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Pedepar. [IpoBeneHne MeponpusITHi 10 YBEIUUEHUIO TEPMUUYECKOTO CONPOTHBIICHUS OrpayKia-
IOIUX KOHCTPYKLUA TpeOyeT onpeneneHus UX TEIIO(QU3HYECKUX XapaKTePUCTHK, B OCHOBY Me-
TOJIOB ONPEJIETEHHSI KOTOPBIX IOJI0KEHO PEIIEHNE 3a/1a4 TEMIONPOBOAHOCTH, yCTaHABIMBAIOLIEE
CBSA3b MEXKJY NPOCTPAHCTBEHHO-BPEMEHHBIMU M3MEHEHUSAMM TEMIIEPATYpPhbl IOJ ACHCTBHEM HC-
TOYHHKA TEIUIOTH. B maHHOH paboTe WMCHONB3yeTcss pEeIIeHHE 3aJadd IpPH HECTalHOHAPHOM
Harpese OrpakAarouieil KOHCTPYKIHUH B BUJE HEOTPAHUYEHHOH IUIACTUHBI IPU IT'PAHUYHBIX yCIIO-
Busix 111 pona. ITo U3BECTHBIM COOTHOIICHUAM U rpadMKkaM ONPEAEISIOTCA U3MEHEHHS TeMIepa-
Typbl MOBEPXHOCTH OT BPEMEHHU IMPOTPeBa, TEPMUUECKOTO COMPOTHBIECHHUS KOHCTPYKIHHU, apry-
MeHTOB Fo 1 Bi, T. €. HauanbHBIX M TPaHUYHBIX yclIoBUH. [TomydeHHBIE TpadudecKie 3aBUCHMO-
CTH IIOKa3bIBAalOT, YTO TEMIEpaTypa HMOBEPXHOCTU 3aBHCUT OT TE€PMHUYECKOIO CONPOTHUBICHUS,
a TemIepaTypa Ha MPOTHUBOIOJIOXKHON MOBEPXHOCTH 3a BPEMS TEIUIOBOTO BO3JEHCTBUS MPAKTHYE-
CKH HEe U3MeHsieTcs 3a BpeMst T = 5 4. TakuM 00pa3om, eciii HapyXXHasi TeMIIepaTypa BO3ayXa H3-
MEHMIACh, TO 10 CKOPOCTU U3MEHEHHUs TEMIIEPATypPhl IOBEPXHOCTH WX OTHOCUTEIBHON TeMIepa-
TypbI 6 MOXKHO ONIPENENUTH TeIUTO(PHU3NIECKNE XapaKTePHCTHKH, pelas 00paTHYIO 3a/{ady TeIIo-
IPOBOIHOCTH, MCIOJB3Ysl MPeoOpa30OBAHHOE COOTHOLICHHE Ui ONpeneleHus R Kak (YHKIHIO
R =£(6, 7). Ecn ucnons30BaTh MOCTpOSHHBIE rpadudeckie 3aBucuMocT R = (0, 1) npu paznnd-
HBIX K03()(HUIHEHTaX TEIIO0TAAYH, TO 10 U3MEPEHHBIM TeMIIepaTypaM B Pa3INYHbIE IPOMEXYT-
KH BPEMEHU MOKHO ONPEJEIHTh TEPMUUYECKOE CONPOTHUBIEHUE B 3TH XK€ MPOMEKYTKU BPEMEHH
1 TI0 WX CpeITHEMY 3HaUeHHIO — HCKOMOE COTIPOTHBJIEHHE TeruToniepenade R. ITomydeHHBIC HAME
pacueTHble aHAIUTUYECKHE COOTHOLICHMS M TpaduuecKkue 3aBUCUMOCTHU IIOKAa3bIBAlOT aJCKBAT-
HOCTB IIPOBEJICHHEIM HAaTYPHBIM M3MEPEHUSIM, €CIIH BHIOMpATh YYacTKH C OJHOPOJHBIM TeMIIepa-
TYpPHBIM IIOJIEM M TEMIEPATYPHOH MCTOPHEH, M MX MOXKHO MCIOJB30BaTh IIPHU ONPEIACICHUU CO-
IIPOTHUBJICHUS TEIUIONEpeadye OrpakJaloiell KOHCTPYKIUMU B BUJI€ HEOIPAaHMYECHHOM IJIACTHUHBI
pu rpaHudHelX ycaoBusx I poxa.
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Determining Heat Transmission Resistance
of Enclosing Structures

B. M. Khroustalev”, V. D. Sizov"

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Fulfillment of the activities aimed to an increase of the thermal resistance of enclosing
structures requires the determination of their thermophysical characteristics with the use of the
determination method based on the solution of problems of heat conduction, establishing the con-
nection between the spatial and temporal temperature changes under the effect of heat source.
This work uses the solution of the problem under nonstationary heating of the enclosing structure
in the form of unrestricted plate with boundary conditions of the III kind. According to the known
relations and graphs alterations in surface temperature depending on warm-up time, on thermal
resistance of constructions and on arguments of Fo and B4, i. . initial and boundary conditions are
determined. The graphic dependencies that have been obtained show that the surface temperature
depends on the thermal resistance, while the temperature at the opposite surface during heat expo-
sure remains practically unchanged during Tt = 5 h. Thus, if the outside air temperature is altered,
then the rate of change of surface temperature or relative temperature 6 make it possible to deter-
mine the thermophysical characteristics by solving the inverse problem of thermal conductivity
with the use of the converted ratio to determine R as a function R =£(0, t). If the constructed
graphic dependencies R = f(0, 1) are used at different heat transfer coefficients, then according to
the measured temperatures at different time intervals it is possible to determine thermal resistance
in the same time intervals and, according to their average value, determine the required resistance
to heat transfer R. The estimated ratio of analytical and graphic dependencies that we have
obtained demonstrate the adequacy of the conducted full-scale measurements, if the areas with
homogeneous temperature field and temperature history are chosen, and they can be used in de-
termining the heat resistance of the enclosing structure in the form of unrestricted plate with
boundary conditions of the III kind.

