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(GENERALIZED GREEN OPERATOR NOETHERIAN LINEAR BOUNDARY VALUE
PROBLEM FOR THE MATRIX DIFFERENCE EQUATION.

Chuiko S. M.

Abstract. Lyapunov matrix equations and their generalizations — linear matrix Sylvester
equation widely used in the theory of stability of motion, control theory, as well as the solution of
differential Riccati and Bernoulli equations, partial differential equations and signal processing.
If the structure of the general solution of the homogeneous part of the Lyapunov equation is well
studied, the solution of the inhomogeneous equation Sylvester and, in particular, the Lyapunov
equation is quite cumbersome.

By using the theory of generalized inverse operators, A.A.Boichuk and S.A.Krivosheya
establish a criterion of the solvability of the Lyapunov-type matrix equations AX — X B = D and
X —AXB = D and investigate the structure of the set of their solutions. The article A.A. Boichuk
and S.A.Krivosheya based on pseudo-inverse linear matrix operator L, corresponding to
the homogeneous part of the Lyapunov type equation. The article suggests the solvability
conditions, as well as a scheme for constructing a particular solution of the inhomogeneous
generalized equation Sylvester based on pseudo-inverse linear matrix operator corresponding to
the homogeneous part of the linear matrix generalized Sylvester equation.

Using the technique of Moore-Penrose pseudo inverse matrices, we suggest an algorithm for
finding a family of linearly independent solutions of the inhomogeneous generalized equation
Sylvester and, in particular, the Lyapunov equation in general case when the linear matrix
operator L, corresponding to the homogeneous part of the linear generalized matrix Sylvester
equation, has no inverse. We find an expression for family of linearly independent solutions of
the inhomogeneous generalized equation Sylvester and, in particular, the Lyapunov equation in
terms of projectors and Moore-Penrose pseudo inverse matrices. This result is a generalization
of the result article A.A. Boichuk and S.A. Krivosheya to the case of linear generalized matrix
Sylvester equation.

Found solvability conditions and construction of the generalized Green operator for

Noetherian linear boundary value problem for the matrix difference equations. We show that the
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principal results in the theory of linear periodic oscillations remain valid for linear Noetherian
boundary value problem for matrix difference equation. Efficiency of the proposed solvability
conditions and the scheme for constructing solutions of linear Noetherian boundary value problem
for matrix difference equation is illustrated by an example of a multipoint problem for difference

equation.

Key words: Generalized Green operator, boundary value problem, matrix difference
equation, pseudo inverse matrices.

BBEOEHUE

Haitienbl yciioBusi pa3penmMoCcT, a TakKe KOHCTPYKIUs 0DODIIEHHOTo orepaTopa
['puna nmHeitHO# HeTepoOBO KpaeBOH 3ajavun Jjid JIMTHEHHOTO MATPUYHOI'O PA3HOCTHOTO
ypasuenus. [Ipesyioxken onepaTop, KOTOPBIN IPUBOJUT JUHEHHOE MAaTPUIHOE ajredpan-
JecKoe YpaBHEHME K TPa/IUINOHHON JTNHENHHO ajrebpanvecKoil cucremMe ¢ mpsaMOyToIbHOI

MaTpHUIleH.

1. IIOCTAHOBKA 3AJIAYU

Uccnenyem 3a/1ady 0 HAXOXKIEHUN PEITEHUIA
Z(k) = (z(i’j)(k)), kelo,NJCN,i=1,2 ..., a, j=12 ...,8

JIMHEHOI HeTepoBoil (v # [ # X # 1) KpaeBoil 3a1a4n
Zk+1)=AZ(k)+ Z(k)B+ F(k), ZLZ(-) = . (1)

Kowmmonenter 29 (k), FO) (k) : [0, N] — R marpun Z(k) € R*P u F(k) € R™? npe-
1noJiaraeM orpaHmdeHHbIME Ha orpeske [0, N] dynkmumamu. 3necs A € R B € RA*A
u A € R"H* — mocrogHEBIE MaTpuiiel; £ Z () — JUHEHHbI OrPaHUYEHHBIH MATPUIHBIIT

