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K ONTUMANBHOCTU KBA3UOCOBbIX YNPABJIEHUA
B OOQHOW OUCKPETHOW CTYNEHYATOWN 3AOAYE
YMNPABJIEHUA C HEJNTOKAJIbHbIMU
KPAEBbIMU YCNTOBUAMMU

PaccmaTpviBaeTcsi ogHa CTyneH4yaTasl AUCKpeTHasi 3ajada OnTMMarnbHOro yrpasrieHusl, onu-
CblBaeMasi CUCTEMOMN HENMUHENHbIX Pa3HOCTHbLIX YPaBHEHWU C HerloKarnbHbIMU KPaeBbIMU YCIOBUSIMU.
Mpu NpeanonoXeHnn BbINyKNoCT obnactel ynpaeneHus JokasaH aHasor JiMHeapu3oBaHHOIO YCMNoBMS
MakcumyMma. CrieumarnbHO U3yYeH Cryvait BbIPOXAEHUS TMHEapU30BaHHOMO YCNOBWSI MakCMMyma.

KnioueBble crnoBa: pasHOCTHOE ypaBHEHWE, HemnokanbHasi KpaeBasi 3ajava, NHeapu3oBaH-
HbI NPMHLUMMA MakcUMyMa, HerokanbHas Kpaesas 3aAada, ksasmocoboe ynpasneHue.

K.B. Mansimov" 2, M.Ya. Nadzhafova'

'Baku State University, Baku, Azerbaijan Republic
?|nstitute of Control Systems of NAS Azerbaijan, Baku, Azerbaijan Republic

TO THE OPTIMALITY OF QUASI-SINGULAR CONTROL
IN A DISCRETE STEPPED CONTROL PROBLEM
WITH NONLOCAL BOUNDARY CONDITIONS

Consider one step discrete optimal control problem described by a system of nonlinear differ-
ence equations with nonlocal boundary conditions. Under the assumption of convexity of control do-
mains, an analogue of the linearized maximum condition is proved. The case of degeneracy of the line-
arized maximum condition has been specially studied.

Keywords: difference equation, nonlocal boundary value problem, linearized maximum princi-
ple, nonlocal boundary value problem, quasi-singular control.
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BBenenue

MHorue peanbHbBIE MPOLECCHI, SBISASCH MHOTOATAHBIMHU, OMUCHIBA-
10TCsl 00Jiee CIOKHBIMM MaTEMaTHUYECKHMMH MOJETSIMHU, Ye€M OJHOSTAIHbIC
(cMm., Harpumep, [1-6]). [lox MHOrOSTAITHBIMU TOHUMAIOTCS TIPOIECCHI, B KO-
TOPBIX U3MEHEHHUE BEKTOpa (a3zoBOro COCTOSHUS 0ObEKTa yNpaBiIeHUs pac-
CMaTpUBaeTCs Ha psifie MOCIeI0BaTeNIbHbIX OTPe3KoB (wiu obmnacreit). [Tpu-
YeM Ha 3TUX OTPE3KaX, COOTBETCTBYIOIIMX OTIEIbHBIM 3Taram, MpOLECChl
OTIMCHIBAIOTCS TIPH TTOMOIIM Pa3IUYHBIX ypaBHeHUH (nuddepeHmaibHbIX
WIM PAa3HOCTHBIX). 3aJayd ONTHUMAJIBHOTO YIIPABJIEHUS MHOTO3TAalTHBIMU
MpoleccaMy Ha3bIBAIOT 33Jja4yaMH ONTUMAJIBLHOTO yIPABICHUS COCTaBHBIMU
CHUCTEMaMH WJIU JK€ CTYNEHYAThIMU CHCTeMaMH (CM., Harpumep, [ 1-7]).

K nacTosiiiemy BpeMEeHM B OCHOBHOM H3YY€HBI CTYIICHUYATHIC 33J1auu
YIpPaBJICHUS C JIOKAIbHBIMU KPaeBbIMU yCIOBUSAMHU [1-7].

