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A nonlocal problem for loaded
partial differential equations of fourth order

A nonlocal problem for the fourth order system of loaded partial differential equations is considered.
The questions of a existence unique solution of the considered problem and ways of its construction are
investigated. The nonlocal problem for the loaded partial differential equation of fourth order is reduced
to a nonlocal problem for a system of loaded hyperbolic equations of second order with integral conditions
by introducing new functions. As a result of solving nonlocal problem with integral conditions is applied a
method of introduction functional parameters. The algorithms of finding the approximate solution to the
nonlocal problem with integral conditions for the system of loaded hyperbolic equations are proposed and
their convergence is proved. The conditions of the unique solvability of the nonlocal problem for the loaded
hyperbolic equations are obtained in the terms of initial data. The results also formulated relative to the
original problem.
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Introduction

Many problems of dynamics and kinetics of gas sorption, processes of drying by air stream, movement
of adsorbed-mixtures and others lead to the study of nonlocal problems for the systems of hyperbolic
equations'with loading [1-10] and also for nonlocal problems with integral conditions for equations of hyperbolic
type [11-16]. In order to solve these problems, the theoretical methods of ordinary differential equations, loaded
differential equations, numerical-analytical method are applied, and new approaches and methods are developed
as well. Conditions for solvability are received and ways for finding the approximate solutions are offered.
Mathematical modeling of various processes in physics, chemistry, biology, technology, ecology, economics and
others are leaded to nonlocal problems for the higher order loaded differential equations with variable coefficients
and parameters. Despite the presence of numerous works, general statements of nonlocal problems for the
higher order loaded partial differential equations remain poorly studied up to now. Therefore, the problems
of solvability of nonlocal problems for the fourth order partial differential equations with and without loading
remain important for applications [17-21].

The Goal of this paper is to study boundary value problems with data on the characteristics for the fourth
order system of hyperbolic equations with loading and to establish coefficient criteria for unique solubility and
to construct algorithms for finding their approximate solutions. Therefore, in the present paper we study of a
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questions the existence and uniqueness of classical solutions to nonlocal problem for the fourth order system of
loaded partial differential equations and the methods of finding its approximate solutions. For these purposes,
we are applied method of introduction a new functions [22, 23] for solve of this problem.

We consider on the domain © = [0, 7] x [0,w] a nonlocal problem for the fourth order system of the loaded
partial differential equations with two independent variables

Ot 3 94—y, iy,
030t Z{Ai(tax)w + Bi(t, x) 8x3—i8t} + C(t, z)u+

3 m 4—3 4—1i
+ 3 Y {Kintt ) ) ult, ””)+Li,k(t,x)mm . +ZMlktx) (th,x) +4(t,x), (1)

Qrt—t Ox3—tot
i=1 k=1 k=1
P00 | T _ ), ae @)
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Here u(t,z) = col(uy(t,x), ua(t, x), ..., un(t, x)) is unknown function; the n x n matrices A;(¢,z), B;(t,x),
C(t,x), K;r(t,x), L (t,x), M; 1(t,z), i = 1,3, k = 1,m, and n vector function f(t,z) are continuous on (2;
0<t; <ty <..<tym<T;then xn matrices P(z), S(z), and n vector funetion ¢(z) are continuous on [0, w];
the n vector-functions 1o (t), 11 (t) and ¢ () are continuously differentiable on [0, T'].

Let C(£2, R"™) be the space of continuous vector functions w.: £ - R™ on 2 with norm

fullo = na [uft.)]|

)

i+
% ceC(Q,R"), i=1,3, j=0,1,is
called a classical solution to problem (1)—(3) if it satisfies to system of loaded equations (1) for all (¢t,z) € Q2
and meets the conditions (2) and (3).

