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Bounded and multiperiodic solutions of the system
of partial integro-differential equations

The system of partial integro-differential equations with an operator of differentiation with respect to
directions of vector field is considered. The considering integro-differential equation does not contain space
variables. The matricant is constructed that satisfies the linear matrix equation and some of its properties
and estimates are obtained that are related to multiperiodicity in time variables. An integral representation
of the multiperiodic solution of this integro-differential system through the resolvent of the resolving kernel
is given, recurrent relations are obtained for finding them. Some properties of iterated kernels and resolvent
are established, corresponding estimates are found. On the basis of the necessary and sufficient condition
of periodicity, multiperiodic solutions of a linear integro-differential equation and additional properties of
solutions are found. Sufficient conditions for the existence of a bounded and unique multiperiodic solution on
all independent variables of the characteristics system of integro-differential equations with a differentiation
operator are established.
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Introduction

We consider the partial integro-differential equation

740
D.u(r,t) = A(7, t)u(r,t) + / K(r,t,s,0)u(s,o)ds + f(,t), (1)
™
where u(7,t) is an unknown vector-function, (7,t) € R x R™; D, = a% + (e, %> is differential operator, m is
vector ¢ constant, <c, %> - scalar product of vectors ¢ and % = (6%1, Sy %); 0 =09+cs =t—cT+csis the

characteristic of the differentiation operator D, by the directions of the vector field j—j =¢, s € R=(—00;+0);
(n x n) are matrices A(7,t) and K(7,t,s,0), n is vector-function f(7,t).

At the present stage of development of the theory of integro-differential equations, of considerable interest
is the development of methods for the qualitative study of the solvability of the problems under consideration.
Research of the theory integro-differential equations involved many authors. As you know, V. Volterra used
integro-differential equations in problems of hereditary elasticity [1], justified the existence of periodic fluctuations
in biological associations, created a general theory of functionals [2]. For systems of integro-differential equations,
which form the basis of the mathematical theory of oscillatory processes in natural science and engineering, are
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devoted to the considerable amount of work, we note [3-5]. In [6], the distribution of the results of M. Urabe to
systems of integro-differential equations was considered, the representations of the solution of integro-differential
equations through the resolvent of the kernel are investigated [7; 158], the role of these equations at describing
processes with aftereffects [8] is indicated. Integro-differential equations find applications in problems of the
theory heredity [9; 109], hereditary elasticity of the model, metal creep at high temperatures [10]. Note that
the rheological processes are described with integro-differential equations [10], [11; 136, 166]. The monograph
[12] is devoted to research of almost periodic solutions system of equations with quasiperiodic right-hand sides.
In [13, 14] almost periodic solutions of integro-differential transfer type equations were investigated. Questions
of the existence and construction of multiperiodic and pseudoperiodic solutions system of integro-differential
equations containing a spatial variable are considered in [15]. By various problems of the theory of periodic and
almost periodic oscillations were outlined in [16, 17].

The purpose of the work is to establish sufficient conditions to existence and uniqueness of the multiperiodic
solution of integro-differential equation (1) with operator of differentiation with respect to direction of vector
field.

Suppose that the conditions of (,w)-periodicity, continuity by 7 € R and continuous differentiability by
te R™:

A(r +0,t + qu) = A(r,t) € C4Y (R x R™) g € 2™, (2)

K(r 40,0+ qw.5,0) = K(r.15.0) € CO5%) (R x R™ x Rx R™) . q € 2™, 3)
K(tr+0,t+qw,s+0,t+quw—c(t+0)+c(s+0)) = K(r,t,s,t —cT +cs),q € Z™,

Fr+0,t+qw) = f(r,t) € C% (Rx R™) ,q € Z™. (4)

