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 .,-/-"'- 

B"4 "'#64-#744 )'3%&%"+8 49", 3#3 :"#*46%, 7'6'(%%$"#-)% 8"#)4&0 

<#))+' % (%(&%,)44 49"+ 464 ;#(&0 1&48 <#))+8 * *4<' .#((4*#, 

4-%.%"2)%9% 49"%*%.? :%6=. I#:"4.'", :"4 "'#64-#744 49" &4:# 

«3/'4(%»
1
  "#74%)#60)% 8"#)4&0 * .#&"4;)%5 2%".' 49"%*%5 .4" — 

3%)249?"#74= (&'), "#(:%6%/')4' «,$6%3», )#64;4' "#-64;)+8 

:"4-%*+8 16'.')&%*. ! &% /' *"'.,, &#34' %$\'3&+, 3#3 (#.# -.'53#, 

3%)&"%64"?'.#, 49"%3%., *"#94, '(64 %)4 :"'<?(.%&"')+ 4 &.<., 

"'#64-?=&(, %&<'60)%, )' ,*6,,(0 4)&'9"4"%*#))+.4 * .#&"4;)?= 

(&"?3&?"?. ]&% :"4*%<4& 3 )'%$8%<4.%(&4 :%(&"%')4, -#:?&#))%5 4 

(6%/)% 2%".#64-?'.%5 6%9434 *-#4.%<'5(&*4, 1&48 %$\'3&%* ( 

%3"?/#=>4. .4"%.. 

! )#(&%,>'5 "#$%&' :"'<6#9#'&(, .'&%< %:4(#)4, 6%9434 :%*'<')4, 

49"%*+8 %$\'3&%* 4 49"%*%9% .4"# )# %()%*' .#&"4;)%5 .%<'64 — 

36'&%;)%9% #*&%.#&#. G#3/', :%(3%603? *-#4.%<'5(&*4, * 49"' )' 

,*6,=&(, &%603% 6%3#60)+.4, *%-)43#'& )'%$8%<4.%(&0 * 

<%:%6)4&'60)+8 3%.:%)')&#8, 3%&%"+' 3%)&"%64"?=& :"%7'((+, 

:"%4(8%<,>4' * 36'&%;)%. #*&%.#&'. B%<%$)+5 :%<8%< :%-*%6,'& 

:"%'3&4"%*#&0 "#((.#&"4*#'.+5 36#(( 49", # -#&'., "?3%*%<(&*?,(0 64A0 

",<%. :"#*46, :'"')%(4&0 :"%'3& * 3%<. B%<<'"/#)4' :"%'3&)%5 

<%3?.')&#744, :%6)%(&0= %:4(+*#=>'5 :%*'<')4' :"%9"#..+, 

:%-*%6,'& 6'93% %$)#"?/4*#&0 %A4$34 4 ?(&"#),&0 48, # &#3/' "#(A4",&0 

4 <%:%6),&0 :"%'3& * <#60)'5A'. [1]. 

                                         

1
 B"#*46# "#((.#&"4*#'.%9% *#"4#)&# 49"+ «3/'4(%» %:4(#)+ * "#-<. 4.1. 
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1. 0+-$#1"2- %,$#3%$2 ' '4 %/%5$%&'( /+( 

6-%+'7%&'' '*6 6%883%$6',%-3#*# 9+%88% 

1.1. !"#$%&'(# )*$%+)$( 

D6'&%;)+' #*&%.#&+ — <4(3"'&)+' <'&'".4)4"%*#))+' (4(&'.+, 

:%*'<')4' 3%&%"+8 :%6)%(&0= %:"'<'6,'&(, * &'".4)#8 6%3#60)+8 

*-#4.%<'5(&*45 [2]. 

D6'&%;)+' #*&%.#&+ $+64 4(:%60-%*#)+ Q/%)%. 2%) I'5.#)%. <6, 

4((6'<%*#)4, (#.%*%(:"%4-*'<')4, [3]. C<)#3% %)4 * 9%"#-<% $%60A'5 

.'"' :"4.'),=&(, * (%*'"A'))% <"?948 %$6#(&,8. F(64 ?)4*'"(#60)%5 

.%<'60= <6, :%(6'<%*#&'60)+8 *+;4(6')45 (;4&#'&(, .#A4)# 

G0="4)9#, &% 36'&%;)+' #*&%.#&+ ,*6,=&(, &#3%5 .%<'60= <6, 

:#"#66'60)+8 *+;4(6')45 [4]. 

C&64;4&'60)%5 %(%$'))%(&0= 36'&%;)+8 #*&%.#&%* ,*6,'&(, &%, ;&% 

%)4 4.'=& (&"?3&?"?, %$\'<4),=>?= *+;4(64&'60)?= 3%.:%)')&? 4 

<#))+', ( 3%&%"+.4 #*&%.#& %:'"4"?'&. ]&# %(%$'))%(&0 8%"%A% 

(%;'&#'&(, ( :"4)74:#.4 %$\'3&)%-%"4')&4"%*#))%9% 

:"%9"#..4"%*#)4,, :%(3%603? 36#(( %$6#<#'& &#34.4 /' (*%5(&*#.4. 

D6'&%;)+5 #*&%.#& — 1&% )'3%&%"#, %<)%"%<)#, «"'A'&3#», * 3#/<%5 

36'&3' 3%&%"%5 )#8%<4&(, 3%)';)+5 #*&%.#&. ! <*?.'")%. (6?;#' 

:"%(&'5A4. *#"4#)&%. ,*6,'&(, &'&"#9%)#60)#, "'A'&3#. !%-.%/)+ 

&#3/' 36'&%;)+' #*&%.#&+ ( &"'?9%60)%5 464 9'3(#9%)#60)%5 "'A'&3%5. 

C&64;4&'60)#, %(%$'))%(&0 3%)';)+8 #*&%.#&%*, ,*6,=>48(, 

16'.')&#.4 36'&%;)%9% #*&%.#&#, — &%, ;&% * )48 )' 4(:%60-?=&(, 

*8%<)+' 4 *+8%<)+' *%-<'5(&*4,, #, )#:"%&4*, )# 3#/<%. A#9' )%*%' 

(%(&%,)4' 3#/<%9% 3%)';)%9% #*&%.#&# %:"'<'6,'&(, '9% (%$(&*'))+. 

(%(&%,)4'. 4 (%(&%,)4'. '9% (%('<'5 (16'.')&%* %3"'(&)%(&4).  
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B%),&4' %3"'(&)%(&4 36'&34 -#<#'&(, 3#3 (*%5(&*% 36'&%;)%9% 

#*&%.#&#, :"4;'. <6, 3#/<%5 4- 36'&%3 1&% :%),&4' %<4)#3%*%. 

I#:"4.'", <6, <*?.'")%9% 36'&%;)%9% #*&%.#&# ( &'&"#9%)#60)%5 

"'A'&3%5 ;#>' *('9% * 3#;'(&*' (%('<'5 "#((.#&"4*#=& 64$% ;'&+"' 

36'&34, (%:"43#(#=>4'(, ( <#))%5 (&%"%)#.4, 64$% *%('.0 36'&%3, 

(%:"43#(#=>4'(, ( <#))%5 8%&, $+ ?96#.4. 

D6'&%;)+' #*&%.#&+ %$+;)% %$6#<#=& (6'<?=>4.4 (*%5(&*#.4 [5]: 

• "'A'&3# %<)%"%<)#; 

• *-#4.%<'5(&*4, 6%3#60)+; 

• .)%/'(&*% (%(&%,)45 36'&34 3%)';)%; 

• 4-.')')4, -)#;')45 *('8 36'&%3 :"%4(8%<,& %<)%*"'.'))%. 

O)%9<# 3#34'-&% 4- 1&48 (*%5(&* )' *+:%6)')+. I#:"4.'", * 

"'#64-#744, "#((.%&"'))%5 * "#$%&' [6], "'A'&3# )' ,*6,'&(, 

%<)%"%<)%5, %<)#3% %(&#60)+' (*%5(&*# 36'&%;)+8 #*&%.#&%* 

*+:%6),=&(,. 

[%".#60)% 36'&%;)+5 #*&%.#& — ;'&*'"3# %$\'3&%*:  

! 

A = < R,S,O, f >, 

9<'  R — "'A'&3# #*&%.#&# ("#$%;'' :"%(&"#)(&*%); 

S — 3%)';)%' .)%/'(&*% (%(&%,)45 36'&34; 

O — %:"'<'6')4' %3"'(&)%(&4 36'&34 (.)%/'(&*% (%('<'5); 

! 

f : S " S
|O |
# S — 2?)374, :'"'8%<%*. 

! <#))%5 "#$%&' "#((.#&"4*#=&(, <*?.'")+' 36'&%;)+' #*&%.#&+ )# 

898:;<=>;?@>=A :9B98C9, # %3"'(&)%(&0= (;4&#=&(, 36'&34, 3%&%"+' 

(%:"43#(#=&(, (&%"%)#.4. B"4 :"#3&4;'(3%5 "'#64-#744 <6, ?<%$(&*# 
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8"#)')4, &#3#, "'A'&3# .%/'& $+&0 :"'<(&#*6')# * *4<' .#&"47+ — 

<*?.'")%9% .#((4*# ("4(. 1). 

 

 

   

 

 

 

 

 

@4(. 1. G'&"#9%)#60)#, "'A'&3# ( %3"'(&)%(&0= 4- ;'&+"'8 36'&%3 ((*'"8?) 4 

*%(0.4 36'&%3 (()4-?) 

Q6, ?)4243#744 &'".4)%6%944, :%(3%603? ? 49" "#$%;'' 

:"%(&"#)(&*% )#-+*#'&(, «:%6'.», $?<'. )#-+*#&0 "#$%;'' :"%(&"#)(&*% 

36'&%;)+8 #*&%.#&%* "#((.#&"4*#'.%9% &4:# «&'&"#9%)#60)+. :%6'.». 

M%%&*'&(&*'))%, 3#/<+5 3%)';)+5 #*&%.#& — «36'&3# :%6,». 

1.2. ,)-./0#''(1 2"#$%&'(1 )*$%+)$ 

B%3#/'., ;&% <6, %:4(#)4, (6%/)+8 (4(&'., 3%&%"+.4 ,*6,=&(, 

)'3%&%"+' 3%.:0=&'")+' 49"+, %3#-+*#'&(, )'<%(&#&%;)% "#((.#&"4*#&0 

&%603% %<4) #*&%.#& * 3#/<%5 36'&3'.  

@#((.%&"4. :"4.'". B?(&0 4.''&(, :%6', 3#/<#, 36'&3# 3%&%"%9% 

:"'<(&#*6,'& «,>43», * 3%&%"+5 .%/'& $+&0 :%.'>') :"'<.'&. «V>43» 

.%/'& $+&0 -#3"+& 464 %&3"+&. ]&% '9% (%(&%,)4'. ! «,>43'» .%/'& 

8"#)4&0(, 9'%.'&"4;'(3#, 249?"#: 3?$, A#", &'&"#1<". B"4 1&%. 

:%*'<')4' «,>43#» -#*4(4& 3#3 %& &%9%, %&3"+& %) 464 -#3"+&, &#3 4 %& 

&%9%, ;&% * )'. (%<'"/4&(,. W<%$)% 4(:%60-%*#&0 <6, 8"#)')4, 

K00 

 

K01 

 

 

K02 

 

K03 

 

K04 

 K10 

 

K11 

 

K12 

 

K13 

 

K14 

 
K20 

 

K21 

 

K22 

 

K23 

 

K24 

 

A00 A01 A02 A03 A04 

A10 A11 A12 A13 A14 

A20 A21 A22 A23 A24 
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K04 
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K13 
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K22 

 

K23 

 

K24 

 

A00 A01 A02 A03 A04 

A10 A11 A12 A13 A14 

A20 A21 A22 A23 A24 
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4)2%".#744 % «,>43'» <*' ,;'534 :#.,&4: <6, (%(&%,)4, ,>43# 4 

2%".+ 249?"+. 

Q%3#/'., ;&% &#3?= (&"?3&?"? * %$>'. (6?;#' &#3/' .%/)% 

:"'<(&#*4&0 * *4<' 36'&%;)%9% #*&%.#&#, — :%.'(&4&0 *(' (*%5(&*# 

3#/<%5 36'&34 64A0 * %<)? .)%9%-)#;)?= ,;'53? :#.,&4, 3%&%"#, $?<'& 

,*6,&0(, (%(&%,)4'. 36'&34. ! <#60)'5A'. *(' ,;'534 :#.,&4 $?<?& 

"#((.#&"4*#&0(, 3#3 .)%9%-)#;)+'. 

Q%3#-#&'60(&*%. Q'5(&*4&'60)%, :?(&0 3#/<#, 36'&3# (%<'"/4& k 

,;''3 :#.,&4, 3%&%"+' .%9?& 8"#)4&0 -)#;')4, 4- .)%/'(&* 

! 

S
i
, 

! 

i = 0,k "1. 

F(64 (;4&#&0, ;&% -)#;')4' 3#/<%5 ,;'534 — (%(&%,)4' )'3%&%"%9% 

#*&%.#&#, &% 2%".#60)% 36'&%;)+5 #*&%.#&, %:4(+*#=>45 :%*'<')4' 

:%6,, -#:4A'&(, * *4<'  

! 

" A = < R, {Si}i= 0

k#1
, O, { f i}i= 0

k#1
>, 

9<' 
  

! 

fi : (S0 "L" Sk#1) " (S0 "L" Sk#1)
|O |
$ Si — 2?)374,, 3%&%"#, (&#*4& 

(%(&%,)4' )%.'" «i» &'3?>'5 36'&34 * -#*4(4.%(&0 %& *('8 (%(&%,)45 

(%('<'5 4 '' (#.%5. 

B?(&0 
  

! 

S := S
0
"L" S

k#1
. ]&% .)%/'(&*% .%/)% )#-*#&0 .)%/'(&*%. 

«%$>48 (%(&%,)45» 36'&34, %)% (%<'"/4& *(' *%-.%/)+' 3%.$4)#744 

(%(&%,)45 4- )#$%"%* 

! 

S
i
. B%(3%603? 

! 

"i | S
i
| <#, &% 4 

! 

| S | <" .  

!*'<'. &#3/' «%$>?= 2?)374= :'"'8%<%*» 

! 

f : S " S
|N |
# S : 

  

! 

f (s
0
,s
1
,K,s

|O |
) = f0(s

0
,s
1
,K,s

|O |
),K, fk"1(s

0
,s
1
,K,s

|O |
)( ) , 

9<' 

! 

s
i
" S . 

! "#((.%&"'))%. :"4.'"' ( «,>43#.4» 

! 

k = 2. B?(&0 

! 

S
0

= {open,closed}, 

! 

S
1

= {cube,sphere,tetrahedron}. G%9<# 

  

! 

S = (open,cube),(open,sphere),(open,tetrahedron),K,(closed,tetrahedron){ }. 
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B"4 1&%. 

! 

S = S
0
S
1

= 2 " 3 = 6. 

M 4(:%60-%*#)4'. **'<'))+8 %$%-)#;')45, .%/)% :%(&"%4&0 

36'&%;)+5 #*&%.#&  

! 

A =< R,S,O, f >, 

:%*'<')4' 3%&%"%9% $?<'& :%*&%",&0 :%*'<')4' #*&%.#&# A! , :"4;'. 

#*&%.#& A $?<'& ,*6,&0(, 36#((4;'(34. 36'&%;)+. #*&%.#&%.. 

I#-%*'. 36'&%;)+5 #*&%.#&, 4.'=>45 * 3#/<%5 36'&3' )'(3%603% 

,;''3 :#.,&4, :;DBE:9>>FG C?98=H>FG ;I8=G;8=G.  

! <#))%5 "#$%&' $?<'. 4(:%60-%*#&0 &#34' 36'&%;)+' #*&%.#&+. 

B"4*'<'))%' <%3#-#&'60(&*% :%3#-+*#'&, ;&% &#3%5 #*&%.#& &'%"'&4;'(34 

:"'<(&#*4. * *4<' 36#((4;'(3%9%, %<)#3% &#3%' :"'<(&#*6')4' 

4(:%60-%*#&0(, )' $?<'&. 

C$%-)#;4. (4.*%6%. 

! 

Aij  36'&3? #*&%.#&#, )#8%<,>?=(, * ",<? «i» 4 

(&%6$7' «j»
2
. H&%$+ %$%-)#;4&0 -)#;')4' %:"'<'6'))%5 ,;'534 :#.,&4 

"#(A4"'))%9% 36'&%;)%9% #*&%.#&#, 4(:%60-?'&(, *'"8)45 4)<'3(: 

! 

Aij

n — 

-)#;')4' ,;'534 :#.,&4 ( )%.'"%. «n» 36'&34 

! 

