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AnnpoKcumauum cTaumMoHapHOM 3agaum
paaMaLMOHHO-KOHAYKTUBHOIO TennooomMeHa
B CUCTEeMe CTepPXXHeMn KPYrroro ceyeHus

A.A. Amocos, H.E. KpsiMoB

OcoOBIit HHTEpeC MPEeICTABIET H3yUeHNE TpoIiecca MePeHoca TEIIOTH B IIEPUOINUESCKHUX Cpe/lax, COIePIKalIiX BaKyyMHBIE IPOCIONKH
WIX MOJOCTH, Yepe3 KOTOpble MEPEeHOC TEIIOThI OCYLIECTBIAETCS MOCPEACTBOM M3lydeHus. HemocpeCTBEHHOE UMCIICHHOE pEIlCHHE
TaKUX 33724 COMPSHKEHO C 3HAYNTETbHBIMU BEIYUCIUTENbHBIMU 3aTPaTaMU U CTAHOBUTCS MPAKTUUECKH HEPEAbHBIM ITPU OOIIBIIIOM YHCIIE
TEIUIONPOBO/SIIINX IEMEHTOB, 0COOCHHO IS ABYMEPHBIX H TPEXMEPHBIX CTPYKTYp. [loaTOMY akTyansHBIM sIBIsSeTCs ocTpoeHue dddex-
THUBHBIX NPUOIHKEHHBIX METOA0B PEILICHHUS.

Hacrosiimast cratest Mpogo/mkaeT ceprio padoT, MOCBSIIEHHBIX MOCTPOSHHUIO H 000CHOBAHHIO CTIEIIMABHBIX MOTYAUCKPETHBIX M ACHMIITO-
THYECKHX aNIPOKCUMAIHH 3a1ad pagnaliOHHO-KOHYKTHBHOTO TEIIIOOOMEHA B MEPHOJMIECKUX CHCTEMaX TEIUIONPOBO/IINX JIeMEH-
TOB, Pa3EICHHBIX BAKYyMOM.

B nmanHOM citydae A CTAIMOHAPHON 3a4a4d paJdalliOHHO-KOHAYKTHBHOTO TEMIOOOMEHa B MEPUOANYECKON CHCTEME, COCTOAIeH H3
a0COIOTHO YePHBIX TEIUIONPOBOIMINX CTEPKHEH KPYIIIOrOo CEYEHHs PaJilyCoM €, YIIAKOBAaHHBIX B KBaJIPaTHYIO KOPOOKY, IPEIIOKCHEI
NpHOIKEHHBIE METO/IbI PEIICHHUsI, OCHOBAHHBIE HA CHELHAIbHBIX AUCKPETHOI M aCHMNTOTUYECKON almpOKCHMALUSIX UCXOJHOM 3a/1a4H.
[TpuBeneHs! pe3ynbTaThl BEIYHCINTENBHBIX SKCIIEPIMEHTOB, TIO3BOJISIONIIE CAENATh BEIBOABI O paO0TOCIIOCOOHOCTH METO/IOB M XapaKTepe
3aBUCHMOCTH UX OTHOCHUTEJBHBIX ITOTPEITHOCTEH OT Kod((HHIHEHTA TEIUIONPOBOIHOCTH A M PaJyca CTePKHEH &.

HMckomoit BenmuunHOM cuuTaercss abcomoTHas TeMneparypa. OHa sSBIISIETCSl pelleHneM KpaeBoH 3aJauu Uil CTallHOHAPHOTO ypPaBHEHHs
TETIONPOBOJHOCTH C HETMHEHHBIMH HEIOKATbHBIMUA HHTPETPAbHBIME YCIOBUSIMHU, OMHICHIBAIOIINMH TEINIOOOMEH H3IIyIeHHEM MEXTy
CTepPXKHSAMH. B TpernonaokeHny, 9To 3HaUCHUE TeMIIepaTyphl Ha KaXJIOM N3 CTEpKHeH MPUOIIKEHHO PaBHO CPEAHEMY IO CEYCHHIO
3HAYEHHIO, CTPOUTCS AUCKPETHAS aNNPOKCUMAIHS 3a/1a4H, PEeICTaBIIONas co00i cucTeMy NTMHEHHBIX anredpandecKkux ypaBHEHUI OT-
HOCHUTEJIFHO YEeTBEPTOi CTENeH! TeMmeparypsl. [I0ckombKy MaTpuIia CHCTEMbl CHMMETPUYHA U MOJOKUTEIBHO OIpeseeHa, TO s ee
YHCJICHHOTO PELICHUS MOXKHO MCIIOIb30BaTh METOJ| CONPSDKEHHBIX IPaUEHTOB.

