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1 2 3 4 5 6 7 8 9 10 
2013 06.04 6236 284 1,261 1,593 2,021 1,263 1,599 2,030 
2137 06.04 5899 260 1,249 1,573 1,990 1,006 1,144 1,321 
2160 06.04 4529 264 1,416 1,839 2,382 1,415 1,836 2,377 
2465 06.04 6238 280 1,253 1,581 2,002 0,919 0,985 1,070 
2001 07.04 5177 300 1,404 1,823 2,363 1,410 1,832 2,374 
2009 07.04 5051 272 1,362 1,754 2,257 1,077 1,246 1,463 
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2123 09.04 6114 280 1,266 1,601 2,033 1,129 1,356 1,626 
2337 11.04 6226 280 1,257 1,586 2,011 0,949 1,035 1,146 
2131 11.04 5855 268 1,269 1,604 2,036 0,911 0,967 1,040 
2377 11.04 5048 272 1,362 1,754 2,257 1,038 1,178 1,357 
2421 11.04 6365 284 1,251 1,578 1,999 1,195 1,478 1,842 
2315 12.04 2111 274 2,225 3,128 4,289 2,07 2,852 3,858 
2487 14.04 6394 284 1,248 1,572 1,980 1,273 1,618 2,061 
2137 16.04 6290 272 1,238 1,556 1,966 1,195 1,480 1,847 
2327 16.04 4091 264 1,491 1,958 2,559 1,355 1,716 2,182 
2337 16.04 5887 280 1,288 1,637 2,086 0,954 1,041 1,151 
2039 17.04 6161 280 1,196 1,514 1,959 0,971 1,063 1,191 
2303 19.04 5521 276 1,317 1,683 2,154 1,470 2,071 2,904 
2129 21.04 4634 284 1,196 1,514 1,959 0,971 1,063 1,191 
2345 21.04 3295 256 1,646 2,202 2,918 1,121 1,269 1,460 
2363 21.04 3694 240 1,505 1,977 2,584 1,004 1,085 1,189 
2015 21.04 6074 288 1,283 1,630 2,075 1,014 1,151 1,327 
2361 22.04 4658 268 1,170 1,469 1,888 0,888 0,904 0,926 
2491 25.04 6634 292 1,242 1,563 1,977 1,189 1,549 2,012 
2471 05.05 2537 268 1,957 2,700 3,656 1,455 1,806 2,258 
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40 0,2044 14,7 0,1758 12,2 
50 0,2778 17,7 0,2455 15,1 
60 0,3628 20,3 0,3281 17,9 
70 0,4594 22,6 0,4238 20,5 
80 0,5675 24,7 0,5328 22,8 
90 0,6873 26,4 0,6550 24,9 
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–  « »  – 3 («+», «–», 
»); 

– -
; 

 «  
»  « »  

 (  2)  5  70 .  

 

                                                                                                                                                             
 

 2 –  ( ):  – ;  –   
);  –  ( ) 

 
,  35  

,  1000  
 ( -

), .  
48 ,  51 %, -

.  
,  [1]. , -

-
. 

 –  35  48  –  
 

:  35   , -
, , -

;  48 , -
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 «  – » -
, , -

  , -
 1.    Y,  ,    

   
 1 . 

 1 –  «  – »  
 

 
 

 
Y  ,  

-
 Y  ,  

35  0,200 0,283 
48  0,308 0,434 

 
 35  48 . 

: 
-

, -
; 

; 
 ( .  2, , )  0,130 ,  

 0,020  0,110  
0,160 . 

, ,  
: 

= Y l S ,                                            (1) 

 Y  – ,  ( .  1); 
l  – .  

 0,13 · 10 = 1,3 ; 
S  –   ( .   2),  

 0,004 · 2 · 4700 = 37,6 2;  
 – ,   8,85 · 103 3.  

 35 -
 

-9 3 6 0,200 10 1,3 37,6 8,85 10 8,652 10= . 

 88   
 

6 28,652 10 6 88 4,568 10 . 

 
24,568 10 365 16,6805 . 

, ,   
: 
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= Y l S ,                                             (2) 

 Y  –  ( .  1); 
l  – ,  

l = 4700 ;  

S –  1,04 · 10-3 2  
 0,130  0,008  

.  2, ); 
 – , = 8,93 · 103 3.  

 35  
 88   

9 3 3 20, 283 10 9400 1,04 10 8,93 10 30 88 2 6,52 10 . 

 
  

0,0652 365 23,8009 . 

 
 48 .  2. 

 2 –  
 

 
 ( ),  

  
 ( ),  

-
,   

,  
      

35 0,0457 16,674 0,0652 23,8009 0,1109 40,479 
48 0,0704 25,678 0,0100 36,509 0,0804 62,187 

  -
, . -

   « » (  
, , , ) , -

. ,   , 
, , . 

-
, ,  « », -

 (Ni: 2 – 2,6 %; Cr: 0,5 – 1;  Si: 0,5 – 0,9  Cu: 94,6 – 97 % ) 
 3). 

 3 –   

,   
,      

35 39,579 – 39,979 0,333 – 0,434 0,083 – 0,167 0,083 – 0,150 
48 60,800 – 61,417 0,514 – 0,668 0,128 – 0,257 0,128 – 0,231 

-
, -

,  [6]. -86 -
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-
, . 

-
, -    

.  
: 

 ( ) -
,  

. 3  [6]; 
, 

; 
 

, -
; 

, -
,  80 %  ,  

. 
 3) -

-
: 

2 3
1

=
F mn

H V T
,                                                            (3) 

  – , ; -
 A, , -

, -
 140  [6];  

 – , , ;  
F  – ,  

;  3 -
 ( . 2.5, )  [6]); 

m  n   – ,  
;  m  = 1,394  n  = 0,581 -

 2.1, 2.2  [6] ; 
H  – , H  = 2 ;  

 – ,  
,  50          

1 , =1 [6];  
T  –  T  

 T  °C;  T  

(° )  T  (° )  
 

 2.01.01-82,  T  (° ) – 
, 28 23 5T ; 

1V  – , 3/c, : 
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2

1 0=
4
D

V w ,                                                                (4) 

 D  – , D  = 3,19 · 10-3  ; 
0w  –  ,  

.    40  w0 = 40.1000/3600 = 11,111 . 
 1V  = 3,142 · 0,003192 · 11,111/4 = 2,8 · 10-4 3 . 

