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Ubdnipyniuubiph Jpu:

G.E. Bagdasaryan,
Stability of Cylindrical Shell Partially Filled with Liquid
At the External Dynamic Pressure
A problem of the behavior of closed cylindrical circular shell partialy filled with liquid at the dynamic
application of uniformly distributed external pressure is considered. The influence of liquid, both on the value of "
critical dynamic loading " at which occurs a rough deflection of the shell, and the values of critical frequencies of
the main parametrical resonance isinvestigated.

PaccmorpeHa 3ajava O IIOBeJIeHMM YAaCTHYHO 3AMOJHEHHOH JKMAKOCTBIO 3aMKHYTOM
UMATAHAPUYECKOM  KPYrOBOM  OOOJOYKM  IPH  AUHAMHYECKOM  IPUIOXKEHHH  PaBHOMEPHO
pacIipefieleHHOTO BHENIHETO JaBjleHMdA. VIccleZoBaHO BIMSAHME >KMAKOCTH KaK Ha BEJIUYUHY
“KPUTHYECKOH JUHAMHYECKOH HAarpy3Ku”, IPH KOTOPOil IIPOUCXOAUT GypHOe BBITydYHBAHIE OOOJIOYKH,
TaK ¥ Ha BeJIMYMHbBI KPUTHYECKHUX YaCTOT IJIABHOTO IIAPaMeTPHUYECKOT0 Pe30HAHCa.

1. OcHoBuble ypaBHeHHA. PaccMOTpUM YIpyTO-M30TPOIHYIO KpPYTOBYIO
LHTMHAPIIECKYI0 OGOJIOYKY IOCTOSHHOM TOMIHUHEI 1, YacTWYHO 3aNoNHEHHYIO
HEC)KUMAaeMOH JKUAKOCTBIO IJIyOUHBI b. IIycts obGomouka ¢ SKEeCTKMM [JHUIIEM
HAXO/IUTCA TIOJ, IeICTBIEM BHEITHEro AuHaMiIrdeckoro nasnenus untencusrocta (1) .
Bynmem momb3oBaThCA IMIMHIPHUYECKMMH KOOPAWHATAMU (OL,I’,G) , COBMECTUM

HOJIAPHYI0 OCb (X C OChIO 00070YKkM. B BBIOpaHHOM cuCTeMe KOOPAMHAT 06OJIO0YKa

h h
3aHHMMaeT 06JIACTb OSOLS|,OS9S27I,R—ESI’SR+§, a OKUIKOCTH —
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h
061aCTh O<a<b, 0<0<2x0<r< R—E, roe | — gnuna, R —panuyc

CpeIHHOM II0BEPXHOCTH O00IOYKH.

3a OCHOBY IIPUHUMAIOTCS CJIEAYIOIUe IPeJIOKEHNU:

a) runoresa Kupxroda-Jlasa o negedopmupyemsix Hopmassx [1];

6) oOmen3BecTHbIe YIPOUEHWS TEOPUU OOOJOYeK C OGONBIIMM IIOKa3aTeIeM
usmensemoct [1];

B) JKMKOCTb B 000JIOYKe COBepIIaeT TOTEHINAIbHOE JBIKEHUE;

T) BOJTHOBOE JBIDKEHUE HA CBOOOLHOM IIOBEPXHOCTH JXMIKOCTH U TaHTEHI[UATbHbIE
COCTaBJIAIONIE CHUJI MHEPIUY C1a00 BAUAIOT Ha KojebaHue 06010uku [2,3,6].

Cucrema ypaBHeHHIl [JUHAMWYECKOH YCTOHYMBOCTH OOOJIOYKU, B CHUIY

IIPUHATHIX IPEIIOIOXEHUH, uMeeT BU, [2-5]:

2
LAqula V2V=O (1.1)
Eh R da
3 2 2 2
B e L0 gRIW ph W 2 12)
12(1-v?) R do. op ot

3mecs  W(a,B,t) —mporu6, D(a,B,t) - byuxius wanpmxenws, E —-momyms

ynpyrocty, V — koabduuuent [IyaccoHa, P — IUIOTHOCTs MaTepHaaa 0O0I0UKY;

4 4 4
A2554+2 f 2+64,B:R9
dot " ootopt  op
o0*w (1.3)
- —ZOerogR(b—oc)a[52 npu O<a<b
0, npu b<a <l

rae Zo — BO3MYIIEHHOE JaBJeHWe XUAKOCTH, { — yCKOpeHue CHIBI TSKECTH, P, —

IIJIOTHOCTB KUIKOCTH.
W3 unTerpana Konm-Jlarpamxa umeem:

o
ZO =Py a— (1.4)
t r=R
rge (@ — TOTeHUWanbHad GUHKIUA BO3MYIIEHHOTO /JBIDKEHUA SKUJIKOCTH,

