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 .  . !"#$%&, '.(.)., *+,-./,+, 0%%1 (23+45)4); 
$. 6. $768&"$, 0%%1 (23+45)4) 

#$#%&'(#$)* +,)-+,)'./#0 +#!-&* (1,2+#!*0 "#&*0 ), 

3 4#+#5# $"&,!  ( +-6,4 $)3*&#./#5# 7-3-(#! 

2 '4)9: +,;,(9 )4<.'.)9 ,/,;=><,/(9 ?4(.?4(>@),A, ?,'.=B<4))C <D4E?,'95 D4=9D)>@)>F .39*4G9< (4 
/(+9=,@)>F *.+.<,'9< *+> +H/9 )4 ;,3,<H 3,=9B. !,D+,;=.)4 (4 ,;I+H)(,<4)4 ?4(.?4(>@)4 ?,'.=J <D4E?,'95 D 
H+4FH<4))C? )4<.'.)>F ,/,;=><,/(.: ;,3,<,A, )4*+C?3H /(+9=,@),A, *.+.<,'H. 

  '4)),: +4;,(. *+><.'.)K ,/,;.)),/(> ?4(.?4(>@./3,A, ?,'.=>+,<4)>C <D4>?,'.:/(<>C G.=.D),',-

+,G)KF L3>*4G.: > /(+.=,@)KF *.+.<,',< *+> '<>G.)>> )4 ;,3,<,: *H(J. !4D+4;,(4)4 > ,;,/),<4)4 ?4(.-
?4(>@./34C ?,'.=J <D4>?,'.:/(<>C / H@.(,? *+><.'.))KF ,/,;.)),/(.: ;,3,<,A, )4*+4<=.)>C /(+.=,@),A, 

*.+.<,'4. 

In this work the peculiarities of mathematical modeling of interaction of rail vehicles and switches when moving 

onto a side track are given. The mathematical model of interaction taking into account the given peculiarities of 

switch side direction is developed and approved. 

0=C '.(4=J),A, +,DH?9))C '>)4?93> <D4E?,-
'95 3,=95 (4 +HF,?,A, /3=4'H M>+,3, <>3,+>/(,-

<HB(J/C ?.(,'> ?4(.?4(>@),A, ?,'.=B<4))C. 
N+> OJ,?H 3,G)4 ?4(.?4(>@)4 ?,'.=J /(<,+B-

E(J/C ,3+.?, '=C *.<),A, F4+43(.+H <D4E?,'95. 
P,'.=B<4))C <D4E?,'95 D4=9D)>@),A, .39*4GH 

(4 /(+9=,@),A, *.+.<,'H *+> +H/9 )4 ;,3,<H 3,-

=9B ?4E /<,5 ,/,;=><,/(9, ,/),<)>?> D C3>F E 
9?*H=J/)4 D?9)4 3+><>D)> 3,=95 (4 *+>/H()9/(J 
3H(4 H *=4)9 < ?9/O9 DH/(+9@9 A,/(+C34 D +4?),B 

+.:3,B (*,@4(3,<>: /(+9=,@)>: 3H(  )). N, '4-
),?H )4*+C?3H H ?4(.?4(>@),?H ?,'.=B<4))9 
<D4E?,'95 3,=95 (4 +HF,?,A, /3=4'H  ;H=, <>3,-

)4), +C' ',/=9'G.)J [5,6,7,8], (.,+.(>@),B ,/-
),<,B ;9=JM,/(9 D C3>F E D4*+,*,),<4)4 Q.R. 

!,?.),? ?4(.?4(>@)4 ?,'.=J  <D4E?,'95 < 3+>-

<>F ',<9=J),A, ,;+>/H [2].   O9: ?,'.=9 '>-.-
+.)O9:). +9<)C))C ;,3,<,A, <9'),/H <9D34 ?4E 
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'.: J,i,j – ),?.+ <9D34, ,/9, 3,=./4 <9'*,<9'),; 

Y" – *,*.+.@)4 />=4, S, '9E <9' 3HD,<4 )4 M<,-

+9)J <9D34; F – ;,3,<4 />=4 <9' +.:3> )4 3,=./,; 

mt - ?4/4 <9D34; F
< – <9'O.)(+,<4 />=4: 
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'.: v — M<>'39/(J +HF,?,A, /3=4'H; 
d
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R  

– 3+><>)4 +.:3>, S, /*+C?,<HE +HF; R – +4'9H/ 
+.:3>, S, /*+C?,<HE +HF. 

