
54  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

  
  ,  

 
 

 622; 622. 68; 625. 28

. . , . . , . . .    . . .  
   , . , 

, e-mail: igtm-rail-trans@yandex.ru 

    
      

V.V. Govorukha, Cand. Sci. (Tech.), Senior Research 
Fellow 

N.S. Polyakov Institute of Geotechnical Mechanics of National 
Academy of Science of Ukraine, Dnipropetrovsk, Ukraine, 
e-mail: igtm-rail-trans@eandex.ru 

DYNAMIC PROCESSES OF INTERACTION OF SECTIONAL TRAINS AND 
TRACK FACILITIES OF MINING TRANSPORT 

.        ,  -
        ( ) ,  -

   ,       .  
.          

        ,  -
   ,       -
 .  

.        
   ,    ,   -

             -
 ,          ,     

   -     .  
 .      , -

            
       .    

     ,     -
      .  

 .        
 -         -

 .  
 :  ,  , , ,  

,   
 

.1    -
    -

     -
      -
   -  .  

      -
   :  

       
     -

   ,     
   ,   

 .     

                                           
©  . ., 2013 

     -
          -

     
–3,5; –3,0; –2,0,     -
  (  3,0  3,5 3)   -

  ,     -
   2,5  3,3 3,   -

       .  
    . . ,  

. . , . . , . . ,  

. .   .   -
     -

      -
 .     -



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5 55

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

  
, 
  

 
 

, 
  

 
 

 
 

 
 

  
 

 

 

. 1
 

 

  
 

  

, 
 

.  
-

 
   

 
   

 
   

  
 

  
 

 
 
  

, 
  

 
  

 
 

  

1.  
  ;

 
  

  
 

 

  
  

 ; 2( -1)
 

 
  

  
 

 

  
   

 
  

   
   

 
  

 
 ,  

 
 
 

  

  
;     

  
  

 
 

  
  

 
 , 

)  
  
   

 
.  

 
  
   

  
  

 
,  

 , 
, 

 
 

  
, 

  
 [1–3]. 

 
  

   

 
; , ,  

 
 

 
,  

 
 [4–5].  

   , 
 

 
 (

-
-
 

  
-
. 
-
-
-
 

-
. 
-
-
-
 

 
  

-

 

(
 

 „
  

 
-
-
 

-

 -
-1  

 
 

. 1).  

 

 
  

  
 
. 

  
 

 
 

 
 

 
 

  
 

 
   

 
. 1). 

  
,    

 
 

 
 

  
 

  
 

. 
  

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
   

 

 

  
  

  
 -

 
  

 
, 

 
 

 [5]. 

  
  
 

 
 

 
 

 , 
 

  
 

 
  

 
   

 -
 

  

 “:   

  
 

  

,  
 .

  
 
 

 

 -

 

: -
, -

;  -
  -

  -
 .

.
 -

 
 -

  -
 -

 

 
  ; 

 -
, -

 , -
 

.   
 -

, 
  -

  -

-
 
 
 

-
-
-
-
-
  
. 
-
 

-
 
 

-
-
 

 
-
-
-
 
 

-
 

-
-



56  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

      -
  : i     

(i =1, 2,  3, ... , ); n      (n = 1  
i = 1, 2, ... ; ( -1)  n = 1, 2  i = ); j    in-  

   (j = 1, 2); , ,    , 
   ; injp, inj , inj    

     , 
       

 .  
    -

   , -
      
 

1

1

0; 0; ;

( 1) ; ;

; ( 1) ;

0; 0;

0; 0;

0; 0; 0;

0; 0;

0; 0; 0.

i i inj in

j
inj in in nj in

j
inj in inj in in

injp injp

injp injp

inj inj inj

inj injo

injo injo injo

nx y y

z z d

x x d

x

x

x

       (1) 

 
      

 

; ; ; ; ;

; ; ; ; ; ;

; ; ; ; .

i i i i i

in in in in in inj

inj inj injp inj injoo

z y

x y z

z z y y y
 

 

  Dq , -
    q , 

   
 

