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MUTUAL REDUCTION OF LINEAR MULTIPERIODIC SYSTEMS OF EQUATIONS WITH
DIFFERENTIATION OPERATORS

Abstract. One important method for simplifying problems in the theory of differential equations is the
reducibility of the systems under consideration to systems of a simpler form, in the sense of the solvability of
the problems posed. It is known that the basis of the reducibility theory was laid by A.M. Lyapunov [1] and was
developed by N.P. Erugin [2], which is attractively covered in [3]. A special place is occupied by questions of
reducibility of linear systems with periodic and multi-frequency periodic coefficients to systems with constant
coefficients. In this direction, there are both well researched sections and poorly researched problems. In our
opinion, one of the reasons for the poor research of these problems is the lack of a general approach to the
issue of reducibility. For example, consider a linear homogeneous system of ordinary differential equations
with continuous periodic coefficients. By averaging over the independent variable, we obtain a system with
constant coefficients. The question arises: is the original system reducible to the resulting system? Obviously
there will be no answer.

We will be in the same position if we pose the question of the mutual reducibility of two linear systems with
continuous periodic coefficients, although they are separately reducible to systems with constant coefficients.
The situation is even worse for the mutual reducibility of two linear systems with multifrequency oscillatory
coefficients, the reducibility of which to systems with constant coefficients has not yet been resolved. The
last question can be investigated by passing to systems of partial differential equations with multiperiodic
coefficients and with a linear homogeneous operator of differentiation in the directions of vector fields [4-7],
[10-12].

This article is devoted to the study of the problem of mutual reducibility of linear homogeneous systems
with multiperiodic coefficients, where a system with a differentiation operator along the direction of the main
diagonal is first considered, and then the results of this particular case are generalized to the general case.
Thus, on the basis of multiperiodic transformation matrices, a connection is established between mutually
reducible systems that have similar monodromy matrices in a certain generalized sense.

Key words: reducibility, mutual reducibility, systems, operator of differentiation, differentiation along the
diagonal, multiperiodicity, matricant, monodromy.

Introduction. Mutual reducibility of systems with differentiation operator by diagonal.
We consider linear systems with multiperiodic coefficients and a differentiation operator

D:£+ i:i+<e,g> (*) along the main diagonal ¢, =...=¢, =7 of the space of variables
ot = ot, or Ot
(r,t)z(r,tl,...,tm)eR><R><...><R:R><R"’ in the form
Dx = P(z,t)x, (1.1)
Dy =0Q(r.t)y, (12)

where P = P(z,t) and Q=Q(r,t) are continuous multiperiodic with periods (6,®)=(8,®,,..®,) by
(r,)e Rx R" and continuously differentiable by ¢ =(t,....,z, )€ R" n- functions:
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P(r+0.t + @)= P(r,t)e C°)(RxR"), (1.3)
O(c+6.t +0)=0(z,t)e C*I(Rx R"). (1.4)
0

T

of the scalar product, R =(— oo,+oo) is the number axis, the periods w, =0,®,,...,0

. . 0 . . .
Here we used the notation: e = (1,...,1) 1S m -vector, — =£ j 18 vector operator, <> is the sign
t

are rationally

m

incommensurable, CT(O,’“)(RXR”’) is class of vector-matrix functions x=(x,,...,x,) of order

(O,e) = (0,1,...,1), smooth by (r,t) eRxR", e= (1,...,1) 1S m -vector.
Systems (1.1) and (1.2) are called mutually reducible if there exists a non-singular smooth
multiperiodic n -matrix T = T(z,¢) with the same periods (0, ®) such that the linear change
x=T(2',t)y (1.5)
leads to one another of systems (1.1) and ( 1.2).
Thus, the matrix 7(z,) must satisfy the conditions:
det T(z,0) % 0, T(c+6.t+w)=T(r,t)e C)(RxR") (1.6)
Let us pose the problem of establishing the condition for the mutual reducibility of systems (1.1) -
(1.2) with properties (1.3) - (1.4) on the basis of transformation (1.5) with properties (1.6).
Obviously, applying the operator D to relation (1.5), we have
Dx=DT-y+T-Dy. (1.5%)
Putting (1.5) and (1.5) into equation (1.1) by virtue of equation (1.2), we obtain the matrix
equation
DT = P(z,t)T +TO(z,1) (1.7)
for determining the matrix 7 .
Let U(zr,t)=U(zr,t+w) and V(z,t)=V(r,t+®) be the matricants of systems (1.1) and (1.2)
respectively:

DU (z,t)= P(z,t)U(z,t), U(0,¢)=E, (1.8)
DV (z,t)=Q(z,t W (z,t), V(0,t)= E, (1.9)
where £ is the identity matrix.
Then these systems have matrix solutions

X(r,t)=U(r,1)X,(t —e7), (1.10)
Y(z,t0)=V(r,t)Y,(t —e7), (1.11)

with initial @ - periodic smooth matrices
X, (t+@)=X,(t)e CY(R"), det X, ()= 0, (1.100)
Y, (e +w)=Y,({)e C¥(R"), det ¥, ()= 0. (1.110)

Note that the non-singularity of the initial matrices X,(¢) and ¥, (¢) is additionally assumed, since
we are investigating non-singular solutions 7' (r, t) of the matrix equation (1.7) satisfying conditions (1.6).
By virtue of conditions (1.8), (1.9), (1.10), (1.11) and (1.10¢), (1.11), the general solution T(T,t)
of equation (1.7) has the form
T(z,0)=U(z,0)X,(t —er)¥; (t—ez)V ' (t —e7), (1.12)
with the initial condition
7(0,6)= X, (0)Y, (e) =7, (¢). (1.120)
It's obvious that
det 7(z,2) % 0, (T,Z‘)E RxR",
since,det U(z,7)# 0, det ¥ (z,£)# 0 and det 7,(z)=0.
It is also clear what T'(r,7) is w-periodic by :
T(r,t +0)=T(z,2), (T,t)eRxR’". (1.13)
Property (1.13) follows from the analogous properties of the factors of matrix (1.12).
Now let us establish the condition for the matrix 7 (r,t) to be @ -periodic by 7.

Since U(z,¢) and V(z,¢) have the properties
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Uz +0,t)=U(z,0U(0,t —e7), (1.14)
V(e +0,t)=V(c,t V(0,1 —er) (1.15)
substituting (1.12) into equality (1.6), taking into account (1.14) and (1.15), we obtain
U(Z', t)U(H,t —et)T, (t —er—elQ) (H,I —erlV\(z, t) =U(z, t)Z) (t— eT)V’1 (2', 7).
Hence, for the initial matrix (1.12¢), we obtain the condition
U(O,t—et)T,(t —et—e0)=T,(t—er V(0,1 —e7), (1.16)
ensuring the @ -periodicity of solution (1.12) byz € R .
The matrices U (0, t) and V(Q,t) are called monodromy matrices of systems (1.1) and (1.2) by
TeR.
We write condition (1.16)
T,()=U(0.0)1,(t — eV ' (6.1). (1.17)
Thus, the theorem is proved.
Theorem 1. Under conditions (1.3) and (1.4), the multiperiodic systems (1.1) and (1.2) are
mutually reducible if and only if there is a matrix 7} (t + a)) =T, (t) IS Ct(e) (R’" ), satisfying condition (1.17).
Note that if the monodromy matrices U(6,¢) and V(6,¢) are related to the similarity condition
u(e,r)=crg,)c (1.18)
with a nonsingular constant matrix C , then condition (1.17) is satisfied at 7, = C .
In particular, when C = E is a unit matrix, then from (1.18) we have
U0,t)=v(0,t)and T, = E . (1.19)
Consequently, condition (1.19) guarantees the mutual reducibility of two systems of type (1.1) and

(1.2) with properties (1.3) and (1.4) using transformation (1.5) with conditions (1.6).
If conditions (1.17) can be represented in the form

U,))=1, V(0,01 (t—eb), (1.20)
then (1.20) resembles the similarity formula for the monodromy matrices U and ¥ of systems (1.1) and
(1.2) with the similarity matrix 7,(¢), where the inverse matrix 7' (0') has arguments o =t —e@ with a
delay of the period & by 7.

In particular, the systems are 6 -periodic by all variables, then, due to the @ -periodicity of the
similarity matrix T(Z) from (1.20) we obtain the similarity formula for two monodromy matrices:
U(@.0)=T,(W(0.07," ().
Then we can formulate a corollary to Theorem 1.
Corollary 1. Under conditions (1.3) and (1.4), the systems (1.1) and (1.2) with a common period
0 = w, =...= w,, are mutually reducible if and only if their monodromy matrices are similar.

