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OZLU-ELASTIKi QRUNTLA VO MAYE iLO TOMASDA OLAN, MiLLORLO
MOHKOMLONDIRILMIS, DUZBUCAQLI FORMA K9SIKLI ANIZOTROP VO
OZLU-ELASTIKI SILINDRIK ORTUYUN MOXSUSI ROQSLORI

Nazikdivarli konstruksiyalarmn vo ya kon-
struksiya elementlorinin tikinti sahasindo, sey-
smik aktiv zonalarda, maginqayirmada, Otiir-
moa sistemlarinds, yaginti ¢ox diisan zonalar-
da, borkidilmods genis yayilmasi, onlarin di-
namik sortlik xarakteristikalarinin &yranilmasi
va belos konstruksiyalarin somarali variantinin
tapilmast ilo alagodar mosalalar 6z aktualligla-
rint hals do saxlamaqdadir.

[1-5] islori gruntla vo maye ilo dinamik
kontaktda olan, sathindo diskret paylanmis
gabirgalar yerlosdirilmis, materialinin anizo-
tropluq vo 6zliiliik xassalori nozars alinan si-
lindrik gabigin sarbast ragslorinin dyranilma-
sina, bunun asasinda sistemin parametrlorinin
somorali variantinin secilmasing, sistemin
sorbast rogs tezliklarino va nisbi effektivli pa-
rametrino gruntu va ya mayeni tayin edon ko-
miyyatlorin, qabirgalarin saymin, gabigin
anizotropluq ve ozliiliik xassalorinin tasirini
oyronilmoasine hosr olunmusdur. [7] isindo
sonsuz ideal mayedo yerlogdirilmis bork mii-
hitlo dolu olan ortotrop silindrik 6rtiiyiin gey-
ri-simmetrik sorbast ragslorinin asimptotik
analizi aparilmigdir.

Todqiq etdiyimiz sistem diskret paylan-
mis qabirgalarla mohkomlondirilmis, 6zli-
elastiki qgruntla tomasda olan 6zlii-elastiki,
diizbucaqli formada kasiyi olan, ortotrop ma-
terialdan toskil olunmus silindrik ortiikdon
ibaratdir. Odur ki, bels sistemin ragslorini 6y-
ronmak iciin qgabirgalarla mohkomlondiril-
mis Ozli-elastiki, ortotrop, desikli silindrik
gabigin tam enerjisindon, gruntun vo maye-
nin tosirindon yaranan qiivvalorin silindrik
gabigin noqtalarinin yerdoyigmalarinds gorii-
lon isdon vo onlara slavs edilmis kontakt sort-
lorindon istifads edacayik. Qabirgalarla moh-
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komlondirilmis silindrik ortiik dedikdo, silin-
drik ortiik vo ona dogurani boyunca torpan-
moz barkidilmis millardon ibarat sistem no-
zords tutulur (sokil 1). Hesab olunur ki, ko-
siklar diizbucaqli formada olub, millorin ara-
sinda yerlosir. Hesab olunur ki, maye silin-
drik gabigin daxilinds, qrunt xaricinds yer-
losir. Eyni zamanda, maye ideal, qrunt 6zlii-
elastiki hesab olunur.

Sakil 1. Millorlo mohkomlondirilmis,
diizbucaqli formada kasiyi olan anizotrop
Vo ozlii-elastiki silindrik ortiik

Sothinds diskret paylanmig qabirgalarla

mohkomlondirilmis anizotrop silindrik Ortii-
yiin tam enerjisi asagidaki sokildadir [6]:

1
Jg = 2 Rzﬂsis* (Ny&y + Npey, +

+Npép, =My 1 =My 15, MlQZlZ}

2
xd&dg + p,RN[ [ @t—“j +

(53] o
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Daxili qiivvalor va momentlorin ifadalori
asagidaki sokildadir:

h/2
N; = .[ (Gii”Wii)dZ;
-h/2
h/2
M, =- f (Uij +zvvij)zdz;
-h/2

Wiy =0y 70, +0, 25,5 (2
Wo, =0y, 733 +15 2555
Wy, =Wy, =05 745
oy, =be, +b,6, 0, =bge,; 3)

Oy =bp,8), +0y8,

(2) vo (3) daxil olan g;; (i,j = 1,2) de-
formasiya komponentlorini asagidak: sokildoa
gotiiracayik:

& =<§]+jt I'(t-7)&(r)dc  (4)
Burada
& —@‘5 —@+W'§ —@+%'
11 ax’ 22 1 “12 8y ax’ 5
o*'w o*w o*w ©)
anyv 122:W1 X =~ oxdy

I'(t — 1) — ozlilik niivasidir.

