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Îáùàÿ õàðàêòåðèñòèêà ðàáîòûÀêòóàëüíîñòü òåìû.Â äèññåðòàöèè èññëåäóþòñÿ ïðîáëåìû èíæåíåðèè ðàçëè÷íûõ êâàíòîâûõñîñòîÿíèé â íåëèíåéíûõ ñèñòåìàõ ïðè íàëè÷èè äèññèïàöèè. Ê ÷èñëó òàêèõ ñî-ñòîÿíèé îòíîñÿòñÿ ñóïåðïîçèöèîííûå ñîñòîÿíèÿ, íàëè÷èåì êîòîðûõ îáóñëîâëå-íû ðàçëè÷íûå êâàíòîâûå èíòåð�åðåíöèîííûå ý��åêòû, à òàêæå îñöèëëÿòîð-íûå ñîñòîÿíèÿ Ôîêà. Áîëüøîé èíòåðåñ ê ñóïåðïîçèöèîííûì ñîñòîÿíèÿì âîçíèêâ 1935 ã., ïîñëå òîãî êàê Ýðâèí Øðåäèíãåð ïðèäóìàë ñâîé ìûñëåííûé ýêñ-ïåðèìåíò [1℄, êîòîðûé áûë ïðåäëîæåí äëÿ äîêàçàòåëüñòâà íåïîëíîòû êâàíòî-âîé òåîðèè. Îäíàêî äàííûé ìûñëåííûé ýêñïåðèìåíò, â êîòîðîì îáñóæäàþòñÿ,òàê íàçûâàåìûå, ñîñòîÿíèÿ Øðåäèíãåðîâñêîé êîøêè, ïðèâåë ê ðàçâèòèþ íîâûõíàïðàâëåíèé äëÿ ýêñïåðèìåíòàòîðîâ è òåîðåòèêîâ. Ïåðâûìè ýêñïåðèìåíòàìè,èëëþñòðèðóþùèìè ñîñòîÿíèÿ Øðåäèíãåðîâñêîé êîøêè áûëè [2, 3℄, â êîòîðûõáûëè ðàññìîòðåíû, â îñíîâíîì, àòîìíûå ñóïåðïîçèöèîííûå ñîñòîÿíèÿ. Ê íàñòî-ÿùåìó âðåìåíè ïðåäëîæåíû ìíîãî÷èñëåííûå òåîðåòè÷åñêèå ñõåìû äëÿ ïîëó÷å-íèÿ ñóïåðïîçèöèîííûõ ñîñòîÿíèé, íà îñíîâå êîãåðåíòíûõ ñîñòîÿíèé, îñöèëëÿ-òîðíûõ ñîñòîÿíèé, ñîñòîÿíèé èîíà â ëîâóøêå, �îòîííûõ ñîñòîÿíèé â ìèêðî- èîïòè÷åñêîì ðåçîíàòîðå, ýëåêòðîííûõ ñîñòîÿíèé â êâàíòîâîé ÿìå, êâàíòîâûõ ñî-ñòîÿíèé â ñâåðõïðîâîäÿùåé öåïè è äð. [4℄. ×àñòü èç ýòèõ ñõåì óæå ðåàëèçîâàíàýêñïåðèìåíòàëüíî [5℄.Â äàííîé äèññåðòàöèîííîé ðàáîòå ïðåäëîæåíû ñèñòåìû, îñíîâàííûå íà àí-ãàðìîíè÷åñêîì îñöèëëÿòîðå, ïîä âîçäåéñòâèåì âîçìóùàþùåé ñèëû â èìïóëüñ-íîì ðåæèìå. Ïðîáëåìû ñâÿçàííûå ñ ãåíåðàöèåé ñóïåðïîçèöèîííûõ ñîñòîÿíèéîáóñëîâëåíû, â ïåðâóþ î÷åðåäü, ñ âçàèìîäåéñòâèåì ñèñòåìû ñ îêðóæàþùåé ñðå-äîé è äåêîãåðåíöèåé. Äåéñòâèòåëüíî, îòêðûòûå êâàíòîâûå ñèñòåìû áûñòðî òå-ðÿþò êâàíòîâûå ñâîéñòâà, ÷òî è ïðèâîäèò ê áûñòðîìó ðàñïàäó ñóïåðïîçèöèîí-íûõ ñîñòîÿíèé.Ñóùåñòâîâàíèå ñóïåðïîçèöèîííûõ ñîñòîÿíèé ïðèâåëî ê ïîÿâëåíèþ íîâûõèäåé â êâàíòîâîé êðèïòîãðà�èè è èí�îðìàöèè. Â 1985 ãîäó Ä. Äîé÷ (Deuts
h)ïîêàçàë [6℄, ÷òî â ñèëó ñâîèõ îòëè÷èòåëüíûõ ñâîéñòâ êâàíòîâàÿ âû÷èñëèòåëü-íàÿ ìàøèíà, îñíîâàííàÿ íà ïðèíöèïå ñóïåðïîçèöèîííûõ ñîñòîÿíèé, ñïîñîáíàðåøàòü íåêîòîðûå çàäà÷è íàìíîãî áûñòðåå, ÷åì êëàññè÷åñêàÿ ÝÂÌ. Â 1994 ã.Ïåòåð Øîð îòêðûë êâàíòîâûé àëãîðèòì äëÿ �àêòîðèçàöèè ÷èñåë, ïîçâîëÿ-þùèé ðàçëîæèòü ÷èñëî ñ N ýëåìåíòàìè çà ïîëèíîìèàëüíîå âðåìÿ [7℄. Çàòåì�ðîâåð â 1997 ãîäó ïðåäëîæèë êâàíòîâûé àëãîðèòì äëÿ áûñòðîãî ïîèñêà îáú-åêòà â íåóïîðÿäî÷åííîé áàçå äàííûõ [8℄. Öåíòðàëüíóþ ðîëü âî âñåõ èññëåäîâà-íèÿõ â îáëàñòè êâàíòîâîé èí�îðìàöèè, âêëþ÷àÿ ðàçëè÷íûå ñõåìû êâàíòîâîéêîììóíèêàöèè, êâàíòîâûå âû÷èñëåíèÿ, êâàíòîâóþ êðèïòîãðà�èþ, êâàíòîâóþòåëåïîðòàöèþ [9, 10℄ èãðàþò ïðèíöèï ñóïåðïîçèöèè êâàíòîâûõ ñîñòîÿíèé è ÿâ-ëåíèå êâàíòîâîãî ïåðåïóòûâàíèÿ. Èíæåíåðèÿ êâàíòîâûõ ñîñòîÿíèé, â ÷àñòíî-3