As we see, relation (1.20) generalizes the concept of the similarity of two variable matrices.
Consequently, it can be taken as a generalized concept of similarity with a matrix T} (t) with arguments

delayed by 6.
2. Mutual reducibility of systems with a multiperiodic differentiation operator
Consider the systems
Dx = P(z,t)x, (2.1)

Dy =0(z,1)y (2.2)

with general linear differentiation operator
D=E+Zak(r,t)i, (**)
k=1

where the matrices, P(r,t), Q(r,t) and the vector function a(r,t): (al(r,t),...,am (r,t)) have the
properties of (6, ®)- periodicity, continuity and smoothness of the order (0, e) by (r,t)e RxR",
e= (1,...,1) is a vector. The class of such vector-matrix functions was briefly denoted by C ;Oaf ) (R x R" )

Hence,
a(r,t) e C(gf’;:)(RxR’”), P(z,t)e Cé?;f)(RxR"’), Olz,t)e Cé?;:)(RxR”’). (233)

Let us pose the problem of the mutual (one to the other) reducibility of systems (2.1) and (2.2)
under condition (2.3) on the basis of the non-singular linear transformation
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x=T(r,t)y (2.4)
with a matrix 7 (z', t), possessing properties
det 7(z,1)# 0, (r,t) e RxR"; T(z,t)e CS);?(R xR" ) (2.5)
Under the condition ae€C é‘?j)(R X R”’) from relations (2.3), the operator D admits the

characteristic A(s,,t)

dhs..1) = als, h(s,z,t)) (2.6)
ds

at s € R, satisfying the condition h(r,r,t) = ¢t and possessing the properties
1°. h(s,z.t)e CS(’];],;")(R xRxR" ),
2° h(s,r,t + a)) = h(s,r,t),
3%, h(s+6,7+0,t)=h(s,z,t), (2.7)
40, h(s,ro,h(‘ro,r,t))= h(s,z.t),
5°. Dh(s,7,t)=0.
Based on (2.3), (2.6) and (2.7) by the iteration method from the integral equations

T

Ulet)=E+ j Pls, s, 7,00 (s, (s, 7.2 ))ds 2.8)

V(Z',t) =FE+ jQ(s, h(s, T, t))V(s, h(s, T, t))ds , (2.9)

we have matricants U (r,t) and V(z',t) systems (2.1) and (2.2) by 7, with respect to, which have the
following properties:

DU (z,t)= P(r,t)U(z,2), U(0,1)= E,

DV (7,t)=O(z,t W (z,t), V(0,¢)=E

Ul +0,t)=Ul(z,0)U(0,h(0,7,1)), (2.10)

V(e +0,t)=V(c,e W(0,h(0,7,1));

U(z’,t + a))= U(z’,t),

V(T,t + a)) = V(z',t).

Note that properties (2.10) can be easily proved by virtue of relations (2.6) - (2.9).

By virtue of (2.4), we have

Dx=DT-y+T-Dy. (2.4%)
Putting (2.4), (2.4°) by virtue of (2.1) and (2.2), it is easy to obtain equation
DT = P(z,t)T — TQ(r,¢) (2.11)

for determining the transformation matrix 7 .
The solutions of the matrix equation (2.11) by virtue of (2.8)-(2.10) are defined in the form

T(z,t)= Uz, )T, (10, 7,0) " (z,1), (2.12)

7(0,)=T,(¢),
where 7, (¢) is an arbitrary initial matrix with properties
det 7,(1) =0, teR"; T,(t+ ) =T, () e C“(R"). (2.13)
Now let's calculate the value of T (T,t) when 7 is shifted by 6:
T(r+6,0)=U(c +0,0)T,(h(0,7 + 6,0) ' (r + 6,

)=
= U(z, (0, (0, 7,2))T;, (h(~ 0 + 0, + 6,0) (6,10, 7,0 ) ' (z,1) =

moreover

=U(z, U (0,10, 7,0))T, (h(= 6,7,0) (6, h(0, 7,0) " (z,1). (2.14)
Further, equating (2.14) with (2.12), we obtain condition
T, (h(0,7,¢))=U(8, h(0, 7,0))T, (h(— 0,7,2) (6, 4(0,7,1)) (2.15)

to ensure the @ -periodicity of the solution 7(z,z) by 7 € R .
Thus, the transformation matrix T (r,t) has the property of € -periodicity by 7 of the form
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T(r+9,t):T(T,t), TeRxR",

if and only if condition (2.15) is satisfied. So, all the conditions given in (2.5) are satisfied.

We will formulate the obtained result on the solution of the problem posed in the form of the
following theorem.

