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YACNEHHAS PEANIM3ALIUA METOLA NOC/EAOBATE/IbHOIO BO3MYLLEHU4A
MAPAMETPOB NPW PACYETE HANPSXXEHHO-AE®OPMUPOBAHHOIO

COCTOSIHMS OBO/IOYEYHOW KOHCTPYKLIUK
B C/TYHAE XECTKOIO 3AKPENMNEHUS KPAEB OBOJIOYKHU

J1. B. BeccoHoB

Crapwwin npenoaasatens kacpeapbl NpuknaaHon nHgpopMatuku, CapatoBCKuiA rocy apCTBEHHbIN yHBEpeuTeT uM. H. I, YepHbl-
LEeBCKOro, lexx@sgu.ru

B cratbe nccnenyetcst Mofens Kapmara ans criyyasi mpsiMoyronbHol B nnaHe 060M104eyHOi KOHCTPYKLIMK C XECTKUM 3aKpernne-
HMeM kpaes. MocTpoeHa OPTOHOPMUPOBaHHASH ciCTeMa BA3NCHBIX COYHKLIWIA, YAO0BNETBOPSIOWMX FPaHUYHBIM YCTIOBUSIM 3aaqu.
PelweHne moaensHol 3afaum nonyyeHo Metofom B. B. MetpoBa — MeToL0M Nocne 1oBaTeNbHOro BO3MYLLEHUS NapaMeTpoB — C
1CNONb30BaHNEM NOCTPOEHHOI CUCTEMbI 6a3UCHBIX CHYHKLINIA. TpUBELEHbI PELEHMS C ONOPHBIMI NPOMEXYTOYHBIMU Pe3y/bTatamu
N5 060M104E4HOII KOHCTPYKLIM, UCTIONHEHHOW 113 KaTaHHOrO AI0panioMUHIS.

Kntoqesbie cnoa: 060noyeyHast KOHCTPYKLWU4, YMCNIEHHBIN 9KCNEPUMEHT, Moaesb KapmaHa, MeTon nocnenosare/ibHoro Bo3my-
LeHNs napameTpoB.

B pabore BrepBble peJI02KeHO UCI0/b30BaHHe OPTOHOPMUPOBAHHON CHCTeMbl (PYHKLUH, YA0BIETBOPSIO-
11ed rpaHUYHBIM YCJOBHUSAM 2KEeCTKOrO 3aKpellJeHHs 000/104e4HON KOHCTPYKLHH, NIPH pacuyéTe HaNpsKEHHO-
1e(OPMHUPOBAHHOIO COCTOSIHHS METOLOM IOCJIe0BATENbHOIO BO3MylleHHs napaMetpoB [1-3]. Ha kaxmom
liare JIMHeapu3allMd MCXONHOH HeJMHeHHOH 3alayu HchoJb3yeTcss MeTon Dy6HoBa —l'anépkuHa, KOTOpBIH
B OTJIMYHE OT NMPHUBOAMMBIX paHee B paGore [4] BBIUHC/IEHHSX HCIOJb3YeT OPTOHOPMHUPOBAHHYIO CHCTEMY,
YAOBJIETBOPSIIOLLYI0 TPAaHUYHBIM YCJIOBUSIM, YTO [103BOJISI€T IIOBBICUTh CKOPOCTb BBIYHMCJ/IEHUH.

PesysbTaThl BHIYMC/IEHUH TOBOPAT O TOM, 4YTO B Cjyuyae 000JIOUEUHOH KOHCTPYKLHH C 2KeCTKHM 3aKpell-
JleHHeM Mo KpasiM He HalJrofaeTcsi MOTepH YCTOHUMBOCTH KOHCTPYKUMH B LiesioM. CTOMT OTMETHTb, UTO
paHee 3TOT (PaKT OB TeOpETHUECKH TOJyUeH B pabdoTe [5].

