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

The system of nonlinear hyperbolic equations with mixed derivatives is considered on the strip. Time
variable of the unknown function changes on the whole axis, and the spatial variable belongs to a finite
interval. A function, the partial derivative with respect to the spatial variable, is denoted as unknown
function, and problem of finding a bounded on the strip solution to the origin system is reduced to the
problem of finding a bounded on the strip solution to a system of integro - partial differential equations.
The whole axes is divided into parts, and additional functional parameters are introduced as the values
of unknown function on the initial lines of sub-domains. For the fixed values of functional parameters,
the new unknown functions in the sub-domains are defined as the solutions to the Cauchy problems for
integro-partial differential equations of the first order. Using the continuity conditions of the solution on
the partition lines, the two-sided infinite system of nonlinear Volterra integral equations of the second kind
with respect to introduced functional parameters is obtained. Algorithms for finding solutions of problem
with functional parameters are proposed. Conditions for the convergence of algorithms, and existence of
bounded on the strip solution of the system of nonlinear hyperbolic equations with mixed derivatives are
obtained.

Key words: bounded on the strip solution, the system of nonlinear hyperbolic equations, functional parameters,
algorithm.

We consider the system of nonlinear hyperbolic equations

0%y
0x0t

0

= f(a:,hu, 8—u), (z,t) € Q =1[0,w] xR, u € R™; (1)
x

where f: Q x R” x R" — R" is a bounded function, continuous by z € [0, w] uniformly with respect to t € R

and continuous by ¢t € R at the fixed = € [0,w], ||u|| = max s

Denote by C*(2,R™) is a space of bounded functions u : Q@ — R™, continuous by x € [0, w] uniformly with
respect to ¢t € R and continuous by ¢ € R at the fixed z € [0,w] with the norm [|ul|. = sup ||lu(z,t)]|.

(x,t)€
Bounded on the strip solutions to the system of hyperbolic equations with mixed derivatives are considered
in [1-5].
The paper is devoted to the solutions of system (1) satisfying the conditions

u(0,t) =0, teR; 2)

Ou(x,t)

QLD ¢ o (0,m7) ®)
A solution to problem (1)-(3) is a function w*(z,t) € C*(Q2,R™), which has the partial derivatives

2
gu*(x,t) € C*(Q,R™), a—atu*(x,t) € C*(Q,R™), satisfying the system of differential equations (1) for all
x x
(z,t) € Q and condition (2).
4
We set v(zx,t) = %, (z,t) € Q and reduce the problem (1)-(3) to the following problem for the system
x

of integro-partial differential equations

% _ f(:c,t,/jv(f,t)dé,v), (a,1) € O, (4)
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v(z,t) € C*(Q,R"™). (5)
ou*(z,t)

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

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

(o, 1) = /0 “e e, (n1) e

is a solution to problem (1)-(3).
Take h > 0 and divide 2 on sub-domains

Q= {J Q. Q=[0wx[r-1hrh), rei

r=—00

Let v,-(z,t) be the restriction of function v(z,t) on sub-domain §,., r € Z.

Introduced the following spaces:
my, is a space of bounded two sided infinite sequences pu = (..., by, tir41,...) of vectors p, € R™, r € Z, with
the norm

el = 11C oo gty - )l lm,, = sup [ e [;
re’z

C*([0,w],m,) 1is a space of uniforml; bounded and equicontinuous two sided infinite sequences A(z) =
= (..., A (2), A\rg1(2x),...) of continuous functions A, : [0,w] — R™, r € Z, with the norm

Ay = max [[A(@)lm, = max [[(...; Ar(2), Arg2(2), - )l[m, = 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 infinite sequences u[t] = (..., ur(t), ury1(t),...) of
continuous functions w, : [(r — 1)h,rh) — R", r € Z, with the norm

lullz =sup sup lur(@)];
r€Z te[(r—1)h,rh)

L(X) isa space of linear bounded operators A:X — X with induced norm, where X is a Banach space;
C*([0,w],C*(R, h,R™)) is aspace of bounded two sided infinite sequences of functions v(z,[t]) = s(..., v,
(z,t),vp11(x,t),...) with the norm

[lv]|]s = max sup sup [lvr (2, 2)]],
z€[0,w] reZ te[(r—1)h,rh)

where v, : . = R™ is continuous and has finite limit as ¢ — rh — 0, r € Z, uniform on z € [0,w].
All spaces are complete.
Introduce functional parameters

Ar(z) == vp(z, (r — 1)h), x € [0,w], re’

and functions
zr(z, 1) == vp(z,t) — A\ (), (z,t) € Qp, r € 7.