1

2

1

;

;

N

zi i in i i
n

N

i i in i i i
n

D m m z h

D m m
 

; 2

1; , ... 2, 1, 1

iN

iN

 

2

1

; ( );

( ) ;

( ) ;

yi i xi ii i hi

i zi i i

xin in inj in
j

D I D I

D I

D m m x

 

inninin
n

injinyin immD
N 2

1
; 

;
2

1

2

1

2

1
p

2
1

2
1 )(

hininj j j
njinjxinjxinin

mdmdIID  

n
j

ininjinzin izmmmD
2

1
p ; 

)(
2

1

2

1

2
1 ininj j

injzinjzinin
mdIID ; 

; ;

; ;

; ,
o p

o o o

inj yinj inj zinj inj inj

zinjo injo zinj yinjp yinjp inj

yinj yinj inj yinj yinj inj

D I D m z

D m z D m y

D m y D m y
        (2) 

 
 N –   . 

     -
,      -

    )( xyzO , -
    ,   ( . . 

     0,05),   
 –  [5]. 

     
    
    zyx OOO ,,     

   ,,   -
   

 
*( 1) ( ) ;

( 1) ;

j
inj i in in inj

n
inj i in i i i i i

x b x

y y y u a H
 

( 1) ( 1) ( ) ;

0 0;

n j
inj i i i i in in inj

o o

z z a b z

y z  
 

'
1 1 1

' '
1 1 1

;

;
0; 0 ;

i i i i i i i

i i i i i i i

y y L y L

z z L z L

y z

                    (3) 

1( 1) ;

;

j
injp in in inj

inj inj injo

z z d z

z z z
 

; ;

; ,
injo injo injp injp inj

inj inj injo injo injo

z z y y y

y y y y y
  

 
 ,,...,, 21 yyy   zzz ,...,, 21    

      
(  )     -

: ''
2

'
121 ...,,,,...,, LLLLLL   aaa ,...,, 21  ( . 1); 

bLo 2;0      , 
       

; iH       
     ; iu   
     ; inj   -

     .  
 

i

in
iniin

L)1( , 

 
i       . 

  ,  
    

 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5 57

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 

2 1 22 2 2
1 1 1 1 1

2 2 2
p p

2 2 2
o o p p

1 22 2
o o

1 1 1

1
( )

2

,

N

y i z i xin inj
i i n j

zin inj z inj injz

z inj y inj y inj

N

y inj yin inj
i n j

k y k z k x

k z k z k z

k z k y k y

k y k y

  (4) 

 

 zy kk ,        
      

; zinyinxin kkk ,,  –   
     ; 

yoyypzozzp kkkkkk ,,,,,     
  ,     -

   . 
 ,   

       -
    

      
 ,   

 

2
1 1 1

2

1 1 1
.

N

i hi i in hin in
i i n

N

hinj injinj
i n j

m g y m gy

m gy
              (5) 

 
    

,     -
 ,   

 
2

2 2 2

1 1 1

2 2 2 2

2 2

1 1

2

1 1 1

1 (
2

)

sgn

sgn sgn

N

xin inj zin inj zp njp
i n j

z nj zo njo yp njp y nj

N

yo njo yin in
i n

N

x inj inj
i n j

z inj inj zp injp

x z z

z z y y

y y

F x x

F z z F z

sgn

sgn sgn

sgn

sgn )

injp

z inj inj

zo injo injo yp injp injp

y inj inj

yo injo injo

z

F z z

F z z F y y

F y y

F y y

 (6) 

1 1

sgn ,
N

y in in
i n

F y y  

 
 zinyinxin ,,     -

 ,     -
   ,   -
 ; zozzp ,,   yoyyp ,,   

    

,       -
 ; zyx FFF ,,      

,       
,    -

; zozzp FFF ,,   yoyyp FFF ,,  –  
     ,   -

     . 
  (   -

)   ,  -
  (q) ,   

 Cq [5]. 
 