Keywords: enclosing structures, heat transmission resistance, non-stationary mode, arguments
of Fo and Bi, unrestricted plate, boundary conditions
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Pa3paboTka MeponpusTHili MO0 YTEIUICHWIO HAPYXHBIX OrPaXKJAIOIIUX KOH-
CTPYKIMH HPH BO3BEACHUU M PEKOHCTPYKIWH 3/1aHHUN mpobieMaTndHa 0e3 Ka-
YECTBEHHOH OLEHKH MX TEIUIOPU3MUECKUX XapaKTEPUCTHK, B MEPBYIO OUepelb
TEePMHYECKUX CONPOTUBIICHUH, COMPOTHBICHUH Temuionepenade. OcobOeHHO
9TO KacaeTcs OTPaKIEHH, HKCIUTyaTHPYEMBIX MHOTHE NECSTHIIETHS, TaK Kak
YICIbHBIH TEIIOBOW MOTOK HE MOXET M3MEHAThCS CHHXPOHHO C M3MEHEHHEM
TEMIEPaTyphl HAPY>KHOTO M BHYTPEHHETO Bo3ayxa [1-6].

Hns onpenenenns GakTHUSCKUX 3HAUYCHHWN TeIJIONEpeadn Yepe3 orpakaa-
IOIIME KOHCTPYKIIMU HEOOXOJMMO yUYUTHIBATH TUHAMUKY M3MECHEHHs TeMIlepa-
TYpP U TETJIOBBIX MIOTOKOB Ha MOBEPXHOCTH OTPasKACHUSL.

Jo HacTosilero BpeMEHH OTCYTCTBYET KOPPEKTHAas METOJMKa pacueTa,
KOTOpast ObI ¢ OOJBIION TOCTOBEPHOCTHIO ONMHUCHIBAJIA MPOLIECC TEILUIO- U Macco-
MEpPeHoca, MO3TOMY OCHOBHBIE 3alayll HMCCICAOBAaHMN — IOJyYeHHE aHAJIUTHU-
YeCKHX PELIeHHH Ui psAlda KpaeBbIX 3a1ad M pa3paboTka Ha ux 0aze merona
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aHAJIMTUKO-9KCIIEPUMEHTAILHOI'O pacyera, IIPOCTOro B (PU3MYECKOM INOHHUMa-
HUW, yIOOHOTO B WHKCHEPHOM OOpAaIIeHWH M OO0JIaJaromIero BBICOKOH TOY-
HOCTBIO.

[Ipu ananuse, pemeHuy 3aa4y NepeHoca TEIIOThl (Macchl) B Pa3IMUHbIX Ma-
TepUanax UCIOIb3YIOT METObI:

— IMHeapu3aluy: aiareOpandeckux, WHTErPAJIbHBIX IIOJICTAHOBOK, MHTE-
rpanbHBIX 0ajaHCcoB (TEIUIOTHI M MAacchl), MOCIEN0BATENbHBIX NPUOIIKEHNH,
MaJIbIX TapaMeTpoB (BO3MYILCHHN);

— Bapuamonssle (buo, Kantoposuua, Jleiibensona, Putua, Tpedrua u ap.) [7];

— MPOEKLMOHHBIE: UHTETPAIBbHBIX TEIUIOBBIX OATaHCOB;

— MPUBENEHMS KPAeBhIX 3a[ad ¢ HEIMHEWHBIMH TPaHUIHBIME ycioBmsMH (1Y)
K OKBUBAJICHTHBIM U HETMHEHHBIM UHTEIPAIEHBIM YPABHEHHUSIM.

W3zBecTHBI ycnoBus, Koraa Ko3(GUIMEHTH BHYTPEHHETO, BHEIIHETO TETIO-
U MaccoIepeHoca KBa3UCTallMOHAPHBI, YTO CHPABEIIMBO AJIS JIMHEMHBIX IOTO-
KOB TEIUIOTBI M MAaccChl, Ul KOTOPBIX HCIOJIB3YIOT MeTonbl Dypbe, QyHKIUH
I'puna, Jlannaca, Jlannaca — Kapcona u np.

Bce MeToaMku MMEIOT JOCTOMHCTBA M HEJIOCTaTKH, a CJIeI0BATENLHO, CYIIIe-
CTBYIOT OTIpeJielIeHHBIE apeabl 3a7ad, KOTopble 3 ()eKTUBHBI PU OONBITUX WITH
Manbix yncinax Oypse u buo.

B ocHOBY MeTon0B ompenencHus TEMIOPU3NIECKUX XapPaKTEPUCTHK MaTe-
pHaJoB TOJOKEHO pEUICHHE 3alad TeIJIONPOBOAHOCTH, YCTaHABIMBAIOIIEE
CBSI3b MEXXIY IPOCTPAHCTBEHHO-BPEMEHHBIMI N3MEHEHUSIMH TEMIIEPaTyphl Tea
MOJ JeWCTBUEM MCTOYHMKA TEIUIOTHI. Tak KaKk TeMIepaTypHOe I0Je 3aBUCUT OT
€ro TeII0(U3NUECKUX XapaKTEPUCTHK, IO U3BECTHOMY W3MEHEHHUIO TeMIIepary-
pBl B OJTHOW MJIM HECKOJNBKHUX TOYKAaX HMCCIEAYEMOTO Tella MOKHO paccUUTaTh
ero k03 (HUIMEHTH! TEIUIO- U TEMIIEPAaTypPOIIPOBOJHOCTH, a 3HAYNUT, U TepMHUUE-
CKO€ COTIPOTHBIICHHE.

