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Method of functional parametrization for solving a semi-periodic
initial problem for fourth-order partial differential equations

A semi-periodic initial boundary-value problem for a fourth-order system of partial differential equations
is considered. Using the method of functional parametrization, an additional parameter is carried out and
the studied problem is reduced to the equivalent semi-periodic problem for a system of integro-differential
equations of hyperbolic type second order with functional parameters and integral relations. An interrelation
between the semi-periodic problem for the system of integro-differential equations of hyperbolic type and
a family of Cauchy problems for a system of ordinary differential equations is established. Algorithms for
finding of solutions to an equivalent problem are constructed and their convergence is proved. Sufficient
conditions of a unique solvability to the semi-periodic initial boundary value problem for the fourth-order
system of partial differential equations are obtained.
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Introduction

In the present paper, on the domain ©Q = [0,7] x [0,w] we consider the following semi-periodic
initial boundary value problem for a fourth order system of partial differential equations

4u 3U 3 2 2

5?38:5 - Al(t,x)afza + As(t, x)gtg + As(t, x)th + Aglt,2) ot
+As(t, x)‘?)t + Ag(t, x)gz + Ar(t,z)u+ f(t, ), (1)
u(()?x) = g01<l’), LS [va}v (2)
D)= ala), welol ®)

2 2

- P (@
u(t,0) = (),  telo,T], (5)

where u(t,z) = col(uy(t,z),...,un(t,x)) is unknown function, the n x n matrices A;(t,z), (i = 1,7),
and n vector—function f (¢, x) are continuous on ; n vector—function v (t) are continuously three times
differentiable on [0, T']; the n vector—functions ¢ (x) and pa(x) are continuously differentiable on [0, w].
Let C(£2,R™) be a space of continuous on §2 vector functions u(t,z) with the norm
lullo = masx Jlu(t, o), lfu(t, 2)]] = ma Jus(t, 2)].
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A function u(t,x) € C(2,R") having partial derivatives

ou(t, ) oy Ou(t, ) o O%ult, o) . O%ult, o) n
5 € C(,R"), 9 € C(Q,R"), 590 © C(2,R"), 92 € C(Q,R"),
OBu(t,z) oy OBu(t, x) o Otult, o) "
W EC(Q,R ),T GC(Q,R ),m EC(Q,R ),

is called a classical solution to problem (1)—(5) if it satisfies system (1) for all (¢,x) € €2, and the initial
and the boundary conditions (2)—(5).

Mathematical modeling of various processes in physics, ecology, chemistry, biology and others are
leaded to initial - boundary value problems for a higher-order partial differential equations with variable
coefficients and boundary functions [1, 2]|. Despite the presence of numerous works, general statements
of initial-boundary value problems for the higher-order system of partial differential equations remain
poorly studied up to now. Therefore, the problems of solvability of initial-boundary value problems for
the fourth-order system of partial differential equations are important in applied problems [1-8|. Some
classes of initial-boundary value problems for systems of fourth-order hyperbolic equations are studied
in [4-8|.

Aim of the paper is to study issues for an existence and uniqueness of classical solutions to the semi-
periodic initial boundary value problem for the fourth-order system of partial differential equations
(1)—(5). We will establish coefficient criteria for its unique solvability and construct algorithms for
finding its approximate solutions. For reaching this goal, we use method of functional parametrization
[9-19] for solving the problem (1)—(5).

2
First, we introduce a new unknown function w(t,x) = aua(;’x) and rewrite problem (1)—(5) in
the following from
0w ow ow
50 Al(t,a:)% + Ag(t,x)a + As(t, x)w + f(t,z)+
0?u ou ou
+A4(t, $)% + As(t, $)a + As(t, l‘)% + A7 (t, 2)u, (6)
w(0,z) = w(T, z), x € [0,w], (7)
w(t,0)=¢(t), tel0,T], (8)
o t t T
a—? = pa(x) —i—/ w(r,z)dr, u(t,z)=pi1(x)+1t-p2(x)+ / / w(T,x) drdr, 9)
0 0o Jo
0?u L ow(r, r) ou T ow(m, )
_ . D, . . . X 1
prE Pa(z) + /0 B dr, 5 o1(z) +t - pa(z) + /0 /0 B drdr (10)

A solution of problem (6)—(10) is a function w(t,z) € C(2,R™) having partial derivatives % €

e C(Q,R"™), % e C(Q,R"), 82{;’2(8?) € C(Q,R"™), where the function wu(¢,z) and its partial

derivatives 8“((91@), aua(ijm) and 828%%531) are determined from integral relations (9), (10).