YAOBIETBOPAIONIAS YPAaBHEHHUIO
o’%¢ 10p 1 0% 0
Zo,l, 12, 2
or ror r°oy- oo

B 00JIaCTH, 3aHATOH >KUIKOCTBIO, U CIEAYIOUIMM KpaeBbIM yCJIOBMAM Ha I'paHHUIE DTOM

=0 (1.5)

ob6acTu:
| _oep oW (1.6)
=Roor|_, ot
A _ % =0 (1.7)
a=0 8(1 0
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6_([) =0 (1.8)

at a=b
Kax Bugno wm3 ycmoBus (1.6), mas ompegeneHus GYHKIuM () HeoOXOZUMO

OIpeZesUTh paAuaNibHbIe CKOPOCTH CTeHKH o6osouku. [losTomy mpexze Bcero
06Ccy UM BOIIPOC 0 hopMe IIOTEPH YCTOHYNBOCTH OOOIOUKH.

IMpeamonoxum, 4To 060709Ka MAPHUPHO OIEPTa IO TopuaM. Torza pelreHne CHCTEMBI
(1.1), ynoBneTBOpsIOlIee WM3BECTHBIM YCJIOBUAM UIAPHUPHOTO OIUPAHUA, 3alUIIEM B
dbopme

Aol

N
w=cosnB» W,(t)sin

0 (1.9)

Ao

N
® =cosnd D (t)sin

s=0
3mecs /15 = (m+ S)7ZR/ [; m — wwucno TIOJTYBOJIH M30THYTOM IIOBEPXHOCTH BZOJb
obpasyromeit; N — uncno BonH B oxpyxaomenm nampasremmm; W (L), O (t) -

HMCKOMEBIe QYHKITUN.
Ncxops us (1.9), rapMorudeckyio GyHKIUIO () IIPeCTaBUM B BUJE

N A . A
(chosne{ZBs(t)ln( ;rjgn ISQO“r

s=0
(1.10)

o0

Z[c ©sh %1 b (1) ha”ja}J [a”l'r}
+ (t)s +D, (t)c ]
| R R R

— MozubuIMpOBaHHEIE M HeMoAuduUIMpoBaHHble (yHKIuU beccens

J

nepeoro poxa; B (t), C,(t), D, (t), o, — nexoropsie emuumms, onpenensemsie u3

rae |n, n

yenosuii (1.6) — (1.8); O, — KOpHM Clle/yIOIIEero TpaHCIeHJEHTHOTO yPaBHEHHA:
nJ,(o,;)-0a,Jd,(a;)=0 (1.11)

IMogcrasnas (1.9) u (1.10) B coorromenus (1.6) — (1.8) u yuursBas (1.11), myrem
OPTOTOHAJIM3ALH ITOJTyIaeM:

B.(t) = 2R W, (t)
}\'S[ln—l (}“s) + In+1 (}\‘s)] dt
2R N dW(t)
¢0= - ° 1.12
0 n’ sz;‘ocﬁjH@ dt (1.12)
Oy 1_T ‘]n(anj)
i
. Ao a,b
DO R ™SR TN R dW
dt ) n2 0(‘njb dt2

s=0 2 2
0(‘nj 1_(XT ‘Jn(a’nj) (a”j +}\'5)Ch

n
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VYaursiBas ypasHenus (1.10) — (1.12), mna maBieHHA >KMIKOCTHM Ha KOJeOIIOMIECs
crenke 06omouky u3 (1.4) HaXOAUM CilenyIoliee BEIpAXKEHHUe:

N o0 ) anj o
Z, =—p, COSNOY | A (s, j)sh +
s=0 j=1

(1.13)

d*W, (t)
+A (s, J)Ch R }J( )} e
3zmech
3 R, (&)
A(S) - ksln—l (}\‘s) - nInO\‘s)

A(s ) = ( hs

2

1—(1]\] (ocnj)(a + A2 )

n

a,b

n2

a,b
1—a2JJn(anj)((xﬁj + Xi)ch—’

nj

A(s )= (

[oacrasnss (1.9) B ypasuenue (1.1), gns nuckomoit dyukuuun O s (t) OyZeM HMeTh:
hR A W, (1) (1.14)
o (t)=E (k - )2 A .
Taxum 06pasoM, Bce HCKOMBIe BeIMYHMHBI BhIpakarorcs gepes Gynkumn W, (t).
Ha ocuoBe Bapuaruonnoro meroga by6uopa-I'anepxuna us ypasuenus (1.2) mis
ompenenerms W, (t) MOAy4YMM  CJIEAYIOU[yI0  CHCTeMYy  OOBIKHOBEHHBIX

nuddepeHIaNTbHEIX ypPaBHEHUM ¢ TIepeMeHHBIMU K03bbuIeHTaMu:

d*W, t N N
e Qz( qcﬁ)} > m. dt2 +Zhs -0 (1.15)

