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 . !. "#$% &, '.(.)., *+,-)(, .//% (#'012)1); 
3. &. %4!%, .//% (#'012)1) 

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

3%&"+.'('4) !$3 0&+'!'0 "'*&/*'-3%&0&*+*'5'  

0'!&%#.'()*#6

# 5(1((6 0+789:);(1 <0+=9->1 >6,)+5(6 )1 ?(+>; =6@)+A =19'2 01>2 ?67'1 -9-'(0+?+71 ."3, <+?’:71)1 7 
<6*?2B-)2>2 -'5<9;1(1,6C)2>2 )1?1)(1D-)):>2 ? *-><E-01F <-0G+8+ 5(;<-): <6*?6G;?1)):. 

! 5(1(H- 0155>+(0-)1 <0+=9->1 ;5(19+5()+C <0+@)+5(2 =+'+?+C =19'2 01>I (-9-D'2 J9-'(0+?+71 ."3, 

5?:71))1: 5 <+?IG-))I>2 J'5<9;1(1,2+))I>2 )180;7'1>2 ? *-><E-01F <-0?+C 5(;<-)2 <+*?-G2?1)2:. 

The problem of fatigue durability of side beam of bogie frame of electric locomotive of DC3 related to the in-

creased operating loadings in the dampers of first stage of suspention is considered in the article. 

K17?2(2- (-F)2'2 5(1?2( )+?I- 71*1@2 ? 
+=915(2 2559-*+?1)2: 01=+(+5<+5+=)+5(2 >1-
G2) 2 2F J9->-)(+?. L+?IG-)2- 2F )1*MD)+-

5(2 2 *+98+?-@)+5(2, :?9::5H ?1D)-CG2> E1'-
(+0+>, +<0-*-9:NB2> 0+5( '+)';0-)(+5<+-

5+=)+5(2 27*-92C, 5?:71)+ 5 *+5(+?-0)I> +<-

0-*-9-)2-> «+<15)IF >-5(» '+)5(0;',22. 

&12=+9-- JEE-'(2?)I> G20+'+ 25<+9H7;->I> 

5+?0->-))I> 50-*5(?+> *+5(2D-)2: 01,2+-

)19H)+ 5<0+-'(20+?1))+C 5 (+@'2 70-)2: 
<0+@)+5(2 '+)5(0;',22 :?9:-(5: 25<+9H7+?1-
)2- >-(+*1 '+)-@)IF J9->-)(+? (OPQ).  

!+ ?0->: J'5<9;1(1,22 J9-'(0+?+7+? ."3 

)-+*)+'01()+ )1=9N*195: 50I? '0-<-D1 (8+9+-

?+' =+9(+?) '0+)G(-C)1 *-><E-01 <-0?+C 5(;-

<-)2 <+*?-G2?1)2:. L+>2>+ J(+8+ )1 J9-'(0+-

?+7- ."3-003 )1=9N*19+5H +=017+?1)2- ;5(1-
9+5()+C (0-B2)I )1 =+'+?+C =19'- 01>I (--
9-D'2 ? 01C+)- '0+)G(-C)+>. 

%1'2> +=017+>, =I91 <+5(1?9-)1 71*1@1 
+,-)'2 )1<0:DM))+-*-E+0>20+?1))+8+ 5+-

5(+:)2: (&.") J9->-)(1 01>I (-9-D'2 ? 01C-

+)- '0+)G(-C)1, (+@)-- -8+ ;5(19+5()+C <+-

0+@)+5(2. "(+2( +(>-(2(H, @(+ <02 <0+?-*-)22 

<0+@)+5()IF 25<I(1)2C J(+8+ J9-'(0+?+71 ? 
2002 8+*; J(1 <0+=9->1, 51>+ 5+=+C, -BM )- 
5(+:91, <0-*;81*1)1 +)1 )- =I91 2 5++(?-(5(-
?-))+ 0-7;9H(1(+? 27>-0-)2: ;5292C 2 )1<0:-
D-)2C ? 01C+)- '0+)G(-C)1 <02 )1(;0)IF 25-
<I(1)2:F )1 *1))IC >+>-)( )-(.  '(;19H)+-

5(2 J(+C <0+=9->- *+=1?9:-( 2 (+( E1'(, @(+ 

<+*+=)+- :?9-)2- )1=9N*1-(5: )1 01>1F (-9--
D-' J9-'(0+<+-7*+? *0;82F (2<+?. 

