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$'$2'-*#- ",'*32&4*) ",&+%&*#- *)"%'**'4 2-1#  

" 5 /&,*'0  5, $  6%&"2,'('7) 2&%5

!2'+)1)+ *+567*8-))9 : 1)167; )1<0=8-)+-*->+0?+@1)+A+ 5(1)= '0+)B(-:)1 '07<6-))9 <+C26+D (9A2 *+ 

E=>-0)+A+ E0=51 -6-'(0+@+;1 2F$5. G1 0-;=6H(1(1?2 *+567*8-))9 ;1<0+<+)+@1)+ ?+*-0)7;1,7I '+)5(0=',7D 
'0+)B(-:)1. 

!J<+6)-)+ 2556-*+@1)2- 2 1)162; )1<098K))+-*->+0?20+@1))+A+ 5+5(+9)29 '0+)B(-:)1 '0-<6-)29 )1-
'6+))+: (9A2 ' E=>-0)+?= E0=5= L6-'(0+@+;1 2F$5. M+ 0-;=6H(1(1? 2556-*+@1)29 <0-*6+8-)1 ?+*-0)2;1-
,29 '+)5(0=',22 '0+)B(-:)1. 

The research and analysis of the stressed-and-strained state of bracket of fastening of a sloping rod to a buffer 

squared beam of electric locomotive 2E$5 is executed. On the basis of research results the modernization of bracket 

design is offered. 

+89:;<8=>; ?;@;AB B99CD@8=;<BE 

N6-'(0+@+;J 2F$5 <0+2;@+*5(@1 4 4 «$=-

A1)5'(-<6+@+;» 9@69-(59 1)16+A+? 0+552:5'2C 

L6-'(0+@+;+@ 2N"5O «F0?1'», '+(+0J- L'5-
<6=1(20=I(59 @ )15(+9P-- @0-?9 )1 Q8)+: 

8-6-;)+: *+0+A- (6+'+?+(2@)+- *-<+ 5(. O+-

(+@5'). G1 @0-?9 L'5<6=1(1,22 L6-'(0+@+;+@ 
2N"5O )1 <=(9C «#'0;162;)2,7» )-+*)+'01()+ 

)1E6I*1625H =5(16+5()J- (0-P2)J )1 '0+)-

B(-:)1C '0-<6-)29 )1'6+))+: (9A2 ' E=>-0)+-

?= E0=5= '=;+@1 L6-'(0+@+;1. M+L(+?=, )- 
5?+(09 )1 <+6+82(-6H)J- 0-;=6H(1(J C+*+@JC 

<0+R)+5()JC 25<J(1)2: L6-'(0+@+;1 2F$5 @ 
+()+B-)22 @JB- ='1;1))+A+ =;61 '0-<6-)29 
)1'6+))+: (9A2, EJ6+ <02)9(+ 0-B-)2- + <0+-

@-*-)22 (-+0-(2R-5'+A+ 015R-(1 -A+ )1 <0+R-

)+5(H. 
/556-*=-?19 '+)5(0=',29 ?+*-620+@1615H @ 

525(-?- 1@(+?1(2;20+@1))+A+ <0+-'(20+@1)29 
(" MS) SolidWorks 2009.  

&1 025. 1 <0-*5(1@6-)1 '+)-R)+-L6-?-)()19 
015R-()19 5C-?1 (9A+@+A+ '0+)B(-:)1 5 R15(HI 

E=>-0)+A+ E0=51, 5+5(1@6-))19 2; +ET-?)JC 

L6-?-)(+@. 

