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HENWHEWHbIE NAPAMETPUYECKUE KONEBAHUA PEEPI/ICTOI?IV

UMNMHAOPUYECKOU NAHEINN, KOHTAKTUPYIOLLEWU CO CPEOOU

[aHHasa ctaTbsa NocBslLEHa UCCNeAOBaHWUIO LIMNMMHAPUYECKON MaHenun, KOHTaKTUpYloLen
C BA3KOYMNPYroi cpeaow, C y4eTOM MomnepeyHoro casura B naHemnu, ¢ NOMOLLLIO BapUaLMOHHOIO
NPYHLUMNA B reoMeTPUYeCKON HeNMHEeNHOW NOCTaHOBKE 33a4u O NapameTpU4eckoM KonebGaHum
NoAKpennieHHON nepeKpecTHOW cucTembl pebep. BnusiHme BHelwHen cpeabl Y4YTEHO
B COOTBETCTBUM C AMHaMU4Yeckon moaenbto MactepHaka.

Knroyeeblie crnosa: pebpucmasi 0b6osiouka, 853Koyrpy2ocmb, napamMempuyeckue KorebaHusl,
OuHamu4eckasi ycmou4usocms, Modesib [lacmepHaka, Yyacmoma KoriebaHust.

BBepgeHue. Pa3paboTka MaTeMaTU4eCKMX Modenen noBeaeHns NoaKkpenneH-
Hblx obonodek Hanbonee MOMHO YYUTLIBAKOLLMX UX paboTy Mpu AMHAMUYECKMX
Harpyskax 1 npoBefeHve Ha X OCHOBE MCCrefoBaHUi yCTOMYMBOCTU N Koneba-
HWIA, @ Takke BblOOpa pauMOHanbHbIX NapaMeTPOB KOHCTPYKLMU, KOHTAKTUPYHO-
LLen co cpenown, ABMAIOTCA akTyanbHbIMU 3agadamu. ViccnegoBaHuam HenuHen-
HbIX KonebaHui rnagkMx uunuHgpuyecknx obonovek 6e3 cpenbl NOCBSILLEHbI
MoHorpadun [1-3]. napameTpuyeckme konebaHns HeENMHENHON U HEOOHOPOAHOM
no TOMWWHe BA3KOynpyron 6e3 noAKpenneHHOW UMAMHAPUYECKON O0BO0MoYKM
C 3aMonHUTENEM UCCNefoBaHbl C MNPUMEHEHMEM BapUaLUMOHHOIO MNpUHUMMA
n mogenu MNactepHaka B pabotax [4, 5]. 3agaya o HeMMHENHOM NapameTpuyec-
KOM KonebaHuu nogKkpenneHHoW npoAoSbHbIMKM pebpamu  LIMIMHOPUYECKON
060M0YKM, KOHTaKTUpYIOLLEn CO cpedon, ¢ npumeHeHneM mopenu lacTtepHaka
pelleHa B paboTe [6]. 3agada o0 cBOOGOAHLIX KONebaHMAX YCUNEHHBIX NEPEKPECT-
HON cucTemol pebep M Harpy>XeHHbIX OCEBbIMU CXMMaLWUMU CuUnamMu 3anors-
HEHHbIX Cpedon uMnuHApudecknx obonovek uccnegosaHa B [7]. B pabote [8]
paccmoTpeHa YCTOMYMBOCTb MOAKPENNEHHOW KonbLeBbiMU pebpamu LunuHapu-
4Yeckon 060MOYKM C 3anofnHMTENeM NpU OENCTBUM Pa3fNNYHbIX Harpy3oK, U3MeHs-
owmxca Bo BpemeHu. PaboTa [9] nocssilleHa uccnegoBaHuio BAWSHUS Havanb-
HOro npornba Ha KpUTUYECKME HanpsPKEHUSI MOTEepU YCTOMYMBOCTU pebpucTon
LUMNMHOPUYECKON 0BONOYKN, KOHTAKTUPYIOLLEN CO CPeoN.