%1'D- 5(1?2915H )1;@)+-2559-*+?1(-9H5'1: 
71*1@1 +<(2>271,22 '+)5(0;',22 01>I ? >-5(- 
'0-<9-)2: '0+)G(-C)1. 

OPQ <+7?+9:-( 7)1@2(-9H)+ ;>-)HG2(H 71-
(01(I <02 01701=+('- )+?IF 27*-92C, (1' '1' 

<+7?+9:-( 5+'01(2(H +=RM>I 292 *1D- <+9)+-

5(HN +('171(H5: +( *+0+8+5(+:B2F 25<I(1)2C. 

P0+>- (+8+, 5 <+>+BHN OPQ >+D)+ ? 501?)2-

(-9H)+ '+0+('2- 50+'2 +,-)2(H F101'(-025(2'2 

017)IF ?1021)(+? '+)5(0;',2C 2 ?I=01(H +<-

(2>19H);N. 

.9: 5+7*1)2: (?-0*+(-9H)+C >+*-92 25-
<+9H7+?1915H CAD-525(->1 SolidWorks 2007. 

L02>-):95: >-(+* 8-+>-(02@-5'+8+ >+*-920+-

?1)2:. ";(H >-(+*1 5+5(+2( ? +<251)22 8-+>-(-
02@-5'2F 801)2, >+*-92, )17)1@-)22 50-*5(? 
'+)(0+9: 017>-01 2 (0-=;->+C E+0>I J9->-)-

(+?. 3I91 25<+9H7+?1)1 2>-))+ +=RM>)1: 
(0MF>-0)1: ((?-0*+(-9H)1:) 015@M()1: >+*-9H 
<+ (+C <02@2)-, @(+ 51>1 0-19H)1: '+)5(0;',2: 
5;(H >1552?)1: 5(0;'(;01, 5;B-5(?;NB1: ? 
(0MF>-0)+> <0+5(01)5(?-. ! *?;F>-0)+> ?2*- 
-M +(+=0172(H =I9+ )-?+7>+D)+. &1 025. 1 

<0-*5(1?9-)1 >+*-9H J9->-)(1 =+'+?+C =19'2 

01>I (-9-D'2 5 )1'91*'+C, ' '+(+0+C )-<+-

50-*5(?-))+ '0-<2(5: '0+)G(-C) *-><E-01 
<-0?+C 5(;<-)2 <+*?-G2?1)2: J9-'(0+?+71 
."3. &1 025. 2 <02?-*-) ?2* 5<-0-*2 (+8+ D- 
J9->-)(1 01>I (-9-D'2. 

P1' ?2*)+, 27 <02?-*-))IF 025;)'+? (1'D- 
>+*-920+?1925H 5?10)I- G?I 5 ,-9HN >1'52-

>19H)+ (+@)+C <-0-*1@2 0-19H)+C 01=+(I '+)-

5(0;',22. O+*-9H 5+7*1)1 ? 0-19H)IF 017>-01F 

<+ 5++(?-(5(?;NB-C '+)5(0;'(+05'+C *+';-

>-)(1,22. S1*1))IC >1(-0219 >+*-92 – 5(19H 
09T2". 

O+*-920+?1)2- 5(1(2@-5'+C <0+5(01)5(-
?-))+C 71*1@2 (-+022 ;<0;8+5(2 <0+27?+*2-

9+5H ? PQ-<1'-(- COSMOSWorks 2006. ! PQ-

5-('- (025. 3) <02>-):925H (+9H'+ 92)-C)I- 
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<0+5(01)5(?-))I- (-(01J*19H)I- J9->-)(I. 

Q(2 J9->-)(I 2>-N( @-(I0- ;791 ? ?-0G2)1F. 

L+*+=)+8+ 0+*1 '+)E28;01,2: +=-5<-@2?1-( 
92)-C)+- 27>-)-)2- <-0->-B-)2C ? <0-*-91F 

+=RM>1 J9->-)(1. %1'2> +=017+>, *-E+0>1,22, 

:?9:NB2-5: 92)-C)+C '+>=2)1,2-C <0+27?+*-

)IF <-0->-B-)2C <+ '++0*2)1(1>, :?9:N(5: 
<+5(+:))I>2 ? J9->-)(-. &1<0:D-)2: (1'D- 
5;(H '+)5(1)(I. "(-<-)2 5?+=+*I ? ;791F – <--
0->-B-)2: u, v, w ? )1<01?9-)22 +5-C 25F+*-

)+C 525(->I '++0*2)1(. 