B npennaraemoii sxe paboTe ucciaeayeTcsl cTyneHuarTas 3agada ONTH-
MaJIbHOTO YIPABJICHUS C HEJIOKAIbHBIMH KPA€BbIMU YCIIOBUSIMHU IIPHU MHPE]I-
MOJIOKEHUU BBIYKJIOCTH oOiacTu ympasiieHus. [lomydeH psig HeoOXomw-
MBIX YCJIOBHI ONTUMAJIbHOCTH.

1. ITocTanoBKAa 3aga4u

[Tycts TpeOyercss MUHUMH3HPOBATh TEPMHHAIBHOTO THIMA (YHKIIHUO-
Haj

I(u,v) =0, (x(1,))+ 0, (¥(1)), 1)

IIPH OTPAaHUYCHUSIX
u(t)eUcRr, tel, = {t t,+1,.. 1},
v(t)eU cR, tel, = {tl,tl +1,...,t2 —1},

x(e+1)= 1 (6 x(0)ule)), ¢ (3)

2

Ly x{ty)+ L x(1,)= ¢ (4)
y(t+1)=g(t,y(t),v(t)), teT,, (5)
y(tl): G('x(tl )) (6)

3necs [ (t,x,u) (g(t, y,v)) — 3agaHHas n(m)-MepHas BEKTOp-

CPYHKI_II/IH, HCIIPEPbIBHAA 110 COBOKYITHOCTH INCPEMCHHBIX BMCCTC C YaCTHDI-
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mu nipoussognbivi 10 (x,u) ((y,v)) 10 BTOpOro mopsiaka BKIHOUUTENBHO;
Ly, L, —3amannbie (nx n) NOCTOSHHBIE MATPHIIbL, / — 3a/[aHHBIH MOCTOSH-

wblii Bextop; U (V) — 3amaHHOE HemycToe, OrpaHMYEHHOE M BBHITYKIOE
muoxectso; u(t) (v(¢)) — 7(q)-MepHbiii BekTOp ympaBisONMX BO3EHCT-
Buid, ¢, (x), @,(x) —3amaHHbIC ABaX B! HEMPEPEIBHO TU(dEPEHIIpPYEMbIe
CKaJIsipHble (DYHKUUY; G(x) — 3a/laHHasl IBaXJbl HEMpephIBHO nuddepen-
Hupyemasi m-MepHasi BeKTop-OyHKuust; ¢, #,, {, — 3aJaHHbIC YKCIA, PH-
4eM PasHOCTb 7, —f, €CTh HATYPAILHOE YHCIIO.

[Mapy (uo(t), v’ (t)) C BBILICIPHBEICHHBIMU CBOWICTBAMH HA3BIBAEM [10-
Ty CTHMBIM yIPaBICHHEM, a COOTBETCTBYOIIIHIA nporecc
(u”(t), v’ (t), x’ (t), v’ (Z)) — IOy CTHMBIM TPOIIECCOM.

Jlomyctumoe yIipaBiieHHE, JOCTABISIONIee MHUHUMYM (YHKIIHOHATY
(1) mpu orpannyenusx (2)—(6), Ha30BeM ONTUMAILHBIM yIPABICHHEM.

2. @opmyaa 1S npupameHuss QyHKIHOHAIA KaYecTBa

[Tycts (ua(t),va(t)) u (L_t(t)zu"(t)+Au(t),\7(t)=v"(t)+Av(t)) — uk-

CUPOBAHHOC U ITPOU3BOJIbBHOC COOTBCTCTBCHHO OOITYCTHUMOC YIIPABJICHUC.

