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1 Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ

2 Ðåãèñòðû
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ÊÊ ñåãîäíÿ

Ðóêîâîäèòåëü ïðîåêòíîãî îôèñà ïî êâàíòîâûì òåõíîëîãèÿì

ãîñêîðïîðàöèè "Ðîñàòîì"è ãëàâà íåäàâíî ñîçäàííîé â Ðîññèè

Íàöèîíàëüíîé êâàíòîâîé ëàáîðàòîðèè Ðóñëàí Þíóñîâ:

Â Ðîññèè åñòü ïðîãðàììà, íà êîòîðóþ âûäåëåíî 24 ìèë-

ëèàðäà ðóáëåé. ×åðåç òðè ãîäà ìû äîëæíû ñîçäàòü 100-

êóáèòíûé ïðîòîòèï êâàíòîâîãî êîìïüþòåðà, à òàêæå

ðàçðàáîòàòü ñîôò è àëãîðèòìû. Çàäà÷à, êîíå÷íî, ãðàí-

äèîçíàÿ. Íî âûïîëíèìàÿ. Êàê ñîçäàòü 100-êóáèòíûé

ïðîòîòèï êâàíòîâîãî êîìïüþòåðà ê 2024 ãîäó � ìû ïî-

íèìàåì. À âîò êàê âûéòè â ëèäåðû â ýòîé îáëàñòè �

ïîêà íåò.
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ÊÊ ñåãîäíÿ

Êèòàé ñåé÷àñ ñîáèðàåòñÿ ïîòðàòèòü íà î÷åðåäíîé êâàíòîâûé

öåíòð 11 ìèëëèàðäîâ äîëëàðîâ.

IBM ïðåäîñòàâèëà âñåì îíëàéí ñâîé 53-êóáèòîâûé KK IBM

Quantum Experience.

ÌÃÓ îáúÿâèë î ñîçäàíèè àíàëîãè÷íîé îáëà÷íîé ïëàòôîðìû

ïîä ñâîé ÊÊ.

Êàê âèäèì, âåäóùèå ñòðàíû ñòðåìÿòñÿ ñîçäàòü êâàíòîâûé

êîìïüþòåð, íà êîòîðîì áóäóò âåñòèñü êâàíòîâûå âû÷èñëåíèÿ.

Òàê ÷òî òàêîå êâàíòîâûé êîìïüþòåð è êâàíòîâûå

âû÷èñëåíèÿ?
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Àðõèòåêòóðà ÊÊ

Êâàíòîâûé êîìïüþòåð èìååò àðõèòåêòóðó, àíàëîãè÷íóþ

êëàññè÷åñêîìó êîìïüþòåðó. Îí ñîñòîèò èç:

� ðåãèñòðîâ ïàìÿòè,

� ïðîöåññîðà, ïîñòðîåííîãî èç ëîãè÷åñêèõ ýëåìåíòîâ è

ïðîèçâîäÿùåãî âû÷èñëåíèÿ,

� óñòðîéñòâà ââîäà èíôîðìàöèè,

� óñòðîéñòâà âûâîäà ïîëó÷åííîé â õîäå âû÷èñëåíèé

èíôîðìàöèè.
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Ðåãèñòðû

Ïàìÿòü êîìïüþòåðà ðàçáèòà íà ðåãèñòðû. Ðåãèñòðû ñîñòîÿò

èç íåêîòîðîãî êîëè÷åñòâà ðàçðÿäîâ. Ðåãèñòð èç m ðàçðÿäîâ

èçîáðàçèì êàê

...

(êâàäðàòèê èçîáðàæàåò ðàçðÿä)

Êëàññè÷åñêèé ðàçðÿä tu õðàíèò åäèíèöó èíôîðìàöèè � áèò

èíôîðìàöèè � 0 èëè 1.

Çàïèøåì ðàçðÿä â ñèìâîëè÷åñêîì âèäå

|nk〉, nk = 0, 1.

Òîãäà êëàññè÷åñêèé ðåãèñòð ìîæíî ïðåäñòàâèòü êàê

|nm−1nm−2...n0〉. (1)

Äëÿ òåõíè÷åñêîé ðåàëèçàöèè áèòà èñïîëüçóþòñÿ ðàçíûå

ôèçè÷åñêèå óñòðîéñòâà. À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß
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Êëàññè÷åñêèé ðåãèñòð

Ñîñòîÿíèå êëàññè÷åñêîãî ðåãèñòðà â ìîìåíò

âðåìåíè t

Ðàçðÿä êëàññè÷åñêîãî ðåãèñòðà íàõîäèòñÿ òîëüêî â îä-

íîì èç äâóõ âîçìîæíûõ ñîñòîÿíèé � |0〉 èëè |1〉.
Ïîýòîìó ñîñòîÿíèå ðåãèñòðà � ýòî

|nm−1nm−2...n0〉.