 

S25. 1. S15RK()19 5C-?1 (9A+@+A+ '0+)B(-:)1 5 R15(HI E=>-0)+A+ E0=51 
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3=>-0)J: E0=5 5+5(+2( 2; @-0C)-A+ (<+;2-

,29 1 )1 025. 1) 2 )28)-A+ (2) 625(+@ (+6P2)+: 

5++(@-(5(@-))+ 12 2 14 ??, 2 5@9;=IP2C 2C 

@+5H?2 <0+*+6H)JC @-0(2'16H)JC 0-E-0 (5) 

(+6P2)+: 20 ??. "<-0-*2 E=>-0)J: E0=5 +E-

B2( 625(+? (4) (+6P2)+: 14 ??, 5;1*2 – 625-
(+? (3) (+6P2)+: 20 ??. O )28)-?= 625(= E=-

>-0)+A+ E0=51 <02@10-) '0+)B(-:) )1'6+))+: 

(9A2. !-0C)99 R15(H -A+ 5+5(+2( 2; R-(J0-C 

<0+*+6H)JC @-0(2'16H)JC 625(+@ (6) (+6P2)+: 

12 ??, '+(+0J- <+<10)+ ;1@10-)J *@=?9 <+6+-

51?2 (7) (+6P2)+: 16 ??. O )28)2? A+02;+)-

(16H)J? <+@-0C)+5(9? <+6+5 @+5H?HI E+6(1?2 

(<+ R-(J0- E+6(1 ' '18*+: <+6+5-) <02'0-<6--
)1 <62(1 (8) (+6P2)+: 25 ??, ' '+(+0+: <02@1-
0-)J *@1 @-0(2'16H)JC <0+*+6H)JC 0-E01 (9) 

(+6P2)+: 20 ??. O <62(- 2 0-E01? <02@10-)1 
)1'6+))19 56+8)+: '+)>2A=01,22 62(19 *-(16H 
(10), +E01;=IP19 5 @-0(2'16HI (1'+: 8- =A+6, 

'1' 2 )1'6+))19 (9A1 5 A+02;+)(16HI, )1 '+(+-

0=I <-0-*1-(59 R-0-; 0-;2)+?-(1662R-5'2: 

E6+' <0+*+6H)19 5261 <+50-*5(@+? )1'6+))+: 

(9A2. !5- @JB-='1;1))J- L6-?-)(J '+)5(0='-
,22 E=>-0)+A+ E0=51 2 '0+)B(-:)1 2;A+(+@6--
)J 2; <0+'1()+: 5(162 09U2", 62(19 *-(16H – 

5(162 20$. &1 <0+*+6H)+: @-0(2'16H)+: <6+5-
'+5(2 ;1*1@16+5H =56+@2- 52??-(022, 1 )1 <1-
0166-6H)+: -: <6+5'+5(2, +A01)2R2@1IP-: E=-

>-0)J: E0=5, - =56+@2- ;1P-?6-)29. M0+*+6H-
)+- =5262-, <-0-*1@1-?+- )1'6+))+: (9A+:, )1 
(9A+@J: '0+)B(-:) 015<0-*-696+5H 01@)+?-0-

)+ <+ <+@-0C)+5(2 '+)(1'(1 62(+: *-(162 5 0--
;2)+?-(1662R-5'2? E6+'+?. 

#99CD@8=;<BD *!$ 9FGD9:=FHGDI8 

>J8<K:DL<; <;>C8<<8L :EIB 

S15R-( (9A+@+A+ '0+)B(-:)1 <0+2;@+*2659 
)1 *@1 @2*1 )1A0=8-)29: 
  1@102:)+- 5+=*10-)2- 5 =5'+0-)2-? 3g )1 

(-6-8'-; 
  *62(-6H)J: 0-82? (9A2 5 526+: 424 '&. 

