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ÅÕÀËÈ ÒÜÞÐÌÈÒÛ È ÒÐÈÌÓÂÜÈ
ÍÀ � ÌÀØÈÍÅ ÒÜÞÐÈÍÃÀ

Ìàòåìàòèêà è èíôîðìà-
òèêà çàìå÷àòåëüíû òåì, ÷òî âïîëíå ñåðüåç-
íûå íàó÷íûå ïîíÿòèÿ ýòèõ îáëàñòåé, áëàãî-
äàðÿ ñâîåìó àáñòðàêòíîìó ñóùåñòâó, ëåãêî
ïðåâðàùàþòñÿ â çàíèìàòåëüíûå èãðû.

Òàê ïðîèçîøëî è ñ ìàøèíîé Òüþðèí-
ãà. Ïîñëå òîãî, êàê ýòà âîîáðàæàåìàÿ êîí-
ñòðóêöèÿ, ñîçäàííàÿ åùå â äîêîìïüþòåðíóþ
ýðó, âûïîëíèëà ñâîþ èñòîðè÷åñêóþ çàäà÷ó,
ñòàâ ôîðìàëüíûì îïðåäåëåíèåì àëãîðèòìà,
ïîÿâèëîñü ìíîæåñòâî çàíèìàòåëüíûõ çàäà÷,
ñ íåþ ñâÿçàííûõ.

Íàïðèìåð, â ñòàòüå Ed Pegg Jr. «2D
Turing Machines», îïóáëèêîâàííîé â æóðíà-
ëå Ìàòåìàòè÷åñêîé Àññîöèàöèè Àìåðèêè
(June 7, 2004, http://www.maa.org/editorial/
mathgames/mathgames_06_07_04.html) ïðèâî-
äèòñÿ ïðèìåð ìàøèíû Òüþðèíãà, ñîäåðæàùåé
ïÿòü ñîñòîÿíèé è àëôàâèò èç äâóõ áóêâ, äåëà-
þùåé ïåðåä îñòàíîâêîé 47176870 øàãîâ. Ýòó
ìàøèíó â 1990 ïðèäóìàëè Ìàðêñåí è Áàí-
òðîê (Marxen & Buntrock). Äî ñèõ ïîð íå-
èçâåñòíî, ìîæíî ëè ïðèäóìàòü «äâóöâåòíóþ»
(òî åñòü ðàáîòàþùóþ íà àëôàâèòå èç 2 áóêâ)
ìàøèíó ñ ÷èñëîì ñîñòîÿíèé 5, äåëàþùóþ

áîëüøåå ÷èñëî øàãîâ. Âîò êàê âûãëÿäèò òàá-
ëèöà, îïèñûâàþùàÿ ýòó ìàøèíó (a � íà÷àëü-
íîå, h � çàêëþ÷èòåëüíîå ñîñòîÿíèå).

Íà ðèñóíêå 1 � ïåðâûå øàãè åå ðàáî-
òû. Çäåñü ñëåâà óêàçàíî ñîñòîÿíèå, à ñïðà-
âà � ïîëîæåíèå ñ÷èòûâàþùå-çàïèñûâàþùåé
ãîëîâêè.

Åñëè ïðîäîëæèòü ýòîò ïðîöåññ, çàìå-
íèâ 1 íà ÷åðíûå òî÷êè, à 0 íà áåëûå, òî
ïîñëå 1400 øàãîâ ïîëó÷èòñÿ êàðòèíêà, èçîá-
ðàæåííàÿ íà ðèñóíêå 2.

Ìàøèíû òàêîãî òèïà ïîëó÷èëè íàçâà-
íèå Çàíÿòûõ Áîáðîâ (Busy Beaver). Áîëåå
òî÷íîå îïðåäåëåíèå � ýòî ìàøèíû Òüþðèíãà
ñ n ñîñòîÿíèÿìè è äâîè÷íûì àëôàâèòîì,
êîòîðûå äî ñâîåé îñòàíîâêè ëèáî ïèøóò íà
ëåíòó ìàêñèìàëüíîå ÷èñëî åäèíèö (ïî ñðàâ-
íåíèþ ñ äðóãèìè ìàøèíàìè ñ òåì æå ÷èñ-
ëîì ñîñòîÿíèé è àëôàâèòîì), ëèáî äåëàþò
ìàêñèìàëüíîå ÷èñëî øàãîâ. Òàêèì îáðàçîì,
âûøåîïèñàííóþ ãèïîòåçó, ñâÿçàííóþ ñ ìà-
øèíîé Ìàðêñåíà è Áàíòðîêà, ìîæíî ñôîð-
ìóëèðîâàòü òàê: «îòíîñèòñÿ ëè äàííàÿ ìà-
øèíà ê êëàññó Çàíÿòûõ Áîáðîâ èëè íåò?».

