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OBIIAS XAPAKTEPUCTUKA PABOTbBI

AKTYyaJIbHOCTh TeMbl. [104TH BO BCEX COBPEMEHHBIX KOHCTPYKLUSIX M COOPYKEHHUSIX
Ba)XKHBIMU COCTABIIAIOIIMMHU SIBISIOTCA OajKM, IUIACTHHBI U OOOJNOYKH, B TOM WYHCIIE
aHM30TPOIHbIE U cnoucThle. [lo3TOMy BOMpPOCHI OMNpeNeNeHds UX HaNpsHKEHHO-
Je(hOPMUPOBAHHBIX COCTOSIHUH MPH CTATHYECKNX M JUHAMUYECKHUX BO3JCHCTBUSAX OCTAIOTCS
BCera akTyansHbIMH. OmpeneneHne HAMpsHKEHHO-AS(POPMHUPYEMBIX COCTOSHHIN TeNl Ha
OCHOBE YpaBHEHHH TPEXMEPHOW 3a7aud TEOPHH YIPYTOCTH SBISIETCS OJHOM M3 CIOXKHBIX
3a71a4 MaTeMaTHIeCKOi (H3HKH.

B Hacrosimiee BpeMsi M3BECTHBI TPU OCHOBHBIE TPYIIBI aHAJUTHYECKHX METOMOB, a
TaKKe YHCICHHBIE METOABI OIpeJeeHHs HAIpsDKEHHO — Je(OPMHUPOBAHHBIX COCTOSHUM
TOHKUX TeNl. AHAIUTUYECKHMH METOAAaMHU SIBISTIOTCS: METOJ THIIOTE3, METOA Pa3lIokKEHHs
HCKOMBIX BEIUYUH B PSIBI 110 TTAPAMETPy TOJNIIUHBI, aCHMITOTHYECKUH METO.

Ha ocHOBe m3BecTHOW THIIOTE3HI 0 HeneGopMupyeMsix HopMaisix Kupxroga — Jlssa,
MOCTPOCHA KJlaccudeckasi Teopust miacTuH 1 obonouek C.II. Tumomenko, B.3. BracoBsim,
AL T'onbnenseiizepoM, A.W. Jlypre, B.B. HoBoxunossiv, B. dmrorre u ap.

Knaccudeckas Teopuss aHM30TPOIHBIX IUIACTHH, B TOM YHCIE CIOHCTBIX, ITOCTPOCHA
C.I'. JlexHuukum, a anasi aHU30TPOIMHBIX OJHOCIONHHBIX MU MHOTOCHOWHBIX 0Oosouek C.A.
AmbapuymsiHoMm. [lo3nHee OBbUTM MOCTpOEHBI yTOYHEHHBIe Teopun J. PeliccHepa, C.A.
Awmbapiymsana, Tuna TumMoImeHko.

B Metome pasnmokeHHss TO apaMeTpy TONIIMHBI BCE MCKOMBIE BEITMYHMHBI
MIPE/ICTABISAIOTCS B BHIE MPOM3BEICHUS IBYX (YHKIMH — OIHA M3 KOTOPBIX 3aBHCHUT OT
KOOPAWHAT CPEAWHOHM IOBEPXHOCTH, a ApYyTas OT IMONEepedHO KoopAwHAThL [Ipm sTOoM B
Ka4ecTBEe IMOCNIeHEH BEIOMPAIOT Pa3inuyYHble (YHKINH: CTEIEHHYIO (DYHKIHUIO, TTOJHMHOMBI
Jlexxannpa. OTo HamnpasieHHe pa3BuTo B padorax Komm, Knmsuesckoro H.A., Bexya 11.H.,
[TonsitoBckoro B.B u ap.

Ha ocHOBe 3THX TEOpHii pelIeHO OrpOMHOE KOJIMYECTBO 3a/ad CTaTHKH U JUHAMHKU
TOHKHMX TeJs. [loMHMO BBIIIEyKa3aHHBIX aBTOPOB OTMeTHM paboTsl B.A. babGemxo, I'.E.
Barnacapsna, A.B. benokons, M.B. beny6exsna, E.W. becnanosoii, B.B. bonotuna, A.T.
Bacumenko, B.B. BacumseBa, W.JM. Boposmua, K.3. T'anmumona, B.Il. 'mynm, 3.U.
I'puromoxka, .M. I'puropenko, A.fA. I'puropenxo, I'.P. I'ynrazapsua, P.M. Kupakocsna,
B.A. Kpsiceko, JI.A. Moscucsna, X.M. Mymrapu, B.H. Ilalimymuna, b.JI. Ilenexa, B.B.
IMuxyns, B.C. Capkucana, C.B. Capkucsna, U.I'. Teperynosa, K.®. YepHsixa u ap.

B mocnennue necsaTHneTHss B TEOpUH O0OJOYEK W IUIACTMH WHTEHCHBHO Havall
pa3BUBATBCA ACHMITOTHYCCKUI MeTon Omaromapst paboram K.O. ®puapuxca, A.JL
Tl'onbnenseiizepa, A. I'puna, .M. Boposuua, H.I'. I'ypesnoBa, JI.FO. Koccosuua, I1.E.
Toscruka, I'.H. Yepnsimesa, H.H. Porauesoii, }0.A. Ycrunosa, }0.[I. Kamrynosa, 10.H.
ByTenko u ap., a Ui aHU30TPOIHBIX IUIACTHH M 000JIOUEK METOJ Pa3BUT B paboTax JLLA.
AranossHa, P.C. I'eBopksina, A.M. Xauatpsina, M.JI. Aranossna, JL.I'. I'ynrazapsH u gp.

ACHMIITOTHYECKHHA METOJZ OKaszaJcsi OCOOCHHO O(PQEKTHBHBIM Ui  PEIICHUS
HEKJIACCHYECKUX KPAeBBIX CTATHYECKUX M AWHAMHYECKHX 3amad. [ sToro Kiacca 3amad
JILA AranoBsHOM YCTaHOBJEHAa IPHWHIUIHAILHO HOBAs AaCHMITOTHKA JUII KOMIIOHEHT
TEH30pa HaNpPsHKEHUH U BEKTOPa MepeMelleHNsI.

B.C. CapkucsiHOM HCIIOJIB30BaHbI (PM3MYECKHE M TEOMETPHUYECKUE MAJIble IMapamMeTpsl
JUISL MCCNeIoBaHMs M3ruba M KpydueHUsl cTepkHed, m3ruba, koneOaHUs M yCTOWYMBOCTH
AHM30TPOITHBIX IJIACTUH U 000JI0YEK B KIIACCHYECKON TOCTAHOBKE.

AcumMrToTnaeckuid Metoa cyniectBeHHO pa3BUT C.O. CapKUCSHOM IS pelIeHus 3a1a4
MarHATOYHNPYTOCTH U HECHMMETPHIHON TEOPUH YIIPYTOCTH.
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Hacrosimast auccepranuionHas pa®oTa MOCBSIIEHA HCCIIEIOBAHUIO BBIHYXKICHHBIX U
COOCTBEHHBIX KOJIeOaHUH OPTOTPOIMHBIX IUIACTHH NMPU HAJIMYMU KYJIOHOBO TPEHHS MEXIY
IUTACTUHKOM M OCHOBaHMEM WM BHYTPEHHETO BS3KOIO TPEHHUS, KOIJa Ha HUX JIMIEBBIX
MOBEPXHOCTAX 33/aHbl CMEIaHHbIE TPAHUYHBIE YCIOBHS TEOPUU YNPYTOCTH. Y CTaHOBIIEHA
aCHMITOTHKA JUISi KOMIOHEHT TeH30pa HAMpshKeHWH M BEKTOpa MepeMeIleHus, KoTopas B
MIepBOIl KpaeBOH 3a/jaul TEOPHH YIIPYTOCTH NMPUHINIHAIBHO OTINYACTCS] OT ACHMIITOTHKH B
COOTBETCTBYIOIIEH CTaTUUECKOM 3a1aue.

ACHMITOTHYECKUM METOZOM OIIPEIeNICHEl OOIMIf MHTErpaj pacCMOTPEHHBIX 3ajad,
aMIUTUTY (6l BBIHY>KAEHHBIX KosieOaHMH, (OpPMBI COOCTBEHHBIX KoJIeOaHUH. Y CTaHOBIEHBI
yCJIOBUSI BOSHUKHOBEHUS pe30oHaHca. IIpoBeieHo conpskeHue pelleHuil BHyTpeHHel 3a1aun
Y TTOTPAHCIIOA.

