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 A  –   , ., –      
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   ; eV  –       
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–   ;  –    
. 

  ,     (2.1),    
    ,    

      3 – 4      
   .     

       , 
       

e

A

i
i VT

Pq
cn

1
 ,                                           (2.2) 

 iq  –   -  . 
          

  ,         
 ,          

 .  ,       
,      2 – 3 .     
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j
jc qq

1
  ,                                                            (2.3) 

 jq  –   j-   ; j  –   
 j-   ; n –    . 

 
        

c

A

i
i

cn q

q
A

cn

1  .,                                            (2.4) 

         
    

jcncnj AA .                                                       (2.5) 
           

   ,  

j

n

j
jc

1
,                                                      (2.6) 

 c  –   , j  –    
 j-   . 

    ,  ,   
   ,      ,  
  . 

         
 

eqVTAP   .- ,                                 (2.7) 

 q –   , ;  –   
. 

     (2.7)    
 . 

      ,    
     . 

         
 

eVTDAP  - ,                        (2.8) 
  –     - . 
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-2     -1.      

(   )      -2. 
   ,     

  ,       
      . 

      , 
      .  

      - .   
     . 

      -1 ,  ,   ,  
-2   ,      

.  ’         
     ,    .  

  -        
 –     -2  ,    

  1000   (  4 ). 
 ,    ,   

 : 1-     ;   
;  ,       200 – 300  ,  

     ;    
   50 – 75%   ;  

    ;   
    “    

 ”. 
 ,      (     

,   -  )    
,      . 

         
  : 
   –  1K (  5 ); 

      –  2K  (  6 
); 

-   –  3K  (  7 ); 
     –  4K   '

4K  (  8 
); 

    -    –  
5K  (  9 ). 
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  . 

        
         

,   . ,      
   -  .   

     
31KKK .                                                                                                      (2.9) 

       ,   
  ,   -  . , 

321 KKKK .                                                                                                (2.10) 
     ,  - 

    . ,    
  

52KKK .                                                                                                 (2.11) 
        

        

54321 KKKKKK .                                                                                       (2.12) 
         

    
ê í í
òî òî òî 1 3

ÒÎ
ï åðL L K L K K  ,                                                                       (2.13) 

 
ê í í
êð êð êð 1 2 3

ÊÐ
ï eðL L K L K K K  ,                                                              (2.14) 

   , LL –        , . 
     ,   ,   

     ,  0,8   L .    
 -     

     ,      .   
      . 

        
     ,     

.    , , L 1-   
     1-L ,   

 ,   : 
êð
òî -1 ñäL a  .                                                                                             (2.15) 
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  1-2- LL      b  

    2-L ,  1-L  : 
ê ê
òî -2 òî -1L bL  .                                                                                             (2.16) 

,  2-LL     
  c      ,  2-L , 1-L  : 

ê
êð 2

Ê
ÒÎL cL   .                                                                                             (2.17) 

           
     10%. 
.        

    -130     -
 -130 1   -885,      

        
  l  = 160 . 

  : 
    (III)      ( ); 

   -130  I    
H
kL = 

(300000 .),  
  :  -1

HL1 (3000 .)  O-2 – 
HL2 (12 000 ) ; 

,   III    K1 = 0,8; 
,      (  ), K2 = 

0,95. 
 :  3 = 1,0. 

ê í í
òî òî òî 1 3 ,ÒÎ

ï åðL L K L K K êì     
ê í í
êð êð êð 1 2 3 ,ÊÐ

ï eðL L K L K K K êì     

 
í í
òî ð, êL L –        , . 

  , : 
    

kL  = 300 000 * 0,8 = 240 000 
2L = 12 000 * 0,8 = 9600 
1L = 3000 * 0,8=2400 

kL = 300 000 * 0,8 * 0,95 = 228 500 
2L  = 12 000 * 0,8 = 9600 
1L = 3000 * 0,8 = 2400 

         , : 
    

kL  = 160 * 16=2560  
2L = 2560 * 4=10240  
1L = 10240 * 24=245760  

kL = 160 * 16 = 2560 
2L  = 2560 * 4=10240 
1L = 10 240 * 23 = 235 520 
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  -   
  : 

ê í òî í
òî òî òî 2 5ò ðt t K t K K  - ;                                                                (2.18) 

ê í ï ð í
ï ð ï ð 1 2 3 4 5  ,

1000ò ð ò ð
ëþ ä ãî ät t K t K K K K K

êì
                                                (2.19) 

   , tt  –     . 
  11    ,   

        .    
     ,   

   .     
       

  (   10%  ,   
 ).      : 

52 KKKtt  .- ,                                                                    (2.20) 
 K – ,        

  . 
 K     

100
101 MK ,                                                                       (2.21) 

 M  –  ,    (     
    ,     11 ), %. 

     -1, -2    
 .      -1 
  0,08 – 0,12 .- ,    -2 – 0,33 – 0,50 .- .  
  .  

  t        
  -2  : 

2-2,0 tt  .- .                                                                         (2.22) 
     -2     

 
'
4K  /1000 ,                                                                       (2.23) 

 –     -2   (  4 ), /1000 
; '

4K –        -2  
        (  8 ). 

  t       
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 4K   '
4K : 

m

i
iiKK

1
44 ; 

m

i
iiKK

1

'
4

'
4 ,                                                          (2.24) 

 iK  4   '
 4 iK  –      i -    

(  8 ); m -      ; i –  
 i -   . 

          
         .  

    ,     (10 – 20)% . 
    

)2,11,1( .                                                             (2.25) 
.      -130,  

        
.   0,4 L .     60 .  

   : 
   (   ) K1 = 0,95; 

      2K =1,0 (  6 ); 
-   3K =1,0 (  7 ); 

     4K =0,7  'K4 =0,7 (  8 ); 
    -    5K =1,1 (  9 
). 

 = 65%  (  11 ).  
  ,    (  3 )  

: 
t 0,45 .- , 1t 3,0 .- , 2t 10,9 .- , í

ï ðt 3,7 .- .  

    -2   (  4 ) 
í í
ò î ð êðÄ Ä   

/1000 . 

ì
101 ,

100
MK   ì

65 101 0,45;
100

K  

22,045,0*1,1*0,1*45,052 KKKtt  .- , 

3,31,1*0,1*0,352111 KKtKtt  .- , 

99,111,1*0,1*9,1052222 KKtKtt  .- , 

398,299,11*2,02,0 2-tt   .- . 
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71,21,1*7,0*0,1*0,1*95,0*7,354321 KKKKKtKtt .
1000

ëþ ä ãî ä
êì .

 

28,07,0*4,0'
4K   /1000 , 

ê í
êð êð(1,1 1,2) 1,2*0,4 0,48Ä Ä   /1000 .  
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1
L
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N
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L
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N
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        -  
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e

y ntW
KAM

 ,                                                                   (2.37) 

  –   ;  –  
      (  13 

); W  –   ,    
 , / .;  –    

   (  14 ). 

2.5.      
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  ( ); 
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  : , ,  
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  ( )   ; n,  –   
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       ; 4 – 5 –  
            

; 2,5 – 3 –   . 
        