o cBoeit cTpykType AUCKPETHAs 3ajada TaKoBa, YTO MOXKET PAacCMATPUBATHCS KaK Pa3HOCTHAs aNNpPOKCHUMAIIMs TOMOTEHHU3HPOBAHHOM
KpaeBoi 3amaun s ypaBHeHHs [IyaccoHa ¢ HeCTaHIapTHBIMM KPAaeBBIMHU YCIOBHSMH. JTa 3a/]ada JIMHEHHA OTHOCHTEIHHO YETBEPTOH
CTENEHH TeMIIepaTyphl.

ITpoBenena ceprsi BEIMUCIUTENBHBIX SKCIIEPUMEHTOB, KOTOPAsk MOATBEPKIAET PAOOTOCIIOCOOHOCTD MPEIOKEHHBIX METOIOB IS MaTepHa-
JI0B ¢ 60IBIIMM KOA(D(QHUIHUEHTOM TEIUIONPOBOAHOCTH. OTHOCHTENBHBIE IIOTPEITHOCTH METOJIOB CTPEMSTCS K HYIIO IIPU CTPEMIICHUH T1apa-
MeTpa € K Hymo. Kak u cienoBazo oxuiare, Ipu GUKCHPOBaHHOM 3HAYEHHHU € OTHOCUTENBHBIE IIOTPEITHOCTH METO/IOB YOBIBAIOT C POCTOM
3Ha4YEHHA KO UIMEHTa TEIUIONPOBOIHOCTH A, TOCTHTasl 3HAYEHHH B IECATHIE IOIM MPOLEHTA, X 00a METO/a OKa3bIBAIOTCS MPAKTHUECKH
HETIPUTOAHBIMH JUTS TITIOXO MPOBOASAIINX MaTePUaIOB M TPEOYIOT CYIIECTBEHHONH MOAN(HKAIIHN.

Knrouesvie cnosa: HpI/I6J'II/I)KeHHI>Ie METOMBI, 3aJla4a pagualiliOHHO-KOHIYKTUBHOI'O TCHJ'IOO6MeHa, JUCKPETHAas U aCUMITOTUYCCKas arl-
NpOKCUMalUHU.

Jlna yumuposanus: Amocos A.A., Kppivos H.E. Anmpokcumariy cTaiiioHapHOH 3a1a4d paualliOHHO-KOHYKTHBHOTO TETIIO0OOMEHA B CHCTE-
Me cTeprkHeil kpyroro cedenns / Bectank MOU. 2017. Ne 5. C. 94—100. DOI: 10.24160/1993-6982-2017-5-94-100.

Approximations for the Stationary Problem of Radiative-conductive
Heat Exchange in a System of Rods of Circular Cross Section

A.A. Amosov, N.E. Krymov

In applications, it is of great importance to study the heat transfer process in periodic media containing vacuum interlayers or cavities through
which the heat transfer is realized by radiation. A numerical solution of such problems requires considerable computational efforts and becomes,
in fact, impossible for a large number of heat transferring elements, especially in the case of two-dimensional and three-dimensional structures.
Therefore, it is important to construct effective approximation methods.

This article continues a series of papers devoted to the construction and substantiation of special semi-discrete and asymptotic approximations of
radiation-conductive heat transfer problems in periodic systems of heat-conducting elements separated by a vacuum.