We will investigate the existence of a unique solution to the nonlocal problem for the fourth order loaded
partial differential equation (1)—(3). We use method of introduction a new functions for solve of the problem
(1)—(3) and construct of its approximate solutions. The nonlocal problem for the fourth order system of loaded
partial differential equations is reduced to‘a nomnlocal problem for a system of loaded hyperbolic equations of
second order with integral conditions by introducing new functions. An algorithms of finding the approximate
solution to the equivalent nonlocal problem with integral conditions are constructed and their convergence is
proved. The conditions of the unique solvability of the nonlocal problem for the system of loaded hyperbolic
equations with integral conditions are established in the terms of initial data. The results also formulated relative
to the original of the nonlocal problem for the fourth order system of loaded partial differential equations.

A function u(t, z) € C(Q, R™), having partial derivatives

1 Scheme of the method

O?u(t, x) ou(t, )

Introduce a new unknown functions w(t,z) = B o(t,z) = 3
x T

Taking into aceount of first and second conditions in (3), we have

T x 13
olte) = (1) + /0 w(t, dE,  ult,z) = o(t) + Y1 (D + /0 /O wit, €1)dé de.

Then problem (1)—(3) is reduced to a following problem

2
gwgut =Ait, x)g—i) + Bl(t,x)% + As(t, x)w+
3 Ow(ty, x) dw(t,z)
—|—Z{K1 k(t,x) O +L1,k(t,x)T s +K2,k(t,x)w(tk,g:)} ¥ F(t ) + gt 2, 0,0), )
=1 f=ty
P(m)M + S(@M = o(z), )

or Ox
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w(ta 0) = ¢2(t)7 te [07T]7 (6)
xT T 5
o(t,2) = (1) + /0 Wt E)d,  ult,x) = bolt) + 1 (O + /0 /0 wlt,€)dé dE, (7)
where 5 9
gt z,v,u) = As(t, 2)v(t, z) + Balt, x)a—: + Bal(t, x)aiz + Ot z)ut
3 {Kaalt: o) + Laats 008 Lot P00 et mutin ) ).

From (7) it follows

o(t. x . T 9w w(t. T . . ¢ ré w 1
ou(t, ):wl(t)+/(J 0 (t,f)d& Du(t, ):wo(t)+¢1(t)x+/0 /o %d&d@ (8)

ot ot ot
A triple functions (w(t, x),v(t, x), u(t, z)), where w(t, z) € C(Q, R"), 3w8(t,x) e C(Q,R"), 8w((91;, 2) e C(,R"),
T
2
% e CQ.R), andv(t,z) € CRY), 240D ¢ oo rm), u(t, o) c@, #2008 ¢ oo, rn),

is called a solution to problem (4)—(7), if it satisfies the system of loadeddhyperbolic equations second order (4)
for all (t,z) € €, the boundary conditions (5), (6), and integral relations (7).

The problem (4)—(6) at fixed v(¢, x), u(t, ), is a nonlocal problem for system of loaded hyperbolic equations
of second order with respect to w(¢,z) on Q. The integral relations (7) allow us to determine the unknown
functions v(t, ) and u(t, x).

ovu(t, x) and Ou(t, x)

for all Q.
5t n 5t or all (t,x) €

From (8) we define the partial derivatives

The problem (4)—(6) can be interpreted:

e as a nonlocal problem for the system of loaded hyperbolic equations of second order with distributed
parameters v(t, z) and u(t, z);

e as an inverse problem for the system of loaded hyperbolic equations of second order, where the unknown
functions v(t, x), u(t, ) determine from integral relations(7);

e as a control problem for the system of loaded hyperbolic equations of second order, where the control
functions v(t, x), u(t, z) satisfy integral constrains (7).

Since the function w(t,z) and the functions v(t,z), u(t,x) are unknown together to find a solution to
problem (4)—(7) we use an iterative method.

