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 30–40 ,  
; 

3)  40–50 %  
 30–40 ;  

4)  
 5–15 ; 

5) , .,  
,  

: 

  
nt

nnn

tt

Na++Na+Na=
0

2

0
222

1

0
111 ... ,            (2.1) 

 1a , 2a , na – ;  
 1N , 2N , nN  – -

;  
 1 , 2 , n  – , -

;  
 1t , 2t , nt  – . 

 
:  t = 15 , = 20 %;  t = 15 

, = 60 %;  t = 5 , = 10 %; = 2 %. 
 

2.2.  
 

, -
-

 ( )  
.  

 
 ( ) . -

-
-

.  
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 ( )  
.  
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  -
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,  2009–2010 -
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 ( )  (  
 

). 
 

 2.1 
 

 2009–2010 . ( ) 

 
  

. 
  -

   

365
·

100
4321 kkkkHN ,                   (2.2) 

  – , ./ ; 
k1 – , -

 
 

   1,1–1,3;  1,0–1,2);  
k2 – , ,  

 (  1,1–1,25; -
 1,0); 

k3 – , -
 

  (   -
 1,0–1,15;   1,1–1,25); 
k4 – , -

 ( -
 1,0–1,5;   1,4–1,7); 

H –  
 ( . 2.2). 

,   2.1  2.2,  (2.2), -
: 

 

   
    

2009 876526 2401 2188366 5996 
2010 896722 2457 1932411 5294 
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.1216
365

15,1·15,1·2,1·2,1·896722·
100
26N  

 
 2.2 

 
 

 
 
, ./ . 

 %  
 

 500 39–36 
500–1000 36–32 

1 000–2 000 32–29 
2 000–3 000 29–26 
3 000–5 000 26–24 
5 000–7 000 24–22 

7 000–10 000 22–20 
10 000–15 000 20–18 
15 000–25 000 18–16 

25 000 16–15 
 

 
:  

.331721011216N  

:  

.2101
365

5,1·0,1·05,1·05,1·1932411·
100
24N  

 
iii NlyS ,                                   (2.3) 

 iS  –  i , 2; 
iy  –  i -

, ; 
il  – , 2 -

.  
 

 –  5 %,  –  
 15 2  10 %,  15 2 –  5 %. 

,   %,44,0iy   li   = 1,3 2 -
 (2.3) :  (  

) . 
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F = Qc·Tx·(1+ K )/ ,                                             (2.4) 

 Q – , -
 ( ); 

 –  ( .); 
 –  1 2  (  

);  
  – , . 

 
-

 ( ). -
 xp , ,  – 

 an . 
: -

 it ,  
 i ,  

 xpt , , , 
,  

 = 0,25). 
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i
j

xp
i .                                               (2.5) 

 j,  ijxpi t<t<tt . 
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 xp  xp
i ,  

 it  xpn tt ,  n – : 

                
xp
i

ni

xp

1 .                                                                  (2.6) 

: -
, ;  ( n ), 

 ( n  = 2,5);  
( ),  (  = 2). 

-
 

.  ,  -
, . . xpn ,  

,  
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xp nPn 1 ,                                      (2.7) 

 nP  – , ,  
  = 2. 

 

i
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 i  – ,  
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, , -
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 ( ) -
-

.  
.  – . 

 ( )  
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qt
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24
1
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  – , ,  
 50 %  50 % ;  

t  –  (10–16 ), ;  
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 –  
(0,1–0,3);  

t  –  (31);  
q  – ,  ( q  = 2). 

  

60
ltA+A=l , ,                               (2.10) 

  A  A  – ;  
  – , , -

 (  = 0,1–0,15;  = 0,05–0,1);  
t  – , -

,  (5–15 );  
l  – ,  ( l  = 1,5–2 ). 

: 

60
tA+A= .                                  (2.11) 

-
, , . ,  

, , 2, 
 

W+
t

Wt
=W 2 ,                        (2.12) 

      – ;  
 –  (1–1,2);  

t  –  (4–6 );  
W  = 0,6 2 – , ;  

 – ,  (0,25); 
 t  –  (24 );  

 –   
(2 );   

W  – ,  (1 2) 
. 

 
2.4.  
 