In this paper, we consider a stationary problem of radiation-conductive heat transfer in a periodic system consisting of absolutely black heat-
conducting rods of circular cross section with radius € packed in a square box. We constract two new

approximate methods based on special discrete and asymptotic approximations of the original problem. The results of computational experiments
are given, which make it possible to draw conclusions about the efficiency of methods and the nature of the dependence of their relative errors on
the coefficient of thermal conductivity A and the radius of the rods «.

The seeking value is the absolute temperature. This function is the solution of the boundary-value problem for the stationary heat equation with
nonlinear nonlocal intregral conditions describing the heat exchange by a radiation between the rods. Assuming that the temperature on each of
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the rods is approximately equal to the mean value over the cross section, we comstruct a discrete approximation of the original problem, which is
a system of linear algebraic equations with respect to the fourth power of a temperature. Since the matrix of the system is symmetric and positive
definite, the method of conjugate gradients can be used to solve it numerically.

By its structure, the discrete problem is such that it can be considered as a difference approximation of the homogenized boundary-value problem
for the Poisson equation with non-standard boundary conditions. This problem, which we consider as an asymptotic approximation of the original

problem, is linear with respect to the fourth power of temperature.

A series of computational experiments is carried out, which confirms the operability of the proposed methods for materials with a large coefficient
of thermal conductivity. The relative errors of the methods tend to zero as the parameter tends to zero. For a fixed value of radius ¢, the relative
errors of the methods decrease with increasing values of the thermal conductivity, reaching values in the tenths of a percent. As expected, both
methods are practically unsuitable for poorly conductive materials and require substantial modification.

Key words: approximate methods, the problem of radiative-conductive heat exchange, discrete approximation, asymptotic approximation.

For citation: Amosov A.A., Krymov N.E. Approximations for the Stationary Problem of Radiative-conductive Heat Exchange in a System
of Rods of Circular Cross Section. MPEI Vestnik. 2017;5: 94—100. (in Russian). DOI: 10.24160/1993-6982-2017-5-94-100.

BBeaeHune

3HaUUTENBHBII MHTEPEC TPEJICTABISET U3yUCHNE TPO-
mecca MepeHoca Teria B NePHOANYSCKHX Cpelax, coaep-
XKAIIMX BaKyyMHbIE NPOCIONKK WM IIOJOCTH, Yepe3 KO-
TOpBIE MEPEHOC TEIUIOTHI OCYIIECTBISETCS MOCPEICTBOM
nziaydeHus. HemocpencTBeHHOE YHCIEHHOE peIICHHE
TaKuX 3a7a4 COIPSAXKCHO C 3HAYUTCIbHBIMH BbIYHUCIIUTEIIb-
HBIMHM 3aTpaTaMd W CTAHOBUTCSI TPAKTUYECKH Hepeallb-
HBIM ITpU OOJIBIIOM YHCIIE TEIUIONPOBOISIINX 3JIEMEHTOB,
0COOCHHO JUTS JBYMEPHBIX M TPEXMEPHBIX CTpyKTyp. [1o-
9TOMY aKTyaJlbHBIM SBISETCS MOCTPOCHHE d(P(PEKTHBHBIX
HpI/I6J'[I/I)KeHHBIX METOJO0B PCUICHUA.

Hacrosmas crates mpomomkaeT ceputo pador [1—7],
MIOCBSIICHHBIX TTOCTPOCHHUIO M OOOCHOBAHHIO CIIELHAIIb-
HBIX MMOJIYAUCKPETHBIX U aCHMITOTHYCCKHUX AIPOKCHMa-
LU 33184 paJuallMOHHO-KOHIYKTHBHOIO TEIUI00OMeHa B
MIEPHOANYECKHUX CHCTEMAaX TEeIUIONPOBOISIINX 3JIEMEHTOB,
Pa3aCJICHHBIX BAKYYMOM, B HEH MMPEATIOKECHBI TUCKPETHOC
1 ACUMIITOTHUYECKOEC HpI/IGHH)KeHI/IH, IMMPUBCACHBI PE3YJIbTa-
ThI BBIYUCIUTEIBHBIX 9KCIIEPUMEHTOB, ITO3BOJISIOIIUE CJIe-
JaTh BBIBOJIBI O pa00OTOCIIOCOOHOCTH METOIOB M XapaKkTepe
3aBHCUMOCTH X OTHOCHUTEIIBHBIX IIOTPEITHOCTEH OT KO3 (]-
(uIIeHTa TeIUIONPOBOIHOCTH A ¥ painyca CTePIKHEH €.

