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OBLIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYalbHOCTh TeMbl. Pa3BUTHE COBpPEMEHHOI HayKd C PacTyUIMMU MOTPEOHOCTSIMM B pa3IMYHbBIX
00/1acTAX TEXHUKU OTKPBIBACT OOJbIIME AaCHEeKThl MNPUMEHHMMOCTH TaKUX KOHCTPYKLHUH, Kak
TOHKOCTEHHBIE YIPYTUe TUIACTHHKH. DTH K€ TOTPEOHOCTH, KOTOPBIE IIEJICHAPABICHBI Ha PAllHOHAIEHOE
UCTIOJIb30BaHUE MaTepuajia U O0ecleYeHUe MPOYHOCTH KOHCTPYKIMH, BBISBHIN WHTEPEC K TEOPUSIM,
KOTOpbIE OTKJIOHAIOTCS OT rumore3 Teopun Kupxroda. Jlns pemeHus 3agad u3ruba, OpOYHOCTH U
KoJIeOaHUH TJIACTUH ObUIN IPEAJIOKEHBI Pa3HbIE OIXOAbI.

[Iupokoe pacnpoCTpaHEHUE IMOIYYMIU Pa3jIUYHblE BapUAHThl YTOYHEHHOM TEOPUU AHM3O0TPOIIHBIX
IUTACTHUH, CBOOOJHBIX OT TUIOTE3bl HEAEPOPMUPYEMBIX HOpMajeil Kiaccuueckoil Teopuu. bousbiioii
UHTEpeC UccieloBaTenel K MOCTPOSHUIO HOBBIX YTOUHEHHBIX TEOpUH 000JI0UeK U IUIACTHH BBI3BAH TEM,
YTO TOYHOCTb pacyeTa IO KJIACCUYECKOW TEOpPUM HE BCErja IpHeMIeMa IIPH PACCMOTPEHUHM BaXKHBIX
NPUKIAJHBIX 3a/1a4, OXBATHIBAIOIIMX IIMPOKHHA Kjacc MpoOIeM, CBS3aHHBIX CO CIEHU(PUICCKUMHU
O0COOEHHOCTSIMU MEXaHUYECKUX CBOMCTB HOBBIX aHU30TPOITHBIX MaTEpHAIOB.

B HacTosimelt auccepraliluoHHON paboTe B KaueCTBE pacueTHOW MOJENIN NPUMEHSIOTCS YpaBHEHUS U
COOTHOIIEHUS] YTOYHEHHOH TeopurM H3ruba aHU3OTPOIHBIX IUIACTUHOK HAa OCHOBE THUIIOTES3,
npeioxkeHHbix C.A.AmOaprymsaHom u Peiicuepom-I'enku-Munynaom, no Bapuanty B.B.Bacuibesa.

Hean padorsl. B nucceprannonHoilt paboTe MCClIeI0BAaHO BIMSHUE y4e€Ta MOMEPEYHBbIX CABUTOB Ha
HanpsKEHHO-e(OPMHUPOBAHHOE COCTOSHUE IJIACTUHKHU IPU U3rHbe U yTOUHEHHE T'PaHUYHBIX YCIOBUH.

Lenp HacTosmeit paboThl COCTOUT B CIETYIOLIEM :

1) Ha ocHoBe yrouneHHbIx Teopuii C.A.AmOapuymsiHa u PeiicHepa oIpenenuTs TpaHHIIBI
OPUMEHUMOCTH M TOYHOCTH Trumore3bl Kupxroda B 3agauax wu3ruba IUIaCTMH NOJ JelcTBUEM
pacnpeneIeHHOM HOPMaJIbHOM HAarpy3KH U IIPU KOHKPETHBIX CIIydasiX TPAHUYHBIX YCIOBHH,

2) mpenyoXHUTh HOBBIM MOAXO/ K MPUKIIAJIHBIM 3a/1a4aM U3ru0a MIIACTHH, IPU PA3IUYHBIX CIIOCO0ax
Harpy>Ke€HUus U ONUpPaHUsI 110 KpasiM,

3) BbIABUTH HOBBIE 3()(heKThI, 00YCIOBICHHbIE YUETOM IONEPEYHBIX CABHUIOB,

4) yAOCTOBEPUTbCS B TOYHOCTH pAcueTOB IIyT€M CPAaBHEHMsI C YMCICHHBIMM pPELICHUSMH, B
YaCTHOCTH METOJ0OM KOHEYHBIX 3JIEMEHTOB.

Hayunas noBu3Ha. [IpenioxeHbl NoaXoAbl 0 NPUMEHEHUIO MPUKIAAHBIX TEOPUNH TOHKHUX IJIACTUH
(reopust Kupxroda, yrouneHHole Teopun AmOapiymsiHa, PelicHepa) K pemieHHio 3ajad M3ruda moj
JEHUCTBUEM pa3HBIX HOPMAJbHBIX HAarpy3o0K, NPWJIOKEHHBIX K JIMLIEBOM IOBEPXHOCTH ILIACTHHKHU.
HccnenoBano BIMsSHNUE YTOYHEHUSI TPAHUYHBIX YCJIOBHM Ha HaNpsDKEHHO-1€()OPMUPOBAHHOE COCTOSTHUE
IIJIACTHH.

IIpakTHyeckasi LEHHOCTb PpadoThl. PaccMOTpeHHBIE B JUCCEPTALMOHHOM paboTe BOIPOCHI
IIPOEKTUPOBAHUS TOHKOCTEHHBIX 3JIEMEHTOB KOHCTPYKIMHM C IPUMEHEHHUEM YHCICHHBIX METOJOB,
KOTOPBIE YIPOINAOT PAaCyeThl, IPEACTABIIAIOT MPUKIAJIHYIO0 BaXKHOCTh. McciienoBanne pa3indHbIX 3a1a4
u3ruba IUIaCTUH, MOJBEP)KEHHBIX AEWCTBUIO PAaBHOMEPHO paclpeieseHHbIX HOPMAJIbHBIX Harpysok,
MOXET OBITh IOJIE3HO Ul HPOEKTHUPOBAHUS KOHCTPYKLUH, 3JIEMEHTaMU KOTOPBIX SIBJISIOTCS TOHKHE
IIacTUHKY. [IpuMeHeHne MeToja KOHEYHBIX 3JEMEHTOB B DPA3IMUHBIX 3aJadaXx M IpPakTU4YHEE, U
COBPEMEHHEE.

Anpobauusi padoTbl. OCHOBHBIE Pe3yJIbTaThl IUCCEPTALINN JOKIIAIBIBATIICH U 00CYKIAINCH!