Aij . ]&# ,;'53# :#.,&4 

.%/'& (%<'"/#&0 D=D8=J>EJ 36'&34 (* "#((.%&"'))%. :"4.'"' 1&% %<)% 

(%(&%,)4': «,>43 %&3"+&» 464 «,>43 -#3"+&») 464 DI=AD8I; 36'&34 (* 

:"4.'"' — 2%".# 8"#),>'5(, 249?"+). Q6, &%9%, ;&%$+ %&64;#&0 

(%(&%,)4, 36'&34 %& (*%5(&*, $?<'. %$%-)#;#&0 (*%5(&*# (4.*%6%. 

! 

Dij

n . 

C$"#&4. *)4.#)4' )# &%, ;&% .'/<? (%(&%,)4,.4 4 (*%5(&*#.4 36'&34 

(%8"#),'&(, (3*%-)#, )?.'"#74,. 

                                         

2
 O-$"#)# :"4),&#, * 64)'5)%5 #69'$"' 4)<'3(#74, 16'.')&%* .#&"47+, 4 3%%"<4)#&+ 

:'"';4(6,=&(, * :%",<3' «(&"%3#, (&%6$'7»: i — y-3%%"<4)#&# 16'.')&#, # j — x-3%%"<4)#&#, # )' 

)#%$%"%&. 
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G#34. %$"#-%., * "#((.%&"'))%. :"4.'"' 

! 

Aij

0 — (%(&%,)4' ,>43# 

(%&3"+& 464 -#3"+&), 

! 

Dij

1  —  2%".# 249?"+. 

1.3. 30#4-$)*"#'/# / *5)/+%4#1-$*/# %67#2$%* 

D6'&%;)+' #*&%.#&+ 8#"#3&'"4-?=&(, 6%3#60)+. *-#4.%<'5(&*4'. 

.'/<? 36'&3#.4. B"4 1&%. %)4 )' (:%(%$)+ %:4(+*#&0 96%$#60)+' 

*-#4.%<'5(&*4,, &#34' 3#3, )#:"4.'", :%,*6')4' )'3%&%"%9% %$\'3&# * 

%<)%5 ;#(&4 :%6, :% (%$+&4=, :"%4-%A'<A'.? * <"?9%5 ;#(&4 :%6,. ]&% 

%$\,(),'&(, &'., ;&% .#3(4.#60)#, (3%"%(&0 "#(:"%(&"#)')4, 

4)2%".#744 * &#3%5 (&"?3&?"' (%(&#*6,'& "#((&%,)4' <% )#4$%6'' 

?<#6'))%5 36'&34 * "#.3#8 %3"'(&)%(&4 -# %<4) A#9.  

! &% /' *"'.,, ?;#(&)434 .)%948 :"%7'((%*, :"%4(8%<,>48 * 

:"4"%<', &%/' %9"#)4;')+ * (3%"%(&4 :%6?;')4, 4)2%".#744, 64$% /' 

:"%(&% )' 4.'=& *%-.%/)%(&4 #)#64-4"%*#&0 *(' <%(&?:)+' <#))+'.  

@#((.%&"4. * 3#;'(&*' :"4.'"# *%<4&'6, #*&%.%$46,. M3%"%(&0 

"#(:"%(&"#)')4, 6=$%5 4)2%".#744 %9"#)4;')# (3%"%(&0= (*'&#, 

%<)#3% '' * .#(A&#$#8 <#))%9% :"4.'"# .%/)% (;4&#&0 $'(3%)';)%5. G'. 

)' .')'', '(64 :"'<(&#*4&0, ;&% #*&%.%$460 :'"'.'>#'&(, * &?.#)', 4 

<#60)%(&0 *4<4.%(&4 (%(&#*6,'&  *('9% &"4 .'&"#, (3%"%(&0 

"#(:"%(&"#)')4, 4)2%".#744 (&#)%*4&(, "#*)%5 (3%"%(&4 #*&%.%$46,: 

<6, &%9%, ;&%$+ ?*4<'&0, ;&% * <'(,&4 .'&"#8 :'"'< #*&%.%$46'. &?:43, 

&"'$?'&(, :"%'8#&0 '>' ('.0 .'&"%*. F(64 /' &?.#)# )'&, * )'3%&%"%. 

"%<' :%8%/#, (4&?#74, *(' "#*)% 4.''& .'(&%: '(64 <%"%9# )' 

%$%"?<%*#)# (:'74#60)+.4 &'8)4;'(34.4 ("'<(&*#.4, *%<4&'60 )' -)#'&, 

;&% :"%4(8%<4& -# ?96%., -# 8%6.%., * 346%.'&"' *:'"'<4. B%1&%.? 

36'&%;)+' #*&%.#&+ $+*#=& 7'6'(%%$"#-)% 4(:%60-%*#&0 <6, "'#64-#744 

",<# -#<#;, (*,-#))+8 ( .%<'64"%*#)4'. "'#60)+8 :"%7'((%*. 
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Q'5(&*4&'60)%, 36'&%;)+' #*&%.#&+ )#8%<,& :"4.')')4' * 

.%<'64"%*#)44 4 #)#64-' :%<%$)+8 :"%7'((%*. I#:"4.'", 48 :"4.'),=& 

<6, (&#&4(&4;'(3%9% #)#64-# 9%"%<(3%9% &"#)(:%"&)%9% :%&%3# [6]. ! 1&%5 

"#$%&' 9%"%<(34' <%"%94 :"'<(&#*6')+ * *4<' 36'&%3 :%6,, # #*&%.%$464 

— * *4<' (%(&%,)45 )'3%&%"+8 36'&%3. M :%.%>0= &#3%9% 36'&%;)%9% 

#*&%.#&# .%<'64"?'&(, <*4/')4' &"#)(:%"&# 4 #)#64-4"?'&(, 

*%-)43)%*')4' -#&%"%*, %$>#, (3%"%(&0 :%&%3# 4 <"?94' :#"#.'&"+. 

B"4 "'#64-#744 49" &"'$?'&(, %:4(+*#&0 :'"'.'>')4, 4 

*-#4.%<'5(&*4, )'3%&%"+8 %$\'3&%*. B"4 4(:%60-%*#)44 <6, 1&%9% 

36'&%;)+8 #*&%.#&%* % :"4(?&(&*44 49"%*%9% %$\'3&# * )'3%&%"%5 36'&3' 

4)2%".#74= %$ 1&%. <#'& (%(&%,)4' 1&%5 36'&34, # )' (%*:#<')4' 

3%%"<4)#& 36'&34 4 %$\'3&#, 3#3 1&% :"%4(8%<4& :"4 4(:%60-%*#)44 

%$\'3&)%-%"4')&4"%*#))%9% :"%9"#..4"%*#)4,.  

G#3%5 :%<8%<, $?<?;4 '<4)(&*'))+. *%-.%/)+. :"4 4(:%60-%*#)44 

36'&%;)+8 #*&%.#&%* (*'<0, :% %:"'<'6')4=, <#))+' 8"#),&(, &%603% * 

*4<' (%(&%,)45), 4.''& 4 ",< :%6%/4&'60)+8 (*%5(&* <6, ?<%$(&*# 

.%<'64"%*#)4,. F(64 * %$\'3&)%-%"4')&4"%*#))%. :"%9"#..4"%*#)44 

<6, &%9%, ;&%$+ :%.'(&4&0 * 49"%*%' :"%(&"#)(&*% '>' %<4) :'"(%)#/, 

&"'$?'&(, (%-<#*#&0 '9% )%*+5 13-'.:6,", # :"4 ?<#6')44 — 

(%%&*'&(&*'))% "#-"?A#&0 '9%, &%, :"4.'),, 36'&%;)+' #*&%.#&+, <6, 

1&%9% <%(&#&%;)% )#-)#;4&0 (%%&*'&(&*?=>'' (%(&%,)4' '>' %<)%5 

36'&3' 464 9"?::' 36'&%3. B'"(%)#/, (%-<#))+5 * )%*%. .'(&', $?<'& 

*'(&4 ('$, &#3 /' $6#9%<#", %<)%"%<)%(&4 (&"?3&?"+ 36'&%;)%9% 

#*&%.#&#.  
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2. :#8$6#-"'- +#*'9' '*6 

2.1. 8#2%+9%5/:/; <90)*"#'/; 

D#3 %&.';#6%(0 * "#-<. 1.3, 36'&%;)+5 #*&%.#& .%/'& %:4(#&0 /4-)0 4 

*-#4.%<'5(&*4' %$\'3&%*, :%*'<')4' 3%&%"+8 :%8%/' )# '(&'(&*'))%' 

:%*'<')4' "'#60)+8. ! &% /' *"'.,, * 3%.:0=&'")+8 49"#8, 3#3 :"#*46%, 

:"4(?&(&*?'& 4 «(*'"8\'(&'(&*'))%'» *%-<'5(&*4', )#:"4.'", (?<04 464 

*'<?>'9%, "%60 3%&%"%9% *+:%6),'& 3%.:0=&'".  

! 3#;'(&*' &#3%9% *%-<'5(&*4, "#((.%&"4. ?(&#)%*3? )%*%9% «,$6%3#» 

)# 49"%*%' :%6' * 49"' «3/'4(%» * &%& .%.')&, 3%9<# -.'53#, ?:"#*6,'.#, 

49"%3%., «(\'<#'&» %;'"'<)%' ,$6%3%. B%96%>')4' ,$6%3# — 6%3#60)%' 

<'5(&*4': ;&%$+ (\'(&0 ,$6%3%, 9%6%*# -.'534 <%6/)# )#8%<4&0(, * 

(%('<)'5 36'&3'. !+(&#*6')4' ,$6%3# — 96%$#60)%' <'5(&*4': )%*%' 

,$6%3% .%/'& :%,*4&0(, 3#3 * (%('<)'5 (% -.'53%5 36'&3', &#3 4 * 

(%*'"A'))% <"?9%. 3%)7' 49"%*%9% :%6,. 

B"4.'"%. 96%$#60)%9% <'5(&*4, .%/'& (6?/4&0 &#3/' 

«*%(3"'A')4'» *"#9# * 49"' Pac-Man
3
. F(64 :'"(%)#/ 49"+ «(\'<#'&» 

(:'74#60)+5 :"4-%*%5 %$\'3&, %) .%/'& ?)4;&%/#&0 *"#9%*. 

W)4;&%/')4' *"#9# — <'5(&*4' 6%3#60)%', # )%*%' :%,*6')4' *"#9#, 

3%&%"%' *+:%6),'&(, .9)%*'))% 4 * -#<#))%. .'(&', <'5(&*4' 

96%$#60)%'. 

F(64 $+ .%/)% $+6% :"')'$"';0 )'%$8%<4.%(&0= .9)%*'))%9% 

:%,*6')4,, %$' "#((.%&"'))+' 96%$#60)+' -#<#;4 — *+(&#*6')4' ,$6%3# 

4 *%(3"'A')4' *"#9# — "'A#64(0 $+ )# 36'&%;)+8 #*&%.#&#8. L%/)%, 

)#:"4.'", -#:?(3#&0 4- &%;34, 9<' :"%4-%A6% (%$+&4' «(\'<')% ,$6%3%» 

464 «?)4;&%/') *"#9», 3"?9%*?= «*%6)?» )'3%&%"%9% (%(&%,)4,. D%9<# 

                                         

3
 Pac-Man — 49"#, "#-"#$%&#))#, * 1980 9%<? ,:%)(3%5 3%.:#)4'5 Namco. 
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«*%6)#» <%(&49)'& (:'74#60)% :%.';'))%5 (%<)4. 4- (*%48 (%(&%,)45) 

36'&34, 1&# 36'&3# 4-.')4& (*%' (%(&%,)4' )# )'%$8%<4.%'. G#3%5 :%<8%< 

4.''& :"#*% )# (?>'(&*%*#)4', %<)#3%, *%-:'"*+8, 3#3 $+6% %&.';')% 

*+A', )' %$'(:';4*#'& .9)%*'))%(&0, # *%-*&%"+8, %) &"'$?'& 

-)#;4&'60)%9% ?(6%/)')4, 2?)3744 :'"'8%<%*. 

B%1&%.? :%,*6,'&(, )'%$8%<4.%(&0 «"#(>':4&0» (<'3%.:%-4"%*#&0) 

?:"#*6,=>4' 2?)3744 )#: 

• 2?)3744, *+:%6),'.+' 36'&%;)+. #*&%.#&%.; 

• 2?)3744, *+:%6),'.+' *)'A)4. ?:"#*6,=>4. «?(&"%5(&*%.». 

! 3#;'(&*' &#3%9% «?(&"%5(&*#» $?<'. 4(:%60-%*#&0 %<4) 464 

)'(3%603% 3%)';)+8 #*&%.#&%*, :%(&"%'))+8 )# %()%*' Switch-

*'5&+)+-## [7]. O(:%60-%*#)4' 3%)';)+8 #*&%.#&%* <6, *)'A)'9% 

?:"#*6')4, :%-*%6,'& (%$6=<#&0 (&%60 /' (&"%9?= 2%".#64-#74= -#<#;4 

%:4(#)4, ?:"#*6,=>'5 6%9434, 3#3 4 :"4 %:4(#)44 36'&%;)%9% #*&%.#&# 

[8]. G#34' *)'A)4' #*&%.#&+ $?<'. )#-+*#&0 «#*&%.#&#.4-

(?:'"*4-%"#.4» 464 :"%(&% (?:'"*4-%"#.4.  

2.2. =0>/$#2$<0) -/-$#+( 

B%(3%603? ?:"#*6,=>4' 2?)3744 .%/)% <'3%.:%-4"%*#&0 )# <*' 

;#(&4, &#3 /' <'64&(, 4 (#.# (4(&'.#: 

• 36'&%;)+5 #*&%.#&; 

• *)'A)4' (?:'"*4-%"+. 

M&"?3&?")#, (8'.# (4(&'.+ 4 (&"?3&?")#, (8'.# 36'&34 :%6, 

4-%$"#/')+ )# "4(. 2 4 "4(. 3. 
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@4(. 2. M&"?3&?")#, (8'.# (4(&'.+ 

 

 

 

 

 

 

@4(. 3. M&"?3&?")#, (8'.# 36'&34 :%6, 

     

     

  Aij   

     

     

 

A0 

A1 

… 

AN 

D(N+1) 

… 

DM 

 

D6'&%;)+5 #*&%.#& M?:'"*4-%"+ 

Aij 

! 

Aij

0

 

! 

Aij

1  

… 

! 

Aij

K  
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D6'&%;)+5 #*&%.#&:  

• %&*';#'& -# 6%3#60)+' *-#4.%<'5(&*4,, *36=;#, :'"'.'>')4' 

*('8 %$\'3&%*; 

• 3#/<#, 36'&3# :%6?;#'& 4)2%".#74= &%603% % (%(&%,)44 (*%48 

(%('<'5 4 (%(&%,)44  (?:'"*4-%"%*; 

• 3#/<#, 36'&3# .%/'& .%<42474"%*#&0 (%(&%,)4' )'3%&%"+8 

(?:'"*4-%"%*. 

B%.4.% (?:'"*4-%"%* :%)#<%$,&(, 4 *(:%.%9#&'60)+' «96%$#60)+'» 

,;'534 <#))+8, )#:"4.'", ,;'53#, * 3%&%"%5 8"#)4&(, &'3?>45 (;'&. C)4 

(8%/4 :% "%64 ( (?:'"*4-%"#.4. B%1&%.? ?<%$)% 8"#)4&0 48 <#))+' 

*.'(&' ( (%(&%,)4,.4 1&48 #*&%.#&%*. S?<'. %$%-)#;#&0 (?:'"*4-%"+ 

(4.*%6#.4 A0, A1, …, AN, # 96%$#60)+' ,;'534 <#))+8 — D(N+1), 

D(N+2), …, DM. G#34. %$"#-%., <6, (?:'"*4-%"%* 4 96%$#60)+8 ,;''3 

<#))+8, 3#3 4 <6, (%(&%,)45 4 (*%5(&* 36'&%3 :%6,, 4(:%60-?'&(, 

(3*%-)#, )?.'"#74,.  

