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Isds xatti Volterra forq tanliklor sistemi ila tasvir olunan bir optimal idaraetma ma-
salasina baxilir. Optimallig vigiin birinci tortib zavuri sartlar alnir.

Acar sbzlar: Volterra tipli forq tenliklor sistemi, optimal idarsetms mosalesi, hsllin
g0storilisi, optimalliq iigiin zaruri sert, pillevari optimal idaroetms messlosi.

Bir ¢ox islordo (bax, masalon [1-10]) adi diferensial tonliklor sistemils
tosvir olunan pillovari optimal idarsetms mosalsleri tedqiq edilmis vo opti-
malliq tiglin miixtalif zeruri gortlor alimmugdir. Bu igde ise Volterra tipli forq
tonliklor sistemilo tosvir olunan bir diskret pillovari optimal idaroetms mao-
selosina baxilir. Optimalliq tigiin birinci tortib zeruri sertler alinmugdir.

1. Masslonin goyulusu. Tutaq ki, idars olunan obyekt

!

x(t)= Y [Al,7)x(2)+ £t 7, u)l te T, =iy, tg + 1,8, + 2,0, = L1}

=L,
y(0)=[Ble.o)y(@)+ gtz )+ Gxln)) te T ={rty + Lt} (D)
Volterra tipli xatti forq tonliklor sistemils tesvir olunur.
Burada A(f,7), B(t,7)— verilmis (nxn)-6lgiilii diskret matris funksi-
yalar, 7 (s, 7,u), g(t,7,v)— verilmis, ¢,7-ya gora diskret, uygun olaraq u vs v-
yo gora kosilmez vektor-funksiyalar, f,, ¢,, ¢, — verilmis odedlor olub, 7, -1
forqi natural adoeddir, G(x)— verilmis » -6lgiilii kesilmoz diferensiallanan
vektor-funksiyadir, u(f) (v(t)) — r (g)-0lgiilii idarsedici vektor-funksiya olub, 6z
qiymotlorini verilmis, bos olmayan, mehdud U (V) ¢oxlugundan alir, yoni

60

‘ult)eUcR, te T
Wi)eV R, teT, @
mohdudiyystlori 6danilir.
. Bu- ssrtl.sr.i 6dayan (u(t)v(t)) ciitine miimkiin idars deyscayik. Bu (1)
tonliklar sisteminin biitiin miimkiin idarslors uygun holleri iizerinds
. S(u,v)= ﬂ(x(tx ))+ @, ()'(tz )) 3)
funksionalini toyin edok.

J Burada ¢,(x), ¢,(y) - verilmis, kosilmoz diferensiallanan funksiya-
lardar.

Masslam'.n qoyu lusu. Miimkiin idarslor igorisindsn elosini tapmagq talsb
olunur }a, (1) sisteminin ona uygun hslli ilo birlikds (3) funksionalina mini-
mum qiymat versin. (3) funksionalina (1)-(2) sertlori daxilinds minimum qiy-
mot veren (u(¢)v(f)) mimkin idarssino optimal idars, uygun
(u(e)v(t),x(¢), »(¢)) prosesine iso optimal proses deyacayik.

2. Funksionaln artim diisturunun qurulmasi. Tutaq ki, (u(f) v(t))
qeyd olunmus miimkiin idare, (#()=wu(r)+ Au(t), 7(t)=v(r)+ Av(t)) iso ixtiya-
ri miimkiin idaredir. Onda aydmdir ki, trayektoriyanm artimi olan (Ax(t), Ay(¢))

Ax(e)= Y [A(2)ax(2)+ £ (.7 7(2) - £t 7, u@)), ter, @

T=ly
!

a(e)= X B 1)ay(e)+ a7, 9(0) - gt e @+ [G(7(6 ) - G () re 7, (5)

tonlikler sisteminin hallidir.

Forz edok ki, p(t) vo ¢(r) hololik namolum »n va m -ol¢iilii vektor-
funksiyalardir. Bu (4) eyniliyinin her iki torofini soldan p(r)vektor-funksiya-
sina vurub 7-ys gora £, -dan £, -0 gqador comlasok alariq ki,

>, p(Oax(r)= 2[2 P, T)Ax(r)} + Z{Zp’(t)[f (raz)-f (t,f,u(r))]} (6)
=ty 1=ty | 7=ty 1=ty | 7=ty

Daha sonra (5) eyniliyinin har iki torafini q(t)-ya soldan skalyar vurub,
alman miinasibotin hor iki torofini f-yo gore ¢, -den #, -y gader comlayak.
Noticado alariq ki,

iq'(t>Ay(t>=ﬁ:[z’:qxt)zs(t,r)z\y(r)]+'2[2q'<r>[g(t,r,-v~(r»-g(r,f,v<r>>1]+ .

