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Ââåäåíèå

Â æèäêîêðèñòàëëè÷åñêèõ ìèêðîëèíçàõ (ÆÊÌË)
èñïîëüçóåòñÿ ýôôåêò ïåðåîðèåíòàöèè ìîëåêóë íå-
ìàòèêà â íåîäíîðîäíîì ýëåêòðè÷åñêîì ïîëå. Êîí-
ôèãóðàöèÿ ýëåêòðè÷åñêîãî ïîëÿ çàäàåòñÿ ñïåöèàëü-
íîé ãåîìåòðèåé ýëåêòðîäîâ. Â ñôåðè÷åñêîé ìèêðî-
ëèíçå äëÿ ôîðìèðîâàíèÿ àêñèàëüíî-ñèììåòðè÷íîãî
ýëåêòðè÷åñêîãî ïîëÿ â ýëåêòðîäàõ ñîçäàþòñÿ êðóã-
ëûå îòâåðñòèÿ. Ðàçðàáîòàíû äâà òèïà ñôåðè÷åñêèõ
ìèêðîëèíç: íåñèììåòðè÷íûå – îòâåðñòèÿ èìåþòñÿ
â îäíîì èç ýëåêòðîäîâ; ñèììåòðè÷íûå – èìåþòñÿ
ñîâìåùåííûå îòâåðñòèÿ â îáîèõ ýëåêòðîäàõ. Äëÿ ïî-
ëó÷åíèÿ öèëèíäðè÷åñêîé ìèêðîëèíçû â ýëåêòðîäàõ
ñîçäàþò ùåëè îïðåäåëåííîãî ðàçìåðà. Èçìåíåíèå
ôîêóñíîãî ðàññòîÿíèÿ ÆÊÌË îñóùåñòâëÿåòñÿ èç-
ìåíåíèåì àìïëèòóäû ïðèëîæåííîãî íàïðÿæåíèÿ.
Ìèêðîëèíçû îáëàäàþò ìàëûìè ãàáàðèòàìè, èìåþò
ìàëûé âåñ è óïðàâëÿþòñÿ îò ìàëîìîùíûõ èñòî÷íè-
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êîâ. Ýòî îòêðûâàåò øèðîêèå âîçìîæíîñòè èõ ïðè-
ìåíåíèÿ â óñòðîéñòâàõ ôîòîíèêè: èíôîðìàöèîííûõ
äèñïëåÿõ, îïòè÷åñêèõ ìîäóëÿòîðàõ, ñèñòåìàõ îïòè-
÷åñêîé ôîêóñèðîâêè, óñòðîéñòâàõ êîððåêöèè çðåíèÿ
è äð. Îäíàêî íà îïòè÷åñêèå ñâîéñòâà ÆÊÌË îòðè-
öàòåëüíî âëèÿþò äåôåêòû, ïîÿâëÿþùèåñÿ â ïðîöåñ-
ñå ïåðåîðèåíòàöèè ìîëåêóë æèäêîãî êðèñòàëëà
(ÆÊ). Â äàííîé ðàáîòå ïðèâåäåíû ðåçóëüòàòû èñ-
ïîëüçîâàíèÿ ìóëüòèäîìåííûõ (ÌÄ) ÆÊ-ñòðóêòóð.
Ïîêàçàíî, ÷òî ýòî ïðèâîäèò ê óëó÷øåíèþ îïòè÷åñ-
êèõ ñâîéñòâ ìèêðîëèíç.

