
 

 

39 

Энергетика и электротехника

DOI: 10.18721/JEST.24404 

УДК 621.514 

А.А. Котлов
1
, И.А. Максименко

1
, Ю.Л. Кузнецов

2
 

1 – Санкт-Петербургский политехнический университет Петра Великого,  

Санкт-Петербург, Россия 

2 – АО «Компрессор», Санкт-Петербург, Россия 

ВЛИЯНИЕ ГЕОМЕТРИЧЕСКИХ ПАРАМЕТРОВ ПРОФИЛЯ  

НА ЭФФЕКТИВНОСТЬ РАБОТЫ  

КУЛАЧКОВО-ЗУБЧАТОГО КОМПРЕССОРА 

К̊̂˷̎́̅˹̅-˾̊˸̎˷̉̒˼ ́̅̃̆̇˼̈̈̅̇̒ ˸˼˾ ̈̃˷˾́˿ ˿̃˼̉̕ ˸̅̂̓̏˿˼ ̆˼̇̈̆˼́̉˿˹̒, ̉˷́ ́˷́ ̅˸̑˼˻˿̖̄̉̕ 
̆̇˼˿̃̊̐˼̈̉˹˷ ̆̅̇̏̄˼˹̒̌ ˿ ̇̅̉˷̍˿̅̄̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹. ˦̇̅̋˿̂˿ ̇̅̉̅̇̅˹ ˿̃˼̉̕ ̈̂̅˽̄̊̕ ̋̅̇̃̊ 

˿ ̖̈̅̈̉̅̉ ˿˾ ̄˼́̅̉̅̇̅˺̅ ́̅̂˿̎˼̈̉˹˷ ̅˻̄̅̉˿̆̄̒̌ ́̇˿˹̒̌, ˹̒̆̅̂̄˼̄̄̒̌ ̉˷́, ̎̉̅ ̂˿̄˿̖ ́̅̄̉˷́̉˷ 

̆̇˿ ̅˸́˷̉̒˹˷̄˿˿ ̇̅̉̅̇̅˹ ˹̈˼˺˻˷ ̆˷̇˷̂̂˼̂̓̄˷ ˿̌ ̖̅̈̃. ˧˷̈̈̃̅̉̇˼̄̅ ˹̂˿̖̄˿˼ ̅̈̄̅˹̄̒̌ ˺˼̅̃˼̉̇˿-

̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅̋˿̖̂ (R, ʗR ˿ r) ̄˷ ˹˼̂˿̎˿̄̊ ̅̃˼̉˷˼̃̅̀ ̇̅̉̅̇˷̃˿ ̆̂̅̐˷˻˿, ̅˸̑˼̃ ̆˷̇̄̅̀ 

̆̅̂̅̈̉˿ ˿ ˹˼̂˿̎˿̄̊ ̆˼̇˼̉˼̎˼́ ̎˼̇˼˾ ˾˷˾̅̇̒. ˟̈̈̂˼˻̅˹˷̄˿˼ ̆̇̅˹̅˻˿̂̅̈̓ ̆̅ ̇˷˾̇˷˸̅̉˷̄̄̅̀ ́̅̃̆̓-

̉̕˼̇̄̅̀ ̆̇̅˺̇˷̃̃˼, ̆̇˼˻̄˷˾̄˷̎˼̄̄̅̀ ˻̖̂ ˹̒˸̅̇˷ ̅̆̉˿̃˷̂̓̄̅˺̅ ˹˷̇˿˷̄̉˷ ̈̅̅̉̄̅̏˼̄˿̖ ˺˼̅̃˼̉̇˿-

̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅̋˿̖̂. ˦̇˿˹˼˻˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ̉˼̅̇˼̉˿̎˼̈́˿̌ ˿̈̈̂˼˻̅˹˷̄˿̀ ˹̂˿̖̄˿̖ ˺˼̅̃˼̉-
̇˿̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅̋˿̖̂ ̄˷ ˿̄̉˼˺̇˷̂̓̄̒˼ ̌˷̇˷́̉˼̇˿̈̉˿́˿ ̇̅̉̅̇̄̅-̏˼̈̉˼̇˼̄̎˷̉̅˺̅ ́̅̃-

̆̇˼̈̈̅̇˷. ˦̇˿˹˼˻˼̄̒ ̅̆̉˿̃˷̂̓̄̒˼ ̈̅̅̉̄̅̏˼̄˿̖ ̃˼˽˻̊ ̆˷̇˷̃˼̉̇˷̃˿ ̇̅̉̅̇̅˹, ́̅̉̅̇̒˼ ̅̆̇˼˻˼̖̂-

̉̕ ˺˼̅̃˼̉̇˿̕ ˺˷˾̅̇˷̈̆̇˼˻˼̂˿̉˼̂̓̄̒̌ ̔̂˼̃˼̄̉̅˹. 
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INFLUENCE OF PROFILE GEOMETRY ON THE PERFORMANCE  

OF A CLAW COMPRESSOR 

Dry (non-lubricated) claw compressors have a promising future because they possess the advantages of both 

piston and rotary compressors. The rotor profiles have sophisticated form including several curves of similar 

type, combined so that the line of contact is always parallel to the rotor axis. We have considered the effect 

of the main geometric parameters of the profile (R, ʗR and r) on the rotor-swept area value, on the volume 

of the cavity and on the amount of leakage through the clearances. The study has been carried out by the de-

veloped computer program intended for selecting the optimal variant for the ratio of geometrical parameters 

of the profile. We have given the results of theoretical studies on the influence of the profile’s geometric pa-

rameters on integrated characteristics of a rotor-geared compressor. We have presented optimal relations 

between the parameters defining the geometry of gas distribution elements. 
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ВǤǧǦǧǯǪǧ 

К̊̂˷̎́̅˹̅-˾̊˸̎˷̉̒˼ ́̅̃̆̇˼̈̈̅̇̒ ˸˼˾ ̈̃˷˾-
́˿ ˿̃˼̉̕ ˸̅̂̓̏˿˼ ̆˼̇̈̆˼́̉˿˹̒, ̉˷́ ́˷́ ̅˸̑˼-
˻˿̖̄̉̕ ̆̇˼˿̃̊̐˼̈̉˹˷ ̆̅̇̏̄˼˹̒̌ ˿ ̇̅̉˷̍˿̅̄-

̄̒̌ ́̅̃̆̇˼̈̈̅̇̅˹. В ́̊̂˷̎́̅˹̅-˾̊˸̎˷̉̅̃ ́̅̃-

̆̇˼̈̈̅̇˼ ̅̉̄̅̈˿̉˼̂̓̄˷̖ ˻̂˿̄˷ ̇̅̉̅̇̅˹ ̃̅˽˼̉ 
˸̒̉̓ ̃˼̄̓̏˼, ̎˼̃ ˹ ˻̇̊˺˿̌ ̉˿̆˷̌ ̇̅̉̅̇̄̒̌ ̃˷-
̏˿̄. ˦̇˿ ̔̉̅̃ ̅̆̉˿̃˷̂̓̄̒˼ ̅́̇̊˽̄̒˼ ̈́̅̇̅-

