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! " # $%$&" '  ( ) # *# + ," $" ) $ - . / 01 - . 2$3, 
2'/ ) 45 ) 1&6 402* . 7 )1&6 %$89-+# *# ' 4 4 &4'$ 3 
'/ - *&# ) .  : # *# +6 : .; . < %5*" &=' >'  " $ 64-6$# &6 
)&=-. ( $" )$, . 
       ; .; .?*- 0# ' , 2'= # .# $1" ." *9=, @%'A$&&'%   

1. 6 "'  ' ( &) * &+, -  

1.1. 7 '" #2%'2 +%&8 * '  &%4 '" )+5&9# & * " '1 " +) )& " '2 +%&3  
 9* +?' +#/=  ' & +. >&3?#"+, 1, , #, + &*+?' +#/=  ' & ?#"1?#"+, 1, : +3&,& 
3#0'3&0"3#.1. = + +?1C" /&0"#"&D. & /&* <(C  +0"&3+C. 6&?#. /. =;  0"(/1. D10, +;  
D1?' +&.#" ?+3# ' & ' 3&<3#??+3&-#.+C ACM ICPC (Association for Computing 
Machinery International Collegiate Programming Contest) [1Ð4] ' 3&-&/+"0% 0 1977 
<&/#. 412 / (. #3&/. #% &*+?' +#/# : , &*$. +, &- ' & +. >&3?#"+, 1 IOI (International 
Olympiad in Informatics) ' 3&-&/+"0% 0 1989 <&/# . E"+ &*+?' +#/=  ' &F-&*%C" 
-= %-* %"$ 0' &0&). &0"+, , #,  -  ?#"1?#"+, 1, "#,  + -  ' 3&<3#??+3&-#.++, # "#,21 
(? 1. +1 3#)&"#"$ ' &/ 0"3100&? -  02#"=A -31?1. . =A 3#?, #A. G, #F#. . =1 
0&31-.&-#.+% 0"(/1. "&- "3#/+ @+&.. & %- *%C"0% , &?#. /. =?+, # : , &*$. +, &- Ð 
*+D. =?+. H I&00++ )&*11 /&* <(C  +0"&3+C +?1C" &*+?' +#/=  : , &*$. +, &- ' & 
+. >&3?#"+, 1. H , . +<1 [5] 0&)3#.= - 01 F#/#D+ 4&0, &-0, +A &*+?' +#/  ' & 
' 3&<3#??+3&-#. +C, , &"&3=1 ' 3&: *+ 0 1980 ' & 1988 <<. 4#" 13+#*= /* % ' &/<&"&-, + 
,  : , &*$. =? &*+?' +#/#?  ?&2. & . #; "+ "#,21 -  , . +<#A [6 Ð 8].  
 5&' (* %3. &0"$ 0&31-. &-#.+;  ' & +. >&3?#"+, 1 + ' 3&<3#??+3&-#.+C 
0"31?+"1*$. & 3#0"1". JA 0' &.0&3#?+ -= 0"(' #C" "#,+1 , 3(' . =1 , &3'&3#@++, , #,  
AT&T, Microsoft, IBM, Google. K0"10"-1. . &, ' &%-+*+0$ +00*1/&-#. +% & "&?, , #,  
L>>1, "+-. & ( D#0"-&-#"$ -  0&31-. &-#.+%A, <&"&-+"$0% ,  . +?, ?. &<&D+0*1. . =1 
0&-1"= + 3#00,#F= &D1-+/@1- [9]. 6  L"&; , #"1<&3++ &". &0+"0% + . #0"&%M#% 0"#"$%. 
8-" &3 +?11" )&*$: &; &' =" (D#0"+% -  0&31-.&-#.+%A ' & +. >&3?#"+, 1 + 
' 3&<3#??+3&-#. +C, ' 31+?(M10"-1. . & Ð , &?#. /. =A 0"(/1. D10,+A. H . #0"&%M1;  
0"#"$1 31D$ ' &;/ 1" & 31: 1. ++ F#/#D D1?' +&.#"# ?+3# ACM ICPC +*+ #. #*&<+D. =A 
0&31-.&-#.+; . 

N1*$ 0"#"$+ Ð ' &' ="#"$0% &"- 1"+"$ . # -&' 3&0 Ç6#,  31: +"$ F#/#D( ?È ' 3+ 
(0* &-++, D"& &.# &/. # + 31: +"$ 11 . #/& / &0"#"&D. & )= 0"3&. 5 3+ L"&? . 1&)A&/+?& 
31: +"$ F#/#D(  . #-13. %, #, # . 1 0 50% -13&%". &0"$C. 80' 1,"= , &?#. /. &; )&3$)= , 
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0"3#"1<+% + "#,"+, # . 1 3#00?#"3+-#C"0%, . & . 1, &"&3=1 0&&)3#21. +% ' & L"+? 
-&' 3&0#? )(/("  ' 3+- 1/1. =. 

H 3#)&"1 +F*#<#C"0% . 1,&"&3=1 &)M+1 ' 3+. @+' = 31: 1. +% F#/#D. O#"1? L"+ 
' 3+. @+' = +**C0"3+3(C "0% . # ' 3+?131 F#/#D+, . 1 &D1. $ ' 3&0"&;, . &, ' & . =. 1: . +? 
' &.%"+%?, /&0"#"&D. & 0"#. /#3" . &; . H ' 3+*&21. ++ ' 3+-1/ 1.  31F(* $"#" Ð 31: 1. +1 
F#/#D+ . # %F=, 1 Pascal (Borland Delphi). H 3#)&"1 "#, 21 F#"3&.("  -&' 3&0 & 
?+. +?#*$. &? , 3(<1 +/1;  + ?1"&/&-, , &"&3=?+ @1*10&&)3#F. & -* #/1"$ , #2/&?(  
(D#0". +, (  0&31-.&-#. +; . E"+ +/1+ + ?1"&/=  %-* %C"0% )#F&-=?+ . 1 "&*$, & /* % 
' &/<&"&-* 1. . =A (D#0". +, &-, . & + /* % 0&0"#-+"1*1;  F#/#D. O# L"& &*+?' +#/=  +. &</#  
' &/-13<#C"0% , 3+"+, 1. 9/. #,& -  L"&? 0&31-. &-#.+% ' & ' 3&<3#??+3&-#.+C ?#*& 
D1? &"*+D#C"0% &" / 3(<+A 0>13 D1*&-1D10,&; /1%"1*$. &0"+. K0*+ )=  . # 3#F. =A 
L"#' #A 0&31-. &-#.+% /#-#* + ' 3+. @+' +#*$. & 3#F*+D. =1 F#/#D+, "& &") &3&D. =1 
0&31-.&-#.+% ' &"13%*+ )=  0?=0*. 53+. @+' +#*$. & +F?1. %"$ A#3#,"13 F#/#D +F <&/# 
-  <&/ . # -01A L"#' #A Ð D1"-13"$>+. #*#A, ' &*(>+ . #*#A + -  >+. #*1, Ð . 131#*$. &. H 
L"&? + . 1" . 1&)A&/+?&0"+, ' &0, &*$, (  . 1%0. &, , &<& -  "#,&? 0*( D#1 ) ( /1"  -= %-* %"$ 
D1?' +&.#". P# 01<&/. %: . +;  /1. $ D1?' +&.#" &")+3#1" * (D: +A -  , &?#. /. &? 
31: 1. ++ F#/#D >&3?#"# ACM ICPC. P# L"+A 0&31-. &-#.+%A , &?#. /#  0&0"&+" +F 
"31A D1*&-1, , 1;  ' 31/&0"#-*%1"0% &/+.  , &?' $C"13 . # ' %"$ D#0&- /* % 31: 1. +% 8 Ð 12 
F#/#D. 

 

1.2. ! :  ': ) #%# '* - 5')   
 

H , . +<1 [4] ?&2. & ' 3&D+"#"$ *1<1. /#3. =;  "1,0" Q1&.+/#  H&*, &-# + P+, +"= 
R#? <(. &-# Ç6#,  0"#"$ D1?' +&.&? G3#*# ' & ' 3&<3#??+3&-#.+CÈ. 4. &<+1 
(D#0". +, + &*+?' +#/  F. #C" . #+F(0"$ >3#F(  +F L"&<& "1,0"#: ÇS . 1 F. #C, , #, 31: #"$ 
F#/#D+. S F. #C "&*$, &, D"& ' &0*1 "&<&, , #,  31: +: $ +A ?. &<&, . #D+. #1: $ /1* #"$ L"& 
* (D: 1, . #D+. #1: $ * ( D: 1 -+/1" $ -&F?&2. =1 ' &/A&/= ,  31: 1. +C F#/#D, . #D+. #1: $ 
* (D: 1 +A D(-0 "-&-#"$È.  

H13&%". &, ?. &<&*1". +;  &' =" (D#0"+% -  , &?#. /. =A 0&31- . &-#.+%A ' & 
' 3&<3#??+3&-#. +C ' &F-&*%1" ?. 1 -= 0,#F#"$ 3%/  , &.0"3(, "+-. =A 0&&)3#21. +;  ' & 
-&' 3&0( Ç6#,  31: #"$ F#/#D+?È. P1 &"-1D#% . # -&' 3&0 Ç6#,  0"#"$ D1?' +&.&? ?+3# 
' & ' 3&<3#??+3&-#.+C?È, % ' &0"#3#C0$ 0>&3?(* +3&-#"$ + &)T%0. +"$, D1? % 
3(, &-&/0" -&-#*0% ' 3+ 31: 1. ++ F#/#D. H+/+ ?&, "#, +1 ' 3+. @+' = -01-"#,+ 
0(M10"- (C ", A&"% &.+, ,  0&2#*1. +C, + . 1 3#)&"#C" )1F +. "(+@++ [10].  

!#? # ' &0"#. &-, # - &' 3&0# Ç6#,  31: #"$ F#/#D+?È ?&21" ' &,#F#"$0% 
, &M(. 0"-1. . &;, ' &0, &*$, (  31: 1. +1 F#/#D Ð ' 3&@100 "-&3D10,+;  [11]. 9 /. #,& 
&' +0#.+1 . 1,&"&3=A ?1"&/&-  + ' 3+1?&- , ' &?&<#CM+A *(D: 1 31: #"$ F#/#D+, 
-' &*. 1 ?&21" 0*(2 +"$ &"-1"&? . # ' &0"#-*1. . =;  -&' 3&0, . 1 ' 31/' &*#<#%, "1? . 1 
?1. 11, ' &<3(2 1. +% -  . 1/3# 0&F. #. +%. 5&/&). =? &)3#F&? F#. %"+% >+F, (* $"(3&; 
%-* %C"0% *+: $ ?1A#. +F?&?, 0"+?(* +3(C M+? - &F?&2. &0"+ "1*#, . & 0&-01? . 1 
&)%F#"1*$. & 3#0, 3=-#CM+? 0(M. &0"$ L"+A -&F?&2. &0"1; . KM1 &/. & 
' &/" -132/1. +1 -= : 10,#F#. . &?(  Ð 3#)&"= U.! . 8 *$": (* *13# ' & "1&3++ 31: 1. +% 
+F&)31"#"1*$0,+A F#/#D (VI JO) [12]. 4#* & , "& (0&?. +"0%, D"& 31: 1. +1 
+F&)31"#"1*$0,+A F#/#D Ð ' 3&@100 "-&3D10, +; , &/. #,& VIJ O #, "+-. & ' 3+?1. %1"0% 
. # ' 3#,"+, 1 -  0#?=A 3#F. =A 0>13#A D1*&-1D10,&; /1%"1*$. &0"+. P#/& 0, #F#"$, D"& 
?. &<+1 +/1+ U.! . 8* $": (* *13# ' 3+?1. +?= . 1 "&*$, & /* % 31: 1. +% +. 21. 13.=A, . & 
+ . #(D. =A + &*+?' +#/. =A F#/#D.  
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 H F#,*CD1. +1 3#F/1* # &"?1"+?, D"& &)=D. & -  *+"13#"( 31 ' 3+-&/%"0% F#/#D+, 
# +. &</#  Ð F#/#D+ 0 31: 1. +%?+ [13Ð16]. 9/. #,& ?1"&/+ , # 31: 1. +% &*+?' +#/. =A 
F#/#D &' +0#.# . 1/&0"#"&D. & ' &/3&). & +, -  &0.&-. &?, ' 131/#1"0% &" ' 31/= /(M 1<& 
' &,&*1. +% &*+?' +#/ . +, &- ,  0*1/(C M1?(  -  (0" . &; >&3?1. H . #0"&%M1;  3#)&"1 
/1* #1"0% ' &' =", # A&"% )=  D#0"+D. & F#' &*. +"$ L"&" ' 3&)1*.  
 

1.3. 7 ;< #=52;3 < &# %+"+:' 59& 
 
 P#D. 1? 0 &)F&3# 0(M10"-(C M+A ?#"13+#*&-, ' &?&<#CM+A . #(D+"$0% 31: #"$ 
F#/#D+.  P#+)&*11 - #2. (C  3&*$ +<3#1" . #*+D+1 0&)0"-1. . & F#/#D, . # , &"&3=A 
?&2. & "31.+3&-#"$0%. 6#2 /= ;  <&/ -  ?+31 ' 3&+0A&/+ " &<3&?. &1 , &*+D10"- & 
0&31-.&-#.+;  ' & ' 3&<3#??+3&-#.+C 3#F*+D. &<& ( 3&-. %. !" #*+ ' &%-* %"$0% 0#;"= 0 
+. "13#,"+-. =?+ #3A+-#?+ F#/#D. H . +A . 1 ' 3&0"& /&0"(' 1.  "1,0" F#/#D+, , #,  -  
)+ )* +&"1, #A, . & + +?11"0% -&F?&2. &0"$ ' &0*#"$ 31: 1. +1 . # ' 3&-13,(  + 
. 1?1/* 1. . &,  ' &D"+ , #, . # . #0"&%M+A 0&31-. &-#.+%A, ' &*(D+"$ 31F(* $"#". P# "#,+A 
0#;"#A -1/(" 0% 31;"+. <+ (D#0". +, &- ' & D+0*(  31: 1. . =A F#/#D, ' 3&-&/%"0% &.*#; . -
0&31-.&-#.+%, &)=D. & . &0%M+1 *C)+"1*$0, +;  +*+ "31.+3&-&D. =;  A#3#,"13. 
W-# , 3(' . 1; : +A 3&00+; 0,+A #3A+- # F#/#D: 

1. Saratov State University :: Online Contester. 9. *#; . -0+0"1?# "10"+3&-#.+% 
&*+?' +#/. =A F#/#D !#3#"&-0, &<& <&0(/#30"-1. . &<& (. +-130+"1"#. 
http://acm.sgu.ru/  

2. Ural State University Problem Set Archive with Online Judge System. 9. *#; . -
0+0"1?# "10"+3&-#. +% &*+?' +#/. =A F#/#D G3#*$0, &<& <&0(/#30"-1. . &<& 
(. +-130+"1"#. http://acm.timus.ru/   
6#,  &"?1D#*&0$ -= : 1, 0(M10"- (1"  3%/  ' ()* +, #@+;  [13Ð16] 0 3#F)&3&? 

, &., 31". =A F#/#D -013&00+; 0, +A + ?12/( . #3&/. =A &*+?' +#/ . V#, 21 10"$ 
' ()* +, #@++, . #' 3+?13 [17], -  , &"&3=A +F*#<#C"0% , &., 31". =1 ?1"&/+, +, 
' 3+?1. %1?=1 ' 3+ 31: 1. ++ F#/#D, . 1)&*$: +1 A+"3&0"+ + ' 3+1?=. 

J/1+  . #0"&%M1<& "1, 0"# #/310&-#.= D+"#"1*C, (D#0"-&-#- : 1?(  -  . 10,&*$, +A 
0&31-.&-#.+%A, A&"% )=  "31. +3&-&D. =A. 5&L"&?(  ' 31/' &*#<#1"0%, D"& D+"#"1*$ 
' 31/0"#-*%1", D"& "#,&1 &*+?' +#/. =1 F#/#D+ 3#00?#"3+-#1?&<& >&3?#"#, F. #1", D"& 
&.+ ' 3&-13%C"0% . # "10"#A, D"& F#0D+"=- #1"0% "&*$, & ' 3&<3#??#, ' 3&: 1/ : #% -01 
"10"= + ". / . J. >&3?#@+C &) L"&? ?&2. & . #; "+ -  , . +<1 [2]. 
 I1: 1. +1? F#/#D+ %-* %1"0% ' 3&<3#??#, D+"#CM#% -A&/. =1 /#. . =1 + 
-= -&/%M#% 0&&"-1"0"-(C M+1 -= A&/. =1 /#. . =1. O#/#D# ?&21" )= "$ *+)& 31: 1. # 
' &*. &0"$C, *+)& . 1 31: 1. # 0&-01?, "&</ # , #,  . # : , &*$. =A &*+?' +#/#A -#2 . & 
(? 1"$ ' +0#"$ ' 3&<3#??=, , &"&3=1 3#)&"#C" ' &D"+ -01</#  +*+ ' &D"+ . # -01A 
. #)&3#A -A&/. =A /#. . =A. 63&?1 "&<&, -  ' &0*1/. 11 -31?% ' &%- +*+0$ . &-=1 "+' = 
F#/#D, . #' 3+?13 +. "13#,"+-. =1 F#/#D+. P# &>+@+#*$. =A , &?#. /. =A 
0&31-.&-#.+%A "#, +1 F#/#D+ ' &,# ' 3#,"+D10, + . 1 -0"31D#C"0%, ' &L"&?(  +A 
3#00?#"3+-#"$ . 1 )(/ 1?.  
 P# 0#;"#A http://acm.sgu.ru/, http://acm.timus.ru/ + http://neerc.ifmo.ru/school/ 
?&2. & . #; "+ 00=* , + . # /3(< +1 #3A+-=  F#/#D + +. =1 ?#"13+#*= 0A&21;  "1?#"+, +.  
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2. ! : < +8 =.#) + "#$ #%&8 /+, +0& 

5131/  -#?+ (0* &-+1 F#/#D+. E"# F#/#D# , #,-)=  1/+. 0"-1. . #%, /3 (<&; . 1 /#. &. 
5&L"&?(  "31)(1" 0% . 1 &@1. +-#"$ 11, # 31: #"$, + +?1. . & 11. E"& ' 31/' &*&21. +1 
/1* #1"0% /* % ' 3&0"&"=, . # ' 3#,"+, 1 -01 0*&2. 11. I#00?&"3+? 01?$ L"#' &-, D131F 
, &"&3=1 ' 3&A&/+" 31: 1. +1 F#/#D+. 6&. 1D. &, . 1,&"&3=1 +F . +A ?&<( " ' 3&' (0, #"$0%, 
0?1: +-#"$0%, 3#0' #3#**1*+-#"$0% ?12/(  D*1. #?+ , &?#. /=  + ". / .  

90. &-. &1 ' 3#-+*&: ?&2. & ' 3&' (0, #"$ . 1 )&*11 &/. &<& L"#' #. V#, ' 131A&/ ,  
"31"$1?(  L"#' (  (Ç' &0"3&1.+1 &)M1;  0A1?= 31: 1. +%È) /&* 21.  ' 3&+0A&/+"$ "&*$, & 
' &0*1 ' &*. &<& F#-13: 1. +% ' 13-&<& L"#' # (ÇD"1. +1 (0* &-+%È), #, . #' 3+?13, ' 131A&/ 
,  01/$?&?(  L"#' (  (Ç' &0=*, # 31: 1. +% -  2C3+È) Ð "&*$, & ' &0*1 &,&.D#"1*$. &<& 
F#-13: 1. +% ' %"&<& L"#' # (Ç31#*+F#@+%È). V& 21 -13. & /* % -" &3&<& + D1"-13"&<&, 
"31"$1<& + ' %"&<&, D1"-13"&<& + : 10"&<& L"#' &- 31: 1. +% F#/#D+. 53+ L"&? 0&01/. +1 
L"#' = D#0"+D. & ' 13101,#C"0%. 9)%F#"1*$. & &)/(? #; "1 L"& ' 3#-+*&, ' 3&D+"#-  ' 3& 
-01 01?$ L"#' &- Ð +F . 1<& 0*1/(1 " ?. &<& -#2 . =A - =-&/&- . 