=4 t=ty | = 1=t | =4

+ 3 400G -Gl

=t

[11-14] islorina analoji olaraq alanq ki,
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X[zp (e vl ] $[3 remomo)
(zp(r [fle.2.30) fle 7o) J $[3 o6 tenato)- stonidl]

- i

'ZZQ(’ B(t,7)Ay(7) } Z[Eq(r )B(z,1)Ap(t )]
[:l TZ}Q'(I‘)[g(Lr,V(r)) gtz v(z) ] [Z’[gq elz,t,5() - glz, (e ))]]

Bu eymhklsn nozora-alib
tup Zp )Vf(z.t,u), M(t,v,q)= Zq g(z,t,v)

Hamilton-Pontryagin Funk51yalar1n1 daxil edak.
Onda S(x,v) funksionalimn artimini

85(v)=5(.7)-5Tu) =l 50 ) -0, 66 N o 7 IS FONIRE
-$[$ et~ Sl 70100t O S 00
—i[ia() (z, t\JA (0)- ﬁ;j[Ml(t,V(t),q(t))—-Ml(t,v( ),Q(f))]—ﬁl:q NGEE)-6(xr))]

1=

=ty | 7=y

soklinds yaza bilorik.
Daha sonra

N<x)=[9-%——(y(’ﬁ—’2q(r>} ox)

oy P

igaralomasini daxil edak.
Teylor diisturundan istifads edsrak yaza bilorik ki,

A0~ c6) = 2D pof) 1 )
0,56)-0,0) =222 o)., ot )
W)~ Mo(6)= 2D a1, et )

Nohayst, (4), (5) tenliklerinden aydindir ki.

Ax(tl)=§A(t 7)Ax [Zf 7,0, 74(t)— £z, tult ))] ©)
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My(t,)= 2{‘7l?(tur)Ay(r)+ g [s(.2.7(0)- gl 7))+ [6((,) - G, ). (10)
Ona gors do yaza bilsn'klki,

AS(uv ='2M2A<t,,r)m<r + 32D 14, 170) 1t
za% Ble, )l +z%ﬁ[g(r,,rw»—f(t,,t,v<r»1+
+9"’—zgﬂic(f(r. D=6l 3003 3 10 -
—”X[Hl(t,ﬁ(t), H,(t,ut) p +2q(t Ay(t)-i[‘ﬁq(r rr}sy(t)—

—Z[M(r v(0)q()- M Xq [G((,)- Gt )
Buradan alariq ki,

()= 3,26 oy +za¢*ax ))[f(t,,t,ﬁ(f))—f(fl,t,u(r I

+§a<”23y Bt 1)) za% P(0)- £t )]+

+ga£§§(ﬁ— (t,t)Ax t+§§]l[3x~—- (0, 1,7() = £t 1, u())]+
Z[ (0,70, ()= H, (), p())]+

+§‘p —zl:ip A(T t -

S omi0-$| S atentes ]Ay - 30,65 gl0)- M, 6]
+0,(|ax(t )+ o, (|av (e, )+ s (Jax( ))-

Bozi qruplagdirmalar aparaq. Naticade gorarik ki,
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A z[a%(’c(tx)) Ale,0)+ aN(x(tl) A(t £)+ p()Ax(e) - XP(T tt)]Ax(t)—

1=

—_'2 [, 7(e), p6)) — B, (1, u(e), 2 z))]+2§ﬁ(_’£~l)[f(,“,’m)_ Aok
+§8N'§;(n) (.t 7()— £t 2,u()) ++2[q(1)+a¢zgyy( B(z,,1)~ Zq(z')BTt] y(t)-

- 2 ) q(t)) = M, (e, v(0) g0 )]+ o, (Jax(e, J)+ 0, (v, ) + 0, (Iax(e. ). (11)

Bgor forz etsok ki, p(t) vo ¢(t) uygun olaraq asagidaki mosolonin
(gosma mosala) hallidir

p(t):—A’(t,,t{a(D‘,gi(t‘)) x(f )] ZA o.0)p

a(0)=B.1) a% G) ¥ B e)le

=Hh

onda (11) artim diisturu asagidaki soklo dussr

88 w) =3 18,70 p(0)- B (60) )]+

1=ty

A (e.t.7(t)- £t ult Z[Tv[

t=ty ax 1=ty

+’zif-v-'gx—j@vvma))-f(rl,r,u(t»holq|Ax(a)u)+ozoiAy<r21|>+osale<nx|)

