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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(t,x)% + Bi(t,x) 8303—’675} + C(t, x)u+

3 m 4—3 4—1i
+ 3 S {Kinttw) )Ll ””)+Li,k(t,x)MHt . +ZMlktx) (th,2) + f(t), (1)

Oxt—t Ox3—0t
=1 k=1 k=1
3u(0, x Bu(T, z
P(a;)a a<x03 ) + 5(30)78 8(1'1; ) = (), z € [0,w], (2)
u(t, z 2ul(t, z
w(t,0) = vo(t), 2 gx ) ), % =), teT] 3)

=0
Here u(t,z) = col(uy(t,x), ua(t, x), ..., un(t, x)) is unknown function; the n x n matrices A;(t,z), B;(t,z),
C(t,x), K;k(t,x), L (¢, ), M; 1(t,z), i = 1,3, k = 1,m, and n vector function f(¢,z) are continuous on £2;
0<t; <ty <..<ty<T;then xn matrices P(z), S(z), and n vector function ¢(z) are continuous on [0, w];
the n vector-functions 1o (t), 11 (t) and () are continuously differentiable on [0, T7].
Let C(£2, R"™) be the space of continuous vector functions u : £ — R™ on £ with norm
fullo = gna [t

)

i+j
38;75;@ 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) € 2
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 nonlocal 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 account of first and second conditions in (3), we have

x x 13
ot ) = (1) + / w(t, dE,  ult,x) = o(t) + Y1 (D + / / wit, €1)dé de.

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

2
gwgut =Ailt, 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,x)} ¥ F(t ) + gt 2,0, 0), )
=1 f=ty
P(m)M + S(@M = (), )

or ox
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w(ta 0) = ¢2(t)7 te [07T]7 (6)
xT T 5
o(t,2) = (1) + /0 w(t,E)de,  ult,z) = bolt) + 1 (O + /0 /0 wlt,€)dé dE, (7)
where 5 9
gt z,v,u) = As(t, 2)v(t, ) + Balt, x)a—: + Bal(t, x)ai: Ot z)ut
3 Kaalt: o) + Laats 0 08| bront ) P00 et mutin ) ).

From (7) it follows

o(t. x . T 9w w(t. . . ¢ ré w 1
ou(t, ):wl(t)+/(J 0 (t,f)d& Du(t, ):wo(t)+¢1(t)x+/0 /o %dfldé (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(,R"), 3wétt, 2) e C(,R"),
T
2
% € C(@,BY), andu(t,a) e c@R), 28 ¢ o prr), uta) € C0,RY), %t{x) € C(Q,R),

is called a solution to problem (4)—(7), if it satisfies the system of loaded hyperbolic 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,x) 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,2) 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), uP)(t,x)) and p = 0,1,2, ..., by the following algorithm:

ov(t,x . . . .
Step - 0. 1) Let v(t,z) = ¢1(¢), u(t,x) = ¥o(t) + ¥1(t)x, (¢,2) =1(1), = o(t) + Y1 (t)x 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) nd *w O (t, z)
o ot " Dot

ou(t, x)

we find w(©) (¢, z) for all (¢,z) € Q. Also we find its partial derivatives

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

v(o)(t,x):¢1(t)+/0z Ot €)de, uO (L, 1) = o(t) + v (t x+// V(L €)derde,  (ta) € Q.

v (t, x) ouO (t, )
A TR

w0 (t, z) o = wO(t, ) ouO (t, ) B £ guw© t §1
o =+ [P a 2D i+ [ P e,

Then from (8) we find

And so on.
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ov(t,z)  dvPV(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 pRen for all (t,x) € Q.

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

®) (1, 2) = T @), u® dé, de, ) eq.
o) () ¢1<t>+/0w (LEE, uP(t,2) = do(t) + vt m+// D(t,6)dende, () €

P (t, ) d ouP) (t,z)

Then from (8) we find 5 an 5

P (t,x) T owP(t,€) ouP)(t, z) € Q) tfl
S =+ [ a2 g b+ [ [ 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(t,x)a + As(t, x)w+
+Z{K1 ‘ &”S’“’ ) 4 Lty ) 8wétt, ?) Kt it 2) |+ F(t), (9)
P(m)w + S(x)w —p(z), zel0w) (10)
w(tv O) = 1/12(t)7 te [OaT] (11)