 
 

2.1. > 5#%&# ;=( '2 &8  
 

P# L"&? L"#' 1 . 1&)A&/+?& -. +?#"1*$. & ' 3&D10"$ (0* &-+1, . 1 ' 3&' (0, #% . + 
&/. &; >3#F=. V+' +D. =1 ' 3&)*1?=: 

¥ -  &)0"#. &-, 1 0&31-.&-#.+;  0*&2. & )= "$ -. +?#"1*$. =?. 9" - 1/+"1 
/&0"#"&D. & -31?1. + . # 0' &,&;. &1 D"1. +1 (0* &-+%. 9" /&A. +"1 
' &*?+. (" =, D"&)= 0, &.@1. "3+3&-#"$0%, . & . 1 0' 1: +"1 D+"#"$ (0* &-+1 
Ç. #+0,&0&, È. P1-13. &1 ' &.+?#. +1 ( 0*&-+% ?&21" ' 3+-10"+ ,  "&?( , D"& 
-=  )(/1" 1 31: #"$ 0&-13: 1. . & / 3(<(C  F#/#D( , # . 1 "( , D"& 
0>&3?(* +3&-#.# -  (0*&-++; 
¥ &)=D. & -  (0* &-++ 10"$ "#,  . #F=-#1?&1 *+"13#"(3. &1 --1/1 . +1, 
' 3+/#C M11 F#/#D1 0C21" (ÇbackgroundÈ). B"1. +1 "#, &<& &' +0#.+% 
&)=D. & (" &?*%1", &"-* 1,#1", # "#,21 3#00*#)* %1", "#, , #, #-"&3#? F#/#D 
&)=D. & . 1 D(2 /& D(- 0"-& C?&3#. 9/. #, & )(/$ "1 &0"&3&2. =: - & --1/1. ++ 
?&21", ' 3%?& +*+ , &0-1. . &, 0&/132#"$0% -#2 . #% +. >&3?#@+%, 
, #0#CM#%0% (0*&-+%. K0*+ ÇbackgroundÈ . 1 -= . 101. -  &"/1* $. =;  3#F/1* , 
"& 1<& ' 3+/1" 0% ' 3&D+"#"$. 9)= D. & L"& /1* #C" . 1 &D1. $ -. +?#"1*$. &, 
-= +0,+-#% . #D#*& 0&/132 #"1*$. &<& "1,0"#, , &"&3=; , 0, &311 - 01<&, ' &;/1 " 
' &"&? ) 1F ' 1313=-#; 
¥ . 1F. #. +1 +*+ ' *&A&1 F. #. +1 #. <*+; 0,&<& %F=, # ?&21" ' &?1: #"$ 
' 3#-+*$. &?(  ' &.+?#. +C (0* &-+;  F#/#D, , &"&3=1 /#2 1 . # 3&00+; 0,+A 
&*+?' +#/#A >&3?(* +3(C"0% . # #. <*+; 0, &? %F=, 1. E"& /1* #1"0% /* % 
"31.+3&-, + ' 131/ >+. #*#?+ &*+?' +#/ . 53#, "+D10, + . # -01A 
&>+@+#*$. =A 0&31-. &-#.+%A 3#F31: 1. & +0' &*$F&-#"$ 0*&-#3$. P1 
' 31.1)31<#; "1 L"&; -&F?&2. &0"$C + ' 131-&/+"1 "1 0*&-#, , &"&3=1 
, 3+"+D. = /* % ' &.+?#. +% 0?=0*#. K0*+ (0* &-+1 ' *&A& ' &.%". & -  @1*&?, 
' 131-1/+"1 ' & 0*&-#3C + "1 0*&-#, , &"&3=1, . # ' 13-=;  -F<*%/ , . 1 -#2 . = 
/* % ' &.+?#. +% 0?=0*#. JF(D#; "1 #. <*+; 0,+;  %F=,  . # /&0(<1 Ð 
' 3+<&/+"0%; 
¥ , *CD1-&1 (0* &-+1 ?&21" )= "$ 0' 3%"#. &, . #' 3+?13, -  >&3?#"1 
-= A&/. =A /#. . =A. X1F L"&<& (0* &-+% F#/#D# ?&21" )= "$ 0&-13: 1. . & 
/3(< &;, . & "&21 -' &*. 1 , &331, ". &;. 6&. 1D. &, . # 013$1F. =A 
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0&31-.&-#.+%A "#, &<& &)=D. & . 1 ) =-#1", . & -01-"#, + )(/$ "1 
-. +?#"1*$. =. 9: +) , + ' 3+ D"1. ++ (0*&-+% /&3&<& &)A&/%"0%. 

 
 
2.2. 6 ' =5" '# %&# ) +5#)+5&0#=9' ? ) ', #( & 
 

 P# L"&? L"#' 1 . 1&)A&/+?& ' &.%"$, -  D1? F#,*CD#1"0% F#/#D# Ð ' &0"3&+"$ 11 
?#"1?#"+D10,(C  ?&/1*$ Ç-  <&*&-1È. P1 /(? #; "1, D"& . 1-= ' &* . 1. +1 L"&<& L"#' # 
&F. #D#1" . 1' 3#-+*$. &1 ' &.+?#. +1. 4&2 . & -. +?#"1*$. & ' 3&D+"#"$ "1,0", . & . 1 
' &0"3&+"$ . +, #, &; ?#"1?#"+D10, &; ?&/1*+. 5&' =", # >&3?#*+F&-#"$ ' 3&D+"#. . &1 
D#0"& -= %-* %1" ?. &210"-& . 10"=, &-&, , -&F. +, : +A +F-F# -#2 . &; >3#F=, 
' 3&' (M1. . &; ' 3+ D"1. ++ +*+ . 1-13.& ' &. %"&;. Y&3&: #% ' 3&-13,# Ð -. +?#"1*$. & 
3#00?&"31"$ ' 3+-1/ 1. . =;  ' 3+?13 -A&/. =A + -= A&/. =A /#. . =A + ' &.%"$, ' &D1?(  
-= A&/ 0&&"- 1"0"- (1"  -A&/( . 
 B"& F. #D+" Ç' &0"3&+"$ ?#"1?#"+D10, (C  ?&/1*$È? E"& &F. #D#1" /&0"#"&D. &  
>&3?#*$. & + ?#"1?#"+D10, + 0"3&<& ' &.%"$ (0* &-+1. !  ?&1; "&D, + F31.+%, ' &.%"$ 
(0* &-+1 Ð L"&, , #,  ' 3#-+*&, . #(D+"$0% -3(D. (C , 0 ' &?&M$C 3(D, + + *+0"# )(? #<+, 
. #A&/+"$ &"-1"  /* % ' 3&0"=A . #)&3&- - A&/. =A /#. . =A ("10"&-). 60"#"+, ' &*1F. & . 1 
"&*$, & . #(D+"$0%, . & + ' 3&/1*#"$ L"& / *% . 10,&*$, +A "#, +A "10"&-. 5 3+ L"&? 
(* (D: +"0% ' &.+?#. +1 (0* &-+% +, -&F?&2. &, -0, 3&1"0% . 1' 3#-+*$. &1 ' 3&D"1. +1. 
63&?1 "&<&, ?&<("  ' 3+; "+ . &-=1 +/ 1+, + -  *C)&? 0*( D#1 )( /("  <&"&-= "10"= /* % 
/#* $. 1; : 1;  ' 3&-13, +. V#,+? &)3#F&? /* % ' 3&0"=A F#/#D -=  3#F)131"10$, 
' &.+?#1"1 *+ -=  +A (0* &-+%, "&</#  , #,  / *% 0*&2. =A F#/#D ' 3&0"=A "10"&- ?&21" 
&,#F#"$0% . 1/&0"#"&D. &.  

H&F?&2. # + /3(< #% "3#,"&-, # "&<&, D"& "#,&1 ' &0"3&+"$ ?#"1?#"+D10,(C  
?&/1*$. H L"&? 0*( D#1 ' &0"3&+"$ ?#"1?#"+D10, (C  ?&/1* $ &F. #D#1" ' 3+/( ?#"$ 
31: 1. +1, , &"&3&1 ) ( /1"  3#)&"#"$ . # #)0"3#,". &; -+3"(#*$. &; , ?#"1?#"+D10,&; 
?#: +. 1 ' 3+ . 1&<3#.+D1. . &; ' #?%"+, . 1&<3#.+D1. . &? -31?1. +, . 1&<3#.+D1. . &? 
/+ #' #F&.1 ' 131?1. . =A + &"0(" 0"-++ ' &"13$ "&D. &0"+ -  -1M10"-1. . &; #3+>?1"+, 1.  

53+ L"&? "31)(1" 0% 3#F3#)&"#"$ )&*11-?1. 11 >&3?#*$. =;  #*<&3+"? 31: 1. +% 
F#/#D+. E"& . 1 &F. #D#1" /#2 1 31: 1. +% F#/#D+ . # (3&-. 1 +/ 1+. P1L>>1, "+-. &1 
31: 1. +1 F#/#D+ &,#F=-#1"0% ' 3#,"+D10, + 3#-. &0+*$. =? ' &. +?#. +C (0* &-+%. 
P#' 3+?13, /#. # 0"3&, # + "31)(1"0% . #; "+ ' &/0"3&, ( , &' "+?#*$. (C  ' & . 1,&"&3&?(  
' #3#?1"3( . I1: 1. +1 -= "1,#1" +F 0' &0&)# 3(D. &<& ' &+0, # &"-1"# . # ?#*1. $, +A 
' 3+?13#A: ' 131)3#"$ -01 ' &/0"3&, + + -= )3#"$ &' "+?#*$. (C . !, &311 -01<&, -=  . 1 
)(/1" 1 31#*+F&-=-#"$ L"& 31: 1. +1, . & 0*1/(1"  1<& ' 3+/(? #"$ +*+ . #?1"+"$, +*+ 
A&"% )=  ' &D(-0" -&- #"$. E"& + &F. #D#1" ' &0"3&+"$ ?#"1?#"+D10,(C  ?&/1*$ -  
&*+?' +#/. &? 0?=0*1 Ð ' &.%"$ + &0?=0*+"$ (0* &-+1 F#/#D+. 
 J. &</#  (0* &-+1 - , *CD#1" . 1+F-10". &1 ' &.%"+1. W#21 10*+ -  (0* &-++ L"& 
' &.%"+1 &' 31/1*%1"0%, &" -#0 ?&<( " ' &"31)&-#"$0% F. #D+"1*$. =1 (0+*+% ' & 
' &.+?#. +C, D"& 21 "31)(1"0% 0/1*#"$. !&&"-1"0"-1. . &, D1? )&*$: 1 +/1;  + ?1"&/&- 
-=  &0-&+*+ ' 3+ ' &/<&"&-, 1, "1? ?1. $: 1 : #. 0&- -0"31"+"$ -  (0* &-++ ?#*&F. #,&?&1 
' &.%"+1.  X&*11 "&<&, ' 3+-= , #% ,  &0.&-. =? +/1%?, &"3#)#"=-#% 3#F*+D. =1 ' 3+1?=, 
-=  )(/1" 1 -01 D#M1 -0"31D#"$ F. #,&?=1 F#/#D+, ' &*. &0"$C +*+ 0 . 1)&*$: +?+ 
-#3+#@+%?+ 0&-' #/#C M+1 0 F#/#D#?+, , &"&3=1 -=  -+/1* + 3#.$: 1.  
 

2.3. 6 ' =5" '# %&# ': < #? =. #)-  " #$ #%&8 
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V1' 13$ 0*1/ (1"  ' 131; "+ &" ' &.+?#. +% "&<&, D"& . 1&)A&/+?& 0/1*#"$, ,  
' &.+?#. +C "&<&, , #,  L"& 0/1* #"$. H L"&? 3#F/1* 1 . #?1D#1"0% L>>1, "+-. =;  
#*<&3+"? 31: 1. +% F#/#D+ + ' (" + 1<& 31#*+F#@++. E"& . #+?1. 11 >&3?#*+F(1?#% 
D#0"$ - 01<& ' 3&@100# 31: 1. +%. H . 1;  ?&21" F#,*CD#"$0% -0% 0("$ F#/#D+, . & &.# 
?&21" )= "$ + "3+-+#*$. &; ' 3+ /&0"#"&D. & 0*&2. &; F#/#D1 -  @1*&?. H D1? 21 
F#,*CD#1"0% L"&" L"#' ? 
 G , #2/&<& ( D#0". +, # 0(M10"- (1"  . 1, &"&3&1 ' &.%"+1 & Ç, +3' +D+, #AÈ, 
L*1?1. "#3.=A 0"3(, "(3. =A 1/+. +@#A 0&F/ #-#1?&; ' 3&<3#??= Ð -  . #: 1? 0*(D#1 &)  
#*<&3+"?+D10, +A 1/+. +@#A. 6#2 /#% "#,#% 1/+. +@# A#3#,"13+F(1"0% 
>(. , @+&.#*$. &0"$C, L>>1, "+-. &0"$C, 0*&2 . &0"$C . #' +0#.+% (, &*+D10"-&? , &/#) 
+ ". / . I#F*+D. =1 Ç, +3' +D+, +È +?1C" 3#F. =1 -&F?&2. &0"+ ' & ?&/+>+, #@++.
 P# L"&? L"#' 1 . 1&)A&/+?& ' &0"3&+"$ 31: 1. +1 +F Ç, +3' +D+, &-È. GD#0". +, , 
31: #CM+;  F#/#D( , . 1 &)%F#"1*$. & /&* 21.  A&3&:& ' &.+?#"$ + &0&F. #-#"$ /#. . =;  
, &., 31". =;  Ç, +3' +D+, È. P#' 3+?13, &.  ?&21" F. #"$, D"& "#,&1 B$">$%&=)3 
*- >'%)# , , , #, &-# 1<& L>>1, "+-. &0"$ + . #0,&*$, & / &*<& 1<& ' +0#"$. 9/. #,& &. 
?&21" -  /#. . =;  ?&?1. " + . 1 ' &?. +"$ /1" #*1; , # -01<& *+: $ )= "$ (-131. . =? -  "&?, 
D"& &. L"+ /1 "#*+ - 0' &?. +", 10*+ ' &"31)(1" 0%, +*+ ' &' 3&0+" ' &?&M+ (  0-&1<& 
"&-#3+M# ' & , &?#. /1 .  

J" #,,  . # L"&? L"#' 1 0"3&+"0% 0A1?# 31: 1. +% +F Ç, +3' +D+, &-È. 53+ L"&? 
-&F. +, #C" 0*1/(C M+1 "3(/. &0"+: 

¥ ' *&A#% 0"=, &-, #. J . "(+"+-. #% , &?)+ . #@+% . 10,&*$, +A 0*&2 . =A 
)* &,&-, -. ( "31.. %% 0"3(, "(3# , &"&3=A "%21*& &0&F. #1"0% D1*&-1,&?, 
?&21" . # ' 13-=;  - F<*%/  31: #"$ F#/#D( , &/. #,& ' 3+ -. +?#"1*$. &? 
3#00?&"31.++ )(/("  -&F. +, #"$ ' 3&)* 1?=. 4&2 1" -= %0. +"$0%, D"&, 
. #' 3+?13, (  F#/#D+, 31: #1?&; /+ . #?+D10, +? ' 3&<3#??+3&-#.+1?, 
&"0("0"-(1"  0-&;0"- & 0()&' "+?#*$. &0"+, +*+ D"& ?#*&-13&%". =;  . # 
' 13-=;  -F<*%/  ÇA(/: +;  0*(D#; È -&F. +, #1" . # *C)&? / &0"#"&D. & 
)&*$: &? . #)&31 -A&/. =A /#. . =A, +*+ D"&-. +)(/$  -  "&? 21 /(A1. E"+ 
' 3&)*1?= 03&/. + . 1' 3#-+*$. &?(  31: 1. +C ?#"1?#"+D10,&; F#/#D+;  
¥ L>>1, "+-. &0"$. 5 3+/(? #. . #% 0A1?# ?&21" &,#F#"$0% 
. 1L>>1, "+-. &;. 53+ L"&? . 1&)A&/+?& (D+"=-#"$ . 1 "&*$, & 
#0+?' "&"+D10, +1 &@1. , +, . & + +<. &3+3(1?=1 -  L"+A &@1. , #A , &.0"#. "=. 
!#? =;  . #/12 . =;  - =A&/ +F L"&; 0+"(#@++ Ð 0&F/#. +1 ' 3+. @+' +#*$. & 
)&*11 L>>1, "+-. &<& 31: 1. +% -01;  F#/#D+ +*+ , #, &;-"& ' &/F#/#D+. 
H&F?&2. #% #*$"13.#"+-#: Ç/&)+ -#. +1È / #. . &<& 31: 1. +% 3#F*+D. =?+ 
#*<&3+"?+D10, +?+ + ' 3&<3#??+0"0,+?+ &' "+?+F#@+%?+, D"& 3+0,&-#. . & 
Ð ?&2. & ' &"3#"+"$ , ( D(  -31?1. +, . & "#, + . 1 0/#"$ F#/#D( ; 
¥ /3(< &; "+'  F#/#D+. P1 -01 F#/#D+ 31: #C"0% ' &0"3&1.+1? +F 
Ç, +3' +D+, &-È. I1 : 1. +1 F#/#D+ ?&21" )#F+3&-#"$0% . # ?#"1?#"+D10, +A 
+/1%A, , &"&3=1 . 1&)A&/+?& ' 3&0"& ' 3+/(? #"$. H L"&? 0*(D#1 
Ç, +3' +D+, #?+È ?&<( " 0*(2 +"$ "+' +D. =1 ' 3+1?= /* % ' &/&). =A F#/#D: 
&"0&3"+3&-#"$, . #D#"$ 0 ?#,0+?#*$. &<&/?+. +?#*$. &<& L*1?1. "#, 
+0' &*$F&-#"$ /+ . #?+D10,&1 ' 3&<3#??+3&-#. +1 + ". / .   

53+ 31: 1. ++ 0*&2. &; F#/#D+, ,  , &"&3&; . +, #, . 1 ' &/0"(' +"$0%, +?11" 
0?=0* . 1,&"&3&1 - 31?% Ç' &/&*)+ "$È 11 0"#. /#3" . =?+ ?1"&/#? +. E"& 
?&21" . 1 ' 3+-10"+ ,  31: 1. +C, # ?&21" ' 3+-10"+ + ,  . 1' 3#-+*$. &?(  
31: 1. +C, -. 1: . 1 ' &A&21?(  . # ' 3#-+*$. &1. 9/. #, & "#,&;  ' &/A&/ 
&' 3#-/#.  A&"% )=  ' &"&?( , D"& )&*$: +. 0"-& F#/#D "&*$, & . # ' 13-=;  
-F<*%/  Ð 0*&2. =1. 53#, "+D10, + . 1-&F?&2. & ' 3+/(? =-#"$ ,  , #2/&?(  
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0&31-.&-#.+C 8-12 F#/#D, 0&-13: 1. . & . &-= A + . 1' &A&2+A . # F#/#. +% 
' 3&: *=A *1". K0*+ 21 "#,&1 0*(D#1"0%, "& ?. &<+1 F#/#D+ &0"#C"0% 
. 131: 1. . =?+ . +, 1?. 5&L"&?(  -  F#/#D#A ' &*. =?-' &*. & -#3+#@+;  . # &/. + 
+ "1 21 "1?=; 
¥ . #*+D+1 . 10,&*$, +A 31: 1. +; . !+ . "1F +F Ç, +3' +D+, &-È ?&21" 
' &?&D$ )= 0"3& ' 3+/(? #"$ 31: 1. +1, , &"&3&1 ' &"&? /&* <& + . (/. & 
31#*+F(1"0%, "&</#  , #, /* % /#. . &; F#/#D+ ?&21" )= "$ * ( D: 1 . 1?. &<& 
' &/(? #"$, + -01 0(M10"-1. . & (' 3&0"+"0%. 

 

2.4. 7 5- 9'2 9+ 
 
 5&/  0"=, &-, &; ' &.+?#1"0% ( "&D. 1. +1 31: 1. +; , ' 3+. %"=A . # ' 31/= /(M 1? 
L"#' 1. P1&)A&/+?& / &0"#"&D. & ?1/* 1. . & + "M#"1*$. & ' 3&<&-&3+"$, +F , #,+A D#0"1;  
)(/1"  0&0"&%"$ ' 3&<3#??#, , #, +1 ?#00+-=  + 0"3(, "(3=  )(/ ("  -= /1* 1. = + ". / .   

P# L"&? L"#' 1 D#0"& -0' *=-#C" 3#F*+D. =1 ' 3&)*1?=. P#+)&*11 
3#0'3&0"3#.1. . #% 0A1?# 0"=, &-, + Ð &/+.  D1*&-1, ' 3+/( ?#* &)M(C  0A1?(  31: 1. +% 
F#/#D+ + 3#00, #F=-#1" 11 -" &3&?( . E"& . 1' *&A&; ?1"&/, D#0"& L, &.&?%M+;  0+*= + 
-31?%, . & ' 3+ L"&? -&F. +, #C" ' 3&)*1?=. 5 13-#% ' 3&)*1?#: -" &3&; D1*&-1,  /&* 21.  
)= *  0#?, F#3#.11 + - . +?#"1*$. & ' 3&D+"#"$ (0* &-+1 F#/#D+. H"&3#% Ð &. /&* 21.  
31#*$. & 0*( : #"$ ' 13-&<&, # . 1 "&*$, & /1* #"$ -+/ , , #, L"& ' 3&+0A&/+" -  ' &*&-+. 1 
0*(D#1-.  
 J0, *CD+"1*$. & ' &*1F. & ' +0#"$ 31: 1. +1 F#/#D+ . # )(? #<1. Q( D: 1, D"&)= L"& 
)= *+ . 1 . #)3&0,+, # )&*$: +1 F#,&.D1. . =1 >3#<?1. "= +*+ / #21 -0% ' 3&<3#??# 
@1*+, &?, -, *CD#% &)T%-* 1. +1 -01A ' 131?1. . =A. 5&*1F. &0"$ . #' +0#.+% , &/# . # 
)(? #<1 . 1 -  "&?, D"& ' 131'1D#"=-#"$ , &/  0 )(? #<+ . # , &?' $C"13 )= 0"311, D1? 
' +0#"$ Ç+F <&*&-=È, A&"% L"&, , &.1D. &, + "#,. H . #' +0#.. &? , &/1 ' 3&M1 
&). #3(2+"$, -01 *+ . 1&)A&/+?=1 ' 131?1. . =1 + ' 3&@1/(3(  +0' &*$F(C "0%. 5&0*1 
L"&<& . 1 ' &.#/&)+"0% /10%"$ 3#F ' 3&,3(D+-#"$ ' 3&<3#??(  . # L, 3#.1 -  ' &+0,#A 
. (2 . &<& ?10"#. E"& L, &.&?+" -31?%. P& L"& "#,21 -" &3+D. &.  

