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Isds xotti diferensial tonliklor sistemi ilo tosvir olunan, iki optimal idaraetma
masalasing baxilir. Optimallq tigiin zaruri va kafi sartlor tapilmigdir.

Acar sozlor: doyisen strukturlu optimal idaroetmo moselssi, optimalliq liglin zeruri
sort, artim fisulu.

1. Bir dayison strukturlu optimal idarsetma mosalasindo tonzimlayi-

cinin analitik konstruksiyast masalosi. Tutaq ki, idars olunan obyekt

i=A()x+B (), teT=[t1], (1.1)
j’=Az(t)y+Bz(t)V= fETz=[t1>t2] (1.2)

diferensial tenliklor sistemi vo
x(t,) =%, (1.3)
J’<t1’)=cx(t1) (1.4)

baslangic sortlori ils tosvir olunur.
Burada x(1) (y(t)) — n (m)-olgiilii foza vektoru, 4, £, 1, (t, <t <t,)
— verilmis ododlar, 4,(t), B,(t). 4, (t), B,(t) — verilmis kosilmoz, uygun olaraq
(nxn) va (mxm) 6l¢iilii matris funksiyalar, C — verilmig sabit matris, x, —
verilmig sabit vektor, ult) () - r (¢)-6lgiilii hisso-hisso kesilmaz (sonlu
sayda birinci ndv kesilma noqtesine malik) idaroedici vektor funksiya olub 6z
qiymotlorini bos olmayan, mohdud v agiq U (V) coxlugundan alir, yoni
ult)e U cR’, telt,t],
v(t)eV cR?, te [tl,tz]
mohdudiyyatlori 6donir.
Bu sortlori 6doyan (u(t),v(t)) ciitine miimkiin idars deyacayik. (1)-4)
mosolosinin (u(r),v(¢)) miimkiin idarssine uygun hisso-hisse hamar (x(t), y(t))

(1.5)
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hollins iss miimkiin trayektoriya, (u(r)v(r)x() y() kvartetino iss mimki
proses deyacayik. (¢) () x(r), »( ) kvartetino iso miimkiin

Bu (1.1)-(1.4) mosolosinin biitin miimkiin i .
{izarindo toyin olunmus miimkiin idaralors uygun hollori

)= 26N, 6)+ 3 SN O e+ Ly ), )

1 (1.6)

A0+ O e

funksionalinin minimailagdiriimas: moselesine baxagq.
Burada N,, M, — verilmis (nxn) va (mxm) 6lgiilii sabit matrislor
N,(t), M,(t), i =2,3 uygun 6lgiilit verilmis kosilmoz matris funksiyalardir. ,
Bu (1.6) funksionalma (1.1)-(1.5) sertlori daxilinds minimum veran
() v () ciitine mimkiin idara, @ () () x° (), y° (£)) prosesins iso
opimal proses deyacoyik.

Forz edok ki, (u(z),v(¢),x(t), (¢)) qeyd olunmus miimkiin prosesdir vo
1 7 7 »
Hl(t» by W1)=_5[x Nz(t)x'*' u N3(t)u]+l//1' [Ax(t)x"' Bl(t)“]:

I, , ,
Hz(t: yﬂ’";”z):_a[y Mz(l‘)y+v Ms(t)v]+l//2 [Az(t)y"‘ Bz(t)v]
Hamilton-Pontryagin funksiyalarimi daxil edsk.

Burada y=y,(r), i=12 uygun olarag »n vo modlgili vektor
funksiyalar olaraq

W1="A{(I)V1+Nz(t)xa te[to:tl], (1.7)
l/'/2=—-A;(t)l//2+M2(t)y, te tl't2] (1.8)
xatti, bircins olmayan diferensial tonliklor sisteminin
Wl(t1)=~Nl x(tl)+cl//2(tl)’ (1.9)
v, (t)=-M, y(t,) (1.10)
baslangic sortlorini 6doyen hellidirler. :
Tutaq ki,

N, 20, M, 20, N,(t)>0, M,(t)>0, N,(t)>0, M;()>0. (L.11)

Bu (11) sortlorini nazers alaraq masalon [1, 2] islerinde istifads olunan

tisulun vasitesilo géstormek olar ki, (u(r),v(t)) miimkin idaresinin baxilan
mosolodo optimal idars olmasi tigiin zeruri vo kafi sart

aHl(trx(tg':(t)’Wi(t))z(), te[to»tlls (1‘12)

aHz(IJY(tg:“:(t):'/fz(t))=0’ teltt,] (1.13)
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borabarsizliyinin 6donmasidir.
Ogor H,, i=12 Hamilton-Pontryagin funksiyalarmn ifadslerini

nazaro alsa vo (1.13) baraborliklorini
e OwO-m, =0,
By (e)y ()= N (t)v(e)=0

soklinds yaza bilerik. . . .
Bu miinasibotlarden aliriq ki, (u(¢),v(t)) optimal idaresi

u(t)= N5 (t) B/()y (¢), ‘ (1.14)

v(t)=M;' () B, (1 )y, (¢) (1.15)

