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MNpegncnosne

1 NOArOTOBJ/IEH O6LecTBOM C OrpaHN4eHHO 0TBETCTBEHHOCTLIO «ABaHrapa-TexCt» (OO0 «ABaHrapg-
TexCT») Ha 0OCHOBe COGCTBEHHOIO NepeBoa Ha PYCCKWIA A3bIK aHIN0A3bIYHON BEPCUM yKa3aHHOTO B NyHKTe 4
MeXyHapOoAHOro JOKYMEHTA, KOTOPbI/ BbINOJIHEH pPOCCUIACKO/ komuccueit akcneptos MIK/TK 48D

2 BHECEH TexHunyeckum komuTeToM no ctaHgaptusaumm TK 420 «ba3oBble Hecylime KOHCTPYKLUU,
nevyaTtHble nnatbl, C60pKa N MOHTaX 3/1EKTPOHHbIX MoAy el», nogkomuteTom MK-1 «ba3oBble Hecylne KOH-
CTPYKLMN paanoanekTpoHHbIX cpeacts (P3C)»

3 YTBEPX/AEH W BBEAEH B IENCTBUE MMpukazom defepasbHOr0 areHTCTaa No TeXHUYECKOMY pe-
ryiMpoBaHuio u MeTposiormm ot 17 uioHa 2016 r. Ne 649-cT

4 Hacrtosiwumii cTaHAapT MAEHTUYEH MexAayHapofHoMy fokymeHTy IEC/TS 62610-3:2009 «MexaHu-
Yyeckne KOHCTPYKUMW A5 3/1eKTPOHHOro 060pyfoBaHus. YMpaBfieHue TemnepaTypHbIM pPeXvMmoM LKadoB
B cooTBeTCTBUM C cepuamun IEC 60297 n IEC 60917. YacTb 3. PykoBOACTBO NO MpoekTupoBaHuio. MeTon
OLEHKM TepMO3MIEKTPUYECKMX cUCTeM oxnaxaeHus (agpdhekT 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].

HavmeHoBaHve HacTosLWero craHgapTa U3MeHeHO OTHOCUTE/IbHO HaUMEHOBAaHUS YKa3aHHOro Mexay-
HapoAHOro craHgapTta Ansa npveegeHus B cooteeTcTBue ¢ NOCT P 1.5—2012 (nyHkT 3.5) 1 Ans yBA3kM C
HaMMEeHOBaHUSIMU, NPUHATLIMU B CYLLECTBYIOLLEM KOMMIEKCE HaLMOHaNbHbIX CTaHfapToB Poccuiickoii de-
Aepauun.

Mpu NpUMEHEeHN HaCTOALLEro cTaHjapTa PeKOMeHyeTCa NCN0/b30BaTb BMECTO CChI/IOYHbIX MeXAyHa-
POAHbIX CTaHAAPTOB COOTBETCTBYIOLLME UM HaLMOHaNbHble CTaHAapThl Poccuiickoli ®epepaunm, cBefeHns o
KOTOPbIX NpUBEAEHbI B fONOMIHUTENBHOM Npunoxenun A

5 BBE/JEH BIEPBbIE

MpaBuna NpYMeHeHs HacTOoALEro cTaHjapTa YyCTaHOB/EHbl B CTaTbe 26 PeBpaibi<oro 3akoHa
oT 29 utoHs 2015 r. Ne 162-#3 «O cTaHgapTwusauum B Poccuiickoii Pepepauym». ViHdopmaumsa 06 uns-
MEHEHMAX K HacToALeMy CTaHAapTy nybankyeTca B exerog!tOm (Mo cocTOAHUIO Ha 1sSHBapa TekyLero
rofa) MHhopMauMoHHOM yKasaTene «HaunoHanbHble CTaHAapThi», a ouLManbHblil TEKCT U3MEHEeHWi
M MOnNpaBoK — B eXeMeCAYHOM MHOpMaUMOHHOM ykasaTene «HauuoHasbHble cTaHfapThi». B cnyvae
nepecmMoTpa (3ameHbl) AW OTMEHbl HACTOALEro cTaHjapTa cCooTBeTCTBYyLee yBeJoMm/eHe byaeT
ony6/nKoBaHO B Gnmkaillem BbIMyCKe EXCMecsy>loro WHopMaunoHHOro ykasaTens «HauvnoHanbHble
cTaHgapTbi». CooTBeTCTBYWAasa NHpopmaums, ysefoMNeHe U TEKCTbl pasMeLlalnTcsa TakKke B UH-
dhopmaumoHHoli cucTeme obLiero nNofb3oBaHMa — Ha odmunanbHom caiTe degepanbHOro areHTCcTBa
No TeXHUYeCKOMY perynvpoBaHunio n meTposorum B ceTu NHTepHeT (www.gost.rn)

© CtaHgapTuHdopm, 2016

HacToswuii ctaHgapT He MOXeT 6bITb MOTHOCTHIO UM YACTUYHO BOCNPOU3BEAEH, TMPAXUPOBAH U pac-
NPOCTPaHEH B Ka4YeCTBe OhULMANBLHOTO N3faHns 6e3 paspelleHns defepasibHOr0 areHTCTBa No TEXHNYECKO-
My peryMpoBaHuio U MeTposiorum
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BBepeHve

Kpome 06bI4HOro oxnaxaeHus ¢ NoMOLLLbI0 KOMNpeccopa CyLeCcTBYIOT U Apyrne BapuaHTbl OXaxaeHus,
Hanpumep abcopbLMOHHOe OXnaxeHve, TepMmoanekTpuyeckoe oxnaxgeHve (MenbTbe), MarHUTO-Tenno0Boe
oxflaxaeHue, oxnaxaeHve c nomotlsio C02 u gp.

[ns NpoekTMpoBaHUA TEPMOINEKTPUYECKAX CUCTEM OXTaXAEeHUA HEOOXOAMMO UMETb nokKasarenu no-
Tepb Tensa Ha paccesiHne, 3aBuUCSLLVE OT TeMNepaTyp OKpyXatoLei cpedbl 1 MOMeLLeHus.

PaboTa TepMO3NeKTPUUYECKNX CUCTEM OXTaXKAEHNA — 3TO (hYHKLMA TemMnepaTypbl OKpyxXatoLeii cpeabl,
paboTbl ropsyeli N XO0NOAHOW CTOPOH TeNMI006MeHHVKa (paguaTopa), TEpMUYECKO Harpysku, KOHCTPYKLMK
anieMeHTa MNenbTbe 1 3/1eKTPUYECKUX napameTpos asiemeHTa MenbTbe.

CnepgoBatesnibHO, JO/KeH 6blTb pa3paboTaH OLEeHOUHbI MeToA. [laHHOe PyKOBOACTBO MO NPOEKTMPOBa-
HUIO NO3BOJIAET CONOCTaBUTb pPa3Hble TEPMO3/IEKTPUYECKME CUCTEMBI OX/TaXAEHUSA.
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IEC/TS 62610-3:2009

HALUWOHANBbHBIN CTAHOLAPT POCCUNCKOW SGEALEPALUMN

KoHCTpyKuMn Hecywme 6a30Bble pasno3eKTPOHHbIX CPeCTB

YMNPABNEHVE TEMMNEPATYPHbIMU PEXXUMAMU LLWKA®OB.
COOTBETCTBYIOUWWX CTAHLAPTAM CEPUIA IEC 60297 W IEC 60917

Yactb 3

PyKOBOACTBO MO NPOEKTUPOBAHUIO.
MeTo[, OLLEHKU TEPMO3IEKTPUUECKUX CUCTEM oXNaxaeHus (apdekT MNenbTbe)

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)

[ata BBegeHns — 2017—03—01

1 O6nacTb NpUMeHeHUs

Hactosiwumii ctaHfapT ycTaHaB/MBaEeT METOAMKY OLLEHKM TepMO3/IEKTPUYECKMX CUCTEM OX/1aXAeHus
(adhbpekT MenbTbe). C NOMOLLLIO AaHHOTO PYKOBOACTBA MO NPOEKTUPOBaHMI0 BO3MOXHO paccumTaTb addek-
TUBHOCTb TEPMO3/IEKTPUYECKON cUCTEMbI OxNaxaeHns (adhdekT MNenbTbe) 1 ee oxnaxgaroLlein cnocobHocTH,
3aBUCALLEN OT TemnepaTypbl OKpYXatoLLeii cpeapbl 1 TemnepaTtypbl nomelleHns. laHHoe pyKOBOACTBO Mo Npo-
eKTUPOBaHNI0 MOXET OblTb Takke MCNOMb30BaHO A1 OLEHKM TepPMO3NEeKTPUYECKON CUCTEMbI OXaXAeHWs
nyTem onpepesieHns ee 3kKOHOMUYHOCTHU.

2 HopMaTuBHbIE CCbINKA

B HacTosiLem cTaHgapTe Mcnosib3oBaHa HOpMAaTMBHASA CCbINIKa Ha CNefylLnii MexayHapoaHblA cTaH-
fapT. s HefaTtMpoBaHHOW CCbIIKM NPUMEHSIOT TOMTbKO yKa3aHHOEe U3faHne CCbIIOYHOro cTaHaapTa.

