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b. }K.*I(bIPI)IKBAEBl, H. K. YTEJIUEBA, b. T. IIHHTHCOBY, /1. M. MAKCYT?

!Anmamunckuil ynusepcumem snepeemuxu u cészu, Aimamol, Kasaxcman,
’Hazapbaes unmennekmyanvras wkona, Aimamol, Kazaxcman,

OCECUMMETPUYHBIN M3Ir'Ub NUJIAHJIPHUYECKOI'O PE3EPBYAPA

Paccmampusaemcsa 3adaua 0b uzeube yuruHOpuuecko2o pesepeyapa, 3anoiHeHH020 NOTHOCIbIO Ul
YACMUYHO HCUOKOCTBIO, HANpUMep, HeQmblo, OEH3UHOM ULU CHINYYUM MAMEPUATOM, HANPUMED, 3ePHOM.
Pesepeyap, pacnonooicennviii Ha Hedegopmupyemom ynoamenme, npeonoiazaemcs MOHKOU Ynpy2ou
3aMKHYMOU KOHEYHOU 000JI0UKOIL.

Knrouesvie cnosa: ocecummempuunuil useud, pesepgyap, Henunelinoe ougepenyuanshoe ypasHerue.

B pabote ocTaHOBHMCS Ha PENICHUH 3a/1a9i 00 U3rHOe MITHHIPHISCKOTO pe3epByapa
C ECTKUM JIHHIIEM, 3aKPEIICHHOTO BEPXHUM TOPIIOM, U OJJHOBPEMEHHO MOJIYYUM 3aKOH
n3ruba pe3epByapa Ha TBEPJIOM OCHOBaHHMH. PelieHust oydeHbl METOIOM YaCTUYHOM JTUC-
KpeTH3aIii HeMMHEHHBIX quddepeHITnaTbHbIX YpaBHeHnH [1].

TonmuHy cTeHKH cocyaa OylIeM CYUTaTh NEPEMEHHOM, IS IPOCTOTHI IPUMEM, UTO H3-
MEHEHHE MTPOUCXOIUT 110 INHEHHOMY 3aKOHY, XOTSI JIJIsl PEIICHUS 3a/1a4U ITPH TIOMOIIIN pac-
CMAaTpUBAEMOTO METOJIa ATO HE UMEET 3HAYCHUsI, TIOCKOJIBKY 3aJiada MOXKET OBITh pelieHa
MPaKTUYECKH JUTS JIF0OO0TO 3aKOHA M3MEHEHUS! TOIIIUHEL. M TaK, sl IPOM3BOIILHOTO 3aKOHA
W3MEHCHUS TOJIIUHBI /1(Z) WK, 94TO TO e camoe, IS IIPOU3BOIBHOTO 3aKOHA U3MEHECHUS
KeCcTKOCTH D(Z) KBa3MCTAaTHYECKOE COCTOSIHUE OOOJOYKH, HE MOJHOCTHIO 3aIlOIHEHHOI
JKHUIKOCTHIO, ONTMCHIBACTCS ypaBHEHHUEM [2].

& o2 B 1@ -H-al. o

e h(z)=h, +khz, K =+1 D(z)= 12E(:Ti(5)2) _ EEE(;_K‘TIZZ))S , Pz)= Pl[l— :j[H (2)-

-H (Z— a)] — 3aKOH M3MEHEHHs JIABJICHNUs JKMIKOCTH Ha CTEHKy pesepByapa, P =yr R, Y-

yAETBHBIA BeC KUIAKOCTH, & — YPOBEHB JKHUAKOCTH B pe3epByape, R — paauyc nunmmHapa,
[ — nmana ero, H(E) — enuanunas Gynkius XeBucaiiia, Z — KOOpAWHATHAS OCbh, HAIIPABJICH-
Hasi OT OCHOBAaHUS COCy/Ia BBEpX, u(Z) — paauanbHOe cMemieHne, E — Moayas ympyroctu
Marepuaiia 000J104kH, v — ko3 dunuent [lyaccona.