, , : 
– : 
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btV
,                                   (2.13) 

– : 

                                   
mintV ,                                     (2.14) 

  – , ; 
 b  – ,  (0,6–1,0 ); 
  – ,  (0,6–1,0 );  
 V  – , ;   
 t  – ,  (2–4); 
  – , ;  
 mint  – : 

 

min t
V

tt
nm
at ,                                (2.15) 

 
     – ;  

  –  ( );  
 t  – ,  (2–6);  
          t – -

,  (2). 
 , . 

 1,5  (  0,75 
). 

 
 

2.5.  
 

 
-

.  max , 
,  

-
.  

-
 

     )1(
max

max ,
 
        (2.16) 

     max  – , -
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 – , -
 ( ); 

 –  ( ), -
 (  1,3);  

 – , -
 (      

0,10  0,25); 
 – ,  

, -
, , , -

, ).  
 max .  « -

»  t , -
. -

: 

    
max t

t
k ,          (2.17) 

     –  « », .; 
t  –  ( -

 3.00  4.00 
 t  = 23 ); 

t  –  
, . 

  
 ( ./ ), -

: 

   maxmax

–1
)(

t
kPP

k
t

.          (2.18) 

: 

  t
S ,              (2.19)

 
  S – ; 

 t  –  « -

3» ( t  = 2–3 ,  0,033–0,050 ). 
 

-
. 

, -
. -
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. -

. -
 Smin , -

 : 

1 ,  Smin > ·t  ,              (2.20) 

 Smin – . 
 

, ,  
 W,  20  (0,083–0,167 ).  

, : 

    1qW .                (2.21)
 

, : 

.t
tSS

tt
1

tWW
2

q .
 

       (2.22)
 

,  W ,  

                              
0

t
tStS

2
2

 .                                (2.23)
 

 S   
. 

,  
, .: 

     1qP .           (2.24)
 

, .: 

    SS
P

L q
q 1

.          (2.25) 

, 
 (2.16)–(2.25), . , 

  

      
max

max
)1( ,              (2.26)  
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  – , -
 ( , ), -

-
 0,1  0,5 , -

  1,1–1,2.  
-

,  (14–20 ). 
.  

-
: 

    
maxmax

t
kP)1(k

t
.                     (2.27)

 
 

 

                                      
t

K
60

    
,                                     (2.28) 

     – , -
 ( 4); 

 – ,  (  0,45 
 0,7); 

t  – ,  (  
 2,5  3,5 ); 

 – -
,  (  9  12 ); 

 –  (  
0,7–0,8). 

 
 

                                   
qt

tQ
K

60
  1  max ,                              (2.29) 

     Qmax  – , -
  (  50 %  50 % -

); 
 t  –  (  8 ); 
   –  

 0,1  0,3); 
           t  – ; 
           q  – ,  ( -

 2). 
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– , , ; 
– ;  
– , -

, ; -
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                   (2.30) 

 –  , , 2; 
n  – ; 
Kp – ,   

 (1,1–1,25); 
Q  – -

, 2 ; 
t  – , . 

 F  
-

.  
.  n -

:  – 2,  – 1,  
 – 3–5, -

 – 2–6. 
-
 

.  
. 

-
, -

 (  8  25 ). -
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-
 (n  3). 

-
,  

-
. , , -

, : 

    
          (2.31) 

  – , , ,  
d = 111 2 , , 2; 

K  – ;  
t  – , ; 
T  – , ; 
Q  – -

, 3 .  
 

-
: 

     
                 (2.32) 

 h –  3–5 , . 
 Q , 3 ,  

 Q -
 : 

    Q  = Q  .               (2.33) 

 -
.  0,6–0,8. -

, , -
, , , 

. -
, , .  
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, 
3 :  

           Q  = Q  t ,          (2.34) 

 t  – , . 
 

2.7.  
 

-
 

  
     

. 
-

, -
 n -

 (  1
 = 2 ): 

                  = 500k n,                 (2.35) 

  k – -
 (1,0–0,7); 

 n – ,  
. 

, 
 1 : 2

 =  (   1),  

     = 500k n1z,        (2.36) 

    

        (2.37) 

-
 

     (2.38) 

  –  
, , 
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  – ,  
, ; 

  – . 
-

  

     = 500k n1z .                   (2.39) 

-
: 

      
        (2.40) 

     –  ( ),  
; 

r –  2–3  
); 

 –   
, ; 

 –  
, . 

