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3     

3.1   
 

      

      – 

 ( -1). 

  “  -1”    

“   ”.   -1 

   (  ) “ ”,  2005    

“  ”,  2006    “   

”,    2007     

“     ( -13)”. 28  

2012      “   ”  

  “   ( -13)”  -1    

  . 

 -1    400   

 . ,     

 . ,       

 . 
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  -1    , 

  1941 .     -1  17   10 

 (  . № 1,2,3   № 1,2   . 

   -1       

100  140 / 2.     100 / 2 :  

13 -10  (-2) . №№ 4–16   4 -25-90/10 . №№ 3–6, 2 -60-

90/13 . №№ 7, 8, 1 -65-90/13 . № 9  1 -85-8,8/0,2 . № 10.   

  140 / 2 :  4 -270(320)-140 -2(5) 

. №№ 17–20   2 -57(100)-130/15 . №№ 11, 12.   

     1  2 . 

     15 ,    

        

  9 . ,    

 -1,       

     .  

       . №№ 1–7  

9,    .      3 

. 

        

        

 .  

 . №№ 11, 12         

 . № 9.  

  № 9      

.        ( -9 , 9 , 9 , 9 ) 

   400 / .    

      «  ».  

         

    , ,  

  ,  :  
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« -  »,  «    

»,  «   »     (   

 400    . ).  

        

.       

 150-70 ° .  

       : 

 – 8-13  20 / 2,  250-280 ° .  

       

-1  481 ,  – 1677 / .  

   – 2058 . / .,   – 

4800 / . 

         90-   

2000-   -      (  

« », ,   ,   . .)  1000 /  

 50-100 /         

 (№11  №12),      ( /  №4-

9).       

  12%  28%      13 , 

          

      ( ).     

 -57-130/15 -  ,     

-320-140  270 / .      ( . 

№17-18)   -270-140.  1995     -270-

140        

    .  2007   -270-140 ( . №18)  

    –   

 , . .       520 

°C.  -270-140 ( . №17)  ,   

( . № 18-20)   .  
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 2012-2015 . .     

№ 9  60      5    № 

10    ( )    

 (1.2-2.5 )       ( ) 

. 

          50 – 100 / , 

         190 /  

 ;  130        , 

     8-13     

.       130  :  

 – 21 .  

 – 57 .  

 – 57 .  

 – 57 .  

 – 21 .  

        

  ,     .  

 ,     

         

   ,     . 

 
 1-   -1 

. №   
, /    

  
, 

/  
, 

℃ 
    

-4 -10  220 180 100 535 
-5 -10  220 180 100 535 
-6 -10  220 180 100 535 
-7 -10  220 180 100 535 
-8 -10 -2 220 180 100 535 
-9 -10 -2 220 180 100 535 
-10 -10 -2 220 180 100 535 
-11 -10 -2 220 180 100 535 
-12 -10 -2 220 180 100 535 
-13 -10 -2 220 180 100 535 
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  1 

-14 -10 -2 220 180 100 535 
-15 -10 -2 220 180 100 535 
-16 -10 -2 220 180 100 535 

-17 -320-140 
-2 320 270 140 550 

-18 -320-140 
-2 320 270 140 550 

-19 -320-140 
-5 320 270 140 550 

-20 -320-140 
-5 320 270 140 550 

: 34140 3420   
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/  

50 

50 

50 

50 

250 

250 

250 
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/  

10 
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/  
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50 

50 

50 

 

 

 

 

 

 

, /  
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8 

8 
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/  

 
 

190 

190 

190 

190 

402 

402 

387 

440 

785 

785 

  
 

, 
℃ 

 
 

535 

535 

535 

535 

535 

535 

565 

535 

555 

555 

, 
/  

90 

90 

90 

90 

90 

90 

 

90 

130 

130 

  

, 
/  

100 

100 

100 

100 

141 

141 

141 

182 

235 

235 

, 
 

25 

25 

25 

25 

60 

60 

65 

85 

100 

100 

 

 

