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ON THE NONLOCAL PROBLEM FOR A SYSTEM OF THE PARTIAL
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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.
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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,@] 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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2:(’;; = A(t, x)a—u + B(t, x)% +C(t, x)u +
+[ [K ) a"‘if’ K5 28 +K3(r,é>u(r,é>}d§+f(r,x), €veQ, O
u(t,0)=w(), t[0,7T], )
Pz(x)a”éxo’x)ua( )8”(’ x)|t o+ P, (0)u(0,%)+ L, (x)ﬁ"(;;x)u( )a”(’ x)|
au(T X)

+ Ly (x)u(8,x) + S, (x) +5,(x) wr S, (T, x)=p((x), xe[0,0], 3)

where u(t, x) = col(uy(t,x),u, (t, x),..., (A x)), 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(z,x) are continuous on Q, the »-vector-
function w(¢) 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,®) . The initial data satisfy
the condition of approval.

A function u(f,x)e C(CLR") having partial derivatives 6u(61; x) eC(Q,R"),
2
@ eC(Q,R"), % = C(CL R™) s salled & classical solution to problem (1)<(3) if for all

(1, x) € Q it satisfics 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

ue)= | {K ) 5”(’; Lk, (16) 5“(’;;5 ) Ka(r,r:)u(r,r:)}df
and write the problem (1)-(3) in the following form
s;;‘x = A, x)% + B, x)% O+ uO)+ £(,%), (LX) eQ, @)
u(t,0)=w(), te[0,T], 5)
R0PED s p 2D 4 b 0,0+ L 2ED 4 D)
+ Ly (0)u(0, %) + S, (x) a”(T D s (x )a“(’ x)|t -+ S,(uT,x)=(x), x€[0,0],  (6)
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ui=| {K (t.8) s +K3(r,§)u(r,§)}d§, re[0.7]. )

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

B g, 2D

g;;izA(z )—+B(t x) - C (i + A VA +CUxX)AX) + 1) + f(1,x),  (8)
u(t,O) +2(0) = y(1), 1<[0,T1]. (9
u(0,x)=0, xe[0,0], (10)
[P (x)+ L, (x)+S,(x)] i(x)+ P(x)+ Ly(x)+ S, (0)]A(x) +
+Pl(x)6ﬂ([[’x)| L L(x )a”(g D L L (x )a“(’ x)| 9+L0(x)z7(9,x)+5'2(x)%+
L8, (x )a”(’ x)|t S, (T, X = p(x),  xe[0,0]. an

a(r) = j{Kl (r,é)%j) K6 T K 01(.6) + K (UG + Ko f)ﬂ(é)}ré - (12)
A triple functions (#(t, x), A(x), 1(¢)), where the function #(f,x)e C(CLR") has partial
o > 2
derivatives 280 corny, PO o rny, SO C o R the function
o o orox

Ax)e C([0,0],R") has derivative l(x) e C([0,w],R"), the function w(¢)eC([0,T],R")
determine from relations (12) for all #<[0,77], is called a solution to problem (8)-(12) if for all
(1, 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(1,0) =y (@) -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 p(#) forall £ €[0,77].

2 u(t o t
We introduce new unknown functions v (¢, x) = Guéx, &) w(t,x) = 8u( % . Goursat problem (8),

(10), (13) is equivalent to a  three systems integral equations
V(t,x) = tj{A(T, X)W (, x) + B(z, x)i(z, x) + C(z, x)ii (z, x) +
+ A(ro, XA+ C (7, x)Ax) + u(7) + f(7,%))d7 . (14)
(1) = yr() + T{A(t, EW(,E)+ BU,EY(t, &)+ C (1, )i (1,€) +
+ A(t,f)/;(cf) +CLEME) + u(t)+ [ (t.EVHE . (15)
(1, x) = (1) =y (0) +f T{A(r,«:maf) + Bz, E)W(z,€) + C(z, )il (z,6) +
+A(, f)ﬂ'o(«f;+ CT,OHMUE) + u(@)+ £ (z,6)}déd . (16)
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In the relation (11) instead of the functions V(6,x), V(7,x), we substitute the appropriate
expressions of the integral relation under # =6, ¢ =1, respectively. Then we obtain

