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 – 82,63 3/ ,    – 19,04 , 

   – 1,17.     

   0,8613 / 3.  

  – ,    0,862 / 3, 

 (  20⁰     20,4 * ).    

    0,08%,  – 2,26%,  

   +50⁰ .  

 ,   200 ⁰ ,  11,5%  300 ⁰  

– 33,2%.      +100⁰ .  

   – 33,8⁰ .  

    3,14%,     

  [32-33]. 

 

2.5.7 -  Hx-I 
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.        93,334%.  

      20. 

 20 –      Hx-I 

   , % 

 93,334 

 1,31 

 1,406 

-  0,544 

  0,916 

-  0,432 

  0,413 

 +   0,85 

 0,77 

 0,008 

 

   4,56 ,   – 

202,34 .  

  :      

 0,722 / 3,    – 1,27 * ,  

 – 125,9 3/ ,    – 17,7 ,  

  – 1,26.     

   0,8288 / 3.  

  – ,    0,842 / 3, 

 (  20⁰     21,94 * ).    

    0,13%,  – 4,42%,  

   +57,8⁰ .  

 ,   200 ⁰ ,  21,4%  300 ⁰  

– 44,52%.      +73,8⁰ .  

   +3,11⁰  [30].  
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    5,01%,     

 . 

 

2.5.8 -  Hx-III-IV 

 

          

.        90,3%. 

       21. 

 

 21 –      Hx-III-IV 

   , % 
 90,3 

 2,7 
 2 

-  0,98 
  1,16 

-  0,53 
  0,35 

 +   0,72 
 0,96 

 - 
 

   4,57 ,   – 

203,9 .  

  :      –  

0,722 / 3,    – 0,98 * ,  

 – 148,8 3/ ,    – 21,36 , 

   – 1,33.     

   0,843 / 3.  

  – ,    0,847 / 3, 

 (  20⁰     9,68 * ).     

    0,11%,  – 3,89%,  

   +57,3⁰ .   
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,   200⁰ ,  23,8%  300⁰  – 45,9%. 

    +66,7⁰ .   -8⁰ .  

    5,54%,     

  [32]. 

2.6    

 

Д я -  Д -I-III 

    7   3 

 ,       

   (    12 / 3).   

       1007,1 / 3. 

     . .    

   -  .  

   

       13 

,        (14 / 3). 

         

1008 / 3.      . .  

     -  .  

 С -IX 

    -IX  3 , 

         

(  16,46 / 3).      

    1010 / 3.   

   . .       -

 .  

  х 

       53 

,  ,   ,    

 (12,6 / 3).        
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  1008 / 3.      

. .       -  .  
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3    

 

   2006     

     .   

      2009 ,      

 .  

      2006   

   .         

     .  

      :  

– -II-VII (  );  

– -III-IV ( );  

– -I (  ).  

  2009      «  

     », 

  « - »    

     (  №4540    19.03.2009).  

      

        

,       

         

  .  

      

:  

–  -Ⅸ;  

–  -I;  

–  -III-VII;  

–  -III-IV;  

–  -I-III;  

–  -I-II.  
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  2006      -III-IV 

   .   

      

.       

  1000 .      

   1000 .      

    42,  

 – 20,   – 6,  

 – 3.      – 72 [36]. 

   -I   7%  . 

     -    

     ,    

        -

III-IV. 

 60%         

     -II-VII.   

  ,    . 

  -    

 .     

     1000 ,   

.         1000 . 

  147 ,   95  

, 47    5  

 [34].  

    -   

 ,     

  ,       ,  

         

      

    .     
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    100 %-     

. 

        

         

 ,       . 

  100%-     

         

    ,     

          -III-IV   

II-VII [32-33].  

   2009      

     ,    

 .  

   :  

–   – 25208,5 . . (2017 .);  

–    – 322,1 . . (2015 .);  

–   – 54291,3 . . (2031 .);  

–   61720,0 . 3 (2020 .);  

–    – 4121,34 . 3 (2023 .)  

–    – 6897,0 . 3 (2013 .)  

–    –   98% (2012 .).  

  :  

–  -IX –      

    1000 ); 

–  -I –       

       1000 ;  

–  -III-VII – -     

   1000 ,    

  1000 ;  
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–  -III-IV –      

   1000 ,    1000 ;  

–  -I-III –    ;  

–  -I-II –    .  