 [6]  1V ,  
 (16  

),  :  

1000 0,8
 =

365 16 3600
,                                                            (5) 

  – ,  ( .  3). 
 48  

361,417 1000 0,8
 = 2,337 10

365 16 3600
. 

  
-3

3

2 -43

140 2,337 10 3 1,394 0,581
= 7, 245 10

2 2,8 10 5
3. 

, , -
 35  48 .  4. 

 4 –     

, 3 , -
     

 
 35  4,716 · 10-3 5,119 · 10-5 1,969 · 10-5 1,769 · 10-5 

 
 48  7,245 · 10-3 7,879 · 10-5 3,031 · 10-5 2,724 · 10-5 

 ,     -
     [2 – 5] -

    
 5.  

 5 –  

 
 

 
 

 
 

 
, 

3 

 
, 

 

 
 

,  
  

) 
Si 

(SiO2 ) 
3 0,002 10,0  

  Cu 2 0,001 1,0 3,0 
  Ni 2 0,0015 0,1 4,0 

  Cr 3+  1 0,15 0,5 6,0 
 r  6+  1 0,15 0,05 6,0 
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,  4  5, , -
    : 

 35  –  2,35  48  –  3,6 . ,  
 

. , . . .  
,  4, 5  

, -
. 

-
, ,  

, . -
 

, -
 [7]. 

 

1. . . :  
] / . . . – .: , 2005. – 106 . 
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)  [ ] /  

. – ., 1998. – 16 . 
3.  6229-91.  ( )  

 ( )  [ ]. – ., 
1991. – 12 . 

4.  2.1.5.689-98  
) -

 [ ]. – .: , 1991. – 22  
5.  12.1.007-76 . .  

 [ ]. – .: , 1996. – 18 . 
6. -86 , 

 [ ]. – ., 1986. – 42 . 
7. . 81920 ,  60 L 5/00.  
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. ; – . 10.04.2009, .  10. 
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.  
-
-

.  
 

, . , -
, , , -

-
-

. 
,  « -

»  
1- , ,  

18 .  
 1- -

,  « » -
, 2 

.  
 

18 ,  «  
». 18, 18    
, , -

2,  
 70- . . -

 993 ,  
3,  

-
116, -

 
,  

, -
.  

 
 225  197 [1, 2]  

,  
 17 -

2. 
 

 2010 .»,  « »,  
18  (  1)  

 2006 .  
-

 [3]:  – 28 %,  50 %  
;  – 25 % ;  

 – 9 %;  – 9 %; -
 – 6 %  – 23 %.  

,  
,  

 –  40 % -
, .  (  2) 
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. 

-
 (Pb)  200 – 400 , , -

  
 (  = 0,13 – 0,14 ).    

 

 
 
 

 1 – 18  
 

 
 

 
 2 –  1-  

 
-

,  – -
, -
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.  2008 . , -
,  
, ,  

, , , , -
, .  

 – , -
, , -

. 
-

 « » . . , -
, -

, -
; -

, .  
 

,  
. 

-
, -

: 
-

 « » ;  
 9, 17  (90 2)  

 993 . , -
 

-
 882 , . . , .  

z  8,05 – 8,36  
(79 – 82 2), -

. 
   

 80 º . , -
,  ,   

 77 – 80 º , -
 65 – 72 º . , -

,  -
 100 – 110 º . -

 1- ,   
, -

 150 – 160 º , , -
 120 – 125 º .    

-14 2,    1- ,  -
 [4]: 

  =  2,29042·106·( –273,15)-2,60745, 
   –  , ( ); 
  – , . 

-
,  105 ,  

,  120 , -
: 12,2  8,68  –  
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.    
, -

 1  (7,09  8,1  1- ),  8  
 «  –  – »,  

 
. 

 
,  1- -

 993 ,  
, .       

-
,  

 – «D» – -
.  (  3) -

, , -
.  

 

 
  

 
 

 3 –  ( )  1-  ( ) 
 

-
 (  4) -

-
 1 – 3,5º  
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 1-  
 2  7º . 

, -
,  

 « »  «Diesel-RK», . . . .  
 « »  

, ,  
, , -
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-
 «Diesel-RK», -

. . -
 [5],  

.  
 « » -

, , -
, -

,  .  -
-

,  
.  

 1- 4, -
 

955  1350 .  
. . ,  

«Diesel-RK»,  (  
), -

. - , 
 «Diesel-RK»,  

 
.  

, , -
 1- ,   

-
 1- . -

 
1 – 3. 

-
. 

,  
 1- -

z (  6),  ,  ,   
.  

 
 1 –  1-  

 

  
  

) Ne,  

  
 ( )  

Pe,  

  
 

 
) 

  
   

 
, -1 

-
 

 ( ) 
  

 
),   1-   1-  

1 2 3 4 5 6 7 
0 300  123,5 140,6 0,31 0,36 
1 300 25-35 150,0 156,7 0,38 0,4 
2 300 75-95 179,5 190,4 0,46 0,49 
3 330 125-155 240,3 238,8 0,56 0,55 
4 400 205-235 332,9 318,5 0,64 0,61 
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 1 

1 2 3 4 5 6 7 
5 480 305-355 434,4 440,8 0,69 0,7 
6 570 445-495 594,7 593,3 0,8 0,8 
7 650 585-635 726,3 723,8 0,86 0,86 
8 750 720-740 888,5 887,7 0,91 0,91 

 
 2 –  1-   

 

  
   

Pz,  

  
, g ,  

  
  
,     

/( ) 

  
 

 