"+A615)+ [1], 2)-0,2+))J- 526J *69 015R--
(1 *-(16-: 5@9;2 '=;+@1 5 (-6-8'+: +<0-*-69-
625H 25C+*9 2; =5'+0-)29 3g ?155J (-6-8'2, 2 

<02'61*J@1625H @*+6H +52 <=(2. %1' '1', ?1551 
(-6-8'2 01@)1 21,3 (, <+L(+?= 015R-( <0+2;@+-

*2659 )1 526= 626 '&, <-0-*1@1-?=I <+50-*5(-
@+? )1'6+))+: (9A2 2 2556-*=-?+A+ '0+)B(-:-

)1 )1 E=>-0)J: E0=5 L6-'(0+@+;1. 
&1 025. 2, 3 2 4 <02@-*-)J <+69 )1<098--

)2:, 0155R2(1))J- <+ IV (-+022 <0+R)+5(2, @ 
'+)5(0=',22 (9A+@+A+ '0+)B(-:)1 <02 1@102:-

)+? 5+=*10-)22. O1' @2*)+ 2; 025=)'1 2, @ '+)-

5(0=',22 (9A+@+A+ '0+)B(-:)1 @ )28)-: R15(2 

5(J'+@'2 62(+: *-(162 5 @-0(2'16H)J?2 0-E-

01?2 (;+)1 1<) 2?--(59 '+),-)(01(+0 )1<098--
)2:, @ '+(+0+? 015R-()+- )1<098-)2- 566 VM1 
;)1R2(-6H)+ <0-@JB1-( <0-*-6 (-'=R-5(2 5(162 

09U2"  ( = 345 VM1. %1'8- 2; 025=)'+@ 2 2 3 

@2*)+, R(+ C+(9 @ '+)5(0=',22 (9A+@+A+ '0+)-

B(-:)1 2?-I(59 2 *0=A2- '+),-)(01(+0J )1-
<098-)2:, )+ =0+@-)H )1<098-)2: @ )2C A+01;-
*+ ?-)HB- <0-*-61 (-'=R-5(2. %1' @ ;+)- 2 015-
R-()+- )1<098-)2- 5+5(1@26+ 198 VM1, @ ;+)- 
3 5++(@-(5(@-))+ – 235 VM1, @ ;+)- 4 – 135 

VM1 2 @ ;+)- 5 – 144 VM1. 

 

S25. 2. M+69 )1<098-)2: (VM1) @ (9A+@+? '0+)-

B(-:)- <02 1@102:)+? 5+=*10-)22 (@2* 5<-0-*2) 

 

S25. 3. M+69 )1<098-)2: (VM1) @ (9A+@+? '0+)-

B(-:)- <02 1@102:)+? 5+=*10-)22 (@2* 5;1*2) 

 

S25. 4. M+69 )1<098-)2: (VM1) @ (9A+@+? '0+)-

B(-:)- <02 1@102:)+? 5+=*10-)22 
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&1 025. 4 ;+)1 1 <+'1;1)1 E+6-- <+*0+E)+. 

/; 025=)'1 @2*)+, R(+ @ 62(+: *-(162 (1'8- 
2?--(59 '+),-)(01(+0 )1<098-)2: (;+)1 16). 

!-62R2)1 015R-()+A+ )1<098-)29 @ )-: 5+5(1-
@261 522 VM1, R(+ @ 2,5 01;1 <0-@JB1-( <0-*-6 

(-'=R-5(2 *69 5(162 20$  ( = 216 VM1. 
" ,-6HI +,-)'2 =5(16+5()+: <0+R)+5(2 (9-

A+@+A+ '0+)B(-:)1, (1'8- <0+2;@+*2659 015R-( 
)1 *62(-6H)J: 0-82? (9A2. "261 (9A2 *@=C 

5-',2: L6-'(0+@+;1 2F$5 <02 *62(-6H)+? 0--
82?- (9A2 01@)1 424 '&. M+L(+?= <02 015R-(- 
(9A+@+A+ '0+)B(-:)1 ' )-?= <02'61*J@1615H 
5261 106 '&, 0-162;=-?19 +*)+: (-6-8'+: L6-'-
(0+@+;1. ! R15+@+? 0-82?- (9A2 *@- 5-',22 

L6-'(0+@+;1 2F$5 01;@2@1I( 526= (9A2 464 '&.  