Heabo AuccepTaMOHHON PA0OTHI SABJISIETCSI:

e  l3yueHue BBIHY)KAEHHBIX KOI€OaHUI OPTOTPOINHBIX [UIACTHH, MPH HATUYUH KYJIOHOBO
TpEeHHs. MEXIy IIACTUHKON M OCHOBAHMEM, KOTJa Ha JIMLEBBIX INIOCKOCTSX 3alaH PAf
CMEIIaHHBIX TPAHUIHBIX YCIOBUH TEOPHHU YIIPYTOCTH;

e jHcclefoBaHME JAWHAMHMYECKOTO IIOTPAaHMYHOTO CJOs, B YaCTHOCTH, Xapakrepa
yOBIBaHUS BEIMYUH MOTPAHCIIOSN MPH HATMYUHU KyJIOHOBO TPEHUS] MEXIY TIACTUHKOM 1
OCHOBAaHHUEM;

e  HU3ydeHHE BBIHYXKIECHHBIX KOJIeOaHUH OPTOTPOMHBIX IUIACTHH C Y4E€TOM BHYTPEHHETO
BSI3KOTO TPEHHS, 10J] BO3JEHCTBUEM HOPMANBHBIX YCHINH, PUIOKEHHBIX K JTHIIEBBIM
TIOBEPXHOCTSM IUIACTHHKY;

e ompeneneHHe 4acToT ¥ (OpM COOCTBEHHBIX KOJIEOAHHH OPTOTPONHBIX IUIACTHH, TPU
HaJIMYAN BHYTPEHHETO BSI3KOTO TPEHUS,;

e  JCClelOBaHME XapakTepa BBIHYKACHHBIX M COOCTBEHHBIX KoJe€OaHMH B 30HE
MOTPAHUYHOTO CJIOS TPU HAJTMYUU BHYTPEHHETO BSI3KOTO TPEHUS;

e  YCTAaHOBJICHHWE YCIOBHH BO3HMKHOBEHHs PE30HAHCA M €r0 MNPEHOTBPAILEHUS IpH
JUHAMHYECKUX BO3IEHCTBUSAX;

e [IpoBeneHue conpspKkeHUs pelleHUi BHYTPEHHEHN 3a/1a4y U IOTPaHCIIOos.

Hayuynas HoBu3Ha. B auccepranmonHoii pabote

®  ACHMNTOTHYECKHM METOJOM OINpeJesieH OOIUil HHTerpail TpeXMepHOH THHAMUYECKON
KpaeBO# 3a/laudl Ui OPTOTPOMNHBIX TUIACTHH, TMPU HAJIHYMS KyJIOHOBO TPEHUSI MEXIY
MJACTUHKONM M OCHOBaHHMEM, KOTOPBIM COCTOMT U3 pELIeHUH BHYTpPEHHEH 3aJaudl U
33241 MOTPAHUIHOTO CJIOS;

®  TIOCTPOEHBI pEIICHUS BHYTPEHHEH 3aJadd W MOTPAaHUYHOTO CIJIOS OPTOTPOIHOI
IUTACTUHKHY TP CMENIAHHBIX TPAaHUYHBIX YCIOBHAX C YIETOM KYJIOHOBO TPEHHS MEXIY
TUTACTUHKOH M OCHOBAHHEM;

e  YCTAaHOBIJICHHI yCJIOBUS BO3SHUKHOBEHUS PE30OHAHCA;

MOKa3aHO, YTO pEIIeHHe BHYTPEHHEH 3a7adyd CTAaHOBUTCS MaTeMaTHYECKH TOUHBIM,
KOrZla 3aJlaHHble Ha JIMIEBBIX IUIOCKOCTAX IUIACTUHKU (DYHKUMM  SBIAIOTCS
MHOTOWICHAMH OT HPOAOIBHBIX KOOpANHAT. [IprBeIeHb! peIeHns YJaCTHBIX 3a/1a;

e  BBIBCJCHBl  XapaKTEPUCTHUYECKHE  YPaBHEHHS  OTHOCHTENBHO  IOKasaTeneif
9KCTIOHCHI[AIFHOTO YOBIBaHMS BEMHYMH HorpaHcios. OmnpeaeneHs! KOPHU 3TOTO
YpaBHEHHS JUIsl INTACTUHKH M3 CTEKIIOIIIACTHKA,

e ompeneneHO o0Omiee pemeHHe MPOCTPAHCTBEHHOW IWHAMHYECKOW 3aadn ISt
OPTOTPOIHBIX IUIACTHH NPU HAJIWYIWH BHYTPEHHETO BSI3KOTO TpeHUs. Bo BHyTpeHHEi
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®  [IOCTPOEHO pelIeHHEe JUIsSl MTOTPAaHUYHOIO CJIOSl B TPEXMEPHOU 3ajjaue O BBIHYKICHHBIX
KoJeOaHUsIX OPTOTPOMHBIX IUIACTHH, C YYETOM BHYTPEHHErO BS3KOIO TPEHUS,
MOKa3aHO, 4YTO TIOTPaHUYHBIA CJOW pacrajaercs Ha IUIOCKHMH W aHTHUIIOCKHUNA
MIOTPaHUYHBIE CIIOU;

®  [OKa3aHO, YTO BEJIMYHHBI B AHTUTUIOCKOM MMOTPAHIMYHOM CJIO€ 3aTyXaroT OBICTpEe YeM B
TIJIOCKOM;

®  TPOBEACHO CONPSHKEHHE pEIIeHUH BHYTPEHHEH 3ajaud W TOrPaHUYHOTO CJIOS Ha
OOKOBOI MMOBEPXHOCTH;

e OmpeneNieHbl YacTOThl M (POPMBI COOCTBEHHBIX KOJCOAHUN OPTOTPOIMHOM MIACTHHKU B
CMEIIaHHBIX KPaeBbIX 3a7auax MpU HAIUYUHU BHYTPEHHETO BSI3KOTO TPEHHUS,

®  [IOKA3aHO, YTO B IUIACTUHKE MOTYT BO3HHKHYTH COOCTBEHHBIC KOJICOAHUS JIBYX THIIOB —
CIABUIOBbIC W  MpoaosbHBIe. OmnperencHbl (OpMbI 3THX KOJeOaHM, KOTOpPbIC C
TOYHOCTHEO UCXOHOTO MPUOIMKEHHS HE3aBUCHMBI,

®  [IOKAa3aHO, YTO OJUH THI COOCTBEHHBIX KOJECOAHUII MOXET MOPOXKIATh COOCTBCHHBIC
kosiebanust apyroro tuma. OIHAKO, aMIUTUTYbl KOJeOaHWN MOCIEIHUX Ha MOPSIO0K
MEHBIIIE;

e  BBISBJICH XapaKTep COOCTBCHHBIX KOJCOAHU B 30HE MOTPAHHYHOTO CIIOS, OTPEICIICHBI
MOKAa3aTelId yObIBAHHUS COOTBETCTBYIOIINX KCIIOHCHIIMATBHBIX (OYHKIIHIA;

e  [IOKAa3aHO, YTO HAJMYHE COMPOTHUBJICHUS MPHUBOIUT K 3aTYXAIOIIUM COOCTBEHHBIM
KoJe0aHusIM, KaK 110 BPEMEHH, TaK U 110 IPOJI0JILHOMY HaIlpaBJICHUIO.

[pakTHyeckasi HeHHOCTh padoThl. [lomyuyeHHble B paboTe pe3ynabTaThl MOTYT OBITH
UCIOJIB30BaHbI B pacyeTaXx pa3iMYHBIX  KOHCTPYKLHMH COBPEMEHHOM  TEXHMKH,
PHOOPOCTPOCHUS, MALLIMHOCTPOCHHUS U CTPOUTENBCTBRA.

Anpo6amust padoTbl. OCHOBHBIE Pe3yJIBTaThl TUCCEPTAIIMOHHON pabOTHI HOKIIAIBIBATIHNCH H

00CYKIaTNCh HA!

e  South-Caucasian Summer School, Mathematical Modeling of Thin Structures,
(Tsakhkadzor, Armenia, 2008)

e VI wmexayHapomHoit KoHOpepeHuuu “IIpoGieMbl OUHAMHKH — B3aUMOJCHCTBUS
nepopmupyemsix cpen’(Copuc-Cremanakept, Apmenus, 2008r.)

e FINAL MEETING of INTAS Project “Some Nonclassical Problems for Thin
Structures” (Rome, Italy, 2009)
IO6uneitnoii HayuHol ceccun nocesmennon 90-neturo EI'Y (Epesan 2009r.)

. Mexnayunaponuoit Ikonsi-Kondepenuun wmomoapix yueHsix «Mexanuka 2009»,
(AraBnHagzop, Apmenns,2009r.)

e Il mexamynapoaHoil koHpepeHIUH “AKTyalbHbIE MPOOIEMbl MEXaHHKH CIUIOLIHOM
cpensl” (Aunmxan, Apmenus, 2010r.)

e  cemuHapax “MexaHnka TOHKOCTEHHBIX cucteM” WHcTuTyTa Mexanuku HAH Apmenun
(Epesan 2008-2011rr)

HuccepranmonHas paboTa B 1eJIOM OOCy)XIeHa Ha ceMuHape ‘“MexaHuKa

TOHKOCTEHHBIX cucteM” WHcturyta Mexannku HAH Apmennu, W Ha oOmeM ceMHHape
Wncruryra mexannkn HAH Apmennu (2011r.)
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My6mmkanun. [To Teme auccepTanuy OMyOIMKOBaHBI 7 HAyYHBIX PabOT, CITUCOK KOTOPHIX
MPUBOIUTCS B KOHIIE aBTOpedepara.

CtpykTypa auccepraunuu. J{yccepraiys COCTOUT U3 BBEACHUS, TPEX IVIaB, 3AKIIFOYCHHS 1
cnucka jureparypbl u3 104 nHammeHoBaHmid. OOmuii o6vem pabGoTel coctaBiser 118
CTpaHHII IIEYaTHOTO TEKCTa, BKItoYas 17 ¢uryp u 15 Tabmu.

COJEPKAHUE PABOTBI

Bo BBemeHmm o000OCHOBaHa aKTyalbHOCTh TEMBI JHMCCEPTALMOHHOW pabOTBHI,
copMyIMpPOBaHEI LIETH U 337241 HCCIeIOBaHNUs, 1aH KPaTKUil 0030p paboT OTeYeCTBEHHBIX
U 3apyOeXHBIX aBTOPOB, CBS3aHHBIX C PACCMOTPEHHBIMH B JAMCCEPTallMd BONPOCAMH.
OrMeueHa TeOpeTHYeCcKass M MPAKTHYECKas LEHHOCTh padoThl, JAAHO KpPaTKOe OIHCaHHe
paboTEHI 11O TTIaBaM.

