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PE®EPAT

[TosicuutenbHas 3anucka 51 ctp., 37 puc., 21 UCTOYHUKOB,
CD nuck ¢ npe3eHTanuein

TEIJIOOEMEHHBIN ATITIAPAT, KOHBEKIIMS, YUCJIIEHHOE
MOJIEJIMPOBAHUE

[enpto maHHOW BBIMYCKHOM KBaJIM(PUKALMOHHON pabOThI SBJISETCS M3yUYEHHE
npolecca MOJEIMPOBAaHUS B BBIYMCIMTENIBHBIX IMAKETaX THUIPOJAMHAMUKHM 3a7ad,

CBsA3aHHBIX C IIpoHecCaMu, MIPOTCKAOIITUMHU B TEIJI000MEHHBIX ariaparax.

Pemena 3aja4a MOACIUPOBAHUA IMMPOLCCCOB, IMMPOTCKAOIINUX B TEIJI0O00MEHHOM
armapare u €ro JJCMCHTAX, IIOJYYCHA BU3YyAJIH3alUA AUHAMHKH IIPOUCXOIAIINX

IMponIcCCOB, BBITIOJIHCH aHAJIN3 ITOJIYYCHHBIX PC3YJIbTATOB.

OCHOBHBIE ATaNbl KYPCOBOT'O ITPOCKTUPOBAHUA:

1. AnamuTudeckuii 0630p HMCIOIMUXCA TCOPCTHYCCKUX M IKCIICPUMCHTAJIBHBIX
MaTCpUaJIOB 110 TCMATHUKC pa6OTBI;

2. IlocTaHOBKa M BBIIOJTHEHUE BHIYUCIMTEIBHBIX 9KCIICPUMCHTOB;

3. AnHanu3s pe3yJbTaToB.



HOPMATHBHBIE CCbhUIKHA

B Hacros1en nosCHUTENBHON 3aMCKE UCTIOJIB30BaHbl CCHUIKM HA CIIEAYIOIINE

CTaHAApTHI:

I'OCT 7.1—84 Cucrtema ctraHgapToB no HHGOpManuu, OUOITUOTEHHOMY H
u3aaTeNbckoMy  Aeny. buOnuorpaduueckoe omnucaHue gokyMeHta. OOmue

TpeOOBaHUs U MpaBuja COCTABICHUS

I'OCT 8.417—81 TocynmapcTBeHHass cUCTeMa OOECICUYECHHUS EIUHCTBA

HSMepeHHﬁ. EIII/IHI/II_[BI (1)H3H‘I€CKI/IX BCIIMYHNH

I'OCT 7.32—2001 Cucrtema ctanaapToB o UHPoOpMaluu, OUOINOTEUHOMY H
u3aaTenbckomy neny. OTueT o HaydyHO-HMccaeaoBaTenbckoid padore. CTpykTypa U

npaBuia opOpPMIICHUS

I'OCT 7.54 Cucrema cTa#mapToB 10 HHpOpMAIUU, OUOJIMOTEUYHOMY U
u3zaTenbckomy neny. IlpencraBienne YMCIEHHBIX JaHHBIX O CBOMCTBaX BEIIECTB U

MaTCpHUaJIOB B HAYUYHO-TCXHUYCCKUX JOKYMCHTAX. O6HII/IC TpC6OBaHI/IH.



OBO3HAYEHNMA U COKPAILIEHWA

JlaTnHECKHME CUMBOJIEI;

Cy n Cp, — TEIUIOEMKOCTh NPH NOCTOSHHOM 00beMe U naBnenuu, [k / (Kr -

d — XapaKTepHbIi pa3mep, M;
E —»sueprus, [X;

H — saTansnus, JK;

| — eqIUHUYHBINA TEH30D;

m — MoJIIpHas Macca, Kr/MoJib;

p — nasienue, Ila;

q — TMJIOTHOCTH TEMJIOBOTO MOTOKA, BT/M?;

S — TeH30p ckopocTelt aedopmanuu;

T — remnepartypa, K;

t — Bpems, C,

U — BEKTOP CKOPOCTH OCPEAHEHHOIO TEYEHUS, M/C;

U, v, Ww — KOMIIOHCHTBI BEKTOpPA CKOPOCTH, Mm/c.

['peueckne CUMBOJIBL:

a — koddurment Temnoornaun, Br/(mM? - K);
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T - TEH30P BSI3KUX HANPSHKEHHUMN

MaremaTrieckre onepaTopbl:
V — onepatop Habna;

A— oneparop Jlannaca.
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BBEAEHUE

B coBpeMEHHOM MHpE CYIIECTBYET OrPOMHOE  KOJMYECTBO  CaMBIX
pa3HoOOpa3HbIX OTpaciedl MPOMBILUIEHHOCTH, KOTOPBIE YIIYYILAIOT YPOBEHb KU3HU
YyelioBeYecTBa —  NMIIeBas, HedTenepepadaTbiBaomias, MeTaUypruyeckas,
XUMHYECKasi, HEII0JI03HO-0yMaKHask MPOMBIIIJIEHHOCTb U T. .

TemiooOMeHHbIE — anmaparbl  XOpOIIO  NPUMEHUMBI  HE  TOJBKO B
TEIJIOOHEPTETUKE, HO U BO BCEX BBILIENIEPEUYHUCICHHBIX OTPACisIX MPOU3BOJACTBA, B
OCHOBHOM JJI1 HarpeBa WM OXJaxJAeHHs paboueld cpeabl (KUIKOCTb WU Taj3),
COCTaBJIsAsl MHOTOYMCIIEHHYIO TPYMIy 000pYyI0BaHMS, IPUMEHSEMOT0 JIJIsl Mepeaadu
Tera.

B numeBoil NpOMBINIIEHHOCTH  TEMJIOOOMEHHUKH MPUMEHSIOTCS IS
nacTepu3alliy, HArpeBa W OXJAXKACHUS >KUAKUAX MHUIIEBBIX NPOAYKTOB. Takwue
npuOOpbl YCTAHABIMBAIOTCS HAa KOTEJBbHBIX, a TaK >K€ TEIJIOBBIX MU aTOMHBIX
ANEKTPOCTAHIUAX. Tak ke HEKOTOphle BUABI TEIJIOOOMEHHUKOB BOCTPEOOBAHBI B
He(PTEXUMUYECKOM U XUMUYECKOU IPOMBIIIJIEHHOCTH u3-3a TOTO,
YTO U3rOTABIMBAIOTCA M3  CTOMKMX  MarepuaioB. Bbpicokas  HaJIeXKHOCThb
TEIUIOOOMEHHBIX alllapaToB IMO3BOJIAET MX YCTAHABIMBATH HAa MOPCKHX CyJax B
CUCTEMAaX BOISHOIO OXJIAXKJEHUs JBUraresns. B  MOBCEAHEBHOW XU3HU JaHHBIC
anmaparthbl UCIONB3YIOTCS NIl TETIIOCHAOKEHUS ¥ TOPSYETro BOAOCHAOKEHUS 3aHHM,

OJI0TPeBa BOJbI B Oacceitne u T.1. [1]

CrnenoBaTenbHO, H3-3a2 OOIIMPHOTO MPUMEHEHUS TEINIOOOMEHHUKOB, BaXKHOM
U aKTyaJbHOW 3aJadeil SBISICTCS CO3JaHHUE HOBOTO 3KOHOMUYHOTO O0OPYIOBaHUS:
CHI)KCHHE €ro METaUIOEMKOCTH U TadapuToB, MOBBINIEHHE 3(PPEKTUBHOCTU U

HaJIE&KHOCTH €ro padoTHhI.

Jist  AOCTWMXKEHUsST  TOCTaBICHHOW — 3aJadyd  HEOOXOIWMO  yIydIiaTh
XapaKTepUCTUKU JIAHHBIX YCTPOWCTB, HAMpUMEpP, YBEIUYMBATh 3(PGHEKTUBHOCTH
TEMJI00OMEHHBIX TOBEPXHOCTEW, NPHUMEHSATH COBPEMEHHbIE MOJIXOJbl K 1704
MPOCKTUPOBAHUIO, CO3J]aBaTh HOBBIE TEXHOJIOIMM TPOU3BOJCTBA TEIIOOOMEHHBIX

ammapaToB [2].



JUisi MHTEeHCU(UKALMKU TEII00OOMEHa CYUIECTBYIOT pa3jiU4HbIE CIIOCOOBI:
opebOpenue TpyO WJIM HMX OIIMIIOBKA, HAHECEHHWE HA HUX YriayOJeHUH, BBICTYIIOB
paznuuHoit Qopmbl, TyHOK W T.A. [loaToMy BaxHOU 3agadeil Tak e SBISIETCA

pa3paboTKa HOBBIX KOHCTPYKIIMI TEIJI000MEHHUKOB U X 3JIEMEHTOB.

Lenpto HacTosiie pabOTHI SIBIASETCS 3HAKOMCTBO € (DU3MKON MPOLECCOB,
MPOTEKAIONIMX B TEIMIOOOMEHHBIX ammnaparax, aHalu3 BIUSHUSA J00ABOYHBIX
AJIEMEHTOB B KOHCTPYKIMIO TEIJIOOOMEHHHMKA Ha €ro 3(PQeKTUBHOCTb, a TaK XKe
BBIUHCIUTENBHOE MOJIEIUPOBAHUE TEIUIOOOMEHHOrO amnmapara ¢ MNpOUCXOASIIMMU B

HEM Iponuecccamu.

Peannsauml I/IHTGHCI/I(l)I/IKaIlI/II/I TCIJIOOTAA4YH, PacCMOTpPCHHAA B )IaHHOI;’I
pa60Te, MMO3BOJISICT OINTUMHU3HUPOBATL ITIOKA3aTCIIU TEIJI000MEHHBIX arIaparTos,
YBCIIMUUTL HUX TCILJIOBYIO 3(1)(1)€KTI/IBHOCTB, YMCHBIIUTD THAPABINMYCCKHUC ITOTCPU HaA

IMPOKAYMBAHUC TCIIJIOHOCUTCIIA.



1 TEINIOOBMEHHBIE AIIITAPATEI

B nanHOli riaBe mpuBeieHa OCHOBHasi TEOpHUsSl O crocobax mepejadyu Teruia,
TEIJIOOOMEHHBIX —amnmaparax, HuX Kilaccuukamus, MeTOAbl WHTEHCU(PUKAIIUU

TEII00OMEHA B IaHHBIX YCTPOUCTBAX, UX pacyeT U BHIOOP.

