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Abstract. In this article, we consider the periodic problem for the impulsive hyperbolic equation with
discrete memory. Impulsive hyperbolic equations with discrete memory arise as a mathematical model for
describing physical processes in the neural networks, discontinuous dynamical systems, hybrid systems,
and etc. Questions of the existence and construction of solutions to periodic problems for impulsive
hyperbolic equations with discrete memory remain important issues in the theory of discontinuous par-
tial differential equations. To find the solvability conditions of this problem we apply Dzhumabaev's
parametrization method. The coefficient conditions for the existence and uniqueness of the periodic
problem for the impulsive hyperbolic equation with discrete memory are established. We offer an algo-
rithm for determining the approximate solution to this problem and show its convergence to the exact

solution of the periodic problem for the impulsive hyperbolic equation with discrete memory.

Keywords. hyperbolic equation, impulse effects, periodic condition, discrete memory, partition of do-

main, problem with parameters, solvability conditions.

1 Introduction

On the domain Q = [0, T x [0, w] we consider the periodic problem for the impulsive hyperbolic
equation with discrete memory in the following form

Pu ou(t, x) ou(y(t), x) ou(t, x)
ooz~ AT g, oz ot

t£0;, j=1,N—1,

+ Aolt, z) + B(t, ) + O w)ult, x) + f(t,x), (1)

2010 Mathematics Subject Classification: 35R12; 35L.53; 34K06; 34K10.

Funding: This research is funded by the Science Committee of the Ministry of Science and Higher Edu-
cation of the Republic of Kazakhstan (Grant No. BR20281002).

DOI: https://doi.org/10.70474 /kmj-25-1-02

(©) 2025 Kazakh Mathematical Journal. All right reserved.



Solution to the periodic problem for the impulsive hyperbolic equation. . . 17

u(0,z) = u(T, x), z € [0,w], (2)
ti%lgl+0u(t,x) - tﬁli@rﬁou(t,w) = pp(z), zxe0w], p=1,N—1, (3)
u(t,0) = (1), te[0,T], (4)

where u(t, z) is unknown function, the functions A(¢, x), B(t,z), C(t,z), Ao(t,x) and n vector
function f(¢,z) are continuous on €,

v(t) = (s if t € [05-1,05), s=1,N;

Os_1 < Cs < 0, for all s = 1,2,...,N; 0= Op <61 <..<0Ony_1<0n =T,
the functions ¢p(z) are continuously differentiable on [0,w], p = 1, N — 1; the function (¢)
is continuously differentiable on [0, 7] and satisfies the compatibility condition: 1(0) = ¢(T).
We introduce the notation
N
Oy = [05-1,05) x [0,0], s=1,N, ie. = Q.

s=1

Let PC(12, {Hj}éy;ll, R) be the space of piecewise continuous on 2 functions u(¢, x) with
possible discontinuities on lines t = 6;, j = 1, N — 1, and the norm

lulh = max sup |u(t, z)|.
s=L,N (t,x)€Qs

A function u(t, z) € PC(, {Hj}jy:_ll, R) is a solution to problem (1)—(4) if:

(1) wu(t,z) has partial derivatives

ou(t, )
Ox

e PO@, (6;))5 ®), 202

j=1 "1 € PC(2,{6;};5,", R);

j:l 9

2
(ii) the mixed partial derivative a;ti(atf) exists at each point (t,2) € Q with the possible

exception of the points (6s-1,x), s = 1, N, for all x € [0,w], where the one-sided mixed
partial derivatives exist;

(iii) hyperbolic equation (1) is satisfied for w(¢,x) on each subdomain (6s_1,6s) x [0,w],
s = 1, N, and it holds for the right mixed partial derivative of u(t,z) at the points
(Os—1,2), s=1,N, z€]0,w];

(iv) periodic condition (2) and initial condition (4) are satisfied for u(t,z) at the lines ¢ = 0,
t =T, and z = 0, respectively;
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18 Anar T. Assanova, Altynai Molybaikyzy

(v) the conditions of the impulse effects (3) are satisfied for w(t,z) at the lines t = 6,

p=1,N—-1, 2 € [0,w].

Differential equations with discrete memory (or generalized piecewise constant argument)
are more suitable for modeling and solving various application problems, including areas
of neural networks, discontinuous dynamical systems, biological and medical models, etc.
[1, 2, 3,4, 5,6, 7|

Questions of solvability and construction of solutions to boundary value problems for
differential and hyperbolic equations with generalized piecewise constant argument on a finite
interval were studied in 8, 9, 10, 11].