T3 ;4@>?,, < OJ,?H +9<)C))9 ,')>? D9 D;H-

'GHB@>F @>))>39< E 3+><>)4 3,=95. UC ,;/(4<>-

)4 <),/>(J *,F>;3H *+> ?,'.=B<4))9 <D4E?,'95 
< ?.G4F ;,3,<,A, )4*+C?3H /(+9=,@),A, *.+.-
<,'H, (,?H S, <9'O.)(+,<4 />=4, ,;H?,<=.)4 
3+><>D),B 3,=95, *,@>)4E '9C(> =>M. D ?,?.)(H 

3,)(43(H )4;9A4B@,A, 3,=./4 *.+M,5 ,/9 D 3+>-

<,=9)9:)>? A,/(+C3,?, C3>: )4*+4<=CE +HF. !,D-
A=C).?, ;9=JM '.(4=J), O.: *+,O./ ,3+.?, '=C 
/>=,<,5 <D4E?,'95 DA9'), D4=.G),/(.: *+>:)C-
(>F H +9<)C))9 (1) (4 -9D>@), 9/)HB@9 '>)4?9@)9 
D4=.G),/(9 *+> <*>/H<4))9 +HF,?,A, /3=4'H )4 
;,3,<>: )4*+C?,3 /(+9=,@),A, *.+.<,'H , +,D-
;><M> :,A, )4 .(4*>: 

1. $,=./, +HF4E(J/C *+C?,=9)9:), D4 ?.G4?> 

;,3,<,A, A,/(+C34 (+>/. 1). 

 

!>/. 1. RF.?4 +HFH D4 ?.G4?> A,/(+C34: 
  — D4D,+ ?9G A+.;.).? (4 A,=,<3,B +.:3> @> A,/(+C3,? 

VA9'), (1) (4 -9D>@)>F D4=.G),/(.: '9C <9'-

O.)(+,<,5 />=> F< <9'/H()C. 
2. $,=./, +HF4E(J/C *+C?,=9)9:), < ?.G4F 

;,3,<,A, )4*+C?3H, 3,)(43( ?9G 3,=./,? (4 A,/-
(+C3,? <9'/H()9: (+>/. 2). 

 

!>/. 2. RF.?4 +HFH < ?.G4F A,/(+C34 ', 3,)(43(H 

VA9'), (1) )4 +HF,?>: /3=4' *,@>)4E '9C(> 
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F< < +.DH=J(4(9 @,A, <>;>+4E(J/C D4D,+ #, 4 C3 

<9',?, [9] D4D,+ <>D)4@4E )43,*>@.))C 39).(>@-

),5 .).+A95 *+> D?9S.)9 ,/9 *,*.+.3 3,=95, '4=9 
<>)>34E )4;9A4))C 3,=./4 )4 A,/(+C3 *9' 3H(,?, 

C3>: <>D)4@4E(J/C )43,*>@.),B *+> <>;>+4)9 
D4D,+H # .).+A9EB (4 *4+4?.(+4?> ?4(.?4(>@),5 
?,'.=9. &4/*+4<'9 < O9: -4D9 +HFH )4 3,=./, F<  

). '9E, 4 ,(G. 9 <>;>+4))C D4D,+H # ). <>)>34E 
(4 <9'*,<9'), )4;9A4))C 3,=./4 )4 A,/(+C3. 

3.  9';H<4E(J/C 3,)(43( 3,=./4 D )4*+4<-
=CB@>? ;,3,<>? A,/(+C3,? (+>/. 3) 

 

!>/. 3. RF.?4 3,)(43(H 3,=./4 (4 A,/(+C34 

&4 '4),?H .(4*9 3,=./, )4;9A4E )4 A,/(+C3 

*9' 3H(,? H'4+H  H: 
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'.:  ) – *,@4(3,<>: /(+9=,@)>: 3H(; R0 – *,@4(-
3,<>: +4'9H/ A,/(+C34, ?. 