2

1
1 1

2 2

1 1 1 1

( )

sgn ;

N

zi z i i zin inj
n j

N N

inj zzin inj
n j n j

C k z z k z

z F z
 

 

2

1
1 1

2 2

1 1 1 1

( )

sgn ;

N

yi y i i yin in
n j

N N

in y i hiyin inj
n j n j

k y y k y

y F y m g
 

 

1 1
2

1 1 1
sgn ( 1) (

sgn ;

N N

i i inj yin i in inj
n n

N N
j

y i inj zin inj
n n j

zin inj z inj

C H y k H y

F H y b k z

y F z

 

 

1 1

2

1 1

( )

( 1) ( sgn );

 

 

i z i i i i

N
n

i zin inj zin inj z inj
n j

C k z l z l

a k z z F z
 

 

1 1

2

1 1

( )

( 1) (

2

 

 sgn ) ( 1) (
1 1

sgn ); 

i z i i i i

N
j

xin inj xin xnj
n j

x inj

k z l z l

b k x x

N jF x a k yi yin inj
n j

y F yyin inj y inj

 

 
2

1 1

2

1 1

2

1

( sgn );

( sg 

 (

n )

) ;

N

xin xin inj xin inj x inj
n j

N

yin in yin inj y inyin
n j

in inj hinj
j

C k x x F x

C k y y F y

m m g  

2

1 1

2

1 1

( sgn )

( sgn );

N

zinzin inj zin inj z inj
n j

N

zp inpj zp injp zp injp
n j

C k z z F z

k z z F z



58  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

2

1 1

1
1

( 1) ( sgn )

( 1) ( g s n );

N
j

in zin inj zin inj z inj
n j

N
j

injp zp injp zp injpzp
n

C b k z z F z

d k z z F z

2

1
( 1) ( sgn );

0; ( sgn  

 

)

 

s

 

 

gn );

sgn

j
in xin inj xin inj x inj

j

inj zinj zp injp zp injp zp injp

z inj z inj z inj

zinjo z inj z inj

z inj zo injo

C k x x F x

C C k z z F z

k z z F z

C k z z

F z k z

sgn ;

sgn ;
zo injo zo injo

yinjp yp injp yp injp yp injp

z F z

C k y y F y

 

sgn

 

; 
yinj yinjp y inj

y inj y inj

C k y

y F y
 

( sgn )

sgn .

 

 
y

yinjo y inj inj inj

yo injo yo injo yo injo

yC k y y F y

k y y F y
  (7) 

 

 ,  -
 ,    

      
     injinjinj WYX ,,   

     
,  -    -

     .   
     

 

   

2 2

1 1

2 2

1 1

1 2 1

1

; ( );

( )  

  

( ) ;

( ) ; ( 

  

;

; .  

)

xin inj yin inj inj
j j

in inj in ininj inj
j j

in in in yinjp inj inj

inj inj i i

O X O Y W

Q r Y W m m gy

Q X X d Q Y W

Q X r Q m gy

     (8) 

 

  ,  
 ,  . 
    ,qD

,q qC O ,     
 

0;

 

0; ;

0; 0;
 

;
; ;

zi zi yi yi i i i

i i i i xin xin xin

yin yin yin zin zin zin

D C D C D C Q

D C D C D C Q

D C Q D C Q

 

; ;

; 0;

0; ;

0; 0.

 

 

 

in in in in in in

inj inj inj zinj zinj

zinjo yinjp
zinjo yinjp yinjp

yinj yinj yinjo yinjo

D C Q D C Q

D C Q D

D C D C Q

D C D C

       (9) 

 

    
,     (  -

   ),   -
   -
 ,     

    , 
 ,   -

     -
. 

   , -
, ,   -

      
   -   

     -
    ,   -

     ,  
. .       

  ,     -
 (R = 30 ).     -
  : 1,25; 3,5  9,5   

    1,25; 3,0; 3,5  8,6  
  R = 30 . 

,    -
      -

   .   R = 30  
       

    
.       

      -
   ,      

       -
  -   . 

