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3   

3.1    

        ё  

      -250/305-240-  
   1.    ,    

  ё   ,    
     ,  
     ё    

 .         
 , ё    .  

       
,      .  

     ( ) –   
.       ( ) –  

  .       .  
      ( ),     

 –     ( ),   
      . 
        

. 
     -250/305-240- :  

  
      W  = 255 ; 
    500xQ   ; 

    500Q   ; 
 

  :  
        P0 = 23,54 ; 

       t0 = 540  ; 
 

       P  = 0,0049 ; 
 

   – 9; 
 

  : 
P 1 = 5,76 ;  
P 2 = 4,07 ;  
P 3 = 2,48 ;  
P 4 = 1,69 ;  
P 5 = 1,00 ;  
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P 6 = 0,28 ; 
P 9 = 0,0196 ; 

 
 7  8  – ,      

    . 

 

 

 

 1 –     
 -250/305-240-  

 
      : 

oiη 85,5% ; 
C

oiη 83% ; oiη 84,5% ; 
     : 

η 97% ; Cη 95% ;η 96% ; 

    = 0,98. 
      : 

D =41,95 / ; 
      : 
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%2,1α  ; 
      : 

%2,1α  ; 
  : 

α 1,3% ; 
   : 

t  = 30  ; 
      : 

t  + t  = 15 C; 
   : 
0,98η  . 

      : 
пвд  = 2  . 

      : 
пнд = 5  . 

       : 
 = 5  . 

       150/70 C. 

 

        

        
2. 
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 -  ;  -  ;  -   ; 

 -   ; -    

 2 –     

 
  , / : 

maxQ
G ·Δ t

 (32) 

500000G 1493
4,186·(150 70)

 
  

   , : 

maxQ Q Q 
 (33) 

Q 500 500 0  
 

 : 

α 1  (34) 

      ,  : 
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Q
t t

G C
 

  (35) 

50000070 150
1493 4,186

t   
  

      ,  : 

2
t t

t t


 
 (36) 

150 96,670 123,3
2

t   
 

      ,  : 

2
t t

t t


 
  (37) 

123,3 7070 96,6
2

t     

        5  , 
      

 ,  : 

t t  
 (38) 

150 5 155t     

 ,     
, / :  

653,877t 
 

       , :  

' 0,543P   

           
  5 %, :  

'

5 0,95
P

P 
 (39) 



21 
 

0,543 0,5725 0,95
P    

         
5  ,       

,  : 

t t  
  (40) 

123,3 5 128,3t   
 

      
, /   : 

539,272t 
 

       , : 

' 0,257P 
 

          
   5%, : 

'

7 0,95
P

P 
 (41) 

0,257 0,2717 0,95
P    

         
5  ,       

,  : 

t t  
  (42) 

96,6 5 101,6t   
 

      
 , /   : 

426,135t 
 

      , : 
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' 0,108P 
 

           
 5%, : 

'

8 0,95
P

P 
 (43) 

0,108 0,1138 0,95
P    

       i-s  

 ё    : 
      : 

  P0 = 23,54 ; 
 t0 = 540  ; 

 
ё   i-s  ( .3)  `0.  ё   

     ,       
  , : 

'P P ·η 23.5·0,95 22.560 0  
   (44) 

      
'
0P    2P , 

   ,   A`0B0.   
      “ ”  , / : 

B BA A oi00 0
i i (i i )· η  

  (45) 

  
0Bi = 2872 /  –       

;  
 

0Ai = 3325 /  –   ;  
 oiη = 0,855     

   . 

Bi 3325 (3325 2872)·0,855 2943     

   , / : 

1 A A 1 oi0 0
i i (i i )· η

t
  

 (46) 
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t1i = 2956 /  –      . 

1i 3325 (3325 2956)·0,855 3013     

 
 “ “         , 

: 

C
2 1P =P· P ·η

 (47) 

 P =0,095        . 

2P =4·0,905·0,95 3,439  

   “ ”, / : 

oi0
i i (i i )· η 3543 (3543 3139)·0,83 3208                                  (48) 

     i = 3543 /  –    ; 

0i = 3139 /  –     ;  

oiη = 0,83    . 

i 3543 (3543 3139)·0,83 3208   
 

   , / : 

3 C C 3 oii i (i i )· η
t

  
 (49) 

  3i
t
=3421 /  –      . 

