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0, .

X X L
V

X L
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    X ,    

V XS C= . 

         

X S<     .   X S> ,  

   S ,   min{ , }V X S= . 

,  ’    5000C = . .   

 2500S = . .     

( )2500 3000 5000 1500V SX C= = ⋅ = . .,      

  2500V S= =  . . 

     . 

 1.1.     200000 . .   

       60000 . .      40000 . . 

 ,      70000 . .  

    ? 

’ .    1 2200000, 60000, 40000C S S= = = , 

1 2 100000 50%S S S C= + = = ; 70000X = .    
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 50% 70000 35000V = ⋅ = ,     

1 60% 35000 21000V = ⋅ = ,    2 40% 35000 14000V = ⋅ = . 

 1.2.    : 200000C = , 

1 150000S = , 2 100000S = , 200000X =  (  ).   

  ? 

’ . 1 2 150000 100000 250000S S S C= + = + = > .  -

 V       C .  

( )1 200000 150000 250000 120000V = ⋅ = ,  ( )2 200000 100000 250000V = ⋅ =  

80000= . 
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 1.3.  4     

 1 .  ,   -      

  ,  0,1. ,   

   ,   , : 

1)     ; 

2)      ; 

3)      ; 

4)     . 

’ .  ( )1,4iA =  — ,    ,   

  -  ,  iA  — ,    iA .  

( ) 0,1iP A p= = , ( ) 0,9iP A q= = .   iA  (   iA ) , 

        : 

1) ( ) ( ) ( ) ( ) ( )31 2 4 1 2 3 4 0,1 0,1 0,1 0,1 0,0001P A A A A P A P A P A P A⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ = ; 

2) ( ) ( ) ( ) ( ) ( )1 2 3 4 1 2 3 4 0,9 0,9 0,9 0,9 0,6561P A A A A P A P A P A P A⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ = ⋅ ⋅ ⋅ = ; 

3)   A={      }  

  ,    ,       

,  ( ) 1 0,6561 0,3439P A = − = ; 

4)  ,        

4 0,1 0,9 0,9 0,9 0,2916⋅ ⋅ ⋅ ⋅ = . 

 1.4.         

 : ,  ,   ,  

  ,   , 30%    , 

50% —    20% —  .    

    , ,    

 0,02; 0,02; 0,03.       

    .   ,    

   . 
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’ .    = { ,   ,  

}         H1 = {  

   }, 2 = {     }, 3 = 

{     }.      

( )1/ 0,02,P A H =  ( )2/ 0,02,P A H =  ( )3/ 0,03P A H = .  ,  

,   ,     ,  

  : 

( )
( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
2 2

2
1 1 2 2 3 3

/
/

/ / /

P H P A H
P H A

P H P A H P H P A H P H P A H
=

+ +
. 

 ( ) ( )2 / 0,5 0,02/ 0,3 0,02 0,5 0,02 0,2 0,03 5 11P H A = ⋅ ⋅ + ⋅ + ⋅ = . 

  n   ,     

    ’    p ( ,   

 1q p= −  ).    η = {    

   n }    0,1,2,..., n    

( ) k k n k
n nP k C p q −= ⋅ ⋅  (1.1) 

 

    η    

      

η 0 1 ... n 

( )P kn  ( )1Pn  ( )2Pn  ... ( )P nn  . 

 

    Mη ,  Dη ,  

 Wη    : 

,M npη =   ,D npqη =   /W q npη = . (1.2) 
 

   n      

,            

 1 (  0,1p ≤ ),      

  k     ,  
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( ) ,
!n

k
P k e

k

λ λ−≈ ⋅  (1.3) 

 

 npλ = -        n. 

 

 1.5.  4     

 1 .  ,   -      

  ,  0,1.     

 η = {  ,    }.  

’ .   η    0,1, 2, 3, 4k =   

,     (1.1). ,   

 0,1,p =  1 0,1 0,9,q = − =  :  

( ) 0 0 4
4 40 0,1 0,9 0,6561P C= ⋅ ⋅ = ; ( ) 1 1 3

4 41 0,1 0,9 0,2916;P C= ⋅ ⋅ =  

( ) 2 2 2
4 42 0,1 0,9 0,0486P C= ⋅ ⋅ = ; ( ) 3 3 1

4 43 0,1 0,9 0,0036P C= ⋅ ⋅ = ; 

( ) 4 4 0
4 44 0,1 0,9 0,0001.P C= ⋅ ⋅ =  

     η   

η 0 1 2 3 4 
Pi  0,6561 0,2916 0,0486 0,0036 0,0001 

 

 1.6.      

       0,003.  

 ,     3 ,   600 

 .  

’ .  0,003p =  — ,  600n =  — ,  

   (1.3), 0,003 600 1,8npλ = = ⋅ = .   

 3    3k = , 1,8λ =  ,  0,16p ≈ . 

 1.7.       100000n =  

    2000S =  . .   0,0015p = . 

       ? 
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’ .        

100000 2000 0,0015 300000Mη = ⋅ ⋅ = ( . .),    

 2000 100000 0,0015 0,9985 24476,5σ = ⋅ ⋅ = ,   

24476,5/300000 0,0815Wη = = . 

 1Wη < ,       

. 

 1.8.       

  0,001p = .     

 ,      . 

’ .     ,    

1Wη < .     1
q

W
np

η = <   

0,999
999

0,001

q
n

p
> = = . 

 ,    ,     

1000 . 

 1.9.       100000 

    2000 . .   0,0015.   

     ,    20 

   0,02    10000 . .? 

’ .      

20 10000 0,02 4000Mη = ⋅ ⋅ = , 10000 20 0,02 0,98 6261,2σ = ⋅ ⋅ = . 

  ,     

300000 4000 304000Mη = + = ,  2 224476,5 6261,2 25260σ = + = , Wη =  

25260/304000 0,0831= = . 

   1.7., ,    

 [ ]0,0815 0,0831<     ,    

    . 
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,          100, 

 : 100 10000 0,02 20000Mη = ⋅ ⋅ = , 

10000 100 0,02 0,98 14000σ = ⋅ ⋅ = ,    

300000 20000 320000Mη = + = ,  2 224476,5 14000 28196σ = + = , 

28196/320000 0,0881Wη = =  —   0,0815  0,0831. 

    1.9   , ,  

  ,    . 

 1.10.      500   

  10000 . .   1 75q = .    

       1.9. 

’ .       66667Mη = . ., 

1 74
10000 500 25650

75 75
σ = ⋅ ≈  . ., 25650/ 66667 0,385Wη = = . 

   4000Mη =  . ., 6261σ = .  ’   

66667 4000 70667Mη = + = ( . .), 2 225650 6261 26400σ = + ≈ ( . .),  

26400/ 70667 0,374 0, 385Wη = = < . 

 ,  ,     (500) 

      (20). 

 1.11.        

  η   : 

η  

 

[ )0,10
 

[ )10, 20
 

[ )20,30
 

[ )30, 40
 

[ )40,50
 

[ )50,60
 

[ )60,70
 

[ )70,80
 

[ )80,90
 

[ ]90,100
 

1in  4 11 17 23 14 6 28 17 6 4 

2in  6 14 10 30 13 10 23 8 7 3 
 

     0,05α =      

   . 

’ .     ( )1F x   ( )2F x ,   

 0H : ( ) ( )1 2F x F x=    1H : ( ) ( )1 2F x F x≠   

   - : 
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( ) ( ) ( )
1 21 2 1 2/ max n nn n n n F x F xλ = ⋅ + ⋅ − , 

 ( )
1 1 1/H

n iF x n n= , 
2 2 2/H

n iF n n= , 
1

k
H
i j

j

n n
=

=  —  . 

 

 

 

 

   

η 10 20 30 40 50 60 70 80 90 100 

2
H
in  4 15 32 55 69 75 103 120 126 130 

2in  6 20 30 60 73 83 106 114 121 124 

( )
1nF x  0,031 0,115 0,246 0,423 0,531 0,577 0,792 0,923 0,969 1 

( )
2nF x  0,048 0,161 0,242 0,484 0,589 0,669 0,855 0,919 0,976 1 

Δ  0,017 0,046 0,004 0,061 0,058 0,092 0,063 0,004 0,007  
 

( ) ( )1 2n nF x F xΔ = − , max 0,092Δ = , 1 130n = , 2 124n = , 

0,092 130 124/ 254 0,733λ = ⋅ = . 

  5    1,36tα =   ’   

( ) 1 0,95K tα α= − = .  0,733 1,36< ,     

  ’ . 

 1.12.    ,  30%  

     .    

 15 ,   .   ,   

   : ) ’  ; )   10 . 

’ . )    - :  

( )
( )

,m

n

x
P m

npq

ϕ
≈   m

m np
x

npq

−
= . (1.4) 
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 5m = , 15,n =  0,3,p = 0,7q = ,  
5 15 0,3

0,28
15 0,3 0,7

mx
− ⋅

= ≈
⋅ ⋅

, 

( )0,28 0,3836ϕ =  (  1  ).  ( )15

0,3836
5 0,217

1,77
P = ≈ . 

)       -

  

( ) 2 1
1 2n

m np m np
P m m m

npq npq

− −
≤ ≤ = − . (1.5) 

 

    

2 15 15 0,3
5,93;

15 0,3 0,7

m np

npq

− − ⋅
= ≈

⋅ ⋅
   1 10 15 0,3

3,11.
15 0,3 0,7

m np

npq

− − ⋅
= ≈

⋅ ⋅
 

  2   ( )5,93 0,5,=  ( )3,11 0,49903.=    

( ) ( ) ( )15 10 15 5,93 3,11 0,5 0,49903 0,00097.P m≤ ≤ = − = − =  

,   ,  n     

  S      p.  

 ,       

( )n

m
W A

n
=    p        

   0Δ > ,    

2
m n

P p
n pq
− ≤ Δ ≈ Δ , (1.6) 

 

,  
n

t
pqγ = Δ ,  :  

pq m pq
p t p t

n n nγ γ− ≤ ≤ + , (1.7) 

 

np t npq m np t npqγ γ− ≤ ≤ + . (1.8) 
 

 ,   (1.6)   ,    
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2
1

m pq
P p

n n
− ≤ Δ > −

Δ
. (1.9) 

 

 (1.6)  (1.9)     

 ,   ,    γ  , 

       p  ,   

 0Δ > ,   (1.7)  (1.8) —    . 

 1.13.       

 ,   ,    0,95γ =  ( 0,025ε = ) 

 ,       

 0,1p =  (  )  ,   0,02Δ = .   

,    (1.6). 

’ .    (1.8),  

: ( ) ( )2 0,09 0,0004 225pq n n nΔ = ⋅ = ; ( )1 225 0,95n− ≥ ; 

0,05 225 n≥ ; 225 0,05 4500n ≥ = . 

 ,     4500  . 

   (1.6) 
n

t
pq

= Δ   ,     

( ) 0,475t =  (   2   0,95 1,96t = ), ,  

1,96
n

pq
Δ = .  

( )
2

1,96 0,09
864,36

0,0004
n

⋅
= ≈ . 

 865      4500,  ,  

 (1.9)    . 

 

    
 

1.    ,  ,  

? 

2.   ,   ? 

3.       ? 
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4.        

  : ,  ,  

,     . 

5.    ,  ,    

  ? 

6.     . 

7.       ?  

8. : ) 3; ) 4      1 . 

 ,       , : 

) 0,95, ) 0,97. ,      

,   , : 

1)     ; 

2)      ; 

3)      ; 

4)     . 

9. ,  20%  — ,      

    0,2.  30%     

     0,15.   (  40%) 

     0,1,  10% „ ” —   

0,05.    .   ,    

      . 

10.    .  ,   

  :     — 0,9;   — 

0,95;   — 0,85.        

     50%, 30%  20%.  

 ,     . 

11. : ) 2; ) 3      1 . 

 ,   -      

  ,  ) 0,03; ) 0,02.   
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   η = {  ,   

 }. 

12.          

   : ) 0,001; ) 0,002.  

 ,     ) 4; ) 5 ,  

 ) 400; ) 500 . 

13.      300n =     

 1000S =  . .   
1

49
p = .     

  ? 

14.      500     

10000 . .   1 75q = .      

      13. 

15.    1.11     η  

) 

η  [0, 30) [30, 60) [60, 90) [90, 120) [120, 150) 

1im  15 21 32 27 18 

2im  13 24 25 29 17 
 

) 

η  [0, 50) [50, 100) [100, 150) [150, 200) [200, 250) [250, 300) 

1im  15 25 29 37 27 17 

2im  20 27 17 41 28 19 
 

     0,05α =       

 ? 

16.    ,  ) 40%; ) 20%  

     .   

  ) 20; ) 25 ,   .  

 ,     ) 3; ) 4 ; )  

 10; )   15   . 

17.    1.5  ) 0,003p = ; ) 0,005p = . 
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18.    1.13  ) 0,99γ = ; 0,2p = ; 0,01Δ = ; 

) 0,99γ = ; 0,3p = ; 0,03Δ = . 

 

2.    ,    
    

 

2.1.      
 

      ,    

X   . ,      

’    , ,    

0T         p   

  X ,  0T pX= .  

 2.1.  ,   1 2000S =  . .,  

 2 10000S = . . –   .   

    1 0,01p = ,   – 2 0,04p = . 

   . 

’ .  : 

1
0 1 1 2000 0,01 20T S p= = ⋅ =  . .; 2

0 2 2 10000 0,04 400T S p= = ⋅ =  . . 

 ,        

:        ( ), 

         ,   

        . 

    ,   

        

    , ,   , 

     ,   

       . 

     ,    

   [ , .39],       

.  
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 2.2.         

      ,     

   .       

  ,        1000 

: 

•      1-10 . (     0,04). 

•      11-20 . (     0,02). 

•       21 . (     

0,005). 

   ,     

            

.        

   .  

’ .       ,  

      0,04 1000 0,02 1000⋅ + ⋅ +  

0,005 1000 65+ ⋅ =  ( ). ,      , 

     .      

A B C ,   ( ) ( ) ( )( )A B C A B C A B C ,  

     0,04 0,98 0,995+0,96 0,02 0,995+0,96 0,98 0,005=0,0621812. 

   0=0,6218 1000=62,18 ( )     65 . 

  n  ,     , 

  1 2 ... nA A A      

( ) ( ) ( )( )2 1 3 1 21 2... ... ... ...n n nA A A A A A A A A A  

   . 

         

 ,       

( )M X A   X      (  

) A     p .    ( )0T pM X A= . 
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,        

 ( ) ( )
0

a

M X A x f x dx= ⋅ ,    

( )0

0

a

T p x f x dx= ⋅ . (2.1) 

 

 ,    .   

    ,      V, 

  

( ) ( ) ( )
0

a

MV pM V A p f x g x dx= = ⋅ ,   ( )0 g x X< <  (2.2) 

 

 V       ,  ( )X V−  –  

     (    

 ).  

 ,    X     

,   2.3       

     . 

 2.3         

: 

X 50 100 150 250 1000 
p  0,3 0,3 0,2 0,1 0,1 

 

     0,1p = .   

         

.  

’ .    

( ) ( )0 0,1 50 0,3 100 0,3 150 0,2 250 0,1 1000 0,1 20T pM X A= = ⋅ + ⋅ + ⋅ + ⋅ + ⋅ = . 

    ’  1000C =      

250S = ,        
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0 20 250 1000 5T = ⋅ = ,        

( )0 0,1 50 0,3 100 0,3 150 0,2 250 0,1 10T = ⋅ + ⋅ + ⋅ + ⋅ = . 

,    200L = .    

 ( ) ( )( )0 0,1 250 200 0,1 1000 200 0,1 8,5T = − ⋅ + − ⋅ = ,    

  ( )0 250 0,1 1000 0,1 0,1 12,5T = ⋅ + ⋅ ⋅ = . 

    X     . 

  . .  [    . 91-92]     

   0T ,    X    

 .     C    

 S ,      A   p . 

     ,  0 2T pC= .  

   0 2T pS= ,     

   ( )2
0 2T p S S C= − . 

    
2 2

0 2

C L
T p

C

−
= ,    

( )
2

0 2

C L
T p

C

−
= , 

 L  –  . 

 2.4.   20000C =  . .    

15000S =  . .,    6000L =  . .   

   ,      

  ,       , 

      0,01p = ,    

   0    . 

’ .     ,   

          

: 

1
0

0,01 20000
100

2
T

⋅
= = ; 2

0

0,01 15000
75

2
T

⋅
= = ;  
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3
0

225000000
0,01 15000 93,75

2 20000
T = − =

⋅
;  

( ) ( )
2 2

4
0

20000 60000
0,01 91

2 20000
T

−
= =

⋅
;  

( )
2

3
0

20000 60000
0,01 49

2 20000
T

−
= =

⋅
. 

    , : 

–          

      ; 

–          

     ; 

–          

      . 

  ,       S,  

     ,      

          

( )
, 0,

0, 0.

x

X

e x
f x

x

λλ − ≥
=

<
 

 S C= ,     [ , .38] 

( )( )0

1
1 exp .T C pλ

λ
= − −  

 [2] ,      

( )0 1 CS
T e p

C
λ

λ
−= − ,       

( )0 1 Sp
T e λ

λ
−= − ,    ( )0

L Cp
T e eλ λ

λ
− −= − ,    

( )0

1L L CT p Le e eλ λ λ

λ
− − −= + − . 

 2.5.    2.4 ,    

       
1

8000
λ
= . 
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’ .     2.4,    

, : 

20000
1 8000

0 0,01 8000 1 73,44T e
−

= ⋅ − = ; 2
0

15000
73,44 55,88

20000
T = ⋅ = ; 

15000
3 8000

0 0,01 8000 1 67,67T e
−

= ⋅ − = ; 
6000 20000

4 8000 8000
0 0,01 8000 31,23T e e

− −

= ⋅ − = ; 

6000
5 8000

0 0,01 6000 31,23 59,58T e
−

= ⋅ + = .  

 2.1.      1
0 73,44T =  

,   
1

7344 8000
λ
= <         

-   C ,    C     

 .     . 

 2.2.   ’    .  

 ’   ( ’      

,      ). , 

      ’ .    

   ,      

  . 

      ,   

  2.4 

 [3]       ,  

          

  ( )
1

2
Xf x

σ π
=

( )
2

2
exp

2

x μ

σ

−
− . 

        S C= ,   

( )22

2 22 2
0 1

2 22

C
C

T p e e
μμ

σ σ
μ μ μ σ μ

σ σ σπ

−
− −− −

= + + − + − , 

    : 
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2 2

2 2

( )

2 2
0 1 .

2 22

S C S
T p e e

C

μ μ

σ σ
μ μ μ σ μ

σ σ σπ

−
− −− −

= Φ +Φ + − + −Φ

 

     :  

2 2

2 2

( )

2 2
0 1 .

2 22

SS S S
T p e e

μ μ

σ σ
μ μ μ σ μ

σ σ σπ

−
− −− −

= Φ +Φ + − + −Φ

 

  :  

( ) ( )2 2

2 22 2
0 22

L C
L L C

T p e e
μ μ

σ σ
σ μ μ μ

σ σπ

− − − −
− − −

= − + Φ −Φ +  

( )
1 .

2

C L C
p

μ

σ

− −
+ −Φ  

  : 

( ) ( )2 2

2 22 2
0 1 .

2 22

L C
C L C C

T p e e
μ μ

σ σ
μ μ μ σ μ

σ σ σπ

− − −
−− − −

= Φ −Φ + − + −Φ

 

 ( )
22

exp
22

t
x dt

π
Φ = −  –  . 

   2.4.  2.5.     

         

,         .  

 

2.2.     
 

  ,    

 ’ ,  ,  ,   

   . ,       

      ,     

          

.      -    
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.        n    

   S      

 p .         

    ,    1d   2d   

     γ,      

 .        , 

         

 ,  ,    . 

     :    

, , ,  .      

  ( 1d   2d )      ,   

   . 

,   (1.8)  (1.7) ,  1d t npq= , 2 /d t pq n= , 

 t  ’   ( ) / 2t γΦ = . 

  ,    γ     

     ,       

( )1 2γ− . 

,    γ     

 .       

  .      

 ,     , ,   , – 

   ,     

    ’ .   

      

’ ,         

  . 

,   ,      

    ε ,    γ  
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  ( )1 2ε γ= − . ,  γ  −   , 

       ,    

( )1 2γ−      .    

      

1 1 1
1 1

2 2 2

γ γ γ
ε γ

− − +
− = + = − = . 

 ,      

„ ”  . ,     „   

0,95γ = ”,   ,    0,025ε = ,   

 1 0,975;ε− =  0,95 1,96t = . 

      γ     ε . 