ñòè, ñóïåðïîçèöèîííûõ ñîñòîÿíèé ÿâëÿåòñÿ îäíèì èç àêòóàëüíûõ íàïðàâëåíèéñîâðåìåííîé êâàíòîâîé �èçèêè, êîòîðàÿ óæå òåïåðü ïðèâîäèò ê ìíîãî÷èñëåí-íûì ïðèêëàäíûì ïðèëîæåíèÿì. Òàêèì îáðàçîì ðàçðàáîòêà íîâûõ ïîäõîäîâ äëÿóìåíüøåíèÿ ý��åêòîâ äåêîãåðåíöèè è ñîçäàíèÿ êâàíòîâûõ ñóïåðïîçèöèîííûõñîñòîÿíèé ÿâëÿåòñÿ àêòóàëüíîé ïðîáëåìîé äëÿ òåîðåòèêîâ è ýêñïåðèìåíòàòî-ðîâ. Íàñòîÿùàÿ äèññåðòàöèîííàÿ ðàáîòà ïîñâÿùåíà, â îñíîâíîì, òåîðåòè÷åñêî-ìó èññëåäîâàíèþ ðàçëè÷íûõ îñöèëëÿòîðíûõ ñèñòåì äëÿ ïîëó÷åíèÿ êâàíòîâûõñîñòîÿíèé è êâàíòîâûõ èíòåð�åðåíöèîííûõ ý��åêòîâ. Ïðèâåäåííûå ñõåìû èí-òåðåñíû òåì, ÷òî â íèõ ý��åêòû äåêîãåðåíöèè ïîäàâëÿþòñÿ è ñëåäîâàòåëüíîðåàëèçóþòñÿ äîëãîæèâóùèå êâàíòîâûå ñîñòîÿíèÿ. Äëÿ ý��åêòèâíîãî ïîäàâëå-íèÿ äåêîãåðåíöèè â äèññåðòàöèè ðàçðàáîòàí ìåòîä êîíòðîëèðîâàíèÿ ñîñòîÿíèéíåëèíåéíûõ ñèñòåì, ïóòåì âðåìåííîé ìîäóëÿöèè åå êâàíòîâîé äèíàìèêè.Äðóãàÿ öåëü ðàáîòû ñîñòîèò â èññëåäîâàíèè îïåðàöèîííûõ ðåæèìîâ íåëè-íåéíûõ îñöèëëÿòîðíûõ ñèñòåì, êîòîðûå ïðèâîäÿò ê èíòåð�åðåíöèîííûì ñî-ñòîÿíèÿì. Òàêèìè ðåæèìàìè ÿâëÿþòñÿ õàîòè÷åñêèé ðåæèì è áèñòàáèëüíûé. Âíàñòîÿùåé äèññåðòàöèîííîé ðàáîòå òàêæå ðàññìàòðèâàåòñÿ ïðîáëåìà ïîëó÷åíèÿñóïåðïîçèöèîííûõ ñîñòîÿíèé â ðåæèìàõ áèñòàáèëüíîñòè è êâàíòîâîãî õàîñà äëÿäèññèïàòèâíûõ îñöèëëÿòîðíûõ ñèñòåì. Â äèññåðòàöèîííîé ðàáîòå ðàçâèò îáùèé÷èñëåííûé ìåòîä èññëåäîâàíèÿ ïðèâåäåííûõ ïðîáëåì êàê íà ìèêðîñêîïè÷åñêîìóðîâíå ÷èñëå îñöèëëÿòîðíûõ ñîñòîÿíèé, òàê è â ìåçîñêîïè÷åñêîì ðåæèìå.Öåëüþ äèññåðòàöèîííîé ðàáîòû ÿâëÿåòñÿ:
• Òåîðåòè÷åñêîå èññëåäîâàíèå íîâûõ ïîäõîäîâ äëÿ ïðèãîòîâëåíèÿ Ôîêîâ-ñêèõ ñîñòîÿíèé è ñóïåðïîçèöèîííûõ ñîñòîÿíèé Ôîêà â äèññèïàòèâíûõíåëèíåéíûõ îñöèëëÿòîðíûõ ñèñòåìàõ.
• �àçâèòèå êâàíòîâîé òåîðèè äèññèïàòèâíîãî íåëèíåéíîãî îñöèëëÿòîðà ïîäâîçäåéñòâèåì ñèëû ñ çàâèñÿùèìè îò âðåìåíè êîý��èöèåíòàìè, â ÷àñòíî-ñòè, ïîä âîçäåéñòâèåì âûíóæäàþùåé ñèëû ñ ìîäóëèðîâàííîé ïî âðåìåíèàìïëèòóäîé èëè â �îðìå ïîñëåäîâàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ.
• Èññëåäîâàíèÿ êâàíòîâî-êëàññè÷åñêîãî ñîîòâåòñòâèÿ â ðåæèìå õàîñà è èí-òåð�åðåíöèîííûõ ý��åêòîâ íà îñíîâå äèññèïàòèâíîãî àíãàðìîíè÷åñêîãîîñöèëëÿòîðà (ÄÀÎ).
• �àçâèòèå êâàíòîâîé òåîðèè áèñòàáèëüíîñòè äëÿ àíãàðìîíè÷åñêîãî îñöèë-ëÿòîðà è èíòåð�åðåíöèîííûõ ý��åêòîâ îáóñëîâëåííûõ áèñòàáèëüíîñòüþ.
• Èññëåäîâàíèå êâàíòîâûõ ý��åêòîâ â äèññèïàòèâíîì àíãàðìîíè÷åñêîì îñ-öèëëÿòîðå â îáëàñòè íèçêîãî óðîâíÿ ÷èñåë çàïîëíåíèÿ îñöèëëÿòîðà.4



Ìåòîäû èññëåäîâàíèÿ: Èññëåäóåìàÿ ìîäåëü, àíãàðìîíè÷åñêîãî äèññèïàòèâ-íîãî îñöèëëÿòîðà ñ âðåìåííîé ìîäóëÿöèåé íå èìååò àíàëèòè÷åñêèõ ðåøåíèé.Ïîýòîìó, äëÿ èññëåäîâàíèé èñïîëüçîâàíû ÷èñëåííûå ìåòîäû, â ÷àñòíîñòè, èñ-ïîëüçîâàí ìåòîä äè��óçèè êâàíòîâîãî ñîñòîÿíèÿ äëÿ âû÷èñëåíèÿ ìàòðèöûïëîòíîñòè ñèñòåì. Äëÿ ý��åêòèâíîñòè ðàñ÷åòîâ èñïîëüçîâàíû êîìïüþòåðíûåïðîãðàììû.Íîâèçíà ðàáîòû:
• Ïðåäëîæåí íîâûé ïîäõîä ê ïðèãîòîâëåíèþ Ôîêîâñêèõ ñîñòîÿíèé è ñóïåð-ïîçèöèîííûõ ñîñòîÿíèé Ôîêà äëÿ ÄÀÎ ñ Êåððîâñêîé íåëèíåéíîñòüþ ïðèíàëè÷èè äèññèïàöèè. Ìåòîä îñíîâàí íà óïðàâëåíèè ÄÀÎ ñ �àóññîâñêèìèèìïóëüñàìè, ýòî ïîçâîëÿåò ãåíåðèðîâàòü ñîñòîÿíèÿ Ôîêà äëÿ ñîñòîÿíèé ñìàëûìè ÷èñëà çàïîëíåíèé.
• �àçâèòà òåîðèÿ äèññèïàòèâíîãî àíãàðìîíè÷åñêîãî îñöèëëÿòîðà ïîä âîç-äåéñòâèåì âíåøíåãî ìîíîõðîìàòè÷åñêîãî ïîëÿ ïðè óñëîâèè âðåìåííîé ìî-äóëÿöèè êîý��èöèåíòà Êåððîâñêîé íåëèíåéíîñòè.
• Âïåðâûå ïîêàçàíî, ÷òî êâàíòîâàÿ èíòåð�åðåíöèÿ ìîæåò èìåòü ìåñòî âðåæèìàõ áèñòàáèëüíîñòè èëè õàîñà, íåñìîòðÿ íà øèðîêî ðàñïðîñòðàíåííîåìíåíèå, ÷òî èíòåð�åðåíöèÿ íàáëþäàåòñÿ ïðè íàëè÷èè êîãåðåíòíîñòè, àêîãåðåíòíîñòü íàðóøàåòñÿ â õàîòè÷åñêîì ðåæèìå.
• Âïåðâûå ïîêàçàíî, ÷òî áèñòàáèëüíîñòü ìîæåò íàáëþäàòüñÿ íà ìèêðîñêî-ïè÷åñêîì óðîâíå ÷èñåë çàïîëíåíèÿ îñöèëëÿòîðà.
• Âïåðâûå îáñóæäåí êâàíòîâûé äèññèïàöèîííûé õàîñ äëÿ äèññèïàòèâíî-ãî àíãàðìîíè÷åñêîãî îñöèëëÿòîðà ïîä âîçäåéñòâèåì ïîñëåäîâàòåëüíîñòè�àóññîâñêèõ èìïóëüñîâ.Ïðàêòè÷åñêàÿ öåííîñòü ðàáîòû: Ïîëó÷åííûå â äèññåðòàöèè ðå-çóëüòàòû ïîìèìî àêàäåìè÷åñêîãî èíòåðåñà èìåþò òàêæå ïðèêëàäíîå çíà-÷åíèå. �àññìàòðèâàåìûå ìîäåëè îñöèëëÿòîðîâ ìîãóò áûòü ïðèìåíåíû êíàíî-ìåõàíè÷åñêèì îñöèëëÿòîðíûì ñèñòåìàì, â îáëàñòè ñâåðõïðîâîäÿùèõäæîçå�ñîíîâñêèõ êîíòàêòîâ, â îïòèêî-âîëîêîííûõ ñèñòåìàõ äëÿ ïðîáëåìêîììóíèêàöèé. Ïðåäëîæåííûå ðàçëè÷íûå ïîäõîäû ê ñîçäàíèþ êâàíòîâûõñîñòîÿíèé ìîãóò áûòü èñïîëüçîâàíû äëÿ ðàçëè÷íûõ êâàíòîâûõ òåõíîëîãèé âòîì ÷èñëå êâàíòîâûõ êîììóíèêàöèé è êâàíòîâîé ëèòîãðà�èè. �àçðàáîòàíàáèáëèîòåêà äëÿ îòêðûòûõ êâàíòîâûõ ñèñòåìàõ, êîòîðàÿ ìîæåò áûòü èñïîëüçî-âàíà ëîêàëüíî íà ïåðñîíàëüíûõ êîìïüþòåðîâ è â GRID èí�ðàñòðóêòóðàõ.5