̈̉˿ ̄˷ ̆˼̇˿̋˼̇˿˿ ̇̅̉̅̇̅˹ ̃̅˽̄̅ ̆̅̂̊̎˿̉̓ ̆̇˿ 

̃˼̄̓̏˼̃ ˾̄˷̎˼̄˿˿ ̎˷̈̉̅̉̒ ˹̇˷̐˼̄˿̖. ˘̅̂̓̏˿̀ 

˻˿˷̃˼̉̇ ̆̅˾˹̖̅̂˼̉ ̆̅̂̊̎˿̉̓ ˸̅̂˼˼ ˹̒̈̅́˿˼ ̅̉-
̄̅̏˼̄˿̖ ̆̂̅̐˷˻˿ ̅́̅̄ ˹̈˷̈̒˹˷̄˿̖ ́ ̅˸̑ё̃̊ 
̇˷˸̅̎˿̌ ̆̅̂̅̈̉˼̀, ̎̉̅ ̆̇˿ ̃˼̄̓̏˼̀ ̎˷̈̉̅̉˼ 
˹̇˷̐˼̄˿̖ ̊̃˼̄̓̏˷˼̉ ˺˷˾̅˻˿̄˷̃˿̎˼̈́˿˼ ̆̅̉˼̇˿. 

˦̇̅̋˿̂˿ ̇̅̉̅̇̅˹ ˿̃˼̉̕ ̈̂̅˽̄̊̕ ̋̅̇̃̊ ˿ ˹̒-

̆̅̂̄˼̄̒ ̉˷́, ̎̉̅ ̂˿̄˿̖ ́̅̄̉˷́̉˷ ̆̇˿ ˿̌ ̅˸́˷-
̉̒˹˷̄˿˿ ˹̈˼˺˻˷ ̆˷̇˷̂̂˼̂̓̄˷ ̖̅̈̃ ̇̅̉̅̇̅˹ [1–4]. 

˦̇̅̋˿̂̓ ̇̅̉̅̇̅˹ ˻̅̂˽˼̄ ̅̉˹˼̎˷̉̓ ̉˼̌̄̅-

̂̅˺˿̎˼̈́˿̃ ̉̇˼˸̅˹˷̄˿̖̃, ̉. ˼. ˻̅̂˽˼̄ ̂˼˺́̅ 

̅˸̇˷˸˷̉̒˹˷̖̉̓̈ [5]. ˦̅̔̉̅̃̊ ̆̇˼˻̆̅̎̉˿̉˼̂̓̄̅ 

˿̈̆̅̂̓˾̅˹˷̄˿˼ ̆̇̅̋˿̂˼̀, ̖̈̅̈̉̅̐˿̌ ̆̇˼˿̃̊-

̐˼̈̉˹˼̄̄̅ ˿˾ ̖̆̇̃̅̂˿̄˼̀̄̒̌ ̊̎˷̈̉́̅˹ ˿ ˻̊˺ 

̅́̇̊˽̄̅̈̉˼̀. В ̈˹̖˾˿ ̈ ̔̉˿̃ ˹ ́̅̄̈̉̇̊́̍˿˿ 

́̅̃̆̇˼̈̈̅̇˷ ̇˷̍˿̅̄˷̂̓̄̅ ˿̈̆̅̂̓˾̅˹˷̉̓ ̅˻˿-

̄˷́̅˹̒˼ ̅˻̄̅˾̊˸̒˼ ̇̅̉̅̇̒ ̈ ̖̆̇̃̅̂˿̄˼̀̄̅̀ 

̉̒̂̓̄̅̀ ̈̉̅̇̅̄̅̀ ˾̊˸˷. 
ǘǧǭǾ ǲǢбоǴǽ – ̅̍˼̄́˷ ˹̂˿̖̄˿̖ ˺˼̅̃˼̉̇˿-

̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅̋˿̖̂ ̄˷ ̆̇̅˿˾˹̅˻˿-

̉˼̂̓̄̅̈̉̓ ́̊̂˷̎́̅˹̅-˾̊˸̎˷̉̅˺̅ ́̅̃̆̇˼̈̈̅̇˷. 
ǐбǼǧǬǴ ǪǳǳǭǧǦоǤǢǯǪя. ˦̇˿ ̆̇̅˼́̉˿̇̅˹˷̄˿˿ 

̆̇̅̋˿̖̂ ̈ ̖̆̇̃̅̂˿̄˼̀̄̅̀ ̉̒̂̓̄̅̀ ̈̉̅̇̅̄̅̀ 

˾̊˸˷ ˹̒˸˿̇˷̉̕ ̈̂˼˻̊̐̕˿˼ ̆˷̇˷̃˼̉̇̒ (̇˿̈. 1): 

̇˷˻˿̊̈ ̈ ̄˷̎˷̂̓̄̅̀ ̅́̇̊˽̄̅̈̉˿; ̅̉̄̅̈˿̉˼̂̓-
̄̊̕ ˹˼̂˿̎˿̄̊ ̇˷˻˿̊̈˷ ̅́̇̊˽̄̅̈̉˿ ˹̒̈̉̊̆˷ 
( / )R R r  ˿ ̊˺̂̅˹̊̕ ̉̅̂̐˿̄̊ ˾̊˸˷ ̆̅ ̅́̇̊˽-

̄̅̈̉˿ ˹̒̈̉̊̆˷ (ʗR) [6]. 

˦̇̅̋˿̂̓ ̈̅̈̉̅˿̉ ˿˾ ̈˼̃˿ ́̇˿˹̒̌, ̆̇˿̆˷-
̈̅˹˷̄̄̒̌ ˻̇̊˺ ́ ˻̇̊˺̊ ̉˷́, ̎̉̅˸̒ ̆̇˿ ˹̇˷̐˼-
̄˿˿ ̇̅̉̅̇̒ ˹̌̅˻˿̂˿ ˹ ˾˷̍˼̆̂˼̄˿˼ ̆̇˷́̉˿̎˼-
̈́˿ ˸˼˾˾˷˾̅̇̄̅. А̄˷̂˿̉˿̎˼̈́̅˼ ̅̆˿̈˷̄˿˼ ́̇˿-

˹̒̌ ̆̇˼˻̈̉˷˹̖̂˼̉ ̈̅˸̅̀ ̈˿̈̉˼̃̊ ̆˷̇˷̃˼̉̇˿̎˼-
̈́˿̌ ̊̇˷˹̄˼̄˿̀. ˦̇˿ ˹̒˹̅˻˼ ̊̇˷˹̄˼̄˿̀ ̂˿̄˿̀ 

̊̎˿̉̒˹˷̂̅̈̓ ˹˾˷˿̃̄̅˼ ̇˷̈̆̅̂̅˽˼̄˿˼ ̊̎˷̈̉́̅˹ 

̆̇̅̋˿̖̂ ˿ ̆̇̅˿˾˹̅˻˿̂̅̈̓ ˿̌ ̈̅˺̂˷̈̅˹˷̄˿˼ 
(̈̃. ̇˿̈. 1). 

