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 . !. " #$%&, '.(.)., *+,-)(, .!!/ ("'012)1); 
&. &. 345#$6$7%, '.(.)., *+,-)(, .!!/ ("'012)1); 
#. 5. 869.6 69:/68, '.(.)., *+,-)(, .!!/ ("'012)1); 
$. &. ;#<!=%&#, '.(.)., *+,-)(, #'1*->2? (1>+@-))+A BCD@EF ("'012)1) 

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

#0,+($!)1'/#+. % /+ + %$!#+2-$3$ '$'/,#,

8+G0+EC-)1 (1 H2I0+EDH1)1 (-+0-(2J)1 >+*-CK HG1L>+*MN 0DO+>+P+ B'C1*D (1 '+CMN, Q+ ?HC?L B+E+R +*-
)+>1B+HD B2B(->D G I0D@)+-H’?G'2>2 O101'(-02B(2'1>2. .C? H20MS-))? G1*1JM G D*+B'+)1C-))? '+)B(0D',MN 
'+CMN EDC1 0+G0+EC-)1 NN *H+>1B+H1  >+*-CK. 8-GDCK(1(2 0+G01OD)'MH, H2'+)1)2O )1 E1GM ,MLN >+*-CM, *+E0- 
GEMP1R(KB? G 0-GDCK(1(1>2, +*-0@1)2>2  I02 0+G01OD)'1O )1 +*)+>1B+HMA >+*-CM,  1 (1'+@ *1)2>2 )1(D0)2O 
*+BCM*@-)K .TT/D. 

81G01E+(1)1 2 DBI-S)+ +I0+E+H1)1 (-+0-(2J-B'1? >+*-CK HG12>+*-AB(H2? I+*H2@)+P+ B+B(1H1 2 ID(2, 
I0-*B(1HC?RQ-P+ B+E+A +*)+>1BB+HDR B2B(->D B DI0DP+-H?G'2>2 O101'(-02B(2'1>2. .C? 0-S-)2? G1*1J I+ 
B+H-0S-)B(H+H1)2R '+)B(0D',22 ID(2 EFC1 01G01E+(1)1 -P+ *HDO>1BB+H1? >+*-CK. 8-GDCK(1(F 01BJ-(+H )1 
E1G- U(+A >+*-C2 O+0+S+ B+HI1*1R( B 0-GDCK(1(1>2, I+CDJ-))F>2 I02 01BJ-(- )1 >+*-C2 B +*)+>1BB+HF> 

+B)+H1)2->, 1 (1'@- *1))F>2 )1(D0)FO 2BBC-*+H1)2A .!!/1. 

The two-mass model of railway track interacting with rolling stock is elaborated. The results obtained with this 

model correspond with results obtained with the previously elaborated single-mass model of track and with results 

of field tests carried out by DIIT. 

& .)-I0+I-(0+HB'+> )1,2+)1CK)+> D)2H-0-
B2(-(- @-C-G)+*+0+@)+P+ (01)BI+0(1 2>-)2 

1'1*->2'1 &. <1G10?)1 (.!!/) H 2002-2006 P. 
I0+H+*2C2BK (-+0-(2J-B'2- 2 U'BI-02>-)(1CK-
)F- 2BBC-*+H1)2? I+ +I0-*-C-)2R *+IDB'1--
>FO B'+0+B(-A *H2@-)2? I+-G*+H H I0?>FO 2 

'02HFO DJ1B('1O ID(2 B DJ-(+> -P+ B+B(+?)2?, 1 
(1'@- H2*1 I+*H2@)+P+ B+B(1H1.  

 /-+0-(2J-B'2- 2BBC-*+H1)2? HFI+C)?C2BK B 
2BI+CKG+H1)2-> >1(->1(2J-B'+A >+*-C2 HG12-

>+*-AB(H2? ID(2 B P0DG+HF>2 H1P+)1>2, 01G01-
E+(1))+A I+* 0D'+H+*B(H+> I0+V-BB+01 .1)+-
H2J1 &. .. [1, 2, 3]. 

& *1))+A >+*-C2 U'2I1@ 01BB>1(02H1-(B? 
'1' B2B(->1, B+B(+?Q1? 2G 11 (H-0*FO (-C ('D-
G+H1, *HDO )1*0-BB+0)FO E1C+', J-(F0-O E+'+-
HFO 01> (-C-@-' 2 J-(F0-O '+C-B)FO I10) B 
@-B('2>2 2 DI0DP+-V02',2+))F>2 BH?G?>2 

>-@*D )2>2. W-C-G)+*+0+@)FA ID(K I0-*-
B(1HC-) '1' +*)+>1BB+H1? B2B(->1 B DI0DP+-
H?G'2>2 O101'(-02B(2'1>2 H P+02G+)(1CK)+> 2 

H-0(2'1CK)+> )1I01HC-)22, I02H-*-))1? ' '1-
@*+>D '+C-BD H1P+)1 81BJ-()1? BO->1 B2B(->F 

I02H-*-)1 )1 02B. 1. 

