I[MTPOBJIEMU OBLII/ICJHOBAJ:[JBHOT MEXAHIKHA ISSN 2079-1836
I MITHOCTI KOHCTPYKIIN 2017, eun. 26

YK 539.3

P. M. MapmuHsik, 8-p ¢pi3.-mam. HaykK,
X. I. CepedHuupbka, kaHO. ¢hiz.-Mam. HayK

AHANITUYHO-YUCNOBA ITEPALIAHA MPOLIEQYPA
PO3B’A3YBAHHA 3A0AYI TEPMOMPYXXHOCTI
AnA BIMATEPIAITY 3 MDK®A3HOIO TPILLUMHOLIO

3apayy TepMonpyXHOCTi AnA 6GimaTepianbHOi nNMOWMHU 3 MixdasHoto
TpilMHOO, 3aNOBHEHOIO TEMJIONPOBIAHUM CepeAoBULLEM, TEPMOONIP AKOI 3aneXuTb
Bid il PO3KpPUTTA, 3BeAEeHO [0 HeniHINHOI CUCTEeMU CUHTYNISIPHUX iHTerpo-
AvdepeHUianbHUX PiBHAHb BiAHOCHO PO3KPUTTA TPILMHKM i CTpMGKa TemnepaTypwm
MiX ii 6eperamu. Ha ocHoBi meToAy nocnifoBHMX HabnuxeHb NOOYAOBaHO OKpeMi
anropuTMu po3B’A3yBaHHA L€l cMcTeMu ANA ABOX HanpsiMiB 3afjaHOro TEennoBoro
MOTOKYy — A0 MaTepiany 3 6inbliO i 3 MEHLWOK TEepMiYHOK AUCTOPTUBHICTIO.
MpoaHanizoBaHO 3anexHiCTb PO3KPUTTA TPIlWMHM BiA TennoBoro MOTOKY i
koedpiLieHTa TennonpoBiAHOCTI ii 3anoBHIOBava.

Knro4oei cnoea: mikghasHa mpiwjuHa, mernnonpogioHull 3arosHseay, HesiHiliHa
cucmema CuHaynsapHUX iHmeapo-0ughepeHyianbHUX pisHSHb, imepauitiHa npoyedypa.

BcTyn. lNepegaya tenna mixk 6eperamu TpiLLMHKU iICTOTHO BNNMBAE Ha pPo-
3noAin TemnepaTypu i HanpyxeHb B Matepiani nobnuay TpiwnHun. A.C. MNig-
ctpuray Ta I".C. Kit [3] 3anponoHyBanu KoHUenTyanbHWM niaxiga Ans gocni-
[PKEHHs1 TemnepaTypHUX MONIB i HAaNPYXeHb Yy Tinax 3 TpilmHaMu, Mk bepe-
raMm akux BiaOyBa€ETbCS TENSOBUW KOHTAKT 4Yepe3 3amnoBHIOBAY TPILLMH,
BMKOPMCTOBYIOYM YMOBW TEMMOBOrO KOHTaKTy TiM Yepe3 TOHKMN MpoLLapoK
[4]. Akwo, 3Baxarum Ha mMany BUCOTY TPILUH, 3HEXTYBaTW NO3LOBXHbLOI
NPOBIQHICTIO iX 3anOBHIOBa4Ya, TO NPUXOAMMO OO0 MOAEeni TPIWMHK, WO npo-
BOAUTb TENSIO NuLLe B nonepeyHomy Hanpsmi. Y [6] Taki TpilinHM Ha3mBaloTb
TEeNnonpoHukHUMHK, a y [12, 13, 16] — 4acTKOBO MPOHUKHUMK abo 4acTKOBO
isonboBaHUMK. Bnnve 3anoBHOBaYa TENMOMNPOHWKHOI TPILLMHN Ha Tennoob-
MiH MiX iT 6eperammn BpaxoBYETbCH TEPMIYHMM OMOPOM, NPOMOPLIAHUM BU-
COTi TpiWwMHN | oBepHeHO nponopuUinHUM KoedilieHTy TennonpoBigHOCTI
3anoBHIOBaYa. 3agadi TepMOMPYXHOCTI AN Tin 3 TpiwuHamu i3 3agaHuM
Hanepen TEPMOOMOPOM, LU0 HE 3MIHIOETbCA MPU HAaBaHTaXEHHI, pO3B’si3aHO
y [6 -7, 12, 13, 16]. JocnimpkeHo TepMivHi HanpyxeHHs y BimaTtepiani 3 Mi-
XchasHoto TpiLmHOL i3 3agaHum Tepmoonopom [15].