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

T =t [ aoder [Caenden@ ) @, rez (©
zr(z, (r—1)h) =0, ze[0,w], 7€ (7)

M)+ lm (o t) = Aa(@) =0, zeu], rez 8)

(@), 20, []) € O*(0, ) m0) x C*([0,], € (R, b, ™). )

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
A (x) = ( o Am(@), A (), - ) € C*([0,w], my),

and
(@, [t]) = (..., 25 (=@, t), 751 (2, 8), ... ) € 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
MN(@)= (oA @), A (@), L), 2 ) = (L2 (), 25 (2, 8), L),

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 solution to problem

(6)-(9)-

And, vice versa, if a pair (A\*(x), z*(z, [t]) with elements
M) = (- A0 @), Ay (@), ... ) € C*([0,w], my);
2z 1) = (... 20 (@, t), 20 (3,), ... ) € CF([0,w], C* (R, h,R™)),
is a solution to problem (7)-(10), then the function v*(x,t) defined on Q by the equalities
v*(z,t) = Ni(z) + 27 (x, 1), (z,t) € Q., reELZ,

is a solution to problem (4), (5).
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

2z (z,t) = /(:1)h f(a:,T, /01 Ar(€)dE + /OI 2 (&, 7)dE M\ () + z,«(m,r)>d7', (10)

(z,t) € Q,, r € Z. Substituting the corresponding expressions from (10) into (8), we obtain the two-sided
infinite system of nonlinear integral equations with respect to functional parameters

o+ [ g [P [ s @ 4o )i - =0 an

z € [0,w], r € Z.

Write down system (11) in the form
Qui (e, /Ox/\(g)dg,)\(x),z) =0,  zelw),  A@) eC(0,w],m).
Condition A. There exists h > 0 such that the implicit system of nonlinear Volterra integral equations
Q. /Omx(g)dg,A(x),o) —0,  welul,

has a solution A (z) = (..., A0 (x), )‘5?21(3”% ...) € C*(]0,w], my), and the Cauchy problems for integro-partial
differential equations

0z,
ot

= ot [ A0@de+ [ ae0dAO@ ). @He. re

zr(z, (r —1)h) =0, ze|0,w], reZ,

has a solution 2 (z, [t]) € C*([0,w], C*(R, h, R™)).
Under condition A, we define the functions

v(o)(x,t) = )\ﬁ,o) (z) + zﬁo)(x,t), (x,t) €Q,, T7EZ
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and "
et = [ 0O 0 (@ p e
0
Take numbers py > 0, p, > 0, p, > 0, p, > 0 and determine the sets:
SO (), pa) = {AMx) € C*([0,w],mn) : ||A = AD[]y < pr};
S (O (2, 1), p2) = {2(w, []) € C([0,0], C* (R, b, R™)) : ||z — 2O ||y < p.};
S(v(o)(x,t)7pv) = {v(z,t) € C*(QR") : ||v — v(0)||* < pu};
S(u(o)(m,t),pu) = {u(z,t) € C*(Q,R") : |Ju — u(O)H* < pul;
GO, t, pus po) = {(,t,u,0) € QX R : (2,) € Q [Ju— uO(2,1)|| < pu, v — v (2, 1)]| < pu}-

Of (z,t,u,v) Of(x,t,u,v)

Condition B. The function f(x,t,u,v) has uniformly continuous partial derivatives

ou ’ v
on GY(x,t, pu, py) and the inequalities

H@f(x t,u,v H <1,

H@f(x,t,u,v)
v

‘SL%

where L1, Ly are constants, hold.

Take the pair (A (z), 2% (, [t])), and construct the sequence of pairs (A*)(x), 2F)(z, [t])), k € N, by the
following algorithm.