SBnsisich XapaKTEPUCTHKOM MPOCTPAHCTBEHHOTO MEPEHOCa TETJIOTHI, TEIUIO-
IMPOBOJHOCTD NPOABIACTCA B YCIOBUAX 3aMCTHBIX I'PaIUCHTOB TEMIICPATYPHOI'O
MOJIsl BHYTPH BewlecTBa. /i1 HEmoCpenCTBEHHOro M3MEPEHUs! JIOKaJIbHOIO Ipa-
IMEHTa TeMIeparyp, Jallle BCEr0 Ha OCHOBE 3HAUEHWH TeMIIEpaTypbl, B Xapak-
TEPHBIX TOYKaX 00paslia BOCCTAHABIMBAIOT €0 TEMIIEpaTypHOE TOJe W depes3
HETO PacyeTHBIM CIIOCOOOM ONPEAEISIIOT TPaJMeHTHI TEMIIEPATYPHl B TEX ceve-
HUSIX 00pasia, Uil KOTOPBIX 3KCIIEPUMEHTAIBHO U3MEPEHbI WM 3aJaHbl yIellb-
HBIE TEIIOBBIE IIOTOKH.

B 10 x€ BpeMs IpH CO3JaHUU METOJOB U YCTPOMCTB U3MEPEHUS TEILIONPO-
BOAHOCTH TJIaBHBIC 3aTPYAHCHUSA CBA3aHbBI C TEM, YTO HCO6XOI[I/IMO BBIACINTD
B HCCIIEAyeMOM 00paslie H30TePMHUYECKOE CEUCHHUE JIJIsl YCTAHOBJICHUS TeMIlepa-
TYpPHOTO TpaJveHTa U yAEIBHOTO TEIUIOBOro MoToka. C 3TOH IIeNbi0 0OBIYHO
MPOBOJATCS M3MEPEHUsT Ha o0paslax KiaccHueckod (hopMmbl, Hampumep Iuia-
CTHHE, CO3/1aBasi B HEil OIHOMEPHBIEC TEMIIEPaTyPHbIE MOJI.

TeOpeTI/I‘IeCKI/Iﬁ AHAJIN3 KPAaCBbIX 3a1a4 TCIJIOIIPOBOJHOCTH IMOKAa3bIBACT, YTO
KOMIUICKCHBIE OTIpE/ICICHUs] TEIUIOPU3NUECKUX XapaKTEPUCTUK BO3MOXKHBI MPH
MOMOILIM METOZOB, OCHOBAHHBIX Ha PELICHWH YPAaBHEHUS! HECTALIMOHAPHOTO MO-
15 temneparyp. OHE CBOOOJHBI OT MHOTHX HEJOCTATKOB, MPHCYIIUX CTaLHO-
HapHBIM METOJaM, OJTHAKO UMEIOT OoJiee BBHICOKYIO MOTPEIIHOCTh B OIpelielie-
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HUHM HCKOMBIX BeNWYHH. lIpenMymiecTBO HeCTallMOHAPHBIX METOJIOB B TOM, YTO
U3 Pe3yabTaTOB OJTHOTO HEMPOJOKUTEIIEHOTO OMBITA MOXHO ONPEACTUTh TEI-
JIO- U TEMIIEPaTyPOIPOBOIHOCTh UCCIEAYEMOro MaTepualia, a B KBa3HUCTAIHO-
HapHOM peXXHME — UX TEMIIEPATypPHYIO 3aBICHMOCTb.

Ha cerogus MeTonpl, ompeaensiomue Teriohu3nIecKue XapaKkTepHUCTHKH,
Oasupyrommecss Ha 3aKOHOMEPHOCTSIX HECTAllHOHAPHOTO TEIUIOBOTO IIOTOKA,
pa3nensoTcs Ha CICAYIONIUE TPYIIbI [8]: peryisipHOrO TEIUIOBOTO PEKUMA;
OCHOBaHHBIE Ha OMpEeNIeHHH apaMeTPOB HECTAMOHAPHOTO TEMIIEPATypHOTO
TIOJIA B IEPBOH CTAUH €r0 Pa3BUTHS, KBA3UCTAIIMOHAPHOTO TEIUIOBOTO PEXUMA.

Bce nepeuncneHHble METOJBI B TOW WM WHOW MEpPE MOXKHO HCIOJIb30BaTh
JUTSL KOHTPOJISI TEPMHUYECKOTO COTIPOTUBIICHHMSL.

[Ipu ompeneneHnn TeTTOPU3INIESCKUX XAPAKTEPUCTHK OTPaXKTAIOMINX KOH-
CTpyKIuii Hanbosee OIM3KUMH ¢ (PU3MUECKON TOUKH 3pEHUS ABJSIOTCS MPOIEC-
Chl HarpeBa WIH OXJKICHUS HCCIICIyeMOro Tejla KaK HEOrPaHWYCHHOU Iuia-
CTHHBI MPHU TpaHUYHbIX ycinoBusax Il poma — TemmnepaTypHbIA MOTSHIMAT MPU
OIHOMEPHOM TIOTOKE TEIUIOTHl He JOCTHTaeT MPOTHBOIIOIIOKHON TPaHHIBI 3a
BpEMS TETIJIOBOTO BO3/ICHCTBHSI.

Hanpumep, paccMoTpuM pelieHHMe NOaHHOW 3aJadyd TPH OIpelesCHHBIX
HAYaJIBHBIX YCIIOBHUSX, MPH KOTOPOM MOXKHO TPEICTaBUTHh rpaduuecKue 3aBU-
CUMOCTH W3MEHEHUS TEMIIepaTyphl MOBEPXHOCTH OXJIAXKIAAEMOTO (HarpeBaeMo-
ro) Tela B pa3IUYHbIE OTPE3KH BPEMEHH B 3aBHCHMOCTH OT HAYaJbHBIX TEILIO-
(hU3NYECKUX XapaKTEPHUCTHK.

