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, : i2 = 3,89; i3 = 3,89; i4 =  0;  i5 = 2,89;  
i6 = 3,89; i7 = 0; i8 = 2,17; i9 = 1,86. 

 [2] ,  
. 
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1 1
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n

ic i
i

Ta T i  (8) 

 (8) : 
(3000 1000) /(3,89 3,89 0 2,89 3,89 0 2,17 1,86) 185.a . 

-
 [2]:  =  160,   IT12.  

 12-  
 [2], : 2 = 800; 3 = 630; 4 = 0; 5 = 460; 6 = 800; 7 = 0; 8 = 350;  

9 = 300. 
 (3): 

1000cos1 43' 800sin1 43' 600cos1 43' 0 460cos1 43' 800sin1 43 0 350 300 2780 .  
 , , . .  

.  r  = 3000 – 2780 = 220 . 2 
6.  

 r . 
,  

 ( ) ,  
. 

. 
: 2 6 800 0,5 220 910 . 

 
: 1 = 478,5+1; 2 = 478,5±0,5; 3 = 418±0; 4 = 0; 5 = 224±0,23; 6 = 798,5±0,5;  

7 = 0;   8 = 478,5+0,35; 9 = 65+0,3. 
 3',  .  .   = 1 43'±3',   = 0,1 ,   

', : 
 n

i
iiA

1
sin

57 .
 (9) 

 (9) : 
 

)341cos341sin341sin

341sin341cos341sin(
57

987654

321

.

 (10) 

 (10), : 

025,04189997,0490025,05,478(
57

1,0
 

58,2)659309997,05,798025,02240
57

. 

,  
  

. 
, . . -

 4  7 .  
 «  – », ,  

 4  7 . -
.  
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 , -
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  -
, , -

 . 
-

 1 – 2 ,  1 – 2 . -
 2 – 4 . 

 (6) 7  = 2 . :   = 3,73 .  7  = 4   = 1,73 . 
,   ,  

. 
 

, , -
 3. , 

, -
 [4]. ,  

. -
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0,, yy ,  

 I (  I  3)  II (  II), , -
.  I  II ( .  3) -

 01k .  
 1k  2k , 0k ,  
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, ,  01k  0k ,  
 3 ,  4. -

 ( .  4) : 
 2 2
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,  
, -

. ,  F  
3 – 5 .  50 . -

, , : , -
.  

 1 .  525  
, , ,   

 = 2· /525 = 0,012 /c,   
r  =  0,37   :   =  F r·  = 0,22 . , -

-
,  

,  -262 -
 9,5 . ,  

, :  – 125 , -
 – 1,65·10-6 · 2,  – 2900 . 

 
. -

,    -
 « ».  
, -

, , .  
,  3, .  .X  

.  
,  (t) , -

  (t) , -
: 

 (t) (t)+ (t)J ,    (1) 

 
2

2

d Y
(t)

dt    – ; 

      )(Y t – . 
: 

 
 (t)kX(t)    (2) 

  k  – . 
: 

 (t)- (t)(t)k =
(t) (t)

, 
      (3) 

 (t)M  (t)  – ; 
       (t) – . 

 ck .  
 (1) - 
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 (2)  (3) -
: 

 
(s)M(s)YsJ(s)kX(s)sYk 2

c .      (4) 

,  (4),  3, . 

 
                                                                        

 3 –  ( )  ( )  

,  
, . . . 

 
 .Y .   yk ,  

  .     .   . 
Y .  

 .Y  Y : 
 

(t) Y (t) Y (t) . (5) 

, , -
  yk :  

 
y yM (t) k (t) .       (6) 

 J : 
 

M (t) J (t) ,       (7) 

: 
 d(t)

dt
;       (8) 

 dY(t)
dt

.       (9) 

, , -
 :  

 dM (t)
dt

.       (10) 
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: 
 M (t) M (t) M (t) M (t),          (11) 

 (t) – , , ,  
. 

,  (11) : 
 2Y (s)(k s) Y (s)(k s) Y (s)J s M (s) .         (12) 

 (12) ,  4. 

 
 4 –  

, ,  
: 

 
(t) Sign( ) .      (13) 

,  
,  5. 

