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 . !. "#$%&' , (.).*., +,-./00-,, 123 4%4" 5 4$%" ("6,75*7); 
8. %. $'8291:%, 6.).*., (-;/*), <112 ("6,75*7); 
%.  . 8"&2%4, 6.).*., (-;/*), <112 ("6,75*7); 
8. 8. =%81>41$, 70+., 123 4%4" 5 4$%" ("6,75*7); 
?. 3. <@1>$' 8$1A, 0).*.0., <112 ("6,75*7); 
?. !. !?<'9' , 0).*.0., <112 ("6,75*7) 

#$ %&'()(*%% +(),%"-./*01 2%. 3)% 3)#+(!(*%% 

1#!#+01 !%*-'%4(2"%1 %230,-*%5 6) &#+01 +-6#*#+

" 0)7))B ,-CDEF*G)7 +,-HE/I7 J5IB,KJ7**F J/,)567EL*5M 05E +,5 +,-J/(/**B M-(-J5M (5*7IBN*5M J5-

+,-HGJ7*L J7*)7O*5M J7D-*BJ CB 0)7*(7,)*5I5 JBC67I5. 

  0)7)L/ ,700I-),/*7 +,-HE/I7 5CI/,/*5F J/,)567EL*PM 05E +,5 +,-J/(/*55 M-(-JPM (5*7I5N/065M 

50+P)7*5Q D,GC-JPM J7D-*-J 0- 0)7*(7,)*PI5 )/E/O67I5. 

In the article the problem of measuring of vertical forces during ride dynamic tests of freight cars with standard 

bogies is considered. 

$76 5CJ/0)*-, +,-J/(/*5/ (5*7I5N/065M 

50+P)7*5Q +-CJ-EF/) C7 0,7J*5)/EL*- I7EPQ 

+,-I/OG)-6 J,/I/*5 -+,/(/E5)L (5*7I5N/-
065/ 67N/0)J7 J7D-*7. =- ,/CGEL)7)7I, +-EG-

N/**PI J- J,/IF 50+P)7*5Q, (/E7K)0F JPJ-(P 

- 67N/0)J/ 0+,-/6)5,-J7**-D- 5E5 I-(/,*5C5-

,-J7**-D- -H,7C;7. =-R)-IG I/)-(P 50+P)7-
*5Q (-EO*P -H/0+/N5J7)L (-0)7)-N*GK )-N-

*-0)L 5 (-0)-J/,*-0)L ,/CGEL)7)-J, +-EGN/*-

*PM J- J,/IF 50+P)7*5Q. 

'+P) +,-J/(/*5F 50+P)7*5Q D,GC-J-D- 

+-(J5O*-D- 0-0)7J7 +- -+,/(/E/*5K /D- (5*7-
I5N/065M 67N/0)J +-67CPJ7/), N)- *75H-ELS5/ 
),G(*-0)5 J-C*567K) +,5 5CI/,/*55 J/,)5-

67EL*PM 05E, -0-H/**- +-,-O*/D- D,GC-J-D- 

+-(J5O*-D- 0-0)7J7. T)5 5CI/,/*5F, 676 +,7-
J5E-, -0GU/0)JEF/)0F 6-0J/**- +- (/.-,I7;5-

FI H-6-J5* )/E/O/6 +,5 (/Q0)J55 *7 *5M J/,-

)567EL*PM 5 D-,5C-*)7EL*PM 05E. =,5 R)-I 

-0*-J*-Q +,-HE/I-Q 5CI/,/*5F FJEF/)0F 50-
6EKN/*5/ JE5F*5F +,-(-EL*PM 5 +-+/,/N*PM 

05E *7 C7+505 J/,)567EL*PM. 

