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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 / T'®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
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g;” - A(t,x)a—u + B(t,x)% + O, X)u +
+ j {K t,&) a”(t;) + K, (1,6) 222 a”(t <) + K, (t, Eult, 5)}d§+ f(t,x), (t,x)eQ, (1)
u(t,O) - «//(z), t€[0,T], )
P.(x )au(ao X )au(z x)|t P (0.0 + L (x )8u(ix)+L( )au(t x)|
+ L, ()u(6,x)+ S, (x )a“(T ) L8 (x )8”“ x)|, S, T, x)=p(x), x€[0,0],  (3)

where u(t,x) = col(u(¢,x),u, (t, x),..., u,(t,x)), the nxn-matrices A(t,x), B(t,x), C(t,x),

K (t,x), K,(t,x), K;(¢,x) and n-vector-function f(¢#,x) are continuous on Q, the n-vector-

function /(¢) is continuously differentiable on [0, 7], the 7 x n -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.

ou(t, x)
Ox

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

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

u(t, x) o%u(t, x)
Ot 1

(¢, 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

u(e) = j{K (t.) ‘3”“;) HK(18) a”“;’ +K3(t,§)u(t,§)}d§
and write the problem (1)-(3) in the following form
;ZC = A(t,x)Z—Z + B(t,x)z—l: +C(t,x)u+ u(t)+ f(t,x), (t,x) e Q, (4)
u(t,0)=w(t), t€[0,T], (%)
Plx )Ou(ao ,X) +P(x )8u(t x)| 4 Pou(0,x) + L (x )8u(6' ,X) L (x )au(t x)|
+ L,(0)u(0,x)+ S, (x )au(T Y L5 (x )a”(t > %) |y + S, (u(T, %) = (x), x €[0, 0], (6)
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u(e) = ﬂKo@wzﬁ K06 P &@@W@%ﬁJemﬂ- ™

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) =u(t,x)+ A(x) and proceed to the following equivalent problem

o _ A(t,x)gi’ + B(r,x)aa—f + C(t, )i + A(t, ) A(x) + C(t, )AX) + () + f(1,x),  (8)
X

Otox
u(t,0)+ A0)=w(), t<[0,T], )
u(0,x)=0, xe[0,w], (10)
[P, (x) + Ly (%) + 8, ()] A(x) + [Py (x) + Ly (x) + Sy ()] A(x) +
+Pl(x)ﬁb7(tt,)c)| fL(x )au(ﬁ x) P L(x )Gu(t x)|[ L (D)iE(0,x)+ S, (x )au(T x)
S (x )6”“ ")| LS, (E(T,x) = p(x),  xel0,o]. (11)
u(e) = ﬂK0@w§@+Ka@&W5NK&@W@®+&@@M@+&@@M@}&(u>

A triple functions (#(t,x),A(x),u(¢)), where the function #(z,x)€ C(€,R") has partial

ot (¢, x) 0% (t,x)
ot 1

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

A(x) € C([0,w],R") has derivative Ax) e C([0,w],R"), the function u(t)e C([0,T],R")
determine from relations (12) for all ¢ €[0,T], 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
u(t,0)=w(t)-w(0), t[0,T]. (13)
The problem (8), (10), (13) at fixed A(x), u(t) 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(¢) forall ¢t € [0,77].

- ou(t,x) ou (1,
We introduce new unknown functions v (¢,x) = % , W(t,x) = % Goursat problem (8),
X ¢

(10), (13) is equivalent to a three systems integral equations
V(t,x) = j{A(r,x)V(r,x) + B(z, %)Wz, x) + C(z, )il (7, %) +
+ A(ro, X)A()+ C(7,x)Ax) + u(2) + f(z,%)}dr, (14)
W(t,x) =y (1) + I {40V (1,6) + B(t,£)(t,6) + C(t, £ (1,) +
+ A(taé)/;(é) +C(1,E)AE) + u(0) + f(t,é)}df? (15)
i(t,x) =y (@) -y (0)+ I I{A(r, V(T8 + B(r,5)W(r,8) + C(z, O (7,8) +
+ A(r,é)/io(f())+ C(z,HUE) + (@) + f(z,6)ld&dr . (16)
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In the relation (11) instead of the functions v(€,x), V(T,x), we substitute the appropriate
expressions of the integral relation under t =@, ¢ =T ,respectively. Then we obtain

