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POCCUNCKOE TEMNJIOOBMEHHOE OBOPYAAOBAHME




«DOPCE/1» — 370 3KOHOMMUHOE, HEAOPOTOe, 3dPEKTUBHOE
TennoobmeHHoe 0BOPYAOBAHME. DTO HA3BAHME CMMBOSU3MPYET
BbICOKOKQUECTBEHHBIE M TOUHBIE TEXHOSIOTMM HOBOTO MOKOMEHMS.



Mcnonb3osaHne COBPEMEHHBIX CUCTEM
KOMMBIOTEPHOrO MPOEKTUPOBAHMS,
TECHOE COTPYAHWMYECTBO C

BEAYLLMMM MCCNEefOoBATENbCKMMM
MHCTUTYTOMM, BbICOKOS KBANMMPUKALMA
CNeLManmUCTOB SBNSIOTCS OCHOBOM A1t
PEeanu3aLmMmM NPOrPaMMBI PACLUMPEHHS
HOMEHK/IOTYPHOTO PAAA BbIMYCKOAEMOM
NPOAYKUMM U CO3AAHMS YHUKASIBHOTO
0B0OpPYAOBAHMS, YAOBIETBOPSIOLLErO
Lensm nodoro npoekTa.

TennooBMEHHUKM HOBOFO MOKONEHMS
OOPCEN KOHCTPYKLIMOHHO
NPUHOANEXAT K KACCY TeNMKOMAHbIX
TENNOOOMEHHbIX ANNAPATOB

n MOFYT 6bITb I'Ipl/IMeHeHbI B
TEnJo3HePreTmke, MULLLEBOM, HEedTSHOM,

XMMUYECKOM, METOSTYPrUUECKOH,
neconepepadaTkiBaOLLEN U1
MOLUMHOCTPOMUTENBHOM OTPACIISIX
MPOMBILLNIEHHOCTH.

Ha ceropmsiwnmin ners annapatel
OOPCE obnanaioT oaHmm us
cambix Bbicokmx K[ tennoobmena
Cpeamn BCeX TUMOB TENOOOMEHHUKOB
o6bLLero 1 CneunasIM3MpOBaHHOTO
HO3HOYEHWUM 1 Camomn 3PPEeKTUBHOM
30MEHOM MINACTUHYATBIX U CTPYMHBIX
TennooOMEHHMKOB BCEX BMOOB

M MOAMPUKALIMM, KIOCCUUYECKMX
Bop,onop,orpeBOTenelh "
KOXYXOTPY6HbIX QNMapaToB, O TOKXKE
CMNbGOHHBIX TENTOOOMEHHUKOB
MPEenbIAYLLMX NMOKONEHUA.



TpyGHbie Aockm
M3rOTCBIMBAIOTCS KOMMO3UTHbIM
Crnocobom, U UMEIOT B CBOEM
OCHOBE TPYBHYIO peLueTKy u3
CynepayCTEHWUTHOM CTAMM 1
MOMMMEPHBI HOMONHWTENb HO
OCHOBE BbICOKOTEMMEPATYPHOTO

CUIMKOHA, HOOEXHO
obecrneumBaioLLmA
repMeTM3aUmMio TpyboK, a Tak
>KE BbIMONHSOLLMA PYHKLMIO
AEMNOUPOBAHKS MEXAHUHECKMX
KOnedaHWUM BOSHUKAIOLLIMX B
TPYOKOX MpK MPOXOXKAEHWM
UEpes HyX NOTOKA.
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CrmpaneobpazHeiit
(renmkomnHsIn) npodmns
TENI0OOMEHHbIX TPYOOK
MOBBILLOET TYpOymM3aLyio
MOTOKA M YMEHbLLIGET
NOTPAHUYHBIA CIIOM
JIAMUHOPHOTO TEUEHMS, UTO
CrocoOOCTBYET CyLLECTBEHHOMY
yBENMUEHMIO KODDULIMEHT
TeNnonepesayn, a TaKxe
oBycnoBnMBaeT «3pPpexT
CAMOOUNCTKM».

PaccrosHne mexay TpyBramm
B TPYOHOM nyuKe BbIOMpaeTCs
MOKCHMMOTEHO 3OOEKTHBHBIM
LS UHTEHCUDUKALMKM NOTOKA
M YBESIMUYEHUS KOHBEKTUBHOTO
TENNONepeHoca, NOAAEP>KaHMIO
CKOPOCTHOTO PEXXMMA CPEf,

M DOCTUXKEHUIO DOonbLLEN
KOMMCKTHOCTK annopaTos. [ns
CoBMOAEHNsT KOPPEKTHOTO
MEXTPYOHOrO pacCcTosHWs B
annaparax “Qopcen” svecto
KECTKMX Hel'lpOHlALlCleMle
NeperopoaoK MCMOmb3yIoTCs
TMOKME [WCTOHUMOHEPSI, YTO
CYLLIECTBEHHO CKO3bIBOETCS HA
CHVDKEHMM MAPOBNYECKOTrO
COMPOTHBNEHMS B MEXXTPYOHOM
NPOCTPAHCTBE.

[ns TennoobmeHHMKOB, B
KOTOpbIX OfHOM M3 PABOUMX
cpea SBNAETCS Nop W ras,
MCMOMb3YETCA APYras CTereHs
pasbueHms TpyOHOro nyuKa,
[ONOSHUTENbHBIN KOMMO3MUTHbBIN
Cnovt ANs 30LLMTLI pr6Ho;71
peLueTku u nop00T6oP|Hbu?1 LT
ANS 30ALWUTBl TPYOHOTO My4Ka ot
BO3[EMCTBMS OCTPOro Mapa.



Kopnyc npeacrasnser cobon
CMMPANbHOLLIOBHYIO TPYOY,
KOTOPQS U3rOTCBMBAETCS NyTem
CBOPKM METQM/IMUYECKOM MOMOChI,
cBepHyToi no cnuparu. Mo
CPOBHEHMIO CO CTOHAOPTHBIM
MPOKATHbIM CrIOCOBOM
M3rOTOBNEHMS, NOAOCOHbIN
MoAXOA, MO3BONSET YMEHbLLMTL
BEC KOpMyca B TpW-ueTbipe
pasa, npu 3Tom obecrneqnsast
CyLLLeCTBEHHO Dornee BbICOKME
XOPOKTEPUCTHKM GE30MaCHOCTH,
UEeM Y MPAMOLLIOBHBIX TPYO.

[pu koHAeHcaLmM

napa B MEXTPYGHOM
MPOCTPAHCTBE MPOSBASIOTCA
HEKOHAEHCVpYEeMble MpK
ACHHOM TemnepaType

rasbl. VIx Hammuve Beget K
ODPO30BAHMIO TAK HO3bIBOBMBIX
«BO3YLLHbIX npo60|<»,
no3TOMy BCE aNnapaT
CDopcen, npeaHasHaYeHHbIe
ons PC]6OTbI C MOpoM,
OCHOLLICIOTCS OTBOAUMKOAMM
HEKOHAEHCHPYEMbIX ra30B.

HanexxHas cuctema
FEPMETHUHBIX YrNOTHEHA
obecre-uMBOET MOKCUMOTbHYIO
M3ORSLMIO Cpef [pYr OT Apyral.
TpyBHut nyyok B kopnyce
POCTONAraeTcst NoABMKHO

W NErko M3BNeKaeTcs Ans
BBIMOMHEHMA MPOGUICKTUUECKMX
M pemoHTHeIX pabot. braronaps
MPUHLMNY CKOMb3siLLLEN
drkcaum pr6HbIX [OCOK B
Kopryce, TPYBKM 3aLLMLLIEHb!
OT BO3AEMCTBMS MOTEHLMASBHBIX
TMAPOYAAPOB B CUCTEME.