Theorem 2. For the mutual reducibility of systems (2.1) and (2.2) with the differentiation operator
(**) under conditions (2.3), it is necessary and sufficient that there exists the matrix 7, (t) satisfying
conditions (2.13) and (2.15).

In particular, when a, =c, —const # 0, then the characteristics /4, are determined by relations of
the form

h(s,t,t)=t, —c,(t—5), k=1m.
Hence,
h(s, T,t) = (h,(s,7,8),....h, (5,7,1)) = (t, —c/(t=s)t, —c,(c- s))
The differentiation operator D has the form

0 N 0 0 d
D=—+ —=—+(c,—)=D_, c=(c,....c, ). 2.16
o7 chazk o7 <c az> o e=leiacy) (2.16)

k=1
Since, h(O,T,t) =t—c7t and h(— 0,r,t) =t—c7—c8, then condition (2.15) on mutual reducibility
with diagonal requirements on @ - periodicity by ¢ and non-singularity of 7, (t) has the form
T,(t—ct)=U(0,t —ct)T,(t —c(z + O))V (0,1 —c7),
T,(t+@)=T,(¢), detT(t)=0. (2.17)
Then we obtain a corollary from Theorem 2.
Corollary 2. For the mutual reducibility of systems (2.1) and (2.2) with the differentiation operator
(2.16) under the conditions P(T,t)e C(E,?j)(Rme) and Q(r,t)e C gfj) (R xR'”), it is necessary and
sufficient that the initial matrix 7, () of the transformation matrix T(r,z) defined by relation (2.12)

satisfies condition (2.17).
The above corollary serves as an example to illustrate Theorem 2, which is a generalized Theorem 1.

In conclusion, we note that at present there are many works devoted to the research of solutions of
differential equations by various interesting methods. Here are some of them [8, 9].
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JUNODOEPEHIIUAJIAAY OIIEPATOPJIbI CBI3BIKThI KONIIIEPUOATHI TEHAEYJIEP
JKYHUEJEPIHIH ©3APA KEJTIPIMILIITT

AnHoTtamus. JupdepeHnnanaplk TEHICYICP TEOPHUSICHIHBIH €CENTePiH BIKIAMIAYABIH MaHbI3/IbI
omicTepiHiH Oipi KOHBUIFaH €CeNTiH WIeITIMALIIrT MaFblHACBIHAA, KapacThIPBUIATHIH JKYyHeIepliH
KapamaibIMIBIpaK TYpHAETi >KyHenepre KenTipiMautiri Ooibmn Tadbutamel. KenTipiMIOimik TEOpPHSCHIHBIH
Herizin A.M. Jlsmynos [1] kanan, H.I1. Epyrun [2] nambiTkansl 6enriii, Oy Teopust [3] eHOeTriHIe KaKChI
KEITipirex.

CanpIcThIpMalbl TYpAC KEH JKOHE TEepeH 3epTTeNTeH, MEPUOATHI JKOHE KONMEePHONTHl KOA(PPHUIUEHTTI
CBI3BIKTHI JKYHETEPIiH TYPaKThl KOIPPHUITHEHTTI Xyienepre KeATipIMIUTIK CYpaFbl €peKIne OpbIH ajaipl.
ConbiMeH Karap, OyJ1 OarbITTa XKaKChl 3epTTENreH OeiMIIep /e, SJICi3 3epTTelreH ecentep Ae 0ap, ai Kazipri
yakpITTa IIeNrjiMereH macenenep ae Oap. bizmiH oifpIMbI3IIa, OyJT MocenenepliH Hamap 3epTTelyiHiH
cebenrtepinin Oipi, MocenenepAi IIemyre >Xainbl OarbIT OepeTiH, KEeNTIPIMALIIK CypaFblHa KaJIlbl
TocinmiH OonmmayblHaH. MBICan YIIiH y3iTicci3 meproaThl KOAPQHUIIMEHTTI ChI3BIKTHI OipTEKTi KapamaibiM
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muddepeHmanaplK TeHACYIep XYHECiH KapacTelpaMbl3. Toyelsici3 aiiHbIMajbl OOMBIHIIA OpTalaHIBIPY
JKOJTBIMEH TYPaKThI K0P HUITUEHTTI KyieHi amambr3. Ochl opaiina, «OepiireH Kyiie TeHICYMEH allbIHFaH
XKyHere kenTipimai Me?» nereH cypak TybiHAanabl. Kenripimcis. CeGeOi exi xyHeHiH OipiHiH eKiHIIiciHe
KENTIpIMAUTIK Mocelieci 3epTTeNreH oK. Erep y3imicci3 neprontsl KodpGUIINEHTTI €Ki CBI3BIKTHI JKYHEHIH
e3apa KeNTIpIMIIUIIr )KeHIHJeTi CypaKThl KOIcaK, JdJ1 OCBhIHAM jKayal ajaMbl3, Oipak oyiap 0esieK aiFaHja
TYPaKThl KOOQPHUIMEHTTI JKyHenepre KenTipiMIi.

