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Karo4oBi ciioBa:

CHCTEMH JHIHUX TudepeHITiaTbHIX
PIBHSHB B YACTUHHUX MOXITHHX MIEP-
IIOTO TIOPSIKY, IPUBEACHHSI MAaTPHUIIb,
MaTpHIA IEPETBOPEHHS.

3anponoHOBaHO HOBHH MIiAXiJ X0 BHUPIMICHHA CHCTEM JiHIHHUX Tude-
PeHIIATPHAX PIBHAHD Y YaCTHHHUX MOXiJIHUX MEPIIOTO MOpAaKy. Buko-
PHUCTOBYIOTHCS METOJHM OJHOYACHOTO NPUBEICHHS JIEKLIBKOX MaTpHILb
JI0 JliaroHaJILHOTO a00 70 GJIOYHO-JiarOHAIbHOTO BUIIISAY LUISIXOM 3a-
CTOCYBaHHS METOly KOMYTYrouoi Matpuili. Llei Mmetos mossirae B 3HaXo-
JUKEHHI B 03114l BCIX MaTpHIlb, KOMYTYIOUYHX 13 3aJJaHUMH MaTPUISIMU
MOYaTKOBOI CHCTEMU AU epeHIIIalIbHUX PIBHIHB, TAKOT MaTPHUIL, sIKa Ma€
SIK MIHIMYM JIBa pi3HI BJIaCHI 3HAYEHHSL.

Sxuo cucrema rudepeHiagbHuX PIBHSAHD MICTUTh MaTPHI JAPYTroro Io-
PAIKY, KITIBKICTB SIKMX O1JIbLIE IBOX, TO 32 YMOBH iCHYBaHHS KOMYTYIOYO1
MaTpHlLi HaBeJeHa cucTeMa Ju(epeHIlialIbHUX PIBHSIHD ITOAUIIETHCS Ha
JIBa HE3aJIC)KHI JiHINHI AudepeHIianbHl PIBHSIHHS MEPIIOro MOPSAKY 1,
TaKUM YMHOM, 3aBXK/IH Ma€ aHATI THYHUN PO3B’S30K.

VY BHNaAKy, KOJIHM NOPSAOK MaTPUILb BUXITHOT CHCTEMH OUIbIIE JBOX, 32
JIOTIOMOT'0}0 MaTPUYHOTO METOJIy MOXKHA ITPUBECTH BHUXIIHI MaTPHILi I10-
pszKy N 10 0J0YHO-iaroHaNbHOT GopMH, TOOTO PO3AIIUTH ITOYATKOBY
cucteMy Ha fBi mijcuctemu. Hasmami 3acTOCOBYEThCS TOM caMUil METOJ
KOMYTYIOUYOi MAaTPHIli IS OTPUMAHUX MiJCUCTEM. SIKIII0 OTPUMAHI M-
CHCTEMH JaJli He TOAUISIOTHCS Ha MiJICUCTEMH, TO HaBiTh Y TAKOMY BH-
IS 3aBAAHHS 3HAYHO CIPOIICHE.
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The paper proposes a new approach to solving systems of linear first-
order partial differential equations. We use the methods of simultaneous
reduction of several matrices. Sometimes, this allows to get an analytical
solution or significantly simplify the problem.

Systems of linear partial differential equations of the first order arise in
various application areas. We well know the case when the system is
described by two matrixes of coefficients. In this paper, we consider the
case when there are over two matrices.

For simplicity, we first consider a system of two partial differential
equations for two unknown functions: For simplicity, we first consider a
system of two partial differential equations for two unknown functions:

u=ulxy); v=vy):
4G +8()=6() m

Here A, B and G are constant square matrixes of coefficients.
Nondegenerate linear transformations of the system (1) are the
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replacement of variables and the multiplication of the system on the left
by a non-singular matrix. Thus, transformations of matrices are reduced
to their simultaneous multiplication on the left by one and on the right by
another matrix.

When the matrix G is zero and one of the matrices (for example, B) is
nondegenerate, the solution process corresponds to the reduction of the
matrix pencil. The system is first multiplied on the left by the matrix
inverse to B, and afterward, using a similarity transformation, the second
matrix is reduced to its Jordan form. If this form is diagonal, we can divide
the system into two independent equations and, thus, get a general
solution of the system of equations. This case is analyzed in the literature.
If the Jordan form is non-diagonal, the system can be reduced to a
triangular form and one independent equation can be obtained, always
integrable in quadrature. Substitution of this solution into the second
equation allows us to get a general solution of the original system of
differential equations.

