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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

AKTYaJIbHOCTh TeMbl. B COBPEMEHHOIl TEXHUKE COCTAaBHBIMHU 3JIEMEHTAMMU
OOJNBIIMHCTBA KOHCTPYKIUHN SIBISIFOTCSI OJHOCIOWHBIE W MHOTOCIOMHBIE CTEP)KHH,
IIACTUHBI M 000J0ukH. OHU OOBIYHO COCTOSIT W3 AHU30TPOIHBIX MaTEPHAJIOB,
MHOTJIa C CYIIECTBEHHO pa3MYHbIMH (PU3UKO-MEXAHUYECKUMHU CBOWCTBAMHM.
KOHTakT Mexay KOHTaKTUPYIOUIMMH CIOSIMH, B 3aBUCMMOCTH OT YCJIOBHM paboThI,
MOXXET OBbITh Kak TMOJHBIM, TaK W HENOJHbIM. B cBsi3u ¢ 3TuUM pa3paboTka
(¢ ()EKTUBHBIX METOJIOB pacueTra 3JEMEHTOB TaKUX KOHCTPYKUUU SBISIETCS aKTy-
anpHOM. [lpu umccnenoBanum HamnpspkeHHO-IepopmupoBanHoro cocrosuus (HJIC)
0aJloK, TIACTUH U 000JI0YEK MPUMEHSIOTCS pas3jinyHble MeToAbl. OIHUM U3 CaMbIX
pPacIpOCTPAHEHHBIX METOJIOB pacuyeTa TOHKOCTEHHBIX KOHCTPYKUUN SBIISIETCS METOJ
runoTe3. BaxkHblld IpUMEp TEOPUH, TOCTPOCHHOM METOJOM THIIOTE3, MPEICTABISIET
co0oil Kilaccuueckasl Teopus, Oasupyrouascss Ha MPEANOJIOKEHUSIX THIa TUIOTE3
bepnymnu-Kupxroda-Jlssa. OcHOBHbIE ypaBHEHHS aHW30TPOIHOW YIPYTOl CIIOH-
CTOM TUUIACTMHKK Ha OCHOBe rumote3bl Kupxroda-JIsBa nms Bcero makera B IEIOM
nostydensl C.I'.JlexHuukum. Teopusi aHU30TPOIHBIX CIOUCTBIX 000JIOYEK HA OCHOBE
TOM JK€ THMOTE3bl IS BCEro makeTra B menoMm moctpoeHa C.A. AmbapirymsiHom. B
JaJbHENIIEM ObUIM NPEIJIOKEHbl PAa3JIUMYHbIE YTOYHEHHBbIE TEOPHH. BOIBIIMHCTBO
Hay4HbIX pabOT MO 3TOW NpoOJieMe MOCBALIEHO pa3pabOTKe METOJOB pacyuera
M30TPOINHBIX U OPTOTPOIHBIX OJHOCIOWHBIX U MHOTOCJIOWHBIX OanoK, MJIACTUH U
000J104YeK, HA OCHOBE T€OMETPUUYECKH JIMHEWHON TEOPUHU YIIPYTOCTH.

Jpyroii BaXHbIA METOJl U3YUYEHUS] HANPSHKEHHO-AE(POPMUPOBAHHBIX COCTOSIHUIMA
0aJloK, MJIACTUH U 000J0YEK — METOJ PA3JIOKEHUS MO0 MapaMeTpy TOJIIUHBI. DTUM
METOJOM BCE HCKOMbBIE BEJIWYUHBI IPEICTABISIIOTCS B BUIE MNPOU3BEICHUS IBYX
GbyHKUMIA, IepBasi U3 KOTOPBIX €CTh QYHKIHUSA OT MONEPEUHON KOOPIUHATHI, BTOpasi—
OT KOOpJAMHAT CPEAMHHOM NOBEPXHOCTH. B uTOre mnomydarorcs KpaeBble 3aaadu
OO0I1Iero BH/Ia ¥ BCE IPYIIIbI HEU3BECTHBIX MIPUXOAUTCS ONPEAEIATh OJJHOBPEMEHHO.

KpaeBble 3amaun mnpu acUMOTOTUYECKOM METOAE HMEIOT HWTEPALMOHHBIN
xapaktep. Ilpomecc ux pelleHHs 3aKiIOYaeTcs B PEHIEHUMM KpaeBbIX 3ajad,
pa3IMUaoUXC MEXKIY COOO0M TOJNBKO CMBICIOM M3BECTHBIX (DYHKIIMM, BXOZSIINX B
[IpaBbleé YacCTH YPABHEHUH M B TpaHU4HbIe yciioBUA. CyIIHOCTh aCUMITOTHYECKOTO
METO/Ia 3aKJI0YaeTCsd B IMPEACTABICHUM HMCKOMBIX BEJIMYMH B BHUJE ACHUMIITO-
TUYECKOTO CINEeUU(PUUECKOro psiia MO CTEHNEeHSM HEKOTOporo Oe3pa3MepHOro
(U3UYECKOro WIM TeOMETPUYECKOro Mmajoro (win OOJBIIOr0) mMmapaMmeTpa Hu
MOJIyYEHUEM PEKYPPEHTHBIX (POPMYJI 1715l BBIYMCIICHUS] HEU3BECTHBIX.

Acumnroruueckuii meron onpeneneHus HJIC npou3BOIBHBIX HU30TPOIHBIX
macTuH U obosiouek paspadboran A.JL. T'ompaenseizepom, K.O. ®punpuxcom, A.E.
['puHOM. ACUMIOTOTHYECKAS] TEOPUSI AaHU3OTPOIHBIX MJIACTUH U 000JIOYEK MOCTPOCHA
JLA. AranoBsiHoM.

B Teopum aHM30TPOINHBIX IUIACTUH M OOOJIOYEK ACHUMIITOTHMYECKUNH METOJ
noyiyyms1 pazButre B paborax JI.A.AranoBsiHa u ero yuenukoB P.C. I'eBopksiHa,
A.M.Xauarpsna, M.JI. Aranossia, JI.I'. ['ynrazapss u np.
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N3ydennto B3auMOACUCTBUSA MJIACTHH U 000JI0UYEK C Pa3IUUYHBIMU (PU3NIECKUMU
NOJIAIMH C HCIIOJIb30BAHUEM ACHUMITOTUYECKOIO METOAa MOCBSIIEHbBI PabOThI
C.A.Ambapuywmsna, ['.E.barnacapsina, M.B.benybeksina, C.O.CapkucsHa,

K nacTosieMy BpeMeHu pa3paboTaHbl pa3IMYHbIE BAPUAHTHI (PU3UYECKU U T€O0-
METPUYECKU HEJIMHEWHOW TEOPUU YIPYTOCTH HM3OTPOIHBIX M AHU3OTPOIHBIX TEJ.
Co3naHue HOBBIX, PUKJIAJHBIX METOJIOB pacyeTa CIOUCTBIX OajoK, IJIACTUH U 000-
JIOYEK Ha OCHOBE JIMHEHHOM M HEIMHEHHOW TEOPUH YyHPYTOCTH, IPEACTABIAET O0Ib-
IOM TEOPETUYECKUN U TTPAKTUYECKUA UHTEPEC.

HuccepranonHas paboTa NOCBSIEHA NPOOJIeME HAXOXACHHUS M H3y4YEHUs
HaNpsKEHHO-€(POPMUPOBAHHBIX COCTOSHUM aHU30TPOMHBIX CIOUCTBIX IOJIOC U
IUJACTUH IIPM TOJHOM M HENOJHOM KOHTAKTax MEXAy CJIOSMH Ha OCHOBE
T€OMETPUYECKH HEIMHEHHOW TeopHH yIpyroctu. Marepuanbl CJIOeB 00J1agatoT
aHU30TPOIMENH caMoro ooOmero BUAAd. ACHMOTOTUYECKHM METOJOM HOCTPOEHBI
pemieHusi BHyTpeHHeW 3amaun. [loka3ana 3¢¢eKTHBHOCTh BHIOPAHHOTO METOJA IS
pacyeTa TaKMX 2JIEMEHTOB KOHCTPYKIIHM.

Leab padoThl 3aKJIFOYAETCS B HCCIENOBAHUY CIEAYIOIIMX BOIIPOCOB:

* HAXOXJEHUE AaCHUMITOTHKHA PEUIEHUS WU ONPEACIICHUS CaMOIr0 PElIEHUs IS
KpaeBbIX 3aJlay JIBYXCIOMHBIX aHU30TPOIHBIX MOJOC M IUIACTUH IIPU MOJHOM M
HEIIOJIHOM KOHTaKTaxX MEXAYy CJIOSIMM Ha OCHOBE TI'€OMETPUYECKH HEIMHEHHOU
TEOPHUH YIIPYTOCTH;

* BBIBOJI JUUIS1 PACUETHBIX MPUKIIAHBIX IPUIOKEHUN PEKYPPEHTHBIX (GOPMYIT ISl
BbrurciieHns H/IC aHM30TpONHBIX ABYXCIOWHBIX MOJOC W IUIACTHH IIPU IOJHOM H
HETOJHOM KOHTAaKTaX MEXAY CJIOSIMH, KOTJja aHU30TPOIus oOuiasi.

* IPOBEJCHUE CPABHUTEIBHOIO aHAIN3A PEIICHUN 1O JIMHEWHON U HEJIIMHEWHOU
TEOpUN YHPYroCTH M BbISBICHUHM H(P¢deKTa yuyeTa HEIMHEHWHOCTH B HCXOIHBIX
YPaBHEHHUSIX.