IEC 62194:2005 Method of evaluating the thermal performance of enclosures (MeTog oueHKU TenoBbIX
XapaKTepucTVK KOprycoB 3/1EKTPOHHOW annapaTypbl)

3 O603HayYeHnss BENNYUH U NHOEKCOB

B HacToswwem cTaHfgapTe NpYMeEHEHbI cneaytolmne 0603HaYeHNss BE/IMUMH U UHAEKCOB.

3.1 O603Ha4YeHNs BeMUMH ByKBamMu NaTUHCKOro andasmTa

Cp — TennoemkocTb. BT/kr ¢ °C;

D — guameTp Tpy6bl, M;

[/ — Tok. A:

K — 06LMi1 KoadhhULMEHT Tensonepeaaun. Bt/m2« °C;

M3paHue oduymansHoe
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n — obLiee KoMYecTBO 3NeMeEHTOB [enbTbe;

Ap — pasHocTb aaBneHuii. MNa;

O — noTOKM aHeprun (Tepmuyeckas, afekTpuyeckas nNpoBOANMOCTb). BT;

Oc— nonesHasn oxnaxgarowiasi Cnoco6HOCTb TEPMOINIEKTPUYECKON cucTeMbl oxnaxaeHus (MenbTbe). BT,

OcPB — oxnaxpatowas cnocobHOCTbL TEPMO3/IEKTPUYECKOro oxnaauTens MNenbtbe B paboynx ycrnosu-
ax. BT,

00 — o6uuii noTok paccesiHHoro Tenna (NJ0THOCTL TEN/IOBOrO NOTOKA) Ha ropsyeit

CTOpoOHe. BT,

OH — MOLLHOCTb Harpesa BHYTpu Likada. BT;

RPo — anekTprnyeckoe conpotuBneHne anemeHTa lMenbtbe, B/A;

R — Tennosoe conpoTtuBneHue. X/BT:

S — NoBepxHOCTb (N/10Wab KOHTaKTa), M2;

T — Temneparypa. °C;

V — HanpsxeHue, B;

V — 06beM BO3AyLIHOTO NoToka, M3/c;

ZT — TepmoanekTpuyeckan apeKkTMBHOCTb.

3.2 O603HaYeHNss BeNnMUnH 6yKkBaMu rpeyeckoro andgasmra

a — koadhcpuumeHT 3eebeka (koadhprumeHT Tepmoagc). BIC;
p — NNOTHOCTb, Kr/M3;

Y — TennonpoBogHOCTb. BT/M2 «€eC;

0 — anekTponpoBogHoOCTb. CMm/M = (A/B):

® — OTHOCWTE/IbHAs BNAXHOCTb.

3.3 O603Ha4YeHNs NHLEKCOB

1-7 — TOYKM NONOXEHUS;

A — OTHOCSILLMIACS K NOTOKY BO3AYXa;

a — HapyXHblif;

C — adphekTBHAA MOLLHOCTb OX/1aXAeHUs;

C — X0Jl0Has CTOpPOHa,

D — nosiHoe paccesiHHOe 1 0TBeAEeHHOe TeN/0 Ha ropsyein CTopoHe.

E — anektponuTaHve, npuMeHsemoe A58 TePMO3/IeKTPUYECKON CUCTEMbI OXNaXAEHUS;
F — BeHTUNATOP;

H — HarpeB BHyTpy wwkada;

h — ropsavas cTopoHa;

1— BHYTpEHHWIA, BHYTpU LWKada;

L — notepu Tenna.

m — cpegHwuii:

Pe — oTHOCSILWMIACS K aneMeHTy MenbTbe:

R — o6paTHblii:

S — OTHOCALWMICA KO BCEl TEPMOI/IEKTPUYECKON CUCTEME OXNTaXAEHNS.

4 Teopwua TEPMO3EKTPUYECKUX CUCTEM OXN1aXAEHUNA

4.1 9nemeHT MNenbTbe

AdhhekT MNenbTbe — 3TO BO3HWKHOBEHWE Pa3HOCTK Temnepartyp Npu HENOCPeACTBEHHOM NpoTekaHuu
3/1EKTPMYECKOro TOKa, a Takke 06paTHbIii NpoLecc, KOTOpbIA Nony4nn HasBaHne addekta 3eebeka.

Takum o6pasomM, TepMoanekTpuyeckas cuctema oxnaxgeHusa (apcekt MenbTbe) nepegaeT Tenso ¢
OfIHOIi CTOPOHbI 3N1EMEHTA Ha APYIyl0 CTOPOHY NpW rpaguveHTe Temnepartypbl, NOTPeGNAs 3/1EKTPUYECKYH
3Hepruto.

OxnaxgaroLlyto cnoco6HOCTb TEPMOINEKTPUYECKOro oxnaautens MenbTbe B paboynx yCnoBuaX Bbl-
yncnaT no dopmyne

0)
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OxnaxgatoLas cnocobHOCTb 0AHOro anemeHTa MenbTbe OcPe 3aBUCUT OT pasHbIX ABAEHUIA.

UneH copmysnbl a ml mTc 0603HaYaeT MaKkCUMasbHY OXaxXatoLlyo CNOCOGHOCTL, OCHOBaHHYH Ha
achbpekTe MNenbTbe, B TO BPEMS Kak « nNpeAcTaBnseT cob6oi koahduumneHT Tepmoaac (koadpduuymeHT 3ee-
6eka).

lo o
Unen cpopmynsl — RPe npegctaensieT co60il  [KOyNeBO HarpesaHue, ufieH  (popMy/ibl

I"'Pe APe | mTb-TJIc) — 9TO TENIONPOBOAMMOCTL MEXAY rOpsiYell U XOMOAHON CTOPOHOI NOCPEACTBOM
I *Pe J
anemeHTa MNenbTbe.

B cootBeTcTBMM € hopmynoli (1) cylwecTByeT TpeboBaHve, YTOObl MUHMMU3NPOBATL CPOKM [AKOyieBa
HarpeBaHus 1 TeNI0NPOBOAHOCTH.

[Ona oueHkn anemeHTa MenbTbe TepMoanekTpuyeckas aPEKTUBHOCTL ZT 6blna BbluMcIeHa No

KoTOopas npeActasnseT coboii NPONOPLMI0 MexXay 3/1eKTPONPOBOAHOCTLIO & U TEN/I0NPOBOAHOCTLIO > NPK 3a-
fJaHHol Temnepartype T.

ZT, Takum obpa3om, oyeHb yaobHas BennunHa A15 CpaBHEHUS NoTeHuuasnbHol adhhekTBHOCTN Npu-
60pOB. MCNOMb3YOWUX pas3nyHble MaTepuasibl. 3HaveHua ZT = 1 cuMTaroTCs XOpOLIMMM, a 3HAYeHus, Mo
KpaviHeli Mepe oxBaTblBalLMe Avanas3oHbl 1-3. cuMTaoTCa BadKHbIMY A1 TEPMO3/IEKTPUKMN, YTOBbI KOHKYPW-
poBaTb N0 3KOHOMWUYHOCTU C MEXaHWYECKOWN reHepauueli n oxnaxgatoLiei aththekTnBHOCTbIO.

4.2 TepmoanekTpuyeckue cuCcTeMbl oOxXnaxgeHusa

TepMoaneKTpnyeckme CUCTEMbI OXNaxaeHNs (CM. pUCcyHOK 1) nepeHocAT Tenno Qc U3 ogHoro paboyero
BelecTBa B Apyroe, B TO BPEMs KakK 3T pabouve BellecTBa MOryT 6bITb MO0 ra3006pa3HbIMU, MO0 XUAKN-
Mu. s nyyuwleli Tennonepeaayun pagmatopbl COeAnHEHbl C 06eMMmn CTopoHaMu anemeHTa MenbTbe. Martepu-
an Mexgay afieMeHToM MenbTbe 1 TEN00TBOAOM Ha3biBaeTCs TEPMOUHTEPDENCHbIM CI0EM.

lopsiyasl cTopoHa XonogHasi cTopoHa

PucyHok 1. nucT 1 — MpuHLUMN AeiicTBrUsS TePMO3NEeKTPUYECcKoM
CUCTEMbI OXNTAKAEHNS
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PucyHok 1. nuct 2

Pa6ouasi cpepa npu Temnepatype [7 NpoxoauT yepes paguatop TEPMO3SIEKTPUUYECKON CUCTEMbI OX-
naxgexus (MenbTbe), kKOTOpPas UMeeT Temnepatypy 76, 1 OXNaxAaeTcs NyTem KoHBekuuu. Tenno nepesaertcst
uepes paguaTtop nog BAUSHWEM TensoNpoBOAHOCTY NPU 3aAaHHOM TpajneHTe TemnepaTypbl Mexay Téu 75.
3aTtem, B COOTBETCTBUM C NPOLIECCOM TENI0NPOBOAHOCTU, TennonepeAaya ocyLecTBAseTcs Yepes TepMOUH-
TepdpeiicHblll cnoii. dnemeHT MNenbTbe 0TBEYaET 3a OCHOBHOW TeMNepaTypHbIil TpagneHT.