.C? +I2B1)2? '+C-E1)2A (-C B2B(->F HH--
*-)1  B2B(->1 '++0*2)1( Oxyzz, *H2@DQ1?B? 
H*+CK ID(2 I+ )-'+(+0+>D G1'+)D s(t) (s – I0+A-

*-))+- 01BB(+?)2-, t – H0->?). /+J'1 O C-@2( 
)1 D0+H)- P+C+H+' 0-CKB+H, +BK Ox '1B1-(B? +B2 

ID(2 2 )1I01HC-)1 H B(+0+)D *H2@-)2? U'2I1-

@1, +BK Oy C-@2( H IC+B'+B(2 ID(2 2 )1I01HC--
)1 HI01H+, -BC2 B>+(0-(K I+ )1I01HC-)2R *H2-

@-)2?, 1 +BK Ozz )+0>1CK)1 IC+B'+B(2 ID(2 2 
)1I01HC-)1 H)2G. =0-*I+C1P1-(B?, J(+ (+J'1 O 

*H2@-(B? B I+B(+?))+A B'+0+B(KR V ((1'2> +E-
01G+>, s=Vt), 1 ID(K I0-*B(1HC?-( B+E+A I0?-
>DR 2C2 '02HDR.  +*-CK I+GH+C?-( 01BBJ2(F-

H1(K *2)1>2J-B'2- I+'1G1(-C2 HG12>+*-AB(H2? 
I+*H2@)+P+ B+B(1H1 2 ID(2, 2 )1 +B)+H- 2O 1)1-
C2G1 +I0-*-C?(K *+IDB'1->F- B'+0+B(2 *H2@--
)2? I+-G*+H. :+I+B(1HC-)2- 0-GDCK(1(+H (-+0--
(2J-B'2O 2 U'BI-02>-)(1CK)FO 2BBC-*+H1)2A 

.!!/1, I0+H-*-))FO  H I0?>FO 2 H '02HFO 
DJ1B('1O ID(2, I+'1G1C+, J(+ U(2 0-GDCK(1(F 

O+0+S+ B+PC1BDR(B? >-@*D B+E+A. $1 +B)+H- 
I0+H-*-))FO 2BBC-*+H1)2A [4] EFC2 01G01E+-
(1)F 0-'+>-)*1,22 + *+IDB'1->FO B'+0+B(?O 
*H2@-)2? P0DG+HFO I+-G*+H H I0?>FO 2 '02HFO 
DJ1B('1O ID(2 01GC2J)FO 01*2DB+H.  
8-S-)2- G1*1J  I+ B+H-0S-)B(H+H1)2R '+)-

B(0D',22 ID(2 (0-ED-( E+C--  I+*0+E)+A -P+ 
>+*-C2. .C? U(+P+ H BDQ-B(HDRQDR >+*-CK  
HH-C2 0?* DB+H-0S-)B(H+H1)2A 2 *+I+C)-)2A. 

=-0H1? P0DII1 *+I+C)-)2A '1B1-(B? E+C-- *--
(1CK)+P+ +I2B1)2? I+*0-CKB+H+P+ +B)+H1)2?. 
6*2)1? >1BB1 ID(2, HG12>+*-AB(HDRQ1? B '1@-

*F> '+C-B+> H1P+)1, EFC1 01G*-C-)1 )1 >1BBD 
0-CKB1 2 +B)+H1)2?. =02>F'1RQ1? ' '1@*+>D 
2G '+C-B J1B(K H-0O)-P+ B(0+-)2? ID(2 >+*-C2-

0D-(B? '1' *HDO>1BB+H1? >-O1)2J-B'1? B2B(->1 
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B 4 B(-I-)?>2 BH+E+*F, '+(+0F- B++(H-(B(HDR( 
I-0->-Q-)2?> '1@*+P+ «(-C1» H H-0(2'1CK)+> 

2 I+I-0-J)+> )1I01HC-)2?O. «/-C1» 01BI+C1-
P1R(B? *0DP )1* *0DP+>. &-0O)-- B+-*2)-)+ B 
)2@)2> C2)-A)F>2 (H-0(2'1CK)F> 2 I+I-0-J-
)F>) DI0DP2> 2 H?G'2> UC->-)(1>2. /1' @- 

B+-*2)-)F H(+0+- (-C+ 2 )-I+*H2@)+- +B)+H1-
)2-. 7+C-B+ HG12>+*-AB(HD-( B H-0O)2> (-C+>. 