{PZ (X)+ L, (x)+ L, (x)j A(z,x)d7 +S,(x)+ S, (x)j. A(r, x)dr}i(x) =
= {Po(x) + Ly (x)+ S, (x) + L, (x)f C(z,x)dr + S, (x)]- C(z, x)dz}/i(x) -
-L, (x)i w(r)dr-S, (x)]. w(v)d7 = P(x)W(0,x) — L, (x)W(0,x) - S, (x)W(T, x) -
-L, (x)i{A(r,x)V(r,x) + B(7,x)W(z,x) + C(z,x)i (z,x) }d7 — Ly (x)ii (6,x) —
-5, (x)].{A(r,x)V(r,x) + B(z,x)W(z,x) + C(z,x)i (z,x) Jd7 — S, (x)il (T, x) -

~L, (x)j f(z,x)dr -8, (x)j f(r,x)dr +o(x), x[0,w]. (17)

From the compatibility condition follows the initial condition

A(0) =y (0). (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 x(¢) will be determined from

integral relation (12).
If we know the functional parameter A(x), the special function g(¢), 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 g(¢). Since the functions u(¢,x), v(t,x), w(t,x) and A(x),
(1) 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), 1" (t)) we defined as a limit of
sequence of triples (" (¢, x), A" (x), £ (t,x)), m = 0,1,2,..., according to the following algorithm:

9 T
Step 0. 1) Let the matrix D,(x) = P,(x)+ L,(x)+ L, (x)j Az, x)d7 + 5,(x) + S, (x) j A(r,x)dt
0 0

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

approximation 20 (x) forall x €[0,®]:

A0 ) =y (0)= [ D (D, (A (§)dé -
~ [ D OB EWO0)+ L (& 0)+ 5, (W (T) + Ly(E) (0) ~ (0)} +5,(£) (T~ (0)}1dé -

[ DIOL(E [{B(. &0 (1) + C(2,6)ly (1) -y (0)]idr dé -

—— |4 ——
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[ D)8, [{B(. 9 (1) + C(2,H)ly (1) -y (0)]dr dé -
-[p; (f){Lz(f) [1@&dr+8,9)] f(z.9)dr- w(é)}dé,

where D, (x) = P,(x) + Ly (x) + S,y (x) + L, (x) j C(r,x)d7 + S, (x) j C(z,x)dr.

2) From the system of integral equations (14)--(16) under u(t)=0, A(x)=A"(x),
A(x) = A (x) we find the functions 7 (¢,x), V" (¢,x), W (¢,x) forall (,x) e Q:

7O (1,x) = j{A(r,xw“’) (r,x) + B(r, ) (z,x) + C(z, )il (r,x) +
O+ A(r, )4 (x)+ C(z,) A% (x) + f(z, %) fdz
(1,0 = 1)+ [ A0 OFV (1.6 + B.OF (1,6)+ C O " (1.8 +
+ Azt, EANE) +C(L,EHAN(E) + [, 5)}0’5 :
i (t,x) =y () -y (0)+ _t[ I{A(T, SV (7,8 + B(z,5)w" " (7,8) + C(7,)u " (z,8) +
A DI Ol ) + S £)jdédz.