(2) va (3) ifadalorinda byq, by, bip Vo
be ortotrop materialdan olan silindrik gabi-
gin asas elastikiyyat modullar1 olub, koordi-
nat Xatlori istigamotindaki Yunq modullar
E;, E, siirismads Yung modulu G va Puas-
son omsallar1 v4, v, ilo bels ifads olunur:
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(1) ifadasinds u,9, w — ortiiylin orta sot-
hinin noqtalorinin yerdoyismolori, ui 9; wi—
milin noqtalorinin yerdoyismolori, R, h —
uygun olaraq, silindrik qabigon radiusu vo
qalinligi, E; — boyuna ¢ubuglarim Yunq mo-
dulu, Fi — boyuna gubuglarin en kasiklarinin
sahaloari, lyi, lkp.i— boyuna gubuglarin en kasi-
yinin otalot momentlori, G; — boyuna ¢ubug-
larn siirtismads Yunq modullari, ks — boyuna
cubuglari say1, t — zaman, p, — silindrik 6r-
tilylin, p; — i-ci boyuna ¢ubugun materialla-
rinin sixliqlaridir.

Nozords tutulur ki, silindrik ortiik va ¢u-
buglar arasinda asagidaki sort kontakt sortlori
odonilir [6]:

u (X)=u(x,y), 4 (x)=9(x,;),

(6)
W, (X) =w(x, ;)

Qobul olunur ki, anizotrop silindrik 6r-
tiik sonludur va uclar1 oynaqlarla baglanmis-
dir. Yoni, =0 vo £=£; konarlarinda asagidaki
sortlor 6danir:

9=w=0;T,=0; M;=0  (7)

Qruntun vo mayenin silindrik ortiiys to-
siri xarici q,, g, qiivvalorinin 6rtiiyiin noqto-
lorinin yerdoyismoalorinds gordiiyii is soklin-
do hesablanir:

A =[] < (@ ~0,)wd&de

Burada g, 6zlii-elastiki grunt torafindon silin-
drik gabiga tosir edon normal qlivvadir vo
asagidaki kimi hesablanir:

(8)

q, = kw + f_too I.(t—1)w(t)dr 9)
Burada I, (t — 7) —ozliiliik niivasidir.
Kasikda qiivva tasir etmadiyindan onla-
rin silindrik gabigin ndqtalarinin yerdoyismo-
larinds gordiiyii is sifira barabar olacaqdir.
(8) ifadasini nozars alsaq, naticads kons-
truksiyanin tam enerjisi li¢iin alariq:
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s f[EF(a“j Eini(az";’ij
2=y OX OX
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Ostrogradski-Hamilton tesirinin stasio-
narliq sortindon istifado etmoklo millorlo
mohkomlandirilmis, qrunt vo maye ilo kon-
taktda olan Ortiiylin harokat tonliyini almag
olar:

SW =0 (11)

Burada W = _[:Hddt— Hamilton tasiri, I1; —

Lagranj funksiyasidir.

Noticads baxilan masalonin halli miinte-
zom paylanmis millorlo méhkomlondirilmis,
ozli-elastiki gruntla vo maye ilo dinamik
kontaktda olan, materialinin anizotropluq va
Ozli-elastiki xassolori nozoro alinan, diizbu-
cagl formada kosiyi olan silindrik ortiikdon
ibarot konstruksiyanin (10) tam enerjisinin
(6) kontakt va (7) serhad sortlori daxilinda
birgs inteqrallamasina gatirilir.

Qabigin yerdayisma vektorunun kompo-
nentlorini asagidaki sokildo axtaracagiq:

u = ugysinyécosnbsinwt
Y = Yycosyésinnfsinwt

w = wycosyécosnlsinwt (12)
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Burada & =

dir.