<EF 5CI/,/*5F ,7CE5N*PM 05E (J/,)567EL-
*PM, D-,5C-*)7EL*PM) J 4-,I7M [1] G67C7*P 

6-*6,/)*P/ I/0)7 *76E/Q65 (7)N56-J 5 0M/IP 

5M 0-/(5*/*5F J ;/+5. =,5 5CI/,/*55 J/,)5-

67EL*PM 05E *75H-E// S5,-6- 50+-ELCGK) (J/ 
-0*-J*P/ 0M/IP *76E/Q65 )/*C-,/C50)-,-J. 
=/,J7F 0M/I7 0-0)-5) 5C (JGM (7)N56-J, -,5/*-

)5,-J7**PM 2--H,7C*- 5E5 6,/0)--H,7C*- -)-
*-05)/EL*- (,GD (,GD7 5 *76E//**PM J(-EL H--

6-J5*P, J J/,M*/Q /V +E-06-0)5 *7( HG60-JPI 

+,-/I-I.  )-,7F 0M/I7 0-0)-5) 5C N/)P,/M 

(7)N56-J, *76E//**PM J(-EL H-6-J5*P J J/,-

)567EL*-I +-+/,/N*-I 0/N/*55, +,-M-(FU/I 

N/,/C HG60-JPQ +,-/I. 

8)7*(7,)*7F 5CI/,5)/EL*7F 0M/I7 J/,)5-

67EL*PM 05E */ +-CJ-EF/) J (-0)7)-N*-Q 0)/+/-
*5 506EKN5)L JE5F*5/ +-+/,/N*PM 5 +,-(-EL-
*PM 05E, 6-)-,P/ -0-H/**- 067CPJ7K)0F +,5 

50+P)7*5FM +-,-O*5M D,GC-JPM J7D-*-J. 
<-+-E*5)/EL*P/ 500E/(-J7*5F +-67C7E5, 

N)- +,5 *7H-,/ 06-,-0)5, )-,I-O/*55 5 +,5 

(J5O/*55 J 6,5JPM J/E5N5*7 (/.-,I7;5Q, JP-

CJ7**PM (/Q0)J5/I +,-(-EL*PM 05E, (-0)5D7/) 
50% 5 H-E// -) C*7N/*5F (/.-,I7;5Q, JPCP-

J7/IPM (/Q0)J5/I J/,)567EL*PM 05E. =,5I/-
*/*5/ O/ *7 J7D-*/ 06-ELCG*-J +-0)-F**-D- 

6-*)76)7 GJ/E5N5J7/) G,-J/*L +,-(-EL*PM 05E 

*70)-EL6-, N)- C*7N5)/EL*P/ +-D,/S*-0)5 5C-
I/,/*5Q J/,)567EL*PM 05E *7HEK(7K)0F */ 
)-EL6- J 6,5JPM, *- 5 *7 +,FIPM GN70)67M +G-

)5. T)- +,5J/E- 6 */-HM-(5I-0)5 +,-J/(/*5F 
,7H-) +- H-E// (/)7EL*-IG 500E/(-J7*5K (/-
.-,I7;5Q, J-C*567KU5M J H-6-J-Q ,7I/ )/-
E/O65 +-( (/Q0)J5/I ,7CE5N*PM 05E [2]. 

  (7**-Q ,7H-)/ +,/(E7D7/)0F 5CI/,5)/EL-
*7F 0M/I7 J/,)567EL*PM 05E, +-CJ-EFKU7F 
C*7N5)/EL*- 0*5C5)L JE5F*5/ JPS/ G67C7**PM 

.76)-,-J. <EF ,/S/*5F R)-Q C7(7N5 50+-ELC--

J7*- +,-D,7II*-/ -H/0+/N/*5/ +7,7I/),5N/-
06-D- 0-C(7*5F I-(/E/Q )J/,(PM )/E. 3-(/EL 
H-6-J-Q ,7IP )/E/O65 D,GC-J-D- J7D-*7 (,50. 
1) 0-C(7J7E70L J 0--)J/)0)J55 0 6-*0),G6)-,-

06-Q (-6GI/*)7;5/Q. =,5 0-C(7*55 I-(/E5 J // 
6-*0),G6;55 (-+GU/*P */6-)-,P/ G+,-U/*5F 
J )/M N70)FM, 6-)-,P/ */ +,/(0)7JEFK) 5*)/,/-
07 (EF ,/S/*5F G67C7**-Q JPS/ C7(7N5.  
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950. 1. 3-(/EL H-6-J-Q ,7IP 0)7*(7,)*-Q )/E/O65 D,GC-J-D- J7D-*7 

 

')(/EL*- 0I-(/E5,-J7*P (J7 )/E7 1, 50-
+-E*FKU5/ ,-EL -+-,. 1M H7C-JP/ ,7CI/,P 

0--)J/)0)JGK) ,7CI/,7I 0)7*(7,)*-Q HG60P. 

