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Êðèñòàëë íèîáàòà ëèòèÿ – îäèí èç íàèáîëåå ýô-
ôåêòèâíûõ ôîòîðåôðàêòèâíûõ ñåãíåòîýëåêòðèêîâ,
êîòîðûå ÿâëÿþòñÿ ïåðñïåêòèâíûìè ñðåäàìè äëÿ çà-
ïèñè, îáðàáîòêè è õðàíåíèÿ ãîëîãðàôè÷åñêîé èí-
ôîðìàöèè [1, 2]. Â ïðîöåññå çàïèñè îïòè÷åñêèõ ñèã-
íàëîâ â êðèñòàëëàõ íèîáàòà ëèòèÿ âîçíèêàåò ñèëü-
íîå ñâåòîâîå ðàññåÿíèå íà îïòè÷åñêè íàâåäåííîé
íåîäíîðîäíîñòè – ôîòîðåôðàêòèâíîå ðàññåÿíèå ñâå-
òà (ÔÐÐÑ), ÷òî íàêëàäûâàåò ñóùåñòâåííûå îãðàíè-
÷åíèÿ íà èõ ïðèìåíåíèÿ.

Ïðè ðàññåÿíèè ñâåòà èíäèêàòðèñà è êèíåòèêà
ÔÐÐÑ ñóùåñòâåííî çàâèñÿò îò ðÿäà ôèçè÷åñêèõ
óñëîâèé: íàïðàâëåíèÿ ïîëÿðèçàöèè èçëó÷åíèÿ
íàêà÷êè è îðèåíòàöèè ïîëÿðíîé îñè êðèñòàëëà
îòíîñèòåëüíî ïó÷êà ñâåòà, ïëîòíîñòè ìîùíîñòè
ïàäàþùåãî èçëó÷åíèÿ, ðîäà è êîíöåíòðàöèè ïðèìå-
ñè â êðèñòàëëå, ÷àñòîòû ñâåòîâîé âîëíû, òåìïåðà-
òóðû îêðóæàþùåé ñðåäû è åå ïðîâîäèìîñòè, ïðå-
äûñòîðèè êðèñòàëëà [3–10]. Â ýêñïåðèìåíòå ïðè íà-
áëþäåíèè ÔÐÐÑ îáû÷íî èñïîëüçóåòñÿ äîñòàòî÷íî
ìîùíîå èçëó÷åíèå (0,05–1 Âò) àðãîíîâîãî èëè ãå-
ëèé-êàäìèåâîãî ëàçåðà. Ñ ìîùíûì èçëó÷åíèåì
êðèñòàëë “îæèâàåò”, ñòåïåíü è õàðàêòåð ôîòîðåô-
ðàêòèâíûõ èçìåíåíèé ïðè óâåëè÷åíèè ìîùíîñòè
ïó÷êà âîçðàñòàþò, ïîÿâëÿþòñÿ êîëüöåâûå ñòðóêòó-
ðû, èçìåíÿþùèåñÿ ñî âðåìåíåì [9]. Ñïåêë-ñòðóê-
òóðà ðàññåÿííîãî ñâåòà òàêæå íå îñòàåòñÿ íåèçìåí-
íîé, èçìåíÿÿñü âî âðåìåíè ñêà÷êîì [10]. Ïîÿâëÿåòñÿ
ñåëåêòèâíîå ðàññåÿíèå â âèäå äóã è êîëåö äîñòàòî÷-
íî áîëüøîãî äèàìåòðà è â âèäå îáðàçîâàíèé òèïà
“áüþùåãîñÿ ñåðäöà” [8].

Â ïðîöåññå îáëó÷åíèÿ êðèñòàëëà èçëó÷åíèåì
àðãîíîâîãî èëè ãåëèé-êàäìèåâîãî ëàçåðà ÔÐÐÑ ðàç-
âèâàåòñÿ èç öåíòðàëüíîé îáëàñòè (ïÿòíà), îáðàçî-
âàííîé ëàçåðíûì ïó÷êîì ïðè ïðîõîæäåíèè ÷åðåç
êðèñòàëëè÷åñêóþ ïëàñòèíêó, è ñî âðåìåíåì ïðèîá-
ðåòàåò ôîðìó “âîñüìåðêè ñ ëåïåñòêàìè”, îðèåíòè-

