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Atenaxosu�yan �eman hastatvel � Er ani petakan hamalsaranum:Gitakan �ekavar` HH GAA ���aki andam,fiz{ma�. git. doktor, prof.G. Yow. Kryu�kyanPa�tonakan �nddimaxosner` fiz{ma�. git. doktor, prof.Yu. H. Avetisyanfiz{ma�. git. doktor, prof.G. G. DemirxanyanA�ajatar kazmakerpu�yun` Hay-�usakan (Slavonakan)HamalsaranPa�tpanu�yun� kkayana 2013�. hunisi 15{in �. 1100{in Er ani petakan hamalsaranumfizikayi 049 masnagitakan xorhrdi nistum: Hasen` 0025, Er an, Aleq Manukyan 1:Atenaxosu�yan� kareli � �ano�anal EPH-i gradaranum:Se�magirn a�aqvel � 2013�. mayisi 14{in:Masnagitakan xorhrdi gitakan qartu�ar,fiz{ma�. git. �ekna�u, doent V. P. Qalan�aryanÒåìà äèññåðòàöèè óòâåðæäåíà â Åðåâàíñêîì ãîñóäàðñòâåííîì óíèâåðñèòåòå.Íàó÷íûé ðóêîâîäèòåëü: ÷ëåí-êîððåñïîíäåíò ÍÀÍ �À,äîêòîð �èçèêî-ìàòåìàòè÷åñêèõ íàóê,ïðî�åññîð�. Þ. Êðþ÷êÿíÎ�èöèàëüíûå îïïîíåíòû: äîêòîð �èç�ìàò. íàóê, ïðî�åññîðÞ. Î. Àâåòèñÿíäîêòîð �èç�ìàò. íàóê, ïðî�åññîð�. �. ÄåìèðõàíÿíÂåäóùàÿ îðãàíèçàöèÿ: �îññèéñêî-Àðìÿíñêèé (Ñëàâÿíñêèé)ÓíèâåðñèòåòÇàùèòà äèññåðòàöèè ñîñòîèòñÿ 15 èþíÿ 2013ã. â 1100 íà çàñåäàíèè ñïåöèàëèçèðîâàííîãî ñîâåòàïî �èçèêå 049 Åðåâàíñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà ïî àäðåñó 0025, ã. Åðåâàí, óë. Àë.Ìàíóêÿíà 1.Ñ äèññåðòàöèåé ìîæíî îçíàêîìèòüñÿ â áèáëèîòåêå Å�Ó.Àâòîðå�åðàò ðàçîñëàí 14�ãî ìàÿ 2013ã.Ó÷åíûé ñåêðåòàðü ñïåöèàëèçèðîâàííîãî ñîâåòà,êàíäèäàò �èç�ìàò. íàóê, äîöåíò Â. Ï. Êàëàíòàðÿí



Îáùàÿ õàðàêòåðèñòèêà ðàáîòûÀêòóàëüíîñòü òåìû.Òåìà äèññåðòàöèîííîé ðàáîòû âûáðàíà íà ñòûêå äâóõ íàïðàâëåíèé �èçèêè, êî-òîðûå â ïîñëåäíåå âðåìÿ èíòåíñèâíî ðàçâèâàþòñÿ, êàê ñ òî÷êè çðåíèÿ �óíäàìåí-òàëüíîé íàóêè, òàê è äëÿ ìíîãîîáðàçíûõ ïðèëîæåíèé. Îäíî èç ýòèõ íàïðàâëåíèéñâÿçàíî ñ èññëåäîâàíèåì êâàíòîâî-ýëåêòðîäèíàìè÷åñêèõ ý��åêòîâ â îïòèêå è ëàçåð-íîé �èçèêå, äðóãîå íàïðàâëåíèå ñâÿçàíî ñ ðàçâèòèåì íîâûõ îïòè÷åñêè íåëèíåéíûõìàòåðèàëîâ. Oáëàñòü êâàíòîâîé îïòèêè ïîëó÷èëà èíòåíñèâíîå ðàçâèòèå â êîíöå äâà-äöàòîãî âåêà, êîãäà áûëè òåîðåòè÷åñêè èçó÷åíû è äàëåå ýêñïåðèìåíòàëüíî îáíàðóæå-íû, òàê íàçûâàåìûå, íåêëàññè÷åñêèå ñîñòîÿíèÿ ñâåòà, â òîì ÷èñëå ñóïåðïîçèöèîííûåñîñòîÿíèÿ, ñæàòûå ñîñòîÿíèÿ ýëåêòðîìàãíèòíîãî (Ý.Ì.) ïîëÿ, ñâåòà ñ ñóáïóàññîíîâ-ñêîé ñòàòèñòèêîé �îòîíîâ, êâàíòîâûå ïåðåïóòàííûå ñîñòîÿíèÿ ñâåòà èëè ñîñòîÿíèÿÝéíøòåéíà-Ïîäîëüñêîãî-�îçåíà (ÝÏ�)[1℄. Ê íàñòîÿùåìó âðåìåíè ïîëó÷åíû èíòåðåñ-íûå ïðèëîæåíèÿ íåêëàññè÷åñêèõ ñîñòîÿíèé â ñâåðõòî÷íûõ èçìåðåíèÿõ, ìåòðîëîãèè èñïåêòðîñêîïèè, à òàêæå äëÿ ïðîáëåì êâàíòîâûõ êîììóíèêàöèé. Áûëî ïîêàçàíî, ÷òîíàèáîëåå ý��åêòèâíûì èñòî÷íèêîì �îòîíîâ â ïåðåïóòàííûõ ñîñòîÿíèÿõ, ðåàëèçîâàí-íûì â ëàáîðàòîðíûõ óñëîâèÿõ, ÿâëÿåòñÿ ïðîöåññ ñïîíòàííîãî ïðåîáðàçîâàíèÿ âíèç�îòîíîâ ïîëÿ íàêà÷êè â íåëèíåéíîé ñðåäå ñ âîñïðèèì÷èâîñòüþ âòîðîãî ïîðÿäêà χ(2).Ýòîò è äðóãèå ìíîãî÷èñëåííûå ïðèìåðû ïîêàçûâàþò, ÷òî ðàçâèòèå îáëàñòè íåêëàñ-ñè÷åñêèõ ñîñòîÿíèé ñâåòà è êâàíòîâûõ òåõíîëîãèé, â íàñòîÿùåå âðåìÿ, â îñíîâíîì,ñâÿçàíî ñ ðàçâèòèåì îáëàñòè íîâûõ íåëèíåéíûõ ìàòåðèàëîâ è ðåàëèçàöèè íåëèíåéíî-îïòè÷åñêèõ ïðåîáðàçîâàíèé ñâåòîâûõ ïó÷êîâ.Â äèññåðòàöèè äåòàëüíî ðàçâèòû íîâûå òåîðåòè÷åñêèå ïîäõîäû è ìåòîäû èññëå-äîâàíèÿ ñòðóêòóðèðîâàííûõ χ(2) - íåëèíåéíûõ ñâåðõðåøåòîê êîíå÷íîãî ðàçìåðà äëÿðåàëèçàöèè ïàðàìåòðè÷åñêèõ �îòîííûõ ïðîöåññîâ. Òàêæå, íàñòîÿùàÿ äèññåðòàöèîí-íàÿ ðàáîòà ïîñâÿùåíà òåîðåòè÷åñêîìó èññëåäîâàíèþ íåëèíåéíî-îïòè÷åñêèõ ïàðàìåò-ðè÷åñêèõ ïðîöåññîâ, êîòîðûå, â ÷àñòíîñòè, ïðèâîäÿò ê ïîëó÷åíèþ ìíîãî-�îòîííûõ ïå-ðåïóòàííûõ ñîñòîÿíèé â ìèêðî-ñòðóêòóðèðîâàííûõ íåëèíåéíûõ ìàòåðèàëàõ âòîðîãî-ïîðÿäêà.Ïàðàìåòðè÷åñêèå ïðîöåññû îñíîâàíû íà âçàèìîäåéñòâèè ý.ì. âîëí ñ ðàçëè÷íû-ìè ÷àñòîòàìè, êîòîðûå òðåáóþò óäîâëåòâîðåíèÿ ñïåöèàëüíûõ ñâÿçåé ìåæäó âîëíîâû-ìè âåêòîðàìè âîëí, òàê íàçûâàåìûõ óñëîâèÿ �àçîâîãî ñèíõðîíèçìà. Òàêèå ïðîöåññûîáû÷íî ðåàëèçóþòñÿ â äâóëó÷åïðåëîìëÿþùèõ êðèñòàëëàõ, à òàêæå â ìèêðîñòðóêòó-ðèðîâàííûõ êðèñòàëëàõ, â êîòîðûõ èìååò ìåñòî êâàçè-�àçîâûé ñèíõðîíèçì (ÊÔÑ)[2℄. Ê íàñòîÿùåìó âðåìåíè, ìåòîä ÊÔÑ ÿâëÿåòñÿ íàèáîëåå óíèâåðñàëüíûì äëÿ ý�-�åêòèâíîé ðåàëèçàöèè ðàçëè÷íûõ �îòîííûõ ïðîöåññîâ: ïàðàìåòðè÷åñêîãî ðàññåÿíèÿ,ãåíåðàöèè âûñîêèõ ãàðìîíèê, ÷åòâåðî-âîëíîâîãî ñìåøåíèÿ è äð..Íåäàâíèå äîñòèæåíèÿ â ÊÔÑ òåõíîëîãèÿõ, îñíîâàííûõ íà íåëèíåéíûõ �îòîí-íûõ êðèñòàëëàõ ñ ïðîñòðàíñòâåííî-ìîäóëèðîâàííîé âîñïðèèì÷èâîñòüþ (χ(2)), âûçâà-ëè òàêæå áîëüøîé èíòåðåñ ê èññëåäîâàíèþ êàñêàäíûõ ïàðàìåòðè÷åñêèõ ïðîöåññîâ. Â÷àñòíîñòè, óäàëîñü íà ýêñïåðèìåíòå îñóùåñòâèòü ðàñùåïëåíèå �îòîíà íà òðè äðóãèõ�îòîíà â êàñêàäíûõ ïðîöåññàõ ïðåîáðàçîâàíèÿ âíèç [IV℄. Ñóùåñòâóåò òî÷êà çðåíèÿ,÷òî ðàçâèòèå ýòîãî íàïðàâëåíèÿ áóäåò ñóùåñòâåííûì äëÿ ðàçðàáîòêè ïðàêòè÷åñêèõ3