pyHKIMOHAT:
L7 {Z(k) :[0,N] — R‘”ﬁ} — RM#,

KoHCTpYKTHBHBIE YCJIOBHS Pa3peIIIMOCTH M CTPYKTYpa peleHus obmeil HerepoBoil Kpa-
eBoOil 3asiaun ObLIM MOJTydeHbl B MoHOrpadun [29]. VeaoBusi paspenmMocTu, a TakkKe
KOHCTPYKIMs oreparopa ['puna HerepoBoil Kpaepoii 3ajadm (1) jjisg TpPaUIMOHHOIO
(8 = u = 1) pasHocTHOrO ypaBHeHUs ObLIM HOJYYeHbl B cTaThe 2], Kak 0600IeHne Kiac-
CUYECKUX PEe3YJIbTATOB JIJI CUCTEM PA3HOCTHBIX ypasHenwuit |3, 4]. B cBoto ouepesb, yciio-
BUSI PA3PEIIUMOCTH M CTPYKTYpa MePUOJMIECKOrO PEMIeHusT CUCTeM MaTpUIHOro audde-

PEHIINAJILHOTO YpaBHEHNUs ObLIN [OJIyYeHbl B craThe [27| ¢ ncnosb3oBanneM 0600IIEHHOTO
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106 C. M. Yytixo

obpallleHnst MATPUI] U OIEPATOPOB, OIUCAHHOIO B crarThe [28|. ObIee perenue 1m0Jryo-

HopoHoit 3a1au Korm
Z(k+1) = AZ(k) + Z(k)B + F(k), Z(0) = © (2)
IIPEJICTAaBUMO B BHJIE
Z(k) = W(k,©) + K {F(s)} (k),

rie
k

W(k ©):=) CriA~ep
j=0
— ob1rtee perenne OIHOPOTHON YaCTH MATPUIHOTO PA3HOCTHOTO yPABHEHMS (1) u

k—1

K [@(s)} (k):=> "W {j, F(k =1~ j)]

§=0

— obobrmennsit oneparop ['puna 3amadn Kommn (2).

Teopema 1. Obwee pewerue auneinot noayodropodhot sadavu Kowwu (2)
Z(k) =W (k,0)+ K {F(s)} (k), © € R**F

onpedeasem obobwennwii onepamop I'puna 3adawu Kowwu (2).

Joxazameavcmeo. YTobbl yOEIUTHCS B 9TOM, JOCTATOYHO IOJICTABUTH OOIIee penieHne B

MaTpUYIHOE pasHoCTHOe ypasHerue (1). O

[Moncrasmsas obmee pemtenne 3amadn Komm (2) B kpaeBoe ycmosue (1), mpuxomuM K

JITHEWHOMY a/iredpantiecKoMy YpaBHEHHUIO

LW(.0) = of - 2K |Fls)] 0 )
orHOCHTENBHO MaTpunbl O € R**#. O6osmaunm Z0) € R**F. j =1,2, ... a- 3 — 6asmc
npocrpancrsa R¥*? u ¢, j = 1,2, ... o+ 3 — KOHCTaHTBI, ONPeIEIAIONIIE PA3IOKEHIe

MaTpPHUIIbI

a-f
—(j 1 -
@:Z:(J)cj, G eER, j=12, .. a-f8
j=1
o Bektopam =9 € R**# Gaszuca mpocrpancrea R**?, mpu stom

a-p
LW(,0)=) LW { EU)] ¢;.

j=1
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Nrak, npuxoauM K JIMHEHHOMY aJredpaniecKoMy ypaBHEHUIO
B
zpmﬂgﬂqd—gKv@k)
j=1
OTHOCUTENBHO « - 3 KoHcTaHT ¢; € RY, 7 =1,2, ... - . Oupenennm oneparop |17, 16]

MB): R R

KaK OIepaTOp, KOTOPBIl CTABUT B COOTBeTCTBHE MaTpuiie A € R™*™ BekTOp-cTO/IOEI]

M PB] € R™™ cocraBiieHHBII U3 1 CTOJIONOB MAaTPUIIBI A, & TaKyKe 00PATHBIN ollepaTop
J%J{A%g%}: R™™ — R™*™

KOTODBIl CTABUT B COOTBETCTBUE BEKTOD-CTOJIONY A [#A] € R™" marpuny B € R™*™,
Bamerum, uro oneparop .#[A], kKax u obpaTHblii onepatop .4 ~[%)], MOryT OBITH IIpeji-

CTaBJICHbI B ABHOM BHJIEC. OHpe,ILeJII/IM MaTpHUIbI
Ti=(1)eR™ YTo:=(1001)*cR*! T3:=(100010001)" € R™,
T,:=(1000010000100001)" R ...

