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Taqdim edilon bu magalada
mohkomlandirilmis konik 6rtlyun ona yayla
birlasdirilmis kiitlo ilo geyri-bircins elastiki
mihitda birga ragslorinin todqiqi
masalaloring  baxilmisdir. Miihitin  tasirini
nozoro almaq Ucln geyri-bircins elastiki
Vinklerk modelindan istifado olunmusdur.
Masala Xatti qoyulusda hall olundugundan
sistemin deformasiyast kigik olur ki, bu da
Qobul edilmis forziyyanin mimkunlayini
tasdiglayir.

Moaalonin qoyulusu. fsdo mihitlo
kontaktda  olan, sothindo  muntozom
yerlosmis c¢ubuglarla mohkomlondirilmis
dairovi qapali kosik konik Ortikdan va
ortllyo diametral oks ndqgtoalords eyni sortlikli
iki yayla Dbirlosdirilmis kiitlodon ibarot
sistem noazordan Kkegirilir. Nozardoa tutulur ki,
geyd olunan sistem qeyri-bircins elastiki
muhitlo kontaktdadir. Konik qabiq oxuna
perpendikulyar mistavido yerlogan
halgalarla méhkomlondirilmisdir. Masalonin
hollindo  doyison r radiusu, diametrial
mustovilor arasinda qalan ikilizli ¢
bucagindan ibarat koordinat sistemindon
istifado olunmusdur.

Forz edok ki, elastiki qeyri-bircins
muhitdo yayla birlogdirilmis kiitlo ilo birge
rogs edon Kkonik ortiikk yalniz halgalarla
mohkomlondirilmigdir (sokil 1.).

Boyuna Vo enina qabirgalarin

deformasiyasinin potensial enerjisi I,
[2,3] islorindo oldugu kimi gobul olunur.
Ortilylin, halgalarmn, kinetk enerjilorinin
comi asagidaki ifadonin  kdmayi ilo
hesablanir:
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Burada vy, — oOrtiyin vo gabirgalarin
materialinin xtisusi ¢okisi, g — Sarbastdiismo
tocilidir.
L=T-11 @)

Qeyri-bircins muhitin silindrik ortiys
tosiri xarici g, radial quvvasinin o6rtlyin
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Hesab edirik ki, Kitlo enina  Kasik
mustovisinde z oxu boyu harokot edir
(sok.1). Kitlonin vo yayin uc noqtalarinin
birlosdiyi noqtslorin hesabina yaranan u
istigamatdoki harakoti nozors alinmur.

Yayin I1; potensial, kutlonin T, Kkinetik
enerjilori asagidaki sokildo olur:
I; = (z — wgycosy )?c,
T, = 2Mz2, 4)
Burada wy, — ¢ = 0 mistavisinds yayin uc
nogtolorinin  birlogdiyi  diametrial ~ oks
nogtalorinin yerdoyismasi, M —
yukin kiitlasidir.
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Sokil 1. Halgalarla mohkomlondirilmis,
kitlo borkidilmis, 6zli-elastiki geyri-bircins
muhitlo kontakda olan konik ortuk.

Masalonin halli. Enerjisi (2) ifadasi ilo
mioyyan olunan ortlyin ndgtalorinin
yerdoyismoalorini asagidaki sokildo
axtaraq[3]:
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Burada n— dairovi istigamotdoki,

m —dogurani boyu dalga adadlori, 4,,(t),

B, (t), D, (t) namoalum sabitlordir.

