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Heap. MccnenoBanue cBOOOJHOTO OCECHMMETPUYHOTO KOJIEOAHUS IMITHHIPHYECKON OPTOTPOITHOM 000JI0UKH OecKo-
HEYHOW JTMHBI, KOHTAKTHPYIOIIEH ¢ OECKOHEYHOH yIpyToi Cpeloi 1 3aITOTHEHHON KHUIKOCTHIO.

MeTtoapb!. [Ipy MpoeKTHPOBaHNH TOHKOCTEHHBIX 000IOUEUHBIX KOHCTPYKIUH, ITUPOKO IIPUMEHSIEMBIX B aBHAIIIOHHOM,
PaKEeTHO-KOCMHYECKOH TEXHNKE M Pa3IMYHBIX 00JAcTAX MPOMBIIUICHHOCTH, Ba)KHOW 3a/adell ABISETCS ITUHAMUYICCKUN
pacueT mx HanpspKEHHO-1e(OPMHPOBAHHOTO cocTOsiHUA. M3yuas nuHaMumky o00j04ek, HEOOXOANMO OIPENeIsiTh CO0-
CTBEHHBIE YacCTOTHI U (POPMBI MATBIX KOJE€OaHMUi, MpUYeM HanOOJIBIINH HHTEPEC MPEACTABISIOT YaCTOTHl U3 HIDKHEH 4acTh
cnexrpa. [Ipennonaraercs, 9To )KECTKOCTh MaTepraia 000JI0YKH HEMHOTO OOJIBIIIE )KECTKOCTH MaTepuaia cpeabl. Pemenne
YpaBHEHUH ABMKEHHUH CpPElbl pacCCMaTPHBAETCS B IBYX BapHaHTaXx.

PesyabTaThl. B pesymnpraTe mpoaeraHHONW paOOTHI BBIBEICHO YacTOTHOE ypaBHeHHe. [IpoBeieH aHaiwm3 4acTOTH U
hopmer xonebanuit obomouku. [TocTpoeH rpaduK 3aBHCHMOCTH YacTOTHI COOCTBEHHBIX OCECHMMETPHYHBIX KOJICOaHUH CH-
CTEMBI OT BOJIHOOOPA30BaHMs B MIPOAOJILHOM HampasieHHH. C MOMOIIbI0 aCHMITOTHIECKOTO METO/Ia TTOIYIEHBI YaCTOTHBIC
ypaBHEHUs peOPHUCTHIX IIIMHAPHUECKUX 000JI0UEK, 3aII0JHEHHBIX KHUIKOCTIO, a TAKXKE MPHOIIKCHHBIE YaCTOTHI YpaBHe-
HUSI ¥ TIPOCTBIE pacdyeTHbIe (OPMYIIbI, TO3BOJISIONINE HAXOAUTh 3HAUYCHNSI MUHUMAJIbHBIX COOCTBEHHBIX YacTOT KOJIeOaHUH
PacCMOTPEHHON CHCTEMBI, NCCIIEIOBAHBI BBIHYKICHHBIC KOJIEOaHNs IOAKPETIIIEHHOH 000JI0UKH, 3aII0THEHHOH KHIKOCTHIO,
OTIpEeICHbl aMIUTUTYHO-JaCTOTHBIE XapaKTEPUCTHKH PACCMOTPEHHBIX KOJIe0aTeIbHBIX IPOLIECCOB.

KuroueBble cjioBa: opToTpoIiHas 000JI0UKa, CBOOOIHBIE KOIeOaHHs, COOCTBEHHBIE YAaCTOTHI KOJeOaHus, BOIHOOOpa-

30BaHHE, yIIpyras cpena

Brenenue!

Cratbs IMMOCBANIICHA OCCCUMMECTPUYHOMY KO-
ne0aHuI0 MUJIMHIPUICCKONH OPTOTPOIHONW 000J104-
K1 0€CKOHEYHOW JUTMHBI, KOHTAKTUPYIOIIeH ¢ Oec-
KOHEUHOM ymNpyrou cpejodl U 3amOJTHEHHOW KHUJI-
KOCTBIO.

[Ipeamnonaras, 4To *KECTKOCTh MaTepuaiia 00o-
JIOYKHM HEMHOTO OOJIBIIIE )KECTKOCTH MaTepuaia cpe-
JIbl TIPOBEJICH aHaJH3 YacTOThl U (OpMBI KoJeOaHmi

' © Ceitynnaes @.A., Mupsoesa I'.P.,
Kepumona IILLA., 2018
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TEOPUA TOHKUX YMPYTX OBONOYEK

o06oiouku. BBon mapamerpa, onpeeNsoniero om-
TUMAaJIbHOCTP TOJKPETUICHHUSI, TIPUBEN K ONTHMHU3a-
MU TIapaMeTPOB 000JI0UEK, YCUICHHBIX MEPEKPECT-
HO cucTeMoi pedep U 3allOTHEHHBIX KHUJIKOCTBIO.
HccnenoBano BIusHYE CTETIEHN CKUMAEMOCTH KU
KOCTH Ha YaCTOTHI CBOOOJHBIX OCECHMMETPHUYHBIX
KoJeOaHuii peOPUCTHIX MUIUHIPUIECKUX 000I0UEK,
3aIOJTHEHHBIX KHUJIKOCTBIO [ 1-6].