[TpounitocTpupyeM ykKasaHHBIE BO BBeIEHMM METOf Ha IIpUMepe FeoMeTpHuecKH HeJMHeHHOH Moiesu
Kapmana /151 IpssMOYTOJ/IbHOH B IJlaHe 000JIOUKH € KECTKUM 3aKpellJleHHeM KpaéB:

DA*W — L(W, F) — AR F = g,
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ow OF
Wir=Flr= | = 5= :0,
| | o .= B,
EhR3
rie D — UMIHHAPUYECKAs KECTKOCTh, ompepessemasi no qopmyae D = 20172 (v — xoa(duuneHt

O?F O*W  9*°F 0°W O*F 0*°W

[Tyaccona), A — omneparop Jlamnaca, L(W,F) = + — — oTpaxkaeTr
¥ ) parop ( ) oy? Oz? 0x2 Oy? 0z0y Oxdy P
02 0?

rayccoBy KpPHUBU3HY Ie(OPMHPOBAHHOW CepPeIMHHON MOBEPXHOCTH 060s04KH, Aj = kyﬁ + k””ﬂ ky
€ Y

U k, XapaKTepU3YIOT KDHBH3HY MOBEPXHOCTH OOOJNOUKH BLOJb COOTBETCTBYIOLUIMX OCeH, ¢ — BeJHYMHA

HOpMaJibHOH Harpysku, W — ¢yHkuus nporuda, F' — QyHKUus ycuiauid, £ — monynp [OHra.

Ha mpakTuke XapakTepHCTHKY pellieHHd HeuHe#dHoi momesan (1) mosydyarT Ha OCHOBAHWH pelleHUH
CUCTeMbl HeJMHEHHBIX ypaBHEHHH, KOTOpble MOJydaloTes MyTEM NpHBefeHHs] ypaBHeHHH (1) K Gespasmep-
Homy BHAY. [lepexonm ot cucreMsl (1) K cucTeMe ypaBHeHHMH B Ge3pasMepHOM BHE OCYLIECTBJISETCS MyTEM
CIeNYIOIEH 3aMeHbl epeMEeHHBIX:

B B B - —EH'_
r = LT, y = Ry, W = Hw, F=FH"F, k’y :Ky_L2R2q7
_o2 1
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P

Kak nokasaHo B [6], cooTBeTCTByIlIasi CHCTEMAa YpaBHEHHWH B (Ge3pa3MepHOM BHJE BBIMISIUT CJEAYIO-

UM 06pasom:

1 1 0*w *w , 0w
55T t2s55+t N5 | =
12(1 — v2) \ A2 024 Ox20y? oy*

B 827w827F 827w82F B 0w 0°F N 0*F
022 Oy?  Oy? 02 0z0y OxOy Y 02
ia%qﬁ O'F LOFY . Pwdw
A2 Ozt 0x20y> oyt | Oy? 022

dw oF

+ qK7,
0w B 0w
OxOy Y 0x2

)

@)

OTMmeTHM, 4TO B cucTeMe (2) HCMOMB3YIOTCS Te Ke 0003HaueHUs 1J1 HCKOMBIX (DYHKLHH U MapaMeTpoB,
yto U B cucteMe (l). Bymem cumrtaTh B JasbHeiilleM, 4YTO mapameTpsl KpuBusHb K, = 0, K, = 15,
KO3 (QHULNUEHT COOTHOLIEHHs CTOPOoH A = 2, a kKoap¢uuuneHt Ilyaccona v = 0,35, 4TO COOTBETCTBYET

KaTaHHOMY AlopajioMHHHIO0 [7].

[TocTponM JIMHEHHO HE3aBHCHMYIO cHcTeMy (DYHKLUME, ompeneseHHbx B obsact D = [0,1] x [0,1] u
YIOBJIETBOPSIIOIUX PAaHUYHBIM ycaoBusiM 3anaud Kouu (2). C 3Toi 1esbio BBeIEM CJ/IEYIOLLYI0 BCIIOMOra-

TeJbHYIO (PYHKLHIO:
¢a,y) = (zy(x - 1)(y — 1))*
Onpepenum cucreMy GyHkuui {p; ;(x,y)} caenyomum o6pasom:

P ={pij(2,y) 1 pij(z,y) = o(z,y)2"y’}, i€

N+7

jeN,.