I'pannuHbIe yCIOBUS 3aa4u IPUHSTHL B BUJE:

U(Z)= Ompuz="/, dU(Z)

=0 npu z=0,

M(z)=_%[a(z)d‘;_(zz)}_ D'(z)dl;—gz)+D(z)%gz) O z=f, @)
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Q(z):—%{D(z)dZ—(zz)}:{D’(z)dz(zz)+D(z)d;ggz) 0 wpu 2=t

BeimonHuB yacTHuHyl0 Auckperusanuio auddepeHnuaibHoro ypasuenus (1), momy-
qUM

i{D(Z)M} _ pl[l_ij[H(z)— Hz-a)- Bt DS o

dz? dz? a

x[6(z -z, u(z,)-6(2— 2,4 u(z, )]

WHTerpupoBaHue 4eThIpeKIbl ypaBHEHHS (3) U MCIOIb30BAHUE TPAHUYHBIX YCIOBHH
(2) maer

A A+A,B+A,D=0,
A, A+A,B+A,C=0,

A31A+ AazB + A33C + Ass =0, 4)
A A+ A, =0.

PemmB cuctemy ypaBHeHwid (4), moirydnm

A= A45(A22A33 — AzsAez)
A41(A23A32 - A22A33)

B= A23A31A45 — A23A35A41 — A21A33A45 . C= A21A32A45 + A22A35A41 — A22A31A45
A41(A23A32 o AzzAsa) A41(A23A32 B A22A33)

D= A11A45(A23A32 B A22A33)+ A12 (A21A33A45 + A23A35A41 B A23A41A45)
A14A41(A23A32 - A22A33)

Au:ESM(l_ZInhO)’ Alz_GM A, =1, A21:_6m

)

E(Khl)3 Eho(’fhl)Z' - Khl)z’
e Ay =1,
1-v? - 3h + -
AZZZ—GE(hW})’ o [z(m)“ %J’ ASZ_(l 2('<h1>)
E(Khl )(ho + Khlf)

e =0 7)
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E (ih, )(h, +xh, 0)° 1-v?)| 1 ‘
A= afi—v?) <6Pl( = ){(Khl)zln(hoﬂchlz)—

% _Inh, }—ZP (1-#){( ‘. h? ,_5hy

2 ), +xhef () T Ea

3h? 3h, 3h, (-v?)[(¢c-a)
- e d) - ) In(h, + m1£)+m In ho} + 2P, { +

" 2(:1:1 ¥ [(hO ;mlg)z -~ (h, +1;<hla)2 } B (::12)4 {(h0 +1,<hlz) ~ (h, +1Kh1a)} -

_8h, ()] -3 1 [ ¢  a N
(Kh1 )4 ! (ho + Khla)} oh Ea {(Khl )2 L(ho + Khlg)z (ho + Khla)z}
N 1 I: 02 3 a’ }_ 1 y |n(ho+"h1€)}_
2(h,)| (h, +knt?  (h, +xkha) | (xh)°  (h, +xha)

_6p1(1_v2)a{ hh [ 11 }(1 L ¢

E 2("h1 )2 _(ho + Khlg)z (ho + Khla)z Khl) hy + Khlf) B

an+z +xhz hy ( L - L +
é( k k+1{(ho xh, k){z(m)zt(ho_l_mf)z (h0+Khle)2}

+(Khl)(hf+w) (ikhl) {(h +ih£) (h +:hlzk):|}u(zk)_
et

)| (hy + xh,0) h+mA

xh
Zk+1 1
+ - u(z +
(Kh)h +xkhy () {h kY (h +khz,, ) } ( k”)J>

 Elh, +xh,¢) ><<6Pl (L-v?)ar (__)_

12(1-v? E(h, +xh, )’
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2
R® 3

- 6P, (1_‘/2)2”:(2k + Zk+1){(ho +xh, 2, )(h(i__—Zk)u(Zk )_

— (h, +mzk+1)wwzm)}>; Ay =1; (6)

(hy + xhy0)’
E(xh, Xh, +xh,0) (L-v2)ar (L-v2)a?
P = 41-v?) {6 E(h, +xh,¢)’ %R E(h, +xh ()

|
(@)}
N}
T
<
N
R
N
+
N
z

) X{(ho + "h1zk)(€_—2k)3u (z,)-

(hy +xh()

—(h, +xh,z k+1)( (_Zk+l)) u(z k+l)}] —(ho t’d:li)a X

x{Gpl(l—vz)a{( 1 s aGh) }_6,31(1—_#)“

h, +xh0)’  (h, +xhe)t  (hy +xh0)

x{(h0+lﬁhlzk)‘:( 1 —3(m1)(£_zk):|u(zk)—(ho+1<hlzk+l)><

h, +xh0)’  (h, +xh )

1 3k, N - z,,,)
XLho N Y] }“&kﬂ)ﬂ.