   η = {      

}.  M npη = , D npqη = . 

      npS,   

  – npq S⋅ ,     

/ / 1/t npq S npS t q p nθ = ⋅ = ⋅  (2.3) 
 

      (    

 tγ ),          

 ( ,   (1.2)  1n =    /W q pη = ), 

 –   ( ,      

 –     ). 

 ,     , : 

−          

 (    ); 

−   . 

 2.6.     1000n =    

,      0,1p = .   
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 0,95γ =  ( 0,025)ε =      

   . 

’ .   2   0,95 1,96t = ,  100np = , 

1000 0,1 0,9 9,48.npq = ⋅ ⋅ ≈     1 1,96 9,84 19,29d = ⋅ = ,  

   1 / 19,29 /100 0,1929d npθ = = =   19,29%.  

   19,29θ = %     

 100 19,29 119,29 120+ = < . 

       10 ,  

10000n = , 0,1p = .  1000np = , 900npq = , 30npq = , 0,95 1,96t = , 

1 1,96 30 58,8d = ⋅ = , 58,8/1000 0,0588θ = = ,    

 ,   3 . 

 ,         

.   ,      2.6,  

   ,    ,  

    ,     . 

 2.7.    2.6 ,    

     10%  . 

’ .    0 0,1 1000 100T = ⋅ = ,   

 1 0,1 100 10d = ⋅ = .    10 9,48tγ= ⋅ ,  

10 /9,48tγ = =  1,055, ( )1,055 0,35314=   ( )2 1,055 0,71γ = = . 

 2.8.    2.6.   0,95γ =  ( 0,025)ε =  

     ( )nW A    

     p . 

’ .   2   0,95 1,96t = .  2 /d t pq nγ= =  

1,96 0,1 0,9 /1000 0,019= ⋅ = . 

 2.9.    6000 ,     

    0,005p = .   
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    S =100000 . .,   -  

800HT = . .         

0,95γ =  ( 0,025)ε = ? 

’ .   -       

6000 800 4800000⋅ = ( . .).     np =  

6000 0,005 30= ⋅ = ,     30 0,995npq = ⋅ =  

5,4635= .  

  2   0,95 1,96t = ,     

     1d t npqγ= = 1,96 5,4635⋅ =  

10,71= .  ,    1 30 10,71 41np d+ = + ≈  

 .     

4800000 4100000 700000− = ( . .). 

 2.10.    2.9  ,   

 ,   -     

. 

’ .  -     

4800000 :100000 48=  .   m np t npqγ− ≤   

48 30 5,4635tγ− ≤ ⋅   
18

3,29
5,4635

tγ ≥ =   ( ) ( )3,29 0,4995tγΦ ≥ Φ = . 

 γ    ( ) / 2tγ γΦ = ,  0,999γ = . 

 ,   0,999γ =   ,   

-     . 

  0 100000 0,005 500T p S= ⋅ = ⋅ =  ( . .),  

  800 500 300p = − = ( . .)  60%θ = . 

 2.11.    200n =    

  30S =  . .     
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 0,1p = .   - ,    0,95γ =  

( 0,025)ε =         . 

’ .      0,1 30 3M p Sη = ⋅ = ⋅ =  

( . .),    3 200 600npS = ⋅ = ( . .).   

  1 1,96 0,1 0,9 200 30 249,31d t npq Sγ= ⋅ = ⋅ ⋅ ⋅ = ,   

 (2.3)    249,31/ 600 0,42θ = =   

( )1 θ= +  3 1,42 4,26= ⋅ =  . . 

       

 ,    2.2. 

   1

0,04 0,98 0,995
0,622,

0,0621812
p

⋅ ⋅
= =  

2

0,96 0,02 0,995
0,303

0,0621812
p

⋅ ⋅
= = , 3

0,96 0,98 0,005
0,075

0,621812
p

⋅ ⋅
= = ,   

        

.   , 

1 2( ) 0,04 0,96 0,0384, 0,1959; ( ) 0,02 0,98 0,196, 0,14;pq A pq Bσ σ= ⋅ = = = ⋅ = =

3( ) 0,005 0,995 0,004975, 0,0705.pq C σ= ⋅ = =  

    ,    

(0,1959 0,14 0,0705) 0,4064pT t tγ γ= + + =  

       

     . ,  

,  (0,622 0,1959 0,303 0,14 0,075 0,705) 0,1692pT t tγ γ= ⋅ + ⋅ + ⋅ = , 

    0,4064tγ . 

       ,   

,   

0,0384 0,622 0,0196 0,303 0,004975 0,075 0,1738pT t tγ γ= ⋅ + ⋅ + ⋅ =  

 , ,      

       ,    
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  ,      

- ,       - ,   

        (   

      ). 

,   , p  –    ,  – 

  ,     

  V.  

       

, DV,      D(V|A)=M(V 2 |A)-

(M(V|A)) 2   

( )DV pD V A= +p(1- )( M ( | )V A )2  .  (2.4) 
 

,       (2.4)   

     ,  

 ’       .  

  ,     –   

 .     

 pT          

  2.3,        

    =0,1,     

    . 

1.       .  ( | ) 200M V A = ,  

2 2 2 2 2 2( | ) 50 0,3 100 0,3 150 0,2 250 0,1 1000 0,1 200 74500D V A = ⋅ + ⋅ + ⋅ + ⋅ + ⋅ − = , 

20,1 74500 0,1 0,9 200 11050, 105,12.VDV σ= ⋅ + ⋅ ⋅ = =  

,     =1000      

S=250. 

2.      

( | ) 200 250 /1000 50M V A = ⋅ = , ( | ) 74500 250 /1000 18625D V A = ⋅ = ,

20,1 18625 0,1 0,9 50 1975, 45,69VDV σ= ⋅ + ⋅ ⋅ = =  
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3.     ( | ) 100M V A = ,  

2 2 2 2 2( | ) 50 0,3 100 0,3 150 0,2 250 0,1 100 4500D V A = ⋅ + ⋅ + ⋅ + ⋅ − = ; 

0,1 4500 0,1 0,9 10000 1350, 36,7.VDV σ= ⋅ + ⋅ ⋅ = =  

    L=200, : 

4.    ( | ) 85M V A = ,  

2 2 2( | ) (250 200) 0,1 (1000 200) 0,1 85 57025,D V A = − ⋅ + − ⋅ − =  

20,1 57025 0,1 0,9 85 6352,75, 79,7.VDV σ= ⋅ + ⋅ ⋅ = =  

5.    ( | ) 125M V A = ,  

2 2 2( | ) 250 0,1 1000 0,1 125 90625,D V A = ⋅ + ⋅ − =  

20,1 90625 0,1 0,9 125 10468,75, 102,3.VDV σ= ⋅ + ⋅ ⋅ = =  

,         

 (2-5)        

    . 

   γ        

p VT t σγ= ⋅ . 

    X     . 

,   ,      0  

   C ,  [    , . 91-92]     

         

 ,   [];    DV : 

1. 
2 2

12 4

pC C
DV pq= + , 

12 4V

p pq
Cσ = + . 

2. 
2 2

12 4

pS S
DV pq= + , 

12 4V

p pq
Sσ = + . 

3. 
22 2 4 2

3 4

4 3

12 2

pC S S S
DV pq S

C C C
= − + − , 

 
22

2

4 3 2

12 4V

p S S pq C S
S

C C C
σ

−
= − + . 



 46

4. 
( )

22 23 3

23 4

C LC L
DV p p

C C

−−
= − , 

 
( )

22 23 3

23 4V

C LC L
p p

C C
σ

−−
= − . 

5. 
3 42 23

1 1 1
12 4

pC L L pqC L
DV

C C C
= − + + − , 

 
3 4

3
1 1 1

12 4V

p L L pq L
C

C C C
σ = − + + − . 

 2.12.    2.4    

   0,95γ = . 

’ .   2   0,95 1,96t = .    

Vtγ σ= ⋅          

 Vσ . :  

1 0,01 0,01 0,99
20000 1150,36

12 4Vσ
⋅

= + = ; 

2 0,01 0,01 0,99
15000 862,77

12 4Vσ
⋅

= + = ; 

( )
( )

2 2
3

2

3 150000,01 4 15000 0,01 0,99 2 20000 15000
15000 1056,51;

12 20000 4 2000020000
Vσ

⋅⋅ ⋅ ⋅ −
= − + =

3 3 2 2
4

2

20000 6000 20000 6000
0,01 0,01 1121,31

3 20000 4 20000Vσ
− −

= − =
⋅ ⋅

; 

2 4
5 0,01 6000 3 6000 0,01 0,99 6000

20000 1 1 1 740,29
12 20000 20000 4 20000Vσ

⋅ ⋅
= − + + − = . 

 1 1,96 1150,36 2254,71pT = ⋅ = ; 2 1691,03pT = ; 3 2070,76pT = ; 

4 2197,77pT = ; 5 1450,97pT = . 
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 ,    X     

 ,  [  ]      

  DV :  

1. 2 2
2 2

(1 2 ) (1 ) .C C Cp pq
DV C e e eλ λ λλ

λ λ
− − −= + − + −  

2. 
2 2

2 2
2 2 2 2

(1 2 ) (1 ) .C C CpS pqS
DV C e e e

C C
λ λ λλ

λ λ
− − −= + − + −  

3. 2 2
2 2

(1 2 ) (1 ) .S S Sp pq
DV S e e eλ λ λλ

λ λ
− − −= + − + −  

4. 2
2 2

( 2( ) ( )(2 )) ( ) .C L C L C L Cp pq
DV C L e e e e e e eλ λ λ λ λ λ λλ

λ λ
− − − − − − −= − − + − − + + −  

5. 2
2

2 2
( ( ) ( )L L C L CDV p L e Le Ce e eλ λ λ λ λ

λ λ
− − − − −= + − + − −  

2 2
2

1 1 1
( ( )) ( ( )) .L L C L L CLe e e pq Le e eλ λ λ λ λ λ

λ λ λ
− − − − −− + − + + −  

 ,    2.5   

         

 ,         . 

  -     

  - .     -   

.       

 1( . . .), , 100 .,       

 - . 

  -    : 
 

H HF= + , (2.5) 
 

  – - , H  - - , HF  - . 

    , H , HF     

,     100 .  . 
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- ,       : 

/R ZF F′= + + ⋅ ,  HF′  -  ,    

  .  100 .  , /K ZF  −   , 

       - . 

    : 

/1 K Z

F

F

′+
=

−
 (2.6) 

        -

,  0HF ′ =   (2.6)  : 

/1 K ZF
=

−
 (2.7) 

 2.13. -      

   0,2 .  100 .  ,    

:     (    

 ) – 0,06 .;      – 

4% - ;  – 15% - .   

- . 

’ .     = 0,2 ., F ′  = 0,06 ., /K ZF  = 0,19. 

   (2.7)  = (0,2 + 0,06)/(1 – 0,19) = 0,32 .  

 

2.3.    
 

       

 ,   X      

. 

           

      ,      

 . 

         

 ,        
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 .  ,       

,       ,   

    . 

        

  .        

,       : 

−    ,     

   ; 

−    ,       

         

  ; 

− ,       

 ,  ,     

    ; 

−      ; 

−       ,  , 

      ; 

−        

. 

,  ,    n   

,    .       

        ,      

-       S .   A    

 q ,     .   

        

 . 

         

1,

0,1

j

j
j

q
N

q
=

−
,       j -  
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.    j -     

 j j jX N Y= ,  jY  -      . 

  jN   jY ,  , ,  , 

  , .  ,  jY ,    

,     ,   

 0 jT MX= . 

 2.1.    j j jX N Y=   

 

j j j j jMX MN MY q MY= ⋅ = , 

( ) ( )( )
2 2

1j j j j j j jDX MN DY DN MY qDY q q MY= ⋅ + = + −  
(2.8) 

 

    jY ,   

 ,        

    .      

. 

 2.14.    0,1q = ,   

      
 

jY  100 200 300 400 

jp  0,4 0,3 0,2 0,1 
 

   .  

’ .    100 0,4 200 0,3jMY = ⋅ + ⋅ +  

300 0,2 400 0,1 200+ ⋅ + ⋅ = .    (2.8)    

200 0,1 20j jMX qMY= = ⋅ = . 

 2.15.  ’   1000 . ,   

 ,        
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’ ,     0,01q = .  , 

        . 

’ .  jY  −  ,    

   ,      0  

1000 .,  jN ,   , −     

.    j -      

j j jX N Y= ,       (2.8). 

   ,      

 [ ],a b    jY   
2j

b a
MY

+
= , 

( )
2

12j

b a
DY

−
= .    500jMY = , 1000000 /12jDY = .  , 

0,01jMN q= = , ( ) 31 9,9 10jDN q q −= − = ⋅ .  ,  

 500 0,01 5jMX = ⋅ =  .;       

0,01 1000000/12 0,01 0,99 250000 3308,3jDX = ⋅ + ⋅ ⋅ =  .  

       

3308,3
11,5

5
W = ≈       . 

 2.16.       0,2q = ,  

  jY        

1/ 2λ = .  ,        

. 

’ .    ,    

   λ   jY   

1
j jMY DY

λ
= = .     2j jMY DY= = , 0,2jMN q= = , 

( )1 0,2 0,8 0,16jDN q q= − = ⋅ = .  ,   (2.8) 



 52

2 0,2 0,4j j jMX MN MY= ⋅ = ⋅ =  .,       

0,2 4 0,16 4 1,44jDX = ⋅ + ⋅ =  .  

      
1 1 0,2

2
0,2

q
W

q

− −
= = = . 

,     ’   

0,4jMX =  .      0,5λ = ,    

  ( .  2.1). 

 2.17.       

   X     ( )
( )

4

3

1
Xf x

x
=

+
, 

0x > .       . 

’ .    MX   

( )
( )

( )
( )

2
3

4
0 0

0

3 13 1
lim 1

2 21

A

X
A

xx
MX x f x dx dx x

x

−+∞ ∞
−

→∞

+
= ⋅ = = + + =

−+
. 

 2.18.      X  

   

X  20 30 40 50 60 70 80 

ip  0,15 0,1 0,05 0,2 0,1 0,1 0,3 
. 

 

  ,     

    ,   Xσ . 

’ .  20 0,15 30 0,1 70 0,1 80 0,3 55MX = ⋅ + ⋅ + + ⋅ + ⋅ = . 

( ) ( )
2 22 2 2 2 220 0,15 30 0,1 70 0,1 80 0,3 55 475DX MX MX= − = ⋅ + ⋅ + + ⋅ + ⋅ − = , 

21,794Xσ = .      { }55 21,794X − < , , 

  , { }33,206 76,794X< < .  { }33,206 76,794P X< < =  

{ } { } { } { }40 50 60 70 0,45P X P X P X P X= = + = + = + = = . 

 2.19.    2MX = ,   

 16DY = ,    – DX = 30.  
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. 

’ . ’    

( )( )
2

2;

16;

1 30,

qMY

DY

qDY q q MY

=

=

+ − =

   q   28 17 2 0q q− + = , 

  1 2q =  2 1 8q = .  1 2 1q = > ,     

1
2 2 : 16

8
MY q= = = . 

 2.20.      X  

   

X  0 500 1000 10000 50000 100000 

ip  0,9 0,06 0,03 0,008 0,001 0,001 
. 

 

   MY      

 . 

’ .       

0 0,9 500 0,06 1000 0,03 10000 0,008 50000 0,001MX = ⋅ + ⋅ + ⋅ + ⋅ + ⋅ +  

100000 0,001 290+ ⋅ =  

       

    1 0,9 0,1q = − = .    MX qMY=  

,  290 : 0,1 2900MY = = . 

 2.21.        

        

  .       101,   – 

99,  2   – 100. 

        5 . 

’ .         yn 

    n-  ,   nŷ     n-  .   
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 2 100y− = , 1 99y− = , 0 101y = . 2 1 0
1€ 100

3

y y y
y − −+ +
= = , 

1 0 1
2

€
€ 100

3

y y y
y − + +

= = , 0 1 2
3

€ €
€ 100,33

3

y y y
y

+ +
= = , 1 2 3

4

€ € €
€ 100,11

3

y y y
y

+ +
= = , 

2 3 4
5

€ € €
€ 100,15

3

y y y
y

+ +
= = . 

   n  .  

   j-    jq , ( )1,j n= . 

  j-   ,   ,    

j j jX N Y= ,       −  

 
1

n

j
j

X X
=

= .   (2.8)   

1

n

j j
j

MX q MY
=

= , ( )( )( )2

1

1
n

j j j j j
j

DX q DY q q MY
=

= + − . (2.9) 

 

     ,    0jDY = ,  

 ( )( )
2

1

1
n

j j j
j

DX q q MY
=

= − .  jq q const= =  

1

n

j
j

MX q MY
=

= , ( ) ( )
2

1 1

1
n n

j j
j j

DX q DY q q MY
= =

= + − . 

 2.22.       

     , ,  lnZ X=  

     6,012a =   2 1,792σ = . 

  ,  200 500X< < . 

’ .   ( )200 500p P X= < <    

 ( ) ( )200 500 ln 200 ln500Zp P e P Z= < < = < < .  
Z a

η
σ

−
=   

   - ,  

ln 200 ln500 ln 200 6,012 ln500 6,012

1,792 1,792

a a
p P Pη η

σ σ

− − − −
= < < = < < ≈  
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( ) ( )0,151 0,533 0,262≈ − − ≈ . 

 2.23.    300   

   1 .     – 1000 . . 

      100  1 0,1p =   

2 0,2p =     200 .  ,    

 . 

’ .   1000jMY =  . ., 0jDY = .    

(2.9) : ( )1000 100 0,1 200 0,2 50000MX ⋅ + ⋅= =  . ., 

( )2 61000 100 0,1 0,9 200 0,2 0,8 41 10DX = ⋅ ⋅ + ⋅ ⋅ = ⋅  . ., 6403σ =  . ., ( )W X =  

( )/ 6403/50000 100% 13%MXσ= = ⋅ = . 

     . 

 2.24.   8000    

 1 ,   5000     10000 . .  3000 –  

 20000 . .       

0,02.  ,     . 

’ .   (2.9)  

4 4 450000 10 0,02 3000 2 10 0,02 220 10MX = ⋅ ⋅ + ⋅ ⋅ ⋅ = ⋅   . .; 

8 8 85000 10 0,02 0,98 3000 4 10 0,02 0,98 333,2 10DX = ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ ⋅ ≈ ⋅  . .; 

418,25 10σ = ⋅  . .; ( ) 4 418,25 10 / 220 10 0,0783W X = ⋅ ⋅ = . 

  ,      

    . ,  ’  

 2.23, 2.24 ,      . 

 

 

 

2.4.    
 

     ,     

      ,  
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      ,  . 

,      ,    

        

     . ,  

  ’    ,    

   .  ,   

      ,    

N    . ,  N  = {    

}   .  

        , 

   iX ={  i -  }   

.       , 

’   ,        

,    . 

 ,   N   iX    . 

 iX    ,     .  

     ,    

,    : 1 2 ... kZ X X X= + + + . 

   Z     

 N     Xk.  

    N   

 ,  ’   .  

 X    , -

  ,  , -   

 .       

   Z. 

         

     X  N,     

,    ,      

  . 
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 ,     N   Z   (  

N    ),  N       X , 

  

MZ MN MX= ⋅ , [ ]
2

DZ MN DX MX DN= ⋅ + . (2.10) 

 

  (2.8)  (2.10)       

   .     

      ,    

    .   –   

,        

  ( )MN MX⋅ ,     . 

,       .   

 N        λ .   

 Z     .     

MN DN λ= = ,  (2.10)   

MZ MXλ= , [ ]
2 2DZ DX MX MXλ λ λ= + =  (2.11) 

 

   ,    ,  

  .  i
i

λ λ= , /i iw λ λ= . 

 2.25.    10000N =   

  1 .   1 5000N =    10000 . .,  

2 5000N =   20000 . .  ’    0,04  

 . 

       

   . 

’ . ’      . 

   1N   2N     ,  

     1 210000 20000Z N N= + .   

 (2.9), ,     0,  
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65000 0,04 10000 5000 0,04 20000 6 10MZ = ⋅ ⋅ + ⋅ ⋅ = ⋅ ; 

2 2 105000 0,04 0,96 10000 5000 0,04 0,96 20000 9,6 10DZ = ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ = ⋅ . 

’       ,   

     ,      

.     ,  , 

,    n   q    iλ : 1 2 5000 0,04 200λ λ= = ⋅ = . 

          

1 2 400λ λ λ= + = , 1 2 200 / 400 0,5w w= = = ,  0,5 10000 0,5 20000MX = ⋅ + ⋅ =  

15000= , 2 8 8 80,5 10 0,5 4 10 2,5 10MX = ⋅ + ⋅ ⋅ = ⋅ . 

   (2.11) 6400 15000 6 10MZ = ⋅ = ⋅ ; DZ =  

8 10400 2,5 10 10 10= ⋅ ⋅ = ⋅ . 