$-R..5;5/*) ),/*5F J I/0)7M 6-*)76)7 -+-, 5 

H-6-J-Q ,7IP +,5*F) ,7J*PI 0,3. WG60P C7-
6,/+E/*P 0 J-CI-O*-0)LK +-J-,-)7 J-6,GD 
-0/Q -)J/,0)5Q 5 5 */+-(J5O*- +- -0)7EL*PI 

-0FI. 8GII7,*PQ C7C-, I/O(G J/,)567EL*PI5 

D,7*FI5 -+-,P 5 HG60-J-D- +,-/I7 H-6-J-Q 

,7IP ,7J/* 10II. 2765I -H,7C-I, ,700I7),5-

J7/I7F 050)/I7 0-0)-5) 5C H-6-J-Q ,7IP, 6--

)-,7F -+5,7/)0F *7 (J/ -+-,P, 5I5)5,GKU5/ 
HG60P.  

<EF -+,/(/E/*5F (/.-,I7;5Q, J-C*567K-

U5M +,5 (/Q0)J55 -)(/EL*- J/,)567EL*PM 05E, 

-)(/EL*- +,-(-EL*PM 05E, 0-JI/0)*-D- (/Q0)-

J5F J/,)567EL*PM 5 +,-(-EL*PM 05E 5 GJ/E5-

N/**-Q J/,)567EL*-Q 05EP *7 -(*-Q 5C -+-,, 

50+-ELC-J7*P ,7C*P/ 0M/IP 05E, (/Q0)JGKU5M 

*7 H-6-JGK ,7IG. T)5 0M/IP +,/(0)7JE/*P J 
)7HE. 1. 

8M/I7 1 5I5)5,G/) (/Q0)J5/ J/,)567EL*PM 

05E 5 05E 0- 0)-,-*P 6E5*L/J *7 J/,)567EL*P/ 
D,7*5 2 (,50.1) H-6-J-Q ,7IP.  /,)567EL*P/ 
05EP +,56E7(PJ7K)0F 6 0/I5 +,5E5J7I 3, ,70-
+-E-O/**PI *7 +-((-*/ H-6-J-Q ,7IP.  

8M/I7 2 5I5)5,G/) (/Q0)J5/ +,-(-EL*PM 

05E, J-C*567KU5M J ,/O5I/ )-,I-O/*5F 5E5 

*7H-,7 06-,-0)5. 85E7 F3, +,5E-O/**7F 6 D,7-
*5 2, JPCPJ7/) ,/76;55 J I/0)7M J/,)567EL*-D- 

6-*)76)7 -+-, 5 H-6-J-Q ,7IP. 

27HE5;7 1 

2789: ;<=>?@8;AB CDEDFA;: =>?GDFDH I8J8@EA 
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  0M/I/ 3 GN5)PJ7/)0F 0-JI/0)*-/ (/Q0)-
J5/ J/,)567EL*PM 5 +,-(-EL*PM 05E. =-EGN/*7 
-*7 J ,/CGEL)7)/ -(*-J,/I/**-D- +,5E-O/*5F 
05E 5C 0M/IP 1 5 0M/IP 2. 

8M/I7 4 5I5)5,G/) GJ/E5N/*5/ J/,)567EL-
*-Q 05EP J -(*-Q -+-,/ 5 */5CI/**GK 05EG 

,/76;55 J (,GD-Q. <7**7F 0M/I7 50+-ELCG/)0F 
(EF -;/*65 JE5F*5F J/,)567EL*-Q 05EP -) +/,-

J-Q 6-E/0*-Q +7,P *7 (/.-,I7;55 H-6-J5*P 

JHE5C5 J)-,-Q 6-E/0*-Q +7,P. 

8M/I7 5 5I5)5,G/) J-C(/Q0)J5/ ,7I*-Q 05-

EP 5 50+-ELCG/)0F (EF GN/)7 JE5F*5F ,7I*-Q 

05EP *7 5CI/,/*5/ J/,)567EL*-Q. 