90. &-. #% +/1% . #' +0#.+% , &/# . # )(? #<1 -  "&?, D"& L"+? >&30+3(1"0% 
F#-13: 1. +1 0"=, &-, +, ' 3&+0A&/+" (' &3%/&D1. +1 ?=0*1; . O#' +0#"$ , &/ Ð F. #D+" 
D1", & 0>&3?(* +3&-#"$ 31: 1. +1. H' 3&D1?, ?. 1 -0"31D#*+0$ 0*( D#+, , &</#  /&-&*$. & 
0?(" . =1 ?=0*+ &>&3?*%*+0$ -  -+/1  , &/#, Ç' 3+?13.& ' 131/#CM1<& +/1C È, # ' &"&? 
' 3#,"+D10, + ' &/<&.%*+0$ ' &/ &"-1"  - #3+#@+%?+ 0 +. /1, 0#?+ ?#00+-# Ð F#?1. #?+ i 
. # i+1 + ".' . J. &</#  L"& ' 3+-&/+ " ,  (0' 1A(, . & D#M1 (<#/#"$ . 1 ( /#1"0%, + "31)( 1"0% 
0,&.@1. "3+3&-#"$0%, /&/(? #"$ + 03#F(  . #' +0#"$ -13. =;  , &/ . H )&*$: +. 0"-1 
0*(D#1- ' 3+A&/+"0% Ç' 131&)/(? #"$È + ' 131' +0#"$ F. #D+"1*$. ( C D#0"$ ' 3&<3#??= 
Ð . #' +0#.+1 . 1/&&)/ (? #. . &; ' 3&<3#??= ' &?&<#1", ( ?1. $: #% . #<3(F, (  . # ?&F<, . & 
' 3+-&/+ " ,  &D1. $ ) &*$: &;  ' &"131 - 31?1. +. H' 3&D1?, ) &*$: &; &' =" + -= 0&, #% 
"1A.+, # +. &</#  ' &F-&*%C" Ç. # *1"( È ' 131, 3&+"$ ' 3&<3#??( , /1* #CM(C  . 1 "& + . 1 
"#,, -  ' 3#-+*$. & + ) =0"3& 3#)&"#CM(C . Z #F# 0"=, &-, + -  L"&? 0*( D#1 ?&21" )= "$ 
+0,*CD1. # -&-01. 9 ' +0#.. #% 0+"(#@+% - 01-"#,+ %-* %1"0% Ç-= 0: +? ' +*&"#21?È, 
"31)(C M+? -. +?#. +% -01A "31A (D#0". +, &- , &?#. /= , +*+ A&"% )=  /-(A  +F . +A, # 
"#,21 +F3%/. &; /&* + -1F1. +%. P10?&"3% . # "&, D"& % . 1&/. &,3#". & ( D#0"-&-#*  -  
31: 1. ++ F#/#D ( , #F#. . =? &)3#F&?, &)=D. & * (D: 1 -01-"#, + F#3#.11 ' &/( ?#"$ + 
3#F*&2+"$ ' & ' &*&D, #? -01 /1 "#*+, D1? ' &"&? 0' 1: . & 0: +-#"$ 3#F3&F. 1. . =1 , (0, + 
-  ' &/&)+1 31: 1. +%, ' &D1?( -"& -= /#C M11 - 13.=1 &"-1"=.  
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9)= D. & ' 3&' (0,  0"=, &-, + + ' 131A&/ 03#F(  ,  31#*+F#@++ -&F. +, #* *+)& ' & 
' 3+D+. 1 (0"#*&0"+ + . 121*#. +% 0&031/&"&D+"$0% + "M#"1*$. & ' 3&/(? #"$ 31: 1. +1, 
*+)& +F-F# 21*#. +% . 1?1/* 1. . & . #D#"$ D"&-. +)(/$  ' +0#"$, D"&)= . 1 "13%"$ -31?% + 
. 1 ' &-=: #"$ . 13-&F. &0"$ &)0"#. &-, + -  , &?#. /1  +F-F# ' 3&0"&% , &?' $C"13#. 
 B#0"& 0"=, &-, # -= %- *%1" &: +) , + -  31: 1. ++, . 1L>>1, "+-. &0"$ 31: 1. +%  
+ ". / . 9. # 21 . #-&/+" . # ?=0*$, , #,  ' 3+/( ?#"$ /3 (<&1, 0(M10"- 1. . & )&*11 ' 3&0"&1 
31: 1. +1. E"& 1M1 &/+ .  #3<(? 1. " -  ' &*$F(  "&<&, D"& /10%"$ ?+. ("  3#F?=: *1. +% 
?&<( " -  /#* $. 1; : 1? 0L, &.&?+"$ ' &*D#0#. P# L"#' 1 0"=, &-, + . 1&)A&/+?& 
Ç3#0,3="$ , +3' +D+, +È, -0' &?. +"$, , #,  21 ' +: (" 0% L"+ %, &)= +F-10". =1 
0"#. /#3" . =1 #*<&3+"?=.  

H#3+#. " ' 3+ . 1A-#", 1 -31?1. +: &/+.  +F ( D#0". +, &- ' +: 1" &0.&-. (C  D#0"$ 
. # , &?' $C"131, # - "&3&; Ð 0"#. /#3" . =;  #*<&3+"? . # )( ?#<1, # ' &"&? Ç-)+ -#1"È 1<& 
-  , &?' $C"13. 53+ L"&? . 1&)A&/+?& "M#"1*$. & 0&<*#0&-#"$ +. "13>1;0 Ð . 1 "&*$, & 
/* % (0, &31.+% + (' 3&M1. +% Ç-)+ -#. +%È, . &, +, -  ' 13-(C  &D131/$, /* % 
-F#+?&' &.+?#. +% "&<&, D"& 21 0&)0"-1. . & "31)(1"0%. H"&3&; (D#0". +, , , &"&3&<& 
' 3&0%" . #' +0#"$ #*<&3+"? . # )(? #<1, -  80% 0*(D#1-  /&* 21.  0' 3&0+"$: Ç8  F#D1? -  
31: 1. ++ L"&" #*<&3+"??È V("  ' 13-= ;  ( D#0". +, , 0, &311 -01<&, . #D. 1" ?%"$0% + 
F#' +. #"$0%, + -= %0. +"0%, D"& &. ' 3+/(? #* D"&-"& 0*&2. &1 + <3&?&F/ , &1, # L"&" 
#*<&3+"? . (2 1.  , #,  ' &/F#/#D# D1<&-"& /3(< &<&, D"& 31: #1"0% 0#?& ' & 01)1 
F. #D+"1*$. & ' 3&M1. 
 G 3#F. =A (D#0". +, &-  0&31-.&-#.+; , -  "&? D+0*1 + (0' 1: . =A, 3#F*+D. &1 
&". &: 1. +1 ,  L"#' (  0"=, &-, +. S 0D+"#C L"&" L"#'  &D1. $ -#2 . =? + . #0"#+-#C . # 1<& 
-= ' &*. 1. ++. E"&" L"#'  0*&21. , "31)(1"  )&*$: &; , &.@1. "3#@++, . & . 1?. &<& 
-31?1. +. J?  D#0"& ' 31.1)31<#C", D"&, ' 3+ . 1/&0"#"&D. &? &' ="1 + +. "(+@++, 
?&21" ' 3+-10"+ ,  ' 1D#*$. =? 31F(* $"#"#?. 531. 1)31<#C" &)=D. & +F-F# (0"#*&0"+ -  
, &.@1 0&31-. &-#.+;  +*+ L, &.&?++ 0+*  -  . #D#*1. 9/. #,&, 10*+ "&*$, & -=  . 1 
L, &.&?+"1 -31?%, ' 131,*CD#%0$ . # /3(< (C  F#/#D( , % 31,&?1. /(C  (/1* +"$ -. +?#. +1 
0"=, &-, 1. 
 53&"+-&' &*&2. #% , &. @1' @+% Ð  03#F(  . #D#"$ ' +0#"$. 53+ /&0"#"&D. &? 
&' ="1, +. "(+@++, ( -131. . &0"+, D"& ÇF#/#D# ' 3&0"#%, 3#F 11 -01 0/#C"È +*+ 
, 3+"+D10,&? . 1/&0"#", 1 -31?1. + -  , &. @1, , &</#  . 1&)A&/+?& A&"$ , #, -"& 
' &' ="#"$0% 11 31: +"$, 0"=, &-, (  ?&2. & &' (0"+"$, "&D. 11, ' 3&+F-&/+ "$ 
&/. &-31?1. . & 0 . #' +0#.+1? 31: 1. +%. E"&" ' &/A&/ ' 3+?1. %1"0% ' &-01?10". &, . & 
-3%/  *+ 1<& ?&2. & 31, &?1. /&-#" $.  
 

2.5. @#+( &/+A&8 
 

P# L"&? L"#' 1 0&)0"-1. . & ' +: 1"0% ' 3&<3#??#. J. &</#  ' 31/' &D"+"1*$. 11 
' 3&<3#??+3&-#. +1 Ç0-13A( -. +FÈ, +. &</#  Ð Ç0. +F(  --13AÈ, +*+ +A , &?)+ . #@+%.  

513-= ;  ' &/A&/ +0' &*$F(1"0%, , &</#  0(M10"-(1"  &)M11 -+/1. +1 ' 3&<3#??= Ð 
"&</#  ' +: 1"0% &0.&-. #% D#0"$, # >(. , @++ + ' 3&@1/(3=  . 1 31#*+F(C "0%, "&*$, & 
0&<*#0&-=-#1"0% +A +. "13>1;0. E"& /1* #1"0% /&0"#"&D. & )= 0"3&, 10*+ 3#F)+1. +1 . # 
' &/' 3&<3#??= / &0"#"&D. & ( /#D. &, + ' &F-&*%1" &, &.D#"1*$. & (* &2+"$ ?=0*+ -  
<&*&-1. V#, 21 (' 3&M#1"0% &"*#/ , #, ' &.+?#. +1 + /&' +0=-#. +1 /3(< +?+ 
(D#0". +, #?+.  

5&/A&/  Ç0. +F(  --1 3AÈ +0' &*$F(1"0%, , &</#  "31)(1" 0% D"&-"& ' +0#"$, . 1 &D1. $ 
' &.%". &, D"& +?1. . &, # -31?% (A&/+". V&</#  ?&2. & 0. #D#*# . #' +0#"$ "&, D"& 
' &"31)(1" 0% -  *C)&? 0*( D#1, . #' 3+?13 Ð --&/  -A&/. =A /# . . =A, >(. , @++ / *% 
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3#)&"= 0 <1&?1"3+1;  +*+ #3+>? 1"+, (  ' &-=: 1. . &; "&D. &0"+. Y&3&: &, 10*+ -  
, &?#. /1  (0"&%*+0$ 31#*+F#@++ 0"#. /#3". =A #*<&3+"?&-, , &.- 1. @++ & . #F-#. +%A 
' 131?1. . =A + >(. , @+;  + ". / . 53+ . 1&)A&/+?&0"+ ' &"3#"$"1 ' &*?+. (" = + 
/&' +: +"1 , &??1. "#3++ & "&?, D"& F# F. #D1. +% A3#.%"0% -  , #2/ &; +F ' 131?1. . =A, 
D"& -&F- 3#M#1" "# +*+ +. #% >(. , @+% + ". / .   

P# ' 3#,"+, 1, , &.1D. &, +0' &*$F(C "0% 0?1: #. . =1 ' &/A&/=. 
 

2.6. B#=5&" '2 +%&# & '5 ( +, 9+ 
 

W&)+-: +0$ "&<&, D"&)=  ' 3&<3#??# , &?' +*+3&-#*#0$, . 1&)A&/+ ?& ()1 /+ "$0% 
-  11 ' 3#-+*$. &0"+. 53&)* 1?= ?&<("  )= "$ -  ?1*, +A &: +) , #A, /&' (M1. . =A -  
' 3&@1001 . #' +0#.+%: ' 131'(" #. . =1 +?1. # ' 131?1. . =A, . 1-13.=;  F. #, -  >&3?(* 1 + 
". / . I1: 1. +1 ?&21" )= "$ ' 3+. @+' +#*$. & . 1' 3#-+*$. =? +*+ . 1L>>1, "+-. =?. 
I#F?13 ?#00+-&-  ?&21" )= "$ . 1/&0"#"&D. =? +*+, . #' 3&"+- , D31F?13.=?, D"& )( /1"  
-= F=-#"$ &: +) , (  Ç' 31-= : 1.  ' 31/1* ' #?%"+È.  

5&L"&?(  ' 3&<3#??(  . 1&)A&/+?& "10"+3&- #"$, 10*+, , &.1D. &, 31D$ +/1"  . 1 & 
' &0*1/. 1;  ?+. (" 1 0&31-. &-#.+; . 53&<3#??( , / &' +0#.. (C  F# "3+ ?+. (" = /& , &.@#, 
. 1 0*1/(1"  "10"+3&-#"$ "&*$, & ' 3+ (0* &-++, D"& "10"+3(CM#% 0+0"1?# 3#)&"#1" 
&D1. $ . 10"#)+*$. &, + . # ' &0=*, (  31: 1. +% -  2C3+ &/. &; ?+. ( "= ?#*&.  
 513-&1 ' 3#-+*& "10"+3&-#.+% Ð ' 3&-13%; "1 F#/#D(  . # "10"1 (. #)&31 -A&/. =A 
/#. . =A) +F ' 3+?13#. 6#, &; )=  ' 3#-+*$. &;  . + , #F#*#0$ -#: # ' 3&<3#??#, , #, +? )=  
' 3&0"=? . + )= *  "10" +F ' 3+?13#, -01 3#-. & -  ' &*&-+. 1 0*(D#1- "10" +F ' 3+?13# . 1 
' 3&;/1" . H01-"#,+ 31: 1. +1 ' +: 1"0% -  &)0"#. &-, 1 . 13-. &<& . #' 3%21. +% + . # 
0,&3&0"$. W#*11, . 1 *1. +"10$ ' 3+/ (? =-#"$ 0-&+ "10"=. H-&/+ "1 ?. &<& Ç?#*1. $, +AÈ 
"10"&-. ! "#3#;"10$ . 1 0"+3#"$ "10", &/. #2 /=  --1/1. . =;  -  , &?' $C"13. K0*+ -=  
A&"+"1 0*1<, # +F?1. +"$ 1<&, ' 31/-#3+"1*$. & 0,&' +3(; "1 Ð ' (0"$ * (D: 1 )(/1 " /-#  
"10"#. 
 H"&3&1 ' 3#-+*& Ð -. +?#"1*$. & ' 3&-13%; "1, D"& ' 3&<3#??# -= / #*# . # "10"1. 
9D1. $ D#0"&, , &</#  ' 3&<3#??# ' 3#-+*$. & 3#)&"#*# . # /1-%"+ "10"#A, ' 3+/ (? #. . =A 
, &?#. /&; , . & -= /#1" . 1' 3#-+*$. =;  &"-1"  . # /10%"&?, , &?#. /#  L"&<& . 1 F#?1D#1", 
' &0,&*$, (  F#' ( 0,#1" ' 3&<3#??(  . # /10%"&? "10"1 "&*$, & /* % Ç&D+0", + 0&-10"+È.  

9" ?1"+?, D"& -  /&0"#"&D. & 0*&2. =A F#/#D#A ' &?&<#1" - 0"3#+-#. +1 -  
' 3&<3#??(  L*1?1. "&- #-"&?#"+D10,&; ' 3&-13,+. 9 D1. $ ' &*1F. # ' 3&@1/(3 # 
asser t  +*+ 11 #. #*&<+. P#' 3+?13, ' &0*1 0&3"+3&-, + ?&2. & ' 3&-13+"$, 
/1; 0"-+"1*$. & *+ ?#00+-  &"0&3"+3&-#.. K0*+ L"& . 1 "#, , ' (0"$ ' 3&<3#??# 
F#-13: #1"0% 0 &: +) , &;. K0*+ F#/#D# /&0"#"&D. & 0*&2. #% + - , *CD#1" . 1 "&*$, & 
0&3"+3&-, ( , "#, +1 ' 31/&0"&3&2. &0"+ ' 3#,"+D10, + . #-13. %, # &,(' %"0%. 
K/+ . 0"-1. . #% ' 3&)*1?# Ð . 1 . 1/&0"#"&,  - 31?1. +, # *1. $, -1/ $ . # "31.+3&-, #A -01 
/10%"$ 3#F ' +0#*+ "&" +*+ +. &; #*<&3+"?. 6  0&2#*1. +C, . +, #, #% "31.+3&-, # . 1 
<#3#."+3(1" )1F&: +)&D. &<& . #' +0#.+% . # 0&31-.&-#.+%A / #21 "#,+A ' 3&0"=A 
#*<&3+"?&-, , #,, . #' 3+?13, #*<&3+"? K-, *+/ #, #*<&3+"? W1; , 0"3= +*+ /-&+ D. =;  
' &+0,.   
 63&?1 Ç?#*1. $, +AÈ "10"&-, . 1&)A&/+?& -01</#  ' 3&-13%"$ 31: 1. +1 . # "#,  
. #F=-#1?&? Ç?#, 0+?#*$. &? "10"1È. W*% , #2/&;  F#/#D+ 0*1/(1" , 10*+ L"& 
-&F?&2. &, 0<1. 13+3&-#"$ Ç?#,0+?#*$. =;  "10"È Ð ' &* . &0"$C 0*(D#; . =;  )&*$: &; 
"10" 0 ?#, 0+?#*$. =?+ &<3#.+D1. +%?+. !< 1. 13+3&-#.. =;  "#,+? &)3#F&? "10" . 1 -& 
-01A F#/#D#A )(/1 " A(/: +? ' & -31?1. + 3#)&"= ' 3&<3#??=. W#*1,& . 1 -& -01A Ð + 
A&3&:& )=  ' &.+?#"$, -  , #, +A. P& . # ' 3#,"+, 1 -=  )(/1" 1 ' &3#21. =, (-+ /1- , 



 10 

. #0,&*$, & D#0"& "#, &; "10" ' 3+-&/+ " ,  &: +), 1 -31?1. + -= ' &*. 1. +%. 6&. 1D. &, 
&"-1"  ,  "#, &?(  "10"(  ' 3&-13+"$ . 1*1<, &, . & D#0"& ' & &"- 1"(  *1<, & ' &.%"$, D"& &. Ð 
. 1' 3#-+*$. =; . W&)#-*1. +1 -  ' 3&<3#??(  ?. &<&D+0*1. . =A ' 3&-13&,, * (D: 1 -01<& Ð 
+0D13' =-#CM+A (10*+ F#/#D# )&*$: #% + "3(/. #%), &)*1<D#1" +0' &*$F&-#.+1 
Ç?#,0+?#*$. =A "10"&-È. 
 H1D. #% /+ *1??#: D"& * (D: 1 Ð "10"+3&-#"$ +*+ ' 3&-13%"$ *&<+, ( ? K0*+ -  
' 3&<3#??1 10"$ . 1) &*$: #% D#0"$, -= F=-#CM#% )&*$: +1 0&?. 1. +%, * (D: 1 11 
&)/(? #"$ + 03#F(  . #' +0#"$ ' 3#-+*$. &. 5&"&?(  D"& 10*+ -  ' 3&<3#??1 10"$ + /3( <+1 
&: +), +, "10"+3&-#.+1 ?&21" &,#F#"$0% /&* <+? + (" &?+"1*$. =?. K0*+ -=  . 1 
"10"+3(1"1 ' 3&<3#??( , 3#0'1D#"#; "1 31: 1. +1 + ' 3&-13%; "1 1<& ' & 3#0'1D#", 1, 
&0-&)&/+-  , &?' $C"13 /* % /3(< +A (D#0". +, &- , &?#. /= . 

P1&)A&/+?& -= /132 +-#"$ )#* #. 0 ?12/(  L"+?+ ' &/A&/#?+. H01</#  0*1/(1"  
' 3&-13%"$ ' 3&<3#??(  . # . 10, &*$, +A Ç. 1)&*$: +AÈ "10"#A. H 0*( D#1 . 1-13.&<& 
&"-1"# 0. &-# +?11"0% #*$"13.#"+-#: &"*#2+-#"$ ' 3&<3#??(  +*+ +0,#"$ &: +), +, 
-. +?#"1*$. & D+"#% 11 , &/ (, #,  ' 3#-+*&, &' %"$ 21 ' & 3#0'1D#", 1). 5&?. +"1, D"& /* % 
&"*#/, + D#0"& /&0"#"&D. & "31A-' %"+ ?+. (" , "&</#  , #,  ' &+0, &: +)&,  . # )(? #<1 
*1<, & ?&21" F#"%. (" $0% . # ' &*D#0#. E"& F#. +?#1" &/. &<& +F D*1. &- , &?#. /= , 
. 13-+3(1" -01A "3&+A + ,  "&?(  21 (-1* +D+-#1" : "3#>. &1 -31?%. H=)+3#"$ 0*1/( 1" 
' & &)0"&%"1*$0"- #?. 