Inteqralin ﬂs—s = ffs—ffs xassasindon
Vo (12) hallarindan istifads etmaklo, grunt vo
maye torofindon silindrik qabiga gostorilon
tozyiq qlivvesinin gabigin noqtalarinin yer-
doyismoalarinds gordiiyii isi hesablaya bilarik.
S, diizbucagli oblast oldugundan (l; < x <
Ly + a,90 R < b <= — ¢4 R) yazabilarik:

1

, Uo, 3, Wo - namalum sabitlor-

Pyg = ”_gl%mpm (‘02 2 7 J

xWZSinza)t+(kSin2a)t+
+I t ’Z' sm 2ordT x

1 7R 1.
—nl-| ——-¢p,R+=5sin2n
X{ZTE |:k (00 n X

1

7R dnzR | 1
x| =———q, R |cos Za+
k|2

(13)

+2i sin2 yacos2y (2 I1+a)}w§
V4

(12) ifadolorini (10)-da yerinos yazsaq vo
(13)-i nazaro alsaq, yalniz oxu istiqgamatinda
qabirgalarla moéhkamlondirilmis, 6zlii-elasti-
ki gruntla va maye ilo dinamik kontaktda olan
ortotrop, diizbucaqli formada kasiyi olan 6z-
li-elastiki silindrik gabigin tam enerjisi li¢iin
alariq:

h
Iy = {[ﬁ[(bnlz +bggn’ug (bzzn2 +

+b66)(2)00 ( — b, + (Z by, +

22 hy h*
Ny b12) 1 b,,n* 12(“ 20, +
2
+N°,, ) +— 7Ny +b,, )W

_znl(blz +b66)u0'90 +(—2xb, +
h h h
+— Z b11+ n’yby, - esﬂ(n 2)x

XU, W, + (2nb,, —2 n Zzblz + 2 b,,n® +
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xZG sin’ng & +V/22(Ez 7PF+
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s 2~ 92 4 A 2
Wy = di1ug + dp05 + dzzwy +
+a1UgV + A13UgWo + dp39ow  (16)

h 2 2
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—a+—sin2 yacos2y (21, +a)+—
2 yacos2y (21, )} AR
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i 1; iPi i Burada
2 9 7l )
”‘fl A Uz +(”_k+ F(o)= [r(t)sinotdt  (17)
R w 0
1 (16) barabarliyini sarbast uy, 9y, wy ke-
+Iw(j .(t—7)sin a,rdf)j{_nl - miyyatlorino goro variasiyalasaq vo sorbast
2 variasiyalarin omsallarini sifira barabar go-
IR 1 7R tirsok, asagidaki bircins cobri tonliklor sis-
—{ - R+= SII‘IZH( —@, Rj temini alariq:
1 1
1 4nzR| 1 . 2dy1up + 1200 + A13wo = 0
+>ac0s +Zsm 2yacos2y(2l,+a) Giptlo + 285700 + Gpswo = 0 (18)
! d13u0 + 5123190 + 2&33W0 = 0
zLh
a,=-2ny’= IR (by, +bgg )% (18) sistemi xatti bircins cabri tonliklor
sistemi oldugundan, onun trivial olmayan
o7 L (a)) 1 [— 7R R+ hollinin varlig1 Giglin zoruri vo kafi sort bas
2w 2 T K, P determinantinin  sifira  borabor olmasidir.
Beloliklo, agagidaki tezlik tonliyini alariq:
1. 7R AnzR
+=sin2n| — —¢, R |cos X ~ ~ ~
n k, k, 2017 G1z Qg3

A1 20y, Qa3
a3 Gp3 2033

=0 (19)

1 1 .
—a+—sin2yacos2y(2l. +a
XAty Sin2y x(2l, )}

(19) tonliyini bels sokilds yazmaq olar:

h h
a :(—Zgb +—7%b,+=n’ yb, - A A A A A A A A
8 2ot g . 84, &, 8g; + 8,885 +8,,8,8), —

5 52 s A2 5 A2 (20)
_Eb6 yn? £+F(a)) Enl— R —28,8)3 — 28,8, —28,8, =0
27 20 2 K,
(20) tonliyi barkidilmads istifads olunan
—@, R+ 1 sin2n [”_R — 0, RJ COS 4nzR x boyuna gabirgalarla méhkemlondirilmis, 6z-
n K, ki lii-elastiki miihitlo dinamik tomasda olan or-

lu-elastiki silindrik gabigin sarbast ragslori-

} totrop, diizbucaqli formasinda kosiyi olan 6z-
nin tezlik tonliyidir.

