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TEPMOYIMNPYIOCTb MUKPOMONAPHbLIX
OPTOTPOINHbIX TOHKUX OBOJIOYEK

PaccmaTtpuBatloTcs TpexMepHble YpaBHEHUSt U rPpaHnYHble YCMOBUSA HEB3aWMOCBA3AHHOW Tep-
MOYMPYroCT! MUKPOMOMSPHBLIX OPTOTPOMHbLIX TEN C HE3aBWCUMbIMWU MOMAMU NEepeMeLLeHnii 1 Bpalle-
HWA. MpUHMMasa BO BHMMaHWe KayeCTBEHHble CTOPOHbI MOBEAEHWS aCMMMNTOTUYECKOro pelleHust rpa-
HUYHOWN 3afa4n TPeXMEepPHOW MUKPOMOMSIPHON TEPMOYNpPYrocTu B TOHKOW obnactu obonoyku, cchopmy-
NMpoBaHbl afeKBaTHble KMHeMaTW4eckue M cTaTudeckue runoTesbl ANl NOCTPOEHUst NPUKNagHoOW
OBYMEPHOWN Teopun TEPMOYMNPYroCTU MUKPOMOMAPHBIX OPTOTPOMHBIX TOHKUX 060MOYeK ¢ HeE3aBUCKUMbI-
MW MONAMMW MepeMeLLeHnii 1 BpalleHuid. MNpuHATbIe KMHEMaTYeckne rMnoTesbl NpeacTaBnaoT cobon
0606LLeHne Ha MMKPOMONAPHBINA CyYai KuHemaTU4ecknx runotes TuMoLLleHKo. YTo kacaeTtcs cTaTuye-
CKWX rMnoTes, TO Hapsay C NPUHATOW B TEOPUM TOHKMX 0BOMOYEK rMnoTeson O HOpMasibHOM Hanpsixe-
HUW, OENCTBYIOLLEM Ha NIoLwaakax, napannenbHblX nrolagkaM UCXOAHON MOBEPXHOCTM, chopMynu-
poBaHbl HEKOTOPbIE ApYyr1ne NPeanonoXeHusi, KOTopble CO3BYYHblI aCMMNTOTUYECKON Teopun. Ans Tem-
nepaTypHON (PYHKLMN NPUHATA rMnoTesa o ee NMMHENHOM pacnpegeneHn no TOomLmMHe 060noYKu.

Ha ocHoBe MpWHATBLIX AOCTATOYHO OOLUMX MPEeAnofioXeHU NocTpoeHa MpuKNagHas Teopust
TEPMOYNPYrocT! MUKPOMOMSAPHBIX OPTOTPOMHBLIX TOHKUX 0BOMOYEK C HE3ABUCUMBIMW MONAMU Nepeme-
LLEHWNIA 1 BpaLleHWin. Teopun TepMOYNpYrocT! MMUKPOMONAPHBLIX OPTOTPOMHbLIX TOHKUX CTEPXHEN U nna-
CTVH C He3aBUCHMbIMW MOMSIMU NepeMeLLeHnn 1 BpalleHnin 6yayT nccnefoBaHbl Kak YacTHbIe cryyaun
Teopumn obornoYek.

KniouyeBble crnoBa: MUKpOMomnspHas ynpyrocTb, OPTOTPOMHbBIN MaTepuarn, ToHkas obonouka,
TemnepaTypHble HanpsxeHus, obLias Teopus.

S.H. Sargsyan, A.J. Farmanyan

Gyumri State Pedagogical Institute, Gyumri, Republic of Armenia

THERMOELASTICITY OF MICROPOLAR
ORTHOTROPIC THIN SHELLS

Three dimensional equations and boundary conditions of non-interacted thermoelasticity of
micropolar orthotropic bodies with free fields of displacements and rotations are studied. Taking into
consideration qualatative aspects of asymptotic solution of boundary-value problem of three-
dimensional micropolar thermoelasticity in thin domain of the shell, adequate kynematic and static
hypotheses are formulated for the construction of applied two-dimensional theory of thermoelasticity of
micropolar orthotropic thin shells with free fields of diaplacements and rotations. Accepted kynemathic
hypotheses are Timoshnenko's kynemathic hypotheses generalized for micropolar case. Beside of the
hypothesis of normal stresses, accepted in theory of thin shells, some static assumptions are formulated
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which are conformable to asymptotic theory. For temperature function assumption of its linear
distribution by shell thickness is accepted.