O6o3naunm yepes ), MOAMHOKECTBO &, cocrosiee U3 p; 4, rae ¢ =0,k —1, j =0,k — 1.
BoimosHuM mpouenypy MOHUMKEHHsT PAa3MEPHOCTH MyJbTunHaekca. CBeném MyJabTHHHIEKC (i,7) CH-
CTeMbl QYHKIHEH PP, K OMHOMEPHOMY MHAEKCY m. JlJis 3TOro B KayecTBe MepBOTo 3JeMeHTa BO3bMEM HOBYIO

cucTeMy QYHKUHH po o(z,y). Cunras, uto &, — KBaJpaTHas MaTpuLa
nopsinka k, 6ynem 6path yrioBble MUHOPBI 3TOH MaTPHLLbl, HCKJIIOYAs U3
HUX 3JIeMeHTHl, y>Ke Haxoisilliyecs B HOBOH cucTeMe. TakuMm o6pasoM,
HOBas cUCTeMa 00pasyeTcsl U3 cepuil aneMeHToB k. B tabnuue oTme-
YyeHBl HOMepa Cepui, B KOTOpbIE TOMAAAT UCXOAHbIE 3JeMEHTbl Fy.
Jlnst onpenenleHHOCTU BHYTPU cepud OyieM yIOPSIOUHBATb 3JeMEHTh
CHavaJ/a no yOblBaHHMIO HOMepa CToJ0La, a 3aTeM 10 BO3PACTaHUIO HO-
Mepa cTpoku. O6pa3oBaHHYIO B pe3ysbTaTe CUCTEMY (DYHKLHU C Hempe-
PBEIBHOH HyMeparmye 1o OIHOMEPHOMY HHAIEKCY 0003HAUUM Fj.

) 1 2 3 k
i
1 1 2 3 k
2 2 2 3 k
3 3 3 3 k

Jlerko BupeTh, 4TO cucTeMa (YHKUHUH %) SBJsieTCSl JMHEHHO HE3aBHCHUMOH B 00JIaCTH, OrpaHHYEH-
Ho#t ' nnig so6oro mpousBoJibHOrO Liesoro k. JleHcTBUTeNbHO, Kaxknas (QYHKUUS 7y TPeNcTaBJ/seT coboh
Npou3BeJeHNe JBYX 3JeMEHTOB JUHEHHO He3aBUCHUMBIX CHCTEM (DYHKLHH.

[Tpu nocTpoeHun NpUOGIHKEHHOrO pellieHus 3anauu (2) orpaHU4YUMCs CUCTEMOH MONTHHOMOK 5. Brinos-
HUM TIPOLEAypPY TOHMKEHUS] PAa3MePHOCTH MyJbTHHHIAEKCA 1/ P53 U 3aldIIeM MOJyduUBLIHECS (YHKLHH

CHUCTEMbI %3 B ABHOM BHJE:

syt — 2048 ¢ aty? — 228yt 4y —

ro(2,y) = po,o(z,y) =

(2, y) = po1(z,y)

r2(z,y) = p1o(z,y) =2y

rs(z,y) = pra(z,y) =27y

r4(z,y) = poal(r,y) = 21y’ — 22%y° + 2ty* — 2039 + 423y —
5(2,y) = p1,2(,y)

r6(2,y) = p2,0(,y)

r7(z,y) = p2.a(z,y)