5& A&/( 0&31-.&-#. +;  ' 3+A&/+"0% 31<(* %3. & ' 3+. +?#"$ "#,"+D10, +1 
31: 1. +%. 53&-13%"$ 31: 1. +1 /#* $: 1 +*+ &"' 3#-+"$ 1<& -  2 C3+? V10"+3&-#"$, 
&"*#2+-#"$ ' 3&<3#??( , +*+ +0,#"$ &: +) , + ' & 3#0'1D#", 1? 5+0#"$ 31: 1. +1 F#/#D+ 
-  &/+. &D, (  +*+ -/-& 1?? H#2. & ' 3#-+*$. & 3#00"#-*%"$ ' 3+&3+"1"=. B"& -#2 . 11 -  
' &0*1/. +;  D#0 0&31-. &-#.+;  Ð . #/12 . &1 31: 1. +1 &/. &; F#/#D+ +*+ 3+0,&-#. . #% 
' &' =", # 31: +"$ 1M1 /-1 ?  

P# ' 3#,"+, 1 0*&2. & (/1* +"$ "#,"+, 1 /&0"#"&D. & -. +?#. +%. 9' +: (  
1/+. 0"-1. . =;  ?1"&/, , &"&3=;  &, #F=-#* 0% ' &*1F. =? -& -01A )1F +0,*CD1. +% 
0*(D#%A. H 0#?&? . #D#*# 0&31-.&-#.+% -&F$?+"1 D+0"=;  *+0" )(? #<+ + -= ' +: +"1 
. # . 1? -  0"&*)+ ,  )( , -= , 0&&"-1"0"-(C M+1 F#/#D#?. H /#* $. 1; : 1? -= D13, +-#; "1 
31: 1. . =1 F#/#D+. G/&). & "#, 21 ' &?1D#"$ F#/#D+, ' & , &"&3=? 10"$ +/1+, +*+ 
31: 1. +% ,  , &"&3=? D#0"+D. & . #' +0#.=. 9). #3(2+-  F#/#D( , . # 31: 1. +1 , &"&3&; 
F#-1/&?& . 1 A-#"+" -31?1. +, "#, 21 -= D13, . +"1 11 +F 0' +0,#.  

 

2.7. 6 ' =- ( 9+ %+ * " '2 #" 9;  2 C3 " & 
 
 P1 F#)= -#; "1 ' 3& &"*#/&D. (C  +. >&3?#@+C, - , *CD1. +1/-= , *CD1. +1 
&' "+?+F#@++ + ' 3&-13&, ' 131'&*. 1. +1 #3+>?1"+, +, 0"1, #, - =A&/# F# <3#.+@= 
?#00+-# Ð 10*+ -= , , &.1D. &, . 1 ' +: 1"1 . # %F=, 1 Java. !(M 10"-(C " 0"&3&.. +, + 
?#,3&0# DEBUG -  &*+?' +#/. &? ' 3&<3#??+3&-#.++, , &"&3=? ?&2. & &"?1"+"$, 
, #,+1 D#0"+ ' 3&<3#??=, -= ' &*. %C"0% ' 3+ &"*#/ , 1, # 0 , #,+?+ ' 3&<3#??# 
' &0=*#1"0% -  2C3+. J. &</#  1<& +0' &*$F&-#. +1 &' 3#-/ #. &, . & &)=D. & &D1. $ ( 2  
*1. $ +? ' &*$F&-#"$0%. H' 3&D1?, L"& ' 3+-&/+ " ,  ?. &<&D+0*1. . =? ÇF#)= *  - , *CD+"$ 
' 3&-13,(  ' 131'&*. 1. +%È, ÇF#)= *  ()3#" $ &"*#/&D. (C  +. >&3?#@+CÈ + ". / . 8  , &</#  
+F 2C3+ ' 3+A&/+" 0&&)M1. +1 ÇP1-13. =;  &"-1"È, &"*#/&D. #% +. >&3?#@+% 
-&F-3#M#1"0% &)3#". &, + F#"1?, ' &0*1 +0' 3#-*1. +% &: +) , +, 11 &' %"$ F#)= -#C" 
()3#" $. V# 21 +0"&3+% ' 3&+0A&/+", , &</#  "31)(1" 0% -= -&/ +"$ +. >&3?#@+C -  
0"#. /#3" . =;  -= - &/ + D+"#"$ 11 +F 0"#. /#3". &<& --&/# , # /* % &"*#/, + +0' &*$F(1"0% 
>#; * . B"&)= . 1 F#)=-#"$ & "&?, D"& ' 131/ ' &0=*, &; 0*1/( 1" D"&-"& +F?1. +"$, 
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?&2. & -  , *+1. "1 /* % ' &0=*, + 31: 1. +% -  0"3&,1 0 . #F-#. +1? F#/#D+ , #2/= ;  3#F 
' +0#"$: ÇP1 F#)= "$ ()3#" $ >#; *=È +*+ D"&-. +)(/ $ -  "#,&? 21 /(A1. 5&?&<#1" 
&D1. $ 0+*$. & Ð 31#*$. & ?&21" 0' #0"+ &" "31A-D1"=31A *+: . +A ' &' ="&, F# , &."10". 
 P1 0?&"3+"1, , #,  -#: + "&-#3+M+ ' & , &?#. / 1 ' &0=*#C" ' 3&<3#??(  -  2C3+, 
, #,  &.+ . #2+?#C" , . &' , + -  , *+1. "1 + ". / . E"& &". +?#1" -#: 1 - 31?% + -. +?#. +1, # 
&.+ . 13-. +D#C", D"& -=  . 1 <&"&-+"10$ + . 1 &)/( ?=-#1"1 /3(< ( C F#/#D( . H' 3&D1?, 
10*+ (2  -=  . #)* C/#1"1 F# . +?+, ' 3&, &."3&*+3(; "1, D"&)= &.+ -= )3#*+ . ( 2 . =;  
>#; * , . (2 . =;  %F=,  ' 3&<3#??+3&-#. +% + . (2 . (C  F#/#D( , -, *CD+*+/&", *CD+*+ 
' 3&-13,+ + ". / .  
 P1 0?&"3+"1 ' 3&0"& "#, -  ?&.+"&3, &2+/ #% &"-1"#. !13-13 , ' 3&-13%CM+;  
31: 1. +% (D#0". +, &-, ?&21" )= "$ ' 131<3(2 1. . 9.  ?&21" )= "$ - 31?1. . & -  
. 13#)&D1? 0&0"&%. ++ Ð L"& "+' +D. & /* % 0&31-.&-#.+;  0#?&<& 3#F. &<& (3&-. %. 
V10"+3(; "1 L"(  F#/#D( , ' +: +"1 /3( <(C , /(? #; "1 . #/  "31"$1;  + ". / .  H , &.@1 
0&31-.&-#.+;  ( D#0". +, + D#0"& -. &0%" Ç0*(D#; . =1 +F?1. 1. +%È + ' &0=*#C" 
' 3&<3#??(  -  2C3+ 1M1 3#F, -. &0%" + ' &0=*#C" + ". / . 9/. #,&, 10*+ &0"#*&0$ A&"% 
)=  ' %"$ ?+. (" , * ( D: 1 ' 3+/( ?#; "1 ' #3(  . 1)&*$: +A 0&/132#"1*$. =A "10"&- + 
' 3&-13$"1 ' 3&<3#??(  . # . +A. K0*+ &). #3(2+"0% &: +), # Ð 0, &.@1. "3+3(; "10$ + 
+0' 3#-$"1 11, # . 1 ' 3&0"& /&)1; "10$ -13. &<& &"-1"# . # /#. . &? , &. , 31". &? ' 3+?131. 
5&?. +"1, D"& -  ' 3&<3#??1 D#0"& 10"$ ' &-"&3%CM+10% ?10"#, ' &L"&?(  &/. # + "# 21 
&: +), # ?&<*# )= "$ / &' (M1. # ?. &<&, 3#". &. 
 W&-&*$. & D#0"& &). #3(2 +-#1"0% >3#<?1. " . #' +0#.. &; ' 3&<3#??=, , &"&3=;  
?&21" )= "$ (* (D: 1. . 53+1?*1?&0"$ 0(M10"-(C M1;  31#*+F#@++ ?&21" F#-+01"$ &" 
"3#,"&- , + (0* &-+% F#/#D+, . 1"3+-+#*$. =A 0-&;0"-  +0' &*$F&-#. . =A #*<&3+"?&- , 
/#2 1 &" . 1, &"&3&; / &*+ -1F1. +%, ' &0,&*$, (  +. &</#  (D#0". +, + /&' (0, #C" 0"&*$ 
. 1&)=D. =1 + 31/, & ' 3&%-* %CM+10% &: +) , +, D"& F#<&"&-*1. . =1 "10"= L"+ &: +) , + 
. 1 -= %-* %C". H= ?&21"1 (* ( D: +"$ L"&" 0&?. +"1*$. =;  >3#<?1. " + ' &0*#"$ 
' 3&<3#??(  . # ' 3&-13, ( , &/. #, & ' &/&). =1 /1; 0"-+% D#0"& . #&)&3&" ' 3+-&/%" ,  
(-1* +D1. +C , &*+D10"-# &: +)&,  -  ' 3&<3#??1. 5&L"&?(  ' 131/ -. 101. +1? 
+0' 3#-*1. +; , -  . 1&)A&/+?&0"+ , &"&3=A -=  . 1 (-131. =, 0/1*#; "1 31F13-. (C  , &' +C 
-01<& 31: 1. +%. 9). #3(2 +-  -' &0*1/0"-++ /1; 0"-+"1*$. & 013$1F. (C  &: +) , ( , -= , 
-13&%". &, F#A&"+"1 ,  L"&; , &' ++ -13. ( "$0%. 
 

3. 6 "&) #%#%&# * "#, ( ' C#%%' ? =.#) -  "#$ #%&8 9 9' %9"#5%' ? 

/+, +0# 

V1' 13$ . #0"#*& -31?% ' 3&/1?&.0"3+3&-#"$ &' +0#.. (C  0A1?(  . # ' 3+?131 
31: 1. +% , &., 31". &;  F#/#D+. 53+-1/ 1? (0*&-+1 F#/#D+. 
 
 
 
D+,+0+ ÇE#* '1( '< +3 < &? , #5#") &%&"' 2+%%- ? 9' %#0%- ? +25') +5È. 
(Non Absorbing Deterministic Finite Automaton (DFA)). 
 
8-" &3 F#/#D+: 8. /3 1;  !" #. , 1-+D. 
J0" &D. +, : Q1". +1 0)&3= , &?#. / -(D#0". +@ D1?' +&.#"# ?+3# ACM ' & 
' 3&<3#??+3&-#. +C. 51"3&F#-&/0, , 2003.  
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I#0' &*&21. +1: F#/#D# 7  201 -  #3A+-1 &*+?' +#/. =A F#/#D !#3#"&-0, &<& 
<&0(/#30"-1. . &<& (. +-130+"1"# http://acm.sgu.ru/  
 
 G0*&-+1 F#/#D+ 0>&3?(* +3&-#.& . # #. <*+; 0,&? %F=, 1. 5131-&/  . # 3(00, +;  
-= ' &*. 1.  ?. &C. 8))31-+ #"(3# ÇDFAÈ ' 131-&/+"0% , #,  ÇW68 È Ð  
/1" 13?+. +3&-#. . =;  , &.1D. =;  #-"&?#". 
 
<>%*")( $")6 )  # %$/' 4*" )6: 

¥ &<3#.+D1. +1 ' & -31?1. +: 20; 
¥ &<3#.+D1. +1 ' & ' #?%"+: 64 4) ; 
¥ -A&/. =1 /#. . =1: 0"#. /#3" . =;  --&/ ; 
¥ -= A&/. =1 /#. . =1: 0"#. /#3" . =;  -= -&/ . 

 
 H "1&3++ , &?' +*%"&3&- + %F=, &- : +3&,& +0' &*$F(C "0% , &.1D. =1 #-"&?#"=. 
W1"13?+. +3&-#. . =;  , &.1D. =;  #-"&?#" (W68 ) Ð L"& (' &3%/&D1. . =;  . #)&3 <! ,  U,  
s,  T,  " >, </ 1 !  Ð , &.1D. &1 ?. &210"- &, . #F=-#1?&1 -A&/. =? #*>#-+"&?, U Ð 
, &.1D. =;  . #)&3 0&0"&%. +; , s +F U Ð . #D#*$. &1 0&0"&%. +1, T Ð ?. &210"-& 
"13?+. #*$. =A 0&0"&%. +;  +F U, +, . #,&.1@, " :  U # !  $ U Ð >( . , @+% ' 131A&/&- .  
 HA&/&? #-"&?#"# %- *%1"0% 0"3&, # % . #/  #*>#-+"&? ! . 513-&. #D#*$. & 
#-"&?#" . #A&/+"0% -  0&0"&%. ++ s. P# , #2/&?  : #<1 &. D+"#1" ' 13-=;  0+?-&* 
-A&/. &; 0"3&,+ + +F?1. %1" 0-&1 0&0"&%. +1 . # " ( u,  c) , </1  u Ð "1, ( M11 
0&0"&%. +1. 5&0*1 L"&<& ' 13-= ;  0+?-&* -A&/. &; 0"3&, + (/#* %1"0%, + : #< 
' &-"&3%1"0%. K0*+ ,  ?&?1. "(  +0D13' #. +% - A&/. &; 0"3&, + #-"&?#" )(/1"  . #A&/+"$0% 
-  "13?+. #*$. &? 0&0"&%. ++, "& <&-&3%", D"& &. /&' (0, #1" +0A&/. (C  0"3&,(  %, -  
' 3&"+-. &? 0*(D#1 Ð &"-13<#1" 11. 
 J. &</#  /* % (' 3&M1. +% #-"&?#"# --&/+ "0% ' &.%"+1 . 1' &<*&M#CM+A 31)13. 
E"& F. #D+", D"& -  /&' &*. 1. +1 ,  >(. , @++ ' 131A&/&- "  --&/+ "0% "#,21 >(. , @+% & :  
U # !  $ { 0,  1} . V&</#  ' 3+ 0&-13: 1. ++ ' 131A&/# +F 0&0"&%. +% u ' & 0+?-&*(  c, 
' 13-=;  0+?-&* +F -A&/. &; 0"3&,+ (/#* %1"0%, "&*$, & 10*+ &( u,  c)  = 0. K0*+ 21 
&( u,  c)  = 1, "& -A&/. #% 0"3&, # &0"#1"0% )1F +F?1. 1. +; , + 0*1/(C M+;  ' 131A&/ 
' 3&+F-&/+ "0% +F . &-&<& 0&0"&%. +%, . & ' & "&?(  21 0+?-&*(  c . H ' 13-&? 0*(D#1 
<&-&3%", D"& ' 3&+F&: 1* ' 131A&/ ' & ' &<*&M#CM1?(  31)3( , -& - "&3&? Ð ' & 
. 1' &<*&M#CM1?( . 
 5& &' 31/1*1. +C "#, &; #-"&?#" /&' (0, #1" 0"3&, (  %, 10*+ ' &0*1 . 1,&"&3&<& 
D+0*# : #<&- &. ' &' #/#1" -  "13?+. #*$. &1 0&0"&%. +1, # 0"3&,# &,#F=-#1"0% ' (0"&;. 
 O#/#D#: ' & /#. . &?(  W68  0 . 1' &<*&M#CM+?+ 31)3#?+ . #; "+ , &*+D10"-& 
0"3&, /#. . &; /* +. = N, , &"&3=1 &. /&' (0, #1". 
 
F '") +5 2. ', %- .  , +%%- .  
 513-#% 0"3&, # -A&/. &<& >#; *# 0&/132+" !  Ð ' &/? . &210"-& #. <*+; 0,&<& 
#*>#-+"# (. 10, &*$, & ?#*1. $, +A *#"+. 0,+A )(, - ).  

H"&3#% 0"3&, # 0&/132+" K = | U|  Ð , &*+D10"-& 0&0"&%. +;  #-"&?#"# ( 1 '  K 
'  1000) . !&0" &%. +% . (? 13(C"0% &" 1 / & K.  

V31"$% 0"3&, # 0&/132+" S ( 1 '  S '  K)  Ð . #D#*$. &1 0&0"&%. +1 + L =| T|  
Ð , &*+D10"- & "13?+. #*$. =A 0&0"&%. +; , # F#"1? L 3#F*+D. =A @1*=A D+01* 0& 
F. #D1. +%?+ &" 1 /& K , #2/&1 Ð . &?13# "13?+. #*$. =A 0&0"&%. +; .  
 !* 1/(C M+1 K 0"3&, 0&/132#" ' & | ! |  @1*=A D+01* , #2/#% + &' 31/1*%C" 
>(. , @+C " .  
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O#"1? 3#0'&*#<#C"0% K 0"3&, &' 31/1*%C" >(. , @+C & "1? 2 1 0' &0&)&?. 
5&0*1/. %% 0"3&, # -A&/. &<& >#; *# 0&/132+" N ( 1 '  N '  60) . 

 
F '") +5 2- .', %- .  , +%%- .  
 H=-1/+ "1 1/+ . 0"-1. . &1 D+0*& Ð , &*+D10"- & 0"3&,  /* +. = N . #/  #*>#-+"&? ! , 
/&' (0, #1?=A /#. . =? W68 . 
 53+-1/1. . #% . +21 "#)* +@# 0&/132+" &' +0#. +1 ' 3+?13#. 
 
( ) * +, )  - . / 012.  03112.  ( ) * +, )  - 2. / 012.  03112.  
ab  
2  
1 1 2  
2 1  
1 2  
0 1  
0 0  
3  

2 
 

 
H L"&? ' 3+?131 #-"&?#" /&' (0, #1" /-1  0"3&,+: ÒaaaÓ + ÒabbÓ. 

 

3.1. > 5#%&# ;=( '2 &8 
 
 G0*&-+1 L"&; F#/#D+ /&0"#"&D. & ' 3&0"& /* % ' 3&D"1. +%. H&-' 13-=A, &.& 
. #' +0#.& . # 3(00,&? %F=, 1. H&--" &3=A, &.& ' 3#,"+D10,+ ' &*. &0"$C 
>&3?#*+F&-#.&, + *+"13#"(3. &1 --1 /1. +1 0&0"&+" +F &/. &;  >3#F=: ÇH "1&3++ 
, &?' +*%"&3&- + %F=, &- : +3&, & +0' &*$F( C"0% , &.1D. =1 #-" &?#"=È. H01. X&*$: 1 
-#0 . +D1<& . 1 &"-* 1, #1". 4&2 1"1 0,#F#"$ 0' #0+)& #-"&3( F#/#D+, +F)#-+ -: 1?(  -#0 
&" . 1. (2 . =A /1" #*1; , , &"&3=1, -' 3&D1?, ?&<*+ )=  . 10,&*$, & &2+-+"$ L"& 0(A&1 + 
>&3?#*$. &1 (0* &-+1 F#/#D+, +F*&21. . &1 ' &0*1/&-#"1*$. &, 0-%F. & + )1F ' &/-&A&-. 
5&. %"+1 W68 , , &"&3&1 ?&21" )= "$ . 1+F-10". & D+"#"1*C, &' 31/1*1. & -  "1, 0"1.  

9/. #,& H=, /&3&<&; D+"#"1*$, -13&%". &, ' 3&D+"#*+ L"& (0* &-+1 Ç. #+0,&0&, È, 
. 1-. +?#"1*$. & + . 1)312. &, &' (0"+-  . 1, &"&3=1 /1" #*+. !, &311 -01<&, -=  ' &.%*+, 
D"& 10"$ , #, #%-"& ?&/+>+, #@+% , &.1D. &<& #-"&?#"#, + 0*1/(1"  ' &0D+"#"$ 
, &*+D10"-& 0"3&,, , &"&3&1 &.# /&' (0, #1". K0*+ -=  . 1 F. #1"1, D"& "#,&1 Ç, &.1D. =;  
#-"&?#"È + Ç/&' (0, #1"È, "& "&</#  (  -#0, -13&%". &, 0*&2+*&0$ 1M1 )&*11 0?(" . &1 
' 31/0"#-*1. +1 &)  (0* &-++ /#. . &; F#/#D+. 
 H= ?&21"1 -&F3#F+"$, D"& ' 3&D+"#*+ (0*&-+1 . 1-. +?#"1*$. & ' &"&?( , D"& 
D+"#1"1 L"&" "1, 0", # -&-01 . 1 31: #1"1 F#/#D( . 9 D1. $ F3%. H= /( ?#1"1, . # 
0&31-.&-#.++, 31: #% 31#*$. =1 F#/#D+, -=  0?&21"1 D+"#"$ (0* &-+1 +. #D1, . 1 "#,, 
, #, 01;D#0?  

V1' 13$, ' &2#*(; 0"#, -13. +"10$ ,  (0* &-+C + ' 3&D+"#; "1 1<& 1M1 3#F, &D1. $ 
-. +?#"1*$. &. 

 

3.2. 6 ' =5" '# %&# ) +5#)+5&0#=9' ? ) ', #( & 
 

E"&" L"#'  %-* %1"0% 10"10"-1. . =? ' 3&/&*21. +1? ' 31/= /(M 1<&. H= (2 1 
' 3&D+"#*+ (0* &-+1? !, &311 -01<&, -=  ' &.%*+ -  * (D: 1? 0*(D#1 ' &*&-+. ( . 
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5131D+"#; "1 (0* &-+1 1M1 3#F: ?1/* 1. . &, ' & &/. &?(  ' 31/* &21. +C, ' 3+ 
. 1&)A&/+?&0"+ +0' &*$F(% 3(D, (  + )(? #<( . P1 *1. +"10$, 3#F)13+"10$, D"& "31)(1"0% 
-  F#/#D1. 