  ’ , ,    

,           

. 

 

2.5.   -     

  

2.5.1.        100 . 

  
 

    -    

  .  ,     

     ,     

  ,         

     . 

  –   (  ),  ( )P A  -  

.       

       .   

      ( )P A   



 59

 : ( )P A K⋅ .   ( )P A K⋅    1 . . ., 

,  100 .,    

( ) 100g P A K= ⋅ ⋅ . (2.12) 
 

    100 .  . 

  (2.12)   .   

 ( ) / , /BP A K K= = ,   −    

  (    ),  −     

 ,  −     ,  −   

   . : 

100 100g
⋅

= ⋅ = ⋅
⋅

 . (2.13) 

 

        

  ,    –   

 ,      

’ . 

        5 

      ’    

       ’   .  

   ,      

   ( ) . 

      -  

 ,         

     ’ ,   

      .    

         

. 

        

  100 .     5 . 
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( )

2

1

,
1

n
i

i

y y
S

n=

−
=

−
  

1

1 n

i
i

y y
n =

=  −  

    ’  , iy  −    

 -  , n –        

 (    n = 5).  

 2.26.   5       

       100 .   iy : 0,25; 

0,3; 0,22; 0,27; 0,31.    ,  -

. 

’ . ’     ,   

   5 :
0,25 0,3 0,22 0,27 0,31

0,27
5

y
+ + + +

= = . 

 

   100 . 
  ( )iy  . 

 

( )y  

. 

 

( )iy y−  
 

 

( )
2

iy y−  

1 0,25 0,27 -0,02 0,0004 
2 0,3 0,27 0,03 0,0009 
3 0,22 0,27 -0,05 0,0025 
4 0,27 0,27 0 0 
5 0,31 0,27 0,04 0,0016 

 1,35  0 0,0054 
 

, 
( )
0,0054

0,00135 0,036
5 1

S = = ≈
−

 .,  -   

   ’   (0,27 .)    

(0,036 .)      0,306 . 

 

2.5.2.       ( ) 

  100 .   
 

      ( ) 
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 .       

       3 . 

       

.        

,          

    . 

   0b   1b     

 0 1y b b t
∧

= + ⋅ ,  y
∧

 –   100 .  , t –   

.  

   ’     

2
0 1

1 1 1

0 2
1 1

n n n

i i i i
i i i

n n

i i
i i

t y b t b t

y nb b t

= = =

= =

= +

= +

, 

 n –       ; iy  –  

  -  ; it  –  ,    

,   iy . 

 2.27.  5       

      100 .      

 iy : 0,29; 0,3; 0,37; 0,5; 0,54.     -

. 

’ .     ,  

    0b   1b : 

 
 it  

 
   

( )iy  
i it y⋅  2

it  

1 0,28 0,28 1 
2 0,3 0,6 4 
3 0,37 1,11 9 
4 0,5 2 16 
5 0,54 2,7 25 
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 1,99 6,69 55 
 

        

 0 1

0 2

1,99 5 15

6,69 15 55

b b

b b

= +

= +
, ’   0 0,182b =   1 0,072b ≈ ,   

    : 0,182 0,072 .y t
∧

= +  

       

 1,2,3,4,5it = ,   ( )  

  100 .       iy
∧

: 

1 0,182 0,072 1 0,254y
∧

= + ⋅ =  .;  2 0,182 0,072 2 0,326y
∧

= + ⋅ =  .; 

3 0,182 0,072 3 0,398y
∧

= + ⋅ =  .;  4 0,182 0,072 4 0,47y
∧

= + ⋅ =  .; 

5 0,182 0,072 5 0,542y
∧

= + ⋅ =  . 

     3 ,     

   6,7,8.t =  

6 0,182 0,072 6 0,614y
∧

= + ⋅ =  .; 7 0,182 0,072 7 0,686y
∧

= + ⋅ =  .; 

^

8 0,182 0,072 8 0,758y = + ⋅ =  . 

  
^

8 0,758y =       . 

      

 
 it  

 
   

( )iy  

 

 iy
∧

 

 

iy y
∧

−  
 
 

1 0,28 0,254 – 0,026 0,000676 
2 0,3 0,326 0,026 0,000676 
3 0,37 0,398 0,028 0,000784 
4 0,5 0,47 – 0,03 0,0009 
5 0,54 0,542 0,002 0,000004 
    0,003040 

 

   ,  
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( )

25 ^

1
0,000676 0,000676 0,000784 0,0009 0,000004 1

5 1 4
0,00076.

i i
i

y y
=

−
+ + + +

= =
−

=

 

   0,00076 0,03S = ≈  .,  -  

 0,76 0,03 0,79+ =  .  100 .  . 

 

2.5.3.   -     

  
 

         

      . 

     - ,  

       . 

       ,  

       100 .  ,  

 (2.7)  - . 

      :  

1) -      (   

   ) – 70%; 

2)   – 30%   :  

−     – 16%; 

−      – 4%; 

−  – 10%.  

 2.28.    2.26  - , 

   . 

’ .   (2.7) -  
100 0,306

0,44
100 30

⋅
= ≈

−
. 

: 

−  
0,44 4

0,13 .
100

⋅
≈ ; 
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−     
0,44 16

0,07 .
100

⋅
≈ ; 

−      
0,44 4

0,02 .
100

⋅
= ; 

−  
0,44 10

0,04 .
100

⋅
= . 

 

2.6.        
 

  ,      

 -     100 .     . 

      . 

-     ,    , 

      . 

    ,    

         

 ,    –    

. 

     ’    

      .  

, ,   ,  ’  ,     −  

,   ’        . 

       -

    ’  ,    

    (  ),    

    ,     

’   = ,   –    

    ;  –    

 (      )   

;  –    ’  . 



 65

        

       

   (  : = ,   − 

      ( ’ ) ;  − 

       ( ’ ) . 

         

    ,   

        .  

   ,        

 ,       

,      . 

    :  

( )1 1− −
= , (2.14) 

 

  −    ; 0  −  

   ( )     

 ( )   . ,  

0 1p< < . 

     00 1< < .   

        

 , ,  10%. 

,  0 0,7= ,   ,     

  10%        

7%. 

 -        

    .  ,   

 ,  ,  100 .  ,   

    100.  , 
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100= ⋅ ⋅ ⋅  . (2.15) 
 

 2.29.     

   .       

500 . ,      32,5 . 

       

   0,3= . ,    

 40% ,    0 0,8K = . 

  - ,     . 

’ .  0/ 32,5/500 0,065= = = , 0,3= , 0 0,8= , 

0,4= .    (2.15) 100= ⋅ ⋅ ⋅ =  

0,065 0,3 1,3 100 2,55 .= ⋅ ⋅ ⋅ =      

100 1,95 .,= ⋅ ⋅ =     0,6 .= − =  

 

 

2.7.  -      
 

,   , jN  –     j -  

.    j -     

 j j jX N Y= ⋅ ,  jY  −      

,       –  

 
1

n

j
j

X X
=

= ,     jY  – . 

     n   .  

   n∗        1V ∗ , 

2 ,V ∗ , nV ∗ ,       N ∗      

  1kY ∗ , 2,kY ∗ ,
kN

Y ∗

∗ ,   – 1k , 2 ,k , 
N

k ∗  –  .   

    
1

1 N

ki
i

Y Y
N

∗

∗ ∗

∗
=

= . 
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 2.2.  ,   

1

1
;

1
,

1

n

j
j

j
j i

MY Y
n

MY Y
n

∗

=

∗

≠

≈

≈
−

 

   

2 2

1

( ) ( )
n

j
j

MY n Y ∗

=

≈ . (2.16) 

 

  2( )R∗     kiY ∗     

 Y ∗     2 * 2

1

1
( ) ( )

1

N

Ri
i

R Y Y
N

∗

∗ ∗

∗
=

= −
−

. 

,  2

1

1
( )

n

j
j

R DY
n

∗

=

≈  –  .   

  X : 

1 1 1 1

n n n n

j j j j j j
j j j j

MX M X MX MY N MY MN qnY ∗

= = = =

= = = = ⋅ =  (2.17) 

 
(    ,    jY   jN  – , 

jMN q= , 
1

n

j
j

MY nY ∗

=

≈ ). 

 

2 2

1 1 1

( ( ) )
n n n

j j j j
j j j

DX D X DX MX MX
= = =

= = = −  (2.18) 

 

,    jY   jN  – ,   

2 2 2 2 2 2 2( ) ( ( ) )j j j j j j j jMX M Y N MY MN qMY q DY MY= ⋅ = ⋅ = = + , 

2( )jMX 2 2 2( ( )) ( )j j jM Y N q MY= ⋅ = . 

    (2.18),   

2 2 2 2 2

1

(( ( ) ) ( ) ) ( ) (1 ) ( )
n

j j j
j

DX DY MY q q MY qn R q q n Y∗ ∗

=

= + − = + − . 
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2 2( ) (1 ) ( )X qn R q q n Yσ ∗ ∗= + −  (2.19) 

 

   ( ) / XZ X MX σ= − .   

 jX  –   n  – ,  Z     

 ,  
2 21

( ) ( )
2

t
xP Z t t e dt

π
−

−∞

< = = . 

   γ    ( ) 2t γ= ,   

, tγ .  (( ) / )XX MX tγσ− ≤   xX t MXγσ≤ + .   

      MX  (2.17)   

  xσ ,  

2 2( ) (1 ) ( ) O P HX nqY t qn R q q n Y T T Tγ
∗ ∗ ∗≤ + + − = + = , (2.20) 

 

 0T  –  , PT  –  , HT  – - . 

 2.30.      

:  300n∗ =      10N ∗ =  

   kiY ∗ : 10; 15; 10; 5; 15; 10; 8; 8; 9; 10.  

 400n =   .   - ,   

  0,95γ =  ( 0,025)ε =      . 

’ .   ( )    

1
(10 15 10 5 15 10 8 8 9 10) 10

10
Y ∗ = + + + + + + + + + = ,    

 2 2 2 2 21
( ) ((10 10) (15 5) (9 10) (10 10) ) 28 3

9
R∗ = − + − + − − = . 

      300   10 

,  10/300 1/30q = = ,    2   ,  

1,96tγ = .  

 ,    0,95γ =  ( 0,025)ε =     

 ,        400n =  
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, -  HT       

(2.20) 

1 1 28 1 29 400 221,1
400 10 1,96 400 400 100 207,023

30 30 3 30 30 3 3HT = ⋅ ⋅ + ⋅ ⋅ + ⋅ ⋅ ⋅ = + = . 

,   133,3OT = ,    73,7PT = , 

  55,3%  . 

 

    

1.       ,  

  X   ,      

? 

2.         

      ,   

   ,     

. 

3.       ’  

     - ? 

4.     -      

    ? 

5.       ? 

6.        ? 

7.       

  j-  ,   ,     

    ,     j-

 ? 

8.    ,     

    ? 

9.     -     

? 
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10.         

     ? 

11.    0,08q = ,    

    

jY  50 100 150 250 1000 

jp  0,3 0,2 0,1 0,1 0,1 
 

   . 

12.    0,03q = ,    

   

jY  2000 4000 5000 10000 

jp  0,4 0,3 0,2 0,1 
 

   . 

13. ’       6 . . .,   

 ’ .     0,0001,   

      0  6 . . .   

,    . 

14.      0,05,   

    (0; 600).   , 

   . 

15.     2.23 300   400, 1000  1500, 100  

150, 0,1  0,07, 200  250, 0,2  0,08.  

16.     2.23 300   500, 1000  2000, 100  

200, 0,1  0,01 , 200  300, 0,2  0,15.  

17.     2.24 8000   5000, 5000  2000, 10000 

 8000, 3000  3000, 20000  10000, 0,02  0,01.  

18.    2.24  8000   7000, 5000  3000, 10000 

 11000, 3000  4000, 20000  13000, 0,02  0,05. 

19.     2.24     

    . 
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20.    6000     

10 . .  4000     20 . .   

    0,02.     

     . 

21.    6000n =    

,      0,01p = .   

 0,95γ =  ( 0,025)ε = : )     

   ; )     

( )nW A        . 

22.    η ( . . .)    

 

) η 0 1 3 4 ) η 0 1 2 4 

 p  0,9835 0,0101 0,006 0,0004  p  0,9775 0,0172 0,005 0,0003 
 

 ) 6400n = ; ) 8100n =    . 

  - ,    ) 0,98γ =  ( 0,01)ε = ; 

) 0,99γ =  ( 0,005)ε =         . 

23.    ) 5000n = ; ) 4000n =  ,    

      ) 1200S =  . .,  

) 1900S =  . .,   -   ) 600HT =  . .;  

) 500HT =  . .        

 ) 0,98γ =  ( 0,01)ε = ; ) 0,99γ =  ( 0,005)ε = . 

24.    23      

,   -     . 

25.    ) 300n = ; ) 400n =    

  ) 70S =  . .; ) 80S =  . .    

   ) 0,05p = ; ) 0,03p = .   -

,    ) 0,98γ =  ( 0,01)ε = ; ) 0,99γ =  ( 0,005)ε =   

      . 
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26.       ) 2000 . .; ) 1500 

. .            

, , ,     ,  ) ( ) 0,03P A = , 

( ) 0,04P B = , ( ) 0,05P C = ; ) ( ) 0,15P A = , ( ) 0,25P B = , ( ) 0,3P C = .  

     . 

27.    ) 200n = ; ) 300n =   

 .   -    

,     ) 0,98γ =  ( 0,01)ε = ; ) 0,99γ =  ( 0,005)ε =  

    . 

28.    27   - ,  

 /K ZF   ) 15%, ) 20% - . 

29.   ’        

       100 .  : ) iy : 

0,18; 0,19; 0,17; 0,25; 0,23; ) iy : 0,19; 0,21; 0,22; 0,20; 0,17.  

 - . 

30.   ’        

       100 .  : ) iy : 

0,16; 0,17; 0,20; 0,22; 0,23; ) iy : 0,18; 0,20; 0,22; 0,23; 0,25.  

 - . 

31.   .    

 ) 450000; ) 550000      

.     ) 25000; ) 30000  

.        

    ) 0,4npK = ; ) 0,35npK = . 

,     ) 35%; ) 45%  , 

    ) 0,75OK = ; ) 0,85OK = . 

 - ,     . 

32.    2.30 : 
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) 325n∗ = ; 13N ∗ = ; 441n = ; 0,98γ = ; KiY ∗ : 48,46, 51, 50, 48, 52, 53, 50, 

47, 48, 51, 52, 46. 

) 280n∗ = ; 12N ∗ = , 324n = , 0,99γ = ; KiY ∗ : 100, 110, 108, 95, 98, 103, 

100, 101, 98, 101, 95, 98. 

 
3.    ( ) 

3.1.   ( )   
 

    iA ,       

 -    ,   .    

     ,    

,   —   .  

         

  1t , 2t , 3t  ...,      . 

 3.1.    ,     

 ,     . 

 3.2.      ,   

-        ,  

    ,     ,    .   

,        

,       . 

 3.3.    ,   

          

          . 

  ,        

    ,     . 

 3.4.    ,   -

          

         ,      

. 
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 3.5.  ,     

,   ,   

,         

–– . 

 3.6.    ,     

,      .  

      . 

 3.7.      

,         

 . 

 3.1.      λ    

( )tη ,      [ ]0;t ,    : 

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

!

k
tt

P t k e k
k

λλ
η −= = =  (3.1) 

 

 

( ) ( ) , ( )M t D t t t tη η λ ση λ= = =  (3.2) 
 

 3.1.      λ   

 : 

1)  ,     [ ]0;t      

( )( )0 tP t e λη −= = ; (3.3) 
 

2)  ,     [ ]0;t     k  , 

1,2,3,...k =  

1

0

( )
( ( ) ) ,( 1,2,3...);

!

mk
t

m

t
P t k e k

m
λ λ

η
−

−

=

< = =  (3.4) 

 

3)  ,     [ ]0;t     

1,2,3,...k =    

1

0

( )
( ( ) ) 1 ,( 1,2,3,....);

!

mk
t

m

t
P t k e k

m
λ λ

η
−

−

=

≥ = − =  (3.5) 
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4)  ,     [ ]0;t     

  

( ( ) 1) 1 tP t e λη −≥ = − ; (3.6) 
 

5)   λ     ( )M tη  

  ( )tη . 

       

  τ ={    -    

 }. 

 3.2.      λ   

  τ : 

1)    ( ) ( )F t P tτ= <   

( ) ( )F t P tτ= < 1 ,( 0)te tλ−= − ≥ ; (3.7) 
 

2)    

( ) ( ) ,( 0)tf t F t e tλλ −′= = ≥ ; (3.8) 
 

3)   Mτ ,  Dτ ,  

  ( )σ τ    : 

1 2 1, , ( ) .M Dτ λ τ λ σ τ λ− − −= = =  (3.9) 
 

 3.2.  ( )P tτ ≥  ,    τ   -

           

t ,    

( ) , ( 0)tP t e tλτ −≥ = ≥  (3.10) 
 

 

3.2.      
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 3.8.    ,  

      -     

     ,      . 

  ,    

, ,  ( )tλ ,    t . 

    0( , )tη τ = {  ,  

      [ ]0 0,t t τ+ , 0τ > } . 

 3.3.      

 ( )tλ : 

1)   η ( )0,t τ       

( ) ( )0 , , 0,1, 2, ... ,
!

m
a

m

a
P t e m

m
τ −= =  (3.11) 

 

 ( )0mP t ,  —  ,      [ ]0 0,t t τ+    

  m  ; 

2)  a     ( )0  M t ,    

( )0,tη τ ,       τ ,    0t ,  

0

0

0 0( , ) ( , ) ( ) ;
t

t

a a t M t t dt
τ

τ η τ λ
+

= = =  (3.12) 

 

3)  

0( , )D t aη τ =    0( , )t aησ τ = . (3.13) 
 

 3.3.      

 ( )tλ   ,      0t   

[ ]( )0 0 0,t t tτ τ+ + : 

1)     

0( ( ; ) 0) aP t eη τ −= = ; (3.14) 
 

2)   ( 1,2,...)k k =  
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1

0
0

( ( ; ) )
!

mk
a

m

a
P t k e

m
η τ

−
−

=

< = ,   ( )1,2,....k = ; (3.15) 

 

3)    ( 1,2,...)k k =    

1

0
0

( ( , ) ) 1
!

mk
a

m

a
P t k e

m
η τ

−
−

=

≥ = − ,   ( )1,2,....k = ; (3.16) 

 

4)      

0( ( , ) 1) 1 aP t eη τ −≥ = − . (3.17) 
 

    0( )T t ={   

     ,        

0t },         0t     ( )tλ . 

  : 

1)  ,         

,       0t ,   τ  ,   

 

0( ) 0( ) ( ) ( ( ) ) 1 a
T tF F P T t eτ τ τ −= = < = − ; (3.18) 

 

2)  ,    0( )T t       

,       0t ,    τ : 

( )( )
00 ( )1 ( ) a

T tP T t F eτ τ −≥ = − = ; (3.19) 
 

3)      0( )T t : 

0( ) 0( ) ( ) ( ) (1 ) ( )a a
T t

d d
f f F e e t

d d
τ τ τ λ τ

τ τ
− −= = = − = + ; (3.20) 

 

4)     0( )T t ,   

        ,      

 0t :  

( )00 0

0 0

( ) ( ) ( )a
T tMT t f d e t dτ τ τ τ λ τ τ

∞ ∞
−= = + ; (3.21) 
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5)        0( )T t : 

( ) ( )
00 0 0 0

0 0

( ) ( ) ( ) , ( ) ( )a
T tDT t f d e t d T t DT tτ τ τ τ λ τ τ σ

∞ ∞
−= = + = . (3.22) 

 

 

 

3.3.       

    

         2.3. 

, ,   ,     , 

     .     

       ,    

  . 

        ,   

    ’         

 . 

   –    ( ) ,  

    1 2, , ...t t    .   

    ,        

         . 

      . 

    ( )1,i it t + ,   N ( )1,i it t +  

  ,      ( )1,i it t +  (    

  ( )0,t    ( ) ( )0,N t N t= ). 

,    ,    

.  ,        ,  

     -        

   -    . 
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      ,      n  

,        (   ),   

,     ,      

  . 

         t . 

: 

 3.1.          

   tΔ        tλ ⋅Δ  

  0λ > : 

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

!

k

t
k

t
P t P N t t t k e k

k
λλ − Δ⋅ Δ

Δ = + Δ = = =  (3.23) 

 

 ,   ,    tΔ     k   

      (3.23) , ,  , 

     k  

( )( ) ( )0
0

k

i k i
i

P t P t≤ ≤
=

Δ = Δ . (3.24) 

 

 3.2.  λ   (3.23)     

      . 