: 1F  –        ( P )  

2F  –  ,    ( f ),    
  : 

1211 PffF , ofF ,2 ,                                                      (2.39) 
 1f   2f  –  ,         

, 2/ .; o,  –    . 
        

   16 . 
      ( , 

,   .)      
    2 – 3   . 
      

 ,     17 ,       
   9876 ,,, KKKK ,   : 

 -   ( 6K  –  18 ); 

  ( 7K  –  19 ); 

   ( 8K  –  20 ); 

   ( 9K  –  21 ). 
       
.   ’         

  ,         
 –   75 .         

 ,     ( , , 
)       

. 
     ,      

.        
     .   –   – 
         
  .       

  0,25 2,       – 0,1 2.  
   –  ,  1 . 
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        3  15   

    7  20    .      ( )  
   2 2,     – 0,8 2  

  . 
           

 15      30 ,     
 .   1,2  0,9 .    

  2 – 3 2   . 
  ,       

 , ,  , .  
       

  , , . 
       
    .     
        20% 

    100 2, 10% –     100 2. 

2.6.         
  -   ( )   

 
etA

 60 ,                                                                (2.40) 

 

 t  –     , .;  – 

     , .;  –  ,  

     , .;  –  
    . 

      2 – 3   
   ; 2 – 4  –    . 

       
-01-86,     15.      

  (    ).  
        

 

ntt
t
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 nt –     ’    , nt 1 – 3 . 
  -01-86      
    .     
         

   .     
    ( n ),   :  

n ,                                                                (2.42) 

 –   ;  –   ;  –   

;  –  ,    . 
       

k

at
60 ,                                                                   (2.43) 

 at  –    , .; k  –   

 , k = 3 – 4 .  t     a ttt (  

t  = 1 – 3  – -     ; ï àë
ç

k
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   , ; V  –   , ; kW  –  
, / .       
         .  
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       (      – 3); 

   (   = 357      – 1,5 
,   = 253     –  );    

  (     );  
  (   ). 
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. ,
1000

ÑÒÎ a ÑÒÎ
ÑÒÎ

À L tÒ ëþ ä ãî ä    

 La –   , ; t  –   , 
.- /1000 . 

  -      
      (     1000  

)      (0,3 .-   
   0,5 –   ). 

 -     

,
1000
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H

L
N

  
 La –     , . 
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,ì ì ìT N t     

 t  –  -  ,     , 
- /1000 . 

        
            

   : 
3,6 ( ) . ,

1000 100
ÑÒÎ a Ï Ð

ï ð
À L K âT ëþ ä ãî ä     

 3,6 –       -2104,   
   , .- /1000 ;  –  
;  –       . 
         10 – 

20%    ,      
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        .  
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      .   
 :  – 25%,  – 70%,  – 5%.  

       4,25 -
,      – 3 -    -

 .     -    
      

    1,2 – 1,4     
         0,3 .-   

   0,5 .-  –     .  
          
  : 

 = N t     .- , 
 N  –        ,  –  

    ; t  –      
 , .- . 

         
.        ../ .: 

  –  7000; 
  – 3000 – 7000; 
  – 1000 – 3000; 

V  – 200 – 1000; 
V  –  200. 

           
  .  
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 ,     )  

    :  , ,    
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,äî á ï î
â
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N tÕ
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 . 
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N
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 –  .   „ ”     

.  

2.8.      
  

         
.         : 

F (functioning) –   ; R (repeiring) –    , 
 ; W (waiting) – ; S (saving) – . 

       
  ( .2.1). 

 

  
. 2.1.   

   
 

. 2.2.    
     

   
 

    ( ) ,  ,  
    ,       ( ) 

( .2.2).  
 ,  ,   ,      

   ,    
.       ,    

  ( .2.3). 
         

.           
     .    

       ( .2.4),   
,     ,     

.        
   . ,   , 

   ,     
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. 2.3.    
     

   

. 2.4.    
    

 
 

        
           

,  .       
        . 

     ,   .2.1, 
,  ’       

      ( . 2.5).   
   ,        
  ,         

 .  
 

  
. 2.5.   

     
 

. 2.6.   
     

  
 

         
         ( . 2.6). 
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       . 
      , 

    ,     
 . 
      0LTL . 
 : 

A  –   ; 
),...,1( nkk –      

  kA ; 
),...,1( nkk –        

; 

0L  –     ; 
 –     ; 

),...,1)(( 0 nkLk

 
–     ],( kk . 

 k       k-   
     -1  -2. 
 ),...,1( nkk       

  ,      
       -  

 .  ,      
  ,     

   [2].  k  – ’     
     k-   

.  k       , , 
 . 

        
  ( A = 7 .),    k  k   

m =30  ( .  2.2).       ,  
        

     L , . . 
       = 6,5    

  m =30 .   0L
 

 
 "0"      [1]. 
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 2.2.    
 

 

 
 

k ,  

 
 

k ,  

  m , 

k  k  

1  6  40  73  1,3  

2  4  50  48,7  1,7  

3  5  36  60,8  1,2  

4  6  35  73  1,17  

5  4  45  48,7  1,5  

6  5  34  60,8  1,13  

7  6  36  73  1,2  

 
    ( 1A  ..., 7A ),    

: )0(1 = 50; )0(2
 
= 13; )0(3 = - 0,5; )0(4

 
= 25; )0(5

 
= 7; )0(6

 
= 24; 

)0(7

 
= 5,8. 

 ,     : «F», «F,R», «R»  
    0L .       k-  

        L  
: 

k

k

k

" ", 0 ( ) k;

( ) " ", ( ) 0 k;
" , ", , ( ).

k

k

F ÿêù î L äëÿ âñ³õ

C L R ÿêù î L äëÿ âñ³õ
F R ÿêù î º ÿê í åãàò èâí ³ ò àê ³ ï î çèò èâí ³ L

 

 )0(3 < 0,   )0(k > 0,     
 «F, R». 

     ,    
,    ,      
   }{ kA ,     )(k L ,  

       ,  
     0L . 

    ,    «F», «F,R», «R»  
 }{ kA    0L . 
      = 6,5   

  «F,R»,  6    ,   – 
    ( .2.7). 
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1.      . 
2.     . 
3.       . 
4.         . 
5.          

   . 
6.    . 
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3.    

3.1. ,      
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         15 – 20%. 
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   ,       
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    ;    ; 
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  ;      
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  ;  ,    
   ,  , ,  
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,      . 
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. 
  .    

       
         

  . 
 . 3.1    ,   ,  

,       , 
   ,       

    ,   ,    
. 

 

 

 
. 3.1.      :  
 —  ;  —    

 
,    ,     

    ,     .  
  ,       

 ,    ,     ,  
,        ,   

 . 
        

  . ,   ,    –   
  -1  -2,    ,   , 

     -1  -2.   
      ,    

     . 
          

    ,         
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. 
 , , -1, -2   ,   

 .     ,   
,   . 
      ,  
        ,   

  . 
        

   . 
      

        
     ,     

      ,    
  . 

        ’  
     ,     

        
      ,     

   ,    , , ,   
 .  ,  ,   , 

     . 
    ,     

  ,     , 
      .  

 

 
. 3.2.  : 

( ) – ; ( ) – ; ( ) –  ( ); –  ( ) – 
   ( ) –  , ( ) – 
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  ,        
 ,    ,     

 (  , ,    .)  
     . 

    ,     
  ,    

,         , 
     ( . 3.2).  
        

       ,   
         

     .      
     . ,     

,    ,   
,       

-   .     
        . 

        .  
, ,  ,       

 ,        -     
   -  ,    . 3.3. 

 
. 3.3.      

3.2.  .   
        
      

  .   ,  ,   
      : 

   –     
       



 
 

72 
 

; 
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 –      ( , 
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    –    

       ; 
    ,   , –  

          
  ,   ,     

,  , ,    .    
      ;  

     –     , 
    -  ,    

’             
,    .     

          
 ,   ’       ; 
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 – 5 – 10%      . 

     i-     
      ,    

      : 
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ji
b

ji TML e,,
b V , 
 

 ji
bM ,  –   , .,   ( . 4.1);  –

     ;  –    
  , ; V  –       

, / . 
 

. 4.1.     
  

 i  ( ),  ( ), 
 ( ),  ( ) 

 j , ,   . 
 b  ( ),  

( ),  ( ) 
 

      : 
 

jijiji LLL ,,, . 
 

         
    -   

       
( . 4.6).  

         
 . 

  
   199   
        

.        
 ,    – .    

     (  50    ). 
   :  

   -66 – 99,  - 131 – 60, -4310  – 
25,  - 255 – 15. 

       
:  – 70,  – 95,  – 10,  – 5. 

      – 357;      – 
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0,825;    – 0,85;   
  – 0,7;  -

  – 0,3;   -2 – 305. 
       

   ,   ,   
    – I 

 
         

 
   V V 

60 – 48 48 – 37 37 – 31 31 – 27 27 – 23 
    – 50 / . 

 
        

 
   V V 

1 – 0,8 0,8 – 0,63 0,63 – 0,5 0,5 – 0,41 0,41 – 0,33 
       

   – 42,5 / . 
 

. 4.2.    

 
  

 
-

 -
 

   

-66 25 50 14 10 99 2 
 - 131 15 10 20 15 60 5 

-4310 10 5 5 5 25 6 
 - 255 5 5 5 0 15 7,5 

  55 70 44 30 199  
 

. 4.3.     

 
  

 -
 

   

-66 18 48 2 1 69 
 - 131 11 10 2 1 24 

-4310 7 5 1 1 14 
 - 255 4 5 1 0 10 
  40 68 6 3 117 

 
 L  

255 297,5 127,5 127,5 
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. 4.4.       

  

   
 

, 
. /  

-
 

   

 6 7 3 3  
Ve 42,5 42,5 42,5 42,5  

 357 357 357 357  
-66 1638630 5097960 91035 45517,5 6873142,5 
 - 131 1001385 1062075 91035 45517,5 2200012,5 

-4310 637245 531037,5 45517,5 45517,5 1259317,5 
 - 255 364140 531037,5 45517,5 0 940695 

  3641400 7222110 273105 136552,5 11273,1675 
 

 
.4.5.       

  
  

 -     
 10 15 20 5  

-66 17850 8925 30600 5737,5 63112,5 
 - 131 10200 0 45900 8925 65025 

-4310 7650 0 10200 2550 20400 
 - 255 2550 0 10200 0 12750 

  38250 8925 96900 17212,5 161,2875 
 

      : 
11273,1675  + 161,2875  = 11434,455 .  

   . 4.6.



 
 

12
2 

 

. 4
.6

. 
 

 
 

 
 

 /
 

 
 . 

. . 

 
 

 
 

 
-6

6 
 - 

13
1

-4
31

0 
 - 

25
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60
 

25
 

15
 

19
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69
 

24
 

14
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11
7 
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6 

7 
3 

3 
 

4 
 

 
  

. 
 

 
 

12
7,

5 
14

8,
75

 
63

,7
5 

63
,7

5 
 

5 
 

 
 

/
 

V t
 

50
 

50
 

50
 

50
 

 
6 

 
 

 
/

 
V e

 
42

,5
 

42
,5

 
42

,5
 

42
,5

 
 

7 
 

 
 

q 
cp

 
2 

5 
6 

7,
5 

3,
82

 

8 
 

 
 

 
 

 
L 

pi
 

70
06

3,
18

 
37

75
0,

63
 

51
18

8,
7 

63
56

3 
22

25
65

,5
 

9 
 

 
 

 
L 

p 
69

36
25

5 
22

65
03

8 
12

79
71

8 
95

34
45

 
11

43
44

55
 

10
 

 
 

  
 

 
Z

 
88

36
 

46
50

 
40

91
 

24
54

 
20

03
1 

11
 

 
c

 
. 

 
 

 
88

47
98

8 
15

64
03

82
33

51
51

0 
25

13
63

3 
30

35
35

13
 

12
 

 
 

. 
 

 
Q

 
12

37
0,

4 
16

27
5 

17
18

2,
2 

12
88

3,
5 

58
71

1,
1 

13
 

 
 

 
 

q
 

19
8 

30
0 

15
0 

11
2,

5 
76

0,
5 

14
 

: 
  

  
  

  
  

  
  

  
) 

.
 

 
 

-
 

  
W

 
  

  
  

  
77

,2
00

66
 

  
) 

.
 

 
 

-
 

  
W

 
  

  
  

  
39

91
2,

57
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4.6.         
     : -   

  ;   ;  ,   
    200 – 300  ,   3   

  ;       50 – 
75%   ;      

;        
         

 ,       (    
 ,   -  )   

 ,      
. 

         
  :    –  1K (  

5 );       –  2K  
(  6 ); -   –  3K  (  

7 );      –  4K   '
4K  

(  8 );     -  
  –  5K  (  9 ). 

       
  . 

        
        . 

 ,       
     .     
    ,     

 .       
      

.      : 
 

52 KKKtt  .- ,                                                                    (4.1) 
 

 K  – ,        
  . 

 K     
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100
)(1K ,                                                                     (4.2) 

 
  –        

,   50 – 55%;  –   
      , 

  10 – 15%.  
   ( -1  -2)   

   : 
 

76542 KKKKKtt TO , 
 t  –    , ( .- ); 

2 – ,    ; 
4 – ,       ; 
5 – ,     ( )   ; 
6 – ,    ,    . 

    ; 
7 – ,       ( -

). 
        

    
 

( 1) ,äî ä ê
çá çá ÒÎ çát t K  

  –        
 .        

  0,3;   – 0,7. 
       
      ( -1  -2) 

        
 : 

 

.ñóì äî ä ê
çá çá çát t t  

 
 ,       ,  
    ,     . 
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4.7.          
     ,   

. 2.3. 
        

 ,           
     .     

 -1  -2  3,    – 2.  
          

    
 

)1(NN . 

        : 

 – , ;ñóì ê ð³ê b
ù î ù î ù î i jt t N M  

 – ;ñóì ê ð³ê
ÒÎ ÒÎ ù ît t N  

 – , .ñóì ê b
ñî ñî i jt t M  

 : .ñóì ê ñóì
çá çá çát t N  

 – jiLtt , . 
         

     . 
 

4.8.  ,  ,   
 

          
           , 
   .      .2.3, 2.4. 

         
 . ,  , , -

          

    ,    4.1 1t ,    
   « »   .   

            
    . 
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ntn  ,                                                                    (4.1) 

  –        , .- ;  – 
      (  13 

); n  –  ,      

   (  10 ), .;  –   
   (  14 ). 
         

   ,   –     ,   
    7  8   1t . 

       . 2.4. 

4.9.     
        

 ,    2.5. 
         

  ,    ( ), 
 ,    1 2  , 

 -  . 
       : 

 
cïèòñêë MfF ,                                                                                                   (4.2) 

 
 f  –   ,     ,  

2 2;  –   ( )   ( ), . 
        

   (  )   : 
 

1
( )

,

m

i i np
i

k

G n k
F

q                                                                                        (4.3) 
 G  –  n-  , ; n  –     

, ; k  – ,    ,   2; 
q –    1 2 ,  500 – 700 / 2 (49 – 
68 ); m –   . 

      ( )  
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      1,5 – 2 (2,5 – 3) . 
      ,  

      ( )   
    1 ,     –   

0,6 .      ,   
  . 

  ,    
   ,    

,     17 ,        
  9876 ,,, KKKK .    : 

 -   ( 6K  –  18 );  

 ( 7K  –  19 );    ( 8K  – 

 20 );    ( 9K  –  21 ). 

4.10.      

4.10.1.    
        

   ,   
 . 

  -  ,    
  : , , - , 

.        
 ,  , -    

 ( )      . 
           

   ,        
 :  ,    ; 
      . 
    -1    

 3  ,   -2     4  .  
    :  -1 – 12 – 15,   -2 – 5 – 6 

   . 
         

    -  ( ) . 
         

       ,   
     . 
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4.10.2.        
      –   

   ,       , 
,  (  )     

 ( ,   -1,    . .) 
        

    ,      
,     ,   

        . 
  -01-86,   ,  ,   

  . -1  -2      
 ,      .   -1 

        12 – 15 
,  -2 – 5 – 6 .  

       150 -  
         

    ,    
 ,         

   . 
      150 – 200   

   -1  -2.   ,  
     ,     

-1   , -1     -1. 
       400    

,   ,  -1  
-2      .  

,   -1  -2,      
    (      ,  

 ). 
      ,  

 .        
 5 – 6        80%. 

   ,  ,    
     . 

         
 ,         

   .     
         ,  
  -   .   
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  ,     
  ,    .   

   ,     ,   
 . 
        
. 

4.10.3.       
 

       
  ,     ,   

      .   
         

  .      
    ,     

   . 
  ,  ,   ,   

 :   ;  ;  ; 
 ;   . 

   ,  , 
     : , , 

 .       , 
 ,     .    

    ,     
  ,  ,  . 

          
         

     .    
   ’  . 

        
 ,   ,    

 ,      .  
     ,    

,    ,    
   .     

       . 
        

       . 
    ,    



 
 

130 
 

     , ,  
,     , 

-   ,  ,   
. 
     , 

    (  ,  
, , ,  ,   , 

  .). 
      

      .  , 
       

    .  ,    
         

  ,  ,   , 
     ,     

     . 
 ,     ,   

  – , , , 
        
    . 

,    ,    
        

. ,       
     .   

   , ,  , 
 . 

4.10.4.        
 (     ) 

    
        

: , ,   ,  . 
      -  . 

  
-     ,  – 100; 
-      ,  – 63; 
-      ,  – 160; 
-              3 ,  – 1,6; 
-       ,  – 175; 
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-     ,  – 10. 
  

        ( . 
4.1):  1;   2;    3;  

   4;    9. 
      ,   

   .  
    1    2.  

      .  3  
   ,     ,    

        (  
  ).     7.  

   ,      . 
        
  9. 

 
. 4.1.      

 
 –   .      5, 

   .   :   4;   
  8;  5    6;   

  ’   9. 
   ’  .    

 ,     ’  .  
       . 

  2  ,      
, ’   ,    .   

    .      
 .     :    

 3     10     ;    63   
  1,6 . 
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  . 
 –    .     

  .     ,  
 (   ).      , 

      . 
 ’       , 

    :       
   ,        

.  ’        
    . 

 –       , 
      ,      
’    .   ’    

     “ ”   . 
 

  
         

 : 
4 ø ò

m p

FD
p

 ,                                                                                              

  –     ,  0,93; F  – 
 , 100 ; pp –      

,  63 . 
 D=46,62 . 

      47 . 
     (  45, p = 140 )  

  : D1 = 60  –   ; D = 47  – 
  .      

  : 
 
A=( D1

2/4)-( D2/4),                                                                                   
 

 = 1091,9 2. 
  -    

  : 
 

p-c = F /  .                                                                                            
   p-c = 91,6  < p = 140 .  

 . 
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  –    . 
  d = 39  –   , d1 = 25  – 

  .       20 
   - : 

p-c= F / 1= F /(( d2/4)- ( d1
2/4)) ,                                                        

 
p-c = 142,17 >[ p-c]=115    20.    

 –  65 ,    [ p-c]=175 . 
 

   
       ,  

  . ,       
 ,      0,5 – 1,0%  

   . 
    ,   

     63%  ,    
 – 37%. 

  : 
F  = 0,79F /100 .               

 F  = 790 . 
   497,7  

F 1 = 0,63 F  .                      
  – 292,3  

F 2 = 0,37 F  .                      
       4.7. 

 
   

      -
  ,      

 30 . 
     : 

Q = d2 ln /4*106 ,       
 d = 30  –  ; l = 30  –  ; n = 100 –  

    ;  = 0,95 –   . 
   Q=2,013 / . 
       10 – 20%  
          
 . 
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 4.7.    
     

  
,   
  

 
 

 
 

1.     
 1,  

  
 

 

100 60 

2.     
 2,  

500 290 

3.    h,  160 160 
4.    d, 

 
  

 
 

25 15 

5.    
 ;   

   
  

 = 1-P2 /P3 0,2 0,8 

6.    
  3,  

P3 = P2 /(1- ) 625 315 

7.  ,   
 

3,5 3,5 

8.       z1 , /    
  

174 174 
9.   

  f3 ,  
3,62 1,811 

10.   z, /  z = (P2-P1)/h 2,5 1,44 
11.    n n=z1 /z 69,56 120,8 
12.    n1 n1=n+n2,  n2 – -

   
71 122 

13.    
D0,  

D0 = D – d 20,5 11,5 

14.    C = D0 / d 5,86 3,29 
15.   f1,  f1 =P1 / z 40 41,7 
16.   f2,  f2 =P2 / z 200 201,4 
17.   f3, 

 
f3 =P3 / z 252 218,75 

18.    
  H3,  

H3 = (n1 + 1- n3) d,  n3-
  
,   

 H0 = H3+f3 

245 649,25 

19.     
 H0,  

H0 = H3 + f3 ,  
        

H0 = (n1+1) d 

497 430,5 

20.    
  H1,  

H1 = H0 - f1,  
        

H1 = H0 + f1 

457 472,2 

21.     
 H2,  

H2 = H0 + f2,  
        

H2 = H0 + f2 

297 631,9 

22.   t,  t = f3 + d,   
 t=d 

7,12 3,5 
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   : 
V  = kQ ,                                

 k = 1,5 –  . 
    V  = 3,02 . 

 

4.11.    

4.11.1. -   ( ) 
       ( ) 

,   ,   ,    
          

   . 
          
   4 ²   . 

           
3 ²   . 

      ,     
  ,         

   ,   1,0 – 1,5 ².    
    20 – 30 .   

    ,  ,     
       9 10 . 

    ,     , 
   . 
         
     12 6 ,    6 . 

      ,  –  
’     –      

  1,2 . 
     – F       

  (F )  ,     (F ): 
F  = F + F .                                                                                    (4.4) 

         
. 
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4.11.2.   ( ) 
    :    

 ;    ;   
 ,     ;  

 . 
   ,     

  ,  : 
 

60
å ç çäï ï

ï ç
ÒÇ

Ê Ì t t
Õ

T P ,                                                                             (4.5) 

 
  –     (  = 1,5    250 

  ;  = 1,25    250   ); t3 – 
     6 – 9   ; 8 – 18   

 ; t  –  ,    ’     
 t  = 2 – 3 ;  –      3 – 4 ;  –  

          1 – 
2;  –    . 

   ,  ,  -  
.         

,  ,       
     ,  . 

    F    : 
 
F = f  + f  + f  ,                                                                                        (4.6) 
 

 f  –   (   ), ²; f  –   
, ²; f  –    ,    ². 

        . 
   : 

 
f  = f    ,                                                                                                     (4.7) 
 

  –        = 4 – 5; f  –  
  , ²;  –  . 

   ,   : 
 
f  = 0,5 f  .                                                                                                    (4.8) 
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       10%    

  . 
    ,    : 

–    ; 
–  ; 
–  , , ; 
–  . 

        
,        , 

   .    
      . 

4.11.3.          
(  i ) 

      : 
–     (    ); 
–   ; 
–  ( )  ; 
–  ; 
–  . 

   ,   .  
    : 

,
60

e ï î
ï ì

ï î ï î

M tX
T E                                                                                        (4.9) 

  –   ,     , 
; t (t ) –    (  )  
 .;  ( ) –    ,  ( ) = 0,6 – 

0,7;  ( ) –    ( )   – 3 – 4 . 
   ,        
,  . .   ,    ,  , 

   . . 
         : 

   (  ) – 1; 
       – 2; 
 -      – 4. 

           
 : 
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  ( ) – 2; 
   /     – 4; 

 -      – 8. 
           

 1 – 2   . 
         

   . 
       100 ³    
     .     

    10 – 15%    . 
         

   –       
    „ ”.      

   . 
    ,     

,    70 /     20 /  
. 
        

  3000 /    900 /  . 
          : 

 
F ( ) =f    ( ),                                                                                   (4.10) 

 
 f  – ,  ,     , ²  

;  – ; ( ) –      (  ), . 
         

     3,5 – 4;    2,8 – 3;   
   – 2 – 2,5;    – 2,0 – 2,5. 

   ,    ,  
       . 

4.11.4.  ( )   ( ) 
   ( )  ( ) : 

–     ; 
–    ( ) ; 
–   . 

       : 

,å ù î
ù î

ù ò î

Ì ÍÕ Ò Ð
                                                                                        (4.11) 
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  –    ;  –   
  ,        , 

/ ;  –   , .;  = 3 – 4 ;  –  
, . 

     : 

,³ ù î ³
ù ò î

³

Ì Í
ÌÍ                                                                                    (4.12) 

  –     , / .;  –  
 -  . ; n –     / . 

      : 
   ( ) – 4; 
      – 8; 
 -      16. 

        
   : 
  –   1,5 – 2 .; 

  – 1,2 – 1,3      ; 
    ’    –   15 – 18º; 

   – 0,9 – 1,0 .; 
   – 0,8 – 1,0 . 

        ,  
    ,   . 

 
F  = F  + F  ,                                                                                     (4.13) 
 

 F  –   , ²; F  –    ,  
 , ². 

   F ( )   : 
 
F  = F   ,                                                                                           (4.14) 
 

 F  – ,  ,    , ²;  – 
   ,  = 3,0 – 3,5. 
   ,   ,  0,5 . 

         
 . 

         
  .    ,   
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   320/220 ,     
24 (12)  36 ,      

,   ,   ,  
,  ,   ’ ,   . . 

          
,          

 . 

4.11.5.     
   ( ) : 

–   ,   ; 
–     ; 
–      . 

    V    : 
n

i
iibb MVkV

1    
,                                                                                        (4.15)                  

  –   ,   (  = 1,5   
   -10° ;  = 2 –    -20° ,  = 3 – 

   -30° ;  = 4    -31° ); V –  
    i-  , ;  –   i-  

; n –   . 
        
            

 

Hkp

b
kp tV

Vn   ,                                                                                                 (4.16) 

 n  –   ; Vb –  ,  , ; V  – 
   , / ; t  –        

 (10 – 15 ). 
         

   . 
      5000, 

10000  15000    1000, 2000, 3000  – .       
    : ,    

   . 
            

 ,     .     
       . 
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4.11.6.    
        

 : 
–   ,        

-   ( ); 
–   ,     

; 
–       ,  

     -15° . 
  ,        

,     ,   
    : 
NNn  ,                                                                                             (4.17) 

 N  –      ; N  –  
,     ;  – 

   ,    
   – 91  (13 – 15 ). 

     : 

i
1

M ,
n

çàã i a
i

N m m
                                                                          (4.18)

 

  –   i-  ; n –   ; m  –  
,       ; m  -   , 

  -   . 
  ,     
,        

     . 
      ,  

        
 15° ,   : 

15 onC çàãN N N  ,                                                                                 (4.19) 
 N  –   i-  ,      

  ( ), . 
      . 

        
   ,   . 
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      . 

4.11.7. -   
-      

,  ,   ,     
  , ,       

. 
    ,  , , 

 ,     .   
     . 
          

75          
 . 
 -       

( )   ,     ,   
  :  –  5 2; ,  – 0,15 2; 

 – 4 – 4,5 2   . 
         

     40%    . 
   -    ’  

  ( ),         
 ,     ,    

   ,      
. 

-       
  . 

4.11.8.  
     ,  , -  

  ,      . 
     : 

 ,     – 10x35 ; 
 ,    – 10x20 ; 
    –      

 ; 
      – 5x10 ; 
    – 6x10 ; 
    – 15x15 ; 
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    – 10x30 ; 
    – 12x12 ; 
      –    

 ; 
   –     

; 
   – 2x3 . 

4.12.   
        

      .  
         

     ’  ,    
,   .     

  , -  ,     
   .     

      -800 ,   , 
    -1000/8  . 

        
       ,    

    . 
    ,    .   

         , 
       .     

  .         
     ( ).   ,  

  ,  ,    –  
.        –   , 

  ,   – . 
       ,   – 

  ,        
  . 

        
        ,  

 .        
     . 

     ,   
           
.           
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   ( ),    . 
        

        100    
.        
 ,     . 

      ,    
          
    .      

         
  . 

        
    ,   

. 

4.13.      
       

    ,    .  
       ,   . 

   –       
  ,        

    .  
  ,    ,   

     ,   ,  
       ( . 4.2).  

 

  
. 4.2.        

 
 

   ( )   :  
    (  ,  

,   ) 
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  ; 
    ( , ,   

      ,  
 ;  ); 

    ’ . 
  ( , , )      

  4 :  
 ,   35  (  4); 
 ,   150 ; 
 ,   800 ; 
 ,   800  

       4.3. 
 

 4.3.    
    

 
 

 
 

  
   

   
’  

;  
 

 (  
   

)  -
  

 
 

 -
  

  
- ; 

 
; 
 

  
  -

    
 

’  

 ; 
  

 
; 

  , 
-  

 ’  ( ) 
 ; 

  
 

 

1-4  
-   

 
;  

1-2 i  
 

 
 

  
   

 
; 

 
 

 

 
 -

   
" "; 

 
 (2-4 .) 

    
;  

  
  

 (2-4 .) 

 ; 
  

 
; 

  , 
  ; 

  
 

   
   

100  

1-4 ; 
  

   
  2-5 

 
; -

 ; 
 

  
 

 
 

 
; 

; 
; 

 
  

 

 ; 
  

 

2-4 ; 
  2-6 
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; 
  

  
  

; 
  

  
 

; 
  , 

  ; 
  

 
   

    
200  

  
 

; 
 

; ; 
;  

 ;
 

  
 

 
 

 
; 

; 
; 

 
 

; 
  

  
 

 
 

 

  
  

 
 

   
 

; 
  

   
 ; 

   
30-60 /   

   
 

 , 
  

 
, 

 
 
 , 

  
; 

  , 
  ; 

  
   

 ; 
  

3-4 ; 
  4-6 

 
  

 
; 

; 
 

 
; 

;  
 ;

 
  

 
 

 
         

.    ,    
    ,  ,   

,         
     ( . 4.3).     

–    ’ ,    , 
    . 

        
   ,   

   .     
         

( .4.4). 
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. 4.3.     

 
        

        
. 

       
 ,  ,   

,  .      
        .  

   : , -
, , .      : 

– -     ,  
,   ; 

–     ,  
    ,   ; 

–            
   .  

 

    
. 4.4.       
         

 .        
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 .        ,   
    . 
         

       , 
,    .    

      ,  
  –    . 

        
    .    
      ,   

 ,   ,   . 
 

 

  
1.   ? 
2.      . 
3.    . 
4.    ? 
5.     . 
6.        . 
7.        ? 
8.       . 
9.    . 
10.      . 
11.      ,   ? 
12.      . 
13.          

 ? 
14.         

? 
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5.    

5.1.   
       

  -    . 
      .  

       : 
   F  ( ²)     ; 
   F  ( ²): 

F  =  F , 
 F  –   -   , ²; n –   ; 

   F  ( ²) 
F  =  ƒ , 

 ƒ  –        , ²; 
    F  ( ²) –    

  ; 
    ( . .)   : 

 =  . 
  -    

    : 
   ƒ  ( ²/ ) –      

.n
ï ï

m

Ff N
 

  ƒ  = 130 – 200 ²/      
 ; 

    

F
F

n . 
   = 0,2 – 0,45; 

     

.î ç
î ç

FK F
 

   = 0,06 – 0,08; 
   ƒ  –   ,    

  

.CT
ï ñò

m

Ff N
 

  ƒ  = 20 – 45 ²/ ; 
     ( . / ) 
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;Î Ñ
ó

m

KÂ N
 

       f  ( . / ) 

.n
E

m

Ef N
 

   -    
 ,   . 

-         
    : 

:     ;    
,        ;  ; 

:  ;  ;  ;  
; 

- :  ;  ;  
; 

:   ;  
;   ; 

:    ;  ; 
:     ;   

;    . 
       -

 ,       
     . 

 

5.2.      
 

    (    ) 
      , ,    
 .          

-  ,  ,   . 
   –     ,  

,     ,   
 .       

    ,  ,  
        

. 
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=( + + )+( + + + )+( + + ),                          (5.1) 
    –       -

 ,     , . 
 –      ,   

, .; 
 –       , .; 
 –      , .; 

 –     , .; 
 –     , .; 
 –       , 

 , .; 
 –       

  , ; 
 –     , . 

     
    V  

V =S h1,                                                       (5.2) 
 S  –  ; h1 –   . 

      
=V 1,                                                       (5.3) 

 1 –  1 3  . 
 S    V       

 S   1     .  
S = S ,                                                    (5.4) 
V =S h2,                                                    (5.5) 

 h2 –  -  . 
  -   

=V 1,                                                   (5.6) 
 1 –  1 3 -  . 

 -     40%  
     [10]. 
=0,4 .                                                       (5.7) 

        
,      

(  + ) =   +  + .                                                 (5.8) 
     ,    

 20%   .  
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=Nn ,                                                   (5.9) 
 N –    , ; n –  

;  -  1   ,  . 
        

( ,  ,   , -
 )   : 

, = *(1+  +  + )*n,                                                (5.10) 
  –    ; , ,  –    

-  ,    ; n –  
 . 

     (  , 
,  ,      . .) 
  30%      

[10]. 

        
      ,  

       [10] 
=( /360)d ,                                                                (5.11) 

  –   ,     
,     ; dc  –   

 (   ). 
        

: 
= P ,                                                           (5.12) 

 P  –   ;  –     
       . 

        
 20%      [10]. 

   
       ,  

,   . 
   (  )    

,ñï óñò äî çW k P Ô                                                         (5.13) 

 k  –  ;  –    
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, ;  –     , ;  – 
    . 

  k       
    

kkk / ,                                                (5.14) 
 k —      (0,85 – 0,9); k  – 

  (0,6 – 0,7); m – . . .  (0,85 – 0,9);  
– . . .   (0,95 – 0,96). 

   k  = 0,45 – 0,5. 
      

,    . 
    ,     

  (       
),        . 

         
 

,p ã äî çQ Q Ô                                                  (5.15) 

 Q  –       
, 3; 

í ô çì1,5 Q t / t ,ãQ                                                         (5.16) 

 Q  –       
, 3; t  –       

; t  –  , . 
      

  ,   30%. 
        

     1 – 2 3/    0,5 – 0,6 , 
     0,75 – 1 3/       0,3 

,    2 3/    0,3 – 0,6 . 
         

 :       1   
  0,6 ;    400 – 750   

 , 700 – 1000    . 
          

  – 25 . 
           

     . 
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    Q = 80 – 100 / .  
     :  

QQ )( .                                                  (5.17) 

    q  = 15 – 20 /   1 3  
(      180 ,  180  24 = 
4320 ). 

  )(Q  : 

( )ï àð î ï àë á î ï àë î ï àëQ V Ï q  ,                                                 (5.18) 

 V  –  ,    . 

 

5.3.   
     

    V  
V =S h1=11008*12=132096 3. 

      
=V 1=132096* 140=18493440 . 

 S    V       
 S   1     :  
S = S = 256*2,4=614,4 2; 
V =S h2 =614,4*3=1843,2 3, 

 h2 –  -  .  
  -   

=V 1=1843,2 *293= 540057,6 . 
 -     40%  

     [10]. 
=0,4 =0,4*18493440= 7397376 ; 
=0,4 =0,4*540057,6 = 216023,04 . 

 
 5.1.    

 
 

, 2 ' , 3  1 
3, . 

 
 ., 
. 

 
, . 

  11008 132096 140 7397376 18493440 
 

 
614,4 1843,2 293 216023,04 540057,6 

     433 7613399 19033498 
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     ,   
  20%   .  

 = 0,2* 19033498= 3806699,52 . 
 

    
        

=Nn  = 6600*3*173,9= 3433122 . 
        

  . 
 

 5.2.      

 ,  n ,   
 

, . 
   

 14727568 3 0,1 0,05 0,2 59646650 
           59646650 

  
  237000 3 0,1 0,05 0,2 959850 
  

 581000 3 0,1 0,05 0,2 2353050 
-

 
 420000 3 0,1 0,05 0,2 1701000 

           5013900 
 64660550 

 
     (  , 

,  ,     ) 
 30%     . 

 = 0,3*59646650,4=17893995,12 . 
 

       
      ,  

       
=( /360)d =(46556/360)*30= 3879,67 . 

       
 : 

= P   = 246*40= 10240 . 
       

  20%      [10] 
 = 0,2* (3879,67 + 10240) =2823,93 . 
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= 19033,4976+3806,69952+64660,5504+1789,40+3,88+ 10,24+2,82 = 

=89307,09 . . 
 

   
   (  )    

38,218,0*7000*6800*56,0PkW   . 
  

/ 0,8*0,6 / 0,9 / 0,95 0,56.ñï ì î î ä ò åk k k  
 

 5.3.     
 

/  
 

 
  

 
1   3 6600 
2       
3  

 
3 75 

4 -
  

3 125 

     6800 
 

    ,    
   (       

),         
7455008,0*7000*13,133p QQ  3. 

 
      

: 
13,1338/5*142*5,1t/tQ5,1Q  3. 

 
 5.4.     

    , 
3/  

 , 
3/  

 20 2 40 
 5 20 100 
   2 1 2 

   142 
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 5.5.     
      , . 

  7 0,6 4,2 
   20 500 10000 

   50 25 1250 
   11254,2 

          
      . 

     :  
4000008,0*5000*100)( QQ  3. 

  )(Q  :  
811572346,820*4320*1843,2)132096(qV)(Q 3. 

   400000+11572346,88=11972346,88 3. 
 

 5.6.     
     

 21378,25 0,45 9620,2105 
 

 745500 0,12 89460 
 11254,2 0,21 2363,382 
 11972347 0,57 6824237,7 
 6925681,3 

 
 5.7.    

   
   F  , ² 26000 
   F  , ²: 11622,4 
   F , ² 6000 
    F  , ² 2000 

   , . 
. 

89307,09 

    
 

6925681,31 

 
   ƒ : 

3,173
150

26000

N
Ff

m

n  ²/ . 

  ƒ  = 130 – 200 ²/      
 . 
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45,0
26000

4,11622

F
F

n

. 

   = 0,2 – 0,45. 
   : 

08,0
2600
2000

F
FK

.
 

   = 0,06-0,08. 
   ƒ   

0,40
150
6000

N
Ff

m

CT  ²/ . 

  ƒ  = 20 – 45 ²/ . 
    : 

38,595
150

09,89307

N
K

m

 . ./ . 

     : 

21,46171
150

31,6925681

N
Ef

m

n
E

 . ./ . 

 

5.4.       
 

        
     . 

      .  
       2035    

    80%.   ,  
       25%  

2025   ,       10 
  80%. 

        
     ,  ,  

        .  
 Jane's,         

  45%        
  ,      

" ". 
    ,  

   ( )    
 .    ’      
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       . . .  2 . 
       2  ( . 5.1). 

 
 5.8.          

 
 /      , USD/  
1   ( ) 350 – 450 (550 – 650*) 
2     600 – 750 (900 – 1100*) 
3   ( ) 500 – 650 (850 – 1150*) 
4     750 – 900 (1200 – 1700*) 
5   ( ) 550 – 650 (750 – 1100*) 
6    450 – 550 (650 – 900*) 
7   ( ) 1200 – 1400 (1200 – 1800*) 
8   ( ) 550 – 2000 (  ) (900 – 2000*) 
9   ( ) 4500 – 6000 (6700 – 9000*) 
10    ( ) 500 – 600 (900 – 1000*) 

* –    
 
 

 
 

. 5.1.   : 
 –  ;  –   ;  – 

- ;  – ;  – ; 
 – ;  –  ;  – ;  – 

 ;  –  ;  –  ;  
 –   

 
        

      
  ,   1,5 .    

 ,      6 – 8 
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/      .       
     10 – 14 / .    

      ’   
 1,6        2 .  

        ’    5 . 
         8 

      600 . 
      

       ,    
       

,       –  
( . 5.2).  

   ( . 5.3) ,     
        

 . 
 

 
. 5.2.        

 :  
1 –  ; 2 –      2 ; 

3 –      2  
 

       
        

  ,      : 

,                                      (5.19) 
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 kB –   , / 2; F –   
, 2;; k  –   , / ; N  –  

   , ;  –   , / 3; 

ÂÓ
η  – . . . ;  – . . . ; vj – j-   

 , / , q –   , / . 
   ,     

     5 – 7 / .    
       ,  

    .    , 
        

      ,   
    . 

 

 
. 5.3.    :  

1 –   ; 2 –  ; 3 –  
   

 
       

 -     
          10  

   ’ . 
-   ,    
      

 ,    ,  2 – 3 
,     –  20%. 
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 5.9.      
  

 
   , ,  

(   *) 

N =1,5  N =0,5  
1.     2/4 1/1,5 
2.     4/10 3/7 
3.    3,5/7 1,5/4 
4.    1,5/4 1/2 
*       -10,   –  

 -10 
 

     
 ( )     ( . 5.4).   

    10 – 20     
, ,   ,     

 .     : 
1.         

 .      ,  
    (    ,   

 ( )   , ). 
2.      

   10 – 20 .  
3.      .  
4.       3 – 5 / .  
5.        

      .  
6.    .  
7.     –  3 . 
8.   •    ,   .  

     
. 5.4.     
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     ( . 5.5). ,   
 ,       ,   

,    ,   ,     
  .      .  

  ,       
 ,      .  

,        .  
    .  ,   
  ,        

         
  . 

 

 
. 5.5.    

  
1.         

? 
2.          

