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I"HSYOHE ()*)+&, *-I'. &-+& ' +) *#/0'%)' 1) 283, I-
-"3,-3,896%604' (*&335#67&"#8'H#6')"9+#Y6#&104'3(")!-!

J<=) L %, Y%i>="+ L, 1?@ABCD >+

PHHSY0&!)%0* +,-.)-(* 1%6'$0% 1'(HHY%+%62* $'&-30% )" &Yod) YoH&5$(6")-A(HT-(* #H+%2H&+"
- H8'BT&BB* 1'(#HY%+")06* 1%,%#* "9$(%$ 80x6 $$* -9* " $-)-(+06* #1,"+%+  AAG060
- AABDS2. ;.* ")"-O™ -#1%,50%+""H#5* 1.96H7"*F $"&-3" #* 1((S( ))%2* <,-)%2* 1%.H#7"
*$"8'-3" HY* HEBL (4" &Y62* 1% T (%6 2* - 1%6HEYH.) Y% ¥ 2* 1% #T" = THL(-$(&" 5)%*<%7"9")%,
A8Ye* 1'(#HYo+")-(* 4((9* 19%'T"$()8:* $'&-38* Vo> (H1(4-+ "(&*$052((*%&7,%)()-(* "9$(Yo+* 1%1(-
'(4)%@YoHH(A()-* 1%, YoH0* Y& *)%6$-)" 5)DB(SH+*#, 84" (*-#1%,59%+")- * 1, YoHT%2*$"&'-30NY% 79"
)% 48%* <, * #1+%46666B2* #(--* 1'(FHY%+)-(* 4((9* PAT'S()8* $'&-38* 1 '+%6<-&
7%8$()52()-*@,8>-)0*9" (@")- *CCD*LUM " +)()- 1 (HHY+")-($*+*1, YoH 7% 2*$"&'-3(

169@,.)88%* +1,-+* [%'S-* 1'(H%+%E* $'&-3F* )"* &%4)F$EB)FA)F* +, "H&+YoH&F
F* #&'87&8'8% 1'(#%+")-6* 2&">* '%ISFIYBH*6 $$* 9+ :$F)FG+-6* #1,"+FAAB060 - AAB082.
R ) FQME 7% H&Yo+ 84" "HE* 1,96H#7"™ $"&'-3.* OF* OPB6:* <%b+H-)%:* 1"HT"* F* $'&'-3.
OF* #BF<4"H&Yo™ 1%'T"$(%:* F* 1%#&F2)%:* <%+H-)%:* 1'H#L(-$0&",5)%* <%7"9")%,
J%* 1'(#8+").* 4('(9* 1% 7"$()8* $"&'-3:*9">(91(48G*$  ()2(*+F<6-,()).*'%9SF F+* 1%1((4 -
)%@%*1((FI8*2&">-*+F<*)%$-)",5): GFH*8*+-1"<78*+-7%"-#&")). * 1, Yo# TUE*$"&'- BD6 79"
)% J%* <,.* #1,"+F+ 6666B2* #(FE* 1'(#8+").* 4((9* /%'7"$()8* $'&'-3* 1'-  9+%<-&5
<%* 9$02().* @,->-)-* 9" F@")).* @'8>%B7'-#&" FA)%@REF<7" 1%'F+).)%* 9* 1'(#8+").$
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 stgection cup and constant band length were used
for analysis. It was experimentally proved that extmghrough step die provides less deflection
of cross-section dimensions from nominative ones thacase 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.

K%,%+7%*\. <B"*&(6) )"87, <%37"/(<'0*DN;*MN(&LO
golovkos@ua.fm

M%+"7*N <-1,%%-" .-)H()( ,)"84.#%&8<PNKO

C895%-)"*D. N.. 7M<. &(6).)"87, <%37"/(<'0*DN;*MN(&LO

MN(ZLO — M"3-06)" 5)" *$(&", 8@-4(H7" *'7"<($-+O7"-)0
PNKO — P)#&-&8&*$"&(I'",%+(<()-_*@"))%+(I#7%@%*8)_+('#_&l(&|<(l$||)_.
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E71 621.777
L= L %, Y%i<>="+ L, 1?@ABCD> -+

I"HSYOHE ()*)+&, *-I'. &-+& *HH+) *#/0'%)' 1)2&.3,I-
-"3,-3,896%604' (*&:335#67&"#8'#6")"9+#Y6#&104'3(")!-!

CA(H&+%*,:>%@%*-9<(,-. *% 1'(<(,.(&H#. ¥ T%$L, (THY S B(& Yo+. Q*<"))%2*">%&(*"#
HE &'+ (&H. ¥Q"+-H-SYH&E*) (HT%,57-6*%0#) Yo+) 06+ L YR Y2* 7" A (H&+" (&% 4) YoH&* @ (%$(&-4(
HT-6%"98('%0+, $(6")-4(HT-6*H+% 24#&+*-*#8&'ST&B0*$(&",,) Y&*/%'$0*9"6%<)%2* 4" H&-*$"&. -
30, "*-$())%* )" ,-4-* 16 TS(0 1'% L'(HHY+")-* -9<(,-2% -9 " :$-)-(+06* #1,"+%+
LL 6060 -* LL 6082. "##$%&-$* -$(:J-(#.* +* -&("&8'(* <"))0( L T I-(F T H<%2
-9*87"9"))06*6™" T&(-H&-T*7"A(H&+"* 1 (##B-9<(,-. .

M"™* &6 4)YoH&S* 1'%/-, (2% +,-..&* &"T-(* 1""$(&'0 , 7"7*-9%()()-(* "OB(Yo+* +#,(<H&*(
&('S-AHTY@Yo* "H?-()- *- -+ BH'<T-*$"&'-30%-*1'%/-,  .; BL'8@".*<(/%'$"3-.*-)H#&'SS() -
&" +)(T9)&"7&)" * 1, " H&-A(HT" *<(/%'$"3- * 1'(##B-9<(,-. , )"& H()-(*&.)8I(@%* BH& Yo 24&+"
R18,,(" ), 1"+7"*"#& H()-($*-*1'

Q,-)-(&('$-AHTY@%*"#?-'()- *-*8H#'<T-*)"*"9$('0  *1'U/-,(2*1'-+(<()%*+ [1-3].