Hayuynasi HoBu3Ha. B pa0GoTe paccMOTpeH HOBBIM KJacc 3aj1ad Uil aHU30-
TPONHBIX JBYXCJIOWHBIX IIOJIOC WU ILNIACTHH HA OCHOBE I€OMETPUYECKH HEIUHEHWHOU
TEOPUH YIIPYTOCTH, KOTAa AHU3OTPOIHUs 00IIasl.

HaiiieHbl aCHMIOTOTHKH U MTOCTPOEHBI PELIEHUs KPAEBbIX 3aJa4 aHU30TPOIHBIX
JBYXCJIOMHBIX IOJOC U TUIACTUH, KOTJa Ha JULEBBIX IJIOCKOCTAX 3aJaHbl CMEIIAHHbIE
YCIIOBHSI TEOPUU YIIPYTOCTH, a MEXAY CIOSIMU — YCJIOBHSI IIOJIHOT'O MJIM HEIIOJIHOTO
KOHTAKTa.

ACHMITOTUYECKUM METOZOM BBIBEJICHBI CUCTEMBI pa3pelIalolIuX YPaBHEHUN U
pacueTHble (HOpMyIIbI AJIs ONpEAESICHUs] BCEX KOMIIOHEHTOB TE€H30pa HANpsKEHUH U
BEKTOpPA IEPEMEILECHUSA aHU3OTPOIIHBIX JABYXCIOHHBIX IOJIOC M IUIACTUH Ha OCHOBE
F€OMETPUYECKU HEIIMHEMHOWU TEOPUU YIIPYTOCTH.

VYka3zaHbl cilydad, KOTJIa yYeT HETMHEHHBIX YICHOB CTAHOBUTCS HEOOXOIUMBIM.

IIpakTHyeckass 3HAYUMOCTBH. Pe3ynbTaTel MCCIENOBAaHWN, NPUBEICHHBIX B
pabore, pacMpAOT 00JaCTh NMPUMEHUMOCTH aCUMITOTUYECKOIO METOJA, MO3BOJIS-
I0T PELINTHh HOBBIM KJIACC 3a7ad I CIIOMCTBIX aHWU30TPONHBIX Tesl. Pe3ynpTarhl
MOTYT OBITh HMCHOJI30BaHbl B KOHCTPYKTOPCKMX OIOpO MO HOBOM TEXHUKE, B
(GyHIAMEHTOCTPOCHHUH, CEWCMOJIOTUH U p. 00JIaCTSX.

O00CHOBAHHOCTh M [IOCTOBEPHOCTH TOJIYYEHHBIX PE3YyJbTAaTOB OOECHEUYEHbI
IIPUMEHEHUEM U3BECTHBIX IIOCTAHOBOK 33Ja4, CTPOrMX MATEMATHYECKUX METOOB, a
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TaK)K€ COBIIaJICHUEM HEKOTOPBIX PE3YyJbTAaTOB BBITEKAIOIINX, KAK YACTHBIE CITy4a, U3
MOJIyYEHHBIX aBTOPOM, C PaHEE U3BECTHBIMH.

AnpoOauus padorel. OCHOBHBIE PE3yNbTaThl JUCCEPTALNU JOKIAABIBAIUCH U
00CYKIaTUCh:

* Ha MexayHapoHON 1IKOJe—KOH(]. MOJIOABIX y4yeHbIX, mocB. 70—neturo HAH
Apmennu. [axkanzop, 1-4 okts6ps, 2013.

ena VIII u IX Mexnaynaponusix koHpepeHusax «lIpobmembl auHAMUKH
B3aumoencTeus aedopmupyeMbix cpen». I'opuc—Crenanakept (2226 ceHTSABpA,
2014, 01-06 oktssps, 2018).

*Ha ceMmHuHape «MeTonpl pacyeTa TOHKOCTEHHBIX cuctemM» HMHcTuTyTa
mexanuku HAH Apmenun (2019 1.);

* Ha o01eM cemuHape Mucrturyra mexanuku HAH Apmenun (2019r.).

*Ha ceMmMuHapax Kadeapbl MaTeMaTUKH ApLAXCKOrO TOCYAapCTBEHHOIO
yHuBepcureta (2012-2019 r.).

[Myoankanmu. OCHOBHBIE PE3yNbTaThl JAUCCEPTAMOHHOM pabOThl OMyOIMKO-
BaHbI B 7 paboTax, CIHCOK KOTOPBIX MPUBOJUTCS B KOHIIE aBTOpedepara.

CTpyktypa u o0bem paboThl. /uccepranvonHas pabora msnokeHa Ha 105
CTpaHMIIAX, BKJIOYas BBEICHUE, TPU TJIABHI, 3aKioueHue, OudmmorpaduyecKkuit
CIIUCOK, cojepxkamuii 149 HauMeHOBaHUI LIMTUPYEMOM JINTEPATyPhl U 2 PUCYHKA.

COILEPKXAHUE PABOTHI

Bo BBegneHmu 000CHOBaHA aKTyaJlbHOCTh JHCCEPTALIMOHHOW pabOTHI,
cOpMyIUpPOBAaHbl 1IEJIM W 33Ja4d HUCCIENOBAaHMS, HAETCs KpaTKui 0030p padot
OTEUECTBEHHBIX U 3apyOE€kKHBIX aBTOPOB, CBSI3aHHBIX C PACCMOTPEHHBIMU B JIUCCEpTa-
MU BOMPOCAMHM, a TaKXKEe KpaTKoe cojepkanue paboTel. B 00630pe Hanbosiee mojHO
OTpa’XE€HbI UCCIIEJOBAHMSI, B KOTOPBIX HUCIIOJIb3YETCSl aCUMITOTUYECKUI UM OJIM3KOE
K HEMY METOJIBI.

B nepBoii riaBe METOIOM aCUMITOTHYECKOIO MHTETPUPOBAHHUS JBYXMEPHBIX
Ir€OMETPUYECKN HEJIMHEHHBIX YPaBHEHUH TEOPUM YIPYTOCTH IOJy4YEHBI paspe-
LIAIOUIUME YPaBHEHUS M COOTHOLIEHUS Ul OINPENENICHHMS U aHaIW3a HANPSKEHHO-
1e(pOPMUPOBAHHBIX COCTOSHUM JABYXCJIOHHBIX aHU30TPOMHBIX MOJOC MPHU MOJHOM U
HEIIOJIHOM KOHTAaKTe MexAy ciaosaMu. Clou mojoc 00J1ajatoT aHU30TPONKEN 0011Iero
Buja. IlocTpoeHbl pelleHHsl, COOTBETCTBYIOIIME BHYTPEHHEMY HAIPSKEHHOMY
cocTtosiHu0. [lokazaHo, YTO HalJIEHHbIE ypaBHEHUS W COOTHOLIEHUS B IIEPBOM
MPUOJMKEHUN COBIAJAIOT C COOTBETCTBYIOUIMMHU YPAaBHEHUSIMH U COOTHOLIECHUSMHU
T€X JXK€ 3aJa4 B JIMHEWHOM IIOCTaHOBKE. PacCMOTpEHBI UHCIIEHHBIE INPUMEPBHI U
MOKa3aHO, YTO IMONPABKU, OOYCIIOBJICHHBIE HEIMHEHMHOCTBIO 3a/auu, MPOSBISIOTCS
HAa4YMHAasi C TPEThErO MPUOIMKEHHUS.

B nepsom napacpagpe riaBbl CTaBSTCS KpaeBble 3ajaya sl JIBYXCIOMHBIX
AQHU3O0TPOIHBIX MOJIOC JUIMHOW / ¥ IIUPUHOM 2/ TPU MOJHOM U HETIOJIHOM KOHTAKTe

Mexay ciosiMd. CUNUTAeTCs], YTO CJIOM UMEIOT Pa3JIMYHbIC TOJIIUHBL /1, KOIPPuIm-
(%)

i

€HTBI YIPYTOCTH a, ',k — HOMEp cnox(k = 1,2).

VYcnoBus Ha MPOAOTBHBIX KPOMKAX 33JIal0TCS CICTYIONTUM 00pa3oM:
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og(;) =&'o) (x), O'S) =&'o; (x), npu y=h,

(1)
o

— o4 (2) — 23~ —

=& ny(x), vW=¢gvy (x), npu y =—h,

re & =h/l reomerpudeckuii Masblii mapameTp.

Ha nmHumM pasjiena ciioeB 3aJaH0 OJTHO U3 CICAYIONINX YCIIOBUH KOHTAKTA:
3agaya 1. Ha muauu pa3zaena cioeB y =0 3alaHbl YC108USL HOTHO20 KOHMAKMA:

o =g Gl =g Y0 =@ 0 =0 2)

xy xy 2 y »

3agaya 2. Ha nuHum pasgena cioeB y =0 3a4aHbl CIEAYIOLUIAE YCIOBUA
HETIOJTHOTO KOHTAKTA (CKONb3AWUL KOHMAKN):

o) =g gl =g L0 =@ @ _ 0 f(x) 3)

xy xy y y

3apaya 3. Ha nunum pasgena cimoeB y=0 3amadbl yCJIOBHUS HEMOJHOTO
KOHTAKTa — 3aKOH pacnpeoeieHuss MmaH2eHYUAIbHBIX HANPSHCeHUL:

(1) (2)

_ o _ -2 _ 0 _ 1,2
o,/ =0",0/=0,=f(x),v’ =v 4)

®yukius  f(x) B (3) m B (4) cumraerca 3aJaHHBIM M B 3aBHCHMOCTH OT
BBIOpAaHHOM MOJIETTM KOHTaKTa, MOKET UMETh Pa3JIMYHBIN BUL.