If an equation of type (1) has over two matrices, then the similarity
transformation applies to several matrices. We find the transformation
using the method of the switching matrix. It consists in finding in the set
of all matrices commuting with these matrices such a matrix 7, which has
at least two different eigenvalues. The columns of the desired similarity
transformation matrix are the vectors of the canonical basis of the matrix
T. Such a similarity transformation leads all the original matrices to the
same block-diagonal form with two (at least) blocks on the main diagonal.

To find the set of all matrices that commute with these matrices, you can
declare all the elements of the matrix as unknowns and make up the
corresponding system of linear homogeneous algebraic equations. There
are methods for finding a general solution to such a system of equations.
If the dimension of the obtained general solution is greater than 1, then
the splitting of the original system of equations is possible, otherwise, it
is not. In the first case, we can divide the system into two independent
equations and a general solution of the system of equations.

Next, we consider a system of equations with third-order matrices. First,
we make an attempt using the commuting matrix method to bring the
original matrices to a block-diagonal form, i.e. divide the equations into
two subsystems of the first and second orders. Then - apply the same
method for the obtained subsystem of the second order. If the subsystem
of the second order is not divided into subsystems, then even in this form
it considerably simplifies the task.

A similar approach is possible for higher order systems. Thus, the initial
system of equations using matrix methods is divided into subsystems,
which simplifies the process of their further solution.

Beryn. Cucremu niHiHHUX TUdepeHITiab-
HUX PIBHSHb Y YACTUHHHX MOXIJHHUX MEPLIOrO
NOPS/IKY BUHUKAIOTh Y PI3HUX O0JIACTSIX 012~
TKiB. ¥ pa3i, KOJM CUCTEMa OMHUCYETHCS ABOMA
MaTpULIMU  KOE(QIIEHTIB, PO3B’SI30K MOXKE
OyTH OTPUMaHMUM IIJISIXOM MPUBEICHHS My4Ka
MaTpullb. Y poOOTI PO3IIISIIA€ThCS BUMANOK,
KOJIM MaTpullb Oiibllle ABOX, Y TOMY YHCIi
KOJIM 1 TOPSAJIOK MaTpUIb OLIbIIE IBOX.

Jl1s 0THOYACHOTO MPHUBEIEHHS IEKIJIbKOX
MaTpHIlb 0 AlaroHaILHOTO a00 /10 OJIOYHO-II-
aroHaJIbHOTO BHUJly BUKOPUCTOBYETHCS METO[
KOMYTYIOU0i MaTpHIIi.

Bicnuxk 3anopizbk020 HayionanbHo2o ynieepcumemy

BukopucranHsi npuBeIeHHs MyYKa MaT-
puub. CucreMa BOX audepeHIliaJbHUX PiB-
HSHb y YAaCTUHHHUX TMOXIJIHUX BIJHOCHO JIBOX
HeBimomux ¢GyHkmin u = u(x,y); v = v(x,y)
Ma€ BUTIISI;

a()+e()=6(y) o

HeBupoxeHi JiHINHHI MepeTBOPEHHS CHC-
temu (1) — ne:

. . u
a) 3aMiHa 3MIHHHUX (v) =S (3), ne S —He-
ocobnuBa Matpuis, U, V — HOB1 GyHKIIIT 3MiH-

HUX X, V;
0) MHOYKEHHS CHCTEMHU JIIBOPYY Ha HEOCOO-
JUBY MaTpuIo H.
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[Ipu mpomy matpuni A, B, G mepeTBo-
PATHCS 10 BULLY:

A=HAS, B=HBS, G=HGS. (2

Bunanok, konmu matpuns G — HynboBa i
OJIHA 3 MaTpULb (HaNpHUKIaJ, B) HeBUPOIKEeHA,
3arajJbHOBIIOMHUH. Y IIbOMY BUIAJKY NpOLEC
pillIeHHS BiANOBia€ MPUBENECHHIO ITyYKa MaT-
punb A + AB. Cucremy (1) MOXHO IPETBOPUTH
710 BUTTISIALY:

W () +e(2)=0)
Vx Uy 0/’
ne Ay = B~ 1A, E - onuauuHa Marpuis. Ha-
JlaJli MOKHa 3aCTOCYBATH ISl MAaTPULIb MEPET-
BOPEHHS MOAIOHOCTI, SIKE HE MIHIE OJUHUYHY
MaTpULII0, a 1HITY MATPULI0 TPUBOJUTH 10 il
)opaaHoBoi ¢popmu. SKio st popma JTiarona-
JbHA, TO MOKHA PO3JUIMTH CUCTEMY Ha JBa He-
3aJIeXKHI MK COOO0I0 PIBHSHHS 1, TAKM YHHOM,
OTPUMATH 3arajlbHUN PO3B’SI30K CHUCTEMHU PiB-
HSIHB [7].