B nepBoii ry1aBe B TpeXMEPHOH TOCTAHOBKE HCCIICIOBAHBI BBIHYK/ICHHBIC KONeOaHus
OPTOTPOITHOH ITACTHHKH CBOOOJHO JIeXKaIel Ha )KECTKOM OCHOBAHHUH, C YIETOM KYJIOHOBO
TPeHHs] MeX]Iy IUIaCTHHKOH ¥ ocHoBaHHMeM. OIpeneNeHbl aMIUIMTYABI BEIHYXJCHHBIX
KoyieOaHui, yCTaHOBJICHBI YCIIOBHS BO3HHKHOBEHHMs pe3oHaHca. MccnenoBaH morpaHHYHbIN
CJIOM, TPOBE/ICHO COMPSDKEHNE PEIIeHNI BHYTPEHHEH 3a1a4i M IIOrPaHUYHOTO CIIOS.

B §1.1 copmynupoBana auHaMHudecKas 3aa4a TEOPUH YIPYTOCTH JJIsl OPTOTPOITHOM

s |Z|Sh, h<<l}. Tpebyercs waiitu penieHue

wiactuaku D = {(x, y,z) : (x,y) eD
CHCTeMBI JMHAMHUYECKUX yPaBHEHHI MPOCTPAHCTBEHHON 3aJa4dl TEOPUH YNPYrOCTH ISt
OPTOTPOITHOTO TeJIa PU TPAHMIHBIX yCIOBHSIX

z=-h: w=0, 6_=f0o_, G, = f,0..

z=h: o_=-P(x,y)exp(iQ), o, =0, =0.

xz yz

(1.1)

Z:_h: WZO’ ze :.ﬁczz’ Gyz :ﬁczz’

1.2
z=h: o_=—P(x,y)exp(iQ), u=v=0. (12
Z:_h: W:O’ ze :-ﬁczz’ Gv: :f‘ZGzz’
’ (1.3)
z=h: w=w"(x,y)exp(i), o, =0, =0.
z=-h: w=0, 6.=fo., o, =fo_,
(1.4)

z=h: w=w"(x,y)exp(iQ), u=v=0.
rae P(x,y)- nopmanshas narpyska, w' (X, ) - sanannoe HopManbHOE nepemeliene, O

- 9acToTa BBIHYKIAIOIIEr0 BO3NEHCTBUS [ - MHUMAas €IUHHIA, [- XapakTepHBbIi
TaHTeHIMAIbHBIA pa3Mep IIIACTHHKH.
B §1.2 pemenne chopMynupoBaHHON 33/1a4X MIIETCS B BUIC

GaB (x’yazat) = ij (x’yaz)exp(igt): (X,,B =X),2; jak = 192939
(u,v, w) = (ux,uy,uz)exp(iﬂt).

3aTeM, Hepeﬁz{ﬂ K 6e3pa3MepH},IM KoopauHaTaMm u NEPEMENICHUAM

E=x/l, n=y/l, {=z/h, U=u]l, V=uy/l, W=u_[l. momysena cumrymipHo

(1.5)

6
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BO3MYIICHHAs MalbIM I[apaMeTpoM € = h/ | cucrema nuddepeHInANbHBIX YPABHEHUH.

o o o int
Pelienue 5TOM CHCTEMBbl CKIAAbIBAETCA W3 PpEIleHMH BHyTpeHHed 3amaun (I™) wu
norpasu4Horo ciost (1, )

I=1"+1, (1.6)

Pemenne BHyTpeHHeﬁ 3a1a4u UMCCT BHU]]

o, =¢'"cl), jk=123,

‘ _ (1.7
UV, W)=¢ (U(“'),V(“'),W(“')), s=0,N. )

ITocne moncranoBku (1.7) B BEINIEyKa3aHHBIE NPe0Opa30BaHHBIE YPABHEHUs TPEXMEpHOH
33724y W NPUPABHEHHS B KOKIOM YPaBHEHHH KOI(QUIIMEHTOB IPH OANHAKOBEIX CTEIEHSIX

(s) .
€, TI0JIy4Y€Ha CUCTEMa, OTKyJa ij BBIPpAXKAIOTCA 4€PE3 NEPEMECIICHUA:

o L oy . aut o =y ow® 4 ou L y oyt
12 > On 23 22 12 >
% g on og o on
o 1 [eUuY ewt . ow' Ut oyt
G§3) i vk e G(zz) =—4; — 4y + 4y > (1.8)
ass | 0C % aaq 2s
o _ 1 [av® awt ) ow® Ut vt
Op =—|——+ , Oy =4, — 4y -4, .
a,\ 0¢ on og oE on
A = a4y _alzz A = Ay A3 _a223 A = a,195; _a123
11 A > A A > 33 A >
— Q1,033 — A3y, A = 18y — 41,45 A = Aply; —Apay

12 > 13 > 23
A A A
A=a . a,,a, +2a,a.a,, —a, ds —d,,ds —d,a>
1172233 12%13%°23 11723 22713 3312
U(S) V(S)
a JuId oTpeaeIeHuUs , MOJTy4€HBl YpaBHEHHS

27 7(s)
aalgz + aSSQfU(S) = Rz(/S)’

2 (s)

%Jr a, QY =R, (1.9)
2177(5) QZ

d Wz += ) = R
ot 4y,
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v T sk o o g anaz; 08 o

() _ Ay U LA vt 1 (oo .\ ool
! 23 m )

4, 0C0E A, oCon A4,
rie Q2 =ph’Q*, p- mrornocts, Q" =0 nupu m <0. Pemennsmu ypasuennii (1.9)

SIBJIAIOTCS

(‘t-.; n,C) Ul iﬂ SIH@QQ"’CM COS\/EQQ"’UES inC)
) (gn,C) = CY (&n)sinfa, Q.0+CY (&, cosJEQ C+vY (gm.C), (1.10)

Y (em.0)=Cy) (é,n)sinﬁcw@(am)ces \/A—“C+W '(&m.C),

roe U is) R VT(S) , WY _gacthpie pelIeHus: COOTBETCTBYIOIMX ypaBHeHuH (1.9).

T
B §1.3 Ilo dopmymam (1.8) ompeneneHsl Taxke HANPSDKEHUS M yIOBIETBOPCHEI
rpannynbie  ycrmoBus (1.1). M3 3TuX yclOBHH OJHO3HAYHO OMPEACISIFOTCA (DYHKIHH

Cl(,;)(ﬁ,n),(U LV, W) m olbmmuit wuHTerpan BHyTpeHHeW 3ajgaud. JIIs KOMIIOHEHT

nepeMemeHI/Iﬁ UMEEM:

U(S) (éan,C) = L(Gﬁl (C = I)COS aSSQ* (1+C)+

Q. sin2,/a, Q.
+( 0 (& n)- csm(gz—l))cos a0 (1-¢))+UY (£, 0),

a
i (Eng 7
( )= Q,sin2,/a,, Q.

N
+(£0 (&m)-ob (¢ = ))cos 2, Q.(1-0))+ V" (m.€),
(

s 1 p ’n) G ‘r( _1) Q*
WY (em.C) = [ = sin (1+¢)-
cos 22 Q.4 4
VAH

11
- (C=-1)cos

)eosqJa,, Q. (1+ )+ i

%(I—Q)}M”(&,n,c).

\/>tg\/7+0331: C=- )a
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ITo ¢popmyrnam (1.8) ompeneneHsl HanpshkeHHs. PerieHre BHYTpeHHEH 3a/1auu, MOJTHOCTHIO
OIIPEIENSETCS TOCIIE YIOBIETBOPEHHS IPAHUYHBIX YCIIOBHY pu Y = £/ .

HaiinenHoe perieHue OyaeT KOHEUHBIM, €CITH

20,
sin2,/asQ, #0, sin2./a,, Q. #0, cos

Ja,
B mpoTuBHOM citydyae, IPOUCXOJUT PE30HAHC.

ITomo6ubIM oOpasom B §1.4, §1.5, §1.6 yIOBIETBOpPEHB! OCTANBHBIE T'PaHUYHEIE
yCIIOBHUS, TIOYYEHbl OKOHYATENIbHBIC BBIPAXEHUS Al KOMIOHCHT BEKTOpa IepeMelleHus U
TEH30pa HallpshkeHuil. BrIBeieHb! yCI0BUS BO3HUKHOBEHUS PE30HAHCA JUIS BCEX BapUAHTOB
TPaHUYHBIX YCIOBUH.

#0 (1.12)

B §1.7 mnokazaHo, 4ro Korma (yHKIHMH P(x, y) wm  w'(x,y) sBusoTcs
MHOTIO4JIEHAMH, MTEPAlMOHHBbIM IIpolecc OOpbIBaeTCd M II0Jdy4YaeM TOYHOE pelleHHe
BHYTpeHHeW 3a1aun. HalineHsl 3Tu perienus, koraa

P(x,y) = p = const (1.13)

w'(x,y) =—w" = const (1.14)

B §1.8 noctpoens! rpaduky aMIUTUTY ] IEpEMELIeHUH U HANPsDKEHUH TS TTaCTHHKH

u3 crexyomnactuka CBAM 10:1 i Bcex cilyyaeB MpaHUYHBIX YCJIOBHH IPU MOCTOSIHHOM
HOPMaJIbHOM BO3/I€HCTBHH.