-
  -

, 
-1 

 1-   1-   1-  

0 300 3,42 3,83 0,545 0,5933 238.21 227.74 
1 300 3,64 3,88 0,648 0,685 233.4 236.06 
2 300 3,74 4,02 0,765 0,7952 230.1 225.43 
3 330 3,99 4,24 0,942 0,8973 232.88 223.14 
4 400 4,30 4,55 1,107 0,9915 239.41 224.12 
5 480 4,56 5,28 1,213 1,109 241.22 217.34 
6 570 5,28 6,54 1,361 1,24 234.84 214.43 
7 650 6,21 7,41 1,455 1,322 234.31 213.7 
8 750 7,06 8,01 1,527 1,421 231.99 216.1 

 
 3 –  1-  

 

 
, , 

 

 
 

,  
 

  
 

-
  -

, 
 

 1-   1-  

0 300 23 23 -3 -2 
1 300 23 23 -2 -1 
2 300 23 23 -2 -1 
3 330 23 23 -1 1 
4 400 23 23 1 3 
5 480 23 23 4 7 
6 570 23 23 8 11 
7 650 23 23 13 16 
8 750 23 23 17 20 
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 (  7),  1  3º -

 1- . 
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 7 –  
 1-  

 
-

. -
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 3  6º ,  
 1- ,  

 ( ), .  
,  5-  

 0,72 ,  
 6,3 . 

,  
, -

 0,35 – 0,41 ,  5- -
,  

,  
 1- -

.  
 

 8,  
 «Diesel-RK». , -
 1-  25 % -

, ,  (  
)  1-  18º . 

 

 
 

 8 –  
 

 
,  

, -
. 

 
, -

, -
, , 

. -
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  -
,  

 [6]. -
 

  0- , 1-  2-  – 0,71  0,758  –  1- ) -
,  2 , -

,  
. -

, -
,  

   
. -

, -
.  

 (  9)  
.  

 

 
 

 9 –  
 

-
, ,  1- , 

.  
-

 0,04  0,1 .  
 

 1- ,  4 – 10 %. 
-

 1- -

1,600 

 

1,200 

1,000 

0,800 

0,600 

0,400 
  0                   1                     2                    3                    4                     5                    6                     7                    8 

0,5933 

0,545 

0,685 

0,648 

0,765 

0,7952 

0,942 

0,8973 

0,9915 

1,107 
1,109 

1,107 

1,361 
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1,24 1,322 
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, -
, ,  

; 
-
 

; 
 5- , 

 
. 

, -
.  

 
, ,   

,  18  
. 

1.  
 « » ;  

-65 . -
 « » -

, , 
. 

2.  460 – 480 . 
,  

, – . 
3.  

10 2 .  
4.  0,55 ,  

. 
-

, -
. 
 

, ,  
. 

 
 

 
1. , . .  1- , 1- -1.   

1-  [ ]:  2 . / . .  / . , 2006. – .1. – 217 . 
2.  18 .   [ ]:   3  .  / .  

, 2009. – . 1.– 156 . 
3. , . .  

 2008 . [ ] / . .  /  « ».  
. – ., 2009. – 92 . 
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4. , . .  [ ] / . . . – 
.: , 1982. – 208 . 

5. , . .  
. ,  [ ] / 

. .  / . . . . – ., 2004. – 123 .  
6. , . . . , , -

 [ ] / . . , . . . – .: , 1983. – 192 .  
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 ( )  
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  -
 « » . 

 
-
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 150  (  
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 ( ,  
, ),  (  1) [2].  
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 3 .  
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,  2025 .  16 -
. 

-
 2010 . -

 10  [1].  
 2020 .  (  2) [3]. -

-
. -

-
. -

 [5 – 7]. 
 

 

 2 –  (1),  (2)  (3)  2020 . 
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-
 [9]. , -

: -
;  

;  
; . 

 

 , % , 
% 

-
 0,5 – 

 0,1 – 0,7 

-
 10°  (p = 0,13   = 0,8) 2,0 – 

-
 10°  – 0,23 – 0,24 

 6°  1,0 – 

 10°  0,6 – 0,7 – 

  4 – 7 – 

-
 150 – 200°  12 – 15 – 

O2  1% – 0,6 

 6 – 10 – 

-
 1  – 2,0 

 – 2,5 – 4 

          
 10 . 3 

0,013   
 2,5 – 4 

 1% 0,3 – 

-
 2 – 3 – 

 1 – 4 – 

-
,  3 – 5  

 
,  

, . -
. -

;  
 (  7 – 8 ) -

 ( , . .),  
; -

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

2  0,7  –  3,6 . 
 

,  ( -
),  (  

) . . 
, -

, . 
-

, .  
,  

, , -
 

. 
O2. 

. O2 
-

. O2 
. O2 , -

, ,  – , -
. 

 ( ) -
. -

. 
-

. ,  
 RO2, , 4  

,    
O2 –  [8, 9]. 

 RO2  O2 . -
.  

. 
 RO2  O2  

: 

II II I I II I
2 2 2 2 2 2Q RO O 21 RO RO / RO , 

 I
2RO  I

2O  –  2RO  O2 ;  

       
II
2RO  II

2Q – ,  ( ) . 
-

 [8, 9]. 
 ( -2, -3, )  

 RO2, 2 . -
,  2 – 4 %. 
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-
. -

.  
, .  — 

, , -
. 

-
. 

-
, . 

, -
-

, -
. , -

 –  
, NO, NO2, SO2,  H2S, CH -

, . 
 
 

 [4].   
, -
O2,  O2,  ,  NO,   

, ,  
 

 1 . -
-

, .  
 3 -

 OOO  « » , -
-2.  

, -
. 

 
Drager MSI 150 EURO,  TUV (  

) . -
 [4]. 

. 
1. -

. 
2. , -

,  2010 ., -
 2020 . 

3. -
-
-
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.  
,  

-
, , -

-
,  

, , . . 
,  

 [2]. -
 

, . . . ,  
, -

.  
, , -

. -
-

.  
,  

,   ( -
 1).  

 
 
 
 
 
 
 
 

 

 1 –  

 
  

2 0A m A                                                              (1) 

-
, , .  