Yepes (xo (t), »° (t)), ()_c(t) =x’ (t) + Ax(t), y(t) =y’ (t) + Ay(t)) 0003Ha-
YUM COOTBETCTBYIOIIME UM pelleHusl KpaeBoil 3amaun (1)—(6) u 3amumiem
npupamnieane GyHKIIMOHAIa KauecTBa

AT (u v ) = 9, (% (1) % (1)) = 0y (57 (8) o7 (1)) +
+0,(7(1) =0, (3 (1.))-

Scuo, uto mpupamtenne (Ax(z), Ay(r)) TpaekTopuu ( °(¢), y”(t)) Oyxner
pELICHUEM KPAeBOM 3a/1aun

(7)

Ax(t+1)= f(t,x(¢),u(t))- f (t,x” (t)u(t)) (8)
LOAXtO)+L1Ax(ZI):O’ )
Ay(t+1)=g(t, 7(2),%(¢)) - g(t, yo(t)v° (t)) (10)
Ay(tl):G()_C tl))—G(xa tl))' (11)
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ITycts \|f(t), p(t), AeR" mnoka HeusBeCTHbIE BEKTOP-QYHKIIMH

Y TIOCTOSTHHBIN BEKTOP; COOTBETCTBEHHO MM BBelneM (QYHKIWH | aMMIIbTO-
Ha — [IoHTpsAruna

H(t’xﬂuﬂllj) = \‘I’I’f(t’x’u)ﬁ

M(t,y,v,p)=p'g(t.y.v).
Torna u3 (8), (10) 6ynem umeTs:

Z\u t+1

t=t,

S 00 ay(41)= 3 6. 50,70 ple) - M (0o (0, p7 0], (13)

1=t 1=t
M Ly Ax(1,)+ AL Ax(1,) =0. (14)

C yuerom ToxnectB (12)—(14) npupamenue (7) pynxmuonana (1) 3a-
MUCHIBACTCS B BUJIC

W17 =0 (506, 7(0)) 0, () ()
+(p2(y(t2)) (pz(y tz))+kL Ax(t,)+
+ 0L Ax(8)+ ' (4 = 1) Ax (8, ) = ' (1, = 1) Ax(2,) +
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N3 (15), nonaras no onpeaeneHuo
Np”,x)=p"(, -1)G(x)
u ucnonesys popmyny Teitnopa, Oynem nmersb
_ 00, (x” (to),x” (t1 ))
ox(1,)

o) = o [l -

w0y (JAr()])+2 Ly Av(y) + 2/, Ax(s) +
+\|;'(t1—1)AX(tl)—\y (to—I)AX(tO)+p"'(t2—1)Ay(t2)+

P (1) Ax(1)+ S p (-1 A (1) -

t=t, t=t,
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+aH’(t,x"(f)’u(’(f)»‘l’o(f))m(t)]_
ou

fr-1 [OM'(Z,)/O (t),v" (l‘),po (f))

Ay(t)+

o*M' (£, (1), (¢).p° (¢))
@/2
M (£, (£).v° (1), p° (1))
O0v oy
oM (t,y" (1).v" (1), p° (1))

7 Av(t)}—

_g . ([HAx(t)H o (f)H]z ) ~ g o, ([HAy(t)H + HAV(t)H]Z ) (16)

=
_EZIAy'(t)

+2 Av'(t)

Ay(t)+

+AV'(1)

Ecnu npeamonarath, 4TO Tpoiika (\|/0 (1), p° (t),?») yJIOBJICTBOPSICT
COOTHOIICHUSIM
aH(t,x"(t),u"(z))

v (t=1)= B ’ (1
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v S
(o 1)=_2® (x;ifg(:;c”(n)L o s
pe- -2 006 o)
N 4#-%;(5)), (20)

To (hopmyna npupaiienus (16) npumer Bua

M(uw=—gaH’<f»x"<f>;°<f>,w<f>>

Au(t)—

= azH(t,x"(t),u"(t)a\lfo(t))

__z Ax'(t) a2

2 1=t,
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O*H (t.x (t).u’ (£),y° ()

Ou Ox

+2Au'(1) Ax(1)+

+AV'(t)

azM<r,yo<r>,v”<r>’p“<f>>m<t>]+

o’

o [Jastfas(a] o lay @ )l ) )
-So ([l lauto] |- S [l lavlT ). @

t=t,

3. AHaAJIOT ypaBHEeHHUsI B BapHaUsIX
U CIeHATbHOE Pa3jioikeHne QyHKIHMOHAIA KA4eCcTBa

Iycrs £€[0,1] — npoussonbHOe mcno, @ v(t) — IPOM3BONBHOE 10-

IyCTHMOE yIpaBieHue. «Bo3MyIleHHOe» yIpaBIeHUE ONPEICIUM B BUJIE
u(t;e)=u’ (t)+8[u(t)—u° (t)], (22)
v(t;e)=v"(¢).