S i=0

3zech

S

. ER 2 12(1-Vv)R* Al
e [ B
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A —A A+ A
S-nZ i S b 2 i S b
m, = Rp, A (t) R . R
s phl A=A A+ A
Rp, & a,ch OL|r_‘_\i)bsin7LFS:) —Lsh a;{b cosK';b
+—2 i + 1.16
o ; A, j) Y (1.16)

ab . Ab ab b
Ao +osh——sin—=- -} ch—"—cos——
R R R

+A(, J)

2 2
oy + A

QS —4acTOTBl COOCTBEHHBIX IIOIIEPEYHBIX KoyebaHuit  06OJIOYKY; m, -

KO3(hGbUIMEeHTHl IPUCOeJUHEHHBIX MaccC; b|s — K03 PUIMEeHTHI TUAPOCTATUIECKOTO
IaBJIEHUA )KUTKOCTH.

B nmampmeitmem orpamwummcs paccmorpermem ciygas N =0. Torma wms
ypasrenwuii (1.15) umeem:

d’*w
(1+ M, ) —=m+| Qn, 1—@ +B,, W, =0 (1.17)
dt O
rae
2 _,2\p2? 2
R R
12(1-v*)pR h (MZ +n2)
Wy =Wo, Qy =Qq, M =my, B, =hy, (1.18)
. hR mrR
qmn:pz Qi’ﬂ' U =—"7—
n I
()., —9acTOTHI COGCTBEHHBIX IONEPEYHBIX KONeGaHMA OGONOYKHM IIPH OTCYTCTBHH

*
JXKHUOKOCTH, qmn — KPUTUYECKHNE 3HAYEHHNA BHEIIHEro IIOCTOAHHOIO [OaBJIEHWS, IIPpU

KOTOPBIX ITyCTast 060I0YKa TePAeT CTATUIECKYIO YCTONYNBOCTS.
Ha ocmoBe (1.17) paccmoTpuMm 3azady [AUHAMHYECKOH YCTOHYMBOCTU IIpU

q(t)=0, + 9, COS®t u samauy ycroiaMBOCTH OGONOYKM IIPH FUHAMHYECKOM

Harpy>KeHuu (q(t) = Ct).
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2. JluraMwyeckas yCTOMYMBOCTB. PaccMOTpuM 3azadyy IIapaMeTpHUYecKuX
kone6auuit, npuanmas ((t) =Q, + g, COSot . Torga us (1.17) norydnm crexyomue

nuddepenIraTbHble YpaBHEHUA C IEPUOSUIECKUMU KO3DIUITMEHTAMU:

d’w,,
T+mmn(1—2prm cosmt ) w,, =0 .1)
rae
1 q
2 =T Q2 [1- q;’ +B,,
m m (2.2)
2
2“ — Q1an
mn

2 * *
an(qmn - q0)+ anqmn
—COOTBETCTBEHHO, JaCcTOTa COOCTBEHHBIX KOjeGaHME U K03bduuueHT BO3OYXKIEHUI
06OJIOUKM, YaCTUYHO 3aIOMHEHHOHM JKUAKOCTBIO M 3arPyXXeHHOU paBHOMEpPHO

pacmpesieneHHbIM BHemHuM gasirenueM (. Us (2.1), (2.2) npu 0, = O nerko naiitu

KpUTH4YeCKHe 3HaY€HNA BHEIIHEro JaBJIe€HNA qO

. B..
Qo =0 | 1+ (2.3)

®opmyna (2.3) moKassBaeT, YTO IPUCYTCTBHE XXUAKOCTH YBEIUUMBAET BETUUUHY
CTaTHYEeCKOTO KPUTHIECKOTO AaBIeHNUA.

