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.      
  (   / 

 -  
   ,   

    
   ,   

  . 
 

  , 
 ,   HP LLRS 

    
   ,   

   
.    

 .    
     

    
,     

. 
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 4.1.1. 
 

 
 

  
  

 
*** -   

 
*** -   

 
*** -   

 
 
 
(1)   
(2)  
(3)    

 
(4)   
(5)  

 
(6)   
(7)   

 
 

1 –   
2 -    
3 –  
4 –   
5 –   
 

     
     
     

 PMFH   
 SV1 (5)  SV3.   
     
 ,   SV1 

(5)      
MFH  . 

 

P
 

 

 
  

 
   PMFH 80 1 - 500 

      
 R717, , ,  
  ,   –60  +120 

  ,  28 
  , 

 
42 

 ,  139 - 13900 
 :  - R717, +5/+32 C Tliq = 28 C 

 
   SV1  SV3 

  :  
   : 

  : 
 R717, , ,  
  ,   –50  +65 

 ,  35 
  ,  28 
  , 

 
36 

  kv, 3/   SV1: 0,06 
4  SV3: 0,1

 ,   SV1: 25 
 SV3: 64 

 :  - R717, +5/+32 C Tliq = 28 C 
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 4.1.2. 
 

 
 

  
  

  
 

 HFI 
 
*** -   

 
*** -   

 
*** -   

 
*** -  
 
 
(1)  

 HFI 
 

 
 

1 –   
2 –   (  ) 
3 –    
4 –    
5 –   
6 –    
 

     
 ,  
    

   HFI (1). 
 

 HFI    
 , . .   

    
. 

    
   

    ,  
   .   

   
,   HFI 

   . 

 
  

 
   HFI 

  ,       
 R717    .      

  700 / 3     
  ,   –50  +80 

  ,  25 
  , 

 
50 (  ) 

 ,   400  2400 
 :  - R717, -10/+35 C 
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 4.1.3. 
 

 
 

  
   

 
 
*** -   

 
*** -   

 
*** -   

 
 
 
 
(1)   
(2)  
(3)   

 
(4)   
(5)  
(6)   

 
(7)   
(8)   

 
 

1 –   
2 -    
3 –  
4 –   
5 –   
 

      
      

 AKS 38,   
    

( / .),    AKS 41,  
    (4 – 20 

). 
 

    
   347,  

  . 
 

    
 : 

-     ICM 
  ICAD. 

-     
AKVA  -  . 

 AKVA   
   ,   

 ,  
. 

-    REG,  
  ,  

  EVRA  
 . 

-       
AKS 41 (6),     

    347 (5). 
   ICM (3) 
   . 

 
  

 
   ICM 

 :   
   ,  R717 ( )  R744 
  ,   –60  120 

  ,  52 
  DN,   20  65 

 ,   224  14000 
 :  - R717, Te = -10 C, p = 8,0 , Tsub = 4  

 
    AKS 41 

   :   
 :   

 R717, R22, 404a, R134a, R718, R744 
  ,   –60  100 

  ,  60 
 ,   207  2927 
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4.2  
 

  
  

(LP LLRS) 

   LP LLRS  
    

: 
 

      
(  ,  

)    
.    

 ,   
     
     

  ,    
      

    . 
 

      
 ,    

,   ,  
     

   ,  
    

 ,   
   . 

 

   ,  
    

,  ,   
  , 

      
  , ,  

 .   LP LLRS 
    ,  

     
 

 
   ,  

    
  ( P LLRS)  
   , 
, .  

    
    LP LLRS.  

    
    

    
    

, ,   
.     
   . 

 4.2.1. 
 

 
 

  
  

 
 
*** -   

 
*** -  

 
*** -   

 
*** -   

 
 
(1)   
(2)  
(3)  

 
(4)  

  
 

(5)   
(6)   

 
 

1 –     
2 –   
3 –   
4 –   
5 –   
 

       
    SV. . 

     SV 
(4)     

 

  
 

   SV 4-6 
  :  

 :      
:   

 R717, , ,  
  ,   –50  +120 

 ,  35 
  ,  28 
  , 

 
42 

  kv, 3/  SV4: 0,23; SV5: 0,31; SV5: 0,43 
 ,  SV4: 102; SV5: 138; SV5: 186 

 :  - R717, +5/+32 C Tsub = 4  
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 4.2.2. 
 

 
 

  
  

 
*** -   

 
*** -  

 
*** -   

 
*** -   

 
 
(1)   
(2)  
(3)  

  
 

(4)   
(5)  

  
 

(6)   
(7)   
 

 
 

1 –     
2 –   
3 –   
4 –   
5 –   
 

     
  SV (5)   

     PMFL.  

      
  ,   SV1 

(5)      PMFL  
. 

 
  

   PMFL 80, 1 - 500 
      

 R717, , ,  
  ,   –60  +120 

  ,  28 
  , 

 
42 

 ,  139 - 13900 
 :  R717, +5/+32 C, Tsub = 4  
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 4.2.3. 
 

 
 

  
  

 
*** -   

 
*** -  

 
*** -   

 
*** -   

 
(1)   
(2)  
(3)  

 
(4)   

 
(5)   
(6)  
(7)   

 
(8)   

 

 
 

1 –     
2 –   
3 –   
4 –   
5 –   

    AKS 41 (7)  
       

     347 (6),  
     

 ICM (4).  ICM   
 . 

    347 (6)  
    ,  

      
     .  

     
   AKS 38 (8)/ 

 
 

 4.2.4. 
 

 
 

  
  

 
*** -   

 
*** -  

 
*** -   

 
*** -   

 
(1)   
(2)  
(3)  

 
(4)   

 
 

(5)   
(6)  
(7)   
 

 
 

1 –     
2 –   
3 –   
4 –   
5 –   
 

      
4.2.3.     ICM 

    
 AKVA   .  

   , 
 100 %    

 ,   
 ICS. 

    347 (6)  
   ,    

      
   .    
    

  AKS 38. 
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   AKVA 

 AKVA 10:  ; AKVA 15: ; AKVA 20:  
 R717 
  ,  AKVA 10:  –50  +60; AKVA 15/20:  –40  +60 

  ,  42 
 ,   10  50 

 ,   4  3150 
 :  R717, +5/+32 C, Tsub = 4  

 
 4.2.5. 

 
 

 
  
  

 
*** -   

 
*** -  

 
*** -   

 
*** -   

 
 
(1)   
ICF,  : 
-   
-  
-   
-   
-   

 
-   
(2)  
(3)   

 

 
 

1 –     
2 –   
3 –   
4 –   
5 –   

      
   ICF (1).    

     6 , 
  . 

 ICM    ,  
 ICFE –   . 
    , 

   4.2.3. 
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 4.2.6. 
 

 
 

  
  

 
*** -   

 
*** -  

 
*** -   

 
*** -   

 
 
(1)   
(2)  

 
(3)  

   
 

(4)   
(5)   

 
 

1 –     
2 –   
3 –   
4 –   
5 –   
 

     
   .  

  A S 38 (5)  
   EVRA (2)  

     
.   REG (3)  

  ,  
 . 

