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ON ONE METHOD OF RESEARCH OF MULTIPERIODIC
SOLUTION OF BLOCK-MATRIX TYPE SYSTEM
WITH VARIOUS DIFFERENTIATION OPERATORS

Abstract. There is researched the problem of existence and integral representation of a unique multiperiodic
solution in all independent variables of a linear system with constant coefficients and with various differentiation
operators in the direction of a vector field. Based on the Cauchy characteristics method, a methodology is developed
for constructing solutions of initial problem for a linear system with constant coefficients and various special
differentiation operators along two straight lines of the independent variables space, where integration characteristics
are determined using a projector. It is given a methodology for constructing a matrix of homogeneous block-
triangular system, as well as a matricant of a homogeneous linear system in the general case when a Jordan block is
split into the sum of two sub-blocks. The Cauchy problems for linear homogeneous and nonhomogeneous systems
with integral representation are solved using this methodology. At the same time, the introduced projectors for
determining characteristics were of significant importance. Along with the construction of general solutions of linear
systems with two differentiation operators, a theorem on the conditions of multiperiodicity of their solutions is
proved. On their basis, in noncritical case, the theorem on existence and uniqueness of a multiperiodic solution of
linear nonhomogeneous system is proved and its integral representation is given. The developed methodology has the
perspective of extending the results obtained to the quasilinear case of system under consideration, as well as to the
cases of a system with 7 various differentiation operators and multiperiodic matrices with partial derivatives of the
desired vector function.

Key words: multiperiodic solution, method of characteristics, projection operators, differentiation operators by
vector fields, integral representation.

Introduction. In solving many problems of modern science and technology, we often have to deal
with oscillatory processes that are described by partial differential equations. Thusfore, research of
oscillatory processes described by single and multifrequency periodic solutions of differential equations
systems has important theoretical and applied value. It is known that basis of oscillatory solutions theory
of differential equations originates from classical works of A.Lyapunov, A.Poincare, N.N.Bogolyubov,
N.M.Krylov, Yu.A.Mitropolsky, A.M.Samoilenko, A.N.Kolmogorov, V.[.Arnold, Yu.Moser and et al.
Methods for integrating systems of quasilinear differential equations with identical main part are described
in fundamental works [1-6]. It is known that basis of the theory of almost periodic and multiperiodic
solutions of partial differential equations systems is laid down in the works [4-10]. The works of many
authors has been devoted to finding effective signs of solvability and constructing constructive methods
for researching problems for systems of differential equations. we note only [11,12]. The research of
periodic, both time and space variables of the wave motion of the particle flow, non-stationary flows of
compressible liquids and gases [2], and linear gas whose molecules have different velocity values that
change each other during collisions, described by a system of partial differential equations [13], is of
considerable interest in the continuum mechanics theory. Note that the integration of quasilinear
differential equations systems with different main parts is one of the little-studied problems in the partial
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differential equations theory. Therefore, the development of methods for solving multiperiodic solutions
problems of such systems is at the initial stage of its development. Some ideas of these works methods,
based on researches [14-17], are extended in [18,19] to study multiperiodic solutions problems of
quasilinear equations systems with various differentiation operators along their characteristics. The
questions of multiperiodic solutions of quasilinear equations systems with various differentiation operators
are studied in [5] in terms of the matricant when the matrix of coefficients is block-diagonal. In [20] in the
case of a triangular matrix and in [18] the block-matrix method is used to construct the matricant, and in
[19] the problems of multiperiodic solutions are researched by introducing projection operators [21].
Numerous applications of problems for differential equations with various differentiation operators and
the necessity to expand the class of multiperiodic functions solvable in space, the creation of new
approaches to solving such problems represents a new scientific interest. The article proposes a method for
researching a multiperiodic solution of system with various differentiation operators, constructing
matricant of a linear system in general case, when splitting a Jordan block into the sum of two sub-blocks,
introducing projectors to determine characteristics, and establishing conditions for the existence of (67, a))-

periodic solutions of the system under consideration and their integral representations.
1. Problem statement. We consider linear system

Dx=Ax+ f(z,t), (1.1)

where x=(x1,x2) is unknown vector function; x; are n;-vector, n,+n,=n, D=(D1,D2) is

1

differentiation operator with various components

0 0
D =—+(a,—), 1.1
=2 +{ad) (i)
0 0
D,=—+(a,,—), 1.1
= < : at> (1.1)
Dx=(D1x1,D2x2), <ai,£> is scalar product of vectors a;, and g; a, # a, are constant m -vectors;
t it
0 0 0 . o . .
— ==, — |, AzlAi/J, ., is constant block nxn -matrix with blocks 4, of dimension n,xn,:
ot \oy o, Y=L
4, A4
A:[ 11 12} (1.2)
Ay Ay

f(z,6)=(f,(z.2), f,(z,2)) is given n-vector function with vector components fl-(r,t) of dimension n,,

i=12, (T,t) are independent variables, 7 € (— oo,+oo) =R, t= (t1 yeeeslyy ) eR".
We set the problem of developing a methodology for integration, establishing the conditions for the
existence of (6’, a)) -periodic solutions of system (1.1) and their integral representations. In connection with

introduction of operator with various components (1.1")-(1.1"), system (1.1) is represented by blocks of
matrix and functions of input data, which require a new approach to the issue of its integration.