IlocTanoBKa 3agaun
CucrteMa ypaBHEHHI CBOOOJHBIX OCECHMMET-

PUYHBIX KOJeOaHUH TOHKOU YIPYTrod OPTOTPOIHOM
000JIOUKH TT0 MOMEHTHOM TEOpUU UMeeT BUJ [ 7]
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KOMIIOHEHTBI KOHTAKTHOTO JaBJIEHUS CO CTOPOHEI
YIPYTol cpenbl W JKUAKOCTH Ha 000mouky; R, h —
paguyc ¥ TOJIIMHA O0OJIOYKH COOTBETCTBEHHO;

E.
a;, = : ;A =V, =4,V
G,(-v,v,)

KOMITOHEHTBI TEPEMEIIECHUN CPEIUHHON IOBEPXHO-

12;Z/I,W—

ctu obonouku; V,,,V,, — kodpdumuents [Tyacco-

Ha OPTOTPOIIHOIO MaTepuana obonouku; E,, G, —

MOAYJIN YIPYTOCTH NPHU PACTIKEHUH U CIABUTE; X —
MPOAOJIbHAS KOOpPAWHATA , f — BpeMsl; P — INIOTHOCTh

MarepHuaia 000JI0UKH.
BekropHoe ypaBHEeHHE rapMOHUYECKUX KoJeOa-
HUU U30TPOIHOM yIIpyroil cpeapl TaKOBO [8]

a’qraddivS — a’rotrotS + *S =0,  (2)

2 2 _

rie a. =M, +2ug)/pg, a =pg/ps — KBamparsl
CKOpPOCTEil pacrmpoCTpaHeHUs MPOAOIbHBIX U IOIe-
peunbix BonH; S =S(S,,S5,) — BEKTOp CMEILCHUS;
pg — IIOTHOCTB; A, [lg — YHNPYTHE IOCTOSHHbIC

Jlame; ® — uckomas gactora.

JluneapuzoBaHHOE BOJHOBOE ypaBHEHHUE, OIH-
CBHIBAIOIIIEE PACTIPOCTPAHEHNE MAJIBIX BOSMYIICHHUN B
UICATBHON CKUMAEMOM KUIKOCTH UMeeT BU [2]

1 d%¢
Vie-——
® a’> ot

rae (0 — NOoTCHUUAN XKUAKOCTH, @ — CKOPOCThb pac-

=0, 3)

MPOCTPaHEHHS 3BYKa B KHIKOCTH.

YpaBaenus apmwkeHus odonouku (1), cpens (2)
U KUAKOCTH (3) IOTMONIHAIOTCA KOHTAaKTHBIMU YCIO-
BusiMH. Ha KOHTaKTHOW MOBEPXHOCTU Cpenbl U 000-
JIOYKU CTAaBSITCS YCJIOBUSI PAaBEHCTBA KOMIIOHEHTOB
nepeMeIeHu i

S =u, S

X

=w (r =R), 4)

" paBCHCTBA JaBJICHUA

2
Xl =_er_phg_1;7
- ! 5)
w
Zl :_G_ph atz (V:R),
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rae X,, Z, — NaBJI€HHE CO CTOPOHBI OOOJIOYKH Ha
cpeny.

Ha xoHTakTHO# MOBEPXHOCTH 000JIOUKA — YKHII-
KOCTh COOJIOJIA€TCS HETIPEPHIBHOCTh PaIHaIbHBIX CKO-
pocTell M aBleHMs, a TaKkKe OTCYTCTBUE TaHTE€HIIH-
aJIbHBIX HAIPsKEHUN

ow

$=—, Z,=-p, X,=0 (r=R), (6
ot
rae X», Z, — MaBJCHHUE CO CTOPOHBI OOOJIOYKH Ha
KUJIKOCTh; P — NaBJICHHE.
KommnonenTsl noBepxHoctHoro ycuwnus X, Y, Z,
OTHECEHHOT'0 K €JIWHHUIIE IUIONAH, ONPEIEIsIOTCS
cleyomuM 00pa3om:

X=X +X,, Z=2,-2Z,. (7)

Kpome Toro, TpeOyercsi, 4T0ObI KOMITOHEHTHI BEK-
TOpa MepeMELeHHi cpeanl S , S Impu 7 — 00 M I0o-

TeHnua x)xuaxocti O npu » = 0 ObUIM KOHEYHBIMHU.