-25-
90/10 

-25-
90/10 

-25-
90/10 

-25-
90/10 

-60-
90/13 

-60-
90/13 

-65-
90/13 

-85-
8,8/0,2 
-100-

130/15 
-100-

130/15 

. № 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-
10 

-
11 

-
12 
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 3-   -1 

 
 

. № 

 
 

 

 

, /  

 
  

(  
) 

 
  

(  ) 

,  𝑡 ,  𝑡 х, 
 

𝑡 х, 
 

, 
 

-2  -500-14-23 33 15 400 - 150 24 
-2 -500 52 14 350 - 154 15 

-3  -350 19 3 133 - 116 15 
-3 -500-14-23 52 15 400 70 150 24 

-4  -350 19 3 133 - 116 15 
-4  -350 19 3 133 - 116 15 
-4 -500-2 52 16 350 116 200 23 

-5  -550 30 4 250 - 116 16 
-5  -550-3 30 4 250 - 116 16 
-5 -500 52 15 350 - 154 16 

-6  -550-3  30 3 250 - 145 15 
-6  -550-3  30 3 250 - 145 15 
-6  -500-14-23 52 15 400 - 150 24 
-6  -500 52 15 350 - 200 15 
-7  -550-3  30 3 130 - 116 15 
-7  -550-3  30 3 130 - 116 15 
-7  -500 52 15 350 - 200 15 
-7  -500 52 15 350 - 200 15 
-9  -500-14-23 75 15 400 70 150 24 
-9  -500-14-23 75 15 400 70 150 24 
-9  -500-14-23 75 15 400 70 150 24 
-9  -500-14-23 75 15 400 70 150 24 
-9  -500-14-23 75 15 400 70 150 24 

-1 -200 11 2,5 133 - 116 9 
-2 -550 30 2,5 140 - 110 16 
-3 -315-14-23 30 15 400 - 150 24 
-4 -550-3  30 3 130 - 116 15 
-5 -550 30 2,5 140 - 110 16 
-6 -500-14-23 30 2,5 145 70 150 9 
-7 -350 19 3 133 - 116 15 

 -10 -1600-0,6-1,6-4 182 1,2 105 24 94 - 

 

3.2    -25  

 

    - .   -25   4-

   ,       

,  0,08 .  ,      4-  

  2-    ,    

     . 
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 -25-90/10: 

   W =25 ; 

   Q x =  / ; 

  :  

 P0 = 90 / ; 

 t0 = 535  ; 

    P  = 0,008 ; 

 

   – 5; 

 

  : 

P 1 = 22 / ; 

P 2 = 10 / ;  

P 3 = 3,4 / ;  

P 4 = 2,5 / ;  

P 5 = 0,7 / ; 

 

 
 3 -    -25-90/10 
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      : 

 𝜂oi = %; 𝜂oiC = %; 𝜂oi = %; 

     : 𝜂 = %;𝜂 C = %;𝜂 = %; 

    = 0,98. 

      : 𝛼 = , %; 

      : 𝛼 = , %; 

  : 𝛼 = , %; 

   : 

t  = 30  ; 

      : 

t  + t  = 15 C; 

   : 

0,98η = . 

      : 

пвд  = 2  . 

      : 

пнд = 5  . 

       : 
 = 5  . 

       150/70 C. 
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3.2.1       

        4. 

 

 
 4 -     

 

  , / : 

maxQ
G

·Δ t
=  (1) 

𝐺 = , · − = ,  

   , : 

maxQ Q Q= −  (2) 

= , − , = ,  

 : 𝛼 = ,  (3) 
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     ,  : 

Q
t t

G Cв в
= +


 (4) 

𝑡 = + , ⋅ , =  

       5=  , 

      

,  : 

t t = +  (5) 

𝑡 = + =  

 ,    , 

/ :  �̄� = ,  

      , :  

′ = ,  

          

   5 %, :  

'

5 0,95
P

P =  (6) 

= ,, = ,  
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3.2.2      i-s  

 ё    : 

      : 

  P0 = 90 / ; 

 t0 = 535  ; 

 

ё   i-s  (  5)  `0.  ё   

     ,       

  , : 

′ = ·ηЦ = , ∙ , = ,    (7) 

  , / : 𝑖 = 𝑖 − 𝑖 − 𝑖 ·ηoiЦ   (8) 

  
0Bi = 3067 /  –     ;  

 
0Ai = 3477 /  –  ;  

 oiη = 0,83      

  . 𝑖 = − − · , =  

        , 

 “B”, : 

′ = ∙𝜂ЦC  (9) ′ = , · , = .  