Y [9] BnepLue 3mMoaenbOBaHO TeMMepaTypHi Nons i HanpyxeHHs y Bima-
Tepiani 3 MiXkcbasHoK TPILLMHOD, LLO MICTUTL TENMOMNPOBIAHWIA 3aMOBHIOBaY,
TepMoonip AKOI 3anexuTb Big il PO3KPUTTS | 3MIHIOETLCA 3i 3MiHOKO TEMNOBO-
ro i MexaHiYHOro HaBaHTaxeHHs. BignosigHa 3agaya TepmonpyxHocTi 6yna
3BeeHa 00 HeniHiHOI CUCTEMMU CUHIYNSPHUX iHTerpo-gudepeHLiansHnx
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PiBHSAHb BIAHOCHO PO3KPUTTS TPILLMHM Ta CTprbKa TemnepaTtypu Mix ii bepe-
ramu, Ana po3B’sA3yBaHHs SKOI po3pobneHa metoamka [9], Ha OCHOBI KOl
OOCNIoKEHO AKICHI 3aKOHOMIPHOCTI BNNMBY 3anoBHIOBaYya TPILLWHM Ha Tep-
MOMeXaHiyHy noBefiHKy GimaTtepiany AnNA KOHKPETHOro AianasoHy 3MiHu
iHTEHCMBHOCTI TEPMIYHOr0 HaBaHTaXKeHHS (MPUKNaZeHoro TEensmoBoro noTo-
Ky) i KoedpilieHTa TennonposigHocTi 3anoBHoBaYa. NpoTe nogansLi gocni-
[KEHHS BUSIBUNW, WO UA MEeTOAMKa NpuBoAuTb A0 (i3MHO HEKOPEKTHUX
pes3ynbTaTiB NPy BENMKUX TENOBMX NOTOKAX i HU3bKUX KoedillieHTax Tenno-
NPOBIAHOCTI 3anoBHIOBa4a. TOMYy Y Ui CTaTTi 3anpornoHOBaHO iTepauinHi
anropuTMK po3B’A3yBaHHSA HENiHINHOI 3adadi TepmonpyXHocTi ans Gimare-
piany 3 MkdasHO TEMNONPOHUKHOK TPILLMHOI, TEPMOONIP SKOI 3aneXuTb
Big 1 po3KpWTTS, WO OaloTb 3MOry AOCAIAXYBaTW TEPMOHANPY>KEHUN CTaH
TaKoro Tina Ans LWMPOKOro Aiana3oHy 3MiHW TEMNSIOBOro M MexaHiyHoro Haea-
HTaXXeHb Ta koedilieHTa TennonpoBiAHOCTI 3aNOBHIOBaYa TPILLMHW.

MocraHoBKa 3apavi Ta ii 3BeAE€HHA [O CUCTEMU CUHTYTISIPHUX iHTerpo-
AndbepeHuianbHUX piBHAHbL. Po3rnagaemo GimaTtepian, cknageHun 3 ABOX
nsnnowmH Dy i D, , matepianu akMx XapakTepusyloTbCs Pi3HUMKU TEPMO-

MexaHi4HMMK BnacTuBocTaMW. Beaxaemo, wo napameTtp [daHgepca [13]
GimaTepiany QopiBHIOE HYMO, TOBTO MOro NPYXHi CTani 38’A3aHi 3anexHICTIo

Gi(1-v5)=Gy(1-v{) (G;, v; — mopyni 3cyBy i koedilieHTn MyaccoHa
matepiany nisnnowmH D;, i=1,2). Ha Mexi 3’eqHaHHA NiBMMOLWKH po3Ta-
LWOBaHa MixdasHa TpimHa (puc. 1) 3aBOOBXKU 2a , MOPOXHUHA SIKOT 3ano-
BHEHa TENnonpoBigHOK PEYOBUHOK (PiAMHOIO YK ra3om).