TEXHUYECKUE XAPAKTEPUCTUKMHN

Marepuan kopnyca /
reNMKOMAHbIX TPYGOK

TennoobmerHbie TpyGKM
Marepuan ynnotrmrenen
TemnepatypHoe McronHeHue

Pabouee nasnexHne B kopnyce

Makcmmansroe pabovee
noBneHWe B pr6Kox

[nmra annaparos

@ kopnycos annoparos
MutimansHeit pacxon cpeal
PacueTHbin Cpok ciiyObi
[aparmis

Cnocob ycTaHoskm

[Mp1coeamHermsa
K Tpybonposoay

Cpenrmi KoapduumeHt
Tennonepeaatn

[eixerne cpen

Aycrermthbie cram 08XI8HI0, 12X18HI0T,
08X17H13M3, 6XH28MLT, Hastelloy (B, C, D), turan

@ 8 (10-20) mm

EPDM, yanentsin EPDM, cinmkon, rpadut
150 / 250 / 400 °C

10 - 40 6ap

100 6ap

6 m

15 - 800 mm
0,2 m3

25 nert

2 ropa

I’OpMBOHTOJ‘IbeIIZ / BepTMKGJ‘IbeII;i / npoqwe I'lpOCTpC]HCTBeHHbIe peLLIeHMﬂ

¢dnaruesoe (TOCT, DIN) /
MPMBOpHBIE NOTPYGKM / pessboBoe

8000 Br/M?K

NPOTUBOTOYHOE / CMeLLaHHOe

CMUCOK TEMNJIOHOCUTEJIEA

XO3SIMCTBEHHO-MMTLEBAS BOAC

HocbieHHsin /cyxomn/
BIICOKHBIA / MeperpeTsii nap

BoaHo-LiienouHsie pacteopel
LLenok cynbpuTHbIvt
[MpomykTsl croparms

Pacteop kayctuueckon combl
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TennodukaumoHHas Boaa Mopckas sona

Buinal Pacteope! kucior
P (H2504, HCL nra) a0 95%
Pactsopel aTunen-,

[azoxmaKocTHble cmecu
nponunenrikons (no 65%) CEDGIEGITS @4E8

XnoparexTsl

(¢bpeor, ammak) Hedts 1 HedTenpomykTel

Yrnesonoposs! (ankaHbi) MurepansHoe macno

Kuakre nmwessie MPOAYKTbI

[MpuponHsit ras
(mHo, monoko, cycno u T.4.)

Konpercar

Pacsopsi coreit

(NaCL, CaCL2)

Okocon

Bosayx

Tparchopmaroporoe macno

BerauH, gmserns, KepOCHH

* B crmcke YKO3QHbI Havbonee PAcCnpPOCTpPaHEHHbIE CPEAbl, HO KOTOPbIX NMPUMEHAIOTCS annapaTs! CDopcen.
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[ns HarnspHom nemoHcTpaLmm
MPEeMMYLLIECTB TENOOOMEHHbIX GNMOPATOB
Popcen mosxHO oBpaTMTLCS K TABMLE,
OTPOXKAIOLLIEN PA3IMYHbIE MOTPEOUTENBCKME
XOPAKTEPUCTUKM PA3IIMYHBIX GNMOPATOB

MPY BbIMOSHEHUM OAHOM M TOM Ke
TENNOPUKALIMOHHON 30404M.

Ycnoeue 3anaum Obino CnepyloLLym:
HarpeTb 20 TomH Bogel ¢ 15 go 70 °C
ropsuen cetesoi sooin 150 °C, Ha eeixone
nmeloLLen Temneparypy 8 40°C.

CPABHEHME
TEMJNMTOOBMEHHUKOB

POPCEJT C TPAOMUMOHHBIMM
ATMAPATAMU

HarHble roopsT camu 3a cebs: npu
QBCOSIOTHO OfHOKOBOM PE3YNbTATE,
annapars (Dopcen asnsoTca bonee
KOMMOKTHbIM, YAODHbBIM, 3KOHOMUUHBIM,
3¢PEKTUBHBIM peLeHrem 3a4a4 NogobHoro
ina. [pu 1CNONb3OBAHMM HOCBILLIEHHOTO 1
NEPErpeToro napa B KOYECTBE rPEOLLIEro
TENNOHOCUTENS 3TA PA3HULA CTOHOBUTCS
elle 6onee BNeYaTNSIOLLLEN.




O Mnacrunuarsin Annapartsi TMRa OpnuHOYHbIN
i annapar BBI, B c6opke annapar tuna BBIN

0,126 *
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Kopnyc 1 Tpy6ku nsroTosmneHsi 13
QYCTEHUTHOM CTanM (CM. TexonmcaHme)

0,3 (mo cneusakasy - go 1,0)

25/40/80

150 / 250 / 400

1 pas 8 2-3 cesora

1% v meree ot cToMmMOCTM annapaTa

30-35% crommoc annapara

2 ropa

0,212

123

Mnactumsl - AISI 316

rlOHeI'IVI - yI'J'IePO,ELl/ICTOﬂ CTane

0,5-0,6

2,0

200

1-2 3a cesoH

ao 30% ot
CTOMMOCTH aNNapaTa

no 75% ot crommocTy
annapara **

1-1,5 ropa

* He TPe6yeT noaroToBNIEHHOro I'IPOCTPOHCTBO ANA YCTAHOBKK M MOXKET ABNATLCA YACTbIO TPY6HOI;1 CUCTEMBI

** B 30BUCMMOCTM OT CTENeHM I'IOBpe)KEleHMﬂ nnacTmH

*** B pOHHOM CpaBHEHMM. TPyOKM M3 Hepskaserowen ctamm ysenmumeaioT ueHy Ha 20-30%

7 cexumn 1 cekupst
53 4,01
1453 1003

Kopnyc - yrnepoancras crans,
Tpy6kum - naryHs***

150

1-2 pasa 3a ceson

10-15% ot croumoctn annapara

Ao 50% o cToumocTn annapara

2 ropa

* B 8-10 pas annapar Popcen moxer
HbITb KOMMNOKTHEE U Jierye TPAAULMOHHOIO
KOXYXOTpybHOro tennoobmeHHuka 1 B 4-6
pa3s KOMNAKTHee noboro NiIacTMHYAToro,
PACCYMTAHHBIX HO TY XE CAMYIO 30404Y.



ATITTAPATOB POPCEJ]

Jleconepepabarbisalouwas
NPOMBILLNIEHHOCTD.

Mpouseonctea B 370N 0GMACTH
QKTMBHO UCMOSb3YIOT
BblCOKOTeMI’IepGTyprII;I I'IOp ana
pO3J'II/I'~IHbIX TEXHOJTOTMYECKMX
npoueccos. [ns ymumsaumm
OCTOTOYHOTO Tenna
PEKOMEHIYETCS MCMONb3OBATL
OTHESNbHbIM OTOMUTESbHBIN
KOHTyp, I'IOJ'IyL'IOIOLLLl/Il;I TENNO

OT OCHOBHOTO KOHTYPA Yepes
KOMIMOKTHbIM TeI'IJ'IOO6MeHHl/1K
Qopcen. Dpdexvsras cxema
YTUIM3OLS TEMIOBOM SHEPTMM
MO3BOJSIMT OTAMJIMBATb 6OJ'IbLIJl/Ie
MOMELLIEHMS 30 CYET COXPOHEHMS!
pacxoaa napa.
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WUHauBupyansHoe
oronnexnue u IBC.

