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15.07.2007 

Dear colleagues, 
I am written this letter to draw your attention to such wonderful 

decisions that are made now by bureaucrats of the Russian Ministry of 
Natural Resources relative to so called the Russian Far Eastern cedar forests, 
famous "Ussuri taiga" but really mixed Korean pine-broadleaved forests of 
the Pacific Russia.  

At March 28, 2007 in accordance with the new Forest Code the Minister 
of Natural Resources of the Russian Federation Yuri Trutnev had issued the 
Order which approved the list of forest zones and raions (districts) of the 
Russian Federation. As the Order result, the vast Far Eastern forest-step raion 
had sprang up instead of big part of Ussuri taiga. I shall not discuss scientific 
base of 'forest-step' in the RFE. Another is important: now borders of "Ussuri 
taiga", of unique cedar (Korean pine)-broadleaved forests are moved to east 
from their real place. Find please below an examples:  

According the list given in the Order the following territories are 
considered as 'forest-step':  

1) Vyazemskiy, Bikinskiy and Lazo Raions of Khabarovskiy Krai, i.e.
those Raions where there were and there are till now remnants of famous 
cedar forests in thi river basin of Khor, Podkhorenok and Shumniy, where is
located the Chuken territory of aboriginal forest use for udege people lived 
in Gvasyugi settlement;  

2) Arkharinskiy Raion of Amurskaya Oblast. Academician Boris
Kolesnikov had supposed to allot its cedar forests together with the former 
splendid cedar forest of Obluchenskiy Raion of Yevreiskaya Autonomous 
Oblast as the western marginal phase of mixed cedar-broadleaved forests. 
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However now Obluchenskiy Raion is listed by the Order as a Far Eastern 
taiga (even not cedar) area;  

3) Birobidzhanskiy Raion of Yevreiskaya Autonomous Oblast, where
during the II World War and after War time the GULAG had logged up to 1 
million cubic meters of pure cedar timber annually;  

4) western parts of Dalnerechenskiy, Kirovskiy and Lesozavodskoy
Raions of Primorskiy Krai i.e. legendary cedar forests in the river basis of 
Iman, Kabarga, Malinovka;  

5) Nadezhdinskiy and Ussuriyskiy Raions of Primorskiy Krai i.e.
practically a whole natural habitat of world unique mixed forests with Abies 
hollofila.  

I had listed here only some of many nonsense but named only those 
cedar forests that saw myself when they were in their full primeval beauty 
and mighty before they were harvested according orders of unwise 
bureaucrats.  

There is need to add that according the notorious Order now many 
valuable forests occurred not in forest but in forest-step zone. Among them 
is the eldest Far Eastern forest reserve "Kedrovaya Pad" (Khasanskiy Raion, 
Primorskiy Krai), the forest reserve "Ussuriyskiy" with the most saved cedar 
forest and mixed forests with Abies hollofila Ussuriyskiy Raion, Primorskiy 
Krai), Bolshekhekhtsirskiy forest reserve (Khabarovskiy Raion, 
Khabarovskiy Krai), leopards' game reserve "Barsovaya pad" (Khankaiskiy 
Raion, Primorskiy Krai) and many others  

What does it means? Only one - ignorant and negligent bureaucrats by 
one stroke of the pen made null and void all almost 100-year work of V.I 
Komarov, B.A. Ivashkevich, B.P Kolesnikov, K.P. Soloviev and numerous 
their followers who studied Far Eastern cedar forests, developed their 
rational use, conservation and recovery. Very specific measures were 
developed as result and they cannot be implemented in the system of "forest-
step foresting"  

More of that, considering all of these territories as "forest-step area" 
excludes problems of conservation and recovery of cedar forests, because 
the "Cedar taiga", "Ussuri taiga" is not listed in the "forest-step problems". 
Due to "efforts" of bureaucrats, the "Cedar problem" now if does not cancel 
then it is brought into very far corner.  

How long will it last? How long ignorant bureaucrats that are sitting at 
the tables many thousand kilometers from forests, that do not know real local 
forests and local forestry, and do not understand real local problem will rule 
sway the destinies of the Russian forests?  

It is time to call to account not only those who prepare such ignorant 
documents but those also who appoints such ignorant helpers and who 
blindly signs such absurd documents.  

Alexander Sheingauz 15.07.2007" 
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1.1.    -
     

      
        

( )    ( )  
,   .    
    ,  

  ,    80–   
       [71, 80, 86].

      
,       

34 ,    :
I.  :

1 –  ;
2 –  .

II.  -  :
– :     

    1  6:
3 –      – 1;
4 –      – 2;
5 –      – 4;
6 –      – 5;
7 –      – 6.

       
  ,   [76].

– :
8 –   ; 
9 –  ;
10 –  ;
11 –     ;
12 –     .

III.  ,   
 :
13 –  ,  ;
14 –  ;
15 –   ;
16 –  ( , , , , 

);
17 – ;
18 –    (   1 2  );
19 –   .;
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20 – ;
21 – ;
22 –  ;
23 –   .

IV.  ,   
  :

24 –     ;
25 –     ;
26 –     ;
27 –     ;
28 –    .

V.  ,    
    :

29 –    ;
30 –    ;
31 –    ;
32 –    ;
33 –    ;
34 –    .

  :
–     

  ( 1 – 7);
–    ( 8 – 12);
–       ( 13 – 34).

      
    7.

     
   -   

.
 ,    , 

  ,    
    .     

  ( )    
     .

  ,   .15   
  [68]   -  -

  , ,   , 
       

( )    ,  
 .

,       
     

  ,    
     .  
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    ,     
.     

     .    
     . 

     5–  
   0,449.    

  86,   15%.  
      

,       
(  1.1)         

   ,    
 (  1.1). 

 1.1.        

    
   

1 2 3 4 5 6
  8,09 6,33 4,73 3,37 2,57 1,94
, % 23,79 18,61 13,92 9,91 7,54 5,70

 , % 23,79 42,40 56,32 66,23 73,77 79,47

  ,        
       

     .   
 ( )      

   ,   «  
»  [22] ( . 1.2). 

     
      

    .     
   3  6,    
   56  79 .
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    –  [22, 23]  

        
      ( . 1.3),    

     –    ( .
1.4). 

 1.1.       -
  

 1.2.       
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 ,  ,  .

 1.4.     1  2    
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6  

      
 .     

,       
,      .  

      . 
  r=0,941     
 13  15; r=0,704  16 28; r=0,840  20  

23; r=0,997  8  11; r=0,796  8  9 . .  
      

     
.
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      ( ),   –
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      . 
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 1.2.        
 6  

-

 0,765 0,235
 0,917 0,083

 

1 0,970 0,030
2 0,917 0,083
4 0,980 0,020
5 0,898 0,102
6 0,896 0,104

  0,968 0,032
0,970 0,030
0,918 0,082

 , to   0,965 0,035
  0,981 0,019

 , %
  , % 0,965 0,035
 , % 0,544 0,456
  , % 0,965 0,035

 , %

, % 0,797 0,203
 , % 0,463 0,537

.   
1 2  0,637 0,363

  ., % 0,415 0,585
, % 0,876 0,124

, % 0,416 0,584
 , % 0,628 0,372

  , % 0,965 0,035

  
    -

  , 
%

, % 0,882 0,118
, % 0,818 0,182

, % 0,928 0,072
, % 0,842 0,158

, % 0,803 0,197

 
 -

   
 

0,683 0,317
0,432 0,568
0,825 0,175
0,460 0,540
0,714 0,286
0,820 0,180

     
   -   , 

   ,  
       . 

  1.3       
  -   . 
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 1.3.         
  

  1.3     
 ,      

     
  

1 2 3 4 5 6
 -0,022 0,166 -0,655 0,524 0,155 0,101

 -0,832 -0,079 0,284 0,221 0,047 0,294

 
 

0,951 0,043 -0,235 0,0209 0,001 0,096
-0,692 -0,174 -0,455 -0,166 0,214 0,358
0,941 0,046 -0,291 0,041 -0,017 -0,083
0,509 0,045 -0,340 0,104 -0,081 -0,710
-0,369 0,115 0,841 0,092 -0,172 -0,045

 0,871 0,121 0,331 0,062 -0,092 0,270
0,951 0,043 -0,235 0,021 0,001 0,096
0,039 -0,129 -0,889 -0,068 0,149 -0,289

 
  0,842 0,126 0,384 0,065 -0,099 0,282

  0,926 0,069 -0,222 0,075 -0,059 -0,248

 

  -
, % 0,102 0,941 0,052 0,191 0,100 -0,142

 -
, % 0,151 -0,226 -0,141 -0,067 -0,019 0,668

 
, % 0,097 0,938 0,120 0,240 0,059 0,003

 
 

, % -0,126 -0,833 0,093 0,179 0,184 0,115
, % -0,492 -0,077 -0,366 0,149 -0,219 0,102

.   
  1 2

 
-0,042 -0,229 -0,174 -0,094 -0,722 0,151

  ., % -0,067 0,127 -0,107 0,110 0,601 0,099
, % 0,054 -0,830 0,059 -0,385 0,031 -0,176

, % 0,366 -0,056 -0,191 -0,469 -0,046 -0,146
, % 0,080 -0,055 -0,507 -0,490 -0,345 0,054

  
, % -0,097 -0,938 -0,120 -0,240 -0,059 -0,003

 
  

 

, % -0,008 -0,047 -0,196 -0,831 -0,306 0,240
, % 0,158 0,198 -0,255 0,775 0,129 -0,266
. % -0,148 0,036 0,913 -0,038 -0,125 -0,234

. ,% 0,003 -0,074 -0,099 0,784 0,457 -0,052
, % -0,122 -0,813 -0,095 0,198 -0,091 0,266

-
 -

 
 
 

  -

0,027 -0,095 -0,310 -0,213 0,726 0,076
. . -0,089 -0,010 -0,004 -0,507 0,036 0,406

. . -0,312 -0,147 -0,028 -0,666 0,483 -0,169
-0,224 0,320 0,012 0,497 -0,247 0,002

. . 0,179 0,358 0,248 -0,170 -0,681 -0,021

. . 0,031 0,169 -0,015 0,808 -0,273 0,250
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 2.1.        
  

 
 

/ -
 

 
-
, 

%

-
, ± %

-
, 

%

-
, ± %

 -   . /680 -0,8 10,2 -0,83 12,9
 -   . /4442 -0,12 6,8 -0,15 11,8
 -   . /3216 -0,01 7,58 -0,02 12,2

 -   /1383 0,04 4,97 -0,01 8,63
 -   /613 -0,06 5,43 -0,01 7,46
 -   /1811 -0,46 6,72 -0,61 8,61

 «  » /567 -0,09 6,2 -0,03 10,8
 «  » /211 -0,07 10,0 0,07 8,3
 «  » /1520 0,80 10,4 -0,13 9,2
 «  » /384 -1,73 10,0 -0,12 6,9
 «  » /89 0,09 14,15 -1,57 11,4

   ( )   
        

   .  
        

   .    
     

      , 
,      

.  

2.3.      
         

      
     

    .
    XIX    (A.Schwapach)

   (Standortklasse)    
       

  . .     
 .

       
  [13].      

 ,     
  .         
,       

   . 
 . .       

     , 
      

.
42



     . .  [20, 21],
 75    IV   

  ,    . 
        