SIxmio >xopaanoBa gopma marpuii A, He-
JiaroHaJIbHA, TO CUCTEMY MOXHA TIPUBECTH JIO
TPUKYTHOTO BUY 1 OTPUMATH OJJHE HE3aJeKHE
PIBHSIHHSI, 3aBX/IM 1HTETPOBaHE B KBaJPATYypi.
[TimcTaHOBKA IIHOTO PIIICHHS B APYTe PIBHSIHHSI
JIO3BOJISIE OTPUMATH 3arajibHUN PO3B’SI30K TIO-
YaTKOBOI CUCTEMHU AU(EpPEHITIaTbHUX PIBHSIHb.

[TocranoBka 3amadi. Y HaBeneHi poOOTi
PO3IIISIIAE€THCS PIlICHHS (YU CIPOIICHHS) CHC-
TEeMU PiBHSHB (1) 1 aHAIOTIYHUX 32 IOTIOMOT OO0
NepeTBOpeHHs (2) y BUIMAIKY, KOJU MaTPHUIb
OisTbIIIE TBOX, Y TOMY YHMCIII KOJIH 1 IOPSIOK Ma-
TPUIb OLIBIIIE TBOX.

Metoa komyTyrouoi matpuui. Lleit meron
3anponoHoBanuii ogHodacHo A. K. Jlonarinum
1 E. JI. SIxy6oBuu [1, 2]. [Ipu 11b0My BHKOpPHC-
TOBYIOTbCS TeopeMu Teopii marpuib [3]. Me-
TOJT KOMYTYIOYOT MaTpPUIIi BKE TaBHO BUKOPHC-
TOBYETbCS JUIs CIIPOLICHHS 1HIIMX CHUCTEM PiB-
HsHb [1, 2, 4, 6].

Posrmsiremo muoxuny A(B,) ycix wmar-
PHIIb, IO KOMYTYIOTb 13 3aJaHUMH MaTPUISIMH
B,(v =1,m). lla MHoX)uHa € anre6poro Haj
noieM C KOMIUIEKCHHX YMCEN i HA3WBA€ETHCSI
yenmpanizamopom Matpuis {B, }. SIKkio icHye
marpuist T € A(B,), 110 Mae xo4a 6 1Ba pi3Hi
BJIACHI 4YHCIIa, TO TEPETBOPEHHS MOIIOHOCTI
B,=S"1-B,-S (me S— marpunus, CTOBI-
ISIMH SIKOT € BEKTOPH KaHOHIYHOTO 0a3ucy ma-

Dizuko-mamemamuyni HAyKu

tpuui T) npuBoauTh yci marpuii { B, } 10 oaHa-
KOBOTO OJIOYHO-iarOHAJILHOTO BHUAY 3 JIBOMA
(ssxk MiHIMYM) GJIOKaMU Ha TOJIOBHIH JlaroHali.

Jlnst 3HaXOJDKEHHs IIeHTpajizaTopa (Tod-
HiIlIe KaXy4d, HOTO 06a3UCy) MOKHA OTOJIOCUTH
yCi enemMeHTH MaTpulli T HEBIJOMHUMHU 1 CKIa-
CTH CHUCTEMY JIIHIHHUX OJHOPITHUX anreOpaiu-
HUX PIBHSIHB, IO BIAMOBITA€ MATPUYHHUM PiB-
HSTHHSIM

B,T=TB,, v=1m.

Otpumyemo vn? piBusHb ¢ n? Hesimo-
MUMH. 3arajibHUM pPO3B’A30K TaKOl CHUCTEMU
(Ipu HEBEJIMKOMY M) MO>XKHA OTPUMATH BiJ0-
MuUMH MeToaamu. HalOimbin epexTuBHI 00UnC-
JIOBAJIbHI QJITOPUTMH 3aIIPOTIOHOBAHO B [5].

