
    
   
 -   

2013, 1 Bulletin of Taras Shevchenko  
National University of  Kiev 

Series Physics & Mathematics 
 

© . . , . . , . ., , 2013 
 

 519.21 
 
 . .1, , 
 .  2, . .- . ., .,  
 . .2 , . .- . . 

 
 

   
    

 
 

         
    
   . 
   

 ,   
    
   

.     
. 

 
 :   

 ,  , 
 ,    

 

1   “  
”, 79013, . , . . , 

12, 
 -mail: ulyana.himka@gmail.com, 
2   “  

”, 79013, . , . . , 
12, 
 -mail:yaroslav_chab@yahoo.com., 

U.T.Khimka1, postgraduate student,   
Ya.M.Chabanyuk2, Ph.D. 
S.A.Semenyuk2, Ph.D. 
 
 
Fluctuations of Stochastic Optimization 
Procedure in Diffusion Approximation 
Scheme  

 
        This paper investigates the fluctuations of 
stochastic optimization procedures with a pulse and 
diffusion perturbation. Established weak 
convergence of the two-component process, the 
composite normalized pulse perturbation and 
fluctuation stochastic optimization procedures. 
Powered Generators boundary processes. 
 
 
 
Key Words: fluctuation of stochastic optimization 
procedure, Markov process, impulse perturbation, 
diffusion perturbation.  

 

 

1 Lviv Politechnic National University, 79013, 
Lviv, S. Bandera str., 12,  
-mail: ulyana.himka@gmail.com, 

 
2 Lviv Politechnic National University, 79013, Lviv, 
S. Bandera str., 12, 
-mail: yaroslav_chab@yahoo.com.

 
 
 

  . . ., .  . .  
 

  
 

     
    ,  
  ,  
    
  ( )   

     
    .  

    
      , 

  ,  '  
   , 

     
    
  ,  

     
 . 

 
1.   
 

   
    
     
 :  

 
)],())/(),(()[(=)( 2

)( tddttxtuCtatdu tb     
(1) 
 

  
t
ata =)( , 0>a ,  

239



    
   
 -   

2013, 1 Bulletin of Taras Shevchenko  
National University of  Kiev 

Series Physics & Mathematics 
 

 

))(),( 

)],),(()),(([
)(2

1=),(

3

)(

RCuC

xtbuCxtbuC
tb

xuCtb . 

  0),( ttx   
   ,(X X) 

  [1]:  
 

,)(,)()(),()(=)( XxydyxP
X

xqxQ  

 )(X  -     
   -  |)(|max||=|| x

Xx
. 

  BXxBxP ,),,( X 
    
  )(= nn xx , 0n   

  BB),( X. 
  BB),( X  

 0),( ttx   
:  

).()(=),(=)()( xqdxqdxqxqdx
X

 

  0R   Q  
 : 

1
0 )(= QR ,  )()(=)( ydyx

X

 - 

   0}=:{= QQN   
 Q . 

   ( ) 
0),( tt   :  

));/(;(=)( 2

0

sxdst
t

                            (2) 

  '      
),( xt , 0t , Xx   :  

 

.

),;()]()([=)()( 2

Xx

xdvwvwwx
R

w  

 
     

 
),,(=)(0,=)()(=)( 11 xdvvxbxbdxx

RX
1

       
(3) 

 
0,=)(0,)(=)(0, xCdxxC

                            
(4) 

 
    

:  

;))//(;(=)( 2
1

2

0

ssxdsat
t

t

 

                 (1)  
  

 

)]()([=)( 2
1

1 ttutt                       (5) 
 

 
 2.     
     

 
 1 .      

(3)  (4),      (1) 
     

 
00,>)),()(),(())(),(( ttWttttv  

 
    Ttt <<<0 0 . 

  ))()(),(( tWtt  
   

 

),,()(
2

),()
2
1(=),( 2

1
2
1

2

wvtBa

wvwacttacvwv

w

vL

 
 

  
),(0,)(=2 xCdxc

X

 

),()()(=)( 321 tBtBtBtB  
 

);,(=)(

);()()(2)()(=)(

2
2

101
2
1

21

xdvvxb

xbRxbdxatxbdxtB

R

XX

 

;])()(0,)(

)(0,)()([2=)(

10

012

xbRxCdx

xCRxbdxatB

X

X  

).(0,)(0,)(2=)( 0
2
1

3 xCRxCdxattB
X

 

  
 1.   )()( wx   
   

 
),()()()()()(=)()( 2 wxwxwxwx 21

 

240



    
   
 -   

2013, 1 Bulletin of Taras Shevchenko  
National University of  Kiev 

Series Physics & Mathematics 
 

 

   
);()(=)()( 1 wxbwx1  

),()(
2
1=)()( 2 wxbwx2  

    ,  0||)()(|| wx  
 0 .  

 
 .    