Íàïðèìåð, ñîñòîÿíèå

| 01001011100011...︸ ︷︷ ︸
m

〉
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Êóáèò è êâàíòîâûé ðåãèñòð

Êâàíòîâûé ðàçðÿä tu õðàíèò åäèíèöó èíôîðìàöèè �

êâàíòîâûé áèò, èëè êóáèò, èíôîðìàöèè � 0 èëè 1.
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|nk〉, nk = 0, 1.

È ïîýòîìó êâàíòîâûé ðåãèñòð ïðåäñòàâëÿåòñÿ â âèäå

|nm−1nm−2...n0〉. (2)

Äëÿ òåõíè÷åñêîé ðåàëèçàöèè êóáèòà ïðåäëàãàþòñÿ ðàçíûå

ôèçè÷åñêèå óñòðîéñòâà, îñíîâîé êîòîðûõ ÿâëÿåòñÿ ëþáàÿ

äâóõóðîâíåâàÿ (êâàíòîâîìåõàíè÷åñêàÿ) ñèñòåìà (ñïèí, ôîòîí,

àòîì, ìîëåêóëà, èîí).
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Ñîñòîÿíèå êâàíòîâîãî ðåãèñòðà â ìîìåíò âðåìåíè t

Ðàçðÿä êâàíòîâîãî ðåãèñòðà íàõîäèòñÿ â ñîñòîÿíèè

α|0〉+ β|1〉, α, β ∈ C .

Ïîýòîìó ñîñòîÿíèå êâàíòîâîãî m-ðàçðÿäíîãî ðåãèñòðà �

ýòî êîãåðåíòíàÿ ñóïåðïîçèöèÿ âñåõ áàçèñíûõ ñîñòîÿíèé:

|ψ(t)〉 ≡
1∑

nm−1=0

1∑
nm−2=0

...

1∑
n0=0

cnm−1nm−2...n0 |nm−1nm−2...n0〉,

cnm−1nm−2...n0 ∈ C .

×èñëà |cnm−1nm−2...n0 |2 èíòåðïðåòèðóþòñÿ êàê âåðîÿòíîñòü

ïðåáûâàíèÿ ðåãèñòðà â ñîñòîÿíèè |nm−1nm−2...n0〉.
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Êâàíòîâîå ñîñòîÿíèå

Íàïðèìåð, âîçìîæíî ñëåäóþùåå ñîñòîÿíèå ÊÊ

|ψ(t)〉 ≡ c1| 01001011100011...︸ ︷︷ ︸
m

〉+

+ c2| 11001011100011...︸ ︷︷ ︸
m

〉+ ...

Èíà÷å ãîâîðÿ, ÊÊ â ìîìåíò t íàõîäèòñÿ ñðàçó âî âñåõ

âîçìîæíûõ êëàññè÷åñêèõ ñîñòîÿíèÿõ êëàññè÷åñêîãî ðåãèñòðà.
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Êâàíòîâîå ñîñòîÿíèå

Êîììåíòàðèé. Ñîñòîÿíèå 1-ðàçðÿäíîãî ðåãèñòðà êâàíòîâîãî

êîìïüþòåðà â ìîìåíò âðåìåíè t ïîäîáíî îäíîâðåìåííîìó
ïðåáûâàíèþ êîòà â æèâîì è ì�åðòâîì ñîñòîÿíèè:

Èíà÷å ãîâîðÿ, â êâàíòîâîì ìèðå àëüòåðíàòèâû ìîãóò

ñóùåñòâîâàòü îäíîâðåìåííî.

Âïðî÷åì, ìîæíî ïðåäïîëîæèòü, ÷òî êâàíòîâûé êîìïüþòåð

íàõîäèòñÿ ñðàçó âî ìíîæåñòâå ïàðàëëåëüíûõ âñåëåííûõ. Â

ñëó÷àå êîòà � â îäíîé âñåëåííîé êîò æèâ, à â äðóãîé � ì�åðòâ.