ñõåì äëÿ êâàíòîâûõ êîììóíèêàöèé [2℄. Â ýòîì íàïðàâëåíèè â äèññåðòàöèè ïðèâåäåíûðåçóëüòàòû ïî èíæåíèðîâàíèþ òðåõ-�îòîííûõ ñîñòîÿíèé ñ çàäàííûìè ñïåêòðàëüíû-ìè ñâîéñòâàìè â ïàðàìåòðè÷åñêèõ êàñêàäíûõ ïðîöåññàõ. Ñ ýòîé öåëüþ èñïîëüçóþòñÿ,òàê-íàçûâàåìûå, ñâåðõðåøåòêè ñ íåëèíåéíûìè è ëèíåéíûìè ýëåìåíòàìè.Äðóãàÿ öåëü äèññåðòàöèè ñîñòîèò â áîëåå äåòàëüíîì, ÷åì ðàíüøå, òåîðåòè÷åñêîìîïèñàíèè íåëèíåéíûõ ñîñòàâíûõ ìàòåðèàëîâ è �îòîííûõ êðèñòàëëîâ íà îñíîâåðàçëè÷íûõ ñëîèñòûõ ñèñòåì ñ êîíå÷íûìè äëèíàìè. Òàêèì îáðàçîì, â äèññåðòàöèèðàññìîòðåíû íåëèíåéíûå �îòîííûå êðèñòàëëû ñ ðàçëè÷íûìè êîí�èãóðàöèÿìèñòðóêòóð êîíå÷íûõ ðàçìåðîâ äëÿ ðåàëèçàöèè îäíîâðåìåííîãî ÊÔÑ äâóõ è áîëååâîëíîâûõ ïðîöåññîâ. Â ÷àñòíîñòè, äëÿ ðåàëèçàöèè ïàðàìåòðè÷åñêèõ ïðîöåññîâïðåîáðàçîâàíèÿ âíèç, ðàññìàòðèâàþòñÿ íåðåãóëÿðíî-ñòðóêòóðèðîâàííûå ìàòåðèàëûñ íåëèíåéíûìè è ñ ëèíåéíûìè äîìåíàìè, à òàêæå ïåðèîäè÷åñêè-ïîëÿðèçîâàííûåíåëèíåéíûå êðèñòàëëû ñ ðàäèàëüíîé ñèììåòðèåé.Öåëüþ äèññåðòàöèîííîé ðàáîòû ÿâëÿåòñÿ:
• �àçâèòèå íîâûõ òåîðåòè÷åñêèõ ïîäõîäîâ è ìåòîäîâ èññëåäîâàíèÿ ñòðóêòóðèðî-âàííûõ χ(2) - íåëèíåéíûõ ñâåðõðåøåòîê êîíå÷íîãî ðàçìåðà äëÿ ðåàëèçàöèè ïà-ðàìåòðè÷åñêèõ �îòîííûõ ïðîöåññîâ.
• �àçâèòèå êâàíòîâîé òåîðèè ãåíåðàöèè òðåõ-�îòîííûõ è ÷åòûðåõ- �îòîííûõñîñòîÿíèé â ïàðàìåòðè÷åñêèõ êàñêàäíûõ ïðîöåññàõ, îñíîâàííûõ íà îäíî-ìåðíûõ ñòðóêòóðèðîâàííûõ íåëèíåéíûõ ìàòåðèàëàõ, âêëþ÷àÿ ïåðèîäè÷åñêè-ïîëÿðèçîâàííûå êðèñòàëëû è �îòîííûå êðèñòàëëû.
• Èññëåäîâàíèå ñæàòûõ äâóõ-�îòîííûõ ñîñòîÿíèé è ïîëÿðèçàöèîííî-ïåðåïóòàííûõ òðåõ-�îòîííûõ ñîñòîÿíèé â ñòðóêòóðèðîâàííûõ χ(2) íåëèíåéíûõêðèñòàëëàõ.
• Èíæåíåðèÿ òðåõ-�îòîííûõ ñîñòîÿíèé ñ çàäàííûìè ñïåêòðàëüíûìè ñâîéñòâàìèâ ïàðàìåòðè÷åñêèõ êàñêàäíûõ ïðîöåññàõ â ñâåðõðåøåòêàõ ñ íåëèíåéíûìè è ëè-íåéíûìè ýëåìåíòàìè, îñíîâàííàÿ íà êîìïåíñàöèè äèñïåðñèé ýëåêòðîìàãíèòíûõñâåòîâûõ âîëí.
• Èññëåäîâàíèå ïàðàìåòðè÷åñêîãî ïðåîáðàçîâàíèÿ âíèç â áåñïîðÿäî÷íî- ñòðóêòó-ðèðîâàííûõ ìàòåðèàëàõ ñ íåëèíåéíûìè è ñ ëèíåéíûìè ýëåìåíòàìè.
• Èññëåäîâàíèå ïàðàìåòðè÷åñêîãî ïðåîáðàçîâàíèÿ âíèç â ïåðèîäè÷åñêè-ïîëÿðèçîâàííûõ íåëèíåéíûõ êðèñòàëëàõ ñ ðàäèàëüíîé ñèììåòðèåé.Íàó÷íàÿ íîâèçíà:
• Ïðåäëîæåí íîâûé ïîäõîä äëÿ ðåàëèçàöèè îäíîâðåìåííîãî êâàçè-�àçîâîãî ñèí-õðîíèçìà â äâóõ ïàðàìåòðè÷åñêèõ êàñêàäíûõ ïðîöåññàõ ñ �îòîíàìè, îñíîâàííûéíà ðàññìîòðåíèè ñâåðõðåøåòîê êîíå÷íûõ äëèí ñ íåëèíåéíûìè è ëèíåéíûìè ñåã-ìåíòàìè â ïðèëîæåíèè ê ëàçåðíîé �èçèêå è �îòîíèêå.4



• Âïåðâûå ðàçâèòà êâàíòîâàÿ òåîðèÿ ãåíåðàöèè òðåõ-�îòîííûõ ñîñòîÿíèé ñ êîí-òðîëèðóåìûìè ñïåêòðàëüíûìè õàðàêòåðèñòèêàìè äëÿ ïðîáëåì êâàíòîâîé îïòè-êè è êâàíòîâûõ êîììóíèêàöèé.
• Âïåðâûå ïîêàçàíî êàêèì îáðàçîì ìîæíî �àêòîðèçèðîâàòü òðèïëåò �îòîíîâ êîäíîìó �îòîíó è äóáëåòó êîððåëèðîâàííûõ �îòîíîâ, âñëåäñòâèå êîìïåíñàöèèäèñïåðñèé ý.ì. âîëí â ñâåðõðåøåòêå. Ýòîò ìåòîä ïðåäëàãàåòñÿ äëÿ ýêñïåðèìåí-òàëüíîãî ìåòîäà íåðàçðóøàþùèõ èçìåðåíèé äëÿ ðåãèñòðàöèè �îòîííûõ ïàð âïðèëîæåíèè ê êâàíòîâûì êîììóíèêàöèÿì.
• Âïåðâûå ðàçðàáîòàíû �àçîâî-èíâåðòèðîâàííûå ñòðóêòóðû, êàê ñâåðõðåøåòêè ñêîíå÷íûì ÷èñëîì ñåãìåíòîâ ñ ïîëîæèòåëüíûìè è îòðèöàòåëüíûìè âîñïðèèì÷è-âîñòÿìè âòîðîãî ïîðÿäêà äëÿ îäíîâðåìåííîãî êâàçè-�àçîâîãî ñèíõðîíèçìà äâóõïàðàìåòðè÷åñêèõ êàñêàäíûõ ïðîöåññîâ ñ �îòîíàìè â ïðèëîæåíèè ê ïðîáëåìàìêâàíòîâîé îïòèêè.Ïðàêòè÷åñêàÿ öåííîñòü:�åçóëüòàòû, ïîëó÷åííûå â äèññåðòàöèè â îáëàñòè ãåíåðàöèè è èíæåíåðèè íåêëàñ-ñè÷åñêèõ ñîñòîÿíèé ñ òðåìÿ è ÷åòûðüìÿ �îòîíàìè, â òîì ÷èñëå ïîëÿðèçàöèîííî-ïåðåïóòàííûõ òðåõ-�îòîííûõ ñîñòîÿíèé, ìîãóò áûòü íåïîñðåäñòâåííî èñïîëüçîâàíûäëÿ ïîñòàíîâêè íîâûõ ýêñïåðèìåíòîâ â îáëàñòè êâàíòîâîé îïòèêè è êâàíòîâûõèí�îðìàöèîííûõ òåõíîëîãèé. �åçóëüòàòû �àêòîðèçàöèè òðåõ-�îòîííûõ ñîñòîÿíèéìîãóò áûòü èñïîëüçîâàíû äëÿ ðàçâèòèÿ ýêñïåðèìåíòàëüíîãî ìåòîäà íåðàçðóøàþùèõèçìåðåíèé äëÿ ðåãèñòðàöèè �îòîííûõ ïàð. Íîâûå ïîäõîäû è ìåòîäû ïðèâåäåííûåâ äèññåðòàöèè â îáëàñòè íåëèíåéíûõ ìàòåðèàëîâ ìîãóò áûòü èñïîëüçîâàíû äëÿðàçðàáîòêè íîâûõ ñòðóêòóðèðîâàííûõ íåëèíåéíûõ ìàòåðèàëîâ äëÿ �îòîíèêè, êîì-ìóíèêàöèé è ðàçðàáîòêè íîâûõ ëàçåðíûõ ñèñòåì.Îñíîâíûå ïîëîæåíèÿ, âûíîñèìûå íà çàùèòó:
• Íîâûé ïîäõîä èññëåäîâàíèÿ ñòðóêòóðèðîâàííûõ íåëèíåéíûõ ìàòåðèàëîâ è �î-òîííûõ êðèñòàëëîâ, îñíîâàííûé íà ðàññìîòðåíèè ñâåðõðåøåòîê êîíå÷íûõ äëèíñ íåëèíåéíûìè (âòîðîãî ïîðÿäêà) è ëèíåéíûìè ñåãìåíòàìè.
• Êâàíòîâàÿ òåîðèÿ ãåíåðàöèè òðåõ-�îòîííûõ è ÷åòûðåõ-�îòîííûõ ñîñòîÿíèé âïàðàìåòðè÷åñêèõ êàñêàäíûõ ïðîöåññàõ, îñíîâàííàÿ íà îäíîìåðíûõ ñâåðõðåøåò-êàõ êîíå÷íûõ äëèí ñ íåëèíåéíûìè è ëèíåéíûìè ñåãìåíòàìè.
• Ìåòîäû èíæåíåðèè �îòîííûõ òðèïëåòîâ ñ çàäàííûìè ñïåêòðàëüíûìè ñâîéñòâà-ìè, â ÷àñòíîñòè, ðåçóëüòàòû ïî ðåäóêöèè òðèïëåòà êîððåëèðîâàííûõ �îòîíîâê îäíîìó �îòîíó è äóáëåòó êîððåëèðîâàííûõ �îòîíîâ, âñëåäñòâèå êîìïåíñàöèèäèñïåðñèé ý.ì. âîëí ðàñïðîñòðàíÿþùèõñÿ â ñâåðõðåøåòêå.
• �åçóëüòàòû âû÷èñëåíèé ïàðàìåòðè÷åñêîãî ïðåîáðàçîâàíèÿ âíèç â áåñïîðÿäî÷íî-ñòðóêòóðèðîâàííûõ ìàòåðèàëàõ, à òàêæå â ïåðèîäè÷åñêè-ïîëÿðèçîâàííûõíåëèíåéíûõ êðèñòàëëàõ ñ ðàäèàëüíîé ñèììåòðèåé.5