D1-#"-(*81'8@%2*<(/%'$"3--*9"&'8<) () %*&($, 4&Y* T "H<" *$"&'-3"*-$((&*H+%o-*-)<-
+-<8" 5)0(*"9$(0*-*H(H&TYH&ES . L)" -&-4(H#T%(*%1'(<(,()-(*81'8@%2* <(/%'$"3--*$(&%<" -
$*H%L'Y&+,()-* $"&(-",%+* +069$%H) %) " 1'-$(  , 7"7*1'-+(<()%* + [4]), %<)"7%* 1'-* S&%$
1-)-$":&#.* #8JI(H&+()0(* <%18J()-.* %&)%oH-&(,5)%* 1%’  $0* $"&'-30 , 4&%* #)-H"(&* &%64
)UH&S* &"T-6%'(20)-2 . T, ((*1"+-,5)0$* 1'(<H&"+,.(&#.* "#A(&* 81'8@% 2* <(/%6$"3--*-JH& -
'BH&"* #* 19%$%I5:* %<)%2* -9% -9+(#&)06* TY%$S(A(#7-6%6J(4)%BS,($()&)06* 1'%@"'$$
R7"7T*1'(<#&"+,(0)%*5, 6])-,-)"*>"9(*%"-@-)",5)06*$%<(,(2 ()"1-$( , [7]).

Q*">%&([5] "#4(8&)0$* 18&($* %1'(<(,()%*8$()52()-(*&%,J-)0*1'.$%  8@%,5)06* 1%
Yo #59 -4)0$*%6&)%2()-($*2--)0 | 7*&9%,J-)( b, 1'(#H#8($06*4('(9*/%'T"$()8:*$"& -
38 . A%7"9")%48Y6*<, *1'V/-, H*1%L((4)0$*#(4()-($71,%JI"<5:  1200$$ >*-*%&)%?()-($
/b = 12...3085()52()-(*&%,J-)0* 1%, U6H#0* #%o#& +-8&* %&,05 <%0, 1 $$ . Q"H)%*%&$(&-&B&Y
1-$00)-(* /%' 7"$()06* $"&'-3* %>(H1(4-+"(&* 1,%HTY%HE -* +6%<"* $(&",,"™* +* 7")" * 7% )(2-
&" 5)%SEH(4()-*$"&"-30*1'-+-9@->(  [8, 9], 4&%*1'-+%<-&*T*8$()52()-*+,-.)-. *81'8@%2
<(1%'$"3--%)"*&Y%64) YoH&5*1'%/- (2 .

PS(:J-(#.*#+(<()- *%*+) (7%)&"78)%2* <(/%'$"3--*$(&", ,"*)"™*+06%<(*-9*7" ->'8: -
J(@%* 1%.#7" $'&'-30* %@")-4()0 Q [10] 87"90+"(&#* -25, 48&%* -$((&#.* +%9$%H)%H&S
&"7%)"90+"($%2% +)(7%)&"78)%2* <(1%'$"3 &U()(7%8&%' % @%* 1"'7 &-A(H#T-*%4()5* ) (>%,5?%@%
85()52()-.* <-"$(&"* 1'8&7"* 1%+, (* (@Y%* +06%<"* -O* V>R J (2% 4"H&-* 1,"H#&-A(#T%2* 9%)O0,
L+&%'0[11] 1%7"9" -, 4&%*<,.*1%&()3-",5)% @%* 1%, *#7% Yo#&(2* % A" @* (IS BHE" -
).(&H#.*9" 1 Yo HTYH&E* Y AT *$" &' s B (-S((&H.*+) (T%) &"T&)" *<(/%'$"3-. ; 1'-*S&U$*1'-*-#
&(A0)-*$(&",,"*-9%$"&'-3*+969$%H) %* #8H()- (* 1%, %6#0D<) " 7%* #,(<8(&* %6 &$(&-8ERY6* 9" <"4-
T(HH%+")-. | "HHS"& - +"($O(* +*87"9"))06*">%&"6 [10, 11]%&,-4":&#.%)(>%,5?-$-*7%S/ -
[-3-0&"$-*+0&HT- " (<UD), 48%*)(*6""T&()%*<, #, 84" *1'(H#Y6+")- *&Y6) T%H#&()6*1 %
[-(2% -9% " :$-)-(+06* #1,"+%+* )-979%2% -* #(<)(2* 1'%4)  %#& (1'- "* 1%'.<7" 40...120).
VBI(#&+())%(*-98()()-(* "9B(%6+* 1%1((4)%@Ye* #(4()-. * 1%, %6H0* 1%*#"+)()-:* #* "9$("'$-
$'&'-30% -$((&* BH&Y* 1'-* 1'(##%+")* 1)(,(2  [12], %<)"7%* #+.9")0* %)-1'(H<(* +#(@%
#* 81'8@%2* -* 1,"#&-A(HT7%2* <(/%'$"3-(2* $"&"-4) %@ % 1TOR&", +#,(<H#&+-(* 9)"4-&(,5)%2
)(H)%S()%HE*  HL(<(0-F )%'$"5)%@%* )'1.H()-  * 1%* 9(7".8* $'&-30 .
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Q*">%&([13] 87"90+"(&#.* -?5 , 4&%* +)(7%)&"T&)" * <(/%'$"3-.* %&'-3"&(,5)%* #7"90+" (&
)"* 8964 Yot &*1'%%/- (2

