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Bounder solution on a strip to a system of nonlinear hy,
equations with mixed derivatives

The system of nonlinear hyperbolic equations with mixed derivatives is considered on trip. Time
variable of the unknown function changes on the whole axis, and the spatial variable be a finite
interval. A function, the partial derivative with respect to the spatial variable, nknown

function, and problem of finding a bounded on the strip solution to the o
problem of finding a bounded on the strip solution to a system of integro
The whole axes is divided into parts, and additional functional para
of unknown function on the initial lines of sub-domains. For the fixed
the new unknown functions in the sub-domains are defined yhe solution

uced as the values
ctional parameters,
the Cauchy problems for

integro-partial differential equations of the first order. Using
the partition lines, the two-sided infinite system of nonlinear Volter
with respect to introduced functional parameters is obtained.

with functional parameters are proposed. Conditions for th nce of algorithms, and existence of
bounded on the strip solution of the system of nonline ic ‘equations with mixed derivatives are
obtained.

Key words: bounded on the strip solution, the syst i hyperbolic equations, functional parameters,
algorithm.

We consider the system of nonlinear hype

82
81:;;15 = f(x,t, ; S x,t) € Q= [0,w] x R, u € R™; (1)
where f: Q x R® x R® — R"™ is a,bo function, continuous by z € [0,w] uniformly with respect to ¢t € R
and continuous by ¢ € R at the fix € [0,w], ||ul| = max ;).
=1n
Denote by C*(£, R") isals ounded functions u :  — R™, continuous by z € [0,w] uniformly with

respect to ¢t € R and congimuous by/t € R at the fixed z € [0,w] with the norm [|ul|. = sup ||ju(z,?t)]|.
Bounded on the st

(x,t)€
D |
in [1-5].

ons to the system of hyperbolic equations with mixed derivatives are considered
The paper 48ydevotéd to the solutions of system (1) satisfying the conditions

u(0,t) =0, teR; (2)
Ou(x,t)
— (Q,R™).
0 ¢ oo m) ®
A “selution to problem (1)-(3) is a function wu*(z,t) € C*(2,R™), which has the partial derivatives
2
2u"‘ x,t) € C*(Q,R"), pr u*(z,t) € C*(Q,R™), satisfying the system of differential equations (1) for all
x

Qxot
(z,t) € Q and condition (2).
We set v(z,t) = uiz,t)

of integro-partial differential equations

, (x,t) € Q and reduce the problem (1)-(3) to the following problem for the system

% - f(x,t, /Ow v(g,t)dg,v), (z,1) € Q, (4)
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v(z,t) € C*(Q,R"). (5)
ou*(z,t)

ot
problem (4), (5). Conversely, if v(xz,t) is a solution to problem (4), (5), then the function

T
(o) = / Wede, (1) €Q
0
is a solution to problem (1)-(3).
Take h > 0 and divide € on sub-domains
Z.

If a function w*(x,t) is a solution to problem (1)-(3), then the function v*(x,t) = is a solution to

o= |J 2@ =0 x[r-1hrh), re

r=—00

Let v,.(z,t) be the restriction of function v(z,t) on sub-domain Q,., r € Z.
Introduced the following spaces:

m, is a space of bounded two sided infinite sequences p = (..., for, fhri1, - -

the norm

of vect " r € Z, with
llim, = (s by g5 - - )|, = sup
rel

C*(|0,w],m,) is a space of uniforml; bounded and equicontiguous two d infinite sequences \(z) =
= (..., A (2), A\ry1(2x),...) of continuous functions A, : [0, w] —R” , with the norm

(Al = max [IA@)]lm, = mac JI(.; Ar(@), Ar = max sup [[A.(z)]];

z€[0,w z€[0,w] z€[0,w] rez
C*(R, h,R™) is a space of uniformly bounded two sided e séquences ult] = (..., up(t),ury1(t),...) of
continuous functions w,. : [(r — 1)h,rh) = R*, r € Z e norm
[lull2 = [lur (0)]];
T ,rh
L(X) isa space of linear bounded o tor X — X with induced norm, where X is a Banach space;
C*([0,w],C*(R, h,R™)) is aspace of,boun two sided infinite sequences of functions v(z,[t]) = s(..., v,
(x,t), vp41(x,t),...) with the norm
= max sup sup [jor(z, )],

z€[0,w] reZ te[(r—1)h,rh)

where v, : Q, — R" is g o d has finite limit as t — rh — 0, r € Z, uniform on z € [0, w].