 J5(G */05II/),5N*-0)5 (/Q0)J5F +,--

(-EL*PM 05E JJ/(/I -H-C*7N/*5F 0)-,-* H-6--

J5*P -)*-05)/EL*- /V +-+/,/N*-Q +E-06-0)5 

05II/),55. 8)-,-*G +,5E-O/*5F +,-(-EL*-Q 

05EP F4 *7C-J/I «E/J-Q», 7 +,-)5J-+-E-O*GK 

/Q – «+,7J-Q». 

47+,FO/**- - (/.-,I5,-J7**-/ 0-0)-F*5/ 
I-(/E5 H-6-J5*P ,700N5)7*- 0 +-I-ULK I/)--

(7 6-*/N*PM RE/I/*)-J.  
  ,/CGEL)7)/ 7*7E5C7 (/.-,I5,-J7**PM 

0-0)-F*5Q, J-C*567KU5M -) (/Q0)J5F ,7CE5N-

*PM 0M/I 05E, HPE7 JPH,7*7 -HE70)L H-6-J5*P, 

J +,/(/E7M 6-)-,-Q (/.-,I7;55 -) (/Q0)J5F 
+,-(-EL*PM 05E C*7N5)/EL*- I/*LS/ (/.-,I7-
;5Q -) 05E J/,)567EL*PM. T)- -HE70)L 1, +,5-

J/(/**7F *7 ,50. 2. 

 

950. 2. 'HE70)L 0E7H-Q NGJ0)J5)/EL*-0)5 H-6-J5*P 

6 (/Q0)J5K +,-(-EL*PM 5 +-+/,/N*PM 05E 

 

47 R)-I O/ ,50G*6/ -)I/N/*P 5 +,-*GI/-
,-J7*P )-N65, J 6-)-,PM -+,/(/EFE50L C*7N/-
*5F (/.-,I7;55 J *7+,7JE/*55 E5*55, -H,7C--

J7**-Q R)5I5 )-N67I5.  

  ,/CGEL)7)/ 7*7E5C7 (/.-,I7;5Q, JPCJ7*-

*PM -)(/EL*- +,-(-EL*PI5 5 -)(/EL*- J/,)5-

67EL*PI5 05E7I5 J -(*-5I/**PM )-N67M, -67-
C7E-0L, N)- *75I/*LS// 0--)*-S/*5/ (/.-,I7-
;5Q -) (/Q0)J5F -)(/EL*- +,-(-EL*PM 5 J/,)5-

67EL*PM 05E *7HEK(7/)0F *7 GN70)6/ I/O(G 

)-N67I5 12 – 15, 7 )76O/ 24 – 29. </.-,I7;55 

-) (/Q0)J5F +,-(-EL*PM 05E 0-0)7JEFK) 1% 

(EF E/J-Q 0)-,-*P 5 3% (EF +,7J-Q -)*-05-

)/EL*- J/E5N5*P (/.-,I7;5Q, JPCJ7**PM (/Q-

0)J5/I J/,)567EL*PM 05E. "J/E5N/*5/ J/,)5-

67EL*-Q 05EP 0 E/J-Q 0)-,-*P *7 45% +,5J/E- 

6 GJ/E5N/*5K (/.-,I7;5Q 0 +,7J-Q 0)-,-*P *7 
GN70)67M 12 – 15 5 24 – 29, *7 5%.  

2765I -H,7C-I, *75H-E// +,5D-(*PI5 (EF 
*76E/Q65 )/*C-(7)N56-J -67C7E50L C-*P 2 5 3 

(0I. ,50. 2). 

47 ,50. 3 +-67C7*P ,/6-I/*(G/IP/ I/0)7 
G0)7*-J65 (7)N56-J. 