MocTaHoBKa McXxogHOW 3a4auu

PaccmoTpuM nepuoauueckyro CUCTEMY, COCTOSIIYTO U3
n* abCONOTHO YEPHBIX TETIOMPOBOISIINX CTEPXKHEH Kpy-
IJIOTO cedyeHHs paanycoM € = 1/(2n), ynakoBaHHBIX pery-
JISIPHBIM 00pa30M B KBaJIPaTHYIO «KOpoOKy» (puc. 1). Kax-
JIOMy CTEIKHIO [IOCTaBMM B COOTBETCTBHE KpyT G, pajuyca
€ C LEHTPOM B TOUKE X, = (e2i - 1), &2/ - 1)), 1 <i<n,
1 <j < n, a Bce#l cuUCTeME CTEp)KHEH — MHOXECTBO
= U G,

1<i<n,I<j<n

CranuoHapHbIil NPOLECC paJUuallMOHHO-KOHTYKTHB-
HOTO TeIIo00MEeHa B cucteMe ctepykHell G OIMChIBaeTCst
CleyIolIel KpacBoi 3a1aueii:

—diviAVu) = f, xeG; (H
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Puc. 1. Cucrema creprxHeit

KZ—””’ @) = [ hw(@)o(& x)do(@)+
n

v @)
+[ h(ur- (£))0(&, x)do(8), x € 8.
r
Hckomoii (yHKUMEH siBiseTcss abCOMIOTHAs TeMIeparypa
u(x) = u(x,, x,); an (1) & = const > 0 — xopduumenT te-
IUTOIPOBOAHOCTH; f{X) — IUIOTHOCTH TEIJIOBBIX MCTOYHH-
koB. KpaeBoe ycioBue (2) onmchBaeT TEIUIOOOMEH H3ITy-
YEHHEM MEKJLy CTEPKHAMU, QyHKUUA h(u) = G | u P unpn
> 0 — IMUIOTHOCTK TOTOKA TEMJIOBOTO U3Ny4eHus; 6, > 0 —
nocrosiuHas Ctedana — bonbiimana; [ — BHyTpeHHsIs Tpa-
HHIIA KKOPOOKH», B KOTOPOH HAXOAATCS CTEPKHU; U (X) —
3ajaHHas Ha [ Temmeparypa; n(x) — BHELIHAS HOpMallb
K 0G ms x € OG M K TpaHHLE «KOpoOKu» it x € [;
do(x) — ecrtectBeHHas mMepa Ha 0G U I'; ¢ — ymioBoit
k03 puIHeHt,

cos(n(E), x — &) cos(n(x), & —x) ecm [x,E]NG=Q
2| x-¢&| ’ ’ ’
0 ecn [x,E]NG = D

o(&,x) =

rae [x, §] — OTpe30K, COSANHSAIOMINN TOUKHA X U &,

ﬂVICerTHoe n acmmMmntToTunvyeckoe I1pVI6.I1I/I)KeHVIﬂ

[IpuBenem GopMambHYIO CXeMy MOCTPOSHUS JUCKPET-
HOTO W aCHMITOTHYECKOTO MPHOIIKESHUH HCXOITHON 3a/1a-
YH, CYUTAsI € MAJIBIM IAPAMETPOM, CTPEMSIIUMCS K HYJIIO, a
KO3 PUIIUCHT TEIUIOMPOBOAHOCTH A JIOCTATOYHO OOJIBIIIUM.
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HHCerTHaﬂ aAlMNpoKCUMaNus