1.1 Cnoco6nI iepeauu Tersia

TemooOMeH — mpoliecc nmepeHoca BHYTPEHHEW 3HEPruM B MPOCTPAHCTBE U3
00JIaCTH C BBICOKOM TEMIEPATYpOil B 00JIaCTh C HU3KOM TeMIepaTypou.
JlaHHBIN TTPOIIECC MOKET OCYIIECTBIATHCS TPEMS CIIOCOOAMM:

1. TemnonpoBOAHOCTH

B TakoM pexuMe  IUIOTHOCTh  TIOTOKA  DHEPTrUM,  IPEAaroIiasics
TEIUIONPOBOTHOCTBIO, MPOIOPIMOHATIBHA TPAJUCHTY TEMIIEPATYPhl M ONpPEAeIIsaeTCs
3akoHOM Dypbe 1o Gopmyie (1):

q=—2-grad(T) )

TermonpoBOIHOCTh peaiu3yeTcss B TBEPABIX TelaxX, €€ HWHTCHCHBHOCTH
OIIpECISICTCS XapaKTepOM pacIpeCIICHUs TEMIIEpaTyphl B Cpeie.

COBMECTHO C TEIUIONPOBOIHOCTBIO B KHUIAKOCTSIX W ra3ax OCYIICCTBIIICTCS
KOHBEKTHBHBIH IIEPEHOC TEILIOTHI.

2. KoHBeKus TeIuIoThI
[Ipu sTOM pexuMe TEeUeHUs BHYTPECHHSSI DHEPrusi MepeaeTcs CTPYSIMU H
notokamu. KoHBEKTHBHas Temuionepenaya XapakTepusyeTcsi 3akoHOM HprloToHa
ompenensiercs o popmyne (2):
q= a(Tm - TCT)i (2)
rie (T — Tep) - Pa3HOCTH TEMIIEPATYP KUIKOCTH M CTEHKH.
KonBekiust MOXKET ObITh BRIHYKJICHHOU (IT€peMEIINBAHUE KUIKOCTH HACOCOM)

U CBOOOJIHOM (HAarpeBaHUE >KUJIKOCTH). VIHTEHCHBHOCTh KOHBEKIIMU OIpPEIEsETCS

HNHTCHCHUBHOCTLIO IICPEHOCA MACCHI.



3amauyn O KOHBEKUMHU JENSATCS Ha BHEIIHWE (M3YYEHHUE TEIUIOOTAAauu MpHU
oOTEKaHWM TeNl MOTOKOM) M BHYTPEHHHE (HM3y4EHHE Mpolecca TEIJIOOTAAauH IMpU
TE€YEHUH JKUJIKOCTU B TpyOax).

3. TemnoBoe uznydyeHue

JlanHblil mpollecc MpeACTaBIsieT co0O0Ml  pacnpocTpaHEHUsT BHYTpPEHHEH
SHEPIruM M3IYYaIoLIEro Tella B OKPYXKAOUIyI0 Cpeay 3JIEKTPOMarHUTHBIMU

BosiHamu[3].

1.2 Knaccudukanus TeniooOMEeHHUKOB

TerooOmennsiit anmapat (TOA) wnau TemI000MEHHUK - 3TO YCTPOMCTBO,
KOTOPOE€ MCIOJIB3YIOT JJIsl MIepelayl TEIUIOThl OT OJIHOTO TEIUIOHOCHUTENIS K APYTroMy.
TermoHocuTeneM Ha3bIBAETCS MOTOK raza WIM >KMJIKOCTH, KOTOPBIM HarpeBaercs
W/WIIN OXJTaKIaeTCs B TeIIooOMeHHuke [3].

TermooOMeHHbIE amnmapaThl KIACCUPUITUPYIOTCS CIEAYIOMUM 00pa3oMm:

1. [0 HAa3HAYCHUIO: XOJIOAWJIBHUKHU, WUCIIAPUTENIH, KOHJIEHCATOPHI,
IO OTPEBATENH;

2. 10 IIPUHLIMIY AEHUCTBUS: IOBEPXHOCTHBIE U CMECUTEIIBHBIC,

3. II0 HAIpaBJICHUIO JBW)XKEHUS TEIUIOHOCUTEJEH: IPSIMOTOUYHBIE,

IIPOTUBOTOYHBIE, IEPEKPECTHOTO TOKA.
B TemooOMeHHMKAX, KOTOpPHIE HA3bIBAIOTCS CMECUTEIBHBIMU, TEIUIOTA
nepenaércsa MyTeM CMEUIMBAHMS TOpAYEro M XOJOJHOr0 TeIUIoHOcuTens. B
nmoBepxHOCTHBIX TOA  TemmooOMEH OCYIIECTBISETCS depe3  paslelIroIIyro
TEIJIOHOCUTENN  CTEHKY, KOTOpash  Ha3bIBaeTCA paboueil MOBEPXHOCTHIO
TeIUI00OMeHHUKA. J[aHHBIE  TETUIOOOMEHHHKH MOTYT OBITH C JIByMS M OJHHM
TerioHocuTeneM. [lo  BHIy TOBEpPXHOCTHM TEIJIOOOMEHA TaKWE  almaparthbl

pa3eNAOTCs Ha CIIEIYIOIINUE TUIIBI:
1. anmapatel C  TpyO4aTol  MOBEPXHOCTHIO  TEIIOOOMEHA

(KOXKYXOTpyOuaThle TEIIIOOOMEHHHKH, TEINIOOOMEHHUKH «TpyOa B TpyOe» u

T.11.);



2. anmapaTtel  C  IUIOCKOM  IOBEPXHOCTBIO  TEIUIOOOMEHa

(TIacTHHYATHIC TETUIOOOMEHHUKH, CIIMPATbHBIC TEINIOOOMCHHHUKH H T.11.).

1.2.1 KoxyxoTpyOHBbII TENII000OMEHHBIN anmapat

KoxyxoTpyOHBIE TEIIOOOMEHHUKH — amnmapaThl, KOTOpPbIE MPUMEHSIOTCS,
Korja Tpedyercs 0obInas MOBEPXHOCTh TEIMJI000MEHa.

KoHCTpyKInsT KOXYXOTPYOHBIX TEMJIOOOMEHHBIX YCTPOMCTB TPEACTABIISET
co0Ol My4OK TErIOOOMEHHbIX TpyO, BBApEHHBIX B TPYOHYIO pEHIETKY U
MOMEIIEHHBIX B KOXyX. KOXKyX 3aKpbIT KPBIIIKaMH, a TETJIOHOCUTENH BBOJSITCS B
TpyOBl W BO BHYTPEHHIOI TIOJOCTh TeruiooOMeHHUKa. KoxyxorpyOusrii TOA

n300pakeH Ha pUCYHKE 1.

Pucynok 1 — KoxxyxoTpyOHBIH TeTUI00OMEHHUK [4]

TemmooOMEHHUKN KOXKYXOTPYOHOTO THIA W3TOTABIMBAIOT C IUIONIAJIBIO
TEII000MEHAa OT HECKOJBKHUX COTCH KBAJAPATHBIX CAHTHUMETPOB 10 HECKOIBKUX
TBICAY KBaJAPaTHBIX METPOB, AUAMETP KOKyxa Bappupyercs oT 159 mm no 3000 mm, a
mHa Tpyo - ot 1000 MM 10 9000 MM ¢ nuameTpom 20x2 MM wiin 25X2 MM.

K nocromHcTBaM KOXYXOTpYOHBIX ammapatoB MOKHO OTHECTH MPOCTOTY

KOHCTPYKIIMM HX HAIACKHOCTD, HEOOIbIIINE 3aTpaTbl J3JICKTPOSHCPIHH. I[aHHBIe
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TEIJIOOOMEHHUKU MOTYT paboTaTh mOpu OOJBIIOM JHaNa3oHE JaBJICHUN U
TeMIiepaTyp pabodux cpes.

HecMoTpst Ha Bce NOCTOMHCTBA, KOXKYXOTPYOHBIE TEMJIOOOMEHHHKU HWMEIOT
psa HenocTaTkoB. CyIIECTBEHHBIM HEJOCTATKOM SIBJIIETCA OOJBIION pa3Mep AaHHBIX
ycTpoicTB. Takxke 3TH TermIoOOMEHHUKU 00JaaloT OONBIION METaNIOEMKOCTHIO,

KOTOpasd BJIHACT HA UX LICHY.

1.2.2 TennooOmenHuk «Tpyba B TpyOe»

TenooOMeHHMKN «TpyOa B TpyOe» NPUMEHSIOT TPU HE3HAYUTEIbHBIX
pacxoiax TeruioHocuTeneld. BHemHui BUJ NaHHBIX TEMNIOOOMEHHHMKOB H300pakeH
Ha PUCYHKE 2 W TpEACTaBIAeT coboil TpyOy OOJbIIero guamerpa, B KOTOPYIO
MOoMeIlleHa TpyO0a MeHbIIero auameTrpa. HeckolbKO 371€eMEHTOB TEMmiI00OMEHHUKA
«Tpy0a B TpyOE» MOXKHO OOBEAUHUTH IPYT C APYrOM B IEJIbHYIO KOHCTPYKIUIO TaK,
KaKk Tmoka3aHo Ha pucynke 3. IloBepxHOCTH Temonepenayd  JaHHBIX

TEII000MEHHUKOB He Ooiee 20 M.

PucyHok 2 — DiaeMeHT TermI000MeHHUKA «TpyOa B Tpyoe» [5]
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Pucynok 3 — TemmooOMeHHHK «TpyOa B TpyOe» B coOpanHoM Bu/Ie [6]

TennooOMeHHHKH «TpyOa B TpyOe» MOTyT OBITh Kak pa30OpHBIMH, TaK U
Hepa3z0opHbiMU. Hepa3OopHble TENI00OMEHHUKH HCIOJIB3YIOTCS TMPU  Pa3HOCTH
temriepatyp A0 70 rpamycos.

Hannsie TOA yaiiie HCIONIB3YIOT AJI OXJIAKIEHUS UM HarpeBaHUsl B CUCTEME
KHUJIKOCTh-)KUJIKOCTh, KOTJa pPAacxXojbl TeIuioHocuTened Manbl. Takue ycTpoicTBa
TaK)K€ HaXOJAT MPUMEHEHUE TPU BBHICOKOM JABICHUHM SKUIKUX M Ta3000pa3HBIX
cpen.

TemmooOMenHnble  ammapatbl  «Tpydba B TpyOe» HMEIOT MaJeHbKOe
TUIPABINYECKOE COMPOTUBICHUE, COOTBETCTBEHHO, B HUX PEATU3YIOTCS BBICOKHE
CKOPOCTH JIBHIKEHHUS TEIUIOHOCUTeeH. Takue TermiIooOMEHHBIC YCTpPOMCTBa Ooiee

METAJZIOEMKH M MEHEe KOMIIAKTHBI, YeM KOKYXOTPyOHBIE.