 6&. "3&*$. =;  -&' 3&0: ' 3+-1/+ "1 ' 3+?13 -A&/. =A /#. . =A, &"-1"  /* % 
, &"&3&<& Ð 1/+. +@#. P1 . # (3&-. 1 +/1+, # -  D+0*#A. K0*+ &. 0(M10"-(1 ", F#' +: +"1 
1<& -? 10"1 0 &"-1"&?. E"&" ' 3+?13 1M1 ' 3+<&/+"0% -#? ' 3+ "10"+3&-#.++. H0"31"+-  
3#00?#"3+-#1?(C  F#/#D(  . # . #0"&%M+A 0&31-.&-#.+%A, . 1?. &<+1 ( D#0". +, + 
/1; 0"-+"1*$. & )( /("  ' 3+/(? =-#"$ , #,&;-*+)& . #)&3 -A&/. =A / #. . =A 03#F(  ' &0*1 
' 3&D"1. +% (0* &-+%, D"&)= . 1 . #' 3%<#"$0%. 5&L"&?(  0&)= "+% D#0"& 3#F-+-#C"0% ' & 
0*1/(C M1?(  0@1. #3+C. 9/+ .  (D#0". +,  0' 3#: +-#1" /3 (<&<&: ÇV= D+"#* F#/#D(  F?Ó 
W3(<&; &"-1D#1": ÇW#, "#? , #,+1-"& , &.1D. =1 #-"&?#"=, , #, +1-"& /&' ( 0, #1?=1 
0"3&,+. B"&-"& . 1' &.%". &1 +, . #-13.&1, . ( /. &1. Q(D: 1 ' &D+"#1? /3(< +1 F#/#D+È Ð 
+ &.+ &", *#/= -#C" L"(  F#/#D(  -  0"&3&. ( , /#2 1 ' 3+)* +F+"1*$. & . 1 ' &.%-  11 
(0* &-+%. 53+ L"&? &/+.  +F (D#0". +, &- ' &"3#"+*  -31?% . # D"1. +1 L"&; F#/#D+, + &)# 
Ð . # &)0(2 /1. +1. 

J" #,, 0"3&+? ?#"1?#"+D10, (C  ?&/1*$. !. #D#*# . 1&)A&/+?& ' &.%"$, D"& 
"#,&1 Ç/1" 13?+. +3&-#. . =;  , &.1D. =;  #-"&?#"È.  

 

3.2.1. G'%#0%- # +25' ) +5-  
 
 W*% 31: 1. +% 3#00?#"3+- #1?&; F#/#D+ . 1 "31)(1"0% . +, #,+A 
' 31/-#3+"1*$. =A F. #. +;  & , &.1D. =A #-"&?#"#A. 9 /. #,& (  ) &*$: +. 0"-# ( D#0". +, &- 
0"(/1. D10, +A &*+?' +#/  ' & +. >&3?#"+, 1 . #-13. %, # 10"$ +. "(+"+-. &1 
' 31/0"#-*1. +1 & , &.1D. =A #-"&?#"#A. 531/0" #-* 1. +1 L"&, , #,  ' 3#-+*&, 
&)3=-&D. &1, 0+. "1"+D10,&1 +, ,  "&?(  21, +0,#21. . &1, D"& F#D#0"(C  &,#F=-#1"0% 
A(21, D1? &"0("0"-+1 , #,+A )=  "& . + )= *& F. #. +;  -  3#00?#"3+-#1?&; &)*#0"+.  
 53&)* 1?= ' 3&+0"1, #C" +F "&<&, D"& /1" 13?+. +3&-#.. =;  , &.1D. =;  #-"&?#" 
Ð L"& ?#"1?#"+D10,+;  &)T1,", 3#00?#"3+- #1?=;  - ?10"1 0 31<( *%3. =?+ %F=, #?+ + 
0&&"-1"0"-(C M+?+ +? <3#??#"+, +. !#? & 21 0*&-&0&D1"#. +1 Ç, &.1D. =;  #-"&?#"È 
' 3+?1. %1"0% F. #D+"1*$. & )&*11 : +3&, &, --&/% (D#0". +, # 0&31-.&-#.+;  -  
F#)* (2 /1. +1, D"& &. -0"31"+*  F. #, &?&1 ' &.%"+1. V#, 21 ( D"+"1, D"& (  #-"&3&- 
F#/#D+ ?&21" )= "$ / 3(<&1 ' 31/0"#-* 1. +1 & "&?, D"& "#, &1 W68 , /#2 1 . 1-13.&1 + 
&"*+D#CM110% &" &' 31/1*1. +% -  , *#00+D10,&; , . +<1 [18]. ! 1; D#0 -=  /&* 2 . = 
' &.+?#"$, D"& "#, &1 W68 , +. #D1 - #? 0*1/ (1"  -13. ( "$0% ,  D"1. +C (0* &-+%.  
 W*% 0&F/#. +% %0. &<&, A&3&:& 0>&3?+3&-#. . &<& ' 31/0"#-*1. +% & , &.1D. =A 
#-"&?#"#A 0*1/(1 " ' &31,&?1. /&-#"$ (D1). +,  /* % HGO&- [19]. H . 1? -. %". & 
' 3&-1/1. & 3#F*+D+1 ?12/(  , &.1D. =? #-"&?#"&? , #, "1A.+D10,+? L*1?1. "&? + 
?#"1?#"+D10,+? &)T1,"&?, 3#0'&F. #CM+? +*+ ' 31&)3#F(C M+? . 1,&"&3=;  %F=, . 
Y&"% L"& 3#F*+D+1  &". &0+"0% 0, &311 ,  "13?+. &*&<++ + ' 31/?1". &; &)*#0"+, D1? ,  
?#"1?#"+D10,&; 0(M. &0"+ #-"&?#"&- , &.& &)=D. & ' &3&2/#1" ?. &<& ' ( "#. +@= + 
. 1' &.+?#. +%. 
 6* #00+D10, #% , . +<# [18] ' &0-%M1. # "1&3++ #-"&?#"&- + 0&&"-1"0"-(C M+A 
>&3?#*$. =A %F=, &- + <3#??#"+, . H D#0". &0"+, -  . 1;  &' +0#.& ' &.%"+1 
2$#$%,)" )%'4*" " 03 ='" $(" 03 *4#', *# , & , &"&3&? + +/1"  31D$ -  F#/#D1. !* 1/(1 " 
' &.+?#"$, D"& F/10$ ' &.%"+% Ç-A&/. &1 -&F/1; 0"-+1È + Ç-A&/. &; 0+?-&*È 
L, -+- #*1. ". = Ð -A&/. &1 -&F/1; 0"-+1 )131"0% +F ?. &210"-# -&F?&2. =A -A&/. =A 
-&F/1; 0"-+; , -A&/. &;  0+?-&* Ð +F - A&/. &<& #*>#-+"#. 
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6&. 1D. =;  #-"&?#" ?&2. & 3#00?#"3+- #"$ , #,  &3+1. "+3&-#. . =;  <3#>. 
8* <&3+"?=, ' 3+?1. %1?=1 ,  F#/#D#? . # <3#>#A, D#0"& ' &*1F. = + /* % , &.1D. =A 
#-"&?#"&-. U&-&3% &)  &*+?' +#/. =A F#/#D#A, -  (0* &-++ . 1 &)%F#"1*$. & /&* 21.  
. 1' &031/0"-1. . & >+<(3+3&-#"$ , &.1D. =;  #-"&?#" Ð &. ?&21" *1<, & 
' 3&0*12+-#"$0%, # ?&21" /#2 1 "31)&-#"$ 0' 1@+#*$. &<& ' &0"3&1. +%.   

 

3.2.2. ! 9'%0+5#(H%' # * '%&) +%&# ;=( '2 &8 
 

J? 11"0% W68  0 . 1' &<*&M#CM+?+ 31)3#?+ Ð  31)3#?+, ' 3+ 0&-13: 1. ++ 
' 131A&/# ' & , &"&3=? . 1 0D+"=-#1"0% 0+?-&*. H L"&? 0*(D#1 0*1/(C M+;  ' 131A&/ 
' 3&+0A&/+" +F . &-&<& 0&0"&%. +%, . & ' & "&?(  21 0+?-&*( . E"& )(/1"  ' 3&/&*2#"$0% 
/& "1A ' &3, ' &,# . 1 ' 3&+F&;/1"  ' 131A&/ ' & ' &<*&M#CM1?(  31)3( , *+)& ' &,# 
' 3&@100 . 1 F#@+, *+"0%. H#2. &, #. #*+F+3(% (0* &-+1 F#/#D+, . 1 (' (0"+"$ +F -+/(  
-&F?&2. &0"$ 0(M10"- &-#.+% @+, *&- +F . 1' &<*&M#CM+A 31)13. 

W68  0 . 1' &<*&M#CM+?+ 31)3#?+ 0-&/+"0% ,  W68  )1F . +A. JF , #2/&<& 
0&0"&%. +% ' & , #2/&? (  0+?-&*(  ' 3&+0A&/+ " ' 131A&/ -  . 1,&"&3&1 /3(< &1 0&0"&%. +1, 
-&F?&2. &, ' &0*1 ' 3&A&2/1. +% #-"&?#"&? ' & @1' &D, 1 . 1' &<*&M#CM+A 31)13. 
J0, *CD1. +1? %-* %1"0% ' &' #/#. +1? -  @+, * . B"&)= (D10"$ L"(  - &F?&2. &0"$, 
/&)#-+ ? 1M1 &/. & 0&0"&%. +1 ÇP1/&' (0, È, . 1 %-* %CM110% "13?+. #*$. =?.  
5&0,&*$, (  ' &0*1 ' &' #/#. +% -  @+, *  +F . 1' &<*&M#CM+A 31)13 &D131/. &; 0+?-&*  
-A&/. &; 0"3&, + . +, &</#  . 1 )(/1"  (/#* 1. , "& #-"&?#" ' & &' 31/1*1. +C . 1 /&' (0, #1" 
+0A&/.(C  0"3&,( . ! &&"-1"0"-1. . &, -? 10"& ' 131A&/# ' & . 1' &<*&M#CM1?(  31)3( , 
' 3+-&/%M1?(  -  @+, * , #-"&?#" ?&21" 0&-13: +"$ ' 131A&/ ' & ' &<*&M#CM1?(  31)3(  -  
0&0"&%. +1 ÇP1/&' (0, È, + +0A&/.#% 0"3&,# . 1 )(/1 " /&' ( M1. #. H01 31)3# +F 
0&0"&%. +% ÇP1/&' ( 0,È -1/("  -  . 1<& 21.  

B"&)= . #; "+ , &*+D10"-& 0"3&,  /#. . &; / *+. =, /&' (0, #1?=A /#. . =? W68 , 
/&0"#"&D. & ' 131)3#"$ -01 0"3&, + ( , #F#. . &;  /* +. = + ' &0*1/&-#"1*$. & ' &/#"$ +A . # 
-A&/ #-"&?#"( . 

9)3#" +?0% ,  ' 3+?13(  -A&/. =A /#. . =A. W68 , &' +0#.. =;  -  . 1?, +?11" /-#  
0&0"&%. +%. 513-&1 0&0"&%. +1 Ð . #D#*$. &1, -" &3&1 Ð "13?+. #*$. &1. P1&)A&/+?& 
' &0D+"#"$ , &*+D10"-& /&' (0, #1?=A 0"3&, +F "31A 0+?-&*&-. 

P# 3+0.1 +F&)3#21.  /#. . =;  W68  0 . 1' &<*&M#CM+? 31)3&?, -= /1* 1. . =? 
' (. , "+3&?. P# L"&? 3+0(. , 1 . #D#*$. &1 0&0"&%. +1 ' &/D13,. ( "&, # "13?+. #*$. &1 
-= /1* 1. & /-&; . =? , &. "(3&?. 

 

1 2

a

a

bb

 
I +0.1. W68  0 . 1' &<*&M#CM+?+ 31) 3#?+ 

 
531&)3#F(1? #-"&?#" /* % "&<&, D"&)= +F)#-+"$0% &" . 1' &<*&M#CM+A 31)13. 

P# 3+0. 2 +F&)3#21.  W68 , L, -+-#*1. ". =;  +0A&/.&?( . ! &0"&%. +1 ÇP1/&' (0, È 
' &?1D1. & )( , -&;  ÇPÈ, # F#' %"#% ' &F-&*%1" . 1 +F&)3#2#"$ , 3#". =1 31)3#.  
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1 2

a

a

b
b

_a,b

 
I +0.2. W68   ' &0*1 ( / #*1. +% . 1' &<*&M#CM+A 31) 13 

 
JF 3#00?&"31.+% 3+0(. , &- 0*1/(1" , D"& -  ' 13-&? 0&0"&%. ++ . # -A&/ . 1 

/&* 21.  ' &/#-#"$0% 0+?-&* ÒbÓ, +. #D1 L"& ' 3+-1/1"  ,  F#@+, *+-#. +C. 
!&&" -1"0"-1. . &, ' 13-= ;  0+?-&* /&* 21.  )= "$ ÒaÓ. GD+"=-#%, D"& "13?+. #*$. &1 
0&0"&%. +1 &/. & Ð - "&3&1, ?&2. & ( "-132/#" $, D"& #-"&?#" /&' (0, #1" / -1 0"3&, +: 
ÒaaaÓ + ÒabbÓ. W1; 0"- +"1*$. &, &"-1"  Ð /-# .  

 

3.3. 6 ' =5" '# %&# ': < #? =. #)-  " #$ #%&8 
 
 I#00?#"3+-#1?#% F#/#D# Ð /&0"#"&D. & 0"#. /#3" . #, + 11 31: 1. +1 A&3&: & 
' &//#1" 0% 0&)+3#.+C +F Ç, +3' +D+, &-È, &' +0#.. &?(  -  3#F/ . 2.3. 53&/1? &.0"3+3(1? 
A&/ ?=0*1;  ' 3+ ' &+0, 1 31: 1. +%. 
 H ' 3&@1001 &0&F. #. +% F#/#D+ )= *& -= %-* 1. &, D"& W68  0 . 1' &<*&M#CM+?+ 
31)3#?+ ?&2. & ' 31&)3#F&-#"$ -  W68  ) 1F "#,+A 31)13. 5 &,# . 1%0. &, . #0,&*$, & 
L>>1, "+-. & ?&2. & -= ' &*. +"$ L"& ' 31&)3#F&-#.+1. V1' 13$ 10"$ W68  "& *+ 0 
. 1' &<*&M#CM+?+ 31)3#?+ (10*+ . 1 (/#0" 0% ' 3+/(? #"$ L>>1, "+-. =;  #*<&3+"?), "& 
*+ )1F . +A. 90"#1"0%, 0&)0"-1. . &, . #; "+ &"-1"  . # F#/#D(  Ð , &*+D10"-& / &' (0, #1?=A 
0"3&,. S0. &, D"& L"& . 1*$F% /1* #"$ ' 131)&3&? + ' 3&-13, &; -01A 0"3&,  F#/#. . &;  
/* +. =, "#, , #,  +A ?&21" &,#F#"$0% . 1/&' ( 0"+?& ?. &<&. 

6#,  -&&)M1 ?&2. & ' &0D+"#"$ , &*+D10"-& 0"3&,, ( /&-* 1"-&3%CM+A , #, +?-"& 
0-&;0"-#??  5 13-=;  0(M10"- (C M+;  ' &/A&/ Ð +0' &*$F&-#.+1 A+"3=A 
, &?)+ . #"&3.=A 0&&)3#21. +;  + ' &/0D1" L"+A >&3?(*  . # , &?' $C"131. H"&3&;  
' &/A&/ (+. &</#  &)# ' &/A&/# 0&D1"#C"0%): 10*+ 0+0"1?# 0*+: , &? 0*&2. #, 
. 1&)A&/+?& . #; "+ . 1,(C  31, (331. ". ( C >&3?( *( , -= -10"+ , &*+D10"-& 0"3&,  
/#. . &; /* +. = 0 , #, +?+-"& 0-&;0"-#?+ D131F , &*+D10"-& 0"3&,  /3( <&; /* +. = 0 
/3(< +?+ 0-&;0"-#?+. O#"1? ' 3+?1. +"$ /+ . #?+D10, &1 ' 3&<3#??+3&-#.+1 /* % 
' &0*1/&-#"1*$. &<& -= D+0*1. +% -01A L"+A F. #D1. +; . V#, +? &)3#F&?, &' =" 
' &/0, #F=-#1", D"& / *% ' &/0D1"# , &*+D10"-# 0"3&,, /&' (0, #1?=A /#. . =? W68 , 
0*1/(1"  +0' &*$F&-#"$ /+ . #?+D10, &1 ' 3&<3#??+3&-#. +1. W*% ' &/<&"&-*1. . &<& 
(D#0". +, # +/1% ' &/0D1"# , &*+D10"-# 0"3&, , &)*#/#CM+A . 1, &"&3=? 0-&;0"-&?, 0 
' &?&M$C /+ . #?+D10, &<& ' 3&<3#??+3&-#.+% 0#?# ' & 01)1 %-* %1"0% Ç, +3' +D+, &?È. 
 53#, "+D10, &1 0&&)3#21. +1: #*>#-+" ?&21" 0&0"&%"$ +F 26 0+?- &*&- (| A|  = 
26). !" 3&, # ?&21" )= "$ +F 60 0+?-&*&- . 4#* & L"&<&, &)M11 ' 31/0"#-*1. +1 & 
, &.1D. =A #-"&?#"#A 0-+/1" 1*$0"-(1"  & "&?, D"& -01 0"3&, + ?&<( " /&' (0, #"$0%. 
V&</#  &"-1" )(/1"  2660, D"& -10$?# ?. &<&. P#0, &*$, & ?. &<&? 53+ . #*+D++ 
, &?' $C"13# +*+ A&3&: 1<& , #*$, (* %"&3#, . # L"&" -&' 3&0 &"-1"+"$ *1<, &. 9' 31/1*+? 
l og10( 2660)  = 60l og10( 26)  = 60( l n( 26)  /  l n( 10) )  !  60 *  1. 415 !  
84. 9. !* 1/&-#"1*$. &, -  &"-1"1 ?&21" )= "$ 85 @+>3 -  /10%"+D. &? ' 31/0"#-* 1. ++. 
V#,&1 , &*+D10"- & 0"3&, . 1 ' &?10"+"0% -  0"#. /#3". =;  "+'  (-+/#  I nt eger ). 
5&L"&?(  ' 3+ . #' +0#. ++ 31: 1. +% . # %F=, 1 Pascal ' 3+/ 1"0% - 3(D. (C  31#*+F&-#"$ 
#3+>?1"+, (  ' &-= : 1. . &; "&D. &0"+. !& &"-1"0"-(C M+1 >(. , @++ "#,21 &". &0%"0% ,  
3#F3%/(  Ç, +3' +D+, &-È, -A&/%M+A -  &)%F#"1*$. (C  ' &/<&"&-, ( .  
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J. "(+"+-. &1 ' 31/0"#-*1. +1 & "&?, D"& , &*+D10"-& 0"3&, , /&' (0, #1?=A 
/#. . =? W68 , ?&2. & &' 31/1*+"$ 0 ' &?&M$C /+ . #?+D10, &<& ' 3&<3#??+3&-#. +%, 
. 1&)A&/+?& 3#F-+"$. !3#F(  F#?1"+?: . 1' &A&21, D"&)= L"(  0+0"1?(  ?&2. & )= *& 
31: +"$ D+0"& , &?)+ . #"&3.&; >&3?(* &;. 63&?1 L"&<& F#?1D#. +%, ' 3&+0"1, #CM1<& 
+F &' ="#, ,  0&2#*1. +C, . +D1<& )&*11 , &. , 31". &<& 03#F(  0, #F#"$ . 1*$F%. Y+"3=1 
0&D1"#. +% >&3?(* , &0.&-#. . =1 . # >(. , @++ ' 131A&/&-, "#, 21, 0, &311 -01<&, 
&,#2(" 0% 0&&". &: 1. +%?+ /+ . #?+D10, &<& ' 3&<3#??+3&-#.+%. 5&-13+? -  L"& 
&M(M1. +1, ' 3&+0"1, #CM11 +F &' ="#, + -= /1* +? ' &/F#/#D+ + 31,(331. ". =1 
0&&". &: 1. +%.  

6* CD1-#% +/1%: ' 31+?(M10"-& ?&/1* + , &. 1D. &<& #-"&?#"# -  "&?, D"& -0% 
+0"&3+% -= 3#2#1"0% &/. +? D+0*&? Ð . &?13&? 0&0"&%. +%, + L"+A 0&0"&%. +;  
, &.1D. &1 , &*+D10"-&. !  "&D, + F31.+% -&' 3&0#, /&' (0, #1"0% *+ , &., 31". #% 0"3&,#, 
+?11" F. #D1. +1 . 1 "&*$, & 0&0"&%. +1 #-"&?#"#, . & + , &*+D10"-& ' &<*&M1. . =A 
0+?-&*&- 0"3&, +. 6&*+D10"-& ' &<*&M1. . =A 0+?-&*&- 0&-' #/#1" 0 , &*+D10"-&? 
' 3&: 1/: +A : #<&-, "#,"&- 3#)&"= #-"&?#"# Ð 3#00?#"3+-#1"0% (2 1 W68  )1F 
. 1' &<*&M#CM+A 31)13. I#00?&"3+? ' #3(  ( st at e,  k)  Ð "1,(M11 0&0"&%. +1 Ð 
st at e,  + ' 3&: *& k : #<&-. 

