
 

   
. .  

 
 
 
 
 
 
 
 
 
 

.   , . , .   
                             

 
 
 
 
 
 

    
 

 
 

 2 
 

 

.   
 
 

  , 
: 

». 
 
 
 
 
 
 
 
 
 
 

   
 2025 

 



 2 

 

 
., ., . 

   
 

 2.  
. .: 2025 -129 .  

 
 

 
,  ,  

   
. , 

.  
  ,  

, . 
,      “  

”       “   
  ”. 

     ,  
  ,     

,    
. 

 

 

 

 

 

 

 

 

 

 

 



 3 

 

 2.   

.   

....................................................................................................5 

 10.  

, 

……6 

 11.  

………………………………………………………………………. 22 

 12.  

» …………………………………………………………….. 50 

 13.  

……………………………………………………………55 

 14.  

. ………………………………………………………………....63 

 15. , 

 

.  ……………………………………….70 

 16.  

, 

»……………………………………………………..76 

 17.  

 

,  

. ............................................................88 

...................................................................................................102 

 1. ................................................................104 

 2. ...............................113. 



 4 

 3. ..................115. 

 4.    

.................................................................................120. 

 5.   

........................................................................................................121 

 6.  1...........................................................127 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 5 

 

 

 

 

.  –  

. 

, . . ,  

 « »,   

 

 ( ). 

  ,  

 

. 

,  

    .      

  ,  

.    ( ),  

 17 , ,   

  , 

   

. 

,  

 “    

”,  “     ” 

. . 

  

, , ,     

,   

. 

 



 6 

 10.    

, 

  . 

 

         

            . 

   

             ( )  

     ,   

  N    .    

      .  

  .   

    ,   

,  –     

.  

            

: 

-  , . SI  

(i=1,2 ..M),  M-    ;   

-   ( ), . ( i ),  

  i- ;  

-  ( .)  

,  i ,   

 (ti )    

    ( 2
i )  ; 

- ,   , .    N ; 

-   , 

  ,     

  ,  .  rij  (i = 1,2…M; j = 

1.2…M).   



 7 

           rij ,   

 i-     j-   

.   : 

                          1 1,2....
1

M
r j Mijj

                                            (10.1) 

            

  .  ,   

,    ,  ,  ,  

      

 ( ).    ,    

,       

           

         

 G(N),     

.         .    

              

     

  G(N).   G(N)    

  .   ,  

     

, ,   .    

:        

    - ;  

    -   ;                 

    -  ( ) .             

     ,  

    ,  

   i = 1/ti      i= 1 2  M          

        :  



 8 

   -  

    ; 

    -    

       

  ,         

     ; 

    -      

:  

        QW                                                                                                     (10.1)                                      

              

    , 

,      

. .    

                         

     ,      

     N  

 i  -      

   (N-1)     

. 

             

          

. 

              

,  

  . 

          
 

. 
 

1.  
. 



 9 

 

    

             

. 

 
                

.   . 

1 –  

. 

1 -  

. 

2 –  

. 

2 -  

. 

N – . 

P0 – ,  N , . 

P1 – ,  N-1 ,  

. 

Pi – ,  N-i ,  i  . 

PN – , ,  N . 

1 –  

. 

2 –  

. 

t1 –  

.   t1 = 1/ 1 

t2 –  

.    t2 = 1/ 2 



 10 

 -  

. 

                                        / /1 2 2 1t t                                                  (10.2) 

 

. 

  P0 1=Pi 2 

  P1( 1+ 2)= P0 1+ P2 2                                                                                                                                   

(10.3)      ………………… 

  PN-1 1=PN 2 

    

:                                    

                     
1

0
2

i
P Pi                                                                                  (10.4) 

                                                                                                                                                                                                 

                     1
1

N
Pii

     :  

                                                                                          

11( )0 11 1

N iP Ni
                                                                     (10.5) 

     (  

  ): 

                                                                                                                                                

( 1)2 1

N
Q i Pii

                                                                                           (10.6) 

 

   (    

): 

                                                                                                                                                       



 11 

2 1

N
L i Pii

                                                                                                   (10.7) 

 

,   

 PN ,  

: 

P0/(1- PN) + P1/(1- PN) + … + PN-1/(1- PN) = 1                                         (10.8)                             

           

:  

                                                                                                          

1
/(1 )2 0 2 1

N iW p t i PNi
                                                                     (10.9) 

             : 

                                                                                               

1
/(1 )1 0 1 01

N N iW p t i P
i

                                                                 (10.10) 

 

           : 

                                                          / / 11 1 2 2 NW t W t                          (10.11)                 

,                                  

,1 1 1T W t                                                                                               (10.12) 

2 2 2T W t                                                                                                (10.13) 

 

  

                                                       / / 11 1 2 2T NT t t                               (10.14) 

: T1 –  (  

). 

T2 –  (  

 



 12 

                                                       1Ui i                                                (10.15) 

:   i –      i- . 

Ui –   i- . 

:  

         
1

1 11

N N
PN N                                                                      (10.16) 

                         1
1 11

N
U N                                                                   (10.17) 

           1
2 0 11

P N                                                                         (10.18) 

                        
1

2 11

N
U N                                                                   (10.19) 

                ,  

, . .   

1= 2, .     =1       t1= t2 =t,  : 

1
10 N

P                                                                                                   (10.20) 

       1, 2.....0 i NP Pi                                                                    (10.21)    

   1
1 11

N
U N                                                                                        (10.22) 

( 1)
2 ( 1)
N NQ

N
                                                                                             (10.23) 

    -            

2
NL                                                                                                          (10.24) 

     -  ( ) 

 

( 1)
2

N tW                                                                                             (10.25) 



 13 

   -                                 

( 1)
2

N tT                                                                                                   (10.26) 

    -    
1

1N
                                                                                                       (10.27) 

     -  

1
NU

N
                                                                                                      (10.28) 

    -    

2 ( 1)T T N t                                                                                        (10.29)  

 -   

 10.1 

  , ,  

   

     1 2 1 1/ c ,  . 