-
 

      =           (2.41) 

  

  500k n1z  –  =                              (2.42) 

 ( ) 

    = 500k n1z – .         (2.43) 

 

                                                   
(2.44) 

  b1 – , -
, ; 

 – , ; 
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q – , -
, , ; 

p =  
,  

, . 
 

 

             = ,     (2.45) 

  
  

             = 365                                  (2.46) 

  – , .  
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-
, , -

 ( , ) , , -
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, , , 
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. -
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 I  = Ip = ,                   (2.47) 
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, , , 

. . -
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, , -
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               K = .               (2.48) 
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. 
, , -

, ,  
,  
, ,  

. , 
, -

. 
,  

), 

                   M(x)= t,                          (2.49) 

   – ; 
t –  (  t = 1 M(x) = ). 

,  
, . 

  20  

                                              = /(20 – ).                                           (2.50) 

,   = (20 – )/  – , -
,  – ,  

, . . 

                                                  = 1/I ,                                                (2.51) 

 Mm  t   

             (2.52) 

 = t/(2 – ). 
 

,  
,  

. 
 

 I), 
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                                   (2.54) 

, , -
, , -

. -
 – 

1400–1800  ( ). 
-

, , 
.  Imin -

-
: 

Imin = [tpV + V2/2(2 ) + l + l ]/V,                            (2.55) 

    tp – , ; 
 V – , ; 
  – , ; 
 l –  ( ), ; 
 l  –  

, . 
 

-
, -

 

   
          (2.56) 

  

                     (2.57) 

-
, -

,  

 ,                   (2.58) 
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-
-
-

 

-
 
 
-

 

1 4 2 6 3 3 6 1 2 
2 5 3 3 1 3 7 2 3 
3 6 1 4 3 2 6 3 1 
4 3 3 5 2 2 5 1 3 
5 4 2 6 1 1 6 3 2 
6 5 1 3 3 1 7 3 1 
7 6 3 4 3 2 5 2 3 
8 3 3 5 2 3 6 1 3 
9 4 2 6 2 1 7 1 2 
10 5 2 3 1 3 7 1 2 
11 6 1 4 1 3 6 2 1 
12 3 1 5 2 2 5 3 1 
13 4 2 6 3 1 5 1 2 
14 5 3 3 1 1 6 2 3 
15 6 1 3 3 1 7 3 1 
16 3 3 4 3 2 5 2 3 
17 3 3 4 2 3 6 3 3 
18 4 2 5 1 1 7 2 2 
19 4 1 5 1 2 5 3 1 
20 5 1 6 1 3 6 3 1 
21 5 1 6 2 2 7 3 1 
22 6 2 3 3 3 5 1 2 
23 6 3 4 1 2 5 3 3 
24 3 1 5 2 3 6 2 1 
25 4 2 6 3 3 6 1 2 
26 5 3 7 2 3 7 1 3 
27 6 2 4 3 1 7 2 2 
28 7 3 4 2 3 5 3 3 
29 4 2 6 3 2 5 1 2 
30 4 3 6 3 1 6 3 3 
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-
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-
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-
 
 

 
-
 

 

-
 
 

 
-

 

-
 

-
 

-
 
-
-
-
-

 

-
 
 

-
-
 

1 11 14 16 13 13 10 6 10 
2 12 14 11 14 14 8 6 10 
3 13 16 12 14 14 6 4 8 
4 14 11 13 16 16 10 4 8 
5 14 12 14 11 11 10 6 6 
6 16 13 14 12 12 8 4 6 
7 11 14 16 13 13 8 6 10 
8 12 14 11 14 14 6 4 8 
9 13 16 12 14 14 6 6 6 
10 14 11 13 16 16 10 6 10 
11 14 12 14 11 11 8 4 10 
12 16 13 14 12 12 6 4 8 
13 11 14 16 13 13 10 6 8 
14 12 14 11 14 16 10 4 6 
15 13 16 12 14 14 8 6 6 
16 14 11 13 16 16 8 4 10 
17 14 12 14 11 11 6 6 8 
18 16 13 14 12 12 6 6 6 
19 11 14 16 13 13 10 4 10 
20 12 14 11 16 14 8 4 10 
21 13 16 12 14 14 6 6 8 
22 14 11 13 16 16 10 4 8 
23 14 12 14 11 11 10 6 6 
24 16 13 14 12 12 8 4 6 
25 11 14 16 13 13 8 6 6 
26 12 14 11 14 16 6 6 8 
27 13 16 12 14 14 6 4 10 
28 14 11 13 16 16 6 4 4 
29 14 12 16 11 11 8 6 6 
30 16 13 14 12 12 10 4 8 
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-