A A

Puc. 1 — Cxema 6imaTtepiany 3 mixxcpa3HOO 3anOBHEHOIO TPIiLMHOKO

Ha HeckiH4eHHOCTI Ao Tina npuknageHo PiBHOMIPHO po3nogineHe po3Ts-
rysanbHe HaBaHTaXeHHs p Ta CTauioHapHWM Tennoswuir MNoTiKk ¢ . Okpim

TOro, Ao niBROWWH Dy i D, npuknageHo NiHiNHO po3nofineHi no Koopau-
HaTi y HanpyxeHHs S; i S,, ki ycyBatoTb rnobanbHe BUOOBXEHHS i BU-
KPVBMEHHS NIBNMOLLMH Nig Aieto po3TAryBanbHOro HaBaHTaXEHHS | TeNsioBo-
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ro noToky BignosigHo. B BimaTtepiani peanisyeTbca ABOBMMIpHE CTauioHapHe
TemnepaTypHe none i ctaH nnockoi gedopmadii. Beaxxaemo, o Geperun
TPILLMHK BiNbHI Big HABaHTaXeHb, a 3anoBHOBaY TPILLMHN HE YMHUTL ONopy
AedopMyBaHHIO Tina. Bnnus 3anoBHOBaya TPILLMHU HA TENNOOBMIH MK Ti
NMOBEPXHAMWN MOAEMEMO TEPMOOMNOPOM, LLO NPONOPLIHUIA PO3KPUTTIO TPi-
LLNHN h(x) i obepHeHO nponopuinHM koedilieHTY TennonpoBiaHOCTI 3a-
MOBHIOBaYa TPilWmMHN A .. MNo3a TPILMHOI Ha AiNAHUI 3’€4HaHHA MiBNIOWMH

BMKOHYIOTbCS YMOBM ieanbHOro TennoBoro i MexXaHiYHOro KOHTaKTYy.

BukopucTtoBytoun Bigomy metoauky [8], TemnepaTypHe none i Hanpyxe-
HO-gedopMoBaHuin cTaH B GimaTepiani nogaHo 4Yepe3 PO3KPUTTS TPILLMHK
h(x) Ta cTpnbok TemnepaTypu Mix ii beperamu y(x) , ANA BUSHAYEHHSA AKUX
OTPUMaHO CUCTEMY HENIHIMHUX CUHIYNSAPHUX iHTerpo-gudepeHuiansHnX
piBHaHbL (CIOP):

a
1 W ()dt  Kp
= ___ ~t : 1
nJ. f—x 2 2 v(x). il <a; M
—a
v(x) % ()
A -—— | —=dt=g¢q, , 2
ch(x) 2nd t—x =4q |x|<a @
—a

e WyKaHi yHKUil Ha KiHUSX TPILMHM 3a40BOMbHAKTL YMOBU h(ia)zo,
v(xa)=0; K =(1-x%,)/(G (1-%3)) , K; =3—4v;;
L=2Mky /(M +Ry)in =my —my; M =0;(1+Vv;)/A; — Tepmiuni guctopTu-

BHOCTI, o; — KoediLieHTU NiHINHOro TENMOBOro PO3LUNPEHHS, A; — Koedili-

i
€HTU TENONPOBIAHOCTI KOMMOHEHT GimaTepiany D; (i = 1,2) .

BBOAMMO B po3rmisi, 6e3p03MipHI BENMUNHIA: POKPUTTS TPILLMHN /& =h/a ,
cTpuboK TemnepaTypu v = yAn~, KOediLieHT TennonposigHOCTi 3anoBHIOBaYa

Ae =X /A, posTArysanbHi 3ycunna p=Kp, TENNOBWM NOTIK g =gan™ .
Beaxaemo, wWo TepmivHi guctoptmsHocTi (TA) maTepianis pisHi (1 #n,,
n #0).

Be3poamipHuii Tennosun NoTik g Moxe HabyBaTu K AoAaTHUX, Tak i
Bil’EMHUX 3HayeHb: g >0, AKLIO TeNnmnoBui NOTIK CKEPOBaHWUIA 40 MaTtepiany
3 6inbworo T, Ta g <0, aKwo oo matepiany 3 meHwotro T[.

BukopucTtoBytoun 6e3po3mipHi BenuyduHy, 3anuwemo CIOP y 6e3po3mip-
HOMY BUrnagj
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1
1 W (t)dt 1__. P
nJ' (@) =2 <1, 3)

ne h(x1)=0, y(x1)=0.

