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AHHOTAIUA

Makosaia KaJIMHIUTY Ba PU3HK-MEXaHHUK XOoccalapu Oyiinua Oup-oupuaan gapk
KWJIYBYU KOMIIO3UT KaTjaMJjiap/iaH sicajiraH UKKHU KaTJIaMJIu OUpJalITUpUITaH KOOUK
Ba MeETaUl IUIAaCTUHA KYpuUO UWKWIAOW, NIYHUHI/ICK, OyHaali KOOWK Ba
IUIACTUHAJIAPHUHT  KyWIaHUII-AepopMallisd  XOJIATUHUHT  MYCTaXKaMJIMTH — Ba
nedopManMsIaHUIIUTa TABCUPH YpraHUIaau.

Kaaut cy3nap: ukku KaTjiamid OUpialiTUPWIraH KOOWK Ba TUIMTanap, TEHT
TaKCHUMJIAHTaH 10K, AU PepeHIman TeHriaMmanap Tu3uMu, KoOuk aedopmanusiacu, ypra
CUPTHUHT CUJIKUIIM, OYPUIIUII, CUJDKUIN (PYHKIUSICH, TAHTCHCUAJ Ky4WIaHUIILIap.

SECOND LAYER STRENGTH AND DEFORMATION STATUS OF PLATES
AND SHELLS MADE OF COMPOSITE MATERIALS

ABSTRACT

The article examines a two-layer composite shell and metal plate made of
composite layers that differ in thickness and physical-mechanical properties, as well as
the effect of such shells and plates on the strength and deformation state of the stress-
strain state.

Keywords: two-layer combined shell and plates, evenly distributed load, system
of differential equations, shell deformations, median surface displacement, deflection,
shear function, tangential stresses.
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Ymly u3naHumaa arpecCuB MyXUTra YUJaMIIM WYKH €KW TallK{ KaTJIamiiapu
KOMITO3UT MaTepuajiap OWIaH ypairaH MeTal €KM TeMUpOETOH KaTiiamiiapAaH
TAalIKWJI TONTaH TUIMTAJApHUHT KYy4YJAHTAHIMK Ba JedopMmalusiiaHTaH XoJjatiapu
TaJKUK KWJIMHTAH. Y36eKUCTOH PecnyOnukacu npusunentunur 7-gespan [1dD-4947
dapmonura 6uHOaH Y36ekncToH PecryGIMKACHHUHT PHBOMIIAHHMII CTPATETHSICHIA
OenrunadraH nom3apd WIMHANA TAIKUKOTIAP WIMHN W3JIaHWUIUIApWIA SHTH, CHTHII
KOHCTPYKITMOH Ty3WJIMAJapHU SIPATHII Ba YIAPHU MYCTaXKaMJIUTH, OUKPIIUTH Xam/1a
Y30KKa YMAAMIMINTUHU TabMUHJAII Oopacuaard Aon3ap0 uuuiap Katopura ymioy
W3JIAaHUIITHA KAPUTUII MyMKHH. OXUpra Wwiapaa arpeccuB MYXHTIA HIILTIOBYH
MHIIOOTJIAPHUHT KYyPUJIUII Ty3WJIMAaJapUHU SpaTUII Ba YJIApHU TAJKUKOTIAPU XaM
MyXHM Macajlajap Karopura kupaau. byHra ca6a® xaiu OWM3HUHT IOPTUMH3/A
arpeccMB MYXHUTra 4YHJaMJId KOHCTPYKIMsUIAp, WHIIOOTJIAapra arpeccuB TabCHUP
KWIYBYM KHCJOTajlap MWIIKOP Ba OOIMKa KUMEBUH DPUTMAIAPDHU  CaKJIOBYH
pe3epByapiiapHu WIIIA0 YMKApaguTraH KOpPXOHAJapUMH3 Xalu Kym 3mac. Tamku
JTMHAMUK Ba CTAaTHK FOKJIApPHHU OeMaJioi KyTapa oJIafuraH MyCTaXxKaM, Y30KKa YU IaMITH
XamJia arpecCuB MyXUTIa YUAAMIIMK UKTUCOIMH KUXATAaH caMapagaop Ty3HWIMaJapHH
XOCHJI KWJIMII Ba YOKIaru CWDKHUII JeQOopMalMsiICUHU MYCTaxKaMJIMKKa Ba
ATWJIYBYAHJIMKKA TACUPUHU AHMKJIOBUYM XHUCOOJAIl yCIyOJIapuHU SIpaTHUIl yIIOY
M3JIaHUIIA ACOCUN MaKcal KWINO OJIMHTaH.