Bekrop T,, cocrour u3 m — 1 HnemoYku BUIA
(100...0)" e ROn=Dx1

U 3aKAHIMBACTCS €UHUIIEI:
nwz(1oom01oomom100m01>*eRW“.
B HOBBIX 0603HAYEHNSAX OlepaTop # [A] mpejcTaBUM B sIBHOM BH/IE:
MNA] = (In ® A) -1, € R™™.
OmnpenennM TakzKe MaTPHUIILL

{ETT} = {E{“} ® I, € R™™™, [E{”] = {51»]} e R>™,
j j j i=1

311eck 0;; — cuMBoa Kponekkepa:

1, j=i
61“ = ' ' y Z:L 2, ..m.
! {(Lj#i
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108 C. M. Yytixo

Taxum o6pazom, obpaTHblil onepatop .4 ~'[Z] upejcraBumM B ABHOM BH/IE:

M B = g {E;yL B {E{”L

B noBbIx npuxoinM K JIMHEHHOMY ajareOpaniecKkoMy yPaBHEHUIO
Qc=M {524 — ///{.,?K {F(s)} ()}
OTHOCHTEJIBHO BeKTOpa ¢ € RYP: 311ech
o - [l o] o]

rIe

9 e RM#xB - 9U) .— W {,EU)] eRM™*F, j=1,2, ... a-p.
Kax usBectno [29, 17, 16|, nociesaee ypaBHeH#Ee pa3peIinMo TOr/a U TOJIBKO TOrJIa, KOTa
Pg;%{ﬂ—gK[F(s)] ()} = 0. (4)

3nech Py« — opronpoexrop: RM — N(2%); marpuna Pg- cocrapnena us d muneiino

HE3aBUCUMBIX CTPOK OPTOIPOEKTOPa Pg«.

2. YCJI0BUS PA3PEIINMOCTU
[Ipn ycmosun (4) u TOJIBKO IpH HeM 00IIiee PelieHne ypaBHeHns (3)
c= .32*///{42% — YK [F(s)} ()} + Py, ¢, ¢, ER"
onpesesseT oblee perieHne HeTepoBoii Kpaesoii 3aaun (1)
Z(k,0,)=W(k,0,)+G {F(s); 52%] (k), ©, :=.4" {Pgrcr} ;

3/16Ch . %1{902*///{&% ok {F(s)} (.)}} +. 7! {Pg,«cr}a

Py — oprompoektop: R¥A*8 — N(2); marpuma Py, € R*P*" cocrapena us r mneiino

HE3ABICHMBIX CTOJIOIOB OPTONPOEKTOpa Py,
G [F(s); d] (k) == W{k, ///1{32+//1 {,gz - YK [F(s)] (-)} }} + K [F(s)] (k)
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— 06061menHbIi oneparop ['puna JimHeiiHON HeTepoBoil Kpaesoii 3agaqu (1), 2T — nces-
noobparnas no Mypy — Ilenpoysy marpuna [9]. Takum obpasom, jokasaHa CJieryommast

TEOpEMaA.

Teopema 2. [lpu ycaosuu (4) u moavko npu nem obuiee pewenue AuHetnol HEMeposot

kpaesot 3adavu (1)
Z(k,0,) =W(k,0,) + G[F(s); 427] k), ©, :=.47" {Pgrcr} , ¢ €RT

onpedeasem 06obwenHvitl onepamop I'puna sunetinott nemeposot kpaeot 3adaqu (1).

ITpu ycnosun Pg« # 0 GygeM roBOpHUTDH, 9TO Jjid Kpaesoii agaqn (1) umeer mecto
KpUTHYeCKuii cirydail, pu sToM 3a1a4a (1) paspemmnmMa JIMIb Jjid TeX HeOJIHOPOIHOCTe
F (k) n of , qyist kotopsix BoimosiHeHo yeaosue (4). Ilpn yeaosun Py« = 0 Gymem roBopuTh,
qT0 JIIst KpaeBoil 3ajaun (1) umeer MeCTO HEKPUTUYECKUI cirydaii, npu 3roM 3ajada (1)

paspermnmMa Jiis JIIoObIX HeopHopouocteit F'(k) n o7 .

VTBep:KieHne JIOKa3aHHON TeopeMbl 2 sBjisieTcst 00OOIIEHUEM COOTBETCTBYIOIIUX

yTBepK/IeHuil [2| Ha cirydail MarpudHON Kpaesoii 3a1aan (1).

