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) 1 T
12

12

0B
D

D I
. 

) )  [26]  

, -

 2H ,  2H  2J  ( , 

. (3.6)  (3.7))  dom(Ric).  

 – -

 [47]. 

)  1 ( )tC x  12 ( )tD u . -

 2H ,  

1 12( ) ( ) ( )t t tz C x D u  – ,  
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 ( )tz  ( )tx  ( )tu .  

,  
2 T T T T T

1 12 1 12

T T T T T T T T T T T
1 1 1 12 12 1 12 12 1 1

:z z z z x C u D C x D u

x C C x x C D u u D C x u D D u x C C x u u
 

) T T
1 12 12 1 0C D D C  T

12 12D D I . ) -

,  u  z  ( )sG  

, . ) -

. 

)  1 ( )tB w 21 ( )tD w ,  

,  ( )tx , -

,  ( )ty . -

 LQG-  [48]  T
1 12 0B D -

, ,  T
12 12D D I  –  -

. 

, ) )  2H -

 H .  ( )sG  (3.1) -

 11 0D  22 0D . -

 [26]. -

, -

.  11D  22D -

 (3.1) .  

 

3.2 2H  

 2H  

 2K . 3.1,  2H  

 2zwT . ,  
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2H  ( )J K -

 [48]. 

 

3.2.1  LQG-  2H  

 

. , -

 ( )  (  

) .  

 

) -

 ( , ,  

). ,  

,   

,  

).  

,  LQG- ,  

 2H -

. 

,  LQG- :  
T( ) limM trace ( ) ( )

t
J t tK z z , 

 M  – ; 

0

( ) ( ) ( )
t

t t dzwz T w ,  1( ) ( )t szw zwT T  

–  ( . 3.1). 

, 

 

( ) ( ) ( )
t

t t dzwz T w ,  
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T

1 1 1 2 2 2( ) limM trace ( ) ( ) ( ) ( )
t t

t
J t d t dzw zwK T w T w  

T T
1 1 1 2 2 2lim trace ( ) M ( ) ( ) ( )

t t

t
d t t dzw zwT w w T , 

 ( )tzwT  – . 

, ,  ( )tw ,  LQG-  

,  
T

1 2 1 2 1( ) ( ) ( ) ( )t t t t tM w w V ,                                  (3.4) 

 1( )tV  – . 

, -

,  

1( )tV I        (3.5) 

– ,  

T
1 1 2 1 2 2( ) lim trace ( ) ( )

t t

t
J d t t dzw zwK T I T  

 2T
1 1 1 2

trace ( ) ( )t t dzw zw zwT T T . 

, 2

2
inf ( ) infJ zwK K

K T ,  LQG-  (  (3.3)  

(3.4))  2H . 

 2H -

, , , ,   

 2-  ( )tzwT ,  LQG –  ( )tw -

 (3.4), (3.5), ,  

. 
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3.2.2  2H   

:  
T

2 2
2 T T

1 1

A B B
H

C C A
,     (3.6) 

T
2 2

2 T
1 1

TA C C
J

B B A
,                                         (3.7) 

 (3.8) -

 (3.9) :  
T T T

2 2 2 2 2 2 1 1 0A X X A X B B X C C ,                              (3.8) 
T T

2 2 2 2 2 2 1 1 0TAY Y A Y C C Y B B ,                               (3.9) 

2H  2J dom(Ric) ; 2 2Ric( )X H , 2 2Ric( )Y J  

– ,  (3.2) ) ) 

[26]. 

:  
T

2 2 2F B X , T
2 2 2L Y C ,       (3.10) 

2 2 2FA A B F , 1 1 12 22FC C D F ,     (3.11) 

2 2 2LA A L C , 1 1 2 212LC B L D ,     (3.12) 

2 2 2 2 2Â A B F L C ,       (3.13) 

: 

2

21
( ) : 0

s

c s
F

F

A I
G C ,                                            (3.14) 

2 21
( ) :

0
s

f s
L LA B

G
I

.                                         (3.15) 

 [43] ,  2H . 