2. Methodology for constructing matricant of a homogeneous block-triangular system

For this purpose, we consider homogeneous system

Dx = Ax, 2.1
corresponding to the system (1.1), which we describe in the section of differentiation operators
Dyx; = 4y X, + 45%;,

D,x, = Ay x; + Ay x, . (2.2)

The problem of constructing a matricant X (Z') of system (2.1), or (2.2), in accordance with the

division into blocks of 4= [Aij Jl, jo1a” At first, we consider the block-triangular case when 4, =0,,.

— 150 ——



ISSN 1991-346X 2.2020

Therefore,
A, O
A:( 11 12) (2.3)
A21 A22
In this case, we write the system (2.2) as
Dyx; = 4),x,, (2.4,)
D,x, = Ay x; + Ay x, . (2.4,,) (2.4)

Using [4-6, 8], we construct a matricant X,,(z) of system (2.4, ) with condition X,,(0)= E,, based on
X11(7)2E1+_[A11X11(S)ds= (2.5,)
0

and then we define a solution X,, = X ,, (Z') with initial condition X ), (O) = F, from the matrix equation
(2.4, ), where E, and E, are identity matrices, E = diag [E,, E, | is n -matrix.
It is obvious that such initial problem is equivalent to integral matrix equation

Xzz(T)zEz +_[X22(7_S)A21X11(5)ds (2.5,)
0

This solution X,,(r) can be built using the same methodology as the matrix X,,(z) is built.

Thus, we have a matricant X' (T) of system (2.4) in the form
X (z)=diag [X,,(z). X5, (c)]. (2.5)

Lemma. [f the matrix A has form (2.3), then the matricant X (T) of system (2.4) is represented as
(2.5), where the diagonal blocks are defined by the integral equations (2.5,) and (2.5,).

3. Construction of matricant of a homogeneous linear system in the general case

By replacement

x=By (3.1)
with a nondegenerate constant »n -matrix B, we bring the system (2.1) to the form
Dy=Jy, J=diag(J,.....J,), (3.2)

J; are blocks of Jordan matrix J an order /; with subdiagonal units, j =Lk, /,+..+1, =n +n, =n,
according to components D,, D, of operator D, the unknown function y has coordinates y,, y,.
In connection with equality /, +...+/, =n, +n,, two cases should be distinguished:
Lh+.+l =n, L +..+ 1 . =n,, where k +k, =k .
I L4+ b+l =ny, Lp + 0+t ]y =my where [+ 0 =1, 1, >0, 1,>0, ki +k, =k .
In the case I, the system (3.2) has the form
Dy, =Jy, J'=diag(J,,....J, ), (3.3))
Dyy, =J%,, J'=diagl, 1.+l 4, ) (3.3}) (3.3,)

Then its matricant is defined in the diagonal form
Y(z)=diag (v,(r).1,(z)) (3.4)

with #,-blocks Yl(r) that are constructed using known methodology for constructing matricant.

In the case II, the Jordan block J, is split into the sum of two sub-blocks J; , J ,Zl and the

connecting sub-block J;" an orders /; , Ij , I} +I; =1, and the system (3.2) is represented as

D1Y1:J,y1: (3-3;1)
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" ! "

Dy =S Vi » Doy =T vi +JL VL (3.37)(3.3,)
Dy, =J"%,, (3.3%)
where (y,’(l,y,'é1 ):yk1 , J' =diag (Jl,...,Jkl_ll J, =diag (J,'{I,J,'('l), J" =diag (Jk1+1""’Jk1+kz)7 ky+k,=k.

The matricants ¥,(r) and Y(z) of systems (3.3),) and (3.3%) are constructed using the known
methodology for constructing matricants of systems with single differentiation operator. In order to
determine the matricant of system (3.3}, ), corresponding to the block J, , what is represented in sub-

blocks J; , J{ and J', we write in an easy-to-understand form

Dan) [T 04wy (3.5)
D) \J¢ Ji\v) O '

£ 0 0 ... 0 O # 0 0 ... 0 O 0 1
1 0 0 0 1 0 0 0
’ /Ll ” # " 0 0
Jkl S T T T OO (P Jkl Sl T T T T TS (PY Jkl =
0o 0 0 .. 0 0O 0 0 .. 0
H H 0 .. 00
1 u 0 0 O 1 u

Assuming A, = u write down the system (3.5) in coordinate form:

Dyw, = uw, Dyvy =Wy + pv,
...................................................... (3.6)
Dywy =Wy + Wy DyVig i = Vi ey + 1 Vg

Since the system (3.5) and, therefore, the system (3.6) has a block-triangular form, we construct its
matricant Y,(z) based on the proved lemma. So, in case II, we have a matricant of the form

Y(z)=diag ¥, (z).1,(z).15(7)]. (3.7)
Therefore, from the transformation (3.1) we have the matricant of the system (2.1)
X(z)=BY(z)B™, (3.8)

where Y (T) is determined by the relations (3.4) and (3.7). Thus, in this section it specifies a peculiar

approach to constructing a matrix of a homogeneous linear block-matrix system (2.2) and, consequently, a
system (2.1). Let's formalize the result in the form of the following theorem.

Theorem 1. The matricant of linear homogeneous system (2.1) with block constant matrix (1.2) has
the form (3.8), where the matrix Y(z) has form (3.4) or (3.7).

4. Solutions of linear systems with various operators and their integral representations
From the characteristic system

= =q,i=12 4.1

we have solutions 7=¢° +a; (T—TO)E h; (Z', Z'O,to), i =1,2 with arbitrary initial data (TO,IO)E RxR™. Let's
assume that characteristic variable A= h(r, To,to) changes on set of above defined characteristics
H:{hl(r,ro,to),ha(r,ro,to)}. Note that hi(ro,r,t)zto , i=12 are the first integrals of (4.1). Functions
u(hi (ro,r,t)) are zeros of operators D, , respectively; where u(t)e Ct(e)(R'”), e z(l,...,l) is m -vector.
Next, the matricant X (z’) of system (2.1) is represented using block matrices X (r) in the form
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X(r): [))21123 j\izgg , Xl.j (r) are m; xXn; -matrices. 4.2)

Let the operators P. act on function u(t) defined on one of two characteristics tzhi(r,ro,to) as
follows

Eu(h(r,ro,to))zu(hi(r,ro,to)), i=12, h(r,ro,to)eH. 4.3)

Operators P, can be called projectors that define a function on the corresponding characteristic.

We introduce the operator P associated with projectors P, and P, acting on matricant X (r) on the
right by following relation X (T)P: Xij(r)PiJ, i =1,2, where the blocks Xij(z') and projectors P. are
defined by the formulas (4.2) and (4.3). We set the problem of constructing a solution X of the system
(2.1) with initial condition x|T:TO =u(t), ult)e C,(e)(Rm), e=(l,...,l) is m -vector.

By checking directly, you can make sure that the problem has a unique solution of the form
x(r,t) = X(r - TO)Pu(h(TO, T,t)), h(’r,ro,to)e H. (4.4)

Here X (z’) is matricant of system (2.1), P is projector. Thus, the following theorem is proved.
Theorem 2. The unique solution of linear homogeneous system (2.1) with various differentiation
operators D, and D,, satisfying initial condition x|T:T0 = u(t) is determined by the relation (4.4).

Let the vector functions f(z,¢) have smoothness property of the order (O, e) = (O,l,...,l):
Fe.)e ) RxR™). (4.5)

Theorem 3. Under condition (4.5), the unique solution X of linear nonhomogeneous system (1.1)
that satisfies initial condition x|T:TO =u(t), ult)e Ct(e)(R'") is determined by the relation

X(T, t) = X(Z' ~7° )Pu(h(l'o,f, t))+ j;X(T - S)Pf(s, h(s, r,t))ds . (4.6)

Proof. It is obvious that the second term of equality (4.6) under condition (4.5) is a solution of a
nonhomogeneous system (1.1), and the first term, in accordance with theorem 2, is a solution of a
homogeneous system (2.1) that satisfies the given initial condition. Therefore, the relation (4.6) represents
the solution of the system (1.1). Uniqueness follows from theorem 2. Q.E.D.

5. Multiperiodic solutions of systems with various operators and their integral representations
Let the vector functions fi(T,l‘) , i=1,2 have (9, a)) -periodicity and the smoothness property

fi(r+¢9,t+qa))=fi(r,t)eCg?;e)(Rme), qgeZ™, (5.1)

where (49, a)) = (9, @,..., a)m) is a period with rationally incommensurable coordinates @, =6, @,,..., ®,, .
Theorem 4. Under condition (5.1) for (49, a)) -periodicity of solution x(Z',t)Z(p(T,t,u(h(O,r,t))) of

system (1.1) with initial function u(l‘) it is necessary and sufficient that the functional-difference system

u(t)= ol 0,1, ut + Al¢))). (5.2)

was solvable in the class @ -periodic smooth functions u(t)=u(t +qw)e Ct(e)(R'”), qeZ™.