All spaces are co

Introduce fu eters
Ar(2) == v (2, (r — 1)R), z € [0,w], re’
and_func
zr(@,1) := vp(,t) — Ar(2), (z,t) € Q, r€Z.

, problem (4), (5) converts to the problem with functional parameters

8;; - f(x,t,/om A (E)dE + /Oz (60N (D) +2,), (@) €Q, TEL (6)
z-(x, (r —1)h) =0, z €[0,w], 7€ (7)

M)+l () - Aua(n) =0, zeu], reZ (8)

(A@), 2(, [t])) € C*([0,w], mn) x C*([0,w], C*(R, h,R™)). 9)

Here (8) are the continuity conditions on the lines ¢t = (r — 1)h, r € Z.
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A solution to problem (6)-(9) is a pair (\*(z), z*(x, [t])) with elements

M(@)= (..., 0@), M (@), ...) € C([0,w], my),

and
2" (z, [t]) = (...,z:(x,t),z:Jrl(x,t),...) € C*([0,w],C* (R, h,R™))

If a function v*(z,t) is a solution to problem (4), (5), then the pair (A*(z), z*(z, [t]) with elements
M) = (..o @), g (@),...), 25@[t]) = (..., 25 (x, 1), 2054 (2, 0),
where A:(z) = v*(z, (r — Dh), z5(x,t) = v*(x,t) — v*(x, (r — 1)h), (z,t) € Q, r € Z, is a solttion to problem

(6)-(9)-

And, vice versa, if a pair (\*(z), 2*(z, [t]) with elements
N(@)= (..., A8 (@), A (@),...) € C*([0,w],m

2 ) = (.. 28 (@, t), 20 (2, 8),...) € CF([0,w], CF

is a solution to problem (7)-(10), then the function v*(x,t) defined on Q. by

v*(z,t) = ANi(x) + 25 (x, t), (z,t) € Qp,

is a solution to problem (4), (5). J
At the given A\.(z), z € [0,w], the Cauchy problem for integro-partial differential equation (6), (7) is
equivalent to the system of integral equations

(o t) = /(:_th(:r,f, RSS!

(z,t) € Q,, r € Z. Substituting the correspondin
infinite system of nonlinear integral equations

dé, Mo (x) + zr(m,7)>d7', (10)

ions from (10) into (8), we obtain the two-sided
to functional parameters

rh T
v+ [ g(er [ e N €N @) + e ) )dr - den@) =0, ()
(r—=1)h 0,
x € [0,w], r € L.
Write down system (11) in t
EA@).2) =0, zeul A e (0ulm).
Condition exists h > 0 such that the implicit system of nonlinear Volterra integral equations

Qui(e. [ M@ A@.0) =0, 2Dl

0.) (x)=1(..., )\50)( ) )\50+)1( ),...) € C*([0,w], my,), and the Cauchy problems for integro-partial

=/ (“’/0 NOH(E)dg + /0 206N (@) +5), (00 E, e,

zr(z, (r — 1)h) =0, z€0,w], rezZ,

has a solution 20 (z, [t]) € C*([0,w], C*(R, h, R™)).
Under condition A, we define the functions

0Oz, 1) = A0 (2) + 20(x,t), (2,0)eQ, reZ

Cepusi «Maremaruka». Ne 4(84)/2016 37



D.S. Dzhumabaev, S.M. Temesheva

and

wO (g 4) = / vO(E,0)de,  (a,t) € Q.
0
Take numbers py > 0, p, > 0, p, > 0, p, > 0 and determine the sets:
SAO (@), p2) = {A(@) € C*([0,w],mn) : []A = Al < pa};
S (=0 (@, []), p-) = {2(z, []) € C*([0,0], € (R, b, R : ||z — 2O lg < .
SO (1), po) = {v(z,t) € C*(QLR") : [Jo = V], < po};
S@V(z,1), pu) = {ulz,t) € C*(QR") : [lu — ulV||. < pu};
GOz, t, pus po) = {(x,t,u,0) € QX R : (z,1) € Q, |Ju — (2, 1)|| < pu, |[v — v (2,1)

0 t
Condition B. The function f(z,t,u,v) has uniformly continuous partial derivatives % f(@.tu,v)
on GY(x,t, pu, py) and the inequalities ®

