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

(/ 100-3".,4 5* '#2 +*6'"#,2 (/('"7,/( 15"1*3*'( 

(+ .4#*1,!( 3(-(+2#()

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

)1!".23% 4%5%$&!%, 100-*()2( ," '!& $"6'(!2& 

7")"$"#" 89 ,(#"'!& ")8(3%(8, .9,.(32.%(),& 

8!"#282 &$7282 ,)"$"!%82. :'!%7" !%2;"*(( 

5%8()!% 25 !2< )%, 3)" ,.&5%!% , $"*+1 )%*%!)-

*2."#" 03(!"#" 2 =('%#"#%, "$#%!25%)"$% !%072 

2 .9,>(#" ";$%5".%!2&, =$"?(,,"$%, )$(;".%-

)(*+!"#", .!28%)(*+!"#" 2 5%;")*2."#" 032)(-

*&. 

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

!".23% . ,"3()%!22 , (#" .9,"7"A )$(;".%)(*+-

!",)+1 7 ,(;(, 7"*",,%*+!"A $%;")",=",";!"-

,)+1, ";%&!2(8, .9,"7282 8"$%*+!982 7%3(,)-

.%82, ,"5'%*2 ,=*%. !(5%;9.%(8"#" 3(*".(7%. 

B"!(3!" 6(, ?0!'%8(!) .,(80 C)"80 ;9* 

5%*"6(! (D( . ,(8+( /$0)1!% 4%5%$(.23% 4%-

5%$&!% – ."(!!"#" .$%3% 2 (#" ,0=$0#2 E("!2*9 

-%,2*+(.!9 – 032)(*+!2F9 #28!%522, % 5%)(8 

,$('!(A >7"*9, =$"62.%1D2< . )0 ="$0 . #"-

$"'( :$(<".( G%="$"6,7"A ";*%,)2 (;9.>%& 

H%.$23(,7%& #0;($!2&), % =")"8 . #"$"'( I($-

'&!,7(. 

@",)0=*(!21 -,(."*"'% 4%5%$&!% . #"$!9A 

2!,)2)0) =$('>(,).".%*2 )$0'".%& (1923 #.) 2 

=$"?)(<>7"*% (1924-1925 ##.) . :$(<".( 2 I($-

'&!,7(, J!(=$"=()$".,72A ,)$"2)(*+!9A )(<-

!2708 =0)(A ,"";D(!2& (1925-1927 ##.). 

- 1927 #. "! 0<"'2) , =",*('!(#" 70$,% )(<-

!2708% '*& =",)0=*(!2& !% 8%$7>(A'($,7"( 

")'(*(!2( #"$!"-#("*"#23(,7"#" ?%70*+)()% 

J!(=$"=()$".,7"#" #"$!"#" 2!,)2)0)%. -" .$(-

8& ";03(!2& "! $%;")%() )(<!27"8-

.932,*2)(*(8 . K"$!"8 2!,)2)0)(, 5%!28%(),& 

0$%.!2)(*+!982 .932,*(!2&82 7""$'2!%) )"-

3(7 )$2#"!"8()$23(,7"A )$2%!#0*&F22 . J"!-

;%,,(, $%;")%() )(<!27"8 . 0=$%.*(!22 L)%*2!-

,7"A 6(*(5!"A '"$"#2 !% 259,7%!2&< ,)%!F22 

E26!('!(=$".,7-M5(*. K"$!9A 2!,)2)0) "7"!-

32* . 1931 #"'0, ="*032. 5.%!2( 2!6(!($%-

8%$7>(A'($%. «:) )(<!27% N7%)($2!2!,7"A 

6(*(5!"A '"$"#2 '" '(A,).2)(*+!"#" 3*(!% 

/7%'(822 !%07 M7$%2!9» – )%7 !%=2>() #%5()% 

8!"#" *() ,=0,)&. 

ND( ;0'032 ,)0'(!)"8 IV 70$,% K"$!"#" 

2!,)2)0)%, -. 4%5%$&! !%3%* $%;")%)+ %,,2,)(!-

)"8 7%?('$9 ,)$"2)(*+!"A 2 )("$()23(,7"A 

8(<%!272 J!(=$"=()$".,7"#" #"$!"#" 2 )$%!,-

="$)!"#" 2!,)2)0)".. L)0'(!) 2 "'!".$(8(!!" 

=$(="'%.%)(*+ 2!,)2)0)%, !06!" ,"#*%,2)+,&, 

,";9)2( '%*(7" !( "$'2!%$!"(. 

:,(!+1 1931 #. "! ;9* =$2!&) . %,=2$%!)0-

$0 =" 7%?('$( ,)$"2)(*+!"A 8(<%!272 J!(=$"-

=()$".,7"#" 2!,)2)0)% 2!6(!($". )$%!,="$)%. 

/,=2$%!)0$0 =$"<"'2* ="' $07"."',)."8 =$"-

?(,,"$% =$27*%'!"A 8%)(8%)272 /;$%8% L%-

.(*+(.23% 4"7>2!% – "'!"#" 25 03(!27". %7%-

'(827% /*(7,%!'$% E27"*%(.23% J2!!27%. :'-

!".$(8(!!" -. 4%5%$&! ;9* ,")$0'!27"8 8(<%-

!23(,7"A *%;"$%)"$22 %7%'(827% /. E. J2!!2-

7% 2 03%,).".%* . $%;")( $07"."'28"#" 28 ,(-

82!%$%. 

- '(7%;$( 1932 #"'% -. 4%5%$&! 5%D2)2* %,-

=2$%!),701 $%;")0 !% )(80 «: ?"$8( =($(<"'-

!"A 7$2."A», 7")"$%& ;9*% =",.&D(!% )("$()2-

3(,728 ",!".%8 .9;"$% $%F2"!%*+!"A =($(-

<"'!"A 7$2."A !% 6(*(5!9< '"$"#%<. O)% $%;"-

)% "=0;*27".%!% . ,;"$!27( )$0'". JPPH% 

Q 1. L &!.%$& 1933 #"'% "! – '"F(!) 7%?('$9 

)("$()23(,7"A 2 ,)$"2)(*+!"A 8(<%!272 J!(=-

$"=()$".,7"#" #"$!"#" 2 )$%!,="$)!"#" 2!,)2-

)0)".. 

- 1934 #"'0 '.%'F%)2=&)2*()!2A '"F(!) 4%-

5%$&! ;9* "'!28 25 '"7*%'327". !% II -,(,"-

15!"8 8%)(8%)23(,7"8 ,R(5'( . 4(!2!#$%'(. 

J"7*%' ;9* "=0;*27".%! ." .)"$"8 )"8( )$0-

'". ,R(5'%. - C)"8 6( #"'0, =",*( ,8($)2 =$"-

?(,,"$% /. L. 4"7>2!%, -. /. 4%5%$&!% !%5!%-

3%1) 2,="*!&1D28 ";&5%!!",)2 5%.('01D(#" 

7%?('$"A ,)$"2)(*+!"A 8(<%!272 JPPH%. L 

1933 '" 1938 #. . $%5!"( .$(8& "! – 03(!9A ,(7-

$()%$+, 5%8(,)2)(*+ !%3%*+!27% 2 !%3%*+!27 

!%03!"-2,,*('".%)(*+,7"#" ,(7)"$% JPPH%. 

@$2 C)"8 .=*")+ '" 1941 #"'% !(=$($9.!" $%-

;")%* =" ,".8(,)2)(*+,).0 . J!(=$"=()$".-

,7"8 #"$!"8 2!,)2)0)(. 

- '(7%;$( 1940 #"'% . 4(!2!#$%',7"8 2!-

,)2)0)( 2!6(!($". )$%!,="$)% -. /. 4%5%$&! 

5%D2D%() '"7)"$,701 '2,,($)%F21 !% )(80  

«B ."=$",0 " '2!%823(,72< 0,2*2&< . 0=$&6-

!9< =$2;"$%< ="(5'".». - %=$(*( 1941 #"'% (80 

;9*% =$2,06'(!% 03(!%& ,)(=(!+ '"7)"$% )(<-

!23(,72< !%07 2 5.%!2( =$"?(,,"$% 7%?('$9 

,)$"2)(*+!"A 8(<%!272. - C)"8 6( 8(,&F( "! 

;9* !%5!%3(! !%3%*+!27"8 JPPH%. 

O.%70%F2& 2!,)2)0)% . E".",2;2$,7, 2,-

="*!(!2( ";&5%!!",)(A 5%8(,)2)(*& !%3%*+!27% 

E".",2;2$,7"#" 2!,)2)0)% ."(!!9< 2!6(!($". 

=" !%03!"A 2 03(;!"A $%;")(, .!".+ !%3%*+!27% 

JPPH%, $(C.%70%F2& . J!(=$"=()$".,7, .",-

,)%!".*(!2( 2!,)2)0)% 2 ,)0'(!3(,7"#" #"$"'-

7% *(#*2 !% =*(32 8"*"'"#" #(!($%*-'2$(7)"$% 
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=0)2 2 ,)$"2)(*+,).% SSS $%!#% =$"?(,,"$% -. /. 

4%5%$&!%. 

L 1930 #"'% . )(3(!2( 48 *() -,(."*"' /$0-

)1!".23 !($%5$9.!" ,.&5%! , JPPH"8 2 ","-

;(!!" , 7%?('$"A ,)$"2)(*+!"A 8(<%!272, :)-

$%,*(."A !%03!"-2,,*('".%)(*+,7"A *%;"$%)"-

$2(A '2!%8272 2 =$"3!",)2 ="'.26!"#" ,",)%-

.% 6(*(5!9< '"$"#, 28 ,"5'%!!"A.  9,*2 " 

JPPH(, " ="'#")".7( 2!6(!($". 5%!28%*2 (#" 

'%6( . ="$0 ;"*+>"A 5%!&)",)2 =" "$#%!25%F22 

. J!(=$"=()$".,7( !"."#" %7%'(823(,7"#" 2!-

,)2)0)%. 

-,(."*"'0 /$0)1!".230 ;9*" =$2,0D( 

$('7"( ,"3()%!2( 03(!"#" 2 .9'%1D(#",& =('%-

#"#%. N#" *(7F22 ="$%6%*2 ,)$"#",)+1 '"7%5%-

)(*+,)., *"#23!",)+1, 2,7*132)(*+!"A '",-

)0=!",)+1 25*"6(!2&. :! '" 7"!F% 625!2 !( 

",)%.*&* =('%#"#23(,701 $%;")0 . JPPH(: 

3)(!2( *(7F2A, $%;")0 ," ,)0'(!)%82 2 %,=2-

$%!)%82. N#" *(7F22, #*0;"72( =" !%03!"80 

,"'($6%!21, ;*(,)&D2( =" ?"$8(, =$2.*(7%*2 

!( )"*+7" ,)0'(!)".. @$(="'%.%)(*2 2 %,=2$%!-

)9 !%>(#" 2 '$0#2< 2!,)2)0)". =",)"&!!" ="-

,(D%*2 2<.  !"#2( 25 !%, 032*2,+ 0 -,(."*"'% 

/$0)1!".23% *(7)"$,7"80 8%,)($,).0, 08(!21 

'"<"'32." 2 2!)($(,!" ";R&,!2)+ ,*"6!9A 8%-

)($2%*, 5%$"'2)+ 2!)($(, 7 =$('8()0, 7 $%,-

,8%)$2.%(8"A !% *(7F22 5%'%3(. @$"?(,,"$ 4%-

5%$&! .,( .$(8& 5%;")2*,& " =".9>(!22 7.%*2-

?27%F22 ,."2< 7"**(#. E% 7%?('$( ,)$"2)(*+-

!"A 8(<%!272 =",)"&!!" $%;")%* 8()"'23(,72A 

,(82!%$, !% 7")"$"8 "=9)!9( =$(="'%.%)(*2, % 

5%3%,)01 2 ,%8 -,(."*"' /$0)1!".23, $%,,7%-

59.%*2 !%32!%1D28 %,,2,)(!)%8, 7%701 28(!-

!" 5%'%30 ,*('0() $(>%)+ ," ,)0'(!)%82 2 7%7 

(( '"<"'32." ";R&,!2)+, '%6( 7%7282 $2,0!7%-

82 C)" $(>(!2( ,*('0() ,"=$"."6'%)+. P!"#'% 

!% ,(82!%$%< $%5#"$%*,& ,="$ " 8()"'27( =$(-

="'%.%!2& )"#" 2*2 2!"#" $%5'(*%. @$23(8 -,(-

."*"' /$0)1!".23 !27"#'% !( !%.&59.%* ;(5-

%=(**&F2"!!" ,."( 8!(!2(. 

E% 7%?('$%*+!9< ,(82!%$%< $%,,8%)$2.%-

*2,+ ."=$",9 " )"8, 7%7 =$2.&5%)+ )0 2*2 2!01 

)(80 5%!&)2& 7 =$%7)27(, 3)";9 5%!&)2( !( ",-

)%.%*",+ ,<"*%,)23(,728. H%701 ."58"6!",)+ 

'",)%.*&*% ";>2$!%& !%03!%& '(&)(*+!",)+ 

7"**(7)2.%, ."5#*%.*&(8"#" =$"?(,,"$"8 4%5%-

$&!"8. 

-,(."*"' /$0)1!".23 ;9* "3(!+ )$(;".%-

)(*(! 7 ,(;( =$2 ="'#")".7( 7%6'"A *(7F22, 

8!"#" .!28%!2& 0'(*&* 8()"'23(,7"80 ";(,=(-

3(!21 03(;!"#" =$"F(,,%, $%5.2)21 (#" 8%)(-

$2%*+!"A ;%59. @" (#" 2!2F2%)2.( ;9*2 ="-

,)%.*(!9 8!"#2( "$2#2!%*+!9( 70$,9 2 *%;"-

$%)"$!9( $%;")9 =" !28. :! ;9* =$")2.!27"8 

8()"'23(,72< 07%5%!2A . '0<( «>=%$#%*"7», !" 

=",)"&!!" $%;")%* !%' ,"5'%!2(8 03(;!27"., 

03(;!9< =",";2A, 7")"$9( ;9*2 ;9 '"<"'32.9 

'*& ,)0'(!)% 2 "'!".$(8(!!" ="'!28%*2 ";0-

3(!2( !% !".01 ,)0=(!+. 

P8 25'%!9 «4(7F22 =" )("$22 7"*(;%!2A» 

(1954 #.), «O!($#2& '(?"$8%F2A» (1955 #.), 

«@$28(!(!2( 8%)(8%)23(,72< 8%>2! !(=$(-

$9.!"#" '(A,).2& 7 $(>(!21 5%'%3 '2!%8272 

="'.26!"#" ,",)%.% 6(*(5!9< '"$"#» (1962 #.), 

«J2!%827% .%#"!".» (1964 #.), «E%=$&6(!2& 2 

'(?"$8%F22» (1964 #.), «O*(8(!)9 "=($%F2"!-

!"#" 2,32,*(!2&» (1964 #.), «M,)"A32.",)+ 

'.26(!2& $(*+,".9< C72=%6(A» (,".8(,)!" , 

4. /. J*0#%3(8 2  . 4. B"$")(!7") (1972 #.), 

«O!($#2& '(?"$8%F2A 2 =($(8(D(!2& *2!(A-

!9< ,2,)(8» (1972 #.), «:;";D(!!9( ?0!7F22 . 

5%'%3%< 8(<%!272» (,".8(,)!" , L. P. B"!%-

>(!7") (1974 #.), «H(<!23(,7%& )("$2& 25#2;%»  

(1976 #.). -,(#" -,(."*"' /$0)1!".23 "=0;*2-

7".%* 364 !%03!9( $%;")9. 

@" C)28 7!2#%8 032*2,+ 2 03%),& ,)0'(!)9, 

"!2 "7%5%*2,+ !%,)"*+!982 7!2#%82 8!"#2< 

=$(="'%.%)(*(A, !%03!9< $%;")!27". 2 2!6(-

!($".. 

- !%03!"8 !%,*('22 %7%'(827% -. /. 4%5%-

$&!% '"82!2$01D(( 8(,)" 5%!28%1) 2,,*('"-

.%!2& =($(<"'!9< $(628". '.26(!2& )%7"A 

,*"6!"A 8(<%!23(,7"A ,2,)(89, 7%7"A &.*&()-

,& 6(*(5!"'"$"6!9A ="(5'. H"*+7" C)"A =$"-

;*(8( =",.&D(!9 (#" 8"!"#$%?2& «P,,*('".%-

!2( !(0,)%!".2.>2<,& $(628". '.26(!2& ="-

(5'".» (1949 #.) 2 ;"*(( 100 !%03!9< ,)%)(A, 

!%=2,%!!9< 28 2 ,".8(,)!" , (#" 03(!27%82. 

G!%32)(*+!"( 8(,)" 5%!28%1) 2 $%;")9, ="-

,.&D(!!9( 2,,*('".%!2&8 0,)"A32.",)2 !(-

."580D(!!"#" '.26(!2& ="'.26!"#" ,",)%.% 

6(*(5!9< '"$"# 2 (#" .5%28"'(A,).2& , 6(*(5-

!"'"$"6!"A 7"*((A. E% !9!(>!(A 7"!?($(!-

F22 =" C)28 !%03!98 !%=$%.*(!2&8 ,=(F2%*+-

!" ;0'0) ,'(*%!9 '"7*%'9, 2 C)" ",.";"6'%() 

8(!& ") !(";<"'28",)2 =$2.*(3+ 7 !28 .%>( 

.!28%!2(. 

/7%'(827 4%5%$&! ="'#")".2* "7"*" 20 

'"7)"$". 2 ,.9>( 100 7%!'2'%)". !%07, 7")"-

$9( )(=($+ $07"."'&) .05%82 2 7%?('$%82, ."5-

#*%.*&1) ")'(*9 !%03!"-2,,*('".%)(*+,72< 

2!,)2)0)"., &.*&1),& .('0D282 03(!982 2 

=$(="'%.%)(*&82 $&'% 2!,)2)0)". ,)$%!9, .(-

'0D282 ,=(F2%*2,)%82 $%5*23!9< =$('=$2-

&)2A =$"89>*(!!",)2 2 )$%!,="$)%. 

L$('2 )(<, 7)" "7"!32* %,=2$%!)0$0 0 -,(-

."*"'% /$0)1!".23% 2*2 .9="*!2*2 ="' (#" 

$07"."',)."8 '"7)"$,72( '2,,($)%F22, %7%'(-

827 E. K. I"!'%$+, 3*(!-7"$$(,="!'(!)  

-. T. M>7%*"., =$"?(,,"$% N. @. I*"<2!,  

K. P. I"#"8%5, U. -. J(82!,  . 4. B"$")(!7", 
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:.  . L%.307, U. /. V(.*&7". 2 8!"#2( '$0-

#2(. 

B%?('$% ,)$"2)(*+!"A 8(<%!272 ="'#")"-

.2*% '*& JPPH%: '.0< $(7)"$". ('.).!., =$"?(,-

,"$ -. /. 4%5%$&!, =$"?(,,"$ -. /. B%;*07".); 

>(,)+ =$"$(7)"$". (7%!'2'%)9 )(<!23(,72< 

!%07 -.  .  (D($(7". 2 L. P. B"!%>(!7", '"7-

)"$% )(<!23(,72< !%07: E. K. I"!'%$+,  

N. @. I*"<2!, :.  . L%.307, L. -.  &8*2!); 

)$(< '(7%!". (=$"?(,,"$ E. K. I"!'%$+, 7%!'2-

'%)9 )(<!23(,72< !%07 /. K. K%*+3(!7" 2  

-. W. E(3%A); 17 5%.('01D2< 7%?('$%82 

(,)$"2)(*+!"A 8(<%!272, 5'%!2A 2 ,)$"2)(*+-

!9< 8%)($2%*"., .%#"!"., C*(7)$"="'.26!"#" 

,",)%.%, =0)2 2 =0)(."#" <"5&A,).%, 7"8=+1-

)($!9< 2 2!?"$8%F2"!!9< )(<!"*"#2A, *"7"-

8")2."., 8",)"., =$27*%'!"A 8%)(8%)272, )("-

$()23(,7"A 8(<%!272); 9 '"7)"$". !%07, 56 

7%!'2'%)". !%07, '"F(!)". '*& 14 7%?('$ 0!2-

.($,2)()%. 

- 1979 #"'0 J!(=$"=()$".,72A #"$7"8 7"8-

,"8"*% 03$('2* =$(821 28(!2 %7%'(827% 

-. /. 4%5%$&!%. 

@($.982 (( *%0$(%)%82 "7%5%*2,+ .9=0,7-

!272 JPPH%: 

  L($#(A I*"<2! – !9!( '.).!., =$"?(,,"$, 

'(7%! E%F2"!%*+!"#" #"$!"#" 0!2.($,2-

)()%, 5%.('01D2A 7%?('$"A )("$()23(-

,7"A, ,)$"2)(*+!"A 2 =$27*%'!"A 8(<%-

!272; 

  -27)"$ E(3%A – !9!( 7.).!., '"F(!), '(7%! 

!%>(#" 0!2.($,2)()%; 

  L($#(A B$17"., 41'82*%  %,*((.%, 

41'82*% M$,0*&7 – 7%!'2'%)9 )(<!23(-

,72< !%07, '"F(!)9 JPPH%; 

  L($#(A X('+7" – '.).!., =$"?(,,"$ P!,)2-

)0)% )(<!23(,7"A 8(<%!272 E/E M7$%2-

!9 (PH ); 

  :*+#%  %$7".% – !9!( 7.).!., 03(!9A ,(7-

$()%$+ PH ; 

  E%'(6'% E%08(!7" – !9!( 7.).!., 5%.(-

'01D%& ")'(*"8 PH ; 

  H%)+&!%  "7$2A 2 E%)%*+& H0*+32!,7%& – 

!9!( 7.).!., ,)%$>2( !%03!9( ,")$0'!272 

PH  E/E M7$%2!9. 

L 03%,)2(8 C)2<, . )0 ="$0 8"*"'9<, 03(!9< 

,"5'%.%*2,+ 8()"'272 8%)(8%)23(,7"#" 8"'(*2-

$".%!2& =($(<"'!9< $(628". '.26(!2& ="(5'"., 

.5%28"'(A,).2& ="'.26!"#" ,",)%.% , 2,70,,)-

.(!!982 ,""$06(!2&82 2 5(8*&!98 ="*")!"8, 

$(>%*2,+ 5%'%32 "; 0,)"A32.",)2 '.26(!2& 

$(*+,".9< C72=%6(A. X(50*+)%)9 2,,*('".%!2A 

2,="*+5".%*2,+ . 0!2.($,2)()%< 2 7"!,)$07)"$-

,72< ;1$", , 03()"8 2< ;9*2 '%!9 $(7"8(!'%F22 

7 )(<!23(,728 )$(;".%!2&8 !% =$"(7)2$".%!2( 

="#*"D%1D2< %==%$%)". %.)",F(=72, % $(7"8(!-

'%F22, ,.&5%!!9( , "F(!7"A !%#$06(!!",)2 ="'-

.26!"#" ,",)%.% =$2 $%5*23!9< =($(<"'!9< $(-

628%< ." .$(8& '.26(!2& ="(5'". =" =0)2 *"8%-

!"#" =$"?2*&, .">*2 . !".9( E"$89 =$"(7)2$"-

.%!2& =$"'"*+!"#" =$"?2*& =0)2 (L)$"2)(*+!9( 

!"$89 2 =$%.2*%. Y%,)+ II. E"$89 =$"(7)2$".%-

!2&. K*%.% 39 – Z(*(5!9( '"$"#2 7"*(2 1520 88. 

– LE2@-II-39-76. –  .: L)$"A25'%), 1977). 

J08%& "; 2,)"7%< 7"*",,%*+!"#" %.)"$2)()% 

,."(#" 032)(*&, (#" ,*%.( 2 >2$"7"A 25.(,)!",)2 

!( )"*+7" . ,)$%!(, !" 2 5% (( =$('(*%82, *1;.2 2 

=$2.&5%!!",)2 7 !(80 )9,&3 $%5!9< *1'(A, =$2-

<"'2>+ 7 .9."'0, 3)" "!2 7$"1),&, =$(6'( .,(#", 

. (#" 3(*".(3(,72< 7%3(,).%<, . (#" .9,"7"A 

!$%.,).(!!",)2 2 ="$&'"3!",)2, . (#" ,)$(8*(-

!22 ="8"3+ 3(*".(70 '%6( . 0,*".2&< "#$%!23(-

!2A, !%*"6(!!9< )(82 2*2 2!982 7%!"!%82. 

L(8!%'F%)2*()!&& '(&)(*+!",)+ -,(."*"'% 

/$0)1!".23% 7%7 !%3%*+!27% JPPH% . ,%89( 

)&6(*9( '*& ,)$%!9 ."(!!9( 2 =",*(."(!!9( 

#"'9 ="5."*2*% !%2;"*(( &$7" =$"&.2)+ C)2 7%3(-

,).%. 

-") '.% =$28($%. L)0'(!) /!%)"*2A @*1A7" 

– ;9.>2A ?$"!)".27 ";$%)2*,& . #"*"'!9( ="-

,*(."(!!9( #"'9 7 !%3%*+!270 JPPH% -. /. 4%-

5%$&!0 , =$",+;"A "; ")32,*(!22 (#" =" ,",)"&-

!21 5'"$".+& (")7$9)%& ?"$8% )0;($70*(5%). 

L)0'(!)% !( ")32,*2*2, % .9'(*2*2 (80 ")'(*+-

!01 7"8!%)0 . ";D(62)22, !%=$%.2*2 !% !(-

,7"*+7" 8(,&F(. '*& ;(,=*%)!"#" *(3(!2& 2 '%*2 

."58"6!",)+ 5%7"!32)+ 2!,)2)0). P (D(.  

- )( 6( #"'9 5."!&) 25 ";D(62)2& JPPH% '"8"A 

-. /. 4%5%$&!0 2 ,"";D%1), 3)" ,)0'(!)7% .")-

.") ;0'() $"6%)+. E%3%*+!27 JPPH% 5%."'2) 

('2!,).(!!9A . 2!,)2)0)( ,)%$(!+72A « ",7-

.23», 5%;2$%() C)0 ,)0'(!)70 25 ";D(62)2& 2 

.!",2) . $"'2*+!"( ")'(*(!2( ;"*+!2F9. H%7"( 

.('+ !( 5%;9.%(),&. 

@"'";!9< =$28($". 8!"#". P8(!!" ="C)"80 

)9,&32 JPPH".F(. )(< *() ,"<$%!&1) ;*%#"'%$-

!01 =%8&)+ " ,."(8 032)(*( 2 =($('%1) (( ,."28 

'()&8. 

J*& .,(< !%, -,(."*"' /$0)1!".23 ;9* 2 ",-

)%(),& =$28($"8 ,%8"").($6(!!"#" ,*06(!2& 

!%07(, ";$%5".%!21, !%$"'0. 

 
@$"?(,,"$ N. @. I*"<2! – 03(!27 %7%'(827% -. /. 4%5%-

$&!%, '.).!., *%0$(%) K",0'%$,).(!!"A =$(822 2 =$(822 28(-

!2 %7%'(827% /. E. J2!!27%, 5%,*06(!!9A $%;")!27 .9,>(A 

>7"*9, 5%.. 7%?('$"A ,)$"2)(*+!"A 8(<%!272. 

 

@",)0=2*% . $('7"**(#21 08.09.2009  

 

11



 !" 629.4.032 

 . !. "#$%&', (.).*, +,-./00-, (1-0(23, $-0045) 

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

64(738/*- 0+-9384 +,- 2483)*-9- ,385*0:(-9- ;</*-9-, =307;>/*-9- 8?5<3 *3;(4 #$@$, 73;,/3)3 A/,-

>32*-B +,/C?B #$@$, 3(38/C?(3 &D #$@$ 60/2-7-83 &,;)E*-24<3 F3=3,5*3 – 32)-,3 G393):-H .;*83C/*)3-

7:*4H +,3I: 2 -G730)? C/H3*?(4, *3<37:*4(3 AJJK;, +?=*?L/ =30*-2*4(3 M (/,?2*4( A*?+,-+/),-20:(-9- 2?8-

8?7/**5 J*0)4);); C/H3*?(4 &D #$@$. 

N=7->/*O 2-0+-C4*3*45 - 2O83EP/C05 0-2/)0(-C ;<Q*-C, =307;>/**-C 8/5)/7/ *3;(4 #@@$, 73;,/3)/ 

 -0;83,0)2/**-M +,/C44 #@@$, 3(38/C4(/ &D #@@$ 60/2-7-8/ &,;)E*-24</ F3=3,5*/ – 32)-,/ C*-94H 

.;*83C/*)37:*OH ),;8-2 2 -G730)4 C/H3*4(4, *3<37:*4(/ ANNK3, +-=>/ -0*-23)/7/ 4 ,;(-2-84)/7/ A*/+-

,-+/),-20(-9- -)8/7/*45 N*0)4);)3 C/H3*4(4 &D #@@$. 

The memories about an outstanding Soviet scientist, the Honoured Scientific Worker of Ukrainian SSR (USSR), 

the laureate of State Prize of USSR, the Academician of Academy of Sciences of USSR Vsevolod Arutyunovich 

Lazaryan – an author of many fundamental works in the field of mechanics, a chief of DIIT, later a founder and a 

leader of Dnipropetrovsk Branch of the Institute of Mechanics (Academy of Sciences of USSR) are presented. 

R ;>/ */ C-7-8 4, 2-=C->*-, *3+;)3E 2 8/-

)375H C-4H 2-0+-C4*3*4M, *- 5 =*37 6. &. F3-

=3,5*3, *32/,*-/, G-7// 40 7/). R +-C*E *3L; 

+/,2;E 20),/<; 0 *4C 2 (3G4*/)/ -8*-9- 4= ;C-

*/ML4H 7E8/M 1NNK3 +,-./00-,3 &. S. 

@C4,*-23. 6-LQ7 T*/,94<*-M +-H-8(-M )/C*--

2-7-0OM </7-2/( 2 -<(3H, 4 74I- &*3)-745 S4-

74++-24<3 «,30+7O7-0:» 2 L4,-(-M ;7OG(/. 

U*4 9-2-,474 */8-79-, 5 GO7 */2-7:*OC 024-

8/)/7/C 4H ,3=9-2-,3, 4 +- -)8/7:*OC .,3=3C 5 

+-*57, <)- T)- 7E84 -8*-9- ,3*93. & (-983 60/-

2-7-8 &,;)E*-24< ;LQ7 4= (3G4*/)3, &*3)--

74M S474++-24< C*/ 0(3=37, <)- T)-, (3( -* 

0<4)3/), 03COM =*3EP4M 2 2-+,-03H C/H3*4(4 

</7-2/( 4= 20/H (3./8, >/7/=*-8-,->*OH +/-

,4./,4M*OH 2;=-2 *3L/M 0),3*O. 

!-)-C 5 +-C*E 2,/C5, (-983 60/2-7-83 

&,;)E*-24<3 4=G,374 2 $/0+;G74(3*0(;E &(3-

8/C4E *3;(. K-983 C*/ +,4L7-0: +-=*3(-C4):-

05 0 */(-)-,OC4 /9- ;</*4(3C4. R */ 0(7-*/* 2 

T)-M C37/*:(-M 0)3):/ +/,/<4075): 20/ =307;94 

6.&. F3=3,5*3 +/,/8 *3;(-M 4 7E8:C4, *- C*/ 

(3>/)05, 5 +-<)4 ;2/,/*, <)- /9- C->*- *3=23): 

-)I-C 0/,:Q=*-M +-0)3*-2(4 *3;(4: «A4*3C4(4 

,/7:0-2OH T(4+3>/M» 2 @@@$. @3C 5 +- -G,3-

=-23*4E «C-0)-24(», *- 0;8:G/ GO7- ;9-8*- 

+,4-GP4): C/*5 ( +,/+-8323*4E (;,03 «K/-,/-

)4</0(-M C/H3*4(4». N +-T)-C;, 2 -GP/C-)-, 

07;<3M*-, (,;9 C-4H 4*)/,/0-2 +/,/0Q(05 0 2--

+,-03C4 4007/8-23*45 ,3=74<*OH 2-+,-0-2, 

2-=*4(3EP4H +,4 +,-/()4,-23*44 +-824>*-9- 

0-0)323. D;>*- 0(3=3):, <)- ;,-2/*: C*-94H 

,3G-), 2O+-7*5/COH *3 +,4(738*OH (3./8,3H, 

2 )- 2,/C5 0),3837 */8-0)3)-<*-M (-,,/()*--

0):E 4 <Q)(-0):E. 

N 2-) );), 5 ;>/ */ +-C*E 2 (3(-C 9-8;, 5 

+-=*3(-C4705 0 (*49-M 6. &. F3=3,5*3 «A4*3-

C4(3 +-824>*-9- 0-0)323». '3( </7-2/( */ )3( 

;> 837Q(4M -) )/-,/)4</0(-M C/H3*4(4, 5 GO7 

+-,3>Q* 97;G4*-M 4 -H23)-C C*-94H )/-,/)4-

</0(4H 2-+,-0-2 84*3C4(4, (-)-,O/ +,4C/*57 

60/2-7-8 &,;)E*-24< +,4 ,/L/*44 <40)- )/H-

*4</0(4H =383<.  

1->*- 0(3=3):, <)- 6. &. F3=3,5* +/,2OM ; 

*30 2 0),3*/ L4,-(- 40+-7:=-237 C/)-8O &*3-

74)4</0(-M C/H3*4(4 +,4 ,/L/*44 =383< 84*3-

C4(4 +-824>*-9- 0-0)323 875 4*>/*/,*OH =3-

83<, 4007/8-23*45 824>/*45 ,/7:0-2-9- ),3*0-

+-,)3. 

"-7// )-9-, 2/85 2 )/</*4/ 15 7/) (;,0 

«&*374)4</0(-M C/H3*4(4» *3 .3(;7:)/)/ +--

2OL/*45 (2374.4(3I44 +,/+-8323)/7/M  

1NNK3, 5 GO7 ;G/>8Q*, <)- C*-94C +,/+-83-

23)/75C (3./8, T)3 (*493 -(3=3730: */ «+- =;-

G3C». & 2-) +-0)/+/**- 0 7/9(-M ,;(4 60/2-7--

83 &,;)E*-24<3 +-<)4 20/ C-7-8O/ 30+4,3*)O 

(3./8,O +-824>*-9- 0-0)323 2 32)-,/./,3)3H 

02-4H 8400/,)3I4M +40374: «#,32*/*45 824>/-

*45, 0-0)327/**O/ 0 +-C-P:E ;,32*/*45 F3-

9,3*>3 II ,-83. 6.&. F3=3,5* </)(- 0.-,C;74-

,-237 =383<; -I/*(4 ;0)-M<42-0)4 824>/*45 

,/7:0-2-9- T(4+3>3 2 248/ 84004+3)42*-M C/-

H3*4</0(-M 040)/CO. 

& (3(4C </7-2/(-C -* GO7! D/ +,-0)- =3C/-

<3)/7:*OM ;<Q*OM, *- 4 +/839-9, -,93*4=3)-,, 

;C/EP4M 0-G,3): 2-(,;9 0/G5 )373*)742;E C--

7-8Q>: 4 0-=83): /M 20/ 2-=C->*O/ 875 )-9- 

2,/C/*4 ;07-245 875 )2-,</0(-M ,3G-)O. 60/-

2-7-8 &,;)E*-24< */ GO7 «0;H4C» )/-,/)4-

(-C, -* ;<30)2-237 2- C*-94H T(0+/,4C/*)3H, 

12



 

2(7E<35 4 *3);,*O/ 4007/8-23*45, +-C-935 

40+-7*4)/75C -,93*4=-2O23): T(0+/,4C/*) 4 

-0CO074): /9- ,/=;7:)3)O. & (3( -* ;C/7 G/-

,/>*- 4 2C/0)/ 0 )/C (2374.4I4,-23**- 2/0)4 

*3;<*O/ (-*./,/*I44, 0-2/P3*45, @-2/)O +- 

=3P4)3C 8400/,)3I4M. 6 1965 9-8; 5 4C/7 ;8--

2-7:0)24/ 8-(738O23): 2 ANNK/ +/,2OM ,3= 

,/=;7:)3)O */(-)-,OH 02-4H 4007/8-23*4M. N 5 

8- 04H +-, +-C*E, (3( 2*4C3)/7:*- -)*Q005 ( 

T)-C; 8-(738; 6. &. F3=3,5*. U</*: <Q)(- 4 

0),-9- -* ,300C3),4237 20/ 8400/,)3I44, (-)--

,O/ =3P4P3740: 2 ANNK/ +- /9- 0+/I437:*--

0)4.  -2-,E -G T)-C */ +-*307OL(/, 3 (3( -+-

+-*/*), 2O0);+3EP4M *3 /9- «@-2/)/». V9- 

=*3*45 4 40(7E<4)/7:*O/ </7-2/</0(4/ (3</-

0)23 +-=2-7474 /C; 0-=83): I/7;E L(-7; 2/0:-

C3 (2374.4I4,-23**OH 0+/I43740)-2 +- C/H3-

*4(/ +-824>*-9- 0-0)323, 0,/84 (-)-,OH 4C/-

/)05 C*-9- 8-()-,-2 4 83>/ 3(38/C4(-2. KP3-

)/7:*- -)*-050: ( ,3G-)3C 4 C*/*45C 8,;94H 

;<Q*OH, 60/2-7-8 &,;)E*-24< -</*: 3((;,3)-

*- 83237 4C -I/*(4. D3+,4C/,, =3C/)42 (3(;E-

*4G;8:  -L4G(; 474 52*;E 97;+-0): 2 *3;<*-M 

,3G-)/ (-77/94, -* C-9 2O0(3=3): +,4C/,*- )3-

(-/ 0;>8/*4/: «W)- */ C/H3*4(3! W)- 2OL/ 

C-/9- +-*4C3*45. W)- *3H-84)05 +- ); 0)-,-*; 

8-G,3 4 =73». '3E0:, *- +-07/8*// 4=,/</*4/ 5 

40+-7:=;E 4*-983 2 02-QC -GP/*44 0 (-77/93-

C4. R 0<30)742, <)- C*/ ;837-0: 2 (3(-M-)- 

+,-C/>;)-( C-/M 874**-M >4=*4 =*3):, ;<4):-

05 4 -GP3):05 0 2/74(4C ;<Q*OC, -,93*4=3)--

,-C *3;(4 4 +,/(,30*OC </7-2/(-C – 60/2-7--

8-C &,;)E*-24</C F3=3,5*-C. 

 

!-0);+473 2 ,/8(-77/94E 23.07.2009 
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 !" 629.4 

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

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

 4,.2 2.5678)'9 ('-&.4.-:;)'6.6*<(- * ')=*(*+,2',>4(- )*87?(*+,? :2.@;+.2' A.  . $'5'28(' 4 &.(,;&+,* 
+./*'7?(.-:.7*,><(>B :2./;+*4, 8&* 4*)C-7>+8 4 D')8(+?&.=- E.F5* - 1930-1970 22. 

 4,.2 2'++=',2>4';, ('-<(.-:;)'6.6><;+&-F > ')=>(>+,2',>4(-F );8,;7?(.+,? :2.@;++.2' A.  . $'5'-
28(' 4 &.(,;&+,; +./>'7?(.-:.7>,><;+&>B :2./;++.4, &.,.2G; :2.>+B.)>7> 4 E.4;,+&.= E.F5; 4  
1930-1970 66. 

The author considers scientific-pedagogical and administrative activity of Professor V. A. Lazaryan in the con-

text of social-political processes, which took place in the Soviet Union during 1930-1970. 

H>,,8 ,' )*87?(*+,? A+;4.7.)'  2-,F(.4>-

<' $'5'28(', *='8 8&.6. (.+>,? ('I ('/*.('7?-
(>J -(*4;2+>,;, 5'7*5(><(.6. ,2'(+:.2,-, ,*+(. 

:.4'85'(* 5 *+,.2><(>=> :.)*8=> KK +,.2*<<8, 5* 
+,'(.47;((8= * 2.54>,&.= .+4*,> ,' ('-&> 4 
EDED ). 80 2.&*4. 
1.=- ('-&.4' ,4.2<*+,?, J.6. 4;7><;5(>J 

.26'(*5',.2+?&>J ).+4*), 4>B.4(', :;)'6.6*<(' 
)*87?(*+,? :.,2;C-F,? :.+,*J(.6. 4>4<;((8. 
".L(>J 4>&7')'< ('I.6. -(*4;2+>,;,- ='9 
=.L7>4*+,? (' :2>&7')* L>,,8 '&');=*&' 4;+,> 

/*7;+:28=.4'(- 4>B.4(- 2.C.,- 5* +,-);(,'=>, 

'C> &.L(>J 4>:-+&(>& 5('4, <.=- ('I -(*4;2-

+>,;, (.+>,? *='8 A+;4.7.)' $'5'28('. M'6',>J 

@'&,><(>J =',;2*'7 *5 L>,,8 ,' ('-&.4.-

:;)'6.6*<(.3 )*87?(.+,* '&');=*&' A.  . $'5'28-
(' =.L; C-,> 4>&.2>+,'(>J :;)'6.6'=> 4 ('-
4<'7?(.-4>B.4(*J 2.C.,*, +7-L>,> 8+&2'4>= 

).:.4(;((8= :2> B'2'&,;2>+,>/* ,>B +&7')(>B 

,' (;.)(.5('<(>B :.7*,><(>B ,' +./*'7?(.-

;&.(.=*<(>B :2./;+*4, 8&* 4*)C-4'7>+8 4 EDED 

4 30 - 80 2.&> KK +,.2*<<8. 
# 2.&> :;2I>B :’8,>2*<.& .)(>= *5 6.7.-

4(>B /;(,2*4 *()-+,2*'7*5'/*3 #&2'3(> +,'7' 
0(*:2.:;,2.4N>('. 1.=- +'=; ,-, 4 1930 2./* 
C-7> +,4.2;((* (.4* ('4<'7?(* 5'&7')>: *(+,>,-, 
*(L;(;2*4 5'7*5(><(.6. ,2'(+:.2,-, *(L;(;2(.-

C-)*4;7?(>J, =;,'7-26*J(>J, B*=*&.-

,;B(.7.6*<(>J, +*7?+?&.6.+:.)'2+?&>J *(+,>,--

,>, :.<'7> )*8,> *(+,>,-,> 6*2(><.-

=;,'7-26*J(.6. :2.@*7F - "2>4.=- D.5* ,' 
0(*:2.)5;2L>(+?&-. ".=:7;&,'/*8 4>&7')'/?-
&>B &')2*4 4;7'+? 5' 2'B-(.& &2'N>B :;)'6.6*4 
,;B(*&-=*4, :;2;B.)- ). (.4>B 4>I*4 +:*42.C*,-
(>&*4 *5 4L; )*F<>B 6*2(><.6. *(+,>,-,- ,' *(-

+,>,-,- ('2.)(.3 .+4*,> (-(*4;2+>,;,-). O' 4>-

&7')'/?&- 2.C.,- 2;&.=;()-4'7>+? &2'N* 4>-

:-+&(>&>. E;2;) (>B C-4 * 4>:-+&(>& 6*2(><.6. 

*(+,>,-,- A+;4.7.) $'5'28(, 8&.6. - 1930 2./* 

5':2.+>7> :2'/F4',> (' &'@;)2- C-)*4;7?(.3 
=;B'(*&> 0!!1-. 

# 1930-,* 2.&> JI7. *(,;(+>4(; @.2=-4'((8 
+>+,;=> 4>N.3 .+4*,>. P2.4.)>7>+? <>+;7?(* 
2;.26'(*5'/*3, 8&* C'6',. - <.=- C-7> I&*)7>-

4>=>. 1'& <>(.4(>&> ('='6'7>+? 7*&4*)-4',> 

@'&-7?,;,> (N. C-7. 52.C7;(. 4 0!!1* 4 1931 

2./*), :2>4'85',> 4>N>J ('4<'7?(>J 5'&7') ). 

.)(.6. :*):2>9=+,4', :;2;,4.2>,> *(+,>,-, @'-
&,><(. 4 ,;B(*&-=. 0. /?.6. N; ).)'4'4+8 &7'-
+.4>J :*)B*) ). :*)C.2- 4>&7')'<*4, ). @.2=--

4'((8 &.(,>(6;(,- +,-);(,*4. # />B -=.4'B (' 
,;2;('B D')8(+?&.6. E.F5-,  - ,.=- <>+7* 4 
#&2'3(*, 5'84>7.+? C'6',. *(+,>,-,*4 :2.4*(/*J-

(.6. 5=*+,- ,' B'2'&,;2-. A.(> 6.,-4'7> &')2>, 

'7; @'&,><(. C-7> 4*)*24'(* 4*) ('-&>, 4>&7'-
)'<* (; 4;7> ('-&.4>B ).+7*)L;(?, +,-);(,> (; 
.,2>=-4'7> ).+,',(*B ,;.2;,><(>B 5('(?. 
O' 4*)=*(- 4*) />B *(+,>,-,*4 &;2*4(>/,4. 

0!!1- 4587. :2'4>7?(>J &-2+: 4 *(+,>,-,* :.4>-

((* :2'/F4',> &2'N* 4>&7')'<* ,' :2.4*)(* 4<;-
(*. ! 5 /*9F =;,.F 4 0!!1 5':2.I-4'7>+8 4<;(* 5 
);2L-(*4;2+>,;,-, 6*2(><.6. *(+,>,-,-,  :2.4*-
)(* @'B*4/* 5 D.+,.4', ">94', Q.+&4>, K'2&.4'. 
P*&7-4'7>+? * :2. :*)6.,.4&- +4.3B ('-&.4.--

:;)'6.6*<(>B &')2*4. 1'& 5 :.<',&- )*87?(.+,* 
'+:*2'(,-2' 0!!1- ('7*<-4'7' :.(') 40 <.7.4*&. 
P;2I>= '+:*2'(,.= 8&>J - 1932 2./* 5'B>+,>4 
&'()>)',+?&- 2.C.,- C-4 A.  $'5'28(. 

# :;2*.) +,'7*(+?&>B 2;:2;+*J 4 1930-,* 2.-

&> ('+'=:;2;) 4>(>N-4'7'+8 «+,'2' *(,;7*6;(-

/*8», 8&' &2>,><(. +,'4>7'+8 ). +./*'7?(>B 

;&+:;2>=;(,*4 - &2'3(*. 1.2&(-7>+8 /* 2;:2;+>-

4(* )*3 * 4>N>B I&*7 0(*:2.:;,2.4N>(>. M'6',. 

4<;(>B, :;)'6.6*4 -(*4;2+>,;,-, 6*2(><.6., 

,2'(+:.2,(.6. *(+,>,-,*4 C-7> .6.7.I;(* «4.-

2.6'=> ('2.)-» * :.&'2'(*. # />B -=.4'B *(,;-
7*6;(/*8 :.4.)>7'+8 :.-2*5(.=-. R)(* 5',4;2-

)L-4'7> +4.3 :.5>/*3 - 4>N>B ('4<'7?(>B 5'-
&7')'B '&,>4(.F 62.=')+?&.-:.7*,><(.F )*8-
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7?(*+,F, C;5.678)(. :*),2>=-F<> C-)?-8&* 2;-
:2;+>4(* )*3 &.=-(*+,><(.6. &;2*4(>/,4', *(I* 
+4.F '&,>4(*+,? 5.+;2;)L-4'7> (' ('-&.4.-

*(L;(;2(*J )*87?(.+,*, ,2;,* ('='6'7>+8 C-,> 

,*7?&> +7-B(8(>=> * «(; 7*5,> 4 :.7*,>&-». 

A+;4.7.)  2-,F(.4>< (':2'4>4 4+F +4.F 

;(;26*F (' +,4.2;((8 @'&,><(. (.4.3 ('-&> - 

=;B'(*&> 2-B.=.6. 5'7*5(><(.6. +&7')-. # 

/?.=- 4*( .,2>='4 )2-L(F :*),2>=&- 5 C.&- 

'&');=*&*4 R.Q. 0>((>&' ,' P.Q. E-:2-(;(&'. 
# 1940 2./* 31-2*<(>J )**,*4+?&>J 4<;(>J 4 $;-
(*(62')+?&.=- *(+,>,-,* *(L;(;2*4 5'7*5(><(.6. 

,2'(+:.2,- 5'B>N'9 ).&,.2+?&- )>+;2,'/*F. 

A 1939-1940 2.&'B - &.7'B 2')8(+?&.6. &;-
2*4(>/,4' ('2;I,* +@.2=-4'7'+8 )-=&', N. 

4>N' I&.7' (; 4>&.2>+,.4-9 +4*J ('-&.4>J :.-

,;(/*'7, :.4(*+,F (; 5').4.7?(89 :.,2;C> ;&.-

(.=*&> 4 2.52.C/* (.4.3 ,;B(*&> ,' ,;B(.7.6*J. 

S; .+.C7>4. 6.+,2. :.5('<>7.+8 (' 2;5-7?,','B 

C;5+7'4(.3 2')8(+?&.-@*(+?&.3 4*J(> - 1939-

1940 2.&'B.  ('7*5 :;2I>B 2.&*4 02-6.3 +4*,.-

4.3 4*J(> ,'&.L :*),4;2)L-4'4 4>+(.4.&, N. 

='JC-,(8 4*J(' - /; 4*J(' ;&.(.=*&, «4*J(' =.-

,.2*4». 

A>&.(',> /* (.4* 5'4)'((8 (; =.67> &.=-(*-
+,>-')=*(*+,2',.2>, 8&* (; 2.5-=*7> +:;/>@*&- 

&;2-4'((8 ('-&.4.F )*87?(*+,F, +'=* (; C-7> 

('-&.4/8=>, ' ,.=- (; C-7> * :.5>,>4(>= :2>-

&7').= )78 +4.3B &.7;&,>4*4. O' :.+')> &;2*4-
(>&*4 4>I*4 :.<'7> :2>5('<',> 4*).=>B 4<;-
(>B. # &4*,(* 1941 2.&- ('<'7?(>&.= 0!!1- 

:2>5('<>7> ).&,.2' ,;B(*<(>B ('-&, :2.@;+.2' 
A+;4.7.)'  2-,F(.4><' $'5'28('. P2> /?.=- 

42'B.4-4'7>+8 <-).4* .26'(*5',.2+?&* 8&.+,* 
A.  $'5'28(', 8&* :*),4;2)L-4'7>+8 J.6. 2.C.-

,.F 8& 5'4*)-4'<' &'@;)2>. A*( ,'&.L ='4 ).-

+4*) 2.C.,> 5'4*)-4'<' '+:*2'(,-2.F, ('<'7?-
(>&' ('-&.4.-).+7*)(.6. +;&,.2' *(+,>,-,-. 

# (.4.6. ('<'7?(>&' *(+,>,-,- C-7> '=C*,(* 
:7'(> +,.+.4(. :;2;,4.2;((8 0!!1- - 4;7>&>J 

('-&.4>J /;(,2.  7; />= :7'('= (; +-)>7.+8 
+,',> )*J+(*+,F: 22 <;24(8 1941 2.&- 2.5:.<'-
7'+8 A;7>&' A*,<>5(8(' 4*J('. P.<',.& 4*J(> 

C-4 )78 2')8(+?&>B 4*J+?& )-L; 4'L&>=. 0'4'-
7>+? 45('&> 4+* :2.2'B-(&> 4 :*)6.,.4/* ). 4*J-

(>: 4>(>N;((8 4>N.6. &.='()(.6. +&7')- - 

1937-1938 2.&'B, );5.2*9(,'/*8 ('2.)- :'&,.= 

Q.7.,.4' – D*C;(,2.:', :.=>7&> - 4>5('<;((* 
.+(.4(>B (':28=&*4 4.9((.3 +,2',;6*3. 
A*J+?&.4; &;2*4(>/,4. EDED :;2;)C'<'7., 

N. 4*J(' C-); =',> ,*7?&> ('+,-:'7?(>J B'2'&-
,;2, 4;+,>+8 (' <-L*J ,;2>,.2*3. A )*J+(.+,* +,'-
7.+8 4+; ('4:'&>. 1.=- 4 +;2:(* 1941 2.&-, &.-

7> (*=;/?&* 4*J+?&' +,2*=&. :*)&.,>7>+8 ). 

0(*:2.:;,2.4+?&', 4>84>7.+8, N. 5'5)'7;6*)? 

(; C-7> :2.)-='(* 5'+.C> 5'B>+,- =.+,*4 ,' 3B 

2;=.(,, (; :;2;)C'<'7>+? 5':'+(* 4'2*'(,> :;-
2;:2'4> <;2;5 0(*:2.. R+? <.=- :;2;) ('<'7?-
(>&.= *(+,>,-,- 5'7*5(><(.6. ,2'(+:.2,- 

A.  . $'5'28(.= C-7> :.+,'47;(* 5'4)'((8, 8&* 
,2;C' C-7. 4>2*I-4',> 4 '42'7?(.=- :.28)&-. 

1'& 0!!1*4/* 2'5.= *5 +:;/*'7*+,'=> *(L;(;2(.-

C-)*4;7?(.6. *(+,>,-,- +,'7> 2.52.C(>&'=> 

5':'+(.6. :.(,.((.6. =.+,-, (')'7> ).:.=.6- 

- @.2=-4'((* +:;/*'7?(.6. 2;=.(,(.6. :.35)-, 

8&>J - 2'5* (;.CB*)(.+,* 2;=.(,-4'4 )(*:2.4+?-
&* =.+,>. E,-);(,> ,' 4>&7')'<* @'&-7?,;,- 

.26'(*5'/*3 2-B- (' 5'7*5(>/* +:*4:2'/F4'7> 5 
:2'/*4(>&'=> 4*))*7;((8 5* +&7')'((8 62'@*&*4 
2-B-. 

A.9((* :.)*3 4 !+:'(*3, Q.(6.7*3, 2')8(+?&.-

@*(+?&' 4*J(' ).4;7>, N. 2')8(+?&' '2=*8 ='7' 
(;5('<(- &*7?&*+,? @'B*4/*4 5 4.9((.3 ,;B(*&> 

(,'(&*+,>, '2,>7;2>+,>, 7?.,<>&>, +':;2>, 54'85-
&*4/* ), ,' J ,* (; ='7> ).+,',(?.6. 2*4(8 :*)6.-

,.4&>. # :;2I>J :;2*.) 4*J(> .+.C7>4. 4;7>&* 
4,2',> :.(*+ &.(,>(6;(, =.7.).6. .@*/;2+?&.-

6. +&7')-. # &2'3(* :2.,86.= 1941-1943 2.&*4 
:.<'7> +,4.2F4',>+8 (.4* 4.9((* ('4<'7?(* 
-<>7>N', I&.7>, &-2+>, 8&* - +,>+7* +,2.&> :.-

4>((* C-7> :*)6.,-4',> =.7.)I>B &.='()>2*4. 
S* ('4<'7?(* 5'&7')> ,2;C' C-7. &.=:7;&,-4',> 

,*7?&> 62'=.,(.F =.7.))F. T' :2>5.4.= 

4*J+?&&.=',- 'C. ).C2.4*7?(. - 4*J+?&.4* 5'-
&7')> 4+,-:'7> 4>:-+&(>&> I&*7, -<(* ,' +,--

);(,> ,;B(*&-=*4, *(+,>,-,*4, -(*4;2+>,;,*4. 
# 0(*:2.:;,2.4+?&- (.4.+,4.2;(; '2,>7;-

2*J+?&; -<>7>N; ,'&.L C-7. 4>2*I;(. -&.=:-

7;&,-4',> +,-);(,'=>. A>N* ('4<'7?(* 5'&7')> 

=*+,' (':2'4>7> 1500 +,-);(,*4. A>=.6> ). (>B 

C-7> ,'&>=>: -+* +,-);(,> :.4>((* 4L; =',> 

5'6'7?(. *(L;(;2(* 5('((8, C-,> @*5><(. 6.,.-

4>=> ). 4*J+?&.4.3 +7-LC>. 

R+.C7>4; =*+/; 4*)4.)>7.+8 +,-);(,'= 0!!-
1*4/8=: 4+* 4.(> :2> 4+,-:* :2.B.)>7> +-4.2>J 

=;)><(>J .678) * C-7> C*7?I )>+/>:7*(.4'(*. A 

-<>7>N; =.C*7*5-4'7> +,-);(,*4 ,2;,?.6. ,' 
<;,4;2,.6. &-2+*4. #+?.6. 5 0!!1- – 700 +,-);(-

,*4. A+;4.7.)  2-,F(.4>< :2.4.)L'4 (' 4*J(- 

&.L(- 62-:- +,-);(,*4-0!!1*4/*4. A '2=*F ,'-
&.L C-7> :2>54'(* C'6',. 0!!1*4/*4, 8&* ,*7?&>-

(. .);2L'7> )>:7.= *(L;(;2*4. 
1'&>= <>(.= 5 :;2I>B )(*4 4*J(> 2')8(+?&' 

'2=*8, 33 (;4)'<*, :.2'5&>, -+:*B>, ).78 &.L(.6. 

+.7)',' +,'7' )78 )**,*4/*4 * .+.C>+,. )78 :2.-

@;+.2' $'5'28(' <'+,>(.F L>,,8, :2;)=;,.= 

:.+,*J(.3 -4'6> ,' ,-2C.,>. P.2'5&' 2')8(+?&.3 
'2=*3 4 1941 2./* - );8&.3 <'+,>(> ('+;7;((8 
4>&7>&'7' :;+>=*5=, (;4*2- - :;2;=.6-.  7; 
:2.@;+.2 A.  $'5'28( <*,&. :2.'('7*5-4'4I> 
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-+* 4(-,2*I(* J 5.4(*I(* .C'9&,>4(* ,' +-C'9&,>-

4(* .C+,'4>(> C-4 4:;4(;(>J, N. 42;I,*-2;I, 
@'I>+,+?&' O*=;<<>(' ,' 33 +',;7*,> C-)-,? 
:;2;=.L;(*. P2. /; +4*)<>4 :;2I>J -+:*B - 

C>,4* 5' Q.+&4-, +,4.2;((8 );2L'4'=> +4*,- 

'(,>6*,7;2*4+?&.3 &.'7*/*3, 2;'&/*8 ('2.)- (' 
:.7*,>&- (*=;/?&.6. .&-:'/*J(.6. 2;L>=-.  

".7> 0!!1 C-7. ;4'&-J.4'(., J.6. 4>&7')'-
<*, +,-);(,>, ('4<'7?(.-7'C.2',.2(; -+,',&--

4'((8 C-7> 2.5:.)*7;(* =*L )4.=' ,2'(+:.2,-
(>=> 4>N>=> ('4<'7?(>=> 5'&7')'=> 4 1.=+?-
&- ,' O.4.+>C*2+?&-. T2.5-=*7., N. 5' <'+ ).4-
6.,2>4'7.3 4*J(> 0!!1 4,2',>,? +4.3 ')=*(*+,2'-
,>4(*, ('4<'7?(*, ('-&.4* +,2-&,-2>. P2.@;+.2 

A.  $'5'28( 54;2,'9,?+8 ). :2>J='7?(.3 U.7.-

4> P2;5>)*3 A;2B.4(.3 D')> Q. !. "'7*(*(' 5 4>-

=.6.F :.(.4>,> )*87?(*+,? 0!!1- 8& +'=.+,*J-

(.6. *(+,>,-,- 4 O.4.+>C*2+?&-, '7; ,'= (',8&-
(-7>, N. 4*( /; :>,'((8 (; 4>2*I>,?. 1.)* A. . 

$'5'28( 54;2,'9,?+8 ). U.7.4(.&.='()-F<.6. 

V.A. E,'7*('. R+(.4(' )-=&' :2.@;+.2' C-7' 
,'&.F: 8&N. => 4*2>=. - :;2;=.6- ,. :.,2*C(. 

4L; 5'2'5 ,-2C-4',>+8 :2. ,; 4 8&.=- +,'(* *(-

+,>,-, :.4;2(;,?+8 - 0(*:2.:;,2.4+?&. 0!!1 

:.(.4>4 +4.F )*87?(*+,? 4 O.4.+>C*2+?&-. 1'-
&>= <>(.= 5 )(*:2.:;,2.4+?&>B 4>N>B ('4<'-
7?(>B 5'&7')*4 - ;4'&-'/*3 :2'/F4'7> ,*7?&> 

,2'(+:.2,(>J, 6*2(><>J ,' B*=*&.-

,;B(.7.6*<(>J *(+,>,-,>.  

A*J(' :.,2;C-4'7' (':2-L;((8 -+*B 7'(.& 
;&.(.=*&>, .+.C7>4. .C.2.((.3, =;,'7-26*J(.3, 
4-6*7?(.3, ='I>(.C-)*4(.3 :2.=>+7.4.+,*, 
,2'(+:.2,-.  

O'<'7?(>&- *(+,>,-,- A.  $'5'28(- ).4.-

)>7.+8 4>2*I-4',> C;57*< :>,'(? L>,,8 &.7;&-
,>4-: 8& ('7'6.)>,> B'2<-4'((8, ); )*+,',> 

)2.4' (' 4;+? :;2*.) ).46.3 +>C*2+?&.3 5>=>, 8& 
4*)2;=.(,-4',> 6-2,.L>,.& * ,'&; *(I;. T' ('-
&'5.= ('<'7?(>&' +,-);(,> * 4>&7')'<* 4>35)>-

7> 4 ,'J6- 5' 7*+.=, (' 4-6*7?(* I'B,> - 5' 4--

6*778=, 4 &.76.+:>, :*)+.C(; 6.+:.)'2+,4. - 5' 
:2.4*'(,.=.  7; .+(.4(>= :>,'((8= 4 L>,,* 
)**,*4+?&.6. &.7;&,>4- C-7' ).:.=.6' @2.(,-, 

C. 4*J(' C-7' )78 (>B )*J+(. A*,<>5(8(.F: C*-
7?I*+,? +,-);(,*4-)**,*4/*4 ).4.9((.6. &.(,>(-

6;(,- C-7> (' @2.(,*, - +*='3 &.L(.6. .C.4'85-
&.4. C-4 @2.(,.4>&, ). ,.6. L /8 4*J(' C-7' 5 
(*=;/?&>= @'I>5=.=, 8&>J :.+,'4>4 +.C* 5' 
=;,- 4>(>N>,> ('2.)> EDED 8& 2'+.4. (;:.4-
(./*((*.  
P2.,86.= 1942-1944 2.&*4 0!!1 (')'9 +-,,9-

4- ('-&.4.-,;B(*<(- ).:.=.6- 5'7*5(><(>&'= 

E>C*2- ,' #2'7-. A<;(* 2.52.C>7> 9)>(>J 62'-
@*& 2.C.,> ='6*+,2'7?(.6. ,' 5'4.)+?&.6., :2.-

=>+7.4.6. ,2'(+:.2,-, N. ).54.7>7. 5('<(. 

+:2.+,>,> :2./;+ @.2=-4'((8 :.35)*4. A>&7'-
)'<* C-7> :.+,*J(>=> ('-&.4>=> &.(+-7?,'(-

,'=> (' 5'7*5(>/8B E>C*2-. E,-);(,> 4 :.5'-
-2.<(>J <'+ :2'/F4'7> (' .C.2.((>B 5'4.)'B, 

5C>2'7> 42.L'J 4 2')6.+:'B ,' &.76.+:'B. O; 
)>478<>+? (' ,;, N. +,-);(,> 5'7*5(><(>B 4>-

N>B ('4<'7?(>B 5'&7')*4 (; :2>5>4'7>+8 ). 

'2=*3, +,-);(,>-)**,*4/* JI7> (' @2.(, ).C2.-

4.7?/8=>, :;2;B.)>7> (' ('4<'((8 - 4*J+?&.4* 
('4<'7?(* 5'&7')>.  

K'2'&,;2>5-F<> 4,2',> #&2'3(> - 4*J(* =.-

L(' ('4.)>,> C'6',. />@2, '7; ).+>,? 5(',>, 

N. +;2;) -+*B &2'3( W42.:> +'=; #&2'3(' :.(;-
+7' ('JC*7?I* 7F)+?&* ,' =',;2*'7?(* 4,2',>: 9 

=*7?J.(*4 5'6>C7>B, 2 =*7?J.(> 400 ,>+8< <.7.-

4*& 4>4;5;(. (' 2.C.,> 4 O*=;<<>(-. R+.C7>4. 

:.+,2'L)'4 5'7*5(><(>J ,2'(+:.2,. M-7> :*)*-
24'(* 5'7*5(><(* =.+,>, 2-B.=>J +&7') 'C. 4>-

4;);(>J *5 7')-, 'C. 4*):2'47;(>J (*=/8=> (' 
T'B*). Q'JL; &.L(' +,'(/*8 ,' 33 6.+:.)'2+,4. 

C-7> (;:2>)',(* ). ;&+:7-','/*3.  
P2.@;+.2 A.  $'5'28( -4'L(. @*&+-4'4 -+* 

4*).=.+,* 5 #&2'3(>. T' *(@.2='/*9F, 8&- 4*( 

.,2>=-4'4 <;2;5 ('2&.=', I78B*4 +:.7-<;((8, 
:2.@;+.2 5('4, N. :.,2*C(. (;6'J(. 4&7F<'-
,>+? - 2.C.,-, :.4;2,',>+? ). 0(*:2.:;,2.4+?-
&'. T('4 :2.@;+.2 * ,;, N. (; +7*) 2.52'B.4-4'-
,> (' 4;7>&- );2L'4(- ).:.=.6- 4 -=.4'B 2.5-
,2.N;(.3 ;&.(.=*&> 4 #&2'3(*.  
A.   $'5'28( (*&.7> (; )*84 5' :.I>2;(>= - 

,.J <'+ :2'4>7.= C'6',?.B &;2*4(>&*4 4>I*4: 
6.7.4(; <*,&. 4>&.(-4',> 2.5:.28)L;((8 /;(,-
2'7?(.6. ('<'7?+,4', C. 3= ('<;C,. 54;2B- &2'-
N; 4>)(. :;2+:;&,>4> 2.54>,&- 4>N.3 I&.7>. 

# 4'L&* <'+> :*+784.9((.3 4*)C-).4>, 6.7.)(>B 

1946-1947 2.&*4, C;5-=.4(., =.L(' C-7. :2'-
/F4',> ,*7?&> :.,2;C'=> .)(.6. )(8, =*+8/8, 
2.&-.  7; +'=; 4 ,* <'+> A.   $'5'28( 4>5('<'9 
&'2)>('7?(* :.5>/*3 )78   ='6*+,2'7?(.6. 2.54>-

,&- 0!!1-. O' )-=&- :2.@;+.2' (;.CB*)(. ('-
:2'4>,> )*87?(*+,? )**,*4+?&>B ('-&.4/*4 (' 4>-

2*I;((8 &2-:(>B ('-&.4.-,;B(*<(>B 5')'<. S; 
C-7. 52.C>,> )-L; 4'L&., ,.=- N. &;2*4(>&> 

5'7*5(>/?, :'2,*J(* .26'(> :2>=-I-4'7> *(+,>-

,-, 5'J=',>+8 +-,. *(L;(;2(>=> :>,'((8=>, 

8&* 4>(>&'7> - :2./;+* 4*)C-).4>. M'6',. <'+- 

5'J='7' «.C.4'85&.4' :.=*<» 4<;(>B - 4>4<;((* 
,' 2.5:.4+F)L;((* ).+4*)- 2.C.<>B-

2'/*.('7*5',.2*4. 1.=- )78 C'6',?.B <7;(*4 
A<;(.3 D')> C-4 )-L; (;+:.)*4'(>= 4>+,-: ('-
<'7?(>&' *(+,>,-,- 5 :2.=.4.F, N. 4L; <'+ 
54*7?(8,>+8 4*) (>(*I(*B 5'4)'(? 4.9((.6. <'-
+-, :.,2*C(. )-=',> (; ,*7?&> :2. 4*)C-).4-, ' 
:2'/F4',> * (') :;2+:;&,>4(>=>, 67.C'7?(>=> 

:2.C7;='=> 5'7*5(>/* 4 -=.4'B ='JC-,(*B =>2-
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(>B );+8,>2*<. 0.)'4'7.+8 * ,;, N. 4 =*(*+,;2+-
,4* I78B*4 +:.7-<;((8 EDED +&7'7'+8 L.2+,&' 
/;(,2'7*5.4'(' +>+,;=' .26'(*5'/*3 ('-&.4>B 

).+7*)L;(? - 6'7-5* 5'7*5(><(.6. ,2'(+:.2,-. 

O'JC*7?I 4'6.=* :2.C7;=> ,;B(*<(.6. :2.62;+- 

=*(*+,;2+,4. ).2-<'7., ('+'=:;2;), /;(,2'7?-
(.=- ('-&.4.-).+7*)(.=- *(+,>,-,- 5'7*5(><-

(.6. ,2'(+:.2,-. E:*4'4,.2'=> />B ('-&.4>B 

).+7*)L;(? ,' &.(+,2-&,.2+?&.-,;B(.7.6*<(>B 

2*I;(? C-7> ('-&.4/* Q.+&.4+?&.6. ,' $;(*(-

62')+?&.6. *(+,>,-,*4 *(L;(;2*4 5'7*5(><(.6. 

,2'(+:.2,-. T2.5-=*7., N. 4.(> .,2>=-4'7> 

='JL; 4+* &.I,> =*(*+,;2+,4' (' ('-&.4* 2.52.-

C&>. R,2>=',> CF)L;,(* ('-&.4* ,;=> )78 :2.-

4*(/*J(>B 5'7*5(><(>B *(+,>,-,*4 C-7. )-L; 
(;:2.+,.F +:2'4.F.  

A.   $'5'28( 4>2*I>4 .+.C>+,. .<.7>,> 

:2.2>4 ). /;(,2-. P2.,86.= );+8,> 2.&*4 4*( 

I,-2=-4'4 =*(*+,;2+?&* C'+,*.(>. A. . $'5'28( 

5=-+>4 =.+&.4+?&; &;2*4(>/,4. 4>5(',>, N. 

+'=; 4*( 9 :2.4*)(>= 4<;(>= EDED 4 6'7-5* ).-

+7*)L;(? =;B'(*&> 5'7*5(><(.6. 2-B.=.6. 

+&7')-. E4*)<;((8= /*93 :;2;=.6> +,'7. +,4.-

2;((8 - 0!!1* &2-:(.3 5'6'7?(.6'7-5;4.3 ('-&.-

4.-).+7*)(.3 7'C.2',.2*3 )>('=*&> ,' =*/(.+,* 
2-B.=.6. +&7')-.  

O'+,-:(>=, +,2',;6*<(>= (':28=&.= 2.54>-

,&- 4>N.3 I&.7> 4 :*+784.9((>J :;2*.) A.  

$'5'28( 44'L'4 :*)6.,.4&- ('-&.4>B &')2*4 
('J4>N.3 &4'7*@*&'/*3, 8&* C 5=.67> .<.7>,> 

('-&.4* /;(,2>, I&.7> 4+;+.F5(.6. 5('<;((8. 
# 0!!1* 5' *(*/*',>4.F A.  $'5'28(' 4 1945-

1946 2.&'B 5' 2;5-7?,','=> +:*4C;+*) *5 )./;(-

,'=>, (' .+(.4* '('7*5- ;@;&,>4(.+,* ,' 4'L7>-

4.+,* 3B ('-&.4>B :2'/? C-4 -&7');(>J +:>+.& 
='JC-,(*B ).&,.2*4 ('-&. S;J 2;9+,2 +&7')'4+8 
5 18-20 )./;(,*4. # 2'5* 4>&.('((8 />B 5')-=*4 
$'5'28( :;2;)C'<'4, N. 4L; 4 :'8,>);+8,* 2.&> 

4 0!!1* C-)-,? )*8,> +,'7* ('-&.4* &.7;&,>4>. 

O'L'7?, /?.6. (; +,'7.+8. T /?.6. +:>+&- 5'B>-

+,>7>+8 .)>(>/* (Q.D XN;(&., Q.  Y2*I='(, 

Q." Q*N;(&., Q.O. U.7?)I,;J(, A.Q. 14;2*-
,*().  

# 2.&> 4*J(> E,'7*( C-4 4>=-I;(>J 4(;+,> 

&.2;&,>4> ). :.7*,>&> :'2,*3 N.). *(,;7*6;(/*3. 
P;2;+,'7> :;2;+7*)-4',> «+,'2>B +:;/*4», 8&* 
5'7>I>7>+8 N; L>4>=> :*+78 ,.,'7?(.6. ,;2.-

2- ,2>)/8,>B 2.&*4, 4L; (; 4L>4'7> ,;2=*( 

«6(>7' *(,;7*6;(/*8», :2>5-:>(>7> (>N;((8 
/;2&4> ,' :;2;+7*)-4'((8 +48N;((.+7-L>,;7*4, 
56')'7> :2. .@*/;2+?&* ,2')>/*3, 4>+.&- 8&*+,? 
6*=('5><(.6. 4<>,;7?+,4'; *5 &.(/,'C.2*4 C-7' 
:.4;2(-,' <'+,>(' *(L;(;2(.-,;B(*<(.3 ,' 4*J-

+?&.4.3 *(,;7*6;(/*3.  7; .+.C7>4*+,? :2'/* *(-

,;7*6;(/*3 :.786'7' 4 ,.=-, N. 4.(' :.+,*J(. 

=>+7>,? * ).+>,? <'+,. (; ,'&, 8& 4>='6'7> /?.-

6. *);.7.6*<(* ).6=> +,'7*(+?&.6. +./*'7*5=-. 

1.=- 4 :*+784.9((* <'+> C-7. :.+,'47;(; 5'-
4)'((8 :2>4;+,> *(,;7*6;(/*F «). (.2=>». D.5-
62.= 7;(*(62')+?&.3 :'2,*J(.3 ;7*,>, '2;I,> 

&2;=7*4+?&>B 7*&'2*4, :2.4*)(>B )*8<*4 7*,;2'-
,-2> ,' =>+,;/,4', :.B*) :2.,> &.+=.:.7*,*4, 
4*J+?&.4.3 4;2B*4&>, 8&' +,'7' :.<-4',> +;C; - 

4*J(- );N. )-L; 2.5-=(>=> * +'=.+,*J(>=> - 

:2>J(8,,* 2*I;(?. A -=.4'B «B.7.)(.3 4*J(>» 5 
&2'3('=> T'B.)- +;2;) *(,;7*6;(/*3 :.<'7> *(,;-
(+>4(. I-&',> I:>6-(*4, )>4;2+'(,*4, '6;(,*4 
&':*,'7*5=-.  

1'&' ',=.+@;2' :.5('<>7'+8 * (' :*)6.,.4/* 
('-&.4>B &')2*4 4>N.3 &4'7*@*&'/*3. P.<'7'+8 
2;4*5*8 ,;= ).&,.2+?&>B )>+;2,'/*J. 1;:;2 ,;=> 

).&,.2+?&>B )>+;2,'/*J :2.B.)>7> )-L; +&7'-
)(- :2./;)-2- 5',4;2)L;((8. M'6',. 5 (>B 4>-

5('4'7>+8 «4-5?&>=>», «)-C7FF<>=>», «(;:;2-

+:;&,>4(>=>». 1'&* )>+;2,'(,> N; 44'L'7>+8 
N'+7>4/8=>. U*2&' ).78 )*+,'7'+8 ,>= )>+;2,'-
(,'=, ,;=> 8&>B C-7> 4>5('(* 4>84.= «(>5?&.-

:.&7.(+,4'» :;2;) T'B.).=, «'(,>('-&.4>=>», 

«*);.7.6*<(. I&*)7>4>=>». A*).=>J 4 ('I*J 

*+,.2*3 2.562.= 6;(;,><(.3 ('-&>, :2;)+,'4(>-

&*4 8&>B ('5>4'7> «4;J+='(*+,>=.26'(*+,>», 

&*C;2(;,>&>, ;&.(.=*<(.3 ('-&>, @*7.+.@*3, =.-

4.5('4+,4' ,' 7*,;2',-2.5('4+,4'.  
P*) +-4.2>J :'2,*J(>J &.(,2.7? C-7> 458,* 

(; ,*7?&> ,;=> )>+;2,'/*J, '7; * 3B '4,.2>. 078 
,.6., N.C +,',> ).&,.2'(,.= 4 0!!1* :.,2*C(. 

C-7. 2*I;((8 <>(.4(>&*4 =*(*+,;2+,4' I78B*4 
+:.7-<;(? EDED. #+* /* .C+,'4>(> 5'4')>7> A. 

 . $'5'28(- 52.C>,> 4 :'8,>);+8,* 2.&> :2.2>4 
0!!1- 4 +,4.2;(* &2-:(>B ('-&.4>B I&*7, 8&* C 

.C'9)(-4'7> ('-&.4- ,4.2<- )*87?(*+,? ).&,.2*4 
,' &'()>)',*4 ('-& .)(*93 'C. L );&*7?&' &'-
@;)2.  

P2.@;+.2 A.  . $'5'28( 5'4L)> +,'4>4 .+.-

C>+,. :;2;) +.C.F ,'&; 5'4)'((8 - (*&.7> (; 
4*)+,'4',> 4 ('-/*, 5'4L)> I-&',> (.4* =;,.)> 

).+7*)L;(?, 5(',> +4*,.4* ).+86(;((8 4 +-=*L-

(>B ('-&'B *, 6.7.4(;, 4>&.2>+,.4-4',> 3B - 

+4.3J 2.C.,*. A*( +-4.2. 4>='6'4, N.C ('-&.4/* 
0!!1- C-7> .C*5('(* 5 Z2-(,.4(>=> =.(.62'@*-
8=> - +4.3J +@;2* ).+7*)L;(?. S; )'4'7. =.L-

7>4*+,? ('-&.4>= &.7;&,>4'= .,2>=-4',> *(-

@.2='/*F :2. +,'( ).+7*)L;(? 5 ,*93 <> *(I.3 
('-&.4.-,;B(*<(.3 :2.C7;=>. [+&2'4>= :2>-

&7').= :2>,'='((.6. A.  . $'5'28(- :.<-,,8 
(.4.6. +,'7. 4>&.2>+,'((8 4 ('-&.4*J 2.C.,* 
.C<>+7F4'7?(.3 ,;B(*&>. 0!!1 - /?.=- C-4 :*.-

(;2.= +;2;) ,;B(*<(>B 4>N>B ('4<'7?(>B 5'-
&7')*4 #&2'3(>. M*7?I; ,.6., :2.@;+.2 *(*/*F-

4'4 +,4.2;((8 (.4.6. @'&-7?,;,-, 8&>J :.<'4 
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6.,-4',> @'B*4/*4 5 .C<>+7F4'7?(.3 ,;B(*&>. 

E&*7?&> 2.&*4 ).&.287> J.=-, N. :*)6.,.4&' 
,'&>B @'B*4/*4 – /; +:2'4' &7'+><(>B -(*4;2+>-

,;,*4! A. . $'5'28( C-4 :2.,> I'C7.(- 4 ('--

&.4*J )*87?(.+,*, N>2. :*),2>=-4'4 (.4',.2+?&* 
(':28=&> ,4.2<>B :.I-&*4 4 ('-/* * ,;B(*/*. S; 
+,.+-4'7.+8 * =;B'(*&> 2-B.=.6. +&7')-, =;B'-
(*&> Z2-(,*4, +,4.2;((8 ('-&.4>B .+(.4 C-)*4-
(>/,4' ,' 2.54>,&- 5'7*5(>/?, ).+7*)L;(? 4 6'-
7-5* B*=*3 ,.N..  

1'&>= <>(.=, A. . $'5'28( 4>5('<>4 4 
:’8,>);+8,* 2.&> .+(.4(* I78B> +,2',;6*<(.6. 

2.54>,&- 0!!1-. Q.L(' +&'5',>, N. ('-&.4.-

:;)'6.6*<(>J &.7;&,>4 ('I.6. -(*4;2+>,;,- 

5)*J+(F9 (' :2'&,>/* ,;, N. C-7. 5'5)'7;6*)? 
:;2;)C'<;(. =-)2>= A.  . $'5'28(.=.  

";2-F<> *(+,>,-,.=, .+.C7>4. 4 2.&> 4*J(> 

,' :.4.9((.6. :;2*.)-, :2.@;+.2 A.  . $'5'28( 

('C-4 4;7><;5(>J ).+4*) &;2*4(>&', ')=*(*+,2'-
,.2'. M-)*4(>/,4. (.4.6. ('4<'7?(.6. &.2:-+-, 

('7'6.)L;((8 :.C-,- +,-);(,*4 ,' :2.@;+.2+?-
&.6.-4>&7')'/?&.6. +&7')-, @*('(+.4* :2.C7;-
=>, ,2-)(.N* 4 &.=:7;&,-4'((* I,',*4, :.+,*J-

(' C.2.,?C' 5 ')=*(*+,2',>4(>= ,>+&.= 5 C.&- 

=*+/;4>B ,' /;(,2'7?(>B .26'(*4 47')> - 4+; /; 
A.  . $'5'28( 4>2*I-4'4 - +4.9=- :2>,'='((.-

=- J.=- +,>7*. A*( )*84 ;(;26*J(., ('+,-:'7?(., 

)'F<> -+*= 52.5-=*,>, N. J.6. 2*I;((8 :.4>-

((. C-,> .C.4'85&.4. :*),2>='(., ,.=- N. 4.(. 

:2.)-='(; * (>=, :2.@;+.2.=, 2;,;7?(. .CZ2--

(,.4'(; :. &.L(*J :.5>/*3.  
M;5-=.4(., ')=*(*+,2',>4(' 2.C.,' 5'4'L'7' 

A.  . $'5'28(- J.6. ('-&.4.-:;)'6.6*<(*J )*8-
7?(.+,*. 0.4.)>7.+? :2>+&.2F4',> ,;=: +4.6. 

L>,,8, :2'/F4',> :.5' =;L'=> 2.C.<.6. )(8. 
1.=- 4*)&7')'7.+? 5)*J+(;((8 C'6',?.B 5')-=*4 
- ('-/*,  (':>+'((8 =.(.62'@*J. 078 ,.6., N.C 

5':2'/F4'7' ('-&.4' I&.7' =;B'(*&*4 5'7*5(>-

<(.6. ,2'(+:.2,- :.,2*C(. C-7. C*7?I; -4'6> 

:2>)*78,> +4.3= -<(8=, &.7;6'=.  

D'5.= *5 ,>=, A.  . $'5'28( 2.5-=*4, N. 5'-
7>I>,> &;2*4(>/,4. *(+,>,-,.= 4*( (;='9 :2'-
4'. O; C-7. 4 0!!1* *(I.6. @'B*4/8, 8&>J C> 4 
-=.4'B L.2+,&.6. /;(,2'7*5.4'(.6. ')=*(*+,-

2',>4(.6. ,' :'2,*J(.6. &;2*4(>/,4' =*6 2*I--

<;, +=*7>4. ).7',> -+* :;2;I&.)>.  

1*7?&> :*+78 KK 5'35)- "PDE 4 -=.4'B «4*)-

7>6>» - 62.=')+?&.-:.7*,><(.=- L>,,* A.  . 

$'5'28( 4>2*I>4, N. ('+,'4 <'+ :;2;)',> 

-:2'47*((8 0!!1.= 4 *(I* 2-&> - :2.@;+.2- Q. 

D. XN;(&-. K.<' ). &*(/8 +4.6. L>,,8 '&');-
=*& C-); :2'/F4',> 4 0!!1* :2.@;+.2.= &'@;)-

2> «M-)*4;7?(' =;B'(*&'». A<;(>J *5 F('/?&>= 

5'B4',.= :.2>(-4 - ('-&-. O' :.4(- +>7- 5'-
:2'/F4'7' ('-&.4.-).+7*)(' 7'C.2',.2*8. # 

+:;/*'7?(.=- 4'6.(*-7'C.2',.2*3 ('-&.4/* &'-
@;)2> C-4'7> (' 2*5(>B ).2.6'B, :2.4.)>7> 

+:.+,;2;L;((8, '('7*5-4'7>, +,'4>7> ;&+:;2>-

=;(,>, 5'7-<'7> ). 2.C.,> .C<>+7F4'7?(- ,;B-

(*&-.  

P2.@;+.2' .C2'7> <7;(.=-&.2;+:.();(,.= 

 &');=*3 ('-& #&2'3(>, ' (;4).45* 4*( +,'4 '&'-
);=*&.=, '7; «+:.&*J(.6. L>,,8» - A. . $'5'-
28(' ,'& * (; C-7.. # 0(*:2.:;,2.4+?&-, N. @.-

2=-4'4+8 8& .)>( *5 /;(,2*4 2'&;,(.3 :2.=>+7.-

4.+,* EDED, +,4.2F4'4+8 '&');=*<(>J *(+,>,-, 
=;B'(*&>, 8&>J .<.7>4 '&');=*& A. . $'5'28(. 

P.,2*C(. C-7. 5C-)-4',> &.2:-+>, 7'C.2',.2*3, 
4>:2.C-4'7?(* +,;()>, :*)*C2',> &4'7*@*&.4'(* 
&')2>, 4>5('<>,> ('JC*7?I '&,-'7?(* * :;2+:;&-
,>4(* ('-&.4* :2.C7;=>. M'6',. -<(*4, 4>:-+&-
(>&*4 0!!1- :2>JI7> :2'/F4',> 4 /;J *(+,>,-, 
 &');=*3 ('-&. E.7*)(' ,;.2;,><(' :*)6.,.4&' 
).54.787' 3= 5'J(8,> :2.4*)(; =*+/; 4 )*87?(.-

+,* &.7;&,>4- *(+,>,-,-. 1'& &.+=*<(' +,.2*(&' 
4 *+,.2*3 ('I.3 &2'3(> +,'7' .)(*9F *5 +,.2*(.& 
L>,,8 '&');=*&' A. . $'5'28('.  
1'&>= <>(.=, (' ('I :.678), A.  . $'5'28( 

4 -+* :;2*.)> +4.93 ('-&.4.-:;)'6.6*<(.3 ,' ')-

=*(*+,2',>4(.3 )*87?(.+,* 5'4L)> I-&'4 +4.3 
I78B> &'2)>('7?(.6. 4>2*I;((8 :2.C7;= 4>-

N.3 I&.7> ,' ('-&>. S* 2*I;((8 C-7> (>= 67>-

C.&. .+=>+7;(* J .2>6*('7?(*, ')L; 4<;(>J 

5'4L)> C-4 (;:.4,.2(.F, (;.2)>('2(.F, L>,-
,92')*+(.F 7F)>(.F. 

 

O')*JI7' ). 2;)&.7;6*3 25.06.2009 
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 !" 629.423.33:621.336.2 

 . !. "#"’$%, &.'.(., )*+,(', -./0/1.&2 30405 67789 (:&;2<(2); 
#. $. %:-7=>?%!, -./0/1.&2 30405 67789 (:&;2<(2) 

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

2+(3-.+$4 $% 2-#"5%!' 6/- &+2-#7&%1'( 

353"/-+- .+&+8+ 6"5%! 

@*AB45(9'* C;*+,1 /A2DE(*B* C,;,E0F,((5 0 &*('2&'9/2((5 C*/,;G*(. 1';9E*A’DE(HG ,4,E,('0/ C2('*-
B;232 '2 &*('2&'(*< E,;,I0 A 9;2G9/2((5E *1*J4H/*1',K /C4H/9, C2;2E,';0/ L/H)&*1'0 '2 C;H1&*;,((5, /H-
A(2M,((5 5&HG )*A/*4H'. E2',E2'HM(* C;*B(*A9/2'H 1'9C0(. A(*L9/2((5 &*('2&'9NMHG ,4,E,('0/. 

@211E*';,( C;*+,11 /A2HE(*B* C,;,E,F,(H5 H &*('2&'H;*/2(H5 C*/,;G(*1',K '*&*1OPE(QG R4,E,('*/ 
C2('*B;232 H &*('2&'(*K 1,'H 1 9MP'*E *1*J,((*1',K /4H5(H5 C2;2E,';*/ 1&*;*1'H H 91&*;,(H5, *C;,),4,-
(H, &*'*;QG C*A/*4H' E2',E2'HM,1&H C;*B(*AH;*/2'. 1',C,(. HA(*12 &*('2&'H;9NFHG R4,E,('*/. 

The process of mutual moving and contacting of surfaces of current collecting pantograph elements and contact 

network is considered taking into account the particularities of inf1uence of speed and acceleration parameters, de-

termination of which will allow to forecast mathematically the wear-out degree of contacting elements. 

 ,G2(0AE /A2DE(*B* &*('2&'9/2((5 C*/,;-
G*(. 1';9E*A’DE(HG ,4,E,('0/ '2 1';9E*(,19-
M*B* );*'9 D )*/*40 1&42)(HE A2 G2;2&',;*E 0 
*1*J4H/01'N 1/*D< /A2DE*)0<, *1&04.&H 9 C;*+,10 
C,;,E0F,((5 J,AC*1,;,)(5 '*M&2 &*('2&'9 
A)0K1(ND (, M0'&* /HA(2M,(HK C;5E*40(0K(HK 

;9G, 2 C,;,E0F9D'.15 A2 1&42)(*N ';2D&'*;0DN. 

S C,;L9 M,;B9, +, C*/’5A2(* A (,*JG0)(01'N 

/H&*;H1'2((5 )45 &*('2&'9 (, /9A.&*< 1E9BH 
C*/,;G(0 /1'2(*/4,(HG 0 A2&;0C4,(HG 9 C2('*-
B;230 1';9E*A’DE(HG ,4,E,('0/, 2 A2)05((5 5&*-
E*B2 LH;L*< A*(H &*('2&'9/2((5, F* A2J,AC,-
M9D ';H/24, ,3,&'H/(, /H&*;H1'2((5 +HG 
1&42- )*/HG ),'24,K )2(*B* E,G2(0AE9. 
6*140)I,((5 )H(2E0&H C,;,E0F,((5 &*('2&-

'9NMHG C*/,;G*(. )*A/*4H'. / &*EC4,&10 /0)*-
J;2AH'H /1N &2;'H(9 0 *1*J4H/*1'0 EH''D/HG 
AE0F,(. '2 <G ';2D&'*;0K )45 *&;,EHG ,4,E,('0/ 
+HG )/*G C*/,;G*(.. #)I, /0)*E*, F* )45 &*I-

(*B* EH''D/*B* 1'2(9 ;9G9 C4*FH(H 01(9N'. 
*1*J4H/0 &;H/0 0 '*M&H, 5&0 /0)C*/0)2N'. 1C,+02-
4.(HE /421'H/*1'5E L/H)&*1'0 '2 C;H1&*;,((5, 
/1'2(*/4,((5 5&HG )*A/*45'HE, M0'&* 95/H'H 

1*J0 C;*+,1 /A2DE(*B* ',;'5 0, /0)C*/0)(*, C;*-
B(*A9/2'H ;0/,(. A(*L9/2((5 E2',;0249 &*('2&-
'9NMHG ,4,E,('0/. 
8HC*/HE C;H&42)*E /HA(2M,((5 ';2D&'*;0K 

/A2DE(*B* C,;,E0F,((5 D E,'*) ;*A;2G9(&9 A2 
)*C*E*B*N &;9B0/ ";,112 – 'HC*/HG &;H/HG 
);9B*B* C*;5)&9, G*M2 / )2(*E9 /HC2)&9 /*(H D 
C*J0M(HE ;,A94.'2'*E A2B24.(HG /H1(*/&0/, 
*';HE2(HG )45 &;H/HG  -B* C*;5)&9. %;0E +.*-
B*, AB0)(* /&2A2(*< E,'*)H&H E*I(2 /HA(2MH'H 

C*4*I,((5 *1*J4H/HG '*M*& C,;,'H(9 )/*G /0)-

C*/0)(HG &04, ), /&2A2(0 '*M&H C;HKE2N'.15 )45 
'*B*, F*J A2)*/*4.(H'H /1'2(*/4,(0 9E*/H C;H 

1H(',A0 E,G2(0AE9 &*('2&'9/2((5. 
 H''D/, C*4*I,((5 '042 9 C;*+,10 ;9G9 /H-

A(2M2D'.15 /0)(*1(* (,;9G*E*< 1H1',EH /0)40&9 
';.*E2 &**;)H(2'2EH a, b, c (;H1. 1), ), A E0;&9-
/2(. (21'9C(HG ',*;,'HM(HG /H&42)*& C;HKE2-
DE*, F* C*/,;G(5 1';9E*A’DE(HG ,4,E,('0/ D 
(,;9G*E*N, 2 1';9E*(,19MHK C;*/0)(H& C,;,-
E0F9D'.15. 8*)0 *1(*/(, '*M&*/, C,;,'/*;,((5 
)45 C;HK(5'*< 1H1',EH &**;)H(2' E2'HE, /H-

B45): 
;

.

X x Cosc y Sinc a

Y x Sinc y Cosc b

 ! " ! #$
%

 ! # ! #&
(1) 

: C*)24.L*E9 ',*;,'HM(*E9 )*140)I,((0 
)2(*B* C;*+,19 J9),E* /H&*;H1'*/9/2'H '2&0 
C*A(2M,((5: 

k

k k

d X
X

dt
 ; 

k

k k

d Y
Y

dt
 ; 

k

k k

d a
a

dt
 ; 

k

k k

d b
b

dt
 ; 

k

k k

d c
c

dt
 . (2) 

8HEM21*/HE '*M&*/HE C,;,'/*;,((5E )45 
(2/,),(HG &**;)H(2'(HG 1H1',E J9),: 

;

,

k k k k

k k k k

X l x d y a

Y d x l y b

 # # '
(

 " " # )
(3) 

), lk = dk = f (c1; c2; c3; …, ck).

S0)*E*, F* C;HK(5''5 2J1*4N'(HG 'HEM21*-
/HG 1C0//0)(*L,(. )45 &**;)H(2': 

(ak, bk, ck),        (k = 1, 2, 3, …, n), (4) 

D (,*JG0)(HE 0 )*1'2'(0E, F*J A230&19/2'H )H-

(2E0M(HK 1'2(  -B* C*;5)&9 ;9G*E*< C4*FH(H 9 
)2(*E9 EH''D/*E9 C*4*I,((0. $& J9), (2/,),-
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(* )240, /HJ0; &**;)H(2'(HG 1H1',E (x, y) C;H 

+.*E9 D )*/04.(HE. T, 1C;2/,)4H/* '*)0 0 4HL, 
'*)0, &*4H C2;2E,';H C,;,E0F,((5 (4) C,;,'/*-

;,(0 9 /0)C*/0)(*1'0 0A AE0(*N &**;)H(2'. $&F* 
C2;2E,';H ;9G9 A2)2(0, '* AE0(N/2'H1. E*I9'. 
4HL, ! 0 b J,A /0)C*/0)(*< AE0(H 1H1',EH (3). 

 

@H1. 1. UG,E2 &*('2&'9NMHG ,4,E,('0/ (!) '2 1H1',EH &**;)H(2' ("): 
1– (,;9G*E, '04*; 2 – ;9G*E, '04* 

V;HC91&2D'.15, F* 1H1',E2 C2;2E,';0/ ;9G9 
(4) A2)2(2 )45 1C0/C2)2NMHG 1H1',E &**;)H(2' 
(!=b=c=0). 82&, C;HC9F,((5 C;HK(5'* AB0)(* 
;,A94.'2'0/ 1C*1',;,I,(. '2 /H1(*/&9, F* )H-

(2E0M(HK 1'2( ;9G9 /0)C*/0)2D C,;,E0F,((N  

3-B* C*;5)&9, /0)*J;2I,(*B* (2/,),(HE ;0/-
(5((5E (4), / 5&*E9   = 3, 2J* 9 /HB45)0: 

a b c

a b c

a b c

* +
, -
, -
, -
. /

   

      

         

, (5) 

), '*M&2EH C*A(2M,(* )H3,;,(+0N/2((5 C* M2-
19. 
WB0)(* A '/,;)I,((5E C;* ;0/(01'. 1C0/C2-

)2NMHG 1H1',E &**;)H(2' (!=b=c=0) ;0/(5((5 
(4) C;HKE2N'. /HB45): 

l1 = 0, d1 = - c1, 

l2 = - 2
1# ,  d2 = - c2, 

l3 = - 3 1 2# #! , 3
3 1 3d c c " , (6) 

l4 = -4 2 4
1 3 2 13c c c c! " # , 

d4 = 2 2
1 2 46c c c! " . 

29:;<=. 6240 E*I(2 /1'2(*/H'H &;H',;0< 
)45 C*4N12 $k k-B* C*;5)&9 [2], '*J'* '*M&H, 

)45 5&*< /,&'*; C,;,E0F,((5 k-B* C*;5)&9 J9), 
2 2

k k kD X Y # = 0. 

SHE2B2NMH, F*J Xk = Yk = 0, *';HE9DE* (2-
1'9C(0 9E*/H: 

0;

0

k k k

k k k

l x d y a

d x l y b

# #  '
(

" # #  )
, (7) 

A 5&HG A(2G*)HE* ;0L,((5 )45 &**;)H(2' 
( ,kx ky ) C*4N12 $k : 

2 2

2 2

;k k k k
k

k k

k k k k
k

k k

b d a l
x

l d

l b a d
y

l d

" '
 0# 0

(
# 0 "

0# )

. (8) 

V*4N1H L/H)&*1'0, C;H1&*;,((5 '2 C*G0)(*< 
C;H1&*;,((5 /HA(2M2N'.15 /0)C*/0)(HEH &**;-
)H(2'2EH: 

1 0x  ;   1 0y  ; 

2 21

a gb
x

g

"
 

#

    
;   2 21

b ga
y

g

#
 

#

    
; 

3 2 2

3 ( 3 ) (1 ) ( 3 )

(1 ) 9

g a ag p b bg
x

p g

! # # " ! #
 

" #

        
, 

3 2 2

3 ( 3 ) ( 1) ( 3 )

(1 ) 9

g b bg p a ag
y

p g

! # # " ! #
 

" #

        
, 

), 
2

c
g

c
 

  

 
 '2 

3

c
p

c
 

  

 
. 

 H''D/HK +,('; $1 / C*4N10 L/H)&*1'0 ;9-
G*E*< C4*FH(H (;H1. 3) /HA(2M2D'.15 ;0/(5((5-
EH (8), A 5&HG A(2G*)HE*: 

1

1

;
a db

x b
c dc

a da
y a

c dc

'1 "  "  " " 00
(
01   
0)

 

 

 

 

, 

), L';HG*E C*A(2M,(* )H3,;,(+0N/2((5 C* 
(,A24,I(*E9 C2;2E,';9 #. 

?,G2K &**;)H(2'H (a, b) /HA(2M2N'. C*4*-
I,((5 EH''D/*B* +,(';9 $1 / (,;9G*E0K C4*-
FH(0. 8*)0 G2;2&',;H1'H&H C,;,E0F,((5 EH''D-
/*B* +,(';9 J9)9'. /HA(2M2'H15 C*G0)(HEH C* 
M21*/0 /0) (a, b). V0)1'2/45NMH *1'2((0 ;0/(5((5 
9 1C0//0)(*L,((5 (3) 0 C;HC91&2NMH, F* (X, Y) 

2  (a, b), A(2G*)HE* 1&42)*/0 /H;2A9 (5): 

0a   ;   0b   ; 
2a b c a c a1 1 ! " ! #       ;   2b a c b c b1 1 ! " ! #       ; 
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3( ) 3a a c c b c c a1 ! " # ! ! #              ;  
3( ) 3b b c c a c c b1 1 ! " " ! ! #             . 

UH1',E9 C2;2E,';0/ ;9G9 )45 1C0/C2)2NMHG 
&**;)H(2'(HG 1H1',E 0A 1C04.(HE C*M2'&*E 9 
EH''D/*E9 +,(';0 E*I(2 C;,)1'2/H'H 9 /HB45)0: 

0 0 #

a b c

a b c

* +
, -
, -
, -. /

 

      

         

. (10) 

U'2( ;9G9 EH''D/*B* +,(';9 9 )2(HK E*E,(' 
M219 E*I(2 /HA(2MH'H, C,;,'/*;H/LH ;0/(5((5 
(9) 0 /H;2G9/2/LH /0)C*/0)(0 C*G0)(0 C* M219. 
V0145 +.*B* – *';HE9DE* (21'9C(,: 

0a a c1 !    ; 0b b c1 !    ; 
2a a c a c11 1 ! # !     ; 2b b c b c11 1 ! # !     ; 
3 3a a c a c c a c111 11 1 ! # ! ! # !          ; 
3 3b b c b c c b c111 11 1 ! # ! ! # !          . 

!1&04.&H )45 C4*FH(H 0c 3 , '* *1'2((0 (2-
/,),(0 ;0/(5((5 /HE2B2N'., F*J 0a b1 1  . @,-
L'2 /0)E0((HG /0) (945 M4,(0/ )2(HG ;0/(5(. 
C;HKE2'HE9'. '2&HK /HB45): 

2a a c11 !   ;  2b b c11 !   ; 
3 3a a c a c c111 11 ! # ! !       ; 3 3b b c b c c111 11 ! # ! !       . 

@0/(5((5 A (3) D ;0/(5((5EH C,;,E0F,((5 
'*M&H / 1H1',E0 &**;)H(2' A C*M2'&*E / C*4*-
I,((0 (a, b). 

"9:> ?9:;<@A. 6*140)I9DE* C;H;*)9 /,&-
'*;2 Dk )45 '*M*& % (2 &*40 ;2)0919 r (2/&*4* k-

B* C*4N12 Pk (;H1. 2). 

 

@H1. 2. UG,E2 &*42 C*4N12 

%**;)H(2'H '*M&H # (2 )2(*E9 &*40 1'2(*-
/H'HE9'.: 

 
;k

k

x x r Cos

y y r Sin

 # ! 4 '
(

 # ! 4 )
,  (11) 

2 A(2M,((5 Xk '2 Yk C;HKE2N'. /HB45) 
( ) ( ) ;

( ) ( )

k k k k k k

k k k k k k

X l x r Cos d y r Sin a

Y d x r Cos l y r Sin b

 ! # ! 4 # ! # ! 4 # '
(

 " ! # ! 4 # ! # ! 4 # )
(

12) 

V0)1'2/45DE* A24,I(*1'0 0A /H;2A0/ (8) )45 

kx  '2 ky  0 A(2G*)HE*: 

( );

( ).

k k k

k k k

X r l Cos d Sin

Y r l Sin d Cos

 ! ! 4 # ! 4 '
(

 ! ! 4 " ! 4 )
 (13) 

W/0)1H, /,4HMH(2 /,&'*;2 Dk J9), ;0/(*N 

2 2 2 2
k k k k kD X Y r l d #  ! #  const,  (14) 

2 (2C;5E K*B* /HA(2M2D'.15 &9'*E 

k k k
k

k k k

Y l Sin d Cos
tg

X l Cos d Sin

! 4 " ! 4
5   

! 4 # ! 4
.   (15) 

S2I4H/, A(2M,((5 E2D &9' 6  E0I /,&'*;2EH 
Dk '2 Pk% = r ()H/. ;H1. 2), '2(B,(1 5&*B* 1'2(*-
/H'.: 

( )
1

k
k

k

tg tg
tg tg

tg tg

5 " 4
6  5 " 4  

# 5 ! 4
, (16) 

2J* 
( ) ( )

( ) ( )

k k k k

k k k k

Cos l Sin d Cos Sin l Cos d Sin
tg

Cos l Cos d Sin Sin l Sin d Cos

4! 4" 4 " 4! 4# 4
6  

4! 4# 4 # 4! 4" 4
(162) 

WB0)(* A *),;I2(HE, C;HG*)HE* )* C;*1'*B* 
;,A94.'2'9: 

( )k

k

d
tg f

l
6  " 3 4 ,  (16J) 

5&HK C*&2A9D, F* /,&'*; Dk 9'/*;ND A ;2)024.-
(HE /,&'*;*E Pk% = r C*1'0K(HK &9' 6 . 

SH;2A )45 C*4N1(*B* &*42 L/H)&*1'0 E2'H-

E, (21'9C(HK /HB45): 
2 2

vV c x y c r ! #  !  , (17) 

), rv – ;2)091 &*42 A +,(';*E (2 C*M2'&9 &**;-
)H(2', 2J* (F* D 'HE I, 12EHE) / C*4N10 L/H)-
&*1'0 $1 ((2 ;H1. 3 +, &*4* C*A(2M,(, J9&/*N 

V). V*4N1(, &*4* C;H1&*;,((5 *CH19D'.15 ;0/-
(5((5E: 

2 2 2

2
2 2

4

( ) (1 ) 2 ( )

2 ( ) 0,

x y g x a b g

A
y a g b a b

c

11 11# ! # " ! " "

11 11" ! # # # "  
 

                 (18) 

), 2 2A X Y #     – C;HK(5', &*4*, (2 &*('9;0 
5&*B* 1G*)5'.15 C;H1&*;,((5, '2& A/2(, «&*4* 
1G*)(HG C;H1&*;,(.», 5&, (2 ;H1. 4 C*A(2M,(, 
40',;*N  , 0 ;2)091 5&*B* rA ;*A;2G*/9D'.15 A2 

3*;E94*N 
4 2

A

A
r

c c
 

#   

, 2 +,('; E2D &**;)H-

(2'H  
2 2

;
1 1

a b g a g b

g g

7 811 11 11 11" #
9 :

# #; <
, 5&0 1C0/C2)2N'. A 

&**;)H(2'2EH C*4N12 C;H1&*;,(. $2. 
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@H1.3. UG,E2 &*42 A /,&'*;2EH, F* G2;2&',;HA9N'. 
;9G 

 

@H1.4. %;H/0 C;H1&*;,(., 5&0 1G*)5'.15 

6240 ;*AB45)2DE* *&;,E0 /HC2)&H &*('2&'(*< 
/A2DE*)0< C*/,;G*(., G2;2&',;(0 )45 )2(*B* E,-
G2(0AE9 0 )H(2E0&H K*B* C,;,E0F,(.. 
+BCDE@ F>C>BGDCH@ A=?>IB=. %9' & 6  E0I 

/,&'*;2EH Dm '2 Dn, ), k = m, n /HA(2M2D'.15 
AB0)(* (2/,),(HG ;0/(5(. (15) '2 (16): 

m n m n
mn

m n m n

X Y Y X
tg

X X Y Y

"
6  

#
. (19) 

S *1'2((0K /H;2A C0)1'2/45DE* ;0/(5((5 (3) 0 
*),;I9DE* (21'9C(, ;*AB*;(9', ;0/(5((5 (192): 

2 2

2 2

( ) ( ) ( ) ...

( ) ( ) ( ) ...

n m m n n m n m m n m n
mn

n m n m m n n m m n n m

x y l d l d x a d b l a d b l
tg

x y l l d d x a l a l b d b d

# ! " # ! # " " #
6  

# ! # # ! # " " #
 

( ) ( )

( ) ( )

m n n m m n m n m n n m

m n n m m n n m n m n m

y a l b d b d l a a b a b

y a d a d b l b l a a b b

! # " " # "

! # # # # #
.       (192) 

-,B&* C*E0'H'H, F* C;H 1'24*E9 A(2M,((0 

& 6  *),;I2(, ;0/(5((5 J9), ;0/(5((5E &*42. 

!'I,, B,*E,';HM(HE E01+,E '*M*& ;9G*E*< C4*-
FH(H, )45 5&HG &9' & 6  E0I /,&'*;2EH Dm '2 

Dn E2D 1'24, A(2M,((5, J9), &*4*. %;0E '*B*, 
A29/2I9DE*, F* C*4N1H $& ('& = Y& = 0) '2 $  

('  = Yn = 0) A2)*/*4.(5N'. )2(0 &*42. 
%9'H =  '2 >  E0I /0)C*/0)(HEH /,&'*;2EH 

()H/. ;H1. 3) J9)9'. ;0/(HEH: 

12

13

;

.

a v

j v

=  6  5 " 5 '0
(>  6  5 " 5 0)

 (20) 

>) !CJK=L ?9CMI9B. 645 &9'2 126  ;0/(5((5 

(192) E2'HE, (21'9C(HK /HB45): 

2 2

2 2( )

x y a x b y
tg

g x y b x a y

11 11# " "
=  

11 11! # # "
 (21) 

0 C*/’5A2(, A /,&'*;2EH L/H)&*1'0 0 C;H1&*;,(-

(5. 8*)0 K*B* E*I(2 C;H/,1'H )* /HB45)9: 
2 2

2 2

( )

( ) 0.

( tg g x y b x a y

x y a x b y

* +11 11 = ! ! # # " ". /

11 11" # " "  
           (22) 

!),;I2(, ;0/(5((5 D ;0/(5((5E &*42, F* 
C;*G*)H'. M,;,A C*M2'*& &**;)H(2'. ?2 ;H1. 5 

+, &*4* C*A(2M,(, 40',;*N !. T,('; ) +.*B* 
&*42 4,IH'. / '*M+0 (x, y) A &**;)H(2'2EH 

;
2 (1 ) 2 (1 )

a b tg b a tg

g tg g tg

11 11 11 117 8# ! = " ! =
9 :! " ! = ! " ! =; <

, 2 ;2)091 r( +.*-

B* &*42 ;*A;2G*/9D'.15 A2 (21'9C(*N 3*;E9-
4*N: 

2 2( ) ( )

2 (1 )
(

a b tg b a tg
r

g tg

11 11 11 11# ! = # # ! =
 

! " ! =
. 

 

@H1. 5. V9M*& *&;9I(*1',K ( )45 g<0; 
1 – (,;9G*E2 C*/,;G(5; 2 – ;9G*E2 C*/,;G(5; 

3 – ;2)024.(2 /01. 

%*4* ! D &;H/*N 10E,K1'/2 &04, 5&0 G2;2&',-
;HA9N'.15 A(2M,((5E tg= . 645 /HC2)&0/, &*4H 

tg=  C;HKE2D A(2M,((5 0 2J* ? , ;0/(5((5 (22) 

E2D &*42, /0)*E0 5& &*42 ";,1'2, )45 5&HG J9).-
5&0 '*M&H, F* *J,;'2N'.15, A2 9E*/H, F* <G )*-
'HM(, C;H1&*;,((5 / )2(HK E*E,(' ;0/(, (94N 

0 ;0/(5((5 +0D< &;H/*< /0)(*1(* C*4N12, /H;2-
I,(, / C*45;(HG &**;)H(2'2G, D ;0/(5((5E &*-
42, 5&, (2AH/2N'. *+,+- ./0##!. #J* C* 0(L*E9 
<G F, (2AH/2N'. /0)C*/0)(* &*4*E C,;,BH(9 0 
&*4*E (94.*/*B* '2(B,(+0K(*B* C;H1&*;,((5 
[3]. 

N) "9:> ?DCDK=H@A (BC=A@ HJ:O9A9K9 H9C-

E>:OH9K9 ?C=<B9CDHHM). %*4H tg=  = 0, /,&'*; 

L/H)&*1'0 0 /,&'*; C;H1&*;,((5 D &*40(,2;(H-

EH, '*J'* &*4H (*;E24.(, C;H1&*;,((5 ;0/(, 
(94N. T, 149B9D &;H',;0DE )45 '*M&H C,;,BH(9 
';2D&'*;0<. X*J *';HE2'H B,*E,';HM(, E01+, 
'2&HG '*M*& (x, y), (,*JG0)(* C;H;0/(5'H )* (9-
45 MH1,4.(H& C;2/*< M21'H(H ;0/(5((5 (21). 8*-
)0 /H;2A (22) *';HE2D /HB45): 
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2 2
0 0.( x y a x b y11 11 # " "            (23) 

T, &*4* C,;,BH(9 C*E0M,(2 40',;*N !0 

(;H1. 5). @2)091 +.*B* &*42 ;*A;2G*/9D'.15 AB0)-

(* 3*;E94H 2 2
0 0,5r a b11 11 ! # , 2 +,('; ) C,-

;,J9/2D 9 '*M+0 (x, y) A &**;)H(2'2EH ( / 2;a11  

/ 2b11 ). 7A +04&*/H'*N /C,/(,(01'N E*I(2 &*(1-
'2'9/2'H, F* A '*M(01'N )* 2-B* C*;5)&9 /10 '*-
M&H &*42 *CH19N'. / )2(HK E*E,(' ('*J'* / 
E24*E9) C;5E*40(0K(0 ';2D&'*;0<. 
A) "C=A@ HJ:O9A9K9 G>HKDHP@LH9K9 ?C=-

<B9CDHHM. %*4H tg=  = ? , /,&'*; L/H)&*1'0 0 

/,&'*; C;H1&*;,((5 D /A2DE(* *;'*B*(24.(HEH, 

 '*J'* '2(B,(+0K(, C;H1&*;,((5 ;0/(, (94N. T, 
D &;H',;0DE )45 '*M&H, 5&2 C,;,E0F9D'.15 / (,-
;9G*E0K C4*FH(0 (', Y) C* &;9B*/0K ';2D&'*;0< A 
C*1'0K(*N L/H)&01'N. X*J *';HE2'H B,*E,'-
;HM(, E01+, '2&HG '*M*& (1, 2), (,*JG0)(* C;H;0-
/(5'H )* (945 A(2E,((H& C;2/*< M21'H(H ;0/-
(5((5 (21), C0145 M*B* /H;2A (22) *';HE2D /H-

B45): 

2 2( ) 0( g x y b x a y? * +11 11 ! ! # # "  . / ,      (24) 

'*J'* ;0/(5((5 &;H/*< (94.*/*B* '2(B,(+0K(*B* 
C;H1&*;,((5, 5&2 (2 ;H1. 5 C*A(2M,(2 40',;*N 

! ? . S10 '*M&H ;*AE0F,(0 (2 +.*E9 &*40 C,;,-

E0F9N'.15 '2&, F* <G(D '2(B,(+0K(, C;H1&*-
;,((5 ;0/(, (94N. @2)091 +0D< &;H/*< /HA(2M2-
D'.15 AB0)(* (21'9C(*< 3*;E94H 

2 21

2
r a b

g
? 11 11 # , 

2 << +,('; C?  4,IH'. / '*M+0 (1, 2) A &**;)H(2-

'2EH @ A/ 2 ; / 2b g a g11 11" . 

K) /CDG@L ?9CMI9B. 645 &9'2 136  ;0/(5((5 (19 

2) *';HE9D /HB45) (25) 0 A/’5A2(, 0A L/H)&01'N 0 
C*G0)(*N /0) C;H1&*;,((5. V0145 C,/(*B* E2-
',E2'HM(*B* C,;,'/*;,((5 +, ;0/(5((5 *),;-
IH'. 3*;E9 (26) 

2 2 3 3

2 2 2 3 3

3 ( ) ( 3 ) ( 3 )

( ) ( ) ( 3 ) ( 3 )

c c x y x a c a c c y b c b c c
tg

c c x y x b c b c c y a c a c c

111 11 111 11! ! # " ! # ! ! " ! # ! !
>  

11 11" ! # # ! ! # ! ! " ! ! # ! !

           

                  
                         (25) 

2 2( ) [3 (1 ) ] [ 3 ( 3 ) ]

[ 3 ( 3 ) ] 0

x y g p tg x a a g b b g tg

y b b g a a g tg

111 11 111 11B  # ! # " ! > " ! # # # ! > #

111 11 111 11# ! " " # # ! >  
                 (26) 

 

T, &*4* C;*G*)H'. M,;,A C*M2'*& &**;)H(2' 
0 (2 ;H1. 6 C*E0M,(, J9&/*N B . T,('; +.*B* 
&*42 ;*A'2L*/2(HK 9 '*M+0 3 A &**;)H(2'2EH: 

3 ( 3 )
;

6 2 (1 )

3 ( 3 )
,

6 2 (1 )

E

E

a a g b b g tg
x

g p tg

b b g a a g tg
y

g p tg

111 11 111 11# # # ! > ' 0# ! " ! > 0
(111 11 111 11# " # ! > 0 
0# ! " ! > )

     (27) 

), 
2

c
g

c
 

  

 
  '2  

3

c
p

c
 

  

 
. 

# ;2)091 )2(*B* &*42 J9), ;0/(HE: 

 

2 2[ 3 ( ) ] [ 3 ( 3 ) ]

6 2 (1 )

a a g b b g tg b b g a a g tg
r

g p tg
B

111 11 111 11 111 11 111 11# # # ! > # # " # ! >
 

# ! " ! >
. 

%*4* B  (24,IH'. 10E,K1'/9 &;H/HG, 5&0 G2-
;2&',;HA9N'.15 A(2M,((5E tg> . 6/2 ,&1';,E2-

4.(HG A(2M,((5 tg>  )2N'. C2;9 *&;9I(*1',K, 

2(24*B0M(HG ,&1';,E24.(HE A(2M,((5E tg= . 

I) "C=A> HJ:O9A9Q HJ:O9A9Q H9CE>:OH9Q 
<B:>I9A9Q ?9F@IH9Q A@I ?C=<B9CDHHM. $&F* 
tg> = 0, '* C*G0)(2 /0) C;H1&*;,((5 0 L/H)&01'. 

D &*40(,2;(HEH, '*J'* (*;E24.(2 1&42)*/2 C*-
G0)(*< /0) C;H1&*;,((5 )*;0/(ND (94N. X*J 
*),;I2'H B,*E,';HM(, E01+, '2&HG '*M*& (1; 2), 

(,*JG0)(* C;H;0/(5'H )* (945 MH1,4.(H& C;2/*< 
M21'H(H ;0/(5((5 (25), C0145 M*B* *),;I9DE* 
/H;2A: 

2 2
0 3 ( ) ( 3 )

( 3 ) 0.

g x y x a a g

y b b g

111 11B  ! # " ! # "

111 11" ! #  
   (28) 

!),;I2(, ;0/(5((5 &*42 D ;0/(5((5E &;H/*< 
(94.*/*< (*;E24.(*< 1&42)*/*< C*G0)(*< C;H-

1&*;,((5, C*A(2M,(*< (2 ;H1. 6 40',;*N 0B . S10 

'*M&H +.*B* &*42 C,;,E0F9N'.15 / )2(HK M21, 
'*J'* / )2(HK EH''D/HK /0);0A*& ';H/24*1'0 ;9-
G9, A 1'24HE (*;E24.(HE C;H1&*;,((5E. #J* 
B*/*;5MH C* 0(L*E9: (*;E24.(, C;H1&*;,((5 
(2 )2(9 EH'. ;9G9 D (,AE0((HE. 
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@H1.6. UG,E2 ;9G9 ';,'.*B* C*;5)&9 

T,('; 30 )2(*< &;H/*< 0B  E2D (21'9C(0 &*-

*;)H(2'H 
3 3

;
6 6

a a g b b g

g g

111 11 111 117 8# #
9 :
; <

, 2 << ;2)091 – 

2 2

0

( 3 ) ( 3 )

6

a a g b b g
r

g

111 11 111 11# # #
 . 

D) "C=A> HJ:O9A9Q G>HKDHP@LH9Q <B:>I9A9Q 
?9F@IH9Q A@I ?C=<B9CDHHM. $&F* tg> =? , '* 

C*G0)(2 /0) C;H1&*;,((5 0 L/H)&01'. D /A2DE(* 
C,;C,()H&945;(HEH, '*J'* )*'HM(2 1&42)*/2 
/0) C;H1&*;,((5 ;0/(2 (94N. X*J *';HE2'H 

B,*E,';HM(, E01+, '2&HG '*M*&, C;H;0/(NDE* 
)* (945 A(2E,((H& C;2/*< M21'H(H ;0/(5((5 
(25): 

2 2(1 ) ( ) ( 3 )

( 3 ) 0.

p x y x b b g

y a a g

? 111 11B  " ! # " ! # #

111 11# ! #  
  (29) 

?2/,),(, ;0/(5((5 D ;0/(5((5E &;H/*< (9-
4.*/*< '2(B,(+0K(*< 1&42)*/*< C*G0)(*< /0) C;H-
1&*;,((5, C*A(2M,(*< (2 ;H1. 6 1HE/*4*E ?B . 

S10 '*M&H )2(*< &;H/*< (2 )2(HK M21 ;9G2N'.15 
'2&HE MH(*E, F* 1&42)*/2 C;H1&*;,((5 9 (2-
C;5E0 L/H)&*1'0 D 1'24*N. 

T,('; 3?  &;H/*< ?B  A(2G*)H'.15 9 '*M+0 A 

&**;)H(2'2EH 
3 3

;
2 (1 ) 2 (1 )

b b g a a g

p p

111 11 111 117 8# #
9 :! " ! "; <

, 2 ;2)091 

/HA(2M2D'.15 AB0)(* 0A A24,I(01'N 

2 2( 3 ) ( 3 )

2 (1 )

b b g a a g
r

p
?

111 11 111 11# # #
 

! "
. 

2JR9B 9BCJSH9<GDL. V;H AE0(0 & 6  EH 

*),;I9DE* C9M*& *&;9I(*1',K [4], 5&0 E2N'. 
;2)024.(0 '*M&H / $& '2 $ . W2 9E*/H, F* & 6 =0, 

MH1,4.(H& C,;,'/*;ND'.15 / (94., EH *';HE9D-

E* &*4* 0 0& )   ()H/. ;H1. 5); &*4H / 2& 6  C , 

A(2E,((H& 1'2D ;0/(HE (94N 0 EH *';HE9DE* 

&*4* 0& )?  . U9&9C(01'. /10G &;H/HG, 5&0 (2-

4,I2'. C9M&9, A24,I(HG /0) & 6 , /HA(2M2D'.15 

(21'9C(HE ;0/(5((5E: 

0
1 2 0& & 4 ) 4 )?! # !  ,             (30) 

), 1 mn4 tg 6 , 42 = -1. 

T,(';H +HG *&;9I(*1',K C*/H((0 4,I2'H (2 
C,;C,()H&945;0 )* ;2)024.(*< *10 $&$ . 

645 1'2(9 );9B*B* C*;5)&9 1H1',E2 *&;9I-

(*1',K, &*2&1024.(HG A 0 0(   '2 0(?  , 1&42-

)2D'.15 0A E(*IH(H &;H/HG 

0 0( tg ( (? =! "  . 

@0/(5((5 ;2)024.(*< *10 E2D /HB45): 

0 0 ( ) ( ) 0R ( ( x b a g y a b g? 11 11 11 11 "  " ! # # ! #   

(31) 

T,(';2EH ) ;,L'H *&;9I(*1',K ! D &0(+,/0 
'*M&H 40(0< ) , 5&2 D C,;C,()H&945;(*N )* ;2-
)024.(*< *10. 82&HE MH(*E, B,*E,';HM(HE E01-
+,E +,(';0/ ) D 40(05 ) , 5&2 C;*G*)H'. M,;,A 
+,(';H )0 '2 )?  ()H/. ;H1. 5) 

645 1'2(9 ';,'.*B* C*;5)&9 10E,K1'/* &;H-

/HG B  *CH19D'.15 ;0/(5((5E 

0 0tgB  B ! > "B  . 

@0/(5((5 ;2)024.(*< *10 E2D /HB45): 

0 0RB ? B "B                     (32) 

0 +,(';H 3 *&;9I(*1',K B  4,I2'. (2 40(0< 3 , 

5&2 D C,;C,()H&945;(*N )* ;2)024.(*< *10 RB . 

+<9N:=A@ G9RB= I=H>E@B= B9HG>BGJA>HHM. 

/9RB> T9::>. 8*M&2 C,;,'H(9 *&;9I(*1'0 
C,;,BH(9 !0 0 &*42 0B  (94.*/*< (*;E24.(*< 

1&42)*/*< C*G0)(*< /0) C;H1&*;,((5 D *1*J4H-

/*N '*M&*N / &*EC42(2;(*E9 C,;,E0F,((0, '2& 
A/2(*N &+5*+6 .+,,!, 5&9 C;HK(5'* C*A(2M2'H 

1HE/*4*E ". T5 '*M&2 G2;2&',;(2 'HE, F* C;H-
1&*;,((5, 2 '2&*I C*G0)(2 /0) C;H1&*;,((5 D 
&*40(,2;(HEH A /,&'*;*E L/H)&*1'0. 8*M&2 "*-
442 C*&2A2(2 (2 ;H1. 7. 

 

 

@H1.7. 8*M&H "*442 (B) '2 6I,/*'2 (F) 

W2CH19DE* *1(*/(0 ;0/(5((5 *&;9I(*1',K 

!0 '2 0B , /H&*;H1'*/9NMH /I, (2/,),(0 A24,-

I(*1'0 (23) '2 (28): 
2 2 0x y a x b y11 11# " "  ,          (23 2) 
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2 23 ( ) ( 3 ) ( 3 ) 0g x y x a a g y b b g111 11 111 11! # " ! " " ! #   

(282) 
V*E(*IH/LH 40/9 M21'H(9 ;0/(5((5 (23 2) 

(2 3g 0 /0)(5/LH 0A ;0/(5((5 (28 2), *),;I9DE*: 
0a x b y111 111#  .                        (33) 

$&F* C*4*I,((5 C*4N1(*B* C;*E,(5, 5&HK 

C;*G*)H'. M,;,A '*M&9 "*442 ", /HA(2M2'H &9-
'*E 75 , '* *';HE9DE* (21'9C(,: 

B

y a
tg

x b

111
5   "

111
.                      (34) 

%**;)H(2'H '*M&H "*442 J9)9'.  

2 2 2 2

( ( )
;

( ) ( ) ( ) ( )

b a b b a a b a a b

a b a b

7 8111 11 111 11 111 111 11 111 11 111! " ! "
9 :111 111 111 111" #; <

. 

U40) A29/2IH'H, F* '*M&2 "*442 D MH1'* 
B,*E,';HM(*N '*M&*N – / << &**;)H(2'2G /0)19-
'(0 M4,(H, 5&0 A24,I2'. /0) M219. %;0E '*B*, A 
'*M(01'N )* ';,'.*B* C*;5)&9 /*(2 D D)H(*N 

'*M&*N, 5&2 A)0K1(ND C;5E*40(0K(, C,;,E0F,(-

(5. 8*E9 ';2D&'*;05 '*M&H / ;9G*E0K C4*FH(0 
E2D G/H4,C*)0J(HK G2;2&',;. 
/9RB> !SDA9G>. 6;9B*N *1*J4H/*N '*M&*N 

//2I2D'.15 '*M&2 C,;,'H(9 &;H/*< (?  (94.*/*-

B* '2(B,(+0K(*B* C;H1&*;,((5 '2 &*42 ?B  (9-

4.*/*< '2(B,(+0K(*< 1&42)*/*<, C*G0)(*< /0) 
C;H1&*;,((5. TN '*M&9 (2AH/2N'. '*M&*N 

6I,/*'2, 5&9 (2 ;H1.7 C*A(2M,(* 1HE/*4*E F. S 

+0K '*M+0 '2(B,(+0K(*B* C;H1&*;,((5, 2 '2&*I 

'2(B,(+0K(2 1&42)*/2 C*G0)(*< /0) C;H1&*;,((5 
;0/(0 (94N. @0/(5((5 &;H/HG (?  '2 ?B , AB0)(* 

/I, C*C,;,)(.* (2/,),(HG ;0/(5(. (24) '2 (29), 

E2N'. (21'9C(HK /HB45): 
2 2( ) 0g x y b x a y11 11! # # "  ,          (24 2) 

2 2(1 ) ( ) ( 3 ) ( 3 ) 0p x y x b b g y a a g111 11 111 11" ! # " ! # # ! "  
 

(29 2) 
S0)(5/LH *)(, ;0/(5((5 /0) 0(L*B*, /H&4N-

M2DE* M4,(H );9B*B* C*;5)&9 
( ) ( ) 0x tb gb y ta ga11 111 11 111! # " ! #  ,      (35) 

), t = 3g2 – p + 1. 

SHA(2M2NMH C*4*I,((5 C*4N1(*B* C;*E,-
(N, 5&HK C;*G*)H'. M,;,A &+5*2 890:+&!, &9-
'*E t5 , *),;I9DE*: 

t

y tb gb
tg

x ta ga

11 111#
5   

11 111#
.                     (36) 

%**;)H(2'H '*M&H 6I,/*'2 J9)9'. 

2 2
;

(1 ) (1 )

t t
t

t t

a tg b a tg b
tg

g tg g tg

7 811 11 11 11! 5 " ! 5 "
59 :

! # 5 ! # D; <
. 

T5 '*M&2 G2;2&',;(2 'HE, F* /*(2 D)H(2, 5&2 
C,;,E0F9D'.15 / C4*FH(0 A2 &;9B*/*N ';2D&'*-
;0DN A (94.*/HE '2(B,(+0K(HE C;H1&*;,((5E '2 

(94.*/*N '2(B,(+0K(*N 1&42)*/*N C*G0)(*N 

/0) C;H1&*;,((5, '*J'* /*(2 ;9G2D'.15 &*4*E 0A 
1'24*N A2 /,4HMH(*N L/H)&01'N. 

(=<H9AB=. : C;*+,10 /A2DE(*B* C,;,E0F,(-

(5 0 J,AC*1,;,)(.*B* &*('2&'9 C*/,;G(0 1';9-
E*A’DE(HG ,4,E,('0/ C2('*B;232 A C*/,;G(,N 

1';9E*(,19M*B* C;*/0)(H&2, '*M&2 &*('2&'9 
C;*G*)H'. 9 C;*1'*;0 C,/(HK L45G A2 )*/*40 
1&42)(*N ';2D&'*;0DN. S1'2(*/4,((5 +0D< ';2D-
&'*;0< D )*1H'. /2I4H/HE, *1&04.&H +, 
C*/’5A2(* A 'HE, F* )45 &*I(*B* EH''D/*B* 
1'2(9 C,;,E0F,((5 C4*FH( 01(9N'. *1*J4H/0 
&;H/0 0 '*M&H, 5&0 /0)C*/0)2N'. 1C,+024.(HE 

/421'H/*1'5E L/H)&*1'0 '2 C;H1&*;,((5, /1'2-
(*/4,((5 5&HG )*A/*45'HE, M0'&* 95/H'H 1*J0 
C;*+,1 /A2DE(*B* ',;'5 0, /0)C*/0)(*, C;*B(*A9-
/2'H ;0/,(. A(*L9/2((5 5& E2',;0249 &*('2&-
'9NMHG ,4,E,('0/, '2& 0 1';9E*(,19M*B* C;*/0-
)(H&2. 
: (2/,),(*E9 /HF, )*140)I,((0 /1'2(*/4,-

(*, F* (2KJ04.L /2I4H/HEH /HC2)&2EH C*;5)-
&9 & '2  , 5&0 ;*AB45)24H1., D &*EJ0(2+05 & = 1, 

  = 2 '2   = 1, & = 3. V,;L2 1H1',E2, 5&2 ;*A-
B45)2D'.15 A2 )*C*E*B*N &;9B0/ ";,112, '*J'* 
)45 C*4*I,((5, / 5&HG J9).-5&0 '*M&H, F* *J,;-
'2N'.15, A2 9E*/H, &*4H <G )*'HM(, C;H1&*;,(-

(5 / )2(HK E*E,(' )*;0/(ND (94N. 6;9B2 1H1-
',E2 )*A/*45D K'H )240 9 )*140)I,((0 1'2(9 C,-
;,E0F,((5 ';,'.*B* C*;5)&9, 5&HK A24,IH'. /0) 
M219. 
6,'24.(* ;*AB45(9'0 C’5'. '*M*& 1H1',EH: 

C*4N1 L/H)&*1'0 $1, C*4N1 C;H1&*;,((5 $2, 

C*4N1 C*G0)(*< C;H1&*;,((5 (C;H1&*;,((5 );9-
B*B* C*;5)&9) $3, '*M&2 "*442 ", '*M&2 6I,/*'2 
F. !),;I2(0 /,4HMH(H G2;2&',;HA9N'. 1'2( ;9-
G9 0 D /2I4H/HEH '*M&2EH C;H /H/M,((0 1'2(9 
C,;,E0F,((5 ';,'.*B* C*;5)&9. 
?2/,),(0 ;0/(5((5 (3), F* D ;0/(5((5EH C,-

;,E0F,((5 &*('2&'(*< '*M&H C;H /A2DE(*E9 
&*('2&'9/2((0 )/*G C*/,;G*(., C;,)1'2/4,(0 / 
1H1',E0 &**;)H(2' A C*M2'&*E 0 (!, b), F* D 
1C;2/,)4H/HE )45 J9).-5&*B* 0(L*B* ;*A'2L9-
/2((5 C*M2'&9 &**;)H(2'. V0)1'2/H/LH /HJ;2(0 
&**;)H(2'H 9 (2/,),(, ;0/(5((5 (19 2) '2 C;*/0-
/LH (21'9C(0 E2',E2'HM(0 C,;,'/*;,((5, E*I-

(2 *';HE2'H G2;2&',;H1'H&H C,;,E0F,((5 )2(*< 
'*M&H: 

X = x; Y = y; 

X y c " !  ; Y x c !   

2( )X x a c y c11 " # ! " !     ; 

2( )Y y b c x c11 " # ! # !     ; 

2( ) 3 ( )X y a c x a c c y c111 11 # ! # ! " # ! ! " !          ; 

2( ) 3 ( )Y x b c y b c c x c111 11 " # ! # ! " # ! ! # !          . 
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!),;I2(0 ;0/(5((5 (1H1',E2 ;0/(5(.) /1'2-
(*/4ND *1*J4H/*1'0 G2;2&',;H1'H&H ;9G9 )* 
';,'.*B* C*;5)&9 )45 C;HK(5'*< '*M&H / )2(0K 

1H1',E0 &**;)H(2'. 

"7"-7!Y@#Z7=?[\ UV[U!% 

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

%!01#.& 2!34#,+, [5!+/%] / '. (.  !"#$%!&#. – 

6.: 5.//%".&,784%, 1957. – 236 /. 

2. (0!+/4#8".9, :. 6. :9!8!#,! 9 2!34#,+; +.#-

%4+%#<3 /.!8,#!#,& [5!+/%] / :. 6. (0!+/4#8-

".9, 6. =. >!?4+.9. – @.-#4-A.: =78-9. ))) 

«B::@», 2007. – 114 /. 

3. C,0,#, (. D. D",+048#4E 2!34#,+4 %9!"8.F. 

8!G."2,";!2.F. %!04 [5!+/%] / (. D. C,0,#. – 

6., 1975. – 386 /. 

4.  ".#$%!&#, =. H. '-"49.*#,+ -. 24%!24%,+! 

80E ,#I!#!".9 , ;*4J,3/E :5KL.9 [5!+/%] /  

=. H.  ".#$%!&#, M. (. '!2!#8E!9 – 6.: H4;+4, 

1980. – 974 /. 

5.  !0E!9, =. (. 5.+./NO2 , %.+.-",O2#,+, P0!+-

%".-.89,I#.F. /./%494 [5!+/%] / =. (.  !0E!9, 

:. D. 6,3!!9, :. (. Q,E#. – 6.: 5"4#/-."%, 

1976. – 184 /. 

 

H48R&$04 8. "!8+.0!FRS 14.07.2009 
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 !" 629.4 

 . !. "#$"#%, &.'.(., )*+,-..+*, /  0 (1&*23(2); 
%. #. 45%0$ 6#, &.'.(., 7+8-(', /  0 (1&*23(2); 
9. :. /#6;:45, .'.(..., /  0 (1&*23(2); 
#. 9. %1<0#:, &.'.(., 7+8-(', /  0 (1&*23(2); 
;. =. /> ?459%4 @, (..., /  0 (1&*23(2); 
#. ;. 4$ 9? 459, (..., /  0 (1&*23(2) 

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

()0'*'(-$)+'$()%'( ('12'-*)3 $/)/43)

1 .'2''A (2B-7-(3C +DEF7 G2D2'+*AH(3I 7+.EA7J-(K LA8(+.'A B2D+(AB-.2L+.&37AB. 

9 (2.'+FM-C .'2'K- )*3B-7-( +GN+* L(+D+E-'(3I 3..E-7+B2(3C )*+H(+.'3 B2D+(+B-.2L+.B2E+B. 

A review of long-term research of dump cars strength is given in the article. 

<2G+*2'+*3F 73(2L3&3 3 )*+H(+.'3 )+7-

B3J(+D+ .+.'2B2 G+E-- 50 E-' )*+B+73' O&.)--
*3L-('2EK(P- 3 '-+*-'3H-.&3- 3..E-7+B2(3F 
)*+H(+.'3 (+BPI 3 L+7-*(3N3*+B2((PI B2D+-

(+B-.2L+.B2E+B (7QL)&2*+B) +'-H-.'B-((+D+ 3 

N2*QG-J(+D+ )*+3NB+7.'B2. 
92D+(P-.2L+.B2EP G+EKR+C D*QN+)+7S-L-

(+.'3 (105…180 ') +GPH(+ 3.)+EKNQT'.F (2 
D+*(+-+G+D2'3'-EK(PI &+LG3(2'2I. #(2E3N )+-

B*-J72-L+.'3 '2&3I B2D+(+B )+&2NPB2-', H'+ 

+.(+B(2F H2.'K )+B*-J7-(3C )*+3.I+73' B )*+-

8-..- )+D*QN&3, B '+L .EQH2-, &+D72 &QN+B B2D+-

(2 )+7B-*D2-'.F Q72*2L DEPG G+EKR+C L2..P 

(3 ' 3 G+E--). U'+' *-J3L FBEF-'.F (23G+E-- 
'FJ-EPL B *2G+'- 7QL)&2*2. 5)P' O&.)EQ2'2-
833 O'3I B2D+(+B 3 .)-832EK(P- O&.)-*3L-('P 

)+&2NPB2T', H'+ (23G+E-- )+B*-J72-LPL ('.-. 
(23G+E-- (2D*QJ-((PL) QNE+L &+(.'*Q&833 

FBEF-'.F B-*I(FF *2L2. %(3J-(3- Q*+B(F (2-
)*FJ-(3C N2 .H-' Q.3E-(3F &+(.'*Q&833 (- FB-
EF-'.F *283+(2EK(PL, '2& &2& B-7-' & QB-E3H--
(3T L2..P '2*P B2D+(2 3 -D+ J-.'&+.'3. V*3 

QB-E3H-(33 J-.'&+.'3 &+(.'*Q&833 B+N*2.'2T' 
73(2L3H-.&3- .3EP B N+(- Q72*2. %(3J-(3- 
Q*+B(F (2)*FJ-(3C, B+N(3&2TM3I )*3 Q72*(+L 

(2D*QJ-(33 B+NL+J(+ )*3 )+7.P)&- (2 )+E 

B2D+(2 N2M3'(+D+ .E+F ()-.&2, 3NL-EKH-((+C 

*Q7P 3 '.).), 2 '2&J- N2 .H-' 2L+*'3N2833 )+E2 
B2D+(2. 57(2&+, &2& )+&2NPB2-' )*2&'3&2 O&.-
)EQ2'2833 B2D+(+B-.2L+.B2E+B, O'+ Q.E+B3- (- 
B.-D72 BP)+E(F-'.F, 3 7+.'2'+H(+ H2.'+ Q72* 

DEPG+C N(2H3'-EK(+D+ B-.2 )*+3.I+73' )+ (--
N2M3M-((+LQ )+EQ B2D+(2. V+O'+LQ (2 )*-7-

)*+-&'(+C .'2733 *2G+' )+ .+N72(3T (+B+C 

&+(.'*Q&833 7QL)&2*+B 3 L+7-*(3N2833 .QM--
.'BQTM-C (-+GI+73L+ )*+B+73'K 3..E-7+B2(3- 
(2)*FJ-((+D+ .+.'+F(3F )*3 Q72*(+L (2D*Q-

J-(33. V*3H-L N2 +.(+B(+C *-J3L 3..E-7+B2-
(3F .E-7Q-' )*3(F'K Q72* DEPG+C G+EKR+D+ B--
.2 (-)+.*-7.'B-((+ )+ (-N2M3M-((+LQ )+EQ 

B2D+(2. 
/EF +G+.(+B2(3F BPG+*2 '-+*33 Q72*2, &+-

'+*QT .E-7Q-' 3.)+EKN+B2'K )*3 2(2E3'3H--
.&+L 3..E-7+B2(33 (2)*FJ-((+D+ .+.'+F(3F 
&+(.'*Q&833 7QL)&2*+B, GPE3 )*+B-7-(P .)--
832EK(P- O&.)-*3L-('P [1]. :2 (-N2M3M-((PC 

)+E B2D+(2 .G*2.PB2E.F .'2EK(+C R2* B-.+L 

2,8 &: )+ 8-('*Q B2D+(2. 9-E3H3(P (23G+EK-
R3I (2)*FJ-(3C B 8-('*2EK(+C )+)-*-H(+C 

G2E&- B-*I(-C *2LP )*3B-7-(P (2 *3.. 1. 9-E3-

H3(P O'3I (2)*FJ-(3C )+&2N2(P &*QDEPL3 

L2*&-*2L3.  N )*3B-7-((+D+ *3.. 1 B37(+, H'+ 

(23G+EKR3- (2)*FJ-(3F B )*+7+EK(+C G2E&- 
B-*I(-C *2LP B+N(3&2T' BGE3N3 L-.'2 )27-(3F 
R2*2, 3 B-E3H3(2 O'3I (2)*FJ-(3C *-N&+ 

QL-(KR2-'.F )+ Q72E-(3T +' L-.'2 Q72*2. :2 
*3.. 1 B7+EK +.3   +'E+J-(P B-E3H3(P  /l, D7-  
l – 7E3(2 B2D+(2. V+ +.3 +*73(2' +'E+J-(P (2-
)*FJ-(3F B 8-('*2EK(+C )*+7+EK(+C G2E&-. 9 

O'+L .EQH2- 3N Q*2B(-(3F )+)-*-H(+D+ Q)*QD+-

D+ Q72*2 %. V. 03L+R-(&+ [2] +)*-7-EF-'.F 
Q72*(2F .3E2. >2'-L )*3 )+L+M3 L-'+72 &+(-H-

(PI OE-L-('+B )+ (2C7-((+C Q72*(+C .3E- &2& 

,Q(&833 B*-L-(3 +)*-7-EFT'.F (2)*FJ-(3F B 
OE-L-('2I &+(.'*Q&833 7QL)&2*2. 
$-NQEK'2'P +)*-7-E-(3F (2)*FJ-(3C B 8-(-

'*2EK(+C )*+7+EK(+C G2E&- )*3B-7-(P (2 
*3.. 1 (3I N(2H-(3F )+&2N2(P .)E+R(PL3 E3-

(3FL3). 

 N +.83EE+D*2LL, )+EQH-((PI B +)P'2I )+ 

Q72*(+LQ (2D*QJ-(3T B2D+(2-.2L+.B2E2 )2-
72TM3L D*QN+L, B37(+, H'+ B O'+L .EQH2- B2D+( 

.+B-*R2-' '*3-H-'P*- N2'QI2TM3I &+E-G2(3F B 
B-*'3&2EK(+C )E+.&+.'3. %E-7+B2'-EK(+, 2(2-
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E3'3H-.&+- 3..E-7+B2(3- Q72*(+D+ (2D*QJ-(3F 
B2D+(2-.2L+.B2E2 .E-7Q-' )*+B+73'K )+ +GS--
73(-((+C '-+*33 )+)-*-H(+D+ Q72*2 %. V. 03-

L+R-(&+, B &+'+*+C QH3'PB2T'.F &2& L-.'(P- 
7-,+*L2833 B N+(- &+('2&'2, '2& 3 +GM3- &+E--
G2(3F B2D+(2-.2L+.B2E2. U'+ Q*2B(-(3- 3L--' 
B37 [1, 2]: 

    !"#!
t t

tqFdFdt
M

t
gtv

0 0
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2

0 )()()(
1

2
$%% ,    (1) 

D7- v0 – .&+*+.'K )272TM-D+ '-E2 B L+L-(' 
.+)*3&+.(+B-(3F . '-E+L B2D+(2; q(t) – )-*--
L-M-(3- Q72*F-L+C &+(.'*Q&833 B L-.'- Q72*2, 
)*3 &+E-G2(3FI, BPNB2((PI Q72*(+C .3E+C; 

W(F) – L-.'(+- .LF'3- B L-.'- Q72*2. 

 

$3.. 1. :2)*FJ-(3F B B-*I(-C *2L- 7QL)&2*2 

9-E3H3(2 W(F) +)*-7-EF-'.F )+ '-+*33 !-*-

82 3 N2B3.3' +' ,+*LP 3 L2'-*32E2 .+Q72*F--
LPI '-E. V*3 )27-(33 DEPGP B ,+*L- R2*2 (--
)+.*-7.'B-((+ (2 )+E B2D+(2 L+J(+ B+.)+EKN+-

B2'K.F ,+*LQE+C, )+EQH-((+C #. :. /3((3&+L 

7EF .EQH2F Q72*2 R2*2 )+ Q)*QD+LQ )+EQ)*+-

.'*2(.'BQ [3]: 

& '3

2

)()( tFkF "$ .                         (2) 

>2 Q)*QD+- )+EQ)*+.'*2(.'B+ )*3L-L )+E 

B2D+(2, B-*I(TT 3 (3J(TT *2LP. 0+D72 &+O,-

,383-(' "k" +)*-7-E3L .E-7QTM3L +G*2N+L: 
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.       (3) 

9 (2R-L .EQH2- Q72*F-L2F &+(.'*Q&83F 3N-
D+'2BE3B2-'.F 3N *2NE3H(PI L2'-*32E+B. :2-
.'3E )+E2 .+.'+3', (2)*3L-*, 3N .'2EK(PI E3.-
'+B . 2L+*'3N283+((+C )*+.E+C&+C L-J7Q (3-

L3 (H2M- B.-D+ 7-*-BF((P- G*Q.KF). V+E B2D+(2 
+)3*2-'.F (2 B-*I(TT *2LQ, .+.'+FMQT 3N 
.'2EK(PI )+)-*-H(PI 3 )*+7+EK(PI G2E+&. 
9-*I(FF *2L2 BL-.'- . )*+7+EK(PL3 3 )+)--
*-H(PL3 G2E&2L3, )*+7+EK(PL3 3 E+G+BPL3 

.'-(&2L3 +)3*2-'.F (2 (3J(TT . )+L+MKT 

+)+*, *2.)+E+J-((PI (2 &*+(R'-C(2I. 9-E3-

H3(Q !2 (O&B3B2E-('(PC L+7QEK Q)*QD+.'3) GQ-

7-L +)*-7-EF'K )+ .&+*+.'3 *2.)*+.'*2(-(3F 
Q)*QD+C B+E(P "#$ B (2)*2BE-(33 Q72*2. 9 O'+L 

.EQH2-: 

2
2 #$ #$E a" 5 , 

D7- %#$ – .*-7(FF )E+'(+.'K L2'-*32E2 B (2-
)*2BE-(33 Q72*2: 
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1 ;                           (4) 
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5 .                        (5) 

9 ,+*LQE2I (4) 3 (5): n – &+E3H-.'B+ OE--
L-('+B &+(.'*Q&833 B (2)*2BE-(33 Q72*2; %i – 

)E+'(+.'K i-D+ OE-L-('2 B (2)*2BE-(33 Q72*2; ti 

– B*-LF )*+I+J7-(3F Q)*QD+C B+E(P )+ i-LQ 

OE-L-('Q. 

9-E3H3(P ti 3 ai +)*-7-EFT'.F )+ ,+*LQE2L 

(4) 3 (5): 
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i
i

i

i
i

E
a

a

n
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5
"" , , 

D7- !i – L+7QEK X(D2 i-D+ OE-L-('2 &+(.'*Q&-
833 7QL)&2*2. 
V*3 +)*-7-E-(33 )*+D3G2 &+(.'*Q&833 B 

'+H&- Q72*2 qi(t) 3.)+EKN+B2E2.K *2.H-'(2F .I--
L2 7QL)&2*2 B B37- )*+.'*2(.'B-((+C .'-*J(--
B+C .3.'-LP . L2..2L3, .+.*-7+'+H-((PL3 B 
QNE2I. 

$-NQEK'2'P +)*-7-E-(3F (2)*FJ-(3C . 3.-
)+EKN+B2(3-L Q*2B(-(3F (1) )*3B-7-(P (2 
*3.. 1, D7- .)E+R(PL3 E3(3FL3 (2(-.-(P (23-

G+EKR3- (2)*FJ-(3F B *2NE3H(PI .-H-(3FI 

8-('*2EK(+C )*+7+EK(+C G2E&3 B-*I(-C *2LP. 

42& B37(+ 3N *3.. 1, *-NQEK'2'P 2(2E3'3H-.&+D+ 

*-R-(3F Q7+BE-'B+*3'-EK(+ .+DE2.QT'.F . *--
NQEK'2'2L3 O&.)-*3L-('+B. 
V*3 Q72*- DEPG+C )+ )+EQ B2D+(2, )+&*P'+-

LQ N2M3'(PL .E+-L 3N )-.&2, 3NL-EKH-((+C 

*Q7P, D*2B3F 3 '.)., 3.)+EKNQ-'.F '2&J- Q*2B(--
(3- (1), *2.H-'(2F .I-L2 +.'2-'.F '2&+C J-, &2& 
3 )*3 Q72*- DEPG+C )+ (-N2M3M-((+LQ )+EQ 

B2D+(2. 9 O'+L .EQH2- L2..2 N2M3'(+D+ .E+F 
7+G2BEF-'.F & L2..- &+(.'*Q&833 B2D+(2. 5.+-

G-((+.'K *2.H-'2 .&2NPB2-'.F B (-+GI+73L+.'3 
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+)*-7-E-(3F N2B3.3L+.'3 W +' .3EP F B Q*2B(--
(33 (1). 02&2F N2B3.3L+.'K Q.'2(2BE3B2-'.F 
O&.)-*3L-('2EK(+ 7EF *2NE3H(PI ,+*L )2-
72TM-D+ '-E2, *2NL-*+B &Q.&+B D*QN2 (D*2(QEF-
83+((+D+ .+.'2B2), .&+*+.'3 7-,+*L3*+B2(3F, 
'+EM3(P 3 ,3N3H-.&3I .B+C.'B N2M3'(+D+ 

.E+F. 
?3.E-((2F *-2E3N283F '-+*33 )+)-*-H(+D+ 

Q72*2 %. V. 03L+R-(&+ )+NB+EF-' QH-.'K L-.'-
(P- (&2& Q)*QD3-, '2& 3 (-Q)*QD3-) 7-,+*L2833 

B &2J7+C &+(&*-'(+C N272H-. :2)*3L-*, L+J(+ 

QH-.'K BE3F(3- N2M3'(+D+ .E+F, L-.'(P- Q)*Q-

D3- 3 (-Q)*QD3- 7-,+*L2833, *2N*QR-(3- )2-
72TM-D+ '-E2 B L-.'- &+('2&'2 3 '.7. >2B3.3L+-

.'3 &+('2&'(+D+ .LF'3F &(F) Q.'2(2BE3B2T'.F 
2(2E3'3H-.&3 3 O&.)-*3L-('2EK(+ [4]. 

;.E3 )*3(F'K B+ B(3L2(3- L-.'(P- (-Q)*Q-

D3- 7-,+*L2833, '+ (&2& )+&2NPB2T' '-+*-'3-

H-.&3- 3 O&.)-*3L-('2EK(P- 3..E-7+B2(3F [1, 

4]) QB-E3H3B2-'.F B*-LF Q72*2, .(3J2-'.F B--
E3H3(2 Fmax, 3, .E-7+B2'-EK(+, QL-(KR2T'.F 
(2)*FJ-(3F B OE-L-('2I &+(.'*Q&833 B2D+(2-
.2L+.B2E2. 
$2..L+'*3L *-R-(3- 73(2L3H-.&+C N272H3 

+G Q72*(+L (2D*QJ-(33 B2D+(2-.2L+.B2E2 .+-

.*-7+'+H-((PL D*QN+L G+EKR+C L2..P (30 &: 3 

G+E--). V*2&'3&2 O&.)EQ2'2833 7QL)&2*+B )+-

&2NPB2-', H'+, &2& )*2B3E+, B '2&+L .EQH2- B 
L-.'- )27-(3F .+.*-7+'+H-((+D+ D*QN2 3L-T' 
L-.'+ (-Q)*QD3- ()E2.'3H-.&3-) 7-,+*L2833. 

/EF 2(2E3'3H-.&+D+ *-R-(3F )+.'2BE-((+C N2-
72H3 3.)+EKN+B2E2.K '-+*3F Q72*2 %3*.2-
03L+R-(&+ . QH-'+L )E2.'3H-.&3I 7-,+*L283C 

3 L-'+72 &+(-H(PI OE-L-('+B (=4U) B 73(2-
L3H-.&+C )+.'2(+B&-. 
:3J- *2..L+'*-(2 L-'+73&2 +8-(&3 (2D*Q-

J-((+.'3 B2D+(+B-.2L+.B2E+B )*3 )+)-*-H(+L 

Q72*- DEPG+C . QH-'+L (-E3(-C(PI .B+C.'B 
(2.'3E2 )+E2 3 Q)*QD+)E2.'3H-.&3I L-.'(PI 

7-,+*L283C. V*3B-7-( )*3L-* 73(2L3H-.&+D+ 

*2.H-'2 B2D+(2-.2L+.B2E2 L+7-E3 33-677 (2 
Q72* )272TM-C DEPG+C. 9 &2H-.'B- «G+C&2» 

3.)+EKN+B2E.F HQDQ((PC )+EQR2*, )272TM3C 

.,-*3H-.&+C )+B-*I(+.'KT (-)+.*-7.'B-((+ (2 
)+E B2D+(2. /EF )+EQR2*2 B+ B(3L2(3- )*3(3-

L2E3.K '+EK&+ L-.'(P- Q)*QD3- 7-,+*L2833, 

7EF B2D+(2 – Q)*QD3- 3 )E2.'3H-.&3-, +)*-7--
EF-LP- ,+*LQE2L3 (2) 3 (3). 

VE2.'3H-.&2F .+.'2BEFTM2F .GE3J-(3F .+-

Q72*FTM3I.F '-E 7 .BFN2(2 . Q72*(+C .3E+C F'( 

&Q.+H(+-E3(-C(+C N2B3.3L+.'KT: 
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7  (6) 

D7- F$ – N(2H-(3- Q72*(+C .3EP, )+.E- )*-BP-

R-(3F &+'+*+D+ B+N(3&2T' )E2.'3H-.&3- 7--
,+*L2833 )+E2 B N+(- &+('2&'2; 2 – )+.'+F(-

(PC &+O,,383-(', &+'+*PC BPG3*2-'.F (2 +.-
(+B2(33 72((PI (2'Q*(PI 3.)P'2(3C 7QL)&2*2 
)*3 .G*2.PB2(33 D*QN2-G+C&2 .+ .,-*3H-.&+C 

(3J(-C )+B-*I(+.'KT (2 (-N2M3M-((PC )+E 

&QN+B2, 3 &+'+*PC )*3D+7-( 7EF 7QL)&2*+B )+-

7+G(PI &+(.'*Q&83C; Zmax 3 Fmax – (23G+EKR3- 
N(2H-(3F Z 3 F'( .++'B-'.'B-((+. 

