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ÎÏÒÈ×ÅÑÊÎÅ ÌÀÒÅÐÈÀËÎÂÅÄÅÍÈÅ
È ÒÅÕÍÎËÎÃÈß

Â íàñòîÿùåå âðåìÿ ñóùåñòâóþò äâå îñíîâíûå
òåõíîëîãèè ìåíèñêîâûõ ëèíç èç ëåéêîñàïôèðà: ïî-
ëó÷åíèå çàãîòîâîê ñëîæíîé ôîðìû, íàïðèìåð ïî-
ëóñôåðû, ìåòîäîì ìåõàíè÷åñêîé îáðàáîòêè èëè
ïóòåì âûñîêîòåìïåðàòóðíîé ïëàñòè÷åñêîé äåôîð-
ìàöèè äèñêîâ, ïîëó÷åííûõ èç Z-ñðåçà ìîíîêðèñòàë-
ëà, êîòîðàÿ ïðèâîäèò ê îáðàçîâàíèþ ñõîäÿùåãîñÿ
ïó÷êà îïòè÷åñêèõ îñåé, îáðàçóþùèõ ïðÿìîé êðó-
ãîâîé êîíóñ (â öåíòðàëüíîì ñå÷åíèè âååð), è ïîçâî-
ëÿåò ðåàëèçîâàòü èçîòðîïíóþ àñôåðè÷åñêóþ ëèíçó
[1, 2]. Òàê êàê îòðàæåíèå â îäíîîñíûõ êðèñòàëëàõ
îáóñëîâëåíî êàê àçèìóòîì êîëåáàíèé ïàäàþùåé
âîëíû, òàê è óãëîì ïàäåíèÿ ëó÷à, óãëîì ìåæäó íà-
ïðàâëåíèåì ëó÷à è íàïðàâëåíèåì îïòè÷åñêîé îñè,
à òàêæå ïëîñêîñòüþ ïàäåíèÿ, òî ïðîáëåìà îöåíêè
îòðàæàþùåé ñïîñîáíîñòè ëèíçû âåñüìà àêòóàëüíà
äëÿ íîâîé îïòè÷åñêîé ñðåäû [3].

Öåëüþ íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ îïðåäåëåíèå
îñîáåííîñòåé îòðàæåíèÿ ïàðàëëåëüíîãî ïó÷êà ëó-
÷åé åñòåñòâåííîãî ñâåòà, ïàäàþùèõ âäîëü îñè ñèì-
ìåòðèè èçîòðîïíîé ëèíçû èç ïëàñòè÷åñêè äåôîð-
ìèðîâàííîãî ëåéêîñàïôèðà.

Ðàññìîòðåíèå îïòè÷åñêîé çàäà÷è â ïëîñêîñòè,
ïðîõîäÿùåé ÷åðåç îñü ñèììåòðèè ëèíçû èëè îïòè-
÷åñêóþ îñü, ïðàâîìåðíî äëÿ îáúåìíîé îñåñèììåò-
ðè÷íîé ôèãóðû, â íàøåì ñëó÷àå îïòè÷åñêîé ëèíçû.

Èìåÿ ôîêóñ îïòè÷åñêèõ îñåé â òî÷êå Î íà ðàñ-
ñòîÿíèè D îò íà÷àëà êîîðäèíàò, êàê ïîêàçàíî íà
ðèñ. 1, ëó÷è, ïðåëîìëÿÿñü íà âíåøíåé ïîâåðõíîñòè
ëèíçû, ïðåâðàùàþòñÿ â ñõîäÿùèéñÿ ïó÷îê ñ ôîêó-
ñîì â òîé æå òî÷êå Î íà îñè ñèììåòðèè îïòè÷åñêîé

ëèíçû. Íà âíåøíåé ïîâåðõíîñòè îòðàæåíèå â êàæ-
äîé òî÷êå îïðåäåëÿåòñÿ óãëîì ïàäåíèÿ ϕ è óãëîì
ìåæäó íàïðàâëåíèåì ëó÷à è îïòè÷åñêîé îñüþ êðè-
ñòàëëà θ. Ïåðâûé îïðåäåëÿëè êàê óãîë ìåæäó ïåð-
ïåíäèêóëÿðîì ê êàñàòåëüíîé ïðîôèëÿ àñôåðè÷åñêîé
ïîâåðõíîñòè è íàïðàâëåíèåì îñè îðäèíàò, à âòî-
ðîé – êàê èçìåíÿþùèéñÿ óãîë àïåðòóðû α.