Step 1. a) Solving the implicit system of nonlinear Volterra integral equations of the second kind

th /)\ )de, \(z), 2 ) 0, z€l0ul,

we find AV (2) = (..., AN (@), A, (2),...) € C*([0,w], mn).
b) Solving the Cauchy problems for integro-partial differential equation (6), (7) with A.(z) = Agl)(x), x €
€ [0,w], 7 € Z, we find the function system M (z, [t]) = (.. 2 )(z t), ﬁﬁl(x,t), ...) € C*([0,w], C*(R, h,R™)).
Step 2. a) Solving the implicit system of nonlinear Volterra integral equations of the second kind

Q1n (:E,/Ox )\(f)df,)\(x),z(l)) =0, z¢€][0,w],

we find X2 () = (..., A% (2), A7), (2),...) € C*((0,w],m,).

b) Solving the Cauchy problems for integro-partial differential equation (6), (7) with A\.(z) = A2 )( ), x €
€ [0,w], 7 € Z, wefind the functionsystem 23 (z,[t]) = (..., (2)(37 t), 7(3_)1(.1‘ t),...) € C*([0,w], C*(R, h,R™)).
And so on.

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

Theorem. Suppose there are h > 0, px > 0, p, > 0, p, > 0, p, > 0, such that conditions A, B are valid,

the two-sided infinite Jacob matrix aTQUL(x,wl,wg, z) : C*([0,w], my) — C*([0,w], my,), is invertible for all
2

(z, w1, we, z) € [0,w] x S(/ AO©)de, wpy) x SAO (), pr) x S (2D (x, [t]), p-) and the following inequalities
0

are true:

1) ||< Ql n(z, w1, we, 2 ))71|‘L(mn) < m(h,z) < y10(h);

2) ql,o(h) = 'yl’o(h)e'h,o(h)hlqw<€(L1w+L2)h = (Lw + L2)h) <1

71.0(h) (h)hL /w (0) (0) (0)
Do’ ATE)dE, A , i < PA;
)T o) s [Qun(z. | NOOdEN (@), 20) o, < o1
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(Liw+L2)h _ . ’71,0(h) Y1,0(h)hLiw ’ (0) (0) (0) .
4) (e ) e x max Qi (e | AV (©de X @)=, < p;

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

Then the sequence of pairs (A®)(x), 2% (2, [t])), k& € N, belongs to S\ (z), px) x Sp(2(z,[t]), p2),
converges to (\*(z), 2*(x, [t])), the solution to the problem with functional parameters (6)-(9), and the estimates

h)h r
H)\* _ )\(0) | |1 < 71,0( ) e"/1,0(h)hL1weh(L1w+L2) sup sup ||f($(}, t, / )\7(A0) (g)d& )\5‘0)(1.)) ||7 (12)
1- qLO(h) reZ (z,t)EQ, 0
12 = 2@ < (eretEat — 1) |3 = XO|y (13)

hold.
Proof. For any pair (\(z), 2(z, [])) € S\ (x), pr) x Sp(20(x, [t]), p-), the inequalities

1A (@) = A (@) + 2o (@, 8) = 20 (@, )] < (1A = AP+ Iz = 2Vlls < pa + ps < poy

(z,t) € Qp, T €Z, (14)

I / A (€)de / O (€)de + / (6, 1)de / e, t)de]| <

x x
g/ \|)\—>\(0)||1d§+/ ||z — 29|3d¢ < wlpr + p2) < pus (x,1) €Q, 1 EZ, (15)
0 0

are true.
In view of (14), (15) and inequality 5) of Theorem the fours

T x
(2.t [ M@+ [ aleden +a(n), @oen, rez
0 0
belong to the set G9(, pu, pv). Take the pair (A9 (x), 2% (z, [t])) from Condition A.

Since the components of two-sided infinite sequences of functions z(®)(z, [t]) are the solutions of Cauchy
problem for integro-partial differential equations (6), (7) with A.(x) = Aﬁf’) (x), the estimate

t x x
0@ [ f(mm [ MO©d+ [ A€ e A @) + 20 (1) )ar-
(r=1)h 0 0
t T t T
[ e [ A0©@deAO@)arll 411 [ e [ AD@de O @)drll (10)
(r—=1)h 0 (r—=1)h 0
holds. Condition B and inequality (16) imply
t x
max 1500 < max [ (I (o [ AD(©dg A0 @) aretrer 0 eon )
z€[0,w] z€[0,w] (r—1)h 0

(x,t) €., rel.