!*2,3&3 N2B3.3L+.'-C F'( +' $ 3 Z )*-7-

.'2BE-(P (2 *3.. 2, D7- B)*2B+ +' +.3 +*73(2' 
+'E+J-(2 B-E3H3(2 $, 2 BE-B+ Z. 

 

$3.. 2. >2B3.3L+.'K Q)*QD3I 3 )E2.'3H-.&3I 7--
,+*L283C +' Q72*(+C .3EP 

V+E(2F B-E3H3(2 L-.'(PI 7-,+*L283C B 
N+(- Q72*2 )*3 ETG+L N(2H-(3C F'( +)*-7-EF-'-
.F .QLL3*+B2(3-L .++'B-'.'BQTM3I 2G.83.. $ 

3 Z. ;.E3, 7+.'3D(QB (-&+'+*+D+ L2&.3L2EK(+D+ 

N(2H-(3F F'(=Fmax, Q72*(2F .3E2 (2H(-' QL-(K-
R2'K.F, '+ B )*+8-..- *2ND*QN&3 B-E3H3(2 
.GE3J-(3F Z, +GQ.E+BE-((+D+ )E2.'3H-.&+C 

7-,+*L283-C, +.'2-'.F (-3NL-((+C. 02&, (2-
)*3L-*, -.E3 Q72*(2F .3E2, 7+.'3D(QB N(2H-(3F 
Fmax, QL-(KR2-'.F N2'-L 7+ N(2H-(3F, .++'B-'-
.'BQTM-D+ '+H&3 ! (2 *3.. 2, '+ .QLL2*(2F B--
E3H3(2 .GE3J-(3F .+Q72*F-LPI '-E 3NL-(F-'.F 
+' 34=Wmax+Zmax 7+ CD=WD+Zmax. 

V*3 )+B'+*(PI .+Q72*-(3FI Q72*(2F .3E2 
+GPH(+ (- )*-BPR2-' B-E3H3(Q Fmax, 7+.'3D(Q-

'QT )*3 )*-7P7QM3I .+Q72*-(3FI, '+D72 
B.E-7.'B3- Q)*+H(-(3F L2'-*32E2 B++GM- (- 
GQ7Q' B+N(3&2'K 7+)+E(3'-EK(P- )E2.'3H-.&3- 
7-,+*L2833 B N+(- &+('2&'2. ;.E3 J- Q72*(2F 
.3E2 )*-BP.3' Fmax, '+ N2B3.3L+.'K Z=Z(F'() 

GQ7-' +'E3H2'K.F +' (6) 3 )*3L-' B37: 

8 9
max max
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max max
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:
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 (7) 

37-.K Z*max 3 F*
max – (+BP- L2&.3L2EK(P- 

N(2H-(3F B-E3H3( Z 3 F'(. 
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%'*Q&'Q*(2F .I-L2 B2D+(2-.2L+.B2E2, *2.-
.H3'PB2-L+D+ (2 Q72* )272TM3L Q)*QD3L '--
E+L, 3N+G*2J-(2 (2 *3.. 3. 

UE-L-('P &+(.'*Q&833 7QL)&2*2, &*+L- 
2L+*'3N3*QTM-C )*+.E+C&3, )*-7.'2BEFT' .+-

G+C E3(-C(+-Q)*QD3- '-E2, )+B-7-(3- &+'+*PI 

)*3 Q72*- L+J(+ +)3.2'K . )+L+MKT .3.'-LP 

E3(-C(PI 73,,-*-(832EK(PI Q*2B(-(3C, 3.-
)+EKNQF )*+8-7Q*Q =4U. #L+*'3N3*QTMQT 

)*+.E+C&Q, )-*-72TMQT (2D*QN&Q +' G*+(-B+D+ 

E3.'2 (2 B-*I(TT *2LQ 3 3L-TMQT (-E3(-C-

(QT J-.'&+.'(QT I2*2&'-*3.'3&Q (2 *2.'FJ--
(3--.J2'3-, L+7-E3*+B2'K 7-,+*L3*Q-LPL '--
E+L B *2L&2I )*+8-7Q*P =4U 7+.'2'+H(+ 

.E+J(+, '2& &2& B I+7- *-R-(3F 73(2L3H-.&+C 

N272H3 GQ7-' 3NL-(F'K.F L2'*382 J-.'&+.'3 

B.-C &+(.'*Q&833. 

 

$3.. 3. %'*Q&'Q*(2F .I-L2 B2D+(2-.2L+.B2E2: 
1 – .E+3 L-'2EE2, E-J2M3- BPR- 2L+*'3N3*QTM-C )*+-

.E+C&3; 2 – 2L+*'3N3*QTM2F )*+.E+C&2; 3 – B-*I(FF *2L2 
. G+*'2L3 3 E+G+B+C .'-(&+C; 4 – (3J(FF *2L2 . +G*-..+-

*-((+C H2.'KT '-E-J&3; 5 – &+L)E-&' *-..+*(+D+ )+7B--
R3B2(3F '-E-J&3 

$2G+'2 2L+*'3N3*QTM-C )*+.E+C&3 3 .B+-

G+7(+- +)3*2(3- (+7(+.'+*+((3- .BFN3) B-*I-

(-C *2LP (2 (3J(TT B )*-7E2D2-L+C L-'+73&- 
L+7-E3*QT'.F )+.*-7.'B+L (-E3(-C(PI .BFN-C. 

:-E3(-C(2F .BFNK – )2*2 *2B(PI )+ B-E3H3(- 
.3E, 7-C.'BQTM3I (2 .BFNPB2-LP- -T OE-L-(-

'P B7+EK )*FL+C . )*+'3B+)+E+J-((PL3 N(2-
&2L3. 9-E3H3(2 O'3I .3E F, &+'+*P- GQ7-L 72-
E-- (2NPB2'K .3E2L3 BN23L+7-C.'B3F, +)*-7--
EF-'.F )*3 *-R-(33 73(2L3H-.&+C N272H3 3N 
Q*2B(-(3C .BFN3 B372: 

)(BC" fkF ,                          (8) 

D7- f(B) – (-E3(-C(2F 3E3 &Q.+H(+-E3(-C(2F 
,Q(&83F, &2H-.'B-((+ I2*2&'-*3NQTM2F Q)*Q-

D3- .B+C.'B2 2L+*'3N3*QTM-C )*+.E+C&3; B – 

7-,+*L283F 2L+*'3N3*QTM-C )*+.E+C&3; k – 

&+O,,383-(', N2B3.FM3C +' &+(.'*Q&833 B-*I-

(-C *2LP 3 -- *2NG3B&3 (2 &+(-H(P- OE-L-('P. 

:-'*Q7(+ N2L-'3'K, H'+ & (-E3(-C(PL .BF-
NFL +'(+.3'.F 3 .BFNK L-J7Q L-'2EE3H-.&3L 

R2*+L 3 G*+(-BPL E3.'+L, B+N(3&2TM2F . L+-

L-('2 3I &+('2&'2 3 N272B2-L2F Q72*(+C .3E+C 

F'(, &+'+*QT GQ7-L +)*-7-EF'K B )*+8-..- *--

R-(3F N272H3 +G Q72*- )*3 3.)+EKN+B2(33 .+-

+'(+R-(3F (2) – (8). 

V+7P'+J3B BPR- .&2N2((+-, GQ7-L )+E2-
D2'K, H'+ *2.H-'(2F .I-L2 B2D+(2-.2L+.B2E2, 
*2..H3'PB2-L+D+ (2 Q72* )272TM3L .+.*-7+-

'+H-((PL D*QN+L, L+J-' GP'K )*-7.'2BE-(2 B 
B37- .3.'-LP E3(-C(+-Q)*QD3I '-E (&2& O'+ 

3N+G*2J-(+ (2 *3.. 4), .BFN2((PI L-J7Q .+G+C 

.3E2L3 BN23L+7-C.'B3F. 

 

$3.. 4. $2.H-'(2F .I-L2 B2D+(2-.2L+.B2E2 

/B3J-(3- 3..E-7Q-L+C &+(.'*Q&833 3 )2-
72TM-D+ '-E2 )*3 Q72*- +)3.PB2-'.F .3.'-L+C 

73,,-*-(832EK(PI Q*2B(-(3C: 

& ' & '

& ' & '

:
:
:

;

:
:
:

<

=

!#"C

C"C!C

C#C"C!C

6

6

"

"

;

,

,

..
1

22

..

2

1

11

..

1

MgFM

FDYKM

FDFBXKM

'(

n

i

ii

n

i

ii'(

z

Y

X
   (9) 

. (2H2EK(PL3 Q.E+B3FL3: 

;
<
=

"""

"""

"""

"""

,,0,0

,0,0,0

0000

000

vZYX

ZYX

ttt

ttt

   
   (10) 

>7-.K [51], [61] – L2'*38P L2.. 3 J-.'&+.'3 

2(.2LGEF &+(-H(PI OE-L-('+B, )*-7.'2BEFT-

M3- G*+(-B+C E3.'; [52], [62] – 2(2E+D3H(P- 
L2'*38P B-*I(-C 3 (3J(-C *2L, QH3'PB2TM3- 
L2..Q +G*-c.+*-((+C H2.'3 '-E-J&3 3 J-.'-
&+.'K )*QJ3( *-..+*(+D+ &+L)E-&'2; 

CCCC

YYXX ,,,  – B-&'+*P )-*-L-M-(3C 3 Q.&+-

*-(3C .++'B-'.'B-((+ G*+(-B+D+ E3.'2 3 *2L 

B2D+(2; M, V, Z   – L2..2, .&+*+.'K 3 Q.&+*-(3- 
8-('*2 'FJ-.'3 Q72*FTM-D+ '-E2; F'( – Q72*(2F 
.3E2, )*3&E27PB2-L2F B '+H&2I &+('2&'2 & G*+-

(-B+LQ E3.'Q 3 Q72*FTM-LQ '-EQ; Fi – i-F .3E2 
BN23L+7-C.'B3F L-J7Q G*+(-BPL E3.'+L 3 

B-*I(-C *2L+C, L+7-E3*QTM2F *2G+'Q 2L+*'3-

N3*QTM-C )*+.E+C&3; B – B-&'+*, N272TM3C 

L-.'+ )*3E+J-(3F .3EP F'(; D1i, D2i – B-&'+*P, 

+)*-7-EFTM3- L-.'2 )*3E+J-(3F .3EP Fi & 
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G*+(-B+LQ E3.'Q 3 B-*I(-C *2L- B2D+(2-
.2L+.B2E2 .++'B-'.'B-((+. 

9 +GM-L .EQH2- N2B3.3L+.'K Q72*(+C .3EP 

F'( 3 .3E BN23L+7-C.'B3- Fi +' B*-L-(3 (-3N-
B-.'(P, .E-7+B2'-EK(+, )*2BP- H2.'3 .3.'-LP 

73,,-*-(832EK(PI Q*2B(-(3C (9) (- +)*-7-E--
(P. /EF (2I+J7-(3F N(2H-(3C O'3I .3E B &+(-

&*-'(PC L+L-(' B*-L-(3 t GQ7-L 3.)+EKN+B2'K 
Q*2B(-(3F .BFN3, )+EQH-((P- (2 +.(+B2(33 .+-

+'(+R-(3C (2), (6) – (8). 

1*2B(-(3- .BFN3 7EF +)*-7-E-(3F Q72*(+C 

.3EP .+.'2BEF-'.F .+DE2.(+ '-+*33 Q72*2 !-*82 

. QH-'+L L-.'(PI )E2.'3H-.&3I 7-,+*L283C 3 

3L--' .E-7QTM3C B37: 

7!C"# 3/2

'(m Fkxz                  (11) 

D7- z – )-*-L-M-(3- 8-('*2 'FJ-.'3 )272TM--
D+ '-E2;  m – )-*-L-M-(3- G*+(-B+D+ E3.'2 B 
'+H&- &+('2&'2 . Q72*FTM3L '-E+L. 

%3EP BN23L+7-C.'B3F +'P.&3B2T'.F 3N 
Q*2B(-(3C .BFN3 (6) 3 (7), .+.'2BE-((PI (2 +.-
(+B2(33 Q)*QD3I .B+C.'B 2L+*'3N3*QTM-C 

)*+.E+C&3, &+(.'*Q&833 B-*I(-C *2LP 7QL)&2-
*2 3 -- *2NG3B&3 (2 &+(-H(P- OE-L-('P: 

.,1),,,( niyxfkF iiii "C" 7          (12) 

>7-.K xi 3 yi- )-*-L-M-(3F '+H-& G*+(-B+D+ 

E3.'2 3 B-*I(-C *2LP, +'(+.3'-EK(+- )-*-L--
M-(3- &+'+*PI +)*-7-EF-' .'-)-(K .J2'3F 
2L+*'3N3*QTM-C )*+.E+C&3 B N+(- )*3E+J-(3F 
i-+C .3EP BN23L+7-C.'B3F. 
%E-7+B2'-EK(+, *-R-(3- N272H3 +G Q72*- B2-

D+(2-.2L+.B2E2 )272TM3L D*QN+L . QH-'+L (--
E3(-C(PI .B+C.'B 2L+*'3N3*QTM-C )*+.E+C&3 

)+E2 3 L-.'(PI Q)*QD+)E2.'3H-.&3I 7-,+*L2-
83C, .B+73'.F & *-R-(3T D*Q))P L2'*3H(PI 

73,,-*-(832EK(PI Q*2B(-(3C (9) . (2H2EK(P-

L3 Q.E+B3FL3 (10) .+BL-.'(+ . Q*2B(-(3FL3 

.BFN3 (11) 3 (12). 

% 8-EKT )*+B-*&3 L-'+73&3 73(2L3H-.&+D+ 
*2.H-'2 (2 )*+H(+.'K B2D+(+B-.2L+.B2E+B )*3 

Q72*- )272TM3L D*QN+L B+ B*-LF )*3-L+H(PI 
3.)P'2(3C B2D+(2-.2L+.B2E2 L+7-E3 33-9035 GP-

E2 )*+B-7-(2 .-*3F +)P'+B )+ .G*+.Q D*QN2-G+C&2 
(2 (-N2M3M-((PC )+E B2D+(2. 
:2 *3.. 5 )*3B-7-(P L2D(3'+D*2LL2 Q72*(+C 

.3EP, N2)3.2((2F )*3 .G*+.- D*QN2-G+C&2 B 
R&B+*(-B+- .-H-(3- . BP.+'P 25 .L (2 (-N2M3-

M-((PC )+E &QN+B2, 3 *2.H-'(2F N2B3.3L+.'K 
Q72*(+C .3EP, )+EQH-((2F )*3 *-R-(33 2(2E+-
D3H(+C 73(2L3H-.&+C N272H3 . QH-'+L L-.'(PI 
)E2.'3H-.&3I 7-,+*L283C. 

:2 D*2,3&2I Q72*(+C .3EP (O&.)-*3L-('2EK-
(+C 3 *2.H-'(+C) B (2H2EK(+C ,2N- 2&'3B(+D+ 

Q72*(+D+ )*+8-..2 I+*+R+ B37(P BP.+&+H2.'+'-
(P- &+E-G2(3F. V+.E- '+D+ &2& Q72*(2F B+E(2 
7+.'3D2-' B-*I(-C *2LP, &+E-G2(3F N2'QI2T' 3 

Q72*(2F .3E2 *2.'-' )E2B(+.  9 )2..3B(+C ,2N- 
*2.H-'(2F Q72*(2F .3E2 QGPB2-', &+E-GEF.K . '2-
&+C J- H2.'+'+C, &2& 3 B(2H2E- Q72*2, (+ . D+*2N-
7+ L-(KR-C 2L)E3'Q7+C. V+.E-7(-- L+J(+ +GS-

F.(3'K 73.&*-'(+.'KT &+(-H(+-OE-L-('(+C *2.-
H-'(+C .I-LP B2D+(2-.2L+.B2E2. 

 

$3.. 5. =2D(3'+D*2LL2 3 *2.H-'(2F N2B3.3L+.'K 
Q72*(+C .3EP +' B*-L-(3 )*3 R&B+*(-B+L Q72*- D*Q-
N+L-G+C&+L (.'2EK(PL R2*+L) L2..+C 30 &: . BP.+'P 

25.L )+ (-N2M3M-((+LQ )+EQ &QN+B2 7QL)&2*2 

02GE382 1 

-56789:;:< =;>?5:; @ AB>C5=@D5E:;89E<5 

F;EE<5 7F;=EGHG E;H=7I5E@J C;F;KL@D H=76GD 

F7DCB;=; DGF58@ 33-9035 

6-('*2EK(PC Q72* U(-*D. 
172*2, 
&/J 

03) 

72(-

(PI
FQ7, 

&: 
D)+), 
=V2 

D)*, 
=V2 

DG+&, 
=V2 

DI*, 
=V2 

D&*, 
=V2

w)E, 

LL
$ 348 245 135 76 42 -40 6 

3,68 
U 360 245 105 75 35 -35 7 

$ 555 404 219 136 61 -62 15,4
7,35 

U 520 380 165 105 50 -65 17

$ 728 567 301 195 71 -86 26
11,03

U 640 '-&QH. 290 155 60 -85 26

[&B+*(-B+C Q72* 

$ 396 180 70 66  -20 7 
3,68 

U 400 145 60 50  -20 9 

$ 636 292 112 106  -32 18,2
7,35 

U 580 235 105 90  -35 20 

$ 728 392 153 143  -44 31 
11,03

U 680 375 140 135  -55 31 

9 '2GE. 1 )*3B-7-(P L2&.3L2EK(P- *2.H-'(P- 
3 O&.)-*3L-('2EK(P- N(2H-(3F Q72*(+C .3EP, 

(2)*FJ-(3C B +)2.(PI .-H-(3FI (-.QM3I OE--
L-('+B &+(.'*Q&833 7QL)&2*2 3 )E2.'3H-.&3I 
3ND3G(PI 7-,+*L283C (DEQG3(2 BLF'3() B N+(- 
Q72*2 7EF R&B+*(-B+D+ 3 8-('*2EK(+D+ Q72*+B 
)*3 )27-(33 D*QN2-G+C&2 . BP.+'P 12.5, 25 3 37.5 

.L. 

42& B37(+ 3N *-NQEK'2'+B, )*3B-7-((PI B 
'2GE. 1, *-NQEK'2'P 73(2L3H-.&+D+ )*+H(+.'(+D+ 
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*2.H-'2 Q7+BE-'B+*3'-EK(+ .+B)272T' . 72((PL3 

(2'Q*(PI 3.)P'2(3C. 

" "< 5!$#\ ?;%4 @ %V %54 

1. $2.H-' D*QN+BPI B2D+(+B (2 )*+H(+.'K )*3 Q72-
*2I [0-&.'] : QH-G(. )+.+G3- 7EF 91>+B J. 7. 

'*2(.). / ;. V. "E+I3( 3 7*. – =.: 0*2(.)+*', 
1989. – 230 .. 

2. 03L+R-(&+, %. V. V*+H(+.'K 3 &+E-G2(3F Q)*Q-

D3I OE-L-('+B &+(.'*Q&83C [0-&.'] / %. V. 03-

L+R-(&+. – !E2B(. *-7. ,3N.-L2'. E3'-*P 3N7-B2 
«:2Q&2», 1975. – 704 .. 

3. /3((3&, #. :. 172* 3 .J2'3- Q)*QD3I '-E 
[0-&.'] / #. :. /3((3& //  NG*2((P- '*Q7P. –  

'. 1. – 4.: 1: 1%%$, 1952. – %. 15-113. 

4. "2*G2.,  . !. U&.)-*3L-('2EK(+- 3..E-7+B2(3- 
(2)*FJ-((+D+ .+.'+F(3F B-*I(-C *2LP 7QL)&2-
*2 )*3 Q72*- )272TM3L D*QN+L [0-&.'] /  

 . !. "2*G2. 3 7*. // 0* 9:  B2D+(+.'*+-(3F. – 

1974. – 9P). 24. – %. 96-102. 

5. 4+.'*382, %. #. V*3L-(-(3- L-'+72 &+(-H(PI 

OE-L-('+B & 3..E-7+B2(3T )*+H(+.'3 &QN+B+B 
B2D+(+B-.2L+.B2E+B )*3 Q72*2I / %. #. 4+.'*3-

82 [0-&.'] // :2D*QJ-((+.'K 3 )*+H(+.'K )+-

7B3J(+D+ .+.'2B2. – /.: /  0, 1998. – 145 .. 
6. %QE'2(, #. 9. U&.)-*3L-('2EK(+-'-+*-'3H-.&+- 

3..E-7+B2(3- (2D*QJ-((+.'3 B2D+(2-.2L+.B2E2 
L+7-E3 33-9035 [0-&.'] / #. 9. %QE'2(. – /.: 

#*'-V*-.., 2000. – %. 126-129. 

 

V+.'Q)3E2 B *-7&+EE-D3T 21.08.2009 
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 !" 629.423:621.3.025 

 . !. "#$%&', (.).*., +,-./00-,, 1&&2 (34,56*5); 
7. ". 879'$:;<&=, 4.).*., 0).*.0., 1&&2 (34,56*5); 
'. &. 879'$:;<9>, 4.).*., 1&&2 (34,56*5); 
'. >. 897<9:&, 0).*.0., 1&&2 (34,56*5); 
 . ?. ? 1$7$:, @5A. B5C. $'&# 1!!;, 1&&2 (34,56*5) 

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

23&"0$(-(4. 2&35

'5A/(/*- ,/@DBE)5)6 F-(-A6F (6*5GHI*6F A6+,-CDA5*E G5JH0),5BE*-J- /B/4),-A-@5 @GH**-J- 0),DGD 

2 #5-008 A6,-C*6K)A5 :92 «%< «#DJ5*04)/+B-A-@». 

!,6A/(/*L ,/@DBE)5)L F-(-ALF (6*5G6I/046F 60+L)5*6M G5J60),5BE*-J- J,D@-A-J- NB/4),-A-@5 +/,/-
G/**-J- )-45 2 #5-008 +,-6@A-(0)A5 $9$ «%< «#DJ5*04)/+B-A-@». 

The results of running dynamic tests of the main cargo electric locomotive of alternating current 2 #5-008 

produced by company «Luganskteplovoz» are presented. 

: *-OC,/ 2008J. *5 DI50)4/ $(/005 – <-)-A04 

– :5+*O,45 $(/004-M P.(. CLB6 +,-A/(/*L 

+,6/G-I*L/ F-(-AL/ (6*5G6I/046/ 60+L)5*6O 
G5J60),5BE*-J- J,D@-A-J- NB/4),-A-@5 +/,/-
G/**-J- )-45 2 #5-008 +,-6@A-(0)A5 $9$ «%< 

«#DJ5*04)/+B-A-@». 

$0*-A*-M K/BEQ ,5@,5C-)46 *-A-J- NB/4-

),-A-@5 OABOB-0E 0-@(5*6/ A 34,56*/ J,D@-ALF 

NB/4),-A-@-A *-A-J- +-4-B/*6O 0 DBDIR/**L-

G6 N40+BD5)5K6-**LG6 45I/0)A5G6 (BO @5G/*L 

J,D@-ALF NB/4),-A-@-A :#80 A0/F G-(6.645-
K6M, 4-)-,L/ AL,5C-)5B6 0A-M ,/0D,0. 

: )5CB. 1 +,6A/(/*L 0,5A*6)/BE*L/ F5,54-

)/,60)646 NB/4),-A-@-A 2 #5 6 :#80;. 

1BO +,-A/(/*6O +,6/G-I*LF F-(-ALF (6*5-
G6I/046F 60+L)5*6M CLB 0.-,G6,-A5* -+L)-
*LM 0K/+, 0-0)-OS6M 6@ NB/4),-A-@5 2 #5, A5-
J-*5 – B5C-,5)-,66 6 NB/4),-A-@5 :#80;. 

: )5CB. 2 +,6A/(/*L G5406G5BE*L/ A/,-O)-
*L/ A/B6I6*L -0*-A*LF (6*5G6I/046F +-45@5-
)/B/M NB/4),-A-@-A. 

25CB6K5 1 

0567895:;85 6<=<;>5=8:>8;8 ?@5;>=ABACAB 2&35-008 8 -380/ 

T +/+ '5@A5*6/ +5,5G/),5 2 #5 :#80; 

1 85C5,6) +- 8$;2 9238-83 12 12 

2 U5005 NB/4),-A-@5 0 0,67 @5+505 +/045, ) 192 192 

3 <-*0),D4K6-**5O 04-,-0)E, 4G/J-(. 120 110 

4 :6( NB/4),6I/04-J- )-,G-P/*6O ,/4D+/,5)6A*-/ ,/-0)5)*-/ 
5 <-B/0*5O .-,GDB5 2(2--2-) 2(2--2-) 

6 U-S*-0)E *5 A5B5F )OJ-ALF (A6J5)/B/M, 4:): 
– I50-A-M ,/P6G; 

– (B6)/BE*LM ,/P6G; 

6560 

6120 

6520 

6160 

7 ;6B5 )OJ6, 4' ()0): 
– I50-A-M ,/P6G; 

– (B6)/BE*LM ,/P6G; 

464 (47,3) 

423 (43,1) 

442 (45,1) 

400 (40,9) 

8 ;4-,-0)E, 4G/I50, */ G/*ER/: 
– A I50-A-G ,/P6G/; 
– A (B6)/BE*-G ,/P6G/; 

49,9 

51,0 

51,6 

53,6 

9 2-,G-@*-/ D06B6/, 4' ()0), +,6 04-,-0)6, 4G/I50, */ G/*ER/: 
– 80 

– 90 

300 (30,6) 

250 (25,5) 

215 (22) 

196 (20) 

10 !-(A/R6A5*6/ )OJ-ALF (A6J5)/B/M -+-,*---0/A-/ 
11 165G/), 4-B/05 +- 4,DJD 45)5*6O +,6 *-ALF C5*(5P5F, GG  1250 

12 <-B/0*L/ +5,L (+,-.6BE C5*(5P5) 8$;2 11018-2000 

(I/,)/P 3) 
«U&' 2 <» 
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$4-*I5*6/ )5CB. 1. 
T +/+ '5@A5*6/ +5,5G/),5 2 #5 :#80; 

13 1B6*5 *-G6*5BE*5O +- -0OG 5A)-0K/+-4, GG 35004 32840 

14 !/,/(5I5 D06B6O -) )/B/P46 *5 ,5GD 4D@-A5 *54B-**5O )OJ5 R4A-,/*E 
15 ;)5)6I/046M +,-J6C, GG: 

– +/,A-M 0)D+/*6 ,/00-,*-J- +-(A/R6A5*6O; 
– A)-,-M 0)D+/*6 ,/00-,*-J- +-(A/R6A5*6O; 

60 

77 

85,5 

77 

25CB6K5 2 

!87<D895:;85 EA;<C<>5@8 ?@5;>=ABACAB 2&35 8 -380/ 

04-,-0)E, 4G/I50 16*5G6I/046M +--
45@5)/BE 

:/B6I6*5 
4,6)/,6O 

26+  
NB/4),-A-@5 :6( +D)6 

40 50 65 80 95 110 120 

+,OG5O  4,35 3,67 4,12 3,81 4,00 3,86 

RC  3,70 3,98 3,72 3,74 3,79 3,84 

R0  3,56 3,92 3,81 3,63 4,23  

RG 4,42 3,79      

2 #5 

0),/B46 3,67 3,49 3,27 3,27 3,42 3,92  

+,OG5O  3,69 3,48 3,52 3,39 3,54  

RC  4,04 3,90 3,85 3,74 3,54  

R0  3,76 3,51 3,43 3,45 3,24  

RG 3,64 3,56      

<-N..6K6/*) 
@5+505 D0)-MI6-

A-0)6 +,-)6A 

0F-(5 4-B/05 0 
,/BE05, */ G/*// 

1,4 

:#80; 

0),/B46 3,67 3,49 3,27 3,27 3,42 3,63  

+,OG5O  11 12 12 17 16 17 

RC  18 17 18 22 22 20 

R0  14 16 22 22 17  

RG 13 25      

2 #5 

0),/B46 22 27 23 24 23 19  

+,OG5O  18 23 24 25 20  

RC  28 27 28 29 30  

R0  24 27 29 32 36  

RG 25 18      

75G*L/ 06BL, */ 
C-B//, A % -) 
0)5)6I/04-M *5-
J,D@46 *5 -0E 

40% 

:#80; 

0),/B46 28 33 35 39 32 34  

+,OG5O  0,14 0,18 0,19 0,21 0,20 0,17 

RC  0,22 0,25 0,21 0,23 0,28 0,30 

R0  0,23 0,20 0,24 0,23 0,28  

RG 0,20 0,25      

2 #5 

0),/B46 0,22 0,29 0,20 0,24 0,24 0,40  

+,OG5O  0,10 0,14 0,17 0,17 0,14  

RC  0,16 0,18 0,19 0,17 0,20  

R0  0,14 0,14 0,15 0,15 0,30  

RG 0,12 0,16      

<-N..6K6/*) 
A/,)645BE*-M 

(6*5G646 A V 
0)D+/*6 ,/00-,-

*-J- +-(A/R6A5-
*6O, */ C-B// 

0,4 

:#80; 

0),/B46 0,12 0,21 0,18 0,20 0,20 0,24  

+,OG5O  0,09 0,11 0,12 0,12 0,12 0,11 

RC  0,16 0,15 0,14 0,14 0,15 0,15 

R0  0,10 0,14 0,15 0,14 0,16  

RG 0,20 0,14      

2 #5 

0),/B46 0,13 0,14 0,12 0,14 0,14 0,25  

+,OG5O  0,14 0,25 0,27 0,25 0,24  

RC  0,19 0,29 0,27 0,25 0,25  

R0  0,15 0,20 0,22 0,18 0,28  

RG 0,10 0,21      

<-N..6K6/*) 
A/,)645BE*-M 

(6*5G646 A- VV 
0)D+/*6 ,/00-,-

*-J- +-(A/R6A5-
*6O, */ C-B// 

0,25 

:#80; 

0),/B46 0,16 0,29 0,26 0,29 0,25 0,39  

Wz  2,39 2,68 2,82 2,85 2,91 2,66 
2 #5 

Wy  2,37 2,52 2,55 2,71 2,75 2,68 

Wz  2,68 3,42 3,60 3,23 3,30  

!-45@5)/B6 

+B5A*-0)6 F-(5, 
*/ C-B//  

3,75 

:#80; 
Wy  2,40 3,09 3,36 2,85 3,08  
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: )5CB. 2 RC – 4,6AL/ C-BER6F ,5(6D0-A 

(R>650G), R0 – 4,6AL/ 0,/(*6F ,5(6D0-A 

(400G<R<650G), RE – 4,6AL/ G5BLF ,5(6D0-A 

(R<400G). !-45@5)/B6 +B5A*-0)6 F-(5 A A/,)6-

45BE*-G Wz 6 J-,6@-*)5BE*-G +-+/,/I*-G Wy 

*5+,5AB/*6OF +-BDI/*L +- D04-,/*6OG, @5G/-
,/**LG *5 +-BD 45C6* G5R6*60)-A 0--)A/)0)-
ADQS6F NB/4),-A-@-A. 

<54 A6(*- 6@ )5CB. 2, A0/ -0*-A*L/ (6*5G6-

I/046/ +-45@5)/B6 NB/4),-A-@5 2 #5 A- A0/G 

(65+5@-*/ 04-,-0)/M A+B-)E (- 4-*0),D4K6-*-

*-M D(-AB/)A-,OQ) *-,G5)6A*LG ),/C-A5*6OG 

[1, 2] 6 BDIR/, I/G D NB/4),-A-@5-N)5B-*5 
:#80;. 

1BO -+,/(/B/*6O 0-C0)A/**LF I50)-) 4-B/-
C5*6M 4D@-A-A NB/4),-A-@-A *5 ,/00-,*-G +-(-

A/R6A5*66 6 4-N..6K6/*)-A -)*-06)/BE*-J- 

(/G+.6,-A5*6O, 5 )54P/ +/,A-M I50)-)L 6@J6C-

*LF 4-B/C5*6M 4D@-A-A CLB6 +,-A/(/*L 60+L-

)5*6O +- «0C,-0D 0 4B6*E/A», A 4-)-,LF A-@CD-

P(5B60E -0*-A*L/ .-,GL 4-B/C5*6M 4D@-A-A 

NB/4),-A-@-A – +-(+,LJ6A5*6/, J5B-+6,-A5*6/ 
6 C-4-A5O 45I45.  

7/@DBE)5)L N)6F 60+L)5*6M +,6A/(/*L A 

)5CB.3, 6@ 4-)-,-M A6(*-, I)- 4-N..6K6/*)L 

-)*-06)/BE*-J- (/G+.6,-A5*6O 4-B/C5*6M 4D-

@-A5 NB/4),-A-@5 2 #5 D(-AB/)A-,OQ) *-,G5-
)6A*LG ),/C-A5*6OG [2]. 1BO NB/4),-A-@5 
:#80; 4-N..6K6/*)L -)*-06)/BE*-J- (/G+-

.6,-A5*6O 4-B/C5*6M +-(+,LJ6A5*6O 6 J5B--

+6,-A5*6O G/*ER/ *-,G5)6A*LF @*5I/*6M.  

!/,A5O I50)-)5 6@J6C*LF 4-B/C5*6M 4D@-A5 
0-0)5ABO/) 11,0...11,9 8K (BO NB/4),-A-@5 2 #5 

6 11,6 8K (BO NB/4),-A-@5 :#80; +,6 (-+D0-
45/G-G @*5I/*66 */ G/*// 8 8K [1] 

25CB6K5 3 

)<:>A>F :AG:>B577F6 ;A@5G<78H  

;ICABAB ?@5;>=ABACAB. 

<-N..6K6/*) -)*-06)/BE*-J-  

(/G+.6,-A5*6O 

?54)6I/046M 

?-,G5 4-B/C5-
*6M 4D@-A5 *5 
,/00-,*-G +-(-

A/R6A5*66 
1-+D045/GLM, 

[2] 2 #5 :#80; 

+-(+,LJ6A5*6/ 0,2...0,3 0,26 0,18 

J5B-+6,-A5*6/ 0,2...0,3 0,26 0,19 

C-4-A5O 45I45 0,1...0,2 0,15 0,15 

!- 0A-6G (6*5G6I/046G 45I/0)A5G NB/4),--

A-@ 2 #5-008 G-P/) N40+BD5)6,-A5)E0O 0 D0)5-
*-AB/**LG6 *5 P/B/@*LF (-,-J5F 34,56*L 

04-,-0)OG6, 5 6G/**-: 

7< E=JDF6   (- 120 4G/I50; 
B ;=8BF6 GA@KLAMA =<N8I:<  (- 120 4G/I50; 
B ;=8BF6 :=5N75MA =<N8I:< (- 100 4G/I50; 
7< :>=5@A97F6 E5=5BAN<6  

B E=JDAD 7<E=<B@5788  (- 100 4G/I50 
7< :>=5@A97F6 E5=5BAN<6  

E=8 NB8O5788 7< GA;ABAH EI>K  

8 ;=8BFD D<@AMA =<N8I:<        0 D0)5*-AB/*- 

*LG6 04-,-0)O-
G6. 

"&"#&$879?&W ;<&= ;!&;$< 

1. ;2 ;;?X2 Y2 15-98 2OJ-ALM +-(A6P*-M 0--

0)5A. 26+-A5O G/)-(645 (6*5G64--+,-I*-0)*LF 

60+L)5*6M B-4-G-)6A-A [2/40)]. – U., 1998. 

2. '-,GL (BO ,50I/)5 6 -K/*46 +,-I*-0)6 */0D-

S6F NB/G/*)-A, (6*5G6I/046F 45I/0)A 6 A-@-
(/M0)A6O *5 +D)E N46+5P*-M I50)6 B-4-G-)6A-A 

P/B/@*LF (-,-J U!; 7? 4-B/6 1520 GG 

[2/40)]. – U.: :'&&X2, 1998. 

 

!-0)D+6B5 A ,/(4-BB/J6Q 22.07.2009 
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 !" 629.4.028.86 

 . !. "#$%&', (.).*., +,-./00-,, 1&&2 (34,56*5); 
7. &. 8 # 9'$:, 0).*.0., 1&&2 (34,56*5); 
#. :. 3;<3#=7, 4.).*., (->/*), 1&&2 (34,56*5) 

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

/(#0$(&,0$1',,#- %,#2#%&00#1#- %#!'*) /#'3!&

;-?@6)-4 *5A46 +,- (6*5BC4A +-D?(5 ?5 -0)5**C 200 ,-4C@. 

;5?@6)6/ *5A46 - (6*5B64/ +-/?(5 ?5 +-0E/(*6/ 200 E/). 

Development of the science about dynamics of a train for last 200 years. 

<-?(5*6/ +5,-@-F )GH6 6 +A)/F 0--IJ/*6G 

(-0)5)-K*- I-ELM-F +,-)GN/**-0)6 +,6@/E- 4 

*/-IO-(6B-0)6 +,-6?@-(0)@5 )GH-@PO ,50K/)-@ 

0 >/ELQ -+,/(/E/*6G @,/B/*6 O-(5, )-,B-?*PO 

+A)/F, @P,5I-)46 ),/I-@5*6F 4 ,/N6B5B @/(/-
*6G +-/?(5. !/,@-F ,50K/)*-F 0O/B-F +-/?(5 
+,6 R)-B 0)5E5 B5)/,65EL*5G )-K45, @+6)5@M5G 
@ 0/IG B500A +-/?(5 6 -0)5EL*P/ +,60AJ6/ /BA 

O5,54)/,60)646 ()GH-@P/, )-,B-?*P/ 6 +,-K6/). 
< A@/E6K/*6/B (E6*P 0-0)5@5 @ 45K/0)@/ ,50-
K/)*-F 0O/BP 0)5E6 60+-EL?-@5)L H6I4AQ */-
,50)GN6BAQ *6)L (0-0)5@) 0 H,A?-B (E-4-B--

)6@) *5 4-*>/. S)5 ,50K/)*5G 0O/B5 6 0/FK50 0 
A0+/O-B 60+-EL?A/)0G @ )GH-@PO ,50K/)5O 6 

,50K/)5O, 4-)-,P/ 0@G?5*P 0 @PI-,-B -+)6-

B5EL*PO +- ?5),5)5B R*/,H66 ),5/4)-,6F (@6-

N/*6G, 60+-EL?A/BPO @ ,/N6B*PO 45,)5O 6 

),/*5N/,5O B5M6*60)-@ B5H60),5EL*PO E-4--

B-)6@-@. 

< A@/E6K/*6/B B500 6 (E6* +-/?(-@, -0--

I/**- H,A?-@PO, +-@PM/*6/B B-J*-0)/F E--

4-B-)6@-@ +-),/I-@5E-0L -+,/(/EG)L @-?*6-

45QJ6/ +,6 0)5>6-*5,*PO 6 +/,/O-(*PO ,/-
N6B5O (@6N/*6G +-/?(5 +,-(-EL*P/ 06EP @ 

*/B, */-IO-(6BP/  +,6 ,50K/)/ 4-*0),A4>6F 

E-4-B-)6@-@, @5H-*-@, RE/B/*)-@ 6O 0-/(6-

*GQJ6O, )-,B-?*PO A0),-F0)@. 1EG ,/M/*6G 

R)6O ?5(5K -)>-B ,A004-F 5@65>66 '64-E5/B 

 H-,-@6K/B 8A4-@046B @ 1919 H-(A IPE6 +,/(-

E-N/*P (@/ ,50K/)*P/ 0O/BP +-/?(5: -(*5 @ 

@6(/ A+,AH-H- 0)/,N*G 0 H,A?-B *5 4-*>/ 6 

(,AH5G @ @6(/ -(*-B/,*-F >/+-K46 )@/,(PO 

)/E, 0-/(6*/**PO A+,AH6B6 0@G?GB6. : +/,@-B 

0EAK5/ ?5(5K5 0@-(6E50L 4 ,/M/*6Q +,6 -+,/-
(/E/**PO *5K5EL*PO 6 H,5*6K*PO A0E-@6GO 

(6../,/*>65EL*-H- A,5@*/*6G @)-,-H- +-,G(45 
@ K50)*PO +,-6?@-(*PO, 5 @- @)-,-B – 4 ,/M/-
*6Q 060)/BP E6*/F*PO -(*-,-(*PO (6../-
,/*>65EL*PO A,5@*/*6F @)-,-H- +-,G(45.  0)/-
0)@/**-, K)- ,500/6@5*6G R*/,H66 +,6 +,-(-EL-

*PO 4-E/I5*6GO +-/?(5 +,6 R)-B */ AK6)P@5-
E-0L 6 *5F(/**P/ 0 +-B-JLQ ,50K/)-@ 

-0>6EE-H,5BBP +,-(-EL*PO 06E @ */B -)E6K5-
E60L -) ,/5E6?A/BPO @ ,/5EL*PO A0E-@6GO. 

:0/@-E-( T,A)Q*-@6K #5?5,G* @ 0@-/F (-4-

)-,04-F (600/,)5>66, 4-)-,AQ -*, ,5I-)5G @ 

1&&2/, ?5J6)6E @ 30 E/) @ #/*6*H,5(04-B 6*-

0)6)A)/ +A)/F 0--IJ/*6G, +,/(E-N6E AK6)P-

@5)L +,6 4-E/I5*6GO ,500/6@5*6/ R*/,H66 6 

,500B5),6@5)L +-/?( 454 A+,AH--@G?46F 0)/,-

N/*L 0 H,A?-B ( E-4-B-)6@) *5 4-*>/, E6I- 454 

-(*-B/,*AQ 060)/BA )@/,(PO )/E, 0-/(6*/*-

*PO A+,AH--@G?46B6 0@G?GB6. S)6 ,50K/)*P/ 
0O/BP 60+-EL?-@5E60L @ ,5I-)5O :. T. #5?5,G-
*5,  . !. "E-O6*5, &. U. "5,I505, 2. T. U-,-(/>-

4-F, T. &. <)A45E-@5, T. T. 3E5*-@5, V. :. 

VE-,6*04-H-. !-0)5@E/**P/ :. T. #5?5,G*-B @ 

,/5EL*PO A0E-@6GO B*-H-K60E/**P/ 0+/>65EL-
*P/ -+P)P 0 +-/?(5B6, +-()@/,(6E6 +,5@-B-K-

*-0)L +,6B/*/*6G, @ ,G(/ 0EAK5/@, A+-BG*A)PO 

,50K/)*PO 0O/B 6 +-?@-E6E6  *5F)6 */-IO-(6-

BP/ (EG ,50K/)-@ B*-H6/ O5,54)/,60)646 H,A-

?-@PO 6 +5005N6,046O +-/?(-@ (04-,-0)L I/H5 
@-E*P @-?BAJ/*6F +,6 +A04/ @ O-( 6 )-,B-N/-
*6GO, +,-(-EL*AQ N/0)4-0)L 0-0)5@5, N/0)-
4-0)L B/N@5H-**PO 0-/(6*/*6F +,6 *5H,A?4/ 6 

,5?H,A?4/, 0,/(*/0)5)60)6K/046/ ?*5K/*6G ?5?--

,-@ @ B/N@5H-**PO 0-/(6*/*6GO). 

 0)/0)@/**-, K)- +,6 R)-B ?5(5@5E60L +/,/-
O-(*P/ ,/N6BP (@6N/*6G, *5 4-)-,P/ ?5?-,P @ 

A+,GN6 +-/?(5 */ @E6GQ) (+A04 @ O-( +,/(@5,6-

)/EL*- ,50)G*A)PO 6 )-,B-N/*6/ 0 H-E-@P 

+,/(@5,6)/EL*- 0N5)PO +-/?(-@, (@6N/*6/ ,50-
)G*A)-H- +-/?(5 +- +/,/E-BA +A)6 )6+5 «H-,I» 

6 0N5)-H- +- +/,/E-BA )6+5 «GB5»). :- @0/O 

R)6O 0EAK5GO +,54)6K/046 0-@+5(5E6 */ )-EL4- 

H,5.646 ,50+,/(/E/*6G @(-EL 0-0)5@5  B5406-

B5EL*PO ?*5K/*6F +,-(-EL*PO A06E6F, +-EA-

K/**P/ ,50K/)-B 6 +- 6)-H5B R40+/,6B/*)-@, 

*- 6 -0>6EE-H,5BBP +,-(-EL*PO A06E6F @ 0/-
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K/*6GO +-/?(-@ +,6 ,5?E6K*PO +/,/O-(*PO ,/-
N6B5O. 

: 45K/0)@/ +,6B/,5 *6N/ +-45?5*P ,50+,/-
(/E/*6G B5406B5EL*PO +,-(-EL*PO 06E +- (E6-

*/ +-/?(5 +,6 +A04/ @ O-( -(*-,-(*-H- 6 */-(-

*-,-(*-H- +-/?(-@ (,60. 1) 6 (@6N/*66 0- 04--

,-0)LQ 70 4B/K +- +/,/E-BA +,-(-EL*-H- +,--

.6EG +A)6 0 ,5?*-0)LQ A4E-*-@ 8,6‰ (,60. 2). : 

*/-(*-,-(*-B -+P)*-B +-/?(/ H-E-@*5G K50)L 
0-0)5@5 IPE5 0.-,B6,-@5*5 6? +-,-N*6O K/)P-

,/O-0*PO @5H-*-@, 5 O@-0)-@5G – 6? )546O N/, *- 

+-E*-0)LQ ?5H,AN/**PO. <+E-M*P/ E6*66 +--

EAK/*P 5*5E6)6K/046B ,50K/)-B, 4@5(,5)646 6 

),/AH-EL*646 0--)@/)0)@AQ) ,/?AEL)5)5B 

-+P)*PO +-/?(-4. '5 +,6@/(/**PO H,5.645O 

S/Ft – -)*-M/*6/ +,-(-EL*-H- A06E6G @ (5**-B 

0/K/*66 4 +,-(-EL*-BA A06E6Q @ 5@)-0>/+4/ 
B/N(A E-4-B-)6@-B 6 +/,@PB @5H-*-B. 

0

0,2

0,4

0,6

0,8

1

1,2

1,4

0 0,2 0,4 0,6 0,8 1

x/L

S/S1

-(*-,-(*PF +-/?( */-(*-,-(*PF

-(*-,-(*PF +-/?( */-(*-,-(*PF  

;60. 1. ;50+,/(/E/*6/ B5406B5EL*PO +,-(-EL*PO 

06E +- (E6*/ +-/?(5 +,6 +A04/ @ O-( 

-2,5

-2

-1,5

-1

-0,5

0

0 0,2 0,4 0,6 0,8 1

x/L

S/S1

 

;60. 2. ;50+,/(/E/6/ B5406B5EL*PO +,-(-EL*PO 06E 

+- (E6*/ +-/?(5 +,6 (@6N/*66 0- 04-,-0)LQ 70 4B/K 

+- +/,/E-BA +,-(-EL*-H- +,-.6EG +A)6 0 ,5?*-0)LQ 

A4E-*-@ 8,6 ‰ 

'5 ,60.3 6 4 +,6@/(/*P -0>6EE-H,5BBP 06E 

@ */04-EL46O 0/K/*6GO +,6 ),-H5*66 +,/(@5,6-

)/EL*- ,50)G*A)-H- -(*-,-(*-H- 6 */-(*-,-(-

*-H- (H-E-@*5G K50)L 0-0)5@5 0-0)-6) 6? -(*--

,-(*PO +-,-N*6O 4-O-0*PO +-EA@5H-*-@, O@--

0)-@5G – 6? +-E*-0)LQ ?5H,AN/**PO) +-/?(-@ 

0--)@/)0)@/**-. 2-K45B6 *5 -+P)*P/ -0>6EE--

H,5BBP *5*/0/*P ,/?AEL)5)P 5*5E6)6K/04-H- 

,50K/)5. 

 

;60. 3. $0>6EE-H,5BBP 06E +,6 ),-H5*66 -(*-,-(-

*-H- +,/(@5,6)/EL*- ,50)G*A)-H- +-/?(5 

 

;60. 4. $0>6EE-H,5BBP 06E +,6 ),-H5*66 */-(*--

,-(*-H- +,/(@5,6)/EL*- ,50)G*A)-H- +-/?(5 

#6*/F*5G +-0)5*-@45 ?5(5K +-?@-EGE5 60-
+-EL?-@5)L +,6 ,/M/*66 5*5E6)6K/046/ B/)-(P 

6 0-?(5**AQ @ E5I-,5)-,66 (6*5B646 6 +,-K-

*-0)6 +-(@6N*-H- 0-0)5@5 RE/4),6K/04AQ B--

(/EL *5 +5006@*PO RE/B/*)5O (R, L, C). 

$(*54- )545G +-0)5*-@45 ?5(5K6 */ +-?@-EG-
E5 )/-,/)6K/046B +A)/B *5F)6 @/,O*6/ H,5*6-

>P +,-(-EL*PO 06E, 4-)-,P/ @ -IJ/B 0EAK5/ 
B-HA) @-?*645)L @ +-/?(/ +,6 )/O 6E6 6*PO +/-
,/O-(*PO ,/N6B5O /H- (@6N/*6G, @P?P@5G 5@5-
,6F*P/ 06)A5>66. 

S40+/,6B/*)P 6 @P+-E*/**P/ @ +-0E/(AQ-

J/B ,50K/)P +-45?5E6, K)- *5 A,-@/*L *56-

I-ELM6O ?*5K/*6F ,50)GH6@5QJ6O 6 0N6B5Q-

J6O 06E @E6G/) */ 0)-EL4- .-,B5 06E-@-F O5-
,54)/,60)646 B/N@5H-**-H- 0-/(6*/*6G, 04-EL-
4- @/E6K6*5 ?5?-,5 @ R)-B 0-/(6*/*66, 

?*5K/*6/ 4-)-,-H- (-0)6H5/) @ R40+EA5)5>66 

100 BB. : -IJ/B 0EAK5/ ?5?-,P @ A+,GN6 -0--

I/**- H,A?-@PO +-/?(-@ @0/H(5 0/IG +,-G@EGQ). 
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'56I-ELM// @E6G*6/ -*6 -45?P@5Q) *5 ?*5K/-
*6G +,-(-EL*PO 06E +,6 +A04/ +,/(@5,6)/EL*- 

0N5)-H- (K50)6K*- 6E6 +-E*-0)LQ) 0 H-E-@P 

+-/?(5, )-,B-N/*66 0 E-4-B-)6@5 +,/(@5,6-

)/EL*- ,50)G*A)-H- +-/?(5, +,6 (@6N/*66 +- 

+A)6 E-B5*-H- +,-.6EG. <E/(A/) ?5B/)6)L, K)- 

6B/QJ6/ A(5,*PF O5,54)/, ,50)GH6@5QJ6/ 
06EP 0+-0-I*P ,5?-,@5)L */ )-EL4- A+,GNL, *- 

6 4-*0),A4>6Q 05B-H- @5H-*5 (,60.5), 5 0N6-

B5QJ6/ 06EP, 6B/QJ6/ 4@5?60)5)6K/04AQ 0--

0)5@EGQJAQ -+,/(/E/**-H- A,-@*G, @P(5@6)L 
6? 0-0)5@5 +-/?(5 */ )-EL4- +-,-N*6F, *- 6 

H,AN/*PF K/)P,/O-0*PF @5H-*. 

 

;60. 5. ;5?,AM/*6/ 4-*0),A4>66 @5H-*5 +-( @E6G*6-

/B +,-(-EL*PO 06E @ +-/?(/ 

'5E6K6/ @ A+,GN6 ?5?-,-@ 6 @ -IJ/B 0EAK5/ 
*/E6*/F*-0)6 06E-@PO O5,54)/,60)64 +-HE--

J5QJ6O 5++5,5)-@ 5@)-0>/+46 ?50)5@EG/) ,50-
0B5),6@5)L +-/?( 454 >/+-K4A )@/,(PO )/E, 0--

/(6*/**PO 0@G?GB6 0 */E6*/F*PB6 O5,54)/,6-

0)645B6. 2545G ,50K/)*5G 0O/B5 +,6@-(6) 4 

060)/B/ 0AJ/0)@/**- */E6*/F*PO (6../,/*-

>65EL*PO A,5@*/*6F @)-,-H- +-,G(45, ,/M/*6/ 
4-)-,-F  5*5E6)6K/046B +A)/B +-EAK6)L */EL-
?G. &00E/(-@5*6G  +/,/O-(*PO ,/N6B-@ (@6N/-
*6G +-/?(-@ @ ,500B5),6@5/B-F +-0)5*-@4/ 
@+/,@P/ IPE6 *5K5)P @ 1&&2/ *5 45./(,/ 
0),-6)/EL*-F B/O5*64/ +-( ,A4-@-(0)@-B :. T. 

#5?5,G*5. 1EG R)-F >/E6 IPE5 60+-EL?-@5*5 
0+/>65EL*5G RE/4),-**5G B-(/EL +-/?(5, @P-

+-E*/**5G *5 I5?/ ),/O 5*5E-H-@PO @PK60E6-

)/EL*PO B5M6* )6+5 W!2-9. &?@/0)*-, K)- -(-

*6B 6? (-0)-6*0)@ T:W G@EG/)0G +-EAK/*6/ 
,/M/*6F @ ,/5EL*-B B50M)5I/ @,/B/*6, K)- 

-K/*L @5N*- @ 0EAK5/ +,6B/*/*6G 060)/B 5@)--

B5)6K/04-H- A+,5@E/*6G. S)6 B-(/E6 IPE6 60-
+-EL?-@5*P @- B*-H6O ,5I-)5O :. T. #5?5,G*5, 
#. T. W5*5M46*5, T. :. ;PN-@5,  . !. "E-O6*5, 
&. U. "5,I505, T. &. <)A45E-@5, :. T. 75IEA4--

@5, :. T. WA?P46*5,  . X. 2,AI6>4-F. 

!-G@E/*6/ >6.,-@PO @PK60E6)/EL*PO B5-
M6* 6 60+-EL?-@5*6/ 0-@,/B/**PO @PK60E6-

)/EL*PO B/)-(-@ +-?@-E6E6 0AJ/0)@/**- ,50-
M6,6)L 4,AH @5N*PO (EG -),50E6 ?5(5K. !,6 

R)-B, +-EAK5/BP/ @ ,/?AEL)5)/ ,/M/*6G 060)/-
BP */E6*/F*PO (6../,/*>65EL*PO A,5@*/*6F 

-0>6EE-H,5BBP +,-(-EL*PO A06E6F B-N*- 

0,5@*6@5)L 0 +-EAK/**PB6 R40+/,6B/*)5EL*- 

E6ML 45K/0)@/**-, *- ,50+,/(/E/*6/ @(-EL 0--

0)5@5 B5406B5EL*PO ?*5K/*6F +,-(-EL*PO 06E, 

*5F(/**PO ,50K/)-B 6 R40+/,6B/*)5EL*-, 0--

HE50AQ)0G (-0)5)-K*- */+E-O- (,60. 6-8). 

<+E-M*-F E6*6/F +-45?5*P ,/?AEL)5)P, +-EA-

K/**P/ 0 +-B-JLQ Y:W, 4,/0)645B6 *5*/0/*P 

,/?AEL)5)P RE/4),-**-H- B-(/E6,-@5*6G, 5 
4,AN-K45B6 – A0,/(*/**P/ +- K/)P,/B -+P)5B 

(5**P/. 
 0)/0)@/**-, K)- )54-/ 0-HE50-@5*6/ B-N/) 

IP)L +-EAK/*- E6ML +,6 A0E-@66 60+-EL?-@5-
*6G @ ,50K/)/ (-0)-@/,*PO B/O5*6K/046O O5-
,54)/,60)64 +-/?(5, +,-.6EG 6 +E5*5 +A)6, 5 
)54N/ (5**PO - ,50+,/(/E/*6/ ?5?-,-@ @ A+,G-
N6 4 *5K5EA +/,/O-(*PO +,->/00-@. < 60+-EL-
?-@5*6/B Y:W IPE6 6?AK/*P  +/,/O-(*P/ ,/-
N6BP (@6N/*6G H,A?-@PO 6 +5005N6,046O +--

/?(-@ +,6 +A04/ 6O @O-(, +,6 )-,B-N/*66, +,6 

(@6N/*66 +- +A)6 E-B5*-H- +,-.6EG. !,6 R)-B  

,500B5),6@5E60L +-/?(5 -(*-,-(*P/ 6 */-(*--

,-(*P/, : )-B K60E/ +-/?(5, 0-(/,N5J6/ @5H--

*P 0 +-(@6N*PB6 H,A?5B6, -I-,A(-@5**P/ +--

HE-J5QJ6B6 5++5,5)5B6 5@)-0>/+46 6 @-?(A-

O-,50+,/(/E6)/EG ,5?*PO )6+-@. < 60+-EL?-@5-
*6/B Y:W ,/M/*- *56I-ELM// 4-E6K/0)@-, 

0@G?5**PO 0 +,-(-EL*-F (6*5B64-F +-/?(5 ?5-
(5K, ,/M/**PO @ ,5?*-/ @,/BG :. T. #5?5,G*-B, 

 . !. "E-O6*PB, U. &. "-H-B5?-B, #. :. "/E64, 

'. &. U,5*-@04-F, 7. &. 8/E/?*-@PB, #. T. W5-
*5M46*PB, #. U. W50E//@-F, T. :. ;PN-@PB,  

 . #. <)5BIE/,-B, #. :. 3,0AEG4. ;/?AEL)5)P 

R)6O 600E/(-@5*6F IPE6 60+-EL?-@5*P +,6 

+,-/4)6,-@5*66 *-@PO )6+-@ +-HE-J5QJ6O 

5++5,5)-@ 6 @-?(AO-,50+,/(/E6)/E/F, +,6 ,5?-
,5I-)4/ 0+-0-I-@ A+,5@E/*6G (@6N/*6/B 

-IPK*PO 6 0-/(6*/**PO +-/?(-@ 6 0-?(5*66 

0--)@/)0)@AQJ6O ,/N6B*PO 45,), +,6 +/,/-
0B-),/ <),-6)/EL*PO *-,B 6 +,5@6E (<'6!  

ZZ-39.76), +,6 @PI-,/ +5,5B/),-@, 0-?(5**-F @ 

1&&2/ 5@)-*-B*-F 060)/B/ 5@)-B5)6K/04-H- 

A+,5@E/*6G @0+-B-H5)/EL*PB E-4-B-)6@-B, 
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*5O-(GJ6B0G @ 0-0)5@/ 0-/(6*/**-H- +-/?(5, 
+,6 ,5?,5I-)4/ R*/,H-0I/,/H5QJ6O 0+-0-I-@ 

@/(/*6G +-/?(-@ 6 0-?(5*66 *5 I5?/ 4-B+LQ-

)/,*PO )/O*-E-H6F ),/*5N/,-@ (EG -IAK/*6G 
B5M6*60)-@, +,6 0-?(5*66 060)/B ?5J6)P 4-)-
E-@ >60)/,* @ 0EAK5/ 5@5,6F*PO 06)A5>6F. 
  

 
! 

 

;60. 6. ;50+,/(/E/*6/ B5406B5EL*PO 06E +,6 ),-H5-
*66 0N5)PO -(*-,-(*-H- +-/?(5 B500-F 4100 ) ( ) 6 

*/-(*-,-(*-H- +-/?(5 B500-F 1600 ) (!) ( i  – *-B/, 

@5H-*5) 

  

 
! 

 

;60. 7. ;50+,/(/E/*6/ B5406B5EL*PO 06E @(-EL -(-

*-,-(*-H- ( ) 6 */-(*-,-(*-H- (!) +-/?(-@ +,6 R40-
),/**-B )-,B-N/*66 0- 04-,-0)6 10 4B/K 

 

;60. 8. ;/HAE6,-@-K*-/ )-,B-N/*6/ +,6 (@6N/*66 

+-/?(5 +- +A)6 E-B5*-H- +,-.6EG 

'/-IO-(6B-0)L +6045 +,6K6* 4,AM/*6F 6 

5@5,6F 0 +-/?(5B6, G@EGE50L -(*-F 6? +,6K6*, 

?50)5@6@M6O ,500B5),6@5)L +,-0),5*0)@/**P/ 
4-E/I5*6G @5H-*-@, *5O-(GJ6O0G @ 0-0)5@/ +--

/?(5. : R)-B 0EAK5/ IP@5/) (-0)5)-K*- ,50-
0B5),6@5)L 4-E/I5*6G 0-M/(M/H- 0 ,/EL05 @5-
H-*5 (6E6 H,A++P @5H-*-@) +-( @E6G*6/B +,--

(-EL*PO 06E, +/,/(5QJ6O0G 0- 0)-,-*P -0-
)5EL*-F K50)6 +-/?(5. < 60+-EL?-@5*6/B 

6B/**- )54-H- +-(O-(5 IPE6 600E/(-@5*P +A-

)/B B5)/B5)6K/04-H- B-(/E6,-@5*6G +,6K6*P 

,G(5 4,AM/*6F +-/?(-@ *5 N/E/?*PO (-,-H5O 

;-0066 6 34,56*P. 

95(5K5 - +,-(-EL*PO 4-E/I5*6GO +-/?(5 
,/M5/)0G 0E/(AQJ6B -I,5?-B. : 45K/0)@/ ,50-
K/)*-F 0O/BP 60+-EL?A/)0G -(*-B/,*5G >/+-K-

45 )/E (R46+5N/F), 0-/(6*/**PO B/N(A 0-I-F 

0AJ/0)@/**- */E6*/F*PB6 (/.-,B6,A/BPB6 

RE/B/*)5B6, AK6)P@5QJ6B6 *5E6K6/ ?5?-,-@ @ 

A+,GN6. 1@6N/*6/ R46+5N5 -+60P@5/)0G 0E/-
(AQJ/F 060)/B-F A,5@*/*6F: 
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jj

j

tjpjojbj

j

Vx

m

FWWFS
V

 

 

, (1) 

H(/ jS  – +,-(-EL*5G 06E5, (/F0)@AQJ5G @ j --F 

0@G?6, 
jbF  – )-,B-?*5G 06E5, (/F0)@AQJ5G  *5 

j -F R46+5N, 
joW – 06E5 -0*-@*-H- 0-+,-)6@E/-

*6G +-0)A+5)/EL*-BA (@6N/*6Q +-/?(5 (EG j -

H- R46+5N5, 
jpW  – 06E5 0-+,-)6@E/*6G -) +,--

.6EG +A)6 (EG j - H- R46+5N5, tF – 06E5 )GH6 
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6E6 06E5, @P?@5**5G RE/4),6K/046B )-,B-N/-
*6/B, jjj VVx  ,,  – 0--)@/)0)@/**- +,-F(/**PF 

+A)L, 04-,-0)L 6 A04-,/*6/ j – H- R46+5N5. 

345?5**5G 060)/B5 (6../,/*>65EL*PO 

A,5@*/*6F ,/M5/)0G 0 60+-EL?-@5*6/B K60E/*-

*PO B/)-(-@ 6*)/H,6,-@5*6G, 4-)-,P/ @PI,5-
*P 0 AK/)-B -0-I/**-0)/F (6../,/*>65EL*PO 

A,5@*/*6F 6 +-EAK5/BPO ,/M/*6F [1, 2]. : 

+,/(E5H5/B-B @PK60E6)/EL*-B 4-B+E/40/ @ ?5-
@606B-0)6 -) ,/M5/BPO ?5(5K @-?B-N*- 60-
+-EL?-@5*6/ 454 B/)-(5 T(5B05-"5M.-,)5-
WAEL)-*5 )54 6 B/)-(5 %/BB6*H5. 

345?5**P/ B/)-(P -)*-0G)0G 4 H,A++/ 06EL-
*- A0)-FK6@PO [3]. !,6B/*/*6/ 6B/**- )546O 

B/)-(-@ @P?@5*- 0+/>6.64-F )/O ?5(5K, ,/M/-
*6/ 4-)-,PO ),/IA/)0G ,500B5),6@5)L *5 (--

@-EL*- (E6**PO -),/?45O 6*)/H,6,-@5*6G. 
!,6 600E/(-@5*66 (6*5B6K/04-F *5H,AN/*-

*-0)6 +-/?(-@ +,/(A0B-),/*5 @-?B-N*-0)L B--

(/E6,-@5*6G (@6N/*6G  0-/(6*/**PO +-/?(-@ 0 
,50+-E-N/*6/B E-4-B-)6@-@ @(-EL 0-0)5@5. 
!-E5H5/)0G, K)- @0/ E-4-B-)6@P (-EN*P IP)L 
-(*-H- )6+5. 3+,5@EG)L E-4-B-)6@5B6 B-N*- 

454 06*O,-**-, )54 6 +- ,/N6B*-F 45,)/ ( +/-
,/K/*L ,/N6B-@ A+,5@E/*6G @ ?5@606B-0)6 -) 
@,/B/*6 6E6 04-,-0)6 (@6N/*6G 6E6 +A)6), 4--

)-,5G ?5(5/)0G (EG 45N(-H- E-4-B-)6@5 454 *5-
K5EL*5G 6*.-,B5>66 (EG ,50K/)5. 

754 6?@/0)*-, @/E6K6*P +,-(-EL*PO A06E6F 

jS  – ?5@60G) -) @/E6K6*P -)*-06)/EL*PO +,--

(-EL*PO +/,/B/J/*6F ( jx ) 0-0/(*6O R46+5N/F  

jq  6 04-,-0)6 jq , 4-)-,P/ -+,/(/EGQ)0G 0E/-

(AQJ6B -I,5?-B: 
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j j j

j j j

q x x

q V V
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$ &# 
"

$ & !  
  (2) 

: 0EAK5/ -I-,A(-@5*6G B/N@5H-**-H- 0--

/(6*/*6G -(6*54-@PB6 +-HE-J5QJ6B6 5++5-
,5)5B6 5@)-0>/+46 (EG -+,/(/E/*6G +,-(-EL-
*PO 06E 60+-EL?A/)0G B/)-(, -+605**PF @ [1, 

4].  0E6 @ B/N@5H-**-B 0-/(6*/*66 -45?P@5-
Q)0G 5++5,5)P 0 -)E6K5QJ6B60G B/N(A 0-I-F 

O5,54)/,60)645B6, )- +,-(-EL*-/ A06E6/ -+,/-
(/EG/)0G 6? 0E/(AQJ/H- A0E-@6G: 

 
,

" #

j j j

" #

j j j

S S S

q q q

# $ $ 
"

% $ !

  (3) 

H(/ "

jS  6 #

jS  – ?*5K/*6G +,-(-EL*PO A06E6F @ 

+/,/(*/B 6 ?5(*/B +-HE-J5QJ6O 5++5,5)5O 

0--)@/)0)@/**-; "

jq  6 #

jq  – (/.-,B5>66 0--)-

@/)0)@AQJ6O +-HE-J5QJ6O 5++5,5)5O. 

!,6 B-(/E6,-@5*66 )-,B-?*PO +,->/00-@, 

+,-60O-(GJ6O @ +-/?(5O, AK6)P@5/)0G, K)- @ 

?5@606B-0)6 -) )6+5 R46+5N5 @-?B-N*P ,5?-
E6K*P/ )6+P )-,B-N/*6F: +*/@B5)6K/04-/ 
(H,A?-@P/ 6 +5005N6,046/ @5H-*P), RE/4),-+-

*/@B5)6K/04-/ (+5005N6,046/ @5H-*P), RE/4-

),6K/04-/ (E-4-B-)6@P), 5 )54N/ )-,B-N/*6/, 
@P?@5**-/ 5@5,6F*PB ,/N6B-B – ,5?,P@ )-,-

B-?*-F B5H60),5E6. !,6 R)-B +,/(+-E5H5/)0G, 
K)- )-,B-?*5G B5H60),5EL B-N/) IP)L 454 

04@-?*-F, )54 6 5@)-*-B*-F, 5 ,500,/(-)-K/*-

*P/ E-4-B-)6@P B-HA) A+,5@EG)L0G 06*O,-**- 

6E6 +- 4546B-)- (,AH6B +,5@6E5B. 

<6E5 *5N5)6G *5 )-,B-?*AQ 4-E-(4A -+,/-
(/EG/)0G 0-0)-G*6/B @-?(AO-,50+,/(/E6)/EG, 

4-)-,PF  B-N/) 0-?(5@5)L @ )-,B-?*-B >6E6*-

(,/ (5@E/*6/ 0N5)-H- @-?(AO5, 0--)@/)0)@AQ-

J// @/E6K6*/ ,5?,G(46 )-,B-?*-F B5H60),5E6 

6E6 +-E*-BA 6E6 K50)6K*-BA (+,6 0)A+/*K5)-B 

-)+A04/) @P+A04A 0N5)-H- @-?(AO5 6? >6E6*(-

,-@ +,6 +-@PM/*66 (5@E/*66 @ B5H60),5E6. 

!,6 ,/HAE6,-@-K*-B )-,B-N/*66 0*6N/*6/ 
04-,-0)6 (@6N/*6G +-/?(-@ B-N/) IP)L +,-6?-
@/(/*- I--F, II--F 6E6 III-/F 0)A+/*GB6 )-,B--

N/*6F. : ?5@606B-0)6 -) @PI,5**-F 0)A+/*6 

+,/(+-E5H5/)0G, K)- )-,B-?*-F >6E6*(, *5+-E-

*G/)0G 0N5)PB @-?(AO-B  0--)@/)0)@/**- *5 
40%, 60% 6 88% -) B5406B5EL*-H- ?*5K/*6G 

(5@E/*6G. W5406B5EL*P/ ?*5K/*6G (5@E/*6G 

@-?(AO5 @ )-,B-?*-B >6E6*(,/ ?5@60G) -) ,/-
N6B-@ ,5I-)P @-?(AO-,50+,/(/E6)/EG; 6O ?*5-
K/*6G +,6@/(/*P @ )5IE. 1. 

25IE6>5  1  

%4567849:;<= >4?9=;7= ? @<A8<B;<8 C797;>A= 

;/N6B @/, 15@E/*6/, 5)B 

H,AN/*PF 3,8  

0,/(*6F 2,5  

+-,-N*6F 1,5  

!,6 600E/(-@5*66 ,5?E6K*PO @6(-@ )-,B--

N/*6F ?5(5/)0G @6( )-,B-N/*6G (0)A+/*L ,/HA-

E6,-@-K*-H- )-,B-N/*6G, !<2, S2 6E6 +5(/-
*6/ (5@E/*6G, @P?@5**-/ ,5?,P@-B )-,B-?*-F 

B5H60),5E6 @ ?5(5**-B 0/K/*66 +-/?(5). : 0--

-)@/)0)@66 0 R)6B B-(/E6,A/)0G ,5I-)5 @-?(A-

O-,50+,/(/E6)/EG 6 -+,/(/EGQ)0G ?*5K/*6G 06E 

*5N5)6G @ 45N(PF B-B/*) @,/B/*6. :-?(AO--

,50+,/(/E6)/EL *5 45N(-B R46+5N/ 0,5I5)P@5-
/) @ B-B/*) +,6O-(5 )-,B-?*-F @-E*P -) 60-
)-K*645 ,5?,G(46 )-,B-?*-F B5H60),5E6. &?-
B/*/*6/ 06EP *5N5)6G *5 )-,B-?*AQ 4-E-(4A 
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)(tk j  @ +,->/00/ *5+-E*/*6G )-,B-?*-H- >6-

E6*(,5 +,-60O-(6) +- R40+-*/*>65EL*-BA ?5-
4-*A, 5 +,6 @P+A04/ 0N5)-H- @-?(AO5 – +- E6-

*/F*-BA ?54-*A. !,6 -+,/(/E/*66 06EP *5N5-
)6G AK6)P@5/)0G R)5+ +-(@-(5 )-,B-?*PO 4-E--

(-4 6 @,/BG *5+-E*/*6G )-,B-?*PO >6E6*(,-@, 

4-)-,-/ ?5@606) -)  @6(5 )-,B-N/*6G (!<2 6E6 

S2),  ,/N6B5 ,5I-)P @-?(AO-,50+,/(/E6)/E/F 

*5 +5005N6,046O @5H-*5O ((E6**-0-0)5@*PF 

6E6 4-,-)4-0-0)5@*PF), 5 )54N/  B/0)5 *5O-N-

(/*6G (5**-H- R46+5N5 +- -)*-M/*6Q 4 60)-K-

*64A ,5?,G(46 )-,B-?*-F B5H60),5E6. 

<6E5, (/F0)@AQJ5G *5 E-4-B-)6@ @ )GH-@-B 

,/N6B/ 6E6 +,6 RE/4),6K/04-B )-,B-N/*66 

tF , -+,/(/EG/)0G 0-HE50*- ?5(5**PB )GH-@PB 

6E6 )-,B-?*PB O5,54)/,60)645B, 0--)@/)0)-
@AQJ6B @PI,5**-BA E-4-B-)6@A. 

<6E5 -0*-@*-H- 0-+,-)6@E/*6G +-0)A+5-
)/EL*-BA (@6N/*6Q +-/?(5 (EG j -H- R46+5N5 

joW  ?5@606) -) )6+5 R46+5N5 (H,A?-@-F, +50-

05N6,046F @5H-*P 6E6 E-4-B-)6@), 6 @6(5 +A)6 

(0)P4-@-F 6E6 I/00)P4-@-F). 1EG H,A?-@PO @5-
H-*-@ +,6 -+,/(/E/*66 

joW AK6)P@5/)0G )54N/ 

)6+ +-(M6+*64-@ (45K/*6G 6E6 04-ELN/*6G), 
*5H,A?45 *5 -0L 6 4-E6K/0)@- -0/F. !,6 @PK60-
E/*66 A45?5**-F 06EP (EG E-4-B-)6@-@ AK6)P-

@5/)0G ,/N6B (@6N/*6G ()GH-@PF).[5] 

<6E5 0-+,-)6@E/*6G -) +,-.6EG +A)6 (EG 
j -H- R46+5N5 -+,/(/EG/)0G +- .-,BAE/ 

jr

j

pj gmH
R

V

R
iW 001,0197,9495,1

200
2

'(
(
)

*
+
+
,

-
%&&&$  (4) 

H(/ i  – @/E6K6*5 A4E-*5 @ +,-B6EE/ (?*54 A4-

E-*5 ?5(5/)0G 0-HE50*- +,5@6E5B )GH-@PO ,50-
K/)-@: *5 0+A04/ 0- ?*54-B «–», *5 +-([/B/ 0- 

?*54-B «+» ), jV  – 04-,-0)L R46+5N5, R  –

,5(6A0 4,AH-@-F 4,6@-F @ +E5*/, rH  – @-?@P-

M/*6/ *5,AN*-H- ,/EL05 [5]. : +,6@/(/**-F 

.-,BAE/ @/E6K6*P ,5(6A05 4,AH-@-F 4,6@-F 6 

@-?@PM/*6G *5,AN*-H- ,/EL05 6?B/*GQ)0G *5 
@O-(*-F 6 @PO-(*-F 4,6@PO -) *AEG (- ?5(5*-

*-H- ?*5K/*6G. 
7,-B/ B-(/E6, 6B6)6,AQJ/F +,-(-EL*P/ 

4-E/I5*6G +-/?(5 6 +-?@-EGQJ/F ->/*6)L +,--

(-EL*P/ 06EP, A04-,/*6G, )-,B-?*P/ +A)6 6 

).+., *5B6 ,5?,5I-)5*- +,-H,5BB*-/ -I/0+/K/-
*6/ (EG 6?AK/*6G +,-0),5*0)@/**PO 4-E/I5*6F 

@5H-*5 (6E6 H,A++P @5H-*-@), (@6NAJ/H-0G @ 

0-0)5@/ +-/?(5. !,-0),5*0)@/**5G B-(/EL +--

?@-EG/) ->/*6)L )54 N/ (6*5B6K/046/ +-45?5-
)/E6, 0,/(6 4-)-,PO *56I-E// @5N*PB G@EG/)0G 

+-45?5)/EL, O5,54)/,6?AQJ6F I/?-+50*-0)L 
(@6N/*6G R46+5N5 – 4-R..6>6/*) ?5+505 A0-
)-FK6@-0)6 -) 0O-(5 4-E/05 0 ,/EL05.  

1EG +-0),-/*6G +,-0),5*0)@/**PO B-(/E/F 

60+-EL?-@5* -I[/4)*---,6/*)6,-@5**PF +-(-

O-(. !,6 R)-B B-(/EL R46+5N5 ,5?I6@5/)0G *5 
-)(/EL*P/ -I[/4)P 6 0@G?6 B/N(A *6B6. $I[-

/4)5B6 ?(/0L *5?P@5Q)0G */(/.-,B6,A/BP/ 
RE/B/*)P 4-*0),A4>66 R46+5N5, 6B/QJ6/ -+-

,/(/E/**P/ 6*/,>6-**P/ 0@-F0)@5 (+5,5B/)-
,P). <@G?6 – R)- (/.-,B6,A/BP/ RE/B/*)P 4-*-

0),A4>66, +,/(*5?*5K/**P/ (EG 0-/(6*/*6G 

-I[/4)-@ B/N(A 0-I-F. <@G?6 B-HA) IP)L ,5?-
E6K*PB6 +- )6+A: A+,AH--@G?46/ 6E6 A+,AH--

.,64>6-**P/ (E6*/F*P/ 6E6 I6E6*/F*P/), )6-

+5 «0AO-/ ),/*6/», 0@G?6, AK6)P@5QJ6/ G@E/-
*6G 4,6+5  (B/N(A 4-E/0-B 6 ,/EL0-B) 6 ).(. 

: 45K/0)@/ -I[/4)-@ B-HA) IP)L @PI,5*P, 

*5+,6B/,, @0/ 6*/,>6-**P/ 4-*0),A4)6@*P/ 
RE/B/*)P, 6E6 K50)L 6? *6O, 4-)-,5G B-N/) 
IP)L -I[/(6*/*5 @ -(6* -I[/4); +,6 R)-B -0-
)5EL*P/ B-HA) @P0)A+5)L @ 45K/0)@/ -)(/EL*PO 

-I[/4)-@. :0/ -I[/4)P 6B/Q) 454 B6*6BAB 

-(6* 6*/,>6-**PF +5,5B/), – B500A. 7,-B/ 
R)-H- -I[/4)P B-HA) 6B/)L 6 (,AH6/ 6*/,>6-*-

*P/ +5,5B/),P – B-B/*)P 6*/,>66 -)*-06-

)/EL*- HE5@*PO >/*),5EL*PO -0/F (/0E6 /0)L 
*/-IO-(6B-0)L ,500B-),/)L AHE-@P/ 4-E/I5*6G 

-I[/4)-@). 7,-B/ R)-H- (EG 45N(-H- -I[/4)5 
?5(5Q)0G 4--,(6*5)P /H- >/*),5 B500. :/,)6-

45EL*5G 4--,(6*5)5 ?5(5/)0G -)*-06)/EL*- 

A,-@*G H-E-@46 ,/EL05 (G0*-, K)- +,6 R)-B @/,-

)645EL*P/ 4--,(6*5)P >/*),-@ B500 ,/EL0-@ 

,5@*P *AEQ). !-+/,/K*P/ 4--,(6*5)P – -)*--

06)/EL*- -06 +A)6, 5 +,-(-EL*P/ – -)*-06)/EL-
*- +/,@-F 4-E/0*-F +5,P ,500B5),6@5/B-H- 

R46+5N5. 
754 6?@/0)*-, +-E-N/*6/ EQI-H- -I[/4)5 @ 

EQI-F B-B/*) @,/B/*6 -+,/(/EG/)0G M/0)LQ 

4--,(6*5)5B6. 3,5@*/*6G (@6N/*6G ,500B5)-
,6@5/B-H- -I[/4)5 @ (/45,)-@PO 4--,(6*5)5O 

6B/Q) 0E/(AQJ6F @6(: 
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H(/ ziFyiFxiF ,, – +,-/4>66 @*/M*6O 06E *5 -06 x, 

y, z 0--)@/)0)@/**-; zkykxk RRR ,,  – +,-/4>66 

,/54>6F 0@G?/F *5 -06 x, y, z 0--)@/)0)@/**-; 

ziyixi MMM ,,  – B-B/*)P @*/M*6O 06E Fi -)*--

06)/EL*- -0/F x, y, z 0--)@/)0)@/**-; 

zkykxk MRMRMR ,,  – B-B/*)P ,/54>6F Rj -)*--

06)/EL*- -0/F x, y, z 0--)@/)0)@/**-; zyx       ,,  – 

A04-,/*6G -I[/4)-@ @(-EL -0/F x, y, z; 10/       ,,  – 

AHE-@P/ A04-,/*6G -I[/4)-@ +,6 @,5J/*66 6O 

@-4,AH -0/F x, y, z 0--)@/)0)@/**-; zyx JJJ ,,  – 

B-B/*)P 6*/,>66 -)*-06)/EL*- HE5@*PO >/*-

),5EL*PO -0/F x, y, z 0--)@/)0)@/**-, m  – B50-
05 -I[/4)5, W – @/0 -I[/4)5. 

: A,5@*/*6GO (5) (EG 45N(-H- -I[/4)5 0AB-

B6,-@5*6/ +- i 6 k +,-6?@-(6)0G 5EH/I,56K/046 

0 AK/)-B ?*545 06EP 6 B-B/*)5. :*/M*GG 06E5 
F 6B//) +-E-N6)/EL*PF ?*54, /0E6 // *5+,5@-

E/*6/ 0-@+5(5/) 0 +-E-N6)/EL*PB *5+,5@E/*6-

/B -06, ,/54>6G @ 0@G?6 (EG «@/,O*/H-» -I[/4)5 
(>/*), )GN/0)6 B500, 4-)-,-H- ,50+-E-N/* @P-

M/  -)*-06)/EL*- A,-@*G H-E-@46 ,/EL05) -+,/-
(/EG/)0G ?*54-B -)*-06)/EL*-F (/.-,B5>66. 

1/.-,B5>6G IA(/) +-E-N6)/EL*5 +,6 ,50)GN/-
*66. 1EG «*6N*/H-» -I[/4)5 R)5 ,/54>6G IA(/) 
6B/)L +,-)6@-+-E-N*PF ?*54. 

W-B/*) IA(/) +-E-N6)/EL*PB, /0E6 /H- *5-
+,5@E/*6/ 0-@+5(5/) 0 +-E-N6)/EL*PB *5+,5@-

E/*6/B AHE-@-H- A04-,/*6G ( 10/       ,, ). 

754 @6(*- 6? A,5@*/*6F (@6N/*6G )/E5 (5), @ 

+,5@P/ K50)6 @O-(G) ,/54>66 0@G?/F 

zkykxk RRR ,, , 4-)-,P/ ?5@60G) -) )6+5 0@G?6 6 

@/E6K6*P -)*-06)/EL*PO +/,/B/J/*6F -I[/4-

)-@. 

754 IPE- 045?5*- @PM/, 0@G?6 – R)- (/.-,-

B6,A/BP/ RE/B/*)P 4-*0),A4>66 R46+5N5. %5-
,54)/,*-F 6 -K/@6(*-F 0@G?LQ G@EGQ)0G ,/0-
0-,*P/ 4-B+E/4)P, 6B/QJ6/ ,/5EL*P/ (/.-,-

B6,A/BP/ +,AN6*P. $(*54-, (EG A*6.645>66 

+-0),-/*6G B-(/E6 @ 45K/0)@/ 0@G?/F ,500B5)-
,6@5Q) )54 N/  RE/B/*)P, */ 6B/QJ6/ @ ,/5EL-
*-F 4-*0),A4>66 (/.-,B6,A/BPO RE/B/*)-@, 

*- 0EAN5J6/ )-F N/ >/E6 – -I[/(6*/*6/ 6*/,-

>6-**PO RE/B/*)-@  4-*0),A4>66 @ /(6*-/ >/-
E-/. !-R)-BA, @ +,-0),5*0)@/**-F B-(/E6 0@G-
?GB6 )54 N/ G@EGQ)0G B/0)5 0-/(6*/*6G 6*/,-

>6-**PO RE/B/*)-@ B/N(A 0-I-F. 2546/ 0@G?6 

6B/Q) I-ELM6/ ?*5K/*6G N/0)4-0)/F, 5 +-HE--

J/*6/ R*/,H66 @ )546O 0@G?GO, +,6 */-IO-(6-

B-0)6, AK6)P@5/)0G 0 +-B-JLQ 4-R..6>6/*)-@ 

@G?4-0)6 4-*0),A4>66 6E6 0 +-B-JLQ 4-R..6-

>6/*)-@ ),/*6G, 4-H(5 0-/(6*G/BP/ RE/B/*)P 

4-*0),A4>66 B-HA) +/,/B/J5)L0G (,AH -)*-06-

)/EL*- (,AH5, *5+,6B/,, @ +,/(/E5O ?5?-,5, 454 

R)- 6B//) B/0)- @ +G)*64-@-B A?E/ H,A?-@-H- @5-
H-*5. 

254-F +-(O-( +-?@-EG/) +,6 6*)/H,6,-@5-
*66 ,500B5),6@5)L */ M/0)L (+- K60EA 0)/+/*/F 

0@-I-(P), 5 @0/H- -(*- (6../,/*>65EL*-/ 
A,5@*/*6/ 4-E/I5*6F (EG 45N(-H- -I[/4)5. : 

R)-B A,5@*/*66 -I-IJ/**-F 4--,(6*5)-F B--

N/) IP)L -(*5 6? ),/O E6*/F*PO 6E6 -(*5 6? 
),/O AHE-@PO 4--,(6*5) +/,/B/J/*6G -I[/4)5. 
304-,/*6/ (@6N/*6G -I[/4)5 -+,/(/EG/)0G 454 

0ABB5 @*/M*6O @-?(/F0)@6F ()./. 0ABB5 06E 

6E6 B-B/*)-@ 06E, @ ?5@606B-0)6 -) )-H- G@EG-
/)0G 4--,(6*5)5 E6*/F*-F 6E6 AHE-@-F) -)*/-
0/**5G 4 6*/,>6-**-BA +5,5B/),A – B5005 6E6 

B-B/*) 6*/,>66 (-+G)L N/ @ ?5@606B-0)6 -) 
)6+5 4--,(6*5)P). 75N(PF RE/B/*) 0ABBP 

@*/M*6O @-?(/F0)@6F (A06E6/ @ 0@G?6 6E6 B--

B/*) 06EP, +/,/(5QJ6F0G *5 *//) @PK60EG/)0G 

454 */45G .A*4>6G -) @?56B*-H- +/,/B/J/*6G 

6, +,6 */-IO-(6B-0)6,  04-,-0)6 @?56B*-H- +/-
,/B/J/*6G -I[/4)-@. :6( R)-F .A*4>66 -+,/-
(/EG/)0G )6+-B 0@G?6, *5+,6B/,, E6*/F*5G A+-

,AH--@G?45G 6E6 A+,AH--.,64>6-**5G, 6E6 

0@G?L, -IE5(5QJ5G )-EL4- 0AO6B ),/*6/B, 6E6 

EQI5G 4-BI6*5>6G R)6O )6+-@ 0@G?/F. : +,--

H,5BB*-B 4-B+E/40/ +,/(A0B-),/* @/0L */-I-

O-(6BPF *5I-, )6+-@ 0@G?/F, -(*54- +,6 */-I-

O-(6B-0)6 +,/(A0B-),/*5 (-@-EL*- +,-0)5G 
+,->/(A,5 @@/(/*6G *-@-H- )6+5 0@G?/F. !,6 

?5(5*66 +5,5B/),-@ 0@G?/F (4,-B/ 0-I0)@/**- 

+5,5B/),-@ 0@G?6) ?5(5Q)0G 4--,(6*5)P (0- 

?*54-B) )-K/4 +,6E-N/*6G 0@G?/F 4 -I[/4)5B. 

S)- +-?@-EG/) 5@)-B5)6K/046 -+,/(/EG)L ?*546 

B-B/*)-@ 06E, +/,/(5QJ6O0G *5 R)6 0@G?6. :0/ 
),6 4--,(6*5)P )-K/4 +,6E-N/*6G 0@G?6 ?5(5-
Q)0G -)*-06)/EL*- >/*),5 B500 -I[/4)5. 

95(5**P/ @ B-(/E6 @/E6K6*P +5,5B/),-@ 

-I[/4)-@ 6 0@G?/F B-HA) IP)L E/H4- 6?B/*/*P 

(I/? 6?B/*/*6G )6+5 -I[/4)5 6E6 0@G?6) 60+-EL-
?AG 5*-B5E66 -I[/4)-@ 6 0@G?/F. 95(5**P/ 5*--

B5EL*P/ @/E6K6*P +5,5B/),-@ (/F0)@6)/EL*P 

+,6 @P+-E*/*66 )/4AJ/H- ,50K/)5 6 */ 6?B/-
*GQ) 0--)@/)0)@AQJ6/ @/E6K6*P @ 05B-F B--

(/E6. 

&*)/H,6,-@5*6/ 060)/BP (6../,/*>65EL-
*PO A,5@*/*6F @P+-E*G/)0G )/B6 N/ B/)-(5B6, 

K)- 6 (6../,/*>65EL*PO A,5@*/*6F +,-(-EL-
*-F (6*5B646 +-/?(5.  

;/?AEL)5)5B6 B-(/E6,-@5*6G G@EGQ)0G +/-
,/B/J/*6G +- @0/B M/0)6 4--,(6*5)5B @0/O 

-I[/4)-@, (/.-,B5>66 6 06EP @ 0@G?GO +- @0/B 

M/0)6 4--,(6*5)5B (/0)/0)@/**-, M/0)L 4--,-

(6*5) IA(A) )-EL4- (EG )/O -I[/4)-@ (EG 4-)--
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,PO, 4,-B/ B500P ?5(5*P @0/ ),6 B-B/*)5 
6*/,>66). 7,-B/ R)-H-, +- 06E5B @ 0+/>65EL*- 

@PI,5**PO +-EL?-@5)/E/B 0@G?GO -+,/(/EGQ)0G 
4-R..6>6/*)P (6*5B646, @ )-B K60E/, 4-R.-

.6>6/*)P ?5+505 A0)-FK6@-0)6 4-E/05 -) 0O-(5 
0 ,/EL05. S)6 @/E6K6*P @ O-(/ B-(/E6,-@5*6G 

,/H60),6,AQ)0G 6 454 +,->/00P 6 454 @/,-G)-
*-0)*P/ @/E6K6*P 0 ?5(5**PB +-EL?-@5)/E/B 

A,-@*/B (-@/,6)/EL*-F @/,-G)*-0)6. :/,-G)-
*-0)*P/ +-45?5)/E6 */-IO-(6BP (EG ->/*46 

(6*5B6K/046O 0@-F0)@ 6 A0)-FK6@-0)6 (@6N/-
*6G R46+5N5, 5 H,5.646 +,->/00-@ R)6O +-45?5-
)/E/F +-E/?*P +,6 5*5E6?/ ,/?AEL)5)-@ (*5-
+,6B/,, (EG -+,/(/E/*6G )-K46 +A)6, H(/ 45-
4-F-E6I- +-45?5)/EL +,/@P06E 0@-/ (-+A0)6B-/ 
?*5K/*6/). 

1EG ,/M/*6G +-0)5@E/**-F ?5(5K6 */-IO--

(6B- 0.-,B6,-@5)L ?5(5*6/ (EG ,50K/)5. : */B 

A45?P@5/)0G *5?@5*6/ AK50)45 +A)6, (EG 4-)-,--

H- @ I5?/ (5**PO 6B/Q)0G @0/ O5,54)/,60)646 

(+5,5B/),P +,-.6EG 6 +E5*5 AK50)45 +A)6), 0--

0)-G*6/ +A)6 (-)E6K*-/, 0,/(*// 6E6 +E-O-/), 
)6+ +A)6 (0)P4-@-F 6E6 I/00)P4-@-F). <-0)-G-
*6/ +A)6 -+,/(/EG/)0G A,-@*/B */,-@*-0)/F 

+A)6 6 @/E6K6*-F 0-+,-)6@E/*6G (@6N/*6Q 

+-/?(5 [5]. 

: ?5(5*66 A45?P@5/)0G )54N/: 
& *5?@5*6/ +-/?(5, (EG 4-)-,-H- @ I5?/ 

(5**PO A45?5*P */-IO-(6BP/ 60O-(*P/ (5*-

*P/ (0B. )5IE. 1); 

& *5K5EL*-/ 0-0)-G*6/ +-/?(5 (,50)G*A), 
0N5) 6E6 ?5?-,P @ B/N@5H-**PO 0-/(6*/*6GO 

,50+,/(/E/*P @(-EL 0-0)5@5 +,-6?@-EL*PB -I-

,5?-B); 

& @/E6K6*5 04-,-0)6 +-/?(5 @ B-B/*) *5-
K5E5 B-(/E6,-@5*6G; 

& *-B/,5 R46+5N/F, (EG 4-)-,PO @ +,--

>/00/ B-(/E6,-@5*6G (@6N/*6G +-/?(5 IA(A) 
-+,/(/E/*P (6*5B6K/046/ +-45?5)/E6 6 +-45-
?5)/E6 A0)-FK6@-0)6 (@6N/*6G. !,6 R)-B +-G@-

EG/)0G -4*- (EG ?5(5*6G +5,5B/),-@ +,-0),5*-

0)@/**-F B-(/E6 6 A0E-@6F (@6N/*6G 600E/-
(A/B-H- R46+5N5; 

& ,/N6B*5G 45,)5 (,/N6BP A+,5@E/*6G 

+-/?(-B), @ 4-)-,-F ?5(5/)0G *-B/, )GH-@-F 6E6 

)-,B-?*-F +-?6>66, +-E-N/*6/ ,A4-G)46 +,G-
B-(/F0)@AQJ/H- )-,B-?5 E-4-B-)6@5, ,/N6B 

+*/@B5)6K/04-H-  6E6 RE/4),-+*/@B5)6K/04-H- 

)-,B-N/*6F (),6 0)A+/*6 ,/HAE6,-@-K*-H- 

)-,B-N/*6G, +-E*-/ 0EAN/I*-/ 6E6 R40),/**-/ 
)-,B-N/*6/, -I,P@ )-,B-?*-F B5H60),5E6 +--

/?(5, 0 A45?5*6/B *-B/,5 @5H-*5). 345?5**P/ 
,/N6BP A+,5@E/*6G B-HA) +/,/4EQK5)L0G +- 

?5(5**PB ?*5K/*6GB 04-,-0)6 (@6N/*6G, 6E6 

@,/B/*6 6E6 +- 4--,(6*5)5B +A)6. 

!,->/00 ,50K/)5 B-N/) IP)L -0)5*-@E/* +- 

+-45?5*6GB 04-,-0)6 (@6N/*6G (4-H(5 04-,-0)L 
@ (5**PF B-B/*) @,/B/*6 -45N/)0G B/*LM/ ?5-
(5**-F), +- @,/B/*6 (4-H(5 @,/BG (@6N/*6G +--

/?(5 IA(/) I-ELM/ ?5(5**-H-), 6E6 +- 4--,(6-

*5)/ +A)6 (4-H(5 +,-F(/**PF +A)L -45N/)0G 

I-ELM/ ?5(5**-H-). 

: ,/?AEL)5)/ ,50K/)5 B-HA) IP)L +-EAK/*P: 

& -0>6EE-H,5BBP +,-(-EL*PO 06E 6 A0-
4-,/*6F; 

& ,50+,/(/E/*6/ @(-EL +-/?(5 *56I-EL-
M6O  ?*5K/*6F +,-(-EL*PO 06E 6 A04-,/*6F; 

& ?*5K/*6G B5406B5EL*PO +,-(-EL*PO 

A06E6F @ +-/?(/ @ (5**PF B-B/*) @,/B/*6 0 
A45?5*6/B *-B/,5 0/K/*6G, @ 4-)-,-B -*6 @-?-
*645E6; 

& ),5/4)-,6G (@6N/*6G. 
!,6 6?AK/*66 +,-0),5*0)@/**PO 4-E/I5*6F 

R46+5N5 B-HA) IP)L )54N/ +-EAK/*P: 

& -0>6EE-H,5BBP (/.-,B5>6F @0/O 0@G-
?/F B-(/E6 600E/(A/B-H- R46+5N5; 

& -0>6EE-H,5BBP  E6*/F*PO (@/,)645EL-
*P/, +-+/,/K*P/ 6  +,-(-EL*P/) 6 AHE-@PO (H5-
E-+6,-@5*6/, I-4-@5G 45K45 6 @6EG*6/)  +/,/-
B/J/*6F -I[/4)-@; 

& A06E6F @ 0@G?GO +,-0),5*0)@/**-F B--

(/E6; 

& (6*5B6K/046/ +-45?5)/E6 - +,->/00P 

6?B/*/*6G @- @,/B/*6 4-R..6>6/*)-@ (6*5B6-

46 (@/,)645EL*-F 6 H-,6?-*)5EL*-F), @ )-B 

K60E/ 4-R..6>6/*)-@ ?5+505 A0)-FK6@-0)6 -) 
0O-(5 4-E/05 0 ,/EL0-@. 

T+,-I5>6G ,5?,5I-)5**-F B5)/B5)6K/04-F 

B-(/E6 +,-6?@-(6E50L +A)/B 0-+-0)5@E/*6G  

,/?AEL)5)-@, +-EAK/**PO +A)/B K60E/**-H- 6*-

)/H,6,-@5*6G (6../,/*>65EL*PO A,5@*/*6F, 

-+60P@5QJ6O (@6N/*6/ +-/?(5, 0 ,/?AEL)5)5B6 

B*-H-K60E/**PO 0+/>65EL*PO -+P)-@, +,-@/-
(/**PO @ ,/5EL*PO A0E-@6GO N/E/?*PO (-,-H 6 

-+P)*-H- +-E6H-*5 :'&&825 (;-006G). ;50-
O-N(/*6G +,6 ->/*4/ *56I-ELM6O 06E, A04-,/-
*6F 6 )-,B-?*PO +A)/F */ +,/@PM5E6 15 %. 

;500B-),/**P/ B-(/E6 */-(*-4,5)*- +,6-

B/*GE60L *5B6 +,6 +,-@/(/*66 R40+/,)6?P 6*-

>6(/*)-@, 0@G?5**PO 0- 0O-(5B6 @5H-*-@ @ H,A-

?-@PO +-/?(5O *5 0/)6 N/E/?*PO (-,-H 34,56-

*P 6 ;-0066.  

;500B-),6B 0EAK5F - 0O-(/ @5H-*-@ @ 0-0)5-
@/ +-/?(5 *5 -(*-B 6? AK50)4-@ :-0)-K*--

<6I6,04-F N/E/?*-F (-,-H6. !-/?( 0-0)-GE 6? 
RE/4),-@-?5 )6+5 :#80 6 83-O K/)P,/O-0*PO 

H,A?-@PO @5H-*-@. V-,B6,-@5*6/ +-/?(5 @ A0-
E-@6GO 75?5O04-F N/E/?*-F (-,-H6 IPE- +,--

6?@/(/*- 0 *5,AM/*6/B +. 15.32 !2S: @ H-E-@-

*-F /H- K50)6 *5O-(6E60L 70 +-,-N*6O @5H--
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*-@, 5 @ O@-0)-@-F – 13 +-E*-0)LQ ?5H,AN/*-

*PO. <-HE50*- B5)/,65E5B ,500E/(-@5*6G 6*-

>6(/*)5 +-/?( (@6H5E0G *5 0+A04/ 0 A4E-*-B 

17‰. !,6 04-,-0)6 62 4B/K B5M6*60) +,6B/-
*6E ,/HAE6,-@-K*-/ )-,B-N/*6/ 0)A+/*LQ 0 
+-0E/(AQJ6B -)+A04-B +,6 04-,-0)6 50 4B/K. 

<+A04 ?545*K6@5E0G S--I,5?*-F 4,6@-F ,5(6A-

05B6 350 B. 3+-BG*A)-/ ,/HAE6,-@-K*-/ )-,-

B-N/*6/ IPE- *5K5)- ?5 1000 B (- *5K5E5 R)-F 

4,6@-F. 7 B-B/*)A @O-(5 @ S--I,5?*AQ 4,6@AQ 

+-/?( (@6H5E0G AN/ «*5 @PI/H/», 6 04-,-0)L /H- 

@-?,-0E5 *5 0)-EL4-, K)- B5M6*60) IPE @P*A-

N(/* +,6B/*6)L RE/4),6K/04-/ )-,B-N/*6/ 
E-4-B-)6@-B, 4-)-,-/ ?54-*K6E-0L *5 +E-J5(-

4/ (,60.9). !,6 @O-(/ *5 +E-J5(4A +,-6?-M/E 

0O-( 0 4-E/6 H-E-@*-F H,A++P @5H-*-@. 

 

;60. 9. ;/N6BP (@6N/*6G +-/?(5 

< >/ELQ @PG0*/*6G +,6K6*, IPE 60+-EL?--

@5* ,5?,5I-)5**PF 4-B+E/40 6 +,/(-0)5@E/*-

*P/ B5)/,65EP ,500E/(-@5*6G. 3K6)P@5E60L 
?5?-,P @ A+,GN6. !,/(+-E5H5E-0L, K)- @0/ @5-
H-*P +-/?(5 IPE6 -I-,A(-@5*P @-?(AO-,50+,/-
(/E6)/EGB6 \ 483, @4EQK/**PB6 *5 0,/(*6F 

,/N6B. 

 : ,/?AEL)5)/ +,-@/(/**PO ,50K/)-@ IP-

E6 +-EAK/*P -0>6EE-H,5BBP +,-(-EL*PO A06-

E6F +/,/( M/0)PB, 0/(LBPB, @-0LBPB, (/@G-
)PB, (/0G)PB 6 -(6**5(>5)PB @5H-*5B6 

(,60.10). !,6@/(/**PF ,60A*-4 6EEQ0),6,A/) 
K60E/**P/ ?*5K/*6G A06E6F 6 6O (E6)/EL*-0)L t 
(@ 0/4A*(5O)  +,6 RE/4),6K/04-B )-,B-N/*66. 

 

;60. 10. $0>6EE-H,5BBP 06E @ B/N@5H-**PO 0-/(6-

*/*6GO +,6 RE/4),6K/04-B )-,B-N/*66 

&? ,60.10 @6(*-, K)- -+50*PB -45?5E-0L 
RE/4),6K/04-/ )-,B-N/*6/ E-4-B-)6@-B, )54 

454  +,6 R)-B @ 0-0)5@/ +,-(-EL*PO 06E -45?5-
E60L 0-0)5@EGQJ6/ @/E6K6*-Q I-E// 500 4', 

4-)-,P/ (/F0)@-@5E6 *5 H,A++A H-E-@*PO @5H--

*-@ @ )/K/*6/ 1,5…2 0. $*6 )- 6 @P(5@6E6 6? 
0-0)5@5 H,A++A +-,-N*6O K/)P,/O-0*PO @5H--

*-@. 

:-?*64*-@/*6/ @ (5**-B 0EAK5/ 4@5?60)5)6-

K/046O 06E )54-H- -+50*-H- (EG +-,-N*/H- K/-
)P,/O-0*-H- +-EA@5H-*5 A,-@*G G@6E-0L ,/-
?AEL)5)-B 0-@B/0)*-H- (/F0)@6G E-4-B-)6@*--

H- )-,B-?5 6 @E6G*6/B +/,/E-B5 +,-(-EL*-H- 

+,-.6EG +A)6, 4-)-,P/ @P?@5E6 *545)P@5*6/ 
)GN/E-F O@-0)-@-F K50)6 0-0)5@5 *5 /H- E/H4AQ 

K50)L. 
<O-(A @5H-*-@ 0+-0-I0)@-@5E5 )54N/ A06-

E6@M5G0G +-( @E6G*6/B S--I,5?*-F 4,6@-F 6O 

I-4-@5G 45K45. 
: +,->/00/ B-(/E6,-@5*6G @PK60EGE0G 4--

R..6>6/*) ?5+505 A0)-FK6@-0)6 +,-)6@ 0O-(5 
4-E/05 0 ,/EL05 KA. ])-IP */ IPE- +-)/,6 A0-
)-FK6@-0)6 (@6N/*6G, @/E6K6*5 R)-H- 4-R..6-

>6/*)5 @0/H(5 (-EN*5 IP)L I-ELM/ /(6*6>P. : 

(5**-B 0EAK5/ ?*5K/*6/ KA 0*6?6E-0L (- *AEG. 
2546B -I,5?-B, +,6K6*-F ,500B5),6@5/B-H- 

0O-(5 @5H-*-@ 0)5E- */0-IEQ(/*6/ +. 15.32 

!2S. %-)G +,6 .-,B6,-@5*66 (5**-H- +-/?(5 
(-0)5)-K*- IPE- )-EL4- +-(@6*A)L H,A++A 

H,AN/*PO @5H-*-@ */ *5 H-E-@*AQ, 5 *5 O@-0)--

@AQ K50)L 0-0)5@5 6? 70-)6 +-,-N*6O @5H-*-@. 

$) ,5I-)*64-@, 0@G?5**PO 0 (@6N/*6/B +-/?-
(-@, */-IO-(6B- ),/I-@5)L @P+-E*/*6G !2S, 5 
+,6 -IAK/*66 B5M6*60)-@ 0E/(A/) 60+-EL?--

@5)L ),/*5N/,P B5M6*60)-@ 6 ?5,5*// 0-0)5@-

E/**P/ ,/N6B*P/ 45,)P @-N(/*6G ,5?*PO +--

/?(-@ *5 -+,/(/E/**-B AK50)4/ +A)6. 

95B/)6B, K)- @5H-* B-N/) IP)L @PN5) 6? 
0-0)5@5 +-/?(5 6 +,6 +-()5E46@5*66 @ )-B 0EA-

K5/, 4-H(5 -* *5O-(6)0G @ O@-0)-@-F 6E6 0,/(-

*/F K50)6 */-(*-,-(*-H- +-/?(5 . 254, *5+,6-

B/,, *5 0E-N*-B AK50)4/ +A)6 :-0)-K*--

<6I6,04-F N/E/?*-F (-,-H6 (,60.11) +,-6?--

M/E 0O-( 0 ,/EL0-@ 41-H- 0 H-E-@P +-/?(5 +--

,-N*/H- @5H-*5. : 0-0)5@ +-/?(5 @O-(6E6 H--

E-@*-F E-4-B-)6@, E-4-B-)6@-)-E45K 6 *5O--

(6@M5G0G B/N(A +-E*-0)LQ ?5H,AN/**PB6 @5-
H-*5B6 H,A++5 +-,-N*6O 4-O-0*PO @5H-*-@, 

0,/(6 4-)-,PO IPE 6 41-F @5H-*. !,6 (@6N/*66 

+- A4E-*A, 6B/QJ/BA 4,6@P/ @ +E5*/, IPE- 

+,6B/*/*- R40),/**-/ )-,B-N/*6/ H-E-@*PB 

E-4-B-)6@-B (- +-E*-F -0)5*-@46 +-/?(5. !,6 

+-+P)4/ ),-H5*6G -I*5,AN6E-0L, K)- -(6* 6? 
+-,-N*6O @5H-*-@ 0-M/E ,/EL0-@. 254 454 (-0-
)-@/,*5G 6*.-,B5>6G - ,/N6B/ @/(/*6G +-/?(5 
-)0A)0)@-@5E5, 5 6B/E60L )-EL4- (5**P/ 04-,--

0)/B/,5, )- B-(/E6,-@5E-0L */04-EL4- @5,65*-

)-@ (/F0)@6F B5M6*60)5 0 >/ELQ +-EAK/*6G 
4,6@-F 04-,-0)6, B5406B5EL*- IE6?4-F 4 +-45-
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?5*6GB 04-,-0)/B/,5. $45?5E-0L, K)- 4,6@P/ 
?5@606B-0)6 04-,-0)6 (@6N/*6G -) +,-F(/**--

H- +A)6, +-EAK/**P/ @ ,/5EL*PO A0E-@6GO 6 

+,6 B-(/E6,-@5*66, 0-@+5E6 @ )-B 0EAK5/, 4--

H(5 +-()5E46@5*6/ O@-0)-@PB E-4-B-)6@-B 

/J/ +,-(-EN5E-0L, 5 B5M6*60) H-E-@*-H- E--

4-B-)6@5 +,6B/*6E R40),/**-/ )-,B-N/*6/. 

 

;60. 11. ;/N6BP @/(/*6G +-/?(5 

'5 ,60.12 +,6@/(/*P -0>6EE-H,5BBP +,--

(-EL*PO 0N6B5QJ6O A06E6F @ +/,/(*/F 5@)--

0>/+4/ 41 6 21 @5H-*-@. S41(0) – -0>6EE-H,5BB5 
(EG 0EAK5G R40),/**-H- )-,B-N/*6G 0 H-E-@P 

+-/?(5 I/? +-()5E46@5*6G E-4-B-)6@-B, *5O--

(GJ6B0G @ O@-0)/ +-/?(5. S41(1) 6 S21(1) – -0-
>6EE-H,5BBP 06E @ 5@)-0>/+45O 41-H- 6 21-H- 

@5H-*-@ (EG 0EAK5G R40),/**-H- )-,B-N/*6G 0 
H-E-@P +-/?(5 0 -(*-@,/B/**PB +-()5E46@5*6-

/B E-4-B-)6@-B ((- B-B/*)5 +,6O-(5 4 */BA 

)-,B-?*-F @-E*P). 

-250

-200

-150

-100

-50

0

0 2 4 6 8 10 12 14

t,c
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, 

S41(0)
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S21(1)

 

;60. 12. $0>6EE-H,5BBP +,-(-EL*PO A06E6F @ +/-
,/(*6O 5@)-0>/+45O 41 6 21 @5H-*-@ (EG 0EAK5G R40-
),/**-H- )-,B-N/*6G 0 H-E-@P +-/?(5 I/? +-()5E-

46@5*6G E-4-B-)6@-B, *5O-(GJ6B0G @ O@-0)/ +-/?(5 
S41(0)  6. R40),/**-H- )-,B-N/*6G 0 H-E-@P +-/?(5 0 
-(*-@,/B/**PB +-()5E46@5*6/B E-4-B-)6@-B  

S41(1) 6 S21(1) 

&? ,60. 12 (-0>6EE-H,5BB5 S41(1)) @6(*-, K)- 

+,6 R40),/**-B )-,B-N/*66 H-E-@*PB E-4-B--

)6@-B, 0-+,-@-N(5@M6B0G +-()5E46@5*6/B, *5 
41-F +-,-N*6F @5H-* (/F0)@-@5E5 @ )/K/*6/ I--

E// 2-O 0/4A*( +,-(-EL*5G 4@5?60)5)6K/04-H- 

O5,54)/,5 06E5 @/E6K6*-Q I-E// 600 4'. : R)-) 

B-B/*) A+-BG*A)PF @5H-* (@6H5E0G +- 4,6@-F 

,5(6A0-B 295 B/),-@. 

S)6 (@5 -I0)-G)/EL0)@5 6 0)5E6 +,6K6*-F 

0O-(5 0 4-E/6 R)-H- @5H-*5. 
W-(/E6,-@5*6/ +,-0),5*0)@/**PO 4-E/I5-

*6F 0>/+5 +-,-N*6O @5H-*-@ +,6 (/F0)@66 *5 
*6O A+-BG*A)PO +,-(-EL*PO 06E +-45?5E-, K)- 

4 B-B/*)A 0O-(5 (6*5B6K/046/ O5,54)/,60)646 

41-H- @5H-*5 6B/E6 ?*5K/*6G, 0AJ/0)@/**- -)-
E6K5QJ6/0G -) (-+A0)6BPO ()5IE. 2). 

25IE6>5 2 

!7;487D=657= E4A45@=A76@757 41-F< ?4F<;4  

5 8<8=;@G 6E<>4 6 A=9:6<? 

'56B/*-@5*6/ +5-
,5B/),5 

9*5K/*6/ 1-+A045/B-/ 
?*5K/*6/ 

W5406B5EL*-/ 
?*5K/*6/ 4-R..6-

>6/*)5 H-,6?-*-

)5EL*-F (6*5B646 

0,9 0,38 

W5406B5EL*-/ 
?*5K/*6/ 4-R..6-

>6/*)5 @/,)645EL-
*-F (6*5B646 ,5-
BP 4A?-@5 

1 0,6 

W6*6B5EL*-/ ?*5-
K/*6/ 4-R..6>6-

/*)5 A0)-FK6@-0)6 

+,-)6@ 0O-(5 4--

E/05 0 ,/EL05 

0,5 1,4 

754 0E/(A/) 6? )5IE. 2, +,-(-EL*P/ 0N6-

B5QJ6/ 06EP 4@5?60)5)6K/04-H- O5,54)/,5 @/-
E6K6*-F I-E// 1000 4', @P?@5**P/ ,5?E6K*P-

B6 +-/?(*PB6 06)A5>6GB6, B-HA) IP)L -+50*P 

6 (EG ?5H,AN/**-H- (- +-E*-F H,A?-+-([/B*--

0)6 K/)P,/O-0*-H- @5H-*5. 
254, 1 ./@,5EG 2007 H-(5 *5 +/,/H-*/ !,--

0*6>5–"AB4-BI6*5) 7A,04-H- -)(/E/*6G U-,L-
4-@04-F N/E/?*-F (-,-H6 +,-6?-M/E 0O-( 16-)6 

*5O-(GJ6O0G +/,/( @0+-B-H5)/EL*PB E-4-B--

)6@-B @5H-*-@ (0 59-H- +- 74-F ) @ 0-/(6*/**-B 

+-/?(/ \ 1904/1923 B500-F 11917 )-**, 0--

0)-GJ/H- 6? 131 +-E*-0)LQ H,AN/*-H- K/)P-

,/O-0*-H- @5H-*5 (,60. 13). 

!,6 B5)/B5)6K/04-B B-(/E6,-@5*66 ,50-
0B5),6@5/B-H- 6*>6(/*)5 +,6*6B5E60L @- 

@*6B5*6/ 60O-(*P/ (5**P/, 0-0)5@E/**P/ *5 
I5?/ +,/(-0)5@E/**PO ,-006F04-F 0)-,-*-F 

B5)/,65E-@: 

– ,50M6.,-@46 .5FE-@ +-/?(46 0 45,),6(N5 
\ 59035 (+-/?( \ 1903, RE/4),-@-? :#-80<  

\ 653) 6 0 45,),6(N5 \54854 (+-/?( \ 1923, 

RE/4),-@-? :#-80< \ 701); 
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– 0+,5@46 +- ,50M6.,-@4/ 04-,-0)/B/,*PO 

E/*) +-/?(5 \ 1903-2031, RE. :#-80< \ 653 6 

+-/?(5 \ 2033-1923, RE. :#-80< \ 701; 

– 0+,5@46 - )-,B-?5O +-/?(5 \ 2033( E-4--

B-)6@ :#-80< \ 701) 6 +-/?(5 \ 2031 (E-4--

B-)6@ :#-80< \ 653); 

– 0O/B5 B/0)5 0O-(5 @5H-*-@ @ 0-/(6*/**-B 

H,A?-@-B +-/?(/ \ 1903/1923 (*5 ,60. 13 B/0)- 

0O-(5 -)B/K/*- 4,/0)-B). 

 
;60. 13. <O/B5 (@6N/*6G +-/?(5 

;500B5),6@5E0G +/,/O-(*PF +,->/00 0 B--

B/*)5 *5K5E5 )-,B-N/*6G *5 1001 4B 4+4 (- -0-
)5*-@46 +-/?(5 *5 1000 4B 9 +4, 4-)-,PF IPE 

@P?@5* -(*-@,/B/**-F ,5?,G(4-F )-,B-?*-F 

B5H60),5E6 *5 0,8 5)B H-E-@*PB 6 @0+-B-H5-
)/EL*PB E-4-B-)6@5B6 6 +-0E/(AQJ6B +5(/-
*6/B (5@E/*6G (- 1,9 5)B @ )-,B-?*-F B5H60)-
,5E6  A H-E-@*-H- E-4-B-)6@5. 

'6N/ +,6@/(/*P */4-)-,P/ ,/?AEL)5)P B--

(/E6,-@5*6G: 

– ,50+,/(/E/*6/ @(-EL +-/?(5 B5406B5EL-
*PO ?*5K/*6F ,50)GH6@5QJ6O (+) 6 0N6B5Q-

J6O (–) +,-(-EL*PO A06E6F, 4-)-,P/ 6B/E6 

B/0)- ?5 @/0L ,500B5),6@5/BPF +/,6-(  

(,60. 14); 

– -0>6EE-H,5BBP +,-(-EL*PO A06E6F @ 5@-

)-0>/+45O +/,/( +/,@PB 6 59-B @5H-*-B, 4-)--

,PF 0-M/E +/,@PB (,60. 15); 

– 4,6@5G 6?B/*/*6G 04-,-0)6 (@6N/*6G +--

/?(5 0 B-B/*)5 *5K5E5 )-,B-N/*6G (- -0)5*-@-

46 +-/?(5 (,60. 16). 

 

;60. 14. ;50+,/(/E/*6/ @(-EL +-/?(5 B5406B5EL*PO ?*5K/*6F +,-(-EL*PO A06E6F  

?5 @/0L ,500B5),6@5/BPF +/,6-( (@6N/*6G +-/?(5 \ 1903/1023 

754 @6(*- 6? 5*5E6?5 -0>6EE-H,5BB, 0 16--F 

+- 19-)AQ 0/4A*(P +-0E/ *5K5E5 )-,B-N/*6G, 
*5 59-F @5H-* @ )/K/*6/ 2-O 0/4A*( (/F0)@-@5E5 
0N6B5QJ5G 06E5 4@5?60)5)6K/04-H- O5,54)/,5, 
+,/@PM5QJ5G 100 )0 (1000 4' ). 

754 AN/ A+-B6*5E-0L, R)-H- (-0)5)-K*- (EG 
@P(5@E6@5*6G 4-O-0*-H- H,AN/*-H- +-EA@5H-*5 
*5 )/E/N45O 18-100. <+-0-I0)@-@5E- 0O-(A /J/ 
6 )-, K)- @ R)- @,/BG 59-F @5H-* (@6H5E0G +- 

4,AH-@-F 4,6@-F ,5(6A0-B 530 B/),-@. 

95B/)6B, K)- +- (5**PB B5)/,65E-@ ,500E/-
(-@5*6G +/,@PB 0-M/E 59-F @5H-* *5 15-F 0/-
4A*(/ 0 B-B/*)5 *5K5E5 )-,B-N/*6G, 5 +- ,/-
?AEL)5)5B ,50K/)-@ – *5 17 0. 254-/ */?*5K6-

)/EL*-/ ,50O-N(/*6/ @-?B-N*- 0@G?5*- 0 )/B, 

K)- +,-B/NA)-4 @,/B/*6 +-(@-(5 4-E-(-4 4 

4-E/0A +-0E/ +-G@E/*6G (5@E/*6G @ )-,B-?*-B 

>6E6*(,/ +,6 B-(/E6,-@5*66 IPE +,6*G) ,5@-

*PB 1,84 0, @ )- @,/BG 454 @ ,/5EL*PO +-/?(5O 

R)- @,/BG B-N/) 4-E/I5)L0G @ +,/(/E5O -) 1,4 

(- 1,9 0. 7,-B/ R)-H- 0E/(A/) AK6)P@5)L 6 */-
0)5I6EL*-0)L O5,54)/,60)64 @-?(AO-,50+,/(/-
E6)/E/F @ ,/5EL*PO +-/?(5O. 

S)6B -I[G0*G/)0G 6 */?*5K6)/EL*-/ (5 %) 

,50O-N(/*6/ @ )-,B-?*-B +A)6: +- ,/?AEL)5)5B 

,50K/)-@ -* 0-0)5@6E – 460 B (0B. ,60. 4), 5 +- 

B5)/,65E5B ,500E/(-@5*6G -* ,5@/* 488 B. 
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;60. 15. $0>6EE-H,5BBP +,-(-EL*PO A06E6F @ 5@)-0>/+45O +/,/( +/,@PB (S1) 58-B (S58)  6 59-PB (S59)  

@5H-*5B6 0 B-B/*)5 *5K5E5 )-,B-N/*6G 6 (- -0)5*-@46 0-/(6*/**-H- +-/?(5 @/0-B 11917 )  
(U-,L4-@045G N.(. 01.02.2007 H.) 

 

;60. 16. U,5.64 6?B/*/*6G 04-,-0)6 (@6N/*6G -) *5K5E5 )-,B-N/*6G (- -0)5*-@46 0-/(6*/**-H- +-/?(5  
B500-F 11917 ) (U-,L4-@045G N.(. 01.02.2007 H.) 

254-/ 0-HE50-@5*6/ ,/?AEL)5)-@ – /J/ -(*- 

(-45?5)/EL0)@- (-0)-@/,*-0)6 B-(/E6,-@5*6G. 
&? +,6@/(/**PO +,6B/,-@ 0E/(A/), K)- 

6B/QJ//0G B5)/B5)6K/04-/ 6 +,-H,5BB*-/ 
-I/0+/K/*6/ 6 (-0)-@/,*P/ (5**P/ -I -I[/4)/ 
600E/(-@5*6G 6E6 6*>6(/*)/ +-?@-EGQ) +-EA-

K6)L (-0)5)-K*- (-0)-@/,*P/ ,/?AEL)5)P +,6 

,/M/*66 ?5(5K @ -IE50)6 */E6*/F*-F (6*5B646 

+-/?(5. 

"&"#&$U;TV&] <7&^ <!&<$7 

1. "E-O6*,  . !. 16*5B645 +-/?(5 (*/0)5>6-*5,-

*P/ +,-(-EL*P/ 4-E/I5*6G) [2/40)] /  . !. "E--

O6*, #. T. W5*5M46*. – W.: 2,5*0+-,), 1982. – 

222 0. 

2. 3,0AEG4, #. :. '-@PF +-(O-( 4 ,/M/*6Q ?5(5K6 

- B-(/E6,-@5*66 +,-(-EL*-F (6*5B646 6 +--

0)A+5)/EL*-H- (@6N/*6G +-/?(5 ) [2/40)] /  

#. :. 3,0AEG4, 7. &. 8/E/?*-@ // :C0*64 

1'382. – 2005. – :6+. 8. – <. 107-112. 

3. W/)LQ?, 1. U. ]60E/**P/ B/)-(P. &0+-EL?-@5-
*6/ MATLAB [2/40)] / 1. U. W/)LQ?,  
7. 1. V6*4. – W.: &?(. (-B «:6ELGB0», 2001. – 

714 0. 
4. "E-O6*,  . !. ;50K/)P 6 60+P)5*6/ )GN/E-@/0-

*PO +-/?(-@ [2/40)] /  . !. "E-O6*, #. T. W5-
*5M46*. – W.: 2,5*0+-,), 1986. – 263 0. 

5. !,5@6E5 )GH-@PO ,50K/)-@ (EG +-/?(*-F ,5I-)P 

[2/40)]. – W.: 2,5*0+-,), 1985. – 287 0. 
 

!-0)A+6E5 @ ,/(4-EE/H6Q 21.07.2009 
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 !" 629.4.028.86 

 . !. "#$%&', (.).*., +,-./00-,, 1&&2 (34,56*5); 
7. &. 8 # 9'$:, 0).*.0., 1&&2 (34,56*5); 
#. :. 3;<3#=7, 4.).*., (->/*), 1&&2 (34,56*5); 
=. '. ;$?@'A7, 1! !72" @<3 92 (34,56*5) 

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

'5(5*- -+60 B-CD6E-0)/F ,-G,-HD/*-I- -HJ60DKE5DL*-I- 4-B+D/40M )5 F-I- E64-,60)5**N (DN 

,-GE’NG5**N G5(5J H/G+/46 O 0)OF4-0)O ,MPM. 

< +-B-QLK B5)/B5)6J/04-I- B-(/D6,-E5*6N ,500B-),/*R H/G-+50*R/ 0+-0-HR E-C(/*6N (D6**-0-0-
)5E*RP 0-/(6*/**RP +-/G(-E. 

The description of the developed computer software package and its use to solve problems of motion safety and 

stability is given. 

: +-0D/(*6/ I-(R E 0),5*5P 0 H-DLS6B6 

I,MG-+-)-45B6 6 B5D-F +,-+M04*-F 0+-0-H*--

0)LK 0MQ/0)E/**- ME/D6J6D60L (D6*R I,MG--

ERP +-/G(-E, E )-B J60D/ )546P, M 4-)-,RP D--

4-B-)6ER -45GRE5K)0N ,50+,/(/D/**RB6 E(-DL 
0-0)5E5. : ;-0066 E *-,BM E-SD6 0-/(6*/**R/ 
+-/G(5 B500-F 12 )R0. )-**. : E6(/ 0-/(6*/*-

*RP, *- 0 B/*LS/F B500-F 0)5D6 E*-EL T40+DM5-
)6,-E5)L0N +-/G(5 *5 ,N(/ *5+,5ED/*6F M4,56*-

046P C/D/G*RP (-,-I. '/0B-),N *5 E*/(,/*6/ 
060)/B 5E)-E/(/*6N, J5Q/ E0/I- E0+-B-I5)/DL-
*RB6 D-4-B-)6E5B6 )546P +-/G(-E M+,5EDNK) 
06*P,-**- 0 I-D-E*-I- D-4-B-)6E5. : 0DMJ5/ 
*/HD5I-+,6N)*-I- 0-J/)5*6N +,-(-DL*-I- +,--

.6DN 6 ,/C6B-E M+,5ED/*6N D-4-B-)6E5B6 E 

0-/(6*/**RP (D6**-0-0)5E*RP +-/G(5P, -0--

H/**- */-(*-,-(*RP +- B500/, (5C/ T40+DM5)5-
>6-**R/ ,/C6BR M+,5ED/*6N (*5H-, )NI6 6 ,/-
IMD6,-E-J*R/ )-,B-C/*6N) B-IM) +,6E/0)6 4 

,5G,REM 5E)-0>/+*RP M0),-F0)E, ,5G,MS/*6K 

4MG-E5 6D6 0P-(M 0 4-D/6 I,MG-E-I- E5I-*5. 
;5G,RER 5E)-0>/+-4 B-IM) +,-60P-(6)L 6 

+,6 HD5I-+,6N)*-B 0-J/)5*66 +,-.6DN 6 +D5*5 
+M)6 6 ,/C6B-E M+,5ED/*6N D-4-B-)6E5B6 (5-
C/ E +-/G(5P -HRJ*-I- .-,B6,-E5*6N E 0DMJ5/ 
+M045 E P-( 6D6 *5H-,5 )NI6 E M0D-E6NP, */ -)-
+MQ/**RP )-,B-G-E PE-0)-E-F J50)6 +-/G(5. 
2546/ NED/*6N -0-H/**- J50)- 6B/K) B/0)- E 

G6B*6P M0D-E6NP, 4-I(5 ,/G6*-ER/ +,-4D5(46 

)-,B-G*-F B5I60),5D6 )/,NK) TD50)6J*-0)L 6 

(5C/ B-Q*R/ 4-B+,/00-,R  0-E,/B/**RP D--

4-B-)6E-E */ E 0-0)-N*66 +-((/,C6E5)L */-H-

P-(6B-/ (5ED/*6/ E-G(MP5 E PE-0)-E-F J50)6 

+-/G(5. !-T)-BM *5H-, )NI6 E T)6P M0D-E6NP 

0D/(M/) +,-6GE-(6)L B/(D/**-, 5 E-G(MP-,50-
+,/(/D6)/D6 0-0)5E5 (-DC*R HR)L -),/IMD6,--

E5*R )54, J)-HR )-,B-G*R/ *5C5)6N PE-0)-E-F 

J50)6 +-/G(5 */ +,/E-0P-(6D6 )/P G*5J/*6F, 

4-)-,R/ +,60MQ6 E5I-*5B I-D-E*-F J50)6 +--

/G(5. 
: +,->/00/ +-6045 +,6J6* ,5G,RE5 5E)-0>/-

+-4 C/D5)/DL*- 60+-DLG-E5)L */ )-DL4- T40-
+/,)*R/ ->/*46  0+/>65D60)-E, *- 6 ,/GMDL)5)R 

D5H-,5)-,*RP 5*5D6G-E B/)5DD5 ,5G,MS/**RP 

5E)-0>/+*RP M0),-F0)E, 4-)-,R/ */-HP-(6B- 

+,-E-(6)L E 0ENG6 0 T../4)-B "5MS6*I/,5, 0--

0)-NQ/B E )-B, J)- E 0-,)6,-E-J*-B +5,4/ E 

M0D-E6NP 0-M(5,/*6N E5I-*-E 0- 04-,-0)NB6, 

454 +,5E6D-, G*5J6)/DL*- +,/ERS5KQ6B6 (--

+M045/BR/, +,-60P-(6) *54D/+ 5E)-0>/+-4, 4--

)-,RF +,6E-(6) 4 MB/*LS/*6K +,/(/D5 )/4M-

J/0)6 6 +,/(/D5 +,-J*-0)6 +,6 +-NED/*66 ,50-
)NI6E5KQ6P M06D6F E 5E)-0>/+45P. '- 4,-B/ 
T)-I- C/D5)/DL*- 60+-DLG-E5)L 6 B/)-(R B5)/-
B5)6J/04-I- B-(/D6,-E5*6N (E6C/*6N ,50-
0B5),6E5/BRP +-/G(-E. 

: *5MJ*--600D/(-E5)/DL04-F D5H-,5)-,66 

(6*5B646 6 +,-J*-0)6 +-(E6C*-I- 0-0)5E5 C/-
D/G*RP (-,-I 1&&25 ,5G,5H-)5* +,-I,5BB*RF 

4-B+D/40, 0 +-B-QLK 4-)-,-I- B-C*- 600D/-
(-E5)L  +,-(-DL*MK *5I,MC/**-0)L I,MG-ERP 6 

+5005C6,046P +-/G(-E[1]. !,6 6GMJ/*66 +,--

(-DL*RP 4-D/H5*6F +-/G(5 E -0*-E*-B 600D/-
(MK)0N +/,/P-(*R/ ,/C6BR, +,6 4-)-,RP MJ6-

)RE5/)0N ED6N*6N G5G-,-E E B/CE5I-**RP 0--

/(6*/*6NP. !,6 T)-B *56H-D// -+50*RB NEDN-
/)0N ,/C6B )-,B-C/*6N, 0-+,-E-C(5KQ6F0N 

+-NED/*6/B *56H-DLS6P +,-(-DL*RP *5I,MG-4.  

!,6 B-(/D6,-E5*66 +,->/00-E )-,B-C/*6N 

I,MG-ERP 6 +5005C6,046P +-/G(-E 6 +-0D/(MK-

Q/I- -)+M045 60+-DLG-E5D60L +5,5B/),R  5E)--

)-,B-G-E, +-DMJ/**R/  +- ,/GMDL)5)5B T40+/-
,6B/*)-E E )-,B-G*-F D5H-,5)-,66 :'&&825, 
5 )54C/ +- ,/GMDL)5)5B B*-I-D/)*6P, B*-I--
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J60D/**RP T40+/,6B/*)5DL*RP 600D/(-E5*6F, 

+,-E/(/**RP 0 +-/G(5B6 E ,/5DL*RP M0D-E6NP 

-+R)*-I- 4-DL>5 :'&&825 (?-04E5) 6 ,N(5 
C/D/G*RP (-,-I 34,56*R 6 ;-0066.   1DN +,--

E/,46 E-GB-C*-0)6 60+-DLG-E5*6N M45G5**RP 

+5,5B/),-E 5E)-)-,B-G-E *5 T)5+/ )/-,/)6J/-
046P 600D/(-E5*6F +,-(-DL*-F *5I,MC/**-0)6 

I,MG-ERP 6 +5005C6,046P +-/G(-E HRD- +,-E/-
(/*- 0-+-0)5ED/*6/ ,/GMDL)5)-E B5)/B5)6J/-
04-I- B-(/D6,-E5*6N 0 ,/GMDL)5)5B6 T40+/,6-

B/*)5.  
 : *50)-NQ// E,/BN I,MG-ER/ E5I-*R E -0-

*-E*-B -H-,M(-E5*R .,64>6-**RB6 +-ID--

Q5KQ6B6 5++5,5)5B6 U-1-2?, 5  +5005C6,-

046/ E5I-*R M+,MI--.,64>6-**RB6 +-ID--

Q5KQ6B6 5++5,5)5B6 V'&&-'6. W,64>6-*-

*R/ +-ID-Q5KQ6/ 5++5,5)R I,MG-ERP +-/G(-E 

E/0LB5 */0)5H6DL*R E ,5H-)/. <6D-E5N P5,54)/-
,60)645 6P B-C/) +,6*6B5)L 0-E/,S/**- ,5G-
D6J*R/ .-,BR 6 454 +,5E6D- (5D/45 -) P5,54-

)/,60)646 +,6 0)5)6J/04-B *5I,MC/*66[2]. <6-

D-E5N P5,54)/,60)645 E +,->/00/ M(5,5, 4-)--

,RF 6B//) B/0)- +,6 (E6C/*6N +-/G(5 6G-G5 *5-
D6J6N G5G-,-E E M+,NC6, .-,B6,M/)0N E ,/GMDL-
)5)/ )54-I- 04-DLC/*6N 4D6*L/E -)*-06)/DL*- 

4-,+M05 5++5,5)5, +,6 4-)-,-B 6B/K) B/0)- 

J/,/(MKQ6/0N «0PE5)RE5*6N» ),MQ6P0N +--

E/,P*-0)/F 6 «0,RER», 0-+,-E-C(5KQ6/0N 

,/G46B  +,-045DLGRE5*6/B 4D6*L/E +,6 B5D-F 

06D/ ),/*6N. <PE5)RE5*6N +,6E-(N) 4 6*)/*-

06E*-BM *5,50)5*6K, 5 0,RER – 4 0H,-05B 06-

DR, (/F0)EMKQ/F *5 E5I-*. :0/ T)- +-GE-DN/) 
0J6)5)L, J)- I,MG-E-F +-/G(, E5I-*R 4-)-,-I- 

-H-,M(-E5*R .,64>6-**RB6 +-ID-Q5KQ6B6 

5++5,5)5B6, +,/(0)5EDNK) 0-H-F 0)-P50)6J/-
04MK 060)/BM.  @*5D6G6,MN ,/GMDL)5)R B*-I--

J60D/**RP T40+/,6B/*)-E, 4-)-,R/ HRD6 +,--

E/(/*R *5MJ*--600D/(-E5)/DL04-F D5H-,5)-,6-

/F (6*5B646 6 +,-J*-0)6 +-(E6C*-I- 0-0)5E5 E 

,5GD6J*R/ I-(R, */-HP-(6B- HRD- -+,/(/D6)L 
)546/ +5,5B/),R B/CE5I-*RP 0-/(6*/*6F, 4--

)-,R/ +-GE-DN) 0 (-0)5)-J*- H-DLS-F E/,-N)-
*-0)LK +,-I*-G6,-E5)L ,/GMDL)5)R T40+/,6-

B/*)-E[3]. : ,5G,5H-)5**-B +,-I,5BB*-B 4-B-

+D/40/ HRD6 60+-DLG-E5*R )54 *5GRE5/BR/ 6*-

)/I,5DL*R/ P5,54)/,60)646 (DN ,5GD6J*RP )6-

+-E +-ID-Q5KQ6P 5++5,5)-E, E J50)*-0)6,  U-

1-2? 6 V'&&-'6. : 45J/0)E/ 4-*),-D6,M/BRP 

+5,5B/),-E (DN I,MG-ERP +-/G(-E 60+-DLG-E5-
D60L +,-(-DL*R/ M06D6N, 5 (DN +5005C6,046P – 

+,-(-DL*R/ M04-,/*6N.  
'6C/ 0 >/DLK 0-+-0)5ED/*6N   ,/GMDL)5)-E 

,50J/)5 6 T40+/,6B/*)-E +,6E/(/*R I,5.646 

,50+,/(/D/*6N +- (D6*/ +-/G(5 B5406B5DL*RP 

G*5J/*6F +,-(-DL*RP M06D6F 6 M04-,/*6F, +--

DMJ/**R/ -+R)*RB +M)/B 6 0 +-B-QLK B5)/-
B5)6J/04-I- B-(/D6,-E5*6N. ;50J/)R ER+-D*N-
D60L (DN ,5GD6J*RP E6(-E )-,B-C/*6F: T40-
),/**-/ 6 +-D*-/ 0DMC/H*-/ )-,B-C/*6N, 5 
)54C/ ,/IMD6,-E-J*-/ )-,B-C/*6/ 0 ,5G,N(4-F 

)-,B-G*-F  B5I60),5D6 *5 0.7 5)B. 

!,6 ->/*4/ *56H-DLS6P E +-/G(/ +,-(-DL-
*RP M06D6F  ,500B5),6E5D0N -+R)*RF I,MG-E-F 

+-/G( B500-F 10000 )-**, 0-0)-NQ6F 6G 95-)6 

J/)R,/P-0*RP I,MG-ERP E5I-*-E B500-F 89 

)-**, -H-,M(-E5**RP 4-B+-G6>6-**RB6 )-,-

B-G*RB6 4-D-(45B6 6 (EMP D-4-B-)6E-E 0/,66 

:#-8, ,50+-D-C/**RP E I-D-E/ 6 -H-,M(-E5*-

*RB6 JMIM**RB6 )-,B-G*RB6 4-D-(45B6. :0/ 
T46+5C6 +-/G(5 HRD6 -H-,M(-E5*R E-G(MP--

,50+,/(/D6)/DNB6 X483 6 .,64>6-**RB6 +--

ID-Q5KQ6B6 5++5,5)5B6 U-12?. !,6 T)-B 

E-G(MP-,50+,/(/D6)/D6 E5I-*-E HRD6 E4DKJ/-
*R *5 0,/(*6F, 5  D-4-B-)6E-E – *5 +-,-C*6F 

,/C6B ,5H-)R. &GB/,/**RF 0,/(*6F G5G-, E 

B/CE5I-**RP 0-/(6*/*6NP -45G5D0N ,5E*RB  

47BB. '5J5DL*5N 04-,-0)L )-,B-C/*6N I,MG--

E-I- +-/G(5 E -+R)/ 6 +,6 B-(/D6,-E5*66 0--

0)5EDND5 304B/J. 

'5 ,60.1-3 +,/(0)5ED/*R (DN 0-+-0)5ED/*66 

,/GMDL)5)-E ,50J/)5 6 T40+/,6B/*)5 (5**R/ - 

,50+,/(/D/*66 E(-DL +-/G(5 B5406B5DL*RP 

G*5J/*6F +,-(-DL*RP 06D E ,5GD6J*RP 0/J/*6-

NP 0-0)5E5 +,6 ,/IMD6,-E-J*-B, +-D*-B 0DM-

C/H*-B 6 T40),/**-B )-,B-C/*6NP. 

'6C/ E )5HD6>/ 1 +,6E/(/*R *56H-DLS6/ E 

+-/G(/ G*5J/*6N +,-(-DL*RP M06D6F  0--)E/)-
0)EMKQ6/ ,500B-),/**RB ,/C6B5B )-,B-C/-
*6N I,MG-E-I- +-/G(5 B500-F 10000 )-**. 

&G )5HD6>R 1 E6(*-, J)- E ,500B5),6E5/BRP 

0DMJ5NP ,50P-C(/*6/ G*5J/*6F *56H-DLS6P E 

+-/G(/ M06D6F, *5F(/**RP T40+/,6B/*)5DL*- 6 

+M)/B B-(/D6,-E5*6N */ +,/ER06D6 14%. 

;/GMDL)5)R )/-,/)6J/046P ,50J/)-E J5Q/ 
E0/I- 60+-DLGMK)0N (DN ->/*46 )-I-, J)- *5 05-
B-B (/D/ +,-60P-(6) E ,/5DL*-B -HY/4)/. !--

+R)5/B0N *5F)6 0--)*-S/*6/ B/C(M *56H-DL-
S6B6 G*5J/*6NB6 E +-/G(/ +,-(-DL*RP M06D6F, 

*5F(/**RP E ,/5DL*RP M0D-E6NP +,6 )-,B-C/-
*66 6 +-DMJ/**RP ,50J/)*RB +M)/B. 

754 +-45GRE5K) ,/GMDL)5)R B*-I-J60D/*-

*RP ,50J/)-E, )/-,/)6J/046/ ->/*46, 454 +,5-
E6D-, HD6G46 4 0,/(*6B *56H-DLS6B G*5J/*6NB 

(DN 0/,66 -+R)-E, -H,5GMKQ6P ERH-,4M (-0)5-
)-J*-I- -HY/B5 (*5+,6B/,, +,6 !<2 *56H-DL-
S// G*5J/*6/ +,-(-DL*-F 06DR 0-0)5EDND- -

1570 4').  '5+,6B/,, (DN 0/,66 6G */04-DL46P 

-+R)-E +- +-D*-BM 0DMC/H*-BM )-,B-C/*6K  ( 

,60.4) 0 *5J5DL*-F 04-,-0)6 (E6C/*6N 30 4B/J 

,500B5),6E5/B-I- ERS/ +-/G(5 B5406B5DL*-/ 

49



 
G*5J/*6/ *56H-DLS/F +,-(-DL*-F 06DR (-0)6-

I5D- +,6HD6G6)/DL*- -1750 4'. !-DMJ/**-/ 
G*5J/*6/ +,6HD6G6)/DL*- E 1,25 ,5G5 +,/ERS5-
/) ,50J/)*-/ G*5J/*6/ *56H-DLS/F E +-/G(/ 
+,-(-DL*-F 06DR (-1360 4'). '5 +,6E/(/**-B 

,60M*4/ )-J45B6 6G-H,5C/*R -+R)*R/ G*5J/-
*6N M06D6F, D6*6/F – ,/GMDL)5)R ,50J/)5. : 

(5DL*/FS/B HM(/B 60+-DLG-E5)L T)- 0--)*-S/-
*6/ (1.25) E )/P 0DMJ5NP, 4-I(5 +-  ,/GMDL)5)5B 

)/-,/)6J/046P 600D/(-E5*6F */-HP-(6B- ->/-
*6)L -C6(5/BMK E ,/5DL*RP M0D-E6NP  )-,B--

C/*6N E/D6J6*M *56H-DLS/F E +-/G(/ +,-(-DL-
*-F 06DR. 
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;60.1.;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--
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+-/G(5 B500-F 10000 )-**. 
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;60.2. ;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M06D6F +,6  +-D*-B 0DMC/H*-B )-,B-C/-
*66 +-/G(5 B500-F 10000 )-**. 
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S,7'

,50J/)
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;60.3.;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M06D6F +,6 T40),/**-B )-,B-C/*66 +-/G(5 
B500-F 10000 )-** 

25HD6>5  1  

S, 4' :6(R 

)-,B-C/*6F 
,50J/) -+R) 

,50P-C(/*6/ 

<)-0.7 5)B -1130 -1230 8% 

!<2 -1360 -1570 14% 

Z2 -1725 -1780 3% 
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;60.4. ;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M06D6F +- (D6*/ I,MG-E-I- +-/G(5 B500-F 

10000 )-** +,6  +-D*-B 0DMC/H*-B )-,B-C/*66 0- 

04-,-0)6 30 4B/J. 

;5G,5H-)5**RF +,-I,5BB*RF 4-B+D/40 B--

C/) HR)L 60+-DLG-E5*  )54C/ (DN ->/*46 *56-

H-DLS6P +,-(-DL*RP M04-,/*6F E +5005C6,-

046P +-/G(5P ,5G*-F (D6*R, -H-,M(-E5**RP 

,5GD6J*RB6 +-ID-Q5KQ6B6 5++5,5)5B6.  

1DN ->/*46 *56H-DLS6P +,-(-DL*RP M04--

,/*6F ,500B5),6E5D60L ,5GD6J*R/ E6(R )-,-

B-C/*6N 0- 04-,-0)6 10 4B/J -+R)*-I- +5005-
C6,04-I- +-/G(5, 0-0)-NQ/I- 6G D-4-B-)6E5 
0/,66 [<-2 6 36 E5I-*-E, -H-,M(-E5**RP 4-B-

+-G6>6-**RB6 )-,B-G*RB6 4-D-(45B6 6 M+,M-

I--.,64>6-**RB6 +-ID-Q5KQ6B6 5++5,5)5B6 

V'&&-'6. <,/(*6F G5G-, E -+R)*-B +-/G(/ 
,5E*ND0N 45BB. !,6 T40),/**-B )-,B-C/*66 

,500B5),6E5D60L )54C/ ,5GD6J*R/ ,/C6BR ,5-
H-)R E-G(MP-,50+,/(/D6)/D/F X292- (D6**--

0-0)5E*RF 6 4-,-)4-0-0)5E*RF. !,6 ,/IMD6,--

E-J*-B 6 +-D*-B 0DMC/H*-B )-,B-C/*66 

+,/(+-D5I5D-0L, J)- E-G(MP-,50+,/(D/D6)/D6 

E4DKJ/*R *5 (D6**-0-0)5E*RF ,/C6B ,5H-)R. 

'6C/ *5 ,60.5-8 6G-H,5C/*R I,5.646 ,50-
+,/(/D/*6N +- (D6*/ +5005C6,04-I- +-/G( B54-

06B5DL*RP G*5J/*6F +,-(-DL*RP M04-,/*6F E 

(-DNP « g » , +-DMJ/**R/ 0 +-B-QLK B5)/B5)6-

J/04-I- B-(/D6,-E5*6N (0+D-S*R/ D6*66 ) 6 

-+R)*RB +M)/B ( B5,4/,R) (DN ,5GD6J*RP E6-

(-E )-,B-C/*6F. 
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;60.5.;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M04-,/*6F +- (D6*/ +5005C6,04-I- +-/G(5 
+,6 T40),/**-B )-,B-C/*66  0 E-G(MP-,50+,/(/D6-

)/DNB6 X292, E4DKJ/**RB6 *5 4-,-)4-0-0)5E*RF 

,/C6B. 
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;60.6. ;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M04-,/*6F +- (D6*/ +5005C6,04-I- +-/G(5 
+,6 T40),/**-B )-,B-C/*66 0 E-G(MP-,50+,/(/D6-

)/DNB6 X292, E4DKJ/**RB6 *5 (D6**-0-0)5E*RF 

,/C6B. 
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;60.7.;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M04-,/*6F +- (D6*/ +5005C6,04-I- +-/G(5 
+,6  TD/4),-+*/EB5)6J/04-B  )-,B-C/*66. 
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;60.8.;50+,/(/D/*6/ B5406B5DL*RP G*5J/*6F +,--

(-DL*RP M04-,/*6F +- (D6*/ +5005C6,04-I- +-/G(5 
+,6 +-D*-B 0DMC/H*-B )-,B-C/*66. 

'6C/ E )5HD6>/ 2 +,6E/(/*R G*5J/*6N *56-

H-DLS6P +,-(-DL*RP M04-,/*6F E (-DNP « g » 

(DN ,500B5),6E5/BRP ,/C6B-E )-,B-C/*6N, 
+-DMJ/**R/ T40+/,6B/*)5DL*- 6 0 +-B-QLK 

B5)/B5)6J/04-I- B-(/D6,-E5*6N. 

25HD6>5  2  

W,g :6(R 

)-,B-C/*6F ,50J/) -+R) 
,50P-C(/*6/ 

Z!2 -0,27 -0,26 4% 

Z2-«7» -1,9 -1,8 6% 

Z2-«1» -0,93 -0,9 4% 

!<2 -0,5 -0,49 2% 

 

754 E6(*- 6G +,6E/(/**-F )5HD6>/ ,50P-C-

(/*6N B/C(M *56H-DLS6B6 G*5J/*6NB6 +,--

(-DL*RP M04-,/*6F , +-DMJ/**RP -+R)*RB 6 

,50J/)*RB +M)/B */ +,/ER06D6 6%. 

!,6 600D/(-E5*66 ,/C6B-E )-,B-C/*6N 
0D/(M/) ->/*6E5)L )54C/ )-,B-G*R/ +M)6, 4--

)-,R/ */-HP-(6B- MJ6)RE5)L E 0DMJ5/ (E6C/-
*66 +- MJ50)4M +M)6 6B/KQ/BM -I,5*6J/*6N +- 

04-,-0)6 (E6C/*6N. '6C/ E )5HD6>5P 3 6 4  

+,6E/(/*R G*5J/*6N )-,B-G*RP +M)/F, +-DM-

J/**RP +,6 ,5GD6J*RP E6(5P )-,B-C/*6N (DN 

,500B-),/**RP ERS/ I,MG-ERP 6 +5005C6,046P 

+-/G(-E. 

25HD6>5  3 .  

091:;9<= 2>?3>@9AB CD2;E C?< ?1@F<:9AB 5<G1B 

2>?3>H;9<E 6?D@>5>6> C>;@G1 31II>E 10000 2>99 

I> I7>?>I2< 30 73/:. 

2-,B-G*-F +M)L (L),B :6(R 

)-,B-C/-
*6F 

,50J/) -+R) 

 

,50P-C(/*6/ 

<)-0.7 5)B 292 260 13% 

!<2 180 170 6% 

Z2 154 150 3% 

 

 

51



 
25HD6>5  4 .  

091:;9<= 2>?3>@9AB CD2;E C?< ?1@F<:9AB 5<G1B 

2>?3>H;9<E C1II1H<?I7>6> C>;@G1, >J>?DG>519-

9>6> :D6D99A3< 2>?3>@9A3< 7>F>G713< I> I7>-

?>I2< 10 73/: . 

2-,B-G*-F +M)L (L),B :6(R 

)-,B-C/*6F ,50J/) -+R) 

,50P-C(/*6/ 

<)-0.7 5)B 29 31 7% 

Z!2 !<2 16 15 7% 

!<2 23 23 0% 

 

@*5D6G +,6E/(/**RP 600D/(-E5*6F +-45GR-

E5/), J)- ,/GMDL)5)R ,/S/*6N G5(5J, +-DMJ/*-

*R/ +M)/B J60D/**-I- 6*)/I,6,-E5*6N (6../-
,/*>65DL*RP M,5E*/*6F (E6C/*6N +-/G(5, 
E+-D*/ M(-ED/)E-,6)/DL*- ( +-I,/S*-0)L */ 
H-D// 15%) 0-ID50MK)0N 0 ,/GMDL)5)5B6 T40+/-
,6B/*)-E. Z)- +-GE-DN/) 0J6)5)L, J)- +-0),--

/**5N B5)/B5)6J/045N B-(/DL 6 // +,-I,5BB*5N 

,/5D6G5>6N  (-E-DL*- HD6G4- -)-H,5C5K) +,--

>/00R, 6B/KQ6/ B/0)- +,6 +/,/P-(*RP ,/C6-

B5P (E6C/*6N +-/G(5. 
!,6 ,/IMD6,-E-J*RP )-,B-C/*6NP (D6**--

0-)5E*RP 0-/(6*/**RP +-/G(-E (E)-,-F D-4--

B-)6E ,50+-D-C/* E 0/,/(6*/ 0-0)5E5) *5HDK-

(5/BR/ E -+R)5P *56H-DLS6/ G*5J/*6N ,50)N-
I6E5KQ6P 06D B-IM) +,/E-0P-(6)L *5 20% E/-
D6J6*R +,-(-DL*RP *5I,MG-4 (1 ?'), (-+M0-
45/BRP (DN III ,50J\)*-I- ,/C6B5.  0)/0)E/**- 

)546/  J50)- +-E)-,NKQ6/0N G*5J/*6N +,-(-DL-
*RP M06D6F B-IM) +,6E/0)6 4 ,5G,REM 5E)-0>/-
+-4, -0-H/**- E */-(*-,-(*RP (D6**-0-0)5E-

*RP I,MG-ERP +-/G(5P. 2546/ 0DMJ56  (5C/ E 

(D6**-0-0)5E*RP +-/G(5P, 0.-,B6,-E5**RP 

0-ID50*- +M*4)5 15.32 !2Z 6B/D6 B/0)- *5 */-
4-)-,RP C/D/G*RP (-,-I5P 34,56*R. :RN0*6B 

+,6J6*R +,-6G-S/(S6P 6*>6(/*)-E  0 +-B--

QLK +,/(D5I5/B-I- ERJ60D6)/DL*-I- 4-B+D/4-

05.  
'6C/ 0 +-B-QLK B5)/B5)6J/04-I- B-(/D6-

,-E5*6N 600D/(-E5*R +,-(-DL*R/ M06D6N E 

(D6**-0-0)5E*-B -HY/(6*/**-B */-(*-,-(*-B 

+-/G(/, 0-0)-NQ/B 6G 2-P D-4-B-)6E-E :#-8, 

60-)6 I,MC/*RP E5I-*-E B500-F 92 )-**R 6 

(D6**-F 12 B/),-E 6 64-P +-,-C*6P J/)R,/P-

-0*RP E5I-*-E B500-F 22 )-**R 6 (D6*-F 14 

B/),-E. :)-,-F D-4-B-)6E :#-8 ,50+-D5I5D0N 

+-0D/ G5I,MC/**RP E5I-*-E. ;500B5),6E5D60L 
,/IMD6,-E-J*R/ )-,B-C/*6N -+605**-I- +-/G-
(5 0- 04-,-0)6 50 4B/J *5 MJ50)4/ +M)6, 0P/B5 
4-)-,-I- +,6E/(/*5 *5 ,60.9.  

 

;60.9. <P/B5 +,-.6DN +M)6. 

!,6 600D/(-E5*66 +,-(-DL*RP M06D6F 

+,/(+-D5I5D-0L, J)- E5I-*R -H-,M(-E5*R 4-B-

+-G6>6-**RB6 )-,B-G*RB6 4-D-(45B6. :-G(M-

P-,50+,/(/D6)/D6 G5I,MC/**RP E5I-*-E E4DK-

J/*R *5 0,/(*6F, 5 +-,-C*6P E5I-*-E *5 +--

,-C*6F ,/C6B ,5H-)R. ?-(/D6,MN (E6C/*6/ 
+-/G(5 +,/(+-D5I5D-0L, J)- -H5 D-4-B-)6E5 
)-,B-G*RB6 0,/(0)E5B6 M+,5EDND6 06*P,-**- 

+- 0D/(MKQ/F 0P/B/: )-,B-C/*6/ )-DL4- D--

4-B-)6E*RB6 )-,B-G5B6,  0--)E/)0)EMKQ// III 
+-D-C/*6K +,NB-(/F0)EMKQ/I- )-,B-G5, J/,/G 
400 B/),-E (E6C/*6N – I-D-E*-F D-4-B-)6E 

*5J5D +*/EB5)6J/04-/ )-,B-C/*6/ 0 ,5G,N(4-F 

)-,B-G*-F B5I60),5D6 1 5)B, 5 E0+-B-I5)/DL-
*RF D-4-B-)6E – 0 ,5G,N(4-F 0,7 5)B. 1DN 
0,5E*/*6N ,500B5),6E5D0N E5,65*), 4-)-,RF 

6B/D B/0)- E ,/5DL*RP M0D-E6NP, 4-I(5  E I,M-

C/*-F J50)6 0-0)5E5 ,5E*-B/,*- +- (D6*/ HRD- 

ER4DKJ/*- 13 E-G(MP-,50+,/(/D6)/D/F, 5 )54-

C/ 4-I(5 0*6C/*6/ 04-,-0)6 -0MQ/0)EDND-0L 
)-DL4- )-,B-G5B6 0-0)5E5 0 M45G5**-F ERS/ 
E/D6J6*-F ,5G,N(46  )-,B-G*-F B5I60),5D6. : 

45J/0)E/  +,6B/,5 *5 ,60.10 +,6E/(/*R ,50+,/-
(/D/*6N *56H-DLS6P +,-(-DL*RP M06D6F +- 

(D6*/ +-/G(5 (DN -+605**RP ERS/ E5,65*)-E. 