B"4 (%-<#)44 49" *#/)% (6'<4&0 -# &'., ;&%$+ %<)4 36'&34 )' .%964 

:%6?;#&0 -)#;')4, (%(&%,)45 (?:'"*4-%"%* 4 96%$#60)+8 ,;''3, 

?(&#)%*6'))+' <"?94.4 36'&3#.4, :%(3%603? 1&% )#"?A46% $+ (*%5(&*% 

%<)%*"'.'))%(&4 4-.')')4, (%(&%,)45 *('8 36'&%3 4 (*%5(&*% 

6%3#60)%(&4 *-#4.%<'5(&*45 * 36'&%;)%. #*&%.#&'. B"%>' *('9% ?;'(&0 

1&% %9"#)4;')4', "#-<'64* (?:'"*4-%"+ 4 96%$#60)+' ,;'534 )# <*# 

36#((#: 

• (?:'"*4-%"+ 4 ,;'534, (%(&%,)4, 3%&%"+8 36'&34 :%6, .%9?& 

4-.'),&0, )% )' .%9?& (;4&+*#&0 <6, :%(6'<?=>'9% 

4(:%60-%*#)4,; 

• (?:'"*4-%"+ 4 ,;'534, (%(&%,)4, 3%&%"+8 .%9?& &%603% 

(;4&+*#&0(, 36'&3#.4.  
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F(64 36'&3# <%6/)# :"%4-*'(&4 ( ;4(6%., 8"#),>4.(, * 96%$#60)%5 

,;'53', )'3%&%"?= .#&'.#&4;'(3?= %:'"#74=, )#:"4.'", ?*'64;4&0 (;'& 

)# '<4)47?, 1&% -#:4(0.  

! 6=$%. (6?;#' :"4 4-.')')44 (%(&%,)4, (?:'"*4-%"%* 4 -)#;')45 

96%$#60)+8 ,;''3 )'%$8%<4.% (6'<4&0 -# &'., ;&%$+ "'-?60&#& 

(?:'":%-4744 *('8 %:'"#745 )' -#*4('6 %& &%9%, * 3#3%. :%",<3' %)4 

:"%4-*%<,&(,. 

M?:'"*4-%"+: 

• %&*';#=& -# 96%$#60)+' <'5(&*4,; 

• 4.'=& <%(&?: 3% *('. 36'&3#. 36'&%;)%9% #*&%.#&# 3#3 :"4 

;&')44, &#3 4 :"4 -#:4(4. 

B"4.'" )#$%"# (?:'"*4-%"%* 4 96%$#60)+8 ,;''3 :#.,&4: 

• (?:'"*4-%" A0 4.''& <*# (%(&%,)4,: 0 — 49"# 4<'&, 1 — 49"# 

%3%);')#; 

• ,;'53# D1 (%<'"/4& (;'& (7'6%' ;4(6%); 

• ,;'53# D2 (%<'"/4& -)#;')4' )%60, '(64 :"4-%*%5 16'.')& )' 

<'5(&*?'&, 464 ;4(6% $%60A' )?6,, 3%&%"%' (%%&*'&(&*?'& 

3%64;'(&*? A#9%* 36'&%;)%9% #*&%.#&# <% %3%);#)4, <'5(&*4, 

:"4-%*%9% 16'.')&#. 

! <#))%. (6?;#' (%(&%,)4, #*&%.#&# A0 4 -)#;')4' ,;'534 D1 

36'&3#.4 4-.'),=&(,, # -)#;')4' ,;'534 D2 &%603% (;4&+*#'&(,.  

2.3. ?9/-)'/# 9%*#4#'/; 2"#$%&'%@% )*$%+)$) 

!+A' $+64 %:4(#)+ "#-64;)+' 8#"#3&'"4(&434 36'&%;)+8 

#*&%.#&%*, 3"%.' .)%/'(&*# (%(&%,)45 4 2?)3744 :'"'8%<%*. 

B"'<:%6%/4., ;&% "#((.#&"4*#'&(, )' "#(A4"'))+5 36'&%;)+5 #*&%.#&, 

# 36'&%;)+5 #*&%.#&, 3#/<#, 36'&3# 3%&%"%9% (%<'"/4& 64A0 %<)? 
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,;'53? :#.,&4. B%(3%603? 36'&%;)+' #*&%.#&+ )# &'&"#9%)#60)%. :%6' 

6'93% :"'<(&#*4.+ * *4<' .#&"47+, $?<'. (;4&#&0, ;&% 3%)';)+' 

#*&%.#&+ 36'&%3 %"9#)4-%*#)+ 4.'))% &#3. M%(&%,)4' 3#/<%9% 16'.')&# 

(&"?3&?"+ $?<'. %$%-)#;#&0, 3#3 $+6% %9%*%"')% * "#-<'6' 1.2, (4.*%6%. 

! 

Aij

0, 9<' i 4 j — )%.'"# (&"%34 4 (&%6$7#, * 3%&%"+8 (%<'"/4&(, <#))+5 

#*&%.#&, # 0 — )%.'" '<4)(&*'))%5 ,;'534 :#.,&4. 

M%%&*'&(&*'))%, * (6?;#' &'&"#9%)#60)%9% :%6, ( ;'&+"'., (%('<,.4 

2?)374, :'"'8%<%* f :%6?;#'& )# *8%< :,&0 ;4('6. B"4 1&%. )%*%' 

(%(&%,)4, 36'&34 * :%-4744 (i, j) *+;4(6,'&(, (6'<?=>4. %$"#-%.:  

! 

Aij

0new
= f (Aij

0
,Ai, j+1

0
,Ai"1, j

0
,Ai, j"1

0
,Ai+1, j

0
). 

G#3%5 :%",<%3 (6'<%*#)4, #"9?.')&%* * 1&%. (%%&)%A')44 *+$"#) :% 

)%.'"#. 3*#<"#)&%* :6%(3%(&4. I%*%' -)#;')4' %$%-)#;')% 4)#;', 

)'/'64 &%, 3%&%"%' ,*6,'&(, #"9?.')&%. 2?)3744, <6, %$'(:';')4, 

%<)%*"'.'))%(&4 (.')+ (%(&%,)45 :"4 :%(6'<%*#&'60)%. *+;4(6')44 

-)#;')45 2?)3744 [7], % ;'. "';0 :%5<'& )4/'. 

[?)374= :'"'8%<%* 36'&34 :%6,, 3#3 4 * %$+;)+8 3%)';)+8 

#*&%.#&#8, ?<%$)% -#<#*#&0 * *4<' <:;K; L9:9M=N=I. F9% *'"A4)#.4 

(6?/#& *%-.%/)+' -)#;')4, (%(&%,)4, 36'&%;)%9% #*&%.#&# (16'.')&+ 

.)%/'(&*# S), # <?94 :%3#-+*#=& 4-.')')4' (%(&%,)45 * -#*4(4.%(&4 %& 

3%)249?"#744 (%(&%,)45 (%('<'5. B%(&"%')4' 9"#2# *+:%6),'&(, &#3 /', 

3#3 <6, 3%)';)+8 #*&%.#&%*, ( &%5 64A0 "#-)47'5, ;&% *.'(&% *8%<)+8 

:'"'.'))+8 * 3#;'(&*' ?(6%*45 :'"'8%<%* )# <?9#8 ?3#-+*#=&(, 

?(6%*4,, (%(&#*6'))+' 4- (%(&%,)45 (%('<'5, (?:'"*4-%"%* 4 -)#;')45 

96%$#60)+8 ,;''3 :#.,&4, # *.'(&% *+8%<)+8 *%-<'5(&*45 — <'5(&*4, 

)#< <#))+.4, 3%&%"+' (6'<?'& :"%4-*'(&4. ! 3#;'(&*' ,-+3# <6, 

2%".#64-#744 ?(6%*45 ?<%$)% 4(:%60-%*#&0 (4)&#3(4( )' 

.#&'.#&4;'(3%5 6%9434, # ,-+3# :"%9"#..4"%*#)4, C. 
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/:EG9: 1. @#((.%&"4. 36'&%;)+5 #*&%.#&, "'#64-?=>45 «7':)?= 

"'#374=» 4 *'<?>45 :%<(;'& «("'#94"%*#*A48» 36'&%3 * 96%$#60)%5 

,;'53' D0 — (;'&;43'. B?(&0 * )#;#6' :"%7'((# *(' 36'&34 4.'=& 

(%(&%,)4' «0». D#3 &%603% ()#:"4.'", 3#3 "'-?60&#& <'5(&*45 

:%60-%*#&'6,) 3#3#,-&% 36'&3# :'"'5<'& * (%(&%,)4' «1», &% :"4 

(6'<?=>'. A#9' *(' '' (%('<4 &#3/' :'"'5<?& * 1&% (%(&%,)4' 

(«("'#94"?=&»). I# (6'<?=>'. A#9' *(' :%*&%"4&(,, )% 36'&%3 * 

(%(&%,)44 «1» $?<'& ?/' $%60A'. I# "4(. 4 :"%466=(&"4"%*#) 1&%& 

:"%7'((. 

 

 

 

 

 

@4(. 4. U':)#, "'#374, )# :'"*%., *&%"%. 4 &"'&0'. A#9' 

Y"#2 :'"'8%<%* <6, 36'&34 &#3%9% 36'&%;)%9% #*&%.#&# 4-%$"#/') )# 

"4(. 5. 

 

 

 

@4(. 5. Y"#2 :'"'8%<%* 36'&%;)%9% #*&%.#&#, "'#64-?=>'9% 7':)?= "'#374= 

! (6?;#' )#64;4, (6%/)+8 ?(6%*45, 3%&%"+' ( )'-)#;4&'60)+.4 

.%<4243#74,.4 4(:%60-?=&(, )# )'(3%60348 <?9#8, .%/)% 4(:%60-%*#&0 

G;C:=DF — 2?)3744 &'8 /' #"9?.')&%*, ;&% 4 2?)374, f, *%-*"#>#=>4' 

16'.')& .)%/'(&*# 

! 

S"{#} — (%(&%,)4' %<)%9% 4- (%('<'5 464 -)#;')4' 

«6%/0».  

0 1 

1||1||1||1 ,11,,11, ======== +!!+ jijijiji AAAA
 

D0+=1 
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/:EG9: 2. @#((.%&"4. <"?9%5, $%6'' (6%/)+5 *#"4#)& «7':)%5 

"'#3744» ( <*?., &4:#.4 "'#3744 4 <*?., &4:#.4 «("'#94"%*#*A48» 

36'&%3. F(64 ? «)'("'#94"%*#*A'5» 36'&34 '(&0 (%('<, «("'#94"%*#*A45» 

:'"*+. %$"#-%., %)# :'"'5<'& * :'"*%' (%(&%,)4', '(64 '(&0 (%('<, 

("'#94"%*#*A45 *&%"+. %$"#-%., %)# :'"'5<'& *% *&%"%' (%(&%,)4'. F(64 

36'&3# 4.''& (%('<'5, ("'#94"%*#*A48 "#-64;)+. %$"#-%., ?(&#)%*4. 

(6'<?=>45 :"4%"4&'&: «(:"#*#», «(*'"8?», «(6'*#», «()4-?». B%<(;'& 

36'&%3, «("'#94"%*#*A48» &'. 4 <"?94. %$"#-%., $?<'& :"%4-*%<4&0(, * 

96%$#60)+8 ,;'53#8 D0 4 D1 — (;'&;43#8. B"%7'(( /4-)4 &#3%9% 

36'&%;)%9% #*&%.#&# :"%466=(&"4"%*#) )# "4(. 6. 

 

 

 

 

 

@4(. 6. «Q*?7*'&)#,» 7':)#, "'#374, )# :'"*%., *&%"%. 4 &"'&0'. A#9' 

I# "4(. 7 4-%$"#/') 9"#2 :'"'8%<%* 36'&34 36'&%;)%9% #*&%.#&# ( 

&"'., (%(&%,)4,.4, "'#64-?=>'9% &#3%5 :"%7'((. 

 

 

 

 

 

 

@4(. 7. Y"#2 :'"'8%<%* 36'&%;)%9% #*&%.#&#, "'#64-?=>'9% «<*?7*'&)?=» "'#374=, 

4(:%60-?=>45 .#3"%( 

L#3"%(: REAC = 

 

!=

=

=

=

++

""

""

++

:?0!

:?0!

:?0!

:?0!

,1,1

1,1,

,1,1

1,1,

jiji

jiji

jiji

jiji

AA

AA

AA

AA
 

 

0 

1 

REAC0==2
 

D1+=1 

 

2 

REAC0==1
 

D0+=1 
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@#((.%&"4. &':'"0 (4&?#74= ( "#(A4"'))+. 36'&%;)+. #*&%.#&%.. 

Q6, %:"'<'6'))%(&4 $?<'. (;4&#&0, ;&% ? 1&%9% 36'&%;)%9% #*&%.#&# 

3#/<#, 36'&3# 4.''& k ,;''3 :#.,&4. O- )48 l — (%(&%,)4,, # %(&#*A4'(, 

k – l — (*%5(&*#. ! &#3%. (6?;#' (&"%4&(, l 9"#2%* :'"'8%<%* — <6, 

3#/<%9% (%(&%,)4, (*%5. M"'<4 :"%4-*%<4.+8 <'5(&*45 :"4 :'"'8%<' * 

36'&3', :%.4.% 4-.')')4, ( '' :%.%>0= (%(&%,)45 (?:'"*4-%"%*, .%/'& 

&#3/' :"%4-*%<4&0(, 4 (.')# (*%5(&* 464 <"?948 (%(&%,)45 1&%5 /' 

36'&34. 

2.4. A0)'/:( 9%"; 

F(64 &"'$?'&(, :%(&"%4&0 36'&%;)+5 #*&%.#& ( 3%)';)+. :%6'., &% 

)'%$8%<4.% %&<'60)% "#((.#&"4*#&0 :%*'<')4' 9"#)4;)+8 36'&%3. 

[?)374, :'"'8%<%* *('9<# 4.''& %<4)#3%*%' 3%64;'(&*% #"9?.')&%* — 

(%(&%,)45 (%('<'5, )% ? 9"#)4;)+8 36'&%3 )'3%&%"+8 (%('<'5 .%/'& )' 

$+&0. M?>'(&*?'& )'(3%603% :%<8%<%* 3 ?(&"#)')4= 1&%9% 

)'(%%&*'&(&*4,. B"'<:%6%/4., ;&% :%6' 4.''& "#-.'"+ nm!  (m (&"%3 4 n 

(&%6$7%*), 36'&34 )?.'"?=&(, 4)<'3(#.4 

! 

i =1,m  4 

! 

j =1,n . 

1. L%/)% **'(&4 243&4*)+' (&"%34 ( )%.'"#.4 «0» 4 «m + 1» 4 

243&4*)+' (&%6$7+ ( )%.'"#.4 «0» 4 «n + 1», )%*+' (%(&%,)4, 

3%&%"+8 )' *+;4(6,=&(,, 8%&, .%9?& $+&0 4-.')')+ 

(?:'"*4-%"#.4. G#34. %$"#-%., *(' 36'&34 :%6,, <6, 3%&%"+8 

)'%$8%<4.% *+;4(6,&0 -)#;')4, 2?)3744 :'"'8%<%*, 4.'=& 

*('8 (%('<'5. 

2. L%/)% :"4.')4&0 «(*%"#;4*#)4' * &%"»: *'"8),, 9"#)47# :%6, 

«-#.+3#'&(,» ( )4/)'5, # 6'*#, — ( :"#*%5. G#34. %$"#-%., 

)#:"4.'", :"#*+. (%('<%. 9"#)4;)%5 36'&34 
n

A
,1

 ,*6,'&(, 6'*#, 

9"#)4;)#, 36'&3# 
1,1

A . 
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3. L%/)% (%*.'(&4&0 :'"*+' <*# :%<8%<# 4 (<'6#&0 :%6' 

«7464)<"4;'(34.», &% '(&0 «-#.3)?&0» &%603% 6'*?= 4 :"#*?= 

9"#)47+ 4 <%$#*4&0 243&4*)+' (&"%34 464, )#%$%"%&, 

«-#.3)?&0» *'"8)== 4 )4/)== 9"#)47? 4 <%$#*4&0 243&4*)+' 

(&%6$7+. 

! :"4.'"' "'#64-#744 49"+ «3/'4(%», "#((.#&"4*#'.%. * <#))%5 

"#$%&', 4(:%60-?'&(, :'"*%' "'A')4'. ! &% /' *"'.,, * 1&%. /' :"4.'"' 

.%/)% $+6% $+ :"4.')4&0 4 *&%"%5 :%<8%<, ;&% :"4<#6% $+ 49"' 

<%:%6)4&'60)+' *%-.%/)%(&4: -.'53# (.%96# $+, ?8%<, * «<+"3?» * 

(&')', *%-*"#>#&0(, ( :"%&4*%:%6%/'))%5 (&%"%)+ :%6,. 

! 7'6%. :"4 :"%'3&4"%*#)44 49" )# 36'&%;)+8 #*&%.#&#8 .%/'& 

:"4.'),&0(, 6=$%5 4- :%<8%<%*. 

2.5. B)@ -/-$#+( 

B"4 3#/<%. A#9' (4(&'.+ *+:%6),=&(, (6'<?=>4' <'5(&*4,. 

1. M%-<#'&(, «2%&%9"#24,» (%(&%,)4, 36'&%;)%9% #*&%.#&# — 

,;''3 <#))+8 *('8 '9% 36'&%3. 

