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3 23 ,NN q E I   

q

I



 

48 

 

 5 –     N  

 
4 0,375 ,MINN q R                                                                                        (29) 

 

    q  –  ,     20; 

MINR  –  ,     12. 

 

(3) 2 11 6319 5356,5 2,06 10 0,0001 1,6 10 ,N         

 
(4) 60,375 5356,5 329,1 0,66 10 .N        

 

     . : 
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(4) 60 0,75
0,66 10 0,45 .

1,1 1,1

m
N    

 
 

 

 , (4)0 0,45 1,59
1,1

m
N S   

 
,    

  .  

   ,  

    ( MINR )  1200 . 

 

3.4      
 

           S  

        :  – 

 50 ;  –  48.04; dэ  = 3 ,      

    :  –  60;  –  – 62 ; dэ  = 4 

. [13] 

          

 57 – 1420      30 ,    

6 [13]. 

 

 6 –     

 

    : b = 3  [13]. 

     13     

: 



 

50 

 

 
15 0,46%,

6 5 15э

Cr Mo V Nb TiMn Cu Ni
C B

    
             (30) 

 
 , n, r, , V, Ti, Ni, Cu, B – , %  ,   

    , , , , 

, , , , ,  [13]. 

 

0,5 0,5 0,05 0,2 0,1
0,08 15 0,0001 0,295 0,46%.

6 5 15эC
 

         

 

         

      ,  

   7,       [13]. 

 

  7 −       

        

 

   8 ,     

  : 

 

   2 0 02
1,8 30 2 ( 1,8) 30 7 ,

3
щА b S S tg q S tg b              (31) 

 
 S –  , ; 
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 b –  , ; 

 q –   ,  [13]. 

 

 

 8 –      

 

   2 0 0 22
3 8 8 1,8 30 3 2 (8 1,8) 30 3 7 80,5 .

3
щА tg tg               

 

     : 

 

 6 8 ,эА d      (32) 

 

 эd .  –     . 

 

26 3 18 .А     

 

     : 

 

 8 12 ,эА d      (33) 

 

 эd .  –     . 
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28 4 32 .А     

 

     : 

 

,
щA А

n
А


    (34) 

 

 щА  –  ,     31; 

А  –  ,     32; 

А  –  ,     33 [13]. 

 

80,5 18
2.

32
n


   

 

  2   + 1   = 3 . 

         : 

 

1,5
. ,эI k d     (35) 

 

 k  – ,    , k = 30 A/  –  

dэ = 3 ; 

эd  –  ,     32 [13]. 

1,5 1,5
. 30 3 156 , 3 .э эI k d A d       

 

        : 
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. ,эI k d     (36) 

 

 k  – ,    , k = 45 A/  –  

dэ = 4 ; 

эd  –  ,     32 [13]. 

 

. 45 4 180 , 4 .э эI k d A d       

 

       : 

 

. .0,5
.

0,05
20 1

э

U I
d

    ,                                                                                (37) 

 

 эd .  –  ,     32; 

      I .  –  ,     35. 

 

. 0,5

0,05
20 156 1 24,5 .

3
U В      

 

       : 

 

1
05,0

20 .5,0
.

. 
э

I
d

U , (38) 

 

 эd .  –  ,     33; 

      I .  –  ,     36. 

 

.5,251180
4

05,0
20

5,0. ВU   
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     : 

 

,







А

I
V  (39) 

 

  н  –  , н = 8 9,5 чА  ; 

   –   , 38,7 ; 

 A  –  ,     32; 

 .I  –  ,     35 [13]. 

 

8 156
8,8 / 0,244 / ,

18 7,8
V ч

  
  

 

8 180
5,8 / 0,161 / .

32 7,8
V ч

  
  

 

    : 

 

,
V

UI
g


  (40) 

 

   –   , = 0,67; 

 I  –  ,     35, 36; 

 U  –  ,     37, 38; 

 V  –  ,     39 [13]. 

 

156 24,5 0,67
10486,76 / ,

0,244
g
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180 25,5 0,67
 19101,24 / .

0,161
g

 
    

                             

       : 

 

gr .0056,0 ,  (41) 

 

 g .  –  ,     40. 

 

0,0056 10486,76 0,57 .kr     

 

       : 

 

gr .0056,0 , (42) 

 

 g .  –  ,     40. 

 

. 0,77424,191010056,0 r  

 

     ,  , 

  ,  : 

 

 0,3 0,5 ,h r     (43) 

 

 r –  ,     41 

 

0,4 0,57 0,228 .h     
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4    
 

     

 ,   ,     

,    . .     

      ,    

    , ,   

   ,    . 