Bce ualne B manom
MHLMBIAYANEHOM CTPOMTENbCTBE
MCMOSb3YIOTCS KOMMOKTHbIE
NYHKTbI 6ONOHCHPOBKM
TEMnOBOM HArPY3KM, SKOHOMHO
pacrpeaensiolme Tensosyio
SHEPIMIO MEXAyY OOLLM
OTON/EHWUEM, CHCTEMOM FrOpsHero
BOAOCHAD>KEHMS, TEMbIMM
MONOMM U BEHTUNSLIMEN, M
AQpylowme BraaensLly KombopT
U TENMO XONOAHBbIMM 3UMHMMM
BEUEPAMM.

EHUSA

Cenbckoe xX039MUCTBO.

[na obecneverns KOMPOPTHbIX
YCIOBUM BbIPALLIMBAHMS
TENnMMYHOM
CEeMbCKOXO3SMCTBEHHOM
MPOAYKLMM MPUMEHSIOTCS
CMCTEMBI OTOMMEHMS U
BEHTWISALMM, MONyUaioLLME
TEMIOBYIO 3HEPTUIO OT
OTOMUTESIbHBIX KOHTyPOB.
DPeKTUBHOE MCMONb3OBAHWE
reOTepMOﬂbeIX MCTOYHMKOB

1 SKOHOMMUHBIX CHCTEM
HU3KOMOTEHLMASbHbLIX MCTOYHUKOB
Tenna (6rotonmeo).

MeTtannypruueckas
NMPOMBILUIIEHHOCTb.

BosmoxkHoe mcnonssosarme:
OXJICKAEHNE OOMEHHDBIX Neyen,
KOHBeKTOpOB, MAOBUITIbHbIX
rneyer, MOLLIMH Pa3MBKM
CTaneu, MOAOrPes Myrbribl,
OXJIOKAEHWE PACTBOPOB
3NEKTPONTOB.




TennosHepreTuka
(xotenbHbie, TAL n
rPacC).

TennosHepreTMueckmit CexTop
PO3BMBOETCS M MOLAEPHU3MPYETCSA
ObICTPLIMM TEMMAMM.
YcTapesLume TexHonorm
OTXKMBQIOT CBOE M YCTYMNaIOT
PEBOMOLIMOHHbIM MPOAYKTAM,
HOMPOB/IEHHBIM HO MUHMMMSALIMIO
noTepb OT HE3PGEKTUBHOrO
NPUMEHEHNS U HO BO3MOXKHOCTb
COCPeaoTOUMTLCS HA YEM-TO
Hornee BAXKHOM, YeM MOCTOSHHbIE
X/1IOMOThl O COCTOSHMM
TENNOOOMEHHMKA.

AI'II'IOpOTbI (Dopcen yCreLLHO
MPUMEHSIOTCS HO OO BEKTAX
TErN/IO3HEPreTMUeCKoro
CErMeHTa, Mo3BOJIsis
cywecteerHo (o 95%)
3KOHOMMTb HO WX
OBCNY>XMBAHMM, CHUXKAS
paCXOfbl HO 3M1EKTPO3HEPrHio

1 NOBbILLAA 3GGEKTUBHOCTL
YTUAM3ALMK TENNa.

Hedrepobbiua n
HedTenepepabortka.

Tennoobmertikn Popeen moryr
YCTAHOBIIMBATLCS HA
MPEANPUSTHSIX HedpTenobbIHM

v HedTenepepaboTKu,
MCMOMb30BATLCS B KAYECTBE
nogorpesarenen HepTv Ha
ycrarnoskax AT 1 ABT, koHuesbix
BOASHbIX XONOOMIIbHUKOB,
oxnaauTENen OUCTUNNATA
OTOEH3MHMBAIOLLIMXCS KOJIOHH, B
0DOPYAOCBAHMM ANS PO3OTPEsa
HUXKHETO CIMBA BA3KMX
HedTenpoayKTos.

XunuwHo-
KOMMYHasnbHOE
XO35MACTBO.

OnHo 13 OCHOBHBIX HAMPABEHN!
nns «Qopcena» - cextop XKKX.
KomnakTHele pasmepe

M HEBLICOKAS LieHa AenaioT

3TW CNMAPATEI MAEObHBIM
PELLIEHUEM ANS MPHUMEHEHNS

B MHOMBMAYOSbHBIX TEMIOBLIX
MYHKTAX NOObIX KOHCprKLlMl;I
(o@HO - M mBYX CTyneHUATbIX
KOHTYPOB) 1 C1CTEMOX

peKynepouMM Tenna.

Muwesas
NMPOMbBILUSIEHHOCTb.

SHeproaddekTMBHbIE PeLLIeHs
B 0OnacTu TennoodbmeHa

ONs NALLEBOM
MPOMBILLINEHHOCTH (MO0 PEB,
OX/IQXKAEHME M NOCTEPM3OLINS
MULLEBLIX MPOAYKTOB,
napooBpadotka, CIPmorku).




NMPEMMYLLECTBA

TEMJIOOBMEHHbIX
ATITTAPATOB ®OPCEJ]
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BosmorkHocTs MPVYMEHEHMSI aNNaPATOB HA
LUMPOKOM CreKkTpe npennpmm&t " opromsouwﬂ. CHuKeHre HEOBXOOMMOrO Ansi TEMNNOOOMEHA

KOHCprKLI,VIOHHbIe OCODEHHOCTH MO3BOSISIOT obbema paboyero TensIoHOCUTENS. B otoenbHbix

MCMOb30BATL WX HA ArPECCUBHBIX CPEAAX. CJIy4OsX SKOHOMMS TENIOHOCHUTENS MOXKET
I_IpenocmsnﬂeTCS TEXHUKO3KOHOMMUECK MM pacuet poxoants o 40%.

BbIrObl HOTpe@MTeJ’Iﬂ oT BHeﬂ,peHMﬂ KOHKPeTHOI’O

peLLeHms.

CyLecTBeHHAs SKOHOMUS CPEACTB Ha
s1ane 3akynku (0o 30% no cpasHeHnio ¢ [MoBbiLLEHHAS SPEKTUBHOCTS
Tennonepenayn. Cpearii
Ko3¢pPuLmeHT Tennonepenaum - 7500 -

8500 Br / m2K.

MIACTHHYATBIMM QMMICPOTOMM) 1 OTPOMHAS!
3KOHOMMUECKOS BLIFOAQ HA CTAAMM SKCMYQTALMM.
Ycraroska annapara Qopcen moxet okymuTses
yxe Ha -1 mecsu.

100% mmnopTosametLierie.
AI'II'IOpOTbI CDopcen - poccmmckas paspaboTKom
M MOJIHOCTbIO U3rOTOBSIMBAKOTCS

Huskas BeposiTHOCTS OOPa3OBAHMS 3arpPs3HEH
MOBEPXHOCTEN TENOOOMEHA, KK CNeacTau1e -

OTCyTCTBME HeobXOOMMOCTH I'IpOBeD,eHMSi CE30HHbIX U3 OTEYECTBEHHbBIX MOTepl/IOJ'IOB.

UMCTOK.

MUHUMATbHBIE MOCCOrOBAPHTHbIE Mpocras koHcTpykuus annapara, ApocToTa
XClpCIKTepVICTI/IKM. B 8_]0 p03 MEHbLLIE MOHTC>XKA M O6Cﬂy)KMBGHM9|. CepBMCHOe
KOXYXOTPYBHbIX QNNapaTos 1 8 5-6 pas obcnyxusaHme Tpebyet He bonee 4-5 uenoseko-

nerye MIacTUHYATBIX TEMIOOOMEHHMKOB. HACOB.




