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Tadgiq edilon moaqalada sathinda miints- det||5;|l=0(,j=1,2 12 3
zam paylanmis qabirgalarla (mil va halqalar- " Y " & Bt 0
la) méhkamlondirilmis, qruntla tsmasda olan
koordinat oxlar istiqgamatinds materiali “kos-
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xassasi dagtyan silindirik qabigin Tam enerji-
sinin ifadasindon, qrunt torafindon silindrik
ortilya tosir edon qiivvelarin ortilytin yerda-
yismoalarinda gérdiiyii isin ifadesindan va on- 8,y =2k’ay +ay, + 2n*ay + 2Re, py* x
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qeyri-bircinslik xassasli silindirik 6rtitk mil- 5. =2Ka +2n'an + arle’ B s
lorla va halqalarla mshkemlandirilmigdir. On- i A AT
da qeyd olunan konstruksiyanin tam enerjisini , Kl (o
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ligiin zoruri va kafi sortdir:
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Namolum tezlik parametri Bessel funk-
siyasinin arqumentina daxil oldugundan (3)
tonliyi transendent tonlikdir. O, adadi tisulla
hesablanmigdir. Tonliyin kdklarinin tapilma-
s1 (3) tonliyinin sol torafinin parametrlaorin
qeyd olunmus giymatlorinda tezlik paramet-
rinin miixtalif qiymatlarine uygun isaro de-
yismasina asaslanmugdir. Tonliyinin sol tara-
finin isara dayigmosino géro kokiin yerlagdiyi
araliq toyin olunur va sonra Nuyuton Usulu ilo
kok hesablanir. Hesablamada masalonin hal-
linda igtirak edon parametrlar ligiin asagidaki
qiymoatlor gotiirillmiigddr.
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Po = pj = 1850 % ;= E, = 6,67 - 12X
m=1n=8; R=160sm; n‘a‘
F; =575 mm?; I;; = 19,9 mm*;

1
hj =139 mm; ——=2 h=0,23~10";

i

s 1
R

Ly, =0.48mm'; ~=32=%

Hesablamalann naticalari grafik 1-ds tez-
lik parametrinin halqalann say: k,-den, gra-
fik (2)-da tezlik parametrinin silindrik gabigin
dogurani istigamatinds qeyri-bircinslik pa-
rametri f-dan asithilign soklinda verilmigdir.
Qrafik 1-dan gdriindilyli kimi halqalann savi
k; artdiqca, tezlik parametri w,-in qiymati go-
xalir va materiali geyri-bircins olan méhkam-
londirilmis silindrik qabigin rogs tezliklari,
materiah bircins olan mdhkamlandirilmig si-
lindrik gabigin rags tezliklarindan goxdur. Bu
sabab, geyri-bircinslik parametriari miisbat ol-
dugda (1) grafikindon goriindiiyi kimi silin-
drik qabigin materiahmn sortliyi artir. Silin-
drik qabigin materiahimn sartliyin artmas: si-
lindrik qabigin moxsusi rags tezliklorinin art-
masina gatirib ¢ixanr. Qrafik (2)-don gdriin-
dityti kimi silindrik qabigin doguran: istiqa-
matinda geyri-bircinslik xassasi artdiqea, mo-
komlondirilmis silindirik qabig-maye sistemi-
nin sarbast rags tezliklori artir.

15 20 3 w0 K

Qrafik 1. Silindirik qabig-maye sisteminin
sarbast rags tezliklarini halgalarin say:
Kko-dan astlihgr.
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Qrafik 2. Silindirik gabig-maye sisteminin
sarbast rags tezliklarinin doguran
istigamatindaki geyri-bircinslik
parametri § —dan asihhigi.