rs(a,y) = pao(w,y) = 2%° — 20°%° + aOy" — 20°y° + 4a®y® —

MexaHrka
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2%yt + 22y —
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203 4 222,
— ahy® — 2xtyt 4 ohy® — 2035 1 42yt — 203y3 + 2%y — 202yt + a2,
5yt — 92258 + aBy? — 22yt + dety® — 20%y? + 23yt — 20593 + 232,
545 — 2254 + 1593 — 2240 + 4yt — 2083 + 230 — 205yt + 2%,
205 4 22yt
— 2598 — 22545 + 2Byt — 2040 + daty® — 2yt + 250 — 203y + 2y,
— 25yt — 2253 4+ 2842 — 205yt + 420 — 20592 + atyt — 204y + 2ty
=25y — 225y 4 28y — 225y° + 425yt — 2253 + 2ty — 2tyt + 2te?,
45 4 gyt
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HpOBeILéM Ipouecc OpToroHaJ/Jru3aluu rHJ'Ib6€pTa—LUMI/I}1Ta TS %3, a 3aTeM HOpMaJHu3alHio MOCTPO-
€HHbIX TaKHM o6pa30M MHOT'O4YJIEHOB:

~ m—1
By = {im(@,1) : P, ) = Mﬂ% ol ) = o, (@) = m jzo<rm,rj>rm<x,y>}, 3)

rae (-,-) ob6o3Hayaer

u(z, y)v(z,y)dzdy
<u7 ’U> =

. (4)
v(z, y)v(z,y)dzdy

o |o—
o |ow—

Cucrema (yHKUHH ,@3 SIBJISIETCST OPTOHOPMHUpOBaHHOH. B dopmynax (3) u (4) nBOHHON MHTerpas mo
obsacti D 3ameHEH Ha MOBTOPHBIA 1Mo oTpe3kaM [0; 1] COOTBETCTBYIOLIMX KOOPAHHATHBIX OCeH, Tak Kak
HECJIO?KHO BHJIETb, UTO MHOTOUJIEHBI T, YIOBJIETBOPSAIT TeopeMme ToHesn — PyOuHH.

Brinuinem nosyueHHy1o cucteMy (YHKIHH @3 B SIBHOM BH/E:

fo(z,y) = 6302%y*(x — 1)*(y — 1)%,

i (,y) = 1260VTT (a2 (@ — 17y —1)° — o2 — 12y — 177),

P, y) = 1260VTT (a9 (a — 17y —1)” — o?s2( — 12y — 1)),

F3(z,y) = 27720233 (2 — 1)%(y — 1)® — 1386023y*(z — 1)%(y — 1)*—
—138602%y> (z — 1)%(y — 1)% 4+ 693022y%(z — 1)%(y — 1),

Pa(x,y) = 2772V65(2%y (2 — 1)*(y — 1)* — 2y (x — 1) (y — 1)* + szyz(x - 1)y —1)%),

22

Ps(x,y) = 5544VT15(2*y (2 — 1)*(y — 1)* — 2y (x — 1) (y — 1)* + %z3y2(z —1)%(y - 1)°-
S - D2y 12 4 e - 1)y - 1) e - 1)y~ 1)),

fo(x,y) = 2772V65(x*y* (2 — 1)%(y — 1) — 2®y* (2 — 1) (y — 1) + %wzyQ(l’ —1)%(y—1)%),

o, y) = BSUVTTB(a 'y — 172y = 1)? = St — 12y — 1)

o= 1y~ 17+ a8 w — 1)y~ 12 4 e — 17y~ 1) - e~ 12— 1)),

fs(z,y) = 79279224y (x — 1)%(y — 1)? — 7927922y (x — 1)*(y — 1)? 4 180180z y*(z — 1)*(y — 1)*—
—79279223y* (x — 1)%(y — 1) + 792792233 (z — 1)%(y — 1)? — 18018023y%(z — 1)%(y — 1)2+
+18018022y* (z — 1)%(y — 1)? — 18018022y (x — 1)*(y — 1)* + 4095022y (x — 1)*(y — 1)%.
Hcnoabayem cucremy %A”p, N5 HaXOXKAEHHsT MPUOJIMKEHHOTO pellleHusi MOAeabHOH 3amauu (2) mMeTo-

