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ABYXMEPHOE TEMIIEPATYPHOE NOJE B OBAJIbLHOM
HJIH TPANELEUJAJIBHOM TMA3Y 3JEKTPUUECKOW MAILUHHUHDBI

B. A. #H{AJJAH, [. H. CAHHHUKOB

(IlpepcraBieHa Hay4HBIM CEMHHAPOM Kadeqp o61edl SIeKTPOTeXHHKH
M DJIeKTPHYECHIX MallliH)

Pacuer cramuoHapHOro TEMIEPAaTYPHOTO NOMA B Nasy 3/JeKTPHYECKO
MalluHbl ¢ 06MOTKOI M3 KPYIJOro NpoBoja JaeT BO3MOMKHOCTb OLEHHUThH He-
PaBHOMEPHOCTb TEIUIOBOH HAMPSIXKEHHOCTH H3OJMSLHHU OTAENbHBIX HPOBOLHH-
KOB, BBISIBUTb OCHOBHbie NPHUHHBI 3TOH HEPDaBHOMEPHOCTH H YTOUYHHTHL Me-
TOIbI pacueTa 3KBHBAIEHTHBIX TapDaMETPOB TEIVIOBOH CBSI3H OOMOTKH C cep-
JIeYHHKOM U OXJaXXAalollHM BO31YXOM.

B ocnoBy pacyera INOJIOXKEHBI CAeAYIOUlHE HONYUIEHHUS:

1) mas, 3a BHYETOM Na30BON H30JISIWH, CUMTAETCH 3AIOJIHEHHBIM OJ-
HOPOHOH Maccoil ¢ SKBHBAJIEHTHON TEMUIONDOBOAHOCTBIO Ay H paBHOME]-
‘HO pacnpee/JeHHBIMH IOTEPSIMH W,

2) nepenaya Tensa BAOJb NPOBOJHHKOB OBMOTKH HE YYHTBIBAETCH;

3) H3MeHeHHe IOTepb B Pa3HYHBIX MPOBOJHMKAX BCJEACTBHE HX pas-
HOM TeMIeparypel He YYMTHIBaeTcsl; o6beMHAasl IVIOTHOCTb NOTEPh GEpeTcs
Ipu cpelHed Temneparype o0MOTKH B PacCMAaTPHUBACMOM CEYEHHH.

YHuBepcasbHbIM METOAOM pelleHHS NOAOGHLIX 3a1ay Mo pacuery IBYX-
MEDPHOTO MOJIS SIBJsI€TCS METON CeTKH MM siveex. Ha puc. 1 gano B kaue-
CTBe NpHMepa pa3lueHHe Ha AYSHKHM OJHOTO CEKTOpa 3VOLOBOH 30HBI /s
sKops nBurartess [142, 4,5 kBt, 1500 o6/mun. Pacuer Bolmoanaacs ¢ yuerom
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Puc. 1. Pacuer TeMneparypHOTO Ioad B Ha3y
METOOOM A4YecK.
1 — 4 — mecTa BakmafkH TepMomuap.



TEIJIONPOBOJHOCTH U TeIJIOOTAauu KiuHa. Pacnpenenenue teMmepaTypsl mo-
KazaHo ¢ noMolliblo n3orepm. Kak BUaHO U3 pucyuka, OHO XapaKTepU3YeTcs
3HAYUTeJbHOH HEPABHOMEPHOCTBIO, II0 MEpPEe pPAaCLIHPEHHA Ia3a KBepXy TeM-
neparypa COOTBETCTBEHHO IJOBBIIAETCd, OJIHAKO CTOK Tellyla 4epe3 KJAUH H
nepenaj TeMmIepatypbl N0 BblcOTe 3y0OLia BBI3BIBAIOT CMelleHHe ropsuen
TOYKHM K Cepe/iMHe masa.

Pacyer meTonom ceTKu siBJASETCS BecbMa CJIOMKHLIM H TPYAOEMKHM, MO-
3TOMY MOXKeT ObITb NpPeVIoNKeH OoJee NPOCTOH METOMA, OCHOBAHHBLIN Ha
Npub/INKEHHOM AHAJHTHYECKOM pPEIeHMHM yPaBHEHUSA TeIIONPOBOLHOCTH.
Pacnpenenenue temmepartypbl Mo lIMPHHE Na3a NpHHUMaercs mapabosHye-
CKHMM,-a Mo IIHpHHe 3yOLa — NOCTOSHHBIM, B pe3yJbTaTe Uero pacyer JIBYX-
MEPHOro noJisi CBOAUTCA K PeLIeHHIO OJHOMEPHOH 3ajlauu.

