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Abstract

Numerous problems arising in various fields of natural sciences and engineering lead to the study of integro-
differential equations. The investigation of such equations, which account for the historical behavior of processes or
phenomena, originates from the pioneering works of V. Volterra, where the role of the integral term was emphasized.
Various approaches have since been developed to describe hereditary effects and aftereffects in these equations. It
should be noted that the existence of multiperiodic and quasiperiodic solutions for systems of Volterra-type integro-
differential equations does not always guarantee their uniqueness.In this paper, a system of partial integro-differential
equations with a special differentiation operator is considered. Using the method of periodic characteristics, integral
representations of the solution manifold for such systems with aftereffects are constructed. The properties of iterated
kernels and resolvents are studied, and corresponding estimates are obtained. Conditions for the existence of a Green-
type matrix function for the multiperiodic problem are established, along with integral representations with suitable
bounds. Finally, sufficient conditions for the existence and uniqueness of a multiperiodic solution, interpreted as an
integral manifold of the integro-differential system with finite hereditary effects, are derived.
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Introduction

Investigation of some processes in natural sciences and technology often necessitates the study
of integro-differential equations.

Many problems in natural sciences and various applied fields are effectively modeled through
mathematical frameworks described by integro-differential equations.

It is well established that certain problems of mathematical biology, biomechanics, control
theory, population dynamics, elasticity theory, etc. lead to the study of partial integro-differential
equations [1-8].
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Of particular interest are processes where the dynamics depend not only on their current state
but also on their previous states. The influence of the integral term on certain classes of differential
equations and its impact on the nature of their solutions has been explored in [9—12]. The study of
such processes with aftereffects is intricately linked to finite-period heredity. Notably, these processes
and phenomena induce temporal oscillations [13—14].

Research efforts focusing on multiperiodic and almost periodic solutions of specific classes
of partial integro-differential equations provide a detailed review and analysis of these problems,
considering the role of finite hereditary effects [15—-18].

In this context, developing methods to extend the oscillatory solutions of differential equation
systems to integro-differential systems with specialized differentiation operators in multidimensional
time and along vector field directions is of significant interest.

To study the problem of integrating multiperiodic functions along the periodic characteristics of
the differentiation operator with respect to {7, t), an approach is proposed [19-21]. By employing the
linear transformation t = t, + §*(t — 1,) = B1, 7, ty), the 6 — periodic B — helical characteristic
of the operator D, is constructed, which describe translational and rotational motion, and the 0-
periodic by T characteristic 7 = S{£,7.f) is determined.

By linear substitution t; = ¢;i;, j = 1,m or t = cf, the differentiation operator D, is reduced
to op(erator D_ with m-dimensional vector e = (1,..., 1) , where ¢ = diagley,...,c,,] is a matrix,
t.=(t,..,1

St ).
’ Thereforrg, operator D_ has a 0 -periodic characteristic

n =cf(&,1,c7 ) = hiE, 1, 1).
The vector-function h(#, 7, £) has the properties:
D) h(¥ +8,1,t) = h(&,7+6,t) = hi& 1,1),
ii) (¥, 1, t + w) = h(¥,1,t) + w,
it is periodic by t of the second kind with a period @ = (@, ..., @, ).
For a specific class of partial integro-differential equations with a specialized differentiation
operator, integral representations of the solution manifold are derived. The representation of
solutions in terms of the kernel resolvent is analyzed, highlighting the critical role of these equations
in modeling phenomena and processes characterized by aftereffects.

In contrast to the existing results on almost periodic and multiperiodic solutions of integro-
differential equations, the present paper considers a system with a special differentiation operator D¢
acting along periodic characteristics in multidimensional time [15-21].

The novelty of the approach consists in combining the method of periodic characteristics with
the construction of a resolving operator based on the matricant and the kernel resolvent for systems
with finite heredity. This makes it possible to obtain integral representations of solutions and to
establish sufficient conditions for the existence and uniqueness of multiperiodic solutions in a more
general setting.