noM By6HoBa — [anépkuna. 3anuiieM cUCTEMY PaBeHCTB (D), MONyUeHHYI0 Ha OCHOBAHHHM OPTOrOHAJNbHOCTH
(YHKUHH, onpenenéHHbIX YpaBHEHUSIMH CHCTeMbI (2), U QYHKUHH 7, (2), m = 0,...,8:

fHo b (Lo, v | ,0) PuwdF
00 _12(1 — 1/2) A2 Ozt a$28y2 ay4 02 8y2
0w *F Pw PF 0°F X
 Oy? 0a? * oxdy dzdy Y02 qK;] P (2,y) dzdy =0,
117 1 84F 84F 284F (5)
Ofof (F dx* +25‘x28y2+)\ 3y4)+

0w 9w 0w 2w .

[TonctaBUB B cHCTEMY PaBeHCTB (D) MPUOJMKEHHOE PellleHHe B BHJE
8 8
wo(z,y) = D amfm(x,y),  Folw,y) = Y bmim(®,y), (6)
m=0 m=0
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U BBIUHUCJIUB COOTBETCTBYIOIIHE NBOHHbBIE WHTErpaJbl, MOJYYHM CHCTeMY 18 HeJUHEHHBIX anreGpandyecKux
ypaBHeHHH ¢ 18 HensBeCTHBIMH K03(h(hHULHeHTaMH pasnokeHHs (6).

BoJsiee mpocThiM B TJiaHe BBIYHMCJEHHUH SIBJSETCS METOJ MOCJeN0BaTebHOrO BO3MYILEHHs MapaMeTpoB,
KOTOPBIH CBOAUT pelleHHe HeJHHeHHOH CHCTeMbl ypaBHeHHH (2) K MOC/JeNOBaTEJNbHOMY peIleHHI0 psiza
JIMHEHHBIX CUCTEM ypaBHeHMH. Pa3oObéM mapameTp g Ha CyMMY MapaMeTpoOB Gy

D an=4q, e |lgn] <0,05.

Jns nonyuenust GyHKUMH nporuba ¥ GYHKIUHM YCUAHH HA n-M LIare OyieM peliaTh JUHEHHYIO CUCTEMY
ypaBHEHHH, MOJyYeHHYI0 B pe3y/bTaTe JMHeapusaluu cucteMbl (2) B Touke (w" 1, F"~1). Tloacrasass
BbIpaXKeHHsl

8
w=w"—w"! zz:akfk(x), F=F"—p"! Zbkm (7)

B CHUCTEMY pPaBeHCTB

fl 1 i@+2 O +/\284 92w (”182 +awa2 (" 1)
o 12(1 — 2) \ A2 924 0x20y>? oyt o2 oy | Ox? 6y2

1
/
0
(a? w'" ) PF 9w " ”) +2<a2w9"—1> PF 9w PR ”) -
K

)
Dt +
o2 9z 9y 022 OxOy Oxdy Oxdy Oxdy
0*F
Vo 0
11 1 94F 4 4 2, (n—1) 52 2., 92, (n—1)
I <284jL2 a2 2+)\25 4>Jr 3w02 371;1+571203w02 o
00 A2 Ox dz?0y oy y or oy ox
~ Pw N 0w
0xdy Y ox?