Cuctemy CIOP (3), (4) po3s’sisyBaTMMEMO MeTOAOM MOCMIAOBHUX Ha-
6nvkeHb. [na ABOX NPOTUNEXHNX HanNpsiMiB TEMMOBOrO NOTOKY 3arnpornoHo-
BaHO OKpeMi aHaniTM4HO-4YMCMOBI NpoLeaypu Moro peanisadii. 3okpema, ans
TEnnoBoro NOTOKY, CKEPOBAHOro Ao matepiany 3 Ginbwoto T, Ha KOXXHOMY
Kpouii iTepaLinHoro npoLiecy po3s’sa3yemo niHinHy cuctemy CIAP:

=(i) .
L2025 -1, w<1, ®

~m 170
}_l(l)(f) 27‘(.71 t—Xx

dt=7g, [x|<1, (6)

e 7 (x1)=0, 7 (x1)=0, i=12,.., 79 (%)=0.
TyT 3a noyaTkoBe HabnwKeHHs BYOMpanM BUNagoK, Komnm TepMidHi gedop-

MaLii He BNNMBalTb HAa PO3KPUTTS TPILLMHWU. B UbOMY pasi po3KpuUTTS TpiLu-
HK | cTpUBOK TeMnepaTypu Ha NepLUin iTepauii BU3Ha4aTbCA aHaniTU4HO:

A (f)=§\/1—x2 O I =

C pH4L,

Ha HacTynHux iTepauisix dyHKuiT i) (x) Ta V(i) (¥) (i>2)Bu3Ha4aemo 3a

Jornomoro metoay korokauin [1], 3rigHo 3 KM po3B’A3kKM piBHAHDL (3), (4)
No4aeEMO Y BUMMSAAI CKIHUEHHNX CYyM PIBHOMIPHO 30iKHMX pagiB 3a noniHoma-
Mun Yebuilesa 2-ro poay i OTPUMYEMO Ha KOXXHOMY KpOLi iTepauinHoro npo-
Lecy cucteMu niHinHUX anrebpaiyHmx piBHAHb BiAHOCHO KoediuieHTiB npu
LMX noniHomax, siki po3B’siI3yEMO YUCIIOBO.

YuncrnoBuin ekcrnepuMeHT BUSIBUB, L0 Taka iTepauiiHa cxema edeKkTMBHa
3a TensnoBOro NOTOKY, CKepoBaHOro Ao martepiany 3 Ginbwoto T, npote
np13BOAUTbL A0 HEKOPEKTHMX pe3ynbTaTiB ANS BiAHOCHO BEMNVKUX 3HAYeHb
ryCTWHW TEeNOBOro NOTOKY, CKEPOBAHOro Ao MaTepiany 3 meHwoto T, 30k-
pema, OO0 Bil’EMHOr0 pO3KPUTTS TPILLMHW Ha ApYromy i nodanbLlumMX KpoKax
iTepauinHoro npouecy. ToMy, SKLWO TENMOBMI NOTIK CKEPOBaHWA A0 MaTepi-
any 3 meHwoto T[], NponoHyeMo Taky iTepaLiiHy npoueaypy:
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L LGOI S b sl

nd 1% 20,

- @ 1 jv(f)(r)

e 7 (x1)=0, 7 (x1)=0, i=12,.., 7O (F)=0.
TyT, Ha BiAMIHY BiA nonepeaHbOi iTepauiiHoi cxemu (5), (6), BXe Ha
nepLIOMy KpoLi iTepaLiiHOro npoLecy BpaxoByTbCA TepMidHi Aedopmalii

Npy BU3HAYEHHI PO3KPUTTA TPIWUHW. [na BU3HAYEeHHsT OYHKLUIN }_z(i)()?) Ta

7(i) (f) (i>1) i3 cuctemu CIOP (7), (8) BMKOPMCTOBYEMO METOA KOroKaLlin

[1], Tak, sk i npu poss’asysaHHi cuctemu (5), (6).

BogHouac, sik 3acBiguvB YMCMNOBUIA eKCriepuMeHT, npoueaypa (7), (8) He-
edeKkTUBHa AN BiAHOCHO BEMWKUX FYCTUH TEMMOBOrO MOTOKY, CKEPOBAHOMO
Ao Mmatepiany 3 Ginbwoto T, KONW BUHWKAE Big €MHE PO3KPUTTS TPILLMHU
BXXE Ha nepLUOMY KpoLi iTepauinHOro npoLecy.