ITpumep 1. Vcaosusa meopemovi 2 6oinoaHervl OAL MAMPUYHOT, MPETMOUEYHOT Pa3-

HocmHotl kpaesots 3adavu

Z(k+1) = AZ(k) + Z(K)B + F(k), LZ(-) = o, (5)
2de
11 00l ko1
A:( ),B: 100 ,F(k)z( ),ﬂ:<00100>,
01 10 k
00 1
a marxotrce

ZZ(-)::iMiZ(Ti)Ni, Mlzz(O 1),M2::<1 1),M3::<1 0),

i=1

00100 00100 10001
Ni=[000O0O0]|f,Na:=]110001],Ns:=|00UO0UO0O0
1 0001 00100 00100
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Obiree perieHre OJHOPOIHON YacTH MATPUYHOIO PA3HOCTHOIO ypaBHeHHst (5) orpe-

W(O @) Q= < €11 Ci2 C13 )

HEJIAI0T MaTPUILbL

Co1 C22 (23

cii+ci2+ e o+ ce cin+ 2013 + co3
Ca1 + Coo C22 Co1 + 2¢o3

W(l,0):= (

c11 + 2(c1a + Co1 + c22) €12+ 2¢90 3c11 + 12 + 4eig + 2091 + deos )

W(2,0):= (

Co1 + 2022 Co92 3621 + Co9 + 4623
W(3,0) =
[ cnn +3(ci2 Fcor +2092) cra+3car Tenn +4ern + 8ciz 4 9car + 3eag + 1203
Co1 + 3622 Co9 7621 -+ 4622 + 8023 ’
W(4,0) :=
[ e+ A(c1a + 91 + 3c9) €12+ 4dea 15¢11 + 11ege + 4(4ers + Tegg + deag + 8cas)
Co1 + 4022 C99 15621 + 11022 + 16023 )
O6o3maunm
=) _ 1 00 =) _ 0 0 0 =6 _ 0 00
000/’ 100 ) 7 0 0 1
— ecrecTBeHHbIH Gasuc [9] nmpocrpancrea R?*3 u cj, J=1,2, ... 6 — KOHCTaHTBLI, oupeJie-

JISOIIIE pasiiozKenne Marpuipl © mo Bekropam =) € R?*3 Gasuca mpocrpancrea R2%3.

[TockonbKy
1 000 -1
1 0 100 O
Py = 5 0O 000 O # 0,
0 001 O
-1 000 1

IIOCTOJIbKY JIJId KpaeBoil 3a1a4u (5) UMeeT MeCTO KpuTudeckuit ciydaii. Obiee perenne

W(k,0,), 0, =.47" |:PQTCT:|, ¢, € RY
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oiHOPOIHON YacTu 3asa4u (5) onpejieisier MaTpura

1 4 5 15 0 1
0 0 0 0 0 O
2=119 37 14 21 20 40
0 0 0 0 0 O
1 4 5 15 0 1

7 ee OPTOIPOEKTOP

741 273 34744 28 595 8 715 22500 173 119
819 892 204 973 8190 892 819 892 204 973 819 892
_ 34744 139590 20873 22992 37740 74 371
204 973 204 973 204 973 204 973 204 973 204 973
_ 28595 20873 741 069 219837 3960 45 227
819 892 204 973 819 892 819 892 204 973 819 892
Py = ;
8715 22992 219837 92 089 16 260 77 007
819 892 204 973 819 892 819 892 204 973 819 892
22500 _ 37.740 3 960 16 260 178 173 __ 50 640
204 973 204 973 204 973 204 973 204 973 204 973
173119 74371 45 227 77 007 50 640 434 085
819 892 204 973 819 892 819 892 204 973 819 892
MaTPHIIA
741273 34744 28595 8715
819892 204973 819892 819892
34744 139590 20873 22992
204973 204973 204973 204973
28595 20873 741069  _ 219837
P, — 819892 204973 819892 819892
2r 8715 22092 219837 92089
819892 204973 819892 819892
22500 37740 3960 16260
204973 204973 204973 204973
173119 74371 45227 77007
819892 204973 819892 819892

cocrapjieHa U3 © = 4 JIMHEHO HE3aBHCUMBIX CTOJIOIOB opTonpoekTopa Pg. HacTHoe pe-
merne o ryosHopoaHoil 3agaan Ko Z(0) = © mist cucremsl (5) mpejcrasiisier 0606-

meHHbIl oreparop I'puHa 3amaun Korn

K{cb(s)](O):O, K{fb(s)}(l): (1) 8 é vK{‘D(S)](Q): 2 8 ;) ’
K{(D(S)](S): o s | K [‘I’@}@): 1o
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YesoBue (4) B cirydae HEOJIHOPOAHO# 3a1a9u (5) BBIIOJIHEHO, TI09TOMY OOIIee peleHue
2(05.6,) = W(k,©,) + G| F(9) /| (1), e, € B!
HEOTHOPOIHOI 3a1a1m (5) onpesensier onpeaenser o6obmennbii oneparop ['puna

