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ÏÈÑÜÌÀ Â ÐÅÄÀÊÖÈÞ

Îäíèì èç ðåàëüíûõ ïóòåé ïîâûøåíèÿ áûñòðî-
äåéñòâèÿ æèäêîêðèñòàëëè÷åñêèõ ìîäóëÿòîðîâ ñâå-
òà ÿâëÿåòñÿ óìåíüøåíèå âðåìåíè ñïàäà îïòè÷åñêî-
ãî ïðîïóñêàíèÿ çà ñ÷åò óïðàâëåíèÿ ïðîöåññîì ðå-
ëàêñàöèè ýëåêòðè÷åñêèì ïîëåì. Äëÿ ýòèõ öåëåé
èñïîëüçóþò äâóõ÷àñòîòíûé íåìàòè÷åñêèé æèäêèé
êðèñòàëë (ÍÆÊ) ñ èíâåðñèåé çíàêà äèýëåêòðè÷åñ-
êîé àíèçîòðîïèè. Ïðèìåíåíèå äâóõ÷àñòîòíîãî ÍÆÊ
â ýëåêòðîîïòè÷åñêèõ óñòðîéñòâàõ ïîçâîëÿåò êîíò-
ðîëèðîâàòü äèíàìèêó ýëåêòðîîïòè÷åñêîãî îòêëèêà
ïóòåì îïòèìèçàöèè ðåæèìîâ óïðàâëåíèÿ àìïëèòó-
äîé è ÷àñòîòîé íàïðÿæåíèÿ ýëåêòðè÷åñêîãî ïîëÿ [1].
Àêòóàëüíîñòü èçó÷åíèÿ ôàçîâûõ õàðàêòåðèñòèê
äâóõ÷àñòîòíîãî ÍÆÊ ñâÿçàíà ñ ïðèêëàäíûìè èññëå-
äîâàíèÿìè ôàçîâûõ ýëåêòðîóïðàâëÿåìûõ ìîäóëÿòî-
ðîâ ñâåòà äëÿ àäàïòèâíîé îïòèêè [2–4] è èíôîðìà-
öèîííî-òåëåêîììóíèêàöèîííûõ ñèñòåì [5–6].

Îòëè÷èòåëüíîé îñîáåííîñòüþ äâóõ÷àñòîòíîãî
ÍÆÊ ÿâëÿåòñÿ ÷àñòîòíàÿ çàâèñèìîñòü äèýëåêòðè-
÷åñêîé àíèçîòðîïèè Δε( f ) = ε||( f ) – ε⊥( f ), ãäå ε|| è
ε⊥ – äèýëåêòðè÷åñêèå ïðîíèöàåìîñòè, ñîîòâåòñòâó-
þùèå ïîëîæåíèþ äèðåêòîðà îòíîñèòåëüíî âåêòîðà
ýëåêòðè÷åñêîãî ïîëÿ. Äèýëåêòðè÷åñêàÿ àíèçîòðîïèÿ
äâóõ÷àñòîòíîãî ÍÆÊ ïðîñòèðàåòñÿ îò ïîëîæèòåëü-
íûõ çíà÷åíèé ïðè íèçêèõ ÷àñòîòàõ äî îòðèöàòåëü-
íûõ ïðè âûñîêèõ ÷àñòîòàõ. Ñóùåñòâóåò êðèòè÷å-
ñêàÿ ÷àñòîòà fc, íèæå êîòîðîé îáëàñòü çíà÷åíèé
Δε > 0, à ïðè f > fc çíà÷åíèÿ Δε < 0. Óïðàâëÿþùåå
íàïðÿæåíèå, ïîäàâàåìîå íà ÆÊ-ìîäóëÿòîð, îðèåí-
òèðóåò äèðåêòîð ïàðàëëåëüíî âåêòîðó ïîëÿ, êîãäà
f < fc, è ïåðïåíäèêóëÿðíî åìó, êîãäà  f > fc.