Àïðîáàöèÿ ïîëó÷åííûõ ðåçóëüòàòîâ. Îñíîâíûå ðåçóëüòàòû äèññåðòà-öèè äîêëàäûâàëèñü íà ìåæäóíàðîäíûõ êîí�åðåíöèÿõ ¾Quantum Physis andCommuniation-2007¿, Dubna, Russia, ¾Mathematial Modeling and ComputationalPhysis-2009¿, Dubna, Russia, ¾Modern Problems in Optis and Photonis-2009¿, Yerevan,Armenia, ¾Nonlinear Optis-2010¿, Karsruhe, Germany, ¾Laser Physis 2010¿, Ashtarak,Armenia, ¾Photonis in Miro- and Nano-Materials-2011¿, Yerevan, Armenia, ¾IONS-10-2011¿, Southampton, UK.Ïóáëèêàöèè. Ïî òåìå äèññåðòàöèè îïóáëèêîâàíî 9 ðàáîò.Ñòðóêòóðà è îáúåì äèññåðòàöèè. Äèññåðòàöèÿ èçëîæåíà íà 106 ñòðàíèöàõè ñîñòîèò èç ââåäåíèÿ, ÷åòûðåõ ãëàâ, ñîäåðæàùèõ 11 ïàðàãðà�îâ, è ñïèñêà ëèòåðàòó-ðû, ñîäåðæàùåé 160 íàèìåíîâàíèé.Ñîäåðæàíèå ðàáîòûÂ ââåäåíèè îáîñíîâàíà àêòóàëüíîñòü òåìû äèññåðòàöèîííîé ðàáîòû, ñ�îðìóëè-ðîâàíà öåëü èññëåäîâàíèÿ, åå íàó÷íàÿ íîâèçíà, ïðàêòè÷åñêàÿ çíà÷èìîñòü è îñíîâíûåïîëîæåíèÿ, âûíîñèìûå íà çàùèòó.Ñîäåðæàíèå ãëàâû 1. Â ãëàâå 1 ïðåäñòàâëåíû îáùèå ïîíÿòèÿ î ðåàëèçàöèèìíîãî�îòîííûõ ïðîöåññîâ â χ2 íåëèíåéíûõ ìàòåðèàëàõ. Â ýòîé ãëàâå ðàññìàòðèâàþò-ñÿ êîëëèíåàðíûå îäíîìåðíûå ñòðóêòóðû.Â ïàðàãðà�å 1.1 ïðåäñòàâëåíû ìíîãî-âîëíîâûå âçàèìîäåéñòâèÿ â íåëèíåéíûõìàòåðèàëàõ. Îäíèì èç ïðîñòåéøèõ ìíîãî-�îòîííûõ âçàèìîäåéñòâèé ÿâëÿåòñÿ òðåõ-âîëíîâîå âçàèìîäåéñòâèå. �àìèëòîíèàí òðåõ-âîëíîâîãî âçàèìîäåéñòâèÿ ïèøåòñÿ â âè-äå:
H(t) = S

∑

α,β,γ

∫ L

0

dzχ
(2)
α,β,γ(z)E

+
Lα(z, t)E

−

β (z, t)E−

γ (z, t) + h.c., (1)ãäå, χ(2)
α,β,γ(z) íåëèíåéíàÿ âîñïðèèì÷èâîñòü âòîðîãî ïîðÿäêà îäíîìåðíîé ñðåäû ñ äëè-íîé L. Îïåðàòîð ïîëÿ EL,α(z, t) - ñîîòâåòñòâóåò ïîëþ íàêà÷êè, E

(+)
j,α (z, t) - ñóá-ãàðìîíèêè (j = 1, 2), ñîîòâåòñòâåííî, äëÿ îïåðàòîðîâ ýëåêòðè÷åñêîãî ïîëÿ ñ ïîçèòèâ-íîé è íåãàòèâíîé ÷àñòîòîé, α - ïîëÿðèçàöèîííîå ñîñòîÿíèå ýëåêòðîìàãíèòíîãî ïîëÿ.Â ýòîì ïàðàãðà�å ïðèâåäåíû âûðàæåíèÿ äëÿ îïåðàòîðîâ âçàèìîäåéñòâóþùèõ ïîëåé.Â ïàðàãðà�å 1.2 èññëåäîâàíî òðåõ-�îòîííîå ñîñòîÿíèå âî âòîðîì ïðèáëèæåíèèòåîðèè âîçìóùåíèé â �îðìå Äàéñîíà. Äîêàçàíî, ÷òî îòëè÷èå â ðÿäàõ Äàéñîíà è Òåé-ëîðà âî âòîðîì ïðèáëèæåíèè ïðåäñòàâëÿåò èç ñåáÿ ëèøü âêëàä âàêóóìíîãî ñîñòîÿíèÿâòîðîãî-ïîðÿäêà.Ñîäåðæàíèå ãëàâû 2. Â ýòîé ãëàâå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ïà-ðàìåòðè÷åñêèõ ïðîöåññîâ, â ÷àñòíîñòè, ïðîöåññà ñïîíòàííîãî ïàðàìåòðè÷åñêîãî ïðå-îáðàçîâàíèÿ âíèç (ÑÏÏÂ) â íåëèíåéíûõ ïåðèîäè÷åñêè ïîëÿðèçîâàííûõ îäíîìåðíûõñòðóêòóðàõ [VI℄.Â ïàðàãðà�å 2.1 ðàññìàòðèâàåòñÿ òðåõ-âîëíîâîå âçàèìîäåéñòâèå â ñòðóêòóðè-ðîâàííûõ ñëîæíûõ ñðåäàõ. �àññìàòðèâàåìàÿ ñèñòåìà ñîñòîèò èç ñðåäû ñî ñëîÿìè ñðàçëè÷íûìè êîý��èöèåíòàìè íåëèíåéíîñòè è èíäåêñàìè ïðåëîìëåíèÿ (ñì. �èñ. 1) è6
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H jL�èñ. 1: Ñõåìà ñòðóêòóðèðîâàííîé ñðåäû, χ(j)

i êîý��èöèåíò íåëèíåéíîñòè j-ïîðÿäêà (j = 1, 2)â i-îì ñëîå, li äëèíà, à ni èíäåêñ ïðåëîìëåíèÿ â i-îì ñëîå.òðåõ âçàèìîäåéñòâóþùèõ ïîëåé, êîòîðûå íîðìàëüíû ê êàæäîé ïîâåðõíîñòè ðàçäåëå-íèÿ ñëîåâ. Ïîëå â êàæäîì ñëîå ìîæåò áûòü ïðåäñòàâëåíî, êàê ñóïåðïîçèöèÿ ïëîñêèõâîëí, ðàñïðîñòðàíÿþùèõñÿ âïåðåä è íàçàä. Â òàêîì ñëó÷àå �àìèëüòîíèàí âçàèìîäåé-ñòâèÿ ìîæåò áûòü ïðåäñòàâëåí, êàê ñóììà âçàèìîäåéñòâèé â êàæäîì ñëîå â èñ÷èñëåíèèýëåêòðîìàãíèòíûõ âîëí â n-îì ñëîå, Epn(z, t), E(−)
in (z, t)

H−(t) =
∑

n

∫ zn+1

zn

dzχ(2)(z)E∗

pn(z, t)E
(−)
1n (z, t)E

(−)
2n (z, t). (2)Çäåñü ïðåäïîëàãàåòñÿ, ÷òî ïîëå íàêà÷êè Epn èìååò êëàññè÷åñêèé âèä, a äâà ïîëÿ ñóá-ãàðìîíèê êâàíòîâàíû. Â ðàìêàõ òåîðèè âîçìóùåíèé äâóõ-�îòîííàÿ àìïëèòóäà èçëó-÷åíèÿ ñóá-ãàðìîíèê ñ ÷àñòîòàìè ω1 è ω2 âû÷èòàåòñÿ â âèäå:

Φ(ω1, ω2) =
−2πi

~
E0(ω1 + ω2)α11α21ξ(∆k), (3)ãäå E0(ω1 + ω2)-àìïëèòóäà ïîëÿ íàêà÷êè, αjn-îïèñûâàåò ýëåêòðè÷åñêîå ïîëå, ðàñïðî-ñòðàíÿþùååñÿ âïåðåä â n-îì ñëîå, à �óíêöèÿ ý��åêòèâíîé íåëèíåéíîñòè:

ξ (∆k) =
∑

m

lmχme−i(ϕm+∆kmlm
2 )sinc

(

∆kmlm
2

)

,

ϕm =

m−1
∑

n

ln∆kn, ϕ1 = 0, (4)
χm êîý��èöèåíò íåëèíåéíîñòè âòîðîãî ïîðÿäêà â m-îì ñëîå, lm äëèíà, à ∆km - �óíê-öèÿ �àçîâîãî ñèíõðîíèçìà â m-îì ñëîå.Â êîíöå ãëàâû â ýòîì ïàðàãðà�å ðàññìîòðåíà ñõåìà òðåõ-�îòîííîãî âçàèìîäåé-ñòâèÿ äëÿ êîí�èãóðàöèè, â êîòîðîé ïîëå ðàñïðîñòðàíÿåòñÿ ïîä óãëîì ïî îòíîøåíèþ êêîîðäèíàòå z, à âçàèìîäåéñòâèÿ â ïîëÿðèçàöèîííûõ áàçèñàõ TE è TM. Áûëè ïîëó÷åíûñîîòíîøåíèÿ ìåæäó àìïëèòóäàìè ñîñåäñòâóþùèõ ïëàñòèíîê. ×åðåç ýòè ñîîòíîøåíèÿáûëè ïîëó÷åíû ñîîòíîøåíèÿ ìåæäó ñîñåäñòâóþùèìè àìïëèòóäàìè îäèíàêîâûõ ñëîåâ.Â ïàðàãðà�å 2.2 äåòàëüíî èññëåäîâàí ïðîöåññ ïðåîáðàçîâàíèå-âíèç â íåëèíåé-íûõ ïåðèîäè÷åñêè ïîëÿðèçîâàííûõ ñòðóêòóðàõ ñ ëèíåéíûìè ñåãìåíòàìè ( ñì. �èñ. 2).Òàê êàê ñèñòåìà ñîñòîèò èç ìàòåðèàëîâ äâóõ òèïîâ, ïðåäïîëàãàåòñÿ, ÷òî ðàñïðîñòðà-íåíèå è âçàèìîäåéñòâèå âîëí îïèñûâàåòñÿ äâóìÿ �óíêöèÿìè �àçîâîãî ñèíõðîíèçìà:7



l1 l2
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�èñ. 2: Ñâåðõðåøåòêà, ñîñòîÿùàÿ èç N
2
ñåãìåíòîâ, äëèíîé l1 ñ ïîëîæèòåëüíûìè χ è îòðè-öàòåëüíûìè −χ âîñïðèèì÷èâîñòÿìè íåëèíåéíîñòè, êîòîðûå ðàçäåëÿþòñÿ N

2
ëèíåéíî îïòè÷å-ñêèìè ñåãìåíòàìè ñ äëèíîé l2.

