MN3BecTus KI'TY um. N.Pas3akoBa 34/2015
YK 517.968
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Llenblo  f@aHHOM CcTaTbM SIBSIETCA HAaXOXAEHWE [OCTATOUHbIX YC/IOBUIA E€AMHCTBEHHOCTU PELUEHUs] 1
MOCTPOEHWE PeryspU3MpPYIOLLIEr0 orepaTtopa Mo JlaBpeHTbeBy M.M. A1 [IMHEHBIX WHTErpasibHbIX YpPaBHEHWIA
BonbTeppa nepBoro poga Ha ocv. JIMHelHbIe MHTErpasibHble YpaBHeHUs1 BonbTeppa NepBoro poga NMpUMEHSIKOTCS B
pasnMYHbIX MPUKMaAHbIX 3afadax, B YaCTHOCTW, B 3agaqax CeicMosnorun. UTobbl BbIMOMHWTL MOCTaB/IEHHYIO LESb,
aBTOpPbl CHaYasia MoCTPOUIM Perynsapusnpyroline onepatopbl Mo JlaBpeHTbeBY M.M. [Ana pelleHVst [aHHOro
WHTErpasleHOr0 YpaBHEHMSA MEPBOr0 poga. 3aTeM J0Kasasin TEOpeMy eAMHCTBEHHOCTW. [Mpy uccregoBaHUN LaHHOM
3afayn aBToOpbl MPUMEHWM METOA, MPeAnoXeHHbIA VmaHameBbiM M. 1 AcaHoBbiM A. OCOBEHHOCTBIO 3TOrO
MeToZa SBNAETCA TO, UTO OT sApa He TpebyeTcsa rNMafKoCcTb SAApa JaHHOro MHTerpasibHoOro ypasHeHus. Kpome Toro, He
TpebyeTcs TI1aaKoCTb OT PELUEHNs [AHHOTO JIMHEMHOr0 WHTErpasibHOr0 YpaBHEHMS MepBOro poga. [MokasaH
KOHKPETHbIA MPUMeEP, WIIIOCTPUPYIOLWLMIA  pesy/ibTaTbl  AaHHOW paboTbl.  3TOT MpUMEP PeLleH Ha OCHOBE
NPeLIoKeHHOro MeToja.

KntoueBble C/i0Ba: JIHEWHbIE, VHTErpasibHble, YpaBHeHUs1 BosbTeppa, MepBOro pofa, perynspvsaumst no
JaBpeHTbeBy M.M., eIMHCTBEHHOCTb, NMPUMEP.

REGULARIZATION AND UNIQUENESS SOLUTION OF THE LINEAR
VOLTERRA INTEGRAL EQUATIONS ON THE FIRST
KIND ON THE AXIS

Asanov A., PhD (Mathematics), professor, Kyrgyzstan, 720044, c.Bishkek, KTMU, e-
mail:avyt.asanov@mail.ru
Kambarova A. D., lecturer, Kyrgyzstan, 723500, ¢.Osh, OshSU, e-mail: aysalkun.kambarova@mail.ru

The purpose of this article is to find sufficient conditions for the uniqueness of the solution and the
construction of a regularizing operator M.M. Lavrentiev for linear Volterra integral equations of the first kind on the
axis. Volterra integral equations of the first kind are used in various applications, in particular in the problems of
seismology. To complete the first objective of the authors built a regularizing operator for M.M. Lavrentiev to solve this
integral equation of the first kind. Then prove a unigueness theorem. In the study of this problem, the authors applied
the method proposed by M. Imanaliev and A. Asanov feature of this method is that the nucleus is not required
smoothness of the kernel of the integral equation. Also, do not require smoothness of solutions of linear integral
equations of the first kind. Shows a specific example illustrating the results of this work. This example is solved on the
basis of the proposed method.

Keywords: linear integral equations of Volterra, the first kind MM Lavrentiev regularization, the only
example.

PaccMOTpYM ypaBHeHVe

J K(t,s)u(s)ds = f(t), te(—e0,+ co) (1)
rie ()w () 3agaHHble yHKUMM, ()  Hen3BecTHas (PyHKUYS.

