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 345673899:; <8=>8= ? @A6B3C6733 D3C3EA ?3> 

3F34673899:> F8=ABA; =396F3EA ?3>  3 4AF 

G. F. HI+",* ( +1")-<!)!&J/&2) 

 !"#$%&& '!()'$(*'!+&++,- )$./$.$- 0 0$-)12*&'+$-3 -$.&%"'$4!+"2 ."+!-

-"5&(0"/ ("(*&- 64%6&*(6 -!*&-!*"5&(0"7 )$./$.. 8+ ($(*$"* 4 *$-, 5*$ 4+!5!%& +! 

$(+$4!+"" 9!0$+$4 ($$*4&*(*432:"/ ."+!-"0 '!9'!#!*,4!&*(6 -!*&-!*"5&(0!6 -$.&%1 

4 4".& ("(*&-, .";;&'&+<"!%1+,/ " !%=&#'!"5&(0"/ 3'!4+&+"7 $*+$("*&%1+$ !#(*-

'!0*+,/ )&'&-&++,/. >$.&%1+,& ?0()&'"-&+*, )'$4$.6*(6 +! 0$-)12*&'!/ ( "()$%1-

9$4!+"&- 5"(%&++,/ -&*$.$4 '&@&+"6 ?*$7 ("(*&-, 3'!4+&+"7. A'" ?*$- ;"9"5&(0"& 

)!'!-&*', ("(*&-, 4/$.6* 4 0$?;;"<"&+*, 3'!4+&+"7, "+$=.! 4 4".& .$(*!*$5+$ 

(%$B+,/ 9!4"("-$(*&7.  &.$(*!*$0 *!0$=$ )$./$.! )'$64%6&*(6 3B& )'" 4!'"!<"6/ ;"-

9"5&(0"/ )!'!-&*'$4 ("(*&-,, 4,)$%+6&-,/ 4 /$.& -$.&%1+,/ ?0()&'"-&+*$4, " (46-

9!+ ( +&$#/$."-$(*12 )&'&(5&*! 0$?;;"<"&+*$4 3'!4+&+"7. >$.";"0!<"6 B& "(/$.-

+$7 -$.&%" ("(*&-, "%" && '!(@"'&+"& -$=3* )$*'&#$4!*1 (3:&(*4&++$7 )&'&'!#$*0" 

("(*&-, 3'!4+&+"7 " )'$='!--, && '&@&+"6 +! 0$-)12*&'&. 

C%1*&'+!*"4$7 ?*$-3 )$./$.3 64%6&*(6 "()$%19$4!+"& ;"9"5&(0$=$ )$./$.! 0 

-$.&%"'$4!+"2 ."+!-"5&(0"/ ("(*&-. D ?*$- (%35!& )&'&-&++,-" -$.&%" 64%62*(6 

;"9"5&(0"& ($(*$6+"6 )'$<&(($4 4 '&!%1+$7 ("(*&-&, *!0"& 0!0 ("%,, 3(0$'&+"6, (0$-

'$(*", 3=%,, *&-)&'!*3',, +!)'6B&+"6 " *.). E9-&+&+"& ($(*$6+"7 )'$"94$."*(6 )'$-

<&.3'!-", '&!%"932:"-" ($$*4&*(*432:"& 9!0$+, ."+!-"0" ( 35&*$- (3:&(*432:"/ 

$='!+"5&+"7 " $*+$@&+"7 -&B.3 ?%&-&+*!-" ("(*&-,. F'&." .$(*$"+(*4 ;"9"5&(0"/ 

-$.&%&7 +&$#/$."-$ $*-&*"*1 -&+1@32 *'3.$&-0$(*1 '!9'!#$*0" -$.&%", && -$.";"-

0!<"" " '!(@"'&+"6, ! *!0B& $*+$("*&%1+$ #$%&& )'$(*,& – 4&'";"0!<"2, 4!%".!<"2, 

4"93!%"9!<"2 -$.&%" " "+*&')'&*!<"2 '&93%1*!*$4 -$.&%"'$4!+"6. A'$(*$*! '!(@"-

'&+"6 -$.&%" )$94$%6&* .$(*!*$5+$ %&=0$ -$.&%"'$4!*1 )'$<&((, 4%"6+"6 ("(*&-, +! 

