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!"##$%&'()%* +,-.)-(* /%'$0* 1'(##%+%2* $"&'-30* )"* &%4)%#&5, $(6")-4(#7-(* #+%2#&+"
-* #&'87&8'8* 1'(##%+"))06* 1%,%#* '"9$('%$ 80×6 $$* -9* ",:$-)-(+06* #1,"+%+  AA6060
-  AA6082.  ;,.* ")",-9"* -#1%,59%+","#5* 1,%#7".* $"&'-3"* #* 1('($( ))%2* <,-)%2* 1%.#7"
-*$"&'-3"*#%*#&81()4"&%2*/%'7"$('%2*-*1%#&%.))%2*<,-)%2*1%.#7". =7#1('-$()&",5)%*<%7"9")%,
4&%*1'(##%+")-(*4('(9*/%'7"$(')8:*$"&'-38*%>(#1(4-+ "(&*$()5?((*%&7,%)()-(* '"9$('%+*1%1(-
'(4)%@%*#(4()-.*1%,%#0*%&*)%$-)",5)06, 4($*+*#,84"(*-#1%,59%+")-.*1,%#7%2*$"&'-30. A%7"9"-
)%, 4&%* <,.* #1,"+%+ 6666B2* #('--* 1'(##%+")-(* 4('(9* /%'7"$(')8:* $"&'-38* 1 '-+%<-&
7*8$()5?()-:*@,8>-)0*9",(@")-.*CCD*1%*#'"+)()-:*#*1 '(##%+")-($*+*1,%#7%2*$"&'-3(.

!%9@,.)8&%* +1,-+* /%'$-* 1'(#%+%E* $"&'-3F* )"* &%4)F#&5, $(6")F4)F* +,"#&-+%#&F
F* #&'87&8'8*1'(#%+")-6*?&">* '%9$F'%$ 80×6 $$* 9* ",:$F)FG+-6*#1,"+F+ AA6060 -  AA6082.
;,.* ")",F9"* +-7%'-#&%+8+","#5* 1,%#7"* $"&'-3.* 9F* 9$F))%:* <%+H-)%:* 1"#7"* F* $"&'-3.
9F* #6F<4"#&%:* /%'7"$('%:* F* 1%#&F2)%:* <%+H-)%:* 1"#7". I7#1('-$()&",5)%* <%7"9")%,
J%*1'(#8+")).*4('(9* /%'7"$(')8*$"&'-3:*9">(91(48G*$ ()?(*+F<6-,()).* '%9$F'F+*1%1('(4 -
)%@%*1('('F98*?&">-*+F<*)%$-)",5)-6, )FH*8*+-1"<78*+-7%'-#&")).*1,%#7%E*$"&'-3F. A%7"9"-
)%, J%* <,.* #1,"+F+ 6666B2* #('FE* 1'(#8+")).* 4('(9* /%'7"$(')8* $"&'-3:* 1'- 9+%<-&5
<%* 9$()?()).* @,->-)-* 9",F@")).* @'8>%B7'-#&",F4)%@%*%>F<7"* 1%'F+).)%* 9* 1'(#8+")).$
8*1,%#7F2*$"&'-3F.

Influence of the die shape on accuracy, mechanical properties and structure of the extruded
strips of the size 80!  6 mm from aluminium alloys AA6060 and AA6082 is considered. The flat
die with variable band length and the die with step injection cup and constant band length were used
for analysis. It  was experimentally proved that extrusion through step die provides less deflection
of  cross-section dimensions from nominative ones than in  case with  the flat  die.  It  is  shown,  that
for alloys of 6xxx series the extrusion through step die leads to the decrease in depth of the big-
crystal layer in comparison with flat die.
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!"#$%#&'()*)+&,*-!'.&-+&,*##'+),*#/0'%)'1)2&3,!-
,-"3,-3,&%%04'(*&335#67&"#8'#6')"9+#%#&!04'3(")!-!

C"4(#&+%*,:>%@%*-9<(,-.*%1'(<(,.(&#.*7%$1,(7#%$*1"'"$(&'%+. Q*<"))%2*'">%&(*'"#-
#$"&'-+"(&#.*9"+-#-$%#&5*)(#7%,57-6*%#)%+)06*1%7"9"&(,(2*7"4(#&+" (&%4)%#&-*@(%$(&'-4(-
#7-6*'"9$('%+, $(6")-4(#7-6*#+%2#&+*-*#&'87&8'0*$(&",,") %&*/%'$0*9"6%<)%2*4"#&-*$"&'--
30, "* -$())%* )",-4-.* /%'7"$('0 , 1'-* 1'(##%+")--* -9<(,-2* -9* ",:$-)-(+06* #1,"+%+
LL 6060 -* LL 6082. !"##$%&'-$* -$(:J-(#.* +* ,-&('"&8'(* <"))0( , 7"#":J-(#.* 7"H<%2
-9*87"9"))06*6"'"7&('-#&-7*7"4(#&+"*1'(##B-9<(,-. .

M"*&%4)%#&5*1'%/-,(2*+,-.:&*&"7-(*1"'"$(&'0 , 7"7*-9$()()-(* '"9$('%+*+#,(<#&+-(
&('$-4(#7%@%*'"#?-'()-.*-,-*8#"<7-*$"&'-30*-*1'%/-, . ; 81'8@".*<(/%'$"3-.*-)#&'8$() -
&", +)(7%)&"7&)".*1,"#&-4(#7".*<(/%'$"3-.*1'(##B-9<(,-. , )"&.H()-(*&.)8J(@%*8#&'%2#&+"
R18,,('" ), 1'"+7"*'"#&.H()-($*-*1' .