Tpebyercss HaWTH pelIeHUE ypaBHEHUM TeOMETPUYECKH HEJIIMHEHHON Teopuu
YIPYTOCTHU JJI1 aHU30TPOITHOM JIBYXCJIOMHOM IOJIOCHI, KOTJla HA HUKHEN U BEPXHEU
CTOpOHAaX TMOJIOCHl 3adaHbl yciaoBus (1), a Ha JMHMM pa3zdena CIOEB — YCIOBHS
MOJTHOT'O WJIM HEIOJHOI0 KOHTaKTa (2) — (4).

Bo emopom napacpage nns pemienus cHopMyIUpPOBAHHBIX KPaeBbIX 3aj1a4y
npeoOpazyeM TE€OMETPUYECKH HEJIWHEWHbIE ypaBHEHHS TEOPUU  YIPYTOCTH
aHU30TPOIIHOTO TeNa, BBOASA Oe3pa3sMepHYyl0 KoopauHaTHyio cuctemy & =x/1,
¢ =y/h, a taxxe 6espasmepnsic nepememenns U =u® /1, V' =y /1 B pesyns-
TaTe TOJYYHM, COJEPIKAILYI0 Masbli mapamMerp & =/h/l npu NpoM3BOIAHBIX, CHHTY-

JIIPHO BO3MYIIEHHYIO CHUCTEMY, PEIIEHHE KOTOPOM CKJIaAbIBAETCS W3 JIBYX THUIIOB
pElIeHN — BHYTPEHHEr0 U THUIIA MTOTPAHUYHOTrO cjiosl. Pemenne BHyTpeHHEN 3a1aun
UIIETCs B BUJE CHEIU(PUYECKUX PSIOB IO CTENEHSIM MaJjioro napaMmerpa

s
Q(k) = g% ZSSQ(U) (5)
s=0

rae Q" (5,4“ ) 1r000€ 13 HallpsHKEHUH Uil 0e3pa3MepHBIX EPEMEIEHHUH, S — YHuCIIo
npubmwkenuit. Ilenoe uucino ¢, noxdupaercs Tak, 4TOOBI IMOJy4HsIach HENPOTH-

Bopeunsas cucrema s onpenenenns 0 (£,¢):

q, =3 4 O'J(Ck),aik),U(k),V(k),qk=4 g o) (6)

Xy

OTa acMMIITOTHKA, MO CYTH, HE OTJIMYAETCS OT TOM, YTO MpUMEHsSIAch A
pemieHuss Tex ke 3amad B JUHEHHOW Teopuu yrpyroctd. OmHako 371ech, YTOOBI
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MOJIYYUTh UTEPALMOHHBIN MPOLECC, ACUMITOTUYECKOE IpenacTaBiieHne (5) HeoOXo-
JUMO HAaYMHATh C MOJIOKUTEIBHBIX CTEMEHEeW Manoro mapamerpa. AcumMntoTuke (6)
cooTBeTCTBYeT BBIOOp mpencraieHuss (1). IloacraBuB (5) ¢ yuerom (6) B
peoOpa30BaHHYI0 CUCTEMY N€OMETPUYECKH HEJTMHEWHBIX ypaBHEHUN W NMPUpPABHU-
Basi KOA()(PULIMEHTHI IPU OJIMHAKOBBIX CTENEHSAX & , MOJIYYUM HOBYIO CUCTEMY, KOTO-

pasi UHTETPUPYETCSI OTHOCUTENIbHO ¢ . MHTerpan coiep>KUT HeU3BECTHbIE (DYHKIIMU

unterpuposamus  o's(¢), ol)(€) ul™) (&), W) (&), wortopie ompenmensiotes ¢

MIOMOIIIBIO0 TPAHUYHBIX ycloBui (1) u ycnoBuii koHTakTa (2) — (4).

B mpemvem napacpaghe paccMOTpeH BOIIPOC OIPEACTICHHs HaMpsHKEHHO-
neOpMUPOBAHHOTO COCTOSIHMS B IUIOCKOM KpaeBOM 3ajaue Jis aHU30TPOITHOM
CJIOMCTOM MOJIOCHI 110 TEOMETPUUYECKH HETMHEWHON TEOPUU YIPYTOCTH MPU YCIOBUSIX
(1) Ha TPOJOJIBHBIX KPOMKAX M YCIOBUSX MOJHOTO KOHTaKTa (2) MEeXAy CIOSMHU
(3amaya 1).

VY 10BJIETBOPUB YCIOBUSIM MOJHOTO KOHTAaKTa (2), MOJIyYHM

_ o) ) g29) 1) _ ) () (29) 7

(1)
o w0 s Vo " =Vo LUy T = U

xy0 o

yo 0
YoBneTBOpuB TpaHWYHBIM ycloBusM (1), IS HEU3BECTHBIX (PYHKIUI

UHTETPUPOBAHUSI O'%’S) (&), 0')(55) (&), v(()k’s) (&) momydanm

Gj(}lés) _ O_;—(s) _ O_;(l,s) ( é:, é/l ) , v(()l,s) _ v—(s) _ v*(z,s) (é:, 4/2) (8)

0 gl 2. (Ls)

Ls +(s a o 0 ]. d Uu #(1,s

)(cyo)_ xy()(ﬁ) a12 S d;ﬁ +a(1) ¢ dgz _Gxi )(9&94:1)
11 11

Jlns onpenenenns u!™

NOJIy4uM U PepeHIInanibHOe YpaBHEHUE

Ci— 5= p(S) ©)

() e do™ 4o EC
p()ZO';y—O';y+ 124/1 1(22)4/2 y %%y ( 1)

11 ap de de
Hol(£.6) - (6.8))
C,= é(/l 4/2 , 6 = 1’4:2:_£
a'

11 11
BriBesieHHbIE ypaBHEHUSI U COOTHOILIEHUS B HYJIEBOM NMPUOIMKEHUH COBIAJAIOT
C COOTBETCTBYIOLUMHU YPAaBHEHUSMU U COOTHOLICHUSMM AHU3OTPOIIHBIX I10JIOC IIPU
JIMHEWHOW IOCTAHOBKE 3aJa41
B uemeépmom napacpaghe paccMoTpeHa IJIOCKas KpaeBas 3ajada A aHU30-
TPOMHOW JIBYXCIIOMHOM MOJIOCHI NpH ycaoBusAX (1) Ha MpOAOJIBHBIX KPOMKaxX U MPHU
HETOJHOM KOHTaKTe MEXIy ciosmu (3) (3amaua 2) .

7
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[Tonp3ysich OOMMM pEIIeHHEeM U YAOBICTBOPUB YCIOBHUSM HETIOJHOTO KOHTAKTa
(3), moyuum

O-)(C)l;(;) _ O-)(OZ/E;), G}(}l(;s) _ O_)(j),s)’ v(l,s) _ v(2,s)’ u(Z,s) _ u(l,s) n f(v) (é:) (10)
rac
FNE) = £ (1), £ (E)=0mpn s> 0. (11)

VY noBieTBOpuB IpaHUuHbIM ycioBusiM (1), momyuum craenytroiiee AuddepeH-

1,s
MHUAJIBHOC YPABHCHHUC IJIA OIPCACIICHUA IICPCMCIICHU A u( ?) .

T AT

déjz 2 d§2 p ( )
rae
Cl:%, C,=—— C= 4@)‘ %)
11 all all all
(1) (2) do® dO'*(l’S)(cf é’)
(s) _ - + | G a, v v 51
P =0~ +| g - - !
T [f? -l J dg dg

+Hol(£6)-0(£.4))

Jlnst onpenenieHrs HeU3BECTHBIX (DYHKIIMM UHTETPUPOBAHUS O'S;’s) (f), o) (5)

" w(k’s)(f) TOJTy9UM (OPMYJIBI

2,8 +(s *(1,s K ,8 —(s *(2,s
o =0§o ) =c7y()—c7y( )(594«1) W) =) 2 )R (£ ),
1) da(l,s) 1 d> (Ls)

(Ls) _ _(25) _ __+(s) a, 0 u, *(L,s)
O-xO _Gx*O _O-x (5)_ 1 é/I + 1 é/ _Gx (g’é/l) (13)

o g dg a7 de
ocV=c*, =0, v 0=y, =5"=0,v"=0, s>0

xy xy y y xy y

Bbonee nmoapoOHO pacCMOTpEH MOJIENIb HEXKECTKOT0 KOHTaKTa. [IpuHuMaetcs
[

C B ZZGS’) (x,0) (14)

rae kodduiueHt y mnocrosiHHas BenumuunHa. [IpeaenbHoMy ciydyaro y — 0 coot-

BETCTBYET JKE€CTKHU (TIOJIHBII) KOHTAKT, IPYroMy NpeNeJbHOMY CIy4ar Y —> o0 —

. (UE B,
CKOJIB3AIIHNHY KOHTAKT O'xy =0, =VU.

OcranbHble XK€ yCIOBHUS KOHTakTa (3) ocrarorcss HeM3MeHHbIMU. [IpuHHMas

[
ycnosue (14), TeM caMmbiM, MBI 331aeM QYHKIHIO f(x) = Z;aﬁi)(x,o) , 4TO B CBOIO

ouepenib, nocaeaHee ycnosue (10) mpeBpamiaeT B yCioBUe

8
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u®) =u"™ + ;(af;’g) (15)

B urore ypaBuenue (12) npuHumaeT BUA

d2u(1,s) d4u(l,s) 9
C 17 _chczd—g“:p (16)
o e dza:y(s) B dZO';(,]’S) (é’é’l ) ~ é, al(;) dSG;(s) B d3o_:(l,s) (é:,é’l) (17)
p - p Z 2 d§2 d§2 a(l) dé:3 d§3

VYpaBuenue (16) npu y =0 coBmamaer ¢ ypaBHeHueM (12). Ecim y #0, To
ypaBHeHHe (16) yXe HMeeT YeTBepThId MOPSAOK, TO €CThb MOJENb HEXKECTKOro
KOHTaKTa MPUBOJUT K MOBBIIMICHUIO MOPSIKA pa3peiaroninX ypaBHEHUH.

