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3AJAYA TEPMOITPYKXHOCTI JIs TPAHCBEPCAJIBHO
I3OTPOITHOI'O IAPY 3 KOJOBUMM JIHISAMU PO3ALTY
TPAHUYHHNX YMOB HA HOTI'O IIOBEPXHI

Pesiome. Po3pobreno anzopumm OOCHIONCEHHSI HANPYIHCEHO20 CIMAHY, W0 GUHUKAE 8 MPAHCEEPCANLHO
isomponHomy wiapi 6 pe3yiemami menniooOMiHy 3a 3akoHOM Hvlomouna mixc wapom ma 308HiWHIM
cepeoosuyem npu HAA6HOCMI NiHill pO30ITY 2PAHULHUX YMOB MPembo20 pooy 0N meMnepamypu Ha epaHuyHuxX
MIOWUHAX WApPY.

Kniouosi cnoea: nanpysicenns, mpanceepcansHo i30mponHull ulap, mennosuti KOHMAaKm, menioooMin
3a 3akonom Hetomona.

H. Habrusiev

THE PROBLEM OF THERMOELASTICITY FOR TRANSVERSAL
ISOTROPIC LAYER WITH CIRCLE LINES OF THE BOUNDARY
CONDITIONS DISTRIBUTION ON ITS SURFACE

Summary. In modern engineering many constructions, machine parts and device units operate under
sufficient heat loads. Thermal stresses, which occur, can be of critical values and be crucial while structural
designing. That is why the problems of thermoelasticity, which became of special importance in the middle of the
last century [1, 2] are actual nowadays. The objective of the paper in question is the development of the method
for the investigation of the stress state in the axis-symmetric problems of thermoelasticity, when the distribution
lines of the boundary conditions of the 3-d order are available for the temperature on the boundary planes of the
transversal isotropic layer.

To demonstrate the developed method the problem of thermoelasticity for the transversal isotropic
layer, when three circle lines of the boundary conditions distributions for the temperature are available, has
been solved. Plane-parallel, transversal isotropic layer of the finite thickness 2h has been analyzed. The
boundary plane of the layer are considered to be parallel to the isotropy and free from the external loads. Heat
exchange according to the Newton law takes place between the points of the layer boundary planes and external
environments, three lines of the boundary conditions distribution of the 3-d order for the temperature as the
concentric circles being available on the upper layer boundary plane. The temperature of the external
environment, which correspond different areas of the boundary planes, are different. Heat-exchange coefficients
between the layer points and external environments are different too.

To solve the problem the main equations and relations of the thermoelasticity theory for the transversal
isotropic bodies obtained in the papers by W. Novatsky [3], has been used.

When the boundary conditions of the problem are provided, the system of integral equations is
obtained. To solve it the unknown function as the segment of the generalized Fourier’s series according to the
Bessel’s function is introduced. The system of linear equations relatively unknown coefficients has been
obtained. The system was built so, that the more the number of its equations is, the more accurate the solution of
the task is. That is, taking advantage of the developed method, the problem of thermoelasticity can be solved
with the preliminary defined accuracy.

To demonstrate the developed method the numerical example has been analyzed. Expressions for the
functions of temperature and stress distributions in the layer have been built. Using the obtained functions the
effect of the environment temperature and conditions of contact with the layer on the temperature distribution in
the layer, as well as on the value and nature of stresses inside the layer, has been analyzed.