#6*66 1 0--)E/)0)EMK) ,50)NI6E5KQ6B 6 0C6-

B5KQ6B M06D6NB (DN 0DMJ5N ER4DKJ/*6N J50-
)6 E-G(MP-,50+,/(/D6)/D/F, D6*66 2, 3 – 0--)-
E/)0)EMK) E5,65*)M, 4-I(5 E0/ E-G(MP-,50+,/-
(/D6)/D6 HRD6 E4DKJ/*R. !,6 J/B D6*6/F 3 

-H-G*5J/*R B5406B5DL*R/ +,-(-DL*R/ 0C6-

B5KQ6/ 6 ,50)NI6E5KQ6/ M06D6N, +-DMJ/**R/ 
E ,/GMDL)5)/ +,6B/*/*6N )-DL4- +*/EB5)6J/-
046P )-,B-G-E. 

 

;60.10. ;50+,/(/D/*6/ +- (D6*/ +-/G(5 B5406B5DL-
*RP G*5J/*6F +,-(-DL*RP M06D6F (DN ,5GD6J*RP 

0+-0-H-E ,/IMD6,-E-J*RP )-,B-C/*6F. 
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754 E6(*- 6G +,6E/(/**RP I,5.64-E, (5C/ 

+,6 ,/IMD6,-J*RP )-,B-C/*6NP 0(E-/**RP 0--

/(6*/**RP +-/G(-E, -0-H/**- */-(*-,-(*RP +- 

B500/, B-IM) E-G*645)L M06D6N +,/ERS5KQ6/ 
1,0 ?'. $+50*R/ G*5J/*6N M06D6F HRD6 (-0-
)6I*M)R, 4-I(5 E I,MC/*-F J50)6 +-/G(5 HRD6 

-)4DKJ/*R 13 E-G(MP-,50+,/(/D6)/D/F. :4DK-

J/*6/ E0/P E-G(MP-,50+,/(/D6)/D/F 0*6C5/) 
M,-E/*L *56H-DLS6P ,50)NI6E5KQ6P 06D  *5 
15%. <*6C/*6/ 04-,-0)6 (E6C/*6N *5 ,500B5)-
,6E5/B-B MJ50)4/ +M)6 )-DL4- +*/EB5)6J/046-

B6 )-,B-G5B6 0-0)5E5 (H/G +,/(E5,6)/DL*-I- 

E4DKJ/*6N )-,B-G-E D-4-B-)6E5) +-GE-DN/) 
0*6G6)L M,-E/*L B5406B5DL*RP ,50)NI6E5KQ6P 

+,-(-DL*RP M06D6F +,6B/,*- *5 50%, 5 0C6-

B5KQ6P – +,6B/,*- *5 15%. 

: 45J/0)E/ 0,5E*/*6N *5 ,60.11 6G-H,5C/*R 

I,5.646 ,50+,/(/D/*6N *56H-DLS6P +,-(-DL-
*RP 06D +- (D6*/ +,/(E5,6)/DL*- ,50)N*M)-I- 

,500B5),6E5/B-I- +-/G(5 (DN T40),/**-I- )-,-

B-C/*6N 0- 04-,-0)6 50 4B/J. !,6 T)-B ->/*/-
*R M06D6N (DN 0DMJ5/E, 4-I(5 E G5I,MC/**-F 

J50)6 +-/G(5 ,5E*-B/,*- +- (D6*/ HRD6 ER-

4DKJ/*R 13 E-G(MP-,50+,/(/D6)/D/F( D6*6N 1 

*5 ,60.11) 6 4-I(5 E0/ E-G(MP-,50+,/(/D6)/D6 

,5H-)5D6. 

 

 

;60.11. ;50+,/(/D/*6/ +- (D6*/ +-/G(5 B5406B5DL-
*RP G*5J/*6F +,-(-DL*RP M06D6F +,6 T40),/**-B 

)-,B-C/*66. 

&G +,6E/(/**-I- ,60M*45 0D/(M/), J)- ER-

4DKJ/*6/ J50)6 E-G(MP-,50+,/(/D6)/D/F E 

I,MC/*-F J50)6 0-0)5E5 )54C/ +,6E-(6) 4 ,-0)M 

,50)NI6E5KQ6P M06D6F, -0-H/**- E PE-0)-E-F 

J50)6 I,MC/*-I- 0-0)5E5. 
!-NED/*6/ -+50*RP ,50)NI6E5KQ6P +,--

(-DL*RP M06D6F 0ENG5*- 0 ,5GD6J*-F )-,B-G-
*-F T../4)6E*-0)LK I,MC/*-F  6 +-,-C*/F 

J50)/F 0-0)5E5, 4-)-,5N +-DMJ/*5 E 0ENG6 0 ,5G-
*RB ,/C6B-B ,5H-)R E-G(MP-,50+,/(/D6)/D/F.   

$)4DKJ/*6/ C/ */04-DL46P E-G(MP-,50+,/(/-
D6)/D/F E +/,E-F +-D-E6*/ 0-0)5E5 M06D6E5/) 
T)-) T../4). 

<D/(M/) -)B/)6)L, J)- +-DMJ/**RF M,-E/*L 
M06D6F B-C/)  B/*N)L0N E G5E606B-0)6 -) +,--

(-DL*-I- +,-.6DN +M)6. : ,/GMDL)5)/ +,-E/-

(/**RP J60D/**RP T40+/,6B/*)-E 0 -+605**RB 

ERS/ +-/G(-B M,-E/*L ,50)NI6E5KQ6P 06D *5 
+D-Q5(4/ 0*6G6D0N *5 20%, 5 *5 0D-C*-B +/,/-
E5D60)-B +,-.6D/, 4-I(5 +-/G( (D6*-F 1676 

B/),-E B-C/) ,50+-D5I5)L *5 ,5GD6J*RP M4D--

*5P +M)6 – M,-E/*L 06D B-C/) ME/D6J6)L0N *5 
35 %. 

: 0DMJ5/ 06*P,-**-I- )-,B-C/*6N I-D-E-

*RB 6 E0+-B-I5)/DL*RB D-4-B-)6E5B6 -(6*5-
4-E-F ,5G,N(4-F )-,B-G*-F B5I60),5D6 E/D6-

J6*-F 1,0 5B) +-0D/ +,6B/*/*6N +,NB-(/F0)-
EMKQ/I- )-,B-G5 D-4-B-)6E5,  M,-E/*L *56-

H-DLS6P M06D6F,  B-C/) ER,50)6 +,6B/,*- *5 
40%  6, HM(/) (-0)6I5)L -+50*RP G*5J/*6F (5C/ 
+,6 E0/P E4DKJ/**RP E-G(MP-,50+,/(/D6)/DNP. 

Z)- 0ENG5*- 0 )/B, J)- )-,B-G*-F 4-T..6>6/*) 
+-,-C*6P E5I-*-E G*5J6)/DL*- +,/ERS5/) M45-
G5**RF +5,5B/), I,MC/*RP E5I-*-E 6 +,6E-(6)  
4 +-NED/*6K ,50)NI6E5KQ6P M06D6F 0+-0-H*RP 

,5G-,E5)L 5E)-0>/+*-/ M0),-F0)E-. 

<*6C/*6/ M,-E*N *56H-DLS6P +,-(-DL*RP 

06D E 0DMJ5/ -)4DKJ/*6N J50)6 E-G(MP-,50+,/-
(/D6)/D/F G5I,MC/**-F J50)6 +-/G(5 B-C/) 
HR)L (-0)6I*M)- )54C/ +,6 H-D// +-G(*/B 

E4DKJ/*66 +*/EB5)6J/046P )-,B-G-E E +-,-C-

*/F J50)6 +-/G(5. '5+,6B/,, /0D6 *5J5D- )-,-

B-C/*6N 0)M+/*LK 0 ,5G,N(4-F B5I60),5D6 0.7 

5B) E0+-B-I5)/DL*RB D-4-B-)6E-B +,-60P--

(6D- 0+M0)N 40 +-0D/ *5J5D5 )-,B-C/*6N III-/F  

0)M+/*LK ( ,5G,N(45 B5I60),5D6 1,0 5)B) I-D-E-

*RB D-4-B-)6E-B, )- M,-E/*L *56H-DLS6P ,50-
)NI6E5KQ6P M06D6F MB/*LS5D0N *5 25%.  

754 0D/(M/) 6G +,-E/(/**RP 600D/(-E5*6F 

+,-(-DL*-F *5I,MC/**-0)6 (D6**-0-0)5E*RP 

0-/(6*/**RP +-/G(-E */-(*-,-(*RP +- B500/, 
(E I-D-E*-F J50)6 0-0)5E5 ,50+-D-C/*R I,MC/-
*R/ E5I-*R, 5 E- E)-,-F +-D-E6*/ 0-0)5E5 – +--

,-C*6/ E5I-*R,  E-G(MP-,50+,/(/D6)/D6,  4-)--

,RP E4DKJ/*R *5 ,5GD6J*RF ,/C6B ,5H-)R)  

ER4DKJ/*6/ J50)6 E-G(MP-,50+,/(/D6)/D/F E 

I,MC/*-F J50)6 +-/G(5 +,6E-(6) 4 ME/D6J/*6K 

M,-E*N ,50)NI6E5KQ6P  +,-(-DL*RP M06D6F 6 

B-C/) (-0)6I5)L -+50*RP G*5J/*6F, -0-H/**- 

+,6 */HD5I-+,6N)*-B 0-J/)5*66 +,-(-DL*-I- 

+,-.6DN +M)6 6 ,/C6B-E M+,5ED/*6N ,500,/(--

)-J/**RB6 D-4-B-)6E5B6. 

'5,N(M 0 T)6B 0D/(M/) -)B/)6)L, J)- )54-F 

0+-0-H 0*6C/*6N )-,B-G*-F T../4)6E*-0)6 ( 

ER4DKJ/*6/ J50)6 E-G(MP-,50+,/(/D6)/D/F) 

(5/) +-D-C6)/DL*RF ,/GMDL)5) +,6 )-,B-C/-
*66 )NC/D-E/0*RP -(*-,-(*RP +-/G(-E. : ,/-
GMDL)5)/ B*-I-J60D/**RP T40+/,6B/*)5DL*RP 

6 )/-,/)6J/046P 600D/(-E5*6F +-45G5*-, J)- 

+,6 )-,B-C/*66 -(*-,-(*RP +-/G(-E B500-F 

H-D// 8 )R0. )-** E 0DMJ5/ M0)5*-E46 D-4-B--
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)6E-E )-DL4- E I-D-E/ +-/G(5 0*6C/*6/ )-,B-G-
*-F T../4)6E*-0)6 G5 0J/) ER4DKJ/*6N J50)6 

E-G(MP-,50+,/(/D6)/D/F ,5E*-B/,*- +- (D6*/ 
+-/G(5 +-GE-DN/) 0MQ/0)E/**- 0*6G6)L M,-E/*L 
+,-(-DL*RP 0C6B5KQ6P  M06D6F +,6 )-,B-C/-
*66[4]. 

'6C/ E 45J/0)E/ +,6B/,5 *5 ,60.12 +,6E/-
(/*R G5E606B-0)6 *56H-DLS6P 0C6B5KQ6P 

M06D6F 6 )-,B-G*RP +M)/F -) 4-T..6>6/*)5 
)-,B-G*-F T../4)6E*-0)6 E I,MG-E-B +-/G(/, 
0-0)-NQ/B 6G 150 E5I-*-E B500-F 100 )-**. 

2-,B-G*5N T../4)6E*-0)L P5,54)/,6GM/)0N 4--

T..6>6/*)-B 7=5/E, «5» – 4-D6J/0)E- E4DK-

J/**RP  E-G(MP-,50+,/(/D6)/D/F E I,M++/ 6G 
«E» E5I-*-E. !,6 4 = 1 T../4)6E*-0)L 0--)E/)-
0)EM/) E4DKJ/*6K E0/P E-G(MP-,50+,/(/D6)/-
D/F *5 0,/(*/B ,/C6B/ ,5H-)R. <+D-S*R/ D6-

*66 0--)E/)0)EMK) G*5J/*6NB *56H-DLS6P 

0C6B5KQ6P M06D6F +,6 T40),/**-B (D6*6N 1) 

6 +-D*-BM 0DMC/H*-BM (D6*6N 2) )-,B-C/*6NB,  

5 +M*4)6,*R/ – G*5J/*6NB )-,B-G*RP +M)/F 0- 

04-,-0)6 30 4B/J.  

 

;60.12. 95E606B-0)6 *56H-DLS6P 0C6B5KQ6P M06-

D6F 6 )-,B-G*RP +M)/F -) E/D6J6*R )-,B-G*-F T.-

./4)6E*-0)6 «4» E I,MG-E-B +-/G(/ B500-F 15 )R0. 
)-**. 

&G +,6E/(/**-I- ,60M*45 0D/(M/), J)- +,6 

MB/*LS/*66 )-,B-G*-F T../4)6E*-0)6 0*6C5-
/)0N M,-E/*L +,-(-DL*RP M06D6F, *- ME/D6J6-

E5/) )-,B-G*R/ +M)6. Z)- B-C/) +,6E/0)6 4 

0*6C/*6K 04-,-0)6 (E6C/*6N. $(*54- +,6 

T)-B B-C/) HR)L +-DMJ/* ER6I,RS E +,-E-G-
*-F 0+-0-H*-0)6, *5+,6B/,, E 0DMJ5NP 0MQ/0)-
E/**-F  */,5E*-B/,*-0)6 +-)-45 +-/G(-E, */-
-HP-(6B-0)6 +,/(-0)5ED/*6N «-4-*» (DN )/4M-

Q/I- ,/B-*)5 +M)6, 4-*)54)*-F 0/)6 6 ).(. 9*5-
J6)/DL*RF ER6I,RS E +,-E-G*-F 0+-0-H*-0)6 

MJ50)45 B-C/) HR)L +-DMJ/*, /0D6 -H-,M(-E5)L 
/I- M0-E/,S/*0)E-E5**-F 060)/B-F 06I*5D6G5-
>66, 4-)-,5N +-GE-DN/) ,/5D6G-E5)L B5406-

B5DL*MK 04-,-0)L (E6C/*6N +,6 ME/D6J/**RP 

)-,B-G*RP +M)NP.  

< +-B-QLK J60D/**RP T40+/,6B/*)-E -+-

,/(/D/*- G*5J/*6/ 4-T..6>6/*)5 )-,B-G*-F 

T../4)6E*-0)6, +,6 4-)-,-B M,-E/*L *56H-DL-
S6P +,-(-DL*RP 06D */ +,/ERS5D  2500 4'.  

;500B5),6E5D60L I,MG-ER/ +-/G(5, 0-0)-NQ6/  
6G 4-P-0*RP +-DME5I-*-E B500-F 100 )-**, 4--

)-,R/ -H-,M(-E5*R E4DKJ/**RB6 *5 0,/(*6F 

,/C6B ,5H-)R E-G(MP-,50+,/(/D6)/DNB6 X 

483, +,MC6**--.,64>6-**RB6 +-ID-Q5KQ6B6 

5++5,5)5B6 U-1-2? 6 4-B+-G6>6-**RB6 )-,-

B-G*RB6 4-D-(45B6. 95G-,R E B/CE5I-**RP 

0-/(6*/*6NP +,6*6B5D60L ,5E*RB6 65 BB. '5 
,60.13 6G-H,5C/*5 G5E606B-0)L ,/4-B/*(M/B--

I- G*5J/*6N 4-T..6>6/*)5 )-,B-G*-F T../4-

)6E*-0)6 7 -) B500R +-/G(5. 

k(Q)

0

0,2

0,4

0,6

0,8

1

1,2

0 5 10 15 20 25 30

Q, !"  #$$

K

 

;60.13.95E606B-0)L ,/4-B/*(-E5**RP G*5J/*6F )-,-

B-G*-F T../4)6E*-0)6 -) B500R +-/G(5. 

'5 ,60.14 +,6E/(/*R G*5J/*6N )-,B-G*RP 

+M)/F (DN ,500B5),6E5/BRP +-/G(-E 6 ,/4--

B/*(-E5**-F  )-,B-G*-F T../4)6E*-0)6  +,6 

T40),/**-B )-,B-C/*66 0- 04-,-0)6 60 4B/J. 
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;60.14.95E606B-0)L )-,B-G*RP +M)/F +,6 T40),/*-

*-B )-,B-C/*66 0- 04-,-0)6 60 4B/J  -) B500R +--

/G(5 (DN ,/4-B/*(-E5**RP G*5J/*6F )-,B-G*-F T.-

./4)6E*-0)6. 

754 0D/(M/) 6G +,6E/(/**RP ,60M*4-E +,6 

E-C(/*66 +-/G(-E B500-F H-D// 12 )R0. )-** 0 
M0)5*-E4-F D-4-B-)6E-E )-DL4- E I-D-E/ 0-0)5-
E5 ,/4-B/*(-E5**RF 0+-0-H 0*6C/*6N )-,B-G-
*-F T../4)6E*-0)6 G5 0J/) ER4DKJ/*6N J50)6 

E-G(MP-,50+,/(/D6)/D/F +-GE-DN/) 0MQ/0)E/*-

*- 0*6G6)L +,-(-DL*MK *5I,MC/**-0)L +-/G-
(-E. <4-,-0)L (E6C/*6N  +,6 T)-B (-DC*5 HR)L 
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M0)5*-ED/*5 +- M0D-E6NB H/G-+50*-0)6 E 0--)-
E/)0)E66 0 (5**RB6, +,6E/(/**RB6 *5 ,60. 14. 

;500B-),/**RF +,6/B MB/*LS/*6N +,--

(-DL*-F *5I,MC/**-0)6 HRD 60+-DLG-E5* +,6 

+,-+M04/ +-/G(5 B500-F 43 )R0. )-** +- V/-
D6**-F C/D/G*-F (-,-I/. 

"&"#&$];@W&[ <7&^ <!&<$7 

1. "D-P6*,  . !. :RJ60D6)/DL*RF 4-B+D/40 (DN 
,/S/*6N G5(5J H/G-+50*-0)6 6 M0)-FJ6E-0)6 

(E6C/*6N +-(E6C*-I- 0-0)5E5 C/D/G*RP (-,-I 
[2/40)] /  . !. "D-P6*, #. :. 3,0MDN4, 7. &. 8/-
D/G*-E // :O0*64 1__2M. – :6+. 18. – 1., 2007. – 

<. 106-114. 

2. 7-D-B6FJ/*4-, :. :. @E)-0>/+*-/ M0),-F0)E- 

+-(E6C*-I- 0-0)5E5 [2/40)] / :. :. 7-D-B6F-

J/*4-, '. ]. "/0+5D-E, '. @.</B6*. – ?.: 2,5*0-
+-,), 1980. – 185 0. 

3. "D-P6*,  . !. 16*5B645 +-/G(5 (*/0)5>6-*5,-

*R/ +,-(-DL*R/ 4-D/H5*6N) [2/40)] /  . !. "D--

P6*, #. @. ?5*5S46*. – ?.: 2,5*0+-,), 1982. – 

222 0. 
4. $H -(*-B E-GB-C*-B 0+-0-H/ H/G-+50*-I- E-C-

(/*6N )NC/D-E/0*RP I,MG-ERP +-/G(-E [2/40)] / 
 . !. "D-P6* 6 (,. // :/0)*64 :'&&825. – 

1987. – X 4. – <. 107-112. 
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 . !. "#$%&', (.).*., +,-./00-,, 1&&2 (34,56*5); 
7. #. 8$9$2 '8$, (.).*., +,-./00-,, 1&&2 (34,56*5); 
:. ;. !<'<= '8$, 4.).*., (->/*), 1&&2 (34,56*5); 
9. ". ?9<'$:=8&@, 4.).*., A/(.*.0., 1&&2 (34,56*5); 
&. :. 8#&7 '8$, 4.).*., (->/*), 1&&2 (34,56*5); 
 . B. B 1$9$:, C5A. D5E. $'&# 1!!=, 1&&2 (34,56*5) 

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

3 0)5))F -+605*- 4-*0),G4>FH 2 A5,F5*)FA 0)/*(5 (DI (-0DF(J/**I 06D6 )/,)I G 4-ACG*5K AFC45 A5*)5J*-L- 
A5L-*5. 

: 0)5)M/ -+605*N 2 A5,65*)5 4-*0),G4>6O 0)/*(5 (DI -+,/(/D/*6I P-P/*)5 06D 0-+,-)6AD/*6I +-A-,-)G 
)/D/J46 -)*-06)/DM*- 4GC-A5. 

In the article 2 variants of stand design for determination of the moment of resistance power to bogie rotation 
relative to body are described. 

$(*6P 6C +5,5P/),-A, 0GQ/0)A/**- AD6IR-
Q6K *5 (6*5P6S/046/ 45S/0)A5 A5L-*-A, IADI/)-
0I P-P/*) 0-+,-)6AD/*6I +-A-,-)G )/D/J46 
-)*-06)/DM*- 4GC-A5 A +D5*/. 1DI L,GC-ANK A5-
L-*-A +,6 60+-DMC-A5*66 0)5*(5,)*-O )/D/J46 
)6+5 18-100 GLDN +-A-,-)5 A +D5*/ -)(/DM*NK 
// TD/P/*)-A – E-4-ANK ,5P 6 *5(,/00-,*-O 
E5D46 -)D6S5R)0I. !-T)-PG A T)-P 0DGS5/ +,6-
K-(6)0I ,500P5),6A5)M -)(/DM*-  * – P-P/*) 
06D 0-+,-)6AD/*6I +-A-,-)G *5(,/00-,*-O 
E5D46 -)*-06)/DM*- 4GC-A5 6  E – P-P/*) 06D 
0-+,-)6AD/*6I +,6 +-A-,-)/ E-4-ANK ,5P -)-
*-06)/DM*- *5(,/00-,*-O E5D46 (+,6 C5E/L5*66 
E-4-A6*). 

1DI -+,/(/D/*6I P-P/*)5 06D 0-+,-)6AD/-
*6I +,6 C5E/L5*66 E-4-A6* 6CA/0)/* 0)/*(, [1], 
,/5D6C-A5**NO *5 3,5DM04-P A5L-*-0),-6)/DM-
*-P C5A-(/, +,6 +-P-Q6 4-)-,-L- +-DGS/* ,I( 
,/CGDM)5)-A [2]. =D/(G/) -)P/)6)M, S)- -+,/(/-
D/*6/ P-P/*)5 06D 0-+,-)6AD/*6I +,6 C5E/L5-
*66 E-4-A6* P-J*- +,-6CA-(6)M *5 -)(/DM*- 
ACI)-O )/D/J4/, 5 -+,/(/D/*6/ 06D 0-+,-)6AD/-
*6I +,6 +-A-,-)/ *5(,/00-,*-O E5D46 -)*-06-
)/DM*- 4GC-A5 (DI +-DGS/*6I +,54)6S/046 C*5-
S6P-O A/D6S6*N */-EK-(6P- +,-6CA-(6)M 60-
+N)5*6I *5 +-D*-0)MR 0-E,5**-P A5L-*/ A ,5-
E-S/P 0-0)-I*66. 

2/P-O *50)-IQ/O 0)5)M6 IADI/)0I ,5C,5E-)-
45 4-*0),G4>66 0)/*(5 (DI -+,/(/D/*6I P-P/*-
)5 0-+,-)6AD/*6I +-A-,-)G *5(,/00-,*-O E5D46 
-)*-06)/DM*- 4GC-A5 A5L-*5. 1DI )-L- S)-EN 
-+,/(/D6)M A/D6S6*G T)-L- P-P/*)5, A +,->/00/ 
6CP/,/*6I 06DN 0-+,-)6AD/*6I +-A-,-)G )/-
D/J46 0- 0)-,-*N ,/DM0-A-O 4-D/6 (-DJ*N 
EN)M 604DRS/*N. 1DI T)-L- P-J*- 60+-DMC--
A5)M (A5 +G)6. !/,ANO – T)- +-(*I)M )/D/J4G 
*5( ,/DM05P6 +,6 +-P-Q6 +-(U/P*-O +-A-,-)-

*-O +D5).-,PN, 4-)-,5I, 0 -(*-O 0)-,-*N, 
-0GQ/0)ADI/) +-(U/P )/D/J46 )54, S)- )/,I/)0I 
4-*)54) P/J(G 4-D/05P6 6 ,/DM05P6, 5 0 (,GL-O 
0)-,-*N */ +,/+I)0)AG/) +-A-,-)G )/D/J46 -)-
*-06)/DM*- A/,)645DM*-O -06 +I)*64-A-L- G0)-
,-O0)A5. 

:)-,-O 0+-0-E 0AIC5* 0 )/P, S)- ,/DM0N, *5 
4-)-,N/ -+6,5R)0I 4-D/0*N/ +5,N, G4D5(NA5-
R)0I *5 +-A-,-)*-O +D5).-,P/, 4-)-,5I +-A--
,5S6A5/)0I AP/0)/ 0 )/D/J4-O A +,->/00/ 60+N-
)5*6O. 

!- A)-,-PG 0+-0-EG AN+-D*/* 0)/*( (DI 
-+,/(/D/*6I P-P/*)5 0-+,-)6AD/*6I +-A-,-)G 
)/D/J/4 )/+D-A-C-A, 6P/RQ6O0I A- :'&2& (L. 
8-D-P*5, 9-006I) [3]. =)/*( T)-) +,/(*5C*5S/* 
(DI 60+N)5*6I S/)N,/K-0*NK )/D/J/4 )/+D-A--
C-A, A 0AIC6 0 S/P -* 6P//) (-0)5)-S*- 0D-J-
*GR 6 L,-P-C(4GR 4-*0),G4>6R. 1A/ +-A-,-)-
*N/ +D5).-,PN 0 ,/DM05P6, *5 4-)-,N/ -+6,5-
R)0I 4-D/0*N/ +5,N (AGK (AGK-0*NK )/D/J/4 
)/+D-A-C5, -+6,5R)0I *5 ),/)MR )-J/ +-A-,-)-
*GR +D5).-,PG. 1DI -E/0+/S/*6I P5D-L- ),/-
*6I +,6 +-A-,-)/ +D5).-,P A 060)/P/ 6K -+6-
,5*6I 60+-DMCGR)0I 4,5*-AN/ G+-,*N/ +-(-
V6+*646 45S/*6I. '/0P-),I *5 )-, S)- 0)/*( 
+,/(*5C*5S/* (DI 60+N)5*6O )/+D-A-C*NK )/-
D/J/4, *5 */P +,-6CA-(6D60M 60+N)5*6I +- -+-
,/(/D/*6R 0-+,-)6AD/*6I +-A-,-)G )/D/J/4 
L,GC-ANK A5L-*-A [4]. !,6 T)-P END6 +-DGS/*N 
(-0)5)-S*- 6*)/,/0*N/ ,/CGDM)5)N, 4-)-,N/ 
+-45CNA5R), S)- A T40+DG5)5>66 +,6 +-A-,-)/ 
(AGK-0*-O )/D/J46 +-( *5L,GC4-O +,6 ,5C-P4-
*G)NK 04-DMCG*5K 6 -)0G)0)A66 0P5C46 0A/,K-
*-,P5)6A*NO 6C*-0 A +-(+I)*64-A-P GCD/ P--
J/) +,6A/0)6 4 A-C,50)5*6R P-P/*)5 0-+,--
)6AD/*6I +- 0,5A*/*6R 0 -E/CJ6,/**NP6 6 
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0P5C5**NP6 +-(+I)*645P6 0--)A/)0)A/**- A 
2,1 6 10 ,5C [4]. 

1DI +-DGS/*6I 4-P+54)*-O 6 +,-0)-O A T40-
+DG5)5>66 0K/PN 0)/*(5 END6 ,500P-),/*N (A5 
A5,65*)5 /L- 4-*0),G4>66. : +/,A-P A5,65*)/ 
60+-DMC-A5D50M +-(U/P*5I +-A-,-)*5I +D5)-
.-,P5, 5 A- A)-,-P – +-A-,-)*5I -+-,*5I +D5)-
.-,P5 0 ,/DM05P6, *5 4-)-,N/ -+6,5R)0I 4--
D/0*N/ +5,N -+N)*-O )/D/J46. 

8-*0),G4>6I +/,A-L- A5,65*)5 0)/*(5 +-45-
C5*5 *5 ,60. 1. 
! 

E 

 

960. 1. $EQ6O A6( 0)/*(5 6 P/K5*6CP5 *5L,GJ/*6I 
(DI +-A-,-)5 )/D/J46: 1 – A6*)-A5I -+-,5; 2 – +-A-,-)-
*5I +D5).-,P5; 3 – 4-DM>-; 4 – A5D; 5 – +-(V6+*64; 6 – 
-E-OP5; 7 – *5+,5ADIRQ6O 0)545*; 8 – (-P4,5) +-(U/P5; 

9 – .G*(5P/*); 10 – (-P4,5) *5L,GJ/*6I; 11 – *5+,5A-
DIRQ5I; 12 – G+-, +-(V6+*645; 13 – A6*)-A-O 0)/,J/*M; 
14 – 0)/,J/*M (-P4,5)5 6 P/0(-C; 15 – G+-,*5I +D50)6*5 
(DI +/,/(5S6 G06D6I -) (-P4,5)5 +-A-,-)5 +-A-,-)*-O 

+D5).-,P/. 

=)/*( 6P//) -+-,N 1, +,6 +-P-Q6 4-)-,NK 
+-(U/P*5I 06D5 +/,/(5/)0I 4-D/0*NP +5,5P. 
$+-,N G0)5*-AD/*N *5 +-(U/P*-O +-A-,-)*-O 
+D5).-,P/ 2 +,6 +-P-Q6 A6*)-ANK 0)/,J*/O 
13, 4-)-,N/ (5R) A-CP-J*-0)M 6CP/*I)M AN0--
)G -+-,N *5( +D5).-,P-O A C5A606P-0)6 -) .5-
CN ,5E-)N 0)/*(5. !D5).-,P5 2 -+6,5/)0I *5 

(AG,I(*NO ,5(65DM*--G+-,*NO +-(V6+*64 5 
+,6 +-P-Q6 A5D5 4 6 4-DM>5 3, S/,/C 4-)-,-/ 
*5L,GC45 +/,/(5/)0I *5 A*G),/**// 4-DM>- +-(-
V6+*645 5. :*/V*6/ 4-DM>5 +-(V6+*645 5 C5-
4,/+D/*N A -E-OP/ 6 6 .6406,GR)0I A */O +,6 
+-P-Q6 G+-,*-L- 4-DM>5 12. $E-OP5 6 */+--
0,/(0)A/**- 0-/(6*I/)0I 0 +-(A6J*-O S50)MR 
(-P4,5)5 8, 4-)-,NO G0)5*-AD/* *5 .G*(5P/*)/ 
9. 1DI +-A-,-)5 +D5).-,PN 60+-DMCGR)0I (-P-
4,5)N (A-O*-L- (/O0)A6I 10. 1-P4,5)N C54,/+-
D/*N 4 +-(U/P*-O S50)6 0)/*(5 0 +-P-QMR 
4-*0-D/O ,NS5L-A 14. 306D6I -) (-P4,5)-A +/-
,/(5R)0I +-A-,-)*-O +D5).-,P/ +,6 +-P-Q6 
A/,)645DM*NK G+-,*NK +D50)6* 15. 9/54)6A*N/ 
G06D6I A- A,/PI ,5E-)N (-P4,5)-A +/,/(5R)0I 
*5 *5+,5ADIRQ6/ 0)/,J*6 11, 4-)-,N/ 6P/R) 
)-DM4- A/,)645DM*N/ +/,/P/Q/*6I A *5+,5A-
DIRQ6K 0)545*5K 7, C54,/+D/**NK 4 .G*(5P/*-
)G 9. 

: *5S5D/ ,5E-)N *5( T046C*NP +,-/4)-P 
>/DMR ,5E-)N END- 0-C(5*6/ 4-P+54)*-O 4-*-
0),G4>66 0)/*(5, 604DRS6A +,6 +,-A/(/*66 
6CP/,/*6O L-,6C-*)5DM*N/ 06DN AC56P-(/O0)-
A6I 4-D/0 6 ,/DM0-A. !-T)-PG (DI +,-/4)6,-A5-
*6I END5 6CE,5*5 4-*0),G4>6I, A -0*-AG 4-)--
,-O END 0)/*( +- +5)/*)G [5]. $(*54- +,6 ,5C-
,5E-)4/ T046C*-L- +,-/4)5 -45C5D-0M, S)- 4-*-
0),G4>6I 6P//) */4-)-,N/ 0D-J*N/ GCDN, 
4-)-,N/ *GJ(5R)0I A ,/LGD6,-A5*66 A +,->/0-
0/ +-(L-)-A46 4 60+N)5*6IP. W)- IA*NP -E,5-
C-P EG(/) G0D-J*I)M T40+DG5)5>6R 0)/*(5. !--
T)-PG END6 ,500P-),/*N ,5C*N/ )/K*6S/046/ 
,/V/*6I +- G+,-Q/*6R 4-*0),G4>66 6 T40-
+DG5)5>66 0)/*(5. '5 -0*-A/ T)6K ,/V/*6O 
+,/(D5L5/)0I A)-,-O A5,65*) 4-*0),G4>66 
0)/*(5. 

:- A)-,-P A5,65*)/ 0)/*(5 -0*-A-O 4-*0)-
,G4>66 IADI/)0I +-A-,-)*5I +D5).-,P5, *5 4--
)-,-O G0)5*-AD/*N ,/DM0N ,/DM0-A-O 4-D/6. 
!-A-,-)*5I +D5).-,P5 -+6,5/)0I *5 0+/>65DM-
*N/ 45)46, 4-)-,N/ +,6 +-A-,-)/ +D5).-,PN 
+/,/45)NA5R)0I +- 0+/>65DM*NP -+-,*NP 
+D6)5P. !,6 T)-P -+-,N ,50+-D-J/*N A A/,)6-
45DM*NK +D-04-0)IK, A 4-)-,NK *5 +D5).-,PG 
+/,/(5/)0I *5L,GC45 -) 4-D/0 )/D/J46, 5 */0G-
Q5I 4-*0),G4>6I +D5).-,PN AN+-D*/*5 A A6(/ 
(AGK +,-(-DM*NK E5D-4, +,6 T)-P 45)46 6P/R) 
A-CP-J*-0)M +/,/45)NA5)M0I +- 4,GLG -)*-06-
)/DM*- >/*),5 +-(V6+*645 +- .G*(5P/*)*NP 
+D6)5P. 

: +,->/00/ 60+N)5*6I 600D/(G/P5I )/D/J45, 
)5, (DI 4-)-,-O -+,/(/DI/)0I A/D6S6*5 P-P/*)5 
06D 0-+,-)6AD/*6I, G0)5*5AD6A5/)0I *5 +-A--
,-)*-O +D5).-,P/, 5 A)-,5I )/D/J45 *5K-(6)0I 
*5 */+-(A6J*-O ,/DM0-A-O 4-D//. 

8-*0),G4>6I 0)/*( +,/(0)5AD/*5 *5 ,60. 2. 
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! 

" 

# 

960. 2. :*/V*6O A6( 0)/*(5 (2-O A5,65*)): 
!) A6( 0E-4G; ") A6( 0A/,KG A +-+/,/S*-O +D-04-0)6; 

#) A6( 0 )-,>5: 
1 – )/D/J45; 2 – ,/DM0N; 3 – +-A-,-)*5I +D5).-,P5; 4 – 
(-P4,5); 5 – 45)-4; 6 – >/*),6,GRQ6O 0)/,J/*M; 7 – 

-+-,*5I +D6)5; 8 – >/*),6,GRQ6O +-(V6+*64; 9 – +,/(--
K,5*6)/DM*5I V5OE5; 10 – P/0(-C5. 

=)/*( 6P//) ,/DM0N 1, -)0-/(6*/**N/ -) 
-0*-A*-O 4-D/6 2, +-A-,-)*GR +D5).-,PG 3, 
4-)-,5I -+6,5/)0I *5 45)46 4, +/,/45)NA5R-
Q6/0I +- .G*(5P/*)*NP +D6)5P 5, >/*),6-
,GRQ6O +-(V6+*64 6 6 >/*),6,GRQ6O 0)/,-
J/*M 7, +,/(-K,5*6)/DM*5I V5OEG 8, (-P4,5)N 
9, P/0(-C6 10, 600D/(G/PGR )/D/J4G 11. 

=GQ/0)A/**-/ G+,-Q/*6/ 4-*0),G4>66 
0)/*(5 0AIC5*- 0 )/P, S)- +,6 AA/(/*66 -+6,5-
*6I )/D/J46 *5 ,/DM0N, 4-)-,N/ +-A-,5S6A5-
R)0I AP/0)/ 0 +-A-,-)*-O +D5).-,P-O, 06DN 
AC56P-(/O0)A6I 4-D/0 6 ,/DM0-A +,/A,5Q5R)0I 
A- A*G),/**6/ 06DN 060)/PN 6 */ AD6IR) *5 // 
(A6J/*6/. !,6 T)-P 6C 0-0)5A5 4-*0),G4>66 
604DRS5/)0I +-(U/P*NO P/K5*6CP 0 (-A-DM*- 
P-Q*NP (-P4,5)-P 6 +,6*5(D/J5Q/O /PG *5-
0-0*-O 0)5*>6/O. 

= (,GL-O 0)-,-*N, 60+-DMC-A5*5 A-CP-J-
*-0)M 0(/D5)M 4-*0),G4>6R +D5).-,PN E-D// 
,5>6-*5DM*-O 0 )-S46 C,/*6I +,-S*-0)6 6 G0-
)-OS6A-0)6 +G)/P AA/(/*6I AP/0)- -(*-O >/*-
),5DM*-O -+-,N S/)N,/K A A/,)645DM*NK +D-0-
4-0)IK, A 4-)-,NK +,6D-J/*N *5 +D5).-,PG 

*5L,GC46 -) 4-D/0 600D/(G/P-O )/D/J46. 2546P 
-E,5C-P, */0GQ5I 4-*0),G4>6I +D5).-,PN AP/-
0)- +D50)6*N 6P//) 0K/PG A A6(/ (AGK +,--
(-DM*NK E5D-4. !,6 T)-P (DI A-CP-J*NK 0K/P 
*5L,GC46 +,6 +/,/45)NA5*66 600D/(G/P-O )/-
D/J46 +- +D5).-,P/ ANE,5*N ,5>6-*5DM*N/ 
,500)-I*6I P/J(G 45)4-ANP6 -+-,5P6 E5D-4. 

:- A)-,-P A5,65*)/ 4-*0),G4>66 0)/*(5 
+-(L-)-A6)/DM*N/ -+/,5>66 6 +,->/00 -+,/(/-
D/*6I P-P/*)5 06D ),/*6I )54J/ E-D// +,-0)-O, 
S/P A +/,A-P A5,65*)/. 

'5 -0*-A5*66 0,5A*/*6I ,500P-),/**NK A5-
,65*)-A 4-*0),G4>66 0)/*(5 P-J*- G45C5)M, 
S)- E-D// >/D/0--E,5C*NP (DI ,/5D6C5>66 IA-
DI/)0I A)-,-O A5,65*) 0)/*(5. 

'/-EK-(6P-0)M 6P/)M 60+N)5)/DM*GR E5CG 
(DI -+,/(/D/*6I P-P/*)5 06D 0-+,-)6AD/*6I 
+-A-,-)G *5(,/00-,*-O E5D46 -)*-06)/DM*- 
4GC-A5 0AIC5*5 0 -0-E/**-0)IP6 4-*0),G4>66 
A5L-*-A L,GC-A-L- +5,45. : 0)5*(5,)*NK A5L--
*5K, 6P/RQ6K C5C-,N P/J(G 04-DMCG*5P6, 6C-
P/,/*6/ P-P/*)5 0-+,-)6AD/*6I +-A-,-)G *5(-
,/00-,*-O E5D46 -)*-06)/DM*- 4GC-A5 */-EK--
(6P- (DI 4-*),-DI 0-0)-I*6I +I)*64-A-L- GCD5, 
*5D6S6/ 6C*-0-A A 4-)-,-P 6 -)0G)0)A6/ 0P5C46 
P-LG) +,6A/0)6 4 S,/CP/,*-PG GA/D6S/*6R 
T)-L- P-P/*)5 [4]. $0-E/**- A5J*N T)6 6CP/-
,/*6I (DI P-(/,*6C6,-A5**NK A5L-*-A 0- 
04-DMCG*5P6 +-0)-I**-L- 4-*)54)5. : T)-P 
0DGS5/ ,50S/)*5I A/D6S6*5 T)-L- P-P/*)5 0--)-
A/)0)AG/) ,5>6-*5DM*-PG 0-S/)5*6R +-45C5)/-
D/O (6*5P6S/046K 45S/0)A A5L-*5, 6 4-*),-DM 
T)-O A/D6S6*N *50)-I)/DM*- */-EK-(6P. 

"&"#&$?9<B&X =8&@ =!&=$8 

1. =)/*( (DI 0)5)6S/046K 60+N)5*6O )/D/J/4 J/-
D/C*-(-,-J*-L- +-(A6J*-L- 0-0)5A5 [2/40)] / 
<. <. 8,6A/>46O 6 (,. / <.0. 583379. $+GED. 
05.12.1977. "RD. 45. 

2. 9/CGDM)5)N 0)/*(-ANK 60+N)5*6O +- -+,/(/D/-
*6R K5,54)/,60)64 L-,6C-*)5DM*-O GLD-A-O 
0AIC6 ,5P )/D/J/4 L,GC-ANK A5L-*-A [2/40)] /  
:. <. 1AKLD5A-A 6 (,. // 2,. 1&&25. – 1978. – 
:N+. 199/25. – =. 25-34. 

3. =)/*( (DI 60+N)5*6I -+-, 4GC-A5 +-(A6J*-L- 
0-0)5A5 [2/40)] / #. 8. 1-E,N*6* 6 (,. / <.0. 
1010493. $+GED. 7.04.1983. "RD. 13. 

4. :D6I*6/ )/K*6S/04-L- 0-0)-I*6I GCD-A -+6,5-
*6I L,GC-ANK A5L-*-A *5 0-+,-)6AD/*6/ +-A--
,-)G )/D/J/4 [2/40)] / Y. =. 9-P/* 6 (,. // :/0-
)*64 :'&&Z2. – 2000. – [ 3. – =. 12-17. 

5. =)/*( (DI (-0DF(J/**I 06D6 )/,)I G 4-ACG*5K 
AFC45 A5*)5J*-L- A5L-*5 [2/40)] /  
7. #. 8-,-)/*4- 6 (,. / !5)/*) *5 4-,60*G P--
(/DM [ 31842 34,5H*5. $+GED. 25.04.2008. "RD. 
[ 8. 

 
!-0)G+6D5 A ,/(4-DD/L6R 16.07.2009 
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 !" 629.4 

 . !. "#$%&', (.).*., +,-./00-,, 1&&2 (34,56*5); 
7. 8. 9$72:&;8, 4.).*., (-</*), 1&&2 (34,56*5); 
8. =. 73#28', 4.).*., (-</*), 1&&2 (34,56*5); 
 . >. 1?&@9$=79&A, 0).*.0., 1&&2 (34,56*5); 
8.  . 9:&=@&9$=, 0).*.0., 1&&2 (34,56*5); 
&. !. #83B'&9, 4...-C.*., (-</*), 1&&2 (34,56*5) 

#$% &'()(* +#,-.,/(.*0 1/+*().12 3&$"(#,4,%) 2$&5

3 0)5))D *5E/(/*D ,/FGHI)5)6 CD<*D0*6J E6+,-KGE5*I /H/4),-E-F5 2 #5. 

= 0)5)I/ +,6E/(/*L ,/FGHI)5)L +,-M*-0)*LJ 60+L)5*6N OH/4),-E-F5 2 #5. 

In the paper the results of strength tests of electric locomotive 2EL5 are presented. 

$),50H/E5P *5GM*--600H/(-E5)/HI045P H5K--

,5)-,6P (6*5C646 6 +,-M*-0)6 +-(E6Q*-R- 

0-0)5E5 ($'&# 1!!7) 1*/+,-+/),-E04-R- *5-
<6-*5HI*-R- G*6E/,06)/)5 Q/H/F*-(-,-Q*-R- 

),5*0+-,)5 6C/*6 545(/C645 =. #5F5,P*5 
(1'3S2) +,-E/H5 E -4)PK,/ 2008R. *5 F5E--

(046J +G)PJ $8$ «%9 «#GR5*04)/+H-E-F» 

G(5,*L/, 5 E *-PK,/ 2008R. *5 GM50)45J $(/005 
– 9-)-E04 - =5+*P,45 $(/004-N Q.(. - J-(-EL/ 
+,-M*-0)*L/ +,6/C-M*L/ 60+L)5*6P OH/4),--

E-F5 2 #5-008. 

$0*-E*-N </HIT ,5F,5K-)46 *-E-R- OH/4-

),-E-F5 PEHPH-0I 0-F(5*6/ E 34,56*/ R,GF-ELJ 

OH/4),-E-F-E *-E-R- +-4-H/*6P 0 GHGMU/**L-

C6 O40+HG5)5<6-**LC6 45M/0)E5C6 (HP F5C/*L 

R,GF-ELJ OH/4),-E-F-E =#80 E0/J C-(6.645-
<6N, 4-)-,L/ EL,5K-)5H6 0E-N ,/0G,0. 

7J/C5 ,5FC/V/*6P )/*F-,/F60)-,-E *5 */-
0GV6J OH/C/*)5J 4-*0),G4<66 OH/4),-E-F5 
2 #5-008, 4-)-,5P KLH5 ,5F,5K-)5*5 *5 -0*--

E5*66 ,/FGHI)5)-E 0)5)6M/046J 0)/*(-ELJ 60-
+L)5*6N, +,-E/(/**LJ 60+L)5)/HI*LC </*-

),-C «2:8'77 :2» E $8$ «%9 «#GR5*04)/+-

H-E-F», +,6E/(/*5 *5 ,60. 1 6 2. 

 

 

:60. 1. 7J/C5 ,5FC/V/*6P )/*F-,/F60)-,-E *5 ,5C/ )/H/Q46, )PR5J HTH/M*-R- +-(E/U6E5*6P 6 *54H-**LJ 

)PR5J /H/4),-E-F5 2 #5 
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:60. 2. 7J/C5 ,5FC/V/*6P )/*F-,/F60)-,-E *5 ,5C/ 4GF-E5 OH/4),-E-F5 2 #5 

'5 0J/C5J +,6*P)L 0H/(GTV6/ -K-F*5M/-
*6P: 

1…270 – *5+,PQ/*6P (>!5) E */0GV6J OH/-
C/*)5J 4-*0),G4<66 OH/4),-E-F5; 

L1, L2, L3 – *5+,PQ/*6P (>!5) E )PR5J HT-

H/M*-R- +-(E/U6E5*6P, ELFE5**L/ 0--)E/)0)-
E/**- 6FR6K5TV6C6 C-C/*)5C6 My, Mz 6 +,--

(-HI*-N 06H-N Nx -)*-06)/HI*- C/0)*-N 060)/-
C/ 4--,(6*5) )PR; 

Akuz , Atel , Atr – G04-,/*6P (C/02) 0--)E/)0)-
E/**- *5 KG./,*-C K,G0/ 4GF-E5 OH/4),-E-F5 E 

,5N-*/ 5E)-0</+46, +-0,/(6*/ K-4-E6*L ,5CL 

)/H/Q46 6 *5 +-+/,/M*-N ),5*0.-,C5)-,*-N 

K5H4/ ,5CL 4GF-E5; 
Fa – 06H5 (4') E )/*F-C/),6M/04-N 5E)--

0</+4/, 4-)-,-N KLH5 0/,6N*5P 5E)-0</+45 +/-
,/( +,-E/(/*6/C 60+L)5*6N. 

PSI – GR-H +-E-,-)5 +/,E-N )/H/Q46 -)*--

06)/HI*- 4GF-E5, -+,/(/HP/CLN +- E/H6M6*/ 
+,-(-HI*-R- +/,/C/V/*6P K-4-E6* ,5C )/H/Q-

46 -)*-06)/HI*- 4GF-E5. 
74-,-0)I V (4C/M), -+,/(/HPH50I +,6 +,--

E/(/*66: 

– J-(-ELJ +,-M*-0)*LJ 60+L)5*6N +,6 +--

C-V6 GPS *5E6R5)-,5, 4-)-,LN G0)5*5EH6E5H0P 

E E5R-*/-H5K-,5)-,66 1&&25; 
– 60+L)5*6N *5 0-G(5,/*6P +,6 +-C-V6 

4-*)54)*LJ +/(5H/N 6 OH/4),-**-R- 0/4G*(--

C/,5. 

#56789:;:< =>?>@<= AB>CD>E:D<= 

FEA<:;DFG 

$+L)*LN 0</+ 0-0)-PH 6F OH/4),-E-F5 2 #5-

008, E5R-*5 – H5K-,5)-,66 W 04572046 6 OH/4-

),-E-F5–O)5H-*5 =#807-2534. 

%-(-EL/ +,-M*-0)*L/ 60+L)5*6P OH/4),--

E-F5 2 #5-008 +,-E-(6H60I E (E5 O)5+5. 
'5 +/,E-C O)5+/ *5+,PQ/*6P E */0GV6J 

OH/C/*)5J 4-*0),G4<66 -+,/(/HPH60I *5 ELK/R/ 
6 +,6 C5HLJ F*5M/*6PJ 06H )PR6 6 )-,C-Q/*6P. 
'5 O)-C O)5+/ E 0-0)5E/ -+L)*-R- 0</+5 OH/4-

),-E-F =#807 (E6R5H0P E ,/Q6C/ ELK/R5 +,6 

(E6Q/*66 E JE-0)/ 0</+5 6 E ,/Q6C/ )PR6 +,6 

(E6Q/*66 E R-H-E/. 
'5 E)-,-C O)5+/ -+,/(/HPH60I (6*5C6M/-

046/ *5+,PQ/*6P E OH/C/*)5J 4-*0),G4<66 

OH/4),-E-F5 2 #5-008 +,6 K-HIU6J F*5M/*6PJ 

06HL )PR6, 4-)-,L/ 6C/T) C/0)- E- E,/CP E/-
(/*6P R,GF-ELJ +-/F(-E E M50-E-C 6H6 +,-(-H-

Q6)/HI*-C ,/Q6C5J ,5K-)L OH/4),-E-F5 2 #5 

6H6 +,6 ,/4G+/,5<66. '5 O)-C O)5+/ 06HG 0--

+,-)6EH/*6P +-/F(5 0-F(5E5H OH/4),-E-F 
=#807 E ,/Q6C/ ,/-0)5)*-R- )-,C-Q/*6P +,6 

(E6Q/*66 E JE-0)/ 0</+5 6H6 E ,/Q6C/ )PR6 

+,6 (E6Q/*66 E R-H-E/. 
= +,-</00/ 60+L)5*6N (E6Q/*6/ -+L)*-R- 

0</+5 -0GV/0)EHPH-0I *5 -+L)*LJ GM50)45J 

+G)6 0- 0H/(GTV6C6 04-,-0)PC6: 

  +- +,PCLC GM50)45C +G)6 6 4,6ELC 

K-HIU-R- ,5(6G05 (R>850C) – (- 120 4C/M; 

  +- 4,6ELC 0,/(*/R- ,5(6G05 
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(400 C<R<650 C) – (- 04-,-0)6 110 4C/M;  

  +- 4,6ELC C5H-R- ,5(6G05 (R<400 C) – 

(- 04-,-0)6 50 4C/M; 

  +- 0),/H-M*LC +/,/E-(5C *5 K-4-E-N 

+G)I C5,46 1/9 6 1/11 – (- 25 6 40 4C/M 0--)E/)-
0)E/**-. 

8*5H6F -0<6HH-R,5CC, F5+605**LJ E- E,/-
CP -+L)-E, +-45F5H: 

  +,6 ),-R5*66 OH/4),-E-F5 0 C/0)5 6C/-
T) C/0)- EL0-46/ *5+,PQ/*6P E */0GV6J OH/-
C/*)5J ,5CL )/H/Q46. = M50)*-0)6 +,6 06H/ E 

5E)-0</+4/ 420 4' E )/*F-)-M4/ 32 (4,-*U)/N* 

)PR-E-R- (E6R5)/HP *5 </*),5HI*-N +-+/,/M*-N 

K5H4/ ,5CL )/H/Q46) *5+,PQ/*6P (-0)6R5T) 40 

>!5, E )/*F-)-M45J 80 6 81 (F54,GRH/*6P C/Q(G 

K-4-E6*5C6 6 </*),5HI*-N K5H4-N ,5CL )/H/Q-

46) - 28 >!5, 5 E )/*F-)-M45J 75 6 232 (4,-*-

U)/N*L 4,/+H/*6P *54H-**-N )PR6 4 </*),5HI-
*-N K5H4/ ,5CL )/H/Q46 6 4 KG./,*-CG K,G0G 

,5CL 4GF-E5) +- 30 >!5. = *54H-**-N )PR/ 
()/*F-)-M45 53) *5+,PQ/*6P 0-0)5E6H6 22 >!5; 

  +,6 (E6Q/*66 +- 0),/H45C *5 K-4-E-N 

+G)I, +- 4,6ELC C5H-R- 6 0,/(*/R- ,5(6G05 6 

+- +,PCLC GM50)45C +G)6 6F E0/J )/*F-)-M/4, 

,50+-H-Q/**LJ *5 ,5C/ )/H/Q46, )-M46 80 6 81 

*56K-H// MGE0)E6)/HI*L 4 (6*5C6M/046C *5-
R,GF45C; 

  E )PR5J HTH/M*-R- +-(E/U6E5*6P 6C/T) 
C/0)- F*5M6)/HI*L/ 6FR6K*L/ *5+,PQ/*6P 

()/*F-)-M46 L1 6 L2), 4-)-,L/ +- E/H6M6*/ 
+,/ELU5T) ,50)PR6E5TV6/ *5+,PQ/*6P ()/*-

F-)-M45 L3), M)- R-E-,6) - *5H6M66 F*5M6)/HI-
*LJ 06H ),/*6P E U5,*6,5J HTH/M*-R- 4,/+H/-
*6P 6 C-Q/) -),6<5)/HI*- 045F5)I0P *5 6J (-H-

R-E/M*-0)6. 16*5C6M/046/ (-K5E46 *5+,PQ/-
*6N E )PR5J HTH/M*-R- +-(E/U6E5*6P C5H- 

F5E60P) -) 04-,-0)6 (E6Q/*6P OH/4),-E-F5; 
  (6*5C6M/046/ (-K5E46 *5+,PQ/*6N E 

,5C/ 4GF-E5 +,6 (E6Q/*66 +- +,PCLC GM50)45C 

+G)6 *5 ELK/R/ */ +,/ELU5T) 10 >!5. 
!,-M*-0)I )PR HTH/M*-R- +-(E/U6E5*6P, 5 

)54Q/ */0GV6J OH/C/*)-E ,5C 4GF-E5 6 )/H/Q/4 

-</*6E5H50I +- 4-O..6<6/*)G F5+505 G0)5H-0)-
*-N +,-M*-0)6 n  ,4-)-,LN -+,/(/HPH0P +- 

.-,CGH/, 0-RH50*- [2]: 

][1 n
k

n
m

!
"

# $

 %

 
%&%

%
 ; 

R(/ %-1 – +,/(/H EL*-0H6E-0)6 0)5*(5,)*-R- 

-K,5F<5 +,6 06CC/),6M*-C <64H/ *5R,GQ/*6P 
*5 6FR6K; k% –  O../4)6E*LN 4-O..6<6/*), GM6-

)LE5TV6N +-*6Q/*6/ +,/(/H5 EL*-0H6E-0)6 

4-*0),G4<66 +- -)*-U/*6T 4 +,/(/HG EL*-0-

H6E-0)6 0)5*(5,)*-R- -K,5F<5; %m  – 0,/(*// 

*5+,PQ/*6/ <64H5; & – 4-O..6<6/*), GM6)L-

E5TV6N MGE0)E6)/HI*-0)I C/)5HH5 4 506CC/)-

,66 <64H5 (+,6 %m ' 0 &=0.3, +,6 %m ( 0 &=0); 

%    – 5C+H6)G(5 (6*5C6M/046J *5+,PQ/*6N;  

[n] - (-+G045/CLN 4-O..6<6/*) F5+505 0-+,--

)6EH/*6P G0)5H-0)6. 7-RH50*- [1], (HP */0GV6J 

OH/C/*)-E O46+5Q*-N M50)6 [n]=2. 

9-O..6<6/*) k% -+,/(/HPH0P 6F 0--)*-U/-
*6P: 

m

kk
k k

)
*%

21# , 

R(/ *k – O../4)6E*LN 4-O..6<6/*) 4-*</*-

),5<66 *5+,PQ/*6N E GFH5J 0H-Q*-R- -M/,)5-
*6P, 4-*</*),5<6P *5+,PQ/*6N E 4-)-,LJ -+-

,/(/HP/)0P )-HI4- 6J R/-C/),6/N. 254 454, E0/ 
)/*F-(5)M646 KLH6 G0)5*-EH/*L */+-0,/(0)-
E/**- E F-*/ 4-*</*),5<66 *5+,PQ/*6N, )- 4--

O..6<6/*) *4 (HP E0/J )/*F-)-M/4 +,6*6C5H0P 
,5E*LC 1; k1 – 4-O..6<6/*), GM6)LE5TV6N */-
-(*-,-(*-0)I C5)/,65H5 (/)5H6. 1HP +,-45)5 k1 

+,6*6C5H0P ,5E*LC 1.1,  (HP H6)IP  -  1.3;         

k2 – 4-O..6<6/*), GM6)LE5TV6N EH6P*6/ E*G)-
,/**6J *5+,PQ/*6N E (/)5H6, E/H6M6*5 /R- F5-

E606) -) +-+/,/M*LJ ,5FC/,-E (/)5H6; ) – 4--

O..6<6/*),  GM6)LE5TV6N  ,5FC/,L  (/)5H6;   

m – 4-O..6<6/*), GM6)LE5TV6N 0-0)-P*6/ +--

E/,J*-0)6 (/)5H6. 1HP +,-45)5 m=0.8, (HP M60-
)-N 0)5*-M*-N -K,5K-)46 m=0.9, (HP 0)5HI*-R- 

H6)IP m=0.75. 

=/H6M6*5 0,/(*/R- *5+,PQ/*6P <64H5 -+-

,/(/HPH50I 6F 0--)*-U/*6P: 

%m=  % !+%f+% "# , 

R(/ % ! – *5+,PQ/*6P, E-F*645TV6/ -) (/N0)-
E6P E/,)645HI*LJ 0)5)6M/046J *5R,GF-4; %f – 

*5+,PQ/*6P, E-F*645TV6/ -) (/N0)E6P 06H )PR6 

6H6 )-,C-Q/*6P, +,6 (E6Q/*66 O46+5Q5 0- 

04-,-0)IT V; %"# – F*5M/*6P *5+,PQ/*6N, E-F-
*645TV6/ +,6 (E6Q/*66 +- 4,6ELC GM50)45C 

+G)6. 

9-O..6<6/*)L F5+505 G0)5H-0)*-N +,-M*--

0)6 n  (HP *56K-H// *5R,GQ/**LJ OH/C/*)-E 

4-*0),G4<66 O46+5Q*-N M50)6, 5 )54Q/ E/H6M6-

*L, */-KJ-(6CL/ (HP 6J -+,/(/H/*6P, +,6E/-
(/*L E )5KH. 1. 

&F +,6E/(/**LJ ,/FGHI)5)-E E6(*-, M)- E- 

E0/J )-M45J F*5M/*6/ 4-O..6<6/*)5 F5+505 G0-
)5H-0)*-N +,-M*-0)6 */ C/*IU/ *-,C5)6E*-R- 

F*5M/*6P 2. 
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25KH6<5  1  

">HIIFJF5D:< 6;A;E; 7E:;8>E:D>G AB>CD>E:F D5E7KF= H85L5D:>@ M>DE:B7MJFF H85M:B>@>6; 2$&5 

XH/C/*) 
 4-*0),G4<66 

V, 4C/M Y0), >!5 Yf, >!5 Y4,, >!5 Ym, >!5 Y + >!5 n  

21…40 41,5 28,2 12,4 82,1 12,8 3,2 

41…60 41,5 28,2 13,0 82,7 14,7 2,9 

61…80 41,5 28,2 11,9 81,6 15,1 2,9 

81…100 41,5 28,2 16,8 86,5 18,3 2,5 

:5C5 )/H/Q46 

101…120 41,5 28,2 16,9 86,6 13,2 3,1 

21…40 0 16,7 3,2 19,9 2,5 12,9 

41…60 0 16,7 2,2 18,9 4,2 9,9 

61…80 0 16,7 3,2 19,9 3,9 10,1 

81…100 0 16,7 2,8 19,5 5,5 8,1 

'54H-**5P )PR5 

101…120 0 16,7 1,3 18,0 8,2 6,2 

21…40 0 30 4,2 34,2 5,5 6,9 

41…60 0 30 2,9 32,9 6,1 6,5 

61…80 0 30 3,6 33,6 6,4 6,3 

81…100 0 30 3,5 33,5 10,5 4,3 

:5C 5 4GF-E5 

101…120 0 30 2,5 32,5 13,8 3,5 

21…40 35,2 5 4,7 44,9 25,2 5,5 

41…60 35,2 5 3,6 43,8 29,4 5,0 

61…80 35,2 5 5,1 45,3 33,9 4,4 

81…100 35,2 5 5,8 46,0 35,5 4,2 

2PR6 HTH/M*-R- 

+-(E/U6E5*6P 

101…120 35,2 5 6,2 46,4 28,9 5,0 

!,6C/M5*6/.  =E6(G )-R-, M)- *5+,PQ/*6P E )PR5J HTH/M*-R- +-(E/U6E5*6P 6FC/,PH60I +-0,/(0)E-C 6FC/,6)/HI*LJ 

0J/C (6FR6K*-N E )-M45J L1 6 L2, ,50)PQ/*6P-0Q5)6P E )-M4/ L3), +-O)-CG *5+,PQ/*6P  !",    E )5KH6</ 1 ELM60HPH60I 

454 0GCC5,*L/ +- .-,CGH/: .321123 22 LLLL ""#  

&F +,6E/(/**LJ ,/FGHI)5)-E E6(*-, M)- C6-

*6C5HI*L/ F*5M/*6P 4-O..6<6/*)5 F5+505 G0-
)5H-0)*-N +,-M*-0)6 n  (HP */0GV6J OH/C/*)-E 

4-*0),G4<66 O46+5Q*-N M50)6 OH/4),-E-F5 
2 #5 -45F5H60I ,5E*LC6: 

– ,5C5 )/H/Q46  2,5;  

– ,5C5 4GF-E5  3,5; 

– *54H-**5P )PR5 6,2; 

– HTH/M*5P )PR5 4,2. 

#56789:;:< FEA<:;DFG D; E>7?;B5DFN 

=- E,/CP -+L)-E *5 0-G(5,/*6P 60+L)G/C5P 
0/4<6P OH/4),-E-F5 2 #5 0 C5*/E,-ELC H-4--

C-)6E-C (-+L)*LN 0</+) *5J-(6H60I *5 -(*-C 

+G)6 0 F5)-,C-Q/**LC 0</+-C-0)/*4-N 6F 10 

R,GF-ELJ E5R-*-E -KV/N C500-N -4-H- 800 ), *5 
4-)-,LN E ,/Q6C/ ELK/R5 *545)LE5H0P -+L)-
*LN 0</+. '5 0-0/(*/C +G)6 *5J-(6H50I E5R-*-

H5K-,5)-,6P 0 6FC/,6)/HI*-N 5++5,5)G,-N. 

&0+L)5*6P *5 0-G(5,/*6P +,-E-(6H60I E 

(E5 O)5+5. '5 +/,E-C O)5+/ 60+L)5*6N 4 6FC/-

,6)/HI*-N 5++5,5)G,/ KLH6 +-(4HTM/*L )/*-

F-)-M46, ,50+-H-Q/**L/ *5 ,5C/ 4GF-E5 OH/4-

),-E-F5 (204…236 0C. ,60. 2), 6 (5)M646 G04--

,/*6N. '5 O)-C O)5+/ KLH- +,-6FE/(/*- 7 0--

G(5,/*6N 0- 04-,-0)PC6 +-(J-(5 -+L)*-R- 

0</+5 -) 1,5 4C/M (- 4,7 4C/M. !/,/( E)-,LC 

O)5+-C KLH +,-E/(/* O40+,/00-5*5H6F +-HGM/*-

*LJ ,/FGHI)5)-E, E ,/FGHI)5)/ 4-)-,-R- C/*// 
MGE0)E6)/HI*L/ )-M46 (212, 213, 217, 220, 225, 

227, 237) KLH6 F5C/*/*L *5 )/*F-)-M46 (101, 

102, 103, 104, 105, 106 0C. ,60. 1), ,50+-H-Q/*-

*L/ *5 *54H-**-N )PR/. '5 E)-,-C O)5+/ 60+L-

)5*6N KLH- +,-6FE/(/*- 18 0-G(5,/*6N 6 ,/5-
H6F-E5*L 04-,-0)6 0-G(5,/*6P -+L)*-R- 0</+5 
-) 4,5 (- 7,2 4C/M. !,6 04-,-0)6 0-G(5,/*6P 
7,2 4C/M 06H5 E 5E)-0</+4/ 0-0)5E6H5 1610 4'. 

:/FGHI)5)L H6*/N*-N O40),5+-HP<66 -+L)-
*LJ (5**LJ *5 *-,C5)6E*GT (HP R,GF-ELJ H--

4-C-)6E-E 06HG 2500 4', 0-RH50*- [1], +,6E/-
(/*L E )5KH. 2. 
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25KH6<5 2 

.;ABNO5DFN (P+;) F 7EM>B5DFN (L/E2
) @ H85L5D:;= M>DE:B7MJFF H85M:B>@>6; 2$&5 ABF ?5GE:@FF D>B-

L;:F@D>G AB>?>89D>G EF8< 2500 M. 

15)M64 Akuz Atel Atr 101 102 105 204 205 207 

?*5M/*6/ 34 29 31 -165 -190 -205 -130 310 260 

15)M64 208 209 210 211 214 215 216 218 219 

?*5M/*6/ -190 150 -150 -80 -160 -155 200 130 85 

15)M64 221 222 224 226 230 232 233 235 236 

?*5M/*6/ -195 -160 -190 95 -115 180 245 120 33 

 

954 E6(*- 6F )5KH. 2, C5406C5HI*-/ *5+,P-
Q/*6/ 310 >!5, +-HGM/**-/ E )/*F-)-M4/ 205 

*5 -K/M5N4/ -E5HI*-R- -)E/,0)6P KH6Q*/R- 4 

0)PQ*-CG PV64G (0C. ,60. 2), */ +,/ELU5T) 
(-+G045/C-R- F*5M/*6P. 7-RH50*- [1], (HP 0)5H6 

09Z27, 6F 4-)-,-N 6FR-)-EH/* KG./,*LN K,G0 
OH/4),-E-F5 2 #5, (-+G045/C-/ *5+,PQ/*6/ 
,5E*- [%] = 0,95%) = 0,95×345 = 328 >!5. 

= ),GK/ *54H-**-N )PR6, 4-)-,5P 6FR-)-EH/*5 
6F 0)5H6 10=, ,50M/)*-/ *5+,PQ/*6/ (0C. )-M4G 

101 *5 ,60. 1 6 E )5KH. 2), 0--)E/)0)EGTV// 06H/ 
E 5E)-0</+4/ 2500 4', 0-0)5E6H- 165 >!5, M)- 

*6Q/ (-+G045/C-R- 0.9%) = 0.9×205 = 185 >!5.  
= H6)-N R-H-E4/ *54H-**-N )PR6 (0)5HI 20#) 

C5406C5HI*-/ *5+,PQ/*6/, O40),5+-H6,-E5*-

*-/ +- O40+/,6C/*)5HI*LC (5**LC *5 06HG E 

5E)-0</+4/ 2500 4', 0-0)5E6H- 205 >!5 (0C. 

)-M4G 105 *5 ,60. 1 6 E )5KH. 2), M)- +,/ELU5/) 
(-+G045/CGT E/H6M6*G 0.9%) = 0.9×216 =  

= 195 >!5. !,-M*-0)I H6)-N (/)5H6 C-Q*- 

-K/0+/M6)I, 6FR-)-E6E /[ 6F 0)5H6 25#, (HP 4--

)-,-N +,/(/H )/4GM/0)6 ,5E/* %) = 235 >!5, 
M)- +-FE-H6) +-EL06)I (-+G045/C-/ *5+,PQ/-
*6/ R-H-E46 *54H-**-N )PR6 (- 0.9%) = 0.9×235 

= 212 >!5. 
7H/(G/) -K,5)6)I E*6C5*6/, M)- OH/4),-E--

FL 2 #5 PEHP/)0P 5*5H-R-C ,-006N046J OH/4-

),-E-F-E 2X759 « ,C54», 4-)-,L/ O40+HG5)6-

,GT)0P E *50)-PV// E,/CP *5 \Q*-N Q/H/F*-N 

(-,-R/ (H-4-C-)6E*-/ (/+- 0). 9-)-E04). 

?5 E,/CP O40+HG5)5<66 OH/4),-E-F-E 2X759 

*5 +G)PJ «34,F5H6F*6<D» */-(*-4,5)*- *5KHT-

(5H60I G0)5H-0)*L/ ),/V6*L *5 4,-*U)/N*5J 

4,/+H/*6P *54H-**-N )PR6 4 KG./,*-CG K,G0G. 

!-O)-CG, */0C-),P *5 +-H-Q6)/HI*L/ ,/FGHI-
)5)L 60+L)5*6N OH/4),-E-F5, E -)*-U/*66 

4,-*U)/N*5 4,/+H/*6P *54H-**-N )PR6, KLH- 

+,6*P)- ,/U/*6/ - +,-E/(/*66 )/-,/)6M/04-R- 

,50M/)5 /R- *5 +,-M*-0)I, ,/FGHI)5)L 4-)-,-R- 

+,6E/(/*L E [2]. 

"&"#&$Z:8]&@ 79&A 7!&7$9 

1. '$:>^ (HP ,50M[)5 6 -</*46 */0GV6J OH/C/*-

)-E, (6*5C6M/046J 45M/0)E 6 E-F(/N0)E6P *5 
+G)I O46+5Q*-N M50)6 H-4-C-)6E-E Q/H/F*LJ 

(-,-R >!7 :] 4-H/6 1520 CC [2/40)] / 

='&&S2. – >., 1998. 

2. 7GH)5*, 8. &00H/(-E5*6/ *5+,PQ[**--

(/.-,C6,-E5**-R- 0-0)-P*6P 4,-*U)/N*5 4,/-
+H/*6P *54H-**-N )PR6 4 KG./,*-CG K,G0G 

OH/4),-E-F5 2 #5 [2/40)] / 8. 7GH)5*, ". 2-E). – 

1&&2, 2009. 

 

!-0)G+6H5 E ,/(4-HH/R6T 27.07.2009 
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 !" 629.4 

 . !. "#$%&', (.).*., +,-./00-,, 1&&2 (34,56*5); 
#. 7. 87'79:&', (.).*., +,-./00-, (;97) 

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

& (# !$- &. $. /$%$#31$ ' )4.  +)1'".& 

$<=>( ?5)/?5)6@*6A ?-(/=/B (6*5?C46 +-DE(5. 

$FE-, ?5)/?5)6@/046A ?-(/=/B (6*5?646 +-/E(5. 

The review of mathematical models of train dynamics. 

!,-F=/?G (6*5?646 +-/E(5 – -(*- 6E 0/,H-
IE*/BJ6A *5+,5K=/*6B ?/A5*646 L/=/E*-(--

,-L*-<- ),5*0+-,)5, 454 +- 0K-/B )/A*6@/04-B 

E*5@6?-0)6, )54 6 +- ),M(*-0)>? ,/J/*6> +--

0)5K=/**GA E5(5@. N)- 6 E5(5@5 +,-<*-E6,-K5-
*6> *5<,ME-4, (/B0)KMOP6A *5 +M)H 6 K5<-*G, 

45L(GB 6E 4-)-,GA, K 0K-O -@/,/(H, K?/0)/ 0 
<,ME-? /0)H 0=-L*5> (6*5?6@/045> 060)/?5 0 
*/=6*/B*G?6 0K>E>?6 /I Q=/?/*)-K. "/E E*5*6> 

*5<,ML/**-0)6 K0/A Q=/?/*)-K 060)/?G */=HE> 

+,-<*-E6,-K5)H 6A (-=<-K/@*-0)H 6 -+,/(/=>)H 
?/,-+,6>)6> (=> /I -F/0+/@/*6>. N)- 6 E5(5@5 
KGF-,5 )/A*6@/046A +5,5?/),-K ,>(5 M0),-B0)K 

)546A 454 5?-,)6E5)-,G M(5,-K 6 ,/00-,*-/ 
+-(K/J6K5*6/  4ME-K-K Q46+5L/B. N)- 6 E5(5@5 
F/E-+50*-<- 6 -+)6?5=H*-<- M+,5K=/*6> (K6-

L/*6/? +-/E(5. N)- 6 E5(5@5 -F/0+/@/*6> F/E--

+50*-0)6 (K6L/*6> 6 +5005L6,-K +,6, A-)> 6 

?5=- K/,->)*GA, *- K-E?-L*GA 5K5,6B*GA ,/-
L6?5A (K6L/*6> +-/E(-K, -F/0+/@/*6/ 0-A,5*-

*-0)6 ),5*0+-,)6,M/?GA <,ME-K 6 05?-<- -F--

,M(-K5*6> Q46+5L/B. N)- 6 E5(5@5 -+,/(/=/*6> 

+5,5?/),-K L/=/E*-(-,-L*-<- +M)6. ;=-L-

*-0)H +,-F=/?G, K R/=-?, K /I 0MP/0)K/**-B 

?*-<-?/,*-0)6, K 0=-L*-B ,/-=-<6@/04-B +,6-

,-(/ (/.-,?6,MOP6A0> ?5)/,65=-K 6 M0)-
,-B0)K, 4-)-,G/, K 0K-O -@/,/(H, +,6*R6+65=H-
*- */=6*/B*G/ 6, F-=// )-<-, -+60GK5O)0> */-
<=5(46?6 .M*4R6>?6. 

!/,KG/ ?5)/?5)6@/046/ ?-(/=6 L/=/E*-(--

,-L*-<- +-/E(5 K S-0066 FG=6 +,/(=-L/*G  

'.  . TM4-K046? [1]. $(*5 6E Q)6A ?-(/=/B 

+,/(0)5K=>=5 +-/E( 454 M+,M<6B 0)/,L/*H 0 
?500-B (=-4-?-)6K-?) *5 -(*-? 6E /<- 4-*R-K. 

2545> ?-(/=H +-EK-=>=5 60+-=HE-K5)H (=> ,/-
J/*6> E5(5@6 - +,-(-=H*GA 4-=/F5*6>A +-/E(5 
5++5,5) ,/J/*6> M,5K*/*6> ?5)/?5)6@/04-B 

.6E646. U)-,5> ?-(/=H +,/(0)5K=>=5 +-/E( K 

K6(/ R/+-@46 M+,M<- 0-/(6*I**GA )KI,(GA )/=. 

$F/ ?-(/=6 +-EK-=>=6 =6JH -R/*6)H *56F-=H-
J6/ 06=G, K-E*645OP6/ +,6 ),-<5*66 ,50)>*M-

)-<- (F/E +,->K=/*6> E5E-,-K) +-/E(5. U+-0=/(-

0)K66 Q)6 +-(A-(G FG=6 0MP/0)K/**- M0-K/,-

J/*0)K-K5*G U. 7. #5E5,>*-? [2-6, 64, 68, 104], 

4-)-,GB ,500?-),/= .6E6@/046 F-=// F=6E4MO 

4 ,/5=H*-?M ,50)>*M)-?M +-/E(M ?-(/=H, +,/(-

0)5K6K /<- K K6(/  0)/,L*> 0 M+,M<6?6 */0--

K/,J/*0)K5?6. '/0-K/,J/*0)K5 +,/(0)5K=>-
=60H Q=/?/*)5?6 0-/(6*/*6B )/= 0 +-0)->**G? 

4-Q..6R6/*)-? K>E4-0)6 6 0 4-Q..6R6/*)-? 

K>E4-0)6, -F,5)*- +,-+-,R6-*5=H*G? @50)-)/ 
0-F0)K/**GA M+,M<6A 4-=/F5*6B 0)/,L*>. 25-
4-B +-(A-( +-EK-=6= */ )-=H4- -R/*6)H *56-

F-=HJ6/ 06=G +,6 ),-<5*66 +-/E(5, *- 6 ,50-
0@6)5)H 6A 6E?/*/*6/ K- K,/?/*6, 5(/4K5)*- 

-),5L5OP// 5*5=-<6@*GB +,-R/00, +-=M@5/-
?GB K 60+G)5*6>A ,/5=H*-<- +-/E(5. !,6 Q)-?, 

(=> ,/J/*6> E5(5@6 FG=- Q../4)6K*- 60+-=H-
E-K5*- +,6?/*/*6/ -F-FPI**GA 4--,(6*5) [6-

18] 6 -+/,5R6-**-/ 60@60=/*6/. !-(-F*5> ?--

(/=H FG=5 )54L/ 60+-=HE-K5*5 
;. U. U/,J6*046? K ,5F-)/ «!,-(-=H*5> (6*5-
?645 K5<-*-K K <,ME-KGA +-/E(5A» (2,. 

U'&&T25, 1957, KG+. 143, 2630.). 
30+/A6 K Q)-? *5+,5K=/*66 +-EK-=6=6 

U. 7. #5E5,>*M K?/0)/ 0- 0K-6?6 M@/*645?6 

,50J6,6)H 4,M< ,/J5/?GA E5(5@, 0K>E5**GA 0 
+,-F=/?5?6 K-L(/*6> 6 .-,?6,-K5*6> +-/E-
(-K. ; Q)-B ?-(/=HO FG=6 +-=M@/*G ,/J/*6> 

+- 0-M(5,/*6O 0L5)GA 0R/+-K K5<-*-K 

(!. ;. "-(>*-K) [25], +- +/,/A-(*-?M ,/L6?M 

+,6 )-,?-L/*66 0L5)-<- +-/E(5 
(7. &. ;)M45=-K), +- 4-=/F5*6>? */-(*-,-(*GA 

+-/E(-K 6 +-/E(-K 0 ?5006K*G?6 K4=O@/*6>?6 

( . !. "=-A6*) [24, 30], +- 4-=/F5*6>? +-/E(5 
F/E E5E-,-K K 0-/(6*/*6>A, (K6LMP/<-0> +- +/-
,/=-?5? +,-(-=H*-<- +,-.6=> +M)6 

(&. V. "5,F50) [28, 29], 4-=/F5*6>? 0R/+-K 6 

+-/E(-K F/E E5E-,-K K 0-/(6*/*6>A K5<-*-K 0 
+-(K6L*G?6 <,ME5?6, )6+5 *5=6K*GA 

(V. &. "-<-?5E, #. 7. 85*5J46*, 7. U. SGL-K) 

[119, 121, 122, 136]. &0+-=HE-K5*6/ ?/)-(5 15-
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=5?F/,5 (=> ,/J/*6> E5(5@6 - 4-=/F5*66 

0)/,L*>  0 M+,M<--.,64R6-**-B E5K606?-0)HO 

06=G -) (/.-,?5R6B +-EK-=6=- +-=M@6)H E5?4-

*M)-/ KG,5L/*6/ (=> ,50@I)5 ,50+,/(/=/*6> 

K(-=H 0-0)5K5 *56F-=HJ6A 06= 6 M04-,/*6B +,6 

),-<5*66 ,50)>*M)-<- +-/E(5 0 ?/0)5, K )-? 

@60=/ +,6 M@I)/ 0-+,-)6K=/*6> (K6L/*6O, 5 
)54L/ K 0=M@5>A )-,?-L/*6> 0L5)-<- +-/E(5 
+,6 ,5E=6@*GA 0--)*-J/*6>A 04-,-0)6 F/<5 
K-=*G +*/K?5)6@/04-<- K4=O@/*6> )-,?-E-K 

(#. 7. 85*5J46*, 7. U. SGL-K) [104]. U-=*--

KG/ +,-R/00G K +-/E(/ +-EK-=6=6 -+,/(/=6)H 
,>( 6*)/<,5=H*GA A5,54)/,60)64 Q=/?/*)-K 

060)/?G K R/=-? [142]. 

UG0-4- Q,M(6,-K5**GB 6 ,5E*-0)-,-**6B 

+- 0K-6? E*5*6>? 6 6*)/,/05? U. 7. #5E5,>* 

-(6* 6E +/,KGA K 34,56*/ +-0),-6= K 1&&2/ 
Q=/4),6@/04MO RLC ?-(/=H (36 4-*)M,-K) (=> 

,/J/*6> =6*/B*GA 6 */=6*/B*GA E5(5@ +,--

(-=H*-B (6*5?646 +-/E(5 [12, 13, 16, 19,27, 31]. 

'5 Q)-B ?-(/=6 FG=6 +-K)-,/*G E5(5@6, ,/-
JI**G/ ,5*//, 6 K+/,KG/ ,/J/*5 E5(5@5 +- 

)-,?-L/*6O ,50)>*M)-<- +-/E(5 
(7. &. ;)M45=-K), 4-<(5 K +,-R/00/ .-,?6,-K5-
*6> 0L6?5OP6A 06= +,->K=>=60H E5E-,G K 0--

/(6*/*6>A K5<-*-K. 

!->K=/*6/ Q=/4),-**GA 5*5=-<-KGA 6 R6.-

,-KGA KG@60=6)/=H*GA ?5J6* +,6K/=- 4 ,50-
0?-),/*6O (604,/)*-B ,50@I)*-B 0A/?G +-/E-
(5, 4-<(5 45L(GB K5<-* +,/(0)5K=>=0> -(*6? 

)KI,(G? )/=-?, 5 0-/(6*/*6> K5<-*-K +,/(-

0)5K=>=6 0+/R65=H*G?6 Q=/?/*)5?6, (-0)5)-@-

*- )-@*- ?-(/=6,MOP6?6 ,5F-)M 0-/(6*/*6> 

K5<-*-K, -F-,M(-K5**GA M+,M<--

.,64R6-**G?6 +-<=-P5OP6?6 5++5,5)5?6. 

S5*// +-(-F*5> E5(5@5 (=> =6*/B*GA M+,M<--

K>E46A 060)/? ,/J5=50H 2. #. V-,-(/R4-B. $(-

*-K,/?/**- 0 Q)6? 5+,-F6,-K5=60H ,5E=6@*G/ 
@60=/**G/ ?/)-(G 6*)/<,6,-K5*6> ?*-<-?50-
0-KGA 060)/? (6../,/*R65=H*GA M,5K*/*6B 

(K6L/*6> 0 */<=5(46?6 +,5KG?6 @50)>?6 

( . !. "=-A6*, #. U. "/=64, U. 7. :5F=M4-K, 

#. 7. 85*5J46*, U. 7. 8MEG46*) [36, 48, 71]. ; 

+-?-PHO 7U8 FG=5 +-0),-/*5 0+/R65=6E6,--

K5**5> ?-(/=H +-/E(5 [33, 39, 40], +-EK-=6KJ5> 
600=/(-K5)H +/,/A-(*G/ ,/L6?G +,6 ),-<5*66 

0L5)GA +-/E(-K, (K6L/*66 6A +- +/,/=-?5? 

+,-(-=H*-<- +,-.6=> +M)6 (&. V. "5,F50) [38], 

),-<5*6>A Q=/4),-+-/E(-K (U. 7. :5F=M4-K) 

[37], 6EM@6)H K=6>*6> E5E-,-K K 0-/(6*/*6>A 

K5<-*-K 6 ,5E=6@*GA +5,5?/),-K .,64R6-**GA 

+-<=-P5OP6A 5++5,5)-K *5 M,-K*6 06= 6 M04--

,/*6B K5<-*-K (#. 7. 85*5J46*, 7. U. SGL-K) 

[64], .-,?6,-K5)H K E5(5**GA (65+5E-*5A K/=6-

@6* 0=M@5B*G/ *5@5=H*G/ 0-0)->*6> +-/E(5 6 

06= M+,5K=/*6> 0 R/=HO 6?6)5R66 ,/5=H*GA 

M0=-K6B .-,?6,-K5*6> *5<,ME-4 (=> -R/*-4 

*5(IL*-0)6 6 (-=<-K/@*-0)6 +-(K6L*-<- 0--

0)5K5 (#. 7. 85*5J46*, 7. 8. "-*(5,/K, 

8. 8. :/(,>) [95, 96, 117, 126, 131], 600=/(--

K5)H 5K5,6B*G/ 0)-=4*-K/*6> Q=/4),-+-/E(-K 6 

+5,5?/),G Q=/?/*)-K E5P6)G 

(#. 7. 85*5J46*, U. 7. 8MEG46*) [46, 49, 62, 

65, 76] +- E545EM U'&& U5<-*-0),-/*6>, 8-04-

K5 (#. :MEH?6@, 7. &K5*-K), 6?6)6,-K5)H (K6-

L/*6/ -FW/(6*I**-<- +-/E(5 6 K-E*645OP6/ K 

*I? (6*5?6@/046/ *5<,ME46 +,6 ,5F-)/ ,/5=H-
*-B 060)/?G M+,5K=/*6> K0+-?-<5)/=H*G? =--

4-?-)6K-? ( . !. "=-A6*, U. '. X5A5,-K. 

8.  . &)6*, #. 7. 85*5J46*) [89, 114]. 

!- ?/,/ MK/=6@/*6> FG0),-(/B0)K6> YU8 

R/*), )>L/0)6 K ,/J/*66 E5(5@ (6*5?646 +-/E-
(5 +/,/?/0)6=0> 4 *6? ( . !. "=-A6*, 

#. 7. 85*5J46*, #. U. "/=64, '. &. V,5*-K045>, 
#. V. 850=//K5, #. U. 3,0M=>4, :. &. T/=/E*-K) 

[142, 146, 164-174]. :,6)/,6/? (-0)-K/,*-0)6 

,/EM=H)5)-K ?-(/=6,-K5*6>  0=ML6=6 (5**G/ 
-FJ6,*GA Q40+/,6?/*)5=H*GA 600=/(-K5*6B, 

+,-K-(6?GA '&# (6*5?646 6 +,-@*-0)6 +-(-

K6L*-<- 0-0)5K5 1&&25 K ,/5=H*GA M0=-K6>A 

L/=/E*GA (-,-< FGKJ/<- ;;;S +-( ,M4-K--

(0)K-? U. 7. #5E5,>*5 [26, 32, 37, 52, 54, 57, 75, 

98, 112, 146] 6  . !. "=-A6*5 [22, 90, 123, 155-

163]. 

U 1961 <-(M 0-),M(*64 45./(,G ?5)/?5)646 

8&&25 '. 7. !5*H46* K 0K-/B ,5F-)/ «S50+,--

0),5*/*6/ 06=H*GA K-E?MP/*6B K +-/E(/» 

(3@/*G/ E5+6046 UX&&25, 1961, KG+. 7, 0. 105-

166) +,/(=-L6= 60+-=HE-K5)H (=> 5*5=6E5 +,--

R/00-K K +-/E(5A <5E-(6*5?6@/04MO ?-(/=H 
+-/E(5. !,6 Q)-? ,500?5),6K5=-0H ,5K*-?/,*-/ 
*5,50)5*6/ 04-,-0)6 =-4-?-)6K5 +-(-F*- ,5K-

*-?/,*-?M *5,50)5*6O 04-,-0)6 +-,J*> K K-E-
(MJ*-B M(5,*-B ),MF/. U <5E-(6*5?6@/046A 

060)/?5A 0 LI0)46?6 (?-(M=H M+,M<-0)6 MK/=6-

@6K5/)0> +- ?/,/ MK/=6@/*6> (/.-,?5R6B 0,/-
(G) E5K606?-0)>?6 (5K=/*6> -) (/.-,?5R6B 

K-E*645/) M(5,*5> K-=*5. U 0=M@5/ ?><46A (?--

(M=H M+,M<-0)6 M?/*HJ5/)0> +- ?/,/ MK/=6@/-
*6> (/.-,?5R6B 0,/(G) A5,54)/,60)64 K-E*64-

J5> M(5,*5> K-=*5 *5-F-,-) ,50+5(5/)0> +--

(-F*- +,-R/005? +,6 0-M(5,/*6>A M+,M<--

+=50)6@/046A 0)/,L*/B. U 1&&2/ +-( ,M4-K--

(0)K-? U. 7. #5E5,>*5 FG=6 +,-K/(/*G -FJ6,-

*G/ 5*5=6)6@/046/ 6 @60=/**G/ 0 +-?-PHO 

7U8 6 YU8 600=/(-K5*6> (6*5?6@/046A +,--

R/00-K K +-/E(/ 0 60+-=HE-K5*6/? <5E-(6*5?6-

@/04-B ?-(/=6 (=> 5*5=6E5 ,/EM=H)5)-K @60-
=/**-<- 6*)/<,6,-K5*6> ( . !. "=-A6*, 

#. 7. 85*5J46*, #. U. "/=64, '. &. V,5*-K045>, 
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U. ;. :*GJ/*4-) [44-47, 62, 65, 79, 137-140, 

142]. 

!,6 ),-<5*66 0 ?/0)5 ,50)>*M)-<- <,ME-K-<- 

+-/E(5 04-,-0)H =-4-?-)6K5 ?-L/) *5,50)5)H 
)-=H4- +- ?/,/ MK/=6@/*6> 06=G )><6. !,6 +--

0)->**-B 06=/ )><6 04-,-0)H =-4-?-)6K5 6E?/-
*>/)0> 0)M+/*>?6 K ?-?/*)G, 4-<(5 0- 0K-F-(-

*-<- 4-*R5  +-/E(5 «+,6F/<5/)» K-=*5 ,5E<,ME-
46. !,6 Q)-? K(-=H 0-0)5K5 ,50+,-0),5*>/)0> 

+-0)->**5> 06=5, ,/5=6EM/?5> =-4-?-)6K-?. U 

Q)-? 0=M@5/ K-E*645OP6/ 06=G */ +,/KGJ5O) 
,/5=6EM/?MO =-4-?-)6K-? 06=M )><6. $0-F/*-

*-0)H «M(5,*-<-» +,-R/005 K ,50)>*M)-? +-/E(/ 
0 LI0)46?6 A5,54)/,60)645?6 0-/(6*/*6B K5-
<-*-K +,->K=>/)0> K MK/=6@/*66 )/?+5 *5,50-
)5*6> 06=G K *6A 0 MK/=6@/*6/? 6A ,500)->*6> 

-) =-4-?-)6K5. !,6 0-/(6*/*6>A K5<-*-K 0 
?><46?6 A5,54)/,60)645?6 )/?+ *5,50)5*6> 

06=G K 0-/(6*/*6>A K5<-*-K M?/*HJ5/)0>. 
!,6 ),-<5*66 0 ?/0)5 0L5)-<- +-/E(5 (@)- 

*56F-=// @50)- 6?//) ?/0)- K 0=M@5>A <,ME-KGA 

+-/E(-K, )54 454 +/,/( ),-<5*6/? 0-0)5K -05L6-

K5/)0>, 0L6?5/)0>, @)-FG -F=/<@6)H +,-R/00 
),-<5*6>) =-4-?-)6K ML/ 0 +/,KG? K5<-*-? 

KE56?-(/B0)KM/) M(5,*-, )54 454, (K6<5>0H K 

+,/(/=5A E5E-,5, -* *5F6,5/) 04-,-0)H -)*-06-

)/=H*- */+-(K6L*-<- K5<-*5. U +,/(/=/, 0-/(6-

*/*6/ K5<-*-K 0 =OF-B A5,54)/,60)64-B +--

<=-P5OP6A 5++5,5)-K +,6 +,->K=/*66 E5E-,5, 
K R/=-?, 6?//) LI0)4MO A5,54)/,60)64M 6, F--

=// )-<-, */<=5(4MO. U(-=H +-/E(5 -) =-4-?--

)6K5 4 AK-0)-K-B @50)6 ,50+,-0),5*>/)0> K-=*5 
M(5,-K ,50)>*M)-B @50)6 0-0)5K5 +- 45L(-?M 

0=/(MOP/?M K5<-*M, +/,/( 4-)-,G? KGF,5=0> 

E5E-,, K ,/EM=H)5)/ (K6L/*6> +,/(G(MP/B @50-
)6 +-/E(5. !,6 +,-)/45*66 +,-R/005 ,50)>*M)5> 
@50)H 0-0)5K5 K/(I) 0/F> 454 0)/,L/*H 0 M+,M-

<6?6 */0-K/,J/*0)K5?6. !-Q)-?M K-E*645O-

P5> +,6 M(5,*-? *5<,ML/*66 06=5 ,50+,-0),5-
*>/)0> 0 ?/0)5 M(5,5 K <-=-K*G/ 0/@/*6>. U 

0K-I K,/?> +,-R/00 ),-<5*6> 0L5)-<- 0-0)5K5 
FG= ,500?-),/* U. 7. V5=//KG? 6 

Z. &. !/,J6R/? (U-+,-0G ?/A5*646 +-/E(5, 
8.: 2,5*0L/=(-,6E(5), 1958, 233 0.), *- +,6 

Q)-? ,50)>*M)5> @50)H ,500?5),6K5=50H 454 5F-

0-=O)*- )KI,(-/ )/=- 6 */ +,6*6?5=60H K- K*6-

?5*6/ +,-R/00G K ,50)>*M)-B @50)6 0-0)5K5. 
!,6 600=/(-K5*66 +/,/A-(*GA  ,/L6?-K 

(K6L/*6> +-/E(5, 454 */=6*/B*-B 0+=-J*-B 

060)/?G, +-( ,M4-K-(0)K-? U. 7. #5E5,>*5 FG-

=6 ,500?-),/*G 0=M@56 M+,M<-B 6 */M+,M<-B 

0,/( (#. 7. 85*5J46*) [137, 139, 142]. !,6 

Q)-? FG=5 6EM@/*5 0),M4)M,5 .-,?6,-K5*6> 

M(5,*-B K-=*G K 060)/?/ 0 LI0)4-B A5,54)/,6-

0)64-B +-<=-P5OP6A 5++5,5)-K +,6 ,5E*GA 

0=M@5>A ,500/>*6> Q*/,<66. !-45E5*-, @)- K 

0=M@5/ .,64R6-**GA +-<=-P5OP6A 5++5,5)-K 

0 +,/*/F,/L6?- ?5=-B K/=6@6*-B 06=G 6A *5-
@5=H*-B E5)>L46 *5 .,-*)/ M(5,*-B K-=*G +,6 

),-<5*66 0 ?/0)5 K0/<(5 FM(/) 6?/)H ?/0)- 

?<*-K/**GB 045@-4 06=G +,6 +/,/A-(/ -) */*5-
<,ML/**-B @50)6 060)/?G 4 *5<,ML/**-B.  0=6 

L/ +,-60A-(6) *5,50)5*6/ 06=G )><6 6E */4--

)-,-<- 0)5R6-*5,*-<- 0-0)->*6>, )- ,/5=6EM/-
?5> 06=-K5> A5,54)/,60)645 0-/(6*/*6> +,6 

LI0)46A A5,54)/,60)645A +-<=-P5OP6A 5++5-
,5)-K ?-L/) -45E5)H0> 454 LI0)4-B, )54 6 ?><-
4-B. U +-0=/(*/? 0=M@5/ M(5,*5> K-=*5 */ -F-

,5EM/)0>.  U 0=M@5>A */M+,M<6A 06=, E5K60>P6A 

*/ )-=H4- -) E*545 04-,-0)6 (/.-,?5R6B, *- 6 

-) /I K/=6@6*G, @)- A5,54)/,*- (=> <6(,5K=6-

@/046A 6 Q=50)-?/,*GA +-<=-P5OP6A 5++5,5-
)-K, +/,/A-( -) */*5<,ML/**-B @50)6 060)/?G 4 

*5<,ML/**-B +,-60A-(6) */+,/,GK*- *5 +/,/-
A-(*-? M@50)4/, *5EGK5/?-? «J6,6*-B .,-*)5 
M(5,*-B K-=*G». &EM@/*- ,50+,/(/=/*6/ 06= +- 

J6,6*/ .,-*)5 M(5,*-B K-=*G [142].  

!-( ,M4-K-(0)K-? U. 7. #5E5,>*5 FG=6 6EM-

@/*G -FP6/ M0=-K6> [139], +,6 4-)-,GA (60-
4,/)*5> ?-(/=H +-/E(5 454 R/+-@46 )KI,(GA )/= 

Q4K6K5=/*)*5 /<- 4-*)6*M5=H*-B ?-(/=6 (K K6-

(/ 0)/,L*> 6=6 <5E-(6*5?6@/04-B), 5 )54L/ 
-F-0*-K5*G 4,6)/,66 ?-(/=6,-K5*6> (=6**GA 

(604,/)*GA 060)/? 6A M4-,-@/**G?6 -F,5E5?6, 

@)- +-EK-=>/) +-=M@5)H 6*.-,?5R6O, 6*)/<,6-

,M> @60=/**- 0MP/0)K/**- ?/*HJ// @60=- 

(6../,/*R65=H*GA M,5K*/*6B [35, 127, 135, 

139, 145, 149], @)- -0-F/**- K5L*- (=> 060)/? 

M+,5K=/*6> +-/E(-?, 60+-=HEMOP6A R6.,-KG/ 
6*)/<,5)-,G (=> 4-*),-=> E5 06=5?6 6 M04-,/-
*6>?6 K5<-*-K K +,-R/00/ M+,5K=/*6> +-/E(-?. 

$45E5=-0H, @)- Q)6 L/ -FP6/ M0=-K6> -(*-K,/-
?/**- >K=>O)0> 4,6)/,6>?6 -+)6?6E5R66 */-
M+,M<6A 06= <6(,5K=6@/046A 6 Q=50)-?/,*GA 

+-<=-P5OP6A 5++5,5)-K. !,6 Q)6A M0=-K6>A 

06=G K +-/E(/ +,6 ),-<5*66 /<- 0 ?/0)5 */ +,/-
K-0A-(>) +,6=-L/**-B 4 +-/E(M 06=G )><6 =--

4-?-)6K5 6=6 06=G )-,?-L/*6> =-4-?-)6K-?. 

!-45E5*-, @)- K )/A 0=M@5>A, 4-<(5 (604,/)*5> 6 

4-*)6*M5=H*5> ?-(/=6 +-/E(5 */ Q4K6K5=/*)*G, 

@)- ?-L/) 6?/)H ?/0)- +,6 -+,/(/=I**GA M0-
=-K6>A 6 K 0=M@5/ =6*/B*GA M+,M<6A A5,54)/-
,60)64 +-<=-P5OP6A 5++5,5)-K (K0=/(0)K6/ 
*/,5K*-?/,*-B 0A-(6?-0)6 ,>(-K +,6 ?<*--

K/**- +,64=5(GK5/?GA 06=5A), 06=G K 0-/(6-

*/*6>A K5<-*-K 0MP/0)K/**- KGJ/ ,/5=6EM/-
?-B =-4-?-)6K-? 06=G )><6 6=6 )-,?-L/*6> 
(#. 7. 85*5J46*, U. ;. :*GJ/*4-) [138, 140, 

142]. 
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S5E,5F-)5**GB U. 7. #5E5,>*-? 6 ;. &. :--

*5J/*4- +,6?/*6)/=H*- 4 E5(5@5? ?/A5*646 

5++5,5) -F-FP/**GA .M*4R6B [91, 106, 113] 6 

5++5,5) ?/)-(5 4-*/@*GA Q=/?/*)-K +-EK-=6=6 

,500?-),/)H +-/E( 454 R/+-@4M 0)/,L*/B, 0--

/(6*I**GA */=6*/B*G?6 Q=/?/*)5?6 [154]. 

8/)-(5?6 0)5)60)6@/04-<- 5*5=6E5 -F-FP/-
*G ,/EM=H)5)G ,/J5/?GA ?/)-(-? 8-*)/-
:5,=- E5(5@ +,-(-=H*-B (6*5?646 +-/E(5 6 

+-=M@/*G 0)5)60)6@/046/ A5,54)/,60)646 +,--

(-=H*GA (6*5?6@/046A *5<,ME-4 K +-/E(/. N)6 

,/EM=H)5)G 60+-=HE-K5*G 454 60A-(*G/ (5**G/ 
(=> .-,?6,-K5*6> M0=-K6B 60+G)5*6> K5<-*-K 

6 =-4-?-)6K-K *5 *5(IL*-0)H 6 (-=<-K/@*-0)H 
+- */0)5R6-*5,*G? *5<,ME45? [142, 153]. 

&E?/*6KJ6/0> K +-0=/(*/B @/)K/,)6 (K5-
(R5)-<- K/45 M0=-K6> K-L(/*6> <,ME-KGA +-/E-
(-K *5 (-,-<5A FGKJ/<- ;;;S, +->K=/*6/ 
F-=HJ/<,ME*GA 6 (=6**-0-0)5K*GA <,ME-KGA 6 

+5005L6,046A +-/E(-K, +-KGJ/*6/ 04-,-0)/B 

6A (K6L/*6> +,6K/=6 4 */-FA-(6?-0)6 +/,/-
0?-),5 '-,? 6 M0=-K6B +,-/4)6,-K5*6> +,--

.6=> L/=/E*GA (-,-<, -(*6? 6E 4,6)/,6/K 4--

)-,GA 0)5=6 *5<,ME46, K-E*645OP6/ K +-/E(5A 

+,6 6A (K6L/*66 +- +/,/=-?5? +,-.6=> +M)6. 

UG+-=*/**G/ +-( ,M4-K-(0)K-? 6 +,6 */+--

0,/(0)K/**-? M@50)66 U. 7. #5E5,>*5 -FJ6,-

*G/ 600=/(-K5*6> K Q)-? *5+,5K=/*66 +-EK-=6-

=6 -)K/)6)H *5 R/=GB ,>( K5L*GA K-+,-0-K 

+,-/4)6,-K5*6> L/=/E*GA (-,-< ( . !. "=-A6*, 

#. V. 850=//K5, #. U. 3,0M=>4) [111, 125, 127, 

142, 146, 166, 167, 169, 170, 172] 6 K*/0)6 (--

+-=*/*6> K ;'6! II-39-76. 

1=> 5*5=6E5 K=6>*6> -0-F/**-0)/B +-<=--

P5OP6A 5++5,5)-K *5 (6*5?6@/04MO *5<,M-

L/**-0)H 4-*0),M4R66 K5<-*-K +,6  6A 0-M(5-
,/*6>A U. 7. #5E5,>*-?, #. 7. 85*5J46*G? 6 

7. U. Z,@/*4- FG=5 ,5E,5F-)5*5 ?5)/?5)6@/-
045> ?-(/=H +,-(-=H*--6E<6F*GA 4-=/F5*6B 

*/-(*-,-(*-<- 4,6K-=6*/B*-<- 0)/,L*>, R/*), 

?500 4-)-,-<- */ 0-K+5(5/) 0 R/*),-? /<- LI-
0)4-0)6, 0 0-0,/(-)-@/**G?6 K4=O@/*6>?6 [99, 

105, 110, 116]. 7*5=6E ,/EM=H)5)-K @60=/**-<- 

6*)/<,6,-K5*6> +-45E5=, @)- ,/E4-/ *5,50)5*6/ 
06=-K-B A5,54)/,60)646 +-<=-P5OP6A 5++5,5-
)-K +,6 0-M(5,/*6>A K5<-*-K +,6K-(6) 6 K-E-
*64*-K/*6O 6*)/*06K*GA KG0-4-@50)-)*GA 

K6F,5R6B Q=/?/*)-K 4-*0),M4R66 K5<-*5 [134]. 

U-+,-0G F/E-+50*-0)6 (K6L/*6> <,ME-KGA 

+-/E(-K, -0-F/**- )>L/=-K/0*GA, +-0)5K6=6 

+/,/( 600=/(-K5)/=>?6 +,-F=/?M ?5)/?5)6@/-
04-<- ?-(/=6,-K5*6> 4-=/F5*6B +-/E(5 K +=-0-
4-0)6 6 K +,-0),5*0)K/. U. 7. #5E5,>*-?, 

 . !. "=-A6*G? 6  . #. ;)5?F=/,-? FG=6 +,--

K/(/*G -FJ6,*G/ Q40+/,6?/*)5=H*G/ 6 )/-,/-

)6@/046/ 600=/(-K5*6>, +-0),-/*G =6*/5,6E6-

,-K5**G/ ?-(/=6 4-=/F5*6B +-/E(5 454 -(*--

?/,*-B 060)/?G (6*5?6@/046A +-(060)/?, =6-

*/5,6E-K5*- M@)/*G -0-F/**-0)6 */=6*/B*-<- 

KE56?-(/B0)K6> K5<-*-K, 0-/(6*I**GA 5K)--

0R/+45?6. !-=M@/*G E*5@/*6> 06=, +,6 4-)--

,GA +-/E(, 454 060)/?5, )/,>/) M0)-B@6KMO 

.-,?M ,5K*-K/06> [70, 83, 98, 115]. N)6 ,5F-)G 

+-EK-=6=6 +-0),-6)H +,-0),5*0)K/**MO */=6-

*/B*MO 6?6)5R6-**MO ?5)/?5)6@/04MO ?--

(/=H +-/E(5 454 060)/?G, (K6LMP/B0> +- 4,6-

K-=6*/B*-?M K +,-0),5*0)K/ +M)6, +,/(0)5K-

=/**-?M K K6(/ 0=5F- E54,M@/**-B 4,6K-=6-

*/B*-B +-=-0G (#. 7. 85*5J46*, '. &. V,5-
*-K045>, 7. '. !J6*H4-) [144, 147, 150, 152, 

154]. N)5 ?-(/=H +-EK-=6=5 ,500?-),/)H 0=M@5B 

KGF6K5*6> K5<-*-K 6E 4-=/6 +,6 0-M(5,/*6>A 

0R/+-K K5<-*-K, */J)5)*G/ ,/L6?G 0-M(5,/*6> 
R60)/,*, 600=/(-K5)H +,-(-=H*G/ 6 K/,)645=H-
*G/ 06=G, (/B0)KMOP6/ *5 K5<-*G +-,-L*/<- 

+-/E(5 [151, 154].  

; 60+-=HE-K5*6/? 0MP/0)K/**- */=6*/B*-B 

+,-0),5*0)K/**-B ?-(/=6 +-/E(5 6 -FW/4)*--

-,6/*)6,-K5**-<- ?/)-(5 +,-<,5??6,-K5*6> 6, 

/0)/0)K/**-, 0--)K/)0)KMOP6A (6../,/*R6-

5=H*GA M,5K*/*6B /<- (K6L/*6>, ,/J/*G ?*--

<6/ E5(5@6, 0K>E5**G/ 0 KGF-,-? -+)6?5=H*GA 

,/L6?-K (K6L/*6> +-/E(5 [175] 6 ,500=/(-K5-
*6/? +,6@6* 4,MJ/*6B -FG@*GA 6 (=6**-0-0-
)5K*GA, K )-? @60=/ 0-/(6*I**GA, +-/E(-K, 4--

)-,G/ 6?/=6 ?/0)- K +-0=/(*6/ <-(G *5 L/=/E-
*GA (-,-<5A S-0066 6 34,56*G [176-181]. 

85)/?5)6@/045> ?-(/=6 +-/E(5 60+-=HE-K5-
*5 6 +,6 0-E(5*66 K =5F-,5)-,66 (6*5?646 6 

+,-@*-0)6 +-(K6L*-<- 0-0)5K5 L/=/E*GA (-,-< 
M*6K/,06)/)5 ( . !. "=-A6*, :. &. T/=/E*-K, 

U. U. V=MA-K, #. U. 3,0M=>4) ),/*5LI,*GA 4-?-

+=/40-K *5 F5E/ 4-?+HO)/,*GA )/A*-=-<6B (=> 

-FM@/*6> ?5J6*60)-K ?5<60),5=H*GA =-4-?--

)6K-K F/E-+50*G? 6 Q*/,<-0F/,/<5OP6? )/A-

*-=-<6>? K-L(/*6> +-/E(-K [179, 180, 182]. 25-
46?6 ),/*5LI,5?6 -F-,M(-K5*G ?*-<6/ =-4--

?-)6K*G/ (/+- M4,56*046A L/=/E*GA (-,-< 6 

$FM@5OP6B R/*), K 2/</,5*/ (&,5*046/ L/-
=/E*G/ (-,-<6). 

S5E,5F-)5**G/ K 1&&2/ ?5)/?5)6@/046/ 
?-(/=6 +-/E(5, ,/5=6E-K5**G/ M(-F*G? +,--

<,5??*G? -F/0+/@/*6/?, +,6?/*>O)0> ?*-<6-

?6 *5M@*G?6 4-==/4)6K5?6 FGKJ/<- ;-K/)-
04-<- ;-OE5 (=> 600=/(-K5*6B 6 6?6)5R66 

(K6L/*6> +-/E(5. 

"&"#&$VS7[&\ ;:&] ;!&;$: 

1. TM4-K046B '. ., S5F-)5 (M06=6/) ,M004-<- 

04K-E*-<- 6 5?/,645*04-<- */04K-E*-<- )><-K-<- 
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+,6F-,5 +,6 ),-<5*66 +-/E(5 0 ?/0)5 6 K *5@5=/ /<- 

(K6L/*6> // "O==/)/*H N40+/,6?/*)5=H*-<- 6*0)6-

)M)5 +M)/B 0--FP/*6>. -1919. - 13. -;.31-57. 

2. #5E5,>* U.7., $ (6*5?6@/046A M06=6>A K 

M+,>L*GA +,6F-,5A +-/E(5 +,6 6E?/*/*66 06=G 

)><6 =-4-?-)6K5.- 2,. 1&&25,1945, KG+.15, 0. 3-51. 

3. #5E5,>* U.7., $ (6*5?6@/046A M06=6>A K 

M+,>L*GA +,6F-,5A +-/E(5 +,6 ),-<5*66  0 ?/0)5.- 
25? L/, 0. 52- 85. 

4. #5E5,>* U.7., U=6>*6/ +/,K-*5@5=H*-<- 

0L5)6> +-/E(5 *5 M06=6> K M+,>L*GA 5++5,5)5A. – 

2,. 1&&25, 1947, KG+. 16, 0. 3-20. 

5. #5E5,>* U.7., $ (6*5?6@/046A M06=6>A K 

M+,>L*GA +,6F-,5A +5005L6,046A +-/E(-K. – 2,. 

1&&25, 1948, KG+. 18, 0. 3-90. 

6. #5E5,>* U.7., $ (6*5?6@/046A M06=6>A K 

M+,>L*GA +,6F-,5A +-/E(5 +,6 */?-*-)-**-? 6E-
?/*/*66 06=G )><6. – 2,.1&&25, 1948,  KG+.19, 0.63-

82. 

7. #5E5,>* U.7., $ +,6?/*/*66 -F-FPI**GA 

4--,(6*5) 4 600=/(-K5*6O KG*ML(/**GA 4-=/F5*6B 

0)/,L*/B. – 25? L/, 0.83-92.  

8.  #5E5,>* U.7., $ (6*5?6@/046A M06=6>A, 

K-E*645OP6A K M+,>L*GA +,6F-,5A +,6 )-,?-L/-
*6>A -(*-,-(*-<- +-/E(5.  – 25? L/, 0.120-133. 

9. #5E5,>* U.7., &00=/(-K5*6/ */M0)5*-K6K-

J6A0> ,/L6?-K (K6L/*6> +-/E(5. – 8.: 2,5*0L/=-

(-,6E(5), 1949. – 1350. 
10. #5E5,>* U.7.,  $ (6*5?6@/046A M06=6>A K 

M+,>L*GA +,6F-,5A -(*-,-(*GA +-/E(-K +,6 0--

+,-)6K=/*6>A -)*-06)/=H*G? +/,/?/P/*6>? Q46-

+5L/B. – 2,.1&&25, 1950, KG+.20, 0.3-32.  

11. $F M06=6>A K M+,>L*GA +,6F-,5A +-/E(5 
+,6 )></ 6 +-()5=46K5*66. – 2,. 1&&25, 1951, KG+ 

21, 0.3-12. 

12. #5E5,>* U.7.,  ".1.#5+46*, !,6?/*/*6/ 
Q=/4),-?/A5*6@/046A 5*5=-<6B 6 ?-(/=6,-K5*6> 4 

600=/(-K5*6O M(5,5 ?/A5*6@/046A 060)/?. – 25? 

L/, 0.13-32. 

13. #5E5,>* U.7.,  ".1.#5+46*, !,6?/*/*6/ 
Q=/4),6@/04-<- ?-(/=6,-K5*6> 4 600=/(-K5*6O 

M06=6B K M+,>L*GA +,6F-,5A +-/E(-K. – 2/A*645 
L/=/E*GA (-,-<, 1951, ^ 6, 0.26-29. 

14. #5E5,>* U.7.,  : K-+,-0M - KGF-,/ ,50@I)-
*-B 0A/?G +,6 600=/(-K5*66 +/,/A-(*GA ,/L6?-K 

(K6L/*6> +-/E(-K. – 2/A*645 L/=/E*GA (-,-<, 1952, 

^ 6, 0.17-19. 

15. #5E5,>* U.7., &00=/(-K5*6> +/,/A-(*GA 

,/L6?-K (K6L/*6> +-/E(-K +,6 0+=-J*-? )-,?--

L/*66 6 +,6 +/,/A-(5A @/,/E +/,/=-?G +,-(-=H*--

<- +,-.6=> +M)6. – 2,.1&&25, 1953, KG+.23, 0.5-23.   

16. #5E5,>* U.7.,  =/4),6@*/ ?-(/=OK5**> +/-
,/AC(*6A ,/L6?CK ,MAM 0)/,L*CK E +,ML*6?6 */(-0-
4-*5=-0)>?6. - !,64=5(*5 ?/A5*C45, 1955, 1, ^ 3, 

0.311-324. 

17. #5E5,>* U.7.,  1-0=C(L/**> EM06=H, P- K6-

*645O)H K M+,>L*6A +,6=5(5A +,6 E,MJMK5**C E 
?C0R> K5*)5L*6A +-DE(CK. – !,64=5(*5 ?/A5*C45, 
1956, 2, ^ 1, 0 16-28. 

18. #5E5,>* U.7., &00=/(-K5*6> M06=6B, K-E*6-

45OP6A +,6 +/,/A-(*GA ,/L6?5A (K6L/*6> K 

0)/,L*>A 0 ,5E=6@*G?6 M+,M<6?6 */0-K/,J/*0)K5-
?6. – 2,.1&&25, 1956, KG+.25, 0.5-50. 

19. #5E5,>* U.7., : K-+,-0M -F Q=/4),6@/04-? 

?-(/=6,-K5*66 +/,/A-(*GA ,/L6?-K (K6L/*6> 
0)/,L*/B. + 25? L/, 0.84-123. 

20. #5E5,>* U.7., $ (6*5?6@/046A M06=6>A, 

K-E*645OP6A K M+,>L*GA +,6F-,5A +,6 ),-<5*66 0 
?/0)5 ,50)>*M)GA <,ME-KGA +-/E(-K. – 25? L/, 
0.124-151. 

21. #5E5,>* U.7., $ (6*5?6@/046A M06=6>A, 

K-E*645OP6A K 0R/+*GA +,6F-,5A +-/E(-K +,6 )-,-

?-L/*66. – U 4*. !M)6 ,5EK6)6> )-,?-E*-B )/A*646 

*5 L/=/E*GA (-,-<5A ;;;S, 8.: 2,5*0L/=(-,6E(5), 
1957, 0.19-28. 

22. "=-A6*  .!., $ K=6>*66 */-(*-,-(*-<- +--

/E(5 *5 (6*5?6@/046/ M06=6>, K-E*645OP6/ K M+-

,>L*GA +,6F-,5A +,6 ),-<5*66 0 ?/0)5. – 

2,.1&&25, UG+. 26, 8.:2,5*0L/=(-,6E(5), 1958. 

0.235-258. 

23. "=-A6*  .!., N=/4),6@/04-/ ?-(/=6,-K5*6/ 
+,-(-=H*GA M06=6B, K-E*645OP6A K */-(*-,-(*GA 

+-/E(5A +,6 ),-<5*66 0 ?/0)5. - 25? L/, 0.270-289. 

24. #5E5,>* U.7., "=-AC* _.!.,  U=50*C +-E(-K-

L*C 4-=6K5**> 060)/?, >4C 04=5(5O)H0> E ),H-A L-,-

0)46A )C= C (K-A (/.-,?-K5*6A 0)/,L*CK. – !,64=5(-

*5 ?/A5*C45, 1951, 7, ^ 1, 0. 61-65; ^ 5, 0.477-481. 

25. #5E5,>* U.7., "-(>*-K !.;., V,-*046B U.&., 

U=6>*6/ LI0)4-0)6 0K>E6 ?/L(M 0/4R6>?6 =-4-?--

)6K5 *5 +,-(-=H*G/ M06=6>, K-E*645OP6/ +,6 M(5-
,5A.- 2, 1&&25, 1961, KG+. 35, 0 66-98. 

26. #5E5,>* U.7., "=-A6*  .!., #HK-K 7.7., 

!,-(-=H*G/ M06=6>, K-E*645OP6/ K )>L/=-K/0*GA 

+-/E(5A +,6 ),-<5*66 0 ?/0)5. – 25? L/, 0.112-147. 

27. #5E5,>* U.7., !,6?/*/*6/ ?5)/?5)6@/046A 

?5J6* */+,/,GK*-<- (/B0)K6> 4 ,/J/*6O E5(5@ 

(6*5?646 +-(K6L*-<- 0-0)5K5 L/=/E*GA (-,-<. – 

8.: 2,5*0L/=(-,6E(5), 1962, 2180. 
28. #5E5,>* U.7., "5,F50 &.V., S5F-)5 060)/?G 

5K)-?5)6@/04-<- M+,5K=/*6> +,6 +/,/A-(*GA ,/L6-

?5A (K6L/*6> +-/E(-K. – U/0)*64 U'&&T2, 1962, 

^ 4, ;.3-6. 

29. #5E5,>* U.7., "5,F50 &.V., U=6>*6/ +/,/-
A-(*GA ,/L6?-K +-/E(5 *5 ,5F-)M 060)/?G 5K)-?5-
)6@/04-<- M+,5K=/*6>. – 2,.1&&25, 1963, KG+.44, 

0.69-94. 

30. #5E5,>* U.7., "=-A6*  .!., &00=/(-K5*6/ 
M06=6B, K-E*645OP6A K <,ME-KGA +-/E(5A +,6 

K4=O@/*66 K *6A K-0H?6-0*GA +-=MK5<-*-K. 25? 

L/, 0.49-57. 

31. #5E5,>* U.7., "=-A6*  .!., &00=/(-K5*6/ 0 
+-?-PHO ?-(/=6-5*5=-<5 M06=6B K M+,>L*GA +,6-

F-,5A +-/E(5 +,6 )></ 6 +-()5=46K5*66. – 25? L/, 0. 
58-67. 

32. #5E5,>* U.7., "-(>*-K !.;., ;)M45=-K 7.&., 

;,5K*6)/=H*G/ 600=/(-K5*6> +-<=-P5OP6A 5++5-
,5)-K 5K)-0R/+46 ,5E=6@*-B 4-*0),M4R66. – 25? L/, 
0.95-107. 

33. #5E5,>* U.7., "5,F50 &.V., :5F=M4-K U.7., 

85*5J46* #.7., !,6?/*/*6/ Q=/4),-**GA ?-(/=/B 

4 ,/J/*6O E5(5@ - ),-<5*66 +-/E(-K. – U/0)*64 

U'&&T2, 1963, ^ 3, 0.51-53. 
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34. #5E5,>* U.7., "5,F50 &.V., :5F=M4-K U.7., 

85*5J46* #.7., U=6>*6/ K,/?/*6 *5,50)5*6> 06=G 

)><6 *5 +,-(-=H*G/ M06=6> +,6 ),-<5*66 -(*-,-(-

*-<- +-/E(5. – 2,.1&&25, 1964, KG+.50, 0.21-27. 

35. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

$ KGF-,/ @60=5 4-*)M,-K +,6 Q=/4),6@/04-? ?-(/-
=6,-K5*66 4-=/F5*6B 0)/,L*/B. – 25? L/, 0.28-34. 

36. "/=64 #.U., :5F=M4-K U.7., 85*5J46* #.7., 

7K)-?5)6@/046B KGF-, J5<5 +,6 ,/J/*66 E5(5@ 

?/)-(-? SM*</-:M))5. – 25? L/, 0.35-38. 

37. #5E5,>* U.7., :5F=M4-K U.7., ;)M45=-K 

7.&., Z0+6*5  .U., &00=/(-K5*6/ +,-(-=H*-B (6-

*5?646 Q=/4),-+-/E(5. – 25? L/, 0.92-104. 

38. #5E5,>* U.7., "5,F50 &.V., 85*5J46* #.7., 

N=/4),6@/04-/ ?-(/=6,-K5*6/ (K6L/*6> -(*-,-(-

*GA +-/E(-K @/,/E +/,/=-?G +,-(-=H*-<- +,-.6=> 
+M)6. – 25? L/, 0.5-20.  

39.  #5E5,>* U.7., "5,F50 &.V., :5F=M4-K U.7., 

85*5J46* #.7., N=/4),-**-/ ?-(/=6,-K5*6/ ),--

<5*6> +-/E(5 0 E5E-,5?6 K M+,>L6. – U/0)*64 

U'&&T2, 1964, ^ 2,0.56-60. 

40. #5E5,>* U.7., 85*5J46* #.7. !,6?/*/*/6/ 
Q=/4),-**GA ?-(/=/B +,6 600=/(-K5*66 0-M(5,/*6B 

K5<-*-K. 25? L/, ^ 7, 0.60-64. 

41. #5E5,>* U.7., 85*5J4C* #.7., !,- 5?-,)6-

E5RCO M(5,M, !,64=5(*5 ?/A5*C45, 1964, 10, ^ 4, 

0.349-359. 

42. #5E5,>* U.7., 85*5J46* #.7., S5F-)5 5?-,-

)6E5)-,-K +,6 M(5,5A, 0-+,-K-L(5OP6A0> (/B0)K6-

/? +-0)->**-B +- K/=6@6*/ +,-(-=H*-B 06=G. – 

2,.1&&25, 1965, KG+.55, 0.97-104. 

43. #5E5,>* U.7., "5,F50 &.V., "=-A6*  .!., 

U=6>*6/ K/05 6 (=6*G +5005L6,04-<- +-/E(5 *5 
+,-(-=H*G/ M06=6>. – 2,.1&&25, 1966, KG+.62. 0.79-

85. 

44. #5E5,>* U.7.,. 85*5J46* #.7., U=6>*6/ 06-

=-KGA A5,54)/,60)64 .,64R6-**GA +-<=-P5OP6A 

5++5,5)-K *5 -0-F/**-0)6 M(5,*GA +,-R/00-K. – 25? 

L/, 1966. KG+.59, 0.9-15. 

45. #5E5,>* U.7., "5,F50 &.V., "=-A6*  .!., 

:5F=M4-K U.7., 85*5J46* #.7., &00=/(-K5*6/ +/,/-
A-(*GA ,/L6?-K (K6L/*6> */=6*/B*GA -(*-?/,-

*GA ?/A5*6@/046A 060)/?. – U 4*.: 16*5?645 ?5-
J6*, 8.: 85J6*-0),-/*6/, 1966, 0.96-104 

46. #5E5,>* U.7., "/=64 #.U., 85*5J46* #.7., 

8MEG46* U.7., &00=/(-K5*6/ +,-R/00-K ,50+,--

0),5*/*6> M+,M<--+=50)6@/046A (/.-,?5R6B K -(-

*-?/,*GA 060)/?5A. – U 4*.  3-B U0/0-OE*GB 06?-

+-E6M? +- ,50+,-0),5*/*6O M+,M<6A 6 M+,M<--

+=50)6@/046A K-=*, 2/E.(-4=., 25J4/*), 1966, 0.9. 

47. #5E5,>* U.7., "5,F50 &.V., "=-A6*  .!., 

85*5J46* #.7., : K-+,-0M - K=6>*66 A5,54)/,60)64 

0K>E/B -(5-?/,*GA ?/A5*6@/046A 060)/? *5 +/,/-
A-(*G/ ,/L6?G (K6L/*6>. – 2,.1&&25, 1966, KG+. 

59, 0.3-8. 

48. #5E5,>* U.7., "/=64 #.U., 85*5J46* #.7., 

8MEG46* U.7.. \60=/**-/ ,/J/*6/ E5(5@6 - +/,/-
A-(*GA ,/L6?5A (K6L/*6> -(*-?/,*GA ?*-<-?50-
0-KGA 060)/? +,6 +-?-P6 NU8 “3,5=-3”. U 4*.: 

2/E60G (-4=5(-K V U0/0-OE*-<- 0-K/P5*6> +-=HE--

K5)/=/B NU8 )6+5 “3,5=”, 25,)M, 1966, 0.55. 

49. #5E5,>* U.7., 85*5J46* #.7., 8MEG46* 

U.7.. 8-(/=6,-K5*6/ 06=-KGA A5,54)/,60)64 0K>-
E/B, 6?/OP6A M+,M<--+=50)6@/04MO -F=50)H (/.-,-

?5R6B. – U 4*.: 16*5?645 6 +,-@*-0)H ?5J6*, 1967. 

KG=.6, 0.136-141. 

50. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

Z0+6*5  .U., &00=/(-K5*6> +,6 +-?-P6 ?5J6* 

*/+,/,GK*-<- (/B0)K6> +,-R/00-K, +,-60A-(>P6A 

+,6 +,-(-=H*-? 0-M(5,/*66 -(*-?/,*GA ?/A5*6@/-
046A 060)/?. – 2,. 1&&25, 1967, K.72. 0.15-43. 

51. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

Z0+6*5  .U., U5JM,6* #.7., !/,/A-(*G/ ,/L6?G 

(K6L/*6> +-/E(5, 0-0)5K=/**-<- 6E K5<-*-K 0 +-(-

K6L*-B A,/F)-K-B F5=4-B +,6 -)0M)0)K66 E5E-,-K K 

M+,>L6. – 25? L/. 0.44-56. 

52. #5E5,>* U.7., "=-A6*  .!., X/=/*046B U.7., 

: K-+,-0M - +/,/A-(*GA ,/L6?5A (K6L/*6> +-/E-
(-K, K5<-*G 4-)-,GA -F-,M(-K5*G +-<=-P5OP6?6 

5++5,5)5?6 9-2-2. – 25? L/, 0.57-66. 

53. #5E5,>* U.7., "=-A6*  .!., "5,F50 &.V., $F 

M06=6>A K <,ME-KGA +-/E(5A +,6 )-,?-L/*66 =-4--

?-)6K5 +,>?-(/B0)KMOP6? )-,?-E-?. – 25? L/, 
0.67-73. 

54. #5E5,>* U.7., "=-A6*  .!., "5,F50 &.V., "5-
(64-K5 #.;. Z0+6*5  .U., &00=/(-K5*6/ ,5F-)G 

+-<=-P5OP6A 5++5,5)-K  K +-/E(5A. – 25? L/, 
KG+.68, 0.26-41. 

55. #5E5,>* U.7., "=-A6*  .!., "5,F50 &.V., 

;)M45=-K 7.&, 85*5J46* #.7., Z0+6*5  .U., &0-
0=/(-K5*6/ ,5F-)G +-<=-P5OP6A 5++5,5)-K )6+5 S-

4+ K (=6**-0-0)5K*-? +5005L6,04-? +-/E(/. – 25? 

L/, 0.19-25 

56. #5E5,>* U.7., "=-A6*  .!., "5,F50 &.V., 

85*5J46* #.7., Z0+6*5  .U., &00=/(-K5*6/ ,5F-)G 

,/E6*--?/)5==6@/046A 5?-,)6E5)-,-K +,6 M(5,5A. – 

25? L/, 0.70-85. 

57. #5E5,>* U.7., "5,F50 &.V., "=-A6*  .!., 

Z0+6*5  .U., !,-(-=H*G/ M06=6>, K-E*645OP6/ K 

)>L/=-K/0*-? <,ME-K-? +-/E(/ +,6 ,/<M=6,-K-@*GA 

)-,?-L/*6>A. – 25? L/, 0.3-9. 

58. #5E5,>* U.7., &00=/(-K5*6> K -F=50)6 +/-
,/A-(*GA ,/L6?-K (K6L/*6> ?/A5*6@/046A 060)/?, 

KG+-=*/**G/ K 1*/+,-+/),-K04/. – !,64=5(*5> 
?/A5*645, 1967, 3, ^ 10, 0.123-128. 

59. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

Z0+6*5  .U., &00=/(-K5*6/ +/,/A-(*GA ,/L6?-K 

(K6L/*6> 0L5)GA +-/E(-K, 0.-,?6,-K5**GA 6E K5-
<-*-K 0 +-(K6L*G?6 A,/F)-KG?6 F5=45?6. – 2,. 

1&&25. 1968. KG+.76, 0.17-25 

60. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

SGL-K 7.U., Z0+6*5  .U., 8-(/=6,-K5*6/ 0-M(5,/-
*6B 0R/+-K 6E K5<-*-K 0 +-(K6L*G?6 A,/F)-KG?6 

F5=45?6. – 25? L/, 0.26-32. 

61. #5E5,>* U.7., "=-A6*  .!., ;)5?F=/,  .#.. 

1K6L/*6/ =/<4-K/0*GA K5<-*-K K 0-0)5K5A )>L/=--

K/0*GA +-/E(-K. – 25? L/, 0.34-47. 

62. #5E5,>* U.7., "5,F50 &.V., "=-A6*  .!., "/-
=64 #.U.. 85*5J46* #.7., $ ,50+,-0),5*/*66 K-E-
?MP/*6B K -(*-?/,*GA 060)/?5A 0 */=6*/B*G?6 

M+,M<6?6 A5,54)/,60)645?6 6 K>E46? 0-+,-)6K=/-
*6/? 0K>E/B. – U 4*.: 3-B U0/0-OE*GB 0W/E( +- )/--
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,/)6@/04-B 6 +,64=5(*-B ?/A5*64/: 7**-)5R6> 
(-4=5(-K, 8.: '5M45, 1968, 0.32. 

63. #5E5,>* U.7., 85*5J46* #.7., SGL-K 7.U., 

!M04 K A-( -(*-?/,*GA ?/A5*6@/046A 060)/?, 

6?/OP6A +,/(K5,6)/=H*MO E5)>L4M 5?-,)6E5)-,-K. 

–  25? L/, 0.54. 

64. #5E5,>* U.7., 85*5J46* #.7., SKL-K 7.U., 

!M04 K A-( -(*-?/,*GA ?/A5*6@/046A 060)/?, 

6?/OP6A +,/(K5,6)/=H*MO E5)>L4M 5?-,)6E5)-,-K. 

– !,64=5(*5> ?/A5*645, 1969, 5, ^7. 0.64-70. 

65. #5E5,>* U.7., "/=64 #.U., 85*5J46* #.7., 

8MEG46* U.7., S50+,-0),5*/*6/ M+,M<--

+=50)6@/046A K-=* (/.-,?5R6B K -(*-?/,*GA 060-
)/?5A. – U 4*.: S50+,-0),5*/*6/ M+,M<--

+=50)6@/046A K-=*, 25J4/*), [7' 3EF.;;S, 1969 

66. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

SGL-K 7.U. Z0+6*5  .U., 3(5,*G/ >K=/*6> K (6*5-
?64/ -(*-?/,*GA ,5EK/)K=/**GA 060)/?. - 2/-,6> 
?/A5*6E?-K 6 ?5J6*, %5,H4-K, 1969, KG+.6, 

&E(.%V3, 0.41-48. 

67. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

SGL-K 7.U., : K-+,-0M -F -+,/(/=/*66 -+)6?5=H*--

<- E*5@/*6> */-F,5)6?-<- +-<=-P/*6> Q*/,<66 M+-

,M<--.,64R6-**G?6 5?-,)6E5)-,5?6. – U/0)*64 

U'&&T25, 1969. ^ 8, 0.23-25. 

68. #5E5,>* U.7., 85*5J46* #.7., SGL-K 7.U., 

U=6>*6/ K6(5 ,500/>*6> Q*/,<66 *5 *56F-=HJ6/ 
M06=6>, K-E*645OP6/ +,6 +/,/A-(*GA ,/L6?5A 

(K6L/*6> -(*-?/,*GA 060)/?. – !,-F=/?G +,-@*--

0)6, 1970, ^ 9 0.100-102. 

69. #5E5,>* U.7., "=-AC*  .!., 85*5J4C* #.7., 

U+=6K */-(*-,C(*-0)C -(*-?C,*-D 060)/?6 *5 EM06=-

=> )5 +,604-,/**> +,6 +/,/AC(*-?M ,/L6?C. – U 4*.: 

!6)5**> FM(CK/=H*-D ?/A5*C46, "M(CK/=H*64,  :6-

CK,1970, 0.3-8. 

70. #5E5,>* U.7., ;)5?F=/,  .#., '/4-)-,G/ E5-
(5@6 - ,5K*-K/066 6 4-=/F5*6>A L/=/E*-(-,-L*-<- 

+-/E(5. – U 4*.: '/4-)-,G/ E5(5@6 ?/A5*646 04-,--

0)*-<- ),5*0+-,)5. :6/K: '5M4-K5 (M?45, 1970, 

0.141-159. 

71.  #5E5,>* U.7., "=-A6*  .!., "/=64 #.U., $ 

KGF-,/ @60=/**GA ?/)-(-K 6*)/<,6,-K5*6> M,5K*/-
*6B (K6L/*6> 0MP/0)K/**- */=6*/B*GA -(*-?/,-

*GA ?/A5*6@/046A 060)/?. – 25? L/, 0.125-135. 

72. 85*5J46* #.7.. %5@5+M,6(E/ '.8., 85)/-
?5)6@/04-/ 6 Q=/4),-**-/ ?-(/=6,-K5*6/ +,-(-=H-
*GA 4-=/F5*6B 4ME-K-K K5<-*-K +,6 M(5,/. – 25? L/, 
0. 103-114. 

73. 85*5J46* #.7.. %5@5+M,6(E/ '.8., &00=/-
(-K5*6> +,-(-=H*GA 4-=/F5*6B 4ME-K-K K5<-*-K, 

-F-,M(-K5**GA .,64R6-**G?6 5?-,)6E5)-,5?6, 

+,6 0-M(5,/*6>A. – 25? L/, 0.115-124. 

74. #5E5,>* U.7., ;)5?F=/,  .#., $ ?-(/=>A (=> 
600=/(-K5*6> +-+/,/@*GA 4-=/F5*6B +-/E(5. - 2,. 

1&&25. 1970. KG+.84, 0.3-14. 

75. #5E5,>* U.7., "=-A6*  .!., ;)M45=-K 7.&., 

$ +,-(-=H*GA M06=6>A, K-E*645OP6A +,6 )-,?-L/-
*6>A -(*-,-(*-<- +-/E(5 K/0-? 10000 2. – 25? L/. 
0.62-67. 

76. #5E5,>* U.7., 85*5J46* #.7., 8MEG46* 

U.7., !,-(-=H*-/ 0-M(5,/*6/ M+,M<--+=50)6@/046A 

-(*-?/,*GA 060)/? @/,/E +,-)6K-M(5,*GB 5?-,)6-

E5)-,. – U 4*.: U-=*G K */M+,M<6A 0,/(5A, :6J6*IK, 

1970, 0.129-136. 

77. #5E5,>* U.7., 85*5J46* #.7., ;-F0)K/**G/ 
+,-(-=H*G/ 4-=/F5*6> 0)/,L*/B 0 0-0,/(-)-@/**G-

?6 ?5005?6, - !,64=5(*5> ?/A5*645, 1970, 6, KG+. 8, 

0.42-48. 

78. #5E5,>* U.7., 85*5J46* #.7., U=6>*6/ M+-

,M<--.,64R6-**GA 5?-,)6E5)-,-K *5 KG0-4-@50)-)-
*G/ K6F,5R66 +,6 M(5,5A. - 2,. 1&&25. 1971. 

KG+.103, 0.43-52. 

79. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

"5(64-K5 #.;., &*)/<,5=H*5> -R/*45 0K>E/B K +-/E(/ 
6 -+,/(/=/*6/ 6A +5,5?/),-K +- ,/EM=H)5)5? *5)M,-

*GA 60+G)5*6B. – 25? L/, 0.3-17. 

80. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

"/=64 #.U.. : K-+,-0M - ?5)/?5)6@/04-? -+605*66 

+,-R/00-K +,-60A-(>P6A +,6 +/,/A-(*GA ,/L6?5A 

(K6L/*6> +-/E(-K 0 E5E-,5?6 K M+,>L6. – 25? L/, 
0.18-28. 

81. #5E5,>* U.7., "=-A6*  .!., U5JM,6* #.7., 

$ +,-(-=H*GA M06=6>A 6 M04-,/*6>A K5<-*-K 0 +-(-

K6L*-B A,/F)-K-B F5=4-B +,6 ),-<5*6>A */-(*--

,-(*GA +-/E(-K. 25? L/, 0.41-45. 

82. #5E5,>* U.7., 85*5J46* #.7., SGL-K 7.U., 

&00=/(-K5*6/ +/,/A-(*GA ,/L6?-K (K6L/*6> -(-

*-?/,*GA 060)/? +,6 (/B0)K66 *5 *6A ,50+,-0),5-
*>OP/<-0> K-E?MP/*6>. - 2,. 1&&25, 1971. 

KG+.114, 0.24-35. 

83. #5E5,>* U.7., ;)5?F=/,  .#., $ 0-F0)K/*-

*GA +-+/,/@*GA 4-=/F5*6>A 6 M0)-B@6K-0)6 .-,? 

,5K*-K/06> +-/E(5. – 25? L/, 0.40-59. 

84. #5E5,>* U.7., "=-A6*  .!., "/=64 #.U., 

!,6?/*/*6/ NYU8 4 600=/(-K5*6O +/,/A-(*GA 

,/L6?-K (K6L/*6> +-/E(5. – 25? L/, 0.3-23. 

85. "=-A6*  .!., : K-+,-0M -F M06=6>A K */-(-

*-,-(*-? +-/E(/. – 25? L/, KG+.133, 0.51-58. 

86. #5E5,>* U.7., :-*5J/*4- ;.&., $ +,6?/*/-
*66 -F-FPI**GA .M*4R6B +,6 600=/(-K5*66 4-=/-
F5*6B 0)/,L*/B 0 4M0-@*--+-0)->**G?6 +5,5?/),5-
?6. – !,64=5(*5> ?/A5*645, 1971, 7, ^ 9, 70-76. 

87. #5E5,>* U.7., "=-A6*  .!., 85*5J46* #.7., 

SGL-K 7.U., !,6?/*/*6/ Q=/4),-**GA ?-(/=/B 4 

600=/(-K5*6O +/,/A-(*GA ,/L6?-K (K6L/*6> -(-

*-?/,*GA 060)/?. - 7*5=-<-K5> 6 5*5=-<--R6.,-K5> 
KG@60=6)/=H*5> )/A*645, 1971, KG+.4, 0.158-162. 

88. #5E5,>* U.7., "=-A6*  .!., "/=64 #.U., 

U=6>*6/ */-(*-,-(*-0)6 0-0)5K5 *5 +,-(-=H*G/ 
M06=6> K +-/E(/. - 2,. 1&&25, 1972. KG+.120, 0.21-27 

89. #5E5,>* U.7., "=-A6*  .!., X5A5,-K U.'., 

&)6* 8. ., 7K)-?5)6@/04-/ M+,5K=/*6/ K0+-?-<5-
)/=H*G?6 =-4-?-)6K5?6 -FW/(6*I**-<- +-/E(5. – 

25? L/, KG+.128, 0.3-11. 

90. "=-A6*  .!., $ +M04/ K A-( -FW/(6*I**GA 

+-/E(-K. – 25? L/, 0.12-31. 

91. #5E5,>* U.7., :-*5J/*4- ;.&., $ +,-(-=H-
*GA 4-=/F5*6>A -(*-?/,*-B 060)/?G M+,M<6A 

0)/,L*/B, 0-/(6*I**GA M+,M<6?6 0K>E>?6. – 25? 

L/. 0.125-136. 
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92. #5E5,>* U.7., :-*5J/*4- ;.&., $F-FPI*-

*G/ .M*4R66 K E5(5@5A 0)5)646 0)/,L*/B 0 4M0-@*--

+-0)->**-B LI0)4-0)HO. – 25? L/, 116-125. 

93. 85*5J46* #.7., "-*(5,/K 7.8., %5@5+M-

,6(E/ '.8., 7*5=6)6@/046/ 600=/(-K5*6> +,-(-=H-
*GA 06=, K-E*645OP6A K 0/@/*6>A K5<-*-K +,6 0--

M(5,/*6>A. – 25? L/, 0. 
94. #5E5,>* U.7., :-*5J/*4- ;.&., !,/-F,5E--

K5*6/ 5,<M?/*)5 K E5(5@5A - +-+/,/@*GA 4-=/F5*6>A 

0)/,L*/B. – !,64=5(*5> ?/A5*645, 1972, 8, ^ 7, 

0.66-73. 

95. #5E5,>* U.7., 85*5J46* #.7., 8G=H*6@M4 

'.7., !,6?/*/*6/ Q=/4),-**-<- ?-(/=6,-K5*6> K 

0)5)60)6@/046A 600=/(-K5*6>A +,-(-=H*GA 06=, 

(/B0)KMOP6A *5 K5<-*G +,6 +M04/ +-/E(5 K A-(. – 

U/0)*64 U'&&T25, 1972, ^ 5,0.21-23. 

96. 85*5J46* #.7., $+,/(/=/*6/ L/0)4-0)6 

0K>E6 +,6 600=/(-K5*6>A +/,/A-(*GA ,/L6?-K (K6-

L/*6> <,ME-KGA +-/E(-K, K5<-*G 4-)-,GA -F-,M(--

K5*G .,64R6-**G?6 +-<=-P5OP6?6 5++5,5)5?6 

5K)-0R/+46., - &EK/0)6> U3X-K, 0/,6> 85J6*--

0),-/*6/, 1972, ^ 1, 0.105-108. 

97. #5E5,>* U.7., "=-A6*  .!., "/=64 #.U., 

U=6>*6/ */-(*-,-(*-0)6 0-0)5K5 *5 +,-(-=H*G/ 
M06=6> +,6 Q40),/**-? )-,?-L/*66. - 2,. 1&&25, 
1973. KG+.143, 0.3-8. 

98. "=-A6*  .!., ;)5?F=/,  .#., : K-+,-0M -F 

M0)-B@6K-0)6 -) 0A-(5 0 ,/=H0-K =/<4-K/0*GA K5<--

*-K, (K6LMP6A0> K 0-0)5K5A )>L/=-K/0*GA +-/E(-K. 

– 25? L/, 0.13-16. 

99. 85*5J46* #.7., Z,@/*4- 7.U., ;45=-EMF 

U.U., 8-(/=6,-K5*6/ +,-(-=H*--6E<6F*GA 4-=/F5-
*6B 4ME-K-K K5<-*-K +,6 +,-(-=H*GA M(5,5A. - 25? 

L/. 0. 
100. #5E5,>* U.7., $ +/,/A-(*GA ,/L6?5A (K6-

L/*6> +-/E(5, 25? L/, KG+.152, 0.3-43. 

101. #5E5,>* U.7., SGL-K 7.U., "-<-?5E V.&., 

&00=/(-K5*6/ 0 +-?-PHO NU8 +M045 K A-( *5=6K-

*GA +-/E(-K.. – 25? L/, 0.44-53. 

102. 85*5J46* #.7., Z,@/*4- 7.U., &00=/(-K5-
*6> +,-(-=H*GA 4-=/F5*6B 5?-,)6E6,-K5**GA <,M-

E-K +,6 ),5*0+-,)6,-K4/. – 25? L/, 0. 
103. #5E5,>* U.7., "=-A6*  .!., "/=64 #.U., 

!,-(-=H*G/ 4-=/F5*6> */=6*/B*GA -(*-?/,*GA 

060)/? +,6 K-E?MP/*6>A, ,50+,-0),5*>OP6A0> 
K(-=H 6A (=6*G. – !,64=5(*5> ?/A5*645, 1973, 9, ^ 

6, 0.89-94. 

104. #5E5,>* U.7., 85*5J46* #.7., SGL-K 7.U., 

!,-(-=H*G/ 4-=/F5*6B M+,M<6A 0)/,L*/B  +,6 ,50-
+,-0),5*>OP6A0> K-E?MP/*6>A. - 25? L/, 1974, 10, 

^ 5, 0. 132-137. 

105. #5E5,>* U.7., 85*5J46* #.7., Z,@/*4- 

7.U., 16../,/*R65=H*G/ M,5K*/*6> ?/A5*6@/046A 

060)/? 0 +/,/?/**G?6 +5,5?/),5?6. - 25? L/, ^ 6, 

0.125-129. 

106. #5E5,>* U.7., :-*5J/*4- ;.&., $F-FP/*-

*G/ .M*4R66 K E5(5@5A ?/A5*646. – :6/K.: '5M4-K5 
(M?45, 1974, - 1900. 

107. #5E5,>* U.7., "/=64 #.U., 850=//K5 #.V., 

;)5?F=/,  .#., &00=/(-K5*6> +/,/A-(*GA ,/L6?-K 

(K6L/*6> +-/E(5. – 2,. "&28, 1974, KG+.26, 0.183-

189. 

108. #5E5,>* U.7., SGL-K 7.U., "-<-?5E V.&., 

%5@5+M,6(E/ '.8., Z,@/*4- 7.U., 8-(/=6,-K5*6/ 
+/,/A-(*GA ,/L6?-K (K6L/*6> +-/E(-K 0 L6(46?6 

6 )KI,(G?6 <,ME5?6. – 25? L/, 0.189-193. 

109. #5E5,>* U.7., 85*5J46* #.7., Z,@/*4- 

7.U., S5)*/, ".;., %5*6* 8.;.. "-*(5,/K 7.8., !,6-

?/*/*6/ Q=/4),-**-<- ?-(/=6,-K5*6> 4 600=/(-K5-
*6O 0=M@5B*GA */0)5R6-*5,*GA 4-=/F5*6B K5<-*-K 

K +-/E(/ 6 +,6 +,-(-=H*GA M(5,5A. – 25? L/, 0. 
110. #5E5,>* U.7., 85*5J46* #.7., Z,@/*4- 

7.U., &00=/(-K5*6/ 0=M@5B*GA +,-(-=H*--6E<6F*GA 

4-=/F5*66 -(*-?/,*GA 4-*0),M4R6B +,6 +,-(-=H-
*GA M(5,5A. – U 4*.: :-=/F5*6> M+,M<6A 4-*0),M4-

R6B 0 L6(4-0)HO, '-K-06F6,04: ;F. *5M@*GA (-4=5-
(-K 2-<- 06?+-E6M?5, 1974, 0.129-133. 

111. #5E5,>* U.7., "=-A6*  .!., $ ?5)/?5)6@/-
04-? ?-(/=6,-K5*66 (K6L/*6> +-/E(5 +- +/,/=-?5? 

+,-(-=H*-<- +,-.6=> +M)6. – 2,.8&&25, 1974, 

KG+.444, 0.83-123. 

112. #5E5,>* U.7., "=-A6*  .!..:5,545JH>* X.$.. 

:,6)64-K &.7., !/,J6* U.`., &00=/(-K5*6/ ,5F-)G 

<6(,-<5E-KGA +-<=-P5OP6A 5++5,5)-K )6+5 V7-

100? +,6 M(5,5A. – 2,.1&&25, 1975, KG+. 158, 0.34-

44. 

113. #5E5,>* U.7., !,6?/*/*6/ -F-FPI**GA 4--

-,(6*5) 4 600=/(-K5*6O KG*ML(/**GA 4-=/F5*6B 

0)/,L*/B. – 25? L/, 0.3-15. 

114. "=-A6*  .!., &)6* 8. ., 85*5J46* #.7, 

:/(,> 8.8., !,6?/*/*6/ Q=/4),-**-<- ?-(/=6,--

K5*6> 4 600=/(-K5*6O (6*5?6@/046A +,-R/00-K K 

-FW/(6*/**GA +-/E(5A 0 5K)-?5)6@/046 M+,5K=>/-
?G?6 K0+-?-<5)/=H*G?6 =-4-?-)6K5?6. – 25? L/, 
KG+.162/6, 0. 

115. #5E5,>* U.7.. ;)5?F=/,  .#., $ 0-F0)K/*-

*GA K/,)645=H*GA 4-=/F5*6>A +-/E(5 0 -(*-J5,-

*6,*G?6 ?/L(MK5<-**G?6 0-/(6*/*6>?6. – 25? L/, 
KG+. 169/21, 0.138-142. 

116. 85*5J46* #.7. &00=/(-K5*6/ 0 +-?-PHO 

NU8 +,-(-=H*GA 6 K/,)645=H*GA 4-=/F5*6B ,/.-

,6L/,5)-,*GA K5<-*-K +,6 +,-(-=H*GA M(5,5A. – 

25? L/, 0 
117. 85*5J46* #.7."-*(5,/K 7.8., 0 0)5)60)6-

@/046A 600=/(-K5*6>A +/,/A-(*GA ,/L6?-K (K6L/-
*6> +,6 )-,?-L/*6>A 0L5)GA +-/E(-K. – 25? L/, 0. 

118. #5E5,>* U.7.. 85*5J46* #.7., 85)/?5)6@/-
045> ?-(/=H 4-=/F5*6B 0=-L*GA -(*-?/,*GA ?*--

<-?500-KGA 060)/?. – U 4*.: 4-B U0/0-OE*GB 0W/E( 

+- )/-,/)6@/04-B 6 +,64=5(*-B ?/A5*64/. :6/K: 

'5M4-K5 (M?45, 1976,0.28. 

119. #5E5,>* U.7., 85*5J46* #.7., SGL-K 7.U.,. 

"-<-?5E V.&., !,-(-=H*G/ 4-=/F5*6> -(*-?/,*GA 

060)/? 0 +-=-0)>?6, 0-(/,L5P6?6 L6(4-0)H. – U 4*. 

:-=/F5*6> M+,M<6A 4-*0),M4R6B 0 L6(4-0)HO: ;F. 

'5M@*GA (-4=5(-K 3-<- 06?+-E6M?5, 8.:U-=*5, 
1976, 0. 47-50. 

120. 85*5J46* #.7., Z,@/*4- 7.U., &00=/(-K5-
*6/ 0 +-?-PHO 7U8 0=M@5B*GA +,-(-=H*--

6E<6F*GA 4-=/F5*6B K5<-*-K +,6 +,-(-=H*GA M(5-
,5A, - U 4*.: 16*5?645 6 +,-@*-0)H KG0-4-04-,-0)-
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*-<- *5E/?*-<- ),5*0+-,)5, :6/K, '5M4-K5 (M?45, 
1976., 0.31-36. 

121. 85*5J46* #.7., &00=/(-K5*6/ +,-(-=H*GA 

4-=/F5*6B -(*-?/,*GA 060)/? 0 +-(K6L*G?6 <,M-

E5?6 +,6 +/,/A-(*GA ,/L6?5A (K6L/*6>. – 25? L/, 
0 37-45. 

122. "-<-?5E V.&., SGL-K 7.U., !M04 K A-( +,/(-

K5,6)/=H*- ,50)>*M)GA *5=6K*GA +-/E(-K. – 25? L/, 
0.46-53. 

123. "=-A6*  .!., V,/F/*O4 !.2., :5,545JH>* 

X.$., ;)5?F=/,  .#., !/,J6* U.`., $ +/,/A-(*GA 

,/L6?5A (K6L/*6> +-/E(-K, -F-,M(-K5**GA <6(,--

<5E-KG?6 +-<=-P5OP6?6 5++5,5)5?6. – 25? L/, 
0.54-63. 

124. 85*5J46* #.7.. "-*(5,/K 7.8., N=/4),-*-

*-/ ?-(/=6,-K5*6/ )-,?-E*GA 06= +,6 0)5)60)6@/-
046A 600=/(-K5*6>A +/,/A-(*GA ,/L6?-K (K6L/*6> 
+-/E(-K. – 2,.1&&25, 1976, KG+. 182/22, 0.68-76. 

125. #5E5,>* U.7., "=-A6*  .!., : K-+,-0M - 

+,-/4)6,-K5*66 +,-(-=H*-<- +,-.6=> L/=/E*GA 

(-,-<. – 2,.1&&25, 1977, KG+.190/23, 0.71-73. 

126. 85*5J46* #.7., "-*(5,/K 7.8., :/(,> 
8.8., &00=/(-K5*6/ 0 +-?-PHO 7U8 06=, (/B0)-
KMOP6A *5 K5<-*G */-(*-,-(*-<- +-/E(5 +,6 +M04/ 
K A-( 6 Q40),/**-? )-,?-L/*66. – 25? L/,. 0. 