3i 3543 (3543 3421)·0,83 3441     

  ё  , / : 

4 C C 4 oii i (i i )· η
t

  
 (50) 

  4i
t
=3296 /  –      . 

4 3543 (3543 3296)·0,83 3338i      

         
,  “ ”,  : ′ = 𝜂 𝑖 =  , = ,   (51) 
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   “ ”, / : 
 

' '
0 oi( )·i i i i η 3208 (3208 2714)·0,83 2798      

 (52) 

     'i
Д = 3208 /  –     ; 

 
0

i = 2714 /  –      . 
3208 (3208 2714)·0,83 2798i      

   , / : 

6 D D 6 oi( )·i i i i η
t

         (53) 

  6i
t
=2895 /  –      . 

6 0i 3208 (3208 2895)·0,83 294     

   , / : 

7 D D 7 oi( )·i i i i η
t

  
 (54) 

  7i
t
= 2887 /  –      . 

7i 3208 (3208 2887)·0,83 2934     

        , 
 “ ”,  : P′ = P η = ,       (55) 

   “F”, / : 

' '
0F F oiE E

( )·i i i i η 2798 (2798 2554)·0,845 2560             (56) 

     'i
E

= 2798 /  –    ; 

0Fi = 2554 /  –     ; 
oiη = 0,845    . 

Fi 2798 (2798 2554)·0,845 2560     

   , / : 

9 E E 9 oi( )·i i i i η
t

  
 (57) 

  9i
t
=2783 /  –      . 
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9i 2798 (2798 2783)·0,855 2845          
       i-s  

    . 
      , / : 

5

·

( )·

G tD
i t η

C



 (58) 

 𝑖 = −       ; 

1493·(150-123,3) 4,186D 72,697
(2993 653,877)·0,98

 
   

     , / : 

7

·

( )·

G tD
i t η







 (59) 

 𝑖 = −       . 

1493·(123,3 96,6) 4,186D 71,029
(2934 539)·0,98

  
  

     , / : 

8

·

( )·

G tD
i t η







 (60) 

1493·(96,6 70) 4,186D 71,704
(2798 426)·0,98

  
  

   , : 

( )G t t 1493 (150 123,3) 4,186 16670Q         
 (61) 

   , : 

( )G t t 1493 (123,3 96,6) 4,186 16670Q         
 (62) 

   , : 

( )G t t 1493 (96,6 70) 4,186 16669Q         
 (63) 
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 3 –      -250/305-240-   i-s 
 

       

   ( -7).  
    5,8 .    5 %,  

   , : 

7 5,8 0,95 5,51ВДP   
  (64) 

   ,  : 

t  = 270,083 
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   , / : 

t  = 1186 

      ё  ,  : 

t  = t  -  = 270.083 - 2 = 268,083 (65) 

  , / : 𝑡′ = 𝑡 · =268.083· . =  (66) 

   (  i-s ), / : 

i  = 3013 

   , / : 

h = i0 - i  = 3325 – 3013 =311.993 (67) 

      . 
    5  6.  
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 5 –     
 

 
7 6 5 

- 
 

4 3 2 1 
-

 
 
 , 

 

5,8 4 1,7 1 0,28 0,271 0,113 0,02 0,0049 

 
, /  

3325 2943 3338 3207 2940 2934 22798 2845 2560 

  
 

-
,  

5,51 3,8 1,615 0,7 0,266 0,257 0,108 0,019 0,0049 

 
 

 , 
  

270 247 201 164 129 128 101 58 32,5 

 
 

 , 
/  

1186 1073 860 697 554 539 426 244 136 

 
  

-

,   

268 245 199 164 123 122 95 52 32.5 

 
  

-
, /  

1122 1027 836 690 516 512 400 219 136 

-
 

, 
/  

311 382 587 717 985 991 1127 1251 1365 

 
 6 –  c   

     
  ,  0,543 0,271 0,113 

 , /  3207 2934 2798 
   ,  0,572 0,257 0,108 

   
,   

155 128 101 

   
, /  

653 539 426 

   
,   

150 128.3 96.6 
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  6 

 
, 

/  

717 991 1127 

 