Hc?fxtuvH_Ll’ H@f:ctuv

where L1, Ly are constants, hold. g
Take the pair (A(?)(z), 2(9(x, [t])), and construct the sequefiée
following algorithm.
Step 1. a) Solving the implicit system of nonlinear Volter

irs (A\(®)(z), 2% (2, [t])), k € N, by the

equations of the second kind

Q1 (m /Om A(€)de, \( e 0,u],

we find \O(z) = (..., AV (2), A\, (2),...) € Cai6
b) Solving the Cauchy problems for integ @ ential equation (6), (7) with A.(z) = )\7(})(35), x €

€ [0,w], r € Z, we find the function syste ) (% (... ,zﬁl)(:z:,t), zg_)l(x,t), ...) € C*([0,w], C*(R, h,R™)).
Step 2. a) Solving the implicit syst onlinear Volterra integral equations of the second kind

x

(©)d, M), =) =0, € [0,w]
0
we find A2 (z) = (..., A%(), X ), ...) € C*([0,w], my).

b) Solving the Ca s for integro-partial differential equation (6), (7) with A\,.(x) = )\7(?)(33)7 x €
€ [0,w], r € Z, we ionsystem 22 (z,[t]) = (..., 2% (1), 27, (, 1), ...) € C*([0,w], C*(R, h, R™)).
And so on.

Sufficient co

f feasibility and convergence of the algorithm are established by the next statement.

e there are h > 0, py > 0, p, > 0, p, > 0, p, > 0, such that conditions A, B are valid,

Theo
@ite Jacob matrix B%Ql p(z, w1, we, 2) : C*([0,w], my) = C*([0,w],m,,), is invertible for all
, Wo

€ [0,w] x S(/ AO(©)de, wpy) x SO (), pr) x S (2D (x, [t]), p-) and the following inequalities
0

1o -1
( G Q@ w1 w2,2)) Lo < () < 10(h);

2) (h,o(h) = ryl’o(h)e’Yl,o(h)hL1w(e(Luu-‘rLg)h —1— (Lw+ Lg)h) <1

Y1,0(h) (R)hL /w (0) (0) 0)
Vg om e A d&, N0 (2), 2 )| m,, < pa;
) T g1 o [1Qua (2, | A€ A @), 2 ) I, < oy
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(Liw+La)h _ 1) . Y1,0(h) Y1.0(h)hLiw ¢ (0) (0) (0) .
4 (e e x s [1Qua (e | AO(dE A @)=, < s

5) px + pz < pu, w(pa + pz) < pu-

Then the sequence of pairs (A(*)(x), 2% (z,[t])), & € N, belongs to S(A®(z) >< Sh O (2, [t]), p2),
converges to (A\*(z), 2*(z, [t])), the solution to the problem with functional parameters ), and the estlmates
I = AO), < Y1,0(h)h erroWhLiwh(LiwtLa) g gup ||f(x t £)de, X (1)) ], (12)
1—qio(h) rEZ (2,t)EQ

12 = 2Ol < (e®rrE — 1) | = A,
hold.
Proof. For any pair (\(z), z(z, [])) € S(AO(x), pr) x Sp(2O(x, [t]), p-), the inequali

1Ar (@) = A7 (@) + 2o (@, 8) = 20 (2,01 < A = AP+ [z = 2 D1z FoxBho-Coo,

(2,t) € Qy, r €Z, (14)

||/ A (€)de — /A“’) d5+ zrs _ [0 <

< [ =20 + [ - 20 ad <o rez, (15)
are true.
In view of (14), (15) and inequality 5) of Theore
(2.1, / M(€)dE + / o (2.1)).
0 0

belong to the set G{(z, py, p,). Take the péir

r ez,

2O (z, [t])) from Condition A.

Since the components of two-side ite sequences of functions 2(®)(z, [t]) are the solutions of Cauchy
problem for integro-partial differenti uations (6), (7) with A\.(z) = A0 (x), the estimate
O @l <1 / AO)de + [ 50671 O ) 4 20 7))
t T
NQae O @)arl 41| [ f(er [ AO@aNO@)arll (10
(r—=1)h 0

‘nequahty (16) imply

t T
x|z (z,)]] < max / 15 (.7, / NO(E)dg, X (z) ) |[drel bt Ea) (t=(r=0l), (17)
0.0 z€[0.w] J(r—1)h 0
(x,t) € Qp, 1 ELZL.
the solution AW (2) = (..., A\ (2), )\7(421(90), ...) of the equation
Qu(o, [ NOEN@,20) =0, Aa) € € ([0, m)
0