127. "=-A6*  .!., 85*5J46* #.7., 850=//K5 
#.V., : K-+,-0M - +-*6L/*66 +-,>(45 060)/?G (6.-

./,/*R65=H*GA M,5K*/*6B (K6L/*6> +-/E(5 +,6 

-R/*4/ 0)5)60)6@/046A A5,54)/,60)64 06=, (/B0)-
KMOP6A *5 K5<-*G K 0=M@5>A (K6L/*6> @/,/E +/,/-
=-?G +,-(-=H*-<- +,-.6=> +M)6. – 25? L/, 
KG+.195/24. 0.48-56. 

128. #5E5,>* U.7., "=-A6*  .!., &)6* 8. ., Z0-
+6*5  .U., '/4-)-,G/ ,/EM=H)5)G -+G)*GA +-/E(-4 

0 -FW/(6*I**G?6 +-/E(5?6 K Q40+=M5)5R6-**GA 

M0=-K6>A. –  U 4*. : 8/A5*645 *5E/?*-<- ),5*0+-,-

)5., 1977, 0.24-46. 

129. 85*5J46* #.7., $+,/(/=/*6/ -+)6?5=H*-B 

.-,?G 06=-K-B A5,54)/,60)646 K-EK,5P5OP6A M0)-
,-B0)K <6(,5K=6@/046A 5?-,)6E5)-,-K M(5,5 +,6 

0-M(5,/*6>A K5<-*-K, - 25? L/, 0.16-20. 

130. #5E5,>* U.7., [6=6++O4 ;.&., !M04 K A-( 

)>L/=-K/0*-<- +-/E(5, -0)5*-K=/**-<- *5 +-(WI?/. 
– U 4*.: '5<,ML/**-0)H, 4-=/F5*6> 6 +,-@*-0)H 
0=-L*GA ?/A5*6@/046A 060)/?, :6/K: '5M4-K5 (M?-

45, 1977, 0.88-94. 

131. 85*5J46* #.7., "-*(5,/K 7.8., U=6>*6/ 
+-(K6L*-0)6 <,ME-K *5 0)5)60)6@/046/ A5,54)/,6-

0)646 06=, (/B0)KMOP6A *5 K5<-*G 0L5)-<- +-/E(5 
+,6 Q40),/**-? )-,?-L/*66. – 25? L/, 0.. 

132. #5E5,>* U.7., '5M?/*4- '. ., %5@5+M,6(E/ 
'.8., 85)/?5)6@/04-/ ?-(/=6,-K5*6/ (K6L/*6> 
4-*K/B/,*-<- +-/E(5. – 25? L/, 1979, 0.85-92. 

133. 85*5J46* #.7., Z,@/*4-, 7.U., &00=/(--

K5*6/ <6(,-+*/K?5)6@/046A 5?-,)6E5)-,-K M(5,5 0 
+-?-PHO Q=/4),-**-<- ?-(/=6,-K5*6>. - U/0)*64 

?5J6*-0),-/*6>, 1977, ^ 6, 0.7-11 

134. 85*5J46* #.7. &00=/(-K5*6/ -0-F/**--

0)/B 4-=/F5*6B K5<-*-K, -F-,M(-K5**GA <6(,5K=6-

@/046?6 +-<=-P5OP6?6 5++5,5)5?6. – U 4*.: U--

+,-0G 600=/(-K5*6> *5(/L*-0)6 6 (6*5?646 Q=/-

?/*)-K ),5*0+-,)*GA ?5J6* 6 +-(K6L*-<- 0-0)5K5 
L/=/E*GA (-,-<, 2M=5, 2!&,1977, 0.50-57.  

135. "=-A6*  .!., 850=//K5 #.V., $ K-E?-L*-0)6 

+-*6L/*6> +-,>(45 060)/?G (6../,/*R65=H*GA 

M,5K*/*6B (K6L/*6> +-/E(5 +,6 K-E?MP/*66, ,50-
+,-0),5*>OP6?0> K(-=H /<- (=6*G. – 2,.1&&25. 
1978, KG+.199/25, 0.47-54. 

136. 85*5J46* #.7., :-=/F5*6> =6*/B*GA -(-

*-?/,*GA 060)/? 0 +-(K6L*G?6 <,ME5?6 +,6 +,--

(-=H*GA M(5,5A. - !,64=5(*5> ?5)/?5)645 6 ?/A5-
*645, 1978, ).42, KG+. 6, 0.1141-1145. 

137. 85*5J46* #.7., $+,/(/=/*6/ -+)6?5=H*--

<- 4-Q..6R6/*)5 06= */M+,M<-<- 0-+,-)6K=/*6> 
0L5)6O. – &EK/0)6> U3X-K: 85J6*-0),-/*6/, 1979, 

^ 6, 0.94-98. 

138. 85*5J46* #.7., :*GJ/*4- U.;., U=6>*6/ 
,500/>*6> Q*/,<66 K */=6*/B*GA 0-/(6*/*6>A 0 LI-
0)46?6 A5,54)/,60)645?6 *5 +,-(-=H*G/ 4-=/F5*6> 
-(*-?/,*GA ?*-<-?500-KGA 060)/? +,6 +M04/ 6A K 

A-(. 2,.1&&25, 1980, KG+.210/27, 0.35-42. 

139. #5E5,>* U.7., 85*5J46* #.7., $ +-*6L/-
*66 +-,>(45 060)/?G (6../,/*R65=H*GA M,5K*/*6B 

(K6L/*6> ?*-<-?500-K-B R/+-@46 )KI,(GA )/=. - 

!,64=5(*5> ?/A5*645, 1981, 17, ^ 3, 0.122-128. 

140. 85*5J46* #.7., :*GJ/*4- U.;., $F,5E-K5-
*6/ K-=* M(5,-K K */=6*/B*GA -(*-?/,*GA 060)/-
?5A +,6 ,50+,-0),5*>OP6A0> K-E?MP/*6>A. – U 4*.: 

'5<,ML/**-0)H 6 (6*5?6@/046/ 45@/0)K5 ?/A5*6@/-
046A 060)/?, :6/K: '5M4-K5 (M?45, 1981, 0.62-67. 

141. "=-A6*  .!., 85*5J46* #.7., UGF-, K,/-
?/*6 *5,50)5*6> 06=G, ,5EK6K5/?-B =-4-?-)6K-?. – 

U/0)*64 U'&&T25, 1982, ^ 2,0.26-27. 

142. "=-A6*  .!., 85*5J46* #.7., 16*5?645 +--

/E(5, - 8.:2,5*0+-,), 1982, 2220. 
143. 85*5J46* #.7., $ K=6>*66 0-+,-)6K=/*6> 

(K6L/*6O *5 06=G K 5K)-0R/+45A +,6 ),-<5*66 0 
?/0)5 -(*-,-(*GA ,50)>*M)GA +-/E(-K. – &EK/0)6> 
U3X-K: 85J6*-0),-/*6/, 1982, ^ 4, 0.90-94. 

144. 85*5J46* #.7., V,5*-K045> '.&. – 85)/?5-
)6@/045> ?-(/=H +-/E(5 (=> *5A-L(/*6> *5<,ML/*-

*-0)6 K5<-*5. - U 4*.: !,-F=/?G (6*5?646 6 +,-@-

*-0)6 +-(K6L*-<- 0-0)5K5., 1&&2,1984, 0.24-28 

145. 85*5J46* #.7., V,5*-K045> '.&., 850=//K5 
#.V., $ KG@60=/*66 K*/J*/B 06=G +,6 6*)/<,6,--

K5*66 0-4,5PI**-B 060)/?G (6../,/*R65=H*GA 

M,5K*/*6B (K6L/*6> +-/E(5. – U 4*.: !,-F=/?G (6-

*5?646, +,-@*-0)6 6 M0)-B@6K-0)6 (K6L/*6> L/-
=/E*-(-,-(*-<- +-(K6L*-<- 0-0)5K5., 1&&2, 1981, 

027-35. 

146. "=-A6*  .!., 85*5J46* #.7., ;)5?F=/, 

 .#., 850=//K5 #.V., 86A5B=/*4- U.8., V,5*-K045> 

'.&., S50@I)G 6 60+G)5*6> )>L/=-K/0*GA +-/E(-K. – 

8.:2,5*0+-,), 1986, 2610. 
147. 85*5J46* #.7., V,5*-K045> '.&., T54-K-

046B 7.1, :5=6*6@/*4-  .7., 85)/?5)6@/045> ?--

(/=H (=> 600=/(-K5*6> *5<,ML/**-0)6 +>)*64-K-<- 

ME=5 <,ME-K-<- K5<-*5 +,6 4-=/F5*6>A K K/,)645=H-
*-B +,-(-=FH*-B +=-04-0)6. – U 4*.: 16*5?6@/045> 
*5<,ML/**-0)H L/=/E*-(-,-L*-<- +-(K6L*-<- 0--

0)5K5. –  1&&2, 1988, 0.59-69. 
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148. "=-A6*  .!., 85*5J46* #.7., $ +,/(/=H-
*GA E*5@/*6>A M04-,/*6B (=> +5005L6,046A +-/E-
(-K. – U/0)*64 U'&&T25, 1989, ^ 1, 0.45-48. 

149. 85*5J46* #.7., V,5*-K045> '.&., 3,0M=>4 

#.U., $ +-*6L/*66 +-,>(45 M,5K*/*6B (K6L/*6> 
+-/E(5 +,6 -+,/(/=/*66 +,-(-=H*GA M04-,/*6B K 

(6**-0-0)5K*GA +-/E(5A. – U 4+.: :-=/F5*6> 6 (6-

*5?6@/046/ 45@/0)K5 L/=/E*-(-,-L*-<- +-(K6L*--

<- 0-0)5K5, 1&&2, 1989, 0.25-31. 

150. 85*5J46* #.7., V,5*-K045> '.&., 16../-
,/*R65=H*G/ M,5K*/*6> +,-0),5*0)K/**GA 4-=/F5-
*6B +-/E(5. - U 4+.: 8/A5*645 ),5*0+-,)5: K/0 +-/E-
(5, 04-,-0)H, F/E-+50*-0)H (K6L/*6>, 1&&2, 1994, 

0.15-25 

151. 85*5J46* #.7., V,5*-K045> '.&., :-=FM* 

U.U., !,-(-=H*G/ 6 K/,)645=H*G/ 06=G K +-/E(5A 6E 
+-,-L*6A +-=MK5<-*-K +,6 +/,/A-(*GA ,/L6?5A 

(K6L/*6>. – 25? L/., 0.25-33 

152. !J6*H4- 7.'., $ ?5)/?5)6@/04-B ?-(/=6 

(K6L/*6> +-/E(5 +,6 ,/J/*66 E5(5@6 6E*-05 4-=I0 
6 ,/=H0-K. – U 4,.: '5<,ML/**-0)H 6 +,-@*-0)H +-(-

K6L*-<- 0-0)5K5, 1&&2, 1998, 0.29-46. 

153. "=-A6*  .!., 85*5J46* #.7., V,5*-K045> 
'.&., 85)/?5)6@/04-/ ?-(/=6,-K5*6/ -F/E<,ML6K5-
*6> K5<-**GA )/=/L/4. – U/0)*64 U'&&T25, 1989, 

^ 5, 0.26-28. 

154. :-*5J/*4- ;.&., U506=6@/K5 2.U., :-E=-K5 
#.7., :-*/@*--Q=/?/*)*GB +-(A-( 4 600=/(-K5*6O 

+/,/A-(*-<- ,/L6?5 K +-/E(/ +,6 )-,?-L/*6>A 6 

(K6L/*66 +- +/,/=-?5? +,-(-=H*-<- +,-.6=> +M)6. 

– 2,. 1&&25, 1991, KG+. 281/32, 0. 10-14. 

155. "=-A6*  .!., &00=/(-K5*6/ 0 +-?-PHO 

NYU8 +M045 K A-( +,/(K5,6)/=H*- 0L5)-<- +-/E(5, 
M 4-)-,-<- =-4-?-)6KG ,50+,/(/=/*G +- (=6*/. ;F. 

«'/4-)-,G/ E5(5@6 ?/A5*646 04-,-0)*-<- ),5*0-
+-,)5», «'5M4-K5 (M?45», :6/K, 1970. – 0.135-141. 

156. "=-A6*  .!., : K-+,-0M )-,?-L/*6> -FW/-
(6*I**GA +-/E(-K, 2,.1&&25, KG+.137, 1*/+,-+/)-
,-K04, 1971. – 0.11-19. 

157. "=-A6*  .!., $F M06=6>A +,6 ),-<5*66 -FW-

/(6*I**-<- 0),-/**-<- +-/E(5, 2,.1&&25, KG+.137, 

1*/+,-+/),-K04, 1971. – 0.3-10. 

158. "=-A6*  .!., !,-(-=H*G/ M06=6>, K-E*6-

45OP6/ K -FW/(6*I**-? 0(K-/**-? +-/E(/ +,6 ,/-
<M=6,-K-@*GA )-,?-L/*6>A, 2,.1&&25, KG+.133, 

1*/+,-+/),-K04, 1971. – 0.59-67. 

159. #5E5,>* U.7., "=-A6*  .!., X5A5,-K U.'., 

&)6* 8. ., 7K)-?5)6@/04-/ M+,5K=/*6/ K0+-?-<5-
)/=H*G?6 =-4-?-)6K5?6 -FW/(6*I**-<- +-/E(5, 
2,.1&&25, KG+.128, 1*/+,-+/),-K04, 1971. 

160. "=-A6*  .!., \)- +-45E5= -+G) K-L(/*6> 
-FW/(6*I**GA +-/E(-K. – T/( ),5*0+-,) – 1972, ^3. 

– 0.54-56. 

161. "=-A6*  .!., &*-E/?R/K  .`., ;)5?F=/, 

 .#., 3,0M=>4 #.U., $F -(*-? K-E?-L*-? 0+-0-F/ 
F/E-+50*-<- K-L(/*6> )>L/=-K/0*GA <,ME-KGA +--

/E(-K. U/0)*64 U'&&T2, ^3. – 8.: 2,5*0+-,), 
1987. 0.12-14. 

162. "=-A6*  .!., V,/F/*O4 !.2., 16*5?645 +--

/E(5/T/=/E*-(-,-L*GB ),5*0+-,): N*R64=-+/(6>. 

8: "-=HJ5> S-006B045> Q*R64=-+/(6>, 1994. 0.113-

116. 

163. "=-A6*  .!., !,-(-=H*G/ *5<,ME46 +,6 +/-
,/A-(*GA ,/L6?5A (K6L/*6> +-/E(5. X5=CE*6@*6B 

),5*0+-,) 34,5D*6. 2000. - ^3. – 0.8-11. 

164. "=-A6*  .!., U=6>*6/ */-(*-K,/?/**-<- 

K4=O@/*6> =-4-?-)6K-K *5 M06=6> K 0(K-/**-? +--

/E(/. T/=/E*-(-,-L*GB ),5*0+-,). – 1970, ^12. – 

0.24-26. 

165. "=-A6*  .!., UG@60=/*6/ 0 +-?-PHO 

NYU8 M06=6B, K-E*645OP6A +,6 +M04/ K A-( */-(-

*-,-(*GA +-/E(-K K/0-? 10-20 )G0>@ )-**. 

2,.1&&25, KG+.128, 1*/+,-+/),-K04, 1971. – 0.31-

36. 

166. "=-A6*  .!., "/=64 #.U., ;)5?F=/,  .#., 

850=//K5 #.V., V,/F/*O4 !.2., : E5(5@/ - ,/<M=6,--

K-@*-? )-,?-L/*66 +-/E(5, (K6LMP/<-0> +- +M)6 

=-?5*-<- +,-.6=>. ;F. *5M@. ),M(-K 1&&2, 

KG+.152, 1*/+,-+/),-K04, 1973. – 0.79-85. 

167. "=-A6*  .!., 850=//K5 #.V., $F M0),-B0)K/ 
0-+,>L/*6B *5 +/,/=-?5A +,-(-=H*-<- +,-.6=> 
+M)6. 2,5*0+-,)*-/ 0),-6)/=H0)K-, ^3, 1982. – 0.46-

47. 

168. "=-A6*  .!., Z,@/*4- 7.U., `*<M=-K '.!., 

16../,/*R65=H*G/ M,5K*/*6> +,-0),5*0)K/**GA 

4-=/F5*6B -(*-?/,*GA ?/A5*6@/046A 060)/? 0 +/-
,/?/**G?6 +5,5?/),5?6. !,64=5(*5> ?/A5*645. 
2.XX, ^1, 1984. – 0.106-111. 

169. "=-A6*  .!., :5*)-, &.&., ;)5?F=/,  .#., 

3,0M=>4 #.U., ;-+,>L/*6/ Q=/?/*)-K +,-(-=H*-<- 

+,-.6=> 04-,-0)*GA L/=/E*GA (-,-<. 2,5*0+-,)*-/ 
0),-6)/=H0)K-. ^10, 1987. – 0.8-11. 

170. "=-A6*  .!., :5*)-, &.&., 3,0M=>4 #.U., : 

-F-0*-K5*6O *-,? 0-+,>L/*6> Q=/?/*)-K +,-(-=H-
*-<- +,-.6=> +M)6 KG0-4-04-,-0)*-B 0+/R65=6E6-

,-K5**-B ?5<60),5=6. 2,5*0+-,)*-/ 0),-6)/=H0)K-. 

^7. – 8.:2,5*0+-,), 1991. – 0.12-15. 

171. "=-A6*  .!., T/=/E*-K :.&., 3,0M=>4 #.U., 

8-(/=6,-K5*6/ Q40+=M5)5R6-**GA ,/L6?-K )-,?--

L/*6>. 8/LKME-K046B 0F. *5M@*. ),., - 1*/+,-+/)-
,-K04, 1994. – 0.90-95. 

172. "=-A6*  .!., :5*)-, &.&., ;)5?F=/,  .#., 

3,0M=>4 #.U., $ 4-,,/4)6,-K4/ */4-)-,GA M@50)4-K 

+,-(-=H*-<- +,-.6=> KG0-4-04-,-0)*-B +5005L6,-

04-B ?5<60),5=6. 8/LKME-K046B 0F. *5M@*. ),., - 

1*/+,-+/),-K04, 1995. – 0.4-11. 

173. "=-A6*  .!., 3,0M=>4 #.U., #MA5*6* 8.&., 

$ )-,?-L/*66 (=6**-0-0)5K*GA +-/E(-K. «X5=CE*6-

@*CB ),5*0+-,) 34,5D*6». ^5, 2008. 0.19-21. 

174. T/=/E*-K :.&., 3,0M=>4 #.U., '-KGB +-(-

A-( 4 ,/J/*6O E5(5@6 - ?-(/=6,-K5*66 +,-(-=H*-B 

(6*5?646 6 +-0)M+5)/=H*-<- (K6L/*6> +-/E(5. 
UC0*64 1aa2M, K6+.8, 1*C+,-+/),-K0H4, 2005, 0.107-

112. 

175. T/=/E*-K :.a., 3,0M=>4 #.U., 7=<-,6)? -+-

)6?CE5RCD ,/L6?M ,MAM +-DE(5. XFC,*64 *5M4-K6A 

+,5RH «2,5*0+-,)», K6+.10, 1*C+,-+/),-K0H4, 2002, 

0.81-86. 

176. 8-(/=6,-K5*6/ (6*5?646 ,/=H0-KGA Q46-

+5L/B [)/40)]/ ;.U.8>?=6*. – 1. – '-K5> 6(/-=-<6>, 
2002. – 240 0. 
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177. "=-A6*  .!., !J6*H4- 7.'., 8>?=6* ;.U., 

3,0M=>4 #.U., V,5*-K045> '.&., 8-(/=6,-K5*6/ 
(K6L/*6> +-/E(5 K 5K5,6B*GA 06)M5R6>A. TM,*5= 

«X5=CE*6@*6B ),5*0+-,)» ^ 2, 2005, 0. 16-18. 

178. "=-A6*  .!., !J6*H4- 7.'., 8>?=6* ;.U. 6 

(,., 8-(/=6,-K5*6/ (K6L/*6> +-/E(5 K 5K5,6B*GA 

06)M5R6>A / X5=CE*6@*6B ),5*0+-,) 34,5D*6. – 2005. 

- ^2 – 0.16-18. 

179. T/=/E*-K :.&., 3,0M=>4 #.U., V=MA-K U.U., 

"5F54-K5 $.U., 2,/*5L/,*GB 4-?+=/40 – 0-K,/?/*-

*GB 0+-0-F -FM@/*6> 6 +-KGJ/*6> 4K5=6.645R66 

?5J6*60)-K =-4-?-)6K-K. TM,*5= «#-4-?-)6K-

6*.-» ^ 3, 2005. 

180. T/=/E*-K :.&., 3,0M=>4 #.U., 8-(/=6,-K5-
*6/ )-,?-E*GA 060)/? +-/E(5 (=> +,-<,5??*--

5++5,5)*-<- 4-?+=/405 «2,/*5L/, ?5J6*60)5». 

8/LKME-K046B 0F-,*64 *5M@*GA ),M(-K, «'5<,M-

L/**-0)H 6 +,-@*-0)H +-(K6L*-<- 0-0)5K5», 1*/+-

,-+/),-K04, 1&&2, 1998<. 
181. "=-A6*  .!., 3,0M=>4 #.U., T/=/E*-K :.&., 

:-<(5 K5<-* )/,>/) M0)-B@6K-0)H. U5<-*G 6 K5<-*-

*-/ A-E>B0)K-, ^ 2, 2008, 8., 0.36-39. 

182. T/=/E*-K :.&., 3,0M=>4 #.U., 8-(/=6,-K5-
*6/ ,5F-)G =-4-?-)6K-K GT26CW 6 )-,?-E*-B 060-
)/?G :*-,, K ),/*5L/,/ ?5J6*60)5. XFC,*64 *5M4--

K6A +,5RH “2,5*0+-,)”, U6+. 6, 1*C+,-+/),-K0H4, 

2000. 
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 !" 629.4:016.12 

 . !. "#$%&', (.).*., +,-./0-,, 1&&2 (34,56*5); 
7. '. !8&'9:$, (.).*., +,-./00-,, 1&&2 (34,56*5); 
;. ;. <:7#$=3", (.).*., +,-./00-,, 1&&2 (34,56*5) 

#$% #%&- ' ()$#*&%+$#$*,-.'$ /$0&!1 2&3!$)'4 

5&$6!&2 2  %7&2'48 &50&2&*& #1)", (7$"0#&()$#*''

>-?,-@A/*- B)-C*/*B D-(/AE ,-?,5FB*4B ,/G6DHI )JK6 ? B,5FBI5**JD I5,)-0)H J4 54)6I*-L, )54 H ,/54)6-

I*-L /*/,KHL I BD-I5F ?50)-0BI5**J ?DH**6F )5,6.HI -+A5)6 /A/4),-/*/,KHL. 

>5?,5@-)5*5 B)-C*/**5J D-(/AE ,50C/)5 ,/G6D-I )JK6 0 BC/)-D 0)-6D-0)6 454 54)6I*-M, )54 6 ,/54)6I-

*-M N*/,K66 I B0A-I6JF +,6D/*/*6J +/,/D/**OF )5,6.-I -+A5)O NA/4),-N*/,K66. 

The specified model of traction’s modes computation, which takes into account the cost of active and reactive 

energy in the conditions of application of variable tariffs for electric power payment of is developed. 

29:;:<=: 

;O@-, -+)6D5AE*OF ,/G6D-I I-G(/*6J +--

/?(-I JIAJ/)0J -(*-M 6? -0*-I*OF ?5(5C G/A/?-
*-(-,-G*-K- ),5*0+-,)5.  / 0-(/,G5*6/ +--

0)-J**- ,50P6,J/)0J 6 B)-C*J/)0J, I ?5I606D--

0)6 -) 0)/+/*6 BC/)5 B0A-I6M 6 ),/@-I5*6M 4 

+,-Q/00B +/,/I-?46. ; *50)-JR/M ,5@-)/ +,/(-

0)5IA/*O ,/?BAE)5)O 600A/(-I5*6M I -@A50)6 

0-?(5*6J 0-I,/D/**OF ,/0B,0-- 6 N*/,K-0@/,/-
K5SR6F )/F*-A-K6M I-G(/*6J +-/?(-I I B0A--

I6JF ,5@-)O G/A/?*OF (-,-K *5 $+)-I-D >O*4/ 
TA/4),-N*/,K66 ($>T), 5 )54G/ +- 0-?(5*6S 

)/F*-A-K66 -,K5*6?5Q66 +,-Q/005 +/,/I-?-4 +- 

0)-6D-0)*OD +-45?5)/AJD. 74)B5AE*-0)E N)-M 

+,-@A/DO ,5?I6)6J 6 0-I/,P/*0)I-I5*6J D/)--

(-I B+,5IA/*6J (I6G/*6/D +-/?(-I 0IJ?5*5 0 
*/-@F-(6D-0)ES 60+-AE?-I5*6J 4,6)/,6/I D6-

*6DBD5 0)-6D-0)6 NA/4),-N*/,K66, +-),/@A/*-

*-M *5 )JKB +-/?(-I, I )- I,/DJ 454 I @-AEP6*-

0)I/ 0ABC5/I +,6D/*JS) 4,6)/,6M D6*6DBD5 
+-),/@A/*6J N*/,K66. !,6 +/,/D/**OF )5,6.5F 

*5 NA/4),-N*/,K6S I $>T (,5?A6C6/ Q/*O +- 

+/,6-(5D 0B)-4, 5 I */4-)-,OF 0ABC5JF 6 *5 
,5?A6C*OF G/A/?*-(-,-G*OF +-A6K-*5F) ?5(5-
C5 ,50C/)5 -+)6D5AE*OF +- 0)-6D-0)6 ,/G6D-I 

I/(/*6J +-/?(-I 0BR/0)I/**- B0A-G*J/)0J. '5-
,J(B 0 N)6D I-?*645S) (-+-A*6)/AE*O/ +,--

@A/DO +- 6?D/*/*6S +A5*6,-I5*6J 6 -,K5*6-

?5Q66 +,-Q/005 +/,/I-?-4. 

74)B5AE*-0)E 0)-6D-0)*-M -+)6D6?5Q66 +/-
,/I-?-4 -@B0A-IA/*5 )54G/ 6 )/D, C)- G/A/?*--

(-,-G*OM ),5*0+-,) 34,56*O N)- -(6* 6? ?*5-
C6)/AE*OF I 0),5*/ +-),/@6)/A/M )-+A6I*--

N*/,K/)6C/046F ,/0B,0-I. !-N)-DB 0-4,5R/*6/ 
N40+AB5)5Q6-**OF ,50F-(-I – I5G*/MP// *5-
+,5IA/*6/ +-IOP/*6J N../4)6I*-0)6 G/A/?-

*-(-,-G*-K- ),5*0+-,)5. !- -Q/*45D N40+/,-

)-I 34,?5A6?*OQ6, IO+-A*/**-M I B0A-I6JF 

2007 K-(5, +/,/F-( G/A/?*OF (-,-K 34,56*O I 

$>T -@/0+/C6I5A /G/K-(*BS N4-*-D6S 

0,/(0)I (- 50 DA*. (-AA. '5C6*5J 0 *-J@,J 2006 

6 (- 4-*Q5 2007 K. )545J N4-*-D6J 0-0)5I6A5 
-4-A- 10 DA*. (-AA. ; *// IF-(6A6 N4-*-D6J 
0,/(0)I -) ?54B+46 NA/4),-N*/,K66 0 -+)-I-K- 

,O*45, (-F-(O -) +/,/(5C6 NA/4),-N*/,K66 0/-
)JD6 G/A/?*OF (-,-K -@A50)*OD +-0)5IAJS-

R6D 4-D+5*6JD. ; )- G/ I,/DJ I*/(,/*6/ 
7<:3T (060)/D 4-DD/,C/04-K- BC/)5 N*/,K66) 

(-0)6KA- 80…95 % (+- (-,-K5D), 5 .6*5*0-IO/ 
IA-G/*6J 0-0)5I6A6 -4-A- 5 DA*. (-AA. 

;O+-A*/**O/ 600A/(-I5*6J +- 5*5A6?B 0)--

F50)6C/046F +5,5D/),-I Q/*O NA/4),-N*/,K66 

*5 -+)-I-D ,O*4/, +- D-(/A6,-I5*6S 6 -+)6-

D6?5Q66 (I6G/*6J +-/?(5 0 BC/)-D 0)-F50)6C/-
046F 0I-M0)I *5+,JG/*6M *5 )-4-+,6/D*64/ 
+,6 BC/)/ */-@F-(6D-0)6 -+A5)O 54)6I*-M 6 

,/54)6I*-M N*/,K66 6 (,., 0I6(/)/AE0)IBS) - 

0BR/0)I/**OF -0-@/**-0)JF )/F*-A-K6M 6 D/-
)-(-I I-G(/*6J +-/?(-I I B0A-I6JF +/,/D/*-

*OF )5,6.-I +- 4,6)/,6S D6*6DBD5 0)-6D--

0)6 +-),/@A/**-M *5 )JKB NA/4),-N*/,K66. ; 

,5?,5@-)5**OF 6 +,/(A5K5/DOF ?(/0E )/F*-A--

K6JF BC)/*O D*-K--@,5?*O/ .54)-,O, 4-)-,O/ 
I (-AG*-M 0)/+/*6 -+,/(/AJS) 0-(/,G5*6/ ?5-
(5C6 -+)6D5AE*-K- I-G(/*6J +-/?(-I. <A-G-

*-0)E N)-M ?5(5C6, I +/,IBS -C/,/(E, -+,/(/AJ-
/)0J +-A*-)-M BC/)5 0-I-4B+*-0)6 F5,54)/,6-

?BSR6F ,50C/)*OM BC50)-4 .54)-,-I, D-(/AES 

+-/?(5, ,5?*--@,5?*OD6 .54)-,5D6 6 B0A-I6J-
D6 +,-Q/005 (I6G/*6J +-/?(5 +- +/,/D/**-DB 

+,-.6AS +B)6, 5 )54G/ I-?*645SR6F +,6 N)-D 

06A5F 6 (,. ; ?5I606D-0)6 -) Q/A/M B+,5IA/*6J, 
(-0)-I/,*-0)6 6D/SR6F0J (5**OF (AJ ,50C/)5 
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-+)6D5AE*OF ,/G6D-I )JK6, I ,5@-)/ +,6D/*J-
S)0J ,5?A6C*O/ D/)-(O, -0*-I5**O/ *5 D-(/-
AJF */+,/,OI*-K-, (604,/)*-K- -+)6D5AE*-K- 

B+,5IA/*6J, 5 )54G/ 0D/P5**OF - (604,/)*--

*/+,/,OI*OF. :,-D/ )-K-, ,5?,5@-)5*O D-(/A6 

6 D/)-(O +- .-,D6,-I5*6S ,5Q6-*5AE*-K- 

B+,5IA/*6J I/(/*6/D +-/?(5 *5 -0*-I/ -@-@-

R/*6J (5**OF 4-*),-AE*OF +-/?(-4, 4-)-,O/ 
60+-AE?BS) 5(5+)6I*O/ +-(F-(O 060)/D 604B0-
0)I/**-K- 6*)/AA/4)5, I C50)*-0)6, +,-Q/(B,O 

*/C/)46F N40+/,)*OF 060)/D +- IO@-,B ,/G6-

D-I )JK6. 

>500D-),/*5 +,-@A/D5 4-D+/*05Q66 ,/54-

)6I*-M D-R*-0)6 I 060)/D5F NA/4),-0*5@G/*6J 

I 0IJ?6 0- 0)-6D-0)*-M -+)6D6?5Q6/M ,/G6D-I 

I-G(/*6J +-/?(-I. 1AJ 60+-AE?-I5*6J B)-C-

*/**-K- .B*4Q6-*5A5 ?5(5C6 ,50C/)5 -+)6-

D5AE*OF +- 0)-6D-0)6 ,/G6D-I )JK6 +- (5*-

*OD -+O)*OF +-/?(-4 *5 ;#-80) +-0),-/*O 

D5)/D5)6C/046/ D-(/A6 4-N..6Q6/*)5 D-R*--

0)6, C)- -@/0+/C6A- I-?D-G*-0)E BC/)5 ,5?A6-

C6J 0)-6D-0)6 54)6I*-M 6 ,/54)6I*-M N*/,K66.  

>5?,5@-)5**5J )/F*-A-K6J I/(/*6J +-/?(-I 

+- 4,6)/,6S D6*6DBD5 0)-6D-0)6 NA/4),--

N*/,K66 +,-K,5DD*- ,/5A6?-I5*5. '5 -0*-I/ 
(5**OF - G/A/?*-(-,-G*-D +-A6K-*/, +-/?(/, 
A-4-D-)6I/, I,/D/*6 (I6G/*6J, -K,5*6C/*6JF 

+- 04-,-0)6, +,6D/*J/DOF )5,6.5F *5 NA/4),--

N*/,K6S 6 (,. ,500C6)OI5/)0J -+)6D5AE*OM +- 

0)-6D-0)6 ,/G6D I/(/*6J +-/?(5 I I6(/ 45,)O 

BC50)4-IOF 04-,-0)/M 6A6 +/,/K-**OF I,/D/* 

F-(5. >/5A6?-I5*5 .B*4Q6J 0,5I*6)/AE*-K- 

5*5A6?5 ,/G6D-I I/(/*6J +- ,5?A6C*OD 4,6)/-
,6JD, 5 )54G/ .B*4Q6J +- -Q/*4/ N4-*-D6C/-
04-M N../4)6I*-0)6 +,6D/*/*6J +/,/D/**OF 

)5,6.-I (AJ ?5(5**-K- K,5.645 (I6G/*6J +-/?-
(-I 6 G/A/?*-(-,-G*-K- +-A6K-*5. 

!,6I/(/**O/ *6G/ D*-K-C60A/**O/ (5**O/ 
,50C/)-I 0I6(/)/AE0)IBS) - 0BR/0)I/**-D ,5?-
A6C66 ,/G6D-I I-G(/*6J +-/?(-I +- 4,6)/,6-

JD D6*6DBD5 0)-6D-0)6 6 NA/4),-+-),/@A/*6J, 
+-ABC/**O/ ,/?BAE)5)O D-KB) @O)E -0*-I-M 

D/)-(646 -Q/*46 N4-*-D6C/04-M N../4)6I*--

0)6 +,6D/*/*6J +/,/D/**OF )5,6.-I 6 0)-6-

D-0)*-M -,K5*6?5Q66 +,-Q/005 +/,/I-?-4 *5 
NA/4),6C/046F G/A/?*OF (-,-K5F 6 B0A-I6M 

$>T, 5 )54G/ 0-?(5*6J )54-M )/F*-A-K6. 

8>?>@A:?=BA=@= C>;>D= 9EFG?> GHA=I>JK-

<EL ?:M=IG9 9:;:<=N HG:C;G9 (=>;!) 

<-(/,G5*6/ 6 0),B4)B,5 =>;!, +,60B)0)I6/ 
I */M .54)-,-I 0ABC5M*-0)6 6 */-+,/(/A/**--

0)6 +5,5D/),-I 6 (,., +-?I-AJ/) 4A5006.6Q6,--

I5)E // 454 ?5(5CB 0)-F50)6C/04-K- -+)6D5AE-
*-K- B+,5IA/*6J [1, 2]. ;- D*-K6F 600A/(-I5-

*6JF -*5 ,500D5),6I5/)0J I (/)/,D6*6,-I5*-

*-M +-0)5*-I4/ [2, 3] 6A6 G/ 0ABC5M*O/ 
F5,54)/,60)646 (*5+,JG/*6J *5 )-4-+,6/D*6-

4/, D5005 +-/?(5, +5,5D/),O +-/?(-+-)-45 6 (,. 

[4]) ?5D/*JS)0J ?*5C/*6JD6, 4-)-,O/ 0--)I/)-
0)IBS) D5)/D5)6C/046D -G6(5*6JD. ; ,5@-)/ 
[4] @OA- B45?5*-, C)- I 06AB */IO+B4A-0)6 

II/,F .B*4Q6M, -+,/(/AJSR6F D-(/AE =>;! (I 

C50)*-0)6, )JK-IOF 6 )-4-IOF F5,54)/,60)64 

NA/4),-+-(I6G*-K- 0-0)5I5 (T!<) [8], 5 )54G/ 
0+-0-@5 IF-G(/*6J N)6F F5,54)/,60)64 I D-(/-
A6 ?5(5C6) 6 */IO+-A*/*6J */,5I/*0)I &/*0/*5 
[5] +/,/F-( 4 (/)/,D6*6,-I5**-DB 5*5A-KB 60-
F-(*-M ?5(5C6 ),/@B/) 0),-K-K- -@-0*-I5*6J, 
+-04-AE4B ?(/0E I-?D-G*O 0ABC56 */0--)I/)0)-
I6J ,/P/*6M, +-ABC/**OF (AJ 0)-F50)6C/04-M 6 

(/)/,D6*6,-I5**-M .-,DBA6,-I-4 ?5(5C6 

=>;!. 

;5G*OD JIAJ/)0J I-+,-0 - 4-,,/4)*-0)6 

BC/)5 0)-F50)6C/046F 4-D+-*/*)-I ?5(5C6 

=>;!, 4-)-,OM +-(,-@*- ,500D-),/* I [4]. ;O-

+-A*/**O/ ,50C/)O +- +-0),-/*6S ,/G6D*OF 

45,) (I6G/*6J +5005G6,046F NA/4),-+-/?(-I 0 
BC/)-D 0ABC5M*-K- F5,54)/,5 *5+,JG/*6M *5 
)-4-+,6/D*64/ T!< +-()I/,(6A6 +-A-G/*6J 

,5@-)O [5]. !,6C/D I */4-)-,OF 6? *6F @OA5 
B0)5*-IA/*5 */B0)-MC6I-0)E -+)6D5AE*OF ,/-
P/*6M – 6?D/*/*6/ F5,54)/,5 ?54-*5 B+,5IA/-
*6J (?*5C/*6M )-4-I *5 ,5?A6C*OF +-?6Q6JF 

4-*),-AA/,5) +,6 I5,65Q66 *5+,JG/*6M *5 )--

4-+,6/D*64/. ; 0IJ?6 0 N)6D @OA6 ,500C6)5*O 

,/G6D*O/ 45,)O (I6G/*6J, -0*-I5**O/ *5 
(IBFN)5+*-M D-(/A6 ?5(5C6 [3, 5], ,/5A6?BSR/M 

IO@-, )54-K- -+)6D5AE*-K- B+,5IA/*6J, (AJ 

4-)-,-K- -G6(5/DOM ,50F-( NA/4),-N*/,K66 

(6A6 G/ // 0)-6D-0)E) *5 (I6G/*6/ +-/?(5 0 
BC/)-D */6?@/G*-M 4-,,/4)6,-I46 @B(/) *56-

D/*EP6D. 

<A/(BJ [1, 8], 0C6)5/D, C)- 060)/D5 (6../-
,/*Q65AE*OF B,5I*/*6M I6(5 (1) 6 *5C5AE*O/ 
B0A-I6J (2) [7], -+60OI5SR6/ (I6G/*6/ +-/?(5 
454 K6@4-M *6)6 (A6*O nL  0 +-K-**-M D500-M 

),(zpn  nLz   0 , +B)/D 4-*/C*-,5?*-0)*-M 

5++,-406D5Q66 +- +5,5D/),B “F”: 

xk khxX !! { , },...,2,1,0 xnk ! , +,6I/(/*O 4 

I6(B */A6*/M*-M D-(/A6 0)-F50)6C/04-K- +,--

K,5DD6,-I5*6J (='<!):  
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;)0( 0xx ! ;)0( 0vv ! 0)0( '!' .                          (2) 

 

$0)5AE*O/ 4-D+-*/*)O +,6I/(/**-M *6G/ 
D-(/A6 )54G/ ?5+60OI5S)0J I 0--)I/)0)IBS-

R/D (604,/)6?6,-I5**-D +,/(0)5IA/*66. 

=(/0E: x, t – 4--,(6*5)O +B)6 6 I,/D/*6; 

"),( txu B+,5IA/*6/ (*-D/, +-?6Q66 4-*),-A-

A/,5); "v 04-,-0)E Q/*),5 D500 +-/?(5; 
"Qq, D500O A-4-D-)6I5 6 +-/?(5; "# 4-N..6-

Q6/*) 6*/,Q66 I,5R5SR6F0J D500; 
,1000/g!%  "g  B04-,/*6/ 06AO )JG/0)6; 

"eF 06A5 )JK6 A-4-D-)6I5; "(*)W 0-+,-)6IA/-
*6/ +-0)B+5)/AE*-DB (I6G/*6S +-/?(5; TB – 

(/M0)IBSR5J *5 +-/?( )-,D-?*5J 06A5; "' )/D-

+/,5)B,5 +/,/K,/I5 )JK-IOF NA/4),-(I6K5)/A/M; 

!'*  UV; "DD IT ,  )/+A-IO/ F5,54)/,60)646 6 

)-4 )JK-I-K- NA/4),-(I6K5)/AJ [1, 8]; "(*)CU  

*5+,JG/*6/ 4-*)54)*-M 0/)6; "& 0-I-4B+*-0)E 
0ABC5M*OF .54)-,-I ?5(5C6; );,,( Ce Uuvx !  

);,,( uvxxw !  ),,),(,( '
CB Uutkvx !  ")(' tk  0BD-

D5,*5J 06A5 *5G5)6J )-,D-?*OF 4-A-(-4.  

!,/(0)5I6D ?5(5CB =>;! 0 B,5I*/*6JD6 

(I6G/*6J (1) – (2) I 0A/(BSR/D I6(/ 
 

!),,,( tuvxF  min,)](*),([ (& tCuAM              (3) 

K(/ 

) *
+$

!
SX

X

aaC

tuxv

dxIxtuvxItxU
A

0

),,(

(*)))(),,,(),((
(*) ; 

"(*)aI 54)6I*OM )-4 NA/4),-I-?5, "+ )(x  N4I6-

I5A/*)*-/ 0-+,-)6IA/*6/ )JK-I-M 0/)6, 

")(tC )5,6.O -+A5)O NA/4),-N*/,K66, M[*] – 

?*54 D5)/D5)6C/04-K- -G6(5*6J. $K,5*6C/*6J 

?5(5C6 ?5(5S) 0A/(BSR6/ D*-G/0)I5: 
"uG D*-G/0)I- B+,5IA/*6M (+-?6Q66 4-*),-A-

A/,5); -K,5*6C/*6/ *5 -@A50)E (-+B0)6DOF .5-
?-IOF ),5/4)-,6M, 4-)-,-/ ?5(5S) -)*-P/*6J   

;{ 0 SXVT xxxG   !  );,(0 max txvv  ,  

}0 max' ', ; "Sx  4-*/C*5J 4--,(6*5)5 ,50-
0D5),6I5/D-K- BC50)45 +B)6; -K,5*6C/*6J *5 
I-?D-G*O/ B+,5IA/*6J ),( txu  I 0--)I/)0)I66 0 
),/@-I5*6JD6 )/F*6C/04-M N40+AB5)5Q66 )JK--

IOF (I6K5)/A/M; -@A50)E (-+B0)6DOF B+,5IA/-
*6M ,5I*5 ;(*){ max

DDIFK IIG  !   ;)()( qvxF kee -   

})()(),("
okk qvvutK - . ; (-+B0)6DOM )-4 

max
DI" , "oq  *5K,B?45 *5 -0E N46+5G5, "- )(kk  

4-N..6Q6/*) 0Q/+A/*6J 4-A/05 0 ,/AE0-D, 

""K  06A5 *5G5)6J )-,D-?*OF 4-A-(-4 4-A/0-

*-M +5,O, ". )(vk  4-N..6Q6/*) ),/*6J )-,-

D-?*-M 4-A-(46 - 4-A/0-;  

 

*

0

),,(
)( T

tuxv

dx
uT

SX

X

X  ! * ,                                   (4) 

-K,5*6C/*6/ +- I,/D/*6 F-(5 *T .  

<)-F50)6C/045J +,6,-(5 6 */-+,/(/A/**O/ 
.54)-,O ?5(5C6 BC6)OI5S)0J I/4)-,-D & , 4--

)-,OM I4ASC5/) F5,54)/,60)646 +-/?(-+-)-45 
*5 BC50)4/ 6 ?*5C/*6J *5+,JG/*6M ),,( &txUC  

*5 )-4-+,6/D*64/ T!< 6 (,.; +5,5D/),O +-/?(5 
( nL , )(zpn ) 6 0IJ?5**O/ 0 /K- (I6G/*6/D F5-
,54)/,60)646 I (1) – (2) 0C6)5S)0J (/)/,D6*6-

,-I5**OD6. :--,(6*5)5 t  (I,/DJ 0B)-4) -),5-
G5/) ?5I606D-0)6 +5,5D/),-I +-/?(-+-)-45 6 

0)-6D-0)6 NA/4),-N*/,K66 -) I,/D/*6 +,6 60-
+-AE?-I5*66 (6../,/*Q6,-I5**OF )5,6.-I 

-+A5)O. ;O,5G/*6/ (AJ ,50F-(5 NA/4),-N*/,-

K66 (*)A  (3) BC6)OI5/) +-)/,6 NA/4),-N*/,K66 

I 4-*)54)*-M 0/)6 -) )-45, +-),/@AJ/D-K- T!< 

+,6 I/(/*66 +-/?(5 0-KA50*- (1) – (2) (CA/* 

)((*) xI a + ). 

'BBJ:;G9><=: B9GOBA9 IG;:J= C>;>D= 9EFG?> 

?:M=IG9 9:;:<=N HG:C;> 

!,6 ,/P/*66 =>;! C50)- *5+,JG/*6/ *5 
)-4-+,6/D*64/ ),,( &txUC  0C6)5/)0J +-0)-J*-

*OD, ,5I*OD D5)/D5)6C/04-DB -G6(5*6S [1, 

3]. ;D/0)/ 0 )/D, 5*5A6? .B*4Q6M B,5I*/*6M 

(I6G/*6J (1) 6 F5,54)/,60)64 -K,5*6C/*6M (3) 

– (4) +-?I-AJ/) I N)-D 0ABC5/ B0)5*-I6)E */IO-

+-A*/*6/ */,5I/*0)I &/*0/*5 [5] 

])[()]([ / / MffM ,                                         (5) 

K(/ /  – (/M0)I6)/AE*5J 0ABC5M*5J I/A6C6*5, 
)(/f  – */+,/,OI*5J IO+B4A5J II/,F .B*4Q6J 

(/M0)I6)/AE*-K- +/,/D/**-K-. !,6 N)-D I-?-
D-G*O 0BR/0)I/**O/ ,5?A6C6J D/G(B ,/P/-
*6JD6 +,6@A6G/**-M 6 0)-F50)6C/04-M ?5(5C6 

IO@-,5 -+)6D5AE*-K- B+,5IA/*6J (I6G/*6/D 

+-/?(5. 
; ,500D5),6I5/D-M ?5(5C/ D-G/) @O)E +--

ABC/*5 -Q/*45 )],,([),(:(*) &! txUMtxUU CCC  

(AJ D5)/D5)6C/04-K- -G6(5*6J I/A6C6*O *5-
+,JG/*6J *5 )-4-+,6/D*64/ T!<, +-N)-DB 

='<! .-,D5AE*- +,/(0)5I6D5 I 0A/(BSR/D 

I6(/  
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&?I/0)*-, C)- «-0,/(*/**5J» ?5(5C5 ='<! 

(5) (5/) )-C*-/ ,/P/*6/ 0)-F50)6C/04-M, /0A6 

I0/ .B*4Q66 (6) A6*/M*O -)*-06)/AE*- *5@-,5 
& , 6A6 G/ IO+-A*JS)0J -)*-P/*6J  

),())](,([)( CjCjj UzUzMz . &.!1 ,  

                                            .! nj ,...,1,0 .           (7) 

; 0ABC5/ (7) AS@-/ (-+B0)6D-/ ,/P/*6/ (6) 

@B(/) (-+B0)6DOD 6 (AJ ='<!-?5(5C6 [4, 5], 

+,6C/D  (AJ -+)6D5AE*OF ,/P/*6M IO+-A*/*O 

-)*-P/*6J  
 ),(min)(min 00 CUzz . 1 .                (8) 

<--)*-P/*6J (7) – (8) 6D/S) D/0)-, /0A6 

IO+-A*JS)0J */,5I/*0)I5 (5). 

7*5A6? +-45?OI5/), C)- +,5IO/ C50)6 (1) */ 
JIAJS)0J A6*/M*OD6 */+,/,OI*OD6 6 IO+B4-

AOD6 II/,F .B*4Q6JD6 (/M0)I6)/AE*-K- +/,/-
D/**-K- -)*-06)/AE*- (*)CU , 454 6 */4-)-,O/ 
(,BK6/ NA/D/*)O (604,/)6?-I5**-M D-(/A6 ?5-
(5C6 (3) – (4). ; 6D/**-, I B,5I*/*6JF (1)-5) 
*/IO+B4A-M JIAJ/)0J "eF  06A5 )JK6, 5 I (1)-I) 

– .B*4Q66 (*)DI 6 (*)v . : */IO+B4A-0)6 D-(/-
A6 +,6I-(6) 6 0+-0-@ IF-G(/*6J N)6F +5,5D/)-
,-I I B,5I*/*6J. 7*5A6? D-(/A6 =;>! +-45?O-

I5/), C)- ?5D/*5 *5+,JG/*6J )(*,&CU  ?*5C/*6-

/D D5)/D5)6C/04-K- -G6(5*6J D-G/) +,6I--

(6)E 4 0BR/0)I/**OD ,5?A6C6JD D/G(B 

,/P/*6JD6 0)-F50)6C/04-M ?5(5C6 -+)6D5AE*--

K- B+,5IA/*6J 6 // (/)/,D6*6,-I5**-K- N4I6-

I5A/*)5. 15A// +,6I-(J)0J ,/?BAE)5)O ,50C/-
)-I, 4-)-,O/  +-()I/,G(5S) N)- +-A-G/*6/.  

2EFG? ?:M=IG9 9:;:<=N HG:C;G9 @>@ ;9PL-

QA>H<>N C>;>D> BAGL>BA=D:B@GO GHA=I=C>R== 

; 0IJ?6 0- 0)-F50)6C/046D6 .54)-,5D6 & , 

-@B0A-IA/**OD6 */0)5@6AE*-0)E *5+,JG/*6M I 

NA/4),-)JK-I-M )JK-I-M 0/)6 (,60. 1) 6 *5+,J-
G/*6M *5 )-4-+,6/D*64/ T!< ),,( &txUC , (/M-

0)I6)/AE*O/ ,/G6DO I/(/*6J +-/?(-I -)A6C5-
S)0J -) ,/G6D-I, ,500C6)5**OF (AJ .6406,--

I5**OF (*)CU . !-N)-DB I-?*645/) ?5(5C5 IO-

@-,5 -+)6D5AE*OF ,/G6D-I (AJ (1) – (4), 

4-)-,O/ JIAJS)0J *56@-A// B0)-MC6IOD6 4 

+,60B)0)IBSR/M I ?5(5C/ */-+,/(/A/**-0)6. 

1AJ =>;! 0C6)5/)0J, C)- “?5R6R/**-0)E” IO-

@,5**OF ,/G6D-I I/(/*6J +-/?(-I -?*5C5/) 
*/-@F-(6D-0)E D6*6D5AE*OF (-+-A*6)/AE*OF 

?5),5) NA/4),-N*/,K66 *5 6F 4-,,/4Q6S +,6 

(I6G/*66. 1AJ N)-K- =>;! D-G/) @O)E +,/(-

0)5IA/*5 I .-,D/ (IBFN)5+*-M ?5(5C6 0)-F50-

)6C/04-K- -+)6D5AE*-K- B+,5IA/*6J [4, 5]. ; 

(IBFN)5+*-M =>;! I 45C/0)I/ I/4)-,5, ?5I60J-
R/K- -) */-+,/(/A/**OF .54)-,-I, IO@6,5S)0J 

?*5C/*6J I-?D-G*OF (65+5?-*-I *5+,JG/*6M, 

-)A6C*OF -) +,6*J)-K- ,50C/)*-K- *-D6*5A5 

CU :  

)))(,(

)),...,(,()),(,(()( 222111

kkk

C
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UPUPU

&2

&2&2!&2
,  

) !
j

jP 1.                                                     (9) 

; I/4)-,/ (9) C/,/? kjP }0{ 3   II/(/*O -Q/*-

46 I/,-J)*-0)/M (AJ ?5(5**-M 060)/DO (65+5-
?-*-I ?*5C/*6M *5+,JG/*6M kjjU )}({ &2 . $@--

?*5C6D C/,/? ),,,( &2 tuxA  (-+-A*6)/AE*OM ,50-
F-( NA/4),-N*/,K66, -@B0A-IA/**OM */)-C*--

0)ES ?5(5*6J *5+,JG/*6M I B,5I*/*6JF 

(I6G/*6J (1) 6 4-D+/*06,B/DOM ?5 0C/) )-45 
),,,( &tuxI ak . 2-K(5 4,6)/,6M (IBFN)5+*-M 

=>;!, 454 D6*6D6?5Q6S -G6(5/DOF ?5),5)O 

*5 ,/5A6?5Q6S B+,5IA/*6J ),( txu  6 /K- 4-,,/4-

Q6S, +,6*6D5/)  0A/(BSR6M I6( 

uDu
txuAMtxuA

0
(&2$ min))],,(([)),(( ,             (10) 

K(/   

)((*) xA +!2 W )),(()),,(( 22 txuItxuI aak "& W, 

"(*)A  I/A6C6*5 NA/4),-+-),/@A/*6J 6? (3), 

[*]M  – ?*54 D5)/D5)6C/04-K- -G6(5*6J. 
; (IBFN)5+*-M ?5(5C/ 0)-F50)6C/04-K- -+-

)6D5AE*-K- B+,5IA/*6J (1) – (4), (9) – (10) 4-,-

,/4)6,BSR// D*-G/0)I- 0-I+5(5/) 0 D*-G/0)-
I-D B+,5IA/*6M, 5 I/4)-, +5,5D/),-I (9) +,/(-

0)5IAJ/) (-+-A*6)/AE*BS 6*.-,D5Q6S, */-@-

F-(6DBS (AJ +-0)5*-I46 (IBFN)5+*-M =>;!. 

=*5C/*6J 4-D+-*/*)-I (9) D-KB) @O)E ,500C6-

)5*O (AJ 45G(-K- NA/4),6.6Q6,-I5**-K- BC5-
0)45 *5 -0*-I/ +,6D/*/*6J 6*)/K,6,-I5**OF 

6*.-,D5Q6-**OF )/F*-A-K6M +,-Q/005 +/,/I--

?-4 (;X1 – I5K-**-M 6*.-,D5Q6-**-M D-(/A6 

(-,-K6, N*/,K/)6C/04-M D-(/A6 (-,-K6 [7]). 

7*5A-K6C*5J +-0)5*-I45 (IBFN)5+*-M ?5(5C6 

,50C/)5 -+)6D5AE*OF ,/G6D-I I/(/*6J +-/?(5 
D-G/) @O)E 0(/A5*5 0 60+-AE?-I5*6/D 4,6)/-
,6J D6*6DBD5 0)-6D-0)6 NA/4),-N*/,K66, 4--

K(5 BC6)OI5S)0J ,5?A6C*O/ )5,6.O -+A5)O +- 

+/,6-(5D 0B)-4. 
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>60. 1. Y,5.64 -)*-06)/AE*OF I/A6C6* *5+,JG/*6M +- (5**OD D-*6)-,6*K5 0C/)C645D6 «7AE.5» 

  

>60. 2. Y,5.646 -+)6D5AE*OF 04-,-0)/M  (I6G/*6J +5005G6,046F  NA/4),-+-/?(-I +,6 BC/)/ 
0ABC5M*-M I/A6C6*O *5+,JG/*6M *5 )-4-+,6/D*64/ T!< 

#:>J=C>R== C>;>D= 6#25 B PD:AGI BJPD>O<G-

SG <>H?NM:<=N <> AG@GH?=:I<=@: (5% = 

H?=I:<:<=N ;=TT:?:<R=?G9><<EL A>?=TG9 

GHJ>AE QJ:@A?GQ<:?S== 

1AJ 6AAS0),5Q66 */4-)-,OF .54)6C/046F B0-
A-I6M ,/5A6?5Q66 IO@,5**OF ,/G6D-I I/(/*6J 
+-/?(-I *5 ,60.1 +-45?5* K,5.64 -)*-06)/AE*OF 

B,-I*/M *5+,JG/*6M I )JK-I-M 0/)6 (I +,-Q/*)5F 

-) *-D6*5A5), +-ABC/**OM I )/C/*6/ 0B)-4 +B)/D 

+-D6*B)*-K- D-*6)-,6*K5 I/A6C6* *5+,JG/*6M 

(AJ )JK-I-M +-(0)5*Q66 Z5+A6*-. >60. 1 +-?I-AJ-
/) )54G/ B0)5*-I6)E +,60B)0)I6/ */4-)-,-K- 

“),/*(5” (AJ B,-I*J *5+,JG/*6M, 0IJ?5**-K- 0 
*/,5I*-D/,*-0)ES NA/4),-+-),/@A/*6J +- +/-
,6-(5D 0B)-4. <ABC5M*OM F5,54)/, ?*5C/*6M *5-
+,JG/*6M I )JK-I-M 0/)6 0 4-A/@5*6JD6 (-  8 – 

9% +,/(0)5IAJ/)0J ?*5C6DOD. '5 ,60. 2 +,/(-

0)5IA/*O K,5.646 -+)6D5AE*OF +- ,50F-(B NA/4-

),-N*/,K66 ,/G6D-I I/(/*6J +5005G6,046F +-/?-
(-I, ,500C6)5**O/ (AJ *-,D5AE*- ,50+,/(/A/*-

*OF 0ABC5M*OF I/A6C6* *5+,JG/*6M *5 )-4-+,6-

/D*64/: UM =27  !, 2.1!4U   ! (I/,F*6M 

K,5.64), UM =27  !, 5.1!4U   ! (*6G*6M K,5-
.64). >60B*-4 +-45?OI5/) I-?D-G*-0)E 45C/0)-
I/**-K- 6?D/*/*6J F5,54)/,5 -+)6D5AE*-K- 

B+,5IA/*6J (0,/(*JJ C50)E +B)6) +,6 I5,65Q6JF 

*5+,JG/*6M I )JK-I-M 0/)6. !,6 N)-D +-45?5)/A6 

NA/4),-+-),/@A/*6J 6?D/*JS)0J */?*5C6)/AE*-. 

'5 ,60. 3 +,6I/(/*O ,/P/*6J =>;! I (IBFN)5+-

*-M +-0)5*-I4/ (9) – (10) (AJ +5,5D/),-I *5+,J-
G/*6M *5 )-4-+,6/D*64/ UM  = 25 4;, 2.1!4U  

4;. ;/,F*6M 6 0,/(*6M K,5.646 0--)I/)0)IBS) 
D-(/A6 (1) – (4), 5 *6G*6M – (9) – (10), I 4-)-,-D 

B0),5*/*5 */B0)-MC6I-0)E ?54-*5 B+,5IA/*6J. 
!,6C/D I/4)-, I/,-J)*-0)/M -)4A-*/*6M I-?-
D-G*OF ?*5C/*6M *5+,JG/*6M (9) @OA ,5I*OD:  

))),2827(,05.0()),2726(,1.0()),2624(,7.0(

),2422,1,0()),2221(,05.0(()(

"""

""!&2 CU
 

K(/ B45?5*O (65+5?-*O ?*5C/*6M *5+,JG/*6M (I 

4;) 6 6F I/,-J)*-0)6. 

'5 ,60. 4 +,6I/(/*O */4-)-,O/ ,/?BAE)5)O 

,50C/)-I -+)6D5AE*OF ,/G6D-I I/(/*6J +,6K--

,-(*OF NA/4),-+-/?(-I *5 BC50)4/ :6/I – X6,--

*-I45 I B0A-I6JF +,6D/*/*6J (6../,/*Q6,-I5*-

*OF )5,6.-I -+A5)O NA/4),-N*/,K66. >60. 4 +--

?I-AJ/) B0)5*-I6)E -)A6C6J ,/G6D-I I/(/*6J 
NA/4),-+-/?(5 (6 BC50)4-IOF 04-,-0)/M (I6G/-
*6J) 0 BC/)-D (6../,/*Q6,-I5**-M 0)-6D-0)6 

N*/,K66 *-CES 6 I +-AB+64-IOM +/,6-( -) 0--)-
I/)0)IBSR/K- /DB 0ABC5J, ,60. 3, ,500C6)5**-K- 

+- (IBFN)5+*-M D-(/A6. !,6 -(6*54-I-D I,/D/-
*6 (I6G/*6J +- ?5(5**-DB BC50)4B 6 0BR/0)I/*-

*- @-AEP/D B,-I*/ NA/4),-+-),/@A/*6J (506 

4;).C ID/0)- 433 4;).C) 0)-6D-0)6 NA/4),-N*/,-

K66 @B(B) -)*-06)E0J 454 367:433. 
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>60. 3. >/P/*6/  (IBFN)5+*-M ?5(5C6 ,50C/)5 -+)6D5AE*OF ,/G6D-I I/(/*6J +-/?(-I 

 

>60. 4. Y,5.64 04-,-0)6 (I6G/*6J NA/4),-+-/?(-I +,6 60+-AE?-I5*66 (6../,/*Q6,-I5**OF )5,6.-I -+A5-
)O NA/4),-N*/,K66.  
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>60. 5. ;/,-J)*-0)*O/ F5,54)/,60)646 Q/*O NA/4),-N*/,K66, +-),/@A/**-M *5 )JKB +-/?(-I, +- +/,6-(5D 

0B)-4 

1 !"#$"%&#'() * &+ ,# $&-. & $ /"
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>60. 6. Y,5.646 Q/*O NA/4),-N*/,K66 $>T +- I,/D/**OD 6*)/,I5A5D 6 (*JD */(/A6 
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>60. 3 )54G/ (/D-*0),6,B/) I-?D-G*-0)E 
I-?*64*-I/*6J -)D/C/**-M IOP/ */B0)-MC6I--

0)6 -+)6D5AE*OF ,/G6D-I +,6 BC/)/ 0)-F50)6-

C/04-M +,6,-(O *5+,JG/*6M I 4-*)54)*-M 0/)6. 

,<>J=C ?>FGAE M:J:C<EL ;G?GS  @?>=<E 9 

PBJG9=NL &HAG9GSG #E<@> (J:@A?GQ<:?S== 

; ,5D45F $>T +,-K*-? Q/*O -+,/(/AJ/) 
0),5)/K6S ?54B+-4 NA/4),-N*/,K66 (AJ NA/4-

),6.6Q6,-I5**OF BC50)4-I. 

;/,-J)*-0)*O/ F5,54)/,60)646 Q/*O NA/4-

),-N*/,K66 +- +/,6-(5D 0B)-4 (0,/(*6/, 0,/(-

*6/ 4I5(,5)6C/046/ -)4A-*/*6J, 4-N..6Q6/*) 
I5,65Q66) +,/(0)5IA/*O *5 ,60. 5. !,6 ,50C/-
)5F -+)6D5AE*OF ,/G6D-I (I6G/*6J +-/?(-I  

IO(/AJS)0J C/)O,/ I,/D/**O/ ?-*O: 

– 23…24, 0…6 C50, +/,I5J; 
– 6…10, C50,  I)-,5J, 
– 10…17, 22…23 C50, ),/)EJ; 
– 17…22 C50, C/)I/,)5J. 
>5?A6C6J *6G*6F 6 I/,F*6F ?*5C/*6M Q/*O 

NA/4),-N*/,K66 (AJ ,5?A6C*OF +/,6-(-I 0B)-4 

A/G5) I +,/(/A5F 8…10% . [/*O I $>T ?5I60J) 
6 -) (*J */(/A6, ,60. 6. 

$+O) +-45?OI5/), C)- .B*4Q6J Q/*O *5 -+-

)-I-D ,O*4/ NA/4),-N*/,K66 +,-K*-?6,B/)0J 
-+/,5)-,-D ,O*45, I ?5I606D-0)6 -) +-45?5)/-
A/M D5*/I,-I-M D-R*-0)6 K/*/,5Q66 6 0/@/-
0)-6D-0)6. <-KA50*- 5*5A6?5 (5**OF, Q/*5 
NA/4),-N*/,K66 I $>T JIAJ/)0J */0)5Q6-*5,-

*OD 0ABC5M*OD +,-Q/00-D. 1AJ 60+-AE?-I5*6J 

+,6 ,50C/)5F ,/G6D-I I/(/*6J +-/?(5 I B0A--

I6JF .B*4Q6-*6,-I5*6J $>T D-(/AE Q/*O  

),( txC  +,/(0)5I6D5 I 0A/(BSR/D I6(/ 

k

k 1 k 1

k 24 k 24 k N

C(x, t) {(N(M[c(x , t )], (x , t )),..

.,N(M[c(x , t )], (x , t )))} 0

! 4

4
 

K(/ ),( 4aN  – .B*4Q6J Y5B005, "[*]M  ?*54 

D5)/D5)6C/04-K- -G6(5*6J, ""  4--,(6*5)5 
+B)6, "t  I,/D/*6. 

#>C?>FGA@> I:AG;> 9GM;:<=N HG:C;G9 B PD:-

AGI ?>CJ=D=N BAG=IGBA= >@A=9<GO = ?:>@-

A=9<GO QJ:@A?=D:B@GO Q<:?S== 

706*F,-**O/ NA/4),-(I6K5)/A6 A-4-D-)6-

I-I. JIAJS)0J +-),/@6)/A/D 54)6I*-M 6 ,/54-

)6I*-M D-R*-0)6. !,6 -)0B)0)I66 4-D+/*06-

,BSR6F B0),-M0)I I 0/)JF ,/54)6I*OM )-4 

(,/54)6I*5J D-R*-0)E) +-0)B+5/) 4 (I6K5)/-
AJD 6? 0/)/M N*/,K-0*5@G5SR/M -,K5*6?5Q66 

6 +-(A/G6) -+A5)/. =5(5CB 4-D+/*05Q66 ,/54-

)6I*-M D-R*-0)6 (:>X) I 0/)6 D-G*- ,50-
0D5),6I5)E 454 ?5(5CB N*/,K-0@/,/G/*6J. 

!,-@A/D5 4-D+/*05Q66 ,/54)6I*-M D-R*-0)6 

I 060)/D5F NA/4),-0*5@G/*6J +,-DOPA/**OF 

+,/(+,6J)6M 54)B5AE*5 I 0IJ?6 0 I*/(,/*6/D 

«X/)-(646 ,50C/)-I +A5)O ?5 +/,/)-46 ,/54-

)6I*-M D-R*-0)6 D/G(B NA/4),-+/,/(5SR/M 

-,K5*6?5Q6/M 6 // +-),/@6)/AJD6» (X6*6-

0)/,0)I- )-+A6I5 6 N*/,K/)646, +,645? \ 19 -) 
17.01.2002) [6]. <-KA50*- D/)-(646, +A5)5 ?5 
+-),/@A/*6/ 6 K/*/,5Q6S ,/54)6I*-M NA/4),--

N*/,K66 -+,/(/AJ/)0J  454:  

 3#  - 2#  1#  # $! , (11) 

K(/ 1#  – -0*-I*5J +A5)5 ?5 +-),/@A/*6/ 6 K/-
*/,5Q6S ,/54)6I*-M NA/4),-N*/,K66; 2#  – 

*5(@5I45 (+,6 5tg >0,25) ?5 */(-0)5)-C*BS 

-0*5R/**-0)E NA/4),6C/04-M 0/)6 +-),/@6)/AJ 

B0),-M0)I5D6 :>X; 3# – 046(45 +A5)O +,6 

BC50)66 I  -+)6D5AE*-D  0B)-C*-D ,/KBA6,--

I5*66 ,/G6D-I 0/)6 N*/,K-0*5@G5SR/M -,K5-
*6?5Q66 I ,50C/)*OM +/,6-(. 

;/A6C6*5 *5(@5I46 2#  *5F-(6)0J I */A6-

*/M*-M ?5I606D-0)6 -) 5tg , 6 +,6  5tg >0,6, 

D-G/) +,6*6D5)E ?*5C/*6J 0,5I*6DO/ 0 -0*-I-

*-M +A5)-M 1# ?5 +-),/@A/*6/ 6 K/*/,5Q6S 

,/54)6I*-M NA/4),-N*/,K66. 3D/*EP/*6/ I/A6-

C6*O 5tg ?5 0C/) +,6D/*/*6J 4-D+/*06,BSR6F 

B0),-M0)I ,/54)6I*-M D-R*-0)6 *5 A-4-D-)6-

I5F JIAJ/)0J 0A-G*-M ?5(5C/M. ;D/0)/ 0 )/D 

N)B ?5(5CB D-G*- ,/P5)E +B)/D II/(/*6J ,5-
Q6-*5AE*OF ,/G6D-I B+,5IA/*6J (I6G/*6/D 

+-/?(5 0 +,6D/*/*6/D 4,6)/,6J D6*6DBD5 

,50F-(5 ,/54)6I*-M N*/,K66 6A6 D6*6DBD5 

0)-6D-0)6 +-),/@A/**-M ,/54)6I*-M D-R*--

0)6. 1AJ ,/P/*6J ?5(5C6 ,5?,5@-)5*5 D/)-(645 
.-,D6,-I5*6J ,/G6D*OF 45,), 4-)-,O/ -+)6-

D5AE*O 454 +- ,50F-(B NA/4),-N*/,K66 *5 )JKB 

+-/?(-I, )54 6 +- 0)-6D-0)6 NA/4),-N*/,K66, 

4-K(5 BC6)OI5S)0J +/,/D/**O/ +- +/,6-(5D 

0B)-4 )5,6.O 6 ,5?A6C*5J 0)-6D-0)E 54)6I*-M 

6 ,/54)6I*-M N*/,K66 [11-13]. 

$0*-I-M -+)6D6?5Q66 +/,/K-**OF I,/D/* 

F-(5 JIAJ/)0J D5)/D5)6C/04-/ D-(/A6,-I5*6/ 
(I6G/*6J +-/?(5, +,/(0)5IA/**-K- 454 K6@45J 
*/,50)JG6D5J *6)E. ; 45C/0)I/ D/)-(5 -+)6D6-

?5Q66 ,/G6D-I I-G(/*6J +,6 ?5(5**-D I,/D/-
*6 F-(5 +- BC50)4B IO0)B+5/) (6*5D6C/04-/ 
+,-K,5DD6,-I5*6/ I (604,/)*-M .-,D/ [1. 2]. 

!,/(A-G/* 6 600A/(-I5* B0-I/,P/*0)I--

I5**OM 4,6)/,6M N../4)6I*-0)6 (I6G/*6J +--

/?(-I, 4-)-,OM BC6)OI5/) 54)6I*BS 6 ,/54)6I-

*BS 0-0)5IAJSRBS NA/4),6C/04-M N*/,K66 6 

+/,/D/**O/ )5,6.O *5 -+A5)B NA/4),-N*/,K66 

I ,5?*O/ +/,6-(O 0B)-4 [12]. [/A/I5J .B*4Q6J 
(AJ -Q/*46 ?54-*5 B+,5IA/*6J (I6G/*6/D +--

/?(5 *5 BC50)4/ +,/(0)5IAJ/) 0-@-M .B*4Q6-*5A 

?5),5) NA/4),-N*/,K66 *5 )JKB +-/?(5 I6(5 
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 *!
 

$

"

x
)u,x(v

dx)u,v(IU
]u[A dac  (12) 

K(/ )u,v(Ida  – 54)6I*OM )-4 NA/4),-I-?5. 
< BC/)-D 0)-6D-0)6 NA/4),-N*/,K66 (.B*4-

Q6J %(t) – -+,/(/AJ/) Q/*-I-M 4-N..6Q6/*) I 

?5I606D-0)6 -) I,/D/*6 t) +,6 ,50F-(/ 54)6I-

*-M 6 ,/54)6I*-M N*/,K66 .B*4Q6J (12) +,6*6-

D5/) I6(: 

$
6

! *
 

$

"

x
)u,x(v

dx)t(c)u,v(IU
]u[A dac  

* $
66.6 

$

"

x

2#
)u,x(v

dx)t(cD(*))I(sin)u,v(IU dadac     (13) 

K(/ +/,IOM CA/* -),5G5/) 0)-6D-0)E ,50F-(5 
)-AE4- 54)6I*-M N*/,K66, 5 I)-,-M – 0)-6D-0)E 
,/54)6I*-M, D - 4-N..6Q6/*)   >!, 4-)-,OM 

F5,54)/,6?B/) C50)E IA6J*6J ,/54)6I*-K- +/,/-
)-45 I )-C4/ BC/)5, *5 )/F*64--N4-*-D6C/046/ 
+-45?5)/A6 I ,50C/)*-DB ,/G6D/, 4I)/4I5,. 

2# - *5(@5I45 ?5 */(-0)5)-C*-/ -0*5R/*6/ 
0,/(0)I5D6 4-D+/*05Q66 ,/54)6I*-M N*/,K66;  

)1&('1#2# "66! .@5?  (14) 

1#  – -0*-I*5J +A5)5 ?5 +-),/@A/**BS 6 0K/*/-
,6,-I5**BS ,/54)6I*BS N*/,K6S, I)-,-/ 0A5-
K5/D-/ IO,5G/*6J (13), @5?'  = 1, *-,D5)6I*-/ 
@5?-I-/ ?*5C/*6/ 4-N..6Q6/*)5 0)6DBA6,-I5-
*6J 45+6)5AE*OF IA-G/*6M I 0,/(0)I5 4-D+/*-

05Q66 I 0/)JF +-),/@6)/AJ; .&  – 4-N..6Q6/*), 

4-)-,OM ,500C6)OI5S) +- ,/KA5D/*)6,-I5**-M 

)5@A6Q/ I ?5I606D-0)6 -) .54)6C/04-K- ?*5C/-
*6J 4-N..6Q6/*)5 5tg  +-),/@6)/AJ I 0,/(*/D 

?5 -)C/)*OM +/,6-(; (AJ )JK-IOF +-(0)5*Q6M 

G/A/?*-(-,-G*-K- ),5*0+-,)5 +/,/D/**-K- 

)-45 = 1,0 , 5 (AJ +-0)-J**-K- )-45 = 0,5. 1AJ 
G/A/?*-(-,-G*-K- ),5*0+-,)5 +/,/D/**-K- 

?*5C/*6/ *5(@5I46 2#  ,5I*J/)0J *BAS. 

[/A/I5J .B*4Q6J ?5(5C6 +,/(0)5IAJ/)0J 

0A/(BSR6D -@,5?-D: 

*
6

!
 

$

"

x

)u,v(IU
]u[A dac  

)u,x(v

dx)t(c(*))}I(sinD(*))I({cos 6.6$. dada  (15) 

;OC60A/*6J   >! (4-N..6Q6/*) D) IO+-A-

*JS)0J NA/4),-+-0)5IAJSR/M -,K5*6?5Q6/M 

-(6* ,5? I (I5 K-(5. !-ABC/**O/ ?*5C/*6J  

  >!, @5?-I-K- 4-N..6Q6/*)5 0)6DBA6,-I5*6J  

45+6)5AE*OF IA-G/*6M I 0,/(0)I5 4-D+/*05Q66 

6 4-N..6Q6/*)5 B@O)4-I -) K/*/,5Q66 ,/54-

)6I*-M D-R*-0)6 6? 0/)6 +-),/@6)/AJ, ?54,/+-

AJ/)0J I (-K-I-,/ [6]. 

/G;:J=?G9><=: ?:M=IG9 9:;:<=N HG:C;G9 

1AJ 60+-AE?-I5*6J B)-C*/**-K- .B*4Q6--

*5A5 ?5(5C6 ,50C/)5 -+)6D5AE*OF +- 0)-6D-0)6 

,/G6D-I )JK6 */-@F-(6D- ?*5)E ?*5C/*6J +-45-
?5)/A/D +-),/@A/*6J ,/54)6I*-M N*/,K66 (D-R-

*-0)6), 4-)-,OD JIAJ/)0J 4-N..6Q6/*) D-R*--

0)6 .cos . 1AJ +-0),-/*6J F5,54)/,60)646 

.cos  @OA6 60+-AE?-I5*O (5**O/ 6? -+O)*OF 

+-/?(-4 *5 A-4-D-)6I/ ;#-80) [14]. &?D/,/*-

*O/ ?5I606D-0)6 ?*5C/*6J )I(cos da.  -) 54)6I-

*-K- )-45 A-4-D-)6I5 @OA6 5++,-406D6,-I5*O 

4,6I-M I6(5: 
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'5 ,60. 7 +,/(0)5IA/*O )-C46 *5)B,*OF 60-
+O)5*6M ?*5C/*6M )I(cos da.  6 4,6I5J 6F 5+-

+,-406D5Q66 +- D/)-(B *56D/*EP6F 4I5(,5)-I.  
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 !". 7. #$$%&'"!()*!+ ,-.'*!! )(cos daI!  

/%!0121( %)"3145 $& -$%)061.!7 20!81.!-

1( $&192&( " -314&( $%!(1.1.!+ 2!,,1%1.*!-

%&0)..5: 4)%!,&0 $6)45 9) $&4%1;61..-7 

<61'4%&<.1%=!7 [12]. >) %!". 8 $&')9).) 9)0!-

"!(&"4? "'&%&"4! $&192) $%! &$4!(!9)*!! 20!-

81.!+ $& &;@1(- %)":&2- <61'4%&<.1%=!!. A4-
(14!( %)96!3!1 :)%)'41%!"4!' &$4!()6?.&=& 

-$%)061.!+ 20!81.!1( $&192). B $1%0&(, '6)"-
"!31"'&(, "6-3)1 2&"4!=)14"+ (!.!()6?.5C 

%)":&2 <61'4%&<.1%=!!. D6+ 04&%&=& "6-3)+, 

$%! 2!,,1%1.*!%&0)..&( 4)%!,1 %!". 9, %)"-
:&2 <61'4%&<.1%=!! 05E1, $&"'&6?'- 26+ 

-(1.?E1.!+ "4&!(&"4! <61'4%&$&4%1;61.!+ 

!"$&6?9&0).& ;&6?E11 '&6!31"40& <.1%=!! 0 

9&.1 " (1.?E1C "4&!(&"4?7. D6+ 4%14?1=& "6--

3)+, $%12"4)061..&=& .) %!". 10, $%! 05;&%1 
&$4!()6?.5: %18!(&0 4+=! 0 *1610&C ,-.'*!! 

-3!450)6!"? %)96!3!+ "4&!(&"4! )'4!0.&C ! 
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%1)'4!0.&C <61'4%!31"'&C <.1%=!!. F)' $&')-
950)14 %!". 10, ;&611 4&3.5C $&2"314 016!3!.5 

"4&!(&"4.&=& $&')9)416+ 26+ '%!41%!+ (!.!-

(-() "4&!(&"4! (2!,,1%1.*!)*!+ 9)4%)4 .) 
!"$&6?9&0).!1 %1)'4!0.&C <.1%=!!, "4&!(&"4? 

'&4&%&C "&"4)06+14 $%!(1%.& 10% &4 4)%!,) .) 
)'4!0.-7 <61'4%&<.1%=!7) $%!016 ' "-@1"4-
01..5( %)96!3!+( 0 %18!(): 0121.!+ $&192). 

B5$&6.1..51 !""612&0).!+ &$4!()6?.5: 

%18!(&0 0121.!+ $&192&0 $&')9)6! "-@1"401.-

.51 %)96!3!+ '%!41%!10 (!.!(-() <61'4%&$&-

4%1;61.!+ ! (!.!(-() 1=& "4&!(&"4!, ) 4)'81 
.1&;:&2!(&"4? ;&611 4&3.& -3!450)4? 0 (&21-
6+: -$%)061.!+ %18!()(! 4+=! $&192&0 %)96!-

3!+ 0 "4&!(&"4! )'4!0.&C ! %1)'4!0.&C <.1%-

=!!, 1"6! !(174 (1"4& -"6&0!+ $%!(1.1.!+ $1-

%1(1..5: 4)%!,&0 &$6)45 <61'4%&<.1%=!! 

(A G, 2!,,1%1.*!%&0)..51 4)%!,5). 

 !". 8-10 $%12"4)06+74 4!$!3.51 =%),!'! 

26+ &$4!()6?.5: -3)"4'&05: "'&%&"41C 20!-

81.!+ $)"")8!%"'!: $&192&0 $%! -3141 %)96!3-

.5: '%!41%!10 &$4!()6?.&"4!.  )"3145, 05-

$&6.1..51 26+ =%-9&05: $&192&0, 4)'81 $&')-
9)6! %)96!3!+ 0 %18!(): 4+=! ! $&')9)416+: 

"4&!(&"4.&C <,,1'4!0.&"4!. A2.)'& 0 <4&( 

"6-3)1 0 %)"314): ;56! -"4).&061.5 .1 "4&6? 

"-@1"401..51 %)96!3!+. 

>) %!". 11-13 $%12"4)061.5 =%),!'! &$4!-

()6?.5: -3)"4'&05: "'&%&"41C $%! -$%)061.!! 

20!81.!1( =%-9&05: $&192&0 (BH-80, 60 0)=&-

.&0). 

 

 !". 8. A$4!(!9)*!+ 4+=! $& <61'4%&$&4%1;61.!7 

 

 

 !". 9. A$4!(!9)*!+ %18!(&0 4+=! $& "4&!(&"4! $&6.&=& %)":&2) <61'4%&<.1%=!! 

 

 !". 10. A$4!(!9)*!+ %18!(&0 4+=! " -314&( $6)45 9) %1)'4!0.-7 <.1%=!7 
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 !". 11. A$4!(!9)*!+ %18!(&0 0121.!+  =%-9&0&=& $&192) (BH -80, 60 0)=&.&0) $& $&')9)4167 (!.!(-() 
<61'4%&$&4%1;61.!+ 

 

 !". 12. A$4!(!9)*!+ %18!(&0 0121.!+ =%-9&0&=& $&192) (BH-80, 60 0)=&.&0) $& $&')9)4167 (!-

.!(-() "4&!(&"4! <61'4%&$&4%1;61.!+.(A G) 

 

 !". 13. A$4!(!9)*!+ %18!(&0 0121.!+ =%-9&0&=& $&192) $& "4&!(&"4.&(- $&')9)4167 " -314&( %)96!3!+ 

4)%!,) .) )'4!0.-7 ! %1)'4!0.-7 <.1%=!7 

I612-14 4)'81 -')9)4? 0)8.-7 &"&;1..&"4? 

&%=).!9)*!! $%&*1""&0 $1%10&9&', &$4!()6?-

.5: $& '%!41%!7 (!.!(-() "4&!(&"4! $&4%1;-

61..&C .) 4+=- <61'4%&<.1%=!!. D6+ "4&!(&"4-
.&C &$4!(!9)*!! .1&;:&2!(& "&92).!1 $)'14) 
%18!(.5: ')%4, ')82)+ !9 '&4&%5: 2&68.) !"-
$&6?9&0)4?"+ 0 %)96!3.51 $1%!&25 "-4&'. 

/%! %);&41 81619.5: 2&%&= 0 -"6&0!+: 

%5.') <61'4%&<.1%=!! 9)2)3! $& %)"314- &$4!-

()6?.5: %18!(&0 0121.!+ $&192&0 2&68.5 

%1E)4?"+ 0& 09)!(&"0+9! " 9)2)3)(! $& &*1.'1 
<,,1'4!0.&"4! $%!(1.1.!+ $1%1(1..5: 4)%!-

,&0 &$6)45 <61'4%&<.1%=!!. D6+ &;1"$131.!+ 

0&9(&8.&"4! 4)'&=& '&($61'".&=& ).)6!9) 0 

[13] ;56! %)9%);&4).5 -4&3.1..51 '%!41%!! 

<,,1'4!0.&"4! $%!(1.1.!+ $1%1(1..5: 4)%!-

,&0 &$6)45 26+ %)"314&0 &$4!()6?.5: %18!(-

.5: ')%4 0121.!+ $&192&0 <61'4%&<.1%=!! " 
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-314&( $&4%1;61.!+ )'4!0.&C ! %1)'4!0.&C. 

J21"? -"4).&061.&, 34& 26+ &$%12161.!+ <'&.&-

(!31"'&C *161"&&;%)9.&"4! 0)8.& 9.)4? .1 
&;K1(5 $&4%1;61.!1 <61'4%&<.1%=!! .) 4+=- 

$&192&0 $& $1%!&2)( "-4&', ) 6!E? "&&4.&E1-
.!+ (182- <4!(! $&')9)416+(!. /%126&81..51 
0 [13] '%!41%!! -3!450)74 "612-7@!1 ,)'4&-

%5 – "4&:)"4!31"'!C :)%)'41% <61'4%&$&4%1;-

61.!+ .) 4+=- 0 $1%!&2 0 %)96!3.51 $1%!&25 

"-4&' 26+ $1%1(1..5: 4)%!,&0, "4&:)"4!31"'!C 

:)%)'41% 4)%!,&0 0 -"6&0!+: A G, 34& 4%1;-14 
$%&=.&9!%&0).!+ !: 9.)31.!C, ) 4)'81 -314 
%)96!3.&C "4&!(&"4! )'4!0.&C ! %1)'4!0.&C 

<61'4%&<.1%=!!. 

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

+$4,-'2 %35, 2 6".'2,37 '*%'2'5' +0&)! 

(.$)%+'(&$+5,, 

F)' $&')9).& 05E1, &"&;1..&"4? &$4!()6?-

.5: $& "4&!(&"4! %18!(&0 0121.!+ $&192&0 

"0+9).) " $1%1(1..&C  $& $1%!&2)( "-4&' "4&!-

(&"4?7 <61'4%&<.1%=!! 0 %)('): A G. G4& 

$%!0&2!4 ' 4&(-, 34& 0 %)96!3.51 $1%!&25 "--

4&' %18!(.51 ')%45 !(174 .1 &2!.)'&051 <,-

,1'4!0.&"4! $& "4&!(&"4!. 

>) %!". 14-16 $&')9).5 =%),!'! $%!0121.-

.&C &4.&"!416?.&C "4&!(&"4! <61'4%&<.1%=!! 

.) -3)"4'1 L!%&.&0') – J2&6;-.&0 (M=&-

J)$)2.&C 8.2.), $&6-31..51 26+ &$4!()6?.5: 

%18!(&0 0121.!+ $&192&0 ()""&C 4000, 5000, 

6000 4, '&4&%51 &4$%)06+74"+ 0 %)96!3.51 $1-
%!&25 "-4&' (&4$%)061.!1 " !.41%0)6&( 0 &2!. 

3)"). 
>) %!". 17 $%12"4)061.& %)"$%12161.!1 

<61'4%&$&4%1;61.!+ .) 4+=- $&192) 0 9)0!"!(&-

"4! &4 $1%!&2) 20!81.!+, $&6-31..&1 " !"$&6?-

9&0).!1( $%!.+4&C 0 N'%9)6!9.5*1 (14&2!'! ! 

$%&=%)((.5: "%12"40 $& %)"314- .&%()4!0.5: 

=%),!'&0 0121.!+ =%-9&05: $&192&0,  '&4&%51 
$%!(1.+6!"? ! 26+ %)"314&0 %!". 14-16. A4(1-
4!(, 34& 0 <4&( "6-3)1 9)0!"!(&"4? 9)4%)4 
<.1%=!! &4 $%&C21..&=& $&192&( %)""4&+.!+ 

&')9)6)"? ;6!9'&C ' 6!.1C.&C. 
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 !". 16. /%!0121..)+ "4&!(&"4? &$4!()6?.5: %1-
8!(&0 20!81.!+ $&192&0, ()"") 6000 4 
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 !". 17. O%),!' $&3)"&0&=& $&4%1;61.!+ <61'4%&-

<.1%=!! 26+ &$4!()6?.5: %18!(&0 4+=! 

O)'!( &;%)9&(, %)"3145 $&')950)74, 34& 

-"6&0!+ A G $%12$&6)=)74 .1&;:&2!(&"4? 

$%!(1.1.!+ .);&%) !9 4 %18!(.5: ')%4 $& %)-
*!&.)6?.&(- -$%)061.!7 4+=&C $&192). 

8'1$.,+'2!&,$ 6*+!2.$&,3 12,4$&,$- *'-

$91! *' 1!&&0- '*0%&07 *'$91') " ,"*'./-

9'2!&,$- -$%'1'2 &$#$%),7 ()"*$+%&07 ","-

%$- 

B [12] 26+ %)"314&0 %18!(&0 0&821.!+ $&-

192&0 0 -"6&0!+: A G $&"4%&1.) (&216? "4&-

:)"4!31"'&=& &$4!()6?.&=& -$%)061.!+, -3!-
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450)7@)+ &".&0.51 &=%).!31.!+ 9)2)3! 05;&-

%) %18!(&0 4+=!, *1610)+ ,-.'*!+ '&4&%&C 

0'673)14 $%&=.&9!%-1(51 016!3!.5 4)%!,) 0 

A G 0 %)96!3.51 $1%!&25 "-4&'. /)%)(14%5 

()41()4!31"'&C (&216! .)"4%)!0)74"+ .) &"-
.&0).!! 2)..5: A G. B "0+9! " .1&$%12161.-

.&"4?7 %+2) $)%)(14%&0, !"$&6?9-1(5: 26+ 

%)"314&0 %18!(&0 -$%)061.!+, %)9%);&4). ! 

$%&=%)((.& %1)6!9&0). )2)$4!0.5C (14&2 0 

0!21 <'"$1%4.&C "!"41(5 " .1314'!(! $%)0!-

6)(!, $%12.)9.)31..&C 26+ 05;&%) %)*!&.)6?-

.5: %18!(&0 0121.!+ $&192&0 $& 2)..5( &4-
'6&.1.!+ $)%)(14%&0 &4 <4)6&..&=& -$%)061-
.!+. /)%)(14%)(! .1314'!: $%)0!6 -$%)061.!+ 

+06+74"+ "612-7@!1 – %)96!3!1 0& 0%1(1.! 

:&2) $& -3)"4'- «&4"4)0).!1 ("!6?.&1, "6);&1, 
&4"-4"40-14)» ! «&$1%181.!1 (&4"-4"40-14, "6)-
;&1, "!6?.&1)», &4'6&.1.!1 "'&%&"4!, %)9.!*) 
()"" %)"314.&=& ! $&192) !9 <4)6&..&C $&192'! 

! 2%., ) 0 ')31"401 .1314'&=& -$%)061.!+ 052)-
74"+ %1'&(1.2)*!! $& -$%)061.!7 '&.4%&61-
%&(. B [12] 4)'81 $%!0121.5 $%!(1%5 %)"314) 
%)*!&.)6?.&=& -$%)061.!+ .) &".&01 <'"$1%4-
.&C "!"41(5, "0!21416?"40-7@!1 &; <,,1'-

4!0.&"4! (14&2). 

:02'10 

B %);&41 05$&6.1.5 !""612&0).!+, .)$%)0-

61..51 .) %1E1.!1 $%&;61(5 -(1.?E1.!+ 

"4&!(&"4! <61'4%&<.1%=!! .) 4+=- $&192&0, $&-

4%1;61..&C 0 -"6&0!+: $%!(1.1.!+ $1%1(1.-

.5: 4)%!,&0, $%1821 0"1=& 26+ -"6&0!C &$4&-

0&=& %5.') <61'4%&<.1%=!!.  N"4).&061.&, 34& 

0 &;@1( "6-3)1 ()41()4!31"'!1 (&216! -$%)0-

61.!+ 20!81.!1( $&192), -3!450)7@!1 $1%1-
(1..&"4? .)$%+81.!C 0 <61'4%&4+=&0&C "14! .) 
&".&01 ()41()4!31"'&=& &8!2).!+, (&=-4 &')-
9)4?"+ .1 )21'0)4.5(!, 0 <4&C "0+9! $%126&81-
.) 20-:<4)$.)+ ()41()4!31"')+ (&216? 05;&%) 
%18!(&0 0121.!+ $&192&0. 

F)' $&')9)6! %)"3145, -3!450)7@!1 $1%1-
(1..51 $& $1%!&2)( "-4&' 4)%!,5 .) <61'4%!-

31"'-7 <.1%=!7, $&6-31..51 %).11 %1'&(1.2)-
*!! 26+ 05;&%) &$4!()6?.5: &4.&"!416?.& 

%)":&2) <.1%=!! %18!(&0 0121.!+ $&192) &')-
950)74"+ &=%).!31..5(!.  )9%);&4).5 ;&611 
&;@!1 (14&25 %)"314&0 %18!(&0 -$%)061.!+ 

20!81.!1( $&192&0, '&4&%51 -3!450)74 ')' 

$1%1(1..&"4? $& $1%!&2)( "-4&' 4)%!,&0, 4)' ! 

%)96!3!1 0  *1.1 )'4!0.&C ! %1)'4!0.&C "&-

"4)06+7@!: <.1%=!!. 

I&92). .);&% ()41()4!31"'!: (&2161C ! 

$%&=%)((.51 "%12"40), '&4&%51 2)74 0&9(&8-

.&"4?  05$&6.!4? ).)6!9 05=&2.&"4! 9)'-$'! 

81619.5(! 2&%&=)(! <61'4%&<.1%=!! .) &".&01 

$1%1(1..5: 4)%!,&0, 1"6! !901"41. =%),!' 

20!81.!+ $&192&0, ) 4)'81 %)""3!4)4? &$4!-

()6?.51 $& '%!41%!7 (!.!(-() "4&!(&"4! 

%18!(.51 ')%45 -$%)061.!+ 4+=&C $&192&0. 

O1&%14!31"'!1 %19-6?4)45 ! <'"$1%!(1.-

4)6?.&1 $%&=%)((.&1 &;1"$131.!1 «"4&!(&"4-
.&C» &%=).!9)*!! $%&*1"") $1%10&9&' .) <61'-

4%!,!*!%&0)..5: -3)"4'): 81619.5: 2&%&= 
!"$&6?9&0).& 26+ %)9%);&4'! %1'&(1.2)*!C $& 

&;1"$131.!7 <.1%=&&$4!()6?.&=& $%&*1"") 
$1%10&9&' 26+ "4%). A%=).!9)*!! I&4%-2.!31-
"40) 81619.5: 2&%&= AIPD [14]. 

QRQHRAS #TRUVIFRW I/RIAF 

1. Q6&:!., V. /. L14&2!') %)"314) &$4!()6?.5: 

$& %)":&2- <61'4%&<.1%=!! 0%1(1. :&2) $&192) 
[O1'"4] / V. /. Q6&:!., #. B. I6&;&2+.,  

S. B. V02&():) // O%)."$&%4. – 1999. – I. 47-55. 

2. S14?()., S. F. >)-3.51 &".&05 &$%12161.!+ 

%)*!&.)6?.&=& (&@.&"4.&=& %+2) =%-9&05: 

<61'4%&0&9&0 26+ 81619.5: 2&%&= N'%)!.5 

[O1'"4] : 2!". … 2&'4&%) 41:.. .)-' / S. F. S14?-
().. – D., 2001. – 416 ". 

3. B5;&% <.1%=14!31"'! &$4!()6?.5: %18!(&0 

0121.!+ $&192&0 [O1'"4] / V. /. Q6&:!. ! 2%. / 

J)6X9.. 4%)."$. N'%)Y.!. – 2001. – Z 6. –  

I. 19-22. 

4. Q6&:!., V. /. B5;&% %18!(&0 0121.!+ $&192&0 

')' "4&:)"4!31"')+ 9)2)3) 01'4&%.&C &$4!(!9)-
*!! [O1'"4] / V. /. Q6&:!., B. B. I')6&9-; // 

O%)."$&%4. – 2001. – B!$. 7. – I. 28-31. 

5. L)41()4!31"'!1 (14&25 !""612&0).!+ &$1%)-
*!C [O1'"4] / M. L. V%(&6?10 ! 2%. – F.: B!@) 
E'., 1979. – 312 ". 

6. /%& 9)401%281..+ L14&2!'! &;3!"61..+ $6)4! 

9) $1%14X')..+ %1)'4!0.&Y 161'4%&1.1%=XY 
[O1'"4]. >)')9 Z 19 0X2 17.01.2002, J)%1["4%. 0 

LX.X"41%"40X 7"4!*XY N'%)Y.! 1 674&=& 2002 %. 

9) Z 93/6381. LX.X"41%"40& /)6!0) 4) V.1%=1-
4!'! N'%)Y.!. 

7. I')6&9-;, B. B. F&($61'".51 9)2)3! 05;&%) 
%18!(&0 0121.!+ $&192) $& $&')9)4167 "4&!-

(&"4! <61'4%&<.1%=!! [O1'"4] / B. B. I')6&9-; 

// O%)."$&%4. – 2002. – B5$. 12. – I. 148-157. 

8.  18!(5 0121.!+ $)"")8!%"'!: $&192&0 " -31-
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[O1'"4] / S. B. V02&():) ! 2%. // BX".!'  

D>NPO. – 2004. – B!$. 3. – I. 65-73. 
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.!. – 2003. – Z 6. – I. 18-25. 

10. Q6&:!., V. /.  1"-%"&";1%1=)7@!1 (14&25 01-
21.!+ $&192&0 $%! $1%1(1..5: 4)%!,): &$6)45 

<61'4%&<.1%=!! [O1'"4] / V. /. Q6&:!.,  

B. B. F&%.!1.'&, B. B. I')6&9-; // G61'4%!,!-
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')*!+ ! .)-3.&-41:.!31"'!C $%&=%1"" .) 8161-
9.&2&%&8.&( 4%)."$&%41. – 2004. – I. 112-118. 
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 !" 622.673.6 

 . !. "#$%&', (.).*., +,-./00-,, '12 (23,45*4); 
6. #. 7$#$ $8, '12 (23,45*4); 
9. #. 7$#$ $8, :12;2 (<-005=) 

#$%&'()##*-!)+*&,-&*.$##*) /*/0*'#-) %1*/"*2* 
&)3-#*0&*/*.*2* 0'2*.*2* *&2$#$ #$ 4$&$4$#) 

<->,-?@/*- 3A*B/C--/@/D/*)*E D-(/@F GED-),-0-C-H 0),AI35 *4 ?4,4?4*A 3-*C/J,4, K- (->C-@=J (-0@A-
(LEC4)5 HH *4+,EL/*--(/.-,D-C4*5M 0)4* E *4M?A@FN */?/>+/I*5O )-I34O +/,/,A>E. 

<4>,4?-)4*4 3-*/I*--P@/D/*)*4= D-(/@F ,/>5*-),-0-C-M @/*)Q *4 ?4,4?4*/ 3-*C/M/,4, +->C-@=RK4= 50-
0@/(-C4)F // *4+,=L/**--(/.-,D5,-C4**-/ 0-0)-=*5/ C *45?-@// -+40*QO )-I34O 0/I/*5=. 

The finite-element model for calculating the stress-deformed state of rubber-ropes conveyer’s belt on the drum is 

developed. 

$56789:;<=6: >8?<6@. <-@F @/*)-I*QO 

3-*C/M/,-C (@= ),4*0+-,)5,-C4*5= 0Q+EI5O 

G,E>-C G-,*QO +,/(+,5=)5M -?K/5>C/0)*4. 7--

@5I/0)C- 3-*C/M/,-C, +,-)=L/**-0)F 34L(-G-, 

3-@5I/0)C- +/,/D/K4/D-G- G,E>4 5D/R) E0)-M-

I5CER )/*(/*B5R 3 EC/@5I/*5R. S../3)5C-
*-0)F +,5D/*/*5= 34L(-G- 5> 3-*C/M/,-C C >*4-
I5)/@F*-M D/,/ >4C505) -) 34I/0)C4 (+,-I*-0)-
*QO // 0C-M0)C) 5 (-@G-C/I*-0)5 @/*)Q. <40O--

(Q *4 @/*)E >4 C,/D= P30+@E4)4B55 3-*C/M/,-C 
D-GE) (-0)5G4)F 70…90 % -?K5O ,40O-(-C *4 
+,5-?,/)/*5/ 5 D-*)4L *-CQO @/*) [1]. T40)- 

(- 20…30 % -?K/G- C,/D/*5 +,-0)-/C +,-5>-
C-(0)C4 +- )/O*5I/035D +,5I5*4D 0-0)4C@=R) 
+,-0)-5 5>->4 4C4,5M *4 3-*C/M/,4O (C -0*-C-
*-D 5>->4 @/*)Q). U- (4**QD [2], 34+5)4@F*Q/ 
>4),4)Q 5 P30+@E4)4B5-**Q/ ,40O-(Q G-,*QO 

+,/(+,5=)5M *4 3-*C/M/,*Q/ @/*)Q 0--)C/)0)-
C/**- (-0)5G4R) 51 % 5 30 % -) -?K5O 34+5-

)4@F*QO >4),4) 5 P30+@E4)4B5-**QO ,40O-(-C 
*4 ),4*0+-,) 0Q+EI5O G,E>-C.  
V5,-3-/ +,5D/*/*5/ *4 3-*C/M/,4O G-,*QO 

+,/(+,5=)5M +-@EI5@5 ,/>5*-)34*/CQ/ (*4 
05*)/)5I/03-M -0*-C/) 5 ,/>5*-),-0-CQ/ @/*)Q 

(<;#). U-0@/(*5/ +,5D/*=R) (@= -?-,E(-C4-
*5= 3-*C/M/,-C ?-@FN-M (@5*Q 5 +,-5>C-(5-

)/@F*-0)5. 2C/@5I/*5/ +,-5>C-(5)/@F*-0)5 5 

,400)-=*5M ),4*0+-,)5,-C4*5= -?E0@4C@5C4/) 
,-0) +,-(-@F*QO E05@5M C 3-*C/M/,*QO @/*)4O, 

0--)C/)0)C/**- +-CQN4R)0= ),/?-C4*5= 5 3 5O 

+,-I*-0)5. 7,-D/ )-G-, EC/@5I/*5/ *4G,E>-3 *4 
-)(/@F*Q/ ),-0Q +,5 B53@5I/03-D 5O *4G,EL/-
*55, +,5C-(5) 3 0*5L/*5R (-@G-C/I*-0)5 @/*-

)Q. S)- =C5@-0F +,5I5*-M 0->(4*5= 5 +,5D/*/-
*5= 0-C,/D/**QO ,/>5*-),-0-CQO @/*). 
80@/(0)C5/ P)-G- ,4?-)4, +-0C=K/**4= ,4>-

,4?-)3/ D/)-(4 ,40I/)4 *4+,=L/**--

(/.-,D5,-C4**-G- 0-0)-=*5= ('6 ) ,/>5*-)-

,-0-C-M @/*)Q *4 ?4,4?4*/ 3-*C/M/,4, G(/ 
5D/R) D/0)- >*4I5)/@F*Q/ 3-*)43)*Q/ *4+,=-
L/*5= B53@5I/03-G- O4,43)/,4 5 >*4I5)/@F*Q/ 
(/.-,D4B55 ,/>5*Q, =C@=/)0= 43)E4@F*-M. &0-
0@/(-C4*5/ 5 4*4@5> *4+,=L/**--

(/.-,D5,-C4**-G- 0-0)-=*5= ,/>5*-),-0-C-M 

@/*)Q C E0@-C5=O, D-(/@5,ERK5O P30+@E4)4-
B5R *4 3-*C/M/,/, +,/(0)4C@/*Q *5L/. 
/<A>BCB;;<B =<=6<D;EB A<F><=8. </>5*-)-

,-0-C4= @/*)4 +,/(0)4C@=/) 0-?-M 050)/DE +4-
,4@@/@F*QO, @/L4K5O C -(*-M +@-03-0)5 ),--

0-C, >4+,/00-C4**QO C ,/>5*-CER -?-@-I3E. 

:4)/,54@Q, 4,D5,-C4**Q/ -(*-*4+,4C@/**Q-

D5 P@/D/*)4D5, ,40+-@-L/**QD5 +4,4@@/@F*- 

5 ,4C*-D/,*-, =C@=R)0= ),4*0C/,04@F*-5>--

),-+*QD5 3-D+->5)*QD5 D4)/,54@4D5. 

$0*-C*QD5 *4G,E>34D5, +,5@4G4/DQD5 3 

@/*)/, =C@=R)0=: 
4) ,40)=G5C4RK5/ – 0-C+4(4RK5/ +- *4-

+,4C@/*5R 0 *4+,4C@/*5/D ),-0-C; 
?) 0L5D4RK5/ – +,5 C>45D-(/M0)C55 <;# 0 

?4,4?4*-D, @5?- +-((/,L5C4RK5D5 ,-@534D5; 

C) 0L5D4RK5/ – (,40)=G5C4RK5/) – (/M0)-
CERK5/ C +@-03-0)5 @/*)Q +/,+/*(53E@=,*- 

),-04D; 

G) 5>G5?4RK5/ – +,5 -G5?4*55 ?4,4?4*-C, 
-+-,*QO ,-@53-C, +,5 5>G5?/ ),-0-C. 
U,5 +,5@-L/*55 ,40)=G5C4RK5O E05@5M 5 

5>G5?/ @/*)Q *4 ?4,4?4*/, *4+,=L/*5= C ),-04O 

*4 */03-@F3- +-,=(3-C +,/C-0O-(=) 0--)C/)0)-
CERK5/ *4+,=L/*5= C ,/>5*/, I)- -?W=0*=/)0= 
>*4I5)/@F*QD ,4>@5I5/D D-(E@/M E+,EG-0)5 

),-0-C 5 ,/>5*Q.  @/(-C4)/@F*-, +,-(-@F*-M 5 

5>G5?*-M L/0)3-0)=D5 ,/>5*Q D-L*- +,/*/?-

,/IF. U,5 -)*-05)/@F*-D 0D/K/*55 ),-0-C 
C(-@F -05 @/*)Q 5 +,5 -)*-05)/@F*-D 0D/K/-
*55 ),-0-C C *4+,4C@/*55, +/,+/*(53E@=,*-D 

+@-03-0)5 @/*)Q, 0D/K/*5/ B/*),-C ),-0-C 
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+,-50O-(5) C -0*-C*-D )-@F3- >4 0I/) 0(C5G--

CQO (/.-,D4B5M ,/>5*Q.  (C5G-C4= +-(4)@5-

C-0)F ,/>5*-C-M +,-0@-M35 >*4I5)/@F*- +,/-
C-0O-(5) 0--)C/)0)CERK5M +-34>4)/@F (@= ),--

04 5 +-+/,/I*Q/ 0/I/*5= ),-0-C +,43)5I/035 */ 
(/.-,D5,ER)0= [3]. 

U,-(-@F*QM D-(E@F E+,EG-0)5 ),-04 5 D--

(E@F 0(C5G4 ,/>5*Q +,43)5I/035 @5*/M*Q +,5 

(/.-,D4B5=O, C->*534RK5O -) (/M0)C5= (-+E0-
)5DQO *4G,E>-3. 8D/0)/ 0 )/D, +,5 ?-@FN-D 

I50@/ +-,QC-C ),-0-C C -(*-D 0/I/*55 C @--

34@F*-M >-*/ (C ,4M-*/ +-,QC-C) D-GE) ,/4@5-

>-CQC4)F0= */@5*/M*Q/ >43-*Q (/.-,D5,-C4-
*5=. U,5 5>G-)-C@/*55  @/*)Q ,/>5*-C4= 0D/0F 
>4)/34/) C >4>-,Q D/L(E -)(/@F*QD5 +,-C-@--

34D5 5 0),/*G4D5 ),-0-C, +-P)-DE D/O4*5I/-
035/ 0C-M0)C4 ),-0-C C @/*)/ -)@5I4R)0= -) 
4*4@-G5I*QO 0C-M0)C */-?,/>5*/**QO ),-0-C, 
)43 343 -*5 =C@=R)0= 3-D+->5)*QD5 0,/(4D5. 

</>5*-C4= +,-0@-M34 5>->4 // 0@-L*-M G/-D/)-
,5I/03-M .-,DQ +-(C/,L/*4 0@-L*-DE *4+,=-
L/**-DE 0-0)-=*5R 5 // D/O4*5I/035/ 0C-M0)-
C4 -+,/(/@=R)0= 343 0C-M0)C4 */3-)-,-M E+,E-

G-M 0,/(Q 0 EI/)-D .-,DQ. 

&0O-(= 5> CQN/5>@-L/**-G-, +,5D/D 0@/-
(ERK5/ (-+EK/*5=: 

4) ),-0Q C ,/>5*-),-0-C-M @/*)/ (/.-,D5-

,ER)0= 343 ,40)=L5DQ/ 0)/,L*5, +,5 P)-D /G- 

+-+/,/I*Q/ ,4>D/,Q */ 5>D/*=R)0=; 
?) ,/>5*-C4= +,-0@-M34 C/(/) 0/?= 343 E+,E-

G4= 0,/(4, L/0)3-0)*Q/ 0C-M0)C4 3-)-,-M >4C5-

0=) -) D/O4*5I/035O O4,43)/,50)53 ,/>5*Q 5 

.-,DQ +-+/,/I*-G- 0/I/*5=. 
*=;<A;<B =<GB>H8;EB. U/,/(4I4 )=G-C-G- 

E05@5= *4 +,5C-(*-D ?4,4?4*/ 3-*C/M/,4 -0E-

K/0)C@=/)0= >4 0I/) 3404)/@F*QO *4+,=L/*5M C 
,/>5*-C-M D4),5B/ D/L(E ),-04D5 5 +-C/,O*--

0)FR <;#, +,5@/G4RK/M 3 ?4,4?4*E.  

6@= -+,/(/@/*5= P)5O *4+,=L/*5M ,400D-)-
,5D <;# *4 +,5C-(*-D ?4,4?4*/, *4G,EL/**ER 

+,-(-@F*QD5 05@4D5.  

8Q(/@5D P@/D/*) (@5*-M ds (,50. 1, ,50. 2). 

 

<50. 1. <40I/)*4= 0O/D4 *4G,EL/*5= ,/>5*-),-0-C-M 

@/*)Q 

  
                4)                                        ?) 

<50. 2.  O/DQ (/M0)C5= *4+,=L/*5M C ,/>5*-C-M 

D4),5B/ <;#: 4) yz , ?) xz  

20@-C5/ ,4C*-C/05= P@/D/*)4 

yzdT Rd !" # ,                        (1) 

G(/ yz – 3404)/@F*Q/ *4+,=L/*5=  +- 3-*)E,E 

),-04 C ,/>5*-C-M  D4),5B/, C->*534RK5/ +,5 

+/,/(4I/ )=G-C-G- E05@5= -) ?4,4?4*4 3 ),-04D, 

! – N5,5*4 +,5C/(/**-M +@-03-0@-50)-M 3-*-

0),E3B55. 

'4)=L/*5/ ),-04 
fT Qe #

" ,                               (2) 

G(/ f – 3-P..5B5/*) ),/*5= D/L(E +-C/,O*--

0)FR <;# 5 ?4,4?4*-D. 

65../,/*B5,E= (2) 5 +-(0)4C@== C (1), +--

@EI5D 
f

yz

fe Q

R
 

!

#

" .                              (3) 

:4305D4@F*4= C/@5I5*4 3404)/@F*QO *4-
+,=L/*5M (-0)5G4/)0= C 0/I/*55 <;#, *4?/-
G4RK/G- *4 ?4,4?4*, )- /0)F +,5 T = P. U,5 

P)-D 

maxyz

fP

R
 

!
" .                                (4) 

1/-D/),5I/035 500@/(E/D4=  D-(/@F 0--)-
C/)0)CE/) 0@/(ERK5D E0@-C5=D. </>5*-),-0--

C4= @/*)4 @/L5) *4 B5@5*(,5I/03-D ?4,4?4*/  
(,50. 1). U,5 P)-D 3 0?/G4RK/M C/)C5 +,5@-L/-
*- E05@5/ Q, 4 3 *4?/G4RK/M – P. U-@-L5D 

P > Q, )-G(4 0C=>F D/L(E >*4I/*5=D5 P)5O 05@ 

-+,/(/@=/)0= .-,DE@-M SM@/,4 (2). S)- 0--)-
C/)0)C/**- D4305D4@F*-/ 5 D5*5D4@F*-/ >*4-
I/*5= *4)=L/*5M ),-04. :/L(E )-I34D5   5 ! 

*4)=L/*5/ ),-04 *4O-(5)0= C +,-D/LE)3/ D/L-

(E P)5D5 3,4M*5D5 >*4I/*5=D5 – +,-50O-(5) 
EC/@5I/*5/ *4)=L/*5= -) )-I35   3 )-I3/ !. 

 --)C/)0)C/**-, *45?-@FN5/ *4+,=L/*5= C->-
*53*E) C -?@40)5 )-I35 !, +-P)-DE 5 -B/*5C4)F 
'6  (-0)4)-I*- )-@F3- C P)-D D/0)/. 
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</N/*5/ +-0)4C@/**-M >4(4I5 -0EK/0)C@=-
@-0F 0 50+-@F>-C4*5/D D/)-(-C 3-D+FR)/,*-G- 

3-*/I*--P@/D/*)*-G- D-(/@5,-C4*5= C 0,/(/ 
E*5C/,04@F*-G- +43/)4 COSMOSWorks, 5*)/G-
,5,-C4**-G- C CAD-050)/DE SolidWorks [4]. 

;434= >4(4I4 D-L/) ,/N4)F0= (CED= +E)=D5: 

– D-(/@5,-C4*5/D 5>G5?4 @/*)Q *4 ?4,4?4*/ 
343 0?-,-I*-G- E>@4, 0-0)-=K/G- 5> 0)4@F*QO 

),-0-C, ,/>5*Q, ?4,4?4*4 5 >4(4*5= E0@-C5M 

C>45D-(/M0)C5= P)5O (/)4@/M D/L(E 0-?-M. U,5 

P)-D *4G,E>34 *4 ,/>5*-CER D4),5BE *4+,=DER 

*/ >4(4/)0=, 4 -+,/(/@=/)0= E0@-C5=D5 C>45D--

(/M0)C5= 0- 0)4@F*QD ),-0-D 5 ?4,4?4*-D; 

– >4(4*5/D *4G,EL/*5= -(*-M (/)4@5 – ,/-
>5*-C-M D4),5BQ (+,5I/D +-03-@F3E P)- */ 
3-*)43)*4= >4(4I4, 343 +,/(Q(EK4= 5 0@/(-C4-
)/@F*- ?-@// +,-0)4 C ,/N/*55, )- >(/0F D-L*- 

EI/0)F */@5*/M*Q/ 0C-M0)C4 ,/>5*Q, )./. +-@E-

I5)F ?-@// (-0)-C/,*Q/ ,/>E@F)4)Q). '- +,5 

P)-D */-?O-(5D- >4(4C4)F *4G,EL/*5/ ,/>5*--

C-M D4),5BQ C C5(/ 0--)C/)0)CERK5O >43-*-C 

,40+,/(/@/*5=, 4 '6  C @/*)/ +,5 5>G5?/ *4 
+,5C-(*-D ?4,4?4*/ D-L*- ,400D4),5C4)F 343 

*4@-L/*5/ (CEO *4G,E>-3: *4+,=L/*5= -) 5>G5-

?4 @/*)Q *4 */+,5C-(*-D ?4,4?4*/, 3-G(4 ,40-
)=G5C4RK5/ E05@5= C +,4C-M 5 @/C-M C/)C=O 

-(5*43-CQ 5 )=G-CQO E05@5M, +/,/(4C4/DQO 

05@4D5 ),/*5= -) ?4,4?4*4. 
U,5*=)Q/ E0@-C5= >43,/+@/*5= ),-0-C 5 >4-

(4*5= C*/N*/M *4G,E>35 C 0--)C/)0)C55 0 ,40-
I/)*-M 0O/D-M: 

1) ),-0Q *4G,EL/*Q )-@F3- 0 -(*-G- 3,4= 
@/*)Q, (,EG5/ 3-*BQ ),-0-C >43,/+@/*Q (>4-
+,/K/*Q )-@F3- *-,D4@F*Q/ 3 0/I/*5R +/,/-
D/K/*5=, (C4 (,EG5O – ,4>,/N/*Q); 

2) *5L*== +-C/,O*-0)F @/*)Q >43,/+@/*4 
0@/(ERK5D -?,4>-D: ,4(54@F*Q/ 5 ?-3-CQ/ 
+/,/D/K/*5= >4+,/K/*Q, 4 +/,/D/K/*5= +- 

?4,4?4*E (C(-@F ),-0-C) ,4>,/N/*Q; 

3) +,5@-L/*4 C*/N*== 05@4, *4+,4C@/**4= 
+- 3404)/@F*-M 3 *5L*/M +-C/,O*-0)5 @/*)Q. 

S)4 05@4 D-(/@5,E/) 05@Q C>45D-(/M0)C5= ?4-
,4?4*4 0 @/*)-M, // C/@5I5*4 -+,/(/@=/)0= CQ-

,4L/*5/D (4). 

</>E@F)4)Q 500@/(-C4*5= +-@EI/**-M 3--

*/I*--P@/D/*)*-M D-(/@5 ,/>5*-),-0-C-M @/*-

)Q *4 ?4,4?4*/ (,50. 3) C 0--)C/)0)C55 0 +,5*=-
)-M ,40I/)*-M 0O/D-M (0D. ,50. 2) +,/(0)4C@/*Q 

*4 ,50. 4-6. 

U-03-@F3E +/,/(4I4 (C5L/*5= -) +,5C-(*--

G- ?4,4?4*4 <;# -0EK/0)C@=/)0= 05@4D5 ),/-
*5=, +/,C-*4I4@F*- 500@/(-C4@40F ?-@// +,--

0)4= >4(4I4 – +-C/(/*5/ <;# *4 */+,5C-(*-D 

?4,4?4*/. 8 >4(4I/ *4 */+,5C-(*-D ?4,4?4*/ 

+,/*/?,/G4@5 -)*-05)/@F*QD 0D/K/*5/D +--

C/,O*-0)5 @/*)Q +- +-C/,O*-0)5 ?4,4?4*4. 

 

<50. 3. 7-*/I*--P@/D/*)*4= D-(/@F +@-03-M <;# *4 
?4,4?4*/ 

 

<50. 4. 1,4.53 0)4)5I/035O +/,/D/K/*5M ,/>5*-C-M 

D4),5BQ *4 */+,5C-(*-D ?4,4?4*/ (0/I/*5/ @/*)Q, 

),-0Q */ +-34>4*Q) 

 
<50. 5. 1,4.53 P3C5C4@/*)*QO *4+,=L/*5M C ,/>5-

*-C-M D4),5B/ *4 */+,5C-(*-D ?4,4?4*/ +- XV )/--

,55 +,-I*-0)5 (+- :5>/0E) 

 

<50. 6. 1,4.53 0)4)5I/035O +/,/D/K/*5M ,/>5*-C-M 

D4),5BQ *4 +,5C-(*-D ?4,4?4*/ 
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U/,C4= (54G,4DD4 (0D. ,50. 4) +,/(0)4C@=/) 
0-?-R (/.-,D5,-C4**-/ 0-0)-=*5/ EI40)34 
@/*)Q +,5 // 5>G5?/ *4 */+,5C-(*-D ?4,4?4*/. 
'4 G,4.53/ O-,-N- C5(*Q 3,4/CQ/ P../3)Q – 

CQ+EI5C4*5/ ,/>5*Q +- 0C-?-(*QD )-,B4D. 

 ,/(*== I40)F EI40)34 (0D. ,50. 5) +- O4,43)/,E 

*4G,EL/*5= >*4I5)/@F*- -)@5I4/)0= -) 3,4/CQO 

P../3)-C, +,5I/D 5D/**- -*4 0--)C/)0)CE/) 
,/4@F*-M ,4?-)/ @/*)Q *4 ?4,4?4*/. 
743 C5(*- 5> ,50. 4-5, *45?-@FN// +/,/D/-

K/*5/ +-@EI4/) ,/>5*4 E 3,4M*5O ),-0-C. '45-

?-@// *4G,EL/*-M -34>QC4/)0= I40)F +-( 3,4M-

*5D5 ),-04D5 5, +,5 -+,/(/@/**QO >*4I/*5=O, 

),-0 ?E(/) +,-(4C@5C4)F ,/>5*E (- ?4,4?4*4. 
 ,/(*== I40)F +/,/D/K/*5= +,43)5I/035 */ 
+-@EI4/), ).3. C P)-M -?@40)5 ,/>5*4 ,4?-)4/) C 
E0@-C5=O C0/0)-,-**/G- 0L4)5= 5 0+-0-?*4 CQ-

(/,L5C4)F >*4I5)/@F*Q/ *4G,E>35. 

654G,4DD4 +/,/D/K/*5M ,/>5*-C-M D4),5-

BQ *4 +,5C-(*-D ?4,4?4*/ +,/(0)4C@/*4 *4 
,50. 6. Y(/0F 3404)/@F*Q/ 3 ?4,4?4*E +/,/D/-
K/*5= @/*)Q ,4>,/N/*Q, 4 )43L/ +,5@-L/*4 
3404)/@F*4= 05@4, D-(/@5,ERK4= 05@E ),/*5=.   
U,5 -G5?4*55 <;# +,5C-(*-G- ?4,4?4*4 *4 

),-0Q (/M0)CE/) ,4(54@F*4= ,40+,/(/@/**4= 
*4G,E>34 p = T/R, +,5C-(=K4= 3 C(4C@5C4*5R 

),-04 C ,/>5*-CER D4),5BE. U-( (/M0)C5/D ,4-
(54@F*-M *4G,E>35 <;# *4 +,5C-(*-D ?4,4?4*/  
(/.-,D5,E/)0=. S)-M (/.-,D4B55 +,/+=)0)CE-

R) 05@Q ),/*5= D/L(E +-C/,O*-0)FR <;# 5 

?4,4?4*-D. U,5 P)-D 3,4M*5/ ),-0Q 5 ),-0Q, 

*4O-(=K5/0= (4@FN/ -) 3,4/C @/*)Q, ?E(E) *4-
O-(5)F0= C ,4>@5I*QO E0@-C5=O. !0@5 ,4(54@F-
*QD +/,/D/K/*5=D B/*),4@F*QO ),-0-C ?E(/) 
+,/+=)0)C-C4)F ,/>5*-C4= D4),5B4, -3,EL4R-

K4= ),-0, )- +/,/D/K/*5= 3,4M*5O ),-0-C ?E-

(E) ?-@// >*4I5)/@F*QD5. 

'4 +,5C/(/**QO (54G,4DD4O +/,/D/K/*5M 

O-,-N- C5(/* O4,43)/, +/,/,40+,/(/@/*5= 
E05@5M C ),-04O +- N5,5*/ @/*)Q (0D. ,50. 4-5), 

4 )43L/ 0(C5G-CQ/ +/,/D/K/*5= ,/>5*Q C0@/(-

0)C5/ (/M0)C5= 3404)/@F*QO 05@ *4 ?4,4?4*/ 
(0D. ,50. 6). %4,43)/,*-/ CQ+EI5C4*5/ ,/>5*Q 

*4 ?4,4?4*/ CQ>C4*- )/D, I)- +-C/,O*-0)F ?4-
,4?4*4 L/0)3- */ >43,/+@/*4.  
.@A<G@. <4>,4?-)4**4= 3-*/I*--P@/D/*-

)*4= D-(/@F <;# +->C-@=/) -+,/(/@=)F // *4-
+,=L/**--(/.-,D5,-C4**-/ 0-0)-=*5/ +,5 

C>45D-(/M0)C55 0 ?4,4?4*4D5 @/*)-I*-G- 3-*-

C/M/,4 (+,5C-(*QD5 5 */+,5C-(*QD5) C *45-

?-@// -+40*QO )-I34O 0/I/*5=. 
8 (4@F*/MN/D, 0 50+-@F>-C4*5/D ,4>,4?--

)4**-M 3-*/I*--P@/D/*)*-M D-(/@5 '6  +@-0-
3-G- )=G-C-G- -,G4*4 *4 ?4,4?4*/, +@4*5,E/)0= 
CQ+-@*5)F ,40I/)Q *4+,=L/**--(/.-,D5,--

C4**-G- <;# 0 B/@FR -?-0*-C4*5= 5O ,4B5--

*4@F*QO 3-*0),E3B5M, +4,4D/),-C 5 )5+-,4>-
D/,*QO ,=(-C. 

"&"#&$1<9Z&T! 7&[  U& $7 

1. "5@4*, &. !. &00@/(-C4*5/ +,5I5* 5>*-04 5 (-@-

G-C/I*-0)5 3-*C/M/,*QO @/*) *4 L/@/>-,E(*QO 

3-D?5*4)4O 5 ,E(*534O [;/30)] / &. !. "5@4* // 

8-+,-0Q ,E(*5I*-G- ),4*0+-,)4. – 7., 1986. – 

8Q+. 13. –  . 152-177. 

2. 8-@-)3-C035M, 8.  . &>*-0 5 (-@G-C/I*-0)F 3-*-

C/M/,*QO @/*) [;/30)] / 8.  . 8-@-)3-C035M,  

!. '. '-O,5*, :. Z. 1/,405D-C4. – :.: '/(,4, 
1976. – 176 0. 

3. "/@FD40, &. 8. '4+,=L/**-/ 0-0)-=*5/ <;# +,5 

+-C,/L(/*55 ),-0-C C -(*-D 0/I/*55 [;/30)] / 
&. 8. "/@FD40 / &>C. CE>-C. :4N5*-0),-/*5/. – 

1990. – \ 8. $  . 85-88. 

4. 9@=D-C035M, 9. 9. SolidWorks/COSMOSWorks. 

&*L/*/,*QM 4*4@5> D/)-(-D 3-*/I*QO P@/-
D/*)-C [;/30)] / 9. 9. 9@=D-C035M. – :.: 6:7 

U,/00, 2004. – 432 0. 
 

U-0)E+5@4 C ,/(3-@@/G5R 19.08.2009 
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 !" 629.424.1:621.31:681.3 

 . !. "#$% &'(, ).*.+., ,-./+*, %001 (2)345+4); 
(. 6. 7#&#"'8, ).*.+., 9/,.+.:., %001 (2)345+4); 
(. (. ;#6"2$, ).*.+., ,-./+*, %001 (2)345+4); 
%.  . <7#% , :.+.:., %001 (2)345+4); 
0. !. 7&2= ;, 2)3>4?5>+@.A (2)345+4); 
6.  . ! $ B;0$, ,.*.+., C3-D/::-3 (EB ) 

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

)#)-'0' + ('3('4#-"' 5%(#/(+6-+. /# /(#!7%&+8 

%2# )(#"' )7 149

2 :*4**F +49/,/+- >4G4?H+5I -G?A, .5)?F9 )-JC?/):+5K 3-LF* > -.F+)5 3/:M3:M -:+-9+5K +/:MN5K )-+:-
*3M).FI 3MK-J-G- :)?4,M. 

( :*4*H/ C359/,/+ -LO5I -L>-3 .5)?-9 )-JC?/):+@K 34L-* C- -./+)/ 3/:M3:4 -:+-9+@K +/:MO5K )-+:*-
3M).5I C-,95P+-G- :-:*494. 

In the article the general review of cycles of complex works on estimation of the resource of basic carrying 

structures of the rolling stock is presented. 

#./+)/ 3/:M3:4 +/:MO5K )-+:*3M).5I C-,-

95P+-G- :-:*494 C-?-P5?5 +4N4?- 34L-*@ C- 

-./+)/ ,5+4J5)5 5 C3-N+-:*5 C-,95P+-G- :--

:*494, )-*-3@/ C3-9-,5?5:H C-, +4MN+@J 3M)--

9-,:*9-J (:/9-?-,4  3M*Q+-95N4 64>43A+4 9 
#*34:?/9-I +4MN+--5::?/,-94*/?H:)-I ?4L-34-
*-355 ,5+4J5)5 5 C3-N+-:*5 C-,95P+-G- :--

:*494 (#$06 %RRE) +4N5+4A  : )-+.4 60-K G--

,-9 C3-S?-G- :*-?/*5A. ( *- 93/JA, 9 :9A>5 : 
C/3/K-,-J +4 +-9@I *5C J/P94G-++@K :-/,5-

+/+5I 5 M9/?5N/+5/J 9/:4 C-/>,-9 C-A95?5:H 
:*4+,43*@ +4 C3-9/,/+5/ 5:C@*4+5I G3M>-9@K 

5 C4::4P53:)5K 94G-+-9 +4 ,/I:*95/ C3-,-?H-
+@K M,43+@K +4G3M>-), -,+4)- T*5 ,-)MJ/+*@ 

+/ 34:C3-:*34+A?5:H +4 3/D35P/34*-3+@I C-,-

95P+-I :-:*49. ( *-P/ 93/JA 5 ,?A ,3MG5K 94-
G-+-9 M,43+@/ 5:C@*4+5A +/ -*+-:5?5:H ) -:-
+-9+@J 95,4J 5:C@*4+5I.  

8/?HQ 5:C@*4+5I 94G-+-9 +4 :-M,43/+5A 
A9?A/*:A -./+)4 +4C3AP/++-G- :-:*-A+5A +/-
:MO5K )-+:*3M).5I, C3-9/3)4 C3-N+-:*5 94G--

+4 5 /G- -L-3M,-94+5A C35 M,43/ 9 49*-:./C)M : 
>4,4++-I :5?-I 5?5 :)-3-:*HQ. 

U*5 5:C@*4+5A, K-*A 5 C3/,+4>+4N/+@ ,?A 
-./+)5 C3-N+-:*5 94G-++@K )-+:*3M).5I, +- 

C35 T*-J +/ 5J/Q* +5N/G- -LO/G- : -./+)-I 

M,43+-I 9@+-:?59-:*5 94G-+-9, C-:)-?H)M +/ 
MN5*@94?:A K434)*/3 .5)?5N/:)-G- +4G3MP/+5A 
94G-+4, 5J/QO/G- J/:*- 9 T):C?M4*4.55, )-G,4 
N5:?- +4G3MP/+5I J-P/* :-:*49?A*H 105 5 L-?// 
.5)?-9.  

E 1973 G-,4 9 ?4L-34*-355 C- >4,4+5AJ 

!RE EEE& +4N5+4Q* 34>34L4*@94*H:A J/*-,5-

)5 5 C3-9-,5*H:A M:)-3/++@/ 3/:M3:+@/ 5:C@-

*4+5A 3/D35P/34*-3+-G- 5 ,3MG-G- C-,95P+-G- 

:-:*494. 
( 1980 G-,M L@?5 34::N5*4+@ 5 -*34L-*4+@ 

9 T):C/35J/+*4K N5:?/++@/ K434)*/35:*5)5, 

C->9-?59S5/ 34>34L-*4*H J/3M +4G3MP/++-:*5  

-L-3M,-94+5A 5 T?/J/+*-9 )M>-94 94G-+4, N*- 9 
,4?H+/IS/J C->9-?5?-: :-C-:*495*H 34>?5N+@/ 
)-+:*3M).55 C- 5K +4,/P+-:*5; C3-G+->53--

94*H :3-)5 :?MPL@ +49/:+-G- -L-3M,-94+5A 5 

T?/J/+*-9 +/:MO5K )-+:*3M).5I +-9@K 94G--

+-9; C3-G+->53-94*H -:*4*-N+@I 3/:M3: C35 

J-,/3+5>4.55 94G-+-9. &/>M?H*4*-J T*-G- T*4C4 
34L-*@ A95?4:H 34>34L-*4++4A J/*-,5)4 C3-9/-
,/+5A M,43+@K 5:C@*4+5I 94G-+-9. &/>M?H*4*@ 

3/:M3:+@K 5:C@*4+5I 3/D35P/34*-3+@K 94G--

+-9 "3A+:)-G- J4S5+-:*3-5*/?H+-G- >49-,4 
(&-::5A) 5 94G-+-:*3-5*/?H+-G- >49-,4 %/::4M 

(7/3J4+5A), C-?MN/++@/ : 5:C-?H>-94+5/J 34>-
34L-*4++-I J/*-,5)5 9 %001/ 9 C-:?/,:*955 

:-C-:*49?A?5:H : :--*9/*:*9MQO5J5 3/>M?H*4-
*4J5 -*)4>-9 9 T):C?M4*4.55 (93/J/++@/ K4-
34)*/35:*5)5 C-A9?/+5A *3/O5+, C-?-J-), 9@-

K-,4 5> :*3-A )-JC?/)*MQO5K +49/:+-G- -L--

3M,-94+5A) +4L?Q,4/J@K 9 T):C?M4*4.55 T*5K 

P/ 94G-+-9 5 C-)4>4?5 ,-:*4*-N+- K-3-S// 5K 

:-9C4,/+5/. 
$4 -:+-94+55 C3-9/,/++@K 34:N/*-9, 3/-

:M3:+@K 5:C@*4+5I 5 C3/,?-P/++@K J-,/3+5-

>4.5I L@?5 M:*34+/+@ C-?-J)5 K-?-,5?H+@K 
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4G3/G4*-9 *5C4 V 6-056/5 5 +/:MO5K )-+:*-
3M).5I 5K )3/C?/+5A 3/D35P/34*-3+@K 94G--

+-9. &4>34L-*4++@/ J/*-,5)5 C3-9/,/+5A 34:-
N/*-9 5 M:)-3/++@K 3/:M3:+@K 5:C@*4+5I C--

>9-?5?5 M:*34+5*H +/,-34L-*)5 9 )-+:*3M).55 

)3/C?/+5A ,5>/?H-G/+/34*-3+-G- -L-3M,-94+5A 
3/D35P/34*-3+@K 94G-+-9 /93-C/I:)-G- G4L4-
35*4 0-1, )-*-3@/ C-:*49?A?5:H +4 P/?/>+@/ 
,-3-G5 EEE& : 1984 G-,4. 
E 1988 G-,4 +4 P/?/>+@/ ,-3-G5 EEE& :3/-

,5 ,-:*4*-N+- L-?HS-G- -LW/J4 C-:*49?A/J@K 

C4::4P53:)5K 94G-+-9 5 94G-+-9-
3/D35P/34*-3-9, 7/3J4+5A +4N4?4 C-:*49?A*H 
94G-+@-*/3J-:@. U*5 94G-+@ +/ 5J/?5 K-?--

,5?H+-G- -L-3M,-94+5A, 4 -C534?5:H -+5 +4 
G3M>-9@/ */?/P)5 J-,/?5 18-100. ( C/3/N+/ 
C35/J-N+@K 5:C@*4+5I L@?5 C3-9/,/+@ 5 M:-
)-3/++@/ 3/:M3:+@/ 5:C@*4+5A +4 C3-,-?H+@I 

M,43. U*5 5:C@*4+5A 9@A95?5 +/,-:*4*-N+MQ 

C3-N+-:*H 34J@ 94G-+4 5 )3/C?/+5A ?5:*-9 -L-

S59@ 9 G3M>-9-J C-J/O/+55. R35 :MO/:*9MQ-

O/J *5C/ )-+:*3M).55 -)4>4?-:H, N*- :3-) 
:?MPL@ 94G-+-9 T*-G- *5C4 :-:*495* 5-10 ?/* 
$4 -:+-94+55 9@C-?+/++@K 34L-* L@?5 34>34-
L-*4+@ 5 C3/,?-P/++@K :K/J@ J-,/3+5>4.55, 

+4C349?/++@/ +4 C-9@S/+5/ C3-N+-:*5. R35 

T*-J -)4>4?-:H, N*- 9 1998 G-,M +4 E/9/3+-I 

P/?/>+-I ,-3-G/ C3-5>-S?- )3MS/+5/ G3M>-9--

G- C-/>,4 C- C35N5+/ -*3@94 3/>/39M434 +4 94-
G-+/-*/3J-:/ C-:*3-I)5 1993 G-,4, )-*-3@I ) 
:-P4?/+5Q +/ L@? J-,/3+5>53-94++@J 5 *4-
)5J -L34>-J C34)*5N/:)5 C- 5:*/N/+5Q 9@S/ 
M:*4+-9?/++-G- :3-)4 :?MPL@ C3-5>-S?4 +/-
C35A*+-:*H. 
$4)4+M+/ 34>,/?/+5A EEE& +4 3A, +/>495-

:5J@K G-:M,43:*9, 2)345+/ 9 +4:?/,5/ C/3/,4-
/*:A L-?HS-I C43) T?/)*3-C-/>,-9 :/355 '&1, 

'&2, T?/)*3-9->-9 (68, (660. E3/,5 M)4>4+-

+@K :/35I C35:M*:*9M/* C-,95P+-I :-:*49 9@-

CM:)4 1956 G-,4, ,?A )-*-3-G- +4>+4N/++@I 

:3-) T):C?M4*4.55  :-:*49?A/*: 28 ?/* ,?A 94G--

+-9 T?/)*3-C-/>,-9 5 30 ?/* ,?A T?/)*3-9->-9. 
( :9A>5 :- :?-P59S5J5:A -L:*-A*/?H:*94J5 9 
?-)-J-*59+-J K->AI:*9/ 2)345+@ -:*3@J -)4-
>4?:A 9-C3-: C3-,?/+5A +4>+4N/++-G- :3-)4 
:?MPL@ J-*-394G-++-G- 5 *AG-9-G- C-,95P+-G- 

:-:*494. ; 3/S/+5Q T*-I 9/:HJ4 94P+-I >4,4N5 

>4 >4)4>4J5 2)3>4?5>+@.5 :C/.54?5:*@ #$06 

%RRE C35:*MC4Q* 9 1996 G-,M. %?A 3/S/+5A 
9-C3-:-9 C3-,?/+5A +4>+4N/++-G- :3-)4 :?MP-

L@ /,5+5. C-,95P+-G- :-:*494 +/-LK-,5J- 

L@?- 34>34L-*4*H: J/*-,5)M 9@C-?+/+5A .5)?4 
34L-* C- C3-,?/+5Q :3-)4 T):C?M4*4.55 /,5-

+5. C-,95P+-G- :-:*494; C3-G34JJ@ C3-9/,/-
+5A ,5+4J5N/:)5K K-,-9@K, ,5+4J5N/:)5K 

C3-N+-:*+@K 5:C@*4+5I C- -C3/,/?/+5Q M3-9-
+/I +4G3M>-) 5 +4C3AP/+5I, )-*-3@/ D-3J5-

3MQ*:A 9 +45L-?// +4G3MP/++@K :/N/+5AK -:-
+-9+@K +/:MO5K )-+:*3M).5I 34J */?/P/) 5 

34J )M>-9-9 /,5+5. C-,95P+-G- :-:*494; J/*--

,5)M C3-9/,/+5A 95L34.5-++@K :*/+,-9@K 3/-
:M3:+@K 5:C@*4+5I )-+:*3M).5I 34J */?/P/) 
5?5 P/ D34GJ/+*-9 +/:MO5K )-+:*3M).5I 34J 

*/?/P/) 5 34J )M>-9-9; C4)/*@ C35)?4,+@K 

C3-G34JJ C- -L34L-*)/ 3/>M?H*4*-9 5>J/3/+5I 

>43/G5:*353-94++@K C3-./::-9 C35 C3-9/,/+55 

+4*M3+@K 5:C@*4+5I  

R/39@I )-JC?/): 34L-* C- C3-,?/+5Q :3-)4 
:?MPL@ C-,95P+-G- :-:*494 (RE) C- >4A9)/ 
2)3>4?5>+@.5 L@? C3-9/,/+ 9 1997 – 1998 GG. 
U?/)*3-C-/>,4 C-:*-A++-G- *-)4 : +4C3AP/-

+5/J C5*4+5A 9 )-+*4)*+-I :/*5 3000( U&1 5 

U&2, C-:*3-I)5 &5P:)-G- 94G-+-:*3-5*/?H+-G- 

>49-,4, 9@CM:)4?5:H :/35I+- :--*9/*:*9/++- : 
1957 5 1962 G-,-9. ;- 93/J/+5 C3-9/,/+5A M)4-
>4++@K 34L-* L-?HS5+:*9- :/).5I T?/)*3-C--

/>,-9 U&1 5 U&2 5:N/3C4?- +4>+4N/++@I :3-) 
T):C?M4*4.55, 349+@J 28 G-,4J. 

&4L-*@ C3-9-,5?5:H -,+-93/J/++- 9 *3/K 

+4C349?/+5AK, -C3/,/?59S5K 9 ,4?H+/IS/J J/-
*-,-?-G5Q C3-9/,/+5A C-,-L+@K 5::?/,-94+5I 

)4) 9 2)345+/, *4) 5 9 &-::55: 

  -./+)4 ,5+4J5N/:)5K )4N/:*9 C-,95P+-G- 

:-:*494 5 T):C?M4*4.5-++-I +4G3MP/++-:*5 

-:+-9+@K +/:MO5K )-+:*3M).5I T?/)*3-C--

/>,4 (34J */?/P/) 5 )M>-9-9 94G-+-9) CM*/J 

C3-9/,/+5A ,5+4J5N/:)5K K-,-9@K 5 ,5+4-
J5N/:)5K C3-N+-:*+@K 5:C@*4+5I; 

  T):C/35J/+*4?H+4A -./+)4 C3/,/?4 9@+-:-
?59-:*5 34J */?/P/) C35 C3-9/,/+55 5K 

:*/+,-9@K 95L34.5-++@K 5:C@*4+5I ( 9 :9A-
>5 : -*:M*:*95/J  9->J-P+-:*5 -C3/,/?/+5A 
5,/+*5N+@K K434)*/35:*5) ,?A )M>-94 94G--

+4, CM*/J C3-9/,/+5A 5K 3/:M3:+@K 5:C@*4-
+5I : ,-9/,/+5/J ,- 34>3MS/+5A, C35+A*- 

3/S/+5A *4)5/ 5:C@*4+5A C3-9-,5*H *-?H)- 

,?A 34J */?/P/)) ; 
  -./+)4 C3-N+-:*+@K )4N/:*9 +/:MO5K )-+-

:*3M).5I )M>-94 5 34J */?/P/) : 5:C-?H>--

94+5/J J/*-,4 )-+/N+@K T?/J/+*-9. 
(5, T?/)*3-C-/>,4 U&1, : )-*-3@J C3-9--

,5?5:H 5:C@*4+5A  C-)4>4+- +4 35:. 1. 

;M>-9 94G-+4 T?/)*3-C-/>,4 :-9J/:*+- : /G- 

34J-I C3/,:*49?A/* :-L-I /,5+MQ +/:MOMQ 

)-+:*3M).5Q, N*- 5 L@?- MN*/+- C35 34>34L-*-
)/ 34:N/*+@K :K/J J/*-,4 )-+/N+@K T?/J/+*-9 
,?A -./+)5 /G- C3-N+-:*5 5 34>34L-*)/ 3/)--

J/+,4.5I C- /G- M:5?/+5Q. 
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&5:. 1. U?/)*3-C-/>, U&1 9- 93/JA C3-9/,/+5A ,5-

+4J5N/:)5K K-,-9@K 5 ,5+4J5N/:)5K C3-N+-:*+@K 

5:C@*4+5I 

%?A */-3/*5N/:)-I -./+)5 M3-9+A +4C3A-
P/++--,/D-3J53-94++-G- :-:*-A+5A +/:MO5K 

T?/J/+*-9 )M>-94 5 34J */?/P/), 9->+5)4QO5K 

9 M:?-95AK T):C?M4*4.55, 5:C-?H>-94?:A J/*-, 

)-+/N+@K T?/J/+*-9 (!;U). $4 35:. 2 C-)4>4+4 
)-+/N+--T?/J/+*+4A :K/J4, 5:C-?H>M/J4A C35 

C3-9/,/+55 C3-N+-:*+@K 34:N/*-9 G-?-9+-G- 

94G-+4 T?/)*3-C-/>,4 U&1 : J-,5D5.53-94++-I 

34J-I, J-,/?H )-*-3-G- C->9-?5?4 *4)P/ -./-
+594*H +4G3MP/++-:*H C35./C+@K 94G-+-9 -L--

5K *5C-9 T?/)*3-C-/>,-9. &4:N/*+4A :K/J4 )M-

>-94 94G-+4 :-:*-A?4 5> 2028 :*/3P+/9@K 5 C?4-
:*5+N4*@K )-+/N+@K T?/J/+*-9. 

 

&5:. 2. E*/3P+/94A 34:N/*+4A :K/J4 )M>-94 94G--

+4 T?/)*3-C-/>,4 

(@C-?+/++@/ 34:N/*@ C->9-?5?5 :,/?4*H 
:?/,MQO5/ 9@9-,@: 

  M9/?5N/+5/ P/:*)-:*5 L-)-9@K L4?-) C35-

9-,5* ) C/3/34:C3/,/?/+5Q +4C3AP/+5I 5> 
./+*34 L-)-9-I L4?)5 94G-+4 9 J/:*4 C35-

:-/,5+/+5A ) +/I 34:)-:-9; 
  M:5?/+5/ C-C/3/N+-I L4?)5 C359-,5* ) M9/-
?5N/+5Q +4C3AP/+5I 9 ,MG4K )M>-94 9 G--

?-9+-I N4:*5, +/ :+5P4A C35 T*-J +4C3AP/-
+5I 9 L-)-9@K L4?)4K )M>-94; 

  M:5?/+5/ ,MG )3@S5 C->9-?A/* :+5>5*H +4-
C3AP/+5A 9 +5K 9 2…3 34>4, K-*A 9/?5N5+@ 

+4C3AP/+5I +/ -L/:C/N594Q* *3/LM/J@/ )--

TDD5.5/+*@ >4C4:4; 
  M:5?/+5/ SC4+G-M*-9 L-)-9-I :*/+)5 C->9--

?A/* :+5>5*H +4C3AP/+5A 9 +5K ,- L/>-C4:-
+-G- M3-9+A. 
%?A -./+)5 K434)*/35:*5) 9@+-:?59-:*5 

34J */?/P/) J-*-3+@K 5 C35./C+@K 94G-+-9 

T?/)*3-C-/>,-9 U&1 5 U&2 L@?5 C3-9/,/+@ 5K 

:*/+,-9@/ 95L34.5-++@/ 5:C@*4+5A, C35 C3--

9/,/+55 )-*-3@K L@?4 -*34L-*4+4 J/*-,5)4 5K 

9@C-?+/+5A .( 3/>M?H*4*/ 9@C-?+/++-G- )-J-

C?/):4 34L-* L@?5 34>34L-*4+@ 1/K+5N/:)5/ 
3/S/+5A : 3/)-J/+,M/J@J5 95,4J5 34L-* C- 

-L/:C/N/+5Q T):C?M4*4.55 M)4>4++@K T?/)*3--

C-/>,-9 : C3-,?/+5/J :3-)4 5K :?MPL@ ,- 45 

?/*. 
#,+5J 5> -:+-9+@K D4)*-3-9, :C-:-L:*-

9MQO5K C-*/3/ +/:MO/I :C-:-L+-:*5 +/:MO5K 

)-+:*3M).5I ($;) RE A9?A/*:A 5K )-33->5-+-

+@I 5>+-:. ( 3A,/ :?MN4/9, N4:*5 P/?/>+-,--

3-P+@K $; C-,9/3G4Q*:A L-?// 5+*/+:59+-JM 

)-33->5-++-JM 9->,/I:*95Q >4 :N/* ?-)4?H+-I 

)-+./+*34.55 4G3/::59+@K :3/,. R-T*-JM ,4?// 
C35 -./+)/ 3/:M3:4 /,5+5. C-,95P+-G- :-:*494 
MN5*@94?:A D4)*-3 5>J/+/+5A *-?O5+ T?/J/+-

*-9 +/:MO5K )-+:*3M).5I >4 :N/* )-33->55. $4 
35:. 3 C-)4>4+- C35J/3 )-33->5-++-G- 5>+-:4 
T?/J/+*4 */?/P)5 T?/)*3-C-/>,4. 

 

&5:. 3. ;-33->5-++@I 5>+-: )-+:-?H+-I N4:*5 +4,-

3/::-3+-I L4?)5 */?/P)5 T?/)*3-C-/>,4 U&1 >49.  
X 033 (A+943H 2005 G.) 

R-:)-?H)M C3-G+-> :3-)4 :?MPL@ $; RE 

+45L-?// N4:*- ,/?4/*:A +4 -:+-94+55 -./+)5 

5K :-C3-*59?/+5A M:*4?-:*5 C35 D4)*5N/:)-J 

:-:*-A+55 )-33->55, >4,4N4 C3-G+->4 ,4?H+/I-

S/G- 9->J-P+-G- )-33->5-++-G- 9->,/I:*95A 
-)3MP4QO/I :3/,@ A9?A/*:A 4)*M4?H+-I. 

%?A 5??Q:*34.55 9 )4N/:*9/ C35J/34 +4 
35:. 4 C359/,/+4 D4)*5N/:)4A >495:5J-:*H *-?-

O5+@ L-)-9-I L4?)5 ,5>/?H-C-/>,4 %1 (C3-5>-
9-,:*9- (/+G355, D53J4 MVAG) -* C3-L/G4. 
$/?5+/I+-:*H 5 +/-,+->+4N+-:*H C-?MN/++-I 

>495:5J-:*5 J-P/* L@*H -LWA:+/+ +/-,+-3-,-

+-:*HQ -LW/)*-9 -L:?/,-94+5A 34>+-G- 9->34:-
*4. R-,-L+4A :5*M4.5A +4L?Q,4/*:A, +4C35J/3, 

9 C43)/ C4::4P53:)5K 94G-+-9, C-:*3-/++@K 

34>+@J5 C3-5>9-,5*/?AJ5 9 34>?5N+@/ C/35--

,@ 93/J/+5. 

%4?// C-,-L+@/ 34L-*@, :9A>4++@/ : C3--

,?/+5/J :3-)4 T):C?M4*4.55 9@C-?+A?5:H : ,5-

>/?H-C-/>,4J5 %1 5 %&1 , T?/)*3-C-/>,4J5 
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'&9R, '&9!, '&9', */C?-9->4J5 !62 5 2!62, 

21'10, 122, T?/)*3-9->4J5 YE4, (660 5 (68. 
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&5:. 4. Z495:5J-:*H C3-./+*+-G- MJ/+HS/+5A *-?-

O5+@ C-?)5 L-)-9-I C3-,-?H+-I L4?)5 34J@ )M>--

94 [ ,5>/?H-C-/>,4 %1 -* C3-L/G4 L 

(+/S+5I 95, M)4>4++@K /,5+5. J-*-394-
G-++-G- 5 *AG-9-G- C-,95P+-G- :-:*494 C3/,-

:*49?/+ +4 35:. 4. 

$4 35:. 5 C-)4>4+ G-?-9+-I 94G-+ ,5>/?H-
C-/>,4 %&1 . ( 3/>M?H*4*/ 9@C-?+/++-G- )-J-

C?/):4 34L-* : ,5>/?H-C-/>,4J5 :/355 %1 5 

%&1  L@?5 34>34L-*4+@ 1/K+5N/:)5/ 3/S/+5A 
5 ,4?// 1/K+5N/:)5/ M:?-95A : 3/)-J/+,M/J@-

J5 95,4J5 34L-* C- -L/:C/N/+5Q T):C?M4*4.55 

M)4>4++@K T?/)*3-C-/>,-9 : C3-,?/+5/J :3-)4 
5K :?MPL@ ,- 40 ?/*. R35 T*-J L@?- C3/,?-P/-
+- 94354+*@ 3/J-+*+@K 34L-* C- M:5?/+5Q 

+4,3/::-3+@K L4?-) 5 C-,,5>/?H+@K 34J G--

?-9+@K J-*-3+@K 94G-+-9 9 J/:*4K, G,/ C-A9-
?A?5:H *3/O5+@. 

 

&5:. 5. 7-?-9+-I 94G-+ ,5>/?H-C-/>,4 %&1  

E T?/)*3-9->4J5 :/355 YE4 9@C-?+/+ 

L-?HS-I )-JC?/): 34L-*, :9A>4++@I : C3-,?/-
+5/J :3-)4 :?MPL@, 9 *-J N5:?/ 5 34L-*@ C- 

-./+)/ 9?5A+5A J-,/3+5>4.55 +4 C-)4>4*/?5 

C3-N+-:*5, ,5+4J5)5, C?49+-:*5 5 L/>-C4:+--

:*5 ,95P/+5A C35 :)-3-:*AK ,95P/+5A ,- 160 

)J/N4:. !-,/3+5>4.5A T?/)*3-9->-9 :/355 YE4, 

9@C-?+/++4A +4 Z4C-3-P:)-J T?/)*3-9->-3/-
J-+*+-J >49-,/ (Z'&Z/) C35 :--*9/*:*9MQO/J 

+4MN+-J :-C3-9-P,/+55 34L-* :C/.54?5:*4J5 

#$06 %RRE, C->9-?5?4 9+/,35*H M:*4+-9)M 

+-9@K )M>-9-9 C3-5>9-,:*94 Z'&Z, 4 *4)P/ +--

9@K 34J */?/P/) C3-5>9-,:*94 Y;% «R34G4» 5 

\; «6MG4+:)*/C?-9->». 

$4 35:. 6 C-)4>4+ -C@*+@I :./C, 9 :-:*49/ 
)-*-3-G- +4K-,A*:A -L@N+@I 5 J-,/3+5>53--

94++@I T?/)*3-9->@ YE4. 

(- 93/JA C3-9/,/+5A ,5+4J5N/:)5K K-,--

9@K 5 ,5+4J5N/:)5K C3-N+-:*+@K 5:C@*4+5I 

T?/)*3-9->4 (660 L@?5 M:*4+-9?/+@ M:5?5A, 
)-*-3@/ D-3J53MQ* +45L-?HS5/ M3-9+5 +4-
C3AP/+5I 9 34J4K */?/P/). %?A +45L-?// +4-
C3AP/++-G- M>?4 34J@ */?/P)5 (M>?@ :-/,5+/-
+5A C-C/3/N+@K 5 C3-,-?H+@K L4?-) 34J */?/-
P/)) +4 -:+-94+55 34:N/*4 +4C3AP/++--

,/D-3J53-94++-G- :-:*-A+5A L@?5 C3/,?-P/-
+@ :C-:-L@ J-,/3+5>4.55, )-*-3@/ C->9-?5?5 

C-+5>5*H M3-9/+H :--*9/*:*9MQO5K J4):5-

J4?H+@K +4C3AP/+5I. #LO5I 95, T?/)*3-9->4 
(660 C-)4>4+ +4 35:. 7. 

