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Êâàðöåâîå ñòåêëî ÊÓ-1 øèðîêî èñïîëüçóåòñÿ â
ðîññèéñêîé ïðîìûøëåííîñòè ïðè ïðîèçâîäñòâå îïòè-
÷åñêèõ äåòàëåé è âûñîêîäîáðîòíûõ ìåõàíè÷åñêèõ
ðåçîíàòîðîâ. Îñîáåííîñòüþ ýòîãî ñòåêëà ÿâëÿåòñÿ
äîñòàòî÷íî âûñîêàÿ êîíöåíòðàöèÿ ãèäðîêñèëüíûõ
ãðóïï (∼1300 ppm), ÷òî ñâÿçàíî ñ òåõíîëîãèåé åãî
ïðîèçâîäñòâà. Îòæèã äåòàëåé, èçãîòîâëåííûõ èç
ÊÓ-1, ñîïðîâîæäàåòñÿ äåãèäðîêñèëèðîâàíèåì ñòåêëà
íà äîñòàòî÷íî áîëüøóþ ãëóáèíó, ÷òî â íåêîòîðûõ
ñëó÷àÿõ ìîæåò ïðèâåñòè ê ñóùåñòâåííîìó ñíèæå-
íèþ èõ êà÷åñòâà.

Öåëü íàñòîÿùåé ðàáîòû ñîñòîÿëà â èññëåäîâàíèè
äåãèðîêñèëèðîâàíèÿ êâàðöåâîãî ñòåêëà ïðè îòæèãå â
äèàïàçîíå òåìïåðàòóðû 800−980°Ñ è â âûÿñíåíèè ìå-
õàíèçìà îáðàçîâàíèÿ ïîâåðõíîñòíûõ äåôåêòîâ.

Äëÿ îïðåäåëåíèÿ ïðîôèëÿ è ãëóáèíû äåãèäðîêñèëè-
ðîâàííîé ïîâåðõíîñòíîé çîíû, âîçíèêàþùåé ïðè îòæè-
ãå, íåîáõîäèìî çíàòü êîýôôèöèåíò äèôôóçèè ãèäðî-
êñèëüíûõ ãðóïï â êâàðöåâîì ñòåêëå ÊÓ-1. Â äàííîé
ðàáîòå îí îïðåäåëÿëñÿ ýêñïåðèìåíòàëüíî ïî ìåòîäè-
êå, õîðîøî èçâåñòíîé èç ëèòåðàòóðû [1]. Äëÿ ïëîñêèõ
ïëàñòèí òîëùèíîé h, îòæèãàåìûõ â òå÷åíèå âðåìåíè
t, êîýôôèöèåíò äèôôóçèè ÎÍ-ãðóïï (D) ìîæåò áûòü
âû÷èñëåí ïî ôîðìóëå

                              (1)

ãäå [OH] − ñðåäíÿÿ ïî òîëùèíå îáðàçöà êîíöåíòðàöèÿ
ãèäðîêñèëüíûõ ãðóïï ïîñëå îòæèãà â òå÷åíèå âðåìå-
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íè t; [OH]0 − èñõîäíàÿ êîíöåíòðàöèÿ ãèäðîêñèëüíûõ
ãðóïï; h − òîëùèíà ïëîñêîãî îáðàçöà.

Â ïðîâåäåííûõ ýêñïåðèìåíòàõ èçìåíåíèå êîíöåíò-
ðàöèè ÎÍ-ãðóïï ïðè îòæèãå îïðåäåëÿëîñü ìåòîäîì
ÈÊ-ñïåêòðîñêîïèè ïî îïòè÷åñêîé ïëîòíîñòè îáðàçöîâ
â îáëàñòè 3660 ñì−1. Â êà÷åñòâå îáðàçöîâ èñïîëüçî-
âàëè ïëàñòèíêè èç êâàðöåâîãî ñòåêëà ÊÓ-1 äèàìåò-
ðîì 10 ìì è òîëùèíîé 1,7 ìì. Êàæäóþ ïëàñòèíêó
îòæèãàëè â ýëåêòðîïå÷è íà âîçäóõå ïðè âûáðàííîé
ïîñòîÿííîé òåìïåðàòóðå. Âåñü ïðîöåññ îòæèãà ñîñòî-
ÿë èç 8−10 öèêëîâ. Ïðîäîëæèòåëüíîñòü êàæäîãî öèê-
ëà ñîñòàâëÿëà îêîëî 14 ÷. Ïî îêîí÷àíèè êàæäîãî îò-
æèãà èçìåðÿëè ÈÊ-ñïåêòð ïîãëîùåíèÿ îáðàçöà. Íà
ðèñ. 1 â êà÷åñòâå ïðèìåðà ïðèâåäåíû ýêñïåðèìåí-
òàëüíûå äàííûå, ïîëó÷åííûå ïðè îòæèãå îáðàçöà ïðè
òåìïåðàòóðå 850°Ñ. Ìû ëèíåéíî àïïðîêñèìèðîâàëè