Äëÿ ðàñ÷åòà êîýôôèöèåíòà îòðàæåíèÿ îò âíåø-
íåé ïîâåðõíîñòè èñïîëüçóåì ðåøåíèÿ, ïîçâîëÿþ-
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Íàïðàâëåíèå
ïàäåíèÿ ëó÷à

Ðèñ. 1. Ñõåìà ïðåëîìëåíèÿ ëó÷à íà âíåøíåé ïî-
âåðõíîñòè ëèíçû èç ïëàñòè÷åñêè äåôîðìèðîâàí-
íîãî ëåéêîñàïôèðà.
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ùèå ïîëó÷èòü àìïëèòóäû îòðàæåííûõ è ïðîøåäøèõ
âîëí ñâåòà ïðè ïðîèçâîëüíîé îðèåíòàöèè îäíîîñ-
íîãî êðèñòàëëà, ïîëó÷åííûå àâòîðàìè [4]. Â ðàì-
êàõ èñïîëüçóåìîé ìîäåëè äëÿ ñëó÷àÿ, êîãäà îïòè-
÷åñêàÿ îñü êðèñòàëëà íàõîäèòñÿ â ïëîñêîñòè ïàäå-
íèÿ ëó÷à, èìååì l1 = 0, à K = f(n1, ηå, η1), ãäå l1 –
êîýôôèöèåíò ðàçëîæåíèÿ åäèíè÷íîãî âåêòîðà îï-
òè÷åñêîé îñè, à K – êîýôôèöèåíò, ââåäåííûé ïðè
ðåøåíèè ñèñòåìû óðàâíåíèé è ó÷èòûâàþùèé èçìå-
íåíèå âåêòîðîâ ðåôðàêöèè è íîðìàëåé íà ãðàíèöå
ñðåä. Ðåçóëüòàòû ðàñ÷åòà êîýôôèöèåíòîâ îòðàæåíèÿ
èçîòðîïíîé ëèíçû èç ëåéêîñàïôèðà (êâàäðàò àìï-
ëèòóäíûõ êîýôôèöèåíòîâ r2), èìåþùåé àñôåðè÷å-
ñêóþ ïîâåðõíîñòü, îïèñûâàåìóþ óðàâíåíèåì âòî-
ðîãî ïîðÿäêà: y = 59,78722x2 + 0,07387x – 0,0114, ïî-
êàçûâàþò, ÷òî çàâèñèìîñòü îò óãëà ïàäåíèÿ äëÿ
àìïëèòóäíûõ êîýôôèöèåíòîâ îòðàæåíèÿ, êàê è äëÿ
êîýôôèöèåíòà îòðàæåíèÿ åñòåñòâåííîãî ñâåòà, ñ
ó÷åòîì óãëà ìåæäó îïòè÷åñêîé îñüþ è íàïðàâëåíè-
åì ëó÷à ïîäîáíà êëàññè÷åñêîé çàâèñèìîñòè, ïðè-
âîäèìîé äëÿ ñòåêîë âî âñåõ ó÷åáíèêàõ ïî îïòèêå, à
äëÿ ëåéêîñàïôèðà ïðåäñòàâëåíà íàìè â ðàáîòå [5].
Èç ðèñ. 1 âèäíî, ÷òî ñìåùåíèå ëó÷à îò öåíòðà
Õ = (D – y)tgα, è ýòî ïîçâîëÿåò îïðåäåëèòü èçìåíå-
íèå îòðàæåíèÿ ñâåòà ïî àïåðòóðå ëèíçû. Íà ðèñ. 2
ïðèâåäåíà çàâèñèìîñòü êîýôôèöèåíòà îòðàæåíèÿ
R = 0,5(r2

