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IKKI QATLAMLI NOELASTIK PLASTINKANING KO‘NDALANG TEBRANISHI UMUMIY
TENGLAMASINI TAHLIL QILISH

deformatsiya; tebranish tenglamasi.

Kirish. Ikki qavatli va ko‘p qatlamli
plastinkalar qurilish va texnikaning turli sohalarida
keng qo‘llaniladi. Ikki qavatli, uch qatlamli va ko‘p
gatlamli tuzilmalardan foydalanishning ko‘payishi
bunday elementlarni hisoblashning samarali usullariga
ehtiyoj paydo bo‘lishiga yordam berdi. Shu sababli,
ikki gavatli plitalardan foydalanishning boshlanishi
bilan birga, hisoblash nazariyalari ham paydo bo‘ldi.
Shu munosabat bilan plastinkalar tebranishiga oid bir
nechta tadgiqot ishlari olib borilgan. Ushbu tadgiqot
ishlari ko‘plab magolalarni, shu jumladan [ 1] magolani
oz ichiga oladi.

Masalaning qo‘yilishi va yechish usullari.
Qalinligi o‘zgarmas, qatlamlari bir jinsli yelimshak
elastik plastinkalarning [1] da berilgan
tebranishlarining  uchumiy  teglamalari  tuzilish
jihatidan murakkab va x, y koordinatalari va vaqt t
bo‘yicha yuqori tartibli hosilalarni o‘z ichiga oladi va
shuning uchun amaliy masalalarni yechish hamda
muhandislik hisoblashlarni amalga oshirish uchun mos
emas.

Amaliy masalalarni yechish uchun umumiy
tenglamalar o‘rniga, hosilalarda chekli tartibni o‘z
ichiga olgan tagribiy tenglamalardan foydalanish
magsadga muvofiqdir.

Plastinkaning ko‘ndalang tebranishlari uchun
klassik tenglamalar 4-tartibdan yuqori bo‘lmagan
hosilalarni o‘z ichiga oladi va qatlamlari bir jinsli ikki
gatlamli plastinkalar uchun eng oddiy tagribiy
tebranish tenglamasi oltinchi tartibli tenglama bo‘ladi.

Djalilov Mamatisa Latibdjanovich

Muhammada Al-Xorazmiy nomidagi Toshkent axborot
texnologiyalari universiteti Farg‘ona filiali,
Kompyuter tizimlari kafedrasi, k.t.n. dotsent

E-mail: mamatisodjalilov@gmail.com

Annotatsiya: Ushbu maqolada “O‘zgarmas qalinlikdagi ikki qavatli plastinkalarning tebranishlari”
nomli [1] maqgoladan olingan bo‘laklari bir jinsli noelastik plastinkaning ko ‘ndalang tebranishlari
uchun umumiy tenglama tahlil gilingan. Masala yechilishini soddalashtiruvchi gipotezalarni jalb
gilmasdan, aniq uch o‘Ichovli ko‘rinishda qatlamlari bir jinsli plastinalarning tebranishi o‘rganilgan,
ular asosida bunday plastinkalarning tebranishlarining umumiy va taqribiy tenglamalarini oligan.

Kalit so‘zlar: tahlil; tagribiy; tebranish; ikki gatlamli plastinka; chegaraviy masala; kuchlanish;

Agar [1] da berilgan (3.8) operatorlarda
dastlabki ikki had bilan cheklansak, u holda (3.11)
tenglamadan

L1(\N2) = F1(X1 Y1t)

bu yerda Lva T Y:Y) operatorlar quyidagi
ifodalarga teng:

Ly = My Koy = Moy Ky ) (Hamy Eagny = Hagn Bam) +
+ (Mo Ky = Mig(oy Kon) J(H any Eony = Homy Eagny) +
+ My Kany =Moo Ky ) (H oy Esny = Ham Eagny)) =
= (M) Kagny = Moy Koy ) (Hagny Evgny = Hamy Bagny) =
= (M) Ky = Miyny Kooy ) (Hn) Bagny = Haggmy Evny) +
+ (Mo Ky =My Ko J(Higo) Eamy = Hom By )3