 λ     . 

,  ( )N t       tλ ,    

  ( )
( )

0 !

i

t t

i

t
MN t ie te

i
λ λλ

λ
∞

− −

=

= = . 

 3.1.        ,  

  ,     

      . 

    ,   ,  

  -   ,     

,     ;   -    

   ;      
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     .   ,  

    ,  2. 

  , : 

1)    7 ; 

2)     7 ; 

3)      7 ; 

4)      ; 

5)       ; 

6)          , 

    . 

’ .    ,       

 .         

.          

. 

 ( )tη  —       t  ( ),  T  — 

     . 

1) 1t =   = 4   7k = .    (3.1)  

 
7

8
7

(2 4)
(4) 0,143;

7!
P e−⋅

= ≈  

2)   (3.4) 8( (4) 7)P eη −< =  
6

0

(2 4)
0,321

!

m

m m=

⋅
= ; 

3)   (3.5) ( (4) 7) 1 ( (4) 7) 1 0,321 0,679P Pη η≥ = − < = − = ; 

4) 1t =  .   (3.3) 21( (1) 0) 0,135P eη − ⋅= = = ; 

5) 2t =  .   (3.6)  2 2( (2) 1) 1 0,981P eη − ⋅≥ = − = ; 

6) 2t =   = 2
7  .   (3.7) 

22 ( )7( 2 / 7) 1P T e
− ⋅

< = − =  

0,393= .   (3.10) 
22 ( )7( 2 /7) 0,607P T e

− ⋅
≥ = = . 

 3.2.       
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   .        

  ,     ,    

    τ ,      ,   

  . 

      -   

           

    . 

  ,    ,    

  ( ) 1/ 4t tλ =  . 

  , : 

1)    6 ; 

2)    6 ; 

3)      5 ; 

4)         ; 

5)          ; 

6)          

  ,          

 ; 

7)         

   ,         

 . 

’ .          

. ,       ,  

    ,   . 

      : 

 ( )0,tη τ  —   ,      

  [ ]0 0,t t τ+ ,  0( )T t  —      

 ,        0t . 

1) 1τ =   = 4 ,    0 0t = , 6m = .  
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  (3.12) 
40 4

1/ 4 5 / 4 5 / 4

00

4 4
(0,4) 4 4,525

5 5
a M t dt tη

+

= = = = = ,   

(3.11) 
6

4,525
6

(4,525)
(0,4) 0,129

6!
P e−= ≈ ; 

2) 1τ =   = 4 , 0 4t = , 6m = .  

  (3.12) ( )
84 4

1/ 4 5 / 4 5 / 4 5 / 4

44

4 4
(4,4) 8 4

5 5
a M t dt tη

+

= = = = − ≈  

6,238,≈   (3.11) 
6

6,238
6

(6,238)
(4,4) 0,16

6!
P e−= ≈ ; 

3) 1τ =   = 4 , 0 8, 5t k= = .  

  (3.12) ( )
128 4

1/ 4 5 / 4 5 / 4 5/ 4

88

4
(8,4) 0,8 12 8

5
a M t dt tη

+

= = = = − ≈  

7,104≈ . ,  (3.16) 
4

7,104

0

(7,104)
( (8,4) 5) 1 0,836

!

m

m

P e
m

η −

=

≥ = − ≈ ; 

4) 2τ =  , 0 0,    0t m= = .  

 (3.12) 
2

21/ 4 5/ 4

0
0

4
(0,2) 0,8 2,378 1,903

5
a M t dt tη= = = = ⋅ ≈ ,   (3.14) 

1,903(0,2) 0,149P e−= ≈ ; 

5) 2τ =  , 0 5t = .  

 (3.12) 
5 2

71/ 4 5/ 4

5
5

4
(5,2)

5
a M t dt tη

+

= = = =  ( )5/ 4 5 / 40,8 7 5 3,127,= − ≈    

(3.16) 3,127( (5,2) 1) 1 0,956P eη −≥ = − = ; 

6) 0 9t = , 3τ =   = 3/7 .  

 (3.12) ( )
39 3 / 7 951 74 4

99

4
9;3/7 0,747

5
a M t dt t

+

= = = ≈ ,  (3.19): 

( )( ) 0 7479 3 7 0 474,/ ,−≥ = = ; 

7) 0

2
6, 2 .

7
t τ= = =   
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 (3.12) 

2
6 2

7 651 74 4

66

2 4
(6, ) 0,45

7 5
a M t dt tη

+

= = = ≈ ,   (3.18) 

( )( )6 2/ 7Ρ < =  0,451 0,362.−= − ≈  

 

 3.1.  ’   3.2   

 : 

 

.3.1 
 

,  . 6 0 9t = ,       

0 8.t =  

  λ        

  ,      

      ,   

      n     ,    

 . 

          

(  ). ,    N ={  

,      }    

,       

  ,  ,      ,  

     -    .    

       λ  (   

        ,  

    ). 

   :  ,  

  ,        .    

0   1   2   3   4   5    6   7    8   9  10  11  12             t  
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( )( )1 1P N e λλ −= = .    λ    ( )L e λλ λ −= , 

0λ > ,    .    

 λ ,    ( )L λ  ,   ,  

( ) ( )ln lnl Lλ λ λ λ= = − + . , 
1

1 0
dl

dλ λ
= − + = .  1λ =  -  

 . 

,        , 

 1 ,   . 

   n        

           . 

  ( )ik t     i -      t . 

         

 λ ,    ( ) ( )( )
1

n

i i
i

L P N t kλ
=

= = =∏  

1 !

ikn

i i

e
k

λ λ−

=

= ⋅∏ .   1t =  ( )
11

ln ln
! !

i ik kn n

ii i i

l e e
k k

λ λλ λ
λ − −

==

= ⋅ = ⋅ =∏  

( )
1 1

ln ln !
n n

i i
i i

n k kλ λ
= =

= − + − .   λ ,  

1

1
0

n

i
i

n k
λ =

− + = ,  
1

1
i

i

k k
n

λ
=

= = . 

 ,   λ   λ     

 k ,     . 

 3.3.  750 .  ,   

    ,   
 

ix  0 1 2 3 4 5 

ik  425 233 68 20 1 1 
. 
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 ix  –  ,     ,  ik  –  

,   ix  .    ,   

    ,    0,01α = . 

’ .    η={   }.  

      ( )0 :
!

i

H P i e
i

λλ
η −= = , 

 Mλ η=  –  . 

    λ     

   k ,  

( )
1

424 0 233 1 68 2 20 3 1 4 1 5 0,6
750

kλ = = ⋅ + ⋅ + ⋅ + ⋅ + ⋅ + ⋅ = . 

  ip      (3.1.) 

 1t =  0,6λ = , ( .   3  ): ( )0 0 0,549P P η= = = ; 

( )1 1 0,329P P η= = = ; 2 ( 2) 0,099P P η= = = ; 

        ’     

   ’ ,  ’     3ix = .  

 ( )3 3 1 0,549 0,329 0,099 0,023p P η= = = − − − = .   

 0: 750 0,549 411,75i ik kp k′ ′= = ⋅ = ; 1 750 0,329 246,75k′ = ⋅ = ; 

2 750 0,099 74,25k′ = ⋅ = ; 3 750 0,023 17,25k′ = ⋅ = . 

, 
( ) ( ) ( )

2 2 23
2

0

424 411,75 233 246,25

411,75 246,75
i i

i i

k k

k
χ

=

′− − −
= = + +  

( )
2

68 74,25

74,25

−
+

( )
2

22 17,25
2,97

17,25

−
+ =  

    1 4 1 1 2l m s= − − = − − =    5  

 ,  2 9,2χ = .  2,97 9,2< ,   0H  

. 
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 3.4.    kX      

   .    

,  10k =   :10,11,18,8,8,1,9,10,10,9kX . 

’ .  λ   λ     

.      

( ), xf x e λλ λ −= ,    ( ) 1 2, kxx xL x e e λλ λλ λ λ λ −− −= ⋅ ⋅ ⋅ ⋅ =  

1

k

i
i

x
ke

λ

λ =

−

= ,  ( ) ( )
1

ln , ln
k

i
i

l L x k xλ λ λ λ
=

= = − .  
( )

1

0
k

i
i

dl k
x

d

λ

λ λ =

= − = , 

 1/ xλ = .  ( )
1

10 11 18 8 8 1 9 10 10 9 9,4
10

x = + + + + + + + + + = , 

10,64λ = . 

 ,     10,64λ = . 

         

   . 

,        

 λ .       t     

  tλ ,    (4.3) ( )( )0 tP N t e λ−= = . 

   ={      

}. ,   A={    t    }  

{ }B T t= >  ,   ( ) tP T t e λ−> = .  ,  

      T  : 

( ) ( ) ( )1 1 tF t P T t P T t e λ−= < = − > = − , ( ) tf t e λλ −= . 

 3.4.    – ,    

     . 

      

  ,      

  . 

 3.5.     . 
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 3.6.  nt   n -    -   

 λ   1nα = + : ( )
( )

1

1 !

n
n x

nP x t x x x e x
n

λλ − −< < + Δ = Δ
−

. 

 3.7.  ,    ( )0,t   ,  

       . 

    :    , 

    ,       

     . 

 

   

1.    ,   , , 

, , ? 

2.    . 

3.      ? 

4.       ,     

[ ]0;t :  

—    ;  

—   k ; 

—    ? 

5.    ,    t   -  

      :  t ,  

 t ? 

6.         ( ) {tη =  , 

     [ ]0;t      

 λ }? 

7.      ? 

8.      ( )0;tη τ = {  ,  
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( )tλ     [ ]0 0;t t τ+ }?      

 ,    ? 

9.    ,     

   ( )tλ      0t   0t τ+  : 

—    ; 

—   k ; 

—    k ; 

—    ? 

10.       ( )0T t ={   

     ,       

 0t }  ( ) ( )( )0F P T tτ τ= < , ( )( )0P T t τ> , ( ) ( )
0T tf τ , 

( )0MT t , ( )0DT t , ( )( )0T tσ ? 

11.     λ ,     

   ? 

12.      T1 = {     

 }  T2 = {     },  

   – . 

13.       nT  = {  

 n-  }. 

14.    3.1   , : 

1)     : ’  ,  ’  

,   ’  ; 

2)         ; 

3)        ; 

4)      :   

,    . 

   ,      ,  2. 

   8  . 
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15.    14   , : 

1)     6 ,  6 ,   6 ; 

2)      ; 

3)       ; 

4)         3 ; 

  3 . 

    14    8  ,   

– 3  . 

16.    3.2  ( ) 3t tλ = + .   , 

: 

1)     2 ; 

2)     2 ; 

3)       2 ; 

4)           ; 

5)            

; 

6)          

  ,         

 ; 

7)         

   ,       

. 

17.    16  ( )
11
62t t tλ = + . 

18.  ) 50000; ) 757 .  ,    

   ,  : 

ix  0 1 2 3 4 5 6 ) 

ik  40544 8082 1205 145 20 3 1 
         

ix  0 1 2 3 4 5  ) 

ik  427 235 72 21 1 1  
 



 90

 ix  —  ,     ,  ik  —  

,   ix  .    ,   

    ,    

0,01α = . 

19.    ix        

 .    , 

: 

) ix  50 40 35 30 28 25 ) ix  100 90 85 81 77 75 72 

 i
k  1 2 3 3 2 1  i

k  1 1 2 3 2 1 1 
 

 
4.    

 

   2.2,      

    ,     

      ,  , 

   .    

    ,    

 ,    , –    ,   

      

’ .       

. 

 ,   γ    ( )1 2ε γ= − ,  

  ( )1 1 2ε γ− = + . 

       2.6-2.12  

   4.1  4.2. 

4.1.    
 

       ,      

       . 
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     t     X    

  tU   ,  X,      

’ . 

  tUX > ,      .    

    .     

         .  

       1 ...S X= + +  

nX+ ,  iX  —     –  .    

 ,   ,       

’   ,     

( )tn UXXXP >+++= ...21ε . 

 4.1.    n=1000  

    1    p=0,1  

 .         

,    025,0=ε ? ,     

      10%  , 

    . 

’ .     100=np , 90=npq , 48,9=npq .  

,  ( ) 025,02/1 =−= γε  ,  95,0=γ   96,195,0 =t ,   

 58,1848,996,11 =⋅== npqtd γ . 

    1858,0100/58,18/1 === npdθ  

(  18,58%),      100 18,58 119+ < . 

    19%  . 

     4.1    

  01,0=ε .      

 θ ? : 

( ) 0,98 11 / 2 0,01 0,98 2,325 2,325 9,48 22,1t dε γ γ= − = = = = ⋅ =  

22,1/100 22,1%θ = = .   ,    4.1. 
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  ,      

10%: 1 0,1 100 10 10/9,48 1,053 0,7 0,15d tγ γ ε= ⋅ = = = = = . 

        

        

 ’    1000n = . 

  ’     10000n = ,   10 

.  1000=np , 900=npq , 30=npq .  025,0=ε ,  0,95γ = , 

96,195,0 =t , 8,583096,11 =⋅=d , 0588,01000/8,58 ==θ   0,1858  

 4.1,   ,    . 

          

   ,   .     

     ,      

    . 

 ,    ,   . 

  01,0=ε .  98,0=γ ; 325,298,0 =t ; 75,6930325,21 =⋅=d ; 

06975,01000/75,69 ==θ ,  7%.  

   ,    

  10%   ,  1,01 =d , 100=np ,  

33,330/100 ==γt ,   0,999γ =     

0005,0=ε . 

   ,     : 

  01,0=ε     7%.    

         

,         . 

 ,         

    10%  ,    

    ,  ,   , 

  ,      .   
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   ,        

  . 

 4.2.    6000  ,  

      005,0=p ,    

   100000S =  . .  -  800=HT  . . 

    ,     

  . 

’ .  -     6000 800HT = ⋅ =  

4800000= ; 30005,06000 =⋅=np ; 30 0,995 29,85npq = ⋅ = ; 4635,5=npq . 

     480000 :100000 48=  

.  ( ) ( ) ( )48 48 30 5,4635 18P m P t npq P tγ γε = > = > − = ⋅ > =  

( ) ( ) ( ) 2/12946,34635,5/18 γγγ −=>=>= tPtP ,  2 (3,2946)γ = =  

2 0,4995 0,999= ⋅ = .  0005,02/)999,01( =−=ε . 

 4.3.    8000   

  1 ,   5000     10000 . ., 3000 

   20000 . .,       

   0,02.  1 . . .=10000 . .,  

 ,     240 . . . 

’ .  

5000 0,02 1 3000 2 0,02 220 . .MZ o c c= ⋅ ⋅ + ⋅ ⋅ = , 

2 25000 1 0,02 0,98 3000 2 0,02 0,98 333,2DZ = ⋅ ⋅ ⋅ + ⋅ ⋅ ⋅ = . 

, ( ) ( )( ) ( ) ( )240 240 220 333,2 1,096 1 2P Z P t P tγ γ γ> = > − = > = − , 

 ( )2 1,096 0,72γ = = , ( ) ( )240 1 0,72 2 0,14P Z > = − = . 

 4.4.     n=400  

    1000S =  . .    

  0,01p = .   - ,   

    0,95. 
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’ .  400=n , 1000=S . ., 0,01p = , 05,0=ε ,  4np = , 

3,96npq = , 1,99npq = , ( )1 2 0,05γ− = , 0,9γ = , 0,9 1,645y = , 

1 1,645 1,99 3,274d = ⋅ = ,  1 4 3,274 7,274np d+ = + = .   -  

1000 7,274 7274T = ⋅ = . 

 4.5.     : 10001 =n ; 001,01 =p ; 

101 =S ; 40002 =n ; 0005,02 =p ; 32 =S .     

,     95,01 =− ε . 

’ .   : ( ) 0,90,05 1 2 0,9 1,645tε γ γ= = − = = . 

: 111 =pn ; 999,0111 =qpn ; 10111 =Spn ; 9,992
1111 =Sqpn ; 222 =pn ; 

999,1222 =qpn ; 6222 =Spn ; 991,172
2222 =Sqpn . 

   16610222111 =+=+= SpnSpnMX ; DX =  

2 2
1 1 1 1 2 2 2 2 99,9 17,991 117,891n p q S n p q S= + = + = ; 86,10891,117 = ; 1 0,9d t DX=  

1,645 10,86 17,86= ⋅ = ; 116,116/86,17/1 =−= MXdθ ,  111,6 %. 

 ,    . 

 

4.2.    
 

     ,     

  . 

       :  

      ,    

       . 

  tN      [ ]t,0    

   α ,  tMNt α= .  ,    

 ,     

 { }1, ≥kYk ,      ( )xF . 

,  ( ) 00 =F  (  ,   kY  ),  
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  μ=kMY    2σ=kDY .  , 

,   tN    { }kY   .  

{ }kT  k -    tN       

  k -  ,        kY . 

  
=

=
tN

k
kt YS

1

   ,   

   [ ]t,0 ,  μαtMYMNMS ktt =⋅= . 

   ,    , 

         . 

      ,    

       

 . 

      

   c  –    

. 

 ,       00 =t    

 0U     t+0    ,     

 t  t oU U ct= + .       , 

    . 

      tt SctQ −= ,  tMQ ct tαμ= − =  

( )c tαμ= − .    t

t

MQ c

MS

αμ
ρ

αμ

−
= = =  1

c

αμ
= − . 

        

  μ ,    ( ) 

( )0Uε     0U     

( ) ( )
0

0

1
exp ,

1 1

1,

U
c

U

c

ρ
μα

ε ρ μ ρ

μα

− >
= + +

≤

. (4.1) 
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 4.6.        

 0,3α =    .     

     10 . . .o c cμ =   

   5 . . .c o c c=   ,     

0 5 . . .U o c c=    . 

’ .    (4.1),   

ρ .  
5 2

1 1
0,3 10 3

c
ρ

αμ
= − = − =

⋅
.  

2
51 3(5) exp

2 21 10 1
3 3

ε
⋅

= − =

+ +

 

( )0,6exp 0,2 0,49122= − = . 

 0U  –   .   

tot SctUU −+=    . ,  tU  –  

     t .    .   

  [ ]t,0   ( )1,kT k n=  –  k -    

tN , ’   n   (  ’  ). ,  

tTn = . 

  , ,     t  

 n -     . 

      :   0t =    

   UU =0 .   1T    

   (    )   

1U cT+ .    1T      1Y    

   1 1U cT Y+ −  . 

  2T        

 ( )2 1c T T−    ( )1 1 2 1 2 1U cT Y c T T U cT Y+ − + − = + − .   2T  

   2Y       

2 1 2U cT Y Y+ − −  . 
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   ,     

        .   

    . 

      ,    n 

  ( )1 ... 0t n nU U cT Y Y= + − + + ≥ .    

1 1 0;U cT Y+ − ≥  2 1 2( ) 0U c Y Y+ − + ≥ , ..., ( )1 1 1... 0n nU cT Y Y− −+ − + + ≥ ,  

nU cT+ −  ( )1 ... 0nY Y− + + < ,    t  n–    

,    ( ) { 0<= tUPUε    }.0>t  

 ( ) ( )UU εϕ −=1    ,     

[ ]t,0   ( )  . 

 4.7.     1,    

       . ,  

  (    )  5,  

  
1

3
p = ,     t  

   ( ) 32 , 1f t t t−= > ,     

   3c = . 

  . 

’ .    T     

1 3T+ ,   ,  1 3 5T+ <   
4

3
T < .   

  
1 4

3 3
P Tε = < ,       

  ( )F t    
4

3
t = .  

( ) 2
3 21

1

2 1
1 , 1

t
t

TF t du u t
u t

−= = − = − ≥ ,  
2

1 4
1 0,1458

3 3
ε

−

= − ≈ . 
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4.3.      
 

      : 

1.   K     

      ,  , – 

     ’ .  : 

Q= ,  A  –  , Q  – ’   . 

2.   K    

       ’ .  

  : K = ,   –   

,  –   . 

       

,  ,    .  

       

  . 

3.      

 ,      ,  

  = ,   –    

,  –    . 

4.       

  ,     

     3 ⋅⋅= . 

       

 .        

        

, ,   ,   

    .     

        

 . 
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1.     ,  ? 

2.         

? 

3.      η ={      

n }? 

4.         ? 

5.        ? 

6.       tS ,  

   ,     [ ]t,0 . 

7.     ? 

8.       ? 

9.      ,   

    ? 

10.          

   ? 

11.    ) 800=n ; ) 1100=n   

    1 ,   ) 05,0=p : ) 

07,0=p    .     

    ,    ) 

05,0=ε ; ) 01,0=ε . ,       

  ) 12%; )15%  ,  

  . 

12.    ) 8000; ) 7000  ,    

    ) 003,0=p ; ) 007,0=p . 

     ) 90000 . .; )110000 . .  

-  ) 700=HT  . .; ) 900=HT  . .   
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  ,      

 . 

13.    ) 800; ) 1000  ,  

 ) 500    1000 . .  300   2000 . .; ) 800  

  2000 . .  200   3000 . .,   

       0,01.  

1 . . . = 1000 . .,   ,    

 ) 250 . . .; ) 220 . . . 

14.     ) 500n = ; ) 300n =   

    ) 1500S =  . .; ) 2000S =  .   

   ) 0,02p = ; ) 0,03p = .  

 - ,       

) 0,9;                     ) 0,975. 

15.     )  13    

 ,                 

) 98,01 =− ε ;   ) 975,01 =− ε . 

16.         

) 0,4α = ; ) 0,5α =    .     

     ) 8 . . .o c cμ = ; ) 

9 . . .o c cμ =      ) 4 . . .c o c c= ; ) 6 . . .c o c c=   

,     ) 0 10 . . .U o c c= ; ) 0 18 . . .U o c c=  

  . 

17.     ) 2; ) 3,    

       . , 

   (    )  ) 7; ) 

6,     )
1

2
p = ; ) 

9

19
p = ,  

   t     ) ( ) 1f t t−= , 



 101

1t > ; ) ( ) 43 , 1f t t t−= > ,       

 ) 4c = ; ) 2c = .   . 

 
5.    

 

       ’  

 . ,      

,     ,    

   ( ,   )  

 ,   .  ’      

      ,    

   ( ). 

  ( ) —       

 ’ ,       .  

,   ,  ’     

   . 

 ,      

  ( )     , 

       ’  

 . 

       

  ,      ,    

     .   

   ,     

       ,  

  ,     

. 

  ,       

    . 

         

.       
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       . 

 ,   ,      

. 

        

’   :   ,   . 

     , 

       . 

 ,      

    (  60%)   

 (10-20%).      

 (  ). ,     

    ,         

 ,      ,    

 . 

        

,      .    

     ,   

  .  '        

      , 

  ,    . 

         

 . 

      ,    

         

   90-95%,     . 

    n   

         

    S. 

  , jN  –     j -  ,  

  j -      SNX jj = . 



 103

   (     )  

  
1

n

j
j

N N
=

= ,       – 

  NSX = .     N, 

   ε      U,   

  ( )1 1 / 2ε γ− = +      . 

,    jN  – . 

  ( )kNPPk ==   ,    

   k  .  jN  ,  

( ) ( )1 11, , 1, 0, , 0k k nP N k P N N N N−= = = = = = +  

( )1 1 20, , 1, 1, 0, , 0k k k nP N N N N N+ ++ = = = = = + +  

( ) ( )1 10, ..., 0, 1, ..., 1 1
n kk k

n k n k n nP N N N N C p p
−

− − −+ = = = = = − . 

 ,  ,       n 

      

  ,   

),1(, pnpDNnpMN −== ( ) ,1 nppWN −=  

,SpnMX = ( ) ( ).1,12 pnpSpnpSDX X −=−= σ  

,  ,    N     

 m     ( )
≥

=≤=−
m

l
lm pmNP

1

1 ε ,  

( ) .mmNP ε=> .   
+

−=
2

1
,1min* γ

εm
m

m .    

  SmU *=     ( ) 2/1 γ+    , 

    .    mε . 

     ,  

  .      
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( ) NMNNZ σ/−=    γ  ’   γ
σ

=
−

Φ
N

MNN
2 . 

 ’ : 

(1 )N np t np pγ
∗ = + −  (5.1) 

 

   ,       

 ( ) 2/11 γε +=− .  t   –  ’   2 (t)= . 

,    

*U N S= ⋅ . (5.2) 
 

  *N    (5.1)     

  (1.8), ,      . , 

,      . 

,   ,     70-80% 

      ,  

10,7 0,8γ< < ;      90-95%  

 ,  20,8 0,95γ< < . 

 ,    ( )1 2γ+ ,  

   U.     -  , 

     (   ) U0, 

, ,   

( ) ( )0 2 1 2 1HU U T npS t npqS npS t npqS t t npqSγ γ γ γ= − = + − − = − . 

-  TH,    ,    U  

       ( ) 

 .    ,    

. 

 5.1.    6000   

   10 . .  4000      

20 . .,         
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 0,01.   ,     

300 . . 

’ .    ( )0,01 6000 10 4000 20MX = ⋅ ⋅ + ⋅ =   

1400= ; 26000 10 0,01 0,99DX = ⋅ ⋅ ⋅ + 24000 20 0,01 0,99 21780⋅ ⋅ ⋅ = ,   

D =147,6.  ( 1400 300) ( 300 147,6) ( 2,03)P P X P t P tγ γ= > + = > = > =  

( )( ) ( )1 2 2,03 2 1 0,9576 2 0,0212= − Φ = − = . 

 5.2.    3000n =   

      0,003p =    

    10000=S . .     

 ,     0,05ε = . 

’ .    ( )0,05 1 2ε γ= = − ,  

0,9γ =   0,9 1,645t = .  0,003 3000 9, 0,003 3000 0,997 9np npq= ⋅ = = ⋅ ⋅ ≈ . 

   (5.1) 9 1,645 9 13,935N ∗ = + ⋅ ≈ ,    (5.2) 

14 1 . . . 14 . . .U o c c o c c= ⋅ = ,    9 . . .o c c   .   

14 9 5− = ( . . .)      ,   

–   ( )14 9 1,56≈   ,    – 56 %. 

 5.3    400n =   

        0,075p =   

     1000S =  . .   

 10%θ =   .  ,   

  1 0,95ε− = . 

’ .    ( )0,05 1 2ε γ= = − ,  

0,9γ =   0,9 1,645t = . , 0,075 400 30, 27,75np npq= ⋅ = ≈ .   

 (5.1) 30 1,645 27,75 38,67N ∗ = + ⋅ ≈      

    39 1000 39000⋅ =  . .   ,  

  –       
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(1 )HT npSθ= + =1,1 400 0,075 1000 33000⋅ ⋅ ⋅ = .  ,  

  0 39000 33000 6000U = − =  ( . .). 

 5.4.    20=n    

     02,0=p      

  10000=S . . : )    U , 

   999,01 =− ε    ,    

 ; )    ,  
3

1
<NW ,  

    ,    95,0=γ   

  ,   ? 

’ . )      

{=N  ,    , 20  }.  

  N    ,   

( )nP N k=     ( )1.1 : 

( ) ( ) ( )
0 200

0 200 0,02 0,98 0,6676;p P N C= = = ⋅ =  

( ) 1 1 19
1 201 0,02 0,98 0,2725;p P N C= ⋅ = = ⋅ ⋅ =  

( ) ( ) ( )
2 182

2 202 0,02 0,98 0,0523;p P N C= = = ⋅ ⋅ =  

( ) ( )
33 17

3 203 0,02 0,98 0,0065;p P N C= = = ⋅ =  

( ) ( ) ( )
2 164

4 204 0,02 0,98 0,0006.p P N C= = = ⋅ ⋅ =  

  ’    0,9995.  , 4* =m    

  40000100004* =⋅=⋅= SmU ( . .). 

,       40000 . .,   

  ,   ,     

   0,668. 

)  n ,  
3

1
<NW . 02,0=p , 

3
1

02,0
02,01

<
⋅

−

n
,  441>n . , ,82,802,0441 =⋅== npMN  

( ) .94,2/82,8,94,264,8,64,898,002,0441 −=Υ===⋅⋅= NDN Nσ  
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’   95,0
94,2

82,8
2 =

−
Φ

N
, ,  

96,1
94,2

82,8
=

−N
,  155824,14 <=N .  ,    

1500001000015 =⋅=U ( . .)     

   0,95. 

     5.4 02,0=p   1,0=p . 

    (1.1)  ( ) 20,1, == kkNP , 

: 0,122; 0,27; 0,285; 0,19; 0,09; 0,032; 0,009; 0,002; ... ,   

0,999.  ,     7     

 70000100007 =⋅=U ( . .). 

 ,    , 20 10000 0,02oT = ⋅ ⋅ =  

4000=  ( . .),    – 20 10000 0,1 20000oT = ⋅ ⋅ =  ( . .).   

    36000400040000 =− ( . .),    – 

500002000070000 =− ( . .),       

  10 %,   –  29 %. 

 

    

1.         ? 

2.         

? 

3.       ? 

4.       ? 

5.    ) 1 4000n = ; ) 1 3000n =   

     ) 1 100S =  . .; ) 1 150S =  . .  ) 

2 5000n = ; ) 2 6000n =        ) 

2 200S = . .; ) 2 250S =  . .,      

    ) 0,02p = ; ) 03,0=p .  
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 ,     ) 0 3000U = . .; ) 

0 4000U = . . 

6.    ) 1 1000n = ; ) 1 2000n =   

       ) 0,001p =  ) 

0,002p =         ) 

2 100S = . .; ) 2 200S =  . .      

,     ) 0,03ε = ; ) 

0,04ε = . 

7.    ) 300n = ; ) 500n =   

     ) 800S = . .; ) 900S =  . .  

  ) 15θ = %; ) 18θ = %  .  

,     ) 1 0,96ε− = ; ) 

1 0,97ε− = . 

8.    ) 30n = ; ) 40n =     

    ) 0,01p = ; ) 0,03p =   

     ) 8000S = . .;             

) 7000S = . . : )    U ,   

 ) 1 0,9ε− = ; ) 1 0,95ε− =    ,  

   ; )    

,  ) 
1

2NW < ; ) 
1

5NW < ,      

,    ) 0,975γ = ; ) 0,999γ =     

,   ? 

 
6.       

 
6.1.    

       

  ,      

   ,  ’   .  
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 ,      (   

)   . 

 —       

  ( )     

  ,     , 

   ,     (  

   )     

        

,       

. 

   „ ”   

 .  ’       

( ’ )  -  — ,   (  

 )     ,   

     . 

     . , 

     ,   , 

          

’     ,     ,  

      ,    

 .       

   .        

     (  ). 

  ,    

, : 

 ( ) — ,     

          

 ,    ’    

 , ’     ,  ; 
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 ( , ) — ,    

 .      

 .       ’   

   .    

,         

( ), ,   ,     

 ( ).      

    ,   ,   

       ,   

  . ,     

,  . 

,  ,       

,      

     . 

       

           

 ,   ,       

       ,  

  ,       

. 

    ,    

 ,    ,      

  (     ’    

  ).     

     ’ ,    

        . 

   ’     

  ,    ,     

’       ’ .   
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  ,      

,         

        -  

’  .      

      .  

      

    .   ,  ,  

    ,    ,  

  . 

  (    )    

  .      ( )  

           

 .  ,   ,   ,  

   : - ,    , - , 

  .    ( ,    

 )     (    

) ,      .    ,  

,  . 

 ,        

 ,      

. 

 

 

 

6.2.     

       . 

    . 

  ’      

. 
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     ,  

,    .   

        

  .     

,    - ,  

        ,  

         

( ).  ( ),  ,   

, ,        

.  ,      

  ,    

.  ,    

     ,    

. 

   : 

1)         

; 

2)        

 ,      . 

     ,   

    . 

  ,    , 

     .    

 ’         

         

. ,   , ’ ,    

  ,    . 

 ,       

,      . 
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  . 

       

 . 

  ,    

( )         

  ( )     

 ( ). 

      

     .    

       

  ,    .  

,  ,      

       ,   

      ( ).    

    .    

  : ) ; ) ; ) -

. 

)     ’   

,    ’    

(  )     .   

         (  

 )      - . 

        

.    ,   ,  ,  

     ,      

,    .  ,   

      

,   ,      

. 
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    : 

–  ; 

–      ; 

–      ; 

–    ; 

–       , 

        . 

  : 

–          

  ,      

,          

  ,      

; 

–      ,    

   , ,    

. 

 ,     ,   

      ,  . 

        

,        400 . ., 

650 . ., 800 . .,      500 

. .,   30%      .  

    280 . ., 455 . ., 500 . .  ,   

    ,       

. 

)   –     

.        

      .   

      

      ,  
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 ’      . 

      ,    

         . 

         

. ,     , 

      ( )  . 

     5 .   

    ,     

        . ,  

  5-   ,       

  1000 . .        5000 . . 

1000 . .    ,     

4000 . .        6000 . .  

10000 . .,      4000 . .,    

    2000 . . (1000 . . 

   1000 . .  )  6000 . . 

(1000 . .    5000 . .  ). 

 ,         

      ,   

. 

    ,   

        . 

    ,     ,  

  .       

    . 

)       

  -   .   

      . - , ,  

   ( )      

 ,        
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.    ,    

  ,  ,    

.     ,    

   ,    .  

      

:    („   ”),   

 (  „  c ”),    

. 

)        

       

     .    

     ,   

     ,  

 .    ,  

 ,  .  ,    

    :       

,  ,       ,  

.      

 . 

    ,   

 ,      . 

    ,   

      ,   

      ,    

         

  . 

      1 

. . .,      – 0,5 . . .    

  0,5 . . .,       . 

    0,5 . . .,    1 . . .,  0,5 . . . 
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 ,    – .     1,5 

. . ., , 1,8 . . .,    1 . . .,   0,5 + 

0,3 = 0,8 ( . . .). 

)   ,   „  ”,  

        

.       

    -      

  .  ,    , 

    ,  ,   

,         . 

     ,      

,   ,       . 

      

     ( ,  100%  105%) 

     .   „  ”  

,           

      .  

         

  . 

 ,      

        , 

        (  – 

 „  ”). 

     (  „  ”) 105%. 

        105%,  

   . 

)       

    ( )  .   

    (       

     1 .,     10 .  
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 ).     „  ” (   

    ,  4%  10%  

 ). 

 6.1.      

  20%     ,    

 25000 . . .   .     3 

: 100000, 125000  150000 . . .      

,      ’ .   

 ? 

’ .     : 20000, 25000, 

25000 . . . (    20%  30000 . . .,     

25000 . . .).      – 70000 . . . 

 6.2.       

  ,    100 . . .    .   

   (  . . .): 10, 17, 21, 35, 18, 42, 22, 20, 15.   

? 

’ . 42 35 22 99 100+ + = <    99 ( . . .). 

 6.3.   – 500 . . .   – 200 . . . 

  – 20 . . .       

 (   )? 

’ .     200 :300 2 :3= .    

 : 
2

20 8
5
⋅ =   

3
20 12

5
⋅ =  ( . . .). 

 6.4.   ,     

  ,     30 . . .  

    5 . . .      

     10 . . .,   

         

 .        

22 . . .   ? 
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’ .   5 . . .,   – 10 

. . .,   – 7 . . . 

 6.5.     50 . . .   

 – 10 . . .      ,  

   20% .    30 . . .  

  ? 

’ .   10 20 0,2 14+ ⋅ =  . . .,  –

20 0,8 16⋅ =  . . . 

 6.6.       

   .  ’  – 30 . . .  50 . . .  

   20 . . .  5 . . .   

 5 . . .  15 . . .   . 

’ .    6-   25-  . . .   – 20 

. . .,     5 . . .,   – 15 . . . 

 

6.3.   ,     

        

       . 

         

   . 

    ’   . , 

       . 

 6.7.    3000N =   

      0,003p =    

    250000S =  . . = 1 . . .   

  U ,    0,9γ =  ( 0,05ε = )   

,     . 

’ .     9Np = , 3000 0,003 0,997Npq = ⋅ ⋅ =  

8,973 9= ≈ , 9 3Npq ≈ = , ( )
9

0,45
3

U
t

−
= = .   2   
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,  ( )
0,45

9 3 1,645t U= − = ,  9 3 1,645 13,935U = + ⋅ =  . . . 

  ,      .    

  ,      

1,645 3 4,935 5t D = ⋅ = ≈  . . . 

 ,  14U =  . . . 

,       

( )     „ ” ,   

   „ ”  „b”   .  

(  „b”)    ,     

    .    

 ,      

  .  ,    

’         

.        

   ,     

     - . 

 ,      

   [    , 62]. 

      

MZ      

( ) ( )
b

a

MZ x a f x dx= − , (6.1) 

 ( )f x  –     

,      , 

   [    , 63]: 

( )
( )( ) ( )( )

2

3

b a
MZ f a f bμ σ μ σ

−
= − + − , (6.2) 

 ( )f x  –    , μ  σ  –  . 

    , 

       .  
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       , 

   ,   ,    

 -   - . 

 6.8.    6.7    

 0,98γ =  ( 0,01ε = )   .   

, - , -    ,  

   – 30%  ,    

 – 20%. 

’ .    . 

  (  6.7) 14a =  . . .  
0,98

2,33t = ,  

9 2,33 3 16b Np t Npq
γ

= + = + ⋅ ≈ ,    1    

( )( ) ( )1,645 0,1031f a fμ σ− = = , ( )( ) ( )2,33 0,0264f b fμ σ− = = . 

   (6.2),  

( )
( )

2

0

16 14
0,1031 0,0264 0,173

3
T

−
= + = . . . 0,173 1,3 0,2249

H
T = ⋅ = . . ., 

0,2249 :0,8 0,2811
b

T = = ( . . .). 

 6.1.        

   ,    

     [    , . 64] 

( ) ( )
2 2

2 2
exp exp

2 22

a b
MZ

μ μσ

σ σπ

− −
= − − − +  

2
a a bμ μ μ

σ σ

− − −
+ − . 

(6.3) 

 

 [      ]      (6.3)  ,  

          

   nC  (6.4)     (6.5),    

        

 DZ.  
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21 ( )
( ) ( )

2

b

a

b a
MZ x a f x dx

nC

−
= − =  (6.4) 

  

( )( )1
( ) exp( ) ( ) 1 .

b
b a

b
a

MZ x a x dx e b a
e

λ
λ

λ λ λ
λ

−= − − = − − −  (6.5) 

 

        0  

   nC    

2 3

3

( ) ( ) ( )
4 3

12 ( )

nC b a b a
DZ

nC nC

− −
= ⋅ − . (6.6) 

 

        

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

1 2 1b a b a
b b

DZ e b a e b a
e e

λ λ
λ λ

λ λ
λ

− −
= − − − − − − − −  

 
2( ) bb a eλ− −  

(6.7) 

 

       

: 

2( )
2 2

22( ) ( ) ( ) ( )

2 2

b
a b a b a

DZ e

μ

σμ σ μ μ σ

σ σ π

−
−− + − − −

= Φ −Φ − +  

+

2 2( ) ( )
2 2 22 2( )

e e
2

b a
a

MZ
μ μ

σ σ
σ μ

π

− −
− −−

− − . 

(6.8) 

 

     ,      

      .   

         . 

         

     . 

     ,  

      . . .,       

   . 
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 η = {   }, ξ1 = {  ,   

 }, ξ2 = {  ,    

}. 

 6.9.        

  η1,      
 

η1 0 100 200 400 

i
p  0,4 0,3 0,2 0,1 

, 

 

         

 1 300ξ >  . . .     

. 

       . 

’ .    η     

  

η 0 100 200 300 400 500 600 800 

i
p  0,16 0,24 0,25 0,12 0,12 0,06 0,04 0,01 

 

 
1

( 0) ( 0) ( 300)P P Pξ η η= = = + > 0,16 0,12 0,06= + + 0,04+ + 0,01=  

0,39= , 
2

( 0) ( 300) 0,16 0,24 0,25 0,12 0,77P Pξ η= = ≤ = + + + = .   

   ξ1, ξ2   

ξ1 0 100 200 300 

i
p  0,39 0,24 0,25 0,12 

ξ2 0 400 500 600 800 

i
p  0,77 0,12 0,06 0,04 0,01 

 
 

   η , ξ1,  ξ2    

(  ):  

0 0,16 100 0,24 ... 800 0,01 220Mη = ⋅ + ⋅ + + ⋅ = . . .; 

1
0 0,39 ... 300 0,12 110;Mξ = ⋅ + + ⋅ =  

2
0 0,77 ... 800 0,01 110.Mξ = ⋅ + + ⋅ =  

        

 110 . . . 
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 6.10.     .  

300η > . . .,    
1

300ξ = ,  – 

2
300ξ η= − .  

     . 

’ .  ( 300) 0,12 0,06 0,04 0,01 0,23,P η > = + + + =    

 
1

( 300) 0,12 0,23 0,35P ξ = = + = .    
1

ξ   

:  

ξ1 0 100 200 300 

i
p  0,16 0,24 0,25 0,35 

. 

 

, 
1

0 0,16 100 0,24 200 0,25 300 0,35 179Mξ = ⋅ + ⋅ + ⋅ + ⋅ = . . .  