∆k è ∆κ, ñîîòâåòñòâåííî, äëÿ íåëèíåéíûõ n = 1, 3, 5, ... è ëèíåéíûõ n = 2, 4, ... ñëîåâ.Â ýòîì ñëó÷àå �óíêöèÿ ý��åêòèâíîãî íåëèíåéíîãî âçàèìîäåéñòâèÿ âû÷èñëÿåòñÿ èçâûðàæåíèÿ (4) â ñëåäóþùåé �îðìå
ξ (∆k,∆κ) = l1χe

−iφsinc

(

l1
2
∆k

) sin
(

N(l1+l2)∆K

4

)

sin
(

(l1+l2)∆K

4

) . (5)ãäå ∆K = l̄1∆k + l̄2∆κ − q, ∆K -�óíêöèÿ �àçîâîãî-ñèíõðîíèçìà âñåé ñèñòåìû, φ =
1
2
l1∆k+ 1

2
∆K(l1+l2)(

N
2
+1). L = N

2
(l1 + l2) - ïîëíàÿ äëèíà ñðåäû, l̄i = li

l1+l2
, (i = 1, 2),

l̄1 + l̄2 = 1 è q = 2π
d
- ïîñòîÿííàÿ îáðàòíîé ðåøåòêè âîëíîâîãî âåêòîðà, d = 2 (l1 + l2).Äëÿ èññëåäîâàíèÿ �àçîâîãî-ñèíõðîíèçìà âñåãî àíñàìáëÿ, ∆K = 0, �óíêöèè�àçîâûõ-ñèíõðîíèçìîâ íåëèíåéíûõ ∆k è ëèíåéíûõ ∆κ ñëîåâ ïðåäñòàâëåíû, êàê ðàç-ëîæåíèÿ Òåéëîðà äî âòîðîãî ïîðÿäêà âîêðóã öåíòðàëüíûõ ÷àñòîò ω1 = ω2 = ω0

2
,

∆k = ∆k(0) + δk, ∆κ = ∆κ(0) + δκ, â ïðåäïîëîæåíèè, ÷òî χ(2) ñëîè âûñòðîåíû òà-êèì îáðàçîì, ÷òî ïîñòîÿííûé ÷ëåí ðàçëîæåíèÿ �àçîâîãî ñèíõðîíèçìà â íåëèíåéíûõñåãìåíòàõ îáðàùàåòñÿ â íîëü ∆k(0) = 0. Òàêèì îáðàçîì, �óíêöèÿ ñèíõðîíèçìà âñåãîàíñàìáëÿ ïåðåïèñûâàåòñÿ â âèäå: ∆K = l̄1δk + l̄2(∆κ(0) + δκ) − q. Óñëîâèÿìè èäå-àëüíîãî �àçîâîãî-ñèíõðîíèçìà ÿâëÿþòñÿ l̄1δk = −l̄2δκ è l̄2∆κ(0) = q, êîòîðûå ëåãêîäîñòèæèìû ïðè âûáîðå äëèí íåëèíåéíûõ è ëèíåéíûõ ñëîåâ è ðå�ðàêòèâíûõ èíäåêñîââ ëèíåéíûõ êðèñòàëëàõ.Â ãëàâå 2.2 âû÷èñëåíà äâóõ-�îòîííàÿ àìïëèòóäà ÑÏÏÂ èç (3), äëÿ îïè-ñàííîãî âûøå �îòîííîãî êðèñòàëëà, â �àóññîâñêîé �îðìå [IX℄ Φ(ω1, ω2) =
√

2Nph

πΩσ
exp{− (ω1+ω2−ω0)

2

2σ2 − (ω1−ω2)
2

2Ω2 }, ãäå ïàðàìåòðû Ω è σ îïðåäåëÿþò øèðèíó äâóõ-�îòîííîãî ñâåòà è ñïåêòðàëüíûå êîððåëÿöèè ìåæäó �îòîíàìè â ïàðå, ñîîòâåòñòâåííî,
Nph ÿâëÿåòñÿ ñðåäíèì ÷èñëîì �îòîííûõ ïàð. Ïîêàçàíî, ÷òî ïðèñóòñòâèå ëèíåéíûõñëîåâ ìîæåò áûòü èñïîëüçîâàíî äëÿ óïðàâëåíèÿ ïàðàìåòðàìè Ω è σ è, â ÷àñòíîñòè,äëÿ äîñòèæåíèÿ ñèòóàöèè, â êîòîðîé, â ïðîöåññå ïðåîáðàçîâàíèÿ âíèç, äâà �îòîíàñïåêòðàëüíî íåçàâèñèìû.Ñîäåðæàíèå ãëàâû 3. Â ýòîé ãëàâå, èññëåäîâàíû êâàíòîâûå ñâîéñòâà �îòîí-íûõ òðèïëåòîâ è ÷åòûðåõ-�îòîííûõ ñîñòîÿíèé, ïîëó÷åííûõ â êàñêàäíûõ ïðîöåññàõ â
χ(2) ñòðóêòóðàõ. Ïðåäñòàâëåíû äâà òèïà χ(2)(z) íåëèíåéíûõ ïåðèîäè÷åñêè ïîëÿðèçî-âàííûõ ñâåðõðåøåòîê: òàê íàçûâàåìûå, �àçîâî-èíâåðòèðîâàííûå è äâóõ-ñåãìåíòíûå8
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�èñ. 3: Ñõåìà äâóõ-ñåãìåíòíîãî êðèñòàëëà. Ïåðâûé ñåãìåíò ñ ïîëíîé äëèíîé L1 ñîñòîèò èçäîìåíîâ, äëèíîé l1 ñ êîý��èöèåíòàìè íåëèíåéíîé âîñïðèèì÷èâîñòè χ+ > 0 è χ− < 0 (ïåðèîä
d1 ñîîòâåòñòâóåò �óíêöèè �àçîâîãî-ñèíõðîíèçìà ∆k1). Âòîðîé ñåãìåíò ñ ïîëíîé äëèííîé L2òàêæå ñîñòîèò èç äîìåíîâ ñ χ+ > 0 è χ− < 0, íî ñ äëèíîé l2 (ïåðèîä d2 ñîîòâåòñòâóåò �óíêöèè�àçîâîãî-ñèíõðîíèçìà ∆k2).êðèñòàëëû, â êîòîðûõ ìîæíî îäíîâðåìåííî ý��åêòèâíî ñèíõðîíèçîâàòü äâà ïàðàìåò-ðè÷åñêèõ ïðîöåññà. Êîíåö ãëàâû ïîñâÿùåí èññëåäîâàíèÿì êàñêàäíîãî ÎÏÎ.Â ïàðàãðà�å 3.1 ðàññìàòðèâàåòñÿ ãåíåðàöèÿ �îòîíîâ ÷åðåç êàñêàäíûå ïðîöåñ-ñû. Â ýòîì ïîäõîäå �àìèëüòîíèàí äëÿ òðåõ-�îòîííîãî ïðîöåññà ñîñòîèò èç ýëåìåíòàð-íûõ χ(2) âçàèìîäåéñòâèé, ñîîòâåòñòâóþùèõ ïðîöåññàì: ω0 → ω1 +ω2 è ω2 → ω′

1 +ω”1,à òðåõ-�îòîííîå ïðåîáðàçîâàíèå-âíèç (ÏÂ) - ω0 → ω1 + ω′

1 + ω”1 (ñì.[3℄). Â ñëó÷àåâûðîæäåííîãî òðåõ-�îòîííîãî ïðåîáðàçîâàíèÿ-âíèç ω1 ≃ ω′

1 ≃ ω”1 ≃ ω0

3
ìàêñèìóìòðåõ-�îòîííîé àìïëèòóäû îñóùåñòâëÿåòñÿ â îáëàñòè ðåçîíàíñà ω2 = ω′

1 + ω”1 = 2ω0

3è ïðåäñòàâëÿåòñÿ â ñëåäóþùåì âèäå:
Φ(ω1, ω

′

1, ω”1) = EL(ω)ζ(ω,ω1, ω
′

1 + ω”1)ξ(ω
′

1, ω”1, ω
′

1 + ω”1). (6)Çäåñü, ζ è ξ ý��åêòèâíûå êîíñòàíòû ñâÿçè íåëèíåéíîñòè, êîòîðûå ÿâëÿþòñÿ Ôóðüåîáðàçàìè χ(2)(z):
ζ(ω0, ω1, ω2) =

∫ L

0

dzχ(2)(z)ei∆k1(z)z, (7)
ξ(ω′

1, ω”1, ω2) =

∫ L

0

dzχ(2)(z)ei∆k2(z)z, (8)âåêòîðû �àçîâîãî ñèíõðîíèçìà îïðåäåëÿþòñÿ ñëåäóþùèìè âûðàæåíèÿìè: k1(z) =
kL(ω0, z) − k1(ω1, z) − k2(ω2, z), k2(z) = k2(ω2, z) − k1(ω

′

1, z) − k1(ω”1, z), L - ïîëíàÿäëèíà ñðåäû è N2-íîðìàëèçîâà÷íûé ìíîæèòåëü.Â ïàðàãðà�å 3.2 ðàçâèòà òåîðèÿ êàñêàäíîé ãåíåðàöèè �îòîííûõ òðèïëåòîâ, â÷àñòíîñòè, ýêñïåðèìåíòàëüíî ïîëó÷åííûõ â [3℄. Òàêæå ðàññìàòðèâàåòñÿ èõ ïðèìåíåíèåäëÿ ïîëó÷åíèÿ òðåõ-�îòîííûõ ïåðåïóòàííûõ ñîñòîÿíèé.Äëÿ ïîëó÷åíèÿ òàêèõ ñîñòîÿíèé ïðåäëîæåíî èñïîëüçîâàòü, òàê íàçûâàåìûå,äâóõ-ñåãìåíòíûå ñâåðõðåøåòêè (ñì. �èñ.(3). �àññìàòðèâàåòñÿ ïðîöåññ â êîòîðîì, ïåð-âûé ñåãìåíò êðèñòàëëà ñòàíîâèòñÿ ïåðâè÷íûì èñòî÷íèêîì ïðîöåññà ïðåîáðàçîâàíèÿâíèç, â êîòîðîì ïîä äåéñòâèåì ëàçåðíûõ èìïóëüñîâ ñîçäàþòñÿ �îòîííûå ïàðû. Îäèíèç ýòèõ �îòîíîâ ïðèâîäèò ê âòîðè÷íîìó ïðîöåññó ïðåîáðàçîâàíèÿ âíèç âî âòîðîì ñåã-ìåíòå è ãåíåðèðóåòñÿ íîâàÿ �îòîííàÿ ïàðà. Â ðåçóëüòàòå äâóõ ïðîöåññîâ, ãåíåðèðóåòñÿ9



�îòîííûé òðèïëåò. Â ýòîì ïàðàãðà�å áûëè ïîëó÷åíû âûðàæåíèÿ äëÿ ý��åêòèâíûõêîíñòàíò ñâÿçè íåëèíåéíîñòè ζ è ξ, ñîãëàñíî �îðìóëå (6) [IV℄.Â ïîäðàçäåëå 3.2.2 ãëàâû 3 îáñóæäåíà ãåíåðàöèÿ �îòîííûõ òðèïëåòîâ íåêîððå-ëèðîâàííûõ ïî ÷àñòîòå, ïî àíàëîãèè ñ ñõåìîé ðåàëèçîâàííîé â ýêñïåðèìåíòå [3℄.Çàìåòèì, ÷òî â òèïè÷íûõ ÑÏÏÂ ýêñïåðèìåíòàõ ÷àñòîòû ñèãíàëüíîé è õîëîñòûõìîä êîððåëèðîâàíû. Äëÿ ÷àñòîòíî-íåêîððåëèðîâàííîãî ïîäõîäà ìîæíî ïðåíåáðå÷ü çà-âèñèìîñòÿìè îò ÷àñòîò â �óíêöèÿõ �àçîâûõ-ñèíõðîíèçìîâ (7), (8), ðàññìàòðèâàÿ èõíà �èêñèðîâàííûõ öåíòðàëüíûõ ÷àñòîòàõ ω, ω1 è ω2 ñ íåçíà÷èòåëüíûìè ðàññòðîéêàìè
∆ω ≪ ω, ∆ωi ≪ ωi. ∆ωi ≪ ωi. Â ýòîì ñëó÷àå, ý��åêòèâíûé �àìèëüòîíèàí îïèñûâàåò-ñÿ â ñòàíäàðòíîì ïðèáëèæåíèè ÷åðåç äèñêðåòíûå îïåðàòîðû ðîæäåíèÿ è óíè÷òîæåíèÿ�îòîíîâ ω1 è ω2: a+, b+ è a, b, êîòîðûå ïîä÷èíÿþòñÿ ñëåäóþùèì êîììóòàöèîííûì ñî-îòíîøåíèÿì: [a, a+] = 1, [b, b+] = 1, ñîîòâåòñòâåííî.