Îñíîâíûå ïîëîæåíèÿ âûíîñèìûå íà çàùèòó:
• Íîâûé ïîäõîä äëÿ ïîëó÷åíèÿ äîëãîæèâóùèõ Ôîêîâñêèõ ñîñòîÿíèé è ñó-ïåðïîçèöèîííûõ Ôîêîâñêèõ ñîñòîÿíèé â íåëèíåéíîì äèññèïàòèâíîì îñ-öèëëÿòîðå îñíîâàííîì íà âîçäåéñòâèè �àóññîâñêèõ èìïóëüñîâ.
• Íîâûé ïîäõîä äëÿ ñîçäàíèÿ êâàíòîâîé èíòåð�åðåíöèè â íåëèíåéíîì äèñ-ñèïàòèâíîì îñöèëëÿòîðå â áèñòàáèëüíîì è õàîòè÷åñêîì ðåæèìàõ îñíîâàí-íûé íà ìîäóëÿöèè àìïëèòóäû âíåøíåãî ïîëÿ èëè Êåððîâñêîé íåëèíåéíî-ñòè.
• Òåîðèÿ êâàíòîâîãî äèññèïàòèâíîãî õàîñà äëÿ àíãàðìîíè÷åñêîãî îñöèëëÿ-òîðà ïîä âîçäåéñòâèåì ïîñëåäîâàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ íà îñ-íîâå âû÷èñëåíèÿ �óíêöèè Âèãíåðà.
• �åçóëüòàòû èññëåäîâàíèÿ êâàíòîâîé áèñòàáèëüíîñòè è õàîñà â ñòðîãîìêâàíòîâîì ðåæèìå äëÿ íèçêîãî, ìèêðîñêîïè÷åñêîãî óðîâíÿ ÷èñëà âîçáóæ-äåíèé îñöèëëÿòîðà.Àïðîáàöèÿ ïîëó÷åííûõ ðåçóëüòàòîâ. Îñíîâíûå ðåçóëüòàòû äèññåðòàöèèäîêëàäûâàëèñü íà ìåæäóíàðîäíûõ êîí�åðåíöèÿõ ¾Mathemati
al Modeling andComputational Physi
s-2009¿, Dubna, Russia, ¾Modern Problems in Photoni
sand Opti
s-2009¿, Yerevan, Armenia, ¾CSIT¿, Yerevan, Armenia, ¾GRID 2010¿,Dubna, Russia, ¾Laser Physi
s 2011¿, Ashtarak, Armenia.Ïóáëèêàöèè. Ïî òåìå äèññåðòàöèè îïóáëèêîâàíî 11 ðàáîò.Ñòðóêòóðà è îáúåì äèññåðòàöèè. Äèññåðòàöèÿ ñîñòîèò èç ââåäåíèÿ,÷åòûðåõ ãëàâ, çàêëþ÷åíèÿ è ñïèñêà öèòèðîâàííîé ëèòåðàòóðû. Ñîäåðæàíèåèçëîæåíî íà 114 ñòðàíèöàõ ïå÷àòíîãî òåêñòà, âêëþ÷àÿ 23 ðèñóíêîâ è 184áèáëèîãðà�è÷åñêèõ ññûëîê.Ñîäåðæàíèå ðàáîòûÂî ââåäåíèè ïðèâåäåí îáçîð ðåçóëüòàòîâ, ñâÿçàííûõ ñ òåìîé äèññåðòà-öèè, îáîñíîâàíà àêòóàëüíîñòü òåìû, ñ�îðìóëèðîâàíà öåëü, îòìå÷åíà íîâèçíàðåçóëüòàòîâ.Ñîäåðæàíèå ãëàâû 1. �ëàâà 1 íîñèò ââîäíûé õàðàêòåð. Â íåé îïèñûâàþòñÿàíàëèòè÷åñêèå è ÷èñëåííûå ìåòîäû äëÿ èññëåäîâàíèÿ îòêðûòûõ êâàíòîâûõ ñè-ñòåì. Â ÷àñòíîñòè, ïðèâåäåíû ñâîéñòâà ìàòðèöû ïëîòíîñòè, êîòîðûå èñïîëüçî-âàíû äëÿ èññëåäîâàíèÿ, è àïïðîêñèìàöèè äëÿ ðåøåíèÿ óðàâíåíèé. Â ýòîé ãëàâå6