On the basis of the accepted generalized hypotheses applied theory of thermoelasticity of
micropolar orthotropic thin shells with free fields of displacements and rotations is constructed. Theories
of thermoelasticity of micropolar orthotropic thin bars and plates with free fields of displacements and
rotations are obtained as private cases.

Keywords: micropolar elasticity, orthotropic material, thin shell, temperature tension general
theory.

B pabote [1] u3noxxeHbl TEPMOIMHAMHUECKHE OCHOBBI KIIACCHYECKON
TEPMOYIIPYTOCTH M30TPOMHBIX TOHKUX 000JI0UEK, OOIIUEe TEOPEMBbI U METO-
JIbl PEIICHUS CTAaTHYECKUX U TUHAMUYECKHX 33J]]ad TEPMOYIPYTOCTH 000I10-
YeK MpH pa3IuyuHbIX crocobax HarpeBa. B pabote [2] nmpexacraBnena kiac-
cUYecKasi TeOpHsl TEPMOYIPYTOCTH OPTOTPOIHBIX TOHKHX 000JIOUEK C yde-
ToM nedopmanuii momepeyHero ciapura. B pabGotax [3-5] uznoKeHBI
OCHOBBI TPEXMEPHON TEPMOYIPYTOCTH MHUKPOMOJSPHOTO MU30TPOMHOTO Te-
na. B pabortax [6—8] Ha OCHOBE MeTOJa THIIOTE3, UMEIOUINX ACHUMIITO-
TUYECKOe MOATBEPXKACHHE, TOCTPOEHA O0IIasi TeOpUs MUKPOMOJISPHBIX Y-
PYrMX TOHKHMX IUIaCTMH U oOosouek. B paborte [9] m3yueHsl acummro-
TUYECKME CBOMCTBA PEIICHUS KPaeBOW 3aJayd MHKPOMOJISIPHOW TEpMO-
YOPYTOCTH B 00J1aCTH TOHKOHM 00o0siouku, B padore [10] chopmymupoBansl
aJIeKBaTHbIE TUIIOTE3bl U MOCTPOEHA OOIIasi MPUKIIATHAs TEOPUS TEPMOYTI-
PYTOCTH MUKPOTIOISIPHBIX U30TPOMHBIX 000TI0YEK.

1. ITocTanoBKa 3aga4u

Bynem paccMarpuBaTh MUKPOIIOJISIPHBIE YIIPYTHE OPTOTPOIIHBIE TeEla
tuna obonouek. [lepopmanus ux paccmarpuBaeTcs HOA ICHCTBHEM IIO-
BEPXHOCTHBIX CUJIOBBIX U MOMEHTHBIX HArpy30K U HEPaBHOMEPHOI'O TEMIIE-
patypHoro noiisi. TpexmepHble UCXOJHBIE COOTHOIIEHHS] TEPMOYIIPYTOCTH
JUTS MUKPOTIOJISIPHBIX OPTOTPOIHBIX TeJ BKiIOYaroT [3-5, 11]:

— YpaBHEHUS paBHOBECUS

OH .
(0, 4= (t10, )+ o )+ P b P Tl 2,
oa, * oo, 77 da, ! oo, " ooy, oa, 7
0 0 0 OH OH
E™ (H2613)+ 8a, (H1623)+ 20, (H1H2633)_H2 T;Gu _Hlaf“jczz =0,

d 0 0 oH,

aT.Li(Hjuii)+E(Hiuji)‘FaT%(HiHjMy)-l-g;uij+ (1.1)
OH. OH :

+H]aT‘; 13_6(1] ujj+(_1)1H1HJ(GJ3_G3J):O)

l
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0 0 0 OH OH
a_a](quls)+87%(H1“23)+67«3(H1H2”33)_Hz aT.L;“ll -H, 6#&32“22 +
+H,-H, (012 _021) =0;
— FeOMETPHUYCCKHE COOTHOIICHUS MEXy KOMIOHEHTAMU TEH30pa JIie-

dopmanuu {yy} TEH30pa U3ruda-KpydeHus {xﬁ} U KOMIIOHEHTaMU BEKTO-

pa mepemeleHHs {VI,VZ,V3}I/I BEKTOpa HE3aBUCHUMOIO  IOBOpOTA

{0,0,,0,}:
Lov, | oH  10H v
Ta= H, da, HH da, i H. da, e oL,
1 Ov, 1 OH, i 1 ov, 1 GH -
Y, = Ly +(-1) o, 7, = : +(-1) o,
H, oo, HH, o, H, oo, H, 60(3 12)
v, ; 1 6w, 1 0H, 1 0H, '
Y3i:_+(_1) W, i = "Oj -0,
oo, H, oo, HH oo ; H, oo,
ow, 1 0o, 1 O0H, ow, 1 6o, 1 0OH,
X33 = > Xij = ‘Di-X3i: ;5