1.2.3 IlimacTuHYATHIA TEMIOOOMEHHUK

TennooOMeHHass MOBEPXHOCTh IUIACTUHYATHIX TEIUNIOOOMEHHUKOB — 3TO
roppupoBaHHbBIC TUTACTUHBI, W3TOTOBJICHHBIE M3 MeTajuia. Takue ycTpoiicTBa
NPOU3BOAAT B Pa30OpPHOM W Hepa3z0OpHOM BHjae. TeriooOMEHHUK B HEpa3OOpHOM

BUJEe OTOOpaxkeH Ha pucyHke 4. TemmooOMeHHYI0 TOBEPXHOCTh Pa30OPHBIX
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MJIACTUHYATHIX TETNIOOOMEHHUKOB JJOCTATOYHO MPOCTO YHUCTUTH, CEPBUCHBIE PAOOTHI
peanu3yloTCcsl CpaBHUTENBHO OBICTpO. Takue ammapatbl OOBIYHO HCIOJIB3YIOTCS Kak

XOJIOAUJIBHHUKH N KOHACHCATOPHI.

Pucynok 4 — [TnacTuHYaThI#i TEMI00OMEHHHK B COOpanHOM BHE [7]

TOA mmacTHHYATOro TUIA U3TOTABIMBAIOTCS C MOBEPXHOCTHIO TETNIOOOMEHA
no 800 w2 Paboumii [uManasoH y IUIACTUHYATBIX YCTPOMCTB yikKe, 4eM Y
KOXYXOTPYOHBIX, U3-3a BJIHUSHUS CBOWCTB TNPOKIAJOYHBIX MaTepUAJIOB IS
yIIoTHEHUs1 minacTuH. [lpuemimembie Temmeparypsl pabouux cpen ot —30° mo
180 °C, naBnenue go 1.6 MIla.

VY 9TUX TEnI000MEHHUKOB MHOTO MPEUMYIIECTB Mepes] IPYruMu, HampuMmep,
BO3MOXHOCTh PA3JTUYHBIX CXEM MAaKeTHOW KOMIIOHOBKHM IUIacTWH. [lmactuHYaThie
TEIJIOOOMEHHUKH  KOMIIAKTHBI, OHW OOECTEYMBAIOT  JOCTATOYHO  BBICOKHIA
ko3 uuuent ternonepeaaun (3000-4000 Br/(m? -K)), yao6HbI 1Isl 00CTyKMBAHHS

YHUCTKHU U pCMOHTA.
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1.2.4 CnupanbHblid TEMI000MEHHUK

[ToBepXHOCTH TEMI000MEHA CHHMPAJIBLHOrO almapaTa IpeacTaBisieT co0oi aBe
JEHTBl W3 CTalld, KOTOpbIE€ CBEPHYTHl B CIHpalb. BHEMHWN BUA JaHHOIO
TEIUIOOOMEHHUKAa HW300pakeH Ha pucyHke S. MHM3roraBnuBaioT cHUpajbHbIE
TEMIOOOMEHHUKH C TOBEPXHOCTBIO TermnoooMena 100 m2. Takue TEmI00OMEHHUKH
IKCIUTYaTUPYIOT npu Temmneparypax 20° - 200 °C, naBnenuu g0 1 MIla.

CnupanbHble TEINIOOOMEHHUKU HAXOAST MPUMEHEHUE B COBEPILEHHO Pa3HbIX
nporeccax. IT0 MOXKET ObITh KaK HarpeB M OXJAXKJEHUE, TaK M KOHJEHCalus U
ucnapeHue. PabGouue cpenbl COUPAIBHOIO TEIJIOOOMEHHHUKA TakK K€ MOTYT OBITh
pazHooOpa3Hbl  (CyCIEeH3UH, BA3KHE JKUAKOCTH UM KUIAKOCTH, B KOTOPBIX

MPUCYTCTBYIOT TBCPAbIC YaCTHUIbI U SHGMGHTBI).

Pucynok 5 — CrimpaiibHbI# TermiooOMeHHUK [8]

JlanHbIE TEMIOOOMEHHUKHA MOTYT pa0OTaTh MO 3HAYUTEIHbHBIMA Harpy3KaMH,
CPaBHUTEIBHO  KOMMAKTHBI W  MX  JIOCTATOYHO  JIETKO  HW3TOTABJIMBATh.
Tenn000MEHHUKH, Yy KOTOPBIX €CTh ChbEMHAs KpBIIIKA, JIETKO OTYUINAIOTCS OT

3arpsI3HEHUM, YTO SABJISCTCS MX MpeuMyIecTBoM [5].
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1.3 Pacuer u BbIOOp TEMIOOOMEHHOTO 000PYAOBaAHUS

Paznmunbie KOHCTPYKIIMN TETUIOOOMEHHWKOB TPUMEHSIFOTCS JJISI HarpeBaHUS,
1 OXJIaXJEHUs >KUJKOCTH WJIM Ta3a, KOoHJeHcalus napa. Jyis BeiOopa, TpeOyeMoro
JUTSL 3TUX TeJIed TEIIOOOMEHHUKAa HYKHO 3HaTh IUIOIIANb IMOBEPXHOCTH, KOTOpas
TpeOyeTcss ANsl TemJonepenayd, a TaK kK€ IpueMyeMble IS JaHHOTO Tpoliecca
TeMIepaTypsl W JaBieHHE TeruioHocuTeneld. OCHOBHas IeNib TpU pacdyere M
MOJICJTMPOBAHMK TEILUIOOOMEHHOTO allliapaTa - CpPaBHCHHE HECKOJIBKUX BapHaHTOB
npolecca TEIUIonepeaaun, KOTOPhIE OTIMYAOTCS BUIOM M KOHCTPYKIIMEH ammapara,
PEKMMOM JIBI)KCHUS TETIJIOHOCUTENICH M TEMIIEPATYPHBIM PEKHMOM.

Pe3ynpTaToM JaHHOTO pacuera SBISETCS BBHIOOP ONTHMAJIBHOTO BapHAHTA,
MOJIXO/SIIIEr0 O BCEM IMOKa3aTeNsiM JUIsi TOTO WM HMHOTO Tporecca. Pacder
NPOU3BOJUTCS TIO CICAYIOIIMM CTaJHWsIM: BBIOOp ammapaToB IS CpaBHEHUS;
OCYIIECTBJICHHE JUIsI KaXJIOT0 W3 HHUX TEIUIOBOTO, THAPABIUYECKOTO U
HKOHOMHYECKOTO  pacyeToB; aHajiu3 TOJYYEHHBIX pPE3yJIbTaTOB U  BHIOOD
TEIUI00OMEHHHUKA, KOTOPbIN UMEET OOJIbIIIe MPEUMYIIIECTB.

Jlnist pacdera >kenaTe’abHO 3apaHee 3HATh HE TOJBKO PAacXOJlbl TEIJIOHOCUTENEH
U UCXOJHBIE TEMIEPATypbl, HO U KOHCTPYKTHUBHBIC XapaKTEPUCTUKH BHLIOPAHHOTO
TEMJI000MEHHHUKA TaKWe, KaK TUaMeTp KoKyxa, KOJUYECTBO TPyO H T.I.

Ha nauanpHOM 3Tame mpoMCXOAUT MPHUOIMIKEHHBIM pacueT TEeII000MEHHHKA,
KOTOPBIN 3aKIFOYAETCSl B OMPEACICHUH MTPOXOIHBIX CEYCHUH MO BEIMYUHE CKOPOCTU
TeruioHocuTens. llocme Mo 3THUM TOKa3zaTeiasiM BBIOMPAIOTCS HECKOJIBKO pPa3HBIX
TEIUIOOOMEHHUKOB, KOTOpPhIE B JaJbHEHIIEM CpaBHUBaIOTCs. Jlanmee ompenenstoTcs
KOA(QQUITUESHTHI TSILUIOOTAAYN U KO3 PUITHESHT Terutonepenaun [5S].

Hcnonws3yss cuctemy ypaBHeHumid (3) ompemenstorcss KO3 (UIUSHTHI
TEIUIOOTAAYU (A1 U A5, TEIUIOBOU MTOTOK ¢ U TEMIIEPATYPHI MOBEPXHOCTENU CTEHKH T opq

nu TCTZ'
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(q=qq = a;(Ty — Teyp) = a,ATy;
q = KAT,; 3)
19 = a2 = ay(Tep — T2) = a;ATy;
ay = fi(wy, dq, 1y, p1, A1, Tr, Tern)s
\at; = fo(Wy, dy, Uz, P2, A2, T2, Terz)-

JlanHass ~ 3agada  pemiaeTrcs  OyTeM  MOCIENOBaTENbHBIX  HUTEpanui

(npubnmxenuii). B nepByto ouepenb HY>KHO MPUBECTU COOTHOIICHUS ISl & K BUAY:
npu HarpeBanud u oxnaxiaenun « = A( Pr/Pr)" wm a = A'(W/pep) ™5 mpu
KOHIEHCAlMM Wid KuneHud @« = BAt"wm a = B'q"™, rtne A,A,B,B' -
KO3 (OULIMEHTBI, KOTOPBIE SBIISIIOTCS TMHEHHBIMU pa3MepaMH.

Jlanee HeoO6XxonMMO BbIOpaTh HavyalibHble TPUOTMKEHUS Topq U Terp, KOTOPBIE
YIAOBIIETBOPAIOT  YCHOBUIO: 15 < Ty < Topq < T;. Ilocne Hy)XHO paccuurarhb

a1, a2, K, g1, g2, q 1 COOTHECTH TIOCIICIHUE TPU BEJIIMUUHBI, Y3HAB PACXOXKACHUE O T10

dopmye (4).

5 — max(a1,42,.q)-min(q1,42.9) (4)
q

Ilpu & >5%  mnocne  HAXOXJEHUS  HOBBIX  3HAYCHUH Tiopq U Tepnp
o ¢opmynam (5 — 6) pacder BBIMOJIHSAIOT €Il pas.
Ters =Ty — Va5 )
Terg =T, — q/az- (6)
Dra omepanus MPOJOKACTCS IOKAa HE BBITOJHHTCS ycioBue & < 5%.

OObyHO HEOOXOMUMO HE OoJsiee Tpex uTepanuii. bonblee 4YuCIO NPUOIMIKEHUN

YKa3bIBACT Hd CYIICCTBOBAHNC OIINOOK B AJITOPUTMC WX B BBIYUCIICHUAX.