Èñïîëüçîâàíèå ÌÄ ñòðóêòóð â ÆÊÌË
ñ ãîìåîòðîïíîé îðèåíòàöèåé

Õàðàêòåðíîé îñîáåííîñòüþ ÆÊÌË ñ ãîìåîòðîï-
íîé îðèåíòàöèåé (ðèñ. 1à) ÿâëÿåòñÿ íàëè÷èå ó ìèê-
ðîëèíçû ñïóòíèêà-äåôåêòà, êîòîðûé âîçíèêàåò âñå-
ãäà [1, 2]. Ïðèìåð òàêîãî äåôåêòà ïîêàçàí íà ðèñ. 2à.
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Ðèñ. 1. Êîíñòðóêöèè ÆÊÌË. à – ñ ãîìåîòðîïíîé îðèåíòàöèåé, á – ñ îäíîðîäíîé íà÷àëüíîé îðèåíòàöèåé, â –
ñ ÌÄ ñòðóêòóðîé òèïà “ãèáðèä–ãîìåîòðîï”. 1 – ñòåêëî, 2 – õðîìîâîå ïîêðûòèå, 3 – ïîêðûòèå îêñèäà èíäèÿ, 4 –
ÆÊ, 5 – ïîëèèìèäíàÿ ïëåíêà, 6 – ãðàíèöà äîìåííîé ïàðû.
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Äåôîðìàöèÿ, âûçâàííàÿ èì, ïðèâîäèò ê íàðóøåíèþ
ñèììåòðèè è ïîÿâëåíèþ àáåððàöèé è àñòèãìàòèçìà
ó ìèêðîëèíç. Êðîìå òîãî, â ðåçóëüòàòå âîçäåéñòâèÿ
ýòîãî äåôåêòà êðèâèçíà ïðàâîé è ëåâîé âåòâåé ôà-
çîâîãî ïðîôèëÿ ñòàíîâèòñÿ ðàçëè÷íîé [2] è ïîëî-
æåíèå ñïóòíèêà-äåôåêòà íå êîíòðîëèðóåòñÿ. Ýòî
ïðèâîäèò ê âîçðàñòàíèþ âçàèìíîãî âëèÿíèÿ ìèê-
ðîëèíç äðóã íà äðóãà â ðàñòðàõ.

Ïðîâåäåíû èññëåäîâàíèÿ, íàïðàâëåííûå íà ïî-
èñê ñïîñîáîâ óìåíüøåíèÿ âëèÿíèÿ ñïóòíèêà-äåôåê-
òà íà ãîìåîòðîïíûå ÆÊÌË. Ðàçðàáîòàí ìåòîä, îñ-
íîâàííûé íà ïðèìåíåíèè ÌÄ ñòðóêòóðû, ïîçâî-
ëÿþùèé çàêëþ÷èòü ìèêðîëèíçó â äèñêëèíàöèîí-
íîå êîëüöî. Íà îñíîâå ýòîãî ìåòîäà ïðåäëîæåíû è
ðåàëèçîâàíû äâå êîíñòðóêöèè ÆÊÌË ñ ÌÄ ñòðóê-
òóðîé òèïà “ãîìåîòðîï–ãèáðèä”. Â ïåðâîé êîíñòðóê-
öèè ïîëîæåíèå ãðàíèöû ìåæäó äîìåíàìè ñîâïà-
äàåò ñ îòâåðñòèåì íà óïðàâëÿþùåì ýëåêòðîäå
(ðèñ. 1á). Âî âòîðîé – ãðàíèöà ìåæäó äîìåíàìè óäà-
ëåíà îò îòâåðñòèÿ âãëóáü ÿ÷åéêè (ðèñ. 1â). Íà
ðèñ. 2á, 2â ïîêàçàíû èíòåðôåðåíöèîííûå êàðòèíû,
íàáëþäàåìûå ïðè ïåðåîðèåíòàöèè ìîëåêóë ÆÊ â
ãîìåîòðîïíîé ìèêðîëèíçå ñ ÌÄ ñòðóêòóðàìè. Âèä-
íî, ÷òî õàðàêòåð ïåðåîðèåíòàöèè íåìàòèêà â îáëàñ-
òè îòâåðñòèÿ àíàëîãè÷åí ïåðåîðèåíòàöèè â ãîìåîò-
ðîïíîé ìèêðîëèíçå ñ îäíîðîäíîé îðèåíòàöèåé ìî-
ëåêóë. Ðàçíèöà ñîñòîèò â òîì, ÷òî ñïóòíèê-äåôåêò
ëîêàëèçîâàí íà ãðàíèöå ìåæäó ãîìåîòðîïíîé è ãèá-
ðèäíîé îðèåíòàöèÿìè. Óñòàíîâëåíî, ÷òî ïðè óâå-
ëè÷åíèè äèàìåòðà ãîìåîòðîïíîé îáëàñòè íà 10% ïî
îòíîøåíèþ ê äèàìåòðó îòâåðñòèÿ âëèÿíèå ñïóòíè-
êà-äåôåêòà áóäåò íåçíà÷èòåëüíûì. Ïðèìåíåíèå ÌÄ
ñòðóêòóð â íåñèììåòðè÷íûõ ÆÊÌË ñ ãîìåîòðîï-
íîé îðèåíòàöèåé (ðèñ. 1á, 1â) ïîçâîëèëî óìåíüøèòü
äåôåêòíîñòü ìèêðîëèíç, óìåíüøèòü îáëàñòü ïåðå-
îðèåíòàöèè ÆÊ çà ãðàíèöåé ìèêðîëèíç, èñêëþ÷èòü
âçàèìíîå âëèÿíèå ìèêðîëèíç â ìàññèâå è óìåíü-
øèòü ïðåäåëüíîå ðàññòîÿíèå ìåæäó íèìè.