   – 557,  . .  261 (   

 – 252, 9 ,   ), 

 – 174 (    – 62, -  

 – 112),  – 21,  – 6,  – 

76,  – 10.  169  .  

   – 520 147 . .  

      1 – 0,436.  

 2013      «  

    », 

  « - » (    № 

5730  02.12.2013 .). 

  2012      

 . ,     , 

        

   [29-30].  

  :  

-    :  

-  :  

) -IX;  

) -I;  

-  -III-VII;  

-  -III-IV;  

-  :  

) -I-III;  

) -I ;  

-   :  



54 
 

) -II;  

) -I .  

  :  

-       ; - 

      ; 

  :  

–     22 000 . . (2014 .);  

–    314 . . (2014 .); 

–   70 073 . . (2022 .);  

–   62 665 . 3 (2018 .);  

–   2 500 . 3 (2019 .);  

–    2 341 . 3 (2017 .);  

–      4 452 . 3 (2016 .);  

–  ё   2 484 . 3 (2014 .);  

–  ё   –   95% (2014 .);  

  :  

–  -IX –      

    1000 ;  

–  -I –       

       1000 ;  

–  -III-VII – -      

   1000 ,    

  1000 ,       

700     700 ;  

–  –III-IV –      

   1000 ,    1000 ;  

–  -I-III –       

  300 ;  

–  -I (  ) –    

,        -III-VII.  
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–  -I  -II –    ,  

      -III-VII. 

    – 680,  . .  378 (369 

),  – 188 (    – 72),  

– 22,  – 6,  – 76,  – 10 

   – 493 154 . .  

      1 – 0,434. 

 

3.1    

 

     - -III-VII, 

-I, -III-VII,  - -I-III.  

   01.01.2018 .    c  

145652 . ,  – 400583 c. ,  – 3546 . , 

   – 37062  3,   – 7536  3. 

      01.01.2018 .  370254 . 
3. 

        

  2014 . – 21516,5 . .  

 2017     15003 .   – 77078 

. ,  – 306 . ,   1453  3,  

  – 3094  3. 

   – 83,9 / ,  – 408,3 /  (  

  – 80,7 %). 
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3.2        

  

 

3.2.1  -II 

 

   -II,   01.01.2018 .,  6 

,    4 , 2 .  

   01.01.2018 .      

 80,9 .   – 81,2 . ,    – 21,4 

 3.  

     – 1,8%    

 – 5,1%.  

      01.01.2018 .  73,2 

. 3,       36 %.  

     11,5   

   – 15,9 .  

 2017     51,083 . ,  – 52,361 

. ,    – 15,9  3.  

   – 33,8 / ,  – 39,9 /  [31-32]. 

 

3.2.2  -III-VII 

 

 -III-VII        491 

 ,    363 , 128 .  

    363     – 

319,  – 20,  – 1,    – 1,  

 – 1,    – 13,     – 

8,  – 7.  
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   128 ,    – 98, 

 – 7,     – 10,     

– 13.  

   01.01.2018 .      

 110152,8 . ,  – 309376,3 . ,   – 

12901,8  3.  

      01.01.2018 .  

270516 . 3,       

72,1%.  

     12,8   

   15,9     – 15,9 .  

 2017 .    12657 . ,  – 61801 

. ,    – 1197  3.  

   – 104 / ,  – 580 / .  

   - -    

    1000 ,    

   700  1000 ,      

 700     700 .       

  [35-37].  

    ,  

    ,    

ё ,      11. 
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 11 –    -III-VII   « - » 

 ,     ,   

    -   .     

ё ,       

      ,  

    ,     

      .  

        

  -     700   

    .  

        

     ,   

     [36].  

      -III, 

ё    -III-VII -  , 

     . 

     ,  

 :  

-   (  ) –    

   ,    ,    

 ;  

-    –    

   ё      ;  

-    –  ,  

    ;  

-    –      

         

 .  

  12      

 -III-VII. 
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 12 –    -III-VII 

 

         

       ё     

        

 ,        ё  

     .  

         

  100%,       

    [34].  

    ё  ,    

,     ,    

     . 

 

3.2.3  Hx-I 

 

   01.01.2018 .  .    

110 ,    74 , 50 ,  – 2.  

    74     – 66, 

 – 2,     – 6. 



60 
 

   50     – 40,  

   – 5,     – 1,   

  – 4.  

    91%.  

   01.01.2018 .      