The method of functional parametrization is based on the introduction of additional parameters
as the value of the desired solution on the line t = 0 of the domain 2. The semi-periodic boundary-
value problem for system of hyperbolic equations with integral conditions (6)—(10) is reduced to an
equivalent semi-periodic problem for the system of integro-differential equations of hyperbolic type
with functional parameter depending on x. The properties of solution and its partial derivatives pass
into the properties of functional parameter. Using this method, we obtained coefficient conditions for
the unique solvability of semi-periodic initial boundary value problem for the fourth-order system of
partial differential equations (1)—(5).

Different types of initial-boundary value problems for some classes of fourth-order system of partial
differential equations are studied in [20-22] by introducing additional new functions.
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Scheme of the method functional parametrization without partitioning of the domain

We denote by A(z) = w(0,z) and in problem (6) — (10) make the change w(t,z) = w(t,x) — A(x).

Then, the integral relations (9) and (10) have the following form
du(t !
“ét’x) = @g(z)+t-)\(:c)+/ @(r, ) dr, (11)
0
t2 t T
u(t,z) = p1(z) +t- pa(x) + 5 Az) + / / w(r1,x) drdr, (12)
0o Jo
0%u(t, x . tow(r, x
m(am):S@( )+t Ax) + /(]()dT, (13)
Ou(t 0w
uéf) = ¢1(2) +t- pa(z )+— A / / = Tl’ drydr. (14)

Further, in system (6) instead of functions augt’x), u(t, z) g (;gf) and % we substitute their

representations from (11)-(14), respectively. We get the following equivalent nonlocal problem for
system of integro-differential equations of hyperbolic type with an unknown function A(z) :

O*w

0
oo~ Mt:7)

9w
ox

t ~
+ As(t,x 8t + As(t, 2)d + Ag(t, x)/ Ob(r.z) 4oy

)6 0 ox

¢ U T 94 t pT
+A;5(t, x) / w(T, ) dr + Ag(t, x) / / M dridr + Az (t, x) / / w(r, x) drndr+
0 0o JO

2

it 2) + st 2+ Ag(t 2 2} )+ [As(t, @) + As(t, )t + At x)’;}A(xH
+f(t,2) + 91(t, @) + g2(2, @), (15)
w(0,2) =0,  x€0,w], (16)
w(t,0) = w(t) $(0),  te[0,T), (17)
w(T,z) = z € [0,w], (18)
where  g1(t, ) = As(t, 2)pa(x) + As(t, x)pa(x )
92(t, ) = Ag(t, 2)[p1(z) + 1 - p2(z)] + A7 (L, z)[p1(2) + T - pa(2)].
The compatibility condition is valid:
A0) = 4(0). (19)

Problems (6)—-(10) and (15)—(18) are equivalent in the sense that if the function w(¢, x) is a solution
of problem (6)—(10), then the pair {\(z) = w(0,x),w(t,z) = w(t,x) — w(0,z)} will be a solution of
problem (15)—-(18), and vice versa, if a pair {A(x), w(¢,z)} is a solution to problem (15)—(18), then the
function {\(x) + w(t,z)} will be the solution to problem (6)—(10).