4N  

. 

  
      / 1/1 11 2                                                                                   (10.30)                                           

     11/ 11 ct                                                                                             (10.31) 

     1/ 12 2t c                                                                                          (10.32) 

    1 1 0, 2
1 4 10 N

P                                                                                 (10.33) 

      1 0, 2
1N

                                                                                          (10.34) 

      1 2
4 0,8

1 4 1
NU U

N
                                                                       (10.35) 

     1 2
( 1) 4 3 1,2

2 ( 1) 2 (4 1)
N NQ Q

N
                                                            (10.36) 

     1 2 2
2
NL L                                                                                           (10.37) 

 



 14 

      1 2
( 1) (4 1) 1 1,5

2 2
N tW W c                                                           (10.38)                                                         

( 1) (4 1) 1 2,51 2 2 2
N tT T c                                                             (10.39)                   

 
      2 ( 1) (4 1) 1 5T T N t c                                                         (10.40) 
                                     

2.  
. 

 

           

     : 

  , . 10.1      

,  .     

.       N   .  ,   

,  .            .   

 

. 10.1 . 

            ti –  

 i-   ;         

 t1 =   ti = tK = t ,   

1 =  i =  K   –  i  -   i    

.  

  

: 

1. , , .  

N  K    

: 

                           1 ( 1)!
1 ! ( 1)!

K N KS C
N K N K

           (10.41)                     



 15 

2. , ,  

: 

                                                                  1/P S                                       (10.42)               

3.  ,  N  (K-1) 

, .  

 :       

                                          0
( 2)!2

2 ! ( 2)!
N KKS CN K N K

                           (10.43)                                  

4.  

: 

                            0

2
12

1 1
1

S
S

KC KN K
K N KCN K

                                     (10.44) 

5.  

:  

                                        1
1

NU
N K

                                           (10.45)                  

6. ,  (  

)  :      

                                                                      /L N K                                 (10.46)  

7.     

 : 

                    ( 1)
1 ( 1)

N NN NQ L U
K N K K N K

                          (10.47)                 

8.  

 ( )  

: 

                    ( 1)1Q Q N tNW
U K K

                                   (10.48)                                                

:  – , :                 

U  



 16 

9.  (  

) : 

                   ( 1)N K tT W t
K

                                                       (10.49)                                       

, .  

: 

                             ( 1)T K T N K t                                                (10.50)        

 10.2 

  ,        

    

2K    -     

4N   -   

1 2 1t t t c   - . 

. 

 (    

),  

: 

-   :  

                                        0, 21 2 1
1 4 2 1

K
N K

                              (10.51) 

:  

                                        0,841
1 4 2 1

NU
N K

                 (10.52) 

- ,   : 

                                                                      / 4 / 2 2L N K                 (10.53) 

- : 

                     2 0,8 1,2Q L U                                                        (10.35) 

- :    

                    1,5( 1) (4 1) 1
2

cQ N tW
K

                                      (10.54) 

-  : 



 17 

                   2,5( 1) (4 2 1) 1
2

cN K tT W t
K

                       (10.55) 

-  , .  

; 

                          2 5T T c                                                                     (10.56) 

3.  

. 

 

.  

.  

 

 

 

 

 

 

. 10.2  . 

 

 

. 10.3      . 



 18 

:  1 – ,  0 -

). 

 1 – /N/0  0 –  G/ /1. 

,  0,  

/1. 

: 

N  -   . 

T  - . 

 -  (  1). 

T  - . 

: 

PT
t t
T t

                                                                         (10.57) 

 

0
PT

Ntt
t

                                                                        (10.58) 

, , : 

0e                                                                                               (10.59) 

  

1
t

N t
,                                                                          (10.60) 

 

  
0

N
t

t                                                                                 (10.61) 

   0  

: 

0

0 0
0 01p

atT tW t                                                                     (10.62) 

 0  -  0 ( ). 



 19 

   

,  
2 2

2
a           ,                                                                                    (10.63) 

    ( 0,65......0,70a )  

. 

 (10.40)  (10.44)  

, ,    

0

pT
T

                                                                                                          (10.64) 

:    
2 ( 1)N a N                                                                             (10.65) 

: 

0,8 N                                                                                  (10.66) 

  

00,8p N tT                                                                            (10.67) 

 

4.   

. 

,  

.  

 1  

 0. 

 1 : 

N L
t

,                                                                                             (10.68) 

    L – ,  

(  ). 

 0 ,  : 



 20 

                       pL T ,                                                                               (10.69) 

 pT  - . 

   0 (  G/ /1) :  

0

0 0
01p

atT t    0 0t                                                                        (10.70) 

0 0
( )N L t

t
                                                                                           (10.71) 

,  (10.43) : 

 0t Nt                                                                                                       (10.72) 

  :  

0
N L

N
                                                                                                   (10.73) 

 (10.69)  (10.70)  

: 

0

0 0
01 )( at tL                                                                                         (10.74) 

 (10.69)   (10.71)  (10.74)  

: 
2 20,2 0,6( 0,4) 0NL NN L                                                              (10.75)      

  2 0,2 0,6 0L NL                                                                               (10.76) 

 (10.58), :   

0,76 NL                                                                                          (10.77)  

5.   

. 

,  

 ,  2  ,  50N   

: 



 21 

 1,  

  1 . 

: 

1e                                                                                                     (10.78) 

0 1/                                                                                               (10.79) 

0 0/1 1/ 1L                                                                         (10.80) 

0 0
1p

L Lt tT                                                                               (10.81) 

. 

-   : 1 ( /N) – ,  

 2 ( ) – ; 

- , :  

; 

-     ; 

- , ,  

; 

-  

. 

 

 

 

 

 

 

 

 

 

 

 



 22 

 11.   

.  

) . 

 

: 

N , ; 

M ,   

iC  (i- ) ; 

ijP i j ; 

ti  i- . 
,   ,  .11.1                  

           
 

 
 

. 11.1  , . 
 