Öåëüþ ðàáîòû ÿâëÿåòñÿ èçó÷åíèå ôàçîâîé ìîäó-
ëÿöèè ñâåòà â äâóõ÷àñòîòíîì ÍÆÊ è âëèÿíèÿ íà
ôàçîâóþ çàäåðæêó è ïîðîã S-ýôôåêòà Ôðåäåðèêñà
÷àñòîòû ñèíóñîèäàëüíîãî íàïðÿæåíèÿ, ïîäàâàåìî-
ãî íà ýëåêòðîäû ýëåêòðîóïðàâëÿåìîãî ìîäóëÿòîðà.

Ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïðîâîäèëè íà
äâóõ ïëîñêèõ ÆÊ-ÿ÷åéêàõ ñ ñèììåòðè÷íûìè ãðà-
íè÷íûìè óñëîâèÿìè, çàïîëíåííûõ äâóõ÷àñòîòíûì
ÍÆÊ-1001 (ÍÈÎÏÈÊ). Èçâåñòíî, ÷òî ó ýòîé ÍÆÊ-
ñìåñè îïòè÷åñêàÿ àíèçîòðîïèÿ Δn = 0,26, ïîêàçàòå-
ëè ïðåëîìëåíèÿ äëÿ îáûêíîâåííîãî è íåîáûêíîâåí-
íîãî ëó÷åé no = 1,53 è ne = 1,79 íà äëèíå âîëíû
633 íì, Δε = 4,43, à ε|| = 9,53 è ε⊥ = 5,1 ïðè f = 1 êÃö
è ïåðåõîäíàÿ (crossover) ÷àñòîòà fc = 7 êÃö [2]. Ñòåê-
ëÿííûå ïîäëîæêè, îáðàçóþùèå ÍÆÊ-ÿ÷åéêó, áûëè
ïîêðûòû òîíêèì ïðîâîäÿùèì ñëîåì íà îñíîâå îêèñ-
ëîâ èíäèÿ è îëîâà. Â ÿ÷åéêå À â êà÷åñòâå îðèåíòè-
ðóþùåé ïîâåðõíîñòè áûë èñïîëüçîâàí ñëîé ìîíî-
îêèñè ãåðìàíèÿ GeO, ïîëó÷åííûé íàêëîííûì íà-
ïûëåíèåì â âàêóóìå, à â ÿ÷åéêå Â ïîâåðõíîñòü GeO
áûëà äîïîëíèòåëüíî ïîêðûòà òîíêèì ñëîåì a-C:H,
îñàæäåííûì èç ïàðîâ àöåòîíà â ïëàçìå òëåþùåãî
ðàçðÿäà. Äëÿ ðåàëèçàöèè S-ýôôåêòà Ôðåäåðèêñà
ÿ÷åéêè ñîáèðàëè òàêèì îáðàçîì, ÷òîáû íàïðàâëå-
íèÿ îðèåíòàöèè ÆÊ íà îáåèõ ïîäëîæêàõ áûëè àí-
òèïàðàëëåëüíû. Òîëùèíà çàçîðà ÿ÷åéêè d çàäàâàëàñü
ôòîðîïëàñòîâûìè ïðîêëàäêàìè. ß÷åéêè çàïîëíÿëè
æèäêèì êðèñòàëëîì â íåìàòè÷åñêîé ôàçå â óñëîâè-
ÿõ âàêóóìà.

