O603Ha4YeHNA BENTMYMUH U UHOEKCOB
B HacTosLeM ctTaHaapTe NpuMeHeHbl cneaytowjne 0003HaYEHNA BENUYUH U WHAEKCOB.

3.1 O603Ha4YeHnA BeNUYUH GyKBaMU NaTUHCKoro ancdaeuta

Cp — TennoemMkocTb, Br/kr - °C;

D — punametp TpyObl, M;

| —TOK, A;

k — 0BLmit koadbduLmeHT Tennonepeaadn, Br/m?2 - °C;

U3paHue oduymansbHoe



FOCT P 56971—2016

ax,

n — obuiee KonUYEeCTBO anemMeHTOB MenbTbe;

Ap — pasHOCTb AaBneHuw, MNa;

Q — NOTOKM SHEprumn (TepMUYECcKas, aneKkTpuieckas NpoBogMMOCTbL), Br;

Q. — nornesHas 0Xna)atoLLas cnocoGHOCTL TEPMOINEKTPUYECKON CUCTEMBI OXnaxkaeHus (MensrtLe), Br;
Q.pe — OXMa}qaloLasi cnocoGHOCTL TEPMOINEKTPUYECKOTO oxraguTens MNensrtbe B pabo4nx ycrnosu-

]

Qp — 06LLMin NOTOK PACCEAHHOrO TeNnna (MNOTHOCTbL TENOBOrO NOTOKA) Ha ropaven
CTOpOHe, Br;

Qp — MOLUHOCTL Harpesa BHYTpY wwikada, Br,

Rpe — anekTpuyeckoe conpoTtusreHue anementa Nenstoe, B/A;

R; — Tennosoe conpotusnexue, °C/Br;

S — NOBEPXHOCTH (NNOLLA/AL KOHTAKTa), M2,

T — Temneparypa, °C;

V — Hanpsbkexue, B;

V — o6bem BO34yLLUHOTO MOTOKa, M3/C;

ZT — TepMoanekTpuyeckasa apeKTuBHOCTb.

3.2 O603HaYeHUA BeNMYUH OyKBaMM rpeyeckoro andgaesurta

o — koapdpuumeHT 3eebeka (koacpduumeHt Tepmoaac), B/°C;
p — MNOTHOCTB, Kr/M3;

). — TennonpoBoAHOCTb, BT/M2 - °C;

G — 3MNEKTPONpPoBOAHOCTL, CM/M = (A/B);

(p — OTHOCUTEIbHAs BMAXHOCTb.

3.3 O603HaYeHUA MHOEKCOB

1=7 — TOYKM MONOXKEHUSI;

A — OTHOCALLMIICS K NOTOKY BO3AYXA;

a — Hapy>XHbIW;

C — achheKTUBHASE MOLLHOCTb OXIaXKAEHUS;

C — XOrl0JHas CTOPOHa;

D — nonHoe paccesiHHOe U OTBEEHHOE TENIO HA ropsiyeit CTOPOHE;

E — anekTponutaHue, npumeHsieMoe Ansi TEPMO3NEKTPUUYECKON CUCTEMbI OXIAXKAEHUS;
F — BeHTunaTop;

H — narpes BHyTpM wkada;

h — ropsiuas CTOpoHa;

i — BHYTPEHHUM1, BHYTPU LLKada;

L — notepu Tenna;

m — cpeaHuii;

Pe — oTHOCcAWwmInCA K anemeHTy lNenbrbe;

R — o6parHbii;

S — OTHOCALLMICA KO BCEN TEPMOINEKTPUYECKOU CUCTEME OXIAXKAEHUA.

4 Teopusi TEpPMO3NEKTPUYECKUX CUCTEM OXNaXKAeHUA

4.1 OnemeHrT MNenbrbe

SpdekT MNensTbe — 3T0 BO3HUKHOBEHUE PA3HOCTM TemnepaTtyp Npu HENOCPeACTBEHHOM MPOTEKaHUU

3MNEKTPUYECKOro TOKA, a Takke 00paTHbIA NPOLECC, KOTOPLIN NOoNy4un HaseaHue acpdekta 3eebeka.

Takum obBpasomM, TepMOaneKTpuyeckasa cuctema oxnaxaenus (ddpdpekt MenbTbe) Nnepeaaet Tenno ¢

O/IHOI CTOPOHLI 3MIEMEHTA HA APYrylo CTOPOHY NPU rpagueHTe Temneparypsl, NoTpe6nas 3nNeKTPUYECKYIo
3HEpPIuIO.

Oxna)aaroLLyio CnocobHOCTbL TEPMOSSIEKTPUYECKOTO oxnaautens Mensrbe B paGounx yCnoBusX Bbi-

yucnalot no popmyne

1 Ape - S
QcPe:a‘l'Tc_Elz'RPe_[%J(TMT4c)- M
e
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Oxnaxpatowan cnocobHOCTL 0AHOro aneMeHTa lMensTbe Q p, 32BUCUT OT PasHLIX ABMEHUNA.

UneH dopmynbi o - / - T, 0603Ha4aET MAKCUMANbHYIO OXITKAAIOWYIO CNOCOGHOCTb, OCHOBaHHYIO Ha
abdpekre MNMenbThbe, B TO BpeMst Kak o, NpeacTaBnsieT coboit koadduuueHT Tepmoaac (kosdduument 3ee-
6eka).

UneH ¢opmynel %IZ-Rpe npeacraBnsier coboil  [PKOYNEBO HarpeeaHwe, uneH opmynbl

(M’;&}(T‘m —T4c) — 3TO TENNONPOBOAUMOCTb MEXAY ropsiueid U XONOAHON CTOPOHOW MOCPEACTBOM
Pe
anemexTa Nensrbe.

B cooteeTcTBUM C bopmynoit (1) cywecTeyeT TpeboBaHue, YTOObI MUHUMM3MPOBATL CPOKK [KOYyreBa
HarpeBaHWA U TENNONPOBOAHOCTH.

[Ans oueHkn anemeHTa lNensTbe TepMmoanekTpuyeckasn acgdektusHocTb ZT 6bina BbluMCHeHa No

oo

A

KoTopas npeacraenset coboli Nponopuuio Mexay 3neKTPONpOBOAHOCTBIO G U TENMONPOBOAHOCTLIO A NPU 3a-
AaHHoi Temnepartype T.

ZT, Takum o6pa3om, oveHb yaobHaa BennMunHa AnNA cpaBHEHUA noTeHuvanbHoW adpdeKTUBHOCTU NpuU-
60poB, UCONb3YIOWKUX pasfNuyHbie marepuanbl. 3HaueHna ZT = 1 CUMTaIOTCA XOPOLUMMM, a 3HaYeHus, no
KpaiHeli Mepe oxBaTbiBaloLLMe AUanasoHbl 1-3, CUNMTAIOTCA BaXKHbIMU ANA TEPMO3NEKTPUKKN, YTOOBI KOHKYPU-
poBaTb N0 3KOHOMWYHOCTU C MEXaHUYECKOW reHepaumeit n oxnaxaatowein aeKTUBHOCTDIO.

ZT

T, )

4.2 TepmoaneKTpuyecKkme CUCTEMbl OXJTAXACHUA

TepMoanekTpu4eckue cMcTeMbl OXnNaxaeHns (CM. pucyHok 1) nepeHocaT Tenno Qc ua ogHoro pabouero
BellecTBa B Apyroe, B TO BpeMs Kak 3T pabouue eewjectsa MoryT 6biTb nn6o rasoobpasHbiMu, Nubo xuaku-
mu. [na nyywei Tennonepeaayn paguartopbl coeauHeHbl ¢ 06eMmmn ctopoHamu aneMenTa lMenstbe. Martepu-
an Mexay aneMeHTom MenbTbe U TENNOOTBOAOM Ha3biBAETCA TEPMONHTEPMENCHBIM CIOEM.