ðîâàííûìè âäîëü ïîëÿðíîé îñè êðèñòàëëà (äèôôó-
çèîííîå ðàññåÿíèå). Èíòåíñèâíîñòü ïðîøåäøåãî
èçëó÷åíèÿ ïåðåðàñïðåäåëÿåòñÿ èç öåíòðàëüíîãî ïÿò-
íà â ëåïåñòêè íåñåëåêòèâíîãî ðàññåÿíèÿ (ðàññåÿíèå
åå-òèïà [4] è îî-òèïà [5], à òàêæå îå- è åî-òèïîâ [6]
ïðè äîñòàòî÷íîé ïëîòíîñòè ìîùíîñòè èçëó÷åíèÿ).

Ïðè óìåíüøåíèè ìîùíîñòè èçëó÷åíèÿ ÷àñòü
ÿâëåíèé ôîòîðåôðàêòèâíîãî ðàññåÿíèÿ ñâåòà èñ÷å-
çàåò, íî íåêîòîðûå îñîáåííîñòè îñòàþòñÿ äàæå ñ
èçëó÷åíèåì ãåëèé-íåîíîâîãî ëàçåðà ìîùíîñòüþ
ïîðÿäêà 1–2 ìÂò. Íàáëþäàåòñÿ øèðîêîóãëîâîå
äèôôóçèîííîå ðàññåÿíèå ñâåòà â âèäå “ëåïåñòêîâ
âîñüìåðêè”, ðàçâèâàþùèõñÿ èç öåíòðàëüíîé îáëà-
ñòè ÔÐÐÑ (èç òî÷êè ïàäåíèÿ ïó÷êà èçëó÷åíèÿ ëà-
çåðà íà êðèñòàëë). Ñïåêë-ñòóðêòóðà â “ëåïåñòêàõ
âîñüìåðêè” îñòàåòñÿ íåèçìåííîé â òå÷åíèå îáëó÷å-
íèÿ. Åñëè èñïîëüçîâàòü èçëó÷åíèå àðãîíîâîãî èëè
ãåëèé-êàäìèåâîãî ëàçåðà äîñòàòî÷íî áîëüøîé ìîù-
íîñòè, òî â êðèñòàëëàõ íèîáàòà ëèòèÿ äàæå áåç ïðè-
ìåñè âîçíèêàåò ÔÐÐÑ.

Ìíîãî÷èñëåííûå ýêñïåðèìåíòû ïî ÔÐÐÑ â êðè-
ñòàëëàõ íèîáàòà ëèòèÿ ïîêàçàëè, ÷òî íàèáîëåå àê-
òèâíîé ôîòîðåôðàêòèâíîé ïðèìåñüþ ÿâëÿþòñÿ
èîíû æåëåçà. Â êðèñòàëëàõ ñ ìàëîé êîíöåíòðàöèåé
æåëåçà (ìåíüøå 0,01 âåñ.%) – íîìèíàëüíî ÷èñòûõ –
ýôôåêò ÔÐÐÑ îò ãåëèé-íåîíîâîãî ëàçåðà íå ïðîÿâ-
ëÿåòñÿ. Ñ êîíöåíòðàöèåé æåëåçà áîëüøå 0,01 âåñ.%
ïðîÿâëÿåòñÿ ÔÐÐÑ, ïðè÷åì ñ óâåëè÷åíèåì êîíöåí-
òðàöèè æåëåçà ñêîðîñòü ïîÿâëåíèÿ ÔÐÐÑ óâåëè÷è-
âàåòñÿ è ïðè êîíöåíòðàöèè æåëåçà 0,3 âåñ.% äîñòè-
ãàåò ìàêñèìàëüíîãî çíà÷åíèÿ. Â ñâÿçè ñ ýòèì â ýêñ-
ïåðèìåíòå èñïîëüçóþòñÿ êðèñòàëëû íèîáàòà ëèòèÿ
ñ êîíöåíòðàöèåé æåëåçà 0,3 âåñ.%.