[Tpu 5TOM QutoKTyaluyn Temneparyp npu 0JHOCTOPOHHEM TOABOJAE TETIOTHI
Ha TIPOTHBOIIONIOKHOM TIIOCKOCTH HE HAOFOTAt0TCS.

B To xe Bpems1, ucrons3ys JaHHbIe [9], MOKHO CAENaTh BHIBOJ, YTO HAHOO-
nee OJM3KAM K ONMMCHIBAEMOMY TPOIIECCY SIBIISETCS PEIlIeHHUE 3a/1a4H, B OTJIHYHE
oT panee npennaraemMoro [10], cyTs KOTOPOTO COCTOUT B CIEAYIOIIEM.

HauanpHas TEMIICpaTypa HCOFpaHH‘ICHHOﬁ IITaCTUHBI 110 TOJIIIMWHE OAMHA-
KOBa. Y OJIHOH MOBEPXHOCTH TeMIlepaTypa Cpebl H3BecTHA (3aJaHa), Ha IPyroi
MOBEPXHOCTH TEMIIEpaTypa paBHa HayaJlbHOH.

HauanbHble rpaHUYHBIE YCTIOBUS CIIEIYIOIIUE:

ot
Hoo=1lo;s —Xa—x =x(8—t,_y); d=const; f| _ =,
x=0
Torna Gespa3sMepHas OTHOCHTENbHAs U CPEIHsS TEMIEPATyphl MOTYT OBITH
PaCCYMTAHBI U3 CIEAYIOIINX YPABHCHUM:

— MmapaMeTp TeMIepaTypbl

Ci-t, Bi-(I-

0= .
9-1, Bi+1

n) —iAn sin [vn 1-n) exp(—vaO)], (D

n=1
rae A, — mapameTp aMIUTUTY/IbI KOJIeOaHUH TeMIIepaTypHI,

2Bi
Ay =
sinv, (v, +Bi1” + Bi)

)
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— MmapaMeTp CpeHel TeMIepaTypbl

-t Bi < )
= - — > B exp(—v.Fo), 3)
9-1t, 2(Bi+l) ; ! !
rje B, — OTHOCUTENbHAS BEJUYNHA,
. A,
Bi, =—(1-cosv,); 4)
V}’l
1 — YUCJI0 YJICHOB PSJIa;
— apryMEHTBI:
art .o, h x
Fo=—; Bi,=—>-; n=—,
h A h
rae o, — KOO(QQUIMEHT TEeIUIOOTAaYd y BHEIIHEH MOBEPXHOCTH, Br/(M*K);
- 7\‘BK
h — ToNMmMHA CIOEB OTrpaXkHarolied KOHCTPYKIHH, M; d = — ko3dpdu-
C3Kp3l(

2
UCHT TCEMIICPATYpPOIIPOBOAHOCTHU, M /‘l; C,, — MaccoBaid I/I306apHa$I TCIITIOCM-

kocth, KJIk/(kr'K); A, — xoddduuuent temnonposoanoctu tena, Br/(m-K);
Pox — CPEIHSSA TIIOTHOCTh KOHCTPYKIIHH, KI/M’; 1| — HapaMeTp TONIIHHBL.

Ha ocHoBanuM ykasaHHbIX BbIIIe Gopmys [9] mocTpoeHsl rpaduuecKue 3a-
BUCHUMOCTH, M3 KOTOPBIX MOXKHO OINPENCIIUTh MCKOMbIC 3HAUCHHS TEMIIEPATyp
IO CJICYIOIINM BRIPAXKCHUAM:

— TeMmIeparypa MOBEpXHOCTH B OCEBOM MIIOCKOCTH TUIACTHHBI (OTPasKICHUS)
mpun=0un=0,5

b, =ty + 001, ~1y): )

— cpeHsAs TeMIepaTypa
t=1,+0(t, —1,);

— rpasiueHT TeMmepatypsl mpu 1 = 1,0

o __gv=h
ox h’
rae G = Bi -
1+ Bi
PaccMoTpum npumep npu CIIeAYIONUX HAaYaJbHBIX YCIIOBHUSIX:
— 1g Taou. 1:

h=0,25m; p=1100kr/™’; ¢ =840 Ix/(kr-K);
a=10,0 Br/(M*K); R=1,0 M K/Bt; A=0,25 Br/(M-K);
a=0,00097 m*/a; t,=0°C; t,=-5,0 °C;



b. M. Xpycmanes, B. /. Cuzoe
52 OmpeneneHne CONPOTUBIIEHHS TEIUIONEepeaatde OrpaxIaonuX KOHCTPYKIHH

— nust Tabm. 2:

R=2,0 M*K/Br; A =0,125Br/(M'K); a=0,00048 m*/u;

Bi=20,0; #, =0 °C; t,=-5,0°C;

a = 10,0 Br/(m*K).

PaccunranHbie maHHBIC CBOAMM B Ta0id. 1 ¥ 2, IO KOTOPBIM MOYHO ITOCTPO-
uTh rpaduueckue 3aBucumoctu t = f{t, R, ) (puc. 1).