For impulsive partial differential equations with discrete memory, however, the questions
of solvability of boundary value problems on a finite interval still remain open [12].

This issue can be resolved by developing constructive methods.

The non-local problem for a system of hyperbolic equations with impulse discrete memory
were considered in [13]. Conditions for the existence and uniqueness solution to the non-local
problem for a system of hyperbolic equations with impulse discrete memory were established
in the term of special matrix composed by coefficient matrices and boundary matrices.

In the present paper, we propose a new approach for solving periodic problems for the
impulsive hyperbolic equation with discrete memory (1)—(4) based on the introduction of new
functions and on Dzhumabaev’s parametrization method [14].

2 Introduction of new functions and algorithm of Dzhumabaev’s parametrization
method
First, we introduce new functions v(t,z) = %7 w(t,z) = augt’x).
We have a periodic problem for a family of impulsive differential equations with discrete
memory in the next form

‘z;; = A(t, z)v(t, x) + Ao(t, 2)v(v(t), ) + f(t,2) + B(t,2)w(t, z) + C(t, z)u(t,z), (5)
t#6;,, j=1,N—1,
v(0,z) = o(T, z), z € [0,w], (6)
t_l>i6rpn+ov(t,x) - t_l)ier;l_ov(tw) = ¢p(x), re0w], p=1N—1, (7)
uta) =60+ [oe.9de, witw) =i+ [P0 ae ©
0 0

(t,z) € Qq, s=1,N.
A triple of functions {v(¢,z),u(t,x),w(t,z)} is a solution to the problem for the family
of impulsive differential equations with discrete memory (5)—(8) if:
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(i) the function v(t,z) € PC(Q, {9j}§v:—117R) has partial derivative

Ju(t, x)
ot

€ PC(Q,{0;}1,', R);

(i) the family of the differential equations (5) is satisfied for v(¢,z), u(t,x) and w(t,z) on
each subdomain (6s_1,6s) x [0,w], s =1, N, and it holds for the right partial derivative
of v(t,z) by t at the points (6s—1,z), s=1,N, z € [0,w];

(iii) the periodic condition (6) is satisfied for v(¢,x) at the lines t =0 and t =T

(iv) the functions u(t,z) and w(t,x) are connected with v(¢,x) and % by the integral
equations (8).

(v) Denote by An(w) a partition of the domain € by lines ¢t = 0:

Qs =[05-1,05) x [0,w], s=1,N.

Let C(92, Ax(w), RY) be the space of functions systems
v([t], ) = (vi(t,z),ve(t, x), ..., on(t, 1)),
where v, : Q; — R are continuous and have finite left-hand side limits . liem Ovs(t,x) for all
—0s—

s=1,N, and z € [0,w] with the norm

[v([],2)ll2 = max  sup ||vs(¢, )]
s=LN te[0,_1,0,)

We denote by vs(t, ) the restriction of a function v(t,z) on the s-th subdomain Qs i.e.
vs(t,z) = v(t,x) for (t,x) € Qs, s=1,N.

Then the function system v([t],z) = (vi(t,x),va(t, z), ..., vn(t,x)) belongs to the space

C(9, Ay (w), RY), and its elements vs(t, z), s = 1, N, satisfy the following family of differential
equations with discrete memory

881;8 - A(tv :L')Us(t, '1') =+ AO(ta x)vs(g& x) + f(tv x) + B<t7 x)w(t7 x> + C(t’ x)u(t’ x)’ <9>
(t,z) € Qs, s=1,N,

v1(0,2) = tiijglovN(t,x), z € [0,w], (10)

Vpt1(0p, ) — t_l}iem_o vp(t, ) = pp(x), x € [0,w], p=1N—1, (11)

p
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20 Anar T. Assanova, Altynai Molybaikyzy

xT x

u(t, z) = (t) + / valt, €)dE, w(t, x) = (1) + /

0 0

avs(ta 5)

T ¢, (t,z) e Qs, s=1,N. (12)

In (9) we take into account that ~(t) = (s for all t € [#s_1,605), s=1,N.
We introduce functional parameters in the next form: ps(x) = vs((s,x) for all s =1, N
and z € [0,w].