Konusun dogurani istiqgamatindoki

koordinat1 x —lo isaro etsok, r = 1, +

xsiny, r; — r, = lsiny oldugunu nozors

alsaq, (5) ifadoalorini [2] kimi yaza bilorik:
Muiihitin tasirini nozars almaq tGgln geyri-

bircins elastiki mahitlor ti¢lin Vinkler

modelindan istifado olunmusdur:

qr = ko(1- §=—=)w. (6)

-T2

(8) ifadolorini  (4)- da yerino Yyazsaq,
Vinkler modeli halinda yalmiz halgalarla
mohkomlondirilmis  geyri-bircins  elastiki
muhitlo kontaktda olan konik &rtliylin ona
yayla birlosdirilmis kiitlo ilo  birlikda
potensial va kinetik enerjisi U¢un alariq:

Ty, h

Ly = —t—
T 2grtsiny

X [Ty Y1 (An)? + Tg Yoo (Dp)? +
+T; Xa=1(Bp)?]+
g Lyt vt (sin? L a i (4)? +
L a v (D) +
+sin? %az;?:l(la,’l)z) + 2 Mz2

+cos?

Vinkler modeli halinda (7) sirasina daxil
olan siralarin n —ci toplananina noazaron
uclin potensial va kinetik

+T; ) (B
L L=l -
enerjilorinin  comini, yoni tam enerjinin
ifadasini yazaq:

Lpy = P11 D7 (8) +
Bz A2 (£)+B33B2()+PasdAn()D, () +
BssAn(D)B, (6) +(Z —WyCOSy )" C+ 1 M2?
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(8) ifadasini [8] Lagranj tonliyindo yerins

yazsaq, geyri-bircins mihitlor tgiin Vinkler

modeli halinda asagidaki adi diferensial

tonlikdan ibarat sistem alariq:

M7+ 2c(z — apdn(t)) =0
—2a9¢z + 2Pe6An (8) + (2f22
+2a5¢)An(t) + BasDn(t)
+ BssBy(t) =0
277Dy (t) + 2B11Dn (1) + BaadAn(t) = 0

(8)
2BggBy (t) + 2P33Bn(t) + PssAn(t) =0
Burada,
_ ﬁ . mn(rg—1y)
ay = 72 sin———= — cosy,
nN=13,5,..ccccc....

Halgalarla mohkomlondirilmis, qeyri-
bircins elastiki mihitlo kontaktda olan konik
ortlyln ona yayla birlosdirilmis kiitla ilo
birlikds Vinkler modeli halinda moxsusi
rogs tezliklorini tapmaq tgtin (8) sisteminin
hollini z = z*sinwt, A,, = Ay sinwt, B, =
Bypsinwt, D,, == Dy sinwt soklinda
axtarsaq Vo sistemdo yerino
yazsaq z*, Ay, Bn, Dy, sabitlorino  nazaran
cabri tonliklor sistemi alariq:

2c 2ca
(— - wz) z" —=24:=0
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—Z(XOCZ* + (2322_2[3660)2 + ZagC)A:l +
BaaDp + PssBy =0

(2ﬁ11—2ﬁ’77w2)D,”; + 144y = 0 (8)
(2B33—2PBggw?) By, + Pssdn = 0

(8) sistemi bircins Xxotti cabri tonliklor
sistemi oldugundan, onun trivial olmayan
hollinin varlig1 ti¢lin zaruri vo kafi gart onun
bas determinantinin sifira barabar olmasidir.
Noticodo, hagalarla  mohkomlandirilmis
geyri-bircins elastiki mihitlo kontaktda olan
konik ortuyin ona yayla birlosdirilmis kiitlo
ilo birlikdo, Vinkler modeli halinda,
moxsusi  roaqs tezliklorini tapmaq Ugln
asagidaki tezlik tonliyini alariq [3].

(8) tonliyini asagidaki sokildo gostarak:

(% — w?) [Bi4(2B33—2Bgsw?)+

+B5s (211—2B77w%)-

—(2B11=2B770?) (233—2Bgsw*)] +
200CPggw? — 4aycp33=0. 9)

Qeyd edok ki, c = 0 voya M = 0 olduqda
(8) tanliyi muhitlo kontaktda olan
mohkamlondirilmis kasik konik ortlyln rags
tonliyini ifads edir:

8@66B77.888w6 — (8B33Pe6B77 +

422P77Pss — 4ﬁ11ﬁ6§ﬁ88) w* +
+(_2,888ﬂ£4_2,877.3§25 + 4822833877 —
4B11B33Ps6 + 8B11P22B33)w* +

+2PB33P% + 2B11P%s — 8B11P22P33 = 0
(10)

(10) tonliyini asagidaki sokildo yazaq:
w® — (8B33B66B77 + 4B22877Pss —
4f11Pe66Bss) (8366ﬁ77ﬁ88)11w4 +
+(—2PBssBis—2B77P%s + 4P22B33B77 —
4311.33§ﬂ66 +

+8B11822B833 +

2a0¢Psg) (8Bs6Br7Pss) ' w? +
+(2B33B4s + 2B11B8Es — 8B11B22B53 —
4aocf33)(8P66B77Pss) " = 0. (11)
(11) tonliyini w? = A —ya nazaran kub
tonlikdir:

A3+6,2%+¢,A+6; = 0. (12)

Burada,

¢1 = —(8B33Be6B77 + 4B22877Pss —
4B11BscBss) (BBesB77Pss) ™ X

Gy = (_2ﬁ88334_2€77ﬁ§5 + 4822833877 —
4B11B33B66 + 8B11822P33 +
+2a0cPBgs) (8BesB77Bss) ™

C3 =
= (2B33Bé + 2P11B%s — 8P11P22Ps3
— 4aycfP33)(8BssP77Ps8) "

Kardano dusturunun kémayi ilo (12) kub
tonliyinin koklorini tapa bilorik:
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(13) tonliyi w? —na nazaran sokkiz daracali
tonlikdir:

8 _ 16¢ P
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+ 8B¢6B77+8c2al Br7Pas;

T, = —2B#Bgs — %.355.377 + 80,2811 Pss
+ 8022833877 + 8F11P33L66
+

~ +8c% ¢ B11Pgs + 8¢? °f(2J B33B77
T; = 22;833.3424 + 211Bss — 8P22P11P33 —
8c? o 1133

Bu tonlik 2 = w? —na nazoran dord daracali
cabri tonlikdir:
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2t
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Sonuncu tanliyi Ferrari Gsulu ila hall etmak
olar. Onu asagidaki sokildo gostorok:

A'+A ) +B ) +CA+D=0. (13)
Burada

A = (8Bs6P77Pss) " (7"1 +
%ﬁ%ﬁﬂﬁss); D=-2T,-

16¢% ¢ 3377
-~ _ ~ 2C ~
B = (8Bs677Pss) ™" (Tz + ﬁTl’
—16¢% o ﬁ77ﬁ88)2
- _ c.
C = (8BseB77Pss) " <T3 + ﬁTz

+16¢% G 11855 +16C7 G B33577)

Owvalca
y3 —By? + (AC — 4D)y — A*D+
+4BD —C?* =0

tonliyinin hor hans1 Y, halli tapilir. Sonra
IS0 asagidaki iki kvadrat tonliyin koklori
tapilir, belo ki, kvadrat kok altindaki ifado
tam kvadrat olur:

12ﬁmﬁiﬁ@—B/wyojh[&—é/ﬂmy—g—@fozo
2" 2\ 4 2 4

(14)

Kokalti ifadoni asagidaki sokilda gdstorok:

§_@/Q|- y0]12+[@—&/ﬂi+yz§‘go:(ﬂli+ﬂz)2

Burada

mohkomlondirilmis Ortiylin -~ minimal
moxsusi rags tezliklorina olan nisbatinin
yukun kitlasindan asililigi soklindo mixtalif

k = g giymatlori vo ¢ = % ticlin verilmisdir.
Sokil 4-ds sistemin minimal maxsusi rags
tezliklorini muhitin geyri-bircinslik
parametrindon asililigi gostorilmisdir. Sokil
2-don gorundiyd kimi n odadi  artdigca
sistemin minimal moxsusi rogs tezliklori
owvalco azalir, sonra minimum qgiymot
alaraq artir. Sokil 3 gostorir ki, M/

