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. 3. MHKAEAAH

AUHAMMYECKAS YCTOHUHBOCTb MHOTOCAOHMHOM
OPTOTPOIHON KPYTOBOW LUMAMHAPUUYECKOH OBOAQUS

[Tpu pacemorpenun  annampueckoi VCTOHYHHOCTH 3aMKRYTHIX .
APHHECKHX 06DAOYEK, KAk UPaBHAO: HEBOIMYILEHHOE COCTORHHE :;.ﬁnf
OTORJCCTHASETCH € €€ HEeAOPMHPOBAHNEIM COCTONNHEM.

Hixe pacemarpumacten sagaua o AuHamuieckol veTolunBoeTH ¢
CTOH UMAHHADHYCCKOH of0oACuRM, & TOpUaM KOTopoH BHeLeHTpe:
OTHOMEHHIO K TOAUMHE CTEHKM NPHADKEHBI CRUMAIOLINE YeHAKS,
PHOAMNECKH H3menmoWneca Bo Bpemeni. [lpesnonaraerca, wro xokg
HECKOE HANPAKEHHOE COCTOAHHE ABANCTCA MOMEHTHBIM, OCECHMMETDHN
Moxasano, uro srcuentpucnrer NPHADKEHHA HAFPY3IKH pesko HIMeHAs
TPAHHULLE 30HDI AMHAMHYECKOH HeycTolsupocTH.

Ararornunas sadaua o AMHAMAvECKO yeTofiuuBoeTH crepmueif
cuorpena B. B. Boaorunmm [4].

L. Tlyers 2 u §— xpuBoAuHeHntie opToronaAbHbie KODD AMHATE, CO
MAAQIOWHE ¢ AHHHAMM KPUBH3HbL UMAHHAPHYecKoH KoopannaTHOH 08
HOCTH pagiyea KR; | — paccTosHMe no mopmaiu or Touxu (a, 5 0]
Tourn (2, &, 1), a A — pacerosauc KoopiuHaTHON NOBEPXHOCTH OT B
Hell norepxnoetH ofioacuxn (qur. 1).

=]

DMar. 1.
[lpeanoraraeren, uro naockoers YUPYro# CHMMETDHH MaTeps
HAMAOTO CAOA NEPNEHAHKYAAPHDL K KOOPAHHATHGIM AmmuAM %, [, 7.
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A, 4TO AAR Beero nakera ofOADYKM B LUEAOM crOpasej-
elopMHpYeMbIX HOpMaAei.

Hifi€, UTO TNPM PACCMOTPEHHH ABHEESHHA OGOAOYKM Gyaem
napat reopun neiornx oforouer, Cuanl unepumn, coor-
[MEPEMENLEHNANM I KOODAHHATHOHR MOBEPXHOCTH, YHHTHIBATD

Ble  CRMMAIOUIME CHABl © HHTEHCHBHOCTBIO P (#) paBuo-
ABALHBL. 1O TopuenmM  Aumuam == (), 2 =] goopaumaTHOI
L H MEHAIOTCA TEPHOAHYECKH RO BReMenu

P(t) = Py + P cos bt

CABAVIOWYIO CHETEMY  Pa3peuaiciliux  ANpepeHilHAAbHER

L. w V' Fwda 1 %
W s o  Fwdw 1w 5
i L) (_dxaﬁ ) gatgp K de? S
1% &% 0w % BPw
PR L e it T - _._f e
e i w e
== &y w 0w (1.9)
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by= Dy —— (KiCy — 2K, K Cos + K3C)
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e T . i —

K' 'Klicn} + 2 (D'EE b '”'_)}

ﬂﬂ

by =Dy — {K" —2KLKLCy + Klécs.z]

el
Cie = 3 Byn (B —5i-1)

Tw=]