 
K25. 1. O+*-9H J9->-)(1 01>I (-9-D'2 (27+>-(02@-5'+- 27+=01D-)2-) 

 
K25. 2. O+*-9H J9->-)(1 01>I (-9-D'2 (?2* 5<-0-*2) 

 

K25. 3. PQ-5-('1 (27+>-(02:) 
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L02 015@-(- 25<+9H7+?195: '02(-02C >1'-
52>19H)IF J'?2?19-)()IF )1<0:D-)2C <+ O2-

7-5; (von Mises). Q(+( '02(-02C (1'D- )17I?1-
-(5: '02(-02-> E+0>+27>-)-)2:. 4) +<0-*--
9:-( >+>-)( 25@-0<1)2: )-5;B-C 5<+5+=)+5(2 

501?)-)2-> ?-92@2)I J'?2?19-)()+8+ )1<0:-
D-)2: 5 <0-*-9+> (-';@-5(2 >1(-02191. Q'?2-

?19-)()+- )1<0:D-)2- 
von Mizes

  ? )-'+(+0+C 

(+@'- 0155@2(I?1-(5: <+ E+0>;9-: 
 

2 2 2

1 2 2 3 3 1( ) ( ) ( )

2
von Mizes

      
 

! " ! " !
# , 

 

8*- 
1 2 3, ,    - 891?)I- )1<0:D-)2:. L02 J(+> 

J'?2?19-)()+- )1<0:D-)2- )- 71?252( +( +02-

-)(1,22 <9+B1*'2, )1 '+(+0+C +)+ *-C5(?;-(, 
(+ -5(H :?9:-(5: 2)?1021)()I>. 

45(1)+?2>5: )1 ?1D)-CG-> ?+<0+5-, ?+-

<0+5- 801)2@)IF ;59+?2C 2 )180;D-)2:. %1' 

'1' '+)5(0;',2: 01>I (-9-D'2 ,-9H)+5?10)1:, 
<+ '01C)2> <+<-0-@)I> 5-@-)2:> 0155>1(02-

?1->+8+ J9->-)(1 <0+27?+*29+5H 71B->9-)2- 
(<+9)+- +801)2@-)2-, '1' <-0->-B-)2C, (1' 2 

;89+? <+?+0+(1 ?+ ?5-F (0MF )1<01?9-)2:F). 

P1' <+'17192 0-7;9H(1(I 71>-0+? ;5292C, ?+7-
)2'1NB2F ? *-><E-01F <-0?+C 5(;<-)2 <+*-

?-G2?1)2: J9-'(0+?+71 ."3, >1'52>19H)+- 
7)1@-)2- 5+5(1?29+ 20 '&. #@2(I?1: 8-+>-(-
02@-5'2- 017>-0I '0+)G(-C)1 2 ?-92@2); ;52-

92: ? *-><E-0-, ? >-5(1F '0-<9- '0+)G(-C)1 ' 
)1'91*'- (@-(I0H>: =+9(1>2), <02'91*I?1925H 
@-(I0- 529I <+ 5 '& ? +(02,1(-9H)+> )1<01?-
9-)22 ?-0(2'19H)+C +52 Z, 1 (1'D- *?- 529I <+ 

25 '& ? <+9+D2(-9H)+> )1<01?9-)22 +52 Y ' 
)2D)2> +(?-05(2:> 2 5(+9H'+ D- ' ?-0F)2>, 

)+ ? +(02,1(-9H)+> )1<01?9-)22 +52 Y. T01-
)2@)I- ;59+?2: 2 <029+D-))I- )180;7'2 <+'1-
71)I )1 025. 4. 

.9: 0-G-)2: 71*1@2 <02>-):95: 2(-01,2-

+))IC '+><1'()IC 198+02(> 0-G-)2: 525(->I 

;01?)-)2C, +<25I?1NB2F 71*1@; FFEPlus. 

%-<-0H >+D-> <-0-C(2 ' 0155>+(0-)2: <+-

9;@-))IF *21801>> )1<0:D-)2C, <-0->-B--
)2C, *-E+0>1,2C. U5(-5(?-))+, )12=+9-- 5+-

*-0D1(-9H)+C *9: )15 =;*-( *21801>>1 )1<0:-
D-)2C. 