Íèæå ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèé ÔÐÐÑ
â êðèñòàëëàõ LiNbO3:Fe (èîíû æåëåçà èìåþò âàëåíò-
íîñòü Fe2+, êîíöåíòðàöèÿ æåëåçà 0,3 âåñ.%; ðàçìåðû
êðèñòàëëà 1,5× 10× 10 ìì âäîëü êðèñòàëëîãðàôè-

ÓÄÊ 535.343.2

ÔÎÒÎÐÅÔÐÀÊÒÈÂÍÎÅ ÐÀÑÑÅßÍÈÅ ÈÇËÓ×ÅÍÈß
ÃÅËÈÉ-ÍÅÎÍÎÂÎÃÎ ËÀÇÅÐÀ Â ÊÐÈÑÒÀËËÀÕ ÍÈÎÁÀÒÀ ËÈÒÈß
© 2007 ã. À. Â. Ñþé*, êàíä. ôèç.-ìàò. íàóê; Â. È. Ñòðîãàíîâ*, äîêòîð ôèç.-ìàò. íàóê; Â. Â. Ëèõòèí**

** Äàëüíåâîñòî÷íûé ãîñóäàðñòâåííûé óíèâåðñèòåò ïóòåé ñîîáùåíèÿ, ã. Õàáàðîâñê
** Êîìñîìîëüñêèé-íà-Àìóðå ãîñóäàðñòâåííûé òåõíè÷åñêèé óíèâåðñèòåò, ã. Êîìñîìîëüñê-íà-Àìóðå
** E-mail: alsyuy271@mail.ru

Äëÿ êðèñòàëëà LiNbO3:Fe (0,3 âåñ.%) îáíàðóæåíà õàðàêòåðíàÿ çàâèñèìîñòü óãëîâîé øèðèíû
öåíòðàëüíîãî ïÿòíà ôîòîðåôðàêòèâíîãî ðàññåÿíèÿ èçëó÷åíèÿ ãåëèé-íåîíîâîãî ìàëîìîùíîãî
ëàçåðà îò âðåìåíè. Çàðåãèñòðèðîâàíû èçìåíåíèÿ êàðòèíû öåíòðàëüíîãî ïÿòíà äèôôóçèîííîãî
ôîòîðåôðàêòèâíîãî ðàññåÿíèÿ ñâåòà ïðè ìíîãîêðàòíîì îáëó÷åíèè êðèñòàëëà (Ð = 1–2 ìÂò,
λ = 0,6328 ìêì) è ïîñëåäîâàòåëüíîì òåðìè÷åñêîì îòæèãå â òå÷åíèå 30 ìèí ïðè òåìïåðàòóðå 473 K.

Êîäû OCIS: 160.3730, 100.0320.
Ïîñòóïèëà â ðåäàêöèþ 01.12.2006.



80 “Îïòè÷åñêèé æóðíàë”, òîì 74, ¹ 5, 2007

÷åñêèõ îñåé x× y× z ñîîòâåòñòâåííî) ïðè îáëó÷åíèè
êîëëèíåàðíûì (íå ôîêóñèðîâàííûì) ïó÷êîì èçëó÷å-
íèÿ ëàçåðà ËÃÍ 208À (Ð = 2 ìÂò, λ = 0,6328 ìêì,
d = 2 ìì). Èñïîëüçîâàëîñü ïîëÿðèçîâàííîå è íåïî-
ëÿðèçîâàííîå èçëó÷åíèå. Âûÿâëåíî âëèÿíèå ìíîãî-
êðàòíîãî òåðìè÷åñêîãî îòæèãà êðèñòàëëà íà ÔÐÐÑ
ïðè òåìïåðàòóðå, äîñòàòî÷íîé äëÿ óäàëåíèÿ îïòè-
÷åñêè íàâåäåííûõ íåîäíîðîäíîñòåé. Âîëíîâîé âåê-
òîð èçëó÷åíèÿ íàïðàâëåí âäîëü êðèñòàëëîãðàôè÷åñ-
êîé îñè x èëè y ïåðïåíäèêóëÿðíî îñè z. Êàðòèíà
ðàññåÿíèÿ íàáëþäàåòñÿ íà ýêðàíå, ðàñïîëîæåííîì
íà ðàññòîÿíèè 6 ì îò êðèñòàëëà, è ôèêñèðóåòñÿ öèô-
ðîâîé âèäåîêàìåðîé (ðèñ. 1).