⊥ + r||
2) îò âíåøíåé àñôåðè÷åñêîé ïîâåðõíî-

ñòè ëèíçû äëÿ åñòåñòâåííîãî ñâåòà, ïîêàçûâàþùàÿ,
÷òî â öåíòðàëüíîé ÷àñòè êîýôôèöèåíò îòðàæåíèÿ
ìàëî èçìåíÿåòñÿ è äëÿ åãî ðàñ÷åòà ìîæíî èñïîëü-
çîâàòü ôîðìóëó (1). Äëÿ ñðàâíåíèÿ íà ðèñóíêå ïðè-
âåäåíû çàâèñèìîñòè êîýôôèöèåíòîâ îòðàæåíèÿ äëÿ
ïîëóñôåðè÷åñêèõ ïîâåðõíîñòåé ëèíç èç äåôîðìè-

ðîâàííîãî (êðèâàÿ 2) è ìîíîêðèñòàëëè÷åñêîãî (êðè-
âàÿ 3) ëåéêîñàïôèðà, ïîçâîëÿþùèå îöåíèòü âêëàä
èçìåíåíèÿ óãëà ïàäåíèÿ íà ïîâåðõíîñòü è óãëà ìåæ-
äó íàïðàâëåíèåì ëó÷à è îïòè÷åñêîé îñüþ. Èç ðè-
ñóíêà âèäíî, ÷òî êîýôôèöèåíò îòðàæåíèÿ îáóñëîâ-
ëåí â îñíîâíîì èçìåíåíèåì óãëà ïàäåíèÿ ëó÷à íà
ïîâåðõíîñòü, à âêëàä ðàññîãëàñîâàíèÿ ìåæäó íà-
ïðàâëåíèåì ëó÷à è îïòè÷åñêîé îñüþ äëÿ êîýôôè-
öèåíòà îòðàæåíèÿ ñîñòàâëÿåò ìåíåå 10–4.

Åñëè âíóòðåííÿÿ ïîâåðõíîñòü ëèíçû èìååò ôîð-
ìó ïîëóñôåðû (ò. å. â ñå÷åíèè ïîëó÷àåòñÿ îêðóæ-
íîñòü ñ ðàäèóñîì D – h, ðàâíûì ðàäèóñó ïîëóñôå-
ðè÷åñêîé çàãîòîâêè), òî ïîñëå ïðåëîìëåíèÿ ëó÷è
ïàäàþò íà âíóòðåííþþ ïîâåðõíîñòü ëèíçû ïåðïåí-
äèêóëÿðíî åé â êàæäîé òî÷êå ïîâåðõíîñòè. Îòðà-
æåíèå äëÿ ëþáîé òî÷êè ïîâåðõíîñòè ïîñòîÿííî
è ðàâíî

r2
⊥ = r||

2 = [(n0 – 1)/(n0 + 1)]2.               (1)

Íà ðèñ. 3 ïðåäñòàâëåíû ðåçóëüòàòû ðàñ÷åòà êî-
ýôôèöèåíòîâ îòðàæåíèÿ äëÿ äâóõ òî÷åê ïîâåðõíî-
ñòè, îòñòîÿùèõ îò îñè ëèíçû íà 16,5 è 24,7 ìì, à
òàêæå äëÿ ñëó÷àÿ èçìåíåíèÿ ðàäèóñà ïîëóñôåðû
âíóòðåííåé ïîâåðõíîñòè, ò. å. ñìåùåíèÿ Í ôîêóñà
ëó÷åé îòíîñèòåëüíî öåíòðà îïòè÷åñêèõ îñåé. Àìï-
ëèòóäíûå êîýôôèöèåíòû îòðàæåíèÿ ñðåäíåé è êðàé-
íåé òî÷åê ïîâåðõíîñòè â áîëüøåé ñòåïåíè îáóñëîâ-
ëåíû êðèâèçíîé âíóòðåííåé ïîâåðõíîñòè ëèíçû.
Ïðè ñìåùåíèè ôîêóñà ëó÷åé â ñòîðîíó ìåíüøèõ
çíà÷åíèé ýòî îáúÿñíÿåòñÿ âëèÿíèåì àçèìóòà êîëå-
áàíèé ïàäàþùåé âîëíû. Èç àñèììåòðèè ãðàôèêîâ
îòíîñèòåëüíî îñè ñèììåòðèè ëèíçû ìîæíî çàêëþ-
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ôîðìèðîâàííîãî ëåéêîñàïôèðà, 3 – ïîëóñôåðè÷å-
ñêàÿ èç ìîíîêðèñòàëëè÷åñêîãî ëåéêîñàïôèðà
(D = 60 ìì, h = 5 ìì, λ = 1,1 ìêì).