Key words: stresses, transversal isotropic layer, thermal contact, heat exchange according to the
Newton law.
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Beryn. Mexanika KOHTaKTHOI B3aeMOJIil JeOPMIBHOTO TBEPAOTO Tijla — Ba)KIMBUI
PO3UT MEXaHIKH CYIUTBHIX CEPEIOBHII, 10 aKTHBHO PO3BUBAETHCS 1 MOCTIHO 3HAXOAUTHCS
y LEeHTpi yBaru NOCHiTHUKIB. [le MOSICHIOEThCS TWUM, IO BCi MEXaHi3MH Ta KOHCTPYKITii
CKJIaJIAIOTHCS 13 B3AEMOJIIIOUNX JIeTalel, a pO3IOAT KOHTAKTHUX 3YCHJIh MIXK IIAMH JECTaISIMA
3a3/1aj1eriib HeBioMUil 1 Moke OyTH 3HANACHUH JIUIIIE B pe3yJIbTaTi po3B’sI3aHHS KOHTAKTHUX
3a1a4. Bu3HaueHHs 3aKOHY 3MiHM KOHTAKTHUX HANPYXXEHb Ha JUISHII B3a€MOJIT JT03BOJISIE
chopMyTIOBaTH TpaHUYHI yYMOBH B HANpYKEHHSIX Ha TIOBEPXHI KOHTAKTYIOUMX TUT 1
3aHATHCS PO3B’SI3aHHSAM IPOCTIIIOI 3a/adi — BHU3HAYCHHS HAIPYXEeHO-1e(opMOBaHOTO
CTaHy BcepeAwHi B3aemopiroumx Tin. Limuit psim 3agad y ramy3i OyAiBHUIITBA Ta
MaIMHOOYTyBaHHS MPHU3BOAATH JO HEOOXITHOCTI PO3B’S3aHHS 3a1ad TEPMOIPYKHOCTI. Y
mporieci BU3HAUEHHS 1X po3B’ 3Ky HEOOX1IHO 3’siCyBaTH MUTAHHS PO BIUIUB TEMIIEpaTypPHUX
TTOJTiB Ha PO3ITOJIUT HAIIPYKEeHb, HA PO3MIipH 00J1acTi KOHTAKTY TOIMO. barato BITUYM3HSIHUX, Ta
3aKOPJIOHHUX HAYKOBIIB PO3IJISAAIM 3a/adi TepMonpyskHocTi [1-6]. Benukuit inTepec 110
TAKOTO THITYy 3a/1a4 TOSICHIOETBCS THM, IO TEMIEpaTypHI HANpYKEHHs, SKi BHHUKAIOTH Y
NpY)KHUX TiNaX TiJ BIUIABOM 3HAUYHUX TeMIEpaTypHUX TIpajai€HTIB, MOXYTh HaOyBaTH
KPUTHYHUX 3HAYCHBb 1 BIJIIrpaBaTH BHPIMMAIBHY POJb IPH pPO3paxXyHKaX Ha MIIHICT. Y
3B’S3Ky 3 LUM 3aJadl TePMOIPYKHOCTI, sKi HaOymu OCOOJMBOIO PO3BUTKY B CEepeAMHI
MHHYJIOTO CTOJITTS, HE BTPA4YalOTh aKTyaIbHOCTI ¥ 10 HUHI.

Metorw 3anmpomoHoBaHOi podoTH 1 € po3poOJEHHS AITOPUTMY JOCHIKEHHS
HaIPY>KCHOT'0 CTaHy B 3aJiadaX TePMOIPYKHOCTI 3a HAABHOCTI JIHIH pO3AUTy TpaHUIHHX
YMOB TpPeThOTO pOJYy JUISI TEeMIEepaTypd Ha TPaHUYHUX IUIOIIMHAX TpaHCBEpCAIBLHO
130TPOMHOTO IIapy.

IMocTanoBka 3amauvi. Po3rinsHeMo miockonapanenbHui, TpaHCBEPCATBHO 130 TPOITHUN
miap CKiH4eHHOi TOBIMMHM 2/ . Bynemo BBakaTH, 110 TPaHWYHI IJIONIMHU APy MapaliesbHi
JI0 TUIOIIHMH 130Tpomii 1 BUIBHI BijJl 30BHINIHIX HaBaHTAKEHb. MK TOYKaMH T'paHUIHHX
IUTOIIMH IIapy i 30BHIIIHIM CEPeOBUIIEM 31HCHIOETHCS TEIIOOOMiH 3a 3aKkoHOM HploTOHA.
[Ipr mpoMy Ha BepXHil T'paHWYHIN TUIOIMWHI IMapy € TPH JiHIT pO3AlTy TPaHUYHUX YMOB
TPETHOTO POJAY y BUIJISAII KOHIEHTPHUUHUX Ki1. TemnepaTypa 30BHIIIHBOTO CEpeOBUINA, 110
BIJITOBiZIa€ pi3HUM 0OJACTSIM TPAHWYHUX IUIONIAH, SIKi BIIOKPEMJICHI JIHISIMH PO3IUTY —
pizHa. KoedimieHTn TemaooOMiHy MiK TOYKaMHU IIapy i 30BHIIIHIM CEpeOBHUINEM TaKOX
pizHi.