  +.DH=J(4(9 )4;9A4))C <>)>34E />=4 Y, C3H 

DA9'), D ?.(,'>3,B )4<.'.),B H [9] ?,G=><, 

*+.'/(4<>(> H <>A=C'9: 
y

&' Gz=Y (                        (3) 

'. z' – *,*.+.@)4 '.-,+?4O9C 3,=95; GH
* – *,*.-

+.@)4 G,+/(39/(J 3,=95. 143,G *,@>)4E '9C(> 

<9'O.)(+,<4 />=4 F<. !9<)C))C (1) ). <9',;+4G4E 
9/)HB@>: F4+43(.+ <D4E?,'95, ;, DA9'), D D4=.G-

),/(C?>, )4<.'.)>?> H +9<)C))9 (1), <D4E?,'9C 
?9G +HF,?>? /3=4',? (4 A,/(+C3,? *,@4=4/C 
+4)9M., D ?,?.)(H +HFH < ?.G4F 3+><,=9)9:),A, 

A,/(+C34. 
143>? @>),?, D4 ',*,?,A,B ?4(.?4(>@)>F 

?,'.=.:, < ,/),<9 C3>F =.G>(J +9<)C))C (>*H 

(1) ).?,G=><, <+4FH<4(> <*=>< D4D,+H # (4 3H(4 
H'4+H  H  )4 '>)4?9@)H <D4E?,'9B +HF,?,A, 

/3=4'H (4 /(+9=,@),A, *.+.<,'H, 4=. 5F ?,G=><, 

<+4FH<4(>, <3=B@><M> ', ?4(.?4(>@),5 ?,'.=9 
<9'*,<9')9  /*9<<9'),M.))C. 

V ?.(,B <>+9M.))C <>S.)4<.'.),A, *+,(>-

+9@@C *+,*,)HE(J/C )4/(H*)4 ?.(,'>34:  <+4FH-

<4))C D4D,+H W (4 3H(4 H'4+H XH : 

1. &.,;F9'), <+4FH<4(> D?.)M.))C D4D,+H # 

'=C H*,+),5 )>(3> (4 D+,/(4))C '=C <)H(+9-
M)J,5 )>(3> *+> *+C?H<4))9 +HF,?,A, /3=4'H 

)4 ;,3,<H 3,=9B /(+9=,@),A, *.+.<,'H '=C OJ,A, 

<<,'>?, ', ?4(.?4(>@),5 ?,'.=9 )4/(H*)H D4-
=.G)9/(J: 
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'.: *3 – <9'/(4)J ', <9/(+C A,/(+C34, ?; 

 9'/(4)J <9' <9/(+C A,/(+C34 ', (,@3> 3,)(4-
3(H )4;9A4B@,A, 3,=./4 9 A,/(+C34 x#, D)4F,'>(J-
/C D4 -,+?H=,B: 
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'.: #0 – D4D,+ D C3>? <F,'>(J +HF,?>: /3=4' )4 
;,3,<H 3,=9B. 

2.  9'O.)(+,<4 />=4 F<(x) <<,'>(J/C ', ?,-
'.=9 H )4/(H*),?H <>A=C'9: 
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'.: )( – <9'/(4)J ', 39)OC *.+.<9'),5 3+><,5, ?. 

V <+4FH<4))C? <>S. )4<.'.)>F ,/,;=><,/-
(.: <D4E?,'95 *+> *+C?H<4))9 .39*4GH )4 ;,3,<H 

3,=9B /(+9=,@),A, *.+.<,'H ;H=, /(<,+.), *+,-

/(,+,<H ?4(.?4(>@)H ?,'.=J <D4E?,'95 3,=95 (4 
<4)(4G),A, *9<<4A,)H )4 <9D34F 18-100 < ?.G4F 

/(+9=,@),A, *.+.<,'H D ?.(,B 4)4=9DH />=,<>F 

'>)4?9@)>F *+,O./9< < 3,=95 (4 5F <*=>< )4 ;.D-
*.3H +HFH *,5D'9<. 