Metoa peweHua 3apgaun. [duncddepeHumansbHble YpaBHEHUS OBUXKEHUA
N eCTeCTBEHHbIE IPaHUYHbIE YCMOBUS AN NOMepeyvyHo NOAKPenneHHOW LnmMHapu-
YeCKOW NaHenm, KOHTAKTUPYIOLLEN CO CPEAOW, MOMyYMM Ha OCHOBE BapuaLMOHHOIO
npuHumna OcTporpaackoro — MamunbToHa. Ons npumeHeHuns npuHumna OcTpo-
rpagckoro — FammnnbToHa NpeaBapUTENbHO 3anuLeM NOTEHLNANBHYIO U KUHETUYEC-
Kylo 3Heprum cuctembl. MNoTeHunansHas aHeprus ynpyron gedopmaumm LmnmHapu-
yeckow 06onoyku ¢ yyeTom gedopmaniu casura umeeT sug, [1]
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BblpaxeHus ans noTeHunanbHON sHeprv ynpyron gedopmaumm i- ro npogorb-
HOro 1 j- ro nonepeyHoro pedep TakoBbl [3]:

X2 2 ) 2 2 a ' 2
Hi :1-[ EF[au J Ei-]yi a_VZI EJZ| o E; GiJKpi( ¢Kplj dx;
2 3 15,4 oX oX OX

J _E E 2 RZ
Y1 ) @)
2, . 80, 10u;)
+ Eszj 0 Ui _ d)l('pj +Gj\]xpj ¢K‘pl i_]
% R ad Ry

3aecb F,,Jzi,in,Jkpi —nnowagb U MOMEHTbI MHEPLMM MOMEPEYHOro ceve-
HWUS i-TO NPOAONBHOIO CTEPXHS1 OTHOcUTEeNbHO ocu Oz K ocu, napannenbHoN
ocn Oy U npoxoAsilen 4Yepes LEHTP TSDKECTU CEYEHUsl, a TakkKe ero MOMEHT
WHepUMM Npu KpyyeHuwu; Fj,sz,Jyj,Jkpj—aHanoert-lele BEMUYMHBI AN j-ro
nonepeyHoro ctepxHs; E;,G; n E;,Gj— moaynu ynpyroctu u casura

maTepuana i-ro npofdosibHOro 1 j-ro NonepeYHoro CTEPXKHSA COOTBETCTBEHHO.

MoTeHumanbHasi 3HEPrUsl BHELUHMX MOBEPXHOCTHbIX W KpaeBblX Harpysok,
NpUNoxeHHbIX k obornoyke, onpegensieTcs kak paboTa, coBeplLuaemasi 3TUMU
Harpyskamu npu nepeBode CUCTEMbl K3 AeOPMUPOBAHHOIO COCTOSIHUS
B HayanbHoe HegedopMUPOBaHHOE U NpeACTaBnsieTcs B BUAE

X2 Y2
.[ .[ axu+0qyS+qrw dxdy I(T1u+819+Q1w+ Ml(p1)| dey,
X1 Y1 V1 ' (3)

I(Szu +T28+Q2W+ Mz(p2)|y yde

X1
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AHanornmyHo noTeHumnanbHble SHEePrnn BHELWHUX KpaeBblX HAarpy3oK, NMPUIoXeH-
HbIX K TOpUamM COOTBETCTBEHHO i-ro npoaoNnbHOIo n j- ro nonepe4yHoro CTep)KHeVI,

onpeaenarTcd cnegyrwnMn BblpaXKeHnamMum (I'IpVIHVIMaeTCFl, YTO K pe6paM npun-
JNOXXEHbl TOJNbKO KpaeBble Harpy3|<|/|):

X= X2
A= (Tu +5i 9 + Qiw; + Mo; + My, +Mkp|(Pkp| )‘ X’

y=Y2 “)

y=y1 .