Here m is vector e = (1,...,1), the degree of smoothness by ¢ = (t1,...,t,); Z™ is set of integer vectors

qg=1(q1,-.,9m) and qw = (w1, - . ., gmwsm,) is multiple period with multiplicity ¢ period w = (w1, ..., wy) and

periods wp = 6, w1, . ..,w,, - are rationally incommensurable positive constants. Conditions (2) - (4) are called

conditions (P).
Main results

We consider the homogeneous integro-differential equation

T+6
Dou(r,t) = A(r, t)u(r,t) + / K(r,t,s,0)u(s,o)ds, (5)

corresponding to the nonhomogeneous equation (1).
Taking into account ¢ = ¢ + ¢s by the known technique [13], constructing the matricant of equation
D.w = A(r,t)w we define the matrix W (7, 7,t) on the basis of integral matrix equation

W(rg,7,t) = E + /A(s,t —c(r — 8))W (70, 8,t — (T — 8))ds (6)

70

with the unit n-matrix F. Note, by virtue conditions (P), the matrix W (s, 7,t) is (6,6, w)-periodic by s, 7,t:
Wi(s+60,7+0,t+ qw) = W(s,1,t) € Cé?;?t’e) (Rx RxR™),q € Z™. We sought the solution of the integral
equation (6) in the form of series

W(r, 1,t) = Z Wi (10,7, 1), (7)
m=0

members of which we find from the recurrence relations: Wy (g, 7,t) = E,

Wi(7o,7,1) :/A(&t—C(T—S))Wo(To,S,t—C(T—S))dS:/A(S,t—C(T—S))dS,...,

7o 70
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W (70, 7,t) = /A(s,t —c(t = 8))Wp—1(70,8,t —c(r — s))ds,m = 1,2,....
0

We show that series (7) converges absolutely and uniformly. Take into account A(r,t) matrix boundedness
we have |Wy(70,7,1)|| =1,

i
_ m
Wi, 0l < [ 4Gt = el = s))lds < alr = ol oo, Wi, ) < am T
T0 '
where ||A(7,t)]| = sup  |A(7,t)| < a,a = const.
(T, t)ERXR™

For the series (7) the majorant is series 1 + aM + 0‘22]!”2 +...+ % +....

Thus, the matrix series (7) converges absolutely and uniformly at |7 — 79| < M, M = const > 0. We assume
that the matricant W (g, 7,¢t) for all 7 > 79 and ¢t € R™ satisfies condition

W (o, 7, )| < Te™?T=™).T' > 1, p > 0. (8)

By a direct verification we can make sure that the matricant W (g, 7, ) has the possesses multiperiodicity
property with respect by 9,7 and t: W (7o + 0,7+ 0,t + qw) — W(r9,7,t) = 0,9 € Z™.
Now using the replacement
u(r,t) = W(ro, 1, t)v(7,t) (9)

equation (5) is reduced to the form

T+0
D.u(r,t) = / Q(70,7,t,8,t —c(r — s))v(s, t — c(T — 8))ds (10)

with the kernel Q(m, 7,t,s,0) = W t(rg,7,t)K(7,t,5,0)W (10, 8,0), where o =t — ¢(T — s).

We note, based on conditions (P), the kernel Q(7o, 7,t,s,t — ¢(7 — s)) has the property:
Q10,7+ 0, t+qu,s+0,t +qu—c(T1+0)+c(s+0)) =Q(r0,7,t,5,t —c(1—5)), g€ Z™.

For the matricant V (79, 7,t) of equation (10), we have the matrix integral equation

T n+o
V(r,m,t) = E+ / / Q(ro,m,t — (1 — 1), 8,t — (1 — 8))V (70, 8, t — (T — 8))dsdn. (11)
To n

We sought the solution of the integral equation (11) as follows:

V (1o, 7,t) = Z Vin (70,7, 1) (12)
m=0

with initial approach Vy(19, 70,t) = E. Vi (70, 7,t) we find from the relation

B
Vin(70,7,t) = / / Q(ro,m,t —c(t —m),8,t — (7 — 8))Vi—1(70, 8, t — ¢(7 — 8))dsdn,m = 1,2, .. .. (13)
o n
T 0
From (13) at m = 1 follows Vi (7o, 7,t) = [ [ Q(70,m,t — (T — 1), s,t — c(T — 8)) %
O
T 40
xVo(710,8,t — c(T — s))dsdn = / / Q(10,n,t — (1 —1n),s,t — c(T — s))dsdn,
To n

where Ql (TOanata 57t) = Q(Tf)?nat - C(T - 77)7 5,1 — C(T - S))
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Applying the Dirichlet permutation rule based on the product of two matrices
n n+0
Q(7-07771at7817t) f f Q(T(),T),t—C(T-?’}),S,t—C(T—S))d31dT)1 = QQ(T()anvtaS’t) by integrating by T=T"
To N
at t:=t — c(r —n) from 79 to 7, we obtain the matrix Va(7, 7, t):

T n+0
‘6(70373 t) = / / QQ(TOan7t - C(T - 77)7 S7t - C(T - 5))d5dna
T0O N
where Q2(79,m,t — c(T —n),s,t —c(T —5)) =

T m+0
/ / Q(1o,m,t — (T —m),s1,t — (T — 51))Q1(70, 1, t — (T — ), 8,t — c(T — 5))ds1dn;.

nom
Further, continuing this process, we obtain

T n+6

Vin (70,7, 1) / / Qm (10,1t —c(t —1n),s,t — c(T — 8))dsdn, (14)

where the iterated kernels are determined from the recurrence relations

T Nm—1+0

Qammrwv—mawmv—m:/“/'Qmmw«wwv—mHmwﬂx—w>&me

nm o NMm-1

XQm-1(70,1,t — (T = 1), 8,t = (T = 5))dsm_1dnm—1 =

://...//Q(To,n,t—c(T—n),s,t—c(T—s))Q(TO,m,t—c(T—m),sl,t—c(T—sl))x...x

To 7N
XQ(T0, Nm—1,t — (T — Nm—1), Sm—1,t — (T — Sm—1))ds1dnmdsadns . .. dSm—1dNm—1. (15)
Lemma 1. For iterated kernels the estimates are valid:

Hm_l(T _ n)m—l

||Qm(7'0a777t—0(7_77)757t—c(7_5))|| SQgL (m_1)| (16)
Proof. On the grounds (15) we have:
||Q1(T07777t - C(T - 77)7 S7t - C(T - S))H S QO? QO = const,
T n+0
1Qa(rosm.t — e(r =) s Tfsn</“/|mvmm¢—477m>a, (r — 1))l
x[|Q(10,m,t — (T —n),5,t — (1 = s))||dsrdm < QFO(T — 1), ...
Further
T Nm—1+0
Qumosnt = clr = msit=clr =D < [ [ 1QU0 11t = elr = o). smoat = el = soa))x

n NMm—1

em—l T — m—1
XQm-1(T0, 1, t — c(T =), 8,t — (T = 3))[|dsm—1dnm—1 < Q?H
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Taking into account (16) from (14) we get

0" (1 — 19)™
Win(ro, )| < QT = 70"

e m =12, (17)

From (17) it follows that the series (12) converges absolutely and uniformly with respect to 7 and ¢ for 7 > 7.
Note that all iterated Q.,,(70,m,t — (7 — 1), s,t — ¢(7 — s)) kernels have the property:

Qm(TO + 977% t+ qw — C((T + 0) - T])a Sat +qw — C((T + 0) - S)) = Qm(TOJ%t - C(T - 7])7 57t - C(T - 5))
On the basis of conditions (P), it can be shown that the matrix V (7o, 7,t) is (6, 0,w)-periodic by 79,7,

V(ro+ 0,7 +0,t + qw) = V(ro, 7, t) € CO%) (R x R x R™) ,q € Z™.