        

    : 

  : 

0

3208 2560y 0,474
3325 2560 600

k

k

i i
i i q


 

 
 

   (68) 

  q -       ; 

 
  : 

0

4
2934 2560y 0,27

3325 2560 600
k

k

i i
i i q


 

  
   (69) 

  : 

0

2798 2560y 0,174
3325 2560 600

k

k

i i
i i q


 

  
    (70) 

   K  = 1,21,     
, / : 

T
i

· · · ·
·

WD K y D y D y D
H η

 
    

   (71) 

 Hi = 1365 /  – ,  ;  
   = 0,98 –  , 
 K –  ,  1,21. 

T

250000D =1,21 · 0,474·72,7 0,274 71 0,174·71,7 306,5
1365 0,98
 
 
 

    
   

     

     0,5 %     , / : 
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D  = 0,005D  = 0,005306,5=1,533  (72) 

    , / : 

D  = 0,01D  = 0,01306,5=3,065  (73) 

   , / : 

D  = 
100

 D  =0,018306,5= 5,517 (74) 

    , / : 

D  = 
100

к  D  = 
100

2,12,1 
306,5 =7,356 (75) 

  , / : 

D =D +D +D +D +D  

D  = 306,5+1,533+3,065+5,517+7,356=323,974  

  , / : 

323,974G D 
  (76) 

  ё    ( ) 

      4  

 

 4 –      

    -7: 

'
7 7 7( )· ( )D i η G t tt     (77) 
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   -7, / : 

7
7 7

G (t t ) 323,947(1122 1027)
D 17,228

(i t )·η (3013 1186)·0,98
 

  
   

    -6: 

  ' ''
6 6 6 7 7 6( ) ( ) · ( )D i t D t t η G t t    

  (78) 

   -6, / : 

' ''
7 7 6

6
6 6

G (t t ) D (t t ) η
(i t )·η

D    


  

6 1
323,947·(1027 836) 17,228(1186 1073) 0,98D 32,64

(2943 1073)·0,98
    

  

    -5: 

   '
5 5 5 6 7 6 5( ) ( ) · ( )D i t D D t t η G t t      

  (79) 

   -5, / : 

 '
6 7 6 5

5
5 5

( )- ( )·η
( )·

G t t D D t t
D

i t η
   


  

  t  -       -5,   ё  
 ё   , / : 

·ΔP Vt h η 
 (80) 

  ΔP –       , ;  
 V  = 0,001127 3/  –    ;  
 η = 0,8 -  . 

3(28,75 1)·10 ·0,001127t 690 734,844
0,8

  
 

 
5

323,97·(836,439 734,844) 32,641 17,228 ·(1073 860,6) 0,98
D 9,293

(3338 860,3)·0,98
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  ё   

        5. 

 

 5 -    

  : 

7 6 5( )G D D D D G       (81) 

323,97 (9,293 32,641 17,228) D G    
 

  : 

7 6 5 5 5· ( )· · ·G t D D D t D i G t       (82) 

323,97·690,492 (9,293 32,641 17,228)·860,6 D ·3208 G ·516,844       

  , , / : 

G 251,465
 

D 13,348
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  ё    ( ) 

       
 6 

 

 6 –      

 

    -4, / : D = G ∗ ′′ − ′− ∗η = , ∗ , − ,− , ∗ , = ,           (83) 

-3    -1: 

''
3 3 3 4 3 3 1

'

' '' ''
1 2

(D (i h )+D (h h )) 0.98 G (t h )

G G G

G h G t G t

к

к

к

        
    
       

           (84) 

  , : = ,  /  ′ = ,  /  
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ℎ =  /  

 
-2, -1    -2: 

' ''
2 2 2 4 3 3 2 2 2

' '
4 3 2 1

' ' ''
2 1 4 3 2 1 1

' '' '
1 1 1 4 3 2 2 1 1 1

(D ·(i -h ) (D D )·(h h ))·0.98 ( h )

(D D D D )

·h · (D D D D )·h

(D ·(i h ) (D D D )·(h h ))·0.98 ·( )

к

к к

к к

к

G h

G D

G D h

D h h

     
 

     
 

     
        

           (85) 

  , : = ,  /  = ,  /  ′ = ,  /  ℎ =   

 
    , / : D = D − (D + D + D + D + D + D + D +D + D + D + D ) D = 306,504-

(0,498+2,179+9,605+0,51+9,293+32,641+17,228+72,697+ 

+71,029+71,704) = 5,733 

' ( + )D D D D Gк к э х    

D 23,244 (1,533 3,065+12,873) 5,773к      

         
. 