Materials and methods

I. Consider a vector integro-differential equation of the form

D.ulz,t) = Alr, Dulr, ) + [7F (&, 76, h(g, 7, 0)ulE, h(E,7,0)) dé, (1)

a ]
where D, = P + {CJ E} is differentiation operator; h(¢, 7, t) is periodic characteristic of the operator
D, ;A1) € €27 (R x R™andK(E 7,6,0) € Coin® (R x B x R™ x R™)aren X nmatrices;

g and & are vectors with single components. We assume that the conditions (P) are met if:

Alt+8,t+w) = Al1,1): )
K(¢+8,1,t,h(f+6,1,t) = K(&1,t,h(E1,1));
K(e,1+6,t+wh(e,7+6,t+w) = K&t hE,1,0) 3)
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where wy; = 8, w = (w,, ..., w,,) is rationally incommensurable positive constants.

The conditions (P) express the multiperiodicity, smoothness, and boundedness of the matrix-
function A(t,t) and the kernel K(&,7,t,h). In particular, relations (2)-(3) ensure the invariance of
the system with respect to shifts by the periods & and @, which is necessary for the construction of
multiperiodic solutions along the periodic characteristics of the operator D_.

Moreover, these conditions guarantee the boundedness of the corresponding operators and allow
the application of the method of periodic characteristics and the construction of the resolving operator.

Similarly, condition (P,) means that the nonhomogeneous term f(t,%) possesses the same
multiperiodicity properties and belongs to the same smoothness class as the coefficients of the
system. This assumption is essential for preserving the multiperiodic structure of the solution.

Building upon the approach outlined in for constructing the matrix associated with the equation
D_w = A(z, t)w, we define the matrix W(t,,7,t) which satisfies the matrix equation and reduces to
the identity n X n-matrix [17]. Utilizing the existence of the inverse operator D1, we research the
matricant as a solution to the matrix equation expressed as a series, with its terms determined through
recurrence relations. The absolute and uniform convergence of this series can be rigorously verified.
The main properties of the matricant are discussed [17], [21]. Notably, one of the key attributes of
the matricant "E-F(TD, T,t) is its multiperiodicity with respect to Ty, T and £

Vi, +8,t+8,t+w) —Vir,1,t) =0

Using the conditions of multiperiodicity (2) of the matrix A(z,t) and its smoothness with
unknown vector-functions and the kernel K {fj Tt hif, T, t}} of the hereditary term, the integro-
differential system (1) by linear transformation

ult, t) =Vir, 7, dw(r, t), 4)
is reduced to a system of equations of the form
T+8
Dwitg,7,8) = [ Q&0 7,8 h(&,7,0))w(zy, h(£,7,8) )de. (5)

Here Q(&,1, 1.t h(£,7,18)) = V i(r,,1,0)K(&, 1, t,h(, 7, £) )W(1, £, (2, 7,1)) is a kernel.
Note that D_ W (z,,7,t) = =V (z,, 1, t)A(r, t), then W (z, 7, also has the properties of
smoothness, multiperiodicity and boundedness. Due to the properties of matrices W{z,,7,t) and
W (zy, 7, t), as well as condition (3), the kernel has the property

Qe+8,1,+8,t+8,t+whlf+8,1+68,t+w))=
= 0(& 1, 1.t (&, 1,1)).
The matricant W(t,, 7, t) of the equation (5) is defined as the solution of the matrix integral

equation
Wity 7,t) =E +

o f,f+g Q¢ 5,m, k0,7, ), (&, 7, ) JW(E, 5, h(E, 7, 8) )ddn.

(6)

Using the iterative method, its resolvent R(f’ s, h(n,7,8), R T, t}} is constructed, and
satisfying the integral equation

R{cf, s,nhin,T,t), ki T, t}} = Q{EJ s,m hin, T, t), ki T, t}} +
+7 0700 5m, k7,0, 1T D)R(E 5,0, k7, 0,h(E, 7,8) ) dgdn. o

Thus, the resolvent (7) is well-defined and satisfies the corresponding integral equation in the class
of bounded matrix-functions. It is worth noting that, based on the product of matrices and through
calculations involving changes in the order of integration while considering the group property,
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iterated kernels @,, I[.f, s,m, hin, t,t),h(E, T, t}} are constructed. These kernels are determined
through recurrence relations, and their corresponding estimates are established