JloToNHss1 KOHTaKTHBIMH yCIOBHsIMH (4)—6) ypas-
HEHUsI IBIKEHMsI 000J109KH (6), cpenbl (2) U KHUIIKO-
ctH (3), mpuxoaUM K KOHTAKTHOW 3amade 0 cBOOO-
HBIX OCECHMMETPUYHBIX KOJICOAHUSIX OOOJIOUKH C KHUII-
KOCTBIO B OECKOHEUHOH ympyroi cpene. Jpyrumu cio-
BaMH, 3a7lada O CBOOOJHBIX OCECHMMETPUYHBIX KO-
nebaHusX 000JI0YKH C KUIKOCTBIO B YIIPYTO# cpere
CBOJUTCSI K COBMECTHOMY MHTETPHPOBAHHIO YpaBHE-
HUH Teopur 00O0JIOUEK, CPEABI U KHUIKOCTH IPH BbI-
MIOJIHEHUH YKa3aHHBIX YCJIOBUH Ha MOBEPXHOCTH HUX
KOHTAKTa.

Merton pemieHus

Pemenns ypaBHeHust nBukeHus obomouku (1)
OymeM uckatb B Buze [2; 12]

u = Acos kxsin ot,

®)

w = C sin kx sin ot,

mn
rae A, C — MOCTOSIHHBIE, k=7, m — YUCIIO TIONY-

BOJIH B HaNpaBJICHUU 00pa3yIoueil IHIHHIpA.

Pemenne ypaBHeHwii ABMKeHHs cpenbl OyaeM pac-
CMaTpUBaTh B IBYX BapHaHTAaX:

a — MTHEPIIMOHHOE BO3/ECHCTBUE Cpelbl Ha Mpo-
Hecc KojeOaHul pacCMOTPEHHON CUCTEMBI HE3HAUH-
TEJIBHO;

6 — BIISIHEM MHEpPLMU Cpelbl Ha MPOLEcC Koje-
Oanmii mpeHeOperaTy HeMb3s.

[IpuBenem perieHus: ypaBHeHHs ABM)KEHUS cpe-
Iel [2; 11]:
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Ceitpynnaes ®.A., Mupaoesa I'.P., Kepumosa LLL.A. CTpouTenbHas MexaHnka MHXEHEPHBIX KOHCTPYKLMIA 1 coopyxermir. 2019. T. 15. Ne 1. C. 69-74

6 cayuae a
S, = K°rK, (k) = 4(1=v, KK, (kr) A, + kK , (kr) B, |cos kxsin oo,
©)
S, =| k*rK,(kr) 4, — kK, (kr)B, + kK ,(kr) B, |sin kxsin ot,
6 cryuae 6
B 2
S =|kK,(y,r)A4, —Zl—lKO (v,r)C, |coskxsinot,
- ’ (10)
S =| —yk (y,) 4, + 12K, (y,r)C. |sinkrsinot,
L 1
rne K,, K, — momuduimpoanHas Gpyskuus becce- det”a.. H —0
y
.. 6 ciyuae a 13
Js. HYJIEBOTO M MepBOro mopsijaka poxa [3]; % - (i,j=12,..5) v (13)
JUTMHA TIOJIYBOJIH BJIOJIb 00pasyroulel muiuaapa; As, detuai_ H =0
B — ocTosiHHbIE, TOAJIEKAILNE ONPEAEITICHUIO, o ! 6 cayuae 6 (14)
(i,j=12,..5)

t c

IloTeHuman >XxUAKOCTU @ , SIBJISIOLIUICS pellie-
HueM ypaBHeHus ['ensmronsua [2; 10], B Buge

o= A,1,(y)sin kxsin oz, (11)
0)2
rie Ap — MOCTOSHHAA , 72 =k’ -—, I, — Monu-
a

¢unmposanHas pyHkmusa beccens HyaeBOro mopsm-
Ka mepBoro poza [9; 6].