[TaoTHOCTE TEmmoBOro MmoToka, NepexoAsillero M3 mnasa B 3y6el yepes
GOKOBYIO TIOBEPXHOCTD,

A= (t,—t;) Y.

31ech t, — remueparypa, ycpenueHHast no IIMPHHE 1a3a;
t; — TemnepaTypa B ceueHHu 3yOua;
1

R )

Oy 123,

— TonepeyHas MPOBOJHMOCTb Ha €AMHHUY BLICOTHI Na3a Npu napabosuue-
CKOM pacnpeieseHUH TeMIepaTtybl 10 IIHDHHE,
rae Ay — TOJNIIHHA H30JSLHY;

D — IUMpHHA TMas3a 3a BBIUETOM TMAa30BOH HM3OJSLUH,

Ay — YCpeIH&HHAs TEINIONPOBOLHOCTb CJIOHGTOM H3OVIALMH Tasa.

Ilpunnmast och CHMMETPHH Ma3a 3a OChb KOOPAMHATHI X, OTCYHTLIBAE-
MOH OT KJHMHA KO JHY Ia3a, Ha OCHOBAaHHU TEIIOBOro Gajanca Aas 3JeMeH-
Ta dx 3y0uoBOH 30HBI (BKJAIOYas NMa3d U 3yGell), MOXKHO COCTABUTh CHCTEMY
AdddepeHnnanbHbIX YPaBHEHHH TEMJIONPOBOAHOCTH

d df
-d_t(g —‘dXL)—(tn—tz)Y +o=0. (2)
d*t,
& g = (e — )Y +0,=0, (3)

rae g=bl,; o=bw; .
g, — NMPOBOIMMOCTh H 0z — IIOTEPU HA ©IUHHUNY BBEICOTH 3yOua. /dJas na-
3a TpamneuewnalbHoll (OopMbl ¢ MaKCHMavIbHOH WIHpHHOW by mpu x==0 u
MHHHUMaJAbHOH by mpu x=h

b=b0 (l—kox); (4)
- Yo -
Y= I —cox, (%)
rpe
_ bo—bp

ko= “hbg (6)

p— bok() .
CO - YO 127\/3 y (7)

h —BBICOTA YacTu masa, 3aHATOH OOGMOTKON;

Yo — 3HaueHHe TIOMEPEYHOH MPOBOTUMOCTH NPH b=bo. s oBadbHOrO
Masa MOTYT ObITh IIPUMEHEHBE! 3TH e (POPMYJbl MPH YCJIOBHH 3aMEHBI €ro
SKBHBAJICHTHLIM TpaleleH/ aJbHbIM [a30M.
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Taxkum o6pas3om, ypaBHeHHa (2) u (3) HMeWOT nepeMeHHbIe Ko3bPu-
IIMCHTHl, H UX PellleHHe He BblpaxKaeTcs B TaOMUYHBIX (DYHKUHAX, 4TO AeaaeT
€ro MaJio NPHTOAHBIM 1Js NPAKTHYECKOTO HCIOJb30BaHHS.

HanGonee yno6upIM siBasieTcd CleAylOIHA 0yTh pelueHus. [lepeona-
yaJbHO pacCMaTPHBAETCS Tas npsiMoyronbHoit GopMel (b=const); Ha ocHo-
BAHUM aHaJM3a [AHHOrO CJyuasi TeMIeparypa pasjlessieTcsi Ha HeCKOJNbKO
COCTaBJSIIOIIMX, Kax/as H3 KOTOPLIX WMEeT OomnpeleteHHbH du3nuecKui
CMBICJI; HMCXOASl H3 3TOro, YIPOLIeHHO PACCUUTHIBAIOTCSH COOTBETCTBYIOLLHE
cocTaBisdIlbe o1 b=Var.

Ofuiee pemedue 3amaun 18 ciydass b=const npoBonutcs 8 [1]. BBuay
3HAUUTENIBHOW DAa3HULbl NPOTOVIbHLIX IIPOBOAMMOCTEH 3ybila u mnasag; >¢g

nojyuyeHnble B [1] BblpaKeHHsi AJaA TEMIeEpPaTyp MOTYT ObITh CYIIECTBEHHO
VIIPOILEHDI: .
h—x X o -+ g
tz tzo h + tzn h + 2, x(h X), (8)

tn - tz + tc 'i“ (tno'—'tzo— tc)e 7'3X _J[_ (tnh - ch - tc)e_ﬁ(hﬂx). (9)
31eck tzo, tzh, the ¥ thh — KpaeBble 3HAUEHHS TEMIEPATYPLI; '

ts = —+ -——{peBbllIeHHe TeMNepaTypbl 06MOTKM Had TeMmepaTtypol 3ybia

Y
NP OTCYTCTBHM TEILJIOBOTO NMOTOKA B Ma3y BAOJb OCH X;
(tno — tzo — t)e™P 1 (tgn — top — to)e—F—9—