         
,   :

- Yoshida II  
y = AC

0 / (b0 + b1A C
0-1 + b2A C

0)- C
1                                                                                    (2.1)

-Todorovic IX 
y = c0 (A/100) b0

+b
1

x+b
2

x^c1,                                                                        (2.2)
x=2A/(100+A)      

- Pearl-Reed 
y = c0/[1+exp(b0+b1A+b2A2+b3A3)]                                                      (2.3)

: -    ( , ; , ;  
, . / );
-  , ;

b, c –   .
  . .  

  .
     

       
.

      
( ) ,       

 .    , ,  
    100 ,     
 – 50 .        

 1 ,        6  39  
( 100 = 6   100 = 39 ),     37 10 ,  

  37   17 ,   27   13     
 26   10 .

    
 

      
       

 ( , )    : 

R2=1,0; t >t05=2,0
:

 –   , ;
A – , ;

43



H100 –    100-  , ;
R2 –  ;
t –     .
t05 –    5 %  .

      (R2=1,0) 
     .  

   tp>t05=2,0   
    .   

 (2.4),    2.7    
.

 2.7.       -
    ( , )  ,   -

 (2.4) 

         
  5  40   100-     

 ( )      
  .    

    
     .

       
 

       
    ( , ,  

, , )    :
44



(2.5)
R2=0,999; t >t05=2,0

 2.8.       -
    ( , ,  , , )  

,    (2.5) 

    (R2=0,999),  
      
  ,    
 .      

        
    .

      
  

     
      ( , , ,  

, )       
.      ,   

   100-    12  35 . 

(2.6) 
R2=0,999; t> t05=2,0 

45



 2.9.       -
    ( , , ,  , )  

,    (2.6) 

    (R2=0,999), 
   t>t05=2,0  
 .     

  ,     
    ( . 2.9).

     
        
  50-  .

      
  

   ,  , 
,        

.      
      

:

(2.7)  
R2=0,999; t >>t05=2,0

46



 2.10.       -
    ( ,  , )  , -

   (2.7) 
      

     50-     
      
  .

    
        

  ( . 2.10).  
,       , 

       
     100-  (I  II )  

50-   (III  IV )   
      

        .
     

      
 100  50 ,      

         
.

      .

   
   

       
   ,    

      
 ,   ,   

47



.      
     100-150   

   [2].
        

      .
,      100-150 

     , 
     : 

L
= (g

i
*h

i
)/G

:
gi –        

    (  100-150 ./ ), 2;
hi –  ,   ,  

     . ;
G –   100-150     1 , 2,

      
    .    

         
     .   

        
   ,      

 .      
   :

        (2.8)

R2=0,999;  t > t05=2,0
:

–   , ;
H –  , ;

 – , .
    (R2=0,999),  
  (tp>t05=2,0)    
   .

      
     2.11. 

48



 2.11.        -
       100-  

       
       .  

 ,      .  
     , 

        
   .     

       . 
     (2.8) - (2.12)

(2.9)
R2=0,999;  t > t05=2,0

(2.10)
R2=0,999;  t > t05=2,0

(2.11)
R2=0,999;  t > t05=2,0

49



(2.12)
R2=0,999;  t > t05=2,0

 2.12.        -
 

 2.13.         

50



 2.14.        -
 

 2.15.        -
 

51



 2.16.        -
 

       
       

      , 
  .    

       
 ,      

,     . 

52



2.4.      
    

       
        

   100-    , -
   .      

      50-  
. 

       -
    1,0   -

  .

(2.13)
R2=0,999;  t > t05=2,0

(2.14)
R2=0,999;  t > t05=2,0 

(2.15)
R2=0,999;  t > t05=2,0

(2.16)
R2=1,0;  t > t05=2,0

(2.17) 
R2=1,0;  t >t05=2,0

:  
H 100 –     100-  ,     

50 –     50-  
53



,       
  ,  ,    

     . -
    

   . 

2.5.      
      

 

   
 

     
      .  

        
    .   

    , 
. .     , . .   , 
.      . .    

 [13]. 
     

 (2.18)-(2.23) 
 

                                                                 (2.18)
R2=0,999; t > t05=2,0 

                                                              (2.19)
R2=0,999; t > t05=2,0       

                                                                   (2.20)
R2=0,999; t > t05=2,0

54



 

(2.21)
R2=0,999; t > t05=2,0

(2.22) 
R2=0,999; t > t05=2,0

(2.23)
R2=0,999; t > t05=2,0

:
H –   , 
A –  , ;
H100 –     100-  , ;
H50  –     50-  , .

     

  ,    
      

 ,   , , 
        

    .
      

     ,  
     

     . 
         

          
    .      

     ,  
     .

        
      .  

       ( ) 
         

    . 

55



(2.24)  
R2=0,999;  t > t05=2,0

(2.25)
R2=0,999;  t > t05=2,0

 

(2.26)  
R2=0,999;  t > t05=2,0

(2.27)
R2=0,999;  t > t05=2,0

(2.28)  
R2=0,999;  t > t05=2,0

:
 –  , .   1 ;

100 –     100-  , ;
 –   , .

        
.     ,   

    ,  .  

56



 2.17.       -
   

 2.18.         
     

    
 

      
       

     ,  , 
57



 ,   .      
     ,     

       , 
  .
      -

-     -
,         -
   ,    

     ,  , 
,        -

     .
,      -

        -
 .

    -
       -

  . ,   -
    ,  -0,263   

, -0,082  , -0,196  , -0,223  -
, -0,128      , -
    .  -

          
,    , -

     100-    -
   :

   

(2.29)
R2=0,999;  t > t05=2,0

                                                                                  (2.30)
R2=0,999; t > t05=2,0
  

                                                                              (2.31)
R2=0,999; t > t05=2 

58



   

                  (2.32)
R2=0,999; t > t05=2,0

(2.33)
R2=0,999; t >t05=2,0

(2.34)
R2=0,999; t > t05=2,0

:
H50 –    50-  , ;

      
       -

  .

 2.19.        -
   100=39 , 100=22 

59



 2.20.        -
   100=31 , 100=14 

       -
      -

    .   -
  ,        

    (t < t05=2,0).   -
        -

,     .

     
     

     
,    .     
        

  ,      
   .     
    ,  

  . ,     
   ,  . . 

, . .  [14]     
. 

       
       

   :
60



    

(2.35)
R2=0,999; t > t05=2,0
         

(2.36)
R2=0,999; t > t05=2,0 

(2.37)
R2=0,999; t > t05=2,0

  (2.38) 
R2=0,999; t > t05=2,0

(2.39)  
R2=0,999; t > t05=2,0

:
V  –    , . ;
D –   , ;
H –   , .

61



 2.21.        -
    

  (R2=0,999)   1,0,  
   (t>t05=2,0)   
       

    . 
       

        
        

62



       
.

 2.22.       
   

63



2.6.     
     

       
  ,      

 (2.24) - (2.28)      (2.35) - 
(2.39):                                             N=M/Vcp

      
        

2.23– 2.25. 

 2.23.         -
  100= 39 

 2.24.         -
  100= 22 
64



 2.25.         -
  100= 6  

65



2.6.1.     
   ,   

 

        
        

.        
     , , 

,    .
 

                                                                                  (2.40)
R2=0,999; t > t05=2,0

                                                                            (2.41)
R2=0,999; t > t05=2,0

                                                                            (2.42)
R2=0,999; t > t05=2,0

 

                                                                (2.43)
R2=0,999; t> t05=2,0

                                                                                     (2.44)
R2=0,999; t > t05=2,0

                                                                                            (2.45)
R2=0,999; t > t05=2,0

:
N –  , .  1 

100 –     100-  , ;
50 –     50-  , ;
 –   , ;

D –   , .
66



       
         

    .  
 D  N       

       
  . 

2.7.     
      
      

      
  

        
       

  , . .     
      . 

      
    ( ) 

 .
     

    
 ( , )       

 (As, E, cp, )      
.  (r3, r4, cp, ).

   , 
      [56, 

59, 66].
    

,       
      

   .  
     

, , ,    ,   
     .

    
   [58].

       
  .     

       

67



          
  .      

   ,   (D),  (dmax)  
 (dmin)  ,  10  
. 

dmax=3,8157D0,7766;   R2=0,986 (2.46)
dmin=0,0896D1,323;     R2=0,947 (2.47)

dmax=3,8678D0,7885;   R2=0,986 (2.48)
dmin=0,1051D1,294;     R2=0,947 (2.49)

dmax=2,4914D0,927;   R2=0,979 (2.50)
dmin=0,1415D1,1505;   R2=0,739 (2.51)

dmax=4,20537D0,7565; R2=0,985 (2.52)
dmin=0,1063D1,2776;     R2=0,932 (2.53)

dmax=3,4994D0,7963;  R2=0,977 (2.53)
dmin=0,0760D1,3507;    R2=0,906 (2.55)

        (As
 r3)    (E  r4),      5-  

   (RV).     
     :

                                                          (2.56)
R2=0,995; t > t05=2,0; F=632,0

         (2.57)
R2=0,990; t > t05=2,0;  F=708,6

                                            (2.58)
R2=0,999; t > t05=2,0; F= 636,0

                                            (2.59)
R2=0,997; t > t05=2,0; F=2468,3       

          (2.60)
R2=0,994 t > t05 =2,0 F=718,9

68



:
RV –     , %;
D –   , ;
dmin –   , ;
dmax –   , .

     
         5-   

      ( . 2.26 
– 2.34).

 2.26.       -
         .

 2.27.       -
       .

69



 2.28.       -
         .

 2.29.       -
       .

70



 2.30.       -
         .

 2.31.       -
       .

71



 2.32.       -
         .

 2.33.       -
       .

72



 2.34.       -
         .

 2.35.       -
       .

73



,   dmin, dmax   
,   Rv       

     10   
. 
     , 

         
  ,    .

      
  

    ,    
        

,       1 . 
       

       1.0   
 2.36 – 2.37. 

 2.36.          
     100=39 . 

74



 2.37.         -
     (20-60 )  100=39  

        
   ,    

 2.38 - 2.49.  

 2.38.         -
     (70-160 )  100=39

75



 2.39.         -
    20 –  ,   100=39

 2.40.         -
    50-  ,   100=39

76



 2.41.         -
    100 –  ,    

100=39

 2.42.         -
    150-  ,  100=39

77



 2.43.         -
  20-  ,   100=39 

 2.44.         -
  50-  ,   100=14 

78



 2.45.         -
  150-       100=39 

 2.46.         -
  20-       100=14 

79



 2.47.         -
  50-       100=14 

 2.48.         -
  100-       100=14 

80



 2.49.         -
  150-       100=14 

,       -
,         

,       
  ,       

   .

    
        

 

,        -
    ,   -

  .    -
      2.50, 2.51.  

         
 .     -

          
      .  

     
        -
.

81



 2.50.        -
       100=39   =1,0

 2.51.        -
      100=6   =1,0

82



        
       -
  :

 
21

ji yy
n

(2.61)

 

100/1 2
jji yyy

n
 (2.62)

 
100/1

jjip yyy
n

O (2.63) 

 .
2100/1

pjji Oyyy
n

O   (2.64)

: 
n –  ;
yi –    ;
yj –  .

     ( =±0,34 2/ ; 
=±2,59%; =1,10%; =±2,35%)     

   .

    
      

2.7.4.1     
       

       
    .    ,   

      .   
      , 

       .  
       

       
.       

       

83



  .      
      ,  

  .     
          

   .
     –    

  ,  ,   
     .   

         
         .  

         
   .    

     ,  
:

1)        
 1,3 ;

2)         
  .