For fixed A(z), A(z) the function @(t, x) is a solution to the Goursat problem on € with conditions
(16), (17). From (16), (17) we obtain % =0, % = 1 (t) and reduce the Goursat problem to
an equivalent system of three integral equations

du(t,z) _/O [AI(T’ w)f)@éﬂm) + AQ(T,x)ang’“") + A (1, z)u(r, w)]dTJF

ox T

t T ~ T
+/ [A4(T,x)/ &U(aﬁ’:n) dr + A5(T,:E)/ w(, ) dﬁ] dr+
0 0 0

X
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t T T1 ~ T T1
—I-/ [A(;(T, x)/ / awg%x)drgdﬁ +A7(T,x)/ / w(72, ) d72d7'1:|d7'—|—
0 o Jo T o Jo

/Ot [Al(T ) + Au(r, 2)7 + Ag(T, 7) Q}dm( )+ /Ot [Ag(T ) + As(r, 2)7 + Aq(7, ) Q}dM( )+

+ / F(7.2) + 1(7, 2) + ga(r, 2)]dr, (20)
0

WD =G0+ [ [0 4 a9 e Ot )] aer
+ / ' [A4(t,§) / %égg) dr + As(t,€) /O w(r, €) dﬂd&

0 0
+/OI [A6(t,§) /Ot/OT&Dgg’OdndeLAﬂt,f) /Ot /OTw(ﬁ,g) dﬁdT}d&—l—

+/0x [Al(t,é) +A4(t,£)t+A6(t,g)t22p(g)d5+/09” 2

[A5(t,€) + As(t, )t + A1(1,€) S | Mg+

n /0 "L ) + 91(6,€) + galt, e, (21)
i L = 9 (r, €)
alta) = (0~ )+ [ 2R (2)

Instead of 811;6(7,@ , 8@&);1 ) , 811}(87;’1:) we substitute the corresponding right-hand side of (20) and,

repeating this procedure m(m = 1,2, 3, ...) times, we obtain

ow ‘ ow ow
oo = Du(t.2) - A@) + Bn(t,2) - MN2) 4+ Gon (12, 50 ) + Hin (12, 52,0) + Funlti2), (23)

where

-
=
8
S~—
\H-
N

o
—~
E‘
Ef
=
+
\
:L
&
8
S~—
h
N
o
—~
S
~—
IS
I}
IS
f
4

m—1
=+ +/ Aq(m, / A1 (T, x)dTp,...dT1,
t _
E,(,P(t $> /A?;(Tla )d7'1+ +/ Al(Tl, )/
0 0

m—2 Tm—1 7y
G(l t Ty, —— / Al 7'1, / Al(Tm_l,l’)/ Al(tm,m)WdTm...dn,
0 xr

—2

Tm—1
Al(Tml,az)/ As(Tm, z)dTp,...dT1,
0

ow t ow
(1) YN v ~
Hy, (t,x,w, v ) = /0 [Ag(11, ) ) + Asz(m1, z)wldm + ...+
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t Tm—2 Tm—1 Ol
+/ AI(TI%U)---/ Al(Tm1,$)/ [Az(Tm,x)iw—I—A3(7‘m,x)w]d7'm...d7‘1,
0 0 0 0Tm
t t T —2 Tm—1
F,(nl)(t,x):/ f(ﬁ,:v)dﬁ—i—...—i—/ Al(ﬁ,x).../ Al(Tml,x)/ F(rm @)y,
0 0 0
¢ ¢
D(Q)(t x) / A4(7’1, ) 7’1d7’1 +/ A4 7'1, / / A4 ’7'3, ) 7'3d7'3d7’2d7'1+
T2m—3 T2m—2
/ Ay(m, / / Ay(rs, x / / Ay(Tom—1, ) Tom—1dTom—1dTom—2...dT1,
0 0
¢
ED(t,7) = / As(r1, 2)mdr + ot
T2m—5 T2m— 4 T2m—3 T2m — 2
-l-/ Ay(Ti, @ / / 4(Tom—3, / / 5(Tom—1, &) Tom—1dTom—1...dT1,
aw T2m—3 T2m— 2 T2m—1 8,11)(7-2 :L-)
(2) g TEN2my )
G <t Z, 6:1:) /A4 71,2 / / TQm 1,L )/0 8:6 dTQm...dTl,

t
H2) (¢, 2, w) = /A5(Tl, )/ (7o, z)drodT + .. +/ Ay, ).
0

T2m—5 [T2m— 4 Tom—3 [T2m— 2 2m—1
. / / TQm 3, / / TQm 1, )/ w(7—2m7-7;)d7_2m-~-d7_17
0 0 0