{PZ () +L,(x)+1, (x)iA(T, X)dr +S,(x)+38, (x)}A(r, x)dr}i(x) =
= {PO (X)+ Ly (x) + 8, (x) + L, (x)TC(r, X)dz + S, (x)].C(z', x)dr}i(x) -
-I, (x)f wz)de S, (x)_T pu(@)d — P, (x)i(0,x) — L (x)(6. x) - S, (x)(T'. x) —
L (x)f {A(7, x)V (2, x) + B(z, x)W(z,x) + C(7, %) (7,x) 7 — Lo (x)il (8, x) —
-8, (x)_T[ {A(z, x)V (z,x) + B(z, x)W(z,x) + C (7, %)l (7,x) 7 — S, (x)il (T, x) -

~ L[ (@, 0dr = $,()[ f(z,0)dz + p(x). x € [0,0]. (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 z(#) will be determined from

integral relation (12).
If we know the functional parameter A(x), the special function z(¥), then from integral systems

(14)-(16) find the functions #(¢,x) , V(,x), w(t,x) . Conversely, if we know functions u (¢, x), V(t,x),
Ww(t,x), then from Cauchy problem (17), (18) and integral condition (12) we find the functional
parameter A(x) and special function w(r). Since the functions #(f,x), V(¢,x), w(t,x) and A(x),
4(f) 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 (2~ (£, x), A"(x), £ (¢)) we defined as a limit of
sequence of triples (@ " (¢, x), A" (x), 1" (t,x)), m = 0,1,2,..., according to the following algorithm:

Step 0. 1) Let the matrix D, (x) = P, (¥) + L,(x) + L,(x) [ A(z, x)dz + 8,(x) + 8, () A(z, x)d

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

approximation ﬂ(o)(x) forall xe[0,w]:

A7) =y(0) = [ D ODLOA” €)dé -
~ [ DUOLR @A) + L (EWO) + 5, (EWAT) + Ly () p/(6) —y/(0)} +8, () A1)~ p(0)} 1§

[ DL [ BG.Ein(e) + C . )y () - (O e dé -
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- [ DPES.O[ BE.EW@) + CE. Oy (@) -y (O T dé -
0 0
~Jy (5){1?(5) [ 7o)z +5,) f(r,s‘)df—qo(f)}dé’

where D,(x) = By (x) + Ly (¥) + S, (x) + L, () [ C(z, x)dz + 8,(x) [ C(z, ¥)dlz.

2) From the system of integral equations (14)--(16) under u(t)=0, A(x)=A"(x),
A(x) = A9(x) we find the functions 7@ (,x), ¥V (,x). #©(t,x) forall (1,x) e Q:

FO(t,x) = j{A(r, X O (z, %)+ B(z, YO (z, %) + C(z, )i (z, x) +
O+ A, ) A2 () C (2, )40 (x) + £ (1, ) Yz .
FOUx) =0+ [ ETO 0.0+ BUEOTV 1) + Cl TV (1,6) +
+ Agt,éf)i(o)(iﬁ(7(175)/1“')(5)+f(t,~f)}d§:
700 = -+ | [UEO7 0.0+ BT w6+ Cr. T (5.6 +
+ A(Taoﬁ)ii(o) )+ C@EOAV )+ f(r.6)cdr.

From integral relation (12) under #(f,x)=#"(t,x), v(t,x)=v"(,x), w(t,x)=w(,x),
Ax) = 20(x), Ax) = A9 (x) we find the initial approximation 2 (¢) forall 1 €[0,T]:

rO0 =] [K, (6,65 (,6)+ K, (1, )5V (1,6) + K, (L. OF O 1,€) + K, (L6 A0 (€) + K, (6.6 AV (@) Je

Step 1. 1) Suppose in the right-hand part of the system (17) wu(t) = (1), #(t,x) =, x),
V(t,x)=v(t,x), w(t,x)=w(t,x), from Cauchy problem (17), (18) we find the first
approximation A" (x) forall x €[0,®]:

A0 (@) =y (0) - [ DD, (A () -

*: 9 x T
- [ DI OL)dE [ 1 @)z - [ D7 ()8, (E)dé [ 1 2yt -
0 0 0 0

- [ DI OIREF 0.6+ LEFOO.6)+ S, (EFO(X,8)+ Ly(§)i V(6,8)+ 5, (1. E)dE -
- [P OLO .57 . BT 0,8)+ Cr. O (5. e de -
[ D198, O M@ HVO . HBEHW .6 + C@.HT (. H)Yr di -

[ D@ L@O] F@.6)dr + 8, F@.o)dz - <p(§)]d§ :
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2) From the system of integral equations (14)--(16) under w(f)= (). A(x)=A"(x),
Z(x) = A9 (x) we find the functions # V(#,x), VP (1, x), O, x) forall (,x) e Q:

VO, x) = j{A(r, 07V (@, %)+ B, )i (z,x) + C(z, )i ® (7,%) +
+ A(Or, DA e+ C (7, ) AV (x) + 5O (2) + f (7, 0)}d
FO(,3) = g0) + [AGEF 0,6+ BU,EFO(1,£) +Ct. T (,£) +
+ A(f,s”)o/im(f) +CHA (&) + 1) + f(f,f)}dé‘ 5
7000 = -v O+ | [UEOTO @6+ BT (r.6)+ Clr, T w6+
+ xﬁi(f,f)ﬂ'»(lo)(ez)+ C@.OAE)+ u® (@) + f(z,E)édr .

From integral relation (12) under #(f,x)=#"(t,x), ¥(t,x) =3P, x), Ww(t,x) =W, x),
A(x) = A0 (x), A(x) = A9(x) we find the first approximation 1" (¢) forall ¢ € [0,T]:

10 = [[K .07 €O+ K. OF .6+ K, (LHTV 0.6+ K (1,1 (@) + K, (. AV @) g

And so on.

Step 71 . 1) Suppose in the right-hand part of the system (17) z(t) = u" P (t), @ (t,x) =" (1, x)
. V(LX) =V (@, x), W, x)=w""(x), from Cauchy problem (17), (18) we find the m-th
approximation A (x) forall x €[0,w]:

A" () =w(O) = [ DN ED A (@) - [ DT (&) LE)| " (@)dz + $,(&) | " (@)dr \dg -

- [ D OB@F™ 0.6+ LEF™ 6,6+ 5,F ™ (. + LT (0.6)+ 8, ™ (T, H)}é -
0
x 8
- [ DO [ .7 ™ (2,6)+ B, "V (2.6)+ Cr.HT " (@, E)rdé -
0 0
i T
- D' @8, [ {4 o7 "0 0.6) + BE.HF " (0.£) + C@. T @ Y dé -

- [D7 @) L] £.Odr+ 8,6 f (. )z - w(é)}lf L xel0,0].

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 % (z,x), ¥ (¢,x). W™ (t,x) forall (,x) e Q:

V(1 x)= j.{A(z', X)W (7, %)+ B(z, x)w ™ (7, x) + C(z, )i ™ (7, x) +
+ A(r, x)/?'f”’) (x)+C(z, x)/i(’”) (x)+ u‘j'”’m o)+ f(z, x)}dr R

W (2,x) = yr(t) + j.{A(t,e”)V(’”) (t.6)+ B(t, )™ (6,8) + C(1,£)i ™ (1,€) +
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+AWLEA™ (@) +CUOHA™E)+ 1" W)+ [ EHE.
T8 = O -+ | [HEH7 06+ BT 0.6+ CroT™(5,)
A5 I O Cla YA€) - () + (e, Ol

From integral relation (12) under #(z,x) =u " (t,x), V(t,x) =V (¢,x), W(t,x) =w"(¢,x),
A(x) = A" (x), ﬂ(x) = jm (x) we find the m -th approximation " (¢) forall ¢ €[0,T]:

£ 0 = [[K 7 (0.6 + K. OF ™ (1.6)+ Kyt T ™ (. OB +

KOO+ K OO hE m=123,...