MonHaa noTeHumanbHas 3HEPrns CUCTEMbI paBHa CyMMeE MOTEeHUManbHbIX
3Heprum ynpyrmx gedopmaumii obonodkm n pebep, a Takke NoOTeHLMamNbHbIX
3HEpPrum BCEX BHELUHMX Harpy3okK:

~(Sjuj +Tj8) + QW) + Mo +Myjoy + Mo, )‘

) ki ko ki
H:H0+2Hi+ZHJ-+A0+ZA+ZAj. (5)
i—1 j=1 i1 L
KuneTudeckas aHeprust 060504kM 1 pebep 3anucbiBaeTcs B BUAE:
& 2n 2 2 2
Ko = “ [ j (“}J +(@] dedo; ®)
2(1 v ) o o et}
X 2 2 2
ou; 09; OW; Jasi ad’e(:’)l
Ki=piF ||| = | +| = | +| — | +— dx ; 7
N ] o
X
) 2 2 2 2
ou; 09 ow; a¢
_ J J ] eéj 8gj
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3pece  t—BpemeHHas  koopauHata;  t =gt Sz
@-v )poR

a pg,pj,Pj— COOTBETCTBEHHO MIOTHOCTU MAaTEPUasos, U3 KOTOPbIX U3rOTOBE-

Hbl 0oborouka, i- 7 NPoAOIbHbINA U j- 11 MonepeyYHbIn CTepxHu; ki, k, — cooTBeT-

CTBEHHO KONMYECTBO NonepeYHbIX U NPOoAOonbHbLIX pebep.
KuHeTnyeckas aHeprusi pebpuctoinn o6onoykm

ko ki
K =Ko+ Ki+Y Kj. ®)
i=1 j=1
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npeD,I'IOJ'IO)KVIM, YTO WHTEHCUBHOCTb Harpya3ku, D,eﬁlCTByFOLLI,eVI Ha naHemnn
CO CTOPOHbI BA3KOYNpPYroro 3anosiHnTend, MOXHO HanucaTtb B criegylowlem suae:

t
d, =kew— j I(t—tw(t)dr, )

ke = q1+qOV2 (mogenb lMacTtepHaka), roe v? — OBymepHbIn onepatop Jlannaca
Ha NOBEPXHOCTU KOHTaKTa; W—npornb naHenu; o, Jg — NOCTOSIHHbIE.

YpaBHeHUs ABWKeHUs pebpucTon O0BOSOYKM, KOHTAKTMPYIOLWEN C BA3KO-
YyNpYronh cpenow, MonydeHbl Ha OCHOBE MPWMHLMMNA CTaUMOHAPHOCTU OEeNCTBUS
Ocrtporpagckoro — lamunbToHa:

SW =0, (10)

t
roe W :jl:dt — peictBne no MamunbToHy; L =K —IT — cyHkumst NarpaHxa,
X

atunt —3agaHHble NPOU3BONbHbIE MOMEHTLI BPEMEHN.

YuntbiBas, 4TO UMEKOT MECTO NMOCTOSIHCTBO paananbHbIX I'IpOFVIGOB Nno BbICOTE
CeyeHu, a Takke BblTekawlme wu3 ycnoevu7| XeCTKOro coeagunHeHus peGep
¢ obono4kon paBeHCTBa COOTBETCTBYHLUMNX YrroB 3akpy4duBaHUA, 3anuncbiBaem
cnenywwime COoTHOWEeHUA:

Ui () =u(x, ¥;) + oy (6, ¥i); - 9i(X) = 90X, yi) +hid2 (X, yi); Wi (X) = w(x, ¥;);
Oy =01(X%, Vi) Oipi (X) = d2(X, ¥i); uj(y) =u(xj, y)+hjou (X, y); 11)
95 (y) =8(Xj, Y) +hjoa(Xj, ¥); Wj(y) =w(Xj, ¥)idj =02(Xj,¥); dipj (¥) = d1(X;. Y).

3pece hy =0,5h+ H-l,hj :0,5h+H%; h —TonuwuHa ob6onoyku; Hill/l H} — pac-
CTOSIHWS OT OCEW | -r0 MPOAONBLHOIO U j -ro NOMNEPEYHOro CTePXHEN [0 NOBEpX-
HOCTU OBOMOYKK; X; W Yj — KOOpAWHaThbl NNHWIA conpsixkeHns pebep ¢ 06onou-
KOW; ®i Pkpi M @, Pypj — YINbl MOBOPOTA U 3aKPYUMBAHUS NOMEPEUHbBIX ceyeHumn
NPOAOSbHBIX U NONEPEYHbIX CTEPXKHEN COOTBETCTBEHHO.