   , / : 𝑖 = 𝑖 − 𝑖 − 𝑖 𝑡 ·ηoiЦC  (10) 
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  𝑖ОТ 𝑡= 2946 /  –      . 𝑖 = − − · , =  

 

 5 –      -25  i-s  

 

   , / : 𝑖 = 𝑖 − 𝑖 − 𝑖 𝑡 ·ηoiЦC  (11) 

  𝑖ОТ 𝑡= 2735 /  –      . 𝑖 = − − · , =  

         

,  “C”, : 

P′ = P ηoiЦ = ,  , = ,   (12) 
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  ё  , / : 𝑖 = 𝑖 − 𝑖 − 𝑖 𝑡 ·ηoiЦ  (13) 

  4i
tОТ =2634 /  –      . 

𝑖 = − − · , =  

   , / : 𝑖 = 𝑖 − 𝑖 − 𝑖 𝑡 · 𝜂oiЦ  (14) 

  6i
tОТ =2512 /  –      . 

𝑖 = − − · , =  

    ,   i-s  

    . 

     , / : 

= ·𝛥𝑡 ⋅𝑖 −�̄� ·𝜂  (15) 

 𝑖 = − я     ; 
= , · - ⋅ ,, − , · , = ,   

  , : = 𝐺 ⋅ 𝑡 − 𝑡 ⋅ = ⋅ − ⋅ , =  (16) 

 

3.2.3      

   ( -3).  

    2,157 .    5 %, 

    , : 
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= , ⋅ , = ,   (17) 

   ,  : 

t  = 213,612 

   , / : 

t  = 914,242 

      ё  ,  : 

t  = t  -  = 213,612- 2 = 211,612 (18) 

  , / : t′ = t · C =211,612· , = ,  (19) 

   (  i-s ), / : 

i  = 3100,438 

   , / : 

h = i0 - i  = 3476,682 – 3100,438 =376,244 (20) 

      . 

    4.  
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 4 –     
 

 
3 2 1 

- 
 

 1 
-

 
 
 

,  

2,157 0,972 0,337 0,972 0,147 0,069 0,008 

 
, /  

3100,438 3009,288 2801,274 3009,288 2760,946 2687,99 2119,007 

  
 

-
,  

2,049 0,923 0,32 0,12 0,14 0,066 0,008 

 
 

 
,   

213,612 176,433 135,74 104,784 115 88,39 41,51 

 
 

 
, /  

914,242 747,457 570,935 439,3 481,85 370,196 173,852 

 
  

-
,   

211,612 174,433 133,74 104,784 110 86,39 41,51 

 
  

-
, /  

885,808 730,177 559,836 439,3 460,9 361,629 173,852 

-
 

, 
/  

376,244 467,394 675,408 467,394 715,736 788,692 1357,675 

 
 

3.2.4       

      

: 

   : 

𝑦 = 𝑖 −𝑖𝑘𝑖 −𝑖𝑘 = , - ,, − , = ,  (21) 
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  : 

𝑦 = 𝑖 −𝑖𝑘𝑖 −𝑖𝑘 = , - ,, − , = ,  (22) 

   K  = 1,195,     

, / : 

= 𝐾 × ( 𝑊𝑖× + 𝑦 × + 𝑦 × ) (23) 

 Hi = 1357,675 /  – ,  ;  

   = 0,98 –  , 

 K –  ,  1,195. 