      
    .

,      
     :

(2.65)
R2=1,0; t > t05 =2,0

 

(2.66)
R2=1,0; t > t05 =2,0 

(2.67)
R2=1,0; t > t05 =2,0

84



(2.68)
R2=1,0; t > t05 =2,0

(2.69)
R2=1,0; t > t05 =2,0

: 
hi -  , ;
H-1,3 –        
(1,3 ), 
D –   ;
di –     .

    (R2 = 1,0), 
   (tp>t05=2,0)   
       

  .   
    ( . 2.52 – 2.56)  

        
. 

 2.52.         
   100=39  

85



 2.53.         
  100=31 

 2.54.         
   100=22 

86



 2.55.         
   100=14 

 2.56.         
     100=6 

 ,      -
      .

87



      
 

      –     
  ,        

  ,     
,       

100   ( 100)     . 
,      
        

  ,     . 
        

       
  .

                                           (2.70)
R2=0,999; t > t05=2,0

                                                              (2.71)
R2=0,999; t > t05 =2,0 

      (2.72)
R2=0,999; t > t05 =2,0

          (2.73)
R2=0,999; t > t05 =2,0

        (2.74)
R2=0,999; t > t05 =2,0

:
vi –   , . ;
di –     , ;
hi –  , .

    (R2=0,999-1,0),
   (tp>t05=2,0)  

      
.

88



       
      ( 100),  

 ,   ,    
        .

 2.57.         -
     100=39 

 2.58.         -
     100=6 

 ,     -
       ,  

      . -

89



     2.59, 2.60 -
,        

       
 1.0.  

 2.59.         
    100=39   =1,0

 2.60.        -
       100=6   =1,0

      
       

  .    
90



        
     (61), (62), (63), (64).  

        
  ( =±2,59 2/ ; =±1,35%; =0,33%; =±1,31%), 

       
     
  .

2.8.     
      

 

     
 

     
     , 

      
  .    

     ,  
       

. 
       

       :

          (2.80)
R2=0,999; t > t05 =2,0

             (2.81)
R2=0,999; t > t05 =2,0 

    (2.82)
R2=0,999; t > t05 =2,0

                  (2.83)
R2=0,999; t > t05 =2,0

91



    (2.84)
R2=0,999; t > t05 =2,0

: 
–        -

 ;
di –     , ,
hi –  , .

   (R2=0,999),  
  (tp>t05=2,0)   

   . 
       

    , 
       

,   .   
      

   ( ),   
( 100  50)   ( ) .    

  ,     
   : 

                                                     (2.85)
       

       
    ,    . 

     ,   
      2.61 –

2.64. 

92



 2.61.        
          

100=39 

 2.62.        
          

100=31 
93



 2.63.        
          

100=22 

 2.64.        
          

100=14 

94



    
         

 

  ,    
,    .   

  ,      
,  –      

. 
       

 (V )         
    . 

 (2.86)

,     
       

  2.65, 2.66. 

 2.65.        
   100=39   =1,0

95



 2.66.        
   100=22   =1,0

 2.67.        
80-       100=39   =1,0

96



 2.68.        
100-       100=39 

       
        

 ,   .   
    2.67, 2.68   

      
.

      
 

     
        

   .     
   –     

          
 .      

      .  
     :

97



           (2.87)
R2=0,999; t > t05 =2,0

(2.88)
R2=0,999; t > t05 =2,0 

                                                                                    (2.89)
R2=0,999; t > t05 =2,0

            (2.90)
R2=0,999; t > t05 =2,0

             (2.91)
R2=0,999; t > t05 =2,0

:
–        -

;
di –     , ,
hi –  , .

     (R2=0,999), 
    (tp>t05=2,0) 
    .   

       
     .

       
  ,     

 2.69, 2.70.  

98



 2.69.         -
        100=39   =1

 2.70.         -
        100=22   

=1,0 

99



      
      

        
    ,   

       .
      

         
       : 

                                                                                                                                     (2.92)
     , 

       2.71 – 2.72. 

 2.71.        
    100=39   =1

100



 2.72.         
 160-       100=39 

      
   

     
        

 .        
,        

        
   . 

                                                                     (2.93)
       

    2.73-2.75.

101



 2.73.         -
       100=39 

 2.74.         -
       100=22 

102



 2.75.         -
       100=6  

       
         

      

        
          
      

        .  
                                                                                   (2.94) 

      
    2.76 - 2.78.  

103



 2.76.         
       100=39   =1,0 

 2.77.         
       100=22   =1,0 

104



 2.78.         
       100=6   =1,0

       
     

         
          

   :

                        (2.95)

        
       

  2.79, 2.80. 

105



 2.79.          
     100=39 

 2.80.          
     100=22 

106



    
        

 
          

    ,    
       

       ,  
 .

(2.96)

  2.81 – 2.83    
         

      1,0.

 2.81.         
       100=39   =1,0 

107



 2.82.         
       100=22   =1,0 

 2.83.         
       100=6   =1,0

108



     
  

       
 .        

   .       .
,        

 ,       , 
       , 
          
,          

        
( . 2.84 - 2.88).

       
    -  

      
     .

 2.84.    ,   -
,        100=39   =1,0 

109



 2.85.    ,   -
,        100=28   =1,0 

 2.86.    ,   -
,        100=22   =1,0 

110



 2.87.    ,   -
,        100=16   =1,0 

 2.88.    ,   -
,        100=6   =1,0 

111



    
 ,    

100=37  

(2.97)
R2=0,999; F545465,7; t=/-6,4; 3,6; 14,6; -6,2; 3,8; 7,1; -5,4/>t05=2,0

100=33  

(2.98)
R2=0,999; F162070,7; /t=-43,7; 252,1; -112,0; 211,6; -92,6/>t05=2,0

100=29  

(2.99)
R2=0,999; F =834277,4; t=/-9,2; 21,4; -7,1; 3,0;172,7; -76,1/>t05=2,0

100=25  

(2.100)
R2=0,999; F =962653,2; t=/-14,5; 30,2; -10,7; 5,3; 183,2; -79,1/>t05=2,0

100=21  

(2.101)
R2=0,999; F=293701,6; t=/-11,8; 22,2; -7,3; 3,2; 96,7; -39,5/>t05=2,0

100=17 

(2.102)
R2=0,999; F=118640,4; t=/-15,1; 3,3; 23,9; -9,7; 5,8; 5,8; -2,8/>t05=2,0

100=13 

(2.103)
R2=0,999; F=119214,8; t=/-21,0;3,5; 67,7; -30,9; 4,9; -1,9/>t05=2,0

100=10 

(2.104)
R2=0,999; F=42845,5; t=/-6,5; 14,4; 12,0; -4,1; 2,1; 19,0/>t05=2,0

100=7 

2.105)
R2=0,999; F=16014,0; t=/-20,1; 58,9; -23,4; 15,4; -3,9/>t05=2,0

112



    
 ,    

100=37 

(2.106)
R2=0,999 F13430,2; t=/-22,6; -5,7; 19,4; -16,6; 14,3; 5,4; -5,0/>t05=2,0

100=33 

(2.107)  
R2=0,999 F=7634,5; t=/-9,7;-5,3; 8,2; -6,9; 5,8; 4,4; -3,5/>t05=2,0

100=29 

(2.108)   
R2=0,996; F=2169,3; t=/-6,1; -3,7; 5,3; -4,5; 3,9; 3,1; -2,5/>t05=2,0

100=25 

(2.109)  
R2=0,998; F=5555,0; t=/-32,3; -11,5;; 29,7; -26,2; 10,4; -9,4/>t05=2,0 

100=21 

(2.110)  
R2=0,998; F=2908,7; t=/-19,7; -3,9; 18,2; -16,4; 3,5; -3,2/>t05=2,0 

100=17 

(2.111)   
R2=0,984; F=425,6; t=/-6,9; -9,1; 6,1; -5,1; 8,9/>t05=2,0

100=13 
  (2.112) 

R2=0,933; F= 141,1; t=/-15,7; -6,9; 16,7/>t05=2,0
100=10 

  (2.113) 
R2=0,892; F=53,7; t=/-7,6; -9,3; 7,6/>t05=2,0

113



    
 ,    

100=37  

(2.114)  
R2=0,998; F=7201,5; t=/-92,3; -21,6; 97,8; -93,5; 20,3; -17,9/>t05=2,0

100=33  

  (2.115) 
R2=0,999; F=9743,3; t=/-73,6; -18,5; 78,9; -76,0; 17,3; -15,1/>t05=2,0

100=29 

(2.116)  
R2=0,9989; F=7922,5; t=/-60,3; -15,2; 63,2; -59,6; 13,7; -11,4/>t05=2,0

100=25  

(2.117)  
R2=0,998; F=5536,6; t=/-59,0; -7,2; 59,3; -53,7; 5,9; -4,1/>t05=2,0

100=21 

(2.118)
R2=0,998; F=8024,6; t=/-63,0; -10,0; 60,4; -52,4; 7,8; -5,3/>t05=2,0

100=17  

(2.119)
R2=0,998; F=3704,7; t=/-27,9; -4,9; 26,7; -22,8; 3,9; -2,7/>t05=2,0

100=13 

  (2.120) 
R2=0,998; F=3851,5; t=/-22,3; -6,1; 20,0; -16,0; 4,8; -3,4/>t05=2,0

100=10  

(2.121)
R2=0,998; F=4547,8; t=/-21,6; -7,1; 18,8; -14,8; 5,5; -4,0/>t05=2,0

100=7 

(2.122)
R2 =0,993; F=940,3; t=/-10,7; -10,6; 9,0; -6,7; 10,5/>t05=2,0 

114



    
 ,    

100=37  

) (2.123)
R2=0,996; F=1433,89; t=/6,0; -5,8; -6,6; 7,7; -9,0; 9,8/>t05=2,0

100=33 

  (2.124)
R2=0,993; F=1110,6; t=/7,9; -4,1; -8,6; 9,8; -11,2; 7,8/>t05=2,0

100=29  

(2.125) 
R2=0,997; F=2968,7; t=/9,4; -7,6; -10,4; 12,8; -15,4; 16,0/>t05=2,0

100=25  

(2.126)
R2=0,995; F=1488,3; t=/9,1; 3,3; -9,9; 12,1; -14,3; -3,6; 5,0/>t05=2,0

H100=21

(2.127)
R2=0,997; F=2472,2; t=/11,6; 2,7; -12,6; 17,3; -21,7; -2,5; 4,7/>t05=2,0 

H100=17

(2.128)
R2=0,9979; F=3620,1; t=11,6; 4,0; -12,2; 19,0; -24,3; -3,3; 6,1>t05=2,0

100=13  

(2.129)
R2=0,998; F=4652,0; t=/8,4; 4,3; -8,3; 17,2; -22,7; -3,1; 6,1/>t05=2,0

100=10  

(2.130)
R2=0,998; F=5006,0; t=/7,5; 5,5; -6,6; 12,1; -15,3; -4,3; 6,8/>t05=2,0

100=7  

(2.131)
R2=0,999; F=11673,0; t=/24,3; 8,5; 98,2; -75,2; 27,5/>t05=2,0
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   ,  

  

100=37  

              (2.132)
R2=0,999; F=52527,1; t=/16,9; 15,9; -12,6; 14,0; -14,3; -7,2; 4,6/>t05=2,0

100=33  

                                                      (2.133)
R2=0,999; F=71107,7; t=/21,1; 101,2; -14,5; 15,7; -15,4; -48,5/>t05=2,0 

H100= 29 
=exp(9,22958+2,187031ln -6,377209lnH+2,32407(lnH)2-

-0,252251(ln )3-0,330337lnHln )                                                 (2.134) 
R2=0,999; F=30894,0; t=/16,8; 72,4; -10,7; 11,0; -10,2; -34,6/>t05=2,0 

100=25 

(2.135)
R2=0,999; F=25919,8; t=/14,1; 65,4; -5,9; 5,6; -4,1; -26,4/>t05=2,0

100=17  

(2.136)
R2=0,999; F=13173,0; t=/5,0; 9,3; -9,6; 10,8; 86,8; -59,8/>t05=2,0 

H100=13

                                                                   (2.136a)
R2=0,998; F=5284,0; t=/5,9; 3,5; 12,6; -12,7; 13,1; 9,7; -10,7/>t05=2,0

100=10  

(2.137)
R2=0,998; F=4120,5; t=/2,4; 6,4; -6,5; 6,5; 46,1; -28,1/>t05=2,0

100=7  

                                                                               (2.138)
R2=0,997; F =4530,6; t=/56,3; 39,5; 8,1; -13,3; 11,8/ > t05=2,0

     
   (2.97) - (2.138)   

       
        

. 
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 3.2.       
    