C yyetom cooTHoweHun (11) nepemelleHne CTePXHEWN BbipaxaeM uyepes
nepemelenne obonoukn. M3 ycnosusi ctaumoHapHocTu (9) nonyyaem CUCTEMBI
HenVHeNHbIX anrebpanyecknx ypaBHEHUA OTHOCUMTENbHO MCKOMbIX HEU3BECTHBIX.
Hanpumep, paccMoOTpuMM HenUHeWHble NapameTpuyeckue konebaHnst nonepevyHo
NoAKpenneHHoN LMnMHAPUYECKON NaHeny noa AecTBUeM pagnanbHON Harpysku
g=0qg+Qgsinot, rae g —amnnuTyga, ® — 4YactoTa USMeHeHWUs AaBMneHus, KoH-
TakTUpyloLwwen ¢ BAsKoynpyron cpegon. Cuutaem, 4TO Kpas MaHenu LWapHUPHO
onepTbl, Toectb Npn X=0,1 n ¢=0,7:

Ny =0; My =0; w=0; =0y, =0.
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HeunsBecTHble BEMUYMHBI annpokcnMumpyem cnegyrowmm o6pa30M:

us= cosnTXsin(kd))(uo coswt + Uy sinwt);
9 =sin nTXcos(kd))(So cosmt + 9y sinwt);
N, =sin nl—xsin(kq))(NXo cosot + Nyg sinwt);

N

y :cosnTXcos(kd))(Nyo cosmt + Ny, sin (ot);

My :sinn—xsin(kq))(M yo COsot + M y;sin (ot);

M,, =sin— | cos(kq))( XyOCOSwt+MXylsin0)t);

Xy

Ny, =—aR+sin TEI—Xsin(k¢)(NXy0 cos ot + Nyyq Sin cot);
L OmX .
M, :sml—sm(kcb)(MXo coswt + Mg sinot);
Wy —sm—sm(kd))(\vxocoswt+wxlsincot);
Wy _sm—sm k¢ (wyOCOSmt+\|/ylsinoot);
Qy _sm—sm m(p (QXOCOS(Dt—i-QXlSin(Dt);
Qy _sm—sm (me (‘Vyo coswt+\yyls|noat);

W:sinnTXsin(kd))(wo cosot +w sinmt), (12)

raoe kK —u4mcno BOMH B OKPY)XHOM HanpaBneHwun;  —4acToTa konebaHns CKOMbIX
BenmumnH U, W, 3, Ny, Ny, Ny, My, My, My g wry, Qg Qy
MoactaBum annpokcumaumm (12) B dyHkumoHan L u, yyuTbiBas, 4TO

X =0,% =1y =0y, =mt =0t =2—(::, npovHTerpmvpyem no X,y u t. Torga

BMECTO (yHKunoHana (5) nonyd4aem YHKUMIO OT UCKOMbIX BENUYUH
U s Wins 9m, Nxm, Nymr nymv Mym, Mymv Mxyma\me1\Vym’me’Qym :

CraumoHapHoe 3HayeHue Norny4YeHHon YHKLMM JaeT cuctema HenMHenHbIX
ypaBHeHmVl OTHOCVITeJ'IbHO HeI/I3BeCTHbIX'

aJ
1 —_o 2P 0,9 D _0, ) D g5 D _p; ) D g
) g )61 )a90 )91 ) g )awl
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- 0 8- g9 _010- P _01)-P _g,
N N Nyo Ny Nyo
12)-Y 013D 019N 0 15D 0,16 - —0; (13)
Ny oM g EYM Mg My
1= 18- _0.19) Y0 20)-2 021 -2 g,
xy0 xyl Y xo oYy 8\lfyO
2= _0:23) D _0 20N _g.05) X . 26)-__p,
oy yl Qo Qu 0 QyO Q yl

HenvHennasa cuctema ypaBHeHun (13) peweHa metogoM HboTOHa npu
CrneayoLmMX NCXOOHbIX AaHHbIX:

E=E =E;=6,6710°1/x" v=03 n=8 hj=1,39mu; k=16, R=160iu;
G/do=3; Go/E=0,002; I'(t)=Ae""; (y=0,05A=0,1615);

| .
Ih;|=0,1375-10"'R; —2_=0,8289-10%; h=0,45mm; I ; =0,48mn*;
! 27R%h >
| .
@1 _0,5305-10; L=800su; Fj=575un%1;=199un’;
27R%n J i
R _0,1501-10 %k = 4pg = 7,82 i, o =0 =0,08; 7 =~
2nRh Eh Eh