 

 
 

˧˿̈. 1. ˦̇̅̋˿̂̓ ̈ ̖̆̇̃̅̂˿̄˼̀̄̅̀ ̉̒̂̓̄̅̀ ̈̉̅̇̅̄̅̀ ˾̊˸˷ 
Fig. 1. Profile with a straight back of a tooth 
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˪̇˷˹̄˼̄˿̖ ˹ ̅˸̐˼̃ ˹˿˻˼ ˹̒̇˷˽˼̄̒ ̎˼̇˼˾ 
̆˷̇˷̃˼̉̇̒ ,R  ʗR ˿ r, ̅̆̇˼˻˼̖̂̐̕˿˼ ˺˼̅̃˼̉̇˿̕ 

̆̇̅̋˿̖̂, ˿ ˹́̂̎̕˷̉̕ ̈̂˼˻̊̐̕˿˼ ˹̒̇˷˽˼̄˿̖: 

Ȅȋȟ ȊȐȈвȎȉ АВ (˿̈̌̅˻̄̒̀ ̖̆̇̃̅̂˿̄˼̀̄̒̀ 

̊̎˷̈̉̅́) 

 

  
  

  
  
 

cos arccos 1

tg sin arccos 1 ;

sin arccos 1

tg cos arccos 1 ;

0 arccos 1 ;

R

R

R

R

ǵ r R

r R

Y r R

r R

R

     

     

     

     

  

 

Ȅȋȟ ȊȐȈвȎȉ BC (˻̊˺˷ ̅́̇̊˽̄̅̈̉˿) 

 

   
   

cos cos sin sin ;

cos sin sin cos ;

0 ;

R R

R R

R

ǵ rR rR

Y rR rR

      

      

   

 

Ȅȋȟ ȊȐȈвȎȉ CD (̊˻̂˿̄˼̄̄̅-̔̆˿̍˿́̂̅˿-

˻˷̂̓̄̒̀ ̊̎˷̈̉̅́) 

 

 
 

 

2 cos cos 2 ;

2 sin sin 2 ;

arc ;cos 1 / 0

ǵ r rR

Y r rR

R

  

  

   ο

 

Ȅȋȟ ȊȐȈвȎȉ DE (˻̊˺˷ ̅́̇̊˽̄̅̈̉˿) 

 

 
 
2 cos ;

2 sin

;0 R

ǵ r R

Y r R

  

  

   

 

Ȅȋȟ ȊȐȈвȎȉ EF (̊˻̂˿̄˼̄̄̅-̔̆˿̍˿́̂̅˿-

˻˷̂̓̄̒̀ ̊̎˷̈̉̅́) 

 

 

 

 

 
*

2 cos cos 2 cos

2 sin sin 2 sin ;

2 cos cos 2 sin

2 sin sin 2 cos ;

0 ;

R

R

R

R

ǵ r rR

r rR

Y r rR

r rR

      

     

      

     

   

 

Ȅȋȟ ȊȐȈвȎȉ FG (́̇˿˹̅̂˿̄˼̀̄̒̀ ̊̎˷̈̉̅́) 

 

   
3

2 22

2

2

2 1 tg 1 2 tg

cos[arccos(1 / ) ] [2 tg (1 1 tg )

tg (1 2 tg )]sin arccos(1 / ) ;

R

R

ǵ r

R r

R

 
       

  

       

      

 

 

   
3

2 22

2

2

2 1 tg 1 2 tg

sin[arccos(1 / ) ] [2 tg (1 1 tg )

tg (1 2 tg )]cos[arccos(1 / ) ];

R

R

Y r

R r

R

 
       

  

        

    

 

 ** 0 ;      

Ȅȋȟ ȊȐȈвȎȉ GA (˻̊˺˷ ̅́̇̊˽̄̅̈̉˿) 

 

  
  
  
  

  

cos cos arccos 1 /

sin sin arccos 1 / ;

cos sin arccos 1/

sin cos arccos 1/ ;

2 arccos 1/ 360 0 .

R

R

R

R

R

ǵ r R

r R

Y r R

r R

R

      

     

      

     

       

 

˩̅̎́˷ ̆˼̇˼̈˼̎˼̄˿̖ ́̇˿˹̒̌ EF ˿ FG ̅̆̇˼˻˼-
̖̂˼̉ ˹˼̂˿̎˿̄̊ φ*, ˷ ̉̅̎́˷ ̆˼̇˼̈˼̎˼̄˿̖ ́̇˿˹̒̌ 
FG ˿ GA – ̊˺̅̂ φ**. Э̉˿ ̊˺̂̒ ̄˷̌̅˻̖̖̉̈ ̎˿̈̂˼̄-

̄̒̃ ̃˼̉̅˻̅̃ ̈ ̂̕˸̅̀ ˾˷˻˷̄̄̅̀ ̉̅̎̄̅̈̉̓̕. 

˧˷˸̅̎˿̀ ̆̇̅̍˼̈̈ ˹ ́̅̃̆̇˼̈̈̅̇˼, ̉. ˼. ˻˷˹̂˼-
̄˿˼ ˿ ̉˼̃̆˼̇˷̉̊̇˷ ˺˷˾˷ ˹ ̇˷˸̅̎˼̀ ́˷̃˼̇˼ ˹ ̆̇̅-

˿˾˹̅̂̓̄̒̀ ̃̅̃˼̄̉ ˹̇˼̃˼̄˿, ̅̆̇˼˻˼̖̂˼̖̉̈ ˾˷-
˹˿̈˿̃̅̈̉̓̕ ̅˸̑ё̃˷ ́˷̃˼̇̒ ̅̉ ̊˺̂˷ ̆̅˹̅̇̅̉˷, 
̌˷̇˷́̉˼̇˿˾̊̐̕˼˺̅ ˹˾˷˿̃̄̅˼ ̇˷̈̆̅̂̅˽˼̄˿˼ ̇̅-

̉̅̇̅˹. ˦̅̈́̅̂̓́̊ ̇̅̉̅̇̒ ̖̆̇̃̅̂˿̄˼̀̄̒, ̉. ˼. 
̄˼˾˷́̇̊̎˼̄̒, ̃̅˻˼̂̓̕ ̈˽˷̉˿̖ ˺˷˾˷ ˹ ́̅̃̆̇˼̈-
̈̅̇˼ ˸̊˻˼̉ ˾˷˹˿̈˿̃̅̈̉̓ ̉̅̇̍˼˹̅̀ ̆̂̅̐˷˻˿ ̇˷-
˸̅̎˼̀ ́˷̃˼̇̒ ̅̉ ̊˺̂˷ ̆̅˹̅̇̅̉˷ ̇̅̉̅̇˷ – S(φ). 