LLEHTPAJIbHbIE TEMJIOBbIE MYHKTbI

TennoobmeHHbIn elgiylelelely (Dopcen SBMSIETCS, MO CBOEM
CYTM UEHTPAsbHBIM M HOMOOMEE BOXKHBIM SMIEMEHTOM
OCHQLLIEHWS LIEHTPASTbHOrO-TEMN/I0BOTO MyHKTA

(LLTM). HovBornee pacnpocTpaHeHHoe HOsHauUeHHe
Tennoobmenrmka 8 coctase LITIT - 370 Harpes ucxogHoi
XOTNOAHOM BOfbI HO Hy>K/ibl FOPAYErO BOAOCHOD>KEHMS
(FBC), ot noakntoueHHoM

K TennoodmeHHuky Tennoson cett. OaHako 3Tm
MPUMEHeHWE TenNOOBMEHHUKOB HE OrPaHMUMBAETCS - K
LITM, koK npasino, TakKe NOAK/IOHQIOTCS CUCTEMbI
oTorneHns 1 BeHTUnsLMn. [peametom cepbesHentiLiero
BHMMOHMSI CMELMANMCTOB KOMMOHWUM SIBNSIETCSI CO3AAHME
YCNOBMM [N MOKCUMAIbHO 3$PEKTUBHOTO TennoodbmeHa
g annaparax. CrieayeT noauepkHyTs, UTO AN KAKAOMO
30MPOCA OCYLLECTBNSETCS MHAVBMAYOSIbHbIA TEMIOBOM
pacueT TennoobmenHuka. PesynbTatom sToro pacueta

ABNSETCSA NOAGOP SPPEKTMBHOrO ANMOPATA C KOMMAKTHbIMM

pasmepamu. Komnarms He [epKUT HO CKIOAE rPOMO3AKME
YHUBEPCATbHbIE TEMIOOOMEHHMKM, POCCUATOHHBIE HO
HEKMe CpefHMe NaPaMETPBI, M HE MbITAETCA NOAOTHATL

WX BO3MOXXHOCTW MOf, KOHKPETHbIE YCTIOBMSA, MPMHOCA B
xepTsy 3¢pdekTBHOCTb. Kadkapit cryuai npumeHeHUs
TEMN/I0OMEHHMKO POCCMATPUBOETCS MHAMBMAYQIbHO.
OcobeHHO 3TO 0BCTOATENLCTEO KPUTUUHO ANt BObLMX
TENMOBLIX HArPY30K CYLLIECTBYIOLLMX, KaK mpasuno, 8 LITT.
Takum 06pa3om, 0BO3HAUEHHbIE BbILLE OBCTOATENLCTBA,

Q TAKXKE BHYTPEHHAS KOHCTPYKLMS refMKOMAHOrO
TENNOOOMEHHWKA (Dopcen MO3BOMSIOT AOCTUYb OT/IMYHOTO
PE3ybTATA ero MPUMEHEHNS B COCTABE LT,

UMHAUBUAYAJIbHbIE TEMJIOBbIE MYHKTbI

B HacTosiiee Bpemsi OHUM M3 MHTEPECHEMLLIMX HANPOBNEHMM MOUMEHEHNS
YKQ3QHHBIX TEMIOOBMEHHBIX ONMAPATOB SBNSETCS YCTOHOBKA UX HE TOMBKO B
ATTT MHOTOKBAPTHPHLIX AOMOB, HO 1 B KOMMOKTHbIE QBTOMOTU3MPOBOHHbIE
AT (tepmobriokm moturHocTsio Ao 80 kBT), koTopbie MO3BOMSIOT KOMMAKTHO
PO3MECTUTL KOMMIIEKT OTOMMTENBHOTO OOOPYAOBAHMS (rennoobmerHoe
YCTPOMCTBO, 30MOPHAS W PETYTIMPYIOLLIAS OPMATYPA, POCLLMPUTENbHBIM BaK,
TENNOCUETUMK) /151 NMOAKIOUEHNS BNIOKMPOBAHHBIX TAYH-XOYCOB W KOTTEAXEN
ot tennoson cetn. Pewerne nogkmounts TT - oTanuHas n GesonacHas
QIIbTEPHATMBA UCTOSb30BOHMIO TO30BbIX KOT/IOB, KOTOPAS MO3BONSET MPUMEHSTL
LALLM TEMNOBOM pPexmm BHyTpeHHel;I CUCTEMBI 3Hepron0Tpe6neH|4;|,
3KCMMYATUPOBATL COBPEMEHHBIE TPYObI M3 MOMMMEPHBIX MATEPMAIIOB,
HI3KOTEMMNEPATYPHBIE OTOMMTENbHbIE MPMOOPLI MOBLILIEHHOrO KOMGOPTA,
COOTBETCTBYIOLLIErO €BpOonenckum cTaHaapTam. Kpome Toro, skcnnyaraums
asTomaTHanpoBaHHbix MTTT crnocobCTByeT CHKEHMIO 3aMbINEHHOCTM
OTAM/IMBOEMbIX MOMELLLEHMIM, UTO 3HAUMTENBHO YITyULLIAET MX OOLLM

MUK pOKJ'IVIIv\OT.

TENJTIOPUKALUNOHHOE OBOPYJOBAHUE HA 3AMEHY
nce, Ncr HA ™Y

BonbiumrcTo cospementsix TIL, 1 TPIC 8 kauecTBe OCHOBHOTO KOMMOHEHTA
TENNOPUKALMOHHBIX NOAOTPEBATENbHBIX YCTAHOBOK [t MOAOrPEBA CETEBOM
BOfbl MCMOMb3YIOT, B OCHOBHOM, TernoodmeHHukn tina [NCB v MCT. Annaparel
(Dopcen ycnetHo 3amensioT rpomosakie mogenm tuna [CB u MCT, uro
SIBIISETCS OUEBUAHON M HEOOXOLMMOM MEPOWV ANS MOBLILLEHWS SPPEKTUBHOCTH
PABOTbI CUCTEMbI TEMIIOSHEPrETUKM, CHUKEHMS SKCTUTYATALMOHHBIX POCXOAOB

M MOBBILLEHMSI HOOEXKHOCTH pO6OTbI o6opyp.OBOHm|. AHﬂGpOTbI CDopcen
NOAOMPAIOTCS HEMOCPEACTBEHHO HO MMEIOLLLYIOCS 30aa4y Oonee rMbkue B
HOCTPOWKE 1 MO3BOMSIOT MOMYUMTh HEOOXOAMMBIE NAPAMETPLI TENI00OMEHA
MPY MEHBLLIEN TOSLLIMHE SNIEMEHTOB. DTO 3HOUMTESBHO CHUXOET 30TPATH HA
MCMOJb30BAHME M OOCITY>KMBAHWE TEMTOOOMEHHOM CUCTEMBI, MX SPHEKTUBHOCTL
B 2-3 pasa npessiticeT umetottyiocs y MCB, uto nossonset sHaumTebHo
YBESNUNTb MPOM3BOANTENBHOCTb CUCTEMBI TEMTIOOOMEHA NMPY MEHBLLIMX FABAPUTAX.
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NCNOJiIb3OBAHME

CUCTEM

N3 HECKOJIbKUX ATTAPATOB ®OPCEJI

L

«2 B napannenb»
TOPU3OHTANLHAS KOMMO3MLMS

Mcnonb30B80HME HECKOMbKIMX
I'IOPC]J'IJ'Ie}'IbeIX OI'II'IOPC]TOB BMECTO
eadNHCTBEHHOrO TeI'I}'IOO6MeHHl/IKO
LenecoobpasHo B CRyYasx, KOrAa:

® POCXOLA TEMIOHOCHTENS MO OAHOM

M3 CTOPOH MPEBLILUAET MPOMYCKHYIO
CNOCOBHOCTL €AMHMYHOrO aNNapPaTa no
3TOM CTOPOHE;

* HEOOXOAMMO UMETb BO3MOKHOCTb
TMOKOM PerysMpoBKM PEXXMMOB PACXOAQ
B CUCTEME;

* HEOBXOAMMO OBECneUmTh PE3EPBHbIM

«C 6aitnacom»
C perynmpyltoLiemn 3aaBMUXKOM

TennooOMEHHbIN KOHTYP MOXET
NOMNOSHMUTENBHO ObITh OCHALLIEH OAMMOCOM
B CNy4OsiX, eCrm:

* pacxoa Mo OfHOM M3 CTOPOH
3HauMTenbHO (Gonee, vem B 2-3 pasa)
MPEBbILLIAET PACXOL, MO APYroM CTOPOHE;

* TpebyeTcs obecneunts
AMGGEPEHLMAnbHYIO PEryIMpPOBKY
TEMNEPATyp MO OBeMM CPEaaMm.

«3 B napannens, 2 unu 3 napannenbHbIX TUHUUY
BepTMKOJ’IbHOﬂ KOMMNO3nunsa 1 no 2 nocnegoBATEsSIbHbIX COeAMHEHHbIX
annapaTa B KAaxgom

TENSIOOOMEHHbIM KOHTYP;
® TMAPCBIMHECKOE COMPOTUBIEHE
OfHOrO aNNAPATA MPEBLILLAET MPEAEsbHO

[onyctnmoe.

HOCﬂeﬂ,OBOTeﬂbHOG NOAKIMOYEHME ANNAPATOB MOUMEHAETCA B CITy4aE CTECHEHHbIX
YCJ'IOBI/IIZ, mnn Koraoa Tpe6yeMcm OrHQa pr6HOI’O Ny4Ka NPEBBILLIAET PA3YMHbIE NMPEAETbI
(HoanMep, npuv HEOObLLIMX cpep,Henoraqu)MquCKmx TEMMNEPATYPHbIX HGI'IOPOX).

ﬂ,)‘lﬂ MAIbIX OMAMETPOB LJ,eJ'IeCOO6pCI3HO MCNOb30BATb 2-X, 3-x 1 4-x XOoOosble
MO,EI,IA(I)I/IKOLI,I/II/I annaparos CDopcen.




. W CPABHEHME
NAMUHAPHOTO

y & U TYPBYJIEHTHOIO
TEYEHUS

TepMquCKoe CONPOTHBIIEHNE, BOSHUKAIOLLIEE B COEAAX B NMPOTMBOBEC TEMIOBOMY MOTOKY, YC/IOBHO MOXXHO DO3AEIMTL HA MsATh CIIOEB:

1. <<|_|orpoHML4Hb||?1 CIIOM», BHYTPEHHMA. SroT crom bOpPMUPYETCS XXMUAKOCTBIO, KOTOPAsH MPOTEKAET B HEMOCPEACTBEHHOM KOHTOKTE C
MOBEPXHOCTLIO TEMIOOOMEHHOM TPYOKM.

2. Cnon 3orpﬂ3HeHMh, BHyTpeHHI/II;I. [anHbim cnow c])opMMpyech B MPOLIECCE HOKOMEHMS PABIIMYHBIX HOCTHL (TBep,El,bIX [ I'IOJ'IyTBepJZLbIX) Ha
BHYTPEHHEV MOBEPXHOCTM TEMNOOBMEHHOM TPYOKMU.

8, Cpe,ﬂ.Hl/ﬂ;I CIou. 3,Eler TEPMHUYECKOE COMPOTMBIIEHME ONPENensaeTca TONLLMHOM CTEHKM TEMNOOOMEHHOM pr6b| 4 TeﬂﬂO¢M3MHeCKMMM
CBOMCTBAMM marepmana, 13 KOTOPOro OHA U3rOTOB/IEHA.

4. Crnowt 3orp9|3HeHwJ|, BHELLIHMA. O6ycnosneH OCenaHMeEM TBEPAbIX M MOMYTBEPAbIX YACTML, HO BHELLHEM CTopoHe Tennonposo,uﬂu_leh pr6|<|4
(MOXeET oTCYTCTBOBATL, KOK M BHYTPEHHMIA CioM 3c|rp;13HeH|4|?1).

5. «ﬂorpOHMquM CNOM», BHELLIHMI. TOK >Ke, KaK M BHYTPEHHUI «TIOTPAHUYHbIMA CIIOM», q)opMMpyeTCﬂ >KMAKOCTbIO, KOTOPAs MPOTEKOET
B HEMOCPELACTBEHHOM KOHTOKTE C MOBEPXHOCTBIO TPYOKM, TOSMBKO B 3TOM CITy40E - C BHELLHEU CTOPOHSI. [ns KonMuecTseHHOM OLIEHKM
NopameTpa TypBYIEHTHOCTU NOTOKA B PAMKOX MPOKTUHYECKOrO PACHETA TEMNNIOOOMEHA MHXEHEPLIMPOEKTUPOBLLMKM UCTIONL3YIOT UMCIIO

PeitHonbaca - yHMBepcanbHoe Ge3pasMEPHOE UICTO, KOTOPOE BLIMMCIISETCS MO GopMyre:

Re=DxG/u

3neck D - 370 ruppasmueckuin pametp Tpybsi (amepsietcs B metpax); G - maccosast ckopocTs (Mamepsiercs B kr/M2c); | - BsaKOCTb
>KMOKOCTU (M3MepSIETC9! B KF/MZC,).




I'IpOTeKOeT B yCITIOBUAX COI'IpOTl/IB]'IeHI/IH TENNOBOMY MOTOKY,

dopmupyioLLIEMy mperpaay Ans TennooOMeHa NocpencTsom
CUCTEMBI «CIIOEB» B TEMTIOHOCUTENE. DTO OAMH U3 KIIOUEBbIX
$aKTOPOB MpoLEecca TensonepeaaUm.

C npyroit CTOpOHbI, ABMKYLLLAS CUIA TEMNOOOMEHHOTO
MPOLLECCA - 3TO TEMMEPATYPHbIE PASIIMUMA MEXKAY XKUAKOCTAMM,
M 4em OOMbLLE PA3HULIA MEXKAY TEMMEPATYPAMM, TEM BbILLIE
MHTEHCUBHOCTbL TErnoobMeHa 1 GorbLUe NepeacioLLascs
Temnepatypa. OBLLt ypOBEHb TENMOMNOTOKA 3CBMCUT OT
TEMMEPATYPHbIX MOKA3ATENEN HA BCEX CTOAMSIX, OHU [OTKHI
ObITb OMTUMUIMPOBAHBI MHKXEHEPOM-KOHCTPYKTOPOM C LIEMbIO
NOBbILLEHUSA SGPEKTMBHOCTM TEMNOOOMEHA.

[MNopameTpsl Croes 3arpsisHeHns (Kak BHELLHEro, Tak

M BHYTPEHHETO) OBBIMHO OMPEAENSIOTCS MCXOAS U3
MPAKTUYECKOrO OMbITA, TOTAA KOK AUMAMETP M TOMLLMHA
TPYOKM, O TOKXKE MATEPUAN U3rOTOBMEHUS BLIGUPAIOTCA
MH>XEHEPOM-KOHCTPYKTOPOM B 30BMCHMOCTH OT OCODEHHOCTEM
3KCMIyaTaUMm U3rOTABNIMBAEMOrO OOOPYAOBAHMS.