Proof. Note that if x=x(z,?) is solution of system (1.1), then y(r,¢)=x(zr + 6, + ), also satisfies
the system (1.1), and z(z,¢)= y(z,1)- x(z,¢) is solution of (2.1). It is obvious that if the initial function
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u(l‘) of solution x(r,t) of (1.1) has property u(z‘)z u(t + qa)) € Ct(e)( ’"), qeZ", then x(z’,t) is -
periodic by ¢ € R™ and vice versa. In the future, we will assume that this condition always satisfied.
If the initial conditions for these solutions x(7,¢) and y(r,¢) for the same

x(0,)=x(6.2), (5.3)

then these solutions are identically equal, moreover x(z,¢)=x(r + 6,7+ qw). Conversely, if the solution
x(r,t) is @ -periodic by 7, then the condition (5.3) is satisfy. Then by virtue of theorem 3, we have
xz.t)=p(z,t,u(h(0,7,2)), at that x(0,)=u(t) and x(6,t)=p(60,t,u(h(0,6.))=(0,t,ur + Alt))),
A(t)z h (O, H,t)—t. Therefore, condition (5.3), depending on function u (t), has the form (5.2). Q.E.D.

Theorem 5. Linear system (1.1) with various operators (1.1')-(1.1") under the conditions (5.1) and

ReA(4)<0, (54)

has a unique (9, a)) -periodic solution x" (T,t) with integral representation
©(eat)= [ X 5)Pr (5,20l (5:5)
Proof. By virtue of structure of the general solution (4.6), the system (5.2) has the form
ult)= X(0)Pult + Ae))+wlt), (5.6)
arbitrary term defines by y/ ‘TX Pf s, h(s 0, z))ds w -periodic by ¢ and A( )z —a@ . If real parts
of eigenvalues /1(A) of A are nzgatlve (5.4), then after k£ of iterations, system (5.6) can be reduced
u(t)= X (k0)Pul(t + kA(t))+ w, (¢) (5.7)
with matrix X (k@) that is normally bounded by constant 0 from interval 0 <6 <1. Therefore, we have

|x(ko)|<s<1. (5.8)

Then by the method of successive approximations by virtue of conditions (5.4) and (5.8) it is easy to
show that system (5.7) and, therefore, system (5.6) has unique smooth @ -periodic solution:

j X(0—-5)Pf(s,h(s,0,¢))ds . (5.9)

It’s clear that corresponding homogeneous system (2.1) with various differentiation operators (1.1")
and (1.1") under the conditions (5.4) has only a zero (6’, a)) -periodic solution.

Substituting (5.9) in the formula of general solution (4.6) we have integral representation of the
unique (6?, a)) -periodic solution (5.5). Thus, theorem 5 is completely proved.

Conclusion. In article on the basis of the method of projection operator multiperiodic it is researched

the solution of system with various operators of differentiation, it is built a matricant of linear system in
the general case, the splitting Jordan block as a sum of two sub-blocks, it is established the conditions for

existence of (0, a)) -periodic solutions of the considered system and their integral representations. Note

that the developed method can be generalized to the quasilinear case when the coefficients of linear part
are multiperiodic. Meanwhile, it will be necessary to use generalizations of methods of works [4-10],
[14-16] for the case under consideration.
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K.A. Caprabanos, 9.X. )Kymarazues, ['.A. AoauKkaaIuKkoBa
K.XKybaHoB aTeiHIaFbl AKTOOE OHIpIIiK MEMIIEKETTIK yHUBEepcUTeTI, AKTo0e, KasakcTan

OPTYPJII JUD®DPEPEHIIUAJIIAY OHHEPATOPJIbI BJIOK-MATPULAJIBIK TYPIEI'T
KYUEHIH KOIIIIEPUOATHI INEINIMIH 3EPTTEYAIH BIP 9AICI TYPAJIBI

Annortauus. Jlepbec TYBIHIBUIBI TEHJIEYJEp XKYHellepiMeH CUMATTaNaThiH TepOeiic MpOoLecTepiHiH
KONIMEPHOATH KOHE IEPHOATHI JEpINiK IIemiMaepin 3eprrey AuddepeHIuannblK TEeHASYJIep Teopus-
CBIHBIH Ka3ipri JamMy Ke3eHiH/e YJIKEeH KbI3BIFYIIBUIBIK TYFbI3y/Aa. bys Tyrac opra MexaHUKa TEOPHSCHI,
CBIFBUIATBIH CYWBIKTBIK TIEH Ta3Jap/AblH CTallMOHAP €MEC arbIChl, OOIIIEKTEp AaFbIHBIHBIH TOJKBIHIBIK
KO3FaJIbICBIHBIH (PU3MKAJIBIK-TEXHUKAIBIK €CeNTepiHiH KONAaHbICTapbIMeH OaiinanbicThl. Jledopmanusiia-
HATBIH, KPHCTAJUIBIK €MEC OpTallapAaFrbl MPOLECTEPIl 3epTTey MEPUOATHUIBIK HEMece MEPUOATHI AEPIiK
KacHeTTepl eCKepy KaKETTLIITIHE aJIbIT KEJIETiHIHE eCKepe KEeTKEH JKOH.