1.4  Metoabl nHTEHCH(PUKAIIMK TEIII0O00OMEHA B TEIUIOOOMEHHHKAX

TemiooOMeHHBIE arrapaTtbl HalllId IIPHUMCHCHHC BO MHOIMX OTpacCiisax
TCXHHKH, IIO3TOMY 3aJgada I/IHTGHCI/I(bI/IKaHI/II/I mponeccca TerIo0o0MeHa n

MPOU3BOJICTBA BBICOKOI(P(MEKTUBHBIX TEMIOOOMEHHBIX allapaToB JAOCTATOYHO
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akTyasbHa. JInsg  WMHTEeHCH(UKAUMU  TEIJI0OOOMEHa  CYHIECTBYET  HECKOJIBKO

crioco6oB [9].

1.4.1 Yucrtka u 06paboTKa MOBEPXHOCTEH Tem1ooOMeHa

3arpsi3HeHHE TEMJI00OMEHHBIX MOBEPXHOCTEM — OJHA W3 BAXKHBIX MPOOJeEM,
KOTOpasi OOHapy)XKMBAeTCs IMPU HUCIOJb30BAHUM TEIIOOOMEHHOI0 000pYy/I0BaHuUS,

cHUXast 3Q(HEKTUBHOCTH €T0 padOTHI.

N3-3a TOro, 4T0 4acCTO KOHCTPYKIHMH TETJIOOOMEHHHKOB IUIOXO MPOyMaHBI,
TpeOyeTcsl MOCTOSIHHAS OYMCTKA WX TEMJI00OMEHHBIX MMOBEPXHOCTEHN, HO TEXHUYECKHUE
paboThl MOTYT OBITh 3aTpyaHeHbl.  MHorma oOciyXMBaHHE TEIIOOOMEHHUKA
00XOUTCSL JOPOXKE, YeM €ro CTOUMOCTh MO MPUYMHE 3aTPYJHEHHOrO JOCTyIa K

MOBEPXHOCTSIM TEII00OMEHa.

Ectp HexoTOphie THUMBI TEIUIOOOMEHHHMKOB B MHUIINEBON MPOMBIILIEHHOCTH,
KOTOpBhI€ TpeOyIOT IOBCEJHEBHOIO OOCIYyXUBaHUA, B TO BpeMs Kak Jpyrue
TEIUIOOOMEHHUKH MOTyT paboTaTh 0€3 OCYHIECTBICHUS TEXHUYECKUX padoT
JOCTaTOYHO JUTUTENbHOE BpeMsi. Eciu TermnooOMeHHUK HY ) IaeTCsl B YaCTOM YHCTKE,
TO JOCTYyI K TEIJIOOOMEHHBIM TOBEPXHOCTSM JOKeH ObITh JserkuM. Ecnu
MIOCTOSIHHBIN CepBUC HE TPEOYETCs, TO MOTYT UCIOJIB30BaThCsl KOHCTPYKIIUU C OoJiee
CIOXHBIM  TOAXOAOM K  TOBEpPXHOCTSAIM  TeruiooOmeHa.  [loatomy  mpu
KOHCTPYUPOBAHUU YCTPOMCTBA TEIUIOOOMEHHHMKA JOJKEH YYUTBIBATHCS TOT (akT,
YTO MHOTUM TEIJI0O0OMEHHUKAM JOCTATOYHO YAaCTO HEOOXOJMMA YUCTKA, [IOTOMY YTO

ero 3¢ (HEeKTUBHOCTH CHIDKAETCS MPU 3arPSI3HCHUH.

CymectByer aBa crmocoba TpO(HIAKTHKK TPEIOTBPAIEHUS 3arpsi3HEHUN:
XAMHYecKass W (U3MYecKas OYMCTKA. XUMHUYECKash YHCTKA MPEACTaBIsIeT COOOU
MIPOMBIBKY M 00pabOTKy MOBEPXHOCTH TerutoooMeHa. du3nyeckuii cmocod 3aniuThl
MOBEPXHOCTH  OCYIIECTBISIETCS  MyTEM  MPEABAPUTEIBHOTO  OTIAEICHUSA U3
TEIJIOHOCUTENEH BEIECTB U MPUMECEH, KOTOPBIE SIBISIOTCS MPUUYMHON 00pa3oBaHuUs

OTJIOKEHUH.
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1.4.2 TIponyBka TpyOHOTO U MEXTPYOHOTO MPOCTPAHCTB OT MHEPTHBIX T'a30B

W3-3a mpumMeceii mpolecc Terionepeaadn onpeaesieTcsi He CKOPOCThIO 0TBOJIA
TEIUTa, BBIJCISIONIETOCS MPU KOHJEHCAIIMH, & WHTCHCUBHOCTHIO JBW)KCHHS YaCTHII
paboueil cpenbl U3 LEHTpa TPYOOK K TOBEPXHOCTH, HA KOTOPOM MPOUCXOIUT
KOHACHCAIMsA. Bo31yX KOHIEHTPUPYETCS Y TMOBEPXHOCTH OXJIAKICHUS BO BpeMs
KOHJCHCAIIMK, CO3/laBasi CONPOTUBJICHUE JIBIKCHHIO TIapa K TIOBEPXHOCTH.
KoaddurmeHnT TtemmooTnayv yMEHbBIIACTCS W3-3a YBEIMYCHHS TOJIIUHBI  CJIOS

HWHCPTHLBIX T'a30B, YTO BHI3BAHO OTPAHUYCHHBLIM IMOABOJOM IIdpad K MIOBCPXHOCTH.

HOBTOMy TaK BaXHO OUYHUIIATH MC}Kpr6HO€ IMPOCTPAHCTBO OT MHCPTHHIX I'a30B.
Ho cjaeayer IIOMHHUTb, YTO B HapOFaSOBOﬁ CMCCH BCCTa ITIPUCYTCTBYCT
OIIPCACIICHHOC KOJMYCCTBO HWHCPTHBIX HpHMGCCfI JaXXC II0CJIC HX YHAAJICHUA, YTO
IMPUBOAUT K IIOHHKCHHIO TCEMIICPATYpPbl, a4 TaAKXC YMCHBIICHUIO IIJIOTHOCTHU

TCIINIOBOI'O ITIOTOKA.

1.4.3 VckyccTBeHHas TypOyau3aIus moToka

[Ipy HU3KMX 3HAYEHHSAX 4YuclIa PelHoNblIca C MOMOIIBIO HCKYCCTBEHHOM
TypOylIu3ali  TOTOKA MOXKHO JOOWUTHCS TaKUX 3HA4YCHUH KoddduimeHTa
TEIUIOOT/IauM, KOTOpble OYyAyT COOTBETCTBOBATH PA3BUTOMY TYpOYJIEHTHOMY
pEXUMY.

TypOynuzanus moToka AOCTUTAETCS 3a CYET MPUMEHEHHS ITHEKOB, BBHICTYIIOB

Ha TpyOax, BUTHIX JICHT, KOTOPbIE M300paXE€HBI HA PUCYHKE 6.
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Pucynok 6 — IIpumeps! TpyO mast TypOynu3aiuu motoka [10]

Hcnons3oBanue TpyO C BBICTYIAaMH Ha CTEHKax — OJWH M3 HaumbOojee
JICHCTBEHHBIX CIOCOOOB WHTEHCHU(UKAIMK TeIuiooOMeHa. BwicoTa BBICTYIIOB
BBITIOJTHSCTCS PAaBHOW TOJIIMHE TOTPAHUYHOTO CIIOSl, BUXPEBBIC 30HBI BO3HUKAOIINE
32 OTHMH BBICTYNIAaMHU CO3JAIOT JONOJHUTEIBHYIO TYpOYIM3aluI0 U COKPAIaloT
MOTPAHUYHBINA CIJIOH, YTO TapaHTUPYeT MHTCHCHU(UKAIUIO TEIUIOOOMEHA CHapYKU U
BHYTpH TPYO.

Ho HeoOxonuMo y4uThIBaTh, 4TO TPH MOBBINIEHUU uncia PeliHonbaca, MoxeT
HACTYNHUTh MOMEHT, KOTJa TeMI POCTa TEIUIOOTIAayd W pa3BUTHE TYpOYJIEHTHOCTHU

OyZeT SKOHOMHUYECKH OCSCITOIC3HBIM.

1.4.4 OpeOpeHnue u ONMIUIIOBKA MOBEPXHOCTU TEMI000MEHA

Hcnonp3oBanue opeOpeHrss W OIIUIOBKA TOBEPXHOCTH TEIJIOOOMEHA,
BBITOJTHO KaK JUTsl YBENIWYEHUS 3HaUeHUs K0d(PUIlMeHTa Teruionepeaadn, Tak u s
COKpAIIIEHUsS MacChl TeIJIOOOMEHHUKA. PeOpa MOXKHO BBIMONTHATH U3 00JI€€ TOHKOTO
Marepuala, YeM CTeHKU TpyO, UTO MO3BOJSET OCTUYb CYIIECTBEHHOTO CHUKEHHS

MacCChI arapara 1 pacxozia McTajja.
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OpeOpeHHble U OIIMIIOBAHHBIE TPYOBI MPEICTABIAIOT COOOM METaUIMYECKHUe
KOHCTpYKIMHU. Takue TpyObl COCTOST M3 JABYX 3JEMEHTOB: BHYTPEHHEW TPYyObI, MO
KOTOpOM mepemeliaercs pabodas cpena, M HapykHbIX pedep WM UIUIOB,
nepeaarmX Temio. Yaiie BCero 3Tu 3JIEMEHThl U3rOTaBIMBAIOT U3 CTAJIM, YyryHa U
LBETHBIX METAJJIOB. Takue U3Aenusi MOTyT ObITh M3TOTOBJIEHBI TPEMs CIIOCOOaMH —

HaKaTKa, HaBUBAHUC U3 aJJIOMHUHUs, HABUBAHHUC C HpHB&pKOﬁ.

Pucynok 8 — OmmnoBanHas TermioooOMeHHas Tpyo6a [11]

OpeOpennbie TpyObl HMMEIOT PsJ MPEUMYIIECTB, UYTO OOYCIAaBIMBAET WX

IIKPOKOE  pacmpocTpaHeHue. B  mpocTpaHcTBe MexIy pebdep IPOUCXOIMT
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Typ6YJII/I3aHI/I$I IMOTOKAa TCINNIOHOCHUTECIIA, YTO BCACT K YBCIMYCHWIO MHTCHCUBHOCTHU
KOHBEKTHMBHOI'O TCIUIOOOMEHA. OTH U301 o6naz[anT XOopomrM TCPMUYCCKHUM
KOHTAaKTOM MCKAY HCCYIIUM 3JICMCHTOM KOHCTPYKIHHU H pe6paMI/I, 9YTO JOCTHUIaCTCA

HWCHOJIb30BAHMEM KOHTAKTHOM CBAapKMH.