Q*">%&([14] )™ %oH)%+")--* STHL(-$()&",5)06* <"))06* #<(,")%* )#T% ,57%*+"H)06
+0+%6<0 ' (HH%+")-(*4((9* 7%)-A(HT-(*$"&'-30% 1%*#"+)()-*#  *1,%H#7-$-*1%9+%,.:8&*1%:,8
4"&5* $()52-(* %&7,%)()-* "9(%o+* 1'%/-,.* 106* %&)%2() -+ 7* “9$("$* 7)","* $"&-30  ;
") % @-4)%(*+,-.)-(*% T 90+ (&*#)-HO-(*)"1 HO-*&  (784(H&*1'(#H#8($%@%*$(&" = 4($
96)%%)-H( &($*&Y%4)((*1'%/-,5; 8+(,-4()-(*<,-) 0% 1% #7"*1%-+07?"(&*&%64)Y%oH#&S5

Q*"">%&([15] ")",-O-'8(&# ¥+ -.)-(“HT Y% Vot &-*-H#&(A()- *-*I1%'S0*L'  Yol-,.*)"*H#&'ST -
&8'8*B(&",, ") 1'-$('(* 1%, %H0* #* T'%S$7"$-*&%,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+%<,
A&Y*<Y%$-)-'8:3-$*/"T&Y6' VoS  +,. (8t *HT %' VoH&S*-HE(AE) . CHHY%H",()-1 , -9*">%&0*)(* #)"
@ (%D (&'-.*9"6%<) %2+ 4" H&-*$" &' -30%-*((*+,-.)-(*) *#EBT&B'B*$(&",,"*1'Y%/-,.

AY%108&7-*%3()-&5* +,-.)-(*9"6%<)%2*/%'$0*$"&-30*<(," :&#.*+*">%&"6[16-18]. Q*4™
H&)YH&"+&Y'0[16, 17]1'%1"@")<-'8:&*-#1%,59%+")-(*1,%6H#7-6*$"&'-3*#*%6>")862* 7%) 8H#)%
#&5: (94...108) <,.*83()52()-.*@,8>-)0%0",(@")-*7'8L)% 7"-#&",,-4(#  T%@%*%>%<T"

Q*">%&([19] 1'(<#&"+,()0*'(98,5&"&0* STHL(-$()&" 5)06* -, (<%+" )-2 , +*7%&%'06
7" 0*STHL(-$()&",5)06+$"&'-3*+01%,).,#5*#*1(($  ())0$*8@,%$*)"7,%)": O# (1,%#7%(
9('7",%) — O OH-BOH OH—75# BOH-T75% A%T"9")%4&%*>%, ((*+0H%7-2*@"<-()&* #&(1()-*<(/%'
$"3--* LU H(A()-*+*#,84" (*1".$% @%*8@, ™ 1((6%<"*BE" "*$"&'-30*+*7")",  (Of) 1'-+%<-&
7%>9%,52(2* @,8>-)(* 1'-1%-+('6) %#&)%2* (7'-#&",,-9%+")%2* 9%) 0Q* S&%2* 9%) (*9(')%*)"* 1%
' <OBTFB(,54(, H(SHH0H)%+) %S B(&",, 06<)"T%* (45*+* S&YS*#,84" (*2,"* U+ 1' (HH#Yo+")--*1'8& 7"
-9% +0#%7%1'%4)% @%* #A1-5,9Zn-1,5Mg-0,7Cu-0,12Z0'-* &($1("&8'(* 9" @% &Y%+ T5 15N .
KA BA" X 1 (HHYo+")- * %6&)YoH-&(,5)%0* &%) TY#&()) 06* Bbl-, (2* #* >%,52-$* 7%S//-3-()&%S$
+0&H7-+1"- " \F480N (>%,((*1'->,-H()%@%*7*1'%$07?,()%2*1"7&-7( ) "+&%'0*+"5-%o+" -
<)8 (h=0...25$$) -*87,%) (8@%,*&%'$%H()S = 0...10) 1%.4#7" OH#&")%+,()% 48%6*)"-$()5-
2% @,8>)* 9" (@")-.* T'8L) % T-#&", -AHT% @Yo* Yo>YokTH((&* H&Y* 1'-* <,-)(* 1% .#7" 10$$
*8@,(5# " 5)(22((*8+(,-4()-(*<,-)0* 1% HT"++(<(&* T*&%$8 , 48%6*"9$(*9()"*+*CCD*$()52( ,
H$*1- h=10$$, )%* "9B(0* 7'81)%7"-H&", -A(#HT%2* 1(-/(-2)%2* 9%)0* @% "9<%* >%,57(
& TH(*8+(,-4-+"(&#.*+('%.&)YoH&5* 1%.+,()- *&'(J-) . O+(,-4()-(*8@," $*<VA O 1'-+%<-&*7*1%
4,0-9"<%+ . Q*">06&"G19-21] 1%7"9")%A&Y%6* ,:>%(* 85()52()-(*)("+)%S()VH&* (/%' -
$'3-F100HH(A()- 1 (HHB-O<(, - FH(<(&FT*%>""9%+")-* >0, ((*"+)%$() %2 48 ST&S0*$(&",," .

PS((&.* <YH&"8I64)%6*$)% @Yo 19648 J()06* 1' V63 (HHE* (T-#&",-9"3-+1'-* 1'(##% -
) H&IBTES (*@Y8Y6+06*1%,8/">'- 7" QYo A" HE) Yot EY6>" 0% +")-*T' 1) %6 7'-H&.", -AHT% @Y%
06>06<7" +%)-Bl, 22 +<" ], DE&PS(&-S, 4&YG* +* >0, 5P-JH&+(* -6+ "HHS"&'-+" & * #1,"+0* #(<)(2
* +0HYTY62* 1'%A)%HE&* %e)%+)%$ <" - . V1,"+0* #-#&S0 AFMg-Si %>04)%* 1'(##8:&
1'-*19%6+02() 06*&($L("&8"6**HT% Yot &. 6* L' (HH#Yo+")-. , A8%>0*%>(#1(4-&5*1'%+(<()-(9"7" 7-
R )-F L AR @' (+H(F1%<59"T" T8 ) (* )+ 1\ (#H ™ S&-H#1,"+0*# 7,%))0* T*%>"9%+")-:
@'8>%2*7'81)%9()-#E&Y62*#&'ST&ED, 4].