2 Algorithm for finding of solution to problem (4)—(7)
A triple functions (w*(t,z),v*(t,x),u*(¢t,2)) we determine as a limit of sequences of triple functions
(w®P (t,z), v (t,z), u® (t,2)) and p = 0,1,2, ..., by the following algorithm:

Step - 0. 1) Loy, vlta) =01 (8). u(t.a) = vo(®) + va(r, 00T — 4 o), = do(t) + da(t)a in
right-hand side.of system (4). Then from nonlocal problem for the system of loaded hyperbolic equations (4)—(6)
ow O (t,z) owO(t,z) *w O (t, z)

T 5T

ou(t, x)

we find wO(#z) for all (t,2) € Q. Also we find its partial derivatives

for-all (¢, )€ Q;
2) From inteégral relations (7) we determine v(%) (¢, z) and u(%) (¢, x):

u<0>(t,x):¢1(t)+/0m Ot €)de, uO (L, 3) = o(t) + v (t x+// V(L €)dede, () € Q.

v (t, x) d ouO (t,z)

Then from (8) we find 5 an ot
O (t,z) . T 0w (t, €) ouO (t, x) € guw® t §1
o =+ [P a 2D g s+ [ [P e,
And so on.
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ov(t,z) v V(t,z)

Step - p. 1) Suppose that  v(t,z) = v®=V(t,z), wu(t,z) = uP D (t,2), pra 5 and
t (p=1) (¢
8uf9t, 2) == Mait(,x) in right-hand side of system (4). Then from nonlocal problem for the system of
: : . . .. owWP(t,x)
hyperbolic equations (4)—(6) we find w®) (¢, z) for all (t,x) € Q. Also we find its partial derivatives o
x

ow® (t, ) *w®)(t, )
5t and peen for all (t,x) € Q.

2) From integral relations (7) we determine v(®) (¢, 2) and u() (¢, z):

0P (t, ) = o (8) + /xw(”)(t,ﬁ)d& WP (t,2) = o(t) + br(t)a + / / Pt e)derde, £ (tx) €,
0

@ (t, ) q ouP)(t, )

Then from (8) we find 5 an 5

P (t,x) T owP(t,€) ouP)(t, z) ¢ uw® tfl
S =+ [ 2D g b+ [ RS g

p=12 ..
8 Nonlocal problem for system of loaded hyperbolic equations

We also consider an auxiliary nonlocal problem for system of loaded hyperbolic equations second order

0w ow ow
pyen = A (¢, x)a—x + Bl(tﬁ)a + As(t, x)w+
+Z{K1 ‘ &”S’“’ ) 4 Lot ) 8’“’;’ R Kot oty @) | + (L), (9)
P(m)w n S(x)%j;—x) —o(z), zE0w) (10)
w(ta O) = 7/}2(”7 te [OaT] (11)

Here the functions F'(t,z) € C(£2,R™).
Let tO = 0, tm+1 =T.
. . m—+1
By lines of loading t = #;, k = 1,m, we divide of domain Q = |J Q,, where Q, = [t,_1,%,] X [0,w],
r=1
r =1,m + 1. By w,(t, z):denote the restriction of function w(t, z) to the subdomain €, such that w, : Q, — R"
and wy(t,z) = w(t, z) for all (¢,z) € Q, and r=1,m + 1.
Further, by As(z) denote the value of w,(¢,z) under t = ¢,._1, 7 = 1,m+ 1. We replace w,(t,z) by
87:67‘ (tr—la .13)

Wy (t, ) + A\r(z) in each domain ,., r = 1,m + 1. This implies @, (t,—1,2) = 0, and e = 0, for all
z € [0,w] andr= Lym + 1.
Then theproblem (9)—(11) is equivalent to the problem with unknown functions A, (z):
0w, oW, ‘ oW,
Ervi Aq(t,x) B (t,z)\-(z) + Bi(t, x)ﬁ + Ao (t, x)w, + As(t, z) N\ (z)+
—l—i{Kl k(t,.’L‘)).\kJA( )-‘rKg k(t T )\k+1 }+iL1k M +F<t,$€), (12)
= ’ — ot t=t),
Wy (tr—1,2) =0, z € [0,w], r=1,m+1, (13)
wr(t70>:w2(t)_w2(tr—l)7 te [tr 17 ]7 T:1,m+1, (14)
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Pah(e) + 8@ hnnls HS(”%WH@W z € [0,w], (15)
W + As(x) = Aopa(2), z € [0,w], s=1,m. (16)

Here relations (16) are conditions of continuity at interior lines t = t5, s = 1,m of desired function w(t, ).