C ropsiyeil CTOpOHbI 351eMeHTa NenbTbe TENI0BOV NOTOK MPOXOAUT Yepe3 TEPMOUHTEPMeliCHbIl Croi 1
pagvaTop B COOTBETCTBUM C MPOLECCOM TENI0NPOBOAHOCTY W. HAKOHEL, TEeN10 OTBOAUTCA C MOMOLLbI0 pabo-
yeli cpefbl Ha ropsiyeli CTOPOHE NyTeM KOHBEKL UK.

MonHoe TensioBoe CONpPOTUB/IEHNE, OrpaHNYMBaloLLEee NOJHbIA TENI0BOM NOTOK. — 3TO CYMMa KaXAoro
13 CONPOTUB/IEHUIA NOGOrO U3 ONMUCAHHBLIX NPOLLECCOB (CM. PUCYHOK 2).

Pa6ouasi cpega 1 Pagmatop TUM Pe TUM PagnaTop Pab6ouas cpega 2
cM °C
h T2 b *4K h h
[opsivas ctopoHa <]— XonogHas cTopoHa

Pe — anemeHT Mensbibe:

TUM — TepmouHTepd elicHbIl cnoit

PucyHok 2 — TennoBbie CONPOTUBNEHMUS
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TennoBble CONPOTUBMEHUSI MOTYT ObITb BblpaXeHbl B BUAe creayoLmx opmy:

q W i ec/BT: Te-La °C/BT;

Qd Oc
g, N=T2.cp, W s ocpr:

Oo Oc
a, -°CyBT; h-h cmr

Ob Oc

‘o6uiee (3)
»1

YMeHbLUEHNEe KaXA0ro COnpoTUBEHNA HEOOXOAMMO A1 NPOEKTUPOBAHUSA 3KOHOMMWYHON TEPMO3/IEK-
TPUYECKOW CUCTEMbI OXNAXAEeHNS.

Kak nokasaHo Ha pucyHke 1. cBO60AHOE MPOCTPaAHCTBO MexXAy ABYMS paguartopamu u afnemeHTamu
MenbTbe 3anosiHAETCA U30NUPYIOLWUMIU MaTepuanamu, 4tobbl n3dexarb o6paTtHoro notoka tenna 0 RoT ro-
psyero paguaropa K Xo/104HOMY B pe3y/bTaTe Ten/onpoBoAHOCTU. Ana adhdhekTuBHON paboTbl TepMO3nek-
TPUYECKOW CUCTEMbI OXTAXKAEHUS AaHHbI 06paTHbI MOTOK Tenna Yepes U3oNsaLUI0 LO/IKEH ObITb BO UYTO Obl
TO HK CTano ymeHblleH. CnefoBaTesibHO, AONYyCKaeTCs, YTO A/11 fas/ibHelLnX pacyeToB AaHHbI/ NOTOK Tenna
Qr paBeH Hy/0.

PucyHok 3 — MpaHuubl pa3genoB TepMOAVHAMUYECKON YCTAHOBKU TEPMOS3IEKTPUYECKON CUCTEMBI OX/TAXAEHNS.
NpUCcoeMHEHHON K 3aKpbITOMY LKady
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dopMy bl MOLLHOCTEN ANS KaXA0l TEPMOANHAMWNYECKON YCTaHOBKM B COOTBETCTBUM C PUCYHKOM 3 cne-
ayoue.

L Oc “OH“Q.+Qf,c2(Q?j 0); “)
. C\ =Oc +L- +Qrj, £(0r - O): (5)
l: Qc-Vc P Cp (7a.i- 7a.2); 6)
IV: Ob-Ypcp (rAa-T14.3): (7)

o. ®

MoTok Tenna Qc, KOTOpbI OTBOAWUTCS M3 LWKada. — 3TO TenaoBas MOWHOCTL OH MUHYC noTepw Tenna
QI yepes cTeHkn wkada. QFc ABNseTca TennoBblgeneHemMm OT BEHTUIATOPa Ha XO/IOAHOW CTOPOHE, U 3TO
3aBUCUT OT KO3 ULMEHTA NONE3HOTO AeICTBUS BEHTUIATOPA U €er0 CKOPOCTY BpalleHus. banaHcbl MOLHO-
cTeli B COOTBETCTBUM C rpaHuLeli cuctemsl Il 0603HavatoT, 4to notok Tenna 00 — ato cymma Oc M MoLHOCTU
0 E, KoTopas npumeHsieTcs B anemeHTe lMenbTbe, N paccesHHOe Tensao 0T BEHTUASTopa Ha ropsiyeil cTopoHe
QFh MuHyc 06patHbIii noTok Tenna 0 Ruepes n30MsSLMOHHBIA MaTepuan.

[anee gonyckaeTcsl, YTO BO BpPeMs OX/aXAEHUS He MPOoMCXOAMT KOHAEeHcauuu BOAAHOro napa. 3710
noApasymeBaeT, YTO OTHOCUTENIbHASA BM@XHOCTb Y KOTOpas 3aBUCWUT OT TemnepaTtypbl CUCTEMbI U JaBneHNs
CMCTEMbI, fO/DKHA COOTBETCTBOBATb ONpeeeHHbIM YC0BUSAM.

OTHOCHTENbHAA eNaXHOoCTb.%, onpeAenseTca COOTHOLEeHWEM Mexay napuvanbHbIM 4aBneHnemM napos
BoZAbl B cMecu PHIO 1 gaBneHvnem HacbILeHHbIX NapoB BOAbl NpU 3aAaHHol Temnepatype cmecu P up-

$- 100. 9)

YuutbiBas Tak Ha3blBaemoe NnepeHachIleHHoe COCTOsIHWEe, KOHAEeHcauna BOAAHOrO napa NpovcXoanT
npu dy pasHom 100 %. CneposartefnibHO, HEO6X0AUMO o0b6ecneynTb OTCYTCTBUE KOHAEHCALMN BOASAHbIX NapoB
BO BpeMs npouecca OXNaxAeHus.

5 Cxema n3mMepuTenbLHOM yCTaHOBKU

PucyHok 4 nokasbiBaeT o6liee YyCTPOINCTBO U3MEPUTESIbHOW YCTAHOBKU A/151 OLEHKU TEPMO3/EKTpuYe-
CKOW cCTeMbI OxnaxaeHnss. OHa COCTOWT M3 LKada, BOKPYr KOTOPOro pacnosioxeHa kamepa UCKyCCTBEHHOIO
KnMmara, 4Tobbl NoAAepPXMNBaTh NOCTOSAHHYIO TEMNEPATYPY OKpyxatLlieli cpeapl. B wkadyy HarpeBaTenb pas-
MeLlaeTcs Tak, YTo6Gbl BOCNPOM3BECTY paccesiHne Tensna B pabounx ycnosusix. TepMoanekTpuyeckas cuctema
oxnaxpgeHus (MenbTbe) MOHTHMPYETCS BHYTpU LWkada. Heobxoammo npegycMoTpeTb, 4To6bl He 6bi10 nepe-
CeyeHunsi BO34YLUHbIX NOTOKOB.

Bxofbl NUTaHWA AN HarpesaTens, BEHTUISTOPOB 1 3/1eMeHTOB MenbTbe Tak Xe. Kak TemnepaTypa okpy-
xawowelt cpefbl, AO/MKHbI BbITb HE3aBUCUMO PeryimpyeMbiMi U3MepeHusaMn B DUKCUPOBAHHBIX YCI0BUAX.
Bo3ayLHbI/i NOTOK MOXHO /1IeTKO onpesenvTb NyTeM UCNOMb30BaHNA M3MEPUTEILHOTO consa onpeaeneHHoro
[nameTpa, Kak nokasaHo Ha pucyHke 4. IyTeM Nn3MepeHns pasHOCTW AaBeHNi CKOPOCTb BO3AYLLHOrO noToka W.
M/C, MOXeT 6bITb BbluMCeHA No hopmyrie

w (t0)
roe £% 1 (KoahhMUMEHT cxaTus):
T* 1 (3HauyeHue CONpPOTUBNIEHUS COMA) AN1A BO3AyXa:
Ap — pasHocCTb faBneHuia, Ma;

p — NIOTHOCTb BO3AyXa. KI/M3.

O6beM BO34YLIHOro noToka m3/c, 3afaHHoro AvnameTpa Dpioe TPy60NpoBoAa BblYUCASIOT NO hop-
myne

V Bliv -Djp* «k. (11)
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PucyHok 4 - Cxema U3MepuTenbHON YCTaHOBKY

6 WHTepnpeTauusi 1 oLeHKa AaHHbIX

[lns oueHkn TepMo3anekTpuyeckon cuctemsl oxnaxaeHus (MenbTbe) HE06X0AMMbI HECKOMTbKO TOYEK 13-
MepeHUs Npu PUKCMPOBAHHbIX YCTOBUAX 3KCMyaTaLuu.

Hwxe nepeuncneHbl napameTpbl, NCNO/b3yEMble B M3MEPUTE/IbHOW YCTAHOBKE, Kak noKasaHo Ha pu-
CyHKe 4.