P1' ?2*)+ 27 025. 5, >1'52>19H)I- )1<0:-
D-)2: 91 OL1 ?+7)2'1N( ? >-5(- <02?10'2 

'0-<-D)+C )1'91*'2 '0+)G(-C)1 ' =+'+?+C 

=19'-, '1' 017 )-<+*19M'; +( '0-<-D)IF =+9-

(+?. Q(2 0-7;9H(1(I F+0+G+ 5+8915;N(5: 5 (->, 

@(+ <0+25F+*2( ? 0-19H)+C '+)5(0;',22, ;5(1-
9+5()I- (0-B2)I ?+7)2'1N( 2>-))+ ? 01C+)- 
(-F >-5(, '+(+0I- *1M( )1> <0+@)+5()+C 015-
@-(. 

T91?)I> 0-7;9H(1(+> J(+C 01=+(I :?9:-(5: 
279+D-))1: )2D- >+*-0)271,2: 01>I (-9-D'2 

? 2559-*;->+> 01C+)- 01>I (-9-D'2. 

#5(01)-)2- <0+=9->I ;5(19+5()+C <0+@)+-

5(2 01> (-9-D-' J9-'(0+?+71 ."3 <0-*9181-(5: 
<0+27?-5(2 <;(-> *+=1?9-)2: -BM +*)+8+ 0-=-

01 DM5('+5(2 2 27>-)-)2-> 2F >-5(+015<+9+-

D-)2:, '1' <+'171)+ )1 025. 6. 

.21801>>1 )1<0:D-)2C ? >+*-0)2720+?1)-

)+C 01>- (-9-D'2 <02?-*-)1 )1 025. 7. K15@-( 
<0+?+*295: <02 (-F D- 801)2@)IF ;59+?2:F 2 

5F->- )180;D-)2:, @(+ 2 *9: 25F+*)+8+ ?102-

1)(1 '+)5(0;',22. /7 025;)'1 ?2*)+, @(+ >1'-
52>19H)I- )1<0:D-)2: *9: ?1021)(1 5 >+*-0-

)271,2-C 5+5(1?292 50 OL1. 

 
K25. 4. T01)2@)I- ;59+?2: 2 <029+D-))I- ' >+*-92 )180;7'2 
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K25. 5. .21801>>1 )1<0:D-)2C 

 

K25. 6. Q9->-)( 01>I 5 <0-*9181->+C >+*-0)271,2-C 

 

K25. 7. .21801>>1 )1<0:D-)2C 

"+8915)+ &+0>1> *9: 015@M(1 2 +,-)'2 

)-5;B2F J9->-)(+?, *2)1>2@-5'2F '1@-5(? 2 

?+7*-C5(?2: )1 <;(H J'2<1D)+C @15(2 9+'+-

>+(2?+? D-9-7)IF *+0+8 [3, 5(0.38] +,-)'1 
5+<0+(2?9-)2: ;5(19+5(2 )-5;B2F J9->-)(+? 
>+D-( <0+27?+*2(H5: <+ 59-*;NB-C >-(+*2-

'- (?I=+0 <0+27?-*M) ? 71?252>+5(2 +( 015-
<+9181->IF *1))IF). 

L+5'+9H'; >I )- 015<+9181-> 825(+801>>+C 

015<0-*-9-)2: 1><92(;*)IF 7)1@-)2C )1<0:D--
)2C, F101'(-027;NB-C )180;D-))+5(H J9->-)(1 
71 )17)1@-))IC 50+' 59;D=I, 2 '02?+C ;5(19+5(2 

>1(-02191 ; )15 )-(, (+ +,-)'; 5+<0+(2?9-)2: 
;5(19+5(2 <0+?+*2> <+ 59-*;NB-C E+0>;9-: 

1 [ ]
V m

n n
K 

 

 $  
!# %

& " &
, 
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8*- 
1 !

 – 50-*)-- 7)1@-)2- <0-*-91 ?I)+5-

92?+5(2 5(1)*10()+8+ +=017,1 <02 52>>-(-
02@)+> ,2'9- )180;D-)2: (*9: 5(192 09T2" 