 
  : 

n

i i
i 1

( · )·W D H η


 
  (86) 

W=[17,2·312+32,6·382+9,2·587+(13,3+72,6)·717+0,51·985+ 

+(9,6+71)·991+(2,1+71,7)·1127+0,4· ,7·1365)· ,98=252100 
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  : 

250000 252100100% 100% 0,8%
250000

W W
W


     

 (87) 

 ,  ,  ё   . 

3.2  -     

          
  : ⋅ ⋅ 𝜂 = = ⋅ 𝑖 − 𝑡̅ + ⋅ 𝑡̅ − 𝑡̅  (88) 

   -    ,  15660 / ; 

η  –  ,  0,92; 
D  –    , / ; 
i  –   , / ; 
D  –   , / ; 𝑡̅ –   , / . 

   , / : = 𝑖 − ̅ + 𝑖 − ̅⋅𝜂 = ⋅ , − , + ⋅ −⋅ , = ,  (79) 

   , / : = 𝑖 − ̅ + 𝑖 − ̅⋅𝜂 = ⋅ , − , + ⋅ −⋅ , = ,  (80) 

   -    ,  29300 / ; 

η  –  ,  0,91. 
     , / : = ⋅ К ЭЭ−Э  (89) 

 ,  –    , ⋅ ; Э  –     ,   
  , ⋅ . 

 ,    ,  
        

     .    
   4,5 %   . 
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    ,     
,  2,5 %   . Э = − = − ⋅ , =  (90) Э = ⋅ , =   

 –        
 : К = + +Δ+ +Δ + , (91) 

     , : = −   (92) 

    , : = 𝑖 − 𝑡̅ + ⋅ 𝑖 − 𝑖 = , ⋅ , − , + , ⋅, − , = ,  (93) 

    , : = ⋅ 𝑖 − 𝑡̅ + ⋅ 𝑖 − 𝑡̅  (94) = , ⋅ , − , + , ⋅ , − , = ,  = , − , = ,     

       5 %  
    , : = , ⋅ = , ⋅ ,  = ,  (95)  

        
, : Δ = [ ⋅ − 𝜉 + ⋅ − 𝜉 ] ⋅ ∑  (96) 

Q -1, Q -2 – ,     . ∑    1. 
ξ –     . 𝜉 − = 𝑖 −𝑖𝑖 −𝑖 +Δ𝑖 ⋅ + К 𝑖 +Δ𝑖 −𝑖𝑖 +Δ𝑖 −𝑖  (97) 
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𝜉 − = , − ,, − , + , ⋅ + , , + , − ,, + , − , = ,   𝜉 − = 𝑖 −𝑖𝑖 −𝑖 −Δ𝑖 ⋅ + К 𝑖 +Δ𝑖 −𝑖𝑖 +Δ𝑖 −𝑖  (98) 𝜉 − = , − ,, − , + , ⋅ + , , + , − ,, + , − , = ,   

 
 – ,      ,  

   0,56. Δ = , + , = ,   К = , + , + ,, + , + , + , = ,   = , ⋅ , ⋅ − = ,   

     : = −  (99) = , − , = ,  /   

        
     : = ⋅ = ,  ⋅ = ,  / ⋅  (100) 

= ⋅ 6 = , ⋅ 6 = ,  /  (101) 

. = ⋅ = , ⋅ = , /  (94) 

. . = ⋅ = , ⋅ = , /  (102) 

     , / : = ⋅ К ⋅ −  (103) = , ⋅ , ⋅ − = ,   

     , / : = − = , − , = ,  (104) 
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       , 
/ ∙ : = ⋅ = , ⋅ = ,  (105) 

      , / : = 𝑚𝑎𝑥 ⋅ = , ⋅ = ,  (106) 

     , / : = ⋅ К ⋅ −  (107) = , ⋅ , ⋅ − = ,   

     , / : = −  (108) = , − , = ,   

       
, / ∙ : = ⋅  (109) = , ⋅ = ,   

      , / : = 𝑚𝑎𝑥 ⋅  (110) = , ⋅ = ,   

 

3.3     

         
  , / ,     :  − =    

      ,   ,  
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      .  
 , :  − = , ⋅ = , ⋅ , = ,  (111) 

 , ° :  𝑡 − = , ⋅ 𝑡 = , ⋅ = ,  (112) 

     -250/300-240   
-1000-25-545  ( -64-3).  