B namom napaepaghe paccMoTpena 1uiockasi Kpaepasi 3aj1a4ya Jisi aHU30TPOITHON
JIBYXCJIOMHOW MOJOCHl MPU TPAHUYHBIX YCIOBUAX (1) M OpH HEMOJHOM KOHTAaKTE
MEXKy CIoIMHU (4).

[Tonb3ysch OOIKUM pelIeHHEM U yIOBIETBOPHUB YCIOBUSM HEIMOJHOTO KOHTaKTa
(4), monyuum

G gy gl gt _ 00 (49

0 y0 xy0

rae f (S)((f) ompenensercs mo dopmyie (11).
VY 10BIIETBOPUB TPaHUYHBIM yCiIoBHsM (1), onpeznenseM Hen3BECTHBIE (DYHKIIUU

MHTErpupoBaHusi o (), o

o 0 (5) U v(k’s)(g‘) , @ JUIs BBIYMCIIEHUS NEPEMEILEHUS

k,s
u' )(f) , TTOMy4uM audQepeHnraibHble YPaBHEHUS BTOPOTO TOPSAKA C MOCTOSH-

HBIMH KO3 UIIHMEHTAMU:

d*u™ ) )
G =/O+p", (k=12) (19)
rae C, =%,sz = %) , afy(o) =0, ofy(s) =0,s5#0,
all 11
(k) do™  do ™) 3
K H(s a o o ’g *(k,s
pk( ) :_ny( ) + 1&) é/k vy y ( 1) +O—xik )(éz,é/k) (20)

a, dg dg
VYpaBHeHusa (19) oTauyaroTCs OT COOTBETCTBYIOUIMX YPAaBHEHHH NPH MOJHOM

KOHTAKTC MCXKAY CJIOsIMH TCEM, 4YTO BO-IICPBBIX, BMCCTO OJHOIO YpPaBHCHUS IIpHU
IMIOJIHOM KOHTAaKTC, 3/1ICCb UMCCM JIBd YPABHCHUSA OTHOCHUTCIBHO JIBYX HCpCMCI]_IeHI/II\/'I

u(k’s)(f) , BO-BTOPBIX, B TpPaBbIX dYacTsax ypaBHeHud (19) comepxkutcs ¢yHKIUS

7 (5 ) , KOTOpasi B 3aBUCUMOCTHU OT BbIOpaHHOW MOJEINH, MOKET MOBBICUTDH MOPSIIO0K

g depeHnaIbHbIX YpaBHEHHI.
Ecnu ciion B3auMOIEHCTBYIOT 110 3aKOHY cyxoro TpeHus Kynona, To

ol =0t =200, [ =10\ = x(0)" — 0 (£.4)) 1)

9
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U, Kak cieacTtsue, u3 (19), ¢ yuerom (21), noyuum

d2u(k,s)
Ckk d 2
g

=pv (22)

rae 1_7;(:) = Z(U;(s) - O':(l’s) (5, - )) + p,(f) , = const — KO3 (PULIUEHT TpeHusl.

B wecmom napacpaghe paccMOTpeHBl WILTIOCTPHUPYIOIIME MpuMephl. B gact-
HOCTH, PACCMOTPEH MpPUMEpP, KOT/Aa Ha HW)KHEW W BEPXHEW CTOPOHAX JBYXCIOWHOU
MTOJIOCHI 3aJ1aHbI YCIIOBUS

+ _ _+ o
o, =T =const, O, =—p=const

(23)
o, =T =const,v (x) =0

a Ha JIMHUU pa3Jiena clioeB y =0 3aJlaHbl YCIOBUS HEMOJIHOTO KOHTaKTa (4), rie

f@) =yl = x(0)" =" (&,¢))

[Tonb3ysice penieHUEM 3aAadyd 3 M BBIYUCISIS NPUOIMKEHUS A0 § =3 BKIIO-
YUTEJIBHO, MOJIYYUM:

aff) :a}(f) =—p, O'f;) :—;(p[l—gj+r+, ag) :—;(p(l—g]+r‘

1 2

(1) + 2 +
o_dp 1 ae Japr)E(5(xptr)
o= gip g lapr e )Em 2,

-1 |+

(24)

(1) - (1.0) (1)
g(al(zp+7) Al
+Zl al(i) p—()[p-i'f) é’ +Wp +

1 ap

(1.0) + (1.3) 1) (1.0) (LD (1.2)
+C1 1_}(p+2' é: 6‘3—C11 €3+a112(;{p+f+)2§283+cl +C1 6‘+C1 6‘2
1 a( ) 441 1 1 41

11

Ha »Ttom mnpumepe mnompaBku, OOYCIIOBJIEHHbIE HEIMHEMHOCTBIO 3aJauH,
MPOSBIISIIOTCS, HAUMHAS C MPUOTMKEHUS s > 3 .

W3 (24) BuAHO, 4TO JIMHEHHBIM 4WwieH B Qopmyie as 03(51) UMEET MOPSAIOK
O( xp+ Z'+), a HEJIMHEMHBIN YJIE€H — MOPAIOK O(g3 ( yp+t’ )2) W3 BeIpaxeHus uis
nepemertenuss U ) (OHO 31€Cch HE NMPHUBOAUTCS) BUJIHO, YTO OHU MMEKOT COOTBET-
CTBEHHO TOPSIIKU O(al(i) (;(p + 2'+)) u 0(83 (al(i))z ()(p +7° )2)

Bo BTOpOIi riaBe paccMOTpeH BOMPOC OMpeAesieHUs] HanpsLKeHHO-IehopMu-
POBAaHHOI'O COCTOSIHMSI JABYXCIIOMHOW AHHU30TPOIHOW IUIACTHHKHU, CJIOU KOTOPOU
oOnanaroT aHu3oTpomnuei obuiero Buaa. Haiiiena acuMnToTHKA U U3 TEOMETPUUECKU
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HEJIMHEWHBIX YPAaBHEHUW MPOCTPAHCTBEHHOW 3aJ1a4d TEOPHUHM YNPYTOCTH BBHIBEIICHBI
nByxMepHble nuddepeHnnanbHble YpaBHEHUS C YaCTHBIMH TPOW3BOAHBIMH IS
pacdera JBYXCIOMHOM aHM30TPONHON TIUIACTUHKHU. BbiBeneHsl (OpMyasl s
ONPEIEIICHNs BCEX NepeMeIleHU U HanpspkeHuid. [Ipeanonaraercs, 4To Ha BEpXHEn
JMLEBON IUIOCKOCTH IUIACTHHKY 3a/aHbl 3HAYEHUS COOTBETCTBYIOIIUX KOMIIOHEHT
TEH30pa HaIPsDHKEHUN, HA HW)KHEH — CMEIIAHHBIE YCIIOBUS TEOPUM YIIPYTOCTH, a Ha
IJIOCKOCTH pa3Jielia CIOEB — YCJIOBUs MOJIHOTO KOHTAKTA.

IToka3aHo, 4TO BBIBEJCHHBIE ACUMIITOTUYECKUM METOJOM YPAaBHEHHS U COOTHO-
IICHUS JUIsl HYJIEBOTO MPUOJIMKEHHUSI COBMAIAIOT C YPAaBHEHUAMHU JTUHEHHOM MIOCKON
3a7a4¥ aHU30TPOITHOW JIBYXCJIOWMHOM IIACTUHKH, KOTJa JUId Ka)KJI0r0 CJIOSl UMEETCS
IJIOCKOCTh YIIPYTOM CUMMETPHH, ITApAIUICIIbHAS CPEAUHHON INIOCKOCTHU IUIACTUHKMU.

B nepsom napacpaghe tnaBbl CcTaBUTCS KpaeBas 3ajnaya Juisl JABYXCIOWHOU
AHU30TPOINHOM IIJTACTUHKU JUIMHOW / W IIUPUHOM 2/ IIPU NOJHOM KOHTAKTE MEXKIY

cioaMu. CuMTaeTcsi, 4To CJIOM MMEIOT Pa3IMyHbIC TOJNIIUHBI 7, , KOAPPUIUCHTHI
(%) _
YOPYrocTd @, . 3ajada pemracTest Npu CIHEAYIOMIMX YCIOBHAX Ha JIMIEBBIX IIOC

KOCTSIX IUIACTUHKH z = /i,

h + +
o= n o.(xy),0,= n o (x,y), 0.