Consider the system of equations

Qui (o [ A A@)0) =0, Az) € € (0.6 m). (18)
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T
In accordance with the conditions of Theorem, operator Q1 (m,/ A(&)dE, M), z(o)) at the fixed z € [0,w]
0
satisfies the conditions of Theorem 1 [6; 39] in S(A(9)(x), py). Take a number o > 0, satisfying the inequalities
com o) ot < 2

Y1,0(h)ere i / 20 ©)
: A dé, A\ <
e e 1 10w (# [ AN @), 20, < .
Using uniform continuity of Jacobi’s matrix <
0

%Q1 n(x, wi,ws, 2)

we find &g € (0,0.5p,] such that
I @i (o [ AV(©dEA@).2) = 5Qua(e. [ AO(©igha ;
ow, M\ g A2 Gy e )

for all A(z), AM(z) € S(AO) (), py) satisfying || — A||1 < Jo.
Choose

h
a>ag= max{l, 00) prnamiins may (1Q, n(a §>d£,A<°><x),z<°>)||m }
do z€[0,w] "

and construct iterative processes: A 1’1’0)

-1

A(LLm+1) ALLm) (g £)de, \1-1m) (0)))
( ) 8'(1)2 5 ( )?Z X
xQ1, h A<1’1’m> =0,1,2,. (19)
By Theorem 1 [6; 39] the iterative process ) converges to A(11) (), isolated solution of equation (18) at

each x € [0,w], and the inequality

A (& 1A )] Qun (= / AO(€)dg, A (@), 2 [, < pa (20)

holds. %
Taking into acgeu l /\(0) €)de, A0 (), ) =0, we have
0

||Q1,h(m, | 20 A0@).20) ., -

=|Q1n (m/ow A(O)(f)df,)\(o)(x),z(o)) —Qin (x/ox A(O)(g)d§,)\(0)(x),0)||mn <

Inequalities (20) and (21) imply the estimate

ATV (@) = A @), < (R @)h(Laz + Lo)|[2]]s.

Find the solution of system

Qui (o [ ATD(©deA@).20) =0, Aa) € O (0.6 ), (22)
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by the iterative processes A(120) (z) = ALY (),

-1

6 x
A2 () =302 ) = 2 (1, / A2 ()ag, X2 (), 2O ) ) x

0
x
xQu (2, / A2 ()dg, A2 (@), 20), m = 0,1,2,... (23)
0
The iterative processes (23) converges to A\(12)(z) € S(A) (%), py), isolated solution of equation (22) =T,
Z € [0,w] and the estimate
IN2@) = A @, <0, 2Qua (7. [ A€ A0 (@),
is valid. It easily seen
1Qu (7. [ 2@ AI@,20)  Qua(E, [ A (©e 1 Gl Vi
0 0
< hLiz sup |]ATD(n) = 2O ()]
n€l0,z]
Therefore, the following inequality is true
sup A0 (1) = AV ()|, < 71(h,i)hL1i"4~jup D) = X0 @),
n€(0,7] 0,
Find the solution A\(®) () of the system of equations
T
Qua(o, [ A1) Ao), Aa) € C* (0, 4], m,) (24)
0
For this construct the iterative processes A(1:3 x);
ALBmED () = A5 (@ AESM(E)dg 13 (@), 20) )
0
leh 3.m) () dg, \1:3m) (1), z<0>), m=0,1,2,... (25)
Tterative processes (25) con ) € S(AO)(z), py), isolated solution of equation (24) at fixed z €

€ [0,w] and the estimate

@1” i, < 71.0IQun (2 / AT (€)de, O (1), 20 |,
holds. It easily

X2 ()dg, A (), 2 ) = Qi (2, / D (€)de, A1 (), 2 ),
0

N

x
<supH / (v [ 02 + [ 206 e A )+ 200 ) ) -
(r— l)h 0 0

rEZL

- / (2. / A (€)d + / A0(E,m)de, X2(x) + 20w, m) ) dr | <
(r—=1)h

< sup / b / I (&) = AOD ()|, dédr <
r—1 0

r€ZL J (r—

rh x
< sup /( b / sup [AGD(€) = XED (€[, dédr <

r€Z J(r—1)h £€(0,2]
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rh x
< sup / L / o(MALLE sup (XD (E) = AO ()] |, dédr <
(r—1)h 0

reZ J(r— £€[0,2]

hLir)?
<o) PEE up 000 ) - AO (@),
: £€[0,7]

Therefore, the following inequalities are true
y1,0(h)hLix)?
0D (@) - 2D @), < DI gy 300 ) - 2O,
. z€[0,w]
INED (@) = AO(@)[[m,, < (AP (@) = A2 (@), + [[A? (@) = ATD

2
FINED (@) = AO ()], < (w +y10(h)hLiz + 1)||>\(1 D (g

< eromhLaz| | \AD (2) — O (g)]|,,, .