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

a, = max [|[[D(0)]" ||, a = max [|[D, I D) I,

xe[0,m]

a, = max || A(x) ||+ max || L,(x) ][+ x) ||+ Ly(x) ||+
1= max || H(x) ||+ max [| Z,(x)[|+ max [} 5, (x) || + max || L, (x) | + max || S,(0) ],

b, = max || L,(x) || max(T, 0)[e™ @ e |+ max || S, (x) || max(T,0)|e" " - "),
xe[0,m] x€[0,@]

a, =0 max || L,(x)||+7 max || S,(x)||, b, = max(,@)e" " (a+c+1),
x€[0,w] x€[0,@]

6= 9[@2 1 max | K0 |+ ma [ K101 8, ma 1K, 1) ﬂ .

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,0) = max([ae™ o +1]a(a,c, + (a, + b)b,), e wa,(ax, + (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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OO0XK: 517.956
A.T. AcanoBa', X.A. AmnpﬁaeBZ, A.IL CabanaxoBa’

"MaTteMaTrKa %oHe MaTEMATHKANBIK, MOEIbIeY MHCTUTYTH, AJIMAaTh! K., Kasakcra,
23M. Oye3oB aThmHlarbl OHTYCTIK Kazakcran MeMiIekeTTiK yHuBepenuTeTi, ITIbiMKeHT K., Kazakctan

THIEPBOJIAJIBIK TEKTEC JEPBEC TYBIH/BLIbI MHTETPAJIBIK-JA®OEPEHIAAJIBIK
TEHAEYJIEP )KYMECI YIIIH BEMJIOKAJ ECEII TYPAJIBI

AnHOTanus. EXIHIIN perTi TUIepOoIaiblK TEKTEC MHTErpalIBIK-TudPepeHIMAIIBIK TeHEYIep Kyheci YImiH Oeirokarn
ecell KapacThIphUIabl. BeltoKal ecemTiH KIaCCHKAIBIK MEIMIHIH Gap GONYBI MEH JKaIFBI3IBIFBl MICENeNepl 3epTTereH.
MHTerpanabIK KOCHUTFBIIITHIH OPHBIHA JKaHaA GENrici3 (yHKITS eHTi3y JKOIBIMEH 3ePTTENII OTBIPFaH eCell Mapa-ap MHTETPaIbIK
mapThl Gap Gelimokan ecerke kenripumen. [Tapamerpi Gap eceln rumnepGoNabIK TeHIeyIep Kyleci YIiH apamerpi 6ap Getino-
Kall ecelTeH JXKd9He MHTerpablK KaTbIHacTaH Typaabl [lapamerpi Gap mapa-map €cenTiH KYBIK IMIENIMIiH Taby alropuTMaepi
TYPFBI3BUTFAH KOHE OJIap/IbIH KUHAKTBUTBEHI JIonesieHreH. [lapameTpi Gap ecenTiH sKaiFbl3 IeniMiHIH 6ap GONYBIHBIH JKETKi-
TIKT1 MapTTaphl TaFalbIHAATFaH. [ uirepOoanblk TeKTeC UHTErPALIBIK-TUdPepeHIMAIBIK TeHAeYIep Kylheci Y Oefnokan
€CEIITIH KalIFbI3 KJIaCCHKATBIK TIeNNMiHIH Gap GONYBIHBIH MAapTTapbl OacTarksl OepimimMiep TEpMUHIH/E albHFaH. KapacThl-
PBUIBIII OTBHIPFaH €CelTi 3epTTey YIIH OYPBIH JepOec TyBHABUIB TP PepeHI AT IbIK TEHASYIep YIIIH ecelTep ayIeTiHe KeITipy
diici maitianaHbUEaH CONAThIH. 3ePTTEINIIT OTHIPFAH €CEIITiH, KaIFhI3 KITACCUKABIK IeNTiMiHIH Oap OOTyBIHBIH IIapTTaphl Oac-
TarKpl GepimiMep apKbUTbl TYPFBI3BUIATHH MATPHIA TEPMUHIH/E TaObLUFaH.