Fopsivas cTopoHa XonogHaa cTopoHa

OnemeHT Mensrbe

TIM (TepMomnHTEphENCHDIA CIOWA)

Papuarop

CEAEGEIE/EIE/ETE

<4+—— XXugkocte

PucyHok 1, nuct 1 — MpyHuMn SERCTBAA TEPMO3NIEKTPUHECKON
CUCTEMBI OXIKAEHUA
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\‘*&.\ |
\\ \ [ T Wsonauua

PucyHok 1, nuer 2

PaGouas cpena npu Temneparype 7, NpoOXOAUT Yepes paAuaTop TEPMOINEKTPUYECKONH CUCTEMbI OX-
naxaeHus (MeneTbe), koTopas MMeeT Temnepartypy Tg, N OXNaxxpaeTcs nyTem koHBekuun. Tenno nepeaaerca
yepes paamarop nog BNUSHUEM TENNONPOBOAHOCTU NPy 3a4aHHOM rpaaueHTe TeMneparypbl Mexay Tgu Ts.
3arem, B COOTBETCTBMU C NPOLIECCOM TENMNMONPOBOAHOCTH, TENMONEpPeaaYa OCYLLECTBIISIETCH Yepes TEPMOUH-
TepdeiicHbIl cnoi. dnemeHT MNensTbe 0TBEYaeT 3a OCHOBHOW TEMMEPATYPHBIV TPaAUEHT.

C ropsiyein CTopoHbl anemMeHTa lMNensTbe TENNOBOW NOTOK NPOXOAUT Yepe3 TEPMOUHTEPDENCHBI CNoM U
pajuaTop B COOTBETCTBUM C NPOLIECCOM TENNONPOBOAHOCTMA U, HAKOHEL, TENNO OTBOAUTCS C NOMOLLbIO pabo-
Yyeii cpepbl Ha ropsiueit CTOPOHE NyTEM KOHBEKLIMM.

MonHoe TennoBoe CONPOTMBNEHME, OrpaHUYMBAaIOLLEE NOMHbIA TENTOBON NOTOK, — 3TO CyMMa KaXXAOro
M3 CONpoTUBNEHWIA NOGOro N3 ONUCAHHBIX MPOLIECCOB (CM. PUCYHOK 2).

Pabouasi cpena 1 Pagwartop TWM Pe TAM Papwarop Pabouas cpega 2

L (6 e |6 |2 |9] =L % |

L P T3 Tan Tak Ts Ts Tz

[opsiyas cropoHa < ] I — XonopaHas cTopoHa

Pe — anemeHT Menbrbe;
TUM — TepmonHTepdeiicHbIin Crnoi

PucyHok 2 — TennoBble CONPOTUBIEHUS
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TennoBble CONPOTUBMEHUS MOTYT GbiTb BhIPAXEHLI B BUAE CNEAYIOLMX (POPMYD:

T,-T,
Ry = 2Qo 1oc/BT; Rs _Is QCT“K °C/Br;
T,-T.
R, = 3Qo 2 oc/BT; Re = Te QCT5 °C/BT;
T -T-
7
Roguee = ZRI

i=1

©)

YMeHblLUEHWe KaXaoro ConpoTUBIEHUS HeobXoAMMO ANA NPOEKTUPOBAHUA SKOHOMUYHOW TepMOaneK-

TpUYECKOW CUCTEMBI OXNaXKAEHUA.

Kak nokasaHo Ha pucyHke 1, cBoBoHOe NPOCTPaHCTBO MeXAy [BYMsi paguaTopaMu U afneMeHTamu
MenbTbe 3aroNHAETCS N3ONUPYIOLMMKM Marepuanamu, YTobbl nsbexarb oGparHoro notoka Tenna Qg oT ro-
psyero paguaropa K XonoAHoMy B pesynbrare TennonpoBoagHocTU. [ns apdekTuBHOi paboTbl TepMoanek-
TPUYECKOW CUCTEMbI OXITEXKAEHNS AaHHbIN OGpaTHLIN NOTOK TENNa Yepes M3oNAUMIO JOMKEH GbITb BO YTO Gbl
TO HUW CTano ymeHblueH. CrniegoBartenbHo, JONYCKAETCH, YTO AN AaNbHENLUMX pacHeToB AaHHbIN NOTOK Tenna

QR paBeH Hynio.

el | CE
i

. @1: Ta
04:Tas :: - : :
: Qp Q@ W
1 < s
I o :
[ :
| :

93, a3

L _

|

|

|

|

|

|

|

|

|
ta

|

|

|
.|

PucyHok 3 — paHuLbl pa3aenoB TepMOAUHAMUYECKOW YCTAHOBKM TEPMO3NEKTPUHECKON CUCTEMBI OXITXACHMS,

NPUCOEAVHEHHOI K 3aKpLITOMY LUKady
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GopmMynbl MOLLHOCTEN AN KaXA0M TePMOANHAMUYECKOW YCTaHOBKU B COOTBETCTBUU C PUCYHKOM 3 cre-
aywoue:

L Qc=Qu-Q +8c*(Qr=0); @)
Il Qy=Qc+Q+Qrp+(Qr=0); ()
M: Qe =V, -p-Cp-(Ta1-Ta2); ®)
IV: Qp=Vh-p-Cp-(Taa—Ta3): @

QL:k'S(T},m_Ta,m)- (€3))

Motok Tenna Qg, KOTOPLIN OTBOAUTCA M3 WKaga, — 3TO TennoBas MOLIHOCTL Qy MUHYC NOTepU Tenna
Q| uepe3 CTeHku wkada. Q. ABNAETCA TENNOBLIAENEHNEM OT BEHTUNATOPA HA XONOAHOW CTOPOHE, U 3TO
3aBUCUT OT K03(hhULIMEHTa NONE3HOTO AECTBUA BEHTUNATOPA M €r0 CKOPOCTU BpaLLeHus. banaHcbl MoLLHo-
CTei B COOTBETCTBUM C rpaHuLien cuctemsl Il 0603HavaloT, 4To NOTOK Tenna Qp — 310 CymMMa Qg U MOLLIHOCTM
Qg KOTOpasi NPUMEHSIETCA B dniemeHTe lMenbTbe, U paccesHHOe TENNO 0T BEHTUNATOPA Ha ropsiien CTOpPOHe
QF’h MMWHYC 00paTHbIN NOTOK Temna Qg Yepes n3onsALUMOHHLIN MaTepuan.

[anee ponyckaeTcs, YTO BO BpeMsi OXNAXAEHUA He NPOUCXOAUT KOHAEHCaLUu BOASIHOrO napa. 310
noapasymeBaeT, YTO OTHOCUTENbHAA BIIAXHOCTb ¢, KOTOPAas 3aBUCUT OT TeMNepaTypbl CUCTEMbI U [ABIEHUS
CUCTEMbI, JOMKHA COOTBETCTBOBATL ONPEAENeHHbIM YCNOBUAM.

OTHOCUTENbHAA BIIAXHOCTb, %, ONpeenseTcs COOTHOLIEeHUeM Mexay napuunanbHbiM AaBneHneM napos
BOAbl B CMECH PHzo 1 AABIIEHUEM HACLILLEHHbIX MApOB BOAbLI NPU 3aAaHHON TeMneparype CMecu P*Hzo.

~ Bio

= -100. 9
H,0

YynTbiBas Tak HasblBaeMOE NEepPeHaChILLEHHOE COCTOSIHUE, KOHAEHCAUMUs BOAAHOMO napa npoucxoaut

npu ¢, paBHoM 100 %. CnegoBarenbHO, HE06X0AUMO 06eCneunTb OTCYTCTBUE KOHAEHCALIMKM BOASIHBLIX NAapoB

BO BPEMSI MPOLIECCA OXMAMIEHUS.

5 CxeMma usmeputenbHON yCTaHOBKU

PucyHok 4 nokasbiBaeT obLuee ycTponcTBO U3MEPUTENBHON YCTAHOBKM NSl OLIEHKN TepMO3neKTpuye-
CKOV cucTeMbl oxnaxaeHuns. OHa coCcToUT u3 Wwkada, BOKPYF KOTOPOro pacnonoXeHa kamepa UCKYCCTBEHHOTo
Knumara, ytobbl NogaepKuBaTh NOCTOSAHHYIO TEMNEPATYPy OKpy>aioLei cpeabl. B wkady Harpesatens pas-
MeLLaeTcs Tak, YToObl BOCMPOM3BECTHM paccesiHue Tenna B pabounx ycnoBusix. TepMoanekTpuyeckas cucreMa
oxnaxaeHus (MenbTbe) MOHTUPYETCA BHYTPU Lukada. Heobxoaumo npenycMoTpeTb, YTobbl He BbInNo nepe-
CeYeHusi BO3AYLUHbIX NOTOKOB.