Q,-.)-(*&('$-4(#7%@%*'"#?-'()-.*-*8#"<7-*)"*'"9$('0 *1'%/-,(2*1'-+(<()%*+  [1-3].
D1-#")-(*81'8@%2*<(/%'$"3--*9"&'8<)()%*&($, 4&%*7"H<".*$"&'-3"*-$((&*#+%-*-)<--

+-<8",5)0(*'"9$('0*-*H(#&7%#&5. L)",-&-4(#7%(*%1'(<(,()-(*81'8@%2*<(/%'$"3--*$(&%<" -
$-*#%1'%&-+,()-.*$"&('-",%+*+%9$%H)% ()"1'-$(' , 7"7*1'-+(<()%*+ [4]), %<)"7%*1'-*S&%$
1'-)-$":&#.* #8J(#&+())0(* <%18J()-.* %&)%#-&(,5)%* /%' $0* $"&'-30 , 4&%* #)-H"(&* &%4-
)%#&5*&"7-6* '(?()-2 . T%,((*1'"+-,5)0$*1'(<#&"+,.(&#.* '"#4(&* 81'8@%2*<(/%'$"3--* -)#& -
'8$()&"* #* 1%$%J5:* %<)%2* -9* -9+(#&)06* 7%$$('4(#7-6* 7%)(4)%BS,($()&)06* 1'%@'"$$
R7"7*1'(<#&"+,()%*+ [5, 6]) -,-*)"*>"9(*%'-@-)",5)06*$%<(,(2  ()"1'-$(' , [7]).

Q* '">%&( [5] '"#4(&)0$*18&($*%1'(<(,()%*8$()5?()-(*&%,J-)0*1'.$% 8@%,5)06*1%-
,%#*#*'"9,-4)0$*%&)%?()-($*?-'-)0 ! 7*&%,J-)( b, 1'(##8($06*4('(9*/%'7"$(')8:*$"& -
'-38 . A%7"9")%, 4&%*<,.*1'%/-,.*#*1%1('(4)0$*#(4()-($*1,%J"<5:  1200 $$ 2*-*%&)%?()-($
! /b = 12...30 8$()5?()-(*&%,J-)0*1%,%#0*#%#&"+-&*%& 0,05 <% 0,1 $$ . Q"H)%*%&$(&-&5, 4&%
1'-$()()-(* /%'7"$(')06* $"&'-3* %>(#1(4-+"(&* 1,%#7%#& -* +6%<"* $(&",,"* +* 7")",* 7* )(2-
&'",5)%$8*#(4()-:*$"&'-30*1'-*-9@->(  [8, 9], 4&%*1'-+%<-&*7*8$()5?()-:*+,-.)-.*81'8@%2
<(/%'$"3--*)"*&%4)%#&5*1'%/-,(2 .

P$(:J-(#.*#+(<()-.*%*+)(7%)&"7&)%2*<(/%'$"3--*$(&", ,"*)"*+06%<(*-9*7",->'8: -
J(@%* 1%.#7"* $"&'-30* %@'")-4()0. Q [10] 87"90+"(&#.* ,-?5 , 4&%* -$((&#.* +%9$%H)%#&5
&"7*)"90+"($%2*+)(7%)&"7&)%2*<(/%'$"3--, &U(. )(7%&%'%@%*1'"7&-4(#7-*%4()5*)(>%,5?%@%
8$()5?()-.*<-"$(&'"*1'8&7"*1%#,(* (@%*+06%<"* -9*%>H-$":J(2*4"#&-*1,"#&-4(#7%2*9%)0.
L+&%'0 [11] 1%7"9",-, 4&%*<,.*1%&()3-",5)%@%*1%,.*#7%'%#&(2*%4"@*<(/%'$"3--*'"#1'%#&'" -
).(&#.*9"*1,%#7%#&5*%47"*$"&'-30, &U(. -$((&#.*+)(7%)&"7&)".*<(/%'$"3-. ; 1'-*S&%$*1'-*-#-
&(4()--*$(&",,"*-9*$"&'-3*+%9$%H)%*#8H()-(*1%,%#0. D<)"7%*#,(<8(&*%&$(&-&5, 4&%*9"<"4-
1'(##%+")-. , '"##$"&'-+"($0(*+*87"9"))06*'">%&"6  [10, 11] %&,-4":&#.*)(>%,5?-$-*7%S/ -
/-3-()&"$-*+0&.H7- "  (<% 9), 4&%*)(*6"'"7&(')%*<,.*#,84".*1'(##%+")-.*&%)7%#&())06*1'%-
/-,(2* -9* ",:$-)-(+06* #1,"+%+* )-97%2* -* #'(<)(2* 1'%4) %#&- (1'- " * 1%'.<7" 40...120).
V8J(#&+())%(*-9$()()-(* '"9$('%+*1%1('(4)%@%*#(4()-. *1%,%#0*1%*#'"+)()-:*#*'"9$('"$-
$"&'-30* -$((&* $(#&%* 1'-* 1'(##%+")--* 1")(,(2  [12], %<)"7%* #+.9")0* %)-, 1'(H<(* +#(@%
#* 81'8@%2* -* 1,"#&-4(#7%2* <(/%'$"3-(2* $"&'-4)%@%* 7%$1,(7&" , +#,(<#&+-(* 9)"4-&(,5)%2
)('"+)%$(')%#&-* '"#1'(<(,()-.* )%'$",5)%@%* )"1'.H()- .* 1%* 9('7",8* $"&'-30 .
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Q* '">%&( [13] 87"90+"(&#.* ,-?5 , 4&%*+)(7%)&"7&)".* <(/%'$"3-.*%&'-3"&(,5)%*#7"90+"(&#.
)"*&%4)%#&-*1'%/-,(2.

Q* '">%&( [14] )"* %#)%+")--* S7#1('-$()&",5)06* <"))06* #<(,")%* )(#7% ,57%* +"H)06
+0+%<%+: 1'(##%+")-(*4('(9*7%)-4(#7-(*$"&'-30*1%*#'"+)()-:*# *1,%#7-$-*1%9+%,.:&*1%,8-
4"&5* $()5?-(* %&7,%)()-.* '"9$('%+* 1'%/-,.* 1%* %&)%?() -:* 7* '"9$('"$* 7")","* $"&'-30 ;
")",%@-4)%(*+,-.)-(*%7"90+"(&*#)-H()-(*)"1'.H()-.*& (784(#&-*1'(##8($%@%*$(&",," – 4($
%)%*)-H(, &($*&%4)((*1'%/-,5; 8+(,-4()-(*<,-)0*1%.#7"*1%+0?"(&*&%4)%#&5.