<02)2>19+5H 01?)I> 210 O<1); K 
 – '+JE-

E2,2-)(, F101'(-027;NB2C <+)2D-)2- <0--
*-91 ?I)+592?+5(2 '+)5(0;',22 <+ +()+G--
)2N ' <0-*-9; ?I)+592?+5(2 5(1)*10()+8+ 

+=017,1; 
V

  – 1><92(;*1 )1<0:D-)2C ,2'91 

(*9: 25F+*)+C '+)5(0;',22 <02)2>1915H 
01?)+C 91 OL1, *9: >+*-0)2720+?1))+C –  

40 OL1); 
m

  – 50-*)-- )1<0:D-)2- ,2'91; $  

– '+JEE2,2-)(, F101'(-027;NB2C ?92:)2- 
1552>-(022 ,2'91; [ ]n  – *+<;5(2>IC '+JE-

E2,2-)( 71<151 5+<0+(2?9-)2: ;5(19+5(2, 

*9: )-5;B2F J9->-)(+? '+)5(0;',22 (:8+?+-

8+ <+*?2D)+8+ 5+5(1?1, 5+8915)+ [3], 01?-) 2. 

S)1@-)2- '+JEE2,2-)(1 <+)2D-)2: <0--
*-91 ?I)+592?+5(2 +<0-*-9:-> <+ E+0>;9-: 

1 2
K

K K
K

m
 '

(

&
# &

&
, 

8*- 
1
K  – '+JEE2,2-)(, ;@2(I?1NB2C ?92:-

)2- )-+*)+0+*)+5(2 >1(-02191 *-(192 (*9: 
<0+'1(1 

1K
=1.1); 

2K
 – '+JEE2,2-)(, ;@2(I-

?1NB2C ?92:)2- ?);(0-))2F )1<0:D-)2C ? 
*-(192 (

2K
=1.0); m  – '+JEE2,2-)(, ;@2(I-

?1NB2C 5+5(+:)2- <+?-0F)+5(2 *-(192 (*9: 
<+?-0F)+5(2 5 +'192)+C m=0.8); (  – '+JE-

E2,2-)(, ;@2(I?1NB2C ?92:)2- 017>-0)+8+ 

E1'(+01 (*9: ?-0(2'19H)+8+ 0-=01 5 )1'91*-

'+C G202)+C 120 >> <02)2>195: 01?)I> 

0.68); 
K

'  – JEE-'(2?)IC '+JEE2,2-)( '+),-)-

(01,22 )1<0:D-)2C ? ;791F 59+D)+8+ +@-0(1)2:, 
'+),-)(01,2: )1<0:D-)2C ? '+(+0IF +<0-*-9:-(-
5: (+9H'+ 2F 8-+>-(02-C ((1' '1' '+)E28;01,2: 
0155>1(02?1->+8+ ;791 *+?+9H)+ (+@)+ 5>+*-92-

0+?1)+ 015@-()+C 5F->+C, <02)2>195: 01?)I> 

1.0). 

"+8915)+ 015@M(1>, <0+27?-*-))I> <+ 279+-

D-))+C ?IG- >-(+*2'- +,-)'2 5+<0+(2?9-)2: 
;5(19+5(2, <0-*9+D-))1: >+*-0)271,2: <+7?+9:-
-( 5)272(H ;0+?-)H )1<0:D-)2C ? 01>- (-9-D'2 ? 
01C+)- '0+)G(-C)1 *-><E-01 <-0?+C 5(;<-)2 

<+*?-G2?1)2: (-9-D'2 =+9-- @-> ? *?1 0171, 1 
'+JEE2,2-)( 71<151 ;(19+5()+C <0+@)+5(2 <+?I-

52(H 5 1.14 *+ 2.6, @(+ <0-?IG1-( *+<;5'1->+- 
7)1@-)2- 2.0. 

3/3$/4TK V/WU"P/X "L/"4P 

1.  9:>+?5'2C,  .  . SolidWorks / COSMOSWorks 

2006-2007. /)D-)-0)IC 1)1927 >-(+*+> '+)-@-

)IF J9->-)(+? [%-'5(] /  .  .  9:>+?5'2C. – O.: 

.OP, 2007. – 784 5. 
2. S-)'-?2@, 4. O-(+* '+)-@)IF J9->-)(+? ? (-F)2'- 

2 1<<0+'52>1,2: [%-'5(] / 4. S-)'-?2@. – <-0. 5 
1)89. – O.: O20, 1975. – 536 5. 

3. &4KOY *9: 015@M(1 2 +,-)'2 )-5;B2F J9->-)(+?, 
*2)1>2@-5'2F '1@-5(? 2 ?+7*-C5(?2: )1 <;(H J'2-

<1D)+C @15(2 9+'+>+(2?+? D-9-7)IF *+0+8 OL" 

KV '+9-2 1520 >> [%-'5(]. – O.: !&//Z%,  

1998. – 145 5. 
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