BaxkHo oTmeTuTh, UTO OBLLIEE COMPOTHBNEHME TEMMOMNOTOKY,
BKJIOUaIOLLIEE B CEOS BCE BbILLEMPUBEAEHHbIE CMOM, 30BUCKT

OT MHOTMX GOKTOPOB, B TOM UYMCIIE - OT XMMMUECKMX M
PUINUECKUX XAPOKTEPUCTUK ABMKYLLIErOCS MOTOKA, O TAKXKE OT
OCOBEHHOCTEN TEOMETPHM TENTIONEPEATIOLLIMX NOBEPXHOCTEN, C
KOTOPBIMM KOHTOKTMPYET >KMAKOCTb. YacTuuHbie KO3GOULIMEHTSI
TENNONePeaaUM CrIoes 30BUCAT OT TEX MPOLIECCOB, KOTOpbIE
MPOUCXOAST KAK B «MOTPAHUUHBIX CTIOSIX», TOK U B GOKTUUECKOM
MOTOKE, KOTOPbIM MOCTOSIHHO KOHTOKTUPYET C MOBEPXHOCTHIO
TENNOOOMEHHBIX TPYOOK.

MOrPAHU4YHLIE CJZIOU

CwmeLuerne KNOKOCTM B TOK HO3bIBAEMOM <<ﬂOFpGHl/I'~IHOM
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Coe» He MPOMCXOAMT, EC/M NPOTEKCIOLLOS MO TENI00OMEHHOM
TPYOKE XMAKOCTb MMEET MOBLILLIEHHYIO BA3KOCTb M HM3KYIO
CKOPOCTb ApMxkeHns. [1pn 3TOM XKMOKOCTb, KOTOPAS HOXOAMTCS
B HEMOCPELACTBEHHOM KOHTOKTE C TpyOkoM, Oyaet ob6noaaTs
MOHVDKEHHBIM MOPAOMETPOM BASKOCTHOTO COMPOTUBIIEHMS, O €e
CKOPOCTb BYAET PABHA CKOPOCTM ABVKEHWS OCHOBHOTO NOTOKA.
Tenno 6yner nepeacBaTLCS YEPE3 XKMIAKOCTL M MOBEPXHOCTH
TPYOHOM CTEHKM, YTO OMpenensercs ee Ko3gpGuumMeHTom
TENNONPOBOAHOCTH.

Korpa ckopocts apukeHns >KaKoCTH BbIPACTOET, B MOTOKe
HOUMHOIOT BO3HWKATb TYPOYNEHTHbIE BMXPH, 3ATEM «MOrPOHMUHbI
CrOV» OTPLIBOETCS OT CTEHKM TErNOOOMEHHON TPYOKM 1
HOUMHOET CMELLMBATLCS C OCHOBHbIM MOTOKOM Y>K€ HO YAQIEHMM
oT nosepxHocTH cTeHku. CKopoCTs, Mpu KOTOPOM BO3HMKAIOT
NOAOGHbIE MPOLIECChI, 30BUCMT OT LIESIoro psaa GpaKTOpOs:
LLIEPOXOBATOCTb BHYTPEHHEN CTEHKM TPYObI, €8 popma, OMOMETP U
AJIMHQ, BA3KOCTb, XMMMUECKMIA COCTCB XKMOKOCTM M TAK ACree.

JIAMUHAPHOE TEHEHUE

MpuBeaeHHbIM rPAdMK MOKALIBAET B3OMMOCBS3b UMCEN
PeitHoneaca v HyccensTa npu ycnosmm, 4to BHyTpu
TennonposoasLLMx Tpy6ok npotexkaeT 30-NpoLeHTHsI pacTeop
sTuneHrvkons. [paduk AEMOHCTPMPYET PEXKMM NIAMMHOPHOTO
TeueHus. 3nece Re=166.2, a nokasatens BsskocTM paseH
152003 Cp.

DKCMEPUMEHTAbHBIM MYTEM ObINIO YCTAHOBIIEHO, UTO €C/
nokasatens umcna PerHonsaca onyckaercs Hike 1200, To oHo
OMMCLIBOET YCIIOBME, MO KOTOPOMY XKMIKOCTHBI NOTOK BOOOLLE
HE OTPLIBOETCS OT CTEHKM TENONPOBOASLLEN TRYOKM, KOK

O3 TAKOM MOTOK HO3LIBOETCS NAMMHOPHBIM. 30€Ch B KOUYeCTse
KMIOYeBbIX pOKTOPOB TEM/IONEPEnaUM BeICTYNAIOT pr3uUeckie
CBOMCTBA >KMOKOCTM.

Ha rpaduke KpacHast mmHmMs yKasbIBAET HO MOKQ3ATEb

AN NPOGMUIMPOBAHHOM TPYOKM, O CHHSS - ANS [NIGAKOW.
OnHako, KOK BMAHO 13 MPUBEAEHHbIX PE3YSIbTATOB, B PEXXMME



NAMMHOPHOTO MOTOKG MW Nokasarene uicna PerHoneaca ao
2300 pasHuLbl mexay TPYOKaMK HET, MOSTOMY MCMOSTb30BaHME
NPOGUIMPOBOHHBIX TPYOOK HELLENECOOBPAZHO.

TPAH3UTUBHAS 30HA

HaHHbIi rpaduk TakKe AEMOHCTPUPYET YCIOoBMS, Mpn

KOTOpbIX BHyTpM Tpybok npotekaeT 30-NPOLeHTHbIN PacTeop
sTUneHrnkons. V1 30ecs TaKKe HArNSAHO MPOC/IEXMBOETCS
B3OMMOCBS3b MEXAY umciom PeiHonbaca u umcnom Hyccenbsta.
[PaduK AEMOHCTPUPYET PEXKMM MEPEXOAHOTO TeueHns. 3aech
Re=2729.1, Torna kax napametp ssskocTu paseH 1.52003 Cp.
Ecrm nokasarens umcna PeitHoneaca Haxoautcst B npomeskyTke
ot 2300 o 2000, To NPUHATO rOBOPUTL O MEPEXOAHOM 30HE

(ee Tak>xe HA3LIBAIOT 30HOM HeorpeaeneHHocT). B atoit some
TYPGYNEHTHOCTb BO3MO>KHA, HO 3TO 3GBMCUT OT MHOXECTBEHHbIX
POKTOPOB, NO3TOMY MHXXEHEPbI-MPOEKTUPOBLLMKM B OOMBLLMHCTBE
CIlyu0eB CTOPQIOTCS MCKIIOUATL AGHHYIO 30HY M3 POCYETOB M He
CUUTOTb €€ LIeNEeBOM.