From integral relation (12) under #(t,x)=u"(t,x), V(t,x) =V, x), Ww(t,x)=w"(,x),
A(x) = A2(x), A(x) = A1 (x) we find the initial approximation 1'” (f) for all ¢ €[0,77]:

10 = [[K, (.07 0.6+ K, (1. 1.) + K, (0. O (1.6) + K, (1. (€) + K, (1. HA” (O e

Step 1. 1) Suppose in the right-hand part of the system (17) u(t) = @ (t), u(t,x)=u""(t,x),
V(t,x)=vV(t,x), Ww(tx)=w"(x), from Cauchy problem (17), (18) we find the first

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

A0 (x) = (0) - [ D (E)D, (A" (£)dé -

~ [ D OL(dE[ 1 @)z~ [ DS, ()dE[ 1 (2)d -

~ [ D OLRET(0.6)+ L (E)F" (0.£)+ S, ()" (T.&) + Ly (£)F " (0.8) + S, (£ (T £)1dé -
[ D OLO[ A7 (1. HBE.OHF (1.8) + Cr. HT (7, E) i dé -
[ D8, O .7 (1. 8B HF (1.8 + Cr. HT (¢, E) i dé -

-[pr (5){@ O] f(7.9)dr + 8, f(7,9)dr - (&) | -

— 15
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2) From the system of integral equations (14)--(16) under u(t)= p'”(t), A(x)=A1"(x),
A(x) = A" (x) we find the functions 7 (¢,x), ¥V (t,x), " (1, x) forall (z,x) e Q:

v (t,x) = j{A(r,x)V“) (7,x)+ B(z, x)w" (7,x) + C(z, )i " (7, x) +
+ A(Or, X)AY (x)+ C(r, )40 (x) + 1 (2) + f(r, X)) |
0 (63 = )+ [T (0.6 + B OF (1,6)+ Ct. T (1.6)+
L ACHIE + DI + w0+ 1.
7000w -p O+ | [T 0.6+ B O (0.6)+ Ce 07" (5,6)+
A DI Cle ) + 1 (0) 1 f (e, O,

~

From integral relation (12) under #(t,x)=u"(t,x), V({t,x)=v"(t,x), w(t,x)=w"(,x),
A(x) = AV(x), A(x) = AV (x) we find the first approximation " (¢) forall ¢ €[0,7]:

1 (1) = [[K (6.7 (1.6)+ K, (1,63 (1.6)+ Ky (6. (1.6) + K, (1.H) A (€)+ K, (1. H A (©) e

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

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

A" () =y (0) = [ D (E)DL(E)A™ (£)dé - [ D (&)| Ly(©)[ #" P (@)dr +S,(&) [ 1" (2)d 7 |dé —

~ [ D OBEF™(0.6)+ L(EF" (8.8)+ 5,7 (T.6) + L (O " (0.6) + Sy (T " (T.£)ld& -
[ DIOLO [ MA@V (0.6)+ Br. &) (2.6) + C(r. )T " (.£) r dé -

[ D@8, [ {4 OV @.8) + B OHF" (1.8 + Cr. £ " (7, &) T dé -

S ey

- JDS(@){LZ@) [r@.&dr+5,)| £z 6)dr - w(é)}dé L xef0,0].

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

v (t,x) = j {A(z‘, )V (z,x)+ B(z, )" (r,x) + C(z, )i "™ (z,x) +
+ A(z, x)A™ (x)+ C(7, ) A™ (x) + 1" (1) + [ (z, x)}dr ,

W (%) =y (0 + f AT (0.8)+ BU.OW™ (1.6) + C. O™ (1.6) +
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FAWEA™ () + CEEA™ (©) + p" (1) + f (6, E)E
T (1,0 =y O -y O+ | [HUEOT (0.6 + B, (0.8 + Cr. 0™ (0.6)+

+A@EA )+ C(r, OA™ (&) + u" (1) + f (1, &) d&d .
From integral relation (12) under #(t,x) =" (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 1™ (¢) for all z €[0,T]:

1 (1) = [[K, (.67 (1.6)+ K, (1,67 (1,6) + K (6, )T ™ (1.6 i +

+HIK @O @+ K. HA (g m=123,...

5. The main result.
Let @ = max || A(t,x) ||, b= max || B(¢,x)||, c = max || C(¢,x) ||, H=a+b+c,
(1,x)eQ (t,x)eQ (t,x)eQ

@, = max [[D,()]" |, @ = max [|[D; ()] Dy(x) .