2. B% 2?)374,. :'"'8%<%* *+;4(6,=&(, )%*+' (%(&%,)4, <6, 

3#/<%5 36'&34 #*&%.#&#. ! 3#;'(&*' :#"#.'&"%* 2?)374,. 

:'"'8%<%* :'"'<#=&(, (%(&%,)4, 36'&%3 %3"'(&)%(&4 4- 

*+:%6)'))%5 «2%&%9"#244». F(64 :"4.'),'&(, "#(A4"'))+5 

36'&%;)+5 #*&%.#&, &% )%*+' -)#;')4, *+;4(6,=&(, <6, 

3#/<%9% 4- (%(&%,)45 * :%",<3' *%-"#(&#)4, )%.'"%*. 

3. !+;4(6,=&(, )%*+' (%(&%,)4, 4 *+:%6),=&(, <'5(&*4, <6, 

*('8 (?:'"*4-%"%* * :%",<3' *%-"#(&#)4, )%.'"%*. 
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]&4 <'5(&*4, .%/)% 2%".#64-%*#&0 (6'<?=>4. %$"#-%. ((;4&#'&(,, 

;&% :'"'.'))+', (*,-#))+' 3*#)&%"%. ! , :"4)4.#=& *(' <%:?(&4.+' 

-)#;')4, :% *%-"#(&#)4=)
4
: 

1. ijij AAji =!" ,  — (%-<#)4' «2%&%9"#244». 

2. ji,! : 

),,0,,,,,(, ,11,,11, ANAAAAAAfAppl jijijijiij

p

l K+!!+
"""""=#  — 4-.')')4' 

(%(&%,)45 )'3%&%"+8 (?:'"*4-%"%*; 

),,0,,,,,( ,11,,11, ANAAAAAAfAl jijijijiijl

l

ij K+!!+
"""""=#  — 4-.')')4' (%(&%,)45 

36'&%3 (6%3#60)+' *-#4.%<'5(&*4,). 

3. 
  

! 

Aij = FA Aij ,A0,K,AN( ) — 96%$#60)+' <'5(&*4,; 

  

! 

"i Ai = Fi Aij ,A0,K,AN( )  — 4-.')')4' (%(&%,)45 (?:'"*4-%"%*. 

R<'(0 2?)3744 p

lf  %:4(+*#=& 4-.')')4' (?:'"*4-%"%* 36'&3#.4, 

2?)3744 
i
F  — 2?)3744 :'"'8%<%* (?:'"*4-%"%*, # 2?)374, 

A
F  

%:4(+*#'& 96%$#60)+' <'5(&*4,. 

/:EG9: 3. R#:4A'. )# ,-+3' C++ :"%9"#..)?= "'#64-#74= A#9# 

36'&%;)%9% #*&%.#&#, "'#64-?=>'9% «<*?7*'&)?=» "'#374=, 3%&%"+5 

$+6 "#((.%&"') * :"4.'"' 2. Y"#2 :'"'8%<%* 36'&34 1&%9% #*&%.#&# 

4-%$"#/') )# "4(. 7.  

! :"4*'<'))%. )4/' 2"#9.')&' 3%<# 4(:%60-?=&(, (6'<?=>4' 

%$%-)#;')4,. CellAut — 36#((, "'#64-?=>45 :%*'<')4' 36'&%;)%9% 

#*&%.#&#. R)#;')4, 96%$#60)+8 ,;''3 :#.,&4 8"#),&(, * .#((4*' state. 

Field — <*?.'")+5 .#((4* 13-'.:6,"%* 36#((# Cell, "'#64-?=>'9% 

                                         

4
 B%60-?,(0 &'., ;&% <6, (*%5(&* 4 (%(&%,)45 36'&%3, # &#3/' (?:'"*4-%"%* 4 96%$#60)+8 ,;''3 

:#.,&4 **'<')# (3*%-)#, )?.'"#74,, * <#))%5 -#:4(4, <6, :"%(&%&+, )' $?<'. 48 "#-64;#&0. 
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,;'53?.  G#$647# (%%&*'&(&*45 .'/<? .#&'.#&4;'(34.4 %$%-)#;')4,.4 4 

%$%-)#;')4,.4 * 3%<' )# ,-+3' C++ :"*'<')+ * &#$6. 1. 

(;O?EP; 1. M%%&*'&(&*4, .'/<? .#&'.#&4;'(34.4 %$%-)#;')4,.4 4 

%$%-)#;')4,.4 * 3%<' )# ,-+3' C++ * :"%(&"#)(&*' 4.') 36#((# 
36'&%;)%9% #*&%.#&# 

L#&'.#&4;'(3%' %$%-)#;')4' C$%-)#;')4' * C++ 

! 

Aij  field[i][j].state 

! 

Aij

n  field[i][j].state[n] 

! 

AN,DM  state[N], state[M] 

 

 
void CellAut::Step() 
{ 
 int i, j; 
 
 // !"#$%&'( «)"*"+,%)''» 
 memcpy(&snapshot, &field, sizeof(field)); 
 
 // -%.$%/ 01(*0% $(1%(* 2%+ 
 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   field[i][j].Step( 

snapshot[i][j+1].state,  
snapshot[i-1][j].state,  
snapshot[i][j-1].state,  
snapshot[i+1][j].state,  
state); 

 
 // 3%+' 456(,7'#","7 
 // !56(,7'#","7 &(* 
} 
 

B"4 1&%. .'&%< Step 36#((# Cell "'#64-?'&(, (6'<?=>4. %$"#-%.. ! 

3#;'(&*' #"9?.')&%* .'&%< :%6?;#'& ?3#-#&'64 )# .#((4*+, 8"#),>4' 

(%(&%,)4, 4 (*%5(&*# (%('<'5 (right, up, left, down), # &#3/' ?3#-#&'60 )# 

.#((4*, 8"#),>45 (%(&%,)4, (?:'"*4-%"%* 4 96%$#60)+8 ,;''3 :#.,&4 

(super). M%$(&*'))%' (%(&%,)4' 8"#)4&(, * .#((4*' state. G#$647# 

(%%&*'&(&*45 .'/<? .#&'.#&4;'(34.4 %$%-)#;')4,.4 4 %$%-)#;')4,.4 * 

3%<' ,-+3# C++ :"*'<')+ * &#$6. 2. 
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(;O?EP; 2. M%%&*'&(&*4, .'/<? .#&'.#&4;'(34.4 %$%-)#;')4,.4 4 

%$%-)#;')4,.4 * 3%<' )# ,-+3' C++ * :"%(&"#)(&*' 4.') 2?)3744 

:'"'8%<%* 3#3 .'&%<# 36#((# 36'&34 :%6, 

L#&'.#&4;'(3%' %$%-)#;')4' C$%-)#;')4' * C++ 

! 

Aij  (i,j — 3%%"<4)#&+ &'3?>'5 36'&34) state 

! 

Ai, j+1,Ai"1, j ,Ai, j"1,Ai+1, j  right, up, left, down 

! 

Ai, j+1

n
,Ai"1, j

n
,Ai, j"1

n
,Ai+1, j

n  right[n], up[n], left[n], down[n] 

! 

AN,DM  super[N], super[M] 

 

#define REAC \ 
 ( \ 
 right[0]!=0?right: \ 
 up[0]!=0?up: \ 
 left[0]!=0?left: \ 
 down[0]!=0?down: \ 
 0 \ 
 ) 
 
void Cell::Step(const int* right, const int* up, const int* left, 
const int* down, const int* super) 
{ 
 // 3%+' 74(8 %7*"9%*"7 01(*0' 
 
 // 3%+' %7*"9%*% A^0_ij 
 switch (state[0]) 
 { 
 case 0: 
  if (REAC[0] == 1) { 
   super[0] += 1; 
   state[0] = 1; 
  } 
 
  if (REAC[0] == 2) { 
   super[1] += 1; 
   state[0] = 2; 
  } 
  break; 
 } 
} 
 

O- 4-6%/'))%9% (6'<?'&, ;&% :"%9"#..)+5 3%< 4-%.%"2') 9"#2#. 

:'"'8%<%* 36'&%;)%9% #*&%.#&# 4 (?:'"*4-%"%* 4 :%6?;#'&(, 4- )48 

%<)%-)#;)%. G#34. %$"#-%., <6, -#<#)4, 6%9434 49"+ <%(&#&%;)% 

:%(&"%4&0 9"#2+ :'"'8%<%* (%%&*'&(&*?=>48 #*&%.#&%*, # 3%< 4- )48 

.%/)% :%(&"%4&0 #*&%.#&4;'(34. 
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3. !"%+'7 3-$#/% 

3.1. ,#)"/5<#+%-$C "%@/2/ /@0 - /-9%"C5%*)'/#+ 

2"#$%&'(> )*$%+)$%* 

F(64 :%<%5&4 3 *%:"%(? % "'#64-?'.%(&4 6%9434 49" ( 

4(:%60-%*#)4'. 36'&%;)%9% #*&%.#&# 2%".#60)%, &% %&*'& %<)%-)#;'): ( 

4(:%60-%*#)4'. %:4(#))%5 * "#-<. 2 (4(&'.+, (%(&%,>'5 4 36'&%;)%9% 

#*&%.#&# 4 )#$%"# (?:'"*4-%"%*, .%/)% "'#64-%*#&0 6=$?= 49"?, 

$#-4"?=>?=(, )# &'&"#9%)#60)%. :%6'. Q'5(&*4&'60)%, '(64 -#<#&0 

2?)374= :'"'8%<%* 36'&%;)%9% #*&%.#&# 3#3 ijij AAf =),( K , # ?:"#*6')4' 

49"%*%5 6%943%5 *%-6%/4&0 )# #*&%.#&+-(?:'"*4-%"+, &%, :%(3%603? 

&'%"'&4;'(34 ( 4(:%60-%*#)4'. 3%)';)+8 #*&%.#&%* *%-.%/)% 

"'#64-%*#&0 ?:"#*6')4' 6=$+. *+;4(64&'60)+. :"%7'((%. [7,8], 49"# 

&#3/' &'%"'&4;'(34 "'#64-?'&(,. 

I# :"#3&43' /' &#3%5 %&*'& $'(:%6'-'). O.''& -)#;')4', *%-.%/)% 64 

"'#64-%*#&0 6%943? &%5 464 4)%5 49"+ ( DQR9D8I9>>FG 4 

SKK9C8EI>FG 4(:%60-%*#)4'. 36'&%;)%9% #*&%.#&#. C&*'& )# &#3%5 

*%:"%( &"'$?'& #)#64-# (#.%5 49"+ )# :"'<.'& &%9%, :"'%$6#<#=& * 49"' 

6%3#60)+' 464 96%$#60)+' *-#4.%<'5(&*4,. 

B'"*+5 A#9 :"4.')')4, "#((.#&"4*#'.%5 (8'.+ — "#(>':6')4' 

?:"#*6')4,: 6%3#60)+' *-#4.%<'5(&*4, "'#64-?=&(, 36'&%;)+. 

#*&%.#&%., 96%$#60)+' — (?:'"*4-%"#.4. H'. $%60A' * 49"' 

4(:%60-?'&(, 6%3#60)+8 *-#4.%<'5(&*45, &'. (?>'(&*'))'' 4 

122'3&4*)'' $?<'& 4(:%60-%*#&0(, 36'&%;)+5 #*&%.#&, 4 )#%$%"%&. 

3.2. ,#)"/5<#+%-$C /@0( «D+#12)» 

@#((.%&"4. * 3#;'(&*' :"4.'"# 49"? «3/'4(%». ]&% 49"#, 9<' 

:"'%$6#<#=& 6%3#60)+' *-#4.%<'5(&*4,, &#34' 3#3: 
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• 9%6%*# :'"'8%<4& * :?(&?= 36'&3?; 

• 8*%(& ?8%<4& ( 36'&34, %(&#*6,, '' :?(&%5; 

• 9%6%*# (\'<#'& ,$6%3% (464 <"?9%5 49"%*%5 %$\'3&); 

• 9%6%*# «)#&+3#'&(,» )# (&')?; 

• «:"4-», ?(&#)%*6'))+5 )# :%6', 4(;'-#'& :%(6' )'3%&%"%9% 

3%64;'(&*# A#9%*. 

! 49"' :"%4(8%<,& &#3/' 4 96%$#60)+' <'5(&*4,: 

• 3#3 &%603% %;'"'<)%' ,$6%3% (\'<')%, )?/)% ?(&#)%*4&0 9<'-&% 

)# :%6' )%*%'; 

• * )'3%&%"+' .%.')&+ *"'.')4 9<'-&% )# :%6' <%6/') 

:%.'>#&0(, :"4-. 

G#3%5 #)#64- :%3#-+*#'&, ;&% 49"# «3/'4(%» .%/'& $+&0 122'3&4*)% 

"'#64-%*#)# ( 4(:%60-%*#)4'. 3%)';)%9% #*&%.#&#. ! &% /' *"'.,, )' <6, 

*('8 49" 1&% &#3.  

3.3. ,#)"/5<#+%-$C /@0( Tetris 

@#((.%&"4. 49"? Tetris
5
. ]&# 49"# *%*(' )' 4.''& 6%3#60)+8 

*-#4.%<'5(&*45, '(64 "#((.#&"4*#&0 * 3#;'(&*' %3"'(&)%(&4 :%6, 4 464 8 

(%('<'5. Y6%$#60)+.4 /' <'5(&*4,.4 ,*6,=&(,: 

• %:?(3#)4' :#<#=>'5 249?"+ )# %<4) A#9; 

• :'"'.'>')4' :#<#=>'5 249?"+ *6'*% 464 *:"#*%; 

• :%*%"%& :#<#=>'5 249?"+; 

                                         

5
 O9"#, (%-<#))#, K. B#/4&)%*+. (%*.'(&)% ( Q. B#*6%*(34. 4 !. Y'"#(4.%*+. * MMM@ * 1985 

9%<?. 
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• ?<#6')4' -#:%6)'))%9% ",<# 4 (.'>')4' *('9% (%<'"/4.%9% 

«(&#3#)#» *+A' )'9%, )# %<4) A#9 *)4-. 

! 3%..')&#"4,8 )?/<#=&(, &%603% :'"*+' <*# :?)3&#. I# "4(. 8 

:%3#-#)% 3#3 :%*'<')4' (%('<# «b» 36'&34 «a» *64,'& )# :%*'<')4' 

36'&34 «d». F(64 $+ * 36'&3' «b» )' $+6% $6%3# 464 '(64 $+ %) 

%&)%(46(, 3 :#<#=>'5 249?"', 36'&3# «d» <%6/)# $+6# $+ :"4),&0 

-)#;')4' 36'&34 «c», )% * <#))%. (6?;#' '' (%(&%,)4' )' 4-.')4&(,. B"4 

1&%. 36'&3# «d» :"4 *+;4(6')44 (*%'9% )%*%9% (%(&%,)4, )' 4.''& 

4)2%".#744 % (%(&%,)44 36'&34 «b», &#3 3#3 %)# )' *8%<4& * '' 

%3"'(&)%(&0.  

 

 

 

 

 

 

 

@4(. 8. Y6%$#60)%(&0 *-#4.%<'5(&*45 * 49"' Tetris 

B%<%$)?= :"%$6'.? .%/)% "'A4&0, :"4),* "#-.'" %3"'(&)%(&4 99!  

36'&%3 (?;4&+*#,, ;&% (#.#, <64))#, 249?"# 4.''& 64)'5)+5 "#-.'" 

;'&+"' 36'&34), %<)#3% %:4(#)4' 2?)3744 :'"'8%<%*, 3%&%"#, $?<'& 

,*6,&0(, 2?)374'5 81 #"9?.')&#, %3#/'&(, (64A3%. (6%/)%5 -#<#;'5. 

Q"?94. :%<8%<%. 3 "'#64-#744 1&%5 49"+ )# 36'&%;)+. #*&%.#&' 

,*6,'&(, 4(:%60-%*#)4' .)%9%A#9%*%9% #*&%.#&#. O(:%60-?, 

.)%9%A#9%*%(&0, .%/)% -)#;4&'60)% (%3"#&4&0 "#-.'" %3"'(&)%(&4. 

I#:"4.'", .%/)% :"4 3#/<%. 1&#:' %:?(3#)4, 249?"+ :"%*%<4&0 <*# 

A#9#: 

a 

b c 

:#<#=>#, 249?"# 

(&#74%)#")+' $6%34 

d 
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• :'"'<#;# <#))+8; 

• %:?(3#)4' 249?"+. 

G#34. %$"#-%. .%/)% (%3"#&4&0 )'%$8%<4.+5 "#-.'" %3"'(&)%(&4 <%  

! 