Íàáëþäàòåëü âèäèò òîëüêî òîãî êîòà, â êàêîé âñåëåííîé æèâåò

ñàì; ïàðàëëåëüíûé, äðóãîé ìèð îí íå âèäèò. Òàêîé ïîäõîä

íàçûâàåòñÿ ýâåðåòòîâñêîé èíòåðïðåòàöèåé êâàíòîâîé ìåõàíèêè.

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Êâàíòîâîå ñîñòîÿíèå

Êîììåíòàðèé. Ñîñòîÿíèå 1-ðàçðÿäíîãî ðåãèñòðà êâàíòîâîãî

êîìïüþòåðà â ìîìåíò âðåìåíè t ïîäîáíî îäíîâðåìåííîìó
ïðåáûâàíèþ êîòà â æèâîì è ì�åðòâîì ñîñòîÿíèè:

Èíà÷å ãîâîðÿ, â êâàíòîâîì ìèðå àëüòåðíàòèâû ìîãóò

ñóùåñòâîâàòü îäíîâðåìåííî.

Âïðî÷åì, ìîæíî ïðåäïîëîæèòü, ÷òî êâàíòîâûé êîìïüþòåð

íàõîäèòñÿ ñðàçó âî ìíîæåñòâå ïàðàëëåëüíûõ âñåëåííûõ. Â

ñëó÷àå êîòà � â îäíîé âñåëåííîé êîò æèâ, à â äðóãîé � ì�åðòâ.

Íàáëþäàòåëü âèäèò òîëüêî òîãî êîòà, â êàêîé âñåëåííîé æèâåò

ñàì; ïàðàëëåëüíûé, äðóãîé ìèð îí íå âèäèò. Òàêîé ïîäõîä

íàçûâàåòñÿ ýâåðåòòîâñêîé èíòåðïðåòàöèåé êâàíòîâîé ìåõàíèêè.

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Êëàññè÷åñêèé ïðîöåññîð

Ïðîöåññîð êëàññè÷åñêîãî êîìïüþòåðà ñîñòîèò èç ñõåì,

ñîáðàííûõ èç ëîãè÷åñêèõ ýëåìåíòîâ.

Ëîãè÷åñêèå ýëåìåíòû � ýòî òåõíè÷åñêèå óñòðîéñòâà,

ðåàëèçóþùèå íåêîòîðûå ëîãè÷åñêèå îïåðàöèè êëàññè÷åñêîé

ëîãèêè.

Ïðîöåññîð ïðåîáðàçóåò, ìåíÿåò ñîäåðæàíèå ðàçðÿäîâ

ðåãèñòðà ïîñðåäñòâîì êàæäîãî, âõîäÿùåãî â íåãî ëî-

ãè÷åñêîãî ýëåìåíòà U:

U : |nm−1nm−2...n0〉 → |n′m−1n′m−2...n′0〉. (3)

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Êâàíòîâûé ïðîöåññîð

Êâàíòîâûé ïðîöåññîð òàêæå ñîñòîèò èç ëîãè÷åñêèõ

ýëåìåíòîâ, íàçûâàåìûõ ãåéòàìè.

Â òåîðèè êâàíòîâîãî êîìïüþòåðà ñóùåñòâóåò áåñêîíå÷íîå

êîëè÷åñòâî ëîãè÷åñêèõ ýëåìåíòîâ. Îäíàêî äîêàçàíî, ÷òî

êâàíòîâûé êîìïüþòåð ìîæåò áûòü ïîñòðîåí âñåãî èç äâóõ

ëîãè÷åñêèõ ýëåìåíòîâ: îäíîêóáèòîâîãî Q̂(θ, ϕ) è 2-êóáèòîâîãî

¾ĈNOT¿ (óïðàâëÿåìîå ÍÅ).

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Êâàíòîâûé ïðîöåññîð

Êâàíòîâûé ïðîöåññîð ïðåîáðàçóåò, ìåíÿåò ñîäåðæàíèå

ðàçðÿäîâ êâàíòîâîãî ðåãèñòðà ïîñðåäñòâîì êàæäîãî âõîäÿùåãî

â íåãî ëîãè÷åñêîãî ýëåìåíòà (ãåéòà) Û:

Û :
1∑

nm−1=0

1∑
nm−2=0

...

1∑
n0=0

cnm−1nm−2...n0 |nm−1nm−2...n0〉 →

→
1∑

nm−1=0

1∑
nm−2=0

...