G [F(s); JZf:| (k) == W{k, ///1{£2+/// [,Q% - YK :F(s)] (-)} }} + K [F(s)} (k)

KpaeBoii 3aaun (5); 371ech

1 29 982 49 551 24 780
G|F(s); < |(0) = — ’
[ (5) }( ) 204 973 ( 71 607 122 634 56 001 >

1 —151 140 —172 185 69 430
G|F(s); (1) =
{ (s); }( ) 204 973 < 10 732 —122 634 183 609 ) ’

GlF(s) | (2) = 1 —107 620 —294 819 9 084
’ 204 973 93071 —122634 —151513 |’

1 100 578 —417 453 —35 992
G|F(s);|(3) =
{ (s); }< ) 204 973 < 175 410 —122 634 199 991 ) ’

1 (473 454 —540 087 433 558 )

G|F(s); o |4) = ———
{ () }() 204 973 \ 257 749 —122 634 1 190 311

B HekpurnueckoM ciydae, npu yeaosun Pg« = 0, 3agaua (1) paspermmma jiist JH00bIX
HeosiHOpojHocTeit F(k) n o .

CaencrBue 1. B nexpumuueckom cayyae, npu ycrosuu Po« = 0, obwee pewenue Au-

Hetnot nemeposoti kpaesoti 3adavwu (1)
Z(k,©,)=W(k,0,)+G {F(s); ,524 (k), ©, :=.4" |:P32TC,,«:| , ¢ €R"
onpedeasem obobusennwiti onepamop I'puna xpaesoti sadayu (1).

ITpumep 2. Verosusa caedemeus 6uinosnensvs daa nepuoduueckots kpaesot 3a0a4u

Z(k+1) = AZ(k) + Z(k)B + F(k), £Z(-) = Z(0) — Z(4) =0, (6)

11 10 k1
A:(O 1),B:<1 1),F(k):<1 k),k‘E{O, 1, 4}
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O611iee perieHne OJHOPOIHOlN YaCTH MATPUYHOIO PA3HOCTHOIO ypapHeHust (6) ompe-
JEJISIIOT MaTPUITbI

W(0,0):=06:= ( o ) W(1,0):= ( 2c11 +ci2 +ca1 2c12 + can > ’

Co1 €22 2¢91 + coo 2¢92

C11 + C12 + 021) + 2¢o9 4(012 + C22)
021 + 022) 4cgo ’

4 2011 + 3(612 + co1 + ng)) 8012 + 12022
8021 + 12022 8022 7

16(c11 + 2(c12 + c21) 4+ 3c22)  16(c1 + 2¢92) )

16(621 + 2622) 16622
Ob6o3HauNM
s (LO0) co_(00) o _p_ (00
0 0 1 0)° ’ 0 0
— ecrecTBenHsblit Gasuc |9] mpoctpancrea R**? n ¢j, j = 1,2, ... 4 — KOHCTaHTBI, OUpeJIe-

JISTIONIIE Pas/IozkKenne MaTpuipl © mo BekropaMm =) € R?*? Gazuca mpocrpancrea R2*2.
[TockombKy
—15 —-32 —-32 —48
0O —-15 0 =32
0 0 —-15 =32 |’
0 0 0 —15

ocTosIbKy Po« = 0, ciieioBaTesIbHO JIjist KpaeBoii 3a1aun (6) nmeer MecTo HeKPUTHIECKHUT

Q:

cay4aii. HacrHoe perenne nosryoaHopouoit 3amaun Komn Z(0) = © st cucremst (6)
npeJictaBiisieT 00o0IenHbIil oneparop ['puna 3agaun Komm

o) 0) =0, K |oc)| 1) = (‘f ;) o) 2) - <§ f)
SECIOE ( N i) K |o9)| @) - ( i )

Enuncreennoe (Py = () pemienne HeoJHOPOIHON 3a1aun (6) ompesesiseT ompe/esser
0000mennbIit oneparop ['puna

T R e B R ]y
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114 C. M. Yyiixo

Kpaesoii 3aga4n (6); 3/1eCh

5023 87 _ 8036 134
olrera|o- (T ) eree]o- (T ).

