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4. -
5 - 10 .

4.1. ,  . -
.   -  ( ). 

.

  - , -
. -

, 
  .

-
, 2, -

2 . 
: 21%  79%  ( )  23%  77% ( ).

:
  ;

, , -
;

, 
, .

:.
. , -

, -
, . -

, , . -
  .

, -
, . , -

 ( , , ), 
.

, , :
, 

 ( , , ) .
-

. 
 60-70 .

 ( , 
).

:
,  50

 300 ,  50 .
 - ,  ( )  50 .

5  « » . . , 2009 



47

 -  ( ) 50 . 
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 850 .
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,        
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  .
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, . , -

 (  30 )
 (

, , .). 
 61

 66 .

:
-

, 
 ( ). -

  
 ( ) 

, ,  ( , -
)  ( -

 - , 
 18,8 ).

 (
)  ( ). 

-
.

 - .
, -

, . ( ,  50 ,
 25  ;  400 ).

.

.  ( , 
, , , 

.). . 
:

    30 ,
                                                     4 ,

                                                       1 ,
                                     2 .
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.
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-
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-
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-
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 2 ,  -
 8-10 .

, -
.

-
.

0,3 -0,5 18-30  
2,8 168  
13,8 828  
15,4 924  

:
  -   ,
  -   ,
  -   ,
  -   .

.
:

  .

:
 ( ),
 (

),
 ( ). -

 (
).

:
 ( )

 ( ).

, 
.

, -
. 

, , , -
.

 100 -
 ( ,  1/3 

,  2/3 -   ). , 
, .

 ( ) -
 ( ). ,  200

.  20-30 , -
. .

:
- , -

.
 - .

 80-90% .
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        30 );
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.

-
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-
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 1200 - 1350o ,  1100-1300o -
 1100-1250o .
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, -

, .
- , , -

.
, ,  - ,  3,8%

, ,  0,6% . -

 100 . 
.
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 2.01.02-85 -
-

:

1  -  (1,5-
),

2  - , ,
3  - , -

,  -  ,
4  - ,
5  - .

. 6 -
, -

.
, -

 5%  200 2. ,
 25% -

 (  1000 2) -
.

, :
-

 5%  200 2.
, 

 25%  
 1000 2) -

.
, :

, ,
B1, B2 3  5% (10%, ) -

.
, 

, , B1, B2 3  25% 
 (  3500 2) 

.
, :

, ,
, B1, B2,  5% .

, ,
, B1, B2, 3  25% 

 (  5000 2) , , B1, B2 3 -
.

, , , .

6 6 .  12.13130.2009 « , 
»,  2009
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, .
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, , , -
, . .

 70  150. 
 - .

.  ( ) 
.

. -
, , . .

. -
.

.
, .

. 
, , . -

, . 
.

. , ,
, , . -

.

  , 

  .
    -

  ,   

  -
  q ,  2,   , .

 q   
 q  q  =  q ,   -  ( -

) .
  ( ), 

   q .    q  , 2, 
.

 (" ") , 
   450 .  " " , , :

.)/35( 33,1q                                                                      (4.1.1)

         ( .21).

  21. 

,
t0C

-

q ,  2

I  55  42   (q1,15

 = 5500)
II  55 42 – 84  (q1,33  = 8700)
III  84

 20% 
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 q, 2, :

)/( qq ,                                                         (4.1.2)

: q  – , 2.

 q  (4.1.2.) 
 2.

  , 
, ,    q, 2,   . 22.

 22.   , , -
 q, 2

5 10 15 20 29  30
q 34,9 27,6 24,8 21,4 19,9 19,5

  -
,  1, 

-
:

).ln(56,25,9 33,1qr                                                (4.1.3.)
, ,  ( -

, .) :

,/0 u                                                                     (4.1.4.)

0 –  (   5 );  – -
,  4 2, ; u – -

 (  5 ).

  , -
,  ( )   , -

.
     b (   r ),  h

:

),/( Fmh                                                                 (4.1.5)

: m ,   – ,  3;   F  –   , 2.

, , -
 ( )   . -

 ( , -
.), , -

 h = 0,05  F , , :
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),/(hmF                                                         (4.1.6)

 " " ( .1) -

.  25-50% ).
4

2(
F

rD

  
 ( .5), -

 W :

.)(75,0 49,0Wos                                                            (4.1.7)

  5.   

-
:

b

B WgDmaDL )](/[[/ ,                         (4.1.8)

:  W = w(m  gD/ )-1/3 – , ; m  –   , /( 2. );  ,
– , , 3; g – , 2; D – -

, ; w – , .