 
 

 -

 

    
  , .

1 3 2

I 8 2 6 3 1 6 3 1
II 11 8 4 3 2 1 1-7/0-7/0-7/0-3/
III 14 5 3 2 1 1 1 1 2-4/0-5/0-3/0-3/0-6
I 9 15 5 2 1 1 1-10/0-8/0-3/0-1
II 12 80 4 3 3 1-9/0-7/1-7
III 15 31 5 3 2 0-10/0-7/0-4
I 10 87 5 3 1 1 1-10/0-9/0-10/0-7
II 13 108 3 3 3 0-9/0-10/0-6
III 16 40 4 3 2 1 0-10/0-10/0-5/0-3

2 3 3

II 33 1 6 1 1 1 6 1 1 1
III 35 19 5 2 1 1 1 1-7/0-5/0-3/0-2/0-2
IV 37 3 7 2 1 5-8/1-3/0-1
I 32 1 4 3 2 1 4 3 2 1
II 34 15 5 3 1 1-8/1-5/0-3
III 36 19 4 3 1 1 1 2-6/0-6/0-3/0-4

3 1 1

II 1 5 8 2 6-10/0-4
III 3 23 9 1 6-10/0-4
IV 6 2 10 10
II 2 65 9 1 8-10/0-6
III 5 20 8 2 3-10/0-7
IV 7 3 8 2 6-10/0-4
III 4 3 8 2 3-10/0-7

4 2 2

I 17 1 4 3 3 4 3 3
I 18 1 5 4 1 5 4 1
II 21 8 4 3 3 1-10/0-6/0-7
III 23 1 4 3 2 1 4 3 2 1
I 19 88 5 4 1 1-10/0-9
II 22 54 5 3 2 1-10/1-10/0-10
III 25 6 6 3 1 0-10/0-7/0-7
II 20 4 5 3 2 2-6/2-9/1-3
III 24 2 5 3 2 4-7/2-3/0-4

5 2 3

I 38 15 4 3 2 1 1-9/1-5
II 41 29 4 4 1 1 1-6/1-10/0-3/0-3
III 45 9 5 2 2 1 4-7/0-3/1-4/0-1
I 40 2 5 3 2 2-8/1-5/0-3
II 44 2 4 3 2 1 2-6/1-4/0-2/0-3
I 39 76 4 4 1 1 1-10/0-9
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  , .

II 43 49 4 3 2 1 1-8/1-10/0-10/0-3
III 47 4 7 2 1 4-10/0-3/0-2
II 42 1 5 5 5 5
III 46 6 8 1 1 6-10/0-3/0-2
IV 48 1 6 2 2 6 2 2

6 1 2

I 26 60 7 2 1 2-10/0-6/0-5
II 28 121 6 4 1-10/0-9
III 30 34 6 3 1 1-10/0-10/0-10
I 27 38 8 2 6-10/0-5
II 29 86 8 2 2-10/0-9
III 31 11 8 2 1-10/0-10

7 1 3
I 49 8 7 3 2-10/0-8
II 50 96 5 5 1-10/0-9
III 51 35 5 5 1-10/0-10

8 3 4

II 52 9 6 2 2 2-8/1-7/0-2
III 53 11 4 3 2 1 1 2-7/1-5/0-2/0-3
III 53a 2 5 5 5-6/4-5
IV 54 1 7 3 7 3

9 3 5
II 66 13 4 3 2 1 2-8/1-5/0-3/0-4
III 67 37 4 3 2 1 1-7/0-5/0-3/0-3
IV 68 8 6 4 4-8/1-6

10 2 4

II 56 21 7 1 1 1 4-10/0-4/0-7/0-2
III 57 38 7 2 1 0-10/0-10/0-2
IV 61 2 6 2 1 1 6/0-4/0-1
II 55 1 6 2 2 6 2 2
III 58 3 4 4 2 3-5/3-4/1-3
IV 59 1 5 3 1 1 5 3 1 1
V 62 1 7 2 1 7 2 1
IV 60 1 8 1 1 8 1 1

11 2 5
III 69 6 5 4 1 2-9/1-10/0-2
IV 70 14 6 4 0-10/0-10
V 71 1 7 3 7 3

12 1 4
II 63 7 6 4 2-10/1-8
III 64 89 7 3 1-10/0-10
IV 65 21 6 4 1-10/0-10

13 1 5
IV 72 1 10 10
VI 73 1 7 3 7 3
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     ( . 4.

 4.1. -  
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4.1.       

      
,      . 

       
  .     -

        
         

 [4].
  ( )     

  100,   1700-2300      
     1200-1700   .  

, ,      
.     , , 

.     ,  
,  ,    .

  ( )     
 200  1000-1700   ,     

.  ,     .  
  , ,  .  

  ,  ,  
,    . [44].

 -  ( )   
   , -   -

   100-200,   . .900-1900 .  
   , ,     

.   –    
,     .    . 

   ,  ,  . 
       

,     . 
 - -  ( ) 

     ,  
     300.  

       
 ,      

    1700 .    .  
   .     . 

      , 
   .  

     [4].
 -  ( )   

       2100    
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   ,   
.      - ,  

          
.      
    .

 -  ( ) 
   ,   ,  

   900-2000   . .    
   ,   

– .    .   
,  .      

  , , - , 
     [44].

  ( )     
 50-200    1700-2000   . .  

  ,   –   
.  , ,  .  

  ,  ,  
.     .
 -  ( )   

        , 
    ,   

  600-1200 ,  200.   
      . 

    : , 
 ,   .

 - -  ( ) 
         

 ,   . .600-1700 ,  
      900   . 

  ,    
 .  .   . 

      , 
- ,  , ,  
,     [44].
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   ,   
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  ,       
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  .       
 .     

     
 ,       

     
  .  

      
     ,  

 ,  , , , 
 ( , )   

 .
   -  
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 ,        
         

 . 

4.3.         
  

   2/3     
.         
  -      

      1000 - 1200  
1800 – 1900 .     

201



    1500 .   
    [4].

      
  : 

-  -  ;
-  -  ;
-  -  - ;
-  -  - - ;
-  -  ;
-  -  - ;
-  -  ;
-  -  ;
-  -  - - .

       
   4.1.       

          
 4.2  4.3.

 4.2.  ,     
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 4.3.         -
 

 4.4.         -
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 4.5.       ( *10)

 ,    1000 
     

    4.1. 

 4.2.      
  

 
 

 -
 - -

, %

 
-

 -
, %

   
, . 7,30 ±0,100 2,10 7,30 0,10

   
  10 

.
6,29 ±0,060 1,58 6,29 0,06

, . 0,42 ±0,001 0,11 0,42 0,00

     
    
       

. 
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4.4.        
    

  –     , 
   ,     

.       
         
,       

  .
      , 

    ,   
  .     

    .
         

      
     .

       , 
   –  ,  

      
    1.  

      ( 1- 8)  
  ( )       

 ( )     
      

   ( ) :
 4.3.  ,   

   
1 2 3 4 5 6 7 8

0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

                                      (4.1)
R2=0,947; mR=±0,12;  t=-39,2; -1,1; -4,6; -1,6; -2,0; -4,8;-8,1; -2,5;  -1,6; 
45,6; -32,0; -3,5; F=1789,6  <0,05
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: 
R2-  ;
mR –    ;
t –  ;
F –    ; 

 –  F- .

    (R2=0,947), 
         

   (-6,6292),    
(t>t05=2,0) (      ( 1),  ( 3), 
 ( 8)     )   (1) 

     ( . 4.5).
      

 (t>t05),          
        

  . 
F-      

,    F-   5-   
.

 4.6.          
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 4.7.       
    ( )  ( ) -
  

        
 .   ( . 4.6)   
,      

     –  -
,       –  

.
      

   :

•   ( );
•  - -  ( );
•   ( );
•  - -  ( );
•  -  ( );
•  -  ( );
•   ( );
•   ( );
•   ( ).
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4.5.      
   ,     

    ( . 4.2)   
( 1- 8)  ( )   , 

 ( )   ( )   
      

    (D ) :

                                       (4.2)

       
      

 ( . 4.10 - 4.13).

 4.8.      I    
  =0,7
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 4.9.       II     
  =0,7

 4.10.       III     
  =0,7
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 4.11.       
  ( )  ( )  

 =0,7

     
.    

 (R2=0,833)    
  .

       
 –  ,  

    –  .
      

 : 
•   ( );
•   ( );
•  - -  ( );
•  -  ( );
•  - -  ( );
•   ( );
•  -  ( );
•   ( );
•   ( ).

210



4.6.     
        

,   ,   
 ,     

(  4.12),    ( . 4.13),  ( . 4.14), 
   ( . 4.15),    1  ( . 4.16),

     ( . 4.17 – 4.18).  
     0,7 .  

  ( )    ( )  .  
   

  .  
      

       , 
     

   
     .

 4.12.       
     ( )  

( )    =0,7
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 4.13.         
     ( )  

( )    =0,7

 4.14.        
  ( )  ( )  

 =0,7
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 4.15.        
    ( )  ( ) 

   =0,7

 4.16.     
   ( )  

( )     =0,7
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 4.17.      
     ( )  

( )    =0,7

 4.18.      
     ( )  

( )   =0,7
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4.7.      
  –     , 

        
(   )     .  

 ,       
.     

    .

 4.19.      I 
 ( )  ( )   

=0,7

 4.20.      II
 ( )  ( )   

=0,7
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 ( )      220 ,  

       4.19  
4.20. 

   ,   
  ,     

  .

4.8.      
       

    :   
(Fagus orientalis)    (Abies nordmanniana).    

       .   
         

    .   700     
   ,    1200-1500   

         
  .       

,         
1700 .         

 (Picea orientalis).
  ,   
       900-1200 .  

          
500     ,      

.   .  -  
   ,  ,   

   .     
 .      

    0,1  1  [5 ].
   ,   

  (  700    )  -
  -  .      

     , , .
  ,     ,  

      (Acer
trautvetteri Medw).       .  

     
(Rhododendron ponticum),  (Ilex colchica et Istenocarpa),  

 (Vaccinium arctostaphylos),  (Rhododendron luteum),
 (Laurocerasus officinalis).   

