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ON THE NONLOCAL PROBLEM FOR A SYSTEM OF THE PARTIAL
INTEGRO-DIFFERENTIAL EQUATIONS OF HYPERBOLIC TYPE

Abstract. The nonlocal problem with data on the characteristics for the system of integro-differential equations
of hyperbolic type second order is considered. The questions of the existence and uniqueness of a classical solution
to the nonlocal problem are studied. The considered problem is reduced to an equivalent nonlocal problem with
integral condition by introducing a new unknown function instead of a integral term in the system of equations. The
problem with parameter consists of a nonlocal problem for a system of hyperbolic equations with parameter and the
integral relation. Algorithms for finding an approximate solution of the equivalent problem with parameter are
constructed and the conditions for their convergence are proved. Sufficient conditions for the existence of unique
solution to the problem with parameter are established. Conditions of existence of unique classical solution to the
nonlocal problem for the system of integro-differential equations of hyperbolic type are obtained in the terms of
initial data. Earlier, the method of reduced to an equivalent family of problems for partial differential equations is
applied to study of this problem. Sufficient conditions for the existence of unique classical solution of this problem
are found in the terms of some matrix compiled by the initial data.

This results are partially supported by grant of the Ministry of education and science of the Republic
Kazakhstan, No 0822 / '®4.

Key words: nonlocal problem, system of partial integro-differential equations, parameter, algorithm,
approximate solution, unique solvability.

1. Introduction. Note that the interest of nonlocal problems for partial integro-differential equations
of hyperbolic type has grown. Nonlocal problems are called boundary value problems, in which instead of
the classical boundary conditions for the partial integro-differential equations it is given specified
combination of values of the unknown function on the boundary of the domain and within it. Boundary
conditions are set on the characteristics of the system of hyperbolic equations. The existence and
uniqueness of the classical solutions to nonlocal problems for system of hyperbolic integro-differential
equations are set. In the present work we consider the system of hyperbolic integro-differential equations
of second order in a rectangular domain. Boundary conditions are specified as a combination of values
from the required solution and their partial derivatives on first order. We investigate the questions of
existence and uniqueness of the classical solution to nonlocal problem for system of hyperbolic integro-
differential equations and its applications. For solve to considered problem we use a method of
introduction additional functional parameters. The original problem is reduced to an equivalent problem
consisting from Goursat problem for system of hyperbolic equations with functional parameters and
integral relations. Sufficient conditions of the unique solvability to investigated problem are established in
the terms of initial data. Algorithms of finding solution to the nonlocal problem are constructed. The
applicability of the obtained results in an optimal control problems are showed.

2. Statement of problem. On the domain Q =[0,7]x[0,w] we consider the nonlocal problem with

data on the characteristics for system of partial integro-differential equations of hyperbolic type of second
order

— 34 ——



ISSN 2224-5227 Ne 4.2017

o’u ou ou
o = A(t, )— + B(t,x)a—t +C(t,x)u +
+ j {K (t,8) a”(tf 9) | g L(1,6) a”(t <) +K, (t,f)u(t,f)}d§+ f(t,x), (t,x) e, (1
u(t,0)=w(), t[0,T], )
P(x )6u(0 x) AP (x )Gu(t X)|; 4 P (0u(0, %)+ L, (x )8u(9 ,X) AL (x )Gu(t x)|
+L0 (x)u(@, x) n S2 (x) au(T,x) +S ( )al/l(t X)|t .+ So (x)u(T,x) =(p(x), xe [0, (()] , (3)
X

where u(t,x) =col(u;(t,x),u,(t,x),...,u,(t,Xx)), the nxn-matrices A(t,x), B(t,x), C(t¢,x),
K (t,x), K,(t,x), K,(t,x) and n-vector-function f(¢,x) are continuous on €2, the n-vector-
function /(¢) is continuously differentiable on [0, 7], the nxn -matrices P(x), L,(x), S,(x),and n
-vector-function ¢(x) are continuous on [0, @], i =0,1,2, 0 <8 <min(7,w). The initial data satisfy
the condition of approval.