-1000-25-545  ( -64-3):  
      .  
 ,      

,   -  , , 
  .  

   24  ,  
            

   . 
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 7 –    -1000-25-545  ( -64-3) 

3.4    

   

    ( )   
 ,      , 

    .    
,       : 
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  ( / );    ( );   
( )    ( 2). 

 -1:  – 900 – 380 – 66,  900 -   , 
2; 380 -     , ; 66 -  

  , . 
-2:  – 1200 – 380 – 42. 
-3:  – 900 – 380 – 18. 

    ( )    
  ,     , 

    . 
   [2]: 

-4:  – 400 – 26 – 2 – 2 (  ). 
-5:  – 400 – 26 – 2 – 2 (  ). 
-6:  – 400 – 26 – 2 – 2 (  ). 
-7:  – 400 – 26 – 2 – 2 (  ). 

  

     = ,  /   
 -1000 [2]  :  7 ; 

 – 1000 / . 
 :    100 3  7 . 

   

       , 
            . 

      
       

 -5000-2,5-1 (1 ), -5000-3,5-1 (2 );  
      
  - 5000 3. -1       

0,5-1,5 . -2       0,6-2,0 . 

    

      
         6-8%, / : D = G ⋅ , = ⋅ , ⋅ , = ,   (113) 

     30-50% ,  -
    , : = ⋅ , = ⋅ , =  . (114) 
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     -1100-350 
 : 

 - 1100 3/  
 - 3500 . . . 

    ,      
    -600-300-2. 
 : 

 - 600 3/ . 
 - 320 . . . 
    - 3000. 

 

    

     2-3  ,  
 –   100 %-  ,    –  50 %- . 

      630 / .  
   1      -500-

85. 
 : 

1.   - 500 3/ . 
2.  - 85 . . . 
3.   - 980 / . 
       

   -320-160,      -1,   
-2. 

 : 
1.   - 320 3/ . 
2.  - 160 . . . 
3.   - 1500 /  

    

         
 31500 3/ . 

    -3-110     
  [2]: 

1. : 18000 3/ ; 
2. : 21 . . ; 
3.  : 585 / ; 
4. : 1600 ; 

    

       5400 3/ .   



43 
 

     1       
 -5000-70  .  -30-2-16. 

 : 
1.  - 5000 3/ . 
2.  - 70 . . . 
3.  .  - 1250  
4.   - 1480 / . 

    2      -5000-
160  .  2 -2500. 

 : 
1.  - 5000 3/ . 
2.  - 160 . . . 
3.  .  - 2500 . 
4.   - 2950 / . [2]. 
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4   

4.1   

     ( )  
  ( , , ) . 
       
,  ,   

.      
-      ,  

     (  ). 
      

      
   .  

  ,        
  ,     ,  
 . . 

     ,   
    ,   ; 

        ; 
       ; 
     ;    

 (  )        
 .     

        
. 

       
:     ;   

;    (   ) 
    ; 
         

(  );  ;   
  ;     ; 

    , , - 
, ,   .; ,   

   . . 
 ,       

 ;    ;  
  ;  ; ;  

  ;   ,  
. 

      
,   ( ,    1  100 . ); 

  , . .    ,  
,    ;  , . .  



45 
 

  ,      
   (  ,  

 ,    , 
   . .). 

        
  . 

      « » 
 ,     

  :    
;       

  ;    ; 
 ;    ;    

. 
      , 

  .      -
   .    

   .     
      60000 2,   
   ,  ,  

   .     
   .    
. 

      8. 
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 8 –   
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4.2    

       , 
         

 ,    
       . 