G T A T
= ?E B [(8: — 1) — 248 (3, — %))
i E

} i 3 & 4 5 ud #* n a
!:;}i. = 3_:—? '3’{"“ [r"’:g_ ':'*:? i'-} — 34 {E’:I'I_ 'r’r'"—f_n} o 347 {":’ B 4 A Ijjr

f=

my — Macca oBOAOUKM, OTHECEHHAA K CAHHHIE NACIHAAH KoOpAHHATHON |
HNOBEPXHOCTH 0GOXOUEH '

Al '-\. b
my _"S { =g .
c! -—1_
TAE i VASAbHLIH BEC MATEPHAAA [-r0 CAOH, 5 — paccTonHue BHyTpeHHeH
NOBEPXHOCTH I-r0 cAOH OT BHeEmHEed NOBCPXHOCTH oboADYER
a E{ i .E::f Ty - ¢
b e e o | By = L Bii = Giy
i -— ¥ia 1 — W Vo
I I
Bis = B__' z "HBrl

[lyets narpyska P (#) Takoma, uTo BHIZBIBAET B OBOAQUKE OCECHM-
METP“HHU‘: HﬂanmEHHUE COCTOAHHE .IFir-l. HPH CI“I'J&AE..\CHHDH: COOTHOMIe-
HHAX IIa}]HME'l‘pGH BTO COCTOAHHE MOMeT OHAAATHCA AHHAMHUECKH F[l:}"i."'f{:lﬁ'
MM, TO ECTh HapaAy © cocroandesm F, CTaROBWTCH TO3MORHLIM He-
OCECHMMETPHYHOE HanpascEHoe coctomane £ . (Oboswauas wHopMaibHOS
nepeméilense 0 PYHKURIO HanpameHud Aas coctonnun [ uepex w, u 3,
a Axa % —uepea w* 4% Gysem umers

W= iy 1wty

{1.3)

e o "

R R

rae iy — AOMOAHHTEARHOE MAAOE lepeMellieHHe, KOTOPOe HYMHO COOGIHMTE
ofoAouke. 4ToBN TEPeReCTH ee 3 noacmenus [ B noAcxere F°, a
¥y — CODTEETCTBYIOES TPHPALLEHHe (YHEIHI HATPH®ReAni .

Moaerapann (1.3) v ypasrenwa (1.1), (1.2) u vuwrwmas, uro w,, %,
cagaanbt ToH e cncremolt (1.1), (1.2), noayuaem ,vpanwenua B Bapua-
unax" .

'Fang T 1 *w
Lia) e, +L(a e — L el oo T AR
(@7) %+ Ll a, [ R Gur
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0 fiks 7 l!':-‘""u
o Ly Oy Qe |
(by) 2 (aw) 2y R dat s PR
Gy 0wy Py Oy "y :
PR T T e

rema vpasnennit (1.4) apaserca auneitnolt n 0AHOPOANOH OTHOCHTEABHO
HEHABECTHHIX (PYHRUMH why, %; ¥ HMEET OAHOPOAHDIE FPAHUMHLIE YCAOBMHIA.
~ Taxum o06pasos, onpeseAeHHe KPHTHUCCKHX 3HAYEHUH YACTOTHI HHEil-
el HArpysKM CHOANTCA K WHTErpUpOBaHWO cHcTembt ypasmenni (1.4),

9. PacemoTpnM AOKpHTHUECKOE Ranpaxensoe cocroanne [

[Mycrs ofoAouKa NMO TOPLEBBIM AHHHAM KOOPAMHATHON [OBEPXHOCTH
‘lﬂ’EpHHpHﬂ ONepTa # COBEPIIAET OCECHMMETPHHUHBIE BbIHYXACHHbLIE KOAe-
'ﬁdHHR noa Aeiicteuem Harpyaku £ (f).