$0'3B!2:32 ('&.3 " 4%"6+"& ?*$7 ('&., +! ("(*&-3. 

F'&." #$%1@$=$ 0$%"5&(*4! "-&2:"/(6 +! ',+0& 0$-)12*&'+,/ ('&.(*4 "-"-

*!<"$++$=$ -$.&%"'$4!+"6 )'!0*"5&(0" $*(3*(*432* ('&.(*4!, $'"&+*"'$4!++,& +! 

'!9'!#$*03 ;"9"5&(0"/ -$.&%&7. E-&2:"&(6 0$-)12*&'+,& ('&.(*4!, $#&()&5"4!2-

:"& '&!%"9!<"2 ;"9"5&(0$=$ )$./$.! 0 -$.&%"'$4!+"2 (physics engines) [1], 4 $(+$4-

+$- $'"&+*"'$4!+, +! -$.&%"'$4!+"& -&/!+"5&(0"/ ("(*&- " )'&.+!9+!5&+, .%6 '!9-

'!#$*0" 0$-)12*&'+,/ "='. D-&(*& ( *&- 4,($0!6 )'$"94$."*&%1+$(*1 ($4'&-&++,/ 

0$-)12*&'$4 $#&()&5"4!&* 4$9-$B+$(*1 ($9.!+"6 ('!4+"*&%1+$ )'$(*,/ ()$($#$4 '&!-

%"9!<"" ;"9"5&(0"/ -$.&%&7 ."+!-"5&(0"/ ("(*&-. D .$0%!.& )$0!9!+! 4$9-$B+$(*1 

'&!%"9!<"" ;"9"5&(0"/ -$.&%&7 +! $(+$4& "()$%19$4!+"6 ("*3!<"$++$-($#,*"7+$=$ 

;$'-!%"9-! ()&<";"0!<"" *'!+9"*"4+$7 -$.&%" 49!"-$.&7(*432:"/ ="#'".+,/ )'$-

<&(($4 [2]. 8(+$4$7 ;$'-!%"9-! 64%6&*(6 !#(*'!0*+!6 -$.&%1 ="#'".+$=$ !4*$-!*!, 4 

0$*$'$7 ."(0'&*+,& ($(*$6+"6 )'&.(*!4%62*(6 %$="5&(0"-" )&'&-&++,-". D -+$B&-

(*4$ %$="5&(0"/ )&'&-&++,/ 40%25!&*(6 *!0B& )$.-+$B&(*4$ )'&."0!*$4 $* +&)'&-

',4+,/ ($(*$6+"7, 0$*$',& "()$%1932*(6 .%6 -$.&%"'$4!+"6 49!"-$.&7(*4"7 -&B.3 

)'$<&((!-". G$="5&(0"& )&'&-&++,& -$=3* $)'&.&%6*1 0!0 ."(0'&*+,& "9-&+&+"6 ($-

(*$6+"7 +&)'&',4+,/ ($(*!4%62:"/, *!0 " "9-&+&+"6 ."+!-"0" "/ '!94"*"6. F$(*$6-

+"6 )'$<&(($4 4 -$.&%" )'&.(*!4%62*(6 -+$B&(*4$- 4&:&(*4&++,/ )&'&-&++,/ X .%6 

+&)'&',4+,/ ($(*!4%62:"/ " -+$B&(*4$- %$="5&(0"/ )&'&-&++,/ W , ($.&'B!:"- 

)$.-+$B&(*4$ Q  .%6 ."(0'&*+,/ ($(*$6+"7 " )$.-+$B&(*4$ )'&."0!*$4 G , *.&. 

GQW   . H%6 ()&<";"0!<"" )'$<&(($4 +&$#/$."-$ $)'&.&%"*1 ;3+0<"" )&'&/$.! (%&-

.32:"/ *")$4: 
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},{: TrueFalseQW !"#  – ;3+0<"6 *'!+(;$'-!<"" ."(0'&*+,/ ($(*$6+"7; 

XXW "!$ :  – ;3+0<"6 *'!+(;$'-!<"" +&)'&',4+,/ ($(*$6+"7 )'$<&(($4; 

},{: TrueFalseGX !"%  – 9!4"("-$(*1 )'&."0!*$4 $* +&)'&',4+,/ ($(*$6+"7. 