      
   ,  ,      
    . ,    
 ,  ,    * 

        . . 
       , 
  ,         . .  
      - 

 ,   ,  ,   
     . 
         

 -    -       
  ( ) -    (  ) - , 

 ,        
      

  .    
 (   « »);     

   , ,  , 
  ( )      . 

    6   , 24 
    ,   

    -  . 
 ,    ,   

     ,      
.       , 

 9          
.  -      

 .      
     24 ,   

  ,        
 .     
    

   ,     
    .     

  -250/300-240-     
(    ,   . .) 
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 . 
       

    ,     
,  .      
        

.        
       
. 

   : 
-       

,       
,   ; 

-  ,     
, ,  ,    

 ; 
-         

,   ; 
-  -     

    ; 
-       

 . 
      

  ,   ,  
  ,     

 ,     
. 

     ,  
 ,      .    

     (  
,   . .);      

. 
       
      

. 
      

    ,     
 . 

 ,     , 
 ,   ,     

 ( )  ;   
 .      

       
   . 
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    . ,   
        ; 

     ,  
     . . 

        
, . .    .     

    :    
,      ;     

;       ;  
 ,       . 
        -

      
,         

 ; -      
(    ,    ); -  

     ,     
  ,      

   . . 
   ,    

      
(      , 

    ,   
 ,      ,  

, ,  )  ,   
        , 

     . 
      9. 

      10 
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 9 –   
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 10 –    
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4.3    

       2   
  ,    7. 

 7 –    

, 
% 

, % , % , % , % , % , % , 
/  

, % 

33 4,7 0,2 44,2 3,1 0,4 14,4 15660 48 

      

     , / : = − ⋅ − + − ⋅ −  (115) 

  −  –    -250/300-240; −  –      -250/300-240; = ⋅ , = , = ,   

    

        
1250 – 3(    ) 

        
.  : 

)    1  – 20/25; 
)   – 1860/1500 /  (   90- 

  60-   ); 
)   – 100× 2 . 

   

   , / : = ⋅ = , ⋅ = ,  (116) 

        
,    ,  .  

    , / : = = ,  = ,  . (117) 

  T =21  –     . 
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, / : = ⋅ ⋅ ⋅ 𝐾 = , ⋅ ⋅ , ⋅ = ,  . (118) 

  b=1,6 –  , ; 

c= 2 –   [2], / ; = ,  –    [2], / 3; 𝐾 =  – ,     
   [2]. 

        
    , : = 𝐾 ⋅𝑙⋅ + ⋅ ⋅𝑙+ ⋅ ⋅⋅ , ⋅ 𝐾𝑙 , (119) = ⋅ ⋅ + ⋅ , ⋅ + ⋅ ⋅⋅ , ⋅ = ,   

  = –        
, ; 

H=5 –         
 , ; 𝐾 𝑙=1 – ,     [2]; 𝐾  =900 – ,     [2]. 

,    , : = 𝐾 ⋅𝜂 ⋅𝜂 = , ⋅ ,, ⋅ , = ,  (120) 

  𝐾 =1,25 -      [2]; 𝜂 =0,95 -   [2]; 𝜂 =0,95 -   [2]. 

  

     . 
  (  )    

    -  .   
  -   ( ),   

    .     -  
     

    -  ,   
,     . 
       . 
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       , 
      25 .   

      ,   
  – . 
       = ,   /         4  -

21 18,5      : 
 – 600 / ; 

  – 2100 ; 
  – 1850 ; 

   – 490 / ; 
        

 20-20   :  
 – 600-800 / ; 

  – 2000 ; 
    – 2000 ; 

   – 595 -1; 
    – 600 ; 

   –  15 ; 
  – 800 . 

   , 3: = max⋅𝛾⋅𝐾 = , ⋅, ⋅ , = , . (121) 

  𝜏 =10 –       , 
  ; 𝐾 = ,  –    [2]; a = ,  –    [2]. 

           
  800 ,  3,2 .     0,2 

 270 3/ ,   - 4.5 . 

   

        20  
    . 

,   ,  
  , 2: = ⋅ ⋅ℎ⋅𝛾⋅𝜙 = ⋅ , ⋅⋅ , ⋅ , = ,  . (122) 

  = –      ; ℎ =  –  , ; 𝜙 = , − ,  – ,    ( ) 
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   [2]. 