Find the solution AV (z) = (..., A" (2), )\521(33), ...) of the equation

Q1. (x,/om )\(f)df,)\(m),z(o)) =0, Ax)e C([0,w],my,).

Consider the system of equations

Qui (o [ A A@).20) =0, Ae) € O (0.6 m). (18)
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In accordance with the conditions of Theorem, operator Q1 (m,/ A(&)dE, M(x), z(o)) at the fixed z € [0,w]
0
satisfies the conditions of Theorem 1 [6; 39] in S(A(?)(z), py). Take a number £y > 0, satisfying the inequalities

go1,0(h)er oMl < 1;

,}/1 O(h)e'yl’o(h)hLlw
’ a
1-— 807170(h)671v0(h)hl’1w IIEH[O,)EJ]

1Qua(e. [ XN ), 2, < s
0
Using uniform continuity of Jacobi’s matrix

0
%Ql,h(l’,wl, wa, Z)

we find &g € (0,0.5p,] such that
@i (o [ ANO©deA@).2) = 2 Qua (s [ NV A@).)lzgmy <
8w2 s ) 0 9 ’ 811}2 s ) 0 ) 9 (my)

for all A(x), M(z) € S(A\O)(x), py) satisfying ||\ — A||1 < do.
Choose

Q> qp = max {1,
0 z€[0,w]

%(h)e%,o(h)hhw s HQl,h(ﬂ?»/ A(o)(g)d&)\(o)(x)’z(o))||mn}
0

and construct iterative processes: A(110) () = A0 (z);

1,0 ¢ -1
A“*l’m*”(x):A“W(z)fa(a—wcyl,h(x, / AL ()dg, A1 (), 20 ) ) x
0

xQun (. / AL ()dg AV (@), 20), m = 01,2, (19)
0

By Theorem 1 [6; 39] the iterative processes (19) converges to A(1:1)(z), isolated solution of equation (18) at
each z € [0,w], and the inequality

XD (@) = A @), < (0, 2)|Qun (2 / XO(€)dg, A0 (@), 2 [, < pa (20)
0
holds. "
Taking into account that @1 p, (x,/ A0 (&)dg, A (z), 0) =0, we have
0

1Qua (. [ XA @), =), =

—11Qua ([ AV A @).9) = Qua(, [ XO(E)dE A ).0) <

Inequalities (20) and (21) imply the estimate
A (@) = A (@)}, < (R 2)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 (),

1,0 v -1
(L,2m+1) () — \(L2m) () _ 1 (1,2,m) (1,2,m) (0)
A2 () = M2 ) = 2 (SQua(a. [ AR (e A2 @), 20))
XQl,h (CE, / ,\(LZ,m)(f)d{,/\(1,2,m)(x),z(0))) m=20,1,2,... (23)
0

The iterative processes (23) converges to A2 (z) € S(A(Z), py), isolated solution of equation (22) at z = Z,
Z € [0,w] and the estimate

T

IA2@) = XD @), < (0, 2)[Qu (3, [ AT (€ XD @), 20 [,
0

is valid. It easily seen

Qe (3. [ A0 (€1 AD@).20) = Qui (5. [ A (€ae N (@), 20, <

< hLyz sup A (n) = AO ()],
n€(0,7]

Therefore, the following inequality is true

sup [N () = XD (), < (b, 2)ALaz sup []AD () = A ()], -
n€lo0,z] n€l0,z]

Find the solution A3 (z) of the system of equations
Qua(z, / XD ()dg, A(w), 20) =0, Alw) € C*([0, ], mn). (24)
0

For this construct the iterative processes A(1:3:0) (z) = \(1:2) (z);

1,0 o ) -1
NS (@) = XU () = (S Qu (o, [ AT (€)1 (0), 20))
0

xQu (2, / A ()dg, A4 (@), 20), m = 0,1,2,... (25)
0

Iterative processes (25) converges to A3 (z) € S(A(©) (), py), isolated solution of equation (24) at fixed = €
€ [0,w] and the estimate