X(,5:% <)% @%* ##, (<Yo+")-* +,.(&FHF")" 9% +,-)-. ) " -4-*[%'T"$(0*)"* &%4 -
)UHES* @ (Yo$(&'-A(HT-6* IS (Y B(6")-A(HT-(*#+Vo 2H&+"* * #8&'8T&S'S*$(&",,"* 1 (##B-9,-2
“9*" $)-(+06*#1,"+0b+*H#-#&(30  Al-Mg-Si.

=TH1(-$()&0* >0,-* 1'%+(<()0* )"™* @%'-9%)&" 5)%$* @-<"'+,-4(HT%$* 1 (HH#(* 8#-,-($
10 NM*P)#8-&8&"+$"& (=" %o-+(<()- *K"))%o+(H7% @%*8)-+(H&(&"-$. Y(2>)-3" (-# . 1) [28].
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P#1%,59%+",-#5% )(1'(0+)%* ,-&0(* 9"@%&Y%+7-* -9 " :$Y+06* #1,"+%+ AABO60
- AAB082 <,-)%2 260...300$$* -* <-"$(&'%S$ 120$$. A'(##B-9<(-. — 1% %H#0* "9$(%$
801 6$$. QUB-06+" -#5* $"7" #1"+" | &-1* $'&'-30% -* #T%'U%H&S* 1(($(J()-* 1'(## -
2&($1(,. ,Va: 8- 16$$Z#

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

A (HHYo+")-(* YoHBI(HE&,., YoH5* 4('(9% 1,%HT-(* */%'7"$(' )O(* <+86#&81()4"&0(*$"& - -
30 (“# . 2). A%#,(<)-(*-$(,-* LU6#8&%.))8:* <,-)8* ">%A(@%* 1% #7""+)8:  4$$. N"&'-30
>0,-* #1'06(7&-'%+")0* ")((* <, .* 1 (##%+")-* $"@)-(+%@ %* #1,"+"AZ31 (>,-H"2?2-2*")" %@
1%*KDV[— NL 2). \%'7"$()" *$"&"-3"*-$(,"*/%'7"$('8* 1(($()) %2* ?- - )0, MH -
IBHHFT %> "H&-*&BL-TY+*T")" "

I, 2.](&(H-*1,%#7%2 (1) -*#&81()4"8&%2*/%'7"$()%2 (#) $"&'-3

A(#HY%+")-(* 1'% +%<-,-*>(9* 1((<)(@%*)"&.H()-. . PO$(()-(*&($1("&8'0*1%+(6)% -
#&-*1%,%6H0* 1'%+ 00<- ~+H*1%$%I5:+ 84)%2* 7%)&" T&)BBALO ; #(<):*&($1("&8'8*1% -
YoH0*)"* +06%<(*-9*$"&'-30% 1('(#4-&O+",-* 196*<")) 0$*9"$('Vo+*#* 84 (&% $* "#H#&%.)- * % &*$"&
- 30* <V S(H& *-9B(()- *-*HTV%'VoH&-*1'%/-,. . A%H#,(*%6,"H<()-.*1'%/-, *-9%(.,-*&%,J- -
)8*)" 3-6*84"H&T"6*1%*<,-)(* 1%, %H04" % , #((<-)"*-*7%)(3 ): +*7"H<%$*-9%)-6*8 &%47"6
) HHRY. ) 2. .BSBHI&F T, - +4 &YAT 6 +¥%>, "H&-*1'06<Y0,5)%2* Yo#t-* 19BYoMVoH &5 -
$(0-2 90,0058 . V*&"7%2*H(*&%4)%#H&5:* IB1"$-*-9$('.,-*?--)8*7")","™*  $"&'-30 . P98
A0-(*  H&'ST&BO0*  106+%<--* +*  1%,.-0%+")%$* #+(&( -10*  @%&Y%b+- -
#* #1%,59%+")-($* S,(78'%,-&-AHT%@Yo* &"+,()-* +*&#%'( 5 $, 35%2* &(&"1&%">%')%2
7-#,%8&Q 2008, *<-#8&-, -'%+"))%2*+%<0.

V') ()-(* @(%$(&'--* 1%, %oH0* -* 7" " $"&'-30 . I"9$('0* 7")","* $"&'-30% 1'-*7%$ -
)"&)%2* &($L1("&8!(* +* %>%-6* #,84".6* #U#&"+,.80,39- 5,97$$. C%S//-3-()&* ,-)(2)%@%
MEDL()- X< K HE - 4 N\aV* +* &($1("&8")%$* <-"1"9%)(  20...408V*"+() 16-10° 1/C
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1%*<"))0$ [29]. VYo @,"#)9480], 7%S//-3-()&0*,-)(2)% @%*""#?-'()-. &*":$-)-(+06*#1," -
+%6060- 60821'-*7%3$)"&)%2*&($1("&8'(*""+)0 . A-)-$".*+%*+)-$")-( , 4&%*1%*#+(<()-
$ [31] 7%S/-3-0)& &*<,*4-#&%@%*",:$-)-.*,-)(2)%* +%9"#&" (&* +* <-"1"9%)200...500V
*STH#H&E"1%,-'8.*<")0( , 1'-+(<())0(*+ [30] <,.*#1,"+" 6060+*<-"1"9%)(20...30@/, 1'-)- -
$'($ &*<,.*87"9")06*#1,"+%+*1'- 4508V*"'+)0$ 27,3-1¢° 1/C. I#,-*)(* 84-&0+"&5* <'8@-6
["71&%'%+ "* ,-?5* &('$-4(#H7%(* "#?-'()-(* $"&'-30* -* 1%#,(<8:J8: * 8H#'<78* 1'%/-,.
1'-*%6,"H<()-- , "9%$(*1%,84())06*",:$-)-(+06*1%,%#*<%,H()*>0&5*"'+ () 79,92 5,90%%
R)-H( —"9$(*L ). Q*&">, 11'-+(<()"™*?-"-)"*1'(##%+"))06*1%,%# b, -6*&%,J-)"*)"*7""
s-*+*3()&'( $3*1%1('(4)%@%*#(4()-*&" TH(*#' (<).. *L%* +#(2*<,-) (*$"##"* 1% @ %)) %o @ % *$(&™