 

 
 

950. 3. 9/6-I/*(G/IP/ I/0)7 G0)7*-J65 (7)N56-J *7 
H-6-J5*/ D,GC-J-Q )/E/O65 (EF 5CI/,/*5F J/,)5-

67EL*PM 05E 

 

<EF 6-I+/*07;55 (/.-,I7;5Q, J-C*567K-

U5M +,5 +-+/,/N*-I 5CD5H/ H-6-J5*P, (7)N565 

,/6-I/*(G/)0F *76E/5J7)L 0 (JGM 0)-,-* H-6--

J5*P +-( GDE-I 45  6 D-,5C-*)G. =-0E/ J6EK-

N/*5F (JGM (7)N56-J J -(*G J/)JL I-0)567 "5)-
0)-*7 05D*7EP, +,-+-,;5-*7EL*P/ (/.-,I7;5-

FI -) J/,)567EL*PM 05E, HG(G) 0GII5,-J7)L0F, 
7 (/.-,I7;55 -) +-+/,/N*PM 05E JPN5)7)L0F 5 

6-I+/*05,-J7)L (,GD (,GD7. =- ,/CGEL)7)7I 

JPN50E/*5Q (/.-,I7;5Q +,5 (/Q0)J55 ,7I*-Q 

05EP (+- 0M/I/ 5 )7HE5;P) 5M J/E5N5*7, 0 GN/-
)-I J6EKN/*5F (JGM (7)N56-J J ,7C*P/ J/)J5 

5CI/,5)/EL*-D- I-0)7, */ (-EO*7 +,/JPS7)L 
12% (/.-,I7;5Q, JPCJ7**PM (/Q0)J5/I J/,)5-

67EL*PM 05E. 

=,/(E7D7/I7F 0M/I7 5CI/,/*5F J/,)567EL-
*PM 05E 7+,-H5,-J7E70L +,5 +,-J/(/*55 M-(--

JPM (5*7I5N/065M 50+P)7*5Q M-++/,7-
;/I/*)-J-C7 0 *-JPI )5+-I 06-ELCG*-J 
(82%$1), 6-)-,P/ +,-J-(5E50L '41& <==8 

<1127 *7 =,5(*/+,-J06-Q O. (. J 0/*)FH,/ 
2007D.  

$,-I/ 0)7*(7,)*-Q 0M/IP 5CI/,/*5F J/,-

)567EL*PM 05E (+,-;/00P V311,V312) (EF *7H/-
D7KU/Q -05 50+P)G/I-D- J7D-*7 HPE7 0-H,7*7 
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*-J7F 5CI/,5)/EL*7F 0M/I7 (+,-;/00P V91 5 

V92). X-,5C-*)7EL*7F +-+/,/N*7F 05E7 (431) 

5CI/,FE70L +- 0)7*(7,)*-Q 0M/I/, 0-DE70*- [1]. 

=- C7I/,/**PI C*7N/*5FI JPN50EFE50L 6-R.-

.5;5/*)P C7+707 G0)-QN5J-0)5 0--)J/)0)J/**- 

KU1 5 KU91. 

"0,/(*/**P/ ,/CGEL)7)P J/,)567EL*-Q 5 

D-,5C-*)7EL*-Q )7,5,-J65 J/,)567EL*PM 05E, 

5CI/,/**P/ 0 +-I-ULK 0)7*(7,)*-Q 5 +,/(E7-
D7/I-Q 5CI/,5)/EL*PM 0M/I7M, 7 )76O/ +-+/-
,/N*-Q 05EP, +,5J/(/*P J )7HE5;/ 2.  

1C +,5J/(/**PM J )7HE5;/ 2 ,/CGEL)7)-J 

5CI/,/*5Q J5(*-, N)- +,/(E7D7/I7F 5CI/,5-

)/EL*7F 0M/I7 J -(5*76-J-Q I/,/ I/*// NGJ0)-
J5)/EL*7 6 (/Q0)J5K J/,)567EL*PM 5 +-+/,/N-

*PM 05E.   )-O/ J,/IF, +- -)*-S/*5K 6 (/Q0)-
J5K +,-(-EL*PM 05E -*7 H-E// N/I J 10 ,7C I/-

*// NGJ0)J5)/EL*7. 8E/(G/) -H,7)5)L J*5I7*5/, 
N)- J/,)567EL*P/ 5 +,-(-EL*P/ 05EP +,76)5-

N/065 */ -67CPJ7K) JE5F*5F *7 +-+/,/N*GK 

(,7I*GK) 05EG. 