PasnnuHble BOMPOCHI 4719 MHTerpasibHbIX YpaBHEHWA BonbTeppa MepBoro 1 TPeTbero pofa MccnefoBaHbl B
pa6otax [1-6]. B uacTHoCcTW, B paboTe [4] fOKasaHbl TeOpPeMbl eAMHCTBEHHOCTM W MOCTPOEH PErynsipusvpyoLLmii
OrnepaTop /18 CUCTEM MHTerpasibHbIX ypaBHeHUIA BonbTeppa nepeoro poga Ha oTpe3ke. B gaHHOWM paboTe nocTpoeH
perynspuysvpyoLLmMin onepaTop 1 JoKasaHa Teopema eAUHCTBEHHOCTY /151 PeLLIeHNs ypaBHEHUS (1).

Hapsgy ¢ ypaBHeHvem (1) byaem paCCMan{/IBaTb ypaBHeHue

ev(t,e)+ J K(t,s)v(s,s)ds = f(t) + suo, 2)

—Q
roe Ma/TbIli MapaveTp , () () peweHue ypaBHeHUS (1).

BBeaemM 0603HaueHNsI:
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1) O6osnaunm uepe3 C(—o0, +00) mpoCTPaHCTBO BCeX (DYHKUMH U(t) —HENMPEPHIBHBIX M OrPAHHYEHHBIX
Ha (—00, +00), ||*||c — HOpMa B C(—00, +00), T.e. st moboro u(t)eC(—oo, +0)
lu@®lle = Sup )Iu(t)l-

te(—oo,00

2) Uepes L, (—0o0,400) 0603HAMM MPOCTPAHCTBO BCEX PyHKImH U (t), TAKKX, UTO

flu(t)ldt < 0,

3) Oo6o3nauum uepe3 Cy(—o0,+00) —nmpocTpancTBo Beex (ynkuuii u(t)eC(—oo, +00), Takux, YTO
lim,_,_o, u(t), = uyeR.

lu@®llc = Sup )Iu(t)l-

te(—co,00
4) UepeslL, ;,.(—,+0)00603HauMM TPOCTPAHCTBO BCeX (yHkmmit u(t), Takux, 4ro [1d1 moOOro
Te(—o0,+00)
T

flu(t)ldt < o0,

—C0
5) O6osHaumm uepe3 CY(—o0,+),0 <y < 1, npoctpancTso Beex (ymkumii u(t)eCy(—oo, +0), Takux,
YTO A JHOOBIX &y, t,€(—00, +c0)
ts 4
[ue) — u(e)| < Mo | [ Ks.5)ds|
121
[AC MOJOKHTCIbHAS MOCTOSHHAS M, HE 3aBHCHT OT {y,t,, HO 3aBHUCHT TOIbkO OT U(t), K(t,t)e Ly;,.(—0,+0) u
K(t, t) = 0 mpu Bcex t € (—0o0,400),
TpeamnoI0KUM BBINOIHEHHE CIEAY FOIIUX YCIOBHIA:
a) K(t t)>0 mpu Beex t € (—o0, +00)
t

f 1K (&, 5)|dseC (=00, +00), K (¢, €)€Ly jor (—00; +00).
b) Jud moOBIX ty, tZE_EO—OO; +00), .
2
|K(ty,s) —K(t,,5)]| <1(s) f K(s,s)ds|,
rae 0< [ (t)mpu Beex t € (—o0, +0), I(t)eL, (—o0; +00). .
Permenne ypasHeHus (2) OyaeM UCKaTh B BUIC

v(t,e) = ult) + &(¢, &) 3)
IMoacrasmas (3) B (2), umeeM &(t, &) = —if_too K(s,s) é(s,e)ds — if_too[l((t, s) — K(s,s)]&(s, )ds + [ug —
u(t)].