A function u(t,x)e C(Q,R") having vpartial derivatives e C(Q,R"),

ou(t, x)
ox

e C(Q,R"),

ou(t
Ué, % e C(Q,R") is called a classical solution to problem (1)-(3) if for all
t

o%u(t, x)
tOx
(t,x) € Q it satisfies the system (1), boundary conditions (2) and (3).

In the present paper we investigate the questions of existence and uniqueness of the classical
solutions to the nonlocal problem for system of hyperbolic integro-differential equations (1)-(3) and the
approaches of constructing its approximate solutions. For this goals, we applied the method of
introduction additional functional parameters proposed in [1-18] for the solve of nonlocal boundary value
problems for systems of hyperbolic equations with mixed derivative. Considered problem is provided to
nonlocal problem with integral condition for system of hyperbolic equations including additional function.
Hence, this problem is reduced to an equivalent problem, consisting of Goursat problem for the system of
hyperbolic equations with functional parameters and Cauchy problem for system of ordinary differential
equations with respect to the entered parameters by introducing new unknown functions. The algorithm of
finding the approximate solution of the investigated problem is proposed and its convergence proved.
Sufficient conditions of the existence of unique classical solution to problem (1)-(3) are obtained in the
terms of initial data. The applicability of the obtained results in the optimal control problems is showed.

3. Reduction to nonlocal problem with integral condition for system of hyperbolic equations
including special function. We introduce an additional special function

+ K, (0, f)u(t,é)}dé

u(t) = j{K 0T K.

and write the problem (1)-(3) in the following form

0u
Otox

= A, ) + B(t, x)—+ Clt,x)u+ u@t)+ £(t,x), (t,x)eQ, 4)

u(t,0)=w(), t[0,7T], %)
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Plx )Gu(O x) +P(x )au(t x)| + P (ou(0,%) + L (x )8u(ix) FL(x )Gu(t x)|
+ L (u(6,x)+ S,(x )a”(T D 15,00 D) s, (u ) =p). xel0.0). ©
u(e)= {Kl 0T K 5T K. ot f)}df, t€[0,7]. )

4. Scheme of the method and algorithm. Let A(x) =u(0,x). In the problem (4)-(7) we change the
function u(z,x) by u(t,x) =1u(t,x)+ A(x) and proceed to the following equivalent problem

o'u = A(t,x)@ + B(t,x)@ +C(t,x)u + A(t,x)ﬁl(x) + C(t,x)A(x)+ u(t)+ f(t,x), (8)
Otox ox ot
u(,0)+A0)=w(t), t[0,T], 9)
u(0,x)=0, xe[0,w], (10)
[P, () + Ly (x) + S, (OIA) + [ B () + Ly (x) + Sy (0)]A(x) +
R 0B D g 0 B g 0,0+, 00 P
X
+5,(x) ou (t x) | + ST, 0) =p(x),  xel0,0]. (11)
u)=| [K .o Ko TS T 4 K DT + K (L DA+ K 5)@(5)}15 (12)

A triple functions (u(¢,x),A(x), u(¢)), where the function #(z,x) e C(Q,R") has partial
o (£, x) 0% (t,x)
Otox

A(x) € C([0,w],R") has derivative A(x)e C([0,w],R"), the function u(¢)e C([0,T],R")
determine from relations (12) for all #€[0,7], is called a solution to problem (8)-(12) if for all
(¢, x) € Q it satisfies of the system of hyperbolic equations with parameters (8), the boundary conditions
(9), (10), the functional relation (11) and the integral condition (12).