     ( =55; b=0,67    = – 0,21)   
, :

;10/10( 3 DL ),10//[10 26 Dm                            (4.1.9)

, , . -
 m /( 2. ),  -

:

,H LQm                                             (4.1.10)

  – , 3; Q – , ; L  – -
, .

=1,25 . 10-6

-
 ( .6).
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   ( , -
,    ( =00) 

=900), ( .5) q ,  2)  :

,)](100,7exp[ 4 rRqq               (4.1.11)

 –   
,  ( . 1),    ,  [48], q  – 

  , 2, 
  . 23.

 23.   q , 2, 

q , 2 m ,
/( 2. )d = 10  d = 20 d = 30 d = 40 d = 50 

 ( ) 220 180 150 130 120 0,08
 ( ) 80 63 50 43 40 0,10

60 47 35 28 25 0,06
. 40 32 25 21 18 0,04

25 19 15 12 10 0,04

:  10  50  q -
,  10  50 .

 6.   -
:

1 – ; 2 – ; 3 – ; 4 – ;
5 – ; 6 – ; 7 – ; 8 – ; 9 – ;
10 – ; 11 – ; 12 – 

             ;  13 – .

     (
)  " "  " "   -

,  r*

.5), :

,3)/(2)]/([/ 1
* k

B
k

B gdWkrr                                       (4.1.12)

8 4. . 107 –97.

m
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 k1=1,0; k2= 0,069; k3= 0,48; : k1= 1,5; k2=
0,069;  k3 = 0.

  

, 
  , ".

,  " " -
 q , 2, :

,)]2/(100,7exp[ 224 DHRqq                (4.1.13)

 q  –   " ", 2  450
2; R–  " " 

, ; D  –  " ", , :

,33,5 327,0D (4.1.14)
 – , ;  –  " ", ,  

 0,5 D ;  –  " "  \
, :

,
])/()5,0/[(4

5,0/
5,122 DRDH

DH
(4.1.15)

 " " , ,    :
,92,0 303,0                                                         (4.1.16)

 q  (4.1.15   4.1.8.), 
 1 - .

 R, ,   -
:

,)/(282,0 * qqRR                                            (4.1.17)

 q  – , 2, ( . 24);  q  – -
  , 

, 2, ( . 25); R* – , , : lh  - ;
lhR )0,2...75,1(* –   ; 0,8D  – ; l, h– -

, ; D  – , .

 24. 

, ,
V , /( 2. )

,
Qv,  ,

q , 2

0,047 28400 1200
0,08 30500 2500
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0,05 44000 1780 – 1220
0,05 43000 1520
0,013 40000 1300
0,02 43700 874
0,015 19000 260
0,013 42000 460
0,017 14000 150

  25. 

q , 2
. 

 (  II -
)

30 1 2
22 2 3
18 2,5 4,3
11 5 8,5
8 8 13,5
5 16 25
4,2 15-20 40
1,5
14,0  10 
17,5  5 
35,0     3 
41,0     3 

:  –  ( , , .);    – -
 ( , , ).

, .,    (4.1.17)
.

:

 1  ( ) 

% 0 1 2 3 4 5 6 7 8 9

0 2,67 2,95 3,12 3,25 3,38 3,45 3,52 3,59 3,66

10 3,72 3,77 3,82 3,87 3,92 3,96 4,01 4,05 4,08 4,12

20 4,16 4,19 4,23 4,26 4,29 4,33 4,36 4,39 4,42 4,45

30 4,48 4,50 4,53 4,56 4,59 4,61 4,64 4,67 4,69 4,72

40 4,75 4,77 4,80 4,82 4,85 4,87 4,90 4,92 4,95 4,97

50 5,00 5,03 5,05 5,08 5,10 5,13 5,15 5,18 5,20 5,23

60 5,25 5,28 5,31 5,33 5,36 5,39 5,41 5,44 5,47 5,50

70 5,52 5,55 5,58 5,61 5,64 5,67 5,71 5,74 5,77 5,82
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80 5,84 5,88 5,92 5,95 5,99 6,04 6,08 6,13 6,18 6,23

90 6,28 6,34 6,41 6,48 6,55 6,64 6,75 6,88 7,05 7,33

99 7,33 7,37 7,41 7,46 7,51 7,58 7,65 7,75 7,88 8,09

 2    (q ) 
( )  (q) 