 

 
 
-
 

-
 
 

-
 

-
 
 

 
-
 

 

-
 
 

 
-
 

-
 

-
 

-
 
-
-
-
-

 

-
 
 

-
-
 

1 758 523 465 544 686 1246 625 4525 
2 944 616 754 613 705 1246 716 3516 
3 813 726 617 686 698 1301 949 4449 
4 886 458 726 705 505 1306 660 3460 
5 905 544 858 698 523 1309 715 2398 
6 798 613 544 505 616 1209 598 3367 
7 605 686 413 523 726 1187 598 4387 
8 523 705 586 616 758 1167 478 3358 
9 616 698 605 726 944 1307 503 3365 
10 726 505 686 858 813 1246 571 2387 
11 458 523 705 544 605 1301 641 3408 
12 544 616 698 413 523 1306 653 3406 
13 613 726 505 586 616 1309 734 4456 
14 686 758 523 605 726 1209 765 2516 
15 705 944 616 523 458 1187 676 2449 
16 698 813 726 616 544 1167 545 2460 
17 505 886 758 726 613 1307 678 2398 
18 523 905 944 858 686 1246 703 3367 
19 616 798 813 544 705 1301 571 3387 
20 726 605 605 413 698 1306 341 3358 
21 858 523 523 586 605 1309 453 3365 
22 544 616 616 605 858 1209 534 3387 
23 413 726 726 598 544 1187 465 3408 
24 586 505 458 605 413 1167 576 3406 
25 605 523 544 686 586 1307 645 2456 
26 598 616 613 705 605 1246 978 2367 
27 405 726 686 698 598 1301 603 2387 
28 523 858 705 505 405 1306 571 2358 
29 616 544 698 523 702 1309 741 2365 
30 726 413 605 616 904 1209 853 2387 
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1 305 213 217 306 217 167 245 460 
2 217 186 198 265 198 307 278 398 
3 208 205 336 254 218 246 303 367 
4 301 98 207 217 301 301 271 387 
5 306 105 305 198 306 306 341 358 
6 265 123 217 208 265 309 253 365 
7 254 216 208 301 254 209 234 387 
8 217 126 301 306 217 187 265 408 
9 198 258 306 265 198 167 276 406 
10 208 144 265 254 208 307 245 456 
11 301 213 254 217 301 246 278 516 
12 306 186 217 198 306 301 303 449 
13 265 205 198 218 265 306 271 460 
14 254 98 208 301 254 309 341 398 
15 217 105 301 306 302 209 253 367 
16 198 123 306 265 304 187 325 387 
17 218 216 265 254 207 167 216 358 
18 258 126 254 208 305 307 349 365 
19 144 258 217 301 217 246 360 387 
20 213 144 198 306 208 301 215 408 
21 186 213 218 265 301 306 198 406 
22 205 186 301 254 306 309 298 456 
23 98 205 306 301 265 209 278 367 
24 105 98 265 306 254 234 303 387 
25 218 105 254 265 217 265 271 358 
26 258 123 208 254 198 276 341 365 
27 144 216 301 217 208 245 253 387 
28 213 126 306 198 301 278 234 303 
29 186 198 265 218 306 303 307 271 
30 205 218 254 258 314 271 306 341 
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5  
 

 

 
 

 
(yi), % 

 
 (li), 2 

1 11 21 39 1,25 
2 12 22 40 1,26 
3 13 23 41 1,27 
4 14 24 42 1,28 
5 15 25 43 1,29 
6 16 26 44 1,30 
7 17 27 45 1,31 
8 18 28 46 1,32 
9 19 29 47 1,33 
10 20 30 48 1,34 
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. . . 5,25. .- . . 5,67. 
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