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1. KOO®PUUUEHT TEIVIOOTAAYUN

Kak mpaBuiio, B TEIJIOOOMEHHBIX CHCTEMax KpoMe TBEPIBIX DJIEMEHTOB MPHUCYTCTBYIOT
KUIOKUC NN I‘213006pa3HBI€ TCIIJIOHOCHUTCIIN. B CI/I.]'Iy HNHTCHCHUBHOT'O HepeMeLHI/IBaHI/ISI 3JICMCHTOB
JKUJIKOW WJIM Ta3000pa3Hoi cpenbl e€ TemMneparypa HHTEHCHBHO W3MEHSETCS TPU yIajJeHUU OT
oxXJIaXKa1acMoro njin HaneBaeMOFO O6’beKTa. B Takux yCJIOBI/ISIX TCIJI0Ta Hepez[aéTc;I HE€ TOJIBKO
TEIJIONPOBOIHOCThIO, HO M KOHBEKIMEH. B 1emoM TeruioBod MOTOK B Takou cpene Oyiaer
OIIPEICTATHCS. TEPEnagoM TEMIIepPaTyp MEXIy sIApoM cpeabl (Ha OOJBLIIOM YAAJICHUH OT
OXJTaXKTaeMOM MIIH HarpeBaeMoi TIOBEPXHOCTH) U TEMITEPATYPO CaMOil IIOBEPXHOCTH

Q=a(T, -T,)F, (1)
Tae.: Q[BT] — KOJIMYECTBO OTBEAEHHOIO Temiaa OT IOBECPXHOCTH IIJIOIIAJbIO F. T)K —
TemIeparypa cpeabl, [ — TemiepaTypa MOBEPXHOCTU. JTa COOTHOLICHHE HOCUT Ha3BaHUE

(opmyasl Herorona.

Koapduument nponopunoHaibHOCTH B 3TOH (opmyne O [BT/ (M2 Epan)] Ha3bIBAETCS

KO3 PUUHEHTOM TeIJIO0TAAYM H XAPaKTepu3yeT HHTEHCHBHOCTH TelJIOOOMeHa MpH
3aJJaHHOM Tiepenaje Temmnepatryp. Yem Bbile O, T€M WHTEHCUBHEE Cpela OTBOAMUT WU
MOoABOAUT TCIJIO K MOBCPXHOCTH.

Koaddumnuent temmoornaun 3aBUCUT OT MHOTHUX (DAKTOPOB, TAKUX KaK CKOPOCTh MOTOKA
TCIINIOHOCUTCIIA, PCKUM TCUCHUA, TICOMCTPHUA IMOBCPXHOCTU U T.AO. MCTO,Z[BI OIIPCACIICHUA
Koa(duimenTa TerI00TAauM Oy IyT HAMU PACCMOTPEHBI Ha CIICTYIOITUX JICKITUSX.

WHTeHCHBHOCTD TEIUIOOOMEHAa HEOJUWHAKOBAa 10 BCEH IUIOMAAM COMPUKOCHOBEHHS
TEIUIOHOCUTENSL cO cTeHKOW. [loaToMy s pas3HBIX y4yacTKOB IOBEPXHOCTU KO3(duiumeHt
TEIUIOOTAAYM UMEeT pa3NUYHble 4YHCIOBble 3HaueHus. KoadduuueHnt Tternooraayw,
XapaKTepU3yIOIUH UHTEHCUBHOCTh TEINIOOOMEHA Ha 3JIEMEHTE IO 1, Ha3bIBalOT MECTHBIM
ko3 PpuuuenTom Temiooraayu. B coorBercTBUM ¢ ¢dopmyinoit HbioToHa MecTHBIN
KO3 PUITMEHT TETUIOO0TAauN UMEET BU/I:
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B mpakTuueckux pacuerax yaimle HCIOJNb3yeTCsl CpeAHee 3HadeHue Kod(pQuIireHTa
TEIUIOOTAAYH, KOTOPOE OIPENEIAeTCS] BbIPAKEHUEM:

Q
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B aroii popmyne T_u T_ —cpennue ais Bcell MOBEPXHOCTH TEMIIEPATypa CPebl U CTEHKH.