From the compatibility condition at the point (0,0) of initial data is yield: A(0) = (0). Then the
condition (9) may be rewrite in the following form

derivatives % e C(Q,R"), e C(Q,R"), e C(Q,R"), the function
X

7(1,0) = w(t)-w(0), t [0,T]. (13)

The problem (8), (10), (13) at fixed A(x), u(¢) is the Goursat problem with respect to (¢, x) on
Q). The relation (11) allows us to determine the unknown functional parameter A(x). The integral
condition (12) allows us to determine the unknown function g(¢) for all ¢ € [0,77].

ou (t,x) ou (t,x)
Ox

We introduce new unknown functions v (¢, x) = , w(t,x) = a—’ Goursat problem (8),
t

(10), (13) is equivalent to a  three systems integral equations
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V(t,x) = j{A(r,x)V(f, X)+ B(z,x)W(r,x) + C(r,x)ii (7, ) +
+ A(ro,x)/i(x)+ C(z,x)A(x) + u(z) + f(z,x)}dr , (14)
w(t, x) =y (1) +I{A(l,§)3(h &)+ B(1,5)w(t, &) + C(1,Hu(t,8) +
+ A(z,§)2(§)+ Ct,HAUE) +u)+ f(1, 5)}0'5, (15)
700 =y O -p(O0) + | [{AG.E7(0.8)+ Be,O(0,) + C(z, O (2,8) +
+A(z, f)/io(§;+ C(z,E)ME) + u(2) + f(z,€)}dédr .

(16)

In the relation (11) instead of the functions v(€,x), V(T,x), we substitute the appropriate

expressions of the integral relation under t = 8, ¢ =T , respectively. Then we obtain

{PZ (x)+L,(x)+ L, (x)T A(7,x)d7 +S,(x)+ 5, (x)j. A(r,x)dr}i(x) =
= {PO (X)+ Ly (x) + S, (x) + L, (x)f C(z,x)d7 + S, (x)j C(z, x)dz'}l(x) -
-1, (x)T w(r)dr -, (x)]. (7Yt = B (x)W(0, %) — L, (x)W(0,x) - S, (x)W(T, x) -
-L, (x)f {A(z,x)¥ (z,x) + B(z,x)W(z,x) + C(z,x)ii (7, x) jd7 — L, (x)ii (0, x) —
-5, (x)j.{A(T,x)V(T,X) + B(z,x)W(z,x) + C(z,x)ii (7, x) jd7 — S, (x)i (T, x) —
~L, (x)f f(r,x)dr S, (x)]. f(z,x)dr +p(x), x €[0,w].

From the compatibility condition follows the initial condition

A(0) = (0).

(17)

(18)

The unknown functional parameter A(x) will be determined from Cauchy problem for system of
ordinary differential equations (17), (18). The unknown special function #(t) will be determined from

integral relation (12).

If we know the functional parameter A(x), the special function x(¢), then from integral systems
(14)-(16) find the functions u#(¢,x), v (t,x), w(t,x) . Conversely, if we know functions #(¢,x), V(¢,x),

w(t,x), then from Cauchy problem (17), (18) and integral condition (12) we find the

functional

parameter A(x) and special function (). Since the functions #(¢,x), v(t,x), w(t,x) and A(x),
() are unknown together for finding of the solution to problem (8)--(12) we use an iterative method.
The solution to problem (8)--(12) is the triple functions ("~ (¢, x), A" (x), " (¢)) we defined as a limit of
sequence of triples (77" (¢, x), A" (x), £ (¢,x)), m = 0,1,2,..., according to the following algorithm:
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0 T
Step 0. 1) Let the matrix D, (x)= P, (x)+ L,(x)+ L, (x)j AT, x)d7 + 8,(x) + S, (x) j Az, x)dt
0 0

is invertible for all x e€[0,w]. Suppose in the right-hand part of the system (17) u(t)=0,
u(t,x)=yw@)—w(0), v(t,x) =0, w(t,x) =w(t), from Cauchy problem (17), (18) we find the initial
approximation 20 (x) forall x €[0,w]:

20 () = (0) - jD (D, (A () -
. j D AW )+ Li(EW0)+ S, WD)+ Ly(E) v (9) ~y (01} +5,(&) (1) ~y (0} & -
- EDII (S)L, (é)j {B(7,&)r () + C(2,8)[w () —w (0)]}dr d& -
- ID (©)S, (5)@ (B £/ (0) + Cr. O () -y (O) e dé -
- ! D (5){142 (cf)jf (7,6)d7 +S, (cf)i f(z,&)dr~ gp(.f)}d.f :

where D, (x) = P,(x) + Ly (x) + S, (x) + L, (x)_T C(z,x)dr +35, (x)]. C(z,x)dr .
2) From the system of integral equations (14)--(16) under u(t)=0, A(x)=A"(x),
A(x) = A2 (x) we find the functions ¥ (z,x), vV (t,x), W (t,x) forall (z,x) e Q:
7O (£, x) = j{A(r,x)V(O) (r,%) + Bz, x)#"” (z,x) + C(z,x)i® (r,x) +
O+ A(r, )4 (x)+ C(r,x) A% (x) + f(z.x)Jd7 ,
W (t,x) =y (1) +I{A(f,§)7(0)(l,§) +B(t, )W (1,6) + C(t, )i (1,E) +
+ Agt,f)/i(o)(f) FCLOAV(E) + [(1,E)dE
7000 =p -y O+ | [UEOF @8+ B OF (5.6) + Cr. T (5.6 +
A€ CE D)+ f(e £)jdédz.

From integral relation (12) under #(¢,x)=u'"(t,x), V(t,x)=vV(t,x), Ww(t,x)=w"(x),

A(x) = 219 (x), A(x) = A (x) we find the initial approximation x‘* (¢) for all ¢ €[0,T]:
u () = I[Kl(f,f)V(o)(f,f)JrKz(t,f)W(o)(f,f)JrK3(l,§)?7(°)(f,§)+Kl(faf)/i(o)(f)+K3(f,§)/1(0)(§)]d§-

Step 1. 1) Suppose in the right-hand part of the system (17) u(t) = ' (¢), u(t,x)=u"(¢,x),
V(t,x)=vO(t,x), Ww(t,x)=w"(x), from Cauchy problem (17), (18) we find the first
approximation A" (x) for all x €[0, @]:
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20 (x) = (0) - ED;I (D5 (A (E)dé -
- JD @)L, (é)dcfjﬂ“”(f)df —IDN (§)Sz(§)déiﬂ(°)(r)df -
- jD BT 0,6+ LT (0,6)+ 5,7V (T,) + L ()T (0,8)+ Sy ()T (T, E)dé -
—EDJ <§>L2<§>j{A<r,§>v<°> (£, BT (2,6)+ C(r, 7z, )} dé -
- j D ()5, (5)1 (40,657 (7, £)B(e, 7 (7,6) + C(e, T (7, )} d& -

- [ DO LD [, 8)dr + SO [ (7. 9)dr - (&) ldé

2) From the system of integral equations (14)--(16) under u(¢) = u”(t), A(x)=A1"(x),
A(x) = AV (x) we find the functions # " (¢, x), ¥ (¢,x), W™ (¢, x) forall (z,x) € Q:

v (t,x) = j{A(r,x)V(” (z,x)+ B(z,x)w"" (7, x) + C(z,x)u " (z,x) +
+ A(Or, x)/i(l) (x)+ C(z, ) A" (x) + V(7)) + f(x, x)}dr ,
03 =0+ [ ATV 06+ BOF 1.6+ Ct H7 0 (1,6) +
A + DI + 40+ f e OME.
700 = w0 -p O+ | [ 70 (0.6 + B O (0.6)+ Ce. 07" 1,6+
A Clr ) + O (0) + (e £

From integral relation (12) under #(z,x)=u"(t,x), v(t,x)=v"(t,x), Ww(t,x)=w"(,x),