, -
, -

 [3]. 
 (1) : 

2
2

2

1 0A A m A
r r r

,                                                   (2) 

 2 2 ;r y z  

 
 

Z 
r 1 

r 2 
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      2 2 2m ;   
      2j  – , 1/ ;  
       – , ; 
        – , ;  
        – , ;  
        – , ; 
        – , 1/ . 

 (2)  I0  K0 
[4]. ,  Ix = I  

  : 

x = [ K0(mr) + I0(mr)],                                                   (3) 
   – , .  

 (3)   =  0,  r 0 
K0(mr . 

 (1)
1 0 1( )I m r  1 -

 (1)H .  1 -
 I = H r: 

(1) (1) 1 1
0 1 1 1 1 1

1

1 [ ( )] ( )
2
IB BH rot A rot I m r m I m r

r
,                         (4) 

 2 2
1 1m ;  

r1 – ; 

1
1 1 1 1 1

.
2 ( )

IB
rm I mr

                                                          (5) 

 

(1) 1 1

1 1 1 1

( )
2 ( )

I I m rH
r I m r

.                                                        (6) 

 rE  xE : 

( ) r r

H
j E E

x
;                                                (7) 

( )rH r E
r

,                                                        (8) 

: 

(1) 0 1

1 1 1 1 1

( )
2 ( )r

I I m rE
r I m r

;                                                        (9) 

(1) 1 0 1

1 1 1 1 1

( )
2 ( )
I m I m rE

r I m r
.                                                        (10) 

 (2) , ,  
: 

) ( ) ( )A A K m r B I m r .                                            (11) 

-
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: 

) [ ( ) ( )]mH A K m r B I m r ;                                      (12) 

) [ ( ) ( )]r
mE A K m r B I m r ;                                      (13) 

2
) [ ( ) ( )]mE B I m r A K m r .                                    (14) 

 A  B  -
 «  – »  «  – ».   «  – -
»  r = r1 : 

)
1

1

1 ( ) ( )
2

xIH A m K m r B m I m r
r

,                             (15) 

 r = r2: 

)
2 2 2

2

1 ( ) ( )
2
IH A m K m r B m I m r
r

.                               (16) 

 (15)  (16) : 

1 1 1 2 1 2

1 2 1 1 1 2 1 2 1 1

( ) ( )
2 ( ) ( ) ( ) ( )

I r I m r r I m rA
m rr I m r K m r I m r K m r

;                           (17) 

      2 1 2 1 1 1

1 2 1 1 1 2 1 2 1 1

( ) ( )
2 ( ) ( ) ( ) ( )

xI r K m r r K m rB
m rr I m r K m r I m r K m r

.                             (18) 

 2  2 : 

2
2

0   ;

   .
2

x

H r
IH r r

r
                                               (19) 

 2  0,  Z  I0(m2r) .  
 (9) , -

: 

(2) 0 2

2 2 1 2 2

(2) 1 2

2 1 2 2
(2) 1 2

2 2 1 2 2

(2) 0 2

2 2 1 2 2

( ) ;
2 ( )

( )
;

2 ( )
( ) ;

2 ( )
( ) .

2 ( )

r

I K m rA
m r K m r
I K m rH
r K m r

I K m rE
r K m r

I mK m rE
r K m r

                (20) 

,  
, .  

,  
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. -
, ,  

. , 
,  

,   
 « ». -

.  
, , , -

. 
-

 [6], -
: 

(1)
(1) (2)2 .h                                                (21) 

, : 

               
2

1 0 1 1 1 1 1 1 2 0 2 2

1 1 1 1 1 1 1 1 1 1 2 2 1 2 1

( ) ( ) ( )
2 ( ) 2 ( ) 2 ( )
I m I m r h I I m r I m K m r

r I m r r I m r r K m r
.                            (22) 

 (22) : 

2 1 0 1 1 1 2 0 2 2

1 1 1 1 2 2 1 2 2

( ) ( )
( ) ( )

m I m r r m K m r
I m r r K m r h

.                                     (23) 

 (23)  2m : 

2 2
2 1 0 1 1 1 2 0 2 2
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 1  0,1  – < 10 – 99,00 

 
-

 (  48  
 100 

– ) 

1  2,5  < 10-10 < 1  > 99,98 > 99,98 

-
 (  24  

 50 
) 

10   20  < 10-10 < 1  > 99,98 > 99,98 

 
) 25   50  < 10-10 < 1  > 99,98 > 99,98 

 
 2  ,  -

, , . 
, ,  2,  «  

», . . , , 
, ,  

. 

 2 – ,  EGNOS, WAAS  ( -
 – 95 %) 

 
 

 ,  
, 1/150  ,  

, % 

 1,5  – – 99,7 
EGNOS 1,5  2  10-7 6,0 99,9 
WAAS 1,2  1  10-7 6,2 100,0 

 
-

,  
, .  

 
 

 (  2). 
- 

, , -
,  GPS –  4  10 ,  –  10  20  95 %. -

,  
.  

 GPS -
, -
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 ( ) . -
,  

.      
 

 

 2 –    

 – , , -
. -

 LOCOPROL  1-D, -
 Poo  10-9 1/  10-11 1/ .  

,  ( ),  
 –  550  95 %.  

-
 

.  
 HA-NDGPS (High Accuracy Nationwide Differential GPS), -

 10  30  
 95 %  

Positive Train Control.  
 

 ( )  
 ( , ). -

:  ( , . .) [1], 
 ( )  ( ).  

,  – -
.  ,  ,  -

. -
 GPS    3 -

 95 % (  APOLO).   
 

.  GPS, , -
 EGNOS -

 1  95 % (  APOLO).  
 

,  1, , -
 ( .  1). -
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,  ,  ,  -
, -

 [2].  
 