Hopmasasioe nepemeinenve 000AQTKN TPHMEM B BUAC

i §

b=Aﬂ{.’jsinT (2.1)

Tpy 5ToM BHIMOAHAETCA CEOMETPHYECKOE FpPaHAUHOE ycaosue wy =0 npn
=0, a=1,

Moacrasans soipamense (2.1) B (1.1) w yunrpisas craTuyeckue rpa-
HHYH B YEJ\UBHH

h'=—FP{), Til=-=<T:" fiph &=0 w=1]
AAR YHREUHK nanpamednil noayuaear
i = - 42 : =
Ty = fl_'.’..{_i..! ( i . U.:) gin _I B s {ﬂ' ar T 2 t-z'?}
a; =R f 2 b

Yeunne T onpegeasercs U3 YCAQBHA  SAMEHYTOCTH 0HDAOUKH M HMEET

waa [3]

e s
Te= 52 P#) — P (1)
Cll

-

Ansn waxomaennn Gyusuuii w, ¥ %, (8 3aBucnmocta o1 P (1)) wue
noabaves ypapnenne Marpanga. Ecan Ay (¢) paccmatpunath rak ofobmen-
HYio KoopauHaty, To ypaswenne Aarpamma Gyaer umers sud [4]

g g7 )_ o oW
TR A AR 7 o 1 - - W

(2.3)

Baece T — kunernuccian sneprua oborcuxu. [/ — novemuwassuan shep-
rus o6osouks, W — pabora sHemHefl narpyaku.

C yuerom (2.1), (2.2) ana 7, U, W noaymaem caeaywowne suipa
menun [1, 3—T): -

F= —%-[A;cnr AR
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Humeen caeayiomue mavarnine yeronuam:
npi =10

Pyt Be

--I'l

Ay (2) = — H,, A (=0

Toraa pewenne ypasnenus (2.4) npeactasurca v suge

Ay (1) = e+ & cos Lt + &, cos it (2.5)
_ HPy
Tae &y e '
=0
— 'Hlnpf -Ir'irc.Fr HaPr ]
&= Eg — E';I-G -l_'jﬂ =] &= —Ia:j T I:.En e ﬁ'}

Pewenue (2.3) nokasmpaer, uro oBoaouxa koaeGAETCA BOKpYr mHe-

ROTOROrD HIOUHYTOrO NMOAQEKEHHA, HMCHILEero napaMeTp nparuﬁa [

Moaeravans (2.5) & (2.1), (2.2), noayyaem oxoHYaTeAbHBle BRIpAKE-

HHA AAA MCKOMBIX QWWHHUMHE wy M %, XAPARTEPHIVIOWAX HANDHKEHHOS Co-

croanue f,

3. Onpeaeanm obaacTn  AMHAMETecKOi HeVeTOHUHROCTH  OcecHMMe-
T.pH"]'H'U[‘U }IHHPHKEHHDTD COCTOHHHA ﬂﬁﬂhﬂ"ﬂ‘:ﬂ,

Cauran, uro npu norvepe yeroltuusocTtn o6pasyercs m NOAYBOAH
BAOAL 00pasylolled H 7 NOAHBIX HOAH BAOAB OKPVAHOCTH, NPHMEM AA#
W, W ¢ BEIpaMeHUA

T

wy = A, (¢)sin sin

=
AR

(3.1)

(1]

¢, = B, (1) sin = i e

R

KOTOPBIE  YAOBAETBOPRIOT CAEAYIOUMM I'PAHHYHBIM YCAOBMAM Ha TOpiax
oB0AOYKH:

npn g =0, a={f iy = T! = Ta=0

Mogerapana v (1.4) amavenme w, (2.1), Qyuxumo sanpmmenuil =,
(2.2), a Taxme ¢, w; (3.1) w noavsysch sapranwonHbiM metosom By6no-
pa-lanepruna, npuxoAuM ® Creayiomedi cucteme ypaBHennit oTHOCHTEABNO
napamerpon A, (1), B, ({):

} A, (1) + D (a;) B, (1) =0

mo AL (£) + [@ (b)) — P(#) (15 + 0i3) + A, (4) ardmy] A, (£) +

Plag) Aﬁ (£) ':}-n.*-::]: My —

|5 — @ () — 40 0Pm B () =0 (32)

. L3
rae @ (a;), T (b;), ®(ar) — kvasparuunsie Qopmu oT NEPEeMEHHDIX 1, 13
C KOB(PPHIIHEHTAMHE COOTHETCTRCHHO