 

&5:. 6. #L@N+@I 5 J-,/3+5>53-94++@I T?/)*3-9->@ 

YE4 9- 93/JA C3-9/,/+5A 5:C@*4+5I 

 

&5:. 7. U?/)*3-9-> (660 ?-)-J-*59+-G- ,/C-  

Z+4J/+)4 

R- J/3/ C35L?5P/+5A ) :--*9/*:*9MQO5J 

+4>+4N/++@J :3-)4J T):C?M4*4.55 34L-*@ C- 

C3-,?/+5A :3-)4 :?MPL@ L@?5 C3-9/,/+@ ,?A 
*/C?-9->-9 !62, 2!62, 21'10 5 /:*/:*9/++- +/ 
-L-S?5 9+5J4+5/J M>)-)-?/I+@I */C?-9-> :/-
355 122, )-*-3@/ :/G-,+A T):C?M4*53MQ*:A +4 
,/*:)5K P/?/>+@K ,-3-G4K 5 :C-:-L:*9MQ* 9-:-
C5*4+5Q J-?-,-G- C-)-?/+5A P/?/>+-,-3-P-
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+5)-9. $4  35:. 8 C-)4>4+- */C?-9-> 2!62, : )--

*-3@J ,-C-?+5*/?H+- ) 34L-*4J C- C3-,?/+5Q 

:3-)4 :?MPL@ 9@C-?+A?4:H 34L-*4 C- -*34L-*)/ 
M:?-95I /G- ,95P/+5A 9 :-:*49/ G3M>-9@K C-/>-
,-9 +4 MN4:*)4K : )359@J5 J4?@K 34,5M:-9. 
$4 35:. 9 C-)4>4+ 95, MN4:*)4 6H9-9:)-I 

P/?/>+-I ,-3-G5 +4 +4C349?/+55 1/3+-C-?H –

Y/3*)-9-, G,/ +4 G?49+-J K-,M 5J/Q*:A )359@/ 
34,5M:4 175 J, 9 )-*-3-J L@? :K-, */C?-9->4 
C35 ,95P/+55 /G- : :-:*49-J 94G-+-9 G3M>-9-G- 

C-/>,4. &A,-J +4 93/J/++-J CM*5 34:C-?-P/+ 

94G-+ CM*/5:C@*4*/?H+-I ?4L-34*-355. 

 

&5:. 8. 1/C?-9-> 2!62 : 94G-+-J-?4L-34*-35/I 9- 

93/JA C3-9/,/+5A 5:C@*4+5I. -*:*-I +4 */335*-355 

?-)-J-*59+-G- ,/C- Y/3*)-9- 

 

&5:. 9. #C@*+@I MN4:*-) CM*5, +4 )-*-3-J C3-5>--

S/? :K-, */C?-9->4 

$4 35:. 10 C-)4>4+ 95, J-:*4, 34:C-?-P/+-

+-G- 9 )359-I 34,5M:4 185 J MN4:*)4 6H9-9:)-I 

P/?/>+-I ,-3-G5 +4 +4C349?/+55 1/3+-C-?H –

Y/3*)-9-. 

$4 35:. 10 C-)4>4+ */C?-9-> 21'10 : 94G--

+-J-?4L-34*-35/I 9- 93/JA C3-9/,/+5A 5:C@-

*4+5I +4 #,/::)-I P/?/>+-I ,-3-G/. 
R35 3/S/+55 9-C3-:-9 C3-,?/+5A :3-)4 

T):C?M4*4.55 +/:MO5K )-+:*3M).5I */C?-9->-9 
T*-I :/355 L@?5 9@C-?+/+@ ,5+4J5N/:)5/ K--

,-9@/ 5 ,5+4J5N/:)5/ C3-N+-:*+@/ 5:C@*4+5A, 

4 *4)P/ C3-N+-:*+-I 34:N/* +4C3AP/++--

,/D-3J53-94++-G- :-:*-A+5A T*5K )-+:*3M)-
.5I. R35 -C3/,/?/+55 3/:M3:4 -:+-9+@K +/:M-

O5K )-+:*3M).5I L@?4 C35J/+/+4 J/*-,5)4 
:349+5*/?H+-I -./+)5 M3-9+/I 5K +4G3MP/++--

:*5 5 +434L-*-) : 4+4?-G5N+@J5 )-+:*3M).5A-
J5 */C?-9->4 21'116, ,?A )-*-3-G- L@? 9@C-?-

+/+ C-?+@I )-JC?/): 34L-*, 9 *-J N5:?/ 5 3/-
:M3:+@/ 95L34.5-++@/ 5:C@*4+5A -L34>.-9, 
5>G-*-9?/++@K 5> T?/J/+*-9 :--*9/*:*9MQO5K 

)-+:*3M).5I. 

 

&5:. 10. (5, J-:*4, 34:C-?-P/++-G- 9 )359-I 

34,5M:4 185 J. MN4:*)4 6H9-9:)-I P/?/>+-I ,-3-G5 

+4 +4C349?/+55 1/3+-C-?H –Y/3*)-9- 

 

&5:. 11. 1/C?-9-> 21'10 : 94G-+-J-?4L-34*-35/I 9- 

93/JA C3-9/,/+5A 5:C@*4+5I +4 #,/::)-I P/?/>+-I 

,-3-G/ 

$4 35:. 12 C-)4>4+ M>)-)-?/I+@I */C?-9-> 
122. 

%?A 3/S/+5A 9-C3-:-9 - C3-,?/+55 +4>+4-
N/++-G- :3-)4 T):C?M4*4.55 */C?-9->-9 T*-I 

:/355 :C/.54?5:*@ #$06 %RRE L@?5 C359?/-
N/+@ 9 )4N/:*9/ )-+:M?H*4+*-9 5 T):C/3*-9 3/-
>M?H*4*-9 9@C-?+/++@K 34L-*. #:+-9+-I J-*5-

94.5/I MN4:*5/ 9 T*-I 34L-*/ C3/P,/ 9:/G- L@-

?- *-, N*- T*5 */C?-9->@ T):C?M4*53MQ*:A +4 
,/*:)5K P/?/>+@K ,-3-G4K, G,/ 9/,/*:A C3-D-

-35/+*4.5-++4A 34L-*4 C- C-,G-*-9)/ LM,MO5K 

:*M,/+*-9 9@:S5K MN/L+@K >49/,/+5I P/?/>-
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+-,-3-P+-G- C3-D5?A. $4 94P+-:*H *4)-I 34-
L-*@ -L34O4? 9+5J4+5/ )-??/G 5 (:/9-?-, 

 3M*Q+-95N 64>43A+, )-*-3@I 9:*3/N4?:A : 
MN4O5J5:A J4?-I R35,+/C3-9:)-I P/?/>+-I 

,-3-G5. 0+*/3/:+@J A9?A?-:H *- -L:*-A*/?H:*-
9-, N*- +4 *4)5K 9:*3/N4K  (:/9-?-,  3M*Q+--

95N *4) J4:*/3)5 MJ/? C-:*3-5*H L/:/,M, C35 

)-*-3-I Q+-/ C-)-?/+5/ +/ -OMO4?- :/LA +/-
>+4I)4J5. 

 

&5:.12. 2>)-)-?/I+@I */C?-9-> 122 

$4 35:. 13 C3/,:*49?/+ -C@*+@I :./C, :--

:*49?/++@I 5> N/*@3/K 94G-+-9 T?/)*3-C-/>,-9 
U&9! 5 U&9', 94G-+4-?4L-34*-355 %$2]14 5 

T?/)*3-9->4 YE4, : C-J-OHQ )-*-3-G- L@?5 

C3-9/,/+@ ,5+4J5N/:)5/ K-,-9@/ 5 ,5+4J5N/-
:)5/ C3-N+-:*+@/ 5:C@*4+5A 9@S/M)4>4++@K 

/,5+5. +4 -:+-9+@K +4C349?/+5AK 5K T):C?M4-
*4.55 +4 ^G--Z4C4,+-I P/?/>+-I ,-3-G/. 

 

&5:. 13. #C@*+@I :./C : 94G-+4J5 T?/)*3-C-/>,-9 
'&9!, '&9' 

R35 -C3/,/?/+55 3/:M3:4 -:+-9+@K +/:M-

O5K )-+:*3M).5I T?/)*3-C-/>,-9 '&9!, '&9' 

)4) 5 34::J-*3/+55 4+4?-G5N+@K 9-C3-:-9 ,?A 
*/C?-9->-9 21'10 L@?4 C35J/+/+4 J/*-,5)4 
:349+5*/?H+-I -./+)5 M3-9+/I 5K +4G3MP/++--

:*5 5 +434L-*-) : :--*9/*:*9MQO5J5 K434)*/-
35:*5)4J5 4+4?-G5N+@K )-+:*3M).5I T?/)*3--

C-/>,4 U&9R, ,?A )-*-3-G- L@? 9@C-?+/+ C-?-

+@I )-JC?/): 34L-*, 9 *-J N5:?/ 5 3/:M3:+@/ 
95L34.5-++@/ 5:C@*4+5A 34J */?/P/). 

%-:*4*-N+- :MO/:*9/++-I C-J-OHQ ,?A 
3/S/+5A +MP, */K+-?-G5N/:)-G- .5)?4 5 C-,4-
N5 G-*-9-I C3-,M).55 C3-J@S?/++-G- *34+:-
C-3*4 +4 CM*5 J4G5:*34?H+-G- *34+:C-3*4 L@?4 
3-L-*4 C- C3-,?/+5Q +4>+4N/++-G- :3-)4 T):-
C?M4*4.55 */C?-9->-9 :/355 17!6 . (+/S+5I 

95, ,4++-G- */C?-9->4 C-)4>4+ +4 35:. 13. 

 

&5:.14. #LO5I 95, */C?-9->4 17!6  

;-JC?/):+4A 34L-*4 C- C3-,?/+5Q :3-)4 
:?MPL@ C43)4 */C?-9->-9 :/355 17!6  9@-

C-?+A?4:H C- ,-G-9-3M : $5)-C-?H:)5J >49--

,-J D/33-:C?49-9. R35 3/S/+55 9-C3-:-9 -L 

-./+)/ 3/:M3:4 -:+-9+@K +/:MO5K )-+:*3M).5I 

34J@ )M>-94 */C?-9->4 L@? 5:C-?H>-94+ J/*-, 

«:?4L-G- T?/J/+*4». 

( :?-P+-I J/K4+5N/:)-I  )-+:*3M).55 +4-
9/3+A)4 :MO/:*9M/* «:?4L@I T?/J/+*» (EU), : 
)-*-3-G- +4N5+4/*:A 34>3MS/+5/ )-+:*3M).55 

5?5 /G- J-P+- 9@,/?5*H +4 -:+-94+55 4+4?5>4 
5:*-355 T):C?M4*4.55 5 )-JC?/):4 +4G3M>-), 
,/I:*9MQO5K +4 $;. 

"-?HS5+:*9- :MO/:*9MQO5K 34:N/*+--

T):C/35J/+*4?H+@K J/*-,-9 -./+)5 3/:M3:4 
+/:MO5K J4S5+-:*3-5*/?H+@K )-+:*3M).5I 

-:+-94+- +4 :349+/+55 3/>M?H*4*-9 ,/I:*95A 
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N/3C4?5 M:*4+-9?/++@I :3-) :?MPL@, C-,?/P4* 
:5:*/J4*5N/:)-JM +/34>3MS4QO/JM )-+*3-?Q. 

!/3-C35A*5A +/34>3MS4QO/G- )-+*3-?A 9@-

C-?+AQ*:A :-G?4:+- 1/K+5N/:)5J 3/S/+5AJ 

-*+-:5*/?H+- M,?5+/+5A :3-)4 :?MPL@ *5C-9 
1RE 3/G?4J/+*4J5 ) *+*,-." /0,123,-!4 

,5!-!6,7 /+51!8-+9+ )+)."1" -":-"',--+9+ 

5;4 -,9+ )0+$" );&8<2. 

15C5N+4A L?-)-:K/J4 9@C-?+/+5A 34L-* C- 

C-T*4C+-JM C3-,?/+5Q :3-)4 :?MPL@ 1RE 

C359/,/+4 +4 35:. 23. 

EC?-S+-I -:J-*3 /,5+5. C43)4 1RE C3-9--

,5*:A, )4) C3495?- :5?4J5 34L-*+5)-9 ?-)-J--

*59+@K ,/C-. 'G- ./?HQ /:*H )-J5::5-++4A 
T):C/3*+4A -./+)4 D4)*5N/:)-G- :-:*-A+5A -:-
+-9+@K +/:MO5K )-+:*3M).5I 1RE ,?A M,?5-

+/+5A 5K :3-)4 T):C?M4*4.55 ) 9@C-?+/+5Q 

34L-* :?/,MQO/G- T*4C4 M,?5+/+5A 5K :3-)4 
:?MPL@. 

&4:S53/++@I )-J5::5-++@I -:J-*3 -:+-9-
+@K $; */?/P/) 5 )M>-9-9 1RE 9@C-?+A/*:A 
:5?4J5 34L-*+5)-9 ?-)-J-*59+@K ,/C- C35 

MN4:*55 C3/,:*495*/?A ?-)-J-*59+-I :?MPL@ 

:--*9/*:*9MQO/I P/?/>+-I ,-3-G5 5 G3MCC@ 

:C/.54?5:*-9 C- +/34>MS4QO/JM )-+*3-?Q. 

'G- ./?HQ A9?A/*:A )-J5::5-++@I 5+:*3MJ/+-

*4?H+@I )-+*3-?H :-:*-A+5A -:+-9+@K +/:M-

O5K )-+:*3M).5I ,?A M,?5+/+5A :3-)4 T):-
C?M4*4.55 1RE ,- C3-9/,/+5A ;&R. %?A C3--

9/,/+5A 34:S53/++-G- )-J5::5-++-G- -:J-*34 
D-3J53M/*:A )-J5::5A, )4) C3495?-, C-, C3/,-

:/,4*/?H:*9-J G?49+-G- 5+P/+/34 ?-)-J-*59-
+-G- ,/C-. 

 

U*4C 1. 

 

 

 

 

U*4C 2. 

 

 

 

 

 

U*4C 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

&5:. 23. "?-)-:K/J4 34L-* C- C-T*4C+-JM C3-,?/-
+5Q :3-)4 :?MPL@ 1RE 

R359/,/++@/ J4*/354?@ 9@C-?+/++-G- 

)-JC?/):4 34L-* ,4++-G- +4MN+-G- +4C349?/+5A 
:95,/*/?H:*9MQ* - *-J, N*- :C/.54?5:*@, )-*--

3@/ 9@3-:?5 9 +4MN+-I S)-?/, :->,4++-I 4)4-
,/J5)-J (.  . 64>43A+-J, :C-:-L+@ 3/S4*H 
9-C3-:@ ?QL-I :?-P+-:*5 5 */J :4J@J :-,/I-

:*9-94*H -L/:C/N/+55 C-*3/L+-:*/I 9 -L/:C/-
N/+55 )4) C4::4P53:)5K *4) 5 G3M>-9@K C/3/9--

>-). 

):;<=><? <@-
A<BC -/) 

 )* -:-
J-*34 

(D@=ECF>EG? 

H<AE@@E<>>G? 

<@A<BC -/) 

;-+*3-?H :-:*-A+5A 
34J */?/P/) 1RE 

;-+*3-?H )-33->55 )M-

>-9-9  !" 

 )*  -:-
J-*34 

"(/ 
$/34>3MS4QO5I )-+*-
3-?H 34J */?/P/) 1RE 

R3-9/,/+5/ 9-::*4+-9?/-
+5A +/:MO/I :C-:-L+-:*5 

)M>-9-9  

!/3-C35A*5A C- >4O5*/ 
-* )-33->55 34J */?/P/) 

1RE 

R3-9/,/+5/ -C@*+@K J--

,/3+5>4.5I )M>-9-9  !"

#BAFBHD I BFJ-

>EKF@H<A :D@-
:<CBF -/) 

101



 

"0"60#7& V0Y'E;0` ER0E#; 

1. !/*-,5)4 -./+)5 -:*4*-N+-G- 3/:M3:4 +/:MO5K 
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R-:*MC5?4 9 3/,)-??/G5Q 16.07.2009 
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 !" 629.4 

 . !. "#$#%&%'#, (.).*., +,-./00-,, !12!3, #4# «%56 578-*9» ($-00:;) 

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

'$ /,12)( – /,0,/# 3&#(4,'*5 3/&#&0'&6 

* 3/&3 )"'&6 )3&)&7'&)8* +,1,0'(9 !&/&%

!,- ,/</,= +>(=:?/**; +,-=><*-@ )7 +,-+A0B*-@ 0+,-C-D*-0)> <7E><*:FG. 

!,- ,/</,= +-=9H/*:; +,-=-<*-I : +,-+A0B*-I 0+-0-J*-0): D/E/<*9K (-,-8. 

About reserve of increasing the carrying and traffic capacity of railways. 

!-=9H/*:/ B-*BA,/*)-0+-0-J*-0): D/E/<-
*9K (-,-8 0=;<7*- 0 +-=9H/*:/C +,-+A0B*-I : 
+,-=-<*-I 0+-0-J*-0): D/E/<*9K (-,-8. %7H: 
*7AL*9/ ,AB-=-(:)/E:, =9(7M?:/0; ALN*9/ 
5. 4. O7<7,;* : P. P. Q/E*-B-= +,/B,70*- +--
*:C7E: R)- : = 0--)=/)0)=:: 0- 0=-:C: :(/;C: 
0-=/,H/*0)=-=7*:; )/E/D/B =/E: ,7J-)A 0 
2,7EG0B:C =78-*-0),-:)/EG*9C <7=-(-C. 3--
=C/0)*9/ :00E/(-=7*:; +- 0-<(7*:M +/,0+/B-
):=*-I )/E/DB: (E; 8,A<-=9K =78-*-= 0 AEAL-
H/**9C: K-(-=9C: B7L/0)=7C: = 60-70-/ 8-(9 

XX =/B7 *7 2,7E=78-*<7=-(/ +,-=-(:E:0G 50/-
0-M<*9C *7AL*--:00E/(-=7)/EG0B:C :*0):)A-
)-C S!3 (6%PP S!3), O/*:*8,7(0B:C : 
T*/+,-+/),-=0B:C :*0):)A)7C: D/E/<*-(--
,-D*-8- ),7*0+-,)7, T*/+,-+/),-=0B:C -)(/-
E/*:/C :*0):)A)7 C/K7*:B: 4% 233$, 50/0--
M<*9C *7AL*--:00E/(-=7)/EG0B:C :*0):)A)-C 

=78-*-0),-/*:;. $7J-)9 =/E:0G = (=AK *7+,7=-
E/*:;K: 

– 0-<(7*:/ *-=9K )/E/D/B 0 F/*),7EG*9C 

+-(=/H:=7*:/C; 

– 0-<(7*:/ *-=9K )/E/D/B 0 *7(JAB0-=9C 

+-(=/H:=7*:/C. 

"9E: :<8-)-=E/*9 : :0+9)7*9 )/E/DB: 0 
F/*),7EG*9C +-(=/H:=7*:/C: 

– 0 C-(/,*:<:,-=7**9C: BE:*-=9C: 870:-
)/E;C: B-E/J7*:I: 6%PP-U3-S – 1965 8., 25V-
3 – 1966 : 1967 88.; 

– 0 8:(,-870:)/E;C: – 1969 : 1971 88.; 
– 0 C-(/,*:<:,-=7**9C: +,AD:**9C: B-C-

+E/B)7C:: 0 J:E:*/I*-I K7,7B)/,:0):B-I 1971 

: 1978 8., +-=9H/**-I 8:JB-0): – 1971 8.; 
– 0 A0)7*-=B-I ,/<:*-=-8- RE/C/*)7 = ,/0-

0-,*-/ +-(=/H:=7*:/ – 1971 8.; 
– 0 A0)7*-=B-I 0B-EG<A*-=-(/C+./,-= – 

1969 : 1971 8.; 
– 25V-5%PP5 : 25V-OPPWX – 1973 8. 
!- E:*:: 0-<(7*:; 2--0*-I )/E/DB: 0 *7(-

JAB0-=9C +-(=/H:=7*:/C <7 R)- =,/C; J9E: 

0+,-/B):,-=7*9, :<8-)-=E/*9 : :0+9)7*9 )/-
E/DB: 25V-6' : 25V-6'M. 

5 7=8A0)/ 1974 8. *7 2,7E=78-*<7=-(/ J9E- 
+,-=/(/*- )/K*:L/0B-/ 0-=/?7*:/ 0 AL70):/C 

6%PP S!3 (=78-**-/ -)(/E/*:/ : -)(/E/*:/ 
B-C+E/B0*9K :0+9)7*:I), OPPWX, TPPX, T# 

PS 4% 233$, 5%P!XP=, 65 S!3, *7 B-)--
,-C J9E- +,:*;)- ,/H/*:/ - +,-=/(/*:: (:-
*7C:L/0B:K (K-(-=9K) :0+9)7*:I )/E/D/B 
25V-OPPWX (,:0. 1 ) : 25V-6'S (,:0. 1!) *7 
0B-,-0)*-C +-E:8-*/ 6%PP S!3 0). "/E-,/-
L/*0B7; – S7IB-+ 0- 0B-,-0);C: (=:D/*:; (- 
150 BC/L. 

  

 

! 

 

" 

 

$:0. 1. #J?:I =:( )/E/D/B 25V-OPPWX ( ), 

25V-6'S (!) : 50U-508 ("), = 0-<(7*:: : :0+9)7*:-
;K B-)-,9K +,:*:C7E: AL70):/ 
5. 4 O7<7,;* : P. P. Q/E*-B-= 
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Y): :0+9)7*:; J9E: +,-=/(/*9 = C7,)/-C7/ 
1975 8. 25V 0-=C/0)*- 0 6%PP S!3, OPPWX, 

TPPX : T# PS 4% 233$ 0 F/EGM =9;=E/*:; 
EALH/8- =7,:7*)7 )/E/DB: :< L:0E7 :0+9)9-

=7/C9K -J,7<F-=, 7 )7BD/ A)-L*/*:; ,;(7 +--
E-D/*:I ,7<,7J7)9=7/C9K  )/K*:L/0B:K ),/J--
=7*:I *7 2--0*AM )/E/DBA (E; 0B-,-0)/I (=:-
D/*:; (- 140 BC/L. 
' 0-D7E/*:M, ,/<AEG)7)9 R):K ,7J-) */ J9-

E: =*/(,/*9, *- -*: (- 0:K +-, 0EAD7) )/-,/-
):L/0B-I : RB0+/,:C/*)7EG*-I -0*-=-I 0-<(7-
*:; *-=9K )/E/D/B. %7 :K J7</ J9E: ,7<,7J-)7-
*9 )/K*:L/0B:/ ),/J-=7*:; B )/E/DB7C : 1#3X 

*7 )/E/DB:. 5 (7EG*/IH/C +,: AL70):: TPPX 

: T# PS 4% 233$ +-( ,AB-=-(0)=-C 

5. 4. O7<7,;*7 : OPPWX7 +-( ,AB-=-(0)=-C 

P. P. Q/E*-B-=7 6%PP S!3 J9E: 0.-,CAE:-
,-=7*9 *-=9/ )/K*:L/0B:/ ),/J-=7*:; B =78--
*7C 0 -0/=-I *78,A<B-I 25 ) : = 1975 8. «2,7E-
=78-*<7=-(» +,/(0)7=:E *7 :0+9)7*:; (=7 -J-
,7<F7 *-=9K +-EA=78-*-=. Y): =78-*9 =- C*--
8-C B-+:,-=7E: B-*0),AB):=*9/ ,/H/*:; 
=78-*7 0 *78,A<B-I 22 )0, *- = *:K (E; +-=9H/-
*:; 8,A<-+-(Z/C*-0): J9E: ==/(/*9 *-=9/ 
A0:E/**9/ A<E9, = )-C L:0E/ : )/E/DB:. 57D-

*9C RE/C/*)-C *-=:<*9 -(*-8- :< -+9)*9K 
=7,:7*)-= *-=-I )/E/DB: ;=E;E70G ,/<:*-=7; 
+,-BE7(B7 C/D(A JAB0-I : J-B-=-I ,7C-I. #(-
*7B- ,/<AEG)7)9 RB0+EA7)7F:-**9K :0+9)7*:I 
R)-8- A<E7 -B7<7E:0G -),:F7)/EG*9C:, = ,/-
<AEG)7)/ C/D=/(-C0)=/**7; B-C:00:; ,/B-C/*-
(-=7E7 B +,-:<=-(0)=A )/E/DBA 18-131, = -0-
*-=*-C B-+:,AM?AM )/E/DBA 18-100. 

578-*-0),-:)/E;C : D/E/<*-(-,-D*:B7C, = 
+/,=AM -L/,/(G +A)/IF7C, +,/:CA?/0)=7 *-=-I 
)/E/DB: 18-131 */ B7<7E:0G -L/=:(*9C:, : ),/-
J-=7*:; - +/,/K-(/ B +,-:<=-(0)=A *-=-I )/-
E/DB:, */ +-(B,/+E/**9/ .:*7*0-=-I : 7(C:-
*:0),7):=*-I +-((/,DB-I, -0)7E:0G */,/7E:-
<-=7**9C:. %/0C-),; *7 R)- = 1986 8. J9E ,7<-
,7J-)7* *-=9I ):+7D «578-*9 8,A<-=9/ 
C78:0),7EG*9/ *7 1986-2000 88.», B-)-,9I J9E 
0-8E70-=7* S!3 333$, 1-00)7*(7,)-C 333$ : 
A)=/,D(/* S:*);DC7H/C 333$. 578-*9 R)-8- 
):+7D7 +,/(A0C7),:=7E: A=/E:L/**9/ -0/=9/ 
*78,A<B: (- 25 )0. 5 0--)=/)0)=:: 0 R):C ):+7-
D-C J9E 0B-*0),A:,-=7* ,;( *-=9K BA<-=-= 
=78-*-=, ,700L:)7**9K *7 -0/=AM *78,A<BA 
25 )0. 5 0=;<: 0 -)0A)0)=:/C 0/,:I*-8- +,-:<-
=-(0)=7 *-=9K )/E/D/B, *-=9/ =78-*9 =9+A0B7-
E:0G : RB0+EA7):,-=7E:0G *7 )/E/DB7K 18-100 0 
-0/=9C: *78,A<B7C: (- 23,5 )0. 5 *7L7E/ 90-K 
8-(-= = A0E-=:;K 0+7(7 -JZ/C-= +/,/=-<-B ,7-
J-)9 +- +/,/K-(A *7 *-=9/ )/E/DB: J9E: +,:-
-0)7*-=E/*9. 

V7(7L7 A=/E:L/*:; 8,A<-+-(Z/C*-0): =78--
*-= J9E7 +-0)7=E/*7 =*-=G = «'-C+E/B0*-I 
+,-8,7CC/ ,/-,87*:<7F:: : ,7<=:):; -)/L/0)-
=/**-8- E-B-C-):=-- : =78-*-0),-/*:;, -,87*:-
<7F:: ,/C-*)7 : RB0+EA7)7F:: +7007D:,0B-8- : 
8,A<-=-8- +-(=:D*-8- 0-0)7=7 *7 +/,:-( 2001-

2010 88.», 7 <7)/C : = «"/E-I B*:8/» #4# 

«$WT»: «3),7)/8:L/0B:/ *7+,7=E/*:; *7AL*--
)/K*:L/0B-8- ,7<=:):; #4# «$-00:I0B:K D/-
E/<*9K (-,-8» *7 +/,:-( (- 2015 8.», +,:*;)-I 
= 2007 8. 3),7)/8:L/0B:C: *7+,7=E/*:;C: +,/-
(A0C7),:=7/)0; */-JK-(:C-0)G D/E/<*9K (-,-8 
= *-=9K =78-*7K, B-)-,9/ */ )-EGB- (-ED*9 

:C/)G A=/E:L/**AM -0/=AM *78,A<BA (- 
25…27…30 ) J/< A=/E:L/*:; =-<(/I0)=:; *7 
+A)G. 5 0-<(7*:: =78-*-= *-=-8- +-B-E/*:; 0 
A=/E:L/**9C: -0/=9C: *78,A<B7C: 8E7=*9I 
=-+,-0 – R)- 0-<(7*:/ *-=-I )/E/DB:, +-<=--
E;M?/I A=/E:L:)G 8,A<-+-(Z/C*-0)G =78-*-=. 
!-+9)B: 0-<(7*:; *-=-I )/E/DB: +A)/C */-

J-EGH-I C-(/,*:<7F:: 0A?/0)=AM?:K :E: 
+-(,7D7*:; EALH:C <7,AJ/D*9C -J,7<F7C 

-B7<7E:0G */A(7L*9C:. 3-<(7)G )/E/DBA *-=-8- 
+-B-E/*:;, -J/0+/L:=7M?AM A=/E:L/*:/ +,--
+A0B*AM : +,-=-<*AM 0+-0-J*-0)G D/E/<*9K 
(-,-8, C-D*- )-EGB- *7 -0*-=/ *-=9K :(/I : 
)/K*-E-8:I.  

1 8:;:<=> ?;@ AB:CAD EFGHIJ=> 25 K 

!,-JE/C7 0-<(7*:; )/E/DB: (E; -0/=-I *7-
8,A<B: 25 ) ,/H7/)0; */0B-EGB:C: ,-00:I0B:C: 
+,/(+,:;):;C:.  
[12! «!# «2,7E=78-*<7=-(» ,7<,7J-)7E 

)/E/DBA C-(/E: 18-194-1, [6], 0 J-E// D/0)B:C: 
(-+A0B7C: *7 :<8-)-=E/*:/, :<*-0-0)-IB:C: 
RE/C/*)7C: *7 *7BE-**-I +-=/,K*-0): BE:*G-
/=, .,:BF:-**9K +E7*B7K : +-(+;)*:B/, L)- 
+-<=-E;/) -J/0+/L:)G J/<,/C-*)*AM ,7J-)A 
A<E-= ),/*:; *7 +,-J/8 500 )90. BC. 

5 B-*0),ABF:: F/*),7EG*-8- +-(=/H:=7*:; 
:0+-EG<-=7* +,AD:**9I B-C+E/B) 0 J:E:*/I-
*-I K7,7B)/,:0):B-I, L)- -J/0+/L:=7/) C/*G-
HAM LA=0)=:)/EG*-0)G (:*7C:L/0B:K +-B7<7-
)/E/I +-,-D*/8- =78-*7 B :<*-0A BE:*G/=. 
',-C/ )-8-, A0)7*-=B7 J-B-=9K ,7C *7 7(7+)/, 
+-(H:+*:B7 B-E/0*-I +7,9 +,-:<=-(:)0; L/,/< 
*/C/)7EE:L/0BAM =0)7=BA. 2+,A8:/ 0B-EG<A*9 

+-0)-;**-8- B-*)7B)7 +-=9H7M) 0-+,-):=E/-
*:/ )/E/DB: :<=:E:0)-CA (=:D/*:M. 

#4# «5%P'XP» ,7<,7J-)7E7 )/K(-BAC/*-
)7F:M, 7 V4# «!,-C),7B)-,=78-*» -0=-:E :<-
8-)-=E/*:/ : 0/,):.:F:,-=7E *-=AM )/E/DBA 
C-(/E: 18-9800 0 -0/=-I *78,A<B-I 25 ). #)E:-
L:/C R)-I )/E/DB: ;=E;/)0; A+,A87; 0=;<G ,7C9 

0 JAB07C: : *-=7; B-*0),ABF:; 0B-EG<A*-=. 
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5/(A)0; ,7J-)9 +- 0-<(7*:M )/E/DB: 0 -0/-
=-I *78,A<B-I 25 ) = 8. X:K=:*/ *7 -0*-=/ )/K-
*-E-8:: 7C/,:B7*0B-I )/E/DB: «"7,J/,» : 8. 
$A<7/=B/ – *7 -0*-=/ )/K*-E-8:I /=,-+/I0B:K 
0),7*. 
Q:0E/**9/ RB0+/,:C/*)9, =9+-E*/**9/ 

!12!3, [1], +-B7<7E:, L)- B-*0),ABF:; )/E/D-

B:, 7*7E-8:L*7; C-(/E: 18-194-1, +,: ,7F:--
*7EG*-C =9J-,/ +7,7C/),-= J-B-=9K 0B-EG<A-
*-= C-D/) -J/0+/L:)G +-*:D/**-/ =-<(/I0)=:/ 
*7 +A)G. !-+/,/L*7; : =/,):B7EG*7; 0:E7, (/I-
0)=AM?:/ -) B-E/07 *7 ,/EG0 +,: -0/=-I *7-
8,A<B/ 25 ) +,7B):L/0B: )7B:/ D/, B7B -) )/E/D-

B: C-(/E: 18-100 +,: -0/=-I *78,A<B/ 23,5 ). 
#(*-=,/C/**-, 0A?/0)=A/) /0)/0)=/**-/ -8,7-
*:L/*:/ *7 =/E:L:*A B,:):L/0B-I 0B-,-0): 
(=:D/*:; =78-*7 *7 )7B:K )/E/DB7K (- 90 BC/L, 
B-)-,-/ -JZ;0*;/)0; <7=:0:C-0)GM B,:):L/-
0B-I 0B-,-0): -) +7,7C/),-= 0B-EG<A*-= = =:(/ 
B,:=-I 0 *709?/*:/C. X7B:C -J,7<-C, )7B7; 
B-*0),AB):=*7; 0K/C7 */ +,:8-(*7 (E; (7EG-
*/IH/8- A=/E:L/*:; -0/=-I *78,A<B: :E: B-*-
0),ABF:-**-I 0B-,-0): J/< <*7L:)/EG*9K =E--
D/*:I = B-*0),ABF:M : 0:0)/CA )/K*:L/0B-8- 
0-(/,D7*:; +A):. 
5 !12!3 ,7<,7J-)7*7 ),/KRE/C/*)*7; )/-

E/DB7 C-(/E: 18-9750 (,:0. 2), -J-,A(-=7**7; 
8-,:<-*)7EG*- A+,A8-I 0=;<GM B-E/0*9K +7, 0 
J-B-=9C: ,7C7C:, =9+-E*/**-I = =:(/ +-E:-
A,/)7*--C/)7EE:L/0B:K 7C-,):<7)-,-=. 
  

 
! 

 

$:0. 2. X/E/DB7 C-(/E: 18-9750 ( ) : +/,=7; 0)A+/*G 
+-(=/H:=7*:; (!) = =:(/ +-E:A,/)7*--
C/)7EE:L/0B:K 7C-,):<7)-,-= 

X/E/DB7 -J-,A(-=7*7 F/*),7EG*9C +-(=/-
H:=7*:/C 0 J:E:*/I*-I K7,7B)/,:0):B-I : 
.,:BF:-**9C: BE:*G;C: +,-0),7*0)=/**-8- 
(/I0)=:; 0 A+,A8--.,:BF:-**9C: *7BE7(B7C: 

*7 *7BE-**9K +-=/,K*-0);K (,:0. 3). X7B7; B-*-
0),ABF:; -J/0+/L:=7/) +-=9H/*:/ D/0)B-0): 
)/E/DB: +,: <7J/87*:: J-B-=9K ,7C *7 
30…40 %. "-B-=9/ 0B-EG<A*9 +-0)-;**-8- 
B-*)7B)7 */ :0+-EG<AM)0;, L)- -J/0+/L:=7/) 
+-*:D/**9I C-C/*) 0-+,-):=E/*:; )/E/DB: 
+-=-,-)A +-( =78-*-C (E; J/<-+70*-8- +,-K--
D(/*:; B,:=9K : 0),/E-L*9K +/,/=-(-=. 

 

$:0. 3. !,-0),7*0)=/**7; B-*0),ABF:; BE:*7 )/E/D-

B: C-(/E: 18-9750 

$/<AEG)7)9 +,-=/(/**9K :0+9)7*:I +-(-
)=/,(:E: =-<C-D*-0)G (-J:)G0; <*7L:)/EG*-8- 
0-B,7?/*:; (:*7C:L/0B:K 0:E =<7:C-(/I0)=:; 
B-E/0 0 ,/EG07C: +,: :0+-EG<-=7*:: +-( =78--
*-C )/E/DB: *7 J7</ C-(/E: 18-9750 : R)- -)-
B,9=7/) *-=9/ +A): A=/E:L/*:; 8,A<-+-(Z/C-

*-0): =78-*-=. 

2 3/,!1&+,'*5 3& "&')8/ "L** 

8,1,+"* !15 &),#&6 '$%/ 0"* 30 K 

2.1 3H:?CFH>K:;MEF@ AN:E=F E:AOPA?>QRP 

SA=FJFK:;:D PA?ACRP =FT:BKC, AO:BS:T>-

CFUV>P KH:OACFE>@ SA CAJ?:DBKC>U EF SIKM 

4*7E:< +-B7<7)/E/I, -+,/(/E;M?:K +,-L-
*-0)G : (-E8-=/L*-0)G RE/C/*)-= +A)/=-I 
0),AB)A,9, [5], +-B7<7E, L)- E:C:):,AM?/I 
=/E:L:*-I ;=E;/)0; RB=:=7E/*)*-/ *7+,;D/*:/ 
*7 -0*-=*-I +E-?7(B/ </CE;*-8- +-E-)*7. '--
8(7 R)-) B,:)/,:I (-0):87/) +,/(/EG*-8- <*7-
L/*:;, -0)7EG*9/ +-B7<7)/E: :C/M) <7+70 
20…30%. 

$70L/) RB=:=7E/*)*-8- *7+,;D/*:; *7 -0-
*-=*-I +E-?7(B/ </CE;*-8- +-E-)*7 +,-:<=--
(:)0; = <7=:0:C-0): -) RB=:=7E/*)*-I C7B0:-
C7EG*-I =/,):B7EG*-I 0:E9, (/I0)=AM?/I -) 
B-E/07 *7 ,/EG0: 

#$%!&$''
(

%!&$''
(')*+" PPPP   ! , (1) 

8(/ ')P  – 0)7):L/0B7; *78,A<B7 -) B-E/07 *7 

,/EG0, %!&$''
(P  – C7B0:C7EG*7; (0 =/,-;)*-0)GM 

97%) (:*7C:L/0B7; *78,A<B7 -) B-E/07 *7 
,/EG0, =9<=7**7; B-E/J7*:;C: -J,/00-,/**9K 

C700, #$%!&$''
(P  – C7B0:C7EG*7; (0 =/,-;)*-0)GM 
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97%) (:*7C:L/0B7; *78,A<B7 -) B-E/07 *7 
,/EG0, =9<=7**7; B-E/J7*:;C: */-J,/00-,/*-
*9K C700 +,: +,-K-(/ 0)9B-= : *7E:L:: */,-=-
*-0)/I *7 +-=/,K*-0): B-E/0 (AL:)9=7/)0; -+-
,/(/E/**9I +,-F/*) (/./B)*9K B-E/0). 
4*7E:< =9,7D/*:; (1) +,:C/*:)/EG*- B 

B-*0),ABF:: )/E/DB:-+,-)-):+7 +-B7<7E, L)- 
// */-J,/00-,/**7; C7007 AD/ 0*:D/*7 (- +,/-
(/E7 : =BEML7/) = 0/J; )-EGB- B-E/0*9/ +7,9. 

X7B:C -J,7<-C, /(:*0)=/**9C 0+-0-J-C 

AC/*GH:)G *78,A<BA *7 </CE;*-/ +-E-)*- ;=E;-
/)0; 0*:D/*:/ B-E/J7*:I -J,/00-,/**9K C700. 
$/<AEG):,AM?// <*7L/*:/ B-R..:F:/*)7 

=/,):B7EG*-I (:*7C:B: +-(=/H:=7*:; +,/-
(/EG*-/ (E; +A):, AE-D/**-8- ,/EG07C: $65 *7 
D/E/<-J/)-**9K H+7E7K 0 R+M,-I 2000 *7 B:-
E-C/), : =90-)-I J7EE70)7 J-E// 40 0C, 0-0)7=-
E;/) 0,28 +,: -8,7*:L/*:: 0B-,-0): (=:D/*:; 
=78-*7 (- 80 BC/L. TE; 0,7=*/*:;, )/E/DB: +70-
07D:,0B:K =78-*-= C-(/E: '5V-6%PP (0 8:(-
,7=E:L/0B:C: 870:)/E;C: B-E/J7*:I : +,-8:-
J-C +-(=/H:=7*:; +-L): 180 CC) -J/0+/L:=7-
M) C7B0:C7EG*-/ <*7L/*:/ B-R..:F:/*)7 =/,-
):B7EG*-I (:*7C:B: 0,25. 

!,: :0+9)7*:;K )/E/DB:-+,-)-):+7 (,:0. 4) 

B-R..:F:/*) =/,):B7EG*-I (:*7C:B: :<C/,;E-
0; +- J-B-=-I ,7C/ : *7(,/00-,*-I J7EB/. $/-
<AEG):,AM?:/ <*7L/*:; -)E:L7E:0G */ J-E// 
L/C *7 10%, L)- +-()=/,(:E-, L)- J-B-=9/ ,7-
C9 = (7**-C 0EAL7/ C-D*- 0L:)7)G -J,/00--
,/**9C:. S7B0:C7EG*-/ <*7L/*:/ B-R..:F:-
/*)7 =/,):B7EG*-I (:*7C:B: +,: 0B-,-0);K (- 
80 BC/L 0-0)7=:E- 0,30…0,35, L)- +-B7<9=7/) 
*/-JK-(:C-0)G (7EG*/IH/8- 0-=/,H/*0)=-=7-
*:; +-(=/H:=7*:;. 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

45 55 65 75 85 95 105

 !"#"$%&, !'/(

)
"
*
+
+
,
-
,
.
/
% 0"!"123 #2'2 /24#.$$"#/23 025!2

 

$:0. 4. S7B0:C7EG*9I (0 =/,-;)*-0)GM 99,9 %) B--
R..:F:/*) =/,):B7EG*-I (:*7C:B:, :<C/,/**9I +- 
J-B-=-I ,7C/ : *7(,/00-,*-I J7EB/ *7 +,;C-C AL7-
0)B/ +A): (E; =78-*7 *7 )/E/DB7K-+,-)-):+7K 

2.2 3H:?;A<:E>@ SA BAC:HW:EBKCACFE>U 

=AEBKHI=N>> K:;:<=> 

!,/(E-D/**7; (E; -0/=-I *78,A<B: 30 ) 
B-*0),ABF:; )/E/DB: (,:0. 5) -0*-=7*7 *7 C--
(/E: 18-9750 : :C//) 0E/(AM?:/ -0-J/**-0):: 

  F/*),7EG*-/ +-(=/H:=7*:/ 0 J:E:*/I-
*-I K7,7B)/,:0):B-I : +,-0),7*0)=/*-
*-I BE:*-=-I 0:0)/C-I; 

  JAB0-=-/ 8-,:<-*)7EG*--A+,A8-/ +-(-
=/H:=7*:/ 0 */C/)7EE:L/0B:C: 7C-,):-
<7)-,7C:; 

  =<7:C-(/I0)=:/ 0 BA<-=-C =78-*7 L/,/< 
+E-0B:I +-(+;)*:B : 

  J-B-=9/ 0B-EG<A*9 +-0)-;**-8- B-*-
)7B)7 ):+7 +-(+,AD:*/**9I ,-E:B. 

#0*-=*9/ +7,7C/),9 )/E/DB: +-B7<7*9 = 
)7JE:F/ 1. 

#0*-=*9C -)E:L:/C )/E/DB: -) :0K-(*-I 
B-*0),ABF:: C-(/E: 18-9750 ;=E;M)0; J-B-=9/ 
0B-EG<A*9 +-0)-;**-8- B-*)7B)7 (,:0. 6). PK 
=/,):B7EG*7; D/0)B-0)G +-(J:,7/)0; )7B:C -J-
,7<-C, L)-J9 +,/-J,7<-=9=7)G +/,/=7EBA BA<--
=7 *7 +-(+;)*:B/ = J-B-=AM B7LBA, B-)-,7; 
(/C+.:,A/)0; BE:*-=9C 870:)/E/C B-E/J7*:I 
=)-,-I 0)A+/*: +-(=/H:=7*:;, [2]. Y../B):=-
*-/ (/C+.:,-=7*:/ -J/0+/L:=7/)0; :0+-EG<--
=7*:/C ,/00-,*-8- B-C+E/B)7 0 +,AD:*7C: 
-(:*7B-=-I =90-)9 +-( BE:*G;C: : ,7<E:L*-I 
=90-)9 +-( *7(,/00-,*-I J7EB-I, 7 )7BD/ A=/-
E:L/**9C (- 55 8,7(A0-= A8E-C *7BE-*7 .,:B-
F:-**-8- BE:*7 B 8-,:<-*)7E:.  

X7JE:F7 1 

&BEACER: SFHFQ:KHR K:;:<=>, 

SH:?;A<:EEAD ?;@ AB:CAD EFGHIJ=> 30 K 

!7,7C/), V*7L/*:/ 
S7007, B8 6000 

\:,:*7 B-E/:, CC 1520 

"7<7, CC 1900 

'-*0),ABF:-**7; 0B-,-0)G, BC/L 100 

T-+A0):C7; +- *78,/=A B-E-(-L*-8- 
)-,C-<7 RB0+EA7)7F:-**7; 0B-,-0)G, 
BC/L 

90 

3)7):L/0B:I +,-8:J =)-,-I 0)A+/*: 
+-(=/H:=7*:;, CC 

- +-( +-,-D*:C =78-*-C 

- +-( 8,AD/*9C =78-*-C 
16 

70 

3)7):L/0B:I +,-8:J +/,=-I 0)A+/*: 
+-(=/H:=7*:;, CC 

- +-( +-,-D*:C =78-*-C 

- +-( 8,AD/*9C =78-*-C 

2 

7 

 

$:0. 5. !,/(E-D/**7; B-*0),ABF:; )/E/DB: (E; -0/-
=-I *78,A<B: 30 ) 
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! 

 

$:0. 6. 57,:7*)9 :0+-E*/*:; J-B-=9K 0B-EG<A*-= 
+-0)-;**-8- B-*)7B)7:  ) ):+7 +-(,/00-,/**9I ,--
E:B; !) A+,A8--,-E:B-=9I 0B-EG<A* [12! «!# 

«2,7E=78-*<7=-(» 0 7*):.,:BF:-**-I *7BE7(B-I *7 
B-*)7B)*-I +-=/,K*-0): 

X7B B7B A0)-IL:=-0)G (=:D/*:; =78-*7 
-J/0+/L:=7/)0; 8-,:<-*)7EG*--A+,A8-I +/,=-I 
0)A+/*GM +-(=/H:=7*:; : A=/E:L/**9C <7 0L/) 
B-*0),ABF:: BE:*G/= 0-+,-):=E/*:/C <7J/87-
*:M J-B-=9K ,7C, J-B-=9/ 0B-EG<A*9 ):+7 
+-(+,AD:*/**9I ,-E:B :E: 0 A0)7*-=B-I 7*-
):.,:BF:-**-8- C7)/,:7E7 *7 B-*)7B)*-I +--
=/,K*-0): -J/0+/L:=7M) 0*:D/*:/ C-C/*)7 
0-+,-):=E/*:; +-=-,-)A )/E/DB: +,: (=:D/-
*:: = B,:=9K. 

2.3 .>B;:EEA: QA?:;>HACFE>: PA?ACRP 

=FT:BKC CFGAEF > B>;, ?:DBKCIUV>P AK 
=A;:BF EF H:;MB 

S-(/E:,-=7*:/ K-(-=9K B7L/0)= =78-*7 *7 
)/E/DB7K 0 =9J,7**9C: +7,7C/),7C: +,-:<=--
(:E-0G *7 C-(/E: [3], ,7<,7J-)7**-I = +,--
8,7CC*-C B-C+E/B0/ MEDYNA. $/<AEG)7)9 

C-(/E:,-=7*:; (E; +,;C-8- AL70)B7 +A): -)-
E:L*-8- 0-0)-;*:; : 0B-,-0): (=:D/*:; 100 

BC/L +,/(0)7=E/*9 = )7JE. 2. TE; 0B-,-0)/I 
=+E-)G (- B-*0),ABF:-**-I +-B7<7)/E: K-(--
=9K B7L/0)= =78-*7 A(-=E/)=-,;E: ),/J-=7*:;C 

*-,C7):=-= [4]. 

X7JE:F7 2 

3A=FJFK:;> PA?ACRP =FT:BKC CFGAEF B AB:CAD 

EFGHIJ=AD 30 K SH> B=AHABK> ?C><:E>@ 100 =Q/T 

EF SIK> AK;>TEAGA BABKA@E>@ 

!-B7<7)/EG !-,-D*:I 
=78-* 

1,AD/*9I 
=78-* 

S7B0:C7EG*-/ +-+/,/L- 0.35 0.21 

*-/ A0B-,/*:/ BA<-=7, g A(-=E/)=. A(-=E/)=. 
S7B0:C7EG*-/ =/,):-
B7EG*-/ A0B-,/*:/ BA<--
=7, g 

0.63 

A(-=E/)=.  
0.33 

K-,-H- 

S7B0:C7EG*9I B-R..:-
F:/*) =/,):B7EG*-I (:-
*7C:B: 

0.24 

-)E:L*- 
0.18 

-)E:L*- 

S7B0:C7EG*7; ,7C*7; 
0:E7, B% 

8.5 

-)E:L*- 
22.2 

-)E:L*- 
S:*:C7EG*9I B-R..:-
F:/*) <7+707 A0)-IL:=--
0): -) 0K-(7 B-E/07 0 
,/EG07 

0.7 

1.4 

(-+A0):-
C- 

5/,-;)*-0)G, L)- B-R.-

.:F:/*) <7+707 A0)-IL:-
=-0): -) 0K-(7 B-E/07 0 
,/EG07 C/*// 1,3 (=/,-;)-
*-0)G 0K-(7), % 

2.5 

(-+A0):-
C- 

0.0 

TE; -F/*B: =-<(/I0)=:; *7 +A)G J9E =9+-E-
*/* ,70L/) B-R..:F:/*)7 =/,):B7EG*-I (:*7-
C:B: +,: (=:D/*:: =78-*7 0 +-E*-I <78,A<B-I 
()7JE. 3) = B,:=9K ,7(:A0-C 350 : 650 C 0 C7B-
0:C7EG*- (-+A0):C9C: 0B-,-0);C:. 

X7JE:F7 3 

-F=B>QF;MEA: JEFT:E>: =AXYY>N>:EKF 

C:HK>=F;MEAD ?>EFQ>=> 

'-R..:F:/*) =/,):B7EG*-I (:*7-
C:B: (E; -J,/00-,/**9K C700 +,: 

0B-,-0): (=:D/*:; 
$70L/)*9I 
0EAL7I 

60 BC/L 80 BC/L 100 BC/L 
!,;C7; 0.06 0.09 0.18 

',:=7; ,7-
(:A0-C 650 C 

0.07 0.10 0.16 

',:=7; ,7-
(:A0-C 350 C 

0.09 0.10 – 

5- =0/K 0EAL7;K ,70L/)*9I C7B0:C7EG*9I 
B-R..:F:/*) =/,):B7EG*-I (:*7C:B: J9E *:-
D/ 0,28, )- /0)G )/E/DB7 +,: =9J,7**9K +7,7-
C/),7K C-D/) -J/0+/L:)G =-<(/I0)=:/ *7 +A)G 
(+,: /8- -)E:L*-C 0-0)-;*::) */ =9H/, L/C 

)/E/DB7 C-(/E: 18-100. 

3 &N:E=F X=AEAQ>T:B=AD XYY:=K>CEABK> 

X=BS;IFKFN>> SA:J?AC B AB:CAD EFGHIJ=AD 

30 K 

YB-*-C:L/0B7; R../B):=*-0)G -) A=/E:L/*:; 
+,-=-<*-I 0+-0-J*-0): D/E/<*9K (-,-8 0 -0/=-I 
*78,A<B-I 30 ) -F/*:=7E70G (E; #4# «$WT» 

+,:C/*:)/EG*- B +/,/=-<B7C A8E; C/D(A 'A<J70-
0-C : SA,C7*0B-C. 5 ,700C-),/**-C 0EAL7/ 
#4# «$WT» ;=E;/)0; =E7(/EGF/C :*.,70),AB)A-
,9 : -+/,7)-,0B-I B-C+7*:/I -(*-=,/C/**-. 
5 0--)=/)0)=:: 0 -JZ/C7C: +/,/=-<B: A8E;, 

0A?/0)=AM?:C +7,B-C +-EA=78-*-= : *-=9C 

+,-8*-<:,A/C9C +7,B-C 0 -0/=-I *78,A<B-I 30 ) 
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J9E- +,:*;)- 0E/(AM?// ,70+,/(/E/*:/ -0/=9K 
*78,A<-B: 

" 50 % =78-*-= ,/7E:<AM) -0/=AM *78,A<BA 
21 ); 

" 10 % =78-*-= ,/7E:<AM) -0/=AM *78,A<BA 
23 ); 

" 10 % =78-*-= ,/7E:<AM) -0/=AM *78,A<BA 
25 ); 

" 25 % =78-*-= ,/7E:<AM) -0/=AM *78,A<BA 
27 ); 

" 5 % =78-*-= ,/7E:<AM) -0/=AM *78,A<BA 
30 ). 
578-*9, ,/7E:<AM?:/ J-E// =90-BAM -0/=AM 

*78,A<BA, +,:=-(;) B A=/E:L/*:M )/C+-= ,-0)7 
-0)7)-L*9K (/.-,C7F:I +A)/=-I 0),AB)A,9. 59-

L:0E/**9/ <*7L/*:; =/,):B7EG*9K : +-+/,/L*9K 
0:E, (/I0)=AM?:K *7 ,/EG0, +-<=-E:E: +,-8*-<:-
,-=7)G A=/E:L/*:/ *7 3 % ,70K-(-= *7 ,/C-*) 
+-=,/D(/*:I +A):, 0=;<7**9K 0 A=/E:L/*:/C 

=/,):B7EG*-I *78,A<B: (<7C/*7 H+7E, J-E)-=, 
0B,/+E/*:I), : *7 5% *7 ,/C-*) +-=,/D(/*:I, 
0=;<7**9K 0 A=/E:L/*:/C J-B-=9K 0:E. 
4*7E:< *7+,;D/*:I = RE/C/*)7K B-*0),ABF:: 

+A): +-B7<7E, L)- 0-K,7*:)G :K *7 :C/M?/C0; 
A,-=*/ (0--)=/)0)=AM?/C 0,/(*/I -0/=-I *7-
8,A<B/ 21 )) C-D*-, -8,7*:L:= 0B-,-0)G (=:D/-
*:; +-/<(-= 0 -0/=-I *78,A<B-I 30 ) (- 60 BC/L. 
Y)- +,:=/(/) B 0*:D/*:M 0,/(*/I 0B-,-0): (=:-
D/*:; )7B:K +-/<(-=, (-+-E*:)/EG*9C ,70K-(7C 

*7 +-),/JE/*:/ R*/,8:: : */B-)-,-I +-)/,/ (--
K-(*-0):, 0=;<7**-I 0 +,-+A0B-C C/*GH/8- B--
E:L/0)=7 +-/<(-= = (/*G.  
TE; 0*;):; -8,7*:L/*:; *7 0B-,-0)G (=:D/-

*:; +-/<(-= 0 -0/=-I *78,A<B-I 30 ) */-JK-(:C- 
+,-=-(:)G +-0)/+/**-/ A0:E/*:/ +A): *7 =9-

J,7**-C C7,H,A)/, L)- =BEML7/) = 0/J; A=/E:L/-
*:/ =90-)9 J7EE70)*-8- 0E-; (E; <7?:)9 </CE;-
*-8- +-E-)*7. Y)- C-D/) J9)G 0(/E7*- = +,-F/00/ 
+E7*-=9K ,/C-*)-=, 0)-:C-0)G B-)-,9K A=/E:-
L:)0; *7 0)-:C-0)G (-+-E*:)/EG*-8- J7EE70)7 : 
-+E7)A ),A(7. 
$70K-(9 )7BD/ =BEML7M) = 0/J; +-BA+BA *--

=-8- +-(=:D*-8- 0-0)7=7 0 -0/=-I *78,A<B-I 30 ), 
L)- -(*-=,/C/**- +-<=-E;/) :0+-EG<-=7)G <7*;-
)9/ ,7*// *7 C7,H,A)/ +-EA=78-*9 +-( +/,/=-<-
BA (,A8:K 8,A<-=. 2L)/*9 )7BD/ ,70K-(9 *7 ,/-
C-*) *-=9K =78-*-=, 0*:D/*:/ )7,:.7 *7 =-<=,7-
)/ +-,-D*:K =78-*-=.  

$/<AEG):,AM?:/ RB-*-C:L/0B:/ +7,7C/),9 

+,-/B)7 0E/(AM?:/: 
" +,-0)-I 0,-B -BA+7/C-0): 2,2 8-(7; 
" (:0B-*):,-=7**9I (+,-F/*)*7; 0)7=B7 

15 %) 0,-B -BA+7/C-0): 2,5 8-(7; 
" +-E-D:)/EG*9I NPV, ,7=*9I 1,39 CE* 

,AJ., L)- +-()=/,D(7/) (-K-(*-0)G +,-/B)7; 
" IRR 45%, L)- +,/=9H7/) 0)7=BA (:0B-*-

):,-=7*:; : +-B7<9=7/) R../B):=*-0)G +,-/B)7. 
X7B:C -J,7<-C, (E; #4# «$WT» +,-/B) +- 

==/(/*:M = RB0+EA7)7F:M +-(=:D*-8- 0-0)7=7 0 
-0/=-I *78,A<B-I 30 ) (E; +/,/=-<B: A8E; +,: 
:0+-EG<-=7*:: *-=9K K-(-=9K L70)/I */ )-EGB- 
-J/0+/L:=7/) A=/E:L/*:/ +,-=-<*-I 0+-0-J*-0): 
D/E/<*9K (-,-8, *- : ;=E;/)0; RB-*-C:L/0B: R.-

./B):=*9C, A0)-IL:=9C : (-K-(*9C. 
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7), EJ0, Eh0 – 6(2?,(39 EJ(Y) 3 Eh(Y) @13 0<Y<Y1, 

@13(3A2,AM, 62 4263<(M,; Pi 3 Qi – @212A,'1M 

<&2?&*C EJ(Y) 3 Eh(Y) C <,?,(33 Y = Yi. 

S*)<'2C89,A CM12O,(39 (14) C 3<=*)(*, 
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-89 1,F,(39 >12C(,(39 (15) 3<@*8;6>,A 

<@*<*4 <@82B(-@1,*4126*C2(39 217>A,('2, 
@1,)8*O,((MB E.  . I26219(*A 3 J. .. L*(2-
F,(&* [6]. 

EC,),A C<@*A*72',8;(>: G>(&+3: 

IIX
Eh

Eh
z

0

)(
)(

6
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6 , <**'C,'<'-

C>:D,A> (,*)(*1*)(*A> >12C(,(3: (13), 4>-

),' N&C3C28,('(2 <3<',A2 )3GG,1,(+328;(M= 

>12C(,(3B C'*1*7* @*19)&2 
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@1,*4126*C2(39. 
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",F,(3, >12C(,(39 (19), (2B),((*, < @*A*-
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(39 @1*A,O>'*?(M= @212A,'1*C 3A,,' C3) 
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,<'; 73@,14*8*-'137*(*A,'13?,<&3, <@82B(M, 

(,@1,1MC(M,, (* (,782)&3, C '*?&2= u = ui (i = 

1, 2, …, m). 

 (28*73?(* 62@3<MC2,'<9 1,F,(3, >12C(,-
(39 (18). 

S*<'*9((M, 3(',7131*C2(39 (2=*)3A 3<-
@*8;6>9 712(3?(M, ><8*C39 62)2?3. -28,,, 
@*8;6>9<; G*1A>8*B *412D,(39 <@82B(2 [6], 

A*O(* @,1,B'3 *' 217>A,('2 u & 217>A,('> Y. 
%2C3<3A*<'3 A,O)> @*<'*9((MA3 3(',713-

1*C2(39 3 (2?28;(MA3 @212A,'12A3 A*O(* @*-

8>?3'; (2 *<(*C2(33 12C,(<'C (11) 3 (18) < >?,-
'*A <C*B<'C *4*4D,((M= G>(&+3B  .$. L1M-

8*C2 
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Z2<'(*, 1,F,(39 (,*)(*1*)(*7* >12C(,(39 
(13) 4>),A 3<&2'; @13 @*A*D3 A,'*)2 L*F3. 

J(2?282 (,*4=*)3A* (2B'3 1,2&+3: (*'&83&) 
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(2 ,)3(3?(*, 3A@>8;<3C(*, C*6),B<'C3, @13 
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 (28*73?(* A*O(* (2B'3 ?2<'(*, 1,F,(3, 
>12C(,(39 (15), @1,*4126*C2((*7* *'(*<3',8;-
(* G>(&+33 Z(u). $2)* *'A,'3';, ?'* )89 (2=*-

O),(39 G>(&+3B X 3 Z, (,*4=*)3AM= )89 *@1,-
),8,(39 C(>'1,((3= ><383B 3 @,1,A,D,(3B,  

A*O(* (, @,1,=*)3'; & 217>A,('> $, 2 C*<@*8;-
6*C2';<9 1,F,(39A3 < 217>A,('*A u. 

E &2?,<'C, @13A,12 CM@*8(3A 12<?,' &*(-

<*8;(*B *4*8*?&3 (13<. 3). 
&"" &""

&"",""

<""

*
"" <"
"

,"
"

*
""*
""

%""

 !""

#!""

=!""

0, 0,

6
l6

 
"3<. 3. 

%2&1,@8,(39 @1*)*8;(M= &12,C A*O(* 

@1,)<'2C3'; C <**'C,'<'C33 < 13<. 4, !. 

#!"" !""

 
"3<. 4. 

E ',= <8>?29=, &*7)2 *4*8*?&2 )*<'2'*?(* 

@*8*72, < +,8;: >@1*D,(39 12<?,'2 7*136*(-

'28;(M, <C963 62A,(9:'<9 &2<2',8;(MA3 (13<. 
4, "). 

.'2&, 62@3F,A <8,)>:D3, 712(3?(M, ><8*-

C39: 
@13 ,0,, =   .02     Qsv <  

%),<;  )(
1

v
w

R
%

"
"

 
,

<  – >7*8 @*C*1*'2 &2<2-

',8;(*B & )>7, *'(*<3',8;(* @1*)*8;(*B *<3. 

V*O(* @*&262';, ?'* '2&3A ><8*C39A <**'-
C,'<'C>:' G>(&+33  ,7nnY cos , 

7), .
0,
1

7
n

n   

$271>6&> @13 N'*A <?3'2,A C,1'3&28;(*B 3 

12<@1,),8,((*B 12C(*A,1(* @* )>7, (13<. 3, C), 
'.,. 

;sin,qY %     .cos,qZ %  

"2682729 N'3 &*A@*(,('M (271>6&3 C 19)M, 

(2=*)3A 

.
sin

)1(2
0

2

0

,7
,

n

n
nn qZY %   

"9)M C )2((*A <8>?2, <=*)9'<9 )*<'2'*?(* 

4M<'1*, @*N'*A> A*O(* *712(3?3';<9 '1,A9 3= 

?8,(2A3. 

-89 12<<A2'13C2,A*7* @13A,12 @13A,A: l = 

8 A; h0 = 0.08 A; hl = 0.05 A; T0 = [/5; R = 7,66 A; 

q0 = 4 &S2; ql = 3 &S2. 
$2 13<. 5! 3 5" @13C,),(M N@:1M 367342:-

D3= A*A,('*C 3 @1*)*8;(M= (*1A28;(M=  ><3-

83B <**'C,'<'C,((*. /2A O, )89 <*@*<'2C8,(39 
@>(&'31(*B 83(3,B @*&262(M 1,6>8;'2'M, @*-

8>?,((M, C 124*', [7]. S*8>?,((M, 1,F,(39 
@*&26MC2:' =*1*F>: <=*)3A*<'; 1,6>8;'2'*C. 
/2& &2& @* @1,)8272,A*B A,'*)3&, @1*36C*)3'-
<9 12<?,' *4*8*?&3 < 8:4MA 62&*(*A 36A,(,-
(39 '*8D3(M (O,<'&*<'3) C (2@12C8,(33 *412-
6>:D,B, A*O(* <?3'2';, ?'* *(2 )*<'2'*?(* 

NGG,&'3C(2 @13 1,F,(33 )2((*7* &82<<2 62)2?. 
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"3<. 5. 

!.!I.WU" \.ZXJL.K JS.JWL 

1. E82<*C, E. %. .6412((M, '1>)M. – /. 1. W4D29 
',*139 *4*8*?,& [/,&<'] / E. %. E82<*C – V.: 

.6).  $ JJJ", 1962. – 528 <. 
2. E2B(4,17, -. E. "2<?,' @82<'3( 3 *4*8*?,& < 

1261MC(MA3 @212A,'12A3 [/,&<'] / -. E. E2B(-

4,17, .. %. "*B'G214 // "2<?,' @1*<'12(<'C,(-

(M= &*(<'1>&+3B. – EM@. 10. – V.: J'1*B36)2', 
1965. – J. 39-80. 

3. I>1;,,  . .. J'2'3&2 '*(&*<',((M= >@1>73= 

*4*8*?,& [/,&<'] /  . .. I>1;,. – V.: WU.%, U*-

<',=36)2', 1947. – 252 <. 
4. U1,4,(;, X. J. W<(*C(M, <**'(*F,(39 ',=(3?,-

<&*B ',*133 1,413<'M= *4*8*?,& [/,&<'] /  

X. J. U1,4,(; // .6C.  $ JJJ" W/$. V,=2(3&2 
3 A2F3(*<'1*,(3,. – V., 1965. – ] 3. –  

J. 82-93. 

5. %*8*'*C, W. $. .<@*8;6*C2(3, <C*B<'C2 *1'*7*-

(28;(*<'3 '137*(*A,'13?,<&3= G>(&+3B )3<-
&1,'(*7* 217>A,('2 @13 12<?,', @1*<'12(<'-
C,((M= <3<',A [/,&<'] / W. $. %*8*'*C,  
.. X. V38,B&*C<&3B // /1. IX E<,<*:6(. &*(G. 

@* ',*133 *4*8*?,& 3 @82<'3(. – I., 1975. –  

J. 117-120. 

6. I26219(, E.  . W4*4D,((M, G>(&+33 C 62)2?2= 

A,=2(3&3 [/,&<'] / E.  . I26219(, J. .. L*(2-
F,(&*. – L.: $2>&. )>A&2, 1974. – 192 <. 

7. ^',B(4,17, V. E. "2<?,' &1>7*CM= +383()13?,-
<&3= *4*8*?,& < '*8D3(*B @,1,A,((*B C (2@12-
C8,(33 *4126>:D,B [/,&<'] / V. E ^',B(4,17 // 
S13&82)(29 A,=2(3&2, '. 1. – 1965. – EM@. 7. – 

J. 28-36. 
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 !" 629.4.032+629.4.015+621.424.1000 

 . !. !"##"$, %.&.'., %()*'&, +,+%*-., /(00.10,(1 2,+%*-.. &3+'04(3&+ (/(00.5) 

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

(*#&$%&$#1,%)

/(6785'9&( (0'(:'; 3;<*''5 6 %(08;%=*''5 %.>*3*');+8?'(@ ,(8;0'(@ 4+3.. !;%6'+A*'( 3*698?&+&. 43(:*-

%*'.B 3(C;& ; 4(6'+A*'; 6+%+A; '+ 4(%+8?<.1 3(6:.&(, %+'(@ 43(C8*-.. 

/+00-(&3*'D (0'(:'D* 3*<*'.5 4( .008*%(:+'.E %.>>*3*').+8?'(1 ,(8*0'(1 4+3D. F&-*A*'D 3*698?-

&+&D 43(:*%*''DB 3+C(& . (C(6'+A*'D 6+%+A. '+ %+8?'*1<** 3+6:.&.* %+''(1 43(C8*-D. 

The main solutions on study of differential wheel pairs are considered. The results of works conducted are noted 

and the tasks on further development of given problem are marked. 

!0*-, ,&( : 0:(*1 =.6'. 6+'.-+805 :(43(-

0+-., (&'(05G.-.05 , 3*8?0(:(-9 4(%:.='(-9 

0(0&+:9 (,('0&39.3(:+'.*, .67(&(:8*'.* . H,0-

489+&+).5) .6:*0&'(, A&( (%'(1 .6 0+-DB 08(=-

'DB (. 9:D!) 4(,+ *GI '* 3*<I''DB (,('A+-

&*8?'( 43(C8*- 5:85*&05 :*A'+5 43(C8*-+ 

9-*'?<*'.5 .6'(0+ 4(:*3B'(0&. ,+&+'.5 ,(8I0 

. 3*8?0(:. J9G*0&:9*& 4(A&. '*0(.6-*3.-(* 

-'(=*0&:( &*(3*&.A*0,.B . H,04*3.-*'&+8?-

'DB 3+C(&, 4(0:5GI''DB 3+68.A'D- 3*<*'.5- 

9,+6+''(1 6+%+A.. 

#* C9%9 6%*0? 43.:(%.&? .6:*0&'D* 04(0(CD 

9-*'?<*'.5 .6'(0+ : 0.0&*-* «,(8*0(-3*8?0», 

B(&5 -(='( 9,+6+&?, A&( H&. 04(0(CD 0:56+'D 

,+, 0 0(:*3<*'0&:(:+'.*- ,('0&39,).. 4(%-

:.='(7( 0(0&+:+, &+, . .6-*'*'.*- >.6.A*0,.B 

0:(10&: 6('D ,('&+,&+ ,(8*0+ . 3*8?0+. 

K3(<8( 9=* 15 8*&, ,+, 5 . 2.L. M3.%C*37 

4(%+8. 4+&*'& '+ '(:9E, ,+6+8(0? CD, 4+3+%(,-

0+8?'9E .%*E (09G*0&:8*'.5 &(30.(''(-

>3.,).(''(1 %.00.4+&.:'(1 0:56. -*=%9 ,(-

8I0+-. ,(8I0'(1 4+3D 49&I- ::*%*'.5 ,('*A-

'(7( 6+6(3+ -*=%9 C+'%+=(- . ,(8I0'D- )*'-

&3(-, B(&5 (CDA'(, ,+, .6:*0&'(, C+'%+=. 0+-

=+E&05 0 '+&57(- '+ ,(8I0'D* )*'&3D (3.0. 1). 

 

 

; ~ 0.001
t c c

r r r ! " "  

/.0. 1. JB*-+ ,(8*0'(1 4+3D %.>>*3*').+8?'(7( 

:3+G*'.5 

!4*3:D* H&+ .%*5 CD8+ (6:9A*'+ C(8** 10 

8*& &(-9 '+6+% : «B3+-* '+9,. %.'+-.,. 4(%-

:.='(7( 0(0&+:+», 0(6%+''D- +,+%*-.,(-  

!. 2.  +6+35'(-. 

! %+8?'*1<*- &:(3A*0,+5 . H,04*3.-*'-

&+8?'+5 3+63+C(&,+ H&(1 .%*. (09G*0&:858+0? 

4(% 39,(:(%0&:(- +:&(3+. 

! H&(1 3+C(&* 9A+0&:(:+8. -'(7.* 9AI'D* 

/(00.., N,3+.'D . !*8.,(C3.&+'.., : &(- A.0-

8*  .2. L+'+<,.', O.J. /(-*', 2. K. P(3('*'-

,(, !. ". J+,+8(, Q. O. K(7(3*8(:, 2. #. J+-

:(0?,.', !.J. $(00(:, R. /. S(8?'.,, J. ":'.)-

,.1, !. #. $(&93+'(: . %3. 9AI'D* .B <,(8. 

L'(7.* .6 '.B 5:85E&05 9A*'.,+-. . 4(08*%(-

:+&*85-. !. 2.  +6+35'+. 

F0(C*''( B(A*&05 (&-*&.&? 0(%39=*0&:( 0 

-(.- 9A.&*8*- S. K. P93A+,(-: : 0(:-*0&'DB 

%.0,900.5B 0 '.-, : (C09=%*'.5B %(,8+%(: '+-

9A'DB ,('>*3*').1 . 0&+&*1 : '+9A'DB =93'+-

8+B, + &+,=* : 0(:-*0&'(1 3+C(&* 3*<+8.0? 

-'(7.* :(43(0D. 

! 3*698?&+&* :0*0&(3(''.B .008*%(:+'.1 . 

H,04*3.-*'&(: +:&(3(- (49C8.,(:+'( C(8** 

100 '+9A'DB 3+C(&, 4(89A*'D %*05&,. 4+&*'-

&(:, :D49G*'+ -('(73+>.5 . 6+G.G*'+ %(,-

&(30,+5 %.00*3&+).5 (L""T, L(0,:+, /(00.5). 

!D0,+6+''+5 43. 9A+0&.. +:&(3+ .%*5, 43(-

:*%I''D* .008*%(:+'.5 . H,04*3.-*'&D '+<8. 

(&,8., :( -'(7.B 0&3+'+B, 7%* 43.B(%.8(0? :D-

0&94+&? 0 %(,8+%+-.. 
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In the article the use of energy of braking of locomotive for activating the fuel-and-air mixture is analytically 

substantiated. The possible methods of activating are analysed and the method of ozone activating of fuel is offered. 

The results of experimental researches of influence of the ozonized fuel on its physical and chemical properties as 

well as on the working process of diesel are presented. 

2 B17.C38M 1.C-040++.D. -6JC3*38 $9-63+O 

@.7FH.0 C+346+30 B)0780*18 C.,-.164 N+0-D.-

1@0-0K0+38 3 -6G3.+67F+.D. 31,.7FJ.C6+38 
*.,73C+.-N+0-D0*3?0193M -01B-1.C, C 1C8J3 1 
?04, -6J-6@.*96 3 C+0)-0+30 131*04O -6G3.-

+67F+.D. 31,.7FJ.C6+38 N+0-D33 N709*-.)3+6-
43?019.D. *.-4.K0+38 +6 *0,7.C.J6M ,-3.@-0-
*60* C10 @.7FH00 J+6?0+30. 
<1,.7FJ.C6+30 N709*-.)3+643?019.D. *.--

4.J6 .@01,0?3C60* ,.COH0+30 @0J.,61+.1*3 

)C3K0+38 ,.0J).C C170)1*C30 +673?38 +6 *0,-

7.C.J0 )CBM 131*04 *.-4.K0+38; BC073?0+30 
N//09*3C+.1*3 3 +6)0K+.1*3 N91*-0++.D. *.--

4.K0+38; -0673J6G3P @.700 CO1.93M *.-4.J-
+OM B1373L, .D-6+3?0++OM ,. B17.C384 +6D-0-
C6 3 40M6+3?019.L ,-.?+.1*3 @6+)6K0L 9.701-
+OM ,6-, 1+3K0+30 3J+.16 @6+)6K0L 9.701+OM 

,6- @.700 ?04 C 1,5 -6J6 [1]; B40+FH0+30 C 4 – 5 

-6J 9.73?01*C6 9.701+OM ,6-, COM.)8Q3M 3J 
1*-.8 C170)1*C30 ,0-0D-0C.C 3 *-0Q3+; 1+3K0-
+30 3J+.16 (C J6C3134.1*3 .* ,-./378 ,B*3 3 

19.-.1*3 )C3K0+38) *0,7.C.J.C +6 35 – 85%, 

C6D.+.C – +6 60 – 70% [1]; B40+FH0+30 C0-.8*-
+.1*3 PJ6 9.701+OM ,6- 3 0D. ,.170)1*C3L; ,.-

COH0+30 19.-.1*3 )C3K0+38 ,.0J).C +6 J6*8K-

+OM 1,B196M 3 BC073?0+30 ,-.,B19+.L 1,.1.@-

+.1*3 B?61*96; B40+FH0+30 -61M.).C ,. 1.)0--

K6+3P C 31,-6C+.4 1.1*.8+33 ,+0C46*3?019.-

D. *.-4.J+.D. .@.-B).C6+38. R0673J6G38 19.-

-.1*0L 140…150 94/? )78 1.C-040++.D. ,.)-

C3K+.D. 1.1*6C6 C01F46 J6*-B)+3*07F+6 @0J 31-

,.7FJ.C6+38 N709*-.)3+643?019.D. *.-4.J6, 
)0L1*CBPQ0D. C .@761*3 CO1.9.L 19.-.1*3 1.-

C401*+. 1 ,+0C46*3?01934 [2]. 

<1170).C6+38 -6@.*O *0,7.C.J.C C -0K340 
N709*-.)3+643?019.D. *.-4.K0+38 ,.96J67., 

?*. 4.Q+.1*F, -6JC3C60468 *8D.CO43 N709*-.-

)C3D6*07843, 1.1*6C780* 1300…4000 92*, ,-3-

?04 B *0,7.C.J.C 4.Q+.1*F C *.-4.J+.4 -0K3-

40 ,-0C.1M.)3* 4.Q+.1*F C *8D.C.4 -0K340 C 
1,2…1,3 -6J6 [3]. 

 +673J 31,.7FJ.C6+38 N+0-D33 *.-4.K0+38 
+6 *0,7.C.J0 [4] ,.96J67, ?*. N//09*3C+.1*F 
N709*-.)3+643?019.D. *.-4.J6 +0 .*C0?60* 1.-

C-040++O4 *-0@.C6+384 ,. N9.+.43?01934 

9-3*0-384. 

I0-1,09*3C+O4, +6 +6H CJD78), 8C780*18 
31,.7FJ.C6+30 @-.1.COL N+0-D33 *.-4.K0+38 
)78 69*3C6G33 *.,73C.C.J)BH+.L 14013 1 G0-
7FP 1.C0-H0+1*C.C6+38 ,-.G0116 1D.-6+38. 
578 -6J-6@.*93 1M04 31,.7FJ.C6+38 ?61*3 

N+0-D33 S5T -6114.*-34 4.)07F )C3K0+38 1.-

1*6C6 ,. ,0-0D.+B ,-3 S5T, ,-3 .1+6Q0+33 7.-

9.4.*3C6 B1*-.L1*C.4 )78 69*3C6G33 ":=. 

<1M.)8 3J B-6C+0+38 )C3K0+38 ,.0J)6 C 
B)07F+.L /.-40 3 B-6C+0+38 N709*-3?019.D. 

-6C+.C0138 *8D.C.D. N709*-.)C3D6*078, -6@.-

*6PQ0D. C D0+0-6*.-+.4 -0K340: 
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v – 19.-.1*F )C3K0+38 ,.0J)6, 4/1; t  – C-048, 1; 
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RA – 1.,-.*3C70+30 B1*-.L1*C )78 69*3C6G33 

":=, #4; iT – 4D+.C0++.0 J+6?0+30 *.-4.J+.D. 

*.96,  ; L – 3+)B9*3C+.1*F 89.-+.L .@4.*93, 

"+; "# – N709*-3?01968 ,.1*.8++68 )C3D6*078;  
tT – C-048 *.-4.K0+38, 1. 
=.40+* *8D.C.D. N709*-.)C3D6*078 $: 

TM iCM )( .   (2) 
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# – S5: *8D.C.D. N709*-.)C3D6*078, 2; n – ?61-
*.*6 C-6Q0+38 89.-8 *8D.C.D. N709*-.)C3D6*0-
78, .@/43+. 

I.7B?0++O0 1..*+.H0+38 .,-0)078P* -0-
K34 -6@.*O *8D.C.D. N709*-.)C3D6*078 ,-3 

N709*-.)3+643?019.4 *.-4.K0+33 1 .*@.-.4 

4.Q+.1*3 +6 69*3C6G3P *.,73C.C.J)BH+.L 

14013 C J6C3134.1*3 .* 0D. ,6-640*-.C, ,0-0-
)6?3 3 B17.C3L )C3K0+38 ,.0J)6. 
U3J3?01930 40*.)O 69*3C6G33 *.,73C6 

(-31. 1) [6] 8C78P*18 +63@.700 ,0-1,09*3C+O43 

)78 1.C0-H0+1*C.C6+38 ,-.G0116 1D.-6+38 [7]. 

:.C0-H0+1*C.C6+30 ,-.G0116 1D.-6+38 *.,73-

C.C.J)BH+.L 14013 ,B*04 B,-6C70+38 /3J39.-

M343?019343 1C.L1*C643 14013 ,.JC.73* 1 43-

+3467F+O43 J6*-6*643 +6 4.)0-+3J6G3P, 3+.-

D)6 )6K0 C N91,7B6*6G33, ).1*3?F J+6?3*07F+.-

D. B7B?H0+38 N9.+.439.-N9.7.D3?0193M ,.96-
J6*070L )C3D6*078 C+B*-0++0D. 1D.-6+38. 
W343?01930 ,-.G011O, ,-.31M.)8Q30 C 

K3)93M 1-0)6M, C -0JB7F*6*0 *69.L .@-6@.*93, 

8C78P*18 ,-0)40*.4 D7B@.93M 31170).C6+3L C 
+0/*0).@O?0, 40)3G3+0, *-3@.7.D33, 1*-.3-

*07F1*C0, 40*677B-D33, *091*37F+.4 ,-.3JC.)-

1*C0, 9.44B+67F+.4 M.J8L1*C0 [8-10]. 2 9.+0?-

+.4 3*.D0 C10 .+3 @6J3-BP*18 +6 ).1*3K0+38M 

/B+)640+*67F+.L M3433, 1/.-43-.C6CH0L18 C 
+6?670 WW C096 C401*0 1 9C6+*.C.L 40M6+39.L, 

9.*.-68 1.1*6C780* 00 /3J3?019BP .1+.CB. <J-
J6 ?-0JCO?6L+.L 17.K+.1*3 /3J39.-

M343?019.D. ,-.G0116 69*3C3-.C6+38, N*6 J6)6-
?6, 969 ,.96JOC60* C-048, .1*60*18 +0 ). 9.+G6 
3JB?0++.L. 

#)+34 3J 176@. 3JB?0++OM -6J+.C3)+.1*0L 

69*3C6G33 *.,73C.C.J)BH+.L 14013 9.-.++O4 

-6J-8).4, 8C780*18 .J.+3-.C6+30. I-3 N*.4 

C.J+396P* ,-69*3?01930 J6)6?3 .,-0)070+38 
M6-69*0-31*39 *.,73C 1-6JB ,.170 .J.+3-.C6-
+38 3 C *0?0+30 C-040+3 M-6+0+38. &173 *6930 
31170).C6+38 )78 @0+J3+.COM )C3D6*070L 3J-
C01*+O, *. )78 )3J07F+OM )C3D6*070L ,-3 -6@.-

*0 +6 5T .+3 ,-69*3?0193 +0 31170).C6+O.  

<1,.7FJ.C6+30 .J.+6 C 96?01*C0 .93173-

*07F+.L ).@6C93 9 *.,73CB +0 +.C.1*F C +6B?-

+.4 43-0 [11, 12]. 578 4.*.-+.D. *.,73C6 .J.+ 

-61146*-3C6718 *69K0 969 .93173*07F C401*. 

*-6)3G3.++.L C.J)BH+.L 14013. <1170).C6+38 
C N*.4 +6,-6C70+33 ,-.C.)3731F C 9.+G0 80-M – 

+6?670 90-M DD. 969 C +6H0L 1*-6+0, *69 3 J6 -B-
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@0K.4 [13]. I-0),.1O793 31,.7FJ.C6+38 .J.+6 
C401*. 9317.-.)6 C.J)BM6 .1+.C6+O +6 0D. /3-

J39.-M343?0193M 1C.L1*C6M. I-.C.)3731F )0-
*67F+O0 31170).C6+38 .J.+3-.C6+38 @0+J3+6 1 
G07FP 1+3K0+38 -61M.)6 *.,73C6 3 C-0)+OM 

COM7.,.C .*-6@.*6CH3M D6J.C [14], +6 .1+.C0 
9.*.-OM CO8C70+., ?*. ,.)6?6 .J.+6 C *.,73C. 

@.700 N//09*3C+6, ?04 ,.)6?6 .J.+3-.C6++.D. 

C.J)BM6 C 96-@P-6*.-. 

 

R31. 1. (76113/396G38 .1+.C+O4 40*.).C 69*3C6G33 *.,73C6

 C*.-643 @O73 ,-.C0)0+O ,-0)C6-3*07F-
+O0 N91,0-340+*67F+O0 31170).C6+38 ,. C738-
+3P .J.+3-.C6+38 5T +6 ,.96J6*073 )C3D6*078 
[15], D)0 @O7. J6/3913-.C6+. 1+3K0+30 -61M.-

)6 *.,73C6 +6 1,1%, )O4+.1*3 +6 12…17%. 

578 CO8C70+38 40M6+3J46, 70K6Q0D. C .1-
+.C0 B7B?H0+38 B96J6++OM M6-69*0-31*39 )3-

J07F+.D. )C3D6*078 +0.@M.)34. .,-0)070+30 
3J40+0+38 /3J39.-M343?0193M 1C.L1*C *.,73C6 
C J6C3134.1*3 .* 9.+G0+*-6G33 .J.+6 C *.,73C0 
3 C-040+3 M-6+0+38 .J.+3-.C6++.D. *.,73C6. 
578 .@-6@.*93 *.,73C 31,.7FJ.C6718 .J.+6-

*.-O, -6J-6@.*6++O0 +6 96/0)-0 K070J+.).-

-.K+.D. *-6+1,.-*6 2'$ 34. 2. 5678. 
#J.+3-.C6+30 *.,73C6 J697P?67.1F C 0D. 

+61OQ0+33 C @6-@.*6K+.L 9640-0 ,-3 ,.)6?0 
.J.+.C.J)BH+.L 14013 1 .,-0)070++.L 9.+G0+-

*-6G30L .J.+6 (-31. 2). 2-048 .J.+3-.C6+38 1.-

1*6C787. 10, 30 3 60 43+ ,-3 -61M.)0 C.J)BM6 
40 7/?. (.+G0+*-6G38 .J.+6 – 1,34·10-4 4.7F/7. 

I.D7.Q0+30 .J.+6 @O7. 9.73?01*C0++O4. 

R0JB7F*6*O 31170).C6+38 C738+38 .J.+3-.-

C6+38 +6 ,6-640*-O 5T ,-3C0)0+O +6 -31. 2-5. 

'6 .1+.C6+33 -31. 3 4.K+. B*C0-K)6*F . 

+01*6@37F+.1*3 M6-69*0-31*39 *.,73C6 ,.170 
.J.+3-.C6+38, ?*. .@.1+.COC60* +0.@M.)3-

4.1*F .J.+3-.C6+38 *.,73C6 +0,.1-0)1*C0++. 

+6 *-6+1,.-*+.4 1-0)1*C0 ,0-0) 0D. ,.)6?0L C 
9640-B 1D.-6+38. 
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R31. 2. X6C3134.1*F +3JH0L *0,7.*O 1D.-6+38 )3J0-
7F+.D. *.,73C6 .* 9.73?01*C6 ,.D7.Q0++.D. .J.+6 
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R31. 3. X6C3134.1*F ,7.*+.1*3 ,-3 20 0: )3J07F+.D. 

*.,73C6 .* 9.73?01*C6 ,.D7.Q0++.D. .J.+6 1 *0?0-
+304 C-040+3 M-6+0+38 *.,73C6: 

1 – 1-6JB ,.170 .J.+3-.C6+38,  
 – ,. ,-.H01*C33 2 4018G0C 

'6 .1+.C6+33 -31. 3 4.K+. B*C0-K)6*F . 

+01*6@37F+.1*3 M6-69*0-31*39 *.,73C6 ,.170 
.J.+3-.C6+38, ?*. .@.1+.COC60* +0.@M.)3-

4.1*F .J.+3-.C6+38 *.,73C6 +0,.1-0)1*C0++. 

+6 *-6+1,.-*+.4 1-0)1*C0 ,0-0) 0D. ,.)6?0L C 
9640-B 1D.-6+38. 
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R31. 4. X6C3134.1*F C8J9.1*3 *.,73C6 .* 9.73?01*C6 

,.D7.Q0++.D. .J.+6 C *.,73C0 
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R31. 5. X6C3134.1*F *04,0-6*B-O C1,OH93 5T .* 
9.73?01*C6 ,.D7.Q0++.D. .J.+6, -61*C.-0++.D. C 

*.,73C0 

2738+30 ).J3-.C6+38 .J.+.C.J)BH+.L 140-
13 C *.,73C., C .1+.C+.4, 1C8J6+. 1 M04.1.-@-

G30L 3 -069G3843 .J.+.73J6 C K3)9.L /6J0. 
 +673J -069G3.++.L 1,.1.@+.1*3 BD70C.).-.-

).C 4.K+. .1BQ01*C3*F ,. 9.+1*6+*64 19.-.-

1*3 -069G33 .J.+.73J6, 9.*.-O0 ,-0)1*6C70+O 

C *6@7. 1 [16]: 

T6@73G6 1 

"89:;<9;= :>8?8:;@ ?A<>B@@ 8C898D@C< 

EDF ?<CD@G9=H ;@I8J KLDAJ8E8?8E8J 

T3, BD70C.).-.).C 
(.+1*6+*O 19.-.-

1*3 -069G33 

7/(4.7F·1) 

)78 ,6-6/3+.COM BD70C.).-

-.).C 
10,5·10-2…0,7·100 

)78 +6/*0+.COM BD70C.).-.-

).C 
5·10-2…0,32·100 

)78 6-.46*3?0193M BD70C.).-

-.).C 
3,4·10-1…5·10-1 

 

T6934 .@-6J.4, .J.+.73JB @B)B* ,.)C0--

D6*F18, C .1+.C+.4, +63@.700 -069G3.++.1,.-

1.@+O0 6-.46*3?01930 BD70C.).-.)O. 2738+30 
.J.+6 +6 ,-.G011 D.-0+38 ,-3 0D. 439-.).@6C-
96M C *.,73C. .@Y81+80*18 .@-6J.C6+304 ,0-
-.913)+OM 1.0)3+0+3L 3 ,.170)BPQ34 G0,-

+O4 3M -61,6).4 +6 1C.@.)+O0 -6)3967O, 9.-

*.-O0 3 COJOC6P* )0*.+6G3P C J.+0 D.-0+38. 
2-048 1BQ01*C.C6+38 1C.@.)+OM -6)3967.C .D-
-6+3?0+., ,.N*.4B )73*07F+.0 M-6+0+30 .J.+3-

-.C6++.D. *.,73C6 ,-3C.)3* 9 13+*0JB C 0D. 

.@Y040 9317.* 3 1+3K60* 1,.1.@+.1*F 9 ,.7+.-

4B 1D.-6+3P. S*. ,.)*C0-K)60*18 *04, ?*. ,-3 

)73*07F+.4 .J.+3-.C6+33 *.,73C6 +6@7P)6-
7.1F CO,6)0+30 -61*C.-34.D. C Q07.?3 .16)96, 
?*. B96JOC60* +6 +0.@-6*34O0 3J40+0+38 C *.-

,73C0. 
(69 170)B0* 3J [11] ,-3 1D.-6+33 *.,73C6 +6 

19.-.1*F ,-0),7640++OM -069G3L ,-3 164.C.1-
,7640+0+33 C )3J070 J+6?3*07F+.0 C738+30 
.96JOC60* K3)9./6J+.0 .93170+30 -61,O70+-

+.D. *.,73C6, 9.*.-.0, D76C+O4 .@-6J.4, J6C3-

13* .* 9.73?01*C6 ,0-.913)+OM 1.0)3+0+3L. 2 

1C.P .?0-0)F, )73*07F+.1*F ,0-3.)6 J6)0-K93 

C.1,7640+0+38 *.,73C6 .,-0)0780*18 19.-.-

1*FP ,-0),7640++OM -069G3L. T6934 .@-6J.4, 

,-3 ).@6C70+33 .J.+6 C *.,73C., ,-.31M.)3* 
,-0)C6-3*07F+.0 .93170+30 96,07F K3)9.D. 

*.,73C6 1 .@-6J.C6+304 ,0-0931+OM 1.0)3+0-
+3L, 9.*.-O0 ,.COH6P* G0*6+.C.0 ?317. *.,-
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+0+38, *04 164O4 .@70D?68 J6,B19 )C3D6*078, 
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*.,73C6. (69 3JC01*+., G0*6+.C.0 ?317. C. 

4+.D.4 J6C313* .* M343?019.D. 1.1*6C6 )3-

J07F+.D. *.,73C6 3 1*-B9*B-O BD70C.).-.).C, 
1.1*6C78PQ3M *.,73C..  -.46*3?01930 BD70-
C.).-.)O 1+3K6P* G0*6+.C.0 ?317., ,.N*.4B 

)78 0D. B7B?H0+38 +06.@M.)34. B)670+30 3J 
*.,73C6, *04 373 3+O4 1,.1.@.4, 6-.46*3?0-
193M BD70C.).-.).C, ?*. 3 ,-.31M.)3* C170)1*-
C30 .J.+3-.C6+38. 
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*.,73C6 9.73?01*C0++. ,.96J673 C738+38 +6 
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2,8 %, *04,0-6*B-6 C1,OH93 – )78 5T BC073?3-

C60*18 ). 13 2:. 567F+0LH30 31170).C6+38 
).7K+O @O*F +6,-6C70+O +6 .,-0)070+30 1C8J3 

40K)B 3J40+0+3843 N*3M M6-69*0-31*39 3 N9.-

+.43?019343 3 N9.7.D3?019343 ,.96J6*07843 

)C3D6*078. 

%<%!<#"R U<V&:(<Z :I<:#( 

1. (.K0C+39.C, 2.  . #@761*F *.-4.J+OM -0K34.C 
*8D.C.D. N709*-.)C3D6*078 [T091*] / 2.  . (.-

K0C+39.C // :@. !0+. 3+-*6 3+K0+0-.C K.). 

*-6+1,.-*6. – =.: T-6+1K07).-3J)6*, 1958. – 

2O,. 159. – :. 178-189. 

2.  -.+.C, =. <. S709*-3?0193L *.-4.J *0,7.C.J6 
@0J @67761*+.D. -0J31*.-6 [T091*] / =. <.  -.-

+.C // 201*+39 2'<<;T. – 1978. – [ 3. –  

:. 14-16. 

3. (-61+8+1968, :. '. <1170).C6+30 N709*-3?019.-

D. *.-4.J6 1 G07FP ,.COH0+38 N9.+.43?+.1*3 

3 N91,7B6*6G3.++.L +6)0K+.1*3 *0,7.C.J.C 
[T091*] : 6C*.-0/. )31. … 96+). *0M+. +6B9. – =.: 

1979. – 26 1. 
4. =.D376, 2. <. <1,.7FJ.C6+30 @-.1.C.L N+0-D33 

*.-4.K0+38 *0,7.C.J6 )78 ,.COH0+38 N//09-
*3C+.1*3 *0,7.C.J+OM )3J070L [T091*] /  

2. <. =.D376, &. :. '.K0+9. // :@. +6B?. *-. – 

W.: $9-5 XT, 2007. – 2O,. 82. – :. 153-157. 

5. 500C, 2. 2. T8D6 ,.0J).C [T091*] : B?. ,.1.@30 
)78 CBJ.C / 2. 2. 500C, ".  . <7F3+, ". :.  /.-

+3+; ,.) -0). 2. 2. 500C6. – =.: T-6+1,.-*, 
1987. – 264 1. 

6. R01B-1.1@0-0D6PQ30 *0M+.7.D33 C 9.+*69*0 
«D-0@0+F 9.7016 – -07F1» [T091*] / '. <. ".-@B-

+.C 3 )-. // 201*+39 2$'$ 34. 2. 5678. –  

2008. – [ 5, ?. 1. – :. 76-82. 

7. XC.+.C, 2.  . 2738+30 +6 -6@.?3L ,-.G011 52: 

69*3C3-.C6+38 *.,73C6 C+0H+343 /3J3?019343 

C.J)0L1*C3843 [T091*] / 2.  . XC.+.C, '.  . =6-
96-.C // 5C3D6*073 C+B*-0++0D. 1D.-6+38. – W., 

2008. – [ 2. – :. 112-121. 

8. =3-J6)K6+6)J0,  . W. T0M+.7.D38 ).@O?3 ,-3-

-.)+OM D6J.C [T091*] / <. =.  40*.C, (. :. %61-
+30C 3 )-. – =.: '0)-6, 1987. – 414 1. 

9. (76110+, 2. <. #46D+3?3C6+30 C.)+OM 131*04 

[T091*]. – 2-0 3J). / 2. <. (76110+. – =.: W3438, 
1982. – 296 1. 

10. 56C3)J.+, =. <. S709*-.46D+3*+68 .@-6@.*96 
C.)+OM 131*04 C *091*37F+.L ,-.4OH70++.1*3 

[T091*] / =. <. 56C3)J.+. – =.: !0D,-.4@O*3J)6*, 
1988. – 178 1. 

11. =.*.-+O0, -069*3C+O0 3 -690*+O0 *.,73C6 
[T091*] / ,.) -0). (. (. I6,.9, &. ". :040+3).. – 

=.: ".1*.,*0M3J)6*, 1962. – 741 1. 
12. 5.9*.-.C, =. 2. =0*.)O 1+3K0+38 *0M+.D0++.-

D. C.J)0L1*C38 +6 .9-BK6PQBP 1-0)B ,-3 N91-
,7B6*6G33 -690*+.-9.143?019.L *0M+393 

[T091*] : 6C*.-0/. )311. … 96+). *0M+. +6B9: 
05.14.16. – :I@., 2000. 

13. Nasser, S. H. A novel fuel efficient and emission 

combustion engines. 982561 [T091*] / S. H. Nas-

ser, S. Morris, S. James. – Society of Automobile 

Engineers, Inc.,1998. – 16 p. 

14. :*.78-0+9., ". :. T0.-0*3?01930 .1+.CO D0*0-
-./6J+OM .J.++OM ,-.G011.C 3 *0M+.7.D38 )0-
+3*-3/396G33 D6J.COM ,.*.9.C [T091*] : 6C*.-

-0/. )311. ... ).9*. *0M+. +6B9: 05.17.01. – (.: 

'T$ «(I<», 2000. 

15. 2738+30 .J.+3-.C6+38 +6 N+0-D.-N9.7.D3?01930 
,.96J6*073 *0,7.C.J+.D. )3J078 [T091*] /  

 . !. ".7B@0+9. 3 )-. // 201*+39 2$'$ 34.  

2. 5678. – 2008. – ?. 1. – [ 5 (123). – :. 149-153. 

16. R6JB4.C193L, :. 5. #J.+ 3 0D. -069G33 1 .-D6-
+3?019343 1.0)3+0+3843 [T091*] / :. 5. R6JB-

4.C193L, ". $. X639.C. – =.: '6B96, 1974. –  

239 1. 
 

I.1*B,376 C -0)9.770D3P 30.07.2009 

 

124



 !" 625.03.1 

 . !. "#$%& #', (.).*., +,-./00-,, ' & 12. '. 3456 (&7,41*4); 
8. 9. :$9';8 :#, 40+., ' & 12. '. 3456 (&7,41*4); 
<. '. :#'=9 8>, ' & 12. '. 3456 (&7,41*4) 

#$#%&' (#")*+*,, -$&.#/0&1 )23*,*--456$75 

"#85-),# %*"*9*)&,*,

& 0)4))? +,-4*45?@-A4*? B1**171, C- @*1DEF)G )6H-A--@B?+*? 67-0)? 5-7-2-)1A4. I,/(0)4A5/*4 24)/24-
)1B*4 2-(/5G (56 -J?*FA4**6 A+51AE *4 7-/.?J?K*) A17-,10)4**6 @B?+*-L A4H1 5-7-2-)1A4 +/,/,-@+-(?5E 

*4A4*)4D/*G A?( 7-5?0*1M +4, *4 ,/N7E. 

' 0)4)G/ +,-4*451@1,-A4*O .47)-,O, 0*1D4FC1/ )6H-A--0J/+*O/ 74B/0)A4 5-7-2-)1A4. I,/(0)4A5/*4 
24)/24)1B/0746 2-(/5G (56 -J/*1A4*16 A516*16 +/,/,40+,/(/5/*16 *4H,E@-7 *4 7-P..1J1/*) 10+-5G@-A4-
*16 0J/+*-H- A/04 5-7-2-)1A4 -) 7-5/0*OM +4, *4 ,/5G0. 

Factors, reducing hauling-coupling qualities of locomotive, are analyzed in the article. A mathematical model 

for evaluation of influence of redistribution of loadings on the coefficient of use of coupling weight of locomotive 

from wheel pairs on rail is presented. 

Q),/25/*1/ 7 AO0-7-2E 10+-5G@-A4*1F 

2-C*-0)1, 015O )6H1, )-,2-D/*16 5-7-2-)1A4 
1, 0--)A/)0)A/**-, +,-A-@*-N, +,-+E07*-N 0+--

0-R*-0)1, P*/,H/)1B/07-N P../7)1A*-0)1 D/-
5/@*OM (-,-H, +,/(-+,/(/56/) ,/S/*1/ +,--

R5/2O +-AOS/*16 0J/+5/*16 7-5/04 0 ,/5G0-2, 

7-)-,-/ 6A56/)06 -H,4*1B1A4FC12 .47)-,-2 A 
(4**-2 A-+,-0/. 
I,-A/(/**ON 4*451@ *4EB*--)/M*1B/071M 

10)-B*17-A 1*.-,24J11 +-74@OA4/), B)- *4 
,/451@E/2EF 015E 0J/+5/*16 -74@OA4F) A516-
*1/ 2*-H-B105/**O/ 05EB4N*O/ .47)-,O, (/N-

0)AEFC1/ +,1 (A1D/*11. : *41R-5// @*4B12O2 

1@ *1M -)*-06)06: 0)4)1B/07-/ 1 (1*421B/07-/ 
+/,/,40+,/(/5/*1/ *4H,E@-7 -) 7-5/0*OM +4, 

*4 ,/5G0O, .47)1B/0746 +5-C4(G 7404*16 A@41-

2-(/N0)AEFC1M +-A/,M*-0)/N, ,4@51B1/ M4,47-
)/,10)17 )6H-AOM P5/7),-(A1H4)/5/N (=T3) -)-
(/5G*OM 7-5/0*OM +4,. ' ,4R-)4M U.<. VED-

*-A4, ". '/,R/74, 9.'. :4@4,1*-A4 [1, 2, 3] E74-
@4*-, B)- @4H,6@*/*1/ +-A/,M*-0)/N 74)4*16 
7-5/04 1 ,/5G04, -R,4@-AOA46 +,-2/DE)-B*ON 

05-N, *4@OA4/2ON ),/)G12 )/5-2, */R54H-+,1-

6)*- A516/) *4 0J/+*O/ 74B/0)A4 5-7-2-)1A4. 
356 +-AOS/*16 0J/+5/*16 A E05-A16M P70+5E4-
)4J11 *41R-5// S1,-7-/ ,40+,-0),4*/*1/ +--

5EB151 0+/J145G*O/ E0),-N0)A4 +-(4B1 A @-*E 

7-*)47)4 4R,4@1A*-H- 24)/,1454 1 -B10)74 +--

A/,M*-0)/N 74)4*16. ' ,4R-)/ [4] E0)4*-A5/*- 

A516*1/ *4 7-P..1J1/*) 0J/+5/*16 -B10)71 

,/5G0-A A+/,/(1 1(EC121 7-5/0*O21 +4,421. 

QEC/0)AEF) ,4@*O/ 0+-0-RO (-0)1D/*16 247-
01245G*-N 015O )6H1 1 EA/51B/*16 015O 0J/+-

5/*16 7-5/04 0 ,/5G0-2, -(*47-, AA1(E 05-D*--

0)1 1 ),E(-/27-0)1 1005/(-A4*1N A-+,-0 +--

AOS/*16 )6H-A--0J/+*OM 74B/0)A 5-7-2-)1A-A 
-0)4/)06 -)7,O)O2.  

'-@*174FC// A +,-J/00/ P70+5E4)4J11 5--

7-2-)1A-A +/,/,40+,/(/5/*1/ *4H,E@-7 -) 7--

5/0*OM +4, *4 ,/5G0O @*4B1)/5G*- 0*1D4/) 
,/451@E/2EF 015E 0J/+5/*16.  4+,12/,, +,1 

,/451@4J11 015O )6H1 ,4@H,ED4/)06 1 *4B1*4/) 
+,-0745G@OA4)G +/,A46 7-5/0*46 +4,4 5-7-2--

)1A4. 8051 2/D(E 7-5/0*O21 +4,421 */) D/0)-
7-N 0A6@1, )- -*4 *4B*/) R-70-A4)G. I,1 )-,-

2-D/*11 0-0)4A4 ,4@H,ED4F)06 @4(*1/ 7-5/0-
*O/ +4,O )/5/D71 1 P71+4D4. !@A/0)*-, B)- 

-J/*74 ,4@H,E@71 7-5/0*OM +4, -+,/(/56/)06 
7-P..1J1/*)-2 10+-5G@-A4*16 0J/+*-H- A/04 

c)limi QQ !  ( "limiQ  *4H,E@74 *4 ,/5G0O -) *41-

R-5// ,4@H,ED/**-N -01, "0)Q 0)4)1B/0746 *4-

H,E@74). Q-H540*- [5] 7-P..1J1/*) 0J/+5/*16 

0#  -R,4)*- +,-+-,J1-*45/* ! : 

,
$

F

0J

7
0

!
 #    (1) 

H(/ 7F  - 7404)/5G*46 0154 )6H1 5-7-2-)1A4;
0J$  - 

0J/+*-N A/0 5-7-2-)1A4. 
I/,/,40+,/(/5/*1/ *4H,E@-7 -) 7-5/0*OM 

+4, *4 ,/5G0O @4A101) -) ,6(4 .47)-,-A, 7-)--

,O/ 1@2/*6F)06 A +,-J/00/ P70+5E4)4J11.  4 
-0*-A/ +,-A/(/**-H- 4*451@4 [6 - 9] AO6A5/*O 

-0*-A*O/ .47)-,O (,10. 1, 2), +-AOS4FC1/ 
,4@H,E@7E 5121)1,EFC1M 7-5/0*OM +4,, 0*1-

D46 +,1 P)-2 )6H-A--0J/+*O/ 74B/0)A4 1 P.-

./7)1A*-0)G ,4R-)O 5-7-2-)1A4 A J/5-2. I,--

A/(/**-/ 24)/24)1B/07-/ 2-(/51,-A4*1/ +--

@A-515- -J/*1)G A +,-J/*)-2 -)*-S/*11 A516-
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*1/ -)(/5G*OM .47)-,-A *4 7-P..1J1/*) 10-
+-5G@-A4*16 0J/+*-H- A/04 !. 

#ROB*- +,1 -J/*7/ A516*16 7-*0),E7J11 

P71+4D4 *4 /H- )6H-AO/ A-@2-D*-0)1 +,/(+-54-
H4/)06, B)- A0/ 7-5/0*O/ +4,O 5-7-2-)1A4 
12/F) ,4A*EF 0)4)1B/07EF *4H,E@7E, 4 1M (A1-

H4)/51 ,/451@EF) -(1*47-AON 7,E)6C1N 2--

2/*) – P)- 0*1D4/) )-B*-0)G ,40B/)-A 1 P../7-
)1A*-0)G ,4R-)O 5-7-2-)1A4 A +,-J/00/ P70-
+5E4)4J11. I,1 +,-/7)1,-A4*11 1 0-@(4*11 

5-7-2-)1A-A 0 AO0-7121 )6H-A--0J/+*O21 1 

)-,2-@*O21 74B/0)A421 */-RM-(12- +-(R1,4)G 
+4,42/),O P71+4D*-N B40)1 0 EB/)-2 A516*16 
.47)-,-A, E74@4**OM *4 ,10. 1. =471/ (/N0)A16 
+-@A-56) 0*1@1)G */H4)1A*-/ +/,/,40+,/(/5/-
*1/ *4H,E@-7 -) 7-5/0*OM +4, *4 ,/5G0. 356 

+,/(-)A,4C/*16 +-6A5/*16 R-70-A4*16 4A)-,4-
21 +,/(5-D/* 0+-0-R 0/5/7)1A*-H- +-(R-,4 
=T3 (0-H540*- "#Q= 2582-81 7,E)6C1N 2--

2/*) =T3 2-D/) *4M-(1)G06 A +,/(/54M %5$ ) 

*4 0)4(11 0R-,71 )/5/D/7 (56 74D(-N 7-5/0*-N 

+4,O 5-7-2-)1A4. T)1 D/ 2/,-+,16)16 +,/(54-
H4/)06 +,-A-(1)G +,1 AO+E07/ 5-7-2-)1A4 1@ 
,/2-*)4. 
I,-A/(/**ON 4*451@ 1 754001.174J16 .47-

)-,-A 0*1D4FC1M 7-P..1J1/*) 10+-5G@-A4*16 
0J/+*-H- A/04, +-@A-56/) *4H56(*- -J/*1)G 
A516*1/ 7-*0),E7J11 1 ,4@2/,-A -)(/5G*OM 

E@5-A P71+4D4 5-7-2-)1A4 )6H-A--0J/+*O/ 74-
B/0)A4. Q-+-0)4A5/*1/ (4**OM ,10. 1, 2 +,1 

+,-/7)1,-A4*11 +-@A-51) (-R1)G06 ,/451@4J11 

24701245G*-N 015O )6H1. 

h    ,    %    1    0    0    9    5    9    0    8    5    8    0    

     h    =    1    4    %    -    !    "    #    $    %    &    #    $    '    (    "    )    *    &    +    
#    $    ,    (    "    -    .    )    "    #    #    &    )    -    &    /    &    (    &    0    *    "    1    .    *    2    -    .    3    

     h    =    9    ,    6    %    -    !    "    #    $    %    &    #    $    '    *    $    &    )    &    +    
#    $    ,    (    "    -    .    )    "    #    #    &    )    -    &    /    &    (    &    0    *    "    1    .    *    2    -    .    3    

     h    =    2    5    %    -    #    .    4    2    $    3    /    .    

     h    =    1    2    ,    1    %    -    #    .    4    2    $    )    "    -    .    3    /    2    #    .    $    "    4    3    

     h    =    7    ,    4    1    %    -    !    "    #    $    %    &    #    $    '    0    "    $    2    4    "    +    ,    
(    )    .    #    &    "    0    .    -    3    5    6    .    7    /    2    #    .    $    "    4    '    %    8    ,    %    #    "    

     h    =    5    %    -    ,    #    .    4    .    "    ,    #    &    9    0    2    *    2    "    :    &    "    
0    &    /    )    ,    !    2    5    6    .    :    ,    #    $    )    &    +    #    $    *    &    :    

     h    =    5    ,    1    %    -    !    "    #    $    %    &    #    $    '    *    #    "    7    &    (    &    )    *    $    &    )    &    +    
#    $    ,    (    "    -    .    )    "    #    #    &    )    -    &    /    &    (    &    0    *    "    1    .    *    2    -    .    3    

     h    =    8    ,    2    %    -    ,    (    )    2    *    4    3    "    :    &    "    
)    "    #    #    &    )    -    &    "    (    &    0    *    "    1    .    *    2    -    .    "    

     h    =    5    %    -    !    "    #    $    %    &    #    $    '    %    )    2    +    -    .    7    &    (    &    )    
*    $    &    )    &    +    #    $    ,    (    "    -    .    )    "    #    #    &    )    -    &    /    &    (    &    0    *    "    1    .    *    2    -    .    3    

     h    =    2    ,    2    1    %    -    ;    2    #    $    &    $    2    (    &    0    "    )    /    .    *    2    5    6    .    7    
*    &    9    :    ,    6    "    -    .    +    &    $    0    "    +    #    $    *    .    3    (    &    #    $    &    3    -    -    &    +    
.    (    "    )    "    :    "    -    -    &    +    #    &    #    $    2    *    4    3    5    6    .    7    #    .    4    $    3    /    .    

     h    =    7    ,    5    %    -    #    %    &    )    &    #    $    '    0    *    .    !    "    -    .    3    

     h    =    3    ,    7    %    -    .    9    -    &    #    8    2    -    0    2    !    2    (    &    
%    )    ,    /    ,    %    2    $    2    -    .    3    (    "    )    *    &    +    %    &    4    "    #    -    &    +    (    2    )    <    

     h    =    1    ,    8    %    -    .    9    :    "    -    "    -    .    "    
:    2    #    #    <    (    "    )    *    &    +    %    &    4    "    #    -    &    +    (    2    )    <    

     h    =    0    ,    9    %    -    .    9    :    "    -    "    -    .    "    :    2    #    #    <    
-    2    0    )    "    #    #    &    )    -    &    /    &    #    $    )    &    "    -    .    3    %    ,    9    &    *    2    .    9    -    9    2    
)    2    #    7    &    0    2    =    %    .    (    .    )    &    *    &    ;    -    <    7    :    2    $    "    )    .    2    4    &    *    

1    0    0    9    5    9    0    8    5    8    0    

 

$10. 1. '516*1/ 1@2/*/*16 +4,42/),-A 5-7-2-)1A4  
*4 7-P..1J1/*) 10+-5G@-A4*16 0J/+*-H- A/04 !%  A P70+5E4)4J11 

 

1    0    0    

9    7    

9    4    

9    1    

8    8    
     h    =    1    3    %    -    8    2    9    2    $    "    4    "    !    %    .    

     h    =    8    ,    5    %    -    ,    /    &    4    -    2    %    4    &    -    2    
(    &    *    &    0    %    &    *    %    /    &    )    .    9    &    -    $    2    4    .    

     h    =    1    0    %    -    )    2    #    #    $    &    3    -    .    "    :    "    !    0    ,    
(    "    )    *    &    +    .    *    $    &    )    &    +    %    &    4    "    #    -    <    :    .    (    2    )    2    :    .    

     h    =    4    ,    1    %    -    *    "    #    %    ,    9    &    *    2    

     h    =    3    ,    4    %    -    *    "    #    $    "    4    "    !    %    .    

     h    =    9    ,    2    %    -    )    2    #    (    &    4    &    !    "    -    .    "    >    ?    @    

     h    =    4    ,    5    %    -    *    .    0    #    *    3    9    .    )    2    :    <    
$    "    4    "    !    %    .    #    %    &    4    "    #    -    &    +    (    2    )    &    +    

     h    =    6    ,    4    %    -    )    2    #    (    &    4    &    !    "    -    .    "    
1    %    *    &    )    -    "    *    &    /    &    1    2    )    -    .    )    2    -    2    0    
(    4    &    #    %    &    #    $    '    5    /    &    4    &    *    &    %    )    "    4    '    #    &    *    

     h    =    2    ,    7    %    -    )    2    #    #    $    &    3    -    .    "    &    $    A    "    -    $    )    2    
$    "    4    "    !    %    .    0    &    *    -    ,    $    )    "    -    -    .    7    &    (    &    )    4    &    %    &    :    &    $    .    *    2    

     h    =    8    ,    4    %    -    )    2    #    #    $    &    3    -    .    "    &    $    
A    "    -    $    )    2    $    "    4    "    !    "    %    0    &    *    -    "    1    -    .    7    &    (    &    )    

     h    =    9    ,    5    %    -    ,    (    )    ,    /    2    3    (    )    &    0    &    4    '    -    2    3    #    *    3    9    '    

     h    =    2    ,    1    %    -    &    $    -    &    1    "    -    .    "    
!    "    #    $    %    &    #    $    "    +    (    "    )    *    &    +    .    *    $    &    )    &    +    
#    $    ,    (    "    -    .    )    "    #    #    &    )    -    &    /    &    (    &    0    *    "    1    .    *    2    -    .    3    

h    ,    %    

1    0    0    

8    8    
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I,1 +,-A/(/*11 1005/(-A4*1N )6H-A--

0J/+*OM 74B/0)A 5-7-2-)1A4 RO54 ,4@,4R-)4*4 
24)/24)1B/0746 2-(/5G A516*16 7-*0),E7)1A-
*OM +4,42/),-A 5-7-2-)1A4, .47)-,-A, 1@2/-
*6FC1M A +,-J/00/ P70+5E4)4J11 7-P..1J1/*) 
10+-5G@-A4*16 0J/+*-H- A/04, ,4@*-0)1 7,E)6-
C1M 2-2/*)-A *4 74D(-N 7-5/0*-N +4,/ A +,/-
(/54M %.5$  356 E+,-C/*16 E,4A*/*1N, -+10O-

A4FC1M A@412-(/N0)A1/ P5/2/*)-A 5-7-2-)1A4 
1 +E)1, +,1*124510G 05/(EFC1/ (-+EC/*16: 
5-7-2-)1A *4M-(1)06 *4 D/0)7-2 1 1(/45G*- 

+5-07-2 +E)1 (/(1*0)A/**-N +,1B1*-N A-@*17-
*-A/*16 (-+-5*1)/5G*OM A/,)1745G*OM *4H,E-

@-7 0- 0)-,-*O +-(,/00-,/**OM B40)/N 6A56/)-
06 0154 )6H1); A0/ P5/2/*)O P71+4D4, 7,-2/ ,/0-
0-,, +,/(0)4A5/*O 747 )A/,(O/ )/54; +,-(-5G-
*-/ )6H-A-/ E0151/ -) 7-5/04 7 ,42/ )/5/D71 

,4A*-2/,*- +/,/(4/)06 (AE26 RE70-AO21 +--

A-(7421; 5-7-2-)1A ,40024),1A4/)06 747 +5--

0746 010)/24, 0122/),1B*46 -)*-01)/5G*- +--

+/,/B*-N A/,)1745G*-N +5-07-0)1, 7-)-,46 
+,-M-(1) B/,/@ J/*), 7E@-A4; ),/*1/ A ,/00-,-

*-2 +-(A/S1A4*11 1 4A)-0J/+7/ -)0E)0)AE/). 
&,4A*/*1/ ,4A*-A/016 015 +,15-D/**OM 7 

7-5/0*--2-)-,*-2E R5-7E (:<%) 1-N 7-5/0*-N 

+4,O (,10. 3, 4) -+,/(/56/)06 +- 05/(EFC/N 

.-,2E5/: 

;0PQRQP;0F 1I#3D1111:  &"""      (2) 

' ( ;0lPlQ
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I-(0)4A566 @*4B/*1/ 
1I#3P  1@ E,4A*/*16 (4) 

A E,4A*/*1/ (2), (56 ,/47J11 7-5/04 
1P  +-5EB4-

/)06 05/(EFC// AO,4D/*1/: 

.R
l2

D
F)

l

l
1(QQP 1

1T

K
1K

1T

D
D11 &)"")& 

  (5) 

&,4A*/*16 ,4A*-A/016 015, +,15-D/**OM 7 
:<% -0)45G*OM 7-5/0*OM +4, 5-7-2-)1A4, 0--

0)4A56F)06 4*45-H1B*-. 

&,4A*/*16 ,4A*-A/016 015, +,15-D/**OM 7 
+/,A-N )/5/D7/: 

;0RRQQ3Q
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IVIII2TD6

54654KZ
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&,4A*/*16 ,4A*-A/016 015, +,15-D/**OM 7- 

A)-,-N )/5/D7/, 0-0)4A56F)06 4*45-H1B*-. 

Q15O E+,EH-0)1 +,ED1* +/,A-N 1 A)-,-N 

0)E+/*1 ,/00-,*-H- +-(A/S1A4*16 (,10. 3, 4) 

12/F) A1(: 
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Q15O E+,EH-0)1 -0)45G*OM +,ED1* -+,/(/-
56F)06 4*45-H1B*-. 

&,4A*/*16 ,4A*-A/016 5-7-2-)1A4 -+10O-

A4F)06 747: 

;0FQQQ6Q
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$10. 4. $40B/)*46 0M/24 S/0)1-0*-H- 5-7-2-)1A4 

I-(0)4A566 AO,4D/*16 (8), (9) A E,4A*/*16 
(2), (5), (6), (7), (10), (11) -+,/(/56F)06 51*/N-

*O/ 
K21 Z,Z,Z  1 EH5-AO/ +/,/2/C/*16 +/,A-N 

1 A)-,-N )/5/D/7 1 7E@-A4 5-7-2-)1A4 0--)A/)-
0)A/**-. Z*46 P)1 +/,/2/C/*16, -+,/(/56F)06 
E01516 A- A)-,-N 1 A +/,A-N 0)E+/*6M ,/00-,-

*-H- +-(A/S1A4*16, (4A5/*1/ 7-5/0*OM +4, *4 
,/5G0O. Z4)/2, 12/6 P)1 (4**O/, -+,/(/56/)06 
7-P..1J1/*) 10+-5G@-A4*16 0J/+*-H- A/04 5--

7-2-)1A4 +- 74D(-N 7-5/0*-N +4,/. 
I- +,/(0)4A5/**-N 24)/24)1B/07-N 2-(/51 

0-0)4A5/*4 7-2+GF)/,*46 +,-H,4224 A  
MathCAD.  /7-)-,O/ ,/@E5G)4)O ,40B/)-A 
+,/(0)4A5/*O *4 ,10. 1, 2. 

'OA-(. <4701245G*46 0154 )6H1 1 P../7-
)1A*-/ 10+-5G@-A4*1/ 2-C*-0)1 5-7-2-)1A4 
@4A106) -) ,/451@E/2-H- 7-P..1J1/*)4 0J/+5/-
*16 1 +/,/,40+,/(/5/*16 *4H,E@-7 -) 7-5/0*OM 

+4, *4 ,/5G0O, *4 7-)-,O/ -74@OA4F) A516*1/ 
J/5ON ,6( .47)-,-A. I,1 0-@(4*11 P71+4D*-N 

B40)1 24*/A,-AOM )/+5-A-@-A =T<103, 

=T<104 RO54 10+-5G@-A4*4 ,4@,4R-)4**46 4A-
)-,421 24)/24)1B/0746 2-(/5G, A 7-)-,-N EB1-

)OA4/)06 A516*1/ 7-*0),E7)1A*OM +4,42/),-A 
5-7-2-)1A4, .47)-,O, 1@2/*6FC1/ A +,-J/00/ 
P70+5E4)4J11 7-P..1J1/*) 10+-5G@-A4*16 
0J/+*-H- A/04, ,4@*-0)G 7,E)6C1M 2-2/*)-A *4 
74D(-N 7-5/0*-N +4,/ A +,/(/54M %.5$  

%!%V!#"$9[!;8Q:!\ QI!Q#: 

1. VED*-A, U. <. Z4H,6@*/*1/ +-A/,M*-0)/N ,/5G-
0-A 1 7-5/0 +-(A1D*-H- 0-0)4A4 [=/70)] /  

U. <. VED*-A,  . '. $E047-A4, $. ". ;/,/+4S/-
*/J // '/0)*17 ' !!X=. – 1972. – ] 4. –  

Q. 38-40. 

2. '/,R/7, ". Q-A,/2/**-/ +,/(0)4A5/*1/ - 0J/+-

5/*11 1 /H- 10+-5G@-A4*11 [=/70)] / ". '/,R/7 // 
X/5/@*O/ (-,-H1 21,4. – 1974. – ] 4. –  

Q. 23-53. 

3. :4@4,1*-A, 9. '. I-AOS/*1/ P../7)1A*-0)1 

)-,2-@*OM 0,/(0)A H,E@-AOM +-/@(-A +,1 -+)1-

245G*-2 10+-5G@-A4*11 0J/+5/*16 7-5/0 0 ,/-
5G0421 [=/70)] : 4A)-,/.. (10… 74*(. )/M*. *4-
E7: 05.22.07 / '0/0-F@*. *4EB.-1005. 1*-) D. (. 

),4*0+-,)4. – <., 2007. – 21 0. 
4. "-,RE*-A,  . !. !005/(-A4*1/ 6A5/*16 -B10)71 

,/5G04 7-5/0421 5-7-2-)1A4 /  . !. "-,RE*-A, 
'. 9. Q54C/A, '. I. =74B/*7- [=/70)] // :-*0-
),E1,-A4*1/ 1 +,-1@A-(0)A- ),4*0+-,)*OM 24-
S1*. – 1989. – 'O+. 21. – Q. 77-80. 

5. "-,RE*-A, <. ^. =/-,?6 )4 +,47)1B*4 ,/45?@4J?6 
010)/2*-H- +?(M-(E +,1 0)A-,/**? /7?+4D*-L 
B40)1*1 5-7-2-)1A4. [=/70)] : 4A)-,/.. (10… 

(-7. )/M*. *4E7: 05.22.07 / QM?(*-E7,4L*0G71N 

*4J. E*-) ?2. '. 3456. – VEH4*0G7, 2006. – 38 0. 
6. IE)1 ,/S/*16 +,-R5/2O +-AOS/*16 )6H-AOM 

74B/0)A 5-7-2-)1A-A [=/70)] /  . !. "-,RE*-A 1 

(,. / V-7-2-)1A1*.-,2. – 2008. – ] 5. –  

Q. 8-12. 

7. "-,RE*-A,  . !. I-AOS/*1/ )6H-AOM 74B/0)A 
)/+5-A-@-A @4 0B/) 0-A/,S/*0)A-A4*16 E+,EH1M 

0A6@/N )/5/D/7 [=/70)] : (10. … 74*(. )/M*. *4E7 
/ VEH4*07, 1987. – 286 0. 

8. "-51S/A071N, 9. ". '516*1/ P70+5E4)4J1-**OM 

.47)-,-A *4 )6H-AO/ 74B/0)A4 5-7-2-)1A4 
[=/70)] / 9. ". "-51S/A071N, 9. V. :4SE,4,  
U. ". '1A(/*7- // '?0*17 Q &. – 2000. –  

] 7 (29). – Q. 76-79. 

9.  =/+5-A-@ =T< 103. :-P..1J1/*) 10+-5G@-A4-
*16 0J/+*-N 2400O. $40B/) 2070.00.00.000.$$45 

[=/70)] // «_:» VEH4*07)/+5-A-@». – VEH4*07, 
2004. – 7 0. 
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 !" 531.36:534.625.2.001:625.03 

 . !. "#$%&, '.(.)., *+,-.//,+, "&"0 12 (13+45)4) 

 #$%&'()%#$* !)(+,-(. /% ). 0. 10203.- 

!6'7)4849(:/; ,/),<)4 +,=: !. >. ?474+;)4 < /(4),<=.))6 (.,+6@ /(6A3,/(6 +BCB +.A3,<5C .36*4D6< 6 *,'4-
=:E,FB @@ +,7<5(3B < /(<,+.)6A )5F )4B3,<6A E3,=6 F.C4)636<. 

G(F.84.(/; ,/),<,*,=4H4IJ4; +,=: !. >. ?474+;)4 < /(4),<=.)55 (.,+55 B/(,A85<,/(5 '<5D.)5; +.=:-
/,<KC L35*4D.A 5 '4=:).AE.F .. +47<5(55 < /,7'4)),A 5F )4B8),A E3,=. F.C4)53,<. 

The background role of V. A. Lazaryan in formation of the theory of stability of motion of rail vehicles and its 

further development in the scientific school of mechanical engineering he created is noted. 

24F.84(.=:)KF 348./(<,F !. >. ?474+;)4 
343 B8.),H, 5 ,+H4)574(,+4 )4B35 MK=, (,)3,. 
8B</(<, *+.'<5'.)5; < ,(),E.)55 (.)'.)N5A 
+47<5(5; )4B8),H, *,5/34. G) ,M=4'4= +.'3,A 
/*,/,M),/(:I E5+,3,F4/E(4M),H, *+,H),75-
+,<4)5; )4B8)KC )4*+4<=.)5A / *,/(,;)), 
<,7+4/(4IJ.A 43(B4=:),/(:I. 

&4B8)4; '.;(.=:),/(: !. >. ?474+;)4 MK=4 
).+47+K<), /<;74)4 / /,7'4)5.F ),<,A (.C)535. 
! (.C)53. ,) 8.+*4= 43(B4=:)K. 74'485 F.C4-
)535. ! (.C)53B ,) <,7<+4J4= /<,5 7)4)5;, 
,M,H4J.))K. -B)'4F.)(4=:)KF5 +.7B=:(4(4F5 
)4B8)KC 5//=.',<4)5A. O,7'4)5. F),H5C (.C-
)58./35C ,MP.3(,< (+4)/*,+(),H, F4E5),-
/(+,.)5; ,M;74), =58)KF B84/(5.F < *+,.3(4C 
!. >. ?474+;)4. 
! /<,.F .F3,F ,*+.'.=.)55 '5)4F535 *,'-

<5D),H, /,/(4<4 343 +47'.=4 F.C4)535 F4E5), 
< 3,(,+,F )4C,'5=/; N.)(+ *+5=,D.)5; .H, 
5)(.==.3(B4=:)KC /5=, !. >. ?474+;) <K'.=5= 
(+5 /,/(4<=;IJ5C – B/(,A85<,/(: ).<,7FB-
J.)),H, '<5D.)5;, 3,=.M4)5; 5 *.+.C,')K. 
+.D5FK '<5D.)5;. 
&484=, N53=B F),H,=.()5C 5//=.',<4)5A 

*, *+,M=.F. B/(,A85<,/(5 '<5D.)5; +.=:/,<KC 
L35*4D.A *,=,D5=5 '<. +4M,(K !.>. ?474+;)4 
– «O,M/(<.))K. 3,=.M4)5; (.=.D.8)KC H+B7,-
<KC <4H,),<», ,*BM=53,<4))4; < 1958 H. < !./(-
)53. !&%%QR [1], 5 «!=4/)6 3,=5<4)); 
=,3,F,(5<6<», ,*BM=53,<4))4; < 1960 H. < DB+-
)4=. «S+53=4')4 F.C4)634» [2]. G*5+4;/: )4 
3=4//58./35. (+B'K <.=53,H, B8.),H, >. $. 

?;*B),<4, !. >. ?474+;) <*.+<K. /(+,H, ,M,/-
),<4= B/=,<5; B/(,A85<,/(5 '<5D.)5; +.=:/,-
<KC (+4)/*,+()KC /+.'/(<. O,7'4))4; !. >. 

?474+;),F 5 .H, /,+4()534F5 ?. >. "=BH48.F 5 
$. ?. T,+,(.)3, (.,+5; B/(,A85<,/(5 +.=:/,-
<KC L35*4D.A <, F),H,F ,*+.'.=5=4 *,/=.-
'BIJ.. +47<5(5. L(,H, +47'.=4 '5)4F535 *,'-
<5D),H, /,/(4<4 [3]. 

T /,D4=.)5I, ).,+'5)4+)KA *,'C,'  
!. >. ?474+;)4 3 +.E.)5I ,/),<,*,=4H4IJ.A 
*+,M=.FK '5)4F535 *,'<5D),H, /,/(4<4 ). 
MK= *.+<,)484=:), <,/*+5);( < /+.'. B8.)KC-
D.=.7),',+,D)53,<. R43, )4*+5F.+, ).3,(,+K. 
57 )5C ,E5M,8), *,=4H4=5, 8(, ;<=.)5. *,(.+5 
B/(,A85<,/(5 4)4=,H58), +.7,)4)/),FB +.D5-
FB. U,=:E5C B/5=5A /(,5=, !. >. ?474+;)B 5 
.H, B8.)534F 57F.)5(: ,(),E.)5. 3 *+5=,D.-
)5I (.,+55 B/(,A85<,/(5 '<5D.)5; 3 5//=.',-
<4)5;F < ,M=4/(5 '5)4F535 +.=:/,<KC L35*4-
D.A. V(4 (.,+5; *+,E=4 /=,D)KA *B(: /<,.H, 
/(4),<=.)5;, *+.D'. 8.F *+5,M+.=4 /<,I *+43-
(58./3BI 7)485F,/(: 5 *,=B85=4 E5+,3,. *+5-
7)4)5.. 
1M.'5(.=:)KF ',3474(.=:/(<,F '.A/(<.)-

),/(5 *,=,D.)5A ),<,A (.,+55 /(4=5 ,*K(K /, 
/3,+,/()KF <4H,),F-=4M,+4(,+5.A, ,M,+B',-
<4))KF +.43(5<)KF5 '<5H4(.=;F5. ! 1971 H,-
'B, M=4H,'4+; 5)5N54(5<. !. >. ?474+;)4 5 /F.-
=,FB +.E.)5I +B3,<,'/(<4 S+5').*+,</3,A 
D.=.7),A ',+,H5, MK=5 *+,<.'.)K '5)4F58.-
/35. 5/*K(4)5; O!?, < C,'. 3,(,+,H, )4 ,MK8-
),F B84/(3. *B(5 MK=4 ',/(5H)B(4 +.3,+')4; 
)4 (, <+.F; /3,+,/(: – 250 3F/8. O (.C)58./3,A 
(,835 7+.)5; L(5 ,*K(K /(4=5 <,7F,D)K *,(,-
FB, 8(,, 343 *,3474=5 )4E5 +4/8.(K, O!? ,M=4-
'4= 74*4/,F B/(,A85<,/(5 '<5D.)5; ', 360 

3F/8. 
O.A84/ /(4=, *+5<K8)KF /=,<,/,8.(4)5. 

«3+5(58./34; /3,+,/(: *, <5=;)5I +.=:/,<,H, 
L35*4D4». > < *.+5,' /(4),<=.)5; (.,+55 B/-
(,A85<,/(5 *+5F.)5(.=:), 3 '<5D.)5I +.=:-
/,<KC L35*4D.A )4', MK=, L3/*.+5F.)(4=:), 
',3474(: ',/(,<.+),/(: ,*+.'.=.)5; L(,A <.=5-
85)K +4/8.()KF *B(.F. !. >. ?474+;) </.H'4 
*+5'.+D5<4=/; *+4<5=4 «*.+.*=.(.)5;» (.,+.-
(58./35C 5 L3/*.+5F.)(4=:)KC F.(,',< 5//=.-
',<4)5;. G ).,MC,'5F,/(5 ,MP.'5).)5; (.,+55 
5 L3/*.+5F.)(4 .J. < )484=. +47<.+(K<4)5; 
-B)'4F.)(4=:)KC 5//=.',<4)5A '5)4F535 
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*,'<5D),H, /,/(4<4 ,) *5/4= [4]: 

«…(.,+.(58./35. 5//=.',<4)5; ',=D)K *,34-
74(:, 8(, 5 343 )BD), F.+5(: 5 343,H, *,+;'34 
/5=K F,D), ,D5'4(:, 4 L3/*.+5F.)(4=:)K. 
5//=.',<4)5; ',=D)K '4(: <,7F,D),/(: B(,8-
)5(: ,/),<)K. H5*,(.7K 5 +4/8.()K. /C.FK / 
(.F, 8(,MK, < /=B84. ).,MC,'5F,/(5, F,D), 
MK=, 5/*+4<5(: +.7B=:(4(K (.,+.(58./35C 5/-
/=.',<4)5A 5 <K*,=)5(: )BD)K. *.+.+4/8.(K». 

S,L(,FB, 5F.; < /<,.F +4/*,+;D.)55 (43,A 
,MP.3( 343 O!?, !.>. ?474+;),F *+5);= +.E.-
)5. , *+,<.+3. F.(,'535 F,'.=5+,<4)5; 74'48 
B/(,A85<,/(5 '<5D.)5; *B(.F *,/(4),<35, 343 
,) H,<,+5=, «434'.F58./35C ,*K(,<». S+5 *,'-
H,(,<3. 5//=.',<4(.=:/35C 5/*K(4)5A O!? 

).,MC,'5F, MK=, ,*+.'.=5(:, 3435F ,M+47,F 

F,D), *,)575(: .H, 3+5(58./3BI /3,+,/(: (43, 
8(,MK ,)4 /(4=4 )5D. *+.'.=:), ',/(5D5F,A 
*, /5=. (;H5 /*4+35 +.43(5<)KC '<5H4(.=.A. 
W4/8.()KF *B(.F MK=, B/(4),<=.),, 8(, 

3+5(58./3BI /3,+,/(: F,D), /)575(: ', B+,<-
); 160 3F/84/, ./=5 B<.=585(: <'<,. B3=,) *,-
<.+C),/(5 34(4)5; 3,=./, BF.):E5(: F,F.)( 
/5= /,*+,(5<=.)5; *,<,+,(B (.=.D35 ,(),/5-
(.=:), 3B7,<4 5 ,/=4M5(: /<;7: 3,=./)KC *4+ / 
+4F4F5 (.=.D.3. O,,(<.(/(<BIJ5. 57F.).)5; 
3,)/(+B3N55 C,',<,A 84/(5 MK=5 ,/BJ./(<=.-
)K < ").*+,*.(+,</3,F *4//4D5+/3,F <4H,)-
),F '.*,.  
G*K(K / «5/*,+8.))KF» (435F ,M+47,F 

O!? *,3474=5, 8(, *+5 *+.<KE.)55 /3,+,/(),-
H, '54*47,)4 155-165 3F/8 <,7)534=5 5)(.)/5<-
)K. 4<(,3,=.M4)5; <5=;)5; (.=.D.3. R43 BM.'5-
(.=:), MK=4 ',3474)4 ',/(,<.+),/(: +.7B=:(4(,< 
5//=.',<4)5; B/(,A85<,/(5 '<5D.)5; +.=:/,-
<KC L35*4D.A *, F.(,'B !. >. ?474+;)B [5]. 

V(5F B)534=:)KF L3/*.+5F.)(,F 74<.+-
E5=/; L(4* /(4),<=.)5; (.,+55 B/(,A85<,/(5 
'<5D.)5;. O.A84/, *, *+,E./(<55 <+.F.)5, 
<*,=). ',/(4(,8),H, '=; ,N.)35 /(.*.)5 +47-
<5(5; 5//=.',<4)5A < ,M=4/(5 B/(,A85<,/(5 
'<5D.)5; +.=:/,<KC L35*4D.A, F,D), / B<.-
+.)),/(:I B(<.+D'4(:, 8(, < (,( *.+5,' ',/-
(5D.)5; < L(,A ,M=4/(5 E3,=K !. >. ?474+;)4 
<KE=5 )4 F5+,<,A B+,<.):, ,*.+.D4; +47+4-
M,(35 F),H5C 74+BM.D)KC B8.)KC. X,+47', 
*,7D., *+5 ,(+4M,(3. <K/,3,/3,+,/(),H, *,.7-
'4 TGV -+4)NB7/35. /*.N54=5/(K (43D. *+5-
F.)5=5 /*,/,M BF.):E.)5; /,*+,(5<=.)5; *,-
<,+,(B C,',<,A 84/(5 < *=4). '=; *+,<,N5+,-
<4)5; *,(.+5 B/(,A85<,/(5 '<5D.)5; +.=:/,-
<,H, L35*4D4 / N.=:I *,=B8.)5; '4))KC , .H, 
'5)4F58./35C *,3474(.=;C < 743+5(58./3,A ,M-
=4/(5. 

U=4H,'4+; )4B8)KF ',/(5D.)5;F !. >. ?4-
74+;)4, .H, 5F; /(4=, E5+,3, 57<./()KF < 3+B-
H4C 74+BM.D)KC /*.N54=5/(,<, 74)5F4<E5C/; 
*+,M=.F4F5 '5)4F535 F4E5). %7<./()KA H,=-
=4)'/35A B8.)KA < ,M=4/(5 B/(,A85<,/(5 '<5-
D.)5; *+,-.//,+ ".=:-(/3,H, (.C),=,H58./3,-
H, B)5<.+/5(.(4 >. ". '. S4(.+ < (, <+.F; *5-
/4=: «...; 'BF4I, 8(, 434'.F53 ?474+;) MK= 3,-
+5-..F < ,M=4/(5 '5)4F535 5 3,=.M4)5A». 

U=4H,'4+; *=,',(<,+),/(5 )4B8)KC 5'.A !. 

>. ?474+;)4 .H, *,/=.',<4(.=;F B'4=,/: *,=B-
85(: +;' /BJ./(<.))KC +.7B=:(4(,< < ,M=4/(5 
B/(,A85<,/(5 '<5D.)5; +.=:/,<KC L35*4D.A, 
3,(,+K., < 84/(),/(5, )4E=5 *+43(58./3,. 
*+5F.).)5. *+5 ,(+4M,(3. *.+<KC /3,+,/()KC 
L35*4D.A 3,=.5 1520 FF – L=.3(+,*,.7'4 VW-
200 5 <4H,),< =,3,F,(5<),A (;H5 WR-200. 

! *,/=.'BIJ.F, +47<5<4; 5'.5 !. >. ?474-
+;)4, .H, B8.)535 (.F /4F5F ,M,H4J4=5 4+/.-
)4= F.(,',< 5 /+.'/(< '=; 5//=.',<4)5; B/(,A-
85<,/(5 5 3,=.M4)5A +.=:/,<KC (+4)/*,+()KC 
/+.'/(<. S,/3,=:3B ,M=4/(: *+5F.).)5; +47+4-
M,(4))KC +4).. F.(,',< 5//=.',<4)5; B/(,A-
85<,/(5 '<5D.)5; /BJ./(<.)), ,H+4)585<4=4/: 
/5/(.F4F5, 3,++.3(), *+5<,'5FKF5 3 =5).A-
)KF, ,/),<),. <)5F4)5. MK=, B'.=.), 4)4=57B 
/5/(.F / /5=:)KF5 ).=5).A),/(;F5, (435F5, 
)4*+5F.+, 343 «/BC,. (+.)5.». V(, ,M/(,;(.=:-
/(<, <K7<4), (.F, 8(, 3,)/(+B3N55 F),H5C (5-
*,< L35*4D.A )4/KJ.)K B7=4F5 (+.)5;, +4M,-
(4IJ5F5 M.7 /F47,8)KC F4(.+54=,<. 
%//=.',<4)5; B/(,A85<,/(5 '<5D.)5; 

+.=:/,<KC L35*4D.A +47=58)KC (5*,< *,7<,=5-
=5 B/(4),<5(: ,/),<)K. 743,),F.+),/(5 74<5-
/5F,/(5 *,3474(.=.A B/(,A85<,/(5 ,( /,8.(4-
)5; D./(3,/(.A H,+57,)(4=:)KC /<;7.A 3,=./-
)KC *4+ / +4F4F5 (.=.D.3 5 /5= /BC,H, (+.)5; 
< ,*,+4C 3B7,<4 )4 (.=.D35 [6]. R43, MK=, B/(4-
),<=.),, 8(, *+5 ',/(4(,8), H5M3,F < *=4). 
MB3/,<,F *,'<.E5<4)55, 343 L(, 5F..( F./(,, 
)4*+5F.+, < (.=.D34C *4//4D5+/35C <4H,),<, 
3+5(58./34; /3,+,/(: <,7+4/(4.( / B<.=58.)5.F 

/5= (+.)5; < ,*,+4C ', ,*+.'.=.)),A <.=585-
)K. S+5 B<.=58.)55 D./(3,/(.A H,+57,)(4=:-
)KC /<;7.A 3,=./)KC *4+ / +4F4F5 (.=.D.3 ', 
7)48.)5A, C4+43(.+)KC '=; F,(,+)KC <4H,),< 5 
=,3,F,(5<,<, 3+5(58./35. /3,+,/(5 *4'4I( / 
+,/(,F /5= (+.)5; < ,*,+4C. 
%7B8.)5. ;<=.)5; './(4M5=574N55 '<5D.-

)5; +.=:/,<,H, L35*4D4 *+5 <3=I8.)55 -+53-
N5,))KC L=.F.)(,< < /,.'5).)5; 3B7,<4 5 C,-
',<KC 84/(.A *,/=BD5=, ,/),<4)5.F '=; +47-
<5(5; F.(,',< 5//=.',<4)5; /4F,<,7MBD'4I-

J5C/; 3,=.M4)5A +.=:/,<KC L35*4D.A / B7=4F5 
/BC,H, (+.)5; 343 /5/(.F *.+.F.)),A /(+B3(B-
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+K. 1/=,<5; '=; /(+B3(B+)KC *+.<+4J.)5A 
F),H,F4//,<KC /5/(.F, *+.'/(4<=;IJ5C +4/-
8.()K. F,'.=5 L35*4D.A, /,7'4I(/; </=.'/(<5. 
'.A/(<5; /5= /BC,H, (+.)5; < /,8=.).)5;C ,(-
'.=:)KC L=.F.)(,<. W.7B=:(4(K F),H5C +.E.-
)5A /5/(.F ).=5).A)KC '5--.+.)N54=:)KC 
B+4<).)5A, ,*5/K<4IJ5C M,3,<K. 3,=.M4)5; 
<4H,),< +47=58)KC (5*,< 5 =,3,F,(5<,<, *,34-
7K<4I(, 8(, < +.D5F. B/(4),<5<E5C/; 4<(,3,-
=.M4)5A '=; <.=585) <745F)KC *.+.F.J.)5A 
(.=, /,.'5).))KC -+53N5,))KF5 L=.F.)(4F5, 
C4+43(.+), *.+5,'58./3,. B/(4),<=.)5. *,/(,-
;))KC 7)48.)5A. O=.',<4(.=:),, B3474))K. (.-
=4 < ,*+.'.=.))K. *+,F.DB(35 <+.F.)5 *.+.-
F.J4I(/; /,<F./(),. R435F ,M+47,F, F,D), 
/85(4(:, 8(, )4 5/C,')BI /5/(.FB )43=4'K<4-
I(/; ',*,=)5(.=:)K. /<;75, </=.'/(<5. 8.H, 
/,3+4J4.(/; 85/=, /(.*.).A /<,M,'K. 

"=; *,=),H, ,*5/4)5; ,/),<)KC ,/,M.)),-
/(.A 5//=.'B.FKC /5/(.F MK=, *+.'=,D.), 
*+5)5F4(: <, <)5F4)5. <./: /*.3(+ <,7F,D)KC 
/(+B3(B+)KC /,/(,;)5A, ,*+.'.=;.FKC +.D5-
F,F +4M,(K /<;7.A, <3=I84IJ5C *4+K (+.)5;. 
S+5 L(,F ).=5).A),A /5/(.F. / -+53N5,))KF5 
/<;7;F5 /(4<5(/; < /,,(<.(/(<5. F),D./(<, 
=5).A)KC *,'/5/(.F. T4D'4; 57 *,'/5/(.F /,-
,(<.(/(<B.( ,'),FB 57 <,7F,D)KC /,/(,;)5A 
).=5).A),A /5/(.FK. R435. *,'/5/(.FK /(+,-
;(/; < /,,(<.(/(<55 /, /(+B3(B+)KF5 57F.).-
)5;F5 5/C,'),A /5/(.FK </=.'/(<5. *,,8.+.'-
),H, 74*5+4)5; /<;7.A / /BC5F (+.)5.F. S+5 
L(,F '5//5*4(5<)K. C4+43(.+5/(535 ).74*.+-
(KC /<;7.A 4**+,3/5F5+BI(/; L3<5<4=.)()KF 

<;735F (+.)5.F, *4+4F.(+K 3,(,+,H, ,*-
+.'.=;I(/; 5(.+4N5,))KF *B(.F *, (5*B F.(,-
'4 H4+F,)58./3,A =5).4+574N55. 
%//=.',<4)5.F B/(,A85<,/(5 /,,(<.(/(-

<BIJ5C /(+B3(B+)KC /,/(,;)5A, 3,(,+K. F,-
HB( *+5)5F4(: +4/8.()K. F,'.=5 L35*4D.A < 
4<(,3,=.M4(.=:)KC +.D5F4C '<5D.)5;, B/(4-
),<=.),, 8(, 4**+,3/5F5+BIJ5. *,'/5/(.FK < 
,MJ.F /=B84. /BJ./(<.)), ,(=584I(/; *, C4-
+43(.+5/(534F B/(,A85<,/(5. S,3474),, 8(, 57 
/*.3(+4 <,7F,D)KC '=; 3,)3+.(),A /5/(.FK 

/,/(,;)5A ,*+.'.=;IJ5F5 +47<5(5. 4<(,3,=.-
M4(.=:)KC +.D5F,< ;<=;I(/; )45M,=.. ).B/-
(,A85<K. *,'/5/(.FK. 

S+5F.)5(.=:), 3 /5/(.F4F *.+.F.)),A 
/(+B3(B+4 +47+4M,(4)4 F.(,'534 <KM,+4 7)48.-
)5A *4+4F.(+,<, *+5 3,(,+KC 5/3=I84.(/; 
<,7F,D),/(: +47<5(5; 4<(,3,=.M4)5A =5M, /B-
J./(<.)), ,/=4M=;.(/; 5C <=5;)5. )4 '5)4F5-
8./35. C4+43(.+5/(535 /5/(.F. S+.'=,D.))KA 
*,'C,' 3 5//=.',<4)5I 4<(,3,=.M4)5A +.=:-
/,<KC L35*4D.A *,7<,=5= 7)485(.=:), +4/E5-

+5(: ,M=4/(5 *+5F.)5F,/(5 +47+4M,(4))KC !. 

>. ?474+;),F 5 .H, B8.)534F5 F.(,',< (.,+55 
B/(,A85<,/(5 '<5D.)5;.   
!. >. ?474+;) *+.'<5'.= B/5=.)5. +,=5 F4-

(.F4(58./3,H, F,'.=5+,<4)5; *+5 +.E.)55 
74'48 '5)4F535 *,'<5D),H, /,/(4<4 D.=.7)KC 
',+,H 5 *,L(,FB B'.=;= *,/(,;)),. <)5F4)5. 
*+5F.).)5I *+,H+.//5<)KC F.(,',< < )4B8),-
5//=.',<4(.=:/35C +4M,(4C, *+,<,'5FKC *,' 
.H, +B3,<,'/(<,F. S,/=.'BIJ.. *,*,=).)5. 
)4B8),H, 5)/(+BF.)(4+5; < ,M=4/(5 F.C4)535 
+.=:/,<KC L35*4D.A *,=),/(:I *,'(<.+'5=, 
*.+/*.3(5<),/(: B/(4),<35 )4 ,*.+.D4IJ.. 
+47<5(5. /+.'/(< 3,F*:I(.+),H, F,'.=5+,<4-
)5; '5)4F535 *,'<5D),H, /,/(4<4 [7]. 

S,'8.+35<4; ).,MC,'5F,/(: «34*5(4=:), 
74)5F4(:/; B<.=58.)5.F /3,+,/(5 '<5D.)5; 
+.=:/,<KC L35*4D.A», !. >. ?474+;) B347K<4=, 
8(, ,/,MBI ,/(+,(B *+,M=.F4 B/(,A85<,/(5 
*+5,M+.(4.( < /<;75 / /,7'4)5.F <K/,3,/3,+,-
/(),H, +.=:/,<,H, (+4)/*,+(4. V(,  *,=,D.)5. 
,) ,MP;/);= (.F, 8(, ./=5 *+5 ,MK8), +.4=5-
7B.FKC /3,+,/(;C '<5D.)5; *,(.+; B/(,A85-
<,/(5 .'5)5N *,'<5D),H, /,/(4<4 ).D.=4(.=:-
)4 57-74 *,<KE.)5; )4H+BD.)),/(5 C,',<KC 
84/(.A 5, 343 /=.'/(<5., B/3,+.))KC 57),/,< 
<745F,'.A/(<BIJ5C L=.F.)(,< L35*4D.A 5 *B-
(5, ,(M,+4 F,J),/(5 =,3,F,(5<,< '=; *,''.+-
D4)5; *,/(,;)),A /3,+,/(: '<5D.)5; *,.7',<, 
< /,/(4< 3,(,+KC <C,';( ).B/(,A85<K. <4H,)K, 

(, *+5 <K/,35C /3,+,/(;C L(, ;<=.)5. ).',*B/-
(5F, 57-74 +.4=:),A BH+,7K M.7,*4/),/(5 '<5-
D.)5;. S,L(,FB < E3,=. !. >. ?474+;)4 *+,-
M=.FK /(4M5=574N55 '<5D.)5; <K/,3,/3,+,/(-
)KC L35*4D.A </.H'4 ,/(4<4=5/: < N.)(+. )4B8-
),H, *,5/34. 
O.H,'); ,M;74(.=:),A /,/(4<=;IJ.A /,-

<+.F.))KC )4B8),-(.C)58./35C +47+4M,(,3, 
/,*+,<,D'4IJ5C /,7'4)5. =,3,F,(5<,< 5 <4-
H,),< ),<KC H.).+4N5A, ;<=;I(/; 5//=.',<4)5; 
B/(,A85<,/(5 5C '<5D.)5;. 0.=: L(5C 5//=.',-
<4)5A 743=I84.(/; < <KM,+. (43,A /,<,3B*),-
/(5 7)48.)5A *4+4F.(+,< 5 /,,(<.(/(<BIJ5C 
(.C)58./35C +.E.)5A, *+5 3,(,+KC 3+5(58.-
/34; /3,+,/(: '<5D.)5; 34D',H, ),<,H, L35*4-
D4 MB'.( *+.<KE4(: 3,)/(+B3N5,))BI. R43,A 
*+5)N5* < /<,. <+.F; B/(4),<5= !. >. ?474+;). 
O<,5F5 -B)'4F.)(4=:)KF )4B8)KF5 +.7B=:(4-
(4F5 ,) BM.'5(.=:), ',3474=, 8(,, ). +.E5< 
*+,M=.FB B/(,A85<,/(5, )5 , 343,F <K/,3,F 

348./(<. C,'4 =IM,H, (+4)/*,+(),H, /+.'/(<4, 
'<5D.)5. 3,(,+,H, )4*+4<=;.(/; +.=:/,<,A 
3,=..A, ). F,D.( MK(: 5 +.85. R43 B/(,A85-
<,/(: '<5D.)5; *, !. >. ?474+;)B *+,',=D4.( 
+4M,(4(: < 5)(.+./4C D.=.7),',+,D),H, '.=4, 

131



,M./*.85<4; *+5);(5. *+,H+.//5<)KC (.C)58.-
/35C +.E.)5A *+5 /,7'4)55 ),<,A (.C)535 5 
/*,/,M/(<B; (.F /4FKF <KC,'B D.=.7),',+,D-

),H, (+4)/*,+(4 )4 +.=:/K B/(,A85<,H, (.C)5-
8./3,H, +47<5(5;. 

U%U?%GXW>Y%Z#OT%[ OS%OGT 

1. ?474+;), !. >. O,M/(<.))K. 3,=.M4)5; (.=.D.-
8)KC H+B7,<KC <4H,),< [R.3/(] / !. >. ?474+;) / 
!./()53 !&%%QR. – 1958. – \ 2. – O. 7-12. 

2. ?474+;), !. >. !=4/)6 3,=5<4)); =,3,F,(5<6< 
[R.3/(] / !. >. ?474+;) / S+53=. F.C4)634. – 

1960. – \ 1. – O. 31-39. 

3. ?474+;), !. >. 1/(,A85<,/(: '<5D.)5; +.=:/,-
<KC L35*4D.A [R.3/(] / !. >. ?474+;),  
?. >. "=BH48, $. ?. T,+,(.)3,. – T.: &4B3. 'BF-

34, 1972. – 200 /. 

4. ?474+;), !. >. "5)4F534 (+4)/*,+()KC /+.'/(<: 
%7M+. (+. [R.3/(] / !. >. ?474+;). – T.: &4B3. 
'BF34, 1985. – 528 /. 

5. ?474+;), !. >. V3/*.+5F.)(4=:)4; *+,<.+34 
F.(,',< 5//=.',<4)5; B/(,A85<,/(5 '<5D.)5; 
+.=:/,<KC L35*4D.A [R.3/(] / !. >. ?474+;),  
 . !. ".F5), X. Y. G/4'85A // &.3,(,+K. 74'4-
85  F.C4)535 /3,+,/(),H, )47.F),H, (+4)/*,+-
(4. – T.: &4B3. 'BF34, 1974. – O. 3-13. 