2o, ¥ T H, 0, HH, o0, d0, YT H éa, H oa,

— COOTHOIIIEHUsI 3aKkoHa ['yka isi MUKpPOMNOJSPHOTO OPTOTPOITHOTO
Marepuana (0000IIeHHBIC Ha CIydail BO3JIEHCTBHS TEMIIEPATyPHBIX IMOJCH
¢ mpuMeHeHueM rumnotessl roamens—Helimana)

Vi1 =@,0), +@,0 + 43055+ 0,60, Yy =a,0,, +a,,0, + 5,055 + 0,40,
Vi3 =30, + 05,0, + 433,033+ 030, ¥y3 = 4,0,5 +3,4505,
Y32 = 45053 T 4550355 Vi3 = 5603 T 6O 35
Y31 = 6503 +A5c0)35 V1 = 47701, +A50,), (1.3)
Va1 = @350, + AggOyps Ay = byl + D515, +Dys1s,
Aoz = Dty +0ylhyy + D53y, Wy = byl + Dyglty, +bysss,
Aoz = Dagboy +Dystsss Asn = Bystoy +Dsstsys Az = Dsghlsy + Dgglhys

Y31 = Destay +Dsgllizs Xan = Doglhiy +Doglhy)s Hoy = Doghhyy + Dty
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3IICCI) O,usH,, — COOTBETCTBCHHO KOMIIOHCHTBI CHJIOBOIO M MOMCHTHOI'O

b~ — ymnpyrue mOCTOSHHbIE MUKPOTIOISPHOTO

mn 2~ mn

TEH30pOB HAIPSKEHUM; a
OPTOTPOIIHOTO MAaTepuana; o,q,0,q,0, — KOID(MUIMEHTHl JMHEHHOrO

TEMIIEPaTypHOTO PACIIUPEHUS] B HANPABJICHUSX KOOPIMHATHBIX JMHUIA, © —
TeMIiepatypHasi (pyHKIUs, OTCYMThIBAEMasi OT TEMIIEPATypPbl UCXOIHOTO He-
neOpMUPOBAHHOTO CcOCTOsiHUA. l[lpeamornaraercsi, 4To B 0O0JIaCTH Teja-
000JIOUKM Hamepe]] pelieHa KpaeBas 3ajada TEIUIONPOBOAHOCTH M 33aJaHO

pacrpeseneHne TemnepatypHoil ¢yukimn ©; o, (n=1,2,3) — kpusomu-

HEWHbBIE OPTOTOHAJILHBIC KOOPAMHATHI, IPUHATHIC B TEOpUHU oOomouek [12].
K onpenensirorum ypaBHenusim (1.1)—(1.3) TpexmepHoil TepmoyIipy-
TOCTH MHKPOIIOJIIPHOTO TeNa-000JI0UKH MPHCOSINHUM COOTBETCTBYIOLIHE
IpaHUYHBIC YCIIOBUSI.
Ha nuneBbIX MOBEPXHOCTAX OOOJOYKH NMPHMEM T'PaHUYHBIC yCIIOBHUS
NIEpBOM IPaHIUYHOM 3a1a4i MUKPOTIOJIIPHOH YIIPYTOCTH

+ + + +
G, =%q;, Oy==%q;, W, =%tm;, W,;=1m;. (1.4)

1

Ha moBepxHOCTH Kpast 000J0YKH X OyJeM paccMaTpuBaTh TPU OC-
HOBHBIX THIa TPAaHUYHBIX YCIOBUH: 1) KOrja 3aJaHbl CUJIOBBIE U MOMEHT-
HbIE HANpsOKEHUs; 2) KOTrJa TOUYKH MOBEPXHOCTH X 3aKpEeIUICHBI; 3) Korjaa
3aJjaHbl TPEXMEPHBIE CMEIIAaHHBIE YCIIOBHS TUTIA IMAPHUPHOTO OTIMPAHMS.

bynem mpeamnonarate, 4To TOJIIKMHA 000NOYKM 2/ BechbMa Maja IO
CPaBHEHHMIO C XapaKTEPHBIMH paJUyCaMU KPHUBH3HBI CPEIUHHOU MOBEpX-
HOCTHU 00OJIOYKH.