Making the substitution vUs(t,z) = vs(t,z) — ps(x), (t,z) € Qs, s = 1, N, we obtain a
problem with parameters for the family of differential equations in the following form

O0vs
ot

= A 2)T(t, ) + (A7) + Ao(t, 2) () + F(t2)+
+ B(t,x)w(t,x) + C(t,x)u(t,z), (t,x) € Qs, s=1,N, (13)

the initial conditions are

Us(Cs, ) = 0, x € [0, w], s=1,N, (14)
the periodic condition is
7171(071.) +M1((L’) :t})IYQOﬁN(t’ x) +MN(£C>7 YIS [O7w]7 (15)

the conditions with impulse effects

:Jp-l-l(ep:x) + Hp-f-l(x) - t_ljem_ogp(t)x) - :U’p(x) = pr(%), T e [O,W], b= 17 N — 17 (16)
p

and the integral equations

x x

u(t, z) = (t) + / Bt ) + pa(OE, it x) = (1) + /

0 0

s (t, §)

o

(t,z) € Qs, s=1,N. (17)
A solution to the problem with parameters (13)—(17) is called a quadruple

{o(lt], 2), (), ult, ), w(t, )},

with elements {vs(t, z), pus(z), u(t, ), w(t, =)}, where the functions v5(t, x) € C(Q, Ax(w),R)
have the derivative avsa(f’x) € C(2, Ay(w),R), the functional parameters us(x) € C([0,w],R),
s = 1, N, the functions u(t,z),w(t,z) € C(, Anx(w),R), and satisfies to the family of the
differential equations (13) for all (¢, ) € Qs, s = 1, NV, the initial conditions (14), the boundary

condition (15), the conditions with impulse effects (16) for all € [0,w]. The functions u(t, x)
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)

and w(t,z) are connected with v4(¢,x) and %
(t,z) € Qs, s=1,N.

At fixed ps(x), w(t,z), u(t,z) the problem (13)—(14) is a family of Cauchy problems for
differential equations.

by the integral equations (17) for all

¢
Let a(t,z) = /A(T,x)dT, (t,x) € Qs, s=1N.

Cs
A solution of the family Cauchy problems (13)—(14) is unique and has the next form

t t
ol (t, ) = e 47) / e TIA(T, @) + Ao(7, 2) s ) dr + e / e f(r, 2)dr+
Cs (s

¢
+ ea(m)/e—a(r,r) [B(T, z)w(t,z) + C(7, z)u(r, x)}dT, (t,z) € Qs, s=1,N. (18)
Cs

We introduce the following notations:

Dy(t,z) = ¢e*t®)
(s

¢
e~ AT, 2) + Ao(T, z)]dT,

¢

Hy(t,z,w,u) = &) [ 7o) {B(T, z)w(r,x) + C(r, z)u(r, x) | dr,

Fy(t,z) = &0 [ =)z 2)dr, (t,z) € ., 7 =1, N.

/
/

From the integral representation (18) we find

:(71(071')7 tiizr“rioﬁN(t’x)’ /ﬁp—l-l(ep?x)v t%lg;l in(twr)a p= 1aN - L

Substituting the found expressions into Relations (15) and (16), we obtain

[1+ D1(0,2)| () — [1+ Dn(T,2)| un(z) = —F1(0,3) + Fn (T, z)—
— Hi1(0,z,w,u) + Hy(T,z,w,u), z € [0,w], (19)

[1 + Dpy1(6p, x)]ﬂpﬂ(w) - [1 + Dy (0, w)},up(x) = p(x) + Fp(0p, ©) — Fpi1(6p, )+

+ Hp(gp,.iU,’UJ,U) - Hp+1(9p7x7w7u)7 b= LN - 17 HAS [07(")]‘ (20)
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22 Anar T. Assanova, Altynai Molybaikyzy

Using the coefficients for ps(x), s = 1, N, on the left-hand sides of the system of the
equations (19), (20), we compose an N x N matrix Q(z) in the following form:

14 D:(0,2) 0 0 0 —1- Dn(T, z)
—1—=D1(01,z) 14 D2(0:1,x) 0 0 0
a@=| g TR LRGN 8 8
0 0 0 1= Dno(On-1,8) 1+ Dn(0xn-1,2)
Let us write down the system of the equations (19)—(20) in the next form:
Q(z)u(x) = —Fy(z) — Hy(z,w, u), z € [0,w], (21)

where the N vector functions Fi(An(w), z), Hi(An(w),x, w,u) have the forms

Fo(z) = (Fl(O,:U) — Fn(T, ), —p1(x) — Fi(61,2) + Fa(61,2), ...,

—on-1(z) = Fy—1(On-1,2) + FN(ONn—1, 37)>,

H*(x,w,u) = (Hl((),.r,w,u) - HN(T,.’L‘,U/,U), —Hl(el,lb,w,'lt) +H2(91,m,w,u), s

— Hy-1(On-1,7,w,u) + Hy(ON-1, OC,UJ,U))-

3 Algorithm and Main result

If the functions w(t, z) and u(t, z) are known for all (¢, z) € Q;, s = 1, N, then from the system
of functional equations (21) we find u(z) with components us(x) € C([0,w],R), s = 1, N.
Then from the integral representation (18) and the differential equations (13), we define
Us(t, ) and its derivative 885; for all (t,z) € Q5, s=1,N.

Conversely, if vs(t, ), 885;’ and ps(z) € C([0,w],R) are known for all (¢,z) € Qs, where
s = 1, N, then from the integral equations (17) we can find the functions u(t,x), w(t, z) for
all (t,z) € Q5, s=1,N.

Since the function vs(t,x) and its derivative agts, the functions u(t,z), w(t,z) and the
functional parameters ps(x), s = 1, N, are unknown together, we use the iteration method to
find a solution to the problem (13)—(17).

We determine a quadruple

{0 ([t], ), ™ (), w'(t, x), w"(t,2)},
with elements {07 (¢, z), pi(x), u*(t,x), w*(t,x)}, as a limit of sequence of quadruples

@0 ([t],2), 1 (@), P (t2), wP(t )},
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with elements {5§k> (t,x), ,ugk) (z), u® (t, ), w*) (t,2)},s = 1,N, k = 0,1,2, ... by the following
algorithm:

Step 0. Assume that the (N x N) matrix Q(z) is invertible for all z € [0, w].

1) Putting u(t,xz) = ¥(t), w(t,z) = 1(t) on the right-hand side of system (21), we
define initial approximation of functional parameter pu(9(z) = ( go) (x), ug)) (), ..., ug\?) (x))

with components ugo) (x) € C([0,w],R) from the system of functional equations

Q(.T)M(l‘) = _F*(x) - H*($a¢,¢), T e [va]‘
2) Assuming on the right-hand side of the family of the differential equations (13) that
ult,z) = (b)), w(t,z) = P(t), ps(x) = ,ugo)(x), s = 1, N, and solving the family of Cauchy
problems (13)—(14), we find 7 (t,x)

5§0)(t7$) :Ds(t,x)ﬂgo)(x)+F5(t,.%')+HS(t,[B,1/J,w), (tux) € QS: s = 17N7 (22>
and we determine its derivative

a9
ot

= A(t, z)00 (¢, 2) + [A(t, ) + Ag(t, )]0 (@) + f(t,2)+

+ B(t,z)y(t) + C(t,x)v(t), (t,x) € Qg s=1,N. (23)

3) From the integral equations (17) we define u(9 (¢, z) and w©) (¢, ) as follows:

[ . % a~(0)
WO (k) =60 + [FO€) + P(Elde, wO(t,a) = (o) + P8 g,
0 0
(t,x) €, s=1,N. (24)

Step 1. 1) Putting u(t, z) = u(9(t, ) and w(t, z) = w (¢, ) on the right-hand side of the
system (21), we define the first approximation of the functional parameter u(!(z) = ( gl)(:n),
ugl)(x), e ,ug\l,) ()) with components ,ugl)(m) € C([0,w],R) from the system of the functional
equations

Q(ZL‘)/.L(SL’) = _F*(:‘C) - H*(x’w(o)vu(()))a x € [O,UJ].
2) Assuming on the right-hand side of the family of the differential equations (13)

U(t, .’IJ) = U(O)(tax)v ’lU(t,.CL‘) = w(O)(ta J}), Ms(x) = Mgl)(x)v s=1,N

and solving the family of Cauchy problems (13)—(14), we find ﬁgl)(t, x):

W (t, 2) = Dy(t, 2)plD () + Fy(t,x) + Hy(t, 2, w0, u®),  (t,2) € Qs, s=T,N, (25)
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and we determine its derivative

oM

o = At )0 (8, ) + [A(t, 2) + Ao(t, )]V (2) + f(t, )+

+ B, 2)w O (¢, z) + O, 2)uO(t,z), (t,z) €Q, s=1,N. (26)

3) From the integral equations (17) we define u(Y (¢, z) and wM (¢, z) as follows:

T T

uV(t,2) = (1) + / B ) + uD©)de, wD(t,x) = h(t) + /

0 0
(t,x) € Qs, s=1,N. (27)

a8 (t, €)

at d£7

And so on.