Ïîñëå òîãî, êàê ðåçóëüòàò ðàáîòû ìà-
øèíû Òüþðèíãà áûë ïðåäñòàâëåí êàðòèí-
êîé, ïîÿâèëàñü èäåÿ íåìíîãî ðàñøèðèòü âîç-
ìîæíîñòè ýòîé ìàøèíû, ÷òîáû çàñòàâèòü
ãîëîâêó ïåðåìåùàòüñÿ íå âäîëü ïðÿìîëè-
íåéíîé ëåíòû, à ïî ïëîñêîñòè. Äëÿ ýòîãî
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ïëîñêîñòü ðàçáèëè íà êëåòêè, à ïåðåìåùå-
íèå ãîëîâêè äîïîëíèëè êîìàíäàìè âëåâî,
âïðàâî. Ïîëó÷èâøèåñÿ ìàøèíû ñòàëè íà-
çûâàòü òüþðìèòàìè, ñîçäàâ òåðìèí èç ñëîâ
«Òüþðèíã» è «òåðìèò». Ïåðâûì, êòî ñèñ-
òåìàòè÷åñêè ñòàë èçó÷àòü òþðìèòîâ, áûë
Êðèñòîôåð Ëýíãòîí (Christopher Langton),
è ïðîèçîøëî ýòî â 1985 ãîäó.

{{a,{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},15},
{b,{0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},14},
{c,{0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},13},
{d,{0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},12},
{a,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},13},
{c,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},14},
{e,{0,0,0,0,0,0,0,0,0,0,0,1,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},15},
{a,{0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},16},
{b,{0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},15},
{c,{0,0,0,0,0,0,0,0,0,0,0,1,1,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},14},
{d,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},13},
{d,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},14},
{d,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},15},
{d,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},16},
{d,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0},17},
{a,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0},18},
{b,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0},17},
{b,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0},16},
{b,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0},15},
{b,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0},14},
{b,{0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,1,1,0,0,0,0,0,0,0,0,0,0,0,0},13}}

Ðèñóíîê 1.

Ðèñóíîê 2.Ðèñóíîê 3.

Îäíèì èç ïåðâûõ Òüþðìèòîâ ñòàë ìó-
ðàâåé Ëýíãòîíà, êîòîðûé âåäåò ñåáÿ î÷åíü
ïðîñòî: ïîïàâ íà áåëóþ êëåòêó, êðàñèò åå
â ÷åðíûé öâåò è ñâîðà÷èâàåò âïðàâî, ïî-
ïàâ íà ÷åðíóþ, êðàñèò åå â áåëûé öâåò è
ñâîðà÷èâàåò âëåâî. Âîò ïåðâûå ðåçóëüòàòû
ïîâåäåíèÿ ìóðàâüÿ Ëýíãòîíà íà áåëîé äîñ-
êå (ðèñóíîê 3).
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Â ïðîãðàììàõ, ìîäåëèðó-
þùèõ òüþðìèòîâ, ïîñëåäíèå
îáû÷íî îïèñûâàþòñÿ òàáëèöàìè.
Ìóðàâüþ Ëýíãòîíà ñîîòâåòñòâó-
åò òàêàÿ òàáëèöà:

Çäåñü a � åäèíñòâåííîå ñî-
ñòîÿíèå, ñèìâîëû w, r � öâåòà
êëåòîê, íàïðèìåð, w (white) �
áåëûé, r (red) � êðàñíûé. Â îá-
ùåì ñëó÷àå, ê äâèæåíèÿì R,
L � âïðàâî-âëåâî (right-left), äî-
áàâëÿåòñÿ A � âïåðåä (ahead), à èíîãäà è B �
íàçàä (back).

À âîò êàêàÿ êàðòèíêà ïîëó÷àåòñÿ äàëü-
øå (ðèñóíîê 4).

Çà ñâîåîáðàçíûé âèä ýòó êàðòèíêó íà-
çâàëè «øîññå» (highway): èç ïåðâîíà÷àëü-
íîé âðîäå áû õàîòè÷íîé ñòðóêòóðû âäðóã
ïîÿâëÿåòñÿ õîðîøî ñòðóêòóðèðîâàííàÿ ïðÿ-
ìîëèíåéíàÿ êîíñòðóêöèÿ, óõîäÿùàÿ â áåñ-
êîíå÷íîñòü.