 

4.1        
  

 

         

   .  

      : 

 (     ); , 

  -  ;     

  ;    ; 

 ,    . 

    , -  

      :   

-      , 

 ( ); 

-        

( ,    ); 

-   ; 

-     ; 

- ; 

-      (    ) 

[14].  
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      I  

 ,    

,        

  .     

        

  0,4 %     [14]. 

      , , 

 ,       

 ,   . 

   :    

,  ,     , 

 . 

       

    .   

     

 ,    . 

 

4.2       
  

 

       

 I  (IV) [15].    –  400 .  

  (+17...+26° ),    (-15...-45° )   

  .    2...5 / . 

      34...40 ° .  

.       

  70 %.       

    [2].     

      [15].  
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      12 / ,      

 . 

    . 

         

     . 

     

        

 .        

15…20 ºC [16]. 

     ,   

    : 

   ,   –  

   ,    

[17]. 

       

 . ,    [18]. 

     –  . 

 :    20…22 ºC, 

   30…45 %,   

    0,15 /c.     

150…200  [19]. 

 –   : , , 

,  ,     

    ,   

   (100 / 3)  4-70,   

5000 3/  [19]. 
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4.3 -      

   

 

       

        

,    .  

    ,  

  ,     

 .    

 , ,     , 

       [6]. 

        ( ) 

      .   ( )  

,  ,   0,6   ,   

   –     0,6    

    1,0 .  

       . 

     ,     

     . 

      

       

.       

     65 .   

 «Peltor OptimeMT»   .    

      : 

-         

 ; 

-       

       [20]. 
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   , , 

      

 . 

   ,    3 

 1  ( ),      

    – 3  1   

 ( );       

 – 1    ( ).    

,   ,     3 

 1  ( ) [21]. 

    -  

:  

-        

  (     , ,   

); 

-   ; 

-  ,     ; 

-  ,     ,  

   . 

     , 

. ,   : 

- ,  ; 

-  ,     ; 

-  .  

 : 

-        (  I, II, III 

); 

-       (  IV  

 ); 

-  [18]. 
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4.4     

 

        

 :    , 

  .  

           

 ,      

. 

  2      , 

    (  ,  

 ) [22]. 

 

 2 –  ,    

       

 
    

 
, / 3 

  
  

12.1.005 – 88* 

 

, 
.  

    
  

10 (  
) III  

 ,  
  

,   ,  
 .  

   
 

300 IV  

 

,     
,  , 

,    
   , 

,  ,  
.    

   
   

10 III  
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   «Drager X-am 2500» [22].  

      . 

,    , 

   . 

     :  

  ,    

 . 

       

   ,      

 .      

   .   

,    ,   4  

[23]. 

        

«     ,   

 ». 

 

4.5      

 

     : 

-       ,   

 ; 

-    , ; 

-  ; 

-   ; 

- ,       

; 

-   ( ,     . .). 

     3   

[24].     ,    2  
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 IIA   [24].    

 170 °  [25].    

: 2 % ( )  10 % ( ).   

   2,1 / 3 [26]. 

      

( ) [27].      

  0    [28]. 

     

Ga, II         

 [29]. 

     

 ,       

.  

         

:  

-   (10 .)   (10 .); 

-       2×2  (2 .);  

- , , , .  

 ,  , ,   

 ,        

      [22]. 

 

4.6       
 

 

        

 ,  : 

-      ; 

-  ,  ; 
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-      , 

 ; 

- ,  . 

        

       

  ,       

. 

       , 

       . 

       -

   ,   ,  

  . 

    2     

[30]. 

        

15  (4    -  , 11 

 ).      15 . 

         

   . 

,    ,  

      -  

,      

.  

   ,   ,  

-        

.  

 ,   . .       

    . 

      ,  
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,       

   1   3 .  

-     

    .  

   :    , 

  . 

 

4.7   

 

   ,   

   :  

-    ,     

   ;  

-    ;  

-         

      ;  

-     ;  

-  ,    ;  

- ,     .  

       

:  

-  ,    ,   

   ;  

-        

,       .  

-   ,    

       ;  

-    [31]. 
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5   

 

        

   ,   

 :    ,   

,       .   

  -  ,    

 .      

  ,         

,  :    ,      

,      . 

   : 

-     ; 

-   ; 

-    ; 

-     ; 

-    . 

 ,  ё      .  

      ,   

        

 ,      ,   

.    14 . 

 

5.1     

 

      

 ,       .  

      ,   

  (14 ).      

 3. 
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 3 –     

№ 
/  

 . 
. 

.   
 , . 

    
 , . 