     

       
      . 

    . 
  , / : = . ⋅⋅𝐾 = , ⋅ ,⋅ , = ,  . (123) 

  =  –    ; 𝐾 = .  –   [6]. 
   2000/2590/750   4 ,  

  :  - 63 / ;  
 - 750 / . 

     

      ,  
    . 

     
,    ,     
       , 3/ : 

  , 3/ : = , ⋅ + , + , ⋅ − , ⋅  , (190) = , ⋅ , + , ⋅ , + , ⋅ − , ⋅ , = ,    

  , 3/ : = , ⋅ + , ⋅  , (124) = , ⋅ , + , ⋅ , = ,  .  

   , 3/ : = , ⋅ + , ⋅  , (125) = , ⋅ , + , ⋅ , = ,  .  

   , 3/ : 



56 
 

= , ⋅ + , ⋅ + , ⋅  , (126) = , ⋅ + , ⋅ + , ⋅ , = ,  .  

   , 3/ : = + +  , (127) = ,  + , + , = ,  .  

  , 3/ : = + − ⋅   (128) = , + , − ⋅ , = , ,  

   , 3/ : = ⋅  (129) = , ⋅ , = ,   

     , 
3/ : = , ⋅ ⋅ ⋅ − Δ − Δ + Δ ⋅ +  , (130) = , ⋅ , ⋅ , ⋅ , − , − + , ⋅ + = ,   

  = , –   , / ; = , –     ,   1.2 
[8]; Δ = ,  –     [8];  Δ =  –      [7]; Δ = ,  –      [7]; 𝑡 =  –   , ° . 

–   ,    1  , 
3/ . 

      
    [2] =  .   
    = . : = ⋅ = , ⋅ = ,  . (131) 

 3    -28-II   :  



57 
 

 – 430/345 . 3/ ;  
 – 85 %;  

  - 740/590 / ;  
 – 1000/500 ; 

   3/ : = ⋅ − − ⋅ ⋅ +   (132) = , ⋅ , − , − ⋅ , ⋅ + = ,    

       H =3 
[1].    , : 

 = , ⋅ = , ⋅ = ,   (133) 

 2   -25 2-   :  
 – 650 . 3/ ;  

 – 68 %;  
  - 585 / ;  

 – 1290 ; 
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5    

5.1  

       
      1-30-12-6-3.  

  99%.     8 

 8 –   

  1-30-12-6-3  
   . , °   300  
   , 

  
5  

   :  
   , °   135  
     90 / 3  
     0,1 / 3  

     99 %  
       1350 . 3/   

  /   15 – 20 / 2  
    

  
1  

 
  ,      ( / ), 

  : = , ⋅ ⋅ ⋅ + . ⋅ ⋅ ⋅  , (134) 

  = ,  /  –    ; = ,  % –    ;  = ,  –  ,  ; = , –    ; =  –   , / . = , ⋅ , ⋅ ⋅ , ⋅ , + , ⋅ , ⋅ ⋅ , ⋅ =,   

   ( / ),      
,   : = ⋅ −𝜂  , (135) 

   –  ,   , / ; 𝜂  –   ,  99%. 
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= , ⋅ − = ,    

5.2  

  -  ,   
     , 

     ,    
  ,       50 ,  

   ,        
      . 

        
.        

.   ,    ,  . 
   ,     

. 
    , / ,   , 

  : 

, = , ⋅ ⋅ + ⋅ ⋅ ( − ⋅ − 𝜂 ) , (136) 

   –   , / ; 

 –    , %; = ,  –    ; = –   , / . 𝒂 = 𝟎, 𝟗𝟓 –  ,  ; 𝜂  –   ,  99 %. 

, = , ⋅ , ⋅ , + , ⋅ ⋅ ( − , ⋅ − ) = ,    

 , / : = − = , − , = ,  (137) 

 , / : = , − = , − , = ,  (138) 

 , / : = ⋅ ⋅ = ⋅ , ⋅ , = ,  (139) 

   [2], / : 
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= 𝛾 + 𝛾 + 𝛾 = , ⋅ ,, + , ⋅ ,, + , ⋅ , = ,  (140) 

  M , M ,M  –   ,   , / ; γ = . ,γ = . , =  – ,   ,   
 

 : = √ ⋅ ⋅𝜋⋅ = √ ⋅ ,  ⋅𝜋⋅ , = ,  , (141) 

  υ = ,  /  –   . 