- X%1'(<(,0-*""9%('%+* 7")","* $"&'-30 , ~98()-+?-6#.* +*'(98,5&"&(* 81'8@% 2* <(
1%'$"3--*$"&"-4)% @%* 7%3$1,(7&" 1'%+%<-,-*"#4(&*#* 1%$%I5:* 1'% @ " $SCOSMOSWorks
<,. SolidWorks.

[>-3" 1
1(98,5&"&0*-9$('()-2*"9$('%+*1%1('(4) % @Yo #(4()-. *1 %, YoH0*-
$"##0*1% @%)) % @ %*$(&"*+*6%, %<) % $*#Yo# &Y. )--
[-1 N™7" Va, !"9$('|(_) *1?%%#0 , V'(;)((&77+;'/< )(()&(4%?( Ii"g#;@
won . A 0&7,%)()-(, :
$"&'-30 #1,"+ $SZ# b S - b o - -
1 2 3 4 5 6 7 8 9 10
6060 8 79,69 | 5804 5,7 0,034 0,016 0,025 1235
A OpHT" 16 79,64| 5,79] 5,72 0,01_3 0,012 0,014 1226
’ 6082 8 79,71 | 5,78 5,79 0,03y 0,011 0,015 1239
16 79,65| 5,76 5,6 0,020 0,015 0,018 1230
6060 8 79,82 589 584 0,005 0,008 0,014 1260
\9%'7"$()" 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 5,74 0,00y 0,011 0,012 1255

N"&'-4)02* 7%$1,(7&* +7,:4" *$"&'-38 , 1%<7,"<78 $"&'-4)%(* 7%,53%$"&-3(<(* -
H'&(,5, "*&" TH(*%1%")%(*7%,53%*-*>%, G#&("*#*" 9B (' §%6%6 &+ (8#&+8:J-$-+8#, Yo +- $*STH1(
LS0&" . T,-H"22-2% ") 6@* $'&(-","* $'&-30  , 1%<7,"<7-* -+ $"&"-4)%@%* 7%,53"#&" 5
b "N\aV |, %1%)%@%* 7%,53"-*>% S#&" "N\ . VA4-&" - | 4&%*)%'$",5)%(*)"1 . H()-(
R<"+,0)-( ) 1-%H()%* 7* 1, %#7%#8&.$* 9('7","* $"&'-30% -* [%'7"$(0* -*"#1'(<(,()%* "+)% -
$()% . C'%$(*&Y6@BA&()%*)" -4-(*#-,0 , <(2H&+8:J(2*)"*+)(?)-2*&%'(3*$"&'-4) % @%*7%,5
3" #9o* #&%'%)0* 7%)&(2)("™* &"TH(* 9"9%"* $(H<8* >% 7%+0$-* 1%-+('6)%#&.$-* $"&'-3DV6<
7,"<T -+ H&()T%2*$"&'-4) % @%* 7% ,53'-.)-(*&($1("&8) Y @Yo*"#7?-'()-. * +*<")) % $*#,84"(
)(*84-&0+" - .

Q*"HA(&(* #1%,59%-+",-*#- 8 1'(##%+")-, %1'(<(,())8:* STHL(-$()&",5)0$* 18&($ |
<, *1%,9%H()-* L'(##B2&(S1(,. , #%%8+(8HE&+8:I(@Yo*#('(<-)(* 84" HET"* T+"9-#&"3%)" YBAQ %
A()-*<-"@"$P0*<"+,()-(+*3--)<'( — B%<+1'(##B?&($L(,. (1->,-9-&(,5)% 160$3). ;..

"0, -4)06* H7% Yot &(2* 1'(HHYo+")-.* -* 1'064-6* "+)06* BH#, Yo+-2* S&"* #- "% 06&,-4" "H5* ) (* >%, ((
AS$H)" T %.W)"A()- < #- 0% 1'(#H%+")- * 1'+HT% Yo#t&- 8 $SZH*<, *#1,"+%-6060- 60821'-+( -
<OO*+*&"> .. 2. V=¥ <"+ ()-.%)"* $"&'-38* HOLHE"+,.(&* %7%,% 85 % #8$$™)%2 , #-," , <(2#&
+8:0" %) &% (3*$"&'-4) % @%*7%,53™ 15 %.