,  (BUZEN J.F),,  

   

,      

..  

: 

 1   . 

- iX , Mi ,1 .  1-  

: 11C . 

,    11X . 



 23 

   iX : 

11
1

XiP
t
it

iX                                                                                  (11.1) 

-    ( , ),  g n m  
  1 - ,  1, -     ( ).n ,N m K  

. 

                                       ( ,1) (0, ) 1;g n g m  

, 

  : 

                        ( , ) (n,m-1) ( 1, ).g n m g X g n mm                          (11.2) 

 
  .11.1. 

                                                                             11.1 
                            

m 
n 

X1 X2 … Xm 

0 1 1 1 1 
1  1     
2  1     

… 1    
n  1    ),( mng  

… 1    
N-1 1    )1(NG  
N  1    )(NG  

 
 2. 

 
 2.      

,  . 

1.  1-  
( 1)

( )1
G N

G N
U          1.                                                         (11.3) 

 2.     

iXUiU 1                                                                                                 (11.4) 

3.  1-  



 24 

          ( )
1 ( )1

N G N kL
G Nk

                                                                           (11.5) 

4.  i-  

 

                 ( )
( )1

N k G N kL Xi i G Nk
                                                   (11.6) 

5.  

                          1
1

N t
T

U
                                                                     (11.7) 

6.  
/N T                                                                                      (11.8) 

7.    
                   /W Qi i                                                                             (11.9) 

8.  
                    /T Li i                                                                              (11.10) 

, 
     1.     ,  

      
         4N , 1 1 2    

            ,11X                                                                                  (11.11) 

           111
1
1

112
1

2
2 XP

t

t
X .                                             (11.12) 

1.  ),( mng   . 11.2,   

                ( , ) (n,m-1) ( 1, ).g n m g X g n mm                                          (11.13) 

                                                                  11.2 

                                           

m 
n 

X1 X2 

0 1 1 
1 1 2 
2 1 3 
3 1 4 
4 1 5 

 



 25 

2.  ( )  1-  2- :    

( 1)
( )

4 0,8.1 1 5
G N

G N
U                                                                        (11.14) 

  .8,02122 XUU      .                                      (11.15) 

3.  1- : 

( ) 4 3 2 1 2.1 ( ) 51

N k G N kL Xi G Nk
                                    (11.16) 

4.  1- : 

2 3 41 4 1 3 1 2 1 1 2.2 5
L                                                               (11.17) 

5.  : 2 2 4 .1 2L L N                                                         (11.18) 

6.  ( : 

21 ).                                                                                                     (11.19) 

7. :  

4 11 5
0,81

N t
T c                                                                                  (11.20) 

8.  

:                                              

,1 1L T                                                                                      (11.21) 

,2 2L T                                                                                          (11.22) 

 2,1 LL   ,  

2,1 TT . 

       4 0,8 
5

N
T

                                                      (11.23)                         

21 2,5 1 0,8
L

T                                                                             (11.24)                   

      22 2,5 2 0,8
L

T                                                                     (11.25) 



 26 

9. :  

2,5 2,5 5 1 2T T T                                                                        (11.26) 

 

 11.2.  

 ( .11.2) 

 

 
 

. 11.2.  . 
 

          4 3 1 ,  1 ,  t 2 ,  1 2 3N M t c t c c  

,  3-  

,  2 . 

1.      

       ,11X                                                                                       (11.27) 

111
1
1

112
1

2
2 XP

t

t
X ,                                                    (11.28) 

       211
1
2

113
1

3
3 XP

t

t
X .                                                     (11.29) 

2.    ),( mng : 

       ( , ) (n,m-1) ( 1, ).g n m g X g n mm                                                 (11.30) 

                                                              11.3 

                                          

m 

n 
X1 X2 X3 

0 1 1 1 

1 1 2 4 



 27 

2 1 3 11 

3 1 4 26 

4 1 5 57 

 

3.  

 ( )  i- :        

57
26

)(
)1(

11 NG
NGU ,                                                            (11.31) 

           
57
26

2122 XUU ,                                                            (11.32) 

          
57
522

57
26

3133 XUU .                                                  (11.33) 

 i- :  

57
42

57
141126

1 )(
)(

1
N

k NG
kNGL ,                        (11.34) 

 

57
42

1 )(
)1()2(2

N

k NG
NGkXL ,                                    (11.35) 

 

57
144

57
1424321122262

1 )(
)1()3(3

N

k NG
NGkXL ,            (11.36) 

. 

: N
i iL 4

57
144

57
42

57
423

1
.                                 (11.37) 

  i- :  

1
42 26 16

1 1 57 57 57
Q L                                                               (11.38) 

42 26 16
2 2 2 57 57 57

Q L                                                            (11.39) 

144 52 92
3 3 3 57 57 57

Q L                                                           (11.40) 



 28 

: 

4 1 2281  ( )26 261 57

N t
T ,                                                              (11.41) 

   

4 104  ( )228 228
26

N
T

                                                  (11.42) 

4.  

: 

11 TL  228 168421  ( )1 57 104 104

L
T ,                                (11.43)              

22 TL  228 168422  ( )2 57 104 104

L
T ,                               (11.44) 

33 TL  228 5761443  ( )3 57 104 104

L
T ,                              (11.45) 

: 
3 168 168 576 912 228  ( )

104 104 104 104 261
Tii

.              (11.46) 

 

,  T3  3  

T1  T2. 

 

 11.3 

       ,       

     M/M/1 ( . 11.3).   

. 11.4 

 
. 11.3.  . 

 

                                                                                                      



 29 

                                                                                                   11.4 

      11.3 

N  1  2  3  1C  2C  3C    
   6 1 1 1 1 1 1  

: 

N  — , . 

1  ( ) —     1. 

2  ( ) —     2. 

3  ( ) —     3. 

1C  — 1. 

2C  — 2. 

3C  — 3. 

 — 

. 

. 