3adikcyeMo MUITIHIPHYHY cUcTeMy koopauHat (O,r,@,7) Tak, o0 KOOpJWHATHA
mwiomuHa z=0 chiBmagasa 3 CepeluHHOI0 IUIOMMHOI Imapy. Bice OZ HampaBuMO
NEPIEeHAUKYJISIPHO 70 T'PAaHUYHUX IUIOMIMH, PIBHSHHS SKUX BIJIHOCHO BHOpaHOI CHCTEMH
MaTUMYTh BUTJISI Z=h Ta z=—h (puc.l).

z A

TO( 1) TO(Z) TO(3) TO(4)

2h

v

TO(S)
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PucyHok 1. Po3paxyHkoBa cxema

Figure 1. Schema of the calculation

['parryHi yMOBH JIJIsl TEeMIIEpaTypy Ha BEpXHiil rpaHUYHIN IUIONMHI IIapy MaTUMYTh
BUTJISIT

a—T =—k,(T(r,h) —To(l)), 0<r<a;
0z
a—T=—1<2(T(r,h)—T0<2>), a<r<b;
oT

—:—k3(T(r,h)—75(3)), b<r<c;
0z

T _ —k,(T(r,h)=T;"), c<r <o,
z

59



BICHUK TEPHOIIJIbCbKOIO HALIIOHAJIBHOIO TEXHIYHOIO YHIBEPCUTETY. Nei (73) 2014

Ha anxniit —

?)—T =ks(T(r,~h)—T,”), 0< r <oo. 2)
<

OOwBiI rpaHWYHI TUIONIWHK MMapy OyJAeMO BBa)KAaTH BITLHUMH BiJ 30BHINIHIX HaBaHTa)KEHbB,
TOOTO

0, (r,xh)=0,0<r <oo; 3)
0,(r,xh)=0,0<r <oo,
— : : sl
Tyr T=T(r,z) € dyHKuieo po3noxiry Temmeparypu B mapi; 7,"” — Temmeparypa
30BHIITHBEOTO CEPEIOBHINA BITHOCHO 00JIacTell rpaHWYHUX TUIOIIMH, BiJJOKPEMJICHHX JIIHISIMA
pO3/UTy IpaHUYHHUX YMOB; k;, — KOe(DILI€HTH TEIIOOOMIHY MIXK INApOM Ta HABKOJIHMIIHIM

CepeIOBUIIIEM.

Buxonsau 3 rpaHIYHEX YMOB 3ajad, MOTPIOHO BU3HAYHUTH PO3MOILT TEMIIEpaTypH, a
TaKOX HAINPYXKEHb, 1[0 BUHUKJIM Y Iapi 32 paxyHOK TeMIIepaTypHOro rpajaieHTa. J{is mporo
BHKOPUCTAEMO CITiBBITHOINICHHS TEPMOIIPYXKHOCTI JUISI TPAHCBEPCAIBHO 130TPOITHOTO Tija,
3anpornonoBani B. HoBarpkum B #oro pobGoti [7]. ¥ pe3ynabTari 3acTOCyBaHHS 10 HHUX
iHTETpaIbHOTO TIepeTBOpeHHs [ aHKes [8], oTprMaeMo

r d * dz * -
0.(r,2)= BAA, [& (' 5 —d @@, 7)), (ra)da,
y dz  dz
. )
0. (r,2)==BAA, [ e ~d'a* (e, )], (rayde,
0 Z

T(r,7)= BT &’ [Ci(@)shiza + Dy(a)chuszalJ (rayda, (5)

0

re B=AgAL - ) - 15), (e =Y | C(a)sh(uza)+ D, (a)ch(uza)] -

j=13.5
Tpancopmanta ['ankeins tepmonpyskaoro norenuiany; C (@), D;() — HeBigomi dyHKuii,
10 BU3HAYAKOTHCS IPaHMYHMME yMoBamu 3ajmaui; J,(ra),J,(ra) — dymxuii Beccens

mepmoro poxy; E Ta V — MOIylb NpYyXHOCTI Ta KoedimieHT I[lyaccoHa uist TUTONmH
isorponii; E'ta V' — mis Hanpsamky Oz . AHanoriyno & Ta & — KoediuieHTH miHiHOTrO
TEeMIIEPaTypHOIo po3mmpenns, a A ta A’ — koe(ilieHTH TEMIONpPOBiHOCTI.