˩˼́̊̐˼˼ ˾̄˷̎˼̄˿˼ S(φ) ̅̆̇˼˻˼̖̂˼̖̉̈ ˺˼̅-

̃˼̉̇˿˼̀ ̆̇̅̋˿̖̂ ˿ ˾˷˹˿̈˿̉ ̅̉ ̅̃˼̉˷˼̃̅̀ ̇̅-

̉̅̇˷̃˿ ̆̂̅̐˷˻˿, ̆̇˼˻̈̉˷˹̖̂̐̕˼̀ ̈̅˸̅̀ ̇˷˾-
̄̅̈̉̓ ̆̂̅̐˷˻˼̀ ̄̅̇̃˷̂̓̄̅˺̅ ̈˼̎˼̄˿̖ ̇˷̈̉̅̎-

́˿ ́̅̇̆̊̈˷ ˿ ̄̅̇̃˷̂̓̄̅˺̅ ̈˼̎˼̄˿̖ ̇̅̉̅̇̅˹. 



 

42 

Науч

˥̃˼
̄˷̀˻˼̄

 

˺˻˼ Ṡ̅̉
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̎ё̉˷ ̉˼́̊̐˼
̎˼̄˿̖ S(φ) 

̅˸̑ё̃˷ ̇˷˸
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тротехника

̅̇̃̊̂˼ ˾̄˷-
˿ ˿̈̆̅̂̓˾̊-

̖ ̆̂̅̐˷˻˿ 

˷̃˼̇̒. ˛̖̂ 

˼̇̒ ˻̅̈̉˷-

˿̉̓ ̄˷ ˻̂˿-

˷˹˿̈˿̃̅̈̉̓ 

̃˿ 2,R 
̎˼̀ ́˷̃˼̇̒ 

̄̒ ̇˷˸̅̎˼̀ 

̆̂̅̐˷˻̓. 
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́̊̕ ́̅̄̋˿˺̊̇˷̍˿̕, ̎̉̅˸̒ ̆̇˿ ˹̇˷̐˼̄˿˿ 

̅˻˿̄ ˿˾ ̇̅̉̅̇̅˹ ̅̆̇˼˻˼̖̂̂ ̅̉́̇̒̉˿˼ ˿ ˾˷́̇̒-

̉˿˼ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖, ˷ ˻̇̊˺̅̀ – ̅́̄˷ ̄˷˺̄˼-
̉˷̄˿̖. 

˥̆̇˼˻˼̂˿̉̓ ̊˺̅̂ ̅̉́̇̒̉˿̖ ̅́̄˷ ̄˷˺̄˼̉˷-

̄˿̖ φ3 (̇˿̈. 6) ̃̅˽̄̅, ˾̄˷̖ ˾˷́̅̄ ˿˾̃˼̄˼̄˿̖ 

̅˸̑ё̃˷ ̇˷˸̅̎˼̀ ́˷̃˼̇̒: 

  11 max 1 3) ,( /
n

V V Ȑ Ȑ   

˺˻˼ Ȑ1 – ˻˷˹̂˼̄˿˼ ˺˷˾˷ ˹ ̇˷˸̅̎˼̀ ́˷̃˼̇˼ ˹ ̃̅-

̃˼̄̉ ̄˷̎˷̂˷ ˺˼̅̃˼̉̇˿̎˼̈́̅˺̅ ̈˽˷̉˿̖; Ȑ3 – ˻˷˹-

̂˼̄˿˼ ˺˷˾˷ ˹ ̇˷˸̅̎˼̀ ́˷̃˼̇˼ ˹ ̃̅̃˼̄̉ ̅̉́̇̒-

̉˿̖ ̅́̄˷ ̄˷˺̄˼̉˷̄˿̖; n – ̉˼̃̆˼̇˷̉̊̇̄̒̀ ̆̅́˷-
˾˷̉˼̂̓ ̆̅̂˿̉̇̅̆̒ ̈˽˷̉˿̖ ̆̅ ́̅̄˼̎̄̒̃ ̆˷̇˷-
̃˼̉̇˷̃. 

˪˺̅̂ φ4
 ˾˷́̇̒̉˿̖ ̅́̄˷ ̄˷˺̄˼̉˷̄˿̖ (̈̃. ̇˿̈. 

6) ˹̒˸˿̇˷˼̖̉̈ ˿˾ ̊̈̂̅˹˿̀ ̊̃˼̄̓̏˼̄˿̖ ̆˼̇˼̉˼-

́˷̄˿̀ ˿ ˺˼̇̃˼̉˿̎̄̅̈̉˿ ̇˷˸̅̎˼̀ ́˷̃˼̇̒. Э̉̅̉ 
̊˺̅̂ ̅̆̇˼˻˼̖̂˼̉ ˹˼̂˿̎˿̄̊ ˾˷̐˼̃̂ё̄̄̅˺̅ ̅˸̑-

ё̃˷, ́̅̉̅̇̒̀ ̆̇˿˹̅˻˿̉ ́ ̊˹˼̂˿̎˼̄˿̕ ˿̄˻˿́˷-
̉̅̇̄̅̀ ̃̅̐̄̅̈̉˿. 

˪˺̅̂ φ1
 ̅̉́̇̒̉˿̖ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖ 

(̈̃. ̇˿̈. 6) ˹̒˸˿̇˷˼̖̉̈ ˿˾ ̊̈̂̅˹˿̖ ̅˸˼̈̆˼̎˼-

̄˿̖ ̉˼̌̄̅̂̅˺˿̎̄̅˺̅, ̇˷˾˹˿̉̅˺̅ ̆̅ ˹̈˼̀ ˺̂̊-

˸˿̄˼ ˹̆˷˻˿̄̒ ̊̎˷̈̉́˷ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖. ˪˺-
̂̅˹˷̖ ̖̆̇̅̉˽ё̄̄̅̈̉̓ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖  

˹̂˿̖˼̉ ̄˷ ̅̉̄̅̈˿̉˼̂̓̄̊̕ ˹˼̂˿̎˿̄̊ ̆˼̇˼̉˼́˷-

̄˿̀ ˺˷˾˷ ˿ ̄˷ ́̅̔̋̋˿̍˿˼̄̉ ̄˼˻̅˿̈̆̅̂̓-

˾̅˹˷̄˿̖ ̅˸̑ё̃˷ ̇˷˸̅̎˼̀ ́˷̃˼̇̒, ̎̉̅ ̅̆̇˼˻˼-

̖̂˼̉ ̊˺̅̂ φ2 ˾˷́̇̒̉˿̖ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖ 

(̈̃. ̇˿̈. 6). 