PO$()()-(* "9$(Yo+* 1%, %6#0* +*'(98,5&"&(* +)(7%)&"T&)TE 1, H#8&-A(HT%2* <(1%'$"3-,
")0(* "9)-3(*(98,5&"8&%6+* -9$('()-2% -* 8H#,%+)06* "9 $('%6+* 1%, %6#01'-+(<()0* +* &">, . 2.
O#,%+)0$-* #4-&"($* "9$('0 , 79%&%'0(* <%, H)" -$(&5* 1%, %#"* #* 84(8&%$* 81'8@% @Yo* -95()
7" S & -30*1%<*)"@'897%2 *"9,-4)% @ %o+ &( -4 (HTY @Yo "H?-' (). *" 1 $-)- F-+H&"



I"#$06&'()*+,-./)0'1234,5%)0'6,78%)+91:5%)0',/,126:0 . 3E (14), 2008 32

['>-3" 2
PI$()()-(*"9$('%+*1%,%#0*-*7")" "*$"&'-30

. e P9$()()-(*""9%$('%+*1%,%#0
V=" PISO0-CTIS(" ", 00&*+)(7%)&"7&)%2* 1, "H&-A(#71%2

$"a[§:'%30 #Nl T, | L <(/O/Z{‘j$‘?f;*_3_1 8@"{;; <(1%'$"3--+484(8%3$*81'8@%2
’ an o <(%'$"3- ,(cLa(L;'+), $$
‘b 'S ' S3 (b (s (Ss
6060 | 3,40 | 0,042 | -0,028] 0,067 _ 0,272 -0,01 0,083

\%'7"$(" -| 6060 3,72 | 0,031 | -0,049] -0,09§ -0,13 0,03 0,038
)" 6082 4,46 | 0,034 | -0,059] -0,1171 -0,18 0,019 0,007

dLp —"9$( , 7%89'02* <%, H)"* -$(&5* 1%, Yot BA4(8%$* &('$-4(HT%@%* "#2-()-.*$"&"-30
*BH"<T-*1%,%6H0L o —'(",5)02*"9$( 1% Y6H0*+*6%,%<)Y6$*H06#8%.) -

DE&S(&-$, 4&Yo*+#, (<H#&+-(*81'8@%2*<(/%'$"A&">,. 2) 7")"*)(9)"4-&(,5)%*8+(,-4- -
+'(&H#.*1%*<,-)( (' b) -9B9"* &% @8&B6*3()&",5)" * 4 "#&5*1'Y@->"(&H.*-*<,-)) O(*#& () 7-7")","
H$07"&#. ('9). 0$0)52()-(* &%,J-)0* 7")"," (9 <.* 1% T7"$()%2* $"&-30* >%,57(
)(*89%,57%*+#, (<H&+-(*>%, 52 (24, 0% 1' (#H#Y6+")- ¥) )R, )%*-*$()52(2*((*H (H&TYoHE&S:

O+(,-4()-(*HT% Yot &-*1'(H#%+")- *1'-+%<-&*T*8$()5?() -*?-'-)0%-*&%,J-)0*1%,% -
#0 (&">,.1). D>"*87"9"))06* .+,()-* #-5)(* 1'% .+, . &#.* <, *>%, (( *1'%4)%@%* #1,"6082
1O 4" +)()-*H%*#1,"+%$ 6060,

L)",-9*<"))06*&">, . 2 1%7"90+"(&A&Ye*+)(T%)&"7&)" *1,"#&-AHT" *<(1%'$"3-.*-$( -
(&*S(HE&Y6*<, *Yo>V0-6*&-1%6+*$"8MB6* <, * 1, %6#T-6+$"&'-3%06)"* 1'-+06<-&* 7*8$()572()-:*&%b;
J-)0*1%,%#0, "*<, *%'7"$()06  — 7*8+(,-4()-*&%,3-)0 . 96&*&"TYb(*8+(,-4()-(*-*)(*+(-
-7% (0,01...0,048$), )%*&()<()3-.*#% @ ,"H#8(&#.*#*1%,84())0$-*")((*<")0$- [32, 33],1" -
A($* 8+(,-4()-(* &%, J-)0* >8<(&* >e,57-$* 1'-* >,57-6¥ 7%  S//-3-()&"6* +0& H7- . M" -4-(
87"9")% @%* SI/(7&"* 1%<&+('H<"(&#.*-*9)"4()-. $-*$"HE* 1% @ %)) %o @%* $(&"™* 1% 96H06' -
7"$()%2%%)")" 1,5...2,5 %>%,52(, 4($*<,.*1,%#7%2

D&$(&-$, 4&%*1-$()()-(*/%'7T"$()%2*$"&'-30 , H&BL()-*7%&%'%o2* +*#('(<-)(*7")","
UO&HEYo.&* +H(@OB)' 1 $$*%68&* 7'%S7-*">%A(@Y%* 1% W1 (4-,%* #8I(H&+()) %6 (* &%6'$Y6H(
)-(*$(&",,"*+* S&I62*9%6) (*<"H(*<,.* %6 &) Vo#-&(,5)%* &Y% MBI #HO* 1'-*-#1%,59%+")--*) ()8, (-
+0@%* 1% 7" #* 1%#8%.))%2* 8Ye $$%628%6* 1%9+%, .(8*)"<(.&5#.*)"™* <Yb#&" &Y% 4)8:*-9) %6 #%
H&Yb2TYHEE*&" T%@%*&-1"$"&'-30

2 2
O n
AT 6082 | 3,75 | 0,050 | -0,031] 0,074  -0,260 _ -0,089 _ -0,1%6
0 o
i

['>-3" 3
[($1("&8"*1%, Yot*-*$(6")-4(HT-(*H+ Vo 2H8+"
o N™7" Va, A | ) s "5,
- * -

[-1*$°&'-30 #1,"+" $$7# | W | NA" %
8 503 | 118 217
N 6060 16 519 | 119 236
/O 5082 8 524 | 160 23.4
16 537 | 162 256
8 516 | 126 288
BT 6060 16 527 | 130 293
° : 5082 8 530 | 166 23,5
16 544 | 162 248
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V- L% +)-. | &(S1("&B™ -+ $(6")-A(HT- (*H#+ Y6 2H8+"* 1%, % ($1("&8"* 1%, %#0 |
+06%<.J(2*-9*$"&'-30 , -9$('())".*+*#('(<-) (*1%,%#0*1%*<,-)( , 1'-+(<()"*+*&">, . 3.Q-<)%
48Y0* 1" (HH%+")-(*4((9* 1% T"$()8:*$"&-38* 1'-+06<-,%  *T*)(#7%,57%*>%,57($8*1%+07?()-:
&(SL("&BO* 1%+ #"+)()-*#* 1, %o#T%2*$"&'-3(2 . A'-* S&Y%$* <, *#1,"+" 6060 8<,-)()-(*+%9 -
ot %% 1%* #"+)()-*F #* 1,96#7%2% $'&-3(2* )" 20...30 %, "* <,. 6082 1"7&-A(H#HT-
)(*-9$0)-%#5 (+* 1'(<(,"6 3 %); 1'%4)%H&S* 1%, %#* -9%()-,"#5* )(9)"4-&(,5)%<, . * #1,"+"
6060+0'%#,")" 7...10 %,<,. 6082 —<%4 %.