Q*'">%&( [15] ")",-9-'8(&#.*+,-.)-(*#7%'%#&-*-#&(4()-.*-*/%'$0*1' %/-,.*)"*#&'87 -
&8'8*$(&",,"*)"*1'-$('(*1%,%#0*#*7'%$7"$-*&%,J-)%2  3 $$*-*&%)7%2*3()&'",5)%2*4"#&5:
(0,6 ,->% 1,0 $$ ). A%7"9")%*-9$()()-(*+(,-4-)0*9(')"*1%*%4"@8*<(/%'$"3 --*-*#<(,")*+0+%<,
4&%*<%$-)-'8:J-$*/"7&%'%$*.+,.(&#.*#7%'%#&5*-#&(4()-. . C*#%H",()-: , -9*'">%&0*)(*.#)"
@(%$(&'-.*9"6%<)%2*4"#&-*$"&'-30*-*((*+,-.)-(*)"*#&'87&8'8*$(&",,"*1'%/-,. .

A%10&7-*%3()-&5*+,-.)-(*9"6%<)%2*/%'$0*$"&'-30*<(," :&#.*+*'">%&"6 [16-18]. Q*4"-
#&)%#&-, "+&%'0 [16, 17] 1'%1"@")<-'8:&*-#1%,59%+")-(*1,%#7-6*$"&'-3*#*%>'"&)%2*7%)8#)%-
#&5: (94…106#) <,.*8$()5?()-.*@,8>-)0*9",(@")-.*7'81)%7'-#&",,-4(# 7%@%*%>%<7".

Q*'">%&( [19] 1'(<#&"+,()0*'(98,5&"&0*S7#1('-$()&",5)06*-##,(<%+" )-2 , +*7%&%'06
7")",0*S7#1('-$()&",5)06*$"&'-3*+01%,).,-#5*#*1('($ ())0$*8@,%$*)"7,%)": 0# (1,%#7%(
9('7",%) – 0#, 0#–60#, 0#–75#, 60#–75#. A%7"9")%, 4&%*>%,((*+0#%7-2*@'"<-()&*#&(1()-*<(/%'-
$"3--*1%*#(4()-:*+*#,84"(*1'.$%@%*8@,"*1('(6%<"*%&*9('7","*$"&'-30*+*7")",  (0#) 1'-+%<-&
7*>%,5?(2*@,8>-)(*1'-1%+('6)%#&)%2*'(7'-#&",,-9%+"))%2*9%)0. Q*S&%2*9%)(*9(')%*)"*1%-
'.<%7*$(,54( , 4($*+*%#)%+)%$*$(&",,(, %<)"7%*'(45*+*S&%$*#,84"(*?,"*%*1'(##%+")--*1'8&7"
-9* +0#%7%1'%4)%@%* #1,"+" Al-5,9Zn-1,5Mg-0,7Cu-0,12Zr 1'-* &($1('"&8'(* 9"@%&%+7- 515#V.
;,.*#,84".*1'(##%+")-.*%&)%#-&(,5)%*&%)7%#&())06*1'%/-,(2*#*>%,5?-$*7%S//-3-()&%$
+0&.H7-*1'- " W=480#V (>%,((*1'->,-H())%@%*7*1'%$0?,())%2*1'"7&-7( ) "+&%'0*+"'5-'%+",-
<,-)8  (h=0…25 $$ ) -*87,%) (8@%,*&%'$%H()-.$  = 0…10#) 1%.#7". O#&")%+,()%, 4&%*)"-$()5-
?".* @,8>-)"* 9",(@")-.* 7'81)%7'-#&",,-4(#7%@%* %>%<7"* -$((&* $(#&%* 1'-* <,-)(* 1%.#7" 10 $$
-*8@,( 5#. ;",5)(2?((*8+(,-4()-(*<,-)0*1%.#7"*+(<(&*7*&%$8 , 4&%*'"9$('*9(')"*+*CCD*$()5?( ,
4($* 1'- h=10$$ , )%* '"9$('0* 7'81)%7'-#&",,-4(#7%2* 1('-/('-2)%2* 9%)0* @% '"9<%* >%,5?(,
&"7H(*8+(,-4-+"(&#.*+('%.&)%#&5*1%.+,()-.*&'(J-) . O+(,-4()-(*8@," $ *<% 10#*1'-+%<-&*7*1%-
.+,()-:*9"<-'%+ . Q*'">%&"6 [19-21] 1%7"9")%, 4&%*,:>%(*8$()5?()-(*)('"+)%$(')%#&-*<(/%' -
$"3--*1%*#(4()-:*1'(##B-9<(,-.*+(<(&*7*%>'"9%+")-:* >%,((*'"+)%$(')%2*#&'87&8'0*$(&",," .

P$((&#.*<%#&"&%4)%*$)%@%*'">%&, 1%#+.J())06*1'%3(##8*'(7'-#&",,-9"3--*1'-*1'(##% -
+")-- , #&'87&8'(*@%&%+06*1%,8/">'-7"&%+*-, +*4"#&)%#&-, %>'"9%+")-:*7'81)%7'-#&",,-4(#7%@%
%>%<7"* +* )-6 [4, 22 -*<' .]. D&$(&-$, 4&%* +* >%,5?-)#&+(* -6* '"##$"&'-+":&#.*#1,"+0* #'(<)(2
-* +0#%7%2* 1'%4)%#&-, +* %#)%+)%$ – <:'",- . V1,"+0* #-#&($0  Al-Mg-Si %>04)%* 1'(##8:&
1'-*1%+0?())06*&($1('"&8'"6*-*#7%'%#&.6*1'(##%+")-. , 4&%>0*%>(#1(4-&5*1'%+(<()-(*9"7",7-
+*,-)--*1'(##" . A'-*)"@'(+(*1%<*9"7",78*+)(*,-)--*1'(##"*S&-*#1,"+0*# 7,%))0*7*%>'"9%+")-:
@'8>%2*7'81)%9(')-#&%2*#&'87&8'0 [1, 4].

X(,5:* <"))%@%*-##,(<%+")-.* .+,.(&#.* ")",-9*+,-.)-. ) ",-4-.* /%'7"$('0* )"*&%4 -
)%#&5*@(%$(&'-4(#7-6*'"9$('%+, $(6")-4(#7-(*#+%2#&+"*-*#&'87&8'8*$(&",,"*1'(##B-9<(,-2
-9*",:$-)-(+06*#1,"+%+*#-#&($0  Al-Mg-Si.