, 
q ,

2

, , 

, q, 2

20 50 100 150 200

7,0 70,3 10,2 2,9 1,4 0,91

7,40 73,7 10,3 2,9 1,5 0,91

- 7,50 74,7 10,4 2,9 1,5 0,92

8,37 83,9 10,7 3,0 1,5 0,92

9,8 103,6 11,4 3,1 1,5 0,93

10,8 122,4 11,8 3,1 1,5 0,94

10,88 124,1 11,9 3,1 1,5 0,94

, 12,56 172,3 12,7 3,2 1,5 0,96

-66 12,6 173,8 12,8 3,2 1,6 0,96

12,8 181,5 12,9 3,3 1,6 0,96

7,0 70,3 10,2 3,4 1,6 1,02

7,0 70,3 10,2 3,4 1,6 1,02

7,0 70,3 10,2 3,4 1,6 0,97

7,0 70,3 10,2 3,4 1,6 0,97

-78 7,0 70,3 10,2 3,4 1,7 0,98

7,0 70,3 10,2 3,4 1,7 0,99

7,0 70,3 10,2 3,4 1,7 1,0

4.2. , . .
  .  

.   -
.      . .

- -
, -

, 
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, , 
, .

:
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. -
, -

.
. , -

, , 
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 ( , -
, .), . -

, .
   (  1-5

 8-9 ). 

 100 . -
,  2 . -

 10 .

. , -
 - , -

.

, -
: , -

,  ( , ), 
..
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1.
, .

2. , -
, .

3. .
4. , .
5. ,  ( , -

).

 4 :
1.  -  

 ( , , );
2.  - , -

. 
.  ( , , .)

 -  ( , .);
3.  ( , 

.  – );
4. .

. 
,  1 .

.
.

) :
 (KNO3) . 

, -
. 

. . 
.

,  .  
, -

  . :  (Al, Be, B, Mg) 
 (AlH3, LiH, MgH ),  (  - NH3ClO4),  ( -

 - KNO3) . .
,  -

 ( , . ) -
.  (  - NH3NO3) -

 ( , , ) - , -
 ( ) - ,  - , .

, 
, . -

. .
. . -

 (  - C6H7O2(ONO2)3) 
 ( ) . 

. -
.  “ -

” .
 - (CH2NO2)3)   (  -

C6H2CH3(NO2)3) .
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.  ( ) 
. -

 ( , , , ,
.), .

,
 ( ) , 

-  ( , , , -
) , -
. .

:
 ( -

) , ,  3-7%;  3.5-8.5%;  4.0-
9.2%;

 - ,     
   (  -18 ,  13 ,  -11  );

 (  2,  0,9, -
 0,55,  2  );

 (  610 ,  150 ,  465 );

, .

. ,
  , , 

 ( ) .
. -

-
 0.32-0.40 . 
. -

, .
-

 100-300 , 
 20-100 . -

   0.1 . -
, -

 1-5 .

 (  , , ). 
, 

 ( , .).
, -

-
 (~1 )  (~1.5 ).

.  (  - )
. -

 - , , . 
,    ( ), -

, , , ,
,  ( ), 

.
-

 800 . , , . -
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  -
 ( ), , .

-
, :  58,  35,  25,  30

.
 4 :

1  - 9  15  (  2,3; -
 2,5).  - ;
2  -  16  65  (  58,  30.2, -

 40.3);
3 -  -  250  ;
4  -  -  >250  .

 500 . , 
,  -  200 , -

, . -
. ,  ( ), 

, , .
 700  500  (5-7 ). 

.

                   . , 
, 

. , ,
, . 

 ( , , ).
. -

, , 
.

:
 ( , , ) -

;
.

, , 
.

, , 
.

-
 P . , 

, 
. , , 

, . -
, 

, .
, -

, . . . 
, -

-

 ( ) , -
 ( -

, , .)

9  - ;
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. -
. -

:
,

.
-

.  (~10-5 ) -
,   

 2000-4000  10  (100 000 ). 

.

, -
. -

 15 . 
 ( ), -

,   -
, -

 (  1 ).

-
.  - -

, .
, ,   

, , -
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; -

.

. -
, 

 ( ) . -
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.
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-

.

. -
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-
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.
:

;
, 

, .;
.

) . :
, .

, , .). -
.

-
 ( ) . -

, .
, 

.  
.  .  -

, .

, , -
.

-
,  -  ( ) 

. , 
, , . :

-
 100 . , , .  -

,  ( -
), .

 60-100 . 
, , , .

     40-60 . -
, , .

, ,    20-40 .  -
, .
 ( ) 

, -
. 

 ( ,
.). 

20 .