1 1 .
x—a+—sin2 yacos2y (21, +a
R 8ty SN2z x(21,+a)
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(20) tonliyi namalum w-ya nazaran tran-
sendent tonlikdir. Onun koklorini tapmag
ticlin ozlulik niivesi I'(t)-nin xtisusi hali

) =e¥t soklinds, y(t)-nin ifadesi
Pt
y(t) = ijz (Ysinwt — wcoswt) soklin-

do, F(w)-nin ifadasi asagidak: sokilds olur:

Y
- (2+a0<877—1)¢2
F(w) = e sin? il

w __2(w2+¢2Xw2+2¢2)

Forz edok ki, 6zluliik niivasi I, (t) zama-
na gora eksponensial ganunla doyisir:

L(t) = e ¥t

(20) tonliyinin koklari kompleks adadlor-
dir: w = w; + iw,, belo ki, w,-2 sistemin ha-
qiqi tezliklori, w, — zamana goéra sénmani
xarakterizo edir.

(20) tonliyinin koklari adadi tisulla tapil-
misdir. Hesablama prosesindo qabigi, gabir-
galar1 vo qruntu miioyyan edan Komiyyatlor
tiglin agagidaki qiymotlor gotiirtilmiisdiir:

E; =6,67-10°N/m?v=0,3; y =1
n =8; h; = 1,39mm; R = 160mm;
L = 800 mm; —— =0,1591 - 10~;

_ 2mRh
D —0,8289 - 1075; h = 0,45mm;
2mR>h

0,5305 - 10~¢;

]kp.i _
k=5,3-10'N/m% ¢, = 7”—2 ; a=50mm

2mR3h

Hesablamanin naticalari sakil 2-do an-in
dalga adadi n-don, sokil 3-do w4-1n 6zlilik
parametri y-dan, sakil 4-ds w;-1n boyuna qa-
birgalar say1 ki-don asililigi soklinds veril-
misdir. Sakil 2 li¢iin b11=18,3 QPa; b22=25,2
QPa; be=3,5 QPa; b12=2,77 QPa; ¢ =
P, =0,05 gotiirilmisdiir. Sokil 2 gostarir ki,
dairavi istigamotdo dalga adadi n boyiidiikes,
konstruksiyanin hoqiqi tezliklori azalarag mi-
nimum giymat alir vo yenidon artir. Bu sokil-
do biitov xatlors Y = 1, =0, qiriq xatlors iso
Y =, = 0,05 uygundur.

Sakil 3-don goriindiyii kimi, 6zliliik pa-
rametrinin giymati artdiqca, konstruksiyanin
moxsusi ragslorino uygun golon tezliklori
azalir. Sokil 4-don goriindiiyti kimi millarin
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say1 artdigca konstruksiyanin maxsusi ragslo-
rina uygun olan tezliklari avvalca artir, boyu-
na qabirgalarin miioyyon artimindan sonra
azalmaga baslayir. Buna sobab budur ki, bo-
yuna gabirgalarin saymin miiayyan artimin-
dan sonra onlarin kiitlolorinin artmasina, bu
da 6z novbasinda atalat tasirinin raqs prosesi-
na tasirinin giiclonmasina sabab olur. Sakil 3
Vo sakil 4-da qiriq xatlor diizbucaqli formada
kasiyi olan silindrik gabigin, biitov xatlors isa
bbiitov silindrik gabigin ragslorins uygundur.
Qrafiklordon goriindiiyii kimi diizbucaqli for-
mada kasiyi olan silindrik qabigin rags tezlik-
lori biitdv silindrik gabigin uygun rags tezlik-
lorindan azdir.

(()l A

100
60 —

15

3 R 5 6

Sakil 2. Tezliklorin dalga adadi
n - don asulilig.

(:ll A

8O

00s 007 0,09 0,11 w

Sakil 3. Tezliklorin ozliliik parametri
Y - don asililig
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Sakil 4. Tezliklarin millarinin
sayt kq- don asililig
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UOT:539.3
Latifov F.S., Sadikov P.M., Nematli A.I.