Bxoabl NUTaHWA ANA HAarpeBaTess, BEHTUNATOPOB U 9NeMeHTOB MNenbTbe Tak e, Kak TemnepaTypa okpy-
Xalowe cpeabl, A0MKHbI ObiTb HE3AaBUCUMO PETYNUPYEMbIMU U3MEPEHUAMU B (DUKCUPOBAHHBLIX YCNOBUSIX.
Bo3ayLWHbIN NOTOK MOXHO FIETKO ONpeAesiuTb NyTEM UCNONb30BaHMS U3MEPUTENbLHOTO COMmna OnpeaeneHHoro
AnameTpa, Kak NoKasaHo Ha pucyHke 4. MyTem uamepeHusi pasHOCTH AAaBMEHWI CKOPOCTb BO3AYLUHOO notoka W,
M/C, MOXET ObITb BblYMCieHa no hopmyne

Wege1 %, (10)

rae € = 1 (Ko3dppuumneHT cxarusy);
T =1 (3Ha4eHne ConpOTUBNEHUS CONNA) ANsi BO34yXa;
Ap — pa3sHOCTbL AaBrneHun, Ma;
p — MNOTHOCTL BO3AYyXa, Kr/M3.

O6bem BO3AYLUHOIO NMOTOKA m3/c, 3apanHoro auameTpa D
Mmyne

pipe TPYGONPOBOAA BEIMMCNAIOT NO hop-

;1
V=ZW~D§ipe-1r. an
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Kamepa McKyCcCTBEHHOIO Knumara

Py, TA'4
gl 1, TA,1
: A LWkad
UF. c
Ie .V
UPe F.c
'Pe

PucyHok 4 — Cxema uaMepuTeNnbHON YCTaHOBKN

6 UHTepnpeTauma U oLeHKa AaHHLIX

[Ns OLUEHKM TepMOoaneKTpuieckoi cucTembl oxnaxaeHus ([ensrbe) HeobxoaMMbl HECKOMbKO TOYEK U3-
MepeHUs NpY OUKCMPOBaHHbLIX YCIOBUSX aKCrnyaTauuu.

Hwxe nepeuncneHbl napameTpbl, UCNOMb3yeMble B UBMEPUTENbHON YCTaHOBKE, Kak NnokasaHo Ha pu-
CyHKe 4.

Yenosus akennyarauyuu:

MoLLHOCTb Harpesa (Qy = Uy Iy);

MOLLHOCTb BEHTUNATOpPA (QF, h¥ QF, o)

MOLLHOCTb TEPMO3MEKTPUYECKOro oxnaxparoLlero ycrpoicTea ensrtbe

(Qpe = Upe " Ipe);

Ta, 4 (TEeMnepaTypa okpy>atoLlen cpeabl).

[aHHble 3MepeHuii:

TavTa2TasTas o

06bEMBI BO3AYLLHOIO NOTOKA (Vh, Vc) npu onpeaeneHun pasHoCTU AABNEHUIA B U3MEPUTENbHbIX CONnax.

JlononHutenbHbIe NapameTpbl:

nepenaz AaBneHust paamaTopa;

Temneparypel Ha NOBEPXHOCTU pagvaropa.

JononHutensHele napameTpel MOryT GbiTb UCNONBb30BaHbI ANSt ONTUMU3ALMKY PABOTLI TEPMOSIIEKTPUYE-
CKoW cucTemMbl oxnaxkaeHus (Menstbe) U Npu onpeaeneHnn BCEX CONPOTUBINEHUN, YKa3aHHbIX HA PUCYHKe 2.

YCTaHOBNEHHbI PEXUM perucTpupyeTcsi MyTeM OTCYTCTBUSI USMEHEHMIA TEMMNEPATYPLI B TEYEHME onpe-
[ENeHHOro BpEMEHU.
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Bo-nepsbix, 06LMiA KOhMUMEHT Tennonepeaaun k, BT/(M2 - °C) Ha noBepxHOCTW wikada S AomKeH
6bITH ONpeaeneH B COOTBETCTBUM CO cTaHaapTom MK 62194, npunoxexue A.

OnpepenexHve AaHHOW BENWYUHDBI AOMKHO ObiTb CAENAHO C NOMOLLLIO U3MEPUTENbLHON YCTAHOBKY, KO-
TOpas UCNONbL3YETCH B AarnbHEALLMX IKCMEPUMEHTAX, TaK KaK KaXaoe OTAENbHOE U3MEHEHWe B YCTaHOBKE
MOXET U3MEHATL 3HAYEHMe BCero koadpuumeHTa Tennonepeaayn.

Mpouenypa akCnepUMEHTa HAYMHAETCA C YCTAHOBKU TEMMNEPATYPbl OKpy>XKalowelt Cpeabl, MOLYHOCTH
ABYX BEHTUNATOPOB M MOLLHOCTM aneMeHToB lensthbe. MuTanne He nopaeTcs, HarpeBaHNe He NPOUCXOAMT.
lMocne Toro Kak [JOCTUrHYThl YCMOBUS YCTOWYMBOrO COCTOSIHUS, PEFMCTPUPYIOTCA 3HAUeHUs TeMneparyp Ta, 2
Ta, 3. T 4 W ONpenensieTcsl NoTok Bosayxa. B HekoTopbix Cyyasx ONpeaensioTca nepenas AaBneHns u no-
BEPXHOCTHas TeMneparypa paauaropa.

[laHHas npoueaypa NOBTOPSIETCA NPM YBENUYEHHOW MOLYHOCTM paccesiHus Harpesatens. MowHocTb
pacceaHus HarpeBaTens AoImKHa ObITh YBENMUEHHOA A0 TEX NOP, NOKA BHYTPEHHSISI Temneparypa Tp, 1 BbllLe,
YeM YCTaHOBMBLLIASICA TEMMEepaTypa OKpyXaloLuein cpeabl TA' 3

Mpouenypa akcnepMmeHTa NPOACITKAETCS TakMM e 06pa3oMm, kak ONuMcaHo ANs pasnuyHbIX Temnepa-
TYp OKpy>XaloLLei cpenbl TA’ 3

OueHka AaHHbIX OCYLLECTBISIETCS B COOTBETCTBUU C (hopMynamMu 4—7.

[Ins npoBepku AaHHbIX U HACTPOWKN U3MEPEHUNA pe3ynbTaThl TEPMOANHAMUYECKMX GanaHCoB AOMKHbI
COOTBETCTBOBATH PE3yNbTaTaM KaIIOPMMETPUYECKNX PACYETOB U OTNNYATLCS MEHee YeM Ha 5 %.

_ (calo -Q + —|Vp-Co(Ta 4 -T,

i PV e S 0 L Nt U /)| O (12)
ey Q-0 G ¢
_ (gcalo Qe +Q + V. 0-C.ATa T

Qe -G8 0y, (% TG =V 0 G (TaaTa2ll| o o (13)
Q Qc +Qe +CF,n

C NoOMOLLbIO NOMYyYEHHbIX AaHHBIX BO3MOXHO NOCTPOUTL rpachuk, Kak NokasaHo Ha PUCYHKe 5.

60
-
50 ——
9 / ] //
< / /’r -
< " — -1
b3 e = ——’— L
o o e -
e s |
E~ 1 A= "
m 30 = s e e
s - L " S
& l & /_/ J— __/‘
('G - | = = 60°C
Q — e
(] __/ °
s 20 e ———50°C
© - ! ! 1 |1 | |m=-=--- 40°C
—=-—230°C
10 —_—==-—20°C
0
0 20 40 60 80 100 120 140 160

MowHoCTb oxnaxaeHusi Qc, Br

PucyHok 5 — Pesynbratbl usmepeHui

PucyHok 5 nokasbiBaeT 3aBUCUMOCTb MOLLIHOCTM OXnaXaeHnsi Qg OT TeMnepatypbl BHYTPU Ty 4 NpU 3a-
AaHHOI TeMnepaType okpyxatoLLei cpeabl T 3.