5 " 5. I# "4(. 9 :"%466=(&"4"%*#)%, 3#3 4)2%".#74, % )#8%/<')44 

$6%3%* * 36'&3#8 «c» 4 «d» )# :'"*%. A#9' :'"'<#'&(, * 36'&3? «b», # )# 

*&%"%. A#9' 4)2%".#74,, )#3%:6'))#, * 36'&3' «b», *64,'& )# 

*+;4(6')4' )%*%9% (%(&%,)4, 36'&34 «a». B'"';'"3)?&+.4 3*#<"#&#.4 ( 

<*%5)+.4 "#.3#.4 %$%-)#;')+ %3"'(&)%(&4 36'&%3 «a» 4 «b». 

 

 

 

 

@4(. 9. W.')0A')4' &"'$?'.%9% "#-.'"# %3"'(&)%(&4 -# (;'& :"4.')')4, 
<*?8A#9%*%9% 36'&%;)%9% #*&%.#&# 

Q%$#*6,, $%60A'' 3%64;'(&*% :"%.'/?&%;)+8 A#9%*, .%/)% 

(%3"#&4&0 "#-.'" %3"'(&)%(&4 <% %3"'(&)%(&4 4- 4 36'&%3. W.')0A')4' 

"#-.'"# %3"'(&)%(&4 (%3"#>#'& 3%64;'(&*% #"9?.')&%* 2?)3744 

:'"'8%<%*, %<)#3% )' ?:"%>#'& '', #, )#:"%&4*, -)#;4&'60)% ?(6%/),'&. 

S%6'' &%9%, <6, %$'(:';')4, .)%9%A#9%*%(&4 :%)#<%$4&(, 

<%:%6)4&'60)+5 (?:'"*4-%", 96%$#60)#, ,;'53# :#.,&4 464 (*%5(&*% 

36'&34, 3%&%"%' $?<'& (%<'"/#&0 4)2%".#74= % &%., 3#3%5 1&#: 

*+;4(6')4, (%(&%,)45 :"%4-*%<4&(, * <#))+5 .%.')&. 

c b 

a d 
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4. :6'3-6 6-%+'7%&'' '*62 «;3-<9%» 

4.1. 30)*/") /@0( 

@#((.%&"4. "'#64-#74= ?/' ?:%.4)#*A'5(, "#)'' 49"+ «3/'4(%» ( 

4(:%60-%*#)4'. :"'<(&#*6'))%9% .'&%<#. M?>'(&*?'& .)%/'(&*% 

*#"4#745 1&%5 49"+, * 1&%5 "#$%&' .+ $?<'. :"4<'"/4*#&0(, (6'<?=>48 

:"#*46: 

• :"4.'),'&(, :",.%?9%60)%' :%6', (%(&%,>'' 4- 3*#<"#&%*, 

"#-.'"%. 

! 

m " n 36'&%3. B'"4.'&" :%6, -#)4.#'& (&')#; 

• :'"(%)#/, ?:"#*6,'.+5 49"%3%. — -.'53# — 4.''& )#;#60)?= 

<64)? 5 36'&%3; 

• )# :%6' * 6=$%5 .%.')& *"'.')4 )#8%<4&(, %<)% ,$6%3%; 

• -.'53# <%6/)# «(\'(&0» ,$6%3% — 49"%3 <%6/') (%*.'(&4&0 

9%6%*? -.'534 ( ,$6%3%., )#8%<,>4.(, )# :%6'; 

• :"4 (\'<#)44 ,$6%3# -#;4(6,'&(, %<)% %;3%, <64)# -.'534 

?*'64;4*#'&(, )# &"4, # )# :%6' *+(&#*6,'&(, )%*%' ,$6%3% 4 ,<; 

• *"'., %& *"'.')4 )# :%6' :%,*6,'&(, :"4-%*%5 16'.')& (bonus), 

3%&%"+5 4(;'-#'& ;'"'- )'3%&%"%' *"'.,. M\'<#)4' 1&%9% 

%$\'3&# :"4)%(4& <%:%6)4&'60)+' %;34, )% )' *64,'& )# <64)? 

-.'534; 

• 49"# -#3#);4*#'&(,, '(64 -.'53# ?:4"#'&(, * (&')?, (#.? ('$, 

464 (\'<#'& ,<; 

• 49"%3 3%)&"%64"?'& )#:"#*6')4' <*4/')4, 9%6%*+ -.'534. 

M.+(6 49"+ — )#$"#&0 .#3(4.#60)%' 3%64;'(&*% %;3%*. 
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4.2. ?9/-)'/# )*$%+)$%* 

D#3 ?3#-#)% * :"#*46#8, <'5(&*4' 49"+ :"%4(8%<4& )# &'&"#9%)#60)%. 

:%6' "#-.'"# 

! 

m " n. S?<'. "#((.#&"4*#&0 &'&"#9%)#60)%' :%6' ( 

%3"'(&)%(&0= 4- ;'&+"'8 36'&%3.  

4.2.1. )LED;>E9 C?98=H>=<= ;I8=G;8; 

D#/<#, 36'&3# 4.''& (%(&%,)4' «&4:» 4 (*%5(&*# «)#:"#*6')4' 

9%6%*+», «*"'., /4-)4» 4 «/'6?<%3».  

5=D8=J>E9 A
0
 — «8EL». ]&% (%(&%,)4' %:"'<'6,'&, ;&% )#8%<4&(, * 

<#))%5 36'&3' * <#))+5 .%.')& *"'.')4. 

Empty — 36'&3# :?(&# ((%3"#>'))% E, * 3%<' — CA0_E); 

Snake — * 36'&3' )#8%<4&(, ;#(&0 -.'534 ((%3"#>'))% S, * 3%<' — 

CA0_S); 

Apple — * 36'&3' )#8%<4&(, ,$6%3% ((%3"#>'))% F, * 3%<' — CA0_F); 

Poison — * 36'&3' )#8%<4&(, ,< ((%3"#>'))% P, * 3%<' — CA0_P); 

Wall — * 36'&3' )#8%<4&(, ;#(&0 (&')+ ((%3"#>'))% W, * 3%<' — 

CA0_W); 

Bonus — * 36'&3' )#8%<4&(, :"4-%*%5 16'.')& ((%3"#>'))% B, * 3%<' 

— CA0_B). 

5I=AD8I= D
1
 — «>;L:;I?9>E9 <=?=IF». F(64 * 36'&3' )#8%<4&(, 

9%6%*# -.'534, 1&% (*%5(&*% %:"'<'6,'& )#:"#*6')4' '' <*4/')4,. 

0 — * 36'&3' )' 9%6%*#; 

1 — !; 

2 — "; 

3 — #; 

4 — $. 
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5I=AD8I= D2
 — «I:9GJ TEU>E». C:"'<'6,'&, (3%603% &#3&%* %(&#6%(0 

<% &%9% .%.')&#, 3%9<# -.'53# ?5<'& ( <#))%5 36'&34. Q#))%' (*%5(&*% 

&#3/' %:"'<'6,'& %(&#*A''(, *"'., /4-)4 :"4-%*%9% 16'.')&#, '(64 

A
0
==Bonus.  

5I=AD8I= D3
 — «T9?QN=C». B%3#-+*#'&, ;&% $+6% * <#))%5 36'&3' <% 

&%9%, 3#3 )# )'' :"4A6# -.'53#. ! "#((.#&"4*#'.%. *#"4#)&' 49"+ 1&% 

(*%5(&*% .%/)% $+6% $+ -#.')4&0 <%:%6)4&'60)%5 96%$#60)%5 ,;'53%5 

:#.,&4, %<)#3% %)% %(&#*6')% <6, %$>)%(&4 4 *%-.%/)%(&4 "#(A4"')4,. 

4.2.2. )LED;>E9 DQL9:IEU=:=I 

G#3/' <6, "'#64-#744 49"+ :%)#<%$4&(, (?:'"*4-%" «(%(&%,)4' 

49"+» 4 96%$#60)#, ,;'53# :#.,&4 «(;'&». 

,I8=G;8 A0 — «D=D8=J>E9 E<:F». 

0 — 49"# 4<'&; 

1 — 49"# %3%);')#. 

1H9AC; D1 — «DH98». M%<'"/4& &'3?>45 (;'&.  

4.3. 3%-$0%#'/# @0)E) 9#0#>%4%* 4"; 2"#$2/ 9%"; 

B%(6' &%9%, 3#3 (%(&%,)4, #*&%.#&%* *+$"#)+, <6, :%(&"%')4, 9"#2# 

:'"'8%<%* )'%$8%<4.% %:"'<'64&0 :'"'8%<+, ?(6%*4, :'"'8%<%* 4 

<'5(&*4,, *+:%6),'.+' :"4 :'"'8%<#8. 

B"4 :%(&"%')44 9"#2# :'"'8%<%* <6, 36'&34 36'&%;)%9% #*&%.#&#  

?<%$)% **'(&4 .#3"%( APPR_HEAD, 3%&%"+5 $?<'& :%3#-+*#&0, <%6/)# 

64 :"4 (6'<?=>'. A#9' )# <#))?= 36'&3? *%5&4 9%6%*# -.'534, 4 '(64 

<%6/)#, &% (  3#3%5 (&%"%)+. 



 33 

! 

APPR_HEAD =

Ai, j"1

0
== S&&Di, j"1

1
==1?Ai, j"1 :

Ai+1, j

0
== S&&Di+1, j

1
== 2?Ai+1, j :

Ai, j+1

0
== S&&Di, j+1

1
== 3?Ai, j+1 :

Ai"1, j

0
== S&&Di"1, j

1
== 4?Ai"1, j :#

 

! 

Ai"1, j"1 

! 

Ai"1, j  

! 

Ai"1, j+1 

! 

Ai, j"1 

! 

Ai, j  

! 

Ai, j+1 

! 

Ai+1, j"1 

! 

Ai+1, j  

! 

Ai+1, j+1 

 

 

B%,()4., 3#3 :%)4.#'&(, 1&# -#:4(0. F(64 36'&3# (:"#*# 4.''& 

(%(&%,)4' «&4:» Snake, 4 :"4 1&%. '' (*%5(&*% «)#:"#*6')4' 9%6%*+» 

%&64;)% %& )?6, (;&% -)#;4&, ;&% * 1&%5 36'&3' 9%6%*# -.'534), &% 

2?)374, *%-*"#>#'& 36'&3? (:"#*#. ! :"%&4*)%. (6?;#' #)#6%94;)+' 

?(6%*4, :"%*'",=&(, :%%;'"'<)% <6, 36'&34 (*'"8?, (6'*# 4 ()4-?. F(64 

/' )4 <6, %<)%5 4- 36'&%3 &#34' ?(6%*4, )' *+:%6),=&(,, *%-*"#>#'&(, 

6%94;'(3#, 6%/0. 

G#34. %$"#-%. 1&%& .#3"%( *%-*"#>#'& 36'&3? 9%6%*+, '(64 %)# :"4 

(6'<?=>'. A#9' <%6/)# -#5&4 )# <#))?= 36'&3? ((6'*# )#8%<4&(, 9%6%*# 

4 <*4/'&(, *:"#*%, ()4-? )#8%<4&(, 9%6%*# 4 <*4/'&(, **'"8 4 &.<.) 464 

6%94;'(3?= 6%/0 

! 

", '(64 9%6%*# )' :"4$64/#'&(,.  

B%(3%603? .#3"%( *%-*"#>#'& 36'&3?, :"#*%.'")# -#:4(0 *4<# 

! 

(APPR_HEAD)
n . G#3%5 (4.*%6 %$%-)#;#'& -)#;')4' ,;'534 :#.,&4 )%.'" 

«n» 36'&34, 3%&%"?= *%-*"#&46 .#3"%(.  

I# "4(. 10 4-%$"#/') (6?;#5, 3%9<# 9%6%*# :"4$64/#'&(, ()4-? 4 <*# 

(6?;#,, 3%9<# 9%6%*# )' :"4$64/#'&(,: %)# )#8%<4&(, * (%('<)'5 36'&3', 

)% )#:"#*6')# )' )# &'3?>?=, 64$% %)# 4.''& *'")%' )#:"#*6')4', )% 

)#8%<4&(, *)' %3"'(&)%(&4. 
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@4(. 10. @#$%&# .#3"%(# APPR_HEAD. G'3?>#, 36'&3# %&.';')# ;'")+., 36'&34 

-.'534 — ('"+' 

@#((.%&"4. &':'"0 %()%*)+' (%$+&4,, :"%4(8%<,>4' * 49"' 4 

(2%".?64"?'. (%%&*'&(&*?=>4' 4. 4-.')')4, (%(&%,)45 36'&%3. 

#IET9>E9 UG9ACE. B"4 <*4/')44 -.'534 * '' 36'&3#8 

(

! 

Ai, j : Ai, j

0
== Snake) <%6/)% ?.')0A#&0(, -)#;')4', (%%&*'&(&*?=>'' 

*"'.')4 /4-)4 -.'534. F(64 1&%& (;'&;43 ?/' * (%(&%,)44 «0», 36'&3# 

.'),'& (*%' (%(&%,)4' )# «Empty». !(' %:4(#))%' :"%4(8%<4& * &%. 4 

&%603% &%. (6?;#', 3%9<# * <#))?= 36'&3? )' <%6/)# -#5&4 9%6%*# 

(

! 

APPR_HEAD == "). ]&4 :"#*46# :%"%/<#=& <*' <?94: Snake!Snake 4 

Snake!Empty. I#-%*'. 48 L1 4 L2 (%%&*'&(&*'))%. B"4 1&%. 

L1 — ?.')0A#'. (;'&;43 *"'.')4 /4-)4 :"4 %$+;)%. <*4/')44; 

L2 — (;'&;43 *"'.')4 /4-)4 <%(&49 )?6,: -.'534 * 1&%5 36'&3' 

$%60A' )'&. 

M2%".?64"?'. ?(6%*4,, :%.';#=>4' 1&4 <?94. 

W(6%*4' <6, L1: 

! 

Di, j

2
>1&&!APPR_HEAD. 

W(6%*4' <6, L2: 

! 

Di, j

2
==1&&!APPR_HEAD. 

Y%6%*# :"4$64/#'&(, ()4-? Y%6%*# )' :"4$64/#'&(, )4 * 
%<)%. 4- <*?8 (6?;#'* 
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7EU>9>>FA PEC? L:EU=I=<= S?9G9>8;. I# 3#/<%. A#9' *"'., 

/4-)4 3#/<%9% :"4-%*%9% 16'.')&# ?.')0A#'&(, )# '<4)47?. F(64 *"'., 

/4-)4 4(&'36%, 36'&3# .'),'& (*%' (%(&%,)4' )# «Empty». Q%$#*4. '>' 

<*' <?94: Bonus!Bonus (L3) 4 Bonus!Empty (L4). B"4 1&%. 

L3 — ?.')0A#'. (;'&;43 *"'.')4 /4-)4 :"4-%*%9% 16'.')&#; 

L4 — (;'&;43 *"'.')4 /4-)4 <%(&49 )?6,: :"4-%*%5 16'.')& 4(;'-. 

M2%".?64"?'. ?(6%*4,, :%.';#=>4' 1&4 <?94. 

W(6%*4' <6, L3: 

! 

Di, j

2
>1&&!APPR_HEAD. 

W(6%*4' <6, L4: 

! 

Di, j

2
"1. 

«5V9N;>E9» =OV9C8=I. Q6, 6=$%9% &4:# 36'&34, '(64 :"4 (6'<?=>'. 

A#9' * )'5 <%6/)# %3#-#&0(, 9%6%*# (

! 

APPR_HEAD!= "), &%: 

• )#:"#*6')4' 36'&34 :"4)4.#'& (%%&*'&(&*?=>'' (%(&%,)4' 

9%6%*+, 3%&%"#, <%6/)# * 1&%5 36'&3' %3#-#&0(,; 

• *"'., /4-)4 :"4)4.#'& (%%&*'&(&*?=>'' (%(&%,)4' 9%6%*+, 

3%&%"#, <%6/)# * 1&%5 36'&3' %3#-#&0(,; 

• «/'6?<%3» :"4)4.#'& (%(&%,)4' «&4:#» 36'&34, 3%&%"+5 %)# 

4.''& * <#))+5 .%.')&; 

• (%(&%,)4' 36'&34 4-.'),'&(, )# «Snake». 

G#3%5 )#$%" :"#*46 :%"%/<#'& <?94 * (%(&%,)4' Snake 4-: Snake (L5), 

Empty (L6), Bonus (L7), Apple (L8), Poison (L9), Wall (L10). W(6%*4, 4 

<'5(&*4, ? *('8 1&48 <?9 2%".#64-?=&(, %<4)#3%*%. B"4 1&%. 

L5, L6, L7, L8, L9, L10 — * 1&? 36'&3? -#A6# -.'53#: &'3?>'' 

(%(&%,)4' :%.'>#'&(, * (*%5(&*% D
3
, * 36'&3? 3%:4"?'&(, (%(&%,)4' 4 

(*%5(&*# -#8%<,>'5 9%6%*+. 