H = i~(ζ′E0b
+a+

1 − ζ′∗E∗

0ba1) + i~(ξ′a+
2 a

+
3 b− ξ′∗a2a3b

+). (9)Çäåñü, íèæíèå èíäåêñû îòìå÷àþò ïðîñòðàíñòâåííûå ìîäû �îòîíîâ íà ÷àñòîòàõ ω1, E0îïèñûâàåò àìïëèòóäó ëàçåðíîãî ïîëÿ, ζ′ è ξ′ - íåëèíåéíûå êîíñòàíòû ñâÿçè, êîòîðûå,ñîîòâåòñòâåííî, ñîâïàäàþò ñ ζ è ξ äëÿ �èêñèðîâàííûõ ÷àñòîò ω, ω1, ω2, ñ òî÷íîñòüþäî ìíîæèòåëåé íîðìèðîâêè.Â ïîäãëàâå 3.2.3 ïðèâåäåíû ðåçóëüòàòû ïðèãîòîâëåíèÿ ïîëÿðèçàöèîííî-ïåðåïóòàííûõ ñîñòîÿíèé. Ñ ýòîé öåëüþ ìîäè�èöèðîâàíû ðåçóëüòàòû, ïîëó÷åííûå äëÿòðåõ-âîëíîâîãî âçàèìîäåéñòâèÿ íà ñëó÷àé, êîãäà �îòîíû ïîëÿðèçîâàíû. Âêëþ÷àÿ âðàññìîòðåíèå ïîëÿðèçàöèîííûå ñîñòîÿíèÿ �îòîíîâ, ïðåäïîëàãàåòñÿ, ÷òî ïðîöåññ ÏÂòèïà-II ω0 → ω1 + ω2 ñîçäàåò ïàðó �îòîíîâ ñ âåðòèêàëüíîé V è ãîðèçîíòàëüíîé Hïîëÿðèçàöèÿìè. Åñëè ïîëå íàêà÷êè îðèåíòèðîâàíî íà 45◦ ïî îòíîøåíèþ ê ãîðèçîíòó,òî äâà ïðîöåññà ω0 → ω1(V ) + ω2(H) è ω0 → ω1(H) + ω2(V ) èìåþò ìåñòî â ïåðâîìñåãìåíòå äâóõ-ñåãìåíòíîãî êðèñòàëëà (ñì., �èñ.(3)) ñ ý��åêòèâíîé ïîñòîÿííîé ñâÿ-çè χ. Âòîðîé ñåãìåíò òèïà-I ðàñïîëîæåí òàêèì îáðàçîì, ÷òî ñëåäóþùèå ïðîöåññû
ω2(V ) → ω1(V ) + ω2(V ) è ω2(H) → ω1(H) + ω2(H) ðåàëèçóþòñÿ (ïîñòîÿííàÿ ñâÿçè k).Ý��åêòèâíûé �àìèëüòîíèàí èìååò ñëåäóþùèé âèä:

H = i~χE0(a
+
1 b

+
2 + a+

2 b
+
1 ) + i~k(b1(a

+
1 )

2 + b2(a
+
2 )

2) + h.c.. (10)Çäåñü, a1 è b1 - îïåðàòîðû óíè÷òîæåíèÿ �îòîíîâ ñ âåðòèêàëüíûìè ïîëÿðèçàöèÿìè,à îïåðàòîðû a2 è b2 ñîîòâåòñòâóþò ãîðèçîíòàëüíî ïîëÿðèçîâàííûì �îòîíàì, ñ ÷à-ñòîòàìè ω1 è ω2, ñîîòâåòñòâåííî. Ïîêàçàíî, ÷òî òàêîé ïðîöåññ ïðèâîäèò ê ïîëó÷åíèþïîëÿðèçàöèîííî-ïåðåïóòàííûõ ñîñòîÿíèé òðåõ �îòîíîâ íà ÷àñòîòå ω1 = ω0

3
.Â ïàðàãðà�å 3.3 èññëåäîâàíà ìîäè�èöèðîâàííàÿ ìíîãîñëîéíàÿ ñòðóêòóðà èçíåëèíåéíûõ âòîðîãî ïîðÿäêà è ëèíåéíûõ ìàòåðèàëîâ: äâóõ-ñåãìåíòíûé íåëèíåéíûéêðèñòàëë ñ ëèíåéíûìè ýëåìåíòàìè (ñìîòðè, �èñ. 4). Ýòè ñòðóêòóðû ïðåäñòàâëåíûäëÿ ðàçðàáîòêè ñïåêòðàëüíî-êîíòðîëèðóåìûõ �îòîííûõ ñîñòîÿíèé. Ïðåäïîëàãàåòñÿ,÷òî ý��åêòèâíûé ïðîöåññ ω0 → ω1 + ω2 ïðîòåêàåò â ïåðâîì ñåãìåíòå, ñëåäîâàòåëüíî,óñëîâèåì ÊÔÑ ÿâëÿåòñÿ ∆k1 = q (q = 2π

d1
). Â ðåçóëüòàòå ζ âû÷èñëÿåòñÿ â âèäå:

ζ = l1χe
−i

L1∆k1
2 sinc

(

l1
2
∆k1

)

sinMl1
2

(∆k1 − q1)

sin l1
2
(∆k1 − q1)

, (11)10



d2

+ . . .. . .- + -- Χ 0 Χ 0 Χ

d1

S1

S2

�èñ. 4: Ñõåìà äâóõ-ñåãìåíòíîãî êðèñòàëëà ñ ëèíåéíûìè âêëàäêàìè. S1 ïåðâûé ñåãìåíò ñïîëíîé äëèíîé L1, êîòîðûé ñîñòîèò èç M íåëèíåéíûõ ñëîåâ, äëèíîé l1, ñ ÷åðåäóþùèìèñÿ ïî-ëîæèòåëüíûìè è îòðèöàòåëüíûìè êîý��èöèåíòàìè íåëèíåéíîñòè (ñîîòâåòñòâóþùàÿ �óíê-öèÿ ñèíõðîíèçìà îáîçíà÷àåòñÿ ÷åðåç ∆k1 è ïåðèîä d1). Âòîðîé ñåãìåíò S2 èìååò ïîëíóþäëèíó L2, è âêëþ÷àåò â ñåáÿ N
2
íåëèíåéíûå ñëîè, äëèíîé l2 è êîý��èöèåíòîì íåëèíåéíîñòè

χ, ðàçäåëåííûå N
2
ëèíåéíûìè äèñïåðñèîííûìè îïòè÷åñêèìè âêëàäêàìè, äëèíîé l3 (ïåðèîä

d2, òàê êàê, âî âòîðîì ñåãìåíòå äâà òèïà ñëîåâ, òî êàæäîìó òèïó ñîîòâåòñòâóåò ñâîÿ �óíêöèÿ�àçîâîãî ñèíõðîíèçìà ∆k2 è ∆κ äëÿ íåëèíåéíûõ è ëèíåéíûõ ñëîåâ, ñîîòâåòñòâåííî).Ïðîöåññ ω2 → ω1 + ω1 ïðîòåêàåò âî âòîðîì ñåãìåíòå ñ ñëåäóþùèìè �óíêöèÿìè�àçîâîãî-ñèíõðîíèçìà: ∆k2 = k2(ω2) − k1(ω
′

1) − k1(ω”1), ∆κ2 = κ2(ω2) − κ1(ω
′

1) −
κ1(ω”1), ∆K = l̄2∆k2 + l̄3∆κ2, ãäå l̄i =

li
l2+l3

, (i = 2, 3), l̄2 + l̄3 = 1. Ó÷èòûâàÿ óñëîâèåèäåàëüíîãî ÊÔÑ, ∆K = 0, ïîñòîÿííàÿ íåëèíåéíîé ñâÿçè âòîðîãî ïðîöåññà çàïèñûâà-åòñÿ â âèäå:
ξ = l2χe

−iφ2sinc

(

l2
2
∆k2

) sin
(

N(l2+l3)∆K

4

)

sin
(

(l2+l3)∆K

4

) , (12)ãäå φ2 = 1
2
l2∆k2+∆K(l2+l3)(

N−1
2

) è L2 = N
2
(l2 + l3) - ïîëíàÿ äëèíà âòîðîãî ñåãìåíòà.Â ïîäïàðàãðà�å 3.3.1 äåòàëüíî àíàëèçèðîâàíà âîçìîæíîñòü ïðèãîòîâëåíèÿ êîì-áèíàöèè îäèíî÷íîãî �îòîíà è ïàðû �îòîíîâ èç òðèïëåòà �îòîíîâ, ïîëó÷åííûõ âêàñêàäíîì ïðîöåññå ïðåîáðàçîâàíèÿ âíèç: ω0 → ω2 + ω1, ω2 → ω′

1 + ω”1 (ñì.,�èñ. 4). Òåîðåòè÷åñêè ýòà çàäà÷à óïðîùàåòñÿ ê ïîëó÷åíèþ óñëîâèé äëÿ ñïåêòðàëü-íîé �àêòîðèçàöèè òðåõ-�îòîííîé àìïëèòóäû Φα,β,γ(ω1, ω
′

1, ω”1), ñ ó÷åòîì ïîëÿðèçà-öèîííûõ ñîñòîÿíèé (α, β, γ = o, e). Äëÿ íàãëÿäíîñòè çäåñü ðàññìàòðèâàåòñÿ îïðåäå-ëåííûé ïðîöåññ âçàèìîäåéñòâèÿ e, o, o è ïèøóòñÿ óñëîâèÿ äëÿ ñïåêòðàëüíîé �àêòîðè-çàöèè. |Φe,o,o(ν1, ν2, ν3)|
2 = |Φ