Ha rpaduke xopoluo emaHo, YTo ecrm pevs MaeT o
NPOGUIMPOBAHHLIX TPYOKOX, TO OHK oDecreumsaioT Oonee
KQ4ECTBEHHbIE MOKA3ATENM B CPOBHEHMM C INIAAKMMM, KOTAQ YMCIIO
Peitronbaca npessitoet napametp 2300 1 HaxommTcs Hivke
ypoers 9000 (MmerHo 3ToT nokas
Tpy6Ke ANs TypOYNEeHTHOro MoTOK

TYPBYJIEHTHOE TEYEH

3pecs, KOK W B MPEeALLECTBYIOLLIMX
B3OMMOCBA3b NOKA3ATENEN YMCIa
B YC/IOBMSX MCMOMb30BaHMs 30-np:
stuneHrmvkons. [Nokasarens Re p
saskoctm - 1.52003 Cp. Ha rpadu
TYPOYNEHTHOTO TeueHws.
Ecrm uncno Peironsaca npesbiia
MPUCYTCTBYET 3HQUMTENbHBIA OTPbIB

CTeHKM TpyGbl. TaKOE COCTOSHME >KMAKOCTU HO3BIBOETCS
TYPOYNEHTHBIM MOTOKOM C MEPEMELLMBOHMEM OCHOBHOM >KMOKOCTH
M «OMPOHUYHOTO Cos». DTa 0BMACTL SBNAETCS HaMOOmNee

3¢ dEKTVBHOM B NaHe paBOTkl TENNOOOMEHHOrO ANnapaTal.
rpoq)MK MOKO3bIBAET, YTO MPK YMCIIaX Penronsbaca sbilue

9000 npu TypGYNEHTHOM PEXXMME 3HAUMTENBHO BO3PACTOET
3GPEKTMBHOCTb MCMONB3OBAHMS MPOPUIMPOBAHHBIX TPYGOK. B
NOCNEAHWE rofbl OblIO ONPOOOBOHO MHOXKECTBO TEXHONOTMUECKHX
PELLEHMA, HOMPOBNEHHbIX HO YMEHbLUEHME MOKA3ATENS YMCIa
PeitHonbaca, npu KOTOPOM MOXET BbiTb CO3MIOH TYPOYNEHTHBI
notok. OfHAKO B BOMBLUMHCTBE CIy40es HOBMIOACETCS
MOBBLILLEHVE COMPOTHBIEHMS MOTOKY, MPUYEM CKOPOCTh
yBENNYEHUA I'IOTepb OOBIEHMA BbILLIE, YEM CKOPOCTb YMEHbLLIEHNA
conpoTtuenerms. MHorue 13 NoaoGHLIX METOAMK MOMPOCTY
HeI'IPVIMeHVIMbI B YCJTIOBMAX, KOTOA XMOKOCTb ABJIAETCA OYeHb
BSIBKOW ,MIM B HEW MPWCYTCTBYIOT TBEPAbIE BELLLECTBO.

OpnHoKO OpuMH M3 METOLOB MOKA3AN AOCTATOUHYIO
3¢¢eKTMBHOCTb I'IpM OTCYTCTBMM YNMTOMAHYTLIX HEAOCTATKOB - 3TO
MeTof AedpOpMaLM TENNOOOMEHHOM TPYOKM NOCPEACTBOM
HOHECEHWS HO €€ MOBEPXHOCTb MESKMX CMMPQbHBIX YriyOneHii
Henpepblsaemoﬂ JMHUEN, O TAKXKE MEePEeMEHHbIX TOUEUHbIX
yrny6nenmit. [pakTiieckme 1CCnenoBaHms MOKa3as, YTo
FPOMOTHO MPOCUMTLIBAS FYOMHY, LUMPUHY M YroNn 3TUX
Opa3oBaHME TypPOYNEHTHOrO
Perronbaca muxe 9000.

u umcno PeiHonbaca sbille

1 ByneT 3HOUMTENBHO

TOKQ, YTO B COYETOHMM C
OKTOPOB NO3BOJSMUT YMEHbBLLIUTL
PXHOCTM M, KOK CNEACTBME, -
napara.
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NMPEMMYLLECTBA
NCNOJIb3OBAHUSA

[MTPOPUTTMPOBAHHBIX TPYBOK
B TEMJTOOBMEHHbIX ATNTTAPATAX

Ha cerogHawnmwi geHs MPOKTUYECKM BCE MPOMBILLIIEHHbIE
OTPAC/M TAK MM MHAYE MCMOMb3YIOT 0OOPYAOBAHME,
peaayen Tenaa MeXay XuaKoCTAMM.

VN NPOLECCa TennonepeaayYM NPocT: fse
fOLLME PA3HYIO TEMNEPATYPY, KOHTAKTUPYIOT
UEPEe3 METANMYECKME CTEHKM TPYObI

o annaparta. B pesyneTate, crenys
dU3NUECKMM 30KOHOM, TEMIO OT XKMAKOCTM
NepaTypoi NepexoamT K >XUAKOCTH C
PaTYpPOM A0 Tex Mop, MOKA MX TemnepaTypbl
4. [NonoBHble MPOLLECChl MOTYT MPOTEKATh
NIOOOMEHHbIX QMNOPATAX, KOTOpbIE

S ANA PELUEHMS Y3KOCMEUMAIM3MPOBAHHbIX
M KOHKPETHBIX 3KCMIYOTAUMOHHBIX YCIIOBMM.
ecce Tenjonepenaum ABvxXKyLLEN

T PO3HULO TEMMEPATYP MEeXAy ABYyMs
OTBETCTBEHHO, YeM BOsbLLIE 3T PAHMLA,
e npoucxoamT obmeH Tennom. VimerHo

| MOKCMMQIbHO MOBLICKTbL OBLLIME MOPAMETPbI
KQ, MHXXEHEP-KOHCTPYKTOP AO/KEH

b YPOBHM TEMNEPATYP HO KOXKAOM CTOAMM.
L0 B TEMMEPATYPOX - HE eAMHCTBEHHbIN

MM HO MHTEHCWMBHOCTL MEPeAaUM Tenna.

- 3TO NJIOLLOAL TEMNOHOCUTENS,

OTOPOM MPOMCXOAMT TENNOOOMEH MEXAY
OrMUYHO MPEANONIOXKMTb, UTO Yem BOonbLIe
nnoLuaab, Tem Borbliee KoMmMYecTso Tenna dyaer
NepencBaTbCS MEXKAY XMAKOCTAMA B EAMHMLY BPEMEHU.
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Murmmsaums 3Tol nnoLaan Ha sTane MPOEKTHPOBKH
TEMNJI0OOMEHHMKA NO3BOSUT 3HAUNTESNBHO CHU3WTL 3ATPATbI
HO MPOM3BOACTBO ONMAPATA, BEAb MOXKHO BbIUMCTL
ONTUMASTbHYIO BEMMUMHY MIOLLOAM TENIONEePEeadioLLIX
TPYOOK, yumTbiBas TPEGYEMYIO SGGEKTUBHOCTE M BIOAXKET.
Tpemh ¢0KTop, KOTOprl;I, BEPOSITHO, MOXHO CMENo
CUMTATL HOMBOIEE 3HAUMMBIM, NPEACTOBNISET COBOM
YPOBEHb TEMMEPATYPbI, MK KOTOPOM B OOEMX XKMAKOCTSIX
MPOTEKAIOT HeOBXOMMMBIE TEMNOBbIEe MpoLieccs!. Beas
€C/M XOTSt Obl OOHA U3 XKMAKOCTEN MMEET ODBEKTMBHO
BbICOKOE COMPOTMBIIEHME TEMIIOBOMY MOTOKY, CKOPOCTb
Tennonepenaym Oyaet nanats. [pu 3Tom conpoTvenerime
TENJI0BOMy MOTOKY GOPMMPYETCS HO OCHOBE LENOro psiaa
GOKTOPOB: 3TO U TEN/IOBbIE MOPAMETPbI COMMX SKMAKOCTEM,
M KOHCTPYKTUBHbIE OCOBEHHOCTM TenNooOMeHHMKa. [1ns
TOro, YTOBbI MUHMMM3MPOBATL COMPOTMBNEHME TEMIOBOMY
MOTOKY, HEOOXOAMMO YBEIMUMTL TYPOYIEHTHOCTb
>XMAKOCTH, Bedb TOraa <<r|orp0HMquu?| Criow», KOTOprl;I
HOXOAMTCS B MOCTOSIHHOM KOHTOKTE CO CTEHKOM
TENIOOOMEHHON TPYOKM, NOTEPSET CTATUYHOCT.