˧˷̈̆̅̂̅˽˼̄˿˼ ̅́̅̄ ˹̈˷̈̒˹˷̄˿̖ ˿ ̄˷˺̄˼̉˷-
̄˿̖, ̅̆̇˼˻˼̖̂̐̕˼˼ ̊˺̂̒ φ1, φ2 ˿ φ4, ̅˸̅̈̄̅-

˹̒˹˷˼̖̉̈ ˺˼̅̃˼̉̇˿̎˼̈́˿. ˩˼̅̇˼̉˿̎˼̈́˿̀ ́̅̄-

̉̊̇ ̅́̅̄ ˺˷˾̅̇˷̈̆̇˼˻˼̂˼̄˿̖ ̅˸̇˷˾̊˼̖̉̈ ̆˼̇˼-
̈˼̎˼̄˿˼̃ ̅̉́̇̒˹˷̐̕˼̀ ˿ ˾˷́̇̒˹˷̐̕˼̀ ́̇̅-

̃̅́ ̆̇̅̋˿̖̂. ˛˼̀̈̉˹˿̉˼̂̓̄̒̀ ́̅̄̉̊̇ ̅́̅̄ 

˺˷˾̅̇˷̈̆̇˼˻˼̂˼̄˿̖ ˿̃˼˼̉ ˸̅̂˼˼ ̆̇̅̈̉̒˼ ˹ ˿˾-
˺̅̉̅˹̂˼̄˿˿ ́̇̅̃́˿ ˿ ̄˼˾̄˷̎˿̉˼̂̓̄̅ ̅̉̂˿-

̎˷̐̕˿˼̖̈ ˺˷˸˷̇˿̉̒, ̎̉̅ ̆̇˷́̉˿̎˼̈́˿ ̄˼ ̈́˷-
˾̒˹˷˼̖̉̈ ̄˷ ̇˷˸̅̉˼ ́̅̃̆̇˼̈̈̅̇˷, ̉˷́ ́˷́ ̅̉̈˼-
́˷̖̉̈̕ ̊˾́˿˼ ˿ ̃˷̂̅̔̋̋˼́̉˿˹̄̒˼ ̎˷̈̉˿ ˺˷˾̅-

̇˷̈̆̇˼˻˼̂˿̉˼̂̓̄̒̌ ̅́̅̄. ˦˼̇˼̉˼́˷̄˿̖ ˺˷˾˷ ˿˾ 
́˷̃˼̇̒ ̈˽˷̉˿̖ ̃̅˽̄̅ ̊̃˼̄̓̏˿̉̓, ˿˾̃˼̖̖̄ 

̅̉̄̅̈˿̉˼̂̓̄̊̕ ˹̒̈̅̉̊ ρ/r ˹˼̇̌̄˼̀ ́̇̅̃́˿ 

̅́̅̄ ˺˷˾̅̇˷̈̆̇˼˻˼̂˼̄˿̖ (̈̃. ̇˿̈. 6). 

 

 
 

˧˿̈. 6. ˪˺̂̒ ̅́̅̄ ˹̈˷̈̒˹˷̄˿̖ ˿ ̄˷˺̄˼̉˷̄˿̖ 

Fig. 6. Angles suction port and closing port 
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ǎǢǴǧмǢǴǪǹǧǳǬǢя моǦǧǭǾ 

˛̖̂ ˿̈̈̂˼˻̅˹˷̄˿̖ ˹̂˿̖̄˿̖ ̄˷ ̇˷˸̅̉̊ ́̊̂˷̎-

́̅˹̅-˾̊˸̎˷̉̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ˺˼̅̃˼̉̇˿̎˼̈́˿̌ ̈̅-

̅̉̄̅̏˼̄˿̀ ̆̇̅̋˿̖̂ ˿ ˻̇̊˺˿̌ ̋˷́̉̅̇̅˹, ̅̆̇˼˻˼-
̖̂̐̕˿̌ ˺˷˾̅- ˿ ̉˼̇̃̅˻˿̄˷̃˿́̊ ̆̇̅̍˼̈̈˷ ̈˽˷-
̉˿̖, ˸̒̂˷ ̇˷˾̇˷˸̅̉˷̄˷ ̆̇̅˺̇˷̃̃˷ ̇˷̈̎ё̉˷ ˿̄̉˼-
˺̇˷̂̓̄̒̌ ̌˷̇˷́̉˼̇˿̈̉˿́, ̆̅˾˹̖̅̂̐̕˷̖ ̅̈̊̐˼̈̉-
˹̖̂̉̓ ̆̅˻˸̅̇ ̅̆̉˿̃˷̂̓̄̅˺̅ ˹˷̇˿˷̄̉˷ ̈̅̅̉̄̅̏˼-
̄˿̖ ˺˼̅̃˼̉̇˿̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅̋˿̖̂ ˿ ˺˷˾̅-

̇˷̈̆̇˼˻˼̂˿̉˼̂̓̄̒̌ ̅̇˺˷̄̅˹. ˧˷˾̇˷˸̅̉˷̄̄˷̖ ̆̇̅-

˺̇˷̃̃˷ ̆̅˾˹̖̅̂˼̉ ̅̍˼̄˿̉̓ ̔̋̋˼́̉˿˹̄̅̈̉̓ ̇˷˸̅-

̉̒ ́̊̂˷̎́̅˹̅-˾̊˸̎˷̉̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̆̇˿ ̇˷˾-
̂˿̎̄̒̌ ˺˼̅̃˼̉̇˿̎˼̈́˿̌ ̆˷̇˷̃˼̉̇˷̌ ̆̇̅̋˿̖̂ ̇̅-

̉̅̇̅˹ ˿ ́̅̄̈̉̇̊́̉˿˹̄̒̌ ̇˼̏˼̄˿̖̌. 
˩˼̇̃̅˻˿̄˷̃˿̎˼̈́˿̀ ̇˷̈̎ё̉ ̆̇̅˿˾˹̅˻˿̖̂̈ 

̆̅ ̃˼̉̅˻˿́˼ ˨˦˸˦˪, ̆̇˼˻̄˷˾̄˷̎˼̄̄̅̀ ˻̖̂ 

̇˷̈̎ё̉˷  ́̊̂˷̎́̅˹̅-˾̊˸̎˷̉̅˺̅  ́̅̃̆̇˼̈̈̅̇˷.1 

В ̅̈̄̅˹˼ ̃˼̉̅˻˿́˿ ̂˼˽˿̉ ̅̍˼̄́˷ ̔̋̋˼́̉˿˹̄̅-

̈̉˿ ́̅̃̆̇˼̈̈̅̇˷ ̈ ˿̈̆̅̂̓˾̅˹˷̄˿˼̃ ́̅̔̋̋˿-

̍˿˼̄̉˷ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉˿ [7–11] 

  ˻ ˿̈̆ ˹ ̊ ̆̇1 ,ǲ       

˺˻˼ ˻ – ́̅̔̋̋˿̍˿˼̄̉ ˻˷˹̂˼̄˿̖; ǲ – ́̅̔̋̋˿-

̍˿˼̄̉ ̆̅˻̅˺̇˼˹˷; ˿̈̆ – ́̅̔̋̋˿̍˿˼̄̉ ̄˼˻̅˿̈-
̆̅̂̓˾̅˹˷̄˿̖ ̅˸̑ё̃˷; ˹ ̊ – ̅̉̄̅̈˿̉˼̂̓̄˷̖ ˹˼-
̂˿̎˿̄˷ ˹̄˼̏̄˿̌ ̊̉˼̎˼́; ̆̇ – ̅̉̄̅̈˿̉˼̂̓̄˷̖ 

˹˼̂˿̎˿̄˷ ˹̄̊̉̇˼̄̄˿̌ ̆̇˿̉˼̎˼́. 

