SUCCESSIVE APPROXIMATION METHOD FOR SOLVING BOUNDARY VALUE
PROBLEMS WITH ONE-SIDED NONLINEAR BOUNDARY CONDITIONS
Baymuratova K.A.}, Erejepova SH.Q.” Baltabaeva R.B.}

Email: Baymuratova6113@scientifictext.ru

Baymuratova Klara Amangeldievna® —Assistant,

Erejepova Shiyrin Qurbanazarovna?- Assistant,
DEPARTMENT, DIFFERENTIAL EQUATIONS
Baltabaeva Rano Bekbaulievna® — Assistant,
DEPARTMENT OF APPLIED MATHEMATICS AND INFORMATICS,
KARAKALPAK STATE UNIVERSITY,

NUKU, RESPUBLIC UZBEKISTAN

Annotation. In this paper, we study the issues of justifying the applicability of the numerical-analytical method
of successive approximations [1,2] to the approximate construction of a solution to a boundary value problem
for differential equations with nonlinear boundary conditions. One of the most numerous methods for solving
boundary value problems is the numerical-analytical method of A.M. Samoilenko [1,2], which has a large
number of applications. This article explores the application of this method to solving boundary value problems
with one-sided nonlinear boundary conditions.

Key words: nonlinear, boundary condition,boundary problem,differential equation,integral equation,sequence of
functions,vector function

METO/JA HOCJIEAOBATEJIBHBIX ITPUBJINXKXEHHNUU JIJIS1 PEHIEHUS KPAEBBIX
3AJTAY C OJJHOCTOPOHHE HEJIMHEMHBIMUA T'PAHUYHBIMHA YCJIOBUSIMHA
BaiimypartoBa K.A.l , EpexenoBa HI.K.Z, BanraGaesa P.B.°

Baiimypamosa Knapa Amanzenouesna® - accucmenm,
Epeoicenosa lutipun Kyp6aua3ap06Ha2 —accucmenm,
Kkagheopul J{ugppepenyuanvhvie ypasnenue,
banmabaesa Pano Bexbaynuesna’-accucmenm, Kageopsbl NPUKIAOHAA MAMEMATNUKA U UHDOPMAMUKA,
Kapakannaxcxuii 2ocyoapcmeennulil yHugepcumen,
2. Hyxyc, Pecnybnuka Y36exucman

Annomayusn. B dannoi pabome uzyuaiomes 6onpocsl 060CHOBANHUS NPUMEHUMOCIU YUCTIEHHO -AHAIUMUYECKO20
Memooa nociedosamenvhulx npudaudicenuti [1,2] Kk npubIudicenHoMy NOCMPOeHUIO peuleHust Kpaeeou 3a0aiu
07151 OughpepenyuanvHblx ypagHenul ¢ HeTUHEUHbIMU Kpaesbimu yeaosusmy. OOHUM U3 CamMblX MHOZOUUCTEHHbIX
Memoo008 peuteHuss Kpaesblx 3a0ayu SNsemcs HucienHo-anamumuyeckut memoo A.M. Camouinenxo [1,2],
umerowull OOIbULOE KOAUYECMBO NPULOdCEHUN. B smoil cmamve ucciedyemcsi npumeHenue 3mo2o memooa OJis
peulenus Kpaeguix 3a0au ¢ 00HOCMOPOHHE HEIUHEUHbIMU SDAHUYHBIMU YCIIOGUSIMU.