1.4.5 YcraHoBKa pa3IMUHBIX IEPETOPOJIOK B MEKTPYOHOM MPOCTPAHCTBE

TEeILI0O0OMEHHHUKA

M3-3a yCTaHOBKM pa3iIM4YHBIX NEPETOPOJIOK, OCYIIECTBISETCS YBEIMYEHUE
TEIUIOOTAAQYM, a TaK >KE€ MOBBIIIEHUE >KECTKOCTH KOHCTPYKLUMU TPYOHOro MyuKa.

BHemnuii BU IeperopoJiKy moka3aH Ha pUCyHKe 9.

[leperopoaku B TEMI00OMEHHOM arapaTe MOKHO pa3/IeNIUTh Ha MOIMEpPEeUHbIe
u npoaoibHbie. Koadduiment Temnoorayu 3Ha4YUTENIbHO OTINYAETCS PU CUIIBHOM
oOrekanuu. [lomepeuynoe oOTekaHWe BcTpedyaeT OOJbIIEe  CONMPOTUBIICHUE.
Koaddumment remnoornaun ot nmoToka K Hapy>KHBIM CTEHKaM TPYO yBEIUUHBAETCS

H3-3a4 YBCIIMUCHUA CTCIICHU Typ6yn1/13au1/n/1 ITIOTOKaA.

Tak xe IICperopoaKnu B TEeII000MEHHHUKAX JCIal0T KaKk OAHOCCTMCHTHBIMU,
TaKk M MHOI'OCCI'MCHTBIMU. O,Z[HOCGFMGHTHLIG HauOoJee dYacTo IMPpUMCHHUMEBI Ha

IIPAKTUKEC, UX c60p1<a H IMPOU3BOACTBO JOCTATOYHO ITPOCTHI.

Boipes
neperopoaxm

Neperopoaxa

Pucynok 9 — Ieperopojika, nucnoiib3yemas B TEIJIO00OMEHHOM armapate [12]
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Bripe3 neperopoaku MoOKeT OBbITh Cli€JlaH BEPTUKATBHO WM TOPU30HTAIBHO.
['opusoHTaNlbHBIE BBIpE3 dalle JeialoT, KOrja B MEXTPYOHOM MPOCTPAHCTBE
MPOTEKAIOT BA3KHUE KUIAKOCTU, YTOOBI Oosiee Tsxkenble pakiu MOTOKa HE Ocenaiu
Ha JIHE TemIoOOMEHHMKAa. TerIoOoOMEHHBbI ammapaT ¢ [EeperopojkamMu ¢

TOPU30HTAIBHBIM BBIPE30M IIPEACTABIEH HA pucyHke 10.

Pucynok 10 — Temm000MeHHHK ¢ TEPEropoAKaMu ¢ TOPU30HTAIBLHBIM BhIpe3oM [12]

[Ieperopoaku ¢ BEpTUKAIbHBIM BBIPE30M IPUMEHSIOT NP KOHJICHCALUU, JJIS
YIy4YlIeHUsT CTEKaHWs KOHJACHCAaTa WM, HalpuMep, NpU MPHUCYTCTBUU TBEPABIX
YacTHIl B MOTOKE. TermIo0OMEHHHK C TMEePEeropoiKaMHu C BEPTHKAIBHBIM BBIPE30M

MpeACTaBIEH Ha pucyHke 11.
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Pucynok 11 — TermiooOMEHHHUK ¢ TIEPErOpoIKaMHU C BEPTHKAIBLHBIM BhIpe3oM [12]

OnTuMalibHBIA BBIPE3 MEPETOPOJIKKM BapbupyeTcs B mpeaenax 15 — 45% ot
BHYTPEHHETO nuaMmeTpa Koxyxa. MHorma oOpasyroTcst TypOyJIEHTHBIX 3aBUXPEHUS,
ATO MPOUCXOJMUT B TOM CiIydae, KOTJa BbIpe3 MEPEeropoJOK OYEHb MAJCHBKUU WIIH
HAa000pOT, O4YeHb Oombiioi. Takue 3aBUXpeHUs HE MEpPeAaroT TEIIo M BEAyT K
YBEJIMYCHHIO Tepernana aaBneHus. ONTUMAalbHBIN 1Iar Meperopoiok BHIOMpAETCS B
COOTBETCTBHH C YTBEPXKICHHUEM O TOM, YTO MPH YMEHBIIEHWHU Iara meperopojok,
nepenaja JaBJIeHUsT B MEXXTPYOHOM ammapaTe Bo3pactaer B 2,5 — 3,3 pasza ObicTpee,
9YeM TeTUI00Taava.

[Ipu cnumkoM OonbIIOM Tiepemnajze AaBICHHS WIH B TOM CiIy4ae, KOria
TpeOyeTcss Ooyiee Haae)KHOE OOEcTeueHre MOANCPKKA TPYOHOTO ITydKa, MOXKHO
MCIIOJIb30BaTh JIByX- WJIM TPEXCETMEHTHbIe meperopoaku. K TakuMm meperopogkam
MO>XHO OTHECTH TEPETOPOJKH THMA <«JIHCK-KOJBIO», KOTOpPHhIE H300paXCHHBIC HA

pucynke 12 [12].
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Pucynok 12 — TermiooOMEHHHUK € TIEPErOpOIKaMHU THIIA «IHCK-KOJIBI0» [12]

PaccMmoTpeHHbIe BbIlIE METOABl MHTEHCU(UKAIIMN TEIUIO00OMEHA MPUMEHUMBI
yamie JpyruxX. bbeIBaloT W JIpyrue CHocoObl TOBBIIMIEHUS HWHTEHCU(PUKAIUU
TErI000MeHa, Takhe, Kak BpallleHHe WU BHOpalus MOBEPXHOCTH TEIIOOOMEHa,
MyJIbCALIUU TETUIOHOCUTENS, CTPYHHBIE CUCTEMBI. () (PEKTUBHOCTH MHTEHCUDUKAII U

JJIA TaKHUX cIoco0oB IIpHU Pa3JIMYHBIX 3aTpaTax SHCPIUU pa3JIMIHA.
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2 YUCJIEHHOE MOJIEJIMPOBAHUE

B coBpeMeHHOM MHpE CYILIECTBYET MHOMKECTBO IPOrPaMMHBIX IaKETOB,
KOTOpble  JAl0T OOJIbIIME BO3MOXKHOCTH MOJEIHUPOBAHUS TEUEHUH KUAKOCTEH U
ra3oB JUIs 3aad C y4eTOM TypOyJEeHTHOCTH M TemooOMeHa. Ilonbop paszmuuHbIX
HAaCTpPOEK TypOYJEHTHOCTM B TaKUX CpeAax TrapaHTHUPYET  KOPPEKTHOE
MOJICIUpOBaHUE  TYypOYJIEHTHOCTH  JJs  JO0ObIX  BUAOB  TeYeHUH. A
YCOBEPUICHCTBOBAHHBIE MPUCTEHOYHbIE (PYHKIIUU MOBBIIIAIOT TOYHOCTh PE3YJIbTATOB

B IMOTPAHUYHBIX CJIOAX

LHI/IpOKI/Ie BO3MOKHOCTH MOACIUPOBAHUA 3adav TEIJIOOOMEHAa B TaKHUX
IMpOrpaMMHBIX Cp€aax H HpI/IO6p€T€HHBI€ PaHCC HAaBbBIKU pa6OTI)I B HHUX, ITO3BOJIMJIN

pacCuUnuTaTh MPOUCCC TCILIOMACCOIICPCHOCA B TEIJIO0OMEHHHKE.

2.1 TIpoGneMbl MOACITHPOBAHKS TEIIIOOOMEHA

OIIHOﬁ N3 TJIaBHBIX l'IpO6JIGM MCXAaHUKHN ABJIACTCA HN3YUCHHC TCYCHUM
KHUIKOCTH H Tasa. I[aHHa}I HpO6H€Ma OIIPCACIICHA IMHUPOKHM pPACIIPOCTPAHCHUCM
TaKUX TEUCHUNM B TEXHUYECKOM O60py,Z[OBaHI/II/I, B TOM 4YHCJIC, B TEeII000MEHHBIX

amnmaparax.

bospmioe  BHMMaHue B HACTOsIIEE  BpeMsl  YICISAETCA  M3YYECHUIO
B3aUMOJICMCTBUS NIOTOKA )KUIKOCTH C TBEpAbIMU TenaMu. [lapamerpsl u reomerpus B
TaKUX 3a/1a4axX 3HAYUTEIIBHO BIMSAIOT HA PEXUM TEUCHHUS, TaK K€ BO3HUKAIOT
HEYCTOWYMBOCTH, KOTOpBIE  HAIEKUT INPUHUMATh BO  BHHUMAaHHUE  IIpU

MPOEKTUPOBAHUN KOHCTPYKLIUH.

JIOBOBHO HMHTEPECHBI I NMPAKTUKU 3aJa4d O KOHBEKTHMBHBIX TEUYCHHSX.
KoHBEKTUBHBIN TEMIIOOOMEH — 3TO COBOKYMHOCTh TEIUIOBBIX U THAPOAMHAMUYECKUX
B3aMMOJCHCTBHIA B )KUIKOCTH [13]. JlaHHBIN ITpOIIecc MEX Ty TBEPIBIMH dJIEMEHTAMH
YCTPOMCTB M KUJKOCTHOM W/WIM BO3AYUIHOMW CpEIOM OIMNHUCHIBAETCS CUCTEMOMN
YpaBHEHUM TUAPOJUHAMUKU, KOTOpasi COAEPKUT B cebe ypaBHeHus: HaBbe — CtoKcCa,

HCIIPCPBIBHOCTH M IICPCHOCA OHCPIHUH. Ot YPaBHCHHUA O4YCHb CJIOXKHBI, MU B
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HACTOSIIIIEE BPEMs HET MX MPUEMJIEMBIX PEIICHWH, KOTOpbIE NPEICTaBISAIN OBl
UMHTEpEC JUIsl TEIJIOBOro MpoekTupoBaHus. llosTomy mnga Toro, 4toObl XOTS OBl
MPUOIMKEHHO MOJEIUPOBATh peaIbHblii KOHBEKTUBHBIN TEMIONEPEHOC, UCTIONB3YIOT
pa3sIU4HOrO poa IOIYIICHWs, KOTOpPBIE YIPOLIAT €ro onucaHue. I[Iposepurs
KOPPEKTHOCTh ATUX YIPOLICHUM I MOJYYaeMbIX C MX MOMOIIBIO 3aBUCHMOCTEN

AO0CTATOYHO HCITPOCTO.