Yepes (x (t:€),»(t; 8)) 0003HAUNM PEIIEHNE «BO3MYILEHHOID CHCTEMBI

x(t+1e)= f(t,x(t;s),u(t;g)), (23)
Ly x(ty;€)+ L x(t;€) =1, (24)
y(t+l;s):g(t,y(t;s),v”(t)), (25)
y(t:8)=G(x(1:2)). (26)
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IHonoxum

_ ox(t;¢)

a(r) — | b(t) (se)

27

e=0 ay

=0

C ucnonb3oBanueM (23)—(26) noka3pIBaeTCs, 4TO (a(t),b(t)) SIBJISIETCSI

pPCHIICHUCM 3ala49r

ale+1)= £, x(Ou(O)a)+ £, 66l ul) - (), @8)

Lyalty)+ Ly alt,)= ¢, (29)
b(t + 1) =g, y(t),v” (t)), (30)
b(t,) =G v (1))als,). 31)

C yuerom 0603HaueHuil (27) noiayyaem, 4To
x(8)—x"(t)=¢€a(t)+o(&1),
y(t;e)—y" (t)=€b(t)+o(&1).

VYuursiBas (22)—(32) B popmyine npupaienus (21), npuxoauMm K pas-

J(u(t;s),v" (t))—J(”O (t)"’o(t)):

——e S 1 (1) (1) (1)

t=t,

(32)

<
—_~
~
S~
[
<
S
—~
~
~—
S
+

82(p1(x° (to),xo (tl)) )62(p1(x° (to),xo (tl))

axman(n) ) ey )

+a'(t0)

39



K.b. Mancumos, M.A. Haoacagosa

O H (t,x° (t).u° (1), v (1))

+2(u(t)—u” (t)) e a(t)+

) (0) H(“O“)’”O(’)"""(’))<u<r>—uo<t>>]‘

0*u

- b'(t) 2

33
pn oy 33)

-1 62M’(t,y0 (t),v" (t),po (t))b(l‘)]+0 (82).

Tenephb «IPOBaPEUPOBAHHOEY YIPABJIEHHE OMPEIETHM Mo GopMyIie
u(t;p)=u’(1),
v(tp)=—v"(t)+ u[v(t) —° (t)}

3necb pe[0,]] -  mpomssombHoe  umemo, a  (t)eV,

(34)

t=t,t +1,..,t, —1 — IPOU3BOIBHOE JOIyCTUMOE yIIPABJICHHE.
Yepes (x(t; n), (s u)) 0003HaUMM pEIEHHUE «BO3MYIIEHHOMW» CHC-

TCMBI

x(t+Lp) = f(6x(60),u0 (L0)),

Ly x(tysm)+ L x(1;p0) = ¢, (35)
y(t+Lp)=g(ty(sR).v(50)),

y(t30)=G(x(1:m)). (36)

U3 (35) sicHo, 9TO
x(t;n)—x°(2)=0. (37)

[Tonoxum
_o(tm)

c(t)= > | (38)
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C wucnons3oanueM (36) nokasbiBaercs, uto c(t), onpenensemas

dbopmyoii (38), sBisieTCS pelIeHUEM 3aa4u
ct+1)=g, (6" O (0))e)+ g, (6.0 (v O))-v (), (39)
ct,)=0, (40)
IPU 5TOM
y(tp)=y" (t)+n(r)+o(sn). (41)

YuuteiBas (34), (37), (41), B bopmyne npupamenus (21) pyHkimona-
na xadectsa (1) momyuum