4 4 4
7 G;(xay)a Z:hl

4
w= 7 w(x,y), o= ? o.(xy),0,= ?) o.(xy), z=-h,

(25)

3 4

" YCJIOBHUAX ITOJIHOTO KOHTAKTA MCKAY CIIOSAMMH. IInockocTh oTCcUeTa Oxy COBIIaacT

C INIOCKOCTBIO pa3acia CJI0CB, IIapaJyICJIbHA JIMICBBIM INIOCKOCTAM IIJIACTUHKH.
VY ciioBHs TOJIHOTO KOHTaKTa UMEIOT BU

0260, 60 =6, ) = ") =y W) =y ) = (26)

O =

Xz

Kpaesbie ycnoBust Ha Topuax x=0,a u y=0,0 He KOHKPETU3UPYIOTCS, UMH

00yCJIOBJICH TTOTPAaHUYHBIN CIIOM.
TpeOyeTcst HaliTH pelIeHre TeOMETPUUECKH HETMHEHHBIX YpaBHEHUHN TPOCTpaH-
CTBEHHON 3aJaud TEOpUU YNPYTOCTH AHM3OTPONHOTO Tela B  o0JacTu

Q= {(x,y,z) :0<x<a,0<y<b,—h,<z<h| upu ycnoBusx Ha JMUEBBIX IIOCKOC-

TSX MJIACTUHKY (25) 1 yCIOBUSAX MOJHOTO KOHTaKTa (26).
Bo emopom napacpage nns pernieHus NOCTaBICHHOW KPaeBOW 3a/Jaydl B TpeX-
MEpPHBIX YpPaBHCHHUSX TEOPUH YIPYTOCTH BBEIEM Oe3pa3MEepHbIE TIepeMEHHBIC

E=x/l, n=y/l,¢ =z/h n 6espasmepnsie nepememenns U =u™ /1, 7" =M /1,
) :w(k)/l, riae [— XapakTepHbId pa3Mep IUIAaCTUHKU (h << l). B pesynbrare
TMOJIyYMM CHCTEMY, COIEPIKAIYI0 Maiblii mapameTp & =/h/l Tpu TpOU3BOIHBIX,

peILIeHNEe KOTOPOM CKJIAABIBACTCS U3 JIBYX TUIIOB PELICHUN — BHYTPEHHETO U THUIA
MOTPAHUYHOTO cJosi. PellieHre BHYTpEHHEW 3a/iaud MIIETCS B BUIE CyMMBI (5), rae

0" (£,m,¢) moboe n3 HanpsukeHuH WM Ge3pasMEpHBIX epeMelennii, S — 4ncio

npubnmxennit. Llenoe uncno g, mnoaOupaercs Tak, YTOObI MOJIY4YHIACh HENPOTH-
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Bopeunsast cuctema s ompegenenus OV (&£,7,¢) . Onu nopbuparorcs ciefy-
IOIIUM 00pa3oM

g, =3 s o, 6" 61 oUWy .0 =3 pg o, g 27)

y Xy Xz vz

[ToacraBuB (5) B mpeoOpa3oBaHHBIC, BBEACHUEM O€3pa3MEpHBIX KOOPAMHAT U
0e3pa3MepHBIX KOMIIOHEHT BEKTOpa IMEpEeMEIICHHs, YPaBHEHUS TEOPUH YHPYTroCTU
aHU30TPOIMHOTO TeJa, ¢ y4eToM (27), MOJyYruM HOBYIO CHUCTEMY MJISl ONpEICICHUS

0"(&.7.¢) , pemmns xotopyro, nony<im

Gik,s) ZGEI(;,S) +G:(k,s) , U(k,s) :u(k,s) +u*(k,5)’ (u,V, W)

: ou'" o' o™ o 5 . otk
o =g A g 2 g B 2 g
n n
? au(k,s) 8\}(/{,3) au(k,s) év(k,s) ? s
o' =B 5 + B 5 +BY P 5 +colt) + o™, (28)
n n

ao(k,s) 8G(k,s)
O_)(:,s) — _|:L“ (B;.k) )u(k,s) " le (B;.k) )v(""‘)]é’ _ agk) 20 Cik) o £+

Xz

+ a"‘g‘) + aik’s)» (Lx, é,u,ai");z,y,n,vabik))

rae L, (ijk)) U3BeCTHBIC MU PepeHIIaATbHBIE OTIEPATOPHI.

Hemssectrbie ¢yHkuun narerpuposanust o', o', o', u) v w*) onpe-

JEJSI0TCS C MOMOIIBIO ycloBuid (25) u (26). BennuuHsl co 3BE310UKaMH, BXOSIIUE
B (Qopmynsl (26), kak OOBIYHO, U3BECTHBI A Kaxkaoro mpuOmmwkenus. Croga xe
BXOJAT 4JIEHBbI, OOYCJIOBJIEHHBIE TI'€OMETPUYECKH HEIMHEHMHOCTBIO IOCTaBICHHOM
3aJ1ayu.

B mpemvem napacpaghe wucnionnizys peuienue (28), yAOBJIETBOPUB YCIOBUSIM
MOJIHOTO KOHTaKTa (26), mojrydyum

) = ) 2 ) ) 29 ) () )

O_(l,s) — O_(Z,s) O_(l,s) — O_(Z,s) (1,5) _ O_(Z,s)

z0 z0 xz0 xz0 2 vz0 vz0

(29)

Y IOBIIETBOPUB TIOBEPXHOCTHBIM YCIOBUAM (25) OMNpenenseM HEU3BECTHBIE
s .8 K k,s
¢ynxkumn unterpuposanus o',),o) o%, W | a mma onpenenenus nepeme-

z0
mennit #", V" momyaum cucremy ypasHeHuii

L, (Ci/' )u(S) +L, (Ci/ )V(S) = pl(S)
A A .

J

rae p” u p!” 06obIIeHHbIe HArPY3KH.
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Jlerko yoenutbes, uro npu § =0 cucrema ypaBaenuit (30), Kak B TOH e 3a1a4e

JUISL OJTHOCTIOMHOM TUTACTUHKH, COBMIAJAeT C YpaBHEHUSAMH JIMHEHHON 0000IIEHHON
IJIOCKOM 3ajayu, KOTJa HMEETCS IUIOCKOCTh YNpyro cummerpuu. Jns mpuo-
mkeHnd § >0 MEHSFOTCS JIMINb MpaBble YacTH ypaBHEHUH, KyJa BXOIAT KOd(pdu-

IIUEHTHI, XapaKTePU3YIOIHUE OOIIYI0 aHU30TPOIIHIO, & TAKIKE YJICHBI, 00yCIIOBIECHHBIC
F€OMETPUYECKH HETUHEMHOCTHIO YPABHEHUN TEOPUU YIIPYTOCTH.

B uemeépmom napacpaghe nipuBeicHbl YpaBHEHUS U pacdyeTHbIC (HOPMYIIBI s
JIBYXCIIOMHOW TJIACTUHKUA U3 OPTOTPOMHBIX MAaTEPUAIIOB.

B namom napacpage B KauecTBe WUIIOCTPALUU, PACCMOTPEHBI YACTHHIE
npuMepsl. B dacTHOcTH, paccmoTpeH crneayromui npumep. I[lycte nmacTuHka
Harpy»K€Ha TOJIbKO TaHT€HIIMAIIbHBIMU CUJIaMU

V/d 7l /4 /4
. L . .
o, =7sin—x=7sin—¢&,0, =7,sin—y=17,sin—7n (31)
a a b b
c.=0,_=0.=0,w =0
yz z

['panuunbIe ycaoBusi:

u=0,w=0 mnpu x=0,x=a

(32)
v=0,w=0 qnpu y=0,y=>b
B HyneBOM npuOIMKEHUH TOTYyYEHO PelieHNe
2 2
(k0 _ L(ij 7 Sin”_lg V("’O):L[ij 0 sin”—ln
c, \xl) " a’’ C,\xl) > ~b"
WO — 0. 5k = 50
(k) (k)
ko) _Bj'[ a (0) 7l B, ( b J (0) 7l . e e
o =——| — | 'cos—E+—=—| — |7, ' cos— x,v;&.na,b;1,2 33
x Cll(ﬂ'ljl a§ C, \ i 2 b77(y577 ) (33)
(1) (1)
(L0) _ 11 B (10) _ B, (o) . 7l
o= sm— o, 1+—== (¢ — 7, sin—1n,
Xz CH (é/ é/l) a § C22 (é’ 4/1) 2 b 77
(2) (1) (2) (1)
(2.0) _ By Bll 7l (2.0) _ B, Bzz 7l
o =1+—— % sin == o, I+—= %) gin —
o C =g - C. — ¢ |7 » S, C, - C. —=q | P

Oddext 00yCIOBICHHBIN TE€OMETPHUYESCKN HETMHEWHOCTHIO MCXOJIHBIX ypaBHE-
HUW TEOPUU YIPYTOCTH TAKIKE MPOSIBISAETCS HAUMHAS C MPUOTIDKSHHS § = 3.

B Tperbeil riaBe HaliJlcHAa ACUMITOTHUKA U W3 F€OMETPUUYECKU HEITMHEMHBIX
YPaBHEHUW NPOCTPAHCTBEHHOW 3a/laud TEOPUM YNPYTOCTH BBIBEACHBI JIMHCUHBIC
IByXMepHble uddepeHInabHbIe YPaBHEHHUS C YAaCTHBIMU MPOU3ZBOJHBIMH IS
pacdera JBYXCJIOMHOW aHWU3OTPOITHOM IUIACTUHKHU, HA BEPXHEW JIUIEBOM IJIOCKOCTH
KOTOpPOM 3aJlaHbl 3HAYEHHSI COOTBETCTBYIOIIMX KOMIIOHEHT TEH30pa HaNpsHKEHUM, a
Ha HI)KHEW — CMEIIIaHHBIE YCIOBUS TEOpUH yripyrocTu. Ha miockoctu pasziena cioes
3aJlaH 3aKOH PACIIPENICJICHHUS] PA3HOCTH TAHTEHIMAJIbHBIX MEPEMEIICHUN W 3aKOH
pacnpenesneHus TaHT€HUHAIbHBIX HalpsokeHud. [IocTpoeHo pelleHue BHYTpEHHEU
3aa4d M TI0Ka3aHO, YTO KOIJa Ha IUIOCKOCTH pasliena CJI0€B 3aJaH 3aKOH
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pacrpeneneHuss pasHOCTH TAHTECHIMAIBHBIX IIEPEMEIICHUM, TO A3TO IPUBOIUT K
MOBBIIICHUIO MOPSIIKA pa3perarmux uddepeHIaibHbIX ypaBHEHUH.