B pabore moiy4eHbl 3aKOHOMEPHOCTH U3MEHEHHUS ITPOrnda 000JI0UKH u(z) , yIia 1o-

BOpOTa du_(z), paguanbHeIx MomeHToB M (Z), NepePE3LIBAIOIINX CHII Q(Z) B cBs3u ¢

dz
TPOMO3IIKOCTBIO WX BBIPAKEHHUI B paboTe MPHUBEIEHBI TOJIHKO BBIPAXKEHHUS MPOoruda u yria

MOBOpPOTA!

u(z):(GPl a-vh| 2 22 _In(h, +xh,z) +
E | 2ch)?(hy +xh,z)  (ich)?

3(h, +xh,2) ~ 3h, _r _
+W[In(h0+r<hlz) 1]- % ——(Inh, -1) - )} Inho}
L-v?) | 2z hy CUTI
TTaE | 26h)° 20d)(h, + i) | 2(kh,)°
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__5hy __ 3 —In(h, +xh,z) +6 i ~Inhy - i 5 (0 + t2)[In(hy + hy2) ~1]+
20, (xh,)® (1) ()”

3hZIhHH(z)+(2P(1 vi) /(22 -a?) K { T 1]

(khy)* aE |\ 2(xh)®  2(xh,)® | (h, +xhyz) (b, +xha)

3 . n(h0+r<hlz)_ 3h,
(h)®  (h +xha)  (khy)®

—(h0+Kh1a){ln(h +xha)— }} alz-a)_ 5(2 a) ., 3h(z-a)

<m1>3 2ty ) (b, +xha)’  (h, )y +whia)

{(h0 +xh,z)[In(hy + xh,z)—1]—

+%&‘a)m(h°+ma)> GP( <2 {h +xhz)  (h, +;<h a)}
—@[z In(h, +kh,z)—aln(h, +xhya)]+ (;di)“ ‘ {(h0 +,<h1z){|n(ho +1<hlz)—1}—

—(ho+m1a){ln(h0+,<hlz)_1}}+ a’(z-a) _ alz-a)

2(sh, Ny +xha) () (b, +xhia)

—(;q_i)ln(ho+mla)>+6P(l Vz)a{(h" {( L 1 la)}r

E |2(kh)] (hy +:yz) (hy +xh

. [ z  a }_ 1 (ho+Kh1Z)+ he(z—a)
(s, )* [ (hy +xhz) (hy +xhia) | (s ) (h +xhva) 2k, ) (h, +xhya)’

22 } 2p 1o VE)a {( [(h ) (e +ma)}+

+

" (h, ), +xh,a)’
2(xh )(h +Kha H (7
><H(z—a)—6(1;{‘2/2)2(z HM)[(h +Khlzk){2(ml)3:(h L - +ih1zk)}
“Hny <(th 7 Lho o J )
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1 (h, +xh,2) ,(z-2)
5 In + >
(Khl) (hO + Khlzk) Z(Khl)(ho + Khlzk)

n [ 1 1 )}}Hc—zk)u(zk)—(ho+m1zk+1>x

) 2(’8{]1)2 |:(h0 + Khlz) (hO + Khlzk

hy [ 1 1 h,(z-2.,) 1 z

V2, L0y +#hz) {0y +hze) | 20 ( + iz, L F - (e P | (g +s02)
1 0 1 0 1%k+1 1 ot 1Zk+1) (Khl) L\'0 + K,z

}_ 1 In (ho +’<h12) n Zk+1(z - Zk+1) _ Ly I 1 _
(Khl )3 (hO + Khlzkﬂ) 2("h1 )(ho + Kh12k+1 )2 2(Kh1 )2 _(hO + Khlz)

Zk+1

(hO + Khlszrl)

_;J}H(Z - zk+1)U(Zk+1)]+

(hO + Khlzk+1

+12(1—\/2){ h, . z B

E-[2(ch, ) (hy +xhz)  (ih, ) (hy +xh,2)
3 1 A45(A22%3 - A23A32) (1_V2) %
(Kh1)3 In(ho ’ KhlZ)}{ A41(A23A32 - AzzAss)} "o E(Khl)z (ho + KhlZ)
% { A23A31A45 — A23A35A41 — A21A33A45 } + Z|: A21A32A45 + A22A35A41 — A22A31A45 } +
A41(A23A32 - A22A33) A41(A23A32 - AzzAss)