2. UcxoaHble 1onymeHus (rMmore3bl)

Y4uuThIBasgs KaueCTBEHHbBIE PE3YJIbTAaThl ACUMITOTUYECKOTO PELICHMS
cuctembl ypaBHeHuid (1.1)—(1.3) ¢ yka3aHHBIMU BbIII€ TPAHUYHBIMH YyCIIO-
BUAMH [9], B OCHOBY IIpearaéMoi TEOpUH TEPMOYIIPYTOCTH MUKPOIOJISAP-
HBIX OPTOTPOITHBIX TOHKMX 000J0YEK CTAaBUM CJIETYIOIINE TUIIOTE3bI:

1. B mpouecce nedopmaiuu mepBoHAYAIBHO MPSIMOJIMHEHHBIE U HOP-
MaJIbHbl€ K CPEMHHON MOBEPXHOCTU BOJIOKHA CBOOOJHO MOBOPAaYMBAIOTCA
B IPOCTPAHCTBE KaK KECTKOE 11€JI0€ Ha HEKOTOPbIM yrois, He U3MEHss Ipu
3TOM CBOE€H JUIMHBI M HE OCTABAsICh MEPIEHIUKYIISIPHBIM K J1e()OpMUpPOBaH-
HOM CPEIMHHOM ITOBEPXHOCTH.
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[IpuHATYI0 TUIOTE3y MaTEMaTUYECKH MOKEM 3alucaTh TAK: TAHTEH-
LHAAJIbHBIE MEPEMEILICHUS U HOPMAaJbHbI MOBOPOT PAaCIpPENEsIEHbI 0 TOJI-
HIMHE 000JI0YKH TI0 THHEHHOMY 3aKOHY

Vi=u,(a,0,)+a,y, (a,0,), =12,

1

2.1)
o, =Q, (o, 0, ) +out(oy,a,),

a HOpMaIbHOE TIepeMENIeHHE M TaHTeHIHATbHbIC TOBOPOTHI HE 3aBUCAT OT

TIOTIEPEYHOM KOOPIMHATHI O, T.€.

Vi=w(a,a,), o =Q(a,0,), i=12. (2.2)

OTmeTHM, YTO C TOYKHM 3PEHUS MEpPEeMEIIEeHUN MNpUHATAs TUIOTe3a
((2.1), (2.2)) mo cytu nmena coBmagaeT ¢ KUHeEMaTHueckoil rumore3oit Tu-
MOIIICHKO B KJIACCHYECKOH Teopuu ympyrux odomouek [13, 14]. ['umotesy
(2.1), (2.2) B memom Ha3oBeM OOOOIIEHHONW KMHEMAaTHYECKOW THITOTE30H
TUMOIIIEHKO B MUKPOTIOJIIPHOM TEOPHUH 000T0UEK.

2. CuJI0BBIM HaIPsDKEHUEM G33 B 00001meHHoM 3akone ['yka (1.2) mms vy
MOKHO TpeHeOpeYh OTHOCUTENLHO CHIJIOBBIX HAMpPSKEHUN Gj;, aHAIOTUYHO
MOMEHTHBIM HAaIpsDKEHHEM 3, B 00001meHHoM 3akoHe ['yka (1.2) must x3
MO>KHO MpeHeOpedb OTHOCUTEIHLHO MOMEHTHOTO HAPSIKEHUS ;3.

3.[Ipu ompenenennn aedopmaruii, U3rHOOB-KPYUECHHM, CHIIOBBIX
¥ MOMEHTHBIX HANpsOUKCHUH CHaudaia JUIsi CHJIOBBIX HAaNpPSKEHWHA O3 U MO-
MEHTHOT'O HalPsLKEHUS |33 TIPUMEM

0

0
0y, =05 (0,0,), Hy=py(o,0,)  (i=12). (2.3)

[Tocne BeIYUCIEHUS YKa3aHHBIX BEIMYMH 3HAUCHUS G3; U 133 OKOHYA-
TEJHLHO OTPEICTUM MPUOaBICHUEM K 3HaUeHUM (2.3) COOTBETCTBEHHO Clia-
raeMbIX, MOJy4YaeMbIX UHTETPUPOBAHHEM MEPBBIX IBYX WM IIECTOTO YpaB-
HeHuil paBHOBecus u3 (1.1), A KOTOpBIX MOTpeOyeM YCIOBHS, YTOOBI yC-
PEAHECHHBIE 110 TOJIIUHE 000JIOYKH BEIIMINHBI OBUTH PaBHBI HYIIIO.