 
 

 
  

     AKS 38 
 :   

   ,  R717 
  ,   –50  +65 

  ,  28 
 ,   12,5  50 

 
   REG 

   ,      
 

   ,  R717 
  ,   –50  +150 

  ,  40 
  , 

 
  : 80 
  : 40 

  kv, 3/   0,17  81,4     
 
   EVRA 

 R717, R22, R404a, R134a, R410a, R502, R744 
  ,   –40  +105 

  ,  42 
 ,   21,8  2368 

  kv, 3/   0,23  25,0  
 

 :  R717, -10/+25 C,  = 0,15  
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4.3 
 

 
     

  
  

  
: 

SV1/3 + PMFH 

 

 

    
  
, , 

. 

   
.  

 
. 

  
 
. 

  
 SV  PMFH 

   
 .  

. 
  
  

  
: 

HFI 

 

 
 

    
  
    

 
 

   
.  

.  
   

 

    
   

. 

  
  

ICM 

  
: 

AKS 41 + EKC 347 + 

 

 

    
  

. 

  

. 

 
. 

     
 . 

, , 
 . 

  
  

   

  
  

  
: 

SV4-6 

 

 
 

 
. 

  
. 

   
. , 

 . 

 

  
  

  
: 

SV4-6 + PMFL 

 

 

   
 

   
.  

  
.  

. 

, , 
 . 

 
. 

  
 
. 

  
 SV  PMFH 

  
 

 + ICM 

 
  
: 

AKS 41 + EKC 347

 

 
 

   

 

     
 

, , 
 . 

  
.  

 
  . 

   
 

. 

 . 

  
  

  
: 

KVA AKS 41 + EKC 347 + A

 
 

 
 

   
 

, , 
 . . 

 

 
 

  

     
 . 

   
   

  
 . 

  
  

  
 

. 
  

  

.   

(  ). 

. 

  
 

 
 

 

AKS 41 + EKC 347 + ICF 
: 

 

 

 
 

, , 

  

 . 

  
 . 

  
  . 

   
 

.  
 . 

 
. 

    
 

 

 

   

 . 

,  .    
 40 

   
  REG. 

     
  

. 

  

AKS 38 + EVRA + REG 

 
, , 

 
. 

  
  
: 

 



         2006        

37

 

4.4   (        . 99) 

  

 
 

 

  /  
 

 
 

 
 

 
 

 
    

AKS 38 RD.5M.A PMFH/L  GE0.A RD. C.B AKS 38 RI.5M.A PMFH/L RI. C.F PI.

AKS 41 PD.SC0.A ICF PD.FT0.A AKS 41 PI.SC0.A ICF PI.FT0.A 

AKVA EG D.1G.D  1.B EG I.1G.B PD.VA1.B R R AKVA PI.VA1.C PI.VA R R

EKC 347 RS.8A.X SV 1-3 RD. C.B EKC 347 RI.8B.Y SV 1-3 RI. B.F 

EVRA(T) RD.3C.B A(T) D.SV 4-6 RD. C.B EVR  RI.3 A SV 4-6 RI. B.B

ICM PD.HT0.A PI.HT  ICM 0.A   

 
   . 

5.  
 

  
, 

, 

  
 

 
 

 (DX)  

 ,  

  
(DX)      

  , 
      

 . 

 
   

  
 

 . 
  

  . 
-      

    
 . 

 

 .  
 

   
/ .),     

      
    

. 
 

     
  

    
-    

(  5.5)  , 
    

. 

,     
   (

,    )  
 . 

 
 ,   

   – 
 

 .  , 
   

   
 . 

 
    

   
: 

-    
  

    
.     
 5.1  5.2. 

-
   

 ,  
   0  (  5.3 

 5.4). 
 

      
    (   
)    

-   
  (  5.6), 

    
    . 

 
    

    
   

5.1 

 : 
-  ,   

,   
   

    
  , 

    
      
 

    
  

,    
. 

 
   

(
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 5.1.1. 
  

 
 

 

  
 

 

(7)  
(8)  

 
(9)   

. 

  
 
*** -  

 
*** -  

 
 *** -  

 
 
(1)    

  
(2)  
(3)  

 
(4)  

 
(5)  

  
(6)   

 

 
 

1 –   
2 –  
3 –    
 
 

 

 
  

 

(8),  
   EVRA (3)  

     
  ,  

 1000. 

  
 
 

 
  

   

, 

   . 
 

    
     202. 

   5.1.1   
      
  . 

 
    

   (4), 
    

   .  
     . 

    
     

 . 
 

    
   202 

    
     
    

 . 
 

   
      

 . 
 

   
   , 

   
 . 

 
  202 

    
   ,  

 ,  , 
 AKS 21 (9) 

 

 R717 
 ,   –50  +30,   “  ” 

  ,  100 
  ,  19 

 ,   3,5  295 
 :  -15/+32 C, Tsub

 
 = 4  

 EVRA( )   
 R717, R22, R404a, R134a, R410a, R502, R744 
  ,   –40  +105 

  ,  42 
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 ,  368  21,8  2
  kv, 3/   0,23  25,0  

 :  R717, -10/+25 C,  = 0,15  
 
 
 
  FA 

     
  ,   –50  +140 

  ,  28 
  DN,  15/20 

        150  
  kv, 3/  3,3/7,0 

 



         2006        

40

 
 

1 –   
2 –  
3 –    
 

 5.1.2. 
  

 
 

. 
 

  
 
 

 
*** -   

 
*** -  

 
*** -   

 
 
(1)    

  
(2)  
(3)  

 
(4)  

   
 

(5)    
   

(6)    
 

(7)  
(8)  

 
(9)   
(10)   
(11)   

   5.1.2   
    ,  

     
  . 

 
    

 ICM   (4),  
  315 (8).   315 

      
,    AKS 

33 (10)    AKS 21 (11)  
    ICM  

    . 
 

  315     
 ,   

  EVRA (3)  
     

   AKS 21 (11). 
 

    , 
   5.1.1,    
    
 .    

    
,   

     
    

.  ,    
    
   

. 
 

  315 
    , 

   ,  
 ,   
   . 

 
     

     315. 
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   ICM 

 :   
   ,  R717 ( )  R744 
  ,   –60  120 

  ,  52 
  DN,   20  65 

 ,   224  14000 
 :  R717, Te = -10 C,  = 8,0 , Tsub = 4  

   AKS 33 
   

  ,   –1  34,   “  ” 
   ,   55,   “  ” 

  ,   –40  85 
  , 

 
  :  –30  +40 
  :  0  +80 

    4  20  
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 5.1.3. 
  

 
 

. 
 

 ICF  
 
 

 
*** -   

 
*** -  

 
*** -   

 
 
(1)   
ICF,  : 
-   
-  
-   
-    

 
-  

 ICM  
 
 

-   
(2)    

  
(3)  
(4)  
(5)   
(6)  
(7)   

 
 

1 –   
2 –  
3 –    
 
 

    5.1.3   
    

     
    

  ICF   
    , 

  5.1.3. 
 

      
 ,    

,    , 
   

. 
 

    
 ICM  , 

   315 (4). 
  315   

    ,  
  AKS 33 (6)   

 AKS 21 (5)    
  ICM   
   . 

 
  315    

  ,  
   ICFE  

   
    
 AKS 21 (7). 

 

    , 
   5.1.2,   

     
 .    

    
,   

   
     

 .  ,  
    
    

 . 
 

  315 
    
,    
,   

,     
 . 

 
     

    
 315. 
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5.2  
   

  
 

 
 

 

     
-    

 ,    
 ,     

   
   . 

 
     

     
 .  

 ,   
   
    

   
 . 