Èçìåðåíèå îïòè÷åñêîãî ïðîïóñêàíèÿ íà äëèíå
âîëíû 633 íì â çàâèñèìîñòè îò àìïëèòóäû è ÷àñòî-
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ÔÀÇÎÂÀß ÌÎÄÓËßÖÈß ÑÂÅÒÀ
Â ÄÂÓÕ×ÀÑÒÎÒÍÎÌ ÍÅÌÀÒÈ×ÅÑÊÎÌ ÆÈÄÊÎÌ ÊÐÈÑÒÀËËÅ
© 2007 ã. Å. À. Êîíøèíà, êàíä. òåõí. íàóê; Ä. Ñ. Êîñòîìàðîâ

Ñàíêò-Ïåòåðáóðãñêèé ãîñóäàðñòâåííûé óíèâåðñèòåò èíôîðìàöèîííûõ òåõíîëîãèé,
ìåõàíèêè è îïòèêè, Ñàíêò-Ïåòåðáóðã
E-mail: eakonshina@mail.ru

Ïðîâåäåíû îðèãèíàëüíûå èññëåäîâàíèÿ ôàçîâîé ìîäóëÿöèè ñâåòà â ñìåñè íåìàòè÷åñêèõ æèä-
êèõ êðèñòàëëîâ (ÍÆÊ) ñ èíâåðñèåé çíàêà äèýëåêòðè÷åñêîé àíèçîòðîïèè (Δε) â çàâèñèìîñòè îò
÷àñòîòû ïîäàâàåìîãî ñèíóñîèäàëüíîãî íàïðÿæåíèÿ. Ïîëó÷åíû çàâèñèìîñòè ôàçîâîé çàäåðæêè îò
íàïðÿæåíèÿ äëÿ ðÿäà ÷àñòîò. Ýêñïåðèìåíòàëüíî îïðåäåëåíî ïîðîãîâîå íàïðÿæåíèå S-ýôôåêòà è
ïîëó÷åíû çàâèñèìîñòè åãî îò ÷àñòîòû, èìåþùèå õàðàêòåðíûé ìàêñèìóì, ñîîòâåòñòâóþùèé êðè-
òè÷åñêîé ÷àñòîòå, ïðè êîòîðîé ìåíÿåòñÿ çíàê Δε ÍÆÊ-ñìåñè. Ïîêàçàíî, ÷òî â èíòåðâàëå ÷àñòîò
100–5000 Ãö ïðè Δε > 0 ôàçîâàÿ çàäåðæêà è ïîðîãîâîå íàïðÿæåíèå íå çàâèñÿò îò ÷àñòîòû ïîäàâà-
åìîãî íàïðÿæåíèÿ, íî íà íèõ âëèÿþò óñëîâèÿ àíèçîòðîïíî-óïðóãîãî ìåæôàçíîãî âçàèìîäåéñòâèÿ,
ñâÿçàííûå ñ îðèåíòèðóþùåé ïîâåðõíîñòüþ.

Êîäû OCIS: 160.3710, 230.3720.
Ïîñòóïèëà â ðåäàêöèþ 08.06.2007.



89“Îïòè÷åñêèé æóðíàë”, òîì 74, ¹ 10, 2007

òû ñèíóñîèäàëüíîãî íàïðÿæåíèÿ, ïîäàâàåìîãî íà
ÍÆÊ-ÿ÷åéêó, âûïîëíÿëè ñ ïîìîùüþ ýëåêòðîîïòè-
÷åñêîé ñõåìû, îïèñàííîé â ðàáîòå [7]. Áûëè ïîëó-
÷åíû êðèâûå çàâèñèìîñòè îïòè÷åñêîãî ïðîïóñêàíèÿ
îò ïðèëîæåííîãî íàïðÿæåíèÿ U ñ ÷àñòîòîé â èíòåð-
âàëå îò 100 Ãö äî 30 êÃö, è ðàññ÷èòàíû ñîîòâåòñòâó-
þùèå èì çíà÷åíèÿ ôàçîâîé çàäåðæêè. Ýêñïåðèìåí-
òàëüíûå çàâèñèìîñòè ôàçîâîé çàäåðæêè ΔΦ(U) äëÿ
ÿ÷åéêè Â, ïîëó÷åííûå äëÿ ðÿäà ÷àñòîò, ïðèâåäåíû
íà ðèñ. 1. Âèäíî, ÷òî â èíòåðâàëå ÷àñòîò îò 100 Ãö
äî 7 êÃö ôàçîâàÿ çàäåðæêà íà äëèíå âîëíû 633 íì
ïðè U = 20 Â äîõîäèëà äî 7π ïðè òîëùèíå ñëîÿ ÍÆÊ
îêîëî 13 ìêì. Íà ÷àñòîòå 20 êÃö ôàçîâàÿ çàäåðæêà
ðåçêî ïàäàëà äî 0,5π, ÷òî ñâèäåòåëüñòâóåò î ïåðåõî-
äå â îáëàñòü Δε < 0.