òàêæå ïðåäñòàâëåíû íåêîòîðûå ñâîéñòâà àíãàðìîíè÷åñêîãî îñöèëëÿòîðà. Ïðè-âåäåíû ýêñïåðèìåíòàëüíî ðåàëèçóåìûå ñèñòåìû, òåîðåòè÷åñêîé ìîäåëüþ êîòî-ðûõ ÿâëÿåòñÿ íåëèíåéíûé äèññèïàòèâíûé îñöèëëÿòîð. Îáñóæäåíû ðàçëè÷íûåïðèëîæåíèÿ äèññèïàòèâíîãî àíãàðìîíè÷åñêîãî îñöèëëÿòîðà è îáëàñòè èçìåíå-íèé åãî ïàðàìåòðîâ.Â ïàðàãðà�å 1.1 îïèñûâàåòñÿ ñâîéñòâà ìàòðèöû ïëîòíîñòè, à òàê æå óðàâíå-íèå ìàòðèöû ïëîòíîñòè ïðè ñëàáîì âçàèìîäåéñòâèè ñ îêðóæàþùåé ñðåäîé.Â ïàðàãðà�å 1.2 ïðèâåäåíî îïðåäåëåíèå �óíêöèè Âèãíåðà è åå ñâîéñòâà.Â ïàðàãðà�å 1.3 ïðèâåäåíî îïèñàíèå ìåòîäà äè��óçèè êâàíòîâûõ ñîñòîÿ-íèé (ÄÊÑ) â êîòîðîì âðåìåííàÿ ýâîëþöèÿ êâàíòîâîé ñèñòåìû ïðè íàëè÷èèäèññèïàöèè ïðåäñòàâëÿåòñÿ â âèäå ðàçëîæåíèÿ ïî àíñàìáëþ êâàíòîâûõ òðà-åêòîðèé. Êàæäàÿ èç òðàåêòîðèé îïèñûâàåòñÿ âåêòîðîì ñîñòîÿíèÿ Ψξ(n)(t), ãäå
ξn-àíñàìáëü ñòîõàñòè÷åñêèõ ïàðàìåòðîâ ñ íóëåâûì ñðåäíèì çíà÷åíèåì, êîòî-ðûé óïðàâëÿåòñÿ íåëèíåéíûì ñòîõàñòè÷åñêèì óðàâíåíèåì Øðåäèíãåðà. Ìàò-ðèöà ïëîòíîñòè ñèñòåìû ïîëó÷àåòñÿ â ðåçóëüòàòå ñòîõàñòè÷åñêîãî óñðåäíåíèÿïî áåñêîíå÷íîìó ÷èñëó òàêèõ òðàåêòîðèé.Â ïàðàãðà�å 1.4 ïðèâåäåíû äåòàëè ïðèëîæåíèÿ äèññèïàòèâíîãî àíãàðìîíè÷å-ñêîãî îñöèëëÿòîðà. Ïîêàçàíî, ÷òî ìîäåëü àíãàðìîíè÷åñêîãî îñöèëëÿòîðà ìîæåòáûòü èñïîëüçîâàíà äëÿ ïðåäñòàâëåíèÿ íàíîìåõàíè÷åñêîãî îñöèëëÿòîðà, ýëåê-òðè÷åñêèõ öåïåé ñ äæîçå�ñîíîâñêèì ïåðåõîäîì, ýëåêòðîíà â ëîâóøêå Ïåííèí-ãà, óïðàâëÿåìîãî ìàãíèòíûì ïîëåì. Ýòè ñèñòåìû îñîáåííû òåì, ÷òî äëÿ ýòèõñèñòåì ðåàëèçîâàíà ñèëüíàÿ íåëèíåéíîñòü â ýêñïåðèìåíòàõ.Ñîäåðæàíèå ãëàâû 2. Â ãëàâå 2 îáñóæäåíû ðåçóëüòàòû èññëåäîâàíèÿ Ôî-êîâñêèõ ñîñòîÿíèé, îáñóæäåíû íîâûå ìåòîäû äëÿ ñîçäàíèÿ ñóïåðïîçèöèîííûõÔîêîâñêèõ ñîñòîÿíèé. Îðèãèíàëüíîñòü ìåòîäà ñîñòîèò â òîì, ÷òî â íèõ äèññè-ïàòèâíûé àíãàðìîíè÷åñêèé îñöèëëÿòîð íå ñâÿçàí ñ àòîìíûìè ñèñòåìàìè, êàêýòî ïðèíÿòî â ëèòåðàòóðå, à âìåñòî ýòîãî èñïîëüçîâàíû íåëèíåéíîñòü îñöèë-ëÿòîðà è êîíòðîëèðîâàíèå ÄÀÎ ïîñðåäñòâîì ïîñëåäîâàòåëüíîñòè �àóññîâñêèõèìïóëüñîâ. Òàêîé ïîäõîä ëåãêî ìîæåò áûòü ðåàëèçóåì íà ýêñïåðèìåíòå [A2,A6℄.Â ïàðàãðà�å 2.1 ïðèâåäåíî îïðåäåëåíèå Ôîêîâñêèõ ñîñòîÿíèé, ïðèìåíåíèÿÔîêîâñêèõ ñîñòîÿíèé â òåîðèè è íà ïðàêòèêå. Ïðåäñòàâëåíû ïðîáëåìû ñîçäà-íèÿ Ôîêîâñêèõ ñîñòîÿíèé, à òàêæå ìåòîäû ïðèãîòîâëåíèÿ ýòèõ ñîñòîÿíèé.Â ïàðàãðà�å 2.2 ðàññìîòðåí ÄÀÎ ïîä âîçäåéñòâèåì ïîñëåäîâàòåëüíîñòè �àóñ-ñîâñêèõ èìïóëüñîâ ñî ñëåäóþùèì �àìèëüòîíèàíîì â ïðèáëèæåíèè âðàùàþùåéâîëíû: H = ~∆a+a+~χ(a+a)2+~(Ω(t)a++Ω∗(t)a), ãäå a†, a � îïåðàòîðû ðîæäå-íèÿ è óíè÷òîæåíèÿ ìîä ðåçîíàòîðà, ãäå ∆ = ω0−ω � ðàññòðîéêà ìåæäó ñðåäíåé÷àñòîòîé çàäàþùåãî ïîëÿ è ÷àñòîòîé îñöèëëÿòîðà, χ � ïàðàìåòð íåëèíåéíîñòè,
Ω(t) = Ω

∑
n e

−(t−t0−nτ)2/T 2 , ãäå T äëèòåëüíîñòü èìïóëüñà, τ âðåìåííîé èíòåð-âàë ìåæäó èìïóëüñàìè. �åçóëüòàòû àíàëèçà ïîêàçûâàþò, ÷òî �îêîâñêèå ñîñòî-ÿíèÿ ðåàëèçóþòñÿ äëÿ ñëó÷àÿ ñèëüíîé Êåððîâñêîé íåëèíåéíîñòè, ïðè χ > γ,êîãäà óðîâíè îñöèëëÿòîðà íå ýêâèäèñòàíòíû. Â ýòîì ñëó÷àå �îêîâñêèå ñîñòîÿ-7
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�èñ. 1: Ïîëó÷åíèå �îêîâñêèõ ñîñòîÿíèé â ÄÀÎ ïîä âîçäåéñòâèåì ïîñëåäîâàòåëüíîñòè�àóññîâñêèõ èìïóëüñîâ è äåìîíñòðàöèÿ íà îñíîâå âû÷èñëåíèé �óíêöèè Âèãíåðà â �à-çîâîì ïðîñòðàíñòâå. (a) Ôóíêöèÿ Âèãíåðà ñîîòâåòñòâóþùàÿ |1〉 ÷èñòîìó ñîñòîÿíèÿ. (b)Ôóíêöèè Âèãíåðà ÄÀÎ â t = 3τ − 0.25T . Îáëàñòè îòðèöàòåëüíûõ çíà÷åíèé â �àçîâîìïðîñòðàíñòâå ïðèâåäåíû â ÷åðíîì. �àñïðåäåëåíèå ÷èñëà çàïîëíåíèé äëÿ âðåìåííûõèíòåðâàëîâ ñîîòâåòñòâóþùèõ ìàêñèìàëüíîìó çíà÷åíèþ (
) äëÿ |1〉 ñîñòîÿíèÿ è (d)íàñåëåííîñòè çàâèñÿùèõ îò âðåìåíè. Íà âñòàâêå ïîêàçàí óâåëè÷åííûé ãðà�èê äëÿ äå-òàëüíîé âèçóàëèçàöèè îñöèëëÿöèé �àáè. Ïàðàìåòðû ðàâíû: ∆/γ = −15, χ/γ = 15,
Ω/γ = 6, T = 0.4γ−1 è τ = 5.5γ−1.íèÿ ïîëó÷àþòñÿ â ðåçîíàíñíûõ ïåðåõîäàõ ìåæäó ýíåðãåòè÷åñêèìè ñîñòîÿíèÿìè.Òàêæå â èìïóëüñíîì ðåæèìå óäàåòñÿ ïîäàâèòü ý��åêòû äèññèïàöèè è äåêîãå-ðåíöèè. Äåòàëüíî èññëåäîâàí ñëó÷àé ïîëó÷åíèÿ ïåðâîãî âîçáóæäåíèÿ ñîñòîÿíèÿ
|1〉. �åçóëüòàòû ïðèâåäåíû íà �èñ. 1.Â ïàðàãðà�å 2.3 ïðåäñòàâëåíû ðåçóëüòàòû ïî ïîëó÷åíèþ ñóïåðïîçèöèîí-íûõ �îêîâñêèõ ñîñòîÿíèé äëÿ ÄÀÎ ïîä äåéñòâèåì �àóññîâñêèõ èìïóëüñîâ. Âû-÷èñëåíû ñðåäíèå çíà÷åíèÿ è ðàñïðåäåëåíèÿ âåðîÿòíîñòåé ÷èñåë çàïîëíåíèÿîñöèëëÿòîðà. Äåòàëüíûé àíàëèç ïðèâåäåí äëÿ ñóïåðïîçèöèîííîãî ñîñòîÿíèÿ
|Ψ〉 = 1√