 5.2.1. 
  

 
 

  
 

  
 
*** -  

 
*** -   

 
 
 
(1)    

  
(2)  
(3)  

 
(4)    

 
(5)    

   
(6)    

 
(7)  
(8)   
(9)   
 

 
 

1 –    
2 –  
3 –    
 
 

       
    

   .   
     

    
    

 . 
   

     
    202 (8), 
     

  EVRA (3)  
    

,   AKS 21 (9)  
1000. 

 ,   , 
     

 REG (4).    
    . 

     
      

 .   
     

    . 
   202 

    
,    
,   

,  , 
   . 

 
     

    
 202. 

 

  
   REG 

   ,      
 

   ,  R717 
  ,   –50  +150 

  ,  40 
  ,    : 80 

  : 40 
  kv, 3/   0,17  81,4     
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 5.2.2. 
  

 
 

  
 

 ICF  
 

  
*** -  

 
*** -   

 
(1)   
ICF,  : 
-    

  
-  
-   
-    

 
-    

   
(2)    

  
(3)  
(4)   
(5)   

 
 

1 –    
2 –  
3 –    
 

       
    ICF.   

   5.2.1     
     

     
 . 

  ICF      
,    ,  

  ,  
  . 

    
      

  202 (4),   
     

ICFE,    ICF,   
   ,  

 AKS 21 (5)  1000. 
 

 ,   , 
     

 ICFR.     
   .   

      
    . 

      
     

. 
 

   202 
    , 

   ,  
 ,  , 

   . 
     

     202. 
 



         2006        

45

5.3  
  

-
-

  
  

 

 ,    
   0 ,   

   , 
    .  
     

  -   
    

 .   
    

    
 . 

    
    

: 
-   
-     
-    

   
      

 .   
     

   0 .  
     

. 
    

  , 
      

 ,  

   
.    

     
,    
      

.   ,     
     

,   
(   )   , 

     
. 

 
      

     
 .   

    
  ,  

,      
.    

     
       

.    
   , 

      
     .  

     
     

. 
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1 –  ; 2 –  ; 3 – ; 4 –   ; 5 –  ; 6 – 
; 7 –   ; 8 -  

 
 

 5.3.1 
  

  
   

  
 
*** -   

 
*** -   

 
*** -  

 
*** -   

 
 

  
(1)    

  
(2)  
(3)  

 
(4)   
(5)  

 
 

(6) –   
    

 
  

(7)    
   

(8)  
  

(9)    
  

 
  

 
(10)   
(11)  
(12)  

 
(13)   
(14)   
 

  
(15)   

   
(16)   

 
(17)  
(18)   
(19)   
(20)   
 

      
       

  .   
       

    ,  
   . 

  
  ICS (3),  

  ,    
    EVM.  

    
    

 AKVA (5). 
  GPLX (8),   

 ,    
,     

ICS (12)      
  EVM.   NRVA (15) 
    . 

  ICS (16),  
      EVM. 

  
     

 ICS (3).  ,   
,      120-

600 ,     , 
. 

  ,  
  GPLX.    

,      
    GPLX 

(8)     45  700 .  
    10  20  

,     
      . 

  c   ICS (12) 
    EVM   

   . 

      
EVM   ICS (16) 

   ICS (16)   
     

 CVPP. 
   ICS (16)   

       
.     
,     

 ,      
 NRVA (14). 

    (  
 AKS 21 (20))   
,  , 

  ICS (12) , 
  EVM  

 ICS (16)    
  GPLX (8). 

 
-      

     
   

  GPLX  PMLX.  GPLX/ 
PMLX      

 10 %  ,  
     
 ,    
      

 . 
 

 ,   GPLX  , 
    ICS (3), 

  .   
     
,    

 . 
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      ICS 

  :   
   ,  R717 ( )  R744 
  ,   –60  +120 

  ,  52 
  DN,   20  80 

 ,     :  20,9  864 
     :  55  2248 

 :  - R717, Tliq = 30 C, pdisch = 12 , p = 0,2 , Tdisch = 80 C, Te = -10 C;  
: 4 

 
     

GPLX 
  

  PMLX 
  :  

 
 :  

 
    

,  R717 
   

,  R717 
  ,   –60  +150  –60  +120 

  ,  40 28 
  DN,   80  150  32  150 

 ,      :  442 
 1910 
    :  

279  1205 

    :  76 
 1299 
    :  

48  820 
 :  - R717, Tliq = 30 C, p = 0,05 , Te = -10 C;  : 4 

 
   NRVA 

  :  
   ,  R717 
  ,   –50  +140 

  ,  40 
  DN,   15  65 

 ,       :  160,7  2411 
 :  - R717, p = 0,2 , Te = -10 C;  : 4 

 
  FIA 

  :  
   ,  R717 
  ,   –60  +150 

  ,  40 
  DN,   15  200 

         100/150/250/500  
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; 4 – 

 
     

  . 

, 

 
 

(5),    .  
 

  ICS (9)   
     EVM. 

 
  

     
 ICFE,    
 ICF (1).  ,   

,      120-
600 ,     , 

. 
 

  ,  
  GPLX.    

,      
    GPLX 

(3)     45  700 .  
    10  20  

,     
      . 

  c   ICFE, 
    ICF (5), 

      . 

 
 

 

 
     

 
 

 

 

,  
 ICFE,    
 ICF (5),  ,  
 EVM   ICS (9) 

     
GPLX (3). 
 

-      
     
   

  GPLX (3)  PMLX.  GPLX 
(3)/ PMLX     

  10 %  , 
      

 ,    
      

 . 
 

 ,   GPLX (3)  
,     ICFE, 

    ICF (1), 
  .   

     
,    

 . 

1 –  ; 2 –  ; 3 –   ; 5 –  ; 6 – 
 

     
EVM   ICS (9) 

  ICS (9)    
    

CVPP. 
 

   ICS (9)  
  

; 7 –   ; 8 - 
 

     

 5.3.2 
  

  
   

   
 

 
 ICF 

 
*** -   

 
*** -   

 
*** -  

 
*** -   

 
 

 
(1)  ICF  

 , 
  : 

-    
  

-  
-   
-    

 
-  

 ICM 
-    

   
(2)    

   
(3)  

  
(4)    

  
(5)  ICF  

  , 
  : 

-   
-  
-   
-   
(6)  
(7)   
(8)   

   
 

(9)   
 

(10)  
(11)  

 
(12)   
(13)   
(14)   
(15)   
(16)   
 
 

  
  ,   

    ICF. 
 

  ICF      
,    ,  

  ,  

 
  

  ICFE,   
  ICF (1)   , 

.     
   ICM

    ICF (1). 
 

  GPLX (3),   
 ,    

,    
ICFE,     ICF

.    
,    

 ,     
 NRVA (7). 

 
    (

 AKS 21 (15))   
,  
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1 –    
2 –    
3 –    4 –  
5 –  
 

5.4  
  
- 

  
 

 

 
 5.4.1 

  
 

 
  

 
  

 

*** -   
 

*** -   
 

*** -  
 

*** -   
 

 

 (19)  
  

(1)    
  

(2)  
(3)  

 
(4)   
(5)  

   
 

(6) –   
    

 

  
(7)    

   
(8)  

  
(9)    

  
 

  
 

(10)   
(11)  
(12)  

 
(13)   
(14)   
 

  
(15)   
 

 
(16)  
(17) (18) 

 

      
      

  .  
 