1∑
n0=0

cnm−1nm−2...n0 |n′m−1n′m−2...n′0〉. (4)

Êàê âèäíî èç ôîðìóëû (4), â îäèí øàã èçìåíåíû ñðàçó âñå

2m çíà÷åíèé áàçèñíûõ ñîñòîÿíèé. Ýòî ýôôåêò

ïàðàëëåëèçìà â ðàáîòå êâàíòîâîãî êîìïüþòåðà, íå èìåþùèé

ìåñòà äëÿ êëàññè÷åñêèõ êîìïüþòåðîâ. Äëÿ òàêîé

ïðîèçâîäèòåëüíîñòè çà îäèí øàã ïîòðåáîâàëîñü áû 2m

êëàññè÷åñêèõ ïðîöåññîðîâ. Åñëè m = 16, òî 216 = 65536!
À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Êâàíòîâàÿ ñöåïëåííîñòü (çàïóòàííîñòü)

Ñîñòîÿíèå

1∑
nm−1=0

1∑
nm−2=0

...

1∑
n0=0

cnm−1nm−2...n0 |nm−1nm−2...n0〉 (5)

êâàíòîâîãî ðåãèñòðà íàçûâàåòñÿ ñöåïëåííûì, åñëè îíî íå

ìîæåò áûòü ïðåäñòàâëåíî â âèäå

|x1〉...|xm〉, (6)

ãäå |xj〉 = αj |0〉+ βj |1〉 (j = 1, ...,m).
Åñëè ñîñòîÿíèå ðåãèñòðà (5) íå ÿâëÿåòñÿ ñöåïëåííûì, òî ýòî

îçíà÷àåò ôàêòè÷åñêîå íàëè÷èå â ðàñïîðÿæåíèè äëÿ

âû÷èñëåíèé êëàññè÷åñêîãî ðåãèñòðà âèäà (6). Îòñóòñòâóþò

äðóãèå, ïàðàëëåëüíûå áàçîâûå ñîñòîÿíèÿ è, ñëåäîâàòåëüíî,

îòñóòñòâóåò ýôôåêò êâàíòîâîãî ïàðàëëåëèçìà, ñóùåñòâåííî

óñêîðÿþùåãî ðàáîòó êîìïüþòåðà.
À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Ïðèìåð ñöåïëåííîñòè

Çàïèøåì ñöåïëåííîå ñîñòîÿíèå îáúåêòà ¾áðàê¿ ôîðìóëàìè.

Íàäî âñåãî ëèøü ó÷åñòü àëüòåðíàòèâó â ñëó÷àå ãèáåëè ìóæà:

Áðàê = |æèâ〉ì|çàìóæíÿÿ〉æ + |ì�åðòâ〉ì|âäîâà〉æ,

ãäå áóêâû ¾ì¿ è ¾æ¿ ìåòÿò ñîñòîÿíèÿ ìóæ÷èíû è æåíùèíû

ñîîòâåòñòâåííî.

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Âû÷èñëåíèå

ÊÊ � ýòî ôèçè÷åñêîå óñòðîéñòâî, ñîäåðæàùåå äîñòàòî÷íî

áîëüøîå ÷èñëî N > 100 êóáèòîâ.

Ïîäãîòîâêà ê ïî âû÷èñëåíèþ ñîñòîèò èç øàãîâ:

Âõîäíîé ðåãèñòð ïðèâîäèòñÿ â èñõîäíîå îñíîâíîå áàçèñíîå

ñîñòîÿíèå

| 00...0︸ ︷︷ ︸
m

〉.

Îáåñïå÷èâàêòñÿ áîëüøîå âðåìÿ äåêîãåðåíöèè (íå ìåíåå

÷åì 104 ðàçà áîëüøå âðåìåíè âûïîëíåíèÿ îñíîâíûõ

êâàíòîâûõ îïåðàöèé (âðåìÿ òàêòà)).

Äåêîãåðåíöèÿ � ýòî âçàèìîäåéñòâèå ñèñòåìû êóáèòîâ ñ

îêðóæàþùåé ñðåäîé. Îíà ïðèâîäèò ê ðàçðóøåíèþ ñó-

ïåðïîçèöèé êâàíòîâûõ ñîñòîÿíèé è äåëàåò íåâîçìîæ-

íûì âûïîëíåíèå êâàíòîâûõ àëãîðèòìîâ.

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Îáåñïå÷èâàåòñÿ âîçìîæíîñòü èçìåðåíèÿ ñîñòîÿíèÿ

êâàíòîâîé ñèñòåìû íà âûõîäå, ò. å. ïðè âûâîäå ðåçóëüòàòà.