3a kpuTepint 3ynunHKK iTepauinHux npouecis Bubupanm ogHovacHe BUKO-
HaHHs YMOB

7 (0)-7 (0)|
0 |

< <107,

s, [0 -H )
i)

Yucnosi pesynbtatn. Ha puc. 2 npoinocTpoBaHO 3aneXHICTb PO3KPUTTS
TPILLMHKU Big FYCTUHW TEMMOBOrO NOTOKY |c7| AN ABOX HanpsiMiB MOTOKY —

ckepoBaHoro Ao matepiany 3 6inbwoto T (cyuineHi Kpusi) Ta 4o maTepiany
3 MeHwow T (wWTpuxoBi kKpuBi) 3a hikcoBaHOro 3Ha4YeHHs KoedilieHTa Ten-

NONpOBIQHOCTI 3aMoBHIOBaYa XC =0.01 Ta dikcoBaHOI IHTEHCUBHOCTi pO3TS-
rysanbHux 3ycunb p=0.01. LUTpUx-NyHKTUpHa KpvBa OMUCYE PO3KPUTTH
TPiLLMHM 3@ BIACYTHOCTI TEMMOBOro HaBaHTaxeHHsa (g =0 ). baunmo, wWo 3i

36iMbLUEHHAM YCTUHU TEMMOBOro NOTOKY |c7| PO3KPUTTA TPILLMHM 36inbLuy-

€TbCH, KONW NOTIK CKkepoBaHui Ao maTtepiany 3 Ginbwwoto T, i 3MeHLwyeTbCs,
KON MOTIK CKepoBaHW Ao Matepiany 3 meHwotro T[.

Ha puc. 3 npointocTpoBaHo BMMMB TENMOBOI NPOBIOHOCTI 3anoBHIOBaYa
TPILLMHU Ha i1 PO3KPUTTA 3a CKEpOBaHOro Ao Matepiany 3 meHworo T Ten-
noBoro noToky npu g =—0.006, p = 0.01. CyuinbHi KpuBi BianosigalTL Koedi-

LjieHTam TensionpoBigHOCTI 3anoBHIOBa4a 7_»0 = 1072, 7_»0 = 1073, 7_»0 = 1074,

Xc =107 LUTpux-nyHKTUpHa KpuBa 306paxae po3KpUTTS TPILLMHKU 3a igea-
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NbHO NMPOBIAHOrO 3arnoBHIOBaYa (XC =00 ), KON cTpMbok TemnepaTypu Mix it
Geperamu AOPIBHIOE HYMIO | TEMMepaTypHe Mone He BRMBaE Ha i pO3KpUTTS.

0.028
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Puc. 2 — 3anexHicTb pO3KpPUTTA TPiLLMHK
Bifj FYCTMHU Ta HanpsiMmy TEMJI0OBOro NOTOKY
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Puc. 3 — 3anexHicTb pO3KpUTTA TPIiLLMHKN
BiA KoedilieHTa TennonpoBigHOCTi 3aNoOBHIOBa4a 3a TENSI0OBOro NOTOKy,
CKepoBaHOro A0 maTtepiany 3 meHwot T

Baunmo, WO po3KpUTTS TPILLMHU 3MEHLLYETLCS 3i 3HWKEHHAM KoediLlieH-
Ta TennonpoBigHOCTI 3anoBHIOBaYa, a PO3noAin Po3KPUTTS B3O0BX TPILLMHU

cTae GinbL piBHOMIPHUM. FAKLWO Npu Xc = 1073, Xc =102 pO3KpUTTS Haby-
Ba€ MaKCUManbHOro 3HA4YeHHS B UEHTPi TPIiWMHKW, TO Mpu XC =104,
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7_»0 =107 MaKCUMYM PO3KpUTTS JocAraeTbca nobnuay KiHuie TpiwuHu. Bu-
SIBMEHO, WO HaBiTb 3a OyXe Manux KoedilieHTiB TennonpoBiaHOCTI 3amnoB-
HIOBa4va (XC =1075) nokanbHWA MiHIMyM PO3KPUTTS B LIEHTPI TPiLLMHKU 3a-

NUIAETbCA AodaTHiM, Tomy Gepern TpiWMHU He BCTYNalTb Yy KOHTakT 3a
TEnnoBoOro NOTOKY CKepOBaHOro A0 maTtepiany 3 meHwot T[, xoya 3a Ten-
noisonsuii 6eperis TPILLMHN BOHU NOYNHAKOTbL KOHTAKTYBaTU Ha LIEHTParsibHIn
AinaHui TpiwmHu [8].