48 I3, Mukaenns

B by [iF
&, %’ ag, by, E" by, 4y, _,-j’ Oy
ey IRE e TR S
I 4 e L S m(dmt—1)

Pewaa copmectno ypasnenun (3.2), aan onpeseaenua A, (1) nory-
qaeM cAeAYIIies ARPPCPEHURAADHDE YDaBHEHHE:

Ay () + 971 — 2 (1, cos bt + pycos Q1) A, (1) =0 (3.3)
rie

gl —1-{ BB — Py 03 4 0 Aaradini +

my,
1 B -1'! B . : .E
== ﬁ [P (0 - B = e.rm,ha()]

et |
1

P =— -Q?Weliim,Q (3.4)
fi =1

N T i

(J=ua+ Bla, I {ae) — R

Kar esuano uz (3.3), ncciesopanne Ausamuuécroi ‘VeroHuMBocTH ofho-
AOYKH RHAYHTCARHO OCAOKHHETCHA H3-3a TOUO, 4YTO HCXOAHBIM COCTOMHHEM
OO0ADMKH CHHTABTCA OCCCHMMETDHYHAR (POpMa KoaeGammil

Sagaua CPABHHTEABHO YNPOWAETCH, €CAH CUMTATH, 9TO “ACTOTHL
narpyskn (U) u coficTeennnix ocecummerpunnnx KoAeGanuii oborcukn (2,)
RHIPAKAIOTCH PALMOHAABHEIME Yueramd. Torga (yHsMsA

D(t) =y cos bt + pycos Byt

Hyaer MepHOAHYECKOH © NepMogom

rae d W f— BIAUMHO TPOCTBle HATYPaAbHBIE HHCAZ. INpescranaan @ (#)
B Buge paga Dypoe
drk

i,

()=

i—?;‘uugs i

2
B ]
usBecTHLIM 06pazom [4] MOKHO NMOAYYHTH YPaBHEHUA RPMTHYECKHX ACTOT.

Ecau nochars Tak, KAk TPHHATO B KAaccHueckod Teopuw, 1. e,
HEBOAMYIUEHHOR COCTOAHRE oGoADMKM (OcecHMMeTpHuUHOE AuimoHue) cup-
TaTb ,KABAIUCTATHYLCKHM , TO oTHocuTeAsHo A, (#) noayuntes ypaene-
nre Maree. [Toaaran v (3.3) 1, = 0, aas avoro CAYUaHA GYVAEM HMETH
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A8 4 211 — 24, cos ) A, (8) = 0 (3.5)

Samerunm, 4ro B BpameHn U

— B

)=
=0

2y

O6ractu HEYCTOHUMHBOCTH pewennii ypassenus (3.5) xopomo H3YueHDl,

Hasecrno [4], uro FPREAULI TASBHOH ofiAacTH  AHHAMEuECKOl HeyCT oMy
(BOCTH OmpeJeAsioTCA opMyAoit

0, = 2821 = ) (3.6)

Coraacuo (3.6), vaeauuenne HACTOTH

HECCECHMMETDHYABIY  KoAeGa-
Huil oboaoury 2

1 IPHBOAHT K YBEAMYEHHIO KPHTHUECKHMX YacToT f,.. Tlpn
YBEAHCHHH KoapuHeTa BOabymAeann 1
HEYCTONUBOCTH moapacTaeT.
' 4. Ara mccaezonanin

eroauua

1 BEAHUMBA rAanHO# ofAacTu

HAHAHMA AOKPMTHYECKOTO HANPARCHHOTO Co-
HA HEAHYHHY KDMTHMECKHX 9acToT u obracTed AHHEMHUECKOH
| HEYCTOHMMHOCTH pACEMOTPHM Tanme AMHAMHUECKYID Yo
MEHTHOTO HAYAABHOIO COCTOANMHSA oBoAOURN,