8
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[ns AOCTWKEHWUS ONTUMANBLHON MOLUHOCTU OXNaXAEHNA Qp TEPMOIMNEKTPUIECKOH CUCTEMbI OXNaXae-
Hus MNensTbe onpeaeneHne pasHuLbl TeMneparyp Mexay Temneparypoi BHYTpU T, 4 U TeMnepaTypoii OKpy-
xaloulei cpeabl Ty 3 BaXHO No iBYM nNpuunHaM. Bo-nepeoix, 3Ta pasHuLia TeMneparyp BNMSIET HA Hanpaene-
HUe NoTepu Tenna (NoNnoXwuTenbHas, ecnu TA, a< TA, 3, W, €cnn HaoBopoT, oTpuuaTenbHas), cM. hopmyny 4.
Bo-BTOpbIX, 3Ta pasHuLia TEMNEPAaTyp BMSET HA TEMNEPAaTypy ropsveit U XONoAHOH CTOPOH CaMOro OXNaXxaa-
oLero ycrpoiictea Nensrbe, 1 3ToT (hakT HENOCPEACTBEHHO 3aBUCUT OT LUTATHOMO PEXUMa (PyHKLMOHMPOBA-
HUA anemeHTa lNenskTbe CornacHo pUCyHKy 1.

3aBucUMOCTb oxnaxaaroLleid cnocoGHOCTU TEMNEPATYPLI OKPpYXaloLLei cpeabl Tp, 3 BOSHNKAET KaK pe-
3ynsrar u3nYeCcKux CBOCTB anemexTa lNMenstbe no gpopmyne 1.

PaccrosiHne mexay Kaxaon KpUBOW pasnnyHbIX TEMNEPATYP OKPYKaloLei cpeabl TA' 3 NpuGnusuTens-
HO NOCTOAHHO. Q

COPpg = —2F¢. 14
PPe QE ( )

Kpome Toro, pekomeHayetcs onpeaenutb COP (koahdUUMEHT NONE3HOro AeicTBUst) anemeHTa Menb-
Tbe, OCHOBAHHbIA HA ONTUMANIbHOW MOLLHOCTHN OXINaXXaeHus Qc W 3NEeKTPUYECKON MOLLHOCTU, NPUMEHSEMON
Kk anemeHTy lNMensTbe.

Qc

COPg = & (15)

W, HakoHeL, Bo3aMOXHO onpeaenutb COP Bcell TepMoaneKkTpu4ecKkoin cuctemMbl oxnaxaeHus (lMensrbe),
OCHOBaHHO# Ha obLel NpuMeHeHHOI MoLHOCTU. OHa BKnioYaeT B ceba MOLHOCTb, MPUMEHSIEMYIO K YCTPOiA-
ctBy lNenbrbe, MOLWHOCTb, MPUMEHAEMYIO K OOOMM BEHTUNATOPaM, U MOLLHOCTb, NPUMEHSEMYIO K nioGoMy
APYroMy arnekTpuyeckoMy Nnpubopy B TEPMO3IEKTPUYECKOM oxnaxaaioLeM ycrpoicTse Menbrbe.

CoP, (16)

= Q.

GLumin ZiQE

B kauecTBe NONYTHOrO 3aMeyaHus, KaxKabI N3 3TMX XoNoAUNbHLIX koddduumerToB (COP) 3aBucuT ot
Temneparyp TA,1 " TA, 3

CymMupys ckasaHHoe, A151 06bLEKTUBHOIO CPaBHEHMUA TEPMO3TEKTPUYECKUX CUCTEM oxnaxaeHus (Menb-
Tbe) PEKOMEHAYETCA UMETb creayloLume AOCTYNHbIE AaHHbIE:

- MOLLHOCTb OXNaXAeHus Qc npu TA, 1= TA’ 3 = 35 °C c Tpemsi COOTBETCTBYIOLNMU XONOAUNBHLIMU
koadpcomumeHTamn (COPg);

- MOLWHOCTb oxnaxaeHusi Qg npu TA’ 1= TA, 3 = 45 °C c Tpemsi COOTBETCTBYIOLIMMU XONOANNBLHBIMMU
koadpbuuueHtamm (COP);

- TOK, KOTOpbIA UCNONb3YETCA B TEPMO3ANEKTPUYECKOM oxraxgatoLlem ycTpoicTtae Menbrbe;

- TOK, KOTOpbIA NPUMEHAETCA B BEHTUNATOPAX;

- AONOMHMUTENBHO NonesHble NapaMeTpbl BO3AYLLHOMo NoToKa W nepenag AasrneHus.

Ha pucyHke 6 npueeaeH npumep AeTanusauuu TEPMOSEKTPUYECKOrO OXMaXAalowwero ycTpoicTea
(Nenstbe).

. COP yeol HHOM OXITaKAS (MenkTbe)
Oblijee KOMMHECTBO YCTPOCT B AnA 0603 conpoT panvaTopos,
TEPMO3NEKTPNYECKOH CUCTEME OXNTaXACHNSA TepMoMHTepdbeiiGHbe crion (THM)

Tok, NPUNOKEHHBIA K OAHOM!
anemeHTy [NensTbe

npe 6 Ipe | 1.2A /

35/35 100 BT (Q,) 0,86 (COPp,) 0,78 (COPg) 0,6 (COP o)
45/45 120 BT (Q;) 1,2 (COPpR,) 1,1 (COPg) 0,95 (COP g54)
Ta1/Tas/ COP an7 o6ilueit paGoTel ™
YCOBEPLIEHCTBOBaHHO M
CUCTEMBI OXINaXeHns
COPB c 1o/l aneMeHTa
MenkTbe Np1 4aHHOM NPHIIKEHHOM TOKS {/pg) H
[AaHHOH TeMneparype

PucyHok 6 — Mpumep aeTanuaaumm TepMO3SIEKTPUNECKON cucTeMbl oxnaxaeHus (Menstse)
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Mpunoxenune A
(cnpaBouHoe)

MpenBapuTtesnbHbIN pacuyeT

A.1 MNpeaBaputenbHbIi pacyeT
[aHHble, NnpuBefeHHbIe Ha pUcyHKe 5, nepedncrneHbl B Tabnuvue A.1.

Tabnuya A1 — [daHHble, Ucnorb3yeMble NPpU U3MEpEeHnUm

Ta3 Tad Q;

60,0 39,4 43,9
60,0 441 76,8
60,0 48,7 110,0
60,0 53,6 142,6
50,0 34,0 37,1

50,0 38,7 70,0
50,0 43,4 102,9
50,0 48,2 135,8
40,0 28,5 30,3
40,0 33,3 63,1

40,0 38,0 96,0
40,0 42,7 129,0
30,0 23,1 23,4
30,0 27,8 56,3
30,0 32,5 89,2
30,0 37,3 1221
20,0 17,6 16,6
20,0 22,3 49,5
20,0 27,1 82,4
20,0 31,8 115,3

[nsa cnegytoLlero npeBapuTenbHOro pacyeTa 6yayT pacCMOTPEHbl: TOUKa U3MEPEHUS NpU TeMnepaType OKpyxKato-
LWeli cpedbl Ty 3, paBHON 50 °C, BHYTPeHHsIst TemnepaTypa Ty 4, paBHast 43,4 °C 1 nonyveHHas onTuMarnbHasi MOLLHOCTb
oxnaxgeHus Q. pasHas 102,9 Br.

MpeaBapuTEenbHbIE SKCMEPUMEHThI onpeaenunu obLnii kKOS MULMEHT TeNNooTAauN K, paBHbIiA 1,5 BT/M2 - °C npu
NNoLazn NoBepxHocTH Wkada S, paBHoi 1 M2,

10
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TeMnepaTypbl AaHbl HAXE:

Ta, 1=434°C;
Ta 2=38,1°C;
Ta 3 =50,0 °C (TemMnepaTypa okpyxatoLLiero Bosgyxa);
Ta 4=559°C.

McxofHas TennoBas MOLHOCTb Qp paBHa 80 BT, MOLLHOCTb, NPUINOXeHHas K BEHTUNSATOPY Ha XONOAHOM| CTOpOHe,
QF . paBHa 13 BT, a MOLLHOCTb, NoAaBaemMas Ha ropsdyto CTOpoHy, Qr  paBHa 26 BT.

TepmoaneKTqueCKaﬂ CUCTeMa oxnaxgeHus (I'Ieanbe) COCTOUT U3 LLECTN 3reMeHTOB I'Ieanbe, NpPKN 3TOM K KaX-

AOMY SnemMeHTY Bbin NPUNOXeH TOK /p,, paBHbIn 1,2 A, 1 HanpsixeHne Up,, paBHoe 14,8 B. Qp, cocTaBnseT B o6Liem
106,56 BT.