Bekropnblk epic OarbITel OoiibiHINA opTYpii AuddepeHnuranay omnepatopybl ChI3BIKTHI TYPaKThI
k03 puMeHTTi KyleHiH OapiblK aHBIMATBLIAPBl OOMBIHINA KaJFbI3 KOMIEPUOATHI IICIIIMiHIH Oaphl
YKOHE MHTETPAIBIK OCHHEC] TypalTbl €Cell 3epTTETCH.

WnTerpangay cunarraybluTapbl MPOSKTOP apKbUIbl aHBIKTATATBIH TAYENICi3 aifHbIMAabuIap KEHICTIri-
HiH €Ki Ty3yi OoiblHAa OpTYpJi apHaiibl nuddepeHunangay onepaTopibl CHI3BIKTBH TYpakThl Ko3¢ddu-
UEHTTi OJOK-MaTPUIIANBIK TYPJET JKYie YIIiH 0acTanKel €CemnTiH menrimMaepid TYpFeI3y Tocini Kommaig
CUTIATTAYBITITAp SICi HeTi31HAe TY3UIIi.

YmOypeIu-0J0KTEl  TypAeri OipTeKTi KYHEHIH MAaTpULAHTBIH KYpYy TociigeMeci KeNTipiireH.
JlnaroHanpabl  OJOKTApIBIH HHTETPANIBIK MaTpHUAIBIK TeHAeysepi TaOsuiasl. JKopmaH Onorel exi
OJIOKIIIAaHBIH KOCHIHABICHIHA aXKbIpaFaH/Ia Kbl JKaFTalIarsl ChI3BIKTH O1pTEKTI KYHEHIH MaTPHUIIAHTHIH
KYPY/JIbIH jKaHa TOCUIIeMeC] YChIHBUTFaH.

Kypbuiran onicreme OoiibIHIIA BeKTOpiap epici OarbIThl OOWBIHIIA SpTYpi apHaiibl audgepeH-
[HajIaay OmMepaTopiibl OIpTEKTI JKoHE OIPTEKTI eMec CBhI3BIKTHI KyHenep ymriH Komm eceOiHiH KalFbI3
nrenriMiHig 6ap 6oy Typaiibl eceOiHIH cypaFbl MICTIUII )KOHE SHETIH JepEKTep aHbIKTAIFaH JKATHIKTHIKKA
ue OOoJFaHIaFbl WIapT OpBIHAAIFAH/IA MHTETPAJIIBIK OeifHenepi KeaTipinai.

Ochl Tycra auddepeHImaniay >XoHE HHTErpaijiay >KYPri3iIeTiH CoWKec XapaKTepUCTHUKAJIapibl
aHBIKTAYIIIBI SHTI31ITeH MPOSKTOPIIaPAbIH MaHbI36I IenTytri 6omabl. I[IpoekTopiapapiy Keitdip KacueTTepi
TaralbIHAAJIbI, OHBIH IIIIHAEC MPOSKTOPJIAPAbIH €Ki XapaKTepUCTHKAIAPIbIH OipiHae OepuireH BEKTOp-
(GyHKIHSIFA )KoHE KYPBUTFaH MaTPUIIAHTKA SCepl KOPCETU .

OpTypai eki nuddepeHnrangay onepaTopiibl ChI3BIKTHI OIPTEKTI KoHE OIPTEKTI eMec KyhelepIiH
JKaIbl IIEMIMACPIH KYpyMeH KaTap, MEpUOATHI KaThIK (YHKIUIAP KIaCHIHIAAFBl (YHKIHMOHAIIBIK-
alBIPBIMIBIK JKYHEHIH MISNITIMALTITIHIE KQKETT] )KoHE KETKUTIKTI MapTTapbl OpbIHIAIFaHAa KapacThl-
pBUTFaH apHaiibl muddepeHnraniay onepaTopIibl )XYHeHIH KOMepHoATH MenTliMiHiH O0ap 0oy mapTrapsl
JONENICH 1. AJIBIHFaH HOTH)KE TeopeMa TYPIHIIE TY>KbIPBIMIANIBL.