® Ha MEXIyHapoaHOH KoH(pepeHIuH «MexaHHKa KOMIIO3UTOB M ONTHMAaJIbHOE IPOCKTUPOBAHUEY,
MOCBAIIEHHON TMaMsITH JOKTOpa TeXHUYeCKux Hayk, mnpodeccopa B.I[.I'mynn(1936-2005), 25-28
cenTs0ps 2006r., EpeBan (ApMeHus);
¢ on the international conference «Topical problems of Continuum Mechanics» 24-28 September 2007,
Tsakhkadzor, Armenia;
e South-Caucasian Summer School, Mathematical Modeling of Thin Structures, June 16-20, 2008,
Tsakhkadzor, Armenia;
e On the seminars of prof. Alfred Schmidt «Zentrum fiir Technomathematik, FB3
Mathematik&Informatik», 2008, Bremen University (Germany);
e Ha mMexIyHapomHON WIKOJBI-KOH(EpeHIMH MOJOAbIX YyueHbIX “‘Mexanmka 20097 28 ceHTAOps-
lokTsi06pst 2009r, AraBHan3op, ApMeHHS;
e Ha ceMuHapax «BonHoBbie mpoueccel» Mucturyra mexanuku HAH PA (Epesan, 2006-2011r.),
e Ha ceMHuHapax MoyiobiX yueHblx MHctutyta Mmexanuku HAH Apmenun (Epesan, 2011r.).
[My6nukanuu. [lo Teme auccepTaliOHHON pa0OTHI OMYyOJIMKOBAaHBI 3 Hay4HbIE CTaThbu M 1 Te3WucC,
CIHCOK KOTOPBIX IPUBOJIUTCS B KOHIIE aBTOpedepara.
Ctpykrypa nuccepranuu. ucceprainonHas paboTa COCTOUT U3 BBEICHUS, TPEX TJIaB, 3aKIIOYCHUS
U CIHCKa LUTUpPYeMOH nuTepaTypsl. Pabora m3noxena Ha 112 cTpaHMIIax MAaIIMHOMHMCHOTO TEKCTA,

BKIItouas 18 pucyHkos, 9 TabauIl, a CHUCOK TUTepaTypsl coaepxut 101 HaumeHoBaHue.

COIEPXXAHUE PABOTHI

Bo BBegeHuu mnpuBeneHBl UCTOPUYECKUE MOAXOMbI OTHOCSIIMXCA K TEMAaTHKE IUCCEPTAlMOHHOU
paboThl, 000CHOBaHA aKTYyaJbHOCTh HCCIEIYyEMbIX 3a/1ad U cHOPMYIUPOBaHA LEJIb 00CYkKIaeMbIX B HEll
BOTIPOCOB. JlaH KpaTkuii mpoOIeMHO-OpUEHTUPOBAHHBIA 0030p OCHOBHBIX PabOT M PE3yIbTaTOB, TECHO
MPUMBIKAIOMIUX K HCCICAYEeMON TeMaTHKe, KpaTKuii 0030p JuTepaTypbl W H3JI0KEHO KpaTKoe
coJlep’KaHue AUCCePTALUH.

[Ipu o>tOoM oTmeuensl pabotbl JI.A.AranoBsna, C.A.AmOapuymsina, [.E.barmacapsna,
M.B.benyGeksina, O.B.benyOeksna, B.B.BacunmweBa, b.®.Bmacoa, A.E.Ipuna, B.I[.I'nynu,
A.JL.Tonpaenseisepa, 3.H./lanosHa, C.A.JlxunaBsiHa, A.C.KanmaHoKa, P.M.Kupakocsna,
P.JI.Mungnmuna, JI.A.Moscucsna, FO.H.PaGornoBa, D.Peiicnepa, B.C.Capkucsna, C.B.Capxkucsna,
C.O.Capkucsana, C.I1.Crenansana,C.I1. Tumomenko, A.A.XayaTpsitHa 1 MHOTUX JPYTUX aBTOPOB.

B nepBoii riaBe npuBeaeHbl OCHOBHBIC YPAaBHEHHS W COOTHOILCHHUSI, @ TAK)KE€ TPAHUYHBIC YCIIOBUS,
UCIIOJIB3YEMbIC I MCCIICIOBAHMS HAIPSKEHHO-1e(DOPMUPOBAHHOTO COCTOSIHUS IUIacTUH. B mepBom,
BTOPOM M TpeTheM naparpadax 3Toi 1J1aBbl IPUBEACHBI OCHOBHBIE YPAaBHEHHS U COOTHOILICHUS 33aa41
u3ruba MpAMOYTOJBHBIX IJIACTHH MO Kiaccuueckor teopuu Kupxroda(K), mo yrouHEeHHBIM TEOpUSIM
Ambapuymsina(A) u Peiicaepa(P), u mo merony koHeuHbIx 3eMeHTOB(MKD) coorBercTBeHHO. B
YyeTBEPTOM naparpade 3Toil TJaBbl MOAPOOHO PACCMOTPEHBI TpaHWyHbIE ycioBus mo TeopusMm (K) u
(A): »xecTkas 3anenka, oOJeryeHHas 3a/lelKa, CTECHEHHBIH CKONB3SIIMNA KOHTAKT, IApHUPHOE

3aKpPCILJICHUC, CKOJIB3SIIUM KOHTAaKT, CBO6OI[HO€ OIMpaHuec, CTCCHCHHO CBO60,I[HI>II71 n CBO60,I[HBII>1 Kpas.



Bo BTOpOIi ri1aBe paccMaTpuBaeTcs U3ru0 MPSIMOYTOJIBHOM TUIACTUHKU C paclpeesieHHON Harpy3Koi
HAa JIMIIEBON MOBEPXHOCTU U TPAHUYHBIMU YCIOBUSMHU CBOOOTHOTO ONUPAHMS, MIAPHUPHOTO 3aKPEIUICHUS
1 CBOOOJTHOTO Kpas.

B nepBom maparpadye BTOpO# TJIaBbl pacCMaTpUBAeTCs 3ajlada M3ruba IUIACTUH TOJIIMHON 2k, TipH

CHHYCOUIATEHOM pacupeieieHun Harpy3Ku Ha JIULIEBOM HOBEPXHOCTU [JIACTUHKH
q(x, y):qo sin(7zx/ a)sin(;zy/b), qo =const (puc.1), no teopusm (K) mu

(MKD). IlpumeHeHbl I'paHUYHBIE YCIIOBUSI CBOOOJHOIO OIMpPAHUS IS

BCEro KOHTYypa IUTaCTUHKH. 3ajaya u3ruda pemena no (MKD). Pemenue

no teopun Kupxroda mssectno. Ha puc.2 nmpusenena ¢ynkmus nporuda
Puc. 1 KBaJIpaTHOM IUIACTUHKHU B rpa)uyecKoM BUJIE.
Jlnis cpaBHEHUS pe3yJabTaTOB MO JBYM TEOPHSIM NPHUBEIEHbI TaOIHIIbI.

W3 mabauyur 1 BUnHO, 4TO 3HaUEHUE nporuda B He y3510Boi Touke 1o teopuu (K) u mo (MKD) pasnsle,

HO OJH3KHe.
Tabnuua.1
IIpozud c60600H0 onepmoit NPAMOY20IbHOU RAACHUHBL HOO CUHYCOUOAILHO
Hazpy3Koil.
w(0,0.25q) =« q0a4/D (X) (MKD)
v} 0 0.00021808
Puc.2. I[Ipoeub nnacmunxu
2ER’
rne D= 3(1—2 - JKECTKOCTh IUIACTHHBI. JlJIsi mepepe3bIBaroIMX CHUII
4

IMMOJIYYCHHBIC PC3YJIbTAaThI ONMM3KU K pe3yjibTaTaM aHAJIUTUYCCKUX pGHIeHI/Iﬁ AJId Y3JIOBBIX TOYCK. I[J'I?[

OCTAJIBHBIX TOUYEK pacXoxiaeHue He npessimaet 1% (mabauywvt 2 u 3).