1. : 

1
1

1 1 .t    2
2

1 1 .t   3
3

1 1 .t                                                (11.47) 

2. : 
         11x                                                                                              (11.48) 

         112
1

2
2 p

t
tx                                                                                (11.49) 

              3
3 13

1

1tx p
t

                                                                           (11.50) 

3. . 11.5: 
                          ( , ) (n,m-1) ( 1, ).g n m g X g n mm                                         (11.51) 

 n – , , 

      m –  

                                                                  

 

 

 



 30 

 

                                                                    11.5 

                                   11.3. 

          

m 

n 

x1 x2 x3 

0 1 1 1 

1 1 2 3 

2 1 3 6 

3 1 4 10 

4 1 5 15 

5 1 6 21 

6 1 7 28 

 

 

1. : 

1 1
( 1) 21 0,75

( ) 28
G Nu p

G N
                               (11.52) 

2
2 2 12 1 2 1

1

1 21 21 0,75
28 28

tu p p u x u
t

                                             (11.53) 

3
3 3 13 1 3 1

1

1 21 21 0,75
28 28

tu p p u x u
t

                                              (11.54) 

 

2. , : 

1

( )( ) ,  
( )

N
k

i i
k

G N kL x
G N

                                                                        (11.55) 

11
21 15 10 6 3 1 56 2

28 28
L                                                      (11.56) 

2
21 15 10 6 3 1 56 2

28 28
L                                                       (11.57) 

3
21 15 10 6 3 1 56 2

28 28
L                                                        (11.58) 



 31 

: 

1 2 3 2 2 2 6L L L L                                                                        (11.59) 

 

3.   : 

 

6 1 8
1 0,751

N tT c
u

                                                                                  (11.60) 

 

 11.4 

     ,       

     M/M/1 ( . 11.4).   

.11.6. 

 
. 11.4.  . 

                                                                                                    11.6. 

 11.4. 

N  1  2  3  1C  2C  3C    
    8 1 1 0,5 1 1 1  

: N  — , . 

1 2 3, ,  ( ) —     1, 2  
3. 

1 2 3, ,C C C  — 1, 2 3. 
 — 

. 

. 

1. : 

1
1

1 1 .t c                                                                                           (11.61) 

  2
2

1 1 .t                                                                                        (11.62) 



 32 

 3
3

1 2 .t                                                                                         (11.63) 

2. : 
       11x                                                                                                (11.64) 

       112
1

2
2 p

t
tx                                                                                  (11.65) 

       213
1

3
3 p

t
tx                                                                                  (11.66) 

3. : 
                            ( , ) (n,m-1) ( 1, ).g n m g X g n mm                                       (11.67) 

 
                                                               11.7. 
                              11.4. 
 

          
m 
n 

x1 x2 x3 

0 1 1 1 
1 1 2 4 
2 1 3 11 
3 1 4 26 
4 1 5 57 
5 1 6 120 
6 1 7 247 
7 1 8 502 
8 1 9 1013 

 
 n – , , 

      m –  

 
4. . 11.7  : 

 495,0
1013
502

)(
)1(

11 NG
NGpu                                  (11.68) 

495,0
1013
502

1013
5021

12112
1

2
22 uxup

t
tpu                                           (11.69) 

991,0
1013
1004

1013
5022

13113
1

3
33 uxup

t
tpu                                           (11.70) 

5. ,  : 



 33 

    ,    ,
)(

)()(
1

k
NG

kNGxLv
N

k

k
ii

                                                                                                                     (11.71) 

9556,0
1013
968

1013
14112657120247502

1Lv                                  (11.72) 

9556,0
1013
968

1013
14112657120247502

2Lv                                  (11.73) 

0888,6
1013
6168

1013
2124211226257212022472502 87654321

3Lv  

                                                                                                                     (11.74) 

: 

1 2 3 0,9556 0,9556 6,0888 8L Lv Lv Lv                                            (11.75) 

6. : 
 

8 16,14
1 502 /1013

NT c
u

                                                                        (11.76) 

 
 11.5.  

     ,       

     M/M/1 ( .11.5).   

.11.8 

 
. 11.5  . 

          N  — , . 

1  ( ) —     1. 

2  ( ) —     2. 

3  ( ) —     3. 

1C  — 1. 

2C  — 2. 

3C  — 3. 



 34 

   

, — . 

                                                                                             

 

                                                                                        11.8. 

 11.5. 

N  1  2  3  1C  2C  3C   

 

 
5 1 0,5 0,5 1 1 1  

 

. 

 1. : 

1
1

1 1 .t                                                                                         (11.77) 

 2
2

1 2 .t                                                                                      (11.78) 

  3
3

1 2 .t                                                                                     (11.79) 

2. : 

.1.1 1312 PP                                                                                  (11.80) 

    .11X                                                                                           (11.81) 

.2
11
12

21

122
2 Ct

PtX                                                                        (11.82) 

      .2
11
12

31

133
3 Ct

PtX                                                                           (11.83) 

3.    ),( mng . 11.9: 

( , ) (n,m-1) ( 1, ).g n m g X g n mm                                                                    (11.84) 

                                                                    

 



 35 

 

 

 

 

                                                                                                   11.9 

                                   11.5 

m 

n 
1X  2X  3X  

0 1 1 1 

1 1 3 5 

2 1 7 17 

3 1 15 49 

4 1 31 129 

5 1 63 321 

 

4.  ( )  i- : 

 

321
129

)(
)1(

11 NG
NGU ,                                                        (11.85) 

321
258

2122 XUU ,                                                         (11.86) 

5.      

321
201

321
151749129

1 )(
)(

1
N

k NG
kNGL ,                               (11.87) 

321
702

321
152542173249221292

1 )(
)()2(2

N

k NG
kNGkXL , 

                                                                                                             (11.88)  

321
702

321
152542173249221292

1 )(
)()3(3

N

k NG
kNGkXL , 



 36 

                                                                                                             (11.89) 

: 

 N
i iL 5

321
702

321
702

321
2013

1
.                                                      (11.90) 

 

6.    i- :  

201 129 72
1 1 1 321 321 321

Q L                                                  (11.91) 

702 258 444
2 2 2 321 321 321

Q L                                                    (11.92) 

702 258 444
3 3 3 231 321 321

Q L                                                  (11.93) 

 

7. : 

5 1 16051  =12,44( )129 1291 321

N t
T ,                                                            (11.94) 

5 645  ( )1605 1605
129

N
T

.                                                              (11.95) 

8.  

