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       -
      . 

        -
 :  ,   . 

       – 
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   ,    -
     . 

      ( -
, , , ). 

        -
  .       

             
: 

                             = V  /V . .,          (1.1) 

 m – ; V  –  ; V . .–   .  -
        0,45. 

    ,   
       .  

     : 
 

      v = ,
dL
dPk  / ,            (1.2) 

 
 v      ; k   ; 

 –  ; dP/dL –    . 
          -

 ,   . 
        

   ,   -
,        

 : 
  –       

    (  ), . .     
      ; 

  –        
, . .   ,    ; 

  –       -
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     (  1.1).   
   ,   -

  –   –   -
 –  :   

  
           = gz;               (1.3) 

 
 =  ,          (1.4) 

 
  –    (  = 1900…3000 / 3);  

g –   ;  –   -
,         -
; z –    .  

  ,       -
  ,     -

 – .  

        -
,  .    -
    , -
       

    . ,    ' : 

       ' =  / ,             (1.5) 

    –          
.  '    ,   -

 ,     . 
  .       -

 .    ' < 0,8,  ,     
     ( ),   ' > 1,2 –  

   ( ). ,   -
     0,8  1,2,     . 
        -

         
  .  

 
1.2.      
 

     –   
 (  )      .    
     ,   -

 (  1.2, ). 
       -

        .   

z 
           

        

             

 1.1 – 
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 1    2         
 .  

    ,     -
,         .  -
       .  

 

                
 

 1.2 –   ( )   ( )    
 
     ,    

.       , 
,     ,   

 .       -
     . 

     (  1.2, ).   -
        ,   

   .  
     .    

    .     -
  ,   3   : 

 
                       3   =  / ,      (1.6) 

 
  –   ,     . 

 ,   ,     , -
  (1 – ). ,   3   

 

         3 = 
)1(

 = max – 
)1(

 = .               (1.7) 
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  (4.37) ,       
     .    =  ,     

3 =  .  
 ,       

1      
 
     1 =  + (1 – )(1 – ).           (1.8) 
   

,         
 .         

        
   ,     -  -

     
     c = exp (–19,2 m2),                 (1.9) 

 
 m –      .      

  (1.9) -
   1.3,   , 
     = 1,   

    
    

   
      

     
   .  -

      
.     

     -
 (  1.4). 

  1.4 ,    
   -

    (  
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  .  -
         -

.        ,  
   .      

       . 
,         

,    .         
               

,       -
          -
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 1.3 –    m  
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 1.4 –   ( )   ( )     
     (   . . ) 

 
 

1.3.    .  
         
 
        .  

   ,       ,  
-  ( )     ( ,   

 ).    -    -
    ,     -

 ,    –7…–12 .  
     : , -

  ,   ,    . 
     8…30 .    -

       ,  
    .    -

       0,03 / . -
         
           -

.         -
 . ,        
 15    200 ,      

12…14  –  300 ,       15  –  600 . 
      ,   -
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y = -0,000117x + 0,453000
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 2 
 

   
  

 
  ,      

(  ,   )  . 
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 . 

 
2.1.        
 

         -
 .     , -
      . 

          -
   2.1, . 

 
            

 
 2.1 –        ( ) 

   F  d  l ( ) 
 

        -
  2  40–50 ,     l   -

 d,   .      
 .     1   3  

.         4. 
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       : 
  

1 = 2 = 0;  3 < 0, 
 

 1, 2   3 –    .   
  F = 0     ,   

   .     -
 0,5 1,0 /      ( ).   -

     F,    l  -
 d   .      
 2.1, . 

       .  
        -

    OC',       
  (  0). 

 .     Fmax (  ) 
  S       -

      : 
 

  = Fmax/S,     (2.1) 

  S = 2

4
d  = 0,785d 2.  

     l    d    
,     2.1, ,    -

    :      -
  (  )       ( -

 ): 

  = max

lS
lF

;       (2.2)  

  = 
ld
ld

 ,        (2.3) 

 l  d –       . 
   ,      ,  

    s   : 
 

                                                        s = Fs /S,  (2.4)
  

 Fs –    ,     
     (  ).  -
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      Fmax  Fs     
  .     s  . 

          
 .     -

    ( )  -
,    2.1.   ,     -
    .     -

    .   kpsi ( , -
   )    ( ).  

         -
    (code IADC).   -

     .   
 

 2.1 
      

    
 

    
, kpsi ,    

    

Very soft    10  70  4 
Soft  >10...24 >70...165 >4…9 

Medium  >24...32 >165...220 >9…12 
Hard  >32...42 >220...290 >12…16 

Very hard   >42...50 >290...345 >16…19 
Super hard   >50 >345 >19 

 
     ,     

     ,     1, 2  3 
  .   ,      -

             , -
     ,   

      ( .  (1.3)  (1.4)). -
        

     0,   
 

0 = ( 1 + 2 + 3)/3 = (1 + 2 )/3, 
  

 1, 2  3    . 
        : 

1)         
  -     ; 
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2)           -
   ,   

 ;  
3)         -

   . 
 

2.2.        
 

 
         -

 ( )      . 
         

 , ,   .    
 .        

 ,        
 . 
 . . ,  ,    -

   ,     -
,         -
.   . .    .   -
  -    ,   -

      ,    , 
  ,         -
,         
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      -
     (  2.2).    -
   d  1,5  5 .    -

      ,       
       ,  

          .  
       -

       30…50   -
 40…60 .      -  -

 . 
       , -

        –  -
  . 

       ,    
           

     . 

  .     -
  F     h      : 

I –  (  2.3, ), II  -  (  2.3, )  III  -
   (  2.3, ).  

      : 
       ;   -

  –         – 
      . 

         
    (  2.3, ).    

Fmax      : 

 p  =
S

Fmax ,                                               (2.5) 

 S    (S= 0,785d2); d    ( .  2.2, ). 
   -   (  2.3, , ),  
,       p0: 

      0 = F0 /S.                                                  (2.6) 
  F0     ,    

     ,   -
    F  h. 

        
 ( )   : 

 = 
0

0

hd
F

,             (2.7) 

 h0 –    ,   F0. 
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    V,     

 ,   ,    V,   
, . . 

 V =  /V.     (2.8) 

 
             

 2.3 –   F  h   ( ), -  ( )  
 -  ( )   

  ,   F  h   
    .   -

      .  -
        

F    F    F    

h    h    h  0    0    0    

F    m    a    x    

F    0    F    0    

F    m    a    x    

h        h        h        h    0    h    0    

 2.4 –  0  d    