— JKCIOHeHIHa/bHble COCTABJAAIOUINE, BO3HHKAIOLHE BCJAQICTBUE H3MEHe-
HHST th, ¥ tph TIPU HayMUWy CTOKA TelJa depe3 KJAWH U H3OMALMIO JHa 1asa;

@Zl/l — NOCTOsAHHAd paclpoCTpAaHEHUsI TeMIlepaTypHOro IoJiss B Iasy
g

BJOJb OCH X.
B cnyuyae TpameumenaasanHOro nasa B BBIDAZK@HHM A4 t, H3MeHAeTCH
TOJIBKO COCTaBJSA0IASA, NPONOPUHOHAJIbHAST INOT2PSAM B I1a3y:

t, =—> x(h—z

ze ng ( )1
KOTOpast COOTBETCTBYET pacnpelereHHIO TeMIepaTyphl B CTepkHe AJHKOH I
¢ pacnpeyejeHHbIMY 10 JJAuHe TNOTePsIMH O IMPH YCIOBHH tyo = t;h=0.
Uncnennple pacueThl IPH peasbHEIX Hpefenax H3MEHEHHs TEerIOBhLIX mapa-
METPOB MOKa3bIBAKOT, YTO J0CTaTouHas TOYHOCTh (B mpeaenax 0,1°) obec-
NEeYHBAETCsT IIPH MOACTAHOBKe B (8)

0o + Oh
—5 -

s BBISIGHEHHs1 XapaKTepa COCTaBJSIOILeN tg mpu TpaneuneHAAdbHO
popme maza HeoGXoaMMO paccMOTpeTh CaIydafl, KOrZa BCE OCTAJbHBIE CO-
CTaBJISAOLIME OTCYTCTBYIOT, TO ecTb t;=0, U rpaHHYHble YCIOBHS TaKOBHI,
Kak ecim Gl NMa3 TNpoOJOJXKacs B 06€ CTOPOHBI 3a NpeAedbl oTpeska
0<x<’h Ha TakHe DaCCTOAHHSN, YTOOB T'PAHHYHBIE YCJIOBHA Ha €ro HOBBIX
KOHLax MPAKTHYECKH He BAMAIM Ha Toge B Opedenax orpeska 0<x<h.
B stom ciyyae pacuer mossi MOXKeT ObiTh BBLIIOJIHEH METOAOM MOCTEIO0BA-
TeMbHOrO NPUOJHKEHHSA.

B nepBom mpuGAMKEHHU He YYHTBIBACTCS ABAKEHHE TOMaa BJOJb OCH X
9o

%=TO (1—Kkox) (1 —cox). (10)

tc/ -
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Bo BTopom npuG/AHIKEHHH YYUTHIBaeTCs NMPHTOK TeMja K KaxkIo#d TOuKe
BBUIy HeDaBHOMEDHOCTH pacHpeieseHHs TemIoepaTypbit’s

d dt,’
AG: dx g-_d;(—)"-“ Goko% (k0+3Co—4k0COX). (11)
HOHOJIHI/ITGJIBHOE IIOBBILIIEHHUE TEMnepaTypr
at, = D2 — %0KoBo (k1 3c, akycox) (1—cox). (12)
Y Y,

JonomHUTeBHEI] HPUTOK TemJa B TpeTbeM IPUOIHKEHHH COCTaBJifgeT
JOJH TIPOLEHTA OT 0 H MOXKET He YUHTBIBATbCA.

OxoHuaTenbHOe BbipaxeHue Andts

h—x X g
b= to St — koo (14 4koco §2)x (=, (13)
fuo = —22 [1+ 8o (x +3cq- (14)
rae = Ty Ko . 0 o)]:
toy = | 1+kp22 (ke 4 3cy) | (15)
sh Yh Yh ’
npuuem
fy = — — K2 o Co (16)
=" 1—kh " 1—ch

Brnvusinue rpaHUYHBIX YCJOBHH Ha paclpejej]eHdHe TeMNepaTypsl IO
BbICOTe na3a MPOSIBJASETCS B NOSABIEHHH COCTaBJANOLIIUX

teo = (tno —tzo —tso ) To (x) (17)

ten = (tnh — tah — ton) fn(h — x). (18}

yukuusa fo(x) yobBaer oT KoHua X=0 K IDOTHBONOJIOXKHOMY KOHILY Tpak-
THYecKy Jo Hyasa; dyskuus fp (h—x) aHamornuno y6biBaer or KoHua x=h.
Beuay sHaunTenbHo Oosiee MEWIEHHOrO M3ME@HEHAS NMapaMerpoB ¢ H Y 1O
cpaBHenuio ¢ Qyuxkumamu fo (x) u iy (h—x) mocanennune moryr ObITh 3a-
MEHeHbl IKCIICHEHTaMH.