10, (&.5.m, hn, 7. ), h(Z, 7.0 || = QFF % (8)

The integral equation (7) is obtained by successive approximations. Substituting the expression
for R into the right-hand side and iterating, one obtains a series representation in terms of iterated
kernels. The convergence of this series follows from estimate (8) and the boundedness of the

kernel Q.
Taking into account (8), for the resolving kernel holds

\R(£, 5,1, h(n,7,8), h(E,7,0))| = QDEQDEEr—s}’
where ||Q{’g’, s,nhin t.t), k&, T, t}}” = @y, Q, = const; s and 1 changes between Ty and T,
lT — 75l < A, A — const =0.
Note that the resolvent R(£, 5,7, h(n,7,t), h(£, 7, 1)) has the property of multiperiodicity:
R(e,s+68,mhlnt+6,t+w)h(lE,1+8,t+w))=
= R(&,5n,h(n,1,0), h(E,1,0)

Next, the matrix (6) is represented by the resolvent

Wty ,t) =E +

+ L:’J”g R(,5,m, h(n,7,£), h(£,7,1) )dEdn ©)
Thus, taking into account the transformation (4) and the resolvents, we have
®(1y, 7, 1) = Viry, 7, ) Wz, 7, ). (10)

A matrix of the form (10) is called the resolving operator of the integro-differential equation (1).
This operator @(7,, 7, t) has the following properties:

i) D ®(ry,7,t) = Alr, )@y, 7, t) +
+ [T k(576 h(E 7, 0)0(8 10, h(E,7, 1)) dé

I7) ®(1y, T+ 6,t + w) = @(1,, 7. 1):

) l®(zy 7 )]l = de-rxtr-rn}, TZ27,d=1 a>0

The set of conditions #,) - i5) is called conditions (i).

For clarity, we note that all vector-functions are considered in the space €. (R x R™), and

their dependence on the variables (1,t) or (£, T, t,h) is explicitly indicated whenever necessary.
Throughout the paper, the matrices A(t,t), K(&,1,t, h), Q(&,7_0,71,t,h), as well as the operators

#,1V, W, and R are assumed to be defined for all admissible values of their arguments, and their

dependence on these variables will be omitted only when it does not lead to ambiguity.

(Re.e)

Construction of a multiperiod solution

Consider the linear inhomogeneous integro-differential equation
D u(t,t) = Alr, ulr, t) +
+ [Tk (e 6 h(E 1, 0)u(E h(E, 7, 0)dE + Fz,8). an
Assume that the conditions (P_1) are met if
fa+o,t+w) = fr,t) e O RxR™) (12)
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We will assume that equation (11) is uncritical (non-critical) for any vector-function f(z,t) of
nu
. (R X R™).
" Now let's start considering the problem for the system of integro-differential equations (11) with
the initial condition

u|r=r = l{ﬂ(t} (13)

where @(t + w) = @(t) € C; “(r ™) is a well- knqwn vector-function.

The function ufr,t) belonglng to class C “(Rx R™) satisfying the integro-differential
equation (11) and for T = 7, — the initial condltlon (13) is called the solution of the Cauchy problem
for the inhomogeneous integro-differential eau,asmn (11).

Lemma 1. If the conditions (P), @(t) € €, (R™) are met, then there is a solution to the initial
problem (1), (13) and it is given by the formula

(T, t) = ®(7y,1, t}qp{h(TDJTJ t}}, T, ER. (14)
Proof. Based on (10), the formula (14) is represented as
iilt, t) = Vg, 7, )Wz, 1, t}{p{h(TD, T, t}} = Wz, 1.t) [{p (h(TD, T, t]} +
+ 717 R(&,5,m, hln, 7,0, 1(E,7,0) (e, 7,0 )dnae] (15)

In (15), we used representation (9) along the way. Taking into account the properties of the
operator D, i1}, D_h(t,,7,t) = 0 and applying D, to the relation (15), we have that fi{z,t) is the
solution of the problem under consideration.

It follows from (14) that for T = T, condition (13) holds.

Q.E.D.

