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The two possible realizations of the quantum neuron are 
onsidered. It is

shown that the most simplest realization of the quantum neuron 
omplies

with 
lassi
al neuron. Will built quantum neuron allowing realize all logi
al

operations.

Êàê èçâåñòíî, îáó÷åíèå �îðìàëüíîãî íåéðîíà ñ öåëüþ ðåàëèçàöèè ëîãè÷å-

ñêèõ îïåðàöèé ñòàëêèâàåòñÿ ñ ðÿäîì òðóäíîñòåé [1℄. Ýòè ïðîáëåìû ñâÿçàíû

ïðåæäå âñåãî ñ çàäà÷åé îòäåëåíèÿ. Íåêîòîðûå àëãîðèòìû íå óäàåòñÿ ðåàëèçî-

âàòü íà îòäåëüíî âçÿòîì íåéðîíå, íàïðèìåð ëîãè÷åñêóþ ñõåìó ¾èñêëþ÷àþùåå

èëè¿.

�ÿä ïðîáëåì ñíèìàåòñÿ, åñëè ðåàëèçîâàòü íåéðîí êàê êâàíòîâóþ ñèñòåìó.

Êàê âñÿêèé êâàíòîâûé îáúåêò, íåéðîí íàõîäèòñÿ â íåîïðåäåëåííîì ñîñòîÿíèè

äî ïðîöåññà èçìåðåíèÿ. Â êà÷åñòâå òàêîãî ïðîöåññà âîçáóæäåíèÿ, ïåðåâîäÿùåãî

íåéðîí â îïðåäåëåííîå ñîñòîÿíèå, ìîæíî ðàññìàòðèâàòü íàëè÷èå âõîäíîãî ñèã-

íàëà íà ñèíàïñàõ íåéðîíà. Ïåðåõîä â êîíêðåòíîå ñîñòîÿíèå ïðèâîäèò ê ïîÿâ-

ëåíèþ îïðåäåëåííîãî ñèãíàëà íà âûõîäå íåéðîíà. Äî ïîäà÷è âõîäíîãî ñèãíàëà

ìîæåò áûòü îïðåäåëåíà ëèøü âåðîÿòíîñòü íàõîæäåíèÿ íåéðîíà â íåêîòîðîì

ñîñòîÿíèè.

�àññìîòðèì äâå âîçìîæíûå ðåàëèçàöèè êâàíòîâîãî íåéðîíà. Ïóñòü ñîñòîÿ-

íèå íåâîçáóæäåííîãî íåéðîíà îïèñûâàåòñÿ �óíêöèåé ñîñòîÿíèÿ:
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Ïóñòü x

i

� ñèãíàë, ïîäàâàåìûé íà i-é ñèíàïñ. Âõîäíîé ñèãíàë ìû ìîæåì

ðàññìàòðèâàòü êàê ñîñòîÿíèå ñ �óíêöèåé ñîñòîÿíèÿ:
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Òîãäà âîçáóæäåíèå íåéðîíà áóäåò îïðåäåëÿòüñÿ ïðîåêöèåé �óíêöèè ñîñòîÿíèÿ

íåéðîíà íà ñîñòîÿíèå âõîäíîãî ñèãíàëà:
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Â ñèëó îðòîíîðìèðîâàííîñòè �óíêöèé ïîëó÷àåì
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Ïóñòü y � âûõîäíîé ñèãíàë, ïðèíèìàþùèé çíà÷åíèå íóëü, åñëè íåéðîí â íåâîç-

áóæäåííîì ñîñòîÿíèè, è åäèíèöà, åñëè â âîçáóæäåííîì. Â êà÷åñòâå ñèíàïòè÷å-

ñêîé �óíêöèè îòêëèêà âûáåðåì ñòóïåí÷àòóþ �-�óíêöèþ:
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Ïîäñòàíîâêà (5) â (7) äàåò:
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Äàííàÿ ìîäåëü ñîâïàäàåò ñ êëàññè÷åñêèì íåéðîíîì, â êîòîðîì ïðîèñõîäèò ëè-

íåéíîå ñóììèðîâàíèå âõîäíûõ ñèãíàëîâ ñ âåñàìè. Çàäà÷à îáó÷åíèÿ òàêîãî íåé-

ðîíà ñâîäèòñÿ ê íàõîæäåíèþ âåñîâûõ êîý��èöèåíòîâ 
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. Îäíàêî ñóùåñòâóåò ðÿä çàäà÷, íåðàçðåøèìûõ â ðàìêàõ òàêîãî íåéðîíà è

òðåáóþùèõ ïîñòðîåíèÿ ïåðñåïòðîíîâ.