Ax) = AV (x), A(x) = A1 (x) we find the first approximation " (¢) forall ¢ €[0,T]:

u (1) = I[Kl LT+ K (. OF (1,6 + K (1.H)T " (1.6)+ K, (1,6 AV (&) + K, (1.H) A" (©) e

And so on.
Step m . 1) Suppose in the right-hand part of the system (17) () = 1" (¢), u(t,x) =" " (¢, x)
, v, x)=v" " (t,x), Ww(t,x)=w""(t,x), from Cauchy problem (17), (18) we find the m -th

approximation A (x) for all x €[0, ®]:

A (x) =y (0) = [ D (E)D,(EA™ (E)dé - [ D'(&) L&) 1" " (0)dz + $,(&)[ 1" () |dé -

~ [ DIOIREF™(0,8)+ L ()" (6,8)+ S, (E)F" " (T,€) + Ly(E)T " (8,€) + S, (E)T " (T, £)]dé -
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[ DAL [V (0.6)+ Br. &) (2.6) + C(r. 6T " (¢.£) r dé -
- [ D&, )[4, &7 " (2.6) + Br. & (2.6) + C(r. i " (v, &)z dé —

= [ D& L& [(7.9)dr + 8, /(7.£)dT - p(&) FE , x [0, 0].

2) From the system of integral equations (14)--(16) under u(z)= u"""(¢), A(x)=A1"(x),
A(x) = A™ (x) we find the functions & ™ (z,x), " (¢,x), W™ (¢,x) forall (t,x)eQ:

T (1, x) = j{A(r,xw“") (, %) + B(r,x)#"™ (z,x) + C(z, )i ™ (r,x) +
+ A(Z('), XA (x)+ C(r, )A™ (x) + 1" () + f(z. %) Jd7
W™ (2, x) = y(2) +T{A(1,§)‘7("’) (t,$) + B(t,H)Ww™ (1,6) + C(t,5)u ™ (1,8) +
+ A(t, 5)/%'")(5) +C(6,HA™ (&) + 1" () + [, ff)}df )
T 0 =y O -p(O)+ | @77 0,6+ B F ™ (1,8) + C0, O™ (1,6 +
+ A(Tai)/i(m?(;)Jr C(@,HA™(E) + "D (@) + f(z, 5)}d§d7-

From integral relation (12) under #(t,x)=ua"" (¢t,x), V(t,x)=v" (t,x), W(t,x)=w" (t,x),
A(x) = A" (x), A(x) = A™ (x) we find the m -th approximation ™ (¢) for all 1 €[0,T7]:

10 = [[K, (6.7 0.6+ K, (1.7 (1.6) + K (1.6 (1. O +
+HK @O @)+ K. HA g m=123,....

5. The main result.
Let a = max || A(¢,x) ||, b= max || B(¢,x) ||, c = max || C(t,x)||, H=a+b+c,
(t,x)eQ (t,x)eQ (t,x)eQ
¢y = max | [D,(0)]" ||, @ = max ||[D,(x)]" D, (),
x€[0,0] xe[0,0]

a, = max || A(x)[[+ max || L;(x)[| + max ||.S,(x) [ + max || L,(x) [ + max || S,(x) ][,
x€[0,] x€[0,] xe[0,0] xe[0,0] x€[0,w]

b, = max || L,(x)|| max(T,a))[eHw”") —eH“’]+ max || S, (x)|| max(T,a))[eH(“”’) —eH“’],
xe[0,m] xe[0,0]
a, =0 max || L,(x) || +T max || S,(x) ||, b, = max(T,w)e”" " (a+c+1),
x€[0,0] x€[0,0]

6 =0 b+ D ma | K, (10 |+ [0, ), ma | K10 ]

The following theorem gives conditions of realizability and convergence of the constructed algorithm
and the conditions of the existence of unique solution to problem (8)--(12).