[IpounTerpupyem ypasuenue (1) mo G,

—j Pl dc(x)— j F(x)dx.

oGy Gj;

VYuuTteiBast KpaeBoe ycioBue (2), mpuaeM K paBeHCT-
BY

j h(u(x))do(x) =

aGy;

=> | @) | oExdox)|do@+ ()

kol 6Gy oGy

+ j S (x)dx -+ j hur@)| [ o x)do(x) |do(@),

Gy Gy

KOTOPO€ BBIpa)KaeT IHEPreTHUeCKHH OajaHC JUis MHOXe-
cra G

[Tpeamnonoxum, 4To 3HAUEHUE TEMIIEPATYPHI U Ha KaX-
JIOM W3 MHOXKCCTB Gij MIPUOIMKEHHO PaBHO CPEIHEMY IO
Gij 3HAYEHHIO

R

[u]; =— ju(x)dx.
Gy

e

[Ipu sTom mpenmonoxeHun u3 (3) cremyroT mpuOIH-
JKCHHBIC PaBEHCTBA

2meh([u];) - ZRSZ(p h([uy,) = e’ [ f1; +2mehy ;,
k.l (4)
1<i<m1<j<n,

rue

o == [ o&ndoEdo);

2ne 6Gk /%3Gy

/] j S (x)dx;

]

ijh(ur@)) [ o) do(x) |do(®).
TCSF

oGgf

HeTpynHo OHATB, 9TO q) =0, (pk/ =0,ecma|i—k[>1,
mbo | j—/|>1. HpnMeHeHHe METOJIa «HATSAHYTBIX HUTEW
[8] maeT cnenyrouiye 3HaYCHUS:
ij+l _ 1 1

+11_ 111_ .
(Pz (P (pzj B TE’

i-1,j _
®ij

i-1,j-1

i—1,j+1 _
®ij

1+1] -1
_(Py

— (PIH JHl l_l
v n 4
Haiinem nmpubmmxennoe pemenue 3amadn (1), (2) B

BUJIE€ KyCOYHO-ITOCTOSIHHOM (PyHKIIMH, PaBHOW IOCTOSH-

HOM U[j Ha G[/ st Beex 1 <i<n, 1 <j<n,u yI1oBierBo-
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PSIIOIIKE aPOKCUMUPYIOIICH NPUOIMKEHHBIC PAaBCHCTBA
(4) nuckpeTHO 3a1aun

hy =0 == Sl rhey, 1Sisn1<j<n (5)
i

OTHOCHTEIIEHO HEU3BECTHBIX hij= h(UI.j).

3amMeTHM, 4YTO JHUCKpETHas 3amada (5) MpeacTaBiseT
co00#i cHCTEMY JMHEHHBIX anreOpandecKux ypaBHEHHH C
Pa3peKeHHOW, CHMMETPUYHON U TIOJIOKHUTEILHO Ompejie-
neHHoM Marpuieil. CHMMETPUYHOCTh MaTpUIbl CUCTEMBI
cTIeqyeT U3 PaBEHCTBA (pf;[ =l

Jlyist Toro 4to0BI YOEIUTHCSI B TIOJIOKHUTEILHOM OIpe-
JICICHHOCTH MaTpHIbl, PACCMOTPHUM COOTBETCTBYIOIIYIO
KBaJpaTHIHYIO hopMy

Bhiy=Yh =33 " by,
iy ikl
IIpu 5TOM
B(h,h) = Z(l o, iy + ZZw"”(hk( )

ljk/ ii

~ 1%
e g, = Z(p <1
ke

i

S

O6paTuM BHUMaHHUE HA TO, YTO (5; =1l <i<

=

1 <j < n. Kpome Toro, @;:@;:1_1/71 s 1 <j<
O =0, =1-1/n ma 1 <i<nnq;=0¢,=09,=
=¢,, =3/4—1/n. Cnenosarensro, B(h, h) >0, B(h, h) =0
TOJIBKO B CiIy4ae, Korna h,y =0msaBeex 1 <i<n,1<j<n.