Ha puc.1l npuBegeHbl rpaduku 3aBUCMMOCTW 30Hbl  AWHaMUYECKOMU
YCTONYMBOCTU OT MapameTpoB KOHCTPYKLMW Ha MIIOCKOCTM «Harpyska-4actoTan
W NpeacTaBneHbl B BMAE KPUMBOW. JTa KpuBasi pasfensieT NMocKoCTb Ha [ABe
obnacTu: Ang Todek ogHOW U3 KOTOPbIX korebaHns orpaHuyeHsl, a Ansa Apyron —
He orpaHu4YeHbl BO BpEMEHU.

A7, =i:-10'5
10+ = EW
0.7 1
0.4 7

@

1 I T T
25 30 35 40 45

>
i

Puc. 1 — Obnactu ycTon4unBbIX U HEYCTOMYUBLIX NapaMeTPUYeCcKUX KonebaHui
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Ha rpacduke WTpMxOBble NMMHUKM COOTBETCTBYIOT KonebaHusM umnuHgpuyec-
KOW naHenu B BA3KOYMpYyroun cpege, MogenupyemMon Ha OCHOBE AMHaMUYECKOMN
modenu [lacTtepHaka, a CMMOWHbIE — Ha OCHOBE KracCU4Yeckon Moaenu
MacTtepHaka.

BbiBoa. PacuyeT nokasbiBaeT, YTO y4eT nonepeyvHoro casura B 06onodke npu-
BOOWT K CY>KEHUIO YCTONYMBbLIX 30H 060M04kN. [puMeHeHne guHammnyeckon mogenm
MacTepHaka nNpPUBOOUT K CHWKEHUIO KPUTUYECKOW Cunbl MO  CPaBHEHWIO
C Knaccmyeckon mogenbto MNactepHaka. [na BA3KOYNpyroro teria Todka neperioma
XapaKTepHOW KPMBOW MOOHMMAETCH Haf OCbto YacToT. Kpome Toro, yveT BrvsaHUA
cpefbl NPUBOAUT K YBEMUYEHWUIO CUMbI Ty .
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P. A. UckeHdepos, kaHO. ¢hi3.-mam. Hayk, [Ix. H. Mamedos, M. M. TapaH

HENIHIWHI NAPAMETPUYHI KONMMBAHHSA PEEPUCTOI LIMMIHAPUYHOI MNAHE,
LLIO KOHTAKTY€E 3 CEPE[JOBULLIEEM

[aHa cTaTTA npucBsiYeHa [OOCHIMKEHHIO LUWIIHAPWYHOI MaHeni, WO KOHTaKTye
3 B'A3KONPYXHUM CepeJOBULLEM, 3 ypaxyBaHHAM MonepeyHoro 3cyBy B NnaHeri 3a JONOMOroro
BapialiiHOro NpUHUMNY B reOMeTPUYHIN HeniHilNHIA nocTaHOBLi 3ajayvi Npo napameTpuyHi
KONMMBaHHSA NiAKpiNneHoi nepexpecHoi cucteMu pebep. BnnueB 30BHIiWHLOrO cepepgoBuLa
BpaxoBaHWW y BiANOBiAHOCTI A0 AMHaMiyHol Moaeni MacTepHaka.

Knroyoei crnoea: pebpucma 06070HKa, 8'A3KONPYXHICMb, napamempuyHi KOMUBaHHS,
OuHamiyHa cmilikicmb, Modesnb [NacmepHaka, Yacmoma KoslugaHHs1.
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R. A. Iskenderov, Associate Professor, J. N. Mamedov, M. M. Taran
NONLINEAR PARAMETRIC OSCILLATIONS
OF RIBBED CYLINDRICAL PANEL IN CONTACT WITH A MEDIUM

This article is devoted to research with the help of the variational principle in geometric
nonlinear formulation of the problem of parametric oscillations of a system of cross-
stiffened cylindrical panel edges in contact with a viscous-elastic medium, taking into
account the transverse shear in the panel. Influence of the environment is taken into
account by using a dynamic model of Pasternak.