Lemma 2. If conditions (P) and (P_1) are satisfied, then equation (11) admits a solution

i(r,0) = [} @& n 07 (6 h(E 7 0)de, (16)
satisfying condition
i = 0. (17)

| T=Tp
Proof. We have

T

= flr.t) + f [D, @& 1,8) + A(r, )@ (&, 7, )1f (& h(E, 7, 1) )dE =

To

= flz,t) + J': Te(E,1,8) f(£, hiE, 7, 6))dE = £z, 1) + Tii(z, 1), (18)

where (Tw)(z,t) = r+g k(& 1.t h(£,7,8) Ju(£, h(Z,T,1) )dE.

Consequently, from (18) we have that the vector function (7, £) satisfies equation (11).

The satisfiabilitv (feasibility) of condition (17) is obvious.

It follows that Z(T. £) is the solution of problem (11), (17).

Q.E.D.

Note that we can directly write the integral representation (16) in terms of the resolvent as
follows

a(r,t) = [} v, 7,0[f(&nE 5 0) +
+ 7 [TOR(E 50, 7,0, 108 7, D) (8, h(E, 7, ) dnde'| az. (19)

Theorem 1. If the conditions (P), @(t) € C ;:E} (R™) are met, then there is a unique solution
u(t, t) of the problem (11), (13) represented as
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ulr, t) =i, t) + ilr, £ (20)

where ii(t, t) satisfies the integro-differential equation (1) and condition (13), i{t, £) — satisfies (11)
and (17).

Proof. The proof of the theorem follows from Lemma 1 and Lemma 2.

Here the solutions i(z,t) and (7, t) are expressed in terms of (15) and (19), respectively.
The uniqueness of the solution of the problem under consideration is proved by the method of the
opposite.

The solution (20) of the Cauchy problem (11), (13) is represented as

u(r, t) = (1,1, t)@(hiry,1,2)) + f:n @ (¢, 7,t) f(&,h(E, 7, 2) ) dE, (1)

Using the necessary and sufficient periodicity condition
u(ty +6,8) = u(z, I (R x R™)

the method of successive approximations, and the method of complete mathematical induction, we
obtain a function

¢*(h(ze7,8)) = [72 ®(&, 10, Az, 7. 1)) (&, RE, 70, 1) )dE, (22)

that satisfies the requirements of the initial condition (13).
Substituting (22) into (21), we obtain the corresponding solution to the Cauchy problem

u(r,t) = [_@(,1,0)f(& g, 7,0))de. (23)

Here we have used the group property. The convergence of the integral in (23) is provided
by i5) and the estimate

- d
lu*(r, Ol = f||¢=(f,r, OlfF(e nz, 7, 0)|de = — 71l

Problem. To establish the existence of a unique (8, ) periodic solution of the integro-
differential equation (11).
It is assumed that the resolving operator ®(£, 7, t) is represented as

®(f,1,t) = 2_(£,1,t) + 2,.(5 1. 1) (24)

Here &_(¢,1,t) and ®,(&,7,t) are partial solutions of the vector-matrix integro-differential
equation (1) with initial conditions

®_(£,1,t) = E_
¢+(E.ITJ t} = E-|-’
E=E_+E, (25)
and with corresponding properties (), as well as satisfying the estimates:
|&_(&,1,t)| < de~*(*=% mput >{, (26)
|, (5,7,8)| = de?™ 8, 1<y, (27)

whered = 1, @ = const = 0.

Thus, splitting the resolving operator into the sum of matrices with properties (i), as well as
satisfying conditions (26) and (27), leads to a system of integro-differential equations with the
property of exponential dichotomy.
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Let's start constructing a matrix function of the Green type.

&(s,1,t) = { ®_(s,1,t), T>5

—d,(51,t), T<s5. (28)

Here are some properties of &(s,1,t):

i,) D.®(s1,t)= A(r,t)d(s,1,t) +

+ [T k(E 7 6 (T, 0)8(s, 7, h(ET,0)dE, T2,

Due to the fact that ®_(s, 7,t) and @, (s, 7,t) are matrix solutions of the integro-differential
equation (1), the satisfiability (feasibility) of this condition follows.

I5)®(s—0,7,t) —®(s +0,1,t) =E.

From (25), one can directly verify the feasibility of this property.

) ®(s+8,1+0,t+w) =B(s1,t).