FO(t z) = /gl(ﬁ, D)+ ot

0
t T2m—5 T2m—4 T2m—3 T2m—2
+/ A4(T1,96)---/ / A4(sz—37ﬂf)/ / 91(Tem—1,2)dT2m1...dT1,
0 0 0 0 0
t 7_2
DR (t,z) = [ Ag(ri,a) - Tam+
0
t T T2 T3 7_2 t
+/ Aﬁ(ﬁ,x)/ / / A6(T4,x)‘24d7'4d7'3d7'2d7'1+...+/ AG(Tl,.T)
T3m—8 T3m—T T3m— 6 T3m—5 T3m—4 T3m— 3 3 _
/ / / 6(T3m—5,T / / / 6(T3m—2,T)—5— 5 2 dr3m—2...dT1,

Eg)(t,x):/ A7(7‘1,:C)T21d7'1—}—_,,—|—/ A6(7'17$)-~

T3m—8 [T3m—7 [T3m— 6 T3m—5 [T3m—4 [T3m— 3 ?? B
/ / / 6(T3m—5, / / / 7(T3m—2,2) —o— 5 2 dT3m—o...dT1,
G<3>< 7) _
" Ox
T3m—5 T3m—4 T3m— 3 T3m—2 T3m—1 8
/AG T, T / / / 6(T3m—2,T / / wT3m’ )d7'3m dr,
T3m—8 T3m—T

HP (t,2,w) = /A7 T, T / / W(T3, v)dm3dT2dT) + .. +/ Ag(1,x / /

T3m— 6 T3m—5 T3m—4 T3m— 3 T3m—2 T3m—1
/ 6(T3m—5,T / / / 7(T3m—2, / / W(T3m, )dT3m...dT1,
0
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t
F,Sf’)(t, x) = / g2(m,x)dm + ..+
0

t T3m—8 [T3m—7 [T3m—6 T3m—5 [T3m—4 [T3m—3
—I—/ AG(Tl,l‘).../ / / AG(Tgm_g,,I)/ / / gg(Tgm_g,l‘)dTgm_Q...dTl.
0 0 0 0 0 0 0

Assumptions regarding the data of problem (6)—(10) allow us to differentiate relation (18) with respect

to x:
Ow(T, x)

Ox
Relation (24) will be equivalent to relation (18) if the compatibility condition (19) is satisfied.
From the right-hand side of (23), finding the value of w(¢,x) for t = T and substituting it in (24),
we obtain a system of n ordinary first-order differential equations that are not resolved with respect
to the derivatives:

= 0. (24)

Din(T, ) - M) = —Em(T, ) - M) — G (T, z, Z‘j) —H, (T, z, %t”, w) ~ Fp(T,z).  (25)
For fixed g—g’, %—f, w system of differential equations (25) with initial condition (19) is the Cauchy
problem with respect to A(z) for all z € [0,w]. We solve the Cauchy problem (25), (19) using the
fundamental matrix.

Let the matrix D,, (T, z) be invertible for all € [0,w] and ®(x) the fundamental matrix to system

of differential equations
d\(z)

dz

We re-write system (25) in the following form

= —[D(T, 2)] ' En(T, z) - A(z). (26)

- . o O
_ -1 . _ Iy
M) = = [Du(T,2)) " Bn(T,2) - Ma) - P(Toa, 50 S0 )), (27)
where
. on b N\ . o o
F(T,x,%, a,w) = —[Dp(T, 2)] {Gm<T,x, %> +Hm<T,x,a,w> +Fm(T,x)}.

A solution to the Cauchy problem (27), (19) is written as

Aa) = B(@)0) + #(a) [0 UOF (1.6 55, 5

@D)df, x € [0,w].

Thus, the invertibility of the matrix D,, (T, x) for all z € [0, w] allows us to find a solution to the original
problem (1)—(5) by using the fundamental matrix of a system of ordinary differential equations (26)
and constructing solutions to the Goursat problem (15)—(17).