Tabnuua 2
Ilepepesvisarowasn cuna c60000HO Onepmoil NPAMOY20IbHON RAACIMUHKY HOO CUHYCOUOANbHOU HAZPY3KOIL.
—_p4a
0.(0,0.25q)= p 90 Aﬁ (K) (MK?D)
B -0.1146 -0.1142
Tabnuua 3
Ilepepe3visarouian cuna c60000H0 onepmoil RPAMOY201bHOU NAACHMUHKU ROO CUHYCOUOATNbHOU HAZPY3KOIl.
0,(0,0.25a)=y 90 V (K) (MKD)
¥ 2r
y 0.1146 0.1142

Bo BTOpOoM maparpade uccrienoBaHa 3aqada M3ruba IUIACTUH TOJIIMHON 2/ 1O paBHOMEPHOU
Harpy3Koll g=const, MPUIOKEHHOW HOPMAJBHO K €€ JIMIIEBOM IMOBEPXHOCTU. J[Ba MPOTHUBOIOIOKHBIX

Kpasi TUTACTUHKH IapHUPHO 3aKPETUICHBI, a JIBa APYTUX CBOOOHBI
q ! (puc.3).
| ;
SRV 2 Dhweg (n
.7 M a VX 2
- 0
—/ 7 e D

M,=0,N, =0, npux = ta (3)

npuy = tb (2)

B mnepBoif yactu uccnemoBaHa 3amada no teopuu Kupxroda.



Pemenue ypaBuenus (1), c rpaHnuHbIME ycIIOBUSIMU (2)-(3) U3BECTHO

w=w, ian[l +&chﬂnx+ vshk,a

n=1 (I_V)én §n

riae v-kodddumuent [lyaccona u

_ 4 1yl 3
_@n-bx o GAght D 2B

A,x sh&nx} cos A,y 4)

& 2b " b2 T @n=1)° T 3(1-v?) ®)
S,=0+v)shA,a-(1-v)Aachia,
0,=@B+v)shAachia—(1-v)A.a. (6)
ITepepesbIBatomye yCHINS UMCIOT BH]
N, (a.b) = qob{l N 16v i sh22,a— (lgv)lna}
(1-v):o (2n-1)5, (7

Korz[a Kpass TIUIACTHUHKH OTAHAIAKOTCA Apyr OT JApyra, TO OTIHYUEC PCHICHUSA 3adadu OT

[WIHHIPAYECKOTO U3rnbda 3aBUCHT OT 3HaueHue ko3 dummenta [Tyaccona v.

LISST chl,a, shi,a~ lei”a . (8)
b 2
B npubnuxenun (8) nomyueHo
v(l+v) y? y?
,V) = +——||1-= | 1-—|. 9
w(a, y) w{ (3+V)(1_V)M % . 9)
1+3v)
N, (a,b) = (— b 10
y( ) (I—V) QO ( )

[Ipu v=0 mony4YeHHOE pEIIeHHEe pacCMaTPUBAEMOW IIJJACTUHKH COBMAJAaeT C peuieHueM
[WIHHIPAYECKOTO U3rnda. MakcuMalbHOE OTIIMYKe ToirydaeTcs mpu v=0.5.
Bo BTOpOI#i yacTu perieHa 3agaya Ha OCHOBE YTOUHEHHBIX Teopuid (A) u (P), mst KOTOPBIX MOJIYYEHO

BBIPAXXCHHUC IJIA HpOI‘I/I6a

qo 2 a v I+v
w(x,y) = Eozlj(— i a [[ﬂnacthﬂna - _V)chﬂnx—ﬂnxshﬂnxj{3 +v +4/1i;(h2 —

-1
q —v)/lna[cthlna - 11_ 2v thﬂna} —aha i+ 202y )W_"} +1 +12_—’fv,1§h2jcos A,y (11

-V thp ,a

KOTOpOE MpH y=2/5 COOTBETCTBYET peIIeHUI0 1o Teopud (A), a ipu y=1/3 — pemenuto no teopuu (P). B
YaCTHOCTH B MpHUOMMKeHuH (8) MOITY4YeHO BBIpaKEHHUE AJis MPOruda U IMepepe3blBaoNIed CHIIBI 10
teopusiM (A) u (P)

2

0 1 2 2
W(a,y)zq—Do zj_ZE*—"{uwMﬁth—vﬂna—4h/1n,/;(h+/13,h2;(icmpna} +1+;1(h—/1”}cos/1ny (12)
n=lA, -V -V

1% L\/;ﬁ—l
2‘]01’1 2 b

N, (a,b)=

@+2”Jzﬁ]. (13)

(3+v)b

_n¢226+w

Haﬁ,[[eHLI HpOFI/I6I>I Ha Kparo IJIaCTUHKU JJIS1 KOHKPETHOTO ClIydad



2
q=4qocosty, }%z <<l (14)

I[J'IH 9TOr'0 Ciiy4as IOJIY4YCHBL HpOFI/I6 IUIACTUHKHU B CCPECAUHC CBO6OI[H01"O Kpada (T. €. MaKCUMAaJIbHBIN

porud IUTACTUHKH) U TIEPEPE3BIBAIOIICE YCHITUE B YIVIOBOW TOYKE IUIACTHHBI.

16g,b" ova (L 27y h

a,0)= + , 15
Mal) z*D (1-v)3+v) b(3+v)b (13)
71'\/; h
20 amfzn

Ny(a,b)=2q°b -— 14 NE

T P 15(34_‘/) (3+V)b (16)
[Iporu6 B nenTpe miactunbl, o Teopun Kupxroda, yautsiBas (8) numeet BUT

64q,b*

w(0.0) ~ 4L (17)

5
7D
[To yrouHeHHO# Teopuu i MPOruda ITACTUHBI B €€ IICHTPE MOoTy4YeHa MpuoImKeHHas Gpopmyia

9 64b* oy h
0,0) ~ 22 1+ =
MO0 =7, 2~ 201-v)p?

(18)

[Tpu npussToM BbllIe nomymieHUH (14) mporu® iacTHUHBI B LEHTPE MO YTOYHEHHOW TEOpUU UMEET
Bun (17).

[TomyyeHo, 4TO MaKCHMaJbHBIH NMPOTHO IIACTUHKKA 1O Teopuu Kupxroda mns paccmarpuBaeMoit
3a/1a4i UIMEET TOYHOCTD MTOPAJIKA KBaJipaTa OTHOCUTEIbHON TOJIIMHBI.

[Tonydeno, 4To BbIpaXkeHHE MPOruda INIACTUHKY Ha CBOOOJHOM Kparo 10 YTOYHEHHOW TEOpuH Iocie
IIPEHEOPEIKEHUsT KBaJApaTa OTHOCUTEIbHOM TOJIIMHBI COJACPKMT €IIE U CIaraéMoe cojeprKallee
MHOXHTEIh OTHOCHTEIBHON TOJIIMHBI, YTO M JAaeT YTOYHEHHWE 3TOH 3amaun. [IpormObl B mLeHTpe
IUTACTUHKM paccuuTaHHble 0 Teopuu Kupxroda u no yroUHeHHON T€OpUH COBNAAAIOT IS yUIMHEHHON
IUTACTUHKH.