F = _[Kl(n)(H 2(n)E3(n) - H3(n)E2(n)) + K2(n) (H 3(n)E1(n) - Hl(n)E3(n)) +
+ Kany (Hyny Eamy = Hagny Esgny )M o_l( fz(o))}"'
+ [Ml(n) (H 2(n)E3(n) - H3(n) E2(n)) +M 2(n) (H3(n) El(n) - Hl(n) E3(n)) +

L of©@ of )
+ Moy (Hiny By = Hogm B M ( x oy )} -

= (Myny (KanyEsny = KagnyEagny) + Moy (Kny gy — Koy Esmy) +
+ M3(n) (Kl(n)Ez(n) - K2(n)E1(n))]{M 1*1( fz(l))}""
+ (M) (Kogny Hagny = KamyHagmy) + Mooy (Koo Hiny = Kygm Ham ) +

) of o af (6]
+ M) (KymyHamy = Koy Him) M ( axxz + WY)L
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quyidagi tagribiy integro-differetsial teglamani
hosil gilamiz

o'W o°W 2 oW o'w
Q{N}Q{Aa ] +Q,(Aw )+ Q(at J Q{ at4]+
+Q6(A2 6;:NJ+Q7( )= Fl(xvyat)-
1)
(1)  tenglamadagi Q va F.(x y.t)

operatorlarni aniglash formulalari:
_ 2.
Q = Mlz(hopo + hlpl) :
Q, =-2M,? (2(h0 P,D, + h1D1)(hoPo + h1P1)+

2 2 .
+ (Pz _1)(hopo (ho + hl)_ (hy"Dyop +hy"Dy 1))
Q, = 4(P, —1)(h,’P,D, + h,’D, + h,°D, + 2h;h,P,D,);
1 _
Q, = 6 =M7 (ho oM 1(3h1 c+ o0 (Ny 00 +4h,0,))(2 - Dy) +
+ h1 oM 71(3ho Po +ho (ho +4hypy))(2 - Dy));
Q, =——M’2(h0 P,piM,*(2P,(4D,1-D,) + (P, -1)(4 + D)) -
—hy' pIM;?(2(4D} - 4D, -1)- (P, -1)D,(2-D,)) +
+thhlz(Poleo_lel(“(PzzDo +Dy)+(P, -1)(2P,(1-D,) - P,D,(2-Dy)
+ Dy (L+ D)) ++M; (g + pf)) +
+ 2P,y (29y2, MM, )(hy* (2+ 4D, — D7) + 7 (2P, - P,D, +5D, - D7) +
+hhiMo? (P, ~1)(4-3Dy) + 2D, (4 - D,)) + 2h} p’M, D, (4 - D,));
2)
Qs %M{Z(hoszpoMal(ZF’z((Pz ~1)(2+9D, —3D;)) - 2D, (1~ 3P, +4D,)) +
+ h14p1 Mfl(4D1 (1-2D,)-4D, + (R, -1)D,(3- D)) +
+3hgh? (4P, D, (P, (- D;) ~ D) - (P, ~1)(2(P, 1) D, (L - Dy) -
+P,(2-D, *2D0D1)))P0M51 +(4D,(1+ D, + P,Dy) — (P, -1)(6D,D, (P, -1) -
-6P,D, + D))oy Mil)_ 2hgh P, (pOM61(2h02 (G _1)(D02 -2D,-1)~
- 2D, (14 D,)) - h}(2(P, —1) + D,(P, +3)))) -
—4p, M (h,’ +h?)(2(P, ~1)@-D,) + P,D, + 1+ D))))));
2
Q7 =§(héP2D0(4DO (Pz _1))_

+3h3h? (8P,D,D; — (P, —1)((2(P, +1)D,D, —3P,D, — D, (1- D,))) -
—4hsh P, Do(hoz(Pz -1 +2D)) + h12 (2R, =)+ (P, +1)Dy)));
va

-5(P, -1)+h'D, (4D, -

, 02
Ry )=M.? ?((hopo + h1p1)( fO—19))+

zfo 2f(0) zf(1) Zf(l)
h L 2 );Z o Po XZ éz
+ (N, +hy)(hyo ( ay )+ ( ay N+
©)

o2 f®

82 O (
7))

: 82f‘1)
+(hg D0p0+th1p1)(( ayy )- (5 oy

—2A(2M; ((hOP2D0+thl)(MOfZ(°) - 1fz(1)))+

(3)

az e

2 (0) 2f(0) 2¢(1) 62f(1)
+2P,h,h ) (DM, (8 fy (WV; )+ DlMl’l(aan; + aygz )) +
2 £(0) 62 f (0) 2¢(1) 62 f @
M (hPD+th)(af (G ),
oy* oy?