[%".#60)% &#34' <'5(&*4,  -#:4(+*#=&(, (6'<?=>4. %$"#-%.: 
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! 

D
1

= (APPR_HEAD)
1
;D

2
= (APPR_HEAD)

2
;D

3
= A

0 . 

Q6, ?<%$(&*# -#:4(4 $?<'. %$%-)#;#&0 1&% <'5(&*4' .#3"%(%. 

! 

SNAKE _ EAT . 

!(' 1&4 <?94 :%.';')+ %<4)#3%*+.4 ?(6%*4,.4: 

! 

APPR_HEAD. 

G':'"0 .%/)% :%(&"%4&0 9"#2 :'"'8%<%* ("4(. 11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

@4(. 11. Y"#2 :'"'8%<%* 36'&%;)%9% #*&%.#&# 49"+ «3/'4(%»  

E — Empty, S — Snake, F — Apple, P — Poison, W — Wall, B — Bonus 

L#3"%(: APPR_HEAD = 

! 

Ai, j"1

0
== S&&Di, j"1

1
==1?Ai, j"1 :

Ai+1, j

0
== S&&Di+1, j

1
== 2?Ai+1, j :

Ai, j+1

0
== S&&Di, j+1

1
== 3?Ai, j+1 :

Ai"1, j

0
== S&&Di"1, j

1
== 4?Ai"1, j :#

 

 

S 

F P W 

E 

B 

! 

Di, j

2
==1&&!APPR_HEAD

 

! 

D
1

= 0;D
2

= 0   

! 

Di, j

2
>1&&!APPR_HEAD

 

! 

D
1

= 0;D
2
" =1  

! 

APPR_HEAD
 

! 

SNAKE _ EAT   

! 

Di, j

2
"1

 

! 

Di, j

2
>1&&!APPR_HEAD

 

! 

D
2
" =1  

L2 

L5 

L1 

L8, L9, L10 L7 L4 

L3 

L6 

! 

APPR_HEAD
 

! 

SNAKE _ EAT   

! 

APPR_HEAD&&Di, j

2
>1

 

! 

SNAKE _ EAT   

! 

APPR_HEAD
 

! 

SNAKE _ EAT   

L#3"%(: SNAKE_EAT = 

! 

D
1

= (APPR_HEAD)
1
;

D
2

= (APPR_HEAD)
2
;

D
3

= A
0
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! *4<' :"%9"#..)%9% 3%<# )# ,-+3' :"%9"#..4"%*#)4, C++ 

:%*'<')4' 36'&34 -#:4(+*#'&(, :%6)%(&0= 4-%.%"2)%. G#$647# 

(%%&*'&(&*4, .#&'.#&4;'(348 %$%-)#;')45 %$%-)#;')4,. 3%<# C++ $+6# 

:"4*'<')# * "#-<. 2.5 (&#$6. 2). 

#define APPR_HEAD \ 
 ( \ 
 (left[0] == CA0_S && left[1] == 1)?left: \ 
 (down[0] == CA0_S && down[1] == 2)?down: \ 
 (right[0] == CA0_S && right[1] == 3)?right: \ 
 (up[0] == CA0_S && up[1] == 4)?up: \ 
 0 \ 
 ) 
 
#define SNAKE_EAT \ 
 state[1] = APPR_HEAD[1]; \ 
 state[2] = APPR_HEAD[2]; \ 
 state[3] = state[0]; \ 
 state[0] = CA0_S; 
 
 
void SnakeCell::Step(const int* right, const int* up, const int* 
left, const int* down, const int* super) 
{ 
 switch (state[0]) 
 { 
 case CA0_S: 
  // :5+% L1 
  if (state[2] > 1 && !APPR_HEAD) 
  { 
   state[1] = 0; 
   state[2] -= 1; 
  } 
 
  // :5+% L2 
  if (state[2] == 1 && !APPR_HEAD) 
  { 
   state[1] = 0; 
   state[2] = 0; 
   state[0] = CA0_E; 
  } 
 
  // :5+% L5 
  if (APPR_HEAD) 
  { 
   SNAKE_EAT 
  } 
  break; 
 
 case CA0_E: 
  // :5+% L6 
  if (APPR_HEAD) 
  { 
   SNAKE_EAT 
  } 
  break; 
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 case CA0_B: 
  // :5+% L3 
  if (state[2] > 1 && !APPR_HEAD) 
   state[2] -= 1; 
 
  // :5+% L4 
  if (state[2] <= 1) 
   state[0] = CA0_E; 
   
  // :5+% L7 
  if (APPR_HEAD && state[2] > 1) 
  { 
   SNAKE_EAT 
  } 
  break; 
 
 case CA0_F: 
 case CA0_P: 
 case CA0_W: 
  // :5+' L8, L9, L10 
  if (APPR_HEAD) 
  { 
   SNAKE_EAT 
  } 
  break; 
 } 
} 

 

4.4. 3%-$0%#'/# @0)E) 9#0#>%4%* 4"; -<9#0*/5%0%* 

I# "4(. 12 :"4*'<') 9"#2 :'"'8%<%* <6, (?:'"*4-%"# A0 («(%(&%,)4' 

49"+»).  

 

 

 

 

@4(. 12. Y"#2 :'"'8%<%* #*&%.#&# A0 

W(6%*4' C1: R.'53# )' (\'6# (#.? ('$,, ,< 464 (&')? (49"# 

:"%<%6/#'&(,). 

W(6%*4' C2: R.'53# (\'6# (#.? ('$,, ,< 464 (&')? (49"# <%6/)# 

-#3%);4&0(,). 

0 1 

! 

C1
 

! 

P1  

! 

1
 

! 

P2   

! 

C2  

! 

P1 
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Q6, ?<%$(&*# "'#64-#744, ?(6%*4, C1 4 M2 $?<'. :"%*'",&0 ?/' * 

:"%7'((' *+:%6)')4, <'5(&*4, P1 4 &#34. %$%#-%. %:"'<'6,&0, * 3#3%' 

4.'))% (%(&%,)4' <'6#'&(, :'"'8%<. 

Q'5(&*4' P1: !%-.%/)% (( )'3%&%"%5 *'"%,&)%(&0=), :%.'(&4&0 )# 

:%6' :"4-%*%5 16'.')&, # <6, 

! 

Ai, j :Di, j

1
== 0 :"%4-*'(&4 A#9 :% -)#;')4= 

(*%5(&*# D3
 (%96#()% (6'<?=>'.? 9"#2? :'"'8%<%* ("4(. 13). 

 

 

 

 

 

 

@4(. 13. Y"#2 :'"'8%<%* :% -)#;')4= (*%5(&*# D3
 

 

Q'5(&*4' P3: 

! 

"i, j : Ai, j

0
== Snake# Di, j

2
+ = 3; :%.'(&4&0 )# :%6' )%*%' 

,$6%3% 4 )%*+5 ,<. 

Q'5(&*4' P2: 

! 

"i, j : Ai, j

0
=Wall. 

! 3%<' ,-+3# C++ :%6)+5 A#9 (4(&'.+ (%:4(#))+' *+A' :'"'8%<+, # 

&#3/' %$'(:';')4' A#9# 36'&%;)%9% #*&%.#&#), -#:4(+*#=&(, (6'<?=>4. 

%$"#-%.. G#$647# (%%&*'&(&*4, .#&'.#&4;'(348 %$%-)#;')45 

%$%-)#;')4,. 3%<# C++ $+6# :"4*'<')# * "#-<. 2.5 (&#$6. 1). 

// 3%+ 01(*";&"+" %7*"9%*% 
void SnakeCellAut::Step() 
{ 
 int i, j; 
 // !"#$%&'( «)"*"+,%)''» 
 memcpy(&snapshot, &field, sizeof(field)); 
 
 // -%.$%/ 01(*0% $(1%(* 2%+ 

E B 

F 

P W S 

! 

1
 

! 

P3 , M1 *+:%6)')% 

! 

1
 

! 

A1+ =10 , C1 *+:%6)')% 

! 

1
 

C2 *+:%6)')%  
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 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   field[i][j].Step( 
           snapshot[i][j+1].state,  
           snapshot[i-1][j].state,  
           snapshot[i][j-1].state, 
           snapshot[i+1][j].state,  
           state); 
 
 // 3%+' 456(,7'#","7 
 
 // 3%+' %7*"9%*% A0 
 switch (state[0]) 
 { 
 case 0: 
  P1(); 
  break; 
 
 case 1: 
  // :(<4*7'( P2 
  for (i = 1; i <= FIELD_H; i++) 
   for (j = 1; j <= FIELD_W; j++) 
    field[i][j].state[0] = CA0_W; 
  break; 
 } 
 
} 
 
// :(<4*7'( P1 
void SnakeCellAut::P1() 
{ 
 // =(,"/*&"4*&%/ 54*%&"70% 6,'#"7"+" >1(9(&*% 
 if (rand()%100 == 0) // 7(,"/*&"4*&?< 6(,(8"$ 
 {                    // 6"9(4*'*@ 6,'#"7"< >1(9(&* 
  int k, l; 
  k = rand()%FIELD_W + 1; 
  l = rand()%FIELD_H + 1; 
 
  if (field[k][l].state[0] == CA0_E) 
  { 
   field[k][l].state[0] = CA0_B; 
   field[k][l].state[2] = 20; 
  } 
 } 
 
 
 // A,"7(,0% 4"$(,.'9"+" .(15$0% 
 int i, j; 
 int *head = 0; 
 
 // !&%;%1% &%<$(9 .(15$"0 
 // «.(15$"0» -- 47"<4*7" D^3 +"1"7? #9(<0', 

// *" (4*@ *%0"< 01(*0', 5 0"*","< (D^1 != 0),  
 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   if (field[i][j].state[1] != 0) // >*" +"1"7% 
    head = field[i][j].state;  
 // *(6(,@ head "B"#&%;%(* field[i][j], 
 // +$( i,j -- 0"",$'&%*? +"1"7? 
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 if (!head) 
  return; 
 
 // A(,(8"$ 6" +,%)5 6(,(8"$"7 
 switch (head[3])  
 { 
 case CA0_F: 
  // :(<4*7'( P3 
  for (i = 1; i <= FIELD_H; i++) 
   for (j = 1; j <= FIELD_W; j++) 
    if (field[i][j].state[0] == CA0_S) 
     field[i][j].state[2] += 3; 
 
  state[1] += 1; 
 
  DropItem(CA0_F); 
  DropItem(CA0_P); 
   
  head[0] = CA0_E; 
  break; 
  
 case CA0_B: 
  state[1] += 10; 
  head[0] = CA0_E; 
  break; 
 
 case CA0_P:  
 case CA0_W: 
 case CA0_S: 
  state[0] = 1; 
  head[0] = CA0_E; 
  break; 
 } 
 
} 
 
// =46"9"+%*(1@&%/ )5&0C'/: 7?B,"4'*@ &% 6"1( /B1"0" '1' /$ 
void SnakeCellAut::DropItem(int item) 
{ 
 int i = 0, j = 0; 
 
 while (!i || !j || field[i][j].state[0] != CA0_E) 
 { 
  i = rand()%FIELD_W + 1; 
  j = rand()%FIELD_H + 1; 
 } 
  
 field[i][j].state[0] = item; 
} 

 

4.5. F'$#0E#1- /@0( 

@'#64-#74'5 4)&'"2'5(# 49"+ ,*6,'&(, %&"4(%*3# 49"%*%5 (4&?#744, 

%$"#$%&3# **%<# :%60-%*#&'6,, *%-.%/)%, *+*%< -*?3%*+8 122'3&%* 4 
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.?-+34. B"4 "'#64-#744 1&%5 49"+ #3&?#60)+ %&"4(%*3# 4 %$"#$%&3# 

**%<#. I# "4(. 14 4-%$"#/') 9"#24;'(345 4)&'"2'5( 49"+.  

 

@4(. 14. Y"#24;'(345 4)&'"2'5( 49"+ «R.'53#» 

)8:ED=IC; D=D8=J>EJ E<:F (%(&%4& 4- %&"4(%*34 :%6, 4 %&"4(%*34 

«%$>'9% 4)&'"2'5(#». B%(6'<)'' )43#3 )' %&)%(4&(, 3 6%943' 49"+, 

:%1&%.? "#((.%&"4. &%603% .'&%<+ %&"4(%*34 :%6,. F' .%/)% 

:"%4-*%<4&0 "#-)+.4 (:%(%$#.4.  

M#.+5 :"%(&%5 (:%(%$ — "#-<'64&0 %$6#(&0 13"#)#, %&*'<'))?= <6, 

%&%$"#/')4, :%6,, )# %$6#(&4, -#)4.#'.+' 3#/<%5 36'&3%5, 4 

%&%$"#/#&0 * 3#/<%5 4- )48 )'3%&%"+5 (:"#5& (<*?.'")%' 4-%$"#/')4'). 

D#3%5 4.'))% (:"#5& %&%$"#/#'&(, *  <#))%5 36'&3', %:"'<'6,'&(, '' 

(%(&%,)4'. 4 (*%5(&*#.4. 

Q"?9%5, $%6'' (6%/)+5 — %:"'<'6,&0 (:"#5& )' &%603% (%(&%,)4'. 

%&%$"#/#'.%5 36'&34, )% 4 (%(&%,)4'. 4 (*%5(&*#.4 36'&%3 * )'3%&%"%5 



 43 

%3"'(&)%(&4 (1&# %3"'(&)%(&0 )' %$,-#&'60)% <%6/)# (%*:#<#&0 ( 

%3"'(&)%(&0=, 4(:%60-?'.%5 * 36'&%;)%. #*&%.#&'). ]&%& (:%(%$ 4 $?<'. 

:"4.'),&0 * 49"' «3/'4(%». 

F(64 :'"*+' <*# (:%(%$# 4.'=& &%& )'<%(&#&%3, ;&% 4-.')')4' 

3#"&4)+ :%6, :"%4(8%<4& <4(3"'&)% :"4 A#9' #*&%.#&#, &% (6'<?=>45 

(:%(%$ ;#(&4;)% 64A') 1&%9% )'<%(&#&3#. F(64 * 49"' 4.'=&(, :"%(&+' 

:'"(%)#/4 (3%&%"+', 3%)';)%, )# (#.%. <'6' -#<#=&(, 64A0 (%(&%,)4'. 

)'3%&%"%5 36'&34), 3%&%"+' <*4/?&(,, 48 (:"#5&+ .%/)% %&%$"#/#&0 )' 

)':%("'<(&*'))% )# (*%'. .'(&', # ( )'3%&%"+. (.'>')4'., *'64;4)# 

3%&%"%9% )':"'"+*)% -#*4(4& %& *"'.')4, :"%A'<A'9% ( :"'<+<?>'9% 

A#9#. ]&%& .'&%< :"%466=(&"4"%*#) )# "4(. 15. 

 

 

 

 

@4(. 15. M.'>')4' (:"#5&# %&)%(4&'60)% 36'&34 

Q6, :"#*460)%9% %&%$"#/')4, -.'534 (% *('.4 '' 4-94$#.4 4 

-#3"?96'))+.4 3%)7#.4 :%)#<%$,&(, 10 (:"#5&%* (;'&+"' *%-.%/)+8 

4-94$#, ;'&+"' *%-.%/)+8 3%)7#, <*# :",.+8 %&"'-3#) 4 <*# (:"#5&# ( 

«96#-#.4» <6, %&.'&34 9%6%*+. 

I# ,-+3' C++ %&%$"#/')4' :%6, :% *&%"%.? (:%(%$? .%/)% 

"'#64-%*#&0 (6'<?=>4. %$"#-%.. G#$647# (%%&*'&(&*4, .#&'.#&4;'(348 

%$%-)#;')45 %$%-)#;')4,. 3%<# C++ $+6# :"4*'<')# * "#-<. 2.5 (&#$6. 1). 

// =46"9"+%*(1@&?< 9%0,"4: 6"0%#?7%(*,  
// 4"4($&'( 1' $7% C(1?8 ;'41% 
#define NEIGH(A,B) (ABS((A)-(B)) <= 1) 
 
// =46"9"+%*(1@&?< 9%0,"4: 6"0%#?7%(*,  
// &%8"$'*4/ 1' 7 01(*0( 4 #%$%&&?9 49(D(&'(9 
// "*&"4'*(1@&" $%&&"< 4"4($&// ;%4*@ #9(<0' 

! 

"x  

! 