Èñïîëüçîâàíèå ÌÄ ñòðóêòóð â ÆÊÌË
ñ ïëàíàðíîé îðèåíòàöèåé

Îñíîâíûì íåäîñòàòêîì íåñèììåòðè÷íûõ ÆÊÌË
ñ ïëàíàðíîé îðèåíòàöèåé ÿâëÿåòñÿ îáðàçîâàíèå äèñ-
êëèíàöèè [3, 4], óõóäøàþùåé åå îïòè÷åñêèå õàðàê-
òåðèñòèêè. Íàìè ïðîâåäåíû èññëåäîâàíèÿ âëèÿíèÿ
ïðåäíàêëîíà ìîëåêóë ÆÊ â íåñèììåòðè÷íûõ ìèê-
ðîëèíçàõ íà ïðîöåññ âîçíèêíîâåíèÿ è äèíàìèêó
ïîâåäåíèÿ äèñêëèíàöèè. Ïëàíàðíàÿ îðèåíòàöèÿ
ìîëåêóë íåìàòèêà äîñòèãàëàñü ïðåäâàðèòåëüíûì
íàòèðàíèåì ïîäëîæåê, ïîêðûòûõ ñëîåì ïîëèèìè-
äà. Óãîë íà÷àëüíîãî ïðåäíàêëîíà ìîëåêóë íåìàòè-
êà íà ïîâåðõíîñòè ïîäëîæêè ñîñòàâëÿë 4°–5°.Îöåí-
êà óãëà ïðåäíàêëîíà äèðåêòîðà, ïðåäëîæåííàÿ íàìè
ðàíåå, îïèñàíà â ðàáîòå [5]. Áûëè èçãîòîâëåíû äâà
òèïà ïëàíàðíûõ ÆÊ-ÿ÷ååê ñ ðàçëè÷íûì âçàèìíûì
ðàñïîëîæåíèåì ìîëåêóë íà ïîäëîæêàõ. Â ñëó÷àå
ïàðàëëåëüíîé ñáîðêè ÿ÷åéêè äèñêëèíàöèÿ ïîÿâëÿ-
åòñÿ íà ýòàïå ôîðìèðîâàíèÿ ìèêðîëèíçû è ÿâëÿåò-
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Ðèñ. 2. Âèçóàëèçàöèÿ ñïóòíèêà-äåôåêòà â ÆÊÌË ñ ãîìåîòðîïíîé îðèåíòàöèåé. à – ñ îäíîðîäíîé íà÷àëüíîé
îðèåíòàöèåé (ðèñ. 1à), á – ñ ÌÄ ñòðóêòóðîé òèïà “ãèáðèä–ãîìåîòðîï” (ðèñ. 1á), â – ñ ÌÄ ñòðóêòóðîé òèïà “ãèá-
ðèä–ãîìåîòðîï” (ðèñ. 1â).
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Ðèñ. 3. Êîíñòðóêöèÿ ÆÊÌË ñ ìàëûì âðåìåíåì ïå-
ðåõîäíîãî ïðîöåññà íà îñíîâå ÌÄ ñòðóêòóðû. 1 –
íåïðîçðà÷íîå õðîìîâîå ïîêðûòèå, 2 – äîìåí ñ ïëà-
íàðíîé îðèåíòàöèåé, 3 – äîìåí ñ ãèáðèäíîé îðè-