 11827 . ,  – 24311 . .  

     – 25%,    – 78%.  

      01.01.2018 .  27105 

. 3,       85%.  

     17,9 ,  

   25,9     – 23,9 .  

   –    

      – 1000 ,  

 – 1000 ,      

1000  [3].  

 2017     1192 . ,  – 5582 . 

.  

   – 51 / ,  – 218 / .  

     ,  

 :  

–    –  ,   

   ;  

–  ё   –     

         

      .  

         

    , ,  

        

      .  



61 
 

        ,  

        

   ,      

         

 .  ё    ё       

   –  .  

 2017 .       

ё        . 

 

3.2.4  Hx-III-IV 

 

   01.01.2018 .    145 ,   

 127 , 69 ,  – 5. 

    127     – 95, 

 – 4,    – 14,    

 9,     – 5.  

   69     – 40, 

 – 1,     – 8,     – 

12,     – 8.  

    92%.  

   01.01.2018 .     

38595 . ,  71078 . ,  3913 . ,  

  – 23805  3.      – 28%  

   – 79%,       

 – 52%,      – 68%.  

      01.01.2018 .  66717 

. 3,     34 %.  

      19,0   

   27,3     – 26.3 .  
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 2017 .    2030 . ,  9802 . 

,    – 2743  3,  – 342 . .  

   – 64 / ,  – 309 / .  

   –     

      1000      

; -        

2000 ,      1000   

   [32-34]. 

 

3.2.5  -IX 

 

  -IX     2013 .    

01.01.2018 .    2  ,  .  

   01.01.2018 .      

 26,7 . ,  – 81,9 . .  

     – 2,2%    89,2%.  

 2018 .    . 

 

3.2.6  -I-III 

 

  -I-III     22 ,   22 

 .  

   01.01.2018 .    -I-III  7525 

. 3  ,    – 14%.  

    - 8,6    

  9,6  [35-37]. 
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4       

   X 

 

       

      2010 .  

    -III-VII      

   ;  Hx-I  

 ;   Hx-III-IV    

      

 ,     .  

         

 ,  ,      . 

 

4.1    -III-VII 

 

   ,   ,  

  106 .    01.01.2019  

 1642 3/ .      10  

   13. 

 

 

 

 13 –      10  
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01.01.2019 .  110 .    01.01.2019 .  

 -III-VII     (  14) 

 

 

 

 14 –     -III-VII 

  

   126 . (    – 159 

),  – 21%  ,    

.      15. 
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 15 –        

  -III-VII 
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 16 –      

  

     ,   

-    -   

   ,    

(       1000 ). 

       

    2019   3,3.  
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     ,   

    (  17). 

 

 

 

 17 –        

        -III-VII 

 

       

 ,       

       , 

  ,     (  14),  

    17    . 
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4.1.1     -III-VII 

 

        

       

    .  -III-VII 

   (14,6 .,  , 

     ), 

       ,   

        

        

 . 

    - , 

     .    

     18.  ,  

      

 ,     

  .       

    (  ). 

 

 

 

 18 –      ,  
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 19. 

 

 

 

 19 –      ,  

 

 

       

        (   

  ).      

      

     (  20). 

 

 

 

 20 –       , 
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   2019 ,     

 ,      

  (        

,        ,  

  Y-Tool. 

 

4.1.2       -III-VII   
  

 

       -III-VII, 

        . 

       

    ,     

 .  

  ,       

         

  –        

   ,  ,    . 

        

(  21).  
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 21 –       

 

 ,       

         

 .          

 -III-VII   67%. 

        

         

   –      

.       ,  

        

    -III-VII,     

          

.  ,   ,   ё   

,   ,      .  

        

      

 .     ,   

,    . 
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4.2    Hx-I 

 

     -I   2015 . 

       

 . 

      

     ,     

  259 ,    2019 ,    

177  (  22).        

    . 

 

 22 –      -I 

  

 
 

. 
, 
. 

. 
2010 

. 
2011 

. 
2012 

. 
2013 

. 
2014 

. 
2015 

. 
2016 

. 
2017 

. 
2018 

. 
2019 

  
 

259 259 219 209 204 184 186 181 175 166 177 

 

         

       (  22). 

 

 

 

 22 –      -I 



73 
 

    22,     

 .  ,      

  90%. 

        

   2015     . ,   

2016 ,        

 .      

(   22).  

,         

           

 (    23).   ,  2017  

        

   100%. 