 
 5 –  

 
 q =   = 2900·525 = 1,52·106.  k  

, -
. , ,  

,  ,  50·0,37 , -
 0,2 , -

 5,4·10-4 ,  (6) ,   
k  = 3,42·104 .  k  k , , -
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,  –  
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 [2, 3]. 
,  

 
 

(1 ) ,m
m oq  (1) 

 
 

1 (1 ) ,m
m oq q  (2) 

 qo – , , -
,  [1]; 

m  – . 
 [3]  -

             ( . . ) 
 

p
0

1 [ ( ) ( ) ] 1 ,m
NF m e f x dx e  (3) 

 m – , ; 
F(m) –  m; 

N ( ) –         ,      ,  
: 

 
( ) ( ) ,N x f dx  (4) 

  – ,  
 

( ) ( ) ,N x f dx  (5) 

 ( )   p ( )f x  –      -
 , . 

, , , . . -
,  t  

, .  
 

p
0

( ) 1 [ ( ) ( ) ] 1 ,t
NF t e f x dx e  (6) 

 N ( ) – , -
: 

 

0

( )( )

( )
N xx

dx

. 
(7) 

  N (x )  « »  
  -

 [3]. 
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 x .  1 -
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2 
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( )x L ; (8) 

 ( )L . (9) 

 x   
: 

 
b L ; (10) 

 
.b L  (11) 

 2. 
 2 –  x   

 
 

  
. 

,  b, / 
106   

 « »  
 

x  
 

0,192 
0,025 

0,0292 
0,0051 

 « »  
 

x  
 

0,188 
0,020 

0,0201 
0,0213 

 « » -
 

x  
 

0,200 
0,014 

0,0385 
0,0604 

 « » -
 

x  
 

0,187 
0,026 

0,1255 
0,0352 

10 100 

 « »  
 

x  
 

0,165 
0,008 

0,1244 
0,0426 

 « »  
 

x  
 

0,135 
0,110 

0,0760 
0,0510 

 « »  
 

x  
 

0,139 
0,123 

0,0557 
0,0005 

 « »  
 

x  
 

0,266 
0,076 

0,1888 
0,2888 

  x  
 

2,716 
1,956 

1,2245 
0,9226 

11  45 

 x  
 

0,633 
0,366 

0,679 
0,644 
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, , . . -

.  
 -

.  (  1)  «  – 
» ,  ,  ( , 

),  L  = 0  ( , )L  
 x . -
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 L  .   [4,  5],  
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xp( ) x L x L ; (12) 
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  . 
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h = 2660 , v2 = 0,51 3  (3),  f = 323 2. ,  
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In article, on the basis of the analysis of criterion of switching intensity of cars of a direct cur-
rent, the technique of rationing of quality of switching of the traction electric cars, based on 
Karasev-Suvorov's method with use of a potential brush sensor at running edge of the main brush 
and the device of control of switching PKK-2M is offered. 

Keywords: switching, traction electric cars, additional poles, the device of quality control of 
switching PKK-2M, criteria of the iskroobrazovaniye, the generalized indicators of switching inten-
sity, a gap current. 
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The results of the investigations carried out at the choice of technologies for the rehabilitation 
of industrial profile tires with electric welding without rolling out wheelsets. Shows the developed 
system for deposition of ridges, shows the efficiency of welding wire wheel flange 30KhGSA 
submerged ANC-18. Surfacing of worn-out ridges is 3.5 times reduces the amount of obtochek 
recovery profile tires wheelset electric locomotives. 

Keywords: electric lokomotive; wheelset; bandage; profile; surfacing. 
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The article describes a mathematical model to assess the wear and prediction of resource of 

wheelsets ties using the polynomial dependence of the values of monitored parameters of the 
distance. Based on the results of statistical analysis, that was conducting using the developed and 
currently used models, it is shown that the developed model has not only improved accuracy but 
also allows to more fully describe the process of wear bandages. 

 
Keywords: locomotive, wheelpair, bandage, resource model, polynomial regression. 
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Makarenko Nikolaj Grigorievich 
Public corporation «Scientific-Research Institute of Technology, monitoring and diagnostics of 

railway transport». 
3, bld. 2, Izbisheva st., Omsk, 644005, Russia. 
Cand.Tech.Sci., the senior lecturer. 
Phone: (3812)41-67-96. 
E-mail: macnik@yandex.ru. 
 