Kniouesoe cnoso. Henuneiinocms, epanuunoe ycnoeue, Kpaesasi 3adaud, oupgepenyuanvhoe ypasHenue,
unmezpanbHoe ypasHenue, nocied08amelbHOCHb (YHKYULL, GeKMOPHAsL (DYHKYUSL.
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Consider the form of nonlinear boundary value problems with an interval to one end. In this problem,

before using the numerical-analytical method (1) , the differential equation was its equivalent

X(t) =%, +i f(s,x(s))ds

can be written in the form of an integral equation and using this equation(1),(2) to solve boundary value
problems

t

x(t):x0+J.f(s,x(s))ds+at @)

0



looking for an expression in the form of some Q -parameters, here

X, =(X1(O),X2 (O),...,Xn (O)),a =(0{1,Ol2,...,an). (3) and  (2) refer to the boundary value

problems ¢ select the parameter:

Al X, —f([ f(s,x(s))ds+at |=p(X,).
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« this definition in (3) put instead

X(t) =%, +.:|: f(s,x(s))ds —%:[ f(s,x(s))ds +%A‘1(p(xo)—%x0

or simplify the expression
T

=X0+‘:[ f(s,x(s))—%jf(s,x(s))ds +%[A_1¢(XO)—XO} @)

0

then we will have such kind of integral equation. This integral equation X(O) given in the definition of

parameter (1),(2) will be equal to boundary value problems. There fore, to solve this boundary value problem,
(4) we replace the solution of the integral equations.

(4) using the sequence method in the integral equation solving the error we do with the help of this
formula

;
X (1, X0 ) = % +_[ (s,%) —_Hf sx 2 (5,% ))ds ds+_|t_[A‘1gp( 0)—xo]

.m=0,1,2,3,.... %, (t) =X, ®)
This is the definition of the sequence X, ('[, Xo) solution of the error in any M and X(O) for parameter
(2) satisfies the boundary conditions. There fore our next purpose is (5) consistently defining X, (t, Xo)
function sequence f (t, X) functions defined
(t,x)e[0,T]xD, DcE,

inarea D which do not go out with most numbers and M —> 0 1q {Xm (t, Xo )} the function sequence
shows the sequencing .
Let [O,T]x D inarea f (t, X) function defined and let it be continuous function then this function

this function in this area will be non-edge and in this area V't € [O,T] and X', X" let the Lipshitz conditions
be satisfied, that’s

‘f(t,x)‘gM
‘ftx”—f(tx’)st ©)

inequalities would be appropriate, here M components consists of right numbers N measuring vector, If
K is nxn measuring matrix.
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Let its own + [ withacircle D with a circle will be the most X, € Df multitude should

not be empty multitude, that’s



D, D—%—ﬂ £0

Here [ =mMmax|A" (p(XO) o‘
XDy
Let Q = —— the eigenvalues of the matrices must be less than one in absolute approximations, that is, let
T
it be so

|/1j(Q)|<1,j£n. @)
if the above (6), (7) conditions are appropriate (1),(2) for solving boundary value error problems (5) can be
used formula , error {Xm (t, X, )} solutions in M —> 0O assembled boundary, (5) one can show the integral

solution of the equations.
For this, let for primary primacy take X ('[,XO) = Xy Hereif we from (5) divide (6)

‘xmﬂ(t,xo)—xo‘s’:[ f(5,%,(s _Tl-:[f (5.%))ds |ds|+— [A o(%) =%, | <
g(l—%ji‘ f (s,xm(s,xo))‘Jr_Il_hf (5.%0 (5,%))|ds +_|£_‘A1go(x0)— X|<

t\p .t t t . MT
<M (1—?jvgds+?‘!‘ds +?ﬂ=|\/|a1(t)+_|—_ﬂ37+ﬂ

That's why X, €D;, te [O,T] for this (5) to define the formula X ('[, Xo) functions D do not
go out of multitude, and this gives us the opportunity to solve the following error. There fore Df multitude

should not be empty multitude if this condition is met X, consider that the parameter is in this multitude from
(5) formula {Xm (t, X, )} we can get in the required quantity a sequence of solutions of the error.