Ïðè S-äåôîðìàöèè ÍÆÊ ñ ïîëîæèòåëüíîé îï-
òè÷åñêîé àíèçîòðîïèåé ïîðîã ýëåêòðîîïòè÷åñêîãî
ýôôåêòà Ôðåäåðèêñà ñîîòâåòñòâóåò íàïðÿæåíèþ Uth
ýëåêòðè÷åñêîãî ïîëÿ, ïðè êîòîðîì íà÷èíàåò èçìå-
íÿòüñÿ óãîë íàêëîíà äèðåêòîðà ÆÊ îòíîñèòåëüíî
ïëîñêîñòè ïîäëîæêè. Çíà÷åíèå ïîðîãîâîãî íàïðÿ-
æåíèÿ Uth ñâÿçàíî ñ Δε ôîðìóëîé

11 ,thU K= π Δε                       (1)

ãäå K11 – êîíñòàíòà óïðóãîñòè Ôðàíêà [8].
Ñ óâåëè÷åíèåì ÷àñòîòû ïðèêëàäûâàåìîãî íà-

ïðÿæåíèÿ (ñì. ðèñ. 1) íàáëþäàåòñÿ ñìåùåíèå
çàâèñèìîñòåé ΔΦ(U) îòíîñèòåëüíî îñè íàïðÿæåíèé,
÷òî ñâèäåòåëüñòâóåò îá óâåëè÷åíèè ïîðîãà S-ýôôåê-
òà ñ ïîâûøåíèåì ÷àñòîòû îò 100 Ãö äî 10 000 Ãö,
îáóñëîâëåííîì ÷àñòîòíîé çàâèñèìîñòüþ äèýëåêò-
ðè÷åñêîé àíèçîòðîïèè äëÿ èññëåäóåìîãî ÍÆÊ.
Âáëèçè ïåðåõîäíîé ÷àñòîòû ïðè Δε → 0 äîëæíî íà-

áëþäàòüñÿ ðåçêîå óâåëè÷åíèå Uth â ñîîòâåòñòâèè ñ
ôîðìóëîé (1). Ýêñïåðèìåíòàëüíî ïîðîãîâîå íàïðÿ-
æåíèå îïðåäåëÿëè ýêñòðàïîëÿöèåé ëèíåéíîãî ó÷à-
ñòêà çàâèñèìîñòè ΔΦ(U) ïðè U → 0 â îáëàñòè íà-
ïðÿæåíèé íèæå 5 Â [7, 8]. Íà ðèñ. 2 ïðèâåäåíû çà-
âèñèìîñòè Uth( f ) äëÿ èññëåäóåìûõ ÍÆÊ-ÿ÷ååê À è
Â ñ ðàçíûìè ãðàíè÷íûìè óñëîâèÿìè ìåæôàçíîãî
âçàèìîäåéñòâèÿ. Â èíòåðâàëå îò 100 äî 5000 Ãö ïî-
ðîã ñëàáî çàâèñèò îò ÷àñòîòû ïðèëîæåííîãî íàïðÿ-
æåíèÿ. Ìàêñèìóì çàâèñèìîñòåé 1 è 2 íà ðèñ. 2 íà-
áëþäàåòñÿ íà ÷àñòîòå 10 êÃö. Ýòó ÷àñòîòó ìîæíî
ñ÷èòàòü ïåðåõîäíîé ÷àñòîòîé äàííîãî ÍÆÊ. Â ñëó-
÷àå ÿ÷åéêè Â ñ èçìåíåíèåì çíàêà àíèçîòðîïèè äè-
ýëåêòðè÷åñêîé ïðîíèöàåìîñòè íà îòðèöàòåëüíûé
íàáëþäàåòñÿ áîëåå ðåçêîå ïàäåíèå Uth, à çíà÷åíèå
ïîðîãà ïî÷òè â äâà ðàçà áîëüøå, ÷åì ó ÿ÷åéêè A.
Òàê êàê èññëåäóåìûå ÿ÷åéêè A è Â îòëè÷àþòñÿ òîëü-
êî îðèåíòèðóþùèìè ïîâåðõíîñòÿìè, òî ìîæíî çàê-
ëþ÷èòü, ÷òî íàáëþäàåìûå îòëè÷èÿ (çàâèñèìîñòè 1
è 2 íà ðèñ. 2) ñâÿçàíû ñ âëèÿíèåì ãðàíè÷íûõ óñëî-
âèé íà ñèëó ìåæôàçíîãî âçàèìîäåéñòâèÿ è ïîðîã
S-ýôôåêòà.