o .
4. BennuuHamu ?3 0 CPAaBHEHUIO C €IMHUIICH MOKHO TIPEHEOPEYb.
i
5. [lpuHumaeM, 4TO TeMmIeparypa MO TOJIIUHE OOOJOYKH MEHSETCS
0 JINHEWHOMY 33aKOHY, @ UMEHHO

®:®0(a],a2)+%A®(al,a2), (2.4)
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rre
| N v o
0,=—(0"+07), AO=0"-0, (2.5)
2
© (a,0,) u O (0y,0,) — TemmepaTypa COOTBETCTBEHHO HA BHEIIHCH
(OL3 = h) Y BHYTpEHHEH (OL3 = —h)HOBerHOCTﬂX 000J104YKH.
3. Onpenenenne negopmanuii, I3Aru00B-KPy4eHHH, CHIOBBIX
¥ MOMEHTHBIX HANIPsI:KeHit

B cooTBeTcTBUM € MPUHATHIM 3aKOHOM paclpeieeHus epeMeIeH
MU CBOOOTHBIX MOBOPOTOB (2.1), (2.2), mojacTaBisisi UX B T€OMETPHUYECKUE
¢dopmysl (1.2) u coxpaHsist B BBIPOXKEHUSX TOJIBKO JTUHEHHBIE YWIECHBI 110 O3,
HaXoJIUM

Vi =T (a19a2)+a3Kﬁ(ava2)s V3 =0,

(3.1)
vy =0k, vy =Ts(a0,), vy =05 (0,0,),
Xii:kii(a‘l’(x‘2)7 X33:k33(a19a2)9 Xij:kij(G’I’G’Z)’
(3.2)
X =05 Az =k (a1’a2)+a3113 (al’a2)7
rae
T, (o,a,) A%@ul(;’%) AIA ss" u, ( 1,a2)+w(a];’a2),
i i i°7j J i
1 oy, (a,0,) 1 04
I(li(ocl,ocz)—Z 6ocl 2 +A1~Aj %0, v, (ay,0,),
1 Ou.(o,,o 1 04
ry (o)=L 28D L a1 0 00)
iy
1 oy, (o, 1 04 j
K (o) = )Py (o) (1) (), 0
i i“7 J
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1 0Q,(a,,a 1 04 Q. (a0
kzi(apaz):? (a(xl 2)+AA 8al Q/( 1,(12)4- 3(R1 2)’
i i i*7j J i
1 0Q,(a,,a 1 04
o =r(@ne). k=2 ga 2)_A,-A,~ aa;Qi(a“%)’
1 0Q 1
3 :Z aaj _EQi(al’aﬁ)’
I :ial(al,az) UlzLﬁw(al’az)_”i(anaz)
P4 da, T A da R

i i i i i
3nece I, ; — KOMIIOHEHTBI TaHTCHIUATBHOU AeopMaIiu, XapaKTepu-
K. k. k. —

3yroupe epopMaLHio CPEMHHON MOBEPXHOCTH; Benuunibl K, K.k, .k,
XapaKTepU3yIOT M3rHOHYIO0 NedOopMalHi0 M CKpyYHMBaHUE CPEAMHHOW IIO-

BepxHocty; I';,I';, — momepeunsle caBuru; k,;,k;, — I3MEHEHUE KPUBU3HBI

i3
U Kpy4eHHMH B HOPMAJIbHBIX K CPEIMHHOM MOBEPXHOCTH IUIOCKOCTSX; [, —
TUIIEPKPUBU3HBI UJIU TUIIEPKPYYCHUS.

Ha ocnoBe o606miennoro 3akona I'yka (1.3) (umest B BUIy Takxe Tu-
MOTE3bI 2)—5)) A CUJIOBBIX 1 MOMEHTHBIX HAIPSHKEHUN TTOTYyYUM

0 1 0 1
o, =ci(a,0,)+a,0i(0,,a,), o, =05n(0,0,)+a,on(a,aq,),

0 1 0

o, =0y (a,0,)+a;05(0,,a,), o5=0s(0,a,), (3.4)