: 
1) -

, 
-

; 
2)  

 (  APOLO, DemoOrt, INTEGRAL, 
LOCOPROL); 

3) , -
, -

 ( ). -
, , -

; 
4)  ( . 2)  

, -
 ETCS (European Train Control System) : 

; 
, ,  

, ,  
. ,  

; 
. ,  ETCS  

 ( )  99,999 %. -
 99 %,  87  

. , -
, ; 

5) ,  
 DemoOrt) -

;   
6) -

. 
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  1 –  16-  2 
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. ,  « -

», . .  16- , , ,  (  
2, ). :  11 « -

»  10 « ». ,  1, -
,  11 « », . 

.  3 . 
 « ».  -

. , -
 1  

: 

p

bc
core N

NN=N ,                                                              (1) 

 Nc – ,  « »;   
      Nb – ;  
      Np – , . 

 Nb  [5, . 400], 
,  2  (1) : 

s
p

sc
core N

N
NN=N 2log

2
,                                                       (2) 

 Ns – , . 
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2log
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-
 Analog Devices AD623A, -

.  – AD620D  Analog De-
vices  INA118PB  Texas Instruments. -

 AD73360  Analog Devices. 
 AD73360  2,5  

  maxU ,  ±0,82 , -
 16 .  10287-83 (1990) [3] -

 150 % . 
 75  

 75 . 
 K :  

 max 7, 29
1,5
U

K
U

,                                                   (1) 

 U  – , U  =75 ;  maxU  – -
,  maxU  = 820 . 

,  
,  7.  

 ±0,81 , -
 [3] . 

 1  -
.  

 
 1 –  

 
 AD623A AD620B INA118PB 

U ,  0,1 0,1 2 
U ,  10 2,5 – 

 
-

,  – -
. , 

 T1  T2  
K, : 

( 1 2) ( 1 2)U K U T T U T T ,                                 (2) 

 K=7  -40º  70º  
1,177  AD623A  0,352  –  AD620B. 

 INA118PB , 
,  1,54  

: 

( 1 2).U K U T T                                                   (3) 

, ,  
: 

100 %.
1,5

U
U K

                                                   (4) 
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 AD623A  0,15 %,  AD620B – 0,045,  INA118PB – 
0,195 %. , -

 – AD620B.  
 (  AD73360)  

, -
,  

.  
 AD73360  25 .  500  0,00015 , 

. .  16  107 .   
.   

,  
. 

 
.  

 (1). -
 (2,  4,  8,  10  .  .),   7,29  

,  8.  N , -  
 U , -

: 
15

 max

2N
U

;                                                        (5) 

32768 75 8 23976
820

N , 

 215 –  16- ;  
      – ;  

 maxU  – , -
 820 . 

 U  = 75  K = 8  N  = 23976. -
 [3]  0,2  

 1  % ,   10  % -
,  10 %  N  2398.  

, , -
 0,042 %.  

16- , . 
-

.  
.  

, , , -
  .   

 «  – »  
,  (  

) -
, -

. -
.  

 «  – » -
.  
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 1  3.  3 -

 5. -
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,  
 11 .  

 1 ,  3 . -
 5  7  14  

,  13,  17 -
 19. 

 6 .  «  – » -
, , -

, .  
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 19 . -
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. ,  
, -

-
,  

. -
 1  2 ,  

, -
. , -

: 

1 1 1 1(( )n a n dy K x K                                               (6) 
  

      1 1 1 1( )n a n dy K x K ,                                                (7) 

 nx  – ;  

1aK  – -
 5;  

1  – -
;  

1  – ,  13;  

1dK  –  17 ( -  
 1). 

: 

2 2 2 2( )n a n dy K x K .                                               (8) 

,  1  = 1 , -
, ,  

1 , . -
, .  1 -

, 1 , . .        
nx  = 0. ,  (2) : 

1 1 1
1

(( ) 2 ) ) 2 )
2 2

k k
a n

n dk k

round K x roundy K ,                           (9) 

 round(s) –  s;  
        2k  – .  
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 nx  = 0  1   1 .  nx  0 -
,  

1  
 ±1 .  

  ±1  ,  
-

.  ,   
, ,  

, , , 
. , 

.  
,  

-
: 

( ) f

U
T

u v t
,                                                       (10) 

 U  – ; 
      u  – ;  
      ( )v t  – ;  
      f  –  (9  10).  

-
 «  – » , -

.  
 2T.  -

. -
, -

 
( )v t . , -

-
 ( ). 

 
.  

 2    
. ,  

.  (  1 – 4  5, 
6) ,  4.  

 1, 2  3, 4 ,  
 5  6  3  4  2.  

 
. ,  

 0,1 , -
, .   -

,  0,1  
 (  5 ). ,  

 ADG71x  (  
4 )  (  ± 0,2 )  5 . 
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 (0,00015 )  
-

, .  
.  

,  ADG71x.  ADG51x -
,  

.   (  4)   
 5. 

 

 
 

 4 –  
 

 
 

 5 –  
 

 U  
R .  1R  2R  (  1,  2   3,  4  -

 4)  40  
 ±10  [3].  1I  – 4I  

 ±5 . ,  
 0,00015 ,  1I  2I -

, .  
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( 3R  4R )  25 .  -
,  3I , 4I -

 1R  2R .  -
 3R  

1 3
3

1 3

2
1 1R

U R IU
R R

.                                                         (11) 

 1R -
 3R  , -

 1R . -
,  ADG51        

-40º  +75º  ±10 -
 40 .   (11)  3I  = 0, 

 1R  = 40, 3R  = 25000,  
 , -

: 

3UR

UK  1

3

1 1 3

2 1
1 1

2R

U
RK
RU

R R

,                                          (12) 

 1R  –  1R . 
  

. , -
 R1  (R2)   I3  (I4), -

 5 , : 

3

100 %U
U K

.                                                         (13) 

 0,075  
 0,041 %,  

 0,1.  -
 ( )  

. -
, ,  +25 º . -

, -
 (  50 ) -

. 
, -

-
, -

, -
,  

. ,  
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1. , . . -
 [ ] /        

. . , .  // : . . . . / -
. . . – , 2008. – . 13. – . 36 – 40. 

2. , . -
 [ ] / . , . . – .: . – 2007. –  3. – . 18, 19. 