K{i} (2, y) dz dy = 0,

} (2, y) drdy =0

U BBIUMC/ISAS COOTBETCTBYIOLIME [BOMHBIE MHTErpasiel, MOJY4YHM CHCTeMY 18 JHMHEHHBIX asnre6pandecKux
ypaBHEHHH OTHOCHTENBHO HEH3BECTHBIX KOI(P(MHULHEHTOB aj M by pasnoxkeHus (7). B sBHOM BHue 3Ta
CHCTeMa BBIIVIAAUT CJeylolUM 00pa3oM:

228.97ag + 65.636a2 — 16.409a¢ + 17.639ag + 180.0by — 145.12bg — 7.875 = 0,
—180.0ag — 11.0a4 + 145.12a¢ + 2430.0by + 696.58by — 174.14bs + 187.2bg = 0,
1603.9a; — 74.752a7 + 180.0by — 145.12b7 = 0,

—180.0a; + 11.0a3 — 17.737a5 + 145.12a7 + 17022.0b; — 793.33b7 = 0,

65.636a¢ + 6361.9a9 + 17.639a¢ — 165.18ag + 180.002 — 145.12bg — 3.628 = 0,
—180.0as + 17.737a4 + 145.12ag + 696.58bg + 67518.0b2 + 187.2bg — 1753.1bg = 0,
382.75a3 + 7.2929a5 + 660.0b5 = 0,

11.0a; — 660.0a3 — 17.737ay + 4062.003 4 77.398b5 = 0,

1950.7a4 + 660.004 = 0,

—11.0ao + 17.737ay — 660.0a4 + 17.737as — 28.6ag + 20702.0b4 = 0,

7.2929a3 + 7007.8as + 660.0b5 = 0,

—17.737a; — 660.0as + 28.6a7 + 77.398bs + 74372.0b5 = 0,

—16.409ag 4 17.639a2 + 785.28a¢ — 83.139ag — 145.12bg + 1404.0bg — 3.628 = 0,
145.12a0 + 17.737a4 — 1404.0ag — 174.14bg + 187.2by 4 8334.0b¢ — 882.33bs = 0,
—74.752a1 4 2652.3a7 — 145.12b1 + 1404.007 = 0,

145.12a; — 17.737as + 28.6a5 — 1404.0a7 — 793.33b; + 28148.0b7 = 0,

17.639a¢p — 165.18a2 — 83.139a¢ + 8173.1ag — 145.12by + 1404.0bg — 1.6714 = 0,
145.12a9 — 28.6a4 — 1404.0ag + 187.2by — 1753.1by — 882.33bs + 86739.0bs = 0.

(8)

Pewas noayuusuytocs CJIAY (8), onpenenum dynkuun w* u FF.

MexaHrka /7
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wég)(:v,y) =909.63z"y*(x — 1) (y — 1)* — 909.592%y3 (x — 1)?(y — 1)? + 1155.22%y*(x — 1) (y — 1)*—
—909.5723y* (x — 1)*(y — 1)® + 908.852%y> (x — 1) (y — 1)? — 1154.823y*(x — 1)*(y — 1)*+
+234.962%y* (z — 1)%(y — 1)? — 234.622%y (x — 1)*(y — 1)? + 448.82%y*(z — 1)*(y — 1)%.

B mporecce BEIYMCAUTENBHOTO SKCIIEPHMEHTa OblJIO BBISICHEHO, YTO BEJIMYHHA OTKJOHEHHH NPHUOIHKEH-
HBIX pelleHHH, MOJYUeHHbIX B pe3yJibTaTe UCIIOJNb30BaAHUS CUCTEMBl K3 U H4 OTIMUAIOTCS Ha BEJUUHUHY He
npesocxoasiiyo 107°. PaccMaTpuBasi CHCTeMBl %, M COOTBETCTBYIOLIME MPUONMKEHHbBIE PEIleHHs HeJlH-
HelHO# Mozesu (2) mpu GOJBLIMX 3HAUEHHSX 7, MOKHO 3aKJIOUUTb, YTO MPH KECTKOM 3aKpeNJIeHHH KpaéB
060/10u€YHON KOHCTPYKLHH He HabJ/I0laeTcsl MOTEPH YCTOHYHMBOCTH 0OOJNOYKH B LEJOM. DTOT (PaKT OBLI
TeopeTHUeCKH 000CHOBaH B padoTe [5]. CienyeT 3aMeTUThb TaKKe, UTO NpeaJsoKeHHasi B 1aHHOH paboTe Me-
TOAMKA HaX0XKIeHHs (PYHKLHUU nporubda NpuMeHUMa He TOJIbKO /s MPSIMOYTOJbHBIX B IJ1aHe 000/10YeUHbIX
KOHCTPYKLHH.
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Numerical Implementation of Method of Subsequent Perturbation of Parameters for Computation
of Stress-Strain State of a Shell Rigidly Fixed on the Boundaries