Pucynok 13 - Harpes »HIKOCTH, MPOTEKAIONIUH Yepe3 maKeT
ropstuux tpyo[14]

Peanuzamusa maremaTnueckod MOJENM KOHBEKTHBHOI'O  TEIUIONIEPEHOCA,
COOTBETCTBYIOIAS ~ PEAJbHBIM  yCIOBUAM  TeriooOMeHa  (TypOyJI€HTHOCTS,
HEJIMHEHHOCTH PA3HOTO POJa U Mp.) TpeOyeT OONBIINX BBIYUCIUTEIHHBIX PECYPCOB.
Tax xe oOHapyXeHHUE OMPECICHHBIX TUAPOIUNHAMUYECKAX B3aUMOJICHCTBUN, YaCTO

TpeOyeT TOHKOW HACTPOMKH pelIaTess, YTo ObIBACT 3aTPYAHUTEIBHO.

[Ipyu yncaeHHOM MOAEIUPOBAHUMU TAKUX T€UEHUH, OOBIYHO, UCMOIb3YIOT OJIHY
u3 Mojeneld TypOyJIeHTHOCTH (M3BECTHBIMHU SIBIISIIOTCS Mojaenn k — o u k — ¢). B

OOJBIITNHCTBE CJIydacB BOIIPOC O BJIMAHWUHA Typ6y.]'IeHTHOCTI/I B IIPUCTCHHBIX 007acTIX
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Ha TOJIydaeMoOe€ pellleHre BooOIle He paccMmarpuBaetcs. s ydera 3ddexToB
TypOYJIGHTHOCTA M  BSI3KMX HIPHUCTEHOYHBIX 3(P(EKTOB NPUMEHSAIOTCS, TaK
Ha3bIBa€MbIE, «HU3KOPEHOJIBICOBBIE» MOJIeNIN TypOYJIEHTHOCTH. K
KHU3KOPEHOJIBJACOBBIMY» MOJEISAM OTHOCUTCA MOAMGUIMPOBAHHAA CTaHIAPTHAS
Moaenb k — &, KoTopas TMpUMEHUMa KO Bcedl oOmactu TeueHus. OHa gBiIsSETCA
MPOJAOJIKEHUEM CTAaHJAPTHOM Kk — & MOJENM U COXpaHSIET MHOTHE €€ JOCTOMHCTBA
[15]. Ho mns ee peanusanmm TpeOyeTcs OYCHb TIycTas pacueTHas ceTka. JTH
TpeOOBaHUsSI TPUBOAAT K OOJBIIUM 3aTpaTaM BBIYHCIUTEIBHBIX pecypcoB [16].
Hekoropbie wu3 mpoOiemM [0 CUX MOp HE pelieHbl, HECMOTps Ha HaJu4ue
CBEPXMOUIHBIX BEICOKOTPOU3BOIUTEIBHBIX KOMIIBIOTEPOB. [l03TOMY HCCenoBanue u
MOJIETMPOBAHKME TMPOILIECCOB KOHBEKTHUBHOTO TEIUIOOOMEHA, TMPOTEKAIOIIUX B

pealibHbIX KOHCTPYKITUAX, SIBIIIETCS CIOKHOM 3anaueit [17].

Ananus PCKUMOB KOHBCKIHH KHAKOCTHU B pr6ax TGHJ’IOO6MCHHI/IKOB,
COBMCCTHO C M3YUYCHHUCM ITOBCACHU:A ITIOTOKA, ITIOMOT OBI MMPOABUHYTHCS B IOHUMAaHHUHA
TEPMOTUAPOANHAMUICCKUX ImponeccCcoB )41 BBIXIBUTD HOBBIC MCTO/IbI JIIsA

uHTeHCcH(UKaIK Teriooomena [18].

2.2  Maremartuueckass MOIEIb

[Ipn mpouecce mactepusaluy KUAKAX MUIIEBBIX NPOAYKTOB OJWH KUIKHN
MPOAYKT (MCXOJIHAsI CMECh KOMIIOHEHTOB) MPEBPALIAETCA B IPYTOW KUAKUNA MPOAYKT

(KOMITOHEHTHI IPOJIYKTa) MyTEM Harpesa.
UCXOJIHAsl CMECh KOMIIOHEHTOB — KOMITOHEHTHI ITPOIYKTa

HapI_II/IaJIBHaH IINTIOTHOCTDb JIA [ — oH KOMIIOHCHTBI BBbIYUCIIACTCA 110

ypaBHEHUIO cOCTOSIHUA (7).

bi @)

rJe p; — NapuyaIbHOE TaBJICHUE [ — O KOMIIOHEHTHI B COCTaBE CMECH;

R; = R/m; — ra3oBasi moCTOsTHHAS,
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m; — MOJsIpHasd Macca [ — rO KOMIIOHEHTA.

[TnoTHOCTH CMecH ompeensieTcs Mo ypaBHEeHuUo (8).

Pow (8)
R T’

Pcm =

rac JaBJICHUEC CMECU

n
Penm = z pi,
i=1 9)

R., = R/m,, — ra3oBas NocTOsSIHHAasA CMECH,

me, — MOJIsIpHasd Macca CMECH,

n
Mo = G (10)
=1

pi L
C; = — — MaccoBast KOHIICHTpAIUs | — O KOMIIOHEHTBI B CMECH.

Pem

TepMoauHamMuyecKkas SHTAIBIINS CMECH BbIYHCIIAETCA 110 ypaBHeHHIO (11).

n
"=ZCi"’i' (11)

. T. L
rae i; = lez Cp,i * AT — TEPMOAMHAMUYECKAS SHTANIBITHSA [ — O KOMIIOHEHTBI.

YienbHasd TEMIOEMKOCTh Cp,i KOKION [ — Ol KOMIIOHEHTHI 3ajiaHa IIo

KyCOYHO-JIMHEWHOMY 3aKOHY B BUJE (YHKIIMU OT TEMIIEpaTyphl U JaBieHus. Takum
o0Opa3oM, cpemHsisi yaenbHas TEIUIOEMKOCTh CMECH BBIYHCIISCTCA C MCTOJIb30BaHUEM

cootHoueHus (12).

n
Cp,i = z Ci ' Cp,i ,
= (12)

rae C; —MaccoBasi KOHIECHTPAMS KaK10r0 KOMIIOHEHTA;
Cp,i — YZ€lIbHas W300apHast TEIIIOEMKOCTh KaK/10r0 KOMIIOHEHTA.

TermonpoBogHOCTh A; KaXIOW [ — OH KOMIIOHEHTHI OIPEACIICTCS C

UCIOIb30BaHuEM cOOTHOIIEeHUS (13) U3 KHHETUYECKOI TeOpUHU ra3oB.
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_ 15 R 4 Cp,iMi N 1] (13)
“am Mlis R T3l

rac U — AMHaAaMHU4YCCKas BA3KOCTb [ — rO KOMIIOHEHTA.

TennonpoBogHOCTE cMecH ompeensercs mo Gpopmyse (14).

n

Xid
Aoy = S
CM )
o i Xipij (14)
rae X; — MOJIbHAs KOHLEHTPALKs [ — T0 KOMIIOHEHTA; A; — TEIIONPOBOJHOCTD [ — IO
KOMIIOHCHTA, HapaMeTp (PU paCCqI/ITBIBaeTCH C HNCIIOJIB30BAHUCM

cootHomeHus (15).

2

1 1
Hl 2 (My Tw,j 4
Hj/ N\, j (15)

Pij = 1
8(1+ 5]
mWJ-

BsizkocTh Kaxa0ro [ —TO KOMIIOHEHTA BBIYUCJISIACH 110 q)OpMy.HC CaTepHGHIIa

(16).

3
= o (T)ZTHOpM+S
0i _
"\T, T+S '’ (16)
I [lg; — AMHAMUYECKas BA3KOCTb [ — IO KOMIIOHEHTA IIPU HOPMAJIbHBIX YCIOBHAX;
Tyopw — TEMIIEPATYpa MPU HOPMAJBHBIX YCIOBHSX;

S —addextuBHas Temneparypa (konctanta CaTtepiaeHaa).

JlnHamu4eckas BA3KOCTh CMECH BBIUUCIISIETCS Kak 1Mo ypaBHeHUto (17)

Z Xiu
Z, 1 Xioi (17)

rac Xi — MOJIbHAasA KOHOCHTpAa s [ — TO KOMIIOHEHTA.

JIns KaxkIoro W3 KOMIIOHEHTOB CMECH PeIlalioCh OTAEIbHOE YypaBHEHUE
nepeHoca Macchol Bujaa (18).

g _ _ 18
ot (piC) + V- (pivC) ==V g + w;, 49
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rae g; — 1 Py3MoHHBIN TOTOK [ — TO KOMIIOHEHTA;
W; — CKOPOCTh 00pa30BaHMs [ — T'O KOMIIOHEHTA B XMMUUYECKUX PEAKLIMX.

Ckopocth oOOpa3oBaHusi [ — IO KOMIIOHEHTa B XUMHUYECKUX PEAKIUSIX

BBIYHCIIIETCS C MCIIOIb30BaHueM cooTHoIeHus (19).

Ng
W; = My, ; Z R; (19)
r=1

rie m,, ; — MOJIbHast Macca [ — TO KOMIIOHCHTA;
Ng — KOJIMYECTBO XUMUYECKUX PEAKIIMNA B PACUETE;

R;, — MoOIbHas CKOPOCTh 0Opa3oBaHus (pacnana) i — ro KOMIOHEHTAa B PEaKLMH T,
BBIYHCJICHHAS 10 YPAaBHEHUIO XUMHUUYECKON KMHETUKH CKOPOCTH 00Opa3oBaHUs [ — TO

KOMIIOHCHTA B XOJC XUMHYECKOH PCaAKIINH.

MounsipHas ckopocTh 00pa3oBaHus (pacmana) i — ro KOMIIOHEHTa B PEakluu 7,

3aIIMCBIBAIOTCsA B BUJIC:

N N
/

Ri,r = F(V;’T — vi,,T' kf,T' H[Xj,r]njﬂ" — kb,T' H[){j,r]vjrr ’ (20)

j=1 j=1
rae Xj, — MONbHAs KOHLEHTpPAIMsA KOMIIOHEHTa j B peakuuu 7 (BCerga paBeH
CTEXHMOMETPHIECKOMY KOA(DPUITUCHTY MPOAYKTA PEAKIIHH );
I' — k03P PUIUEHT, YIUTHIBAIOIINI BIMSHUE TPETHUX TEJI HA CKOPOCTh PEAKIINH;
ks — KOHCTaHTa CKOPOCTH NMPAMOH PEAKIINH;
ky, - — KOHCTaHTa CKOPOCTH OOPAaTHOW PEaKIHu.