JKorapeiga KapacThIpbUIFaHIAPABIH HETi3iHAE, €HETiH AepeKTep KOMIEpUOATHUIBIK TeH aHBIKTAIFaH
JKATBIKTHIK KAaCHETTEpiHe KaHaraTTaHABIPFaHIa, KPUTHKAJBIK €MeC JKarnaiga OIpTeKTI eMec CBHI3BIKTHI
OJIOK-MaTPHUITANBIK TYPAET KYHECHIH KONTEPUOATH MICTIIMIHIH 06ap MoHe JKaJIFpI3 00IYHI Typabl TeopeMa
JIONISNIICH I JKOHE OHBIH IPOEKIHsIay OIepaTopiiapblHaH TOYeNl WHTErpajibIK OelHeci KenTipiii.
Teopemansl manenney OapbIChIHAA KONMNEPHOATH (PyHKIMATIAp KIachIHAA (PyHKIMOHAIIBIK-aHBIPBIMIIBIK
KYWEHIH MIETIUTIMILIIT KOHE EHTI3UINeH MPOCKIHsIay OIepaTOphl KOMTAHBUIABL. TeopeMaHbl IoJe-
JiereHie OIpTIHACN KYBIKTAy 9JICI MaJaJIaHbUIBIN, KPUTHUKAJBIK €MEC MKOHE aHBIKTAJIFaH >KAThIKTHIK
KacUeTTepiHe CyleHe KapacThIPbUIFaH )KYHEHIH >KaJIFbI3 )KaTHIK KOMIEPUOATHI MENIiM TaObUIAbL.

BekTopnbik epic OarbIThl OOWBIHIIA apHaibl MU dEepeHIraNIay OnepaTopiasl OIOK-MaTPUIABIK
TYpHeri CBHI3BIKTH JUGGEePESHITHANIBIK TEHACYJIEep JKYHECIHIH KOIMepHOATHl IeNINMiH Kypy >KOHE
MPOEKTOP TEOPHACHIH KOJIAaHy KOMNEPUOATH (QYHKIMsIIAp KEHICTIriHAe MIEMITiM/II ecenTep KIachbIHbIH
KEHEIOiHEe KeNTIPETIHIH ecKepeMmis.

Bipiami perti mepbec TYBIHOBUIBI CHI3BIKTHI TEHIEYJIEP JKYHECIH €HETiH ACPEKTEepIiH MaTpPHIIATBIK
0JIOKTapbl MEH BEKTOP-QYHKIHUsIAPhl aAPKbLIbl OPHEKTEICTIHAIN Toyelci3 alHbIMANbUIap KEHICTICIHIH
BEKTOPJIBIK O©pic OarbIThl OOMBIHINA 9PTYPIIi apHAWbl CHI3BIKTHI TU(depeHnnanaay onepaTopibl XKyHeHiH
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VaKBIT KoHE KEHICTIK ToyelICi3 alHbIMaIbIIaphl OOMBIHIIIA KONTIEPHOATHI IIEIIIMiHIH 6ap OONaTHIHIBIFBIH
3epTTEYAiH KaHa TICUIIEeMEeCiH KypyFa oKeJi.

KonmaHpurran omicTeMeMeH alblHFaH HOTWDKENEpl KapacThIPbUIFaH OKYHEHIH IKallbUIaHFaH
KBA3UCHI3BIKTHI JKaFfaiiblHaa 1a, COHMai-ak, opTypial 7 anddepeHnuaniay OmepaTopibl Kyle >KaF-
JaiibIHAa JKoHe Oenrici3 BeKTOp-(YHKIMSHBIH AepOec TYBIHIBUIAPBIHBIH XaHBIHAAFE K03 dunuenTrepi
KOIIIePUOITH MaTpHUIIaIap OOJIFaH Ke37e Ie OCHI OIICTI KOJIAHBIN alTyFa O0JIaIbl.

Tyiiin ce3aep: KemmepHONTH IIENIIM, XapaKTEPUCTHUKAJIap OMicCi, MPOEKIHsIIay OnepaTopiaphl,
BEKTOPJIBIK epicTep OolibiHIa nuddepeHnraniay onepaTopiapsl, HHTETPAIIBIK OeitHe.

K.A. Capradanos, A.X.’Kymarasues, ['.A.A0anKaIuKOBa
AKTIOOMHCKHH pernoHaNIbHBIN rocynapcTBeHHbid yHuBepcuter umMenn K. )Kybanosa, Axto6e, Kazaxcran

Ob OJHOM METOJE UCCJIEJOBAHUA MHOTI'OIIEPUOJUYECKOI'O PEHIEHUA
CUCTEMBI BJIOYHO-MATPUYHOI'O BUJA
C PA3JIMYHBIMU OIIEPATOPAMU JUOOPEPEHIIUPOBAHUS