      -
   ,  

    
     -

 ,    
 . 
 . 2–6   -

  ,   -
    -

      
    

  .   -
   , -

  [5].  
   . 2–5   

      
   -

 ( . 2, – )   ( . 3, – ) 
,        -

  ( . 4, – )  -
 ( . 5, – ) .  ,   -

,    ; ,   
,   

       -
; 1, 2, 3, 4, 5     

0,005; 0,010; 0,015; 0,020; 0,025  . 

 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5 59

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

. 2.  

 
 

 
. 3.  

 
 

 
. 4.  

 
 

 
. 5.  

 
 

       

 
 

       

 
 

          

 
 

  

 
 

  

 
  

        

 
 

  

 
 

  

 
 

       

 

            

 

        

 

 

 

 
 

 

     

 

 

 

 

 

 

  

              

  

       

 

 

  

  

 

  

 

  

  

  

 

        

 

        

 

    

 

         

 

 

  

 

  

 

 

 



60  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 
. 6.  

 
 

 
0,005...

 
 

R = 30,0  
 

 
,  

( . 4–5) 
 

 
  

 

 
 
 

 = 5 /  

  
 

 '
Hl  = 4,
,  

 

 

 
 

 
 

  

, 
 

, 

 
 

  
.0,  1  0   
 

  
 

 
  

 
 

 
  
 

 

 
 

 
 

 
 
 

  
 

  
,  

,0   
 

 
  

 '
Hl   1

 
 

 '
Hl , 

 ( '
Hl  =

 
 )

  

  

 
 

 (
 

3,0...10,0l

 
  
,   

  
    

5,0 / . 
   l
 

 
 

 
 

, 
 . 

 
 

.  
 AH 025,0'

 .maxk

 
 

 
 ,  =

 
 

 
 

 . 
 

  
,5 . 
,  

 
  

=  / ,  
 

). 

 

 
  

 
  

. 2–3) 
 

 0    
 

  
 

 
 

  
3 0  ,  

 

 ( kk ,
 

 
  

,
' 4,0 Hl  

 
,  

5 ,  

x 0, 7 .  
  

 '
Hl  = 4

 
= 1,25 , 

. 
 

  
 

 

  
  

  

   
  

 

 , 
  

, 
 
 
 

-
 -

  
 

-
 -

-
 

). 
 

  
-

,  
-
 
 
 

 
4,0  

, 
 

-
-
 

 
 -

-
-
 

-
 

 
 

2

3

 
 
4

      

  

 
  

  
 

 
 

  
  

,   
 

  
 

   
  
 

 
   

 ( 4
 
, 

   
  

, 
  

.  
.  

1. 
 
 

, 
   

.  
2. 
  

 
 

 
  

 
3.  
  

 
 

4. 
 , 

  

  

  
  ; 
 

 

  
 

 
 

  

 
 

 
 

  
 

   
 

4, 0 / ).  
 ,
 

 
 
 

  

 
 

  
 

 
 

  
  

  
  

 
 

 
 

 

        

  
,   
   

 
  

  

 
  (

 
 

.  
, 

 
 

 

 

, 
 

 
.  

 
 (

 
   

 
  

  

 

 
 

  
  

.  
 

  
  

  
 

 
 

: ,  
,

; 1, 2 

 -

,  
 -

( . 6) -
  

 -

-
 

 
.  

 ,k k
,  

   -
  -

  -
 -

 -
) 

 -
 

  
-

 -

 -
 

  -

-

 -
,
-

. 
 -

 -
 ,

 
 
 

-
 
 

-
 

-
 

-
 

-
 
 
 
 
 

-
-
-
-
-
 

-
 
 

-
-

-
 

-
 

-
 

-
, 
-

-
-
, 



ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5 61

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

 ,     -
    (l   2,0 )  

  ,   
      , 
      -

 ,       .  
5.     -

     -
       

,     
 ,    -

    .  
6.     -
     , , -

       -
,    ,   

     -
      -

   (   ). 
 

  / References 
1.  . .    -

       
 / . . , . .  //  
. – 2012. –  6. – . 17–20. 