 3.1.  2H -
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2 2
2

2

ˆ
( ) :

0

s
s

A L
K

F
,                                          (3.16) 

 
2 2 22 2

c 1 2 f c 2 1 f2 22 2 2
min zwT G B F G G L C G .    (3.17) 

,  (3.16),  

. 3.3. 

 H -

,  [43]  2H . 

 3.3.  2H -

,  
2zwT ,  ( )ty  

( )tu  ( . 3.3),   

2 2 2

2 2

2

ˆ

( ) : 0
0

s
s

A L B
M F I

C I
,      (3.18)  

22 2 2
2 c 1 2 f2 22

, HQ G B F G Q .    (3.19) 

, -

 L 2( , )F M Q  ( . . 1.1.3) Q , 

 .  0Q ,   2K ,  

 

L 2 L0 2Q=0
, ,F M Q F M Q . 
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ˆ( )tx

( )tu ( )ty

( )tw ( )tz

ˆ ( )tx

( )tx ( )tx

2A

2L1/ s2F

12D

2B

1B

21D

1/ s

A

2C

1C

 

 3.2 –  2H   

 

2( )sM

( )sQ

( )tu ( )ty

 

 3.3 –  2H  

 

 

 



39 

3.3 H  

 H  

,  –  

 2-  2-  ( . (1.17)).  H  

zwT -

. ,  zwT  

 (  ( . (3.1)))  

 ( . (1.17)).  

H  2H , -

 

. . 1.1.7). 

 H -

:  
-2 T T

1 1 2 2
T

1 1
T

A B B B B
H

C C A
,                                (3.20) 

T -2
1 1 2 2

T
1 1

T TA C C C C
J

B B A
,                                 (3.21) 

 (3.22)  

(3.23):  
T T -2 T T

2 2 1 1 1 1 0A X X A X B B B B X C C ,    (3.22) 

T T -2
2 2 1 1 1 1 0T TAY Y A Y C C C C Y B B .                  (3.23) 

 (3.6)  (3.7) ,  (–(1,2)) 

 . -

 3.3  [43]  H  

 3.1. ,  

(1,2)-  H  (1,2) -

 H  (1.22)  2H  (3.6).  
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 3.3.  ( )sK ,  zwT , 

: 

1) H   dom(Ric)  Ric 0X H ; 

2) J   dom(Ric)  Ric 0Y J ;  

3) 2X Y , 

  – . 

: 

ˆ
( ) :

0

s
s

A Z L
K

F
,                                       (3.24) 

  

2
TF B X ,       (3.25) 

T
2L Y C ,       (3.26) 

1-2Z I Y X ,      (3.27) 

-2 T
1 1 2 2Â A B B X B F Z L C ,     (3.28) 

 [43]  H -

. 

 3.4.  1) – 3)  3.3,  

, zwT , -

 ( )ty  ( )tu  ( . 3.4),   

2

2

ˆ

( ) : 0
0

s
s

A Z L Z B
M F I

C I
,                                (3.29) 

HQ , Q .                                     (3.30) 
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( )sM

( )sQ

( )tu ( )ty

1( )tu 1( )ty

 

 3.4 –  H   

 

,  

qM  – . 3.4  

Q ,  (3.30),  

( , )q LM F M Q .  0Q  M  K . 

 

. 3.5.  

 

3.4   

, . 3.1, 

 ( )sG . 

: -

, , -

-

 ( ( )ty ) ( . . 3.1),  

 ( ) ( . , [26]). -

:  

1.  2zwT . 

3. ,  2zwT . 
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3. , 2zwT ,    

.  

4. ,  

2zwT . 

5. , 2zwT ,  

. 

 ( )sK . 

ˆ( )tx

( )tu ( )ty

( )tw ( )tz

ˆ( )tx

( )tx ( )tx

2A

1/ s2F

12D

2B

1B

21D

1/ s

A

2C

1C

2C

( )sQ
( )tu

1( )tu

2 2Z B

2 2Z L
2 ( )sK

2 ( )sM

  

 3.5 –  H   
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3.4.1  (FI)  

 FI :  

1 2

1 12
FI

0
( ) :

0 0
0 0

s
s

A B B
C D

G
I

I

.      (3.31) 

2 0
I

C , 21

0
D

I
, 22

0
0

D ,  ( . (3.3)): 

0 0
( ) ( ) ( ) ( )

0 0
t t t t

I
y x w u

I
, 

– ,  ( )ty  ( )tx ( )tw , , 

 x ,  ( )yx , -

 ( )yw w , . , -

 ( )  w

x

y
y y , 

 x y( )y x  ( ) -

,  w y( )y w  ( )  

.  