— 4) ——
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Theorem 1. Suppose that
i) the matrix Dy(x) is invertible for all x € [0, @] ;
ii) the inequality fulfilled
q(T,m) = max([ae™ o +1]a,(a,c, + (a, + b)b,),e“ wa,(a,c, + (a,+ b)b,),c;) <1.
Then the problem for system of hyperbolic equations with parameters (8)--(12) has a unique solution.
Theorem 2. Suppose that the conditions i) - ii) of Theorem 1 are fulfilled.
Then the nonlocal problem for system of partial integro-differential equations (1)-(3) has a unique

classical solution.
The proof of the theorem is similar to the scheme of the proof of theorem [12, p. 26].
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O0XK: 517.956
A.T. Acanosa', X.A. Ammmp6aes’, A.Il. Caéanaxosa’

'Maremarnka sxoHE MATEMATHKAIIBIK MOJIeIIbJIEY HHCTUTYThI, AIMartsl K., Kazakcran;
M. OyesoB aterHaarel OHTYCTiK Kazakcran MmemnekerTik yauBepeuterti, [lIsivmkenT K., Kazakctan

IF'HIEPBOJIAJIBIK TEKTEC JEPBEC TYBIHABLIBI HHTEI'PAJIABIK-IU®OEPEHIUAJIABIK
TEHJAEYJIEP )KYUECI YHITH BEMJIOKAJI ECEII TYPAJIBI

Annotanusi. ExiHimi perti runepOoiaibIK TeKTeC HHTETrpalIbIK-1nhPepeHIHaIIBIK TeHAeYyIep Kyheci YIIiH
Oeifokan ecem KapacThIphUTIaAbl. beiyiokan ecenTiH KIACCHKANBIK IIENIiMiHiH 0ap OOIXyBl MEH >KalFBI3IBIFBI
Mocernenepi 3eprrenreH. MHTerpanIsiK KOCEUIFBIIITEH OPHBIHA KaHa OenTici3 (yHKIHS €HTi3y JKOJIBIMEH 3ePTTEIill
OTHIpFaH €cell Mapa-map WHTETPANABIK MmapTel Oap Oeiokan ecemke KenripinreH. [lapamerpi Oap ecem
rHIIepOOIIANIBIK TEHCYJIEp KYyHec] YIIiH mapameTpi 6ap Oeiyiokan ecenTeH )oHe HHTErPAN/IbIK KAThIHACTAH TYPAbl.
[Mapamertpi Gap mapa-nap ecenTiH XYybIK HICHIIMIH Ta0y arOpPUTMIEP] TYPFBI3bUIFAH KOHE OJaP/IblH )KUHAKTBUIBIFbI
nmonenaeHre. [lapamerpi 6ap ecentiH KanfbI3 HICHIIMIHIH 0ap OOJYBIHBIH KETKUIIKTI MIAPTTapbl TaralbIHAAJIFaH.
I'unepOonanblk TekTec HHTErpalAbIK-IU(depeHIMaNbIK TeHAeyIep JXYHeci YIIH OeHIoKal ecenTiH Kalfbl3
KJIaCCHKAJIBIK IIEMIiMiHIH Oap OOyBIHBIH IIAPTTAphl OAacTaIKbl OepiIiMaep TEpMUHIHAE albiHFaH. KapacThIpbuibin
OTBIPFaH €CeNTi 3epTTey YLIIH OYphIH JepOec TyBIHABUIB Aud(depeHnnanablK TeHASYIep YIIIH ecenTep JyJeTiHe
KeNTipy ofici maijanaHbpurraH OoOJaThIH. 3epTTENiN OTBIPFAH ECENTIH JKAIFBI3 KIACCHKAIBIK MICMIIMIHIH 0ap
0O0JTyBIHBIH IIAPTTAPHI OacTankbl OepisliMaep apKbUIbl TYPFBI3BIIATEIH MAaTPULIA TEPMUHIHIE TaAOBUIFaH.