Pemenne BHyTpeHHEH 3a1a4n, Kak MPaBUIIo, HE YIOBIETBOPSIET 'PAHUYHBIM YCIOBUSIM

npu x =0,/ . Jlns ycTpaHeHus: BO3HUKILIEN HEYBS3KH CTPOMTCS OTPAHMYHBIHA IO, DTOMY
nocesimieH §1.9. B ypaBHEHMSIX W COOTHONIEHUSX yNPYTOCTH BBOAWTCS HOBAas IEepEeMEHHast
Y= gs , BCEM HCKOMBIM BeJIMYMHAM IPUIICHIBAETCS MHAEKC ,,b” (0T cioBa boundary) u
peteHue peoOpa3oBaHHOM CHCTEMBI HIIETCS B BHJE

S = 871”5,(,-7(/)) (M, &) exp(—Ay),

U, =e'U" (,Q)exp(-Ay), UV, W) j k=123 s=0,N.

rne ReA >0 - xapakrepusyer cKopocTh yObIBaHHS BEJIUYMH NPU YAAJIEHHH OT OGOKOBOM

(1.15)

IMMOBEPXHOCTHU X = 0 Bo BHYTPb IJIACTUHKH. Hoxa3aHo, YTO BCE€ UCKOMBIC BECJIMUYWMHBI MOXKHO

U(S) V(S) W(S)
BbIpasuth uepes U, ", V", W, nns onpenenenus KOTOPHIX MOJNY4EeHbl yPABHEHHUS

aZUts) aWjA') . aV(s—l) ac(x—l)
6—5 + 7‘(‘155‘423 - 1) aé +ass (Azzkz +Q )U}S "= —ag A4, (;n — g ——,
W Apay —10U0 A+ a0 R
by A b, sl ) = 23 2 D
ac.!z A] 1a55 ac aSSA] 1 Al 1 an Al 1 a‘n
anh(S) +a L}\‘Z +QZ V(s) — }\‘ai aU/ES?l) —a 80(;221) _ aZVVb(Xil) (1 17)
44 = Yy = 44 . .
oc? A6 ag 0N o omag

B wucxomHom mnpubmkeHnn cucreMa ypaBHeHHi (1.16) ommceiBaeT TUTOCKHEH, a
ypaBHeHue (1.17) aHTUIIIOCKUI TOTpaHUYHEIE CIOH. J[11 mepeMeIieH i oy YeHb:
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4
UY =3 G ()expk g,

- (1.18)
0) S (0)
W =2 LG (expk.
Jj=1

Vi =CPsin0,¢+CL) cos0,C, (1.19)
rie

_, |-BM -QiB, +D o

1.2,3,4 a
2

3nauenns D, B,B, W3BecTHB M ompenensorca mo (opMmylaaM NPHBOJUMBIM B

JIMCCepTalMOHHON paboTe.
PenreHne OrpaHMYHOTO CJI0SI YAOBJIETBOPSET TPAHUYHBIM YCIOBHSAM

z=-h: w=0, 6_=f0o_, Gyz:szzz

1.20
z=h: o_.=o0_.=0,_=0. (1:20)
z=-h: w=0, 6_=foc_, 0_=/0_,
= = /e - % (1.21)
z=h: o_,=0,u=v=0.
Z=—h: W=O’ zezﬁczz’ Glfzzf;cszz’
’ (1.22)
z=h: w=0, o_=0,=0.
z=-h: w=0, c_=fo_, c_=f0_,
Xz fi zz yz f‘Z zz (1.23)

z=h: w=u=v=0.

B §1.10, §1.11, §1.12, §1.13 ynoBIeTBOPEHBl BCE BapUAHTBl IPAaHMYHBIX YCIIOBHUH
(1.20)- (1.23). YnosnerBopenue ycnosuii (1.20) - (1.23) npuBOIUT B KaXKAOM Clydae K
PEIICHHIO OXHOPOAHBIX CHCTEM aureOpanyecKiX YpaBHEHHH COOTBETCTBEHHO B IUIOCKOW M
AHTHIUTIOCKOM 3a1auax. DTH CHCTEMbI HMEIOT HEHYJICBbIC PEIICHHS, €CITH HX ONPEACTHTEIN

PaBHBI HYJIIO, KOTOPBIC €CTh YPAaBHEHUSA UISL ONPEACIICHUA TTOKa3aTeJIe IKCIIOHEHTHI }\'p u

Xa. OmnpeneneHsl HECKONBKO 3HAYEHUH OTHX TIOKasaTelned Miisl IUIACTHHKA U3

creknomnactukoB CBAM 10:1 u CTOT.

IToka3aHo, YTO HamM4YUe KyJIOHOBO TPEHHS C OCHOBAaHWEM IIPUBOIWT K TOMY 4TO,
MJI0OCKOMY MOTPAHCIIOI0 COTPOBOXK/IAET AHTUIUIOCKUH MOTpaHCIION.

B §1.14 npoBeseHO conpsikeHHe PEeLICHUH BHYTPEHHEH 3a1a4ui U IOTPAaHUYHOIO €10
B 6umsu kpast X = 0. PaccMoTpen ciy4aid, korma npu X = 0 3a1aHbl yciaoBus

Gxx = (P(T]’C)’ ny = \V(n’(;)> ze = X(n’(;) (124)
M B YacTHOCTH G, =0, =0, =0.

Hcnonp30BaH METO HAUMEHBIITHX KBaJApaToB

10
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I=I [(2E=0+0,G=0-0(ne)) +
i o , (1.25)
Ho? €= 0+ 0,1 =0-2(1.0)) +(07 =0+, =0 -w(n2)) ez

MunnmusupoBas ¢yHKnuoHan (1.25) COOTBETCTBEHHO B INIOCKOM M aHTHIUIOCKOH
3a7avyax IOJTyYeHHl CHCTEMbI HEOJHOPOAHBIX aNreOpanveckuX YpaBHEHHH OTHOCHTEIHHO
HEH3BECTHBIX KOI((GUIIMEHTOB BXOSIIHE B PEIICHNE TOrPAHCIIO.

Bo BTOpOIi r1aBe ycciie10BaHbl BBIHYKACHHBIE KOJIEOaHUsI OPTOTPOIMHON MITACTHHKH
cBOOOJHO Jekaliel Ha KECTKOM OCHOBAaHMH, MPH HAJMYUU BHYTPEHHETO BA3KOTO TPEHHUS,
KOTJa Ha BEpXHEH JHUIEBOW IUIOCKOCTH 3alaHO HOpMalbHOE BO3ZEHCTBHE (HOpPMAaJbHAs
Harpyska, Wi HOpManbHOe mepemenieHue). [Tomumo ompeneneHus perieHnss BHyTpeHHEH
3aa4d  MOCTPOCHO TakkKe peIleHne morpaHcios. [lomydeHsl XapaKTepHCTHIECKHE
yYpaBHEHHS Ul IIOKa3aTelell OSKCIIOHCHIHATLHOTO yOBIBAaHUS BEJNMYMH IUIOCKOTO U
AHTUILUIOCKOTO IOrpaHcioeB. IIpoBeneHO compsbkeHHE pELICHUH BHYTpPEHHEH 3ajadd U
MOTPaHCIIOsL.

B §2.1 cdopmynupoBaHa MoCTaHOBKA 3ahad M HPUBEICHBI OCHOBHBIE ypaBHEHUS.
TpebyeTcss HalTH HEHyJEBbIe PELICHUS MPOCTPAHCTBEHHOW AMHAMHYECKOH 3aJaudl TEOpHH

ynpyrocti st wiactuakn D = {(x, y,z): (x,y) eD,, |z| <h, h<<l} npu naByx
BapHAHTOB IPAHMYHBIX yCIOBHIl

z=-h: w=0, 6_=06,=0.

@.1)

z=h: o,=0c_(§ncosQ o =0, =0,

z=-h: w=0, o_.=0,=0.
2.2)
z=h: w=w(§n)cos¥, c_=0,_=0,

rae o..(M) - HopmanbHas Harpyska, W' (&,M) - 3a1aHHOE HOpPMaNBHOE MEpPEMEIIEHHE,
E=x/I,m=y/l, Q - qacToTa BHIHYKIAIOWIETO BO3/ICHCTBHS.

B §2.2 Pemenue 3agaun umercs B BUJE

Cup = O SINQU +6,5, cOsQ,  o,B=x,Y,2, 23)
u =u,sinQt +u, cosQt, (u,v,w).

Hepefmﬂ K 6€3pa3MepHBIM KoopauHaTtaM M NEPEMEUICHUEM, IIO0JIYyY€Ha CHUHIYJIAPHO
BO3MYIIICHHAA MaJIbIM IIapaMCTpOM & :h/l CHUCTEMa, pPCEIICHUE BHyTpeHHeﬁ 3agadu

KOTOpOH UMEET BUJ

o™ =g ™ol a,B=x,p,2 s=0,N,

ofj — afyj?
R Lo @4)
(U ) =e (U ), =12
JUIA TIPOCTOTHI BI)I‘II/ICIICHI/IP‘I, clciaB 0003HAYEHMS:
Z¥ =U® +iuP, (U, W),
oo 7 ) @5)

Z((;B) = GSB)I +l.0$£2, Q,B =X,),Z.