=02H-*-))F- >1BBF H-0O)-P+ B(0+-)2? ID(2 

H H-0(2'1CK)+> 2 I+I-0-J)+> )1I01HC-)2?O 
01GC2J)F. 

 

82B. 1. 81BJ-()1? BO->1 P0DG+H+P+ H1P+)1

&(+01? P0DII1 2G>-)-)2A *1-( H+G>+@)+B(K 
E+C-- S20+'+P+ I0-*B(1HC-)2? ID(2 2, H J1B(-
)+B(2, 01BB>+(0-)2? B>-@)FO DJ1B('+H B 01G-
C2J)F>2 P-+>-(02J-B'2>2 2 DI0DP+–H?G'2>2 

O101'(-02B(2'1>2. 

X1*1)2- P-+>-(02J-B'2O I101>-(0+H ID(2 

I0+2GH+*2(B? H (0-O B-',2?O. =-0H1? +I2BFH1-( 
'02H2G)D +B2 ID(2, H(+01? – H+GHFS-)2- )1-
0D@)+P+ 0-CKB1, (0-(K? – S202)D '+C-2. .1)-

)FA I+*O+* I+GH+C?-( G1*1H1(K 01GC2J)+- '+-
C2J-B(H+ DJ1B('+H ID(2 B 01GC2J)F>2 I101>-(-
01>2 – I0?>FO, DJ1B('+H B I-0->-))+A 2 I+-
B(+?))+A '02H2G)+A 2 S202)+A '+C-2. 

&+G>+@)+ (1'@- G1*1)2- '1@*+A 2G B-',2A B+ 
B>-Q-)2-> '++0*2)1( )1J1C1 2 '+),1 DJ1B('1 
*0DP +()+B2(-CK)+ *0DP1.  +*-CK I+GH+C?-( 
+I2BFH1(K DJ1B('2 ID(2 B +(B(DIC-)2?>2 +( 
)+0> B+*-0@1)2? ()1I02>-0, (1'2O, '1' )-B+H-
I1*-)2? +(H+*+H '02H2G)F 2 H+GHFS-)2? )1-
0D@)+P+ 0-CKB1 H '02H+A), B>-@)F- '02HF-, S – 

+E01G)F- '02HF-, I0?>F- HB(1H'2. /1'+A I+*-
O+* 01BS20?-( H+G>+@)+B(2 >+*-C2 *C? I0-*-
B(1HC-)2? P-+>-(02J-B'2O I101>-(0+H ID(2. 

.C? G1*1)2? DI0DP+–H?G'2O I101>-(0+H ID(2 2 
I02H-*-))FO ' '1@*+>D 2G '+C-B >1BB H-0O)-P+ 
B(0+-)2? ID(2 EFC I0+H-*-) 1)1C2G 2BBC-*+H1-
)2A <!!W/1, &$!!W/1,  !!/1, $!!W/1, 
.!!/1 2 0?*1 *0DP2O I+ *1))+>D H+I0+BD [5-8]. 

/0-(K? P0DII1 2G>-)-)2A I+GH+C?-( G1*1-
H1(K  01GC2J)FA I0+V2CK '+C-B1, HG12>+*-AB(-
HDRQ-P+ B 0-CKB+>.  

81BJ-()1? BO->1 H-0O)-P+ B(0+-)2? ID(2, 
+()+B?Q1?B? ' H-0(2'1CK)F> I-0->-Q-)2?>, 

I02H-*-)1 )1 02B. 2. $2@)2- J2BC+HF- 2)*-'-
BF, +()+B?Q2-B? ' '+)'0-()+>D '+C-BD, )1 BO--
>- +IDQ-)F. .C? I+I-0-J)FO I-0->-Q-)2A 

01BJ-()1? BO->1 (1'1? @-, (+CK'+ )1 J-(H-0(K 
+E+0+(1 01GH-0)D(F DI0DP2- 2 H?G'2- UC->-)-

(F. =02 U(+> H>-B(+ I02H-*-))+A )1 02B. 2 

H-0(2'1CK)+A B+B(1HC?RQ-A B2CF Z *-AB(HD-( 
I+I-0-J)1? B+B(1HC?RQ1? B2CF Y, 1 H-0(2'1CK-
)F> I-0->-Q-)2?> z B++(H-(B(HDR( I+I-0-J-
)F- I-0->-Q-)2? y.  