Tipex ce3mep: Oeiimokan ecem, AepOec TYBIHIBUIBI HHTETPANABIK-IAGGEPEHINANABIK TEHISYIep XYyHeci,
mapameTp, ajJrOPUTM, KYBIK IICTiM, OipMOH/II IISITiTIMILITIK.

A.T. AcanoBa, X.A. Amup0aes, A.Il. Cabanaxosa

O HEJIOKAJIbHOM 3AJTAYE JIJIsI CACTEMBI MHTEI PO-TA®®EPEHIIMAJIBHBIX YPABHEHUI
B YACTHBIX MPON3BO/JHbBIX TNITEPBOJIMYECKOI'O THUITA

AnHoTauus. PaccmaTpuBaercs HeloOKajdbHas 3a/a4ya ¢ JaHHBIMU Ha XapaKTepPUCTHKaX JJIsi CUCTEMbl UHTErpo-
IupGepeHIaIbHBIX  YPaBHEHUH TUNCPOOIMYSCKOTO THMA BTOPOTO TMOpPSIKa. VICCIemayroTcss  BOMPOCHI
CyILIECTBOBAHUSI U €IMHCTBEHHOCTH KJIACCUYECKOT0 pEIIeHMs HEJIOKaJIbHOM 3ajaud. IlyremM BBeneHUsT HOBOM
HEM3BECTHON (YHKIIMM BMECTO HWHTETPaJbHON claraeMoi mcciemyeMas 3ajada CBelJeHa K OSKBHBAJCHTHOW
HEJIOKAIIBHOW 3a/ladye ¢ WHTETPATbHBIM YCIIOBHEM. 3agada ¢ IapaMeTpoOM COCTOWUT W3 HEJIOKAIBHOW 3aJadd JUIs
CHUCTEMBI THIEepOOTMYECKUX ypaBHEHHH C MapaMeTpOM W HHTETPAabHOTO COOTHOLICHHA. [IOCTPOEHBI alrOpPHTMBI
HaxOXJACHHUS TMPHUOIMKEHHOTO PEIISHUS SKBUBAJICHTHOM 3a7aud C TapaMeTpoM M JI0Ka3aHa WX CXOIUMOCTD.
YCTaHOBIEHBI JOCTaTOYHBIE YCIIOBHS CYIIECTBOBAHMS €AWHCTBEHHOTO PEUICHHUS 3aJa4M ¢ mapaMeTpoM. IlomydeHsr
YCJIOBUS CYIIECTBOBAHUSI €IMHCTBEHHOTO KJIACCUYECKOTO PEIICHMs] HEJOKAIbHOM 3aJauu JJisi CUCTEMbl MHTETPO-
muddepeHManbHbIX YpaBHEHUH rUIepO0IMYEcKOro TUIa B TEPMUHAX UCXOIHBIX AaHHBIX. PaHee K MCClieI0BaHUIO
paccMatpuBacMOW 3aJadd  ObUI MPUMEHEH METOJ| CBEJCHHS K OJKBUBAICHTHOMY CEMEHCTBY 3a7ad Juls
T hepeHIaTbHBIX YPABHEHUH B YaCTHBIX ITPOU3BOMHBIX. BBUTH HaMIEHBI TOCTATOYHBIC YCIOBUS CYIICCTBOBAHHUS
€IMHCTBEHHOT'O KJIACCUYECKOI0 PEIICHUS UCCIeIyeMOM 3a1a4yil B TEPMHUHAX HEKOTOPOH MaTpPHULIbI, COCTaBISIEMOH IO
HCXOJHBIM JAHHBIM.

KiioueBble c10Ba: HelOKaNbHAs 3agada, CHUCTeMa WHTETpO-Tu(QepeHInaIbHbIX YPaBHEHHH B YaCTHBIX
MIPOU3BOIHBIX, TAPAMETP, aJITOPUTM, IPHUOIIKEHHOE pelieHNe, OJHO3HAYHAS Pa3PEIIUMOCTb.
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