_ vy Vi) v B
" pE\E E) " EED F DE* Y 2(1+v)’
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ez(a)i\/af—l),w>l,

A
L =1 o=1, ==
ll'll,?) ﬂj l/

2
gz(\/lzwii\/l;wj w<l,

TemneparypHa uyactuHa. Bumaraiounm BHKOHAaHHS TpPAaHWYHUX YMOB 3amad s
temneparypu (1) Ta (2), OTpUMAEMO CUCTEMY IHTETPAIBHHUX PIBHSIHBL BIJHOCHO HEBIJIOMHX

bynkuiit Cy(a), Dy(x):

=)

Bjaj (Cs(@)Q,(a@)+ Dy ()R ()], (re)da =kT,", 0< r <a; (6)
B[o* (C.(@)0, (@) + D, (@) R, (@) ], (ra)da=kT,%, a<r<b; (]
B[ o (C,(@)Q,(2)+ Dy (@) R ()], (ra)da=kT," b<r<e; ()

0

BT @’ (Ci(@)Q,(a)+ Dy ()R, ()], (ra)da=k,T, ", c<r<+4e0;  (9)

BT o’ (Cs (@), (a)-D, ()R, (@), (ra)da=—kI,”, 0<r<+oo, (10)

JC

0, (@) = usachusha+ k shishe;, R (o) = psashusha+ k chisha s =1,5.

[Tpomorxumo criBBigHOMIEHHS (9) Ha Bech iHTepBaT 0 < 7 < +oo. JJIsI IIHOTO BBEJIEMO
HeBinomy QyHkuio x(r):

B o [C,(@)0. (@) + Dy ()R, ()], (ra) dar=
:k4To‘4)[n(r—c)+x(r)77(c—r)], 0<r<+oo. (11)

Tyt 77(x) — ynxuis [eBicaiina.

BuGepemo x(r) y Burusi Biapiska psgy

N
x(r):1+2an.lo(£7/n), 0<r<e,
n=1 c

ne ¥, — nojatHi kopeHi piBHIHHA J,(x) =0; a, — HeBinoMi KoedimieHTH.
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3actocoBytoun 10 criBBigHommeHHs (10) Ta piBHsHHS (11) dopmyrny obepHEeHHS
IHTETpaJIbHOTO TIEPEeTBOPEHHS [aHKe s, OTPUMAEMO CHUCTEMY JBOX JIHIMHUX aireOpaivHux
piBHsHB BinHOcHO C, (&) Ta Dy(x)

kT . c2a10 (ca)
C. ()0, (@)+ D, () R () =5 [ Sanh(r
C.(@)0s (@)D (@) R. () = -5 5(a),

d(a) - nmenbra dynkuis [ipaka. Posp’s3aBum orpamady cucreMy, 3Haigemo C (&) Tta
D.(a):

AN I caly(ca)
Cs( ) AO(OZ) Bo’ HZ::, nynjl(yn)(ca)Z_(}/n)z-i_
kT,” R, (@)
+ol )(1_%‘“ Rs(a)j]’
D (a):Qs(a) k47:)(4> _ia v J (}/ )M+
5 Ao(a) Bo’ L n/nd 1\ /n (COZ)Z—(VH)Z

(12)

Koeoiuientu a, Oynemo nrykaTu, BAMaratoud BUKOHAHHS CHiBBiIHOIIEHD (6) — (8).

S () el LI =S asrse 0
®(ar) = M0 (@n(a=r)+0,(@)[n(r=a)-n(r=b)]+
0, (@)[n(r=0)=n(r=e) 1+ SR (@n(a=r)
a’)l:ﬂ(r—a)—ﬂ(r—b):l+R |:7] r— b 77(r c):l},

1
kT, (2hk kg +k, +k,)

+(ksTy + kT, (2hks +)){km (a—r)+k, [ n(r—a)-n(r—b) |+
+ky[17(r=b)—n(r—c) |} - (2hk ks +k, + k)%

x{klﬂ)(l)n(a—r)+k2T0(2)[n(r—a (r— b]+kT“)[77 r=b)-n(r- c)]}}

S(a/,r)z

[k (-7
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[TomuoxuBImM o6uaBi yactuau (13) Ha rJO(yqr) Ta MPOIHTETpyBaBIIU OTPUMaHE