     ,    

( )( )2
0 1 0,23 0,77P ξ = = − =   :  

ξ2 0 100 200 300 500 

i
p  0,77 0,12 0,06 0,04 0,01 

, 

 

    
2

0 0,77 100 0,12 200 0,06Mξ = ⋅ + ⋅ + ⋅ +  

500 0,01 41+ ⋅ =  ( . . .). 

 6.11.    6.9, ,   

     ,     

.    . 

’ .    
2

ξ    

,     .    

,       ( 300) 0,23P η > = .  

  ( \ ) ( ) / ( )P B A P AB P A=     

:  

2 2

0,12 12 0,06 6
( 400 | 300) ; ( 500 | 300) ;

0,23 23 0,23 23
P Pξ η ξ η= > = = = > = =  

2 2

0,04 4 0,01 1
( 600 | 300) ; ( 800 | 300) .

0,23 23 0,23 23
P Pξ η ξ η= > = = = > = =  
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,    
2

( | 300)
i

P xξ η= >  

  1/ 0,23 4,348≈  .   4,348   

 : 
2

110 4,348 478,28Mξ = ⋅ = . . . 

 6.12.    6.10, ,   

     ,      

.    . 

’ .     6.11,      

  4,348 ,  
2

41 4,348 178,27Mξ = ⋅ =  . . .  

,      478,28 178,27 300− ≈  

. . .,     . 

        

,          . 

 6.13.    6.10 ,   

 10 %    .   

       .  

’ .       

       

,      ,  

     . 

   
1 2

i
ξ ξ

σ σ .   

2 2 2 2 2
1

0 0,16 100 0,24 200 0,25 300 0,35 (179) 11859,Dξ = ⋅ + ⋅ + ⋅ + ⋅ − =
2 2 2 2 2 2

2
0 0,77 100 0,12 200 0,06 300 0,04 500 0,01 (41) 8019,Dξ = ⋅ + ⋅ + ⋅ + ⋅ + ⋅ − =

1

108,9;
ξ

σ =  
2

89,54
ξ

σ = . 

    ( -  
H

T ): 

0,1 108,9 179 0,1 89,54 41
179 41 230,53

220 220H
T

⋅ ⋅ ⋅ ⋅
= + + + = . . . 

   6.9, : 
2 2 2 20 0,16 100 0,24 ... 800 0,01 (220) 29800, 172,63,D

η
η σ= ⋅ + ⋅ + + ⋅ − = =  
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 -    220 0,1 172,63 237,26
H

T = + ⋅ =  . . . 

 

 

 

  6.4.     . 
 

 6.14.   10000 ,     

        1 . . .  

 0,002,      10 . . .   

0,005 (1 . . .= 100000 . .).       

  0,9γ =  ( )0,05ε = ? 

’ .  
i

η –     .  

       : 

1 0,002
i

Mη = ⋅ + 10 0,005 0,052⋅ =  . . ..  
2

2
i i i

D M Mη η η= − =  

= 2 21 0,002 10 0,005⋅ + ⋅ − 20,052 0,499296≈  ( . . .)2, 0,71
iη

σ ≈ . . . 

  2   ,  
0,9

1,645t = .   

 ( ) 1,645 0,71 100 0,01168
i

d t n
γ η
σ= = ⋅ =  . . .  -  

0,052 0,01168 0,06368
H

T = + =  . . . 

   10000 0,052 520Mη = ⋅ =  . . ., 

10000 0,499296 4992,96Dη = ⋅ =  . . ., 4992,96 70,66ησ = ≈  . . .,  

 –  10000 0,06368 636,68⋅ =  . . .    

 636,68 520 116,68− = ( . . .)    . 

 6.15.   10000 ,     

        1 . . .  

 0,002,      10 . . .   

0,005 (1 . . .= 100000 . .). ,     

 ,     1 . . .,   
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      60%.   

. 

’ . ’        

 η    : 
1

η – ,   , 
2

η – 

   . 

    : 1 . . .   0,002 0,0005 0,0025+ =           

0 . . .   1 0,0025 0,9975− = , ,  
1

1 0,0025Mη = ⋅ +  

0 0,9975 0,0025+ ⋅ =  . . ., 2 2 2
1

1 0,0025 0 0,9975 0,0025 0,0025Dη = ⋅ + ⋅ − ≈  

( . . .), 
1

0,05
η

σ =  . . . 

   1 1 125, 25, 5M Dη η ση= = = . 

    :   

 
2

η     9 . . .   0,0005  0  

 0,9995.  
2

9 0,0005 0 0,9995 0,0045Mη = ⋅ + ⋅ =  . . .,  

 2 2 2
2

9 0,0005 0 0,9995 0,0045 0,0405Dη = ⋅ + ⋅ − = . 

  ,   ,   

 : 
2

10000 0,0045 45Mη = ⋅ =  . . .,     

 60%  - : 45 1,6=72⋅  . . . 

     - .  

1
1 0,002 10 0,0005 0,007Mη = ⋅ + ⋅ =  . . ., 

2 2 2
1

1 0,002 10 0,0005 0,007 0,052Dη = ⋅ + ⋅ − ≈  ( . . .), 
1

0,23
η

σ =  . . . 

0,9 1,645t = ; ( ) 1,645 0,23 100 0,00378
i

d t n
γ η
σ= = ⋅ =  . . .  -  

( )0,007 0,00378 10000 107,8
H

T = + ⋅ =  . . .      

 72 . . .    107,8 72 35,8− =  . . .  

  35,8 25 10,8− =  . . .  37,8 . . .  . 

   ,    

 0,05.      
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1

η    ,     

A = 35,8 . . ..      
1

η : 

( ) 1
1 0,5 1

Np A Np A Np
P A P

Npq Npq Npq

η
η ε

− − −
> = > = − = . 

  ,  ( )1 35,8P η > =  

( )
( )1

0,5

10000 0,0025 35,8 25 10,8
0,5 1 0,5 1 2,16

0,5 50,0025 0,9975 10000
P

η − ⋅ −
= > = − = − =

⋅ ⋅
 

0,5(1 0,9692) 0,0154= − = . 

,      5%  1,54%   

     37,8:10,8 3,5≈  . 

 6.16.    6.15,    

 , 1 10r r< < ,      

. 

’ .     1η    

: 1 . . .   0,002, r  . . .   0,0005  0 . . .  

 0,9975.      : 

1 1 0,002 0,0005 0 0,9975 0,0005( 4)M r rη = ⋅ + ⋅ + ⋅ = + ; 

2 2 8 2 2
1 1 0,002 0,0005 0 25 10 ( 4) 0,0005( 4)D r r rη −= ⋅ + ⋅ + − ⋅ + = + . 

    
2

η    0  

 0,9995  ( )10 r−    0,0005.  2 0 0,995Mη = ⋅ +  

0,0005 (10 ) 0,0005 (10 )r r+ ⋅ − = ⋅ − , 2
2 (10 ) 0,0005D rη ≈ − ⋅ ,   

        

60% : ( ) ( )1,6 0,0005 10 0,0008 10r r⋅ ⋅ − = − . 

    : 

( ) ( )1 10000 0,0005 4 5 4NM r rη = ⋅ + = + , 

( ) ( )2 2
1 10000 0,0005 4 5 4ND r rη = ⋅ + = + . 
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    :  

2 2
2 210000 0,0005(10 ) 5(10 ), 10000 0,0005(10 ) 5(10 ) .NM r r ND r rη η= ⋅ − = − = ⋅ − = −

 

,       

  ,    . 

 -  : 10000 0,0008 (10 ) 80 8r r⋅ ⋅ − = − .  

    : 107,8 (80 8 ) 27,8 8r r− − = + . 

  ,      
1

η    

  27,8 8r+ .   , 

: 

( ) ( )( ){ }2

2

7,8 3
0,5 1 27,8 8 5 4 5 20 0,5 1

5 20

r
r r r

r

+
− + − + + = −

+
 

     ,  

   ( ) ( ) 27,8 3 5 20r r rϕ = + ⋅ + .  

( ) ( ) ( )
3 2260 39 5 20 0 60 39 0 1,54r r r r rϕ′ = − + = − = =   ( )1,54ϕ =  

( ) 27,8 3 1,54 5 1,54 20 2,2= + ⋅ ⋅ + = . 

  2   ,  (2,2) 0,972=   

0,5(1 0,972) 0,014ε = − = . 

   7,8 3 1,54 12,42+ ⋅ =  . . . 

 ,       1 . . .  

1,54 . . .,     ,   

 . 

 

6.5.     

,        

  . 

a)     , 0 1< <α α .  
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  ,    

,         

 1−α .    j -    jY .   

,   ,  jYα .   

        

j jY Yα α= .        

 � j j j j j jX N Y N Y Nα α α= ⋅ = ⋅ = ,      

    � �

1 1

n n

j j j
j j

X X N Y Xα α
= =

= = = . 

 -        

( )1 1Pj
Hj j Pj j j j

j

T
T MX T MX MX

MX
θ= + = + = + , 

 jMX  –     , PjT  –  

, jθ  –   .  ,   

,   ,     (   

 ) 0U         

    γ .   ,  ( )0 0P U X γ− ≥ =    

     - . ,  

  , ,   ,   

  �X Xα= ,    ,    

    . 

 ( )1Hj j jT MXθ= +  –     

, jX  –     , jθ  – 

     .   
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( ) ( ) ( )( )

( ) ( )( )( ) ( )( )

0
1 1

1 1

1 1

1 1 1 1 .

n n

H j H j j j j j
j j

n n

j j j j j j j j
j j

U T T MX MX

MX MX MX

θ θ

θ θ α θ θ α θ

= =

= =

′ ′ ′= − = + − + =

′ ′ ′= + − + − = − + +

 (6.9) 

 

,     ij jθ θ′     

     iθ θ′ ,     

( )( ) ( )( )0
1

1 1
n

j j j j j j j
j

U MX MXθ θ α θ θ θ α θ
=

′ ′ ′ ′= − + + = − + + . (6.10) 

 

 ,   
1
θ α

θ
α

+
′ >

−
   ,  

1
θ α

θ
α

+
′ <

−
 

   ,       

1
θ θ

α
θ

′ −
>

′+
. 

      

 ( )0 0P U X γ− ≥ = ,   ( )0 0P U Xα γ− ≥ = ,  0U
P X γ

α
≤ = . 

,        

   ,  

0U
MX

t
X γ

α
σ

−
= ,   

0U
t X MXγσ

α
= + , (6.11) 

 

 tγ  – ’   ( )2 t γ= .   (6.11)   0U , 

  (6.9),   

( )( ) 0

1

1
1

n

j j j j
j

U
MX t X MXγθ θ α θ σ

α α=

′ ′− + + = = + . (6.12) 

 

 6.17.      

    100MX =  . . .,    

  9Xσ =  . . .    
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  0,2θ = .     

θ′ .   0,95γ =   ’   iθ α′ . 

’ .  ,     

    γ ,    (6.10)  

 ( )( )0 100 0,2 1U t X MXγα θ α σ′= + − − = + . 

  0,95γ =  ( 0,025ε = ),  1,96tγ =   

( )( )100 0,2 1 1,96 9 100 117,64α θ α′+ − − = ⋅ + = . , ( )1α θ α′− − ≈   

0,976≈   ( ) ( )0,976 1 .θ α α′ = − −  

 6.18.       

.   ’      .  ’  

     0,1,     

         ’ .  ’  50 

    1 . . .   ’    (  30) 

       0,2,   jY   

   ( )
[ ]2 , 0,1

0, 1Yj

x x
f x

x

∈
=

>
.  

       θ′%  

  .        

,  ,        

     0,99γ = ? 

’ .      

,     .    

 jMX    jDX    j j jX N Y=  

  

( )
2

,j j j j j j j jMX MN MY DX MN DY DN MY= ⋅ = ⋅ + ⋅ . 

     (    (1))  
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( )
1 1

2(1) (1) 2

0 0

(1) (1) (1)

1 37
0,1 1 0,05; 0,1 1 10,5 0,1 0,9 ;

4 1200

3
; 2 3 3,99.

10

j j

j j j

MX xdx DX x dx

X DX WXσ

= ⋅ = = ⋅ ⋅ − + ⋅ ⋅ =

= ≈ = ≈

 

     (   (2)) 

21 1
(2) (2) 2

0 0

(2) (2)

2 2 4
0,2 2 0,13; 0,2 2 0,2 0,8

15 3 9

37 0,287
0,082; 0,287; 2,21.

450 0,13

j j

j j

MX x xdx DX x x dx

X WXσ

= ⋅ = ≈ = ⋅ ⋅ − + ⋅ ⋅ =

= ≈ ≈ = ≈

 

   

( )

(1) (2)

(1) (2)

1 2
50 30 50 30 6,5;

20 15

37 37
50 30 50 30 4,008;

1200 450

4,008 2,002; 2,002 6,5 0,308.

j j

j j

MX MX MX

DX DX DX

X WXσ

= + = ⋅ + ⋅ ≈

= + = ⋅ + ⋅ ≈

= ≈ = ≈

 

     

    .   

          

   

( )
( ) ( )

( )
( )

( )
( ) ( )

( )
( )

1 1

1 2 1

2 2

1 2 2

1 1
0,302 0,17 1,026;

0,0550 30

1 1
0,302 0,287 0,667.

0,1350 30

j j

j j j

j j

j j j

t X
X

X X MX

t X
X

X X MX

γ

γ

σ
θ σ

σ σ

σ
θ σ

σ σ

⋅
= ⋅ ⋅ ≈ ⋅ ⋅ =

+

⋅
= ⋅ ⋅ ≈ ⋅ ⋅ =

+

 

     (10.4) 

( ) ( ) ( )( ) ( ) ( ) ( )( )1 1 2 2
0 50 1 30 1j j j j j j j jU MX MXθ θ α θ θ θ α θ′ ′ ′ ′= − + + + − + + =  

( )( ) ( )( )1 2
50 1,026 1 30 0,667 1

20 15j jθ α θ θ α θ′ ′ ′ ′= ⋅ − + + + ⋅ − + + ≈  

 

( )( )5,23 6,5 1 .α θ α′≈ + + −  
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    ,  0U t MXα≥ + .  

       .  

    ,  ( )( )( )1
5,23 6,5 1α θ α

α
′+ + − =  

2,58 2,002 6,5 11,67= ⋅ + = ,  
5,23 6,5
5,17 6,5

θ
α

θ

′−
=

′−
. 

 

)      Y . 

        

,      , ,    

    Y ,    ,    

   Y ,    

.        

  
, ;

, .

j j

j

Y Y Y
Y

Y Y Y

≤
=

>
 

        

 Y
~

     

� ( ) ( )

( ) ( ) ( )( )

0

0

.

j

j j

Y

j Y j

j Y j Y j

Y

MY xf x dx Y P Y Y

MY x Y f x dx MY x f x x Y dx MY B
∞ ∞

= + ⋅ > =

= − − = − + = −

 (6.13) 

 

 B  — ,       

   .   

� ( )

( ) ( )

2 22 2 2 2

0

2 2

0

( ) ( ) ( )

2 ( ) .

j j j j

j j j

Y

Y j Y

Y

Y

MY x f x dx Y P Y Y MY x Y f x dx

MY x x Y f x x Y dx MY C

∞

∞

= + ⋅ > = − − =

= − − + = −
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� � ( ) ( )
2 22 2 2( ) 2j j j j j j jDY MY MY MY C MY B DY C B BY= − = − − − = − + +  (6.14) 

 

 ,     ,  

  ,j j jX N Y= ⋅     – 
=

=
n

j
jXX

1

~~
, 

    :  

� �( ) ;j j j j jM X MN M Y B qMY qB MX qB= ⋅ − = − = −   

�

1

;
n

j
j

M X MX qB
=

= −  (6.15) 

  
� ( )( ) ( )( ) ( )( )2 22 22 1 ;j j j j j jDX q DY C B BMY q q MY B q MY q MY B= − + + + − − = + −

 

� ( )
22 2

1

.
n

j
j

DX qMY q MY B
=

= − −  (6.16) 

 

    
j

Y    0    

 C .    (6.13)  (6.14)  [   ] 

� ( ) ( ) ( )
( )

2

1

2 2j

C C

j j Y j

Y Y

C YC
MY MY x Y f x dx MY x Y dx

C C

−
= − − = − − = − , 

� ( )
3

2 3
2 2 2 2

2 2 1 1
2

3 3 3

C

j
j

Y
Y Y

C x Y
MY MY x Y dx Y x Y

C C C
= − − = − − = − , 

� ( )
22

3

2 2

3 2 2
j

C YY C
DY Y

C C

−
= − − − . 

  (6.15)  (6.16)     jXM
~  

    XM
~ ,      

 jXD
~       XD

~ . 

 

( )
2

2 2j

C YC
MX p

C

−
= − , 

( )
2

2 2

C YC
MX pn

C

−
= − , 
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( )
( )

( )
2 22 2

3
2 2

1
3 2 2 2 2j

C Y C YY C C
DX p Y p p

C C C

− −
= − − − + − − , 

( )
( )

( )
2 22 2

3
2 2

1
3 2 2 2 2

C Y C YY C C
DX n p Y p p

C C C

− −
= − − − + − − . 

,    
j

Y      

  λ .    (6.13), (6.14) 

( )( ) ( )
0

1
exp 1 Y

j jMY MY x x Y dx e λλ λ
λ

∞
−= − − + = − , 

( ) ( )( ) ( )2 2 2

0 0 0

exp exp 2 expY
jMY x x dx x x Y dx Y e x x dxλλ λ λ λ λ λ

∞ ∞ ∞
−= − − − + − − =

 

( )2

2
1 Y Ye Y eλ λλ

λ
− −= − −  

( ) ( ) ( )
2

2
2 2 2

2 1 1
1 1 1 2Y Y Y Y Y

jDY e Y e e e Y eλ λ λ λ λλ λ
λ λ λ

− − − − −= − − − − = − − . 

   (6.15)  (6.16)   

( )1 Y
j

p
MX e λ

λ
−= − , ( )1 Ypn

MX e λ

λ
−= − , 

( ) ( ) ( )
2

2
2

1
1 2 1 1Y Y Y

j

p
DX e Y e p p eλ λ λλ

λ λ
− − −= − − + − −  

( ) ( ) ( )
2

2
2

1
1 2 1 1Y Y Yp

DX n e Y e p p eλ λ λλ
λ λ

− − −= − − + − − . 

      ,   

 (6.13)   

� ( ) ( )
2 2

2 2
0

1 1
exp exp

2 22 2

Y

j

Y

x x
MY x dx Y dx

μ μ

σ σσ π σ π

∞− −
= − + − =  

( )
2 21

exp exp
2 22 2

Y

Y

t Y t
t dt dt

μ

σ

μ μ
σ σ

σ μ σ σ
σ π σ π

−

∞

− −

= + − + − =  
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( )
2

2

2 2exp exp 1 .
2 2 2 22

Y Y Y Yμσ μ μ μ μ μ

σ σ σ σ σπ

− − −
= − − − + Φ +Φ + −Φ

� ( ) ( )
2 2

2 2 2
2 2

0

1 1
exp exp

2 22 2

Y

j

Y

x x
MY x dx Y dx

μ μ

σ σσ π σ π

∞− −
= − + − =  

( ) ( )

2 2 2 2 2 2 2

2

2

2

exp
2 2 2 22

exp .
22

Y Y Y Y

Y Y

σ μ μ σ μ σμ μ

σ σ σπ

σ μ μ

σπ

+ − − +
= + Φ + Φ + − −

+ −
− −

 

 

 2 2( )j j jDY MY MY= − ,    (6.15)  (6.16)  

jMX , jDX , , , MX   DX .  

 6.19.       

.         0,1,  

      1λ = .   

          

 (   ’ ),       

0,2. ,        

 ,        

 Y . 

’ .     

         : 

(1) 0,1 1 0,1j jMX qMY= = ⋅ = , 

( ) ( ) ( ) ( )( )
2

1 1 11 0,1 1 0,1 0,9 1 0,19
jj jDX qDY q q MY= + − = ⋅ + ⋅ ⋅ = , 

( ) ( )1 1 0,44j jX DXσ = ≈ , ( )1 0,44
4,4

0,1jWX = = . 

 ,      

   1. 
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( ) ( )2 2 0,2 0,5 0,1j jMX qMY= = ⋅ = , 

( ) ( ) ( ) ( )( )
2

2 2 2 1 1
1 0,1 0,1 0,9 0,048

12 4jj jDX qDY q q MY= + − = ⋅ + ⋅ ⋅ = ; 

( ) ( )2 2 0,219j jX DXσ = ≈ ; ( )2 0,219
2,19.

0,1jWX = =  

    

( ) ( )1 240 20 40 0,1 20 0,1 6j jMX MX MX= + = ⋅ + ⋅ = ; 

40 0,19 20 0,048 8,56DX = ⋅ + ⋅ = , 2,93X DXσ = ≈ ; 0,49.WX =  

     . 