Konctanta ckopocT peakuuu 7 BBIUHMCISIETCS U3 3aKoHa AppeHuyca
(f — npsimas peakiusi, b — oOpaTHas peakius):

“Erbr 21
Kepr = App,TFrore RT &

rie Ay pr — IPEISKCIOHEHIHATIBHBIH (akTop;
B b,r — TEMIIEPATYPHBII IIOKA3aTENb;

Ef b — OHEPTHSI aKTUBAIIMN PCAKIIHH,
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BBenéM B paccMOTpeHHE OCHOBHBIE YPAaBHEHMS, OIMCHIBAIOLIME TEYEHUE

CMCECH XHUAKOCTH.

VYpaBHEHHE HEPA3PBIBHOCTHU [IJIA [ — 'O KOMIIOHEHTA UMEET BUJ

dp; .
a_tl + V- (pivy) = my,

(22)

IJ€ M; — CKOPOCTh U3MEHEHHS MAcChl [ — 'O KOMIIOHEHTA B PE3YJIbTATE XUMUYECKOU

pEaKInu.

CYMMI/IPYSI IO BCEM KOMIIOHCHTAM MW BHOCA CYMMY IIOJ 3HAK OUWBCPIrCHIUU,

NOJIyYUM YpaBHEHUE Hepa3pbIBHOCTH (23) /il BCEH cMecH.

dap _ (23)
% +V-(vp) =0.

HpI/I 34llMCH YPpABHCHH:A BbIINIC YYUTHIBACTCA YCIIOBHC COXPAHCHUA MACCHI IIPHU

XUMHYECKOU pPCaKnunu

M N

N N M
zmi = zz(vi'} —vi)Miw; = zwizmi(w’} —vj;) = 0. (24)
i=1 i=1

i=1 j=1 j=1
[lpy XuMUYECKOW peaKkIMu Macca HE CO3JacTCs M HE YHHUYTOXKACeTCs, a
IPOUCXOIUT IPEBPAICHHE OJHOTO BEIIECTBA B PYTOE.
Bexrtop noroka qudy3un BRITISLAUT CIEAYIOMUM 00pa3oM
I; = pi(vi + v) = p;w;. (25)
VYpaBHeHUE WM3MEHEHUS HUMITYJIbCa JUISI CMECH MOYKHO 3aIMCaTh B TaKOM K€

BHUAC KaK U OJI1 OAHOKOMIIOHCHTHBIX CUCTCM

N
ov
—+ v-Vv=VH+E

B TeH30p HanpskeHMHM CMECH BXOJWT CyMMa NapUHAAIBHBIX TEH30POB

HaMPSHKCHUH B TeH30p AU( G Y3MOHHBIX HAMPSKEHUH.

N
H == Z Hi + D
i=1 (27)
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Jnst  BeluucieHHs] TeH30pa JU((PY3HMOHHBIX HANPSIKEHUH UMEET MECTO

COOTHOLICHUC

N
D = —pz Yi(l)l'(l)l'.
)

[Ipenebperas »dpdekTroM 00BEMHOM BSI3KOCTH, MJIS TEH30pa HaANpPsKEHUN

CMECHU UMEECM COOTHOLICHUEC

2
M= [p +2 (- v)] I = u[(Vo) + (Vv)']. (29)

IHonnbrit BCKTOP MAaCCOBBIX CHUII, HpHXOI[HIJ.IPIﬁCH Ha COAUHUIY ob0beMa CMCCH,

omnpenaensiercs o popmyite (30).

N
pf = z pifi (30)
=1
rje f; cuia, IeUCTBYIOIIas Ha IMHUITY MAacChl [ — IO BEIIECTBA.

BB@IIGM IMOJIHYIO OHCPTUO0 CMCCHU

v? 31
s=e+7 ()

YpaBHEHHE U3MEHEHUS MTOJTHOW SJHEPTUU CMECU UMEET BUJL

s

N
—+pv:Ve=-VI,+V(Ilv) + Zpifivi.

ot - (32)

Jlanee ony4YrM ypaBHCHHE U3MECHECHHS BHYTpEeHHEH 3Heprun cmecH (33).

N
de
pa+pv-\73 :—qu+H*|7v+Zfili.
i=1

(33)
[IpeoGpasyem ypaBaenue (33) K BULY
3 N N
e
—+pv-Ve =V(AVT —Zh-l-+l'[*|7v+z 1.
at p ( ) L 141 i:1ﬁ. l (34)
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3BE3/I0YKON 37eCh O0O3HAYECHA CBEPTKAa JBYX TEH30POB BTOPOIO paHra.

CBepTka TeH30pa BA3KUX HAIPSKEHUN C TPAAUEHTOM CKOPOCTH MPEACTABISAET COOOM

auccunatuBhyo Qynkiuio [20].

2.3 Tlocra”HoBKa 3agaun

Pemiate 3amauy MoaenupoBaHUsl TEIJIOOOMEHHUKA C PEaIbHBIMU pa3MepaMu
JOCTaTOYHO Tspkeyno. [loaToMy Ha HavalbHOM »JTame  M3-3a OrpaHUYEHHBIX
BBIYUCIIUTEIBHBIX PECYpPCOB, OBUIO TPHUHATO pEHIEHHE PacCMOTPETh MOJIEIb
TEeIJIOOOMEHHUKA  Majoro pasMmepa. lIpoTroTuriom paccMarpuBaemMoil MOJEIU
TEIJTI000MEHHUKA CTajla KOHCTPYKIIUS, TPUMEHsIEMasi B TTUIIIEBON MPOMBIIIIIICHHOCTH,
MOKa3aHHas Ha pucyHKax 14 u 15. JlaHHas KOHCTPYKUUS MPOBEPEHA HA MPAKTUKE U
SIBJISIETCSL TOCTATOYHO A(DPEKTHUBHON Oyiarojapsi meperopojkam, HaxXOSIIUMCS BO
BHYTpPEHHEH monocTH. M3-3a meperopofok HU3MEHSETCs HampaBjiIeHHUE IMOTOKA, YTO

IMPHUBOAXUT K HHTCHCUBHOMY IICPEMEIIIMBAHUIO CPECDI.

4 A
- . 5 ot

Pucynok 14 — [Ipototun paccmarpuBaeMoit mojaenu [21]
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Pucynok 15 — [Ipototun paccmarpuaeMoit Mmojenu [21]

CHauana ObUI pPAcCMOTPEH TEIJIOOOMEHHUK 0€3 TMeperopojoK, YTOoObI
MpOaHaTU3UPOBaTh APGEKTUBHOCTh TEIJIOOOMEHHOTrO amnmapara ©0e3 Hux. Ha
pucynkax 16 u 17 mpencraBieH SCKHU3 pPaccMaTPUBAEMOrO TEIIOOOMEHHUKA C
XapaKTepHbBIMU  pa3MepaMu,  HApUCOBAHHBIK B  CHUCTEME  TPEXMEPHOIO

IIPOCKTUPOBAHUA.
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4 omb

Pucynok 16 — Dcku3 KOHCTPYKIIMH TETNIOOOMEHHHKA

29

5
e
.

78

Pucynok 17 - 3cku3 KOHCTPYKIIUHU TETNIO0OOMEHHHUKA

Hccnenyemass  obGnacTte  TeIiooOMEHHHWKA  TPEACTaBIsCT CcO0OM  ero

TPEXMEPHYIO MOJIeNIb, KOTOpas m3o0pakeHa Ha pucyHkax 18 u 19.
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Pucynok 18 — TpexmepHast MoieJIb TETIIOOOMEHHHUKA

Pucynok 19 — TpexmepHast MOJeNb TETIOOOMEHHUKA

JUiss TOCTpOEHMS PACUYETHON CETKHM ObUI  HCIOJB30BaH T'€HEpaTOp CETOK.
CeTka HECTPYKTypHUpOBaHHAsl TETpadJipajbHasi, ¢ KOJu4yecTBOM siueek - 400 Thicsy,

npejcTaBiieHa Ha pucyHke 20.
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Pucynox 20 — Mojenb ¢ HAaHECEHHON pacueTHOM CETKOM

[Tocrie OBUTO MPUHATO PEIICHHE MPOBEPUTH IP(HEKTUBHOCTH KOHCTPYKIIUH C
neperopogkamMu. B MeXTpyOHOEe MPOCTPAaHCTBO paccMaTpUBaeMO  paHee
KOHCTPYKIIMM TEIIOOOMEHHUKA OBLJIO J00aBICHO HECKOJBKO Ieperopojok. Ha
pucynkax 21 - 22 mpeicTaBieH 3CKHW3 MOAUGUIIMPOBAHHOTO TEIJIOOOMEHHUKA C

XapaKTepHBIMU pa3Mepamu.

217
4 omb

&% A

>
79

Pucynok 21 — Ocku3 TemiooOMeHHUKA C IEPEropoaKaMu
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Pucynok 22 — 3cku3 TemiooOMeHHUKA ¢ TIEPEropoKaMHu

Ha pucynkax 23-24 wuzoOpakeHa TpexmepHas MOJeiIb TEIIOOOMEHHUKA C

MeperopoaKkamMu.

Pucynok 23 — Tpexmepnast MoJienh TETNIOOOMEHHHUKA C TIEPETOPOIKAMHU
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Pucynok 24 — TpexmepHast MoJieb TEMIIO0OOMEHHHUKA C IEPETOPOAKAMHU

PacueTHas cerka, Kak W B IMEpPBOM cilydyae, ObUla MOCTPOEHA C TMOMOIIBIO
reHeparopa cetok. HecTpykTypupoBaHHas TeTpasApalibHas CETKa, C KOJIUYECTBOM

saeek - 1 mwmmnon 400 TeICSY, IpeIcTaBIeHA Ha PUCYHKE 25.