8#%!(*1 $)'&.&%&+"6 ;3+0<"" )&'&/$.! #  -$B+$ $)"(,4!*1 ( )$-$:12 %$="-

5&(0"/ ;$'-3%, 5*$ .&%!&* $)"(!+"& .$(*!*$5+$ +!=%6.+,-.  ! +!@ 49=%6., 4 0!5&(*4& 

3(%$4"6 +!"#$%&& 3.$#+$ "()$%19$4!*1 ?%&-&+*!'+,& 0$+I2+0<"" %$="5&(0"/ )&'&-

-&++,/. J!0"& 0$+I2+0<"" "+*3"*"4+$ )$+6*+,- $#'!9$- -$=3* "+*&')'&*"'$4!*1(6 

0!0 %$="0$-."+!-"5&(0"& ("*3!<"" [3]. D4$.6 $#$9+!5&+"& jS , ."+!-"5&(032 ("*3!-

<"2 -$B+$ $)'&.&%"*1 (%&.32:"- $#'!9$-: 

ni jjjj sssS ,...,,...
1

 , =.& 
ii jj ws   "%" 

ii jj ws & , Ww
ij
' , ||,...1 WNNn ww   . 

8#$9+!5!6 -+$B&(*4$ ("*3!<"7 S , *") ;3+0<"" *'!+(;$'-!<"" ."(0'&*+,/ ($-

(*$6+"7 *&)&'1 -$B+$ $)'&.&%"*1 (%&.32:"- $#'!9$-: },{: TrueFalseQS !"# . K*! 

;3+0<"6 -$B&* #,*1 9!.!+! ( )$-$:12 ($4$03)+$(*" )'$.30<"$++,/ )'!4"%: 

''' ,...,,...,
1 mi jjjj rrrS " , =.& ''

ii jj qr   "%" ''

ii jj qr & , Qq
ij
'' .   (1) 

L3+0<"6 $  .$%B+! .%6 0!B.$=$ '&B"-! $)'&.&%6*1 +$4,& 9+!5&+"6 ($(*$6+"6 

)'$<&((!, ($$*4&*(*432:"& &=$ *&03:&-3 ($(*$6+"2, ."+!-"0& ("(*&-,, "+*&'4!%3 t( , 

! *!0B&, 4$9-$B+$, *&03:"- ($(*$6+"6- +&0$*$',/ .'3="/ 49!"-$.&7(*432:"/ ( +"- 

)'$<&(($4. M&B"- ="#'".+$=$ )'$<&((! &(*&(*4&++,- $#'!9$- )'&.(*!4%6&*(6 ( )$-$-

:12 ."+!-"5&(0$7 ("*3!<"".  $4,& 9+!5&+"6 ($(*$6+"7 )'$<&(($4 +!/$.6*(6 )3*&- 

4,5"(%&+"6 "/ *'!+9"*"4+,/ $*+$@&+"7. L3+0<"6 )&'&/$.! $  -$B&* #,*1 )'&.(*!4-

%&+! ( )$-$:12 ($4$03)+$(*" )'!4"% 4".!: 

),,(' txxxS ikkkj () " ,   (2) 

=.& SS j '  – ("*3!<"6, ($$*4&*(*432:!6 '&B"-3, k)  – ($$*4&*(*432:&& $*+$@&+"&, 

Xxx ik ',  – ($(*$6+"6 )'$<&(($4. 

L3+0<"2 %  3.$#+$ )'&.(*!4%6*1 ($4$03)+$(*12 )'!4"% (%&.32:&=$ 4".!: 

kjkjjkj gxbxxax "*+,*- ))()((
4321

,   (3) 

=.& GgXxxxx kjjjj ''  ,,,,
4321

,   ka  " kb - 0$+(*!+*,, ($$*4&*(*432:"& +&0$*$'$-3 

."!)!9$+3. N$%&& (%$B+,& )'&."0!*, -$=3* ;$'-"'$4!*1(6 "9 )'$(*,/ )'&."0!*$4 

( )$-$:12 )'!4"% (1). 