В ̇̅̉˷̍˿̅̄̄̒̌ ́̅̃̆̇˼̈̈̅̇˷̌ ˿̃˼̉̕ ̃˼̈̉̅ 

̆̇̅̉˼̎́˿ ˺˷˾˷ ̎˼̇˼  ˾˾˷˾̅̇̒, ̈̅̈̉˷˹̖̂̐̕˿˼ ˿̄̅˺˻˷ 
˾̄˷̎˿̉˼̂̓̄̊̕ ̎˷̈̉̓ ̅̉ ̆̅̂˼˾̄̅̀ ̆̇̅˿˾˹̅˻˿̉˼̂̓-
̄̅̈̉˿ [12–14]. ˧˷̈̎ё̉ ̆̇̅̉˼̎˼́ ̆̇̅˿˾˹̅˻˿̖̂̈ ̆̅ 

̃˼̉̅˻̊ ˨.˜. ˞˷̌˷̇˼̄́̅ [15]. ˞̄˷̎˼̄˿˼ ̃˷̈̈̅˹̅˺̅ 

̇˷̈̌̅˻˷ ̆̇̅̉˼̎˼́ (˿˾ ̅˸̂˷̈̉˿ ˻˷˹̂˼̄˿̖ Ȑ2 ˹ ̅˸-

̂˷̈̉̓ ˻˷˹̂˼̄˿̖ Ȑ1) ̆̇˿ ́˷˽˻̅̃ ̋˿́̈˿̇̅˹˷̄̄̅̃ 

̊˺̂˼ ̆̅˹̅̇̅̉˷ ̇̅̉̅̇˷ ̅̆̇˼˻˼̖̂˼̖̉̈ ̆̅ ̋̅̇̃̊̂˼  
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1 1 2/ ( );Ȑ RT   2 1 ;Ȑ Ȑ    2b     

;1 l     μ – ́̅̔̋̋˿̍˿˼̄̉ ̇˷̈̌̅˻˷; ʣ – ́̅̔̋-

̋˿̍˿˼̄̉ ̃˼̈̉̄̒̌ ̈̅̆̇̅̉˿˹̂˼̄˿̀; λr – ́̅̔̋-

̋˿̍˿˼̄̉ ̏˼̇̅̌̅˹˷̉̅̈̉˿; Σ – ́̅̔̋̋˿̍˿˼̄̉ 
̋̅̇̃̒; ̆˷̇˷̃˼̉̇̒, ̅̆̇˼˻˼̖̂̐̕˿˼ ˺˼̅̃˼̉̇˿̕ 

                                                      
1 ˛˿̃˼̄̉̅˹ ˵.˟., ˦̇˿̂̊̍́˿̀ ˟.К. В˿̄̉̅˹̒˼ 

́̅̃̆̇˼̈̈̅̇̒: ˪̎˼˸̄̅˼ ̆̅̈̅˸˿˼. ˢ., ˢ˦˟, 1978. 69 ̈. 

̐˼̂˿: , l – ̆̇˿˹˼˻ё̄̄̒˼ ̏˿̇˿̄˷ ˿ ˻̂˿̄˷ ̐˼-
̂˿; b – ̆̇˿˹˼˻ё̄̄˷̖ ̆̊̉˿ ˺˷˾˷ ˹ ̐˼̂˿.  

˞̄˷̎˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ ̃˼̈̉̄̒̌ ̈̅̆̇̅-

̉˿˹̂˼̄˿̀ ˾˷˹˿̈˿̉ ̅̉ ̋̅̇̃̒ ̐˼̂˿: ˻̖̂ ̐˼̂˼̀ 

̈ ̇˼˾́˿̃ ̈̊˽˼̄˿˼̃ ˿ ̇˷̈̏˿̇˼̄˿˼̃ ̆̅̉̅́˷  

ʣ = 2,5; ˻̖̂ ̐˼̂˼̀ ̈ ̆̂˷˹̄̒̃ ̈̊˽˼̄˿˼̃ ˿ ̇˷̈-
̏˿̇˼̄˿˼̃ ̆̅̉̅́˷ ʣ = 1,418. 

˞̄˷̎˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ ̏˼̇̅̌̅˹˷̉̅̈̉˿ 

̅̆̇˼˻˼̖̂˼̖̉̈ ̆̅ ̔̃̆˿̇˿̎˼̈́˿̃ ˾˷˹˿̈˿̖̃̅̈̉̃: 

˻̖̂ Re < 1200 ̆̅ ̋̅̇̃̊̂˼ r = 189,2 Re–1,127; 

˻̖̂ Re 1200 ר – r = 3,6Re–0,566. 

ǒǢǳǹǧǴǯоǧ ǪǳǳǭǧǦоǤǢǯǪǧ 

˦̅ ̇˷˾̇˷˸̅̉˷̄̄̅̀ ́̅̃̆̓̉̕˼̇̄̅̀ ̆̇̅˺̇˷̃-

̃˼ ̆̇̅˿˾˹˼̂˿ ̅̍˼̄́̊ ˹̂˿̖̄˿̖ ˺˼̅̃˼̉̇˿˿ ̆̇̅-

̋˿̖̂ ̄˷ ̔̋̋˼́̉˿˹̄̅̈̉̓ ̇˷˸̅̉̒ ̅˻̄̅̈̉̊̆˼̄̎˷-
̉̅˺̅ ́̅̃̆̇˼̈̈̅̇˷ ̈ ̆˷̇˷̃˼̉̇˷̃˿: ̆̇̅˿˾˹̅˻˿-

̉˼̂̓̄̅̈̉̓ – 2 ̃3/̃˿̄, ́̅̄˼̎̄̅˼ ˻˷˹̂˼̄˿˼ – 

0,25 ˣ˦˷, ̈˿̄̌̇̅̄̄˷̖ ̎˷̈̉̅̉˷ ˹̇˷̐˼̄˿̖ ̇̅̉̅-

̇̅˹ – 3000 ̅˸/̃˿̄.  