XyKyMaTiMHA3 TOMOHHUAaH OyHAal 3aMOHABUN KYPWJIHII Ty3WJIMaIapy Ba SHTH
KOMITO3UT MaTeprariap KM MallliHA JeTAJUIAPWHHA XUCOOJIAI, JOMMXaaIl, CHHAII
UIUIapUHU 00 OopHIlra XO3UPrd MauTaa anoxuaa >bTHOOp KapatuiraH.Mkku
KaTjlaMJii TlacTMHa Ba KoOuKiapHu Kupxros-JIsB rumorezacura OViicyHanu ned
KaOy11 Kunamus [2-6].

Ymby uiia MmeTamt Ba KOMIO3UT KaTiaamiiapiaH uoopar OyJarad UKKUA KaTaaMITu
KOMOWHaIMSAJIAIITaH TUIMTa Ba KOOWKJIAPHUHT CHIDKUII  JedopMalusiapuHu
MyCTaxKaMJIMKKa Ba JAeQopMallisyIaHTaHIMK X0JaT/Iapura TACUPUHU KYPUO YUKaMU3.

IOx korapyBum OWpWHYM  KaTjlaM HWKKHHYM MYCTaxXKaMJIOBYM KaTjaMmaaH
ce3napiu Japaxkaza karra ned dapas kunamus (h>0).

buprHun Ba MKKMHYM KaTJIaMJIQPHUHT KAIMHJIMTU TIMTa OYVinal moumwuil 1e6
XUCOOIaiMus.

By epna e,, —nepopManMsHUHTI Z KOOpAMHATACH OYAMYa HUCOMH YY3WIIMIIM

XucoOra OJMHMAnIH; €y, = 0; W=w(X, Y)

bupvHuYM 10K KyTapyBuM IUIMTa Ba Ba KOOMK KATJIAMUHUHUHT CHIJDKHUII

nedopmanusicu
h? :
€4 =05 (5= y?) @1 (0, B)+ (05— L) i5f (1)

ay
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e =05 (2~ y2) @y (a,p)+ (05— L) Zef)
By
Nxxnaun MYCTaxKaMJIOBUM KaTJIaMHUHI' CHJDKHWII I[erOpMaHI/IHCI/I ILJIUTA

KauHIATH OVitnda Kyiuaaru KOHyHI/IﬂT acocpma y3rapaau
(2)
e, (_ + (2) 11 (0, B) (2)

1

2
eg;=(;+ ?) oo v (eh)

Karnammapaunar (i=1,2) Hopman Ba KywIaHHWILIapd KyHumard gopmylaiap
opkaym udogananau

o =BYE{ + BLEY 3)
(l) BZ(IZ)E(I) + Bl(;)E(')
(l) — Gl(kl)egy)
T/(;; Gl(kl)e(l) (4)

Oy epra 6 , h— muia Tonanm Ba METall KaTJaMJIApUHHUHT KaTHHIIATH;
®; = ®;(x,y) — axrapwiaéTrad CHDKUIIT QYHKIIAACH |
T; = 1;(x,y) — ypuHMa Ky4JIaHHILIAP |
GD, 6P, — 6upHHYM Ba NKKMHYH KATIAMIAPHUHT CHIDKHIIT
moaysuapu (1=1,2; k=3).
Y KOOpIaWHaTajap KyWWaard y3rapulll yerapajiapura ira ;

h h
OMpPUHYM KaTjiaM YIyH — 3 <y < >

2
C. A . AMOapuyMsSHHUHT aHUKJIAIITUPUITaH Ha3apsICUHU YIIOY U3JTaHUILTa

6 6
MKKMHYM KaTJIaM y49yH — - <y =-.

acoc 1e0 KaOyJ1 Kuiamus.

1-pacm

HNkku kaTinamian KOMOMHAMSIIAITAH [UIATA.
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buprHYM KaTIaMHUHT KY4HIIA KyWHAIard KypuHUiiaa udoaaaaHaam:

hZ
u(l)zuo_y +(y___)q)1+ (__E) G(l)

W) = . ¥ (ﬂ _ V_3) 1_7v
v Vo )4 + 6 ( 2 h) G(l) . (4)
Xy,ZII[I/I msz[aﬁ HNKKHWHYU KOMIIO3UT KAaTJIaMHUHI quI/IHII/I.

u® =

yl ax 2 g 6(2)13

T2

by epmauy = uy(x,y), vy = vo(x,y) — OupuHYM KaTIIaMHUHT HEWTpa YKUTa
MOC KeJIaJIUTaH HyKTaCHHUHT KYUYHMIIUIAPH.