I#00?&"3+? 0"3&,+ / *+. = k, &)*#/#CM+1 0*1/(C M+? 0-&;0"- &?: ' &*(D+-  
. # -A&/ "#,(C  0"3&,( , W68  ' 3+A&/+" +F . #D#*$. &<& 0&0"&%. +% -  0&0"&%. +1 st at e. 
9)&F. #D+? D+0*& L"+A 0"3&,  D131F f ( st at e,  k) . H=D+0*1. +1 L"&<& F. #D1. +% /* % 
3#F*+D. =A ' #3 ( st at e,  k)  + %-* %1"0% ' &/F#/#D1; . W*% (0' 1: . &<& ' 3+?1. 1. +% 
/+ . #?+D10, &<& ' 3&<3#??+3&-#.+% . 1&)A&/+?= 31, (331. ". =1 0&&". &: 1. +%, 
, &"&3=1 *1<, & ' &*( D#C"0%, (D+"=-#% (' &?%. (" =1 0-&;0"-# , &. 1D. &<& #-"&?#"#. 
53+-1/1 ? L"+ 0&&". &: 1. +%: 

 

!
"
#

$

=
=

initialstate

initialstate
statef

,0

,1
)0,(  

!
=

""

#=

statecst

AcUst

kstfkstatef

),(

,

)1,(),(

$

, 

</1  i ni t i al  Ð . #D#*$. &1 0&0"&%. +1 W68 . 
!>&3? (* +3(1? 0A1?(  31: 1. +%, 0&0"&%M1<& +F /-(A  L"#' &-. 

1. 531-3#M#1? W68  0 . 1' &<*&M#CM+?+ 31) 3#?+ -  W68  )1F "#, &-= A. P#*+D+1 
31: 1. +% 0 ' &?&M$C /+ . #?+D10, &<& ' 3&<3#??+3&-#. +% /* % W68   )1F 
. 1' &<*&M#CM+A 31)13 (, 31' *%1" (-131. . &0"$ -  "&?, D"& L>>1, "+-. &1 
(0"3#.1. +1 . 1' &<*&M#CM+A 31)13 "#,21 - &F?&2. &. 

2.  53+?1. %1? /+ . #?+D10,&1 ' 3&<3#??+3&-#. +1, +0' &*$F(% -= : 1' 3+-1/1. . &1 
31,(331. ". &1 0&&". &: 1. +1. N1*10&&)3#F. &, A&"% + . 1 &)%F#"1*$. &, 
+0' &*$F&-#"$ /+ . #?+D10, &1 ' 3&<3#??+3&-#.+1 Ç0. +F(  --13AÈ. W*% 
. #A&2/1. +% &"- 1"# . 1&)A&/+?& )(/1"  ' 3&0(??+3&-#"$ 
!
" Tt

ntf ),( f ( t er mi nal _st at e,  n)  ' & -01? "13?+. #*$. =? 0&0"&%. +%? t . 

H F#,*CD1. +1 3#F/1* # &"?1"+?, D"& ' 3+?1. 1. +1 /+ . #?+D10, &<& 
' 3&<3#??+3&-#. +% . # , &.1D. &? #-"&?#"1, , #,  + -&&)M1 . # <3#>1, %-* %1"0% &D1. $ 
L>>1, "+-. =?. 5131,3=-#CM+10% ' &/F#/#D+ #-"&?#"+D10,+ -= /1* %C"0%: 
. 1&)A&/+?& *+: $ &"0*12+-#"$ @1*1-(C  >(. , @+C -& -01A 0&0"&%. +%A #-"&?#"#. H 
, #D10"-1 ' 3+?13# ?&2. & ' 3+-10"+ F#/#D( , ' 3+ 31: 1. ++ , &"&3&; +0' &*$F(1" 0% 
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"1A.+, #, ' &*. &0"$C #. #*&<+D. #% -" &3&; D#0"+ 31: 1. +% . #0"&%M1;  F#/#D+: F#/#D# 
ÇCurrency ExchangeÈ (Ç9)? 1.  -#*C"=È). 8-" &3: P+, &*#;  W(3&-. J0"&D. +, : 
B1"-13"$>+. #* NEERC-2001, 01-13.=;  ' &/31<+&.. O#/#D# 3#F?1M1. # . # 0#;"1 
http://acm.timus.ru/ ' &/ . &?13&? 1162. Z #,"+D10,+ ?#"1?#"+D10,#% ?&/1*$ L"&;  
F#/#D+ %-* %1"0% , &.1D. =? #-"&?#"&?, </1  0&0"&%. +%?+ %-* %C"0% -#*C"=, # 
' 131A&/#?+ ?12/(  . +?+ Ð &)?1. . =1 ' (. , "=. 
 !* 1/(1"  (, #F#"$ 1M1 &/. (  +F-10". (C  F#/#D( : ÇCensored!È (ÇN1. F(3#!È). 
8-" &3: P+, &*#;  W(3&-. J0"&D. +, : B1"-13"$>+. #* NEERC-2001, 01-13. =;  
' &/31<+&.. O#/#D# 3#F?1M1. # . # 0#;"1 http://acm.timus.ru/ ' &/ . &?13&? 1158. 
I#0' 3&0"3#.1. . =;  0' &0&) 11 31: 1. +% 0&0"&+" +F /-(A  L"#' &-: ' &0"3&1.+1 
, &.1D. &<& #-"&?#"#, 3#0'&F. #CM1<& . #)&3 0"3&,  (#*<&3+"? ' &0"3&1.+% . #F=-#C" 
#*<&3+"?&? 8A&-6&3#0+, #), + +0' &*$F&-#.+1 /+ . #?+D10, &<& ' 3&<3#??+3&-#. +% . # 
' &*(D1. . &? , &.1D. &? #-"&?#"1. 5 &A&2#% F#/#D# ) 1F /+ . #?+D10,&<& 
' 3&<3#??+3&-#. +% Ð F#/#D# ÇObscene words filterÈ (ÇZ +*$"3 <3( )= A 0*&-È). 8-" &3: 
5#-1*  8" . #: 1-. J0" &D. +, : D1?' +&.#" G3UG 25.10.2003. O#/#D# 3#F?1M1. # . # 0#;"1 
http://acm.timus.ru/ ' &/  . &?13&? 1269. 

4. &C )= *+ ' 3&#.#*+F+3&-#.= -01 F#/#D+ -  #3A+-#A &*+?' +#/. =A F#/#D 
http://acm.sgu.ru/ + http://acm.timus.ru/ . # ' 13-&1 +C. % 2005 <&/#. 63&?1 F#/#D+, 
3#00?#"3+-#1?&; -  . #0"&%M1;  0"#"$1, + "31A "&*$, & D"& (' &?%. (" =A F#/#D,  -  
&0"#*$. =A F#/#D#A +0' &*$F&-#.+1 , &.1D. =A #-"&?#"&- &<3#.+D+-#1"0% #*<&3+"?&? 
6. (" #-4& 33+0#-53#""#.  
 

3.4. 7 5- 9'2 9+ 
 

I#00?&"3+? ' 13-= ;  L"#' . 6#,  1<& -= ' &*. +"$? 
H 3#F/ . 3.2 (Ç5&0"3&1.+1 ?#"1?#"+D10, &; ?&/1* +È) )= *# (0"#. &-*1. # 

"1&31"+D10,#% -&F?&2 . &0"$ -= ' &*. 1. +% /#. . &<& L"#' #. 6#,  &)0(2 /#* &0$ -= : 1, 
31F(* $"#"&? ' &0"3&1. +% ?#"1?#"+D10,&;  ?&/1*+ &)= D. & %-* %1"0% . 1,+;  
' 3+?+"+-. =;  + . 1L>>1, "+-. =;  #*<&3+"? 31: 1. +% Ð >&3?#*$. & F#' +0#.. &1 
' &.+?#. +1 "&<&, , #,  +F - A&/. =A /#. . =A ' &*(D#C"0% -= A&/. =1. 5&' 3&)(1?  
' 3+?1. +"$ 1<& . # ' 3#, "+, 1.  

5&0*1/&-#"1*$. & ' 131)131? -01 ' #3= (0&0"&%. +1, 0+?-&*). 5 31/' &*&2+?, 
D"& W68  . #A&/+"0% -  3#00?#"3+-#1?&? 0&0"&%. ++, # -= )3#. . =;  0+?-&* %-* %1"0% 
&D131/. =? . # -A&/. &; *1. "1. !&-13 : #1? ' 131A&/ ' & /#. . &?(  0+?-&*( . K0*+ 
' 131A&/ ' 3&+F&: 1* ' & . 1' &<*&M#CM1?(  31)3( , 0&-13: #1? 0*1/ (C M+;  ' 131A&/ ' & 
"&?(  21 0+?- &*( . K0*+ ' 131A&/ 0. &-# ' 3&+F&: 1* ' & . 1' &<*&M#CM1?(  31)3( , 
' &-"&3%1? "&" 21 ?#. 1-3. H 31F(* $"#"1 *+)& 0+?-&* )(/1"  ' &<*&M1. , *+)& #-"&?#" 
-&; /1"  -  @+, * . H ' 13-&? 0*(D#1 ?&2. & +F?1. +"$ ' 131A&/ +F +0A&/.&<& 0&0"&%. +%, 
+F , &"&3&<& #-" &?#" ' 3&: 1* ' & @1' &D, 1 . 1' &<*&M#CM+A 31)13, 03#F(  ' &0"#-+-  
' 131A&/ -  , &.1D. &1 0&0"&%. +1. H& -" &3&? Ð ?&2. & ' &0"#-+"$ 31)3& -  . 1,&"&3&1 
>+, "+-. &1 0&0"&%. +1 Ð ÇP1/&' (0, È, , &"&3&1 . 1 %-* %1"0% "13?+. #*$. =?. 9. & 
F#?, . ( "& . # 01)% ' 3+ ' 131A&/1 ' & -01? 0+?-&*#?. 5&' #/#. +1 -  L"& 0&0"&%. +1 )(/1 " 
0&&"-1"0"-&-#"$ - A&/(  -  @+, *  +F . 1' &<*&M#CM+A 31)13 -  +0A&/. &? #-"&?#"1.  

P1' &031/0"-1. . &1 Ç' 3&<&-#3+-#. +1È 31: 1. +% ' 3+-1*& ,  . 1' *&A&?(  
31F(* $"#"( . 9@1. +? L>>1, "+-. &0"$ 31: 1. +%. 6#,  &' 31/1*+"$, D"& ' 3&+F&: *& 
' &' #/#. +1 -  @+, *? K0*+ F# | U|  : #<&- #-"&?#" . 1 ' 131;/1"  ' & . 1' &<*&M#CM1?(  
31)3( , "& L"& )(/1"  &F. #D#"$, D"& &. - &: 1* -  @+, *  (| U|  Ð  D+0*& 0&0"&%. +;  
#-"&?#"#). H13A.%% &@1. , # - 31?1. + 3#)&"=:  | U| * | U| * | A|  Ð ' &3%/, # 26 *  106. 
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4. &<& L"& +*+ ?#*&? 5& ?13, #? 2003 <&/#, -  , &"&3&? )= *# ' 31/* &21. # F#/#D#, F# 
01,(. /(  ?&2. & )= *& -= ' &*. +"$ 107 0&-01? ' 3&0"=A &' 13#@+;  . # %F=, 1 -= 0&,&<& 
(3&-. %, "#, &?, , #,  %F=, + Pascal +*+ C++. ! &&"-1"0"-1. . &, "#, &; 0' &0&) 
(0"3#.1. +% . 1' &<*&M#CM+A 31)13 /&* 21.  "31)&-#"$ . 1 ) &*11 01,(. /= , D"& -  
' 13-&? ' 3+)* +21. ++ ' 31/0"#-*%1"0% /&' ( 0"+?=? Ð &/+.  +F /-(A  L"#' &- "31)(1"  
' &*&-+. (  -31?1. +, - 1/$ &<3#.+D1. +1 . # &/+.  "10" 0&0"#-*%1" /-1  01, (. /= , , #,  
0,#F#. & -  (0* &-++.  

53+-1/1?  ' 01-/&, &/ /* % (0"3#. 1. +% . 1' &<*&M#CM+A 31)13. H ' 01-/&, &/1  
?. &210"-& -01A 0&0"&%. +;  &)&F. #D1. & D131F St at e. 

 
f or  c i n Al pha do     / /  ( /  - 4, + 4* +- / 53+ 3563- * 73 
  f or  i  i n St at e do   / /  ( /  - 4, + 4/ 47/ 81* 8+ 3- 7/ +373 
begi n 
  cur  : = i             / /  9, : ; <, ,  4/ 47/ 81* ,  
  z  : = n              / /  =/ 5* >, 47- /  4/ 47/ 81* ? 
 / /  ( / : 3 ) , @) / - A, ) , . / 0 * B 4/ 47/ 81* 8 k A/  4* +- / 5;  j  Ð  
 / /  A/ C5/ <3D<, , ,  *  , <,  40, 531/  1,  / >, 1E +1/ C/  A, ) , . / 0/ -  
  whi l e ( " [ cur , c]  = 1)  and ( z > 0)  do 
  begi n 
    cur  : = #[ cur ] [ c]  / /  ( , ) , ?7*  
    z  : = z Ð 1       / /  F+, 1EG* 7E 4>, 7>* :  
  end 
  / /  H45*  - 4,  , <,  / >, ) , 01/ ,  ) , @) /  Ð 1, A/ C5/ <3D<, ,  
  i f  ( " [ cur ] [ c]  = 1)  t hen     
    #[ i ] [ c ]  : = 0     / /  I 13>* 7 Ð J* : 5 
  el se 
    #[ i ] [ c ]  : = #[ cur ] [ c]  / /  K13>,  A, ) , 473- 58, + ) , @) /  
  / /  K 7, A, ) E 41* +3, + A/ +, 7: ;  Ç1, A/ C5/ <3D<, ,  ) , @) / È 
  " [ i ] [ j ]  : = 0 
end 
 

 63&?1 3#00?&"31.. &<&, 0(M10"-( 1" "#,21 31: 1. +1, , &"&3&1 (0"3#.%1" 
. 1' &<*&M#CM+1 31)3# F# O( | U| * A)  0 ' &?&M$C ' &+0, # -  <* ()+ . ( . P1 0*1/(1"  
+0,#"$ 1<& . # L"&? L"#' 1 Ð + -  ' 3#,"+D10,&? ' 3&<3#??+3&-#.++, + -  &*+?' +#/. &?. 
P1&)A&/+?& 3#00?&"31"$ 31: 1. +1 -" &3&; D#0"+, # ' &"&? (2 1 31: #"$, . 1&)A&/+?& 
*+ )&*11 L>>1, "+-. & (0"3#.%"$ . 1' &<*&M#CM+1 31)3#, +*+ ' 31/* &21. . =;  -#3+#. " 
' 3+1?*1?. H / #. . &;  3#)&"1 &<3#.+D+?0% . 1L>>1, "+-. =? 0' &0&)&? (0"3#.1. +% 
. 1' &<*&M#CM+A 31)13. 

5131; /1?  ,  3#00?&"31. +C -" &3&<& L"#' #. 6#,  1<& -= ' &*. +"$? 
V1' 13$ ?&2. & (" -132 /#" $, D"& ' &0"3&+*+ W68  )1F ' &<*&M#CM+A 31)13 Ð 

, #, )(/" & (2 1 /132 +? 1<& -  3( , #A.  
J0' &*$F(1? /+ . #?+D10,&1 ' 3&<3#??+3&-#. +1 Ç0. +F(  - -13AÈ /* % ' &+0, # 

&"-1"#. H 0&&"-1"0"- ++ 0 "1&3+1; , -= 3#2#1? &"-1" ' &/F#/#D+ D131F &"-1"=, 3#.11 
. #; /1. . =1 /* % /3(< +A ' &/F#/#D. E"& &0(M10"-* %1"0% 0*1/(C M+? &)3#F&?. 
I1, (331. ". =1 0&&". &: 1. +%, ' 3+-1/1. . =1 -  3#F/ . 3.3, -= 3#2#C" F. #D1. +1 >(. , @++ 
f ( st at e,  k)  D131F F. #D1. +% >(. , @++  f ( st ,  k- 1)  /* %  3#F*+D. =A 0&0"&%. +;  
st  $  U. 9/. #, & /* % /#. . &<& 0&0"&%. +% st at e . 1(/&). & &' 31/1*%"$, +F , #, &<& 
0&0"&%. +% st  ?&< ' 3&+F&;"+ ' 131A&/ -  L"& 0&0"&%. +1 . # ' 31/= /(M 1? : #<1. 
5&L"&?(  (/&). 11 F#>+, 0+3&-#"$ ' #3( ( st at e,  k)  +, ' 131)+3#% -01 0+?-&*= 
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#*>#-+"#, &' 31/1*%"$, -  , #,+1 0&0"&%. +% s ( -  F#-+0+?&0"+ &" &D131/. &<& 0+?-&*#) 
)(/1"  ' 3&+0A&/+"$ ' 131A&/ . # 0*1/(C M1? : #<1. 53+ L"&? , #2/ =;  3#F . 1&)A&/+?& 
(-1* +D+-#"$ F. #D1. +1 >(. , @++ f ( s,  k+1)  . # -1*+D+. (  f ( s t at e,  k) .  
 O#-1/1? /* % F. #D1. +;  >(. , @++ f  &/. &+?1. . =;  ?#00+-  f [ s t at e,  k] . 
O#' +: 1? . # ' 01-/&, &/1 31: 1. +1 /* % - "&3&<& L"#' # 0 ' &?&M$C /+ . #?+D10, &<& 
' 3&<3#??+3&-#. +%, &0.&-#. . &1 . # 31, ( 331.". =A 0&&". &: 1. +; , ' 3+-1/1. . =A -  
3#F/ . 3.3. GD"+"1, D"& @+, *  ' & -01? 0&0"&%. +%? -, *CD#1" >+, "+-. &1 0&0"&%. +1 
ÇP1/&' (0, È ' &/ . &?13&? . &*$, /&) #-* 1. . &1 ' &0*1 (/#* 1. +% . 1' &<*&M#CM+A 
31)13. 5&L"&?(  - ?10"& ?. &210"-# 0&0"&%. +;  St at e )(/1"  -0"31D#"$0% ?. &210"-& 
St at e0, - , *CD#CM11 1M1 + 0&0"&%. +1 ÇP1/&' (0, È. 
 
/ /  L0* 1 4A/ 4/ @ / : 3B37E48 -  13>35E1/ + 4/ 47/ 81* *  
f [ i ni t ,   0]  : = 1      
/ /  K 1/ 5E Ð - /  - 4, .  / 4735E12.  4/ 47/ 81* 8.  
f or  i  i n St at e0 do         
  i f  ( i  <> i ni t )  t hen 
    f [ i , 0]  : = 0 
 
/ /  M>* 73, + : / 5* >, 47- /  0/ A; 4: 3, +2.  n- 4* +- / 5E12.  47) / :  
f or  k : = 1 t o n do    
f or  st  i n St at e0 do   / /  ( /  - 4, + 4/ 47/ 81* 8+ 
f or  c i n Al pha do    / /  ( /  - 4, + 4* +- / 53+ 3563- * 73 
   f [ #[ st , c] , k]  : = f [ #[ st , c] , k ]  + f [ s t , k- 1]  
 
ans : = 0 
/ /  M; ++* ) ; , + A/  - 4, + 7, ) +* 135E12+ 4/ 47/ 81* 8+ 
f or  st  i n Ter mi nal St at e do ans : = ans + f [ st , n]  
 

O#D1? F#-&/+"$ /-(? 13.=;  ?#00+-? H1/$ -  , #2/= ;  ?&?1. " +0' &*$F(1"0% 
"&*$, & ' 31/= /( M11 F. #D1. +1. W&0"#"&D. & &/. &?13.&<& ?#00+-# sum[ st at e]  Ð 
, &*+D10"-& 0' &0&)&- &, #F#"$0% -  /#. . &? 0&0"&%. ++, , &*+D10"-& ' 3&: 1/: +A : #<&- 
+*+, D"& "& 21, ' 3&' ( M1. . =A 0+?-&*&-, F#>+, 0+3&-#.&. 