Note that E_, E, and E do not depend on the variable £, as well as €_(s,1,t), ®,(s,1,t) and
&(s. 1, t) are multiperiodic matrix solutions, then the property i) follows from the above.

i) |®(s,0,t)| =de @ g=1, >0

From estimates (26) and (27) we obtain the property i.,).

It should be noted that the assumptions on boundedness, smoothness, and multiperiodicity of
the matrices and kernels are sufficient for the application of the proposed method. These conditions
ensure the existence of the matricant, the convergence of the resolvent series, and the boundedness
of the resolving operator.

At the same time, these assumptions are not necessarily minimal. Their possible weakening, in
particular with respect to smoothness or periodicity, requires additional investigation and may be
considered in further studies.

Theorem 2. If the conditions (P), (P_1), ko8 + T, k;c;e; = 0. Bo|k;| # 0, &, € Z, (24) and
(25) are met, then the linear integro-differential equation (11) has a unique (6,m)-periodic solution
representable in the form

w*(r,1) = [T, 1,07 (¢, 15, 1, 0))de. (29)

Proof. Using (28), we write (29) as follows
T

u(r,8) = f B(e,7,00F (& h(e,7,0)dE +

4o
+ j &(¢,7,0)f (£, h(E,7,£))dE =

= jq:_(f, T, ) (&, h(£, 7, t))dE +

— o0

+ [T @, (&1, 07(8 hE, 1, 0)de.

Acting with the D operator, using the properties i ) and i5) we have

D u*(r,t) =[®(F —0,7,t) — B(F + 0,7,8)]f(r,t) +

4o

+ [ b, 82 07( e 0)az +

-0

+ /77 8,7, 0D, £(2, h(E,7,0))dE (30)
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Further in (30) taking into account that for T # &
D &5 1,t) = [A(r, )] + T]B(5,1,8),

D_f(& nig,7,t)) =0, (31)

where I — single operator;

T+8
(T&8)(z,7,0) = f K(& 7t h(, 7, 0)®(, 7, 0)dé
we have T
D u*(z,t) = fz,t) + [A(r, )] + T]u™(z, t).

Relations (31) are used in deriving equation (30). Thus, u**(z, t) satisfies equation (11) and is
its solution.

The convergence of improper integrals is ensured by i) and the limitation of the function f(z,t)
, and the convergence is uniform with respect to the vector t and the resolving operator @{&, r, t) has
the property of o -periodicity by t.

The (8, w)-periodicity of the solution (29) with respect to independent variables is derived from
the multiperiodic property of the characteristic h(&, 7, t) and the property (12) of the vector function
fiz,t). By shifting T by the period &, substituting & = s + &, and accounting for the periodicity of
both f(z,t) and h{¢, 7, t), the main requirement for the vector-function u**(z, t) is satisfied: (8, w)
-periodicity with respect to (z,t). The uniqueness of the solution is proved by the method of the
opposite.

Q.E.D.

Note some properties of the function u™(z, ).
1. The function u**(t,t) satisfies equation (11).

2.1tisa (9, a))— periodic function.
3w @ ol = [2218(8 7 v m )l (5 1w 0)llag < Sl

where |Ifll = supf|(z,t)].

4. The solution u**(z,t) is unique.

Remark. The obtained results can be applied to mathematical models describing processes with
aftereffects, for example, in control theory and population dynamics, where the state of the system
depends on its past values over a finite interval. In such models, the existence of multiperiodic
solutions corresponds to stable oscillatory regimes determined by the periodic structure of the
coefficients and the hereditary term.

Results and discussion

In this paper, for the integro-differential system (1) with finite hereditary effects and the operator
D_, an integral representation of the solution manifold has been constructed using the method of
periodic characteristics.