fo(x) = e BoxX fy(h— x)=em'B—x: (19)

C MepeMeHHBIMU KO3(D(hUUHEeHTaMHU:

= -\—; _ YO ! ~0 k0+co )1
Por I/E_l/go (T—1cox) (1—Cox) N"O'(‘* 2 X

(20)
rie B, = ’/é%;

AHAJOTHYHO
kn-tc¢
= o [ 1 S (0 -0 ] (21)

Taxkum O6‘p330M, pacrnipeaesenue TeMIepaTypbl IO BLICOTE Ma3a HMEET
cAeyIollee BbIparKeHHe
tn = tz + 1.+ tE‘o + teh. (22L
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Onpenenenne KpaeBbix TeMIEpPaTyp MPOM3BOAUTCS C YUETOM CBSI3H pac-
CMOTPEHHOrO yyacTKa 3yOUOBOH 30HBI BBICOTHI h cO cnuHKOH AKOpPSA, ¢ OMLHOH
CTODOHHI, ¢ KOPOHKOH 3y0na M KJIHMHOM — C [PYyro#, Ha OCHOBaHHMH BbIpa-
JKEHHs1 AJs KpaeBblX NMOTOKOB TeIia, HalpaBJ/JeHHbIX M3 3yOIIOBOH 30HHI B
npuJeramlte obJgacTi.

_ b odty .
Qno=— — oo dx (x=20); (23)
1 dtn

0151 (zo ¥ zh — AHAJOTHUHO.

ITocse COOTBETCTBYIOIIHX BBIKIANOK H YHPOLIEHHH NOJNYYaeTcs CHCTe-
Ma ypaBHEHUH.

dno —(Ao+4Ay) O Ay Ay tho Pno
Qnh|_ O  —(Ap+Ay) AY Ap w|ta | 1 [Pan| .
zo A Ay —(AotAgHAY) A, to | [pao]’
dzh Ay Ay A, —(4, +Ah+Ao’) bzh Pzh

(24)
rie A, = —ghL ;

Ao = go(Bo — 1/h); Ay = gn(By — 1/h);
Ay = go/h; Ah, = gn/h;

kp+c ko+3c
Pno=§g(1_’———p+ O +ko %5 O);

0 BO ° pOZ
kp+c ky, +3c¢
pnh_p 1 — hBh b + ¥n hghz h) ;
(200 + op + 30
Pzo = - 6 z) h—-

oo + 20h + 30
Pzh = (% ké 2) h—pyp

CpaBHeHue pe3yabTaTOB pacuera MO NPeaTaraeMoMy METCAY € METO-
AOM CETKH M C ONBITOM JaHO Ha puc. 2. Kpome temnmeparypsl t, Ha rpaguxe

AdHO pacnpe/iesicHHe TeMIlepaTypel I0 OCH CHMMETPUHU I1asa

b
thw =tn + (th—t2)Y 57— o, (25)

Kax suano u3 rpaduka, pacxoxkieHde MexIy aHaJHTHYECKHM H YHCJIECH-
HbIM MeTOJ0M He3HauuTe/bHO. [loKasanus TepMonap NOATBepPKAAIOT Hpa-
BHJIbHOCTb 00OHX METOMOB B Ipefesnax oObIYHOro pas3Gpoca OMBITHBIX JAaH-
HBIX.

Taxkum o6pasowm, mpemsaraeMblil MeTOR NPHOJHKEHHOIO aHAAHTHYECKO-
ro pacyera /ABYXMEDHOro TeMIepaTypHOro NOJS B OBaJIbHOM HJH Tpalle-

LHenJanbHOM IIa3y SJIEKTpI/I‘lEECKOfI MalllHHbl A4€T MAOCTATOYHO BBICOKYIO
TOYHOCTB,

6. Bamaz 7780, 81
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P uc. 2 Pacnpegenedde TeMIepaTypbl Ha BbI-
coTe maza U 3ydua.

1 — paicyeT MeTOmoOM AdYeeK,

2 — pacdeT MmO IPEEIATAEMOMY METOLY,

1 — 4 — noxaBaHMA TEPMOTAp.

JIUTEPATYPA

1. JI. H. CanHuKkoB. Pacuer TeMIepaTypHOro nojid B Ma3y OJIEKTPHYECKOK
maiuHel, U3sectua TIIH, . 117, 1963,