"x = f ("t)  
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#define SNAKE(I,J) ( \ 
 logic.field[i+(I)][j+(J)].state[0] == CA0_S && \ 
 NEIGH(logic.field[i][j].state[2], 
logic.field[i+(I)][j+(J)].state[2]) \ 
 ) 
 
void SnakeGame::Draw() 
{ 
 // A"15;%(9 7,(9/, 6,"2($2(( 4 6,($?$5D(+" 0%$,% 
 double dt=double(hge->Timer_GetDelta()); 
  
 // A,"'#7"$'9 2%+ 1"+';(40"< 4'4*(9? 
 Step(dt); 
 
 // E%,'4"7%*@ )"& 
 sprBG->Render(0, 0); 
 
 // :1/ 0%.$"< 01(*0' 6"1/ "*"B,%.%(9 (( 4"4*"/&'( 
 for (int i = 1; i <= FIELD_H; i++) 
  for (int j = 1; j <= FIELD_W; j++) 
   if (logic.field[i][j].state[0] != CA0_S) 
   { 
    // F41' 01(*0% &( 654*% ' &( 4"$(,.'* #9(<05, 
    // "*"B,%.%(9 4""*7(*4*75GD'< "BH(0* 
    if (logic.field[i][j].state[0] != CA0_E) 
     sprBlock[logic.field[i][j].state[0]]->Render(100+(j-
1)*30.0f, (i-1)*30.0f); 
   } 
   else 
   { 
    // I*"B,%.%(9 #9(<05 
    // &5.&" 7?B,%*@, 0%0"< '9(&&" 46,%<* 41($5(* "*"B,%#'*@ 
 
    hgeSprite* spr = sprBlock[1]; // A" 59"1;%&'G 
    float delta_x = 0, delta_y = 0; 
 
    // A,"7(,/(9 74( 7"#9".&?( 0"&)'+5,%C'' 4"4($(<, 
    // ;*"B? 7?B,%*@ &5.&?< 46,%<* 
    if (SNAKE(-1,0) && SNAKE(0,-1)) 
     spr = sprSnake[0]; 
    if (SNAKE(-1,0) && SNAKE(0,1)) 
     spr = sprSnake[1]; 
    if (SNAKE(1,0) && SNAKE(0,-1)) 
     spr = sprSnake[2]; 
    if (SNAKE(1,0) && SNAKE(0,1)) 
     spr = sprSnake[3]; 
 
    if (SNAKE(-1,0) && !SNAKE(1,0) && !SNAKE(0,-1) && 
!SNAKE(0,1)) 
     spr = sprSnake[4]; 
    if (SNAKE(1,0) && !SNAKE(-1,0) && !SNAKE(0,-1) && 
!SNAKE(0,1)) 
     spr = sprSnake[5]; 
    if (SNAKE(0,-1) && !SNAKE(1,0) && !SNAKE(-1,0) && 
!SNAKE(0,1)) 
     spr = sprSnake[6]; 
    if (SNAKE(0,1) && !SNAKE(1,0) && !SNAKE(-1,0) && 
!SNAKE(0,-1)) 
     spr = sprSnake[7]; 
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    if (SNAKE(-1,0) && SNAKE(1,0) && !SNAKE(0,-1) && 
!SNAKE(0,1)) 
     spr = sprSnake[8]; 
    if (!SNAKE(-1,0) && !SNAKE(1,0) && SNAKE(0,-1) && 
SNAKE(0,1)) 
     spr = sprSnake[9]; 
 
    // I*"B,%.%(9 7?B,%&&?< 46,%<* 
    spr->Render(100+(j-1 + delta_x)*30.0f, (i-1 + 
delta_y)*30.0f); 
 
    // F41' 7 *(05D(< 01(*0( +"1"7%,  

// 41($5(* &%,'4"7%*@ +1%#% #9(<0': 
// 7(,*'0%1@&" '1' +",'#"&*%1@&" 7 #%7'4'9"4*' 
// "* ",'(&*%C' +"1"7? 

    if (logic.field[i][j].state[1] != 0) // >*" +"1"7% 
    { 
     if (SNAKE(-1,0) || SNAKE(1,0)) 
      sprSnake[10]->Render(100+(j-1 + delta_x)*30.0f, (i-1 + 
delta_y)*30.0f); 
     else 
      sprSnake[11]->Render(100+(j-1 + delta_x)*30.0f, (i-1 + 
delta_y)*30.0f); 
    } 
   } 
} 

 

Q#))+5 2"#9.')& 3%<# )?/<#'&(, * )'3%&%"+8 :%,()')4,8: 

sprSnake — .#((4* (:"#5&%*, 4(:%60-?'.+8 <6, %&%$"#/')4, 

-.'534; 

logic — %$\'3&, 4)3#:(?64"?=>45 (4(&'.?, %:4(#))?= * <#))%5 

"#$%&', * ;#(&)%(&4 logic.field — <*?.'")+5 .#((4* (%(&%,)45 

36'&%3; 

hge — ?3#-#&'60 )# %$\'3&, 4)3#:(?64"?=>45 (4(&'.? *+*%<# 

9"#24346
. 

)O:;O=8C; II=N; :%60-%*#&'6, * <#))%. (6?;#' (*%<4&(, 3 "'#3744 

)# 36#*4A4-(&"'634. D6#*4A4 4-.'),=& )#:"#*6')4' <*4/')4, 9%6%*+. 

F(64 )#/#&# 36#*4A#, (%%&*'&(&*?=>#, &'3?>'.? )#:"#*6')4=, 

<'5(&*4, )' :"%4-*%<,&(,. F(64 )#:"#*6')4' %$"#&)%, &#3/' )4;'9% )' 

                                         

6
 ! :"4.'"' 4(:%60-?'&(, 9"#24;'(345 <*4/%3 HGE 3%.:#)44 Relish Games. 
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:"%4(8%<4&. F(64 36#*4A# (%%&*'&(&*?'& )#:"#*6')4=, 

:'":')<43?6,")%.? &'3?>'.?, .'),'&(, )#:"#*6')4' 9%6%*+. I# ,-+3' 

C++ 2"#9.')& 3%<#, %&*';#=>45 -# %$"#$%&3? 36#*4A, $?<'& *+96,<'&0 

(6'<?=>4. %$"#-%.. 

void SnakeCellAut::KeyPressed(int key) 
{ 
 int i, j; 
 int *head; 
 
 // E%<$(9 +"1"75 #9(<0' 
 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   if (field[i][j].state[1] != 0)  
    head = field[i][j].state; 
 
 switch (key) 
 { 
 case HGEK_RIGHT: 
  if (head[1] != 3) 
   head[1] = 1; 
  break; 
 case HGEK_UP: 
  if (head[1] != 4) 
   head[1] = 2; 
  break; 
 case HGEK_LEFT: 
  if (head[1] != 1) 
   head[1] = 3; 
  break; 
 case HGEK_DOWN: 
  if (head[1] != 2) 
   head[1] = 4; 
  break; 
 } 
  
} 

 

B%6)+5 4(8%<)+5 &'3(& :"%9"#..+ «3/'4(%» :"4*'<') * 

B"46%/')44 1. 

4.6. G0)*'#'/# - 40<@/+/ 9%4>%4)+/ 

! "#$%&' [9] "#((.%&"')# "'#64-#74, 49"+ «3/'4(%» )# %()%*' Switch-

*'5&+)+-## $'- 4(:%60-%*#)4, 36'&%;)+8 #*&%.#&%*. @'#64-?'&(, 49"# ( 

#)#6%94;)+.4, )% $%6'' :"%(&+.4 :"#*46#.4: )'& «:"4-%*+8 
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16'.')&%*», )'& «,<#», :"4 (\'<#)44 ,$6%3# <64)# -.'534 ?*'64;4*#'&(, 

)# %<4), # )' )# &"4 16'.')&#. 

B"4 1&%. (%(&%,)4' 36'&%3 :%6, )' 8"#)4&(, * *4<' .#&"47+, # -.'53# 

:"'<(&#*6,'& (%$%5 %;'"'<0 (FIFO) 4- :#" 3%%"<4)#& '' 16'.')&%*. 

Q6, ?:"#*6')4, -.'53%5 **%<4&(, A'(&0 3%)';)+8 #*&%.#&%*, # 

4(8%<)+5 &'3(& )# ,-+3' Java
7
 "#-.'>') )# 108 (&"#)47#8, (%<'"/4& 

%3%6% 3000 (&"%3 4 4.''& %$\'. %3%6% 70D$. 

O(8%<)+5 &'3(& "'#64-#744 49"+ ( 4(:%60-%*#)4'. 36'&%;)%9% 

#*&%.#&#, )# %()%*' :%<8%<#, %:4(#))%9% * <#))%5 "#$%&', )# ,-+3' C++ 

*.'(&' ( -#9%6%*%;)+.4 2#56#.4, (%<'"/4& %3%6% 550 (&"%3 4 4.''& 

%$\'. %3%6% 10D$. 

B"4 1&%. "'#64-#74, ( 4(:%60-%*#)4'. 36'&%;)%9% #*&%.#&# 

"'#64-?'& 49"? ( $%6'' (6%/)+.4 :"#*46#.4, 3%&%"+' .%9?& $'- 

(?>'(&*'))%9% ?(6%/)')4, 9"#2%* :'"'8%<%* $+&0 "#(A4"'))+.4 

(6'<?=>4. %$"#-%.: 

• :%(6' ?8%<# -.'534 ( 36'&34, 9<' $+6% ,$6%3%, )# 1&%. .'(&' 

%(&#'&(, «.?(%"» * *4<' 16'.')&# «,<» (:%&"'$%*#6% $+ 

<%$#*6')4, %<)%5 <?94 * 9"#2 :'"'8%<%* A0
); 

• )# :%6' .%/'& $+&0 *+(&"%')# :"%4-*%60)#, 3%)249?"#74, 

(&'), :"4;'. 3%)249?"#74, .%/'& .'),&0(, <4)#.4;'(34 * 

:"%7'((' 49"+ ()' &"'$?'& 4-.')')4, 9"#2%* :'"'8%<%*); 

• )# :%6' .%/'& '<4)%*"'.'))% *+(&#*6,&0(, :"%4-*%60)%' 

3%64;'(&*% ,$6%3 ()' &"'$?'& 4-.')')4, 9"#2%* :'"'8%<%*); 

                                         

7
 !+"#-4&'60)#, (46# ,-+3%* Java 4 C++ :"4.'")% %<4)#3%*+, :%1&%.? ("#*)')4' 3%64;'(&*# 

(&"%3 4 (4.*%6%* * 4(8%<)+8 &'3(&#8 :"#*%.'")%. 
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• )# :%6' .%9?& 249?"4"%*#&0 )'(3%603% «-.''3» (:%&"'$%*#6% $+ 

<%$#*6')4, '>' %<)%9% (*%5(&*# 36'&34 :%6, 4 4-.')')4, 

2?)3744 %&"4(%*34). 

]&% ("#*)')4' )' 9%*%"4& % )'(%*'"A')(&*' Switch-*'5&+)+-## 464 

:"'*%(8%<(&*' :%<8%<#, %()%*#))%9% )# :"4.')')44 36'&%;)+8 

#*&%.#&%* * %$>'. (6?;#'. ! 49"' «3/'4(%» :"'%$6#<#=& 6%3#60)+' 

*-#4.%<'5(&*4,, 4 :%1&%.? :"4.')')4' Switch-*'5&+)+-## *.'(&' ( 

36'&%;)+. #*&%.#&%. <#'& 8%"%A4' "'-?60&#&+. ! &% /' *"'.,, :"4 

"'#64-#744, )#:"4.'", 49"+ Tetris :"4.')')4' 4(36=;4&'60)% Switch-

*'5&+)+-## )#*'"),3# <#6% $+ 9%"#-<% 6?;A45 "'-?60&#&, :% :"4;4)#., 

4-6%/'))+. "#)''. 
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.2,#/2 

1. E=$+' 49"+, $#-4"?=>4'(, )# &'&"#9%)#60)%. :%6' 4 

4.'=>4' 6%3#60)+' *-#4.%<'5(&*4,, .%9?& $+&0 "'#64-%*#)+ ( 

4(:%60-%*#)4'. 36'&%;)+8 #*&%.#&%*. 

2. I'3%&%"+' 49"+ )# &'&"#9%)#60)%. :%6', * 3%&%"+8 6%3#60)+' 

*-#4.%<'5(&*4, :"'%$6#<#=&, :"4 4(:%60-%*#)44 36'&%;)+8 

#*&%.#&%* .%9?& $+&0 "'#64-%*#)+ $%6'' 122'3&4*)%, ;'. )# 

%()%*' %$\'3&)%-%"4')&4"%*#))%9% :%<8%<#. 

3. @'#64-#74, 3%.:0=&'")%5 49"+ «3/'4(%» ( 4(:%60-%*#)4'. 

36'&%;)+8 #*&%.#&%* :% ("#*)')4= ( '' "'#64-#74'5 [9] )# 

%()%*' Switch-*'5&+)+-## :"%>' (<*# 3%)';)+8 #*&%.#&# 

*.'(&% A'(&4), 3%.:#3&)'' (%$\'. 3%<# * 7 "#- .')0A') 4 

?<%$)'' <6, "#(A4"')4, ((?>'(&*'))+' ?(6%/)')4, 49"+ 

.%9?& $+&0 <%(&49)?&+ :"4 .4)4.#60)%. 4-.')')44 

*+;4(64&'60)%9% #69%"4&.#). 
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=8$#1"'9' 

1. 6%)7*+ 8.8. I%*#, 4)474#&4*# * :"%9"#..4"%*#)44 — 

«Q*4/')4' -# %&3"+&?= :"%'3&)?= <%3?.')&#74=» //L4" BD 

2003. ^ 9, (. 52—56. http://is.ifmo.ru 

2. 9+::+)# 9., ;%1-+)0$ <. L#A4)+ 36'&%;)+8 #*&%.#&%*. L.: 

L4", 1991. 

3. =+& <'4/%& >?. G'%"4, (#.%*%(:"%4-*%<,>48(, #*&%.#&%*. 

L.: L4", 1971. 

4. 6%)7*+ 8., 90((')@ <. C& &0="4)9%*# :"%9"#..4"%*#)4, 3 

#*&%.#&)%.? //L4" BD. 2002, ^ 2, (. 144—149. http://is.ifmo.ru 

5. <%0/+. A.8., 6%)7*+ 8.8. D6'&%;)+' #*&%.#&+. @'#64-#74, 4 

13(:'"4.')&+ //L4" BD. 2003. ^ 8, (. 64—71. http://is.ifmo.ru 

6. Esser J., Schrechenberg M. Microscopic simulation of urban traffic 

based on cellular automata //International Journal of Modern 

Physics, Vol. 8, No. 5 (1997) p. 1025—1036. 

7. 6%)7*+ 8.8. Switch-&'8)%6%94,. K69%"4&.4-#74, 4 

:"%9"#..4"%*#)4' -#<#; 6%94;'(3%9% ?:"#*6')4,. MB$.: I#?3#, 

1998. 