Step k. 1) Putting u(t, z) = u* D (t, z) and w(t,z) = w*=D(t, ) on the right-hand side
of the system (21), we define the kth approximation of the functional parameter p*)(z) =
(,ugk) (x),ugk) (x), ...,,ug\];) (z)) with the components ugk) (z) € C(]0,w],R) from the system of

the functional equations
Q@)u(x) = —Fu(x) — Ha(w,w®D ulE=0), 2 € [0,0].

2) Assuming on the right-hand side of the family of the differential equations (13) that

u(t, z) = uFV(t, z), wit,z) =w* (¢t 2), ps(z) =pF(2), s=1,N,

and solving the family of Cauchy problems (13)—(14), we find Egl)(t, x)

W (¢, x) = Dy(t, )P (z) + Fi(t, 2) + Ho(t, 2, w* D o®D) (t,2) € Q,, s =1,N, (28)
and determine its derivative

~(F)
T = At 2) + [A(t2) + Aot D)) + (1, 2)

+ B(t, z)w* V(¢ 2) + Ct, 2)u*V(t,2), (t,z)eQ,, s=1,N. (29)

3) From the integral equations (17) we define u®) (¢, 2) and w® (¢, z) as follows:

f 1 ov®(t,¢)

u¥) (¢, 7) = p(t) + / B0 (¢, &) + p ()de,  wP(t,z) = (t) + / —a ©
3 0

(t,2) €Qy, s=T,N. (30)
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Here k. =1,2,...

The developed method allows us to find unknown functions in three stages:

1) From the system of the functional equations (21) we determine the introduced func-
tional parameters ps(z) for all x € [0,w], s =1, N.

2) From the family of Cauchy problems (13), (14) we find unknown functions vs(¢, 2) and
its derivative % for all (t,z) € Qs, s=1,N.

3) From the integral equations (17) we define u(t,z) and w(t,z) for all (t,z) € s,
s=1,N.

Each of the problems has a unique solution under assumptions about the initial data. To
implement the algorithm, it is necessary to establish the convergence of approximate solutions
to the exact solution of the problem with parameters (13)-(17).

We use the following notations:

a(r) = tg%%HA(t,w)H,
ap(z) = tg%g%HAo(t,x)H,

0 = max{ max (0, — (y—1), max (1 — 97«,1)}.
r=1,N r=1,N

The following theorem establishes conditions for the convergence of the proposed algo-
rithm and the existence of a unique solution to the problem with parameters (13)—-(17).

Theorem 1. Assume that the N x N matriz Q(x) is invertible for all x € [0,w]. Then the
problem with parameters (13)-(17) has a unique solution.

From the equivalent problems (1)—(4) and (13)—(17) we have the following.

Theorem 2. Assume that the N x N matriz Q(x) is invertible for all x € [0,w]. Then the
periodic problem for the impulsive hyperbolic equation with discrete memory (1)-(4) has a
unique solution.
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AcanoBa A. T., Momsibaiikpzbr A. JIMCKPET >KAJIBIJIBI UMITYJIbCTIK T'MITEP-
BOJIAJIBIK TEHJIEY YIIIH ITEPNOJATHI ECEITTIH HIEIIIMI