Note that a similar technique was applied to the semi-periodic boundary value problem for systems
of quasi-linear and semi-linear hyperbolic equations of second-order in [23-24|. These problems were
reduced to an equivalent problems, consisting of a family of periodic boundary-value problems for quasi-
linear and semi-linear ordinary differential equations, respectively, and functional relations. To solve a
families of periodic boundary-value problems for ordinary differential the parametrization method were
used. Algorithms for finding periodic boundary-value problem’s solution for systems of the quasi-linear
and semi-linear system of hyperbolic equations are offered. To construct the algorithms were used a
solutions to families of Cauchy problems for systems of ordinary differential equations and systems of
functional equations with respect to the introduced parameters. This approach allowed to establish
sufficient conditions for the existence of an solution to considered problems.
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Algorithm for finding solution to problem (6)—(10)

As well-known, the fundamental matrix can be constructed for a narrow class of differential
equations. Therefore, we propose an algorithm for finding an approximate solution to problem (6)—(10)
without using the fundamental matrix.

So, the method of functional parametrization divides the process of finding unknown functions into
two stages:

1) finding the introduced functional parameter A(z) (A(z)) from system (25) with condition (19).

. . ow(t,x) Ow(t,z)
2) finding unknown functions =5 =, 5~

(20)—(22).
If the functions A(z), A(z) are known, then we will find the functions 8w£§i’$), 813(.5';’36), w(t, x) to
solve the system of integral equations (20)—(22), and the function A\(x) 4 w(¢, ) will be the solution to

problem (6)—(10). If the functions %, %, w(t, x) are known, then solving system of differential

, w(t,z) from the system of integral equations

equations (25) with condition (19), we find A(z), A(z) and again determining the sum of the functions
A(z) + w(t,x) we find a solution to problem (6)—(10).

Here unknown are both the functions /\(ac), A(z) and the functions ama(i’x), 815(%?1), w(t, x).
Therefore, we use an iterative method and the solution to system of integral equations (20)-(22) and the
Cauchy problem (25), (19) is found as the limits of the sequences {A(z), A(x), dwa(;’x), 8w§i’$) Jw(t, o)},
determined by the following algorithm:

Step 0. Assuming on the right-hand side of (25) A(z) = &(O), aw{éi’x) =0, aw(t ) — v (t),
w(t,z) = P(t) — w(O), and taking into account the invertibility of the matrix D ( ,a:) for all
z € [0,w], we find A9 (x) from equation (25). Using conditions (19) we find the function

AO(2): AO)(z) = ¢(0) + [AO(€)d¢, =z € [0,w]. From the system of integral equations (20)-(22),
0

where A(z) = AO(z), A(z) = AO(z), we define the functions aw(g)m(t’z), aw(gt(t’w),w(o)(t, x) for all
(t,x) € Q.

Step 1. From equation (25), where on the right-hand side of A(z) = A(©)(z), 8w(9(;’$) = 815(08)5’”6),
8@&,93) = am((gt(t’x), w(t, x) = 0O (t,z), by virtue of the invertibility of D,, (T, z) for all z € [0,w], we
find AM) (z).

Using conditions (19) again, we find the function AV (z) = )+ [y AD()de,  z € [0,w)].

= ()( ) e )*)\(1)( ), we define the

From the system of integral equations (20)—(22), where A(z)

functions aw(gaft’x), 8w(gt(t’$), @M (t, ) for all (t,x) € Q.
And so on.
~ = (k—1
Step k. From equation (25), where on the right-hand side of A(z) = A*~1(z), 8“’8(;’96) = odl 895) (t.2)
8w(t z) _ oot dz) (ta) w(t,z) = w1V (t, z), by virtue of the reversibility of Dy, (T, x) for all z € [0,w]

we ﬁnd AB) ().

Using conditions (19), we find the function A\(*)(x
system of integral equations (20)—(22), where A(z) =
000 (te) 00T(La) (k) (¢, 7) for all (,3) € Q.

Here Kk =1,2,3,... .