3.  10287-83 (1990). .  
 [ ]. – .: , 1990. – 21 . 

 
 

 
 656.223 

 
. . , . . , . .  

 
        

     
 

-
. , -

. . -
 2016  2025 . 

 
-

. -
. , -

-
, ,  

 ( )  
.  

, -
, -

 [1]. -
 1. , -

. , ,  
.  

,  « -
, – . , – ». 

 
 1 –  

 

 ( ) 
  
 

  
, ,   

  
,  

, 
 

-
,  

 

 
 

2010 . 2010 . 2007 . 2007 . 
1 2 3 4 5 6 

 1935 182 301,9 4510 2528,7 
 1955 63 110,2 1477 832,3 

 1960 46 59,9 669                                         641,8 
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 1 

1 2 3 4 5 6 
 1977 29 36,2 212 70,5 
 1975 28 35,3 321 278,3 

 1967 22 33,1 244 175,7 
 1984 25 30,3 243 262,1 

 1966 22 26,3 199 91,8 
 1985 13 15,5 80 32,5 

 1986 12 14,3 84 69,6 
 1981 10 12,1 70 17,3 
 1987 9 10,3 46 12,0 

 1991 7 8,5 54 46,4 
 2005 6 8,4 20 6,9 

 1995 6 7,1 45 11,4 
 

.  – -
. ,  –  

 [2, 3]. -
. , 

. , -
. ,  

 1  10  50 ./ , . . ,  
 1  10  (  1). 

 
, -

 
-
-

, . .  
 
 

 ( ). 
 

-
-
-
 

-
.  

-
 35- -

.  2,  
-

. ,  
,  

. , ,  
.  ,   

. 
 2010 .  25 -

 –  ,   
.  

 
 (2007 .). -

 1 –   
  

 

./
./

./
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. -
 81-714/717, -

 « »,  
. 
-
-

 1970- ., 
-

 ( , ) -
 309/330 . -

 
,  

, -
. -

.  ( , , , ,  
.)  81-717/714 .  

 1990 – 1991 .  81-720/721 « ».  
: -

, , . -
-

 IGBT- ,  
 100 . -

 81-717.5  81-714.5  30 – 40 , -
-

. , 
 

, , -
, .  

. 
 2004 .  « »  

 « ». -
 81-540.8,  – 81-541.8.  

 81-540, -
, .  

, -
.  

. -
 81-553.3 ( ), 81-554.3 ( )  81-555.3 

).  81-540.8/81-541.8, -
. -

 
Skoda Dobravni Technika, .  

 2  –   
   

 L 

L
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. -
. 

 81-740/741 « »  « -
»  2003 .  

. -
, , , -

, .  
-

. -
,  

, , -
, -

.  
-

.  
,  

,  –  (800 – 1200 -
). -

, . -
, ,  

,  
. -

. -
, , , -

. .  
, , -

. , -
.  

.  
. 

 
.  

.  
:  

. , -
,   « »   

,  « », -
. , ,  

, .  
, . 

,  2010 .,  Orestad Development 
Corporation I/S, . -

 Metro Service A/S ,  100 , -
. ,  80 , -
,  1,5 ,  Ansaldo.  

,  
, , -

, .  
 1992 . -

 ( ) .  
 (750 , 15 ). -
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 (480 )  
 (73,1 ) . -

 
 ( , 133,5 ; , 27,2 ; ,   

16,5 ; , 11,4 ),  ( ),  ( .),  ( -
),  ( ), . , . , , 

, ,  [4]. 
 U-Bahn,  2008 . , . -

. -
 U-Bahn , -

. , -
.  S-Bahn  U-Bahn ,  – -

,  
 (  –  1,2 ),  460 000 2  

 19 000 .  « -
», -

 [5]. 
. ,  

: «  100  
,  « », … … -

, , -
, , …» [5]. 

. 
-

. , ,  
. -

, -
. . 

,  
. 

-
.  

,  430 
 39  13 .  

 –  60 . -
 (  

). -
, .  

, , .  
,  

-
, , , .  

. , . 70- -
. 

,  2016 .  
 – , . . . , , , , 

 –  8,1 .  2025 . -
 16,2 . . 

, -
 2006 . -

 2015 . [3]. -
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, . 
 2016 . 

1.  430 , 
 – 39 : 

N  = max /  ,                                                           (1) 
 max – , .;  

 – , 430 .; 
      N  = 12113/430 = 28 . 

2.  
t  = 2 l 60 /V  ,                                                           (2) 

 l – , ;  
V  – , ; 
t  = 2 × 8,1 × 60/36 = 27 . 
3.  

t  = 60 / N  ,                                                            (3) 
 N  – , .; 
t  = 60/28 = 2,1 . 
4.  

N  = t  / t  ,                                                             (4) 
 t  – , ;  
t  – , ; 
N   = 27/2,1 = 13 . 
5.  

N  = N   N  ,                                                              (5) 

 N  – , .; 
N  – , .; 
N  = 13 × 3 = 39 . 
6. , ., 

N  = N  /  ,                                                          (6) 
 N  – , .; 

 – ; 
N  = 39/0,9 = 43 . 

 – 2016  2025 . –  13-  20- -
 2.  

.  
 2016 . ,  2025 . – . -

, -
 (  60 ) -

 20 .  – 430 , -
 – 645.  2016 .  29 . (  

),  2025 . – 87 . ( ).   
2,1 .  

, . -
 300-  

. 
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 2 –  2016 – 2025 . 
 

-
 

 
 

-
 

-
 
 

 
 
 

-
 

-
, 

 

-
 
 

     
 
, 

. 

-
 
, 

. 

-
 
, 

. 

 
-

 
, 

. 

-
-
 
, 

. 

-
 

-
     
-
, 

. 

-
 

 
-
, 

. 

-
 
 

-
-

, . 