  
),()]()([=)()( 2 xdvwvwwx

R

 

     
     

),()]()()()(
2
1

)()([=)()(

22

2

xdvwwxwv

wvwwx
R

 

=)()(

),()(
2
1),()((= 2222

wx

xdvwvxdvwv
RR  

  

).()()()()()(

=)()()()(
2
1)()(=

21
1

21
1

wxwxwx

wxwxbwxb
 

 
 2.    (5) 
    

 
,)),((=)( , dtxtvCtdv tt                        (6) 

   

,
2
1),(=),( 1

)(
1, vtxzCaxvC tbt  

 )(=),(=;= 2
1

twtvvwvtz .  
 

 .   (5)   
 (1)  (6). 

,   (6)  
  ))((=)()( stvvx xtC , 

vsvx =)( ,    
 

).(),(=)()( ,, vxvCvxtC                     (7) (7) 
 

 3.   (7)  
   -   

 
)(),(),()( 32 RCuCRCv t  

 

)()(0,=)()( 1, vxCavxtC  

  
),()()()

2
1

)(0,)((

1

2
1

vxvvt

xCawavt
                              (8) 

  )()( vx     x    
v  .  
 

 .   (7)   
:  

=)(
2
1)(),(=)()( 1

)(
1, vvtvxzCavx tbtC  

)(
2
1

)()()(0,)(0,=

1

31

vvt

vOxCzxCa
 

 ,    
 ,  (8). 

 
 4.    
   

 
0,=)/(,=)(,=)( 2 txtxwtvtv ttt  (9) 

 
     

),,,(])()([=),,( ,2
1

2 xwvxxatxwv tCQL  
  

 .   
 :  

 
)))/((),(),(([ 2txttvE  

 

=]=)/(,
=)(,=)(|))/(),(),((

2

2

xtxw
tvtvtxttv

 

 =)],,(),,([= xwvxwvE ttt  
 

)],,(),,([= ttttt xwvxwvE  
 )].,,(),,([ xwvxwvE tt  

       
       

 (9)   , 
 

)))/((),

(),(([1
lim=),,(

2
0

tx

ttvExwvL

=]=)/(,

=)(,=)(|))/(),(),(
2

2

xtxw

tvtvtxttv
 

 

241



    
   
 -   

2013, 1 Bulletin of Taras Shevchenko  
National University of  Kiev 

Series Physics & Mathematics 
 

 

)],,(),,([1
lim=

0
ttttt xwvxwvE  

)],,(),,(1
lim

0
xwvxwvE tt  

             (8) 
 v ,       

    
0.),/(),( 2 ttxt  

            :  

=)],,(),,([1
lim

0
xwvxwvE tt  

=)],,(),,([1
lim=

0
ttt xwvxwvE  

)],,,(),,([1
lim=

0
xwvxwvE t

 
 

    

),,,(

=)],,(),,([1
lim

2
1

0

xwvat

xwvxwvE ttt

(x)

 

 
   

),,,(

=)],,(),,([1
lim

2

0

xwvQ

xwvxwvE t  

  
  

),,()()(=),,( ,2
1

2 xwvxxatxwv tCQL  

 
 

 5.   L   
   

 

))()(((=),,( 2
1

12 xaxatxwv 11 CQL  

))(
2
1)()(()( 12

1
2
1

2
2
1

xvDtxwtvatxat 2C  

),,,())( xwvxL                                   (10) 
 
   

);,,()(0,=),,()(1 xwvxCxwvx vC  
 

);,,()(0,=),,()(2 xwvxCxwvx vC  
 

);,,(=),,( xwvxwv vD  
 

    ,  
0||),,()(|| xwvxL   0 .  

 
             .    

  )(x   )(, xtC . 
  (10)   

:  

),()(= 2
1

1
2
1

12
0 xatxat 2QQQL         (11) 
   

),()(=)( 1
2
1

11 xtxx CQ  

.
2

1)()()(=)(
2
12

2
1

22 DCQ v
at

xwtvxx  

 
 

 6.  '    
    (11)  -
  

),,(

),,(),(=),,(

2
2
1

2

1
2
1

xwvt

xwvtwvxwv

 
 
       
 

),,()(),(=),,( 2
1

0 wvxwvtxwv LL  
 
   )(x    
 x ,    L   

:  
 

.)()()(= 101
2
1

2
2 xRxtaxa QQQL  

  
 
 .   

 L   -  ),,( xwv ,  
 

])([= 11
2
1

12
0 xat QQQL  

.)()()( 2
2
1

11
1

2
2
1

xtxatxat QQQ
 

     x ,   
.0,= QNQ  

 
                (3)  (4)  
'  :  

0.=)(11 xaQQ  
 

242



    
   
 -   

2013, 1 Bulletin of Taras Shevchenko  
National University of  Kiev 

Series Physics & Mathematics 
 

 

              ,  
.)(= 101 xaR Q                                       (12) 

 
                ,  (12), 

 :  
 

,=)( 2
1

2
1

2
2
1

LLQ txtt  
  

.)()(=)( 101
2
1

2
2 QQQL Rxtaxax  

              
             2     

.])([=),,( 02 LL xRxwv                   (13) 
 

              ,   
 

),,(),,(

),,(=),,()(

22
1

12
2
1

21
1

xwvatxwvat

xwvatxwvx

QQ

Q

 
 
  (12)   (13),     

 ),( wv ,     
 . 