. -
P :

 ( , 
)                                                                                            30-50 ;

                                                                           1-2  ;
                                          40- 70  ;

                                              0.2-1 ;
, ,                                              10-30 .
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, -
.

.

, , , -
,  . 

: , 
, .

, 
-

. -
  . 
: , -

, , .
: -
; 

.
  

, . 
:

 ( )
.

-
, , 

 ( . 26,27  28). [110]

 26.  

,
,

 10
10 – 40  ( , )
40 – 60  ( , , )
60 –

100
 ( )

 100  (   )

  27. , ,
[211]

, -

*

1.
30...40 20...30 10...20 8...10

10 . :  997. – 112 .
11  . .  2.  . , . -

, .  – .: , 1996.- 383 .
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35...45 25...35 15...25 8...15
20...30 12...20 8...12 6...8

. 60...100 50...60 40...50 20...40
. - 60...80 40...50 30...50 20...30

25...40 20...25 15...220 10...15
35...45 25...35 15...25 10...15

20 50 130 -
20...30 30...40 40...50 -

100 40...60 20...40 10...20
120...200 80...120 50...70 20...40

70 40...60 20...40 10...20

90 80 55 35
. - 40 35 25 20

- 100 75 40 20

200 150 75 40

250...300 200...300 150...200 100...150
400 250 175 125

     50 90 70 50 40
80 70 50 30
150 90 60 30
40 35 30 15

  70 50 35 10

 – , . 
– 10-15% .

 – , , , , 
.  – 30-40%

 – . - 50%. -
.

 –   .

 –   
, ,   I+,

.   ( ) , % (  1)   
r,        I+  ( . 28).

  28.    ( )

)
2.

- r= -12,6+1,52ln

r= 5-5,74ln{4,2/(1+ /P0) + 1,3/[I+/P0
1/2 . m1/3)]},

 m – , 
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r= 5-2,44ln[7,38/ + 1,38.106/(  I+)]
3.    

r= 5-0,26ln[(4,6/ )3,9 + (0,11/I+)5,0 ]
r= 5-0,26ln[(17,5/ )8,4 + (0,29/I+)9,3 ]
r= 5-0,22ln[(40/ )7,4 + (0,26/I+)11,3 ]

  -
  :

n

i
iiCNN

1

3 .,,10                                                                  (4.2.1)

 Ni - , .;  n -  ( ) ;  Ci - , %
. 29)

 29.    ,  (%)[112]

-
-

  

.
. . .

8 3 1,2 0,4 0,3 0,1
12 9 3,5 1,0 1,0 0,3
80 25 30 10 2,5 0,8

100 30 40 15 7,0 2,5

  .
, ,  R, , 

  . , 
,  R 8h (h – , )

,
)(

1300
)(

390
)(

95 32

3/23/1

R
G

R
G

R
G                        (4.2.2)

  -  G  « »,  ( ), 
,  G, .  G , ,

:

,
,

, G
Q
Q

G
V

V                                                                                   (4.2.3)

 QV,  QV, ,  –   , , ,
. 30.

  30.  [113]

QV, QV, 

 ( ) 4520  80/20 (80%  + 20%
)

2650

5360 60% 2710
5860  (42%  + 40% 7540

12  . :  997. – 112 .
13  . :  997. – 112 .
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+ 18% 1
6700  (90% -

 + 8%  + 1%
 + 0,2% 2 )

4520
4500
1790

 I+, .  R, 
:

2/13/24,0 RGI                                                                     (4.2.4)

. -
 ( ) , -

, -
 ( , .).

, , , -
  

, -
 ( . 31).

  31.  [414]

, 
 10-6 –1 -  120

 10-6 –1 - 120

300

 m , , , :

,)( Ta VVm
                                (4.2.5)

 V  =0,01  P1 V1 –   , 3; 1 – ,  ; V1- ,
3;  V  = V 1 + V 2 – , , 3;  V 1 = Q  - , 

, 3;     Q – , -
,  ., 3 ;  – , .31.

iiT LrPV 2
22 01,0  – , , 3; 2 – -

, ; ri –    i-   ,
; Li –     , .

  , -
,        -

.   ( ) 
 ( ), -

.
 mn1, :

14 . 107 –97.
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,PVPV
R

am 2T11
1n                                                     (4.2.6)

 V1,P1, VT 2 – ,  (1.5);  –     , ;  – 
  , ; R –   ,  8,31 /( . );  – 

, .

, 
   ( ), 

m , :

},
L

)(2
m8,0min{m ,

                                                     (4.2.7)

 L  –   , ;  – 
  , /( . ).

   m , :

,FWm ,                                                                   (4.2.8)

 W – , /( . 2); F  –  ( ), , -
 ( ) , 

 0,05 ;  –   , ,    [  =
m /(W F )],    3600 ,  -

.