3ayBaxvmo, WO TepMOHanpyxeHun ctaH GimaTtepiany 3 ogHOYacCHUM
ypaxyBaHHSM TEPMOOMOPY 3aroBHIOBaYa i NOBEPXHEBMX NNIBOK Ha ii 6epe-
rax gocnigxeHo y [2, 8, 9, 11].

BucHoBku. [Jocnigxyetbca OBOBUMIPHUI TEPMOHaNpYXeHUh ctaH bima-
TepianbHOro Tina i3 3anoBHEHOK TEMNONpPOBIOHUM cepefoBULLleM MiKdas-
HOIO TPILLMHOK, TEPMOOMIP SKOI 3aNeXuTb Bif il PO3KPUTTS, 3a Aii HopMarb-
HUX A0 MiXdasHOI NiHil po3TArysanbHUX 3ycunb i TENIoBoro noToky. Bigno-
BiAHa 3agjadva TEPMOMPYXHOCTI 3BefeHa OO0 HENiHIMHOI CUCTEMU CUHrynsap-
HUX iHTerpo-audepeHLUianbHNUX PiBHAHb BIAHOCHO PO3KPUTTA TPILMHK i
cTpubka TemnepaTypu Mix ii 6Geperamu. Ha ocHoBi mMeTody MOCHILOBHMX
HabnwkeHb NobynoBaHO OKpeMi iTepauiiHi anroputMyM po3B’A3yBaHHA L€l
cuUcTeMM AN OBOX HanpsiMiB 3a4aHOro TEMMOBOro NOTOKY — A0 mMartepiany 3
OiNbLUOKO | 3 MEHLLOK TEPMIYHOK OUCTOPTUBHICTIO. MNMpoaHanisoBaHo 3anex-
HICTb PO3KPUTTS TPILLMHK Big TENMOBOro NOTOKY i KoedilieHTa Tennonposia-
HOCTI iT 3anoBHIOBaYa. BuaeneHo, Lo 3a TennoBoro nNoToKy, CKepoBaHOro Ao
mMaTtepiany 3 MEHLUO TEPMIYHOK AWCTOPTUBHICTIO, 3HIWDKEHHA KoedilieHTa
TEeNnnonpoBigHOCTI 3amnoBHIOBaYa NPUBOAWTL OO0 3MEHLUEHHS PO3KpUTTA Tpi-
LUMHK, BinbLU PIBHOMIPHOTO MOro pPO3noAiny B3AOBX TPILLMHM Ta 40 3MilLeHHS
MaKCUMYMY PO3KPUTTS 3 LEHTPY TPILLUHKX A0 T KpaiB.
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YOK 539.3
P. M. MapmbiHsik, 8-p ¢pu3.-mam. Hayk,
X. N. CepedHuukas, kaHO. ¢pus.-Mam. HayK

AHAIIUTUKO-YUCINEHHAA UTEPALIMOHHASA NMPOLIEAYPA
PELLEHUA 3A0AYN TEPMOYTNPYIOCTU .
Ana sUMATEPUAIIA C MEX®A3HOU TPELLUIMHOU

3agavya Tepmoynpyroctu Ansi 6umartepuanbHOM NIIOCKOCTA C 3amnosyiHEHHOW
TennonpoBOAHOW cpedon Mexda3HOW TPeLUHOW, TepMOCONpPOTUBNEHUE KOTOpOW
3aBMCUT OT €e PacKpbITUA, cBeleHa K HENMMHEWHON CMCTEME CUHTYNSIPHbIX MHTErpo-
AnddepeHLManbHbIX ypaBHEHMA OTHOCUTENIbHO PAaCKPbITUA TPeEWMHbl U CKayka
TeMnepaTtypbl Mexay ee 6eperamu. C ucnonb3oBaHMem Metofa nocnenoBaTesibHbIX
NPUONMXEHU MNOCTPOEHbl anropuTMbl peLeHUs 3TOW CUCTeMbl ANA  ABYX
HanpaBneHU 3alaHHOro TENJI0BOrO NOTOKa — K MaTepuany ¢ 6onbLier U ¢ MeHbLUen
TEPMUYECKON AUCTOPTUBHOCTLIO. [poaHanu3npoBaHbl 3aBUCMMOCTM PacKpbITUA
TpeLUHbI OT TEMJIOBOro NoToKa U KoadrumeHTa TENNMONPOBOAHOCTM 3anMOoNHUTENS.