®opmyny HproToHa ymoOHO WCIONMB30BaTh Il 3alMCH  TEIUIOBOTO TIOTOKA TIPH
paaralMOHHO-KOHBEKTUBHOM TerioooMmeHne. Ecnu ra3 oOMEHMBAEeTCsl CO CTEHKOW TEeIIOTOM
OJIHOBPEMEHHO ITyTEM CONPUKOCHOBEHHS M M3Ty4€HHUs, TO OOIIHI TOTOK TETJIOTHI PaBEH:
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2. MEPEJIAYA TEILJIA YEPE3 ILIOCKYIO CTEHKY
C YYETOM TEILIOOBMEHA C BHEITHEN CPEJOM

q=
q=
q

Jns mnomydeHust pacdeTHOM GoOpMynbl  TEMJIOBOIO IOTOKA TMpH  Terionepesaye,
YUHUTBHIBAIONICH BCE BU/IbI TEIUIONEPEHOCA TEIIa OT XKUIKOCTU K KUIKOCTH, PACCMOTPUM 3aJa4y
TEIUIoNepeladyl Yepe3 MHOTOCIONHYI0 IJIOCKYI0 CTeHKy. CTeHKa COCTOMT M3 N CJI0eB ¢
U3BECTHBIMU  TONIIMHAMU ©  Kod(h(HUIMEHTaMU TEIUIOMPOBOMHOCTH. 3BECTHBI —Takke
KOHTaKTHbIE TEPMHYECKHE COMPOTUBJICHHUS MEXIy OTICNbHBIMH CIOSMU. TemoHocuTenu

HMCIOT TEMIICPATYPhI T nT x21 @ HHTCHCUBHOCTb UX TEemI000MeHa C MMOBCPXHOCTAMU CTCHKU

onpezensercs Koaq)(bHuHeHTaMH o, uda,

Tx1

T2

[Ipu cranmoHapHOM peXHME TEIJI00OMEHa IUIOTHOCTH TEIUIOBOTO TMOTOKA OT MEPBOTO
TEIJIOHOCHUTENISI K CTEHKE, Yepe3 CTEHKY U OT CTEHKH KO BTOPOMY TEIJIOHOCHUTEIO OJUHAKOBBI.
C yderom ¢opMyn IS MHOTOCIOWHOW TIUIOCKOW CTEHKHM IUIOTHOCTH TEIUIOBOTO TOTOKA
ONPENENAIOTCS BRIPAXKECHUSAMM:
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BbIpa3uB U3 3TUX ypaBHEHMH Pa3HOCTH TEMIIEPATYp B SBHOM BMJE M IPOCYMMHPOBaB
JIeBbIC U TPaBble YaCTH IMOJYYCHHBIX PAaBEHCTB, HailieM (Gopmyny i MIOTHOCTU TEIJIOBOTO
IIOTOKA!
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Bennunna K HOCHT Ha3BaHue K03 (PUIIMEHTA TeIUIONepeaayn.



U3 popmyist (6) BUAHO, 4TO TEPMHIECKOE COMTPOTUBIICHHE CTCHKU CKIIAIbIBACTCS U3
BHEIIHUX TEPMUYECKHX cONpPoTHBIeHui 1/ ,
BHYTPEHHHX TEPMHYECKHUX CONMPOTUBJIEHH O/ A U

KOHTAKTHBIX TEPMHYECKHX CONPOTHBIeHHii R, .