Õàðàêòåðèñòèêè ÍÆÊ-ÿ÷ååê, ïîëó÷åííûå ïî ðå-
çóëüòàòàì èçìåðåíèÿ ïðîïóñêàíèÿ îò íàïðÿæåíèÿ íà
÷àñòîòå 1 êÃö è ðàñ÷åòîâ, ïðîâåäåííûõ ïî ýòèì äàí-
íûì, ïðèâåäåíû â òàáëèöå. Íà÷àëüíûé óãîë íàêëî-
íà äèðåêòîðà ÆÊ θp â òàáëèöå îöåíèâàëè ìåòîäîì,
îñíîâàííûì íà ðàñ÷åòå òåîðåòè÷åñêîé çàâèñèìî-
ñòè ôàçîâîé çàäåðæêè îò óãëà íàêëîíà äèðåêòîðà äëÿ
êîíêðåòíîé òîëùèíû ñëîÿ ÆÊ [7]. Ìàêñèìàëüíîå
çíà÷åíèå ôàçîâîé çàäåðæêè ΔΦmax îïðåäåëÿëè
ýêñòðàïîëÿöèåé ëèíåéíîãî ó÷àñòêà çàâèñèìîñòè
ΔΦ(1/U) ïðè 1/U → 0. Ñ ïîìîùüþ ðàñ÷åòíîé êðè-
âîé ΔΦ(θp) äëÿ d = 13 ìêì è çíà÷åíèÿ ΔΦmax îïðå-
äåëÿëè óãîë íàêëîíà äèðåêòîðà â îòñóòñòâèå ýëåêò-

Ðèñ. 1. Çàâèñèìîñòè ôàçîâîé çàäåðæêè îò ïðèëî-
æåííîãî ñèíóñîèäàëüíîãî íàïðÿæåíèÿ ñ ðàçíîé
÷àñòîòîé (1 – 0,1, 2 – 5, 3 – 7, 4 – 10, 5 – 20 êÃö)
äëÿ ÿ÷åéêè B, çàïîëíåííîé äâóõ÷àñòîòíûì ÍÆÊ-
1001 (ÍÈÎÏÈÊ).

Ðèñ. 2. Çàâèñèìîñòè ïîðîãîâîãî íàïðÿæåíèÿ S-
ýôôåêòà îò ÷àñòîòû ñèíóñîèäàëüíîãî íàïðÿæåíèÿ,
ïîäàâàåìîãî íà ÍÆÊ-ÿ÷åéêè A è B (êðèâûå 1 è 2
ñîîòâåòñòâåííî).
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ðè÷åñêîãî ïîëÿ, êîòîðûé ñîñòàâèë 42° è 26° ó ÆÊ-
ÿ÷ååê A è B, ñîîòâåòñòâåííî.