(1)
e (ν1)|

2|Φ
(2)
o,o(ν2, ν3)|

2 (ñì., �èñ. 5), ãäå îòäåëüíûé ìíî-æèòåëü |Φ
(1)
e (ν1)|

2 = |fe(ν1)|
2 îïèñûâàåò âåðîÿòíîñòü îäíîãî �îòîíà è |Φ

(2)
o,o(ν2, ν3)|

2 =
|fo(ν2)Φo,o(ν2, ν3)fo(ν3)|

2 îïèñûâàåò âåðîÿòíîñòü ãåíåðàöèè äâóõ �îòîíîâ. Çäåñü ν0 =
ω0, ν1 = ω1 − ω0

3
, ν2 = ω′

1 − ω0

3
, ν3 = ω”1 − ω0

3
, ν = ω2 − ω0

3
. Ïîëó÷åííû óñëîâèÿ äëÿãåíåðàöèè ñèãíàëüíîãî �îòîíà è ñîîòâåòñòâóþùåé ïåðåïóòàííîé ïàðû, êîòîðûå ìîãóòáûòü óäîâëåòâîðåíû, åñëè u−1

2,o < u−1
Lβ < u−1

1,e èëè u−1
1,e < u−1

L,β < u−1
2,o, ãäå u−1

j,α - ãðóïïîâûåñêîðîñòè �îòîííûõ âîëíîâûõ ïàêåòîâ â íåëèíåéíûõ äîìåíàõ (α = o, e, j = 1, 2).Â ïàðàãðà�å 3.4 ðàññìàòðèâàåòñÿ �àçîâî-èíâåðòèðîâàííûé êðèñòàëë äëÿ ãåíå-ðàöèè òðåõ-�îòîííûõ è ÷åòûðåõ-�îòîííûõ ñîñòîÿíèé â �àçîâî-ñèíõðîíèçèðîâàííûõêàñêàäíûõ ïðîöåññàõ (ñì. �èñ. 6). Ïîëó÷åíî âûðàæåíèå äëÿ ý��åêòèâíîé êîíñòàí-11



�èñ. 5: Ñõåìà ïîëó÷åíèÿ �îòîíà èçâåùåíèÿ è �îòîííîé ïàðû äëÿ íåðàçðóøàþùèõ èçìåðåíèéäâóõ-�îòîííûõ ñîñòîÿíèé.
Lph

+ . . .. . .- - - + + . . .

d

�èñ. 6: Ñõåìà ïåðèîäè÷åñêè ïîëÿðèçîâàííîãî êðèñòàëëà, êîòîðûé ñîñòîèò èç íåëèíåéíûõñëîåâ, äëèíîé l ñ íåëèíåéíîñòÿìè χ+ > 0 è χ− < 0 â �àçîâî-èíâåðòèðîâàííîé ðåøåòêå (ñïåðèîäîì Λph) íà îñíîâå ïðîñòîé ÊÔÑ ðåøåòêè (ñ ïåðèîäîì d).òû ñâÿçè ξ(∆k) äëÿ ñõåìû, îïèñàííîé íà �èñ. 6 â ñëåäóþùåé �îðìå: ξ (∆k) =
Lχ0e

−iα(∆k)YM,N(∆k) [III℄.Ïðåäñòàâëåííàÿ çäåñü ÊÔÑ �óíêöèÿ YM,N(∆k) ÿâëÿåòñÿ ïðîèçâåäåíèåì ñòàí-äàðòíîé ñïåêòðàëüíîé �óíêöèè �àçîâîãî ñèíõðîíèçìà äëÿ îäíîãî ñëîÿ, òî åñòü,
sinc

(

l∆k
2

) è �óíêöèè àíñàìáëÿ:
YM,N(∆k) = sinc

(

l∆k

2

)

1

MN

sin [Nl
2
(∆k −G)]

sin [ l
2
(∆k −G)]

sin [MNl
2

(∆k − F )]

sin [Nl
2
(∆k − F )]

. (13)Çäåñü, N-÷èñëî äîìåíîâ â êàæäîì áëîêå, M - ÷èñëî áëîêîâ, α(∆k) = Nl
2
[(∆k − G) +

(M −1)(∆k−F )], l - äëèíà êàæäîãî äîìåíà, G = 2π/d, F = 2π/Λph, d = 2l, Λph = 2Nl,
L = MNl.Ïîëó÷åííàÿ â ýòîì ïàðàãðà�å ÊÔÑ �óíêöèÿ YM,N(∆k) ïîçâîëÿåò îäíîâðåìåííî�àçîâî-ñèíõðîíèçèðîâàòü äâà ïàðàìåòðè÷åñêèõ ïðîöåññà. Ýòà ñèòóàöèÿ äîñòèãàåòñÿ,áëàãîäàðÿ äâóì âåêòîðàì ðåøåòêè. Â ïàðàãðà�å ïðèâåäåí äåòàëüíûé àíàëèç YM,N (x)�óíêöèè, â çàâèñèìîñòè îò ïàðàìåòðà x = l∆k

2
â ãðà�è÷åñêîé �îðìå (ñì. �èñ. 7). Òåî-ðåòè÷åñêèå óòâåðæäåíèÿ î âîçìîæíîñòè îäíîâðåìåííî ñèíõðîíèçèðîâàòü äâà ïðîöåññàáûëî ñîïîñòàâëåíî ñ ýêñïåðèìåíòàëüíûìè äàííûìè êàñêàäíîãî òðåõ-�îòîííîãî ïðåîá-ðàçîâàíèÿ âíèç [6℄. Òèïè÷íàÿ äëèíà âîëíû íàêà÷êè λL = 0.53µm, à òàêæå ïàðàìåòðûðàññòðîåê âîëíîâûõ âåêòîðîâ äëÿ LiTaO3 êðèñòàëëà ïî ýêñïåðèìåíòàëüíûì äàííûìðàâíû ∆k1 = 0.32µm−1 è ∆k2 = 0.87µm−1 [6℄. Áûëî ïðîâåðåíî, ÷òî îäíîâðåìåííûé�àçîâûé-ñèíõðîíèçì äâóõ ïðîöåññîâ ðåàëèçóåòñÿ ïî �îðìóëå (13) äëÿ ïàðàìåòðîâ

l = 10.25µm, N = 22, M = 9 (ñì. �èñ. 7). 12
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�èñ. 7: �ðà�èê �óíêöèè YM,N (x) äëÿ ÷åòíûõ çíà÷åíèé êîëè÷åñòâà äîìåíîâ â áëîêå N = 22 èíå÷åòíîãî ÷èñëà áëîêîâ M = 9. Âêëàäêà ïîêàçûâàåò äâà óçêèõ ïèêà îäíîé ëîêàëüíîé ãðóïïûýêñòðåìóìîâ ñ îäèíàêîâûìè àìïëèòóäàìè.Ïðîäåìîíñòðèðîâàíî, òàêæå, ñîâïàäåíèå ýêñïåðèìåíòàëüíûõ è òåîðåòè÷åñêèõ ðå-çóëüòàòîâ äëÿ ÷åòûðåõ-�îòîííîãî ïðåîáðàçîâàíèÿ âíèç: ̟0 → ̟2 + ̟2 è ̟2 →
̟1 + ̟1 (̟2 = ω0/2, ̟1 = ̟0/4). Äëÿ ðåàëèçàöèè ÊÔÑ èñïîëüçîâàíî òèïè÷íîåçíà÷åíèå äëÿ ïîëÿ íàêà÷êè ÷åòûðåõ-�îòîííîãî ïðîöåññà λp = 0, 39µm. Â �àçîâî-èíâåðòèðîâàííîì êðèñòàëëå LiTaO3 âåêòîðû �àçîâîãî-ñèíõðîíèçìà ðàâíû ∆k1 =
1, 56µm−1, ∆k1 = −1, 312µm−1. Ýòè ïàðàìåòðû âçÿòû èç ýêñïåðèìåíòàëüíûõ äàí-íûõ äëÿ ãåíåðàöèè ÷åòûðåõ-�îòîííîãî ïðåîáðàçîâàíèÿ-âíèç [7℄. Íàéäåíû ïàðàìåòðû�àçîâî-èíâåðòèðîâàííîãî êðèñòàëëà, äëÿ ý��åêòèâíîãî ÷åòûðåõ-�îòîííîãî ïðåîáðà-çîâàíèÿ âíèç. ÊÔÑ îáñóæäàåìîãî ïðîöåññà ðåàëèçóåòñÿ è ïðåêðàñíî ñîâïàäàåò ñ ýêñ-ïåðèìåíòàëüíûìè äàííûìè äëÿ ïàðàìåòðîâ l = 2, 2µm, M = 13 è N = 32.Â ïàðàãðà�å 3.5 ïðåäñòàâëåíû ðåçóëüòàòû ïî êàñêàäíûì ïðîöåññàì òðåõ-�îòîííîãî è ÷åòûðåõ-�îòîííîãî ïðåîáðàçîâàíèÿ âíèç â ïðèñóòñòâèè îïòè÷åñêîãî ïà-ðàìåòðè÷åñêîãî ðåçîíàòîðà. Ýòè ðåçóëüòàòû ïîëó÷åíû íà áàçå ïðåäñòàâëåííûõ âûøå�àçîâî-èíâåðòèðîâàííûõ è äâóõ-ñåãìåíòíûõ ÊÔÑ êîí�èãóðàöèé. �àññìàòðèâàþòñÿêîððåëÿöèè ÷èñëà �îòîíîâ íà îñíîâå íîðìàëèçîâàííûõ êîððåëÿöèîííûõ �óíêöèéòðåòüåãî è ÷åòâåðòîãî ïîðÿäêîâ â äâóõ-ñåãìåíòíûõ è �àçîâî-èíâåðòèðîâàííûõ êðè-ñòàëëàõ, ñîîòâåòñòâåííî.Ñîäåðæàíèå ãëàâû 4. Â ýòîé ãëàâå èññëåäîâàíû íåëèíåéíûå êîìïîçèöèîííûåêðèñòàëëû äâóõ òèïîâ: ñòðóêòóðû ñ ñëó÷àéíûì ïåðèîäîì è êðèñòàëëû ñî ñ�åðè÷åñêîéñèììåòðèåé äëÿ ãåíåðàöèè �àçîâî-ñîãëàñîâàííûõ �îòîíîâ.Â ïàðàãðà�å 4.1 äåòàëüíî èññëåäîâàí ÊÔÑ â íåðåãóëÿðíûõ íåëèíåéíûõ ñâåðõ-ðåøåòêàõ è â íåðåãóëÿðíûõ íåëèíåéíûõ ñâåðõðåøåòêàõ ñ ëèíåéíûìè ñåãìåíòàìè [II℄.Â ýòîì ïàðàãðà�å âû÷èñëåíà ñïåêòðàëüíàÿ èíòåíñèâíîñòü èçëó÷åíèÿ ïàðû �îòî-íîâ ïðåîáðàçîâàíèÿ âíèç â áåñïîðÿäî÷íûõ íåëèíåéíûõ ñâåðõðåøåòêàõ: P (ωs, ωi) =
c2(ωs, ωi)