Íåáîëüøèì èçìåíåíèåì ìóðàâüÿ Ëýí-
ãòîíà ïîëó÷àåòñÿ íå î÷åíü ýôôåêòíàÿ, íî
î÷åíü ëþáîïûòíàÿ äëÿ èíôîðìàòèêè êîí-
ñòðóêöèÿ, êîòîðàÿ íàçûâàåòñÿ «áèíàðíûé
ñ÷åò÷èê».

Íà ðèñóíêå 5 ïîêàçà-
íû ïåðâûå 12 øàãîâ ýòîãî
òüþðìèòà (ñìîòðåòü íàäî
ñâåðõó âíèç, ñíà÷àëà ïåðâûé
ñòîëáåö, çà íèì � âòîðîé).
Âèäíî, ÷òî òüþðìèò äâèãàåò-
ñÿ âíóòðè ãîðèçîíòàëüíîé ïî-
ëîñû øèðèíîé â äâå êëåòêè
è ÷åðåç íåêîòîðîå âðåìÿ ïî-
âòîðÿåò øàãè, ñäåëàííûå ëå-
âåå îò ÷åðòû (îêîëî êîòîðîé
òüþðìèò íà÷àë ñâîþ ðàáîòó),
ñïðàâà îò íåå. Ìîæíî ðàñ-
ñìàòðèâàòü ñîçäàâàåìûå èì

ïîëîñêè ñïðàâà îò ÷åðòû êàê äâîè÷íûå çíà-
êè ÷èñëà. Òîãäà íà ÷åòâåðòîì øàãå îí «ñî-
çäàë» åäèíèöó, íà äâåíàäöàòîì � äâîéêó.

Ïðîñëåäèòå çà òåì, êàê îí ñîçäàñò
òðîéêó, ÷åòâåðêó. Îòêðûòèå òîãî, ÷òî ýòîò
òüþðìèò âåäåò ñ÷åò, èñïîëüçóÿ äâîè÷íóþ ñè-
ñòåìó ñ÷èñëåíèÿ, ñäåëàíî Pegg E. Jr. è îïè-
ñàíî â öèòèðîâàííîé âûøå ñòàòüå «2D
Turing Machines».

Ñðàâíèòå ïîâåäåíèå ýòîãî òüþðìèòà
ñ èçâåñòíûì àëãîðèòìîì äîáàâëåíèÿ ê äâî-
è÷íîìó ÷èñëó åäèíèöû: «äâèãàòüñÿ îò ìëàä-
øèõ ðàçðÿäîâ ÷èñëà ê ñòàðøèì, çàìåíÿÿ åäè-
íèöû íà íóëè, âïëîòü äî ïåðâîãî íóëÿ, êî-
òîðûé íàäî çàìåíèòü íà åäèíèöó è îñòàíî-
âèòüñÿ».

Ðèñóíîê 4. Ðèñóíîê 5.
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Íåñîìíåííî, ÷òî íàø
òüþðìèò äåëàåò ÷òî-òî ïîõî-
æåå, íî ïðè ýòîì ó íåãî ñî-
âñåì íåò «ïàìÿòè» � îí èìå-
åò âñåãî îäíî ñîñòîÿíèå � êî-
òîðóþ åìó çàìåíÿåò «îêðóæà-
þùàÿ ñðåäà», êîòîðóþ îí æå
è ñîçäàåò! Ïîïðîáóéòå � äëÿ
ñðàâíåíèÿ � ïîñòðîèòü îáû÷-
íóþ ìàøèíó Òüþðèíãà, äåëà-
þùóþ òî æå ñàìîå!

Ýòî îäèí èç òåõ òüþð-
ìèòîâ, êîòîðûå «íå óáåãàþò
çà ãðàíèöû ýêðàíà». Âåäü ÷òî-
áû ñäåëàòü ïîëîñêó äëèíîé
200, åìó íàäî ñäåëàòü íèêàê íå ìåíüøå, ÷åì
2100 (îêîëî 1030) øàãîâ, à íà ýòî ïîíàäî-
áèòñÿ íèêàê íå ìåíüøå òûñÿ÷è ìèëëèàðäîâ
ëåò! Ïîïðîáóéòå íàéòè òî÷íîå ÷èñëî øà-
ãîâ, çà êîòîðîå áóäåò ïîñòðîåíà ïîëîñêà äëè-
íû 20.