Ïðè èñïîëüçîâàíèè ïîëÿðèçîâàííîãî ëàçåðíîãî
èçëó÷åíèÿ (λ = 0,6328 ìêì) äîñòàòî÷íî ìàëîé ìîù-
íîñòè (1 ìÂò), êîãäà óãîë ìåæäó âåêòîðîì íàïðÿ-
æåííîñòè ýëåêòðè÷åñêîãî ïîëÿ ñâåòîâîé âîëíû Å è
ïîëÿðíîé îñüþ êðèñòàëëà ðàâåí íóëþ (âçàèìî-
äåéñòâèå åå-òèïà), ïðîèñõîäèò âûòÿãèâàíèå (çíà÷è-
òåëüíîå óâåëè÷åíèå ðàçìåðîâ) íà ýêðàíå “ëåïåñò-
êîâ âîñüìåðêè” âäîëü ïîëÿðíîé îñè êðèñòàëëà. Îò-

êëîíåíèå ðàññåÿííûõ ëó÷åé â ýòîì ñëó÷àå äîñòèãà-
åò 70°–80°. Åñëè âåêòîð Å ïåðïåíäèêóëÿðåí ïîëÿð-
íîé îñè êðèñòàëëà, ðàññåÿíèå (îî-òèïà) âûðàæåíî
çíà÷èòåëüíî ñëàáåå (îòêëîíåíèå ðàññåÿííûõ ëó÷åé
5°–10°).

Âðåìÿ îáëó÷åíèÿ ñ íåïîëÿðèçîâàííûì ëàçåðíûì
èçëó÷åíèåì äî ïîëíîãî ðàñêðûòèÿ “ëåïåñòêîâ
âîñüìåðêè” ñîñòàâëÿåò ïðèìåðíî 15 ìèí ïðè ïåðâî-
íà÷àëüíîì îáëó÷åíèè. Ïðè ïîâòîðíûõ îáëó÷åíèÿõ è
ïîñëåäîâàòåëüíûõ îòæèãàõ â òå÷åíèå 30 ìèí ïðè
òåìïåðàòóðå 473 K âðåìÿ äî ïîëíîãî ðàñêðûòèÿ
“ëåïåñòêîâ âîñüìåðêè” óâåëè÷èâàåòñÿ äî 85 ìèí.

Íà ðèñ. 2 ïðåäñòàâëåíû êàðòèíû ðàçâèòèÿ öåíò-
ðàëüíûõ ïÿòåí ÔÐÐÑ, ñîîòâåòñòâóþùèõ ïðîõîäÿ-
ùåìó ÷åðåç êðèñòàëë ëó÷ó. Â ñëó÷àå íåïîëÿðèçîâàí-
íîãî ëàçåðíîãî èçëó÷åíèÿ öåíòðàëüíîå ïÿòíî êàð-
òèíû ÔÐÐÑ íåñêîëüêî âûòÿãèâàåòñÿ âäîëü ïîëÿðíîé
îñè êðèñòàëëà. Âíóòðè ïÿòíà íàáëþäàåòñÿ îïðå-
äåëåííàÿ ñòðóêòóðà (ðèñ. 2à, 2á). Óãëîâàÿ øèðèíà
ïÿòíà íåïðåðûâíî óâåëè÷èâàåòñÿ äî íàñûùåíèÿ
(ðèñ. 3). Â òå÷åíèå îáëó÷åíèÿ ïðîèñõîäÿò ïóëüñà-
öèè öåíòðàëüíîãî ïÿòíà. Ïÿòíî êàê áû “äûøèò”, ïðè
ýòîì ïîñòîÿííî óâåëè÷èâàÿñü â ðàçìåðàõ äî íàñû-
ùåíèÿ. Âåðîÿòíî, â êðèñòàëëå ïåðèîäè÷åñêè ïðî-
èñõîäèò ýëåêòðè÷åñêèé ïðîáîé, ïðè êîòîðîì ïÿòíî
ñêà÷êîì óìåíüøàåòñÿ â ðàçìåðàõ, à çàòåì âíîâü óâå-
ëè÷èâàåòñÿ (äî ñëåäóþùåãî ïðîáîÿ). Ìàêñèìàëüíàÿ
ñêîðîñòü ðàçâèòèÿ ÔÐÐÑ ñîîòâåòñòâóåò ñëó÷àþ, êîã-
äà ïëîñêîñòü ïîëÿðèçàöèè ïàäàþùåãî èçëó÷åíèÿ ïà-
ðàëëåëüíà íàïðàâëåíèþ ïîëÿðíîé îñè êðèñòàëëà.