1=,

)-M,ev() g+ (12)

Indi asagidaki sokilde Hamilton-Pontryagin funksiyasi daxil edok:

Hwp)=F (z,u;p>-[a¢’f§j"l D 2N 14,1,

Bu halda (12) artim diisturu asagidakl soklo diisor:

AS(uv)= -3 (B, 7). ple) - e, u(e) p)]+ 3, 5(0). () -

1=ty 1=t (13)
- M, (t: v(t), Q(t)) +0, qle(ﬁ XD"' 0, qIAy(tz 1|)+ 03 (”Ax(tl )I)

3. Hollin artimmm normasmn giymotlondirilmosi. Indi ||Ax(t1 Xl Vo

”Ay(t2 j' -ni giymotlondiroek. Bu mogqsadle [12] isinin noticesindon istifado
edarak, (4), (5) tenliklorinin hollorini asagidaki kimi yazaq:
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7=ty

Ax(t)= ZAE(,) F(z,t,u(t))- 2[21{ .50z f (5.7, u(z'))] 14

Z[A w08@ )+ 6(EE)- 6(x(,)]-

B (15)
—Z[ZR (s (6| - 3 2. AU6te1)- 164,

= =1,

Bu (4) va (5) gosterilislorinden ahnq ki,

aof @ ru@)+ Y, 2 [ZIIR (6 8)A50f (5.7, u(r))\l], (16)

§=7

() < Z"A_(,)g on 2[2"& Mgl ol 1|]+11|1Ax(t1 } an
Burada vo sonralar hesab edirik ki,
A f (. 7,u()) = £ (. 7.7(2)) - £(z,7,u(z)),
A‘(f)g(t 7, v('r)) g(ta 7 ‘—7(7 )— g(t’ 7, V(T))

4. Optimalhyq iiciin zoruri yort. Tutaq ki, (u° )v° (t)) idarasi optimal
idaradir vo

flr.U)={a: a=ft,7,u), ueU},

glr.V)={8: B=glz), ver} ()
coxluglari qabanqdlr
Onda( t) timkiin idarasinin xiisusi artimini
A t), teT,
s i )
Av (6)=v(t;€)-v°(), teT,
diisturu il toyin etmok olar.

Burada ¢ [0,1] ixtiyari oded, u(t;€) (v(t;€)) iso elo miimkiin idarodir ki,
ft.z,uls;€))- £t 7.0 @)=t 7,u(@))- .z @),
(g(t. 7. v(r;€))- gl 7v° (7)) = £ [gt. 7, v(2)) - gle,7.v° (7))

miinasiboti §danir.
Harada ki u(t) (v(¢)) u(t;e) (v(r;€))
kiin idaradir.

(x° )" (t)) trayektoriyasinn idarsnin (19) disturu ilo toyin olunmusg
xiisusi artimma uygun artumim (Ax, (¢), Ay, (t)) ilo isars edok. Bu (16), (17)
qiymatlondirilmasindon aydindir ki,

miimkiin idarssine uygun miim-
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- ax. el ze, teT,

”Ay,, (tX, =2 "tel.
Ona gora do (13) artim diisturundan aliriq ki,

f,-1

S(u®+ Au,, v+ Av, )~ S(u°,v°) = —e[z [H (t, u(t) po(t) - H (t, u’(t), po(t )]+

1=ty

Fonm i [M(t, v(t),q°(t))- M(t,vo(t),q°(t))]jl +o(e).

Bu ayriligdan u(t)\ ve v(t)-nin ixtiyariliyino osason asagidaki hokmiin
isbatin aliriq. ‘

Teorem 1. Ogor (18) ¢oxluglart qabariqdirsa, onda baxilan massloda
(u°(r)v°(¢)) miimkiin idarosinin optimal idars olmas! igiin zeruri sort asagidaks

miinasibatlorin 8donmasidir:
4

=Z[H (6,u(e), p°(0)) - H(t,u°(t), p°())] < 0, 20)
her bir u{t)e U te T, iigiin,
3[40 4°0) - M () )< 0. o)