6. ><(,3,=.M4)5; 5 B/(,A85<,/(: '<5D.)5; +.=:-
/,<KC 3,=.M4)5A [R.3/(] /  . !. ".F5) 5 '+. – 

T.: &4B3. 'BF34, 1984. – 160 /. 
7. ".F5),  . !. $4(.F4(58./3,. F,'.=5+,<4)5. 5 
'5)4F534 *,'<5D),H, /,/(4<4 D.=.7)KC ',+,H 
[R.3/(] /  . !. ".F5), W.  . ".F5), >.  . Z.+-
);3 // 24=67). (+4)/*. 13+4@)5. – 2007. –  \ 4. – 

O. 3-8. 

 

S,/(B*5=4 < +.'3,==.H5I 12.08.2009 

 

132



 !" 541.136 

 . !. "#$%#$&'()*, +.,.-., ./012330/, )4'4 %!%5 «4/6-3768», (59/6:-6); 
'.  . ;5&<=> , 9.1.-7.-., 3.-.3., )4'4 %!%5 «4/6-3768», (59/6:-6); 
 . ?. '(>'!&@, 9.1.-7.-., )4'4 %!%5 «4/6-3768», (59/6:-6); 
?. ). (!#!A!, #!> « $'4!-"-2./», (59/6:-6) 

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

$"" 3 ,1('#+4* &$($#)5 !,1 (#$+6/'#($

&0B/0CD2-0 ,2E-0D08FG B7FH-2--I 3,/J70KF+K0+FK 3K:-H2K0-9:3D0,-:E 69J7JDI,0/-:E C6,6/2L +DI 
,/6-3.0/,J. 42E-0D08FI .2/2+C6M6N C2B.2/2/K-2 KF+D:K6--I, .DGO2--I F P,JM-2 3,6/F--I (+:3.2/3FL-2 ,K2-
/+F--I) 3,/FM09 BF 3K:-H2K080 3.D6KJ, 6 ,690Q ./03FM2--I B -:E 3,/J70KF+K0+FK, F +6N 70QD:KF3,R .F+K:O:,: 

-6+FL-F3,R K:80,0KD2-:E C6,6/2L. 

&6B/6C0,6-6 ,2E-0D08:I J./0M-2-:I ,0900,K0+0K 3K:-H0K0-9:3D0,-SE 699J7JDI,0/-SE C6,6/2L +DI 
,/6-3.0/,6. 42E-0D08:I ./2+J376,/:K62, -2./2/SK-JG 0,D:K9J, ./096,9J : :39J33,K2--02 3,6/2-:2 (+:3-
.2/3:0--02 ,K2/+2-:2) D2-, :B 3K:-H0K080 3.D6K6, 6 ,69Q2 ./032M9J :B -:E ,0900,K0+0K, : +62, K0B70Q-

-03,R .0KS3:,R -6+2Q-03,R :B80,0KD2--SE C6,6/2L. 

We have developed a technology of hardening for current collectors of lead-acid accumulator batteries for trans-

port. The technology provides direct casting, rolling and artificial ageing (dispersion hardening) of lead alloy strips. 

This technology also provides punching the lead alloy current collectors and allows increasing the reliability of pro-

duced batteries. 

/789:;7<=: >:?:@A 

'K:-H0K0-9:3D0,-S2 699J7JDI,0/-S2 C6,6-
/2: :3.0DRBJG,3I K 6K,070C:DR-07 : -6 Q2D2B-
-0+0/0Q-07 ,/6-3.0/,2 K 96M23,K2 6K,0-07-SE 

:3,0M-:90K ,096. %6+2Q-03,R /6C0,S C6,6/2L K 
B-6M:,2DR-0L 72/2 0./2+2DI2,3I 72E6-:M2390L 

./0M-03,RG ,0900,K0+0K +DI .0D0Q:,2DR-SE : 

0,/:H6,2DR-SE TD29,/0+0K.   -63,0IO22 K/27I 
K0 7-08:E ,:.6E C6,6/2L :3.0DRBJG,3I ,0900,-
K0+S, .0DJM2--S2 -2./2/SK-0L 0,D:K90L, ./0-

96,90L : ./032M90L (.2/10/6H:2L) D2-, :B 
3K:-H0K0-0D0KI-0-96DRH:2KSE 3.D6K0K, 303,6K 
90,0/SE ./:K2+2-, -6./:72/, K [1]. U/096,96 
D2-,S K2+2,3I ./2:7JO23,K2--0 3 +210/76H:-

2L .0 ,0DO:-2 K 0,-0P2-:: 4:1 (J72-RP2-:2 
,0DO:-S D2-,S -6 75 %) [2]. =2-,S .03D2 ./0-

96,9: : .2/2+ ./032M90L +D:,2DR-02 K/27I 
(10…60 3J,09) KS+2/Q:K6G,3I -6 39D6+2 K 
./0:BK0+3,K2--07 .072O2-:: 3 H2DRG 23,23,-
K2--080 3,6/2-:I (+:3.2/3:0--080 ,K2/+2-:I), 
.0KSP6GO280 72E6-:M239JG ./0M-03,R [1-3]. 

4696I +D:,2DR-03,R 3,6/2-:I IKDI2,3I C0DRP:7 

-2+03,6,907 :BK23,-SE ,2E-0D08:L. (/072 ,0-

80, ./096,96 D2-,S 3 +210/76H:2L 4:1 -20.,:-

76DR-6 3 ,0M9: B/2-:I ./0:BK0+:,2DR-03,: 

./0H2336. %6./:72/, T93.2/:72-,S .096BSK6-
G,, M,0 ./: +210/76H:: :3E0+-0L .0D03S KS-

P2 10:1 (J72-RP2-:2 ,0DO:-S 303,6KDI2, C0-

D22, M27 -6 90 %)  ./0:BK0+:,2DR-03,R ./0H23-
36 :B80,0KD2-:I 3K:-H0K0-0D0KI-0-96DRH:2KSE 

D2-, JK2D:M:K62,3I C0D22, M27 K 2,5 /6B6 .0 

3/6K-2-:G 3 ,/6+:H:0--S7 ./0H23307. U/: 

T,07 :722, 723,0 B-6M:,2DR-02 .0KSP2-:2 
./0M-03,-SE 3K0L3,K D2-, 0,-03:,2DR-0 :3E0-

+-080 3.D6K6 [2]. 

U0T,07J 69,J6DR-0L B6+6M2L IKDI2,3I /6B-
/6C0,96 ,2E-0D08:: J./0M-2-:I ,0900,K0+0K 
699J7JDI,0/-SE C6,6/2L, 90,0/6I K9DGM62, 
./096,9J D2-,S 3 +210/76H:2L C0D22 M27 10:1 

: 3,6/2-:2 T,0L D2-,S K ,2M2-:2 -2390DR9:E 

M630K, M,0 3JO23,K2--0 309/6O62, ,2E-0D08:-

M239:L H:9D. &2P2-:2 T,0L B6+6M: IKDI2,3I H2-
DRG -63,0IO2L /6C0,S. 

#BCB;AB >:?:@A 

%6 699J7JDI,0/-07 B6K0+2 #!> « $'4!-

"-2./» -6 J3,6-0K92 «Strip Line» CSD: 0,D:,S 

.0D03S :B 3K:-H0KSE 3.D6K0K ,0DO:-0L 12 77, 

.0+K2/8-J,S2 B6,27 ./096,92. '03,6K 3.D6K6 

.0D0Q:,2DR-SE D2-, CSD 3D2+JGO:L: 

1,0…1,2 763. % Sn; 0,04…0,06 763. % Ca; 

0,01…0,02 763. % Al; 03,6DR-02 3K:-2H. '03,6K 
3.D6K6 0,/:H6,2DR-SE D2-, K9DGM6D: 

0,2…0,4 763. % Sn; 0,08…0,12 763. % Ca; 

0,01…0,02 763. % Al; 03,6DR-02 3K:-2H. 469:2 
3.D6KS -6:C0D22 M63,0 ./:72-IG,3I K 699J7J-

DI,0/03,/02-:: [1].   ./0H2332 ./096,9: K 329-

H:: ./096,-SE 9D2,2L CSD6 +03,:8-J,6 3J7-

76/-6I 3,2.2-R +210/76H:: D2-, C0D22, M27 

10:1: +DI .0D0Q:,2DR-SE D2-, 92,5 % J72-R-
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P2-:I ,0DO:-S (+0 0,90 77); +DI 0,/:H6,2DR-
-SE D2-, 93,75 % J72-RP2-:I ,0DO:-S (+0 

0,75 77). #6,27 :B D2-, KS/2B6D:3R 0C/6BHS +DI 
72E6-:M239:E :3.S,6-:L K 300,K2,3,K:: 3 
V>'4 11701-84. )3.S,6-:I ./0K0+:D:3R .03D2 
23,23,K2--080 3,6/2-:I D2-, M2/2B 96Q+S2 3J-

,9:. W,0 – 90-,/0DR-6I 8/J..6 0C/6BH0K. >3-
-0K-6I Q2 M63,R D2-, .0+K2/86D63R :39J33,K2--

-07J 3,6/2-:G K ,2/709672/2 ./: ,27.2/6,J-

/6E: 40, 60 : 80°'. U/2+K6/:,2DR-S7: :33D2+0-

K6-:I7: CSD0 J3,6-0KD2-0, M,0 3,6/2-:2 D2-, 
./: ,27.2/6,J/6E -:Q2 40°' ./0,2962, 969 23-
,23,K2--02 3,6/2-:2 C2B J390/2-:I ./0H2336. 
U/: ,27.2/6,J/6E KSP2 80…90°' :-,2-3:K-
-03,R :B72-2-:I 72E6-:M239:E 3K0L3,K 3JO2-
3,K2--0 -2 :B72-I2,3I, .0T,07J .0KSP2-:2 
,27.2/6,J/S :39J33,K2--080 3,6/2-:I KSP2 
80°' -2H2D2300C/6B-0. U03D2 3,6/2-:I :B D2-, 
KS/2B6D:3R 0C/6BHS +DI 72E6-:M239:E :3.S,6-
-:L K 300,K2,3,K:: 3 V>'4 11701-84. )3.S,6-
-:I ./0K0+:D:3R .03D2 :39J33,K2--080 3,6/2-
-:I D2-, M2/2B 96Q+S2 2 M. 

X2E6-:M239:2 :3.S,6-:I 0C/6BH0K -6 /6B-
/SK-0L 76P:-2 &-05 K9DGM6D: 0./2+2D2-:2 
K/272--080 30./0,:KD2-:I +210/76H:: (./2-
+2D6 ./0M-03,: -6 /6B/SK)  K, %/772, : 0,-03:-

,2DR-080 J+D:-2-:I .03D2 /6B/SK6 Y, %. >.S, 
./0:BK0+3,K6 ,0900,K0+0K .J,27 .2/10/6H:: 

D2-,S -6 J3,6-0K92 «Performer» : .03D2+JGO2-
80 ./0:BK0+3,K6 TD29,/0+0K .096B6D, M,0 7:-:-

7J7 +2129,0K : C/696 ,0900,K0+0K ./: .2/10-

/6H:: +03,:862,3I ./: 0./2+2D2--SE B-6M2-:-

IE K2D:M:-  K : Y. "DI .0D0Q:,2DR-SE D2-, K2-
D:M:-6  K +0DQ-6 CS,R K ./2+2D6E 

45…57 %/772, 6 K2D:M:-6 Y -2 72-22 7 %. "DI 
0,/:H6,2DR-SE D2-, 300,K2,3,KJGO:2 K2D:M:-

-S +0DQ-S CS,R 45…55 %/772 : -2 72-22 
14 %.   ./0,:K-07 3DJM62 K0B70Q2- 0C/SK Q:-

D09 ,0900,K0+0K ./: ./032M92, :B8:C JP29 ./: 

/6B+2D2-:: -676B6--0L -2./2/SK-0L D2-,S -6 
0+:-0M-S2 TD29,/0+S : ,...   

  /2BJDR,6,2 :33D2+0K6-:L J3,6-0KD2-0 

3D2+JGO22. 'K:-H0K0-0D0KI-0-96DRH:2KS2 
3.D6KS, ./:72-I27S2 +DI ./0:BK0+3,K6 ,090-

0,K0+0K -6 #!> « $'4!-"-2./», .03D2 ./0-

96,9: 3 +210/76H:2L C0D22 90% ./2K03E0+I, 
.0 72E6-:M2390L ./0M-03,: PbSb : PbCa 3.D6-
KS, :3.0DRBJ27S2 /6-22 +DI D:,RI ,0900,K0+0K. 
469, K/272--02 30./0,:KD2-:2 +210/76H:: (ZK) 
./096,6--SE  D2-, KSP2 B-6M2-:L ZK +DI -2-
./096,6--SE 3.D6K0K K 3D2+JGO:E 0,-0P2-:-

IE: 

– K 1,2…1,5 /6B6 .0 3/6K-2-:G 30 3K:-H0K0-

3J/R7I-:3,S7: 3.D6K67: c 30+2/Q6-:27 

1,6…3,0 763.% Sb; 

– K 1,1…1,3 /6B6 .0 3/6K-2-:G 30 3K:-H0K0-

0D0KI-0-96DRH:2KS7 3.D6K07 +DI 0,/:H6,2DR-
-SE ,0900,K0+0K 3 30+2/Q6-:27 

0,08…0,12 763. % '6 : 0,2…0,4 763.% Sn; 

– K 2,1…2,4 /6B .0 3/6K-2-:G 30  3K:-H0K0-

0D0KI-0-96DRH:2KS7 3.D6K07 +DI .0D0Q:,2DR-
-SE ,0900,K0+0K 3 30+2/Q6-:27 

0,04…0,06 763. % '6 : 1,0…1,2 763. % Sn. 

U0KSP2-:2 ./0M-03,: 3K:-H0K0-0D0KI-0-

96DRH:2KSE 3.D6K0K .03D2 ./096,9: IKDI2,3I 
3D2+3,K:27 :B72-2-:I :E 3,/J9,J/S (-69D2.6) 
.0+ K0B+2L3,K:27 .D63,:M2390L +210/76H::, 

KSBSK6GO2L :B72DRM2-:2 B2/2-, :E 0/:2-,6-
H:G K -6./6KD2-:: ./096,9:, JK2D:M2-:2 .D0,-
-03,: +:3D096H:L K 3.D6K2 [2]. 

U/: T,07 .D63,:M239:2 3K0L3,K6 .0DJM62-
7SE D2-, +03,6,0M-S +DI C2B+2129,-0L :E 

.2/10/6H:: -6 J3,6-0K92 «Performer» ./: ./0-

:BK0+3,K2 ,0900,K0+0K. 
  ./096,6--SE .0D0Q:,2DR-SE D2-,6E -6 

90-,/0DR-SE 0C/6BH6E K /2BJDR,6,2 23,23,K2--

-080 3,6/2-:I .D6K-0 JK2D:M:K62,3I ZK : +03-
,:862, ,/2CJ27080 -:Q-280 ./2+2D6 45 %/772 K 
,2M2-:2 6…7 3J,09, 6 +0 K2/E-280 ./2+2D6 
57 %/772 +0E0+:, B6 28…35 3J,09. "DI ! .0D0-

Q:,2DR-SE D2-, KS/6Q2--0L ,2-+2-H:: -2 0C-

-6/JQ2-0, K ./0H2332 3,6/2-:I K2D:M:-6 ! 30-

E/6-ID63R K ./2+2D6E 8,5…12,5%. 469:7 0C/6-
B07, K/27I 23,23,K2--080 3,6/2-:I .0D0Q:-

,2DR-SE D2-, 303,6KDI2, 7…28 3J,09.   ./096-
,6--SE 0,/:H6,2DR-SE D2-,6E -6 90-,/0DR-SE 

0C/6BH6E K /2BJDR,6,2 23,23,K2--080 3,6/2-:I 
-2B-6M:,2DR-0 JK2D:M:K62,3I ZK : +03,:862, 
,/2CJ27080 -:Q-280 ./2+2D6 45 %/772 K ,2M2-
-:2 8…10 3J,09, 6 +0 K2/E-280 ./2+2D6 
55 %/772 -2 +0E0+:, : .03D2 80 3J,09 3,6/2-:I. 
"DI ! 0,/:H6,2DR-SE D2-, 0C-6/JQ2-0 -2-
C0DRP02 J72-RP2-:2, ./:M27 K ./0H2332 3,6-
/2-:I K2D:M:-6 ! J72-RP62,3I +0 14% K ,2M2-
-:2 40…60 3J,09. 469:7 0C/6B07, K/27I 23,2-
3,K2--080 3,6/2-:I 0,/:H6,2DR-SE D2-, 30-

3,6KDI2, 10…40 3J,09. 

)39J33,K2--02 3,6/2-:2 ./096,6--SE D2-, 
./:K0+:, 9 B672,-07J :B72-2-:G :E 72E6-:M2-
39:E 3K0L3,K (/:3. 1). U/: T,07 J390/I2,3I J.-

/0M-2-:2, M,0 +62, K0B70Q-03,R 3JO23,K2--0 

309/6,:,R ,2E-0D08:M239:L H:9D. 
)B /:3. 1 K:+-0, M,0 ./: ,2/700C/6C0,92 

.0D0Q:,2DR-0L D2-,S ./: ,27.2/6,J/2 40"' K 

./2+2D6E +0 16 M ./0:3E0+:, -2B-6M:,2DR-SL 

/03, K2D:M:-S ZK, 90,0/6I ,69 : -2 +03,:862, 
,/2CJ27SE 45 %/772, : -2B-6M:,2DR-S2 :B72-
-2-:I K2D:M:-S !, 90,0/6I -6E0+:,3I K ./2+2-
D6E 8,5…9,5%. !-6D08:M-S2 /2BJDR,6,S .0DJ-

M2-S +DI 0,/:H6,2DR-0L D2-,S, ,0DR90 K2D:M:-
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-6 ! 303,6KDI2, 17,8…19,3%. U0T,07J ,27.2/6-
,J/6 40"' -2+03,6,0M-6 +DI :39J33,K2--080 

3,6/2-:I : J./0M-2-:I D2-,, .0390DR9J -2 .0-

BK0DI2, 0C/6BH67 +03,:MR K ,2M2-:2 -2390DR9:E 

M630K ,/2CJ270L K2D:M:-S K/272--080 30./0-

,:KD2-:I +210/76H::.  
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&:3. 1.  D:I-:2 :39J33,K2--080 3,6/2-:I D2-, -6 :E K/272--02 30./0,:KD2-:2 +210/76H::: 

1 – .0D0Q:,2DR-6I D2-,6, 60°'; 2 – .0D0Q:,2DR-6I D2-,6, 80°'; 

3 – 0,/:H6,2DR-6I D2-,6, 60°'; 4 – 0,/:H6,2DR-6I D2-,6, 80°' 

42/700C/6C0,96 .0D0Q:,2DR-SE D2-, ./: 

,27.2/6,J/6E 60 :, 030C2--0, 80°' ./:K0+:, 9 

B672,-07J J390/2-:G /03,6 K2D:M:-S ZK, 90,0-

/6I +03,:862, ,/2CJ27080 B-6M2-:I 45 %/772 

M2/2B 10 : 0,5 M, 300,K2,3,K2--0. U/: 80°' K2-
D:M:-6 ZK ./2K03E0+:, K2/E-:L ./2+2D 

57 %/772 .03D2 5 M 3,6/2-:I.  2D:M:-6 ! K0 

K/27I 3,6/2-:I ./: ,27.2/6,J/6E 60 : 80°' -6-
E0+:,3I K ./2+2D6E 9…11,5 %. !-6D08:M-S2 
/2BJDR,6,S .0DJM2-S +DI 0,/:H6,2DR-SE D2-, 
./: :E 3,6/2-:: ./: 60 : 80°': K2D:M:-6 ZK 
+03,:862, ,/2CJ27SE 45 %/772 M2/2B 6 : 0,5 M, 

300,K2,3,K2--0, -0 -2 ./2K03E0+:, K2/E-280 

./2+2D6 55 %/772. U/: T,07 K2D:M:-6 ! K0 K/2-
7I 3,6/2-:I -6E0+:,3I K ./2+2D6E 16…19 %. 

X2E6-:M23902 J./0M-2-:2 D2-,, ./0IK:K-
P223I K /03,2 K/272--080 30./0,:KD2-:I +2-
10/76H:: (ZK) ./: :E 3,6/2-::, 0CJ3D0KD2-0 

0C/6B0K6-:27 K 3K:-H0K07 3.D6K2 +:3.2/3-SE 

M63,:H ,K2/+0L 16BS (:-,2/72,6DD:M239:E 30-

2+:-2-:L) Pb3Ca : Sn3Ca, 90,0/S2 ,0/70BI, 
+K:Q2-:2 +:3D096H:L : 3:DR-0 B6,/J+-IG, 
.D63,:M239JG +210/76H:G. >C/6B0K6-:2 +:3-
.2/3-SE M63,:H J390/I2,3I ./: .0+08/2K2 +0 

60…80°'. 

'/6K-:K6I 23,23,K2--02 : J390/2--02 :3-
9J33,K2--02 3,6/2-:2 D2-,, 70Q-0 0,72,:,R 
3D2+JGO22. 

"DI .0D0Q:,2DR-SE D2-,: 
– ,2/700C/6C0,96 D2-,S ./: ,27.2/6,J/2 

60"' .096BSK62, B672,-02 2[ KD:I-:2 -6 72E6-
-:M239:2 3K0L3,K6 D2-,S – K2D:M:-6  K .03D2 6 

M KS+2/Q9: 300,K2,3,KJ2,  K 2…3 +-2K-080 

3/096 23,23,K2--080 3,6/2-:I, .03D2 16 M KS-

+2/Q9: 300,K2,3,KJ2, 9…10 +-2K-07J 3/09J; 

E6/69,2/ :B72-2-:I K2D:M:-S ! K +:6.6B0-2 
,2/700C/6C0,9: (+0 16 M) 300,K2,3,KJ2, E6/69-

,2/J :B72-2-:I ! ./: 23,23,K2--07 3,6/2-:: B6 
.2/:0+ 1…9 3J,09 E/6-2-:I; 

– -6:C0DRP22 KD:I-:2 -6 :B72-2-:2 72E6-
-:M239:E 3K0L3,K 096B6D6 ,2/7:M2396I 0C/6-
C0,96 D2-,S ./: 80"' – K2D:M:-6  K .03D2 6 M 

KS+2/Q9: 300,K2,3,KJ2, B-6M2-:G  K -6 31…32 

3J,9: E/6-2-:I, 96Q+S2 .03D2+JGO:2 +K6 M636 
,2/700C/6C0,9: 300,K2,3,KJG, +0.0D-:,2DR-
-S7 5…6 3J,967 23,23,K2--080 3,6/2-:I; E6-
/69,2/ :B72-2-:I K2D:M:-S ! K +:6.6B0-2 ,2/-

700C/6C0,9: 300,K2,3,KJ2, E6/69,2/J :B72-2-
-:I ! .03D2 20 3J,09 E/6-2-:I D2-,S. 
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"DI 0,/:H6,2DR-SE D2-,: 
– ,2/700C/6C0,96 D2-,S ./: ,27.2/6,J/2 

60"' .096BSK62, 2[ KD:I-:2 -6 72E6-:M239:2 
3K0L3,K6 – K2D:M:-6  K .03D2 6 M KS+2/Q9: 30-

0,K2,3,KJ2, B-6M2-:G  K -6 2…3 +2-R 23,23,-
K2--080 3,6/2-:I, .03D2 16 M 300,K2,3,KJ2, 
B-6M2-:G  K -6 5…6 +2-R E/6-2-:I; E6/69,2/ 

:B72-2-:I K2D:M:-S ! 300,K2,3,KJ2, K0B70Q-

-S7 90D2C6-:I7 ! ./: 23,23,K2--07 3,6/2-:: 

D2-,S K ,2M2-:: 3…6 3J,09; 
– ,2/700C/6C0,96 D2-,S ./: 80"' .096BS-

K62, 22 B672,-02 KD:I-:2 -6 72E6-:M239:2 
3K0L3,K6 D2-,S – K2D:M:-6  K .03D2 6 M 300,-
K2,3,KJ2, B-6M2-:G  K -6 15…16 +2-R 23,23,-
K2--080 3,6/2-:I, E6/69,2/ :B72-2-:I K2D:M:-

-S  K ./: +6DR-2LP2L ,2/700C/6C0,92 .0 K/2-
72-: (6…16 M) 300,K2,3,KJ2, E6/69,2/J :B72-
-2-:I  K ./: 23,23,K2--07 3,6/2-:: – 3,6C:D:-

B6H:: B-6M2-:I  K; K2D:M:-6 ! .03D2 6 M ,2/70-

0C/6C0,9: 3-:Q62,3I +0 B-6M2-:L, 300,K2,3,-
KJGO:E ! -6 15…17 +2-R E/6-2-:I, +6DR-2L-

P:2 :B72-2-:I 0,-03:,2DR-080 J+D:-2-:I 3 
JK2D:M2-:27 K/272-: ,2/700C/6C0,9: 3 6 +0 

16 M 300,K2,3,KJ2, 90D2C6-:I7 ! ./: 23,23,-
K2--07 3,6/2-:: .03D2 20 3J,09 (3,6C:D:B6H:: 

B-6M2-:L !). 

2D<7?D 

U/0K2+2--S2 :33D2+0K6-:I .096B6D:, M,0 

,2E-0D08:I  J./0M-2-:I ,0900,K0+0K 3K:-H0K0-

9:3D0,-SE 699J7JDI,0/-SE C6,6/2L B6 3M2, 
./096,9: D2-, ./: +210/76H:: C0D22 M27 10:1, 

: ,2/700C/6C0,9: ./096,6--SE D2-, ./: ,27-

.2/6,J/6E 60…80°' .0BK0DI2, +0C:,R3I -20C-

E0+:70L ./0M-03,: D2-, : :B80,0KD2--SE :B 
-:E ,0900,K0+0K. U/: T,07 J+62,3I 3JO23,K2--

-0 309/6,:,R 367JG +D:,2DR-JG 0.2/6H:G – 

3,6/2-:2 D2-, – 3 -2390DR9:E 3J,09 +0 -2390DR-
9:E M630K:  

– +DI .0D0Q:,2DR-SE D2-, 3 7…28 3J,09 +0 

0,5…5 M :D: +0 10…24 M, K B6K:3:703,: 0, 
,27.2/6,J/S :39J33,K2--080 3,6/2-:I; 

– +DI 0,/:H6,2DR-SE D2-, 3 10…40 3J,09 +0 

0,5…16 M :D: +0 6…24 M, K B6K:3:703,: 0, 
,27.2/6,J/S :39J33,K2--080 3,6/2-:I. 

"6--S2 /2BJDR,6,S 708J, CS,R :3.0DRB0K6-
-S +DI /6B/6C0,9: ./07SPD2--0L ,2E-0D08:: 

J./0M-2-:I ,0900,K0+0K K ./0H2332 32/:L-080 

./0:BK0+3,K6 699J7JDI,0/-SE C6,6/2L. 

;);=)>V&!\)A$'()* 'U)'>( 
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 . !. "#$%#$&'()*, +.,.-., ./012c30/, +4/25,0/, «6/7-3879» (:5/74-7); 
6. ). (:#%$;< !, =2+. 4->., «6/7-3879» (:5/74-7); 
 .  . ?!@A*, -.3., )6? (:5/74-7); 
%. !. &!"B$%(<, +.,.-., 3,.-.3., =2+.-.c., «6/7-3879» (:5/74-7); 
%. ?. C!B!D:&)"#$, 5.,.-., 3,.-.3., E78. +4/25,0/7, «6/7-3879» (:5/74-7) 

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

%&'#,2*&%#+1 ,(,%$/

<.437-0 508.0-F=7--G 2H25,/0+4-78IJ-4K ,/7-3.0/,-4K 343,28 IE .H0350L 50HIM-0L 3,/F5,F/0L M 

0NI-2-I 50H4=7--G M 3,IM5I3,O H2=I,7NIM-090 /FKF PK-IK 25I.7>I=. D057E7-0, Q0 ./4 /7NI0-7HO-08F =4R0/I 
03-0=-4K .7/782,/I= 343,28 E7R2E.2JFS,O3G 3,IM54M H2=I,7NIM-4M /FK 25I.7>I= F ./G80HI-IM-4K I 5/4=0HI-
-IM-4K +IHG-57K 50HIP. 

<.437-T 508.0-0=54 UH25,/0+4-784J2354K ,/7-3.0/,-TK 343,28 3 .H0350M .F,2=0M 3,/F5,F/0M 4 0N2-
-2-T 50H2R7-4G 4 F3,0MJ4=03,O H2=4,7N40--090 +=4>2-4G 4K U54.7>2M. D057E7-0, J,0 ./4 /7N40-7HO-08 

=TR0/2 03-0=-TK .7/782,/0= 343,28 0R23.2J4=72,3G F3,0MJ4=02 H2=4,7N40--02 +=4>2-42 U54.7>2M = ./G-
80H4-2M-TK 4 5/4=0H4-2M-TK FJ73,57K .F,4. 

The arrangements of electro-dynamic transport systems with the flat track structure are described and the fluc-

tuations and stability of levitation motion of their vehicles are evaluated. It is shown that under rational choice of 

main parameters of the systems a stable levitation motion of the vehicles in straight-line and curvilinear sections of 

the track is provided. 

2345673896 :;3<=>?@.   -73,0GQ22 =/28G 
/7E/7R7,T=728T2 4 30E+7--T2 50-3,/F5N44 

,/7-3.0/,-TK 343,28 482L, ./014H4/0=7--02 
0J2/,7-42 .F,2=0M 3,/F5,F/T, = J73,-03,4 = 
=4+2 U 4 D-0R/7E-090 0J2/,7-4G = .0.2/2J-08 

32J2-44. 67502 0J2/,7-42 4822, -2+03,7,54, 

0RF3H0=H2--T2 0,-034,2HO-0M 3H0>-03,OL 

50-3,/F5N4M, -20RK0+4803,OL 0R23.2J2-4G 
./0J-03,4 R050=TK 3,2-05 .F,2=0M 3,/F5,F/T 

4 ,2H2>25 U54.7>2M 4 3H0>-03,G84, =0E-4-

57LQ484 = ./0N2332 U53.HF7,7N44 343,28T 

(./2>+2 =3290, 3=GE7--T2 3 0J43,50M 0, 3-297, 
8F30/7 4 ./.). 

;2H2300R/7E-0 .0U,08F /7E/7R0,7,O 4 43-
3H2+0=7,O R0H22 ./03,T2 50-3,/F5N44 ,/7-3-
.0/,-TK 343,28, = J73,-03,4, 343,28T 3 .H0-

35484 .F,2=T84 3,/F5,F/784 4 +0--T84 90/4-

E0-,7HO-T84 .0=2/K-03,G84 ,2H2>25 U54.7>2M, 

50,0/T2 0R23.2J4=7H4 RT -20RK0+48T2 +4-7-
84J23542 57J23,=7 4, = .2/=FL 0J2/2+O, F3,0M-

J4=03,O 4 R2E0.73-03,O H2=4,7N40--090 +=4>2-
-4G U54.7>2M, 575 = ./G80H4-2M-TK, ,75 4 = 
5/4=0H4-2M-TK FJ73,57K .F,4 = .H7-2.  

'76=AB :C<=A96DAE :3 5>?> A44=>F386-

7AG.   /7-22 ./0=2+2--TK 433H2+0=7-4GK [1, 2, 

3, 4] F+2HGH03O =-487-42 9H7=-T8 0R/7E08 

0N2-52 50H2R7-4M 4 F3,0MJ4=03,4 ./G80H4-2M-

-090 4 5/4=0H4-2M-090 +=4>2-4G U54.7>2M 

UH25,/0+4-784J2354K 343,28 3 ./014H4/0=7--

-T8 0J2/,7-428 .F,2=0M 3,/F5,F/T.   2005 9. 

.0G=4H43O .2/=T2 .FRH457N44 [5, 6], .03=G-
Q2--T2 0N2-52 H2=4,7N40--090 +=4>2-4G 
UH25,/0+4-784J2354K U54.7>2M ,/7-3.0/,-0M 

343,28T 3 J2,T/O8G .0H03784  50-,F/0= -7 
.H0350M .F,2=0M 3,/F5,F/2 4 +=F8G /G+784 

3=2/K./0=0+GQ4K 879-4,0=, F3,7-0=H2--TK -7 
+0--TK .0=2/K-03,GK U54.7>2M. <+-750, +7HO-
-2MV42 .04354 = U,0M 0RH73,4 ./4=2H4 5 /7E/7-
R0,52 4 0N2-52 +4-784J2354K 57J23,= /7EH4J-

-TK ,/7-3.0/,-TK 343,28 3 .H035484 .F,2=T-

84 3,/F5,F/784. D/4 U,08 RTH4 -7M+2-T 5/4-

,2/44, 300,=2,3,=FLQ42 F3,0MJ4=03,4 4 

R2E0.73-03,4 +=4>2-4G = V4/0508 +47.7E0-2 
350/03,2M = ./G80H4-2M-TK 4 5/4=0H4-2M-TK 

FJ73,57K .F,2=0M 3,/F5,F/T = .H7-2. 
)>=H 4565HA.   -73,0GQ2M /7R0,2 ./2+-

3,7=H2-T /7E/7R0,7--T2 /7EH4J-T2 50-3,/F5-

,4=-T2 3K28T ,/7-3.0/,-TK 343,28 3 .H0350M 

.F,2=0M 3,/F5,F/0M 4 0N2-2-T 50H2R7-4G, F3-
,0MJ4=03,O 4 R2E0.73-03,O H2=4,7N40--090 

+=4>2-4G U54.7>2M ,/7-3.0/,-TK 343,28 3 
.H035484 .F,2=T84 3,/F5,F/784 =+0HO ./G80-

H4-2M-TK 4 5/4=0H4-2M-TK FJ73,50= .F,2=0M 

3,/F5,F/T. 

*473876G I645H. <3-0=0.0H797LQ2M .0-

3TH50M ./4 /7E/7R0,52 -2,/7+4N40--TK 50-3,-
/F5,4=-TK 3K28 ,/7-3.0/,-TK 343,28 3 .H0-

350M .F,2=0M 3,/F5,F/0M G=HG2,3G =T.0H-2-42 
3H2+FLQ4K ,/2R0=7-4M, 43K0+GQ4K 4E F3H0=4M 

=E7480+2M3,=44 3=2/K./0=0+GQ4K 879-4,0= 3 
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.F,2=T84 50-,F/784, /73.0H0>2--T84 = .7-
/7HH2HO-TK 90/4E0-,7HO-TK .H03503,GK. W20-

82,/4J23542 /7E82/T 3=2/K./0=0+GQ290 879-
-4,7 4 .F,2=TK 50-,F/0= 7 ,75>2 4K =E748-02 
/7E82Q2-42 +0H>-T F+0=H2,=0/G,O F3H0=4G8 

4K =E7480+2M3,=4G, ./4  50,0/TK 4822, 823,0 

./4 0,-034,2HO-08 4K .2/282Q2-44 = .0.2/2J-

-08 -7./7=H2-44 -43K0+GQ7G E7=434803,O 57-
37,2HO-TK .0.2/2J-TK UH25,/0+4-784J2354K 

34H   4 84-487HO-02 E-7J2-42 -0/87HO-TK 

UH25,/0+4-784J2354K 34H = 303,0G-44 /7=-0=2-
34G ./4 E-7J2-44 -7879-4J4=7LQ2M 34HT, 

0R23.2J4=7LQ2M H2=4,7N4L. 

D/4 =T.0H-2-44 U,4K ,/2R0=7-4M F+0=H2-
,=0/GL, F3H0=4L F3,0MJ4=090 H2=4,7N40--090 

+=4>2-4G U54.7>7 = ./G80H4-2M-TK 4 5/4=0-

H4-2M-TK FJ73,57K .F,2=0M 3,/F5,F/T = .H7-2 
3H2+FLQ42 508.0-0=54 50-3,/F5,4=-TK 3K28 

,/7-3.0/,-TK 343,28 3 .H035484 .F,2=T84 

3,/F5,F/784: 

I =7/47-, – 343,287 3 J2,T/O8G .0H03784 

.F,2=TK 50-,F/0= 4 +=F8G .0H03784 3=2/K./0-

=0+GQ4K 879-4,0= (/43. 1a). 

II =7/47-, – 343,287 3 +=F8G .0H03784 .F-

,2=TK 50-,F/0= 4 J2,T/O8G .0H03784 3=2/K-

./0=0+GQ4K 879-4,0= (/43. 1 ); 

III =7/47-, – 343,287 3 +=F8G .0H03784 .F-

,2=TK 50-,F/0= 4 +=F8G .0H03784 3=2/K./0=0-

+GQ4K 879-4,0= (/43. 1!). 
"HG 433H2+0=7-4G ./03,/7-3,=2--TK 50H2-

R7-4M 4 F3,0MJ4=03,4 H2=4,7N40--090 +=4>2-
-4G U54.7>2M 0.437--TK =TV2 ,/7-3.0/,-TK 

343,28 RF+28 4K ./2+3,7=HG,O  = =4+2 UH25,/0-

82K7-4J2354K 343,28, = 50,0/TK U54.7>4 30-

3,0G, 4E ,/2K ,=2/+TK ,2H: 5FE0=7 4 +=FK ,2H2-
>25 3 ./G80F90HO-T84 3=2/K./0=0+GQ484 

879-4,784, 7 ,75>2 50/0,50E785-F,TK ./G80-

F90HO-TK ,050./0=0+GQ4K .F,2=TK 50-,F/0=. 
?7,287,4J2357G 80+2HO +=4>2-4G U54.7-

>2M 433H2+F28TK ,/7-3.0/,-TK 343,28 RTH7 
./2+3,7=H2-7 = =4+2 3=GE7--TK +4112/2-N4-

7HO-TK F/7=-2-4M @79/7->7, 0.43T=7LQ4K 

+=4>2-42 U54.7>7 [2,7], 4 F/7=-2-4M ,050= = 
50-,F/7K .F,2=0M 3,/F5,F/T, 50,0/T2 482L, 
3H2+FLQ4M =4+: 

frI
dt

dI
L  ! ,                         (1) 

9+2 L  – 87,/4N7 50U114N42-,0= 37804-+F5N44 

4 =E74804-+F5N44 .F,2=TK 50-,F/0=; r  – 75-

,4=-02 30./0,4=H2-42 .F,2=090 50-,F/7; I  – 

=25,0/ 3,0HR2N ,050= = .F,2=TK 50-,F/7K; f  – 

=25,0/ U.+.3. kf , -7=0+48TK U54.7>-T84 879-

-4,784 = k -K .F,2=TK 50-,F/7K. 

 2H4J4-T kf  0./2+2HGH43O 4E =T/7>2-4G: 

"
 #

#
$ 

n

m

kmc
mk

t

M
if

1

,                  (2) 

9+2 kmM  – 50U114N42-,T =E74804-+F5N44 

82>+F m-84 U54.7>-T8 879-4,08 4 k-8 .F,2-
=T8 50-,F/08; n – J43H0 U54.7>-TK 3=2/K./0-

=0+GQ4K 879-4,0=; c
mi  – ,05 =  m-08 3=2/K./0-

=0+GQ28 879-4,2. 
"

 

! 

 

&43. 1. &73J2,-T2 3K28T ,/7-3.0/,-TK 343,28: 
1 – 5FE0=, 2 – ,2H2>54, 3 –3=2/K./0=0+GQ42 879-4,T, 4 – 

,050./0=0+GQ42 50-,F/T, 5 – F./F90-+4334.7,4=-T2 UH2-
82-,T, 6 – .F,2=7G 3,/F5,F/7, ! – FE2H =E7480+2M3,=4G 

879-4,7 3 .F,2=T8 50-,F/08. 

' .080QOL J43H2--090 4-,29/4/0=7-4G 
F/7=-2-4M, 0.43T=7LQ4K 50H2R7-4G U54.7>7 4 

4E82-2-42 ,050= = .F,2=TK 50-,F/7K, RTH4 

0N2-2-T ./03,/7-3,=2--T2 50H2R7-4G U54.7-
>2M ./4 =TR/7--TK /7N40-7HO-TK E-7J2-4GK 

.7/782,/0=  .0 E-7J2-4G8 .2/282Q2-4M 5FE0=7 
4 ,2H2>25, H2=4,7N40--T8 E7E0/78, UH25,/0+4-

-784J23548 34H78 =E7480+2M3,=4G 82>+F 

3=2/K./0=0+GQ484 879-4,784 4 .F,2=T84 

50-,F/784 4 F350/2-4G8 5FE0=7 = =2/,457HO-08 

4 .0.2/2J-08 -7./7=H2-4GK. 

"HG /73J2,0= RTH4 ./4-G,T 3H2+FLQ42 
E-7J2-4G 03-0=-TK .7/782,/0= 433H2+F28TK 

,/7-3.0/,-TK 343,28: 87337 5FE0=7 4 57>+0M 4E 
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,2H2>25 300,=2,3,=2--0 25 4 3,75 ,, >23,503,4 

4 50U114N42-,T =GE503,4 F./F90-

+4334.7,4=-TK UH282-,0= 82>+F 5FE0=08 4 

,2H2>5784 = =2/,457HO-08 4 .0.2/2J-08 -7-
./7=H2-4GK 200 5%/8 4 20 5%·3/8, -7879-4J4-

=7LQ7G 34H7 = 30H2-04+7K 3=2/K./0=0+GQ4K 

879-4,0= 3,0·105 !·=4,50= +HG 343,28T 300,-
=2,3,=FLQ2M I =7/47-,F 50-3,/F5,4=-0M 3K28T, 

5,0·105 !·=4,50= +HG 343,28T II =7/47-,7 4 

5,2·105 !·=4,50= +HG ,/2,O290 =7/47-,7. D/0-

+0HO-T2 /7E82/T 30H2-04+0= 3=2/K./0=0+GQ4K 

879-4,0= 4 .F,2=TK 50-,F/0= RTH4 ./4-G,T 

/7=-T84 +HG =32K =7/47-,0= 300,=2,3,=2--0 1,2 

4 1,0 8, 7 .0.2/2J-T2 4K /7E82/T 0,5 4 0,3 8 

+HG I =7/47-,7 50-3,/F5,4=-0M 3K28T; 0,25 4 

0,5 8 +HG II =7/47-,7 4 1,0 4 0,5 8 +HG III =7/4-

7-,7. #7E0/T = ./0+0HO-08 -7./7=H2-44 82>+F 

.F,2=T84 50-,F/784 +HG =32K 343,28 ./4-G,T 

/7=-T84 0,05 8, 7 = .0.2/2J-08 -7./7=H2-44 

+HG I =7/47-,7 4 82>+F 879-4,784 +HG II =7/4-

7-,7, 0,-232--T2 5 0+-0M (H2=0M 4H4 ./7=0M 

3,0/0-2 U54.7>7), ./4-G,T 300,=2,3,=2--0 

/7=-T84 0,1 4 0,16 8. "4782,/ ./F,50= .F,2-
=TK 50-,F/0= ./4-G, 0,03 8. 

&73J2,T ./0=0+4H43O +HG 3HFJ72= +=4>2-4G 
U54.7>2M  .0 FJ73,5F .F,4 .2/282--0M 5/4=4E-
-T 3H2+FLQ290 0J2/,7-4G = .H7-2: ./G80H4-

-2M-TM FJ73,05 .F,4 +H4-0M 300 8, =K0+GQ7G 
.2/2K0+-7G 5/4=7G +H4-0M 500 8, 5/F90=7G 5/4-

=7G /7+4F308 8000 8 3 F9H08 .0.2/2J-090 -7-
5H0-7 5 90/4E0-,7HO-0M .H03503,4 0,1 /7+ ./0-

,G>2--03,OL 150 8, =TK0+-7G .2/2K0+-7G 5/4-

=7G – 400 8, ./G87G – 250 8. :9HT -75H0-7 5 

.0=2/K-03,4 .F,2=0M 3,/F5,F/T 5 90/4E0-,7HO-
-0M .H03503,4 = .2/2K0+-TK 5/4=TK ./4-487-
H43O ./0.0/N40-7HO-T84 5/4=4E-2 .F,4, 50,0-

/7G 4E82-GH73O 0, -FHG +0 E-7J2-4G, /7=-090 

5/4=4E-2 .F,4 = 5/F90=0M 5/4=0M .0 34-F304-

+7HO-0M E7=434803,4 [2]. 

&2EFHO,7,T /73J2,0= .057E7H4, J,0 +HG =32K 

F.08G-F,TK 343,28 ./4 .7/782,/7K, 090=0/2--

-TK =TV2, 4822, 823,0 F3,0MJ4=02 H2=4,7N0--

-02 +=4>2-42 U54.7>7 575 = ./G80H4-2M-TK, 

,75 4 5/4=0H4-2M-TK FJ73,57K .F,2=0M 3,/F5-

,F/T 3 ./428H28T84 H2=4,7N40--T84 E7E0/7-
84 4 F/0=-28 F350/2-4M 5FE0=7 = .0.2/2J-08 4 

=2/,457HO-08 -7./7=H2-4GK. 

"HG U54.7>7 I =7/47-,7 50-3,/F5,4=-0M 

3K28T ,/7-3.0/,-0M 343,28T 3 .H0350M .F,2-
=0M 3,/F5,F/0M 9/714J23542 E7=434803,4 .2-
/282Q2-4M U54.7>7 4 290 H2=4,7N40--TK E7E0-

/0= ./4=2+2-T = /7R0,2 [5]. 

"HG U54.7>7, 300,=2,3,=FLQ290 II =7/47-,F 

,/7-3.0/,-0M 343,28T 3 .H0350M .F,2=0M 

3,/F5,F/0M, 057E7H03O, J,0 =2/,457HO-T2 H4-

-2M-T2 4 F9H0=T2 .2/282Q2-4G 5FE0=7 4 ,2H2-
>25 ./75,4J2354 -2 /2794/FL, -7 5/4=4E-F .F-

,4. #-7J2-4G =2/,457HO-TK .2/282Q2-4M ,2H2-
>25 300,=2,3,=FL, ./4 350/03,4 100 8/3 
X 0,165 8, 7 ./4 350/03,4 30 8/3 X 0,1 8. 

#7=434803,4 .2/282Q2-4M 5FE0=7 4 ,2H2-
>25 ./4 R050=08 0,-032 ik yy , , R050=0M 57J52 

,k i% % , F9H0= =4HG-4G , ( 1,2)k i i& &  4 H2=4,7N4-

0--TK E7E0/0= .0+ j -84 879-4,784 ( j =1,7 

5/7M-42 879-4,T 3 H2=0M 3,0/0-T U54.7>7, 
j =2,8 – 3 ./7=0M 3,0/0-T) 0, ./0M+2--090 .F-

,4 ./4=2+2-T ./4 350/03,4 100 8/3 300,=2,3,-
=2--0 -7 /43.2, 3, 4 4 5, 9+2 H4-44 1, 2 0,-03G,-
3G 5 ,2H2>578, 3 – 5 5FE0=F, 7 H4-44, 0R0E-7-
J2--T2 j =1,2,7,8 – 5 H2=4,7N40--T8 E7E0/78. 

 

&43. 2. 

 

&43. 3. 
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&43. 4. 

 

&43. 5. 

(7J23,=2--0 7-7H094J-T2 /2EFHO,7,T .0HF-

J2-T 4 ./4 350/03,4 30 8/3 3 ,28 H4VO 0,H4J4-

28, J,0 .2/282Q2-4G R050=090 0,-037 4 R050-

=0M 57J54 482L, .0H0>4,2HO-T2 E-7J2-4G = 
5/4=0H4-2M-TK FJ73,57K .F,2=0M 3,/F5,F/T, 7 
H2=4,7N40--T2 E7E0/T R0HOV2 .0+ H2=0M 3,0-

/0-0M U54.7>7 (,.2. 30 3,0/0-T 879-4,0= F+7-
H2--TK 0, N2-,/7 5/4=4E-T .F,4). 

"HG U54.7>7 ,/7-3.0/,-0M 343,28T 3 .H0-

350M .F,2=0M 3,/F5,F/0M, 300,=2,3,=FLQ290 III 

=7/47-,F, E7=434803,4 .2/282Q2-4M H2=4,7N4-

0--TK E7E0/0= 482L, ,750M >2 K7/75,2/, 575 4 

+HG U54.7>7 II =7/47-,7 ,/7-3.0/,-0M 343,28T. 

:350/2-4G 5FE0=7 -2 ./2=TV7L, = =2/,457HO-
-08 -7./7=H2-44 = +47.7E0-2 350/03,2M 40 – 

100 8/3 E-7J2-4M 0,2 8/32, 7 = .0.2/2J-08 0,4 

8/32. 

J@83F@ A :>;4:>95A8@ F6=H7>EKAL A4-

4=>F3867AE. 67548 0R/7E08, +HG =32K /73380,-
/2--TK ,/7-3.0/,-TK 343,28 3 .H0350M .F,2-
=0M 3,/F5,F/0M 0R23.2J4=72,3G ./4 /7N40-7HO-
-TK E-7J2-4GK 03-0=-TK .7/782,/0= F3,0MJ4-

=02 H2=4,7N40--02 +=4>2-42 U54.7>2M = 
./G80H4-2M-TK 4 5/4=0H4-2M-TK FJ73,57K .F-

,2=0M 3,/F5,F/T.   +7HO-2MV28 N2H2300R/7E-0 

./0=2+2-42 =T-F>+2--TK 50H2R7-4M +HG U54-

.7>7 U,4K 343,28. 

Y)Y@)<W&!Z)B$'()* 'D)'<( 

1.  T3050350/03,-0M 879-4,-TM ,/7-3.0/, 3 UH2-
5,/0+4-784J23548 .0+=2308 [6253,] / .0+ /2+. 

 . !. "E2-E2/35090,  . ). <82HOG-2-50. – %7F5. 

+F857, 2001. – 480 3. 
2. "E2-E2/354M,  . !. "4-78457 ,/7-3.0/,7 -7 

3=2/K./0=0+GQ4K 879-4,7K [6253,] /  . !. "E2-
-E2/354M, %. !. &7+J2-50. – "., 2003. – 231 3. 

3. )33H2+0=7-42 50H2R7-4M, 3,7N40-7/-TK /2>4-

80= 4 F3,0MJ4=03,4 +=4>2-4G /7EH4J-TK ,4.0= 
UH25,/0+4-784J2354K ,/7-3.0/,-TK 343,28 

[6253,] /  . !. "E2-E2/354M 4 +/. // 62K-4J2357G 
82K7-457. – 2003. – [ 1. – '. 145-153. 

4. &7+J2-50, %. !. <N2-57 50H2R7-4M UH25,/0+4-

-784J235090 ,/7-3.0/,-090 3/2+3,=7 ./4 -2R0-

HOV4K 350/03,GK +=4>2-4G [6253,] / %. !. &7+-

J2-50, <.  . #=0-7/2=7,  .  . ?7HTM // 62K-4J2-
357G 82K7-457. – 2007. – [ 2. – '. 138-141. 

5. \H25,/0+4-784J2357G ,/7-3.0/,-7G 343,287 3 
.H0350M .F,2=0M 3,/F5,F/0M [6253,] / !. !. #2-
=4- 4 +/. // 62K-4J2357G 82K7-457. – 2004. –  

[ 2. – '. 120-122. 

6. "E2-E2/354M,  . !. <N2-57 H2=4,7N40--090 

+=4>2-4G UH25,/0+4-784J235090 ,/7-3.0/,-0-

90 3/2+3,=7 =+0HO .H0350M .F,2=0M 3,/F5,F/T 

[6253,] /  . !. "E2-E2/354M, %. !. &7+J2-50,  

%. ?. C7J7.F/4+E2 // $50H09IJ-I ./0RH284 B0/-

-090 80/G: <+237. – 2004. – '. 142-144. 

7. :3,0MJ4=03,O +=4>2-4G -7 V7334 4 ./4 H2=4,7-
N44 UH25,/0+4-784J235090 ,/7-3.0/,-090 

3/2+3,=7 [6253,] /  . !. "E2-E2/354M 4 +/. //  2-
3,-45 C2/30-35090 -7N. F--,7. – 2008. –  

[ 2 (31). – '. 144-148. 
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 !" 629.4 

 .  . !"#$%&'" , (. ). &'*$+$', #,-./012 34/567,/89:..;2 8:<.1=:/012 5.19:,-

/18:8 (>4//1-); 
 . &. +>"'$', +!# ?  "&" «>@(» (>4//1-) 

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

.*%%#.&#3# 1#!'*/)'(&)4 2#!*.&)5).#'(&&#3# 

'(.)(&+( +*6*7") 2#!*6) 18-100 

A /8788B 67.4 4CD,5.8597..- 8:<.B=.1< ,BE:.F 87 G7,7H:8,B9 ,:/4,.434 GB69BE597..- H46:,.BI497.434 

97,B7.85 9BI07 H46:JB 18-100. 

  /878F: 67.4 4C4/.497.1: 8:<.1=:/01< ,:E:.12 1 G7,7H:8,49 ,://4,.434 G469:E197.1- H46:,.1I1,4-

97..434 97,17.87 8:J:K01 H46:J1 18-100. 

In the paper the substantiation of technical decisions and parameters of spring suspension of the modernized 

variant of carriage of model 18-100 is given. 

LG:M17J1/87H1 +,4:08.4-04./8,5084,/0434 

CN,4 6:G7,87H:.87 9734..434 <4I-2/897 "&" 

«>4//12/01: K:J:I.;: 64,431» (+!# ?  "&" 

«>@(») G,:6J4K:. 4,131.7JF.;2 97,17.8 H4-

6:,.1I7M11 8:J:K01 3,5I49;< 9734.49 H46:J1 

18-100. O:,4G,1-81- G4 H46:,.1I7M11 8:J:K01 

90JN=7N8 9 /:C- H:,; G4 5/8,7.:.1N 4/.49-
.;< .:64/878049, 48H:=7:H;< G,1 P0/GJ5787-
M11 9734.49 .7 8:J:K07< H46:J1 18-100.   =7-
/8.4/81, G,1H:.:.1: 9 M:.8,7JF.42 /85G:.1 

G469:E197.1- 0J1.49;< 37/18:J:2 04J:C7.1- 
G:,:H:..434 8,:.1-, .: 4C:/G:=197NQ1< G4-

8,:C.42 /1J; 8,:.1- G,1 691K:.11 9734.49 9 
G4,4K.:H /4/84-.11. (J- 5/8,7.:.1- 507I7.-

.434 .:64/87807 G,:6J4K:. ,-6 4,131.7JF.;< 

04./8,50M12 0J1.49434 37/18:J- 04J:C7.12 

G:,:H:..4-G4/84-..434 8,:.1- I7 /=:8 64G4J-

.18:JF.434 G46K781- 4/.49.42 1 9/G4H437-
8:JF.42 G49:,<.4/8:2 8,:.1- 0J1.F:9 / G4H4-

QFN ,7/G4J4K:..;< 9 .1< PJ7/84H:,.;< PJ:-
H:.849 1J1 91.849;< G,5K1.. +,1 P84H 9.:/:-
.1- 64G4J.18:JF.;< 1IH:.:.12 9 

04./8,50M11 .76,://4,.42 C7J01 1 C40491. 

.: 8,:C5:8/-. 

(J- G49;E:.1- GJ79.4/81 <467 9734.49 

.7 H46:,.1I1,497..;< 8:J:K07< /8781=:-
/012 G,431C ,://4,.434 04HGJ:087 M:.-

8,7JF.42 /85G:.1 G469:E197.1- 59:J1=:. 64 

65 HH. 

(J- 5J5=E:.1- 61.7H1=:/01< <7,708:,1-

0/810 05I497 3,5I49434 9734.7  G,:6J4K:.; 697 
97,17.87 04./8,50M12 64G4J.18:JF.434 R,10-

M14..434 37/18:J- 04J:C7.12 61/049434 81G7, 
5/87.79J197:H434 9 M:.8,7JF.42 /85G:.1 

G469:E197.1- 8:J:K01 H46:J1  18-100 G,1 :: 
H46:,.1I7M11.  

A07I7..;: R,10M14..;: 37/18:J1 04J:C7-
.12 G,:6.7I.7=:.; 6J- 64G4J.18:JF.434 

6:HGR1,497.1- 9:,8107JF.;< 1 G4G:,:=.;< 

34,1I4.87JF.;< 04J:C7.12, =84 G4I94J18 
5J5=E18F 61.7H1=:/01: <7,708:,1/8101 8:-
J:K01 1 /.1I18F .73,5K:..4/8F 0J1.49;< 

R,10M14..;< 37/18:J:2 04J:C7.12.  

(J- 5H:.FE:.1- C404942 07=01 1 G:,:97J01 

G-8.107 .7 G46G-8.10:, 37E:.1- 04J:C7.12 1I-
91J1/8434 691K:.1- 8:J:K01 9 04J::, G49;E:-
.1- 5/842=194/81 9734.7 G,4819 4G,4016;97-
.1- G,1 691K:.11 G4 G,-H;H 1 9 0,19;< 5=7-
/807< G581 /.1K:.1- G49,:K6:.12 1  1I.4/7 
4G4,.;< G49:,<.4/8:2 G-8.107 05I497 9734.7 1 

G46G-8.107 8:J:K01 1/G4JFI5N8/- 5G,531: 
C:II7I4,.;: /04JFI5.;. 

>7//H48,:.; =:8;,: 97,17.87 5G,531< 

/04JFI5.49: 04./8,50M11 """ « 734.H7E»,  

«+,:J476+JN/» M78217 04./8,50M11 &LS-

!1/845. 1 697 - +!# ? . 

?:JFN ,7C48; -9J-:8/- 4M:.07 61.7H1=:-
/01< <7,708:,1/810 9734.7 .7 H46:,.1I1,4-

97..42 8:J:K0: 1 G46C4, ,7M14.7JF.;< 04.-

/8,50819.;< ,:E:.12 1 G7,7H:8,49 ,://4,-

.434 G469:E197.1- H:8467H1 H78:H781=:-
/0434 H46:J1,497.1-.  

(J- 4M:.01 61.7H1=:/01< <7,708:,1/810 

9734.7 .7 H46:,.1I1,497..42 8:J:K0: ,7I-
,7C487.7 G,4/8,7./89:..7- 61.7H1=:/07- 

89:,648:JF.7- H46:JF 9734.7-GJ78R4,H; .7 
8:J:K07< H46:J1 18-100 1 :: H46:,.1I1,4-

97..;< 97,17.849 9 /,:6: G,43,7HH.434 

04HGJ:0/7 H46:J1,497.1- 61.7H101 /1/8:H 

8:J «A.19:,/7JF.;2 H:<7.1IH» [1]. '7 4/-
.49: H78:H781=:/0434 H46:J1,497.1- 691-

K:.1- 6J1..4C7I.434 =:8;,:<4/.434 9734.7-
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GJ78R4,H; 87,42  25 8 1 9:/4H C,5884 94 8 
G4 G,-H;H, 0,19;H 5=7/807H G581 1 G4 

/8,:J4=.;H G:,:9467H G,49:6:. /,79.1-

8:JF.;2 7.7J1I 9J1-.1- G,:6J4K:..;< 8:<-

.1=:/01< ,:E:.12 G4 H46:,.1I7M11 8:J:K01 

H46:J1 18-100 .7 61.7H1=:/01: <7,708:,1-

/8101 9734.7 9 G4,4K.:H 1 3,5K:..4H /4-

/84-.11. 

$//J:6497.4 9J1-.1: .7 61.7H1=:/01: 

<7,708:,1/8101 9734.7 59:J1=:.1- /8781=:-
/0434 G,431C7 ,://4,.434 04HGJ:087 8:J:K-

01 64 65 HH. "G,:6:J:.;  G7,7H:8,; 695<-

,-6.42 G,5K1.;, 4C:/G:=197NQ1: 5/87.49-

05 :: 9 /4/879: ,://4,.434 04HGJ:087 .7 
E878.;: H:/87 M:.8,7JF.42 /85G:.1 G469:-
E197.1- 8:J:K01 H46:J1 18-100. '71C4JF-

E12 PRR:08 48 59:J1=:.1- G,431C7  ,://4,-

.434 G469:E197.1- 64 65 HH .7CJN67:8/- 

6J- ,:K1H7 691K:.1- 9734.7 9 G4,4K.:H 

/4/84-.11  G4 G,-H4H5 5=7/805 G581 9 /04-

,4/8.4H 1.8:,97J: 48 60 64 80 0H/=, G,1 

P84H 04PRR1M1:.8 9:,8107JF.42 61.7H101 1 

9:,8107JF.;: 5/04,:.1- /.1K7N8/- C4J:: 
=:H .7 20-29%, 04PRR1M1:.8 34,1I4.87JF.42 

61.7H101 1 34,1I4.87JF.;: 5/04,:.1- /.1-

K7N8/- .7 10-18%. +,1 691K:.11 G4,4K.:34 

9734.7 9 0,19;< 5=7/807< G581 04PRR1M1:.8 
9:,8107JF.42 61.7H101 1 9:,8107JF.;: 5/-
04,:.1- /.1K7N8/- 9 /,:6.:H .7 7-15%, 04-

PRR1M1:.8 34,1I4.87JF.42 61.7H101 1 5/-
04,:.1- 9 34,1I4.87JF.42 GJ4/04/81 - .7  
5-15%.  

+,1 691K:.11 9734.7 9 3,5K:..4H ,:K1-

H: PRR:08 48 59:J1=:.1- G,431C7 ,://4,.4-

34 04HGJ:087 9 /,:6.:H .1K:: 04PRR1M1:.8; 

9:,8107JF.42 61.7H101 1 9:,8107JF.;: 5/-
04,:.1- 05I497 /.1K7N8/- G,1 691K:.11 G4 

G,-H4H5 5=7/805 G581 - .7 13-19%, 9 0,19;< 

- .7 6-10%; 04PRR1M1:.8 34,1I4.87JF.42 

61.7H101 1 34,1I4.87JF.;< 5/04,:.12  G,1 

691K:.11 G4 G,-H4H5 5=7/805 G581 - .7 11-

18%, 9 0,19;< - .7 5-11%. 

O:.FE12 PRR:08 48 59:J1=:.1- G,431C7 
G469:E197.1- 9734.7 6J- 3,5K:..434 ,:K1-

H7 4CT-/.-:8/- 4G,:6:J:..;H 5H:.FE:.1:H 

/1J 8,:.1- 9 0J1.49;< 37/18:J-< 04J:C7.12 

/5Q:/895NQ:2 04./8,50M11 9/J:6/891: 
5H:.FE:.1- K:/804/81 4G4,.;< G,5K1. G46 

0J1.F-H1. 

 ;G4J.:.7 4M:.07 ,7C484/G4/4C.4/81 

8,:< 97,17.849 H46:,.1I1,497..;< 0J1.4-

9;< 37/18:J:2 04J:C7.12 8:J:K01 I7 /=:8 
9.:6,:.1- 9 1< 04./8,50M11 5G,531< PJ:-
H:.849 1 G4691K.;< =7/8:2, =84 G4I94J-:8 

,:7J1I4978F G:,:H:..4-G4/84-..5N /1J5 

8,:.1- 9 ,://4,.4H G469:E197.11.  

+407I7.4, =84 04./8,50819.;: /<:H; H4-

6:,.1I1,497..;< 0J1.49;< 37/18:J:2 4C:/-
G:=197N8 PRR:08 G4 /,79.:.1N /4 E878.;H 

37/18:J:H, /.1K7- 9:,8107JF.;: 5/04,:.1- 

05I497 9 G-8.104942 I4.: 6J- 3,5K:..434 1 

G4,4K.:34 ,:K1H49 G,1H:,.4 .7 18% 9 617-
G7I4.: /04,4/8:2 40-120 0H/=. 

+,49:6:. 7.7J1I PRR:0819.4/81 90JN=:-
.1- 9 ,://4,.4: G469:E197.1: H46:,.1I1-

,497..42 8:J:K01 64G4J.18:JF.;< R,10M1-

4..;< 37/18:J:2 04J:C7.12 61/049434 81G7. 
$//J:6497.1- G407I7J1, =84 .71C4J:: ,7-
M14.7JF.4 1/G4JFI4978F 9 ,://4,.4H G469:-
E197.11 37/18:JF, 90JN=7NQ12/- 9 ,7C485 

G,1 9:,8107JF.;< 1 G4G:,:=.;< 34,1I4.-

87JF.;< 04J:C7.1-< 05I497 9734.7. "G,:6:-
J:.7 ,7M14.7JF.7- K:/804/8F G,5K1. 37/1-

8:J-, 4C:/G:=197NQ1< /4489:8/895NQ:: 
G,1K781: 61/049 1 G48,:C.5N /1J5 8,:.1-. 

>7/=:8.7- 4M:.07 04HC1.1,497..434 

G,1H:.:.1- H46:,.1I1,497..;< 0J1.49;< 

37/18:J:2 1 64G4J.18:JF.;< 37/18:J:2 / G4-

J5=:..;H1 G7,7H:8,7H1 G407I7J7, =84 8707- 

/<:H7 37E:.1- 04J:C7.12 G4I94J-:8 /.1I18F 

9:,8107JF.;: 1 34,1I4.87JF.;:  5/04,:.1- 

05I497 9 G-8.104942 I4.: G,1H:,.4 .7  
20-23% 6J- 9/:< /J5=7:9 691K:.1- 9 ,7C4-

=:H 617G7I4.: /04,4/8:2. 

  ,7C48: 4C4/.497.; 9:J1=1.; ,7M14-

.7JF.;< K:/804/8:2 5G,531< PJ:H:.849 =:-
8;,:< 97,17.849 04./8,50M12 C:II7I4,.;< 

/04JFI5.49 1/<46- 1I H1.1H7JF.;< I.7=:-
.12 9:,8107JF.;< 1 34,1I4.87JF.;< 5/04,:-
.12 05I497 9 G-8.104942 I4.:, H70/1H7JF-

.;< I.7=:.12 04PRR1M1:.87 I7G7/7 48 9G4J-

I7.1- 04J:/7 .7 ,:JF/, H1.1H7JF.;< I.7=:-
.12 H4Q.4/8:2 /1J 8,:.1- 9 04.8708: 04J:/7 

/ ,:JF/4H (G4 0,535 0787.1-, G4 3,:C.N) G,1 

691K:.11 G4 G,-H;H 1 0,19;H R = 500 H 

5=7/807H G581 /4 /04,4/8FN 60 0H/= 9 3,5-

K:..4H 1 G4,4K.:H ,:K1H7<. 

 '7 4/.49: 1//J:6497.1- 61.7H1=:/01< 

<7,708:,1/810 9734.7-GJ78R4,H; .7 8:J:K-

07< / H46:,.1I1,497..;H ,://4,.;H G46-

9:E197.1:H 1 /<:H42 4G1,7.1- 05I497 .7 
G46G-8.10 1 5G,531: /04JFI5.; =:8;,:< 

,7//H48,:..;< 04./8,50819.;< 97,17.849 

G,1 ,7IJ1=.;< ,:K1H7< 691K:.1- G4 G,--

H;H, 0,19;H 5=7/807H G581 1 G4 /8,:J4=.4-

H5 G:,:9465 1/11, G,:6J4K:.4 90JN=18F 9 

H46:,.1I1,497..;2 97,17.8 8:J:K01 5G,5-

31: /04JFI5.; 04./8,50M11 """ « 734.-
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H7E» 1 &LS-!1/845. / 43,7.1=:.1:H 5G,5-

3434 ,7C4=:34 <467 9 HH.  

  M:J4H /,79.:.1: G4J5=:..;< I.7=:.12 

9:,8107JF.;< 1 34,1I4.87JF.;< 5/04,:.12 

05I497 9 G-8.104942 I4.: / G,:6:JF.;H1 I.7-
=:.1-H1 '4,H [2] G407I;97:8, =84 4.1 /448-
9:8/895N8 4M:.0: «<4,4E4» - «5649J:894,1-

8:JF.4» 6J- /04,4/8:2 691K:.1- 64 120 0H/=. 

 

#$#U$"V>&S$WXL!$Y L+$L"! 

1. +434,:J49, (. Z.  9:6:.1: 9 H46:J1,497.1: 
61.7H101 /1/8:H 8:J [*:0/8] : 5=:C. G4/4C1: 
/ (. Z. +434,:J49. – #,-./0: #V*A, 1997. – 

156 /. 
2. '4,H; 6J- ,7/=:87 1 G,4:081,497.1- 9734.49 K:-

J:I.;< 64,43 O+L 04J:1 1520 HH (.:/7H4<46.;<) 
[*:0/8]. – O.: V4/'$$  –  '$$@*, 1996. –  

319 /. 
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 !" 531.36+625.2.001:625.03 

 . !. "#$#%&'"#, (.).*., +,-./00-,, 122% (34,56*5); 
7. '. 89:2!&;2<, 4...-=.*., >?9@9 (34,56*5) 

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

!)/23-/, $3*4.#)5( 6"/7%230 / /( $%+)/'//

3 0)5))A +,6(AB/*5 CD5E5 (/F46= +-B-G/**F= C ,-H-)5I ;. 9. !5J5,F*5 J (-0BA(G/**F 0)AK4-0)A ,CIC ,/K-
4-D6I /4A+5GAD, F4A 0)5B6 -0*-D*6=6 (BF ,F(C +-(5BLM6I (-0BA(G/*L. 

; 0)5)L/ C(/B/*- D*6=5*6/ */4-)-,N= +-B-G/*6F= D ,5H-)5I ;. 9. !5J5,F*5 +- 600B/(-D5*6O C0)-KP6-
D-0)6 (D6G/*6F ,/BL0-DNI Q46+5G/K, 4-)-,N/ FD6B60L -0*-D-+-B5E5OR6=6 (BF ,F(5 +-0B/(COR6I 600B/-
(-D5*6K. 

In the paper an attention is paid to some positions in works of V. A. Lazaryan on studies of stability of motion of 

rail vehicles, which were a background for a number of further studies. 

; *5CP*-= *50B/(66 4,C+*-E- CP/*-E--
=/I5*645 545(/=645 9' 3@@$ ;. 9. !5J5,F*5 
J*5P6)/BL*-/ =/0)- J5*6=5O) ,5H-)N, 0DFJ5*-

*N/ 0 600B/(-D5*6/= C0)-KP6D-0)6 */D-J=C-
R/**-E- (D6G/*6F +-(D6G*-E- 0-0)5D5 G/B/J-
*NI (-,-E. ; /E- ,5H-)5I [1-8] J5B-G/*N -0*--
DN +,6=/*/*6F )/-,66 C0)-KP6D-0)6 (D6G/*6F, 
,5J,5H-)5**-K 9.  . !F+C*-DN=, 4 600B/(-D5-
*6O C0)-KP6D-0)6 (D6G/*6F ,/BL0-DNI Q46+5-
G/K. ;. 9. !5J5,F* 0),-E- -H-0*-D5B D-+,-0N 

4-,,/4)*-E- DNH-,5 ,50PS)*NI 0I/= Q46+5G/K, 

0-0)5DB/*6F C,5D*/*6K D-J=CRS**-E- (D6G/-
*6F, +,6=/*/*6F )/-,/= 9.  . !F+C*-D5 - +/,-
D-= +,6HB6G/*66. $5H-)N ;. 9. !5J5,F*5 +- 
600B/(-D5*6O C0)-KP6D-0)6 (D6G/*6F ,/BL0--
DNI Q46+5G/K FD6B60L -0*-D-+-B5E5OR6=6 (BF 
,F(5 +-0B/(COR6I 600B/(-D5*6K. 

'/ 0)5DF +/,/( 0-H-K J5(5PC: 0(/B5)L -HJ-, 
,5H-) M4-BN ;. 9. !5J5,F*5 D -HB50)6 C0)-K-

P6D-0)6 (D6G/*6F ,/BL0-DNI Q46+5G/K, -0)5-
*-D6=0F *5 */4-)-,NI +-B-G/*6FI /E- ,5H-) D 
Q)-= *5+,5DB/*66, *56H-B// HB6J46I 5D)-,5= 

0)5)L6. 

@B/(C/) -)=/)6)L, P)- ;. 9. !5J5,F* -P/*L 
D*6=5)/BL*- 0B/(6B J5 +,64B5(*-K *5+,5DB/*-

*-0)LO ,5H-), DN+-B*F/=NI D 4-BB/4)6D/, 4--
)-,N= -* ,C4-D-(6B. >,54)6P/046 ,/M/*6/ J5-
(5P, 0DFJ5**NI 0 600B/(-D5*6/= C0)-KP6D-0)6 

(D6G/*6F B-4-=-)6D-D, *5P5B-0L D 1957 E-(C, 
4-E(5 ;. 9. !5J5,F* 0 E,C++-K 0-),C(*64-D 
122%5, D 4-)-,CO DI-(6B6 2. ?. 85,H50, &. >. 

8B-I6*, T. :. ;-04-H-K*64,  . !. "-,-)/*4-, 9. 

2. @)C45B-D, DN/I5B6 *5 '-D-P/,450046K QB/4-
),-D-J-0),-6)/BL*NK J5D-( (BF -+,/(/B/*6F 
*5+,5DB/*6F 600B/(-D5*6K [9]. ",-=/ Q)-E- *5 
J5D-( HNB5 *5+,5DB/*5 E,C++5 0)C(/*)-D-
(6+B-=*64-D .54CBL)/)5 QB/4),6.645U66 6 

D5E-*-B5H-,5)-,6F, *5 H5J/ 4-)-,-E- HNB +,--
D/(/* ,F( -+N)-D +- -+,/(/B/*6O +5,5=/),-D 
4-B/H5*6K D*-DL +-0),-/**NI QB/4),-D-J-D. 
>,6 +-0)5*-D4/ J5(5P 600B/(-D5*6F C0)-K-

P6D-0)6 (D6G/*6F ,/BL0-DNI Q46+5G/K ;. 9. 

!5J5,F* H-BLM-/ D*6=5*6/ C(/BFB 4-,,/4)*-K 

+-0)5*-D4/ J5(5P6, D P50)*-0)6, DNH-,C ,50PS)-
*-K 0I/=N. #* 60I-(6B 6J )-E-, P)- ,50PS)*CO 

0I/=C *5(- DNH6,5)L )54, P)-HN -*5 +- D-J-
=-G*-0)6 *56H-B// +-B*- -),5G5B5 600B/(C/-
=N/ 0D-K0)D5 ,/5BL*-K 060)/=N [10]. >,6 Q)-= 

+,6I-(6)0F ,500=5),6D5)L ,/BL0-DN/ Q46+5G6 

454 */B6*/K*N/ =/I5*6P/046/ 060)/=N 0 H-BL-
M6= P60B-= 0)/+/*/K 0D-H-(N. 3PS) 4-*/P*-K 

GS0)4-0)6 +C)6, 4-E(5 +,6I-(6)0F ,500=5),6-

D5)L 060)/=C «Q46+5G-+C)L», /RS H-BLM/ C0-
B-G*F/) ,500=5),6D5/=CO 060)/=C. "-*/P*-, 
Q)- 0-J(5D5B- H-BLM6/ ),C(*-0)6 +,6 ,/M/*66 

C45J5**NI J5(5P, )54 454 D )- D,/=F -0*-D*N= 

0,/(0)D-= DNP60B6)/BL*-K )/I*646 HNB 5,6.-

=-=/), )6+5 V/B640. 

/89:;<=:>?@AB >CDA8;AEB;<@:F EBG@AHA 

;. 9. !5J5,F* D0/E(5 C(/BFB H-BLM-/ D*6-

=5*6/ ,5JD6)6O DNP60B6)/BL*-K )/I*646 6 

+-(E-)-D4/ 0+/U65B60)-D /O DB5(/OR6I. >- 
/E- 6*6U65)6D/ HNB 0-J(5* .54CBL)/) DNP60B6-

)/BL*-K )/I*646, +,6-H,/)5B60L QB/4),-**N/ 
=-(/B6 */+,/,ND*-E- (/K0)D6F ( >%-9, T 3-

8 6 (,.) 6 U6.,-DN/ DNP60B6)/BL*N/ =5M6*N, 

5 +,6 B5H-,5)-,66 (6*5=646 6 +,-P*-0)6 +-(-
D6G*-E- 0-0)5D5 122%5 HNB -,E5*6J-D5* DN-

P60B6)/BL*NK U/*),. 
>,6 60+-BLJ-D5*66 =5)/=5)6P/046I =5M6* 

*/+,/,ND*-E- (/K0)D6F (BF 600B/(-D5*6F C0-
)-KP6D-0)6 (D6G/*6F -45J5B-0L, P)- (BF */C0-
)-KP6DNI 060)/= +/,/=/**N/ HN0),- D-J,50-
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)5O), 6 DNI-(F) J5 +,/(/BN M45BN =5M6*N 6 

,/M/*6/ 0)5*-D6)0F */D-J=-G*N=. >-Q)-=C ;. 

9. !5J5,F* +,/(B-G6B 60+-BLJ-D5)L +,6S= 

0(D6E5 4-,*/K [3], +,6 4-)-,-= DN+-B*F/)0F 
J5=/*5 +/,/=/**NI x = x*

e
 t, E(/ x 6 x* — D/4-

)-,N .6J6P/046I 4--,(6*5), 5   — D/R/0)D/*-

*-/ P60B-. >,6 Q)-= =5),6U5 A 60I-(*-K 060-
)/=N C,5D*/*6K xx A!  +,6=/) D6( A

* = A – 

 E, E(/ E – /(6*6P*5F =5),6U5, 5 0-H0)D/**N/ 
P60B5 =5),6UN A* HC(C) ,5D*N "#$%!%"$ –  . &0B6 

+,6*F)L   > hmax , E(/ hmax — *56H-BLM5F D/R/-
0)D/**5F P50)L 0-H0)D/**NI P60/B ", )- 060)/=5 
(6../,/*U65BL*NI C,5D*/*6K 0)5*/) 506=+)--
)6P/046 C0)-KP6D-K 6 /S =-G*- ,/M6)L *5 5*5-
B-E-D-K DNP60B6)/BL*-K =5M6*/. @ (,CE-K 
0)-,-*N, /0B6 -) *-,=5BL*-K .-,=N "-M6 +/-
,/K)6 4 C,5D*/*6F= D)-,-E- +-,F(45, )- D=/0)- 
60I-(*-K */C0)-KP6D-K 060)/=N 

0qqq !&& CBM     +-BCP6= 060)/=C 

0qqq !&&&&& )()2( 2
MBCMBM       ,  

E(/ M, B, C — =5),6UN 6*/,U6-**NI, (6006+5-
)6D*NI 6 C+,CE6I 4-Q..6U6/*)-D 60I-(*-K 

060)/=N.  

9*5B6J (-H5D-4, 4-)-,N/ DD-(F)0F D 060)/-
=C, +-JD-BF/) 0C(6)L - )-=, 454 6J=/*6)L 
0),C4)C,C 6 +5,5=/),N 60I-(*-K 060)/=N, P)--
HN /S (D6G/*6/ 0)5B- 506=+)-)6P/046 C0)-K-

P6DN=. >,6 +-=-R6 +,6S=5 0(D6E5 4-,*/K HNB 
+-BCP/* ,F( ,/JCBL)5)-D, D P50)*-0)6 -+,/(/-
B/*N 0),C4)C,5 6 +5,5=/),N ,50PS)*-K 0I/=N 

P/)N,SI-0*-E- +-BCD5E-*5, +,6 4-)-,NI /E- 
(D6G/*6/ 0)5*-D6)0F 506=+)-)6P/046 C0)-KP6-

DN= D M6,-4-= (65+5J-*/ 04-,-0)/K [9]. 

>-FDB/*6/ U6.,-DNI DNP60B6)/BL*NI =5-
M6* -)4,NB- *-DN/ E-,6J-*)N. '- -45J5B-0L, 
P)- (BF *5I-G(/*6F 0-H0)D/**NI P60/B 6 D/4-
)-,-D =5),6U 0,5D*6)/BL*- DN0-4-E- +-,F(45 
*/ +-(I-(F) =/)-(N, ,5J,5H-)5**N/ (BF ,CP*--
E- 0PS)5. 8NB5 +,-(/B5*5 H-BLM5F ,5H-)5 [11] 

+- +,-D/,4/ 6 DNH-,C P60B/**NI 5BE-,6)=-D, 
+,6E-(*NI (BF ,/M/*6F J5(5P, 0DFJ5**NI 0 60-
0B/(-D5*6/= C0)-KP6D-0)6 (D6G/*6F ,/BL0--
DNI Q46+5G/K. @B/(C/) J5=/)6)L, P)- 4,-=/ 
0,5D*6)/BL*- DN0-4-E- +-,F(45 0--)D/)0)DCO-

R6/ =5),6UN 4-Q..6U6/*)-D FDBFO)0F */06=-

=/),6P*N=6 D 0DFJ6 0 *5B6P6/= D 600B/(C/=-K 

060)/=/ */4-*0/,D5)6D*NI +-J6U6-**NI 06B 6 

I5,54)/,*N *5B6P6/= HB6J46I 6 4,5)*NI 0-H-
0)D/**NI P60/B, P)- 0-J(5S) +,-HB/=N +,6 ,50-
PS)5I. 2=/**- Q)6 -0-H/**-0)6 600B/(C/=NI 
060)/= +-DB6FB6 *5 DNH-, =/)-(-D 6I 5*5B6J5 
6 06*)/J5, +,6D/B6 4 */-HI-(6=-0)6 ,5J,5H-)46 

*-DNI )/-,/)6P/046I +-(I-(-D 6 DNP60B6)/BL-
*NI =/)-(-D. 

1A8;B@@CB IBE:JC :9EAIA=?KAA 

1BF 0)5H6B6J5U66 (D6G/*6F =/I5*6P/046I 
060)/= H-BLM6/ +/,0+/4)6DN -)4,ND5/) +,6-
=/*/*6/ (-0)5)-P*- I-,-M- ,5J,5H-)5**NI D 
*50)-FR// D,/=F =/)-(-D -+)6=6J5U66. >,-R/ 
D0/E- Q)5 J5(5P5 ,/M5/)0F (BF 060)/=, (D6G/*6/ 
4-)-,NI -+60ND5/)0F B6*/K*N=6 6B6 B6*/5,6-

J-D5**N=6 C,5D*/*6F=6 +/,D-E- +,6HB6G/*6F 
+- 9.  . !F+C*-DC. ; Q)-= 0BCP5/ +-45J5)/B/= 

45P/0)D5 060)/=N 0 )-P46 J,/*6F C0)-KP6D-0)6 

(D6G/*6F FDBF/)0F hmax — =5406=5BL*5F D/B6-

P6*5 D/R/0)D/**NI P50)/K 0-H0)D/**NI P60/B 
=5),6UN 4-Q..6U6/*)-D C,5D*/*6K D-J=CRS*-

*-E- (D6G/*6F 060)/=N, +,6PS= (BF C0)-KP6-

D-K 060)/=N, 4-E(5  hmax < 0, =-G*- 0P6)5)L, 
P)- D/B6P6*5 '%!%(hmax| I5,54)/,6JC/) J5+50 C0-
)-KP6D-0)6 (D6G/*6F 060)/=N. %54 454 0-H0)-
D/**N/ P60B5 D 0DFJ6 0 DN0-46= +-,F(4-= =5)-
,6U */ =-EC) HN)L +-BCP/*N D -HR/= D6(/, (BF 
6I -+,/(/B/*6F 6 (BF -,E5*6J5U66 +,-U/005 
-+)6=6J5U66 */-HI-(6=- +,6=/*/*6/ P60B/*-

*NI =/)-(-D. >-04-BL4C D P60B- +5,5=/),-D, -) 
4-)-,NI J5D606) C0)-KP6D-0)L (D6G/*6F, DI--
(F) */ )-BL4- D/B6P6*N, 0--)D/)0)DCOR6/ 4-*-

0),C4U6-**N= -0-H/**-0)F= ,500=5),6D5/=-E- 
Q46+5G5, *- 6 04-,-0)L /E- (D6G/*6F v, D-J-
=-G*N (D/ +-0)5*-D46 J5(5P6 -+)6=6J5U66: 

1. #+,/(/B/*6/ +5,5=/),-D Q46+5G5, +,6 
4-)-,NI J5+50 C0)-KP6D-0)6 =5406=5B/* +,6 

J5(5**-K 04-,-0)6 (D6G/*6F 
2. #+,/(/B/*6/ +5,5=/),-D Q46+5G5, +,6 

4-)-,NI 4,6)6P/045F 0 )-P46 J,/*6F C0)-KP6-

D-0)6 (D6G/*6F 04-,-0)L =5406=5BL*5 +,6 J5-
(5**-K D/B6P6*/ J5+505 C0)-KP6D-0)6. 

$/M/*6/= J5(5P6 -+)6=6J5U66 +5,5=/),-D 
,/BL0-DNI Q46+5G/K D C45J5**-K +-0)5*-D4/ 
J5*6=5B60L ;. 9. !5J5,F*,  . !. "-,-)/*4-, 7. 

;. 1S=6*, !. 9. 1BCE5P, #.  .  5,4-D5, 2. 9. 

@/,/H,F*NK, 7. '. 85J6B/D6P [11—17]. 

; +/,D-= D5,65*)/ D 45P/0)D/ .C*4U66 U/B6 

=-G*- ,500=5),6D5)L 

)Re(max)( i
i

Q "!L  ni ,1! , 

E(/ L  — D/4)-, D5,L6,C/=NI +5,5=/),-D; "i — 

0-H0)D/**N/ P60B5 =5),6UN A B6*/5,6J-D5*-

*-K 060)/=N xx A!  C,5D*/*6K D-J=CRS**-E- 
(D6G/*6F, 6 ,/M5/)0F J5(5P5 +-6045 
Q

* = min Q(L ). 

;- D)-,-= D5,65*)/ U/B/D5F .C*4U6F  
)()( LL  !vQ !   

6 ,/M5/)0F J5(5P5 +-6045 Q* = max Q(L ). 

>,6 +-=-R6 Q)-E- +-(I-(5 HNB6 -+,/(/B/-
*N ,5U6-*5BL*N/ +5,5=/),N ,F(5 B-4-=-)6D-D 
6 D5E-*-D. ; 45P/0)D/ =/)-(-D -+)6=6J5U66 
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60+-BLJ-D5B60L 454 ,/ECBF,*N/, )54 6 0BCP5K-

*N/ =/)-(N +-6045 Q40),/=C=5.  
%54 454 Q../4)6D*-0)L +-6045 0CR/0)D/**- 

J5D606) -) -0-H/**-0)/K U/B/D-K  .C*4U66, (/-
)5BL*- ,500=-),/* /S I5,54)/,. %54 D ,5H-)5I 
 . !. "-,-)/*4-, 7. '. 85J6B/D6P5, ;. 9. %5)5-
,6*-D-K [18, 19] CP6)ND5/)0F -D,5G*-0)L, 0DF-
J5**5F 0 )/=, P)- J*5P/*6/ )Re(maxmin i

i
"

L
 =--

G/) (-0)6E5)L0F (BF ,5JB6P*NI 0-H0)D/**NI 
J*5P/*6K )(1 L"  6 )(2 L" , 6=/OR6I ,5JB6P*N/ 

E,5(6/*)N (0P6)5/=, P)- 0-H0)D/**N/ P60B5 
J5*C=/,-D5*N D +-,F(4/ CHND5*6F 6I D/R/0)-
D/**NI P50)/K). >,6 Q)-= (BF -+)6=6J5U66 60-
+-BLJC/)0F E,5(6/*)*NK =/)-(, 5 0-0)5DBFO-

R6/ E,5(6/*)5 DNP60BFO)0F 0 +-=-RLO .-,-
=CBN, -+,/(/BFOR/K PCD0)D6)/BL*-0)L 0-H0)-
D/**NI P60/B =5),6UN 4 6J=/*/*6O /S 
+5,5=/),-D [5, 20]. 1BF ,/5B6J5U66 Q)-E- 0+--
0-H5 */-HI-(6=- +-0B/ )-E-, 454 -45G/)0F, P)- 

)"" *+ 21 ReRe  () — =5B-/ +-B-G6)/BL*-/ 

P60B-), DNH6,5)L (B6*C -P/,/(*-E- M5E5 )54-K, 

P)-HN +-0B/ */E- 0 */4-)-,-K )-P*-0)LO DN-

+-B*FB-0L ,5D/*0)D- 12 ReRe "" ! , 5 J5)/= *5-

I-(6)L *5+,5DB/*6/ 0B/(COR/E- M5E5 0 CP/)-= 

Q)-E- ,5D/*0)D5. >,-D/(/**N/ DNP60B/*6F +--
45J5B6, P)- +,6=/*/*6/ -D,5G*NI =/)-(-D D 
,500=-),/**NI J5(5P5I C04-,F/) +,-U/00 -+-
)6=6J5U66 6 +-JD-BF/) *5K)6 =/0)- «-D,5E5», D 
4-)-,-= *5I-(F)0F -+)6=5BL*N/ J*5P/*6F U/-
B/D-K .C*4U66. 

":MMBHE@:B N9M:OB@AB JAPPBMB@KA?;<@CG 

NM?>@B@AF >:=INOQ@@:R: J>ASB@AT 

200B/(-D5*6/ C0)-KP6D-0)6 (D6G/*6F ,/BL-
0-DNI Q46+5G/K +,6D-(6) 4 */-HI-(6=-0)6 

5*5B6J5 060)/= (6../,/*U65BL*NI C,5D*/*6K 

6 -+,/(/B/*6F 0-H0)D/**NI P60/B =5),6U 4--
Q..6U6/*)-D B6*/K*NI 6B6 B6*/5,6J6,-D5*-

*NI (6../,/*U65BL*NI C,5D*/*6K D-J=CRS*-

*-E- (D6G/*6F DN0-4-E- +-,F(45. '5B6P6/ D 
P60B/ 06B, (/K0)DCOR6I D 060)/=/,  */4-*0/,-
D5)6D*NI +-J6U6-**NI 06B +,6D-(6) 4 */D-J-
=-G*-0)6 +,6D/(/*6F 060)/=N 4 EB5D*N= 4--
-,(6*5)5= 6 0CR/0)D/**- C0B-G*F/) ,/M/*6/ 
+-0)5DB/**-K J5(5P6. 

1BF C+,-R/*6F ,/M/*6F J5(5P6 60+-BLJ-D5-
B60L =/)-(N H-,,/4)*-E- +-*6G/*6F +-,F(45 
,500=5),6D5/=NI 060)/= C,5D*/*6K. >,6 Q)-= 

60+-BLJ-D5B60L (D5 +-(I-(5. 
; +/,D-= +-(I-(/ (BF +-*6G/*6F +-,F(45 

60I-(*NI B6*/K*NI 060)/=  60+-BLJ-D5B60L 
=/)-(N )-P*-K (/4-=+-J6U66, D P60B/ 4-)-,NI 
– 454 =/)-(N 60+-BLJCOR6/ 5++5,5) )/-,66 

E,C++, )54 6 )/-,/=N - 0),-/*66 4-*/P*-=/,-
*NI 5BE/H,. 
>,6 60+-BLJ-D5*66 =/)-(-D (/4-=+-J6U66, 

CP6)ND5OR6I 06==/),6O 0 +-=-RLO )/-,66 

E,C++, ,5J,5H-)5*N *-DN/ +-(I-(N (BF CPS)5 
DB6F*6F */4-*0/,D5)6D*NI +-J6U6-**NI 06B 6 
Q../4)6D*-E- DN+-B*/*6F 0--)D/)0)DCOR6I 
,50PS)-D [21-23]. '5+,6=/,, +-BCP/*-, P)- 060-
)/=5 C,5D*/*6K D-J=CR/**-E- (D6G/*6F D-0L-
=6-0*-E- D5E-*5 0 -(6*5,*N= ,/00-,*N= +-(-
D/M6D5*6/=, 6=/OR5F 32-K +-,F(-4, ,5JH6D5-
/)0F *5 M/0)L +-(060)/= 0 +-,F(45=6 0--)D/)-
0)D/**- 2, 4, 6, 6, 6, 8, +,6P/= (D/ +-(060)/=N 

6--E- +-,F(45 6(/*)6P*N. >,6 5*5B6J/ ,50PS)-
*-K 0I/=N Q46+5G5 DN0-4-04-,-0)*-E- *5J/=-

*-E- ),5*0+-,)5 *5 QB/4),-=5E*6)*-= +-(D/-
M6D5*66 +-BCP/*-, P)- 060)/=5 C,5D*/*6K 78-

-E- +-,F(45 ,50+5(5/)0F *5 P/)N,/ +-(060)/=N, 

6=/OR6/ +-,F(46 12, 12, 28 6 26. 

1BF (5BL*/KM/E- +-*6G/*6F +-,F(45 7. '. 

85J6B/D6P/= HNB6 ,5J,5H-)5*N [21, 24, 25] =/-
)-(N +,6D/(/*6F */04-BL46I =5),6U 4 *56BCP-
M/=C HB-P*--(65E-*5BL*-=C 6 *56BCPM/=C 
HB-P*--),/CE-BL*-=C D6(C 0 +-=-RLO J5=/*N 

+/,/=/**NI. @B/(C/) J5=/)6)L, P)- E-)-D-/ 
,/M/*6/ )546I J5(5P /0)L )-BL4- (BF 0BCP5F 
-(*-K =5),6UN. #(*C =5),6UC =-G*- +,6D/0)6 

4 /S G-,(5*-D-K .-,=/. @-J(5*6/ 45*-*6P/-
04-K .-,=N (BF +5,N =5),6U — J*5=/*6)5F 
*/,/MS**5F J5(5P5. T)C J5(5PC 6 Q4D6D5B/*)-
*N/ /K J5(5P6 *5JND5O) (646=6 J5(5P5=6 [26]. 

;)-,-K +-(I-( 0DFJ5* 0 C+,-R/*6/= */B6-

*/K*NI (6../,/*U65BL*NI C,5D*/*6K. 

; ,5H-)/ [27] (BF 4-,,/4)*-E- +-*6G/*6F 
+-,F(45 */B6*/K*NI (6../,/*U65BL*NI C,5D-
*/*6K D-J=CRS**-E- (D6G/*6F 5D)-*-=*NI 
060)/= +,/(B-G/* =/)-(, -0*-D5**NK *5 60-
4BOP/*66 HN0),- J5)CI5OR6I ,/M/*6K. >,6 

Q)-= 0*5P5B5  +,-6JD-(6)0F B6*/5,6J5U6F  60-
I-(*-K 060)/=N =/)-(5=6 P/HNM/D046I +,6-
HB6G/*6K [28] 6 +-0B/(COR// +,6D/(/*6/ B6-
*/5,6J-D5**-K 060)/=N 4 EB5D*N= .5J-DN= 

4--,(6*5)5= +,6 +-=-R6 =5),6UN +,/-H,5J--
D5*6F, 0)-BHU5=6 4-)-,-K FDBFO)0F 0-H0)D/*-

*N/ D/4)-,N =5),6UN B6*/5,6J-D5**-K 060)/-
=N. :5)/= D */B6*/K*-K 060)/=/ +/,/=/**N/, 
0--)D/)0)DCOR6/ HN0),- J5)CI5OR6= EB5D*N= 

4--,(6*5)5= B6*/5,6J-D5**-K 060)/=N, +-B5-
E5O)0F ,5D*N=6 *CBO. 

%54G/ HNB- ,500=-),/*- +-*6G/*6/ +-,F(-
45 */5D)-*-=*NI */B6*/K*NI 060)/= [7]. 

15BL*/KM// ,5JD6)6/ Q)6 0+-0-HN +-BCP6B6 

D ,5H-)/ [29], D 4-)-,-K ,/4-=/*(C/)0F D=/0)- 
B5E,5*G/D-K +,6=/*F)L E5=6BL)-*-DC .-,=C 
C,5D*/*6K 6 60+-BLJ-D5)L +,/-H,5J-D5*6/ 
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3-,(5 [30], P)-HN 6JH/G5)L +-)/,6 )-P*-0)6 

+,6 -H,5R/*66 +B-I- -HC0B-DB/**-K =5),6UN. 

" C45J5**N= ,5H-)5= HB6J45 6 ,5H-)5 [31], D 
4-)-,-K +,6 +,/-H,5J-D5*66 B6*/5,6J-D5**-K 

+- </HNM/DC 060)/=N */ ),/HC/)0F ,/M/*6F 
+-B*-K +,-HB/=N 0-H0)D/**NI J*5P/*6K =5)-
,6UN. 

7M:U;BI? I?;:8EA @?D?;<@CG >:=INOB@AF 

"54 6JD/0)*-, )/-,/=N !F+C*-D5 -H C0)-K-

P6D-0)6 6 */C0)-KP6D-0)6 +- +/,D-=C +,6HB6-

G/*6O +,6=/*6=N )-BL4- +,6 (-0)5)-P*- =5-
BNI *5P5BL*NI 6 )/4CR6I D-J=CR/*6FI [5]. 

>-Q)-=C */-HI-(6=5 -U/*45 ,/JCBL)5)-D, +--
BCP/**NI +- +/,D-=C +,6HB6G/*6O. 

; Q)-= *5+,5DB/*66 D5G*5 ,5H-)5 7. '. 85-
J6B/D6P5 [32], D 4-)-,-K +-BCP/*5 -U/*45 -H-
B50)6 +,6)FG/*6F ,/M/*6F 060)/=N (6../,/*-

U65BL*NI C,5D*/*6K, ). /. )54-K -HB50)6, D*C)-
,6 4-)-,-K *5P5BL*N/ D-J=CR/*6F E5,5*)6,--
D5**- HC(C) (-0)5)-P*- =5BN=6 (BF 
+,6=/*/*6F )/-,66 9.  . !F+C*-D5.   
%54 (BF 060)/=N  C,5D*/*6K 

F(x)xx &! A
.

, 

E(/ x – n-=/,*NK D/R/0)D/**NK D/4)-,; " – +--
0)-F**5F D/R/0)D/**5F =5),6U5 +,-0)-K 0),C4-
)C,N; F(x) – D/4)-,-.C*4U6F, (BF 4-)-,-K DN-

+-B*F/)0F */,5D/*0)D- 
 &

,-
1

) xxF M( , 

E(/ M 6   – +-B-G6)/BL*N/ P60B5; ,  – /D4B6-

(-D5 *-,=5: .!
k

k

22
xx , (-0)5)-P*- =5BN=6 

HC(C) *5P5BL*N/  D-J=CR/*6F, C(-DB/)D-,FO-

R6=6  */,5D/*0)DC 

/ 0
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PMPn
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1

1
xx  

(J(/0L i"  – 0-H0)D/**N/ P60B5 =5),6UN "; # – 

=5),6U5, 0)-BHU5=6 4-)-,-K FDBFO)0F 0-H0)-
D/**N/ D/4)-,N =5),6UN "). 

@--)D/)0)DCOR6/ ,50P/)N =-G*- DN+-B-
*6)L (5G/ (BF 060)/=N C,5D*/*6K DN0-4-E- 
+-,F(45. 1/K0)D6)/BL*-, D0/ DNP60B/*6F J(/0L 
0D-(F)0F 4 -+,/(/B/*6O 0-H0)D/**NI P60/B 6 

45*-*6P/046I H5J60-D =5),6U. T)- =-G*- -0C-
R/0)D6)L 0 +-=-RLO I-,-M- J5,/4-=/*(-D5D-
M6I 0/HF 5BE-,6)=-D (*5+,6=/,, QR-5BE-,6)=5 
6 =/)-(5 -H,5)*NI  6)/,5U6K). 

1-0)-6*0)D5=6 +,/(B-G/**-K -U/*46 FD-
BFO)0F /S 0,5D*6)/BL*5F +,-0)-)5 6 +,6=/*6-

=-0)L 4 060)/=/ (-0)5)-P*- DN0-4-E- +-,F(45, 
5 )54G/ */+-0,/(0)D/**-/ +,60C)0)D6/ D .-,-

=CB/ D/B6P6*N )Re(max i
i

h "! , 60+-BLJC/=-K D 

45P/0)D/ J5+505 C0)-KP6D-0)6 D J5(5P5I H-BL-
M6I ,5J=/,*-0)/K. 

" Q)-=C *5+,5DB/*6O +,6=N45/) ,5H-)5 
[28], D 4-)-,-K +,/(B5E5/)0F J5=/*6)L +,5DN/ 
P50)6 C,5D*/*6K D-J=CRS**-E- (D6G/*6F 6I 
BCPM6= B6*/K*N= +,6HB6G/*6/= +- </HNM/-
DC D J5(5**-K -4,/0)*-0)6 D *5P5B5 4--,(6*5). 
; Q)-= 0BCP5/ ,50M6,F/)0F -HB50)L +,6=/*/-
*6F +/,D-E- +,6HB6G/*6F 6 +-FDBF/)0F D-J-
=-G*-0)L +,6D/0)6 4,6)6P/046/ 0BCP56 4 */-
4,6)6P/046= [28, 33-35]. 

+?H;VDB@AB 

#HM6,*N/ )/-,/)6P/046/ ,/JCBL)5)N 6 H--
E5)NK Q40+/,6=/*)5BL*NK =5)/,65B +- 600B/-
(-D5*6O (6*5=646 B-4-=-)6D-D 6 D5E-*-D +--
JD-B6B6 ;. 9. !5J5,F*C 0.-,=CB6,-D5)L ),/H--
D5*6F, -H/0+/P6D5OR6/ I-,-M6/ (6*5=6P/046/ 
45P/0)D5 ,/BL0-DNI Q46+5G/K [36]. %,/H-D5*6F 
Q)6 0-(/,G5) (D5 C0B-D6F. >/,D-/ J54BOP5/)0F 
D )-=, P)- 506=+)-)6P/045F C0)-KP6D-0)L D J5-
(5**-= (65+5J-*/ 04-,-0)/K (-BG*5 HN)L 
-H/0+/P/*5. 30B-D6/ Q)- FDBF/)0F */-HI-(6-

=N=, *- */ (-0)5)-P*N=, )54 454 */-HI-(6=- 
/R/, P)-HN +/,/=/R/*6F, C04-,/*6F 6 C06B6F, 
D-J*645OR6/ D0B/(0)D6/ 4-B/H5*6K +,6 (D6-

G/*66 Q46+5G/K +- ,/BL0-D-=C +C)6 */ +,/-
DNM5B6 J5(5**NI J*5P/*6K. %- /0)L +5,5=/),N 

060)/=N (-BG*N DNH6,5)L0F 6J -HB50)6 506=-

+)-)6P/04-K C0)-KP6D-0)6 +,6 C0B-D66, P)- 
,/54U6F 060)/=N *5 D-J=CR/*6F +,6 DN*CG-

(/**NI 4-B/H5*6FI HC(/) -E,5*6P/*5. T)-) ,/-
JCBL)5) FDBF/)0F D5G*N= (BF +,-/4)6,-D5*6F 6 

-U/*46 4-*0),C4U6K ,/BL0-DNI Q46+5G/K. 

828!2#?$9V2<&@"2W @>2@#" 

1. !5J5,F*, ;. 9. @-H0)D/**N/ 4-B/H5*6F )/B/G/-
P*NI E,CJ-DNI D5E-*-D [%/40)] / ;. 9. !5J5,F* 
// ;/0)*64 ;'22X%. – 1958. – Y 2. – @. 7-12. 

2. !5J5,F*, ;. 9. ;B50*A 4-B6D5**F B-4-=-)6DAD 
[%/40)] / ;. 9. !5J5,F* // >,64B. =/I5*645. – 

1960. – 6, Y 1. – @. 312-319. 

3. !5J5,F*, ;. 9. >,6=/*/*6/ =5)/=5)6P/046I 
=5M6* */+,/,ND*-E- (/K0)D6F 4 ,/M/*6O J5-
(5P (6*5=646 +-(D6G*-E- 0-0)5D5 G/B/J*NI 
(-,-E. [%/40)] / ;. 9. !5J5,F*. –  .: %,5*0G/B-
(-,6J(5), 1962. – 218 0. 

4. !5J5,F*, ;. 9. 16*5=645 D5E-*-D  [%/40)] /  

;. 9. !5J5,F*. –  .: %,5*0+-,), 1964. – 256 0. 
5. !5J5,F*, ;. 9. 30)-KP6D-0)L (D6G/*6F ,/BL0--

DNI Q46+5G/K [%/40)] / ;. 9. !5J5,F*,  

!. 9. 1BCE5P,  . !. "-,-)/*4-. – ".: '5C4. (C=-

45, 1972. – 199 0. 
6. !5J5,F*, ;. 9. 200B/(-D5*6F C0)-KP6D-0)6 

(D6G/*6F ,/BL0-DNI Q46+5G/K [%/40)] /  
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;. 9. !5J5,F* // >,64B. =/I5*645. – 1977. –  

Y 10. – @. 80-86. 

7. !5J5,F*, ;. 9. >,6=/*/*6/ +,6*U6+5 0D/(/*6F 
4 600B/(-D5*6O 4-B/H5*6K */5D)-*-=*NI */-
B6*/K*NI 060)/= [%/40)] / ;. 9. !5J5,F*,  

!. 9. 1BCE5P,  . !. "-,-)/*4- // '5E,CG/*-
*-0)L, 4-B/H5*6F 6 +,-P*-0)L 0B-G*NI =/I5*6-

P/046I 060)/= : 0H. 0). / 9' 3@@$, 1*/+,-+/),. 
-)(-*6/ 6*-)5 =/I5*646. – ".: '5C4. (C=45, 
1977. – @. 3-7. 

8. !5J5,F*, ;. 9. "-B/H5*6F G/B/J*-(-,-G*-E- 
0-0)5D5 [%/40)] / ;. 9. !5J5,F* // ;6H,5U66 D 
)/I*64/. –  ., 1980. – %. 3:  5M6*-0),-/*6/. – 

@. 398-433. 

9. !5J5,F*, ;. 9. #+,/(/B/*6/ +5,5=/),-D P/)N,/-
I-0*-E- +-BCD5E-*5, +,6 4-)-,NI /E- (D6G/*6/ 
C0)-KP6D- [%/40)] / ;. 9. !5J5,F*,  . !. "-,--
)/*4-, 9. 9. !LD-D // ;-+,-0N (6*5=646 6 +,--
P*-0)6 +-(D6G*-E- 0-0)5D5: %,. 122%5. –  ., 

1966. – ;N+. 62. – @. 3-25. 

10. !5J5,F*, ;. 9. ;B6F*6/ C+,-R/*6K ,50P/)*-K 
0I/=N *5 ,/JCBL)5)N 600B/(-D5*6F C0)-KP6D-0-
)6 (D6G/*6F P/)N,/I-0*-E- +-BCD5E-*5 [%/40)] 
/ ;. 9. !5J5,F*,  . !. "-,-)/*4-, ;. 1. 15*-D6P 
// ;-+,-0N (6*5=646 +-(D6G*-E- 0-0)5D5: %,. 
122%5. –  ., 1967. – ;N+. 68. – @. 42-47. 

11. #+,/(/B/*6/ 0-H0)D/**NI J*5P/*6K =5),6U 

DN0-46I +-,F(4-D +,6 +-=-R6 QR-5BE-,6)=5 
[%/40)] / ;. 9. !5J5,F* 6 (,. // '/4-)-,N/ J5(5-
P6 =/I5*646 04-,-0)*-E- ,/BL0-D-E- ),5*0+-,-
)5:  5)/,65BN *5CP.-)/I*. 0-D/R. (1*/+,-+/)-
,-D04, 1972 E.). – "., 1973. – @. 43-55. 

12. !5J5,F*, ;. 9. >,6=/*/*6/ P60B/**NI =/)-(-D 
-+)6=6J5U66 4 600B/(-D5*6O C0)-KP6D-0)6 */-
D-J=CRS**-E- (D6G/*6F [%/40)] / ;. 9. !5J5-
,F*,  . !. "-,-)/*4- // >/,/I-(*N/ ,/G6=N 

(D6G/*6F 6 4-B/H5*6F +-(D6G*-E- 0-0)5D5: %,. 
122%5. – 1., 1970. – ;N+. 114. – @. 69-73. 

13. !5J5,F*, ;. 9. >,6=/*/*6/ P60B/**NI =/)-(-D 
-+)6=6J5U66 4 -+,/(/B/*6O ,5U6-*5BL*NI +5-
,5=/),-D ,/BL0-DNI Q46+5G/K [%/40)] /  

;. 9. !5J5,F*,  . !. "-,-)/*4-, #.  . $5)*64--
D5 // ;NP60B6)/BL*5F =5)/=5)645 D 0-D,/=/*-

*-= *5CP*--)/I*6P/04-= +,-E,/00/: %,. *5CP. 
4-*.. – "5*/D, 1974. – @. 3-6.  

14. !5J5,F*, ;. 9. >,6=/*/*6/ =/)-(5 0BCP5K*-E- 
+-6045 4 -+,/(/B/*6O ,5U6-*5BL*NI J*5P/*6K 

+5,5=/),-D ,/00-,*-E- +-(D/M6D5*6F [%/40)] / 
;. 9. !5J5,F*,  . !. "-,-)/*4-, #.  . $5)*64--
D5 // 16*5=645 6 +,-P*-0)L DN0-4-04-,-0)*-E- 
*5J/=*-E- ),5*0+-,)5 / 9' 3@@$. – ". 1976. – 

@. 97-103. 

15. :6BLH/,=5*, 2. 9. #H -(*-= 5BE-,6)=/ -+)6=6-
J5U66 +5,5=/),-D (6*5=6P/046I 060)/= [%/40)] 
/ 2. 9. :6BLH/,=5*,  . !. "-,-)/*4- // 16*5=6-
45 6 +,-P*-0)L DN0-4-04-,-0)*-E- *5J/=*-E- 
),5*0+-,)5 / 9' 3@@$. – "., 1976. – @. 106-110. 

16. "-,-)/*4-,  . !. #+)6=6J5U6F +5,5=/),-D ,/-
BL0-DNI Q46+5G/K +- D/B6P6*/ 4,6)6P/04-K 

04-,-0)6 [%/40)] /  . !. "-,-)/*4-, #.  . $5)-
*64-D5 // 200B/(-D5*6F D -HB50)6 (6*5=646 ,/-

BL0-DNI Q46+5G/K: %,. 122%5. – 1., 1976. – 

;N+. 182/22. – @. 18-21. 

17. "-,-)/*4-,  . !. " 60+-BLJ-D5*6O -(*-E- 6J 
=/)-(-D EB-H5BL*-E- +-6045 +,6 -+,/(/B/*66 
,5U6-*5BL*NI +5,5=/),-D ,/BL0-DNI Q46+5G/K 

[%/40)] /  . !. "-,-)/*4-, #.  . $5)*64-D5 // 

16*5=645 6 +,-P*-0)L DN0-4-04-,-0)*-E- *5-
J/=*-E- ),5*0+-,)5 / 9' 3@@$. – "., 1976. –  

@. 103-106. 

18. 85J6B/D6P, 7. '. # +,6=/*/*66 =/)-(-D )/-,66 

PCD0)D6)/BL*-0)6 (BF 0)5H6B6J5U66 0B-G*NI 
(6*5=6P/046I 060)/=. [%/40)] / 7. '. 85J6B/-
D6P,  . !. "-,-)/*4-, ;. 9. %5)5,6*-D5 // %/--
,6F 6*D5,65*)*-0)6 6 /S +,6=/*/*6/. <. 2. – ".: 

'5C4. (C=45, 1979. – @. 16-21. 
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6 +,-P*-0)L 0B-G*NI =/I5*6P/046I 060)/=. – 

"., 1977. – @. 31-33. 

20. "5)-, %. %/-,6F D-J=CR/*6K B6*/K*NI -+/,5-
)-,-D [%/40)] / %. "5)-. –  .:  6,, 1972. –  

740 0. 
21. 85J6B/D6P, 7. '. $50R/+B/*6/ C,5D*/*6K */-
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J6U66 D B6*/K*NI J5(5P5I =/I5*646 [%/40)] / 
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156 0. 
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(060)/= [%/40)] / 7. '. 85J6B/D6P // 16../-
,/*U. C,5D*/*6F. – 1980. – 16, Y 2. – @. 360-361. 

25. 85J6B/D6P, 7. '. %-P*5F (/4-=+-J6U6F B6*/K-
*NI 060)/= [TB/4),-*. ,/0C,0] / 7. '. 85J6B/-
D6P // TB/4),-**NK GC,*5B «200B/(-D5*- D 
$-0066», 018, 0),. 182-190, 2006 E. – @+-0-H 
(-0)C+5 – http://zhurnal.ape.relarn.ru/articles/ 

2006/018.pdf 

26. 1,-J(, 7. 9. # ,CP*NI 6 (646I =5),6P*NI J5-
(5P5I [%/40)] / 7. 9. 1,-J( //  5),6P*N/ J5(5-
P6. – ".: 2*-) =5)/=5)646 9' 3@@$, 1977. –  

@. 104-114.  

27. >-*6G/*6/ +-,F(45 060)/= */B6*/K*NI (6../-
,/*U65BL*NI C,5D*/*6K (D6G/*6F +C)/= 604-
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1975. – ;N+.8. – @. 81-88. 
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28. 1BCE5P, !. 9. # +,6=/*/*66 =/)-(-D P/HNM/D0-
4-K 5++,-406=5U66 4 600B/(-D5*6O C0)-KP6D--
0)6 (D6G/*6F D 4,6)6P/046I 0BCP5FI [%/40)] / 

!. 9. 1BCE5P // >,64B. =/I5*645. – 1965. –  

;N+. 8. – @. 139-140. 

29. 1BCE5P, !. 9. >-*6G/*6/ +-,F(45 E5=6BL)-*--
DNI 060)/= [%/40)] / !. 9. 1BCE5P, ;. 9. %5)5-
,6*-D5 //'5E,CG/**-0)L 6 (6*5=6P/046/ 45P/0-
)D5 =/I5*6P/046I 060)/=. – ".: '5C4. (C=45, 
1981. – @. 19-24. 

30. >5,0, !. 9*5B6)6P/045F (6*5=645 [%/40)] /  

!. >5,0. –  .:  6,, 1970. – 636 0. 
31. :6BLH/,=5*, 2. 9. # +-*6G/*66 +-,F(45 060)/-

=N (6../,/*U65BL*NI C,5D*/*6K [%/40)] /  

2. 9. :6BLH/,=5* // '5E,CG/**-0)L 6 (6*5=6-
P/046/ 45P/0)D5 =/I5*6P/046I 060)/=. – ".: '5-
C4. (C=45, 1981. – @. 24-28. 

32. 85J6B/D6P, 7. '. #U/*45 -HB50)6 +,6)FG/*6F 
,/M/*6F C,5D*/*6K (D6G/*6F 0 +-=-RLO 0-H0-
)D/**NI P60/B [%/40)] / 7. '. 85J6B/D6P // "--
B/H5*6F 6 (6*5=6P/046/ 45P/0)D5 =/I5*6P/046I 
060)/=. – ".: '5C4. (C=45, 1983. – @. 14-17. 

33. 1BCE5P, !. 9. >,6=/*/*6/ =/)-(-D P/HNM/D0-
4-E- +,6HB6G/*6F 4 D-+,-05= C0)-KP6D-0)6 
*/B6*/K*NI 4-B/H5*6K [%/40)] / !. 9. 1BCE5P // 

@-D/R5*6/ +- +,-HB/=/ */B6*/K*NI 4-B/H5*6K 

=/I5*6P/046I 060)/=: %/J. (-4B. – $6E5, 1964. – 

@. 33-34. 

34. 1BCE5P, !. 9. # +,6=/*/*66 </HNM/D046I +,6-
HB6G/*6K 4 D-+,-05= */B6*/K*NI 4-B/H5*6K 

[%/40)] / !. 9. 1BCE5P // ;-+,-0N (6*5=646 +--
(D6G*-E- 0-0)5D5 6 +,6=/*/*6F =5)/=5)6P/0-
46I =5M6*: %,. 122%5. – 1., 1964. – ;N+. 50. – 

@. 47-51. 

35. 1BCE5P, !. 9. 20+-BLJ-D5*6/ P/HNM/D04-K 5++-
,-406=5U66 (BF 600B/(-D5*6F C0)-KP6D-0)6 
(D6G/*6F G/B/J*-(-,-G*NI Q46+5G/K [%/40)] / 
!. 9. 1BCE5P, &. '. 1-H,-D-BL045F // $/M/*6/ 
6*G/*/,*NI J5(5P (BF G/B/J*-(-,-G*-E- 
),5*0+-,)5: %,. 122%5. – 1., 1973. – ;N+. 3. – 

@. 61-65.  

36. !5J5,F*, ;. 9. @-D,/=/**N/ +,-HB/=N ),5*0-
+-,)*NI 0,/(0)D [%/40)] / ;. 9. !5J5,F* // 

'5E,CG/**-0)L, +,-P*-0)L, C0)-KP6D-0)L 
(D6G/*6F =/I5*6P/046I 060)/=. – ".: '5C4. 
(C=45, 1980. – @. 3-43. 
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 !" 629.4 

 . !. "# $%&'(, ).*.+., ,-./+*, 011$ (2)345+4); 
6. 7. $#8$, 011$ (2)345+4) 

#$%&'()* +&*',-*.,/ 0&12!,3 0*1&0*1$#)242 

5+24+*0 3*))/ 3 -*!*#*6 251$0*'()242 

5+2&"1 3*))/ 0&6*),#)$6 "2)%1+ ".,7

2 9*4**: 3-;<=>,4?*@9> AB*4++> CB9/=@+-5 3/4=:;4.:5 D/*-,:E D4*/D4*BC+-<- A3-<34DFE4++> E ;4,4C4G -A-

*BD4=@+-<- A3-/)*FE4++> D/G4+:C+BG )-+9*3F).:H. I4 J4;: D/*-,F A3-/).:H <34,:?+*4 3-;3-J=/+4 H 4A3-J--

E4+4 D/*-,B)4 CB9/=@+-5 -A*BD:;4.:5 D/G4+:C+BG )-+9*3F).:H. 8B)-+4+- 4+4=:; ;J:K+-9*: A3-./9F -A*BD:;4-
.:5 ,=> 3:;+BG A-C4*)-EBG A3-/)*:E. I4,4+- 3/)-D/+,4.:5 L-,- ,-J-3F A-C4*)-EBG A3-/)*:E A3B CB9/=@+:H 

-A*BD:;4.:5. 

8 9*4*@/ 3499D4*3BE4/*9> E-A3-9 CB9=/++-H 3/4=B;4.BB D/*-,-E D4*/D4*BC/9)-<- A3-<34DDB3-E4+B> E 
;4,4C4G -A*BD4=@+-<- A3-/)*B3-E4+B> D/G4+BC/9)BG )-+9*3F).BH. I4 J4;/ D/*-,4 A3-/).BH <34,B/+*4 34;-
34J-*4+4 B 4A3-JB3-E4+4 D/*-,B)4 CB9=/++-H -A*BDB;4.BB D/G4+BC/9)BG )-+9*3F).BH. 8MA-=+/+ 4+4=B; 
9G-,BD-9*B A3-./994 -A*BDB;4.BB ,=> 34;=BC+MG +4C4=@+MG A3-/)*-E. 04+M 3/)-D/+,4.BB A- EMJ-3F +4-
C4=@+MG A3-/)*-E A3B CB9=/++-H -A*BDB;4.BB. 

In the article the question of numeral realization of methods of the mathematical programming is examined in 

the tasks of the optimum planning of mechanical constructions. On the base of method of gradient projections the 

method of numeral optimization of mechanical constructions is developed and approved. The analysis of conver-

gence of optimization process is executed for different initial projects. The recommendation on the choice of initial 

projects during numeral optimization is given. 

#,+:?N ; A/3O-C/3<-EBG ;4,4C +4 ,4+-DF 

/*4A: 3-;EB*)F */G+:)B ? ;4,4C4 -A*BD4=@+-<- 

A3-/)*FE4++> D/G4+:C+BG )-+9*3F).:H. !)*F4-
=@+:9*@ A-3FO/+-5 A3-J=/DB P3F+*F?*@9> +4 
+/-JG:,+-9*: /)-+-D:5 D4*/3:4=:E : 9B3-EB+B +4 
9*4,:>G >) EB<-*-E=/++>, *4) : A3-/)*FE4++> 
D4OB+. 19+F? ;+4C+4 ):=@):9*@ A/3O-,K/3/= ; 
AB*4+@ D4*/D4*BC+-<- A3-<34DFE4++>, */-3:5 *4 
D/*-,:E -A*BD:;4.:5. #,+4C/ A3-J=/D4 CB9/=@-
+-5 3/4=:;4.:5 D/*-,:E D4*/D4*BC+-<- A3-<34-
DFE4++> A3B+4=/K+- ,- ;4,4C -A*BD4=@+-<- 

A3-/)*FE4++> D/G4+:C+BG )-+9*3F).:H ,-9=:-
,K/+4 +/,-9*4*+@-. $-DF A-9*4? AB*4++> 3-;-
3-J)B ,:?E-5 A3-./,F3B CB9/=@+-5 -A*BD:;4.:5 F 

;4,4C4G D/G4+:)B. 

Q4,4CF +/=:+:H+-<- D4*/D4*BC+-<- A3-<34-
DFE4++> F R-3D4=@+:H A-9*4+-E.: 9R-3DF=N?-
D- *4): ;+4H*B *4)BH E/)*-3 ;D:++BG A3-/)*F-

E4++> (A3-/)* )-+9*3F).:5) kb R , >)BH D:+:D:-
;F? RF+).:-+4= >)-9*: 
 0 ( )b!  (1) 

A3B ;4,4+BG -JD/K/++>G 

 ( ) 0, 1,..., ,i b i n! " "  (2) 

 ( ) 0, 1,..., ,i b i n m! # " $  (3) 

0=> EB3:O/++> ;4,4C: ;49*-9F?D- D/*-, A3--

/).:H <34,:?+*4 (7ST), 4=<-3B*D >)-<- J4;F?*@-
9> +4 *-DF, L- +4 )-K+:H :*/34.:5 RF+).:-+4= 

>)-9*: ;D/+OF?*@9>, 4 -JD/K/++> +/ A-3FOF-

N*@9> [1, 2]. 

#9+-E+F 9)=4,+:9*@ A3B EB)-3B9*4++: 7ST 

,=> -A*BD:;4.:5 3/4=@+BG )-+9*3F).:H A3/,9*4-
E=>? A3-./,F34 -JCB9=/++> D4*3B.: <34,:?+*:E 
RF+).:H >): ;4,4N*@ -JD/K/++> +4 ;D:++: A3-/-
)*FE4++> : A434D/*3B 9*4+F )-+9*3F).:5.  

74*3B.> -JD/K/+@ A  D4?  EB<=>,: 

1 1 1

1 2

2 2 2

1 2

1 2

...

...( , )
,

... ... ... ...

...

j

T

j

m m m

j

b b b

B Z
b b bA

B

b b b

! ! !

! ! !
!

! ! !

% % %& '
( )% % %( )
( )% % %
( )%* + % % %" " ( ), -%. / ( )
( )
% % %( )
( )% % %0 1

 (4) 

,/ Z  – E/)*-3 3-;D:3+-9*: m  ;D:++BG 9*4+F; 

B – E/)*-3 3-;D:3+-9*: j  ;D:++BG A3-/)*FE4+-

+>. 

U=/D/+*B D4*3B.: 
( , )B Z

B

!%
%

D-K+4 ;+4H*B 

O=>G-D ,BR/3/+.:NE4++> 4+4=:*BC+BG ;4=/K-

+-9*/H -JD/K/+@ E:, ;D:++BG A3-/)*FE4++>. 
!=/ A3B -A*BD:;4.:5 3/4=@+BG D/G4+:C+BG )-+9-
*3F).:H *4): ;4=/K+-9*: -,/3K4*B A34)*BC+- 

+/D-K=BE-, *-DF A3-A-+F?*@9> 9)=4,-E: /=/D/-
+*B D4*3B.: -JD/K/+@ -,/3KFE4*B CB9/=@+- 
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[3]. Q .:?N D/*-N EB)-3B9*4?D- E:,-DBH EB34; 
,=> -JCB9=/++> C49*B++BG A-G:,+BG RF+).:5 
J4<4*@-G ;D:++BG: 

1 2

1 2

( , ,..., ,..., )

( , ,..., ,..., )
.

i k k ji

k k

i k j

k

b b b b b

b b

b b b b

b

!!

!

$ 2%
" 3

% 2

3
2

 (5) 

8B;+4C/++> ;+4C/+@ RF+).:5 i!  EB)-+F?*@9> 

3-;34GF+)-D )-+9*3F).:5 ;4 D/*-,-D 9):+C/+-

+BG /=/D/+*:E (7 U) [4]. ! 94D/: 9A-C4*)F EB-

;+4C4N*@9> +4A3FK/++> i4 5  F /=/D/+*:, ,=> >)--

<- ;4,4+: -JD/K/++> A-*:D, A:9=> +4,4++> A3B-

3-9*F k -DF A434D/*3F, 3-;34GF+-) A-E*-3N-

?*@9> *4 EB;+4C4?*@9> +4A3FK/++> i4 55  ;4 

;D:+/+-<- ;+4C/++> k -<- A434D/*34. 
 )=4,-E: D4*3B.: -JD/K/+@ EB;+4C4N*@9> 

>) 

i i i

k kb b

! 4 455 5% 3
"

% 2
.   (6) 

Q D/*-N >):9+-5 -.:+)B EA=BEF E43:4.:H ;D:++BG 

A3-/)*FE4++> +4 .:=@-EF RF+).:N EB)-3B9*-EF-

?*@9> EB34;: 

i i i

k kb b

! 4 4
6

55 5% 3
" 7

% 2
,  (7) 

,/ 6  – +-3DFNCBH D+-K+B), >)BH -JCB9=N?*@-
9> ;4 EB34;-D: 

2

1

1

m
i i

j kb

6
4 4

"

"
55 5* +3

, -2. /
8

.  (8) 

I/,-=:)-D *4)-5 D/*-,B)B D-K+4 +4;E4*B 

+/-JG:,+:9*@ A/3/34GF+)F )-+9*3F).:5 ;4 7 U. 

S3-*/ ./ +:E/=N?*@9> 9FC49+BD 3:E+/D 3-;EB*-
)F -JCB9=NE4=@+-5 */G+:)B. 84K=BE-N -9-J=B-

E:9*N ;4A3-A-+-E4+-5 D/*-,B)B ? +/E/=B)4 3--

;D:3+:9*@ D4*3B.: -JD/K/+@. I4A3B)=4,, A3B-

+4=/K+- ,- ;4,4C D/G4+:)B ,/R-3D-E4+-<-  *:-
=4, D:.+:9*@ )-+9*3F).:5 ;4 ,/>)-<- EB,F 

+4E4+*4K/++> -JFD-E=/+4 D:.+:9*N ):=@)-G 

/=/D/+*:E. Q .@-<- EBG-,B*@, L- CB9=- RF+).:H 

-JD/K/+@ ;4 D:.+:9*N : 3-;D:3+:9*@ D4*3B.: 
-JD/K/+@ A  JF,F*@ +/E/=B):. 

0=> 4A3-J4.:5 D/*-,B)B CB9/=@+-5 -A*BD:-
;4.:5 -J/3/D- ;4,4CF -A*BD:;4.:5 *3B9*3BK+/E-5 
9*4*BC+- +/EB;+4C/+-5 R/3DB, >)4 D4? 4+4=:*B-

C+/ 3:O/++> [1]. I4E4+*4K/++>  R/3DB ;,:H9-
+N?*@9>  9B=-N 28,3P "  )I >)4 A3B)=4,/+4 A:, 

)F*-D 459 " : (,BE. 3B9. 1). 

7/*-N A3-/)*FE4++> ? EBJ:3 A=-L A-A/3/-
C+BG A/3/3:;:E -)3/DBG 9*3BK+:E 1b , 2b  : 3b  

*4)BD CB+-D, L-J R/3D4 D4=4 +4HD/+OF E4<F 

*4 ;4,-E-=@+>=B9@ -JD/K/++> +4 +4A3FK/++> 
*4 3-;D:3B 9*3BK+:E. VF+).:-+4= >)-9*: ,=> 
,4+-5 ;4,4C: – E4<4 )-+9*3F).:5: 

0 1 2 3(10 2 10 10 2 )g b b b! ;" 7 7 7 $ 7 $ 7 , 

,/ g; 7 – AB*-D4 E4<4 D4*/3:4=F, ; >)-<- EB-

<-*-E=/+4 R/3D4. 

 

%B9. 1. $3B9*3BK+/E4 R/3D4 

#JD/K/++> +4 +4A3FK/++> F 9*3BK+>G R/3-

DB: 

1 1

2 2

3 3

[ ] 0,

[ ] 0,

[ ] 0.

4 4

4 4

4 4

3 #

3 #

3 #
 #JD/K/++> +4 ;D:++: A3-/)*FE4++> ;4,4D- F 

EB<=>,:: 

1 2 30, 0, 0.b b b< < <  

Q4,4C4 JF=4 EB3:O/+4 *3@-D4 9A-9-J4DB: 

  4+4=:*BC+-, ;4 ,-A-D-<-N FD-E "F+4-
$4))/34; 

  CB9/=@+-, 7ST ; EB)-3B9*4++>D 4+4=:-
*BC+BG EB34;:E ,=> RF+).:H >): ;4,4N*@ 
-JD/K/++> +4 +4A3FK/++> F 9*3BK+>G; 

  CB9/=@+-, 7ST ; EB)-3B9*4++>D ;4A3--

A-+-E4+-5 CB9/=@+-5 A3-./,F3B EB;+4-
C/++> <34,:?+*:E RF+).:H >): ;4,4N*@ 
-JD/K/++> +4 +4A3FK/++> F 9*3BK+>G 

(7ST 9FD:9+- :; 7 U). 

#A*BD4=@+: A3-/)*B *4 ;+4C/++> RF+).:-+4-
=4 >)-9*:, -JCB9=/+: 3:;+BDB 9A-9-J4DB +4E/-
,/+: F *4J=. 1. 

() EB,+- ; *4J=. 1, ;+4C/++> .:=@-E-5 RF+)-

.:5 A3B CB9/=@+:H -A*BD:;4.:5 ? J=B;@)BD ,- 

4+4=:*BC+-<- 3:O/++>. 7/+O/  ;+4C/++> .:=@--

E-5 RF+).:5 ,=> 9A-9-J:E CB9/=@+-5 -A*BD:;4.:5 
A->9+N?*@9> +4>E+:9*N ;4,4+-5, +4 A-C4*)F 

A3-./,F3B -A*BD:;4.:5, *-C+-9*:   EB;+4C/++> 
RF+).:H 4)*BE+BG -JD/K/+@ :  ;J:K+-9*: 3:O/+-

+>. Q4 *3/*:D 9A-9-J-D, >) J4CBD- ;4 E/)*-3-D 

-A*BD4=@+-<- A3-/)*F, -*3BD4=B L- 9/3/,+:H 

9*3BK/+@ D4*BD/ ,/L- J:=@OBH A-A/3/C+BH 

A/3/3:;, +:K F A/3OBG ,E-G (0,604 9D2 9FA3-*B 
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0,577 9D2 : 0,518 9D2). Q J-)-EBDB +4GB=/+BDB 

9*3BK+>DB 9B*F4.:> A3-*B=/K+4 (1,082 9D2 9F-

A3-*B 1,115 9D2 : 1,134 9D2). %/;F=@*4*B 3-;E'>;-
)F :+,B)4*-3+-5 ;4,4C: A:,*E/3,KFN*@ A34EB=@-

+:9*@ ;4A3-A-+-E4+-5 D/*-,B)B CB9/=@+-5 -A-

*BD:;4.:5 D/G4+:C+BG )-+9*3F).:H ;4 ,-A-D--

<-N 7ST 9FD:9+- :; 7 U. 

$4J=B.> 1 

289:;<=>?@ 8ABCD9: 9< E?<FC??G H@=>BIBJ KL?DH@J 

W 7/*-, -A*BD:;4.:5 #A*BD4=@+BH A3-/)* b , 9D2 #A*BD4=@+/ ;+4C/++> 
0!  

1 2D-EB "F+4-$4))/34 = >1,115 0,577
T

 3,731 

2 7ST = >1,134 0,518
T

 3,725 

3 7ST+7 U = >1,082 0,604
T

 3,664 

 

!+4=:; A3-./9F -A*BD:;4.:5 ;4 7ST 9FD:9+- 

:; 7 U EB)-+4+- *4)-K +4 A3B)=4,: J4=)-E-<- 

3-9*E/3)F, 3-;34GF+)-E4 9G/D4 >)-<- ;-J34K/+4 
+4 3B9. 2. 

 

%B9. 2. 64=)-EBH 3-9*E/3) 

2 >)-9*: RF+).:-+4=4 >)-9*: EB9*FA4E 9FD4-
3+BH -J'?D )-+9*3F).:5: 

0 1 1 2 25 (50 ) 2 (100 )a b a b! " 7 7 7 $ 7 7 7  

,/ 1 1 2 2, , ,a b a b  – ;D:++: A3-/)*FE4++> (3-;D:3B 

A-A/3/C+BG A/3/3:;:E J4=-)). 

Q4,4C4 A-=><4=4 F D:+:D:;4.:5 RF+).:-+4=4 
>)-9*: ;4 ;4,4+BG -JD/K/+@ +4 ;D:++: 9*4+F : 
;D:++: A3-/)*FE4++>.  

#JD/K/++> +4 ;D:++: 9*4+F ;4,4E4=B9@ F EB-

<=>,:: 

1

2

[ ] 0,

[ ] 0.

4 4

4 4

3 #

3 #
 

,/ , 1,2i i4 "  – ,:H9+/ ;+4C/++> D4)9BD4=@+-<- 

+4A3FK/++> E:,A-E:,+- F A-A/3/C+BG *4 A--

E;,-EK+:G J4=)4G; 

[ ]4  – ,-AF9*BD/ ;+4C/++> +4A3FK/++> >)/ 

A3BHD4=-9@ 3:E+BD 200 7S4. 

#JD/K/++> +4 ;D:++: A3-/)*FE4++> A3BHD4-
=B9@ F EB<=>,:: 

1 1 2 20, 0, 0, 0.a b a b< < < <  

0=> ,4+-5 D/G4+:C+-5 9B9*/DB  4+4=:*BC+: 
;4=/K+-9*: +4A3FK/+@ E:, ;D:++BG A3-/)*FE4+-

+> E:,9F*+:. $-DF ,=> EB3:O/++> .:?5 ;4,4C: ;4-
9*-9-E4+- D/*-,B)F CB9/=@+-5 -A*BD:;4.:5 ;4 
7ST 9FD:9+- :; 7 U. 

0=> A-3:E+>=@+-<- 4+4=:;F JF=4 A3-E/,/+4 
-A*BD:;4.:> )-+9*3F).:5 ; ,E-G 3:;+BG A-C4*)--

EBG A3-/)*:E. #,B+ ; >)BG D4E J4=)B ; A3>D-)F-

*+BD A-A/3/C+BD A/3/3:;-D (A3-/)* 0

1b ), ,3F-

<BH – )E4,34*+BD A-A/3/C+BD A/3/3:;-D (A3--

/)* 0

2b ): 

= >
= >
= >

0

1 1 2 2

0

1

0

2

3 4 3 5,5

3,5 3,5 4,5 4,5

T

T

T

b a b a b

b

b

"

"

"

 

() EB,+- :; <34R:):E, ;-J34K/+BG +4 3B9. 3 : 
4, ,=> A3B)=4,F ; 0

1b  -,/3K4=B 51 : 40 % ;D/+-

O/++> -J'?DF D4*/3:4=F E:,A-E:,+- F A-3:E+>+-

+: :; A-C4*)-EBD ( 0 6300! "  9D3) : EBG:,+BD 

A3-/)*4DB ( 0 5180! "  9D3) (EBG:,+BD +4;BE4-

*BD/D- +49*FA+BH ;4 A-C4*)-EBD A3-/)* :; 4)-

*BE+BD -JD/K/++>DB). #A*BD4=@+BH A3-/)* 
JF=- ,-9><+F*- ;4 28 :*/34.:H. 

0=> A3B)=4,F ; 0

2b  -*3BD4=B 56% : 51% EB-

<34O F -J'?D: D4*/3:4=F E:,A-E:,+- F A-3:E+>++: 
; A-C4*)-EBD ( 0 7112! "  9D3) : EBG:,+BD A3-/)-

*4DB ( 0 6253! "  9D3). "-+9*3F).:N JF=- -A*B-

D:;-E4+- ;4 37 :*/34.:H. #,/3K4+: 3/;F=@*4*B 

;E/,/+- ,- *4J=. 2. 
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%B9. 3. T34R:) ;D:+B A=-L A-A/3/C+BG A/3/3:;:E J4=)-E-<- 3-9*E/3)F F G-,: -A*BD:;4.:H+-<- A3-./9F 

 

%B9. 4. T34R:) ;D:+B RF+).:-+4=4 >)-9*: ;4,4C: F G-,: -A*BD:;4.:H+-<- A3-./9F 

#,/3K4+: 3/;F=@*4*B E)4;FN*@ +4 */, L- -A-

*BD:;4.:H+BH A3-./9 ;J:<4?*@9> ,- -A*BD4=@+--

<- A3-/)*F ; 3:;+BG A-C4*)-EBG A434D/*34G. 

8:,D:*BD-, L- */DA -A*BD:;4.:5  A4,4? ; +4J=B-

K/++>D ,- -A*BD4=@+-<- A3-/)*F (3B9. 4). S--

>9+N?*@9> ./ -9-J=BE-9*>DB 4=<-3B*DF -A*B-

D:;4.:H+-5 A3-./,F3B [1].  =:, ;4FE4KB*B, L- 

):=@):9*@ :*/34.:H ,=> A3-/)*F 0

1b , ; A-C4*)-E-N 

R-3D-N A/3/3:;F J4=-) F EB<=>,: A3>D-)F*+B)4 
D/+O4, +:K ,=> A3-/)*F 0

2b  – ; A-C4*)-E-N R--

153



3D-N A/3/3:;F J4=-) F EB<=>,: )E4,34*F, A3B-

C-DF EB<34O F ):=@)-9*: -JCB9=/+@ ? ;+4C+BD 

(11 :*/34.:H). 29/ ./ E)4;F? +4 */, L- +4 A-C4*-

)F A3-./,F3B CB9/=@+-5 -A*BD:;4.:5 9=:, -9-J-

=BE- FE4K+- A:,G-,B*B ,- AB*4++> ,-J-3F 

;D:++BG A3-/)*FE4++> F A-C4*)-E-DF A3-/)*:. 

$4J=B.>  2  

+CEL=>9<9: F:MC=>?BJ B89:;@E<H@J N<=DBIBOB ABM9ICADL 

W 1 2 

S-C4*)-EBH A3-/)*, 9D = >0

1 3 4 3 5,5
T

b "  = >0

2 3,5 3,5 4,5 4,5
T

b "  

Q+4C/++> .:=@--

E-5 RF+).:5, 9D3 

Q+4C/++> +4A3F-

K/+@ F /=/D/+*:, 
7S4 

0 6300! "  
1 1564 "  

2 1654 "  0 5180! "  
1 1754 "  

2 1654 "  

8BG:,+BH A3-/)*, 9D = >1

1 2,50 3,88 2,52 5,46
T

b "  = >1

2 3,21 3,42 4,11 4,27
T

b "  

Q+4C/++> .:=@--

E-5 RF+).:5, 9D3 

Q+4C/++> +4A3F-

K/+@ F /=/D/+*:, 
7S4 

0 5180! "  
1 1994 "  

2 2004 "  0 6253! "  
1 2004 "  

2 2004 "  

#A*BD4=@+BH A3-/)*, 9D = >1 0,77 7,00 1,02 8,57
Toptb "  = >1 0,70 7,36 1,08 8,33

Toptb "  

Q+4C/++> .:=@--

E-5 RF+).:5, 9D3 

Q+4C/++> +4A3F-

K/+@ F /=/D/+*:, 
7S4 

0 3103! "  
1 1984 "  

2 2004 "  
0 3087! "  

1 1984 "  

2 2004 "  

8:,9-*)-E/ ;D/+O/++> RF+).:-+4=4 
>)-9*: 

S-C4*)-EBH A3--

/)*  
8BG:,+BH A3-/)* 

51 40 56 51 

":=@):9*@ :*/34.:H 28 37 

 

616X1#T%!V1YI&Z  S& #" 

1. [-<, U. S3B)=4,+-/ -A*BD4=@+-/ A3-/)*B3-E4-
+B/ [$/)9*] / U. [-<, (. !3-34. – 7.: 7B3,  

1983. – 480 9. 
2. %/)=/H*B9, T. #A*BDB;4.B> E */G+B)/ [$/)9*] /  

T. %/)=/H*B9, !. %/HEB+,34+, ". %/<9,/=. – 7.: 

7B3, 1986. – 320 9. 
3. "-9*3B.>,  . !. S3BD/+/+B/ 7"\ ) ;4,4C4D 

-A*BD4=@+-<- A3-/)*B3-E4+B> +/9FLBG )-+9*-

3F).BH A-,EBK+-<- 9-9*4E4 K/=/;+-,-3-K+-<- 

*34+9A-3*4 [$/)9*] /  . !. "-9*3B.> // 8:9+B) 

0+:A3-A/*3. +4.. F+-*F ;4=:;+. *34+9A. :D. 4)4,. 

8. X4;43>+4. – 2003. –  W 1. –  . 127-129. 

4. 64*/, ". YB9=/++M/ D/*-,M 4+4=B;4 B D/*-, 

)-+/C+MG ]=/D/+*-E [$/)9*] / ". 64*/, U. 8B=-

9-+. – 7.:  *3-HB;,4*, 1982. – 448 9. 
 

I4,:HO=4 ,- 3/,)-=/<:5 24.07.2009 
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 !" 531.3 

 .  . !"# $%, &.'.(., )*+,-..+*, /012/ (/3*45(4); 
 .  .!"# $%, 3.'.(. &+6-(', 7882 (/3*45(4); 
2.  . !"# $%, 4..., 7882 (/3*45(4) 

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

0"*'*0%(+1 %'$(02*'%(+1 0)0%&,

94:-&-(+ .5.'-;< =+'5*>+? 3:4'-*(@+((5? ;4'*56> &AB )+&4((B +.(+:(5? C4A-D(+.'-E '-+*@F 3@(6-:+G+ 

)+:+*+'<, 3@(-;4'535 E (-A@(@E(+F &5(4;@35 4.5;-'*5=(+G+ ':-*&+G+ '@A4 : '*5:5;@*(+;< )*+.'+*@. H4.'+.<-

:4:I5 *@:(B((B < ,+*;@ $EA-*4-J4G*4(D4 E .5.'-;< =+'5*>+? 3:4'-*(@+((5? ;4'*56>, )+K<&+:4(4 KA+=(+-

;4'*5=(4 ;+&-A> (-A@(@E(+F &5(4;@35 :@A>(+G+ 4.5;-'*5=(+G+ ':-*&+G+ '@A4 : '*5:5;@*(+;< )*+.'+*@. L&--
*D4(@ *-C<A>'4'5 4)*+K+:4(@. H4)*+)+(+:4(@ 4AG+*5';5 K-C)+.-*-&(>+ 4&4)'+:4(@ &+ +K=5.AM:4A>(+G+ -3.-
)-*5;-('<. 

N*5:-&-(4 .5.'-;4 =-'O*-? 3:4'-*(5+((O? ;4'*56 &AB )*-&.'4:A-(5B +.(+:(O? C4:5.5;+.'-E '-+*55 

3+(-=(+G+ )+:+*+'4, 35(-;4'535 5 (-A5(-E(+E &5(4;535 4.5;;-'*5=(+G+ ':-*&+G+ '-A4 : '*-?;-*(+; )*+-

.'*4(.':-. N*5;-(5: <*4:(-(5B : ,+*;- PEA-*4-J4G*4(D4 5 .5.'-;< =-'O*-? 3:4'-*(5+((O? ;4'*56, )+-

.'*+-(4 KA+=(+-;4'*5=(4B ;+&-A> (-A5(-E(+E &5(4;535 .:+K+&(+G+ 4.5;;-'*5=(+G+ ':-*&+G+ '-A4 : '*-?-

;-*(+; )*+.'*4(.':-. N+A<=-((O- *-C<A>'4'O 4)*+K5*+:4(O. N*-&A+D-((O- 4AG+*5';O (-)+.*-&.':-((+ 

4&4)'5*+:4(O 3 :O=5.A5'-A>(+;< Q3.)-*5;-('<. 

The system of four quaternion matrices for presentation of main relationships of the theory of final rotation, 

kinematics and nonlinear dynamics of an asymmetric solid body in a three-dimensional space is presented. By 

means of application of equations in the form of Euler-Lagrange and the system of four quaternion matrices, the 

block-matrix model of nonlinear dynamics of a free asymmetric solid body in a three-dimensional space is built. The 

results obtained are approved. The offered algorithms are adapted directly to computing experiment. 

#3454674.   7(-)*+)-'*+:.3- <.5A5B;5 

:O&4MR5?.B <=-(O? 5 3+(.'*<3'+*+:  
S. !. T(G-AB,  . #. J4C4*B(4,  . U. V<&(534,  
9. W. 0-*4.M'O KOA .+C&4( ;+R(OE (4<=(+-

'-?(5=-.35E )+'-(654A .)+.+K(OE *-I4'> 
.A+D(O- C4&4=5 '*4(.)+*'(O? .5.'-; *4CA5=-

(+G+ (4C(4=-(5B (- 5;-MR5? 4(4A+G+: : ;5*+-

:+E )*43'53-: *43-'-(+.5'-A-E ("9), K+-:O? 

D-A-C(+&+*+D(O? *43-'(O? 3+;)A-3.+: 

(VX"!), :O.+3+.3+*+.'(+G+ (4C-;(+G+ '*4(.-
)+*'4 ( U92) [6, 17, 31]. U5A4;5 (4<=(O? 

I3+A )+ &5(4;53- 5 <)*4:A-(5M &:5D-(5-;, 

*<3+:+&5;O?  .#. J4C4*B(+;, 9.W. 0-*4.M'+E, 

5 :3AM=4MR5? 5C:-.'(O? (O(- <=-(O? $. N. 

VA+?5(4, J. S. !+*+'-(34,  . W. /I34A+:4, 
Y. . 7-;5(4, 0. 8. V+G+;4C4, U.  . SB;A5(4, 
9. S. 14=4)<*5&C-, 4 '43D- #. #. !*4.+:.3+G+, 

8. S. 8G&4A+:4, Y. 7. Z-)'<(4, #.N. #A)4'+:4 
5 &*. 3+'+*O;5 *4C*4K4'O:4A5.> +*5G5(4A>(O- 
;-'+&O 5..A-&+:4(5E '*4(.)+*'(O? .5.'-; (4 
+.(+:- (4'<*(O? 5 :O=5.A5'-A>(O? Q3.)-*5-

;-('+: [2, 11, 12, 19, 25]. N*5 Q'+; K+A>I+- 
:(5;4(5- <&-ABA+.> +*G4(5C4655 5 )*+:-&-(5M 

;4'-;4'5=-.3+G+ ;+&-A5*+:4(5B &5(4;535, 

<.'+E=5:+.'5, <)*4:AB-;+.'5 &:5D-(5-;. 2-?-

(+A+G5B )*+:-&-(5B :O=5.A5'-A>(O? Q3.)-*5-

;-('+: )+&(5;4A4.> (4 (+:OE <*+:-(> )+ ;-*- 

.+:-*I-(.':+:4(5B :O=5.A5'-A>(+E '-?(535 

[5, 23], 5 &+.'5GA+ :O.+3+E .'-)-(5 *4C:5'5B 
KA4G+&4*B (4<=(O; I3+A4;, +K[-&5(5:I5; 

<.5A5B 5(D-(-*+:, ;-?4(53+:, ;4'-;4'53+: 

)*5 *4C*4K+'3- 5 )+.'*+-(55 ;4'-;4'5=-.35? 

;+&-A-E, 4&-3:4'(O? '-?(5=-.35; C4&4=4; &5-

(4;535 .A+D(O? ;-?4(5=-.35? .5.'-;, :3AM-

=4B Q35)4D5 .3+*+.'(+G+ (4C-;(+G+ '*4(.)+*-

'4. 
1. #897:;7<4;=68> ?@:A4B7C46<.  O-

=5.A5'-A>(OE Q3.)-*5;-(' 5G*4-' :-&<R<M 

*+A> )*5 *-I-(55 C4&4= &5(4;5=-.3+G+ )*+-3-

'5*+:4(5B '-?(5=-.35? .5.'-; [6, 12, 13, 17, 19, 

21, 27, 31]. S-'+&+A+G5B :O=5.A5'-A>(+G+ Q3.-
)-*5;-('4 C4A+D-(4 : '*<&4? 0A<I3+:4  . S. 

[5], S+5.--:4 9. 9. [23] 5 &*.  4D(O;5 B:AB-
M'.B *4C*4K+'35 +'&-A>(O? Q'4)+: '-?(+A+G5-

=-.3+G+ 653A4 :O=5.A5'-A>(+G+ Q3.)-*5;-('4: 
– )+.'*+-(5- ;4'-;4'5=-.35? ;+&-A-E 

4&-3:4'(O? ,5C5=-.35; )*+6-..4; : '-?(5=--
.35? .5.'-;4?, :+C;+D(+.'> 5? <(5,534655 5 

;+&5,534655; 

– .+.'4:A-(5- 3+;)43'(O? :O=5.A5'-A>-
(O? 4AG+*5';+: 5 .++':-'.':<MR5? Q,,-3'5:-
(O? :O=5.A5'-A>(O? )*+G*4;;, :+C;+D(+.'> 
5? )*+.'+E 5 KO.'*+E :-*5,534655. 
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2. ,D<4CD<794:@DE CF54;=. N*5 *4C*4-
K+'3- ;4'-;4'5=-.35? ;+&-A-E 5.)+A>C<M'.B 
*4CA5=(O- ;-'+&O ;-?4(535 5 ;4'-;4'5=-.35E 

4))4*4' [3, 7, 8, 10, 11, 21, 27, 30, 33]. 94<=(4B 
I3+A4, :+CGA4:AB-;4B 434&-;53+;  . #. J4C4-
*B(+; &AB )+.'*+-(5B ;4'-;4'5=-.35? ;+&-A-E 

&5(4;535 D-A-C(+&+*+D(O? Q35)4D-E, I5*+3+ 

5.)+A>C<-' <*4:(-(5B J4G*4(D4 :'+*+G+ *+&4 : 
+K+KR-((O? 3++*&5(4'4?. 74A>(-EI-- *4C:5-

'5- Q'+G+ (4<=(+G+ (4)*4:A-(5B .:BC4(+ . )+-

5.3+; 6-A-.++K*4C(+E ,+*;O )*-&.'4:A-(5B 
;4'-;4'5=-.35? ;+&-A-E 4&4)'5*+:4((O? 3 

.+:*-;-((+E :O=5.A5'-A>(+E '-?(53-. 7AB 
Q'+E 6-A5 5.)+A>C<M'.B &5,,-*-(654A>(O- 
<*4:(-(5B &:5D-(5B : ,+*;- PEA-*4-
J4G*4(D4, 3+'+*O- : C(4=5'-A>(+E ;-*- +KA-G-
=4M' )*+6-.. )+.'*+-(5B ;4'-;4'5=-.35? ;+-

&-A-E 5 )+C:+ABM' )+A<=5'> .5;;-'*5=(<M 5 

K+A-- )*+.'<M .'*<3'<*< Q'5? <*4:(-(5E )*5 

.*4:(-(55 . '*4&565+((O;5 <*4:(-(5B;5 8. 

9>M'+(4 (3++*&5(4'(OE ;-'+&), X. J4G*4(D4 
(;-'+& +K+KR-((O? 3++*&5(4') [10, 28]. %-(-

'*4A>(O; QA-;-('+; '43+E 3+(6-)655 B:AB-'.B 
.5;;-'*5B [36], )+(5;4-;4B )+ 0.  -EAM 343 

<)+*B&+=-((+.'>, .+:-*I-(.':+ [4]. #. 8. J<-

*>- +K*4R4-' :(5;4(5- (4 &5,,-*-(654A>(O- 
<*4:(-(5B &:5D-(5B : ,+*;- PEA-*4-J4G*4(D4 
5 :O.+3+ +6-(5:4-' 5? :+C;+D(+.'5 &AB 5..A--
&+:4(5E &5(4;535 G+A+(+;(O? 5 (-G+A+(+;-

(O? .5.'-; ':-*&O? '-A [20]. 

U?-;4'5=(+ (-A5(-E(O- <*4:(-(5B &:5-

D-(5B .:+K+&(+G+ ':-*&+G+ '-A4 : )*+.'*4(.':- 
: ,+*;- PEA-*4\J4G*4(D4 C4)5.O:4M'.B : :5-

&-: 

 
k
yi

k
yi

k
i

Q

M
T  !)(" , (1) 

G&- )(Ti"  # QEA-*+: +)-*4'+*, k
iy

k
iy QM ,  # )*5-

:-&-((O- 3 ;4..- im  +K+KR-((O- ;+;-('O 5 

.5AO, )*5A+D-((O- 3 i -;< ':-*&+;<  '-A<.   

Q'5? <*4:(-(5B? : 34=-.':- )-*-;-((O? 5('-G-
*5*+:4(5B )*5(5;4M'.B 3:4C5.3+*+.'5. S4'-
*5=(O- .+.'4:ABMR5- +K+KR-((O? .5A : <*4:-
(-(5B? &:5D-(5B PEA-*4-J4G*4(D4 +)*-&-AB-
M'.B 5C:-.'(O; ;-'+&+; [20] 343 ;(+D5'-A5 

)*5 :4*5465B? 3:4C53++*&5(4' : :O*4D-(55 

QA-;-('4*(+E *4K+'O. N*5:-&-((O- <*4:(-(5B 
PEA-*4-J4G*4(D4 )+A+D-(O : +.(+:< ;4'-;4-
'5=-.35? ;+&-A-E, 5.)+A>C<-;O? : :O=5.A5-

'-A>(O? Q3.)-*5;-('4? : )*+6-..- &5(4;5=--
.3+G+ )*+-3'5*+:4(5B .A+D(O? '*4(.)+*'(O? 

.5.'-;. 