"01H)-)2? *H2@-)2? BC-*DRQ2- 
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P*- Y, Z – B++(H-(B(H-))+ I+I-0-J)1? 2 H-0(2-

'1CK)1? '+>I+)-)(F B2CF, *-AB(HDRQ-A )1 
0-CKB B+ B(+0+)F '+C-B1; yI1, yI2 – I-0->-Q-)2? 
H-0O)-P+ 2 )2@)-P+ (-C H I+I-0-J)+> )1I01H-
C-)22; z

I1, z
I2 – I-0->-Q-)2? H-0O)-P+ 2 )2@-

)-P+ (-C H H-0(2'1CK)+> )1I01HC-)22.  

.C? I0+H-0'2 1*-'H1()+B(2 >+*-C2 B I0-*-
B(1HC-)2-> +B)+H1)2? '1' *HDO>1BB+H+A B2B-
(->F )1>2 EFC2 HFI+C)-)F 01BJ-(F I+'1G1(--
C-A HG12>+*-AB(H2? P0DG+H+P+ I+CDH1P+)1 (B 
(2I+HF> I0+V2C-> '+C-B) 2 @-C-G)+*+0+@)+P+ 
ID(2 H '02HFO 01*2DB+> 600 >. 
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=101>-(0F ID(2 EFC2 I02)?(F +*2)1'+HF-

>2 I+* '1@*F> 2G '+C-B H1P+)1.  

 

82B. 2. 81BJ-()1? BO->1 *HDO>1BB+H+A B2B(->F 

H-0O)-P+ B(0+-)2? ID(2 +()+B2(-CK)+ H-0(2'1CK)FO 
B(-I-)-A BH+E+*F 

8-GDCK(1(F EFC2 B+I+B(1HC-)F B 1)1C+P2J-
)F>2 01BJ-(1>2 )1 >+*-C2 I02 I0-*B(1HC-)22 

+B)+H1)2? '1' +*)+>1BB+H+A B2B(->F, 1 (1'@- B 
0-GDCK(1(1>2 )1(D0)FO 2BIF(1)2A  .!!/1. 
81BBJ2(FH1C2BK '+UVV2,2-)(F P+02G+)-

(1CK)+A 2 H-0(2'1CK)+A *2)1>2'2, 1 (1'@- '+-
UVV2,2-)( DB(+AJ2H+B(2 I0+(2H H'1(FH1)2? 
P0-E)? '+C-B1 )1 0-CKB. =101>-(0F +B)+H1)2? 
*C? 2BBC-*D->+A >+*-C2 EFC2 G1*1)F (1'2> 

+E01G+>, J(+EF +)2 B++(H-(B(H+H1C2 >+*-C2 B 
+*)+>1BB+HF> I0-*B(1HC-)2-> +B)+H1)2?. .C? 
U(+P+ «)2@)2- (-C1» *HDO>1BB+H+A B2B(->F 

+B)+H1)2? 2>-C2 I+ B01H)-)2R B «H-0O)2>2 

(-C1>2» G)1J2(-CK)+ E+CKS2- >1BBD 2 @-B(-
'+B(K, H?G'+B(K @-  I02)2>1C1BK 01H)+A )DCR. 

=101>-(0F @- «H-0O)-P+ (-C1» >+*-C2 B *HDO-
>1BB+HF> I0-*B(1HC-)2-> +B)+H1)2? B+HI1*1-
C2 B 1)1C+P2J)F>2 I101>-(01>2 ID(2 H >+*-C2 

B +*)+>1BB+HF> I0-*B(1HC-)2-> +B)+H1)2?. 
8-GDCK(1(F 01BJ-(1 I02H-*-)F H H2*- P01-

V2'+H )1 02B. 3, 4 (*C? *HDO>1BB+H+A >+*-C2 

+B)+H1)2? – 02B. 3!, 3", 4!, 4" 2 *C? +*)+>1BB+-
H+A >+*-C2 +B)+H1)2? – 02B. 3#, 3$, 4#, 4$). 