[Mo3naunmo Gasuc uenrpamizaropa A(B,)
yepes Wi, W,, ..., W,.. Sxuo po3mipHicTh T
[EHTpaji3aTopa JOPiBHIOE /, TO YBECh LIEHTpa-
J3aTOP CKIIAAETHCS 3 MATPUIlh, KPAaTHUX OJ[H-
HUYHIM Matpuii. Y IbOMY BUIAAKY MpHUBE-
JEHHS MaTpullb B, 10 O6I10YHO-1arOHATBHOTO
BUY HEMOXKIIUBO. SK110 > 1, TO B sIKOCTI Ma-
Tpuni T, sika BUKOPHCTOBYETHCS JJISI 3HAXO-
JDKEHHS TIEPETBOPEHHS, BUOMPAEMO MAaTPHIIO
6azucy Wy, mo mae xo4 61 1Ba pi3Hi BIACHI YH-
cia. Bexktopu i KaHOHIYHOTO 0a3HCy € CTOBII-
ISIMH IIYKaHOT MAaTpHIIi S TIepeTBOPEHHS MO/~
onocti. OcoOnuBuUil BUIAIOK, Koau 1 > 1, ajne
yci MaTpulli 0acu3a He MalOTh PI3HUX BIACHHUX
YHCe, PO3TIIAHYTUH y [5].

Bunaaok, ko MaTpuub Oijiblue JBOX.
JUis poCcTOTH BUKIIAIaHHS PO3TIISTHEMO 3aCTO-
CYBaHHS METOJIa KOMYTYIOUOi MaTpHIli Ha Ha-
CTYITHOMY TIPHKJIAJ].

Posrisimaersest cucrema nudepeHmiatbHuX
piBHsHB (1), y sKiii:

= Do-(y D
- )

3asaya nojsirae B cupouieHHi cuctemu (1)
HUIIXOM «pO3ILEIUIFOBAHHS 11 Ha JBa He3aje-
JKH1 PIBHSIHHSI METO/I0M KOMYTYIOUO1 MaTpuIll 1
MOJANBIIOTO  OTPUMAaHHA 11 3arajJlbHOTO
po3B’sa3ky. Cucremy (1) mMOMHOXHUMO JIIBOPYY
Ha Matpuio B~!, orpumyeMo HOBI MaTpuii
KOoe(illi€HTIB:

A, =B A= —%(1 })
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GlzB‘le—(i ;) Bl=E=((1) 2)

Jiis maTpunb A4 1 G{3HaX0IUMO LIEHTPAITi-
3aTop, TOOTO MHOXXHHY MaTpuils 1, 110 KOMY-
Ty€ OJJHOYACHO 3 000Ma MaTPUISIMHU:

AlT = TAl,

3aranpHui po3B’s30K (3) Mae BUTIIS:

_ 0 1
T=aE +b( 1 o)’
Jie a 1 b — noBUIbHI cTaji. Y YaCTHHHOMY BHUIIa-

aky npu a = 0, b = 1 matpuns T crae HacTyM-

HOIO:
)

[i Bnacui umcna miiicHi i pisHi: 4;, = +1,
10 03HAYAE MOKJITUBICTh IEPETBOPEHHS ITOYAT-
KoBOi cuctemu (1) 1o IBOX HE3aleKHUX PiB-
HsHB. /1)1 IbOTO CKIIQIA€ThCS MATPUIILS TIEPET-
BOpPEHHSI S, CTOBIIISIMU SIKOi € BJIACHI BEKTOPHU

matpuri T*:
= G —11)

[Hakmie Kkaxy4dw,

3MIHHHX
=sG)=GIy) @

ne U, V — HoBi QyHKIIIT 3MIHHUX X, Y; CUCTEMa
NIEPETBOPHUTHCS 10 BUIIISITY:
Ux Uy _ U
22 (1) +£ (1) = 62 ()
-1 0
0 0

=~ (?) (1)) OtprMaHa crUcTeMa MIiCTUTH JBa

BHUKOHYETbHCA 3aMiHa

ne Ay, = S~1A,S = ( ) G, =S~1G,S =

He3aJIeXKHI JiHIMHI AudepeHianbHi piBHIHHS
MEPIIOTO MOPSIIKY:
{—Ux + U, = —3U;

v, =—V.