Ycnosusa akcnnyaTaumu:

MOLIHOCTb HarpeBa (OH = nu m/H);

MOLHOCTbL BeHTunsiTopa (QF hu OF¢),

MOLLHOCTb TEPMO3/1IEKTPUYECKOTO OX1axAaloLLero ycTpoiictea Menbtbe

<Qpo=4v'p.>,;

Ta 4 (TemnepaTypa okpyxatouieii cpeapl).

LlaHHble n3mepeHwuii:

TA,VAA 2'TA.3'TA.N:

06beMbl BO3ayLLIHOro notoka (L,. Vc ) npu onpegeneHnn pasHocTy AaBEHUI B U3MepUTEIbHbIX Connax.

LononHuTensHble napameTpsbl:

nepenag AaBneHua paguartopa;

TemnepaTtypbl Ha NOBEPXHOCTU paguartopa.

,U'OI'IO.I'IHI/ITe]'IbeIe napameTpbl MOTyT 6bITb MCMNOIb30BaHbI ana ontuMmusauun paGOTbI TepMoaneKkTpunye-
CKoli cucteMbl oxnaxaeHus (MenbTbe) 1 Npu onpeaeneHnn Bcex COnpPoTUBEHWIA, YKa3aHHbIX Ha PUCYHKe 2.

YCTaHOBNEHHbI pEeXUM perncTpupyeTtcs nyTeM OTCYTCTBUA M3MEHeHWI TeMnepaTtypbl B TeYeHve onpe-
[LleNIEHHOTO BPEMEHM.
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Bo-nepBbIX, 06w KO3hnUMeHT Tenonepegaun k. BT/(M2 « ®C) Ha NOBEPXHOCTM WwKada S JOMKEH
ObITb ONpejenieH B COOTBETCTBUM CO cTaHgapTom M3K 62194, npunoxeHue A.

Onpegenexne faHHON BENUMHbLI AO/HKHO ObiTb CAEMaHO C NOMOLLbIO U3MEPUTE/bHON YCTaHOBKW, KO-
TOpas MUCNonb3yeTcsl B faslbHEWLINX IKCNepUMeHTax, Tak Kak Kakoe OTAe/lbHOe U3MEHeHVe B YCTaHOBKe
MOXeT U3MEHATb 3HaYeHue Bcero koapuumeHTa Tensonepesayn.

Mpouenypa akKcnepyMeHTa HauMHaeTCs C YCTAHOBKM TemnepaTypbl OKpyxaiLlieli cpefbl, MOLLHOCTK
[ABYX BEHTUNATOPOB U MOLLHOCTM 3/1eMeHTOB MenbTbe. MNMuTaHne He NogaeTcsl, HarpeBaHWe He MPOUCXOAMUT.
Mocne TOro Kak 4OCTUIHYTbI YCMOBUS YCTONYMBOrO COCTOSIHUSA, PErMCTPUPYIOTCA 3HaYeHnsa Temnepatyp A 2,
74, 3, TA 4 v onpepensieTcsl NOTOK BO3Ayxa. B HEKOTOPbLIX C/y4asx onpeAenaioTcs nepenag AaBneHus u no-
BEPXHOCTHas Temneparypa paguaropa.

[JaHHas npouefypa NoBTOpSAeTCA NPV yBENWYEHHOW MOLLHOCTU paccesHusa HarpesaTens. MOLHOCTb
paccesiHus HarpesaTesnisi O/KHA OblTb YBENVYEHHON [0 TeX NOp. Noka BHYTPeHHAA Temnepatypa A | Bbile,
4yeM ycTaHOBMBLUAACS TemnepaTypa okpyxatoLeli cpegbl M1 3.

Mpoueaypa akcnepMMeHTa NPoAOC/HKAETCA TakMM Xe 06pa3oM, Kak onncaHo Ans pasnnyHblixX Temnepa-
Typ okpyxatouieii cpegpl 1 3.

OLueHKa faHHbIX OCYLLEeCTBSETCA B COOTBETCTBUM C hopmynamu 4-7.

[na npoBepkn faHHbIX N HACTPONKN M3MEpPEeHUs pesynbTaTbl TEPMOAMHAMUYECKNX 6anaHCOoB AO/KHbI
COOTBETCTBOBATL pe3y/ibTataM KaslopUMETPUUECKUX PacyeToB U OT/IMYaTbCA MeHee yeM Ha 5 %.

YU<-Y+Opc- K pCp.(Tad-Ta.3"

Op-<%aa 1009% ~ 100% 5 5%. (12)
o °H -°L +QF.c
. Oc ¢0e » . h-[ve-p-Cp-(7TA1-TA.2)]
Qc-Qca 1900 100% 5 5%. (13)

Oc Oc +0e + M. 1y

C NOMOLLbI0 NOMYYEHHbIX faHHbIX BO3MOXHO NOCTPOUTL rpaduk, Kak NnokaszaHo Ha puUcyHke 5.

PUCyHOK 5 NokasblBaeT 3aBUCUMMOCTb MOLLHOCTM oxfiaxaeHus Oc oT Temnepatypbl BHyTpu Tn 4 npu 3a-
[laHHoli TemnepaType okpyxatouieit cpegpl A 3.

8
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[na pocTukeHns onTUMasibHOM MOLLHOCTY oxnaxaeHuss Oc TEPMO3/IEKTPUYECKO CUCTEMbI oXnaxae-
HUA MenbTbe onpeaesieHne pasHuLbl TeMnepaTyp Mexay TeMmnepaTtypoii BHyTpu A , 1 TemnepaTypoil okpy-
Xatoweli cpegpl 7/1 3 BaXHO Mo ABYM NpuyMHaM. Bo-nepBbix, 3Ta pasHuua Temnepatyp BAUSET Ha Hanpas/e-
HVe noTepw Tenna (nonoxuTensHas, ecnm FA 4< 7/1 3, . ecnn HA060POT, OTpULATENbHAS), CM. QOpMYyny 4.
Bo-BTOpbIX, 3Ta pasHuLa TemnepaTyp BAUSET Ha TeMnepaTtypy ropsyeii 1 XoNo4Hol CTOPOH caMoro oxaxaa-
towero yctpoiictea lMenbTbe, 1 3TOT hakT HENMOCPeACTBEHHO 3aBUCUT OT LITATHOTO pexrMa yHKUMOHNpoBa-
HUA anemMeHTa lNenbTbe CornacHo pucyHky 1

3aBMCUMMOCTb OXNaxaatoLlein cnoco6HOCTY TemMnepaTypbl okpyxatoweii cpeabl 7A 3 BO3HUKAET Kak pe-
3ynbTaT YU3NYECKMX CBOWCTB anemeHTa MNenbTbe no hopmyrne 1.

PaccTosHMe Mexay KaxAoi KpMBOW pas3fnyHbiX TemnepaTyp okpyxawuweii cpeabl 771 3 npubansutens-
HO MOCTOSIHHO.

COPPelf” - . (14)

Kpowme TOro, pekomeHnayetcs onpegenuts COP (koahpuUMeHT NonesHoro AeiicTeums) anemMeHTa Menb-
Tbe. OCHOBaHHbIA Ha ONTMMabHON MOLHOCTY oxnaxaeHus OC 1 3/1eKTPUYECKON MOLLHOCTU, NPUMEHSEMON
K aniemeHTy lNenbTbe.

COP3 ~ -, (15)

W. HakoHeLl, BO3MOXHO onpefenutb COP Bceli TepMO3IeKTpPUUECKoil cuctembl oxnaxaeHus (MenbTbe),
OCHOBAaHHOI Ha 06LLeli NPYMEHEHHON MowHOCTU. OHa BK/IoYaeT B ce6 MOLLHOCTb, NPUMEHSAEMYIO K YCTPOIi-
cTBy MNenbTbe, MOLHOCTb, NPUMEHAEMY K 060MM BEHTUISTOPAM, ¥ MOLLHOCTb, MPUMEHSIEMYIO K Nl06oMYy
Lpyromy afieKTpuyeckoMy npubopy B TEPMO3IEKTPUYECKOM OXNaxaatolemM ycTpoiicTe MenbTbe.

COPo6WM (16)

B kauecTBe MOMyTHOro 3aMeyaHns, KaXAablii U3 aTUX XONOAWbHbIX kKoadduuneHToB (COP) 3aBucuT oT
Temnepatyp 7A , n 71 3.

Cymmupys ckasaHHoe, /19 06 BEKTVBHOIO CPaBHEHUSI TEPMO3NIEKTPUYECKUX cucTeM oxnaxgeHns (Menb-
Tbe) pekoMeHayeTCsa UMETb cnefyloLmne AOCTYMNHbIE AaHHble:

- MOLLHOCTb oxnaxaeHust Oc npu 7A , = 7A 3 = 35 °C ¢ Tpemsl COOTBETCTBYIOLMMU XONOANNbHLIMU
KoagppmumeHtamm (COPS):

- MOWHOCTb oxnaxaeHua Oc npu 74, t = TA 3 =45 BC ¢ Tpemsi COOTBETCTBYOLLMMMN XONOAUIbHBIMU
KoahdumumeHTamm (COP);

- TOK. KOTOPbIA NCNOMb3yeTcs B TEPMOINEKTPUHECKOM OXTaxaaloLem ycTpoiicTee MenbTbe;

- TOK. KOTOPbIA NPUMEHSIETCA B BEHTUASTOPAX;

-O0MOTHATESIBHO NOJIE3HbIE NapamMeTpbl BO3AYLHOIO NoToka v nepenagj gasB/ieHns.