D>">06&87"* '(98,5&"&%+* #* 1%$%J5:* $(&%6<"* 1%,)%@%* ["7&%')%@%* STAMIS()&"
RL, VA= 22%1'(<H&"+,()*++&">,. 4) 1%9+%, - "*1%6,84-8&5*8"+)()-.* (@' (##-- , #+.90+":J~(
&($1("8&8'8%1%,%#Q $"7H#-$" 5)8:*-*$-)-$",5)8:*#-,8* 1" (#H#Y%o+")-. , 1'(<(,0*1'%4)%#&
1,"H&-A)YoH&* -* %&)YoH-&(,5)%(* 8<,-)()-(* #* &-1%$* $"&30* -* HT%'%HE&S:™ 1'(HHY+")-.
063()-&5*9)"4-$Y6H&5* 7% S//-3-() &Y%+

['>,-3" 4
A" STHLC-$0&"

' — Q"'5-8(30(/"7&%0

0, 0,

O'%+(s/ /"7&%0 (1530 7% %H/5* 1 (#Hi%+")-. . $$7#

Q(6)-2*8%+(5 (6=1) | \%'7"S()" 16

-H)-2*Q9'0 =
M-H)-2*8 f;+()5 (6 A %oHT" 8
CY%<*%10&" 16 6

1 + *
2 _ +
3 + -
; - -

D<)%'%<)%H&E* <"+ <-#1(‘#-2*%1'(<(,.,"#5* 19%* 7"-&(- *CY%6B'()" . :,*9"<"))06*8# -
Yo+-2 (8%-+()5*9)"4-$%#&-&=0,05, 7%, -A(#&+Y%6* %1 0880+ 4-#,%6* #&(1() (2* #+%>% <) &">
-4)%(*9)"4()-(*7-&(-*C%B'()*"+)%  0,768,<, *+#(6*STHL(-$()&Y6+*"#4(8)%(*9)"4()-(
7-&(-*>0,%* 9)"4-&(,5)%* )-H(* &">,-4)%2* +(,-4-)0% - *)"6%<- Uo#5* +* 1'(<(,"6* %&,128
<OM,37.L<(7+"8)%H85*$%<(,-*1'Vo+("., "#E* LU+ T-& (- H\-2(""

1-#,0)0(* 9)"4()-.* 7%S/I-3-(&%+* 8"+)()-.* (@' (##- o L(<H&"+,()0* +* &>, . 5;
H&"&-H&-AHT*)(9)"4-$0( (+06%<.J-(*9"* 1'(<(,0*<%+(-&(,5)%@%*-)&(+"," , %3()-+"($0(
19%*7"-&(-*V&5:<()&" ) 1%7"9")0*78#-+%$

['>-3" 5
D>">06&7"*(98,5&"&%+*A\=
C%S//-3-()&0* (@' (##--
Q-<*#1,"+" \8)73-.%06&7,-7"
o 1 )
6082 8($1("88" 533,75 3,25 6,75
04 O
6060 1%,%#0 516,25 5,25 6,75
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$%&'&()*+,*-1#(,/0 5
C%S//-3-()&0* (@' (##--
Q-<*#1,"+" \8)73-.*%&7,-7" , , ,
‘0 ‘1 12
2 162 1 -
608 L (1% 62,6 5 0,5
6060 ) 123,05 5,05 1,3
6082 24,325 -0,175 0,875
%&)%#-&(,5)%(
<_ - 1
6060 8<)0-C s 25,85 3,2 0,6
6082 $"7#-$",5)%( 576,75 38,75 18,75
)" 1HQ-(
6060 ) L' (##B?"2>( 498 35 5,5
6082 $-)-8"5)%( 330,453 24,453 1,203
)" HQO-(
6060 )1 (H#B 22> ( 302,75 15,25 5,75

V&'ST&8"$(&",,"* 1%, %# L)" -O*#&'87&8'0* 1'(##%+"))06* 1%, %# 80x6$$* 1067"90+"
(& A&Yo*+90*+#(6*#,84" 6*-$((8#.%9)"4-&(,5)" *)("+)%$(' ) YoH&S*+*+(,-4-)(*9()"* 1%*#(4()-:
1'%/-,.  (-# . 3-5).D7%,%*1%+('6)%#&-*(#&5*&"7*)"90+"($02*7'81) % 7'-#8A(#B 7-2*%>%<%7
RCCD [4, 22]. Q*)($*+(,-4-)"* 9()"™* 7%, (>,(&#.*%& 20 <%100$7$. Q*3()& (*#(4()-.*9()%
H#(<)($*$052( , )%* &"TH(* $%H(&* <%6o#&-@0RBTS. N(H<8*)-$-* (#&5* 1('(6%<)".* 9%)"
44 -4-)%2%9(') *%6& 10 <UB0$T$. A%<%>)%(*"#1'(<(,()-(*YL1-#")%*-*+[25]. V*8+(,-4()-($
HT% YH&- 1" (HHY+")- %) (") %S () YoH&S* #&'BT&B'0* B+(A-+"(&#. (-# . 3).D<)"7%*1'%>,($0
)" H)%B() Vo8& *+(,-4-)0* () T H" & &Y%, 5TY#(( <-)0*1%,%#0 D7%,%* 7" *((*#&'87&8
" B06'062%6% 1'%™>"&0+"(&H, 9(')%* %6<)%'%<)%0(* -* <UoH#&"&Y6A)%* $(7H6(3,+). V"+)()-(
#8'878&8'0%1%,%#*-9#1,"B0601%,84())06*-9* 1, %6H#7%2*-*/%'7"$()%2*$"&'-30 (-# . 4) 1%
7"90+"(8, 4&Y6* 1'-* 1'(HHY+")--* +* 1 Y#7%2* $"&-3(* % 7%, %* 1%+( 6T E&B-9<(,-.* 9()%
>0, ((* $(, 7%(* -* +08.)88Y0 (* +*)"1"+,()--* 1'(#H#Y%+")-. , %<)"T%* "9)-3"* S&"* )(* 9)"4-&(,5)"
R+*1'(<(,"6* &% @%*H(*>",,"*9())"K,8>-)"* 9" (@")-.* CCD* 1'-*-#1%,59%+")--* /%'7"$(") %2
$'&'-30*1'->,-9-&(,5)%*)" 30 %$()52( , A($*1-*1'-$()()--+1,%#7%2*$"&'-30 .