3. HEPEJAYA TEIIVIA YEPE3 HUJIMHAPUYECKYIO CTEHKY

B peanbHBIX YCIOBHSIX IUIOCKMX CTEHOK C OECKOHEYHO OOJNBIIOW IJIOMAABI0 HE
cymectByeT. Kak mpaBuiio, 3afauu TersiooOMeHa CBOAATCS K aHAIU3y TEIUIOBOTO COCTOSIHUS
3aMKHYTBIX TIOJIOCTEH WJIM NPOTSHKEHHBIX KaHaloB. IlpocredimmM ciaydaem  sBiIseTCS
TEIUIoNepeiaya 4epe3 CTEHKHU JOCTaTOYHO JUIMHHOW TpyObl. Tpyba oOnamaer panuanbHOM
CHMMETpHEH, W TeIUIoTa mepenaércsi TOJNBKO B HAmpaBleHWH paauyca TpyOsl. Takyro 3amady
MOXHO pEUIMNTh B OJHOMEPHOM TPHUOIIKEHHH, 3allUcaB MCXOJHOEe IuddepeHanIbsHoe
ypaBHEHHE TETJIONPOBOAHOCTH B IIMIIMHIPUIECKUX KOOPAUHATAX.
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Brinenum 6eckoHeYHO Maiblii 00BEM ra3a ¥ pacCMOTPHUM TEIIOBOM OanaHc 3TOro oobéma.
M3meHeHme Bcex mapaMeTpoB Mpolecca 1Mo koopanHare Z pasHo 0.
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Jnst 3amaun 6e3 BHYTPEHHUX MUCTOYHMKOB TEIJIOTHI, TETUIOTA, TOJIBEIEHHASI K CUCTEME 3a
eMHHILY BPEMEHH, MOKET OBITh 3aMMCcaHa CIeAYIOUIIM o6pa30M1:
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3anumemM BBIPpAXKCHUA JIA IMIJIIOTHOCTU TCIJIOBOTO ITOTOKA B BUC.
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aHaJIOTHH C 3a,uaqel71 TCIUIOMPOBOAHOCTH B ,HeKapTOBOﬁ CHUCTEMEC KOOpAWHAT.
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B cranmonapHbIX yCIOBHAX IIPY PABHOMEPHOM PAaCIpEACIICHUH TEMIIEPATYphl 110 CTEHKAM
TpyObl nudepeHnraIbHOe YpaBHEHHE TEIJIO0OMEHA YIPOIIAETCS M BO3MOXKHO TOJYYHUTh €0
TOYHOE pEIICHUE.
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Takum oOpa3oM, ypaBHEHHE, ONUCHIBAIOIIEE TeEIUIONepeaauy uepe3 LHIMHAPUYECKYIO
CTEHKY, MO>KHO 3aIMCaTh CIEeIYIOIUM 00pa3oMm:
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%Tlo 3akoHy DuKa TEriI0BOM MOTOK MPONOPLKMOHATIEH TPAJUEHTyY TEMIIEPATYpPHI 110 HalpaBiieHHu0. B qanHOM

oT _ 9T _10T

ciydae >1o ayra | 1o pagmycy I — —

o a(re) rap




du__dr

u r
Inu+Inr=InC,
ur=C,
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KoHCTaHTBI HHTETPUPOBaHMS ONPEAEIUM U3 TPAHUYHBIX YCIOBHM:
T _ =T,
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B utore nomyyaem crienyoluiee BbIpaXkeHUE 711 TEMIIEpaTypbl BHYTPU CTEHKH TPYOBI:
In(d/d,
T = TCTl - (TCTl - TCT2) ( ) . (17)
In (d2 / dl)
ITonHBINA TEIIIOBOM MOTOK YEPE3 U30TEPMUYECKYIO IOBEPXHOCTh MOXKHO OLIEHUTH I10 3aKOHY
®dypbe B BUAE!
Q=-A ar 21l
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Q= TILM. (18)
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L — nmuHa TPYOBI.
B ln (dZ/dl)
CIUYUHY o Ha3bIBAlOT  BHYTPEHHHM  TEPMHUYECKHM  CONPOTHBJIECHHEM

HHJIMHAPHYECKO cTeHKH. Bennunny () =% Ha3bIBAIOT JJUHEHHON MJIOTHOCTHIO TENJI0BOI0

MmoTOKA.