2
(|0〉 − |1〉). Äëÿ èäåíòè�èêàöèè ýòîãî ñîñòîÿíèÿ âû÷èñëåíà äèíàìèêàòàê íàçûâàåìîãî �èäåëèòè (F = 〈Ψ|ρ|Ψ〉), êîòîðàÿ ðàâíà F = 0.88 â ìàêñèìóìå,�óíêöèÿ Âèãíåðà, à òàêæå èñïîëüçóåòñÿ âðåìåííàÿ ýâîëþöèÿ �àáè îñöèëëÿöèéìåæäó ñîñòîÿíèÿìè |0〉 è |1〉.Ïàðàãðà� 2.4 ñîäåðæèò çàêëþ÷åíèå ê ãëàâå 2.Ñîäåðæàíèå ãëàâû 3. Â ãëàâå 3 ïðèâîäÿòñÿ ðåçóëüòàòû èññëåäîâàíèÿ ý��åê-òîâ êâàíòîâîé èíòåð�åðåíöèè äëÿ äëÿ òðåõ ñèñòåì: àíãàðìîíè÷åñêîãî îñöèëëÿ-òîðà óïðàâëÿåìîãî äâóìÿ âíåøíèìè ñèëàìè ñ ðàçíûìè ÷àñòîòàìè, àíãàðìîíè÷å-ñêîãî îñöèëëÿòîðà ñ âðåìåííîé ìîäóëÿöèåé Êåððîâñêîé íåëèíåéíîñòè òðåòüåãîïîðÿäêà, àíãàðìîíè÷åñêîãî îñöèëëÿòîðà ïîä âîçäåéñòâèåì ïîñëåäîâàòåëüíîñòè�àóññîâñêèõ èìïóëüñîâ. Ýòè òðè ñèñòåìû ïðîÿâëÿþò â �àçîâîì ïðîñòðàíñòâåîáùèå ñâîéñòâà, õîòÿ è îòëè÷àþòñÿ â äåòàëÿõ. Â ýòîé ãëàâå îáñóæäåíû îïåðàöè-îííûå ðåæèìû àíãàðìîíè÷åñêîãî îñöèëëÿòîðà ïðè íàëè÷èè âðåìåííîé ìîäóëÿ-öèè äëÿ ïîëó÷åíèÿ êâàíòîâîé èíòåð�åðåíöèè â �àçîâîì ïðîñòðàíñòâå, âîïðîñûâîçíèêíîâåíèÿ áèñòàáèëüíîñòè äëÿ íèçêîãî óðîâíÿ ÷èñåë çàïîëíåíèÿ îñöèëëÿ-8
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�èñ. 2: ÄÀÎ ïîä âîçäåéñòâèåì ïîñëåäîâàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ. (a) Ôóíê-öèÿ Âèãíåðà äëÿ ÷èñòîãî 1
√

2
(|0〉 − |1〉) ñîñòîÿíèÿ. (b) Ôóíêöèè Âèãíåðà ÄÀÎ â

t = 5τ − 0.4T . Äèàïàçîíû íåãàòèâíûõ çíà÷åíèé �óíêöèè Âèãíåðà ïðèâåäåíû â ÷åð-íîì. (
) Âðåìåííàÿ ýâîëþöèÿ Ôèäåëèòè, (d) ïîïóëÿöèÿ ÷èñëà çàïîëíåíèé. Ïàðàìåòðûñîîòâåòñòâåííî ðàâíû: ∆/γ = −11, χ/γ = 15, Ω/γ = 7, T = 0.7γ−1, è τ = 2.2γ−1.òîðà â êâàíòîâîì ïðåäåëå. Ýòè ÿâëåíèÿ èññëåäîâàíû â �àçîâîì ïðîñòðàíñòâå âðàìêàõ �óíêöèè Âèãíåðà. [A4,A5, A10, A11℄Â ïàðàãðà�å 3.1 ïðèâåäåíû ïðîáëåìû ñâÿçàííûå ñ áèñòàáèëüíîñòüþ â êâàí-òîâîì ðåæèìå, ïðàêòè÷åñêîå ïðèìåíåíèå áèñòàáèëüíîñòè. Â ýòîì ïàðàãðà�åòàêæå ðàññìàòðèâàåòñÿ ÄÀÎ ñ çàâèñÿùèìè îò âðåìåíè ïàðàìåòðàìè. Ïðèâî-äÿòñÿ ýêñïåðèìåíòàëüíûå ñõåìû, äëÿ êîòîðûõ ïðèìåíèì �àìèëüòîíèàí ÄÀÎ ñçàâèñÿùèìè îò âðåìåíè ïàðàìåòðàìè ïðè áîëüøèõ íåëèíåéíîñòÿõ.Â ïàðàãðà�å 3.2 ðàññìîòðåíû îáëàñòè áèñòàáèëüíîñòè â êâàíòîâîì ïðåäå-ëå, ïðè íåáîëüøîì ÷èñëå çàïîëíåíèÿ îñöèëëÿòîðà. Ïðèâåäåíû èññëåäîâàíèÿÄÀÎ ïîä óïðàâëåíèåì ïîñëåäîâàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ â ðåæèìåáèñòàáèëüíîñòè è ïî ïîëó÷åíèþ èíòåð�åðåíöèîííûõ êàðòèí â îáëàñòè áèñòà-áèëüíîñòè. Ñ ýòîé öåëüþ ðàññìîòðåíû: ñðåäíåå ÷èñëî çàïîëíåíèÿ îñöèëëÿòîðà,�óíêöèÿ Âèãíåðà, ýâîëþöèÿ îòäåëüíûõ êâàíòîâûõ òðàåêòîðèé è ñå÷åíèå Ïóàí-êàðå. Èññëåäîâàíèÿ ïðèâåäåííûå â ýòîì ïàðàãðà�å èíòåðåñíû ñ òî÷êè çðåíèÿïåðåõîäà îò êâàíòîâîãî ê êëàññè÷åñêîìó ïðåäåëó â ðåæèìå áèñòàáèëüíîñòè. Ñýòîé öåëüþ â ýòîì ïàðàãðà�å èññëåäîâàíà òàêæå áèñòàáèëüíàÿ äèíàìèêà ñ òî÷-êè çðåíèÿ ìàñøòàáíîé èíâàðèàíòíîñòè ñèñòåìû, êîòîðàÿ âåäåò ê óâåëè÷åíèþ÷èñëà âîçáóæäåíèÿ îñöèëëÿòîðà. Õàðàêòåðíûå ðåçóëüòàòû ïîêàçàíû íà �èñ. 3,èç êîòîðûõ ñëåäóåò, ÷òî ñðåäíåå ÷èñëî îñöèëëÿòîðíûõ çàïîëíåíèÿ èìååò íèç-êèé óðîâåíü, è ñèñòåìà íàõîäèòñÿ â ñèëüíîì êâàíòîâîì ðåæèìå. Àíàëèç îäíîéêâàíòîâîé òðàåêòîðèè �èñ. 3(d) ïîêàçûâàåò, ÷òî ñèñòåìà íàõîäèòñÿ â îäíîì èçäâóõ áèñòàáèëüíûõ ñîñòîÿíèé â ðàçíûå èíòåðâàëû âðåìåíè è ðåàëèçóåòñÿ ïåðå-õîä ìåæäó ýòèìè ñîñòîÿíèÿìè.Â ïàðàãðà�å 3.3 ïðåäëîæåí è èññëåäîâàí ÄÀÎ ñ âðåìåííîé ìîäóëÿöèåé êåð-ðîâñêîé íåëèíåéíîñòè è ñ âðåìåííîé ìîäóëÿöèåé àìïëèòóäû âíåøíåé ñèëû. Ìî-äóëÿöèÿ íåëèíåéíîñòè îïèñûâàåòñÿ ñëåäóþùèì îáðàçîì χ(t) = χ0 + χ1sin(δt),ãäå δ-÷àñòîòà ìîäóëÿöèè íåëèíåéíîñòè òðåòüåãî ïîðÿäêà, φ-�àçà. Ïàðàãðà� íà-9