Here the functions F'(t,z) € C(£2,R™).
Let tO = 07 tm+1 =T.
_ m—+1
By lines of loading t = t, kK = 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, ) denote the restriction of function w(t, z) to the subdomain €, such that w, : Q, — R"
and wy(t,z) = w(t,x) for all (t,z) € Q, and r=1,m + 1.
Further, by A.(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, ) + Ar(z) in each domain Q,, r = 1,m + 1. This implies @, (t,—1,2) = 0, and . = 0, for all
z € [0,w] and r =1,m + 1.
Then the problem (9)—(11) is equivalent to the problem with unknown functions A, (z):
0w, oW, ‘ 0w,
Ervi Aq(t,x) o (t,z)\-(z) + Bi(t, x)ﬁ + Ao (t, x)w, + As(t, z) N\ (z)+
—i—zm:{fﬁ k() M1 () + Ko g (8, ) Nog1 (o }+iL1k M +F(t, x), (12)
= ’ — ot t=t),
Wy (tr—1,2) =0, z € [0,w], r=1,m+1, (13)
wr(tao):w2(t)_w2(tr—l)7 te [tr 17 ]7 T:1,m+1, (14)
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Pah(e) + S@hnals HS(”%WH@(% z € [0,w], (15)
W + As(x) = Mg (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,—1,2) 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) = o (tr—1), r=1,m+1 (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 31‘) BwT(t z) W ( ) 3@2)(15,35)
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, 1) + Ao(7, )i, (7, 2) + ZLl 1 (7, 2) Wi (b, )+
tr—1 k=1

FF(r,x) + Ay (7 @) A (@) + Ao (1, 2)A(2) + Z{Kl 1 (7, ) A1 (2) + Ko po(7, x))\kJrl(ac)}}dﬂ (18)
=1

E

Wo(t,2) = va(t) + /Ox{Al(t OVi(t,€) + Bi(t, Wi (t,€) + Ao (t, ) (1,) + > L k(t, ) Wiy (t, )+

k=1

F(t,€) + A1(t, )N (€) + Ao(t, A (€) +

NE

(K100 ©) + KastONn (O} pas. (19

k=1
t —
Bolt,0) = 2(0) —baltr) + [ Woria)dr (20)
tr—1
Substituting ‘7;«(’7', x) = W in the right-hand side (18) and repeating the process v times, and v € N, we

obtain
Vo(t,z) = Dy (t,2) A (@) + Y Dyt 2) M1 (2) + B (8, 2) M (@) + Y By (£, 2) Mgt () +
k=1 k=1

+Gl/,’r‘(t7 $7 ‘Z’) + HV,T(tu Q}', WT, wr) + FV,’I"(t7 ‘T)7 (21)
where

t t T1
Dyvr(t,:c) :/ Al(T,Z')dT+/ Al(Tl,ZL')/ Al(Tg,x)dngﬁ + ...+

tr—1 tr—1 tr—1
t T1 Ty—1
+ Al(Tl,ZIJ) Al(TQ,{E).../ Al(T,M‘T)dTydTl,,l...dngTh
t7~71 trfl t'r—l
. t t T
D, i(t,z) = Ky (1, 2)dr + Aq(r,x) Ky (11, x)dmdr+
tr—1 tr—1 tr—1

t T -
+/ A1(7-7x)/ Al(le-T)/ K1 (12, x)drodmdr + .4
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 ‘r1
+/ 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, 2)dryp1dT,...dT1,

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(TU,J))/ Ko 1 (Ty41, 2)dTyy1dT, .. .dT1,
tr—1

tr—1 tr—1

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

br—1 tr—1

t m
H, , (t,x,W,,w,) = / {Bl(T, )W, (1,z) + Ao (7, )W, (1, 2) + Z Ly (7, 2) Wit (th, :L')} dr+
tr—1 k=1

t T1 . m .
+/ Al(ﬁ,x)/ {Bl(TQ,J))Wr(TQ,Qf) + Ao (1o, )W, (T2, ) + E L17k(T27$)Wk+1(tk,.Z‘)}dTQdTl—F
tr—1

tr—1 k=1

t Ty—2 Tv—1 —
+...+/ Al(ﬁ,x).../ Al(ﬂ,_l,x)/ [Bl(Tu,x)Wr(Ty,x)+A2(Ty,x)zﬂr(n,x)+

tr—1 tr—1 tr—1

+ Z Ly (70, x)WkH (tk, x)} dr,dr,_1...dT,
k=1

t t T
F, . (t,z) = / F(r,z)dr +/ Aq (7'1,33)/ F (1o, z)dradm + ...+
tr—1 tr—1

tr—1

tr_1 tr_1

t Ty—2 Ty—1
+/ Al(Tl,x).../ Al(Tu_l,l‘)/ F(ry,x)dr,dry—1...dr,
tr—1

(t,r) €., r=1m+1, veN, k=1m.