The problems (9)—(11) and (12)—(16) are equivalent in the following sense. If the function w(t,z)
is a classical solution to (9)—(11), then system of pairs (A.(z),w,(¢,x)), where A.(x) = w(t,—1,2z) and
Wy (t,z) = w(t,z) —w(tr_1,x), and (t,z) € Q,, and r = 1, m + 1 is a solution to problem (12)—(16). Conversely,
if the system of pairs (A (x), w} (¢, x)), (t,x) € ,, and r = 1,m + 1, is a solution to (12)—(16), then the:function
w*(t,x) defined by the equalities

w*(t,x) = Xi(x) + wi(t,z) forall (t,z)eQ,., and r=1,m+1,

is a classical solution to problem (9)—(11).

From compatibility condition at (0,0) we obtain:

Ar(0) = a(tr—1), r=1,m+ 1L (17)

At fixed A, problem (12)—(14) is Goursat problem for system of loaded hyperbolic'equations of second order on

2, with respect to wy(t,x), r=1,m+ 1.
Let V (t 3'}) awT(t z) W ( ) 3@5@,%)
T
Goursat problem (12) (14) is equivalent to the system of three integral equations on Q,. at fixed \,.(z)

Vi (t, z) :/ {Al(T )V (7, 2) + Bi(7, 2)Wo(1, @) + Ao (rex) Wy (32) + ZLl 1 (7, 2) Wi (b, )+
tr—1 k=1

FF(r,x) + Ay (@) A (@) + Ao (T, 2) A (2) + Z{m 1 (7, ) X1 (2) + Ko p(7, x))\kﬂ(x)}}dﬂ (18)
=1

=

Wo(t,x) = va(t) + /Ox{Al(t OVi(t, &) + BoEEWAEE) + As(t, ) (1,) + > L k(t, ) Wiy (t, )+

k=1

F(t,€) + A1(t, )N (&) + Aslt, §N(€) +

NE

(K100 ©) + Kast MO} pas. (19

k=1
t —
B0 t8) = 02(0) — valtr) + [ Wiria)ar (20)
tr—1
Substituting ‘7;«(’7', x) = % in the right-hand side (18) and repeating the process v times, and v € N, we

obtain
Vo(t,2) = Dyt D) A () + Y Dyt 2) A1 (2) + B (8, 2) A (@) + Y By (£, 2) Mgt () +
k=1 k=1

+Gu,r(t7 x, ‘7;’) + Hum(ta z, Wr, ﬁ'r) + Fu,r(t7 .T), (21)
where

t t T1
Dyvr(t,:c) :/ Al(T,x)dT-F/ Al(ﬁ,x)/ Al(TQ,m)dTQdTl + ...+

tr—1 tr—1 tr—1
t T1 Ty—1
+ Al(Tl,l') Al(TQ,{E).../ Al(TlM‘T)dTydTl,,l...dngTh
t7~71 trfl t'r—l
. t t T
Dl,’»,"k(t,x) = Kl’k(T,,T)dT-i- Al(T,QT) Kl’k(Tl,{E)dTldT—‘r
tr—1 tr—1 tr—1