: 

11 TL  1605 10052011  ( )1 321 645 645

L
T ,                               (11.96) 

22 TL  1605 35107022  ( )2 321 645 645

L
T ,                        (11.97) 

33 TL  1605 35107023  ( )3 321 645 645

L
T ,                         (11.98) 

: 

 
3 1005 3510 3510 8025 1605  ( )

645 645 645 645 1291
Tii

.                     (11.99) 



 37 

 

,  T2  T3  3,5  

 T1. 

9. : 

1 1 1
1005 3601 .
645 645

W T t                                                            (11.100) 

2 2 2
3510 22202 .
645 645

W T t                                                     (11.101) 

3 3 3
3510 22202 .
645 645

W T t                                                         (11.102) 

1 2 3
360 2220 2220 4800 .

645 645
w W W W                                  (11.103) 

10.  

. 11.6: 

                                                                                       11.6. 

                     11.5. 

 

 i  i  Q  L  W  T  

 1 0,404 0,4 0,22 0,62 0,56 1,56 
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 5   50 10 - - 1  -  -   70  51   - 27,2 

10   100 10 - - 1 - -   127,3 101    - 20,7 

25   250 10 - - 1 - -  292  251  -  14 

100 1000 10 - - 1 - -   1082   1001  -  7,5 

500  5000   10 -   -   1  - -  5175  5001 - 3,5 

5 50 10 10 10 1 1 1 98  80   - 18,5 
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: 

1.   : 

                                                                    

0( 1) 2p c cT N k t N                                                                  (14.16) 

1
5

5
c c

T

N N N
t

                                                                              (14.17) 

2 2
c c

p c

N N
T N

                                                                                    (14.18) 

, . 21  

25
5

21
c

cc

N
NN                                                                         (14.19) 

2.   Nc: 

                                                             
25 10 2 5 0c c c cN N N N                                                         (14.20) 

2 2 10 0c cN N                                                                               (14.21) 
2 2 10 0c cN N                                                                                (14.22) 
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  Nc: 

35,2
2

7,62
2

4042
cN                                                        (14.23) 

                                                                            

1 2 3 0,8
3

cNN N N                                                                          (14.24) 

1 2
2,35 0,55

2,35 2
                                                                         (14.25) 

 

35,4235,2pT c.                                                                                 (14.26) 

 

3.   : 

35,9535,4Tp tTT .                                                                   (14.27) 

4.   : 

55,0155,0

53,0
35,9
5

ii

T
T

t
T
t

                                                                              (14.28) 

 

 « » 

 
. 14.4  . 

 

: 

 t1 = t2 = 1, t3 = 2                                                                         (14.29)                                                            

 tT = 5                                                                                          (14.30) 

 N = 5                                                                                         (14.31) 

 

: 

1.   , : 
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2)2,1,1(maxmax
3,13,1 iii

tt                                                                     (14.32) 

,  3- .  

: 

121
2
11

2
12

1
cc

mj
i

i
m

i
mcp NNt

t
ttNT                                (14.33) 

2.  , . 21 : 

                                                                         

1
c

T

N N
t

                                                                                           (14.34) 

2 2 1
c

c

N
N

                                                                                         (14.35) 

5
5 2 1

c c

c

N N
N

                                                                                  (14.36) 

 Nc  Nc  =2,9 

8,612 cp NT .                                                                                  (14.37) 

8,1158,6Tp tTT .                                                                       (14.38)                                                    

42,0
8,11

5
T
N                                                                                   (14.39) 

3.   : 

i i i
Nt t
T

                                                                                           (14.40)                                                                                            

1 0,42                                                                                                       (14.41) 

2 0,42                                                                                                      (14.42) 

3 0,84                                                                                                      (14.43) 

4.   : 

                                                       

1
i

i
i

L                                                                                                (14.44) 
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1
1 2

1

0,42 0,72
1 1 0,42

L L                                                          (14.45) 

3
0,84 5,25

1 0,84
L                                                                               (14.46) 

ci NL                                                                                                  (14.47) 

5.   ,   

: 

i
iii

L
TTL                                                                                  (14.48) 

71,1
42,0
72,0

21 TT .                                                                                 (14.49) 

5,12
42,0
25,5

3T .                                                                                     (14.50) 

6.    : 

42.0
8,11

5
T
tT

T                                                                                 (14.51) 
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 15.  , 

 

. 
 

     

. 

     .    

. 15.1. 

 
 
             

1t 2t 3t

1
2 31 2 3

 
.15.1     . 

    : 

-    ( )  N=5; 

-    K=3;  

-    5tT ; 

-                          

11 2 3 0t t t t . 

        « » 

1. , : 

1,3 1,3
max max(1,1,1) 1ii i

t t                                                                (15.1) 

2. ,   .  

: 
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1
1 1 1 1 1 1 1 8i

m i
i m
j m

tT N t t N
t                            (15.2) 

3.    

8 5 3pT                                                                                            (15.3) 

4 .  
5 0, 625 1/
8T

N                                                                           (15.4) 

5.       

0,625 3 1,875L T                                                                       (15.5) 

6.        

5 1,875 3,125n N Lc                                                                   (15.6) 

  7. :                        

5 0,625
8

T
T

t
T

                                                                                 (15.7) 

0,625 1 0,625i it                                                                            (15.8) 

       (  

) 

1.  

.   

0 0( 1) ( 2)p c cT L k t N t                                                                 (15.9) 

cL  -   ( )   

2.  