 
1 

 
 50 

3 

 3 1800 75600 

 
 
2 

-
 

( ) Kanglim 
KS1256G-II  

 1 1729 24206 

3 -10 
 

 1 1236 17304 

4  
 

 
 1 2340 32760 

5    
 

 1 1206 16884 

6 -
 

( -114) 
 1 1608 22512 

 :    189266 

 

5.2     

 

        

   .     4. 

 

 4 –      

№ 

/  
 

. 

. 
. 

  , 

. 
  , . 

1 
 

 
 2 9000 18000 

2 
 

  
  15000 15000 
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  4. 

№ 

/  
 

. 

. 
. 

  , 

 
  , . 

3 
 Drager 

X-am 2500 
 2 122200 244400 

4 

 

 DN 

325  

 3 9480 28440 

5  -10  4 6386 25544 

 

 

6 

 - 14  

 

 

 

 

 2 195000 390000 

 

 

 

7 

 

 

 REED 

Rotary  

  

  

 

219...356  

 3 152150 456450 

8 
 

 DN 

325 

 5 350 1750 

   9   

 
 1 360 360 

:    1179944 
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5.3        

 

       

        

:  ,   13  325 8 10 , 

  DN 300. 

   : 

 

,Э Э ЭЦ N     (44) 

 

 Nэ –    , ; 

Цэ –  1  ,  70 ./ . 

 

2,98 75 223,5Э     . 

 𝑁Э = 𝐺Э ∙ 𝑙Ш,   (45) 

 

 lШ –  , 4,082 ; 

Gэ –   , / . 

 

4,082 0,73 2,98ЭN     . 

 

,эG m        (46) 

 

 К  –  ,    ; 

m  –    , / . 

 

1,15 0,63 0,73ЭG     / . 
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,
1000

HA
m                (47) 

 

 AH –  ,    31; 

   –   , / 3. 

 

80,5
7,8 0,63

1000
m     / . 

 

   ё   5    465 . 

          

 5. 

 

 5 –         

№ 

/  
 . 

. 

.   

, . 

  , . 

1    1 465 465 

 

2 

  

13  325 8  
 1 52901 52901 

3 
   

300, 40 , 

30 915  

 1 81250 81250 

 :    134616 

 

5.4     

 

            

 417 – 81 «      , 
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     -    

».         

    ,    

100  .       . 

        6. 

 

 6 –      

 

 

 

 ,  

    , . 
  , 

. 

 0,81 47000 38070 

  0,02 49900 998 

 

 

0,002 54000 108 

  0,002 105000 210 

:   39386 

 

5.5    

 

      

  .   ,  

    7. 

 

 7 –   

№ 

/  
    

1   1 

2   1 

3   1 
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  7 

№ 

/      

4   1 

5   ( - ) 1 

6  ( ) 4 

7   2 

8 -  2 

9  2 

 : 15 

 

          

,  ,  ,    

.     14 .  

       8.  

 

 8 –      

 . 

 

  

 

. 

 

 

 

 . 

 

 50% 

  

, . 

 

 

30%  

, 

. 

  

 

 

(14 ), 

. 

 

 

, . 

-

 

  
2 167 2338 1169 701 4208 8416 

-

  2 119 1666 833 500 2999 5998 
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  8 

 . 

 

  

 

. 

 

 

 

 . 

 

 50% 

  

, . 

 

 

30%  

, 

. 

  

 

 

(14 ), 

. 

 

 

, . 

 

 1 139 1946 973 584 3503 3503 

 

 1 88 1232 616 370 2218 2218 

 

 1 118 1652 826 496 2974 2974 

 

 1 91 1274 637 382 2293 2293 

 

 1 139 1946 973 584 3503 3503 

-

 2 139 1946 973 584 3503 7006 

 

( ) 4 194 2716 1358 815 4889 19556 

: 
15      55467 

 

      30 %    

 ,         

 0,4 %.         

   .     9 [32]. 
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 9 –          

       
  , . 

  16640,1 

     

    

  

221,87 

: 16861,97 

 

 5.6       

 

       .  

:  325 8 ;    7591 ; 

   – 0,286;    1  

, s – 13583,16 .,   , t – 14 ;  

 , ρ – 0,760 / 3,    0,795. 

   : 

 

20,795 ,Q R l       (48) 

 

 R –  , ; 

 l –   , . 

 

2 30,795 3,14 0,1545 7591 453Q      . 

 

   : 

 

 



 

75 

0 (1 ),m Q         (49) 

 

 Q –   , 3; 

  –   , / 3; 

  – . 

 

0 453,34 0,760 (1 0,286) 246m      . 