BoagyLHble NOTOKK Ha ropsideit cTopoHe Vi, paBHbl 119 M3/4 M Ha XOMNOAHOM! CTOpOHe Vc paBHbI 58 M3,
MoTepu Tenna vyepes cTeHkM Wkada Q| , BT, BbIMMCNAIOT No dopmyne

Qu=k S(Tp 1- TA’ 3)=—9.9.
OnTUMarbHYH MOLYHOCTL oxNaxaeHns Qg, BT, BLIMUCISIOT Mo dopmyne
Qe =Qy-Q + Q. =80-(-9,8)+13=102,.
KanopuMeTpuieckuit pac4eT MOLLHOCTH OXNTaXAeHWUs MPOBOASAT Mo (opMyne

calo _ 58
ColTa1—T, =——-1184.1005(43,4-38,1)=101,6 B
QT =V -p- ( A1 A,2) 3600 ( ) T

B cootBeTcTBUM C chopMyriont (5) Tenno Qp, BT, BEIMUCTISIOT Mo hopmyrie
Qp = Qe + Qe + Q |, =102,9 + 106,57 + 26 = 234,16.

KanopumeTpudeckuii pac4eT Ha rops4eit CTopoHe NPOBOASAT No dopmyrne

119

QI3:,1lo =V P-Cp (TA,4 _TAx3) 3600

—— 11841005 (55,9 - 50) = 232,1B.

MpoBepKy pe3ynsraToB NPOBOAAT CreAyroLwumM o6pasom:

calo
Qo =A™ 4509, = 19291018 1550, _ 4 269 < 5%
Q 102,9
calo _
Q-Qpc” 1009 = 2342-2321, 500, _ 1,44% < 5%.
@ 2342

OnpegerneHne KO3 PULMEHTOB NPOUIBOANTENBHOCTU NMPOUIBOAUTCS CrEaYIoLWMUM oBpasom:

COP anemeHToB MensThe 4omKeH BbiTh U3BMEYEH U3 JeTannaauny M3roToBNeHNs aneMeHToB MensTbe Npu 3agaH-
HbIX paGoumX YCrOBUSX.

COPpg = % U3 geTanuaauyuu anemeHTa MNensroe.

COP TepMO3neKTpU4eCcKon cucTeMbl OXnaxaeHUs BblMUCHAT o dopmyne (12).

COPs = QC 102,9 _0,
Qe "~ 106,56
O6wwmin COP Bbl4ucnstoT no dopmyne (13).
COPoGu.u/u‘/’l = e = 102,9 =0,71

Qe +Qr o +Qr, 106,56+13+26

OTOT pacyeT MOXeT ObITb caenaH ANS Kaxgon komMGuHayum Temneparyp Ta 1 W Ty, 3 (Temneparypa okpyxatoLei
cpefbl), HECMOTPS Ha TO, YTO JOMYyCTUMA SIMHEHaa HTePNONALMA MEXAY TOYKaMU U3MEePEHUS.

AaHHblit (akT nossonset AaTb Tpebyembie onpeaenerns Qg, COPpg, COPg, COPg,, 4y NPU TeMNepaType
Ta, 3= 35 °C 1 BHyTpeHHeii Temnepatype Ty 4 = 35 °C 1 npu Temnepatypax Ty 3=45°C n Ty 4 =45 °C Ans Tepmoanek-
TpUYeckunx oxnaxgatoLux cuctem (MenbTee) Hapsay co BCeMU APYrUMI TpebyeMbIMU XxapakTepucTUKaMK, TaKUMMU Kak TOK
W HanpsaXeHue, NnpuMeHAeMbIMU K aneMeHTam I'Ieanbe, BEHTUNATOPaM U CKaYKaM AaBrieHUA.

1
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OTcyTCTBME KOHAEHCALMM BOASHbIX NapoB AO/MKHO ObiTb NPeAyCMOTPEHO A1 BCEX TOYEK COrnacHO PUCYHKy A.l.
OTO MOXHO /1erko nokasaTb C NOMOULbI0 h-x-guarpammbl Mosnsbe, Kak n3obpaxeHo Ha pucyHke A.l. O6a BNyCKHbIX Kna-
naHa B TEPMO3/NEKTPUYECKOA cMCTEME OxNaxAaeHus nmerT TemnepaTtypy 35 °C 1 OTHOCUTENbHYK BAaxHOCTb 50 %. Xo-
NoAHbIA NOTOK BO3ayxa oxnaxpaaetcsa Ao 30 °C. TakuMm 06pa3om, OTHOCUTENbHAA BNAXHOCTb NOAHUMAETCA A0 BENUYUHbI
oKoflo 65 %. KoHaeHcauum He npoucxoauT Fopsaunii NoToK Bo3gyxa HarpesaeTtcsl Ao 44 °C, oTHOCMTesbHas BNaXHOCTb

ymMeHbluaetca Ao npumepHo 35 %. KoHpeHcauum cHoBa He Npoucxoaut

BnarocogepxaHue, r/kr

PucyHok A 1 __h-x — gunarpamma Monnbe 45 BNaXHOro Bo3gyxa

BHYTpeHHMIA NOTOK BO3Ayxa oxnaxgaetca oT Temnepatypbl TA , =35 °C go TA 2=30 °C, B TO BpeMs KaK BHELLHWIA
NOTOK BO34yxa Harpesaetca oT Temnepatypbl IA,3 =35 °c A° 7a,4 =43 °c - OTHOCUTENbHAA BNaXHOCTb BO34yXa COCTaBs-

nset 50 % fna 060Mx BO3AYLUHbBIX NMOTOKOB.

12
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A.2 MpumeyaHusa

A.2.1 O6bwume cBepeHuns

B cooTBeTCTBUM C KMOTCKMM MPOTOKOMOM U AMpeKkTMBaMu EBponeiickoro napnameHta v EBponeiickoro coeeTa He-
06x0AMMO u3beraTb MCMOMNb30BaHUS OXMaAWUTENEN C BbICOKO BEPOSITHOCTHLID 3arpsi3HEHWs OKpyXatollei cpefbl U rno-
6anbHOro notenneHusi (chaktop MM, noTeHuman rnobanbHOro notennexHust). Hanbonee nepcrnekTUBHbIE anbTepHaTUB-
Hble BapuaHThbl 411 KOMIpeccopa oxnaxaeHus, HanpuMmep R134a, oxnaxaeHue koMmnpeccopa ¢ nomollbio C02, akTuBHOe
oxnaxaeHne Ha ocHoBe adchekTa lMenbTbe M abcopOLUUOHHON OXNaAnuTeNbHOW cucTembl. Kaxaoe u3 3TUX TEXHUYECKUX
CpeAcTB UMeeT CBOM MPeuMyLLLEeCcTBa U HeAOCTaTKu.

OxnaxaeHne komnpeccopa ¢ nomouibio C02 B TeKylLleM COCTOSHWM 6Gonee unuM MeHee 3PPEKTUBHO, HO BbICO-
Kasi CTOMMOCTb YCTaHOBKM 3a cuyeT paboumx AaBneHuin go 120 6ap genatoT 3Ty TEXHONOTUI0 MEHee MHTepecHoW. [pyroi
HeflocTaTtok oxnaxaawulelt cuctembl ¢ C02 Bo3HMKAET U3-3a (PU3MYECKNX CBOUCTB JAHHOrO ox/ajuTens u TpebyeT Ao-
NONTHUTENIBHO MOLLHOCTU A1 OXNaXAEHUS, YTOObI YNPaBAsiTh AaHHbIM NPOLECCOM. DTOT akT B 3HAUMTE/IbHOWN CTeneHu
YMeHbLUAeT cTeneHb 3(h(PeKTUBHOCTY.

MpeacTtaBnseTcs, YTo apheKT MNenbTbe NEPCNEKTUBEH, TaK Kak 3(hhEKT OX/TaXAEHWS B BbICOKOW CTENEeHN 3aBUCUT
OT CBOICTB MaTepuana. HegaBHo npollefline UCnbITaHUA MaTepuasibl HA OCHOBE MOPUCTbIX MaTepuasioB UM HAHOCTPYK-
TYp NOKa3blBAKT 3HAYMTE/IbHOE Y/yYlleHne CTENeHU MpPou3BOAMTENbHOCTU. Kpome Toro, TexHonorum MenbTbe He HyX-
JalTcs B N1060ro poaa oxnaguTensx, He UMEeKT ABUXKYLLMXCA YacTell, KpoMe BEHTUNSATOPOB, a oblliee NPOeKTUpoBaHue
6/710Ka OXNaXAeHUs1 BMOJIHE OCYLLECTBUMO.