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,m]

b, = max || L,(x)|| max(T,a))[eH(‘g“") —eH“’]+ max || S,(x)|| max(T,a))[eH(T“") —eH“’],
x€[0,0] x€[0,0]

a, =60 max || L,(x)||+T max || S,(x) ||, b, = max(T,w)e" " (a+c+1),
xe[0,m] x€[0,0]

6 =01 b+ ) ma |11 |+ | K10 )+, s | K, 0.0 |

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).
Theorem 1. Suppose that

i) the matrix Dy(x) is invertible for all x €[0, @],
ii) the inequality fulfilled
q(T, ) = max([ae™ o + 1], (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 [ 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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90X: 517.956
A.T. AcaHOBal, X.A. Amnpﬁaesz, A.IL Cabaaaxosa’

'Matematnka koHe MATEMATHKAIIBIK MOJIENIbICY HHCTUTYTHI, AIMaTHI K., Ka3akcran;
23M., Oye30B ateiHaarel OHTYCTiIK KasakcTan MmemiiekeTTik yHuBepcuTeTi, [IIbiMkeHT K., Kazakcran

I'HIEPBOJIAJIBIK TEKTEC JEPBEC TYBIH/bIJIBI MHTEI' PAJIABIK-AU®P®EPEHIIUAJIABIK
TEHJAEYJIEP )KYHECI YIITH BEMJIOKAJI ECEII TYPAJIBI

AnnoTamus. ExiHm perti rumepOoanblK TEKTeC WHTErpaAbIK-TuddepeHINanIbIK TCHISYIep XKykeci yiniH Oeimokan
ecen KapacThIpbuia/bl. Beiiokan ecenTiH KIaCCHUKANBIK IICHIMiHIH 0ap OOJybl MEH JKAIFBI3IBIFBI MOCENeepi 3epTTEeINreH.
WHTerpanablK KOCBUIFBIIITHIH OpHBIHA JKaHa Oenrici3 QyHKIMS eHri3y )KOJIBIMEH 3ePTTEIIIl OTBIPFAH €cell Hapa-nap HHTErPajlIbIK
nIapTel 6ap Oeiiokan ecemnke kenripiare. [TapameTpi 6ap ecen TMHepOOIANBIK TCHICYJIEP JKYyHeci YiIiH napameTpi 6ap Oeitno-
KaJl €CeNTeH JXKOHe MHTeTpalbIK KaTblHacTaH Typanbl. Ilapamerpi Gap mapa-map ecenTiH XyBIK IIEIIiMiH Taly alropuTMmuaepi
TYPFBI3bUIFAH JKOHE OJIapJIbIH KUHAKTBUIBIFBI JaJeneHre. [lapameTpi 6ap ecentiy »ajfbI3 MICHIiMiHIH 6ap OOJYBIHBIH KETKi-
JIKTI MIApTTaphl TarailblHIaFaH. [ unepOonanblk TEKTeC HHTETPAIBbIK-TU(GepeHINANIBIK TCHACYJIEp KYHeci YIIiH Oeioka
€CEeNTIH JXaJFbI3 KIACCHKAIBIK IIENIMIiHIH 6ap OOJYBIHBIH IIapTTapsl OacTamksl OepirimMaep TepMUHIHAE anblHFaH. KapacTel-
PBUIBII OTBIPFaH €CEITi 3epTTey YIUiH OYpbIH JepOec TYbIHABLIBI qudhepeHIMANABIK TeHICYIep YIIiH eCenTep dyJNeTiHe KeNTipy
ofici malaanaHpUTFaH 0OJaThIH. 3ePTTENIN OTBIPFAH CCEINTIH JKAIFbI3 KJIACCHKAIBIK MICIIIMIHIH 0ap OONyBIHBIH MIapTTaphl Oac-
TanKbl OepiTiMaep apKbUIBI TYPFHI3BUIATHIH MAaTPHIA TEPMUHIHIE TaObUIFaH.