Tabauya 1
. Ot/0xy = 1 0,
T, 4 Fo Bi1 Gn =0 t’"l =05 °C Gn =05 tn =0,5 °C Gn = 1,0 OCn/Ml’O
0,015 10 0,65 -3,25 0,01 0,05 0 0
0,030 10 0,74 370 | 0,03 0,15 0 0
0,070 10 0,82 4,10 0,1 0,85 0,80 1.6
10 0,155 10 0,86 -4,30 0,29 -1,45 0,38 7,6
Tabauya 2
. 0t/0xy = 1 0,
T, 4 Fo Bi1 Gn -0 tﬂ =05 °C Gn =0,5 tn =0,5 °C Gﬂ =10 OCT}MLO
0,03 20 0.80 400 | 0,05 2025 0 0
0,06 20 0.85 425 | 0.12 20,60 0,40 0.8
0,15 20 0,90 -4.,50 0,31 -1,55 0,40 8,0
10 0,30 20 0,92 —4,60 0,42 -2,10 0,80 16,0
1
t,°C
Cn\“'
.| :\\--4 fn-0s
2 K
-3
|\
4 — 7 =0
I
-5
1 2 5 T, 4 10

Puc. 1. 3aucumoct ¢ = f{1, R, 1)): —— — npu R = 1,0 M>K/BT;
—e— —npu R=2,0 M* K/Br

Fig. 1. Dependencies ¢ = f{t, R, ): —l— — when R = 1.0 m*-K/W;
—e— —when R=2.0 m*>-K/W

W3 puc. 1 cnenyer, 4To U3MEHEHUS] TEMIEPATyp NMOBEPXHOCTH f,—9 U B OCe-
BOH TJIOCKOCTH - s HEOTPAHUYEHHOMN IIACTUHBI 3aBUCST OT TEPMHUYECKOTO CO-
MIPOTHUBJICHUS MaTepHajia OrpakKAaroliell KOHCTPYKIIUH R U BpEMEHH TCILIOBOIO
BO3JCHCTBHS T.
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Bwmecre ¢ Tem mpu MpOAOHKUTENHHOCTH BO3ACHCTBHA T A0 2 9 TpaaueHT
TeMITepaTyphl Ot/Ox Ha MPOTHBOIIOJIOXKHOW MOBEPXHOCTH MPaKTUIECKH paBeH 0
mpu R=1,0 M>K/BT 1 mpu R=2,0 M>K/BT u3MeHseTcst HE3HAYUTEIIBHO,
a TOJIBKO TIPH T > 5 4 U3MEHEHUS TEMIIEPATYP CYIIECTBEHHBI, T. €. B 3TOM ClIy4ae
npu T < 3 9 crpasenussl I'Y 111 pona.

Jlis Oonee TIIATENLHOTO aHANKM3a M3MEHEHHI TeMIEpaTyp Hapy>KHOU Io-
BEPXHOCTH B OCEBOH IIOCKOCTH TUIACTUHBI U Ha TIPOTHBOIOIOKHOW MOBEPXHO-
CTH sl pemieHus ypaBHeHus (1) cocTaBlieHa mporpamma, MO3BOJISIFOINAS pe-
IIUTh JAaHHYIO 33jauy [PY Pa3IMYHbIX HAYAJILHBIX YCIOBHUSX.

B kauecTBe mpumepa MOXXHO IPHUBECTHU TAOJIHIIBI ITOTyYEHHBIX PE3yIbTAaTOB:

— HavyaJbHBIe yCIOBUs 1i1st Tab. 3:

R=2,0M"K/Bt; h=025m; p=1100 xr/m’; ¢ = 0,840 xJlx/(xr-K);

a = 10,0 Br/(M*K); L =0,125 Br/(m'K); a = 0,00049 m’/u;
Bi=20,0; 7)="0°C; ftxn=-10°C;

— HaYaJIbHBIC YCIIOBUS I Ta0I. 4:
R=1,0 " K/Bt; h=0.25wm; p=1100 xr/m’; ¢ = 0,840 kJIx/(kr-K);

a = 10,0 Br/(M*K); A =025 Br/(m'K); a=0,00097 m*/u;
B;=10,0; # =0 °C; tc©n=-10 °C.

Tabauya 3
T, 9 Fo On=0 th=0 On=05 th=05 On=10 th=10
0,2 0,0016 05749 | -5,75 0,1629 1,63 0 0
0,5 0,0039 0,6468 —6,47 0,1668 -1,67 0 0
0,8 0,0062 0,6949 | —6,95 0,1667 1,67 0 0
1,0 0,0780 0,7187 -7,19 0,1654 -1,65 0 0
Tabauya 4
T, 4 Fo On-0 =0 On-0s =05 On-10 =10
0,2 0,00312 0,4318 —4,32 —-0,0049 0,049 0 0
0,5 0,00779 | 05398 | 540 ~0,0009 0,009 0 0
0,8 0,01247 0,6025 6,02 0,0003 -0,003 0 0
1,0 0,01558 | 06319 | —632 0,0015 ~0,015 0 0

Ha ocHOBaHMHM IMONyYEHHBIX PACUETHBIX JAHHBIX MOCTPOCHBI 3aBUCHMOCTH
temmeparyp mpu 1 =0; 0,5 u 1,0 B pa3Hble MPOMEKYTKH BpEMEHH U TpU pas-
JUYHBIX BEIMYMHAX TEPMHUYECKHX COMPOTHUBIICHHUH, KOTOPBIE IPEICTABICHEI
Ha puc. 2.

I'paduikn prc. 2 MOKa3bIBAIOT, YTO U3MEHEHHS TEMIIEPATYPhI MOBEPXHOCTH U B
OCEBOM TUIOCKOCTH OCCKOHEYHOW IUIACTUHBI 3aBHCAT OT 33JaHHBIX TEPMUYCCKUX
COTPOTHUBIICHUH W BPEMEHU BO3CHCTBHUS OTPUIATEIILHBIX HAPYXKHBIX TEMITEPaTyp,
M B TOT K€ MHTEPBAJ BO3ACHCTBUS (Tjax = 1,0 9) TpagMeHT TemrmepaTypsl He J0-
CTHTAaeT TPOTHUBOIIOJIOKHON TpaHUIbl IUIACTHHBI (BHYTPEHHEH MOBEPXHOCTH
HaApPy>KHOT'O OTPAXKICHHUS) MPU 33/IaHHBIX HAYAIBEHBIX YCIOBHUSX.
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?,2 0,5 0,8 T, 9 1,0
t,°C In=10
0
-1 =05
-2
-3
—4