 
  . 

    L , 
 (12)  (13)    )(1 xQ  

 )(2 xQ .  
 

),()()

(),()(=),(

2
2
1

2

wvxwt

vawvxawv

C

L
 

=),()]()([)](

)([),(
2
1

1
2
1

101
2
1

1
2
1

22
1

wvxtxRxt

xtawvvt

CC

D

 
 

),()(0,)()

(),()()(=

2
1

2

wvxCdxwt

vawvxbdxa

v
X

w
X

 

),()()()((

),(
2
1

101
2
1

2

2
1

wvxbRxbdxta

wvvt

w
X

v

 

),()()(0,)(

),()(0,)()(

10
2
1

01
2
1

wvxbRxCdxt

wvxCRxbdxt

vw
X

vw
X  

)).,()(0,)(0,)( 0
1 wvxCRxCdxt v

X

 

 
,  

),,()(
2

),()
2
1(=),( 2

1
2
1

2

wvtBa

wvwacttacvwv

w

vL

 
  

 

),,()(
),()(),()(=),()(

3

21

wvtB
wvtBwvtBwvtB

w

ww  

);()()(2)()(2=)( 101
2
1

21 xbRxbdxatxbdxtB
XX

 

];)()(0,)(

)(0,)()([2=)(

10

012

xbRxCdx

xCRxbdxatB

X

X  

).(0,)(0,)(2=)( 0
2
1

3 xCRxCdxattB
X

 

   
     

  [2]. 
 
 3.     

 
 

   
  [3]:  

 
,))/(),(()(=)( 2 dttxtuCtatdu                          (14) 

     

.,
)),/(,())/(,(=),( 2

0
12

)(

XxRu
txuCtxuCxuC tb             

   

).,()(=)(),(= xuCdxuCuC
dt
du

X
 

 
    
 

0.=)(0,)(0,=),()( 0 xCdxxuCdx
XX

            (15) 

243



    
   
 -   

2013, 1 Bulletin of Taras Shevchenko  
National University of  Kiev 

Series Physics & Mathematics 
 

 

   )(0,=)( 0
0
0 xCxC ,  

  [4]    
 :  

.))//((=))//((0,=)( 2
1

20
0

0

12
1

2
0

0

1
0 dsstxCadsstxCatC

t

t

t

t

              
  O (14)   
  

.)()(=)( 0
2
1

1 tCtuttv  
 

 2.     
 (15),     O 

(14).    ),(0 xuC   ),(0 xuC  
   x   

 
;<||),(||sup 10 CxuC

Xx
 

 
.<||),(||sup 20 CxuC

Xx  
                   
 

00,>)),(),(())(),(( 0 ttWttCtv  
 
    Ttt <<<0 0 .               

                ))(),(( tWt  
   

),()
2
1(=),( 2

1

2
2
1

2 wvwtactacvwv vL

 

+ ),,(
2

2
1

wvBat
w  

   

            
);(0,)(=2 xCdxc

X

 

).(0,)(0,)(2= 000 xCRxCdxB
X

 

 
    

     
   . 

 7.   L   
   -  

)()( 4 RCv   

)(=),,( 02
1

12 xatxwv CQL
 

),,,()()()( 12
1

1 xwvxxatxa LtCC
 

 
);,,()(=),,()( 0

0
0 xwvxCxwvx wC  

 
);,,()(0,)(0,=),,()( 0 xwvxCzxCxwvx vC  

)/2(0,)(0,(=),,()( 0
2
1

1 xCzxCztxwvxtC  

),,,()
2

2
1

xwvt
a
v

v   ,= 2
1

wvtz  
   ,   

0||),,()(|| xwvxL   0 . 
   
            8.  '    

       
    

),,()(),(=),,( 2
1

0 wvxwvtxwv LL  
 

   )(x    
 x .    

:  

.)()()(= 0
0

02
1

21 xRxtaxa tCL  
 

              
                 
      

    
 ,   

       
   ,     

     . 
 
  

 1. Korolyuk V. S., Korolyuk V .V. Stochastic 
Models of Systems. - Dordrecht: Kluwer Academic 
Publishers, 1999. - 185p. 

 2. Koroliuk V., Limnios N. Stochastic Systems 
in Merging Phase Space, - World Scientific 
Publishing, 2005. - 330P. 

 3. Chabanyuk Ya. M. Continuous stochastic 
approximation procedure with singular perturbations 
in balance conditions. //Cibernetic and system 
analisys.- 2006. - 3. - p. 133-139. 

              4. Semenyuk S. A. Fluctuations of 
stochastic approximation procedure with diffusion 
perturbations. / Semenyuk S. A., Chabanyuk Ya. M. 
// Cibernetic and system analisys. - 2008.- no.5. - 
p.104-109. 

 
   28.01.2013 

244


	part1_2.pdf
	Part2
	Algebra_tutyl.pdf
	Algebra.pdf
	bondaervsosnytskyy_beta