Agar plastinka bir jinsli va W - "o‘rta" sirt
nuqtalarining ko‘ndalang - plastinka tekisligi siljishi
bo‘lsa, bu holda quyidagi bog ligliklar bajariladi.

No=N;; Mg=M,; P,=1 hy=h; C,=C;; D,=D,.

va (1) tenglama quyida ko‘rsatilgan tenglamaga
aylanadi

(A=C)? A8 + (1+Cy)2A)(A% + A) +

h2
+ E"«sDO (A5 +A)%) + 4Dy ARQA) + 443 (A5 + A)))W) =

2 2 £ (0) 8 f(O)
- LMy S (1) + h(‘” )
_AD,MA((T,) + g “(1) afﬂ )

(4)

(4) ning chap tomonda ikkita operatorning
ko‘paytmasi mavjud: birinchisi bo‘ylama tebranish,
ikkinchisi esa - ko‘ndalang tebranish jarayonlarini
tavsiflaydi.

Xuddi shunday, [1] da berilgan (1.3.12)

oJ, oV,

umumiy tenglamadan ( oy axj uchun taxminiy
tenglama Keltirib chigariladi va uning ko‘rinishi (5)

orgali ifodalangan integro - diffentsial tenglama
bo‘ladi
4 6
(Gli2+GzA+G 0 —+G, Aa +G A + G, a—+
ot o’ ot? °ot®
ou, oV
+G,A+G,A” + GQA?’)(E1 _a_xl) = F,(x, y,1),

(5)
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bu yerda Gi va F, (X’ y,t) operatorlar quyidagi
formulalar orgali aniglanadi:

G, = Ml_l(hopo + hlpl) ;
G, = —(h0P2 + hl) :

1, - _ _
G;= 6 M, 2(h02 (hop + 3h1,01)/70M01 + h12 (o, +3hy ) M 1);
(6)
G, = _%(hnz(zpzhupuM; +30,(0,MJ" + o M) + R (2h oM, + 3R 1, (0, M + o, M),
1

G = 6 Ml_z(hoz(cho +3hy) + h12(h1 +3P,h,));

1 _ . ~ ~ . ~
Gszﬁ(thngM 2(0pM ™ + oMY + 0 oM (100, Mgt + oM ) +

+5hmpwa oM, (hpoM,* (3~ 3D, — D) ~ P, M, (33D, - DZ));

G7 m( 13(h poM +h1p1M )+20(h P +h1)p0p1
-5h,h, (oM ((3-3D, — D) p,M,* = (D, —4) p,M*) +
+ h13Pzp1M171((3 - 3D1 - D12),01M171 - (Do - 4)p1M171p0M071)));
(6)
Gy = = (23(NEP,PEM "+ hEpEM, ) +10(EP, oM+ hE M) +
+5hgh, (5 (oM = (D = 4) poM") + b (poM" = (D, = 4) oM H));

G, = %( 24(hgP,pgMo” +h pPM %) +B(hg P, +h7) pop Mg ™M T —

~hyh, (R39,M (1~ 3D, ~ D)o, My — (D, ~2) pM;) +
+h’P,p M ((3- D, — D) p,M;* — (D, —2) oM, oM H)));

71M 171 _

va
2 £(0) 2 £ (0) [6)) 2¢(1)
00 = PN —aa;ﬂ) o —(”“))+
1 62f(0) 62f(20) B 6 f(l) a2f<1) az
+§(ch1P1M (N - Y - y )- hopoM (N 11 P —7 y—
1 2t o'ty R azf“) o
7E(Phl( 01 2 Y ) h( 11 2 ))7
oX OX
(1) - tenglama taqgribiy bo‘lishiga

garamay, u juda murakkab. (2) - operatorlar gatlamlari
bir jinsli qalinligi doimiy ikki gatlamli plastinka
materialining mexanik va reologik xususiyatlarini va
uning geometrik o‘lchamlarini tavsiflovchi barcha
parametrlar va operatorlarni o‘z ichiga oladi.