From (21) we find V,(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)
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[I+Dy5(tsax Z th /\k—i-l( )_).\s—&-l(x) El/é tavx Z tswr )‘k+1( )
k=1 k=1

_Gv,s(tsa'ra VG) - Hu,s(t37I7W9aas) - 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(-’L‘, ‘7) - Hu(mv W’ @), (24)

where F, () = (hnS(2) Fymi1 (b1, 2) = hin@(2), Fu i (b1,2), ooy oo (b 7))
Gl/('r7v) = (th(x) |:Gl/,m+1(tm+1axaVm+1)7GV71(t17xaVv1)7--~7Gu,7n(tm7x7‘/7n))lv

Hl/(z7 Wa {D) = (th(I)Hu,m+l(tm+17 xZ, Wm+17 {Em+1)7 Hu,l(tlv €, Wla {El)a ) Hl/,m(tma Z, Wm; ﬂjm)),

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

If we know @, (t, ) 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 A,(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], 7 = T,m + 1; 2) At fixed \,(z) from the Goursat problem (12)-(14) we find
the unknown functions @, (¢,z) and their partial derivatives V, (¢, z), Wr(t, x) for all (t,z) € Qp, r=1,m+ 1.

Let h= max (t; —ti—1), alz)= max |A1(t, z)||, Br(x) = max ||Kix(t,z)||, 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(m + 1) x n(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) qy(;[;) = ’Yy(fl?) . {ea(w)h _ Z [O‘(?# + [ea(l)h _ Z [O‘(j#]h Z ﬁk(x)} <x<1,
j=0 j=0 k=1

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) the n xn 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,z) are continuous on Q;

i1) the m x 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 yHuBepcurera
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3) the following inequality holds:

¢ () = (z)- {ea(z)h - ZV: la(@hp + {ea(z)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. Nmanunes, 2K. M. Kagupbaesa

Tepriummi perTi mepbec TybIHABLIBI XKYKTEJITreH
anddepeHnaJIabIK, TeHJIey YIIIiH OeiljiokaJ ecen

Teprinm perTi gepbec TybIHABLIBI )KYKTereH JuddepeHInaliibiK, TeHIeyaep Kyieci yiin 6eioka ecerr
KapacThIpbLIFaH. KapacThIpbLIbIIT OTHIPFaH €CEITiH KaJFbI3 HIenriMinig 6ap 60Jybl Macesesepi MeH OHBI
Taby kosmapbl 3eprresmdi. 2Kana yHKIMsaIap €Hrisy o/ici apKbIIbl TOPTIHII PeTTi Aepbec TYBIHIBLIbI
KYKTereH guddepeHnualiiblK, TeHIeyaep Kyieci yimH 6eiioKas ecen eKiHI peTTi »KyKTeJIreH rumnepoo-
JIAJIBIK, TEHJEYJIep Kyiteci YIiH MHTerpaJablK mapTTapbl 6ap Oeityiokas ecenke kenripiiesdi. Horwmxkecine
aJBIHFAH WHTErPAJIIBIK MIapTTaphl 6ap OeiyIoKasI ecemnTi mmenty yImH OyHKIIMOHAIBIK TapaMeTPJIEp eHri3y
o1ici KotaHbL bl 2K yKTeares runepoosialiblK, TeHIeyIep »Kyieci YIiH HHTerpaJsIblK mapTTapbl 6ap oeii-
JIOKAJI €CEINTiH, XKYBIK, IIENIiMIepiH Taby aJrOpPUTMIEP] YCHIHBLIFAH YKOHE OHBIH YKUHAKTBLIBIFBI JI9JIEJIeH-
rer. 2Kykresren runepboIaiblK TEHIEYIED KyHeci VIH WHTerpasiIblK mapTTapbl 6ap Geifokan ecenTiy
OipMoH/Ii IHermiIiMALTIrHiH mapTTapbl 6acTalKkel 6epiaiMaep TepMuHiHIe ajbiHran. HoTnxkenep coiikecin-
e GacTankbl TOPTIHINI peTTi Jiepbec TYBIHIBLILL XKYKTeIreH anddepeHnnaiblK TeHaeyIep Kyiteci yiin
GeflIoOKA eCcenKe KATBICThI TYZKBIPHIMIAJFAH.