Keywords: ribbed shell, viscoelasticity, parametrical fluctuations, dynamic stability, Pasternak's
model, fluctuation frequency.

Introduction. Development of mathematical models of strengthened shells
behavior completely taking into account their work under dynamical loads, and
also investigation of stability, vibrations, choice of rational parameters of a me-
dium-contacting construction are urgent problems. The monographs [1-3] have
been devoted to the investigation of nonlinear vibrations of smooth cylindrical
shells without medium. Parametric vibrations of a non-linear and non-
homogeneous in thickness viscous-elastic non-strengthened, filled cylindrical
shell were investigated in [4, 5] by using the variational principle and the Pasternak
model. The problem on nonlinear parametric vibrations of a medium-contacting
cylindrical shell strengthened with longitudinal ribs was solved by using the Pas-
ternak model in [6]. The problem on free vibrations of a medium-filled cylindrical
shells strengthened with a crossed system of ribs and loaded with axial compres-
sive forces was studied in [7]. The paper [8] considers stability of a filled cylindrical
shell strengthened with annular ribs under different loads changing in time. The paper
[9] is devoted to investigation of influence of initial flexure on critical stress of stability
loss of a medium-contacting ridge shell.

Solution method of the problem. Differential equations of motion and nat-
ural boundary conditions for laterally strengthened medium-contacting cylindrical
panel are obtained on the basis of the Ostrogradsky-Hamilton variational principle.
For using the Ostrogradsky-Hamilton principle, potential and kinetic energy
of the system with regard to shearing deformation is written beforehand. It is as-
sumed that the load intensity acting on the panel from the side of viscous-elastic filler,
may be written in the form

t

d; =kew— [ T(t-tw(x)dz @

where T is relaxation kernel, coefficient k. is determined by dependence

ke = q1+q0V2 (Pasternak model), where v? is Laplace’s two-dimensional opera-

tor on contact surface, W is panel's deflection, g; and g are constant numbers.
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The equations of motion of a ridge shell contacting with viscous-elastic
medium, are obtained on the base of Ostrogradsky-Hamilton action stationarity
principle

SW =0, @

t

where W :,[Edt is Hamilton action, L =K —IT is Lagrange function, t' and t"
;

are given arbitrary moments.

Taking into account constancy of radial deflections on the cross-sectional
height, and also equality of appropriate twisting angles following from the condi-
tions of rigid joint of ribs and a shell, we write the following relations:

U () =u(x, yi) + Mgy (%, ¥i)i - G(X) =90x ¥i) +hida (X, i)5 w; (%) = w(x, ¥;);
=AW hpi () =do(%¥i); uj(y) =u(xj, Y)+hj (X}, y); 3)
I5(¥) =8(xj.¥) +hjda(Xj. ¥); Wi(y) =w(X;,Y);¢j =B2(X;, ¥); depj (V) = A1(Xj, Y)-

where h; =0,5h+ Hil, h; =05h+ HY, h is thickness of the panel, Hil and H%
are the distance from the axes of 1 -th longitudinal and j -th lateral bar to panel
surface, Xj and y; are the coordinates of conjugation lines of ribs and the pan-

el, ¢j, ¢xpj and @j,¢xpj —are rotation and twisting angles of cross sections

of longitudinal and lateral bars respectively.

Allowing for relations (3), we express the bars displacement by the shell
displacement. From stationarity condition (2) we obtain a system of nonlinear alge-
braic equations with respect to desired unknowns. Consider for example nonlinear
parametric vibrations of laterally strengthened cylindrical panel under radial load
q=0p+sinmt, where g; is an amplitude, o is pressure change frequency, con-
tacting with viscous-elastic medium. It is assumed that the edges of the panel are
hinge supported (i.e. for x=0,1 and ¢=0, ), N, =0; M, =0; w=0; 9=0,yy =0.