åíòàöèåé, 4 – ïðîçðà÷íîå ITO-ïîêðûòèå.
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ñÿ óñòîé÷èâîé. Â ñëó÷àå ÿ÷åéêè ñ àíòèïàðàëëåëü-
íîé ñáîðêîé ïðîöåññ ôîðìèðîâàíèÿ ìèêðîëèíç ñî-
ïðîâîæäàåòñÿ ïîÿâëåíèåì äèñêëèíàöèè, êîòîðàÿ
÷åðåç íåáîëüøîé ïðîìåæóòîê âðåìåíè èñ÷åçàåò.
Ïîñëå çàâåðøåíèÿ ïðîöåññà ôîðìèðîâàíèÿ ìèêðî-
ëèíçû ëþáîå èçìåíåíèå óïðàâëÿþùåãî íàïðÿæåíèÿ
íå ïðèâîäèò ê åå ïîâòîðíîìó âîçíèêíîâåíèþ, èñ-
êëþ÷àÿ ñëó÷àé âîçâðàùåíèÿ ÆÊ ê ïåðâîíà÷àëüíîé
ïëàíàðíîé îðèåíòàöèè. Âðåìÿ ôîðìèðîâàíèÿ τ ìèê-
ðîëèíçû ñ àíòèïàðàëëåëüíîé ñáîðêîé çàâèñèò îò
îòíîøåíèÿ Í/d (H – äèàìåòð ëèíçû, d – òîëùèíà
ñëîÿ ÆÊ) è óïðàâëÿþùåãî íàïðÿæåíèÿ. Ñ óâåëè÷å-
íèåì ýòèõ ïàðàìåòðîâ íàáëþäàåòñÿ ðîñò τ. Â ëó÷-
øåì ñëó÷àå âðåìÿ âîññòàíîâëåíèÿ ÆÊÌË äèàìåò-
ðîì 200 ìêì ñîñòàâëÿëî 3–5 ìèí, à äèàìåòðîì
400 ìêì – 10–15 ìèí. Äëÿ óìåíüøåíèÿ âðåìåíè âû-
õîäà â áåçäèñêëèíàöèîííûé ðåæèì èñïîëüçîâàíà
ÌÄ ñòðóêòóðà (ðèñ. 3). Íà ãðàíèöå ìèêðîëèíçû, ãäå
ôîðìèðóåòñÿ äèñêëèíàöèÿ, ñîçäàåòñÿ êëèíîîáðàç-
íàÿ îáëàñòü ñ ãèáðèäíîé îðèåíòàöèåé. Íàëè÷èå ÌÄ
ñòðóêòóðû ìåíÿåò õàðàêòåð ïåðåîðèåíòàöèè ìîëå-
êóë ÆÊ â ìèêðîëèíçå. Êàê ïîêàçàíî íà ðèñ. 4, ïðè
ïîäà÷å óïðàâëÿþùåãî íàïðÿæåíèÿ îáðàçóþòñÿ äâå
äèñêëèíàöèîííûå îáëàñòè, êîòîðûå ÷åðåç ìàëûé
ïðîìåæóòîê âðåìåíè èñ÷åçàþò. Äëÿ óïðàâëÿþùåãî
íàïðÿæåíèÿ 4,5 Â âðåìÿ ôîðìèðîâàíèÿ ìèêðîëèí-
çû ñîñòàâëÿåò 15 ñ, à äëÿ 7,5 Â – 40 ñ.