diisturlar1 vasitasils toyin olunurlar.
Daha sonra (1.14) va (1.15) diisturlarmt (1.1)-(1.4) va (1.7)-(1.10)

masalalarinds yerino qoysaq alarq ki,

#(6)= 4,0)x()+ B (N5 O B)y o), (1.16)

x(t,)=x,, (1.17)
70)= 4,0)y(0)+B,()M; () B0y, (), (1.18)
(6)=Cx(t,), (1.19)
v = =40y (0)+ N, (0)x(0), (1.20)
Wl(tl):_Nl x(tl)'*‘CV/z(tl): (1.21)
i, (6) = =45 1), (0)+ M, () 1), (1.22)
Wz(tz):“ 1y(t2)- (1.23)
ogor
D,(r)=B,(t)N; (¢) B{(t),
D, ()= B, (1) M3 () B, (1)
isaralomsalori daxil etsok (1.16)-(1.19) masalslarini
i{1)= A{)X0+ D0, 00
()= 4,0)y(0)+ D, (e)y 0),
x(ty)=x,, ¥(,)=Cx(t) (1.25)
soklinds yaza bilorik.
Indi w,(t), i=12 vektor-funksiyalarim
vi(r)=-R(0)x(), (1.26)
v, (1)==B, 1)) (1.27)

soklinds axtaraq.
Bu (1.26), (1.27) diisturlariin her iki torofini diferensiallasaq alariq ki,

v (1) =—A0)x(t)- B 6)x(0),
v, (0)=-B,)y(t)- B(6) 7).
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Buradan (1.20)-(1.23), (1. 24)~(1.25) ssason alariq ki,
=4OV O+ N, 0x() =B 0)x() - BO[46)x(0)+ D, (s (o),
= 4OV )+ M,0)y(0)=-B () 0) - B,6) [, (6) )+ D, (0w, (1]

Buradan aliriq ki,

[B0)D1e)- 410y ()= ~B0)x(0)- B(6) 4, ()306)- ¥, (1)),
7, () () 4O (0=-B,0)y()- B,()4,0)(0)- M, () 10),
L4 ROOD()R )+ B(0)+ B )A() ]x(t=0

)
[Aé(t)P() B(1)D,(e)B,(0)+ B, (0)+ By ()4, 1) + 14, (1)
Axirner iki miinasibetin ixtiyari x(¢) va y( ) tigtin odsnm951 yalmz vo
yalniz o vaxt miimkiindiir ki,

AO)=-4R0)-EOA0-N,0)+ BODORE,  (129)

B()=-£0)B0- 6 40)- 1,00+ ODORY. (129

Bu tonliklor tigiin baslangic sortlori tapagq.

Aydindir ki,
Vi (tl ) ==h (tx )x(tl) >
l/fz(tz)z —Pz(tz))’(tz)'
Ona gors do aliriq ki,

=N, x(t1)+CV’z(tl):‘Pl(tl)x(tx)a
— ¥, y(t2)=—P2(t2)y(t2).
Buradan (1.26), (1.27) miinasibatlarins asasen aliriq ki,
-N, x(tl)_CPZ(tl)y(tl)z—P](tl)x(tl)?
-N x(tl)—CPZ(tZ)Cx(tl)=-Pl(tl)x(tl)'

B(,)=N+CE(1)C, (1.30)
B(t,)=N,. (1.31)
Alinmus (1.28), (1.29) tenliklori Rikkati tipli matris tenliklor sistemidir.
Onlar iictin baglangic sortlor iss (1.30), (1.31) diisturlar vasitasils verilir.
Ogor (1.28)-(1.31) masalosini hall etsak, onda optimal idars

u(t)==N;" () B{(r) B (1)x(0),
v(t)=-M;"() B, (1) B, () »(1)

diisturlar: vasitasils verilor.

Demoli,
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2. Bolsa tipli doyison strukturlu optimal idaroetmo masolosinda
optimalhgq ii¢iin kafi sort. Bolsa tipli

5= 60+ 9,0+ [ s+ e+ flee 3D+ h(v(Ol)ar @.1)

funksionalinin

ult)eUcR, telt,t] s
vt)eV cR?, teln.t,]

x=A(t)x+f(t’u)> € [io’t1]> 2.3)

x(to)=xo> (2.4)

y=B{t)y+gltv)), rely.t,] (2.5)

()= Glx(z,)) 2.6)

sortlori daxilinds minimumunun tapilmas: masslesine baxaq.
Burada u(t) (v(t)) — » (g)-0lgiilii hisse-hisss kesilmaz (sonlu sayda ke-

silma néqtasine malik) idarsedici vektor funksiya, A(¢), B(t) — verilmis, uy-
gun olaraq (nxn) Vo (m><m) olgiilii kasilmoz matris funksiyalar, ¢ (x), o, (y)
— verilmig kesilmoz diferensiallanan skalyar funksiyalar, f (t,u), gtv) -
verilmis, arqumentlarinin kiilliistine nazeran kosilmoz, uygun olaraq n ve m
olgiilii vektor-funksiyalar, f°(t,u), g°(¢,v) ise verilmis, arqumentlorinin kiillii-
siine nozeren uygun olaraq x vo y-a gore kosilmoz diferensiallanan skalyar
funksiyalar, G(x) — verilmis kosilmoz diferensiallanan m &lgiilii vektor-funk-
siya, £, 4, 1, (t,<t,<1,) — verilmis adedler, x, — verilmis sabit vektor, h(tu),
h,(¢,v) — verilmis, arqumentlorinin kiilliisiine nazeron kesilmoz skalyar funk-
siyalar, U vo V' iso verilmis, bos olmayan mahdud ¢oxluglardir.

Yuxarida qoyulan sertlori 6doyen hor bir (u"(t), v’ (t)) ciitiine baxilan
masalodo miimkiin idars deyacayik.

Forz edok ki, (u” () v () x° (), y° (z‘)),

(@)= () + Aule) 5()=v° (£)+ Av(r), x(t)=
=x°(t)+ Ax(e), 7(t) = y° (£)+ Ay () - iki miimkiin prosesdir.

Hltuwy® )=y - fleu)=heu),
A/[(th):p -gltv)- (tu)
N(x)=p°(1)G(x)

isarolomalorini daxil edok.

Burada y°(r), p°(r) uygun olaraq n vo m &lgiilii vektor-funksiyalar
olub (qosma dayisenlor)

o =ty + L)

w telt, 1], 2.7
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v (6)=-208 ),y (o) 2

2 . a o 3 o
p°=-B()p+% (gyy @), 2.9)

po(t2)=—a¢2 o(tz)) g

(2.10)

Daxil edilmis isarslomolori nazors alsaq, (2.1) funksionalimin artimim
asagidaki kimi yaza bilarik:

AS(’ ) S(u,v) S(u 24 t )= [¢1 (f(tl ))" (ol(xo(tl ))J"' I.(Dz (7(1‘2 )- ¢z(yo(t2)) a3
[l o O+ Jlele 70076 i+ ) ey

f 4

—]v'f"'(t)Ax(t)dHp"'(tz)Ay(tz)-[N ()Nl ))]—]p"'(t)Ay(t)dt—

f )

-l eh ) e (= T 56,

t ]

Buradan, Teylor diisturundan istifade etmokls vo nazers almagqla ki,
( “(t),p°lt )) (2.7)-(2.8), (2.9)-(2.10) mosalslarinin hellidir, (2.11) artim diistu-
runu

@.11)

*(O)=mle.v° @), p* ()]t

A.S'(u",v"):—}[H(t,ﬁ(t),ll/"(f))‘H RUOVR0)
j[M( 0.p°(0)- Ml

L

2.12
p"(t))]dt+O.QIAx(t.X|)+oz(llAy(th()-oz(lle(tx]l)+( )

+]o4(]|Ax( Q) dt+j (]]Ay

soklindo yaza bilorik.
Burada o, () , i=1,5 kemiyyetlori uygun olaraq

lw6)- 1)~ 205 0D )1, s,
7,516, °0)= a%} Dyt +o, ).
N(x( )) N 6))= 2o )t )+ o, st ),

2]
£*(07)-g" (r,yo)=-g-i"—¥JAy+o )

oy

Ax+o,(|ax]),
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ayrilislarindan toyin olunurlar. - i
Almmus (2.12) artim diisturunun kémayilo agagidaki hokm isbat edilir.

Teorem 2.1. Tutaq ki, ¢,(x), @,(»), f° (r,u), g°(t,v) funksiyalan faza
vektoruna nezeran qabariq, N (x) iss ¢okikdiir. Onda (u" (t)v° (t)) miimkiin
idarasinin (2.1)-(2.6) masalasinds optimal idars olmast li¢lin zaruri gort

\

H(o,u°(6)y°(6))= max H RN ())
(hor bir fe [ro,tl) tiglin),
MV (€). p°(€)=max M(E v, p°(€))
(har bir £e[t,,1,) tglin)

miinasibatlorinin 6denmasidir.
Teoremi isbat edorksn [1] isinds veilmis sxemin tokmillosdirilmis va-

riantindan istifads edilir.
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O IBYX JINHEAHBIX 3AJIAYAX VIIPABJIEHUS
C IEPEMEBHOY CTPYKTYPOH

AJTAPE3A I'. A3JAHXAT
PE3ZIOME

B pafote paccMaTpHBarOTCA [BE 3aAa4d ONOTHMANbHOIO YIPaBJIEHHI C IEPEMEHHOU
CTPYKTYPOH.

KiroueBble ¢jioBa: 3aJa4a ONTHMAJIBLHOTO YIPAaBICHWS C NEPEMEHHOH CTPYKTYpOH,
HeoOXOIUMbIE YCIOBHE ONTHMAILHOCTH, (HOpPMYJIa NPUPAIICHIS.

ON TWO LINEAR OPTIMAL CONTROL PROBLEMS
WITH VARIABLE STRUCTURES

ALIREZA H. YAZDANKHAH
SUMMARY
The paper considers two linear optimal control problems with variable structures.

B Key words: optimal control problems with variable structures, necessary optimality
condition, the increments formula.
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