=7#1('-$()&0* >0,-* 1'%+(<()0* )"* @%'-9%)&",5)%$* @-<'"+,-4(#7%$* 1'(##(* 8#-,-($
10 NM*P)#&-&8&"*$"&('-",%+(<()-.*K"))%+('#7%@%*8)-+('#-&(&"*-$. Y(2>)-3"  ('-# . 1) [28].
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P#1%,59%+",-#5* )(1'('0+)%* ,-&0(* 9"@%&%+7-* -9* ",:$-)-(+06* #1,"+%+ AA6060
-  AA6082 <,-)%2 260…300 $$* -* <-"$(&'%$  120 $$ . A'(##B-9<(,-.  – 1%,%#0* '"9$('%$
80! 6 $$ . Q"'5-'%+",-#5* $"'7"* #1,"+" , &-1* $"&'-30* -* #7%'%#&5* 1('($(J()-.* 1'(## -
?&($1(,. , VA: 8 -  16 $$Z#.

!-# . 1. C%'%&7%6%<%+02*@%'-9%)&",5)02*@-<'"+,-4(#7-2*1'(##*8#-,-($  10 NM

A'(##%+")-(*%#8J(#&+,.,%#5*4('(9*1,%#7-(* -* /%'7"$(' )0(*<+86#&81()4"&0(*$"&'- -
30 ('-# . 2). A%#,(<)-(* -$(,-* 1%#&%.))8:* <,-)8* '">%4(@%*1%.#7", '"+)8:  4 $$ . N"&'-30
>0,-* #1'%(7&-'%+")0* '")((* <,.* 1'(##%+")-.* $"@)-(+%@ %* #1,"+" AZ31 (>,-H"2?-2* ")",%@
1%*KDV[ – NL 2). \%'7"$(')".*$"&'-3"*-$(,"*/%'7"$('8*1('($())%2*?-'- )0 , '"#?-'.: -
J8:#.*7*%>,"#&-*&81-7%+*7")",".

" >
!-# . 2. ]('&(H-*1,%#7%2 (! ) -*#&81()4"&%2*/%'7"$(')%2 (#) $"&'-3

A'(##%+")-(*1'%+%<-,-*>(9*1('(<)(@%*)"&.H()-. . P9$('()-(*&($1('"&8'0*1%+('6)% -
#&-*1%,%#0*1'%+%<-,-*#*1%$%J5:*'84)%2*7%)&"7&)%2*&('$%1"'0 ; #'(<)::*&($1('"&8'8*1% -
,%#0*)"*+06%<(*-9*$"&'-30*1('(#4-&0+",-*1%*<"))0$*9"$('%+*#*84(&%$*'"##&%.)-.*%&*$"&-
'-30*<%*$(#&"*-9$('()-.*-*#7%'%#&-*1'%/-,. . A%#,(*%6,"H<()-.*1'%/-,.*-9$('.,-*&%,J- -
)8*)"  3-6*84"#&7"6*1%*<,-)(*1%,%#0 ()"4",% , #('(<-)"*-*7%)(3 ): +*7"H<%$*-9*)-6*+ 8 &%47"6
)"*'"##&%.)--  2…8 $$*%&*7'". -*+ 4 &%47"6*+*%>,"#&-*1'%<%,5)%2*%#-*1%,%#0; &%4)%#&5*-9-
$('()-2 %0,005 $$ . V*&"7%2*H(*&%4)%#&5:*J81"$-*-9$('.,-*?-'-)8*7")","* $"&'-30 . P98-
4()-(* #&'87&8'0* 1'%+%<-,-* +* 1%,.'-9%+"))%$* #+(&(. ^,-/0* @%&%+-,-
#* -#1%,59%+")-($* S,(7&'%,-&-4(#7%@%* &'"+,()-.* +* '"#&+%'(: 5 $,  35%-2* &(&'"/&%'>%')%2
7-#,%&0, 200 $,*<-#&-,,-'%+"))%2*+%<0.

V'"+)()-(*@(%$(&'--*1%,%#0* -*7")","* $"&'-30 . !"9$('0*7")","* $"&'-30* 1'-*7%$ -
)"&)%2* &($1('"&8'(* +* %>%-6*#,84".6* #%#&"+,.,- 80,39 -  5,97 $$ . C%S//-3-()&* ,-)(2)%@%
'"#?-'()-.* <,.* #&",-  4_`N\aV* +* &($1('"&8')%$* <-"1"9%)(  20...400#V* '"+()  16·10-6 1/C
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1%*<"))0$ [29]. V%@,"#)% [30], 7%S//-3-()&0*,-)(2)%@%*'"#?-'()-. &*",:$-)-(+06*#1," -
+%+ 6060 -  6082 1'-*7%$)"&)%2*&($1('"&8'(*'"+)0 . A'-)-$".*+%*+)-$")-( , 4&%*1%*#+(<()--
.$  [31] 7%S//-3-()& &*<,.*4-#&%@%*",:$-)-.* ,-)(2)%*+%9'"#&"(&*+*<-"1"9%)(  200…500#V
-*S7#&'"1%,-'8.*<"))0( , 1'-+(<())0(*+  [30] <,.*#1,"+"  6060 +*<-"1"9%)( 20...300#V, 1'-)- -
$"($ &*<,.* 87"9"))06*#1,"+%+* 1'-  450#V* '"+)0$  27,3·10-6 1/C. I#,-* )(* 84-&0+"&5*<'8@-6
/"7&%'%+, "* ,-?5* &('$-4(#7%(* '"#?-'()-(* $"&'-30* -* 1%#,(<8:J8: * 8#"<78* 1'%/-,.
1'-*%6,"H<()-- , '"9$('*1%,84())06*",:$-)-(+06*1%,%#*<%,H()*>0&5*'"+ ()  79,92! 5,90 $$
R)-H( – '"9$('*L [ ). Q*&">,. 1 1'-+(<()"*?-'-)"*1'(##%+"))06*1%,%# b, -6*&%,J-)"*)"*7'":
s7*-*+*3()&'( s3*1%1('(4)%@%*#(4()-., "*&"7H(*#'(<)..*1%*+#(2*<,-)(*$"##"*1%@%))%@%*$(&'".