,  

 ( ) ) ) . -

 ( , , 

), -

,  

.  FI  

. 

 ( )sG ,  

: 

) 1( , )A B  – , 1( , )A C  – ;  
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) 2( , )A B  – ; 

) T
12 1 12 0D C D I . 

: 

FI.1: c 12 2min zwT G B .  

FI.2: 
02 2 0K F . 

FI.3: 2 2( ) ( )s sK F Q , 22 2
c 12 2

Q G B , 2HQ .  

FI.4: dom(Ric)H  Ric( ) 0X H . 

FI.5: -1 T
1

( )( ) ( ) ss s QK F Q B X  

 HQ , Q , 0 0K F .  

2H ,  H -

, ,  

: 2H -

 – 2 2Ric( )X H ,  H  – Ric( )X H .  

,   H  ( )sK  

1B , . . 3.6  

FI ( )sG  H  0 ( )sK  (  2H -

). 

 FI ( )sG  0 ( )sK  

:  

F 1

1F
: 0

s

zw

A B
T C ,                                            (3.32) 

F 2A A B F , 

1F 1 12C C D F . 
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( )tu

y ( )tx

( )tw
( )tz

( )tx ( )tx

F

12D

2B

1B

0

I

1/ s

A

1C

0

I

y ( )tw

w

x

( )t
y

y
y

0 ( )sK

opt. .

 

 3.6 – H  FI-  

 

 

3.4.2  (FC) 

-

: 

1

FC 1

2 21

0
( ) : 0 0

0 0

s
s

A B I
G C I

C D

.                                   (3.33) 

, -

 ( -

).  [26] , -

,  2J  2H  J  
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H  ( ). , -

 ( . ).  

 FC  

: 

) 1( , )A B  – , 1( , )A C  – ;  

) 2( , )A C  – ; 

) 1 T
21

21

0B
D

D I
. 

: 

FC.1: 1 22min zw fT C G  ( . (3.15)). 

FC.2: 
0

2
2 0

L
K . 

FC.3: 2
2 ( )

( )
s

s
L

K
Q

, 2 2
12 2fQ C G , 2HQ . 

FC.4: dom(Ric)J  Ric( ) 0Y J . 

FC.5: 
1 T

1 ( )
( ) ( )

s
s s

L Y C Q
K Q .  

 

2HQ , Q , 0 ( )
0

s
L

K . 

 H . 3.7 
2H .  

 

3.4.3  ( ) 

:  

1 2

OE 1

2 21

( ) : 0
0

s
s

A B B
G C I

C D
.                                      (3.34) 
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( )txu

( )ty

( )tw ( )tz

( )tx ( )tx

L

0I

1B

21D

1/ s

A

2C

1C

0 I ( )tzu

ˆ ( ) ( )t tx u 0 ( )sK

 

 3.7 – H  FC-  

 

 1( , )A B : -

 2 1A B C ,  

: 

.1: 1 22min zw fT C G . 

.2: 
0

2 2 2 1 2
2

1
( ) : 0

s
s

A L C B C L
K C . 

.3: 2 ( )sK  –  ( )ty  ( )tu ,  

 ( . 3.3),   

2 2 2 1 2 2

2 1

2

( ) : 0
0

s
s

A L C B C L B
M C I

C I
, 

2 2
12 2fQ C G , 2HQ .  
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.4: dom(Ric)J  Ric( ) 0Y J . 

.5: ( )sK  –  ( )ty ( )tu ,  

 ( . 3.4),   
1 T

2 2 1 2 2 1

1

2

( )
( ) : 0

0

s
s

s
A L C B C L B C Q

M C I
C I

, 

2HQ , Q , 

2 2 1
0

1
( ) : 0

s
s

A L C B C L
K C . 