MaxkaJiajia TUCKPET KA IbLIbI HMITY/IbCTIK THIEPOO/IAIbIK TeH Y VIIIiH IEPUOITHI eCell Ka-
pacThIpbLIaIbL. JIMCKpeT KaIbLIbl UMITYJIbCTIK THIEPOOJIAIbIK, TeHIEYIep HeHPOHIBIK, YKeiaep-
Jeri, y3imicTi auHaMUKaJIBIK XKyiierepaeri, TuopuI sKyieaeperi koHe T.T. (pU3uKaJIbIK yaepicTep-
Ji cumnaTTayra apHaJFaH MaTeMaTHKAJIbIK MOJEIEp PeTiHe TYbIHIal bl JIucKpeT KaTblabl
UMITYJIBCTIK TUNEPOOJIAJIBIK TEHIEYJIED YIMH ITePUOITHI eCeIITepIiH, melriMaepinin 6ap 6oy
MEH Kypy Mocesesepi y3iiicTi mepbec TybIHABLIBI JudHepeHInaIbK, TeHIeyIep TeOPUIChHI-
HBIH, MaHBI3/IbI Moceseci 60JIbII Kasbll oThip. OChbl ecenTiH, MEeniaiMIiIiK IapTTapbiH Tady
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yuria JI>xymabaeBThIH ITapaMeTpJiey djici maiimaaanbiiaabl. JIMCKpeT »KaIbLIbl MMITYJIBCTIK
rurepOOoIAJIbIK, TEHEY YIIIH IePUOITHI €CENTiH mentiMiHiH 6ap O0JIYbl MEH YKAJIFbI3]IBIFBIHBIH,
K03 punmeHTTiK maprrapbl opHaTbLIFaH. OChl €CENTiH »KYBIK IIENIMIH aHBIKTAY aJINOPHUT-
Mi YCHIHBUIFAH KOHE JTUCKPET KaJIbLIBI UMITYJIbCTIK TUIEPOOJIAIbIK TEeH/IeY YIIMH MePUOITHI
€CETITIH, JI9JT TEeNTMiHe YKIHAKTHIIBIFBI KOPCETIINEH.

Tvyiiin ce3mep: rumepboJIalbIK TEHIEY, UMITYIbC 9Cepsepi, MepPUOATHI IAPT, AUCKPET
2KaJbl, 00JIBICTHI OOJIIKTEY, TapaMeTpJsiepi 6ap ecer, MemuIMIIK mapTTapbl.

Acanosa A. T., Moni6aiikessr A. PEIIIEHUE IIEPUOANYECKON 3AJAYN 115
NMITVJIBCHOT'O 'NITEPBOJIMYECKOI'O YPABHEHUA C JUCKPETHOI ITAMSI-
ThIO

B craThe paccmarpuBaeTcs mepuoAUUIecKast 3a/1a49a JIJisi KMIIYJIbCHOTO TUIIEPOOINIECKOI0
YPaBHEHUSI C IUCKPETHON MaMsThio. VIMITyIbcHbIe TUITEpOOTHIECKTEe YPABHEHUST C TUCKPETHOM
TaMSTHIO BO3SHUKAIOT KAK MATEMATHIECKUE MOJIE/IH, OMUCHIBAIONINE (PU3NIECKUE TPOIECCH B
HEHPOHHDBIX CETHAX, B PA3PLIBHBIX JUHAMUYIECKUX CHUCTEMaX, B TMOPUIHBIX CHUCTEMaX U T.JI.
Bompochl cymiecTBOBaHUS U TOCTPOEHUSI PEIIeHNs NEPUOAMIECKUX 33/1ad JJIsi UMITYJIbCHBIX
rurepOOINIeCKUX YPaBHEHUN C NUCKPETHON MaMSIThIO OCTAIOTCH BayKHBIMU IIPOOJIEMaMU TEO-
pun pa3pbIBHBIX Jud depeHnnaabHbIX YPABHEHUN B YACTHBIX TPOU3BOIHBIX. [l HAX0XK IeHUS
YCJOBUIT Pa3pEeIuMOCTH 3TOH 3aJadu UCHOJb3YyeTCs MeToJ rnapamerpusanuu J2xymabaeBa.
Vcranossennbl KO3GDUIUEHTHBIE YCJIOBUS CYIECTBOBAHUS U €IMHCTBEHHOCTH PEIEHUS [I€PHU-
OJINYECKO JIJIsT UMITYJIbCHOTO TUIEPOOIMIeCKOr0 YpaBHEHUs C JIMCKPETHON naMmsaThio. [1pe-
JIOZKEH AJIPOPUTM IS OIIPEJIeJIEHUs] TPUOJIMAKEHHOTO DeIlleHns JAHHON 3a/lad9d U [TOKa3aHa
CXOJIUMOCTb K TOYHOMY PEIIEHUI0 IEPUOIMIECKON 33 1a9u JJIsi UMITYJILCHOT'O TUIIEPOOTUIECKO-
IO ypaBHEHUS C JUCKPETHON MaMSTHIO.

KuroueBbie ciioBa: rutepbo/intieckoe ypaBHEHUE, UMITYJIbCHBIE BO3ICHCTBUsI, TIEPUOIU-
YeCcKOe YCJIOBUE, JCKPeTHAs NaMsTh, JieJieHre 00/1acTh, 3a/1ada ¢ apaMeTpaMu, YCJIOBUS Pa3-
PEeIIMOCTH.
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