Knrodeeble cnoea: wMmexgasHasds mpewuHa, merionpo8oOHbIl  3arofaHUMmMerns,
HenuHelUHasi —cucmema  CUH2YMAPHbIX  UHMez2po-0ugghepeHyuarnbHbiX  ypasHeHul,
umepayuoHHas rpoyedypa.
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R. M. Martynyak, Dr. Sci. (Phys.-Math.),
Kh. I. Serednytska, PhD (Phys.-Math.)

ANALYTICAL AND NUMERICAL ITERATIVE PROCEDURE
FOR SOLVING THE THERMOELASTIC PROBLEM
FOR A BIMATERIAL WITH AN INTERFACE CRACK

The thermoelastic problem for a bimaterial with an interface crack filled with a
heat-conducting medium is reduced to a nonlinear system of singular integro-
differential equations for a crack opening and a temperature jump between the crack
edges. The thermal resistance of the crack is dependent on the crack opening.
Based on the method of successive approximations, two separate numerical
algorithms for solving this system are constructed for two heat flow directions (heat
flows to material with larger thermal distortivity and heat flows to material with
smaller thermal distortivity). The dependences of the crack opening on the heat flow
and thermal conductivity of the crack filler are analyzed.

Keywords: interfacial crack, heat-conducting filler, nonlinear system singular integro-
differential equations, iterative procedure.

Heat transfer between crack edges significantly affects on temperature
and stress distributions in the material in the vicinity of the crack. Using the
conditions of thermal contact of bodies through a thin layer [4], temperature
fields and stresses in bodies with cracks, edges of which are in thermal con-
tact through a crack filler, were modeled [3]. When the crack height is small,
the crack filler longitudinal conductivity can be neglected. As a result, we
obtain the crack model assuming heat transfer in transversal direction only.
Such a crack is named as a heat-permeable crack in [6] and a partially con-
ducting or a partially insulated crack in [12, 13, 16]. The effect of the crack
filler on heat exchange between the crack edges is taken into account by
thermal resistance which is directly proportional to the crack height and in-
versely proportional to the filler thermal conductivity. The thermoelasticity
problems for bodies with cracks, thermal resistances of which are
preassigned and not dependent on loading, were solved in [5, 6, 7, 12,
13,16]. Thermal stresses in a bimaterial with an interface crack having given
thermal resistance were investigated in [15].

The thermoelastic behavior of a bimaterial with an interface crack that is
filled with a heat-conducting filler and thermal resistance of which depends
on the crack opening and varies with thermal and mechanical loads was
modeled in [9]. The corresponding thermoelasticity problem was reduced to
a nonlinear system of singular integro-differential equations for the crack
opening and the temperature jump between the crack edges. An approach
was developed to solve this system [9]. The qualitative regularities of effect
of the crack filler on thermomechanical behavior of the bimaterial were inves-
tigated for specific ranges of thermal load (imposed heat flow) and filler
thermal conductivity. Further studies showed that this approach led to physi-
cally incorrect results for large values of heat flow and fillers with low thermal
conductivity. In this paper, we propose iterative algorithms for solving the
nonlinear thermoelastic problem for the bimaterial with the heat-permeable
interface crack, thermal resistance of which depends on the crack opening,
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for wide ranges of thermal and mechanical loads and the filler thermal con-
ductivity. The efficient iteration procedure is developed on the basis of the
method of successive approximations. It consists of two algorithms for solv-
ing the nonlinear system of singular integro-differential equations, each of
which is devised for a specific heat flow direction. The first algorithm is de-
vised for the case of heat flowing into the material with larger thermal
distortivity and the second one for the case of heat flowing into the material
with smaller thermal distortivity. The dependences of the crack opening on
the heat flow and the crack filler thermal conductivity are analyzed. It is
shown that the crack opening decreases, its distribution becomes more uni-
form along the crack and its maximum shifts from the crack center to the

crack ends with decreasing thermal conductivity of the crack filler.
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