˦̇̅˼́̉˿̇̅˹˷̄˿˼ ́̊̂˷̎́̅˹̅-˾̊˸̎˷̉̅˺̅ ́̅̃-

̆̇˼̈̈̅̇˷ ̃̅˽˼̉ ˸̒̉̓ ̇˼˷̂˿˾̅˹˷̄̅ ˻˹̖̊̃ ̈̆̅̈̅-

˸˷̃˿: 1) ̅̆̇˼˻˼̂˼̄˿˼̃ ̅̆̉˿̃˷̂̓̄̅̀ ˻̂˿̄̒ ̇˷-
˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹ ˿ ˺˼̅̃˼̉̇˿˿ ˹̒̈̉̊̆̅˹ ̆̇˿ 

̄˼˿˾̃˼̄̄̅̃ ̇˷˻˿̊̈˼ ̄˷̎˷̂̓̄̅̀ ̅́̇̊˽̄̅̈̉˿ 

̆̇̅̋˿̖̂ ̇̅̉̅̇˷; 2) ̅̆̇˼˻˼̂˼̄˿˼̃ ̅̆̉˿̃˷̂̓̄̅̀ 

˻̂˿̄̒ ̇˷˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹ ˿ ˺˼̅̃˼̉̇˿˿ ˹̒-

̈̉̊̆̅˹ ̆̇˿ ̄˼˿˾̃˼̄̄̅̃ ̇˷˻˿̊̈˼ ̇˷̈̉̅̎́˿ ́̅̇-

̆̊̈˷. В̒˸̅̇ ̈̆̅̈̅˸˷ ̆̇̅˼́̉˿̇̅˹˷̄˿̖ ̄˼ ˹̂˿̖˼̉ 
̄˷ ̋̅̇̃̒ ˾˷˹˿̈˿̃̅̈̉˼̀ ̆˷̇˷̃˼̉̇̅˹ ̇˷˸̅̉̒ 

́̅̃̆̇˼̈̈̅̇˷, ̅̆̇˼˻˼̖̂̐̕˿̌ ˼˺̅ ̔̋̋˼́̉˿˹-
̄̅̈̉̓. ˧˷˾̇˷˸̅̉˷̄̄˷̖ ̆̇̅˺̇˷̃̃˷ ̆̅˾˹̖̅̂˼̉ ̆̇̅-

˿˾˹̅˻˿̉̓ ̇˷̈̎ё̉̒ ̆̇˿ ̅˸̅˿̌ ̈̆̅̈̅˸˷̌ ̆̇̅˼́̉˿-

̇̅˹˷̄˿̖. ˤ˿˽˼ ̆̇˿˹˼˻˼̄˷ ̅̍˼̄́˷ ˹̂˿̖̄˿̖ ˺˼̅-

̃˼̉̇˿˿ ̆̇̅̋˿̖̂ ̄˷ ̔̋̋˼́̉˿˹̄̅̈̉̓ ̇˷˸̅̉̒ ́̅̃-

̆̇˼̈̈̅̇˷, ̆̇̅˼́̉˿̇̊˼̃̅˺̅ ̆˼̇˹̒̃ ̈̆̅̈̅˸̅̃. ˟˾ 
́̅̄̈̉̇̊́̉˿˹̄̒̌ ̈̅̅˸̇˷˽˼̄˿̀ ˸̒̂ ̆̇˿̖̄̉ ̇˷˻˿-

̊̈ ̄˷̎˷̂̓̄̅̀ ̅́̇̊˽̄̅̈̉˿ ̆̇̅̋˿̖̂ r = 55 ̃̃. 

ˤ˷ ̇˿̈. 7–12 ̆̇˿˹˼˻˼̄̒ ̇˼˾̊̂̓̉˷̉̒ ˿̈̈̂˼˻̅-

˹˷̄˿̖. ˚˼̅̃˼̉̇˿̖ ̆̇̅̋˿̖̂ ̅̆̇˼˻˼̖̂˼̉ ˻̂˿̄̊ 
̇˷˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹, ̄˼̅˸̌̅˻˿̃̊̕ ˻̖̂ ̅˸˼̈-
̆˼̎˼̄˿̖ ˾˷˻˷̄̄̅̀ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉˿ ̆̇˿ ˹̒-

˸̇˷̄̄̅̀ ̎˷̈̉̅̉˼ ˹̇˷̐˼̄˿̖ ̇̅̉̅̇̅˹ ́̅̃̆̇˼̈̈̅̇˷ 
(̇˿̈. 7). ˦̇˿ ̔̉̅̃ ̆˷̇˷̃˼̉̇̒ ̆̇̅̋˿̖̂ ˿ ˻̂˿̄˷ 
̇˷˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹ ̅̆̇˼˻˼̖̂̉̕ ˺˼̅̃˼̉̇˿̕ 

̉̅̇̍˼˹̒̌ ˿ ̆̇̅˻̅̂̓̄̒̌ ̐˼̂˼̀, ̎˼̇˼˾ ́̅̉̅̇̒˼ 
̅̈̊̐˼̈̉˹̖̖̂̉̈̕ ̆˼̇˼̉˼́˷̄˿̖ ˺˷˾˷, ˹̂˿̖̐̕˿˼ ̄˷ 
̔̋̋˼́̉˿˹̄̅̈̉̓ ́̅̃̆̇˼̈̈̅̇˷. 
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˧˿̈. 7. ˥̈˼˹˷̖ ̖̆̇̅̉˽˼̄̄̅̈̉̓ ̇˷˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹ ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ˻̂˿̄̒ ̇̅̉̅̇˷ ˿ ̊˺̂̅˹̅̀ ̉̅̂̐˿̄̒ ˾̊˸˷ 
Fig. 7. Axial working length of rotors depending on relative addendum and angular tooth thickness 

 

 
 

˧˿̈. 8. К̅̔̋̋˿̍˿˼̄̉ ̄˼˻̅˿̈̆̅̂̓˾̅˹˷̄˿̖ ̅˸̑˼̃˷ ̆˷̇̄̅̀ ̆̅̂̅̈̉˿ 

Fig. 8. Utilization factor of the steam space volume 
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˧˿̈. 9. ˥̉̄̅̈˿̉˼̂̓̄̒˼ ̆̇̅̉˼̎́˿: а – ˹ ˾˷˹˿̈˿̃̅̈̉˿ ̅̉ ̉˿̆˷ ̐˼̂˿; ȁ – ̈̊̃̃˷̇̄̒˼ 

Fig. 9. Relative value of internal inflows: a – depending on the gap type; ȁ – total 
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˟˾̃˼̄˼̄˿˼ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅̋˿̖̂ ̅̆̇˼˻˼̖̂˼̉ 
˿˾̃˼̄˼̄˿˼ ̈̉˼̆˼̄˿ ˿̈̆̅̂̓˾̅˹˷̄˿̖ ̉˼̅̇˼̉˿̎˼-
̈́̅˺̅ ̅˸̑ё̃˷ ̆˷̇̄̅̀ ̆̅̂̅̈̉˿ ̆̇˿ ˾˷̆̅̂̄˼̄˿˿ 

̇˷˸̅̎˼̀ ́˷̃˼̇̒ ˹ ̆̇̅̍˼̈̈˼ ˹̈˷̈̒˹˷̄˿̖ (̇˿̈. 8), 

˷ ̉˷́˽˼ ˹˼˻ё̉ ́ ̆˼̇˼̇˷̈̆̇˼˻˼̂˼̄˿̕ ̆̇̅̉˼̎˼́ 

̃˼˽˻̊ ̉̅̇̍˼˹̒̃˿ ˿ ̆̇̅˻̅̂̓̄̒̃˿ ̐˼̖̂̃˿ ˹˹˿-

˻̊ ˿˾̃˼̄˼̄˿̖ ˹̒̈̅̉̒ ˿ ̉̅̂̐˿̄̒ ˹̒̈̉̊̆˷ ˾̊˸˷ 
˿ ˻̂˿̄̒ ̇˷˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹ (̇˿̈. 9). 