B Tperbem maparpade BTOpoif IUVIaBbl penieHa 3ajaya u3ruda IUIACTHMH, KOTJa JiBa
IIPOTUBOINOJIOXKHBIX Kpas IUIACTUHKU IIAPHUPHO 3aKpeIUIeHBbl, a JBa JAPYTrUX CBOOOJIHBI JJIsi Harpy3ku
MHTCHCUBHOCTBIO ¢p=const, TPUIOKEHHOW HOPMAJIBHO K JIMLEBOM IOBEPXHOCTH U PaBHOMEPHO

pacrpeelieHHOW MO TOJIOCKE MapajuIeIbHOM Kparw IUIACTHHBI, CHUMMETPUYHO OTHOCHTEIBHO OCH
x(puc.4).

b
0 —<y<— u —-—<y<-—
2 2 2 2
y q(x,y)= (19)
A _ 0 < C
b2 F———— & qo = const Sy<|3
c/2
0 1 . .
<2 a X Hccnenyercst miacTHHKA TOCTOSHHOW ToimmHON 24. [Iporu®6
b2 T T T T T T T T IUTACTHHBI YAOBIETBOPSAET OUTapMOHUYECKOMY YPaBHEHUIO

Puc. 4 DAW(x,y)=q(x,y) (20)

FpaHI/I‘lHHe YCJIOBUA UMCIOT BU



o0*w

w=0, yzo npux =0, a (21)
M, =0,N,=0; npny=+b/ (22)

W3 ycnoBuii 3agaun ciieayer, 9to GyHKIHS MPOruda CHMMETPUYHA OTHOCHTEIBLHO OCH V M 110 3TOMY

pelIeHne MOXeT ObITh paccMOTpeHo B obnactu 0< y <h/2. Hccrenyemas o0nacTh paszieicHa Ha JBE

yacTu UCXoAs u3 Buma Harpysku: 1)0< y<c¢/2,2) ¢/2<y<b/2. Pemenne 3amauu (20)-(21)-(22)

HUMECT BU/
wh (x,y)=> qDO_jfT + A, chAd,y+ B, yhA,y |sin A, x (23)
n=I n
W(Z) (xa y) = Z {Cln [(5271 + y)Chﬂ’ny + glnShﬂ“ny]—'_ C2n [an Chﬂ“ny + (5171 + y)Shﬂ'ny]}SIH ﬂ“nx (24)
n=1
rac
2sh’¢, +(1+v)ch’s, 2ch°¢, +(1+v)sh’¢,
gln = ;82” = ;
(1-v)4, (1-v)2, 25)
5 = (3+v)sh§”ch§” —(1—V)§“ 5 = (3+V)sh/;“ch§” +(1—v)é’”

" (1-v)4

n

(l—v)i

n

A, =nnla,l,=2,b/2,aunnexcamu «1» 1 «2» 0603HAYEHBI IPOTUOBI B yKa3aHHBIX 06nacTsX (puc. 4).
Hewussecthsie koadpdumuenrsr 4,,B,,C,,,C,, HaliieHbl U3 YCIOBHH HENPEPHIBHOCTH HA IJHHHU

y:c/2: JOJI?KHBI OBITh HCTIPCPBIBHBI HpOFI/I6 IJIAaCTUHKH, YroJl IIOBOPOTAa BOKPYTI' OCHU X, MOMCHT H

00001IeHHAs TTepepe3bIBaolIas CHiIa.
HccnenoBanHo pemenune 3agadum B Toukax (a/2,0) w (a/2,b/2), nis KOTOPHIX MPOTHO TUIACTHHKH

INOJIYYCH B CJICAYIOLICM BUJIC

W0 = o St (046 - Fens, 0= 0o, 26, )- 2= .6 0-vF +€10-vF ¢ o)

+v2)shB, +(1=v)2g, (1=v)+ B+v)sh(B, -2, )+ (3+v)sh2e, ))]sin%;

b © a, .
WG = Dl Bt aU=vIehiehl, =G vIohB,chd, =&, (1=v)hp, s, Jin .
@7
A.c
rae B, = 5

HOCKOHLKy MOJIYUYCHHBIC COOTHOILICHUA CJIOXKHBI, HCCICAOBAHBI TpU KOHKPCTHBIX CJIy4dasa I

PAa3IMYHBIX PAa3MCPOB MUPUHBI IIJIACTUHBI U IIUPHUHBI ITOJIOCKH HpI/IJIO)KCHHOI\/JI CHJIBI.

1. §,>>1

ab g 2a,| B=v)shp, - B,(-v)chp, | . m _
MGy D(3+v)(1—v)n_1zi{ She, T

__ 90 2 (1) ay {(3 —v)shfoi 1 = o (1=v)chByy (28)
D(3+V)(1—V)n:1 /1‘2‘,(,1 Sh¢ i

2. ¢,>>1u B,>>1



W(ﬁ é) —_ 9o 2 (1) gy | B=v)shBo s = Bu s (1=v)ehBoy

272" DE+vNi-v)m A sh (29)
3. {i<<lu B <<l

a b, _ 9oty 20, _
"2)" 2D/1;‘(1—V2)[ Z + V)ﬁlJ (30)

3amava penreHa o treopun Kupxroda.
B mociennem maparpade BTOpOil TiaBbl HCCIEAyeTCs 3ajlaya M3ruda IUIACTUH TOJ JICHCTBHEM
NPOM3BOJILHOW HOPMAaJIbHOUM Harpy3ku(puc.S).

3agaua pemena nmo teopuu Kupxroda mis TpaHWYHBIX YCIOBHH HIAPHUPHOTO 3aKPEIUICHUS TPU
x=0,a(21) u cBoboHOTO Kpasi pu y = + % (22).
B niepBoii yactu HaliieHb! peleHus: IPOru0oB MIACTUHKY HE3aBUCHMO OT BUA HAarpy3KU

['e] y
wix, )= 21;3 [, (@O[shA,(t = y) = 2,(t = y)chA, (t - )dt+ A,chA,y+ B, y shA,y |sind,x
n=1 n 0

(31
rne A, u B, xoadduumenTs! Haiinens! u3 yciosuii (22).
! q(x.y) Bo BTOpOIi YacTH UCCIEA0BAHbI YACTHBIE CITYUUH:
e [ 1) Harpy3ka paBHOMEpPHO paclpejieieHa 10 Bcel

b2 LF
/ |

y

IMOBCPXHOCTH,

2) wuccriemyercs Cly4aid pacmpeleleHHH HarpyskH,

KOT'JIa OHa pacrpe/esieHa He 0 Bcel 00J1acTH, a I10 MOJIOCKE,

KaK ¥ B 3aj1a4e TPETero naparpada 3Toii riaBbl.

JList

pe3ysibTaTaMu MPeabIAYIIero maparpada HCCIeIOBaHO 3HAYEHHE MPOTrHda B OMPEICICHHBIX TOYKAaX
tactunkm:(a/2;0) u (a/2;b/2).

HpI/IBCZ[GHBI Ta6JII/IIII)I HpOFI/I6OB A1 OINPCACIICHHBIX IMMAapaMCTPOB IINIACTUHKHM W JJId BBIIIC

Puc. 5

IOCJIICAHCT O cirydas, YTOOBI CpPaBHHUTDH C

VIOMSHYTBIX YaCTHBIX CIy4aeB paclpeaelieHUs] Harpy3Kd, PacuyUTaHHBIX C MOMOUIBIO MPOrPaMMBI
Comsol (Tabnuya 4 u 5).
Taonuua 4

IIpozud npamoyzoavHoll NIACMUNKY WAPHUPHO 3AKPENIEHHOT N0 08YM CIOPOHAM U C8000OHBIM NO O8YM Opy2UM, OO

pasnomepnoii nazpyskoii (E =2 10" ITa, h=0.05m, g, =2 10°H / m*, v =0.3) .

a=2, b=1 a=2, b=1 a=1,b=10,
(144>0em.) (316 raem.) 280(3s1em.)
AHanutuveckoe peuenue (4) 0.0197721 0.0197721 0.00142188
COMSOL 0.0191294 0.01918683 0.001132965
Tadaunua 5

IIpozud npamoyzoavHoll NIACMUNKY WAPHUPHO 3AKPENIEHHOT N0 08YM CIOPOHAM U C8000OHBIM NO O8YM Opy2UM, OO

ABHOMEDPHOU HAZPY3KOIL OeliCmEyIouell Ha NO10CKe C WuUpunou “c”
)4 P Py YIouy ID

(a=1m, E=210"Ma, h=0.05m, g, =2 10°H /x>, v=0.3).