= , × , × , + , × , + , × = ,   

3.2.5     

     0,5 %     , / : 

D  = 0,005D  = 0,00541,082=0,205  (24) 

    , / : 

D  = 0,01D  = 0,0141,082=0,411  (25) 

   , / : 

D  = 
100

 D  =0,01841,082= 0,452 (26) 

    , / : 

D  = 
100

к + D  = 
100

2,12,1 +
41,082 =0,986 (27) 
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  , / : 

D =D +D +D +D +D  

D  = 41,082+0,205+0,411+0,452+0,986=43,136  

  , / : 

323,974вG D= =   (28) 

3.2.6 ё    ( ) 

      6  

 
 6 –      

 

    -3: 𝑖 − �̄� · 𝜂 = 𝐺 �̄� − �̄�′   (29) 

   -3, / : 

= 𝐺 �̄� − �̄�𝑖 − �̄� ·η = , , − ,, − , · , = ,  

    -2: 𝑖 − �̄� + �̄� − �̄� · 𝜂 = 𝐺 �̄�′ − �̄� ''   (30) 
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   -2, / : 

= 𝐺 �̄�′ − �̄� '' − �̄� − �̄� ⋅ 𝜂𝑖 − �̄� ·η  

= , · − − , − ⋅ ,− · , = ,  

    -1: 𝑖 − �̄� + + ⋅ �̄� − �̄� · 𝜂 = 𝐺 �̄�′ − �̄�   (31) 

   -1, / : 

= 𝐺 �̄�′ − �̄� − + ⋅ �̄� − �̄� ·η𝑖 − �̄� · 𝜂  

  t  -       -1,   ё  

 ё   , / : 

·ΔP Vt h η= +  (32) 

  ΔP –       , ;  

 V  = 0,001127 3/  –    ;  

 η = 0,8 -  . 

�̄� = , + , − · · ,, = ,  

= . · − − . + . · + ⋅ ,. − · , = .  
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3.2.7 ё   

        7. 

  : 

7 6 5( )G D D D D G= + + + +   (33) 

, = , + , + + , + , + 𝐺  

 , , / : 𝐺 = ,  

 

 7 -    

 
 
 

3.2.8 ё    ( ) 

       

 8 
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 8 –      

 

    -1, / : 

D = (𝑡′̄ −�̄� )𝑖 −�̄� 5 ∙ .           (34) 

 , : = ,  /  

 

    , / : D = D − D + D + D + D + D + D + D  D = 38,848-(3,007+2,955+1,33+0,091+26,035+5) = 0,428 



38 
 

к = к
′ − э + +  

к = , − , + , + ,  =  ,  

         

. 

 

  : 

n

i i
i 1

( · )·W D H η
=

=    (35) 

W=(1131,538+2336,97+1384,314+898,11+18634,334+582,15+71,7)∙ ·0,98=25035 

   я : 
𝛿 = |𝑊−𝑊𝑊 | ⋅ % = | − | ⋅ % = , % (36) 

 ,  ,  ё   . 

 

3.2.9  -     

   , : = · 𝑖 − �̄� + · 𝑖 '' − �̄� + 𝐺х ⋅ 𝑡х ⋅ − �̄�  (37) = , + , + − , = ,  

 

,    , : = · 𝑖 − �̄� + · ℎ − �̄�  (38) = , + , = ,  
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     , :  

Q Q Q−=  (39) = , - , = ,  

  , : = · 𝑖 − �̄� +D · 𝑖′′ − 𝑖′  (40)  

 = , + , = ,  

   , /  

·

QB
Q η=  (41) 

= ,· , = ,  

 

 ,    , / : 

·
WB B·K

W W−
=   (42) 

    –   , / ;  

K –        

 ;  

 W –  , ;  

 W –   ,     

, . 

     9 %,   

, : 
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W W e ·W= −   (43) 𝑊 = − , ∙ =  

  ,     

, :   

·W e W=  (44) 

   e =0,05  ,    / . 

𝑊 = , ∙ =  

       

 : 

Q ΔQ Q
K

Q ΔQ Q Q
+

=
+ + +

+
 (45) 

  ΔQ  –         

 , . 