Now we show the sequence of these solutions of the error. For this ‘Xmﬂ- (t, XO)— X (t, X, )‘

division for j >1 evaluating we use the value of Cauchy's self-discipline. For this (6) settling down (5)

t T
[Xa (1% ) = Xo| <K (1—%)!xm(s,xo)—xml(s,x0) ds+%!‘xm(s,xo)—xm1(s,x0)‘ds

rerl(t) = ‘Xm+1 (t7 XO)_ Xm (t’ XO)‘

Define the last take this and take it

t T
r ,()<K (1—£erm(s)ds+£jrm(s)ds ©)
T 0 Tt
we will write in this way . From (8) for M = 0
t
‘xi(t,xo)—xo‘gl\/lal(t)+?,b’

will be from (9)



r(t) < Mal(t)+%ﬂ

Will be, the next I‘2 (t) we will evaluate as below:

n(t)< K{(l—%ﬁrl(s)ds +%jr1(s)ds} <

< Kﬂl—%j;[[Mal(tH%ﬂjds+%T!(Mal(t)+%ﬂ]ds} <

<KMa, (t)+Kfa (1)

t T t T
al(t):(l—%l[dwr%!ds, az(t)=(1—%j£al(s)ds+%!al(s)ds
If we continue the process, then from (9) for M = 2, 3,
(D) <K*May(t) + K?Ba, (t)
() <KMa, (t)+ Ko, (t)

here

M (t)<K"Ma,,, (t)+K"Sa, (1)
will be, here
t t T
amﬂ—(l——j m(s)ds+—jam(s)ds
0 t
If

(1) < an (). al(t)S%al(t)

Take into consideration, then
m m-1 m

(1)<K™™ ;—mal(t)+ Kmﬂ;m_l ai(t)= Km;—m(M +,B$]51(t):

:Qm(M +ﬁ$j51(t).

r

m+1

will be like this ‘X —Xm‘ for

m+ j

‘xm”(t,xo)—xm(t,xo)‘ z‘ et (1) = X (1.%0)]| =
Zm+1 ZQ““(MM%) =Q" ZQ (M+ﬂ ] 1 (1)

Approprlate WI|| be the equation. For th|s



equation and lim Qm =0 take into consideration the bounder, then in M —>c0  we take the

m—oo

boundary{Xm (t, XO)} function sequence (t, Xo) € [O,T]X Df if there is the equal measuring
assembled sequence can be seen:

limx,, (t,%)=X (t,%,)

m-—o0

That, X, ('[,XO) each of the functions (2) the boundary conditions are satisfied, their boundary
X (t, Xo) function also satisfies this boundary condition.

Now X, (t, Xo)with function X (t, XO) and between the boundary function we will estimate the
mistake . For this from (10) j —> 00 take the boundary .

X, (t%) %, (t,xo)\sqmgqi(m +ﬂ$]51(t)=

:Qm(E—Q)_l(M +ﬁ$j51(t) (12)

And now from (5) M —> o0 take the boundary (11) take into consideration, then X* (t, X, ) function
t 17 t
X(t, % ) = %, +I f (s,x(s,xo))——j f(5.%(5,%))ds s+ —[ Ap(X,) =X, |
0 T 0 T
you can see the solution for the integral equation. But, the equation (1)

X(t) =%, +':[ f(s,%(s,%,))ds

be equal to the forces of the integral equation (1), (2) solve boundary value problems, X, parameter
T

Axoz_ll_[A1(0()(0)_)(0]—_%“(s,x(s,xo))ds (13)

0
requires choosing the transformation of the function vector to zero. That’s why X, (t, Xo) function

X*(t,XO) the  boundary X, parameter  (13) being zero  function  vector, that’s
A(%,)=0

if we choose the solution of the system of algebraic equations, then X ('[, XO) function (1) and (2) will

coincide with the exact solution of boundary value problems.
Concluding the taken results, we can give like the theorem below:

Theorem. Let f (t, X) function [O;T]X D found in this area and being continuous function and

that’s why (6), (7) conditions should be there. If X, first error (13) select the function vector by zero, then (5)

M —> o0 boundary, that is to say the function X* (t, Xo) (1), (2) will be a solution to boundary value

problems.
The error between the direct solution and the error solution is estimated by the error equation.
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