Ouzlii-elastiki gruntla va maye ilo tamasda

olan, millarls méhkamlandirilmis, diizbu-

caqh forma kasikli anizotrop va ozlii-elas-
tiki silindrik ortiiyiin maxsusi ragslori

XULASO

Mogals 6zlii-elastiki gruntla vo maye ilo
tomasda olan, millorlo moéhkomlondirilmis,
diizbucaqli forma kosikli anizotrop vo 6zlii-
elastiki silindrik Ortiiylin moxsusi ragslorinin
todqigine hasr olunmusdur. Ostrogradski-Ha-
milton tasirinin stasionarliq sartindon istifados
etmoklo millarlo méhkamlandirilmis, qrunt vo
maye ilo kontaktda olan Ortiiyiin horokot
tonliyi vo onun osasinda sorbast ragslorinin
tezlik tonliyi alinmisdir. Alinmus tezlik tonli-
yinin koklori odadi isulla tapilmig vo xarakte-
rik grafiklor qurulmusdur.

Acar sozlar: ozlii-elastiki - grunt,maye,
ozlii-elastiki silindrik ortiik, maxXsusi rags, rags
tezliyi.
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CoOcTBeHHbIE KOJIeOAaHUS AHU30TPOIHOM
BSI3KOYIIPYI O MOJAKPeNnJeHHOH MPOx0JIb-
HbIMH pedpaMu 0cJ1a0JIeHHBIM PSAMO-
YroJIbHBIM OTBEPCTBUSIM, IUJIMHIPUYEC-
KOii 000/I04KH, KOHTAKTHPYIOIEH ¢ BSA3-
KOYNPYI'HM IPYHTOM H 5KH/IKOCTBIO

PE3IOME

Cratbsl OCBAIIEHA MCCIIEIOBAHUIO COO-
CTBEHHBIX KOJIEOaHUM aHW30TPOIHOI BSI3KO-
YIPYroi MOAKPEIIEHHON TPOJOIbHBIMU PEo-
paMu ocialIeHHBIM IPSMOYTOJIbHBIM OTBEp-
CTUSIM IIWJIMHAPUYECKON 000JI0YKHM, KOHTAK-
TUPYIOLIEH C BA3KOYIPYIMM I'PYHTOM M KH/I-
KOCTb10. C HCTI0Ib30BAHNEM YCIOBUS CTALMO-
HapHocTH BiusHUAM Octporpajackoro-Ia-
MUJIBTOHA TOJIy4€Hbl YPABHEHUE JIBUKECHUS
aHU30TPOITHOM BSI3KOYNIPYTOM MOJKpPEIUIeH-
HOW MpPOJOJBHBIMU pedpamMu OCIa0JIEHHBIM
MPSIMOYTOJIbHBIM OTBEPCTBUSM, LIMIMHIpUYE-
CKOW 000JIOYKH, KOHTAKTUPYIOILEH C BSA3KO-
YIIPYTUM TPYHTOM M KUJKOCTBIO, U YacTOT-
HOE ypaBHEHHE €€ CBOOOIHBIX KOJeOaHUIl.
YucneHHbIM METOAOM OBLIM HalJIeHbl KOPHU
IIOJy4YEHHOTO YaCTOTHOT'O YPAaBHEHUS U IOC-
TPOEHBI XapaKTEepHbIE TPAPUKH.

Knwueewie cnosa: ésaskoynpyauii cpynm,
HCUOKOCMb, BA3KOYNPY2asl YUTUHOPUUECKAsL

obonouxa, ceoO00HOe KoJIeOaHus, 4acmoma
KoJieoanuil.

Latifov F.S., Sadykov P.M., Nematli A.l.

Natural vibrations of anisotropic
viscoelastic reinforced with longitudinal
ribs weakened rectangular holes, cylindri-
cal shell in contact with viscoelastic soil
and liquid

SUMMARY

The article is devoted to the study of na-
tural oscillations of an anisotropic viscoelas-
tic cylindrical shell reinforced with longitudi-
nal ribs weakened by rectangular holes in
contact with viscoelastic soil and liquid. Us-
ing the stationarity condition for the influen-
ce of Ostrogradsky-Hamilton, the equation of
motion of an anisotropic viscoelastic, reinfor-
ced by longitudinal ribs weakened rectangu-
lar holes, cylindrical shell in contact with vis-
coelastic soil and liquid, and the frequency
equation of its free oscillations are obtained.
The numerical method was used to find the
roots of the obtained frequency equation and
plot characteristic graphs. Key words: visco-
elastic soil, liquid, viscoelastic cylindrical
shell, free oscillations, oscillation frequency.
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