TexHuka abcopbunn IBNSETCA OYEHb paLMOHasIbHbIM MyTEM A/151 OX/IAXAEHUS, HO OHa peHTabeslbHa B KOMGUHALMK
C pereHepaTopoM Tenna, KOTOpblii AenaeT 3Ty CUCTEMY OXNTaXAEHUS BbINOMHUMOW NULb B O4EHb HEMHOTUX Cy4asiX.

A.2.2 3dpchekT MenbTbe

MpuHuMnbl adpchekTa MenbTbe NpeAcTaBfieHbl Ha pPUCYHKe A.2.

Q

PucyHok A.2 — MpuHunnbl adpchekta MenbTbe

TepMoaneKTpuUyeckoe oxnaxaeHve UcnonbayeT addekT MenbTbe, UTO6LI CO3AaTh TENOBONM MOTOK Mexay coeau-
HEHUSIMU ABYX pasnMyHbIX TUMOB MaTepuanoB. OxnaauTens MenbTbe, HarpeBaTeslb WKW TEPMO3/IEKTPUUECKUI TENTOBON
Hacoc — 3To NoJYNPOBOAHMKOBLINA TEN0BOW HACOC B aKTUBHOM COCTOSIHWM, KOTOPbIA NepeHoCUT TEN/O C OAHON CTOPOHbI
npu6opa Ha ApYryto CTOPOHY Npu rpaaueHTe Temnepatyp (OT XOMOAHOrO K ropsidemy), NoTpe6/niss a/MeKTPUUECKyo aHep-
rmio. Takoe yCTPOICTBO Takke HasblBaeTcsl a/1eMeHTOM lMenbTbe, AnoAomM lMenbTbe, TENN0BLIM HAacocoM MenbTbe, pedpu-
XepaTopoM B TBEPAOM aKTMBHOM COCTOSIHUM WM TepMoanekTpudeckum oxnagutenem (TS0). MpocToe nogcoeanHeHwe
€ro K HanpshkeHMto NOCTOAHHOrO ToKa NpPUBEAET K TOMY, UTO OfHA CTOpOoHa 6yAeT oxnaxAaTbecs, a Apyras cTopoHa —
HarpeBaTbCsl. APPEKTUBHOCTbL Hacoca Npu yaaneHun Tenna c Xo/o4HOA CTOPOHbI MOJSIHOCTbIO 3aBUCUT OT KOJM4YecTsa
NOCTyNaloLLEero Toka M OTTOro, HACKO/IbKO MOJSIHO 6yfleT OTBEAEHO TEN/0 C ropsveil CTOPOHbI.

B HacTosiliee BpeMsl HambGonee pacnpocTpaHeHHbIMU MaTepuanamu, UCnosib3yeMbiMU B aieMeHTax MenbTbe, ABNsIoT-
ca Tennypug BucmyTa (Bi2Te3) u kpeMHuii-repmadunii. Tennypug BucMyTa, NosynpoBOAHUK N-TUNA, ABNSETCA adeKTUBHLIM

13



FOCT P 56971—2016

TEPMO3/IEKTPUYECKMM MaTepuasioM 3a CYeT BbICOKOro koadpdpuumeHTta 3eebeka a (HanpshkeHne Ha efguHuULy pasHOCTU
Temneparyp) — 287 mkB/°C.

Ero TepmMoanekTpuyeckasi aHeprusi Takke CoYeTaeTcsl C BbICOKO 3/1eKTponpoBoAgHOCTb0 1,1 m105 CM/M 1 OYeHb
HW3KOI TennonpoBogHOCTbI0 1,20 BT/(m m°C), aHanormyHo ¢ 06blYHbIM CTEKIOM. 15 OueHKn maTepuanos 6bin BBeAEH
TEPMUH «TepMoaniekTpuyeckas apPEKTUBHOCTb» (CM. pUCYHOK A.3), KOTOpbI NpeacTaBnsieT cob60i OTHOLIEHME MeXAay
3/1eKTPONPOBOAHOCTLIO & U TENIONPOBOAHOCTLIO X

ZT=——K (A1)

WpaeanbHblil npouecc(KapHo) PeanbHbiin npouecc(KapHo)

PucyHok A.4 — BnusiHue TepMoanekTpuueckoi agpdpektmsHocTn ZT
Ha Ko3(h(PULMEHT NOME3HOro AeiicTBMA anemMeHTa MenbTbe

14
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O6beayHeHe ABYX YpaBHEHW NpUBOAWT K crneayolein opmyne:

H+27i+2 T2
T2 i 2 4
Th- ¢ (A-2)
A-To iz~ 41
1

PrcyHok A.4 nokasbiBaeT 3HAYMMOCTb TEPMO3NEKTPUUECKOn adpekTnBHOCTM (ZT) ana anemenTa Menbtbe. Kak
6b1/10 YNOMAHYTO BbilLE, CErofHa UccnefoBarteflbckan AeaTeNbHOCTb HanpasBieHa Ha NOWCK HOBbIX MaTepuanos A1 yBe-
nnyeHuns adhpeKTMBHOCTH.

AdphekTMBHAA oxnaxgatolan crnocobHOCTb anemMeHTa lMenbTbe onucaHa Takke ¢ NOMOLLbI cneayloLein dopmy-
Nbl, NPeACTaBNeHHON Ha pucyHke A.5:

"Pe *5Pe

lo
®cPe = @+/+Tc —/ Rpe ~ (h 74c). BT-
x Pe

Qh>74n Qc' T4c

PucyHok A.5 — paHuLbl pa3fenoB TepMOANHAMUYECKON YCTaHOBKM
anemeHTa lNenbtbe

OxnaxgjatoLas cnoco6HOCTb OAHOTO 3fieMeHTa MenbTbe QcPe 3aBUCKT OT Pas/INUHbIX (akTOpPoB. YneH dhopmyribl
a ¢/ * Tc— 370 MakcMMasnbHas OXnaxaawLas cnoco6HOCTb, OCHOBaHHAasA Ha adhdpekTe MenbTbe, B TO BPEMS Kak a — 370
KoaghhuumneHT 3eebeka.

2 . '
UneH dhopmynbl }- RPe npeactaensieT co6oii mKoyneBo Tenno, uneH cpopmynbl -Pe -flpe (74h- 74c) - 310
x Pe
TENIONPOBOAHOCTL MeXAy ropsiueli 1 XoN04HOW CTOpPOHaMK Yyepes aneMeHT MenbTbe.

A.2.3 TepmoanekTpuyeckne CUCTEMbl OXaxAeHus

TepMoanekTpuyeckas cuctema OXIaxkAeHUsa nepeHocuT Tenso Qc oT ogHOro paboyero BellecTBa K Apyromy, npu
3TOM fAaHHble pabouyve BelecTBa MOTyT ObITb ra3o006pasHbIMK UnW Xuakumn. Ons nydweli Tennonepegayv pagvartopsl
COefIMHEHbI C KaXkOW CTOPOHbI C 35ieMeHToM [enbTbe. MaTepuan, UCnonb3yemblil AN COeAVHEHNS, Ha3biBaeTCsa TepMo-
UHTepdelicHbIM cnoem.