t T -
+/ A1(7-7x)/ Al(Tl,w)/ K1 (12, x)drodmdr + ..+
tr—1 tr_1 t

r— L —
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t Tv

Ty—1
+ Al(Tl,if).../ Al(Tl,,.’E) Klvk(T,H,l,$)dTU+1dTy...dT1,

tr—1 tr—1 tr—1

t T T1
E,.(t,x) :/ AQ(T,:c)dT—i—/ Al(T,(E)/ Ao (1, z)dmdT+

tr—1 tr—1 tr—1

t r -
+/ Al(ﬂx)/ Al(ﬁ,x)/ Ao (1o, x)drodrdr + ..+

tr—1 tr—1 tr—1

t Ty—1 Tv
+/ Al(ﬁ,x).../ Al(Ty,z)/ Ao (Tyg1, x)dryp1dTy ... dT,

tr—1 tr—1 tr—1

t t T
Eu,r,k(tax) :/ K27k(7',1‘)d7'+/ Al(T,Ji)/ K27k-(7'1,1‘)d7'1d7'+
tr—1 tr—1 tr—1
t T 1
+/ Al(Tvﬂﬁ)/ A1(T1,x)/ K (T2, x)drodmdr + ..+
tr_1 tr—1 tr_1

t Ty—1 Ty
—l—/ Al(Tl,x).../ Al(Ty,l‘)/ Ko 1 (Ty41, 2)dTyy1dmy,. ddm,
tr—1

tr—1 tr—1

t Tv—1 ~
Gy (t,z, V) :/ Al(ﬁ,m).../ A1 (1, 2) Vo (1, 2)dy .. dTodT
t

br—1 tr—1

t m
Hy o (t, 2, W, @) = / [31(7, D)W, (r,2) + As(1,0), (oy2) o+ Do L7, @) Wi (b, x)} dr+

tr—1 k=1

t T1 . m __
+/ Al(lex)/ [31(7'2,36)Wr(7'2, x) + As(mo,x)we(re, ) + ZLLk(Tg,x)WkH(tk, .T)]dngTl—F
tr—1

tr—1 k=1

t Ty—2 Ty —1 .
+...+/ Al(ﬁ,x).../ Al(ﬂ,_l,x)/ [Bl(Tu,:c)WT(T,,,x)+A2(Ty,x)zﬂr(n,x)+

tr—1 tr—1 tr—1

+ Z L1 p(1y, x)WkH (tk, x)} dr,dr,_1...dT,
k=1

t t T
F,.(t,z) = / F(r,z)dr +/ Aq (Tl,x)/ F (1o, z)dradry + ...+
tr—1 tr—1

tr—1

tr—1 tr_1

t Ty—2 Ty—1
+/ A1(7'1733)~-~/ A1(Tu—1,x)/ F(r,,z)dr,dr,_1...dT1,
tr—1

(t,r) €Q,, r=1Tm+1y veN, k=1m.

From (21) we find Vi(t,,z) = W for all x € [0,w], and r = 1, m + 1. Then, substituting their into (15)
and (16), and'multiplying both sides (15) by Ay, = tm41 — tm, we obtain the system of differential equations
with respect to functions A.(z), and r =1, m + 1:

hn P(2)A1(2) + hin S () Y Dy (8 ) Mg () +
k=1

+hms(33)[l+ Du,m+1(tm+17x)])‘m+l($) =

= —th(l') |:Eu,m+1(tm+17 :E))\erl(x) + Z Eu,m+1,k(tm+1; $))\k+1(l’) -

k=1
_hms(x)Gu,m+1(tm+1; z, varl) - hms(m)Hu,m+1(tm+1; z, Werlv {Dm+1)_
*th(I)Fv7m+1(tm+lv 93) + hm‘P@)» T € [va]v (22)

Cepust «Maremarukas. Ne 1(97)/2020 11



A.T. Assanova, A.E. Imanchiyev, Z.M. Kadirbayeva

I+ Dy (ts, 2)]A Z Kt ) Aei1(2) = Acp1(2) = =By o(te, 2)As (@) = > Bus it @) Mg () —
k=1 k=1

_Gv,s(tsax; VG) - Hu,s(t37I7AW/Saﬂ;s) - Fu,s(t87x)a s = 1ama S [0,(.4)]. (23)

We denote by Q, (z) and E, (z) the n(m -+ 1) x n(m + 1) matrices composed of the coefficients A,.(x) and \,.(z)
n (22), (23), respectively, r = 1,m + 1.
So, we can rewrite the equations (12) and (13) in the compact form