. 3.8 ( -

 2H ). . 3.8 ,  x 1( ) ( ) ( ) ( ) ( )t t t t tz z u C x u ,   

1ˆ ˆ( ) ( ) ( )t t txu C x z ,  xˆ ˆ( ) ( ) ( ) ( ) ( )t t t t tu u z u z  ( . -

 ( )tz ),  1 ˆ( ) ( )
2

t tu z  –  

 ( )tz , .  

 

3.5  2H   

3.5.1   

  

 2H  

-

: . -

 (3.10) – (3.17)  2H : 

T
2 2 2 2 22 2 2

2 T
2 2 2

ˆ
( ) : 00

s
s

L A B F L CA Y C
K

F B X
.                   (3.35) 

2 2 2
1 2 22 2

min zw c fT G B F G . 
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ˆ ( )tx( )tu

( )ty

( )tw ( )tz

ˆ ( )tx

( )tx ( )tx

A

2L1/ s1C

2B

1B

21D

1/ s

A

2C

1C

2B

2C

ˆ( )tz

( )txz

02 ( )sK

 

 3.8 – 2H  

 

 2F  – -

 2L  – -

.  

 [48],  

-

 ( )tx -

 ˆ( )tx , -
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. ,  

2 ( )sK  (3.35)  2( )F  

ˆ( )tx  1Ñ  2F .3. , 

 2zwT  FI-  ( .  FI.1)  

,  ( ) 1Ñ  2F  ( . 

.1). , -

 (3.36 )  (3.36 ):  

2 2 2

ˆ ( )

ˆ ˆ ˆ( ) ( ) ( ) ( ( ) ( ))
t

t t t t t
y

x Ax B u L C x y ;     (3.36 ) 

2 ˆ( ) ( )t tu F x ;                                             (3.36 ) 

 ˆ( )tx  –  ( )tx  ( , -

,  ( . (3.42) )). 

,  (3.35),  

. 3.9 . 

 

3.5.2  3.1, 3.2   

, -

 3.3.  2u F x -

 (3.3), , : 

1 2 2 2 2 1 2

1 12 2 1 12 2 12

2 21 2 21

, ,

, ,
, ,

x Ax B w B F x x A B F x B w B

z C x D F x z C D F x D
y C x D w y C x D w

 

, , : 

2 2 1

2 2 2

1 12 2 1 12 2 12

;

;

0 ,

w w

w

x A B F x B w

x A B F x B

z z z C D F x w C D F x D
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ˆ( )tx( )tu

( )ty

( )tw ( )tz

ˆ ( )tx

( )tx ( )tx

A

2L1/ s2F

12D

2B

1B

21D

1/ s

A

2C

1C

( )t

2F

2B

( )ty

ˆ ( )ty
2C

2-

FI-

H

2 -
-

H

2 ( )sK

 

 3.9 – 2H  

 (3.11) ,  
w

 z  

  

2

2

1 2

1 120
F

F

A B B w
z C D , 
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c 1( ) ( ) ( )s s sz G B w U ,     (3.37) 

 c ( )sG  (3.14),   

2

2

2

1 12
( ) :

s
s

F

F

A B
U C D .                                              (3.38) 

,  

2

T
2 2 2 2 2FA A B F A B B X  

–  [43],  2X  

 (3.8). ,  ( )sU  – . ,  

,  [43]. 

,  1)  [43]  ( )sU : 

2

T T
12 1 2 0FD C B Q                                             (3.39) 

, ,  Q  (3.39) , 

 ( )sU : 
2 2 2

T T
1 0F F FA Q QA C C . (  2 ,  

 ( )sG : T
12 1 12 0D C D I   T

12 12D D I .  

,  T
12 1 0D C ).  (3.39)   

2

T T T T
2 12 1 12 1 12 2 2

T T T T T
12 1 12 12 2 2 2 2 2 20 .