¢=0.25,b=10

¢=0.25,b=20

¢=0.5, b=10

¢=0.5, b=20

¢=0.75,b=10

¢=0.75,b=20

AHaJIUTHYECKOE

peuienue (26)

0.0271593

0.0271593

0.0516711

0.0516711

0.0724065

0.0724065




COMSOL |0.028096909 0.028043343| 0.05231867 ‘ 0.05236702 | 0.07317729 | 0.07307878

B TperbeM rilaBe pPAacCMOTpPEHBI HAIPSHKEHHO-Ie(OPMHUPOBAHHBIE COCTOSIHHMSI —M3THOaeMoi

IIJTIaCTUHKH.

B nepBom naparpade paccMoTpeHa M30TPOIIHAs IJIACTMHKA MOCTOSHHOW TOJILMHOM 2/ MIapHUPHO

3aKpEeIUIEHHOW IO JBYM IPOTHBOIOJIOXHBIM CTOPOHAM W CBOOOAHBIM IO ABYM JpyruM. Ocu X U y

PpacCIIOJIOKCHBI B CpG,I[HHHOfI INIOCKOCTHU IUIACTHHBI, @ OCb Z HOPMAJIBbHO K 3TOM TJIOCKOCTH TakK, 4TO

—h<z<h. Pa3mepsl IUIACTUHBI M CHUCTEMa KOOpAMHAT BUIHBI Ha puc.5. IlpuBeneHbl 4HMCIEHHBIE

pe3ynbTaThl pemieHus 3agadu no Teopuu (K), mo yrounenneim Teopusimu (A) u (P) u mo (MKD) (c

nomortibio nporpammbel ANSYS). 3agaua uzru6a miactun no teopuu (K) umeer sun (20)-(21)-(22), rae

q(x,y)=const .

[TonydeHo penieHue B CienyrOIIEM BHUIE

4( 4 3, 3
goa’ [ x*—2ax’ +a’x = ch(4,y) .
wix,y)= + A, + B, yA,th\4,y))sin(4,x 32
o) (X 5 ) B2 b () o)
3
rae A, = mja, D = 3(21E—hz) ,a A, 1 B, HalilcHBI U3 YCIOBUU CBOOOJHOIO Kpasi.
-V
YpaBHenus 3a1aun 1o Teopusm (A) u (P) umeer Bug
AD =2 AV - w_p DA _pp_Hgy_g
B & n ' 3(1-v) 3
4h X (33)
C TPAaHUYHBIMH YCJIIOBHSMH IAPHUPHOTO 3aKPETUICHUS
w=0,
o*w 2y 0 (0D LY, 0 (34)
— | ——+—|=0, npux =0, a.
ar G oxl o oy prx="5a
o _o¥_,
dy ox
¥ cBOOOTHOTO Kpast
2 2 2 2 2
Ow, 0w 22100, 00, 12 ¥ |,
oy ox G| oy ox Ox0y
2[@_1[@ a_kf'ﬂ_o
x G 7
| o x oo wpn y =5/ (35)
o ¥ _,
o ox
VYcranosineHo pemenue 3anauu (33)-(34)-(35)
N1 3a ch(A,y) | .
D(x, y)= goa | ——"5+ D, —2x |sin(4,x)
n=1| 4har, ch(/In %)
4y 2,2
w(x,y): 4o > ZI”4 1+2/1”h + A4, Ch(ﬂ”y) +D, 2i31ysh(/1ny) sin(}tnx)
D Zla2 1-v chla, by) " 3a’4,chlaz,)
N sh
Y(x,y)=qa X F, (p”by) cos(4,x) (36)
n=1  ch pné



[ 2 2 N
raep, = 5/ 2h°+ 4, . A, D,, F, neusBectHble KO3G(UIMEHTH, Haii[eHblE W3 YIOBICTBOPCHUS

IPaHUYHBIX yCIOBHM cBOOOAHOTO Kpas (35). B ornuume ot teopun Kupxroda, B yrouHeHHOH TCOpUH Ha
Kpasix 3aJlal0TCs TPU TPaHUYHBIX YCIIOBUS, kKak M mpennarai [lyaccon. Ha puc.6 npuBenensl rpaduku
UHTEHCUBHOCTEH KpYTALIMX MOMEHTOB M, (Ha cropone x=0), M,(Ha cTopoHe y=-b/2), u
nepepesbiBatoiux cuwil Oy(Ha kpae x=0) paccuutanusix 1no teopuu (K) (a, 6, ¢) u no reopun(A) s
IUIACTHH TONUHON h/a=0.1(2, 0, e) u h/a=0,01(5c, 3, u). IHTEHCUBHOCTU KPYTAIIUX MOMEHTOB M, U
M, B yrinax IJIacTHHBI, paCCYMTaHHBIX 110 Teopuu Kupxroga, Ha HIapHUPHO 3aKPEMIIEHHBIX U CBOOOIHBIX
Kpasix OIMHAKOBBI U paBHbI 0.024 goa’. KpyTsiiue mapsl B yriax [UIACTHHBI, COTIACHO HHTEPIPETALINN
Tomcona m TaTa, cO30a0T COCPEOTOYEHHBIE CHIIBI IO BeIU4YMHE paBHble M,, u M, COBMECTHO C
pacrpenenéHHbIMU PEeaKIUsIMHU OT 000OIIEHHBIX IEPEPE3bIBAIOIINX CHUJI OHH YPAaBHOBEUIMBAIOT 33 JaHHYIO

Harpy3Kky B ypaBHeHuH (20).
(a) (&) (€.9)

My (0.5) (K) My (0¥) (A)-h=1 My (Dy) (A)-h=01

) (9) (s)

Myixb2) (K) Myl -b/2) fAkhed Myxdx,~b/2), (A} h=01
004 0.04 004
002 0.02 00
x x
02 08 08 (1] 02 04 06 8 2 04 06 g
-0.02 -0.0 -002
-0.04 ~0.04 004
(&) (e) (22)
Ox {0y} (K} Ox (0,5} (A)-h=1 0403 (Al-b=01
= e P .
04 ~ 04 04
02 02 02
04 02 02 04 04 02 02 0 04 -02 02 04
-02 -02 -02
04 04 ~04
-06 -05 -08
Puc. 6

B otmuume ot teopum Kupxroda BenmnumHa KPYTAINIMX MOMEHTOB, PACCUYMTAHHAS 1O YTOYHEHHOM
TEOpUH, PaBHA HYJIIO Ha CBOOOJIHBIX CTOPOHAX M B yriax IUIACTUHBI(puc.6 2, 0, dc, 3). IHTEHCUBHOCTH
Mepepe3bIBAIONINX CUJI PACCUMTaHHBIX o Teopun Kupxroda u mno
YTOYHEHHONH TEOpUU OTIWYAIOTCS TOJIBKO B OKPECTHOCTH YIJIOB
. / MJIACTUHBI HA JJIMHE PABHOW TOJIMHE TUIACTUHBI /i (puc.6 8, e, u). C
y j YMEHBIIIEHUEM  TOJIIMHBI  IJACTUHBI BEJIMYMHA HMHTECHCUBHOCTH

% nepepe3bIBAONINX CHJI B yIiaxX JUHEHHO BO3pacTaerT.