 13  
1 2016 3 8,1 12113 430 28 27,0 2,1 13 39 43 
2 2025 3 16,2 18500 430 43 54,0 1,4 39 117 130 
3 2025 4 16,2 18500 572 32 54,0 1,9 28 112 124 

 20  
4 2016 2 8,1 12113 430 28 27,0 2,1 13 26 29 
5 2025 2 16,2 18500 430 43 54,0 1,4 39 78 87 
6 2025 3 16,2 18500 645 29 54,0 2,1 26 78 87 

 
 

 « »  1000 -
 ( ).  – 90 ,  108 .  

, .  
-

,  
.  

-
. -

, ,  [6, 
7].  2009 .  – , -

. -
, -

. ,  182, -
, . 

-
.  

. -
 – , , -

.  
-

,  
-

.  
 [8]. ,  
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-
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-
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. 

 
 « »  
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) , 
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-
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, , -
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, -
 2007 – 2009 . 
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MODEL  OF  THE PROCESS  OF  FUEL  FEED  BY  LOCOMOTIVE  DIESEL  FUEL 
EQUIPMENT  TAKING  INTO  ACCOUNT  THE  TECHNOLOGICAL 

CHARACTERISTICS  OF  ITS  COMPONENTS 
 
Blinov Pavel Nikolayevich 
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In the article the parameters of fuel equipment of diesels, which influence the nonuniformity of 
fuel feed on the cylinders, are examined. Is proposed the mathematical model of the process of fuel 
feed, which must be used with the formation of the complete sets before their installation to the die-
sel and for calculating the parameters of components, utilized with the running-in of fuel high-
pressure pumps on the stands for the purpose of the approximation of the working conditions on 
stand to actual conditions for work on the diesel and the correct determination of the pump capac-
ity on the stand. 

 
Keywords: diesels, fuel equipment, fuel high-pressure pump, pressure line, sprayer, the pump 

capacity, hydraulic resistance, the model of the process of fuel feed, stands. 
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INCREASE  BEARING  ABILITY  OF  TOOTH  GEARING   
OF  A  TRACTION  REDUCER  OF  THE  LOCOMOTIVE 
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Results of bench researches of influence of ring flutes of small width on bearing ability of a 

tooth gearing of a traction reducer of the locomotive are resulted at skews of axes of wheels. 
 
Keywords: a cogwheel, the surface of contact, bearing ability. 
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INFLUENCE  OF  CHARACTERISTICS  OF  FUEL  AND  FUEL  ADDITIVES  

ON  PARAMETERS  OF  A  DIESEL  ENGINE 
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Anisimov Alexander Sergeevich 
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The Problem of decrease in emissions of harmful substances diesel diesel engines can be solved 

only by a complex of the actions directed on perfection of a design of a diesel engine, system of 
maintenance service and repair of diesel engines, the account of conditions of operation, improve-
ment of quality of diesel fuel and oil, creation of multipurpose additives to diesel fuel, application of 
alternative kinds of fuel.  

 
Keywords: The diesel fuel, the fulfilled gases, an additive, harmful emissions, soot, hydrocar-

bons, ecology. 
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THE  METHOD  OF  THE  DETERMINATION  OF  THE  RESISTANCE  TO MOVING  

THE  TRAIN  AS  OF  ELECTRONIC  RECORDER PARAMETER  MOTION 
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Lendyasov Aleksey Sergeevich 
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It is offered method of the determination of resisitivity to moving the train in executed trip as of 

electronic recorder parameter motion, founded on mathematical processing graphics motion 
v = f(s). His practical use has shown that real resisitivity to moving the freight trains less calcu-
lated on acting Rule tractive calculation approximately on 17 – 20 %. 

 
Keywords: specific resistance to train movement, the electronic registrar of parametres of 

movement, the train diagramme, mathematical processing of the train diagramme. 
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RESEARCH OF CHARACTERISTICS OF CURRENT COLLECTORS 
MONORAIL TRANSPORT 

 
Sidorov Oleg Alekseevich  
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The most significant factor in the general chemical pollution of the city environment by current 

collection devices  monorail transport is the raised concentration in air small disperse components 
of deterioration of contact elements. The forecast of quantity of receipt of products of deterioration 
in environment is carried out on the basis of results of experimental researches of contact pairs in 
laboratory «Contact networks and electric mains» by Omsk State Transport University. Expected 
sizes of concentration of polluting substances are defined under standard document «the Design 
procedure of concentration in atmospheric air of the harmful substances containing in emissions of 
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the enterprises». The received results can be used for an estimation of risk of chemical pollution of 
an inhabitancy. Authors offer useful model of a current collector of a vehicle with the improved 
ecological characteristics, allowing  to  lower carrying out of products of deterioration of contact 
elements in environment. 

 
Keywords: in article the approach to modeling functional systems of a diesel locomotive engine 

based on use of the graph theory device is considered. Results of stage-by-stage modeling of pres-
surization system of a diesel locomotive engine are presented. 
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THE  COMPARATIVE  ANALYSIS  OF  THE  OVERALL  PERFORMANCE 
DIESEL  ENGINES    AND  1-PD4D  UNDER  OPERATING  CONDITIONS 
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Anisimov Alexander Sergeevich  
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In article influence of the constructive decisions realised at creation of a diesel engine 1-PD4D 

on indicators of its reliability is considered. The comparative analysis of para-metres 
 diesel engines  and 1-PD4D and the reasons of failure of bearings to-

lenchatogo a shaft is presented. 
 
Keywords: a diesel engine-generator, reliability, the sliding bearing, kinematiche-skaja viscos-

ity, engine oil, the characteristic of injection, thermal calculation.  
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THE  TEPLOTEHNICHESKY  CONTROL  AS  THE  IMPORTANT  DIRECTION  IN 
ECONOMY  OF  FUEL  IN  BOILER  INSTALLATIONS  OF  THE  RAILWAY 
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The analysis of the reconnoitered stocks of the basic power resources is made: oil and gas on 

prospect till 2030 in the different countries of the world and the forecast of a coal mining, oil and 
gas in Russia to 2020. The approached estimation of efficiency of technical actions for low power 
boiler-houses is resulted; some results of tests of coppers of firm «Octan» on gas are resulted. 