Äðóãîé âîçìîæíîé ðåàëèçàöèåé êâàíòîâîãî íåéðîíà ÿâëÿåòñÿ ðàññìîòðåíèå

çíà÷åíèé âõîäíîãî ñèãíàëà êàê êâàíòîâûõ ÷èñåë âõîäíîãî ñîñòîÿíèÿ, íà êîòî-

ðîå ïðîåêòèðóåòñÿ íåéðîí. Ýòî ïðèâîäèò ê îãðàíè÷åíèþ âîçìîæíûõ çíà÷åíèé

âõîäíîãî ñèãíàëà ðàöèîíàëüíûì ìíîæåñòâîì ÷èñåë.

Íåéðîí îïèñûâàåòñÿ âîëíîâîé �óíêöèåé:
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Âõîäíîìó ñèãíàëó áóäåì ñîïîñòàâëÿòü �óíêöèþ ñîñòîÿíèÿ:

� = 	(n1; :::; nk): (10)

Ñîîòâåòñòâåííî âûõîäíîé ñèãíàë �îðìèðóåòñÿ ñ ïîìîùüþ �óíêöèè îòêëèêà:
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Îáó÷åíèå òàêîãî íåéðîíà òàêæå ñâîäèòñÿ ê âûáîðó çíà÷åíèé êîý��èöèåíòîâ




n1;:::;nk

è ïîðîãà âîçáóæäåíèÿ u

0

.

�àññìîòðèì ðåàëèçàöèþ ëîãè÷åñêîé îïåðàöèè ¾èñêëþ÷àþùåå ÈËÈ¿, íåâîç-

ìîæíóþ â ðàìêàõ êëàññè÷åñêîãî íåéðîíà. Ïóñòü íåéðîí èìååò äâà ñèíàïòè÷å-

ñêèõ âõîäà, òî åñòü âõîäíîé âåêòîð X = (x

1

; x
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= 0; 1. Ïîòðåáóåì, ÷òîáû

âûõîäíîé ñèãíàë áûë íóëåâûì (y = 0), åñëè X = (0; 0) èëè X = (1; 1), è åäè-

íè÷íûì (y = 1), åñëè X = (1; 0) èëè X = (0; 1).

Â êà÷åñòâå îðòîíîðìèðîâàííîãî áàçèñà âûáåðåì ñîáñòâåííûå �óíêöèè ñèñ-

òåìû äâóõ ÷àñòèö ñî ñïèíîì 1=2 êàæäàÿ. Ïðîåêöèÿ ñïèíà êàæäîé ÷àñòèöû

ìîæåò ïðèíèìàòü çíà÷åíèÿ +1=2 è �1=2. Ôóíêöèÿ ñîñòîÿíèÿ íåéðîíà ñ ó÷åòîì

ïðèíöèïà íåðàçëè÷èìîñòè ÷àñòèö ìîæåò áûòü çàïèñàíà â âèäå:
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Âûõîäíîé ñèãíàë áóäåì �îðìèðîâàòü ñ ïîìîùüþ âñå òîé æå ñòóïåí÷àòîé �óíê-
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y = �(h�j	i � 1=2): (14)
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ïîëó÷àåì íåéðîí ñ èñêîìûìè ñâîéñòâàìè.

Òàêèì îáðàçîì, êâàíòîâûé íåéðîí ïåðâîãî òèïà ýêâèâàëåíòåí êëàññè÷åñêî-

ìó íåéðîíó. Êâàíòîâûé æå íåéðîí âòîðîãî òèïà ïîçâîëÿåò ðåàëèçîâàòü âñå ýëå-

ìåíòàðíûå ëîãè÷åñêèå �óíêöèè.
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