Berezhinskiy, V.I. and Babakov, S.V. (2012), “New 
developments aiming improvement of the mine transport 
and lifting of operation safety”, Ugol Ukrainy, no. 6, 
pp. 17–20. 
2.  . .     

  / . .  //  
. – 1999.  –  11. – . 46–47.  

Ivanov, O.I. (1999), “Evaluation of miner’s occupa-
tional risk”, Ugol Ukrainy, no. 11, pp. 46–47. 
3.  . .    -

:  . . „   – 
2012“; 3–6  2012 . / . .  // 

  . – -
, 2012. – . 4 – . 108–114.  

Fedoryachenko, S.O. (2012), “Mathematical model 
of a mine car”, Proc. of the Int. Conf. “Forum of mining 
engineers”, Vol. 4, October 3–6, 2012, National Mining 
University, Dnipropetrovsk, Ukraine, pp. 108–114. 
4.  . .       

  /  . . – .: , 
1997. – 327 .  

Kogan, A.Ya. (1997), Dinamika puti i ego vzai-
modeystvia s podvizhnym sostavom [Dynamics of Rail 
Track and Its Interaction With The Rolling Stock], 
Transport, Moscow, Russia. 
5.  . .   -

 ,     
 :  /  . . – 

: , 2006. – 448 . 
Govorukha, V.V. (2006), Mekhanika vzaimodeystvi-

ya relsovogo puti, podvizhnykh transportnykh sredstv i 
smezhnykh ustroystv [Mechanics of the Interaction Be-
tween the Rail Track, Transport Vehicles and Adjacent 
Equipment], Monograph, Lira, Dnepropetrovsk, 
Ukraine. 

.     
   ,    

      -
 ( ) ,   

  ,    -
   .  

.    -
      

      -
      

  ,   
     .  

.    -
      -

 ,    
,        

     -
    ,  

         
,      -
  -    -

 ' .  
 .    -

  ,   
       

     -
     -

.     
    , 
      
    .  

 .   
     -

 -    -
      

.  
 :  ,  -

, , ,  , -
  

 
Purpose. To study the interaction of the sectional 

trains and the rail track with straight and curved sections 
and vertical and horizontal burrs affecting the stability, 
loading and safety of mining rail transport. 

Methodology. We have designed the mathematical 
model of the movement of the sectional trains along the 
track with different burrs, deviations from normative re-
quirements of operation and have determined indicators 
of burden, stability and safety of movement in difficult 
mining conditions. 

Findings. We have carried out the theoretical studies 
of interaction of sectional trains and the rail track and 
have determined the indicators of burden, stability and 
safety of mine cars movement along the track which have 
horizontal and vertical burrs. The calculation model con-
siders vehicles with loose and firm mounting of wheels 
and various rail track sections with the elastic-dissipative 
rigid and knuckle joints. 

Originality. We have determined the relations be-
tween the parameters of horizontal and vertical burrs in 



62  ISSN 2071-2227, Науковий вісник НГУ, 2013, № 5

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

rails and the changes in burden, stability and movement 
safety of the mine cars at straight and curved sections of 
the rail track. We have determined extreme values of the 
indicators of interaction of components of transport sys-
tem, have discovered the resonance phenomenon and de-
termined critical speed for the safe mode of movement.  

Practical implications. The obtained results of the 
research can be used to develop technical standards for 

construction, maintaining and repair of the mining rail 
transport. 

Keywords: track facilities, sectional train, burden, 
stability, movement safety, resonance phenomenon 

 
   . .  

. . .    
15.01.13. 

 669.15-192.017:621.357.7

. . , . .  
 
 

    „  
 -  “, 

. , , e-mail: ievgen.kolesnyk@ukr.net 

  
  Fe-Ni 

Ye.V. Kolesnik, Cand. Sci. (Tech.), Associate Professor 
 

State Higher Educational Establishment “Ukrainian State Uni-
versity of Chemical Technology”, Dnepropetrovsk, Ukraine,  
e-mail: ievgen.kolesnyk@ukr.net 

FEATURES OF STRUCTURE FORMATION OF ELECTRODEPOSITED 
ALLOYS Fe-Ni 
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