VpaBHenue (2.1) mpescraBiager co6oii M3BeCTHOe ypaBHeHMe MaTbe U KpUTHYeCKHe
YaCTOTHI IJIABHOTO IAPAMETPHYECKOTO Ppe30HAHCA OINpPEeAeNATCA  CIeAyIOUMI
u3BeCTHBIMU popmymamu [4]:

o =201 1, 2.4)

Paccmarpusas ¢opmynsr (1.18), (2.2) u (2.4), 3amedaeM, 4YTO IpUCOeAUHEHHAS
MaccCa XHIKOCTHU HPI/IBO,EEI/IT K 3Ha‘II/ITe]IBHOMY yMeHLH.[eHI/IIO, a I'I/I,IIPOCTaTI/I‘IeCKOe
AaBJI€HHE - K HeKOTOpOMy yBeJII/I‘IeHI/IIO KPpUTHUYECKUX 9acToT TJIaBHOTO
mapaMerpudeckoro pesonarca [2,3]. B pesymsrare, 061acTh IJIAaBHOTO pe30HAHCa
YYBCTBUTEJIHPHO CMEIIAEeTCs BIEBO U IIPOUCXOAUT CYILIECTBEHHOE CyXKeHUe 9TOi 061acT,
06y CIOBIEHHOE IIPUCYTCTBUEM JKUIKOCTH.

3. YcroifumBOCTE IpHM JUHAMHUYECKOM HArpyXeHumH. PaccmaTpuBaercs ciydaii,
KOT/]a MHTEHCHBHOCTH jaBrenus Bospacraer mo sakomy ((t) = Ct. Torma ypasmenus

(1.17) npurumaror Buz;

d*w,,
?—I—Tmnwrm =0 (3.1)

rae
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o = (12 ) (sur 2 = PRz 1)

3.2
1 e ) (3.2)

(1+ an)(Qfm + Brm) phR

S, =

2 . ., .
Ecmu I, >1 (mepBbrii oran ABMKeHUs PaCCMAaTPUBAEMOI TUAPOYIPYTON CHCTEMBI), TO

oburee peireHue ypasHenus (3.1) umeer Bug, (’Cmn > O):

1 2 3 2 3
W, =121 ¢J, grﬁm +c,J, grﬁn (3.3)

mn
3 3

roe J, u J , — GecceneBs! hyHKIMY IEPBOTO POZIA.
1 1 y P p
3 3

VYxasaHHEIe GeccesleBbl QYHKIIMH HU3MEHAIOTCA IIEPHOAMYECKHU, TaK UTO JBIKEHHE
CHCTEMBI Ha IIPOTsDKEHHU IIEPBOTO STala uMeeT KoebaTebHBIN XapaKTep U, KaK BUJHO
u3 (3.2), IpUCYTCTBHe >XHUIKOCTH YBEeIHUYMUBAeT [JIMTEIBHOCTh KOJIebGaTeIbHOTO
Ipo1ecca.

HPI/I BO3paCTaHNH BpEMEHHU t BeJINMYXWHA Tmn nmajgaeTr, CTpeMACh K HYIIIO.

aw,,,,

OHpe,Z[eJII/IB Wmn 48 IIpu Tmn = 0, IIOJIy9YHM Ha4da/IbHbI€ [HdaHHBIE [IJI

Tm

CJIefyIomWero, BTOPOro dTama pnBwxeHwus. YpasHenus (1.17) mas Broporo srama

IIpe/iCTaBUM B BHJE:

d;\ivgn _?mnwmn =0 34)
T
rae

T = (12 )(Sur ) > 0 @5)

O6uzee peutenvie ypaBHeHuUs (3.4) IpeCTaBILeTCS B BUE

3 3

1
w, =72 |cl,| 272 |+cl | 272 3.6
mn — ‘mn C1 1 Tmn 20 1 Tmn ( . )
HE 213
rme |, u | ; — MopudunupoBaHHble OecceneBrl (GYHKIUK II€PBOTO Poja. IOTH

3

Wl

GYHKIIUM MEHAIOTCS MOHOTOHHO M, IIO9TOMY, aMIUIMTyfAa Iporuba 060IOYKH C

2
Teermem spemerw (L > ) G6yzeT HeorpaHWYeHHO BO3pacTaTh, NpUYEM, IIPHU
onpeziesIeHHOM 3HadeHun { = tkp mpoucxoaut GypHOe BO3pacTaHMe IPOru60B (MOMEHT

HIOTEePU YCTOMYMUBOCTH IIPU ZMHAMUYECKOM HarpyxeHuwu [5]).
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B xuure [5] mokasaHoO, 4TO tkp ABJIeTCI MOHOTOHHO YObIBaloweil GyHKInei

BEJINYUHBI S

- ClenoBaTenpHO, paccMaTpuBag (3.2), JIeTKO 3aMeTUTh, YTO

IIPUCYTCTBHE JKHUIAKOCTH B 060JIOYKE MOXKET CYLIEeCTBEHHO 3aJE€pXXUBATh IIPOLECC

GypPHOTO BO3pacTaHuUA IPOruboB 060JI0UKH (CYLIECTBEHHOE yBeIUYeHNEe '[kp).
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