11
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HOJTy4eHa PEeKypPeHTHas CHCTEMa OTHOCHTENBHO (QyHKIMH Z, () (U v, W) aB , OTKyJa

()

bynxuun  Z)  BeIpaxarorcs vepes  QyHKuMH Z! )(U v, W) Jnst  onpeneneHust

NOCJICAHUX T10JTYYECHbI YPaBHCHUSA

2Z(

aac +ag (Q! -i2KQ.)Zy) = R,

A%

aac +a, (Q2-i2KQ.)Z}) =R, (2.6)
AN

1
+—(Q2-i2KkQ, ) ZY) = RY),
¢ AH( )23 =Ry

rae R, RS, R - nost kanioro s u3secThpie hyHKIMU, B 4ACTHOCTH,
0) _ pO) _ p0) _
R, =R, =R, =0.
Hcnone3ys (2.3),(2.5) Bce HCKOMBIE BETHYHHBI OTPEICIAIOTCS 1O 00IHM (hopMmyiam
Z( ) 4 Z( ) Zg) Q)

() — oW =22 "9 2.7
) 5 » O T @7

rac Q J00ast U3 KICKOMBIX BEJIMYHH.

B §2.3, §2.4 ynoBneTBOpeHBI TpaHUYHBIE YCIOBHS U KaXKIOTO W3 BapHMaHTOB U

omnpeJiesieHbl BCe HEU3BECTHBIE (QYHKIMH Z[(j) (U ,V,W), CIIEJIOBATENbHO, W (PYHKIUH

(x
z4).

[pu rpannuHBIX ycnoBusx (2.1) HalimeHHOe pemienne OyaeT KOHEYHBIM €CITH

20,
sin2Q, \Ja,, #0, sin2Q \/a,, #0, COS\/A_ #=0. (2.8)
11

A 1ipu (2.2), ecin

20
sin2Q, \Jay, # 0, sin2Q, \/a,, #0, sin—% = 0. (2.9)

VA,
B nmpoTuBHOM ciiy4ae BOSHUKHET PE30HAHC.
B §2.5 paccmoTpeHB! yacTHBIC CIIy4ad BBIHYKIAIOLIETO BO3ACHCTBHSA, B YaCTHOCTH,
KOT/1a OHO UMEET MOCTOSHHYI0 HHTEHCUBHOCTh

o (&m)=—p = const, (2.10)
w'(E,Mn) =—w" = const. 2.11)
Ipyu NOCTOAHHOM BBIHYKAAIOIIEM BO3HeﬁCTBHH I/ITepaHI/IOHHBIﬁ pouecc 06prBaeTc5{ Ha

npubnmwKeHud S =1, ¥ NOJy4aercs MareMaTHYeCKH TOYHOE pPELICHHE. DTO pPeLIeHHe
cooTBeTcTBYIOmee yciaoBusM (2.1),(2.10) umeer Bug

cwzs’l( (0) ls1th+cs lcoth) 0,5 =0, a.B=x,y,z a#p,
(2.12)
w= l( stt+W )coth), u=v=0.

12
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rae Ql( =Re ZQ , Q2 = ImZ , O -mobas u3 UCKOMBIX BEJMYHUH,

zy =z =0, 2z =29 =79 =,
: . Q
zZW=— ep g sin £ (1+¢), (2.13)
Q4 cos——£ A
VAII
A Q
A 232Q cos /f (1+8), (xx, 37,22, Ay, Ay, —4,,).
A, cos VA

K
J4,

B §2.6 mocrpoeHsl rpaduky HOPMaIbHOTO IEPEeMEICHHS W  HOPMAIBHOTO
HanpspkeHust Juis ractuHkd w3 CBAM 10:1, korma HopManbHOE BO3ZEHCTBHE HMEET
NIOCTOSIHHYIO HHTCHCUBHOCTbD.

Ilockonpky pelieHue BHYTpPEHHEW 3ajadyd, Kak IIpaBUIO, HE YIOBIETBOpPSET
TPAaHUYHBIM YCJIOBUSAM Ha OOKOBOI NMOBEPXHOCTH IUIACTHHKU B §2.7 paccMOTpeH BOIpOC
yCTpaHEHHs] BO3HMKAIOLIEH HEYBSI3KH, IS YETO MOCTPOEHO pelIeHHe s morpaHcios. B

ypaBHeHI/IHX U COOTHOIILICHHUAX TeOpI/II/I prerCTI/I BBOOUTCA HOBast HepeMeHHaH ’Y = &8 , U
peiieHne npeodpa3oBaHHOM CHCTEMBI UIETCS B BUIIE
Oups =€ ou, (M, 0)exp(-Ay),  a,B=x,,z,
U, =eUYmQexp(-Ay), UV W), j=12, s=0,N.

rae A - noka HeusBecTHbIH kodpuuuent, ReA > 0. Hcnonssys oGozHauenus (2.5)

(s)
af 2

(2.14)

MOJIydeHa HOBas CHCTEMAa OTHOCHTENBHO ()YHKIIHIA Zl(f) (U 14 W) z! OTKy/ia BCE

yHKIMHI Zi‘;}) BEIDaXKEHBl Uepes ZS) (U,V,W), a a1s ompeneneHus NOCTeIHHX
noJyueHsl TpH Au(QepeHranbHble YPABHEHHS, KOTOPblE B HMCXOJHOM HPHONMKEHHH
pasnensioTces:

5270 EYAS)
@ h(Apas - 1)Tgb+ ag; (A2 + Q2 —i2KQ,) Z}y) =0,

ac?
A 1 ozl A2
4, ag;% +A| Ay —— a—gb+ Q2 —2KQ, +—— |z =0, (215
55 aSS
2Z(0) 2
d b ta, O - 2KQ, + z4 =0.
g Qg

TpeTbe ypaBHEHHE cHcTeMbl (2.15) He3aBHCHMO OT TEpBBIX JBYX U XapaKTepH3yeT
aHTHIUIOCKYIO 3a/]ady, a IepBbIe JBa YPaBHEHHUS - IUIOCKYIO 3a]ady.
OmnpeneneHs! perieHns ypaBaeHuit (2.15)

13
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4
zl) => GV (mexpk L,

Jj=1

4
Zy) = LGP (m)expk &,

j=1

2
Zl) =>CP (n)expo L. (2.17)

J=1

(2.16)

rae

(@2 +q>2)4_r\/(q>]x2 +0,) 44, (4,0 + D7 + @)
k1,2,3,4 ==x ZAH >

a

_ 4492 2,

0,, —i\/——% -a, Qi +i2Ka, Q..
Qes

D,,D,,D,,D, - BBIpaxaoTCi Yepes Ajk, a5, K,Q, mo ¢dopmynam mpuBOAMMBIM B

JUCCEePTALHOHHOM paboTe.

B §2.8 §2.9 ynmoBneTBOpeHBI TpaHUYHBIC YCJIOBHA Ha JIMLEBBIX ITOBEPXHOCTSIX
COOTBETCTBYIOIME IIOTPAHCIO, OTKYJa BBITEKAIOT XapaKTEPUCTHYECKHE YpPaBHEHHs

OTHOCHUTEIBHO A , (mmockast 3aja4a) u A, (aHTHIUTOCKAS 3a/aya). BBIYHCICHBI MEpBbIC
HECKOJIGKO 3HAueHHil KOpHed A , U A, COOTBETCTBGHHO ISl IUIACTHHKH M3 ILIACTHKA

CBAM 10:1 u u3 crexnommactuka CTAT mpu h=0.5wm, k, =02, Q=2n/0.1c”"'.B

YaCTHOCTH, MPH BO3AEHCTBHM HOPMAIbHOW HAarpy3KM Ha BEPXHIOI JIHIEBYIO IIOCKOCTh
IUTACTUHKH, HMEEM CIIeyIOIIe 3HATCHHS:

CBAM 10:1 CTOT
Xp A, kp A,

1 ] 0.19961 —0.8963 i 0.896929 1 | 0.0869387— 0.2907 i 1.25198
2 | 0.19961+0.8963 i 2.29646 2 | 0.0869387+ 0.2907 i 2.77552
3 | 0.45786 3.56686 3 | 0.7768733 4.23441
4 1 1.94724 481152 4 | 1.2106707 —0.2267 i 5.6787
5 | 3.82491-0.14623 i 6.04636 5 | 1.2106707+ 0.2267 i 7.11729
6 | 3.82491+0.14623 i 7.27639 6 | 2.10577 8.55304

Tabm. 1 Tab6n.2

W3 stux Tabiui; BHAHO, YTO U IUIACTHHKH W3 YKa3aHHBIX MAaTepHANOB BEJIMYHHBEl B
AQHTHUIUIOCKOM IIOTPAaHUYHOM CJIOE 3aTyXaloT ObICTpee, YeM B INIOCKOM.

B §2.10 nposeneHo compspkeHHE pelleHUH BHyTpeHHEH 3afadd M IOrpaHCIos,
HCIIOJIB3YS YCIOBUS MUHMMYMa Cpe/iHell KBapaTUYHOM NOrPEIIHOCTH.

B Tpernbeii rinaBe u3yueHbl COOCTBEHHBIE KOJICOAHUSI OPTOTPOIHBIX IUIACTHUH TIPH
HaJIMYAM BHYTPEHHETO TPEHHMS, KOTAA Ha JIMIEBBIX MOBEPXHOCTSAX 3aJaHBI OJHOPOIHBIE
CMeEIIaHHbIe YCJIOBUS JUHAMHUYECKO 3aJauy TEOPHH yIPyrocTH. JJ0ka3aHO CyIIecTBOBaHHE
TpeX THUIOB COOCTBEHHBIX KoyieOaHWi, M3 KOTOPHIX JIBa CABUTOBEIE KOJNEOAHMS M OOMH -
MIPOJONIbHEIE KoJIeOaHUs. YCTAaHOBJICHBI COOCTBEHHBIE (OPMBI 3THX KOJEeOaHWH ISt

14

© National Library of Armenia



HCXOAHOTO MpubImkeHns. ViccnenoBan xapaktep 3aTyXaHHsl BEJIMYMH MOTPAHHYHOTO CIIOS
IIPY COOCTBEHHBIX KOJICOAHUSIX IUTACTHHKH.