〈

|Φ(ωs, ωi)|
2
〉. Çäåñü, ñèìâîë 〈.〉 îçíà÷àåò óñðåäíåíèå ïî àíñàìáëþ ñëó÷àéíûõðåàëèçàöèé íåëèíåéíûõ äëèí äîìåíîâ l ïî w(l), ãäå c(ωs, ωi) - íîðìèðîâî÷íûé ìíî-æèòåëü, Φ(ωs, ωi) = E(ω0)ξ(∆k) - ñïåêòðàëüíàÿ àìïëèòóäà ãåíåðàöèè äâóõ �îòîíîâ.13



-�èñ. 8: Ñòðóêòóðà ñ íåðåãóëÿðíîñòÿìè, êîòîðàÿ ñîñòîèò èç íåëèíåéíûõ äîìåíîâ, ñî ñðåäíåéäëèíîé l1, ñ êîý��èöèåíòàìè íåëèíåéíîñòè χ+ > 0 è χ− < 0, à òàêæå âêëþ÷àåò â ñåáÿ ëèíåé-íûå äîìåíû, ñî ñðåäíåé äëèíîé l0. Íà ñõåìå èçîáðàæåíû ñäâèãè ãðàíèö ñëîåâ ïî îòíîøåíèþê ñðåäíåé äëèíå êàæäîãî n-îãî äîìåíà.Ïîêàçàíî, ÷òî âñëåäñòâèå óñðåäíåíèÿ, èíòåíñèâíîñòü ýòîãî ïðîöåññà ëèíåéíî çàâèñèòîò ÷èñëà äîìåíîâ â êðèñòàëëå.�àññìàòðèâàåòñÿ, òàêæå, ìíîãîñëîéíàÿ ñòðóêòóðà ñ áåñïîðÿäî÷íî ðàñïîëîæåí-íûìè ãðàíèöàìè ñ ëèíåéíûìè äîìåíàìè äëÿ ïðîöåññà ñïîíòàííîãî èçëó÷åíèÿ äâóõ�îòîíîâ (ñì. �èñ.8).Ñïåêòðàëüíàÿ èíòåíñèâíîñòü èçëó÷åíèÿ ïàðû �îòîíîâ äëÿ ñëó÷àÿ �àóññîâñêîãîðàñïðåäåëåíèÿ âû÷èñëÿåòñÿ â ñëåäóþùåé �îðìå:
P (ωs, ωi) =

c2(ωs, ωi)|EL(ω0)|
2

∆k2
χ2 1− |W (∆k)|2|Q(∆κ)|2

1 + |W (∆k)|2|Q(∆κ)|2 + 2Re (W (∆k)Q(∆κ))
, (14)ãäå

W (∆k) = exp

(

il1∆k −
σ2
1∆k2

2

)

, Q(∆κ) = exp

(

il0∆k −
σ2
0∆k2

2

)

. (15)Çäåñü: σ2
1 è σ2

0 åñòü ñðåäíå-êâàäðàòè÷íûå îòêëîíåíèÿ îò ñðåäíèõ äëèí l1 è l0 íåëè-íåéíûõ è ëèíåéíûõ äîìåíîâ, ñîîòâåòñòâåííî, ∆k = kL(ω0, z) − ks(ωs, z) − ki(ωi, z) è
∆κ = κL(ω0, z)− κs(ωs, z)− κi(ωi, z) - �óíêöèè �àçîâîãî ñèíõðîíèçìà òðåõ-�îòîííûõïðîöåññîâ â íåëèíåéíûõ è ëèíåéíûõ äîìåíàõ.Ïîêàçàíî, ÷òî âîçìîæíî êîíòðîëèðîâàòü øèðèíó è ðàñïîëîæåíèÿ ìàêñèìóìîâðàñïðåäåëåíèÿ ý��åêòèâíîé ïîñòîÿííîé ñâÿçè ξ(∆k,∆κ), à, ñëåäîâàòåëüíî, è ñïåê-òðàëüíóþ èíòåíñèâíîñòü èçìåðåíèÿ ïàðû �îòîíîâ, âàðüèðóÿ äëèíàìè íåëèíåéíûõ èëèíåéíûõ äîìåíîâ, à òàêæå èõ ñðåäíå-êâàäðàòè÷íûìè îòêëîíåíèÿìè îò ñðåäíèõ äëèí.Â êîíöå ïàðàãðà�à ïîëó÷åíû óñëîâèÿ äëÿ ý��åêòèâíîãî ÊÔÑ ïðîöåññà ÑÏÏÂâ íåðåãóëÿðíûõ, ïåðèîäè÷åñêè ïîëÿðèçîâàííûõ íåëèíåéíûõ êðèñòàëëàõ ñ ëèíåéíûìèñåãìåíòàìè.Â ïàðàãðà�å 4.2 äåòàëüíî èññëåäîâàí ïðîöåññ ÑÏÏÂ â äâóõìåðíûõ �îòîííûõêðèñòàëëàõ, îñíîâàííûõ íà êîëüöåâûõ (êðóãîâûõ) äîìåíàõ [I℄,[8℄.�àññìîòðåíû ðàçëè÷íûå òèïû íåëèíåéíûõ êðóãîâûõ, ïåðèîäè÷åñêè ïîëÿðèçî-âàííûõ, êðèñòàëëîâ è ïîêàçàíî, ÷òî âîçìîæíîñòü ãåíåðàöèè ïðîöåññà ïðåîáðàçîâà-íèÿ âíèç îñóùåñòâëÿåòñÿ òîëüêî â ïîëîæèòåëüíûõ íåëèíåéíûõ êðèñòàëëàõ (ne(2ω) ≥
no(ω)) äëÿ îåå ïðîöåññîâ. Â ïàðàãðà�å áûëè íàéäåíû óñëîâèÿ ý��åêòèâíîãî ÊÔÑäëÿ îïðåäåëåííîãî ïîëÿðèçîâàííîãî ïðîöåññà ÑÏÏÂ, ðåàëèçóåìîãî â êðóãîâûõ, ïåðè-îäè÷åñêè ïîëÿðèçîâàííûõ, íåëèíåéíûõ êðèñòàëëàõ.14



Â êîíöå ïàðàãðà�à áûëà ïîëó÷åíà äâóõ-�îòîííàÿ àìïëèòóäà ïðîöåññà ïðåîáðà-çîâàíèÿ âíèç, ðåàëèçîâàííîãî â êîíå÷íîì êðóãîâîì êðèñòàëëå.Îñíîâíûå ðåçóëüòàòû ðàáîòû:
• Âû÷èñëåíû �óíêöèè êâàçè-�àçîâîãî ñèíõðîíèçìà òðåõ-âîëíîâîãî âçàèìî-äåéñòâèÿ â îäíîìåðíûõ ñâåðõðåøåòêàõ, ñ ó÷åòîì ïîëÿðèçàöèîííûõ ñîñòî-ÿíèé è äèñïåðñèé âçàèìîäåéñòâóþùèõ âîëí.
• Âû÷èñëåíû �óíêöèè êâàçè-�àçîâîãî ñèíõðîíèçìà êàñêàäíûõ òðåõ-âîëíîâûõ âçàèìîäåéñòâèé â ñâåðõðåøåòêàõ ñ äâóìÿ ïåðèîäàìè, ïîçâî-ëÿþùèå îäíîâðåìåííî ý��åêòèâíî ñèíõðîíèçèðîâàòü äâà ïàðàìåòðè÷å-ñêèõ ïðîöåññà, â ÷àñòíîñòè, â äâóõ-ñåãìåíòíûõ êðèñòàëëàõ è â �àçîâî-èíâåðòèðîâàííûõ ñòðóêòóðàõ.
• Ïîêàçàíî, ÷òî íåêëàññè÷åñêèå òðåõ-�îòîííûå ñîñòîÿíèÿ ñ çàäàííûìè ñïåê-òðàëüíûìè ñâîéñòâàìè ìîæíî ý��åêòèâíî ïîëó÷èòü â ïàðàìåòðè÷åñêèõêàñêàäíûõ ïðîöåññàõ: ω0 → ω1+ω2, ω2 → ω1+ω1 â ñâåðõðåøåòêàõ. Àíàëèçý��åêòèâíîñòè ïðîöåññà è îáñóæäåíèÿ åãî ýêñïåðèìåíòàëüíîé ðåàëèçàöèèïðèâåäåíû äëÿ äâóõ ñëó÷àåâ: äâóõ-ñåãìåíòíîé è �àçîâî-èíâåðòèðîâàííîéñòðóêòóð.
• Ïîêàçàíî, ÷òî äîáàâëåíèå ëèíåéíûõ ñåãìåíòîâ ñ ñîîòâåòñòâóþùèìè ïîêà-çàòåëÿìè ïðåëîìëåíèÿ â ñòðóêòóðèðîâàííûé êðèñòàëë ïîçâîëÿåò ý��åê-òèâíî óïðàâëÿòü êâàçè-�àçîâûì ñèíõðîíèçìîì, áëàãîäàðÿ ÷åìó, â ÷àñò-íîñòè, ñòàíîâèòñÿ âîçìîæíûì ïðèãîòîâëåíèå ÷èñòîãî ñîñòîÿíèÿ �îòîíà èäóïëåòà êîððåëèðîâàííûõ �îòîíîâ èç òðèïëåòà êîððåëèðîâàííûõ �îòî-íîâ, âñëåäñòâèå êîìïåíñàöèè äèñïåðñèé ý.ì. âîëí, ðàñïðîñòðàíÿþùèõñÿ âñâåðõðåøåòêå.
• Ïîêàçàíî, ÷òî âåðîÿòíîñòü ïðîöåññà ïàðàìåòðè÷åñêîãî ïðåîáðàçîâàíèÿâíèç â ïîëÿðèçîâàííûõ íåðåãóëÿðíûõ êðèñòàëëàõ, â êîòîðûõ äëèíû äî-ìåíîâ ÿâëÿþòñÿ ñëó÷àéíûìè âåëè÷èíàìè, ðàñòåò òîëüêî ëèøü ëèíåéíî,â çàâèñèìîñòè îò ÷èñëà ñëîåâ, â îòëè÷èå îò êâàäðàòè÷íîé çàâèñèìîñòèäëÿ àíàëîãè÷íîãî ïðîöåññà â ïåðèîäè÷åñêè- ïîëÿðèçîâàííûõ êðèñòàëëàõ.Îäíàêî, ý��åêò êîìïåíñàöèè äèñïåðñèé ïðèâîäèò ê äðóãîé âîçìîæíîñòèý��åêòèâíîé ãåíåðàöèè �îòîííûõ ïàð. Ïðîäåìîíñòðèðîâàíà âîçìîæíîñòüóïðàâëåíèÿ ÑÏÏÂ è äîñòèæåíèÿ ý��åêòèâíîãî ÊÔÑ, ïðè ïîìîùè èñïîëü-çîâàíèÿ ëèíåéíûõ ñåãìåíòîâ ñî ñëó÷àéíûìè äëèíàìè.
• Ïîêàçàíî, ÷òî ðåàëèçàöèÿ ïðîöåññà ïàðàìåòðè÷åñêîãî ïðåîáðàçîâàíèèâíèç â ïåðèîäè÷åñêè-ïîëÿðèçîâàííûõ íåëèíåéíûõ êðèñòàëëàõ ñ ðàäè-àëüíîé ñèììåòðèåé íå òðèâèàëüíà. Â ÷àñòíîñòè, áûëî ïîêàçàíî, ÷òîãåíåðàöèÿ ïðîöåññà ïðåîáðàçîâàíèÿ âíèç ðåàëèçóåòñÿ òîëüêî â ïîëîæè-òåëüíûõ íåëèíåéíûõ êðèñòàëëàõ (ne(2ω) ≥ no(ω)) äëÿ îåå ïðîöåññîâ.15
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AMÆOÆUMDIANA ALIKI ANTONOSYANO� DASKAN LUYSI GENERACUM� GERCANCERUMEV FOTONAYIN BYURE�NERUMAtenaxosu�yan �eman �trva� � fizikayi erku u��u�yunnerihatman vra, oronq nerkayums aktivoren zarganum en in�pes himnarargitu�yan tesankyuni, aynpes �l bazmazan kira�u�yunneri hamar:Ayd u��u�yunneri mek� kapva� � qvant-�lektodinamik �fektnerihetazotu�yan het �ptikayum  lazerayin fizikayum, myus u��u�yun�kapva� � nor o� g�ayin nyu�eri naxag�man het:Cuy � trva�, or o� dasakan vi�akneri amenaef�ktiv a�byur�,irakanavo� laborator paymannerum, handisanum � m�o� da�ti fotonnerispontan parametrik nerq � a�oxu�yun proess� irakanva� χ
(2) o�g�ayin nyu�erum: Ayd pat�a�ov luysi o� dasakan vi�akneri  qvantayintexnologianeri u��u�yunneri zargaum�, �amanakaki fizikayum,sertoren kapva� � nor nyu�eri zargaman het` luysi o� g�ayin �ptikakan� a�oxu�yunneri irakanaman hamar: Atenaxosu�yunum manramasnorenzargava� en, fotonayin proesneri irakanaman hamar, ka�uva�qayin