Îáåñïå÷èâàåòñÿ ñöåïëåííîñòü íà÷àëüíûõ äàííûõ,

ïðåäñòàâëÿþùèõ êâàíòîâóþ ñóïåðïîçèöè.

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Ââîä íà÷àëüíûõ äàííûõ

Ñ ïîìîùüþ ïîñëåäîâàòåëüíîãî ïðèìåíåíèÿ ê ñîñòîÿíèþ

| 00...0︸ ︷︷ ︸
m

〉 ãåéòîâ

Û(1), Û(2), ..., Û(m), Û(k) = Î ⊗ ...⊗ Î ⊗ Û1︸︷︷︸
k

⊗ Î ⊗ ...⊗ Î ,

ãäå Û(k) äåéñòâóåò òîëüêî íà k-é êóáèò ïîñðåäñòâîì ãåéòà Û1,

ïðåîáðàçóþùåãî îäíîêóáèòîâîå ñîñòîÿíèå, êâàíòîâûé ðåãèñòð

ïðèâîäèòñÿ â m-êóáèòîâîå ñîñòîÿíèå, ÿâëÿþùååñÿ êîãåðåíòíîé

ñóïåðïîçèöèåé âñåõ áàçèñíûõ ñîñòîÿíèé:

Û(m)Û(m−1)...Û(1) : | 00...0︸ ︷︷ ︸
m

〉 → Û(m)Û(m−1)...Û(1)| 00...0︸ ︷︷ ︸
m

〉 =

≡
1∑

nm−1=0

1∑
nm−2=0

...

1∑
n0=0

cnm−1nm−2...n0 |nm−1nm−2...n0〉,
2m−1∑
n=0

|cn|2 = 1

(7)À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Âû÷èñëåíèå

Âû÷èñëåíèå � ýòî ïðåîáðàçîâàíèå ÛF íà÷àëüíîãî ñîñòîÿíèÿ:

ÛF

(
2m−1∑
n=0

cn|n〉

)
=

2m−1∑
n=0

cnÛF |n〉 =
2m−1∑
n=0

cn|F (n)〉, (7)

|n〉 = |nm−1...n0〉,

n = (nm−1...n0)2 =
m∑

k=1

nm−k2
m−k � |nm−1...n0〉.

Êîíêðåòíàÿ ðåàëèçàöèÿ ïðåîáðàçîâàíèÿ ÛF ïðåäñòàâëÿåò ñîáîé

çàïðîãðàììèðîâàííûé êâàíòîâûé àëãîðèòì âû÷èñëåíèÿ

çíà÷åíèé ôóíêöèè F .

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Âûâîä ðåçóëüòàòà

Âûâîä ðåçóëüòàòà â êâàíòîâîì êîìïüþòåðèíãå � ýòî

èçìåðåíèå êâàíòîâîãî ñîñòîÿíèÿ (7):

2m−1∑
n=0

cn|F (n)〉 → |F (n)〉.

Â ñèëó ïðèíöèïà êâàíòîâîé ìåõàíèêè âìåøàòåëüñòâî

èçìåðÿþùåãî óñòðîéñòâà (óñòðîéñòâî âûâîäà äàííûõ) îçíà÷àåò

äåêîãåðåíöèþ, ò.å. ðàçðóøåíèå êîãåðåíòíîãî ñîñòîÿíèÿ (7). Ìû

ïîëó÷àåì çíà÷åíèå F (n) ëèøü ñ âåðîÿòíîñòüþ |cn|2.

Ïîëó÷àåìûé íà âûõîäå ðåçóëüòàò âû÷èñëåíèé âñëåäñòâèå

äåêîãåðåíöèè, êàê âèäèì, íîñèò âåðîÿòíîñòíûé õàðàêòåð! Èíà÷å

ãîâîðÿ, òî, ÷òî ïîëó÷åíî íà âûõîäå � ñîñòîÿíèå (ðåãèñòðà)

|F (n)〉, âåðíî ëèøü ñ íåêîòîðîé âåðîÿòíîñòüþ |cn|2.
À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß



Êâàíòîâûé êîìïüþòåð (ÊÊ). Ñåãîäíÿ
Ðåãèñòðû
Ïðîöåññîð

Âû÷èñëåíèå íà êâàíòîâîì êîìïüþòåðå

Ñïàñèáî çà âíèìàíèå!

À.Ê. Ãóö ÊÂÀÍÒÎÂÛÅ ÂÛ×ÈÑËÅÍÈß
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