Puc. 2. 3aBucumoctu ¢ = f(t, R, 1): —l— —npu R=1,0 M>K/Br; —— — mpu R=2,0 m*-K/Br;
—A— — PaCCUMTaHHbIE 3HAYEHHS TEMIIEPATYD =5 Ipu R = 1,0 M2-K/BT Maisl ¥ rpadpuKi th=os
npu R = 1,0 v>K/Bt n ty=10mpu R=1,0 M>K/BT 11 R =2,0 M*-K/BT haKTHUYECKH COBIANAIOT
C OCBI0 KOOpAUHAT
Fig. 2. Dependencies ¢ = f{t, R, )): —B— — when R = 1.0 m*K/W; —@— —when R =2.0 m*- K/W;
—A— — calculated values of temperatures f,, - os when R = 1.0 m%K/W are small

and graphics #,,- os when R = 1.0 m?-K/W and =10 WhenR=1.0 m%K/W and R = 2.0 m> K/W
actually coincide with the axis of the coordinate

IIpu 5TOM MPOJOIKUTEIHHOCTh HECTAIIMOHAPHOTO PEXUMaA COXPAHSETCA 110
BpeMeHI/I
8 0,25°

a 0,00097

W3 aHanuTu4eckux pacuyeroB M rpaMKOB MOXKHO CIEIaTh BBIBOJ, YTO €CIIU
Hapy’KHasl TeMIepaTypa BO31yXa U3MEHUJIAch, TO 110 CKOPOCTH U3MEHEHUs TeM-
nepaTypbsl HOBEPXHOCTH WM O MOYKHO ONpPEIETUTh TeIUIO(GHU3NIECcKHe XapaKTe-
pUCTUKH, pemas oOpaTHYIO 3aaady TEIUIONPOBOAHOCTH WM MMes Ha0Op pac-
YETHBIX 3aBHCUMOCTEH (Tpa)uKOB), IO KOTOPHIM MOXKHO MOCTPOUTH COOTBET-
CTBYIOILYI0 HOMOIPaMMy.

[IpuBeneHHbIe BBILIE HCCIECIOBAHUS IMOKA3bIBAIOT, YTO HA MX OCHOBaHHUU
MOXHO pa3padoTaTb METOIUKY U CIOCOO ONpEeAesieHUs] TEPMUYECKOTO COIpO-
TUBJICHUSI TIPH HECTAIMOHAPHOM PEXHMME OXJIAXKJCHHS (HarpeBa) KOHCTPYKIUIA
nisa I'Y 1T pona.

Crioco0 ompezeneHusl TEIUIONEPEIauyd OTPaXAAIOMINX KOHCTPYKLHHA NpH
TEIJIOBU3MOHHBIX METOJaX M3MEpPEHHs TeMIIepaTyp MOBEPXHOCTH OCHOBAaH Ha
NPEIOJIOKEHAH, YTO OTpaKIaroas KOHCTPYKIIHS paccMaTpUBAaeTCsl Kak He-
OrpaHUYEHHAS IUIACTHHA.

B cnydae HarpeBanus (OXJIaXXJeHUS1) KOHCTPYKIIMU B BUJE HEOTPAaHUYECHHON
mwiactunbel npu ['Y 11l poma s ompeneneHUs OTHOCHUTEIBHOW H30BITOUHOM
TEMIIEPaTypbl MO’KHO BOCIIOJIB30BaThCs BhIpakeHHeM (1).

W3 (1) BumHO, YTO OTHOCHTENbHAs TeMIleparypa — (QYHKIUS TeIruiopu3n-
YECKHX XapaKTePUCTHUK OTpakAeHUs, KodQ(HUIMEeHTa TEeIIO0TAaun Yy HapyK-
HOW TIOBEPXHOCTH W TPOJOKUTELHOCTA U3MEPEHHH, KOTOPBIE BXOIAT B KpH-
tepuu Fo u Bi.
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Jia ompeneneHuss TEPMUYECKOTO COMPOTUBIICHHS Teruionepeaade R, Boc-
MOJIb3yEeMCSl COOTHOILICHUSMU:

_Zéi. _ ki _ i
SR TRy
S8 = art T

Bi=o—=aR,; Fo=—=——.
6‘ C3Kp3K8iR3K

3K 1

[loxcrasmiss npruBeneHHBIE COOTHOIIEHUS B (1), MoydnM ypaBHEHHE, U3 KO-
TOPOrO OMpPENETIUM COTPOTUBIICHUE TEILIONEpeaaue OrpaxkACHHUS:

g for) “hosy _GRA-M

)_ iAnsin[vO(l -n)]x

loony “lony — OR+1 5 ©)
T.
xexp| —vi ———— |,
6lc3Kp3KR3K
r1e o — CyMMapHbIi KO3(QQUIHMEHT TemIooTaaym o =a, +o,; o,, o, — pac-

YETHBIC KOHBEKTUBHBIN U paIMalldOHHEIA KO (PHUIIUCHTHI TEIIOOTIaYH.

U3 (6) cnenyet, uTO, OMpEACITUB OTHOCUTEIBHYIO TeMIlepatypy 0 B Jr000it
MOMEHT BPEMCHH, IOKA TEIUIOBOW MOTEHIMANI HE JOCTHUT HPOTHBOIOJIOKHON
MOBEPXHOCTH TUIACTHHBI, IO PE3yJIbTaTaM HATYPHBIX U3MEPEHHI MOXHO HAWTH
U TEPMHYECKOE COTMPOTHBIICHUE KOHCTPYKITHH.