: 

                             

1
5

5
c c

T

N L L
t

                                                                                 (15.10)                

2 2
c c

p c

L L
T L

                                                                                         (15.11) 

, . 21  
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1 2
5

5 2
c c

c

L L
L

                                                                           (15.12) 

3.  ,   

   Lc: 
2 2 10 0c cL L                                                                                      (15.13) 

  Lc: 

2 4 40 2 6,7 2, 35
2 2cL                                                          (15.14) 

4.    

1 2 3 0,8
3

cLL L L                                                                              (15.15) 

5.       

5 2,35 2,65n N Lc                                                                  (15.16) 

6.  

1 2
2, 35 0,55 1/

2, 35 2
                                                                (15.17) 

7.    

2, 35 2 4, 35pT                                                                      (15.18) 

8.     ( ) : 

4,35 5 9,35T T tp T                                                (15.19) 

9.   : 

5 0,55
9,35

T
T

t
T

                                                                                   (15.20) 

0,55 1 0,55i it                                                                                   (15.21) 

 

       

 - cL  -   ( )  . 

1.  

:     

1
5

5
c c

T

N L L
t

                                                                          (15.22) 
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2
3
3

c

p

L L L
T T T

                                                                             (15.23) 

2.   , ,      

M/M/1 

               
1

3 33
0 2 2

T Tp                                                         (15.24) 

  1

0 2
T                                                                               (15.25) 

3.    2 ( )
1/( ) 0 2

0 2

L L L
T

,                                   (15.26)  

 

        0
2 (1 )

L
L

                                                                                    (15.27) 

, . 21  

0
1 2

5 3
1T

LL
t L

                                                                   (15.28) 

   

5 3
5 1

L L
L

                                                                                   (15.29) 

4. ,                                                

                                     23 3 5 0L L                                                       (15.30) 

   L     

3 9 60 0,884
6

L                                                                            (15.31) 

5.      

23 2, 65cL L                                                                                         (15.32) 

6.       

5 2,65 2,35n N Lc                                                                   (15.33) 

7.  

0,884 0, 47 1/0
2 (1 ) (1 0,884)

L
L

                                                  (15.34) 
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8.    

5, 66
1 0, 47

3 33
0 2

T Tp                                          (15.35) 

9.     ( ) : 

5,66 5 10,66T T tp T                                                 (15.36)   

10. : 

5 0, 47
10,66

T
T

t
T

                                                                                  (15.37) 

0,47 1 0, 47i it                                                                                   (15.38) 

  

           

 

  - cL  -   ( )  . 

1.     

1
N N
T t T

                                                                             (15.39) 

   
0 0

3 33
( 1) /

T T
N t T

                                       (15.40) 

2. :     

0T                                                                                                  (15.41)                  

0t                                                                                                  (15.42) 

   

2 ( 2) 3 0N                                                                     (15.43) 

    5                                         (15.44) 

 3.      

5 1 5tTp                                                                                 (15.45) 

4.  

5 5 10T T tp T                                                                    (15.46) 

 5.  
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5 0,5 1/
10

N
T

                                                                         (15.47) 

6.       

0,5 5 2,5L T                                                                            (15.48) 

7.       

5 2,5 2,5n N Lc                                                                        (15.49) 

8.  : 

     5 0,5
10

T
T

t
T

                                                                                  (15.50) 

0,5 1 0,5i it                                                                                       (15.51) 

 

 

9.   . 15.1 

                                                                                                 15.1 

 « » . 

        

         T    0     n    L   Tp   T  

 

 

0,625  0,625  0,625  3,125  1,875  3  8 

  

 

 

0,55  0,55  0,55  2.65  2,35  4,35  9,35 

  0,47  0,47  0,47  2,35  2,65  5,66 10,66 

 

 

 0,5 0,5 0,5  2,5 2,5   5  10 
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 16.     

, 

». 

 

 

. 

     

,  

  M / M /  / N /  / N.  

,  : 

-        

,     

 - ,   

-  « » ,  

 «C»  – ; 

 -       ,   

,  

 « »  ( ); 

-  «N» ,   ,  

  . 

-      

: ,    

, ,   ,   .  

 

,   

. , 

  ,   , .  

     

.  
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 -  ,    

  .   

:  

-  ( ),  

( ); 

-  ,   ( o ); 

-  (  

),   (Q ); 

-     

 

),  ( L ); 

-    (  

),  (W ); 

- ,   

   (  

)  (T ).  

- ,  

,  .  

(n N L ),   

N - ,  

.   

  : 

t  - ; 

t  - ; 

1/ t  -  

1/ t    -   

N    -  

C  - ,     
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Pk ,  (k) .  

/  -  

  .  

 

  M/M/C/N/ /N  

,    

.  

 

  M/M/ /N/ /N. 

1.   

  

! ! -1
0 -! ( )!0 1 ! ( )!

k kc NN NP k ck N kk k c c c N k
       (16.1) 

           ! 10! ( )!
kNP P k ck k N k

                                                   (16.2)                   

!
10! ( )!

kN
P P k ck k cc c N k

                                                  (16.3)             

2.  Q - ,    

              

                  ( )
N

Q k c Pkk c
                                                              (16.4) 

3.  L - ,    

,  

1

N
L k Pkk

                                                                                           (16.5)     

4.  U - ,  

. 
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 U L Q                                                                                                     (16.6) 

5.   -    ,  

 

 /U C                                                                                                    (16.7) 

6.   T  -         

 ( ) 

T T t                                                                                              (16.8) 

  T  -  (  

  )  

       

( )N T T t                                                                    (16.9) 

L T                                                                                                (16.10) 

   -  , ,    

    

 (16.9)  (16.10)    T  

                
L tT
N L

                                                                  (16.11) 

7.   W  -   

                      W T to                                                            (16,12) 

8.   T  -  

T T t                                                                                                (16.13) 

9.    -     , .  

,     

t
T

                                                                                                  (16.14) 

10.   n  -    
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( )n N L                                                                                                 (16.15) 

11.  