O$-)12*&'+!6 '&!%"9!<"6 )'$<&(($4, ()&<";"<"'$4!++,/ )'!4"%!-" (1–3) 

)'$"94$."*(6 )3*&- "()$%19$4!+"6 "+*&')'&*!*$'! ?*"/ )'!4"%. C'/"*&0*3'! " !%=$-

'"*-, ;3+0<"$+"'$4!+"6 "+*&')'&*!*$'! .$(*!*$5+$ )'$(*,. >+$B&(*4! )&'&-&++,/ 

($(*$6+"6 )'$<&(($4 ( X  " W ) 4 "+*&')'&*!*$'& )'&.(*!4%62*(6 -!(("4!-" 9!)"(&7, 

0!B.!6 "9 0$*$',/ ($.&'B"* "-6 )&'&-&++$7 " && 9+!5&+"&. D(& )'!4"%! '&!%"932*(6 ( 

)$-$:12 3(%$4+,/ $)&'!*$'$4 «if…then…». 8#& 5!(*" $)&'!*$'! ($.&'B!* 9!)"(" $# 

"()$%19$4!++,/ 4 .!++$- )'!4"%& )&'&-&++,/. 8(+$43 "+*&')'&*!*$'! ($(*!4%6&* "(-

)$%+62:!6 )'$<&.3'!, 0$*$'!6 4 <"0%& (0!+"'3&* ()"(0" )'!4"%. C%=$'"*- $#'!#$*0" 

)'!4"% 4,5"(%6&* 9+!5&+"& 3(%$4+$7 5!(*" )'!4"%!. P(%" ?*$ 9+!5&+"& '!4+$ True, *$ 

9!)3(0!&*(6 !%=$'"*- 4,)$%+&+"6 "()$%+"*&%1+$7 5!(*" )'!4"%!. D (%35!& )'"-&+&-

+"6 )'!4"%! (1) )&'&-&++,- "9 "()$%+"*&%1+$7 5!(*" )'!4"%! )'"(4!"4!2*(6 ()&<"-
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;"<"'$4!++,& %$="5&(0"& 9+!5&+"6. D (%35!& "()$%19$4!+"6 )'!4"%! (2) 9!)3(0!&*(6 

30!9!++!6 4 "()$%+"*&%1+$7 5!(*" )'!4"%! )'$<&.3'! 4,5"(%&+"6 *'!+9"*"4+$=$ $*-

+$@&+"6 " +!7.&++$& +$4$& 9+!5&+"& ($(*$6+"6 )'$<&((! )'"(4!"4!&*(6 ($$*4&*(*-

432:&7 )&'&-&++$7. F )$-$:12 )'!4"%! (3) 4,5"(%62*(6 9+!5&+"6 +&'!4&+(*4, 30!-

9!++,/ 4 3(%$4+$7 5!(*", " "/ %$="5&(0$& )'$"94&.&+"& )'"(4!"4!&*(6 )'&."0!*3, 30!-

9!++$-3 4 "()$%+"*&%1+$7 5!(*" )'!4"%!.  

8)"(!++,7 )$./$. 0 '&!%"9!<"" )'$<&(($4 #,% "()$%19$4!+ )'" '!9'!#$*0& 4 

FAEEMC  $),*+$=$ $#'!9<! 0$-)12*&'+$7 ('&., EnviCon, $'"&+*"'$4!++$7 +! -$-

.&%"'$4!+"& ($4$03)+$(*&7 49!"-$.&7(*432:"/ ="#'".+,/ )'$<&(($4 [3]. F'&.! ($-

.&'B"* '&.!0*$', .%6 ;$'-"'$4!+"6 4&0*$'$4 ($(*$6+"6 )'$<&(($4 " ()"(0$4 )'!4"% 

*'!+(;$'-!<"" $)"(!++$=$ 4,@& 4".! (1–3). H%6 $#'!#$*0" )'!4"% (2) 4 ('&.& "-&&*(6 

+!#$' )'$<&.3' '&!%"9!<"" !'";-&*"5&(0"/ $)&'!*$'$4, ;3+0<"$+!%1+,/ 9!4"("-$-

(*&7 " *'!+9"*"4+,/ $*+$@&+"7 .%6 ?%&-&+*!'+,/ )'$<&(($4. F )$-$:12 ('&., Envi-

Con #,%" '!9'!#$*!+, -$.&%" *'&/ )'$-,@%&++,/ 3(*!+$4$0, ;3+0<"$+"'$4!+"& 0$-

*$',/ $)'&.&%6&*(6 #$%1@"- 0$%"5&(*4$- 49!"-$.&7(*432:"/ ;"9"5&(0"/ )'$<&(($4. 