FB Q D C D C D B X

D C D D B X IB X B X
 

, ,  Q  (3.39)  2X  –  

(3.8) – , , . -

:  

2 2 2 2

TT T T T
1 1 2 2 2 2 2 2 2 2

TT T T T
1 12 2 2 1 12 2 2 2 2 2 2 2 2

T T T T T T T
2 2 2 2 1 1 2 2 12 1 1 12 2 2 2 2 12 12 2 2
T T T T

2 2 2 2 2 2 1 1 2 2 2 2
T

2 2

2 0 0

F F F FA Q QA C C A B B X X X A B B X

C D B X C D B X A X X B B X X A

X B B X C C X B D C C D B X X B D D B X

A X X A X B B X C C X B IB X
A X X A X T T

2 2 2 2 1 1.B B X C C
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 (3.8),  2X  (  

 (3.8)) . -

 ( .  

)  2Q X . , 2X -

 [43], ,  

 [43],  ( )sU ,  1. 

 2u F x  ( . 3.9  

 ( . 3.9 ), -

, ,   w ).  (3.37)   

c 1 c 1 wz G B w UT w G B UT w  

 2zwT ,  

c 1 2wG B UT  – , , 

 c 1 w zwG B w UT T .  

2m c 1 c 1 c 12 2 2 2 2 2min minzw wT G B UT G B UT G B T , 

 ( )sU  – . , -

 
2m ,  

2m c 1 2 2min min wG B T . 

 FI.1, c 1 2G B  FI ( , -

. 3.5.1, ) -

 zwT ,   

2m c 1 2 2min min wG B T .                                  (3.40) 

 2wT . -

 w  , . 3.9  

,   ( . (3.3)):  
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1 2

2

2 21

;
;

;
.

x Ax B w B u
F x u

y C x D w
u Ky

                                         (3.41) 

 (3.41),  ( . 3.9),  

 ( )sG :  

1 2

1

2 21

( ) : 0
0

s
s

A B B
G C I

C D
,     (3.42) 

 ( . 3.10),  

. 3.9).  G  ( . . 3.9 )  G  ( . . 3.9  

) A ,  K   G ,  

 G . G ,  (  

. (3.34)),  z   ( . 3.8 . 3.10).  

( )sG

( )sK

( )tu ( )ty

( )tw ( )t

 

 3.10 – . 3.9 

, , 2min wT  2min zwT  

, , .1, 1 22min w fT C G ,  ( -

 FI.2)  (3.40)  (3.17). , , -

 (3.17), .2,   

0

2 1 2 2 2
2

1
( ) : 0

s
s

A B C L C L
K C , 
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,  ( . ),  (  (3.40)) 

 1C  2F ,  (3.16), . 

 3.2 -

. , ,  

. (3.40) .3) 2 22
12 2w cT G B ,  2 ( )sK ,  

 ( . 7.3),   

2 1 2 2 2 2

2 1

2

( ) : 0
0

s
s

A B C L C L B
M C I

C I
,                            (3.43) 

 

HQ , 22 22
1 12 22c fQ G B C G .    (3.44) 

-

 ( . . 3.9  FI.2),  

1C  2F ,  (  (3.13))  (3.43)  (3.44) -

 (3.18)  (3.19), .  

 

3.6  H   

3.6.1   

  

,  2H ,  

-

.  « » -

 H  2H -

. , 

zwT ,  3.3. ,  1) 

: dom(Ric)H  Ric( ) 0X H  FI.4 -

,  2): dom(Ric)J  Ric( ) 0Y J  – -

 FC.4 . ,  
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FI  FC -

,  [43]. 

 3.1.  K ,  

zwT ,  FI  

FC , ,  1)  2)  3.3. 

.  K  –  ( )sG  (3.2), -

 zwT . , ,  FI 

 FI ( )sG  (3.31).  

 ( )sG  ( . (3.3)):  

1 2 1 12 1 2

2 21 1 12

2 21

, ; ;
; ;

, ,

x Ax B w B u z C x D u x Ax B w B u
y C x D w z C x D u
u Ky u KC x KD w

 

 FI ( )sG :  

FI FI 1 2
FI FI 1 2

1 FI 12
1 FI 12

FI
FI FI FI

FI

;
;

;
;

0
; 0

.0
0

,

x Ax B w B u
x Ax B w B u

z C x D u
z C x D u

I
y x w I

u K x K wI
I

u K y

 

 FI- , -

, ,   

2 FI 0
I

KC K ; 21 FI

0
KD K

I
,  FIK , -

, FI- ,  K ,  FI.4  1) -

 3.3.  FI  FC  

. 