;,.* %1'(<(,()-.* '"9$('%+* 7")","*$"&'-30 , -9$()-+?-6#.*+* '(98,5&"&(* 81'8@%2*<(-
/%'$"3--*$"&'-4)%@%*7%$1,(7&", 1'%+%<-,-*'"#4(&*#*1%$%J5:*1'%@'"$$0 COSMOSWorks
<,.  SolidWorks.

[">,-3"  1
!(98,5&"&0*-9$('()-2*'"9$('%+*1%1('(4)%@%*#(4()-.*1%,%#0*-

$"##0*1%@%))%@%*$(&'"*+*6%,%<)%$*#%#&%.)--

[-1
$"&'-30

N"'7"
#1,"+"

VA,
$$Z#

!"9$('0*1%,%#0,
L A, $$

V'(<)(7+"<'"&-4)%(
%&7,%)()-(, $$

N"##"
1 $, @

b s7 s3 b s7 s3 m
1 2 3 4 5 6 7 8 9 10

A,%#7".
6060

8 79,69 5,80 5,75 0,034 0,016 0,025 1235
16 79,64 5,79 5,72 0,013 0,012 0,014 1226

6082
8 79,71 5,78 5,70 0,037 0,011 0,015 1239
16 79,65 5,76 5,67 0,020 0,015 0,018 1230

\%'7"$(')".
6060

8 79,82 5,89 5,84 0,005 0,008 0,014 1260
16 79,80 5,88 5,82 0,011 0,012 0,020 1257

6082
8 79,77 5,86 5,79 0,000 0,011 0,024 1258
16 79,77 5,86 5,77 0,007 0,011 0,012 1255

N"&'-4)02* 7%$1,(7&* +7,:4",* $"&'-38 , 1%<7,"<78, $"&'-4)%(* 7%,53%, $"&'-3(<(' -
H"&(,5, "*&"7H(*%1%')%(*7%,53%*-*>%,5#&('*#*'"9$('"$-, #%%&+(&#&+8:J-$-*8#,%+-.$*S7#1(-
'-$()&" . T,-H"2?-2* ")",%@* $"&('-","* $"&'-30 , 1%<7,"<7-* -* $"&'-4)%@%* 7%,53" – #&",5
b_`N\aV , %1%')%@%*7%,53"*-*>%,5#&('" – 4_`N\V . V4-&",- , 4&%*)%'$",5)%(*)"1'.H()-(
R<"+,()-( ) 1'-,%H()%* 7* 1,%#7%#&.$* 9('7","* $"&'-30* -* /%'7"$('0* -* '"#1'(<(,()%* '"+)% -
$(')% . C'%$(*&%@%, 84&()%*)",-4-(*#-,0 , <(2#&+8:J(2*)"*+)(?)-2*&%'(3*$"&'-4)%@%*7%,5-
3"* #%* #&%'%)0* 7%)&(2)('", "* &"7H(* 9"9%'"* $(H<8* >%7%+0$-* 1%+('6)%#&.$-* $"&'-30, 1%<-
7,"<7-*-*#&()7%2*$"&'-4)%@%*7%,53". Q,-.)-(*&($1('"&8')%@%*'"#?-'()-.*+*<"))%$*#,84"(
)(*84-&0+",- .

Q*'"#4(&(*-#1%,59%+",-*#-,8*1'(##%+")-., %1'(<(,())8:*S7#1('-$()&",5)0$*18&($ ,
<,.*1%,%H()-.*1'(##B?&($1(,. , #%%&+(&#&+8:J(@%*#('(<-)(*84"#&7"*7+"9-#&"3%)"')%@%*&(-
4()-.*<-"@'"$$0*<"+,()-(*+*3-,-)<'(  – 6%<*1'(##B?&($1(,. (1'->,-9-&(,5)%  160 $$ ). ;,.
'"9,-4)06* #7%'%#&(2* 1'(##%+")-.* -*1'%4-6* '"+)06* 8#, %+-2* S&"* #-,"* %&,-4","#5* )(* >%,((
4($*)"  7 %. W)"4()-.*#-,0*1'(##%+")-.*1'-*#7%'%#&-  8 $$Z#*<,.*#1,"+%+ 6060 -  6082 1'-+( -
<()0*+*&">,.  2.  V-,"*<"+,()-.* )"*$"&'-38*#%#&"+,.(&*%7%,% 85  % #8$$"')%2 , #-," , <(2#&-
+8:J".*)"*&%'(3*$"&'-4)%@%*7%,53" – 15 %.

P9$()()-(* '"9$('%+* 1%,%#0* +* '(98,5&"&(* +)(7%)&"7&)%2*1,"#&-4(#7%2*<(/%'$"3-- ,
'"+)%(* '"9)-3(* '(98,5&"&%+* -9$('()-2* -* 8#,%+)06* '"9 $('%+* 1%,%#0, 1'-+(<()0* +* &">, . 2.
O#,%+)0$-*#4-&"($* '"9$('0 , 7%&%'0(* <%,H)"* -$(&5* 1%,%#"* #* 84(&%$* 81'8@%@%* -9$()()-.
7")","*$"&'-30*1%<*)"@'897%2, -*'"9,-4)%@%*&('$-4(#7%@%*'"#?-'()-.*",:$-)-.*-*#&" ,- .
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[">,-3"  2
P9$()()-(*'"9$('%+*1%,%#0*-*7")","*$"&'-30

[-1
$"&'-30

N"'7"
#1,"+"

V-,"
1'(##%-
+")-. ,
NM

P9$()()-(*'"9$('"*7")","
%&*81'8@%2

<(/%'$"3-- , ' , $$

P9$()()-(*'"9$('%+*1%,%#0
%&*+)(7%)&"7&)%2*1,"#&-4(#7%2
<(/%'$"3--*#*84(&%$*81'8@%2
<(/%'$"3-- , ( cL A–(L [

*+' ), $$
' b ' s7 ' s3 ( b ( s7 ( s3

A,%#7".
6060 3,40 0,042 -0,028 -0,067 -0,272 -0,072 -0,083
6082 3,75 0,050 -0,031 -0,074 -0,260 -0,089 -0,126

\%'7"$(' -
)".