0 1 202
o, =0 (a,0,)+a; G3[(G1,a2)+%{a§ —?:|C53i((xl,0(.2)9

0
W; = Mii(alaaz)’
0 1 1 5 h2 2
M3 = Ha; (alaaz)"'aa H33(a1=az)+5{a3 _?]HB (0“1’0“2)7

0 0 1
Ky =W (aloaz)o W, :M3i(a19a2)+a3 “31‘(“150(2)7
0 1
His =Hi3(al’a2)+a3 His (O(’lﬂaz)’

(3.5)

rac
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0 0
. 1 6(14] Giij 1 6(Al Gjij

Gl (X,O(. - -
o (ons02) A4, da,  AA, oa,
1 a4 10 1 04,0

————-0;——0i3t———=0j,

A4, 80, R AA, da,

(3.6)

+—0C11+—0n =—/——,
1 : 2h
0 -
q, —q m —m
633((11’(1 ) 2 5 >, “31( 15 2) ) )
0 0
! 1 a(Af “"j O(Af “ﬁ) 1 o4 o

229



C.0. Capxucsn, A.JK. Papmansn

Kpowme toro,

0
a a Olindyy — 0, A
2 12 10 "% 20%02
On = it 71— 2
a, d,, —dp, a, a,, —ap, a,,a, —ap,
1
a a A, ad,, — O, A
_ 2 12 19 "9 20%2
O11 = > K11 P K22 2
a,dy, —dp, a,dy, —d, a, d,, —d,
0
a a -, a, +00,,a
_|_ 12 11 _ 10 "% 20911
On = > Fll + 2 rzz 2
a, a4, —dp, a4, —dp a, a4, —dp,
1
a a A,y Ay +00,,A
12 1 10 "% 20911
G2 =|— — K, + —K,, - >
a1 dy —dp, a,dy —dp a,dy —dp,
a a
_ 55 _ 45
Gy = 2 1—123 2 rszs
Ayylss — Ays Ayylss — ys
0
a a
44 45
O3 = Ly - s
Ayylss — Ays Ayylss — Uys
a a
_ 55 _ s6
G35 == 1 —— 1
AssUgq — Usg AssUg — Asg
0
a a
66 s6
G31 = — 15 —= —T',
AssUgs — dsg AssUgs — dsg
0
a a
Ci2 = £ _T,- 5 —T,,
Q7,053 — g Q7,055 — g
1
a a
38 78
G2 = K, - Ky,
Q7703 — g Qq70gg — dogg
0
a a
_ 77 B 78
021 = 2 1—‘21 2 1—‘12’
Q77053 — g Q77053 — g
1
a a
77 78
Ga1 = K,y - K,
Qq70gg — dgg Qq70g5 — g

A A

A
My :fku +szz +fk33a

A A

A
Uy :fkn +fk22 +fk33’
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0 A A A
i3 = Tnkll +fk22 +fk33a
bss b78
W, = k., — k,,
v b77b88 _b728 v b77b88 _b728 Y (3_12)
W, = b,, _ b k
21 21 12>
b77b88 _b728 b77b88 _b728
0 1 1 1
W =—k;, W =—1;,
Dgs by
(3.13)
0 1 1 1
Wos = Ekzp Wos = alzz'
rae
b, b, b,
A=\b, b, by, (3.14)
b13 b23 b33

a A,A,,a;,a,,0,;,a;; — COOTBETCTBYIOIIUE anreOpandecKue JOMOJIHE-

HUS B ICTEPMUHAHTE A .

4. MaTtemaTu4eckasi MoJeJib TEPMOYNIPYTOCTH MUKPONOJIAPHBIX
OPTOTPONHBIX TOHKHX 000/104€eK

C nenblo NpuUBENEHUS TPEXMEPHOHM 3aJayll MUKPOIOJISIPHOM TepMo-
YIPYTOCTH K JIByMEPHOM, UTO YK€ BBIIOJIHEHO JUIsSl NIepeMelleHuil, nedop-
Malui, N3rudOB-KPYyUCHUH, CUJIOBBIX U MOMEHTHBIX HaNpsKEHUH, B TEOPUU
MUKPOIOJISIPHBIX YNPYTHUX 000JI0UEK BMECTO KOMIOHEHT TEH30POB CHIIO-
BbIX U MOMEHTHBIX HaNlpsKEHUI BBOJUM CTaTHUECKHU SKBHBAJICHTHBIE UM
UHTErpaNbHble  Xapakrepuctuku-ycuwius  1,,S.,N,;,N;;,  MOMEHTBI