. , 

  ,    

   
t
N

                                                                                  (16.16) 

   0t
C

                                                                                  (16.17) 

 (16.16)  (16.17)    

    
t

N t
                                                                                     (16.18)  

 (16.16) : 

-    1
t

N t
                                                                           (16.19) 

,    ,   

, ; 

-            1
t

N t
                                                                 (16.20) 

  , ,  

, , , ;  

-  1
t

N t
                                                                         (16.21) 

  , ,  

, , , . 

 

 16.1 

     100  .    

  ,  

  800 ,  , 



 81 

       

 8 . 

, ,  

  200 .  

  ,     350 . 

, ,        

 25  8 , . . 200 . 

,  

,  

,  

, ,  

. 

 

:  100N      800t      8t  

  1 200S    

 

    350S /( ) 

 

.  

,   (16.1 – 16.21),  

. 16.1 
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                                                                                           16.1 

         M/M/C/N/ /N    

  1    2  3 

 

 

1c  2c  3c  

0P  0,07570 0,33760 0,36584 

Q  6,64575 0,30084 0,04110 

L  7,57005 1,28796 1,03078 

U L Q  0,92430 0,98712 0,98969 

/U C  0,92430 0,49356 0,32990 

n N L  92,43000 98,71200 98,9692 

/n N  0,92430 0,98712 0,98969 

W 57,52000 2,43690 0,33211 

T  65,52000 10,43690 8,33200 

T T t
 

865,5200 810,4369 808,332 

/  1 2 3 

 

  (Yi )   i-      

   

  Yi m S L Si i i                                                                                       (16.22) 

  mi  –  i- 

   . 

  ( d )   

  

YY mind ii
                                                                                                (16.23) 
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     (6,32)    

, . 6.3,  :  

 1      Y 200 7,57 350 2843,501 1 1S L S    

 2      Y 2 2 200 1,288 350 850,802 1 2S L S  

 3       Y 3 3 200 1,031 350 960,853 1 3S L S  

,  

 (16.22)   2. 

   

. 

.  16.2-16.4    

  M/M/C/N/ /N   

 t , t , N  C      

   

. 
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                                                                                        16.2 

  M/M/C/N/ /N   

  100N ,  600t ,   8t  

  1  2  3 

 

 

1c  2c  3c  

0P  0,000923 0,208730 0,257518 

Q  24,07000 0,878762 0,1273 

L  25,0692 2,1830 1,4414 

U L Q  0, 9991 1,3042 1,3141 

/U C  0,9991 0,6500 0,4380 

n N L  74,9308 97,8170 98,558 

/n Nc  0,74931 0,97817 0,9855 

T  200,739 13,390 8,775 

T T t  800,739 613,390 608,77 

/  0,75 1,50 2,25 
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                                                                                           16.3 

       M/M/C/N/ /N  

       100N ,  600t ,   6t   

  1     2   3 

 

 

     1c       2c    3c  

0P  0,0757    0,3376  0,36584 

Q     6,64575    0,30084    0,0411 

L      7,57005     1,28796    1,03078 

U L Q       0,9243     0,9871    0,9896 

/U C       0,9243     0,49356    0,329897 

n N L       92,43     98,712     98,9692 

/n Nc       0,9243    0,98712    0,989692 

W        43,14      1,8286    0,249 

T        49,14      7,8286    6,24908 

T T t      649,14    607,8286    606,2498 

/        1        2     3 
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                                                                                   16.4 

       M/M/C/N/ /N    

       100N ,  400t  ,   6t  

  1  2  3 

 

 

1c  2c  3c  

0P  0,0000 0,157253 0,2144 

Q  32,3353 1,4406 0,2046 

L  33,3353 2,8971 1,6794 

U L Q  0,9998 1,4565 1,4748 

/U C  0,9998 0,7280 0,4916 

n N L  66,6647 97,1029 98,3200 

/n Nc  0,6667 0,9710 0,9832 

T  200,018 11,9343 6,8325 

T T t  600,018 41,9343 406,8325 

/  0,666 1,333 2 

 

 

 

 

    / M/1/N/ /N 

 

! -1
0 ( )!0

N kNP
N kk

  ,                                                       (16.24)   

 
t
t

                                                  

       :     
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                       1 0U P                            (16.25) 

    

    
t
t

                                                                                          (16.26) 

      

                           T T t                                                                  (16.27) 

      

       
t
T

                                                                               (16.28) 

       

              n N                                                                                    (16.29) 

        

          /N T                                                                                           (16.30) 

     L T                                                                                                (16.31) 

    

            0tW T                                                                                      (16.32) 

    

                                  N n L                                                                  (16.33) 
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 17.   

 

,  

. .   
 

 

    

 

   

, ,  

,  

.  

 

. 

 

. 

 17.1. 

 

/m  . 17.1 
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P

 
 

. 17.1  . 

: 

51/  - ; 

5  - ,  

; 

1 1/  -  

;  

1d - . 

m  - ,  

   (   0,1,..,5m  ); 

P  - , ; 

 1 je  1.  -  

     j – ; 

2 je  -  

 j- ; 

 

 1 : 11 1e     ; 21 1 . ./e  
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 2:   12 1,1 . .e     ; 22 0,5 . ./e ; 

 3:   13 1,2 . .e     ; 23 0,25 . ./e ; 

   

,  

: 

,     max( )l j jj
V D E     ,  j=1,2,3                                                      (17.1) 

 V  - ./ , 

        lV  - , 

l- y . 

j  - .,  j=1,2,3                                                       

jD  -        j –  

;  

jE  -    j-  

. 

: 

1.  

) 

       5 1
1 5

                                                        (17.2)            

2.   /m    1  

 ( )    

:                                                                

6
5 6 15m

P                                                                      (17.3) 

3. ,  

 (  

), : 

(1 )P                                                               (17.4) 

3.     j- 
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: 

1 1 (1 )jD d d P                                                   (17.5) 

4.   

, ,  

: 

1 2j j jE e c e m                                                                          (17.6) 

4.  