CHiBBiIHOIIEHHS 0 7 Bix 0 10 ¢, OTpEMaEMO CUCTEMY BIIHOCHO HEBIIOMHUX a, Ta b, .

nzli;anynjl(7,1)7@*(“,")62{2()?_)‘(]}/( )dafzS*( )a<r<c
CI)((xr)={§ZEZ;Q1(0{)+§ZEZ;R1(0()JTHO( 11, (r7, ) dr +

TECOPCT I S

e L L EACTACA

) 1 ) <5>

S (e, ):kT“)(thk +k,+k )[ T T !rJO 7r dr+

q

b
(k T, + kT, (2hk, +1 {kIrJ v, dr+k2J-rJ0(7/r dr+
0

+k3er0 (;/qr)dr}—(2hk4k5 +k, +k,)x

b

0 a

X{leO(l)j-rJO (7qr) dr+ szO(Z)j rJ, (7/qr)dr + k37;)(3)j-rJ0 (7qr) drH.
b

3a gonomororo (5) Ta (12) oTpumyeMo (YHKIIIIO PO3MOALTY TeMIIepaTypu B Iapi

do+

J-K c ‘al,(ca)J,(ra)

N
T(r’z):_k47;)(4)zan7/nj 2 2
n=l1 ) _(7/71)

+k4T0(4)[k5(h+z)+1]+k5TO [k, (h—z)+1]

(1+k,h) kg +(1+ksh)k, ’
K (a,2) =%sh(ﬂ5az)+ % EZ; eh(parz).

CuioBa yactuHa. Bumararoun BUKOHaHHS TPaHUYHUX YMOB (3)
d2
e d——d & \y(@,2)|..., =0, 0<r<oo,
Z

i( A s jz//(a 2)

i =0, 0Sr<oo,

OTPUMAEMO CHCTEMY YOTHUPbOX JIHIMHUX piBHSHb BigHOCHO HeBimomux C, (&), D,(«),

C,(@), D,(e¥). Po3p’s13aB11IH i, OTpUMAEMO
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C(CL’)——C( )( )f(lll?y’llls’a) C(a) —C( )( 'US )f(;usnul’a)
(¢ f sty 00) s =d') f(u e

2_d )
D1(0{)=—D5(0{)( . 2 )(0(/13’/15’“) *'u52 *)¢(ﬂ5’ﬂl’a),
( —d ) Oy, 1, 00) ep; —d ) Py, 1y, )
f(,u,.,uj,a):,uich(uiah)sh(ﬂjah)—,ujch(yjah)sh(,uiah),
O, 11, 00) = psh(pah) ch(p,oh) — w sh( o) ch (o).

(e
(¢
, Dy(a)=—Ds(0) (

Auite Tomi

diz( *F_d “ jW(Ol,z) =a’ Y w,(e'w; =d')| C (@)chuza+ D (@)shuza | =

j=13

=—a’ (e'p; —d")[Cs(@)F, (2, 2)+ Dy ()P, (a0, 2)].

(e*j—zz—d o jl//(a =’y (e —d )| C (@)shuza+ D (@)chu za | =
74

j=13

=-a’(e'1; —d")[Cs(@)F, (@, 2) + Dy ()@, (a1, 7))

Pi(S

F(a,2) = shuza—LFa s @) ) o T s 1)

1z shsza,
F, 1,0 fl, 1, o)

D (a,2) :Ch,u Za_wch Za/_¢(‘u5’—'u1’al)chlu a,
‘ e ey T o)

3271 35 M

S (s, s, ) S (s, 1y, @)
F,(a,z) = uchu,zo0 ———————= u,chu,z0t ————"————= u.chy,.z«x,
’ T fu )T fu e
(bz(a’z) :ﬂsshﬂsza_wﬂlshﬂlza Mﬂ lu3za

Py, 1y, 0) Py, 1y, )

BukopucroBytoun Bupazu (12), orpumaemo (opMyiau aiasi OOUUCIEHHS KOMIIOHEHT
TEH30pa HaIlPYKEHb:

,B(e*,usz _d*) T %
= =)’
N % R (@) 0, (@) }czaJo(ca)Jo(ra)
x2,a,7, (V)| | =@ 2)+——P (2,z2) . —da,
2 )Q[Ao(a) 7, (@) ol —(7)
Ble'u’-d") o,
=y =) "

R e A e s

Gzz(r’z):