Ql,(l‘))\(l‘) = —El,(l‘))\(l‘) - Fu(l‘) - Gu(x7 ‘7) - Hu(mv W’ @), (24)

where F,(2) = (hnS(2) Fymi1 (b 1,2) = hin@(2), Fy i (b1,2), ooy Fyon (b, 7))
GV(JT,V) = (th(x) |:Gl/,m+1(tm+1axaVm+1)7GV71(t17$aVv1)7--~7Gu,7n(tm7x7‘/7n))lv

HV(:I"7 Wa {D) = (th(I)Hu,m+l(tm+17 xZ, Wm+17 {Em+1)7 Hu,l(tlv €, Wla wl)a ) Hl/,m(tma Z, Wm; {Em)),

System (24) with conditions (17) given us Cauchy problem for ordinary differential equations with respect
to Ap(x), r=1,m+ 1.

If we know @, (t,z) and its partial derivatives V,.(t, z), Wr(t,x), then from Cauchy problem (24), (17) w.
find A\, (z) and A.(z) for all z € [0,w], where r = T,m + 1. Conversely, if we know/\,(z) and its derlvatlve
Ar(z), then from Goursat problem (12)-(14) we can find @, (¢, ) and its partial derivatives V,.(t, ), W, (t,x)
for all (t,z) € Q,, r = 1,m + 1. For solve Goursat problem (12)—(14) we use equivalent system of three integral
equations (18)—(20).

Since the w, (t, ) and A, (x) are unknown to find a solution to problem (12)—(16) we use the iterative method:
1) At fixed w,(t,z) from the Cauchy problem (24), (17) we find the introducing parameters A,(z) and their
derivative \.(z) for all z € [0,w], r = T,m + 1; 2) At fixed \,(z) from the Goursat problem (12)-(14) we find
the unknown functions @, (t,z) and their partial derivatives Vu(#, ), Wr(t, x) for all (t,z) € Qp, r=1,m+ 1.

Let h= max (t; —ti—1), alz)= max [|A1(t, z)||, 0. Be(z) = max ||K1 k(¢ 2)|], k=1,m.
i=1,m+1 t€[0,T] t€[0,T]

The following assertion given us a sufficient conditions of unique solvability to problem (12)—(16) and a
convergence this iterative process.

Theorem 1. Let for some v, v € N the (n(m1) Xmn(m + 1)) matriz Q,(x) is invertible for all x € [0, w]
and the following conditions are valid:

1) [Qu(2)] 7| < v (x), where v, (x) is positive and contmuous on [ w] function;
2) QV(iU) = 'VV(IL') : {ea(w)h — Z m(;j# |: a(x)h _ Z [O‘(ﬂh]J]h Z ﬁk( )} <x <1,
j=0

where x - const.

Then problem with parameters (12)-(16) has unique solution.

Theorem 2. Let for some v, v.€ N the (n(m+ 1) X n(m + 1)) matriz Q,(x) is invertible for all x € [0, w]
and conditions 1)-2) of Theorem 1 are fulfilled.

Then nonlocal problem for system of loaded hyperbolic equations of the second order (9)-(11) has unique
classical solution.

The proofs of Theorem 1 and 2 are similar of proof Theorem 1 in [22].

Therefore, for problem (4)—(7) we have the following statement.

Theorem-3. Let

i) thel n X n.matrices A;(t,x), Bi(t,x), K; 1(t,z), L x(t,x), M; x(t,x), i = 1,3, k =1,m, C(t,x), and n
vector function f(t,x) are continuous on );

it) the m'xX n matrices P(x), S(x), and n vector function p(x) are continuous on [0, w];

iii) the n vector-functions o (t), ¥1(t) and V¥a(t) are continuously differentiable on [0,T);

iv) the nonlocal problem for system of loaded hyperbolic equations of the second order (9)—(11) is uniquely
solvable for any F(t,z) € C(Q,R"), p(x) € C([0,w],R™) and 1o(t) € C1([0,T],R").

Then problem with integral conditions (4)—(7) has a unique solution.