Ha pucyHke 6 npuBefeH npumep AeTanusauuy TEPMO3NEKTPUYECKOTO OX/TaXAaloWEero ycTpoictea
(NenbTbe).
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MpunoxeHne A

(cnpaBoyHoe)

MpeaBapuTenbHbIi pacueT

A.1 MpepBapuTenbHbIl pacyeT

[aHHble, npuBefeHHbIe Ha pucyHke 5. nepeyncneHsl B Tabnuuye A.1.

Ta6nunuya Al — [laHHble, NCMONb3YEeMble NP U3MEPEHUN

Ys Y« Oc
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
30.0 231 23.4
30.0 27.8 56.3
30.0 325 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

[Ansa cnepylouwero npejsapuTenbHOro pacyeta 6yayT pacCMOTPEHbI: TOUKa M3MepeHns npu TemMnepaTtype Okpyxato-
e cpenbl TA 3. paBHoi1 50 *C. BHYTpeHHAs TeMnepatypa T4 4 paBHas 43.4 "C 1 nonyyeHHast onTuMasibHas MOLLHOCTb
oxnaxpaeHusa Oc. paBHas 102.9 Br.

MpeaBapuTenbHble 3KCNEPUMEHTLI onpeaennny o6Lwuii Ko3tULUNEHT TENNOOTAAYUM K. paBHblli 1.5 BT/M2 - "C npu
nnowagmn noBepxHocTu wkada S. pasHoi 1 m3.

10
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Temnepatypbl AaHbl HUXE:

wn1=43,4"'C;
Ta.2 = 38.145:
A3 =50.0 "C (Temnepartypa okpyxatoLiero so3ayxa);
TKA =55,9 °C.

McxopHas TennoBas MOWHOCTb Ou paBHa 80 BT. MOLLHOCTb, NPUIOXEHHASA K BEHTUNATOPY Ha XON0A4HOI CTOpPOHE,
Qp c paBHa 13 BT. a MOWHOCTb, NogaBaeMas Ha ropsivyto ctopoHy. Op u paBHa 26 Br.
TepmoanekTpuyeckas cuctema oxnaxgeHuns (MenbTbe) COCTOUT U3 LIECTU 3/1eMEHTOB MenbTbe, NPy 3TOM K Kax-

[OMY 3/71eMeHTy 6bin1 NPUAoXKEH Tok /PB, paBHbIii 1,2 A. 1 HanpsixeHne 1/Pe, paBHoe 14,8 B. Ope cocTaBnsieT B 06LEM
106.56 Br.

Bo3ayLuHble MOTOKM Ha ropsiueil ctopoHe VH paBHbl 119 M4 1 Ha X004HOM CTOpoHe Vc paBHbl 58 M3u.
MoTepwu Tenna yepes cTeHkM wkada QI. BT. BbIUMCASIOT No hopmyne

QL=fceS(7TA, - TA3)=- 9.9.
OnTUMasnbHyl0 MOLWHOCTb oxnaxaernusa Oc. BT. BbluncnaoT no popmyne
Oc =OH- 0L+ Opc=80-{-9.8)+ 13=102.9.

KanoprmeTpuyeckunii pacyeT MOLLHOCTM OXNaxAEeHNA NPOBOAAT No opmyne

=7Ch P-Cp(ra<i- A 2)="_1184 1005(43.4-38.1) =10168BrT.
B cooTBeTCcTBUM C chopmynoii (5) Tenno 0 D. BT. BbluMCAAT No chopmyse
Q0 =0Oc + QE+ Op h=102.9 + 106.57 + 26 = 234.16.

KanopumeTtpuyecknii pacyeT Ha ropsiueli CTOpoHe NpoBoAAT no hopmyne

<&*=Ll, P-Cp(TA4-TA3)="1.184 1005(55.9- 50)=23Z1Br.

MpoBepKy pe3ybTaToB NPOBOASAT C/eAyOLNM 06pa3om:

Q- ~Q-J'100% =i° " ill£ 1i 100% = 126% s 5%;
Q¢ 102.9

Q° - tolQD%=E i~ 2 100%= 1.44% , 5%.
Qd 2342

OnpegeneHne KO3 MULNEHTOB NPOU3BOANTENLHOCTY NMPOU3BOANTCS CNIEAYIOLWUM 06pa30oM:

COP 3anemeHTOB lMenbTbe fo/KeH OblTb U3BNEYEH U3 AeTanu3auny U3roToBieHns anemeHToB MenbTbe Npu 3agaH-
HbIX paﬁoqu ycnoBusax.

COPPE = u3 fetanmsauuu anemenTa MenbTbe.
COP TepMO3neKTpUYeCcKoin CUCTEMbI OX/TAXAEHNS BbIYNCAAIOT No hopmyne (12).

Rr - 1029 5 7.

COPs =/~- =—
106.56

O6wwuii COP BbluncnsAT no copmyne (13).

COP{HLW 102.9 =0.71.
QE+QF c+Qf h 106.56 + 13+ 26

DTOT pacyeT MOXET 6bITb CAENAH ANS KaxXAoh koMbuHauum Temnepatyp M1 , n TA 3 (Temnepartypa okpyxatoLiei
cpefbl), HECMOTPA Ha TO. Y4TO AONYCTUMa NMHEHAA UHTEPNONALUSA Mexy ToYKamMmu U3MepeHus.

[laHHbI hakT no3BonsieT gatb Tpebyemble onpegenerHmsa Qc. COPPE. COPs. COPAw,,N npu TemnepaType
7p 3 =35"C 1 BHYTpeHHel Temnepatype 77, =35"C n npu Temnepartypax 7~ 3=45"C n g , =45 "C gna Tepmoanek-
Tpuyecknx oxnaxgarmumx cuctem (MenbTbe) HapsAQy CO BCEMU APYTUMU TpebyeMbIMU XapakTepucTnkamm, TakuMu Kak Tok
1 HanpshkeHune, NpUMeHAeMbIMU K 3/ieMeHTaM MNenbTbe, BEHTUNATOPaM U CKaykaM [JaBfieHuns.

1n



FOCT P 56971—2016

OTCyTCTBME KOHAEHcaLMn BOASHbIX NapoB AO/MKHO 6biTb NPeAyCMOTPEHO ANS1 BCEX TOYEK COrnacHo pucyHky A.l.
OTO MOXHO Nerko nokasartb ¢ NoMouiblo h-x-guarpammbl Monnbe. Kak n306paxeHo Ha pucyHke A.1. O6a BMyCKHbIX Kna-
naHa B TEPMO3/IEKTPUYECKON CUCTEME OXNaXAeHUA nMetoT Temnepatypy 35 °C U OTHOCUTENbHYI0 BNaxXHOCTb 50 %. Xo-
NoAHbIA NOTOK Bo3ayxa oxnaxgaetcs fo 30 °C. TakuM 06pa3om, OTHOCUTE NbHASA BNAXHOCTb NOAHUMAETCS 4,0 BENNYUHbI
okono 65 %. KoHgeHcauun He npoucxoguT. Fopaumnii NoToK Bo3Ayxa HarpeeaeTcs A0 44 °C. oTHocMTeNIbHas BIaXHOCTb
yMeHbllaeTca go npuMmepHo 35 %. KoHageHcaumm CHoBa He NpouCXoAuT.

PucyHok A.1 — h-x — gnarpamma Monnbe Ans BAaXHOro Bo3gyxa

BHyTpeHHWIi NOTOK BO3Ayxa oxnaxgaeTcs oT Temnepatypbl [n , =35 "C go TA 2=30 "C. B TO BpeMS Kak BHELUHU
noToK Bo3fyxa HarpesaeTcs oT Temnepartypbl TA 3 =35 *C go lA 4 =43 “C. OTHOCUTE/IbHaA BIAXHOCTb BO3Jyxa COCTaBs-

nset 50 % Ans 060MX BO3AYLUHbIX NOTOKOB.

12
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A.2 MNpumeyaHna

A.2.1 Obume ceefeHus

B cooTBeTCcTBMM C KMOTCKMM NpOTOKOMOM 1 AvpekTBamn EBponeiickoro napnameHTa n EBponeiickoro coseTa He-
06Xx04MMO n3beratb UCMO/b30BAHNA OXNaAuTe el ¢ BbICOKO BEPOSTHOCTbIO 3arpsi3HEHUs OKpyxatolieli cpefbl U rno-
6anbHoro notennexHus (caktop MM, noTeHynan rno6anbHOro notenneHuns). Hanbonee nepcnekTMBHbIE anbTepHaTVB-
Hble BapuaHTbl 4715 KOMMpeccopa oxnaxaeHus, Hanpumep R134a. oxnaxgeHve komnpeccopa ¢ nomoubio C02. akTuBHoe
oxnaxfieHvne Ha ocHose apdpekTa lMenbTbe U a6COPOLMOHHON 0XNaaUTeNbHON cucTemsl. Kaxaoe N3 aTUX TeXHUYecKnx
CpeAcTB VMEeT CBOM MpeunmMyLecTBa U HefoCTaTKu.