0.
Jns ompezneneHus CONPOTUBIIEHMs Temionepenade R, :Zl_l wi h-

2K
(dhexTuBHOTO KOA((DHUIMEHTa TETUIOTPOBOAHOCTH A, BHaUaje 3aal0TCS OpPUCH-
TUPOBOYHEIC PACUYCTHBHIC TEIUIO(PU3NUCCKUE XapaKTCPUCTUKH, OPHUCHTHUPOBOY-
HbIE BEJIMYMHBI KOY()(UIIMEHTOB TEMIO0TAYM y HAPYKHOH MOBEPXHOCTH O, =

=Q, + 0o, B Ipeaeaax HOpMUpyEMbIX. Ilo >TuM 3HaYCHUAM OMPEACTIAIOTCA KpU-

tepun Bi 1 Fo mpu pasiuuHbIX A, Cor, Pox B 33JIaHHBIC KPATHBIC TTPOMEKYTKH
BPEMEHH MEXIY To U Tiax, 38 KOTOPBIE TEMIIEPATYPHBII MOTEHIIHAN HE N3MEHUT
TEMIICPaTypy BHYTPEHHEH MTOBEPXHOCTH OTPAKACHUS, T. €. {5, |21 . )-

ITo mosrydeHHBIM pacdyeTHBIM BenmduHaM Bi u Fo, mo cootHomennto (6) wuimu
ITOCTPOEHHBIM HOMOTrpammam [9] Beramcisrorcs 3apucumoctu 0 = f{Fo, Bi), mo
KOTOPBIM MOKHO OIIOCPEJOBAaHHO OMPEACITUTh 3aBHCUMOCTh R = f(0, T) B Tpa-
(GryecKoM BUJIE ITPU PA3IUYHBIX O, .

3areMm i onpeneiacHus (HAaKTHISCKOW BEIMYUHBI R, Orpakmaronieit KoH-
CTPYKITUH 3aMEPSIOT B pacueTHBIE TIPOMEXYTKH BPEMEHH HadaJIbHYIO TeMIiepa-
Typy OTpa)KAaroIieii KOHCTPYKIIMH, TEKYIIYI0 TEMIIEpaTypy OrpakKIaroIiei KOH-
CTPYKIIMH B 33JaHHBIN MPOMEXYTOK BPEMECHU M M3MCHHBIIYIOCS TEMIICPATYPy
OKpY>Karollel cpe/ibl U, B KOHEYHOM UTOT€, PACCUMTHIBAIOT 0.

[To pa3zHocTH TemnepaTyp [0y H Lun,z,) HAXOJAT KOHKPETHYIO BENIMYMHY a

110 U3BCCTHBIM COOTHOILICHUAM.
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BenmnuuHy R, B 3aBUCHMOCTH OT HOJIy4EHHBIX Ol M T; MOXKHO ONPEJIEIHUThH
no rpaduky R = f(0, T) B pa3Hble MPOMEKXYTKH BpEMEHH, HalAs ee cpeJHee 3Ha-

R +R,+..+R,
YCHHUC ch = HJIN UCIIOJIb3Ys npeo6pa3OBaHHoe OTHOCHTCIIb-
n

HO R cootHotIeHHE (6).

Bce u3nosxxeHHOE MOKHO TIOKa3aTh Ha IPUMeEpE.

ITo BeIpaxkenuto (6) moctpoeH rpaduk 3apucumoctu 0 = f{Fo, Bi), mo koto-
POMY MOKHO OIIOCPEIOBAaHHO OIPEIEIHTh 3aBUCHMOCTh R = f{0, 1), moacTaBuB
pa3InvHbIe 3HAUYEHUs 0 B ompeieNieHHbIe TPOMEKYTKU BPEMEHH.

Hanpumep, s o. = 5 Br/(M>-K) npy HauaIbHBIX yCIOBHAX:

1,°C | 9,°C | o, BT/(M*K) | h,m | ¢, Jlx/(xr-K) | p, kr/m? R, M*K/Br 1,4
0 5 5 0,25 0,84 1000 [ o6 [10]14]1]2]5

Pacuer npencrasnen B Tad. 5.

Tabnuya 5
Pe3yabTathl pacdera 0 npu o, = 5 Br/(m*-K)
The results of the calculation ® when a =5 W/(m*K)
R, M*K/Br 0,6 1,0 1,4
A, Br/(m'K) 0,42 0,25 0,18
a, M4 0,0016 0,0010 0,0007
T, 4 1 2 5 1 2 5 1 2 5
Fo 0,026 | 0,052 | 0,130 | 0,016 | 0,031 | 0,078 | 0,011 | 0,022 | 0,056
Bi 3,0 5,0 7,0
0 036 | 046 | 058 | 044 | 053 | 066 | 051 [ 057 | 0.7

ITo pesympraTam Tabi. 5 TmoOCTpoeHBl 3aBUcUMOCTH R =f0, t) mpu
a =5 Br/(m*K) (puc. 3).

0,75

0
Ral( = 154 >/

0,65 1
0,60 /

R,=10 /,,,/"k
0,55 /j_/ —
0,50 / Ral( = 056
0,454 e
0,40
0,35
0,30

1 2 3 4 T, 9 5

Puc. 3. 3aBucumoctn R = f(0, 1) npu a. =5 Br/(M*K)
Fig. 3. The dependencies R = f(6, 1) when o. = 5 W/( m*-K)
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Paccmotpum ciydait mpu o= 10 Br/(M*K), & = 0,25 M m1s HadambHBIX
YCIIOBUM:

ty, °C 9, °C a, BT/(MZ'K) h,m | ¢, xLx/(xr-K) |p, kr/m’| R, M*K/Br T,4
0 5 10 0,25 0,84 1000 | 0,6 | 1,0 | 141 \ 2 | 5

Pacuets! mpeacTaBieHs! B TabII. 6.