0 10 2010 20–10–30 –20 Í, ìì

1

4

3, 6

5

2
0,072

0,074

0,076

0,078

R, r2
⊥, r2

||

Ðèñ. 3. Çàâèñèìîñòè êîýôôèöèåíòîâ îòðàæåíèÿ îò
âíóòðåííåé ïîâåðõíîñòè ëèíçû r⊥

2, r||
2, R  îò ñìåùå-

íèÿ ôîêóñà ëó÷åé H (D = 60 ìì, λ = 1,1 ìêì).
1, 2, 3 – Õ = 24,7 ìì (ϕ = 42°); 4, 5, 6 – Õ = 16,5 ìì
(ϕ = 30°); 3 è 6 – R, 1 è 4 – r⊥

2, 2 è 5 – r||
2.



67“Îïòè÷åñêèé æóðíàë”, òîì 74, ¹ 7, 2007

÷èòü: ïîëÿðèçàöèÿ ïðè îòðèöàòåëüíûõ ñìåùåíèÿõ
öåíòðà îñåé îòíîñèòåëüíî D (ðèñ. 1) óâåëè÷èâà-
åòñÿ â áîëüøåé ñòåïåíè, ÷åì ïðè ïîëîæèòåëüíûõ
çíà÷åíèÿõ ñìåùåíèÿ. Äëÿ åñòåñòâåííîãî ñâåòà êî-
ýôôèöèåíò îòðàæåíèÿ ìàëî èçìåíÿåòñÿ (íå áîëåå
2×10–4) ñ èçìåíåíèåì ôîêóñà ëó÷åé îòíîñèòåëüíî
ôîêóñà îïòè÷åñêèõ îñåé, ÷òî ïîçâîëÿåò èñïîëüçî-
âàòü çíà÷åíèÿ, ïîëó÷åííûå ïî ôîðìóëå (1) (ñ ó÷å-
òîì äèñïåðñèè ïîêàçàòåëÿ ïðåëîìëåíèÿ), ïðè ðàñ-
÷åòàõ ëèíç èç ïëàñòè÷åñêè äåôîðìèðîâàííîãî ëåé-
êîñàïôèðà.

Ñóììèðóÿ îòðàæåíèå îò âíåøíåé è âíóòðåííåé
ïîâåðõíîñòåé ëèíçû, ìîæíî ïîëó÷èòü ïîëíûé êî-
ýôôèöèåíò îòðàæåíèÿ ïî âñåé àïåðòóðå ëèíçû èç
ïëàñòè÷åñêè äåôîðìèðîâàííîãî ëåéêîñàïôèðà.
Ìèíèìàëüíîå îòðàæåíèå ïàðàëëåëüíîãî ïó÷êà ëó-
÷åé åñòåñòâåííîãî ñâåòà íàáëþäàåòñÿ òîëüêî â ñëó-
÷àå èçãîòîâëåíèÿ âíóòðåííåé ïîâåðõíîñòè â ôîðìå
ïîëóñôåðû ðàäèóñîì, ðàâíûì ðàäèóñó ïóàíñîíà, èñ-
ïîëüçóåìîãî ïðè âûñîêîòåìïåðàòóðíîé ïëàñòè÷åñ-
êîé äåôîðìàöèè.