  
  ICS (3),  

  , .    
   

    REG (5). 
 

  GPLX (8),   
 ,    

,     
ICS (12) . 
 

  
     

 ICS (3).  ,   
,  ,  

   120-600    
  . 

 
  ,  

  GPLX.    
,      

    GPLX 
(8)     45  700 .  

    10  20  
,     

      . 
  c   ICS (12) 

      . 

     OFV (14) 
     

.    
      

   .   
    OFV 

    ICS+CVP 
     

SV1/3,      
  . 

 
    (  

 AKS 21 (19))   
,  , 

  ICS (12) ,  
   

 GPLX (8). 
 

 ,   GPLX  , 
    ICS (3), 

  .   
     
,    

 . 

  
   OFV 

  :  
   ,  R717 
  ,   –50  +150 

  ,  40 
  DN,  20/25 

  ,   2  8 
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 – 

 

  ICF      

 ICFR,    
 ICF (1). 

 

  GPLX (3),   
 ,    

,     
ICFE,     ICF 
(5),    .  
 

  
     

 ICFE,    
 ICF (1).  ,   

,  ,  
   120-600    

  . 
 

  ,  
  GPLX.    

,      
    GPLX 

(3)     45  700 . 
     10  20 

 ,     
      . 

      .  

 
 

 
 

   
   . 

 
   , 

       
 ,    

 .   
    

     
. 

 
    (  

 AKS 21 (11))   
,  ,  

 ICFE,    
 ICF (5),     
    GPLX 

(3). 
 

 ,   GPLX  , 
    ICFE, 

    ICF (1), 
  .   

     
,    

 . 

 

1 –    
2 –    

 –    3
4  
5 –  

     
     

    , 
     

 ICF    SV 1/3.. 
 

 5.4.2 
   
  

  
  

   
  

ICF   
 SV 1/3. 

 

*** -   
 

*** -   
 

*** -  
 

*** -   
 

 

(1)   
ICF   , 

  : 
-    

  
-  
-   
-   
-    

 
-    

   
(2)    

   
(3)  

  
(4)    

  
(5)   
ICF    

,   
: 

-   
-  
-   
-   
(6)  
(7)  

 
(8)  
(9)   
(10)   
(11)   

,    ,  
  ,  

  . 
 

  
  ICFE,   

  ICF (1)   , 
.     

     

  c   ICFE, 
    ICF (5), 

     
       

.    
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5.8 
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AKS 1 RD.5F.K 
 

FIA PD.FN0.A 
 

AKS 1 RI.14.D 
 

FIA PI.FN0.A 
 

AKS 3 R X  X RD.5G.J 
 

GPL PD.BO0.A 
 

AKS 3 R PI.SB0.A 
 

GPL RI.7C.A 
 

AKS 33  I.SB0.A RD.5G.H 
 

ICF PD.FT0.A 
 

AKS 33 P
 

ICF PI.FT0.A 
 

AKVA  .VA1.B P
 

D.VA1.B ICM PD.HT0.A 
 

AKVA PI.VA1.C PI
 

ICM PI.HT0.A 
 

CVP PD.HN0.A 
 

ICS PD.HS0.A 
 

CVP RI.4X.D 
 

ICS PI.HS0.A 
 

CVQ PD.HN0.A NRVA   RD.6H.A 
 

CVQ PI.VH1.A
 

NRVA RI.6H.B 
 

EVM PD.HN0.A .HX0.B  OFV RD.7G.D 
 

EVM RI.3X.J 
 

OFV PI
 

EKC 0 RS.8D.Z PMLX  .3F.C RD.3F.B 
 

EKC 0 RI.8J.V 
 

PMLX RI.3F.D RI
 

EKC 315A   RS.8C.S REG RD.1G.D
 

EKC 315A RI.8G.T 
 

REG RI.1G.B 
 

EKC 361 RS.8A.E SV 1-3  RD. C.B 
 

EKC 361 RI.8B.F 
 

SV 1-3 RI. B.F 
 

EVRA(T) RD.3C.B    
SVA PD.KD0.A EVRA(T) RI.3D.A SVA PI.KD0.B 

FA PD.FM0.A    
TEA RD.1E.A FA RI.6C.A TEA PI.AJ0.A 

            . 
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:  - R717, Tliq = 30 C, pdisch = 12 , p = 0,2 , Tdisch = 80 C, Te = -10 C 
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T 5A I.5B.C 
 

R D R R R

LLG PD.GG0.A 
 

RT 5A RD.5B.A 
 

LLG RI.6D.D SFA RI.7F.F 
 

MLI PD.GH0.A SFA PD.IF0.A MP 55 A RI.5C.E   
   

MP 55 A RD.5C.B 
 

      

 
 

             



         2006        

73

8.  
 

 
 

    
    
.     

    
  : 

-    
    

    
   . 

-    
    
   0     

  ,  
    

. 
 

     
   . 

 ,    
       

 ,  
    . 

 
 ,     

     
   Hf     
,       

Hd       
  H  (   
     

    NPSH), 
   . 8.1. 

 

 
 

1 – . 8.1    
2 –   
3 –   
4 –     

      
     

    
, . . 8.2. 

 
    , , 

   ,  
     

    . 
 

    , 
    

    
,   . 

 
  ,    

    , 
      

    . 
 

 
 

1 – . 8.2  -  
  

2 –     
 

8.1   
   

  

     
  .   , 

  ,   
    

  .  
     

    
  AKS 38. 

 
,      
     

  ,  
    .  

,     , 
    

     
,      

 ,    
  . . 

 
     .  

      
 2,   . 8.2 (  

 Qmax),   . 



         2006        

74

 
 8.1.1. 

   
  
  

RT 260A 
 
 
*** -  

 
*** -   

 
*** -   

 
 
 
(1)   
(2)  
(3)   

 
(4)   
(5)   
(6)   
(7)  
(8)   

 
(9)   
(10)   
 
 
 

 

    

1 –     
2 –   
3 –   
4 –   
5 –   

 

 
    FIA 

    
,    

 . 
  
  

.   
  

 

   
  150-200 .  

     
   

      
     

    

 260 /252

6 –    
 

     
      

  .  RT 260 (3)  (8) 
    ; 

 ,    
      
 . 

     
    

     
,    

    , 
    

    500 .  
      
,     

    
.    

     
. 

      
 ,       

,   (2)  (7). 
  

        
. ,     

   
   . 

, 

  NRVA (4)  (6). 
 

 
 

   RT /265 /260AL 
    R 717, .  “  ” 

   IP 66/54, .  “  ” 
 ,   –50  70  

 ,   0,1  11, .  “  ” 
  ,  22/42, .  “  ” 



         2006        

75

    
     

   (Qmin  
. 8.2)    

   . 
 
 

     
  REG,  

 OFV   .   
     
 ,   

    
   . 

 

8.2  
 

  

 

 8.2.1. 
 

 
 

 

 

 

 

 

 
)   
)  

   
 

(4)   
(5)   
(6)  

 
 

 
 
 
 

 

  

4 –   
5 –   
6 –   

 
REG  . 

 
    

. 

 , 
 ,   

,    
  . 