ˤ˷ ́̅̔̋̋˿̍˿˼̄̉ ̄˼˻̅˿̈̆̅̂̓˾̅˹˷̄˿̖ ˿ 

˻̂˿̄̊ ̇˷˸̅̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹ ̉˷́˽˼ ̅́˷˾̒˹˷˼̉ 
˹̂˿̖̄˿˼ ̇˷̈̆̅̂̅˽˼̄˿˼ ́̇̅̃̅́ ˿ ̊˺̂̅˹˷̖ ̆̇̅-

̖̉˽ё̄̄̅̈̉̓ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖ (̇˿̈. 10). ˦̇˿ 

̊̃˼̄̓̏˼̄˿˿ ̊˺̂̅˹̅̀ ̖̆̇̅̉˽ё̄̄̅̈̉˿ ̅́̄˷ ˹̈˷-

̈̒˹˷̄˿̖ ̈̄˿˽˷˼̖̉̈ ̅̉̄̅̈˿̉˼̂̓̄˷̖ ˹˼̂˿̎˿̄˷ 
̆̇̅̉˼̎˼́ ́˷́ ̎˼̇˼˾ ̉̅̇̍˼˹̒˼, ̉˷́ ˿ ̎˼̇˼˾ ̆̇̅-

˻̅̂̓̄̒˼ ̐˼̂˿ (̇˿̈. 11), ̎̉̅, ̅˻̄˷́̅, ̄˼ ́̅̃-

̆˼̄̈˿̇̊˼̉ ̊˹˼̂˿̎˼̄˿˼ ́̅̔̋̋˿̍˿˼̄̉˷ ̄˼˻̅˿̈-
̆̅̂̓˾̅˹˷̄˿̖ ˿ ̆̇˿˹̅˻˿̉ ́ ̈̄˿˽˼̄˿̕ ́̅̔̋̋˿-

̍˿˼̄̉ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉˿ (̇˿̈. 12). 

ǉǢǬǭȀǹǧǯǪǧ 

˦̇̅˹˼˻˼̄̄̒̀ ˷̄˷̂˿˾ ̆̅́˷˾̒˹˷˼̉, ̎̉̅ ̅̈-

̄̅˹̄̅˼ ˹̂˿̖̄˿˼ ̄˷ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉̓ ́̅̃-

̆̇˼̈̈̅̇˷ ̅́˷˾̒˹˷̉̕ ˹̄̊̉̇˼̄̄˿˼ ̆˼̇˼̉˼̎-

́˿ ˺˷˾˷ ̎˼̇˼˾ ̐˼̂˿, ́̅̉̅̇̒˼ ˾˷˹˿̖̈̉ ̅̉ ˹̒̈̅-

̉̒ ˿ ̉̅̂̐˿̄̒ ˹̒̈̉̊̆˷ ˾̊˸˷ ˿ ̅̉ ˻̂˿̄̒ ̇˷˸̅-

̎˼̀ ̎˷̈̉˿ ̇̅̉̅̇̅˹. ˪̈̉˷̄̅˹̂˼̄̅, ̎̉̅ ̄˷˿-

˸̅̂̓̏˼˼ ˾̄˷̎˼̄˿˼ ˿̃˼̉̕ ̆˼̇˼̉˼̎́˿ ̎˼-
̇˼˾ ̉̅̇̍˼˹̒˼ ˾˷˾̅̇̒ ̃˼˽˻̊ ̇̅̉̅̇̅̃ ˿ ̈̉˷̉̅-

̇̅̃, ̆̅̔̉̅̃̊ ˹ ̆˼̇˹̊̕ ̅̎˼̇˼˻̓ ̄˼̅˸̌̅˻˿̃̅ 

̈̉̇˼̃˿̖̉̓̈ ́ ̃˿̄˿̃˿˾˷̍˿˿ ̉̅̇̍˼˹̅˺̅ ˾˷˾̅-

̇˷ ̈̅ ̈̉̅̇̅̄̒ ̅́̄˷ ˹̈˷̈̒˹˷̄˿̖. ˦̇˿ ̊̃˼̄̓-

̏˼̄˿˿ ̊˺̂̅˹̅̀ ̖̆̇̅̉˽ё̄̄̅̈̉˿ ̅́̄˷ ˹̈˷̈̒˹˷-

̄˿̖ ̈ 315 ˻̅ 295 ̅̉̄̅̈˿̉˼̂̓̄˷̖ ˹˼̂˿̎˿-

̄˷ ̆̇̅̉˼̎˼́ ̈̄˿˽˷˼̖̉̈ ̄˷ 28 % ̎˼̇˼˾ ̉̅̇̍˼-
˹̒˼ ̐˼̂˿ ˿ ̄˷ 14 % ̎˼̇˼˾ ̆̇̅˻̅̂̓̄̒˼ ̐˼̂˿. 

˥˻̄˷́̅ ́̅̔̋̋˿̍˿˼̄̉ ̆̇̅˿˾˹̅˻˿̉˼̂̓̄̅̈̉˿ 

̆̇˿ ̔̉̅̃ ̊̃˼̄̓̏˷˼̖̉̈, ̎̉̅ ̈˹̖˾˷̄̅ ̈ ̊˹˼-

̂˿̎˼̄˿˼̃ ́̅̔̋̋˿̍˿˼̄̉˷ ̄˼˻̅˿̈̆̅̂̓˾̅˹˷̄˿̖, 

́̅̉̅̇̅˼ ̈̅̈̉˷˹̖̂˼̉ 54 %. ˧˷˾̇˷˸̅̉˷̄̄˷̖ ́̅̃-

̆̓̉̕˼̇̄˷̖ ̆̇̅˺̇˷̃̃˷ ̆̅˾˹̖̅̂˼̉ ̅̈̊̐˼̈̉-
˹̖̂̉̓ ́˷́ ̆̇˼˻˹˷̇˿̉˼̂̓̄̅˼ ̆̇̅˼́̉˿̇̅˹˷̄˿˼ 
́̊̂˷̎́̅˹̅-˾̊˸̎˷̉̅˺̅ ́̅̃̆̇˼̈̈̅̇˷, ̉˷́ ˿ ̆̅-

˹˼̇̅̎̄̒˼ ̇˷̈̎˼̉̒ ̈ ̆̅˿̈́̅̃ ̅̆̉˿̃˷̂̓̄̒̌ 

˾̄˷̎˼̄˿̀ ˺˼̅̃˼̉̇˿̎˼̈́˿̌ ̆˷̇˷̃˼̉̇̅˹ ̆̇̅-

̋˿̖̂. 
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