ii>ijo
M. H. L. 6L. L

i ij 2 i 0 i 0 i3

L,; ¥ TUIIEPMOMEHTBI A, KOTOpBIE C Y4ETOM HpEIo-

JIO’KEeHUSI 4) BBIPAKAIOTCS CJICTYIONUM 00pa3oM:

h h h
T; = IGiidaw Sy = J.Gg/dOw N = J.stdaw
Zh h

—h

h h h
N, = J.G3idoc3, M, = J.a3cil.doc3, H, = Jc3ci/.doc3,
—h —h —h
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h h h
L; = _[MiidaB’ L= jcyda3v Ly = IM33da3a
—h —h —h
, , (4.1)
L= j Hdoy, Ay = Ia3ui3da3'
—h ~h

HMest B BUAYy OTHOCHUTEIBHO O3 KAYECTBEHHBIE CTOPOHBI IIOBEICHUS
UCKOMBIX (DYHKIMH, ylOBJIETBOpssA IpaHUuHble ycinoBus (1.4) Ha IHMLEBBIX
MOBEPXHOCTAX O0OJIOUYKHU U MEepeis K yCPeAHEHHBIM BEJIMYMHAM, MOITyYUM
MaTE€MaTHYECKYI0 MOZEINIb TEPMOYIIPYTOCTH MUKPOIIOJISIPHBIX OPTOTPOIIHBIX
TOHKHUX 000JI0YEK.

OcHOBHasg cHCTeMa YpaBHEHHM TEPMOYNPYTOCTH MHKPOIOJIIPHBIX
OPTOTPOMHBIX YNPYTUX TOHKHUX 000JOYEK C HE3aBUCUMBIMHU HOJSIMH IEpe-
MEILEHUH 1 BpalleHnit OyneT BeIpaXKaTbCs Tak:

— YPaBHEHUS PaBHOBECHUS

LA J { =T )+ -|- S S + ,
4 o0, A4 00, Ik Lo, 44 da, (S48, )= ,- =—(q +47)
i 04, OH .
L@M” 1 (M[i _ )+L Jji
4; oo, AA; oo, 7oA da,
1 04
+——(H,+H,;)- Ny, =—h “+q),
AiAj aaj ( ) 3i (6], q; )
o(A,N O(AN.
i+&_ 1 ( 2 13)+ ( 1 23) :q;+q;’ (42)
R R, A4A, oo, oo,
) 0A, oL, A A
LaL”_i_ 1 j(Lii_L“) 1 ~+ L o4 (L1+Li‘)+i+
A oo, AA oo J A 5(1 A A oo, Jj j R

' ! " i J j i

+(=1) (Nj3 _st):_(””‘i+ +ml~_)a

i+i_ 1 {a(AzLB)-i—a(Ale})}—(Su—SZI)Zm;+m3_,
R R AA| oo, P

1 |d(4A o(4A . )
L”_AlAi (6;113)+ (8;223)}(}[12‘%1):}1("13—m3)3
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— (1)I/ISI/I‘ICCKI/IG COOTHOUICHUA YIIPYTOCTHU
I,=C I, +C,I',-T,, T,,=C,I',, +C,,I',, =T,
M, =D,K,,+D,K,,-M,o, M,,=D,K,,+D,,K,,—M,,,,
S, =C, T, +C,, S, =Ckl, +C Iy, Ny =C ')y +Cy I,
N,,=C,TI,,+C,Ts,, Nyy=Cy s +C.Iy,, Ny, =C, I, +C.l,,
H,=D_K,+D.K, , H, =DK,+DyK,, (4.3)
L,=d k, +d,ky, +d;ky;, L, =d,k, +d,k, +d,k,,
L, =d k,, +dyk,, +dky, L,=d, k,+dgk,, L, =dgk,+dyk,,
L,=dk,, L,=d k,+dgky,, A;=hls Ay =A,l,,