JF?1. +? ' 01-/&, &/, D"&)= -? 10"& / -( ?13.&<& ?#00+-# +0' &*$F&-#*0% 
&/. &?13.=; . 
/ /  L0* 1 4A/ 4/ @ / : 3B37E48 -  13>35E1/ + 4/ 47/ 81* *  
sum[ i ni t ]  : = 1 
/ /  K 1/ 5E Ð - /  - 4, .  / 4735E12.  4/ 47/ 81* 8.  
f or  i  i n St at e0 do 
  i f  ( i  <> i ni t )  t hen 
    sum[ i ]  : = 0 
 
/ /  M>* 73, + : / 5* >, 47- /  0/ A; 4: 3, +2.  n- 4* +- / 5E12.  47) / :  
f or  k : = 1 t o n do 
begi n 
  sum2 : = sum 
  f or  i  i n St at e0 do sum[ i ]  : = 0 
  f or  i  i n St at e do 
    f or  c i n Al pha do 
      sum[ #[ i ] [ c ] ]  : = sum[ #[ i ] [ c ] ]  + sum2[ i ]  
end 
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ans : = 0 
/ /  M; ++* ) ; , + A/  - 4, + 7, ) +* 135E12+ 4/ 47/ 81* 8+ 
f or  st  i n Ter mi nal St at e do 
    ans : = ans + sum[ st ]   
 

9@1. +? L"& 31: 1. +1. W*+. . =1 D+0*# 0,*#/= -#C"0% N *  | U|  *  | A| , D"& -  
A(/: 1? 0*(D#1 ?&21" /&0"+<#"$ 60* 1000* 26 !  1. 5 ?+**+&.&- 3#F. H"&3&; 
01,(. /=  . # L"& /&0"#"&D. &.  J  . # , &' +3&- #. +% -31?1. . &<& ?#00+-# sum2 -  sum Ð 
"1? ) &*11. ! , &311 -01<&, /* % ' 13-&; D#0"+ . 1 ' &"31)( 1"0% +0,#"$ )&*11 
L>>1, "+-. &1 31: 1. +1. 

 

3.5. @#+( &/+A&8 
 

H 31#*+F#@++ 3#00?&"31.. &; F#/#D+ -#2 . & D1", & 3#F/1* +"$ /-1  D#0"+ 
31: 1. +%: ' 31-3#M1. +1 W68  0 . 1' &<*&M#CM+?+ 31)3#?+ -  W68  )1F "#,+A 31)13 + 
/#* $. 1; : +;  ' &/0D1" 0 ' &?&M$C /+ . #?+D10,&<& ' 3&<3#??+3&-#. +%. O#?1"+?, D"& 
?&2. & . #D#"$ 0 31#*+F#@++ -" &3&; D#0"+, ' 31/' &*#<#%, D"& -01 31)3# Ð 
' &<*&M#CM+1. V&</#  L"(  D#0"$ ?&2. & 03#F(  21 ' 3&"10"+3&-#"$, &/. &-31?1. . & 
' 3&-13+-  --&/  +F >#; *#, +?1. # -A&/. =A + -= A&/. =A >#; *&- + ". / . 60"#"+, . # L"#' 1 
31#*+F#@++ -01</#  0*1/(1"  -. +?#"1*$. & ' 131D+"#"$ &' +0#.+1 >&3?#"# -A&/. =A + 
-= A&/. =A /#. . =A.  

P1&)A&/+?& *+ L>>1, "+-. & 31#*+F&-=-#"$ ' 13-(C  D#0"$, 0-%F#. . (C  0 
(/#* 1. +1? . 1' &<*&M#CM+A 31)13? K0*+ -#? ' 3#, "+D10,+ -01 3#-. &, 31#*+F&-=-#"$ 
)&*11 +*+ ?1. 11 L>>1, "+-. =;  -#3+#. ", +*+ )&*11 L>>1, "+-. =;  -#3+#. " (2 1 
. #' +0#. . # ) (? #<1, "& + +0' &*$F(; "1 1<&. H01</#  ?&21" &, #F#"$0%, D"& /3( <(C  D#0"$ 
' 3&<3#??= -=  31#*+F&-#*+ . 1 "#, L>>1, "+-. &, , #, ' 31/' &*#<#*& 2C3+, + ?&2. & 
"1? 0#?=? ' &-=0+"$ -13&%". &0"$ "&<&, D"& ' 3&<3#??# -01-"#, + . 1 ' 31-=0+" ' 31/1* 
-31?1. +.  

53+-1/1. . =1 -= : 1 0&&)3#21. +%, ' 3+?1. +"1*$. & ,  3#00?#"3+-#1?&; F#/#D1, 
' &,#F=-#C", D"& -  . 1;  ?&2. & +0' &*$F&-#"$ . 1L>>1, "+-. (C  31#*+F#@+C ' 13-&<& 
L"#' # 31: 1. +%, , &"&3#% -01-"#, + ' 3+. @+' +#*$. & ' 3&M1, + -  . 1;  0*&2. 11 
&: +)+ "$0%. I#F(? . & . #' +0#"$ 11, &"*#/+"$ ' 3&<3#??(  +, *+: $ ' &*(D+-  0&&)M1. +1 
&" 2C3+ time limit exceeded (' 31-=: 1.  ' 31/1* -31?1. +), D"& ?#*&-13&%". &, 
' 131'+0#"$ L"(  D#0"$ )&*11 L>>1, "+-. &. 53&0"&; -#3+#. " ' +: 1"0% )= 0"3&, + &.  
&)*1<D+" ' &+0, &: +)&,  -  /3(< +A D#0"%A ' 3&<3#??=.  P#: # , &?#. /#  D#0"& 
31#*+F&-=-#*# 0(M10"-1. . & )&*11 0*&2. =1 31: 1. +%, D1? "31)&-#* &0$ -  F#/#D1, 
+0' &*$F(% &)M+1, &"3#)&"#. . =1, . & "1A.+D10,+ 0*&2. =1 ?1"&/=. 6  0&2#*1. +C, . # 
' 3#,"+, 1 +F-F# 0' 1@+>+, + , &., 31". &; F#/#D+ )&*11 0*&2. =1 31: 1. +% +. &</#  
&,#F=-#*+0$ ?1. 11 L>>1, "+-. =?+, D"& ' 31&/&*1-#*&0$ ?. &210"-&? *&, #*$. =A 
&' "+?+F#@+; . 

501-/& , &/ /* % -" &3&;  D#0"+ (2 1 )= *  ' 3+-1/1.  -  3#F/ . 3.4. 6#, (2 1 )= *& 
&"?1D1. &, &"-1"  ?&21" +?1"$ &D1. $ )&*$: &1 D+0*& 3#F3%/&- . 5 &L"&?(  ' &"31)(1"0% 
#3+>?1"+, # ' &-=: 1. . &; "&D. &0"+ (Ç/ *+. . #% #3+>?1"+, #È). W*% . #' +0#.+% 
31: 1. +% . # %F=, 1 Pascal  (Borland Delphi) /* +. . (C  #3+>?1"+, (  ' 3+/1" 0% 
31#*+F&-=-#"$ 0#?+?. W*% +F( D1. +% #3+>?1"+, + ' &-=: 1. . &; "&D. &0"+ + 
, &?' $C"13.&; #3+>? 1"+, + -  @1*&? 0*1/ (1" ' &31,&?1. /&-#"$ , . +<(  W. 6. (" # [20]. 
53#, "+D10, + -0% D1"-13"#% <*#-# (Ç83+>?1"+, #È) L"&; , . +<+ %-* %1"0% &D1. $ 
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' &*1F. &; /* % 31: 1. +% &*+?' +#/. =A F#/#D ' & ' 3&<3#??+3&-#.+C + /&* 2 . # )= "$ 
-. +?#"1*$. & ' 3&D+"#. # 0 ' 13-&; 0"3#.+@= /& ' &0*1/. 1; . H' 3&D1?, +F(D1. +% , . +<+ 
W. 6. (" # /* % L"&<& . 1/&0"#"&D. &.  

5&"31). &0"$ -  /* +. . &; #3+>?1"+, 1 -&F. +, #1" -  &*+?' +#/. =A F#/#D#A 
/&0"#"&D. & D#0"&. 5 &L"&?(  31#*+F#@+% 0&&"-1"0"-(C M+A >(. , @+;  /&* 2 . # )= "$ 
A&3&:& &"3#)&"#. # + %-* %"$0%, -  "13?+. &*&<++ 3#F/ . 2.3, &/. +? +F Ç, +3' +D+, &-È. 
H /#. . &; F#/#D1 /* % ' &-=: 1. +% L>>1, "+-. &0"+ 3#F(? . & 31#*+F&-#"$ /* +. . (C  
#3+>?1"+, (  ' & &0.&-#. +C 109 Ð A3#.+"$ ' & /1-%"$ /10%"+D. =A @+>3 -  &/. &; 
%D1; , 1 ?#00+-#, F#/#CM1<& /* +. . &1 D+0*&.  

I#F3#)&"#. . #% ' 3&<3#??# ' 3+-1/1. # -  ' 3+*&21. ++. J0A&/. =;  , &/ + 
0,&?' +*+3&-#.. #% ' 3&<3#??# &' ( )* +, &- #. = . # 0#;"1 http://is.ifmo.ru/, 3#F/1*  
Ç!" #"$+È.   

W*% +**C0"3#@++ "&<&, D"& 31: 1. +1 ' &0"3&1.& +F Ç, +3' +D+, &-È, ' 3&<3#??# 
3#F/1* 1. # . # . 10,&*$, & >3#<?1. "&- , ' 3+?13.& L"+? Ç, +3' +D+, #?È 
0&&"-1"0"-(C M+A. 

 

3.6. B#=5&" '2 +%&# & '5 ( +, 9+ 
 
 6#, +1 21 "10"= 0*1/ (1"  . #' +0#"$ -  /#. . &? 0*(D#1? P#D. 1? 0 ?#,0+?#*$. & 
' 3&0"=A. H-&/+ ?: 
 
a 
1 
1 1 1  
1 
0 
1 
 B"& ?&21" )= "$ ' 3&M1? 9/+ .  0+?-&*, &/. & 0&0"&%. +1 Ð . #D#*$. &1 + 
"13?+. #*$. &1, &/. & ' &<*&M#CM11 31)3&, -1/(M 11 -  "& 21 0&0"&%. +1. B+0*& 0"3&,  
+F &/. &<& 0+?-&*# Ð &/. #. H <3#>+D10, &; >&3?1 L"&" "10" ' 31/0"#-*1.  . # 3+0.3. 
 

1 a

 
I +0. 3. J **C0"3#@+% ,  ' 13- &?(  "10"(  

 
W*% L"&<& "10"# &"-1": 1.  

 
K0*+ &"-1", -= /#. . =;  -#: 1;  ' 3&<3#??&;, 3#F&;/1" 0% 0 ' 3#-+*$. =? . # 0"&*$ 

' 3&0"&? ' 3+?131, - #? )(/ 1" *1<, & +0, #"$ &: +) , ( . P1 &0"#. #-*+-#; "10$ . # 
/&0"+<. ( "&?! 5&?1. %; "1 ' &0*1/. CC 1/+. +@(  . # /-&; , ( . P# "3&;, ( . P# 60. 
J0' &*$F(; "1 0-&;  : #. 0 &). #3(2+"$ ' 3&0"&; ' 3+?13, . # , &"&3&? ' 3&<3#??# 
. 1-13.& 3#)&"#1". P1 /(? #; "1, D"& 10*+ ' 3&<3#??# 3#)&"#1" / *% /-(A , "& &.# )( /1"  
3#)&"#"$ + /* % "31A (+?11"0% -  -+/(  ' &0*1/. 11 D+0*& - & -A&/. =A /#. . =A).  

V1' 13$ ' &?1. %; "1 . &*$ . # 1/+. +@(  Ð 0/1* #; "1 31)3& . 1' &<*&M#CM+?. 
53#-+*$. =;  &"-1" : . &*$. 4&2 1"1 ' 3+ L"&? ' &' ="#"$0% F#?1. +"$ ' &0*1/. 11 D+0*& 
-& -A&/1 "#, 21 . # . &*$, A&"% L"& + F#' 31M1. & >&3?#"&? -A&/. =A /#. . =A, "& 10"$ 



 23 

' &0D+"#"$ , &*+D10"- & ' (0"=A 0"3&, , / &' (0, #1?=A "#, +? #-"&?#"&? Ð -  &"-1"1 
/&* 2 . # )= "$ 1/+. +@#.  

!* 1/(C M#% 0"#/+%: / -# 0&0"&%. +%, ' 3+D1? "&*$, & &/. & +F . +A "13?+. #*$. &1. 
HA&/.=1 /#. . =1: 
a 
2 
1 1 1 
2 
1 
0 
0 
4 

H <3#>+D10, &; >&3?1 L"&" "10" ' 31/0"#-* 1.  . # 3+0. 4. 

1 2

a

a  
I +0. 4. J **C0"3#@+% , & - "&3&?(  "10"(  

 
W*% L"&<& "10"# &"-1": 1. 
 

K0*+ ' &?1. %"$ D1"-13, (  . # "3&;, ( , "& -  &"-1"1 )(/1 " . &*$ Ð +F-F# D1". &0"+. 
P10?&"3% . # -0C ' 3+?+"+-. &0"$ L"+A "10"&-, +A +0' &*$F&-#.+1 ' &F-&*%1" . #; "+ 
0(M10"-1. . =;  ' 3&@1. " &: +)&, . 53+D+. # -  "&?, D"& ' 3&<3#??# -&&)M1 F#/(? #. # 
/* % "&<&, D"&)=  )= "$ ' 3#-+*$. &;. 5&L"&?(  0*&2. =1 &: +), + -' &*. 1 ?&<("  
' 3&%-* %"$0% . # ' 3&0"=A "10"#A. 5&0*1 L"&<& &)=D. & ' &.%". &, </1  &: +), #, + 11 
?&2. & +0' 3#-+"$, . 1 -/#-#%0$ -  /1" #*+, ' &D1?(  ' 3&<3#??# . 1 3#)&"#1" . # /#. . &? 
"10"1. H' 3&D1?, +. &</#  * (D: 1 -01-"#,+ -. +?#"1*$. & +F(D+"$, D"& 21 ' 3&+0A&/+" -  
' 3&<3#??1 . # L"+A -A&/. =A /#. . =A, +. #D1 ?&2. & +0' 3#-+"$ &/. (  &: +) , (  + 
' 3&' (0"+"$ /3( <(C , +*+ /#2 1 /&)#-+ "$ . &-(C , , &"&3#%, "1? . 1 ?1. 11, ' 3+-1/1"  ,  
' 3#-+*$. &?(  &"- 1"(  . # /#. . &? "10"1. 
 O#?1"$"1, D"& -  - =: 1' 3+-1/1. . =A ' 3+?13#A 0 /-( ?% 0&0"&%. +%?+ 
. #D#*$. =? + "13?+. #*$. =? )= *& ' 13-&1 0&0"&%. +1. E"& . 1@1*10&&)3#F. &, 
' &0,&*$, (  . 1,&"&3=1 &: +), + ?&<("  &0"#"$0% . 1F#?1D1. . =?+. 5 &L"&?(  -#3$+3(; "1 
L"+ ' 3&0"=1 "10"=, . #' 3+?13, F#?1. +"1 ÒaÓ -  ' 13-&; 0"3&D, 1 . # ÒgÓ + ". / . 
53&-13$"1 0*( D#; , , &</#  "13?+. #*$. =A 0&0"&%. +;  . 1" -&-01. 
 V1' 13$ . 1&)A&/+?& ' 3&-13+"$ Ç/* +. . (C  #3+>?1"+, ( È + #3+>?1"+, (  
-&&)M1, ' &0, &*$, (  -  ' 31/= /(M +A "10"#A ' 3&-13%*&0$ "&*$, & ' 3&0"&1 0*&21. +1. 
5(0" $ "1' 13$ -  #*>#-+"1 /-#  0+?-&*#, # -  #-" &?#"1 Ð &/. & 0&0"&%. +1. 
sm 
1 
1 1 1 
1 1 
0 0 
10 
 H <3#>+D10, &; >&3?1 L"&" "10" ' 31/0"#-* 1.  . # 3+0. 5. 

1 ms
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I +0.5. J **C0"3#@+% ,  "31"$1?(  "10"(  
 

W*% L"&<& "10"# &"-1": 210 = 1024.   
5&?1. %; "1 10 . # 20, 30, 60. !" #3#;"10$ , #2/= ;  3#F ' &.%"$, ' &A&21 *+ 

D+0*& -  &"-1"1 . # 0&&"-1"0"-(C M(C  0"1' 1. $ /-&; , + ' & ' 13-= ? + ' &0*1/. +? 
@+>3#?, , &*+D10"-(  @+>3. H ' 3+. @+' 1, ' &*1F. & &/+.  3#F -= (D+"$ , &*+D10"-& @+>3 
+ ' & . 10, &*$, & @+>3 -  . #D#*1 + , &.@1 (  , #, &<&-. +)(/$  D+0*# -+/#  2100, "#,  , #,  L"& 
?&21" . 1&/. &,3#". & ' 3+<&/+"$0% . # 0&31-. &-#.+%A.  
 !/1* #1? 1M1 &/+.  A+"3=;  "10". H01 L"&, . # 0#?&? /1* 1, ' 3&+F- &/+"0% &D1. $ 
)= 0"3&, /#2 1 10*+ "10"= . 1 )= *+ ' &/<&"&-*1. = F#3#.11 Ð . # )(? #<1. K0*+ -=  
<&"&-+"1 "10"= . # ) (? #<1, ' 3&-13%; "1 +A + . #A&/+"1 &"-1"  F#3#.11. K0*+ &"-1" 
0*+: , &? /* +. . =; , ' 3&/(? #; "1, , #, ' & - =A&/. =? /#. . =? ' 3&<3#??= ' 3&-13+"$, 
Ç' &A&2+È *+ &.+ . # ' 3#-+*$. =;  &"-1". X(/$ "1 -  0&0"&%. ++ &)T%0. +"$ +/1C  "10"#. 
J" #,, 0*1/(C M+;  "10": 
j nm 
2 
2 1 1 
1 1 1 
2 1 2 
1 1 1 
0 0 0 
10 
 H <3#>+D10, &; >&3?1 L"&" "10" ' 31/0"#-* 1.  . # 3+0.6. 

1 2
n j,mj,n,m

 
I +0.6. J **C0"3#@+% ,  D1"- 13"&?(  "10"(  

H D1? 0?=0* L"&<& "10"#? P#D#*$. &1 0&0"&%. +1 Ð -" &3&1. 6&. 1D. &1 Ð ' 13-&1. 
H01 31)3# +F ' 13-&<& -1/("  -  ' 13-&1 + . 1' &<*&M#CM+1. !* 1/&-#"1*$. &, -  ' 13-&1 
0&0"&%. +1 . 1&)A&/+?& ' &' #/#"$ ' &0*1/. +? : #<&?. JF - "&3&<& 0&0"&%. +% -  ' 13-&1 
-1/1"  31)3&, ' &?1D1. . &1 0+?-&*&? n. 53+ ' 131A&/#A ' & &0"#*$. =? 31)3# 
0&0"&%. +% . 1 +F?1. %C"0%. H01 "3+ 31)3#, +0A&/%M+1 +F ' 13-&; -13: +. = Ð 
' &<*&M#CM+1.  

W*% L"&<& "10"# &"-1": 29 = 512.  
!" #3#;"10$ , #2/= ;  3#F ' 3+/(? =-#"$ A&"% )=  &/+.  0&/132#"1*$. =;  "10" Ð 

D(" $-D( "$ 0&/132#"1*$. =; . V#,&; "10" &)=D. & -0, 3=-#1" &D1. $ ?. &<& -+/&-  
&: +)&, , A&"%, , &.1D. &, ?&21" . 1 ' &-1F"+, + &: +), # . 1 )(/1 " &). #3(21. #.  

!* 1/(C M#% ' 3&-13, # Ð Ç?#,0+?#*$. =;  "10"È. W*% 1<& <1. 13#@++ ' +: 1"0% 
0' 1@+#*$. #% ' 3&<3#??#. P# ' 3#,"+, 1 &.# ?&21" )= "$ -0"3&1.# -  31: 1. +1. 
O#?1"+?, D"& <1. 13+3(1?=;  "10" . 1 %-* %1"0% A(/: +? /* % ' 3&-13,+ (/#* 1. +% 
. 1' &<*&M#CM+A 31)13, . & L"# ' 3&-13, # -  . 1? ' 3&-&/+"0%, ' 3+D1? /&-&* $. & 
#,"+-. &. W*% , #2/ &<& 31)3# 0*( D#; . =? &)3#F&? -= )+3#1"0%, %-* %1"0% *+ &.& 
' &<*&M#C: +?. U1. 13#"&3 "10"#: 

 
var  i ,  j : i nt eger ;  
    c  :  char ;  
begi n 
  f or  c : = ' a'  t o ' z '  do wr i t e( c) ;  
  wr i t el n;  
  wr i t el n( 1000) ;  
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  wr i t e( ' 1 1000 ' ) ;  
  f or  i  : = 1 t o 1000 do wr i t e( i , '  ' ) ;  
  wr i t el n;  
  f or  i  : = 1 t o 1000 do 
    f or  j : =1 t o 26 do 
      wr i t el n( r andom( 1000) +1) ;  
  f or  i : =1 t o 1000 do 
    f or  j : =1 t o 26 do 
      wr i t el n( r andom( 2) ) ;  
  wr i t el n( 60) ;  
end.  
 