3aMeTnM, 4TO B JUCKpPETHOW 3asmade (5) Ha KaxIbId
cTepikeHb G, MPUXOAUTCS JIMIIb OJHA PACUETHAS TOUKA
U o0llee YMCI0 HEM3BECTHBIX cocraBmsieT n°. Ecnm 3to
YHCIIO HE CJIMIIKOM BEJIUKO, TO B CHIY Pa3peKEHHOCTH,
CUMMETPHYHOCTH M TIOJIOKUTEIBHON OIpPEAeICHHOCTH
Marpuipl cUcTeMbl 3()(GEKTHBHBIM METO/IOM €€ pPeIleHHs
SIBJISIETCSI METOJI COTIPSKEHHBIX TPAINEHTOB.

AcCHMMITOTHYECKAs! allMPOKCUMALUS

3amerum, uTo B ciydae 1 <i<n, 1 <j <n ypaBHeHUe
(5) MOXXHO TIepen¥caTh B BUJIC

2h +h ho.. —2h.+h .
—S(TE 2)|: i+, ] i i,j+1 Z i,j-1 :|_
4e
By =2k +hig 0 By =2kt h o | n
—84—1'[ =17 +1,] + 1 ,_]+ 1+ j had .
( ){ — — =17,

W paccMaTpHBarh Kak Pa3HOCTHYIO allPOKCHMANHNIO T ]-
(hepeHIMAIBHOTO YPaBHEHHUS

—28Ah:%f, xeQ,, (6)

€

B TOUKE x; € Q. = (¢,1-¢)x(g,1-¢)
B ciyuae i =1, 1 <j < n ypaBHenue (5) MOXKHO 3amu-
caTb B BUJIE
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—hlj +h2j +h1,j+1—2h1j+h1’j_l

—g(n—2
( ) 4¢? 4¢?
—h . +h, —h . +h,
—8(4—71) 1/ 22,/+1+ 1) 22,171 _
8e 8¢

T
=3Vt

U paccMaTpuBarh Kak pa3HOCTHYIO allllPOKCUMALIUIO ypaB-

HeHus (6) B TOUKe Xy TIpUHAAISKAIIEH JIEBOW TpaHHUIIe
¢

0Q, KBajpara Q_c y4eTom KpaeBoro ycioBus

2
—28%—82(71—2)%4‘]’1:]’11%4'82](, x € 0Q)j.
0x oy 8 '

3mech h‘r — (hyHKIHMSA, 3a1aHHAS HA 698 ¥ COBIIAIArONIas
¢ hy. ;; B TOUKE X, . 3ameTHM, 4TO by = h(up(0,(2) —1e),
eci QYHKIMSA 1. HETPEPHIBHA.

OTH COOOpaKCHUS MPHUBOIAT K TUIIOTE3C, YTO HUCXOJ-
HYIO 3a/1ady MOXXHO allPOKCHMHPOBATh TOMOTCHH3UPO-
BAaHHOM KpaeBoH 3anadeit

—ZSAh(V)ZEf, xeQ; (7
2
26202 T g -
xn | (8)
= e, x€0Qy;
2
28—ah(v)—82(75 )a (V)+h()—
ox
9
:hl§+g%f, xedQ; ©
2
26202 T g -
i (10)
=ht+esf. xeod;
28M—32(n )ah(v)+h()
0 o

:hﬁ-i—a%f, x € 0Qy. (b

3mech aQi , 0Q), an , aQ‘S‘ — JieBasi, mpaBasi, HUKHsIS
¥ BEPXHsA 4acTH TpaHuibl O, kBazipara Q. @ynkuus A
3a/1aHa Ha 698 M COBIIAZIAET C hr’ ; B TOUKaX X, € 695- [Ipo-
CTEHUIIIM CTIOCOOOM MTOCTPOCHUS STON (PYHKITUH SBIISACTCS
HCTIONB30BAHME JINHCHHOM MHTEPIIONALMY 3HAYCHUH /1. .
[Ipeamnonaraercs, 4To IUIOTHOCTH UCTOYHUKOB TEIUIOTHI f
MOXKHO cuuTaTh 3aanHoi Ha [0,1]x[0,1] u He 3aBuCsILIEH
OT € yHKLHUEH.