H%6 "%%2(*'!<"" )$./$.! )'"4&.&- ()&<";"0!<"2 4 ('&.& EnviCon ;"9"-

5&(0$7 -$.&%" .4"B&+"6 3)'3=$=$ $#'35! )'" &=$ )!.&+"" +! =$'"9$+*!%1+32 

)%$(0$(*1. L"9"5&(0"-" )!'!-&*'!-" $#'35! 64%62*(6 -!((! )(m , '!."3( )(R  " 

0$?;;"<"&+* 3)'3=$(*" )(k . F$(*$6+"6-" )'$<&((! 64%62*(6 4&'*"0!%1+$& 3(0$-

'&+"& )( yA , (0$'$(*1 )( yV , 4,($*! <&+*'! -!(( )(h  " .&;$'-!<"6 $#'35! )( hR . , 

4$9+"0!2:!6 )'" 0$+*!0*& $#'35! ( )%$(0$(*12. D -$.&%" +&$#/$."-$ '&!%"9$-

4!*1 .4"B&+"& $#'35! 4 .43/ ("*3!<"6/: (4$#$.+$& )!.&+"& )'" )( Rh /  " 3)'3="7 

3.!' )'" )( Rh /& . F4$#$.+$& )!.&+"& $#'35! )'$"(/$."* )$. .&7(*4"&- 4&(! )(P , 

! )'" 0$+*!0*+$- 49!"-$.&7(*4"" ( )%$(0$(*12 &=$ .4"B&+"& $)'&.&%6&*(6 ($4-&-

(*+,- .&7(*4"&- 4&(! " ("%, 3)'3=$7 '&!0<"" $#'35! )( yF . D ("*3!<"", 0$=.! 

)( Rh/  (0$'$(*1 )( yV  $)'&.&%6&*(6 "+*&='!%$- $* 3(0$'&+"6 (4$#$.+$=$ )!.&+"6 g , 

! 4,($*! – "+*&='!%$- $* (0$'$(*". F"%! '&!0<"" )'$)$'<"$+!%1+! .&;$'-!<"" 

$#'35!. A'" ?*$- 0$?;;"<"&+*, )'$)$'<"$+!%1+$(*" -$=3* #,*1 '!9%"5+,-" )'" 

34&%"5&+"" .&;$'-!<"" " )'" 4$((*!+$4%&+"" ;$'-,. F$$*4&*(*432:"& ("*3!<"" 

$)'&.&%62*(6 )'&."0!*!-", 0$*$',& 4,5"(%62*(6 ( )$-$:12 )'!4"% (3), ! )&'&-

-&++,& ($(*$6+"6 – ( )$-$:12 )'!4"% (2).  ! '"(. 1 )'&.(*!4%&+! 0$)"6 5!(*" '&-

.!0*$'! ('&., EnviCon, +! 0$*$'$7 )'"4&.&+, )'!4"%! *'!+(;$'-!<"" ($(*$6+"6 

$#'35!. E-&+! )&'&-&++,/ 4 )'!4"%!/ ($$*4&*(*432* 30!9!++,- 4,@&. F"*3!<"" 

( "-&+!-" ( !"#!$%&'%), ("()*!&) 9!.!+, )'!4"%!-" *'!+(;$'-!<"" ("*3!<"7 (1) 

(%&.32:"- $#'!9$-: )()0(),(  !"#!$%&'%VRh "00 , )()0(),( "()*!&VRh "/0 . 

A'&.(*!4%&+"& -$.&%" 4 *!0$- 4".& 64%6&*(6, )$ +!@&-3 -+&+"2, .$(*!*$5+$ +!-

=%6.+,-. A'!4"%! 2 " 3 4,5"(%62* 4&%"5"+3 3)'3=$7 '&!0<"" $#'35! +! 35!(*0!/ 

*$'-$B&+"6 " '!9=$+!, ($$*4&*(*4&++$. A'!4"%$ 4 4,5"(%6&* (3--3 ("%, ! )'!4"%$ 

5 – 3(0$'&+"&. A'!4"%! 6 " 7 4,5"(%62* (0$'$(*1 " 4,($*3, ($$*4&*(*4&++$, ! )'!-

4"%$ 8 – 4&%"5"+3 .&;$'-!<"". 