6060 3,72 0,031 -0,049 -0,098 -0,131 0,039 0,038
6082 4,46 0,034 -0,059 -0,117 -0,184 0,019 0,007

dL [  – '"9$(' , 7%&%'02*<%,H)"* -$(&5*1%,%#", #* 84(&%$*&('$-4(#7%@%* '"#?-'()-.*$"&'-30
-*8#"<7-*1%,%#0; L A – '(",5)02*'"9$('*1%,%#0*+*6%,%<)%$*#%#&%.)--.

D&$(&-$, 4&%*+#,(<#&+-(*81'8@%2*<(/%'$"3-- (&">,. 2) 7")",*)(9)"4-&(,5)%*8+(,-4- -
+"(&#.*1%*<,-)( (' b) -9B9"*&%@%, 4&%*3()&'",5)".*4"#&5*1'%@->"(&#.*-*<,-))0(*#&()7-*7")","
#$07":&#.  (' s). O$()5?()-(* &%,J-)0* 7")","  (' s) <,.* /%'7"$(')%2* $"&'-30* >%,5?(
)(*&%,57%*+#,(<#&+-(*>%,5?(2*#-,0*1'(##%+")-.*)"*)(2, )%*-*$()5?(2*((*H(#&7%#&5:.

O+(,-4()-(*#7%'%#&-*1'(##%+")-.*1'-+%<-&*7*8$()5?() -:*?-'-)0*-*&%,J-)0*1%,% -
#0 (&">,.1). D>"* 87"9"))06* .+,()-.* #-,5)((*1'%.+,.:&#.* <,.* >%,(( * 1'%4)%@%* #1,"+" 6082
1%*#'"+)()-:*#%*#1,"+%$ 6060.

L)",-9*<"))06*&">, . 2 1%7"90+"(&, 4&%*+)(7%)&"7&)".*1,"#&-4(#7".*<(/%'$"3-.*-$( -
(&*$(#&%*<,.*%>%-6*&-1%+*$"&'-3. M%*<,.*1,%#7-6*$"&'-3*%)"*1'-+%<-&*7*8$()5?()-:*&%,-
J-)0*1%,%#0, "*<,.*/%'7"$(')06  – 7*8+(,-4()-:*&%,J-)0 . _%&.*&"7%(*8+(,-4()-(*-*)(*+(-
,-7% (0,01…0,04 $$ ), )%*&()<()3-.*#%@,"#8(&#.*#*1%,84())0$-*'")((*<"))0$-  [32, 33], 1'- -
4($* 8+(,-4()-(* &%,J-)0* >8<(&* >e,5?-$* 1'-* >e,5?-6* 7% S//-3-()&"6* +0&.H7- . M",-4-(
87"9"))%@%*S//(7&"*1%<&+('H<"(&#.*-*9)"4()-.$-*$"##0*1%@%))%@%*$(&'"*1%,%#0: <,.*/%' -
7"$(')%2*%)"*)"  1,5…2,5 % >%,5?(, 4($*<,.*1,%#7%2.

D&$(&-$, 4&%*1'-$()()-(*/%'7"$(')%2*$"&'-30 , #&81()-*7%&%'%2*+*#('(<-)(*7")","
%&#&%.&*+#(@%*)" 0,5 -  1 $$*%&*7'%$7-*'">%4(@%*1%.#7", %>(#1(4-,%*#8J(#&+())%(*&%'$%H(-
)-(*$(&",,"*+*S&%2*9%)(*<"H(*<,.*%&)%#-&(,5)%*&%,#&%2*1%,%#0*1'-*-#1%,59%+")--*)()8,(-
+%@%*1%.#7"*#*1%#&%.))%2*&%,J-)%2 4 $$ . =&%*1%9+%,.(&*)"<(.&5#.*)"*<%#&"&%4)8:*-9)%#%-
#&%27%#&5*&"7%@%*&-1"*$"&'-30.

[">,-3"  3
[($1('"&8'"*1%,%#*-*$(6")-4(#7-(*#+%2#&+"

[-1*$"&'-30
N"'7"
#1,"+"

VA,
$$Z#

" A,
#V

) +,
NA"

' 5,
%

A,%#7".
6060

8 503 118 21,7
16 519 119 23,6

6082
8 524 160 23,4
16 537 162 25,6

\%'B7"$(')".
6060

8 516 126 28,8
16 527 130 29,3

6082
8 530 166 23,5
16 544 162 24,8
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V-,"*1'(##%+")-. , &($1('"&8'"*-*$(6")-4(#7-(*#+%2#&+"*1%,%#. [($1('"&8'"*1%,%#0 ,
+06%<.J(2*-9*$"&'-30 , -9$('())".*+*#('(<-)(*1%,%#0*1%*<,-)( , 1'-+(<()"*+*&">, . 3. Q-<)%,
4&%*1'(##%+")-(*4('(9*/%'7"$(')8:*$"&'-38*1'-+%<-,% *7*)(#7%,57%*>%,5?($8*1%+0?()-:
&($1('"&8'0*1%*#'"+)()-:*#*1,%#7%2*$"&'-3(2 . A'-*S&%$*<,.*#1,"+" 6060 8<,-)()-(*+%9 -
'%#,%* 1%* #'"+)()-:* #* 1,%#7%2* $"&'-3(2* )" 20…30 %, "* <,.  6082 1'"7&-4(#7-
)(* -9$()-,%#5  (+* 1'(<(,"6  3 %); 1'%4)%#&5* 1%,%#* -9$()-,"#5* )(9)"4-&(,5)%: <,.* #1,"+"
6060+0'%#,"*)"  7…10 %, <,.  6082 – <% 4 %.

D>'">%&7"* '(98,5&"&%+* #* 1%$%J5:* $(&%<"* 1%,)%@%* /"7&%')%@%* S7#1('-$()&" [34]
R1,")*A\=  22*1'(<#&"+,()*+*&">,. 4) 1%9+%,-,"*1%,84-&5*8'"+)()-.*'(@'(##-- , #+.90+":J-(
&($1('"&8'8*1%,%#0, $"7#-$",5)8:*-*$-)-$",5)8:*#-,8*1'(##%+")-. , 1'(<(,0*1'%4)%#&- ,
1,"#&-4)%#&-* -* %&)%#-&(,5)%(* 8<,-)()-(* #* &-1%$* $"&'-30* -* #7%'%#&5:* 1'(##%+")-.
-*%3()-&5*9)"4-$%#&5*7%S//-3-()&%+.