1.t
Orcroma, HCnomb3ys pe3oibeenty R(t, s, &) = — % K(s,5)e s KEOU grpa [— %K (s, s)], UMeeM
t

E(te) = —% f[K(t, 5) — K(s,5)]é(s,e)ds + [ug —u(t)] +

—Q0

t T
1 1
+ _I-EK(T' T)e_%frt’“”)dr - f[K(T, s) — K(s,5))é(s,e)dsdt —
—o0 . . —c0
1 .t
e f K (@, 1)e ek KO0 [y —u(0)]dr. )

[Mpumensa Gopmyny Jupuxie, ypapHeHue (4) 3amuImeM B BUIC
t

E(te) = f H(t,s,)E(s, €)ds + @ (t, &), te(—o0, +00), )

rac

H(t,s, &) = —%[K(t,s) —K(s,s)] +
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t
1 1.
+ g_Zf K(r,0)e sl K009 [k (7 5) — K (s, 5)] dr, (t,9)eG, 6)

t

(L, &) = uy — u(t) —% fK(T, T)e_%thK(”)dT [u, — u(r)ldz. )

G={(t,5):-00<s<t<+o0}, te(—00, +00).
Teopema. TIycTs BRIMOHAOTCA yenoBus a), 6) u u(t)eCl (—oo, +00), rae u(t) — pemenne ypasnenus (1).
Torma penrcuue Vv (t, £) ypasuenus (2) pu € — 0 ctpemurcs k permenuto 1 (t)ypasuenus (1). TIpu 3ToM cripaseiBa
OLICHKA
lv(t, &) —u®)llc < M,e?, ®
e M, = M, exp{f_oooo I(s)ds}, Vi, t,e(—00; +00),

Y s}
lu(t;) —ulty)| < M, |f:12K(S, S)ds| M=Sup(e V' +[" e VW dv.
v=0
JokazarebCcTBO. YUUTHIBAs (POPMYJIBI
t

lf Kz, 7)e sk KEDdTgy — 1 _ g5l Kz
&€

s
t

: fK(T, De Tk KGO gr = 1 _ g5 oKD
&€

—00

u3 (6) u (7) noay4unm
1 1L
H(t,s,€) = —= [K(t,s) — K(s,s)]e ek K®DdT_
1 ‘ L'k od
-5 f K(r, e #5091 5) — K (z,5)]dT, )
1.t 1.t
9(t,€) = ~[u() = uole ==XV — = ['_K (@, 0)e T KO u(e) — u(m)] dr (10)
YuutsBag ycaosue 0), u3 (9) mmeeM
t t t

1 1t 1 1L 1
[H(,s,e)| < l@)[gf K(z,7)dr]e &l KT +EfK(T, T)e sl KT l(s)[gf K(r,T)dr]dT

s
t

1 —lftK(TT)dT t 1t —iftK(TT)dT
= l(s)[;fl((‘r,‘r)d‘r]e gls TIOEEE 4 l(s)f[;f K(t,r)dt]d [e ex """

s

OTCroa, MHTCTPHUPY A TO YACTAM, TOJTYIHM
1.t 1.t
|H(E,s,0)| < 1(s) [ e & DUk (1, 1)dr= 1(s) [1 — e72h Km0,
W3 nocaeIHET0 HEPABEHCTBA UMEEM
|H(t,s,&)| <1(s),(t,5)eG = {(t,5): —0 < s < t < +00}. (11)

B cuny u(t)eCl (—oo, +00), u3 (10) nmeem
t Y
1

t
l(p(t' 8)' S MO J-K(‘[’ ‘[)d‘[ Ve_gf_ooK(T,T)dT

— 00

t t Y
1 1t
+ M, f;K(T,T)e_EfTK(T’T)dT fK(T,T)dT dr
o :
t 1Y

1 1L
= Moe” |- fK(T,T)dT e el KzD)dT

—00

t T ¢t 14 t
1.t 1 1
— MyeY fe_Efr K(zDdr EfK(T,T)dT dT[EfK(T,T)dT] <
—0 T T

< M0<€7_’{Sw)(e_"\ﬂ’)JrfOoo e "Wdv}.
vz0

186 HPHKIIATHAA MATEMATHKA H MEXAHHKA



HMi3secrust KI'TY num. U.Pa3zaxosa 34/2015

OTcroaa nonyyum
le(t, Ollc = MM, Y. (12)