Po3B’s30k 1ux piBHSIHBb Mae Burian: U =

=e¥ - f(x+y) V=9 e, nef o~
TOBUIbHI (PYHKIIIT BKA3aHUX apTyMEHTIB.

wy _ ~(U0_(1 1\H\(U
W) =s() =0 Z)G)
3 ypaxyBaHHsM (4), OTPUMYEMO OCTATOY-
HUI PO3B’A30K CUCTEMH piBHAHB (1):
u=U+V=e*fx+y)+okx) e
v=U-V=e3* f(x+y)— @) e.

Bicnuxk 3anopizbk020 HayionanbHo2o ynieepcumemy

3ayBaXUMO, SIKIIIO METOJ KOMYTYIHOUO1 Ma-
TPHIII MTOKa3aB HEMOXKJIUBICTh PO3IIICHHS PiB-
HSIHBb cucTeMH piBHHB (1) Ha migcucTemMu, TO
HisSIKa 3aMiHa 3MIHHUX HE J03BOJISIE PO3ILTUTH
cucremy (1) [5].

Ilopsinok matpunp Ginbiie ABOX. Y BU-
MagKy CHUCTEeMHU JuQEepeHIlialbHUX pPIBHSIHB
TpeThoro (i OLIBIIE) MOPSIKY CIIOYATKy MOKHA
cpoOyBaTu 3a JI0MOMOTOI0 METOIY KOMYTYIO-
4yoi MaTpulll MPUBECTH MaTPHIll KOe(illi€EHTIB
0 OJIOUHO-IIaroHaIbHOTO BUIJISAY, TOOTO
PO3IUTUTH PIBHSAHHS Ha JIBl MJICHCTEMH MEH-
X nopsakiB. Jlami — 3acTocyBaTH TOM ke Me-
TOJI JUISI OTPUMAHUX ITiJICUCTEM.

Sk mpuknaa po3riTHEMO CUCTEMY TPhOX
nuQepeHIiaTbHIX PIBHSIHD BIJIHOCHO HEBiJO-
MUX U, V,W — (DYHKIIH HE3aIeKHUX 3MIHHUX

X,y,Z:
Uy Uy
E'<Ux>+A'<vy)+
W, Wy,
Uy 0
‘B () _ <o> ®
Wy 0
e

1 0 0 8 2 -2
E=(0 1 O>, A=<1 8 —1),
0 0 1 1 2 5

20 6 -6
B=|3 20 -3|
3 6 11

Ctpykrypa maTpullb HeHTpanizatopa T Ha-
CTYIIHA!

a+b+c b —-b
T = a a+b+c —a>,
a b c

TYyT a,b,c — noBinbHI uyucna. [lokimamemo
a=1, b=c=0, oTpuMyeEMO KOMYTYIOUY

MaTpHUIIIO:
1 0 O
T = <1 1 —1>,
1 0 O

BJIACHI YMCIIa SIKOT — JINCHI 1 pi3Hi: 44 = A4, =
CxiianeMo MaTpull0 TepeTBOpPeHHs S,
CTOBIIIII SIKOT — BIIaCHI BeKTOpH Matpuii T *:

0 1 0
S= (1 0 1). (6)
01 1
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AHaJNOTIYHO 10 TMOMEPEeIHBOTO TEPEeXo-
JUMO JI0 HOBUX HeBimomux (yukimiit U, V, W 3
MaTpuIero 3aminu 3MiHHHX (6). Ilicns mporo
CUCTEeMa PIBHSHb NMPUBOJIUTHCS 10 JBOX HE3a-
JISKHUX T1ICUCTEM:

Uy +8U, + 20U, = 0;
{Vx +2U, + 6V, + 6U, + 141, =0; )

(W, + 7w, + 17w, = 0. (8)

Po3p’s30k (8) mae Burmsim: W(x,y,z) =
=9(y —7x,z — 17x), ne 9 — noBinbHa QyHK-
ITis1 CBOIX apTyMEHTIB.