  
 

EG R
 
 
*** - 

 
*** -   

 
*** -  

 
 
 
(1) 

   

(2
(3

1 –     
2 –  
3 –   

     
  

,   

  BSV 
 

 
 

  

  
  REG  

 ,        
 

   ,  R717 
  ,   –50  +150 

  ,  40 
  , 

 
  : 80 

 : 40  
  kv, 3/      0,17  81,4  

 
   BSV 

  :  , 
 

     

 R717, ,     (     ) 
  

:  –50
 ,      

    
 :  –30  +100 

  +100 
 ,   10  25 

 ,    : 43 
  : 25 



         2006        

76

 
 

     
 , 

, 
 ,  

  

   ICS  
 CVVP,    

    ,  , 
     

. 

 8.3.1. 

  
 

 

* -   
 

) 
)   

  

8.3 
     

   
 
 

. 
 

 

  
  

ICS  CVPP 
 
 
*** -  

 
*** -  

 
**

 

 
 
(1
2

  
(

 
(3) 
 
 

1 –   
 

 
4 –   
5 –   
6 –    
 

  

     ICS 

  
 2 – 

3 –  

 

 
 

  :   
   ,  R717 ( )  R744 
  ,   –60  +120 

  ,  52 
  DN,   20  80 

 
     CV  

   :  
   7  ,  R71
  ,   –50  +120 

  ,  CVPP(HP): 28 
CVPP(LP): 17 

 ,   0  7   4  22,   “  ” 
  kv, 3/  0,4 

 
 
 
 
 
 
 



         2006        

77

 

    

8.4 
  

 
 

 
       

 
       

  
. 

   
    
  

. 

 . 
    

 

   
 RT 260A 

 
    

 
    

  
. 

   
   

  

   
   
   

   
   

   . 

 FIA   
 NRVA   
 

 
 

   
.. 

  
 . 

   

 
 

 

 
   
  R

  

 BSV 

   
 

 

EG  
 
 

   
  

. 

  
 

 
 

 
 

  
 

. 

 , 
 . 

    

 
 
. 

 
 

 

 

 
 

    
 

 

 

   
   

 ICS  CVVP 

    
  

,   
  

   
  

 . 

  
   

   
. 

  , 
 . 

 
8.5   (        . 99) 
 

  /   
            

BSV RD.7F.B 
 

NRVA RD.6H.A 
 

BSV RI.7F.A 
 

NRVA RI.6H.B 
 

CVPP PD.HN0.A 
 

REG RD.1G.D 
 

CVPP RI.4X.D 
 

REG RI.1G.B 
 

FIA PD.FN0.A 
 

RT 60A RD.5B.A 
 

FIA PI.FN0.A 
 

RT 60A RI.5B.B 
 

ICS PD.HS0.A 
 

SVA PD.KD0.A 
 

ICS PI.HS0.A 
 

SVA PI.KD0.B 
 

 
            . 

 



         2006        

78

9.  
 

9.1 -
  

  

  

    
   , 

   .    
  ,  

,   . .  
     

.     
, ,     

  . . 
 

   
,      

    
    

     
. 

 
    , 

    0 , 
   ,   

  , 
 ,   . . 

    
     

  .  
    ,  

      
      

   . 
 

    
  , , 

,  ,  
     

. .     
 ,   

     
   . 

    
    

 .    ,  
      . 

   , 
  .   

 ,    
 . 

 
    

 - . 
-    : 
    . 

 
    

      
  .   

–    
,    

    
 . 

 
    
      
     

.     
  ,   

      
 . 

 



         2006        

79

 9.1.1. 
-

  
  

 
 

 
 
*** -   

 
*** -   

 
*** -  

 
*** -   

 
*** -  
 
(1) -  
(2) -  
(3) -  
(4)   
(5)   
(6)   
(7)   
(8)   
(9)   
(10)   
(11)   
(12)   
 
 
 

 
 

1 –  
2 –   
3 –  
4 –  
5 –  
 

      
-     

    . 
     -

    (    
    

). 
 

   -  
       

     
.  -    

    
    . 

 
    

  -  
    ,  
   -

. 
 

-   DCR   
    . 
    : DM, DC  

DA. 
 

DM –  ,  
    

«  »,   
  -   2, 

- DC -  ,  80 % 
    

«  »   20 %  
  , 

      -
    -
, 

- DA -  ,  30 % 
    

«  »   70 %  
  , 

    
    

    ,   -
. 

 
    

    , 
   , . 

   -   
  .  

      
     . 

 
       

-    
      - . 

      
     . 
      

 . 
  

 -  DCR 
 , , , R744 

  :  
  ,  : 46, .  “  ” 

 ,   –40  70 
  DM/DC/DA 

 



         2006        

80

9.2 -
  

  2

  2 –    
 ,    

    
   .  

    
    . 

   . ,  
       

R134a  .   
     

 2  . 
 

,      
 ,   

  ,    
,         

2, . .    
     . 

 
 ,    

 2    
  . 

 ,     
,     

 ,   
 ,   .  

    
.   ,    

   0 ,   
     

   , 
   . 

 
  , 

    
,     

   -
.      

   -
,     

   . 
  -   

  2   
     
. 

 
 

 
 

1 –  , /  
2 –    2 
3 –  
4 –  
 

 
 
 
 
 
 
 
 
 
 
 
 



         2006        

81

 9.2.1. 
-

  
  
 

 
 CO2

 
 
*** -   

 
*** -  

  
*** -  

 
*** -   

 
*** -   

 
*** -  
 
(1)   
(2) -  
(3)   
(4)   
 
 

 
 

1 –  
2 –   
3 –  
4 –  
5 –  
6 –  
7 –   
8 –  NH3 
9 -  NH3
 

   -    
 2   : 

-   
    ,    

   
 -   

. 
-   

   -  
     

 . 
-   

    -
      

   -   
    . 

 

 
 
1 –  , % 
2 –  . % 
3 –    

 «  » 

-      
   

    
  .   

   
,    

    . 
 

 -    
     

: 
1.   «  –  – 

 »  
  .  
  ,  90 % 

     -  
     
 CO2    . 

     
 CO2   .  
-     
,   . 

2.      
    -

   . 
3.     

   
   

 . 
 

   -
 ,   

  -
. 



         2006        

82

.2.2. 

 

 CO2

  

 

 

* -  

2)   

 

 
 9
-

  
  

 

 
 
*** -   

 
*** - 

 
*** - 

 
*** -  

 
**
 
(1) -  
(2) -  
(3) -  
(4)   
(5)   
(6)   
(7)   
(8)   
(9)   
(10)   
(11)   
(1
 
 

 
 

 
 

 

 

 

 
    . 

 

 

    
: 

1. 
  

 
-

2. 

 
  . 

 

1 –  
2 – 
3 – 
4 –  
5 – 
6 –  NH3 
7 -  NH3
 

     2 
      

,   

 
 ,    

     
   

 -     
    
,   

-      
(    ,      

 ).  

    
 . 

 ,    
   

.   ,   
    

,  
   . 

-      
   

-    

 
 
 
 
 



         2006        

83

9.3   
   

 

      
    
     

  2. 
     

 ,   
     

 ,  ,   
     

. 
 

      
     

     . 
 ,     

      
   . 

 
       

 ,   
 -  (   

 )     
   -   

 . 
 

,      
      

, :   , 
     

    ,    
 .   , 

    
 ,  

 -     
. 

 
     

     
   .   

     
,    

 .    
   , 

      
 (   
 0,3 %),    
    . 

 
  ,     

   
 ,   

,    , 
 : 

 
-   

  
      

-       
     . 

   ,    
      
 .    

  
   . 