He Baasasen = noapofnocTy,

ToHUHBOCTE Geamo-

NPHEOAUM AHIIE OKOHYATEAbLHBLIH pe-

BYABTAT
1
Uy =291 F B}
3aecn
Q5 = 1,."”_! Dby — Pl L (cb (az) — —1)! (4.1)
iy, : : Day) R
Eiﬁ = Pr }:[_'
Uy 27

H:anoamayx supamenus  (3.4), (3.5) u (4.1),

AAA OTHACHCHHA HacTOTH
HEDCECHMMETPHURBIX  KoAeGaHui 2 or COOTRETCTRYIOWeErS: GeamMomenT-

L
HOro" swavemnas U5 u ornomenns L

noAyHasM
e
2.8 ik Q
= 21 LW TR S
R = 5 =], 1+ 5! 1 (4.2)
i y G
el o I Yool S (4.3)
3 [ea =, i
I "f— Ei 1 2
e I:'.ﬂe
a

(4.4)
k= —it+ mel)

4 Hancermn AH ApnCCP., Mexannmg, Ne 2
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{

p= {HTE — HOPMaABHOE NEPEMELIEHHE TOHYER %= E koopaunataol  mo-
BEPXHOCTH N04 AefcTBEM AOCTOAHHOH COCTABASIOMEN Harpy3ku Pt}
paBHoi eIMHHIE.

Anaans swpamennit (4.2)—(4.4) noraspisaeT, UTO NpPH YBEAHHEHUN
A OTKAOHEHHE YACTOTH HEOCECHMMETPHUHMIX Koaebanuit U, or coorser-
eTEYVIONEH H=acTOThi Y2s (waligenHoll B NpeAnoAdKEHHH © DeaMOMERTHOCTH
HAYAABHOTO HANPAKEHHOro cocToAnnd 0BOADHIKH) Bo3pacTier. C yreause-
HUeM TIDCTOAHHOH cocTasAmiomelt narpyskn (P;) u umcxa BoAR B OrpyH-

som manpasaennn (n), vacrora &, Bee GoAee oTaumaercs or ,Oeamoments

poro" asmauvemna . Heywer annamudecknx aBAeHnid cocrommus [ e
BAMRET Ha BEAMMHHY HACTOTHI ;, HO NPABOAUT K HIMEHEHHIO BeANTHHDI
raaBHoil obAzeTH meycroHuusoern. B sTom caymae, © yeeanuenuem An
OTHOMEHNS AAMHBEI [OAYEOAH B OCCHOM HaNPaBASHHH X AAMHE NOAYBOAH
B OKPYAHOM HANDABASHHH, BeAMYMHA TAauHOil 06AZCTH HEYCTOHUHROCTH
VMEHBIIAETCH.

Murepecno OTMETHTD, 4TG B NPHHATOH CHETEMEe KOOPAWHAT, NPH
0 <4  h, oKpHTHHECKOE HOPMAALHOE flepemeuieHie oGorotky (He Becnma
xopoTroil) moA AeficTies cmumaroweil marpysku P, umeer orpuuaTein-
noe amaueHde, |losTomy, TPH NepeMelIEHHH MECTa NPHADECHHA HATPY3KU
OT TOUEK BHelHed MOBEPXHOCTH K TOYKAaM BHYTpeHHeH nopepxnocTtd 0bo-
ACUKH [POHCXOAUT MOHOTOHHOE HWIMEHESHHE HAPAMETPOB REYCTOHUMBOCTH.

5. AdaAs waAwCTpauMl NPHECAHM SHCAEHHLIC NPHMEpRHL.

B sactaom caydae CAOHCTOH HBOTPONHONH ODOAOYKH, C OAHHAKOBHIM
HOSUpAIHeHTOM ]._lg.-'ar:cmla CACEH, HMEEM