B §3.1 nana mocraHOBKa 3a/laud W TIPHBEICHBI OCHOBHBIC ypaBHeHHs. Tpedyercs
OIPEACIUTD YaCTOTBI COOCTBEHHBIX KoJieOaHui TUTACTHHKHU
D={(x,y,z): ( )eD |Z|Sh, h<<lI} u coGcrBeHHBIE (YHKIMM TIPH HAJIUYUAM

BHYTPEHHETO TPEHHUS U TIPH CIEAYIOIMX IPAHMYHBIX YCIOBUSX Ha JIMLEBBIX MOBEPXHOCTAX
z = +h nnacTUHKU:
z=-h: w=0,0_=0,_=0,

3.1
=h: o.=c_.=0,_=0.

WA

z=1h: w=0, 6_=0c, =0. (3.2)
s 3TOr0 HEOOXOJMMO HAaWTH HEHYJIEBBIC PEHICHUS CHUCTEMBI JMHAMHYCCKUX YpaBHECHHH
MPOCTPAHCTBCHHOM 33J[a4ll TCOPUH YIIPYTOCTH JJIsi OPTOTPOITHOTO Telia MpH yciaoBusx (3.1)
wm (3.2).
Pemenue nimercs B BUae

0o (X, 1,2,t) =0, (x,y.2)exp(iot), o.B=x,y,z j.k=123,
(u,v,w) = (ux,uy,uz)exp(imt).

rae (O - HEM3BECTHAs YacTOTa COOCTBEHHBIX KOJIeOaHM
3areM mepeins K Oe3pa3MEpPHBIM KOOPAMHATAM W KOMIIOHCHTaM BEKTOpa

(3.3)

NepeMEICHUS NOyYlM CHHTYJIIHO BO3SMYIICHHYIO MallbIM NapaMeTpoM € = h/ | cucremy,
pelieHre KOTopoi CKIaAbIBAETCS U3 PEeLIeHUH BHYTpPEHHEH 3ajjauu U norpancios. Pemenue
BHYTPEHHEH 3a1a4l OTBICKUBAETCS B BUJIE

o, =¢'"cb), jk=123 s=0,N,
. w)=e (U ro,mt), (3.4)
0. =£'o,,. . =ph’e’

o0 o0 0 n
Ipumenus npaBuio Koy yMHOXKEHHUS PAIOB Z a, an = Z Zakbn_ . » BbIBEJICHA
n=0 n=0 n=0 k=0
PEKYPPEHTHAs CHCTEMa, OTKY/la HAIpPSUKEHHS BBIPAKAIOTCS depe3 IEPEMEINEHHs, a s
ONpEIeIEHUATIEPEMEIEHHH TTOTyIEHBI TPH yPABHEHHS
o'y" : (s-m) _ pls)
o +ag (., o, —2iKo,, )U =R},

27/(s)

%+ ay (o, 0., —2Ko,, )V(“””) = R,(,“), 55)
S

2 (s)
0 Wz +—(o.,, 0., —2iKo,, )W = R},

G L)

n=0,m, m=0,s
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rzae R[(f ) RI(,S) Ré;) W3BECTHBI ¥ OIpEAeNIOTCS 1Mo  (opMynaM HPHBOIUMBIM B

JIICCEPTAIlMOHHON padoTe.
Pemennsimu ypaBreHuit (3.5) /1 HCXOTHOTO IPHOIKEHHS SIBIISIOTCS:

U9 = cosy, &+ CY siny, L,
O = cosy, ¢+ CW siny, L, (3.6)
w© = Cl(fV) cos Y, 06+ ngg $in Yy G

rae yUO = \/a55 (0)*02 _lzK(D*O) > (U! Vs W’ a55’a44’1/A” )

(0) C(O

v /W’

HeussecTHble KO3()PUIMEHTHI c w0 C j=1,2, momxHBl GBITH ONpENENEHBI W3

TPaHUYHBIX yCJ'IOBI/Iﬁ Ha JIMIEBBIX U OOKOBBIX TTOBEPXHOCTAX.

B §3.3. npu s=0 onpeneneHsl HaNpsKEHHUs 053), G(zg),G(3) U yIOBJIETBOPEHEI

rpannysble yenosua (3.1) u (3.2). YnosnerBopeHue ycinoBuil (3.1) OTHOCHTENBHO G( )

NPUBOJMT K OJHOPOAHON anreOpanueckoil cucrteme. W3 yCloBHs CyLIECTBOBAHUS
HEHYJIEBOTO PELICHUs 3TOH CHCTeMBbI (ONpPEeeNUTeNh PaBeH HYJIO) MONYYCHO ypaBHEHHE

JUISL OIIPENICJICHUS YaCTOT (0,

siny,,, cosvy,, = 0. (3.7
OTKyZna BBITEKAIOT 2 ciryvast:
a)siny,, =0=vy,,=mn, neN, (3.3)
6)cosY,, =0=7v,, :g(2n+l), neN. (3.9)
1)B ciyuae a), korna K > nMeeM:

a55

2.2
mn

., =iK +i |[K* - , neN. (3.10)
a55

U3 (3.3), (3.4), (3.10) cnemyer, 4TO 3aTyXaHHE BEIUYUH OYIET MPOUCXOTUTH 0€3 KOJICOaHMS,

1 ’ n’? 1 f
KaKk exp By G GRS PR exp——=| K+ |K*— Trn t.
hyp Ass hyJp Ass

2)B ciiyuae K <

Oy/zeM UMETh:
a55

2.2
m™n

o, =Kt -K?, neN. (3.11)

aSS

Y4aureiBas, 4To o’ = phzco2 , 13 (3.8), (3.9) umeem
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(3.12)

(3.13)

IMockonexky, 1/ ass = Gy, 10CTaTo4HO GOJNBIIOE YMCIIO, BTOPON BapHAHT Ha IIPAKTHKE

OyZeT BCTpedaThCs 4aCTO M MOITOMY 3TOT CIIydail pacCCMOTpEH Ooliee mogpoOHO.
Hacroram (3.12), (3.13) cOOTBETCTBYIOT COBHTOBEIE COOCTBEHHBIE KojieOaHms ¢ hopmMaMu
COOCTBEHHBIX KOJIeOaHUH COOTBETCTBEHHO

a) UY =Cf), (&.m)cos . (3.14)
2n+l)n
6) Uy =C§?)nn(é,n)sin%f;, neN. (3.15)

Cny4aro a) COOTBETCTBYIOT COOCTBEHHBIE KOJICOaHHsI B CHMMETPHYHOHN 3amade
(pacTshkeHne - cxarue), ciydaro 0) — COOCTBEHHBIE KOJE€OaHWS B AHTHCHMMETPHYHOMN
3amave (U3ruod).

ITomoGHEIM 00pa30M yHOBIETBOPEHEI OCTAaJIbHBIC TPAHUYHBIE YCIOBHS, YCTAHOBICHBI
3HAQUEHUs] YacTOT COOCTBEHHBIX KoOJe0aHWH, BbIMUCAHBI (YHKIMHM OIKCHIBAIONINE
coOcTBeHHbIe (GOPMBI KoJIeOaHUI COOTBETCTBYOLINE OCTAIBHBIM JABYM THIIAaM COOCTBEHHBIX
KoJIeOaHHH.

. N 0 0
B §3.4 nokazaHo, 4TO KaXK0€ U3 CeMEICTB COOCTBEHHBIX (PyHKIWI {U 51)},{U£“)},

{Vn(l?l) } , {Vn(l(z,) } , {W,f\?) } ,{W,f&) } , {m(v‘)fl} COCTaBNISIET ~ OPTOTOHANBHYIO ~ CHCTeMy  Ha
unrepate —1 < <1, a xaxzaas u3 rpynn coOCTBEHHBIX (GyHKIHUHU {‘Pnl} = {Cos TtnC} ,

. T
{‘I”nn}z 51n5(2n+1)C COCTABISICT OPTOHOPMUPOBAHHYIO CUCTEMY Ha TOM K€

HHTEpBaJe.

B §3.5 usyuen mrian mpuGmmkenuii s > 1. Tlokasamo, uto ., =0, U,E}) =0,

1 1
OJTHAKO, Vn(l) #0, W"(I) #0, T.e. CHABUrOBbIE COOCTBEHHBIE KOJNIEOAHHS TOPOKIAKOT

MPOJIONIEHBIE COOCTBEHHBIE KoNeOaHWs M, HAOOOpPOT, T.e. HAa YpPOBHE ydYeTa BBICIINX
TPUONVKEHUH OJIH THIT COOCTBEHHBIX KoJieOaHMI OyIeT COMpOBOXKAATHCA APYTHM THIIOM
COOCTBEHHBIX KoJIeOaHMI aMIUINTYyABI KOTOPHIX HAa TOPSIOK MeHbmme. Ilokas3aHo, dTO
I 2
o, 70, U f,,) # (0 creoBaTenbHO, €CIM OTPAHUYHMTHCS MPHOTIKEHHEM § =2, Oynem
HMETh
—77O 2r7(2)
Unl _Unl t+e Un[ H

1 1
0“)*011

(3.16)

1
*2n*

2
w,, = +e°m
AHanoruyHasi KapTHHA MMEET MECTO JUISl OCTAJIbHBIX BAPHAHTOB 3HAYCHHUH YacTOT.
B §3.6, §3.7 uccnenoBanbsl cOOCTBEHHbIE KOJICOAHHS B 30HE MOTPAHUYHOTO CJIOS B

onn3u Topua X = 0. HOKaSaHO, YTO BCC KOMIIOHECHTBI TC€H30pa Hal'[pf{)KeHI/Iﬁ U BEKTOpa
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nepeMemenus Tpu ymanenun ot Topua Xx =0 yGwsator, kak exp(—Ay), y=&/¢.