AKycTHueckoe JaBlieHUs P U paguainbHas CKO-
pOCTh 191 B JKUJIKOCTH OTNPEACISFOTCS CIIETYIONIM

obpaszom [8; 13—15]:

o o
P=—p —, & ==t 12
Poor T T o (12)

Ucnonw3ys ypaBHeHue nBuxkeHus o0omouku (1)
u ero pemieHue (8), a Takke pelleHUs] YpaBHEHUH
nBkeHUs cpeasl (2), (10) u xunkoctu (11), moiry-
YUM CHCTEMY OJHOPOJHBIX alreOpamvdecKux ypas-
HEHHMH OTHOCHTENLHO MOCTOSHHBIX A, C, As, Cs, A;,
W3 YCIIOBUS CYIIESCTBOBAHUS HETPHUBHUAILHBIX peIle-
HUHN KOTOPBIX, IPUPABHUBAS [VIABHBIC OMPEICITUTEIIH
CUCTEMBI HYJIIO, IPUXOANM K YaCTHOMY YPaBHCHHUIO
OTHOCHUTEIBLHO UCKOMOM YaCTOThI KOJCOaHUI CHUCTe-
MBI 000JI09Ka — Cpelia — JKUIKOCTE:

TEOPUA TOHKUX YMPYTX OBONOYEK

YucjieHHbIE Pe3yabTaThbl U UX aHAJIN3

UYactortabie ypaBuenus (13) u (14) peanm3oBaHb
YHUCJICHHO. I[J'ISI HNCXOOHBIX JAaHHBIX NPHUHATO:
E
—+4=2,4, v, =0,3
2
E,=2-10" u/M®  p =6,4r/cm’;

p,=1r/eM’, a=1800m/c; m=1.

PG3YJ'ILT3.TLI CYCTa IMOKa3aHbl HA PUCYHKE. Ha nem
npeacTaBJICHBI 3aBUCUMOCTH 4aCTOTBI COOCTBEHHBIX
OCCCUMMCTPHUYHBIX KOJIEOAHUM CHCTEMEI OT BOJIHO-
06p3,30BaHI/I}l m B IIPOJOJIbHOM HAITPaBJICHUU.

600 4 ¢
500 Ei/E>=4
400
300 El/E> =2,
E>= const
200
100
m
0 1 2 3 4 5

Pucynok. 3aBUCHMOCTB YacTOTHI COOCTBEHHBIX
0CeCHMMETPHYHBIX KOJIEOaHMIT CHCTeMBI
OT BOJTHOOOPA30BAHUS M B NPOAOIHLHOM HANPABJIEHHUH
[Figure. Dependence of the natural oscillation
frequency of the system on the wave formation m
in the longitudinal direction]
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W3 pucyHka BUAHO, YTO C YBEIUYCHUEM M U
E/E> coOCTBEHHBIE YaCTOTHI OCECUMMETPUYHBIX KO-
neGaHni CHCTEMBI yBEIIMIHBAIOTCS.

3akioueHne

ITosryueHHbIE MaTEMAaTUUYECKUE PE3YJIBTAThI IPEL-
CTaBJICHBI Ha PUCYHKE, OTOOpaKaIoIIeM 3aBUCUMOCTh
9acTOTBl COOCTBEHHBIX OCECMMMETPUYHBIX KoJieOa-
HUI CHUCTEMBI OT BOJIHOOOpPA3OBaHUS 7 B MPOIOIb-
HOM HaIpaBJICHUM.
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Asymptotic analysis of natural frequencies of axisymmetric oscillations of
orthotropic cylindrical shells in an infinite elastic medium, liquid filled

Famil A. Seyfullayev, Gulnar R. Mirzayeva, Shusha A. Kerimova*

Azerbaijan National Academy of Sciences
9 B. Vahabzadeh St., Baku, AZ 1143, Republic of Azerbaijan

*shusha_az@rambler.ru

(received: October 30, 2018; revised: November 29, 2018; accepted: January 16, 2019)

Abstract. Aim of the research. Free axisymmetric fluctuation of a cylindrical orthotropic cover, the infinite length
contacting to the infinite elastic medium and filled with liquid is investigated.

Methods. At design of the thin-walled shell designs which are widely applied in aviation, the missile and space equip-
ment and various fields of the industry, an important task is dynamic calculation of the intense deformed condition of these
designs. At a research of dynamics of covers it is necessary to determine own frequencies and forms of small fluctuations,
and frequencies from the lower part of a range are of the greatest interest. It is supposed that the rigidity of material of
a cover is a little more than rigidity of material of the environment. The solution of the equations of movements of the envi-
ronment is considered in two options.

Results. The frequency equation is received. The analysis of frequency and a form of fluctuations of a cover is carried
out. The schedule of dependence of frequency of own axisymmetric fluctuations of a system on wave formation in the lon-
gitudinal direction is constructed. By means of an asymptotic method the frequency equations of the ridge cylindrical covers
filled with liquid are constructed, the approximate frequencies of the equation and simple settlement formulas allowing to
find values of the minimum own frequencies of fluctuations of the considered system are received, the forced fluctuations of
the supported cover filled with liquid are investigated and defined is amplitude frequency characteristics of the considered
oscillatory processes.

Keywords: orthotropic shell, free vibrations, natural oscillation frequencies, wave formation, elastic environment
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