X () = ACD (@), < 1.0 (0)]|Qun (2 /0 A2 ()dg, X1 (), 20) |,

holds. It easily seen

||Q1,h($7/0x )\(172)(5)(157>\(1,2)(x),z(0)> — O (x’ /l AL (6)de, A1) (x)7z(°))||mn <

0

rh T T
<swp [ f(om [ A0+ [ A0 DdEAID @) + 202, 7) )
(r=1)h 0 0

TEZL

[ i [ [0 e )+ 00| <

r—1)h

m, d€dT <
reZ (7‘7

rh x
< sup / R / N2 () — A@D(g)|
1 0

rh 3
< sup / Ly / sup [[A2(&) = XD (E) |y, dédr <
(

r€Z J(r—1)h 0 £€[0,z]
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rh T
< sup / L / o(MALLE sup (XD (E) = XO(€)]|, dédr <
(r—1)h 0

reZ J(r— £€[0,2]

hLir)?
<o) B qup 2006 - XO (@),
: £€(0,]

Therefore, the following inequalities are true

(71,0
[N (@) = A2 ()|, < sup [[]ATY (@) = X (@) |, ;

2! z€[0,w]

A (@) = AO@)[|m,, < AT (@) = AT (@), + (A2 (@) = AED (@)1, +

Hmn

h)hLix)?
+||)\(1’1)(x) _ A(O)(QT)Hm” < (W +0(h)hLix + 1) H)\(l,l)(w) — )\(0)(;16)| mn, <
< eroMhLiz| N1 2y — AO) (||,
Continuing the process, we find A1) (z), 2 € [0,w], and establish the inequalities:
1
A (@) = A0 (@), < (0 (WALaz) A (@) = X (@) |,
‘ 1 _
N @) = XO @), < 3 oL A (@) = A0 (@), <
Jj= 0
< efylyo(h)hleH/\(l,l)(x) _ /\(0)(%)”7””_ (26)

The sequence {\(1:¥) ()} converges to the solution of equation (18). In (26) tending to the limit as £ — oo, we
establish the estimate

XDz = XO@)llm,, < 0(R)e™ 0 WME7]|Qy (=, / A0 (€)dg, A (), 20, (27)
0

Hence, based on the inequalities (21), (17), we get

A (@) = X (@)[m, <

< 7170(h)he”v”(h)hleeh(Ll“’+L2)sup sup Hf(x,t,/ )\go)(f)df,)\go)(x))H.
r€ZL (z,t)EQ, 0

In view of the Condition B and inequality 2) of Theorem the Cauchy problem for integro-partial differential
equation (6), (7) with \.(z) = )\(rl)(x), x € [0,w], r € Z, has the unique solution zﬁl)(x,t), (x,t) € Qp, 1 € Z.
For any % € [0, w], the inequality
120 (2, 1) = 29 (2, 6)]| =

_H/( ™ 337'/ AD (¢ d£+/ D (€, 7)de AV (&) + 20 (&, 7) ) dr -

- /(M)hf(m /0 0 (€)de + /0 "0, e A0 (@) + 20z, 7) T)dTH
<[ (50 [ D0 A0 [T - e

+ LI @)~ N @) + Lall= (@,7) — 202, 7)) dr

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

1289 (n, 1) = 20 (0, )| <
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t z z
Mgy = 2O (1) _ 0
<[ [ 0@ - NO@lde 1 [ 10 ) 20 e

+Ly sup AV () = AV ()] + Lo sup 128 (g, 7) = 29 (1, T)||)dT
n€l0,x] n€lo,z

Then

sup |2V (n,t) — 29 (n, 1)|| <
n€l0,z]

t
<[ s L) sup N =A@+ sup (120 7) - 20 (0,71 )
(r—=1)h n€[0,z] n€[0,z]

and using the Gronwall-Bellman inequality, we obtain

sup 120 (m,0) = 20, )] < (ETHEDECTN 1) qup [AD () = A0 ().
n€l0,7] n€l0,z]