 

 

 

 23 –        

  -I 
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     (  24)    

(  25). 

 

 

 

 24 –   (  -I) 

 



75 
 

 

 

 25 –        

  -I 

 

4.2.1     -I 

 

        

       

  .  -I    



76 
 

   (3,6 ., -  , 

     ),   

    . 

    ,   

       

(      ).   

      26. 

 

 

 

 26 –       

 -I 

 

       . 

     –   

    ,    

       

        

      . 

      ,   

       

,    .     

    ,  ,  60% (  27). 
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 27 –      -I    

 

 

4.2.2       -I    
 

 

   (  28)     

  (  29)   ,    

 -I    .   

      -I  55%   

. 
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 28 –    -I      

 

 

 

 29 –         

 

  ,      

    (  30).  
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 –   ,  –   ,  –    

 30 –       

        

 

       

    ,     

        

   .      

 -I    ё    

   .  
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4.3    Hx-III-IV 

 

  -III-IV     

       

  ,     , 

     .   

  39   1  .  

     31. 

 

 

 

 31 –   ё  

 

    31,      2012 

 2014          
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 ,     -III-IV,   

,       

     (  32). 
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 32 –      -III-IV   

  

 

         

 78 . (  23).     

      ,   

. 

 

 23 –     -III-IV 

 
 

. 
, 
 

. 
2011 

. 
2012 

. 
2013 

. 
2014 

. 
2015 

. 
2016 

. 
2017 

. 
2018 

. 
2019 

  
 

269 269 253 241 238 220 208 202 196 191 

 

     -III-IV  

       

     ,    
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      .    

        . 

         

 (  33). 

 

 

 

 33 –    -III-IV 

 

   ,   -    

-      , 
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   (   

     1000 .)     

        .  

      2019   2,4. 

       

 ,      100% 

       , 

      (  34) 

  (  35)      (  

36). 

 

 

 

 34 –        

  -III-IV 
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 35 –   -III-IV 
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 36 –          

   -III-IV 

 

4.3.1     -III-IV 

 

 -III-IV    (12,8 ., 

-    ,     

   ),      
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   .   

 - ,  ,    

   (    

   ).     

    37. 

 

 

 

 37 –       

 -III-IV 

 

        – 

« » (  38).     

 –   ,    – 

 (         

   ),       

         

   .  
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 38 –        

-III-IV 

 

   (  -III)  

  .    

,      ,    

   « ». 

 ,     ,   

,       

        

  ,       

  (  39).      

        100%. 

 

 

 

 39 –      -III-IV 
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4.3.2       -III-IV   

  

 

        

 (98% ).      2017  

        . 

     ,   

     .  2018   

    ,    172    

  « »       

    .  

       ,   

     2019    

 . 

      ,   

    -III-IV,    -III-VII 

          

   ё     ,   , 

     .  

       

         . 
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5    

 

        

       

  .     

   ,     , 

,       

.          

 .  

  ,       

        

  ,    

      

     .   

-     

        , 

       :  

– ,       ;  

–       .  

      

      

,        

      

.  

       

   ,    

  ,     

     [39-43]. 
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5.1       

    

 

        

    ,  

      .  

        

  ,   ,   

,   ,       

, ,  ,   .  

        

24 [44-47]. 

 

 24 –        

  

   
 

  
    

  
 

 (  
  

).   
  

, 
 , 

  , 
    

 
  

 
 ; 

  
 

  
 , 

  
 

   
;  

  
;  

;  
;   

 .   
   
  

 
 , 

 ; 
 

  ; 
  
 ;  

 

  
 . 

  
. 

 ; 
 

 ; 
 . 

   
,  
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  24 

   
 

  

  

  
  

 
;  
;  

   
 . 

 ; 
 

 ;  
 

; 
   

 

-  
   

 
   
 , 

 
  
 

  , 
;  ; 

 
  

  
  
 

  

  
    2 

     1,3 
   ( , 

  ) 
 

        

 ,    

,        

  .     

        

   7,4%     

[49-52;68]. 

        

:   

–      

      ;  

–        

, ,  -  ,  ,    

       ;  
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–    -   , 

,      , -  

   .;  

–      ,  

  , , ,     

      ; - 

 ;   

–       [53-54]. 

 

5.2       
  

 

        

  ,    

  I  ( ),      

 –41°C,        

 1,3 /c.   .     