 5&2#*(; 0"#, -. +?#"1*$. & +F(D+"1, D"& /1* #1" L"# ' 3&<3#??#. 9" -1"  . # L"&" 
"10" ?= F. #1?: 2660. H . 1? 85 @+>3, , #,  + -  "&?, D"& -= -&/+ " ' 3&<3#??#, . & , #,  
' &*. &0"$C ()1/+ "$0% -  ' 3#-+*$. &0"+ 3#)&"= 31: 1. +% . # L"&? "10"1? KM1 3#F 
F#?1"$"1, D"& 0-&;0"-& 31)3# )= "$ . 1' &<*&M#CM+? <1. 13+3(1"0% 0*( D#; . =? 
&)3#F&?. P1 ' 3+-1/1 " *+ L"& ,  &: +) , #?? Q1<, & F#?1"+"$, D"& D+0*& 2660 /&* 2 . & 
F#,#. D+-#"$0% . # @+>3(  6, "&</#  , #, -=  L"& -3%/  *+ ' &*(D+"1, F#' (0"+-  ' 3&<3#??(  
. # ' 3+?131, 0<1. 13+3&-#.. &? -= : 1' 3+-1/1. . =? , &/&?. 5 3+D+. # +?1. . & -  
. 1' &<*&M#CM+A @+, *#A, (? 1. $: #CM+A &"-1". P1 -01 0"3&,+ /* +. = 60 
/&' (0, #C"0% 0<1. 13+3&-#.. =? W68 . O#?1. +"1 r andom( 2)  . # . &*$, 
' 131F#' (0"+"1 <1. 13#"&3 + ' &*( D+"1 , &331, ". =;  "10", &"-1"  . # , &"&3=;  )(/1"  2660, 
, #, + &2+/#* &0$.  
 

3.7. 6 ' =- ( 9+ %+ * " '2 #" 9;  2 C3 " & 
 
 O/10$ . 1" . +, #, +A 0' 1@+#*$. =A 31, &?1. /#@+;  /* % /#. . &;  , &., 31". &;  
F#/#D+. !* 1/(; "1 &)M+? 0&-1"#?, &' +0#.. =? -  3#F/ . 2.7. 
 

4. D+9( 3 0#%&# 

 H /#. . &; 3#)&"1 3#00?&"31. = &)M+1 ' 3+. @+' = 31: 1. +% F#/#D -  3#?, #A 
, &?#. /. =A 0"(/1. D10,+A 0&31-.&-#.+;  ' & ' 3&<3#??+3&-#.+C >&3?#"# ACM 
ICPC. H=' &*. 1. # ' &' =", # >&3?#*+F&-#"$ + &' +0#"$ ' 3&@100 31: 1. +% F#/#D+ 
-? 10"1 0 , *CD1-=?+ #0'1,"#?+ /* % , #2/&<& L"#' #. I#00?&"31. ' 3+?13. 53+-1/1. = 
, &??1. "#3++ + 31, &?1. /#@++.  

6&. 1D. &, . +, #,#% +. 0"3(, @+% . 1 F#?1. +" 31#*$. &<& &' ="#. 9/. #,&, . # 
>&3"1' +#. & ' &D1?( -"& ' 3+. %"& (D+"$0% +<3#"$ (  ' 31' &/#-#"1*%, + "#, . #D+. #*+ 
' 3#,"+D10, + -01 -1*+, +1 , &?' &F+"&3=. !& &"-1"0"-1. . &, D"1. +1 L"+A 31, &?1. /#@+;  
/&* 2 . & )= "$ . 1 ' &' =", &; ' 3+?1. +"$ ,  01)1 D(2 +1 ?1"&/= , # 0&/132#"1*$. =? 
-&0' 3+%"+1? D(2 &<& &' ="#, +F*&21. . =? -  -+/1  . #)&3# 31,&?1. /#@+; . H ' 3&@1001 
?&1; &*+?' +#/. =;  , #3$13= % ?. &<& &)0(2 /#*  3#F*+D. =1 "#,"+D10, +1 + 
0"3#"1<+D10, +1 #0'1,"=, "&D, + F31. +% +F?1. %*+0$ . # /+ #?1"3#*$. & 
' 3&"+-&' &*&2. =1 -  "1D1. +1 /. %. 4&<*& )= "$ + "#,, D"& -  &/+.  01F&. ?= 
' 3+/132 +-#*+0$ &/. &; "#,"+, +, # -  /3(< &; Ð /3(< &;. V#,"+, # F#-+0+" &" &' ="#, 
@1*1; , 0&'13.+, &-.  
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 H#2. & "31.+3&-#"$0% 0#?&0"&%"1*$. &, &0&)1.. & 10*+ -=  D( -0"-(1" 1, D"& 
0+*$. & &"0"#1"1 A&"% )=  &" &/. &<& +F 0-&+A . #' #3.+, &-. H#2. & )= "$ 
F#+. "1310&-#.. =?. 

K0*+ -=  0+0"1?#"+D10,+ +F(D#1"1 L"(  ' 3&)*1?( , "&, 0*1/&-#"1*$. &, -=  
-013$1F . #@1*1. = . # 31: 1. +1 F#/#D. P1&)A&/+?& -" %. ( "$0% -  L"&" ' 3&@100, 2+"$ 
31: 1. +1? F#/#D, ?&21" )= "$, "&*$, & +?. P1&)A&/+?& ' &*(D#"$ (/&-&* $0"-+1 &" 
L"&<&, D"&)= ?&2. & ) =*& ' 3&0.(" $0% . &D$C + ' &;"+ 31: #"$ F#/#D+, )= "$ <&"&-=? 
&)0(2 /#" $ F#/#D+ -  *C)&1 -31?% Ð - & - 0%, &? 0*( D#1, "#,&1 ' &?1: #"1*$0"-& /&* 2 . & 
)= "$ . # . #D#*$. &? L"#' 1 , #3$13=. 6&. 1D. &, ' 3+/1 "0% ' &"3#"+"$ 0&". + D#0&- + 
31: +"$ 0&". + F#/#D, -  "&? D+0*1 0#?&0"&%"1*$. &. H' 3&D1?, L"& 1M1 . 1 <#3#."+3(1"  
31F(* $"#"#. 
 J  )* #<&/#3+"1 0&F/# "1*1;  ACM ICPC F# "&, D"& -  . 1? ?&2. & (D#0"-&-#"$ 
"&*$, & -  0"(/1. D10,+1 <&/= , ' 3+D1? -  >+. #*1 Ð . 1 )&*11 /- (A 3#F. !T 1A#-: (C  
"#,+? &)3#F&? , 3=: (  )(/1"  &D1. $ . 1' 3&0"& -13. (" $ . # ?10"&É G/#D+ H#?! 

S )* #<&/#31. ' 3&>100&3( ! 5)U G JV4 9  8 .8 .R#* ="&, ()1/ +-: 1?(  ?1. % 
. #' +0#"$ L"(  0"#"$C + -. 10: 1?(  ?. &210"-& ' 31/* &21. +;  ' & 11 ( * (D: 1. +C. 
 

I =5' 0%&9& 

1. ;&*" '4  C.< ., D*%A$"'4  B.E. Z +. #*$. =1 0&31-.&-#.+% D1?' +&. #"# ?+3# ' & 
' 3&<3#??+3&-#. +C. 5&"3%0#CM+;  (0' 1A ' 1"13)(3<0, +A , &?#. /  // 
6&?' $C"13.=1 +. 0"3(? 1. "= -  &)3#F&-#.++. 2001, 7  2.  http://ict.edu.ru/lib/ 
F', *" 2" 03 ( $, @)'"*#  , )%* @' @%'>%*,, ) %'4*" ).  ACM 2003/2004. !1-1 3&-
H&0"&D. =;  K-3&' 1; 0, +;  31<+&. / 5&/  31/ . ' 3&>. H.P. H#0+*$1-# + ' 3&>. 
H.U. 5#3>1. &-#. !5) .: !5)U G J V49 . 2003. 

2. G'>*#0 %$4 H. 6  +0"&3++ D1?' +&.#"&- ?+3# ACM ' & ' 3&<3#??+3&-#.+C // 
4+ 3 56  Ð W+0, . 2004, 7  6. http://is.ifmo.ru/belletristic/_acmhist.pdf 

3. G'>*#0 %$4 H. P#0 . 1 /&<&.%"?! // 4+ 3 56  Ð W+0, . 2005, 7 5. 
http://is.ifmo.ru/belletristic/_acm2005.pdf 

4. G%92" '  ; .I ., F*@-*"  I .! . 4&0, &-0,+1 &*+?' +#/=  ' & ' 3&<3#??+3&-#. +C. 
4 .: P#( , #, 1990. 

6. G$%'4 B.! ., I *@9"'4  ; .B., C*# . 1)"  B.; ., D'" ', *%$4 ; .J . 90&)1. . &0"+ 
. #@+&.#*$. =A F#/#D ' & +. >&3?#"+, 1. 6+3&-: V3+#/#-! , 2000. 

7. F)%. 1)"  B., I *@9"'4  ; ., <=9-'4  : . O#/#D+ ' & +. >&3?#"+, 1. 41 2 /(. #3&/. =1 
&*+?' +#/=  1989-1996 <<. 4 .: ABF, 1996. 

8. <4&6" " )='4  ; ., <4&6" " )='4 *  K., C*%($"='  ; ., D%'1'%'4  H. JF) 3#. . =1 F#/#D+ 
&*+?' +#/  ' & +. >&3?#"+, 1. 4 .: V3&-#. ", 1997. 

9. := )$" *  : ., H$4)- -*  C. 9* +?' +#/. =1 F#/#D+ ' & ' 3&<3#??+3&-#. +C. 
I(, &-&/0"-& ' & ' &/<&"&-, 1 ,  0&31-. &-#.+%?. 4 : 6(/+ @-9)3#F, 2005. 

10. ;2 *, *% L . J00*1/&-#. +1 ' 0+A&*&<++ ' 3&@100# +F&)31"1. +% -  &)*#0"+ 
?#"1?#"+, +. 4 .: 4N P49 , 2001. 

11. D9*" =*%$ ; . 9  . #(, 1. 4 .: P#( , #, 1983. 
12. :*3#  ÇU1. 3+A !#( *&-+D 8 *$": (* *13, #-"&3 VIJ O, IV H + VIV QÈ. 
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13. ;" 2%$$4* J .B. I1 : 1. +1 F#/#D XIII  ?12/(. #3/. &; &*+?' +#/=  // 
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14. <=9-'4  : .C., ? 9-6#" )='4  M.B. I#F)&3 F#/#D ?12/(. #3&/. &;  &*+?' +#/=  

2000 <&/#  // J. >&3?#"+, #. 2001. 7  12. 
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15. :#*" =$4)(  ; .: . I1: 1. +1 F#/#D I H013&00+; 0,&; , &?#. /. &; &*+?' +#/=  ' & 
' 3&<3#??+3&-#. +C // J. >&3?#"+, #. 2001. 7  12. 

16. :#*" =$4)(  ; .: . II H013&00+; 0, #% , &?#. /. #% &*+?' +#/# : , &*$. +, &- ' & 
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+ -= D+0*1. +; . 4 .: H+*$%?0, 2002. 

19. F*%@'4 P .E. V1&3+% #-" &?#"&-. ! 5) .: 5+"13, 2002. 
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6 "&( ' C#%&#. 6 ' ( %- ? &=.' , %- ? 5#9=5 "#$ #%&8 /+, +0& 

ÇE#*' 1( ' < +3 < &? , #5#") &%&"' 2+%%- ? 9' %#0%- ? +25' ) +5È %+ 

Borland Delphi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

{ N5* 1138 3) * 6+, 7* : 3.  M5/ O, 1* ,  *  - 2- / 0 >* 453}  
 

const  
  pow = 9;            / /  N5* 1138 3) * 6+, 7* : 3 A/  9 0, 487* >12.  J* 6)  
  base = r ound( 1e9) ;  / /  10pow 
  m = 10;             / /  9) , @; , +/ ,  : / 5* >, 47- /  73: * .  ÇJ* 6) È 
t ype 
  l ong = ar r ay [ 0. . m]  of  i nt eger ;  / /  9* A:  05* 11/ ,  >* 45/  
 
/ /  ( ) / J , 0; ) 3 45/ O, 1* 8 0- ; .  05* 112.  >* 4, 5 a *  b 
/ /  P, B; 5E737 B3A* 42- 3, 748 -  a 
/ /  ( , ) , 0 A3) 3+, 7) / + b 47/ * 7 : 5D>, - / ,  45/ - /  var ,  
/ /  73:  : 3:  A, ) , 03- 37E +344* -  A/  B13>, 1* D 45* G: / + +, 05, 11/ ,  
/ /  A/  4425: ,  C/ ) 3B0/  @247) , ,  
pr ocedur e add( var  a :  l ong;  var  b :  l ong) ;  
var  i ,  c  :  i nt eger ;  
begi n 
  c  : = 0;  
  f or  i  : = 0 t o m do 
  begi n 
    c  : = c + a[ i ]  + b[ i ] ;  
    i f  c  >= base t hen 
    begi n 
      a[ i ]  : = c -  base;  
      c  : = 1;  
    end el se 
    begi n 
      a[ i ]  : = c;  
      c  : = 0;  
    end;  
  end;  
/ /  H45*  - 0) ; C ÒJ* 6) Ó -  7* A,  l ong / : 3O, 748 1, 0/ 4737/ >1/ ,       
/ /  4* C135* B* ) ; , 748 / G* @: 3 
  asser t ( c = 0) ;   
end;  
 
/ /  ( , >37E 05* 11/ C/  >* 453 
pr ocedur e pr i nt ( var  x :  l ong) ;  
var  i ,  j  :  i nt eger ;  
begi n 
  i  : = m;  
  whi l e ( i  > 0)  and ( x[ i ]  = 0)  do dec( i ) ;  
  wr i t e( x[ i ] ) ;  
  f or  j  : = i  -  1 downt o 0 do 
    wr i t e( f or mat ( ' %. '  + I nt ToSt r ( pow)  + ' d' ,  [ x [ j ] ] ) ) ;  
end;  

 

{ $appt ype consol e}    / /  M/ B037E : / 14/ 5E1/ ,  A) * 5/ O, 1* ,  
 
/ /  Q: 5D>* 7E A) / - , ) : *  A, ) , A/ 51, 1* 8 *  / 7: 5D>* 7E / A7* +* B3J* D 
{ $o- , q+, r +}    
 
uses Mat h,  SysUt i l s ;  / /  ( / 0: 5D>* 7E +/ 0; 5*  Mat h *  SysUt i l s 
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{ Q- / 0 - . / 012.  03112. }  
 
begi n 
  r eadl n( al f a) ;     / /  R* 73, + 3563- * 7 
  na : = l engt h( al f a) ; / /  K+, , 7 B13>, 1* ,  7/ 5E: /  ) 3B+, )  3563- * 73 
  r ead( nst ) ;          / /  R* 73, + : / 5* >, 47- /  4/ 47/ 81* ? 
  r ead( i st ) ;          / /  R* 73, + 1/ +, )  13>35E1/ C/  4/ 47/ 81* 8 
  r ead( nt st ) ;         / /  R* 73, + : / 5* >, 47- /  7, ) +* 135E12.  4/ 47/ 81* ? 
 
/ /  R* 73, + 1/ +, ) 3 7, ) +* 135E12.  4/ 47/ 81* ? 
  f or  i  : = 1 t o nst  do 
    t er m[ i ]  : = f al se;  
  f or  i  : = 1 t o nt st  do 
  begi n 
    r ead( j ) ;  
    t er m[ j ]  : = t r ue;  
  end;  
/ /  R* 73, + 6; 1: J* D A, ) , . / 0/ -  "  
  f or  i  : = 1 t o nst  do  
  begi n 
    f or  j  : = 1 t o na do r ead( f i [ i ] [ j ] ) ;  
  end;  
/ /  R* 73, + 6; 1: J* D & 
  f or  i  : = 1 t o nst  do    
  begi n 
    f or  j  : = 1 t o na do 
    begi n 
      r ead( k) ;  
      ee[ i ] [ j ]  : = k = 1;  
    end;  
  end;  
/ /  R* 73, + N Ð 05* 1;  47) / : ,  : / 5* >, 47- /  : / 7/ ) 2.  1, / @. / 0* +/  13?7*  
  r ead( l en) ;  

{ =/ 1473172 *  A, ) , +, 112, }  
 
const     / /  N- ,  : / 1473172 * B ; 45/ - * 8 B303>*  
  max_nst  = 1000;   / /  S3: 4* +35E1/ ,  : / 5* >, 47- /  4/ 47/ 81* ? 
  max_na = 26;      / /  S3: 4* +35E12? ) 3B+, )  3563- * 73 
 
var  
  al f a :  s t r i ng;   / /  Q. / 01/ ? 3563- * 7 3- 7/ +373 
  na :  i nt eger ;    / /  =/ 5* >, 47- /  4* +- / 5/ -  - /  - . / 01/ + 3563- * 7,  
  nst  :  i nt eger ;   / /  =/ 5* >, 47- /  4/ 47/ 81* ? 3- 7/ +373 
  i s t  :  i nt eger ;   / /  T3>35E1/ ,  4/ 47/ 81* ,  3- 7/ +373 
  nt st  :  i nt eger ;  / /  =/ 5* >, 47- /  7, ) +* 135E12.  4/ 47/ 81* ? 3- 7/ +373 
 
  l en :  i nt eger ;   / /  N5* 13 ) 344+37) * - 3, +2.  47) / :  
/ /  U- 58, 748 5*  4/ 47/ 81* ,  7, ) +* 135E12+ 
  t er m :  ar r ay [ 1. . max_nst ]  of  bool ean;          
/ /  V; 1: J* 8 A, ) , . / 0/ -  
  f i  :  ar r ay [ 1. . max_nst ,  1. . max_na]  of  i nt eger ;    
/ /  U- 58, 748 5*  ) , @) /  1, A/ C5/ <3D<* +? 
  ee :  ar r ay [ 1. . max_nst ,  1. . max_na]  of  bool ean;   
 
  sum,  sum2 :  ar r ay [ 0. . max_nst ]  of  l ong;  
  i ,  j ,  k ,  z  :  i nt eger ;  / /  Q) , +, 112,  A, ) , +, 112,  
  ans :  l ong;  
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{ Q2- / 0 / 7- , 73}  
 

  pr i nt ( ans) ;  
end.  

 

{ W73A 2.  ( / 04>, 7 : / 5* >, 47- 3 47) / : ,  0/ A; 4: 3, +2.  3- 7/ +37/ +, }   
{ 4 A/ +/ <ED 0* 13+* >, 4: / C/  A) / C) 3++* ) / - 31* 8}  

 
/ /  K1* J* 35* B3J* 8 
  f or  i  : = 0 t o nst  do  
    f i l l char ( sum[ i ] ,  s i zeof ( sum[ i ] ) ,  0) ;  
  sum[ i st ] [ 0]  : = 1;  
 
 
/ /  ( / 45, 0/ - 37, 5E1/ ,  - 2>* 45, 1* ,  
  f or  k : = 1 t o l en do 
  begi n 
    sum2 : = sum;  
    f or  i  : = 0 t o nst  do  
      f i l l char ( sum[ i ] ,  s i zeof ( sum[ i ] ) ,  0) ;  
    f or  i  : = 1 t o nst  do 
      f or  j  : = 1 t o na do 
      begi n 
        add( sum[ f i [ i ] [ j ] ] ,  sum2[ i ] ) ;  
      end;  
  end;  
 

 
/ /  ( / 5; >, 1* ,  / 7- , 73 
/ /  N58 X7/ C/  4; ++* ) ; , + : / 5* >, 47- /  4A/ 4/ @/ -  / : 3B37E48 
/ /  -  : 3O0/ + 7, ) +* 135E1/ + 4/ 47/ 81* *  
  f i l l char ( ans,  s i zeof ( ans) ,  0) ;  
  f or  i  : = 1 t o nst  do 
    i f  t er m[ i ]  t hen 
      add( ans,  sum[ i ] ) ;  

{ W73A 1.  F47) 31, 1* ,  1, A/ C5/ <3D<* .  ) , @, ) }  
 
  f or  j  : = 1 t o na do  / /  ( /  - 4, + 4* +- / 53+ 3563- * 73 
  f or  i  : = 1 t o nst  do  / /  ( /  - 4, + 4/ 47/ 81* 8+ 3- 7/ +373 
  begi n 
    k  : = i ;     / /  9, : ; <, ,  4/ 47/ 81* ,  
    z  : = nst ;    / /  =/ 5* >, 47- /  4/ 47/ 81* ? 
 
/ /  ( / : 3 ) , @) / - A, ) , . / 0 * B 4/ 47/ 81* 8 k A/  4* +- / 5;  j  Ð 
/ /  A/ C5/ <3D<, , ,  *  , <,  45, 531/  1,  / >, 1E +1/ C/  A, ) , . / 0/ -  
    whi l e ( ee[ k] [ j ] )  and ( z > 0)  do 
    begi n 
      k  : = f i [ k ] [ j ] ;   / /  ( , ) , ?7*  
      dec( z) ;    / /  F+, 1EG* 7E 4>, 7>* :  
    end;  
/ /  H45*  - 4,  , <,  / >, ) , 01/ ,  ) , @) /  Ð 1, A/ C5/ <3D<, ,  
    i f  ee[ k] [ j ]  t hen 
    begi n 

      f i [ i ] [ j ]  : = 0;   / /  I 13>* 7 Ð J* : 5 
    end el se 
    begi n 

      f i [ i ] [ j ]  : = f i [ k ] [ j ] ; / /  K13>,  A, ) , 473- 58, + ) , @) /  
    end;  

/ /  K 7, A, ) E 41* +3, + A/ +, 7: ;  Ç1, A/ C5/ <3D<, ,  ) , @) / È 
    ee[ i ] [ j ]  : = f al se;   

  end;  