The following statement gives conditions for the convergence of the proposed algorithm and the
unique solvability of problem (6)—(10) in terms of the initial data.

) = (0) )+ Iy AR (€)de, x € [0,w]. From the
AE) (), A(z) = A )( ), we define the functions

Theorem 1. Suppose that for some m,m = 1,2,3, ..., the n X n -matrix Dy, (T, x) is invertible for
all z € [0,w] and the following inequalities hold:
a) |[[Dim(T, 2)] 7| < 4T, ), and v (T, ) is a positive continuous function for all x € [0,w];
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b) g (T, 2) = Y (T, 2) {ea(x)T —1-a@) —..— L[a(x)T]m} <y<l,

m!

where a(x) = ma (141 (,2)]|.[14a(t. )] || Aot ), x is constant

)

Then there is a unique solution w*(t,x) to problem (6)-(10), determining by equality

w*(t,x) = N (x) + w* (¢, )

with .
P =) e N @+ [ @),
ot
u*(t,z) = p1(x) +t - pa(x) + / / (11, x) dmidr,
0%u*(t, x . . ow
875((9z):@2()+t)\() /()dT,
ou*(t, ) ) . Ouw* (1, z)
) i@+t + 5 e+ [0
x
where  A\*(x) = lim A\(®)(z), M(z) = lim A®)(z) forall ze [O,w],
k—o0 » k—o0 .
w*(t,x) = lim @®) (¢, z), awT(wt’m) = lim W for all (t,z) € L.
k—o0 k—o0

Proof of the Theorem 1 is provided according to proposed algorithm above.

Therefore, from the equivalence of problems (6)-(10) and (1)-(5) it follows

Theorem 2. Suppose that for some m,m = 1,2,3, ..., the n x n -matrix Dy, (T, x) is invertible for
all z € [0,w] and the inequalities a), b) of Theorem 1 are fulfilled.

Then there is a unique classical solution u*(t,x) to problem (1)-(5), defining from the following
integral representation

u*(t,x) = o1(x) + / / (11, ) dmdr, (t,z) € Q.
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A.T. Acanona, 2K.C. Tokmypsun

Tepriummi perTti gepbec TybIHALLILI And depeHITnaaabIK TeHaeyiep

YIIIiH 2KapThLIafIepuoaThl 0acTalKbl €CenTi MIeNTy/TiH
byHKINOHAJIJIBIK ITapaMeTpJiey d/Iici

Teprinm perri gepbec TYBIHABLIBLI HuddepeHINAIBIK, TeHIeYIep KyHeci VI KapThlIaiinepuoarsl dac-
TanKbl METTIK ecell KapacThIpbLIAbl. DYHKIMOHAJIBIK [TapaMeTpJiey 9JIici KOMEriMeH aBTOpJiap KOCBIM-
I1a IMapaMeTpiH eHri3il, 3epTTeJiI OThIPFaH e€Cell eKiHI PeTTi TUIepOOIAbIK, TEKTEC WHTErPAJIIBIK-TUd-
depeHImaNIbIK, TEHAEYIEP 2KYiteci YVImH OyHKIMOHAIIBIK TapaMeTpsepi MeH MHTErPAJIIBIK, KATBIHACTAPDI
Gap mapa-rap KapThLIAHIEepUOATHI ecenke KeaTipi. ['unepbosiabiK, TeKTEC HHTErPAJIBIK-1uhdDepeHIrualI-
JIBIK, TEHJEYJIEp KYieci YIIH KapThIIANIepPHOIThI eCell TeH Kall quddepeHnaIabK, TeHIAeYIep Kyitec
yuria Ko ecenrepi oyserinin e3apa Oaitytanbichl TaraiibiHgaaran. [lapa-mmap ecenriy memnriMin tady aJ-
TOPUTMJIEP] KYPBUIFAH YKOHE OJIAP/IbIH, *KUHAKTBIIBIFEL JdoJesaeHred. Toprinmn perTi jgepbec TybIHIbLIbI
nuddepeHITIANIBIK, TEHAEYIEP YIIiH KapThLIANIEPUOITH OACTAIKEI MIETTIK €CenTiH OGIpMOHI IIeniiM-
JUTITIHIH 2KeTKIJIKTI MapTTaphbl aJbIHFaH.