YunreiBad (11) u (12), u3 (5) noayuum
t

1€t &) < f [(s)|¢(s,e)|ds + MyM, €Y, te(—oo,+00). (13)
IMpumensas popmymny I'poryosna-bemviana, u3 (13) umeem (8). Teopema mokazaHa.
Caencreue. [TyCTh BBIMOIHAIOTCS yCIOBHS a), 0) 1 K (¢t,¢) > 0 mourH npu Beex te(—oo, +00). Toraa pemenue
ypaBHeHus (1) EIMHCTBEHHO B MPOCTPaHCTBEC,, (—00, +00).
Jlokasareaberso. Ilycte u(t) € CY(—0,+0) sBusercn pemenmem ypasmenms (1) mpum f(¢) =0,
te(—oo, +00). B 3TOM Clly¥ae CHAYANA B CHJIy YCIOBHIA a), 6) mokassmaem, uro lim,_,_, u(t) = 0. B camom meme

t

f Kt Su(s)ds =0,  te(—o,+0),

—Q0

Otcroma umeeM
J5_K(s,s)u(s)ds = — [*_[K(¢,5) — K(s,5)lu(s)ds, te(—oo,+00). (14)

B cuny ycnoswmit a)ub),u3 (14) meem
Iut*)lf_tooK(s, s)ds = |f_too K(s,s)u(s)ds| < f_too l(s)[fstl((‘r, )dr]ds ||u(®)|lc,
rjge —oo < t* <t < oo,
W3 mocne1HETO HEPABEHCTBA MOy IUM
(eI lu@lle [, 1(s)ds, — 0 < t* < t < +00
OTCr07a BBITCKACT, UTO
lim,_,_,|u(t*)| = 0.
Janee B cuiny oucHkH (8) nokasemaercs u(t)=0 mpu Beex te(—oo, +00),
Mpumep. PaccmMoTpuM ypaBHEHHS (1) u (2) npu
_ sl t
K(ts)= 1+s2 [1+52 fs (1+52)2
B 3TOM Clly4ae yCIoBHS TCOPEMBbI BBIMOTHSIFOTCS npn
K(s:9)=; 2)2. I(s) = —,se(—, +).
B camom gee, B cuny (15) s m061>1x t; t,e(—o0, +00) HMeeM

K(t,s) — K(t,5) =

ds] (t,s) €G. (15)

t; sl
1+s2 ftz (1+52)2 ds,
Orcrona
t
[K(ty,5) — K(t,5)] < U(s) |ft12 K(s,s) ds|.

TosroMy yTBCpKICHHS TCOPEMBI CripaBe B! 114 ypasaeHu (1) u (2), korma K(t,s) ompenemstercs o (opmyiie (15).

BoiBoabL TT0Ty4YeHHBIN PE3yabTAT ABIACTCA BAKHBIM BKIAAOM B TCOPHIO HHTETPAJIBHBIX YPABHCHHN H MOYKET
OBITH MPUMEHCH 1711 NPUOIMKCHHOTO PEHICHHS PA3IMYHbIX MPUKIATHBIX 337144, B YJACTHOCTH 33a4 CCHCMOIIOTHH.
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YOK 539.10

MATEMATUYECKOE OMVNCAHME KOH®UIYPALIV YMPYTOW MNAACTVHbI MPU U3MEHEHUN
EE HAMPAXXEHHO-JE®OPMIPOBAHHOIO COCTOAHNA

[JyweHanves T.B., AckapbekoB P.H., NickeHgep Kosy6ali, Kbiprbi3cKnii rocyAapCTBEHHbIN TEXHUYECKMIA
yHuBepcuTeT UM. W.Pa33akoBa, 720044, r.bulikek, np. Mupa 66, e-mail: duishenaliev@mail.ru

B cTaTbe NpMBOAMTCS NMPUMeEP pacyeTa MPsIMOYrofibHOM NAacTUHbI. Ha OCHOBE HETPaAMLMOHHOIO pELLeHUs
KpaeBoli 3aaaun TeopUM yrpyrocTy Npov3BefeH aHann3 HanpsiXKeHHO-Ae)OPMUPOBAHHOTO COCTOSIHWS MIACTUHBI MpK
3HAUNTENbHBIX AeOpPMaLMsAX 1 NEPEMELLEHUSIX.