: 

     1 1 2(1 )j j j j jV D E d P e c e m                             (17.7)              

6. ,  (17.1) – (17.7)    

. 17.1-  . 17.3 

 

                                                                                                   17.1 

 1 

 

 
0m  1m  2m  3m  4m  5m  

P  0,3 0,23 0,188 0,158 0,136 0,12 

 3,5 3,85 4,06 4,21 4,32 4,4 

D  7,0 7,7 8,12 8,42 8,64 8,8 

E  5,0 6,0 7,0 8,0 9,0 10,0 

V  2,0 1,70 1,12 0,42 -0,36 -1,2 

.V  (*)      

(*)  -  m=0 
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                                                                           17.2 

 2 
 

 
0m  1m  2m  3m  4m  5m

 

P  0,3 0,23 0,188 0,158 0,136 0,12 

 3,5 3,85 4,06 4,21 4,32 4,4 

D  7,0 7,7 8,12 8,42 8,64 8,8 

E  5,5 6,0 6,5 7,0 7,5 8,0 

V  1,5 1,7 1,62 1,42 1,14 0,8 

.V   (*)     

(*)  -  m=1 

 

                                                                                                17.3 

 3 

 

 
0m  1m  2m  3m  4m  5m  

P  0,3 0,23 0,188 0,158 0,136 0,12 

 3,5 3,85 4,06 4,21 4,32 4,4 

D  7,0 7,7 8,12 8,42 8,64 8,8 

E  6,0 6,25 6,5 6,75 7,0 7,25 

V  1,0 1,45 1,62 1,67 1,64 1,55 

.V     (*)   

(*)  -  m=3 

 

,  17.1-17.3  

  max max(2,0;1,7;1,67) 2.0l jj
V V .                                        (17.8) 

1 ,  

)  

.                                                       
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 17.2 

 

 

, ,  6  10. 

.17.2    .17.3. 

 

 
. 17.2    

   (  1). 

1
t 21

t

22
t

 
. 17.3   

 

 (  2). 

.17.2      3 

, . 

. 17.3  

 2 . 

 

.  

 

.  

 

.   

  : 



 94 

 1: 

- iX , Mi ,1 .  1-  

: 11C . 

,   : 11X . 2 1X 13X  

 

   iX :  

1

1

T
Nt                                                                                                      (17.9) 

 2: 

,   : 11X . 2 1X 13X  

 

   iX : 

1 12 1

tiX P Xi it
                                                                                 (17.10) 

-    ( , ),  g n m  
  1 - ,  1, -     ( ).n ,N m K  

 

. 

-      
( , ),  g n m . 17.1)  ( . 17.2) 

: 

 1. 

. 

                                       ( ,1) (0, ) 1;g n g m                        

, 

  : 

                        ( , ) (n,m-1) ( 1, ).g n m g X g n mm                               (17.11)  

 2. 

1. . 

                                       ( ,1) (0, ) 1;g n g m                      



 95 

3.        g(n,m). 
g(n,m) = g(n,m-1) + Xm[g(n-1,m) + g(n-1,m-1)].                          (17.12) 
 

 

: 

-  1 (  1): 

1
( 1)

( )
G N

G N
;                                                                                         (17.13)        

-  ( ): 

1

1

T
Nt                                                                                                    (17.14) 

                                                                                                  

                                                                                                  17.1                                                                                               

 1. 

N  1X  2X  3X  1  T  

0 1 1 1 ---- ---- 

1 1 2 3 0,33 3 

2 1 3 6 0,50 4 

3 1 4 10 0,60 5 

4 1 5 15 0,667 6 

5 1 6 21 0,714 7 

6 1 7 28 0,750 8 

7 1 8 36 0,777 9 

8 1 9 45 0,800 10 

9 1 10 55 0,818 11 

10 1 11 66 0,833 12 
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                                                                                                  17.2                                                                                               

 2. 

N  1X  2X  1  T  

0 1 1 ---- ---- 

1 1 3 0,330 3,00 

2 1 5 0,600 3,33 

3 1 7 0,714 4,20 

4 1 9 0,777 5,15 

5 1 11 0,818 5,44 

6 1 13 0,846 7,09 

7 1 15 0,867 8,06 

8 1 17 0,882 9,07 

9 1 19 0,895 10,05 

10 1 21 0,905 11,04 

 

                                                                                        17.3 

 1  2. 

 6N  7N  8N  9N  10N  

T .1 8,00 9,00 10,00 11,00 12,00 

T .2 7,09 8.06 9,07 10,05 11,04 

1 2

1

T T
T

T
 

0,114 0,104 0,093 0,086 0,080 

 

,  

 

, , 

.   N=6,  

11,4%,  N=10  8 %. 

 N  
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,  

:  

1/( 2)T N                                                                                            (17.15) 

 10N  

,  

, : 

1/( 2)T N  

 

 17.3 

 

 

, ,  6  10. 

.17.4. 

 

 5-  

. 

 5-  

. 17.4. 

 

,  

. 

: 10,20  30. 

 

.  

   

 

 17.4.  

ijt  -  i  j-  

. 
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 ( . ).  

 

. 

 
.   17.4     

 

                                                                                  17.4 

 ( ). 

 1 jt  2 jt  3 jt  4 jt  5 jt  

1 10  20  20  20 20 

2 10 15 15 25 25 

3 10 10 20 25 25 

4 10 15 15 20 30 

5 10 10 10 30 30 

 

. 

 (  

),  

». 

 T : 
4

max | max
1

( / )cj ij i ij ij
i

T Nt t t t                                                                (17.16) 

 

            mincl jj
T T                                                                                     (17.17) 

 (17.16)  (17.17)   

 17.5. 
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                                                                                17.5 

 T  ( )    

 N=10 N=20 N=30 

 1 265 465 665 

 2 297 547 797 

 3 299 549 799 

 4 331,7 631,7 931,7 

 5 340 640 940 

 

, . 17.5 ,  

, 

.  

       

 

, 

. 

 

,  (  9 

). 

                                                                                                17.6 

,  

.  

                1  1  1                 2  1  2                   3 1  3 

                1  2  3                 2  2 1                   3 2  2 

                1  3  2                 2  3  3                 3 3  1 
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