T0,T,t

For the series (12), using (14) we have:

T n+o 00
V(Toﬂ',t):E—i—// ZQm(To,n,t—c(T—n),s,t—c(T—s))dsdn. (18)
To 1 m=1

&)
The series > Qm(10,m,t — c(T — 1), s,t — c(7 — s)) converges absolutely and uniformly to the continuous
m=1

function R(7o, 77,; —c¢(t —n),s,t —c(r — s)), called the resolvent of kernel.
Resolved kernel satisfies the integral equation

R(to,m,t — (T —1),8,t —c(T —8)) = Q(10,m,t — (T —1),8,t —c(T — 8))+
T n+6
+/ / Q(7o,n,t — (T —n),s,t — (T — 5))R(10, 1, t — (T —n),8,t — c(T — 5))dsdn. (19)

We note, at n = 7, the resolvent becomes the kernel
R(mo,n,t —c(t —1n),8,t —c(T — 8)) = Qu(70,m,t — (T — 1), 8,t — (7 — 5)).
We find the solution of integral equation (19) in the form
R(ro,m,t —c(t —n),s8,t —e(t — 8)) = Q(r0,m,t — (T — 1), s,t —c(T — 8))+
T n1+6
+/ / Q(o,m,t — (T —m), s1,t — (T — 51))Q1(70,1m,t — (T — 1), 5, —c(T — 8))dsrdm+

nom

T n2+6
+/ / Q(Tovn%tfc(’r*772)78231576(7782))622(7—0777’1570(7_777),831576(7-78))d$2d772+"'+
noon2

T Nm-1+0
+/ / Q(70, Nm—1,t — (T — Nm=1), Sm—1,t — (T — $;m—1)) X
n Mm—1
XQm—1(10,m,t — (T —1n),s,t — (7 — 8))dSm—1dNm—1 + - - . (20)

Further, based on the estimates (16), we obtain ||R(1,7n,t — c(7 — 1), s,t — (7 — 9))|| <

Q30> (r —m)? Qo oM r — )™
PO )

< Qo (1 + Qob(T — 1)

Therefore, ”R(T(b R t— C(T - 77)7 S, t— C(T - ‘S))” < QOeQOO(Tin%
where [|Q(70, 7, — (T —n),s,t — (7 = 5))[| < Qo.

12 Bectnuk Kaparanmauickoro yHUBepcuTeTa



Bounded and multiperiodic solutions ...

Applying the resolvent (20) to (18) we have

T n+0
V(TOaTat) :E+/ / R(ToanatfC(Tfn)asatfc(Tis))den' (21)
T0O N
It is directly possible to show that R(7o,n,t — ¢(T — 1),s,t — ¢(7 — s)) has continuous partial derivatives
with respect to 7 and t.
We note, the following properties of the resolvent:

1) We show that R(7o,n,t — c(t — 1), s,t — c¢(7 — s)) satisfies equation (10). Indeed, applying the operator D,
to both sides of equation (19) we find:

DCR(TOanvt - C(T - 77)7 Svt - C(T - 8)) = DCQ(T07TI?t - C(T - 77)7 Sat - C(T - 8))+

n+0
4 / Qromt — e(7 — 1), 5,1 — c(r — 8))R(zo, 11t — c(r — ), 5.t — c(r — 5))ds+

= / Q(ro,m,t — (1 —m),8,t — (1 — 8))R(70,m,t — (T — 1), 8,t — (T — 8))ds.

Thus, the resolvent satisfies the integro-differential equation. Note that by the way we used some of the properties
of operator D,., which was to be proven.
2) Resolvent R(mp,n,t —c(1 —n),s,t —c(T — s)) is the multiperiodic function:

R(To+9,77,t+qwfc((’r+9)77]),S,t+q0LJ7C((T+0)7S)) :R(T(),??,tfC(T*T}),S,f*C(T*S)),qEZm.