Îòìåòèì, ÷òî ôîðìà êðèâîé óãëîâîé øèðèíû
öåíòðàëüíîãî ïÿòíà îò âðåìåíè (ðèñ. 2à) ïîäîáíà
êðèâîé çàâèñèìîñòè íàïðÿæåíèÿ îò âðåìåíè U(t) äëÿ

1
2 3 4

5

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòà ïî ôîòîðåôðàêòèâíî-
ìó ðàññåÿíèþ ñâåòà. 1 – ëàçåð, 2 – ïîëÿðèçàòîð,
3 – êðèñòàëë, 4 – ïîëóïðîçðà÷íûé ýêðàí, 5 – öèô-
ðîâàÿ âèäåîêàìåðà.

1

2

3

1

2

3

1

2

3

(à) (á) (â)

Ðèñ. 2. Êèíåòèêà ðàçâèòèÿ öåíòðàëüíîãî ïÿòíà ÔÐÐÑ â êðèñòàëëå LiNbO3:Fe (0,3 âåñ.%). Èçëó÷åíèå: à – íåïî-
ëÿðèçîâàííîå, Ð = 2 ìÂò; á – íåïîëÿðèçîâàííîå, Ð = 2 ìÂò, ïîñëå ìíîãîêðàòíîãî îòæèãà êðèñòàëëà; â – ïîëÿðè-
çîâàííîå, Ð = 1 ìÂò, âåêòîð Å ïàðàëëåëåí ïîëÿðíîé îñè êðèñòàëëà, ïîñëå ìíîãîêðàòíîãî îòæèãà êðèñòàëëà.
Âðåìÿ îáëó÷åíèÿ: 1 – 30, 2 – 2400, 3 – 5400 ñ.
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ôîòîâîëüòàè÷åñêîãî ýôôåêòà â êðèñòàëëå LiNbO3:Fe
(0,3 âåñ.%) [7], ÷òî ïîäòâåðæäàåò ôîòîâîëüòàè÷åñ-
êóþ ìîäåëü ÔÐÐÑ.

Ïðè ìíîãîêðàòíîé òåðìè÷åñêîé îáðàáîòêå ïðè
òåìïåðàòóðå íèæå òåìïåðàòóðû Êþðè (äëÿ íèîáàòà
ëèòèÿ îêîëî 1473 K) ôîòîðåôðàêòèâíûå ñâîéñòâà
êðèñòàëëà íåñêîëüêî îñëàáåâàþò (ðèñ. 2 è ðèñ. 3),
ò. å. âîçíèêàåò ýôôåêò òåðìè÷åñêîé óñòàëîñòè êðè-
ñòàëëà, àíàëîãè÷íûé ýëåêòðè÷åñêîìó ñòàðåíèþ êðè-
ñòàëëîâ íèîáàòà ëèòèÿ [11], êîòîðîå íàáëþäàåòñÿ
ïðè ïîâûøåííîé òåìïåðàòóðå (473 K) â ýëåêòðè÷åñ-
êîì ïîëå (2 êÂ/ñì). Âåðîÿòíî, ýòî ñâÿçàíî ñ óâåëè-
÷åíèåì ýëåêòðè÷åñêîé ïðîâîäèìîñòè êðèñòàëëà.
Ïðè ýòîì çíà÷èòåëüíàÿ ÷àñòü ýëåêòðîíîâ íå ìîæåò
çàêðåïèòüñÿ íà ëîâóøêàõ è ýëåêòðè÷åñêîå ïîëå â
ïîëíîì îáúåìå â êðèñòàëëå íå ñîçäàåòñÿ, ÷òî ïðè-
âîäèò ê îñëàáëåíèþ íàâåäåííîé îïòè÷åñêîé íåîäíî-
ðîäíîñòè. Äàííûé ýôôåêò õîðîøî ïîäòâåðæäàåòñÿ
ýêñïåðèìåíòàëüíûìè ðåçóëüòàòàìè, ïðèâåäåííûìè
íà ðèñ. 2â.
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ðàëëåëåí ïîëÿðíîé îñè êðèñòàëëà, ïîñëå ìíîãî-
êðàòíîãî îòæèãà êðèñòàëëà.



<<
  /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