AHanu3 TEIUIONPOBOAHOCTH MHOTOCIOWHBIX CTEHOK TPYOBI MPUBOAHUT K CIEAYIOIIEMY
BBIPAXEHUIO IS TEIJIOBOIO IMOTOKA.
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Jlnst 3aa4 TeruIonepeady B CIIOKHBIX YCIOBUSX (C y4eTOM KOHBEKIIUH, U3JTYUCHHUS U T.]1.)
NPUMEHSIOT popMyiTy BUJA!
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4. KPUTUYECKHWA TUAMETP TEILJIOBOH U30JISIIIUA

N3 coornomenus (20) BHOHO, YTO MPH MOCTOSHHBIX 3HAYCHHUSIX KO3 (PHUIIMEHTOB
TCIIOOTAAYN TECPMHYCCKOC COIMPOTHUBICHUC CTCHOK TPY6I>I HEJIMHENHO 3aBHCHUT OT AnaMeTpa
BHEIITHETO CJIOS.

PaccmoTtpuMm Gosee moapoOHO 3amady TEIUIOM30JSIUN TPyOorpoBoaoB. Ilpeanonoxum,
4TO MMEETCs MeTaJuIndecKast Tpyoa OOJIBIIOro yuIMHeHNs (BHYTpeHHUH quametp 0, , BHeIHNMiH

aramerp d,, TEIUIONPOBOAHOCTE MeTaJula A ) CO CJIOEM TEIUIOM3OJALHMU (BHEIIHUIT anaMerp

MET
d,, TemnonpoBoxHOCTh M3OMAIMK A, ). KoadduimenTsl TeIuooTaaun co CTOPOHBI HAarpeToil
JKUJIKOCTH B TPYO€ U CO CTOPOHBI OXJIAXKIAIOLICH KUAKOCTU CHApPY)KM 33JaHbl U PaBHBI — O, U
0, . Termon3os1us HAeaIbHO HAJOXKEHa Ha TPyOy — KOHTAaKTHOE CONPOTHBIICHHE OTCYTCTBYET.

Cornacuo ¢opmyiae (20), muHelHas MIOTHOCTH TEIIOBOTO IMOTOKA OT YKHIKOCTH BHYTPH TPYOBI
K OXJIQXKIAIOIeH )KUIKOCTH CHApY» U Oy/leT paBHa!
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B o0mem Buae 3aBUCHMOCTH TEIUIONOTEPh OT JMaMeTpa BHEIIHEW H3O0ISAIUU U e
TETJIOTIPOBOHOCTH MOYKHO 3aIMCaTh CIAEAYIOIMHUM 00pa3oMm:
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Kax BuaHO U3 puCyHKa, IIJIOTHOCTH TEIUIOBOTO IOTOKA MOXET, KaK yBEJIMYUBATHCS, TaK U
yMeHbIIaThCA. [Ind Kaxkaoro wmarepuana CyHmIeCTBYeT ONpPENENIEHHBIM TaK Ha3bIBACMbIN
KPUTHYECKHH AUAMETP TEIJIOBOM HM30JALMH. Ecin auamMeTp HU30JALMOHHOIO CJIOS MEHBIIE



9TOrO JMaMeTpa, TO TEIUIONOTEPH, H30JHUPYEMOT0 MOTOKA JKUIAKOCTH, TOJBKO YBEIHIHBAIOTCS.
.HyLIH_II/Ie N30JIAIMUOHHBIC MaTCpHaAJIbl UMCIOT OYCHL MaJio€ 3HAYCHUEC KPUTHUUYCCKOI'O AUaMCTpa
(He MPEBBINIAIONIETO HECKOIBKO MHKPOMETPOB).