 

  2(10) 
2012 

146 

Roshupkin Dmitry Sergeevich 
LLC «Electronics pilot plant of Center «Transport» 
43, Tolstogo st., Omsk, 644005, Russia. 
Deputy Director of Engeneering. 
Phone: (3812)45-25-10. 
E-mail: dimir@mail.ru. 
 
The article deals with a rolling stock major units automated on-board temperature control sys-

tem with over the air information transmission (BSKT), developed with the authors participation to 
allow a continuous monitoring of critical assembles temperature, measure, transmit, store and 
process information about the temperature.  

Keywords: on-board system, temperature measurement, monitoring, rolling stock, measuring 
module, axle box, gearbox, unscheduled repairs. 
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The article presented the rationale for the dimensional coordinate work surfaces brake linkage 

(BL) of freight cars in order to determine the nature and amount of brake pad wear freight car. The 
technique of calculating the size of chains (SC) of BL, which allows you to determine with 
mathematical precision tolerances constituent parts of the SC. The ways of improving of technology 
of repair parts BL on the basis of selection of certain rational technological parameters.. 

 
Keywords: brake lever transfer, dimension calculations, the dimensional parameters of com-

ponents, an effective recovery technique. 
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VIBROPROTECTION  SYSTEMS  WITH  COUPLING  OF  LINKS. 
  METHOD  OF  CREATURE  OF  MATHEMATICAL  MODELS 
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In this article the problems of building of mathematical models for mechanical systems which 

uising coupling of links are considered. Method based on selection of system of generalized coordi-
nates of relative movement are offered. Such movement correspond to realize possibilities of cou-
pling links as rigid bodies when may be get «zero» for relative movement or achievement for prop-
erties of links of limit meaning. In such occasion the number of degrees of freedom is reducing. 

 
Keywords: mathematical models of mechanical oscillation systems, coupling of links, methods 

of approximation of models, dynamical absorption. 
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A  MATHEMATICAL  MODEL  OF  POSITIONING  SYSTEM  OF  THE  PLANT  FOR  

REPAIR  OF  THE  COLLECTOR  OF  PROPULSION  ENGINE 
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The self-contained system of the automation control for armature rotating of the propulsion 
engine on the assumption of collector repair by means of cutting it is considered. Numerical pa-
rameters of the system elements it is calculated and mathematical model in the structure scheme it 
is obtained. Results of this modeling it is reduced in Simulink. 

Keywords: propulsion engine, kinematic chain, actuating motor, mathematical model, struc-
ture chart. 
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For an objective assessment of technical condition of sites of locomotives (e.g. diesel engine) 
need to know the distribution of the values of working parameters (e.g., gaps in the bearings of the 
crankshaft), and to select a sound maintenance strategy – options these distributions: mean value 
and the standard deviation. under this law, you can set the duration to parametric distribution fail-
ures by using mathematical models discussed in the article. Availability of models based on pa-
rameters at all stages of the lifecycle – creation, exploitation and repair service – gives you the 
ability to define the principle economic indicators at each stage of the life-cycle cost estimation of 
the locomotive.  
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Founded and developed a method of calculating contact stresses in the system of «flexible ban-

dage – rail» and the results of their calculations.  
 
Keywords: contact stresses, the flexible, standard bandage rail. 
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Efficiency of use of the electric power on draft of trains depends on a set of factors. The as-
sessment of power efficiency of electrodraught, as well as development of recommendations about 
its increase, should be carried out with reference to each site of the electrified railways. One of 
ways of definition of optimum level of an expense of the electric power on draft of trains and return 
of electric energy by an electrorolling stock to a contact network is creation of power diagrams of 
sites of the railways. 

Keywords: electrical power, traction trains, recovery, imitating modeling. 
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Method of calculation of grounding system with account taken of nonlinear resistance of  
«metal – ground»  interface. 
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The approach to modeling of the power channel of control station as a part of installations of 
electrocentrifugal pumps is considered. He allows to define parameters of the power channel that is 
important at definition of losses of the electric energy, caused by existence of the highest harmoni-
cas in voltages and currents of the power channel of transformation of energy, and power parame-
ters of the unit. 

Keywords: control station, voltage inverter, internal resistance, switching losses. 
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The losses of electric energy caused by presence of the higher harmonics in voltages and cur-
rents of the power channel of transformation of energy of installations of electrocentrifugal pumps 
are considered. Positive influence of sinus filters on harmonious structure of currents and voltages 
of the power channel, and also on essential decrease in additional losses from the higher harmonics 
in the transformer, a cable line and the electric motor is shown. 