Íåñêîëüêî ëåò íàçàä Óíèâåðñèòåò ãî-
ðîäà Ïåðåñëàâëÿ ïðîâåë êîí-
êóðñ íà ëó÷øåãî òüþðìèòà
(http://up.botik.ru/~inform/
thurmits/welcome.koi8.html).
Êîíêóðñ áûë â äâóõ íîìè-
íàöèÿõ: â îäíîé îöåíèâàëàñü
ñòàòè÷åñêàÿ êàðòèíêà, êîòî-
ðóþ ðèñóåò òüþðìèò, â äðó-
ãîì � äèíàìè÷åñêàÿ. Îðãàíè-
çàòîðû è ïîáåäèòåëè ýòîãî
êîíêóðñà íàïèñàëè âïîñëåä-
ñòâèè íåñêîëüêî ïîïóëÿðíûõ
ñòàòåé î òüþðìèòàõ, êîòîðûå
ìîæíî íàéòè â ñåòè Èíòåð-

íåò (íàïðèìåð, Îëåã Âîðîíèí,
À.Ê.Äüþäíè «Òüþðìèòû � äâó-
ìåðíûå ìàøèíû Òüþðèíãà»,
h t t p : / / o c o . n ewma i l . r u /
a_turmite.htm; Êîíñòàíòèí
Êíîï «Òüþðìèòû», «Êîìïüþ-
òåððà» ¹ 18 îò 11 ìàÿ 1998
ãîäà, Î. Âîðîíèíûì íàïèñà-
íà è ñâîáîäíî ðàñïðîñòðàíÿ-
åìàÿ óäîáíàÿ ïðîãðàììà äëÿ
ìîäåëèðîâàíèÿ ðàáîòû òüþð-
ìèòîâ). Ëþáîïûòíî, ÷òî â
ïåðâîé èç ýòèõ ñòàòåé ãîâî-
ðèëîñü, ÷òî «ìîæíî ïîéòè
åùå äàëüøå è äîáàâèòü òðå-

òüå èçìåðåíèå, ÷òîáû òüþðìèò ïåðåìåùàëñÿ
â ïðîñòðàíñòâå, íî ýòî óæå äëÿ ìàíüÿêîâ».
Òåì íå ìåíåå, òðåõìåðíûå òåðìèòû (Vants
èëè 3D-Ants èëè Ants Ants Ants) ïîÿâèëèñü.
Ìû áóäåì íàçûâàòü èõ òðèìóâüÿìè. Äëÿ èõ
ñîçäàíèÿ ïðåäëîæåíû ïðîãðàììû. Âîò íå-
ñêîëüêî êàðòèíîê «ñëåäîâ» òðèìóâüåâ ñ ñàé-

òà Õåéêî Õàìàííà (Heiko
Hamann) èç Øòóäãàðòñêî-
ãî óíèâåðñèòåòà (http://
w3studi.informatik.uni-
stuttgart.de/~hamannho/
index.html), êîòîðûé ïðåä-
ëàãàåò òåì, êòî ðàáîòàåò â
ñðåäå Linux, íåáîëüøóþ
ïðîãðàììó äëÿ ïîñòðîåíèÿ
òðåõìåðíûõ êàðòèíîê
«ñëåäîâ» òðèìóâüåâ.

Íà ðèñóíêå 6 ïðåä-
ñòàâëåíû íåêîòîðûå èç
íèõ.

Ðèñóíîê 6.
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Ðèñóíîê 7.

Äëÿ òåõ, êòî óìååò ðàññìàòðèâàòü ñòå-
ðåîêàðòèíêè (ñìîòðèòå ñêâîçü êàðòèíêó â
«áåñêîíå÷íîñòü», ïîêà íå äîñòèãíåòå ýô-
ôåêòà îáúåìíîñòè è íå óâèäèòå íà êàðòèí-
êå òðèìóâüÿ), ïðèâîäèì îäíó èç êàðòèíîê
èç êîëëåêöèè Õ. Õàìàííà (ðèñóíîê 7).

Â çàêëþ÷åíèå ñîâåòóåì ÷èòàòåëÿì
îáÿçàòåëüíî ïîýêñïåðèìåíòèðîâàòü ñ ïðî-

ãðàììàìè, ìîäåëèðóþùèìè ìàøèíó Òüþðèí-
ãà, òüþðìèòîâ è òðèìóâüåâ. Äëÿ òåõ, êòî õî-
÷åò óçíàòü áîëüøå î êîíñòðóêöèÿõ òàêîãî
ðîäà, ñîâåòóåì ïîñåòèòü ñàéò MarthWorld
(Ìàòåìàòè÷åñêèé Ìèð) ôèðìû Wolfram
Research (http://mathworld.wolfram.com/
Turmite.html).