        3 -8  
 [2]:  

 – 35-75 3/ ;  
     0,17-0,135 ;  
    3,33-4,7 ;  
  10 ;  

   1450 / ;  
   – 225 ;  

     :  ,  
,    

5.3       

        
,          

 -    .  
 , / : = ⋅ ⋅ + ⋅ ⋅ ⋅ − 𝜂   (142) = ⋅ , ⋅ , + , ⋅ ⋅ , ⋅ − , = ,   

  , / : = . ⋅ 𝐾 ⋅ ⋅ ⋅ ⋅ − ⋅ − 𝜂          (143) = , ⋅ , ⋅ ,⋅ , ⋅ ⋅ − , ⋅ − , = ,   

  𝐾 = ⋅+ = ,  - ,     . 
-  , / ; = ,   -  ,   
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    . 
 

  , / : = ⋅ ⋅ − 𝜂′ ⋅ − 𝜂"  ⋅ − 𝜂   (144) = ⋅ ⋅ , ⋅ − , ⋅ − ⋅ − , = ,   

 𝜂′  -   ,      
 ; 𝜂"  -   ,    . 

 -  ,    
   : =  -    =  -   

   , / : = + К𝑆К𝑐𝑐 𝑥 ⋅ + К𝑆К 𝑥 ⋅  (145) 

= , + ,, ⋅ + ,, ⋅ , = ,   

        
.        

,         
  . 

     -1  -4   
   9. 

 9 –    

  -5 -1  -4 
 , /  466,1 5487 

  , /  259,7 732,8 
  , /  298,4 829,8 

 
       : 

= √ · · · ·ηК 𝑜 × √ ·Δt (146) 

  = 200 – ,     
  (  )   5 

F=2 –  ,     ; 
m= 0,8 –   ,    
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    ; 
 N= 2 –  ; 

–    ,   , 3/ ; 
–      , / 3; 

∆t –  ,       
 , ° ; 

М –      / ; 
    H = 180 .    

. 𝑓 = ·𝜔 ··∆t  (147) 

  = 7,6 –   , .  𝜔 = 35 /  –     ; 𝑓 = · · ,· = ,   = , + , ·√𝑓+ , · √𝑓 = , + , ·√ , + , · √ , = ,  (148) 

     , : 

= √ · , · · · ,, × √ , · = ,   

   . 
     , : = + Δ = + , · ·𝜔𝜈·    (149) 

  d0=7,6  –   ; 
ω0=35 /  –      [3]; 
υ=5 /  –     10     [3]; 
φ=1,63 – ,      

  [3]; 
    , : = + , · , ·· , = ,   
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6    . 

           
 15000 /       8000 /    

        
. 

  , : = h · L (150) 

     1   , / 2: h = λ· ·ρ·  (151) 

 , / : c = 𝜋· ·ρ (152) 

    : 
 , / : c = 𝜋· , · , = ,   

h = , · , · ,· , = ,   

  , : = , · = ,   

    : 
 , / : c = 𝜋· , · , = ,   

     1   , / 2: h = , · , · ,· , =   

  , : = · = ,     я я  . 
        ,  



64 
 

   ,       
  12  . 

       
.   11  ,     

  . 

 

 11 –    

   - 1       , 
      1- 2,   

2-D1          
 D1-D2      .  

  B1-B2    . . 



65 
 

 

         
-5.          

   -250/300-240-     -1000-25-545  
( -64-3).      2  .  

     : –   ,  
      ; –  

-  ,      
        . 

  ё      , 
     .   

    ,    10 
.        

  .  
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1. , . .     
.      -

  : -   / . . , . . 
, . . . –  :  , 2014. – 35 . 

2. , . .     : . 
 / . . , . . . –  : , 1991. – 43 .  

3. , . .    : .   
 / . .  – . : , 1967. – 315. 

4.        –
2001 – 06.  . . :  , 2003. – 94 . 

5.   .   
   .  81-03- -2001  . 
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