TennoBow NOTOK OT CTEHKM TPYObI, BT/M
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A, = 74 BT/mIrpag

A, = 10 Br/m/rpa,

A, =5 Br/mirpag

A, =2 Bt/mirpag

A, = 1Bt/M/rpag

% =0,25 BT/M/rpag
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BHeLHWIN guameTp crnos U3onaumMm, cMm

[Onametp TpyObl
2cm

TonLwmHa CTEHKM
3 Mm

MaTtepuan
Cranb

KoadhdpmumeHTsl
Tennootaaun
paBHbl

80 BT/M2rpap,

Ha pucynke nuHHUSMH CBEpXY BHHU3 MPEICTaBICHBI PACUETHI TEIIONOTEPh KUJIKOCTH MPHU
U30JISIIAN TPYOBI PA3IMYHBIMA MaTEpHUAIaMH OT CTEKJIOBATHI IO CTAJIH.

[Tomyuum o06myro ¢dopMyiny [Uisi ONpeNeNeHHUs 3HAYEHUN KpPUTHUYECKOro Juamerpa

TETUIOBON M30JAIHH. J[J1s1 3TOr0 HE0OX0IMMO PELINTh YpaBHEHHE BUA:

g'(d;) =0,

q '(dﬁ) =-TAT
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Kak BUIHO U3 pUCYHKa, KPUTHYECKHI JUAMETpP TEIJIOBON M3O0JISIIIUU CYHIECTBYET HE MJIA
BCEX 3HAYCHHUH KO3PPUIIMEHTA TETUIONPOBOIHOCTH. JJIT HEKOTOPHIX MaTepHalloB de <d, uB

3TOM Cily4ae HM3OJSILMOHHBIN MaTepuasl MpH 000 TOJIIMHE CJIOS MPUBOAUT K CHUKEHUIO
WHTEHCHUBHOCTH TEIJIOOOMEHA C OKPYKAIOIIEH CPEIOH.



5. BOITPOCHI V1A JUCTAHIUMOHHOI'O OCBOEHUS JIEKLIIUHU

1. JlaiiTe onpenenenue kod(hPpHUIMEHTa TETIOOTIAYH.

OrtBerT:

2. 3arumaTe GopMyITy TS ONPEISIICHNS MTOTOKA TeIlIa Yepe3 IIIOCKYI0 MHOTOCIIOWHYIO CTEHKY
B CTAI[IOHAPHBIX YCIOBUAX C YIETOM KOHTAKTHBIX TEPMHUUECKHUX COMPOTUBICHUI MEKIY
CJIOSIMU M TETIOOOMEHA ¢ BHENTHEH ra3000pa3HON WIIH KUAKOU CPeIoi.

OrtBerT:

3. 3anumute nuddepeHanTbHoe ypaBHEHNE TeIUIONPOBOHOCTH B HIMIIMHAPUIECKUX
KOOpJMHATaX. YpaBHEHHUE JJOJDKHO OBITh 3alMCAHO Yepe3 TEMIIEPaTypy.

OrtBerT:

4. 3anumute GopMyTy JUTsl ONIPEIEICHHS MOTOKA TeIlIa Yepe3 MHOTOCIOHHYIO CTEHKY
MUJTUHAPUYECKYIO TPYOKY B CTAIMOHAPHBIX YCIOBHUAX C YIETOM KOHTAKTHBIX TEPMUUYECKUX
COTIPOTHBIICHUHN MEXKy CIOSMH U TETUI00OMEHA C BHEITHEH ra3000pa3HOM UITN JKUJKON Cpeon.

OrtBer:

5. JlaiiTe onpenenenne KpUTUIECKOTO TUaMeTpa TEIIOBOM M3O0JAMU. 3anuiuTe GopMyny s
€ro OINIpEeNeICHHUS.

OrtBerT:

Ddamunusg Umsa OtuecTBO:

I'pynna:

Ilonamuce:

Jara:




