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        -
    ,   -

 –      . 
       -
  ,   

   : 
 

 = / ;    (1) 
 =  ;    (2) 
1:( < 1);     (3) 
2:( =1);     (4) 
3:( >1),     (5) 

  –   ; , 
,  – ;  –  , 

,  c ;  – -
  ; 1 < 1, 2 = 1, 3 > 1 – 

 , ,  -
 c . 

    : 
–      

 

( )t1–4 = t1 + t2 + t3 + t4,   (6) 

 ( C) –  ; t1, t2, t3, t4 –  -
 , , ,   -

  ; 

–    
 

( C) = (U ,U ,U ),   (7) 

 U , U , U  – c   , 
  ,   -

 ; 

–    
 

( C) = ( , , , ),  (8) 

 , , ,  –    -
, , ,  . 
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    (   -
)   (     

)  . 
    -

: 
–       

     -
 ; 

–      
   ; 

–      
 ,     -

  . 
     -

   ,  -
 ,    -

 ,   . 
    -

 . 
   : 

 

( ) = {( , , , ), (t , t , t , t )}), (9) 

 ( ) –      
 ; , , ,  –  -

 , , ,  -
  ; t – -

 . 

    : 
–    «  –   – 

  –  »; 
–      

; 
–      = f(∆); 
–     ; 
–     -

      -
 . 
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   = f(∆)  : 
 

( )  = a + b  (∆) – c  (∆)2,  (10) 

 ( )  –  ; a, b, c –  -
;  –   . 
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     -

 . 
    -

     -
 . 

  

      -
: 
–  m  P1, P2,… Pi,…, Pk,…, Ps,…, Pm, 

   ; 
–    m ; 
–   k    -

; 
–      -

 ; 
–   m–k     

 . 
   , -

       
  . 

    (m = 6): 
 

P1 = ; P2 = m; P1 = F; 
 

P4 = ; P5 = t; P6 = . 
 

  –   ; m –  -
 ; F –  ;  –  

; t – ;  – . 

 ,  , 
 : 

φ (c, m, F, , t,  = 0. 
 

  (k = 4)   -
    LMTQ.  P1 = ; P2 = m; P1 = F; 

P6 = .     : 
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[ ] = [M]0 [L]3 [T]–2 [Q]–1; 

[m] = [M]1 [L]0 [T]0 [Q]0; 
[F] = [M]0 [L]2 [T]0 [Q]0; 

[ ] = [M]0 [L]0 [T]1 [Q]0. 
  (m = 6)   : 

[ ] = [M]1 [L]0 [T]–3 [Q]–1; 
[t] = [M]0 [L]0 [T]0 [Q]1. 

     -
  (k = 4),    -
: 

1 4

0 3 2 1

1 0 0 0
2

0 2 0 0

0 0 1 0

D 

 

  , 

. . D1–4 ≠ 0. ,  k = 4   
  c, m, F,   . 

      
         -

   a's, …, b's, …, c's. 
   : 

 

1 a b c dm F
 

   ; 
 

2
t t t ta b c d

t

m F
 

  
. 

 

  a's, …, b's, …, c's. 
   D  k  -

 ,   .  -
 jsD ,   : 

1 / ...;s sa D D   / ...;s ksD D   
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: a , b , c , d . 

        
: 

D1 , D2 , D3 , D4 : 
 

1) 1

1 0 3 1

1 0 0 0
2

0 2 0 0

0 0 1 0

T
D

 

  ; 

 

2) 2

0 3 2 1

1 0 3 1
2

0 2 0 0

0 0 1 0

T
D

 
 

  ; 

 

3) 3

0 3 2 1

1 0 0 0
3

1 0 3 1

0 0 1 0

T
D

 

  
 

; 

 

4) 4

0 3 2 1

1 0 0 0
2

0 2 0 0

1 0 3 1

T
D

 

  

 

. 

 

 ,  : 
a  = D1   / D = 2 / 2 = 1; 

b  = D2  / D = 2 / 2 = 1; 

c  = D3  / D = (–3) / 2 = (–1,5); 

d  = D4  / D = (–2) / 2 = (–1). 
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: a t, b t, c t, d t. 
        

: 
D1t, D2t, D3t, D4t: 

1) 1

0 0 0 1

1 0 0 0
2

0 2 0 0

0 0 1 0

tD    ; 

2) 2

0 3 2 1

0 0 0 1
0

0 2 0 0

0 0 1 0

tD

 

  ; 

3) 3

0 3 2 1

1 0 0 0
3

0 0 0 1

0 0 1 0

tD

 

  ; 

4) 4

0 3 2 1

1 0 0 0
4

0 2 0 0

0 0 0 1

tD

 

   . 

 ,  : 
a

t = D1t / D = (–2) / 2 = (–1); 
b

t = D2t / D = 0; 

c
t = D3t / D = 3 / 2 = 1,5; 

d t = D4t / D = (–4) / 2 = (–2). 

     , 
   : 

1 1 1 ( 1,5) ( 1)m F   
  

; 
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2 ( 1) 0 1,5 ( 2)

t

m F  
  

. 

    : 
2/3 1 1 3 3

1 1 3 3 1
1

F M L T

m M L T
    

   
   

 


; 

2 1 3 2 2 1

2 2/3 3
1

t c L T T

F L

      
   

  
. 

,   .  
,    : 

2 / 3

1

F

m


  



; 

2

2 2 / 3

c
t

F


  


. 

  π1  π2    -
     

      , , t  
  π1 = f (π2),   

 . 
 

     -
     

      « -
»    . 

      -
 ,      

 . 

    

     -
      -
    [4]   -

        -
 . 

 

     
     

     -
 . 
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    ,  ,   ,   ,   ,     
  (   , -

, ,    
   ),     
     . 

,       
     . 1. 

  -   
        ,   ,  ,   ,   ,   ,    –    , 

        ,   ,   ,   ,   ;   ,   ,  ,   ,    –   -
       ,   ,   ,   ,   ;   ,   ,  ,   ,   ,    –     

, , , , , ;   ,    –    ;   ,    –    ; 
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i, l, n, q, r, u –      
,    ( . . 1, 2);              (1) 

 R –  ; k –  ; t – .         ,          –       
;          ,          –      

 ;    ,    –       -
;    ,   ,    –    , -

,  ;   ;                       –  ;        –  ;     –    . 

3.      

    : 
                             (2) 

                             (3) 
                             (4) 

                                                                      (5) 
                                                             (6) 
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                                                      (7) 

    : 
    

    

2 1

2 1

0 2588 0 5283 ,

0 5283 ,

0 2588 0 5283 ,

0 5283 ,

i i i j

k k k

j i i j i j i j

j j j i

k k k

j j j i j i j i

, p ,   

p ,  

, p ,  

p ,

ij ji





 

  

  

   

 









   (8) 

 
     –      ;      –  

     (   );   ,    –      ;   –  
. 

     [2]: 
                                                      (9)                                                        (10) 

 

        : 
                                 (11)                                 (12) 

 

     -
-     A = const, B = const, 

  = const,   = const,   = const,    -
    (8). 

       ( . . 1): 
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                                   (13) 

 z  –    . 

         
                       

                                   (14) 

 z  –    . 

    ( . . 1): 

                                                                                    (15) 

 z  –    . 

 (13)  (14)        
  z   z .  (14)       

   (f – e)  z .    
,    ,  [2]. 

 (6)   = const    ,  
  : ,   . 

     ,        -
      , -

 , ,   [4]  [5],   -
     .  

        
. 
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  [3]  -     , 

  . 2      -
. 

 
. 2.     

          
               1 -

   ,            -
         2         

         3      4 
   ,           
 5          

         .  -
     6      

   -            ,      -
            -
               

           . -
          

   -                   . -
          

,           
             . 
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 ,      -  

       -
 7    . 

-       -
       ( , 

  , , , ,   
  ). 

4.                                         (16)                                    (17)                                    (18) 

                                                                           (19) 

                                                               (20) 

                                                     (21) 
 

       (7). 
     

:                                         ,       ; (22)                                            ,       .  (23) 

               
(8)  (9). 

      -
 ,   [3]   

A = const,   = const,   = const,   = const,   -
  (7). 
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   -    
    . 

 -       -
 ( . 3 ): 

         
                                 

                      (24) 

 -       -
     ( . 3 ): 

          
                                                        

                              (25) 

 -       -
       -
 ( . 3 ): 

          
                                                          

                                    (26) 

 -       -
        -

  ( . 3 ): 
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                                    (27) 

 -        
      -

  ( . 3 ): 

        
 
 
 
                                                                                                                                                              

 
 
                                            

   (28) 

 

 -    -
   ,  .  (2)–(5), 

(7)  (17)–(19), (21)    -
 .      

(9), (10)  (22), (23).      (8)      ,      
(11), (12)    [3]   

.       -
  (6)  (20),   

(    )  (        ) -     -
   = const     const.    -

   . 3     -
        -

,    (24)–(28). 
   ,   . 3, 

 ,   « -
 -       -

 »,    -
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    . 

 

 
. 3.     

     [1, 2]. 

       
  ,  [4–9],    

         -
,       -

,       
- . ,    -

         -
     . 

    - , -
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   ,   -
 4÷12 / ,       

    .  -
,   ,      

,     
       

 . 
 ,      

        
   (     ) 

  -    1, 2, 3, 4, 5 ( . 
. 3)       -
    (     )     -

. 
      -

:       -
 ;  - ;   

        
 ;     -

;        
;      

-  . 
    -

   -      
i      - , 

      
      ( . 
. 3): h, h1, h2, h3, h4, h5, h6, r1.    . 3  

: 
h1, h2, h3, h4, h5 –  -   -

; 
b, c, d, e, f –  -   ; 
h, r1 –    - ; 

1, 2, 3, 4, 5 –     
-      . 
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 -       
  h1, h2, h3, h4, h5. 

     
    

 ,   . 3 ,  -  
      -

       
       

 :     , 
 ,      

       
,      , -

         
       

   ,  -
 . 

 ,   . 3 ,  -  
      -

      -
 :      
         -
        

   . 
 ,   . 3 ,  -  

      -
       -

  :     -
        

 -  .    
      

       . 
       -
        -

 ,     
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    ,   -
 . 

 ,   . 3 ,  -  
     - , -

 :       
     , 
     , -

      ,  -
  -   . 

      pi(t)   
 ,      
     
- .   -

,   . 3: ,  –    -
      , -

   . . ;  –   : -
, , , , ;  –   

   ,      -
 ;  –   -   

  ,     
 . 

 

1.       -
       

 ,     -
       

    . 
2.  -     -

         -
       -

  . 
3.       -

   -  -
  . 
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1. , . .    -
  : ,  , 

 : .  / . . , . . -
. – , 1993. – 430 . 

2.  -  -  
   / . . , 

. . , . . , . .  // -
 . . – 2016. – № 12. – . 72–81. 

3. . 2547876  ,  1/30, 
21 37/22.    / . . -

, . . , . . , . . , 
. . , . . , . . . – . 

11.01.2013 ; . 10.04.2015, . № 10. 
4. , . .    -

 / . . . –  : , 
1975. – 559 . 

5. , . .   / 
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, 1982. – 224 . 
6. , .   / .  ; .  . 

. . . –  : , 1972. – . 1. – 229 . 
7. , .   / .  ; .  . 

. . . –  : , 1973. – . 2. – 280 . 
8. , . .     / . . -

. – 5-  . . –  : , 1978. – 736 . 
9. , .    / .  ; 

.  . . . . – 5-  . –  : , 
1974. – 711 . 
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-      
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),      -
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L t    ,     (1) 

  –    ; L – 
 ; t –  . 
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  ,        (2) 
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t tN F  ,      (3) 

 F –   . 
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      -

  ,     
   ( . 1). 

      
 ,   ( ) -

 . 
 ,     

       -
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70–80  ( . . 1). 

      . 
      , -

     .   -
,     .  -

   –    . -
      , 

   . 
 

 
. 1.   ( . , ,  2016 .) 
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 ( – ) –       
 .     , 

       [2]. 
     -

 « »  . 
     

 (       -
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. 2.     h  
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      -
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[3]. 
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  ,     . 
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i i id h h  ,     (4) 

 h i –   i-      , ; h i – 
  i-      , . 

 . 3     
      

 . 

 
. 3.      d 

  : 
1 –  ; 2 –   

      -
     -
   

2

2

1 ( )
( ) exp

22

d d
f d

SS

    
   

,   (5) 

 d   S –     -
. 

d,  6 –3 0 

0,10 

0,30 

0,40 

2 

1 

3 

 

0,20 
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      -
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 -    
        
       
     ( -

,     -
,     ). 

     -
.  ,       -

 .     -
      -

,     ,  -
,    . 

      -
    « »,  -

    ,    
   TUV-CEPT    -

      -
     -9001 

[5]. 
      

  ( )    
   - .  

 [6]       -
.    25      20 %, 

  0,14    – 80–100 %.   -
     . 

    -
       

   . 
       

      
R  ,     (6) 

  –     (    
); R –      

. 
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      -
      

  p    [4]. 
    -

    LL    p, 
      

   .  . 4   -
 p  LL. 

 
. 4.      

       IL: 
* –   

      
: 

99,4 157 LH I  .        (7) 
 

   . 4 ,    -
   IL     

  130 

 90 

 0,1 

Hp,  

IL 

* 

  110 

  190 

 0,2  0,3  0,4  0,5 
 70 

  150 

  170 

* 

* 
* 

* 

* 

* 
* 

* 

* 

* 
* 

* 

* 

* * * 

* 



 135 

   p   . , 
   (IL = 0,50–0,75)  p  

  1,7 .     -
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     . 
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       -
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  ,     
   . 

         
     20   -
. 

      
      . 5. 

 
. 5.       

4 
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  IV   V   VI 
 

W, % 
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   ,   (   -
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,    10–12 %.     5 %. 
      

    . 
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    ,  
     -
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  ,   ,  

  3  ,     -
  -  . 

      -
       -

      [7]. 
      

,         
2/3       [8].  
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40 .       -
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   .   -

       -
   . 
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     . 
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. 85–91. 
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 697.34 
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       -
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       .   
     -
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 :  ,  
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 100      
    .    

   50 .   , 
 17 .  .   

 : 497  (   244    
 253   ); 705  -

  100 / ; 2847    20  
100 / ; 14 358    3  20 / ; 
48 075    3 / ,    12  

  .    -
      176,5 .  

   (   5,5  ,   ) 

                                                      
* . . ,       
( ) 
**       ( ) 
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     180 2   
44   [1]. 

     
 80 %    (91 %   

 52 %   ),      -
  – 63 %   (79 % 

   22 %   ) [2]. 
    44 %  -
 .        

      -
.       -
         

,     -  ,  
   . 

      -
    :  – 15  

     10    ; 
 – 44     2  10    ; 

 –      0,5  2   
 ;  –  40 .      

   0,5    . -
 ,    

,  ,   -
,   .   -

      -
  .     

 15 %   ,   30–35 % 
 ,     

     .    -
        

      -
. 

     
 2006  2016 .   . 1. 
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 1 
      

 2006  2016 . [2, 3] 
 

 
 
 

2006 . 2016 . 

    
 

.  50  50 

   . 21 368 17 183 
   . 242 244 
   . 245 253 

 . 67 913 65 985 
    12  12 

    
 

.   
 

22 806 

    
   -

  
.  1650 1638 

     ./  195 470 
  ,  

  
 % 73 80 

  ,  -
  

 % 59 63 

    % 80 78 
  ,  

  
 % 16 25 

    
   
   

 .   
 

9,5 

 
   ,   -
        -

.         14–
17 %       18–20 % 

   .     
  7 %  2006 .  9 %  2010 .  -

     ( -
  )  20–60 %,      

       -
   12 %.     -

      -
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,      ,   
  .  16 %   

 5  10 .       
     37  80 % [1, 2]. 

       
     [4], 

. .        -
      ( . 2). 