Lemma 2. For the function V (7, 7,t), the following estimate takes place:

|V (70,7, t)|| < eQ00(T=70), (22)
Proof. Using (13), (16), (21) we get
T n+6
1V (o, 8] < 1 +/ / IR(r0,m,t — c(r — 1), 5.t — o — 5))||dsdn <
T0 7N
T n+0
T0O 7N

That which was to be shown.
Further, taking into account (9), (21) we have

T n+60
U(T()aTat) = W(TO,’Et) E+/ / R(TOJIJ*C(T*U)aSat*C(T*3))d5d77 . (23)
T0O 7N
Using (8) and (22) we estimate (23)
U (7o, 7, )11 < 1W (70, 7, )]V (0, 7, 8)]| < TeXT7T) x = Qob — p < 0. (%)
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Find a function u(7,t), that satisfies for all 7 > 79 and t € R™ to integro-differential equation (1) and initial
condition

u(7o,t) = p(t) € CE(R™). (24)
Solution to the Cauchy problem (1), (24) is sought in the form

T

u(r,t) = Ulro, 7, t)(t — (7 — 10)) + / U(s,7,t)f(s,t —c(T — 8))ds. (25)

To

In (25) assuming that the vector function is ¢(¢) any from Cy(R™), using the necessary and sufficient condition
for the multiperiodicity of Umbetzhanov-Sartabanov

u(to + 0,t) = u(ro, t) € C% (R x R™) (26)

we search among the solutions (25) for the multiperiodic solution of system (1).
Using the necessary and sufficient condition for periodicity (26) to solve (25), we have

o(t) = U0, 70 + 0, t)p(t — c((10 +0) — )+

To+6
+ / U(s,70+0,t)f(s,t —c((1o + 0) — s))ds. (27)

To0+6

Introducing the designation ¢(¢t) = [ U(s, 70 +60,t)f(s,t — c((10 + 6) — s))ds, making a shift by period § and
70

taking into account the #-periodicity of the matricant U (7, 7,t — ¢(7 — s)) and vector-functions f(7,¢—c(7 — s))

70
we find ¢(t) = [ U(s,70,t)f(s,t — (10 — s)). Putting ¢o(t) = ¢(t), solving equation (27) by the method of

T0—0
successive approximations, we have:

om (&) =U(ro, 70+ 0,8t —c((t0 +6) — 5))pm—1(t —c(r0 — 5)) +¢(t),m=1,2,.... (28)

Along the way, using the convolution type formula for m = 1 from (28) we get

70

¢1(t) = U(ro, 70 + 0,t)p0(t — c(19 — 5)) + ¥(t) = U(10, 70 + 0, 1) / U(s,7,t)f(s,t —c(mo — 5))ds+

T0—0
7o To—0
+ / U(s,m,t)f(s,t — (10 — 8))ds = / U(s,,t)f(s,t — c(t0 — 8))ds+
ro—0 T0—20
0 o
+ / U(s,1,t)f(s,t —c(1o — 8))ds = / U(s,1,t)f(s,t —c(1g — 8))ds.
r0—0 T0—20
Further, using the method of complete mathematical induction, assuming at k& = m, we have

T0
om(t)= [ U(s,7,t)f(s,t—c(mo—s))ds. In the last integral, replacing the integration variable. Using the

T0—mb

70
0-periodicity of vector-function f(7,t—c(7—s)) with respect to the variable T we set i (t) = [ U(s,7,t)f(s, t—
Tg*ka
—c(19 — 8))ds, k=0,1,2,.... Thus we have

o] 70

©*(t) = Z / U(s,m,t)f(s,t —c(T —s))ds =

k=0 "o

14 Bectouk Kaparanmauickoro yHuBepcuTeTa
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70

= / U(s,7,t)f(s,t —c(r —s))ds. (29)

—o00
Substituting (29) into (25), by the way using the group property, we obtain:

70

u(r,t) = U(r, T, t) / U(s,7,t)f(s,t — (T — 8))ds+

—|—/U(s, T, t)f(s,t —c(T — s))ds = / U(s,1,t))f(s,t —c(T — s))ds.

In this way,

T

W t) = /U(s,r,t)f(s,t—c(r—s))ds. (30)

— 00
The convergence of the improper integral in the right-hand side of (30) is ensured by the boundedness of
the vector function f(7,t — (7 — s)).
We note some properties of the vector-function u*(7,t):
1) function u*(7,t) satisfies the integro-differential equation (1) and at 7 — 7 4 0 it turns into ¢*(t);
2) it is the multiperiodic function by 7 and ¢ with a period vector (8, w).
Indeed, consider

T+60
u (T +0,t+ qw) = / U(s, 7+ 0,t+ quw)f(s,t+quw —c((T+6) —s))ds =

— 00

= / U(s+0,7+0,t+qu)f(s+0,t+qu—c((T+0)—(s+86)))ds =

—00

T

= / U(s,m,t)f(s,t —c(T —s))ds = u*(7,1).
That which was to be demonstrated.
3) for functions u*(7,t) the inequality is fair

[ (. t)| < Tfo x| ™", (31)

= sup |f(r,t —e(r = )| < fo, fo = const.
(1,t)ERXR™

4) the solution w*(7,t) is unique.

Result obtained is formulated as the theorem.

Theorem. If conditions (P) and (*) are satisfied, then there is a unique multiperiodic solution u*(7,t) to
system (1), defined as (30) and satisfying condition (31).

where || f(1,t — c(T — s))|
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["M. Aiirenosa, 2K.A. Caprabanos, I A. A6aukaimkoBa, A. Kepumbekon

epbec TybIHABLIIBI UHTETrpo-aAnd dpepeHIma ablK TeH/Jaeyiep
JKVIiiecCiHiH IlIeHeJIT'eH »KoHe KOIIIIePHOATHI MIelliMaepi

BekTopiibik epic barbiTTapbl OoiibIHIIa AuddepeHraIIay OrnepaTop ibl 1epbec TYbIHIbLIBI HHTErPO-Tud-
depeHImaIBIK, TeHIeyIep XKyiieci 3eprrengi. KapacThIpbliaTbiH UHTErPO-audDepeHIuaiabK, TeHIeyre
KEHICTIK affHbIMAJIbLIAPh! eHOeini. ChI3BIKTHI MATPUIIAJIBIK, TEHIEYTe KAHAFATTAHIBIPATHIH MATPUIIAHT TYP-
FBIBBLIIBI JKOHE YAKBIT affHbIMAJIbLIAPBI OOUBIHINA KOIIIEPUOATHIIBIKIIEH 0allIaHbICThI OHBIH Keitbip Kacu-
eTTepi MeH Garajiaysiapbl aJIbIHIbI. KapacThIPhLIAThIH UHTErPO-1udDePEHITUANIBIK, XKYHEHIH KOIIITePUOIThHI
MIETTiMIiHIH, TNy SIPOHBIH Pe30JIbBEHTACH aPKBLIBI HHTETPAJIIALIK, TYPl KeJATIpiIreH, olapael Taby VImiH
PEKYPPEHTTIK KaTbIHACTap ajblHFaH. VlTepamusianraH sapoJsiap MeH Pe30JIbBEHTAHBIH Kefbip KacueTTe-
pl opHaTBUIFAH, ColiKec bGarasaysap TaralblHAaJIFaH. 1lepHOATHIIBIKTBIH KAXKEeTT] 2KOHe KEeTKUIIKTI IapThl
HETI3iH/Ie CBI3BIKTHI NHTErPO-TudDEPEHITHAIBIK, TeHIEYIIH KOIIEPUOITHI MeNiMIepi TaObLIFaH, COHBIMEH
Karap IIENMHIH KOCBIMINA KacueTrrepi anbikTasrad. Juddepennnaligay oneparopsibl HHTErpo-auddepen-
[MAJIIBIK TEHIeYJIep KYHeCiHIH CUIaTTaMAaJIapbIHIa [IIeHEITeH, 6aPJIbIK TOYeICi3 aifHbIMAIbLIAPBI OOMBIHIIA
KOTIEePHUO/ITHI MIENTMIiHIH 6ap YKoHE »KAJIFbI3 OOJIYBIHBIH YKETKITIKTI MapTTapbl OPHATHLIFAH.

Kiam cesdep: MaTpumaHT, pe30JIbBEHTa, AP0, KOIMEPUOATHUIBIK, UHTErpo-auddepertmans, lupuxie,
BEKTOPJIBIK, ©pic.
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Bounded and multiperiodic solutions ...

['"M. Aiirenosa, 2K.A. Caprabanos, I A. A6aukamkosa, A. Kepumbekon

OrpaHndyeHHBbIE 1 MHOTOIIEPUOANYECKNE PENIeHUs CUCTEMbI
nHTerpo-anddepeHImaIbHbIX YPABHEHU B YaCTHBIX ITPOU3BOTHBIX

Wccnenosana cucrema mHTErpo-muddepeHInalbHbIX YPABHEHNN B YACTHBIX MPOU3BOHBIX C OIEPATOPOM
nuddepeHInPoBaHUs 110 HAIIPABJIEHUAM BEKTOPHOIO 10Jisi. PaccMarpuBaemoe uHTErpo-auddepeHiinalib-
HOE ypaBHEHUE HEe COJEP’KUT MPOCTPAHCTBEHHBIX MEpEeMEHHBIX. [[0CTpoeH MATPHUIAHT, YIOBIETBOPSIONINI
JIMTHEHOMY MAaTPHYHOMY YPaBHEHWIO, W TOJIyY€HbI HEKOTOPBIE €r0 CBOMCTBA M OIEHKU, CBA3AHHBIE C MHO-
rOIEPUOIMYHOCTHIO 110 BPEMEHHBIM IT€peMeHHbIM. [IpuBeieHo0 MHTerpajJbHOe MIPEJICTABJIEHNE MHOIOIIEPUO-
JIMYECKOTO PeIlleHns] JAHHON MHTerpo-audpepeHnnajbHOil CUCTEMBI Yepe3 Pe30JbBEHTY pPa3peIlaroliero
SApa, MOJyYeHbl PEKYPPEHTHBIE COOTHOIIEHUS JJIs UX HAXOXKJIEHUs. YCTAHOBJIEHBI HEKOTODPBIE CBOHCTBA
WTEPUPOBAHHBIX sJIEP M PE30JIbBEHTHI, HAlJIeHbl COOTBETCTBYIONME OlEeHKM. Ha ocHOBe HEOOXOAuMMOro u
JIOCTATOYHOTO YCJIOBUSI MIEPUOIUIHOCTH HAIEHBI MHOTOIIEPUOINIECKUE PEIIEHNUs] IMHEHHOTO HHTErPO-1udd-
depeHImaIbHOTO YPABHEHNs, a TAKKE BBISBJIEHBI JIOMOJTHUTEIbHBIE CBOMICTBA PEITeHNA. Y CTAHOBJIEHBI JTOC-
TATOYHBIE YCJIOBUSI CYIIECTBOBAHUSI O'PAHUYEHHOIO U €JMHCTBEHHOIO MHOI'OIIEPUOIUYECKOrO 110 BCEM He3a-
BUCUMBIM [TEPEMEHHBIM PEIeHUsT Ha XapaKTEPUCTUKAX CUCTEMbI MHTErPO-IudpepeHnnaabHbIX yPABHEHUN
¢ onepaTopoM i HEepEeHITUTPOBAHMSI.

Kmouesvie caro6a: MATPUIIAHT, PE30JIbBEHTA, sIIPO, MHOTONEPHOIUIHOCTb, WHTETPO-AuddepeHInaIbHoe,
JlupuxJiie, BEKTOPHOE IIOJIE.
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