I (1), v(50)) = (w” (1), (1)) =
=—M§MC (1,57 (1).v" (1)) (v(1) =" (1)) +

1=t

2

+%[c'(t2)—

5 OO, ) a0

) o*M (3" (1), (1), p° (1))
ov Oy

1M (,y" (1).v (¢). p° (1))

+Hv(1)=v" (1)) PN (V(l)—vo(t)):l:l+o(p2). (42)

c(t)+

[Tonyuennble pasznoxenus (33) u (42) mo3BOJIAIOT ONPENETUTH P
HEOOXOMMBIX YCJIOBUI ONTHMAaJIbHOCTH MEPBOrO U BTOPOIO MOPSIIKA, BbI-
pa’keHHbIE HEMTOCPEICTBEHHO Yepe3 MapaMeTphl 3a/1a4H.

Teopema 1. Ilpu crenaHHbIX OPEANONOKEHUAX I ONTUMAIbHOCTH

JOIYCTUMOTO yIpaBlIeHUs (uo(t), v’ (t)) B 3agaue (1)—(6) Heo6xonumo, uTO-

OBl HEpPaBEHCTBA

?Z:i OH'(t,x° (t)@Z (). v (1))

(u(r)-u’ (1)) <0, (43)
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i SHONHOY.AG AR P (44)

r=1) ov

BBINIOJIHAJIUCh  JJIL  BCEX u(t)e U, t=t,t,+1..,t-1, v(t)e vV,
t=t,t,+1,..,t, =1 COOTBETCTBEHHO.

Teopema 1 npencrasnser co00il TUCKPETHBIN aHAJIOT JTUHEAPU30BaH-
HOT0 yclioBusi MakcumyMa [8—10] aist paccMatpruBaeMom 3a1ayuH.

Hokazamenvcmeo. Tlycthb (u" (t), v’ (t)) — ONTHMAaJBHOE YIPAaBICHHUE.

Toraa u3 paznoxxenuii (33), (42) COOTBETCTBEHHO CIEIYET, YTO
-1 a]—]’(t,x" (l‘),un (t),\lfn (t))
_SZ ou
oM’ (15" (1), (1), p° (1))
1)
t=t, 5)/

W3 HepaBeHCcTB (45) u (46) B cuily NpPOU3BOJBHOCTH se[O,l],

(u(t)—u” (t))+0(8)20, (45)

(v(6)=v (1)) +o(n)20.  (46)

ne[0,1] u Hesaucumoctu apyr ot mpyra v(t) u u(f) momyuaem Hepase-

ctBa (43) u (44) COOTBETCTBEHHO.
Tenepp W3y4uM cllydail BBIPOXJICHUS JIMHEAPU30BAHHOTO YCJIOBHUS
MaKCHUMyMa.

Onpenenenne 1. Beou ans Beex u(t)eU, t=ty,t,+1,...0,—1,
v(t) eV, t=t,t+1,..t, —1 BBIIOJHIIOTCI COOTBETCTBEHHO COOTHOIICHMS
ﬁi 8H'(t,x0 (£).u° (£).w° (1))

vy ou

(u(l‘)—ug (t)):O,
iaM’(t,y”(t),V”(f)’Po(’))(v(t)—v"(f)) 0,

1=t ov

TO yIpaBIICHHE (u"(t),v"(t)) Ha30BeM KBa3nocoObIM [12] ympaBieHueM,

a COOTBETCTBYIOLIHIA CITy4all — KBa3HOCOOBIM CITy4acM.
B xBazmocoboMm crmyuae u3 paznoxenuit (33), (40) crenyer HesBHOE
HE00X0IUMOE yCIIOBHE ONTUMAITBHOCTH KBa3HOCOOBIX YIIPABICHHIM.
Teopema 2. Jlng onNTUMaIbHOCTH KBa3MOCOOOTO  yIIPaBICHUS