O1' 2 <02 015R-(- )1 1@102:)+- 5+=*10-)2-, 
?1'52?16H)J- )1<098-)29 @+;)2'1I( @?-5(- 
<02?J'1)29 62(+: *-(162 ' @-0(2'16H)+?= 

0-E0= (9A+@+A+ '0+)B(-:)1. ! @-0(2'16H)+? 

0-E0- (;+)1 1<) 015R-()+- )1<098-)2- 5+5(1@2-

6+ 94 VM1, @ 62(+: *-(162 (;+)1 16) - 87 VM1. 
! *0=A2C ;+)1C )1<098-)29 +'1;1625H 01@)J-

?2: ;+)1 2 - 33 VM1, ;+)1 3 - 37 VM1, ;+)1 4 - 

22 VM1 2 ;+)1 5 - 23 VM1. 

#99CD@8=;<BD *!$ M8@DJ<B?BJ8=;<<8I8 

>J8<K:DL<; <;>C8<<8L :EIB. 

&1 025. 5 <02@-*-) @2* 5E+'= <0-*61A1-?+A+ 

?+*-0)2;20+@1))+A+ @1021)(1 '+)5(0=',22 

'0+)B(-:)1 '0-<6-)29 )1'6+))+: (9A2 ' E=-

>-0)+?= E0=5= L6-'(0+@+;1 2F$5. &1 025=)'- 
<=)'(20)+: 62)2-: <+'1;1) '+)(=0 @-0(2'16H-
)+A+ 0-E01 5=P-5(@=IP-A+ (9A+@+A+ '0+)-

B(-:)1. 

 

S25. 5. V+*-0)2;20+@1))J: @1021)( '+)5(0='-
,22 (9A+@+A+ '0+)B(-:)1 (@2* 5E+'=) 

&1 025. 6, 7 2 8 <02@-*-)J <+69 )1<098--
)2:, 0155R2(1))J- <+ IV (-+022 <0+R)+5(2, @ 
'+)5(0=',22 ?+*-0)2;20+@1))+A+ (9A+@+A+ 

'0+)B(-:)1 <02 1@102:)+? 5+=*10-)22. /; 02-

5=)'+@ @2*)+, R(+ @ ?-5(- 5(J'+@'2 @-0(2'16H-
)+A+ 0-E01 5 62(+: *-(16HI )1<098-)29 5)2;2-

625H @ @-0(2'16H)+? 0-E0- (;+)1 1<) *+ 320 

VM1, @ 62(+: *-(162 (;+)1 16) *+ 270 VM1. ! 

+5(16H)JC '+),-)(01(+01C (;+)J 2-5) )1<098--
)29 +5(1625H )1 <0-8)-? =0+@)-. 
S15R-()J- )1<098-)29 @ ?+*-0)2;20+@1)-

)+? (9A+@+? '0+)B(-:)- <02 *62(-6H)+? 0--
82?- (9A2 5+5(1@262: @ ;+)- 1< - 56 VM1, @ ;+)- 
16 - 47 VM1. ! ;+)1C 2-5 )1<098-)29 2;?-)2-

625H )-;)1R2(-6H)+. 

 

S25. 6. M+69 )1<098-)2: (VM1) @ ?+*-0)2;20+@1)-

)+? (9A+@+? '0+)B(-:)- <02 1@102:)+? 5+=*10-)22 

 

S25. 7. M+6- )1<098-)2: (VM1) @ ?+*-0)2;20+@1)-

)+? (9A+@+? '0+)B(-:)- <02 1@102:)+? 5+=*10-)22 

(@2* 5;1*2) 

 

S25. 8. M+6- )1<098-)2: (VM1) @ ?+*-0)2;20+@1)-

)+? (9A+@+? '0+)B(-:)- <02 1@102:)+? 5+=*10-)22 
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)<;CB? B 98N89:;=CD<BD JD?FCO:;:8= J;9AP-
:8= 9FGD9:=FHGDI8 B M8@DJ<B?BJ8=;<<8I8 

:EI8=QR >J8<K:DL<8= SCD>:J8=8?; 26%5. 