Êàê ïîêàçàëî èññëåäîâàíèå îðèåíòèðóþùèõ ïî-
âåðõíîñòåé ñ ïîìîùüþ àòîìíî-ñèëîâîé ìèêðîñêî-
ïèè [9], îñàæäåíèå íà ïîâåðõíîñòü GeO ñ àíèçîò-
ðîïíîé ñòðóêòóðîé òîíêîé ïëåíêè à-Ñ:Í ïðèâîäèò
ê ñãëàæèâàíèþ íàíîðåëüåôà áåç ñóùåñòâåííîãî èç-
ìåíåíèÿ òîïîëîãèè ïîâåðõíîñòè. Ïîäîáíàÿ ìîäè-
ôèêàöèÿ ïîâåðõíîñòè GeO ñïîñîáñòâîâàëà óâåëè-
÷åíèþ ôàçîâîé çàäåðæêè ñâåòà äëÿ îáû÷íîãî ÍÆÊ
BL-037 (Merck) ïðè òîé æå òîëùèíå ñëîÿ â ðåçóëü-
òàòå óìåíüøåíèÿ íà÷àëüíîãî óãëà íàêëîíà, à òàêæå
ñîïðîâîæäàëàñü ïîâûøåíèåì ïîðîãîâîãî íàïðÿæå-
íèÿ S-äåôîðìàöèè äèðåêòîðà â ýëåêòðè÷åñêîì ïîëå
[7, 9]. Â ýòîé ðàáîòå òåíäåíöèè èçìåíåíèÿ õàðàêòå-
ðèñòèê ÍÆÊ-ÿ÷ååê äëÿ äâóõ÷àñòîòíîé ñìåñè â ðå-
çóëüòàòå êîìáèíàöèè îðèåíòèðóþùèõ ñëîåâ GeO è
a-C:H ñîõðàíèëèñü. Èç òàáëèöû âèäíî, ÷òî óìåíüøå-
íèå íà÷àëüíîãî óãëà íàêëîíà äèðåêòîðà ó ÿ÷åéêè B
ïðèâîäèò ê ïîâûøåíèþ ΔΦmax/π îò 5,5 äî 8,4 è óâå-
ëè÷åíèþ Uth îò 1,6 äî 2,9 Â íà ÷àñòîòå ïðèëîæåííî-
ãî íàïðÿæåíèÿ 1 êÃö.

Â ðåçóëüòàòå ïðîâåäåííûõ èññëåäîâàíèé ôàçî-
âîé ìîäóëÿöèè ñâåòà â äâóõ÷àñòîòíîì ÍÆÊ ïîêàçà-
íî, ÷òî ïðè èíâåðñèè çíàêà äèýëåêòðè÷åñêîé àíè-
çîòðîïèè íàáëþäàåòñÿ ñêà÷îê ïîðîãà S-ýôôåêòà íà
åãî ýêñïåðèìåíòàëüíîé çàâèñèìîñòè îò ÷àñòîòû ñè-
íóñîèäàëüíîãî íàïðÿæåíèÿ, ïîäàâàåìîãî íà ÿ÷åé-
êó. Ñ ïîìîùüþ òàêîé çàâèñèìîñòè ìîæíî óòî÷íèòü
ïåðåõîäíóþ ÷àñòîòó ÍÆÊ-ñìåñè, èñïîëüçóÿ îïèñàí-
íûé îïòè÷åñêèé ìåòîä. Ïîëó÷åííûå ðåçóëüòàòû
ïîäòâåðæäàþò ñóùåñòâåííîå âëèÿíèå àíèçîòðîïíî-
óïðóãîãî ìåæôàçíîãî âçàèìîäåéñòâèÿ ÍÆÊ ñ îðè-