B nepeom napacpagpe ctaBATCS KpaeBble 3a7aun AJIs ABYXCIONHOW aHU30TPOII-
HOM IUTACTMHKHM, HAa JIMUEBBIX IUIOCKOCTAX KOTOPOW 3adaHbl ycioBus (25), a Ha
IUIOCKOCTH pa3fiena CJI0€B — yCIOBHS HEMIOJHOTO KOHTAKTA.

3apaya 1. Ha nockoctu paspena cinoeB z =0 3agaH 3aKOH paclpelIeieHUs

Pa3HOCTH TAHI'CHIOHUAJIbHBIX HepeMemeHHﬁ

o =a, o =0, o) =o'
(34)

2 _,,0 @ _,,On
u’=u +f1(x,y), v=vy +f2(x,y)
3agaua 2. Ha miockoctu pasmena cioeB z =0 3aJaH 3aKOH paclpeiciICHUS
TaHTCHITUAIBHBIX HAIPSDKCHHH

O.(1) _ (2),w(') — W<2),G)(;) — O'S) — f1 (x,y),(f}(/_lz) — O-S) — f2 (x,y) (35)

z z

TpeOyeTcst HailTH pelieHHe TeOMETPUYECKH HETWHEHWHBIX YpaBHEHHM Mpoc-
TPAHCTBEHHOM 3aJa4M TEOPUU YNPYrOCTH AHU3OTPOIHOrO Tejla MPH YCIOBUAX Ha
JIMIEBBIX MJIOCKOCTSX (25) U yCIOBUSAX HEMOJIHOTO KOHTaKTa cioeB (35) unu (35).

Bo emopom napacpaghe moxazaHo, TO HalAeHHOE OOIIee pEUICHHE TeOMET-
PUYECKM HEIMHEWHBIX YPAaBHEHUM INPOCTPAHCTBEHHOM 3a7a4v TEOPUH YIPYTOCTH
(28) M0XXHO MCTIOJIB30BATH JIJIsl pEIICHUs KpaeBbIX 3a1a4 (25), (34) u (25), (35).

B mpemvem napacpaghe naiinen oOumuii mHTETpan kpaeBou 3amaum (25), (34),

NoJIy4eHbl (DOPMYJIbI IJisi ONpPENEICHUS HEU3BECTHBIX (DYHKLUMA HHTETPUPOBAHMSL.

Jlns HemsBecTHBIX nepementenuit 1, v BrBeneHa cucreMa nudQepeHIHaIbHBIX

YPaBHEHUM
L, (C, )u" + L, (C, " + L, (C7) £ (&) + L, (CP) £ (€)= P

le (Cij )u(l,s) + Lzz (Cij )V(I’S) + le (Czj(/Z) )fl(S) (‘5377) + Lzz (Cy@ )fz(lv) (‘5377) = p?) (36)

rae p) n p! oGoGuieHHbIe HATPY3KH.

B uemseepmom napaepaghe 6onee moapoOHO paccMOTpEeHA MOJENb HEXKECTKOTO
KOHTaKTa:

(‘) :;(léo;z(z =0), v =" =Zzéo'yz(z =0) (37

[TocTosiHHBIE ,,y, UId aHU30TPOIHBIX MATEPHUATIOB MMEIOT, BOOOILE IOBOPS,
pa3Hble KOJMYeCTBEHHbIE 3HaUeHus1. Torna u3 (29) u (35) cienyer

fEM)=20%", fO(En)=10% (38)

[ToacTaBuB 3HAYEHMS fl(s) (cf,?]) u fz(s) (5,77) u3 (38) B (36) ¢ yuerom popmyIsl
OIIPENICIICHNA Gﬁf{f) 1 aﬁjg), [I0JIy4MM CHCTEMY YPaBHEHHUH I ONPEAECICHUS u"™) u
(Ls)

v
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1,s —(s 39
1) _ 5 (39)

rZIe OIIEPATOPBI LU (Cyk)) OIIPEAETAIOTCS 10 (hopMyIam

le (Cy) = _L11 (Cij ) + ;{ILII (Cij('Z))Lll (C ) + Zlez (C(Z))le (Cg(fl))]
Lo(G)=[ 2a(6))+ L (€)1 (€ )+ 2:L( ) 2(C) (40)

L22 (Cu) = :LZZ ((jz] ) + ZILIZ (Clﬁz) )LIZ (C( ) + ZZLZZ (C(Z) )L22 (Clﬁl) )]

OGobeHHbIe Harpyskn ) 1 p° onpenessiores mo GpopMynam
p =p —[ZILH(C Vo (Em)+ 2L, (CP Yo (&) |+
| 2L, (C) o (£m.8)+ 2L (C)o (6m.6) |-

8O.(Y) a (s)
~2L,(C ( S1) “(gnqa— (41)
on
80;” 5,77 anS) 5577
—)(lez(Cf))(bf) 0(’9(77 )+C§I) Oa(f ) i
(L2ix ys &™) Va6

3aMeTuM, 4TO €CIId OTepaTOPhI LJ(C}) (7,7 =1,2) umeroT BTOpPOW MOPSIOK, TO
ONEPaTOPHI Ll.j (Cy) OyJlyT UMETh YeTBEPThIA MOPSAIOK. Takum oOpa3om, B OTIUYKE
CJIydaeB TMOJIHOTO KOHTaKTa, KOHTakT (34) MpUBOJUT K TOBBIIMICHUIO MOpPsIKA pas-
pemaromux auddepeHInaIbHBIX YPaBHCHUH U, KaK CJICACTBHUE, YBEIMUCHHUIO YHCIIa
IIPOM3BOJILHBIX KOHCTAHT B PCIICHUHM BHYTPEHHEH 3a/1aun. 3HAYCHUS dTUX MOCTOSH-
HBIX MOTYT OBITH ONpEENICHBI M3 TpaHWuHbIX ycinoBud nmpu x=0,a u y=0,b ¢

MIPUBJICYEHUEM PEILICHHS TOTPAHUYHOTO CJIOS.
OtMmetum, uto nipu s =(0 MOpaBble YACTU CUCTEMBI ypaBHEHHU (36), HE coaepKar

YJIeHbI, OOYCIIOBJIEHHBIE TE€OMETPHUUYECKH HEIMHEHMHOCTHIO TOCTABIICHHOW 3a/layM.
Jns mpubnuxkennit s >0 MEHSIOTCS JIMIIb MpaBble yacTh ypaBHeHUU (36), Kyna
BXOJAT KOY(PPHUIIUEHTHI, XapaKTePU3YIONe OOIIyI0 aHU30TPOIHIO, a TAKKE WICHBI,
00yCJIOBJIEHHBIE TEOMETPUYCCKN HETMHEHHOCTHIO MCXOIHBIX YPABHCHUH.

B namom napacpage naiiieHO pelieHre TeOMETPUISCKU HETMHEHHBIX YPaBHEHUN
MPOCTPAHCTBEHHOW 3aJaud TEOPUU YIPYTOCTH AaHU3OTPOMHOTO Teja MPHU TPaHHUYHBIX
yCHIOBUSX (25) M yCIIOBUSIX HEMOJIHOTO KOHTAKTa cJI0eB (35).

Ucnonwiys oOuiee pernienue (28) U3 ycaoBUsX KOHTakTa (35), moaydum
) 2 ) ) = o), )
=0l =10 (Em) ol =0 = 17 (¢m).

(Ls)

w =W

o
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FOEm)=f(x/1y/1), f(Em)=0,5>0,k=12;

C yuetroM (42) ya0BIE€TBOPUB MOBEPXHOCTHBIM YCIOBHUAM (25), HOTy4YHUM ClIeTy-

foue (OpMyJIbl 1Sl OTIPEJEICHHS] HEM3BECTHBIX (PYHKIUN MHTErPUPOBAHUS

Gi’(;ﬁ) : W(’m)

W =W Wl )0 =0 o (Emg) *3)

a Takke cucreMy auQGepeHIMANbHBIX YPAaBHCHHA C YAaCTHBIMUA TPOU3BOJIHBIMU

V) k. k,
OTHOCHUTCIIbHO HCHU3BCCTHBIX IICPECMCIUICHUU I/l( S),V( ‘)

L, (OO 4 L, (CO ) - £19(&m) =
L (G )+ L (I = 1 (&) =

3nece p*Y u p* 0GoGimenHbIe Harpy3K.

(44)

Cucrema ypaBHenuii (44) npu s=0 pacrmagaercss Ha JIBE CHCTEMBI OTHOCH-

(10) . (10) (20)  (20) .
T€ABHO U ',V W U,V , KOTOpblE COBMAJaeT C YPaBHEHUAMH OOOOLIEHHOM

IJIOCKOM 3aJlayd, TEOPHUM YIPYTOCTH, KOTJAA MMEETCs INIOCKOCTh YIPYTOW CHMMET-
pun. OnOHAKO, BMECTO JBYX YPaBHEHHUHM, 3/1€Cb HMEEM CUCmEMY U3 4Yembvlpéx
ypasnenuti. JIns npubmmkenuit s>0, kKak B paHee pPacCMOTPEHHBIX 3ajJadax,
MEHSIFOTCS JIUIIb MPaBbI€ YaCTU YPAaBHEHUM.