 
-  

     
    

, ,   . . 

-    
   , ,  

   , 
       

  . 
 

 ,     
,   

   
      

 ,    
 . 

 
 ,      

 : 
 
-   

       
  ( ,   

  ).   
     
   . 

 
-    

       
      
  .     

        
,    . 

 
-   

     
   .    

,     .  
       

  . 
 

     
      

     
  IIAR 108. 

 
   , 

     
  :     
  .    

    . 



         2006        

84

 

 
 

1 – 
2 – 
3 –  
4 – 
 

(2)  
  

 

(7)  
 

 

1. 

 
    

  ,  
  SV4 (2). 

2.     
 EVRA (4).  , 

  , 
     

  . 
  ,   

     
.   SV1/3 

(6),   
 (   ) 

     
     
    

   
 .    

    
 ,   

SV4 (2)     
    

. 

3.     
     

 ,   
 (2)  (6) .  
   (1)  (4), 
   SVA  

  QDV (9)    
 . 

4.    QDV (9)  
  SVA.  

   (3)  
     

 ,   , 
  1. 

 
    

    
    

    
 BSV (7). 

 
 
 
 
 
 
 
 
 

 9.3.1. 
, 
 

   
 

 
. 

 
 
*** -   

 
*** -   

 
*** -   

 
*** -   

 
*** -  
 
(1)  

 

(3)  
 

(4)  
 

(5)  
   

 
(6)  

  
 

(8)  
 

 
(9) 

 
  

 

   
   

 
   

  : 
    
 EVRA (1)  (3).  

   . 
 



         2006        

85

 
 

1 –    
2 –    
3 –   
4 –    

6 –   

 

*** -   
 

(3)  
   

 
(4)  

 

(10)  
 

 
 

 

 

 

5 –    /   

7 –    

 9.3.2. 
, 
 

   
 
  

 
 

 
 
*** -   

 
*** -   

 

*** -   
 

*** -  
 
(1)   
(2)   

(5)  
   

 
(6)   
(7)  

 
(8)  

   
 

(9)  
  

 

(11) 
 

  
 

  : 3.    (  
   ) 

    
(7),    QDV (11)  

   . 

1.     
 EVRA (4).   

     
  .   

   (  
   ) 

  ,  
  (1)    

  EVRA (4). 

    
   

   . 
      

 ,    
.   ,   

   ,   
    

,      
.     

    
     

ICS (6)     CVP. 
 

    
    

    
    

 BSV (10). 

2.     
 EVRA (7).  , 

  , 
     

  . 
  ,   

     
.   SV1/3 

(9),   
 (   ) 

     
     
    

   
 .  

 

 
 

 
 

 



         2006        

86

 
 

1 – 

4 – 
5 – 
6 – 
7 – 
 

*** -   
 

   
       

  .  
     

. 
 

  : 
1.     

 EVRA (4)    
 (1).    
    

  .   
   (  

   ) 
  ,  

  (1)    
  EVRA (4). 

2.    EVRA (7). 
 ,   

,    
    . 

  ,   
     

.  

 
   ) 

    
(7),    QDV (10)  

   . 
 

    
   

   . 
      

 ,    
.   ,   

   ,   
    

,      
.     

    
     

ICS (6)     CVP. 
 

    
    

    
    

 BSV (9). 
 
 
 
 
 
 
 
 

   
2 –    
3 –   

   
   /  

  
   

 

 

3.    (

 9.3.3. 
, 
 

   
 
 

*** -   
 

*** -   
 

*** -   
 

*** -  
 
(1)   
(2)   
(3)  

   
 

(4)  
 

(5)  
   

 
(6)   
(7)  

 
(8)  

   
 

(9)  
 

 
(10) 

 
  

 



         2006        

87

    

 
 ,  

  . 
 

 ,       
 ,     
    , 

      
 ,     

  (     
  –34 ),     

  . . 
 

 ,    
  ,   

,     
      

,      ). 
 

   
     

  ,  ,   
     

. 

, 
  

,   
  . 

 
,   ,  

   ,  30 ,  
     

10,7  .  ,  
,  11,7  .,   

    1 ,  
     

 . 

 

 
    . 

   
  ,    

   . 
   
  ,  

    
  9-10 % 

 
ems & 

, 
 . 

 ). 
 

    
       

      
.     
    , 
      

-    ,   
    

 .   
      

  . 

  
    . 

  
   . 

 
    –   

 «  »:  , 
    , 
    -
,    
   . ,  

  ,   . 
      

     

-

  

 
 

  

   
  . 

 
    .  

     , 
       

  . 

 
9.4    

    
     , 

     
 . ,   

 

(

 
     

     
    

 , 
,   , 

 

 
,   

  
      

,    
  ,    
   

  .  
    
 ,   

     . 
    , ASHRAE 

       
    (HVAC Syst

Equipment Manual, Non-Condensable Gases – 
    

  

 
      

   
,   ,  

  

 
    

     
   .   

    

  . 
 

,    
,    ,  

   , 
    . 

 
      

  ,    
   .   

     
 .    

      
 .  



         2006        

88

1 –  
 

3 –  

 

2 –  
 

 

4 –  
 

 

 

 
 

1 –    
2 –    
3 –   
4 –    
5 –  
6 –  
 
 

*** -   
 

*** -   
 

*** -   
 

*** -  
 
(1)  

 
(2)  

 

(5)   

    : 
1.     

 EVRA (1),    
     

    
,   . 

2.     
 EVRA (2)  (3).  

     
     

,     
  .  

 SV1 (4)   
 . 

3.       
       

     
 .    

 ,   RT 280A 
   EVRA (6)  

   . 

 

 9.4.1. 
 
 

  
 

 
 

 
 
 

*** -  
 

(3)  
 

(4)  
 

(6)  
 

 
 



         2006        

89

9.5  
  
  

  
,  

  
, 

      

. 

 

 . 
, 

  
.     

    
     

    
. 

 

1. 

  

 

2.   

3. 
 ( / .) 

  
. 

   
   .  

    
  : 

 
 
 

     
 ,  , 

 /   
.   

     

 ,  , 
     .

 
 ,    

,  ,  
« »      

    , 
   

,    
. .      

 ,  
 , 

   , 
  . 

 
 

    
    

 : 
    

     
,   
 .     

 ,    
   . 

  ,     
      

 ( .  3). 
   

    . 
    

   
   

 
    

   
,   



         2006        

90

 

*** -   
 

 9.5.1 
 

 
-

  
  

*** -   
 

*** -   
 

*** -  
 
(1)   
(2)  

 
(3)   
(4)  

 
(5)  

   
 

 
 

1 –    
2 –    
3 –   
4 –  –   

    
 

 

5 –   
6 –   
7 –   
 

       
  ,   . 

 

      
     

  ICS (1)   
  CVP (HP).   

NRVA (3)     
- . 

     
  ICS (2)  

   EVM   
,    . .   

  - . 

 ICS (1)    
    
  .   

     
CVP (HP)    ICS (1) 

,        
. 

 
   -   

   .   
   -   

   EVRA (4)  
  REG (5)  

    . 

 
 



         2006        

91

 
 
1 –   
2 –    

 9.5.2 
 

 
-

  
  

*** -  

 

4 –  –   
5 –   
6 –   

 
*** -   

 
*** -   

 

 
(1)   

 
(2)   
(3)   
 

3 –  

 
  

 . 
 