χ
(2) o� g�ayin verjavor �a�erov geraneri, hetazotu�yunneri nortesakan moteumner: Nerkayava� atenaxosu�yun� nvirva� � o� g�ayin�ptikakan parametrakan proesneri tesakan hetazotu�yunnerin,oronq masnavorapes berum en bazmafoton x��va� vi�akneri staman�: Aydproesner� himnakanum irakananum en erkbeko� byure�nerum, in�pes na mikroka�uva�qayin byure�nerum, oronum irakananum � qvazi-�ulayinsinqronaum� (QÆS): Ays�r QÆS me�od� amenauniversaln � fotonayinproesneri �fektiv irakanaman hamar` parametrakan rum, bar�rharmonikneri generaia, �ors aliqneri poxazdeu�yun  ayln:Qvazi-�ulayin sinqronaman texnologianerii verjin �e�qberumner�,himnva� modulava� o� g�aynu�yan unaku�yamb o� g�ayin fotonayinbyure�neri vra, a�ajarein me� hetaqrqru�yun bazmafoton�ptikakan parametrik proesneri fizikayi kira�u�yunneri nkatmamb:Atenaxosu�yunum nerkayava� en ardyunqner parametrakan kaskadayinproesnerum, oro�aki spektral bnu�agrerov, e�afoton vi�akneri�artaragitu�yan veraberyal: Masnavorapes berva� en paymanner, erb�gtaor�elov generava� fotonneri tripleti �st b eraman x��va�u�yanhatku�yun�, mek azdararayin fotoni  fotonayin zuygi ste��man hamar`erkfoton �vnasvo� �a�umneri irakanaman hamar:Atenaxosu�yan npatakneri mekn � o� g�ayin ka�uva�qayin nyu�eri  fotonayin byure�neri aveli manramasn, qan da arva� �r min� �rs, tesakan17



nkaragru�yun�` himnva� tarber verjavor �a�erov �ertavor hamakargerivra: Ayd pat�a�ov atenaxosu�yunum manramasnoren hetazotva� enverjavor �a�erov ka�uva�qayin o� g�ayin fotonayin byure�ner�` tarberparberakanu�yunnerov  bazmazan konfiguraianerov: Masnavorapes,ditarkva� en g�ayin  o� g�ayin domenneri kazmva� o� �egulyarka�uva�qayin nyu�er, in�pes na o� g�ayin, �rjanayin simetriayovparberakanoren b erava� ba�adryal byure�ner nerq -� a�oxu�yunproesi irakanaman hamar:Atenaxosu�yunum stavel en het yal ardyunqner�.
• Ditarkvel � ereq aliqi �oxazdeu�yun�  stavel en ardyunqnerqvazi-�ulayin-sinqronaum� n�va� proesi hamar, ha�vi a�nelov �oxazdo�aliqneri b e�aman vi�akner�  dispersian:
• Qnnarkva� en geraner, oronq unen erku parberu�yun,masnavorapes erk-segment  �ulayin-�rjva� o� g�ayin byure�ner: Aysbyure�ner� mia�amanakoren �ulayin sinqronanum en erku proes:Ha�varkva� en ardyunqner �ulayin sinqronaman hamar n�va� byure�nerum:
• Cuy � trva�, or hnaravor � �fektivoren generanel e�a-fotonvi�akner` ω0 → ω1 + ω2, ω2 → ω1 + ω1 �ekavarvo� spektral bnu�agrerovgeranerum: Proesi �fektivu�yan  dra �qsperimental irakanamanhetazotumner� berva� en erku depqi hamar` erk-segment  �ulayin-�rjva�ka�uva�qneri hamar:
• Cuadrva� �, or oro�aki bekman ui�nerov g�ayin �lementnerinerdrum�, hnaravoru�yun � talis �ekavarel �ulayin sinqronamanpaymanner�: Masnavorapes, uadrva� �r, or hnaravor � ste��elazdararayin foton  korelava� fotonneri zuyg` korrelava�fotonneri tripleti: Ayd vi�akner� stavum en geranerum tara�vo��lektromagnisakan aliqneri dispersianeri kompensaman me�odov:
• Ditarkva� � parametrakan � a�oxu�yun nerq proes� o��egulyar parberakanoren b erava� byure�nerum: Cuadrva� �, orproesi havanakanu�yun� g�aynoren � a�um kaxva� domenneri �vi,i tarberu�yun qa�akusayin kaxva�u�yan hasarak parberakanorenb erava� byure�nerum: Cuadrva� � SP�N proessi  QÆS paymani�ekavarman hnaravoru�yunner�` nermu�elov kamayakan erkaru�yunnerovg�ayin �lementner o� �egulyar parberakanoren b erava� byure�neri mej:
• Hetazotva� � parametrik � a�oxu�yun nerq proes�parberakanoren b e�ava� byure�nerum, oronq unen �rjana� simetria  uadrva� � ayd proesi irakanaman o� trivialu�yun� ayd byure�nerum:Masnavorapes, uy � trva�, or nerq � a�oxu�yun proesi generaianirakananum � miayn drakan o� g�ayin byure�nerum (ne(2ω) ≥ no(ω))  miaynîåå proesi hamar: 18



SUMMARYDIANA ANTONOSYANGENERATION OF NONCLASSICAL LIGHTIN SUPERLATTICES AND PHOTONIC CRYSTALSThe theme of the dissertation is on the juntion of two diretions inphysis, whih atively develop now both for the fundamental siene and forvarious appliations. One diretion is devoted to the investigation of the quant-eletrodynami proesses in the optis and laser physis, while the seond diretionis onneted with elaboration of new optial nonlinear materials.It has been shown that the most e�etive soure of non-lassial states realizedin the laboratories is the proess of spontaneous parametri down-onversion ofpump �eld photons in χ
(2) nonlinear media. Thus, in the ontemporary physisdevelopment of non-lassial states of light and quantum tehnologies is stronglylinked with the elaboration of new materials.In the dissertation there are detailed developed new theoretial methods fordesription of χ(2) nonlinear �nite strutures for realization of photoni proesses.Presented dissertation is devoted to the investigations of the nonlinear optialparametri proesses, whih lead to the reeipt of multi-photon entangled states.Suh proesses are realized in the bi- refrative rystals as well as in miro-struturedrystals, where the quasi-phase mathing (QPM) ours. Nowadays, QPM is themost universal method for e�etive generation of photoni proesses: parametrisattering, generation of high harmonis, for wave interation and et..The last ahievements of the QPM tehnologies, based on the modulatednonlinear suseptibilities of nonlinear photoni rystals, reate great interest tothe investigation of physis and appliations of the multi-photon optial proesses.There are presented the results on engineering of three-photon states, generatedthrough the parametri asaded proesses, with ontrollable spetral parameters.Partiularly, there are presented onditions for generation of the heralded photonand onjugate photon pair for nondestrutive measurements, using the feature ofpolarization-entanglement of the generated photon triplet.One of the goals of the dissertation is the more detailed, than it was done before,theoretial desription of nonlinear strutured materials and photoni rystals on thebase of di�erent layered strutures with �nite lengths. Thus, there are presentedinvestigations of �nite nonlinear photoni rystals with various on�gurations.19



Partiularly, at the end of the dissertation there are disussed random struturesonsisting of nonlinear and linear domains as well as the nonlinear periodially poledannular rystals for realization of parametri down-onversion proess.The following results were obtained in the dissertation:
• It has been alulated the quasi-phase-mathing funtion of the three-waveinteration in one-dimensional superlatties with a glane polarizing states anddispersion of the interating waves.
• It has been disussed superlatties with two periods, partiularly dual-grid and phase-reversed nonlinear rystals, whih allow simultaneously phase-mathtwo nonlinear proesses. There are found results on quasi-phase-mathing for suhsuperlatties.
• It has been exhibited that it is possible to generate three-photon stateswith ontrollable spetral properties in proesses ω0 → ω1 + ω2, ω2 → ω1 + ω1in superlatties. The analysis of the e�ieny of the proess and its experimentalrealization is presented for two ases: dual-segment and phase-reversed strutures.
• It has been shown that inserting linear elements with orresponding refratingindexes in the strutured materials allow manipulate the ondition of quasi-phase-mathing. Partiularly, thanks to it, it beome possible to engineer heralded photonand the ouple of onjugative orrelated photon pair from the orrelated photontriplet, owing to the ompensation of the dispersion of the eletromagneti wavesexpanding in the superlatties.
• It has been investigated proess of parametri down-onversion in the randomperiodially poled nonlinear rystals, in whih the lengths of domains are random. Ithas been shown that the probability of the proess inreasing linearly depending onthe number of domains, in opposite to the quadrati ase in the standard periodiallypoled strutures. It has been exhibited the possibility to ontrol the SPDC and theondition of QPM, inserting linear domains with random lengths in the randomrystal.
• It has been investigated proess of parametri down onversion in theperiodially poled annular rystals and shown that the realization of the proessis not trivial. Partiularly, it has been dedued that SPDC is realized in positivenonlinear rystals (ne(2ω) ≥ no(ω)) and only for îåå proess.

20


	Список литературы