[">,-3"  4
A,")*S7#1('-$()&"

O'%+()5/ /"7&%'0
Q"'5-'8($0(*/"7&%'0

[-1*$"&'-30 V7%'%#&5*1'(##%+")-. , $$Z#
Q('6)-2*8'%+()5  (6i=1) \%'7"$(')". 16

M-H)-2*8'%+()5  (6i=–
1)

A,%#7". 8

C%<*%10&" 61 62

1 + +

2 – +

3 + –

4 – –

D<)%'%<)%#&5*'.<"*<-#1('#-2*%1'(<(,.,"#5*1%*7'-&('- :*C%6'()" . ;,.*9"<"))06*8# -

,%+-2 (8'%+()5*9)"4-$%#&-&=0,05, 7%,-4(#&+%*%10&%+ 4 -*4-#,%*#&(1()(2*#+%>%<0 2) &">-

,-4)%(*9)"4()-(*7'-&('-.*C%6'()"*'"+)%  0,768, <,.*+#(6*S7#1('-$()&%+*'"#4(&)%(*9)"4()-(
7'-&('-.* >0,%* 9)"4-&(,5)%* )-H(* &">,-4)%2* +(,-4-)0* - * )"6%<-,%#5* +* 1'(<(,"6* %& 0,128
<% 0,37. L<(7+"&)%#&5*$%<(,-*1'%+('.,"#5*1%*7'-&('-:*\-?('" .

]-#,())0(* 9)"4()-.* 7%S//-3-()&%+* 8'"+)()-.* '(@'(##- -* 1'(<#&"+,()0* +* &">, . 5;
#&"&-#&-4(#7-*)(9)"4-$0(  (+06%<.J-(*9"*1'(<(,0*<%+('-&(,5)%@%*-)&('+"," , %3()-+"($0(
1%*7'-&('-:*V&5:<()&" ) 1%7"9")0*78'#-+%$.

[">,-3"  5
D>'">%&7"*'(98,5&"&%+*A\=

Q-<*#1,"+" \8)73-.*%&7,-7"
C%S//-3-()&0*'(@'(##--

! 0 ! 1 ! 2

6082 &($1('"&8'"
1%,%#0

533,75 3,25 6,75

6060 516,25 5,25 6,75
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$%&'&()*+,*-.!#(,/0  5

Q-<*#1,"+" \8)73-.*%&7,-7"
C%S//-3-()&0*'(@'(##--

! 0 ! 1 ! 2

6082
1'(<(,*1'%4)%#&-

) +

162,6 1,5 -0,5

6060 123,05 5,05 1,3

6082
%&)%#-&(,5)%(
8<,-)()-( ' 5

24,325 -0,175 0,875

6060 25,85 3,2 0,6

6082 $"7#-$",5)%(
)"1'.H()-(

)"*1'(##B?"2>(

576,75 38,75 18,75

6060 498 35 5,5

6082 $-)-$",5)%(
)"1'.H()-(

)"*1'(##B?"2>(

330,453 24,453 1,203

6060 302,75 15,25 5,75

V&'87&8'"*$(&",,"*1%,%#. L)",-9*#&'87&8'0*1'(##%+"))06*1%,%# 80×6 $$*1%7"90+"-
(&, 4&%*+%*+#(6*#,84".6*-$((&#.*9)"4-&(,5)".*)('"+)%$(')%#&5*+*+(,-4-)(*9(')"*1%*#(4()-:
1'%/-,.  ('-# . 3-5). D7%,%*1%+('6)%#&-*(#&5*&"7*)"90+"($02*7'81)%7'-#&",,-4(#B7-2*%>%<%7
RCCD) [4,  22].  Q*)($*+(,-4-)"*9(')"*7%,(>,(&#.*%&  20 <% 100 $7$. Q*3()&'(*#(4()-.*9(')%
+* #'(<)($* $()5?( , )%*&"7H(* $%H(&* <%#&-@"&5 100 $7$. N(H<8* )-$-* (#&5*1('(6%<)".* 9%)"
#*+(,-4-)%2*9(')"*%& 10 <% 50 $7$. A%<%>)%(*'"#1'(<(,()-(*%1-#")%*-*+ [25]. V*8+(,-4()-($
#7%'%#&-*1'(##%+")-.*)('"+)%$(')%#&5*#&'87&8'0*8+(,-4-+"(&#.  ('-# . 3). D<)"7%*1'%>,($0
)('"+)%$(')%#&-*+(,-4-)0*9(')"*7"#":&#.*&%,57%*#('( <-)0*1%,%#0. D7%,%*7'".*((*#&'87&8-
'"* 6%'%?%* 1'%'">"&0+"(&#., 9(')%* %<)%'%<)%(* -* <%#&"&%4)%* $(,7%( ('-# . 3, +). V'"+)()-(
#&'87&8'0*1%,%#*-9*#1,"+" 6060 1%,84())06*-9*1,%#7%2*-*/%'7"$(')%2*$"&'-30  ('-# . 4) 1%-
7"90+"(&, 4&%*1'-*1'(##%+")--*+*1,%#7%2*$"&'-3(*%7%,%*1%+('6)%#&-*1'(##B-9<(,-.*9(')%
>%,((* $(,7%(* -*+0&.)8&%(* +* )"1'"+,()--* 1'(##%+")-. , %<)"7%* '"9)-3"* S&"* )(* 9)"4-&(,5)"
R+*1'(<(,"6*&%@%*H(*>",,"*9(')"). K,8>-)"*9",(@")-.*CCD*1'-*-#1%,59%+")--*/%'7"$(')%2
$"&'-30*1'->,-9-&(,5)%*)"  30 % $()5?( , 4($*1'-*1'-$()()--*1,%#7%2*$"&'-30 .