 ? 
3.     -    

 ? 
4.       ? 
5.      ? 
6.         

? 
7.     ? 
8.         

  ? 
9.         

  ? 
10.      ? 
11.    ? 
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6.      

6.1. -     
  ,      

     . 
     , ,   

    ,       
- ,  ,  –  . 

,     ,    
, ’     ,    
 -  . 

        
    18   25     40 – 60%.   
    0,2 – 0,4 / . 

  ,         
  ,     

-  .  ,    
     . 

6.2.     
     

       
  .      

 10 . 
        

 . 
        

. 
       

  ,    . 
         , 

   ’   ,   ,   
 .     ’   

      . 
         

    .   
     ,     

 , , . 
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 .  : 
– ,     ,   

,    . .,      
       ; 

–      . 
       . 

       , 
      (  
  ,    . .) . 

        
       ’  

.        4 . 
     ,    

. 
        : 

–  (    ); 
–  (   ); 
– . 

    ,    
  -     ( )  

      ( ): 
100

 .
 

    ,  , 
   , ,   -  

 . 
      ( , 

),   ( , )   
   ,     

. 
     ,  

     ,      
 36 ,       –   12 . 

       
       150   
   50    . 
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6.3.    
     ,  

   . 
       

       . 
     ,    

,  ,    (  , 
    ,   ). 

      .   
         

 –  .   -  . 
        

,       . 
 , ,   ,  , ,   , 

 -  ,       
 .       
      .   

       
,       . 

 ’           
      -

 .       
     . 

6.4.    
       

   -    
 ,    -  . 

         
 .     
   :        , 

         .    
  – 125 3/ ,         

  +16     +23 .   ,      
     ,   

 -  . 
    : 

     –  , , 
 ,    ; 
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      –  , ,    
. 

       
 (  6.1).  

 
 6.1.      

 

-   
 , / 3 

 
 

 
 

 
 

 

  
 

20 0,01 5 0,2 

  
  

200 0,01 5 0,2 

 
        

      (   ). 
 ,    ,     
  .       

(  100      200   ). 
 

6.5.    
        

          . 
       

    : 2   4 3 ; 
 ;  ; ;      

 . 
      

. 
      

 . 
     ,  
        . 

6.6.    
  ,  ,   

    . 
  –   ’  ,  
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 - ,      . 
       

       
. 

         
      . 

       
           . 

     . 
    ,  ,   

: 
–        1,5  – 400 /     60 

3/   ; 
–     5  – 600 /     80 3/   

; 
–     5     – 

1000 /   115 3/ .  . 
      10 /  –   

 3 .           
 0,3 – 0,4 /      . 

         4 – 6 /  
 1 2 . 

  ,  , ’    
     ,   .  

 ,        
.    ,   -

   . 
     , , ,    

 ,      
  ,  ( )  

. 
         

 (    ),    , ,  
 .           

 . 
         

    .    
      . 
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6.7.    ’ .   -
 .  

’     ’     
     . 

 ’     ’   (   
),     ’  –  

    ,   -  
 –       , 
 –        , 

 –   , ,  ,  
 . 

 ,  ’     ’  
  . 

    ’    
 ’        . 
   -    . 

   . 
  ’   -    

  ,    . 
      

. 
-     ’    

’     ’ .   , 
  /   . ,   

-    -  
,   . ’        

,       . 
     . 

       . 
       ,  
  . 

      15 – 20 .  
   – 2 . 

         
     ( )  10 . 

        . 
       ,    

   .    ,   
  .    
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-       
     . 

 

6.8.   -   
         

       
  -  : 

–        ; 
–       ( ); 
–      ; 
–   ’       

; 
–      ; 
–    ’    . 

         
     ,    

      
 
L  = ( 1 + 2)/2 + 12 ( ), 
 

 1  2 –   . 

 

6.9.        
 

,     ,    
        
.     ,   – 

   ,      
 ,    ,      . 

       
 . 

     ,   
       :  , 

,  .     
        . 
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.       
  . 

      : 
     ,    

; 
   ,  ,   

 ; 
        

    ,    
   ; 

      ; 
   ,   

. 
      ,    

      . 
    , ,   : 

–  ; 
–     ; 
–  ; 
–   ; 
–     ; 
–  ; 
–  ; 
–     ; 

–      . 

 

6.9.1.       
 

      , 
       . 

   : 
–      ,   ,  

 (  ),   ’      
  (   1, . 6.1); 

–       ,    
 ’         
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   ’ ,     
(   2, . 6.1). 

        
   1      

 ,   2      
    . 

       
 :   – C ,  – ,  

 – NO ,      N 2,   – ,  
,      SO2    – b.  

      , , NO , SO2, 

Pb (Pb –   ,    );  
  – , , NO , SO2;   – , , NO , C,  SO2. 

 

   
  1     2 

 
. 6.1   : 

1 –    ; 2 –   ; 3 – 
'    ; 4 –     

; 5 –  ; 6 –   ,    
  

 
 i-     k-        

    ik ( )   : 
    ;                                     (6.1) 

 
 ,                                                           (6.2) 
 

  –   i-        -
 , / ;  –   i-    -   / ; 

 –   i-        -    
   , / ; t  –   , ; L1, L2 –  



 
 

173 
 

   , ; t xx1, t xx2  –       
   ( )      , . 

      ,     
     . 6.2 – 6.19.    

 : 
 :  – ,  – ,  –  (  
 );       

       , 
 b ; 

 :  –  X – ; 
  :  –      

   ;  –  ,   
.  
         
          

 . 
  ,     
      01.01.92 .   

     . 6.5 – 6.7,   
 01.01.92 . –  . 6.2 – 6.4. 

 
 6.2.      

  
  

  NOx C SO2 Pb 
 0,80 0,90 1,00 – 0,95 0,95 
 0,90 0,90 1,00 0,80 0,95 – 

 
  ( , , )    

  . ,    
  -5° ,    ,   

   +5°  –      
  -5°   +5°  –  .   

      . 
       ( . 6.3). 

   ( )     L1  
L2   : 

 
L1=0,5(L1  + L1 ) ,                                                                                         (6.3) 
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L2 = 0,5(L2  + L2 ) ,                                                                                        (6.4) 

 L1 , L1   –         
    ,    ,  ; L2 , L2  –  

    ’      ’   
 ,  ’   , . 

 
 6.3.        °C  

(     ) 
 
 

 +5  
+5   

-5 

 
-5  
 -10 

 
-10  
 -15 

  
-15 
 -20 

  
-20  
 -25 

  
- 25 

 3 4 10 15 15 20 20 

   4 6 12 20 25 30 30 
:  

1.            
   +5° . 

2.   ,          
   -10° ,  = 8  (     2 – 3  

 15 ). 
3.         ,  

 ,     -5°   = 6 ,    
 – = 4 . 

4.         . 
 

         ( ’ ) 
    

txx1 = txx2 = 1 . 
  -    ( / )   

    : 
 

  ,                                                 (6.5) 
 

  –   ( );  –   -    
       ;  –   

    ( , , );  –  
 (  – ,  – , X – ). 
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