Ha puc.7 mokazansl rpaduku nepepes3blBalOMUX CUJI B YIy s

Pue wIacTuH TtommuHou h/a=0.01, 0.015 wn 0.03 xpuseie [, 2, 3

COOTBETCTBEHHO. B  yrimax 3HadeHHWE TEepepe3bIBAIOIIUX  CHII

pacCUMTaHHBIX [0 YTOYHEHHOHW TEOPUHM MOJHUMAIOTCS BBEPX M HMHTErpall 3TOW (YHKIMH paBHA
WHTCHCUBHOCTHU KPYTAIINX MOMEHTOB.

Cuutel, ACWCTBYIONINE HA ATUX y4acTKaxX JUTMHOMW /1, PACIIOIOKCHHBIX Ha KOHIAX MIAPHUPHO OMEPTHIX

CTOPOH IIACTHHBI, PABHbI



b2
F=[0.(0,y)dy. (37)
bj2—h

B mabauye 6 npuBeneHsl 3HaYCHUS CUIT I JJ1s1 TNIACTUH PA3JIMYHbIX TOJIIIHH.

[TpuBenens! TabnuLbl, TA€ BUIHO, YTO Ui IJIACTUHKU C MaJIOM TONIIMHON, cuia, NeiicTByroIas Ha
IOPUMBIKAIOIIEH K YNy YYacTOK INAPHUPHO ONEPTOro Kpas IUIACTHHBI, HE 3aBUCUT OT TOJLIMHbI
IJIaCTUHBI, MaJI0 OTJIMYACTCA OT KPYTALICrO MOMCHTA B YIJiaX INUIACTHHBI H (1)aKTI/I‘-IeCKI/I SABIISACTCA
cocpenoToueHHOM cuiioil. OHAaKo B yTOUHEHHOM TEOpPUM 3Ta CHJia JEHCTBYET TOJIBKO Ha IIApHUPHO
OnépToil CTOpPOHE, MOCKOJIBKY Ha CBOOOJHOM CTOpPOHE KpYTAIIME MOMEHTHI paBHbI HyI0. B Teopumn
Kupxroga, nockonbKy HEBO3MOXHO NMPHUPABHATH KPYTSIME MOMEHTBHl Ha CBOOOJHBIX CTOPOHAX HYIIIO,

BCJIIMYMHA COCPCAOTOUCHHBIX CHUJI B yIJIaX JIBa pa3a 60JII)HI€ KpyTAIIETO MOMCHTA.
Tabnuua 6

3nauenus cun F ona nnacmun C pA3/IUYHbIMU MOSITWURAMU.

h/a 0.01 0.001 | 0.0001 | 0.00001

F/qab | 0.0274 | 0.0235 | 0.0231 | 0.023

Tabauua 7
o 4 o o
IIpozud npamoyzonvnoil naacmunku ¢ eOunuyax q,a /D wapnupno 3axkpennennoit Ha 08yx cmoponax u c60000HOI Ha

08yx Opyzux, H00 pagHOMEPHOI HOPMAILHOU HAZPY3KOIL ¢

Koopaunarsi ANSYS(17 3:1.) | ANSYS(44 321.) | ANSYS(88 141.) Pemenne no Pemenne no
TOYEK 32) YTOYHEHHOMH
Teopuu

(0, b/2) 0 0 0 0 0

(a’2, b/2) 0.0114636 0.0139628 0.0147333 0.01509 0.0168975

(a, b/2) 0 0 0 0 0

(a’2, -b/2) 0.0114636 0.0139628 0.0147333 0.01509 0.0168975
(a/2, 0) 0.0104555 0.012381 0.0129071 0.01309 0.0145393

B mabnuye 7 nokazansl pe3ysibTaThl pacueToB Mporubos. B auccepranonHoi paboTe MpUBEICHBI U
TaOJIUIBI NIEPEePE3bIBAIOIIMNA CUJIBI JUIS NMPSMOYTOJbHON IUIACTUHKYU IIAPHUPHO 3aKPEIUIEHHOW 0 JABYM
CTOpPOHAM U CBOOOJHBIN 1O ABYM APYTUM, IIOJI PABHOMEPHO HOPMaJIbHON Harpy3Koil.

Bo BTOpOM naparpade nccienoBaHo HaIpPsHKEHHO-1e(OPMUPOBAHHOE COCTOSHUE TOTyOSCKOHEUHON

TUTACTUHKH—TIONIOCHI TIOCTOSIHHOW TOMIIMHBI 2k, 3aHuMaromieid oomacth 0 <x <o, 0<y<h, (puc.8), B

OKPCCTHOCTH 3aKpCIIJICHHOI'O Kpasd. Ha IJIAaCTUHKY HeﬁCTByeT pacnpeacsiCHHass HOpMaJibHasl Harpys3ka

MHTEHCUBHOCTBIO ¢()).

3amaua paccMOTpeHa Ha oOcHoBe Teopuu (A).

Ay HccnenyroTess 1Ba BapuaHTa IPaHUYHBIX YCIOBUH IS
b ae) 3aKpEIUICHUN Kpas: JKeCTKas 3ajieka M oOJIerdyeHHas
@—»y 3a/ieJiKka, KOTOPBIE IO TPEXMEPHOW MOCTaHOBKE OyayT

z COOTBETCTBEHHO
0 T x U =u,=uy,=0, (38)

Puc. 8. Ilonybeckoneunas niacmuHka—nonocKa

u =u,=0,0,=0. (39)
Kak m3BectHo o0a Bapuanrta B Teopun Kupxroda mpuBoasATCS K OIWHAKOBBIM IPaHUYHBIM yCIOBUSM

JKCCTKOT'O 3aKPCITICHUA



w=0, W (40)

ox
D10 M3BecTHas 3agaya Hamau B JuccepTalMoOHHON paboTe pelleHa Mo yTOYHEHHOM Teopuu. Jlus

YTOYHEHHON TEOPUH I'PaHUYHBIE YCIOBUS OyAYT UMETh CIEAYIOLUIUI BU:

WZO, a—i¢lzo, @2:0 pu x=0 (41)
ow 4 op, Op

w=0 ———¢, =0 -2 =0
o G oy ax mpu X (42)

Teopus (A), yuuTbiBaroliasi MonepeyHble CIBUrOBbIE Je(OpMalliuy, MTO3BOJIET BBIABUTH PAa3IMYUE B
I'PAaHUYHBIX YCIIOBHSX KECTKOM 3a/1eJIK1 U 00JIETYCHHOH 3a/1eMIKH.

Jnis uccnenoBaHMsl HaNPsHYKEHHO-€(OPMHPOBAHHOTO COCTOSHMSI B OKPECTHOCTH 3aKpPEIJICHHOM
KPOMKHM IUIACTHHKU IpuMeHseTcs noaxon Hamau, coryiacHo KOTOpoMy, A TOCTATOYHO YIJIMHEHHBIX
IUTACTHH, MOYKHO ITpeHeOpeyb BIUSHUEM I'PaHUYHBIX YCIOBUI HA 3aKPETJIEHHOW KPOMKE.