        

       

 (8-9 )   64 ё  ,    

   .   

    ,   

 60°-70° . .,  –10° .    – 

, ,     –26°C,    

    –57° .    

   .     1  3 . 

    450 .   

  25 / ,    – 5-7 /  [55-56].   

       

      .  
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,   . 

       

15-20˚  [56]. 

 

5.3       
  

 

      300 2.  

    ,   3    

   5-6 .     

  .   

        

     ( )    

 .        

      ( ),   

     .   

          

 0,2 2       ,   

 18 2 [57].   

        

  0,1 2  1 ,     

  ,    12 2.  

       

 ,    ,   

  .   

        . 

        

.   
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  25     , 

         

      ,       

( )   ,    ,    

      [57-58]. 

 

 25 –     ,   

    

   
        

  
1 . 

    12  
   

     
     1  

    
    

      
  

  

       
     ( ) 

 
  

 

        65 . 

-      

   26 [58]. 

 

 26 – -     

 

№ 
/  

 , 
 
 

 
 

 

  
 

 
 

, 
 

 
, 

 

1   II 

    
 4    

45-50°.   
  4   

 45-50°  
 

40 200 

2   I   50 220 
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  26 

№ 
/  

 , 
 
 

 
 

 

  
 

 
 

, 
 

 
, 

 

3 
 

 
 

II 

    
   2,5  

    
   50 ⁰ 

25 150 

4 
  

 
IV 

  
,   

  65-70 ⁰ 
13 80 

5  IV   25 80 

6 
 

 
IV 

   
    

 6  
13 80 

7 
 

 
II 

    6 
 

30 200 

8 
 
 

II 
    3 

 
25 200 

9  III 
    3 

 
26 200 

10  III    26 200 

11 

 
- 

 
  

 

V 
    3 

 
10 50 

12 
 

 
V 

    3 
.   

  
10 50 

 

    ,    

    ,     

    [59-60].  

         

, (   , , , ,  , 

  . .).     ,     

      ,  

   [61]. 

       , 

     [62, 69]. 



96 
 

5.4     

 

         

    (  ).  

         

   .  

        

 1,1-10 / 3,      300 / 3 [63]. 

 
 27 –     

     

 
 

 

 
 

  
12.007-76 

 
 

(   
 ) 

  
 

   
 , / 3 

  3 

 , 
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, 
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  .     
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 .  

  -     

  .   ,   

      ,  

       

 .   

      

  :   

–      , ,  

      

–      ;   

–  ,  ,  

–       ;   

–   ,     ,   

    5-10         

   

–      ;   

–       -      30 

 [68-70].   

      380 . , 

       , .   

      

,      

  , .      

         

  [71]. 
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5.5      

 

       

,    ,   , 

, , , ,   

 -  ,      

    II [72].   

        

 -I  –  ,    

 ,   .   

   :    

   ;      

;       

.   

  28       

 [73].  

 

 28 –       

 
  

  
   0,5543 3,5 

 
, °  

450 270-320 

 , °  - 40-170 
-  

, / 3  
  

300 300 

  4 3 
  

 
5-15 1,26-6,5 

   
   

  
 

  
 

      

 ,       

      ,    
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  ,   

 .     

   ,   

       50  [74].  

         

    :   

–   – 8 .;  

–   , V = 0,5 3 – 4 .;  

–   , V = 1 3 – 2 .;  

–  – 5 .; -  – 2 .;  

–  – 2 .;  

–  – 2 .;  

–   – 4  [75].  

        

 .     

  .  

 

5.6       
 

 

         

 ,    29 [76]. 

 

 

 

 

 29 –     

   

    
-         
-      
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-     

,   
-      -  

  
  

 (    
 ) , 

   

-        
 -   - 

 ,   

 

       

       .   

       

      

,    ,       

.    ,   

           

      ,  , 

     .   

     ,   

.        

    8-10 .   

  ,     

     ,   

       .   

        

 ( , ),   ,  

    .   

   -  ,  

   .     

     .   

      

    .   

        

       .  
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     ,  

      , 

, ,     

       

.    ё        

. 

 

5.7   

 

       

    :   

–      ;   

–      ;  

–     ;   

–     ,   , 

      .   

     :   

–     ,     

      ;   

–  ,     

;  

 –     ;   

–      ;   

– ,        

    ;   

–     ;  

–        

  [77–79].   

 ,      

, :   
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–        
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