Jlst migcucremu (7) 3HOBY 3aCTOCOBYEMO
METO]T KOMYTYI0UO01 MaTpuili. EneMeHT nenTpa-

mizaropa s marpuie C = (8 O), F=

2 6
_ (20 O )
B ( 6 14) MOXe OyTH NIpEJCTaBICHUI Ha-

CTYITHUM YuHOM: T" = (1 g) Toni marpurs

3aMIHU 3MIHHUAX Ma€ BUATJISA;

S, = (i 2) )

Bin 3minaux U,V mepexoaumo 0 HOBUX
HEBIIOMUX (YHKIIIH Uvs MaTpHIIEIO 3aMiHU
3minHuX (9). Ilicnst mporo cucrema piBHIHB (7)
MPUBOIUTHCS JI0 BUTIISY:

U, + 80, + 200, = 0;
{Vx+6l7y+14l72=0,
3arajibHi PO3B’SI3KH SKMX MarOTh HACTYITHHI
BUIJISAI:
U(x,y,2z) = (y — 8x,z — 20x);
V(x,y,z) = Y(y — 6x,z — 14x),
ne ¢, — noBuTbHI (yHKHii BKa3aHUX apry-
MEHTIB.

Hanani mepexomaumo no 3miaaux U,V 3a
JIOTIOMOT'OF0 MaTpHIIi iepeTBopeHHs (9) Ta Bpa-
XOBYEMO poO3B’s30K miis ¢yHkuii W, orpuma-
Hul panime. [TotiM 3a qonomororo Matpuiii (6)
OTPUMYEMO OCTAaTOYHHUU PO3B’SI30K BHUXIIHOT
cucremu (5):

ulx,y,z) = @(y — 8x,z—20x) +
+yY(y — 6x,z — 14x);
v(x,y,z) = (y —8x,z — 20x) +
+9(y — 7x,z — 17x);
w(x,y,z) = o(y —8x,z — 20x) +
+Y(y —6x,z—14x) + 9(y — 7x,z — 17x).

Dizuko-mamemamuyni HAyKu

VY psal BUNAAKIB MOBHE PO3MIJICHHS CHC-
TeMH n nudepeHIiaTbHUX PIBHSHD HA N HE3a-
JISKHI PIBHSHHS HEMOXJIMBO, TPOTE 3aCTOCY-
BaHHS IbOTO MiIXOAY J03BOJISIE€ 3HAYHE CIIPO-
IIICHHS ITI0YAaTKOBOI CUCTEMH.

PosrnsiHemo cuctemy piBHSHB (5), y AKid

0 0 O 3 2 -1
A=10 0 0| B=(32 3 4
0 0 5 8 -2 5

Hns matpunb A 1 B 3HaXOAMMO KOMYTY-

0 1 O

04y Matpuigo T* = (16 0 0 ) 1 Bigmo-
0 0 -4

BiJTHY MaTPHIIIO 3aMiHU 3MiHHHX S

1 0 1
S=1-4 0 4|
0 1 0

Bkazana 3aMiHa 3MiHHHX TIPUBOJUTH MaT-
putti koedirieHTiB cucteMu (5) 10 BUTIIALY:

0 0 0
A1=S‘1-A-S=<O 5 0),

0 0 O
-5 -1 0
Bl=S_1-B-S=<16 5 O).
0 0 11

Takum urHOM, BUXiTHA cucTeMa (5) po30u-
BAa€ThCA HA AB1 MIJICUCTEMHU:

U, —5U,—V, =0, o
{Vx+5Vy+16UZ+5VZ=o; (10)
(W, + 11W, = 0. (11

Po3B’s130k piBHsAHHS (11) Mae mpocTuii aHa-
mitnanuit Burisa: W = F(11x — z;y), ne F —
noBuibHa ¢yHkmisg. Ilepma migcucrema (10)
JIPYTOro MOpsIKY He po30MBAaEThCs Ha MiCHC-
TE€MH, OCKUIbKH Oy/Jb-sKa MaTPHUIIS, 10 KOMY-
Ty€ 3 MaTPHUISIMH KOe(ili€HTIB, KpaTHA OIUHU-
YHI. AJIe HaBITh Yy TAKOMY BUTJISIII 3aBIaHHS
3HAYHO CIIPOIICHE.

BucnoBku. Po3risHyTo HOBHH Miaxia 10
pillIeHHs CUCTeM JHIMHUX audepeHLiaTbHuX
PIBHSIHBb Y YaCTMHHUX IMOXIJJHUX MEPIIOro Io-
pAAKY. 3a JOIOMOTOI0 MAaTPUYHUX METO/IIB I0-
YaTKOBa CHCTEMa pO30MBAETHCS HA HE3aJICKHI
MiJICHCTEMH, IO 3HAYHO CIPOIIYE MpPOIeC ix
MOAAJIBIIIOTO PIIICHHS.
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