389:;<=>?8@; A<BC; 

P,'.=J *9<<4A,)H *+.'/(4<=.)4 ?.F4)9@),B 

/>/(.?,B (+>/. 4), S, /3=4'4E(J/C D 5 (<.+'>F 

(9= (3HD,< (4 4 3,=9/)>F *4+>). 

 .+F)C ;H',<4 3,=95 < ?,'.=9 E ;.D ?4/,<,B 

;4=3,B D *.+.?9)),B G,+/(39/(B *, ',<G>)9 H 

<.+(>34=J)9: (4 A,+>D,)(4=J)9: *=,S>)9. 
N.+.?9S.))C <>D)4@4B(J/C D4 ',*,?,A,B 

,+(,A,)4=J),5 />/(.?> 3,,+'>)4(, <9/J F C3,5 
/*+C?,<4)4 HD',<G 3,=95, <9/J H – A,+>D,)(4=J-
)4, <9/J z – <<.+F. $H(,<9 *.+.?9S.))C (9= <>-

D)4@4B(J/C D4 ',*,?,A,B 3H(9< X – )4<3,=, ,/9 
F, Y – )4<3,=, ,/9 F, Z – )4<3,=, ,/9 z. 

V4A4=,? ?.F4)9@)4 />/(.?4 ?4E 27 /(.*.)9< 
<9=J),/(9. 

  ?,'.=9 *+>:)C((9 )4/(H*)9 /*+,S.))C: 
& +HF *9<<4A,)H +,DA=C'4E(J/C ;.D <+4FH-

<4))C />=> (CA>; 

& 3,=9/)9 *4+> (4 +4?4 <9D34 *+>:?4E(J/C 
4;/,=B(), G,+/(3,B; 

& 3HD,< 3,=><4E(J/C +4D,? D )4'+./,+),B 

;4=3,B. 

0>-.+.)O94=J)9 +9<)C))C, C39 <9'*,<9'4B(J 
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'4)9: +,D+4FH)3,<9: /F.?9 ('><. +>/. 4), /3=4'.-
)9 )4 ,/),<9 *+>)O>*H ''7=4?;.+4. !9<)C))C 
<.+(>34=J),A, 3,=><4))C 3HD,<4 ?4B(J <>A=C': 
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!9<)C))C ;,3,<,5 34@3> (+.(J,5 3,=9/),5 *4-
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!9<)C))C ;,3,<,5 34@3> @.(<.+(,5 3,=9/),5 
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;SP+

bP
SP

bP
=Ix

dt
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  )4<.'.)>F +9<)C))CF *+>:)C((9 )4/(H*)9 
*,D)4@.))C: i, j, k – ),?.+ <9D34, 3,=9/),5 *4+> 

(4 3,=./4 <9'*,<9'),; h – <9'/(4)J ?9G O.)(+,? 

?4/ 3HD,<4 (4 <>/,(,B *'C()>34 )4' ,/C?> 3,=9-
/)>F *4+; S0 – <9'/(4)J ?9G 3+HA4?> 3,@.))C 
3,=9/; bp – *,=,<>)4 <9'/(4)9 ?9G +./,+)>?> 

3,?*=.3(4?>; ak – *,=,<>)4 ;4D> 3HD,<4; a( – 

*,=,<>)4 ;4D> <9D34; mk – ?4/4 3HD,<4; m3* – ?4-
/4 3,=9/),5 *4+>; YM – *,*.+.@)4 />=4 <9' 3HD,-

<4, C34 '9E )4 M<,+9)J <9D34; Pijk – />=4 < />/(.?9 
3,=./,-3,=9C <>D)4@4E(J/C D4 -,+?H=,B: 

 
'.: Y=,* – ,+'>)4(4 <.+(>34=J),5 ).+9<),/(9 =9<,5 
4;, *+4<,5 +.:3,<>F )>(,3; zi,j,k – *+HG)E *.+.-
?9S.))C />/(.?> 3,=./,-+.:34; Pij – />=4 < <9'-

*,<9'),?H +./,+),?H 3,?*=.3(9 <>D)4@4E(J/C D4 
-,+?H=,B: 
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XXS±

Xb±z+zzsignF+

XXS±

Xb±z+zzG=P

,2,10
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     (18) 

'. zi,j – *+HG). *.+.?9S.))C <9'*,<9'),5 +./,-

+>. 