(u” (t),v (t)) He00X0IMO, YTOObI HEPABEHCTBA
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az(Pl(xo(tO)’zxo(tl))a(t0)+a'(to)a (( () ),x")(tl))a( o)+

a(Pl( (4, ),x (tl))a

+b'(t2)a%g:(t2)) (t,)=d'( )aNng;;( ))a(n)
slotbsgzorn,

(O H (£,x° (1), (1), v° (1))

+2(u(t)—u" (t)) 2 En

' 62H(t,x” (t)a,;: (t)’\VO (Z)) (u(t)—u” (1))}

_fb'(r)azM’(f,y”(f),vo (1):7°(1))

e b(t)} >0, (47)

+ (u (t) —u’ (t))

2
t
c'(t2)—2

X avay c(t)+

+(v(t)—v0 (t))' azM(l’yo (2;:0 (t)’po (t))(

v(t)=v"(¢)) |20 (48)

BBIIIOJHSJINCE  JUIL  BCEX u(t)e U, t=t,t,+1,...,64-1, v(t)e v,
t=t,t+1,...,t, —1 COOTBETCTBEHHO.

Kak BugHo, HepaBeHcTBa (47), (48) SABISIOTCS HESBHBIMH HEOOXOIM-
MBIMH YCJIOBHSIMH KBa3HOCOOBIX ympasieHuid. Ho, ucronb3ys ux, ymaercs
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HOJTYYUTh HEOOXOAMMBIE YCIIOBHS ONTHMAJIBHOCTH, BBIPRKEHHBIE HEIIO-
CpEeIICTBEHHO uepe3 mapameTpsl 3aaauu (1)—(6).

ITycts q)(t,r) uF (t,'c) (n X n) — MaTpu4HbIe (YHKIIMH, SBISIOIINE-

Cs PCIICHUAMM 3aJ1ayq

(tr l)de(t,r) ( (),u"(r)),

®(t,t—1)=E

(
F(t,r-1)= F(tar)gy(T y ( )" (1)),
F(t,t-1)=E,,
E.,i=1,2 — equHUYHBIE MaTPUIBI COOTBETCTBYIOIINX PA3MEPHOCTEH.

Torna pemenus 3amaun (28)—(29), (30)—(31), (39)—~(40) nomyckaroT
COOTBETCTBEHHO Mpencrasienus [9, 11, 12]:

= 0(0) S 0(0) £, (12" (1), (2)) ((2) - (1)) +

T=t,

S0 (00) £ (v (). (2) (u() - (<),

=1,

b(t)=F (e, ~1)b(t,) = F(t.t, ~1)G,(x* (1, ))a(t, ). (50)

=gF(t,t)gv(t,y”(r),v"(r))(v(t)—v”(r)). (51)

=4,

(49)

371ech Mo ONpeIeTIEHUI0

Q(t) = _(D(t’ ly — 1)(L0 +L (D(tlato - 1))71 L.

Ilomarasa

1 <t<tr-1
a(t,r)={’ =rsi=l,

0, t—-1<t<y,

bopmyity (49) 3anuiem B BUje

()3 @ (1) £, (1" () (2)) (1) —u” (1)) +

=1,
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S ()0 (1) £ (o8 (o (9) () (5) -

= Z(Q(t)d)(t,r)+0c(t,1:)CD(t,r))fx (r,x” (t).u’ (I))(u(r)—u” (r))

ITonaras

G(t,7)=0(1)®(t,7)+a(t,7)P(1,7),

TIOCIICAHIO0 (DOPMYITY 3aITUCHIBAEM B BH/IE
a(t) = tlZ:G(t,r)fu (r,x” (r),u” (r))(u (r)—u" (r)) (52)
C yuetom (52) u3 (50) umeem
b(1) =S F (1.6 -1)G. (¥ (1)) (5, 7)x
()= ZF (16, (< ()0 (4,9 .

xf (t,x" (r),u” (r))(u(r)—uo (r))

[Tycth mo onpeneneHuro
R(t,7)=F(t.t, =1)G,(x° (1)) G (4,,7).