Takum 00pa3om, BMECTO TOT0, 4TOOBI pelarh 3a1ady
(1), (2), MOXHO pemuTh JIWHEHHYIO OTHOCUTENIHHO A(V)
kpaeByto 3amaqy (7) — (11), npuarMas 3HaueHUsS QyHK-
LMK V B TOUKaX X, 1 <i<n, 1<j<n3a TIPUOIKEHHS K
3Ha4CHMIM (X, ). HecMOTps Ha HeCTaH{apTHEIN BUJL Kpae-

BBIX ycJIoBUH, 3a1a4a (7) — (11) 3Ha4uTENIBHO TIpOLIEe UC-
X0ZHOH. Ee MOXHO PEeInTh MpH OueHB OOJBIIOM YnCie 7’
TETUIONPOBO/SIINX AJIEMEHTOB, NUCIIONB3Ysl UMb HHMOP-
MAIIHIO O 3HaYCeHUH MmapaMeTpa € = 1/2n.

Takum o0pazoM, 00a MPEATIOKEHHBIX MPUOINKEHHBIX
METO/Ia pellieHNs] NCXOIHOM 3a7auu coaepikar oOmuil He-
JIOCTAaTOK: OHM HE UCTIOIb3YIOT HH(GOPMALNIO O 3HAYEHUN
K03(h(UIIeHTa TETIIOMPOBOAHOCTH A. Takoil momxon mo-
MyCTHM, €CJIM 3HaYeHHE A JOCTATOYHO BEIMKO, U NPHBO-
JIUT K 3HAYUTENIBHBIM MOTPEIIHOCTSAM Ui MaTepHalioB C
HU3KUM KOA(PUIIMEHTOM TETUIONPOBOIHOCTH.

BbluncnurenbHble AKCNepuMeHTbl

[TokakeM pe3ynbTaTbhl HEKOTOPBIX M3 IPOBEACHHBIX
BBIYUCIIUTCIBHBIX OJOKCICPUMEHTOB, IMO3BOJIAIOMINX COC-
JaTh MPEIBAPUTEIILHBIE BBIBOJBI O KAa4ECTBE MPEIIOKEH-
HBIX aNMmpOKCUMAIIH.

Hcnonp3oBana cucreMa CTep>KHEH KpYIJIoro CedeHHs,
YIaKOBaHHBIX B KBaZpaTHYIO KopoOky 1x1 m. Temmepary-
pa u_ Ha JIeBOW M MpaBOH IpaHMIaX KOPOOKH 3aj1aBajach
HEeTpepbIBHO Mewsomumucs B mpenenax 300...1000 K
(YHKIMAMHE C JABYMsI aCUMMETPHYHO DPACIOJIOKEHHBIMU
MakcuMymaMmu. Ha BepXHel M HW)KHEW IpaHULaX TeMIIe-
parypa u, cautanack pasroi 300 K. Paccmarpusarcs ciy-
yaii /= 0, KorJja BHyTPEHHNE NCTOYHUKU U CTOKH TEIUIOTHI
OTCYTCTBYIOT.

Jis pereHust TUCKPETHOH 3a1adu (5) HCIoIbh30BaCs
METO/Z CONPSKEHHBIX I'PaJIUCHTOB. FOMOFeHI/ISI/IpOBaHHaSI
3agaga (7) — (11) pemanack ¢ TOMOMIBIO Pa3HOCTHOM CXe-
MbI C UCITOJIb30BAHUECM HpﬂMOyFOHLHOﬁ CCTKH C 10CTaro4-
HO MEJIKMM IIIarom.