    
   

    
  -    
   . 

 
    

,     
  - . 

 

      
 ,  CVPP (HP), 

   ICS (1),  
      . 

 
      

-    
,   RT 107 (2)  

  EVM   
 ICS (1)  . 

 

      
  



         2006        

92

 
 

 9.5.3 

*** -   
 

3 –   

4 –  –   

 
 

-
  

  
 
*** -   

 

*** -  
 
(1)   
(2)   
(3)   
 

1 –   
2 –    5 –   

6 –   

       
   , 

,      
 . 

 

 
 

  NRVA   
   - . 

9.6   (        . 99) 

  /  

    
  ICS (1)   

     
   EVM, 

    , 
    RT 107. 

  ,    
  ,  

 EVM  ,   , 
   ICS (1).  

     
  CVP (HP),  ICS 3 

        
 . 

 

 
 
 

 
 

            
BSV RD.7F.B 

 
REG RD.1G.D 

 
BSV RI.7F.A 

 
REG RI.1G.B 

 
CVP PD.HN0.A CVP 

 
PI.EK0.A 

 
RT 107 RD.5E.A 

 
RI.4X.D SGR 

 
DCR PD.EJ0.A 

 
SGR PD.EK0.A 

  
DCR RI.6B.E SNV PI.KB0.A 

 
EVM PD.HN0.A 

  
SNV PD.KB0.A EVM RI.3X.J 

 
SVA PI.KD0.B 

 
EVRA(T) RD.3C.B 

 
SVA 

 
SV 1-3 PD.KD0.A 

 
EVRA(T) RI.3D.A RI. B.F 

 
ICS PD.HS0.A 

 
SV 1-3 RD. C.B 

 
ICS PI.HS0.A 

 
SV 4-6 RI. B.B 

 
NRVA RD.6H.A 

 
SV 4-6 RD. C.B 

 
NRVA RI.6H.B 

 
  

 
            . 

 
 
 
 

 

 
 



         2006        

93

 

*** -   
 

*** -   
 

(1)   
 

(4)   
 

 
 

 
 
10.  
10.1  

 
 

 ,  , 
    

    . 
   , 

    
     : 

 
  

 ,     
:  –  – 

 – . 
 

  
     

   
. 

 
  

 ,      
 .  

     
  

 . 

      
     

: 
 

    
     

     
 . 

 
   

     
     
 ,     
   . 
   

     . 
 

  
 . 

 
   

 (DX) 
 

*** -   
 

***  
 

*** -  
 

(2)   
  

(3)   
 

. 10.1     
  

1 –  
2 –  
3 –  
4 –  
5 –   
6 -  

 



         2006        

94

-     
       

 ; 

      
     

      
 , . . 10.1.  

   : 
      

  .    
    

    . 
     

     
.     

       
.       

. 
 

       
,       

. 
    , 

       
.     

    , 
  .    

 (  6)    
    . 

 
      

     , 
      

     
.     
      

 . 
 

    
       

 .     
    ,   

: 
     

    
     

  , 
    

. 
 ,    

    
.      

     
,    

. 

 ,   
   ,   

   . 
,     

    
      

     .  
     

  ,   
   , 

,   
    

.   
   

 ,   
   

     
.      

    2  5, 
. 

 
,    ,  

  .   
      
      
     

      
  . ,  

    
    , 

     
   

  .   
   «   

» (  3). 
     

   .  
    

: 

-      
        

 . 
 

     
    

    
    .  

       
    
     . 



         2006        

95

***  
 

*** -  

(2)   
  

 
   

 
 

 
*** -   

 
*** -   

 

*** -   
 

*** -   
 

 
(1)   

 

(3)   
 

(4)   
  

(5)   
 

 

. 10.2     
     

  

1 –  
2 –  
3 –  

6 –  

    , 
    

1  .     
  ,    

 1.      
 ,    

     
. 

 

     
    

  ,   
. 

       
      

 (  5). 

4 –  
5 –   1 

7 –  
8 -   2 
9 –   
10 –   

      
 ,   . 10.2 

  ,      
,   . 10.1.  

     ,   
    ,   

  ,  
,    . 

 

 
       

,     
     ,  

    ,   
  .   

 ,    
   .  

     
,     
    . 

       
     

     
   . 

 
      

     
.     

    , 
   , 

    . .  
    7. 

 
 

 
      

      
  / .    

   ,  
    4. 

 
      

     0 ,  
   .  

    –  
       

      
 . 

 
    

    
, ,     

.  . 10.2    
    .   

      
    . 

 
      

  .  ,  
 ,     

    2. 
 

     , 
     
 .    

   (   ) 
        

    ,  
    . 

 

 
 



         2006        

96

   ,  
       

 ,   
    

  . 

    
   ,  

     
.    

    ,  
     

    (    
    

 , .  9.4). 
 ,    

   
   . 

 

*** -   
 

 

 
 

 

    
     

 (  )   
,    . 10.1  10.2. 

     
      
 . 

 
      

      
  . 

 
,     , 
  .   

     
     

,     
  ,   

     
 . 

 
     

 ,   
. 10.3.   , 

  ,  
     

 ,   
   . 

 
    

     
 ,     

     
     

. 
 

 

 ,    
      

    
   . 

 
   

     
 .  . 10.3 

     
    
 .  

 
    , 

    
  ,  

 .    
   ,  

   
    . 

 
,   

  ,  
.   , 

      
     

  . 
 

 

*** -   
 

***  
 

*** -   
 

*** -   
 

*** -  
 

 
*** -  

 
 

*** -  
 ( , 

  . .) 
 
 

. 10.3     1 –  
2 –  
3 –  

 

4 –  
5 –   
6 –  
7 –  
8 -   
9 –   
10 –   
11 –   



         2006        

97

. 10.4    

       
  ,  

  . 10.4.  
   , 

  
   

  . 
 

      
  , 

    
. ,   
    

NH3,    –  
2.  

   NH3/ 2  
     

    
,   

  . 

 
 

*** -   
 

*** -   
 

*** -   
 

*** -  
 

 

*** -  
 ( , 

  . .) 

1 –  

***  
 

*** -   
 

*** -  
 

 

2 –  
3 –  
4 –  
5 –   
 

6 –  
7 –  
8 –   
9 –   
10 –   

10.2 
 

( / .)  
 

 

     
   . 

     
   ,  

 
 

D ( ) 

  -  - ,  
Td   - ,  
PID ( ) 

     
 .  , 

    
. 

 
P ( ) 
I ( ) 

 
PB   (%) -, -  - . ,  

       %,  
   (   y)   0 

 100 %. 
Kp   -, -  -  
Ti

   ,   
  

SP    
PV   (  : , , 

   . .) 
Offset (x)         
Y     (  ) 

  
 

dead time  .     
        

 ,    . 
  Reguleringsteknik, Thomas Heilmann . lfred ansen 



         2006        

98

 

-     
   
. 

   
  ,    

 ,   
    

   
   . 

 
10.2.1 

 
( / .) 

 

     
   
   

 . 
  , 

   ( ,  
)     

 . ,   
/     

 ( .) /  ( .) 
. 

 
   

    , 
  ,   

. 
 

   
    

 ,   
 - . , 

  AKV/A 
    

    -
 (   315 ). 

   
    

  , 
,  ,  

    
 .   

     
. 

 

   
: 

-  ,   
,    

. 

-    , 
    

   . 
-      

   
 . 