Ïðèìåíåíèå ÌÄ ñòðóêòóð â óïðàâëÿåìûõ
ôàçîâûõ ïëàñòèíêàõ Ôðåíåëÿ

Ïðåäëîæåí ïðîñòîé ñïîñîá ôîðìèðîâàíèÿ ÆÊ-
ëèíç ñ èñïîëüçîâàíèåì ÌÄ ñòðóêòóð, áàçèðóþùèé-
ñÿ íà ïðèìåíåíèè ôàçîâûõ ïëàñòèíîê Ôðåíåëÿ áåç
èñïîëüçîâàíèÿ ñëîæíîé êîíôèãóðàöèè ýëåêòðîäîâ.
Ñ ïîìîùüþ îáëàñòåé ñ ðàçëè÷íîé îðèåíòàöèåé ìî-
ëåêóë ÆÊ ñîçäàþòñÿ êîëüöåâûå çîíû Ôðåíåëÿ. Íà
ðèñ. 5 èçîáðàæåíà ëèíçà ñ èñïîëüçîâàíèåì ìóëüòè-
äîìåííîé ñòðóêòóðû òèïà “ïëàíàð–ãèáðèä”. Ðàäè-
óñû ãðàíèö çîí ìåíÿþòñÿ ïðîïîðöèîíàëüíî êîðíþ
êâàäðàòíîìó èç ïîñëåäîâàòåëüíîñòè öåëûõ ÷èñåë n:

,r n f= λ ãäå f – ôîêóñíîå ðàññòîÿíèå, λ – äëèíà
âîëíû ïàäàþùåãî ñâåòà. Òàêàÿ êîíñòðóêöèÿ ïîçâî-
ëÿåò ôîðìèðîâàòü ëèíçó â îáëàñòè âçàèìíîãî ïåðå-
êðûòèÿ óïðàâëÿþùèõ ýëåêòðîäîâ, ÷òî èñêëþ÷àåò ñî-
çäàíèå ñëîæíîé òîïîëîãèè ïðîâîäÿùèõ ñëîåâ. Êî
âñåì çîíàì Ôðåíåëÿ ïðèëîæåíî îäíî óïðàâëÿþùåå
íàïðÿæåíèå. Îòñóòñòâèå ìåæýëåêòðîäíûõ çàçîðîâ
îáåñïå÷èâàåò îòñóòñòâèå íåóïðàâëÿåìûõ îáëàñòåé.
Â êà÷åñòâå ïðèìåðà ðàññìîòðèì ïðèìåíåíèå ñòðóê-
òóðû òèïà “ãèáðèä–ïëàíàð” íà îñíîâå ÆÊ ñ ïîëî-
æèòåëüíîé äèýëåêòðè÷åñêîé àíèçîòðîïèåé. Ïðè
ïîäà÷å óïðàâëÿþùåãî íàïðÿæåíèÿ íà ýëåêòðîäû
äîìåíû áóäóò íàõîäèòüñÿ â îäíîðîäíîì ýëåêòðè÷åñ-
êîì ïîëå. Ïîñêîëüêó ãèáðèäíûé è ïëàíàðíûé äî-
ìåíû îáëàäàþò ðàçëè÷íîé âîëüò-ôàçîâîé õàðàêòå-
ðèñòèêîé, òî ïðè èçìåíåíèè óïðàâëÿþùåãî íàïðÿ-
æåíèÿ U áóäåò ìåíÿòüñÿ ðàçíîñòü ôàç δ ìåæäó
çîíàìè Ôðåíåëÿ, êàê ïîêàçàíî íà ðèñ. 6 (U0 – ïîðî-
ãîâîå íàïðÿæåíèå).

Ïðåäëîæåííûé ìåòîä ìîæíî èñïîëüçîâàòü ïðè
ñîçäàíèè ôàçîâûõ äèôðàêöèîííûõ ðåøåòîê. Â ðà-
áîòå [6] ôàçèðîâàíèå çîí îñóùåñòâëÿåòñÿ ñ ïîìî-

(à) (á) (â) (ã)