225 15

225 15
_ 10477 163 9314 116
G[F@);d}(z): 375 25 ,G[F(smzf]@): a6 Cas |
225 15 225 15
_ 5023 37
G{F(s);%}@):G{F@);d}(@): W)
225 15

YTBep:KAeHIe JOKA3aHHBIX TEOPEM U CIeJICTBUA 1 sBagercs 000OHMIEHHEM COOTBET-
CTBYIOIIUX yTBEp:KIeHuii [2| Ha ciydail MmarpudaHoii Kpaesoii 3agaun (1).

IIpumep 3. Veaosus caedcmsus 6vinoarerve 0A% HEOOHOPOOHOT NEPUOIUYECKOT 3a-
davu das ypasuenusa Tpubonawuy [10]

y(k+3) = y(k+2) +y(k +1) +y(k) + f(k), y(0) —y(4) = 0. (7)
Ypasuenue (7) npuBoguTces K Buiy (1) mocpeacTBOM MaTpUI
010 0
A=1001 |, F(k):= 0 , Z(k) = k—l—l
111 F(k) y(k +2)

O6iriee perrieHre OJJHOPOJIHON YACTH MATPUIHOIO PA3HOCTHOTO ypaBHeHust (7) OrpeIesisor
MaTPUIIBI

C1 C2
W(0,0)=0:=1| ¢ |, W(1,0):= 3 ,
C3 1+ co+c3
C3 1+ ¢y + C3
W(2,0):= c1+co+c3 , W(3,0) := c1+2cy +2c5 |,
c1 + 2¢9 + 2c3 2c1 + 3co + 4cs
1+ 2¢co + 2c¢3
W(4,0) := | 2c; + 3¢y + 4cs
4cqy + 6¢9 + Tes
O6o3HaunM
1 0 0
=o_ o] =@ 1], =o=
0 1
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— ecrectsennblii 6azuc |9] npocrpancrsa R**! u ¢;, j = 1,2, 3 — KOHCTAHTBI, Olpe/EIIs-

IoIIe pas/iozKeHue MaTpuIbl © 1o BekTopam Gasuca npocrpancTsa R3*!L. TlockosbKy

0 -2 -2
2= 2 —2 -4 |,
—4 —6 —6

nocTosibky Pg. = 0, ciieoBaresibHO Jjisi KpaeBoii 3ajaun (7) uMeeT MeCTO HEKPUTHYIEC-
kuit caydait. Hactaoe permenne nosryoaHopo ol 3agadn Komun Z(0) = © s cucteMbl

(7) upezcrasisier 06o6imennblii oneparop I'puna 3axaun Kommn

w[nea] 01 =0, oo - o]0 - |
Koo - i o]0 -

Enuncreennoe (Py = 0) pemenne HeOTHOPOJHON 3aiadn (7) OUPEIeseT OIpeiessier
obobmenHbIit onepaTop ['pumna

G| Pl |0 = 6| Pl |0 = 5 1; - G|Feer| -3 12 ,
G{F(s),%]@)—% z ,G[F(s),@%](?))% 1;
SAKJIFOYEHUE

B pabore naitmenns! yeaoBug pa3peninMOCTH, & TaKKe KOHCTPYKITHsT 0000IIIEHHOTO OI1e-
paropa I'puna juHeiHONH HeTEepPOBON KpaeBo#l 3ajadu Jijisd JUHEHHOTO MaTPUYIHOIO pa3-
HOCTHOIO ypaBHeHus1, 0000Imatomme coorBercTByomue pesyabrarbl A.A. Boituyka 2] Ha
ciryvaii MarpuuHoii Kpaesoit 3asaqu (1). IIpemoxken oneparop .4 |17, 16], kKoTopsiit npu-
BOJUT JUHEHHOE MAaTPUIHOE ajaredpandeckKoe ypaBHEHHe K TPAIUIINOHHON JTUHEHHONE aJl-
rebpanveckoil cucreMe c MMpsiMOyToJibHOI MaTpurieil. [Ipempioxkena dpopmysia mocrpoenus
YaCTHOTO peIlleHns] ypaBHEeHUs, 0000IafIiee N3BECTHbIE MATPUYHblE YpaBHeHUd JIdimy-
HoBa u CujibBecTpa, KOTOPbIE IITUPOKO UCIOJIB3YIOTCS B TEOPUN YCTONINBOCTH JTBUKEHUSI,

a Takxke 1pu perrennn auddepeHanbHbIX ypasaernii Pukkaru [27].
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