We approximate the unknown variables in the following way:

X . . . X .
u:cosTsm(k¢)(u0c05a)t+uls|na)t);9:S|nTcos(k¢)(30c05wt+.9lsma)t);
N. =sin sin(ks)(N N sinat): N.. = cos™ cos(ké)(N N sinat):
X_sstm( #)(Nyo Cosat + Nyg sinat); y_cosTcos( ¢)< y0 COS ot + ylslna;t),

My =sin”TXsin(k¢)(Myo cosat + Mylsinwt); Myy =sin”TXcos(k¢)(MXy0 cosat + Mxylsina)t);
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Ny = —qR+sin”TXsin(k¢)(NXy0 cos et + Ny sin ot My :sin”TXsin(kgb)(MXo cosat+M,gsinat);
Wy =sin”TXsin(k¢)(y/xo CoSwt +yyq sinat);yy =sin ”I—Xsin(kgé)(t//yo COS @t + 1y Sin (ot);

X ,
Q, =sin ”szin(mgp)(on cosat +Qysinat); Qy :sstm(ng)(wyO cosa)t+z//yls|na)t);

. TX . .
w=smﬂTsm(k¢)(wocoswt+vv15|na)t), (4)
where Kk is the number of waves in peripheral direction, ® is vibration frequency
of the desired variables u,w, 3, Ny, Ny, Ny, My, My, My, w7y, 17y, Qy, Qy .
Substitute approximation (4) in functional L and, taking into account
X =0,%=1y=0y,= 7z,t' :O,t" :2—7Z , integrate with respectto X, y and t.
[0

Then instead of functional L we get function J of the desired variables
um:WmvlgmaNxmaNymanymaMxmaMymvMxyma‘//xmv‘//ym-waQym-

Stationary value of the obtained function gives a system of nonlinear eq-
uations with respect to the unknowns:

1)ﬂ:0; Z)Q:O; 3)£=0; 4)2:0;5)ﬂ:0; G)Q:O;
oup oWy

6u0 a‘90 a‘%. an
7)-2L _0; 8)-2 —0; 9)-2 —0; 10)- 2 —0;11)-2__g
ONyo ONyg 0 y0 oN y1 N xy0
12)-2 _0;13)- 2 —0; 14)- 2 _0;15) -2 —0;16)-2 -0,
xyl x0 My Myo My
17) =2 —0;18) -2 _0;20) -2 —0; 20)-2_0;21) -2,
Mo My Yxo oy Wy
22)- _0:23) - _0: 24)-Y_ _0:25) D _¢: 26)-2__o,
vy Qo oQu &Qyo Qy1

Nonlinear system of equations (5) was solved by the Newton method
under the following input data:
E=FE =E;=6,6710°N/m%* v=0,3; n=8 h;=139mm; k =16; R=160mm;

q/Go=3 0o/E=0,002; I'(t)=Ae™; (¥ =0,05A=01615);

. Iy
i =01375-207'R; _%;-=0828910°°; h=0.4mm; 15, =0,48mm";
T
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Ikpi

=0,5305-107%: L-g00omm; F;=575mm?1_=19,9mm*:
3 j X
7R°h
i:0,1591410'1;k1:4;p0:7,Sg/sm3; T =i=0,08; T =i.
27RN Eh Eh

In fig. 1 we give dependences of dynamical stability zone on the parameters
of the construction on the plane «load-frequency» and represent them in the form
of a curve. This curve divides the plane into two domains: for the points of one
of them the vibrations are bounded in time, for other one the vibrations are
not bounded in time. On the graph, the shaded lines correspond to vibrations
of the cylindrical panel in viscous-elastic medium, modeled on the base
of Pasternak dynamical model, the solid lines — on the base of Pasternak classic-
al model. Furthermore, curve 1 corresponds to accounting of lateral shear
in the shell, curve 2 — to ignorance of lateral shear in the shell. The calculation
shows that accounting of lateral shear in the shell reduces to contraction of stable
zones of the shell. The calculation also shows that application of Pasternak
dynamical model reduces to decrease of critical force compared with Pasternak
classical model. From the calculation of shells we have that for viscous-elastic
body the breaking point of the characteristic curve rises over the frequency axis.
Furthermore, the calculation shows that accounting of the medium influence
reduces to increase of force ;.

4

0.9 -
0.6 -

0.3

1 I
15 20 25 30 35
Fig. 1 — Domains of stable and unstable parametric vibrations.
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