[TonydeHno uckomoe pelieHue 3a1auu Al TPAaHUYHBIX YCIOBHI jkecTKoH 3aaenku (41)

J1—e") =R, Axe ™ Jsin Ay,

3q “Ax 1 _ - -1 _—mx .

0, = %{1 f1+2(- 2 )T e — 2R e feos A,y -

u obJsierdeHHou 3aenku (42)

=D‘]_;f(u;1){1—[1+1f—;4)e-“}in21y,

3q0 1+§1 —ﬂ.x
“sin Ay, 44
P = oan1+2c, ¢ Ay (44)
3 1
@, = D l1-2 +§1 4 cos Ay
44h 1+2§'1

C nomompto (43) u (44) MOKHO ONPENENUTh BCE XapaKTEPHBIC BEJIMYMHBI 3a/1auu. BeipaxeHue s
nporuba w OygeT coBmamath ¢ Teopuel Kupxroda, ¢ tounocteio &) <<l g obeux ciydaen

3aKPCIJICHUA Kpas. C 3TOM XK€ TOYHOCTBIO COBIIAAArOT TAKXKC BbIPAKCHUA OJIA 1/13r1/16afomero MOMCHTA.

I[J'IH cirydas JKECTKOM 3aJIeKU MOJIYYCHHO MAKCUMAJIbHOC 3HAYCHHUC nepepe3LIBaI0meI71 CHIJIBI

4
(Nl = ?h(le , ¢ TouHOCTBIO &) <<1,

max N, = 1(0/)~2ﬂ( ’%J (45)

4h
YTO JaeT yke oTiuuue oT Teopun Kupxroda mopsaka % Jns nepepespiBaroniei CI/IJII)I(N = ?(pzj B

YIIOBBIX TOYKAX IMOJYYCHHO

N,(0,0) = N,(0,6) =0 (46)



4To HacT CYHCCTBECHHOC OTIWYHC II0 CPAaBHCHUIO C COOTBCTCTBYIOIIMMMU BBIPAKCHHUAMHU II0 TCOPpHUU

Kupxroda.
Bripaxkenus 11t mepepe3bIBaOIIC CUITBI B Cilydae 0OJIErYeHHON 3a/1eJIKU UMEIOT BU]T
max N, :Nl(o’bz)zzq_obﬂ, (47)
T 1+2¢
N,(0,b) = —N,(0,0) = _ 4 (48)
7(1+24,)

Boipakenue (47), (48) taxxke npu §; <<l cosmanaror ¢ pesynsraramu Hanan.

[IpuBeneHHble CpaBHEHUS TOKA3BIBAIOT, YTO JUIS TPAHUYHBIX YCIOBHSIX OOJISTYCHHOH 3alIeNIKH
pe3yabTaThl KJIACCUYECKOM TEOPUH COBHANAIOT C PE3ysIbTaTaMHU YTOYHEHHOW TEOPHH, €ClIU IpeHeOpeub
BIMSIHAE KBaJpara OTHOCUTENbHON TONIMHBL I ciiydas >KeCTKOM 3aleNKu Ipu IMpeHeOpeKeHUU
YJICHOM KBaJpaTa OTHOCUTEJIbHOW TOJIIMHBI OJyYaeM OTIMYME TOPsIIKa OTHOCUTEIbHOM TOJILIMHBL, YTO

Y JJaeT yTOUHEHUE 3aaa4uu Hajnau 11 rpaHUYHBIX YCIOBUM KECTKOU 3aJENIKHU.

OCHOBHBIE PE3YJIbTATBI JUCCEPTAIIMOHHOM PABOTHI

B nuccepraunonHoil paboTe McciIeI0BaHO HANPSHKEHHO-A1e(OPMUPOBAHHOE COCTOSIHUE IUIACTHH MPU

JICMCTBUM PACIIPEACIICHHON HAarpy3KHu.

1. Pemena 3amada u3ruba IUTACTHH TpPU CHHYCOMJAJIBHOM JABJICHUM C TPAHUYHBIMH YCIOBUSMHU

CBOOOJHOIO ONMUPAHUS JUIsl BCErO KOHTYpa IUIACTUHKHU 10 Teopuu Kupxroda u mo mMerony KOHEUHBIX

aneMeHToB. [lpuBenensr rpaduku mas mporuda u mepepesbiBaronux cuil. [lokazaHo, YTO B y3JIOBBIX

TOYKAaxX pe3yiabTaTbl COBMANArOT. [l oOCTanbHBIX TOYEK pacxoxiacHue He npesbimaer 1%. Ilpu

YBEJIMYCHUH YHCIIa pa30MeHus IUIACTHHBI, pelieHue 3anaun u3ruba mractud (MKD) mpubmmkaercs

AHAIUTUYECKOMY PELIEHUIO.

2. UccnenoBana 3amaya u3ruda TUIACTHH IOJ JICHCTBHEM PAaBHOMEPHO paCIpEIeICHHOW HOPMaIbHOM

Harpy3Kkd, KOTJa JBa IPOTHUBOIIOJOKHBIX Kpas IUIACTUHKM ULIAPHUPHO 3aKPEIUIEHBbI, a JBa JIPYruXx

cBOOOIHBI, 110 Teopuu Kupxroda u no yrouHeHHOH TeopHH.

e VYCTaHOBJEHO, YTO B OTJIMYME OT OOJIBIIMHCTBA 3aJad, s KOTOPBIX TOYHOCTh HMMEET IMOPSA0K
KBaJlpaTa OTHOCHUTEIbHOW TOJIIUHBI, MAKCUMAJIbHBIM MPOTrU0 IUIACTUHKU 110 YTOYHEHHON TEOpUH
JUIsl pacCMaTpUBAaEeMOM 3a7jaui UMEET TOYHOCTh NIOPSAKAa OTHOCUTENIBHOM TonmuHel. [lepememienue B
LEHTPE IUIACTUHKY UMEET TOYHOCTh KBaJIpaTa OTHOCUTEIbHOM TONIINHBL.

e V mIacTMH MaJOM TOJINMHBI, CWJIA, JECUCTBYIOIIAs HA IPUMBIKAIOMIEH K YIJIOBOMY YYacTKy
HIAPHUPHO ONEPTOro Kpasi IUIACTUHBI, HE 3aBUCUT OT TOJIIUHBI, MAJIO OTJIMYAETCSI OT MHTEHCUBHOCTH
KPYTSAIIEr0O MOMEHTa B yIylax M (DaKTUYECKH SBISETCS COCpPeloTOYeHHOW cuioi. OpHako B
YTOUHEHHOM TE€OPUU 3Ta CUjla ACHUCTBYET TOJBKO Ha IIAPHUPHO OMEPTOM CTOPOHE, MOCKOJIBbKY Ha
CBOOOJIHON CTOPOHE KPYTALIME MOMEHTBI PaBHBI HYJIIO.

e JlomyueHo pemenue 3agauu u3ruba miactul no nporpamme ANSYS, koTopoe pelaer 1no Teopuu
Kupxroga u cpaBHUBaeTcs pelIeHHE 3a/1aud ¢ PELIEHUEM 10 YTOUHEHHOW TEOpHH, HO pa3HUlla Maja
(mpu yrouHeHHOW Teopuu coBmaneHue 87-89%, npu reopun Kupxropa — 98.6-99.7%).