(2) hollorini va miihit larsﬁndap silindx:ik
&rtilya tasir edon qiivvenin silindrik ortilyiin
ndqtolorinin yerdoyismoasindo gérdityii isin
(2) ifadasini (3) funksionalinda nazara alsaq,
mil va halqalarla méhkamlandirilmis, materi-
ali “kaskin” geyri-bircinslik xassasi dagiyan
silindrik ortiiyiin tam enerjisi {i¢iin alariq:
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(4) funksiyasint ash olmayan ug, u), us,
u3, Ly, LI, L2, L3 Wo, Wi, W, w3, sabitlarina
nozaran variasiyalasaq vo asili olmayan vari-
yasiyalarin omsallarim sifira borabar gotiir-
sak, oniki mochuldan ibarat agagidaki bircins
tonliklar sistemini alarq:

Oene _ (. sy%che _ . o ks _ .
4)_5; =0; 5) a;., =0;6) e = 0
9che _ . M_ i a_/t’l_'_ .
7)3—,2—0, 8) 29, =0;9) aw‘)a— 0; (5)

ene _ . 11y Hehe — . 19 nes _ (.
10) 5o = 0 11) 52 = 0; 12) =

)

Uehe _ . 9y Lere — . 3y Jae _ 3.
1)#—0,2)‘7“1 0’3)au2 0

(5) sistemi A = 0 olduqda, (3) sistemi ila ist-
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{ista diigiir. A # 0 o]duqd:f, (5).s’islcmi (2).si5.
temindon yalmz 9-12 t:;n]}klan lla_ farql?mr, .

(5) sistemi xatti bircins tanliklor sistemi
oldugundan, onun trivial olmayan holllm'n
varhg Giglin zoruri va kafi goart asas dete'rml.
nantinin stfira baraba.r _olmasxdlr. Belolikla,
asagidak tezlik tonliyini alarg:
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tanliyi (3) tezlik tonliyi il.a eynilogir. A # ()
oldugda isa, (6) tenliyinin sol taraﬁndakf
determinantin (3) tonliyinin sol tarafindaki
determinantin elementlorindan  farglananlari
belo olacaqdir:
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1111 = 7};‘112 ++2pow’c;, +

” 2 2,2
+4n‘h(¥+%—zﬁ)ﬁ,+4" X By +

() 12 )

+2R2 T NiB? — 2nR* 32, 7,62 x
X sin®n; — 2nR E;‘;l 7,0, sin’né; +
+2n? L1, 7, cos?nfy;

hk?
81212, = 2414 + 2pywicyq + Er‘iﬁa +
mriw? mh?l (” . )

—— === il
TGN Gy

2wk 2 Hih | W2
+23f, N (H7 + 222 +z4)+
Hh  h i
+in23k, 7, (Hz+ 2245 sin’ng.

(3) tonliyindan fargli olaraq alinan yeni tanli-
yinin kéklari kompleks adadlardir. O, adadi

tsulla reallagdirimigdir. Tanliyin koklorinin
tapilmasi (3) tanliyinin koklorinin tapilmasin-
da oldugu kimidir. Hesablamada masolonin
hallinds istirak edon parametrlor ligtin [3] qiy-
matlori va alava olaraq 4=0,1615 gotiiriilmig-
diir. Tapilan k&klorin haqiqi hissasina sistemin
maxsusi rags tezliklori uygun golir, xayali his-
sosi iso gorginlik-deformasiya vaziyystinin za-
mana géro sénmasini xarakterizs edir.

Hesablamalarin noticalari qgrafik 3-do
qeyd olunmus k;-don tezlik parametrinin hal-
qalanin sayi k>-dan, qrafik 4.-do tezlik para-
metrinin silindrik qabigin doguran boyu gey-
ri-bircinslik parametri f-dan asilihgr soklindo
verilmigdir.

Qrafik 4-don gériindiyii kimi méhkam-
landirilmada istifada olunan halqalarin sayi
k2 rtdiqca, materialinin qeyri-bircinslik xas-
sasi kaskin dayigon, 6zlii-elastiki mihitls
tamasda olan silindirik gabigin sarbast rags
tezliklari avvalcs artaraq, maksimum giymot
alir va yenidon azalmaga baslayir. Buna sa-
bab odur ki, halqalarin say: k;, artdigea, ilk
olaraq sistemin sartliyi artir vo miiayyan
saydan sonra millarin Gmumi kitlasi artdi-
gindan atalat tasiri rags prosesina artir. Bun-
dan olava, qeyri-bircinslik parametrlarinin
miisbat giymotinds silindrik Srtilyiin sartliyi
artdifiindan, sistemin moxsusi rags tezliklori
bircins hala uygun golan moxsusi rags tez-
liklori il> miigayisado artir, bircinslik para-
metrlorinin manfi qiymotinds silindrik 6rtii-
yiin sartliyi zsifladiyindan, sistemin maxsusi
rags tezliklari bircins hala uygun galan mox-
susi rags tezliklori ils miiqayisada azalir. Bu
isa onu gdstarir ki, silindrik &rtitytin materi-
alina miixtolif materiallar qatmaq yolu ils
bircis materialdan olan silindrik 6rtiikla mii-
qayisads ondan méhkam va ya zaif silindrik
ortiik istehsal etmok olar. Qrafik 4-do gosto-
rir ki, silindirik 6rttiyiin doguram istiqama-
tindoki geyri-bircinslik parametri g artdig-
ca, sisteminin sarbast rags tezliklari artir.