rue
a a a
C, =2h+, C, =—2h#2, C,, = Zh%,
a4y, —a, aay —4ap a;dy, —ap
a a a
_ 88 _ 78 _ 77
Cpp=2h—"—, Cy=-2h—F—, Cy=2h——,
Aq70g5 — Aog Aq70g5 — gy Qq70g3 — g
a a a
_ 55 _ 56 _ 55
Coo =2h—=—, Co=2h———, Cyy =2h——=—,
Assgs — dsg Assgs — s Ayylss — Ays
a a ~ a
— 45 _ 66 _ 44
Cps =2h—=—m, C5=2h—"—5, (s =2h——,
AyyQss — dys Assgs — dsg Ayylss —dys
3 3 3
D - 2h Qg D - 2h g D - 2h a;, (4.4)
77 — 3 20 78 T 3 20 88 3 2 .
Ag70gg — g Ag70gg — g Ag70gg — g
3 3 3
D - 2h Agq D —_ 2h g D - 2h a,,
77 3 2 0 78 3 2 0 88 3 2 0
Aq70g3 — Ayg Aq70g5 — Aog Aq70g5 — Ayg
A A A A A
d,=2h—, d,=2h—%, d,= 2h—, d,=2h—%, d,, = 2h—2
A A A A A
b b b
d :zh& d,=2h—8 _ d . =2h—2 _ d . =2h—""
33 7 b, b, —b2 " bbb, —b% " % b, by, —b>
A 77088 — D33 7703 — D33 77088 — D13
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3 3
d, =2, a, =t g, =2 L 2 L

b66 b44 o Ta, ¥ 3 b44 ,

a,,a,, —0,,a a,,a,,—0o,,a
_ 10%22 20%12 _ 20%11 10%12
T =2h —=0,, T),e =2h 5
a, d,, —a, a,a, —a,

0Q,,
(4.5)
M

20 a.a,, — 0L, d
10722 20712 @1’ M

2

_ 207 0L, —0edy, o

e =73 2 1
a, a4, —d,

203 ay,dy — a122

K ypaBHeHusM paBHoBecus (4.2) U COOTHOLIEHUSIM ynpyroctu (4.3) He-
00X0IMMO TIPUCOEAMHUTL T€OMETPUUYECKHE COOTHOIICHNS (3.3).

[IpencraBuM «CMSTYEHHBIE» TPAHUYHBIC YCIOBUS HA TPAHUYHOM KOHTY-
pe I' cpeauuHO# MOBEpXHOCTH 000JI0UKH, CUNTASL, YTO 3TOT KOHTYP COBMAIACT
C KOOpJVHATHOM IMHUEN o, = const [7, 8]:

I,=T, WM u, =u,, S, =S, WA u, =u,, N;; =N,

Wi w=w ,M, =M, WIH
K. =K, H,=H, K,=K,, L, =L * 4.6
w=K,, H,=H, wm K, =K,), L, =L, mm x, =x,, (4.6)
* * * * * *
L,=L, WM K, =K,, Lj; =L WM Ky =K;5, A=Ay WA [, =1,

Cucrema ypasuenwii (4.2), (4.3), (3.3) u rpanuunbie ycioBus (4.6) npen-
CTaBIBIIOT MaTEMaTHUYECKYH) MOJENb TEPMOYNPYTOCTH MHUKPOIIOJISIPHBIX TOH-
KUX 000JI04EK C HE3aBUCUMBIMU TMOJISIMU TIEpEMEIIICHUI U BpaIllCHUH.

Cucrema ypaaenuit (4.2), (4.3), (3.3) TepMOynpyroctd MHUKPOIIO-
JSIPHBIX OPTOTPOIHBIX TOHKHUX O0OJIOYEK C HE3aBUCUMBIMU TOJISIMU TIepe-
MEIIEHUH M BpalleHWi MpeICTaBiIseT co00i cucTteMy AuQepeHInaTbHbIX
ypaBHeHUH 18-TO mopsaKa ¢ ACBATHIO TPAaHWYHBIMU YCIOBUsSMHU (4.6) Ha
Ka)KIOM U3 KOHTYpPOB CPEIUWHHON MOBEpXHOCTU 000104ku I'. D10 cuctema
u3 52 ypaBHEHMH  OTHOCHTENIbHO 52  HEM3BECTHBIX  (YHKIMH
u,w,v,,Q.,Q.,.0Lv, T.,S ,N;,N,,, M,,H_,L.,L., L, A,,T,, T . T,,

ij? i PR Hiis s 330 i
T K, Kk ko koL

3i° i ij > Wi TVijo
Ecnu B cucreme ypaBHenwuit (4.2), (4.3), (3.3) nepeiitu K MIOCKOMY

1
CIIyJaro = =0 TOTJa MOJIYYUM MOJEINb TEPMOYNPYTrOCTH IIIOCKOTrO Ha-

1

MPaXCHHOTO COCTOSHUSI M MOJIEh TEPMOYTIPYTOCTH U3TUOHOM edopmarn
MUKPOIIOJIAPHBIX OPTOTPOIHBIX TOHKUX IUIACTHH.
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