Ó÷èòûâàÿ ïîëó÷åííûå ðåçóëüòàòû, ìîæíî çàêëþ-
÷èòü, ÷òî äëÿ ðàñ÷åòà îòðàæåíèÿ ñâåòà â àñôåðè-
÷åñêèõ ëèíçàõ èç ïëàñòè÷åñêè äåôîðìèðîâàííîãî
ëåéêîñàïôèðà ìîæíî èñïîëüçîâàòü ðåøåíèÿ, ïðåä-
ëîæåííûå àâòîðàìè [4], äëÿ ïðîèçâîëüíî îðèåíòè-
ðîâàííîé ïëàñòèíêè îäíîîñíîãî êðèñòàëëà. Äàííûé
àëãîðèòì òàêæå ïîçâîëÿåò îöåíèòü êîýôôèöèåíò
îòðàæåíèÿ îò âíåøíåé ïîâåðõíîñòè ïîëóñôåðè÷å-
ñêîé ëèíçû èç ìîíîêðèñòàëëà äëÿ ïàðàëëåëüíîãî
ïó÷êà ëó÷åé, íàïðàâëåííûõ âäîëü îñè ñèììåòðèè
ëèíçû.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò îöåíèòü ïî-
òåðè íà îòðàæåíèå ïðè èñïîëüçîâàíèè äåòàëåé ñëîæ-

íîé êîíôèãóðàöèè îäíîîñíûõ êðèñòàëëîâ â ïðîõîä-
íîé îïòèêå è ó÷åñòü èçìåíåíèå ðàáî÷åé àïåðòóðû
äåòàëè, îáóñëîâëåííîå çíà÷èòåëüíûìè ïîòåðÿìè íà
îòðàæåíèå ñâåòà. Òåõíîëîãèÿ ìåíèñêîâûõ ëèíç èç
ëåéêîñàïôèðà, îñíîâàííàÿ íà ïðîöåññå íåîäíîðîä-
íîé ïëàñòè÷åñêîé äåôîðìàöèè ëåéêîñàïôèðà, ïî-
çâîëÿåò óïðàâëÿòü íå òîëüêî ôîðìîé îïòè÷åñêîé
äåòàëè, íî è îïòè÷åñêèìè ñâîéñòâàìè – äâóëó÷å-
ïðåëîìëåíèåì [6] è îòðàæåíèåì.

ËÈÒÅÐÀÒÓÐÀ
11. Àôàíàñüåâ È.È., Âåòðîâ Â.Í., Èãíàòåíêîâ Á.À. è äð.

Ñïîñîá ïîëó÷åíèÿ îïòè÷åñêèõ ëèíç // Ïàòåíò ÐÔ.
¹ 1773956. 1993.

12. Âåòðîâ Â.Í., Èãíàòåíêîâ Á.À, Ïèñüìåííûé Â.À. è äð.
Ñïîñîá ïîëó÷åíèÿ îïòè÷åñêèõ ëèíç // Çàÿâêà íà ïà-
òåíò ÐÔ ¹ 2005100065/03 îò 11.01.2005.

13. Afanasev I.I., Vetrov V.N., Ignatenkov B.A. Textural sap-
phire crystals new optical medium // 4 Intern. Confer.
“Single Growth and Heat &Mass Transfer”. 2001. V. 3.
P. 585.

14. Êîíñòàíòèíîâà À.Ô., Ëîíñêèé Ý.Ñ. Ïðîõîæäåíèå ñâå-
òà ÷åðåç ïëàñòèíêó èç îäíîîñíîãî êðèñòàëëà ïðè íà-
êëîííîì ïàäåíèè // Êðèñòàëëîãðàôèÿ. 1977. Ò. 22. Â. 1.
Ñ. 14–20.

15. Âåòðîâ Â.Í., Èãíàòåíêîâ Á.À., Óðáàíîâè÷ Å.Â. Îòðà-
æåíèå ïàðàëëåëüíîãî ïó÷êà ëó÷åé ñâåòà â ëèíçàõ èç
ïëàñòè÷åñêè äåôîðìèðîâàííîãî ëåéêîñàïôèðà // Ñá.
òðóäîâ VII Ìåæäóíàðîäíîé êîíôåðåíöèè “Ïðèêëàä-
íàÿ îïòèêà-2006”. Ò. 3.

16. Âåòðîâ Â.Í., Èãíàòåíêîâ Á.À. Ìèíèìèçàöèÿ äâóëó-
÷åïðåëîìëåíèÿ â ëèíçàõ èç ëåéêîñàïôèðà // Ñá. òðó-
äîâ VI Ìåæäóíàðîäíîé êîíôåðåíöèè “Ïðèêëàäíàÿ
îïòèêà-2004”. Ò. 4. Ñ. 116.



<<
  /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