R, _(1 Lo Wkprt  Neal g
\ L (w—p)
R.=(Q—rFR) (1 +R) ~

i L

= Sl PR (B ()
o 2 R\ R

= 32 _m*ﬁ—i}g---?(\J_f_\fi“i(_f)':)___‘
=2 (1 -k r2)* dm*—1 Ch R\R ;

i
p=FR)/ B2

by

Aaa oanocaciinof naoTpongoll ofoADYRY TOAYTHM

Gesrlai U

=~ ) ?l 3(1—¥) R\R,
2P.R

31— <2

= Ehl { ) <

Ecan
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= h ol

—Jir. " m=r= 1
R 4 R 0

p=| S{I—jTI ¥ ‘ﬂ.g-ﬁ
o =0 R = —007, R.--1465
npH A -;—'. R, =008, R, - 0.5875
upit M=k Ry=0235, R,=0.266

Pacesmorpim cayvall gewrpaassoro com

cocTapacnioll w3 waoTpOIINX MATEpHAACH
yaceona.

ATHR  apyxcaolinoil oforoqrn,
C PARHRMMH ROGQUPHULHERTAMN

Myern papymenmii caok harorobaen us craau B = 2:10% mifead a
Py p

ByTpennnli — wa xanpona £, = 10° xy/cac.

[Mpumen

& Ao
b me, =1, r=135
R 4 R s ™ k
p=1"3U=¥), +=095 Hh=p=2"
2
:E. An npn A= % RI 0.3‘3’ R._. — ﬂ.334

Flpu ofparuon pacrioaomes CAOEE flOAVMaeTcH
R,=—-008, R,=12

Peayabratel smuncacanii MOKASHBAOT, HTO B PaccMAaTPHBAEMBIX CAY-
X BxcUERTPHCHTET IPHAOKEHHA HATPYIKH CYMIBCTEEHHG BAMAET Ha

HEAHYHEY KDHTHYECKHN YacToT o PE3R0 HIMEHAET Fpaniun 30HE AWHa-
Miueckoll neycerodumnocty,

BPEIRECR I TOATE XHH e oR1A HHCTHTYT

wm, K. Maprea Mocrymean 24 X[ 1966
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PIATILEGPS e 0prnspne GEANGWILE MY LA
L R T R AT PR TS ] N

LT Y ool

| :'nq-ifmrl'iu i infend | Fau:‘;mﬁﬂﬁ -J'n-rﬁhmmhﬁfu l'""f".l"'"'th"l'l"h Iffldf».{.‘fi
:.I:r_: m.',fd, -f'imlmr'ﬁm fn’;mh fnil qfrrr;u

'azfmunrmﬁfﬁ Afeal vl gpifurd B ifees fops fyreprons o pooity
.I!__mp'rrq Fulqwhﬂ'ﬁrbrﬁ u.rh.—mﬂ;m‘f-# [li;

*

uu.i;ﬁ-# we FIH‘I‘IJH!:II‘F"I



52 F. 3 Mugaeaau

Tireagpafs anrBelpans groaBeee i g oeeie urf-pru.;ﬁ:l?ir.lrlp,l'f s pmal o phpfad

H‘mmﬁl_
Apmrifarvasses pral oo priceh el sl

-:f-mmilnmifm.af IS ﬁlmrm’irﬂfl :ﬂu}.r tuni.nil_i’rii.rﬂif.lff ,:Lu‘iuifmr}m.fd!u:‘i: Il
groverif sl i fr, [t s esplios Traaake E.E-Fu-m.-;'i.rmﬂgmfn P [ fi arguligon fd puelop lpfis
wn folyassfpinste -'ﬂuﬁm‘l'uudfmirmﬁ;wfn be woSelpuns oo i pusts  appfeenif enge eonfipuens g T ljf‘ram:"

G. 7. MIKAELIAN

DYNAMIC STABILITY OF MULTILAYER ORTHOTROPIC
CIRCULAR CYLINDRICAL SHELL

Summar}'

The problem of dynamic stability of a momental stress state of a
multilayer orthotropic eylindrical shell on the basis of the theory o
multilayer anisotropic shells is considered.

The investigation reduces the determination of the regions
nonstability of the solution of Matie equation.

The influence of the location of the axial load application on th
shell and also the influence: of the nature of the multilayer on critica
frequency and the main region of nonstability are investigated.
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