BhiBeIeHbl XapaKTEPUCTUUECKHE YPABHEHUS IS ONpPENENEeHUs A L1 A, . Tokasano, uro

/ Vil

KaXJ0H rpymne COOCTBEHHBIX YaCTOT ), — ®,,

ui,.

COOTBETCTBYET CBOSA COBOKYIIHOCTH

3HaueHuil A -

B 3ak/104eHNH TIPEICTAaBICHB OCHOBHBIE PE3YNBTAThl IAWCCEPTAMOHHON PabOTHL.
W3y4eHs! BEIHYXJCHHBIE 1 COOCTBEHHBIC KOJIEOAHUsI OPTOTPOITHBIX IUIACTHH, NPU HAIHMIAN
KyJIOHOBO TPEHMs C OCHOBAaHHEM WJIM BHYTPEHHErO BSA3KOTO TPEHUs, KOIJa Ha JIMIEBBIX
MIOBEPXHOCTSIX IIACTHHBI 3aJJaHbl CMELIAHHBIC TPAHUYHBIE YCIOBUS TECOPUU YIPYTOCTH.

OmnpeneneHsl  aMIUIMTYIbl  BBIHYXJICHHBIX KOJEOaHWH, YCTaHOBJIEHBI YCIOBHS
BO3HMKHOBEHUs pe30HaHca. BhIBeleHbI XapaKTepHCTUUECKUE YPaBHEHUs Ul OIpelelIeHus
MoKa3areNiedl SKCIIOHEHIMAIbHOTO yOBIBAHUSI BEIMYMH IOrpaHuuHOro cnos. IIposeneno
CONPSHKEHNE PeIlIeHNi BHYTpEHHEH 3aau1 ¥ TOrPaHUYIHOTO CIIOS.

OCHOBHBIE PE3YJIbTATBI JUCCEPTAIIMOHHOM PABOTbI

B pabore nony4eHs! , B 4aCTHOCTH, CIIEAYOLINE HOBBIE PE3yJIbTAThL:

e  Ha ocHOBe ypaBHEHHI IPOCTPAHCTBEHHOH 3a/jadll TEOPHH YIPYTOCTH OIIPEIETIeHO
pelieHre BHYTPEHHEH CMEINaHHOM 3aja4yd Uil OPTOTPOIHOH IUIACTUHKU IPH
HAJIMYHMU KyJIOHOBO TPEHHS C KECTKUM OCHOBAHHEM.

e  VkazaHbl cCilydYad, KOIJla pEIICHHEe CTAHOBUTCS TOYHBIM, IPHBEACHBI
COOTBETCTBYIOIIHE YaCTHBIE PELICHHUSI.

e VYCTaHOBIEHBI yCIOBUS BO3ZHUKHOBEHUS pe3oHaHca[l,4].

IMocTpoeHo penreHne AL MOTPAHUIHOTO CIIOSI OPTOTPOITHON TUIACTHHKH C YIETOM
KyJIOHOBO  TPEHHS  MEXIy IUIACTHHKOH ¥  OCHOBAaHHMEM,  BBIBEJICHEI
XapaKTepUCTHIECKHUE YPAaBHEHHSI OTHOCHTEINIFHO ITOKa3aTeNeil AKCIIOHEHIIHAIBHOTO
yObIBaHUS. BBIYMCICHB KOPHH 3TOTO ypaBHEHHMsS M8 IUIACTHHKH W3
crexnomnacTukoB CBAM 10:1 u CTOT. IIpoBeneHO compspKeHHE peIIeHHH
BHYTpPEHHEH 3aa4M ¥ OTPAaHUIHOTO CIIOSL.

e  [loka3aHO, YTO KYJIOHOBO TPEHHE MEX/y IIACTMHKOI ¥ OCHOBaHHEM IPHBOIHT K
TOMY, YTO B MCXOJHOM IPHOJIKEHUH IUIOCKUIl ITOTPAHCIION COMPOBOXKAACTCS C
AHTHUIUIOCKUM Torpancioem|3,4].

e  OmpeencHO pelieHHe BHYTPEHHEH 3aadd OPTOTPOMHOW IUIACTHHKU CBOOOIHO
JeKallei Ha KECTKOM OCHOBAHHMHU IPU HAMYUM BHYTPEHHETO BSI3KOTO TPEHHSI.
JI1st OTAENBHBIX KJIACCOB 3a/ay MOTyUeHbl TOUHbBIE PEIICHUS.

e VYCTaHOBJIEHBI YCIIOBUSI BO3HHKHOBEHMS PE30HAHCA IPH HATMYUH BHYTPEHHETO
BSI3KOTO TpeHus[2].

e JloctpoeHo pemieHHe A HOTPAHUYHOIO CJIOA B TpPeXMEpHOH 3ajgaue o
BBIHY’KJICHHBIX KOJICOAHUSIX OPTOTPOMHBIX TIUIACTUH C YYEeTOM BHYTPEHHETO
BA3KOro TpeHus. [lokazaHo, 4TO MOrpaHUYHBIN CIOM pacnagaeTcs Ha IUIOCKUH U
AQHTHUIUIOCKU MOTPAaHIYIHBIE CIIOM.

e  BrIBeIeHBl XapaKTepPCTHUECKHE YpPaBHEHMS ISl ONpelelieHHs IoKasaTeneit
9KCTIOHEHI[ANbHOTO yOBIBAHUSI KOMIIOHEHT TEH30pa HANpsDKEHHH U BEKTOpa
MepeMeIeHUs] B IUIOCKOM M aHTUIUIOCKOM MOTPAaHHYHBIX Closx. [IpoBeneHo
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e  OmpeneneHbl YacTOTHl W (GOPMBI COOCTBEHHBIX KOJIeOaHUI OPTOTPOIHOI
TUTACTUHKH TPH CMEIIaHHBIX OJHOPOIHBIX IPaHUYHBIX ycIoBUsX. [loka3aHo, 4To B
IUIACTUHKE MOTYT BO3HHKHYTh TpPH THIAa COOCTBEHHBIX KoyeOaHMii— 1Ba
C/IBHTOBBIE M OJIMH TpojosbHbIe. OnpeneneHsl popMbl 3THX KoleOaHuii, KOTopble
€ TOYHOCTBIO HCXOTHOTO MPHOIIKEHHS HE3aBUCUMBI.

e  Jloka3aHO, YTO OJMH THUIl COOCTBEHHBIX KOJICOAHMI MOKET BBI3BaTh COOCTBEHHBIC
KkonebaHus apyrux TumoB. OIHAKO, aMIUTUTYABI KoJleOaHMH MOCIEAHUX Ha
MOPsI0K MeHbIe[7].

e BriBIeH XapakTep COOCTBEHHBIX KoNeOaHUH B 30HE MOrPAHHUYHOTO CIIOS.
YCTaHOBIEHO, YTO KaKIOH COOCTBEHHOH YacTOTE COOTBETCTBYET CBOS IpyIna
COOCTBEHHBIX (YHKIMH THIIA IOTPAaHWYHOTO cios. OmpeneneHsl ITOKa3aTelIH
yOBIBaHUS COOTBETCTBYIOIMINX YKCIIOHEHIIHANBHBIX QyHKIHi [5].
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Udthnthmd

Uwnbtuwpnumpniip tdppdws L Ynpn htbwpwih Jpuw wquun hEugus
oppenwINNY uwkpp unhynnulwi i1 wqun wnuwwnwunidubph
niuntftwuhpnipjuip uwh b hktwpwuh dhol Ynuyniyut sthdwb jud ubppht
dwdnighl sthdwt wejwmpjut phwypnd, tpp uwh ghuduwghtt dwljkpbnyputph
Jpu npduws L wnwdqulijuwinipjut mbunipjut phtwdhjulwb jpunph juwep
Eqpnuyhtt wuydwhkp:

Uwnbkbtwjununipmipn punugwé bt ubpwdnipnihg, bpkp qniputikphg,

Eqnuljugnipinithg b ogurnugnpdjwsd qpuljuinipju gulhg:

Unwghti qntjup thpdws £ Ynown hkwpwih Jpu wquun hkuqus oppninpny
uw]h unhynquljut muwnwinidubph ntuntdowuhpdwip, vwh b hwpwih dhol
Ynyniyut othuwt hwygundwudp: thunwpyjws b wnuqquljuinipyut nkunipjub
huwnp qpuyhtt unhputp, dwubtwynpuy b, Gpp wwh yephtt thunh Jpu npdws
(wupnudubph ptugnph, jud mknuthnjunipjut yEjunph tnpdw) punqunphsp [1,3,4]:

Nnpnoyws t oppnuipny uwih bbkpphtt punph wuhdwnnunhluwwub jnsnudp,
wpudsyws b nhgnuwbiuh wowewgdw wuydwhtbpp:

8nyg L ipyws, np puquutnudughtt mbkuph tnpudw) wqpbkgnipjut nhupnid
hwbkpughnt ypngtup pughwnynud E npnpwlh dntnwynpnipjniunid b unwgynud £
utpphtt unph &dogphwn nusnidp: Unwgws i hwdwwywwnwupwb  dogphn
mubnudutipp hwuwnwwnmb b gduyhtt  hunbbuhynipinit  niubgnn  tnpduyg
wqnlgnipniiitnh nhypkpnid:

Quinnigyws Eu qpudhlubp jupnudubph phugqnph b wbknuithnjunipjub
Jijunph pununppsubph wdyhnnutph hwdwp, tpp unpudw) wqptgnipniup
nith hwuwnwwnnitt hbnkbupynipniu 1, 4]:

Gupmigws L uwhdwbwhtt ghpinh mhyh nidnudp: 8nyg E wpqws, np
quuijut  dnnwynpmipniunid juinhpp pwdwiymd £ hwpp b hwlwhwppe
jnunhputph: Uwluyu hhdph hbkn  Ynyniyut oshdwt  hbnbwupny hwupp
uwhuwbuyghtt okpwunp nintlgynid £ hwljwhwpp nwhdwbwghtt gkpnny:

Upunwddws ki punipwqpps  hwjuwuwpnudutp hwpp b hwwhwpp
uwhdwbuuwghtt  okpnbpnd  jupdwt  phugnph b wbknquihnjudwt  JEjunph
pununnppsutiph kpuynukughw) opkupny tjuquub gnighsubph npnodws hwdwp:

8nyyg k vipdws, np Ukdnipiniutpp hwjwhwpp vwhdwbwght shpunnud wbh
wpwgq b Ywupnd pub hwppe vwhdwbught okpunnud:

Quuwpyws E ubppht juugph U wwhdwbwghtt  okpnh  nusnidubph
16npnnudp[3, 4]:

Epypnpy giunid nuunidbwuhpws £ Ynon hbwpwh Jpu wmquun hkuqus
oppnuipny uwjh umhynnuiwb wwnwinudbbpp, bbpphtt dwédnighly sthdwb
wnluynipjut nhwpmid, Epp uwih nhdwjhtt hwppnipnibubph Jpuw mpqus tu
huwnn qpuyhtt yuydwutkn [2, 6]:

Uunwugws b ubkpphtt fungph jnisnudp: P huyn Eu phipdwsd nbqnuwbuh
wnwowgdw yuydwbubpp:

20

© National Library of Armenia



Unwgws Eu  ubppht  puungph  dogphin misnudubp  hwuwnwnnih
hunkuuhynipjudp tnpdwy wqptgnipyui nhwypnud:

Quinnigws Eu qpudhlubp jupnmudubph phugqnph b wbknuihnjunipju
Jijunph unpdw) pwnunphsubph hwdwp, Gpp unpdw) wgpbgnipniip niuh
hwuwnwwnntt hpnkbuhynipnii:

8nyg t wpwé np ubkppht junph nusnudp wdpnnonipjudp npnoymud L
nhduyhtt hwppnipemnibubph ypu gpdws wuydwubtphg [2]:

Qupnigyws b uwhdwbuwght okpnptt hwdwywwnwujwing  wuhdunnuhl
mudnudp: Opnoyws  Eu hwpe U hwlwhwpp uwwhdwbwjhtt  phpnbpnid
Ubdnipiniibph Epuwynubughw) opkupny ujwuquwb gnighsutpp npny Wnipbph
hwdwn:

Guwnwpyws k ubkpphtt unph b vwhdwbuyghl okpnp nismudubiph (dnpnnudp,
Epp uwih Ynndbwghtt dubpbnygph Jpu npdws b jupnwdubpn [6]:

Gppnpy ginihup whpdws E Ynown hkbwpwih Jpuw wmquin hkugjws oppninpny
uwbkph wquun nwwnwinidubph nuudbwuhpmpjutp, tkpphtt dwénighly sthdw
hwoqundwdp, Gpp uwh  ghdwhtt  JEhkpunypubph dpu wpjwés Lo
wnwdquljwinipjul mbunipjut pwunp hwdwube Eqpuyht wwydwubn [5, 77:

8niyg £ wpqws, np oppnuipny uwnid Yupnn i wnwewbw) kpkp wnhuh
ubthwjut wnuwnwindubp®  Gpint wwhpwjhtt b dby  Gpiuytwlwub, npnup
uljqpiwuit  Unnwynpnipniinid hpuphg wbup B Opnoqus Bu wyy
nwwnwinidubph hwdwhnipnititpp b ukthwljw dubpp:

Uwugnigdws k, np vh mhyh ubthwlju munwbnudp Jupnn £ wnwgwguby
Uniu Epynt mhwh ubthwjwit nwnwinudubp, vwuuyt jupgny wydbih topp
wduyhininy[7]:

PuguhuyinJuws b ubthwlwt wwnwinwlubph  punypp  vwhdwbwgh
shpinud:  8nyg E wpjws, np  nipupwignip ubthwlul  nunwibdwt
hwdwpnipjuip hwdwywunwupwind t uvwhdwiwght sbpnh ubthwlwt dukph
hp funuidpp:

NpnoJws L vwhdwbwyhtt skpnp  hwdwywunwupuwb  ddnipniubph
Epuyntbughw) opkupny dwpdwb gnighsutpp ubthwlwi  wwnwinwlubph
nhugpnud:

8nyg L wpws, np ubkppht dwbdmighl sthdwbt wnluwynipjui phupnid
ubthuljut nwnwinidubpp pueind Eu dwpny [5]:

Zupyh wntbny, np vwbkpp hwighuwinud Bu dwdwbwlulhg qplpt ponp
Jupnigwséputiph b uwppbph punugnighy dwubkp, wwnbkbwhnunipniunid
unugyws wpyniupubpp Jupnn Bu vnwbug hpkig juyt Yhpwenipniaubpp:
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ABSTRACT

The dissertation is devoted to the study of forced and free vibrations of orthotropic
plates freely lying on the rigid foundation in the presence of Coulomb friction between
the plate and foundation or internal viscous friction, when on the faces of the plate
mixed-boundary conditions of dynamic problem of elasticity theory are given.

The dissertation consists of three chapters, introduction, conclusion and a list of
references.

The first chapter is devoted to the study of forced vibrations of orthotropic plate
freely lying on the rigid foundation in the presence of Coulomb friction between the
plate and foundation. The mixed-boundary problems of elasticity theory are considered,
particularly the case, when on the upper plane of the plate the normal component of the
stress tensor or of the displacement vector is given [1, 3, 4].

The asymptotic solution of the inner problem of the orthotropic plate is
determined. The conditions of appearance of the resonance are obtained.

It is shown that if the intensity of the normal action has a polynomial form the
iterative process is interrupted on the certain approximation and an exact solution of the
inner problem is obtained. When the intensity of the normal action is constant or linear
the corresponding exact solutions are obtained.

When the intensity of the normal action is a constant the graphs for amplitudes of
components of the stress tensor and the displacement vector are constructed [1, 4].

The solution of the boundary layer is constructed. It is shown, that the problem is
divided into the plane and out-of-plane problems. However, on account of Coulomb
friction between the plate and foundation the plane boundary layer is accompanied by
the out-of-plane boundary layer.

The characteristic equations for indexes of exponential decrease of components of
the stress tensor and displacement vector in the plane and out-of-plane boundary layers
are deduced.

It is shown, that quantities in the out-of-plane boundary layer damps faster than in
the plane boundary layer.

The conjugation of the solution of the inner problem and of the boundary layer is
conducted [3, 4].

In the second chapter the forced vibrations of orthotropic plate freely lying on the
rigid foundation taking into account the internal viscous friction are studied, when on
the faces of the plate mixed-boundary conditions are given [2,6].

The solution of the inner problem is obtained. The resonance conditions are
determined.

The exact solutions of the inner problem, when the intensity of normal action is
constant, are obtained.

When the intensity of the normal action is a constant the graphs for normal
components of the stress tensor and displacement vector are constructed.

It is shown that the solution of the inner problem is completely determined by the
boundary conditions on the faces of the plate [2].
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The asymptotic solution corresponding to the boundary layer is obtained. The
indexes of the exponential decrease of quantities in the plane and out-of-plane boundary
layers are calculated for some materials.

The conjugation of the solution of the inner problem and of the boundary layer is
conducted, when on the lateral surface of the plate are given the stresses [6].

The third chapter is devoted to the study of free vibrations of the orthotropic plate
freely lying on the rigid foundation in the presence of internal viscous friction, when on
the faces of the plate the homogeneous mixed-boundary conditions of elasticity theory
are given [5,7].

It is shown, that in the plate the three types of free vibrations can arise — two shear
and one longitudinal vibrations. The frequencies of that vibrations and principal modes
are determined.

It is proved that the one type of free vibrations can generate the other two types of
free vibrations, but order of amplitudes of the generated vibrations is less than order of
amplitude of the first type of free vibrations [7].

The character of the free vibrations in the boundary layer is disclosed. It is shown
that to the each frequency of the free vibrations corresponds own group of principal
modes of boundary layer.

The indexes of the exponential decrease of quantities of boundary layer in the case
of free vibrations are determined.

It is shown that in the presence of internal viscous friction the free vibrations are
becoming damped vibrations [5].

In account of plates being important component parts of modern constructions and
equipments obtained results in the dissertation can be widely used.
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