   W, /( . 2),  -
.     

)   :

6 P)U1,483,5(10W  ,                                            (4.2.9)

  U –  10 ;  –   , , :

],R/)(L[3,101 11                                (4.2.10)

  -
  , , 

.  R , ,

–     :

,
m

5632,14R
333,0

                                      (4.2.11)

– :

,
m

3600/(1501,3R
333,0813,0

             (4.2.12)

 ( ) , 3, :

,
)t00367,01(V p0

,                                        (4.2.13)
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  V0 –   ,  22,4 3 ;  tp –   , 0 , -
  .     -

  ,    610 .

  -
, , .  R  0,3 .

, , , 
, :

,
R

m
5,506

R

)m(
9,303

R
)m(

80
32

3/23/1

                              (4.2.14)

 m ,  – , :
,Zm)Q/Q(m ,vr,v                                                   (4.2.15)

  m –  ( ) , , ; Z –   
) ,  0,1; Qv, .30, 

 ( ) – . 32.

  32,        ( )

Qv,r,
, % , 3

3 16600 15/18 0,11/0,28
3 6 28600 2,2/13 0,052/0,31
2 2 48300 2/81 0,021/0,86
4 10 45800 1,9/9,1 0,045/0,22
4 8 47000 2/11,5 0,044/0,26
6 6 40600 1,4/7,1 0,045/0,23

46200 1,2/7 0,04/0,22
2 120000 4/75 0,0033/0,062

4 50000 5/15 0,033/0,1
3 20900 5/34,7 0,092/0,47

13000 12,5/74 0,14/0,85
3 8 46400 2,1/9,5 0,038/0,18
2 4 47200 3/32 0,034/0,37
2 5 33800 3,6/19 0,068/0,34

 I+, . , -
:

,R/m123,0I 66,0                                                             (4.2.16)
 R – , ; m  – , 

(4.2.15).

. -
, , -

,  ( ),  ( ) -
 ( )   (5)  (6).  , -

  ,  (8), 
 F, 2, ,  1 , -
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   70% ,  0,5 2. -
   –  1 2 . , , 

,  3600 .
               W, /( 2. ),   -

:

,P10W 6                                                                 (4.2.17)
– , 
. 33).

  33.  

. 
   t, 0

10 15 20 30 35
0 1,0 1,0 1,0 1,0 1,0

0,1 3,0 2,6 2,4 1,8 1,6
0,2 4,6 3,8 3,5 2,4 2,3
0,5 6,6 5,7 5,4 3,6 3,2
1,0 10,0 8,7 7,7 5,6 4,6

, ,   
  .

, , , 
, , , Cl, Br, F, :

,
V

10Zm)P( 2
0max                                         (4.2.18)

max –     -     ,
 (  900 );

0 – .  101,3 ;m – , ;
Z – ,  1 , 0,5 – ,
0,3 – , 0,5 –   ; V  –   , 3 ( -

 80% );  –   , 3;  – ,
  ,  3;

 – , % ., :
,

84,41
100

 = nc + 0,25(nH – nX)- 0,5no  –  (nc, nH, nX, no –
. . . ).

.  ( . ,   .), -
      ( ,   ),   -

,   .
 (" ")   

   ( , , , .)   
  .

  , , 
  , :

,
)1(

01
, k

PPQ
r

rv                                                 (4.2.19)

   Qv,r – , ,   . 32;  P1, P0-    
  , ; r – 1,  3; k – , -

. 34.

  34. 
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, k = v , k = v
,  , , 1,4 1,24

, 1,3 1,36
1,135   1,29

, 1,67 1,34

,  (40…60)%   -
, .:

,)6,04,0(                                               (4.2.20)
  :

,)6,04,0(                                              (4.2.21)
  :

,
,

,

Q
Q

G
V

V                                                         (4.2.21 .)

, ,   59% 
 90% - .

  ,  
  ,        I+.

   W0
:

,/20 EW                                            (4.2.22)
 – , , .

 W, , 
. :

),1/exp(0 RWW                                                (4.2.23)

 = /  –  ; R –  , ;
gHwR /2 0

*   , ,  (R<R*); H – 

, ;  g – ,  9,81 2; )( 22
ocococ hdL   – , -

,  d     h, ;

    ,
, 

 h , ,  d , , :

),/( 0 yoc EVrd                                    (4.2.24)

  r  – , ; , Ey,  – , -
, .

   m , , :

,25,0 2
ocococ hdm                                          (4.2.25)

    , n, :

mMn /                                                         (4.2.26)
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* , ,    50%- -
, :

Vd /138,0*
,                   (4.2.27)

   –   , -
.