Continuing the process, we find A1 (z), 2 € [0,w], and establish the ine

1
A @) = X0 (@), < 5 (n0(R)ALya) [ATD
¢
1
XD (@) = AO) (2 Zﬁ Y1,0(h
=0

< 671,0(h)hL11| |/\(1a1)

—

(26)

The sequence {\(1:¥)(z)} converges to the solution of 8). In (26) tending to the limit as £ — oo, we

establish the estimate

A2 = A (@)lm,, < 71.0(h)e] z, /0 AO(€)dg, A (@), 2 ) [, (27)

Hence, based on the inequalities (21), «
AP (2) = AO (@) |, <

(L1UJ+L2) sup sup ||f (.’E, t, / >\£‘O) (§)d£7 )‘1(”0) (x)) | |
0

T€ZL (x,t)EQ,

< 71,0(h)A

1?

In view of the Condlt
equation (6), (7)
For any x

equality 2) of Theorem the Cauchy problem for integro-partial differential

)\(1)( x €] 0 w], r € Z, has the unique solution 2 )(x,t), (z,t) €Qp, r €Z.

1289 (2, 1) — 27(z, 1)) =

/(r_l hf(:?:,r,/o Ag})(g)d@r/ W (¢, r)de, A () + 20 (z, T))dT—

B /( ' f(g,f, / ’ 2O ()dg + /0 ’ z§°>(g,7)d£,A£°>(a‘r)+z£°)(f,7))dTH <

r—1)h 0
t z z
Mg) = A\ (1) _ (0
g/@_m (1a / (€)= AP (©)1de + L / 120 (&, 7) — 210 (&, 7) | de+

+Lof] AN (@) = A (@) + Lal M (2, 7) — Z§O)(9‘3,T)Il)d7

holds, and for every n € [0, Z] it is valid the relation

1289 (n, 1) = 2 (0, )| <
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t F .
= Ly [ AP () = A (©)]1dé + L (¢, 1) — 2O ¢, ) d
</<T_1>h< V[ IO = XO©Nde + I [ 106 m) = 206l

Ly sup [AD(m) = AO @) + Lo sup (|20, 7) — 2O (n, 7)) dr.
n€l0,z] n€l0,7]
Then

sup 28 (n,t) = 2% (n, 1)]| <
n€(0,z]

t

<[ s L) swp N =X+ sup (1207~ 00,7
(r—1)h n€l0,z] n€[0,7]

and using the Gronwall-Bellman inequality, we obtain

sup 20, 1) = 20, 1) < (BTN 1) sup ]AD () -
nel0,z] n€0,z]

For the components of system of functions z(M) (z, [t]) = (..., z,(,l)(x, t),z

112D — O], < (6(L1w+L2)h —1)A® =

are valid. It easily established that J

1Qua(. [ A A

= l|Qun (22 @), / AD()de, 2M) - D (©)dg AV (@), 2) [, <
0
<sup (elbrer bt -1 sup A0 ()~ A ()
reZ n€l0,z]
Yro(h)ero b max 1@ )d&A“)(w)yz(”)IImn < qro(m)|]A® = A (28)
ze|0,w
If M(z) € SV (2), p1 + &), where
pr =P8 W max Q1 (o, / XV ()de, AD (@), 20) |,
z€[0,w] 0

heorem and inequalities (27), (28), the estimate

LA =AW+ AW =A< pr 4+ 2+ A =A<

1)
< (g1 o(h) + DA = 2Oy < 2000 o gmintie,
(q10(h) +1)]] < o)

T
< max [Qu (o, [ AD(dg XO@), 20, < o1
0

z€[0,w]

hold§yi.e. SNV (z), p1) € SN (z), py).
Continuing the process, in similar way, on kth step of algorithm, we find the pair (A (z), () (x, [t])) and
establish the estimates
AR = XDy < gy o ()[|AEH — A2y (29)

1|28 — 2=D)]; < (e<L1w+L2>h _ 1)||A<k> — AG=D)) (30)
Inequalities (29), (30) and condition 2) of Theorem imply that the sequence of pairs (A*¥)(z),z2(*)(z, [t]))

converges to (A*(z),z*(z,[t])), the solution of problem (6)-(9), as k& — oco. Based on inequalities 4) and 5)
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of Theorem the pairs (A*)(z), 28 (z, [t])), k € N, and (A\*(z), 2*(x, [t])) belongs to S(A©)(z), px) x Sy (2
(z,[t]), p2)- In the inequalities

1
AEFP) 2O« =
|| ||1 1_q1’0<h)

|20+2) — O] < (e(L1w+L2)h _ 1)||)\(k+p) 2O,

A — AO);

passing to limit as p — oo, we obtain estimates (12), (13).