3. 2F:<D6F3@D GD5D9 576DC794:@FHF ABF-

4@<7BF3D67E <BD6:AFB<68I :7:<4C. "4..;4'-

*5:4M'.B &:- +K+KR-((O- )+.'4(+:35 C4&4=5 

&5(4;5=-.3+G+ )*+-3'5*+:4(5B '*4(.)+*'(O? 

.5.'-;: 

\ '*4&565+((4B, +.(+:(4B C4&4=4 ;-?4(535 

&:5D-(5B, I5*+3+ 5.)+A>C<-;4B )*5;-(5'-A>-
(+ 3 A-'4'-A>(O; 4))4*4'4; [6, 12, 19], 

\ +K*4'(4B C4&4=4 ;-?4(535 &:5D-(5B, 6--
A-.++K*4C(+.'> *-I-(5B 3+'+*+E )*5;-(5'-A>-
(+ 3 .3+*+.'(O; Q35)4D4; D-A-C(+&+*+D(+G+ 

'*4(.)+*'4 +K+.(+:O:4-'.B : *4K+'4? [13, 26]. 

2*4&565+((4B )+.'4(+:34 C4&4= &5(4;5=--
.3+G+ )*+-3'5*+:4(5B A-'4'-A>(O? 4))4*4'+: 
.:+&5'.B 3 .A-&<MR-;<: C4&4(O ?4*43'-*5.'5-

35 A-'4'-A>(+G+ 4))4*4'4, .5.'-;4 .5A 5 ;+-

;-('+: :+C&-E.':<MR5- (4 +K[-3', :3AM=4B 
<)*4:ABMR5-; (4?+&B'.B 35(-;4'5=-.35- )4-
*4;-'*O &:5D-(5B, : =4.'(+.'5, '*4-3'+*5B 
)+A-'4. L';-'5; C&-.>, ='+ <)*4:ABMR5- .5AO 

5 ;+;-('O ,+*;5*<M'.B . )+;+R>M, '43 (4CO-

:4-;+E, 5(-*654A>(+E 5C;-*5'-A>(+E .5.'-;O 

[8]. 

LK*4'(O- C4&4=5 &5(4;5=-.3+G+ )*+-3'5-

*+:4(5B -.'-.':-((+ 5 A+G5=(+ ,+*;<A5*<M'.B 
&AB .3+*+.'(O? Q35)4D-E D-A-C(+&+*+D(+G+ 

'*4(.)+*'4, 5 5? +K+KR-((4B )+.'4(+:34 .:+-

&5'.B 3 .A-&<MR-;<: C4&4(4 '*4-3'+*5B &:5D--
(5B \ *-4A>(OE D-A-C(+&+*+D(OE )<'>, 
5;-MR5E 3*5:5C(< : )A4(- 5 )*+,5A-, A+34A>-
(O- (-*+:(+.'5 5 '.)., :(-I(5- :+C&-E.':5B, 
5(-*65+((O- 5 G-+;-'*5=-.35- )4*4;-'*O 

Q35)4D4; (4?+&5'.B &5(4;5=-.34B (4G*<D-(-

(+.'> )<'5, QA-;-('+: 3+(.'*<3655, .++':-'.'-
:<MR4B C4&4((+;< *-D5;< &:5D-(5B .3+*+.'-
(+G+ Q35)4D4 )+ *-4A>(+;< D-A-C(+&+*+D(+;< 

)<'5. H&-.> )+A4G4-'.B, ='+ 35(-;4'5=-.35- 
)4*4;-'*O &:5D-(5B 5, : =4.'(+.'5, '*4-3'+*5B 
&:5D-(5B +'.A-D5:4-'.B . )+;+R>M 5(-*65-

4A>(+E 5C;-*5'-A>(+E .5.'-;O '+E 5A5 5(+E 

5C:-.'(+E .?-;O. 

4. ,D<4CD<794:@7> DAADBD<. 7AB *-I--
(5B )+.'4:A-((O? +K+KR-((O? C4&4= &5(4;5-

35, *4CA5=(O- (4<=(O- I3+AO *4C:5:4M' +*5-

G5(4A>(O- ;4'-;4'5=-.35- ;-'+&O +)5.4(5B 
35(-;4'535 5 &5(4;535 ':-*&O? '-A, G&- (4*B-
&< . '*4&565+((O; :-3'+*(O; 5.=5.A-(5-; 

[16, 29] I5*+3+ 5.)+A>C<-'.B ;4'*5=(+- [33], 

'-(C+*(+- 5.=5.A-(5- [10, 11], 4AG-K*4 3:4'-*-

(5+(+: 5 G5)-*3+;)A-3.(O? =5.-A [3, 7, 8, 27], 

3:4'-*(5+((O- ;4'*56O [1, 15, 22, 27, 30, 34, 

36]. N*43'5=-.34B *-4A5C465B (4 P S )+.'*+-

-((O? ;4'-;4'5=-.35? ;+&-A-E )*5:+&5' 3 (--
+K?+&5;+.'5 ::-&-(5B 3+(3*-'(O? .5.'-; +'-
.=-'4, 5(&-3.(O? +K+C(4=-(5E, 5.3+;O? )-*--
;-((O? 5 )*5;-(-(5B .++':-'.':<MR-G+ ;4'--
;4'5=-.3+G+ 4))4*4'4 ;4'*5=(+G+ 5A5 '-(C+*-
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(+G+ 5.=5.A-(5B. U )*5;-(-(5-; ;4'*5=(O? 

;-'+&+: .:BCO:4M'.B '435- )*-5;<R-.':4, 343 

:+C;+D(+.'> (-)+.*-&.':-((+E 5 &+.'4'+=(+ 

)*+.'+E *-4A5C4655 .+.'4:A-((O? 4AG+*5';+: 
(4 P S, 3+;)43'(+.'> C4)5.5 5 +K+C*5;+.'> 
:O=5.A5'-A>(+G+ 4AG+*5';4, .(5D-(5- '*<&+-

-;3+.'5 .+.'4:A-(5B 5 '-.'5*+:4(5B )*+G*4;;, 

<;-(>I-(5- :-*+B'(+.'5 +I5K+3 [11, 13, 24, 

26, 32, 33]. N+ +6-(3- #. S. J-'+:4 [18] 6-A--
.++K*4C(+.'> )*5:-&-(5B <*4:(-(5E 3 ;4'*5=-

(+E ,+*;- +)*-&-AB-'.B «(- '+A>3+ .++K*4D--
(5B;5 ;4'-;4'5=-.3+G+ 5CBR-.':4, &+.'5G4--
;+G+ C&-.> ::-&-(5-; .5;;-'*5=(+E 5 3+;-

)43'(+E C4)5.5, (+ 5 .<R-.':+; &-A4». 

!43 :5&5'.B 4:'+*4; &4A>(-EI-- .+:-*-

I-(.':+:4(5- ;-'+&+: +)5.4(5B 35(-;4'535 5 

(-A5(-E(+E &5(4;535 : '*-?;-*(+; )*+.'*4(-

.':- 4..5;-'*5=(O? ':-*&O? '-A :+C;+D(+ (4 
+.(+:- )*5;-(-(5B .+:+3<)(+.'5 =-'O*-? 3:4-
'-*(5+((O? ;4'*56, &+.'4'+=(O? &AB *4..;4'-
*5:4-;+G+ 3*<G4 C4&4= ;-?4(535 5 (4)*4:A-(-

(O? (4 4&4)'465M ;4'-;4'5=-.35? ;+&-A-E 

'-?(5=-.35? +K[-3'+: 3 :O=5.A5'-A>(+;< Q3.-
)-*5;-('<. 

5. "3D<4B67F6684 CD<B7J8. N*5 5CA+-

D-(55 )*5(65)+: .5;;-'*55 : ,5C53- [36], : 
'-+*55 3+(-=(+G+ )+:+*+'4 ':-*&+G+ '-A4 [29], 

)*5 *-I-(55 C4&4= (4:5G4655 5 <)*4:A-(5B 
+*5-('465-E [3, 7, 8, 15, 27, 31] +34C4A+.> <&+K-

(O; )*5;-(B'> 4AG-K*< 3:4'-*(5+(+: 5 G5)-*-

3+;)A-3.(O? =5.-A. !:4'-*(5+(< .+)+.'4:AB-
-'.B 3:4&*4'(4B (4$4)-;4'*564, (4CO:4-;4B 
3:4'-*(5+((+E [1, 22, 35]. 95D- )*5:+&B'.B 
+K+C(4=-(5B .+:+3<)(+.'5 =-'O*-? <(5,565-

*+:4((O? 3:4'-*(5+((O? ;4'*56, +KA4&4MR5? 

<)+*B&+=-((+E .'*<3'<*+E [14]: 
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!
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&:- 5C 3+'+*O? A , 
tA  Q3:5:4A-('(O 3:4'-*-

(5+(< 5 &:- t tA , 
tA  \ .+)*BD-((+;< 3:4'-*-

(5+(<. H4&4=4 C43AM=4-'.B : )*-&.'4:A-(55 

Q'5;5 3:4'-*(5+((O;5 ;4'*564;5 +.(+:(O? 

C4:5.5;+.'-E '-+*55 3+(-=(+G+ )+:+*+'4, 35-

(-;4'535 5 (-A5(-E(+E &5(4;535 : '*-?;-*-

(+; )*+.'*4(.':- &AB 4..5;-'*5=(+G+ ':-*&+G+ 

'-A4 : :5&-, <&+K(+; &AB .5;:+A>(O? 5 4(4A5-

'5=-.35? )*-+K*4C+:4(5E )*5 .+.'4:A-(55 ;4-
'-;4'5=-.35? ;+&-A-E. 

6. 0;FK4674 @F64968I AF3FBF<F3.  N+-

.A-&+:4'-A>(+.'> 3+(-=(O? )+:+*+'+: ':-*&+-

G+ '-A4 : )*+.'*4(.':- <&+K(+ +)5.4'> .+:+-

3<)(+.'>M )4*4;-'*+: "+&*5G4–04;5A>'+(4 
[20]: 

 

0 cos ,
2

k
ka

%
!  

1 1 sin ,
2

k
k ka n

%
!  

2 2 sin ,
2

k
k ka n

%
!  

 & '3 3 sin , 1,2,3,
2

k
k ka n k n

%
! !    (3) 

G&- k-E 3+(-=(OE )+:+*+' +.<R-.':AB-'.B (4 
<G+A k%  :+3*<G (4)*4:A-((+E +.5 :*4R-(5B, 

?4*43'-*5C<-;+E -&5(5=(O; :-3'+*+; 

1 2 3( , , )k k k kn n n n . 

H4&4((O; )4*4;-'*4; "+&*5G4–
04;5A>'+(4 .+)+.'4:5; .+:+3<)(+.'> =-'O*-? 

3:4'-*(5+((O? ;4'*56 , , ,t t t t

k k k kA A A A . 2+G&4 

3:4'-*(5+((O- ;4'*56O *-C<A>'5*<MR-G+ )+-

:+*+'4 R  5 
tR  +)*-&-ABM'.B )*+5C:-&-(5-; 

3:4'-*(5+((O? ;4'*56 '+E D- .'*<3'<*O kA  5 

t

kA   : )*5(B'+E )+.A-&+:4'-A>(+.'5 )+:+*+-

'+:: 

1

,
n

k

k

R A
!

!(  
1

.
n

t t

k

k

R A
!

!(  (4) 

!:4'-*(5+((O- ;4'*56O *-C<A>'5*<MR-G+ 

)+:+*+'4, Q3:5:4A-('(O- .+)*BD-((+;< 3:4-

'-*(5+(< 
t tR  5 

tR , +)*-&-ABM'.B )*+5C:-&--
(5-; ;4'*56 '+E D- .'*<3'<*O : +K*4'(+; )+-

*B&3-: 
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1

,t t t t

k

k n

R A
!

!(      
1

.t t

k

k n

R A
!

!(  (5) 

'+ -.'> *4..;4'*5:4-;O- )4*O 3:4'-*(5+((O? 

;4'*56 *-C<A>'5*<MR-G+ )+:+*+'4 .:BC4(O 

+)-*465-E '*4(.)+(5*+:4(5B: [ ]t t t tR R! , 

[ ]t t t tR R! . 

S4'*56< 3+(-=(+G+ )+:+*+'4 +)*-&-AB-' 
3+;;<'4'5:(+- )*+5C:-&-(5- .+.'4:A-((O? 

3:4'-*(5+((O? ;4'*56, Q3:5:4A-('(O? 3:4'-*-

(5+(<: 
tR R)  5A5 

tR R) , 

4 +K*4'(<M ;4'*56< 3+(-=(+G+ )+:+*+'4 +)*--
&-AB-' 3+;;<'4'5:(+- )*+5C:-&-(5- 3:4'-*(5-

+((O? ;4'*56 *-C<A>'5*<MR-G+ )+:+*+'4, Q3-

:5:4A-('(O? .+)*BD-((+;< 3:4'-*(5+(<:  
t t tR R)  5A5 

t t tR R) . 

7. "764CD<7@D <34B5FHF <4;D 3 ABF-

:<BD6:<34. W+*;<AO )*-+K*4C+:4(5B 3++*&5-

(4'  )*+5C:+A>(+E '+=35 : )+&:5D(+E .5.'-;- 
+.-E iy  5 (-)+&:5D(+E ( 1,2,3)ix i ! , (4=4A+ 

3+'+*O? .+:;-R-(+, 5 +K*4'(+ 5;-M' :5&: 

 0 0 ,tx A A y! ) )    0 0 ,t t ty A A x! ) )  (6) 

G&- 0 0,x y  \ ;4'*56O-.'+AK6O & '4 1$  3++*&5-

(4' '+=35 : (-)+&:5D(O? 5 )+&:5D(O? +.B?; 

, , ,t t t tA A A A  \ 3:4'-*(5+((O- ;4'*56O, .,+*-

;5*+:4((O- )+ )4*4;-'*4; "+&*5G4-
04;5A>'+(4 ( 0,1,2,3)ja j ! , ?4*43'-*5C<MR5- 

)+:+*+' )+&:5D(O? +.-E +'(+.5'-A>(+ (-)+&-

:5D(O?. 

/.'4(+:A-(4 C4:5.5;+.'> 3:4'-*(5+((O? 

;4'*56 , , ,t t t t

y y y y* * * * , .+.'4:A-((O? )+ 

3+;)+(-('4; <GA+:+E .3+*+.'5 : )+&:5D(O? 

+.B? ( 1, 2,3)iy i+ ! , 5 3:4'-*(5+((O? ;4'*56 

, , ,t t t t

x x x x* * * * , .+.'4:A-((O? )+ 3+;)+(-(-

'4; <GA+:+E .3+*+.'5 : (-)+&:5D(O? +.B? 

( 1, 2,3)ix i+ !  =-*-C 5.?+&(O- 3:4'-*(5+((O- 

;4'*56O , , ,t t t tA A A A , , , ,t t t tA A A A! ! ! ! , .+.'4:-

A-((O- )+ )4*4;-'*4; "+&*5G4–04;5A>'+(4 
( 0,1, 2,3)ja j !  5 5? )*+5C:+&(O; )+ :*-;-(5 

( 0,1, 2,3)ja j !!  .++':-'.':-((+: 

2 t t

y A A* ! ) !
, 

2t t t

y A A* ! ) ! , 

2t t t t

y A A* ! )! , 

2t t t

y A A* ! )! ; 

2 t t

x A A* ! )! , 

2t t t

x A A* ! )! , 

2t t t t

x A A* ! ) ! , 

2t t t

x A A* ! ) ! . (7) 

8. (4;764>6DE 576DC7@D. 7AB +)5.4(5B 
(-A5(-E(+E &5(4;535 .:+K+&(+G+ 4..5;-'*5=-

(+G+ ':-*&+G+ '-A4 : )*+.'*4(.':-((+; &:5D--
(55 5.)+A>C<-'.B &5,,-*-(654A>(O- <*4:(--
(5B : ,+*;- PEA-*4-J4G*4(D4 [20], )*5:-&-(-

(O- 3 ;4'*5=(+E C4)5.5: 
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s s

s

d T T
 Q
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+

+ +
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, ,
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G&- s  \ 3:4&*4'(4B ;4'*564 '*-?5(&-3.(O? 

.5;:+A+: r
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T

+

,

,
 \ ;4'*564-.'+AK-6 =4.'(O? 

)*+5C:+&(O? +' 35(-'5=-.3+E Q(-*G55 ':-*&+-

G+ '-A4 )+ 3:4C5.3+*+.'B; s+ ; sQ  \ +K+KR-(-

(4B .5A4, +'(-.-((4B 3 3:4C53++*&5(4'- s/ . 

/=5'O:4B .'*<3'<*< )+A<=-((O? ;4'*56 

'*-?5(&-3.(O? .5;:+A+: 5 :O)+A(5: (-+K?+-

&5;O- )*-+K*4C+:4(5B, )*-&.'4:5; <*4:(-(5B 
&:5D-(5B PEA-*4-J4G*4(D4 .+:+3<)(+.'>M 

KA+=(O? ;4'*56, .+.'4:(O;5 QA-;-('4;5 3+-

'+*O? B:ABM'.B 3:4'-*(5+((O- ;4'*56O: 
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 (9) 

G&- m \ ;4..4 ':-*&+G+ '-A4; Iy \ ;4'*564 5(-*-

655 ':-*&+G+ '-A4, :O=5.A-((4B : .:BC4((+E 

.5.'-;- 3++*&5(4'; ,M Q  \ +K+KR-((O- .5AO; 

, , ,t t t t

c c c cY Y Y Y  \ 3:4'-*(5+((O- ;4'*56O, .+-

.'4:A-((O- )+ 3++*&5(4'4; 6-('*4 ;4.. '-A4; 

, ty y* *  \ 3:4'-*(5+((O- ;4'*56O, .+.'4:A-(-

(O- )+ 3:4C5.3+*+.'B; y+ ; , ty yV V  \ 3:4'-*(5-

+((O- ;4'*56O, .+.'4:A-((O- )+ 3:4C5.3+*+-
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.'B; 
0 yV ; 0 ,E O  \ -&5(5=(4B 5 (<A-:4B 

& '4 4$ -;4'*56O. 

9. )63DB7D6<8. N4*4;-'*O "+&*5G4–
04;5A>'+(4, 5? )*+5C:+&(O- )+ :*-;-(5, 3+;-

)+(-('O <GA+:+E .3+*+.'5 : )+&:5D(O? 5 (--
)+&:5D(O? +.B? .:BC4(O 5(:4*54('(O;5 .++'-
(+I-(5B;5 

0 0 1 1 2 2 3 3 0a a a a a a a a- - - !! ! ! ! , 

2 2 2 2 2 2 2 2 2 2

0 1 2 3 1 2 3 1 2 34( ) y y y x x xa a a a + + + + + +- - - ! - - ! - -! ! ! ! , 

(10) 

4 '43D- <&+:A-':+*BM' <.A+:5B; (+*;5*+:35 
2 2 2 2

0 1 2 3 1a a a a- - - ! . 

10. $ABFLDJ7E. "4..;+'*5; =4.'(O- .A<-

=45. N<.'> )+AM. .:BC4((+E .5.'-;O +.-E .+-

:;-R-( . 6-('*+; ;4.. ':-*&+G+ '-A4, '.-. 
0cY ! . 2+G&4 )+A<=-((O- <*4:(-(5B &:5D-(5B 

.<R-.':-((+ <)*+R4M'.B 5 ;+G<' KO'> )*-&-

.'4:A-(O : :5&- .5.'-;O &:<? ;4'*5=(O? 

<*4:(-(5E: 

& ' & '1 1
,

2 2

c t c t

y y y y y y y y cyI I V V v m M+ +) - * -* ) - - !!  

 & '
1

.
2

t

cy y y cymv mv Q- * -* !!  (11) 

N+A4G4B 0 0yV ! , )+A<=5; <*4:(-(5B :*4-

R4'-A>(+G+ &:5D-(5B ':-*&+G+ '-A4 :+3*<G (--
)+&:5D(+E '+=35, )*5(B'+E : 34=-.':- )+AM.4 
.:BC4((O? +.-E, '.-. &5(4;5=-.35- <*4:(-(5B 
PEA-*4 )*5(5;4M' :5&: 

 & '0,5 .t

y y y y y yI I M+ +) - * -* ) !!  (12) 

  .A<=4-, *4..;+'*-((+; PEA-*+;, 3+G&4 
'+=34 C43*-)A-(5B .+:)4&4-' . 6-('*+; ;4.., 
.:BC4((O- +.5 B:ABM'.B GA4:(O;5 6-('*4A>-
(O;5 +.B;5 5(-*655 5 GA4:(OE ;+;-(' :(-I-

(5? .5A *4:-( (<AM, <*4:(-(5B )*+.'*4(.':-(-

(+G+ &:5D-(5B ':-*&+G+ '-A4 )+ 5(-*655 : ;4'-
*5=(+E C4)5.5 )*5(5;4M' A43+(5=(OE :5&:

 

11 1 3 2 11 1

22 2 2 1 22 2

33 3 2 1 33 3
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0 0 0 0 0 0

yc y y y yc y
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  *4C:-*(<'+E C4)5.5, )*5:-&-((O- C&-.> 
<*4:(-(5B .+:)4&4M' . 5C:-.'(O;5 [28]. P'5 

=4.'(O- .A<=45 )+&':-*D&4M' &+.'+:-*(+.'> 
)+A<=-((+E KA+=(+-;4'*5=(+E ;+&-A5 (-A5-

(-E(+E &5(4;535 4.5;;-'*5=(+G+ ':-*&+G+ 

'-A4 : '*-?;-*(+; )*+.'*4(.':-, .+.'4:A-((+E 

(4 +.(+:- .+:+3<)(+.'5 =-'O*-? 3:4'-*(5+(-

(O? ;4'*56. 

MD@;N94674. N*5:-&-((4B .5.'-;4 =-'O-

*-? 3:4'-*(5+((O? ;4'*56 +34C4A4.> &+.'4'+=-

(+E &AB +)5.4(5B 35(-;4'535 5 (-A5(-E(+E 

&5(4;535 4..5;-'*5=(+G+ ':-*&+G+ '-A4 : 
'*-?;-*(+; )*+.'*4(.':-, 4 .+.'4:A-((O- 4A-

G+*5';O \ <&+K(O;5 )*5 )*+:-&-(55 4(4A5'5-

=-.35? )*-+K*4C+:4(5E. /)+*B&+=-((+.'> 5.-
3+;O? C4:5.5;+.'-E &+.'5G(<'4 )*5;-(-(5-; 

3:4'-*(5+((O? ;4'*56, G&- : 34=-.':- 5? QA--
;-('+: 5.)+A>C<M'.B )4*4;-'*O "+&*5G4–
04;5A>'+(4, 3:4C5.3+*+.'5, 3++*&5(4'O ?4*43-

'-*(O? '+=-3. 8CA+D-((O- 4AG+*5';O .A+D--
(5B 3+(-=(O? )+:+*+'+:, +)5.4(5B 35(-;4'535 

5 &5(4;535 4..5;-'*5=(O? ':-*&O? '-A : 
'*-?;-*(+; )*+.'*4(.':- +K-.)-=5:4M' 4:'+-

;4'5C; )+A<=-(5B 5.3+;O? C4:5.5;+.'-E. %--
A5 :-*5,534655 4AG+*5';+: .A<D4' .5;;-'*5B 
;4'-;4'5=-.3+G+ +)5.4(5B 5.3+;O? C4:5.5;+-

.'-E . )+;+R>M 3:4'-*(5+((O? ;4'*56 5 (4-

A5=5- 5(:4*54('(O? :O*4D-(5E, )*5.<R5? 

5.)+A>C<-;O; )-*-;-((O;. 
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 . !. "#$#%&' (#()*+,-./,0123- 4)5036)123- 7038)*139)9, #()*+,-./,0) 

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

 3'.0 

:9,99; <*318;6)0, 0)6=92=- )21<)*90=- 1319)>= .?; .=,@0A19323 +B21A835 8B(?=8. C,19A1B8,00; >)9A.A?A-

@=D 0)6=9235 1319)> <*3 <A+B.A8= 0)6=92AD )21<)*90AD 1319)>3 .?; .=,@0A19B8,00; 0)1<*,80A19)- +B21A835 

8B(?=8 .A(8A?3?A <=.83E393 ,.)28,90=19F >A.)?= .=,@0A19323 +B21 (, *,5B0A2 832A*319,00; .A1?=.035 9, 
=09BD938035 (0,0F )21<)*9=8. $)6=92, )21<)*90, 1319)>, (.,90, >A.)?G8,93 5=. >=*2B8,0F )21<)*9, = <A;1-
0G8,93 18AD .=D, , 9,2A/ (0=>,93 <135A?A@=603- +,*’H* 0)<A*A(B>=00; <*3 8(,H>A.=D 2=0I)8A@A 2A*319B8,6, =( 
1319)>AG. 

:9,9F; <A18;E)0, 0)6)92A- J21<)*90A- 1319)>) .?; .3,@0A19323 +B21A8K5 B(?A8. L*3>)0)03) >)9A.A-

?A@33 0)6)9235 1319)> 2 <A19*A)03G 0)6)92A- J21<)*90A- 1319)>K .?; .3,@0A193*A8,03; 0)31<*,80A19)- 

+B21A8K5 B(?A8 <A(8A?3?A <A8K139F ,.)28,90A19F >A.)?3 .3,@0A19323 +B21 (, 16)9 31<A?F(A8,03; A<K90K5 

3 309B39380K5 (0,03- J21<)*9A8. $)6)92,; J21<)*90,; 1319)>, 1<A1A+0, >A.)?3*A8,9F 5A. *,11B/.)03- 

J21<)*9, 3 A+M;10;9F 18A3 .)-1983;, , 9,2/) 103>,9F <135A?A@36)123- +,*F)* 0)<A03>,03; <*3 8(,3>A.)--

19833 2A0)60A@A <A?F(A8,9)?; 1 1319)>A-. 

The article is devoted to indistinct expert system for diagnostics of axle-box assemblies. The application of 

fuzzy systems methodology to the construction of fuzzy expert system for diagnostics of faults of axle boxes has 

allowed increasing adequacy of the diagnostics model of axle-boxes owing to the use of experience and intuitive 

knowledge of experts. The fuzzy expert system is able to simulate a course of reasoning of the expert and to explain 

its actions; also it removes a psychological barrier of misunderstanding in a process of interaction between the user 

and the system. 
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315A.0A- 30OA*>,I33 A2,(K8,G91; 0)6)92A 

A<*).)?)00K>3 A10A80K) 30OA*>,I3A00K) 
<,*,>)9*K (B*A8)0F PB>,, 9)><)*,9B*, <A.-

P3<032A8, 9)><)*,9B*, 2A*<B1,) N7 <A.83/-

0A@A 1A19,8,. ' 18;(3 1 J93>, 1<)I3,?319K 9)5-

036)12A@A 2A09*A?; 3 *)>A090K5 1?B/+ 0, 
<*,2932) 12?A00K 31<A?F(A8,9F 18A3 1A+198)0-

0K) (0,03; – <*,83?, *)P)03;, A10A8,00K) 0, 
35 A<K9) 3 309B3I33 [1]. 4,23) J8*31936)123) 
<*,83?,, 5A9; 3 0) @,*,093*BG9 >,9)>,936)-
12A- A<93>,?F0A193, 0A A2,(K8,G91; ,.)28,9-
0K>3 *),?F0K> B1?A83;> <*A3(8A.198, 3 *),-
?3(B)>K>3 0, <*,2932).  

' J9A> 0,<*,8?)033 <*).?A/)0 1319)>0K- 

<A.5A. 2 *)P)03G (,.,6 .3,@0A19323 0)31-
<*,80A19)- N7, +,(3*BGE3-1; 0, 2A0I)<I33 

0)6)9235 >0A/)198 Q. C,.), <A(8A?;GE3- B63-

9K8,9F 9,23) 9*B.0A OA*>,?3(B)>K) O,29A*K, 

2,2 A<K9 3 309B3I3; 8K1A2A28,?3O3I3*A8,0-

0A@A 1<)I3,?319, – J21<)*9,. 

1. (4567897:4; <8=879>? @6;A<>B76=8B9>? 
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<*3>)03>K, 9A 8K<A?0;G91; .)-1983; 3( <*,-
8A- 6,193, <*38A.;E3) 8 +A?FP30198) 1?B6,)8 
2 (,0)1)03G 8 +,(B .,00K5 0A8K5 <,* «A+M)29-
(0,6)03)» 3 <*AI)11 <A89A*;)91; .A 9)5 <A*, 

<A2, 0) A9*,+A9,G9 81) <*3>)03>K) <*,83?, 
[5, 6]. 

R?; 8K631?)03; 19)<)03 319300A193 <*,-
83? – <*A.B2I33 8A 8*)>; ?A@36)12A@A 8K8A., 
31<A?F(B)91; A<)*,I3; 0)6)92A@A 15A.198,  
a1`a2, @.) a1 3 a2 – ?30@831936)123) (0,6)03;; 
` – A<)*,I3; «+?3(2A 2», 9.). .?; 8K+*,00A@A 

OA*>,9, OB02I33 <*30,.?)/0A193 3>))>: 

# $ # $ # $# $ 0 &1 2 1 2Poss max min , 0;1a aa a x x " " ' ; 

  
# $ # $

1 2
1 2 1 2

1 2

1 2 1 2

1 2

2 1
2 1 2 1

2 1

1 , )1?3 0 ;

1, )1?3 max , min , ;

1 , )1?3 0 ;

0 8 A19,?F0K5 1?B6,;5.

al ar
al ar

al al ar ar
a a

al ar
al ar

)* ) 1 ) 1% .%, % .%,
, +

2  -
), ) 1 ) 1% .%

, % .3
,
/

 (2) 

4. N8O8<68 K;@;=6 @6;A<>B7696 <86BD4;H<>-

B76 /  B 6BD>IPK>H;<68E fuzzy M+L'($ 

' 2,6)198) ,?@A*39>, *)P)03; (,.,63 8K-

19B<,)9 1A8A2B<0A19F J8*31932, 2A9A*K>3 

<A?F(BG91; 8K1A2A28,?3O3I3*A8,00K) 1<)-
I3,?319K.  8*319323, OA*>B?3*B)>K) J21<)*-

9,>3, (,<31K8,G91; 0, ;(K2) <*).19,8?)03; 
(0,03-  :LQ#$ 3 (,0A1;91; 8 +,(B (0,03- 

1319)>K. L*38).)> .?; ;10A193 O*,@>)09 .3-

,@0A19323 0)31<*,80A19)- NL:: 

7T&'U$V_W7"# (RN) = 11 

4U"LUT#47T#_L&RWSL$S!&' (YT#R .:) = 74 

4U"LUT#47T#_!&TL7:# (YT#R .:) = 62 

…………………………………………………………... 

7T&'U$V_W7"# (RN) = ""#Q&" 

4U"LUT#47T#_L&RWSL$S!&' (YT#R .:) = 

"LTURUQV$#X"   

4U"LUT#47T#_!&TL7:# (YT#R .:) = 

"LTURUQV$#X" 

…………………………………………………………... 

QSN& $#YT7C!# $# N7!:7 N&QVWU $&T"Z - 

R&:4&'UT$&:4V 30 % 

SQS :"#C&_$&U "#:Q& "U$VWU $&T"Z - 

R&:4&'UT$&:4V 25 % 

SQS :"#C&_$&U "#:Q& N&QVWU $&T"Z - 

R&:4&'UT$&:4V 20 % 

SQS ' N7!:7 L&L#Q L&:4&T&$$S^ LTUR"U4 - 

R&:4&'UT$&:4V 15 % 

SQS 4U"LUT#47T# &!T7[#\]U^ :TURZ 

N&QVWU 40º: –  R&:4&'UT$&:4V 10 % 

……………………………………………………………. 

 

U:QS 4&: = "N&QVWU_$&T"Z"   

&4&NT ( " ***********TU!&"U$R#aSX*********** ") 

&4&NT ( " LT&L7:4S4V '#Y&$ R& :4#$aSS 

$#C$#_U$SX L&R !&$4T&QU"") 

4#!_!#! " L&R '&CRU^:4'SU" 4U"LUT#47TZ 

&!T7[#\]U^ :TURZ N7!:# $#YTU'#U4:X R& 

LTURUQV$&Y& 7T&'$X" ; 

U:QS 4&: = "$&T"#" 4& C#LT&: ($:") 

0      l%       l%                                          r%      r%           

( )x"  

1
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U:QS $:" = N&QVWU $&T"Z  S ( " 'UTb$XX 

_#:4V !&TL7:# N7!:Z $#YTU'#U4:X 

T#'$&"UT$&")  S  ( " LUT'#X L&UCR!# '#Y&$# 

L&:QU  TU'SCSS N7!:Z") 4& 

&4&NT ( " ***********TU!&"U$R#aSX*********** ") 

&4&NT ( " LT&L7:4S4V '#Y&$ R& :4#$aSS 

$#C$#_U$SX L&R !&$4T&QU" 

:LUaS#QS:4&' '#Y&$$&^ :Q7[NZ " ) 

4#!_!#! " N&QVW&U !&QS_U:4'& :"#C!S 

C#4T7R$XU4 'T#]U$SU T&QS!&' S 'ZCZ'#U4 

$#YTU'  L& "UTU 'ZR#'QS'#$SX SCNZ4&_$&^ 

:"#C!S YTU$SU "&[U4 LTU!T#4S4V:X" ; 

 

U:QS $:" = "U$VWU $&T"Z  S  ( " :"#C!#   $U   

C#YTXC$U$# "U4#QQS_U:!S"S '!Q\_U$SX"S 

" ) SQS ( " &N$#T7[U$& T#C[S[[U$#X 

C#4'UTRU'W#X :"#C!# " ) 

&4&NT ( " ***********TU!&"U$R#aSX*********** ") 

&4&NT ( " &_S:4S4V &4 :4#T&^ :"#C!S S 

C#LT#'S4V  :'U[U^ 3/1 :'&N&R$&Y& 

LT&:4T#$:4'# LUTUR$U^ _#:4S 

N7!:Z  S :&bT#$S4V L&R  !&$4T&QU" 

' L74S :QUR&'#$SX ") 

4#!_!#! " $UR&:4#4&_$&U :"#CZ'#$SU 

L&RWSL$S!&' 'ZCZ'#U4 $#YTU' S 

"&[U4 &!&$_S4V:X T#CT7WU$SU" 

N7!:Z" ; 

U:QS $:" = "$&T"#"  4& C#LT&: ($$N); 

 

U:QS $$N  = N&QVWU $&T"Z  S ( " :N&T!#   

4UQU[!S  LT#'SQV$& " ) S ( " $U4 

LUTU!&:#    T#"Z '#Y&$# " ) 

&4&NT ( " **********TU!&"U$R#aSX************ ") 

&4&NT ( " 7"U$VWS4V $#YT7C!7 R& 

$&T"#QV$&Y& 7T&'$X ") 

4#!_!#! " L&R N&QVW&^ $#YT7C!&^ 

L&RWSL$S!S $#YTU'#\4:X  S 

RQS4UQV$#X    !:LQ7#4#aSX 

"&[U4 R&'U:4S R& T#CT7WU$SX 

N7!:Z" ; 

U:QS $$N = "$&T"#"  4& C#LT&: (NLLL); 

 

U:QS   NLLL = R#  

&4&NT ( " **********TU!&"U$R#aSX************ ") 

 &4&NT ( " &4LT#'S4V '#Y&$ ' RUL& RQX 

TS'SCSS N7!:Z") 

4#!_!#! " L&:4&T&$$S^ LTUR"U4 "&[U4 

R&'U:4S R& T#CT7WU$SX N7!:Z" ; 

………………………………………………………………… 

R3,@0A1936)12,; 0)6)92,; J21<)*90,; 131-
9)>, +B21 <A.83/0A@A 1A19,8,, 1A(.,00,; 0, 
A10A8) fuzzy  :LQ#$, <A(8A?;)9 AI)038,9F 
.30,>32B 3(>)0)03; 9)5036)12A@A 1A19A;03;  
N7, 5,*,29)*3(BGE)@A1; 80B9*)00)- 3 80)P-

0)- 0)A<*).)?)00A19FG OB02I3A03*A8,03;. 
L*36)> >A/0A <*A8A.39F .3,@0A1932B 0)31-
<*,80A19)- <*,2936)123 8 *),?F0A> >,1P9,+) 
8*)>)03. 

NSNQS&YT#%S_U:!S^ :LS:&! 

1. #>)?30,, #. #. 719*A-198A 3 *)>A09 8,@A00K5 

+B21 1 *A?32A8K>3 <=.P3<032,>3 [4)219] /  

#. #. #>)?30,. – ".: 4*,01<A*9, 1971. – 286 1. 
2. C,.), Q. LA0;93) ?30@831936)12A- <)*)>)00A- 

3 )@A <*3>)0)03) 2 <*30;93G <*3+?3/)00K5 

(0,6)03- [4)219] : <)*. 1 ,0@?. / Q. C,.). – ".: 

"3*, 1976. – 165 1. 
3. R/)21A0, L. '8).)03) 8 J21<)*90K) 1319)>K 

[4)219] / L. R/)21A0. – ".: '3?F;>1, 2001. – 

624 1. 
4. Aliyev, R. A. Soft Computing and its Application 

[4)219] / R. A. Aliyev, R. R. Aliyev. – World Sci-

entific, New Jersey, London, Singapore, Hong 

Kong, 2001. – 444 p. 

5. !*B@?A8, '. '. S12B1198)00K) 0)-*A00K) 1)93. 

4)A*3; 3 <*,2932, [4)219] / '. '. !*B@?A8,  
'. '. NA*31A8 . – ".: YA*;6,; ?303; – 4)?)2A>, 

2001.  

6. L*32?,.0K) 0)6)923) 1319)>K [4)219] /  

!. #1,3 3 .*.; <A. *).. 4. 4J*,0A, !. #1,3, ". 
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- !" 629.4.028.31:681.3.015.004.021 

 . !. "#"$%&, '. (. )$*+%&, '. ,. ,'-*.*!, &. #. /0.10!% (-%%2), 

*. &. $%2!%&'&1* (% 3 /( (4567.8.6.), %. !. 1$%"'&1*, !. !. 10.('&1* 

(-%%2) 

#$%& '()(*+,!,&,'+-. /$0,+,/. $)0,&123 

%,!#1#2(3- «%,!4,& $/2,#5(%+,0, ,4,& !,/$+16» 

*95:;7< ;=><45?@5 9<AB6<C5 9D6:5:?E@5 9D6A<4B ;C?<FGE97<>< <A=;67;77H C @E8;I  0(. F;=DF75G75I 

C;><7DC. 

*95:;7J ;=><45?@J 9<:?4<E75H 9<6:5:?E@J 9<6A<4; ;C?<:KE97<>< <A<4B6<C;75H C 4;@L;I  0(. 8E-
=EF7<6<4<87JI C;><7<C. 

In the framework of the system of computer-aided design of railway wagons the algorithms of building the 

subsystem of selection of autocoupling equipment are described. 

%789:;7<=: >?7@ABCD < 7@EBC <FGB 

-;77;H :?;?MH 9<:CHNE7; ;=><45?@5F;K55 

?4EA<C;75O &<4@ [1], 94E6PHC=HE@JI L 94<I<-

65@<:?5 8E=EF7<6<4<87JI C;><7<C C :?E:7E7-

7JI B:=<C5HI QL:9=B;?;K55. (45CE6E77JE 75-

8E ;=><45?@J 5:9<=MFBR?:H C :5:?E@E ;C?<@;-
?5F54<C;77<>< 94<EL?54<C;75H ( 0(.) 8E=EF-
7<6<4<87JI C;><7<C [2, 3]. &E<AI<65@< <?@E-
?5?M, G?< C SB7LK55  0(. 7E CI<65? 9457H?5E 
L<7:?4BL?<4:L5I 4ETE75O C@E:?< GE=<CEL;. 
 0(. 6<=87; CJ9<=7H?M 4B?577BR 4;A<?B, 

9<@<>;H 9<=MF<C;?E=R CJA4;?M 5F 4H6; ><?<CJI 

L<7:?4BL?<4:L5I 4ETE75O <67< 5=5 7E:L<=ML< 

4;K5<7;=M7JI [4-6]. (<Q?<@B L<=5GE:?C< CC<-

65@JI C 57?E4;L?5C7<@ (65;=<><C<@) 4E85@E 
5:I<67JI 6;77JI 5 L<=5GE:?C< CJI<67JI 6;7-

7JI  0(. 7E=MFH <94E6E=5?M 4;F 5 7;C:E>6;; 
7E<AI<65@JE 6=H 94<EL?54<C;75H L<7L4E?7<>< 

QL59;8; 5:I<67JE 6;77JE 5 57?E4E:BRN5E 
L<7:?4BL?<4; CJI<67JE 6;77JE :5:?E@J @<>B? 
AJ?M <94E6E=E7J ?<=ML< C 94<KE::E 65;=<>; : 
9<=MF<C;?E=E@ (L<7:?4BL?<4<@). 

/DGBAB;FB ;B ?BHB;;7I ?:;BB J:89F 

7@EBI >?7@ABCD 

! 6;77<O :?;?ME 9<L;F;7<, G?< <:7<C7;H 94<-

A=E@; 945 9<:?4<E755 :5:?E@ ;C?<@;?5F54<-

C;77<>< 94<EL?54<C;75H 7E C 94<>4;@@54<C;-
755 945CE6E77JI C &<4@;I [1] S<4@B=, ; C 9<-

:?4<E755 65;=<>; (57?E4SEO:;) : L<7:?4BL?<-

4<@. ! 94<KE::E Q?<>< 65;=<>; :5:?E@; CJ4;A;-
?JC;E? :?4;?E>5R 5:9<=MF<C;75H 7<4@;?5C7<O 

57S<4@;K55 (S<4@B=, G5:=<CJI 5 7EG5:=<CJI 

6;77JI 5 ?.9). 

 

%789:;7<=: K:G:JF 

! <95:JC;E@<O 758E 9<6:5:?E@E 94<CE4H-
R?:H [1] 7E4;:KE9=HE@<:?M :KE9; 5F 94<EL?5-

4BE@<>< 5 Q?;=<77<>< C;><7<C 945 9<I<86E755 

?E:?<CJI L45CJI, ><4A; ><4L5 5 ;99;4E=EO 9;-
4<@<C (E:=5 C;><7 94E67;F7;GE7 6=H 94<9B:L; 
GE4EF ><4L5 5 ;99;4E=5 9;4<@<C), ;C?<@;?5GE-
:L;H :KE9=HE@<:?M 94<EL?54BE@<>< C;><7; : 
Q?;=<77J@ C;><7<@ C ?E:?<CJI L45CJI, ; ?;L8E 
<94E6E=HE?:H 7;5A<=MT5O C<F@<87JO B><= 9<-

C<4<?; ?E=E8L5 <?7<:5?E=M7< LBF<C;. ! 94E6E-
=;I 9<6:5:?E@J @<87< (E:=5 7E C<F4;8;E? L<7-

:?4BL?<4) 9<6<A4;?M >4B99B >4BF<C<>< C;><7; 
9< B:=<C5H@ 7E4;:KE9=HE@<:?5 (>4BF<CJE C;><-

7J 9< B:=<C5H@ 7E4;:KE9=HE@<:?5 @<>B? AJ?M 
I-O 5=5 II-O >4B99J [1]), ?59 ;C?<:KE9L5 5 ?59 

B6;47<O 4<FE?L5 [1, 7]. (<6:5:?E@; 945><67; 
6=H 94<EL?54<C;75H 9;::;854:L5I, 5F<?E4@5-

GE:L5I, 9<G?<CJI, A;>;87JI 5 >4BF<CJI C;><-

7<C (9=;?S<4@, 9<=BC;><7<C, K5:?E47, I<99E-
4<C, 6B@9L;4<C, ?4;7:9<4?E4<C, ; ?;L8E L4J-

?JI, :9EK5;=M7JI 5 AB7LE47JI C;><7<C) [8-11]. 

! :?;?ME 9457H?J :=E6BRN5E <A<F7;GE75H: 
56E7?5S5L;?<4 ?59; ;C?<:KE9L5 - AT , 56E7?5-

S5L;?<4 ?59; B6;47<O 4<FE?L5 - pT , 56E7?5S5-

L;?<4 >4B99J C;><7; 9< B:=<C5H@ 7E4;:KE9=HE-
@<:?5 – U , 56E7?5S5L;?<4J B:=<C5O 94<I<6; 
><4<L 5 ;99;4E=EO 9;4<@<C – :<<?CE?:?CE77<  

/D  5 0D , 56E7?5S5L;?<4J <:<AJI B:=<C5O - 

UD , 3D , UD  5 ZD . 

(45 94<EL?54<C;755 >4BF<CJI C;><7<C 
<AJG7< >;4;7?54BE?:H 94<I<6 AEF :;@<4;:KE9; 
><4<L 5 ;99;4E=EO 9;4<@<C (G?< :<<?CE?:?CBE? 
CJ4;8E75R 1DD A/   ). ':=5 F;L;FG5L 7E 

C<F4;8;E?, 6=H ><4L5 5 ;99;4E=EO 9;4<@<C 945-
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75@;E?:H 9E4E=<@ A/ ((  =55 ‰ @E86B 9=<:-

L<:?H@5 7;6C587<O 5 :9B:L7<O G;:?EO, :<94H-
8E77J@5 CE4?5L;=M7<O L45C<O : 4;65B:<@ 

/R = AR = 250 @. V;L;FG5L C ?EI75GE:L5I ?4E-

A<C;75HI 7; :<F6;75E C;><7; @<8E? <><C<45?M 
64B>5E B:=<C5H 94<9B:L; C;><7; GE4EF ><4L5 5 

;99;4E=5. &;945@E4, @<87< F;94E?5?M 94<9B:L 

C;><7; GE4EF ><4L5 ( /D =0) 5 GE4EF ;99;4E=M-

7JE :PEF6J ( 0D =0) 5=5 9<?4EA<C;?M ( /D =2) 

>;4;7?55 <?:B?:?C5H :;@<4;:KE9; 7; ><4L;I : 
A<=EE :=<87J@ 94<S5=E@ (: 64B>5@5 F7;GE-
75H@5 /(  5 /R ). "<87< <><C<45?M ( 0D =3) 

<?:B?:?C5E :;@<4;:KE9; 7; ;99;4E=M7JI :PEF-
6;I : 6=57<O @<:?;, A<=MTEO 6=57J C;><7; 9< 

<:H@ :KE9=E75H. 
/4BF<CJE C;><7J 9< B:=<C5H@ 7E4;:KE9=HE-

@<:?5 @<>B? AJ?M [1] =5A< C;><7;@5 >4B99J I 

( U =1), =5A< C;><7;@5 >4B99J II ( U =2). -=H 
9;::;854:L5I 5 6=H L;86<O >4B99J >4BF<CJI 

C;><7<C 7<4@54<C;7J :=E6BRN5E 94<CE4HE@JE 
:?E:7E77JE B:=<C5H: L4B><C;H L45C;H 4;65B:; 

1R  6=H 94<I<6; <657<G7<>< C;><7;, :<94H8E-

75E 94H@<O 5 L4B><C<O L45C<O 4;65B:; 2R  AEF 

9E4EI<67<>< 4;65B:; 6=H 94<I<6; :KE9; 5F 94<-

EL?54BE@<>< 5 Q?;=<77<>< C;><7<C, S-<A4;F7;H 
L45C;H 4;65B:; 3R  AEF 94H@<O C:?;CL5 6=H 

94<I<6; :KE9; 5F 94<EL?54BE@<>< 5 Q?;=<77<>< 

5 :KE9; 5F 6CBI 94<EL?54BE@JI C;><7<C, :<-

94H8E75E 94H@<O 5 L4B><C<O L45C<O 4;65B:;  

4R  6=H 94<CE4L5 ;C?<@;?5GE:L<O :KE9=HE@<-

:?5. V;L;FG5L 5@EE? 94;C< 7;:?;5C;?M 7; <94E-
6E=E77<O >4B99E 9< B:=<C5H@ 7E4;:KE9=HE@<-

:?5 94<EL?54BE@<>< >4BF<C<>< C;><7; ( UD =1), 

; ?;L8E (945  UD =2) 6=H =RA<>< (>4BF<C<><, 

9;::;854:L<><) C;><7; - 7; <?=5G;RN5I:H <? 
?4EA<C;75O &<4@ [1] 4;65B:;I 

31 RR ...  ?E:?<CJI 

L45CJI. W:=<C5E UD =0 :<<?CE?:?CBE? C<F@<8-

7<:?5 9<6A54;?M >4B99B 945 94<EL?54<C;755 

>4BF<C<>< C;><7;. (;::;854:L5@ C;><7;@ 9<-

:?;C5@ C :<<?CE?:?C5E B:=<C5E 
))() 3U1((DU  ! , E:=5 L<7:?4BL?<4 7E 7;-

:?;5C;E? 7; 4;65B:;I ?E:?<CJI L45CJI, <?=5-

G;RN5I:H <? ?4EA<C;75O &<4@ [1]. (45 B:=<-

C55  ))() 1U1((D3  !   6=H >4BF<CJI C;><7<C 

>4B99J I c KE7?454BRN5@ B:?4<O:?C<@ ;C?<-

:KE9L5 <94E6E=HE?:H X  9<9E4EG7<E <?L=<7E75E 
><=<CL5 ;C?<:KE9L5 (KE7?4; F;KE9=E75H) 7; 
BG;:?LE :<94H8E75H 94H@<O 5 L4B><C<O L45C<O 

4;65B:<@ 5R =90 @. (45 4;:GE?E KE7?454BRNE-

>< B:?4<O:?C; Q?< <?L=<7E75E 6<=87< AJ?M 
<AE:9EGE7< B:5=5E@ :KE9N5L; 250 &. W:=<C5E 

3D =0 :<<?CE?:?CBE? <?:B?:?C5R KE7?454BR-

NE>< B:?4<O:?C; ;C?<:KE9L5. (45 B:=<C55  

UD =1 6<9B:L;E?:H 7E <AE:9EG5C;?M ;C?<@;?5-

GE:LBR :KE9=HE@<:?M C;><7<C 7; :<94H8E755 

94H@<O 5 L4B><C<O L45C<O 4;65B:<@ 4R  (945 

Q?<@ ;C?<:KE9L5 6<=87J AJ?M <A<4B6<C;7J 

B:?4<O:?C<@ 6=H 5I 9457B65?E=M7<>< <?L=<7E-
75H L KE7?4B L45C<O). W:=<C5E UD =0 :<<?CE?-

:?CBE? ?4EA<C;75R F;L;FG5L; <A <AHF;?E=M7<@ 

CJ9<=7E755 B:=<C5O ;C?<@;?5GE:L<O :KE9=HE-
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:KH,+ *4+4?.(+,: /(>*.).C *,':.I5:4)5B (.;.D35 68-7007 / =.;E< 5A >/,:.+I.)/(:,:4)5B 5 >:.;5@.)5B 
L3/*;>4(4=5,))KA /3,+,/(.C ':5D.)5B. 

In the paper a preliminary estimation of the dynamic qualities of passenger coaches is presented and the choice 

of parameters of suspension stages for bogie 68-7007 is performed with the purpose of their improvement and in-

crease of operation traffic speeds. 
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';B D.;.G),',+,D),F, (+4)/*,+(4. 
!)4@4;. ).,HA,'5?, :KH+4(E :,G?>N.)5B 

().+,:),/(5), '.C/(:><N5. /, /(,+,)K *>(5, 

3,(,+K. H>'>( 5/*,;EG,:4)K *+5 ,*+.'.;.)55 

,*(5?4;E)KA *4+4?.(+,: *).:?,+.//,+ (.;.D-

35. 0;B :KH,+4 ).+,:),/(.C :K*,;)5? ?,'.;5-

+,:4)5. ':5D.)5B *, *+B?,?> >@4/(3> *>(5, 

L3/*;>4(5+>.?,F, : )4/(,BN.. :+.?B )4 D.;.G-
)KA ',+,F4A 23+45)K *4//4D5+/3,F, :4F,)4 )4 
(.;.D34A 7!R-O&%%. S?*;5(>'> ).+,:),/(.C 

G4'4'5? (43,C, @(,HK '5)4?5@./35. *,34G4(.;5 

,/(4:4;5/E : ',*>/(5?KA *+.'.;4A :*;,(E ', 

>/(4),:;.)),C ?43/5?4;E),C /3,+,/(5 ':5D.-
)5B *4//4D5+/35A *,.G',: +4:),C 120 3?/@ 

[13]. 1435? ,H+4G,?, *4//4D5+/35C :4F,) )4 
(.;.D34A 7!R-O&%% ,34D.(/B : >/;,:5BA 

H;5G35A 3 L3/*;>4(4=5,))K?. M+5 L(,? ,@.-
:5'),, @(, 5)(.)/5:),/(E :,G?>N.)5C H>'.( 
)./3,;E3, G4:KI.)),C, @(, *,C'.( : G4*4/ 
H.G,*4/),/(5 ':5D.)5B. 

0,*>/(5?K. :.;5@5)K '5)4?5@./35A *,34-
G4(.;.C *4//4D5+/35A :4F,),: *+5:.'.)K : 
(4H;. 1. 

14H;5=4  1  

!6789:;<=> ?>@;A;B= C;BD<;A>9E;F  

76EDGD:>@>H 7D99DI;J9E;F ?DK6B6? 

M,34G4(.;E !.;5@5)4 

7,L--5=5.)( :.+(534;E),C '5-

)4?535 +4?K 3>G,:4 (7':=) 
0,20 

7,L--5=5.)( :.+(534;E),C '5-

)4?535 +4?K (.;.D35 (7':H) 
0,35 

7,L--5=5.)( F,+5G,)(4;E),C 

'5)4?535 +4?K (.;.D35 (7'F) 
0,24 

M,34G4(.;E *;4:),/(5 A,'4  
: :.+(534;E),C (W:) 5 F,+5G,)-

(4;E),C (WF) *;,/3,/(BA 

3,25 

7,L--5=5.)( G4*4/4 >/(,C@5:,-

/(5 ,( /A,'4 :4F,)4 / +.;E/,: 
*+5 ',:.+5(.;E),C :.+,B(),/(5 

0,001 (7>) 

1,80 
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P.G>;E(4(K :KH,+4 ).+,:),/(.C *+5:.'.)K 

)4 +5/. 1 – 4. 
 

 

P5/. 1. &.+,:),/(5 *>(5 : :.+(534;E),C 5 F,+5G,)(4;E),C *;,/3,/(5

&4 +5/. 1 *+5:.'.)K ).+,:),/(5 *>(5 : :.+-

(534;E),? 5 F,+5G,)(4;E),? )4*+4:;.)55.  

&4 +5/. 2 5 3, /*;,I)K?5 D5+)K?5 ;5)5B?5 

*,34G4)K +.G>;E(4(K ';B :4F,),: )4 (.;.D34A 

7!R-O&%%, /*;,I)K?5 (,)35?5 – ';B :4F,)4 
61-779 )4 (.;.D34A 68-7007, 4 *>)3(5+)K?5 – 

';B :4F,)4 61-788 )4 (.;.D34A 68-7007, D5+-

)K?5 F,+5G,)(4;E)K?5 ;5)5B?5 – ',*>/(5?K. 
:.;5@5)K '5)4?5@./35A *,34G4(.;.C. 

743 :5'), 5G +5/>)3,:, :/. '5)4?5@./35. 
*,34G4(.;5 ';B :4F,),: )4 (.;.D34A 7!R-

O&%% >3;4'K:4<(/B : ',*>/(5?K. *+.'.;K 

*+5 /3,+,/(BA ', 1203?/@ :3;<@5(.;E),. M+5 

'4;E).CI.? >:.;5@.)55 /3,+,/(5 ':5D.)5B 
:.;5@5)K 7':H 5 7'F *+.:,/A,'B( /:,5 *+.-
'.;E), ',*>/(5?K. G)4@.)5B. 0;B :4F,),: ?,-

'.;5 61-779 5 61-788 )4 (.;.D34A 68-7007 :.-
;5@5)K '5)4?5@./35A *,34G4(.;.C *+43(5@.-
/35 ,'5)43,:K :, :/.? '54*4G,). +4//?,(+.)-

)KA /3,+,/(.C. 

0;B :4F,),: ?,'.;5 61-779 5 61-788 ).( )5-

3435A *+,H;.? / :.+(534;E),C '5)4?53,C – 

:.;5@5)K 7':H, 7':= 5 W: />N./(:.)), ?.)E-
I. ',*>/(5?KA G)4@.)5C *+5 /3,+,/(BA ',  

300 3?/@.   

T(, 34/4.(/B F,+5G,)(4;E),C '5)4?535, (, 

:.;5@5)4 7'F :KA,'5( G4 ',*>/(5?KC *+.'.; 

*+5 2203?/@. 143 343 L(,( *,34G4(.;E ,(),/5(/B 
3 *.+:,C (H>3/,:,C) /(>*.)5 *,':.I5:4)5B, (, 

*+.D'. @.? *.+.C(5 3 ,*+.'.;.)5< *4+4?.(+,: 
*).:?,+.//,+K :(,+,C (=.)(+4;E),C) /(>*.)5 

*,':.I5:4)5B /;.'>.( +.I5(E *+,H;.?> /)5-

D.)5B :.;5@5)K 7'F ', ',*>/(5?,F, G)4@.)5B. 
0;B *,5/34 *+5.?;.?KA, / (,@35 G+.)5B :.-

;5@5) '5)4?5@./35A *,34G4(.;.C, *4+4?.(+,: 
H>3/,:,C /(>*.)5 *,':.I5:4)5B :4F,)4 ?,'.;5 

61-779 )4 (.;.D34A 68-7007 HK; 5/*,;EG,:4) 

?.(,' ",)(.-74+;,. M,/;. *.+.H,+4 *+5?.+), 

2000 :4+54)(,: HK;5 *,;>@.)K 10 :4+54)(,: 
*4+4?.(+,: H>3/,:,F, *,':.I5:4)5B. 

M,;>@.))K. G)4@.)5B /:.'.)K : (4H;. 2. 
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P5/. 2. 05)4?5@./35. *,34G4(.;5 7':H, 7'F 5 7> *4//4D5+/35A :4F,),: 

 

14H;5=4  2  

1DJ;DB:= 7DJD<>:J6? L8E96?6K6 76C?>M;?DB;N C@N 9E6J69:; 300 E</A 

!4+54)(K 

*4+4?.(+,: 
KHA 

[3&/?] 

BHA 

[3&//?] 

KH> 

[3&/?] 

BHy 

[3&//?] 

KHz 

[3&/?] 

BHz 

[3&//?] 

I 1290 27,4 255 12,6 1222 10,1 

II 436 99,2 247 7,9 1137 10,9 

III 1610 20,8 251 25,5 1791 8,4 

IV 1627 26,6 402 19,5 359 20 

V 1482 71,9 240 3,2 1051 11,8 

VI 756 92,6 243 20,9 1706 9,2 

VII 1793 30,9 419 8,7 1731 7 

VIII 1802 65,3 236 16,2 1620 10,1 

IX 939 3,7 412 4 1645 7,9 

X 948 38 228 11,5 1535 11 

0,00

0,20

0,40

0,60

0 40 80 120 160 200 240 280 320
V,% /&

'(!)

0,00

0,10

0,20

0,30

0,40

0 40 80 120 160 200 240 280 320
V,% /&

'($)

0,0

1,0

2,0

3,0

4,0

5,0

0 40 80 120 160 200 240 280 320
V,% /&

'*
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P5/. 3. 05)4?5@./35. *,34G4(.;5 7':=, W: 5 WF *4//4D5+/35A :4F,),: 

1.3. +4/@.(K, *+5 *,5/3. *4+4?.(+,: H>3/,-

:,F, *,':.I5:4)5B, :K*,;)B;5/E (,;E3, *+5 

/3,+,/(5 300 3?/@, (, ).,HA,'5?, :K*,;)5(E 
*+,:.+,@)K. +4/@.(K :, :/.? '54*4G,). /3,+,-

/(.C. ! +.G>;E(4(. (435A +4/@.(,: H>'>( ,(-

H+,I.)K (. :4+54)(K, *+5 3,(,+KA '5)4?5@.-
/35. *,34G4(.;5 :KA,'B( G4 ',*>/(5?K. *+.'.-
;K *+5 /3,+,/(BA )5D. 300 3?/@. 

P.G>;E(4(K *+,:.+,@)KA +4/@.(,: *+5:.'.-
)K : (4H;. 3 – 13. 

 

 

14H;5=4  3  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D I 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,056 0,065 5 0,034 1,831 1,497 

60 0,124 0,063 5 0,054 2,226 1,691 

80 0,126 0,069 5 0,044 2,172 1,759 

100 0,15 0,067 5 0,044 2,262 1,884 

120 0,156 0,086 5 0,046 2,412 2,068 

140 0,191 0,112 4,836 0,055 2,537 2,198 

160 0,234 0,119 4,641 0,069 2,573 2,313 

180 0,262 0,122 4,429 0,065 2,566 2,487 

200 0,308 0,119 4,484 0,078 2,785 2,565 

220 0,317 0,124 4,446 0,073 2,861 2,625 

240 0,321 0,139 3,826 0,082 2,883 2,713 

260 0,306 0,156 2,814 0,098 2,974 2,772 

280 0,279 0,17 2,583 0,098 2,977 2,848 

!
4+
54
)(

 I
 

300 0,266 0,172 2,777 0,082 2,912 2,896 
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14H;5=4  4  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D II 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,054 0,068 5 0,033 1,824 1,518 

60 0,118 0,058 5 0,052 2,198 1,701 

80 0,121 0,072 5 0,041 2,156 1,761 

100 0,141 0,069 5 0,042 2,247 1,903 

120 0,146 0,087 5 0,044 2,383 2,068 

140 0,188 0,11 5 0,055 2,507 2,18 

160 0,228 0,116 4,939 0,066 2,546 2,275 

180 0,261 0,115 5 0,065 2,565 2,436 

200 0,301 0,113 4,88 0,073 2,766 2,543 

220 0,315 0,118 4,85 0,071 2,837 2,614 

240 0,315 0,119 4,583 0,085 2,869 2,706 

260 0,295 0,129 4,013 0,098 2,948 2,78 

280 0,287 0,15 3,819 0,094 2,944 2,82 

!
4+
54
)(

 I
I 

300 0,269 0,146 3,374 0,078 2,883 2,892 

 

14H;5=4  5  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D III 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,074 0,055 5 0,029 1,849 1,451 

60 0,143 0,064 5 0,051 2,267 1,646 

80 0,205 0,065 5 0,044 2,252 1,744 

100 0,203 0,067 5 0,054 2,319 1,901 

120 0,226 0,081 5 0,051 2,454 2,064 

140 0,243 0,104 4,797 0,066 2,549 2,216 

160 0,293 0,117 4,186 0,079 2,601 2,387 

180 0,317 0,129 3,85 0,076 2,583 2,538 

200 0,351 0,144 3,568 0,09 2,767 2,622 

220 0,379 0,159 3,343 0,076 2,899 2,668 

240 0,393 0,174 2,942 0,089 2,908 2,748 

260 0,389 0,203 2,577 0,103 2,986 2,829 

280 0,367 0,24 2,183 0,099 3,034 2,893 

!
4+
54
)(

 I
II

 

300 0,345 0,237 2,121 0,091 2,988 2,937 

 

14H;5=4  6  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D IV 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,031 0,062 5 0,024 1,711 1,415 

60 0,056 0,085 5 0,028 1,853 1,607 

80 0,08 0,071 5 0,027 1,917 1,692 

100 0,107 0,084 5 0,032 2,046 1,801 

120 0,144 0,089 5 0,047 2,189 1,929 

140 0,189 0,111 4,722 0,047 2,199 2,051 

160 0,263 0,135 3,872 0,055 2,274 2,2 

180 0,294 0,149 3,354 0,051 2,412 2,333 

200 0,336 0,155 3,287 0,062 2,482 2,424 

220 0,358 0,166 3,072 0,067 2,54 2,486 

240 0,369 0,181 2,835 0,058 2,57 2,557 

260 0,352 0,201 2,596 0,051 2,516 2,628 

280 0,352 0,216 2,448 0,052 2,5 2,713 

!
4+
54
)(

 I
V

 

300 0,345 0,23 2,257 0,053 2,484 2,764 
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14H;5=4  7  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D V 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,05 0,076 5 0,031 1,818 1,531 

60 0,108 0,065 5 0,049 2,189 1,712 

80 0,111 0,078 5 0,042 2,141 1,773 

100 0,134 0,077 5 0,04 2,238 1,925 

120 0,143 0,097 5 0,046 2,39 2,102 

140 0,183 0,124 4,863 0,055 2,519 2,205 

160 0,226 0,126 4,617 0,068 2,541 2,301 

180 0,261 0,12 4,542 0,067 2,558 2,441 

200 0,298 0,114 4,662 0,074 2,775 2,562 

220 0,317 0,117 4,493 0,071 2,833 2,625 

240 0,313 0,12 4,47 0,085 2,861 2,702 

260 0,293 0,134 4,157 0,094 2,945 2,737 

280 0,28 0,135 4,084 0,088 2,931 2,799 

!
4+
54
)(

 V
 

300 0,279 0,196 3,598 0,073 2,864 2,846 

 

14H;5=4  8  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D VI 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,073 0,056 5 0,03 1,843 1,467 

60 0,138 0,056 5 0,052 2,255 1,653 

80 0,186 0,066 5 0,043 2,233 1,75 

100 0,193 0,064 5 0,049 2,305 1,888 

120 0,213 0,081 5 0,051 2,434 2,045 

140 0,238 0,102 4,897 0,065 2,532 2,192 

160 0,284 0,115 4,394 0,076 2,586 2,347 

180 0,308 0,129 4,16 0,076 2,582 2,514 

200 0,344 0,143 3,894 0,086 2,762 2,588 

220 0,369 0,15 3,655 0,074 2,887 2,649 

240 0,378 0,161 3,057 0,089 2,9 2,731 

260 0,371 0,173 2,751 0,101 2,978 2,802 

280 0,346 0,188 2,67 0,101 3,018 2,874 

!
4+
54
)(

 V
I 

300 0,33 0,203 2,504 0,09 2,976 2,925 

 

14H;5=4  9  

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D VII 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,072 0,064 5 0,029 1,855 1,492 

60 0,152 0,096 5 0,051 2,276 1,734 

80 0,208 0,077 5 0,045 2,26 1,838 

100 0,202 0,095 5 0,051 2,323 1,965 

120 0,22 0,095 5 0,051 2,454 2,12 

140 0,234 0,118 4,344 0,066 2,547 2,295 

160 0,28 0,149 3,505 0,079 2,602 2,463 

180 0,299 0,163 3,32 0,076 2,582 2,576 

200 0,335 0,17 3,348 0,089 2,769 2,672 

220 0,373 0,164 3,493 0,074 2,895 2,678 

240 0,389 0,169 3,396 0,088 2,903 2,757 

260 0,384 0,179 3,1 0,101 2,989 2,795 

280 0,361 0,187 2,722 0,102 3,033 2,884 

!
4+
54
)(

 V
II

 

300 0,342 0,196 2,807 0,092 2,988 2,922 
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14H;5=4  10 

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D VIII 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,068 0,059 5 0,029 1,84 1,481 

60 0,136 0,058 5 0,053 2,254 1,655 

80 0,174 0,066 5 0,043 2,216 1,739 

100 0,184 0,062 5 0,05 2,296 1,886 

120 0,203 0,082 5 0,049 2,436 2,059 

140 0,228 0,099 5 0,064 2,541 2,208 

160 0,274 0,109 4,618 0,076 2,593 2,338 

180 0,304 0,114 4,54 0,073 2,573 2,513 

200 0,345 0,122 4,434 0,086 2,767 2,591 

220 0,371 0,13 3,976 0,073 2,889 2,641 

240 0,371 0,142 3,469 0,087 2,895 2,725 

260 0,366 0,164 2,835 0,099 2,979 2,798 

280 0,339 0,18 2,727 0,1 3,019 2,865 

!
4+
54
)(

 V
II

I 

300 0,317 0,17 2,965 0,089 2,97 2,916 

 

14H;5=4  11 

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D IX 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,068 0,067 5 0,031 1,849 1,495 

60 0,146 0,1 5 0,051 2,269 1,763 

80 0,186 0,081 5 0,042 2,243 1,874 

100 0,192 0,098 5 0,048 2,311 1,99 

120 0,205 0,103 5 0,052 2,449 2,148 

140 0,225 0,122 4,265 0,063 2,549 2,314 

160 0,271 0,157 3,406 0,078 2,6 2,468 

180 0,293 0,18 3,191 0,075 2,587 2,612 

200 0,328 0,191 3,08 0,088 2,78 2,689 

220 0,358 0,195 2,815 0,075 2,895 2,717 

240 0,37 0,197 2,759 0,087 2,907 2,737 

260 0,37 0,193 2,749 0,1 2,99 2,812 

280 0,346 0,202 2,603 0,103 3,026 2,838 

!
4+
54
)(

 I
X

 

300 0,319 0,221 2,42 0,09 2,974 2,868 

 

14H;5=4  12 

!;BD<;A>9E;> 76EDGD:>@; C@N ?DJ;DB:D X 

V, 3?/@ 7':H 7'F 7> 7':= W: WF 

40 0,067 0,065 5 0,031 1,835 1,501 

60 0,13 0,057 5 0,052 2,242 1,672 

80 0,157 0,065 5 0,04 2,203 1,745 

100 0,176 0,063 5 0,046 2,286 1,9 

120 0,192 0,086 5 0,05 2,429 2,051 

140 0,22 0,104 5 0,062 2,537 2,215 

160 0,267 0,108 4,986 0,076 2,587 2,335 

180 0,301 0,11 5 0,073 2,577 2,49 

200 0,345 0,113 5 0,085 2,774 2,585 

220 0,368 0,119 4,389 0,074 2,883 2,627 

240 0,369 0,134 3,927 0,086 2,895 2,713 

260 0,363 0,148 2,686 0,099 2,979 2,76 

280 0,336 0,157 2,752 0,101 3,008 2,826 

!
4+
54
)(

 X
 

300 0,315 0,169 3,225 0,088 2,956 2,88 
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743 :5'), 5G *+5:.'.))KA (4H;5=, H ;EI4B 
@4/(E *,;>@.))KA :4+54)(,: *4+4?.(+,: ). 
>',:;.(:,+B<( ,F+4)5@.)5B? *, 7':H. !.;5@5-

)K 7':H, :KA,'BN5. G4 ',*>/(5?,. G)4@.)5., : 
(4H;5=4A ,(?.@.)K D5+)K? I+5-(,?. M+5F,'-

)K? ';B '4;E).CI.F, +4//?,(+.)5B ,34G4;5/E 3 

:4+54)(4 *4+4?.(+,: (I, II 5 V). 0;B L(5A :4+54)-

(,: )4 +5/. 4 5 5 *,34G4)K F+4-535 '5)4?5@.-
/35A *,34G4(.;.C. 

8/(4:I5./B 3 :4+54)(4 *4+4?.(+,: H>3/,:,C 

/(>*.)5 *,':.I5:4)5B *4+4?.(+,: (I, II 5 V), 343 

:5'), 5G +5/. 4 5 5, ?4;, ,(;5@4<(/B '+>F ,( 
'+>F4. &.H,;EI,. ,(;5@5. :.;5@5) 7> 5 7'F 

:+B' ;5 ?,D.( /(4(E 3+5(.+5.? ';B ,3,)@4-
(.;E),F, *+.'*,@(.)5B ,'),F, 5G )5A, (.3. 

:.;5@5)K L(5A *,34G4(.;.C ';B :/.A :4+54)-

(,: '4;.35 ,( ',*>/(5?KA G)4@.)5C. 

! ',*,;).)5. 3 +4//?,(+.))K? '5)4?5@.-
/35? *,34G4(.;B? )4 +5/. 6 *+5:.'.)K F+4-5-

35 *,34G4(.;.C 5G),/4 3,;./ )4 *,:.+A),/(5 

34(4)5B (U3) 5 )4 F+.H). (UF). &4 L(,? D. +5-

/>)3. ';B /+4:).)5B D5+),C ;5)5.C *,34G4)K 

*,34G4(.;5 5G),/4 ';B :4+54)(4 - :4F,) ?,'.-
;5 61-779 )4 (.;.D34A 68-7007 / *4/*,+()K?5 

A4+43(.+5/(534?5 4?,+(5G4(,+,:. 

P5/. 4. 05)4?5@./35. *,34G4(.;5 7':H, 7'F 5 7> *4//4D5+/35A :4F,),: ?,'.;5 68-779

%G *+5:.'.))KA +5/>)3,: :5'),, @(,: 

1. M,34G4(.;5 5G),/4 ';B *,;>@.))KA 3-A 

:4+54)(,: *4+4?.(+,: H>3/,:,F, *,'-

:.I5:4)5B *+5 /3,+,/(BA :KI.  
140 3?/@ />N./(:.)), ?.)EI., @.? ';B 
(.;.D35 / *4/*,+()K?5 *4+4?.(+4?5 

H>3/,:,F, *,':.I5:4)5B. 
2. M,;>@.))K. 3 :4+54)(4 *4+4?.(+,: *+5 

/3,+,/(BA :KI. 200 – 240 3?/@ G4?.(), 

,(;5@4<(/B ?.D'> /,H,C.   (,@35 G+.-
)5B *,34G4(.;.C 5G),/4 3,;./ *+.'*,-

@./(E /;.'>.( :4+54)( I. 7+,?. L(,F, ). 
/;.'>.( G4HK:4(E, @(, 5G),/ 3,;./)KA 

*4+ *+,5/A,'5(, : *.+:>< ,@.+.'E, 5G-
G4 5)(.)/5:),F, :5;B)5B, @(, : /:,< 

,@.+.'E *+5:,'5( 3 5GHK(,@)K? G4(+4-
(4? )4 (BF> *,.G'4. 

1435? ,H+4G,?, ';B /3,+,/(.C ':5D.)5B 
*4//4D5+/35A :4F,),: ', 300 3?/@ )45H,;.. 
*+.'*,@(5(.;E)K?5, *+.D'. :/.F, / (,@35 G+.-
)5B 5G),/4 3,;./ 5 G4(+4( )4 (BF> *,.G'4, B:;B-
<(/B *4+4?.(+K H>3/,:,F, *,':.I5:4)5B, /,-

,(:.(/(:><N5. :4+54)(> I. M,L(,?> 5?.)), 

L(5 *4+4?.(+K 5 /;.'>.( +.3,?.)',:4(E ';B 
+.4;5G4=55. 
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P5/. 6. M,34G4(.;5 5G),/4 3,;./ )4 *,:.+A),/(5 34(4)5B U3 5 )4 F+.H). UF 
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Q%Q$%8VPSU%TW 7%X  M% 87 

1. "B?;5),  . !. 2;>@I.)5. '5)4?5@./35A 34-
@./(: +.;E/,:KA L35*4D.C *>(.? >/,:.+I.)/(-
:,:4)5B A4+43(.+5/(53 +.//,+),F, *,':.I5:4-
)5B [1.3/(] : '5/. ... ',3(. (.A). )4>3: 05.22.07. – 

0., 2003. – 455 /. 
2. 1.,+.(5@)9 ',/;9'D.))B '5)4?935 *4/4D5+/E3,-

F, :4F,)> ';B I:5'3,/(.C +>A> ', 250 3?/F,' 

[1.3/(] : G:9( *+, &0P (G43;<@.) / &4>3,:,-

:5+,H)5@. *9'*+5Y?/(:, «23+(+4)/434'». –  

4-107/ZP; [ 0P 0106U007472; \):.  
[ 0307U007208. – 0., 2006. – 386 /.  

3. "B?;5),  . !. ",'.;5+,:4)5. '5)4?535 +.;E-
/,:KA L35*4D.C [1.3/(] /  . !. "B?;5). – 0.: 

&,:4B 5'.,;,F5B, 2002. – 240 /. 
4. "B?;5),  . !. !;5B)5. D./(3,/(5 +.//,+),F, 

*,':.I5:4)5B )4 '5)4?5@./35. *,34G4(.;5  

34@./(:4 *4//4D5+/3,F, :4F,)4 [1.3/(] /  

 . !. "B?;5) // 1+4)/*,+(. – 0.: 0\\1, 2002. – 

[ 10. –  . 46-50. 

5. !5H9+ +4=9,)4;E)5A *4+4?.(+9: +./,+),F, *9'-

:9I>:4))B :9G34 ?,'.;9 68-7007 [1.3/(] : G:9( 
*+, &0P (G43;<@.) / &4>3,:,-:5+,H)5@. *9'-

*+5Y?/(:, «23+(+4)/434'». – 4-106/ZP; [ 0P 

0106U007471; \):. [ 0307U007207. – 0.,  

2006. – 112 /.  
6. &53,;4.:, !. S. P4G+4H,(34 ?.(,',: 4)4;5(5@.-

/3,F, 3,)/(+>5+,:4)5B 3:4G55):4+54)()KA /5-

/(.? +.//,+),F, *,':.I5:4)5B D.;.G),',+,D-

)KA L35*4D.C [1.3/(] : 4:(,+.-. '5/. … ',3(. 
(.A). )4>3 / 8?/3. F,/. >)-( *>(.C /,,HN. – 

8?/3, 2003. – 42 /. 

7. 74?4.:, !. S. 8*(5?5G4=5B *4+4?.(+,: A,',:KA 

@4/(.C D.;.G),',+,D),F, *,':5D),F, /,/(4:4 
[1.3/(] / !. S. 74?4.:. – ".: "4I5),/(+,.)5., 
1980. – 215 /. 

8.  ,3,;,:, ". ". V4/5(.;5 3,;.H4)5C D.;.G),',-

+,D),F, *,':5D),F, /,/(4:4 [1.3/(] /  

". ".  ,3,;,:, !. %. !4+4:4, V. ". $.:5( . – 

".: 1+4)/*,+(, 1985. – 216 /. 
9. "4)4I35), $. S. V4/5(.;5 3,;.H4)5C 5 4?,+(5-

G4(,+K >'4+,: +.;E/,:KA L35*4D.C (?4(.?4(5-

@./35. ?,'.;5) [1.3/(] / $. S. "4)4I35),  

 . !. "B?;5), !. %. M+5A,'E3,. – ".: SP1-

MPW  , 2007. – 196 /. 
10. !.+I5)/35C,  . !. 05)4?534 :4F,)4 [1.3/(] /  

 . !. !.+I5)/35C, !. &. 04)5;,:, !. 0. ]>/5-

',:. – ".: 1+4)/*,+(, 1991. – 359 /. 
11. $4G4+B), !. S. 05)4?534 :4F,),: [1.3/(] /  

!. S. $4G4+B). – ".: 1+4)/*,+(, 1964. – 256 /. 
12. "B?;5),  . !.  ,:.+I.)/(:,:4)5. ?4(.?4(5@.-

/3,C ?,'.;5 *+,/(+4)/(:.))KA 3,;.H4)5C *4/-
/4D5+/3,F, :4F,)4 [1.3/(] /  . !. "B?;5),  

!. %. M+5A,'E3,, !. !. 65D3, // M+. 67 "9D). 

)4>3.-*+43(. 3,)-. «M+,H;.?5 (4 *.+/*.3(5:5 

+,G:5(3> G4;9G)5@),F, (+4)/*,+(>». – 0.: 0\\1, 

2007. –  . 40-41. 

13. &,+?5 ',*>/(5?5A I:5'3,/(.C +>A> +>A,?,F, 

/3;4'> *, G4;9G)5@)5A 3,;9BA 0.+D4:),J 4'?9-
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52 /.  
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 !" 625.17(075) 

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

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

'34$5%#6. ).&%-'7%(#82 0'%+!'7

%.,+/0* /123/4506+25 7/+2*+38/00- 93:3 8;4,1*8/<*8,: .*=7>68, .9;>+2/84;0,? .*46<*0 9*7@,9;00- 93-

:3 8;4,1*8/<*8,: .*=7>68 >* 2030 9., .*1/7/0/ .9*A4;B/ 0/>6?0*= 9*A*2, 7;B4-0*<* .*4*20/ 0/ 2/1,: >64-0-

1/:, 7/.9*.*0*8/06 29/>,C6?06 B;2*>, .6>8,D;00- 0/>6?0*+26 7;B4-0*<* .*4*20/. 

%.,+/0/ /123/450*+25 .9,B;0;0,- >8,E;0,- 2-E;4*8;+0F: .*;7>*8, .9;>+2/84;0 .*4,<*0 9/+@,9;0,- 
>8,E;0,- 2-E;4*8;+0F: .*;7>*8 >* 2030 <., .*1/7/0/ .9*A4;B/ 0/>;E0*? 9/A*2F 7;B4-0*<* .*4*20/ 0/ 2/-
1,: 3G/+21/:, .9;>4*E;0F 29/>,C,*00F; B;2*>F .*8F@;0,- 0/>;E0*+2, 7;B4-0*<* .*4*20/. 

In the paper the urgency of using the heavy train traffic in Russia is described, the proving ground of extension 

for traffic of heavy trains till 2030 is presented. It is also shown the problem of functioning the ground bed on such 

sections and offered traditional methods for increasing the reliability of the ground bed. 

  0/+2*-D;; 89;B- 8+H A*45@; , A*45@; 
3>;4-I2 80,B/0,; >8,E;0,I 2-E;4*8;+0F: 

.*;7>*8. !/ E;4;70*>*9*E0*B +J;7>; 8 2007 <. 
[1], AF4/ .*+2/84;0/ 7/>/G/ .*8F@;0,- .9*.3-

+10*? +.*+*A0*+2,, 8 G/+20*+2,, 7/ +G;2 9/+@,-

9;0,- .*4,<*0/ >8,E;0,- 2-E;4*8;+0F: .*;7-
>*8 0/ E;4;70*>*9*E0*B 29/0+.*92; )K >* 

2030 <*>/ (9,+. 1). 

L2* *+*A;00* /123/450* 8 3+4*8,-: B,9*8*-

<* M,0/0+*8*<* 19,7,+/. '9, *9</0,7/C,, 2/-
1*<* >8,E;0,-, .*78*4,2 3B;05@,25 ./91 0/ 10 

;>,0,C , 8F+8*A*>,25 10 4*1*B*2,80F: A9,</> 

8 +321, [2]. N/1E; 8*E>;0,- 2-E;4*8;+0F: .*-

;7>*8 /123/450* 0/ 2;: 3G/+21/:, <>; *G;05 8F-

+*1/- .4*20*+25 ./++/E,9+1*<* , .9,<*9*>0*<* 

>8,E;0,-, 1*2*9/- *+*A;00* 8*79/+2/;2 8 .;9,-

*> 4;20,: ./++/E,9+1,: .;9;8*7*1 , .9*8;>;-
0,- .32;8F: 9/A*2. N/1 0/ $*+1*8+1*? E;4;7-
0*? >*9*<; *9</0,7*8/00* >8,E;0,; 2-E;4*-

8;+0F: .*;7>*8 8 0/.9/84;0,,  ;1*81/ – O;1/-
+*8* – (B*4;0+1 (9,+. 2) 

 

 

),+. 1. )/+@,9;0,; .*4,<*0*8 2-E;4*8;+0*<* >8,E;0,- >* 2030 <.
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!/ $*+1*8+1*? E;4;70*? >*9*<; P1+.43/2,-

93I2+- 2-E;4*8;+0F; .*;7>/ + 8/<*0/B, 8 +*-

+2/8; 85 ,4, 100 3+4*80F: ;>,0,C. '9, 2/1*B 

1*4,G;+28; 8/<*0*8 0/ 7;B4-0*; .*4*20* *1/-
7F8/;2+- A*4;; .9*>*4E,2;450F; >,0/B,G;-
+1,; 8*7>;?+28,- 8 1,3 , 1,5 9/7/. 

N/1E; 0/ $*+1*8+1*? >*9*<; .9,B;0-;2+- 
8*E>;0,; +>8*;00F: .*;7>*8 + .9,B;0;0,;B 

+,+2;B; Q(" '-)N. (,+2;B/ Q(" '-)N .9;-
>3+B/29,8/;2 8*E>;0,; +>8*;00F: .*;7>*8, 7/ 
+G;2 G;<* 38;4,G,8/;2+- 8;+ .*;7>/ 8 >8/ 9/7/. 
N/1 0/ $*+1*8+1*? >*9*<;, .9/12,13;2+-  8*E-

>;0,; .*;7>*8 B/++*? >* 12000 2*00. (:;B/ 
8*E>;0,- +>8*;00F: <937*8F: .*;7>*8 .* +,+-
2;B; Q(" '-)N .*1/7/0/ 0/ 9,+. 3. 

 

),+. 2. (:;B/ M*9B,9*8/0,- *2.9/84;0,- +2/0C,-B, $*+1*8+1*? E;4;70*? >*9*<, .*;7>*8 
.*8F@;00*<* 8;+/ 

 

 

),+. 3. #G/+21, 8*E>;0,- +>8*;00F: <937*8F: .*;7>*8 0/ $*+1*8+1*? E.>. 
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%2 .*8F@;0,- >4,0F .*;7>/, <937*0/.9--
E;00*+2, E;4;70*>*9*E0*<* .32, 0/:*>-2+- 8 
.9-B*? 7/8,+,B*+2, 38;4,G;0,; G,+4/ >;M*9-

B/C,?, 2/1,: 1/1 *A93@;0,-, +.4F8F, *.*470, 

, >93<,; -84;0,-, 0*+-D,; 80;7/.0F? :/9/12;9 

, .9;>+2/84-ID,; 0/,A*45@3I 3<9*73 A;7*-

./+0*+2, >8,E;0,- .*;7>*8[3]. '9/12,1/ ,+-

.*457*8/0,- 2-E;4*8;+0F: .*;7>*8 .*1/7F8/;2, 
G2* .9,B;0;0,; 2-E;4*8;+0F: .*;7>*8 0/ 0;-
1*2*9F: 3G/+21/: 8F7F8/;2 9*+2 >;M*9B/C,? 

7;B4-0*<* .*4*20/. '* B;+23 8*70,10*8;0,- 
>;M*9B/C,? ,: B*E0* 9/7>;4,25 0/ 29, <93.-

.F: 

1) >;M*9B/C,, *+0*80*? .4*D/>1, 7;B4--
0*<* .*4*20/; 

2) >;M*9B/C,, 2;4/ 7;B4-0*<* .*4*20/; 
3) >;M*9B/C,, *+0*8/0,- 7;B4-0*<* .*4*2-

0/. 
R;M*9B/C,, *+0*80*? .4*D/>1, 7;B4-0*<* 

.*4*20/ *A9/73I2+-, 1/1 .9/8,4*, 8+4;>+28,; 
0,71*? 0;+3D;? +.*+*A0*+2, <9302/ *+0*80*? 

.4*D/>1,, / 2/1E; ,7-7/ 0/4,G,- A/44/+20F: 

1*9F2, A/44/+20F: B;@1*8.  
R;M*9B/C,, 2;4/ 7;B4-0*<* .*4*20/ 8F9/-

E/I2+- 8 8,>; +.4F8*8 *21*+*8, *.*47/0,- *2-
1*+*8 0/+F., 7/ +G;2 8F:*>/ <9302*8F: 8*> 0/ 
.*8;9:0*+25 *21*+/, .*-84;0,; 1*9*21,: 29;-
D,0F 3 A9*8*1 *21*+*8 , .*-84;0,; .9*>*45-
0F: 29;D,0 0/ .*8;9:0*+2, .32,. !/4,G,; 
A/44/+20F: @4;?M*8 0/ *21*+/:, .9, ,02;0-

+,80*? P1+.43/2/C,, 7;B4-0*<* .*4*20/, B*<32 
.9,8;+2, 1 ,: +.4F83. 

R;M*9B/C,, *+0*8/0,- 7;B4-0*<* .*4*20/ 
.9*,+:*>-2 8 *+0*80*B 0/ 0/+F.-: +* +4/AFB 

*+0*8/0,;B (2*9M, 8*>*0/+FD;00F; <9302F). 

R4- +2/A,4,7/C,, , 3+,4;0,- 7;B4-0*<* .*-

4*20/ 8 7/8,+,B*+2, *2 B;+2/ 8*70,10*8;0,- 
>;M*9B/C,?, +3D;+283;2 B0*E;+28* 2;:0,G;-
+1,: 9;@;0,?. !/.9,B;9, >4- 3+,4;0,- *+0*8-
0*? .4*D/>1, 7;B4-0*<* .*4*20/ ,+.*4573I2-
+- <;*B/2;9,/4F (<;*9;@;21,, <;*-G;?1,), .*-

4,B;90F; .4;01, ,4, .4,2F .;0*.*4,+2,9*4/. 
#+,4;0,; 2;4/ 7;B4-0*<* .*4*20/ B*E0* 

9;/4,7*8/25 7/ +G;2 3+29*?+28/ .*>>;9E,8/I-

D,: , 3>;9E,8/ID,: +**93E;0,?, 8 G/+20*-

+2,, /9B*<9302*8F: +2;0. R4- P2,: C;4;? 2/1E; 
29/>,C,*00* ,+.*4573;2+- 3+29*?+28* 1*029-

A/01;2*8.   1/G;+28; B/2;9,/4/ >4- *2+F.1, 

1*029A/01;2*8 0/9->3 + *AF10*8;00FB, >9;-
0,93ID,B, <9302/B, B*E0* ,+.*457*8/25 *2-
+;8F D;A0- +3:*? B/<0,20*? +;./9/C,, (($() 

9,+. 4 [5]. 

'* +9/80;0,I + 29/>,C,*00* ,+.*4573;BFB 

>9;0,93ID,B <9302*B, *2+;8F D;A0- ($( 

.9/12,G;+1, 8 >8/ 9/7/ >;@;84;. 
R4- 3+,4;0,- *+0*8/0,- 7;B4-0*<* .*4*20/ 

2/1E; ,+.*4573;2+- B0*E;+28* 2;:0,G;+1,: 

9;@;0,?. !/,A*4;; G/+2* .9,B;0-I2 3+29*?+2-
8* A39*0/A,80F: ,4, >;9;8-00F: +8/? (9,+. 5) 

8 *+0*8/0,, 7;B4-0*<* .*4*20/, .9,<937*G0F; 
A;9BF ,7 >9;0,93ID;<* <9302/. 

 

 

 

),+. 4. %2+F.1/ 1*029A/01;2/ ,7 *2+;8*8 D;A0- +3:*? B/<0,20*? +;./9/C,, (($() 
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),+. 5. #+29*?+28* >;9;8-00F: +8/? >4- 3+,4;0,- *+0*8/0,- 7;B4-0*<* .*4*20/ 

R;4/- 8F8*> B*E0* +1/7/25, G2* .*8F@;0,; 
.9*.3+10*? +.*+*A0*+2, E;4;70F: >*9*< 7/ 
+G;2 38;4,G;0,- B/++F .*;7>/ /123/450* , .;9-

+.;12,80*. L1+.43/2/C,, .32, 0/ 3G/+21/: 

>8,E;0,- 2-E;4*8;+0F: .*;7>*8, 1/1 .*1/7F-

8/;2 .9/12,1/, .9,8*>,2 1 9*+23 >;M*9B/C,? 

7;B4-0*<* .*4*20/.  
R4- *A;+.;G;0,- 0/>;E0*? 9/A*2F 7;B4-0*-

<* .*4*20/ 0/ 3G/+21/: *A9/D;0,- 2-E;4*8;+-
0F: .*;7>*8 +4;>3;2 .9*/0/4,7,9*8/25 84,-0,; 
2/1*<* 8*7>;?+28,- 0/ 0;<* , .9*/0/4,7,9*8/25 
3+4*8,- .9,B;0;0,- 9/74,G0F: 2;:0,G;+1,: 

9;@;0,? .* ,: +2/A,4,7/C,, + 3G;2*B 0; 2*45-
1* ,: B;+2/ 8*70,10*8;0,-, 0* , 9->/ >93<,: 

./9/B;29*8. 

OQOSQ%&)"KQTU(VQW ('Q(%V 

1. Q0M*9B/C,*00*-/0/4,2,G;+1,? +A*90,1. X;4;7-
0*>*9*E0F? +J;7> «)/78,2,; 2030» [N;1+2]. – $., 

&VR, 2007. 

2. V*90F@;8, R.  . (4/</;BF; *.2,B,7/C,, P1+.43-
/2/C,*00*? 9/A*2F >*9*<, [N;1+2] / R.  . V*90F-

@;8 // X;4;70*>*9*E0F? 29/0+.*92. – 2008. – 

 F.. 8/08. – (. 28-29. 

3. V*0@,0, &. &. );7*0/0+0F; -84;0,- 8 0/+F.-: .*> 

.*;7>/B, , B;2*>,1/ .9*<0*7,9*8/0,- ,: 80;7/.-

0F: >;M*9B/C,? [N;1+2] / &. &. V*0@,0 // (*89;-
B;00F; .9*A4;BF .9*;12,9*8/0,-, +29*,2;45+28/ 
, P1+.43/2/C,, E;4;70*>*9*E0F: +**93E;0,?: V 

0/3G.-2;:0. 1*0M. + B;E>30. 3G/+2,;B. – N9.  

$QQN/. – $., 2008. – (. 78–82. 

 

'*+23.,4/ 8 9;>1*44;<,I 10.08.2009 
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 !" 539.3 

 . !. " #$%!&', (.).-*.+., ,-.)/00.-,  12(/*34 52*.6/++.7 0896:; (<1-23+2); 
=.  . " #$%!&', 1.).-*.+., >!< (<1-23+2); 
!. !. !?=?@! , *2A305-, >!< (<1-23+2) 

#$%&! '()*$%( )&+)%,$--./ "&0$+(-12 30()%1-.  

)& )#$4(--.#1  )0&,15#1 6("'$30$-15 "&-% '(
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+.05H 0.052C84/5 0,18%).  +283E ,-3C/(/++;F 

(2++;F ,.12E;C2/5, D5. C K/8.*, -20F.6(/+3/ 
,.89D/++;F -/E98H525.C 0 3EC/05+;*3 +/ ,-/-
C;I2/5 2%. 

>84 089D24 03**/5-3D+.A. -20,.8.6/+34 
9D2051.C E2*/J/+34 E2C303*.05H 0.:05C/++.A. 

D3082 .5 -2E*/-.C 9D20512 I2-+3-+.A. .,3-2-
+34 3*//5 5-3 F2-215/-+;F 9D20512. !2 ,/-C.* 

9D2051/ .5  u=0,0 (. u=0,05  0 -.05.* ,2-2*/5-2 
u 0.:05C/++./ D308. 9*/+HI2/504 +/E+2D35/8H-
+.. !2 08/(9MJ/* 9D2051/ .5 u=0,05 (. u=0,4 

0.:05C/++./ D308. 9*/+HI2/504 ,.D53 83+/7-

+.. !2 5-/5H/* – .5 u=0,4 (. u=0,5 9*/+HI/+3/ 
0.:05C/++.A. D3082 5216/ +/E+2D35/8H+.. 

>84 ,82053+; 0 +/03**/5-3D+;* -20,.8.-

6/+3/* 9D20512 E2J/*8/+34 L53 E.+; :9(95 
-20,.82A25H04 C 08/(9MJ3F ,-/(/82F E+2D/+37 

,2-2*/5-2 u: ,/-C24 – u = 0,0-0,2; C5.-24 – u = 

0,2-0,8; 5-/5H4 – u =0,8-1,0. 

,J<7?J. ".89D/++;/ -/E98H525; 0C3(/-
5/8H05C9M5 . 5.*, D5. +2 0.:05C/++9M D205.59 

.12E;C2M5 *28./ C834+3/ 121 +/:.8HI3/ ,. 

-2E*/-9 9D20513 I2-+3-+.A. .,3-2+34 (,/-C;7 

9D205.1 1-3C.7), 521 3 +/:.8HI3/ 9D20513 E2-
J/*8/+34 (5-/537 9D205.1 1-3C.7). #9J/05C9-

M5 5216/ 5213/ 0..5+.I/+34 -2E*/-.C 9D205-
1.C 0*/I2++;F A-2+3D+;F 908.C37, ,-3 1.5.-

-;F 3F +/:.8HI./ 3E*/+/+3/ 09J/05C/++. 

C834/5 +2 D205.59 0.:05C/++;F 1.8/:2+37 ,82-
053+; (C5.-.7 9D205.1 1-3C.7). 

 

U&UV&?WN X&%$#'&Y #"&#?' 

1. #*3-+.C, =.  . N20D/5 ,82053+ 08.6+.A. .D/--

52+34 [@/105] / =.  . #*3-+.C. – Z.:#5-.73E(25, 
1978. – 303 0. 

2. Z2-D/+1., =.  . '-2/C;/ E2(2D3 C .:82054F 0 
I/81.E/-+305.7 A-2+3K/7 [@/105] / =.  . Z2--

D/+1., $. [. O-90F.C. – '.: !291. (9*12, 1974. – 

277 0. 
3. ?:-2EK.C, &. X.  03*,5.53D/013/ */5.(; C 

05-.35/8H+.7 */F2+31/ 5.+1.05/++;F 1.+05-9-
1K37 [@/105] / &. X. ?:-2EK.C, U. =. !/-9:278., 

&. =.  +(-32+.C. – Z.: Z2I3+.05-./+3/,  
1991. – 416 0. 

4. =.8H*3-,  . #. !/83+/7+24 (3+2*312 ,82053+.1 
3 .:.8.D/1 [@/105] /  . #. =.8H*3-. – Z.: !29-

12, 1972. – 432 0. 
5. @3*.I/+1., #. ". '.8/:2+34 C 3+6/+/-+.* (/-

8/ [@/105] / #. ". @3*.I/+1.. – Z.:X3E*2IA3E, 
1959. – 439 0. 

6. W.+51/C3D, =. #. #.:05C/+;/ 1.8/:2+34 ,82053-

+.1 3 .:.8.D/1 [@/105] / =. #. W.+51/C3D. – '.: 

!291. (9*12, 1964. – 287 0. 
7. \/7583+,  . &. '.8/:2+34 ,-4*.9A.8H+.7 ,820-

53+13 0. 0*/I2+;*3 1-2/C;*3 908.C34*3 

[@/105] /  . &. \/7583+, U. @. W831*2+ // &008/-
(.C2+34 ,. 5/.-33 0..-96/+37. @. 19. – Z., 

1972. – #.185-194. 

8.  +(-32+.C, &. =. %308/++.-203*,5.53D/0137 

*/5.( -/I/+34 +/83+/7+;F 0*/I2+;F 1-2/C;F 

E2(2D */F2+313 [@/105] / &. =.  +(-32+.C,  
=.  . "20/D+31 // Z/F2+G12. – 1999. – =3,. 2,  

@. 2. – #. 5-12. 

9. Ota, T. Fundamental frequencies of simple 

supported but partially clamped square plates 

[@/105] / T. Ota , M. Hamada // Bull. of Japan Soc. 

of Mech. Eng. – 1963. – V. 6, ] 23. – P. 397-403. 

 

".059,382 C -/(1.88/A3M 14.08.2009 

 

191



 !" 629.439 

 . !. "#$%&# , «'()*+,)-» (./()0*)); 
1. 2. 3!4!".56789, /.:.*., +.*.+., «'()*+,)-» (./()0*)) 

#$%&'$()*( !+*,()*- ./0)*&$1(+*&*' 23(0$ 

#$(4!/ + )(#'(!%"/4 (.$5 $6%&/)$+"(

8);(<;<*<=)*< ,>:<?0/@ /<*+:(@A=)**B CDE>+;(B,<=)*<F ?0*),D/0 ,)-*D:<E>=D:@AG<-< ;<FH?). &<,;<-

*>*:0 I<-< (@J@ ;<?DEBA:K+B *) /<(0+*D I ;)()H0:*D. LJ*B <M+:)*<=/) ;>(>?M)G)N:K+B *>;>(>?M)G>*<A. 

"(>?E<O>*) ,>:<?0/) /<*+:(@0(<=)*0B C>E>*);()=E>**<I ?0*),0/0 ,)-*0:<E>=0:0(@AP>-< ;<>H?). 
&<,;<*>*:Q >-< ?=0O>*0B ()H?>EBA:+B *) ;<E>H*Q> 0 ;)()H0:*Q>. 6J <M+:)*<=/) ;(>?;<E)-)>:+B *>;(>?-

+/)H@>,<I. 

The method of constructing the goal-directed dynamics of magnet-levitation train is offered. The components of 

its motion are divided on useful and parasitic. Their situation is expected unpredictable. 

"(>?*)H*)G>*0>, :()*+;<(:*<-< /<,;E>/+) 
+ ,)-*0:<E>=0:0(@AP0,0 ;<>H?),0 (2$") 

B=EB>:+B <+@P>+:=E>*0> ;>(>=<H<G*<-< ;(<C>+-
+). 7EB RSS>/:0=*<-< 0 M>H<;)+*<-< =Q;<E*>-
*0B R:<I S@*/C00 ?=0O>*0> /)O?<-< 0H R:0J 

;<>H?<= ?<EO*< -)()*:0(<=)**< <ME)?):K (B-
?<, +=<I+:=, B=EBAP0J+B >-< C>EB,0. 6J ?<+-
:0O>*0>, <?*)/<, <MQG*< H):(@?*>*< (B?<, 

S)/:<(<=, <+*<=*Q,0 0H /<:<(QJ B=EBA:+B: 
*>;(>?+/)H@>,<+:K =<H,@P>*0I; ;<E0/<<(?0-

*):*<+:K 0J =<H?>I+:=0I; *>+:)C0<*)(*<+:K 
;)(),>:(<= ;<>H?); =H)0,<+=BH)**<+:K /<,;<-

*>*:<= >-< ?=0O>*0B. 1>/<:<(Q> 0H :)/0J /<,-

;<*>*:<= ;<E>H*Q. T<MEA?>*0> 0J :(>M@>,QJ 

H)/<*<= ;(0=<?0: / 0+G>(;Q=)AP>,@ (>U>*0A 

?=0-):>EK*<I H)?)G0 2$". 6*Q> O> ;)(C0)EK-
*Q> ?=0O>*0B M>+;<E>H*Q (0E0 =(>?*Q), ;<-

+/<EK/@ H):(@?*BA: (E0M< ?>E)A: *>=<H,<O-

*Q,) @;<,B*@:<> (>U>*0>. "<R:<,@ -)()*:0-

(<=)**)B C>E>*);()=E>**<+:K ?0*),0/0 ;<>H?) 
?<+:0O0,) +<G>:)*0>, )/:0=*<-< @;()=E>*0B 
>V ;<E>H*Q,0 /<,;<*>*:),0 + ;)++0=*Q, ;<-

?)=E>*0>, ;)()H0:*QJ (M>+;<E>H*QJ 0 =(>?-

*QJ) /<,;<*>*:<=. 
T;>C0S0/) ;<+:(<>*0B ;<E>H*<-< ?=0O>*0B 

2$" +<+:<0: = *><MJ<?0,<+:0 >-< -)()*:0(<-

=)**<-< ;(0=>?>*0B = ;<+E>?<=):>EK*<+:K +<-

+:<B*0I / H)?)**Q, ,<,>*:), =(>,>*0, 0E0 = 
*)H*)G>**QJ :<G/)J ;@:0.   ;(<,>O@:/)J O> 
,>O?@ -()*0G*Q,0 :<G/),0 ?=0O>*0> ?<EO*< 

<ME)?):K <MP>?0*),0G>+/0,0 /)G>+:=),0 

(M>H<;)+*<+:KA, )+0,;:<:0G>+/<I @+:<IG0=<-

+:KA 0 :.?.), ) :)/O> +=<I+:=),0 (<MQG*< – R/+-
:(>,)EK*Q,0), <+<MQ,0 ?EB /)O?<-< 0H (>O0-

,<= (,0*0,)EK*Q, R*>(-<;<:(>ME>*0>,, 0E0 

,)/+0,)EK*Q, MQ+:(<?>I+:=0>, 0 :.;.). "(0 

R:<, )E-<(0:,Q @;()=E>*0B *> ?<EO*Q MQ:K 
0HMQ:<G*< +E<O*Q 0 (>+@(+<V,/0. 

#:,>G>**Q, :(>M<=)*0B, / *)H*)G>*0A 0 

+;<+<M@ <(-)*0H)C00 ;<+:(<>*0B ;<E>H*<-< 

?=0O>*0B 2$" = *)0M<EKU>I +:>;>*0 +<<:=>:-
+:=@>: :>(,0*)EK*QI ;(0*C0; :)/<-< ;<+:(<>-
*0B [1]. .;<,B*@:<> ?=0O>*0> *) :>(,0*)EK-
*<, 0*:>(=)E> ],[  s  ,<O>: MQ:K <;0+)*< ,<-

?>EKA 

];,[]),(),(),([)(  !"#
$

stttwtutxftx  

%!)(sx ,                           (1) 

-?> )(),(),( twtutx ],[  !" st  – =>/:<(Q +<-

+:<B*0B ;<>H?), ) :)/O> @;()=EBAP0J 0 =<H-
,@P)AP0J =<H?>I+:=0I *) *>-<;  ,, st – =(>,B, 

) :)/O> >-< *)G)EK*<> 0 /<*>G*<> (*) ()++,):-
(0=)>,<, 0*:>(=)E>) H*)G>*0B; )($f – H)?)**)B 

=>/:<(-S@*/C0B; % – H)?)**<> H),/*@:<> ,*<-

O>+:=<, <-()*0G0=)AP>> =<H,<O*Q> *)G)EK-
*Q> +<+:<B*0B 2$". 8?>+K 0 ?)E>> EAM)B 
S@*/C0B + :<G/<I *) ,>+:> )(-@,>*:) <H*)G)>: 
=+A :)/@A S@*/C0A, /)/ >?0*<> C>E<>. 

.+E<=0B M>H<;)+*<+:0 /<*+:(@0(@>,<-< 

?=0O>*0B 0 <-()*0G>**<+:0 >-< @;()=E>*0I 

;(>?+:)=0,Q = =0?> 

,)( Stx !    Utu !)(    ].,[  !" st       (2) 

# *>;(>?+/)H@>,QJ O> =<H,@P>*0BJ :)/<-< 

?=0O>*0B <MQG*< 0H=>+:*< E0UK :<, G:< 

].,[)(  !"! stWtw                     (3) 

  +<<:*<U>*0BJ (2) 0 (3) ?<;<E*0:>EK*< 

<M<H*)G>*<: WUS ,,  – H)?)**Q> H),/*@:Q> 

,*<O>+:=) = ;(<+:()*+:=)J +<+:<B*0I, @;()=-
E>*0I 0 =<H,@P>*0I ;<>H?). 
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'>(,0*)EK*)B C>EK >-< ?=0O>*0B (*) 0*:>(-

=)E> ],[  s ) S<(,)E0H@>,) ;(<-(),,<I 

,)( Gx !                           (4) 

-?> G  – H)?)**<> = ;(<+:()*+:=> +<+:<B*0I 

2$" C>E>=<> ,*<O>+:=<. 

  EAM<, (>O0,> /)G>+:=< ?=0O>*0B (;< 

/<,;E>/+@ =Q?=0-)>,QJ /(0:>(0>=) /<E0G>+:-
=>**< J)()/:>(0H@>,< H*)G>*0>, ;</)H):>EB 
:)/<-< /)G>+:=).  Q()O>*0> ?EB >-< <;(>?>E>-
*0B H)G)+:@A 0,>>: =0? S@*/C0<*)E) :0;) 

}.])(),(,[{ $$$ wuxJ  "(0 R:<,, /)/ <:,>G>*<, 

)(tw <MQG*< *>;(>?+/)H@>,Q. '>, *0 ,>*>>, 

*><MJ<?0,< -)()*:0(<=):K ;(0>,E>,<> /)G>+:-
=< /)O?<I (>)E0H)C00 ;(<C>++) = +0+:>,> ;(0 

EAMQJ =<H,<O*QJ (>)E0H)C0BJ :)/0J =<H,@-

P>*0I. '<-?) )?>/=):*)B +:():>-0B S<(,0(<=)-
*0B ;(<-(),,*<I +<+:)=EBAP>I @;()=E>*0I 

)($pu  ,<O>: MQ:K ;<E@G>*) 0H ,0*0,)/+*<-< 

?0SS>(>*C0)EK*<-0-(<=<-< +<<:*<U>*0B [2] 

=0?) 

#$$$#
$$

})](),(,[{supinf
)()(

wuxJI p

wu

p

p
 

:])(),([{supinf
)()(

dtwu

s

p

wu p
&$$'

 

$$
(  

},],[,)(,)(  !!$!$ stWwUu pp       (5) 

-?> pI  – ;</)H):>EK /)G>+:=) ;(<-(),,*<-< 

@;()=E>*0B )($pu ; )($(  – H)?)**)B S@*/C0B 

+=<0J )(-@,>*:<=; pU – H)?)**<> H),/*@:<> 
,*<O>+:=< = ;(<+:()*+:=> ;(<-(),,*QJ 

@;()=E>*0I. "(0 R:<, =:<(<> 0H =/EAG>*0I (1), 

) :)/O> =/EAG>*0> (4) ;(0<M(>:)A: +,Q+E -()-
*0G*QJ @+E<=0I +E>=) 0 +;()=) +<<:=>:+:=>**<. 

 <H,@P>*0B )($w  ;Q:)A:+B *> :<EK/< ?>+-

:)M0E0H0(<=):K ;(<-(),,*@A S)H<=@A :()>/-

:<(0A +0+:>,Q )($px  (+:)M0E0H0(@>,@A ;<? 

=<H?>I+:=0>, )($pu ), *< 0 @=>+:0 >V 0H<M()-

O)AP@A :<G/@ + :)/<I :()>/:<(00. W:<,@ 

?<EO*) ;(>;B:+:=<=):K /<((>/:0(@AP)B +<-

+:)=EBAP)B @;()=E>*0B )($cu . T:():>-0B >V 

+0*:>H) ,<O>: MQ:K ;<E@G>*) + 0+;<EKH<=)*0-

>,, *);(0,>(, +;<+<M) )(/)*) [3] 0 ?<;<E*>*) 
;(<-(),,<I ;<E@G)>,<I 0H ,0*0,)/+*<-< 

?0SS>(>*C0)EK*<-0-(<=<-< =Q()O>*0B =0?) 

:])(),([{supinf
)()(

dtwuI

s

c

wu

c

c
&$$# '

 

$$
)  

},],[,)(,)(  !!$!$ stWwUu cc       (6) 

-?> cI  – ;</)H):>EK /)G>+:=) @;()=E>-

*0B )($cu ; )($)  – H)?)**)B S@*/C0B; cU – H)-

?)**<> H),/*@:<> ,*<O>+:=< = ;(<+:()*+:=> 

@;()=E>*0I )($cu . 

"<?H)?)G0 +:)M0E0H)C00 ;(<-(),,*<I :()-
>/:<(00 0 -0M/<I ;<H0C0<**<I /<((>/C00 <:-
*<+0:>EK*< *>V :>/@P>-< ;<E<O>*0B 0H<M()-
O)AP>I :<G/0 +0+:>,Q :>+*< =H)0,<+=BH)*Q. 

#?*)/< ;()/:0G>+/<> ()H(>U>*0> *>/<:<(QJ 0J 

G)+:>I ,<O>: MQ:K ()H*>+>*< =< =(>,>*0. W:< 

=<H,<O*< ME)-<?)(B +E>?@AP>,@. #M+:)*<=/) 
?=0O>*0B 2$" ,<O>: MQ:K /E)++0S0C0(<=)*) 
;< ;(0*C0;@ ?0J<:<,00 = =0?> =E<O>**QJ 

@(<=*>I /E)++<=. 1):@(*<> <;<H*)*0> EAM<-< 

0H *0J <+@P>+:=0,< ;< +<<:=>:+:=@AP>,@ *)-
M<(@ H*)G>*0I ?<+:@;*QJ ?EB *)MEA?>*0B, <?-

*<H*)G*< >-< 0?>*:0S0C0(@AP0J ;)(),>:(<= 0 

:(>M@>: =Q;<E*>*0B <:*<+0:>EK*< *>M<EKU<-< 

<MXV,) ?<;<E*0:>EK*QJ <;>()C0I.   :< O> 
=(>,B, ;(0 +<H?)*00 (>-@EB:<() /)O?<,@ /E)+-
+@ *  <O0?)>,<I <M+:)*<=/0 = +<<:=>:+:=0> 
,<-@: MQ:K ;<+:)=E>*Q 0 H)S0/+0(<=)*Q = ;(<-

-(),,*<, H);<,0*)AP>, @+:(<I+:=> ("8.) 

(>-@EB:<() :(>M@>,)B (= R:<, /E)++>) ;(<-

-(),,*)B :()>/:<(0B )($px*  0 (-)()*:0(<=)**< 

>V +:)M0E0H0(@AP>>) @;()=E>*0> )($pu* . '<-?) 

;(0 ?=0O>*00 ;<>H?), ;<+E> <;<H*)*0B (>)E0-

H<=)=U>-<+B /E)++) *  <M+:)*<=/0 0 +G0:Q=)-

*0B 0H "8. +<<:=>:+:=@AP0J >,@ )($px*  

0 )($pu* , +:)*<=0:+B =<H,<O*Q, 0J 0+;<EKH<=)-

*0> ;(0 <;(>?>E>*00 ;<E*<-< )/:0=*<-< @;()=-

E>*0B +0+:>,Q. &<,;<*>*: O> )($cu  ;<?E>O0: 

<;>():0=*<,@ +0*:>H@ *>;<+(>?+:=>**< = ;(<-

C>++> ?=0O>*0B, ;<+/<EK/@ B=EB>:+B ;<H0C0<*-

*Q, 0 ;<R:<,@ ;(0*C0;0)EK*< *> ,<O>: MQ:K 
+/<*+:(@0(<=)* H)ME)-<=(>,>**<. 7EB ;<-

+:(<>*0B ;<E>H*<-< ?=0O>*0B 2$" / *>,@ 

?<EO*< MQ:K ;(0E<O>*< @;()=E>*0> 

)()()()( k
cp tuttutu &+,#  

,)1(,),,[ )1()1( hkthktttt kkkk &,#&#!" ,,  

),(int],,0[ )1(-&## hTLLk              (7) 

-?> )( t+  – ,):(0C) /<RSS0C0>*:<=, =QM<( /<-

:<(QJ ?<EO>* <-()*0G0=):K *)0M<E>> /(0:0G-

*Q> ;)(),>:(Q ?=0O>*0B, ) :)/O> ;<=QU):K 

>-< @+:<IG0=<+:K; h– U)- ?0+/(>:0H)C00 )($cu . 

6:)/, *) /)O?<, :>(,0*)EK*<, 0*:>(=)E> @;<-

,B*@:<> ?=0O>*0> +:(<0:+B ;< ;(0*C0;@ ?0+-
/(>:*<I ;<H0C0<**<I /<((>/C00 :>/@P>-< +<-

+:<B*0B ;<>H?) <:*<+0:>EK*< H)ME)-<=(>,>**< 
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+0*:>H0(<=)**<I (?EB (>)E0H<=)=U>I+B <M+:)-
*<=/0) /<*:0*@)EK*< +:)M0E0H0(@>,<I ;(<-

-(),,*<I :()>/:<(00 0H<M()O)AP>I :<G/0. 

#+*<=*<> ;(>0,@P>+:=< 0HE<O>**<-< +;<+<M) 
;<+:(<>*0B ;<E>H*<-< ?=0O>*0B 2$" – = =<H-
,<O*<+:0 ?>/<,;<H0C00 H)?)G0 :)/<-< ;<-

+:(<>*0B. 
Y>*>()C0B @;()=E>*0B (7) ,<O>: :()/:<-

=):K+B /)/ (>)E0H)C0B *)/E)?Q=)>,<I *) +0+-
:>,@ @;()=EBAP>I +=BH0. 7EB +<J()*>*0B C>-
E>*);()=E>**<+:0 +0*:>H0(@>,<-< ?=0O>*0B 
,*<-<<M()H0>, <;(>?>EBAP>> R:@ +=BHK, ?<EO*< 
-)()*:0(<=)**< B=EB:K+B )::()/:<(<, ,<?>E0 
(1), G:< 0 ;(0H=)*< <M>+;>G0:K @;<,B*@:<> 
@;()=E>*0>. .;(<P>*0> >-< +0*:>H) (M>H @J@?-
U>*0B /)G>+:=)) ,<O>: MQ:K ?<+:0-*@:< ;<+E> 
H),>*Q @/)H)**<-< ,*<-<<M()H0B ;<+E>?<=)-
:>EK*<+:KA ;(0:B-0=)AP0J ,*<-<<M()H0I ;<-
*0O)AP>I+B ()H,>(*<+:0.  )(K0(<=)*0> G0+E) 
0 -()?)C00 ()H,>(*<+:>I R:0J H),>*BAP0J 
,*<-<<M()H0I ;<H=<EB>: ;<E@G0:K ?=0O>*0B 
()HE0G*<-< /)G>+:=) [4]. ')/)B -><,>:(0H)C0B 
0J /<*+:(@0(<=)*0B M)H0(@>:+B *) ()H?>E>*00 
0+J<?*<I =Q+</<()H,>(*<I H)?)G0 *) (B? ;<?-
H)?)G M<E>> *0H/<I ()H,>(*<+:0. "(0 R:<, ?>-
/<,;<H0C0B (>H@EK:0(@AP>-< ?=0O>*0B *) 
;)(C0)EK*Q> <+*<=Q=)>:+B *> *) +=<I+:=)J ()+-
+,):(0=)>,<I +0+:>,Q, ) *) ;<+E>?<=):>EK*<, 
=< =(>,>*0 ;>(>=<?> >V 0H<M()O)AP>I :<G/0 + 
;(>?Q?@P>-< ;<?,*<-<<M()H0B *) ;<+E>?@A-
P>>. W:<: ;<?J<? ;<H=<EB>: <+@P>+:=EB:K *> 
;(0ME0OV**@A, ) :<G*@A ?>/<,;<H0C0A ?=0-
O>*0I +0+:>,Q, G>, H*)G0:>EK*< @:<G*B>:+B 
(>H@EK:): 0 @;(<P)>:+B ;(<C>++ +0*:>H) +:()-
:>-00 ;<+:(<>*0B @;<,B*@:QJ ?=0O>*0I. 

1>,)EQ> :(@?*<+:0 =<H*0/)A: <MQG*< :)/-
O> 0 ;(0 +<H?)*00 (>-@EB:<() ;<>H?). "<;Q:/0 
;<+:(<>*0B ?=0O>*0I M<EKU0J +E<O*QJ +0+-
:>,, <ME)?)AP0J /<,;E>/+<, H)?)**QJ 
+=<I+:=, + 0+;<EKH<=)*0>, :()?0C0<**QJ <?-
*<@(<=*>=QJ (>-@EB:<(<= ?<+:):<G*< G)+:< 
</)*G0=)A:+B *>@?<=E>:=<(0:>EK*<+:KA /)G>+:-
=) :)/0J ?=0O>*0I, E0M< +<H?)*0>, =>+K,) +E<O-
*QJ () ;<R:<,@ *>*)?VO*QJ 0 ?<(<-<+:<BP0J = 
(>)E0H)C00) )E-<(0:,<= @;()=E>*0B [5]. #?*0, 
0H *)0M<E>> ;(0>,E>,QJ ;@:>I ()H(>U>*0B ;(<-
:0=<(>G0B ,>O?@ /)G>+:=<, /<*+:(@0(@>,<-< 
?=0O>*0B 0 +E<O*<+:KA @;()=E>*0B 0, B=EB>:+B 
?>/<,;<H0C0B 0 ?>C>*:()E0H)C0B :)/<-< @;()=-
E>*0B, ?<+:0-)>,Q> ;(0 0+;<EKH<=)*00 0>()(J0-
G>+/0J (,*<-<@(<=*>=QJ) (>-@EB:<(<= [5]. 6+J<-
?B 0H (>H@EK:):<= )*)E0H) 0*S<(,)C0<**QJ ;<-
:</<=, ;<?E>O)P0J <M()M<:/> ;(0 ;<+:(<>*00 
?=0O>*0B 2$", = /)G>+:=> ?<+:):<G*< ()C0<-
*)EK*<I ,<O>: MQ:K ;(>?E<O>*) :(VJ@(<=*>=)B 
+:(@/:@() :)/<-< ;<+:(<>*0B. &)O?QI 0H @(<=*>I 
=<H-E)=EB>:+B <?*0, 0H ,)/(<ME</<= (>-@EB:<(), 
) (>)E0H@AP>>+B ?=0O>*0> +:(<0:+B = ;(<C>++> 

+0*:>:0G>+/<-< =H)0,<?>I+:=0B :)/0J ,)/(<ME<-
/<=. YE<M)EK*QI )E-<(0:, (>U>*0B /)O?<I 0H 
?=0-):>EK*QJ H)?)G (>)E0H@>:+B ;<? @;()=E>*0>, 
/<<(?0*):<() – ,)/(<ME</) -<E<=*<-< @(<=*B 
(>-@EB:<(). 7EB R:<-< 0, <;(>?>EB>:+B ?=0-)-
:>EK*QI +<+:)= H)?)G0, :< >+:K – ,0*0,)EK*< 
?<+:):<G*QI *)M<( ;)::>(* ?=0O>*0I RE>,>*:<= 
+0+:>,Q, 0*0C00(@A:+B H);(<+Q *) 0J (>)E0H)-
C0A, ) :)/O> <+@P>+:=EB>:+B >V /<*:(<EK 0 /<(-
(>/:0(<=/). .;<,B*@:Q> ;)::>(*Q ?=0O>*0I 
(/)/ ;()=0E<, – = =0?> 0J *><MJ<?0,QJ =H)0,<-
@=BH)**QJ /<,M0*)C0I) (>)E0H@>:+B ;<? @;()=-
E>*0>, 0*:(</<*:(<EE>() – ,)/(<ME</) *0H<=<-< 
@(<=*B (>-@EB:<(). 1)/<*>C, <;<H*)*0> /E)++) 
<M+:)*<=/0 ?=0O>*0B, >-< )?);:)C0B / R:<I <M-
+:)*<=/>, ) :)/O> /<((>/:0(<=/) ;<?E>O)P>I 
(>U>*0A ?=0-):>EK*<I H)?)G0 <+@P>+:=EBA:+B 
;<? @;()=E>*0>, )?);:>() – ,)/(<ME</) ;(<,>-
O@:<G*<-< @(<=*B :<-< O> (>-@EB:<(). #+*<=*Q> 
;(>0,@P>+:=) :)/<-< +;<+<M) ;<+:(<>*0B ?=0O>-
*0B 2$" – = =<H,<O*<+:0 R=(0+:0G>+/<I, :<G-
*<I 0 )?>/=):*<I ?>/<,;<H0C00 H)?)G0 R:<-< ;<-
+:(<>*0B *) (B? M<E>> ;(<+:QJ ;<?H)?)G 0, ME)-
-<?)(B R:<,@, +@P>+:=>**<-< ;<=QU>*0B /)G>+:-
=) @;<,B*@:<-< ?=0O>*0B (H) +GV: +;>C0)E0H0(<-
=)**<-<, M<E>> :<G*<-< (>U>*0B @;<,B*@:QJ 
;<?H)?)G), ?<+:0-)>,<-< M>H @+E<O*>*0B )E-<-
(0:,) @;()=E>*0B 0,. 

"<?)=E>*0> ;)()H0:*QJ ?=0O>*0I ;<>H?) = 
*>;(>?+/)H@>,<I <M+:)*<=/> ,<O>: MQ:K ?<+:)-
:<G*< ()C0<*)EK*< <+@P>+:=E>*< + 0+;<EKH<=)-
*0>, ,>:<?<= :><(00 0*=)(0)*:*<+:0 [6], 0+J<?B 
0H +E>?@AP0J +<<M()O>*0I. .;<,B*@:Q> ?=0O>-
*0B ,<-@: MQ:K <;0+)*Q ,<?>EKA 

;Ya (
)

() #.&  

;lp)C(pca , ()()
/

)/(()() ,&0,.&,&# 2  

dt

d
p # ],,[,, fs NN!" /)(              (8) 

-?> ],[,,,;, , fs NNlCc !" /)(0 ()())/(()  – /<-

=)(0)*:*QI ,>:(0G>+/0I :>*H<( +@M)-(>-):) (B=-
EBAP>-<+B ()+GV:*<I +J>,<I ,>J)*0G>+/<I ;<?-
+0+:>,Q – 2" – 2$" ;(0 0H@G>*00 >V *>O>E)-
:>EK*QJ ?=0O>*0I), >-< :(VJ0*?>/+*QI +0,=<E 
&(0+:<SS>EB ;>(=<-< (<?), ) :)/O> ?0++0;):0=-
*Q> 0 /=)H0@;(@-0> /<RSS0C0>*:Q ,<?>E0; 

],[, fs NNY !"(. (
( – <M<MPV**Q> /<<(?0*):Q, + 

0+;<EKH<=)*0>, /<:<(QJ <;0+Q=)A:+B ;<?)=-
EB>,Q> ?=0O>*0B, ) :)/O> 0J =<H,@P>*0B; 

fs NN , – *)G)EK*QI 0 /<*>G*QI *<,>() :)/0J 

/<<(?0*): = ;>(>G*> <M<MPV**QJ /<<(?0*): 
(;<E*<I) ()+GV:*<I +J>,Q 2" 2$". 9+E0 
@()=*>*0B ,<?>E0 (8) @;<(B?<G>*Q, :< <;>()-
:<(*Q> /<RSS0C0>*:Q ],[ fs NNa !"(((  J)()/-

:>(0H@A: ?0*),0G>+/0> /)G>+:=) <:?>EK*QJ 
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/)*)E<= ;<?+0+:>,Q, +<<:=>:+:=@AP0J >V /<-

<(?0*):),. &<RSS0C0>*:Q O> ;)(() 1"a  

],[, fs NN!)(  J)()/:>(0H@A: =H)0,<?>I+:=0> 

:)/0J /)*)E<=. TE>?<=):>EK*<, EAM<> 0H =<H,@-

P>*0I (Y  ,<O>: =<H?>I+:=<=):K *) /<<(?0*):@ 
2.  E0M< *>;<+(>?+:=>**< (G>(>H 22a  – 

;(0 2( # ), E0M< /<+=>**< (;< EAM<I 0H C>;<G>/ 

...--- ))()(( aaa )223233 aaa -- . "<R:<,@ 

?=@,B ;(0*C0;),0, ()C0<*)EK*)B /<,M0*)C0B 
/<:<(QJ ,<O>: <M>+;>G0:K +>E>/:0=*@A 0*=)(0-

)*:*<+:K 2.  <:*<+0:>EK*< (Y , B=EB>:+B =H)0,*)B 
/<,;>*+)C0B >-< =<H?>I+:=0I *) R:@ /<<(?0*):@, 
) :)/O> 0H<EBC0B +<<:=>:+:=@AP>-< >I /)*)E) 
<:*<+0:>EK*< =<H?>I+:=0I (+< +:<(<*Q (Y ), 

0,>AP0J ,>+:< *) ;()/:0/>, *< *> ;(0*0,)A-
P0J @G)+:0> = @;<,B*@:<I /<,;>*+)C00. 6H 0H-
E<O>**<-< +E>?@>:, G:< =E0B*0> (Y  *) 2.  ,<O>: 

MQ:K <J)()/:>(0H<=)*< H*)G>*0>, ,0*<() (2D  

-E)=*<-< ?>:>(,0*)*:) ,<?>E0 (8). ')/0, <M()-
H<,, @+E<=0A 0+/<,<I 0*=)(0)*:*<+:0 2.  <:*<-

+0:>EK*< (Y  ,<O>: MQ:K ;(0?)* =0? 

04(2D .                                 (9) 

  :< O> =(>,B, )=:<*<,*<+:K / --< /)*)E) 
;<?+0+:>,Q <:*<+0:>EK*< 2 --< ?<+:0O0,) ;(0 

@+E<=00, G:< 

21/4/2 ;a 0 .                              (10) 

.+E<=0B (9) 0 (10), <;(>?>EBB =<H,<O*Q> 
(MQ:K ,<O>:, =H)0,<?<;<E*BAP0>) +;<+<MQ ?<+-
:0O>*0B @/)H)**<I +>E>/:0=*< 0*=)(0)*:*<+:0, 
?<EO*Q ;()/:0G>+/0 <M>+;>G0=):K+B ;@:V, ;<?-
M<() +:(@/:@(Q 0 ;)(),>:(<= 2$".   G)+:*<+:0, 
<?*0, 0H ;(0>,E>,QJ ;@:>I ?<+:0O>*0B +;()-
=>?E0=<+:0 +<<:*<U>*0I :0;) (9) B=EB>:+B +<-
MEA?>*0> ;(0*C0;) ?=@J/)*)EK*<+:0 [7]. 8)/EA-
G)>:+B <* = *><MJ<?0,<+:0 *)E0G0B (;< /()I*>I 

,>(>) ?=@J ;@:>I =<H?>I+:=0B (Y  *) 2. . "(0 

R:<, ;>(>?):<G*Q> S@*/C00 R:0J ;@:>I ?<EO*Q 
0,>:K ()=*Q> ,<?@E0 0 ()H*Q> H*)/0. #:+@:+:-
=@AP0> = ;<>H?> ?@ME0(@AP0> ;@:0 :)/0J =<H-
?>I+:=0I ;<?E>O): 0+/@++:=>**<,@ +<H?)*0A. 
%=EBB+K /<,;)@*?0(@AP0,0 +=BHB,0, <*0 ?<EO-
*Q <(-)*0H<=Q=):K+B ;< /)O?<,@ 0H =<H,@P>*0I, 
<:*<+0:>EK*< /<:<(QJ O>E):>EK*) 0*=)(0)*:-
*<+:K. 

6H )*)E0H) <+*<=*<I ,):(0CQ ,<?>E0 (8) +E>-
?@>:, G:< *><MJ<?0,Q, @+E<=0>, (>)E0H@>,<+:0 
0+/<,<I 0*=)(0)*:*<+:0 B=EB>:+B +<MEA?>*0> 
+<<:*<U>*0B 

01sep)r(D ,                            (11) 

-?> seprD )(  – -E)=*QI ?>:>(,0*)*: @;<,B*@:<I 

,<?>E0 ?=0O>*0B ;<?+0+:>,Q (;<+E> ;>(>J<?) / 
0H<M()O>*0B, ;< $);E)+@), ()H<,/*@:<I = :<G/> 
0H,>(>*0B +:)M0E0H0(@>,<I /<<(?0*):Q; r  – 
;)(),>:(Q 0*:>-()E) $);E)+). 6*)G> -<=<(B, ?EB 
S0H0G>+/<I (>)E0H@>,<+:0 @;<,B*@:<I 0*=)(0-
)*:*<+:0 *><MJ<?0,<, G:<MQ ,):(0C) ,<?>E0 
?=0O>*0B 2" 2$" = ()H<,/*@:<, +<+:<B*00 
;<+E> @GV:) :)/<I 0*=)(0)*:*<+:0 *> +:)*<=0-
E)+K <+<M>**<I. 1)/<*>C, ?<+:):<G*Q> @+E<=0B 
(>)E0H@>,<+:0 :<I O> *>H)=0+0,<+:0 2.  <: (Y  

(:< >+:K, @+E<=0B ;)(),>:(0G>+/<I 0*=)(0)*:*<-
+:0) +=BH)*Q + S)/:0G>+/<I =Q;<E*0,<+:KA :(>-
M<=)*0I +:(@/:@(*<I 0*=)(0)*:*<+:0 ;(0 ;<,<-
P0 :<EK/< S0H0G>+/0 <+@P>+:=0,QJ RE>,>*:<= 
;<>H?). 

"<+:(<>*0> ?=0O>*0I 2$" +<-E)+*< ;(>?-
E)-)>,<I ,>:<?0/> ;<H=<E0: <P@:0,< ;<=Q+0:K 
/)G>+:=< >-< ?0*),0/0 0, = :< O> =(>,B, *> ;<-
:(>M@>: ?EB R:<-< H*)G0:>EK*<-< *><;()=?)**<-< 
@+E<O*>*0B, ) :)/O> ;<=QU>*0B (>+@(+<V,/<+:0 
;(<>/:0(<=)*0B, *):@(*<I (>)E0H)C00 0E0 R/+-
;E@):)C00 ;<>H?). 

Z6Z$6#Y5![649T&6\ T"6T#& 

1. Bellman, R. Adaptive control processes ['>/+:] / 
R. Bellman. – Princ. Univ. Press, 1961. – 255 p. 

2. &()+<=+/0I, 1. 1. @;()=E>*0> ?0*),0G>+/<I 
+0+:>,<I. 8)?)G) < ,0*0,@,> -)()*:0(<=)**<-
-< (>H@EK:):) ['>/+:] / 1. 1. &()+<=+/0I. – 2.: 
1)@/), 1985. – 520 +. 

3. &<(>*>=, Y.  . #G>(/0 ,>J)*0/0 C>E>*);()=-
E>**<-< ?=0O>*0B ['>/+:] / Y.  . &<(>*>=. – 2.: 
1)@/), 1980 – 192 +. 

4. Z)(M)U0*, 9. !.  =>?>*0> = :><(0A @+:<IG0=<-
+:0 ['>/+:] / 9. !. Z)(M)U0*. – 2.: 1)@/),  
1967. – 223 +. 

5. 2)*->I,, 2. $. 6>()(J0G>+/0> +:(@/:@(Q 
['>/+:] / 2. $. 2)*->I,. – 2.: 20(, 1970. –  
180 +. 

6. &@E>M)/0*,  . T. '><(0B 0*=)(0)*:*<+:0 )=:<-
,):0G>+/0 (>-@E0(@>,QJ 0 @;()=EB>,QJ +0+-
:>, ['>/+:] /  . T. &@E>M)/0* // '(. 1--< /<*-
-(>++) 6[!& ;< )=:<,):0G>+/<,@ @;()=E>*0A. 
'. 1. '><(0B *>;(>(Q=*QJ +0+:>,. T;>C0)EK*Q> 
,):>,):0G>+/0> ;(<ME>,Q. – 2.: 6H?-=< !1 
TTT5, 1961. – T. 247-258. 

7. ">:(<=, Z. 1. "(0*C0; 0*=)(0)*:*<+:0 0 @+E<-
=0B >-< ;(0,>*0,<+:0 ;(0 ()+GV:> E0*>I*QJ 0 
*>E0*>I*QJ +0+:>, ['>/+:] / Z. 1. ">:(<= // '(. 
1--< /<*-(>++) 6[!& ;< )=:<,):0G>+/<,@ 
@;()=E>*0A. '. 1. '><(0B *>;(>(Q=*QJ +0+:>,. 
T;>C0)EK*Q> ,):>,):0G>+/0> ;(<ME>,Q – 2.: 
6H?-=< !1 TTT5, 1961. – T. 259-271. 
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 !" 534.1:625.1.001.5 

 . !. "!#$% &', (.).*., +).*.+., «,-.*+/.0» (12-.3*.) 

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

2' "-#('%#*&3*/4  5)$6")4 2 6#

4325.(6*7 -6895:).)3 (7+5;(<6*: -9=9 -6>27?3= )-.*+@7-)*3= 8.+7A;? @7 2-907?3= ; @6-6=;(*3= 2-3?3=. 

B72-6/. -7805C*9); @3).**C 2753?.*:, +).D;7*.-*3= -6<3/;?, +);>27+); > A68@623 -9=9 ?.07*;?, 5727/7)3?;?, 
)-.*+@7-)6-;? @-3 -9+; *6 );5:23 @7 @-C/75;*;>*3=, . > @7 2-3?75;*;>*3= (;5C*2.= -6>27?707 E5C=9. 

F857<6*G -6895:).)G 3++56(7?.*3> (?3<6*3C -65:+7?G= )-.*+@7-)*G= +-6(+)? @7 2-907?G/ 3 @6-6=7-

(*G/ 2-3?G/. 4 H.+)*7+)3 -.++/7)-6*G ?7@-7+G 2756A.*3>, +).D37*.-*G= -6<3/7?, 9+)7>H3?7+)3 3 A687-

@.+*7+)3 (?3<6*3C ?.07*7?, 5727/7)3?7?, )-.*+@7-)6-7? @-3 (?3<6*33 *6 )75:27 @7 @-C/753*6>*G/, . 3 

@7 2-3?753*6>*G/ 9H.+)2./ -65:+7?707 @9)3. 

The results of studies of motion of the rail transport facilities on circular and transition curves are prersented. In 

particular the questions of vibrations, stationary modes, stability and safety of coach, locomotive and transporter 

motion not only on straight-line  but on curvilinear sections of the railway track are considered. 

#?3<6*36 )-.*+@7-)*G= +-6(+)? @7 2-3?7-

53*6>*G/ 9H.+)2./ @9)3 -65:+7?707 @9)3 C?5C-
6)+C 7(*3/ 38 *.3A7566 +57<*G= -6<3/7? 38 
9+57?3> A687@.+*7+)3, 70-.*3H3?.IJ6/ +27-7-

+)3 (?3<6*3C, 7@-6(65CIJ6/ 38*7+ =7(7?G= 

H.+)6> K23@.<6>, (7@9+2.6/G6 8*.H6*3C 3*6--

D37**G=  *.0-9872, @6-6(.IJ3=+C *. @.++.<3-

-7? 3 0-98G, +(?30 -65:+7E@.5:*7> -6E6)23 ? 
@7@6-6H*7/ *.@-.?56*33. 

,67-6)3H6+236 3++56(7?.*3C ? K)7> 7A5.+)3 

@759H353 -.+@-7+)-.*6*36 3 -.8?3)36 ? 60-G6 
07(G 20-07 +)756)3C, ? 7+*7?*7/, @7+56 ?*6(-6-
*3C ? @-.2)329 3++56(7?.*3> .*.5707?G= 3 

D3L-7?G= ?GH3+53)65:*G= /.E3*. ".*66 3+-
@75:87?.53+: 9@-7J6**G6 -.+H6)*G6 +=6/G 3 

/.)6/.)3H6+236 /7(653, *6 9H3)G?.IJ36 
+)-92)9-9 3 7+*7?*G6 7+7A6**7+)3 K23@.<6> 3 

-65:+7?707 @9)3. 4 H.+)*7+)3 @-3/6*C5+C ).2 
*.8G?.6/G> /6)7( (3*./3H6+2707 ?@3+G?.*3C, 
-.8-.A7).**G> &. M. &7-756?G/ 3 8.)6/ 9+7-

?6-E6*+)?7?.**G> 4. N. O6(656/, '. M. %--

E27?G/, P. O. &9D6*27 3 (-. .?)7-./3. Q7)C 
K)7) /6)7( 27--62)*66 AG57 AG *.8?.): /6)7-

(7/ 2?.83+).)3H6+2707 ?@3+G?.*3C -65:+7?G= 

K23@.<6> ? 2-3?753*6>*G6 9H.+)23 @9)3. #3-

*./3H6+236 KLL62)G ? K)7/ /6)7(6 *6 9H3)G-

?.53+: 38-8. @-7+)7)G -.+H6)*G= +=6/ 3 /.)6-
/.)3H6+23= /7(656>. 4 1969 07(9 R. P. "7/6-
*7/ AG5. 7@9A5327?.*. -.A7)., ? 27)7-7> -.+-
+/.)-3?.53+: 2756A.*3C  -65:+7?707 K23@.<. 
@-3 (?3<6*33 @7 2-3?753*6>*G/ 9H.+)2./ 

@-738?75:*7> 2-3?38*G. '(*.27 ? *6> AG53 

@-3*C)G 9@-7J6**G6 3+=7(*G6 @-6(@7+G523, 

2.+.IJ36+C +)-92)9-G =7(7?G= H.+)6> K23@.-
<., 7H6-).*3C A.*(.<6> 2756+, 9H6). +35 @+6?-

(7+275:<6*3C 2756+ 7 -65:+G, @7(.)53?7+)3 

-65:+7?G= *3)6>.  

4 *.H.56 70-= 07(7? *.H.53+: @-7?7(3):+C 
3++56(7?.*3C 2756A.*3> -65:+7?G= K23@.<6> ? 
2-3?753*6>*G= 9H.+)2.= @9)3 +7)-9(*32./3 

#*6@-7@6)-7?+2707 3*+)3)9). <6568*7(7-7<-

*707 )-.*+@7-). 3 #*6@-7@6)-7?+2707 ')(656-
*33 F*+)3)9). /6=.*323 12-.3*+27> .2.(6/33 

*.92 @7( -927?7(+)?7/ 4. !. S.8.-C*.. M-3 

K)7/ 3+@75:87?.53+: (7+)3<6*3C 607 E275G  ? 
7A5.+)3 (3*./323 -65:+7?707 )-.*+@7-). @-3  

(?3<6*33 K23@.<6> @7 @-C/753*6>*G/  9H.+)-
2./ @9)3. '*3 +).53 7+*7?7@75.0.IJ3/3 ? 3+-
+56(7?.*3C= 2-3?753*6>*707 (?3<6*3C. 
NG53 -.8-.A7).*G, ? H.+)*7+)3, /.)6/.)3-

H6+236 /7(653, @78?75CIJ36 3++56(7?.): +7A-

+)?6**G6 3 ?G*9<(6**G6 2756A.*3C -65:+7?G= 

)-.*+@7-)*G= +-6(+)? @-3 3= (?3<6*33 @7 

@-C/753*6>*G/ 3 2-3?753*6>*G/ 9H.+)2./ 

@9)3 @-738?75:*7> 2-3?38*G . ).2<6 9H6+): 
7+*7?*G6 +?7>+)?. 3++56(96/G= /6=.*3H6+23= 

+3+)6/.  .3A7566 +9J6+)?6**G/3 38 7+*7?*G= 

7+7A6**7+)6> -.++/.)-3?.6/G= /6=.*3H6+23= 

+3+)6/ /7<*7 +H3).): 7+7A6**7+)3, 7)*7+C-
J36+C 2 ?GA7-9 -.+H6)*G= +=6/, ? +77)?6)+)-
?33 + 27)7-G/3 -65:+7?G6 K23@.<3 @-6(+).?-
5CI)+C @-3 3++56(7?.*33 (?3<6*3C   *653*6>-

*G/3 /6=.*3H6+23/3 +3+)6/./3 + A75:E3/ 

H3+57/ +)6@6*6> +?7A7(G (H3+57 +)6@6*6> +?7-

A7(G 8.?3+3) ? @6-?9I 7H6-6(: 7) +)-92)9-G 

=7(7?G= H.+)6> K23@.<. 3 =.-.2)6-. @6-6?783-

/707 0-98.). "6895:).)G K2+@6-3/6*).5:*G= 

3++56(7?.*3> @72.8.53, H)7 (?3<6*36 -65:+7-

?707 K23@.<. /7<6) +7@-7?7<(.):+C 3*)6*+3?-
*G/3 2756A.*3C/3 *6 )75:27 ? @-C/753*6>-

*G=, . 3 ? 2-3?753*6>*G= 9H.+)2.= @9)3, @-3-
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H3*7> 27)7-G= C?5CI)+C *69+)7>H3?7+)T (?3-

<6*3C 4 +?C83 + K)3/ @-3 @-762)3-7?.*33 *7-

?G= 27*+)-92D3> -65:+7?G= K23@.<6> 3++56(7-

?.*36  9+)7>H3?7+)3 *6?78/9J6**707 (?3<6-
*3C 3=  C?5C6)+C 7(*3/ 38 ?.<*6>E3= K).@7?. 
'A6+@6H6*36 9+)7>H3?7+)3 (?3<6*3C -65:+7-

?G= K23@.<6>- 7(*. 38 7+*7?*G= @-6(@7+G572 

(7+)3<6*3C  ?G+723= (3*./3H6+23= 3= 2.H6+)?. 
 6+/7)-C, *. )7, H)7 3+@75:896/G6 2-3)6-33 

7D6*23 9+)7>H3?7+)3 (?3<6*3C *6 @78?75CI) 
7D6*3): 7+*7?*G6 (3*./3H6+236 @72.8.)653 

(?3<6*3C, -605./6*)3-96/G6 *7-/./3, /6)7(G 

3++56(7?.*3C 9+)7>H3?7+)3 (?3<6*3C C?5CI)+C 
?6+:/. KLL62)3?*G/ 3*+)-9/6*)7/ @-3 +78(.-
*33  @7(?3<*707 +7+).?. <6568*G= (7-70 + 
959HE6**G/3 (3*./3H6+23/3 =.-.2)6-3+)3-

2./3. '+7A6**7 KLL62)3?*7 @-3/6*6*36 /6)7-

(7? 3++56(7?.*3C 9+)7>H3?7+)3 (?3<6*3C (5C 
7D6*23 -65:+7?G= K23@.<6> -.853H*G= 27*+)-
-92)3?*G= +=6/ 3 7@-6(656*3C 7A5.+)3 -.D37-

*.5:*G= @.-./6)-7? 3= =7(7?G= H.+)6>. 

M7( -927?7(+)?7/ 4. !. S.8.-C*. AG53 -.8-
-.A7).*G /6)7(G 3++56(7?.*3C +).D37*.-*G= 

-6<3/7? 3 9+)7>H3?7+)3 (?3<6*3C, @78?75CI-

J36 7D6*3): @6-6/6J6*3C 3 +35G, (6>+)?9I-

J36 *. K56/6*)G K23@.<6> 3 @9)3 @-3 9+).*7-

?3?E6/+C (?3<6*33 ? 2-907?G= 2-3?G=, . ).2-
<6 7D6*3): 9+)7>H3?7+): @-C/753*6>*707 3 

2-3?753*6>*707 (?3<6*3C. B.(.H. -6E.6)+C 
(?. K).@.. P*.H.5. 38 3+=7(*G= (3LL6-6*D3-

.5:*G= 9-.?*6*3> (?3<6*3C @759H.)+C .506A-

-.3H6+236 *653*6>*G6 9-.?*6*3C +).D37*.--

*G= -6<3/7? (?3<6*3C K23@.<. @7 2-907?G/ 

2-3?G/ 3, @7+56 3= -6E6*3C, ? 7A5.+)3 9+).*7-

?3?E3=+C -6<3/7? 53*6.-389I)+C +35G ?8.3-

/7(6>+)?3C 2756+ + -65:+./3 ? 9-.?*6*3C= 

?78/9J6**707 (?3<6*3C. M7 *.>(6**G/ +7A+)-
?6**G/ 8*.H6*3C/ /.)-3D 27KLL3D36*)7? 53-

*6.-387?.**G= 9-.?*6*3> @-7?7(3)+C 7D6*2. 
9+)7>H3?7+)3 ?78/9J6**707 +).D37*.-*707 

(?3<6*3C K23@.<. ? 2-907?G= 2-3?G= + @7/7-

J:I )67-6/ @6-?707 @-3A53<6*3C SC@9*7?.. 
46+:/. @-3/6H.)65:*7, H)7 @7+56 @-3/6*6-

*3C *6 +57<*G= .506A-.3H6+23= @-67A-.87?.-
*3> *653*6>*G= 9-.?*6*3>, 7@3+G?.IJ3= +).-
D37*.-*G6 -6<3/G (?3<6*3C -65:+7?G= K23-

@.<6>, /7<*7 @759H3): +3+)6/9 (?9= .506A-

-.3H6+23= 9-.?*6*3>, 3/6IJ3/3 ).27> <6 ?3(, 

2.2 3 9-.?*6*3C, @759H6**G6 -.*66 ?GE69@7-

/C*9)G/3 .?)7-./3 + @7/7J:I ).2 *.8G?.6/7-

07 /6)7(. (3*./3H6+2707 ?@3+G?.*3C. '(*.27 

? K)3= 9-.?*6*3C= *6 +7(6-<.)+C @.-./6)-G 

/6=.*3H6+27> +3+)6/G, =.-.2)6-389IJ36  66 
+)-92)9-9, 3, ? H.+)*7+)3, <6+)27+)3 9@-903= 

K56/6*)7? 3 7H6-).*36 @-7L356> A.*(.<6> 27-

56+. ,7 6+): /6=.*3H6+2.C +3+)6/. @-3?7(3)+C 
2 )?6-(7/9 )659, H)7 3+25IH.6) ?78/7<*7+): 
7D6*3): +)-92)9-9 27*+)-92)3?*7> +=6/G K23-

@.<.. 
,.23/ 7A-.87/, .506A-.3H6+236 9-.?*6*3C, 

7@3+G?.IJ36 +).D37*.-*G6 -6<3/G (?3<6*3C  
K23@.<. ? 2-3?G=, @759H6**G6 38 3+=7(*G= 

(3LL6-6*D3.5:*G= 9-.?*6*3>, C?5CI)+C A7566 
7AJ3/3 @7 7)*7E6*3I 2 9-.?*6*3C/, @759-

H.6/G/ + @7/7J:I /6)7(. (3*./3H6+2707 ?@3-

+G?.*3C 3 @78?75CI) 7D6*3?.): +)-92)9-9 27*-

+)-92)3?*7> +=6/G K23@.<.. 
 . 7+*7?.*33 3+@75:87?.*3C )67-6/  

&. !. !A0.-C*. 7A 9+)7>H3?7+)3 (?3<6*3C +3+-
)6/ *. 27*6H*7/ 3*)6-?.56 ?-6/6*3 AG57 @72.-
8.*7, H)7, *6+/7)-C *. 70-.*3H6**76 ?-6/C 
(?3<6*3C K23@.<6> @7 2-3?753*6>*G/ 9H.+)-
2./ @9)3, @-3/6*3/. )67-3C 9+)7>H3?7+)3 

(?3<6*3C !. O. SC@9*7?., ? +77)?6)+)?33 + 27-

)7-7> @-6(@75.0.6)+C ?-6/C A6+27*6H*7 A75:-
E3/. 

F+@75:87?.*36 -.8-.A7).**G= /6)7(7? 3+-
+56(7?.*3> +).D37*.-*G= -6<3/7? (?3<6*3C 3 

9+)7>H3?7+)3 @-C/753*6>*707 3 2-3?753*6>-

*707 (?3<6*3C -65:+7?G= K23@.<6> @78?75C6) 
7@-6(653): -.D37*.5:*G6 27*+)-92)3?*G6 
27/@7*7?23 3 7+*7?*G6 @.-./6)-G @-762)3-

-96/G= 3 @7(56<.J3=  9+7?6-E6*+)?7?.*3I 

-65:+7?G= K23@.<6>. 4 @7+56(9IJ6/ @-6(@7-

5.0.6)+C 3= 9)7H*6*36 @-3 3++56(7?.*33 ?G-

*9<(6**G= 2756A.*3>, 7A9+57?56**G= *6+7-

?6-E6*+)?./3 K23@.<6> 3 -65:+7?707 @9)3. 

B*.H3)65:*76 ?*3/.*36 K)3/ ?7@-7+./ 9(65C-
57+: 3 9(65C6)+C +7)-9(*32./3, 8.*3/.IJ3/+C 
3++56(7?.*3C/3 -65:+7?707 3 *.86/*707 K562-
)-7(3*./3H6+2707 )-.*+@7-). 3, ? H.+)*7+)3, 

5727/7)3?7?, ?.07*7?, )-.*+@7-)6-7? 3 (-. 

7AT62)7? )-.*+@7-)*7> )6=*323. 

NFNSF'U"!VF$%P&FW PMFP'& 

1. ".(H6*27,  . !. &-3?753*6>*76 (?3<6*36 -65:-
+7?G= K23@.<6> [,62+)] /  . !. ".(H6*27. – &.: 

 .92. (9/2., 1988. – 216 +. 
 

M7+)9@35. ? -6(2755603I 21.07.2009 
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 !" 624.042.8 

 . !. " !#$#$%, &.'.(., )*+,(', -../ (0&123(2); 
!. #. "0!0, 244., -../ (0&123(2); 
%. 5.  "/56$%, 244., -../ (0&123(2) 

#$%&'('(%' )*#*+*,%-'."%/ &*!'+'0  
1 23!3-' !%(3&%-'."*,* 123%&*!'0.)1%4  
.%.)'&5 )1'$!5/ )'+

-37,1,(+829:(8 18;(<((< 1=>= ,9,?,('21(*@ A29&3 8B ;12>=;2((<? 1=>*?3>, C1=D(3> '2 )343C2'3;(3> 

439 (2)2(8 B2 '3C2?3 &*93;2(: '2 *A’E)(=F': C*B)*;D(8, &1='39:(8, BG3(29:(8 &*93;2((<, 2 '2&*D &*93;2((< 
B4=;=. $4(*;(2 '*C*9*G8H(2 4'1=&'=12 B*A12D,(2 = 7*1?8 B;2D,(*G* '2 );*@4'*G* G1278; )9< B(2>*)D,((< 
439*;3> '2 &8(,?2'3H(3> C212?,'18;. %8)*A12D2FH2 29G,A12@H(2 434',?2 B2C34=E':4< ; ;3G9<)8 ',(B*1(3> 

4C8;;8)(*I,(:. 

-377,1,(+329:(J, =12;(,(3< );3D,(3< K9,?,('21(*L A29&3 4 =H,'*? C*);3D(J>, =C1=G3> 3 )3443C2-
'3;(J> 439 C1,)4'2;9,(J C* '3C2? &*9,A2(3L 3 *AM,)3(<F' C1*)*9:(J,, &1='39:(J,, 3BG3A(J, &*9,A2(3<, 
2 '2&D, &*9,A2(3< 4);3G2. $4(*;(2< '*C*9*G3H,4&2< 4'1=&'=12 3B*A12D,(2 ; 7*1?, ;B;,I,((*G* 3 );*L4'-
;,((*G* G127*; )9< (2>*D),(3< 439*;J> 3 &3(,?2'3H,4&3> C212?,'1*;. $'*A12D2FN2< 29G,A123H,4&2< 
434',?2 B2C34J;2,'4< ; ;3), ',(B*1(J> 4**'(*I,(3L. 

The differential equations of beam motion considering of moving, elastic and dissipative forces are presented on 

types of oscillations and integrate longitudinal, torsional, bending as well as shearing vibrations. The basic topologi-

cal structure is figured in the form of the weighed and dual graphs for determination of force and kinematic parame-

ters. The representing algebraic system is noted as tensor relations. 

$'?,H,((J, ; [1] '1=)(*4'3, 4;<B2((J, 4 C*-
9=H,(3,? '*H(*G* 1,I,(3< (,&*'*1J> 49*D(J>, 
; '*? H349, 3 (,93(,L(J> B2)2H )3(2?3&3 )34-
&1,'(*-&*('3(=29:(J> 4',1D(,;J> 434',?, ?*-
G=' AJ': C1,*)*9,(J 4 C*?*N:F C13A93D,((J> 
?,'*)*;, *4(*;2((J> (2 B2?,(, ),L4';3',9:(*L 
124C1,),9,((*L 434',?J 124H,'(*L 4>,?*L 4 
&*(,H(J? H349*? 4',C,(,L 4;*A*)J. % H24'(*-
4'3, )9< )3(2?3H,4&*G* 124H,'2 ?*4'*;J> &*(4'-
1=&+3L C13 ),L4';33 C*);3D(*L (2G1=B&3, '2&D, 
?*),931=,?*L 434',?*L )34&1,'(J> K9,?,('*;, 

'2&*L C*)>*) C1,)4'2;9<,'4< (23A*9,, K77,&-
'3;(J?. 