For the components of system of functions z(V (z, [t]) = (... (1)(30 t), 7(,+)1 (z,t),...) the inequality
120 = 205 < (eEretEal 1) - O]y

are valid. It easily established that

1Qua (. [ AV @A @), =), =

— 12D, [ AD©de, ) - Qua(a, [ AV (e AV(@), =), <

<sup (Pt 1 — (Lyz + Lo)h) sup AN () = A ()]l
reZ n€el0,z]

Mo(h)e oM max |Qu (v /A &)dg, AV (@), 2 [, < aro@IND = Al (28)

z€[0,w]

If A(z) € S\V(z), p1 + &), where

pr = r0(R)e W max |[Q (= / AD(€)dg, A (@), 2D llm,
0

z€[0,w]
then, in view of inequalities 3), 4) Theorem and inequalities (27), (28), the estimate

[IA = X < A= AD I = AP < pr 4+ 8 A = 24O <

h)
< B+ 1A — 2O < 100 oL
(a10(h) + ) b < e ’

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

z€[0,w]

holds, i.e. S(AM(2), p1) € S(AO(2), pa)-
Continuing the process, in similar way, on kth step of algorithm, we find the pair (A (z), () (x, [t])) and

establish the estimates
[IAE) = AF=D < gy o(R)[AFTD = AE=2)|; (29)

209 = 2Dy < (BB — 1) [0 — XD, (30)

Inequalities (29), (30) and condition 2) of Theorem imply that the sequence of pairs (A (z), (%) (x, [t]))
converges to (A*(x),z*(z, [t])), the solution of problem (6)-(9), as k — oo. 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
AEP) O« =
|| ||1 1_q1,0<h)

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

IAD = A@;;

passing to limit as p — oo, we obtain estimates (12), (13).
Theorem is proved.
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J1.C. 2Kymabaes, C.M. TemerreBa

ChI3BBIKTBIK, €MeC apaJac TYbIHABLIbI TUIIEPOOJIAJBIK, TEeHIeYyJIep
2KYIieciHIH »KOJIaKTa IMeKTeJreH Imenrimi

MakaJjtazia ChIBBIKTBIK €MeC apaJjiaC TYBIHIBLIbI TUIepOOoJIaIbIK, TeHIEYIep *KYeciHiH »KoJtakTa MeKTeIreH
mrernmiMi KapacThIPBLIALI. Besricis (hbyHKIUSHBIH yaKbIT OOWBIHINA alfHBIMAJIBICHI OYKIJ OChTE ©3repei, aJl
KEHICTIKTIK affHBIMAJIBI aKbIPJIBI apaJIbIKKA Treciai. OyHKInsa — KeHICTIKTIK aifHbIMaJIbl OoiibIHIIIa Jepbec
TYBIH/IBI, Oesrici3 dyHKIus peringe OesrijieHe i KoHe 6acTanKbl KYWEHIH »KOJIaKTa IIeKTe/reH MIeniMin
Taby ecebi gepbec TyBIHIBLIBI HHTErPAJIBIK- (O OEPEHINAIIBIK TeHIEYIep Ky HeCiHIH KOJAKTa IIEKTE/NeH
mrermimin Taby ecebine kesripinai. Bykin ock GesikTepre GestiHeni KoHe KOCBIMINTA (DYHKITMOHAJIBIK, Tapa-
MeTpJep besriciz GyHKIUTHBIH iMTKi 00/IbICTapAbIH 0ACTAITKBI CHI3BIKTAPBIHIAFBI MOHJIEP] PeTiH/Ie eHri3iIi.
DyHKIIMOHAJIBIK, TTApaMeTpJiep GEKITIITeH MoHAEpPiHIe iMKi obJbICTApIAaFhl XKaHa Oesricis yHKIusIap
Gipiumi perTi mepbec TYBIHABLIBI WHTErPAJIbIK-AuddepeHnaaabk, Teaaeyiaep yuria Komm ecenrepinin
mrenrimiepi perinie aHbIKTaIAbI. BesikTeymiH imKi ChI3BIKTapBbIHAAFBI IIENIIMHIH Yy31Iicci3aik mapTrapbia
maiiiajaHa OTBIPBIN E€HTI3LIreH (DYHKIIMOHAILIK TapaMeTpjepre KaTbICThI CHI3BIKTHI eMec Bosibreppa nH-
TerpaJiIbIK TEHIEY/IEPIHIH €Ki 2KaKThI 1meKci3 xkyiteci anpiaran. CoHmai-ak GyHKIIMOHAIIBIK, TapaMeTpIepi
Gap ecenTiH IennMaepin Taby ajJropuTMJIepl YChIHBLIFAH. AJTOPUTMIED/IIH YKUHAKTBIIBIFBI MEH ChI3BIK-
TBHIK, eMeC apaJjiaCc TYBIHIBLIBI THIEPOOIANBIK, TEHAEYIEp KYHECiHIH KOaKTa IMEKTe/INeH MeNnMiHiE 6ap
OOJIYBIHBIH IIAPTTAPHI AJTBIHFAH.
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OrpaHmdyeHHOE Ha MOJIOCE PeIlleHne CUCTEMbI HeJIMHENHBIX
rurepooInYecKnX ypaBHEHHNI CO CMEIaHHbIMHU ITPON3BOIHBIMU