     50%-   -
, -

  V50,  , 
:

,22/124750 mSV
(4.2.28)

 S=0,25 d2
oc – , .,  m0.

   (" -
"), 

=0,5mV2  100 .
  

I= mV/S.   I, /( 2. ).  : 160 – 
 0%; 900 – -

 50%;  2500 –
 100%;

4.3. , -
.

, 
. 

  ( ).   -
  . 

.

      -
      

,            
,         -

  .
      

      -
             
      .

          -
          ,  

      .   
      -

.
                  

    ,          , ,

        
        

» ( )    .  ( -
)     1984 .     -

    « »      « -
».          43 

        
  .   

          5
,          2 .     -

  3150 ,         
  20 ,      

    200 . .   1974 .  
           .

  ( )    
        

  40   ,     -
      200       -

,            -
    7 .      45   ,   -
      ,  . 

        
50    .       4,5   

  .     
,      29        36  .

      53 .    -
          .

        2000
.

  1976 .    ( )     -
        

    ,      -
    ,    
    ,    

        -
. 4   .    
    . 18 .        -
        ,   -

    .    -
  .    

 8 .
  ,    ,  -

      ,  
        . ,  

        
    200  000   ,       

        . -
        140 000 .



76

    .              -
                .

      ( )    ,        
                     
          .
       “       -

  ” (1997 ).         
    ,  ,        ,  ,  ,

,  ,  ,        :
1.    - ,            -
              

          15    200  ;
              50   400  ;

        0,5    2  ;
2.    - ,          

              
         < 15 ;
             < 50 ;

      =< 0,5 .
  :

1. .
2. .
3. .
4. .
5. ,  ( -

, , ).
6. .
7. .
8. .
9.  ( , , -

).

   3 :
• –  75

. ;
• –  40- 75 . ;
• –  40 . .

 3 :
   1.  1-  - ,  250 .
   2.  2-  - ,  50  250 .
   3.  3-  - ,  0,8  50 .

. ,
 -  =10,

 -  =10;
 -  = 30;

 -  = 40.
-

 ( )  ( ).

 – 
. , , .
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-
, .

 ( ),  ( )  (S).
, 

,  .  
.

:
, ;

 ( ,   -
);

;
.

 – , 
.

 ( ) , , -
 j , . , 

.

:
;

;
;

;
;

.
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.

 7.  

,    ,  
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  , 
 ( ) -

 ( ).
:

37    (  "
 ( )"  1988 ) - , , ,

, , , , , -
, , , , , ;

: -
;

: , , , ,  (Vx);
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.
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. 
, .  60 % 

.
   , , -

.  2 -3 . -
, , 

, .  
. 

 700 , 
100 ,  5000 . -

.
:   -  47,55   57  ,   -  30,45

,  - 52,59 ,  - 20,25 .
    2 - 6

.
   . 

,  , 
.  -  -

,  2100 .
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      :
1. . -

, -
, , -

.
, . , , -

, , -
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.
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.
, , , 

, , .
.

2. :
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-
  , , -

, .
  ,            4       

        .
                  -
  :

1)                   ;
2)       ,    ,       

          ,  .   -
.      :

 — , V = 1  , t C —         15.
, .           

                .
      ,         
:

1)       , . :  
,     — -

      .       -
      

2) . , , -
        :

-  ( )     
,            16:

31081,9100
%

1,98
nVPnVPmo  ,  , (4.3.1)

    P -     ,   -   ,        V - ,    n -   ,
              ;

-  ( ) :

                                         m = V  ,  ,
(4.3.2)

, V -          ,  –   .

, .   
      -

. -
        .

1.                     -
    

                                     h = H — 0,2 (4.3.3)

 — , ,  h - , .     0,2     .

2.                   
            

15 ,       
4 . ).

16  V =  D2L/4    V =  D3/6.
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i
oi

oi

m
mHh }max{)2,0( , (4.3.4)

 moi —         , .

3.  ( , , 
.)  0,05 .

.
          :

1. .
2.         .
3. , , 

        ,   . 
.

4. :
,  20 .

5.   ,                -
.

 - , -
 20

.

, , 
, 

, .

, .