S-;=6H(1(J @JB- +<251))JC 015R-(+@ 5@--
*-)J @ (1E62,- 1.  )162; 0-;=6H(1(+@ 015R-(+@, 
<+;@+69-( 5*-61(H @J@+*, R(+ <0-*61A1-?19 ?+-

*-0)2;1,29 '0+)B(-:)1 )1'6+))+: (9A2 <+;@+-

69-( 0-B2(H <0+E6-?= <+ )-5=P-: 5<+5+E)+5(2 

(9A+@+A+ '0+)B(-:)1, C+(9 )1<098-)2- 270 

VM1 @ 62(+: *-(162 <02 I 015R-()+? 0-82?- )- 
=*+@6-(@+09-( =56+@29? )+0? [1]. M0+R)+5(H 
?+8)+ +E-5<-R2(H, -562 2;A+(+@2(H L(= *-(16H 
2; <0+'1()+: 5(162 09U2". 

 

%1E62,1  1  

,D?FCO:;:Q J;9AD:; 9FGD9:=FHGDI8 B M8@DJ<B?BJ8=;<<8I8 :EI8=8I8 >J8<K:DL<; SCD>:J8=8?; 2&%5 

&1<098-)2-, VM1 S-82? 

)1A0=8-)29 
O+)5(0=',29 
'0+)B(-:)1 

"261 @ 
)1'6+). 

(9A-, '& 
G+)1 1< G+)1 16 G+)1 2 G+)1 3 G+)1 4 G+)1 5 

"=P-5(@=IP19 -626 566 522 198 235 135 144 S15RK()J: 

3g )1 (-6-8'- V+*-0)2;20+@1))19 -626 320 270 162 213 146 143 

"=P-5(@=IP19 -106 93,6 86,5 32,8 37,2 22,4 23,8 .62(-6H)J: 

5261 (9A2 424 '& V+*-0)2;20+@1))19 -106 56 47 26 37,4 23,7 23,5 

 

S-;=6H(1(J 015R-(+@ *69 *62(-6H)+A+ 0-82-

?1 (9A2, <02@-*-))J- @ (1E62,- 1, 25<+6H;+@1-
625H 5+@?-5()+ 5 *1))J?2 C+*+@JC <0+R)+5(-
)JC 25<J(1)2: <02 +<0-*-6-)22 '+L>>2,2-)-

(+@ ;1<151 =5(16+5()+: <0+R)+5(2 (9A+@+A+ 

'0+)B(-:)1 [2]. 

" (+R'2 ;0-)29 =5(16+5()+: <0+R)+5(2, '+-

L>>2,2-)(J ;1<151 =5(16+5()+: <0+R)+5(2 ?+-

*-0)2;20+@1))+A+ '0+)B(-:)1 )1'6+))+: (9A2 

<0-*5(1@69I( 2)(-0-5 @ ;+)1C 1< 2 16, A*- )1-
<098-)29 5)2;2625H 2 5++(@-(5(@-))+ <+@J52-

625H '+L>>2,2-)(J ;1<151 )1 =5(16+5(H. 
V2)2?16H)J- '+L>>2,2-)(J =5(16+5()+: 

<0+R)+5(2 
v
n  *69 ?+*-0)2;20+@1))+A+ '0+)-

B(-:)1 )1'6+))+: (9A2 <+@J52625H: 
  @ ;+)- 1<    -   5 2,89  *+ 4,84; 

  @ ;+)- 16    -   5 2,10  *+ 3,87. 