�èñ. 3: ÄÀÎ ïîä âîçäåéñòâèåì ìîíîõðîìàòè÷åñêîé ñèëû. Äåìîíñòðàöèÿ áèñòàáèëü-íîñòè äëÿ ìèêðîñêîïè÷åñêîãî óðîâíÿ ÷èñëà âîçáóæäåíèÿ. (a) ×èñëî çàïîëíåíèÿ, (b)�óíêöèÿ Âèãíåðà, (
) ïîëóêëàññè÷åñêîå ñå÷åíèå Ïóàíêàðå, êîòîðîå äåìîíñòðèðóþò,÷òî ñèñòåìà â ïîëóêëàññè÷åñêîì ïîäõîäå íàõîäèòñÿ â ìîíîñòàáèëüíîì ðåæèìå. Òàêèìîáðàçîì áèñòàáèëüíîñòü èìååò ìåñòî â êâàíòîâîì ðåæèìå. (d) Ýâîëþöèÿ âî âðåìåíè÷èñëà âîçáóæäåíèÿ, êîòîðûå äåìîíñòðèðóþò áèñòàáèëüíîå ïîâåäåíèå ïî îäíîé òðàåê-òîðèè. Ïàðàìåòðû ðàâíû: ∆/γ = −8, χ/γ = 2, è Ω/γ = 2.7.÷èíàåòñÿ êðàòêèì îáñóæäåíèåì ìåòîäà ïîëó÷åíèÿ ñóïåðïîçèöèîííûõ êîãåðåíò-íûõ ñîñòîÿíèé äëÿ àíãàðìîíè÷åñêîãî îñöèëëÿòîðà áåç äèññèïàöèè. Ïîêàçàíî,÷òî âðåìåííàÿ ìîäóëÿöèÿ ïîçâîëÿåò êîíòðîëèðîâàòü âðåìåííûå èíòåðâàëû, ïðèêîòîðûõ íàáëþäàåòñÿ êâàíòîâàÿ èíòåð�åðåíöèÿ. Äàëåå ðàññìîòðåí ÄÀÎ ñ çàâè-ñÿùèìè îò âðåìåíè ïàðàìåòðàìè, è ìåòîäîì ÄÊÑ âû÷èñëåíà �óíêöèÿ Âèãíåðà,êîòîðàÿ â �àçîâîì ïðîñòðàíñòâå â ðåæèìå áèñòàáèëüíîñòè ïîêàçûâàåò èíòåð�å-ðåíöèîííûå ý��åêòû äëÿ âðåìåííûõ èíòåðâàëîâ, ïðåâûøàþùèõ õàðàêòåðíîåâðåìÿ äèññèïàöèè, t ≪ γ−1 äëÿ îáåèõ ðàññìàòðèâàåìûõ ñèñòåì.Ïàðàãðà� 3.4 ñîäåðæèò çàêëþ÷åíèå ê ãëàâå 3.Ñîäåðæàíèå ãëàâû 4. Â ãëàâå 4 îáñóæäåíû ðåçóëüòàòû äëÿ ãåíåðàöèè êâàí-òîâîé èíòåð�åðåíöèè îáóñëîâëåííàÿ êâàíòîâûì õàîñîì. Â ýòîé ãëàâå ðàññìîò-ðåíû äâå ñèñòåìû ïðîÿâëÿþùèå ðåæèìû õàîñà, ê êîòîðûì îòíîñÿòñÿ àíãàðìî-íè÷åñêèé îñöèëëÿòîð ñ çàâèñÿùèì îò âðåìåíè íåëèíåéíûì êîý��èöèåíòîì èàíãàðìîíè÷åñêèé îñöèëëÿòîð óïðàâëÿåìûé ïîñëåäîâàòåëüíîñòüþ �àóññîâñêèõèìïóëüñîâ. Â ýòîé ãëàâå òàêæå îáñóæäåí êâàíòîâî-êëàññè÷åñêîå ñîîòâåòñòâèå âðåæèìå õàîñà â ðàìêàõ ìàñøòàáíîé èíâàðèàíòíîñòè.[A1,A5, A7, A8℄Â ïàðàãðà�å 4.1 ïðèâåäåíî îïðåäåëåíèå êâàíòîâîãî õàîñà è ïðîáëåìû ñâÿ-çàííûå ñ íåþ. �àññìîòðåíû íàáëþäàåìûå õàîñà â êëàññè÷åñêîì ïîäõîäå: ñå÷åíèåÏóàíêàðå, ýêñïîíåíòà Ëÿïóíîâà.Â ïàðàãðà�å 4.2 ïîêàçàíî, ÷òî ñå÷åíèå Ïóàíêàðå ñîîòâåòñòâóåò êîíòóðíûìñå÷åíèÿì �óíêöèè Âèãíåðà, íî íå â ñòðîãîì â êâàíòîâîì ïðåäåëå.Â ïàðàãðà�å 4.3 èññëåäîâàí êâàíòîâûé õàîñ íà îñíîâå îäíîé êâàíòîâîé òðàåê-òîðèè ïîëó÷åííîé èç ÄÊÑ äëÿ ÄÀÎ ñ âðåìåííî-çàâèñÿùåé óïðàâëÿåìîé ñèëîé.Â äàííîì ïàðàãðà�å ðàññìàòðèâàåòñÿ ïåðåõîä îò ðåãóëÿðíîé ê õàîòè÷åñêîé äè-íàìèêå íà îñíîâå ñå÷åíèÿ Ïóàíêàðå îäíîé êâàíòîâîé òðàåêòîðèè.Â ïàðàãðà�å 4.4 ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ õàîòè÷åñêîãî ðåæèìà10



a
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�èñ. 4: Äåìîíñòðàöèÿ ïîÿâëåíèÿ êâàíòîâîé èíòåð�åðåíöèîííûõ ý��åêòîâ äëÿ ÄÀÎñ ìîäóëèðîâàííîé íåëèíåéíîñòüþ. Ôóíêöèÿ Âèãíåðà (a); êîíòóðíîå ñå÷åíèå �óíêöèèÂèãíåðà (b). Ïàðàìåòðû ñîîòâåòñòâóþò ðåæèìó áèñòàáèëüíîñòè: ∆/γ = −15, χ(t)/γ =
1.5(1 + 0.5 sin(δt)), δ/γ = 5, f/γ = 10.2.ÄÀÎ íà îñíîâå �óíêöèè Âèãíåðà è èññëåäîâàíèÿ êâàíòîâîé èíòåð�åðåíöèè äëÿõàîòè÷åñêîé äèíàìèêè. Èññëåäîâàíèÿ ïðîâåäåíû äëÿ ÄÀÎ ñ çàâèñÿùèì îò âðå-ìåíè ïàðàìåòðîì íåëèíåéíîñòè. Â ïàðàãðà�å ïîêàçàíî, ÷òî âðåìåííàÿ ìîäóëÿ-öèÿ ïàðàìåòðà íåëèíåéíîñòè âåäåò ê �îðìèðîâàíèþ êâàíòîâîé èíòåð�åðåíöèèâ �àçîâîì ïðîñòðàíñòâå. Òèïè÷íûå ðåçóëüòàòû äëÿ �óíêöèè Âèãíåðà è ñå÷åíèèÏóàíêàðå ïðèâåäåíû íà �èñ. 4. Êàê âèäíî èç �èñ. 4 ñå÷åíèå Ïóàíêàðå õàðàêòåð-íî äëÿ äèññèïàòèâíîãî õàîñà, à �óíêöèÿ Âèãíåð èìååò îáëàñòè îòðèöàòåëüíûõçíà÷åíèé.Â ïàðàãðà�å 4.5 ïðåäëîæåíà ýêñïåðèìåíòàëüíî ðåàëèçóåìàÿ ìîäåëü, äëÿ èñ-ñëåäîâàíèÿ êâàíòîâîé õàîòè÷åñêîé äèíàìèêè. Ýòîé ìîäåëüþ ÿâëÿåòñÿ ÄÀÎïîä óïðàâëåíèåì ïîñëåäîâàòåëüíîñòè �àó
ñîâñêèõ èìïóëüñîâ. Íàéäåíû ðåæèìûÄÀÎ ïðè êîòîðûõ èìååò ìåñòî êâàíòîâûé õàîñ. Ïðîÿâëåíèå õàîòè÷åñêîé äèíà-ìèêè èññëåäîâàíî íà îñíîâå �óíêöèè Âèãíåðà, ýêñïîíåíòû Ëÿïóíîâà è ñå÷åíèèÏóàíêàðå.Îñíîâíûå ðåçóëüòàòû ðàáîòû:

• Ïîêàçàíî, ÷òî Ôîêîâñêèå ñîñòîÿíèÿ ìîãóò áûòü ðåàëèçîâàíû â îñöèëëÿ-òîðå ñ Êåððîâñêîé íåëèíåéíîñòüþ ïîä âëèÿíèåì ïîñëåäîâàòåëüíîñòè �àóñ-ñîâñêèõ èìïóëüñîâ â ðåçîíàíñíûõ ïåðåõîäàõ ìåæäó îñöèëëÿòîðíûìè óðîâ-íÿìè ýíåðãèé. Çàìå÷àòåëåí òîò �àêò, ÷òî ãåíåðàöèÿ êâàíòîâûõ ñîñòîÿíèéèìååò ìåñòî ïðè ó÷åòå äèññèïàöèè è äåêîãåðåíöèè. Äëÿ ñîçäàíèÿ Ôîêîâ-ñêèõ ñîñòîÿíèé íåîáõîäèìûì òðåáîâàíèåì ÿâëÿåòñÿ ñèëüíàÿ íåëèíåéíîñòü,êîãäà ýíåðãåòè÷åñêèé ñïåêòð íå ýêâèäèñòàíòåí.11



• Ïîêàçàíî, ÷òî ñóïåðïîçèöèîííûå Ôîêîâñêèå ñîñòîÿíèÿ, ìîãóò áûòü ðåàëè-çîâàíà â äèññèïàòèâíîì àíãàðìîíè÷åñêîì îñöèëëÿòîðå ïîä âîçäåéñòâèåìïîñëåäîâàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ, äëÿ áîëüøèõ âðåìåííûõ èí-òåðâàëîâ, ïðåâûøàþùèõ âðåìÿ äåêîãåðåíöèè.
• Ïîêàçàíî, ÷òî èíòåð�åðåíöèÿ â �àçîâîì ïðîñòðàíñòâå, îáóñëîâëåííàÿ ñó-ïåðïîçèöèåé êâàíòîâûõ ñîñòîÿíèé, ìîæåò áûòü ðåàëèçîâàíà â äèññèïàòèâ-íîì àíãàðìîíè÷åñêîì îñöèëëÿòîðå â ðåæèìå áèñòàáèëüíîñòè. Ýòî ïðîäå-ìîíñòðèðîâàíî äëÿ àíãàðìîíè÷åñêîãî îñöèëëÿòîðà ñ ìîäóëÿöèåé àìïëèòó-äû âíåøíåãî ïîëÿ, ñ ìîäóëÿöèåé Êåððîâñêîé íåëèíåéíîñòè èëè ïîä âîçäåé-ñòâèåì ïîñëåäîâàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ. Âî âñåõ òðåõ ñèñòåìàõâ áèñòàáèëüíîì ðåæèìå íàáëþäàåòñÿ èíòåð�åðåíöèÿ âñëåäñòâèè âðåìåí-íîé ìîäóëÿöèè.
• Ïîêàçàíî, ÷òî áèñòàáèëüíîñòü â ÄÀÎ èìååò ìåñòî òàêæå â ñòðîãî êâàíòî-âîì ðåæèìå, äëÿ íèçêîãî óðîâíÿ ÷èñåë âîçáóæäåíèÿ.
• Ïîêàçàíî, ÷òî èíòåð�åðåíöèÿ â �àçîâîì ïðîñòðàíñòâå, îáóñëîâëåííàÿ ñó-ïåðïîçèöèåé êâàíòîâûõ ñîñòîÿíèé, ìîæåò áûòü ðåàëèçîâàíà â äèññèïàòèâ-íîì àíãàðìîíè÷åñêîì îñöèëëÿòîðå â ðåæèìå õàîñà.
• Ïðåäëîæåíà íîâàÿ ìîäåëü äëÿ èññëåäîâàíèÿ êâàíòîâîãî õàîñà íà îñíîâåàíãàðìîíè÷åñêîãî äèññèïàòèâíîãî îñöèëëÿòîðà ïîä âîçäåéñòâèåì ïîñëåäî-âàòåëüíîñòè �àóññîâñêèõ èìïóëüñîâ. Îáíàðóæåíû êâàíòîâûå ïðîÿâëåíèÿõàîñà íà îñíîâå ÷èñëåííûõ ìåòîäîâ âû÷èñëåíèÿ �óíêöèè Âèãíåðà.
• �àññìîòðåí ïðèíöèï êâàíòîâî-êëàññè÷åñêîãî ñîîòâåòñòâèÿ íà îñíîâå êâàí-òîâîãî õàîñà. Èññëåäîâàíèÿ áàçèðóþòñÿ íà ñå÷åíèè Ïóàíêàðå îñíîâàííîéíà îäíîé êâàíòîâîé òðàåêòîðèè. Ïîêàçàíî, ÷òî ñèñòåìà ìîæåò ïðîÿâëÿòüõàîòè÷åñêóþ êâàíòîâóþ äèíàìèêó, êîãäà â êëàññè÷åñêîì ïðåäåëå õàîòè÷å-ñêàÿ äèíàìèêà óæå íå ïðîÿâëÿåòñÿ.
• �àçðàáîòàí ïàêåò ïðîãðàìì íà îñíîâå ïàðàëëåëüíûõ âû÷èñëåíèé äëÿ èñ-ñëåäîâàíèé â êâàíòîâîé �èçèêå.Ñïèñîê ëèòåðàòóðû[1℄ E. S
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AMÆOÆUMANNA �UBENI 
AHINYANQVANTAYIN INTERFERENCION VI�AKNERI HETAZOTUM�O�G
AYIN DISIPATIV HAMAKARGERUMAtenaxosu�yun� nvirva� � tarber qvantayin vi�akneri genera
iayino�g�ayin disipativ hamakargerum: Ayd vi�akneri dasin en patkanumFoki  superpozi
ion vi�akner�, oron
ov paymanavorva� en qvantayininterferen
ion er uy�ner�: Qvantayin superpozi
ion vi�akner�handisanum en qvantayin fizikayi himnakan skzbunqeri
 mek�:Superpozi
ion vi�akeri nkatmamb hetaqrqru�yun a�aja
el � 1935 �.�. 
ryodingeri mtavor �or�i a�ajarkumi
 heto, in�� a�ajarkvel �r,orpes qvantayin tesu�yan o�lrivu�yan apa
uy
: �naya� qvantayinsuperpozi
ion vi�akneri tesakan va� kanxatesman�, dran
 �or�umhnaravor e�av gran
el 90-akannerin atomayin hamakargerum: Aynuhet a�ajarkve
in ayl hamakarger, oron
um hnaravor � gran
el superpozi
ionvi�akner: A�ajarkva� hamakargeri �arqin en patkanum �ptikakan�ezonatorner�, nano�s
ilyatorner�, jozefsonyan an
umov �lektrakangerha�ordi� ���aner�: A�xatanqum a�ajarkva� en modelner o�g�ayin�s
ilatori himan vra: Superpozi
ion vi�akneri sta
man problem�paymanavorva� � disipa
iayov  dekoheren
iayov, qani or bolor irakanhamakarger� ba
 en, oronq hange
num en superpozi
ion vi�aknerivera
man�:Qvantayin superpozi
ion vi�aknern unen layn kira�u�yun qvantayininformatikayum: Dran
 vra en himnva� mi �arq qvantayin algori�mner:Qvantayin superpozi
ion vi�akneri genera
ian handisanum ��amanakaki
 qvantayin fizikayi ardiakan xndirneri
 mek�, orn unibazma�iv kira�akan n�anaku�yunner, bay
 dran
 sta
um� me� bardu�yun� nerkaya
num: Nor me�odneri m�akum�  usumnasirum� tesabanneri  �or�ararneri ardiakan xndirneri
 �: Atenaxosutyan mej usumnasirva�en na �e�imner, oronq karo� en npastel kam xanga�el qvantayininterferen
ion er uy�neri genera
iayin, aydpisiq en bistabilu�yun� qvantayin qaos�: Haytni �, or qaosayin �e�imum qvantayin koheren
ianveranum �, in�� npastum � qvantayin interferen
iayi vera
man�:A�xatanqum qnnarkvum � qvantayin interferen
ion er uy�neri sta
um�qvantayin �e�imum: Atenaxosu�yunum sta
vel en het yal ardyunqner�.
• Cuy
 � trva�, or hnaravor � Foki vi�akner� genera
ia o�g�ayindisipativ �s
ilyatorum hajordakan Gaosyan impulsneri azde
u�antak �s
ilyatori �nergetik makardakneri �ezonansayin an
umneri15