By means of the transformation (4), the original system is reduced to equation (5) with kernel @,
which preserves the properties of smoothness, boundedness, and multiperiodicity. Based on this, the
matricant W (t,, 7, t )W (z, ,7,£)W (7, 7,t) is defined as the solution of the integral equation (6), and
its resolvent B is constructed via (7). The estimates obtained for the iterated kernels (8) ensure the
convergence of the corresponding series and lead to the exponential bound for the resolvent. This, in
turn, guarantees the boundedness of the resolving operator

(15, T.t) = V(10 1T, t)W (T, 1,L), ®(14 T, t) = VI, 1,0 )W Ty 1, 1), P15, T.1)
= V(tg 1, t)W(ry, 1, t),
which satisfies conditions (1).
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For the nonhomogeneous equation (11), the solution of the Cauchy problem (11), (13) is
obtained in the form (21), combining the homogeneous component and the particular solution. This
representation is expressed in terms of the resolving operator and reflects the influence of both the
initial function and the right-hand side.

To construct a (&, w)-periodic solution, the resolving operator is decomposed as in (24) into
®_ and ¢, satisfying the exponential estimates (26), (27), which correspond to an exponential
dichotomy. On this basis, a Green-type matrix function &(s, 1, t) is introduced by (28) and its main
properties are established.

Using this function, it is proved that under conditions (P), (P,) and the non-resonance condition,
equation (11) admits a unique (&, @ )-periodic solution represented by (29). The convergence of
the improper integral in (29) follows from the exponential estimate of @, while multiperiodicity is
ensured by the properties of the characteristic 7(£, 7, t)and the function f(7,t).

Thus, the obtained results show that the existence of a resolving operator with properties (i) and
its decomposition with exponential dichotomy provide sufficient conditions for the existence and
uniqueness of a bounded multiperiodic solution of the integro-differential system with finite heredity.

Conclusion

The significant role of the equations under consideration in modeling phenomena and processes
associated with aftereffects is highlighted. For a partial integro-differential equation with a specialized
differentiation operator, integral representations of the solution manifold have been derived. Several
properties of iterated kernels and resolvents have been established, along with the corresponding
estimates. Utilizing the necessary and sufficient conditions for periodicity, sufficient conditions for
the existence of a bounded and unique multiperiodic solution across all independent variables on the
periodic characteristics of a system of integro-differential equations with a specialized differentiation
operator have been determined.
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AKBIPJIBI-OPETUTAPIBI HHTETPAJIABI- TP P®EPEHIAAJABIK
TEHAEVYJIEP ) KYUECI YIHNIH KOIIITEPUOATbI
ECENTIH WWEIIMIH 3EPTTEY

Anjiarna
WnTerpanabl-muddepeHnnanIsiK TeHACYIepIi 3epTTey KaKESTTLIIr XKapaTbUTBICTAaHy MEH TEXHHKAHBIH Oip-
KaTap cajaJapbIHIaFbl KONITEereH KOIaH0abl ecenTepMeH Herizneneni. [IporecTin HeMece KYOBUTBICTBIH TApUXbIH
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CUMATTANTBIH MHTErpasibl-1u(epeHINaIIbIK TeHACYIeP/l 3epTTey, HHTETPAIBIK MYLICHIH KaThICYbIH e€cKepe
oTbIpbin, B. Bonsreppanbin enOekTepineH 6actay anazpl. « TyKbIM KyanayIblIbIKTBD, «CaJIIap/Ibhy €CEIKe aly/IblH
opTyYpui Tacinaepi Oenrisi. Boibreppa THIITI HHTETpaIbl-TuGPepeHIHAIIBIK TEHISYIep KYHeCIHIH KOIepHoaTh
JKOHE KBa3HIICPHOTHI IIEITiMCPiHIH O0ap OOIYBIH aHBIKTAY dpJaifbIM OipMoH/II IIemTiie OepMEHTIHIH aTam eTeMis3.
Apnaiiel nmuddepeHnuangay omneparopsl 0ap mepOec TYBIHIABUIBI HHTErpangbl-IuddepeHIIHanIbpK TeHACYIep
JKy#eci KapacTeIpbliaabl. [IeproAThIK cumaTTamanap oficiH KOJJaHy apKbUIbl MYHAAHW >KyHenep MenniMIepiHiyg
KOIMOEHHECIHIH MHTErpajjIblK KepiHicTepl cajijgapiapbiMeH Oipre KypbUabl. VTepauusuianran siipojiap MeH
HICIIIMIEP/iH Keii0ip KacheTTepl aHbIKTaJIbII, COHBIMEH Karap Oaranaynap ansiaabl. Kenmepuoarst ecentin ['pun
THUITI MaTPULIAIBIK (yHKIUSACHIHBIH O0ap O0iry mIapTTaphbl jkoHE colikec Oaranayiapbl Oap MHTETrpalIblK KepiHici
TaOBUIIBL. AKBIPITBI dPEAUTAPIBl HHTETPAIBI-TH(GEpEHITNATABIK KYWEHIH WHTETPalIIblK KemoOeitHeci GomaThiH
KOITEePUOATHI MICIIMHIH 6ap OOIybI MEH JKaIFBI3IBIFBIHBIH JKETKUTIKTI IapTTaphl aIbIH/IbL.