Q* 1%,%#"6* -9* #1,"+" 6082 &"7H(* -$((&#.* 7'81)%7'-#&",,-4(#7-2* %>%<%7 ('-# . 5).
*;,.*1%,%#, 1'(##%+"))06*4('(9*/%'7"$(')8:*$"&'-38 , @'")-3"*CCD*%4()5*4(&7"., &%,J-)"
CCD 200…350 $7$. Q*1%,%#"6*-9*1,%#7%2*$"&'-30*@'")-3"*CCD*'"9$0&", "*@,8>-)"*(@%*9",(-
@")-.*@%'"9<%* >F,5?( – 1,5…2 $$ , '"9$('*9(')"* +* CCD* >%,5?(  (<% 1000 $7$*+* )"1'"+,()--
1'(##%+")-. ) 1%*#'"+)()-:*#*/%'7"$(')%2*$"&'-3(2  (<% 500 $7$). W(')%*+*3()&'(*#(4()-.*1%-
,%#0*@%'"9<%*$(,54(: 5…20 $7$*-*+*%>%-6*#,84".6*+0&.)8&%*+<%,5*)"1'"+,()-.*1'(##%+")-..

;,.* 8#&'")()-.*S&%@%*<(/(7&"*$%H)%*'(7%$()<%+"&5*#,(<8:J(( : 8+(,-4-+"&5*+'($.
@%$%@()-9"3--*#,-&7"; 1%+0?"&5*&($1('"&8'8*9"@%&%+7-*<,.*#)-H()-.* '">%&0*<(/%'$"3--
-*1%+0?()-.*&($1('"&8'0*'(7'-#&",,-9"3--  (#%@,"#)%*<"))0$*QUM. f('>0  [4]); -#1%,59%-
+"&5*%6,"H<()-(*"9%&%$*)"*+06%<(*-9*$"&'-30.
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V'"+)()-(* 1%,84())06* '(98,5&"&%+* #* ,-&('"&8')0$-* <" ))0$-* 1%7"90+"(&* #,(<8: -
J(( . M"->%,((*'"#1'%#&'")())0$*.+,.(&#.*$)()-( , 4&%*8+(,-4()-(*#7%'%#&-*-#&(4()-.*1'--
+%<-&*7*'%#&8*&($1('"&8'0*-*#,(<%+"&(,5)%*8+(,-4()-:*9(')"*-*@,8>-)0*9",(@")-.*CCD  [4,
35, 36 -*<' .]. D<)"7%, "+&%'0 [25, 38] 8#&")%+-,-, 4&%*8+(,-4()-(*#7%'%#&-*1'(##%+")-.*<,.
#1,"+"  6082 1'-+%<-&*7*#)-H()-:*@,8>-)0*9",(@")-.*CCD . ["7-(* '"9)%4&()-.*$%@8&*>0&5
#+.9")0*#*@(%$(&'-(2*1'(##%+%@%*-)#&'8$()&"*-*+,-.)-($*<'8@-6*&(6)%,%@-4(#7-6*1"'"$(&-
'%+. ['"<-3-%))%*+*,-&('"&8'(*'(45*-<(&*%>*-#1%,59%+")-- *1,%#7-6 [35-37] -,-*7%)-4(#7-6
[19] $"&'-3 . D<)"7%*&%&*/"7&, 4&%*/%'$"*9"6%<)%2*4"#&-*$"&'-30*+,-.(&*)"*@,8>-)8*1%.#7",
1%<&+('H<":&*-*<"))0(*'">%&0 [39], +*7%&%'%2*'"##$%&'()%*1'(##%+")-(*4('(9*1,%#7-(*$"&-
'-30*#*)(>%,5?%2*%>'"&)%2*7%)8#)%#&5: (+*)(#7%,57%*@'"<8#%+). Q*4"#&)%#&-, $-)-$",5)".
@,8>-)"*CCD*<,.*#1,"+" 6063 )">,:<"(&#.*1'-*7%)8#)%#&-  – 4#.
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!-# . 3. V&'87&8'"*$(&",,"*1('-/('-2)%2*%>,"#&-*1%,%#*-9*#1, "+"*LL 6060, 1'(##%-
+"))06*1'-*#7%'%#&.6 8 $$Z# (! ) -  16 $$Z# (#*- 1) 4('(9*/%'7"$(')8:*$"&'-38 ; 1'%<%,5)%(
#(4()-( : ! *- # – %#5*1%,%#0; 1 – 7'%$7"
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V1 = 8 $$Z# V1 = 16 $$Z#
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QgQD;g
1. A'%+(<()0*S7#1('-$()&",5)0(* -##,(<%+")-.*+,-.)-.*@( %$(&'--* /%'7"$('0*$"& -

'-30* 1'-*1'(##%+")--* ",:$-)-(+06* #1,"+%+* )"* 1"'"$(& '0*@(%$(&'--* -* #&'87&8'8* 1'(##-
-9<(,-2 .

2. A%7"9")%, 4&%*1'(##%+")-(*4('(9*/%'7"$(')8:*$"&'-38*%>(#1(4-+ "(&*$()5?((*%&-
7,%)()-(* '"9$('%+*1%1('(4)%@%*#(4()-.*1%,%#0*%&*)%$-)",5)06 , 4($*+*#,84"(*-#1%,59%+"-
)-.*1,%#7%2*$"&'-30.

3. Q)(7%)&"7&)".*<(/%'$"3-.*-$((&*$(#&%*<,.*%>%-6*&-1%+*$"&'-3 : <,.*1,%#7-6*$"&-
'-3*%)"*1'-+%<-&*7*8$()5?()-:*&%,J-)0*1%,%#0 , "*<,.*/%'7"$(')06  – 7*((*8+(,-4()-: .

4. O#&")%+,()%, 4&%*<,.*#1,"+%+ 6666B2*#('--*1'(##%+")-(*4('(9* /%'7"$(')8:*$"& -
'-38*1'-+%<-&*7*8$()5?()-:*@,8>-)0*9",(@")-.*CCD*1% *#'"+)()-:*#*1'(##%+")-($*+*1,% -
#7%2*$"&'-3(.

5. O+(,-4()-(*#7%'%#&-*-#&(4()-.*1'-*-#1%,59%+")--* /%' 7"$(')%2*$"&'-30*1'-+% -
<-&*7*)(7%&%'%$8*8$()5?()-:*@,8>-)0*9",(@")-.*CCD (<,.*LL 6060) ,->%*#%6'")()-:*S&%2
+(,-4-)0*)"*&%$*H(*8'%+)(  (<,.*LL 6082).
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