depqum: Hatkan�akan �, or genera
ian ditarkvum � disipa
iayi  dekoheren
iayi a�kayu�yamb: Foki vi�akneri genera
iayi anhra�e�tpayamanneri
 � u�e� o�g�aynu�yun�, erb �nergetik makardakner� ayl shavasarahe� �en:
• Cuy
 � trva�, or hnaravor � Foki superpozi
ion vi�akneri genera
iao�g�ayin disipativ �s
ilyatorum hajordakan Gaosyan impulsneriazde
u�an tak, me� �amanakayin intervalneri depqum, erb �amanak�gerazan
um � dekoheren
iayi �amanakin:
• Cuy
 � trva�, or �ulayin tara�u�yan mej qvantayin interferen
ioner uy�ner kareli � gran
el bistabilu�yan �e�imum disipativ o�g�ayin�s
ilyatorum: Da 
uy
 � trva� het yal modelneri hamar` o�g�ayin�s
ilyatori �amanakayin modula
va� artaqin da�ti amplitudi,o�g�ayin �s
ilyatori �amanakayin modula
va� o�g�aynu�yan parametri o�g�ayin �s
ilyatori hajordakan Gaosyan impulsneri azde
u�yantak: Ereq modelnerum bistabilu�yan �e�imum haytnabervel eninterferen
ion er uy�ner disipa
ian gerazan
o� �amanaknerum:
• Cuy
 � trvel, or o�g�ayin �s
ilyatorum a�ka � bistabil dinamika 
a�rlra
man �vi depqum` xor� qvantayin �e�imum:
• Cuy
 � trvel, or �ulayin tara�u�yan mej qvantayin interferen
ionervuy�ner kareli � genera
nel qaosi �e�imum disipativ o�g�ayin�s
ilyatorum:
• A�ajarkvel � nor model qvantayin qaosi usumnasirman hamar: Model�himnva� � disipativ o�g�ayin �s
ilyatori vra hajordakan Gaosyanimpulsneri azde
u�yan tak:
• Usumnasirvel � qvanta-dasakan hamapatasxanu�yun� qvantayinqaosi himan vra: Hetazotu�yunner� himnva� en mek qvantayin hetag�iPuankare ktrva�qi vra: Cuy
 � trva�, or qaosayin dinamikan a�ka �ayn depqum, erb dasakan sahmanum hamakargi dinamikan �egulyar �:
• M�akvel � mi �ragrayin �a�e�` himnva� zugahe� ha�varknerivra, qvantayin �ptikayi  qvantayin informatikayi xndirneriusumnasirman hamar: Æa�e�� kira�eli �, erb usumnasirvo� hamakarg�nkaragrvum � bozonayin �peratorneri mijo
ov:
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SUMMARYANNA RUBEN SHAHINYANINVESTIGATION OF QUANTUM INTERFERENCEIN DISSIPATIVE NONLINEAR SYSTEMSThis thesis relates to one of the most promising and rapidly developing areas ofmodern physi
s and quantum-information s
ien
e. The ultimate goal of resear
h inthis �eld is the investigation and produ
tion of quantum interferen
e e�e
ts. Thereare presented several os
illatory models whi
h 
an lead to Fo
k and superpositionstate produ
tion. Superposition states are the guarantee of interferen
e e�e
ts. Thebig interest to superposition state has o

urred after 1935, when E. S
hrodinger hassuggested his experiment. The experiment leads to interest of so 
alled S
hrodinger
at states for experimentators and theoreti
s. The �rst experiment illustratingS
hrodinger 
at state was done in atomi
 system at the end of 20th 
entury. Laterthere were suggested several models based on nanome
hani
al os
illator, Josephsonjun
tion, opti
al 
avities where superposition states 
an be illustrated. Quantumsuperposition states have wide range of appli
ations. Mostly they have signi�
ant rolein quantum information. There are wide range of algorithms in quantum informationbased on superposition of states.The dissertation is devoted to theoreti
al investigation of several os
illatorymodels based on nonlinear os
illator for superposition states and quantuminterferen
e e�e
ts produ
tion. The models whi
h are suggested in the thesis arebased on nonlinear os
illator with time-modulated parameters. The problem ofsuperposition state produ
tion relates to dissipation and de
oheren
e in the opensystems. The suggested models in the thesis are dis
ussed taking into a

ountdissipative e�e
ts in the systems.Another topi
 whi
h is dis
ussed in the thesis is the operational regimesof nonlinear os
illator whi
h 
an lead to superposition state produ
tion. In this
ontext bistability regime is dis
ussed for low ex
itation os
illatory number. Also,it is important to investigate operational regimes whi
h lead to loss of quantum
oheren
e, i.e. suppresses quantum interferen
e e�e
ts. In this 
ontext quantum
haos is dis
ussed. In the theses produ
tion of quantum interferen
e e�e
ts are alsodis
ussed assisted by bistability and 
haoti
 dynami
s. Below are provided the mainresults obtained in the dissertation:
• It is shown that quantum Fo
k states 
an be produ
ed in dissipative nonlinearos
illator under sequen
e of Gaussian pulses in the 
ase of resonan
e transitionbetween os
illator energy states. It is important to underline, that theinvestigations are done taking into a

ount dissipation and de
oheren
e. Forthe Fo
k state produ
tion high nonlinearities are required.
• It is shown that quantum superposition of Fo
k states 
an be produ
ed17



in dissipative nonlinear os
illator under sequen
e of Gaussian pulses nearresonan
e for time intervals ex
eeding time of dissipation.
• It is shown that quantum interferen
e patterns in phase spa
e 
an beprodu
ed in dissipative nonlinear os
illator in bistable regime. This statement isillustrated for nonlinear os
illator under sequen
e of Gaussian pulses, nonlinearos
illator with time modulated nonlinearity, nonlinear os
illator with timemodulated 
ontrolling for
e amplitude. In the all three mentioned systemsinterferen
e patterns are obtained in bistable regime 
aused by time modulation.
• It is shown that bistability in dissipative anharmoni
 os
illator exists in deepquantum regime for low ex
itation os
illatory number.
• It is shown that quantum interferen
e pattern in phase spa
e 
an be obtainedin the regime of quantum 
haos.
• There is suggested a new model where quantum dissipative 
haos 
an beillustrated. The model is based on nonlinear os
illator under sequen
e ofGaussian pulses. The investigations are done in the framework of Wignerfun
tion.
• The quantum-
lassi
al transition is investigated in the regime of quantum 
haos.The quantum 
haos is dis
ussed in the vi
inity of parameters when 
lassi
al
haos has been lost.
• A software pa
kage based on parallel 
omputations has been developed forinvestigations of quantum opti
s and quantum information problems. Thepa
kage 
an be used if the Hamiltonian of the system is des
ribed withinframework of bosoni
 operators.
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