 ! '"(. 2 )'"4&.&+ ='!;"0 "9-&+&+"6 4,($*, <&+*'! -!(( $#'35!, )!.!2:&=$ ( 

4,($*, 400 (- " "-&2:&=$ '!."3( 30 (-. E9 ='!;"0! 4".+$, 5*$ 4+!5!%& $#'35 )'"-

#%"B!&*(6 0 )%$(0$(*" +! '!((*$6+"&, -&+1@&& '!."3(!, ! 4 0$+<& $(*!+!4%"4!&*(6 +! 

'!((*$6+"" '!."3(! $* )%$(0$(*". 

 



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

$-$)+#$,11,2, -,'!0$&,*+1$% 

 

 

 !!"#-2011 422 

 

@$(. 1. <&+*$0+ )&+1(K,&-+#$$ (,(),%1$% ,J&/L+ 

 

@$(. 2. M&+K$" '*$N!1$% #!1)&+ -+(( ,J&/L+ 

M!((-!*'"4!&-,7 ("*3!<"$++,7 )$./$. 0 '&!%"9!<"" )'$<&(($4 ( )$-$:12 

*'!+(;$'-!<"$++,/ )'!4"% )$94$%6&* -$.";"<"'$4!*1 " '!(@"'6*1 -$.&%" ("(*&- 

)'$(*,- .$#!4%&+"&- " 9!-&+$7 )'!4"%. J!0"- )3*&- .$(*"=!&*(6 4$9-$B+$(*1 )'" 

-$.&%"'$4!+"" 35"*,4!*1 4%"6+"& ("(*&-, +! $0'3B!2:32 ('&.3 " 4%"6+"& ?*$7 ('&-

., +! )'$<&((, 4 ("(*&-&. P(%", +!)'"-&', +&$#/$."-$ 35&(*1 4%"6+"& ($)'$*"4%&+"6 

4$9.3/! +! .4"B&+"& $#'35!, *$ 0 )'"4&.&++,- )'!4"%!- ((-. '"(. 1) +&$#/$."-$ .$#!-

4"*1 )'!4"%$, 4,5"(%62:&& ("%3 ($)'$*"4%&+"6, " (%$B"*1 ?*3 ("%3 ( 4&($-.  

A$0!B&-, 0!0 -$B+$ '!(@"'"*1 -$.&%1 .4"B&+"6 3)'3=$=$ $#'35! +! (%35!7 

&=$ )!.&+"6 )$. +&0$*$',- 3=%$- 0 )%$(0$(*", *.&. 0$=.! "-&&*(6 =$'"9$+*!%1+!6 ($-

(*!4%62:!6 (0$'$(*". A'" +!%"5"" *'&+"6 $#'35 4 '&93%1*!*& 0$+*!0*! ( )$4&'/+$-

(*12 +!5+&* 4'!:!*1(6, ! &=$ =$'"9$+*!%1+!6 (0$'$(*1 3-&+1@"*(6. D ?*$- (%35!& 0'$-

-& 4&'*"0!%1+$7 ("%, '&!0<"" )'" 0$+*!0*& ( )$4&'/+$(*12 )$64%6&*(6 =$'"9$+*!%1-

+!6 ("%!, )'"%$B&++!6 0 $#$.3 $#'35! " $#3(%$4%&++!6 ("%$7 *'&+"6. D$9.&7(*4"& 

?*$7 ("%, +! .4"B&+"& $#'35! ?04"4!%&+*+$ .&7(*4"2 *!0$7 B& ("%,, )'"%$B&++$7 0 

&=$ <&+*'3 -!(( " .&7(*4"2 )!', ("%, )'"%$B&++,/ 0 $#$.3. E/ ($4-&(*+$& .&7(*4"& 

4,9,4!&* "9-&+&+"& 3=%$4$7 (0$'$(*" " =$'"9$+*!%1+$7 ($(*!4%62:&7 (0$'$(*". D&-

%"5"+! ?*$7 ("%, 9!4"("* $* 0$?;;"<"&+*! *'&+"6 " 4&'*"0!%1+$7 ("%,, && 9+!0 )'$-

*"4$)$%$B&+ 9+!03 (0$'$(*" $#$.! $*+$("*&%1+$ )$4&'/+$(*". 