  .
1- , , -
:

 35. , , 

  ( )      1

1 ,       
  

-
     14 

2
,  

-
     14 

, 0
3 ,  1
4   , - 0

2-   - -
 1 . .  1 ,  ( 2 ) ;

K3 —   ( -
     14 );



85

4- ,         
  (      15 );
K5 — ,   

      17:
            5 = 1 ,

5 = 0,23 ,
5 = 0,08 .

6 — ,     ,      
  ( )      ( ) :

 T  1 6 = min { T  ;T )0,8 ,
 T < 1 K6 = 1 .

            ,      
    .

7 — ,               
            ( )      

):
    7 = 1,
        ,       14 .

1 2,K3, 4, 7 —           -
  .

.
, , , :

                   m 1  = K1 K3 K5 K  m (4.3.5)
m  —  , . ( . (1)  (2) ).

,  
.   .   -

      :
1)    ,  :

KKK
hT

742

, (4.3.6)

  — , .  ( . );   h —   ,  .

 T  <1            = 1 .

2) , , -
:

o

h
mKKKKKKKm 76543212 )1( , (4.3.7)

.    (
13) 1   2  

.     
  1   2       .

, , 
:

                                    = max { 1; 2} + 0,5 min { 1; 2} , . (4.3.8)

17 .   -
  ( . ) 8,     
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   13              
                .    

              ,    
                      -

.    ,         13              -
  ,                  18.

                  
  .               

1,4 – 1,46 ,        1,61 – 1,67  ,        1,94 – 1,96 ,  
            .

                    
                  -

.
,       (4.3.8).
,    16                   -

              V           

                                   = V (4.3.9)

,                -
          

                                = min { ; } (4.3.10)

                                               T  =  / V    (4.3.11)

.
— , 

.
      -

  . .

 36.  

        ,  v         -

V  0,5 ,  360   ( )
0,5 < v  1 ,  180
1< v  2 ,  90
v > 2 ,  45

:

                           S  = 8,73  10-3 2  , 2                                                        (4.3.12)

 —  , ;  — , .

, 
. 

18       «     ».
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, -
.

.
-

, .
        8 ,   -

      :
8 = 0,081,
8 = 0,133,
8 = 0,235 .

:

                                             S  = 8
2 0,2                                                                      (4.3.13)

 — , ;  —           

 = min { ; }  ,        =  / Vn ,

 ( ).
-

:

                                                        t =X/V                                                             (4.3.14)

 X — , ;V  - -
, .

.
)     ,    

        1    (             ).

.

, , ,  ,  -
,  , .

          -
, -

.

:
1) i  i  1  n,  n — .
2)    (k1- k8)i  i- .
3) :

m  = 20 K4K5
i

n

(K2K3K6K  m )i                                                                    (4.3.15)

, k7 ).
4)  — .
5) .
6) :

                                                   t = max {T   i} (4.3.16)
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:

 13 .  , 

 , 

 0.01 0.05 0.1 0.5 1 3 5 10 20 30 50 70 100 300 500 1000
1 0.38 0.85 1.25 3.16 4.75 9.18 12.53 19.20 29.56 38.13 52.67 65.23 81.91 166.0 231.0 363.0
2 0.26 0.59 0.84 1.92 2.84 5.35 7.20 10.84 16.44 21.02 28.73 35.35 44.09 87.79 121.0 189.0
3 0.22 0.48 0.68 1.53 2.17 3.99 5.34 7.96 11.94 15.18 20.59 25.21 31.30 61.47 84.50 130.0
4 0.19 0.42 0.59 1.33 1.88 3.28 4.36 6.46  9.62 12.18 16.43 20.05 24.80 48.18 65.92 101.0
5 0.17 0.38 0.53 1.19 1.68 2.91 3.75 5.53  8.19 10.33 13.88 16.89 20.82 40.11 54.67  83.60
6 0.15 0.34 0.48 1.09 1.53 2.66 3.43 4.88  7.20  9.06 12.14 14.79 18.13 34.67 47.09  71.70
7 0.14 0.32 0.45 1.00 1.42 2.46 3.17 4.49  6.48  8.14 10.87 13.17 16.17 30.73 41.63  63.16
8 0.13 0.30 0.42 0.94 1.33 2.30 2.97 4.20  5.92  7.42  9.90 11.98 14.68 27.75 37.49  56.70
9 0.12 0.28 0.40 0.88 1.25 2.17 2.80 3.96  5.60  6.86  9.12 11.03 13.50 25.39 34.24  51.60
10 0.12 0.26 0.38 0.84 1.19 2.06 2.66 3.76  5.31  6.50  8.50 10.23 12.54 23.49 31.61  47.53
11 0.11 0.25 0.36 0.80 1.13 1.96 2.53 3.58  5.06  6.20  8.01  9.61 11.74 21.91 29.44  44.15
12 0.11 0.24 0.34 0.76 1.08 1.88 2.42 3.43  4.85  5.94  7.67  9.07 11.06 20.58 27.61  41.30
13 0.10 0.23 0.33 0.74 1.04 1.80 2.37 3.29  4.66  5.70  7.37  8.72 10.48 19.45 26.04  38.90
14 0.10 0.22 0.32 0.71 1.00 1.74 2.24 3.17  4.49  5.50  7.10  8.40 10.04 18.46 24.69  36.81
15 0.10 0.22 0.31 0.69 0.97 1.68 2.17 3.07  4.34  5.31  6.86  8.11  9.70 17.60 23.50  34.98