Kiam ceadep: Geitmokas ecem, TOPTIHINI peTTi Aepbec TYBIHIBLIBI XKYKTereH TudhepeHnaIbK, TeHIey-
Jiep, MHTETPAJIIBbIK MAaPT, >KYKTEJITeH TUIEePOOIAIBIK, TeHEYIep Kyiieci, aaroputM, 6ipMoH/Il mremniTiMIiTik.
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A.T. Acanosa, A.E. Nmanunes, 2K.M. Kanupbaesa

HenokanbHasa 3a1a4a Jijisi Harpy>KeHHoro andepeHIimaabHOro
ypPaBHEHUS B YaCTHBIX NPOU3BOAHBIX YETBEPTOTO MOPSAIKA

PaccmoTpena mHenokaspHas 3amada A1 CHCTEMBI HATPYKEHHBIX AuddEpPEHITNAIbHBIX YPABHEHNNH B 9aCT-
HBIX IIPOU3BO/IHBIX YETBEPTOro NOpsiaka. Vcciie1oBaHbl BOIIPOCH! CYI[ECTBOBAHUS €IUHCTBEHHOIO PENIEHNs
paccMaTpuBaeMoil 3a/1a4r M CIIOCOOBI ero MOCTpoeHusi. MeTo1oM BBeJeHUsT HOBBIX (DYHKITNN HETOKAIbHAS
3a/a4a JJIs CHCTEMbBI HArPYKEHHBIX AuddepeHnaabHbIX YPAaBHEHN B YACTHBIX MPOU3BOAHBIX I€TBEPTOTO
IIOpsJIKa CBeJIeHa K HeJIOKAJIbHO 3a/a4e C MHTEIDAJIbHBIMU YCJIOBUSMH JJII CUCTEMBI HAarDY>KEHHBIX I'UIlep-
OOJIMIECKNX YPAaBHEHU BTOPOrO MOpsiaka. JIjist perneHus mo/ly9eHHON HETOKAJIbHON 3a/1a9i C WHTErpajib-
HBIMH YCJOBUSIMHA TIPUMEHEH MeTOJ BBeJeHUsS (PYHKIMOHAJIHHLIX HapaMeTpoB. lIpemioKeHbl aaropuTMbl
HaXOXKJEHUs IPUOJIMKEHHOIO DeIeHNs] HeJOKAJIbHON 3aJa4Yi C MHTEIPAJIBHBIMU YCJIOBUAMHM JJIsI CHCTe-
MBI Harpy2KEeHHBIX TUIEPOOTNIECKUX YPABHEHNI BTOPOTO MOPSIIKA U JIOKa3aHa WX CXOAUMOCTb. [losryaenbr
YCJIOBHSI OJTHO3HATHOM PAa3PENIMMOCTH HEJIOKAJIBHON 3aJIa9H C MHTETI'PDAJIbHBIMU YCJIOBUSMU JIJISI CHCTEMBI Ha-
IPY?KEHHBIX THIePOOIMYECKUX YPABHEHUH B TEPMHHAX MCXONHBIX JaHHBIX. Pe3ynpraThl chopMysIMpOBaHbI
OTHOCHUTEJIBHO WCXOJTHOM HEJOKAJIBbHON 3aJa4un JJIsl CUCTEMbI HATPYKEHHBIX TuddepeHnnaabHbIX ypaBHe-
HHUI B YaCTHBIX IIPOM3BO/HBIX Y€TBEPTOIO IOPSIKA.

Kmouesvie carosa: HETOKAIbHAS 33244, HATPYKEHHbIE MM dEePEeHITNAbHBIE YPABHEHUST B 9aCTHBIX IPOU3-
BOJHBIX YE€TBEPTOrO IMOPsAAKA, MHTEIPAJIHLHOE YCJIOBHE, CUCTEMa HATPYKEHHBIX THIEePOONIEeCKAX YpaBHe-
HUIi, aJITOPUTM, OTHO3HAYHAS PAa3PENIIMOCTb.
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