  67N/0)J/ +,5I/,7 *7 ,50. 4 +,5J/(/*P M7-
,76)/,*P/ -0;5EE-D,7IIP, C7+507**P/ J -+P)/ 
83 +,5 (J5O/*55 +-,-O*/D- -+P)*-D- J7D-*7-
M-++/,7 +- +,FI-IG GN70)6G +G)5 0- 06-,-0)LK 

120 6I/N. 1C ,50G*67 J5(*-, N)- I5*5I7EL*PQ 

6-R..5;5/*) C7+707 G0)-QN5J-0)5 KU91 = 2.1, 

6-)-,PQ ,700N5)7* 0 50+-ELC-J7*5/I J/,)5-

67EL*PM 05E (91 5 92), C7I/,/**PI 0 +-I-ULK 

+,/(E7D7/I-Q 0M/IP, JPS/ H-E// N/I *7 30 % 

I5*5I7EL*-D- 6-R..5;5/*)7 C7+707 G0)-QN5-

J-0)5 KU1 = 1.6, ,700N5)7**-D- +- J/,)567EL-
*PI 05E7I (V311 5 V312), C7I/,/**PI 0 50-
+-ELC-J7*5/I 0)7*(7,)*-Q 0M/IP. 

 

27HE5;7 2 

)8G?JKI<I: I<>A>DFEA F8>IAE<JK;:7 A LDL8>8M;DH NAJ 

=,-;/00  /,)567EL*7F,  
15,3 64 

=-+/,/N*7F,  
29,0 64 

=,-(-EL*7F,  
R60),/**-/ )-,I-O/*5/ 

V311 0,846   0,175   -0,427   

V312 0,818   0,231   -0,722   

V91 0,303   0,067   -0,025   

V92 0,318   0,137   -0,059   

431 -0,016   1,79   0,051   

 

 

 

 

'+P) 83. =,FI7F, V = 120 6I/N 

 
 

 

950. 4. '0;5EE-D,7IIP C7I/,/**PM J 64 J/,)567EL*PM (V311, V312, P1, P2) 5 D-,5C-*)7EL*-Q (431) 05E, 

7 )76O/ ,70N/)*P/ 6-R..5;5/*)P C7+707 G0)-QN5J-0)5 (KU1, KUP1)  

    t, c 
20 
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9/CGEL)7)P 0)7)50)5N/06-Q -H,7H-)65 0 (--

J/,5)/EL*-Q J/,-F)*-0)LK 0,95 J/,)567EL*PM 

05E, C7+507**PM +,5 +-I-U5 0)7*(7,)*-Q 

($(J) 5 +,/(E7D7/I-Q ($(J+) 0M/I 5CI/,/*5F, 
+,5 (J5O/*55 -+P)*-D- J7D-*7 +- +,FIPI GN7-
0)67I +G)5 +,5J/(/*P *7 ,50G*67M 5 5 6. 

 !"
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950. 5. @7J505I-0)5 $(J 5 $(J+ -) 06-,-0)5 E/J-D- 

6-E/07 +/,J-Q -05 +- M-(G (J5O/*5F M-++/,7-
;/I/*)-J-C7 

 !"
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950. 6. @7J505I-0)5 $(J 5 $(J+ -) 06-,-0)5 +,7J-D- 

6-E/07 +/,J-Q -05 +- M-(G (J5O/*5F M-++/,7-
;/I/*)-J-C7 

 

276O/ HPE5 +-EGN/*P C76-*P ,70+,/(/E/-
*5F 6-R..5;5/*)-J C7+707 G0)-QN5J-0)5 -) 
0M-(7 0 ,/EL0 KU1 5 KUP1, M7,76)/,*P/ 5C 6--

)-,PM +,5J/(/*P *7 ,50. 7. 1C ,50G*67 J5(*-, 

N)- +,-;/00 KU91 H-E// GC6-+-E-0*PQ N/I 

KU1, N)- 0GU/0)J/**- +,5 -+,/(/E/*55 I5*5-

I7EL*-D- 6-R..5;5/*)7 C7+707 G0)-QN5J-0)5. 
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