3. Ilo teopunm Kupxroda pemena 3amaya n3ruba IUIACTMH, KOTAA JBAa HPOTHBOIOJOXKHBIX Kpas
IUTACTHHKHM IIAPHUPHO 3aKpeIUieHbl, a JBa JPYTruX CBOOOIHBI IS TPOHW3BOJIBHONW HOPMaJbHON
Harpy3ku. PaccMoTpeHsl yacTHbIe cilyuud: 1) paBHOMEpHas Harpyska pacrpesernesa o Beeit ooinacty,
2) paBHOMepHas Harpy3ka pacmpeiefieHa HE IO Bceil 00lacTH, a IO MOJOCKE IMapauIeIbHON
CBOOOJTHOMY KpPar0 IUIACTMHBI ¥ CHMMETPUYHO OTHOCUTENIBHO OcH X. McciieoBaHo 3HauUeHue nporuda
B OINpPE/ICICHHBIX TOYKaX IUIACTUHKU. [IpuBeneHpl TaONMIbI C pelmIeHHeM 3TUX 33/ad C ITOMOIIBIO
nporpammbl Comsol (koTopast padoraeT 1o yrouHeHHoW Teopun). CpaBHEHHE MOJIyYEHHBIX PELICHUU
YKa3bIBa€T Ha JJOCTOBEPHOCTH IOJYyYEHHBIX PE3YJIbTATOB.



4. HccnenoBaHo HaMpsKeHHO-AE(POPMUPOBAHHOE COCTOSHHUE IMOJYOECKOHEYHOW IMIACTHHKU—TIONOCHL B
OKPECTHOCTH 3aKPEIUICHHOTO Kpas IMOJ JCHCTBUEM paCHpEeNICHHON Harpy3ku. Paccmorpena 3agava
Ha OCHOBC YTO‘-IHGHHOI\& TCOPHHU. PaCCMOTpeHBI ABa BUJAa 'PaHUYHBIX YCJIOBI/II;'I IJIA 3aKpPCIIJICHUA Kpas:
JKECTKas 3aJieka u obnerueHHas 3anenka. O0a yka3aHHbIX BapuaHTa B Teopun Kupxroda npuBoasar k
OIWMHAKOBBIM T'pPAHUYHBIM YCIOBUAM JKECTKOI'0 3aKpPCIIJICHUS. HpHBG[[eHI)I CpaBHCHHA, KOTOPLIC
MOKA3bIBAIOT, 4YTO pe3yibTaThl 3adaud Hamau coBmagamT ¢ pe3ylnbTaTaMH, IOJTYYEHHBIMU IIO
YTOYHCHHOW TEOPHH MPU TPAHUYHBIX YCIOBUSX OOJCTUYCHHON 3a/CTKH, C TOYHOCTBIO TIPEHEOPEKEHUS
KBaJIpaTOM OTHOCUTEIBHOMN TOJIIMHBI, a JAJIs CIy4asi *KEeCTKOW 3aJeNIKU MPU MIPeHeOpeKEHUU KBaapaTa
OTHOCHUTEIBHOMN TOJIINHUHEBI ITOJIYYaeM OTJINYHC ITOPAAKA OTHOCHUTEIBHOMN TOJIIIUHBI.
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DISSERTATION RESULTS

In the dissertation it has been examined the stress-deformation state of the plate bending problems
taking into account shear stresses. The various approaches for solving the plate's bending problems for
different distributed normal loads such as Kirchhoff's theory, Ambartsumian and Reissner's improved
theories have been offered. Results were compared with numerical solutions, especially with the results
received by the method of finite elements, to be sure of accuracy of the received results.

Dissertation consists from the introduction, three chapters, conclusion and the references.

In the first, second and third paragraphs of the first chapter there have been given basic equations
and relations for the solution of plate's bending problems by (K) theory, by improved theory of (H) and
(R) and by finite element method (FEM), accordingly. In the fourth paragraph of this chapter there were
given boundary conditions by (K) and (H) theories, which have been applied to the problems observed in
the dissertation.

In the first paragraph of the second chapter there has been investigated plate bending problem under
the sinusoidal distributed normal load, when forth edges of the plate are simply supported by (K) theory
and by (FEM) has been investigated. Graphics of the deflections and cutting forces have been shown.
There was pointed that the results are coincide in nodal points. In the other points the difference do not
exceed of 1%. If the plate splitting increases the solution of the problem will approach to the analytical
solution.

In the second paragraph of this chapter the plate bending problem of uniformly distributed normal
load, when two opposite edges of the plate are joint and the others are free by (K) theory and by improved
theory has been investigated. There was obtained that when plate's joint edges move away from each
other the difference between this problem solution and cylindrical bending problem solution depends on
Poisson's coefficient v : if v=0 the solutions coincide and the greatest difference will be in case v=0,5.

It has been received that the maximum deflection of the plate calculated by improved theory has an
accuracy of the relative thickness order in the contrast of many problems, for which the accuracy have an
order of a square of the relative thickness.

The deflection in the center of the plate has an accuracy square of the relative thickness.

In third paragraph of the second chapter the plate bending problem when two opposite edges of the
plate are joint and the others are free under the load, which is distributed on the layer, which is parallel to
the free edge and symmetric to the x axis has been investigated. The problem was solved by (K). It has
been calculated the value of the deflection in the center of free edge of the plate (maximal deflection) and
in the corner point. The approaches of edges of the plate and width of the force acting layer has been
made.

And in the fourth paragraph of the second chapter the plate bending problem by the (K) theory
under the arbitrary distributed load,when two edges of plate are joint and the other two are free it has been
solved. Two particular cases were considered: 1) uniformly normal load is distributed on all area, 2)
uniformly normal load is distributed not on all area of the plate, but on the layer which is parallel to the

free edge and symmetric to the axis x. It has been investigated the value of the deflection in the certain



points of the plate and the solutions are compared with the solutions when load is taken in above
mentioned forms. For the solutions of these problems there were given tables by Comsol program , which
works by improved theory. The comparison of the solutions indicates the reliability of the results.

In the first paragraph of third chapter plate bending problem under the uniformly normal load,
when two edges of plate are joint and the others are free has been investigated. The problem was solved
by the improved theory, based on the (H) and (R) theories.

¢ [t has been received, that for the thin plate the force act on the points near the joint edge of the plate,
doesn't differ much from the intensity of the twisting moment in corners and actually can be
considered as a concentrated force. However, by improved theory, this force acts only on the joint
edge, as on the free edge the twisting moments are equal to zero.

e [t has been obtained the solution of the plate bending problem by ANSYS program (which solves
the problem by (K.) theory) and the solution was compared with the solution by the improved
theory. The differences are insignificant: in the case of improved theory the coincidence is 87-89%,
and of (K) theory is 98.6-99.7%.

And in the second paragraph of third chapter the stress-deformation estate of semi-infinite plate-
layer bending problem, under the distributed load on around fixed edge by the improved theory has been
investigated. Two types of boundary conditions for fixed edge are considered: rigid fixing and light
fixing. Both specified variants in (K) theory leaded to identical boundary conditions — rigid fixation.
There have been given comparisons, which show that results of the problem of Nadai coincide with the
results received from the improved theory for boundary conditions of light fixation, when the accuracy is
the order of neglected a square of relative thickness. For the case of the rigid fixation by neglection of a

square of relative thickness we receive difference of an order of relative thickness.