TaHreHMan CHIDKUILIAD u® 4@ @D O _ grgrapmar  wcranran
HykTacH, popmyianap (4), (5) kmaccuk HazapusaaH GapKiId YIapok, yjap ¥, HKKHHIH
KaTyiamja y;-ra 4M3uKiIu OOfiauK. ByHUHT cababu KaTjiaMJIapHUHT KaJIMHJIUTUJIArd
dapk Ba Ky4wIUpOK OMpHUHYM HaBOATAa KYHIAIAHT KECUIIHNA XHUCOOTa OJIUIIIIND.

JIorpaH)XHUHI BapHUALlMOH IMPHUHCUIIMIA acOCaH JJIACTUK TY3WJIMAJIAPHUHT
MOTEHIMAN SHEPTUACUHY Kyinaaru KypuHuiiaa udoaanaimus.

1
u= E fff (O'(l)xgx(l) + O'(l)ygy(l) +
1
T(l)xygxy(l))dxdydz + > ﬂf (U(Z)xgx(z) + a(z)ygy(z) + T(Z)xygxy(z))dxdydz +

1
Eﬂf (Tl &1+ T2 Epoz — 2qW)dS. (5)
= -~
NN
| .
§§ < l W a8
e b 1
5. e |
74 5%
FN G442
0
3d
24 |8
246l
74 |%d4
4
24 24
] — I L e
5 0% s’ 570° 5105 G, (15 M)
2-pacMm
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DUNEepHUHT BapHWalMOH TeHTJIaMacuaaH (organannd, Ou3 HOMabIymiapra
(W, ugy, vy, ®;, P,, 74, T, )HUCOATAH TYPTHHYUN Hapakain quddepeHIral TeHIIaMaap
TU3HUMHHHA XOCHJI KUJIAMH3.

Mucon TapuKacua, IIUIIa TOJIaTd MyCTaXKaMJIOBYX KaTJIaMJIM UKKH KaTIaMITHd
MAJTUHAPCUMOH KOOWK KyWHIard mapaMeTpiap Ouinad Xxuco01ad YMKUiITaH:

-IIMIIA TOJAJIM Ba METAILI Kecuil Moxyiapu G, = 5.5 - 103 Mmna,

0113 =42- 103Mna,G213 =0,35-10% Mna, 6122 = 6123 = 0223 = 7,87 - 10*
Mia;

- IIrma ToJaJIn Ba MCTAJUIHUHIT CJIACTUKIINK MOOYJIN
EP =1.7-10* Mna, E’ = 5.0- 103 Mna, E® = E{” = 2.02 - 10° Mna;
-nuku 6ocuM q = 0.1 Mna;

- MeTani Ba muiiia TOJJaHUHT HyaCCOH HHUCOATH

My =iy =03, wp =gy = 04;

- KoOuK y3ynnauru £=30 cwMm;
- [IMIIA TOJIAJIA Ba METaJT KaTJIAMHHUHT paJnycH (2-pacMra KapaHr).
R, = 10.5 cm, Ry, = 10.35 cm;

- MEeTaJU1 Kanuuiauru hy, = 2.04 MM;

-IIWIIIA TOJIAIH KaTiaaM KaauHmry 6, = 0.95 MM;

- yok Kamuaaury hy, = 1072 cm (0 man 1 MM raua).

YokiapHu Kecu Moay uiaph Gyq3 va Gz 1 nas y3rapau 5x 10* Mia. raya.

XucoOmam Hatmwxkanapu (2-pacMia) KaTiaamiapaard KywWIaHHII Y3rapHiuiapu
KypuHUIIMAA Kypcatwirad. byHma xyuunuiap, cankwiuk(W) xamaa cHIDKAII
GYHKIMSUTADUHUHT  KyWIAHTAaHIMK Ba  JAchOpMANMUTAHTAHINK — XOJaTIapUHU
y3rapunuiapy KypcaTuira.

Karnamra wHmcOatan Yok (G < Gi(l),Gmik < Gi(z)), UKKH  KaBaTiu

CWIMHAPCUMOH KOOMKJIApPHUHT KyWIaHUII-AepopManus XoJlaTUTa YOK MOC
KEJIUMIIMHUHT TabCUPU KYNPOK aHUKJIAHAAW. YOKHUHI CUJDKUII MOJYJIMHU YH MapTa
(50 nan 500 MIla raua) omrupuiir MetTaaark Kywianuirau 4,8% ra, MycTaxkaMIIOBUH
(mymarkarinam) na eca 8,5% ra y3raptupaau. YOKMHHHT CHJDKHII MOIYJIA FOKOPH

oynrannga ( Gpj,) MKKAHYMA KaTjaM KydJTaHUIINA 6;2)HI/I y3rapuiy HUCOATaH KUIUK
oynanu (0,1%).
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