Kemn sxuinmikri TepOenmerni kodpUIUEHTTe eKi CBI3BIKTHI JKYHEeNIepIliH e3apa KeNTipiMALIIri KeHIHeT
Mocesie KUBIHBIPAK, OJIapAbIH TYPaKThl KO3()(OUIMEHTTI JKylienepre KenTipiMAiIiri aii meminrex koK. COHFbI
CYPAaKTBl KOIMIEPUOATH KOIPPHUITUEHTTI KOHE BEKTOPIBIK OPICTEPIiH OarpITTaphl OOWBIHINA CHI3BIKTHI
OiprekTi Aud depeHnmaniay oneparopisl AepOec TybIHABLIIB TEHACYIIEp KYHeIepiHe Ty )KOJIBIMEH 3epTTeyTe
6omaner [4-7], [10-12]. By makana KenmeproATH KO3 GUITMEHTTI CHI3BIKTHI OIpPTEKTI sKyHeaepaiH e3apa
KeNTIpIMJIIIIT] KOHIHAETT €CenTi 33epTTeyre apHaiajbl, MyH/Ia 9yeJli Heri3ri AuaroHai OarbIThl OOHBIHINA
muddepenmanaay oneparopibsl Kyie KapacTbIpbliaibl, COHAaH COH OChI AepOec KarnalablH HOTHXKenepi
JKaIMBl Karmaira kenripinenmi. OchuUtaiiina, KOMMMEPUONTH TYPIACHAIPY Marpullajapbl HETi3iHIE e3apa
KeNTipiMAi JKyHernep apacbiHia Oaiinaneic OpHAThIIaAbl. MyHIall cHIIaTTarbl ©3apa KeATipiMIi KyHenepain
MOHOJPOMHUS MaTpHULlaIapsl KeiOip KaIbUIaHFAaH MAaFbIHACBIHAA ©3apa YKCac OOJIATbIHBIFBI IOJICIACHEI].

Tyiiinai ce3nep: KenTipiMALTIK, ©3apa KEJITIPIMALTIK, )Kyienep, muddepeHiuaniay onepaTopbl, I1aroHa
OoiibHIIa quddepeHnnanaay, KennepruoaAThIIbIK, MATPUIIAHT, MOHOIPOMHUSI.
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B3AUMHAS IPUBOJIUMOCTH JJUHEWHBIX MHOTOINEPUOANYECKNUX CUCTEM
YPABHEHU C ONEPATOPAMMU JJUD®PEPEHIIUPOBAHUSI

AHHOTanus. BaxxHpIM MeTOZOM ympouieHus 3a/1ad Teopuu U PepeHINaNbHBIX YPaBHEHUN SBIISETCS
MPUBOJUMOCTb PAacCMaTPUBACMBIX CHUCTEM K CHCTeMaM Oojiee NPOCTOro BHJA, B CMBICIE Pa3peLIMMOCTH
MTOCTaBIIEHHBIX 3afa4. V3BEeCTHO, YTO OCHOBA TEOPUH MPUBOAUMOCTH 3asiokeHbl A.M. JlsanyHoBeM [1] 1
passuta H.I1. Epyrunsim [2], koTopast mpuBiekaTenabHo oceeHa B [3]. Ocoboe MecTo 3aHUMArOT BOIIPOCHI
MPUBOANMOCTH JIMHEHHBIX CHCTEM C TEPUOAMYECKHMMH W MHOTOMEPHOINYECKUMH KOd(PPHUIIMEHTaMU K
cHCTEMaM C TOCTOSTHHBIMH KO3((HUIMEHTaMHU, KOTOPbIe W3y4YEeHbI CPaBHUTEIBHO MIMPOKO U TiIyOoko. Tem
HE MEHee, U B 3TOM HallpaBJICHUU UMEIOTCS KaK XOPOIIO M3yUYeHHbIE Pa3/iebl, TaK U cl1abo MCCIeA0BaHHbIE
3a]a4M, a B HACTOAIICEe BpeMsl CYIIECTBYIOT M HepelleHHble npoOiembl. Ha Ham B3misa, omHOW U3
NPUYMH CIa00H HM3YyYEHHOCTH 3THX IMpoOIeM 3aKiovaeTcs B OTCYTCTBMU OOLIEro MOAXOAa K BOIPOCY
MIPUBOANMOCTH, KOTOPBIN JaeT OOIIyI0 OPHEHTAIMI0 B pemeHun mnpobmeM. s mpumepa paccMOTpHM
JUHEHHYIO OIHOPOAHYIO CHCTEMY OOBIKHOBEHHBIX U] depeHInanbHbIX YpaBHEHHH C HENPEPUBHBIMU
nepuoandeckuMu kodpduunenramu. Ilyrem ycpeqHeHus o He3aBUCUMON NEPEMEHHON MOIy4YUM CUCTEMY
C MOCTOSHHBIMHU K03 dunrenTamMu. Bo3HuKaeT Bompoc: NprUBOAMMA JIM UCXOIHAsE CUCTEMa K MOJTy4YeHHON
ypaBHeHHeM cucteMe? OueBUIHO, YTO OTBETA HE OyAeT, MOCKOJIbKY HE M3ydeHa IpodiemMa NpUBOJUMOCTH
JIByX CUCTEM, OJTHOM K JIPYTOil.