Õàðàêòåðèñòèêè ÍÆÊ-ìîäóëÿòîðîâ ñâåòà, èññëåäóåìûõ
â ðàáîòå, äëÿ ÷àñòîòû 1êÃö ïðèëîæåííîãî íàïðÿæåíèÿ

ß÷åéêà Îðèåíòèðóþùàÿ
ïîâåðõíîñòü d, ìêì ΔΦmax/π Uth, Â θp, ãðàä

A
B

GeO
GeO/a-C:H

13
13,3

5,5
8,4

1,6
2,9

42
26

åíòèðóþùåé ïîâåðõíîñòüþ íà ôàçîâóþ çàäåðæêó
ñâåòà è ïîðîã S-ýôôåêòà è ìîãóò áûòü èñïîëüçîâà-
íû ïðè ðàçðàáîòêå ýëåêòðî- è ñâåòîóïðàâëÿåìûõ ôà-
çîâûõ ìîäóëÿòîðîâ ñâåòà ñ äâóõ÷àñòîòíîé àäðåñà-
öèåé äëÿ ïðàêòè÷åñêèõ ïðèìåíåíèé.

ËÈÒÅÐÀÒÓÐÀ
11. Jewell S.A., Sambles J.R. Optical characterization of a dual-

frequency hybrid aligned nematic liquid crystal cell // Optics
express. 2005. V. 13. ¹ 7. Ð .2627–2633.

12. Kirby A.K., Love G.D. Fast, large and controllable phase
modulation using dual frequency liquid crystals // Optics
express. 2004. V. 12. ¹ 7 P. 1470–1475.

13. Restainoa S.R., Daytonb D., Brownec S., Gonglewskia J.,
Bakerd J., Rogerse S., McDermottf S., Gallegosd J.,
Shilkog M. On the use of dual frequency nematic material
for adaptive optics systems: first results of a closed – loop
experiment // Optics express. 2000. V. 6. ¹ 1. P. 2–6.

14. Kotova S.P., Kvashnin M.Yu., Rakhmatulin M.A., Zaya-
kin O.A., Guralnik I.R., Klimov N.A., Clark P., Love G.D.,
Naumov A.F., Saunter C.D., Loktev M.Yu., Vdovin G.V.,
Toporkova L.V. Modal liquid crystal wavefront corrector //
Optics express. 2002. V. 10. ¹ 22. P. 1258–1272.

15. Wu Y.-H., Liang X., Lu Y.-Q., Du F., Lin Y.-H., Wu S.-T.
Variable optical attenuator with a polymer-stabilized dual-
frequency liquid crystal // Appl. Opt. 2005. V. 44. ¹ 20.
P. 4394–4398.

16. Wang Q., He S. Analysis and design of variable optical
attenuators based on nematic liquid-crystal cells // J. of
Modern Optics. 2006. V. 53. ¹ 4. P. 481–493.

17. Hwang S.J., Lin S.-T., Lai C.-H. A novel method to
measure the cell gap and pretilt angle of a reflective liquid
crystal display // Opt. Comm. 2006. V. 260. P. 614–620.

18. Êîíøèíà Å.À., Ôåäîðîâ Ì.À., Àìîñîâà Ë.Ï. Îïðåäåëå-
íèå óãëà íàêëîíà äèðåêòîðà è ôàçîâîé çàäåðæêè æèä-
êîêðèñòàëëè÷åñêèõ ÿ÷ååê îïòè÷åñêèìè ìåòîäàìè // Îï-
òè÷åñêèé æóðíàë. 2006. Ò. 73. ¹ 12. Ñ. 9–13.

19. Êîíøèíà Å.À., Ôåäîðîâ Ì.À., Àìîñîâà Ë.Ï., Âîðî-
íèí Þ.Ì. Âëèÿíèå ïîâåðõíîñòè íà ôàçîâóþ ìîäóëÿ-
öèþ ñâåòà â ñëîå íåìàòè÷åñêîãî æèäêîãî êðèñòàëëà //
ÆÒÔ. 2008.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