44
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Theorem is proved.
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CBI3BIKTBIK €Me TYbBIHABLIbI TUIIEPO0JIAJIBIK, TeH/IeyJIeP
K 1H >KoJIaKTa IIeKTeJIreH MIeHriMi

Bl AKbIPJIBI apaJIbIKKA Treciai. OyHKInsa — KeHICTIKTIK aifHbIMaJIbl OoiibIHIIIa gepbec
HKIIAS peTiHjie OesrijieHei »KoHe GacTAlKbl KYHEHIH »KOJaKTa IMEeKTeJIreH IIeliMiH

aJIIBIK IapameTpsep OexiTiaren MoHAepinzge imki obsbicTapmarsl »kKaHa Oesriciz dyHKImsaIap

ipiamm perTi mepbec TYBIHABLIBI MHTErPANIBIK-IuddepeHnuaanbK Tegaeyaep yurin Kommm ecenrepinin
mrenrimiepi perinie aHbIKTAJIAbI. BesikTey i imKi ChI3BIKTapBbIHAAFEI IIEIIIMHIH y31/Iicci3aik mapTrrapbia

alffjaJtaHa OTBIPBII EHTI31IreH (PYHKIIMOHAJIBIK, TapaMeTpJiepre KaThICTHI ChI3BIKTHI eMec Bobreppa nH-
TerpaJiJIbIK, TeHJIEeYJIePiHiH, eKi KaKThl IeKci3 xKyiieci anpiaran. Conpait-ak pyHKIMOHAJIBIK, ITapaMeTpJiepi
Gap ecenTiH IENnMIepiH Taby aJropuTMJIepi YChIHBLIFAH. AJTOPUTMIED/IIH KUHAKTBIIBIFBI MEH ChI3BIK-
TBHIK, €eMeC apaJjiaCc TYBIHIBLIBI THIEPOOIANBIK, TEHAEYIEP KYHEeCiHIH KOJaKTa IMEKTe/INeH MEeNniMiHIH 6ap
OOJIYBIHBIH IIAPTTAPHI AJTBIHFAH.

Bectauk Kaparanmumckoro yHuBepcuTeTa



Bounded solution on the strip ...

J.C. JIxxymabaes, C.M. Temerena

OrpaHmdyeHHOE Ha MOJIOCE PeIlleHne CUCTEMbI HeJIMHENHBIX
rurepooAnYecKnX ypaBHEHNI CO CMEITaHHbIMU ITPON3BOIHBIMU

B crarhe paccMoTpena cucreMa HEJIMHEHHBIX TUMEPOOTNIECKAX YPABHEHUI CO CMENTaHHBIMU TPOU3BO/IHb
MH Ha nosioce. Bpemennast nepeMeHHast HEM3BECTHON (DYHKIMN MEHSIETCS HA BCEH OCH, a IPOCTPAHCTBEH-
Hasl IepeMeHHasl TPUHAJIEXKUT KOHEeYHOMY nHTepBasty. OyHKIMS — YacTHAasl MPOU3BOIHAS OTHOC

mapaMeTpOB HOBbIE HEM3BECTHbBIE (DYHKITUU B MOJ00IACTSIX OMPEIEISIOTCS KaK PEIIeHMsS
UHTErpo-audpepeHnnaIbHbIX YPABHEHUI B YACTHBIX [TPOU3BOIHBIX IEPBOTO MOPSIIKA

IHapaMeTrpaMu. HOJ’Iy‘-IeHbI YCJI0BUA CXOAUMOCTHU aJI'OPUTMOB U CYIIECTB €HHOI'O Ha II0JIOCe

MIPOU3BOJHBIMU.

penreHnna CUCTEeMbL HEeJIMHENHBIX I‘I/IHep6OJII/I‘IeCKI/IX ypaBHeHI/Iﬁ CO CMeIllaHH

J
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