 2H  H  (3.24) – (3.28) 

,  (3.36): 
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1 worst 2 2

2 T
worst 1

ˆ ˆ ˆ ˆ( ) ( ) ( ) ( ) ( ) ( ) ;
ˆ( ) ( );

ˆ ˆ( ) ( ),

t t t t t t
t t

t t

x Ax B w B u Z L C x y
u F x
w B X x

  (3.45) 

 ˆ( )tx  –  ( )tx  ( , -

 (  2H ),  

. 3.51) )). ,  2H  

H  (  

1 worstˆ ( )tB w ).  –  H -

 1 worstˆ ( )tB w  2L  Z L . -

,  (3.45), . 

3.11.  

 

3.6.2  H ,  

 3.3, 3.4  

: 
2 T

1r w B X x , T
2u B X x ,                              (3.46) 

. 3.11  ( , -

, ) T
2 opt

B X F  ( . (3.25))).  

  r . 

,  Ric( )X H ,  

 T ( ) ( )t tx X x ,  ( )tx  – -

 (3.43): 

T T T T T T T T T
1 2

T T T T T
1 2 1

T T T T T T
1 2 2

T T
1 22 , 2 , ,

d
dt

x X x x X x x X x x A w B u B X x

x X Ax B w B u x A X X A x w B X x

x X B w u B X x x X B u x A X X A x

w B X x u B X x
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  – .  (3.22)  
T T T 2 T

1 1 2 2 1 1A X X A C C X B B X X B B X , 

, : 

T T T T 2 T T
1 1 2 2 1 1

T T
1 2

2 22 2 T T
1 1 2

T T
1 2

2 , 2 ,

2 , 2 ,

d
dt

Tx X x x C C X x x X B B X x x X B B X x

w B X x u B X x

C x B X x B X x

w B X x u B X x

 

 2 Tq q q  –  q ). 

, 

: 
22 2T 2 T T 2

1 1 1

22 2 22 T T
2 2

2 22 2 22 2 2 T T
1 1 2

2 ,

2 ,

d
dt

x X x C x B X x w B X x w

w B X x u B X x u u

C x u w w B X x u B X x

 

)  
2 2

1 12

2 2
1 1 12 12

2 2 2T T
1 12 12 1

2 ,

0 ,

z C x D u

C x C x D u D u

C x u D D u C x u

 

2 22 2T 2 2 2 T T
1 2

d
dt

x X x z w w B X x u B X x . 

 (0) 0x , , , ,  ( )tw  

,  ( ) 0x .  

 t  0 , , ,  2- ,   

2 2T
2

0 0

dt dtq q q q , 

 ( . (3.46)): 
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ˆ ( )tx( )tu

( )ty

( )tw

( )tz

ˆ( )tx

( )tx ( )tx

A

Z L1/ s2F

12D

2B

1B

21D

1/ s

A

2C

1C

( )t

2F

2B

( )ty

ˆ ( )ty
2C

-

FI-

H

-
-

H
( )sK

( )tr

worst ( )tw
2

1B X

2 T
1B X

1B

worst ( )tw

 

 3.11 –  H   
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2 22 2 2 22 T 2 2 T 2
2 12 2 2 22 2

z w u B X x w B X x r .  (3.47) 

 (3.47) , ,  zwT , -

 rT . ,    ( . 