Kak nokasaHo Ha pucyHke A.6, cpega 2 npu Temneparype T7 NpoxoguT Yepes paavatop TEPMO3NEKTPUYECKON Cu-
cTeMbl oxnaxaeHus (MenbTbe), KOTOpbI MMEET TemnepaTypy T6 1 oxaxgaeTcsl ¢ NOMOLLLI KOHBeKUun. Tenso nepega-
eTca Yepes pagmartop Mo 3akoHy NpoBOAMMOCTM NPUAAHHOM rpajgueHTe TemnepaTypbl mexay 6 n To. 3atem noTok Tenna
NPOXOANT Yepe3 TeEPMOMHTEPENCHBIA CNOI 3a CYET ABMEeHUsT NPOBOAMMOCTU. DneMeHT MNenbTbe 0TBEeYaeT 3a OCHOBHOM
TemnepaTtypHblil rpaaueHT.
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Ha ropsiyein ctopoHe anemeHTa [lensTbe NoTOK Tenna NpoxoauT Yepes TePMOUHTepP(heNCHLIA Cnonu U paauartop 3a
CUET SABNEHUst NPOBOAMMOCTU, U B pe3ynbrare Tenno oTBoauTcs pabounm BELLECTBOM | Ha ropsiueil CTOPOHE MyTeM KOH-
BeKLMK (CM. pUCYHOK A.6).

lopAdyas cTopoHa XonoaHas cTopoHa

JIT N

V

OnemeHT lMenksre

TIM (TepmounHTepdencHLIN croi)

A

Papwvartop

KuakocTtb

Tanl T4

(Pe — anemeHT
Cpepaa 1 Pagwatop TIM MenkTbe) TIM Papwatop Cpepa 2

[ % [@] G I I L I =L % |

T T, T3 Tan Tax Ts Tg T7

lopsvas cTopoHa <—  — XonozHas cTopoHa

PucyHok A.6 — Tennosoe cOnNpoTUBNEHUE TEPMOINEKTPUYECKON
CUCTEMbI OXINaXAEHUSA

MNMonHoe Tennosoe conpoTUBNEHUE, KOTOPOE YMEHbLUAET OBLLMIA NOTOK TeNna, eCTb CYMMa KaXA0ro CONPOTUBIEHNS
no6oro onucbIBaEMOro npoLecca CornacHo pUcyHky A.7.

Ry = TzQDT1 °C/Br; Ry =15 Q?K °C/BT:
R, = T3=T2 oc sy, Rg = TGQCT5 °C/BT;
R;= —T4|22; T3 oc/Br, Ry = T7QCT6 °C/BT.
7
Roiee = ZRi- (A.3)

i=1

16



FOCT P 56971—2016

TIM - TepMOMHTEPIENCHBIN C/10l TIM - TepMOMHTEPIENCHBIV Cnoii

Pagvarop v
Papgnatop 3nemeHT lMenbTbe

PucyHok A.7 — O6bluHasa TemnepatypHas KpvBas TEPMO3/1EKTPUYECKOM
CUCTEMbI OXNaxXaeHus

ONs oueHKN apeKTUBHOCTY TePMOI/IEKTPUUECKO CUCTEMbI OXMTAaXAEHNUsT Mcnonb3yetcs COP.

COP =" -, (A-4)
Qe

OH npepfcTasnseT coboil OTHOLLUEHVE Mexay ONTUMasbHOM oxnaxpatLlleli CnoCO6HOCTHI0 M NOMHON 3anekTpude-
CKOI1 3HEeprueit, NPUMEHAEMOI K TEPMO3/IEKTPUYECKOW CUCTEME OX/TaXKAEHMS.
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A.2.4 Tennosoe COMNpPOTUBIIEHNE

A.2.4.1 ConpoTuBNEHNE MEXAY XUAKOCTbIO N pagmaTopom

Tennonepegaya OT XWAKOCTU K pagmaTopy — 3TO B OCHOBHOM (PYHKLUMA CKOPOCTM M KOHdUrypauus paguartopa
N MOXET BblpaxaTbCsl Kak KoadhuumeHT obpaTHoin Tennonepegaun a, B1/(m2 m°C). Ontummsaums TensoBoro conpo-
TUB/MEHUA TakkKe B/USET Ha paboTy BEHTUIATOPa W NOTPe6/IeHNe MM 3HEpruv, Ha LYMOBOE W3/Ny4YeHue W NOJyYeHHbIN
CKa4yoK JaBNeHns B paguartope. YMeHbLUeHNe Tensi0Boro CONPOTUBEHUS MeXay pagvnaTopoM U XWUAKOCTbIO, 0CO6EHHO
BO3/YLUHOrO MOTOKA, SBMSETCS CYLLECTBEHHbIM A/151 3hhEKTUBHON PaboTbl TEPMOINEKTPUUECKON CUCTEMbI OX/TAXAEHNS
(cm. pycyHok A.8).

PucyHok A.8 — Mpumep Ten0BOro CoNpoTUB/IEHNS MeXay BO34YXOM U pafMaTopoM
KaK (hyHKLMSI CKOPOCTY BO3AYLUHOTO MOTOKA

A.2.4.2 ConpoTusneHne pagmnartopa

TennoBoe COMPOTMBEHNE paauaTopa 3aBMCMT OT KOHGMUIypaumMm pagumatopa v matepuasna, M3 KOTOPOro OH M3ro-
ToB/IeH. C MOMOLLbI0 TEKYLLEr0 NPOrpaMMHOro obecneyeHust AN MOAENMPOBaHNA MOXHO NMPOrHO3UPOBaThL pacnpenesne-
HMe TeMneparypbl 1 TEMI0BbLIX CONPOTUBAEHUIA NPU 3aJaHHbIX TEMI0BbLIX NOTOKAX W rPaHNYHbIX ycnoBuax. Ha pucyHke A.9
npvBefeHbl HEKOTOPbIE NPUMEPbI CTaHAAaPTHOIO paavartopa A5 pasINyHbIX FPaHUYHbIX YC/I0BUIA.

CnegyloLme ycroBus xapakTepr3yoT XOpPOLUWiA TENI00TBOA;

Bonbliasi NnoBepxHOCTb pagmatopa. VIMEHHO Ha MOBEPXHOCTM pajuaropa MMeeT MecTo TensooTgadva. Cneposa-
TeNbHO, paanaTtop AO/MKEH ObITb CKOHCTPYMPOBaH Tak, YTOObl MMEeTb 60/IbLUYK NMOBEPXHOCTb; 3Ta Leflb MOXeT ObITb A,0-
CTUrHyTa MPU UCNO/Ib30BaHMM 6GOMBLIOTO KOIMYECTBA MEIKMX OXMaxJalolwux pedep win nyTeM yBenMyeHus pasmepa
camoro paguartopa.

Xopowas aspoavHamuka. PaguaTop O0/MKEH ObiTb CKOHCTPYMPOBaH Takum 06pa3oM, 4TOGbl BO34yX MOT JIErKO U
ObICTPO NPOXOAWTL Yepes paanaTop v gocturatb Bcex pebep oxnaxaeHms. OcobeHHO paauaTopbl, MMelLme o4eHb 60/1b-
LLIOE KOMIMYECTBO MeJIKUX pebep, C MasibiMy PacCTOSTHUSIMU MeXay pebpaMu He MoryT o6ecneunTb XOpoLumii NoToK Bo3ay-
xa. [lomkeH 6bITb HalieH KOMNPOMKCC Mexay 60/bLUoW nnowanblo (MHOro pebep ¢ HeGOMbLUMMUN MPOMEXYTKAMM MeXay
HVMMK) 1 XOPOLLUMMW a3poANHaAMUYECKMMIN CBOCTBaMU.

Xopowwit TennoobmeH B paguatope. bonblive oxnaxgatulwye pebpa 6eccMbICNIeHHbl, eCM TENIO HE MOXET A0W-
TM 40 HUX, MO3TOMY paamatop AO/KEH OblTb CKOHCTPYMPOBAH Tak, Y4Tobbl NpeaycMOTPEeTb XOPOLUUA TEMI00OMEH Mexay
WCTOYHUKOM Tenna u pebpamu. Bonee Tonctble pebpa MMEKT Nyyllyld TEPMUYECKY NPOBOAUMOCTb; MO3TOMY OMSATb
[OMKeH 6bITb HaliaeH KoMnpomuce Mexay 60/bLUol naowaabo (MHOTO TOHKMX pebep) u xopolueli TennooTaadeii (6onee
TONCTble pebpa).
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AGCO/I0THAsA POBHOCTb KOHTAKTHOW MOBEPXHOCTU. YacTb pagmaTopa, KoTopash KOHTAaKTUPYeT C UCTOYHMKOM Tenna,
[l0/MKHa 6bITb aBCO/MIOTHO POBHOI. POBHasi KOHTAKTHas MOBEPXHOCTb NO3BOJISIET UCMO/b30BaTh Golee TOHKUIA croii Tep-
MOMacTbl, KoTopas yMeHbLIaeT Tenj0Boe CONPOTUB/IEHNE MEXAY PAANATOPOM M UCTOUHMKOM Tenna.