Grz (r’Z) ==
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YucaoBi mpukiaaau. [IpoBeneMo JOCHIDKEHHST BIUIMBY HAsSBHOCTI CTAI[lOHAPHOTO
TEMIIEPATypHOTO TIOJISA, sKE Jli€ HAa TpaHWYHI IUIONIMHH IIapy, BEJIWMYMHY Ta XapakTep
PO3IOJIUTY HANPYKEHb Ta TEMIIEPAaTypd B IIapi Ha MPHUKJIAII TPAHCBEPCATHHO 130TPOITHOTO
marnito. Koedimientn g4, i=1,3, g jpaHoro Marepialy, MarOTh Taki 3HAUEHUS:
M, =1.388395, 1, =0.705194.

[TapameTpu TeMIrepaTypHOTO OISt BHOSPEMO TaKUMHU:
a=04,06=0.6,c=1, h=1,
k,=1,k,=0.01, k, =1, k, =5, k, =0.01;
1,=08T1,7T,=1,,17,=0.1-T,, T, =0.8-T,, T, =0.8- T, T, =100.

/ PucyHnok 2. Po3znonin
TeMIiepaTypH B mapi

Figure 2. Temperature
distribution in the layer
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=]
L

0.7

)
[,
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Ha puc.2 300paxeno po3mojin temnepatypu B mapi. Kpusi 1 Ta 4 BiImoBizaoTh
BEepXHI Ta HWKHIA TpaHUYHUM IUTONIMHAM IMapy, 3 — CepeIMHHINA TUTOIIHHI, a 2 — TUTOIIHHI

1
mapy Ipu z =§h.

Pucynok 3. Poznonin
HANPYXeHb O, B LWapi

Figure 3. Stresses o,
distribution in the layer

Ha puc.3 300pakeHo rpadik 6e3po3mipHOT BEJIMYNHH
o o s~ s — )

g . - 0.(r,z), mo IOCTPye pO3MOALT HOPMAIBHHX HANPYXKEHb
,B(e ,Ll52 —d )k4T0(4)
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BeepeauHi mapy. Kpusa 1 BianoBigae cepeIuHHIN IIIONMHI mapy, 2 Ta 3 — IUIOMIKWHAM IIapy

1 1, . .
pu 7 = Eh Ta 7= _Eh BIIMTOBITHO.

(=
2

rz

0.15 \

/ Pucynok 4. Poznonin
HANPYXeHb O, B LIapi.

— ]
0
Figure 4. Stresses o,
3 distribution in the layer.
-0.15
r
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Ha puc.4 300pakeHo rpadik 6e3po3mipHOT BEJIMYNHH

o = s — (s — 1)
: ,B(e*:usz _d*)k4To(4)
mapy. KpuBa 3 BinamoBizae cepenuHHii miomuHi mapy, 1, 2 Ta 4 — IUIOMMHAM IIapy NpH

1 1 1
z=—h, z=—h Ta 7 =——~h BIAOOBIiTHO.
2 4 2

o, (r,z), wo imocTpye o3IO JOTHIHAX HANPY)KEHb BCePEIrHi

BucnoBku. [3 mpoBeieHUX po3paxyHKIB BUIUIMBAE, IO K TEMIEPATypHI KOJIUBAHHSI,
TaK 1 pi3HUI B YMOBax TEIUIOBOTO KOHTAKTY 3HAYHO BIUIMBAIOTH Ha HANpPYKEHUH CTaH y
mapi. Tomy, 1o TeMneparypHi Hanpy>KeHHs, BHHUKAIOYi IIpU bOMY, 000B’I3KOBO MOTPIOHO
BpaxoBYBaTH IIPH MPOBEJICHHI pO3paxyHKIB Ha MIIHICTh. BpaXoByrO4H BiTHOCHY MPOCTOTY i
MOXJTUBICTh peanizamii 3ampomoHoBaHoi Meronuku Ha [IK, BBaxaeMo MOIIBHUM il
BHKOPHUCTAHHS ITPH TPOBEJICHHI IH)KEHEPHUX PO3PaXyHKIB.

Conclusions. As it results from the carried out calculations, both the temperature
vibrations and difference in the conditions of the thermal contact affect sufficiently the stress
state in the layer. That is why the temperature stresses, which appear, must be taken into
account while structural designing. The proposed method being relatively simple and realized
on PC, it is reasonable to be used for engineering design.
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