B wecmom napacpaghe nonpobHO paccCMOTPEH Ciiy4ail B3auMOJCHCTBUS CIIOEB
110 3aKOHYy cyxoro Tpenus Kynona. Torma

o = =y, %az (2,0,0),0" =0 = , éaz (x,3,0) 45)

U, KaK CIIEJICTBUE, TIOTyIUM

NEm) =20 = (Em.g)), k=12 (46)
Cuctema ypaBHeHuit (44) npeoOpasyercs K CUCTEME

L, (€)™ 4 L, (€)= i)

ij i 1

Ly (C9)u 4 L, () = B

i [} 2

(47)

O06001IeHHBIE HArPY3KU ONPEENSIOTCA 10 hopMyaam
pl(k,S) _ pl(k,s) + 7, (O':(S) _ O_:(l,s) (5,77’4’1) ),(1,2) (48)

OTMeTuM, YTO M = 600 p" p
, pu s=0 OOOONIICHHBIC HAarpy3Ku p, U p,  HE COAepxkKar

YJIEHbI, 00YCIIOBJIEHHBIE FT€OMETPHUECKH HEJIMHEMHOCTHIO OCTABJIEHHOM 3a1a4H.

B cedbmom napacpagpe paccMOTpEHBI UYaCTHBIE pELICHUS 3axad s
OPTOTPOITHBIX MATEPUATIOB.

B 3ak/l0ueHUM TpEICTaBIEHbl OCHOBHBIE PE3YJbTAThI, MOJYYECHHbIE B JUC-
cepTalMoOHHOM paboTe. MeTo10M aCUMITOTHYECKOTO UHTETPUPOBAHUS JBYXMEPHBIX
ypaBHEHUI r€OMETPUUYECKU HEIMHEWHON TEOPHUH YNPYTOCTH BBIBEJICHBI OJITHOMEPHBIE
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U JIByXMEPHBIC YPaBHCHHUS, PEKyppPEHTHBIC (DOPMYIBI U COOTHOIIEHUS IS OTpee-
nenus u ananu3a HJIC nByXcnoiHBIX aHU30TPOIHBIX MOJOC U MJIACTUH MPHU MOJTHOM
Y HETIOJIHOM KOHTAKTaxX MEXAy clIossMHu. CunTaercs, 4To Ha BEPXHEHN JIMLEBOU JTMHUU
IIOJIOCHI M Ha BEPXHEW JMUEBOU IJIOCKOCTH TUIACTUHKM 3aJaHbl 3HAYEHUS COOTBET-
CTBYIOIIMX KOMITOHEHT TE€H30pa HAIPSIKEHUW, a HA HUKHEHW — CMEIIAHHBIE YCIIOBHUS
Teopuu ynpyroctu. [loctpoeHo pelieHne, COOTBETCTBYIOIEE BHYTPEHHEN 3a1aye. B
JMCCEPTALIMOHHON paboTe, B YaCTHOCTH, MOJTYUYEHBI CJIEIYIOIINE HOBbIE PE3YJIbTATHI.

1. 3 ypaBHEHUH IUIOCKOW 3aJayd TEOPUM YHPYTOCTH AaHU3OTPOIHOrO TeNa
ACUMIITOTUYECKUM METOJIOM BBIBEJICHBI OJHOMEPHBIE YPABHEHMS, ONMCBHIBAOILINE
BHYTpPEHHEE HaNpsKEHHO-Ie(OPMUPOBAHHOE COCTOSIHUE JIBYXCIOMHOM MOJIOCHI MPH
IIOJJHOM KOHTAaKTe Mex1y ciosMu. [IpoBeneH aHanmu3 pe3ysbTaToB IO JIMHEWHOU U
HEJIMHEMHOW Teopul ynpyroctu. IlokazaHo, YTO MOJIyYEHHBIE YPaBHEHUS U COOT-
HOILICHUS TI0O HEJIMHEWHON TEOpPHH B HYJIEBOM MPHUOIMKEHUU COBMAAIOT C COOTBET-
CTBYIOLIMMH YPAaBHEHUSIMH U COOTHOLICHHUSIMH aHU3OTPOIHBIX MTOJOC MPH JTUHENHOU
ITIOCTAHOBKE 3a/1a4H.

2. HalineHa acMMNTOTHMKA M MOCTPOEHO PENIEHWE BHYTPEHHEM 3alauyd aHHU30-
TPONIHOM JBYXCJIOWHOM IOJIOCHI, KOTJA HA MPOJOJBHBIX CTOPOHAX 3aJaHbl CMEIIAH-
HBIE YCIIOBHSI TE€OPUHU YIPYTOCTH, & HA JIMHUM KOHTAKTa — 3aKOH PACHPENCIICHUS
pa3HOCTH (CKayka) TaHIE€HIUAJIbLHOTO TEpPEMENICHHs, B YaCTHOCTHM — MOJEINb
HEXECTKOr0 KOHTaKTa WM 3aKOH DPacHpeAcsICHUs KacaTeNIbHOTO HAIPSKEHHUS, B
YaCTHOCTU — 3aKOH cyxoro Tpenust Kynona. Ilokasano, uro monpaBku, 00ycloOBIeH-
HbI€ HEJIMHEWHOCTBIO 33/1a4i, TPOSBIISIIOTCS HAUMHAS C TPETHETO MPUOIMKEHHUS.

3. VI3 HeNMHENHBIX YpaBHEHUI MPOCTPAHCTBEHHOM 3aJlayd TEOPHUH YIPYTOCTH
ACUMIITOTHYECKMM METOJIOM BBIBEJICHBI JBYXMEpHbIE nuddepeHiaibHble ypaBHe-
HUS C YACTHBIMU MPOU3BOJHBIMU JJISI pacueTa ABYXCIOWHOW MIACTUHKH, COCTOSAIILYIO
W3 aHU30TPOIHBIX CJIOEB IPU IMOJHOM KOHTAKTE MEXKIY CIOSIMH.

4. ACUMNOTOTHYECKMM METOJOM M3 T€OMETPUUYECKH HEIUMHEWHBIX ypaBHEHHI
IIPOCTPAHCTBEHHOMN 3aJl1aud TEOPUU YIIPYTOCTH BBIBEJICHBI JIMHEHMHBIE IBYXMEPHBIC
muddepeHmanbHble YPaBHCHUS C YAaCTHBIMH TPOW3BOJHBIMHU JJIS pacdyeTra JBYX-
CIIOWHOW aHU3O0TPOIIHOM IUIACTMHKH, HA BEPXHEH JIMIEBOM IUIOCKOCTH KOTOPOU
3aaHbl 3HAYEHMUS COOTBETCTBYIOIIMX KOMIIOHEHT TEH30pa HAIpsHKEHHWM, a Ha
HIDKHENW — CMEIIAaHHBIE YCIIOBUSI T€OpUH yIpyroctu. Ha miuockocTu pasznena cioes
3a/1aH 3aKOH PACIPEIEIECHUS Pa3HOCTH TAHTEHIUAIBHBIX NIEPEMEILICHNMN.

5. ACHUMITOTHYECKMM METOAOM W3 YPAaBHEHHI NPOCTPAHCTBEHHOM 3a/1adu
TEOpUM YNPYTOCTU BBIBEACHBI JABYMEpHbIE TUDPepeHInaTbHbe YpaBHEHUS C YacT-
HbIMU TPOM3BOAHBIMHU [UJISl pacuera ABYXCIOWHOW aHU30TPONHOM IUIACTHMHKH, Ha
JMLEBBIX TUIOCKOCTSAX KOTOPOM 3a/laHbl 3HAYCHHS HANPSIKEHUW, a MEXAY CIOSMU
3aKOH pacCIpeleeHusl KacaTelIbHOTO HAINpSKEHUS, B YaCTHOCTH — 3aKOH CYyXOro
Tpenus Kynona.

6. IIpoBeneH CpaBHUTENIbHBIN aHAIW3 PEIICHUM 1O JUHEHHOW M HEJIMHEWHOU
TEOPUSIM YIPYTOCTH, YKA3aHbI MOPSAIKU JIUHEUHBIX U HEJIMHENHBIX YJICHOB B pacyeT-
HBIX (popMyIax AJig HAMPsHKEHUN U IepeMenieHuH, BeIsBICH 2Q(EKT yueTa HeTnHEeH-
HOCTH B UCXOJHBIX YPABHCHUSIX.
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7. TlokazaHa 3()(peKTHUBHOCTh aCUMIITOTUYECKOIO METOJA IpHU pacueTe aHU30-
TPOIHBIX JBYXCIIOMHBIX MOJIOC U IUIACTHH IO F€OMETPUYECKH HEITMHEHHON TEOpHH
YOPYTOCTH MPHU MOJHOM U HETMIOJTHOM KOHTAKTaX MEX]y CIOSIMHU.
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uuenNonNru

Untiwpnumpmniinid - wuhdwywnnunhll dbEpnnyp  oqunugnpdyws  k
puphwtnip withgnupnuhuwny odnjws tplotpn hkéwttbph nt uwibkph
hwoJupldwtt hwdwp, skpubkph dhol Ynuwnnwlnh phd b ns phd
wuydwuubph nhypnid: Unwdquljuiunipjut nkunipjut tpljpuswhnpk ny
qgoujhtt hwjwuwpnudubphg pnipu B pEipdws bplobpn hhdwutbkph nt
uwbph Jupjwdw-nidnpdughntt Jhdwlubpp tjuwpwugpnny dhwswth b
tpswth hwjwuwpnidubp, husywbu twb nEinipktn pwbwdbbp pnjnp
jupnudtiph b wbkquihnpunipjnibitiph hwyddwtt hwdwp:  Unwugduws
wpyniupubipp hwdbdwngws Eu qgduyhtt mbunipjutt hwyjnth pusnidubph
htwn:  Upjmwmunwbpnid  phipws hEnwgnuunmipnittibph  wpynibpubpp
pupujunud &t wuhdwywnnunhl dbpnnh Jhpwpnipjut opowbwljubpp b
httwpwynpnipjnit Gt wnnwjhu skt juunhpubph tnp guu puquutpun
pupujuyuwn  dwpdhutubph  hwdwp:  ZEknwgnunipjut wpyniupubpp
Jwpny bt Yhpwndbh] Ynbunpnijunpuljut  pnipntubpnud, hhdpkph b
hhdtwwnwliph  jupnmgdwt dJwdwbwl, ubudnnghuwynid b wy
puwgquuntbpnud:

1. Unwdquljuinipjut mmbunipjutt hwppe pungph Gpipuwswthnpkt ny
goughtt  hwjwuwpnidibphg wuhdyununhl Jdbpnngnd wpunwsjus bth
dvhwswth nhdtpkuighw) hwjuwuwpnidibkp, npntp  pumpugpnid bl
withqnunpny Eplpbpinh fpewnep kqpuyhte juinph tkpphtt jupdwsught Jhdwlyp
otipntph dhol 1nhy Ynttnwljinp niypnid: Yuwwnwpywsd k qdwyhtt b ny gdwghte
wnbkunipniiiipny unwgdws wpyniuptbph JbEpnionipinit:. Uwubwynp
opptwlutph Jpw wwpqupwiduws tu Ephpuwswthnpbu nsy qéswjunipjudp
wuwjdwbwynpyuws wmunwdubph Jupqbpp:

2. Gnijws E wuhdywnnnpljut b wnwdqujuinipyut tpjpuswthnpk
nsy qoéuwhtt mbunipjudp nSjws E wnwdquljuinipjut mbunipjutt jpwunp
tqpuyhti juunhp wbhgnuipny pljpkpunp hwdwp, tpp 2kpintph hydwt gsh
Jpu wupjws E  wnwbghughw) wbknpuihnjnipmnibubph wwuppkpnipjub
puohidfwl  opkupp, Jdwubwdnpuwbu ns Ynow  ntwwlnh  dnpkpp:
Unwugws Gl pwbwdbbp jupnudubph phuqnph b mbnuhnjunipinibiubph
JEjunnph pununphsutph npnodwt hwdwn:
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3. Unwdquljmunipjut Epljpuwswthnpti ny gdwjhtt nkunipjudp nisdus
E wnwdquljuinipjut nkunipjut juwnp tqpuyhtt junhp wthgnunpny tpy-
otpinh hwdwp, Gpp obkpnbkph hydwt q6h dpu wpdwés E 9nonthng
jupnudibph pushdwh opklipp, twubunpuybu Ynyniyjwh sthdwh opklpp:
Uunwgdws bt pwbwdbbp jupnudiubph b mbnuihnjumipiniuubph Jkunnph
pununphstbph npnodwt hwdwp:

4. Unwdquliuiunipjult wnmbkunipjut nnwpwowlut jpunph Gplhpusw-
thnpkt ny gdwihtt hwjwuwpnidbphg nnipu B phpdwé punhwunip wthgn-
npnu huyny odndws Eplotpnn vwh hwdwp dwubwluwb wswbgyuibpny
tpipnpny Jupgh qéwjhtt ghbbpkughw) hwjwuwpnudibp b nElnipktn
pwbwdlibkp, npnup htwpwynpnipnit kb tnwjhu npnokjnt Epljobpn uwkph
jupJuwosw-npidnpdughntt Jhdwlubpp, tpp obpnbph hydwt hwppnipju
Jpu nipdwsé Eu phyd Ynttnuljnh guydwbibpp: Unwgdws wpyniupubpp
huwdbtdwmndws btu gqdwghtt mbumipjut nisnidubph htwn: Uwubwynp
ophtwlutph Jypw wwpqupwiws tu Ephpuwswithnpbu ny qéwjunipjudp
yuydwiwynpjuws whnudubph jupgkpp:

5. Uuhdwwnnunhl] dkpnnny wihgnupny tplotipn vwh hwdwp Gpljpw-
smthnpkt ny qouyht hwjwuwpnuditbphg pnipu Bu phipjuws dwubuljub
woéwbgyuyubkpny tpypnpny Jupgh gqéwjhtt nhbtpkughw; hwjuwuwpnidukp,
tpp uwjh ghdughtt Jwlykpbnyputphg dkyh q_pm npjws kb jupnudubph
ptuqnph pununphsubph wpdtputpp, yntuh Jpu jwep Eqpughtt wpwydwb-
tutp, hull vwh 2tpnkph dholi mpdus G mwbgkighw) wmbknuthnpunipinii-
utph mwuppkpnipnitiiph puspudwt optupubpp:

6. Uuhudwywnnunhl] dkpnnyny wihgnuipny tplotpn vwh hwdwp tpljpw-
swthnpkt ny qdwyhtt hwjwuwpnidubphg nnipu kb pEipdwsd qdwhtt Epljswth
duwubwljut wowbguubpny nhdptpkughw; hwjuwuwpnidubkp, Epp uwih
nhdwjhtt dwljkpunyputphg dbyh Jpu wpdws Gt jupnudubph pkugnph
pwnunphsitph wpdtpukpp, dniuh Jpw fuwep Eqpuyght wwydwbitp, huy
uwjh 2tpnkph hydwbh hwppnipjut ypu uipdwsd Gu ononthnn jupnudubkph
puwofudwt opkipp, vwubwynpuybu® Ynyntyub sthdwt opkupp:

7. 8nyg kt mpyws wuhduyunnunhl] dkpnnh EpEjnhdynipjnitup punhwinip
wihqnuupnywhwyny odnyjws kplotpnh b Eplokpnn uvwh hwdwp wnwdqu-
jutnipjut nbunipyut Gppuwswhnpkt ny qdwyhtt hwjwuwpnidubphg
dhwswth b Eplswth hwjwuwpnudubpp wvnnwbwhu, tpp okpunbph dhol
yntunwtpnp phy £ ud ny ph;
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ABSTRACT

of the dissertation « Asymptotic solution of mixed edge problems of anisotropic
band and plates on the basis of geometrically nonlinear equations of the elasticity
theory» N.S. Sarkisyan.

Asymptotic solutions of boundary problems of anisotropic two-layer strips and
plates are constructed, when mixed conditions of elasticity theory are specified on the
face planes, and conditions of complete or incomplete contact are set between layers.

The asymptotic method is used to derive systems of resolving equations and
calculation formulas for determining all components of the stress tensor and
displacement vector of anisotropic two-layer bands and plate-based geometrically
nonlinear theory of elasticity.

In the dissertation work, in particular, the following new results were obtained.

1. From the geometrically nonlinear equations of the plane problem of the
theory of elasticity of an anisotropic body, the asymptotic method derived one-
dimensional equations describing the internal stress-strain state of a two-layer strip
with full contact between the layers. It is shown that the obtained equations and
relations in the nonlinear theory in the zero approximation coincide with the
corresponding equations and relations of anisotropic bands in the linear formulation
of the problem. It is shown, that the corrections due to the nonlinearly of the problem
appear from the third approximation.

2. An asymptotic solution was found and a solution to the internal problem of an
anisotropic two-layer strip was constructed, when mixed elasticity theory conditions
were set on the longitudinal sides and the law of distribution of the difference
tangential displacement, in particular, a no rigid contact model. Retrieved formulas
for detecting stress tensor and displacement vector components.

3. An asymptotic solution was found and a solution to the internal problem of an
anisotropic two-layer strip was constructed, when mixed elasticity theory conditions
were set on the longitudinal sides, and the law of tangential stress distribution,
particular - the law of dry friction Coulomb. Formulas are obtained for determining
all desired quantities.

4. The asymptotics was found and two-dimensional equations were derived from
the geometrically nonlinear equations of the spatial problem of elasticity theory for
studying the stress-strain state of a two-layer anisotropic plate, when mixed elastic
theory conditions are specified on the face planes, and full contact conditions are
specified on the contact plane. It is shown that the equations derived by the
asymptotic method and the relations for the zero approximation coincide with the
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equations of the plane problem of an anisotropic two-layer plate, when for each layer
there is a plane of elastic symmetry parallel to the middle plane of the plate.

5. Asymptotic method from geometrically nonlinear equations of the spatial
problem of the theory of elasticity derived linear two-dimensional partial differential
equations for calculating a two-layer anisotropic plate, on the upper front plane of
which the values of the corresponding components of the stress tensor are specified,
and on the lower one the mixed conditions of elasticity theory. The solution of the
internal problem is constructed and it is shown that when the distribution law of the
difference of tangential displacements is specified on the plane of the layers, this
leads to an increase in the order of the resolving differential equations. It is also
shown that the terms due to the geometrically non-linearity of the original equations
appear in subsequent approximations and will be significant especially for materials
with strong anisotropy and in the case when external loads have large variability.

6. An asymptotic method from the equations of the spatial problem of elasticity
theory derived two-dimensional partial differential equations for calculating a two-
layer anisotropic plate, on the front planes of which stress values are specified, and
the distribution of tangential stress, in particular, Coulomb dry friction law. It is
shown that when the elastic layers interact according to the Coulomb dry friction law,
this, in contrast to the first boundary value problem of the theory of elasticity for a
two-layer plate, does not lead to an increase in the order of resolving differential
equations

7. The efficiency of the asymptotic method for calculating anisotropic two-layer
strips and plates according to the geometrically nonlinear theory of elasticity with
complete and incomplete contacts between the layers is shown.
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