OxnaxfeHne Komnpeccopa ¢ nomowbio CO02 B TekyweM coCTosasHUM 6onee unnm meHee 3HeKTUBHO, HO BbICO-
Kas CTOMMOCTb YCTaHOBKM 3a cyeT paboumx gasneHuii 4o 120 6ap genaloT 3Ty TEXHONOTUIO MEHee MHTepecHoi. Apyroi
HepgocTaTok oxnaxgatwuei cuctemsl ¢ C02 Bo3HMKaET M3-3a (PU3NYECKMX CBONCTB AAaHHOro oxnagutens u Tpebyet fo-
NOSTHUTENbHOM MOLLHOCTU A8 OXNAXAEHNS, YTOObl YNpaBnATh AaHHbIM MpoLeccoM. STOT haKT B 3HAUNTE/TbHON CTeneHn
yMeHbluaeT cTeneHb ahhekTUBHOCTU.

MpepctaBnseTtcs, 4to appekT MNenbTbe NepcnekTMBeH, Tak kKak adphekT OxNax4eHUss B BbICOKOW CTeNeHn 3aBuUcuT
0T CBOICTB MaTepuana. HefaBHO npolle line UCMbITaHUs MaTepnasibl Ha OCHOBE NOPUCTbIX MaTepuasoB Uan HaHOCTPYK-
TYp nokasblBaloT 3HAUYUTE/IbHOE Yy/yylleHne CTeneHn Npou3BoauTeNnbHOCTU. Kpome Toro, TexHonorun renbTtbe He Hyx-
faloTcs B N060ro pofa oxnagutensx, He MelT ABUXKYLUXCS YacTell, KpoMe BEHTUIATOPOB, a o6Llee NpoekTMpoBaHue
6710Kka OXNaxAeHusi BNOJIHE OCYLLeCTBUMO.

TexHnka abcopbLun SBNAETCA O4YeHb paLMOHa/IbHbIM NyTEM A/151 OXNTaXAeHNs, HO OHa peHTabenbHa B KOMGUHaL MK
C pereHepaTopom Tenna, KOTOpbIi AenaeT 3Ty CUCTEMY OXNaXAeHNSA BbINOSHUMOW NN b B O4YEHb HEMHOTUX CAy4asX.

A.2.2 OppekT MenbTbe

MpuHumnel acpdekTa MenbTbe NpefcTaBieHbl Ha pucyHke A.2.

PucyHok A.2 — MpuHuunbl addekta MenbTbe

TepMO3NeKTPUUECKOE OXNTaXAEHNE UCNONb3yeT apdekT MenbTbe, UTO6LI co3AaTb TEMMOBOK NOTOK MEXAy Coeau-
HEHWUSIMK IBYX Pa3/nyHbiX TUNOB MaTepuanos. Oxnagutens MNenbTbe, HarpeBaTeNb UM TEPMOINEKTPUYECKMNIi TenIoBoi
Hacoc — 3T0 NOYNPOBOAHMKOBbLIA TENMOBOI HACOC B aKTVUBHOM COCTOSIHUM, KOTOPbIA NEPEHOCUT TEMJIO C O4HOI CTOPOHbI
npuéopa Ha Apyryto CTOPOHY Npu rpagueHTe TemnepaTyp (OT X0/I04HOTMO K ropsiueMy), NOTPebsist aNeKTpUuUeckyto aHep-
rmio. Takoe YCTPOWCTBO Takke Ha3blBAETCS 3/1IEMEHTOM MenbTbe, AnoA0M MenbTbe, TENMOBLIM HACOCOM MenbTbe, pedpu-
XEepaTopom B TBepAOM aKTUBHOM COCTOSIHAM MU TEPMO3IEKTpMUYeckuM oxnaautenem (T0). MpocToe nogcoesuHeHne
€ro K HanpsKeHWto NOCTOSAHHOIO ToKa NPUBEAET K TOMY, YTO OAHA CTOpPOHAa 6yAeT oxNaxAaTbCs, a Apyras CTopoHa —
HarpesaTbcs. APMEKTUBHOCTL HACOCA NPK YAANEHUN Tensa ¢ XON04HON CTOPOHbI MOMHOCTLI0 3aBUCUT OT KOSIMYECTBA
MoCTynatoLLero Toka u 0T TOro, HACKO/IbKO MOJIHO GYAEeT OTBEAEHO TEMNJI0 C ropsiueil CTOPOHbI.

B HacTosilLee BpeMsi HanGoee pacnpocTpaHeHHbLIMM MaTeEpUaiamm, UCMNob3yeMbiMU B 351eMeHTax MNensTbe, SBNsioT-
cs Tennypug, BucmyTa (B»2T€8) 1 KpeMHwii-repmannii. Tenaypug BucMyTa, NosynpoBOAHUK /1-TUNA. ABAsieTcs 3PEeKTUBHbIM
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TEepPMO3/IeKTPUYECKNM MaTepuasioMm 3a cyeT BbICOKOro KoapduuymeHTa 3eebBka a (HanpskeHne Ha efuHNLY pasHOCTH
Temnepatyp) — 287 mMkBIC.

Ero TepmoanekTpuyeckas sHeprua Takke coyeTaeTcs C BbICOKOM 3/1€KTPONpoBOAHOCTbI0 1.1 ¢ 105 CM/M 1 o4yeHb
HW3KOI TennonpoBoAHOCTbI0 1.20 BT/(M ¢ 'C), aHaNOrMuyHO € 06bIYHbIM CTEK/IOM. [N OLeHkn matepnanos 6bin BBeAeH
TEPMUH NTepmoanekTpuyeckas apheKkTUBHOCTb» (CM. PUCYHOK A.3), KOTOPbI NpefcTaBnsieT coboli OTHOWEHNE MeXay
3/1EKTPONPOBOAHOCTLIO @ U TEMN/IONPOBOLHOCTbLIO A.

ZT="K. (A1)

MaeanbHbiil npouecc (KapHo) PeanbHbii npouecc (KapHo)

PucyHok A.4 — BnusiHue TepmoanekTpuyeckoli apdektuBHocT ZT
Ha KO3 (PULMEHT NONE3HOTO AecTBMA 3emeHTa MNenbTbe

14
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O6bearHeHne ABYX YpaBHEHUI NPUBOAUT K ciefytoLleil choopmyne:

bez2.-2k
Ut ' (A-2)

TY“T* 7 +Z : +r2.+l

PucyHok A.4 nokasbiBaeT 3HAYMMOCTb TepMO3nekTpuueckoir adpcekTuBHoCcTM (ZT) ana anemeHTa MenbTbe. Kak
6b110 YNOMSAHYTO Bblle, CEroAHSA uccnefoBartesibckas 4esaTe/lbHOCTb Hanpas/ieHa Ha NOVCK HOBbIX MaTepnasnos 415 yBe-
nnyeHns s YeKTUBHOCTL.

AdpekTnBHAA OXNaxjanLLan cnocobHOCTb asiemeHTa lNenbTbe onmcaHa Takke ¢ NOMOLbIO creayiouiein hopmy-
Nbl. NPeACTaB/IeHHON Ha pucyHke A.5:

Pc ' "Pc
@rc *1TCH2Ry, o

PucyHok A.5 — lpaHunupbl pa3genoB TepMOANHAMUYECKON YCTaHOBKU
anemeHTa lMenbTbe

Oxnaxgatouias cnoco6HOCTb OAHOro aneMeHTa MenbTbe OcPe 3aBUCUT OT pas/iMyHbIX hakTopoB. YneH hopmysbl
a -1- Tc — 310 MakcumanbHas oxnaxaatLias cnoco6HOCTb, OCHOBaHHas Ha adhdekTe MNenbTbe, B TO BpeMs Kak 1 — 310
koahpuuneHT 3eebeka.

1 A -A
UneH chopmynbl E/Z-Flpo npeacTaBnseT coboi AXOyneBo Tenso, YneH hopmysbl Pan (Tdh-T*c) — aTo
X

TennonpoBOAHOCTb MeXAy ropsiyeit N XoN04HON CTOpoHamu Yepes anemMeHT MNenbTbe.

A.2.3 TepMOasieKTpuyeckme CUCTEMbI OXNaxaeHus

TepmoanekTpuyeckas cuctema oxnaxgeHus nepeHocut Tenno Oc oT ogHoro paboyero BelecTsa K Apyromy, npu
3TOM flaHHble paboune BellecTBa MOryT 6biTb ra3006pasHbIMK UK XUAgkMU. [Ins nydlei Tennonepegayn pagmatopsl
CoefIMHeHbI C Kax /ol CTOPOHbI C 3neMeHToM MenbTbe. MaTepuan, UCNosb3yeMblil 415 COeAUHEHWNS, Ha3biBaeTCA TePMO-
MHTephelicHbIM croem.