+ {A11A45(A23A32 B A22A33)+ A12(A21A33A45 + A23A35A41 B A23A41A45)}
A14A41(A23A32 - A22A33)

2

du(z) a-v3| 1 z z
=6P In(h, +xh,z)— — -
& e [y T G R ) 2 i o)
1 Q—v3) [ z he 5h 3h?
———1Inh, - 2P + 0 + 0 _ o _
(Khl)s 0} = {(Khl)3 2(Khl)zl(ho +Kh12)2 Z(Kh1)4 (Kh1)4(ho +Khlz)
3h
—Wln(h0 +xhz)+

3h, @-v?)|(z-a) h 1 1
+—'”“°H”(Z)+[ZP1 = {wH(m)‘*[(homlz)z‘<ho+m1a>2 -

(kh, )
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3 {( 11 }_ 3hy - (h0+r<hz)}

() L +xhz) (o +xha) | () (o +xha)]

+EP (1—v2){ 1 { z ~ a }_ 1 z° a’ ~
COE (k) (e +xhz)  (h, +xha)| 2(xh,) (hy +xhz)  (h, +xha)

1, (h, +;anlz)}_6p1 a-via

~ (kh,F n (h, +xh,a) E

X{z(,:fl)z {(ho +ihlz)2 (h, Hlmla)Z}+ (Kflu)[(ho +j<h1z)2 -~ (h, +ihla)2 }
2R (1_VEZ)az g {2(;1){(%541;)2 (ho+1mla)zmH(za)+

2
e s s oo

Z(Khl)z L(ho + Khlz)z (ho + Kk, 2, )2

L { 1 : }}H@-zk)u(zk)—

(X, +hz)' 20sh) [ (g + 2 (b +hiz, )

—(h0+Kh12k+1>{ Do 2{ 1 —— L 2}+ : -
20, )" [ (hg +xhyz)” (0 +xhyz )" | (chy )hy +xhy2)

Ly 1 | 1 71—-17 U\ Z -
_2(m1)|:(ho+Khlz)2 '(h0+mlzk+1)z}}H( oM M)]

12 (1_V2) ho + z {A45(A22A33 - A23A32)} N
E |2, )Py +xhyz)” (i Nhy + khuz)’ | Au(AnAy = AjuA)

(1_V2) {A23A31A45 = ApsAss Ay — A21A33A45}
+6 X +
E(Khl)(ho + K’ﬂlz)2 A41(A23A32 - A22A33)

+ [ A21A32A45 + A22A35A41 - A22A31A45:| .
A41(A23A32 - Azz%e,)




Koipvikoaes B. K. u Op. Ocecummempuynslii u32ub yuiuHOpuiecko2o pe3epeyapa 25

ITonyueHHOE peleHHe pa3BUTO Ul BapHaHTa LMINHIPUYECKOIO Pe3epByapa C KecCT-
KHMM JTHOM M ITOJTHOCTBIO 3aI0JIHEHHOTO JKH/IKOCTBIO.
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HUJUHAPIIK KOUMAHBIH 6CTI CUMMETPUSLIIBIK ULTICI

Makanaoa cyiuvikmelkmap, mMvlcaivl, MYHAl, OEH3UH Hemece CYCbIMANbl MAmepuaioap, acmoik, m.o.
HCapmbwliall Hemece MoablK MONMbIPLIIZAH YUTUHOPIIK blOLICIbIY ULLYI MYPansl ecenmep KapacmulpazaH.
Jedopmayusananbatimoli ipeemacma OpHANACKAH blObIC JCIHIUKe cepinneni myuvlK wekmi KaovblKuia
mypinoe 6onicanyoaq.

Tyitin ce30ep: ocmix cummempusiivl ULy, blObIC, CHIZLIKMBIK eMec Oupgeperyuandsl meyoey.

B. ZH. KYRYKBAEVY, N. K. UTELIEVAY, B. T. SHINGISOV*, D. M. MAKSUT*

'Almati University of energy and communications, Almaty, Kazakhstan
’Nazarbayev intellectual school, Almaty, Kazakhstan

AXISYMMETRIC BENDING OF A CYLINDRICAL TANK

An article is available on the problem associated with the presence of a completely isolated or partially
liquid part, for example, oil, gasoline or in a loose way, for example, with grain. The tank, located on a
non-deformable foundation, is a thin elastic closed end shell.

Key words: axisymmetric bending, reservoir, nonlinear differential equation.