PucyHok A.9 — PacnpefeneHve TemMnepaTypbl 06LLero Ten100TBOAA NPY 3afaHHbIX TPAHUYHBIX YC/TOBUAX

A.2.4.3 ConpoTuBneHne TepMonHTEPdENCHOro cnos (CM. pucyHok A. 10)

MoBepxHOCTb paguaTopa HUKorga He ObiBaeT MOMHOCTLIO POBHON; ecnu pagnaTop NomellaeTcs HenocpeacTBEHHO
Ha anemeHT MenbTbe, ByayT KpoLleyHble (HEBUAMMbIE) MPOMEXYTKM MEXAY ABYMSI npubopamMu. Tak kak Bo3dyx Naoxo npo-
BOAMT TEM/I0, 3TV NPOMEXYTKN 0Ka3bIBaOT HEraTuBHbIN ahheKT Ha TenanooTgady. Takum 06pas3om, MHTepdIeCHbIN CIoi ¢
BbICOKOW TEPMUYECKOI MPOBOAMMOCTBI0 HEOOXOAMM A/151 TOro, YTO6bI 3aM0fIHUTL 3TU 3a30pbl U TakuM 06pa3oM yyyLinTb
TEens0NPOBOAHOCTb MeXAy 3/1eMEHTOM MenbTbe U pagnaTopom.

Bo3ayLHbIA 3a30p

---------- NPOBOAMMOCTbL Yepes CN/OLWHY TOUKY KacaHus;
------ - MPOBOAMMOCTb Yepes3 BO3AYLUIHbINA 3a30p

PucyHok A. 10 — padmyeckoe nsobpaxeHne 3HayeHns cnos TepmonHTepdeiica (TIM)

Camoli pacnpocTpaHeHHo! saBnseTca TepmonacTta 6e1oro useta, 06bI4HO CU/TIMKOHOBAs CMaska, 3arnosIHeHHas Ok-
CUJOM &TOMVHMS, OKCUAOM LIMHKA WM HATPUAoM 6opa. HekoTopble copTa c/iosa TepMounHTepdheica NCnosib3yoT TOHKO-
n3mesnibYeHHOEe UN NblIEBUAHOE cepebpo.

Apyrve Tvnbl TepMOMHTEPdENCHBIX MaTepuanos — 3T0 Matepuasibl ¢ obpaTumbiMn asamn. OHW TBepAble Mpu
KOMHaTHO Temnepartype nxugkve (BegyT cebs kak cMaska) npu pabodyeii Temnepatype. C HUMKU nerko paboTtartb, U OHK
He co3galoT 6ecnopsaok.

Kak nokasaHo Ha pucyHke A. 10, croil TepMonHTepdeiica oueHb BaxeH. MOHTaX paauaTopoB Ha ycTpoiicTeo Menb-
Tbe SIB/SIETCS BAXHbIM LUAroM 1 TPeGYeT MHOTO OnbITa.
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A.2.4.4 Tennosoe conpoTuB/ieHNe 3nemeHTa lNenbTbe
2nemeHT MenbTbe HarHeTaeT TEM/IO C XO/I04HON CTOPOHbI HA ropsAYyl0 CTOPOHY. Ha ocHOBe rpagmeHTa TemnepaTty-
pbl MeXay ropsiyeil 1 xo/I04HOV cTopoHamu obpasyeTcs 06paTHbIi MOTOK Tenna yepes aneMeHT MenbTbe.

TensioBasi NPOBOAYMOCTb MEX/AY Fropsiveii U XON0AHO CTOpoHaMK Yepes 3/1eMeHT MefbTbe MOXET 6bITh onncaHa ¢ rno-

Moubto ~Pe " Pe (Tdh - T4c) [cm. chopmyny (A.3)], oHa cHKaeT 3hEKTUBHYH MOLLHOCTb OXNaXAeHMs anemeHTa MNenbTbe.
x Pe

[aHHOe TensioBoe COMpoTMBNEHNE ABASETCA (DYHKUMEN KOHCTaHT MaTtepuana M OTHOCUTCSA K YNOMSIHYTOWN Bbllle
TepMOo3anekTpuyeckoit achdpekTnBHocTn ZT

[ns 6onee getTanbHOr0 pacCMOTPEHNSA AAaHHON, B BbICLUEN CTENEHU CMOXHOI TeMbl CM. cTaTbio JloHa 3. benna B
XypHane «Hayka», T. 321, c. 1457-1461, o3arnaBneHHyo «OxnaxgeHne, oTonaeHme, BbipabaTbiBaHNe 3/1eKTPO3Heprum
N pereHepauumst U3NNLWKOB Temnsia C NOMOLLbI0 TEPMO3IEKTPUYECKUX CUCTEM.

A.2.5 YcnoBua akcnayartauuu

KoHTponunpoBaTb TEPMO3NEKTPUYECKME CUCTEMbI OX/TAXKAEHNA OYEHb TPYAHO. ONTUMU3NPOBaHHbLIE TEPMO3NEKTPU-
Yyeckne CUCTEMbI OXTaXAEHUS AO/DKHBI paboTaTb 3IEKTUBHO 3a CHET YCTAHOBKM HaMPSHXXKEHUSA, NMPUMEHAEMOTO K 3/1EMEH-
Tam lMenbTbe, M WKPOKOro AnanasoHa MOLLYHOCTEN BEHTMNATOPOB. ShekTUBHasA oxnaxgaolias Cnoco6HOCTb TepMo-
3/1EKTPUYECKO CUCTEMbI OXNAXAEHUA — 3TO (DYHKLMUA TemnepaTypbl OKpyXalollein cpefbl 1 TeMnepaTypbl BHyTPEHHeN
NMOBEPXHOCTK, KaK NokasaHo Ha pucyHke A. 11.

E - Ka/IopUMEeTpUYECKNE U3MEPEHUS;
+ - TepMoAMHaMU4Yeckue namepeHus

PucyHok A. 11 — 3aBUcMMOCTb 3(hIEKTUBHON OxNaxaatoLen cnocobHocTn Qc oT pa3HocTy Temnepatyp A T
Mexay TeMnepaTtypoii Bo3gyxa BHYTPU Koprnyca 1 TeMnepaTypoli OKpyxatoLen cpegbl

3aBMcUMOCTb 3DPEKTBHOWN OXNaxparoLeli cnocobHOCTU MPUBOAWT K UCMOMIb30BaHUIO PerynvMpyemoin LMpKyns-
umn, roe B KayecTBe mapameTpa MHTEHCMBHOCTM BXOASLLEro NOToKa MCMNonb3yeTcs TemnepaTypa OKpyXalllei cpefbl,
B KayecTBe KOHTPO/IbHOW MEepeMEeHHOW — HanpsbkeHne Ha anemeHTax lMenbTbe W HanpshkeHue Ha BeHTWsATopax, a B
KayecTBe LieNIeBOro napamerpa — TemMmnepatypa BHYTPEHHEN NOBEPXHOCTM, YTO obecneumnBaeT LeneByo OYHKLMI0 OnTu-
Musaummn koadduumeHta nonesHoro geiicteusa (COP).

[na peanuzaumm 3KOHOMWUYHON perynnpyemont LMpKynsaumm Bce 3aBUCUMOCTU MeXAY AaHHbIMY napameTpaMu npu
3afaHHbIX YC/I0BUSAX AO/MKHbI ObITb M3BECTHbI. JTO He TPUBMAsIbHbIV BONPOC U TpebyeT GOMbLIOro OMnbiTa NOCTaB/IEHHOM
3afaqu.
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Mpunoxexnune AA
(cnpaBouHoe)

CBeneHus 0 COOTBETCTBUM CChLINTOYHOTO MeXAyHapOoAHOro cTaHaapra
HaLUWOHaNbHOMY CTaHOAPTY

Tabnuya OA1

OB03Ha4YeHWe CCLINOYHOIO CTeneHb OB603HavYeHe N HAMMEHOBaHKe
MeXAyHapoAHOro cTaHdapTa COOTBETCTBUSA COOTBETCTBYOLLEO HaLMOHanbLHOro ctaHaapTa
IEC 62194:2005 — *

* COOTBETCTBYIOLUMI HALMOHANbLHLIA CTaHAapT OTCYTCTBYET.
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MO3K/TC 62610-1
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CTPYKUUM ANA anekTpoHHoro obopyaoBaHuA. YnpaeneHue TeMnepaTypHbIMU peXuMami wkados B
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