Kiam ce3dep: apTbLIailiepuoAThl 6acTalKbl METTIK ecell, TOPTIHII peTTi Aepbec TybIHABLILL TuddepeH-
[UAJIIBIK, TEHIEYIIEDP XKyiteci, GyHKIMOHAIBIK, TapaMeTPJIey 9IiCl, XKapThIIaWIepUOATHI €CEIl, eKIiHII PeTTi
rurepOOJTAIbIK, TEKTEC HHTETPAJIIBIK-1rd depeHnanapk TeHaey ep xyiteci, Ko ecenrepinin oysteri, as-
rOpUTM, OIpMOH/II I TiMIIIIK.
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Method of functional parametrization...

A.T. Acanora, 2K.C. Tokmyp3un

Metona dpyHKIIMOHAJIbLHO MapaMeTpu3alun perieHust
MOJTYTIEpUOANYECKO HadYaJbHOW 3ajiaun aJisa auddepeHnnaabHbIX
ypaBHEHUII B YaCTHBIX IIPOU3BOJAHBIX Y€TBEPTOTO IMOPSIKA

PaccmoTpena monynepuonyeckas HadaJ bHasi KpaeBasi 3ajlada Jjisi CUCTEMBI TudHEPEHITUATBHBIX YpaB-
HEHUI B YACTHBIX MPOU3BOJAHBIX YETBEPTOrO MOPsiKa. ABTOpaMU C MOMOMNILI0 METOJa (DYHKIUOHAJILHON
napaMeTpHU3allui BBeJeH JOIOJHUTEIbHBIN ITapaMeTp, U HccilegyeMad 3ajada CBe/leHa K SKBUBAJIEHTHOMN
MIOJIYTIEPUOIUIECKO 3a/1ate JIjisi CUCTEMblI MHTErpo-1nuddepeHIuaIbHbIX YPaBHEHUH ruiepOboInIecKoro TH-
18, BTOPOTO TOPSIIKA ¢ PYHKIMOHATBHBIMY TAPAMETPAMU U UHTETPAJIBHBIMU COOTHOIIEHUSIMHU. Y CTAHOBJIEHA
B3aMMOCBSA3b MOy IEPUOINIECKO 33241 JJIsI CHCTEMBI HHTErpO-TudHepeHITnaAIbHBIX YPaBHEHN rurepoo-
JIMYECKOTO THUIIA U ceMeiicTBa 3a1ad Ko 1yist cucreMbl OOBIKHOBEHHBIX U depeHInaIbHbIX yPaBHEHNIA.
TTocTpoenbr anropuTMbI HAXOXKIEHUS PENTeHN SKBUBAJEHTHON 3a/1a91 U JOKA3aHA UX CXOAUMOCTb. [lory-
YeHbl JOCTATOYHbIE YCJIOBUS OJHO3HAYHON pa3pemInMOCTH IIOJIYIIePUOANYEeCKON HavyaJIbHOU KpaeBoil 3a/1a49u
JIJIsl CUCTeMBI JTrbPePEHITNAIBHBIX YPABHEHUI B 9aCTHBIX TPOU3BOJIHBIX YETBEPTOrO MOPSIKA.

Kmouesvie caosa: momynepuoandeckas HadadbHAsl KpaeBas 3a/ada, cucTteMa auddepeHInaabHbIX yPaB-
HEHU B YaCTHBIX IIPOU3BOJHBIX YETBEPTOIO IIOPsIKA, METO (DYHKIIMOHAIBLHON IIapaMeTPU3allin, IOJLyIIe-
puomUecKas 3a7ada, CUCTEMa UHTErPo-auddepeHInaIbHbIX YPaBHEHUN TUepOoTMIecKOr0 TUIIA BTOPOTO
nopsizka, cemeiictso 3amaa Kormu, anroputM, ogHO3HAYHAST PA3PEITUMOCTD.
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