!9<)C))C H A,+>D,)(4=J)9: *=,S>)9 /3=4'.)9 
D4 ?.(,'>3,B *+,-./,+4 !,?.)4 Q.R. [9], 4=. D 
'.C3>?> *,*+4<34?>, S, ,;H?,<=.)9 A.,?.(+>-

@)>?> ,/,;=><,/(C?> ;,3,<,A, )4*+C?3H /(+9-
=,@),A, *.+.<,'H. N, *.+M. < ?,'.=9 Q. R. !,-

?.)4, 3+><>)4 3,=95 < ?.G4F ;4D> <9D34 (1.85 ?) 

*+>:?4E(J/C *,/(9:),B, 4=. C3 ;4@>?, D +>/. 5 

*+> <F,'9 <9D34 )4 ;,3,<>: )4*+C?,3 3+><>D)4 
'=C )4;9A4B@,5 (4 '+HA,5 ,/9 <9'+9D)CB(J/C, OC 
,;/(4<>)4 /*+>@>)CE *,F>;3H *+> <>D)4@.))9 
?9/OC )4;9A4))C )4 )4*+4<=CB@>: A,/(+C3. 

 

!>/. 5. RF.?4 <F,'H <9D34 H *.+.<9')H 3+><H 

1,?H )4?> ,3+.?, <>D)4@4E(J/C 3+><>D)4 
3,=95, 3H( )4;9A4))C  '=C *.+M,5 (4 '+HA,5 ,/9.   

'4),?H <>*4'3H -,+?H=> '=C <>D)4@.))C 3H(4 
)4;9A4))C (4 3,,+'>)4(> O.)(+H 3,=9/),5 *4+> 

<9'),/), ,/9 3,=95 )4;H<4B(J <>A=C'H: 

dx

d-
at+.-=/

ji,

iji,ji, (&             (19) 

'.: Zi,j — 3H( )4;9A4))C 3,=9/),5 *4+> [i,j — 

3H( )4F>=H ',(>@),5 ', /.+.')J,5 =9)95 3,=95, C34 
*.+.(>)4E  3,=9/)H *4+H; \9- 3H( *,<,+,(H <9D34. 

ji,+iji, /ay=y (&                    (20) 

N4+4?.(+> ?4(.?4(>@),5 ?,'.=9 *9<<4A,)4 )4 
<9D34F 18-100 ;H=, <DC(, D +,;,(> [11]. N4+4?.-
(+> 3,=95 <DC(9 D +,;9( [8,12]. 2 C3,/(9 *9'+.:3,-

<,5 ,/),<> *+>:)C((9 D4=9D,;.(,))9 ;+H/>. ].,-

?.(+>@)9 F4+43(.+>/(>3> /(+9=,@),A, *.+.<,'H 

<9'*,<9'4B(J *+,.3(H 1740, C3 )4:;9=JM +,D*,-

</B'G.),?H )4 23+D4=9D)>O9 /(+9=,@),?H *.+.-
<,'H ?4+3> 1/11.  

$,?*'B(.+)4 +.4=9D4O9C ?4(.?4(>@),5 ?,'.=9 
<>3,)H<4=4/J )4 ;4D9 ,*.+4O9:),5 />/(.?> Linux 

< *+,A+4?9 @>/.=J),A, ?,'.=B<4))C Scilab. %)-

(.A+H<4))C />/(.?> '>-.+.)O9:)>F +9<)C)J <>-

3,)H<4=,/J )4 ,/),<9 ?.(,'4 !H)A.-$H((4-
^.=J;.+A4 4-5-A, *,+C'3H (,@),/(9 D 4<(,?4(>-

@),5 ,O9)3,B *,F>;3>. 

&4 '4)>: ?,?.)( ?,'.=J *+,F,'>(J (./(H-

<4))C. 2 C3,/(9 'G.+.= .(4=,))>F *,34D)>39< 
<D4E?,'95 .39*4GH D /(+9=,@)>? *.+.<,',? <>-
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