Keywords: the higher harmonics of voltage, static converters of frequency, pulse-width modu-
lation. 
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The technique of processes of the expiration is developed from nozzles of a steam-and-water 
mix in the flooded space, allowing to calculate installations for preparation of the water black oil 
emulsion used as fuel in boiler installations of the enterprises of the industry and a railway trans-
portation. 

Keywords: water black oil emulsion, steam-and-water mix, enthalpy, degree of dryness of 
steam, expiration, nozzle, emulsionizing machinery, boiler installations. 
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The paper studies high-speed AC traction substations structures. It is mainly focused on the 
substation based on Scott transformer with zero unbalance of equal traction loads. The automatic 
power equalization device is proposed to provide zero unbalance at uneven traction loads. 
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Keywords: three-phase grid, Scott transformer, automatic control, power equalization, current 
unbalance. 
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In given article the technique of planning and rationing of the electric power returned in a con-
tact network at application of recuperative braking, developed on chair «the Applied mathematics 
and mechanics» Omsk state university of means of communication is considered. 

Keywords: return of the electric power to a contact network at application of recuperative 
braking, rationing, planning. 
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Promising system for diagnosing power equipment of electric rolling stock, based on the appli-
cation of computer vision systems are described. 

Keywords: atenary, current collector, contact current collection, computer vision, diagnosis, 
reliability. 

 
 004.9:621.9.07:621.833 

 
         

     
 

 
 ( ). 

644050, . , . , 11. 
,  « », . 

.: (3812) 65-36-45; 8-904-071-40-39. 
-mail: 3dogibmod@mail.ru 

-
.  

.   -
-

. 

: , ,  
, , . 

 
SIMULATIN  OF  MACHINING  GEARS  RUNNING-IN  METHOD 

 
Lyashkov Alexy Anufrievich  
Omsk State Technical University (OmSTU). 
11, Mira av., Omsk, 644050, Russia. 
Cand. Sci. Tech., associate professor of departament «Engineering and CAD geometry», Om-

STU. 
Phone: (3812) 65-36-45, 8-904-071-40-39. 

-mail: 3dogibmod@mail.ru 



 

 
163  2(10) 

2012 

Describes the geometric and computer simulation of machining gears tool rack and dolbâkom. 
Forming an inverse problem is solved. The computer simulation of zubonarezaniâ shows the possi-
bility of Parasolid srezaemyh layers and their qualitative and quantitative characteristics. 

Keywords: shaping; computer modeling; instrumental rake; dolbâk; cog in the wheel. 
 
 621.37 

 
           

 
  

 ( ). 
644046, . , . , 35. 

 « », . 
.: 8-983-118-98-80. 

E-mail: lizadumnova@mail.ru 

 
.  

. -
, . ,  

. 

: , , , , -
. 
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Three calculation methods of the number of layers of the multilayered printed-circuit board are 
represented in this article. Their advantages and disadvantages are considered. By means of the 
mathematical induction method some statements and formulas for calculation of quantity of layers 
are proved. The results received by practical consideration are presented. 

Keywords: printed-circuit board, layer, processos, pin, mathematical induction  method. 
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The approach to construction of defining parities for calculation beam superstructures of 
bridges as layered bars on the basis of diagrams of deformation of materials is considered. 

Keywords: beam superstructures of bridges, layered bars, methods of calculation. 
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Parameters of the dynamic influence of the train load on a railway embankment, fixed injection 
pressure, were investigated. Methodology for conducting field experiments, applied for research 
equipment, facilities and processing of the recorded data are described. The law of distribution of 
accelerations of fluctuations on an embankment slope at passage of trains is established. Device for 
obtaining the strength parameters of soils under dynamic triaxial testing is presented. 

Keywords: railroad, dynamic influence, pressure injection, amplitude acceleration of the fluc-
tuations, dynamic stabilometer. 
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The article is developed by the authors of the railway vibration technique that allows you to 
perform the following tasks: identify the resonant frequency and damping properties of various de-
signs of railway track; to forecast rolling speeds are high-profile events will arise during this de-
sign path. 

Keywords: resonant frequencies and damping properties of railway track, the range of effects, 
speed of movement of rolling stock. 
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