      : 

� ( ) ( )( ) ( )1 1 11 0,1 0,1 ;jM X q B B= − = −  

( ) ( )( ) ( )( )
2 2

1 1 11 1 0,1 0,01 1 .jDX q q B B= + − = + −  

,      

� ( ) ( )( ) ( )2 2 21 0,1 0,2 ;jM X q B B= − = −  

� ( )( ) ( )
2 2(2) (2) (2)0,25 0,5 0,05 0,04 0,5 .jD X q q B B= + − = + −  

   ( )1B   ( )2B .   

( ) ( )

( )

1

0 0

2 0

1
.

1 1
, [0,1]; , [0,1];

2 2
11 , 1., 1. 22

X Y Y X Y Y

Y

B xe dx e xe dx e e

dx Y Y Y
B

YY

λ λ λ λ

λ

∞ ∞
− + − − − −= = = ⋅ =

∈ ∈

=

>>

 

        

   

� 6 4 , [0,1];
2

5,5 4 , 1.

Y

Y

Y
e Y

M X

e Y

−

−

− − ∈
=

− >
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� ( )
2

2

2

6 0,8 0,2 0,8 0,2 , [0,1];

5,6 0,8 0,4 , 1.

Y Y

Y Y

e e Y Y Y
DX

e e Y

− −

− −

− + − + ∈
=

− + >

 

 

    

1.   ? 

2.   ,   ? 

3.   ? 

4.   , , , 

 ; , , –

  ,   , 

  ,    

. 

5.       : 

) 25%; ) 15%     ,   : ) 25000 

. . .; ) 20000 . . .   .    

 3 : ) 125000, 150000  155000 . . .; ) 90000, 95000  

100000 . . .      ,  

    ’ .   

 ? 

6.         

,   : ) 125 . . .; ) 150 . . .    . 

     (  . . .): ) 15, 11, 21, 13, 25, 35, 18, 40, 

22; ) 12, 14, 21, 13, 20, 40, 16, 42, 22. C   

? 

7.  : ) 600 . . .; ) 550 . . .  : ) 300 

. . .; ) 200 . . .  : ) 20 . . .; ) 15 . . ..   

     (   

)? 
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8.   ,      

  ,    : ) 40 . . .; ) 20 . . .  

   : ) 60 . . .; ) 45 . . .   

       

: ) 20 . . .; ) 10 . . .,       

      .  

     : ) 33 . . .; ) 

32 . . ..   ? 

9.     50 . . .    10 

. . .      ,   

  20% .    30 . . .  

  ? 

10.         

 .  ’ : ) 40 . . .  60 . . .; ) 35 . . .  55 . . . 

   : ) 30 . . .  10 

. . .; ) 25 . . .  5 . . .   : ) 15 . . .  

25 . . .; ) 10 . . .  20 . . .   . 

11.    ) 4000N = ; ) 2000N =   

     : ) 0,004p = ; ) 

0,002p =       : ) 

300000S =  . . = 1 . . .; ) 200000S =  . . = 1 . . ..   

  U ,    0,95γ =    

,     . 

12.    11     0,98γ =  

( 0,01ε = )   .   , 

- , -    ,  

 : ) 35%; ) 40%  ,    

: ) 25%; ) 30%. 
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13.         η1,  

    

)       ) 
 

η1 0 100 300 500 

i
p  0,5 0,3 0,1 0,1 

 
η1 0 100 300 600 

i
p  0,5 0,3 0,15 0,05 

 

          : 

) 1 400ξ > . . .; ) 1 450ξ > . . .     

. 

       . 

14.   13     .  ) 

. . .; ) 450η > . . .,   : ) 
1

400ξ = ; ) 
1

450ξ = , 

 : ) 
2

400ξ η= − ; ) 
2

450ξ η= − .  

     . 

15.    13 ,       

 ,     . 

   . 

16.    14 ,       

 ,      

.    . 

17.    14 ,   : ) 20%; ) 

15%    .    

      .  

18.  : ) 12000; ) 15000 ,     

  :      ) 1 . . .  

 0,003, ) 1 . . .   0,0025   

  : ) 12 . . .   0,0005; ) 15 . . .  

 0,0006 (1 . . .=100000 . .).     

    0,9 ( 0,05)γ ε= = ? 
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19. ,      ,  

  : ) 15 . . .; ) 20 . . .,   

     : ) 55%; ) 65%.  

 . 

20.    : ) r , 1 15r< < ; ) r , 

1 12r< < ,      . 

21.         

: ) 110MX =  . . .; ) 95MX =  . . .,     

  9Xσ =  . . ..    

  0,2θ = .    

 θ′ .   0,95γ =   ’  

 iθ α′ . 

22.       .  

 ’      ,    

:    ’      

: ) 0,2; ) 0,15,       

       ’ .  ’  ) 60; ) 40 

    1 . . .   ’    ( ) 20; 

) 40)        ) 0,3; ) 0,1,  

 jY      ) 

4 2, [0,1]
( )

0, 1j
Y

x x
f x

x

+ ∈
=

>
,        ) 

4, [0,1]
( )

0, 1j
Y

x x
f x

x

+ ∈
=

>
. 

       

 θ′%    .     

   ,  ,    

       : ) 0,97γ = ; 

) 0,98γ = ? 

23.       .   

     : ) 0,05; ) 0,2,   



 143

    : ) 2λ = ; ) 1λ = .  

         

   (   ’ ),      

: ) 0,4; ) 0,3. ,    

     ,    

     Y . 

 
7.       

 

7.1. .   

       ’   

 :       

         ;  

 ’      . 

 ,  ,    : 

  ( )    ( ).   

     ( ,   . .)  

   .   —    

   ( ),    

   ,     ,     

 ( ).  ,     

      ,    

  ,      

     ( ).    

   ,     , 

     ’       

  ( ,   . . ). 

       

         ’  

( ):   ,     

 .    ,  ,   
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     ,  , 

, ,   . .      ,   

  ,  . 

,      ,    

 .  

       

 ’ .    –   ,  

  –     . ’  

 ,  ,       

         .   

 ’     ’    (  

)   .       

,       .   

           

,   ’       

        .    

     ,     

.         

         

.         

      ,     

. 

        

  . 

 ’        

,    .     

 ,  ,    . .  

, ’     ,     

     .    

’         , 
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’    ’ ,    .  

,      -   

   . 

 ,        

,     ,    

    .       

  .        

      . 

 

7.2.  .   
 

        

   ,        

            . 

        

    .   

     .    

    . 

         

   .  

   ,    
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= − = . ,     x   
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 7.1.      30  : ) 

  ; )   3 ; )   98 . 
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–    m   (   1m + )    

 x  : 
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+

+
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,     .    

         . 

    ( ,   
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        1n x n xq P= − , 
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,       ix y    , 
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x y x y x y

l l l ll
P P P

l l l l l
+ + + ++

⋅
= ⋅ = ⋅ = =
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 ,x y x y x n y n x y nl l l l l l+ + +⋅ = ⋅ = . 
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y y

l l
P q P P P
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1

(1 )
x n x n

n x n
x x

l D
T S S

l i D
+ += ⋅ ⋅ = ⋅
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1 1
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i i

p l l l l p
+ +

+ + +

+
−

+ − + +
= = = = + =  (7.8) 

 

 xi     .  1,xp <  

x xi q i> + ,   xi     i ,  

    . 

,    8.5: 
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60

1
1

1 N

DR

PP

k

j
jxjk

j
j

=
−+

=

⋅

==  

.7.14.       5-  

   ,      40 

,   : R1=150, R2=200, R3=400, R4=300, R5=800.  

  60 .   ,    

 ,   ,   . 

’ .    (7.34)  (7.35)   

x Dx+j-1 Rj RjDx+j-1 Pj 
40 2939,5 150 440925 143,05 
41 2677,7 200 535540 174,75 
42 2437,7 400 975080 316,36 
43 2217,8 300 65340 215,86 
44 2016,6 800 1613280 523,42 

   4230165 1372,45 
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10.      ?    

         

–    ? 

11.         

 – ? 

12.          

–   ? 

13.    ? 

14.    : ) 31 ; ) 1  :  

1)   ; 2)   2 ; 3)   99 

. 

14.    : ) 31 ; ) 32   

: ) 19; ) 28  ; )  29 , )  18 ;  

 30    : ) 68 ; ) 69 . 

15.    N     : ) 2 ; ) 5  

 : ) 1500$; ) 2000$.        

 ,      33 . ,   

  ,   ,    .  

       ? 

16.     N       1500$  

: )  ; )      .  

        

  ? 

17.         100000 

.  : ) 18 ; ) 20    : ) 32 ; 

) 40 .      : ) 

8%i = ; ) 9,5%i = . 

18.     n xT    : ) 31; ) 33 

   : )19; ) 27    : ) 13000S =  

. ., ) 8000S =  . .  
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20.    ) 32; ) 31   1)    

, 2)    : ) 28 , ) 29 . 
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 - 1  

   A    1N     

 1S    ’   1p .    

    ,    2N   

   2S    ’   2p  

 1N  1S  1p  2N  2S  2p  

1 100000 3000 0,001 5000 1500 0,01 
2 110000 2900 0,002 4900 1400 0,0015 
3 115000 2800 0,003 4800 1450 0,02 
4 117000 2700 0,004 4700 1470 0,025 
5 116000 2750 0,005 4600 1460 0,001 
6 111000 2950 0,015 4650 1480 0,03 

7 101000 2850 0,006 4950 1490 0,035 
8 102000 2650 0,025 4850 1410 0,04 
9 103000 2600 0,007 4750 1420 0,045 

10 104000 2550 0,008 4550 1430 0,05 
11 105000 2500 0,009 4500 1440 0,055 
12 106000 2450 0,011 4450 1390 0,06 
13 107000 2400 0,012 4400 1380 0,065 

14 108000 2350 0,013 4350 1370 0,07 
15 109000 2300 0,014 4300 1360 0,075 
16 112000 2250 0,015 4250 1350 0,08 
17 113000 2200 0,016 4200 1340 0,085 
18 114000 2150 0,017 4150 1330 0,09 
19 118000 2100 0,018 4100 1320 0,092 

20 119000 2050 0,019 4050 1310 0,082 
21 120000 2000 0,02 4000 1300 0,072 
22 121000 1950 0,021 3950 1290 0,062 
23 122000 1900 0,022 3900 1280 0,052 
24 123000 1850 0,023 3850 1270 0,042 
25 124000 1800 0,024 3800 1260 0,032 

26 125000 1750 0,025 3750 1250 0,022 
27 126000 1700 0,026 3700 1240 0,012 
28 127000 1650 0,027 3650 1230 0,011 
29 128000 1600 0,028 3600 1220 0,013 
30 129000 1550 0,029 3550 1210 0,014 
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 – 2 

   n      S   

   .   – , 

   0,95γ =         

. 

 n  S  p   n  S  p  
1 250 35 0,01 16 1000 150 0,01 
2 300 40 0,02 17 1050 155 0,02 
3 350 45 0,03 18 1100 160 0,03 
4 400 50 0,04 19 1150 165 0,04 
5 450 55 0,05 20 1200 170 0,05 
6 500 60 0,06 21 1750 85 0,06 
7 550 65 0,07 22 1800 90 0,07 
8 600 70 0,08 23 1850 95 0,08 
9 650 75 0,09 24 1900 100 0,09 
10 700 80 0,1 25 1950 105 0,1 
11 750 125 0,15 26 2000 110 0,2 
12 800 130 0,2 27 2050 115 0,25 
13 850 135 0,25 28 2100 120 0,45 
14 900 140 0,3 29 2150 125 0,01 
15 950 145 0,05 30 2200 130 0,02 

 
 – 3 

   n   ,     

    p ,      

S ,  –  HT .     

,       . 

 n  p  S  HT   n  p  S  HT  
1 1000 0,011 300 6 16 1450 0,023 500 15 
2 1100 0,015 350 7 17 1550 0,025 550 16,5 
3 1200 0,016 400 8 18 1650 0,022 600 18 
4 1300 0,017 450 9 19 1750 0,023 650 19,5 
5 1400 0,012 500 10 20 1850 0,021 700 21 
6 1500 0,011 550 11 21 1950 0,024 750 22,5 
7 1600 0,013 600 12 22 2050 0,026 800 24 
8 1700 0,016 650 13 23 1020 0,03 300 12 
9 1800 0,017 700 14 24 1120 0,032 350 14 

10 1900 0,015 750 15 25 1220 0,033 400 16 
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11 2000 0,014 800 16 26 1320 0,034 450 18 
12 1050 0,02 300 9 27 1420 0,035 500 20 
13 1150 0,021 350 10,5 28 1520 0,031 550 22 
14 1250 0,022 400 12 29 1620 0,032 600 24 
15 1350 0,024 450 13,5 30 1720 0,036 650 26 

 
 

 – 4 
     111 ,, Spn   222 ,, Spn .  

   ,    

 95,01 =−ε . 

 1n  1S  1p  2n  2S  2p  
1 100000 3000 0,001 5000 1500 0,01 
2 110000 2900 0,002 4900 1400 0,0015 
3 115000 2800 0,003 4800 1450 0,02 
4 117000 2700 0,004 4700 1470 0,025 
5 116000 2750 0,005 4600 1460 0,001 

6 111000 2950 0,015 4650 1480 0,03 
7 101000 2850 0,006 4950 1490 0,035 
8 102000 2650 0,025 4850 1410 0,04 
9 103000 2600 0,007 4750 1420 0,045 

10 104000 2550 0,008 4550 1430 0,05 
11 105000 2500 0,009 4500 1440 0,055 

12 106000 2450 0,011 4450 1390 0,06 
13 107000 2400 0,012 4400 1380 0,065 
14 108000 2350 0,013 4350 1370 0,07 
15 109000 2300 0,014 4300 1360 0,075 
16 112000 2250 0,015 4250 1350 0,08 
17 113000 2200 0,016 4200 1340 0,085 

18 114000 2150 0,017 4150 1330 0,09 
19 118000 2100 0,018 4100 1320 0,092 
20 119000 2050 0,019 4050 1310 0,082 
21 120000 2000 0,02 4000 1300 0,072 
22 121000 1950 0,021 3950 1290 0,062 
23 122000 1900 0,022 3900 1280 0,052 

24 123000 1850 0,023 3850 1270 0,042 
25 124000 1800 0,024 3800 1260 0,032 
26 125000 1750 0,025 3750 1250 0,022 
27 126000 1700 0,026 3700 1240 0,012 
28 127000 1650 0,027 3650 1230 0,011 
29 128000 1600 0,028 3600 1220 0,013 
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30 129000 1550 0,029 3550 1210 0,014 

 – 5 
        η1,  

    

1) 

 

ξ1>500 

η1 0 200 500 1000 

i
p  0,5 0,3 0,15 0,05 

2) 

 

ξ1>500 

η1 0 200 400 500 

i
p  0,4 0,35 0,15 0,1 

3) 

 

ξ1>300 

η1 0 100 300 500 

i
p  0,5 0,3 0,15 0,05 

4) 

 

ξ1>300 

η1 0 100 200 400 

i
p  0,35 0,3 0,25 0,1 

5) 

 

ξ1>500 

η1 0 200 300 400 

i
p  0,6 0,2 0,15 0,05 

6) 

 

ξ1>500 

η1 0 200 400 600 

i
p  0,6 0,25 0,1 0,05 

7) 

 

ξ1>400 

η1 0 100 300 500 

i
p  0,7 0,15 0,1 0,05 

8) 

 

ξ1>500 

η1 0 200 500 800 

i
p  0,6 0,2 0,15 0,05 

9) 

 

ξ1>700 

η1 0 100 400 700 

i
p  0,5 0,4 0,08 0,02 

10) 

 

ξ1>500 

η1 0 200 400 700 

i
p  0,55 0,3 0,1 0,05 

11) 

 

ξ1>500 

η1 0 100 300 500 

i
p  0,65 0,2 0,1 0,05 

12) 

 

ξ1>600 

η1 0 100 500 700 

i
p  0,7 0,15 0,1 0,05 

13) 

 

ξ1>600 

η1 0 300 400 600 

i
p  0,6 0,25 0,1 0,05 

14) 

 

ξ1>400 

η1 0 100 300 1000 

i
p  0,4 0,35 0,2 0,05 

17) 
η1 0 100 300 400 

i
p  0,35 0,3 0,25 0,1 

18) 

 

ξ1>500 

η1 0 200 300 400 

i
p  0,6 0,2 0,15 0,05 
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ξ1>500 

19) 

 

ξ1>600 

η1 0 200 400 800 

i
p  0,6 0,2 0,15 0,05 

20) 

 
 
ξ1>600 

η1 0 200 400 700 

i
p  0,5 0,35 0,1 0,05 

21) 

 

ξ1>500 

η1 0 100 400 700 

i
p  0,7 0,15 0,1 0,05 

22) 

 

ξ1>600 

η1 0 300 400 800 

i
p  0,6 0,25 0,1 0,05 

23) 

 

ξ1>300 

η1 0 100 300 700 

i
p  0,4 0,35 0,2 0,05 

24) 

 

ξ1>600 

η1 0 200 400 800 

i
p  0,5 0,3 0,15 0,05 

25) 

 

ξ1>600 

η1 0 100 400 700 

i
p  0,7 0,15 0,1 0,05 

26) 

 

ξ1>500 

η1 0 200 500 900 

i
p  0,45 0,3 0,2 0,05 

27) 

 

ξ1>600 

η1 0 200 400 800 

i
p  0,4 0,35 0,15 0,1 

28) 

 

ξ1>400 

η1 0 100 200 500 

i
p  0,65 0,2 0,1 0,05 

29) 

 

ξ1>600 

η1 0 200 500 600 

i
p  0,6 0,25 0,1 0,05 

30) 

 

ξ1>400 

η1 0 100 400 700 

i
p  0,55 0,3 0,1 0,05 

 

          ξ1 

. . .     . 

       . 

 
 

 – 6 
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     x   : )   m  

; )   n  . 