Tyiiin ce3mep: Oeiiokan ecem, aepOec TYBIHIABUIBI HHTETPAIABIK-AU(QepeHINaIIbIK TeHASYIep JXKyiieci, mapamerp,
AITOPHUTM, XKYBIK IIEIIiM, GIPMOHI MESTTUTIMILTIK.

A.T. AcanoBa, X.A. Amup6aes, A.Il. Cab6anaxoBa

O HEJIOKAJBHOM 3AJTAYE JIJISI CACTEMBI HHTETPO-TA®PEPEHIIUAJILHBIX YPABHEHUI B
YACTHBIX TPOU3BOJHBIX TNITEPBOJIMYECKOI'O THUIIA

AHHoTaums. PaccMaTpuBaeTcsl HeloKalbHas 3a/lada C JaHHBIMU HAa XapaKTePUCTUKAX IS CUCTEMbI MHTErpo-auddepeH-
[UAITBHBIX YPaBHEHUH THUIEpOOIMYECKOro THIIA BTOPOTo mopsiaka. McciemyroTcs BOIpOCH CyIIECTBOBAHUS U €UHCTBEHHOCTH
KJIACCHYECKOT0 PEIICHUsT HeOKAIbHOM 3amaun. [lyTemM BBeICHHUs] HOBOM HEM3BECTHON (DYHKIMM BMECTO MHTErPaJbHOM ciarae-
MOH ucciexyeMasl 3aauya CBEIeHa K 3KBHBAJIECHTHOM HENOKAJIbHOH 3a/aue ¢ MHTErpajbHBIM yCIOBUEM. 3ajaya C IMapaMeTpoM
COCTOHT W3 HEJIOKAIBHOH 33/1aui Ul CHCTEMBI THUIEPOOIHMYECKUX YPaBHEHUH C MapaMeTpOM M HHTETPAILHOTO COOTHOLICHHUSI.
ITocTpoeHs! anropuTMbl HAXOXKAECHHS MPHOIIKEHHOTO PEIIeHUs] SKBUBAJICHTHOHN 3a7a4yy C MapaMeTpoM U JI0Ka3aHa MX CXOIH-
MOCTb. YCTaHOBIIEHBI JOCTaTOUHbIE YCIIOBHUS CYILECTBOBAHNS €AMHCTBEHHOTO pelIeHHs 3a1aul ¢ mapameTpoMm. [lomydens! ycno-
BUSI CYIIECTBOBAHHS €IMHCTBEHHOT'O KJIACCHYECKOTO PELIeHHs] HeJOKaJIbHOU 3a/1auyl ISl CHCTEMBI HHTErpo-audhepeHIHaIbHBIX
YpaBHEHHH TUMEPOOINUECKOro THIA B TEPMUHAX MCXOJHBIX JaHHBIX. PaHee K HCCIIEOBAaHMIO pacCMaTpUBAEMOH 3agadd ObLI
NPUMEHEH METOJ CBEACHUS K SKBUBAJICHTHOMY CEMEHCTBY 3a1ay ulsl 11U GepeHIIHaIbHBIX YPAaBHEHHI B YACTHBIX POM3BOIHBIX.
Bbuu HalineHsl 1OCTaTOYHBIE YCIOBUS CYILIECTBOBAHUS €IMHCTBEHHOI'O KJIACCHYECKOr0 PELICHUsS HCCIeayeMoil 3a1auu B TepMHU-
HaxX HEKOTOPO! MaTPHUIIBI, COCTABIISIEMOM IO HCXOJHBIM JJAaHHBIM.

KiroueBble cjloBa: HeloKalbHAs 3a]aya, cUCTeMa MHTErpo-audQepeHInanbHbIX YPaBHEHUH B YAaCTHBIX HPOM3BOAHBIX,
napaMeTp, aJropuT™, PUOIMKEHHOE pellIeHHe, OJJHO3HAYHAS Pa3peIIMOCTb.
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