 

       : 

 

0S m S  ,  (50) 

 

 m0 –   , ; 

 S –  1  , . 

 

246 13583,16 3341457S    . 

 

5.7     

 

        

   .      

   10. 

  

 10 –     

 , . 

1.   189266 

2.    1179944 

 



 

76 

 

  10 

 , . 

3.        134616 

4.    39386 

5.   55467 

6.     16861,97 

7.      3341457 

: 4956998 

 

          

 9. 

 

 9 –      
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   ,     (67 %) 

        . 

  

 5.8   

 

       

     

       . 

        

 G = 0,97 . / . 

    : 

 

(1 ) ,ДS G S       (51) 

 

 G –     , / ; 

 S –  1  , ; 

   – . 

 

970000 (1 0,286) 13583,16 9407424953 .ДS       

 

   : 

 

365 24,
ДS

      (52) 

 

  –      , ; 

 SД –   , . 

 

4956998
365 24 4,62 .

9407424953
ч     
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  ,       

 4  38 ,         

  .    

 .  
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Ч  

 

       

       

  –  ,     

  ,  . 

     , 

,  ,      

       

.   ,   

 . 
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 Щ  
 

 –   

 – -   

 –   

 –    

 –     

 –  

 –   

 –   

 –      

 –   

 –   

 –        

 –   –   

 –      

 –    

 –    

 –   

 –    

 – -  

 –     

 –    

 –   

 –     

 – -   

 –       

 –    

 –   

 –   

 –   
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  Ч  

 

1   58367 – 2019     . 

 . – . 15.04.2019. – , 2019. 

2  131.13330.2012  .  

  23-01 – 99*. – . 01.01.2013. – , 2013. 

3  20.13330.2011   .  

  2.01.07 – 85* (   № 1, 2). – . 04.06.2017. – 

, 2017. 

4  03-606 – 03      

. – . 17.07.03. – , 2004. 

5  23.040.00- -090 – 07      

      . – 

. 14.04.2007. – , 2007. 

6  004 – 88   . 

  . – . 01.12.1988. – , 1988. 

7  5762 – 2002   .  

     PN 250.    (  

). – . 01.07.2003. – , 2003. 

8  23.040.00- -090 – 07      

      . – 

. 14.04.2007. – , 2007. 

9  153-39.4-130 – 2002      " " 

 , ,      

   . – . 08.10.2002. – 

, 2003. 

10  39-132 – 94   , ,   

  . – . 01.07.1994. – , 

1994. 
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11   56542 – 2019  .  

  . . 11.01.2020. – , 2020. 

12  5180 – 2015 .    

 . . 01.04.2016. – , 2016. 

13  9467 – 75      

     .  (  

 № 1). . 01.01.1977. – , 1977. 

14       : 

.     21  1997 . №116- . – 1997. – 24 . 

15  . .   : .- . 

    «   »  

  [  ] / . : . . , . 

. . – . . –  : . . - , 2016. 

16  12-135 – 2003    .  

    . – . 01.07.2003. – , 2003. –   

171 . 

17  41-03 – 2003     . 

–  01.11.2003. – , 2003. 

18  -112-30 – 96       

 . – . 14.06.1996. 

19 C  2.08.01 – 89*  . – . 20.11.2000. – , 

2000. 

20  51.13330.2011,  23-03-2003  . 

  . - . 20.05.2001. – , 2001. – 46 . 

21  2.2.2006 – 05  . ,   , 

     .    

 . – . 01.10.2005. – , 2005. 

22  12.1.005 – 88 .  -  

    . – . 01.01.1989. – , 1988. 
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23  2.2.2.1327 – 03     

 ,     

. – . 25.06.2003. – , 2003. – 21 . 

24  19433 – 88  .   . – 

  19433-81 ; . 01.01.90. –  :   

, 2004. – 49 .  

25  30852.5 – 2002  .  

4.    . – . 15.02.2014. – 

: , 2014. – 23 .  

26  30852.11 – 2002  . 

 12.          

      

. – . 15.02.2014. –  : , 2014. – 16 .  

27  12.13130.2009   ,   

      . – . 

01.05.2009. –  :    , 2009. – 32 .  

28  31610.10 – 2012    

 .  10.   . – . 15.02.2014. 

–  : , 2014. – 51 .  

29  30852.0 – 2002  .  

0.  . – . 15.02.2014. –  : , 2014. – 

56 . 

30  1149        

  //  . – 2015. – 21 . 

31     : .    

 10 . 2002 . № 7- . – 2002. – 10 . 

32  /  « ,  ». – 

 / : « », 2002. – 704 . 
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