=t
her bir v(t)e V, te T, tigiin.
Bu zoruri sort optimalliq {liglin diskret maksimum formasinda birinci
tortib zoruri gortdir.
Qeyd edak ki, diger sertler daxilinde baxilan masals ligiin xattilosdiril-
mis maksimum serti formasinda zaruri sort ds almagq olar.
Teorem 2. Tutaq ki, U vo V ¢oxluglar1 qabariqdir, f (t,T,u) (g(l,r,v))

vektor-funksiyasi ' iso u(v) -yo gbro kesilmoz téromoys malikdir. Onda
(uo(t),vo(t)) miimkiin idarssinin optimal idars olmasi iiglin zeruri sert ixtiyari
ult)e U, te T, vo v(t)eV, te T, ti¢lin uygun olaraq

S H (w0, poOfel) - w))< 0, @2)

t=t,
73
My () e ONvl)-v(r)] <0 (23)
=1,
barabarsizliklorinin 6donmasidir.
Bu zoruri sort baxilan mesals tigiin xottilogdirilmis maksimum sertinin
analoqudur.
Teoremin isbatina kegok.
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o fl'uta}q k1, (K (t) vf’ () qeyd olunmus, (7(r)=u°(r)+ Aufy), 7(t)=v(e)+ Av(r))
iso Ixtlyari mimkiin idaradir. Onda S(,v) funksionalmmn bu miimkiin
idarslers uygun artiming asagidaki kimi yaza bilorik:

AS(°,v°)=§ @v)- S(ue, V)= _:‘g: [H(t, () P°t)~ H(t, W (e), p°(t )]_

o= 2 [M(t, ‘_’(t): qo(t))" M(t' v (t)» qo(t-))]"' o qle(tl XI)"' 0, Q|AJ’(tz XD"‘ 04 (”Ax(tl ]I) =

1=t

Y (60 POt - 3 0170 () g°O)av(e)+ o Jax(s )+

t=ty =,

ol ol )- Sofautl)-Solmi). o

t
=ty t=t

Sorto gérs U vo ¥V coxluglan qabariqdir. Ona gdrs (u°(r)v" ©)
miimkiin idarssinin xiisusi artimin

Au, ()= ,u(u(t)—u"(t)), tel,

&2, 0)= 4(:0)-v°), re T, | =
diisturu ilo toyin eds bilorik. Burada ue [01] ixtiyari adad, u(t)e U, te T vo
vt)e V, te T, ixtiyari mimkiin idarslordir.

Indi (A, (t) Ay, (1)) il (x°()»°(¢)) trayektorivasiun idarsnin (1.35)

diisturu ilo toyin olunmus xiisusi artimina uyZun artimin isars edok.
Gostormak olar ki,

| e]~ .t

|, 0] re7,

Onda bu (26) va (25) diisturlarii funksionaln (24) artim diisturunda
nozors alsaq, asagidaki aynlisi alarq:

S((t)+ Au, (1) vo(e)+ Av, (1))~ S@°(t)vo()) =

(26)

—ﬂ[iH; (66 6) poO)ule)~w(0) + iM; (£ (), g2~ v°(t))] +olu).

t=t, 1=t

Buradan aydindir ki,

f t

S0, 2O+ 30 o)l 0

t=ty =t

Axinner  borabersizlikden u(f) ve (r) -nin ixtiyariliyine esason
teoremin isbatini alariq.
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YCJIOBUA OIITI/IMAJII,HOCTI/I B OTHOM CTYIIEHYA JIMHE
TON
3AJAYE OITUMAJILHOTO YIIPABJIEHHS Hron

M.Y.YbIPAXOBA
PE3IOME

B pa6ote msygaercs onma 3amaua orrremg

ABHOTO YIPaBJIEHMs OIH
JIAHE o CBIBa€Mast CUCTEMOH
WHBIX Pa3sHOCTHBIX ypaBHeHHA Bonbteppa. YCTaHOBNEHE Heo6XoMuMEBIe
ONTHMANLHOCTH HEPBOro MOpSKa. yeroR

Ko 3
vatanmoroq;s;;ng‘;;;a. CHCTéMa Pa3HOCTHEIX YpaBHEHWH THma Bomsteppa, 3amawa on-
» PE/ICTABIICHNE PEMICHHs, Heo6XomuMoe

CIIOBHE
CTyneH1aTas 3a/1ada ONTAMANBHOTO YIPaBIIeHHA. ’ » I MeIsEOET,

OPTIMALITY CONDITIONS IN ONE STEP LINEAR OPTIMAL
CONTROL PROBLEM
M.U.CHIRAKHOVA
SUMMARY

The paper investigates one optimal control i i
¢ . ] problem described with the system of
Vl)ot;tgng type linear differential equations. First order necessary optimality condii,ions a?e
obtained.

Key words: the system of Volterra type differential equations, opti
/ , optimal
representation of the solution, optimality condition ! 4 SERiTe pestley
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