 
/  

x  m  n   
/  

x  m  n  

1 1 30 50 16 1 1 30 

2 2 30 60 17 1 2 33 

3 3 30 50 18 2 1 50 

4 30 1 33 19 3 30 98 

5 30 2 33 20 2 31 60 

6 30 3 50 21 1 32 98 

7 31 1 60 22 1 98 100 

8 31 2 50 23 2 98 99 

9 32 1 60 24 1 99 100 

10 50 50 99 25 0 2 30 

11 98 1 100 26 0 3 31 

12 98 2 99 27 0 1 3 

13 99 1 100 28 30 0 60 

14 30 30 98 29 31 0 65 

15 2 1 30 30 32 0 98 
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 1 

  2

2

2

1
x

e(x)
−

=ϕ  

x 0 1 2 3 4 5 6 7 8 9 
0,0 
0,1 
0,2 
0,3 
0,4 
0,5 
0,6 
0,7 
0,8 
0,9 
1,0 
1,1 
1,2 
1,3 
1,4 
1,5 
1,6 
1,7 
1,8 
1,9 
2,0 
2,1 
2,2 
2,3 
2,4 
2,5 
2,6 
2,7 
2,8 
2,9 
3,0 
3,1 
3,2 
3,3 
3,4 
3,5 
3,6 
3,7 
3,8 
3,9 

0,3989 
3970 
3910 
3814 
3683 
3521 
3332 
3123 
2897 
2661 

0,2420 
2179 
1942 
1714 
1497 
1295 
1109 
0940 
0790 
0656 

0,0540 
0440 
0355 
0283 
0224 
0175 
0136 
0104 
0079 
0060 

0,0044 
0033 
0024 
0017 
0012 
0009 
0006 
0004 
0003 
0002 

3989 
3965 
3902 
3802 
3668 
3503 
3312 
3101 
2874 
2637 
2396 
2155 
1919 
1691 
1476 
1276 
1092 
0925 
0775 
0644 
0529 
0431 
0347 
0277 
0219 
0171 
0132 
0101 
0077 
0058 
0043 
0032 
0023 
0017 
0012 
0008 
0006 
0004 
0003 
0002 

3989 
3961 
3894 
3790 
3653 
3485 
3292 
3079 
2850 
2613 
2371 
2131 
1895 
1669 
1456 
1257 
1074 
0909 
0761 
0632 
0519 
0422 
0339 
0270 
0213 
0167 
0129 
0099 
0075 
0056 
0042 
0031 
0022 
0016 
0012 
0008 
0006 
0004 
0003 
0002 

3988 
3956 
3885 
3778 
3637 
3467 
3271 
3056 
2827 
2589 
2347 
2107 
1872 
1647 
1435 
1238 
1057 
0893 
0748 
0620 
0508 
0413 
0332 
0264 
0208 
0163 
0126 
0096 
0073 
0055 
0040 
0030 
0022 
0016 
0011 
0008 
0005 
0004 
0003 
0002 

3986 
3951 
3876 
3765 
3621 
3448 
3251 
3034 
2803 
2565 
2323 
2083 
1849 
1626 
1415 
1219 
1040 
0878 
0734 
0608 
0498 
0404 
0325 
0258 
0203 
0158 
0122 
0093 
0071 
0053 
0039 
0029 
0021 
0015 
0011 
0008 
0005 
0004 
0003 
0002 

3984 
3945 
3867 
3752 
3605 
3429 
3230 
3011 
2780 
2541 
2299 
2059 
1826 
1604 
1394 
1200 
1023 
0863 
0721 
0596 
0488 
0396 
0317 
0252 
0198 
0154 
0119 
0091 
0069 
0051 
0038 
0028 
0020 
0015 
0010 
0007 
0005 
0004 
0002 
0002 

3982 
3939 
3857 
3739 
3589 
3410 
3209 
2989 
2756 
2516 
2275 
2036 
1804 
1582 
1374 
1182 
1006 
0848 
0707 
0584 
0478 
0387 
0310 
0246 
0194 
0151 
0116 
0088 
0067 
0050 
0037 
0027 
0020 
0014 
0010 
0007 
0005 
0003 
0002 
0002 

3980 
3932 
3847 
3726 
3572 
3391 
3188 
2966 
2732 
2492 
2251 
2012 
1781 
1561 
1354 
1163 
0989 
0833 
0694 
0573 
0468 
0379 
0303 
0241 
0189 
0147 
0113 
0086 
0065 
0048 
0036 
0026 
0019 
0014 
0010 
0007 
0005 
0003 
0002 
0002 

3977 
3925 
3836 
3712 
3555 
3372 
3166 
2943 
2709 
2468 
2227 
1989 
1758 
1539 
1334 
1145 
0973 
0818 
0681 
0562 
0459 
0371 
0297 
0235 
0184 
0143 
0110 
0084 
0063 
0047 
0035 
0025 
0018 
0013 
0009 
0007 
0005 
0003 
0002 
0001 

3973 
3918 
3825 
3697 
3538 
3352 
3144 
2920 
2685 
2444 
2203 
1965 
1736 
1518 
1315 
1127 
0957 
0804 
0669 
0551 
0449 
0363 
0290 
0229 
0180 
0139 
0107 
0081 
0061 
0046 
0034 
0025 
0018 
0013 
0009 
0006 
0004 
0003 
0002 
0001 
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 2 

   dtex
t

−
x

0

2

2

2

1
=)(

π
 

 0 1 2 3 4 5 6 7 8 9 
0,0 0,0000 00399 00798 01197 01595 01994 02392 02790 03188 03586 
0,1 03983 04380 04776 05172 05567 05962 06356 06749 07142 07535 
0,2 07926 08317 08706 09095 09483 09871 10257 10642 11026 11409 
0,3 11791 12172 12552 12930 13307 13683 14058 14431 14803 15173 
0,4 15542 15910 16276 16640 17003 17364 17724 18082 18439 18793 
0,5 19146 19497 19847 20194 20540 20884 21226 21566 21904 22240 
0,6 22575 22907 23237 23565 23891 24215 24573 24857 25175 25490 
0,7 25804 26115 26424 26730 27035 27337 27637 27935 28230 28524 
0,8 28814 29103 29389 29673 29955 30234 30511 30785 31057 31327 
0,9 31594 31859 32121 32381 32639 32894 33147 33398 33646 33891 
1,0 34134 34375 34614 34850 35083 35314 35543 35769 35993 36214 
1,1 36433 36650 36864 37076 37286 37493 37698 37900 38100 38298 
1,2 38493 38686 38877 39065 39251 39435 39617 39796 39973 40147 
1,3 40320 40490 40658 40824 40988 41149 41309 41466 41621 41774 
1,4 41924 42073 42220 42364 42507 42647 42786 42922 43056 43189 
1,5 43319 43448 43574 43699 43822 43943 44062 44179 44295 44408 
1,6 44520 44630 44738 44845 44950 45053 45154 45254 45352 45449 
1,7 45543 45637 45728 45818 45907 45994 46080 46164 46246 46327 
1,8 46407 46485 46582 46638 46712 46784 46856 46926 46995 47062 
1,9 47128 47193 47257 47320 47381 47441 47500 47558 47645 47670 
2,0 47725 47778 47831 47882 47932 47982 48030 48077 48124 48169 
2,1 48214 48257 48300 48341 48382 48422 48461 48500 48537 48169 
2,2 48610 48645 48679 48713 48745 48778 48809 48840 48870 48899 
2,3 48928 48956 48983 49010 49036 49061 49086 49111 49134 49158 
2,4 49180 49202 49224 49245 49266 49286 49305 49324 49343 49361 
2,5 49379 49396 49413 49430 49446 49461 49477 49492 49506 49520 
2,6 49534 49547 49560 49573 49585 49598 49609 49609 49632 49643 
2,7 49653 49664 49674 49683 49693 49702 49711 49720 49728 49736 
2,8 49744 49752 49760 49767 49774 49781 49788 49795 49801 49807 
2,9 49813 49819 49825 49831 49836 49841 49846 49851 49858 49861 

           
3,0 0,49865  3,1 49903 3,2 49931 3,3 49952 3,4 49986 
3,5 49977  3,6 49984 3,7 49989 3,8 49993 3,9 49995 
4,0 499968          
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   λλ
λ −= e

m

m

m !
)(P  

           λ 
m 

0,1 0,2 0,3 0,4 0,5 0,6 

0 
1 
2 
3 
4 
5 
6 
7 

0,904837 
0,904084 
0,004524 
0,000151 
0,000004 

 

0,818731 
0,163746 
0,016375 
0,001091 
0,000055 
0,000002 

0,740818 
0,222245 
0,033337 
0,003334 
0,000250 
0,000015 
0,000001 

0,670320 
0,268128 
0,053626 
0,007150 
0,000715 
0,000057 
0,000004 

0,606531 
0,303265 
0,075816 
0,012636 
0,001580 
0,000158 
0,000013 
0,000001 

0,548812 
0,329287 
0,098786 
0,019757 
0,002964 
0,000356 
0,000035 
0,000003 

           λ 
m 

0,7 0,8 0,9 1,0 2,0 3,0 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

0,496585 
0,347610 
0,121663 
0,028388 
0,004968 
0,000695 
0,000081 
0,000008 

0,449329 
0,359463 
0,143785 
0,038343 
0,007669 
0,001227 
0,000164 
0,000019 
0,000002 

0,406570 
0,365913 
0,164661 
0,049398 
0,011115 
0,002001 
0,000300 
0,000039 
0,000004 

0,367879 
0,367879 
0,183940 
0,061313 
0,015328 
0,003066 
0,000511 
0,000073 
0,000009 
0,000001 

0,135335 
0,270671 
0,270671 
0,180447 
0,090224 
0,036089 
0,012030 
0,003437 
0,000859 
0,000191 
0,000038 
0,000007 
0,000001 

0,049787 
0,149631 
0,224042 
0,224042 
0,168031 
0,100819 
0,050409 
0,021604 
0,008101 
0,002701 
0,000810 
0,000221 
0,000055 
0,000013 
0,000002 
0,000001 
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  4 
2

;kαχ ,     )( 2
;

2
kPp αχχ >=    χ2 

 
 

 

 α 

 

k 

0,99 0,98 0,95 0,90 0,80 0,70 0,50 0,3 0,2 0,10 0,05 0,02 0,01 0,005 0,002 0,001 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

0,00016 

0,020 

0,115 

0,30 

0,55 

0,187 

1,24 

1,65 

2,09 

2,56 

3,1 

3,6 

4,1 

4,7 

5,2 

5,8 

6,4 

7,0 

7,6 

8,3 

8,9 

9,5 

10,2 

10,9 

11,5 

12,2 

12,9 

13,6 

14,3 

15,0 

0,0006 

0,040 

0,185 

0,43 

0,75 

1,13 

1,56 

2,03 

2,53 

3,06 

3,6 

4,2 

4,8 

5,4 

6,0 

6,6 

7,3 

7,9 

8,6 

9,2 

9,9 

10,6 

11,3 

12,0 

12,7 

13,4 

14,1 

14,8 

15,6 

16,3 

0,0039 

0,103 

0,352 

0,71 

1,14 

1,63 

2,17 

2,73 

3,32 

3,94 

4,6 

5,2 

5,9 

6,6 

7,3 

8,0 

8,7 

9,4 

10,1 

10,9 

11,6 

12,3 

13,1 

13,8 

14,6 

15,4 

16,2 

16,9 

17,7 

18,5 

0,016 

0,211 

0,584 

1,06 

1,61 

2,20 

2,83 

3,49 

4,17 

4,86 

5,6 

6,3 

7,0 

7,8 

8,5 

9,3 

10,1 

10,9 

11,7 

12,4 

13,2 

14,0 

14,8 

15,7 

16,5 

17,3 

18,1 

18,9 

19,8 

20,6 

0,064 

0,446 

1,005 

1,65 

2,34 

3,07 

3,82 

4,59 

5,38 

6,18 

7,0 

7,8 

8,6 

9,5 

10,3 

11,2 

12,0 

12,9 

13,7 

14,6 

15,4 

16,3 

17,2 

18,1 

18,9 

19,8 

20,7 

21,6 

22,5 

23,4 

0,148 

0,713 

1,424 

2,19 

3,00 

3,83 

4,67 

5,53 

6,39 

7,27 

8,1 

9,0 

9,9 

10,8 

11,7 

12,6 

13,5 

14,4 

15,4 

16,3 

17,2 

18,1 

19,0 

19,9 

20,9 

21,8 

22,7 

23,6 

24,6 

25,5 

0,455 

1,386 

2,366 

3,36 

4,35 

5,35 

6,34 

7,34 

8,35 

9,34 

10,3 

11,3 

12,3 

13,3 

14,3 

15,3 

16,3 

17,3 

18,3 

19,3 

20,3 

21,3 

22,3 

23,3 

24,3 

25,3 

26,3 

27,3 

28,3 

29,3 

1,07 

2,41 

3,66 

4,9 

6,1 

7,2 

8,4 

9,5 

10,7 

11,8 

12,9 

14,0 

15,1 

16,2 

17,3 

18,4 

19,5 

20,6 

21,7 

22,8 

23,9 

24,9 

26,0 

27,1 

28,1 

29,3 

30,3 

31,4 

32,5 

33,5 

1,64 

3,22 

4,64 

6,0 

7,3 

8,6 

9,8 

11,0 

12,2 

13,4 

14,6 

15,8 

17,0 

18,2 

19,3 

20,5 

21,6 

22,8 

23,9 

25,0 

26,2 

27,3 

28,4 

29,6 

30,7 

31,8 

32,9 

34,0 

35,1 

36,3 

2,7 

4,6 

6,3 

7,8 

9,2 

10,6 

12,0 

13,4 

14,7 

16,0 

17,3 

18,5 

19,8 

21,1 

22,3 

23,5 

24,8 

26,0 

27,2 

28,4 

29,6 

30,8 

32,0 

33,2 

34,4 

35,6 

36,7 

37,9 

39,1 

40,3 

3,8 

6,0 

7,8 

9,5 

11,1 

12,6 

14,1 

15,5 

16,9 

18,3 

19,7 

21,0 

22,4 

23,7 

25,0 

26,3 

27,6 

28,9 

30,1 

31,4 

32,7 

33,9 

35,2 

36,4 

37,7 

38,9 

40,1 

41,3 

42,6 

43,8 

5,4 

7,8 

9,8 

11,7 

13,4 

15,0 

16,6 

18,2 

19,7 

21,2 

22,6 

24,1 

25,5 

26,9 

28,3 

29,6 

31,0 

32,3 

33,7 

35,0 

36,3 

37,7 

39,0 

40,3 

41,6 

42,9 

44,1 

45,4 

46,7 

48,0 

6,6 

9,2 

11,3 

13,3 

15,1 

16,8 

18,5 

20,1 

21,7 

23,2 

24,7 

26,2 

27,7 

29,1 

30,6 

32,0 

33,4 

34,8 

36,2 

37,6 

38,9 

40,3 

41,6 

43,0 

44,3 

45,6 

47,0 

48,3 

49,6 

50,9 

7,9 

11,6 

12,8 

14, 9 

16,3 

18,6 

20,3 

21,9 

23,6 

25,2 

26,8 

28,3 

29,8 

31,0 

32,5 

34,0 

35,5 

37,0 

38,5 

40,0 

41,5 

42,5 

44,0 

45,5 

47,0 

48,0 

49,5 

51,0 

52,5 

54,0 

9,5 

12,4 

14,8 

16,9 

18,9 

20,7 

22,6 

24,3 

26,1 

27,7 

29,4 

31,0 

32,5 

34,0 

35,5 

37,0 

38,5 

40,0 

41,5 

43,0 

44,5 

46,0 

47,5 

48,5 

50,0 

51,5 

53,0 

54,5 

56,0 

57,5 

10,83 

13,8 

16,3 

18,5 

20,5 

22,5 

24,4 

21,6 

27,9 

29,6 

31,3 

32,9 

34,5 

36,1 

37,7 

39,2 

40,8 

42,3 

43,8 

45,3 

46,8 

48,3 

49,7 

51,2 

52,6 

54,1 

55,5 

56,9 

58,3 

59,7 
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∞

−∞=

−−=
n

ntK
22t2ne)1()(  

 
t (t) t (t) t (t) t (t) t (t) t (t) 

0,34 

0,36 

0,38 

0,40 

0,42 

0,44 

0,46 

0,48 

0,50 

0,52 

0,54 

0,56 

0,58 

0,60 

0,62 

0,64 

0,00017 

0,0005 

0,0013 

0,0028 

0,0055 

0,0097 

0,0160 

0,0247 

0,0361 

0,0503 

0,0675 

0,0876 

0,1104 

0,1357 

0,1632 

0,1927 

0,66 

0,68 

0,70 

0,72 

0,74 

0,76 

0,78 

0,80 

0,82 

0,84 

0,86 

0,88 

0,90 

0,92 

0,94 

0,96 

0,2236 

0,2558 

0,2888 

0,3223 

0,3560 

0,3896 

0,4230 

0,4559 

0,4880 

05194 

0,5497 

0,5791 

0,6073 

0,6343 

0,6601 

0,6846 

0,98 

1,00 

1,02 

1,04 

1,06 

1,08 

1,10 

1,12 

1,14 

1,16 

1,18 

1,20 

1,22 

1,24 

1,26 

1,28 

0,7079 

0,7300 

0,7500 

0,7704 

0,7889 

0,8061 

0,8223 

0,8374 

0,8514 

0,8644 

0,8765 

0,8878 

0,8981 

0,9076 

0,9164 

0,9245 

1,30 

1,32 

1,34 

1,36 

1,38 

1,40 

1,42 

1,44 

1,46 

1,48 

1,50 

1,52 

1,54 

1,56 

1,58 

1,60 

0,9319 

0,9387 

0,9449 

0,9505 

0,9557 

0,9603 

0,9646 

0,9648 

0,9718 

0,9750 

0,9778 

0,9803 

0,9826 

0,9846 

0,9864 

0,9880 

1,62 

1,64 

1,66 

1,68 

1,70 

1,72 

1,74 

1,76 

1,78 

1,80 

1,82 

1,84 

1,86 

1,88 

1,90 

1,92 

0,9895 

0,9908 

0,9918 

0,9929 

0,9938 

0,9946 

0,9953 

0,9956 

0,9965 

0,9969 

0,9973 

0,9977 

0,9980 

0,9983 

0,9985 

0,9987 

1,94 

1,96 

1,98 

2,00 

2,02 

2,04 

2,06 

2,08 

2,10 

2,12 

2,14 

2,16 

2,18 

2,20 

2,30 

2,40 

0,9989 

0,9991 

0,9992 

0,9993 

0,9994 

0,9995 

0,9996 

0,9997 

0,9997 

0,9998 

0,9998 

0,9998 

0,999852 

0,999874 

0,999949 

0,999980 
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  ( ) ( ) knkk
n ppCp;k;nP −

−= 1  
  p  

n k 0,1 0,2 0,3 0,4 0,5  

 0 0,34868 0,10737 0,02825 0,00605 0,00098 10  
 1 ,38742 ,26844 ,12106 ,04031 ,00977 9  
 2 ,19371 ,30199 ,23347 ,12093 ,04395 8  
 3 ,05740 ,20133 ,26683 ,21499 ,11719 7  
 4 ,01116 ,08808 ,20012 ,25082 ,20508 6  

10 5 0,00149 0,02642 0,10292 0,20066 0,24609 5 10 
 6 ,00014 ,00551 ,03676 ,11148 ,20508 4  
 7 ,00001 .00079 ,00900 ,04247 ,11719 3  
 8  ,00007 ,00145 ,01062 ,04395 2  
 9   ,00014 ,00157 ,00977 1  
 10   ,00001 ,00010 ,00098 0  

 0 0,20589 0,03518 0,00475 0,00047 0,00003 15  
 1 ,34315 ,13194 ,03052 ,00470 ,00046 14  
 2 ,26690 ,23090 ,09156 ,02194 ,00320 13  
 3 ,12851 ,25014 ,17004 ,06339  ,01389 12  
 4 ,04284 ,18760  ,21862 ,12678 ,04166 11  
 5 0,01047 0,10318 0,20613 0,18594  0,09164 10  
 6 ,00194 ,04299 ,14724 ,20660 ,15274 9  

15 7 ,00028 ,01382 ,08113 ,17708 ,19638 8 15 
 8 ,00003 ,00345 ,03477 ,11806 ,19638 7  
 9  ,00067 ,01159 ,06121 ,15274 6  
 10  0,00010 0,00298 0,02449 0,09164 5  
 11  ,00001 .00058 ,00742 ,04166 4  

 12   ,00008 ,00165 ,01389 3  
 13   ,00001 ,00025 ,00320 2  
 14    ,00002 ,00046 1  
 15     ,00003 0  

 0 0,12158 0,01153 0,00080 0,00004  20  
 1  ,27017 ,05765 ,00684 ,00049  ,00002 19  
 2 ,28518 ,13691 ,02785 ,00309 ,00018 18  
 3 ,19012 ,20536 ,07160 ,01235  ,00109 17  
 4 ,08978 ,21820 ,13042 ,03499 ,00462 16  
 5 0,03192 0,17456 0,17886 0,07465 0,01479 15  
 6 ,00887 ,10910 ,19164 ,12441 ,03696 14  
 7 ,00197 ,05455 ,16426 ,16588 ,07393 13  
 8 ,00036 ,02216 ,11440 ,17971 ,12013 12  
 9 ,00005 ,00739 ,06537 ,15974 ,16018 11  

20 10 0,00001 0,00203 0,03082 0,11714 0,17620 10 20 
 11  ,00046 ,01201 ,07099 ,16018 9  
 12  ,00009 ,00386 ,03550 ,12013 8  
 13  ,00001 ,00102 ,01456 ,07393 7  
 14   ,00022 ,00485 ,03696 6  
 15   0,00004 0,00129 0,01479 5  
 16   ,00001 ,00027 ,00462 4  
 17    ,00004 ,00109 3  
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    6 
 

  p  
 k 0,1 0,2 0,3 0,4 0,5  

 18     ,00018 2  
20 19     ,00002 1  

 20      0  
 0 0,07179 0,00378 0,00013    25 
 1 ,19942  ,02361 ,00144 ,00005   24 
 2 ,26589 ,07084 ,00739 ,00038 ,00001  23 
 3 ,22650 ,13577 ,02428 ,00194 ,00007  22 
 4 ,13842 ,18668 ,05723 ,00710 ,00038  21 
 5 0,06459 0,19602 0,10302 0,01989 0,00158  20 
 6 ,02392 ,16335 ,14717 ,04420 ,00528  19 
 7 ,00722 ,11084 ,17119 ,07999 ,01433  18 
 8 ,00180 ,06235 ,16508 ,11998 ,03223  17 
 9 ,00038 ,02944 ,13364 ,15109 ,06089  16 
 10 0,00007 0,01178 0,09164 0,16116 0,09742  15 
 11 ,00001 ,00401 ,05355 ,14651 ,13284  14 
 12  ,00117 ,02678 ,11395 ,15498  13 

25 13  ,00029 ,01148 ,07597 ,15498  12 
 14  ,00006 ,00422 ,04341 ,13284  11 
 15  0,00001 0,00132 0,02122 0,09742  10 
 16   ,00035 ,00884 ,06089  9 
 17   ,00008 ,00312 ,03223  8 
 18   ,00002 ,00092 ,01433  7 
 19    ,00023 ,00528  6 
 20    0,00005 0,00158  5 
 21    ,00001 ,00038  4 
 22     ,00007  3 
 23     ,00001  2 
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