KntoueBble cnoBa: TeH3op Koww, TeH30p BpalleHWs, MepemelleHve, AeiOpPMUPOBAHHOE COCTOSIHUE,
KpyYeHve.

MATHEMATICAL DESCRIPTION OF THE ELASTIC PLATES CONFIGURATION AT
CHANGE STRESS-STRAIN STATE

Duishenaliev T.B., Askarbekov R.N., Iskender Kozubai, Kyrgyz State Technical University named after I.
Razzakov, Bishkek, Kyrgyz Republic, e-mail: duishenaliev@mail.ru

In this article provides an example of calculating a rectangular plate. On the basis of non-traditional solutions
of the boundary value problem of elasticity theory analyzed the stress-strain state of the plate with large deformations
and displacements.

Keywords: Cauchy tensor, the tensor of rotation, displacement, strain state, torsion.

B pa6ote [1] npuBefeHa MNOCTaHOBKA CTaTUYECKOM KPaeBOW 3afayn B MEPEMELLEHVSIX W HanpPsHKEHUSIX.
YCTaHOBNEH MOPSAOK COCTaBNEHUS YPaBHEHWIA pPaBHOBECMS B HAMPSXKEHMSAX, MEPEMELLEHUSX, TPaHUYHbIE YCOBUS,
YCNOBMA COBMECTHOCTVM AedhopMaunii B KOMMOHeHTax fJedopmaunii M HanpskeHwid. [MpeanoxeH HOBbIN
HETPaAULMOHHBIA MOAXOS K PELUeHWIO CTaTUYeCKOW KpaeBoi 3afjaun. onyyeHO ee aHanuTUYeckoe pelueHue. Ha
OCHOBE 3TOr0 PeLUeHNsi MOXHO YCTaHOBWUTb HanpsKeHHO-Ae(hOPMMPOBAHHOE COCTOSIHUE MHOTUX KOHCTPYKUMIA 1
3/1EMEHTOB.

O6paTtMcs K KOHKPEeTHOI 3afjade 0 paBHOBECUM MPSMOYTObHON NMacTuHbL. B Hell aeknapupyeTcs, 4To Teno

HaxXO0AMTCA a paBHOBECUM B 06/1aCTW V, 334aHHO BblpaKeHWAMU - b/2<xi<b/2, 0<x.<£ , -h/2<xs<h/2 (puc.1).

YKaxKeM BHeLLUHWe CUAbl pi Ha MOBepXHOCTU S,

Ha rpaHsx, rae xj=+ b/2, 0<xe< £, -h/2<x3<h/2 : p:1(b/2, X2, x3) =0, pi(-b/2, X2, xs) = 0. Ha rpaHsx, rae -b/2
<Xi<hb/2, 0< xo< £, X3 =+h/2 : pj(xbxz, h/2)=0, pj(xbxz, -h/2)=0.

Ha neBoii TopueBoii rpanu, rae -b/2<xj<b/2 , x2=0, - h/2<xs<h/2: pj(xb0,x3)=-512 CX.

Ha npaBoii TopueBoii rpaHu, rae -b/2<xj<b/2, x.= £ , -h/2<xs<h/2: pi(x1, £ ,X3)=Si2CXs.

M3rubaroLLyie MOMEHTbI Ha IEBOM W MPaBOM TOPLIEBbIX FPaHAX COOTBETCTBEHHO PaBHbI:

b/2 hi2 b/2 hi2
m =- J Jcx2x1ldx2= -cbh3/12, m2=J Jcx2dx1ldx2= cbh3/12
-b/2 -h/2 -b/2-h/2
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