Kak nokasaHo Ha pucyHke A.6, cpefa 2 npu Temnepartype T7 NpoXoAuT Yepes paanaTtop TepMO3NeKTPUYeCcKoi cu-
cTembl oxnaxgeHus (MenbTbe), KOTOPbIA UMeeT Temnepatypy I'B 1 oxnaxgaeTcs ¢ MOMOLLbIO KOHBeKLMKU. Tenno nepegja-
eTcs yepes pagmnartop o 3aKoHy NpoBOAMMOCTU NPU JaHHOM rpajneHTe TemnepaTtypbl mexay Fewun T5. 3atem noTok Tenna
NPOXOANT Yepe3 TePMONHTEP(ENCHbIV CNOW 3a cYeT ABMEHUSA MPOBOAUMOCTN. SnemMeHT MenbTbe oTBeYaeT 3a OCHOBHOMN
TemnepaTypHbIil rpagneHT.
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Ha ropsueii cTopoHe anemeHTa MenbTbe NOTOK TENMA NPOXOAUT Yepe3 TepMouHTepdeiicHbIli cnoii n pagvatop 3a
cyeT AB/IEHNS NPOBOAUMOCTU. U B pe3yfbTaTe Tenso OTBOAUTCA pabounM BeLecTBOM | Ha ropsiyeil CTOpoHe nyTeM KOH-
BeKUMM (CM. pUCYHOK A.6).

[opsiyasn cTopoHa XonopgHasa cTopoHa
‘0 £ & Qc
. . 1 . .
> 1 1 1 1 .
T ” T3 ™H TaK s 76 T7
[opsayas ctopoHe N ~1 r XonogHas CTopoHa

PucyHok A.6 — TennoBoe cONPOTUBNEHNE TEPMOI/IEKTPNYECKO
CUCTEMbI OX/TXKAEHUS

MosiHOe TensoBoe CONPOTUB/IEHNE, KOTOPOE YMEHbLLAET 06U NOTOK TeN/a, ecTb CyMMa KaxzZoro ConpoTUB/IEHNS
N060ro 0NUCLIBAEMOTO NPOLECcca CornacHo pUcyHky A.7.

x =n ° CBL f?5=thc~)C'I‘*K°C/Bt;

R2=b ~.° CIBT; r6= "~ 1°%/Bt

\>6utoa =1 * | - (A-3)
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Temneparypa.

PucyHok A.7 — O6bluHas TemnepaTypHas KpvBasi TEpMO3/1eKTpuYeckoi
CUCTEMbI OXNTaXAeHNA

[nsa oueHkn athHeKTMBHOCTN TEPMOINEKTPUYECKON crcTeMbl oxnaxaeHus ncnonbyetca COP.
COP = (A.4)
Oe

OH npeAcTaBnseT co6oii OTHOLWEHNE MexXAy ONTUMasibHOW oxnaxgatoleii cnocoGHOCTLI0 U MOMHON anekTpuye-
CKOI1 aHeprvein, NpYMeHsIeMoit K TEPMO3IEKTPUYECKO CUCTEME OXNTAXAEHNS.
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A.2.4 Tennosoe cONpoTUB/IEHNE

A.2.4.1 ConpoTuBNeHne MeXAy XUAKOCTbIO U pajnaTopom

Tennonepegava OT XUAKOCTM K pagumatopy — 3TO B OCHOBHOM (DYHKLMSA CKOPOCTU W KOH(Urypauus paguaropa
N MOXET BblpaxaTbCsa Kak KoadhuumeHT obpaTHoli Tennonepegaun a, BT/(M2 « *C). OnTumusaums TensoBoro conpo-
TUB/MIEHNA Takxe BIMsieT Ha paboTy BEHTUNSATOpa U NOTpebnieHne VM 3Hepruun, Ha LYMOBOE U3/lyYyeHue W NOsTyYeHHbIi
CKa4yok faBfeHns B pagnatope. YMeHblUeHNe Tens0BOro CONpoTUBEHUS MeXAy pafnmaTtopoM U1 XUAKOCTbI0, 0COGEHHO
BO3/YLUHOTO NOTOKA, AB/AETCA CyLWeCTBEHHbIM /15 3 (PeKTUBHOK paboTbl TEPMOITEKTPUYECKON CUCTEMbI OXNAXKAEHUSA
(cm. pucyHok A.8).

PucyHok A.8 — lMpumep TENIOBOro CONPOTUBIEHUS MEXAY BO34YXOM U pagnaTopom
KaK (OyHKLMSi CKOPOCTU BO3AYLUHOTO MOTOKA

A.2.4.2 ConpoTuBneHne pagunaropa

Tennosoe cONpoTMBAEHME pagnaTopa 3aBMCUT OT KOHurypauum paguaropa v maTepvana, U3 KOTOpOro OH U3ro-
ToB/EH. C NOMOLLb0 TEKyLEro NporpaMMHOro obecneyeHns 419 MOAEMPOBAHUS MOXHO NPOrHO3WpoBaTh pacnpegene-
Hue Temneparypbl ¥ TEMI0BbIX CONPOTMB/IEHNIA NPYU 3a4aHHbIX TENI0BbIX MOTOKaX U FPaHNYHbIX yCoBusAX. Ha pucyHke A.9
npuBefieHbl HeKOTopble NPYMepbl CTaHA4apTHOrO paguatopa A5 PasINyHbIX TPaHNYHbIX YCO0BUA.

Cnepytolme ycnoBus xapakTepusyoT XOpoLnil Ten100TBOA;

Bonbluias NoBepxHOCTb paguaTopa. /IMEHHO Ha MOBEPXHOCTM pajuatopa UMeeT MecTo TensnooTtgada. CnepoBa-
TeNIbHO. pajnaTtop A0/KeH 6biTb CKOHCTPYNPOBAH Tak, YUTOObl MMEeTb 60/bLUYI0 NOBEPXHOCTb: 3Ta Liesb MOXeT 6blThb A0-
CTUTHYTa MPU UCMNOMb30BaHUM GONbLLIOTO KOMMYEeCTBa MENKUX OXNaxAalolwmx pe6Gep unu nyTeM yBennyeHus pasmepa
camoro paguaropa.

Xopoluas aspoguHamuka. PaguaTop Ao/mKeH GbiTb CKOHCTPYMPOBAH Takum o6pa3omM, 4To6bl BO3AyX MOT fIerko u
6bICTPO NPOXOANTL Yepes paanaTop n goctTuraTb Bcex pebep oxnaxaeHns. OcobeHHo pagmatopbl, UMetoL e o4eHb 60/b-
LIOE KOJIMYECTBO MeSKUX pe6ep, C ManbiMU PacCTOAHUSIMU MeXAY pebpamu He MoryT 06ecneymnTb XOpoLLniA NOTOK BO3AY-
xa. flonxeH 6biTb HalijieH KoMnpomuce Mexay 60bluoii naowagbo (MHOro pe6ep ¢ He6oNbWMMU NPOMEXYTKaMN Mexay
HUMW) 1 XOPOLIVMMN a3poANHAMUNYECKAMU CBOCTBaMMU.

Xopolwwnii Tennoo6meH B paguatope. bonblwne oxnaxgatwume peépa 6eccmbICNeHHbI, €C/IM TENNO He MOXET f0ii-
TN [0 HUX. MO3TOMY paanaTop JO/IKeH GblTb CKOHCTPYMPOBAH Tak, YTOGbI MPefyCMOTPETb XOPOLLU TeN006MeH Mexay
UCTOYHWKOM Tenna u pebpamun. bonee ToncTble pe6pa MMEKT Nyyllyld TepMUYecKyld NPOBOAMMOCTb; MO3TOMY ONATb
[OJDKEH 6bITb HalijeH KoMnpomuce Mexay 60nbLIol naowagbio (MHOro TOHKMX pebep) n xopoluei TennooTtaaveli (bonee
TONcTble pebpa).
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AGCONTHAS POBHOCTb KOHTAKTHOW MOBEPXHOCTW. YacTb pagmaTopa, KoTopas KOHTaKTUpYeT C UCTOYHWUKOM Tenna,
[lo1XHa 6bITb @GCONMOTHO POBHOI. POBHAsA KOHTaKTHas NOBEPXHOCTb MO3BO/SIET UCNOMb30BaTb Gonee TOHKWIA cnoii Tep-
mMonacTbl. KOTopasi yMeHbLUAET TEN/0BOE CONPOTUB/EHNE MeXAy pafnaTtopom U UCTOYHUKOM Tenna.