(1) - taqgribiy tenglama tebranish
masalalarini hal gilishda alohida hollarda soddalashadi.
Masalan, (2) - operatorlar platinkaning ikkala
gatlamlar uchun Puasson koeffitsiyentlari doimiy va
ularning qalinligi teng bo‘lganda hamda boshqa
hollarda ancha soddalashdi.

=h1 va VO

quyidagi ko‘rinishga

Masalan, agar ™ "1 bo'lsa,

(6) dagi operatorlar Q

bo‘ladi:

ega

Q= (po + pl) ,

Q, = _2M1_2h§ (2Dy (P, +D)(py + o) + (P, + D) (2, —
Q, = 4(P, —1)h,’D, (3P, +1);

D, (0o = £1)));

(7)

Q= —% M, 2he* (2= Do) (oMo (37 + oo (P +4p1)) + M (35 + p1(py +4p5)));
1 _
Qs = _6 h04(P2,0§M02(4D0(4 - Do) + P2(8D0(1_ Do) + 5) +

+(P,—1)(12-6D, + DZ)) + 20,2,M M, (2(6D, + P/ (2 +5D,) +
+P,(2+9D, - D2)) + (P, —~1)P,(2—3D, + D?) + D, (1+ D,)) +
+ ptM;?(8(1+ D, — Dg) +4P,Dy (4 - D,) + (P, ~1)Dy (2 - Dy)));

Q =%h02(p0M61(4P2D0(2+5P2 ~3Dy(P, ~1) + (P, ~1)(P,(20-8D, ~13D5) +

(7)
+6D,(1-Dy)))+ o, M1‘1D0(4(4+ D,)+4P,(4+2P, +5D,) +
+17(P, ~1)(D, + 2P, (1-Dy))));

4
Q, = gho“DO(DO(4 ~15P, —=5P%) + (P, —1)(1-13P,));

(1) tenglamadagi oltinchi tartibli operator, agar

plastinka elastik va Q koeffitsiyentlar

Qz 'Q4 ‘Q7 :Ql'Qs 'Q7 +Q3 ’Q4 'QG

ifoda bilan o‘zaro bog'liqlikga ega bo‘lsa,
ikkinchi va to‘rtinchi tartibli  operatorlarning
ko‘paytmalari sifatida ifodalash mumkin.

Agar, Q va A operatorlar
=AA; Q=AA+AA; Q=AA;

Q=AA; Q=~AA; Q=AA; Q =AA;

bog'ligliklarga ega bo‘lsa, u holda ikki qatlamli
elastik plastinkaning tashkil etuvchilarining berilgan

giymatlarida (7) ifoda h,/h, ga nisbatan 10-chi tartibli
algebraik tenglamani beradi, bunda (1) dagi oltinchi
tartibli operatorni nisbatan past tartibli operatorlar
ko‘paytmasi ko‘rinishida quyidagicha yozish mukin
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02 ot

o? 0? 02 o
(Al +A2NA3 +A46X2+Asat4+A1](W)=0

at? ox? a? ox*

XULOSALAR

1. Hech ganday farazlarni jalb gilmasdan, aniq
uch o‘lchovli ko‘rinishda bo‘lak-bo‘lakli bir jinsli
plastinalarning tebranishlarini o‘rganish,
plastikalarning tebranishlarining umumiy va ular
asosida taqribiy tenglamalarini hosil gilish imkonini
beradi.

2. Ikki gatlamli plastinkaning tebranishlari uchun
eng oddiy taqribiy tenglama wuning bo‘ylama-
ko‘ndalang tebranishini tavsiflovchi hosilalar uchun
oltinchi  tartibli  differensial tenglama ekanligi
ko‘rsatilgan.

3. Elastik ikki gatlamli plastinka uchun oltinchi
tartib operator, agar plastinka qatlamlarining
komponentlari ushbu komponentlarni o‘z ichiga olgan
keltirib chigarilgan tenglamani ganoatlantirsa, ikkinchi
tartibli - bo‘ylama va to‘rtinchi tartibli - ko‘ndalang
tebranish operatorlariga ajraladi.
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