.C? I+0+@)-P+ I+CDH1P+)1, *H2@DQ-P+B? H 
'02H+A 01*2DB+> 600 > B+ B'+0+B(KR 70 '>/J, 
G1H2B2>+B(2 *C? '+UVV2,2-)(1 H-0(2'1CK)+A 

*2)1>2'2 (%H*) I0-*B(1HC-)F )1 02B. 3!, 3#, 1 
G1H2B2>+B(2 '+UVV2,2-)(1 DB(+AJ2H+B(2 I0+-
(2H H'1(FH1)2? P0-E)? '+C-B1 )1  P+C+H'D 0-CK-
B1 (%DB() *C? (1'+P+ @- H1021)(1 01BJ-(+H – )1 
02B. 3", 3$. 
.C? P0D@-)+P+ I+CDH1P+)1, *H2@DQ-P+B? H 

'02H+A 01*2DB+> 600 > B+ B'+0+B(KR 90 '>/J, 

G1H2B2>+B(2 '+UVV2,2-)(1 H-0(2'1CK)+A *2-

)1>2'2 I0-*B(1HC-)F )1 02B. 4!, 4#, 1 G1H2B2-

>+B(2 '+UVV2,2-)(1 DB(+AJ2H+B(2 I0+(2H H'1-
(FH1)2? P0-E)? '+C-B1 )1  P+C+H'D 0-CKB1 – )1 
02B. 4", 4$. 
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82B. 4. 

81BJ-(F I+'1G1C2, J(+ 2BBC-*D->F- *2)1-
>2J-B'2- O101'(-02B(2'2 HG12>+*-AB(H2? I+*-
H2@)+P+ B+B(1H1 2 ID(2, I+CDJ-))F- B I+>+-

QKR >+*-C2 B *HDO>1BB+HF> +B)+H1)2->, *+B-
(1(+J)+ O+0+S+ B++(H-(B(HDR( O101'(-02B(2-

'1>, I+CDJ-))F> I02 01BJ-(- )1 >+*-C2 B 
+*)+>1BB+HF> +B)+H1)2->, 1 (1'@- *1))F> 

)1(D0)FO 2BBC-*+H1)2A .!!/1. 
Y(+ P+H+02( +E 1*-'H1()+B(2 01BJ-(+H 2 + 

H+G>+@)+B(2 2BI+CKG+H1)2? DB+H-0S-)B(H+-
H1))+A >+*-C2 *C? 2BBC-*+H1)2? HG12>+*-AB(-
H2? ID(2 2 I+*H2@)+P+ B+B(1H1 I02 E+C-- S2-

0+'2O H+G>+@)+B(?O I0-*B(1HC-)2? P-+>-(02-

J-B'2O 2 DI0DP+-H?G'2O O101'(-02B(2' ID(2, 

P-+>-(02J-B'+P+ I0+V2C? '+C-B1, 1 (1'@- *C?  
0-S-)2? G1*1J I+ B+H-0S-)B(H+H1)2R '+)B(-
0D',22 ID(2. 

Z!Z<!%58#[!\6:7!9 :=!:%7 

1. .1)+H2J, &. ..  1(->1(2J-B'1? >+*-CK HG12>+-
*-AB(H2? ID(2 2 I1BB1@20B'+P+ H1P+)1 I02 
*H2@-)22 I+ DJ1B('1> I0+2GH+CK)+A '02H2G)F 

[/-'B(] / &. .. .1)+H2J, #. 5. 8-A*->-AB(-0,  
$. &. ;1C2I+H1 // /01)BI+0(: XE. )1D'. I0. .)MI-
0+I-(0. *-0@. D)-(D G1CMG). (01)BI. – 2001. –

&2I. 8. –  :. 124-138. 

2. &2G)1J-))? HIC2HD )-0MH)+@+0B('+B(M '+CMN )1 
I+'1G)2'2 HG1L>+*MN '+CMN M 0DO+>+P+ B'C1*D 
[/-'B(] /  . T. ">1)+H (1 M). // &MB)2' #'1*->MN 
>2()+N BCD@E2 "'01N)2. – 2005. – &2I. 3. –  

:. 84-93. 

3. .1)+H2J, &. .. "01H)-)2? *H2@-)2? @-C-G)+*+-
0+@)+P+ U'2I1@1 H I-0-O+*)FO 2 '0DP+H2O '02-
H2O [/-'B(] / &. .. .1)+H2J, #. 5. 8-A*->-AB(-0, 
$. &. ;1C2I+H1 // /01)BI+0(: XE. )1D'. I0. .)MI-

0+I-(0. *-0@. D)-(D G1CMG). (01)BI. – 2002. –

&2I. 10. – :. 86-91. 

4. %I0-*-C-)2- *+IDB'1->FO B'+0+B(-A *H2@-)2? 
P0DG+HFO H1P+)+H I+ @-C-G)+*+0+@)F> ID(?> 

'+C-2 1520 >> [/-'B(] / &. .. .1)+H2J (1 M). // 
&MB)2' .)MI0+I-(0. )1,. D)-(D G1CMG). (01)BI. 
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