L. V. Bessonov

Saratov State University, 83, Astrakhanskaya str., 410012, Saratov, Russia, lexx@sgu.ru

The Karman model for a shell rectangular in the plan with rigid fixation of the boundaries is considered. An orthonormalized system
of basis functions satisfying the boundary conditions of the problem is obtained. Linearization of the problem is given and the solution
is obtained by the method of subsequent perturbation of parameters due to Vladlen V. Petrov. The solutions including supporting
intermediate results for the shell made of rolled duralumin are discussed.

Key words: shell, numerical experiment, the model Karman, method of sequential perturbation of a parameters.
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ON WEAK DISCONTINUITIES AND JUMP EQUATIONS ON WAVE SURFACES
IN MICROPOLAR THERMOELASTIC CONTINUA
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The present study is devoted to problem of propagating surfaces of weak and strong discontinuities of translational displacements,
microrotations and temperature in micropolar (MP) thermoelastic (TE) continua. Problems of propagation of weak discontinuities in
type-I MPTE continua are discussed. Geometrical and kinematical compatibility conditions due to Hadamard and Thomas are used
to study possible wave surfaces of weak discontinuities. Weak discontinuities are discriminated according to spatial orientations of
the discontinuities polarization vectors (DPVs). It is shown that the surfaces of weak discontinuities can propagate exist without
weak discontinuities of the temperature field. Second part of the paper is concerned the discussions of the propagating surfaces of
strong discontinuities of field variables in type-Il MPTE continua. Constitutive relations for hyperbolic thermoelastic type-Il micropolar
continuum is derived by the field theory. The special form of the first variation of the action integral is used in order to obtained
4-covariant jump conditions on wave surfaces. Three-dimensional form of the jump conditions on the surface of a strong discontinuity
of thermoelastic field are derived from 4-covariant form.

Key words: micropolar thermoelasticity, type-I continuum, type-II continuum, weak discontinuity, strong discontinuity, shock wave,
longitudinal wave, transverse wave, compatibility condition, jump.

1. PRELIMINARY REMARKS

Problems of micropolar continua take its origin from the classical E. and F. Cosserat’s paper [1].
Micropolar (MP) continuum theories include not only translational displacements but also additional
degrees of freedom. These degrees of freedom are coupled with changes in reper (three directors)
associated with microvolume. Such changes may be described by a rotation vector when reper associated
with microvolume are rigid rotated. In contrary to conventional elasticity a continuum with microstucture
is described by the asymmetric strain and stress tensors known from many previous discussions. Thus
the asymmetric elastic theory is characterized by a comparatively large number of constitutive elastic
constants need to be determined from the experimental observations. There are several phenomena (for
example, the anomalous piezoelectric effect in quartz, the dispersion of elastic waves, as well as a number
of other experimentally observed elastic properties of the pure crystals) being beyond the scope of the
conventional thermoelasticity (CTE) and piezoelectroelasticity. That is why a development of complex
theories seems to be actual.

The type-I micropolar thermoelastic (MPTE-I) continuum may be described in terms of field
formalism, for example, from positions of the Green—-Naghdi thermoelasticity (GN-theory). Now such
mathematical frameworks of the thermoelastic behavior of solids are rapidly refined [2,3]. They are
based on different modifications of the classical Fourier law of heat conduction. The refinements aim
at derivations of hyperbolic partial differential equations of coupled thermoelasticity. Those are to
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