 
Keywords: resources, the forecast, extraction, power system, profitability, the control. 

              
 624.332:621.316.97 

 
         

   
 

 
 ( ). 

644046, . , . , 35. 
 « ». 

.: (3812)31-06-94. 
 

 
,  « », . 

.: (3812)31-06-94. 
E-mail: kandaev_va@mail.ru 
  

 
,  « »,         

. 
.: (3812)31-06-94. 

E-mail: avdeeva_kv@mail.ru 
 

-
. 



 

  3(3) 
2010 

126 

: , , , 
, , . 

 
Erita Aleksander Mihailovich 
Omsk State Transport University (OSTU). 
35, Marx av., Omsk, 644046, Russia. 
The postgraduate student of chair «Information transmission systems», OSTU. 
Phone: (3812)31-06-94. 
 
Kandaev Vasilii Andreevich 
Dr.Sci.Tech., professor of chair «Information transmission systems», OSTU. 
Phone: (3812)31-06-94. 
E-mail: kandaev_va@mail.ru 
 
Avdeeva Ksenia Vasiilevna 
Cand.Tech.Sci., the senior lecturer of chair «Information transmission systems», OSTU. 
Phone: (3812)31-06-94. 
E-mail: avdeeva_kv@mail.ru 
 
In article parameters of the isolated cylindrical conductor in the one-native environment are 

defined. 
 
Keywords: the wave resistance, the isolated conductor, odes-norodnaja environment, constant 

distributions, own parameters, elek-tromagnitnoe a field. 
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THE  ACCOUNT  OF  POWER  RESOURCES  AT  THE  ENTERPRISES 

RAILWAY  TRANSPORTATION  ON  THE  BASIS  OF   
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In article the automated complex system of the account of power resources ( ), devel-

oped by the authors is considered, allowing to keep account various resources on the basis of the 
balance equation, svjazy-vajushchego the measurements made by devices of the commercial ac-
count for the enterprise as a whole and the indication at-hog the technical account on separate ob-
jects. The description of an original technique of the account of thermal energy by means of indirect 
measurements is given, data on hardware realisation  and ekonomiche-skom effect from its 
introduction are resulted. 

 
Keywords: the automated system, the account of power resources, balance, economic effi-

ciency. 
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In this article some features of electric power consumption modeling for the technologic proc-

esses are considered. As an example the technologic process of electric locomotive mid-life repair 
in a locomotive depot is taken. There is algorithm of imitation model construction which is adapted 
to define rolling stock repair technologic processes. 

 
Keywords: Technological process, rolling stock repair, method of electric power expenditure 

calculation, simulation modeling, locomotive mid-life repair. 
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PROBLEM  OF  THE  ORGANIZATION  OF  THE  AUTHENTIC  ACCOUNT  OF 

ELECTRIC  ENERGY  IN  «HOT»  IDLE  TIME  OF  LOCOMOTIVES  AT  DEPOT  AND 
ITS  DISTRIBUTIONS  ON  INVOLVED  BUSINESS  UNITS 
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In article are presented experimental researches of the expense of electric energy on electric 

locomotives in «hot» idle time under depot and a way of its division on involved business units are 
presented. 

 
Keywords: «hot» idle time, business unit, the unproductive expense, work expectation, the lo-

comotive, auxiliary cars. 
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PERSPECTIVE  METHODS  OF  DESIGNING  AND  MANAGEMENT   
OF  TECHNOLOGICAL  PROCESSES  ON  THE  RAILWAY  TRANSPORTATION 
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In this article is considered the promising theoretical direction from the viewpoint of workflow 

control automation and technological system projection for the railway transport. 
 
Keywords: running of return traction current, conformal transformation apparatus, neural net-

work, graph theory, electricity quality control, power supply control, mathematical induction 
method, fuzzy logic. 

 



 

 
131  3(3) 

2010 

 656.25+621.396.9 
 

           
            

 
 

 ( ). 
644046, . , . , 35. 

 « ». 
.: (3812) 37-68-33. 

E-mail: lyubchenko@mail.ru 
 

-
 ( )  

, -
,  

,  
. 

 
:  ( ), , 

GPS, , , , , 
. 

 
ANALYSIS OF GNSS-BASED FACILITY STRUCTURE FOR INDEIFICATION  

OF  ROLLING  STOCK  LOCATION 
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In the article possible variants of GNSS-based facility structure for locomotive location identi-

fication (GFLI) are presented, which were derived pending the analysis of European projects de-
voted to survey of application possibility of satellite navigation in railway. Moreover, requirements 
producible to GFLI from railway sector for various fields of use are outlined.    

 
Keywords: Global Navigation Satellite System (GNSS), GLONASS, GPS, rolling stock, loca-

tion, horizontal accuracy, integrity risk, safety integrity level.  
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This paper presents an analysis of parallel computing of fast Fourier transform for several 

digital signal processors. Here are some important remarks for parallel computing. Furthermore 
shows conditions, observance of which let as maximum performance of system.  

 
Keywords:  fast Fourier transform, digital signal processor, capacity, traffic. 
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The article describes the basic problems of direct current measurement in electric power me-
ters. Leading causes of accurate measurements degradation are analyzed. Methods for their re-
moval are presented. The method for improving the accuracy of measurements with zero offset cor-
rection system in real time is considered. 
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Innovative ways of development of undergrounds to cities of the Russian Federation taking into 

account foreign experience are considered. Ways of acceleration of building, decrease in capital 
investments and the cost price of transportations are offered. Results of calculations of requirement 
for a rolling stock of new type for Omsk on 2016 and are resulted 2025. 
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In article target indicators of power savings and increase power effek-tivnosti systems of a 

traction electrical supply of the railways and target indicators of power savings and increase of 
power efficiency of use of the electric power for not traction needs are offered. The estimation of 
prospects of decrease in values of the offered target indicators is given. 

 
Keywords: electric energy; power savings; power efficiency; tsele-vye indicators; system of a 

traction electrical supply; not traction needs; the specific expense. 
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