(1.17))  [43] : 

2 2

2 2 2 22 2
2 2 2 2

: ( ) 1 : ( ) 1
sup ( ) ( ) sup ( ) ( )

s s
s s s szw r

w w r r
T w w T r r , 

 

2 2

2 22 2
2 2

: ( ) 1 : ( ) 1
sup ( ) sup ( )

s s
s szw r

w w r r
T w T r , 

 

zw rT T .                                            (3.48) 

, ,  H -

 [26]  (  zwT )  (  

w ) (  , )  ( )tz .  (3.47)  

,  

( )tz : 

2 22 2T 2 2 T 2
2 12 22 2

z u B X x w B X x w  

w , , -

 (  w ), , , -

, , – , -

 – . 0 ,   

2 T
1 worst( ) ( ) ( )t t tw B X x w      (3.49) 

–   ( ,  w  

 2

2z )  ( ,  r  

 w ).  worstˆ ( )tw  (3.45) . 3.11 

 worst ( )tw . 
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,  z ,  u , -

 (  u ) 2

2z ,  

T
opt 2( )tu B X x F x       (3.50) 

. (3.25)),  H -

 ( . 3.11)  ( )t  ( )t  H  2H -

, , opt ( )tu  worst ( )tw  –  

 [49]. 

 (3.49), (3.50)  (3.47)   
2 22
2 2z w , 

 ( . (1.17))   

opt

22 2

2 2
( ) ( )s szwz T W  

–  z  2  

opt

22 2
mzwT . 

 ( )sG  (3.2) -

 t ( )sG  ( )sy  ( )s :  

2 T
1 1 21 2

T
1 12 2

2 T
2 21 2 21 1

;;
; ;
, ,

x Ax B r B X x B ux Ax B w B u
z C x D u u B X x
y C x D w y C x D r B X x

 

2 T
1 1 1 2 t 1 2

T
2

2 T
2 212 21 1 21

; ;
; ;

,,

x A B B X x B r B u x A x B r B u
B X x u F x u

y C x D ry C D B X x D r

 

. (3.25) ) ).  

t 1 2

t

2 21

( ) : 0
0

s
s

A B B
G F I

C D
,                                      (3.51) 
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2 T

t 1 1A A B B X .       (3.52) 

t ( )sG  (–   
r
u

) 
y

 ( . 

(3.34)) ,  t ( )sG  ( . 

3.11).  [43]. 

( )sG

( )sK

( )tu ( )ty

( )tw ( )tz

t ( )sG

( )sK

( )tu ( )ty

( )tr ( )t

a  

 3.12 – . 3.11  

 3.3.  X  0X ,  K  

( )sG <zwT ,  K  t ( )sG  <rT . 

 (  [26]), 

, ,  (3.48).  

  , . 3.13. , , -

. 3.11, . 3.11 ,  

. 3.12  – . 3.11 ,  

,  ( . 3.11) -

. 

, -

,  t ( )sG   

T 2 T T
t 2 2

t T
t1 1

A F F C C
J

AB B
.                               (3.53) 
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3.6.3  3.3, 3.4   

 3.3. . ,  1) – 3)  

 ( .  3.1). ,  T :  
2

0
I XT

I
                                            (3.54) 

 tJ  (3.53)  J  (3.21),  

1
tT J T J .  [50] : 

2 1 2) ( )
0 0
I I X I I XT

I I
. 

  
T 2 T T2 2

1 t 2 2
t T

t1 1

T 2 T 2 T T 2 2
t 1 1 2 2 t

T
t1 1

T 2 T
t 1 1

T
1 1

2 T 4 T 2 T
t 1 1

0 0

0

0
0

0

A F F C CI X I XT J T
AI IB B

A X B B F F C C X A I X
A IB B

A X B B
B B

A X X B B X F F T 2
2 2 t

2 T
1 1 t

.
0

C C X A
B B X A

 

: 

(11) –  ( . (3.52)): 
TT 2 T 2 T 2 T

t 1 1 1 1 1 1

T 2 T 2 T T
1 1 1 1 ;

A X B B A B B X X B B

A X B B X B B A
 

(12) –  (  (3.52), (3.22)  (3.25)): 
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2 T 4 T 2 T T 2
t 1 1 2 2 t

2 2 T T 2 T
1 1 1 1

2 T T T 2 T
1 1 2 2 2 2

2 T 2 T T T
1 1 1 1 2 2 2 2

2 T T
2 2

) ( )