AnHoranmus. Ha coBpemeHHOM »JTame pasBUTHSI TeopuH AU GEpeHITHAIBHBIX — YpaBHEHUN
HAUOOJNBIINI HHTEPEC MPEACTABISICT HCCICAOBAHUE MHOTONMEPHOIMUSCKAX W TMOYTU TMEPUOTUUCCKHUX
pelieHuil KoaeOaTeIbHBIX MPOIIECCOB, OMHMCHIBAIOIIMXCS CUCTEMaMH AUQQepeHIIMATBLHBIX YPABHCHUN B
YACTHBIX MPOM3BOIHBIX. DTO CBS3aHO C MPWIOKEHUSIMHU (PU3UKO-TEXHUYECKHUX 3a/1ad TEOPHH MEXaHUKH
CIUTOIIHOM cpenpl, HeCTAI[MOHAPHBIX TEUYEHUI CKUMAEMBIX JKHUAKOCTEH M Ta30B, BOJHOBOTO ABIDKEHUS
MOTOKA YaCTHUIl. 3aMETHM, YTO UCCIIEAOBAHUE MPOIECCOB B Ie(DOPMUPYEMBIX, HEKPUCTAUTHYECKUX CpeIax
MIPUBOJNT K HEOOXOAMMOCTH y4eTa CBOWCTBA MEPHUOJMYHOCTH WIIM TIOYTH [TEPHOANIHOCTH.

HccnenoBana 3amada o CyIeCTBOBAHWN M MHTETPAIBHOM TPEACTABICHUN €IMHCTBEHHOTO MHOTOIIE-
pUOANYECKOTO IO BCEM HCE3aBUCHUMBIM IMEPEMEHHBLIM PCIICHUSA JIMHEWMHOM CHCTEMBI C TNOCTOSHHBIMH
KO3 DUITMCHTaMU M C PA3JIMYHBIMH omnepaTopamu TudGepeHINPOBaHUS TI0 HAMPABICHUIO BEKTOPHOTO
TOJISl IPOCTPAHCTBA HE3aBUCHUMBIX IIEPEMEHHBIX.

Ha ocnoBe metona xapakrepuctuk Komm paspaboTaHa METOIUKA MOCTPOCHUS PEIICHUH HaYaIbHON
3aa4u JUIsl JIMHEHHOW CHUCTEMBI C TOCTOSHHBIMH KO3(Q(PUIIMEHTAMU U C PA3INYHBIMHU CICIHATHHBIMU
onepaTopamu AuQQepeHITNPOBaHHS B0 IBYX MPSIMBIX MPOCTPAHCTBA HE3aBHCHUMBIX MEPEMEHHBIX, TE
XapaKTePUCTUKHA WHTETPUPOBAHUSA OTPEAEIISIOTCS TIPY TIOMOIIIN TTPOEKTOPA.

[IpuBeneHa MeTOMKa MOCTPOSHHSI MAaTPHUIIAHTA OJTHOPOIHOM CHCTEMBI OJIOUHO-TPEYTOJILHOTO BUJA.
Halinensl wHTerpambHbIE MAaTPUYHBIE YpaBHEHHS IAWArOHAJIBHBIX OIOKOB. IlpemnokeH HOBBIM MOIXO
MTOCTPOCHUSI MAaTPHUIIAaHTa JTMHEHHOW OJXHOPOTHON CHCTEMBI B OOIEM ciiydae, KOTJa YKOPIAHOBBIA OJIOK
pacuierIsieTcsl Ha CyMMY JIBYX TTO/I0JIOKOB.

ITo pa3paboTaHHO#I METOAMKE PEICH BOMPOC O CYIICCTBOBAHHMH CIMHCTBEHHOTO PEIICHUS 3aJadu
Komm i nuHEHOW 0HOPOAHON 1 HEOTHOPOIHOM CUCTEM C Pa3IMYHBIMU CIEIHAIbHBIMHU OMEPATOPaMHU
T QepeHInPOBaHNS 110 HAMPABICHHIO BEKTOPHOTO TIONS ¥ HalJICHbl MX MHTETPalbHbIC MPEICTABICHNS,
MpH YCIOBHH, YTO BXOJHBIC JaHHBIC OOJIQJAIOT OMPEACICHHON riankocThio. [Ipu 3TOM CyIecTBEHHOE
3HaueHHEe WMEIM BBEIEHHBIC IMPOEKTOPHI IO OINPEACICHUIO COOTBETCTBYIONIMX XapaKTEPHCTHK, II0
KOTOpBIM BexyTcs muddhepeHnrnpoBaHne W WHTETPUPOBAHKE. Y CTAHOBIIEHBI HEKOTOpPHIE CBOMCTBA MIPOEK-
TOPOB, B TOM 4YHCIE MACHCTBHE INPOCKTOPOB Ha BEKTOP-QYHKIWIO 3aJaHHBIX HA OJHOW W3 JIBYX
XapaKTEPUCTHUK, a TAK)KE BO3/IEHCTBHUE HA TOCTPOCHHBIA MATPUIIAHT.