Ðèñ. 4. Èíòåðôåðåíöèîííûå êàðòèíû, íàáëþäàåìûå â ïëàíàðíîé íåñèììåòðè÷íîé ÆÊÌË (äèàìåòð 200 ìêì) ñ
ÌÄ ñòðóêòóðîé ïðè ïîäà÷å óïðàâëÿþùåãî íàïðÿæåíèÿ ÷àñòîòîé 2 êÃö è àìïëèòóäîé 7,5 Â ÷åðåç 1 (à), 10 (á), 20
(â) è 40 ñ (ã).
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Ðèñ. 5. Êîíñòðóêöèÿ ÆÊ-ëèíçû íà îñíîâå ôàçî-
âîé ïëàñòèíêè Ôðåíåëÿ ñ èñïîëüçîâàíèåì ÌÄ
ñòðóêòóðû òèïà “ïëàíàð–ãèáðèä”. 1 – ïðîêëàäêè,
ðåãóëèðóþùèå òîëùèíó ÆÊ, 2 – ÌÄ ñòðóêòóðà,
3 – ñïëîøíîé ïðîâîäÿùèé ITO-ñëîé, 4 – ìåæäî-
ìåííàÿ ãðàíèöà.
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ùüþ íàáîðà ïðîçðà÷íûõ ýëåêòðîäîâ. Òàêàÿ êîíñò-
ðóêöèÿ îáëàäàåò âñåìè íåäîñòàòêàìè ðàññìîòðåí-
íûõ âûøå ëèíç ñ íàáîðîì ýëåêòðîäîâ èíäèâèäóàëü-
íîé àäðåñàöèè. Ïðè èñïîëüçîâàíèè ïðåäëîæåííîãî
ìåòîäà ìîæíî èñêëþ÷èòü ñëîæíóþ êîíñòðóêöèþ
ýëåêòðîäîâ è äîáèòüñÿ ðåçêîé ãðàíèöû ìåæäó çîíà-
ìè Ôðåíåëÿ.

Çàêëþ÷åíèå

Ïðåäëîæåíû è ðåàëèçîâàíû äâå êîíñòðóêöèè
íåñèììåòðè÷íûõ ãîìåîòðîïíûõ ìèêðîëèíç ñ ïðè-
ìåíåíèåì ÌÄ ñòðóêòóðû òèïà “ãîìåîòðîï–ãèáðèä”.
Ýòî ïîçâîëèëî çíà÷èòåëüíî îãðàíè÷èòü ðàçìåðû

ñïóòíèêà-äåôåêòà è óìåíüøèòü åãî âëèÿíèå íà ìèê-
ðîëèíçó. Ïîäîáðàíà íàèáîëåå îïòèìàëüíàÿ êîíñò-
ðóêöèÿ òàêîé ìèêðîëèíçû. Ïðåäëîæåí è ðåàëèçî-
âàí ñïîñîá áûñòðîãî ôîðìèðîâàíèÿ íåñèììåòðè÷-
íîé ÆÊÌË ñ ïëàíàðíîé îðèåíòàöèåé ïðè ïîäà÷å
óïðàâëÿþùåãî íàïðÿæåíèÿ. Îí îñíîâàí íà ïðèìå-
íåíèè ÌÄ ñòðóêòóðû òèïà “ãèáðèä–ïëàíàð”.

Ïðåäëîæåíà êîíñòðóêöèÿ ÆÊÌË íà îñíîâå ôà-
çîâûõ ïëàñòèíîê Ôðåíåëÿ ñ èñïîëüçîâàíèåì ÌÄ
ñòðóêòóð. Äîñòîèíñòâîì òàêîé êîíñòðóêöèè ÿâëÿåòñÿ
îòñóòñòâèå ñëîæíîãî òîïîëîãè÷åñêîãî ðèñóíêà ïðî-
âîäÿùèõ ñëîåâ è íåêîíòðîëèðóåìûõ îáëàñòåé ÆÊ
â ìåæýëåêòðîäíûõ çàçîðàõ.
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Ðèñ. 6. Èçìåíåíèå ðàçíîñòè ôàç ìåæäó çîíàìè
Ôðåíåëÿ â çàâèñèìîñòè îò óïðàâëÿþùåãî íàïðÿ-
æåíèÿ äëÿ ÆÊ-ëèíçû ñ ÌÄ ñòðóêòóðîé òèïà “ïëà-
íàð–ãèáðèä” (òîëùèíà ÆÊ-ñëîÿ 50 ìêì, ÆÊÌ-
1282).



<<
  /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