Pucynok 25 — TenmooOMeHHUK ¢ HAHECEHHOW PaCYeTHON CETKOM

B nannoit pabote ObUIM pacCMOTPEHBI JIB€ MPUHIMINAIBLHO Pa3HbIE MOJIENIU
TerIoo0MeHHoro amnmapata. Jljis Toro, 9To0bl UMETh BO3MOKHOCTH CPaBHUTh W

caenaTth BbIBOJ O Oojee 3(pheKTUBHONW KOHCTPYKIMM YCTPOWCTB Mepeaadu Teria.
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JUisi 4ucneHHOM peanu3alyy MCMOJIb30BAH CIELMAIM3UPOBAHHBIA MPOrpaAMMHBIN

MaKeT. AHANIU3 pe3yJbTaTOB U KAPTUHBI PACYETOB MPUBOAATCS B CIEAYIOIIEH II1aBe.
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3 AHAJIN3 PE3YJIBTATOB

Jlist Havana Obula pacCMOTpEHA 3ajlaya O HarpeBe BO3yXa B TEIIOOOMEHHUKE
0e3 MmeperopoioK, Mo3TOMYy 4epe3 TpyObl M MEXTpyOHOE MPOCTPAHCTBO B JAAHHOU
3a/laye MpoTeKaeT BO3AyX. B kadecTBe rpaHUYHBIX YCIOBHM JJIsl pacyeTa MpoLecCOB
B TEIJIOOOMEHHUKE 3aJlaHbl: TEMIIepaTypa Bo3jayxa Ha Bxojae B Tpyoel — 320 K,
TeMreparypa BO3lyXa Ha BXOJAe B MEXTpyOHoe mpoctpancTBo — 280 K, ckopocTh
BO3/lyXa Ha BXOJie B TPYObl U MexXTpyOHOe mpoctpaHcTtBo - 0.5 M/c, naBieHue
BO3/lyXa Ha BBIX0OJIE TPYO U MexXTpyOHOTO npoctpancTsa — 0.1 MIla.

JUist 4yucneHHOW peanu3alMM  ObUT  HMCHOJB30BaH IMPOTPAMMHBIM  MaKeT
TUIPOTa30/IMHAMHUKH.

Ha pucynke 26 n3o0pakeHO pacmnpeiesieHue TeMIEepaTypbl 1o BceMy o0beMy

TEIJI000MEHHHKA.

T
320.00

307.50
295.00

i& 282.50

270.00
(K]

Pucynok 26 — Pacnipenenenue Temmneparypsi o o0beMy TeII000MEHHHUKa,

¢ pabouelt cpeoi — BO3ayx

A Ha pucyHkax 27 - 28 mpeACTaBICHO pacHpelesieHne TeMIIepaTypbl B

Pa3JINYHBIX IINIOCKOCTAX.
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320.00
315.00
310.00
305.00
300.00
295.00
290.00
285.00
280.00
275.00

270.00
[K]

Pucynok 27 — PacripesienieHue TeMreparypsl Mo II0CKOCTH Y X,

pabouas cpena — BO3ayX

320.00
315.00
310.00
305.00
300.00
295.00
290.00
285.00
280.00
275.00
270.00

Pucynok 28 — Pacnipenenenue Temmneparyps 1o miockocta ZY,

pabouas cpema — BO3AyX

Ha pucynke 29 MOXHO yBHIETH pacipeeleHre CKOPOCTH.
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Pucynok 29 — Pacnpenenenue ckopoctu, pabodas cpesia- BO3IyX

AHaM3 JaHHBIX KapTHH TEUEHUS MO3BOJISIET JEJIaTh BHIBOJ O TOM, YTO BO3AYX
J0CTATOYHO OBICTPO M XOPOIIIO HArpeBaeTCs.

CrnenyrommM 3TamoM MOJEIHUPOBAJICS TPOIECC TacTepu3alid CoKa B
MEXTpYOHOM TIpocTpaHCTBe. B nmaHHOW paboTe Bce mapaMeTpbl M CBOWMCTBAa COKa
NPUHUMAIOTCSA, Kak y Boabl. IloaToMy B Tpybax W MEXKTPYOHOM MPOCTPaHCTBE
MIPOTEKAET BOJIA.

B kaudecTBe TpaHWYHBIX YCIIOBHH 3aJaHBl: TEMIIEpaTypa BOJbI HAa BXOJIIE B
TpyOB1 — 360 K, Temneparypa Boabl Ha BX0Jie B MeXKTpyOHOE mTpocTpancTBO — 290 K,
CKOpPOCTh BOJBI Ha BXOJe B TpyObl U MexTpyOHOe mpocTtpanctBo - 0.05 m/c,
JlaBJICHUE BOJIBI Ha BBIXO/E TPYO 1 MexTpyOHOTO TipocTpancTBa — 0.1 MIla.

[Tocne pacueTa OBLTH MONYYEHBI KAPTUHBI TEUCHUS TEMIEPATYPhl U CKOPOCTH,
KOTOphIe TpencTaBieHbl Ha pucyHkax 30 - 32. AHanu3 pe3yJbTaTOB MPUBOIUTCS

HHMKC.
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Pucynok 30 — Pacrnipesienienue TeMreparypbl o 00beMy TEIII0O00OMEHHHKA,

pabouast cpena — Boja
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Pucynok 31 — Pacnipenenenue Temneparyps 1o miockocta ZY,

pabouast cpema — Boja
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Pucynok 32 — Pacrnipeienienue ckopocTu, pabouas cpena — Boja

[To maHHBIM KapTHHAM BHIHO, YTO BOJIa HEJIOCTATOYHO XOPOIIO HArpeBaeTCs,
COOTBETCTBEHHO, B JaHHOW KOHCTPYKIIMU TEIUIOOOMEHHHMKA HE JIOCTUTAIOTCS
TEMITepaTyphl yIOBJICTBOPSIOIIME MPOIIECCY MacTepU3aiuu. Takas KOHCTPYKIUS HE
s exTUBHA I TaHHOTO TIpoliecca.

[ToaTOMY OBLITO IPUHSATO pelIeHUE MPOBEPUTH d3P(HEKTUBHOCTH KOHCTPYKIIUHU C
nmeperopoakamMu. B MeXTpyOHOE MPOCTPAHCTBO  paccMaTpUBacMOi  paHee
KOHCTPYKIIMM  TEIUIOOOMEHHHWKA OBUIO  J00aBJIICHO HECKOJBKO TIEPETOpPOJIOK.
['paHnYHBIC YCIOBUS COBMAIAIOT C TEMHU, YTO OBLIM 3aJIaHBI B MPEIbIAYIIEM CITydae.

Kaptunsl Teuenus teMnepaTypbl MpeacTaBiIeHbl Ha pucyHkax 33 -36.
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Pucynok 33 — Pacnipenenenue Temneparypsi mo oosemy,
pabouast cpena — Boja
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Pucynok 34 — Pacrnipesienienue TeMreparypsl 1o miockoctu ZY,

pabouast cpena — Boja
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Pucynok 35 — Pacnipenenenue Temneparypsl 1o miockoctu ZX,

pabouast cpena — Boja

Ha pucynkax 36-37 mokaszano pacmpeneneHue o0beMHbIX Qpakiuii. [1o atum
KapTUHAM BUJHO, KaK OJWH >XUAKUWA MPOAYKT (COK) MpH HAarpeBe IMpeBpallaeTcs B

JIPYroM )KUAKUNA MPOAYKT (COK MacTepU30BAHHBIN).
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Pucynok 37 — Pacnpenenenue o0beMHBIX Ppakiiuit

[IpoaHan3upoBaB AaHHBIE KApPTUHBI TEYEHHS MOXKHO CJHI€NIAThb BBIBOJ, YTO
MEPErOPOIKHA TOBBIIIAKOT TEMIIEPATYPY HATPEBaHUsI BOJAbI, IMPOUCXOIUT IPOLECC
nacrepusanuu. M3-3a neperopoIok N3MEHSETCsl HAaPaBJICHUE MMOTOKA, YTO NPUBOIAUT

K MHTEHCUBHOMY TIEPEMENIMBAHUIO CPEIbI, TaHHAS KOHCTPYKIHS O60jee 3G heKTHBHA.
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SAKJIIOYEHUE

B Hacrosmein paboTe NOKa3aHO, 4YTO HCCIEAOBaHUE HWHTEHCU(PUKALMU
TeTI000MEHa B TETNTIOOOMEHHBIX allllapaTax sSBIsSETCs akTyalbHbIM. [loaTOMY 3HaHUSA
M0 ATON TeMaTHUKE MCCIECIOBAHMUS HEOOXOIUMO MPUMEHSTH JJII COBEPIICHCTBOBAHUS
TEII000OMEHHBIX YCTAaHOBOK.

B pabote ObUH pacCMOTpPEHBI ABE MOJIENIN TEIJI0OOOMEHHOTO amnmapara pa3Hou
KOHCTpyKIMH (c meperopogkamu u 0e3 Hux). C MOMOIIBIO YHCIEHHOIO
MOJICIIMPOBaHMs ObLIa pelIcHa 3ajaua TEUCHHUsS BO3JyXa M cOKa (BOMABI) 4yepe3 ATH
TeTI000OMeHHUKH. [lomydeHpl KapTUHBI TEYCHHsI TEMIEPATypbl U CKOPOCTH B JBYX
pa3HBIX TETNIOOOMEHHBIX anmapaTax, KOTOPbIe O3BOJIMIH ClIeJIaTh BBIBOJ O TOM, YTO
UCTIOJh30BaHUE TIEPETOPOJOK B MEKTPYOHOM TPOCTPAHCTBE TEIUIOOOMEHHBIX
anmapaToB B IIENAX MOBBIIICHUS O()PEKTUBHOCTH  SIBIACTCS  JIOCTATOYHO
JICHCTBEHHBIM  METOIOM. [leperoponky TO3BOJISIOT YMEHBIIUTH Ta0apUTHI
TEINIOOOMEHHUKA B LieJoM. TeueHue, OGmarojapsi meperopojakam, yCKOPSIETCs, YTO
yJaydllaeT MepeMelInBaHue XOJIOAHBIX M TOpsSYMX cJoeB pabodeil cpeabl. JlaHHbIe
UCCIICZIOBAHNSA TIOMOTYT B  JaJibHEHIIEM MOJEIUpPOBaTh 0OoJee  CIOXKHbBIE
KOHCTpYKIMH. Bce 1enu u 3agaun, Kotopble Obuld c(hOPMYIUPOBAHBI BO BBEJCHHH,
BBITIOJIHEHBI B IIOJTHOM 00BEME.

B HacTosmiee BpeMs EpPEropoAKH A TEINIOOOMEHHBIX — alapaTroB
M3rOTaBIMBAIOT B BHUJIE€ KOHCTPYKIUH, MO3BOJISIONIEH HE 3aJep)KUBATh Pa3IU4YHOTO
poJa OTJIOXKEHHs B MEXTPYOHOM MpocTpaHCTBE. llepcrneKTUBHBIM HampaBiIeHHEM

I/ICCJ'IeI[OBaHI/Iﬁ ABJACTCA CO3JaHHMC CaMOOYHMIIIAIOIINXCA TETI000MEHHBIX aliiaparTtosB.
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