This Theorem is proved on the basis of the above algorithm and is similar of proof Theorem 2 [23].

From equivalence of problem (1)—(3) and (4)—(7) it follows

Theorem 4. Let

1) the conditions i)—iii) of Theorem 3 are fulfilled;

2) for some v, v € N the (n(m + 1) x n(m + 1)) matriz Q,(z) is invertible for all x € [0,w] and
[Qu(2)] 7| < v (x), where v, (z) is positive and continuous on [0,w] function;

12 Bectnuk Kaparanmguackoro yuuBepcurera
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3) the following inequality holds:

¢ () =7 (z)- {ea(z)h - ZV: lo(@hp + {eo‘(w)h - Vi: W}hZ@c(m)} <x<l1,

il !
j=0 J: j=0 J k=1

where x - const.

Then problem (1)-(3) has a unique classical solution.

So, the nonlocal problem for system of loaded partial differential equations of the fourth order (1)-(3) is
reduced to an equivalent nonlocal problem with integral conditions for system of loaded hyperbolic equations
of the second order. For solve of the nonlocal problem with integral conditions for system of loaded hyperbolic
equations of the second order results of articles [22-23] are used. Algorithms of finding solutions to the nonlocal
problem with integral conditions for system of loaded hyperbolic equations of the second order are constructed
and their convergence is proved. The conditions of the unique solvability to the nonlocal problem for system of
loaded partial differential equations of the fourth order are established.
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A.T. Acanosa, A.E. Nmananes, 2K. M. Kagupbaesa

Tepriumi perTi mepbec TybIHABLIBI XKYKTEJTreH
nudpdepeHnmaIabIK, TeHJey YIIIiH OeiljiokaJ ecemn

Teprintmi perTi jepbec TYbIHABLIBI XKYKTeIreH JuddepeHualiibiK, TeHIeyaep Kyieci yiin 6eisoka ecerr
KapacTBIpbIIraH. KapacTbIpbLIbIIT OTHIPFaH €CEeITiH KaJFbI3 MIenriMinig 6ap 60Jybl Macesesaepi MeH OHbI
Taby kosgapsl 3eprresidi. 2Kana yHKIUsaIap €Hrisy o/ici apKbIIbl TOPTIHII PETTi Aepbec TYBIHIBLIbI
KYKTeareH nuddepeHnnaIblK, TeHIey/Iep Kyieci yImin 6eiioKalr ecen eKiHi peTTi }KyKTeJIreH rurnepoo-
JIAJIBIK, TEHJEYJIep Kyieci YIiH MHTerpaablK mapTrapbl 6ap Oeityiokas ecenke kenripinedi. Horwmxkecine
aJBIHFAH WHTErPAJIIBIK MIapTTaphl 6ap OefyIoKasI ecemnTi mmenty yImH OyHKIIMOHAIBIK, [TapaMETPJIED €HTi3y
9u1ici KotaHbL bl 2KyKTeareH runepooJialiblK, TeHIeyIep »Kyieci VIiH HHTerpaJIblK apTTapbl 6ap 6eii-
JIOKAJI €CEITiH, XKYBIK, IIENIiMIepiH Taby aJrOPUTMIEP] YCHIHBLIFAH YKOHE OHBIH YKUHAKTBLIBIFBI JI9JIEJIeH-
rer. 2Kykreren runepboIaiblK TEHIEYIED KyHeci VIMH WHTerpasiIblK mapTTapbl 6ap Geifjiokan ecentTiy
OGipMoH/Ii IHermiTiMALTIrHIH mapTTapbl 6acTalKkel 6epiaiMaep TepMuHiHIe aJbiHFan. HoTnxkenep coiikecin-
e GacTankbl TOPTIHINI peTTi Jiepbec TYBIHIBLILL XKYKTeIreH InddepeHnaiblK TeHaeyiep Kyiteci yuiin
OeflIOKA eCcenKe KATBICThI TYZKBIPHIMIAJIFAH.