         
  ,  

. 
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:   - - ,  

- ,  ,  
- ,     –

 [5 , 29 ].  
 - -   
  .       

 (0-30 )  ,     
,   ,   

 1650 .      
,      -   
,    .     
     ,      

  .        
750-1650 ,    , , ,   2  
3 .      . 

      , 
   (Athyrium filix femina)  

  (Dryopteris filix mas),   
   .      
       

50-60 .      . 
       

     . 
  - -   

  .    
  31-36 ,      350  700 3. 

      
   .
     (20-30) 

      
,       

   1000-1100 .     
 ,   . 

        
  .

    
,   ,  ,  

  .        
,       

 .      
   ,     

     
 .      
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, , ,   .      
 ,       . 

   ,  .   
   (Sambucus nigra).    

  ,   
.      

 1-1,2 ,   .
 -     

 ,  , 
     , 

       
.   ,    

   . 
      ,    , 

  .       
   ,   

   30-50 .     
 .      

   ,    
  .

       
 1700 (1650)  2000 (2100) .      

 , .  -    
     -    

        
1500-1700 .        1800 – 1900  
[1 , 33 ].

       
        

       
.         

      
        

 ,   2-2,5   6-8 .  
         

 .
        

   .    
          

  .   , 
        

 900-1200 .        
    500    ,  

    .
218



       
, : 

–  –  ,
–  –  ,
–  –  ,
–  –  ,
–  –  - ,
–  –  - .

       
  4.21.

 4.21.      

219



4.9.        
    

  –     , 
   ,     
 .     

        
   ,      

   .
      , 

    ,   
  .     

     [11].
          

     
   [55].

       , 
   –  ,  

      
    4.4. 

 4.4. –  ,  
 

   
X1 X2 X3 X4 X5

0 0 0 0 0
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1

:  –  , –  ,  –
 ,  –  ,  –  

- ,  –  - .
      

 :

                                                                                        (4.3)
R2=0,977; mR=±0,14; t= {-67,9; 9,8; 7,6; 4,7; 4,2; 9,8; 67,1; -48,2; -6,8};
F=7416,692; P<0,05

220



     :
  ( );
 -  ( );
  ( );
  ( );
 -  ( );
  ( );

    
     4.22,

4.23. 
    ( 1- 5)

( ),  ( )   ( ) 
      

      
(D ) :

(4.4)
R2=0,984; mR=±0,12; t={0,6; 6,4; 3,1; 0,3; 3,5; 7,3; -2,0; 4,8; -5,8; 

-12,5; 6,9}; F=8362,8; P<0,05;
     
 ,   ,  

, ,  ,   
      0,5    

4.24 – 4.29. 

 4.22.            
 

221



 4.23.        
  ( )  ( )   

 4.24.        
  ( )  ( )   

 =0,7

222



 4.25.        
    ( )  

( )    =0,7

 4.26.        -
    ( )   ( )  

  =0,7

223



 4.27.         
( )  ( )    =0,7

 4.28.        
  ( )  ( ) -

  =0,7

224



 4.29.        
  ( )  ( ) -

  =0,7

4.10.     
      

       

      
       

    ,     
        

    .
     

    
       . . 

 (1980) ( . 4.5)      . . 
 ( ) [5 ].  ,  ,  

        
       

    .    
  ,       ,  

      
  ,     

.        
,         , 
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   (4.1) ( . 4.6 – 4.20).   
   I  III     

       
,     

. 
      

           
 4.22   ,   
 ,  .  

         
( . 4.5)     , 

   .
       
        

  .  
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 4
.5

. 
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228



229



 4
.6

. 
(

)

230



231



232



233



234



235



236



237



238



239



240



241



 4
.7

. 
(

)

242



243



244



245



246



247



248



249



250



251



252



253



254



4.11.     
     

         
  .   - . . 

, . . , . . .      
      

    .      
      

. 
   ,   , 

    , ,  
   .       

  ,     
     ,   

  .  
   . .     , 

      ,   
       ,   

     ,      4  
 100-   . 

      
   ( ),    ,   

     
( ) ,   . 

  ,     
    ,    

 , ,     
      ,   

  (    ).  
        

 ,        
  .   –     

-        
 , ,    

 .      
   .

     -
 (4.3)      ( ) 

   4.30      
100=15   100=30 .

255



(4.3)

 4.30.        
    

      
        

  I  IV    100  15  30 .  
     

         4   
100-  .

      
      

      [6,
55]. 

    ( ) 
     -  

    186    
   ,   
    ( - , - , -  

, - )     - (2)  - (5) 
 . 

256



 ,     
 ,   -

  ,    
        

4.8. 
 4.8.   ,   

 
  

1 2 3 4 5 6 7 8 9 10 11

2 0 0 0 0 0 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 0 0 0
4 0 1 0 0 0 0 0 0 0 0 0
5 0 0 1 0 0 0 0 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0 0
3 0 0 0 0 1 0 0 0 0 0 0
4 0 0 0 0 0 1 0 0 0 0 0
5 0 0 0 0 0 0 1 0 0 0 0
2 0 0 0 0 0 0 0 1 0 0 0
4 0 0 0 0 0 0 0 0 1 0 0
5 0 0 0 0 0 0 0 0 0 1 0
2 0 0 0 0 0 0 0 0 0 0 1
: 2 -  , 3 -  , 4 -  , 5 - 

 , 2 -  , 3 -  , 4 -  
, 5 -  , 2 -   , 4 -  

 , 5 -   , 2 -  .
      ( 1- 11)  

       
     
     :

                                         (4.4)

    (R2=0,941), 
         

 ( 2) (t>t0,05=2,0) (   3, 3  4  t<t0,05=2,0), 
  (4.4)   ,  

  4.24.
      
        100=10   

 100=30 ,         
    4   100-  .  

257



     
.

     , 
     

 ( ),   ( )    ( 100) [60],
       

   .       
 ( . 4.6),     -

.  

(4.5)

 4.31.          
 .

258



 4.9.   ,   

   
1 2 3 4 5 6

0 0 0 0 0 0
1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

:  - ,  - ,  - ,  - -
,  - ,  - - ,  - .

       
        

  .

 4.32.        
    100  15  30 .

  (4.5)    
 (R2=0,936),    

 (t>t0,05=2,0).    
    4.25.    

     ,    
       15  30   

100-  ,    
        

 .
259



 4.33.      2   50-  

    (4.5)  
 (4.6)    

   ,    
         

 .       
 50 . 

(4.6)

,  ,      
    ,    (4.4)  (4.5)

   ,   ,  
      

  .     
      

       . 

260



      
 

     
 ,     

 ,    
.
,        

         
     .  

      
4.34, 4.35. 

        
       

  4.36. ,    
 ,   ,    

  ( ,  ),   
        . 

          
    (   ).  

        
      

     .    
,   ,    ,   

. 
  4.37     

 .    
     ,  
,    . ,   
,     .  

        
       . 

       
         

   . ,  
     60 ,    50 ,   

  40 ,    35 .
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 4.34.          
 

 4.35.          
 

262



 4.36.        
      

 4.37.      ,
         

.

263



 4.38.         
      

     
   

    
        ,  

    ,  . .  [15, 
16]   . .  [12]   .

 ,     
      

       . 
   

   . . ,    
   .         

 ,     ,     
   

  . 
  . .    

  .   
         

  ,   ,    
. 

      
    ,   , , 

 ( 0, 1, 2, 3, 4, 5),  ( 0, 1, B2, B3, 4, 5), 
264



  ( 0, 1, 2, 3, 4, 5);  ( 0, 1, 2, 3, 
4, 5).

       
 ,   .       

    ,   
. ,   (  ) 

(0 , 0 , 0 , 0 ), -  ( ) (1 , 1 , 1 , 1 ), 
 ( )  (2 , 2 , 2 , 2 ), -  

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

 ,        
    

 (  )   
       ( . 

4.39). 
      
 . . .      

        
,       (AXi)  

  (AZi).   4.10   
 ,   . 
       

     
     (4.7). 

 4.10.       
  

X1 X2 Z1 Z2 Z3 Z4

1 0 0 0 0 0 0
2 0 0 1 0 0 0
3 0 0 0 1 0 0
4 0 0 0 0 1 0
5 0 0 0 0 0 1
2 1 0 1 0 0 0
3 1 0 0 1 0 0
4 1 0 0 0 1 0
5 1 0 0 0 0 1
2 0 1 1 0 0 0
3 0 1 0 1 0 0
4 0 1 0 0 1 0

:
i –    ; 

Zi –    .
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 4.39.   . .  [37]

266



      
     

  .
      :

            (4.7)
t={-120,2; 99,1; -41,1; 20,7; 10,5; 9,4; 7,0; -6,3; -13,5; -17,9; -9,5; -6,5; -

4,4; 5,2; 8,2}
R2=0,942; SR=±0,096; F=29063,4; P<0,05

      
     .

   (4.7)   
( . 4.40),    

         
 .      

      
.  

 4.40.     -
 ,      

4.41     , 
        

 (4.7).   
267



 4.41.   ( / 100)  
        

 . .  [12] 

 4.42.    ( / 100)  , 
       

268



       
        

   3  16   100 -   
.       

       
 5  11  .

           
 ( . 4.42)        
 ( . 4.43) ,     

        
   .

 4.43.    ( / 100)  , 
       

       
  ,     

 . ,    
   :

(4.8)
t={-43,3; 39,7; -7,4; 15,7; 2,4; 3,4; 1,4; -3,9; -7,2; -13,6; -1,3; -2,3; -0,6; 

2,6; 4,1} 
 R2=0,903;  SR=±0,135; F=16606,2; P<0,05

269



 4.44.     
 ,    

 4.45.      (D/D100)
               

 . .  [12]

270



 4.46.        
 

 4.47.     ( / 100)   
       . .  [12]

271



 4.48.        
   

 4.49.      (Z /Z 100)  
,      

272



 4.50.       
    

 4.51.      (Z /Z 100)  
,     

273



     
     

  .  , ,   
   ,    

    , 
   .  

     
  ,    

       
,     ,   ,

    ,  ,  
,    .

,       
 .   4.11  

        
 .

 4.11.      
  

X1 X2 Z1 Z2 Z3

2 0 0 0 0 0
3 0 0 1 0 0
4 0 0 0 1 0
5 0 0 0 0 1
2 1 0 0 0 0
3 1 0 1 0 0
4 1 0 0 1 0
5 1 0 0 0 1
2 0 1 0 0 0
3 0 1 1 0 0
4 0 1 0 1 0
5 0 1 0 0 1

:
i –     ;

Zi –     .

274



      (4.9) 
    4.52,    

/ 50  / 100   4.53, 4.54.

                                                                                         (4.9)
R2=0,934; mR=±0,10;

t={-80,8; 92,3; -34,3; 6,3; 10,8; -3,4; -27,1; -21,3; -4,1; -8,0; 3,2; 19,5; 
14,1}; F=26298,9  P<0,05

 4.52.      -
 ,      

 ,     
  .  [37]   

         
.       

  ,  
     . 

        
     

   .    
     4.12.

275



 4.53.     ( / 50)  , 
      

 4.54.     ( / 100)  , 
      

276



      
   ,   

 ,   
      .

    
        

 .     
      

       
  .       

  , ,   
    .   

      
, ,       

      
     .

,     
           

 .      
    4.12.

 4.12.        
  

  
1 2 3 4 5 6 7 8 9 10 11

0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 1

       
       

 (4.10)  (4.11).