B crarhe paccMoTpena cucTeMa HEJMHEHHBIX TUIEPOOTINIECKAX YPABHEHUI CO CMENTaHHBIMU TPOU3BOIHBI-
MH Ha noJsioce. Bpemennast nepeMeHHast HEM3BECTHON (DYHKIIMN MEHSETCS HA BCEH OCH, & IPOCTPAHCTBEH-
Hasl IepeMeHHasl TPUHAJIEXKUT KOHEeYHOMY nHTepBasty. OyHKIMA — YacTHAsl MPOU3BOIHAS OTHOCUTEIHHO
MIPOCTPAHCTBEHHOM MEPEMEHHONI — 0003HAYAETCsT KAK HEM3BECTHAsT (DYHKITN, U 3a7[a9a HAXOXKICHUS Or'pa-
HUYEHHOI'0 Ha II0JIOCE PEIIeHHs] MCXOJHONH CHCTEMBI CBOJMTCS K 3aJ/iade HAXOXKJIEHUs OIPDAHUYEHHOI'O Ha
MOJIOCE PEIEeHUs] CUCTEMBI MHTErpo-audDepeHInaIbHBIX YPABHEHUNH B YaCTHBIX MPOU3BOMHBIX. Best och
JEeJUTCS Ha 9aCTU, U JIONOJHUTEIbHbIE (DYHKIMOHAIbHBIE TTAPAMETPhI BBOJSTCS KaK 3HAYCHUS HEU3BECT-
HOIl (DYHKIMN Ha HadaJbHBIX JHHUAX Honobsacreit. [[ns UKCHPOBAHHBIX 3HAYEHUI (DYHKIIMOHAJIBHBIX
mapaMeTpOB HOBbIE HEM3BECTHBIE (DYHKIINU B MOMOOIACTSIX OMPENENSIOTCS KaK pertenus 3agad Ko mist
nHTErpo-auddpepeHnnaIbHbIX YPABHEHNI B YACTHBIX TPOM3BOIHBIX MIEPBOTO nopsiaka. Mcmons3ys ycmoBust
HEIIPEPBIBHOCTH PENIEeHNs HA BHYTPEHHUX JIMHUSX pa30MeHus, IoJIydeHa JIByCTOPOHHE-OECKOHEYHAsI CUCTe-
Ma HEJIMHEWHBIX MHTErPAJbLHBIX ypaBHEHU BosbTeppa BTOpPOro poja OTHOCHUTEHHO BBEIEHHBIX (DYHKIIN-
OHAJIBHBIX MapaMeTpoB. lIpemokeHbl aqropuTMbl HAXOXKIEHUST PEIIeHni 331a9u ¢ QYHKIIHOHAILHBIMA
napamerpamu. [losydeHbl yCIOBHS CXOJUMOCTH AJrOPUTMOB M CYIIECTBOBAHUA OI'DAHUYEHHOIO HA II0JIOCE
pellleHust CUCTEMBI HEJTUHEHHBIX TUIEPOOTMIECKUX YPABHEHUN CO CMENIaHHBIMU TPOU3BOIHBIMU.
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