 

   
 

 
     

    
   

    AKS 38. 
    

 ,   
  

. 
 

 

 
 

*** -   
 

*** -   
 

*** -   
 

 

 
 

1 –   
2 –   
 



         2006        

99

 
     

  
  ,    

    
  . 

  

 

    
. 

 

 

  
 

 

   

 
10.2.2    ( )  

   
,    

,   
.   

  ,  
  

 
*** -  

 
*** - 

 
 

  

  -, -, -  
4 –   

   
 

   

-    

-   

-   
   , Ti  Td. 

 

 

1 –  
2 –   
3 –  

  . 
 -

   . 
 -  

     Ti. 
 -  



         2006        

100

-  
(  ) 

    
 

  
 . 

 

 

 .  -
    

 

 
 
1 –  
 

-    , 
  SP = PV,   

 ,   
. 

  

 

    
  ,  

 50 %   
 . ,  

  SP  
   50 %. 

 
1 –  
 

     
 ,    

  .     
  : 

 
PB [%] = 100/K

 

 
 

 
 ,     1, 

   100 %. 



         2006        

101

-  ( ) 10.2.2  
 

( ) 

 

  
 
1 – 

 
     

(PV = SP)   ( )  
 50 %    

( ,    
 50 %). 

   
   (  

  

  -
. 

 
    

,    

 
 ( ) 

    
. 

 
       

      
   0. 

   -
 

  -  
   

.    
   

 ,    
 ,     

 .    
  , 

    
 (   , 

 

  
  

 

   
,      

 

    

 
3 %  

  . 

 

   
  

 

 PV = 46 %,   -
  70 %. 

 
 ,  

 SP  PV)  6 %.   
 -  

.    

( )    
   , 

  

  ). 
 

  
    : 

-   (  
 ) 

 
, . .    
  ,    

     
. 

 

-   (  
 )   

. 
-   ,  

  
   

. 
 

    

. 
 

    
   = 33 %   = 33
 

 
 
 



         2006        

102

   -  

.   ,  -
    

     . 
   

   
. 

 
 
 

 -    
   :  

   
. 

 
    

  -
, . 

  
   -   

,   - . 

 -  
    -  -

    -
. 

 
 -    

    Ti.  Ti 
     . 

   Ti  
     

 . 
 

  Ti (   
)     

 ,   
    

. 
 

10.2.2  -  

( )  ,     
   

 
 

, 
 
  

  
  -

 
 

 -  
   -

 (  
)  ,    
    

.   ,   
  , -
     -

 ,    
.  

 -   
     
. 

    
  .  

     , 
      

.   
   

    , 
    

.    
 ,    

. 

    
  Td  . 

 Td      
. 

 
  ,   

Td     , 
  , ,  
 ,   . 

     
   

  (Td = 0). 
 

 
 

     
   -   

. 

 
  -

  ,  -
   . 

  
 

 -  
     

  . 
 

-    
: 

-  
   

 . 
-   

.   
 (   

-    
  . 

-   
     

   
.  

  
(     

   
,    
.    

 Td ,   
 

 

,  
 

Ti)      
. 

  

    
    
  . 

Td) 

 



         2006        

103

 
  -    . 

 

10.2.2   ( ) 

 
 

    
P ( ) 66.7 %                          -    - 

PI ( ) 100 % 60  - 
PID ( ) 41.7 % 40  1  
 

 
 

          
  SP. 

 

 
 
1 –   
 

          . 

 

 

 
 
 

 
 
 
 
 

 



         2006        

104

0.2.2   ( ) 

   -      
. 

 
   

1
 

 

 
PID – a (  - a) 25.0 % 40   1  
PID – b (  - b) 41.7 % 40  1  
PID - c (  - c) 83.3 %  40  1  
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   SP.   ,     
 ).      . 
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 (    
 

  -   
 

 
   
PID – a (  - a 20  ) 41.7 % 12  
PID – b (  - b 40  ) 41.7 % 12  
PID - c (  - c) 41.7 % 120  12  
s  s 
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PID-b 40 s 
PID-c 1 0 s 1 
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10.2.2 
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PID – a (  - a  % 40  24 ) 41.7
PID – b (  - b) 41.7 % 40  12 
PID - c (  - c) 7 % 40  6 41.
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 / 

 

 

AKS 21   RD.5F.K RI.14.D 
AKS 32R   RD.5G.J PI.SB0.A 
AKS 33    RD.5G.H PI.SB0.A 
AKS 38    RD.5M.A RI.5M.A 
AKS 41    PD.SC0.A PI.SC0.A 
AKVA      PD.VA1.B PI.VA1.C / PI.VA1.B 
AMV 20   ED.95.N EI.96.A 
BSV   RD.7F.B RI.7F.A 
CVC       PD.HN0.A RI.4X.L 
CVP       PD.HN0.A RI.4X.D 
CVPP       PD.HN0.A RI.4X.D 
CVQ       PD.HN0.A PI.VH1.A 
DCR -  PD.EJ0.A RI.6B.E 
DSV    (   ) PD.ID0.A RI.7D.A 
EKC202     RS.8D.Z RI.8J.V 
EKC 315A      RS.8C.S RI.8G.T 
EKC 331   RS.8A.G RI.8B.E 
EKC 347    RS.8A.X RI.8B.Y 
EKC 361     RS.8A.E  RI.8B.F 
EVM       PD.HN0.A RI.3X.J 
EVRA/EVRAT   RD.3C.B RI.3D.A 
FA  PD.FM0.A RI.6C.A 
FIA  PD.FN0.A PI.FN0.A 
GPLX     PD.BO0.A RI.7C.A 
HE  RD.6K.A RI.6K.A 
ICF   PD.FT0.A  PI.FT0.A 
ICM/ICAD    PD.HT0.A PI.HT0.A 
ICS   PD.HS0.A PI.HS0.A 
KDC      PD.FQ0.A PI.FQ0.A 
LLG       PD.GG0.A RI.6D.D 
MLI   PD.GH0.A  
MP 55A    RD.5C.B RI.5C.E 
NRVA     RD.6H.A RI.6H.B 
OFV   RD.7G.D PI.HX0.B 
ORV    PD.HP0.A RI.7J.A 
PMFL/PMFH     RD. C.B PI.GE0.A / RI. C.A 
PMLX    RD.3F.B RI.3F.D / RI.3F.C 
POV       PD.ID0.A PI.ID0.A 
QVD    PD.KL0.A PI.KL0.A 
REG      RD.1G.D RI.1G.B 
RT 107    RD.5E.A  
RT 1A  ,    RD.5B.A RI.5B.C 
RT 260A  ,    RD.5B.A RI.5B.B 
RT 5A  ,    RD.5B.A RI.5B.C 
SCA    RD.7E.C PI.FL0.A 
SFA   PD.IF0.A RI.7F.F 
SGR   PD.EK0.A PI.EK0.A 
SNV    PD.KB0.A PI.KB0.A 
SV 1-3 RD. C.B RI. B.F 

 
SV 4-6 

    

RD. C.B  RI. B.B 
SVA   PD.KD0.A PI.KD0.B 
TEA RD.1E.A PI.AJ0.A 

 
TEAT 

  

RD.1F.A PI.AU0.A 
VM 2   ED.97.K VI.HB.C 
WVS RD.4C.A RI.4C.B 

 
WVTS 

  

RD.4C.A RI.4D.A 
 
 

            . 
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