H%6 -$.&%"'$4!+"6 +!.$ 9!.!*1 -$-&+* "+&'<"" $#'35! " 44&(*" )&'&-&++,& 

.%6 )'&.(*!4%&+"6 +$4,/ ($(*$6+"7 )'$<&((!: =$'"9$+*!%1+$7 0$$'."+!*, )(X , =$'"-

9$+*!%1+,/ 3(0$'&+"6 )( xA , (0$'$(*" )( xV , ("%, *'&+"6 )( xF " -$-&+*! )!', ("% 

)(
 &*

M .  !.$ *!0B& 44&(*" (0$'$(*1 *$50" $#$.! $*+$("*&%1+$ )%$(0$(*" )(
 &*

V , 3=%$-
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&*(6 0$+*!0* ( )$4&'/+$(*12, *.&. 0$=.! '!((*$6+"& <&+*'! -!(( $* )$4&'/+$(*" -&+1@& 

'!."3(! $#'35! " 0$=.! !#($%2*+$& 9+!5&+"& (0$'$(*" $#$.! #$%1@& +3%6. G$="5&(0$& 

9+!5&+"& ?*$7 ("*3!<"" $)'&.&%6&*(6 0$+I2+0<"&7 .43/ )'&."0!*$4. A'"(4$"4 &7 

".&+*";"0!*$' +,!-.$%&'% , )'!4"%$ .%6 4,5"(%&+"6 && 9+!5&+"6 #3.&* "-&*1 4".: 

+,!-.$%&'%VRh
 &*

"/,0 )0||()( . K*! %$="5&(0!6 )&'&-&++!6 .$%B+! "()$%19$4!*1(6 

4 3(%$4+$7 5!(*" )'!4"%! .%6 4,5"(%&+"6 xF . A'!4"%! .%6 ()&<";"0!<"" "9-&+&+"7 

?*"/ ($(*$6+"7 $5&4".+,- $#'!9$- 4,*&0!2* "9 9!0$+$4 -&/!+"0". 8+" )'"4&.&+, +! 

'"(. 3.  

 

@$(. 3. <&+*$0+ '0% -,'!0$&,*+1$% *&+O!1$% ,J&/L+ 

H$#!4%&+"& ?*"/ 12 )'!4"% 0 "-&2:"-(6 8 )'!4"%!- )$94$%6&* -$.&%"'$4!*1 

)!.&+"& $#'35! )'" +!%"5"" =$'"9$+*!%1+$7 ($(*!4%62:&7 (0$'$(*" " 4'!:&+"" $#-

'35!.  ! '"(. 4. )'"4&.&+, ='!;"0" "9-&+&+"6 4,($*,, =$'"9$+*!%1+$7 " 3=%$4$7 (0$-

'$(*&7, )$%35&++,& )'" -$.&%"'$4!+"" )'$<&((! )!.&+"6 $#'35! ( 4,($*, 400 (- " 

+!%"5"" +!5!%1+$7 =$'"9$+*!%1+$7 (0$'$(*" 300 (-/(.  

 

@$(. 4. 3.-!1!1$% *, *&!-!1$ *P(,)P, 2,&$.,1)+0Q1,R $ /20,*,R (",&,()!R 

E9 ='!;"0$4 4".+$, 5*$ 4 ("*3!<"", 0$=.! "-&&*(6 0$+*!0* $#'35! ( )$4&'/+$-

(*12 )( Rh0 , )'$"(/$."* 4$9+"0+$4&+"& " +!'!(*!+"& 3=%$4$7 (0$'$(*" " 3-&+1@&+"& 

=$'"9$+*!%1+$7 (0$'$(*".  
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A'"4&.&++$& '!((-$*'&+"& )$94$%6&* (.&%!*1 4,4$. $ *$-, 5*$ ;"9"5&(0"& -$-

.&%" ."+!-"5&(0"/ ("(*&- -$=3* #,*1 ?;;&0*"4+$ '&!%"9$4!+, +! $(+$4& "()$%19$4!-

+"6 ("*3!<"$++$-($#,*"7+$=$ ;$'-!%"9-! ()&<";"0!<"" ="#'".+,/ )'$<&(($4. A'"-

4&.&++,7 )'"-&' '&!%"9!<"" ;"9"5&(0$7 -$.&%" "%%2(*'"'3&* 3.$#(*4$ '!9'!#$*0" 

;"9"5&(0$7 -$.&%" " )'$(*$*3 && '!(@"'&+"6.  
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