Tyiiin ce3xep: Oeitmokan ecer, jepdec TYBIHABUIBI HHTETPAIBIK-TU(PEpEeHITHAIIBIK TEHAEYIEep JKyleci, IapaMmerp,
ANTOPUTM, JKYBIK TTIENTiM, G1pMOH/TI IMETLTIMALTIK.

A.T. Acanona, X.A. Ammpoaes, A.IL. CadanaxoBa

O HEJIOKAJIBHOM 3AJTAYE JJISI CUCTEMBI UHTET PO-TA®PEPEHITUAJILHBIX YPABHEHHI B
YACTHBIX ITPOU3BOIHBIX I'NITEPEOIMYECKOI'O THITA

Annoranusi. PaccmarpuBaercs HelokalbHas 3aj[aua ¢ JaHHBIMU Ha XapaKTePUCTUKAX ULl CHCTEMbI MHTErpo-aud depeH-
LMAIBHBIX YPaBHEHUN TUIIEPOOIIMYECKOTO THIIA BTOPOTO IOpsKa. MccnenyoTest BOIIPOCH CYIIECTBOBAHUS U €IMHCTBEHHOCTU
KIIACCHYECKOT0 peTieHUs] HelOKaIbHOH 3aiaurt. 1IyTeM BBeleHUsI HOBOI HEM3BECTHOM (DYHKIMM BMECTO MHTETPAIILHON ciarae-
Mo#t mcciteyeMasl 3a/iada cBejieHa K SKBUBATEHTHOM HEJIOKaTbHOM 3ajiaue ¢ MHTErPaIbHBIM YCIOBHEM. 3ajaua ¢ MapaMeTpoM
COCTOUT U3 HENMOKAIBHON 3a/laudl Il CUCTEMbI TMIIEPOOIIMUECKUX YPABHEHUH C IapaMeTpoM M MHTETPAbHOIO COOTHOIIEHMS.
TTocTpoeHB! aMrOpUTMBI HAXOXKISHUSI TIPHUOIIDKEHHOTO PEITIeHUs DKBUBAIICHTHON 3a/Jaud ¢ IIapaMeTpoM U JIoKa3aHa UX CXOJH-
MOCTB. YCTaHOBIIEHBI JJOCTATOYHBIE YCIIOBUS CYIIECTBOBAHUS €IMHCTBEHHOTO PEIICHNUS 3a/iauu ¢ IapaMeTpoM. [lomyyeHs! ycio-
BUSI CYITIECTBOBAHUSI €JIMHCTBEHHOTO KIIACCHYECKOTO PEIIeHIsI HEOKATLHOM 3aj1auul JUTSl CUCTEMBI UHTET pO- i depeHI TMaTbHbIX
YPaBHEHMI T'MIIEPOOIIMUECKOIO TUIIA B TEPMUHAX MCXOJHBIX JAHHBIX. PaHee K HMCCIENOBaHMIO paccMaTpUBacMOM 3ajaund ObUI
TIPUMEHEH METOJ CBEJICHUS K SKBUBAICHTHOMY CeMENCTBY 3ajau ULl U depeHIMalbHbIX YPaBHEHUIH B YACTHBIX IIPOU3BOTHBIX.
Boumm HaitieHsl T0CTaTOUHbIE YCIOBHS CYINECTBOBAHIS €IMHCTBEHHOTO KIIACCHUECKOTO PEIICHISI UCCIIey eMOU 3a/Iaud B TEPMI-
HaxX HEKOTOPOM MaTPHIBL, COCTABISIEMON 110 UCXO/HBIM JIAHHBIM.

KiroueBble cjioBa: HETOKATbHAS 3aj@da, CUCTeMa HUHTErpo-TudhepeHIMaTbHPIX YPaBHEHUI B YacTHBIX IIPOU3BOIHBIX,
rapaMerp, allrOpUTM, IIPUOIIM)KEHHOE PENIEHUE, OJJHO3HAYHAS! Pa3PEIMMOCTb.