Tabauya 6
Pe3yabTathl pacdera 0 npu o, = 10 Br/(m*K)
The results of the calculation  when o, = 10 W/(m?-K)
R, v*-K/Bt 0,6 1,0 14
A, Br/(M°K) 0,42 0,25 0,18
a, M/ 0,0016 0,0010 0,0007
T, 9 1 2 5 1 2 5 1 2 5
Fo 0,026 | 0,052 | 0,130 | 0,016 | 0,031 | 0,078 | 0,011 | 0,022 | 0,056
Bi 6,0 10,0 14,0
0 055 | 066 | 077 | 064 [ 072 | 082 | 0,69 | 076 | 0,84

ITo pe3ympraTam Taby. 6 mocTpoeHbl 3aBucHMOCTH R = f(6, 1) mpu a= 10
Br/(M*K) (puc. 4).

0,90
t,°C I
Ry=14 | e
0,80 /,____-———-__—::r_,___ { O
075 e R,.=10
> /R“Z»
0,70 = R, =06 ———————
0,65 e
R,
0,607
0,55
0,50
1 2 3 4 T,4 5

Puc. 4. 3aBucumoct R = f(0, 1) npu a. = 10 Br/(m>-K)
Fig. 4. The dependencies R = {0, t) when o. = 10 W/(m*K)

Omnpenenenue CONPOTURIICHHSI TEILIONEpeade Mo rpaduuecKuM 3aBHCUMO-
CTSIM, TIOCTPOCHHBIM Ha OCHOBAaHHWH PACUETHBIX BeNWUWH (pHUC. 3 U 4) ¢ UCTIOIb-
3oBaHueM (1) u (6), Mo KOTOpBIM B [9] MOCTPOEHBI HOMOTPAMMEI JJIsl OTIpEIeIie-
HUs ormocpeaoBanHo R = f(0, T), MpOU3BOIUTCS CIeIYIOIIUM 00pa30M.

B nporecce niccnenoBanmii ObUTH OMIpEEIeHBl TEMIIEPATYPHI B pa3HbIE MPO-
MEXYTKH BpeMeHH (Tadim. 7).
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Tabnuya 7

Bpewms 1, u I(O,to)’ °C t(oo,fj)a °C t(o,rj)» °C t(x=8,r,)’ °C 0 Ry, M>-K/BT

5,0 ~10,0 8,10 5,0 0,62 0,90
2 5,0 ~10,0 8,56 5,0 0,73 1,11
5 5,0 ~10,0 9,05 5,1 0,81 0,93

ITo puc. 4 nonyuens! 3HaueHUs Ry = 0,90; R,p = 1,11; Rys = 0,93,
~0,90+1,11+0,93

Cpesis U3 H3MEpEHHBIX BemuuH R, ) = = 0,98 Br/(M>K)

3
Oonpeacide€T HMCKOMOC COINPOTHUBJICHUC TEIJIONCPEaAUC orpax(/:[a}omeﬁ KOH-
CTPYKIUU. HpI/I OTOM BpEMsA OKOHYaHHA HBMepeHI/Iﬁ COCTaBUJIIO 5 4, KOI-

12 L) 2 L0,

TaKI/IM 06pa3OM, MOXHO CJI€JaTb BbIBOJ, 4YTO pacquHHe COOTHONLICHMUSI
AACKBATHBI HpOBeI[eHHbIM HaTypHLIM I/I3MepeHI/I}IM, a HOCTpoeHHbIMI/I I1I0 HUM
rpa@UKaMu MOYKHO MOJIL30BAThCSA IS KOHTPOJIS CONPOTHBIICHUS TEILIONEPE-
Jlaue OTPaKIAIoIEeN KOHCTPYKIIMHU, €CIM BBIOpATh HauOOJee YCPEIHEHHYIO 10
XapaKTEPUCTUKAM 30HY M3MEPEHUIA, T. €. YY4aCTKOB C OJJHOPOHBIM TEMIIEPATYP-
HBIM TI0JIEM, U TIEPHOJ BPEMEHH TEMIIEPATYPHOU WCTOPHMH, € 3a/1a4d MOMKET
peHIaTLCSI C 3aHaHHOﬁ TOYHOCTBHIO HpI/I COKpaHIeHI/II/I KOJIMYCCTBA I/I3MepeHI/II7I.

I/I3 BI)HHeyKa:‘}aHHOFO CﬂeﬂyeT, YTO HAa OCHOBAHHUU HpOBeI[eHHI)IX aHaJIUTN4C-
CKUX U TeOpeTI/IquKHX I/ICCHeHOBaHHﬁ MOXXHO Hpe,Z[J'IO}KI/ITL HOBBIC MeTOI[I/IKy
¥ CIIOCOO OmpeieieHUs] TEIIO(PU3MIECKUX XapaKTEPUCTHK, B TOM Yucie u R.

BbIBO/JbI

1. B pe3ynbrare MpOBENCHHBIX HCCICIOBAHUNA pa3pabOTaHBl METOAMKA U
Croco0 ompeeNeHUs] TEIUIOPU3NUECKUX XapPaKTEPUCTHK, B OCHOBY KOTOPBIX
TOJIOXKEHO PElIeHUEe HEeCTAIMOHAPHOMN 3a]]aud TEeTUIONPOBOJHOCTH, YCTaHABIIHU-
BaloIlee CBSI3b MEKJY BPEMECHHBIM M MPOCTPAHCTBCHHBIMH H3MCHCHHUSMU TEM-
nepaTypbl IMoJT BO3JIEHCTBUEM NCTOYHUKA (CTOKA) TEIUIOTHI.

2. Pa3paboTaHHBIE METOAMKA M CIIOCOO IO3BOJIIOT ONPEACINUTH COMPOTHRB-
JIeHHE TeTUlonepeaaye OrpakJarolleil KOHCTPYKIMU MPH HECTAllMOHAPHOM pe-
JKUME B HATYPHBIX YCIOBHSIX.
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