B Takom jxe monoxkeHuu Oynem, eciy IMOCTaBUM BOINPOC O B3aMMHOW MPHUBOJUMOCTH JIBYX JMHEHHBIX
CHCTEM C HEMPEPHIBHBIMU MEPHOTUUECKUME KO3 UIIMEHTAMH, XOTS OHU B OTACIHHOCTH MPHBOIUMBIE K
CHCTEMaM C ITOCTOSHHBIMH KO UIIMEHTaMU.

Eme xyxe 0OCTOMUT €10 O B3aUMHOHM NPHUBOJMMOCTH IBYX JIMHEHHBIX CHCTEM C MHOTOYAaCTOTHBIMU
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KoJie0aresIbHBIMU K03 prIIeHTaMu TPUBOJAUMOCTD KOTOPBIX K CUCTEMaM € IMOCTOSHHBIME K03 (hpUIIMeHTaMu
eiie He penteHa. [TocneaHuit Bonmpoc MOXKHO Hccie1oBaTh yTeM Iepexo/ia K CUCTeMaM YpaBHEHHH B YaCTHBIX
IIPOM3BOAHBIX C MHOIONEPUOJUUECKUMH KO3(pdUIMEeHTaMH U C JIMHEHHBIM OJHOPOIHBIM OIIEPAaTOPOM
muddepeHIpoBaHUsl O HANPaBICHUSAM BEKTOpHBIX mojei [4-7], [10-12]. anHas crarhsi mocBALICHA
M3YyYEHUIO 33J]a4yll O B3aWMHOW MPHUBOAMMOCTH JIMHEHHBIX OJJHOPOAHBIX CHUCTEM C MHOTONEPHOIUYECKUMHU
KO3 GUIIMEHTaMH, TAC CHaJalla PAacCMaTPUBACTCS CHCTeMa ¢ omeparopoM muddepeHInpoBaHusS IO
HalpaBJCHUIO IJIABHOM IMAaroHai, a 3aTeM Pe3yJbTaThl 3TOr0 YaCcTHOTO ciydas 0000ImarTcs Ha oOmmi
ciyyait. Takum 0Opa3om, Ha OCHOBE MHOTOIEPHOIMYECKUX MAaTpPUI] MPEeoOpa3oBaHUsl yCTAHOBJICHA CBSI3b
MEX[Y B3aMMHO IIPUBOIUMBIX CUCTEM, YCTAHOBJIEHO, YTO Y B3aMMHO IPUBOIUMBIX CHCTEM TAKOT'0 XapakTepa
MaTpHILIGI MOHOJPOMUH SBJISIFOTCS TOXOOHBIMHU MEXIy COOOH B HEKOTOPOM O0OOILICHHOM CMBICIIE.
Ki1roueBble cjioBa: IPpUBOIMMOCTb, B3aUMHAsI IPUBOAUMOCTE, CUCTEMBI, oriepaTop AuddepeHIIMpOBaHHMS,
nuddepeHpoBanus 0 JUaroHaal, MHOIONEPHOANYHOCTh, MATPULIAHT, MOHOAPOMHUSI.
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