PucyHok A.9 — PacnpegeneHue Temnepatypbl 06Lero TensooTBoAa npy 3afaHHbIX FPaHUYHbIX YCTOBUSIX

A.2.4.3 ConpoTuBneHne TepmouHTepdeiicHoro cnos (cM. pucyHok A.10)

MoBepXHOCTb pagnaTopa HUKOrAa He GblBAET MOMHOCTLIO POBHOW: €CNU paauaTop nomellaeTcs HeNocpeacTBEHHO
Ha anemeHT MenbTbe, 6yAYyT KpOLEYHble (HEBUANMbIE) MPOMEXYTKM MeXAY ABYMS Npubopamu. Tak kak BO34yX Naoxo npo-
BOAMT TENO, 3TV NPOMEXYTKM OKa3blBAKT HeraTuBHbI adphekT Ha TennooThauy. Takum o6pa3oM, MHTepdeiicHbIli cnoii ¢
BbICOKOIi TEpMUYECKO/i NPOBOANMOCTbLIO HEO6X0AUM NS TOrO, YTOGbI 3aMOMHUTL 3TV 3a30Pbl U TaKUM 06pPa3oM Y/yuLInNTb
TENMONPOBOAHOCTb MEXAY 3/1EMEHTOM MenbTbe ¥ paAnaTopomM.

Bo3gyLwHbIii 3a30p

----- - NMPOBOAMMOCTb Yepe3 BO3AYLUHbIN 3a30p
PucyHok A.10 — padhmnueckoe n3o6paxeHunio 3HauYeHns cnos TepmouHTepdgeiica (T1M)

Camolii pacnpocTpaHeHHoI aBnseTcs Tepmonacta 6e10ro useTta, 06bIYHO CUIMKOHOBAA CMa3ska, 3ano/IHeHHas OkK-
CMAOM antOMUHUA, OKCUAOM LiMHKa UM HUTpuAoM 6opa. HekoTopble copTa €108 TepMouHTepdeiica NCnonb3yoT TOHKO-
n3Mesib4eHHOE WK NbliieBngHOe cepebpo.

[pyrue Tunbl TepMcuHTepeicHbIX MaTepnanos — 3T0 Matepuasnbl ¢ o6paTuMbiMu hazamu. OHW TBepble npu
KOMHaTHOI TemnepaTtype 1 xugakue (BefyT ceba kak cmaska) npu paboueit Temnepartype. C HAMU f1erko paboTarb, 1 OHW
He co3gatoT 6ecnopagok.

Kak nokasaHo Ha pucyHke A.10. cnoil TepmonHTepdelica o4eHb BaXeH. MOHTaX paAnaTtopoB Ha yCTpoicTBO Menb-
Tbe SIB/IAETCS BaXHbIM LWAroMm n TpebyeT MHOro onbiTa.
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A.2.4.4 TennoBoe cONpoOTUBNEHNE 3fieMeHTa lNMenbTbe
3nemeHT lMenbTbe HarHeTaeT TEM/0 C XO/I04HON CTOPOHbI Ha ropsYylo CTOPOHY. Ha ocHOBe rpajueHTa Temneparty-
pbl MeXJy ropsyein n xon0gHol CTopoHamun obpasyeTcs obpaTHbI MOTOK Tenna yepes anieMeHT MNenbTbe.

Tennosas NPOBOANMOCTL MeXay ropﬂqeﬁ n XOI'IO,CI,HOVI CTOpPOHaMU YepeB 3/1EMEHT MenbTbe MoXeT 6bITb ONMcaHa c no-

T <Aoo
Molblo —2 o |T41- Tc) [cm. hopmyny (A.3)], oHa cHMKaeT ahheKTUBHYIO MOLLHOCTb OX/1axX4eHns aneMmeHTa MNenbTbe.
X

[laHHOB TensioBoe conpoTuBfeHNe SBNSeTCA (OyHKUMed KOHCTAHT maTepuana U OTHOCUTCA K YNOMSAHYTOW Bbille
TepmoanekTpuyeckoi apdpekTnsHocTn ZT.

[na 6onee getanbLHOro pacCMOTPEHUA AAHHOM, B BbICLLEl CTENEHU CNOXHOI TeMbl CM. cTaTblo JloHa 3. Benna B
XypHane «Hayka», T. 321. c. 1457-1461. o3arnaBneHHy «OxnaxaeHue, oTonaeHne, BoipabarbiBaHNe 31E€KTPO3IHEPTUn
1 pereHepauns U3NLWKOB Temnia ¢ MNOMOLLbI0 TEPMO3IEKTPUYECKUX CUCTEM.

A.2.5 Ycnosua akcnnyartaumm

KoHTponmpoBaTb TEPMO31EKTPUYECKME CUCTEMbI OX1AXAEHUSA O4YEeHb TPYAHO. ONTUMN3NPOBAHHbIE TEPMO3NEKTPU-
Yyeckme CUCTeMbl OX/TaXAEeHNA A0MKHbI paboTaTk 3th(PeKTUBHO 3a CUET YCTaHOBKM HaNpshKeHWs, NPUMEHAEMOro K 3/1eMeH-
Tam MenbTbe, W WMPOKOro AnanasoHa MOLHOCTEl BEHTUNATOPOB. D ekTUBHAS oxnaxgatlias cnoco6HOCTb TepMOo-
3/1eKTPUYECKON CUCTEMbI OXNAXAEHUS — 3TO (PYHKLMA TemnepaTypbl OKpyxalLliel cpedbl v TemnepaTypbl BHyTPEHHe
NOBEPXHOCTH, Kak noxa3aHo Ha pucyHke A. 11

O603HaYeHuns:

B - Ka/lopumMmeTpuyeckme namMepeHus.
¢ - TepMmogunHamMmnyeckne namepeHuns

PucyHok A. 11 — 3aBucmumocTb adhhekTUBHOM oxnaxgatoweli cnoco6HocTn Oc oT pasHocTn Temnepatyp A I
Mexay Temnepartypoli Bo3fyxa BHYTpW koprnyca n TemnepaTypoii okpyxatoLei cpepl

3aBncumocTb adhhekTUBHOW oxnaxpatleil cnocobHOCTN NPUBOAUT K UCMOMNb30BAHWUIO PEryimpyemoit LupKyns-
uMn. rae B KauyecTBe mapameTpa MHTEHCMBHOCTW BXOASALLEro MOTOKa MCNosb3yeTcs TemnepaTtypa OKpyXatwLlieid cpegpl,
B KauyecTBe KOHTPO/IbHOW NepemMeHHOn — HanpsXeHue Ha anemeHTax lenbTbe M HanNpsXKeHue Ha BeHTUAsTOpax, a B
KayecTBe Le/fieBoro napameTrpa — TeMnepaTypa BHYTPEHHER MOBEpPXHOCTH, YTO obecneunBaeT LeneByto PYHKLNIO ONTH-
Mu3aummn koaduureHTa nonesHoro gelicteus (COP).

[ns peannsaymm 3KOHOMWUYHON perynnpyemMoinn LUpKyasunm Bce 3aBUCUMOCTM MeXAy AaHHbIMU napamMeTpamMu npu
3a/laHHbIX YCNOBUAX AO/KHbI OblTb 3BECTHbI. DTO He TPUBUAbHbIA BONPOC 1 TpebyeT 60/bLIOrO OnbiTa NOCTaB/AEHHO
3ajauun.
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MpunoxeHue JA
(cnpaBoyHoeE)

CBefileHNst 0 COOTBETCTBUM CCbIIOYHOTO MEXAYHAapoAHOro ctaHgapra
HaUWOHaNbHOMY CTaH4apTy

Ta6nunuya [OA1

O603HaueHNe CCbINOYHOW CTeneHb O603HayYeHNe U HaUMeHOBaHue
MeX/yHapoAHOro cTaHaapla COO0TBETCTBUSA COOTBETCTBYIOW €TI0 HALMOHANLHOTO CTaHAapTa
IEC 62194:2005 — .

* COOTBETCTBYIOLMIA HALMOHA/bHBIV CTaHAAPT OTCYTCTBYET.
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M3K/TC 62610-1

22

Buénnorpadgunsa

IEC/TS 62610-1: Mechanical structures for electronic equipment — Thermal management for cab-
inets in accordance with IEC 60297 and IEC 60917 — Part 1: Design guide: Interface dimensions
and provisions for electrical thermoelectrical cooling systems (Peltier effect) (MexaHn4yeckne KoH-
CTPYKUUM ANSi 3/1EeKTPOHHOrO 060pYyA0BaHUs. YNpaB/ieHne TeMnepaTypHbIMU pexumMamu wkadgos B
cooTBeTCTBUM C TpeboBaHUsIMM cepuii MK 60297 n M3K 60917. YacTb 1. PyKoBOACTBO MO NPOEKTU-
poBaHuio: pa3mepbl UHTepdeiica n obecnevyeHne TePMOINEKTPUYECKUMU CUCTEMAMMN OXTaXAEHNSA)
(anekTpoTepmuyecknii ach ekt NenbTbe)
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YK 621.396:69:006.354 OKC 31.240 OKI 348420 202 OT

Kntouesble cnoBa: KOHCTPYKUUM Hecylme 6a30Bble, CPeACTBa Paano3/1eKTPOHHbIe, Wwkadbl, cepun MK 60917
n M3K 60297, ynpaBneHue TemnepaTtypHbIM PeXXMMOM, METO/, OLEHKA TEPMOIIEKTPUYECKNX CUCTEM OXJ/1aX-
deHuns. adpdekT MNenbTbe, PYKOBOACTBO MO MPOEKTUPOBAHMIO
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