                            (4.10)
R2=0,930; t>t05=2,0
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 4.55.        
    

 4.56.     ( / 100)   
   

278



 4.57.     ( / 200)   
   

 4.58.     ( / 350)   
   

279



(4.11)
R2= 0,818; F=804,5 

 4.59.       
     

 4.60.     (D/D100)   
   
280



 4.61.     (D/D200)   
   

 4.62.     (D/D300)   
   

281



 4.63.     (D/D400)   
   

      ,  
   ,    , 

     
       

. 
    ,  . .  

      160 , 
    , ,  

     200  300 .  
        

   .     
       

4.13. 
 4.13.       
  

  
X1 X2 X3 X4 X5 X6

  0 0 0 0 0 0
 1 0 0 0 0 0
 0 1 0 0 0 0
  0 0 1 0 0 0
  0 0 0 1 0 0
 0 0 0 0 1 0
 0 0 0 0 0 1
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    (4.12) 
R2=0,818; F=7617,9  <0,05 

t={-114,0; 137,9; -101,8; 52,4; 2,2; 9,5; -27,7; -2,4; 10,1;-1,9; -6,6; 3,4; -4,6} 

 4.64.         
   

 4.65.     ( / 100)    
   

283



 4.66.     ( / 200)    
 

 4.67.     ( / 100)    
 

284



  (4.13) 
R2=0,798; F=7312,9  <0,05

 4.68.             
   

 4.69.     (D/D100)    
 

285



 4.70.     (D/D200)    
 

 4.71.     (D/D250)    
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  ,   
         

.       
   .    

      4.14. 

 4.14.        

 
X1 X2 X3 X4 X5 X6 X7 X8 X9

0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 1

(4.14)
R2=0,932; F=599,3  <0,05;

t={-20,5; 33,3; -32,9; 0,8; -0,64; 62,8; 0,6; 1,9; 8,6; 3,6; 7,5; 3,7; 0,9; -
0,6; 1,7; -0,5; 3,5; -2,5; 1,0; -1,0}

                                   (4.15)

R2=0,922; F=868,9  <0,05
t={-17.1; 47.3; -7.2; 2.2; 8.2; 3.2; 9.6; 5.8; 7.3; 5.0; -2.5; 5.3; -4.9}
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 4.72.        
    

 4.73.     ( / 100)   
     

288



 4.74.     ( / 200)   
     

 4.75.     ( / 300)   
     

289



 4.76.         
   

 4.77.     (D/D100) 
    

290



 4.78.     (D/D200) 
    

 4.79.     ( / 300) 
      

291



        
    , 

      
. 

      
    4.15. 

 4.15.         
   

 
X1 X2 X3 X4 X5 X6 X7 X8

0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1

      
        (4.16).

                (4.16)
R2=0,941; mR=±0,16; F=548,7  <0,05

t={-31,9; 5,6; -20,0; -4,4; -3,3; 1,5; 0,7; -4,2; -3,7; -3,1; 0,5; -5,1; -1,0; -1,7;
-1,4; 3,9; 3,4; 2,0; -1,8; 4,5}

  4.5   4.6     
       ,  

      
   .   

    (4.1)   
   .  

292



 4.80.     I    
       

 4.81.     II       
     

293



 4.82.     III       
     

 4.83.     IV       
     

294



 4.84.     ( / 100)   -
    

 4.85.     ( / 200)   
    

295



 4.86.     ( / 300)         
     

 4.87.     ( / 400)      
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,    .  

 ,     
,    ,    

,     .   
  ,         

       
,     . ,     

   ,    , 
      

,   .      
   ,    

   ( ).   , 
         

      
   .  
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,   ,    

     
 . 

 ,   
      

    ,   
      

      
.

,   ,  
      

 .     
       

 ,     
        

      
.       

-     .
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5.  
     

        
.     , 

  , ,    
  .  

     . .   
 XIX  : "      

       , 
         ".    

       ,   
        

      . 
          

   . 
 ,        

       
  ,     

     .     
       
     .

      
  

         
,    (  6 )   

   ,    
  ,      

        
.

   
      

       
     (   ). , 

,         
   .    

   .      
.       

   .     
  ,   

 .
         

    -  .  
  ,      -  

,      ( ,
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).      3,5 . ./   4,5 
. ./       .  

     
.  ,      

   0,9  1,6- . ./ .
    3-4   

 5    ,    
   .    

        .  
      

  ,     
.

      10-20 ,  
       
    10 .        

   ,      
   .    

   30-40-     
  3-4 .  

      
, .

 
     

    
  ,  

.       . .
   . 

      
    . . 

     [27],   
    .

5.1.     
  

  ,     
        ,  

  .   
       

          
  . 

      
   -    
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    . 
      

       
 .     

    ,    
,   ,  

      
     .
         

        
,      

      
     .

,     
  -    

  ,      
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 ,     
     :

 = f ( , , , , , ),

: –      
. 

     .    
 , , , , ,       
. ,  ,    ,   

,     . 
,   ( )  , 
  , ,    . 

  ( ) –  , 
 ,     .  

( ) –    , ,  
,  ,   ,  

,   .  ( ) –
 ,     .  ( ) –

 , ,   
      ,   . 

      ( ) –  
-  , - , 
,   . 

     
       

  .   ,   , 
        
,         

    .
        

        
.  ,      

        
 ,      

. 
       

     ( )    
 ( . . ). ,     

( ), , ,    ,  
,    ,    

      .  
        

      
.

301



       
       

 ,         
   . 

  
      ,  
   80%  .    

,      
 1     518  , 850  

  230  ,      
   .

       
.     , 

        
  ,    

 .  ,   . . 
   ,    

, . .   .  , 
       
    .

        
      

  ,   
1 .      . , 

     
 ,   , 

     .
        

,        
,    5.1.
 5.1.         

 1 .   ( )
 

 ( ) ( ) ( ) ( ) ( ) ( ) ( )

1,3 1,7 2,1 3,8 6,7 3,2 5,9
1,1 0,6 1,1 1,0 1,4 0,8 0,8
0,8 1,1 1,8 1,5 4,4 1,8 3,4

     
  -    ,  

  . .  . . 
     ,   
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 . , ,    
      28 

, 16,  34,  19,   
36,   26,  40 . 

 ,        
,        

. 
        

        
      5.2.

 5.2.         
  

  

 / 3 1,3 1,7 2,1 3,8 6,7 3,2 5,9

 / 3 1,1 0,6 1,1 1,0 1,4 0,8 0,8

 / 3 0,8 1,1 1,8 1,5 4,4 1,8 3,4

/ 3 10,8 14,3 13,0 28,5 56,0 25,0 39,6

 . 
 . / 0,09 0,07 0,08 0,05 0,04 0,06 0,08

 
 / 0,07 0,09 0,14 0,08 0,04 0,06 0,07

-

(  
 

)

. 16 28 34 19 36 26 40

    , 
    ,     

 ,     1  
     

, ,   
.

         
         . 

      
.     ,

   5.3.  

303



 5.3.      
     

  

 1 
1 2 3 4 5 6 7

8 1,3 0 0 0 0 0 0 24,8
9 0 1,7 0 0 0 0 0 43,0

10 0 0 2,1 0 0 0 0 57,0
11 0 0 0 3,8 0 0 0 46,0
12 0 0 0 0 6,7 0 0 45,0
13 0 0 0 0 0 3,2 0 43,5
14 0 0 0 0 0 0 5,9 51,8
15 1,1 0 0 0 0 0 0 11,7
16 0 0,6 0 0 0 0 0 8,3
17 0 0 1,1 0 0 0 0 16,8
18 0 0 0 1,0 0 0 0 6,8
19 0 0 0 0 1,4 0 0 5,3
20 0 0 0 0 0 0,8 0 6,2
21 0 0 0 0 0 0 0,8 3,8
22 0,8 0 0 0 0 0 0 19,5
23 0 1,1 0 0 0 0 0 36,6
24 0 0 1,8 0 0 0 0 65,0
25 0 0 0 1,5 0 0 0 24,8
26 0 0 0 0 4,4 0 0 32,0
27 0 0 0 0 0 1,8 0 32,4
28 0 0 0 0 0 0 3,4 39,0
29 10,8 14,3 13,0 28,5 56,0 25,0 39,6 225,0
30 0,075 0,09 0,14 0,08 0,04 0,06 0,07 1,40
31 0,09 0,07 0,09 0,05 0,04 0,06 0,08 1,10

C 1 1 1 1 1 1 1 max

        
 :  – 1,  – 2,  – 3,  – 4,

 – 5,  – 6   – 7. 
        

: 
 – ( 8, 9, 10, 11, 12, 13, 14);  

 – ( 15, 16, 17, 18, 19, 20, 21); 
 – ( 22, 23, 24, 25, 26, 27, 28);  

  – 29;  
  – 30;  

  – 31. 
     

     Excel.   
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     15,52   

 1,18; 13,83; 0,51 ( . 5.1). 

 5.1.         
      

     100 , 
      7,6  

89,1  3,3 .
,      

   
      

 ,     
     .

      
       

       
,    .   
    .

 ,     
   ,  , 

      
.      

   . 
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       , 

     .  
    

    
   ,     

. 

5.2.     
     

     
 ,   . .  

      
         

 . ,     
     ,    

      ,   
    . 

      
  ( . 5.4 – 5.9)     

        
  (5.1) – (5.6).    

       ( . 5.2 –
5.7).

 5.4.       
    

  

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10

1 0 0 0 0 0 0 0 0 0 0
2 1 0 0 0 0 0 0 0 0 0
3 0 1 0 0 0 0 0 0 0 0
4 0 0 1 0 0 0 0 0 0 0
5 0 0 0 1 0 0 0 0 0 0
2 0 0 0 0 1 0 0 0 0 0
3 0 0 0 0 0 1 0 0 0 0
4 0 0 0 0 0 0 1 0 0 0
2 0 0 0 0 0 0 0 1 0 0
3 0 0 0 0 0 0 0 0 1 0
4 0 0 0 0 0 0 0 0 0 1

: 1 -  , 2 -  , 3  , 4 -  ,
5 -  ,  2 -  ,  3 -  , 4 -  , 2

- c   ,  3 -   ,  4 -   
.
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(5.1)

 5.2.        
   

 5.5.       
     

  
X1 2 3 4 5 6 7 8 9 10 11

2 0 0 0 0 0 0 0 0 0 0 0
3 1 0 0 0 0 0 0 0 0 0 0
4 0 1 0 0 0 0 0 0 0 0 0
5 0 0 1 0 0 0 0 0 0 0 0
2 0 0 0 1 0 0 0 0 0 0 0
3 0 0 0 0 1 0 0 0 0 0 0
4 0 0 0 0 0 1 0 0 0 0 0
5 0 0 0 0 0 0 1 0 0 0 0
4 0 0 0 0 0 0 0 1 0 0 0
2 0 0 0 0 0 0 0 0 1 0 0
3 0 0 0 0 0 0 0 0 0 1 0
4 0 0 0 0 0 0 0 0 0 0 1

: 2 -  , 3  , 4 -  ,
5 -  ,  2 -  ,  3 -  , 4 -  , 5 

–  , 2 - c   ,  3 -   ,  4
-   , 4 –  .
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(5.2)

 5.3.       
     

 5.6.       
     

  
1 2 3 4

2 0 0 0 0
2 1 0 0 0
3 0 1 0 0
2 0 0 1 0
3 0 0 0 1

: 2 -  , 2 -  ,  3 -  , 2 – c
 ,  3 -   .