[TomyueHHbIe TPUOIIKEHHBIE PELICHUS CPABHUBAINCH
C «TOYHBIM» pelIeHreM ucxoxHol 3amaun (1), (2), 3a Kko-
TOpPOE MPUHUMAJIOCh pEIIeHHE, MOITyYEeHHOE METOIO0M
KOHEYHBIX Pa3HOCTEH C WCIIOJIb30BAaHMEM Ha KaXJIOM W3
MHOXECTB G JIOCTAaTOYHO TTOPOOHO pagraabHON CeTKH.

Jus OI_leHKI/I OTHOCHTEJBHBIX TOTPENIHOCTeH prOIu-
JKEHUH OBUTH B3SITHI CJICYIOIINE BETUINHBI:

Ha puc. 2 npexacrasnensl rpadMKi 3aBUCUMOCTH OT-
HOCHTEJIBHBIX IOTPEUTHOCTEN METOJIOB OT Pauyca CTPEXk-
Hel € mpu 3HaYeHUH Kod(D(UIMEHTa TEeIIONPOBOJHOCTH
A =200 B1/(m‘K). BuiHO, 4TO MOTPENIHOCTH CTPEMSITCS K
Hymo Tipu € — 0. AHaIOTHYHAs KapTHHA HAOTIOMAeTCs U
TIPU JIPYTHX 3HAUYCHHSAX A.

Ha puc. 3 n3o0paxxkeHa 3aBUCHMOCTb HMOTPEIIHOCTEH
OT KO3 QHIMEHTa TEIUIONPOBOIAHOCTH A HPH (UKCUPO-
BaHHOM 3HaueHUH € ~ 0,01 M. Kak u ciemnoBano 0xuaath,
C pocToM A HaONOmaeTCss YMEHBIICHHUE ITOTPEITHOCTEH.
Tak, mpu A = 275 Br/(Mm'K) morpemrHocTs AHCKPETHOTO
npuOIKeHust coctaBisifoT Beero 0,078 %, a acHMITOTH-
yeckoro — 0,12 %.
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Puc. 2. I'padukn 3aBUCHUMOCTH OTHOCHUTEILHOI MOTPEIIHOCTH OT paanyca crepxkueit € mpu A = 200 B1/(m-K):

I — roMoreHU3UpoBaHHas 33/1a4a; 2 — JAUCKPETHas 3aj1a4a

5,8, %]
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Puc. 3. I'paduku 3aBHCUMOCTH OTHOCHTEIBHOM MOrPELIHOCTH OT Kodddununenta terronposoanoctu A mpu € =~ 0,01 m:

[ — roMoreHM3upoOBaHHas 3a1a4a; 2 — JUCKpeTHas 3a/1a4a
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Puc. 4. Tounoe pelieHune, peneHus AUCKPETHOH U TOMOT€HH3NPOBaHHOM 3a1ad rpu A = 275 Br/(m'K)

Puc. 5. Tounoe peuienune, penieHus AMCKPETHOH U roMoreHn3npoBannoi 3aaad npu A = 0,1 Br/(m'K)

Pacnipenenenue nony4eHHbIX 3HAYEHUM TeMIIEpaTyphl
MOKa3aHO C MOMOILBI0 TEPMOTPaMM, IJie epexos OT Mak-
CHUMAIIbHOW TEMIIEPATYPbI K MUHUMAJIBHOM COOTBETCTBYET
IIBETOBOMY TEPeXOay OeNbIi—KeNThI—KpaCHbI—CUHUI—
YEPHBI.

Ha puc. 4, 5 mpencraBneHsl TEPMOTPaAMMBI TS CITydast
€~ 0,1 M npu 3HaueHNIX KA HUIMEHTA TEIIONPOBOIHO-
ctn A =275 n 0,1 Br/(m’K). B ciiyqae A = 275 Br/(mK)
MIPUONIKEHHbBIE METObI AT XOPOLINE MPUOMIKEHH K
TOYHOMY peEIIeHHI0, B T BpeMs kKak npu A = 0,1 Br/(m'K)
OHM MPAKTUYECKH HEMPUTOJHBI.

Pabora BbITIONTHEHA NTpH TIozAepikKke Poccuiickoro Ha-
yuroro ¢orma (mpoekT Nel4-11-00306).
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