(Q=8@Q N8 JD?FCO:;:;M B99CD@8=;<BL 

M0+R)+5(H <+ )-5=P-: 5<+5+E)+5(2 '0+)-

B(-:)1 '0-<6-)29 )1'6+))+: (9A2 ' E=>-0)+?= 

E0=5= L6-'(0+@+;1 2F$5 )- =*+@6-(@+09-( (0--
E+@1)29? )+0? [1], (1' '1', <+ 0-;=6H(1(1? 015-
R-(+@, <02 1@102:)+? 5+=*10-)22 @ @-0(2'16H-
)+? 0-E0- 2 62(+: *-(162 '0+)B(-:)1 )1<09-
8-)29 <0-@JB1I( <0-*-6J (-'=R-5(2. 

,D>8MD<@;TBB 

1. &-5=P=I 5<+5+E)+5(H '0+)B(-:)1 '0-<-

6-)29 )1'6+))+: (9A2 ?+8)+ +E-5<-R2(H, <0+-

@-*9 -A+ ?+*-0)2;1,2I. /;?-)-)2- >+0?J @-0-

(2'16H)+A+ 0-E01 @ ?-5(- <02@10'2 ' 62(+: *--
(162 (5?. 025. 5) <+;@+69-( 5)2;2(H )1<098--
)29: 

  @ ;+)- 1< 5 566 VM1 *+ 320 VM1 <02 *+-

<=5'1-?+? )1<098-)22 *69 5(162 09U2" 

[ ] = 0.95 ( = 0.95×345 = 328 VM1; 
  @ ;+)- 16 5 522 VM1 *+ 270 VM1 <02 *+-

<=5'1-?+? )1<098-)22 *69 5(162 20$ [ ] 

= 0.9 ( = 0.9×216 = 194 VM1. 
%1' '1' =56+@2- <0+R)+5(2 <+ 1-+?= 015-

R-()+?= 0-82?= *69 62(+: *-(162 ?+*-0)2;2-

0+@1))+A+ '0+)B(-:)1 (1'8- )- @J<+6)9-(59, 
L(= *-(16H 56-*=-( 2;A+(1@62@1(H 2; <0+'1()+: 

5(162 09U2".  

2. ! <+6H;= ?+*-0)2;1,22 '+)5(0=',22 

'0+)B(-:)1 )1'6+))+: (9A2 5@2*-(-6H5(@=-( 
(1'8- (+( >1'(, R(+ @ 56=R1- -K <0+@-*-)29 <+-

@J52(59 '+L>>2,2-)( ;1<151 =5(16+5()+: 

<0+R)+5(2 n!  @ ;+)- 16 (9A+@+A+ '0+)B(-:)1 5 
2,1 *+ 3,87 <02 *+<=5'1-?+? ;)1R-)22 2,0. 

3. %1' '1' '0+)B(-:) )1'6+))+: (9A2 9@69-
-(59 5T-?)+: *-(16HI, <0-*61A1-?=I ?+*-0)2-

;1,2I ?+8)+ <0+@-5(2 @ =56+@29C *-<+ 5(. O+-

(+@5' )1 =8- L'5<6=1(20=IP2C59 L6-'(0+@+;1C 

2F$5 @+ @0-?9 0-?+)()JC 2 <0+>261'(2R-5'2C 

01E+(. 

3/3$/4US W/XF"O/Y "M/"4O 

1. &4SVZ *69 015RK(1 2 +,-)'2 )-5=P2C L6-?-)-

(+@, *2)1?2R-5'2C '1R-5(@ 2 @+;*-:5(@29 )1 
<=(H L'2<18)+: R15(2 6+'+?+(2@+@ 8-6-;)JC 

*+0+A VM" SW '+6-2 1520 ?? [%-'5(] / 

!&//[%. – V., 1998. – 145 5. 
2. S-;=6H(1(J <0+R)+5()JC 25<J(1)2: L6-'(0+@+-

;1 2F$5 [%-'5(] / F. 36+C2) 2 *0. – .//%, 2009. 
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