ΔQ = [ · − 𝜉 + · − 𝜉 ] · 𝑄𝑄  (46) 

  : 

𝜉 = 𝑖 −𝑖𝑖 −𝑖 ∙ + 𝐾 𝑖 −𝑖𝑖 −𝑖                          (47) 

𝜉 = −− ∙ ( + , ∙ −− ) = ,  

𝜉 = 𝑖 −𝑖𝑖 −𝑖 ∙ + 𝐾 𝑖 −𝑖𝑖 −𝑖  (48) 

𝜉 = −− ∙ + , ∙ −− = ,   
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∆ = [ · − , + · − , ] · =  

 

      , : 

QQ 0,05·=   (49) = , · =  

       

 : 

𝐾 = + ++ + + = ,  (50) 

     , / : 

·
WB B·K

W Wэ = −  (51) 

= , ∙ , · − = ,  

     , / : 

B B BТ = −  (52) 

= , − , = ,  

 

      , 

/( · ): 

Bb ·3600
Wэ =  (53) 

𝑏 = , · = ,  



42 
 

      , / : 

max

B 6b ·10
QТ =  (54) 

𝑏 = , · = ,  

    ё  ё      

 -25  2-    . ё   

   -25  2-   4-    

      ,     

    .  ё    

 4.  

 

 4 –     

  4-    2-    

   

   , 

/  

37,54 37,346 

   

   

, /( ∙ ) 

0,286 0,255 

 , /  38 37 

 

-  ,        2-   

,        -  

   ,       

.   4-    2-  ,     

-    . 
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3.3       
 

       .  

       , 

      ,   

 -  .   

     , -1   

 . 

      ,   

 .  ,       20-

30%  ,   -     

  .     

   (   50%)   (  35%). 

      

        

.          

   10-15%.  

     .     

        

        . 

      

     .  - 

 ,     .  

       « »  

 38   .     

      

     , . .   

 

     .    , 
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.       

« »   ,     

         .  

      

        

        

         

         

    (10 - 15%    

). 

       

    ,    

 ,  ,   . 

    ,     

 ,    ,  

    (   ),  

,     ,  

    -  ,  

     . 

       

  :    

 , - .     

 100%        

     . 

 ,        

       

        

.    ,    

 ,   -   
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   ,     , 

     . 

 ,       40 

  ,      

.   ,     

          

. 

      

      

   ,     

 ,  .   ,  

   ,       

        

    ,   , 

 . 

  ,     

       

      , 

      

       . 

       

,      

   ,  

        

 ,      , 

         

 .     , 

       ,  

           

 . 
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,       

 . ,      

   ,       

.  

    -   

         

 .      

    , 

      , 

       

,  ,      

,   . 

 ,        

 ,     

.        

  (   ,  ,   

 ). 

  ,  : 

−      

; 

−       

; 

−        

    . 

  ,     

     . 

      

 ,  ,     

 ,       

      -  
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       .  

 ,         

 ,   ,  ,  

      

. 

       

    ,   

        

( ,  ),  ,  , 

    ё  . 

    ,  

     ,  

     ,  ,  

 . 

      

   ,   

       

    43   

   ,  ,    

 . 
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4        
 .       

 
4.1       
 

,       

 ,        

     ,      

,     . 

 ,       

    : 

1.     

    .  

2.    ,    

 .  

3.   (     

 )  -  .  

4.       

  ,   

   , : 

 : 

−      

     

     

     ;  

−     , 

    , 

 ,     ;  

−     (   

 ,   ),  

  ; 
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−   ,   

    ;  

−        ;  

−      , 

    ,   

       

 ;  

−     (  

,  ,   .),   

     

 ,      

  ;  

−       

   ;  

−        

  ; 

−    ;  

−        

     

;  

−        

     

. 

      : 

−       

     

   ,   

      ;  
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−  ,    

,      

;  

−        

     ;  

−       

    ,    

,       

 ; 

−      ; 

−    ,    

   ;  

−        

       

.      

       

 ;  

−       

      ;  

−      

       ; 

−     ,   

     

      

   ,  

  ,   ,  

 . 

  : 
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−     

     

;  

−     ,    

,    

  .    

.      