% )2((*L 12A*', 1244?2'13;2F'4< (,&*'*1J, 
C1,)C*4J9&3, C*B;*9<FN3, 1244H3'J;2': 
4',1D(,;J, 3 A29*H(J, &*(4'1=&+33 4 *AM,?-

(J?3 ()34&*;J?3) ?2442?3. % K'*? 49=H2, K9,-
?,('21(2< A29&2 4*4'*3' 3B );=> ';,1)J> ',9, 
+,('1J '<D,4'3 &*'*1J> 4*,)3(,(J A,BJ(,1+3-

*((J?3 =C1=G3?3 4;<B<?3 – 4',1D(<?3, *A92-
)2FN3?3 D,4'&*4'(J?3 >212&',134'3&2?3 34-
>*)(*L &*(4'1=&+33 A29&3. 

 
"34. 1. -34&1,'(2< ?*),9: A29&3 

O2D)*, ';,1)*, ',9* 3?,,' I,4': 4',C,(,L 
4;*A*)J 3 ?*D,' 4*;,1I2':, ; *AN,? 49=H2,, 
C*4'=C2',9:(J, 3 ;12N2',9:(J, );3D,(3<. % 
+,9*?, (,12B1,B(2< &*(4'1=&+3< C1,)4'2;9<,'4< 
; ;3), 434',?J ';,1)J> ',9, C*49,)*;2',9:(* 
4;<B2((J> ?,D)= 4*A*L =C1=G3?3 4',1D(<?3 
(134. 1). 
O*9,A2(3< K9,?,('21(*L A29&3 4 I,4':F 

4',C,(<?3 4;*A*)J (2 &2D)*? &*(+, *C34J;2-
F'4< 4 C*?*N:F *AJ&(*;,((J> )377,1,(+3-
29:(J> =12;(,(3L, &*'*1J, ?*D(* 12B9*D3': C* 

*'),9:(J? ;3)2? &*9,A2(3L )9< &2D)*G* k -G* 
',92 [2]. P2C13?,1, C13 1k   =12;(,(3< 4*A4'-
;,((J> C1*)*9:(J> 3 &1='39:(J> &*9,A2(3L 
3?,F' ;3) 
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!**';,'4';,((*, )9< &*9,A2(3L 4);3G2 ; G*13-
B*('29:(*L 3 ;,1'3&29:(*L C9*4&*4'<> ?*D(* 
B2C342': 
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! "
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 (2) 

% 4;*F *H,1,):, =12;(,(3< 3BG3A(J> &*9,A2-
(3L ; (2C12;9,(33 *4,L y , z  C13;*)<'4< & ;3)= 

 

! "

! "

! "

! "
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$)
 % &&

& &
* &
& & % %& &&+

'
) & %& &
& &* &&  % && &+ (

  

  

  

  

 (3) 

G), xxJ , yyJ , zzJ  – +,('129:(J, ?*?,('J 3(,-

1+33 ';,1)*G* ',92. 

Q9,?,('21(=F A29&=, 4*;,1I2FN=F C1*-
4'12(4';,((J, &*9,A2(3<, ?*D(* C1,)4'2;3': 
G127*? GR , C*)*A(J? G127= &*('3(=29:(*L 

A29&3 [6] 3 *'*A12D2FN,L 29G,A123H,4&*L 434',-
?*L )377,1,(+329:(J> =12;(,(3L )9< &2D)*G* 
',92 ; ?2'13H(*? ;3), 

 
2 6

2
1

i

i

d
Q Y S

dt  

 ! , (4) 

393 ; 4*&12N,((*L 7*1?, 

 F Y S , (5) 

G), !  – *C,12+3< *AM,)3(,(3< ;,&'*1*; iY  ; 
?2'13+= D,4'&*4'3 (2)?3'2(4*;) Y  C* 4**';,'4'-

;=FN3? 4'*9A+2? 1 2 3 4 5 6|| ||
x y z x y zu u u

iY Y Y Y Y Y Y

# # #

  

{ | }xx x yy y zz z x y zQ J J J mu mu mu# # # ; 

{ | }x y z x y zF m m m q q q  – ;,&'*1 439*;J> C2-

12?,'1*;; { | }x y z x y zS u u u# # #  – ;,&'*1 &3-

(,?2'3H,4&3> C212?,'1*; (3(),&4 k  *C=N,(). 

!;<B: ?,D)= ;,&'*1*? =4393L 3 ;,&'*1*? C,-
1,?,N,(3L '2&D, ?*D(* ;J12B3': H,1,B ?2'13+= 
C*)2'93;*4',L (3?C,)2(4*;) 

1 2 3 4 5 6|| ||
x y z x y zm m m q q q

iZ Z Z Z Z Z Z : 

 1F Z S% ; S Z F . (6) 

 

"34. 2. R127J GR  3 
*GR  

#*(<'3< «3?C,)2(42» 3 «2)?3'2(42» ; A*9:-
I,L 4',C,(3 *'(*4<'4< & K9,&'1*',>(3&, 3 &*?-
A3(2'*1(*L '*C*9*G33, *)(2&* ;4, H2N, ;4'1,H2-
F'4< ; (2=H(*L 93',12'=1,, C*4;<N,((*L C1*-
A9,?2? ?,>2(3H,4&3> &*9,A2(3L [3, 4]. Q9,?,('J 
?2'13+ Y , Z  C13;,),(J ; 12A*'2> [2, 3, 5] 3 ?*-
G=' AJ': '2&D, C*9=H,(J C13 1,I,(33 B2)2H ),-
7*1?31*;2(3< 4',1D(< *' ,)3(3H(J> 93(,L(J> 3 
=G9*;J> C,1,?,N,(3L 393 ,)3(3H(J> 439 3 ?*-
?,('*;. -9< C1*4'12(4';,((J> &*9,A2(3L k -G* 
4',1D(<, 124C*9*D,((*G* ?,D)= k -? 3 ( 1)k , -? 

',9*?, ?2'13+2 2)?3'2(4*; 3 4**';,'4';=FN2< 
*A12'(2< ?2'13+2 3?C,)2(4*; 3?,F' ;3) [3]. 

! =H,'*? ;J12D,(3L (5), (6) G127 GR  )9< 
K9,?,('21(*L A29&3 3 );*L4';,((JL ,?= G127 

*GR  ?*G=' AJ': C1,)4'2;9,(J ; 49,)=FN,L 

7*1?, (134. 2). 

/2&3? *A12B*?, ;,1I3(J G1272 *GR  4**'-
;,'4';=F' I,4'3 *A*AN,((J? &**1)3(2'2? (&3-
(,?2'3H,4&3? C212?,'12?), 2 ;,1I3(J G1272 
GR  – I,4'3 *A*AN,((J? 4392? (439*;J? C212-
?,'12?) )9< &2D)*G* &*(+2 A29&3. 

-;*L4';,((JL G127 *GR  ?*D,' AJ': C*4'1*-
,( 49,)=FN3? *A12B*?: ;(='1: &2D)*G* &*('=12 
(&*(,H(=F *A924': [7]) C*?,4'3? C* *)(*L ;,1-
I3(, 3 *)(= )*C*9(3',9:(=F ;,1I3(= ;* ;(,I-
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(3L &*('=1 (A,4&*(,H(=F *A924':). Q'3 ;,1I3(J 
A=)=' *A*B(2H2': &3(,?2'3H,4&3, C212?,'1J 
K9,?,('21(*L A29&3. !**';,'4';=FN3, )=G3 

G1272 *GR  4*),1D2' ;4, 439J 4;<B3, &*'*1J, 
=H3'J;2F'4< ; 4,H,(3<> ?,D)= ',92?3, 2 '2&D, 
;4, 3?C,)2(4J 1244,H,((J> H24',L. S349* ;,1-

I3( 3 1,A,1 ; G1272> GR  3 *GR  A=),' *)3(2&*-
;J?. $H,;3)(*, 34>*)(JL G127 GR  '2&D, <;9<-

,'4< );*L4';,((J? )9< *GR . 

T*9,, 49*D(J, 4',1D(,;J, 434',?J ?*G=' 
3?,': A*9:I,, H349* ;>*)*;, 4*4'*<(3< &2D)*G* 
3B &*'*1J> *C34J;2,'4< I,4':F (,B2;343?J?3 
C,1,?,((J?3. $)(2&*, '2&3, 434',?J '2&D, ?*-
G=' AJ': 12B),9,(J (2 K9,?,('21(J, 4*4'2;-
9<FN3, (4',1D(3, A29&3), ?*),93 &*'*1J> '*C*-

9*G3H,4&3 C1,)4'2;9<F'4< G1272?3 GR  3 *GR . 

P,49*D(* B2?,'3':, H'* &2D)JL 4'*9A,+ ?2'-
13+ Y  3 Z  4**';,'4';=,' *C1,),9,((*?= '3C= 

&*9,A2(3L. #*K'*?= 1,A12? G127*; GR  3 *GR  

C134;*,(J B(2H,(3< ;,&'*1*; 2)?3'2(4*; iY  3 

3?C,)2(4*; iZ  ( 1,2, ,6)i  " : 

 
1 3 5 2 6 4

1 3 5 2 6 4

; ; ; ;

; ; ; .

y z x

y z x

e Y e Y Y e Y Y e Y

e Z e Z Z e Z Z e Z

#

#

    $&
'

    &(

! !

! !
(7) 

",A12 ye , ze  3 ye , ze  *AM,)3(<F' ;,&'*1J 

3BG3A2 3 4);3G2. % 1,B=9:'2', C*9=H2,? ;B;,-

I,((J, G127J GR  3 *GR  [7] 4 ;,42?3 (2 )=G2> 

iY  3 iZ , 3 ?2'13+J 4?,D(*4'3 Y , Z  4 K9,?,(-

'2?3, 3?,FN3?3 ;,4 ijy  3 ijz  ( , 1,2, ,6)i j  " , 

&*'*1J, *'12D2F' *'),9:(J, ;3)J &*9,A2(3L 
)9< &2D)*G* ',92. 
$H,;3)(*, H'* *4(*;(J?3 &*?C*(,('2?3 

G1272 GR  A=)=' C*)G127J xG , G# , yG , zG , 

&*9:+,;2< 4=??2 &*'*1J> ; 12B93H(J> 4*H,'2(3-
<> C*B;*9<,' C*9=H3': G127J GL  3 GT  )9< 4*-
;?,4'(J> 3BG3A(*-C1*)*9:(J> 3 3BG3A(*-
&1='39:(J> &*9,A2(3L, 2 '2&D, G127 GR  )9< 
C1*4'12(4';,((J> &*9,A2(3L A29&3 [6]. 
-9< C1*?,D='*H(J> ',9, (2>*)<N3>4< ;(='-

13 4',1D(,;*L 434',?J, ?2'13+J Y , Z  )9< 4*-
4,)(3> 4',1D(,L *C1,),9<F'4< C* 7*1?=92?: 

 ! "1 1k k kY Y Y% , % , ; ! "1 1 1
1 1k k kZ Z Z% % %
% , % , . (8) 

% &**1)3(2'(*L 7*1?, 4 =H,'*? (8) C*9=H3? 
434',?= )377,1,(+329:(J> =12;(,(3L, &*'*12< 
*AM,)3(<,' C1*)*9:(J,, &1='39:(J,, 3BG3A(J, 
&*9,A2(3< 3 &*9,A2(3< 4);3G2 k -G* ',92 

1 1

1 1 1 1

1
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1

1 1( )
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1 1
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( ) ( )

4 4 6 6
( ) ( ) ( ) ( )
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zz z y y y
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l l

EJ EJ EJ EJ
J u u u u

l l l l
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J u u u

l l
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#
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% ,

,

,

, ,

, ,

,

,

 % % , %

 % % , % % % , %
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1 1
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12 12 6 6
( ) ( ) ( ) ( )

k k k k k

k k k k k
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y z z z z

k k
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k x x x k x x k

k k

z k z k z k z k
k y y y y y z z z z
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EJ EJ
u

l l

EF EF
m u u u l u u l

l l

EJ EJ EJ EJ
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l l l l
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# # # #
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,

,

,
,

,
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% % % , %

 % % % , % %

 % % , % , % % %

  

  

1 1 1 1

1 1
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1 1

12 12 6 6
( ) ( ) ( ) ( )

k k k k k k k k k

y k y k y k y k
k z z z z z y y y y
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EJ EJ EJ EJ
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l l l l
# # # #
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$
&
&
&
&
&
&
&
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'
&
&
&
&
&
&
&
& % % , % % % , %
&(

  

(9) 

/2& &2&, 4*4'*<(3< 9FA*G* C212?,'12 P#, O# 

4',1D(< ; G1272> GR , *GR  (4?. 134. 2) C13(3-

?2F' B(2H,(3< 0 393 1 [6], '* (,49*D(* *C1,),-
93': C,1,?,((J,, 4**';,'4';=FN3, (2C12;9,(3-
<?, ;)*9: &*'*1J> 439J (, ),L4';=F' 3 34&9F-
H3': 3> 3B 434',?J (9). /2&3? *A12B*?, ?*D(* 
=H,4': =49*;3< B2&1,C9,(3< &*(+,;J> 393 C1*-
?,D='*H(J> 4,H,(3L A29&3. 
#13?,1 G1272 )9< C1*4'12(4';,((J> &*9,A2-

(3L A29&3, 4*4'*<N,L 3B '1,> )34&1,'(J> ?244 3 
);=> 4;<BJ;2FN3> 4',1D(,L, C1,)4'2;9,( (2 
134. 3. 

U2C3I,? 4**'(*I,(3< ?,D)= *A*AN,((J?3 
4392?3 3 *A*AN,((J?3 &**1)3(2'2?3 (2 );=> 
&*(+2> A29&3 49,)=FN3? *A12B*? 

 1k k k k k kF g F g Y S,   ; (10) 

 1k k k k k kS S Z F- -,   , (11) 

G),, 4*G924(* [3], C,1,>*)(J, ?2'13+J kg , k-  

(2BJ;2F'4< ',(B*12?3 C,1,)2H3 3 ?*G=' 1244?2'-
13;2':4< &2& ?2'13+J C1,*A12B*;2(3< gC , C- . 
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"34. 3. R127 )9< *C342(3< C1*4'12(4';,((J> &*9,A2(3L A29&3 

1\

1 0 0 0 0 0

0 1 0 0 0 0

0 0 1 0 0 0

0 0 0 1 0 0

0 0 0 1 0

0 0 0 0 1

x y z x y z

x

y

k z

x

y k

z k

k k m m m q q q

m

m

g m

q

q l

q l
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%

;   

1 \

1 0 0 0 0 0

0 1 0 0 0

0 0 1 0 0

0 0 0 1 0 0

0 0 0 0 1 0

0 0 0 0 0 1

x y z x y z

x

y k

k z k

x

y

z

k k u u u

l

l

u

u

u

# # #

#
#

- #

,

%

 . 

P,49*D(* B2?,'3':, H'* ?2'13+2 kg  C1,)-
4'2;9<,' 4*A*L '12(4C*(31*;2((=F 7*1?= ?2'-

13+J k- , '. ,. t
k kg - . #1*3B;,),(3< ?2'13+ 

k kg Y  3 k kZ-  *A12B=F' ?2'13+= ;B23?(J> 2)-

?3'2(4*; kY
#  3 ?2'13+= ;B23?(J> 3?C,)2(4*; 

kZ
#  [3]. 012;(,(3< 4;<B3 ?,D)= C,1,?,((J?3 F  

C13 C,1,>*), *' *)(*G* &*(+2 A29&3 & )1=G*?= 3 
C,1,?,((J?3 S  ?*D(* B2C342': ; 49,)=FN,L 

7*1?, 

 1 0k k kF g F, %  ; 1 0k k kS S-, %  , (12) 

393 

 1 0k k kF Y S, %  # ; 1 0k k kS Z F, %  # . (13) 

62'13+= 2)?3'2(4*; ;4,L &*(4'1=&+33 ?*-
D,? C*9=H3': 7*1?29:(J? C=',?, *AM,)3(3; 
;4, 2)?3'2(4J K9,?,('21(J> A29*& ; *)(= &;2)-
12'(=F &;2B3)32G*(29:(=F ?2'13+= 

 

1

2

[0] [0]

[0] [0]

[0] [0] n

Y

Y
Y

Y

 

"

"

" " " "

"

. (14) 

!9,)=,' 3?,': ; ;3)=, H'* *'),9:(J, K9,?,(-
'J )34&1,'(*L 434',?J, C13?J&2FN3, & *)(3? 
3 ',? D, =B92? (,*A>*)3?* 4*,)3(3': ; *)(= 
434',?= 93A* 4 =H,'*? 4**'(*I,(3L (8), 93A* 4 

C*?*N:F ?2'13+J C1,*A12B*;2(3< '
gC  [3] 

 ' ' 't
g gY C Y C . (15) 

O2D)JL K9,?,(' ?2'13+J gC  <;9<,'4< ,)3-

(3H(*L 393 (=9,;*L ?2'13+,L I,4'*G* C*1<)&2, 
&*'*1J, *A12B=F'4< ; B2;343?*4'3 *' '*G*, 4'J-
&=,'4< 93 4 )2((J? =B9*? 4**';,'4';=FN3L 
4',1D,(:: ,493 )2 – E , ,493 (,' – [0] . !'1*&3 

?2'13+J gC  4**';,'4';=F' C,1,?,N,(3<? &*(-

+*; (',9) *'),9:(* ;B<'J> K9,?,('21(J> A29*&, 2 
4'*9A+J – *A*AN,((J? &**1)3(2'2? *4(*;(*L 
434',?J. 
 (29*G3H(J? *A12B*? C*9=H2,? ?2'13+= 

3?C,)2(4*; 4*,)3(,((*L 434',?J ; &;2B3)32G*-
(29:(*L 7*1?, 

 

1

2

[0] [0]

[0] [0]

[0] [0] n

Z

Z
Z

Z

 

"

"

" " " "

"

, (16) 

)9< &*'*1*L '2&D, 4 34C*9:B*;2(3,? ?2'13-

+J C1,*A12B*;2(3< 'C-  ?*D(* B2C342': 

 ' ' 'tZ C Z C- - . (17) 

",B=9:'31=FN2< ?2'13+2 )9< C212?,'1*; 
434',?J C13;*)3'4< & ;3)= 

 

' ' '

' ' '

[0]

[0]

F Y S

S Z F
 . (18) 

% 49=H2,, ,493 ?2'13+J (15), (17), C*9=H,(-
(J, 4=??31*;2(3,? D,4'&*4',L 393 C*)2'93;*-
4',L *'),9:(J> 4',1D(,L 4;*A*)(*L &*(4'1=&-
+33, <;9<F'4< *4*A,((J?3 (;J1*D),((J?3), '* 
(,*A>*)3?* 4 =H,'*? =49*;3L B2&1,C9,(3< K9,-
?,('*; )9< C1*4'12(4';,((*L B2)2H3 34&9FH3': 
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(, ?,(,, I,4'3 C,1,?,((J> 3 4**';,'4';=FN3, 
K'3? C,1,?,((J? 4'1*&3 (4'*9A+J) ?2'13+ Y , 
Z . -1=G3?3 49*;2?3, C13 (29*D,(33 B2&1,C9,-
(3L )9< k -G* =H24'&2 A29&3 3B 434',?J (9) 49,-
)=,' 34&9FH3': H24': 4**';,'4';=FN3> B2)2(-
(J? (93I(3?) 4',C,(<? 4;*A*)J =12;(,(3L. 

 

"34. 4. 0H24'*& A29&3 4 =C1=G3?3  

B2&1,C9,(3<?3 

 
-9< =H24'&2 A29&3 4 =C1=G*-;<B&*L *C*1*L, 

=C1=G*L *'(*43',9:(* C*C,1,H(J> 3 =G9*;J> 

C,1,?,N,(3L (134. 4) ; 2)?3'2(4J iY  4**';,'4'-
;=FN,G* 1,A12? G1272 GR  )*A2;<'4< K9,?,('J 
c
iY , =H3'J;2FN3, D,4'&*4': *C*1J ; 4**';,'4'-
;=FN,? (2C12;9,(33 

 { }
x z x y zy u u u

c
i x y zY c c c c c c

# ##

. # / , (19) 

G), c. , c# , c/  – =G9*;J,, xc , yc , zc  – 93-

(,L(J, D,4'&*4'3 *C*1J. 
% =12;(,(3< 4*A4';,((J> C1*4'12(4';,((J> 

&*9,A2(3L )9< '2&*G* =H24'&2 (4) ;>*)<' 492G2,-
?J,, =H3'J;2FN3, )*A2;9,((=F D,4'&*4': 3 
),?C731*;2(3, 

 
2 6

02
1

c
i i i

i

d
Q Y S Y S Y S

dt

0

 

 , ,  
! , (20) 

G), 1 20 0 0 0 0 0
0 k k k k k kx y z x y zS u u u# # # ; 0

kx
# , 0

ky
# , 

0

kz
#  – (2H29:(J, =G9J C*;*1*'2, &*'*1J? 4**'-

;,'4';=F' C*9*D,(3< 12;(*;,43< )9< =G9*;J> 

D,4'&*4',L, 0

kx
u , 0

ky
u , 0

kz
u  – 12;(*;,4(*, C*9*-

D,(3, )9< 93(,L(J> D,4'&*4',L; 

{ }
x z x y zy u u u

i x y zY

# ##
0

. # /0 0 0 0 0 0 ; .0 , #0 , 

/0  – =G9*;J,, x0 , y0 , z0  – 93(,L(J, &*K773-

+3,('J ),?C731*;2(3< *C*1J. 
!;<B3, C139*D,((J, & =H24'&2? A29&3, '2&-

D, ?*D(* C1,)4'2;9<': ; G127, &*(4'1=&+33, 
&*'*1JL *'12D2,' ,, )3(2?3H,4&=F 4>,?=. .> 
?*),931*;2(3, *4=N,4';9<,'4< 4 C*?*N:F )*-

A2;9,(3< & C12;*L H24'3 )377,1,(+329:(J> 
=12;(,(3L (20) 439*;J> ;*B),L4';3L – 1,2&+3L, 
;*B(3&2FN3> ; 4;<B<>. 
#1*4'12(4';,((J, 1,2&+33, =H3'J;2FN3, 

;93<(3, 439 '<D,4'3, C*);3D(*L, =C1=G*L 3 
)3443C2'3;(*L *' 12B93H(J> ;3)*; 439*;J> 
;*B),L4';3L ?*D(* *C342': ,)3(*L 4'1=&'=1*L 
; ?2'13H(*L 7*1?, 

 FF R P 3 4 4 , (21) 

G), 1 2F
kU E3  , R  – ?2'13+2 C*;*1*'2 4;<-

B2((*L 4 =H24'&*? A29&3 434',?J &**1)3(2' 
*'(*43',9:(* 3(,1+329:(*L 434',?J; P  – 4392 
1,2&+33 ; 4;<B2((*L 434',?, &**1)3(2'; E  – 

,)3(3H(2< ?2'13+2; 

0

0

0

z y

k z x

y x

u u

U u u

u u

%

 %

%

. 

/2&, C*);3D(2< (2G1=B&2 vF  =H3'J;2,'4< 
A9*H(*L ?2'13+,L  

 F Y Z
v vk vF R P 3 4 4 , (22) 

G), vP  – C*);3D(2< 4392, &*'*12< ;JH349<,'-
4< C* 29G*13'?=, C13;,),((*?= ; 12A*', [8]. 
-9< ?*),931*;2(3< C='3 (2 C1*9,'(*? 

4'1*,(33 1,9:4*;J, (3'3 B2)2F' 4 C*?*N:F 
4C92L(2, *C*1(J, '*H&3 &*'*1*G* D,4'&* B2&1,C-
9,(J 4 =H24'&2?3 C='3. #*);3D(2< (2G1=B&2 *C-
1,),9<,'4< 4 =H,'*? C*9*D,(3< &*9,4(*L C21J 3 
4C92L(*;*G* C='3 ; &2D)JL ?*?,(' ;1,?,(3 
);3D,(3< C*,B)2 C* ?*4'=. 

167896 

#*9=H,((J, )377,1,(+329:(J, =12;(,(3< 
)9< 12B93H(J> ;3)*; &*9,A2(3L A29&3 ; &2H,4';, 
34>*)(J> )2((J> 4*),1D2' &3(,?2'3H,4&3,, 
?244*;*-3(,1+3*((J, 3 D,4'&*4'(J, >212&',13-
4'3&3 K9,?,('*; A29&3 ; (2H29:(JL ?*?,(' ;1,-
?,(3. .(',G131=< 434',?= ?2'13H(J> )377,-
1,(+329:(J> =12;(,(3L (4) C*9=H2,? &3(,?2'3-
H,4&3, >212&',134'3&3 &2D)*G* ',92 ;* ;1,?,(3. 
% 49=H2, =C1=G*G* B2&1,C9,(3< 3 ),?C731*;2(3< 
34C*9:B=F'4< =12;(,(3< (20). !34',?2 )377,-
1,(+329:(J> =12;(,(3L )9< A29*H(*G* K9,?,('2, 
C1,)4'2;9,((*G* ; )34&1,'(*L 434',?, ; ;3), k  

',9 4 r  B2&1,C9,(3<?3, 4*),1D3' (6 )k r%  =12;-
(,(3L );3D,(3<. -9< ?*),931*;2(3< ;J(=D),(-
(J> &*9,A2(3L C1*9,'(J> 4'1*,(3L ?*4'*; C13 
),L4';33 C*);3D(*G* 4*4'2;2 34C*9:B=F'4< 
=12;(,(3< (20) 4 )*C*9(3',9:(J?3 492G2,?J?3 
; ;3), A9*H(J> ?2'13+ (21), (22). /2&3? *A12B*?, 
C1,)9*D,((J, B2;343?*4'3 C*B;*9<F' *C1,),-
93': )3(2?3H,4&3, 1,2&+33, ;*B(3&2FN3, ; 
C1*+,44, );3D,(3< C*);3D(*G* 4*4'2;2 C* ),-
7*1?31=,?*?= C1*9,'(*?= 4'1*,(3F ?*4'2. 
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T.TV.$R" W.S5!O.X !#.!$O 

1. "24C*C*;,  . !. #*4'1*,(3, )34&1,'(J> )3(2-
?3H,4&3> ?*),9,L A29*H(J> K9,?,('*; (2 *4-
(*;, &*(,H(J> 2;'*?2'*; [/,&4'] /  . !. "24C*-

C*; // T=)8;(3+';* '2 ',>(*G,((2 A,BC,&2. UA. 

(2=&. C1.: P2+. 2&2). C131*)**>*1. '2 &=1*1'. 
A=)-;2. – 2007. – %3C. 21. – !. 27-34. 

2. T*L+*;, R. %. !C12;*H(3& C* 4'1*3',9:(*L ?,-
>2(3&, &*12A9<. – /. 2. #924'3(J. /,*13< =C1=-

G*4'3, C924'3H(*4'3 3 C*9B=H,4'3. S349,((J, 
?,'*)J [/,&4'] / R. %. T*L+*;, $. 6. #293L, 

%. !. S=;3&*;4&3L. – V.: !=)*4'1*,(3,, 1982. – 

366 4. 
3. O1*( R. .449,)*;2(3, 49*D(J> 434',? C* H24-

'<? ()32&*C'3&2) [/,&4'] / R. O1*(. – 6.: P2=&2, 
1972. – 544 4. 

4. #2(*;&*, Y. R. 04'*LH3;*4': 3 &*9,A2(3< =C1=-

G3> 434',?: !*;1,?,((J, &*(+,C+33, *I3A&3 3 

C212)*&4J [/,&4'] / Y. R. #2(*;&*, .. .. R=A2-
(*;2. – 6.: P2=&2, 1979. – 384 4. 

5. S3124,  .  . !'1*3',9:(2< ?,>2(3&2: /,*13< 3 

29G*13'?J [/,&4'] /  .  . S3124. – 6.: !'1*L-

3B)2', 1989. – 255 4. 
6. "24C*C*;,  . !. O*(,H(*-G127*;JL C*)>*) & 

1,I,(3F B2)2H )3(2?3&3 4',1D(,;J> &*(4'-
1=&+3L [/,&4'] // %i4(3& -(iC1*C,'1. (2+. =(-'= 

B298B(. '12(4C. i?. 2&2). %. V2B21<(2. – 2008. – 

%3C. 21. – !. 170-176. 

7. !;2?3 6. R127J, 4,'3 3 29G*13'?J [/,&4'] /  

6. !;2?3, O. />=924312?2(. – 6.: 631, 1984. – 

455 4. 
8. "24C*C*;,  . !. O ;*C1*4= &*?C:F',1(*G* ?*-

),931*;2(3< );3D,(3< C*,B)2 C* ?*4'= [/,&4'] 
/  . !. "24C*C*;, !. #. "=4=, %. 5.  1',?*; // 

6,'*)3 1*B;’<B=;2((< C13&92)(. B2)2H ?,>. 

),7*1?i;(*G* ';,1. 'i92 : UA. (2=&. C1. / -(iC1. 

(2+. =(-'. – 2007. – %3C. 8. – !. 133-139. 

 

#*4'=C392 ; 1,)&*99,G3F 17.07.2009 
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 !" 625.032.432 

 .  . !"#$%&, '.(.)., *+,-./,+, 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 
<>A=C': 

t

j=i,J,

ji,J,

!

"Jty mF+FY= /
2

1

..

  
!

"
##
$

%
&& '       (1) 

'.: 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: 

2

2
2

dx

yd
vm=F t! ((                   (2) 

'.: v — M<>'39/(J +HF,?,A, /3=4'H; 
d

2
y

dx
2
 

1

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: 

) *   
!

"
##
$

% (

0

2 2
sinarcsin

R

#
+ = $%            (2) 

'.:  ) – *,@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: 

) * ) *) *
+
,

+
-

.

/&(&

,0,

,,tg

,,

0

0

(

(((y

(

)>x

)<x**x #

*<x#

=x#       (4) 

'.: *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: 

) *
R

#
+ 

#
=x

$

#

02

0

2
sin

(
                (5) 

'.: #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: 

) *

) *

) *

+
+

,

+
+

-

.

//

,0,

,,

,0,

2

2
2

k

k#(t

#(

!

K>x

Kxx+*
dt

yd
vm

x+*<x

=xF          (6) 

'.: )( – <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': 

'&(
2

1
2

2

j=i,

ji,(
( P=m

dt

zd
                  (7) 

 
 

 

!>/. 4. !,D+4FH)3,<4 /F.?4 <4)(4G),A, *9<<4A,)H 

!9<)C))C <.+(>34=J),A, 3,=><4))C 3,=9/),5 
*4+> 

'&(
2

1
2

2

=(j,i,

(j,i,(&
(& P=m

dt

zd
               (8) 

!9<)C))C A4=,*H<4))C 3HD,<4: 

  
!

"
##
$

%
&((( ''

2

1

2,

2

1

1,2

2

0.5
=j

j

=j

jkk
( PPa=Iy

dt

Yd
       (9) 

!9<)C))C A4=,*H<4))C  <9D34: 

  
!

"
##
$

%
&((( ''

2

1

1,2

2

1

1,12

2

0.5
=(

(,

=(i,

(,+k&

(& PPa=Iy
dt

Yd
       (10) 

!9<)C))C A4=,*H<4))C  <9D34: 

  
!

"
##
$

%
&((( ''

2

1

2,2

2

1

2,12

2

0.5
=(

(,

=(i,

(,+k&

(& PPa=Iy
dt

Yd
      (11) 

!9<)C))C ;,3,<,5 34@3> 3HD,<4: 

) *'' &(((
2

1

,1,2

2

1
2

2

=i

ii,

=i

ik

( PPb+Y"h=Ix
dt

Xd
      (12) 

!9<)C))C ;,3,<,5 34@3> *.+M,5 3,=9/),5 *4-
+>: 

;SP+

bP
SP

bP
=Ix

dt

Xd pp

k&

(&

0112

12

0111

11

2

2

22

(

(
&(&

(
(

       (13) 

!9<)C))C ;,3,<,5 34@3> '+HA,5 3,=9/),5 *4+>: 

;SP+

bP
SP

bP
=Ix

dt

Xd pp

k&

(&

0122

12

0121

11

2

2

22

(

(
&(&

(
(

     (14) 

!9<)C))C ;,3,<,5 34@3> (+.(J,5 3,=9/),5 *4-
+>: 

;SP+

bP
SP

bP
=Ix

dt

Xd pp

k&

(&

0212

22

0211

21

2

2

22

(

(
&(&

(
(

      (15) 

!9<)C))C ;,3,<,5 34@3> @.(<.+(,5 3,=9/),5 
*4+>: 

;SP+

bP
SP

bP
=Ix

dt

Xd pp

k&

(&

0222

22

0221

21

2

2

22

(

(
&(&

(
(

      (16) 

  )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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) *) *
) *
) *) *
) *(&

i

(&

i

k

pji,ji,ji,

k

z

(&

i

(&

i

k

pji,ji,ji,

p

zji,

XXS±

Xb±z+zzsignF+

XXS±

Xb±z+zzG=P

,2,10

,1,1

,2,10

,1,1

  

    

&(

(&(

&(

(&(

     (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=,@)>? *.+.<,',? <>-

3,+>/(,<HB(J/C +.DH=J(4(> .3/*.+>?.)(4=J)>F 

',/=9'G.)J [13, 14]. 

#%#6%_]!7^%`&"a RN"R_$ 

1.  P4(.?4(>@./3,. ?,'.=>+,<4)>. 3,=.;4)>: 

+.=J/,<KF   (+4)/*,+()KF   /+.'/(<   [1.3/(]   /  
 . ^. 2M34=,< > '+.; 7& 2RR!. ")-( (.F). ?.-
F4)>3>. – $.: &4H3. 'H?34, 1989. – 240 /. 

2. !,?.), Q. R. _ ).=>).:)KF 3,=.;4)>CF G.=.D-
),',+,G),A, L3>*4G4 < 3+><KF *+,>D<,=J),A, 

,@.+(4)>C [1.3/(] / Q. R. !,?.) // P.G<HD. /;. 

)4H@.  (+.  /    &""b1.  –  1967.  –  <K*.  347. –  

R. 5-26. 

3. c3/*.+>?.)(4=J)K. >//=.',<4)>C HA=,< H'4+4 < 
/(+.=34F *H(.: ?.(4==H+A>@./3,A, D4<,'4 
[1.3/(] /  . ^. T3,<=.< > '+. // P.G<HD. /;. )4-
H@. (+. / 6""b1. – 1975. – <K*. 380. – R. 18-27. 

4.  ,=,M3,, Q. 0. "//=.',<4)>. )4 7 P P&-7 

+.43O>: L=.?.)(,< *H(> )4 A,+>D,)(4=J),. *,-

*.+.@),. <,D'.:/(<>. *,'<>G),A, /,/(4<4 
[1.3/(] / Q. 0.  ,=,M3, // P.G<HD. /;. )4H@. (+. 

/ 0""1. – 1967. – <K*. 78. – R. 18-27. 

5. ],<,+HF4,  .  . P,'.=>+,<4)>. '<>G.)>C +.=J-
/,<KF L3>*4G.: [1.3/(] /  .  . ],<,+HF4. – $.: 

&4H3. 'H?34, 2006. – 460 /. 
6. &>3,=4.<, 8.  . P,'.=>+,<4)>. <D4>?,'.:/(<>C 

G.=.D),',+,G),A, L3>*4G4 > /(+.=,@),A, *.-
+.<,'4 *+> '<>G.)>> )4 ;,3,<,. )4*+4<=.)>. 
[1.3/(] / 8.  . &>3,=4.< //  ./()>3  &""b14. 
– 1985. – <K*. 4. – R. 62-68. 

7. b.=)>), ]. ]. 0,*H/(>?K. /3,+,/(> '<>G.)>C 
)4 ;,3,<,. )4*+4<=.)>. /(+.=,@),A, *.+.<,'4 / 
H@.(,? .A, -43(>@./3,A, /,/(,C)>C [1.3/(] : 

4<(,+.-. '>/. … ',3(. (.F). )4H3. –  &""b1, 

1992. – 45 /. 
8. !.M.(>=,<, R. ".  ,D'.:/(<>. )4 /(+.=,@)K. 

*.+.<,'K *,'<>G),A, /,/(4<4 / +4D=>@)K?> 

*+,->=C?> 3,=./)KF *4+ [1.3/(] : 4<(,+.-. 

'>/. … 34)'. (.F). )4H3.  

9. !,?.), Q. R.  =>C)>. D4D,+4 < 3,=.. )4 <.-
=>@>)H ;,3,<KF />= *+> <D4>?,'.:/(<>> *H(> 

> *,'<>G),A, /,/(4<4 [1.3/(] / Q. R. !,?.),  

P. ^.  .+>A,,  . _. N.<D).+ // R;. )4H@. (+. / 

 &""b1. – 1969. – <K*. 385. – R. 95-106. 

10. b.=)>), ]. ]. _/,;.)),/(> H/(4),<=.)>C ',*H-

/34.?KF /3,+,/(.: )4 /(+.=,@)KF *.+.<,'4F 

[1.3/(] / ]. ]. b.=)>) //  ./()>3  &""b14. – 

1985. – <K*. 4. – R. 32-38. 

11. P,:/.E)3,, $.  . "//=.',<4)>. > +4D+4;,(34 
+.3,?.)'4O>: *, ',*H/(>?K? /3,+,/(C? *, 

*+C?,?H )4*+4<=.)>B /(+.=,@)KF *.+.<,',<, 
H=,G.))KF / )./,;=B'.)>.? (+.;,<4)>: (.F-
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)>@./3>F H/=,<>: [1.3/(] : D<9( *+, &0! /        

$.  . P,:/.E)3,. – 0""1, $]&06, 2007. –    

109 /. 
12. !>;39),  .  . N+4<>=4 +,D+4FH)39< D4=9D)>@),5 

3,=95 )4 ?9O)9/(J 9 /(9:39/(J [1.3/(]. UN/0117 / 

 .  . !>;39), 8. %. 04)9=.)3,. – $.: 1+4)/*,+( 
23+45)>, 2006. – R. 168. 

13. P,:/.E)3,, $.  . "//=.',<4)>. > +4D+4;,(34 
+.3,?.)'4O>: *, ',*H/(>?K? /3,+,/(C? *, 

;,3,<,?H )4*+4<=.)>B /(+.=,@)KF *.+.<,',<, 
<D4>?),. *,=,G.)>. 3,(,+KF ). /,,(<.(/(<H.( 

(.F)>@./3>? (+.;,<4)>C? [1.3/(] : D<9( *+, 

&0! / $.  . P,:/.E)3,. – 0""1, $]&06,   

2008. – 51 /. 
14.  ,=,M3,, Q. 0. !4D+4;,(4(J ),+?4(><K /3,+,-

/(.: '<>G.)>C *, /(+.=,@)K? *.+.<,'4? / H@.-
(,? >F -43(>@./3,A, /,/(,C)>C [1.3/(] : D<9( 
*+, &0! / Q. 0.  ,=,M3,, 7. N. 14(H+.<>@. – 

0""1, $]&06, 1988. – 147 /. 
 

&4'9:M=4 ', +.'3,=.A95 05.08.2009 

208



 !" 629.463.001.18 

 . !. "#$%&', (.).*., +,-./00-,, 1/2345 (6/0+7829:; 1/2;,70<); 
#. =. 346"&!>, :.).*., 1/2345 (6/0+7829:; 1/2;,70<) 

#$%&'%(%)*% )+!%,)#&-* ./ 0#123 1+.#)#1 

)+ .+/+)-*4)23  (+&-"+3 ,%5%0)#4 !#/#.*

$; +?(0);@? 0);)90)9A*9B (;*9B +,- ,-8-)7 C;,;*)?D*-E (?2<*9F? @9G*;A/*? D (-02?(H/*? +-:;G*9:9 /:0-
+27;);F?D*-E *;(?D*-0)?, ; );:-H ,-G,;B-@;*; -+)9I;2<*; (-@H9*; (?2J*:9 G; 7I-@-K *;(?D*-0)? ,-GC2J*7-

)9B @7G2?@ @;C-*;. 

$; -0*-@;*99 0);)90)9A/0:9B (;**LB - ,;8-)/ C;,;*)9D*-C- 7A;0):; -+,/(/2/*L 9 9002/(-@;*L +-:;G;-
)/29 M:0+27;);F9-**-D *;(/H*-0)9, ; );:H/ ,;00A9);*; -+)9I;2<*;J (29*; 7A;0):; +- 702-@9K *;(/H*-0)9 

,;00I;),9@;/ILB 7G2-@ @;C-*;. 

On the basis of statistical data about operation of the warranty section the operational reliability factors are de-

termined and explored as well as the optimum length of the section according to the condition of reliability of the 

considered assemblies of a wagon is calculated. 

'8/0+/A/*9/ 8/G-+;0*-0)9 (@9H/*9J *; H/-
2/G*-(-,-H*-I ),;*0+-,)/ J@2J/)0J -(*9I 9G 
-0*-@*LB ,/G/,@-@ @ 0);8929G;F99 9 ,;G@9)99 

M:-*-I9:9 ),;*0+-,);. !G-G; *;,7N/*9D 8/G--

+;0*-0)9 (@9H/*9J 0-G(;/)0J 7C,-G; H9G*9 9 

G(-,-@<J 2K(/D, *-09)0J G*;A9)/2<*LD I;)/,9-

;2<*LD 7O/,8, 7),;A9@;K)0J C,7GL, @L@-(9)0J 
9G 0),-J (-,-C-0)-JO;J )/B*9:;. =-02/ +/,/-
B-(; : 090)/I/ ,/I-*); @;C-*-@ +- :;2/*(;,*-D 

+,-(-2H9)/2<*-0)9 9 @L+-2*/**-I7 +,-8/C7, 

G;(;**LD +,-8/C I/H(7 ,/I-*);I9 07O/0)@/*-

*- 7@/29A920J. =-M)-I7 @-G,-029 ),/8-@;*9J : 

-8/0+/A/*9K 8/G-+;0*-0)9 (@9H/*9J @ +,-F/0-
0/ )/B*9A/0:-C- -8027H9@;*9J @;C-*-@. 

$; 1/2-,700:-D H/2/G*-D (-,-C/ (-0);)-A-

*- 70+/N*- @L+-2*J/)0J +,-C,;II; @-00);*-@-
2/*9J ,;8-)-0+-0-8*-0)9 +-(@9H*-C- 0-0);@;. 
" F/2<K 0@-/@,/I/**-C- @LJ@2/*9J */90+,;@-
*-C- )/B*9A/0:-C- 0-0)-J*9J @;C-*-@, (2J +,/-
(7+,/H(/*9J 9B -):;G-@ +-27A929 N9,-:-/ 
,;0+,-0),;*/*9/ 0,/(0)@; )/B*9A/0:-C- (9;C-
*-0)9,-@;*9J: ;@)-I;)9A/0:;J ;++;,;)7,; 
P!"&-1& -Q 9 P!"&2-1& 53R (-8/0+/A9@;-
K) :-*),-2< )/B*9A/0:-C- 0-0)-J*9J +-(090-
)/I: 1 – 87:0; & – :-2/0*LB +;,;   – @-2-A;-
O9B0J (/);2/D; 5 – G;)-,I-H/**LB :-2/0*LB 

+;,; 3 – C;8;,9); +-(@9H*-C- 0-0);@; @ @/,B*/D 

A;0)9; R – +/,/C,7G; @;C-*-@; Q – F/*),;29G;-
F9J 9*.-,I;F99), &5"S-01, &5"S-01P (:-I-

+2/:0L )/B*9A/0:9B 0,/(0)@ +- I-(/,*9G;F99 

;++;,;)7,L P!"&-1), ; );:H/ ;@)-I;)9G9,--

@;**;J 090)/I; :-*),-2J +-(@9H*-C- 0-0);@; 
(T"& ="), -8U/(9*JKO;J @ F/*),;29G-@;**7K 

090)/I7 ;++;,;)7,7 (9;C*-0)9:9 9 :-*),-2J. ! 

@I/0)/ 0 )/I, ;*;29G ,;8-)L (-,-C9 +-:;G;2, 

A)- *;(/H*-0)< @;C-**-C- +;,:; 0*9H;/)0J, ; 

,;GI/,L 0-F9;2<*--M:-*-I9A/0:9B +-)/,< -) 
-+;0*LB -):;G-@ @;C-*-@ *; C;,;*)9D*LB 7A;-
0):;B 07O/0)@/**L/. "@JG;*- M)- @ +/,@7K 

-A/,/(< 0- 0);,/*9/I @;C-**-C- +;,:;. R; +/-
,9-( 0 1992 +- 2008 CC. 0,/(*9D @-G,;0) +-(-

@9H*-C- 0-0);@; 7@/29A920J 0 15 (- 24 2/), ; 
:-29A/0)@- @;C-*-@ 0 90)/:N9I *-,I;)9@*LI 

0,-:-I 027H8L (-0)9C2- 41 %. 

'G(-,-@2/*9/ +;,:; @;C-*-@ )-2<:- G; 0A/) 
G;:7+:9 *-@LB @;C-*-@ @ 702-@9JB -C,;*9A/*-

*-0)9 .9*;*0-@LB 0,/(0)@ J@2J/)0J @/0<I; 
+,-82/I;)9A*LI. =-M)-I7 -0*-@*-/ @*9I;*9/ 
0/C-(*J (-2H*- 8L)< 7(/2/*- M../:)9@*-D -,-

C;*9G;F99 )/B*9A/0:-C- -8027H9@;*9J 9 ,/-
I-*); C,7G-@LB @;C-*-@. '(*;:- M)- *;+,;@2/-
*9/ 90+-2<G7/)0J */(-0);)-A*- 9 );:;J 09)7;-
F9J */ 0+-0-80)@7/) +-@LN/*9K M:0+27;);F9-

-**-D *;(/H*-0)9 +-(@9H*-C- 0-0);@; *; C;-
,;*)9D*LB 7A;0):;B +-29C-*; 1/2-,70:-D H/-
2/G*-D (-,-C9. '(*9I 9G C2;@*LB I/,-+,9J-
)9D, *;+,;@2/**LB *; +-@LN/*9/ M:0+27;);F9-

-**-D *;(/H*-0)9 C,7G-@LB @;C-*-@, J@2J/)0J 
70);*-@2/*9/ -8-0*-@;**-D +,-)JH/**-0)9 

C;,;*)9D*LB 7A;0):-@. "/C-(*J M)-) +-:;G;)/2< 
*; 1/2-,700:-D H/2/G*-D (-,-C/ :-2/82/)0J @ 
(-0);)-A*- 8-2<N9B C,;*9F;B, @ ,/G72<);)/ 
A/C- +-@LN;/)0J @/,-J)*-0)< 0-G(;*9J *; 
),;*0+-,)/ -+;0*LB, ;@;,9D*LB 09)7;F9D. 

P2J 70);*-@2/*9J +-:;G;)/2/D M:0+27;);F9-

-**-D *;(/H*-0)9 *; C;,;*)9D*-I 7A;0):/ 
V2-89* – 3-I/2< 0-8,;*; 0);)90)9:; ,;8-)L 

=5' M)9B (@7B 0);*F9D G; 2007-2008 CC. =,--

;*;29G9,-@;*L (;**L/ - :-29A/0)@/ +-/G(-@ 
+,-02/(-@;@N9B +- 7A;0):7, 0,/(*/I :-29A/0)@/ 
@;C-*-@ @ 0-0);@;B, (29*/ C;,;*)9D*-C- 7A;0):;, 
; );:H/ - :-29A/0)@/ -)F/+-: C,7G-@LB @;C-*-@ 

209



+- ,-(;I 9 7G2;I */90+,;@*-0)/D. 40);*-@2/*-, 

A)- *;98-2// -):;G--+;0*LI9, ; G*;A9) 0;ILI 

G;),;)*LI +- 0-(/,H;*9K 9 +/,@-0)/+/**LI +- 

@*9I;*9K -)*-09)/2<*- 8/G-+;0*-0)9 (@9H/*9J 
9 0-B,;**-0)9 C,7G; J@2J/)0J +-27@;C-*L – 

56 %, (;2// +;,: +,-A9B @;C-*-@ – 16 %, (I9*/-
,;2-@-GL, G/,*-@-GL, F/I/*)-@-GL), :,L)L/ – 

12 %, F90)/,*L – 8 % 9 +2;).-,IL – 8 % 

(,90. 1). 

 

690. 1. P9;C,;II; +,-F/*)*-C- 0--)*-N/*9J 
-)F/+-: +- ,-(7 @;C-*-@ 

=- 9*)/*09@*-0)9 -)F/+-: @ )/:7O9D */-
+2;*-@LD ,/I-*) *;98-2// -):;G--+;0*LI 7G-
2-I J@2J/)0J :7G-@ – 41 % -) -8O/C- :-29A/0)-
@; -):;G-@ (,90. 2): 

– */90+,;@*-0)9 G;+-,; 2K:-@ – 43 %; */-
90+,;@*-0)9 (@/,9 – 15 %; +-@,/H(/*9/ :,L-

N/: 2K:-@ 9 9B +/)/2< – 15 %; ),/O9*L 9 -8-

,L@L 0@;,*LB N@-@ @ G;(/2:;B 0)-/: – 13 %; 

+,-C98L 0)-/: 9 @/,B*/D -8@JG:9 – 4 %; +-@,/-
H(/*9J -8N9@:9 – 2 % 9 (,. */90+,;@*-0)9; 

– +,9A9*;I9 -):;G-@ ;@)-)-,I-G*-C- -8--

,7(-@;*9J J@2JK)0J */90+,;@*-0)9 )-,I-G*-C- 

F929*(,; – 14,5 %; -02;82/*9/, -8,L@, 9G2-I 

)-,I-G*-D I;C90),;29 – 14 %; G;@;, 8;NI;:; – 

13 %; */90+,;@*-0)9 @-G(7B-,;0+,/(/29)/2J – 

10 %; *;,7N/*9/ ,/C729,-@:9 ,LA;H*-D +/,/-
(;A9 – 6 %; */90+,;@*-0)9 ;@)-,/H9I; 9 /C- 

+,9@-(; – 5,5 % 9 (,. */90+,;@*-0)9; 

– -):;GL )/2/H/:: -)07)0)@9/, 0I/O/*9/, 
9G2-I +,7H9* – 21 %; */90+,;@*-0)9 0:-2<G7*; 
– 18 %; */0--)@/)0)@9/ ,/C2;I/*)9,-@;**LB 

G;G-,-@ – 17 %; ),/O9*; 9 9G2-I :29*; C;09)/-
2J :-2/8;*9D, 8-:-@-D 9 *;(,/00-,*-D 8;2:9 – 

11 % 9 (,7C9/ */90+,;@*-0)9; 

– -):;GL ;@)-0F/+*-C- 70),-D0)@;: */90-
+,;@*-0)9 +-C2-O;KO/C- ;++;,;); – 30 %; */-
90+,;@*-0)9 :-,+70; ;@)-0F/+:9 – 17 %; 9G2-I, 

),/O9*; 7(;,*-D ,-G/):9 – 9 %; ),/O9*;, 9G-
2-I )JC-@-C- B-I7); 9 :29*; – 4 % 9 (,7C9/ 
*/90+,;@*-0)9; 

– -):;GL :-2/0*LB +;,: C,/*9/ 87:0-@-C- 

7G2;, 0(@9C 87:0L, 9G2-I 929 9GC98 :,LN:9 

87:0L – 48 %; )-*:9D C,/8/*< – 15 %; -0),-:--

*/A*LD *;:;) C,/8*J – 14 %; +-2G7*L, *;@;,L 9 

@LO/,89*L -8-(; :-2/0; – 12 %; ),/O9*;, -)-

:-2 -8-(; :-2/0; – 6 % 9 (,7C9/ */90+,;@*--

0)9. 

 

690. 2. P9;C,;II; +,-F/*)*-C- 0--)*-N/*9J 
-)F/+-: +- 7G27 */90+,;@*-0)9 

$; -0*-@;*99 0);)90)9A/0:9B (;**LB -+,/-
(/2/*L 9 9002/(-@;*L +-:;G;)/29, B;,;:)/,9-

G7KO9/ M:0+27;);F9-**7K *;(/H*-0)< C,7G--

@LB @;C-*-@ *; C;,;*)9D*-I 7A;0):/ [2]:  

– +;,;I/), +-)-:; -):;G-@ @;C-*-@ 

 
Nml

n0

0   [1/@;C·:I], (1) 

C(/ 0n – A902- -):;G-@, @-G*9:N9B G; 07I-

I;,*LD +,-8/C @ )/A/*9/ @,/I/*9 t; 

N – A902- +,-02/(-@;@N9B +- 7A;0):7 +--

/G(-@ G; @,/IJ t; 
m  – 0,/(*//  A902- @;C-*-@ @ +-/G(/; 
l – (29*; C;,;*)9D*-C- 7A;0):;, :I; 

– *;,;8-):; *; -):;G 

 

0n

Nml
T   [@;C·:I]. (2) 

– @/,-J)*-0)< 8/G-):;G*-C- +,-02/(-@;*9J 
+-/G(; +- 7A;0):7.   ,;8-)/ [2, 0. 31] (-:;G;*-, 

A)- @/,-J)*-0)< 8/G-):;G*-C- +,-02/(-@;*9J +- 

7A;0):7 +-(A9*J/)0J M:0+-*/*F9;2<*-I7 G;:--

*7, 9 +-:;G;*-, A)- 0 7@/29A/*9/I (29*L C;,;*-

)9D*-C- 7A;0):; M)-) +-:;G;)/2< *;(/H*-0)9 

0*9H;/)0J 

 
Tmle)( ! lP . (3) 

P2J ,;0A/); -+)9I;2<*-D +,-)JH/**-0)9 

C;,;*)9D*-C- 7A;0):; ,/;29G-@;* @/,-J)*-0)-
*LD +-(B-(, 0 7A/)-I ,;0A/); :@;*)92/D 027-

A;D*-D @/29A9*L «*;,;8-):9 *; -):;G» (2J G;-
(;**-C- 7,-@*J (-@/,9)/2<*-D @/,-J)*-0)9 

,;0A  [3]: 

 mllnP -l )/(,;0A-+)  . (4) 

5;:-D +-(B-( J@2J/)0J @+-2*/ -+,;@(;*-

*LI, );: :;: +,9 ,;0A/)/ (29*L C;,;*)9D*-C- 

7A;0):; +- I;)/I;)9A/0:-I7 -H9(;*9K «*;,;-
8-):9 *; -):;G», )- /0)< +- 0,/(*/I7 G*;A/*9K, 

)-2<:- 50 % 09)7;F9D -) @L8-,-A*-D 0-@-:7+-

*-0)9 87(/) 9I/)< 82;C-+,9J)*LD 90B-(. 6;8--
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);)< 0 );:9I 7,-@*/I (-@/,9)/2<*-D @/,-J)*--

0)9 +,9 -8-0*-@;*99 +,-)JH/**-0)9 C;,;*)9D-

*-C- 7A;0):; */(-+70)9I-, +-0:-2<:7 @ M)9 

50% :;: 8L G;:2;(L@;/)0J @ ,;0A/)L -):;GL 

@;C-*-@ 0- @0/I9 +-02/(7KO9I9 90B-(;I9. 

=,/(+-2-H9@, A)- M); 027A;D*;J @/29A9*; 
0),-C- +-(A9*J/)0J *-,I;2<*-I7 ,;0+,/(/2/-
*9K, C,;.9: +-@/(/*9J +2-)*-0)9 @/,-J)*--

0)/D 87(/) 9I/)< @9( +-:;G;**LD *; ,90. 3, ; 

.-,I727 (2J -+,/(/2/*9J ,;0A  I-H*- G;+9-

0;)< 

 5i,;0A !t  "#  (5) 

C(/ i  – I;)/I;)9A/0:-/ -H9(;*9/ «*;,;8-):9 

*; -):;G»; "t  – *-,I9,-@;**-/ -):2-*/*9/ (2J 

G;(;**-C- 7,-@*J (-@/,9)/2<*-D @/,-J)*-0)9; 

5!  – 0,/(*/:@;(,;)9A/0:-/ -):2-*/*9/ 027-

A;D*-D @/29A9*L  . 

 

690. 3. 3,;.9: +-@/(/*9J +2-)*-0)9 @/,-J)*-0)/D 

!0B-(*LI9 (;**LI9 (2J ,;0A/); J@9290< 
@LA902/**L/ G*;A/*9J «*;,;8-):9 *; -):;G» */ 
@ F/2-I +- @;C-*7, ; +- 7G2;I */90+,;@*-0)/D 

G; 2-7B 2/)*9D +/,9-(. =-M)-I7 +,/(2;C;/)0J 
02/(7KO;J G;+90< 702-@9J -+)9I;2<*-0)9 +,--

)JH/**-0)9 C;,;*)9D*-C- 7A;0):; +- *;(/H*--

0)9 C,7G-@-C- @;C-*;: 

 
)l,l,l

,l,lmin(l

5#W
-+)

&=
-+)

T "
-+)

T 5
-+)

&
-+)-+)  

 (6) 

C(/ 5#W
-+)

&=
-+)

T "
-+)

T 5
-+)

&
-+) l,l,l,l,l  – 0--)@/)0)-

@/**- +,-)JH/**-0)9 C;,;*)9D*LB 7A;0):-@ +- 

702-@9K *;(/H*-0)9 :7G-@;, ;@)-)-,I-G-@, ;@-
)-0F/+*-C- 70),-D0)@;, :-2/0*LB +;,, )/2/H:9. 

5-C(; .-,I72; (4) 87(/) 9I/)< 02/(7KO9D 

@9( 

 

$
$
%

$$
&

'

(! 
(! 
(! 
(! 
(! 

.mlPTl

m;lPTl

m;lPTl

m;lPTl

m;lPTl

)/(ln

)/(ln

)/(ln

)/(ln

)/(ln

5#W
,;0A

5#W
-+)

&=
,;0A

&=
-+)

T "
,;0A

T "
-+)

T 5
,;0A

T 5
-+)

&
,;0A

&
-+)

, (7) 

3,;.9A/0:9 M)-) +,-F/00 +,/(0);@2/* *; 
,90. 4. 

690. 4. 6;0+,/(/2/*9/ *;,;8-):9 *; -):;G +- 7G2;I 

");)9A/0:9D ;*;29G ,/G72<);)-@ M:0+/,9-

I/*); @ A;0)9 9002/(-@;*9J G;:-*; ,;0+,/(/2/-
*9J 027A;D*-D @/29A9*L “ *;,;8-):; *; -):;G” 

+- 7G2;I */90+,;@*-0)/D +-G@-292 +-27A9)< 

:@;*)929 i ,;0A  (2J (-@/,9)/2<*-D @/,-J)*-0)9 

)l(P -) 0,05 (- 0,95 0 N;C-I 0,05.  /0<I; +,9*-

F9+9;2<*LI J@2J/)0J @L8-, ,;0A/)*-C- G*;A/-
*9J 027A;D*-D @/29A9*L, -+)9I;2<*;J @/29A9-

*; :-)-,-C- *;B-(9)0J @ 9*)/,@;2/ -) 
min

@.,;0A
  (- 

max

@.,;0A
  (0I. ,90. 3). #029 IL G;(;(9I0J 

max

@.,;0A
 , 

)- (29*; C;,;*)9D*-C- 7A;0):; 87(/) J@*- G;-
@LN/**-D. " (,7C-D 0)-,-*L, @/,-J)*-0)< +--

J@2/*9J *; 7A;0):/ @;C-*; 0 );:9I 7,-@*/I *;-
(/H*-0)9 87(/) I;2;. P,7C9I9 02-@;I9, @;C--

*L */ 87(7) @L(/,H9@;)< );:-D +,-)JH/**-0)9 

C;,;*)9D*-C- 7A;0):;. V/2/G*;J (-,-C; @ M)-I 

027A;/ 87(/) */0)9 07O/0)@/**L/ M:-*-I9A/-
0:9/ 78L):9 :;: 9G-G; -0);*-@:9 +-/G(-@ *; 
7A;0):/ +- +,9A9*/ -):;G-@ @;C-*-@, );: 9 @ 
027A;/ ;@;,9D 9 :,7N/*9D, :-)-,L/ @ 8-2<N9*-

0)@/ 0@-/I J@2JK)0J 02/(0)@9/I @*/G;+*LB -)-
:;G-@ @;C-*-@. #029 IL +,9*9I;/I @)-,-D 027-

A;D 
min

@.,;0A
 , )-C(; G*;A9)/2<*- 7@/29A9)0J @/-

,-J)*-0)< @-0),/8-@;*9J @;C-*-I (+- 702-@9K 

/C- *;(/H*-0)9) );:-D (29*L C;,;*)9D*-C- 

7A;0):;.   M)-I 027A;/ G*;A9)/2<*- +-@L09)0J 
7,-@/*< 8/G-+;0*-0)9 (@9H/*9J +-/G(-@ *; C;-
,;*)9D*-I 7A;0):/. 3,;.9A/0:;J 9*)/,+,/);-
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F9J @L8-,; ,;0A/)*-C- G*;A/*9J «*;,;8-):9 *; 
-):;G» 9, /0)/0)@/**-, +,-)JH/**-0)9 C;,;*-

)9D*-C- 7A;0):; +-:;G;*; *; ,90. 5. 

=,-@/(/**L/ 9002/(-@;*9J 9 +-27A/**L/ 
,/G72<);)L +-G@-2929 +-27A9)< G*;A/*9J -+-

)9I;2<*-D (29*L C;,;*)9D*-C- 7A;0):; 
i

!"#
l  

V2-89*-S-C92/@ +- 702-@9K *;(/H*-0)9 ,;0-
0I;),9@;/ILB 7G2-@. 6/G72<);)L ,;0A/); +,/(-

0);@2/*L @ );82. 1. 

 

690. 5. 3,;.9A/0:;J 9*)/,+,/);F9J +,-F/00; -+-

)9I9G;F99 

5;829F; 1 

/6789:;<;= ><?@6;< 

4G/2 @;C-*; 
R;:-* 

,;0+,/(/2/*9J 
=;,;I/),L 

,;0+,/(/2/*9J 
2
,;0A)  

2
:,9))  

(* =0,05) 

&@;*)92< 
 ,;0A 

($(-@=0,95) 

l-+), :I 

&7G-@ $-,I;2<*LD 
793743
516384m

 +
 

 7,892 9,488 1821980 60,6 

&-2/0*;J +;,; $-,I;2<*LD 791152
1425500m

 +
 

 4,994 9,488 2726830 90,7 

5-,I-G; W-C*-,I;2<*LD 759382
809811m

 +
 

 6,981 9,488 2181690 72,0 

T@)-0F/+:; W-C*-,I;2<*LD 
1114940
948764m

 +
 

 5,189 9,488 2845320 93,9 

5/2/H:;  /D8722; 
1309170

567311b
 ,
 ,

 10,380 12,592 2636460 85,0 

 

'+,/(/2/*-, A)- *;9I/*<N/D +,-)JH/**--

0)<K -82;(;/) C;,;*)9D*LD 7A;0)-: (l!"#=60,6 

:I) ,;00A9);**LD +- M:0+27;);F9-**-D *;(/H-

*-0)9 «:7G-@;», ; *;98-2<N/D +- *;(/H*-0)9 

«;@)-0F/+:9» (l!"#=93,9 :I). 6/G72<);)L ,;0A/-
); +-:;G;29, A)- +,9 (-@/,9)/2<*-D @/,-J)*--

0)9 8/G-):;G*-C- +,-02/(-@;*9J 0-0);@; +- 

7A;0):7 *; 7,-@*/ 0,95 9 ,;0A/)*LB G*;A/*9JB 

027A;D*-D @/29A9*L «*;,;8-):; *; -):;G» +,9 

0,95(-@  P , C;,;*)9D*LD 7A;0)-: 87(/) -8/0-

+/A/* )-2<:- M:0+27;);F9-**-D *;(/H*-0)<K 

;@)-0F/+*-C- 70),-D0)@; 9 :-2/0*LB +;,, );: 

:;: M:0+27;);F9-**;J (29*; H/2/G*-(-,-H*-C- 

7A;0):; V2-89* – 3-I/2< 0-0);@2J/) 86 :I. 

=-M)-I7, 7A9)L@;J )-, A)- @ 0),7:)7,/ +;,:; 
@;C-*-@, +,-B-(JO9B +- C;,;*)9D*-I7 7A;0):7, 

8-2// 40 % +,9B-(9)0J *; +-27@;C-*L +,-F/0-
0;I ,/I-*); 9 )/B*9A/0:-C- -8027H9@;*9J :7-

G-@; ((;2// )-,I-G;, )/2/H:9, :-2/0*-D +;,L, 

;@)-0F/+:9) */-8B-(9I- 7(/2J)< 0;I-/ +,9-

0);2<*-/ @*9I;*9/. 
& 0-H;2/*9K, +,9 -)07)0)@99 @ +-2*-I -8U/-

I/ I/,-+,9J)9D +- -8*-@2/*9K 9 -G(-,-@2/*9K 

+-(@9H*-C- 0-0);@;, @-GI-H*- -8-0),/*9/ 09-

)7;F99 0 8/G-+;0*-0)<K 9 *;(/H*-0)<K *; C;,;*-

)9D*LB 7A;0):;B. =-M)-I7 7H/ 0/DA;0 */-8B-(9-

I- ,;00I;),9@;)< C;,;*)9D*L/ 7A;0):9 :;: 090-
)/I7 0 9GI/*JKO9I90J +;,;I/),;I9, (2J ,;0A/); 
9 7+,;@2/*9J :-)-,LI9 */-8B-(9I- 9I/)< 9 +--

0)-J**- *;:;+29@;)< -8U/:)9@*7K 9*.-,I;F9K 

- 0-0)-J*99 @;C-**-C- +;,:;, -)(/2<*-C- @;C-*;, 
/C- +-(090)/I 9 M2/I/*)-@, @L(/29)< *;98-2// 
@;H*L/ G;:-*-I/,*-0)9, -+,/(/29)< F/29 .7*:-
F9-*9,-@;*9J );:-D 090)/IL, 9I/)< 0,/(0)@; 
@-G(/D0)@9J *; 8/G-+;0*-0)< ,;8-)L C;,;*)9D*--

C- 7A;0):;. P- *;0)-JO/C- @,/I/*9 9*.-,I;F9J - 

0-0)-J*99 @;C-**-C- +;,:;, 7,-@*J )/B*9A/0:-C- 

-8027H9@;*9J @;C-*-@ *; 0);*F9JB 9 (,7C9B .;:-
)-,;B, @29JKO9B *; 8/G-+;0*-0)< ,;8-)L, *-09) 
.,;CI/*);,*LD B;,;:)/,, */ 090)/I;)9G9,-@;*;, 
+,/(0);@2/*; @ @9(/, */ 7(-8*-I (2J +-2<G-@;)/-
2J, ; )/I 8-2// (2J -8,;8-):9 9 90+-2<G-@;*9J // 
@ -+/,;)9@*-I ,/H9I/. 

=,-@/(/*9/ 9002/(-@;*9D +- :;H(-I7 C;-
,;*)9D*-I7 7A;0):7 +-29C-*; 1/2-,700:-D H/-
2/G*-D (-,-C9 +-G@-29) :2;009.9F9,-@;)< 7A;-
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0):9 0 7A/)-I @-GI-H*LB M:-*-I9A/0:9B +--

)/,< -) -):;G-@ @;C-*-@ *; *9B, 70-@/,N/*0)@--

@;)< )/,,9)-,9;2<*7K 0B/I7 ,;GI/O/*9J +7*:-

)-@ )/B*9A/0:-C- -8027H9@;*9J, @*/(,9)< *; 
=5' 70-@/,N/*0)@-@;**LD )/B*-2-C9A/0:9D 

+,-F/00 )/B*9A/0:-C- -8027H9@;*9J @;C-*-@ 9 

+-@L09)< *;(/H*-0)< *; C;,;*)9D*LB 7A;0):;B. 

1!1W!'36TX!Y#"&!> "=!"'& 

1. !002/(-@;*9/ (9*;I9:9 9GI/*/*9J +;,:; C,7-

G-@LB @;C-*-@ G; +/,9-( 1995–2004 C-(L 9 ,;0-
A/) +,-C*-G*LB +-:;G;)/2/D *; +/,9-( 2006–

2010 C-(L [5/:0)] : -)A/) - $!6 3931 (G;:2KA.) 

/ 1/2-,70. C-0. 7*-) ),;*0+.; ,7:. "/*<:-  . !. – 

3-I/2<, 2005. – 30 0. – Z 36 20053427. 

2. 3,9(KN:-,  . !.  ;C-**-/ B;GJD0)@- [5/:0)] : 

7A/8. +-0-89/ (2J @7G-@. – 2-/ 9G(., +/,/,;8. 9 (-+. / 

 . !. 3,9(KN:-,  . =. 17C;/@, $. R. &,9@-,7A:-. – 

S.: 5,;*0+-,), 1988. – 295 0. 
3. "/*<:-,  . !. "-@/,N/*0)@-@;*9/ -,C;*9G;F99 

)/B*9A/0:-C- -8027H9@;*9J 9 )/:7O/C- ,/I-*-

); C,7G-@LB @;C-*-@ [5/:0)] /  . !. "/*<:-. – 

3-I/2<: 1/2345, 2002. – 178 0. 
 

=-0)7+92; @ ,/(:-22/C9K 17.07.2009 
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 !" 629.463.65:004.925.84:539.215.9 

 . !. "#$%&', (.).*., +,-./00-,, 1/2345 (6/0+7829:; 1/2;,70<); 
=.  . >45?5', :.).*., (-@/*), 1/2345 (6/0+7829:; 1/2;,70<) 

#$%&"' (#)!%*+,(-. /%0%(#)-123 +2/ 4-3 50 )#(  

&' " )#(' ('5#&#( 

$; -0*-AB C;)/C;)9D*-E- C-(/2FA;**G +-A-(H/**G 09+7D-E- )B2; I A9:-,90);**GC C/)-(7 :B*@/A9J 

/2/C/*)BA B +,9*@9+BA C/J;*B:9 )A/,(-E- )B2; A9:-*;*B ,-I,;J7*:9 *;A;*);H/*-0)B :7I-A; A;E-*; 09+7D9C 

A;*);H/C. 

$; -0*-A/ C;)/C;)9D/0:-E- C-(/29,-A;*9G +-A/(/*9G 0K+7D/E- )/2; 0 90+-2<I-A;*9/C C/)-(; :-*/D*KJ 

L2/C/*)-A 9 +,9*@9+-A C/J;*9:9 )A/,(-E- )/2; AK+-2*/*K ,;0D/)K *;E,7H/**-0)9 :7I-A; A;E-*; 0K+7D9C 

E,7I-C. 

On the base of mathematical modeling of the loose body behaviour using the finite-element method and princi-

ples of solid body mechanics the calculations of loading of wagon body by the loose freight are executed  

(67879:7 

>,9 +,-A/(/*99 +,-D*-0)*KJ ,;0D/)-A :7-

I-A-A E,7I-AKJ A;E-*-A A I;A909C-0)9 -) 9J *;-
I*;D/*9G 9 -0-8/**-0)/M :-*0),7:@99 0-E2;0*- 

«$-,C;C (2G ,;0D/); …» [5] */-8J-(9C- 7D9-

)KA;)< *;E,7I:9, A-I*9:;FN9/ +,9 A-I(/M0)-
A99 ),;*0+-,)9,7/C-E- E,7I; *; :7I-A A;E-*;. 
>,9 +/,/A-I:/ 0K+7D9J E,7I-A */-8J-(9C- 

7D9)KA;)< 092K ,;0+-,; ((;A2/*9G) *; 0)/*K. 

$;98-2// ,;0+,-0),;*/**KC +-(J-(-C A 
0),-9)/2<*-M C/J;*9:/ 0K+7D9J 0,/( +,9 -+-

,/(/2/*99 (;A2/*9G *; +-(+-,K -) (/M0)A9G 
0K+7D/E- )/2; GA2G/)0G )/-,9G &72-*; [4], :--

)-,;G *;O2; O9,-:-/ +,9C/*/*9/ +,9 ,;0D/)/ 
:7I-A-A A;E-*-A [5]. '(*;:- +,9 *-,C;)9A*-C 

+,92-H/*99 (;A2/*9M -) +/,/A-I9C-E- 0K+7D/-
E- E,7I; */ 7D9)KA;F)0G */:-)-,K/ .9I9:--

C/J;*9D/0:9/ 0A-M0)A; C;)/,9;2;, *;+,9C/,, 

0AGI;**K/ 0 :-E/I9/M 9 (92;);*09/M, D)- A ,G(/ 
027D;/A C-H/) +,9A/0)9 : 07N/0)A/**-M :-,-

,/:)9,-A:/ 0J/CK *;E,7H/*9G. &,-C/ )-E-, A 
+,-@/00/ 0-I(;*9G ,;0D/)*-M C-(/29 I;D;0)7F 

A-I*9:;/) 02-H*-0)< A +,9A/(/*99 ,;0+,/(/-
2/**-M *;E,7I:9 : 7I2;C, 9 A- C*-E9J 09)7;@9GJ 

L); +,-@/(7,; AK+-2*G/)0G +,9829H/**- [2]. 

$-,C;)9A*-/ +,92-H/*9/ (;A2/*9G *; 0)/*-

:9 :7I-A; A;E-*; -) 0K+7D9J E,7I-A +,/)/,+/-
A;2- 07N/0)A/**K/ 9IC/*/*9G [3, 7].   *;0)-G-
N// A,/CG 0-E2;0*- [5] A 027D;/ ,;0D/); :7I-A; 
A;E-*; +,9 0-7(;,/*99 )-,@/AK/ 0)/*K 9 (A/,9 

(-2H*K ,;00D9)KA;)<0G *; ,;A*-C/,*- ,;0+,/-
(/2/**-/ +- A0/M 9J +2-N;(9 (9*;C9D/0:-/ 
(;A2/*9/ *;0K+*-E- E,7I;, ,;A*-C 0,35 E,7I--

+-(P/C*-0)9 A;E-*; +,9 (/M0)A99 +,-(-2<*-E- 

70:-,/*9G 3,5g. '(*;:- +,9 ,;0D/)/ 0)/*K A 
-8N/M 090)/C/ :7I-A; A;E-*; A/0<C; I;),7(*9-

)/2<*- ,;0+,/(/2/*9/ -0);AO9J0G 65% *;E,7I-
:9 -) 092 9*/,@99 0K+7D/E- E,7I;. 

",/(9 07N/0)A7FN9J +-(J-(-A : C-(/29-

,-A;*9F 0K+7D9J (E,;*729,-A;**KJ) 0,/(, 

C-H*- AK(/29)< (A; -0*-A*KJ *;+,;A2/*9G: 
– C-(/29,-A;*9/ 0K+7D/M 0,/(K :-*)9*7-

;2<*-M 090)/C-M; 

– C-(/29,-A;*9/ 0K+7D/M 0,/(K 090)/C-M 

)A/,(KJ )/2. 

>,9 ,/;29I;@99 +/,A-E- +-(J-(; O9,-:-/ 
,;0+,-0),;*/*9/ +-27D92 C/)-( :-*/D*KJ L2/-
C/*)-A 0 ,;I29D*KC9 A;,9;*);C9 C;)/C;)9D/-
0:-E- -+90;*9G +-A/(/*9G C;)/,9;2; 0K+7D/M 

0,/(K. & );:9C A;,9;*);C -)*-0G)0G +,/(0);A-
2/*9/ 0K+7D/M 0,/(K, -+90KA;/C-/ 7,;A*/*9G-
C9 C/J;*9:9 (/.-,C9,7/C-E- )A/,(-E- )/2; A 
7+,7E-M +-0);*-A:/ 0 7D/)-C «+,9A/(/**KJ» 

J;,;:)/,90)9: C;)/,9;2; (C-(72< 7+,7E-0)9, 

+2-)*-0)<, :-L..9@9/*) >7;00-*;) [8]; -+90;-
*9/ +-A/(/*9G 0K+7D/E- )/2; *; -0*-A/ 7,;A*/-
*9M E9(,-C/J;*9:9 [11]; +,9C/*/*9/ C-(/29 

C;)/,9;2; Q,7:/,;->,;E/,;, -+90KA;FN/M 

+2;0)9D/0:-/ (/.-,C9,-A;*9/ 0,/(K [2] 9 +,--

D9/ [6, 9]. 

 )-,-M +-(J-( -0*-A;* *; 90+-2<I-A;*9/ 
I;:-*-A C/J;*9:9 )A/,(-E- )/2;. R(/0< 0K+7-

D;G, ; A (;**-C 027D;/ E,;*729,-A;**;G 0,/(;, 
C-(/29,7/)0G :-*/D*KC D902-C AI;9C-(/M0)-
A7FN9J C/H(7 0-8-M E,;*72. 5;: A0),/D;F)0G 
,;8-)K, E(/ A0/ )/2; (E,;*72K), AJ-(GN9/ A 090-
)/C7, +,/(0);A2/*K 298- +2-0:9C9 (:,7E, +2--

0:9M C*-E-7E-2<*9: 9 (,.), 298- -8P/C*KC9 

(O;,, -8P/C*KM C*-E-7E-2<*9: 9 (,.) [1, 10, 

12]. 402-A9/C :-*);:); C/H(7 )/2;C9 027H9) 
+/,/0/D/*9/ E,;*9@ )/2, D)- +,9A-(9) : A-I-
*9:*-A/*9F :-*);:)*-M 092K, A;,9;*)K, -+9-

0;*9G :-)-,-M, C-E7) 8K)< A/0<C; ,;I29D*K 
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(I;:-* 3/,@;, I;:-* &72-*;, 7+,7E--

(9009+;)9A*-/ AI;9C-(/M0)A9/). >,9 -)07)0)-
A99 :-*);:); )/2; 0D9);F)0G */AI;9C-(/M0)-
A7FN9C9. 

'8; +-(J-(; 9C/F) 0A-9 (-0)-9*0)A; 9 */-
(-0);):9. >/,AKM +-(J-( -E,;*9D/* A +,9C/-
*/*99 A A9(7 )-E-, D)- */ 7D9)KA;/) *;+,GC7F 

E/-C/),9F D;0)9@ 0K+7D/M 0,/(K, D)- */-8J--

(9C- A ,G(/ I;(;D. '(*;:- A)-,-M +-(J-( A 
-8KD*-M +-0);*-A:/ ),/87/) I*;D9)/2<*- 8-2<-
O9J AKD9029)/2<*KJ I;),;). 

S/2<F ,;8-)K GA2G/)0G ,;I,;8-):; C;)/C;-
)9D/0:9J C-(/2/M 0 90+-2<I-A;*9/C ,;I29D*KJ 

+-(J-(-A -+90;*9G C/J;*9:9 0K+7D/E- )/2; 
(2G -@/*:9 *;E,7H/**-0)9 :7I-A; A;E-*; +,9 

+/,/A-I:/ 0K+7D/E- E,7I;, ; );:H/ AKGA2/*9/ 
A29G*9G ,;I29D*KJ .9I9:--C/J;*9D/0:9J 

0A-M0)A *; I*;D/*9G (;A2/*9M *; C/);22-:-*-

0),7:@9F A;E-*;. 

/;:<7979:7 <7=>8? @>97A9BC DE7<79=>6 

(FE>G@?H F>G=?9>6@?) 

C-I(;*; :-*/D*--L2/C/*);G C-(/2<, -0*--

A;**;G *; 90+-2<I-A;*99 E9+-)/IK Q,7:/,;-
>,;E/,;, -+90KA;FN/M 7+,7E-9(/;2<*-+2;0)9-

D/0:7F 0,/(7, +,9C/*/*9/ :-)-,-M +-IA-2G/) 
AK+-2*G)< ,;0D/)K +2;0)9D/0:-E- (/.-,C9,--

A;*9G +,9 )/D/*99 C;)/,9;2;, +,9 L)-C +--

A/,J*-0)< )/:7D/0)9 */ 9IC/*G/)0G A +,-@/00/ 
+2;0)9D/0:-E- (/.-,C9,-A;*9G. 

R;(;D; -@/*:9 0);)9D/0:-M 9 (9*;C9D/0:-M 

*;E,7H/**-0)9 ,/O;2;0< A +2-0:-M +-0);*-A:/ 
0 90+-2<I-A;*9/C +,-E,;CC*-E- :-C+2/:0; :--

*/D*--L2/C/*)*-E- ;*;29I; ANSYS. >,9 .-,-

C9,-A;*99 :-*/D*--L2/C/*)*-M 0/):9 90+-2<-
I-A;* 4-J 7I2-A-M :-*/D*KM L2/C/*) PLANE42. 

"A-M0)A; C;)/,9;2; 0K+7D/E- E,7I; +,/(0);A-
2/*K 02/(7FN9C9 J;,;:)/,90)9:;C9 [2]: +2-)-
*-0)< 0K+7D/E- E,7I;,   = 1300 :E/C3; 7E-2 /0)/-
0)A/**-E- -):-0;, ! = 300; C-(72< 7+,7E-0)9,   

= 106 $/C2; :-L..9@9/*) >7;00-*;, " = 0,27; 

A/29D9*; :-E/I99, ! = 7200 $/C2; 7E-2 (92;);*-

099, 00. >,9 C-(/29,-A;*99 C;)/,9;2; 0)/* :7-

I-A; A;E-*; 90J-(929 9I +,/(+-2-H/*9G ;80--

2F)*- )A/,(-E- )/2;. " @/2<F 7D/); 0@/+2/*9G 
0K+7D/E- E,7I; 0- 0)/*;C9 :7I-A; ,/O;2;0< 
:-*);:)*;G I;(;D; 0 :-L..9@9/*)-C ),/*9G A 
E,;*9@/ ,;I(/2; «0K+7D9M E,7I – C/);22» ,;A-
*KC 0,3. '0-8/**-0)<F :-*);:)*-M I;(;D9 GA-
2G/)0G 90:2FD/*9/ A-IC-H*-0)9 AI;9C*-E- 

A*/(,/*9G :-*);:)9,7FN9J 0,/(. 3/-C/),9G 
0K+7D/E- E,7I; A +,-(-2<*-M +2-0:-0)9 +,/(-

0);A2/*; +,GC-7E-2<*9:-C 0- 0)-,-*;C9 2#10 

C. 6;I,;8-);**;G :-*/D*--L2/C/*)*;G C-(/2< 
0-0)-9) 9I 2580 L2/C/*)-A, A:2FD;G 284 :-*-

);:)*KJ. 

$; +/,A-C L);+/ ,/O/*; I;(;D; 0);)9D/0:-M 

*;E,7H/**-0)9 :7I-A; A;E-*; 0K+7D9C E,7I-C. 

>-27D/**K/ C;:09C;2<*K/ I*;D/*9G (;A2/*9M 

*; +-2 A;E-*; )/0*- 0-E2;07F)0G 0 )/-,9/M +,/-
(/2<*-E- ,;A*-A/09G 0K+7D/E- )/2;, *- +- C/,/ 
+,9829H/*9G : )-,@/A-M 0)/*/ I*;D/*9/ (;A2/-
*9G 0*9H;/)0G, D)-, A9(9C-, -8702-A2/*- *;29-

D9/C ),/*9G C/H(7 0K+7D/M 0,/(-M 9 0)/*-M 

A;E-*;. T;:09C;2<*-/ (;A2/*9/ *; )-,@/A7F 

0)/*7 I;.9:09,-A;*- *; */8-2<O-C 7(;2/*99 

-) +-2; A;E-*;, D)- 0-E2;07/)0G 0 L:0+/,9C/*-

);2<*KC9 (;**KC9, +,9A/(/**KC9 A [4].   )- 

H/ A,/CG 0);)9D/0:-/ (;A2/*9/ *; )-,@/A7F 

0)/*7 +,9 AKO/7:;I;**KJ +;,;C/),;J 0K+7D/-
E- E,7I; -:;I;290< -)29D*KC9 -) I*;D/*9M, +--

27D;/CKJ +- .-,C72/, +,9A/(/**-M A «$--

C;J…» [5] 9 0*9H/*9/ /E- C;:09C;2<*-E- I*;-
D/*9G (-0)9E;/) +-D)9 40%. 4D9)KA;G A AK,;-
H/*99 I;:-*; &72-*; -)07)0)A9/ +;,;C/),; 
-@/*:9 0AGI;**-0)9 0K+7D/M 0,/(K, +,-A/(/*; 
0/,9G ,;0D/)-A +,9 A;,<9,-A;*99 I*;D/*9/C 

:-E/I99. $; ,90. 1 +,9A/(/*K I;A909C-0)9 ,;0-
+,/(/2/*9G (;A2/*9G *; 0)/*7 A;E-*; -) AK0-)K 

I;+-2*/*9G :7I-A; A;E-*; (2G ,;I29D*KJ I*;-
D/*9M :-E/I99. 

 

690. 1. R;A909C-0)9 (;A2/*9G 0K+7D/E- E,7I; *; 
)-,@/A7F 0)/*7 -) AK0-)K I;0K+:9: 

1 – ! = 7200 $/C2; 2 – ! = 4200 $/C2; 3 – ! = 3000 $/C2; 4 – 

! = 2500 $/C2; 5 – +- I;:-*7 &72-*; 

6/I72<);)K ,;0D/)-A +-:;I;29, D)- +,9 0*9-

H/*99 7,-A*G 0@/+2G/C-0)9 0K+7D/M 0,/(K, 

I*;D/*9G :-*);:)*KJ (;A2/*9M *; )-,@/A7F 

0)/*7 07N/0)A/**- A-I,;0);F).   )- H/ A,/CG, 
+,;:)9D/0:9 */ 9IC/*G/)0G (;A2/*9/, -:;IK-

A;/C-/ *; +-2 A;E-*;. >-27D/**-/ I*;D/*9/ 
(;A2/*9G *; 0)/*7 A;E-*; *; 7,-A*/ +-2; +,9 

+,;:)9D/0:9 -)07)0)A7FN/C 7,-A*/ 0@/+2G/-
C-0)9 0K+7D/M 0,/(K (I;A909C-0)< 5) )/0*- 0--

E2;07/)0G 0 )/-,9/M &72-*;. >- C/,/ 0*9H/*9G 
7,-A*G :-E/I99, 7A/29D9A;/)0G A/29D9*; 7+-

2-)*/*9G 0K+7D/E- )/2; $y, D)- -8PG0*G/) +--

GA2/*9G «+-2G 7+2-)*/*9G» (I;O),9J-A;**;G 
-82;0)<) A ,;0J-H(/*99 ,/I72<);)-A *; ,90. 1. 
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!0J-(G 9I I;A909C-0)/M ,90. 2, +,9 -+,/(/-
2/*99 C;:09C;2<*-E- (;A2/*9G *; 0)/*K A;E-*; 
C-H*- 702-A*- AK(/29)< ),9 I-*K 0-0)-G*9G 
0K+7D/E- )/2; A I;A909C-0)9 -) 7,-A*G 0@/+2/-
*9G C/H(7 /E- D;0)9@;C9. >,9 A/29D9*/ :-E/-
I99 ! % 3000 $/C2 C;:09C;2<*K/ (;A2/*9G *; 
)-,@/A7F 0)/*7 07N/0)A/**- A-I,;0);F), +,/(-

+-2-H9)/2<*-, (- I*;D/*9M, 0--)A/)0)A7FN9J 

E9(,-0);)9D/0:-C7 (;A2/*9F, D)- -8702-A2/*- 

+,/-82;(;*9/C 0A-M0)A H9(:-0)9, +,9 :-)-,KJ 

:;0;)/2<*K/ *;+,GH/*9G C/H(7 D;0)9@;C9 

0,/(K 0),/CG)0G : *72F. II I-*; +,9 3000 % ! % 

5000 $/C2 02/(7/) 0D9);)< +/,/J-(*-M, E(/ 0K-

+7D;G 0,/(; D;0)9D*- -82;(;/) 0A-M0)A;C9 

H9(:-0)9, *- 0 *;29D9/C 0AGI;**-0)9 C/H(7 

D;0)9@;C9. >,9 ,;00C-),/*99 III I-*K (! & 

5000 $/C2) AK0-:;G 0AGI;**-0)< C/H(7 D;0)9-

@;C9 A/(/) : 0);8929I;@99 C;:09C;2<*-E- 

7,-A*G (;A2/*9G *; )-,@/A7F 0)/*7 A;E-*;. 

 

690. 2. R;A909C-0)9 (;A2/*9G 0K+7D/E- E,7I; *; 
)-,@/A7F 0)/*7 -) A/29D9*K :-E/I99: 

6 – (;A2/*9/ *; C;:09C;2<*-M E2789*/ I;0K+:9; 7 – 

C;:09C;2<*-/ (;A2/*9/ 

6;00C-),9C *;E,7H/**-0)< :7I-A; A;E-*; 
0K+7D9C E,7I-C +,9 0-7(;,/*99 A;E-*-A. "--

E2;0*- «$-,C;C…» +,9 7(;,/ 02/(7/) 7D9)K-

A;)< A-I*9:;FN9/ 092K 9*/,@99 -) (/M0)A9G 
+,-(-2<*-E- 70:-,/*9G 3,5g A )/D/*9/ 0,3 0. U;E 
+- A,/C/*9 A;,<9,-A;20G -) 0,01 (- 0,0001 0. $; 
,90. 3 +,/(0);A2/*K L+F,K ,;0+,/(/2/*9G :-*-

);:)*-E- (;A2/*9G *; +-27 9 )-,@/A-M 0)/*/ A;-
E-*;. 

6/I72<);)K ,;0D/); +-:;I;29, D)- 07N/0)A/*-

*- 8ò2<O;G (-2G *;E,7I:9 *; +-2 +,9J-(9)0G *; 
1/5 D;0)< (29*K :7I-A; 0- 0)-,-*K *;E,7H/**-M 

0)/*K 9 +,/*/8,/H9)/2<*- C;2;G *; 0/,/(9*7 

:7I-A;. $;E,7H/**-0)< )-,@-A-M 0)/*K */ *-09) 
,;A*-C/,*- ,;0+,/(/2/**KM J;,;:)/, 9 : *;9-

8-2// *;E,7H/**-M -82;0)9 02/(7/) -)*/0)9 

A/,J*FF -8AGI:7. 

4D9)KA;G 7(-A2/)A-,9)/2<*-/ 0-A+;(/*9/ 
,/I72<);)-A 0);)9D/0:-M *;E,7H/**-0)9 :7I-A; 
A;E-*;, +-27D/**KJ 0 +-C-N<F ,;I,;8-);**-M 

:-*/D*--L2/C/*)*-M C-(/29 0 :2;009D/0:9C9 

C/)-(;C9 0),-9)/2<*-M C/J;*9:9 0K+7D9J )/2, 

C-H*- +,/(+-2-H9)<, D)- +-27D/**-/ ,;0+,/-
(/2/*9/ (;A2/*9M *; +-2 9 )-,@-A7F 0)/*7 +,9 

0-7(;,/*99 A;E-*-A +,9*@9+9;2<*- -),;H;/) 
,/;2<*7F :;,)9*7 *;E,7H/*9G :7I-A; A;E-*;. 
'(*;:-, +2-0:9/ C;)/C;)9D/0:9/ C-(/29 */ +--

IA-2GF) -@/*9)< ,;0+,/(/2/*9/ (;A2/*9M *; 
8-:-AK/ 0)/*K, D)- ),/87/) ,;I,;8-):9 7)-D-

*/**KJ -8P/C*KJ C-(/2/M, :-)-,K/, A-IC-H*-, 

+,9A/(7) : :-,,/:)9,-A:/ +-27D/**KJ ,/I72<-
);)-A. 

 

 

690. 3. 6;0+,/(/2/*9/ (;A2/*9G 0K+7D/E- 

E,7I; +- +-27 9 *; )-,@/A7F 0)/*7 

/;:<7979:7 <7=>8? @>97A9BC DE7<79=>6 

(>IJ7<9?H F>G=?9>6@?) 

" @/2<F 7)-D*/*9G +-27D/**KJ ,/I72<);)-A 

,;I,;8-);*; ),/JC/,*;G :-*/D*--L2/C/*);G C--

(/2< 0 90+-2<I-A;*9/C +,-E,;CC*-E- :-C+2/:-

0; ANSYS. >,9 .-,C9,-A;*99 :-*/D*--

L2/C/*)*-M 0/):9 (2G C-(/29,-A;*9G 0K+7D/E- 

)/2; 90+-2<I-A;* 8-C9 7I2-A-M :-*/D*KM L2/-
C/*) SOLID65, (2G 0)/* 9 +-2; – 8-C9 7I2-A-M 

:-*/D*KM L2/C/*) SOLID185. "A-M0)A; C;)/-
,9;2; 0K+7D/E- E,7I; -0);A2/*K 8/I 9IC/*/*9-

9G. >,9 C-(/29,-A;*99 C;)/,9;2; 0)/* :7I-A; 
A;E-*; A :;D/0)A/ 90J-(*KJ (;**KJ AA/(/*K 

I*;D/*9G C-(72G 7+,7E-0)9 11102 '(E  >;, :--

L..9@9/*); >7;00-*; 26,0("  9 +2-)*-0)9 

7800()  :E/C3. >,9 7D/)/ 0@/+2/*9G 0K+7D/E- 

E,7I; 0- 0)/*;C9 :7I-A; ,/O;2;0< :-*);:)*;G 
I;(;D; 0 :-L..9@9/*)-C ),/*9G A E,;*9@/ ,;I-
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(/2; «0K+7D// )/2- – C/);22» ,;A*KC 0,3. 

R(/0< );:H/ +,/(70C-),/*- 90:2FD/*9/ A-I-
C-H*-0)9 AI;9C*-E- A*/(,/*9G :-*);:)9,7F-

N9J 0,/(.   0927 09CC/),9D*-M ,;0D/)*-M 

0J/CK E/-C/),9G 0K+7D/E- E,7I; +,/(0);A2/*; 
+;,;22/2/+9+/(-C 0- 0)-,-*;C9 lhb ##2/  = 

1,44#1,8#12 C. 6;I,;8-);**;G :-*/D*--

L2/C/*)*;G C-(/2< 0-0)-9) 9I 8890 L2/C/*)-A, 
A:2FD;G 1196 :-*);:)*KJ. 4D9)KA;290< A-I*9-

:;FN9/ 092K 9*/,@99 -) (/M0)A9G +,-(-2<*-E- 

70:-,/*9G 3,5g A )/D/*9/ 0,3 0 [5]. U;E +- A,/-
C/*9 A;,<9,-A;20G -) 0,01 (- 0,0001 0. 

  ,/I72<);)/ +,-A/(/**-E- ,;0D/); +-27D/-
*K +,-0),;*0)A/**K/ :;,)9*K *;E,7H/**-0)9 

)-,@/AKJ 9 8-:-AKJ 0)/*, ; );:H/ +-2; A;E-*; 
(2G A,/C/**-E- 9*)/,A;2; (- 0,3 0. $; ,90. 4 

+,9A/(/*K +-A/,J*-0)9 *-,C;2<*KJ :-*);:)-
*KJ (;A2/*9M *; )-,@/A7F 9 8-:-A7F 0)/*K 

(,90. 4,; 9 4,8), ; );:H/ *; +-2 A;E-*; (,90. 4,A) 
A C-C/*) A,/C/*9 0,3 0. 

 

690. 4. >-A/,J*-0)9 *-,C;2<*KJ :-*);:)*KJ (;A2/*9M A C-C/*) A,/C/*9 0,3 0: 
" – *; )-,@/A-M 0)/*/; # – *; 8-:-A-M 0)/*/; $ – *; +-27 

&;: A9(*- 9I +,/(0);A2/**KJ I;A909C-0)/M 

,;0+,/(/2/*9/ *-,C;2<*KJ :-*);:)*KJ (;A2/-
*9M +- )-,@/A-M 0)/*/ */ *-09) ,;A*-C/,*-E- 

J;,;:)/,;, ,/:-C/*(7/C-E- $-,C;C9.   )- H/ 
A,/CG, I*;D/*9/ C;:09C;2<*-E- (;A2/*9G (151 

:>;), +-27D/**-/ 0 +-C-N<F ,;I,;8-);**-M C--

(/29, -:;I;2-0< (-0);)-D*- 829I:9C : I*;D/*9F 

7(/2<*-E- (;A2/*9G, ,;00D9);**-E- +- ,/:-C/*-

(;@99 $-,C +,9C/*9)/2<*- : E/-C/),9D/0:9C 

+;,;C/),;C A9,)7;2<*-M C-(/29 (170 :>;). 
=*;29I9,7G 9IC/*/*9/ I*;D/*9M *-,C;2<-

*KJ (;A2/*9M *; )-,@/A-M 0)/*/ +- AK0-)/ I;-

0K+:9 hI 0K+7D/E- )/2; A +,-(-2<*-M +2-0:--

0)9 09CC/),99 70);*-A2/*-, D)- C;:09C;2<*-/ 
(;A2/*9/ ,/;29I-A;*- *; AK0-)/ ,;A*-M 0,33hI 
-) 7,-A*G I;0K+:9, +,9D/C -) +-2; (- I;0K+:9 

*; 7,-A*/ 0,12hI I;.9:09,-A;* AK0-:9M E,;(9-

/*) ,-0); :-*);:)*-E- (;A2/*9G 9 (;2// I*;D/-
*9G (;A2/*9M +2;A*- A-I,;0);F) (- 7:;I;**-E- 

AKO/ C;:09C;2<*-E- I*;D/*9G. $; 9*)/,A;2/ 
AK0-) -) 0,12hI (- 0,89hI 9IC/*/*9/ :-*);:)*--

E- (;A2/*9G C-H*- 9*)/,+-29,-A;)< +-2-E-M 

+;,;8-2-M 0- 0*9H/*9/C (;A2/*9G -) C;:09-

C;2<*-E- I*;D/*9G *; A/,J*/M E,;*9@/ ,;0-
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0C;),9A;/C-E- AK0-)*-E- 9*)/,A;2; *; 27%. 

$; -0);AO/C0G 9*)/,A;2/ AK0-) -) 0,89hI (- hI 
*;82F(;/)0G +,;:)9D/0:9 29*/M*KM ,-0) A/29-

D9*K *-,C;2<*KJ :-*);:)*KJ (;A2/*9M (- 

I*;D/*9G ,;A*-E- 97% -) C;:09C;2<*-E-, 7:;-
I;**-E- AKO/. 

6;00C;),9A;G +-02-M*-/ ,;0+,/(/2/*9/ 
*-,C;2<*KJ :-*);:)*KJ (;A2/*9M +- )-,@/A-M 

0)/*/ +- O9,9*/ A;E-*; 02/(7/) -)C/)9)<, D)- 

C;:09C;2<*K/ (;A2/*9G 9C/F) C/0)- A 0/,/(9-

*/ 9 0*9H;F)0G +- C/,/ +,9829H/*9G : 8-:--

AKC 0)/*;C, +,9D/C 0 +,9829H/*9/C : A/,J*9C 

02-GC I;0K+:9 ,;I*9@; C/H(7 C;:09C;2<*KC 9 

C9*9C;2<*KC I*;D/*9GC9 :-*);:)*KJ (;A2/-
*9M +- O9,9*/ 0)/*K 7C/*<O;/)0G (,90. 5). !0-
:2FD/*9/C GA2G/)0G A/,J*9M 02-M, E(/ AKO/-
7:;I;**;G ,;I*9@; */0:-2<:- A-I,;0);/). 4:;-
I;**-/ 0*9H/*9/ (;A2/*9G C-H*- -8PG0*9)< 
7A/29D/*9/C 092 ),/*9G C/H(7 8-:-A-M 0)/*-M 

9 D;0)9@;C9 0K+7D/E- )/2; I; 0D/) ,-0); 092 

,;0+-,; +- C/,/ +,9829H/*9G : 8-:-AKC 0)/-
*;C. &,-C/ )-E-, 0 ,-0)-C C/HD;0)9D*-E- (;A-
2/*9G A-I,;0);/) ,-2< :-E/I9-**-M 0-0);A2GF-

N/M. V../:) «(;A2/*9G A/,J*/E- 02-G» -8PG0-
*G/)0G 0*9H/*9/C A/,)9:;2<*-M 0-0);A2GFN/M 

(;A2/*9G A 0K+7D/C E,7I/ +- C/,/ +,9829H/-
*9G : A/,J*/C7 02-F I;0K+:9 9 0*9H/*9/C, :;: 

02/(0)A9/, 092 ,;0+-,;. 
5;:9C -8,;I-C, :;,)9*; *;E,7H/**-0)9 

0,/(*/M -82;0)9 )-,@/A-M 0)/*K *;98-2// 
829I:; : ,;A*-C/,*- ,;0+,/(/2/**-C7 J;,;:-

)/,7 (;A2/*9M, D)- C-H*- -8PG0*9)< +,9A/(/-
*9/C D;0)9 A*7),/**/E- -8P/C; 0K+7D/E- )/2; 
: :A;I90K+7D/C7 0-0)-G*9F, +,9 :-)-,-C 

0,;A*9)/2<*- C;2K -)*-09)/2<*K/ +/,/C/N/-
*9G D;0)9@ A +,-(-2<*-M 02-/. $;29D9/ AK0--

:-E- E,;(9/*); ,-0); I*;D/*9M :-*);:)*-E- 

(;A2/*9G -) +-2; (- 0,12hI -8PG0*G/)0G AK0--

:9C9 I*;D/*9GC9 092 ),/*9G C/H(7 +-2-C 9 

0K+7D9C )/2-C A02/(0)A9/ AK0-:-E- I*;D/*9G 
A/,)9:;2<*-M 0-0);A2GFN/M -) 092K )GH/0)9 

E,7I;. 
>- C/,/ +,9829H/*9G : A/,J*/C7 02-F 0*9-

H;/)0G A-I(/M0)A9/ 092 )GH/0)9 -) E,7I; 9 (--

C9*9,7/) +,-(-2<*;G 0-0);A2GFN;G 092 9*/,-

@99 E,7I;, D)- +,9A-(9) : 7A/29D/*9F -)*-09-

)/2<*-M +-(A9H*-0)9 C/H(7 02-GC9 E,7I; (A -8-

2;0)9 )-,@/A-M 0)/*K) 9 : ,-0)7 +-02-M*KJ 0:--

,-0)/M 9 70:-,/*99, 02/(0)A9/C D/E- GA2G/)0G 
7A/29D/*9/ +,-(-2<*KJ 9*/,@9-**KJ *;E,7I-: 

9 ,-0) :-*);:)*KJ (;A2/*9M *; )-,@/A7F 0)/*K 

A A/,J*/M -82;0)9 I;0K+:9.  KO/0:;I;**-/ 
+-(:,/+2G/)0G ;*;29I-C :9*/C;)9D/0:9J +;,;-
C/),-A 02-/A 0K+7D/E- )/2;. $; ,90. 6,; +,9A/-
(/*K 0J/C; :-*),-2<*KJ )-D/: 0K+7D/E- )/2; A 
A/,J*/M -82;0)9 0,/(*/M +,-(-2<*-M +2-0:-0)9, 

9 I;A909C-0)9 9J +/,/C/N/*9M -) A,/C/*9 +/-
,/J-(*-E- +,-@/00; (,90. 6,8). 

 

690. 5 – R;A909C-0)< ,;I*9@K C;:09C;2<*-E- 9 C9-

*9C;2<*-E- I*;D/*9M *-,C;2<*KJ :-*);:)*KJ (;A-
2/*9M +- O9,9*/ )-,@/A-M 0)/*K -) AK0-)K I;0K+-

:9 E,7I; 

 

 

 

 
;) 8) 

690. 6 – =*;29I :9*/C;)9D/0:9J +;,;C/),-A 0K+7D/E- )/2; 

Q2G (;2<*/MO/E- -+,/(/2/*9G 0:-,-0)/M 9 

70:-,/*9M :-*),-2<*KJ )-D/: I;A909C-0)9 +/-
,/C/N/*9M, +-0),-/**K/ +- ,/I72<););C D90-

2/**-E- ,;0D/);, ;++,-:09C9,-A;*K +-29*--

C;C9 ),/)</M 0)/+/*9 0 A/29D9*-M (-0)-A/,*--

0)9 R2 = 0,999. !J (;2<*/MO// (9../,/*@9,--
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A;*9/ +- A,/C/*9 +-:;I;2-, D)- +,9 7(;2/*99 

-) )-,@/A-M 0)/*K : 0/,/(9*/ A;E-*; *;82F(;-
/)0G 0*9H/*9/ +-02-M*-M ,;I*9@K 0:-,-0)/M, ; 
7 D;0)9@ A/,J*/E- 02-G ,-0) 70:-,/*9M.   )- H/ 
A,/CG, 0 +/,/J-(-C : *9H*9C 02-GC 70:-,/*9G 
D;0)9@ +;(;F), +,9D/C +,9 +-02-M*-C ,;0-
0C-),/*99 -82;0)9 A829I9 )-,@/A-M 0)/*K 

()-D:9 (1,1), (2,1) 9 (3,1)) 70);*-A2/*-, D)- A 
+/,A-C 9 ),/)</C 02-GJ 70:-,/*9G A-I,;0);F) 0 
,;I29D*-M 9*)/*09A*-0)<F, ; A- A)-,-C 02-/ 
0*9H;F)0G +,;:)9D/0:9 (- *72G. 5;:9C -8,;-
I-C, :9*/C;)9D/0:9M ;*;29I +-IA-292 -8PG0-
*9)< *;29D9/ L../:); «(;A2/*9G A/,J*/E- 

02-G». "2/(7/) -)C/)9)<, D)- AKO/7:;I;**KM 

L../:) 9C//) C/0)- +,9 *;29D99 +,-(-2<*-E- 

70:-,/*9G 8-2// 1,37g (,90. 7). $-,C;2<*K/ 
:-*);:)*K/ (;A2/*9G *; 8-:-A7F 0)/*7 +- C/,/ 
+,9829H/*9G : *;E,7H/**-M )-,@/A-M 0)/*/ 
*/29*/M*- A-I,;0);F) +- I;A909C-0)9 (-0)--

A/,*- ;++,-:09C9,7FN/M0G +-29*-C-C +G)-M 

0)/+/*9. 6;00C;),9A;G J;,;:)/, 9IC/*/*9G 
:-*);:)*KJ (;A2/*9M -) +-2; (- 0A-8-(*-M +--

A/,J*-0)9 0K+7D/E- )/2;, 9C//) C/0)- */I*;D9-

)/2<*-/ 7C/*<O/*9/ (;A2/*9M, -8702-A2/**-/ 
0*9H/*9/C 092 ,;0+-,;. 

 

690. 7. R;A909C-0)< (;A2/*9G *; )-,@/A7F 0)/*7 A 
0,/(*/M +2-0:-0)9 -) 7,-A*G I;0K+:9 E,7I; 

6;0+,/(/2/*9/ *-,C;2<*KJ :-*);:)*KJ 

(;A2/*9M +- +-27 A;E-*; +,/(0);A2/*- *; ,90. 
4,A. T;:09C;2<*-/ I*;D/*9/ (;A2/*9M +-27D/*- 

*; ,;00)-G*99 ,;A*-C 0,018l W 0,22 C, (;2// +- 

C/,/ 7(;2/*9G -) )-,@/A-M 0)/*K *;82F(;/)0G 
+,;:)9D/0:9 29*/M*-/ 0*9H/*9/ (;A2/*9M A 3 

,;I;, ; I;)/C 0 +-2-E9C L:0),/C7C-C 9C//) C/-
0)- */I*;D9)/2<*-/ 0*9H/*9/ (;A2/*9M. Q;2// 
*; 9*)/,A;2/ -) 0,95l (- l 9C//) C/0)- 29*/M*-/ 
0*9H/*9/ (;A2/*9M +,;:)9D/0:9 (- *72G. 

>,9 ,;00C-),/*99 ,;0+,/(/2/*9G *-,C;2<-
*KJ (;A2/*9M +- +-27 A;E-*; A +-+/,/D*-M 

+2-0:-0)9 *;82F(;/)0G */I*;D9)/2<*-/ A-I,;0-
);*9/ I*;D/*9M (;A2/*9M -) 0,/(*/M D;0)9 : 

8-:-AKC 0)/*;C, +,9D/C 0 7(;2/*9/C -) *;-
,7H*-M 0)-,-*K -*- +,;:)9D/0:9 0E2;H9A;/)-

0G. 
40);*-A2/*-, D)- +,9*@9+9;2<*;G :;,)9*; 

,;0+,/(/2/*9G (;A2/*9M -) 092 ),/*9G (:;0;-
)/2<*KJ) ;*;2-E9D*; ,;0+,/(/2/*9F :-*);:)-
*KJ (;A2/*9M. Q2G +,-A/,:9 +-27D/**KJ ,/-
I72<);)-A ,;00C-),/*- :A;I90);)9D/0:-/ 0--

0)-G*9/ 0K+7D/E- )/2; 0 7D/)-C +,/*/8,/H/*9G 
*;E,7I-:, (/M0)A7FN9J *; ,;IE,7H;/C7F )-,-

@-A7F 0)/*7, (2G :-)-,-E- C-H*- I;+90;)< 

***** (+++
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1

1

1

5
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3, PRRRF
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n

i

i

k

i
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E(/ *
V

3,F  – ,/I72<)9,7FN;G A*/O*9J 092, 

(/M0)A7FN9J *; -8P/C V  0K+7D/E- E,7I;; 

*
(

k

i

iR
1

5  – ,/I72<)9,7FN;G ,/;:@9G )-,@-A-M 

0)/*K; *
(

n

i

iR
1

1  – ,/I72<)9,7FN;G ,/;:@9G 8-:--

A-M 0)/*K; *
(

r

i

%
iR

1

 – ,/I72<)9,7FN;G ,/;:@9G 

+-2; A;E-*;; *
V

P 3,  – ,/I72<)9,7FN;G 092; 

9*/,@99 -8P/C; V  0K+7D/E- )/2;; k , n , r  – 

D902- 7I2-A *; )-,@-A-M 0)/*/, 8-:-A-M 0)/*/ 9 

+-27 A;E-*;, 0--)A/)0)A/**-. 

$; ,90. 8 9I-8,;H/*; 0J/C; ,;0+,/(/2/*9G 
(/M0)A7FN/E- 092-A-E- +-2G *; I;E,7H/**KM 

:7I-A A;E-*;, ,;0N/+2/**-E- *; A/,)9:;2<*7F 

9 E-,9I-*);2<*7F 0-0);A2GFN9/. 
>,-A/(/**K/ D902/**K/ ,;0D/)K +-:;I;29, 

D)- +,9 ,;00C-),/*99 CE*-A/**-M -0);*-A:9 

+-27A;E-*;, I;E,7H/**-E- 0K+7D9C E,7I-C 42% 

-) A*/O*/M +,-(-2<*-M *;E,7I:9 0K+7D/E- E,7-

I; ( &'gm5,3 ) +,9J-(9)0G *; :7I-A 9 58% 02/(7-

/) -)*/0)9 : 092;C 9*/,@99 E,7I;, ,/I72<)9-

,7FN;G :-)-,KJ *;+,;A2/*; +,-)9A-+-2-H*- 

(/M0)A7FN/C7 A*/O*/C7 092-A-C7 +-2F.   )- 

H/ A,/CG A/,)9:;2<*;G I;E,7H/**-0)< :7I-A; 
-) A/,)9:;2<*-M A*/O*/M *;E,7I:9 ( gm&' ) 0--

-)A/)0)A7/) +,;:)9D/0:9 100%. 6;00C;),9A;G 
(-2/A-/ 0--)*-O/*9/ +,-(-2<*-M *;E,7I:9, 

+,9J-(GN/M0G *; :7I-A, 70);*-A2/*-, D)- 63% 

+,9J-(9)0G *; )-,@/A7F 0)/*7, 23% *; +-2 9 

14% *; 8-:-AK/ 0)/*K.  /,)9:;2<*;G *;E,7I:; 
+,9J-(9)0G *; +-2 A;E-*;, ; );:H/ */I*;D9-

)/2<*;G D;0)< *; )-,@/A7F 9 8-:-AK/ 0)/*K, 

+,9D/C 0 -8,;)*KC I*;:-C, D)- -8702-A2/*- 

092;C9 ),/*9G C/H(7 0K+7D9C )/2-C 9 C/);2-

2-:-*0),7:@9/M. 
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/;78G=?6E79:7 GBFKA7L> =7E? G:G=7<>M  

=67;8BC =7E 

=+,-89,7/C +,9C/*/*9G A)-,-E- +-(J-(; : 

-@/*:/ *;E,7H/**-0)9 :7I-A; E,7I-A-E- A;E-*; 
0K+7D9C E,7I-C. 

Q2G ,/O/*9G +-0);A2/**-M I;(;D9 ,;I,;8--

);*; :A;I9+2-0:;G )A/,(-)/2<*;G (9*;C9D/0:;G 
C-(/2<, 0-0)-GN;G 9I :7I-A; ,;IC/,-C 

12#2#0,4 C, +,/(0);A2/**-E- +G)<F ;80-2F)*- 

)A/,(KC9 +2;0)9*;C9, A :-)-,-C *;J-(9)0G 
150 0./,9D/0:9J E,;*72 , 0,4 C (,90. 9) 0 +2-)-
*-0)<F C;)/,9;2; 1300 :E/C3. Q2G -8/0+/D/*9G 

AI;9C-(/M0)A9G E,;*72 (,7E 0 (,7E-C 9 0 L2/-
C/*);C9 :7I-A; A C-(/29 I;(;*- 605 :-*);:)-
*KJ +;,, +,9D/C 0);)9D/0:9M :-L..9@9/*) 
),/*9G 0,/(K «E,;*72;-E,;*72;» ,;A/* 0,58, ; 
0,/(K «E,;*72;-:7I-A» – 0,3. 6;00C;),9A;20G 
027D;M 7(;,*-E- AI;9C-(/M0)A9G :7I-A; (0--

E2;0*- «$-,C;C…» ga 5,3-(. ) +,9 (A9H/*99 

0 *;D;2<*-M 0:-,-0)<F 10 C/0 *; +,-)GH/*99 

0,3 0. 

 

690. 8. "J/C; ,;0+,/(/2/*9G (/M0)A7FN/E- 092-A-E- +-2G 

 

690. 9. 5A/,(-)/2<*;G :A;I9+2-0:;G (9*;C9D/0:;G C-(/2< 
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  C-(/29 :-*);:)*-E- AI;9C-(/M0)A9G 092; 
),/*9G ),F  -+,/(/2G/)0G I;:-*-C &72-*;, A 

0A-F -D/,/(< *-,C;2<*;G 092; N  +,/(0);A2G/) 
0-8-M ;*;2-E C/J;*9D/0:-E- +,7H9**-E- 

(/C+./,; 9 -+,/(/2G/)0G I;A909C-0)<F 

),,,,( dcknnN  . R(/0< n , n  – +/,/C/N/*9/ 9 

0:-,-0)< A *;+,;A2/*99 *-,C;2<*-M 092K, k  – 

H/0):-0)<, c  – :-L..9@9/*) (/C+.9,-A;*9G, 
d  – E2789*; A*/(,/*9G. !IC/*/*9/ +,9A/(/*-

*KJ +;,;C/),-A +-IA-2G/) 7+,;A2G)< J;,;:)/-
,-C :-*);:)*-E- AI;9C-(/M0)A9G 9 +,9829I9)< 
/E- : .9I9D/0:9C 0A-M0)A;C 0K+7D/E- )/2;. 

32;A*KM A/:)-, 092 (/M0)A7FN9J *; i-F 

E,;*727 

iiiii GFNFF +*+*+*( :), , 

E(/ * iF),  – 092K ),/*9G i--M E,;*72K 0 0-0/(-

*9C9 D;0)9@;C9; * iN  – *-,C;2<*K/ 092K 

AI;9C-(/M0)A9G i--M E,;*72K; * iF:  – *-,-

C;2<*K/ 9 :;0;)/2<*K/ 092K A 027D;/ AI;9C--

(/M0)A9G 0 :7I-A-C A;E-*;; iG  – 092; )GH/0)9 i-

-M E,;*72K. 

T-C/*) E2;A*-E- A/:)-,; :;0;)/2<*KJ 0--

0);A2GFN9J 092 

/ 0 * #+* #( ..
iiiiii FrnFrnFM :), , 

E(/ n  – /(9*9D*KM A/:)-,, *;+,;A2/**KM *-,-

C;2<*- : 29*99 :-*);:);; ir  – ,;(970 E,;*72K; 

.
iF:  – 092; ),/*9G A -82;0)9 :-*);:); i--M E,;-

*72K 0 :7I-A-C. 

6/O/*9/ +-0);A2/**-M I;(;D9 ,/;29I-A;*- A 
+,-E,;CC*-C :-C+2/:0/ ADAMS. 

'0*-A*K/ ,/I72<);)K ,;0D/)-A +,9A/(/*K 

*; ,90. 10 9 11. 

=*;29I ,/I72<);)-A (9*;C9D/0:-M *;E,7-

H/**-0)9 )-,@/A-M 0)/*K E,;*72;C9 E,7I; +--

:;I;2, D)- C;:09C;2<*K/ *-,C;2<*K/ 092K 

A-I*9:;F) *; */:-)-,-C ,;00)-G*99 -) +-2;.   

*;O/C 027D;/ L)- A)-,-M ,G( E,;*72 *; AK0-)/ 
0,6 C (,90. 10,;). Q;2// 0 +-02/(7FN9C 7A/29-

D/*9/C AK0-)K C;:09C;2<*K/ I*;D/*9G *-,-

C;2<*KJ 092 7C/*<O;F)0G. V:0),/C7C *-,-

C;2<*KJ 092, (/M0)A7FN9J *; )-,@/A7F 0)/*7, 

0);*-A9)0G 8-2// G,:- AK,;H/**KC 0 7A/29D/-
*9/C A,/C/*9 (,90. 10,8). 

$; ,90. 11 +,9A/(/*K I;A909C-0)9 *-,-

C;2<*KJ 092, (/M0)A7FN9J *; +-2 -) A,/C/*9 

9 -) (29*K :7I-A; l  (-)0D/) (29*K -) *;E,7-

H/**-M )-@/A-M 0)/*K).  ,/C/**K/ E,;.9:9 

+-:;IKA;F), D)- 0 7(;2/*9/C -) *;E,7H/**-M 

)-,@/A-M 0)/*K (- ,;00)-G*9G l = 2,2 C C;:09-

C;2<*K/ *-,C;2<*K/ 092K *; +-2 A-I,;0);F), ; 
I;)/C 0*9H;F)0G. >,9 ,;00C;),/*99 *;E,7H/*-

*-0)9 +-2; +- (29*/ :7I-A; (2G ,;I29D*KJ 

A,/C/**KJ 0,/I-A +-27D/*K (-0);)-D*- 02-H-

*K/ I;A909C-0)9, AK,;H/**;G +-29L:0),/C;2<-
*-0)< :-)-,KJ 0AGI;*;, +--A9(9C-C7, 0 AK(;A-
29A;*9/C *9H*9J E,;*72.   )- H/ A,/CG I;.9:-

09,-A;*-, D)- *;98-2// *;E,7H/**;G -82;0)< 
+-2; ,;0+-2-H/*; A -82;0)9 0 1 l 1 2,6 C (A *;-
O/C 027D;/ -)0D/) 9(/) -) 0,2 C, D)- 0AGI;*- 0- 

0)/+/*<F (90:,/)9I;@99 C-(/29). "92K, (/M0)-
A7FN9/ *; +-2 A (,7E9J C/0);J :7I-A; +,/*/8-

,/H9C- C;2K. 

" 

 
# 

 
690. 10. R;A909C-0)9 *-,C;2<*KJ 092 *; )-,@/A7F 

0)/*7 -) A,/C/*9 (;) 9 -) // AK0-)K (8): 
1 – h = 0,2 C; 2 – h = 0,6 C; 3 – h = 1,0 C; 4 – h = 1,4 C; 

5 – h = 1,8 C 
" 

 
# 

 

690. 11. R;A909C-0)9 *-,C;2<*KJ 092 *; +-2 -) 
A,/C/*9 (;) 9 -) (29*K :7I-A; (8): 1 – l = 0,2 C;  

2 – l = 0,6 C; 3 – l = 2,2 C; 4 – l = 2,6 C 
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(B6>8B 

>-27D/**K/ ,/I72<);)K :-*/D*-L2/C/*)*--

E- C-(/29,-A;*9G -),;H;F) +,9*@9+9;2<*7F 

:;,)9*7 ,;0+,/(/2/*9G *;E,7I:9 +- :7I-A7 +--

27A;E-*; +,9 ,;00C-),/*99 027D;G 7(;,*-E- 

AI;9C-(/M0)A9G A;E-*-A. '(*;:-, 7D/) -0-8/*-

*-0)/M (9*;C9:9 /(9*9@ +-(A9H*-E- 0-0);A;, 
0AGI;**KJ 0 J;,;:)/,90)9:;C9 7(;,*--)GE-A-E- 

9 J-(-A-E- -8-,7(-A;*9G, ; );:H/ ,;00C-),/-
*9/ ,;I29D*KJ .9I9:--C/J;*9D/0:9J 0A-M0)A 
+/,/A-I9C-E- E,7I;, A-IC-H*-, +,9A/(/) : 

7)-D*/*9F +-27D/**KJ ,/I72<);)-A. 
  @/2-C, :;D/0)A/**;G :;,)9*; ,/I72<);)-A, 

+-27D/**KJ +,9 )A/,(-)/2<*-C C-(/29,-A;-
*99, -:;I;2;0< 829I:-M : ,/I72<););C, +-27-

D/**KC *; -0*-A/ ,/O/*9G I;(;D9 C/)-(-C :--

*/D*KJ L2/C/*)-A +,9 +,/(0);A2/*99 0K+7D/M 

0,/(K C-(/2<F Q,7:/,;->,;E/,;.   (;2<*/M-

O/C +2;*9,7/)0G 9IC/*/*9/ 0)/+/*9 (90:,/)9-

I;@99 E,;*729,-A;**-M 0,/(K 9 ,;I,;8-):; (9-

*;C9D/0:-M C-(/29 0 7D/)-C O9,9*K :7I-A;, 
D)- +-IA-29) -@/*9)< *;E,7H/**-0)< 0K+7D9C 

E,7I-C 8-:-AKJ 0)/*, ; );:H/ 7)-D*9)< +-27-

D/**K/ I*;D/*9G *-,C;2<*KJ 092. 

>-27D/**K/ ,/I72<);)K C-E7) 8K)< 90+-2<-
I-A;*K +,9 +,-A/(/*99 +,-D*-0)*KJ ,;0D/)-A 
:7I-A-A E,7I-AKJ A;E-*-A. 

1!1X!'36=Y!Z#"&![ ">!"'& 

1. 19(72G, =. X. &-C+<F)/,*-/ C-(/29,-A;*9/ 
H/2/I*-(-,-H*-E- 8;22;0); A +2-0:-M )A/,(--

)/2<*-M +-0);*-A:/ [V2/:),-*. ,/07,0] – 2004 / 

=. X. 19(72G, Q. 3. =E;+-A, Q. \. >-E-,/2-A. – 

6/H9C (-0)7+;: http://umlab.ru/download/  

docs/rus/agapov_vestnik.pdf. 

2. R;*:-A9D, =.  . >,9C/*/*9/ C/)-(; :-*/D*KJ 

L2/C/*)-A (2G C-(/29,-A;*9G 0K+7D/E- )/2; 
+,9 9002/(-A;*99 *;E,7H/**-0)9 :7I-A-A A;E--

*-A [5/:0)] / =.  . R;*:-A9D, =. V. >;A2F:-A // 
1/I-+;0*-0)< (A9H/*9G, 0-A/,O/*0)A-A;*9/ 
:-*0),7:@9M A;E-*-A 9 ,/07,0-08/,/E;FN9/ 
)/J*-2-E99 A A;E-**-C J-IGM0)A/: 08. *;7D.  

),. – #:;)/,9*87,E: 4,34>", 2003. –  

". 143-147. 

3. !A;*-A, =.  . '@/*:; 0J/C ,;0D/)*-E- *;E,7H/-
*9G )-,@-AKJ 0)/* 9 (A/,/M E,7I-AKJ A;E-*-A 

-) (/M0)A9G 0K+7D/E- E,7I; [5/:0)] / =.  . !A;-
*-A, $. !. T9,-*-A, ". !. >;O;,9* // >,-82/-
CK 0-A/,O/*0)A-A;*9G A;E-**KJ :-*0),7:@9M 

9 C/)-(-A 9J 9002/(-A;*9G: 08. *;7D. ),. – T.: 

 $!! , 1984. – ". 14-21. 

4. &2/M* 3. &. "),-9)/2<*;G C/J;*9:; 0K+7D9J 

)/2. [5/:0)] / 3. &. &2/M*. – T.: "),-9I(;), 
1977. – 256 0. 

5. $-,CK (2G ,;0D/); 9 +,-/:)9,-A;*9G A;E-*-A 
H/2/I*KJ (-,-E T>" :-2/9 1520 CC  (*/0;C--

J-(*KJ) [5/:0)] / 3-0$!! - $!!]5. – T., 

1996. – 319 0. 
6. >;A2F:-A, =. V. 6;0D/)*--L:0+/,9C/*);2<*;G 

C/)-(9:; -@/*:9 *;+,GH/**--(/.-,C9,--

A;**-E- 0-0)-G*9G )-,@/A-M 0)/*K +-27A;E-*; 
[5/:0)] / =. V. >;A2F:-A,  . Y. X;+O9* // >--

AKO/*9/ *;(/H*-0)9, 0-A/,O/*0)A-A;*9/ ,/-
C-*); 9 )/J*9D/0:-E- -8027H9A;*9G: 08. *;7D. 

),. – #:;)/,9*87,E: 4,34>", 1996. –  K+. 4 

(86). – ". 83-97. 

7. >7)G)-, =.  . T/)-(K C-(/29,-A;*9G 9 ,;0D/)-
*K/ 0J/CK *;E,7H/**-0)9 :7I-A-A A;E-*-A +,9 

+/,/A-I:/ 0K+7D9J E,7I-A [5/:0)] / =.  . >7)G)-, 

 .  . 1/2-E78 // T/J;*9:;. $;7D*K/ 9002/(-A;-
*9G 9 7D/8*--C/)-(9D/0:9/ ,;I,;8-):9: 08. *;7D. 

),. – 3-C/2<: 4' «1/2345», 2007. –  K+. 1. –  

". 45-53. 

8. >7)G)-, =.  . $;E,7H/**-0)< :7I-A; A;E-*; +,9 

),;*0+-,)9,-A:/ 0K+7D9J E,7I-A [5/:0)] /  

=.  . >7)G)-, =. '. U9C;*-A0:9M // $;7D.-)/J*. 

C/H(. H7,*. «5/-,/)9D/0:;G 9 +,9:2;(*;G C/-
J;*9:;». – T*., 2007. –  K+. 22. – ". 149-151. 
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+-I/,J*-0)E@9 -+,/(/2EH)0E 9C 02-F*-M 

.7*:?99. $;J-F(/*9/ );:-M .7*:?99 C;),7(-

*/*- )/@, L)- -)07)0)I7H) -8V/:)9I*N/ :,9)/-
,99, :-)-,N/ +-CI-2929 8N -+,/(/29)< +,9-

-,9)/)N IJ-(ES9J I */O +;,;@/),-I 0,/(N 

(IEC:-0)9 F9(:-0)9, +-I/,J*-0)*-A- *;)EF/-
*9E, 0@;L9I;*9E 9 +,.) :;: 0-0);I2EHS9J :-@-

+2/:0*-A- +-:;C;)/2E +,-*9:;HS/M 0+-0-8*--

0)9 6U. 

')29L9E I *;A,7F/*99 (/);2/M 0-/(9*/*9M 

0 *;)EA-@ +,9 A9(,-,;0+-,/ 0 90+-2<C-I;*9/@ 

,;C29L*NJ 0J/@ +-(I-(; 6U (0 ,;(9;2<*-M 9 

)-,?-I-M +-(;L/M @;02; I 0-+,EF/*9/) @-A7) 
INCI;)< */:-)-,N/ ,;0J-F(/*9E I :-29L/0)-
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I/**NJ -?/*:;J 9C@/*/*9E -)*-09)/2<*-A- 

(;I2/*9E 6U +- (29*/ 0-+,EF/*9E.  @/0)/ 0 
)/@, ;*;29C ,/C72<);)-I 9002/(-I;*9M +-:;CN-

I;/), L)- *; 7L;0):;J F9(:-0)*-A- ),/*9E 0--

+,EF/*9M @/F(7 +-I/,J*-0)E@9 (/);2/M C;I9-

09@-0)9 ,;0+,/(/2/*9E -)*-09)/2<*-A- (;I2/-
*9E @;02;, +-27L/**N/ I ,/C72<);)/ -8,;8-):9 

P:0+/,9@/*);2<*NJ (;**NJ  $!!5! 9  $!-

!U5 (6[) 7(-I2/)I-,9)/2<*- 0-A2;07/)0E 0 
+-27L/**-M I 1/2345/ )/-,/)9L/0:-M C;I909-

@-0)<H +;(/*9E (;I2/*9E +- (29*/ :-*);:); 
@/F(7 0F;)N@9 +-I/,J*-0)E@9 (/);2/M I 027-

L;EJ A9(,-,;0+-,; I 0-/(9*/*9EJ A;,;*)9,--

I;**N@9 *;)EA;@9 0 )-,?-IN@ +-(I-(-@ @;02; 
I C-*7 0-+,EF/*9E. 

B,9*E) I;,9;*) *;A,7F/*9E 0-/(9*/*9M 

(;I2/*9/@ @;02;, -8702;I29I;HS9M I-C*9:*--

I/*9/ )-2<:- ,;(9;2<*NJ 7+,7A9J (/.-,@;?9M 

-) ,;0:29*9I;HS/M @;02E*-M +,-02-M:9 @/F-

(7 +-I/,J*-0)E@9 9J :-*);:);.  
T*;29)9L/0:-/ ,/K/*9/ +- -+,/(/2/*9H 

-0*-I*NJ C;:-*-@/,*-0)/M A9(,-,;0+-,; +,--

9CI-(92-0< 0 7LO)-@ 02/(7HS9J .;:)-,-I: I/-
29L9*N -)*-09)/2<*-A- *;+-,; (

KmzK p/p#' ), 

0)/+/*9 +-INK/*9E (;I2/*9E (0F;)9E) ,;8-L/M 

F9(:-0)9 (
Kmii p/p#' ), A2789*N +,-*9?;/@--

0)9 (
0z l/l#( ), :-P..9?9/*); +-(;L9 (,;0:29-

*9I;*9E) I 0-+,EF/*99 ( mimz p/p#) ). B/,/-

L902/**N/ +;,;@/),N A9(,-,;0+-,; +,/(0);I-
2EH)0E :;: +-:;C;)/29 +,-*9:;HS/M 0+-0-8-

*-0)9 6U I A278< 0-+,EF/*9E 0 *;)EA-@ +,9 

+-(I-(/ @;02; IN0-:-A- (;I2/*9E 0 )-,?; 0--

/(9*/*9E.  
  0,/(*/M L;0)9 (+,9 \ = 0,5) :-2<?/I-A- 

07F;HS/A-0E C;C-,;, C;+-2*/**-A- @;02-@, 

0-I+;(;H) :-29L/0)I/**- P:0+/,9@/*);2<*N/ 
9 ,;0LO)*N/ C*;L/*9E I/29L9* -)*-09)/2<*-A- 

(;I2/*9E (:-P..9?9/*); +-(;L9 ]=  i z pp / ) 

@;02; I C-*/ 0-+,EF/*9E +,9 A9(,-,;0+-,/ I 
0-/(9*/*9EJ. W)- +-CI-2E/) ,/:-@/*(-I;)< 90-
+-2<C-I;)< +,9 ,;0LO);J +,-?/00-I A9(,-+,/0-
0-I;*9E +-27L/**7H [5] 9,,;?9-*;2<*7H C;I9-

09@-0)<  

)/( 0lllpp Z i z "#  

(2E -+,/(/2/*9E I/29L9*N (;I2/*9E A9(,-0,/-
(N I 0-C(;I;/@-@ :-2<?/I-@ 08-,-L*-@ C;C-,/ 
I C;I909@-0)9 -) -)*-09)/2<*-M A2789*N 

( 00 / llZ#( ) +,-*9:*-I/*9E ,;0:29*9I;HS/M 

@;02E*-M +,-02-M:9 (6U) I 0-/(9*/*9EJ 0 A;-
,;*)9,-I;**N@ *;)EA-@. B,/-8,;C7E +-27L/*-

*-/ IN,;F/*9/ (0 90+-2<C-I;*9/@ .-,@72N (2E 

7*9L)-F/*9E 9,,;?9-*;2<*-0)9 I C*;@/*;)/2/ 
(,-89), *;J-(9@ 
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p
p  

" (-0);)-L*N@ (2E +,;:)9L/0:9J ?/2/M 

+,9829F/*9/@, 0L9);E 7(/2<*N/ (;I2/*9/ ,;I-
*-@/,*- ,;0+,/(/2O**N@ +- (29*/ 0l  0-C(;-

I;/@-A- 08-,-L*-A- C;C-,; 9 +,9*9@;E (;I2/-
*9/ 6U *; IJ-(/ I 0-+,EF/*9/ 1p #  *; -0*--

I;*99 +,9I/(O**-M INK/ )/-,/)9L/0:-M C;I9-

09@-0)9 C;:-*-@/,*-0)9 ,;0+,/(/2/*9E (;I2/-
*9E A9(,-0,/(N, +-27L;/@ IN,;F/*9/ (2E -+-

,/(/2/*9E (;I2/*9E I C-*/ :-*);:); *; ,;0-
0)-E*99 Zl  -) IJ-(*-A- )-,?; +-0;(:9 I I9(/ 

25.0)1( xy "# , 

A(/ 0/ llx Z#  (-)*-09)/2<*;E A2789*; +,-*9:-

*-I/*9E ,;0:29*9I;HS/M @;02E*-M +,-02-M-

:9). !*)/A,9,-I;*9/@ *;J-(9)0E +2-S;(<, P:-

I9I;2/*)*;E +2-S;(9 P+H,N ,;0+,/(/2/*9E 
/(9*9L*-A- (;I2/*9E I +,/(/2;J -) J=0  (-  

J=1. ",/(*// 7(/2<*-/ (;I2/*9/ I C-*/ 0-+,E-
F/*9E +-( +-0;(:-M 0-0);I9) pp!" 8,0#  9 I/-

29L9*; (;I2/*9E *;A*/);*9E -+,/(/2E/)0E 

#mi pp 78,1# , A(/ #p  – I/29L9*; :-*);:)*-A- 

(;I2/*9E, -8702;I29I;/@;E I/29L9*-M *;)EA; I 
0-/(9*/*99. B,9 702-I99 -8,;C-I;*9E @;02E-
*-A- :29*; +-),/8*-M )-2S9*N *; (29*/ */ 
@/*// 0,9 (29*N -JI;)NI;HS/M (/);29 0-/(9-

*/*9E I/29L9*; 0,/(*/A- 7(/2<*-A- (;I2/*9E 
(-2F*; 0-0);I2E)< #!" pp 42,1# . #029 +,9*E)< 

:-P..9?9/*) -)*-09)/2<*-A- +-INK/*9E (;I-
2/*9E Kmii pp /#'  , )- +,9 (9;@/),/ 0-+,EF/-

*9E 130 @@ (K/M:; -09 :-2O0*-M +;,N) 9 *;-
,7F*-@ (9;@/),/ -JI;)NI;HS/M (/);29 158 

@@ (:-2<?- +-(K9+*9:;) I (9;+;C-*/ I/29L9* 

,/:-@/*(7/@NJ *;)EA-I I/29L9*; i'  0-0);I2E-

/) 37,1...27,1i #'  +,9 07@@;,*-M IN0-)/ @9:-

,-*/,-I*-0)/M 16 @:@ 9 60,1...43,1i #'  +,9 

7:;C;**-M IN0-)/ 26 @:@.   (9;+;C-*/ ,/:--

@/*(7/@NJ I/29L9* *;)EA-I (2E *;+,/00-I:9 -

(/@-*);F; 87:0-INJ +-(K9+*9:-I *; K/M:9 

-0/M :-2O0*NJ +;, ,;0LO)*N/ C*;L/*9E I/29L9* 

(;I2/*9E *;A*/);*9E A9(,-0,/(N 0 )-,?; 0--

+,EF/*9E (-2F*; 0-0);I2E)< -) 28,1 (-  

40,8 XB;.  
  2;8-,;)-,99 «55'6#B"» 1/2345-; ,;C-

,;8-);*N @;2-A;8;,9)*N/ A9(,-.9?9,-I;**N/ 
70),-M0)I; (2E (/@-*);F; 0-/(9*/*9M 0 A;,;*-

)9,-I;**N@ *;)EA-@ 0 90+-2<C-I;*9/@ A9(,--

+,/00-I-M )/J*-2-A99 (3B5), *-I9C*; 9 +-2/C-
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*-0)< :-)-,NJ C;S9S/*; +;)/*);@9 6/0+7829-

:9 1/2;,70< *; +-2/C*N/ @-(/29  Y 4805 U, 

BY 4806 U 9 *; 9C-8,/)/*9/ BY 7609 "1. 

  0IEC9 0 )/@, L)- /(9*0)I/**N@ :-*),-29-

,7/@N@ +;,;@/),-@ +,9 )/+2-I-M *;+,/00-I:/ 
I*7),/**9J :-2/? 87:0-INJ +-(K9+*9:-I EI-
2E/)0E C;@/,E/@NM (- 08-,:9 *;)EA I .-,@9-

,7/@-@ 0-/(9*/*99 (:-0I/**NM :-*),-2< +- 

+,-L*-0)9 )/+2-I-M *;+,/00-I:9), */-8J-(9@- 

+,-I/(/*9/ )/J*9L/0:9J @/,-+,9E)9M (2E 
-8/0+/L/*9E P../:)9I*-A- INJ-(*-A- :-*),--

2E C; +,-?/00-@ 08-,:9. B,-I/(/**NM ;*;29C 
9CI/0)*NJ 0+-0-8-I -?/*:9 90J-(*-M +,-L*--

0)9 0-+,EF/*9E (/);2/M 0 A;,;*)9,-I;**N@ 

*;)EA-@ )9+; «I;2-I)72:;» +-:;C;2 ?/2/0--8-

,;C*-0)< -07S/0)I2/*9E INJ-(*-A- ;:)9I*-A- 

:-*),-2E +,-L*-0)9 )/+2-I-M +-0;(:9 :-2<?; 
+-(K9+*9:; *; K/M:7 -09 :-2O0*-M +;,N 0 90-
+-2<C-I;*9/@ ,;0LO)*--P:0+/,9@/*);2<*-A- 

@/)-(; [2] (2E 70);*-I2/*9E .;:)9L/0:-A- :-*-

);:)*-A- (;I2/*9E I C-*/ 0-+,EF/*9E +- (;*-

*N@ )/*C-@/),99. $; 8;C/ 7:;C;**-A- ,;0LO)*--

P:0+/,9@/*);2<*-A- @/)-(; ,;C,;8-);*- +,9-

C*;**-/ 9C-8,/)/*9/@ (+;)/*) 6/0+7829:9 1/-
2;,70< BY 7377 C1) )/J*9L/0:-/ ,/K/*9/ 
«"+-0-8 :-*),-2E 90J-(*-M +,-L*-0)9 )/+2--

I-M *;+,/00-I:9 :-2<?; +-(K9+*9:; *; K/M:/ 
-09 :-2O0*-M +;,N 9 70),-M0)I- (2E /A- -07S/-
0)I2/*9E». #A- ,/;29C;?9E -8/0+/L9I;/) I-C-
@-F*-0)< +-INK/*9E 0)/+/*9 *;(OF*-0)9 ,--

29:-INJ 87:0-INJ 7C2-I :-2O0*NJ +;, I;A-*-I 
I P:0+27;);?99 +,9 -07S/0)I2/*99 -?/*:9 

+,-L*-0)9 0-+,EF/*9E $%& '&() *+ )/+2-INJ 

+-+/,/L*--+,/00-INJ +-0;(-: +- .;:)9L/0:-@7 

*;+,EFO**--(/.-,@9,-I;**-@7 0-0)-E*9H 

($R") -JI;)NI;HS9J (/);2/M 0-/(9*/*9M 0 
A;,;*)9,-I;**N@ *;)EA-@. B,/(2-F/*N )/J*9-

L/0:9/ ,/K/*9E *; 70),-M0)I; +- 7:;C;**-@7 

0+-0-87, 0--)I/)0)I9/ :-)-,NJ 702-I9E@ *--

I9C*N, 9C-8,/);)/2<0:-A- 7,-I*E 9 +,-@NK-

2/**-M +,9@/*9@-0)9 +-()I/,F(;/)0E +;)/*-

);@9 6-009M0:-M [/(/,;?99 9 6/0+7829:9 1/-
2;,70< *; 9C-8,/)/*9E RU 2228830 C2, RU 

2279647 C2, BY 7271 C1, BY 9347 C1 9 BY 

10353 C1, ; );:F/ *; +-2/C*N/ @-(/29 BY 1587 

U, BY 1656 U, BY 2431 U. 

6;C,;8-);* *-INM P../:)9I*NM 0+-0-8 (9-

;A*-0)9:9 (+;)/*) *; 9C-8,/)/*9/ RU  2329478  

C1). +- +,-I/,:/ +,-L*-0)9 0-+,EF/*9E (/);-
2/M .+-+/,/L*--+,/00-INJ 0-/(9*/*9M -)I/)0)-
I/**NJ 7C2-I :-*0),7:?9M, ,/;29C-I;**NM *; 
8;C/ )/*C-@/),9L/0:9J C;@/,-I (*/,;C,7K;H-

S9M :-*),-2<) 7,-I*E $R" -JI;)NI;HS/M (/-
);29 ,$%& '&%-.//%0 +-0;(:9 0 *;)EA-@, IN-

CNI;/@-A- I-C(/M0)I9/@ A9(,-,;0+-,; I C-*/ 
:-*);:); (/);2/M -) IN0-:-A- (;I2/*9E 6U, 

+-(;I;/@-M 0 )-,?; :-*),-29,7/@-A- 0-/(9*/-
*9E. B,-/:)9,7/)0E )/J*-2-A9L/0:;E -0*;0):; 
(9;A*-0)9L/0:-A- :-@+2/:0; (2E -07S/0)I2/-
*9E 7+-@E*7)-A- */,;C,7K;HS/A- :-*),-2E 
+,-L*-0)9 0-/(9*/*9M 0 A;,;*)9,-I;**N@ *;-
)EA-@ :-2O0*NJ +;, F/2/C*-(-,-F*-A- +-(-

I9F*-A- 0-0);I;. 6;C,;8-);*; @/)-(9:; 7LO); 
A9(,-(9*;@9L/0:9J 092 -) I-C(/M0)I9E IN0--

:-A- (;I2/*9E IEC:-M */0F9@;/@-M F9(:-0)9 

(@9*/,;2<*-A- @;02;) I C-*/ 0-+,EF/*9E (/);-
2/M :-*),-29,7/@-A- 0-/(9*/*9E +,9 -07S/0)-
I2/*99 A9(,-,;0+-,;. 
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 N+-2*/**N/ ,;C,;8-):9 -8/0+/L9I;H) 
I-C@-F*-0)< +-INK/*9E (-0)-I/,*-0)9 -?/*-: 

+,-L*-0)9 0-+,EF/*9E (/);2/M )9+; «I;2–

I)72:;» 0 A;,;*)9,-I;**N@ *;)EA-@ +,9 -07-

S/0)I2/*99 ;:)9I*-A- INJ-(*-A- :-*),-2E 0--

/(9*/*9M I @/J;*-08-,-L*-@ +,-9CI-(0)I/. 
 */(,/*9/ I +,;:)9:7 9CA-)-I2/*9E 9 ,/@-*); 
+-(I9F*-A- 0-0);I; +,/(2-F/**NJ 090)/@ 

:-*),-2E 0-/(9*/*9M 0 *;)EA-@ +-CI-2E/) 
-8-0*-I;**- +,9*9@;)< ,/K/*9E - */-8J-(9-

@-0)9 (/@-*);F; I*7),/**9J :-2/? ,-29:-INJ 

+-(K9+*9:-I 0 K//: -0/M :-2O0*NJ +;, +,9 

*-I-@ .-,@9,-I;*99 9 +,-I/(/*99 +-2*-M ,/-
I9C99 9J 87:0-INJ 7C2-I, 0-:,;)9)< P*/,A/)9-

L/0:9/ 9 ),7(-IN/ C;),;)N, +-IN09)< *;(OF-

*-0)< J-(-INJ L;0)/M I;A-*-I 9 8/C-+;0*-0)< 
(I9F/*9E +-/C(-I. 

1!1=!'36T[!>#"&!^ "B!"'& 

1. "8-,:; :-2O0*NJ +;, A9(,-+,/00-IN@ @/)-(-@ 

[5/:0)] / T.  . _/*E)0:9M 9 (,. // 5,. V *;7L.-

+,;:). :-*.. «1/C-+;0*-0)< (I9F/*9E +-/C-
(-I». – X.: X!!5, 2004. – ". 41-42. 

2. 3,/L9S/I, #. ". "-/(9*/*9E 0 *;)EA-@ [5/:0)] / 
#. ". 3,/L9S/I, T. T. !2<EK/*:-.–X.: X;K9-

*-0),-/*9/, 1981. – 247 0.  
3. 3/*9L, 1. T. 39(,;I29L/0:9M 0+-0-8 (/@-*);F; 

+-(K9+*9:-I :;L/*9E [5/:0)] / 1. T. 3/*9L,  

1. Y. T:8;K/I. – X.:  $!!U5, 1960. – 19 0. 
4. B9*L7:, =. ". 3/,@/)-2-A9E [5/:0)] / =. ". B9*-

L7:. – X*.: $;7:; 9 )/J*9:;, 1992. – 216 0. 
5. "/*<:-,  . !. 5/J*9L/0:-/ -8027F9I;*9/ I;A--

*-I. ',A;*9C;?9E ,/@-*); A,7C-INJ I;A-*-I I 
(/+- [5/:0)] : 7L/8. +-0-89/ /  . !. "/*<:-, 

!. =. >/,*9*, !. ". 1NL/:. – 3-@/2<: 1/2345, 
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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 

232



 

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. 
 

 

L+5(;<291 ? 0-*'+99-82N 29.07.2009 
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 !" 629.4 

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

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

$'$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. 

 

M+5(=<261 @ 0-*'+66-A2I 29.07.2009 
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 !" 629.4 

 . !. " #$%&, '.(.)., *+,-)(, .!!/ ("'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; zI1, zI2 – 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. 
M>. 1'1*. &. <1G10?)1. – 2003. – &2I. 2. –  

:. 77-86. 

5. &-02P+,  . [. &G12>+*-AB(H2- ID(2 2 I+*H2@-

)+P+ B+B(1H1 [/-'B(] /  . [. &-02P+, #. ]. 7+-
P1). –  .: /01)BI+0(, 1986. – 559 B. 

6. 51B1)+H, #. !. % I02H-*-))+A >1BB- ID(2 

[/-'B(] / #. !. 51B1)+H // &-B()2' &$!!W/. – 

1968. – ^ 6. – :. 52-53. 

7. %I0-*-C-)2- 01BJ-()FO I101>-(0+H ID(2 H H-0-
(2'1CK)+A 2 P+02G+)(1CK)+A IC+B'+B(?O B I+-
>+QKR H2E0+>1S2)F [/-'B(] / &. [. ]'+HCLH 2 
*0. // /0. <!!W/. – 1971. – &FI 323. –  

:. 66-85. 

8. [02S>1),  . #. 6Q- 01G +E +I0-*-C-)22 >+*D-
C? DI0DP+B(2 I+*0-CKB+H+P+ +B)+H1)2? [/-'B(] / 
 . #. [02S>1), !. :. <-H1)'+H // /0. .!!/. – 

1965. – &FI. 57. – :. 4-8. 
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 !" 629.4.015 

 . !. "#$%&' , (.).*., +,-./00-,, 123 4%4" 5 4$%" ("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 

 8M/I7 05E 'H-C*7N/*5/ 85E7, ) 
F1 18 

F2 1,8 

8
M/
I
7 

1
 

F3 1,8 

F3 2 

F4 1 

8
M/
I
7 

2
 

F5 1 

F1 18 

F2 1,8 

F3 3,8 

F4 1 8
M/
I
7 

3
 

 
F5 1 

F1 18 

8
M/
I
7 

4
 

 

F6 5 

8
M/
I
7 

5
 

 F7 2 

 

 

F1 F6 

F2 F3 

F4 F1 

F3 F4 

F1 

F2 F3 

F5

F5 

F7 
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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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-0,8

-0,6

-0,4

-0,2
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0,2

0,4

0,6

0,8

1

40 50 60 70 80 90 100 110 120
V, #$/%
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 !"min

 

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 

 !"

-1

-0,8

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

0,8

1

40 50 60 70 80 90 100 110 120
V, #$/%

 !"-max

 !"$-min

 !"#-max

 !"#-min

 !"max

 !"min

 

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. 

$,-I/ )-D-, +,-;/00 KU91 HE5O/ 6 *-,I7EL-
*-IG C76-*G ,70+,/(/E/*5F, N/I +,-;/00 KU1. 

47 -0*-J7*55 7*7E5C7 ,/CGEL)7)-J 0)7)50)5-

N/06-Q -H,7H-)65 5CI/,/**PM J/,)567EL*PM 5 

D-,5C-*)7EL*PM 05E, 7 )76O/ +-EGN/**PM ,70-
N/)*PI +G)/I 6-R..5;5/*)-J C7+707 G0)-QN5-

J-0)5 -) 0M-(7 0 ,/EL0-J I-O*- 0(/E7)L 0E/-
(GKU5/ JPJ-(P: 

1) +,5 5CI/,/*55 J/,)567EL*PM 05E J )/-
E/O67M D,GC-JPM J7D-*-J 0 +-I-ULK 0)7*(7,)-
*-Q 5CI/,5)/EL*-Q 0M/IP 6-R..5;5/*)P J/,-

)567EL*-Q (5*7I565 +-EGN7K)0F C7JPS/**P-

I5, 7 6-R..5;5/*)P C7+707 G0)-QN5J-0)5 J7D--

*7 – C7*5O/**PI5. '0-H/**- R)- +,-FJEF/)0F 
+,5 50+P)7*5FM +-,-O*5M D,GC-JPM J7D-*-J; 

2) 5CI/,/*5/ J/,)567EL*PM 05E 0 +-I-ULK 

+,/(E7D7/I-Q 5CI/,5)/EL*-Q 0M/IP +-CJ-EF/) 
H-E// (-0)-J/,*- -;/*5J7)L (5*7I5N/065/ 67-
N/0)J7 D,GC-JPM J7D-*-J, 7 )76O/ (/E7)L H-E// 
-H-0*-J7**P/ C76EKN/*5F - (-+G067/IPM 06--

,-0)FM 5 H/C-+70*-0)5 (J5O/*5F D,GC-J-D- 

+-(J5O*-D- 0-0)7J7 *7 O/E/C*PM (-,-D7M 0),7* 

84X. 

0

0,02

0,04

0,06

0,08

0,1

0,12

0 2 4 6 8 10
ku

p

ku1

kup1

 

950. 7. @76-*P ,70+,/(/E/*5F 6-R..5;5/*)-J C7+7-
0-J G0)-QN5J-0)5 $U1 5 $UP1 (EF *7H/D7KU/Q -05 

+,5 (J5O/*55 J7D-*7-M-++/,7 +- +,FI-Q 0- 06-,--

0)LK 120 6I/N 

W1W&1'X9%!1>?8$1A 8=18'$ 

1. 9< 24.050.37.95  7D-*P D,GC-JP/ +7007O5,065/. 
3/)-(P 50+P)7*5Q *7 +,-N*-0)L 5 M-(-JP/ 67-
N/0)J7 [2/60)]. – 3.: X-0411 7D-*-0),-/*5F, 
1996. 

2. =705N*56, 8. 8.  PH-, ,7;5-*7EL*PM 0M/I ,70-
+-E-O/*5F )/*C-,/C50)-,-J *7 H-6-J5*/ )/E/-
O65 (EF 5CI/,/*5F J/,)567EL*PM 05E [2/60)] / 
8. 8. =705N*56 // 2/M*5N/067F I/M7*567. – 

2004. – Y 1. – 8. 116-119. 

 

=-0)G+5E7 J ,/(6-EE/D5K 21.07.2009 
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 !" 629.454.22.015 

 . !. "#$%!%, &. '. ()#)*+%#,, '. -. ()./!+', %0$ «12!» ($345675) 

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

-* ".%#01  2)34")1 - 4% ') #+)%1*!(534#%( "*$(3 

3 .($63)1%

$ 89599: 75;<=<7> :7?>4@5A:B C>=> 4>D45EF73>;6E 86G ;D5H@>=:I ; 8689<@: «3>G<8>-4<J35» K46 4F8: ;5-
L>75 K> 346;6E =:GM735E 3>G:I D: N;6=3:89B => 160 3@/L>= 95 K4>L7>DFH9O8M D@:75 D7>8F 3>G:8. 

' 8959O< K46;<=<75 67?>4@5A6M > 458P<97QE 86G5E ;D56@>=<J89;6M ; 8689<@< «3>G<8>-4<GO8» K46 =;6-

R<766 K> 346;Q@ FP58935@ KF96 8> 83>4>89OB => 160 3@/P 6 K4>L7>D64F<98M 6D@<7<76< 6D7>85 3>G<8. 

In the article the information on calculated forces of interaction in the system "wheel-rail" is presented at move-

ment on curve sections of a track with a speed less than 160 km/h and the change of wear of wheels is predicted. 

24<=<GO7> =>KF896@Q< ;>D;QN<76M 754FR-

7>L> 4<GO85 ; 346;QE, K467M9Q< 75 >9<P<89;<7-

7QE R<G<D7QE =>4>L5E, 7< K>D;>GMB9 K>=76-

@59O 83>4>896 =;6R<76M 6D-D5 >L4576P<76J K> 

7<K>L5N<77>@F F83>4<76B. S95 K4>TG<@5 @>-

R<9 TQ9O 4<N<75 KF9<@ >T>4F=>;576M K><D=>; 
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