Kiam ceadep: Geitmokas ecem, TOPTIHINI peTTi Aepbec TYBIHIBLIBI XKYKTereH TudGepeHInaIblK TeHIey-
JIep, HHTETPAJIIBbIK APT, ’KYKTEJITeH TUIEePOOIAIBIK, TeHEYJIep Kyiieci, aaroputM, 6ipMoH/I] mremniTiMIiTik.
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A nonlocal problem for loaded...

A.T. Acanora, A.E. Umanunes, 2K.M. Kanupbaesa

HenokanbHasa 3a/1a4a Jijisi Harpy>KeHHoro andepeHIimaabHOro
ypPaBHEHUS B YaCTHBIX NPOU3BOAHBIX YETBEPTOTO MOPSAIKA

PaccmoTpena menokaspHas 3amada IS CHCTEMBI HATPYKEHHBIX AuMdEPEHITNATbHBIX YPABHEHNN B 9aCT-
HBIX IIPOU3BO/IHBIX YETBEPTOro MOpsiika. Vcciie1oBaHbl BOIIPOCH! CYII[ECTBOBAHUS €IMHCTBEHHOI'O PEIIEHHU ST
paccMaTpuBaeMoil 3a/1a4r M CIIOCOOBI ero oCTpoeHusi. MeTo1oM BBeeHUsT HOBBIX (DYHKITHN HETOKAIbHAST
3a/a4a JJIs CUCTEMbBI HArPYKEHHBIX AuddepeHInaIbHbIX YPAaBHEHN B YACTHBIX MPOU3BOJHBIX YETBEPTOTO
IIOpsJIKa CBeJIeHa K HeJIOKaJIbHO 3a/a4e C MHTEI'DAJIbHBIMU YCJIOBUAMH JJI CUCTEMBI HarDy>KeHHBIX I'UIIep-
OOJIMIECKNX YPABHEHUN BTOPOrO MOpsiaka. JIJist perneHns mo/ly9eHHON HEJTOKAIbHON 3a/1a9u ¢ MHTErpajib-
HBIMH YCJIOBUSIMHA TIPHUMEHEH MeTOJ BBeJeHUsS (PYHKIMOHAJIHHLIX HapaMeTpoB. llpemioxKeHsl aaropuTMbl
HaXOXKJEHUsI IPUOJIMKEHHOIO DPeIeHNs] HeJOKAJIbHON 3aJa4di C MHTEIPAJIBHBIMU YCJIOBUSAMM JJI CHCTe-
MBI Harpy2KEeHHBIX TUIEPOOTNIECKUX YPABHEHNI BTOPOTO MOPSIIKA U JI0Ka3aHa WX CXOAUMOCTh. [lomyaenbr
YCJIOBHSI OJTHO3HATHOM PAa3PENTMMOCTH HEJIOKAJIBHON 319U C MHTETI'PAJIbHBIMU YCJIOBUSAMU JIJISI CHCTEMBI Ha-
IPY?KEHHBIX MUIEePOOJINIEeCKUX yPAaBHEHUI B TEPMUHAX MCXOJHBIX JaHHBIX. Pe3ynbrarsl cQOpMyIMpOBaHb
OTHOCHUTEJIBHO WCXOTHOM HEJOKAJIBbHON 3aJa4un JjIsl CUCTEMbI HATPYKEHHBIX TudhepeHnraaIbabIX ypaBHe-
HHUI B YaCTHBIX IIPOM3BO/HBIX Y€TBEPTOIO IOPSIKA.

Kmouesvie carosa: HETOKAIbHAS 33244, HATPYKEHHbIE MM depEeHITNABHbIE YPABHEHUsE B YaCTHBIX TPOU3-
BOJHBIX YE€TBEPTOrO IMOPsAAKA, MHTEIPAJIHLHOE YCJIOBHE, CUCTEMa HArDYKEHHBIX THIEPOOTNIEeCKUX YpaBHEe-
HUH, aJrOPUTM, OJIHO3HAYHAS PA3PEITUMOCTD.
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