A X X B B X F F C C X A

A B B X X X A B B X

X B B X X B B X C C A X X A

X B B X X B B X X B B X C C

A X X A X B B 2 T T T
1 1 1 1 1 1

T 2 T T 2 T T
2 2 2 2 1 1 1 1

2 T T 2 2 T T 2 T T
1 1 2 2 1 1 2 2 1 1 2 2;

B B X C C C C

C C A X X A X B B B B X C C

C C C C C C C C C C C C

 

(22) – : 
2 T 2 T 2 T

t 1 1 1 1 1 1 .A B B X A B B X B B X A  

: 
T 2 T T

1 1 1 2 2
t T

1 1

A C C C C
T J T J

AB B
 ( . (3.21)) 

 T  (3.54)  tJ  J . -

,  tJ -

,  ( . (3.23):  

ë t ë
t

22

( ) Im ( ) Im

Im Im ,
0

I I
J J T

Y Y

II I X YX
Y YI

 

,  tJ  (3.53), -

: 
12

t t

T1 12 2

RicY J Y I X Y

Y I X Y I Y X Y Z Y
  (3.55) 

. (3.27)).  (3.55)  

.  3)  2( )X Y ,  t 0Y  [50]. 

 t ( )sG , , -

 1)  2) ,  (  
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t 2A B F  3.3), .5 ( -

: T
1 2C B X F  ( . (3.25)))  

  

0t

t t 2 2 t( ) : 0
s

s
A L C B F L

K F ,                              (3.56) 

 2 T
t 1 1A A B B X  ( . (3.52)); T T

t t 2 2L YC Z Y C Z L  ( . 

(3.26), (3.55)),  (3.56)  (3.24), . 

.  K  – , <zwT , -

 3.1  1)  2) .  3.2  K  

 t ( )sG  – , .4 

: t dom(Ric)J , t tRic( ) 0Y J ,  [50],  
2X Y  –  3) , . 

 3.4.  3.2 , -

 ( )sG ,  <zwT , -

 t ( )sG ,  <rT  [43]. , .5 

 t ( )sG  (3.51)  tY  (3.55), ,  

(3.29) [26].  

,  H  

 2H  ( .  ( . 3.9  3.11)) -

, ,  worst ( )tw  

 

Z L  2L . ,  

 H  2H . 

 3.3  

,  <zwT . m , 

 zwT ,  m -
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 3.3  « »,  
12I X Y  [26],  m  

. ,  

 2 1 ,  1 2( ) ( )X X  1 2( ) ( )Y Y . , X  Y , -

, X Y  . 

 H -  2H ,  

H  . 2X X , 2Y Y , 2H H , 2J J  

 2K K ,  2H -

 H .  -

,  H , , -

 « » ( . (3.49)).  

 

3.7  H  2H  

 H -  2H -

.  

 H -  2H . 3.13  3.14 

. 

, 2H  

. ,  

-

, , -

.  2H -

 

(3.6) – (3.13). 
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1 2 1 2

:
, , , ,A B B C C

=0

 

T T 2 T T
2 2 1 1 1 1

 CARE:
0A X X A X B B B B X C C

T T 2 T T
2 2 1 1 1 1

 FARE:
0AY Y A Y C C C C Y B B

0

,X Y

2
0

0

1T T 2
2 2

2 T
1 2 2 2

                       

; ; ;
ˆ ;

ˆˆ ˆ; ; 0

F B X L Y C Z I Y X

A A B B X B F Z L C
B Z L C F D

 
 3.13 –  

H   
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1 2 1 2

:
, , , ,A B B C C

T T T
2 2 2 2 2 2 1 1

 CARE:
0A X X A X B B X C C

T T T
2 2 2 2 2 2 1 1

 FARE:
0AY Y A Y C C Y B B

T T
2 2 2 2 2 2

2 2 2 2

2 2

:
; ;

ˆ ;
ˆˆ ˆ; ; 0

F B X L Y C
A A B F L C
B L C F D

 
 3.14 –  

2H  

 

 2H  H  (  H )  

. -

 H , -

 3)  3.3 – 2X Y -

,  . ( -

 H  J ,  1) 

 2)  3.3,  3)  1)  2) [26]). 

 3)  , -

;  0 ,  0 -

   – , 
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