 
 2 

     
   

 

№  
/  

 
 

 
, °  

 
, °  

 

1  150/70 130 [5] 
2  115/70 95 [6] 
3 - -  150/70 115 [7] 
4  170/70 140 [8] 
5  130/65 115 [9] 
6  150/70 130 [10] 
7  150/70 112 [11] 
8   150/70 110, 115 [12] 
9   150/70 125 [13] 

10  150/70 120 [14] 
11  150/70 135 [15] 
12   130/70 115 [16] 
13  110/70 95 [17] 
14  150/70 110 [18] 
15  150/70 130 [19] 
16  150/70 115 [20] 
17  130/70 115 [21] 
18  115/70 100 [22] 
19  130/70 115 [23] 
20  (  .) 130/70 115 [24] 
21  150/70 107–118 [25] 
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 [1, 4]: 

–      -
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–     -
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–          -
 ,      -

     ,    
; 

–    (  
  ,  30–50 %); 

–     -
; 

      

    -
      -

  ,   . -
    . ,  

       -
,    ,  ,   

   . . 
      -
    100 ∙    -

     .   
35 %        
  .     -

       
 . 
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     -
    ,   «  -

  »,    , -
    (   ), -

  ( ),   -
  ( )    -

  ( ). 
     

 [1, 9, 26, 27]. 
 

 

        
     

     . , 80 %  
    ,   -

      -
  ,    -

       
.     
    . 
     -

  450 . 
  1973 .     

   .   1979 
 1990 .       

,     -
      -
 ,  33  64 %.    -

  20 %  ; 
  – 10 %,   – 9 %, -

   – 1 %.   16 %  -
     -

     (  – 1 %, -
 – 11 %,  – 4 %). 
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 50 .  1986  1990 .      
    26 . 

/ .      
 45    ,   -

 ; 9  , -
  ,    4  

  4 ,    ,   -
 .      

120/50 °      2,5 . 
 

 

    -
    .   -

     45 %,   
  –  80 %.    -

        
.    -

    250   .  
70 %     -

 ,       -
 30 %. 

    -
      , 

 ,   .  ,   
   ,      

,   10 %.     -
   ,     

75  115 ° .     -
  1996 .  7500 . 

    +5,3 °C;  
     900 . . 

      
   ,   92 %, 
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     2001 .   
6 ∙ .      2001 . -

 1130  (   33    ). -
   120/65 ° . 

 1990 .       
        -

  ,  -
      

  ,   ,   
 . 

 

 

Ц     
42 %   ,       
90 %,     -

     .    
     -

 37  4 ∙   .   -
       

 . 
    -

      -
, ,  ,    -

 .    -
  – 9964 .  , -

       
   25 %,    -

,    – 75 %. 
     1240 . -
.     

       , 
 5 ∙   ,    

60 %  ,      -
 . 

    -
         -
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,      
    , -
   .    -

     . 
   ,      . -
    765 ,  -

   120/65 ° .  -
  ,    -

  . 
 

 

   -

     3 %  -
.      , -

   , -
  (49 %),      

 (20 %),       
11 %.        

   . 
      

1,5 ∙   ,    303 ,  -
    – 120/70 ° .  

 ,    800 . , 
  10 %     -

 .      
 (98 %      -

  ,    -
).     

   (     
 70 %). 

 ,   , -
,      , -

,     ,  
    .  1980 . 
        

 .     
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 . 
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    .  -
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 96 %,  4 %   -
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       -
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 10 %     -
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    .   -
      . 
 

 

 30 %       
      -

.       58 %.  
    -

 31 %         
 .       179 

   . -
     

        -
. 

     
      

    -
      [1, 2] -

  . 3. 
 3 

    
      

 

 

  

- 
 

 

 

 
 

 
(

)  
(

) 

  
 

 % 58 39 20 10 26 
 

 

   % 85–87 91 88–90 
 

 
 

 
93 

   -
 

 % 16,6 11,3 15,8 5–12 
 

 
6,5 

  
   

 
/  

45,7 49,0 44,7 0,3–1,9 0,4–0,7 0,8 

   % 7 5,2 5,7 0,00 0,00 0,00 
  /  0,32 0,5 0,24 0,03–0,1 0 0,13 
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     ( . 2). 
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    ,    

  «  – ». 
   : 

 
 = U(  = f( ),  = f( ));    (1) 
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