8. 6%)7*+ 8.8. G'8)%6%94, #*&%.#&)%9% :"%9"#..4"%*#)4, //L4" 

BD 2003 ^ 10, (. 74—78. http://is.ifmo.ru 

9. B%"0&(+. C.B., 6%)7*+ 8.8. M4(&'.# ?:"#*6')4, 49"%5 

«R.'53#» //http://is.ifmo.ru/projects/snake 
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:6'+#>-"'- 1. =84#/"2< $-98$ '*62 «;3-<9%» 

Prefix.h 

 
#pragma once 
 
#include <stdlib.h> 
#include <time.h> 
#include <string.h> 
 
#include <hge.h> 
#include <hgesprite.h> 
#include <hgefont.h> 
#include <hgeparticle.h> 
 
#include "Snake.h" 
#include "Cellaut.h" 
#include "Game.h" 
 
 
Game.h 

 
#include "Prefix.h" 
 
#define STEP_LENGTH 0.3 
 
class SnakeGame { 
private: 
 HGE* hge; 
 
 HTEXTURE bg; 
 hgeSprite* sprBG; 
 hgeSprite* sprBlock[6]; 
 hgeSprite* sprSnake[12]; 
 
 double t_since_last_step; 
 
 SnakeCellAut logic; 
 
 void LoadResources(); 
 
public: 
 int quitting; 
 
 SnakeGame(HGE* n_hge); 
 ~SnakeGame(); 
 
 void Step(double dt); 
 void Draw(); 
}; 
 
 
Cellaut.h 

 
#include "Cell.h" 
 
#define A_N  2 
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#define FIELD_W 20 
#define FIELD_H 20 
 
typedef SnakeCell SnakeField[FIELD_H+2][FIELD_H+2]; 
 
class SnakeCellAut { 
private: 
 void CheckStomach(); 
 void DropItem(int item); 
 
public: 
 SnakeField field; 
 SnakeField snapshot; 
 
 int state[A_N]; 
 static int default_state[A_N]; 
 
 SnakeCellAut(); 
 void Step(); 
 void P1(); 
 void P2(); 
 
 void KeyPressed(int key); 
}; 
 
 
Cell.h 

 
#define CA0_E 0 
#define CA0_S 1 
#define CA0_F 2 
#define CA0_P 3 
#define CA0_W 4 
#define CA0_B 5 
 
#define CA_N 4 
 
class SnakeCell { 
public: 
 int state[CA_N]; // [0] - A0 (type),  

// [1] - A1 (direction),  
// [2] - A2 (TTL),  
// [3] - A3 (stomach) 

 static int border_state[CA_N]; 
 static int default_state[CA_N]; 
 
 SnakeCell(); 
 void Step(const int* right, const int* up, const int* left, const 
int* down, const int* super); 
}; 
 
 
Snake.cpp 

 
#include "Prefix.h" 
 
HGE* hge = 0; 
SnakeGame* game = 0; 
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bool FrameFunc() 
{ 
 if (hge->Input_GetKeyState(HGEK_ESCAPE)) return true; 
 
 hge->Gfx_BeginScene(); 
 hge->Gfx_Clear(0); 
  
 if (game) 
  game->Draw(); 
 
 hge->Gfx_EndScene(); 
 
 // Continue execution 
 return game->quitting == 1; 
} 
 
int WINAPI WinMain(HINSTANCE, HINSTANCE, LPSTR, int) 
{ 
 time_t timev; 
 time(&timev); 
 srand(timev); 
 
 hge = hgeCreate(HGE_VERSION); 
 
 hge->System_SetState(HGE_FRAMEFUNC, FrameFunc); 
 
 hge->System_SetState(HGE_TITLE, "Cellular Automata SNAKE"); 
  
 hge->System_SetState(HGE_WINDOWED, true); 
 
 hge->System_SetState(HGE_USESOUND, false); 
 
 if(hge->System_Initiate()) 
 { 
  game = new SnakeGame(hge); 
  hge->System_Start(); 
 } 
 else 
 {  
  MessageBox(NULL, hge->System_GetErrorMessage(), "Error", MB_OK 
| MB_ICONERROR | MB_SYSTEMMODAL); 
 } 
  
 delete game; 
 
 hge->System_Shutdown(); 
 
 hge->Release(); 
 
 return 0; 
} 
 
 
Game.cpp 

 
#include "Prefix.h" 
 
void SnakeGame::LoadResources() 
{ 
 bg = hge->Texture_Load("tex.png");  
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 if (!bg) 
 { 
  quitting = 1; 
  return; 
 } 
 
 // J&'C'%1'#%C'/ 46,%<*"7 
 sprBG = new hgeSprite(bg, 0, 0, 800, 600); 
 int i; 
 for (i = 0; i < 6; i++) 
  sprBlock[i] = new hgeSprite(bg, i*40.0f, 600, 40, 40); 
 
 for (i = 0; i < 12; i++) 
  sprSnake[i] = new hgeSprite(bg, i*40.0f, 640, 40, 40); 
} 
 
SnakeGame::SnakeGame(HGE *n_hge) 
{  
 hge = n_hge;  
 LoadResources();  
 quitting = 0;  
 
 t_since_last_step = 0; 
} 
 
SnakeGame::~SnakeGame() 
{ 
 hge->Texture_Free(bg); 
  
 int i; 
 for (i = 0; i < 6; i++) 
  delete sprBlock[i]; 
 
 for (i = 0; i < 12; i++) 
  delete sprSnake[i]; 
 
} 
 
#define ABS(A) ((A)>0?(A):-(A)) 
 
// =46"9"+%*(1@&?< 9%0,"4: 6"0%#?7%(*,  
// 4"4($&'( 1' $7% C(1?8 ;'41% 
#define NEIGH(A,B) (ABS((A)-(B)) <= 1) 
 
// =46"9"+%*(1@&?< 9%0,"4: 6"0%#?7%(*,  
// &%8"$'*4/ 1' 7 01(*0( 4 #%$%&&?9 49(D(&'(9 
// "*&"4'*(1@&" $%&&"< 4"4($&// ;%4*@ #9(<0' 
#define SNAKE(I,J) ( \ 
 logic.field[i+(I)][j+(J)].state[0] == CA0_S && \ 
 NEIGH(logic.field[i][j].state[2], 
logic.field[i+(I)][j+(J)].state[2]) \ 
 ) 
 
void SnakeGame::Draw() 
{ 
 // A"15;%(9 7,(9/, 6,"2($2(( 4 6,($?$5D(+" 0%$,% 
 double dt=double(hge->Timer_GetDelta()); 
  
 // A,"'#7"$'9 2%+ 1"+';(40"< 4'4*(9? 
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 Step(dt); 
 
 // E%,'4"7%*@ )"& 
 sprBG->Render(0, 0); 
 
 // :1/ 0%.$"< 01(*0' 6"1/ "*"B,%.%(9 (( 4"4*"/&'( 
 for (int i = 1; i <= FIELD_H; i++) 
  for (int j = 1; j <= FIELD_W; j++) 
   if (logic.field[i][j].state[0] != CA0_S) 
   { 
    // F41' 01(*0% &( 654*% ' &( 4"$(,.'* #9(<05, 
    // "*"B,%.%(9 4""*7(*4*75GD'< "BH(0* 
    if (logic.field[i][j].state[0] != CA0_E) 
     sprBlock[logic.field[i][j].state[0]]-> 

Render(100+(j-1)*30.0f, (i-1)*30.0f); 
   } 
   else 
   { 
    // I*"B,%.%(9 #9(<05 
    // &5.&" 7?B,%*@, 0%0"< '9(&&" 46,%<* 41($5(* "*"B,%#'*@ 
 
    hgeSprite* spr = sprBlock[1]; // A" 59"1;%&'G 
    float delta_x = 0, delta_y = 0; 
 
    // A,"7(,/(9 74( 7"#9".&?( 0"&)'+5,%C'' 4"4($(<, 
    // ;*"B? 7?B,%*@ &5.&?< 46,%<* 
    if (SNAKE(-1,0) && SNAKE(0,-1)) 
     spr = sprSnake[0]; 
    if (SNAKE(-1,0) && SNAKE(0,1)) 
     spr = sprSnake[1]; 
    if (SNAKE(1,0) && SNAKE(0,-1)) 
     spr = sprSnake[2]; 
    if (SNAKE(1,0) && SNAKE(0,1)) 
     spr = sprSnake[3]; 
 
    if (SNAKE(-1,0) && !SNAKE(1,0) && !SNAKE(0,-1) && 
!SNAKE(0,1)) 
     spr = sprSnake[4]; 
    if (SNAKE(1,0) && !SNAKE(-1,0) && !SNAKE(0,-1) && 
!SNAKE(0,1)) 
     spr = sprSnake[5]; 
    if (SNAKE(0,-1) && !SNAKE(1,0) && !SNAKE(-1,0) && 
!SNAKE(0,1)) 
     spr = sprSnake[6]; 
    if (SNAKE(0,1) && !SNAKE(1,0) && !SNAKE(-1,0) && 
!SNAKE(0,-1)) 
     spr = sprSnake[7]; 
 
    if (SNAKE(-1,0) && SNAKE(1,0) && !SNAKE(0,-1) && 
!SNAKE(0,1)) 
     spr = sprSnake[8]; 
    if (!SNAKE(-1,0) && !SNAKE(1,0) && SNAKE(0,-1) && 
SNAKE(0,1)) 
     spr = sprSnake[9]; 
 
    // I*"B,%.%(9 7?B,%&&?< 46,%<* 
    spr->Render(100+(j-1 + delta_x)*30.0f, (i-1 + 
delta_y)*30.0f); 
 
    // F41' 7 *(05D(< 01(*0( +"1"7%,  
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    // 41($5(* &%,'4"7%*@ +1%#% #9(<0': 
    // 7(,*'0%1@&" '1' +",'#"&*%1@&" 7 #%7'4'9"4*' 
    // "* ",'(&*%C' +"1"7? 
    if (logic.field[i][j].state[1] != 0) // >*" +"1"7% 
    { 
     if (SNAKE(-1,0) || SNAKE(1,0)) 
      sprSnake[10]->Render(100+(j-1 + delta_x)*30.0f, (i-1 + 
delta_y)*30.0f); 
     else 
      sprSnake[11]->Render(100+(j-1 + delta_x)*30.0f, (i-1 + 
delta_y)*30.0f); 
    } 
   } 
} 
 
 
void SnakeGame::Step(double dt) 
{ 
 t_since_last_step += dt; 
 
 if (t_since_last_step > STEP_LENGTH) 
 { 
  t_since_last_step -= STEP_LENGTH; 
 
  logic.Step(); 
 } 
 
 int key = hge->Input_GetKey(); 
 switch (key) 
 { 
 case HGEK_LEFT: 
 case HGEK_RIGHT: 
 case HGEK_UP: 
 case HGEK_DOWN: 
  logic.KeyPressed(key); 
  break; 
 } 
} 
 
 
Cellaut.cpp 

 
#include "Prefix.h" 
 
int SnakeCellAut::default_state[A_N] = {0, 0}; 
 
SnakeCellAut::SnakeCellAut() 
{ 
 int i, j; 
  
 for (i = 0; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
  { 
   for (int k = 0; k < CA_N; k++) 
    field[i][j].state[k] = field[i][j].default_state[k]; 
  } 
 
 for (i = 0; i <= FIELD_H; i++) 
 { 
  field[i][1].state[0] = CA0_W; 
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  field[i][FIELD_W].state[0] = CA0_W; 
 } 
 for (j = 0; j <= FIELD_W; j++) 
 { 
  field[1][j].state[0] = CA0_W; 
  field[FIELD_H][j].state[0] = CA0_W; 
 } 
 
 for (int k = 0; k < A_N; k++) 
  state[k] = default_state[k]; 
 
 // Create the snake 
 field[5][5].state[0] = CA0_S; 
 field[5][5].state[1] = 1; 
 field[5][5].state[2] = 5; 
 
 DropItem(CA0_F); 
} 
 
// 3%+ 01(*";&"+" %7*"9%*% 
void SnakeCellAut::Step() 
{ 
 int i, j; 
 // !"#$%&'( ")"*"+,%)''" 
 memcpy(&snapshot, &field, sizeof(field)); 
 
 // -%.$%/ 01(*0% $(1%(* 2%+ 
 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   field[i][j].Step( 
           snapshot[i][j+1].state,  
           snapshot[i-1][j].state,  
           snapshot[i][j-1].state, 
           snapshot[i+1][j].state,  
           state); 
 
 // 3%+' 456(,7'#","7 
 
 // 3%+' %7*"9%*% A0 
 switch (state[0]) 
 { 
 case 0: 
  P1(); 
  break; 
 
 case 1: 
  // :(<4*7'( P2 
  for (i = 1; i <= FIELD_H; i++) 
   for (j = 1; j <= FIELD_W; j++) 
    field[i][j].state[0] = CA0_W; 
  break; 
 } 
 
} 
 
// :(<4*7'( P1 
void SnakeCellAut::P1() 
{ 
 // =(,"/*&"4*&%/ 54*%&"70% 6,'#"7"+" >1(9(&*% 
 if (rand()%100 == 0) // 7(,"/*&"4*&?< 6(,(8"$ 
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 {                    // 6"9(4*'*@ 6,'#"7"< >1(9(&* 
  int k, l; 
  k = rand()%FIELD_W + 1; 
  l = rand()%FIELD_H + 1; 
 
  if (field[k][l].state[0] == CA0_E) 
  { 
   field[k][l].state[0] = CA0_B; 
   field[k][l].state[2] = 20; 
  } 
 } 
 
 
 // A,"7(,0% 4"$(,.'9"+" .(15$0% 
 int i, j; 
 int *head = 0; 
 
 // !&%;%1% &%<$(9 .(15$"0 
 // ".(15$"0" -- 47"<4*7" D^3 +"1"7? #9(<0', 
 // *" (4*@ *%0"< 01(*0', 5 0"*","< (D^1 != 0),  
 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   if (field[i][j].state[1] != 0) // >*" +"1"7% 
    head = field[i][j].state;  
 // *(6(,@ head "B"#&%;%(* field[i][j], 
 // +$( i,j -- 0"",$'&%*? +"1"7? 
 
 if (!head) 
  return; 
 
 // A(,(8"$ 6" +,%)5 6(,(8"$"7 
 switch (head[3])  
 { 
 case CA0_F: 
  // :(<4*7'( P3 
  for (i = 1; i <= FIELD_H; i++) 
   for (j = 1; j <= FIELD_W; j++) 
    if (field[i][j].state[0] == CA0_S) 
     field[i][j].state[2] += 3; 
 
  state[1] += 1; 
 
  DropItem(CA0_F); 
  DropItem(CA0_P); 
   
  head[3] = CA0_E; 
  break; 
  
 case CA0_B: 
  state[1] += 10; 
  head[3] = CA0_E; 
  break; 
 
 case CA0_P:  
 case CA0_W: 
 case CA0_S: 
  state[0] = 1; 
  head[3] = CA0_E; 
  break; 
 } 
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} 
 
 
// =46"9"+%*(1@&%/ )5&0C'/: 7?B,"4'*@ &% 6"1( /B1"0" '1' /$ 
void SnakeCellAut::DropItem(int item) 
{ 
 int i = 0, j = 0; 
 
 while (!i || !j || field[i][j].state[0] != CA0_E) 
 { 
  i = rand()%FIELD_W + 1; 
  j = rand()%FIELD_H + 1; 
 } 
  
 field[i][j].state[0] = item; 
} 
 
void SnakeCellAut::KeyPressed(int key) 
{ 
 int i, j; 
 int *head; 
 
 // E%<$(9 +"1"75 #9(<0' 
 for (i = 1; i <= FIELD_H; i++) 
  for (j = 1; j <= FIELD_W; j++) 
   if (field[i][j].state[1] != 0)  
    head = field[i][j].state; 
 
 switch (key) 
 { 
 case HGEK_RIGHT: 
  if (head[1] != 3) 
   head[1] = 1; 
  break; 
 case HGEK_UP: 
  if (head[1] != 4) 
   head[1] = 2; 
  break; 
 case HGEK_LEFT: 
  if (head[1] != 1) 
   head[1] = 3; 
  break; 
 case HGEK_DOWN: 
  if (head[1] != 2) 
   head[1] = 4; 
  break; 
 } 
  
} 
 
 
Cell.cpp 

 
#include "Prefix.h" 
 
int SnakeCell::border_state[CA_N] = {CA0_W, 0, 0, CA0_E}; 
int SnakeCell::default_state[CA_N] = {CA0_E, 0, 0, CA0_E}; 
 
SnakeCell::SnakeCell() 
{ 
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 for (int i = 0; i < CA_N; i++) 
  state[i] = border_state[i]; 
} 
#define APPR_HEAD \ 
 ( \ 
 (left[0] == CA0_S && left[1] == 1)?left: \ 
 (down[0] == CA0_S && down[1] == 2)?down: \ 
 (right[0] == CA0_S && right[1] == 3)?right: \ 
 (up[0] == CA0_S && up[1] == 4)?up: \ 
 0 \ 
 ) 
 
#define SNAKE_EAT \ 
 state[1] = APPR_HEAD[1]; \ 
 state[2] = APPR_HEAD[2]; \ 
 state[3] = state[0]; \ 
 state[0] = CA0_S; 
 
 
void SnakeCell::Step(const int* right, const int* up, const int* 
left, const int* down, const int* super) 
{ 
 switch (state[0]) 
 { 
 case CA0_S: 
  // :5+% L1 
  if (state[2] > 1 && !APPR_HEAD) 
  { 
   state[1] = 0; 
   state[2] -= 1; 
  } 
 
  // :5+% L2 
  if (state[2] == 1 && !APPR_HEAD) 
  { 
   state[1] = 0; 
   state[2] = 0; 
   state[0] = CA0_E; 
  } 
 
  // :5+% L5 
  if (APPR_HEAD) 
  { 
   SNAKE_EAT 
  } 
  break; 
 
 case CA0_E: 
  // :5+% L6 
  if (APPR_HEAD) 
  { 
   SNAKE_EAT 
  } 
  break; 
 
 case CA0_B: 
  // :5+% L3 
  if (state[2] > 1 && !APPR_HEAD) 
   state[2] -= 1; 
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  // :5+% L4 
  if (state[2] <= 1) 
   state[0] = CA0_E; 
   
  // :5+% L7 
  if (APPR_HEAD && state[2] > 1) 
  { 
   SNAKE_EAT 
  } 
  break; 
 
 case CA0_F: 
 case CA0_P: 
 case CA0_W: 
  // :5+' L8, L9, L10 
  if (APPR_HEAD) 
  { 
   SNAKE_EAT 
  } 
  break; 
 } 
} 
 
 
 
 
 
 
 

 