: 1.  15  15 .
                        2.  1       1 .

 14 . .

NN - - 
 / . -

- 7  ( )
- , 3 1 2 3 - 40 - 20    0   20   40

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1  0.0008 0.681 -33.42  15 0.18 0.025 0.04 0/0.9 0.3/1 0.6/1 1/1 1.4/1

2  — 0.681 -33.42  15 0.01 0.025 0.04 0/0.9  1/1 1/1 1/1 1/1

3 — 0.989  19.52  4 0 0.028 0.15 0.1 0.2 0.5 1 1
4 0.0016 1.191 -85.10  2 0.28 0.037 0.30 0.4/1 0.6/1 0.8/1 1/1 1.2/1
5 0.0020 0.680  6.9 1.2 0.06 0.041 0.50 0/0.1 0/0.3 0/0.8  1/1 2.5/1
6 — 0.806  77.3 0.75 0 0.007 0.80 0.04 0.1 0.4 1 2.4

7 — 1.491  21.0 1.5 0 0.040 0.40 0 0 0.4  1 1
8 0.0029 1.462 -10.1 1.8 0.11 0.049 0.333  0/0.2 0/0.5 0.3/1 1/1 1.7/1
9 — 0.882  10.7 2.2 0.05 0.041 0.27 0/0.1 0/0.3 0/0.7  1/1 3.2/1
10 0.0015 0.964 -60.35  16.1 0.27 0.042 0.036 0.3/1 0.5/1 0.8/1 1/1 1.2/1
11 — 0.815 -19.0 0.6 0.19 0.034 1.0 0/0.4  0/1 0.5/1 1/1 1.5/1
12 0.0035 1.432  8.2 0.6 0.05 0.061 1.0 0/0.1 0/0.3 0/0.7  1/1 2.7/1
13 0.0017 1.512 -188.2  0.2 0.95 0.038 3.0 0.7/1 0.8/1 0.9/1 1/1 1.1/1
14  — 1.570  75.3 3.0 0 0.010 0.2 0.1 0.2 0.4 1 2.3
15 — 1.675  107.2  0.06 0 0.003 10.0 0.05 0.1 0.3 1 2.5
16 0.0032 1.553 -34.1 0.6 0.18 0.052 1.0 0/0.9 0.3/1 0.6/1 1/1 1.4/1
17 — 1.658  112.3  0.02 0 0.002 30.0 0.03 0.1 0.3 1 2.9
18 0.0021 1.220  12.6 0.75 0.04 0.048 0.8 0/0 0/0 0/0.6  1/1 3.9/1
19 — 0.838  55.0 4.8 0 0.009 0.125  0.05 0.1 0.4 1 2.2
20 — 1.005  55.0 0.10 0 0.013 6.0 0.05 0.1 0.4 1 2.2
21 — 0.839  35.0 2.20 0 0.028 0.27 0.1 0.2 0.5 1 1.7

: 1.  3 -
 ( 98.1  ).

  2.  10—14 ,  — 
.

  3.  ( )
.
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 15 . 4 .

,  1  2 3 4 5 6 7 8 9 10 15
4 1 1.33 1.67 2.0 2.34 2.67 3.0 3.34 3.67 4.0 5.68

 16 . -
, 

, 1  2 3 4 5 6 7 8 9 10 11 12 13  14 15
5 10 16 21 - - - - - - - - - - -
6 12 18 24 29 35 41 47 53 59 65 71 76 82 88
7 14 21 28 - - - - - - - - - - -

 1. 

-
, ,

 - .
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 ( ) .

.
.

, , -
 ( ),   

),  ( ).
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) :
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.
    :   D = C t  ,  .
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.
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,          ,          -
  ,    1  .              -

        :
    (PC),
     (IC)

 (LC), ,                1 .
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