Tyiiin ce3aep: MaTpHLaHT, S1pO, HICUIYII ONEPaTOP, TUXOTOMUSIIBIK, [ pUH THITI QyHKIUSL.
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NCCIEJOBAHUE MHOFOHEPHOI[PI}IECKOFI 3AJJAYHN
AJI51 KOHEYHO-OPEAUTAPHOU CUCTEMBI
UHTET'PO-AUDPDPEPEHILINAJBHBIX YPABHEHUU

AHHOTAIUA

K npobGneme HEOOXOAMMOCTH HCCIIeOBAHMS HHTErPO-AudhepeHInaNIbHBIX YPAaBHCHUH IPUBOST MHOTOYHC-
JICHHBIC 3a]1a4¥ MIPIJIOKEHUS psiia 00IacTeli ecTecTBO3HAHUS U TeXHUKH. MccnenoBanue nHTETpo-nuddhepeHuans-
HBIX YPaBHEHUH, OMMMCHIBAIOIINE TIPEIBICTOPHIO MIPOIIeCcca WK SIBIICHHS, Ha9auch ¢ padot B. Bonereppa ¢ yuetom
BIIMSHUS HHTETPATBHOTO WieHa. VI3BECTHBI pa3MUUHBIC IMOIXOIB! YUeTa «HACICACTBEHHOCTHY, «IIOCICACHCTBUM.
OTMeTuM, 4TO YCTAaHOBJIEHUE CYIIECTBOBAHUS MHOTOIEPHUOJMYECKUX M KBA3UIIEPUOJMUECKUX PEIICHUI CHCTEMBI
HHTErpo-Tu(PepeHIInaIbHbIX YpaBHCHUN TUIIA BosbkTeppa He Beeraa oMHO3HAYHO pa3pemumo. PaccMarpuBaetes
cucreMa UHTerpo-audQepeHInaNbHBIX YPABHCHUN B YACTHBIX MPOU3BOIHBIX CO CICHUAIBHBIM OIIEPATOPOM (-
(hepentmpoBanus. Mcmomns3yss METOI MEPHOTUICCKUX XapaKTEPUCTHK, IIOCTPOCHBI HHTETPAIBHEIC MIPEICTABICHHS
MHOTO00OpPAa3wsi PEIICHUN TaKUX CHCTEM C TOCICACHCTBHEM. YCTAHOBICHBI HEKOTOPBIC CBOHCTBA UTEPHPOBAHHBIX
SA7ep U PE30JIBBEHTHI, a TAKXKE IMOyUCHBI OLIeHKH. HalIeHbI YCIIOBHUS CYIIECTBOBAHUS MaTpHUYHON (DyHKIMU THIIA
I'puHa MHOrONIEPUOIMYECKON 3a/laud U WHTETPabHOE MPEJCTABIEHNE C COOTBETCTBYIONIEH oneHkol. [lomydensl
JOCTAaTOYHBIC YCJIIOBUA CYHICCTBOBAHUA U €AMHCTBEHHOCTH MHOTONCPHUOANYCCKOTO PCIICHUS, KOTOPLIC SABJIAIOTCA
HUHTErpajbHBIM MHOTO00pa3reM HHTErpo-auddepeHIInaIbHON CHCTEMBbI C KOHEYHOM IPEAUTAPHOCTHIO.

KurodeBble cii0Ba: MaTpUIIAHT, PO, Pa3pelIaonIuii ONeparop, TMXOTOMUYHOCTh, (GyHKIMs Tnna [puHa.
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