Toraa npeacraBnenue (53) npuMer BUA

b(1)= S R (7)1, (1 (1), (2)) (w()—u* (1)) (54)

=1,

Ucnonwsyst mpencrasieaust (52), (54), BBINOJIHUM MpeoOpa3oBaHUE
ciaraeMbIX B HepaBeHcTBe (47). Umeem

' 82(p1(x° (to),x" (tl))
)y

:zZ(u(r)—u“ (1:)) fu’(r, x*(1),u’ (r))G'(tO,r)x

=1, s=1,

)(a2$1(xo(to)°x0(Q))(?(%,S)j;(s,x”(S),u”(s))(u(s)——uo(s)), (55)

ox (1, )2

a(to):
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, 82(p1 (xo (ZO) x° (t1 ))
) —acmyariy “W=
:éé(u(r)—u" (r))l f“'(r x(t),u (r))G (t,,7)x
= (p;ilf;ﬁﬁ)( )60, s (o) () u(5) 5

8x(tl)
y(tz)az(l)z(ai:(tz))b(tz)z
:Ztizi(u(r)—u (1)) 72 (2).te () R (1,7)
0’0, (" (1,))
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th—

zgs_z(u(r)_m(r))' £ (7 (), (1)) %

1
ty

) S,G( O°H (t,x° (t),u” (1), v° (1))

t,T) ox*

G(t,s) X

xf, (s,x" (s),u’ (s))(u(s)—u" (s)), (60)
S fute) -] T O O10)

Ou Ox a(t)

_Ox_Go(t,t)fu (r, x(t),u’ (T))(M(T)—MO (T)), (61)

:gg(u(r)—u” (r))’ fu’(r, x*(1),u’ (r))x
[ rler 000

6y2 R(t,s) X

xf, (s,x” (s),u’ (s))(u(s)—uo (s)) (62)

Janee, nucnonn3ys npeacrasnenue (51), umeem

oy M (0 0.7 0)

- c(1)-

- 22(\/(1)—\20 (1:)), g (1:, ¥ (1), (r))x

N

xgv(s,y" (s),v" (s))(v(s)—v” (S)), (63)
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b

= gml(v(T) -’ (r))l g (r, ¥ (1), (r))F'(t1 ,T)x

00, (1" (1,))
oy’

X

BBenem B paccMoTpeHHe MaTpUdHbIe (YHKIIUN

¢, (" (1,))

C(t,s)=—F'(1,7) F(t,s)+

48
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O°H (t.x° (¢),u’ (1),y° (1))

f-1
ZG'(t,l‘) P G(t,s)+

o*M'(,y" (t).v" (¢). p° (1))

2

1,-1
+> R'(1,7) R(1,5).

= Oy
Torna nepaBenctsa (47), (48) 3amMChIBalOTCSI COOTBETCTBEHHO B BHUJIC

fn-14-1 '

23 (u(0)-u (@) Lo () ()
K (t,5) f, (S,xo (s)u° (5)) (1e(s) -2 (5))+

23 S (u(e) = (1) H, (13" (1) ()" (1))

1=t | 1=t,

xgu,r)fu(w"<r>,u"<r>><u<r>—u"<r>>]+

> (u(t)-ue (1)) H,, (62" (). (). 9" (1)) (u(t)-u (1)) <0, (66)

1=t

t=t | =1,

xm,r)gv(r,yv(r),v”<r))(v(r)—v"<r>)]+

!

+§(V(t)—vo (1) M., (1.5 (). (1) " (1)) (v(1) =" (£)) 0. (67)

1=t

CdopmynupyeM MoITyueHHBIN pe3yIbTaT:

Teopema 3. [lnsg ONTUMANIBHOCTH  KBAa3HMOCOOOTO  yIpaBJICHUS
(u”(t), v’ (t)) HEe00X0MMO, YTOOBI HepaBeHCTBA (66), (67) BBIIOIHINCH I
BCEX u(t)e U, t=t,t,+1,...t -1, v(t)e V., t=t,t+1,..,t,—1 cooTBeT-

CTBECHHO.
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