Hapsiny ¢ moctpoeHnemM 00X pemieHnid TUHEWHBIX CHCTEM C IByMs orepaTtopamu nuddepeHmn-
pOBaHUsI JI0Ka3aHa TeopeMa 00 YCIIOBHSAX CYIIECTBOBAHHMS MHOTOIEPUOJMYECKOTO PEIICHUs] paccMaTpH-
BaeMOW CHCTEMBI CO CIEIMAIBLHBIM OIepaTopoM AuQPEepEeHIIUPOBAHHS TPH HEOOXOIUMOM U JOCTATOYHOM
YCIIOBUHM Pa3pelIMMOCTH (PYHKIIMOHAILHO-Pa3HOCTHOW CHUCTEMBI B KJacce IMEePHOAMYECKUX TIaIKHX
(GYHKITAH.

IIpu npennoyioKeHUH MHOTOMEPUOIUYHOCTA U OIPEACIEHHON TIaJKOCTH BXOJHBIX MaHHBIX Ha
OCHOBE BHIIIIEU3IIOKEHHOTO B HEKPUTHYECKOM Clydae JoKa3zaHa TeopeMa O CYIIeCTBOBAaHUU U
€IMHCTBEHHOCTH MHOTONEPHUOIUYECKOTO pEIIeHUs] JUHEWHON HEOTHOPOTHOW CHCTEMBI OJOYHO-
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MAaTpUYHOIO BUAA U JJAHO €r0 MHTETPAIbHOE IPEACTABIICHUE, 3aBUCAIIEE OT ONEPATOPOB IPOEKTHUPO-
BaHMs. B mporecce moka3aTelbcTBa TEOPEMBI BOCIONB30BATIHMCH PAa3pEIIMMOCTBIO (PYHKIHMOHAIBHO-
Pa3sHOCTHOM CHCTEMBI B KJlacCe€ MHOTONEPHOANYECKUX (PYHKIMH U BBEIEHHBIM ONEPATOPOM IMPOEKTHPO-
BaHMU. B Xone MOKa3aTeNbCTBa HCIOJNIB3Ysl METOA IOCIENOBAaTENIbHBIX NPUOIMKEHUH, B CHIIy YCIOBHUH
HEKPUTUYHOCTH M TJIAJAKOCTH IIOJYyYEHO E€IUHCTBEHHOE TJIAJKOE€ MHOIOIEPUOJNYECKOE PEIICHUE
paccMaTpuBaeMON CHCTEMBI.

OTMeTHM, 4YTO IOCTPOEHHE MHOTOIEPUOJUYECKOr0 peIIeHUs cucteMsl anddepeHInaIbHbIX
YpaBHEHUH OJIOUHO-MATPUYHOTO BHUJAA CO CIHECHUAILHBIMH OINEpaTopaMu TUPPEpeHIIUPOBAHUS 10
HaIIPaBJICHUIO BEKTOPHOIO IOJISI C IPUMEHEHUEM TEOPUHU MPOECKTOpPa IMPHUBOJUT K PACHIMPEHUIO Kilacca
paspelInMBbIX 3aa4 B IPOCTPAHCTBE MHOTONIEPUOIUYECKUX (DYHKLHUH.

IIpencraBneHue NMHEMHON CUCTEMBl YPAaBHEHUN B YaCTHBIX IPOU3BOAHBIX IIEPBOTO MOPSAKA Yepe3
OJIOKM MaTPUYHOW M BEKTOPHOW (D)YHKUMH BXOIHBIX JAHHBIX NMPHUBENO K pa3paboTKe HOBOTO MOAXOIa
WCCIIEIOBAHUS BOIIPOCA CYIIECTBOBAHUS MHOTONEPHOAMUYECKOr0 PEHIEHHs KaK MO0 BPEMEHHBIM TaK M I10
IIPOCTPAHCTBEHHBIM IIEPEMEHHBIM CHCTEMbI C DPAa3JIHMYHBIMH OIlepaTopaMu IU(QepeHIupoBaHus 110
HaIIPaBJICHUIO BEKTOPHOIO MOJISI IPOCTPAHCTBA HE3ABUCUMBIX IIEPEMEHHBIX.

PazpaboranHass MeTonWMKa HMEET MEPCIEKTHBY pAcCHpOCTPaHEHMs IONYYEHHBIX pPE3ylbTaToB Ha
KBa3WIMHEHHBIN ClIydail pacCMaTpHBAEMOM CHCTEMBI, a TaKXe Ha CIy4Yal CHCTEMBI C 7 Pa3IMYHBIMHU
oneparopamd AU(GHEPEHIUPOBAHUS W MHOTONEPHUOAMYECKUX MATPUI] NPH YacTHBIX IMPOU3BOIHBIX
HMCKOMOH BEKTOP-(PYHKITHH.

KiroueBblie cjioBa: MHOIONEPUOAMUYECKOE PELICHUE, METOJ XapaKTEPUCTHUK, ONEPaTOphbl MPOEKTU-
pOBaHuUs1, oNepaTopsl U PepeHINPOBAHNS TI0 BEKTOPHBIM HOJISIM, HHTETPaJIbHOE MPECTABICHHUE.
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