(5.3)  
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 5.4.       
     

 5.7.       
     

  
X1 X2 X3

2 0 0 0
3 1 0 0
2 0 1 0
3 0 0 1

: 2 - c   ,  3 -   ,  2 -
, 3 –  

(5.4)
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 5.5.         
  

 5.8.       
     

  
X1 X2 X3

2 0 0 0
3 1 0 0
2 0 1 0
3 0 0 1

: 2 - c   ,  3 -   ,  2 -
, 3 –  .

(5.5)

>
>t05=2,0

F=108347,3  <0,05
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 5.6.         
  

 5.9.       
     

  
X1 X2 X3 X4

2 0 0 0 0
2 1 0 0 0
3 0 1 0 0
2 0 0 1 0
3 0 0 0 1

(5.6)
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 5.7.        
   

      
        
      

       
  .     
        
  ,  

      
 .   

 ,      
   ,  

  –    
    (N, P, K)    .

     .

312



5.3.      
     

. .       
   .    

       -  ,  
        

        
.

      -
  ,  ,  , 

, , , , ,  , 
 , .    

 ,  , ,  ,  
, ,  , ,  , ,  

.     : 
, ,  , , , ,  , 

,  .
     . .   

   :  , , , , , 
 , , , ,  ,  

.       
    ,     

.  ,     
       .     

  .
       

         
   ,    ,      

. 
      

       
         

          
 .      

       
         

   .      
      (5.1) – (5.6).   

      
   «XA»   Excel ( . 

5.8 5.13).    , 
   ,   

    . 
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,   5.8    3,4  3,2 2  1,4 . 

 5.8.        
    ( 2) 

 5.9.       
   ( 2) 

314



 5.10.       
     ( 3) 

 5.11.       
      ( 2) 
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 5.12.       
      ( 3) 

 5.13.       
     ( 2)   ( 3) 

316



5.4.    
   

     

     
       

     ,    
.  ,  1 

    ( )   ( )  
,     .    

     . 
      III 

   1995    -
     .  

 – - ,  .  
 .   3–4 .   

     0,5  . 
    1 .    

   6   .
        

     , 
     ,    

    15 17%.  
          

  3,5±0,1  57,3±0,6 . ,  
       , 

 ,    
(  13,9±0,4  72,2±0,8    15,7±0,4  135,2±1,5  

).
     ,    , 

      .   
         

:    30%,   41 %,   
51%,   42%,     42%.

,    ,    
 ,      .  

   25%      
 ,    –  22%,   – 35%,  

   40%. 
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   ,   , 
 , ,  75%  

   51%  , 40% –  , 32% –    25% 
–   .        

 19%.  ,        
 . ,  ,

    ,    
. 

       
    .  

         
   . ,     
         

   77%,   – 63%,   – 54%,  
 – 69%,   – 55%,   – 46%.  

      ,  , 
,       

   .   
     –     .

   ,    
     ,    

,    
 [32].  ,    

   .
     

    ,    
.         

  1,44±0,04  13,25±0,13 .
   ,    

      3,6±0,1 ,   
   20,4±0,3 .    
,       

   ,   3,3±0,1  30,9±0,7 .
       

   .    
      

.        
   . ,    ,  

         
        

 ,     – 21  19%,   
– 38%,   – 43  55%,   – 44  50%,   – 49 
56%,   – 50  54% . 
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  ,      

  .      
       

  –  .
     

        
   .

,        
 : 

  

(5.7) 

    

  (5.8) 

       5.14. 
       

           
     : 

  

(5.9)

  
(5.10)
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 5.14. -        
           

    

    
   5.15. 

 5.15. -          
  ,       

    

320



   ,  
   ,     . 

,      
  :

    
(5.11)

    
(5.12)

       ( )  
    ( ),   

   5.13  5.14.
  

                                                                        (5.13)
t05=2,0

           
(5.14)

> t05=2,0
 ,    ,  

    .    
   ,    

.       
 . 

         
 ,     

 .    
   ,  .

       
 .      

    ,    ,  
         

  17%,    – 20%,    – 23%. 
        

   . ,      
     121%,   

 – 135%,   – 194%    – 201%.  
         
. ,  ,     

       1,7  ,    
  4,6  –     10,6  –   

321



.         
          

.  ,       
,    1,30±0,02  1,69±0,01 ,  
   –  1,36±0,02  1,66±0,01 .   

          
.
   ,    

(1,48±0,02 )   (1,68±0,02 ) ,  
         

.   , 
      (1,30±0,02 

 1,39±0,02  ). 
      1,40±0,02 

,   - 1,48±0,02 ,   – 1,50±0,02 .  
 ,      

 ,    1,62±0,02 ,    
  1,68±0,02 .

       
71,7±2,5  1351,0±16,3 .  ,   

    ,   
     279,9±12,9  2284,0±56,2 

. 
      

       - . 
,         

  ,         
   –  ,       

     .    
        

      . 
       

     . 
       

5.16. 
     , 

     ,  :
  

(5.15)
t05=2,0

322



    
(5.16)

> t05=2,0
      

    ,   
     . ,  
     ,   
    .  ,   

        
    .

 5.16. –        
 ,       

    

     ,  
     

        , 
    –    

  .      
          

 .       
      

  .      [29] 
     - . 

        [8].
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          [9].
,         

   .   
,   ,    ( ), 

   (5.17), (5.18)   
   . 

  
(5.17) 

  
 (5.18) 

  5.17       
 . 

 5.17. -          
       

   (5.17)  (5.18)   ( ) 
  ,    

( . 5.17, 5.18).  

  
( 5.19)

   
(5.20)

324



 ,        
       

     .    
  4   40 .    

  (  39 )    ,  
       . 

       
   30 .      

      20 . 
       

   .     
     7%,    

          .
           

         26%, 
   20%,    33%,    26%.

 5.18.  6.5 –        
 ,           

        
 .          

 58%          
,      42%,    – 28%, 

   – 46%.  ,      
        
,      .

     
    ,    

 .      
325



        
. 

        , 
  ,    

 .     ,  
 A. N. Burdett (1979) ( . : . .  [10]),   

    .
 ,       

  .       
       ,   

   .   ,    
 ,        

     .  
         
 .       

    ,     
  .      
        

      .    
         .

      
    .        

      
, ,  ,      

   ,    
   .       

          
 , ,      

   .     
       
     . - ,    

        ,  
        .    

      
 ,       

   ,      
        .

       
  (   )    « » 
    . 
        

     .   
         

  :
326



  

(5.21)

   

(5.22)

      5.19.  
      
   ,    .  

        40 45
,       .  

      
 ,        
 .        

       .  
      
   ,    

  . 
       
   ,   53% 

    .     
      ,   
       

   .      
       

.         
         

   . 
       

        
   5.19  5.20.
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 5.19. -          
            

   

 5.20. -        
  ,    
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 5.21.  6.8 -       
   ,     

        , 
   ,         
     ,   

 .     
          

    .    
,         

  ,       
  .

      
         

       
      

   .

    

   ,   ,  
    .   

       
,         
.        

 ,       
.         

 - .       
 ,          

329



11%,   13%,    15%    , 
     . 

         
,      

 .        107% 
   ,      

     210%     
 .       , 

       
 137%,      19%    

 (     ).     
    2  ,     

.        
   14%  .     

        
    (204%  ),    
      27%.

      . , 
         

    48%     ,  
  – 14%,   – 8%    – 13%.  

        
  ,       

    ,     
.

   ,    
      .    

  ,      .  
         

    .
       
  5%    .   

      19%  
,       34% .  

         12%  
  ,    –  5%.

        
  ,       

,    125 .     
      

  2 ,    –     3 .  
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        8 50% 
   .

         
  ,      

  . ,     
        

  56%       ,  
  –  28%,    – 13%    – 11%.  

      
     .   

      ,  
      ,  

      .  
         

 .
        

 ,     . 
,         

,         
 .      

      . ,  
      10%     

     ,    – 13%,  
 – 15%,    – 6%.    
   ,      

.       
         

     3%.      
   4%,    –  16%,     

   2,6          
 . 

   ,   
        

  . ,      
         

     36%,     60%,    
   82  85% .

        
  ,      

    –    .  
        

 ,      
     .
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,   , . .     

   .
 ,        

         
   .   

     ,     
      .  

      
,      –      

 .
 ,    ,     

      . ,   
          

70 80%   .       
 8%, ,    ,     

19%.         18,5  6%.
         

 (     )   66  
55%.     15  35%     

     18  10%.
        

       . 
       

  20  40%,       20% 
    –  .
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    ( )   
         

     .      
      

    ,        
     ,    

 ,      
    .    

  ,     
 ,   ( - ),  

.       
( )        

 .  ( )   
       .  

       
     

 .    
   ,       
  ,   

       
       .

5.4.4.1    
 ,     

       
    ,   

       
      

    5 .      
,  ,   .  
   ,    
.       

  22,5±0,22 ,   –  58,3±0,31  ( . 5.22).  
  ,    ,  

       
   ( . 5.23).   

    .      
      0,6 , 
 – 2,6     1,4±0,1 . 

333



 5.22.  ,      
 ,  

 5.23. -  ,     
  ,  

334



       
        . 

       
     ( . 5.24  5.25).  

     
    ,   
     - ,  

 .  

 5.24. -        
    

 5.25. -       
    

335



        
      . 

       
       

  ( . 5.26).     
  4-        

     .  
     , 

  ,   
      , 
 . ,    

      (   3–4 ) 
      

   ,      .
,         

 ,    ,  
  ,     .   

      , 
    -  

 .

 5.26. -    ,   
,          

,     , 
 ,    

      
 .

336



     ,  
,         

  ( . 5.27 – 5.28).      
        

      
.         

 ,       
  .

 5.10. -        
   

  
, , 

.
, 

 
, 

 
34,7 60 43,2 1,1

 1,0 2,5 1,8 0,01
 . 10,4 24,9 18,8 0,2

10,0 14,0 10,0 0,8
63,0 144,0 85,0 1,9

, % 2,9 4,1 4,3 2,0
 

97,1 139 51,9 1,2
 5,1 10,5 1,4 0,01

 . 51,4 105,6 14,9 0,3
26,0 15,0 20,0 0,8
233,0 542,0 89,0 2,1

, % 5,2 7,6 2,8 2,5
 

137,3 256 60,5 1,2
 4,0 10,0 1,3 0,03

 . 40,2 100,6 13,6 0,3
60,0 77,0 34,0 0,8
260,0 673,0 89,0 2,4

, % 2,9 3,9 2,2 2,4
 

225,0 5 52,1 1,2
 5,8 0,1 1,4 0,03

 . 57,1 1,3 13,8 0,2
95,0 2,0 30,0 0,8
336,0 8,3 92,0 2,0

, % 2,5 2,6 2,6 1,9
 

583,3 13 43,3 1,3
 24,4 0,5 3,0 0,08

 . 84,6 2,0 10,4 0,2
463,0 9,2 31,0 1,0
785,0 16,8 60,0 1,9

, % 4,1 4,4 6,9 6,2
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        2,07  

4,33 %,   4 – 7%  5  ( . 5.11).  
     30–50%,    

   (29%)      13–18 %.  

 5.11. -      
    

 
, ,

.