M, nisboti (M, —ortliylin -~ qabirgalarla
birlikdo  kutlosidir) aratdigca  sistemin
minimal moxsusi rags tezliklori azalir vo

ko

oksina, k== nishoti artdigca vo yaym

2(8 2
75 =7—@"4 Yor 1 =y74°— &
Noaticods (18)-don alariq:

0
/12+[§+771j/1+%+772=0

0
12+[§—771]2+%—772 =0

Sonuncu kvadrat tonliklorin koklori tgiin
alariq:

A :% —(?ﬂhji\/[?ﬂhlz —4(%“72)

%,f% —[?—mjt [?—mjz—‘l%—mj

Almmis (19) tonliyinin  koklori  ododi
tisulla hesablanmigdir. Parametrlor Ugln
asagidaki qiymeotlor gétlirilmisdir: r =

160 MM, 1, =85MM, halqalar bucaqli
soklindo 6x10x1  (mm-do)  Kkimi
gotirilmisdir, k; =32, m=1, y = — ,
Ortuyin  hdndarliya 320 mm  gobul
edilmisdir.

Hesablamalarin  naticalori  sokil  2-do
tezlik parametrini f* = % —nin  n —dan,
sokil 3-do sistemin minimal maxsusi rags
tezliklorini qabirgalarla
Sortliyi artdigca sistemin minimal maxsusi

rogs tezliklori artir. Bu onunla izah olunur
-k
ki, k = FO
sartliyinin artmasina Sobab olur. Sakil 4-dan
gOrindiyd kimi  muhitin - geyri-bircinslik
parametrinin - giymoati artdiqca, sistemin
moxsusi rogs tezliklori azalir. Buna sobab
muhitin geyri-bircinslik parametrinin
giymotinin  artmasi, miihitin  sartliyinin
artmasina sobab olur.

nisbatinin artmast mihitin
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Sokil 2. Ortlyin  moxsusi  rogs

tezliklorinin ~ dairavi istigamotdoki dalga

odadindon asililigt
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Sokil 3. Ortiiylin maxsusi rags tezliklorinin
yukin kitlasindan asililigt
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Sokil 4. Ortliylin moxsusi rags tezliklorinin
muhitin geyri-bircinslik parametrindan
asililig
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X.MMA®UEN MATAHAT
Kosebanusi momepeyHo mnoaKpenieHHOl
KOHMYECKOH  000JI04KH ¢  MAaccoii,
NpHucoeTHHEHHOMH Ha NpPYKUHAX,
KOHTAKTHPYIOIIEd ¢  HeOJIHOPOIHOI
cpenoit

AHHOTALIIUA
PaccmaTtpuBaercs Kpyromasi, 3aMKHYTas,
yceueHHast KOHHUYECKast 00os0uKa
MOCTOSTHHOU TOJILIUHBI, PETyYJISIPHO
MOJAKPEIUICHHAs] TONEePEeYHbIMU  pedpamu,
Hecymas MPUCOEAMHEHHYIO Maccy,
CBSI3aHHYIO C 0OO0OJIOUKOM B JMAMETPAIbLHO
MPOTUBOMOJIOXKHBIX TOYKAaX C IOMOIIbIO
IBYX TIPYXUH OJMHAKOBOH JKECTKOCTH H
KOHTaKTUPYIOLIYIO C HEOJIHOPOIHOM
cpenoi.

H. SHAFIEI MATANAGH
VIBRATIONS OF TRANSVERSELY
REINFORCED CONICAL SHELL
WITH A MASS ON SPRINGS
CONTACTING WITH
INHOMOGENEOUS MEDIUM

ABSTRACT

We consider a circular, closed, truncated,
contacted with inhomogeneous medium,
conical shell of constant thickness, regularly
reinforced with transversely ribs, supporting
the associated mass connected with the
shell in diametrically opposite points by
means of two springs of the same rigidity.