Q* 1%,%#"6* -O% #1,"+B082 &"TH(* -S((&#.* T'81)%7'-#&", -A(HT-2* %>%<%T(-# . 5).
% %106 068 1'(#H%+"))06*4((9*/%'7T"$()8:*$'&-38  , @")-3"*CCD*%4()5*4(&7". &%,J-)"
CCD 200...35057%. Q*1% %#"6%-9*1,%#7%2*$"&-30*@"")-3"*CCD*"9$0& @, 8>-)"*(@%*9* (
@")-* @%"9<%* >F,52(,5...28$, "9$(*9()"* +* CCD*>%,5?( (<%1000$7$* +*)"1"+,()--
1'(#H#%+")-. ) 196%™ +)()-#41% 7"$()%2*$"&-3(2  (<UB00STS). W()%*+*3()& (*#(4()-.*1%
YoHO*@%"I<Yo*$(, 5B .. 20$7$*-*+*06>06-6*#, 84" 6*+08&.)8E&Ye*+<%,5%)" 1"+, ()-. ¥1' (H#%+"):.

[ *BHE™)()-.* S&YU @Y+ <(/(7&"* $%H)%*'(7%$()<%o+"&FEBI(( : 8+(,-4-+"&5*+'($.
@%$%@()-9"3--*#,-&T1%+07"&5*&($1("&8'8* 9" @%6&Y6+T7-*<, *#)-H()-.* ">% &q1%'$"3--
*19%+0?()-*&($1("&8'0*'(7'-#&",,-9"3-- (H%@,"#)%*<")0$* QU0  [4]); -#1%,59%
+'&5*9%66,"H<()-(*"9%&%$*) " +06%<(*-9*$"&'-30
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V' )()-(* 1%,84())06* '(98,5&"8&%+* #* -&("&8)0$-* <" ))0$-* 10%67"90+"(&* #,(<8: -
I(( . M™%, ((*"HL'%HE") ()OS +,.(&H#*S)()-( , A&Y6*B+(,-4()-(*HT% Yok &-*-#E&(4()-*1'--
+00<-8* TV &B* &($L("'&8'0*-*#, (<%+"&(,5)%*8+(,-4(F9()"*-*@,8>-)0*9" (@")-.*CCD  [4,
35, 36-*<' |. D<)"7% "+8&%'0[25, 38] 8#&")Vo+-,-, 4&Yo*8+(,-4()-(*#T% Yot &-* 1'(#HYo+")- *<,.
#1,"+" 6082 1'-+%<-&* 7*#)-H()-* @,8>-)0*9",(@")-*CCD . ['7-(*"9)%4&()-.* $%@8&* >0&5
H#+.9") 0 @ (%$(&'-(2* 1 (HHYo+% @ %o*-)#&'8B()&"*-* (P <'8@-6*&(6) %, %o @-4(HT-6* 1""$(&
Yot ['<-3-06)) %+ +* -&(" &8 (*'(45*-<(&* % >*-#1%,59%+")-- *1,%6#7-6[35-37] -,-* 7%)-4(#7-6
[19] $'&'-3 . D<)"7%*&Y6&*/"7 8&Y6*I%'$"*9"6%<) % 2* A"#&-*$"&'-30* +,-.(&*)"™* @, 8>- BV #T"
196<&+('H<":&*-*<")0(*">%&0 [39], +*7%&%'%62* "#HSY6&'()%* L' (#H%+")-(*4('(9* 1, YoHT-(*$"&
130%#4) (5%, 57%2*06>" &) %25 7%) 8H) Yo # &G ) (H7%, 57%* @ " <SHIQRE 4"#&) %o #&S$-)-$",5)""
@,8>-)"*CCD*<, *#1,"+" 6063)">,:<"(&#.¥1'-*7%)8H#) %o H#&- — 4

. ME0B1416 . ——— 500 pm 1 a

I-# . 3. V&'ST&B"™$(&",, " 1(-/(-2)%2* %>, "#&-* 1%, %#*-9*#1, "+"*LL 6060, 1'(#4%
+)06*1'*HT7% ' Yo#8&.68 S$ZH#(1 ) - 16$SZH(H* 1) 4((9*/%'7"$()8*$"&'-38  ; 1'%<%,5)%(
#(A0-( 1 *- #—Y%oH5* 1%, YGHD— 7'%$7"
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V1 = 8$$Z# V1 = 16$$Z#

I# . 4. V&'ST&B"™$(&",,"*1%,%# 1'(##%+"))06*4('(9*1,%#7-( (1 *- #) -*1%'7"$()0(
(1% 2 $"&-30 : 1% 1—1(-/(-.  ;#*-2-30& . A%<%,5)%(*#(4()-(. V1,"+*LL 6060
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