 

 
 

, 
,

 
102,3 21 646,8 1,3

 4,0 1,6 52,5 0,0
 . 40,7 16,8 528,2 0,4

25,0 4,0 151,0 0,6
226,0 111,0 2945,0 2,7

, % 3,9 7,9 8,1 3,2
 

126,3 34 1182,7 2,7
 3,3 1,6 64,4 0,1

 . 33,1 16,8 644,5 1,2
46,0 8,0 335,0 1,2
206,0 86,0 2860,0 6,3

, % 2,6 4,9 5,4 4,6
 

179,1 120 3376,7 4,4
 4,7 6,7 169,7 0,1

 . 47,5 66,9 1697,8 1,0
91,0 21,0 700,0 2,5
285,0 330,0 7820,0 6,6

, % 2,6 5,5 5,0 2,4

        
     3,22 – 8,13 %,    2,62 

– 5,45 %.        
  30  60 % ( . 5.12).

 ,     .  
        

    ( . 5.27, 5.28),   
          

 .        
 ,        
 . 

338



 5.27. -          
 ( )   ( )    

339



 5.28. -          
 ( )   ( )    

340



 ,       
           
  . 
       

    .   
          ,

         
       ,   

    .
        

        
  ,     

     .    
        

 .
          

    .   
       

 , ,    
 .      ,  

   ,    ,  
  .

     
      

        
    .

  ,  

       
         

 ,       
.  ,     

  .
        

,    100%    ,  91% –  
     .    ,    

    (   – 20  
   ).  ,     

          
,     .   

     ,  
 ,          

341



 ,      
    .
     ,   

  .   
        

   . 
      

 ,  ,        
     .   

100-    (   ,  
 ,    ),   

       
. 
  6        

      .   
  20   1-   .   

        10  80%.
       

,       ,  
   .    

        
        

  : 70-80%, 65–70%, 55–65%, 40–50%, 25–35%, 10–20% 
( . 5.29 – 5.33).

       
 .     (70-80%)  

       .   
   75  47%       38% 

      62  26%. 
     11–13 . (   
 55–65%)      82%   

   44%         
 74  20%  ,      

   2  4 . 
      40–50% (   
   8–10 )       
   32%,   – 26%,     – 22  

20%        
 10%,       1–2   

 . 
       

 25–35%,         

342



     24  18%   
    16 %    .
       

    12  8%.    
        1–2  

     . 

 5.29. -          
      (70–80%) 

 5.30. -          
      (55–65%) 

343



 5.31. -          
      (40–50%) 

 5.32. -          
      (25–35%) 

344



 5.33. -           
     (10–20%)  

 ,      
          

,        
.     

   -     40  
65%,      8  13   

    .
   ,   

      ,    
  .     

       
     5–6 ,    

      
  . 

     
  

        
       .  

       
      ,    

         ,  
345



   ,    
        

.       
         , 

         
 , -  ,  . 

      
     ,  

   .   
         , 

    ,    
       .

       
        

,       .    
 ,    , 

   -      
 73 %,   - 85 %,   - 96 %.  

        
  (35-42 %)  -   (30-90 %),   

       ,   
. 

,         
,           

       
 ( . 5.13).     ,  

  -       
,    ( . 5.14).  
          

   ,    ,  
     .  

 ,        
(23,76±0,54 )  ,     

-   (23,85±0,60 ).

346



 5.12.       
      ,   

,     ( )

 

    

  -    
 
 

  
 
 

1 4,8±0,1 1,1±0,1 6,0±0,2 3,4±0,1 13,9±0,3 15,6±0,4
2 22,4±0,4 5,0±0,1 23,8±0,6 9,7±0,4 19,5±0,5 23,7±0,5
3 37,4±0,6 8,2±0,3 42,2±0,5 14,2±0,4 25,6±0,6 44,1±1,1
4 45,1±0,8 10,0±0,4 57,3±0,8 22,0±0,5 47,0±0,9 91,8±1,2
5 47,2±0,8 10,6±0,2 68,5±1,3 57,2±0,6 72,2±0,7 135,2±1,5

  ,      
     ,   

    ,   
    - -  ( . 5.34).

 5.34. -    ,     
 ,        

      . 

       (64,5±0,5 ), 
   ,   -    
.

         
   ,      

    ,    

y = 83,982e0,5663x

R2 = 0,99

0

200

400

600

800

1000

1200

1400

1600

1800

1 2 3 4 5

 

, 

   

  

  

 

 

-  

 =
20-50 %

 =
51-90 %

 =
91-100 %
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-  .        
     . 

        
    . 

 5.13.         
,   ,   

    
 , / ²

   / .

  
 
 

 
 
 

-
-

1  
 

 
 

0,03±0,001 0,02±0,0008 0,08±0,003 1,0±0,12 7,2±1,30 6,0±1,19

 
 

 
0,03±0,001 0,01±0,0003 0,03±0,001 0,1±0,02 1,3±0,10 1,3±0,20

  0,06±0,001 0,02±0,0007 0,10±0,002 1,2±0,12 8,6±1,70 7,4±1,40

2  
 

 
 

5,2±0,08 2,6±0,07 2,8±0,11 5,0±1,12 29,7±4,50 36,1±6,40

 
 

 
3,850,06 4,4±0,14 0,8±0,02 0,7±0,11 2,8±0,60 3,2±0,50

  9,1±0,31 6,7±0,19 3,8±0,16 5,7±0,90 32,6±3,10 39,3±4,01

3  
 

 
 

29,4±0,73 13,3±0,59 15,7±0,32 7,7±1,22 69,9±9,27 104,1±11,05

 
 

 
24,3±0,66 32,4±0,84 6,1±0,18 1,1±0,12 6,8±1,14 9,6±0,81

  54,3±2,01 43,2±0,74 23,0±0,74 8,8±1,71 76,8±12,1 113,7±16,20

4  
 

 
 

55,1±0,99 23,7±0,77 44,7±0,60 11,2±1,48 109,3±12,2 253,2±31,5

 
 

 
58,6±1,01 61,1±1,48 24,0±0,52 2,7±0,44 11,7±1,91 30,1±2,42

  115,9±4,01 83,3±1,14 71,5±1,98 13,9±2,12 121,1±13,4 283,3±30,21
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    ,   

        
 ,  ,      

   . 
 ,      

  (47,07±0,97 )      
       

  (45,10±0,82 )     -  
 (57,33±0,84 ).      

 ,    , 
 (72,20±0,75)      

(47,22±0,89 )  -   (68,54±1,35 ).
       (23 ), 

 (68 )   (88 )   ,     
 ( . 5.35).         

     -  
,    .

         
  (54 )       

   (47,22±0,89 ).
    ,    

   ,    -  
      , 

      , 
         .

 5.35. -    ,     
 ,        

      .

y = 85,523e0,4168x

R2 = 0,9819

0

100

200

300

400

500

600

700

800

900

1000

1 2 3 4 5

 

,

   

  

  

 

 

-  

 =
20-50 % 

 =
51-90 % 

 =
91-100 % 
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 5.36. -          
        

  .

      -  
      ( . 5.36).  

        
(57,27±0,64 )      
(47,22±0,89 ),      (78,5 )  

-   (68,54±1,35 ).
      

   (   –  )  
       

 ,      .
,        

   -  ,  ó   
 ,   ,   

      
.       

  ,    -
.     

        
   .
 ,        

           
      

-   ,    
   ,   -

y = 20,924e0,6417x

R2 = 0,9683

0

100

200

300

400

500

600

700

800

900

1 2 3 4 5
 

, 

   

  

  

 

 

-  

 =
20-50 % 

 =
51-90 % 

 =
91-100 %
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    ,      
     .

       
-  ,       

,        
 ,         
    .      

 ,       -  
, ,     

.
       

  ,   ,   
    -  .    

    ,   
    ,     -  

.         
      . 
 ,   ,   

   -  ,  
   .    , 

      , 
      -   . 

          
     . 

,  ,     
      ,   

 ,        
  . 

    56-99-93 «  .  
»         
     8   

 1,3    3,2 . ./ .    
      

       . 
    (2,7 . ./ )  

       1,0   
 1,9 . ./ .

 ,      
 ,      

  -  ,  ,  
     .   

   -      
         

 .     
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      -  
      . 

          
           

     ,    
-        

  .      
       
 ,         

. ,      
      , 

  .       
        . 

      . 
,       

       
       

.
        

(     )    
  70 %    .   

       12 .  
       ,  
    ,   

 .   ,     
        

     
.      

         
.

    ,  
    

       
   ,    

       , 
    -1    

.        
 ,      , 

    .     
       , 
      ,   
,   ,  

  .      
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,        
,         

 ( . 5.37, 5.38).  
-  ,        , 

       
      .  

    ,  
         ,  

 ,     ,   
   .   ,     

        
   ( . 5.39).  

        
    ,   

,       
,       ,   

 .  ,  « »   
 « » –    ,  

  ,    
 . 

     ,   
  ( . 5.40).     , 
  .  ,    ,  

      ,   
   .       

     , 
    , 

 .
         

  « »       
     [17].
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 5.37. -      ,  
  ,   -1 (  . ., 

 . ., 2005)

 5.38. -      , 
          

 -1 (  . .,  . ., 2005)
354



        
 .       
   (    
 ,    

  ).        
 .

        
    [10, 17].  ,  

           
    .   

        
       ( . 5.39, 5.40).  
       

.         ,  
     ,      

.        
 ,      

  .
 ,     ,  

    ,    
       . 

     . 
 ,        

 ,     « »  
     .       

        
 . 

 5.39. -      , 
          

 -1 (  . .,  . ., 2005)
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 5.40. -      , 
         

(  . .,  . ., 2005)

 5.41. -      , 
     1  (  . .) 

   ,     
         
,    ,    . 
       

.     11    
  ,      

,       ( . 5.41).  
356



 5.42. -      , 
          

 -1 (  . .)

 5.43. -      , 
          

 -1 (   . .)
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 5.44. -      , 
         (  

. .) 

 ,       
,  11      
     ( . 5.42).  
     11  ,   

     ,  
      . 

     « »      
         ( . 5.43).

     ,    
 ,      

 ( . 5.44).  
 ,       

        
   .

358



5.5.      
  

  (80 %)     
    .  

« »    «   
»,         

      
     .    
       

. ,  2009 .       5,4 
.  (  4,7 . ),  2010 . – 7,2 .  (6,4 . ), 
  87–90 %  .      

  ,     
 ,     

         
    . 

         
 .

        
       1   

    2010 .
1.      ,  4701,17

.
 1   0,5  ,  1   2010 .  

10000 .  ,  0,5    – 5000 .
     4701,17+5000=9701,17 

.
    (  , 

 , -  )   
    ,      

,    .      
         

  ,   «   
      » 

(2005).      1   
 2251,49 .      

     :  
4 * 2251,49 = 9005,96 .

     : 
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9701,17 + 9005,96 = 18707,13 .
2.         

 ,  7358,29 . 
    – 7358,29 + 9005,96 = 16364,25 

.
    2010 .  1,63 .   

 3500 ./       1,63 
* 3500 = 5705 .

         
 

16364,25 + 5705 = 22069,25 . 
3.         

 ,  6960,72 .
      6960,72 + 

9005,96 = 15966,68 .
    2010 .  4,83 .  

.    3000 ./     
4,83  3000 = 14490 . 

         
 

15966,68 + 14490 = 30456,68 . 
4.         

      6960,72 .
    2010 .  4,83 .  

.    3000 ./     
4,83 * 3000 = 14490 . 

         
    

6960,72+ 14490 = 21450,72 . 
 ,      

  (30456,68 .)    
       . 
,   ,   

   ,     
        

 .      
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