Euie onrmm daktopom senseTcs yposers Terna,
KOTOpOE MPOXOAMT Yepes MPOBOAALLMIA Gapbep (cTerky
TENNIOOOMEHHOM TPYOKM). ITOT PAKTOP MOXET ObiTo
yuTEH HO CTOAMM MPOEKTUPOBAHMS TEMNNOOOMEHHMKA,

BEOb MPAMOTHbIM BBIOOP MATEPUANA ANS TEMNOOOMEHHbIX
TPYOOK, KOTOpbIM BYAET COBMECTMM C LIMPKYIMPYIOLLMMM
B TEMNIOOOMEHHMKE >KMOKOCTSAMM, 3HAUUTENBHO MOBbLICUT
3¢hPeKTMBHOCT annapaTa. BeiBpaHHLIM maTepuan AomkeH
MMETb OMTUMASIbHBI YPOBEHL MPOYHOCTM, OH HE AOMKEH



30rPsi3HsTb CTOPOHHME MPOLYKTHI U KOPPOLAMPOBATL
ux. Takoke MaTepuan LOMKEH UMETb HU3KMA ypOBEHD
COMPOTUBIIEHMS TEMIOBOMY MOTOKY U OT/IMYATLCS
MOBbILLIEHHOM MEXAHWMYECKOW MPOYHOCTBIO, MO3BOSISIOLLEN
BbIAEP>KMBATH MOBLILLEHHOE ACBIIEHME.

CMELNDPUKA NMPOLIECCOB TEMJIOMNEPEOAA4YU

CeropHsi CyLLECTBYET HEMANO HAYUHbIX MCCIEAOBOHMM,
Lie/b KOTOPbIX 30KIOUCETCS B BbIMMCTIEHMM HaMOONee
OMTUMOTTbHBIX MAPAMETPOB COMPOTUBIIEHUST MOTPAHUYHOTO
CNosi, O TOKXKE BOPWAHTOB BO3LAEMCTBKS HO 3TW MAPAMETPbI
NPVt MUHMMATBHO BO3MOXKHBIX MOTEPSIX [OBMEHUS B
TennoobmeHHom koHType. C Lienbio MAHMMM3OLIM
COMPOTUBIEHUSI MOTPAHUYHOTO CIIOSI XKMAKOCTH ObINo
OMPOBOBAHO MHOXKECTBO MPAKTUUECKUX METOAUK, B

TOM YNCNE - JONONHUTENbHBIE BCTOBKM CO CITOXKHOM
reoMeTpren, CKpy4YeHHbIE MIOCKME MOMOCkI METANNA U
MPOBOSIOUHbIE POPMBI, PACTIONATrAEMBIE B TEMIOOOMEHHbIX
Tpyokax. [NouTn BCe 3T METOMB! BEAYT K MOBBILLEHUIO
COMPOTUBIEHUST ABVKYLLIENCS XXMAKOCTH, O TAKXKE
YBEMMUEHMIO MOTEPL [OBMEHUS, KOTOPOE MPOTEKAET CO
CKOPOCTbIO, BLIPACTAIOLLLEN ropa3ao BbicTpee, yem napoet
COMPOTUBIIEHWE MOrPOHUUHOTO CIIOS.

[py1 TouHOM NOABOPE LLMPUHBI, FNYBUHE! U yrna
HEMPEePbIBHOW CMPANbHOM AepOpMaLMM TPYOKM, CKOPOCTL
CHUXKEHMS TEPMUUECKOTO COMPOTHBIIEHUS MOTPAHUIYHOTO
C/IOS MPEBLICUT CKOPOCTb YBENMUeHMs Aasnerms. [lpu Takom
BOPUOHTE AepOPMALIMM TPYOKM FPOHMLIA MPUCTEHHOTO Crost
dnonaa NOCTOSHHO MEHSIETCS, YTO YBETMUMBOET 3HAYEHME
TYpOyneHTHoCTM $rioMAad, TOrAA KAK YMCIIO Hyccenbta
(koTopoe, B CBOIO OUEpEb, OOECTEUMBOET MOBBILLEHHYIO
CTOMKOCTb K TEMIIOBOMY MOTOKY HA TPYyGHOM CTOPOHE
ABIKYLLENMCS XXMOKOCTH) BIMSIET HA MOBbILLEHME OBLLErO
YPOBHS Tennonepenaqm.

®YHKLUUOHAJIbHBIE OCOBEHHOCTU
MPOD®USIUPOBAHHLIX TPYBOK

Koraa uacTuumblit KO3GOULIMEHT nepenaumr Tenna Ha
TPYGHOM CTOPOHE >KMAOKOCTU OrPAHUUMBOET OOLLiMMA

noKasaTenb CKOPOCTH Temnonepe,
TENNOOOMEHHOro annapaTa, onTu
SABNAETCSA YMEHbLLEHME MIOLLaaM
B TOM C/y4ae, eC/iM YaCTMUHbIM K
ObiTb OBBEKTMBHO yryuLLeH. 3a
OMPOBOBAHO MHOXECTBO CMOCOH
YBENMUEHMIO 3TOTO KO3POULIMEHT
BCE M3 HMX OKO3OMCb YCrELLHbI.
TENNOOOMEHHbIX TPYOOK, MCMOrb3
Qopcen, xapakTepHs! creayioLLm

HPOLleCCbl Tennonepenaqm moryt
OOCTATOYHO I'IpOCTOl;i MaTemMaTmny

Q=kXS
3pece Q - 310 NepenarHoe Kon
g8 Br); S - nnowoae Tennoobmena
- 2GPexTVBHLIM Nepenan Temnep
- OBLLMA KO3DULMEHT Tenonep
mlK).
Mput 37om 3Hauerme k BoiumcnsieT
CNo>xHou $opmyne:

k=1/Robw=1/(1/a1+Rfi+Rw+Rfi+ 1/ az)
3pech A1 1 A2 - 3TO YACTUUHbIE KO3PULIMEHTDI
Tennonepenaum (vamepsiorcst & Br/ml.%K); Rw - tennosoe
COMPOTUBIIEHME CTEHKM (M3MEPSETCS B ml.°K/Br); Rf1

u Rf2 - koadduupenTsl 30rpsi3HeHust (M3Mep;||0TC51 B
ml.°K/Br). CTomT yumTbisaTs, uto sHauenne Rf obbiuro
OMpenenseTcs 30Ka3UKOM, TOrAd KAK 3HAuUeHMs O

1 RW paccumTbiBAIOTCS MHKEHEPOM-KOHCTPYKTOPOM,
MCXOAA U3 AMAMETPA, TONLLIMHBI M MATEPMANA TPYOKM.

[p1 3TOM 3HQUEHUS O CYLLIECTBEHHO 30BMCST OT TUMa
XKMAKOCTEN, LMPKYTMPYIOLLMX B TEMNOOOMEHHMKE, O TAKXKe
OT rEOMETPHMUECKMX OCOBEHHOCTENM TernonepeacioLLmx
MOBEPXHOCTEM, C KOTOPBIMU KOHTAKTHPYIOT 3TH KMAKOCTM.
KoHeuHble 3HaueHMs KO3GOULMEHTOB h cumbHO 3aBMCST

OT OCOBEHHOCTEN MOTPAHMYHBIX CIOEB, KOTOpbIE
HEMOCPEACTBEHHO KACIOTCS MOBEPXHOCTM TEMIOOOMEHHBIX
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Tpy6OK.
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