      ;  

−       

  ,   

,      

  ,     

   ,      

     ; 

−   -     

,     ; 

−       

     

   ;  

−   ;  

−     ; 

−  ,      

 ;  

−      -   

    . 

 ,       

      

    ,   

      . 
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4.2      
 

        

,    , –  44   . 

      5. 

 

 5-   44, .  

  10 

   6 

  206 

   450 

   ( ) 

   

   , /  0,278 

   , 

/  

0,494 

        

   . 

        55: =  × 𝑡 −𝑡𝑡 −𝑡 × × 𝑍 ,      (55) 

  −     ; 𝑡 =  − ℃ −       

 ; 𝑡 = ℃ −     ; 𝑡 = − , ℃ −      ; 

24−       ; 𝑍 = −      . = , × ( + ,+ ) × × = ,   
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 56: = 𝑄 , × × 𝑍 ,        (56) 

 −      ; 𝑍 = −    . = , , × × =  

  44        

        

      .     

     ,       

        

. 

 

4.3       
.    

 

       
: 

−    ;  

−    ;  

−    . 

        

 ,       

    .  

       

   .    

  ,        

   . 

     

  ,       
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    ( . .    

 ). 

       ,  

         

      . 

   ( ) –    

,        

 - . 

 

4.4    
 

        

         

  .      9. 
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1-   ;2-    

      ;3-  ;4-   

 ;5-  ;6-     ;7-

 ;8-   ;9-  

;10-  . 

 9 –    

       

        

            

.           

.       

        ,    

        

   ,   
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 ,       

. 

 

4.5     
 

       

  -  . 

      

       

       

    . 

     57 𝑄𝑄 = ,, = ,          (57) 

    , < 𝑄𝑄 <    

   .      

  .     10. 
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1-10- . . 9;11-    ;12-   

;13- ,  ;14-   

;15-  ;16-  ;17-  

 ;18-  ;19-    

;20-     ,   

       ;21- -

   ;22- ;23-   

 

 10 –    

 

4.6   
 

      

: 

−    ; 

−    ; 

−   ; 

−   ; 

−    ; 

−  ; 

− ; 
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− ; 

 

4.6.1     

 

 

 11 –     

 = + ∆ ,        (58) 

 

 = ,  К −     ; ∆ −       ,  

2−3 %    . 

 = , + , × , = ,  К  

 = 𝐺 × 𝑡 − 𝑡 ;       (59) 

 𝐺 = 𝑄𝑡 −𝑡 ;         (60) 

 = 𝐺 × 𝑡′′ − 𝑡′ ;        (61) 
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𝐺 = 𝑄𝑡′′ −𝑡′ ;         (62) 

 𝐺  , 𝐺  –      ; 𝑡  , 𝑡  , 𝑡′′  , 𝑡′  −       

        . 

 𝐺 = , − = ,   ; 
 𝐺 = ,− = ,   

 

4.6.2      

 

 

 

 12 –      

 
   ,  5 ,  

,         

, . .       ,   

          . 
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= + ∆ ,         (63) 

 

 = ,  К −     ; ∆ −       ,  

2−3 %    . 

 = , + , × , = ,  К  

 = 𝐺 × 𝑡 − 𝑡 ;        (64) 

 𝐺 = 𝑄𝑡 −𝑡 ;          (65) 

 = 𝐺 × 𝑡′′ − 𝑡′ ;         (66) 

 𝐺 = 𝑄𝑡′′ −𝑡′ ;          (67) 

 𝐺  , 𝐺  –      ; 𝑡  , 𝑡  , 𝑡′′  , 𝑡′  −       

        . 

 𝐺 = , − = ,   ; 
 𝐺 = , − = ,   

 

         

  .   . 
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  : 

1. ; 

2.     ,  

  ,    ; 

3.   (  ё ); 

4.        

. 

 

 6 –   
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     . , ё  
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       -25   
,          ,     

    .     ,  
  ,       . 

   ,    ,  
 ,         
 -1,       -   

  .  
  ё      -  
 -25.  

     .      
      

       . 
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