Saokildo qiriq xatlora mithit tarafindan silin-
drik &rtiiya tasir edon qlivvanin 6zlii-elastiki
olan hal: uygundur. Gériindityt kimi, mithi-
tin dzltiliiyliniin nozors almmas: sisteminin
sarbast rags tezliklorinin mithit tarofindsn
silindrik ortilys tosir edon giivvanin elastiki



olan hali i1 migayisads azalir. Bu t;nq bzl
nl zsifladilmiy qeyri-bircis  silindrik ortitk
figin Ozinti dahs qabarig gostarir,

Orafik 3. Silindirtk qabig-maye sisteminin
sarbast raqs tezliklarini halgalarin say!
ky ~don asilihigs

on | weya0h o
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\/ 3 } <
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Qrafik 4. Silindirik qabig-maye sisteminin
sorbast raqs tezliklorinin doguran isti-
qamatindaki qeyri-bircinslik parametri

[ =dan asdilig
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Consmecribie Kojaehanns ¢ rpynrom
HWIMHAPHYECKOT 0 TIOKPHLITHS, YCH-
NCHIOTO CTEPANIMH U KOAbUAMM,
HECYIHMH MATEPHAJ CO CBOHCTBOM
“ocTpoit” HeoAHOPOAHOCTH B HAT-
PABACHHN KOOPAMHATHLIX ocelt

PE3IOME

B ucenenyemolt crathe B KOHTAKTE €
IpynToM o0patyercs opToTponHas HIHH-
aputeckas o6on04Ka, MaTepUAIl KOTOPOi B
HANPARAEHHA KOOPAKIATHEIX ocelt 06aa-
€1 cRoRCTBOM “0CTPoit” HEOAHOPOJHOCTH.
[oyromy jutst mayuenust kosneGannit raxoi
cHeteMit GyjieM HenonbL3oBaTh BLIPMKCHUE
noasiol sneprun uuannpuieckoit 06o-
N0MKH, Heeyuielt Matepuas co cRORCTROM
“oCTpolt” HEOJIHOPOANOCTH B HATIPABICHHH

Ekologiya va su tasarrlifan jurnali, ¥o3, iyun, 2023- ci il

OCEH KOOPIIAHAT, YCUAEHHRIX pebpamy, poi-
pakenue paborui cuit, nehctryiommnx ua
UANAHAPUHECKOE  [IOKPLITHE  TPYHTOM B
CMEUICHAAX TTOKPBITHA, U JOTIOAHATE I Hble
K HUM YCIOBMA KOHTAKTa.

Joint vibrations with the ground of a
cylindrical coating reinforced with rods
and rings bearing material with the
property of “sharp” inhomogeneity
in the direction of the coordinate axes

SUMMARY

In the article under study, an orthotropic
cylindrical shell is formed in contact with the
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ground, the material of which in the direction
of the coordinate axes has the property of
“acute” inhomogeneity. Therefore, to study
the vibrations of such a system, we will use the
expression of the total energy of a cylindrical
shell bearing a material with the property of
“sharp” inhomogeneity in the direction of the
coordinate axes reinforced by ribs, the
expression of the forces acting on the
cylindrical coating in the displacements of the
coating, and additional contact conditions.

Magalaya “Mexanika"” kafedrasinin
professoru, r.e.d R.O. Iskandarov
ray vermigdir.
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