Ðèñ. 1. Äåãèäðîêñèëèðîâàíèå ïëîñêîãî îáðàçöà èç êâàðöåâîãî
ñòåêëà ÊÓ-1 ïðè îòæèãå
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ýêñïåðèìåíòàëüíûå òî÷êè, îïðåäåëÿëè ïî äàííûì ëè-
íåéíîé ðåãðåññèè êîýôôèöèåíò íàêëîíà ïðÿìîé, à çà-
òåì ïî ôîðìóëå (1) âû÷èñëÿëè êîýôôèöèåíò äèôôóçèè
D ãèäðîêñèëüíûõ ãðóïï â êâàðöåâîì ñòåêëå äëÿ âûá-
ðàííîé òåìïåðàòóðû îòæèãà. Åñëè ïðåäïîëîæèòü, ÷òî
òåìïåðàòóðíàÿ çàâèñèìîñòü êîýôôèöèåíòà äèôôóçèè
íîñèò ýêñïîíåíöèàëüíûé õàðàêòåð, åãî çíà÷åíèå â èñ-
ñëåäîâàííîì òåìïåðàòóðíîì äèàïàçîíå ìîæåò áûòü
âûðàæåíî â âèäå D = 8,8310−9åõð(−15537/Ò) ì2/c. Íà
ðèñ. 2 ïîëó÷åííûå äàííûå ïðåäñòàâëåíû â êîîðäèíà-
òàõ lnD−1/T. Ýíåðãèÿ àêòèâàöèè äèôôóçèîííîãî ïðî-

öåññà, ðàâíàÿ 30,7±2 êêàë/ìîëü, õîðîøî ñîãëàñóåòñÿ ñ
äàííûìè äðóãèõ àâòîðîâ [2].

Îòíîñèòåëüíàÿ êîíöåíòðàöèÿ ãèäðîêñèëüíûõ ãðóïï
íà ãëóáèíå Í ïëîñêîãî îáðàçöà ïîñëå îòæèãà â òå-
÷åíèå âðåìåíè t ìîæåò áûòü ðàññ÷èòàíà ïî ôîðìó-
ëå [3]

                     
(2)

Çàäàâàÿ â (2) D è t , ñîîòâåòñòâóþùèå òåìïåðàòó-
ðå è âðåìåíè îòæèãà, ìîæíî ïîñòðîèòü îòíîñè-
òåëüíîå ðàñïðåäåëåíèå êîíöåíòðàöèè ÎÍ-ãðóïï ïî
ñå÷åíèþ ïëîñêîãî îáðàçöà. Â êà÷åñòâå ïðèìåðà íà
ðèñ. 3 ïðèâåäåíû òàêèå ïðîôèëè êîíöåíòðàöèé äëÿ
íåñêîëüêèõ ðåæèìîâ îòæèãà. Õîðîøî âèäíî, ÷òî â
ïðîöåññå îòæèãà íà ïîâåðõíîñòè êâàðöåâîãî ñòåêëà
ôîðìèðóåòñÿ äåãèäðîêñèëèðîâàííûé ñëîé. Áóäåì
ñ÷èòàòü ãëóáèíîé äåãèäðîêñèëèðîâàííîãî ñëîÿ (Íä)
ãëóáèíó, ïðè êîòîðîé [OH]/[OH]0 = 0,9. Ýòà âåëè-
÷èíà çàâèñèò êàê îò òåìïåðàòóðû îòæèãà, òàê è îò
åãî ïðîäîëæèòåëüíîñòè. Íà ðèñ. 4 ïîêàçàíà ãëóáè-
íà äåãèäðîêñèëèðîâàííîãî ñëîÿ Íä äëÿ íåñêîëüêèõ
çíà÷åíèé òåìïåðàòóðû îòæèãà.

Îáîáùàÿ âûïîëíåííûå ðàñ÷åòû, ìîæíî âûðàçèòü
çàâèñèìîñòü Íä(T,t) äëÿ êâàðöåâîãî ñòåêëà ÊÓ-1 ïðè

Ðèñ. 2. Çàâèñèìîñòü ëîãàðèôìà êîýôôèöèåíòà äèôôóçèè
ÎÍ-ãðóïï â êâàðöåâîì ñòåêëå ÊÓ-1 îò îáðàòíîé òåìïåðàòóðû

Ðèñ. 3. Êîíöåíòðàöèÿ ãèäðîêñèëüíûõ ãðóïï íà ãëóáèíå Í îò ïîâåðõíîñòè
ïëàñòèíêè èç êâàðöåâîãî ñòåêëà ÊÓ-1 ïîñëå îòæèãà â òå÷åíèå 100 ÷. Òåìïåðàòóðà

îòæèãà, °Ñ: 1 – 825; 2 – 850; 3 – 900; 4 – 980
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îòæèãå â äèàïàçîíå òåìïåðàòóð 800−980°Ñ ïðîñòîé
ýìïèðè÷åñêîé ôîðìóëîé

                               (3)

ãäå çíà÷åíèå Íä âûðàæåíî â ìì, òåìïåðàòóðà îòæèãà
Ò – â ãðàäóñàõ Ê, à âðåìÿ îòæèãà t – â ÷àñàõ.

Ïðè äåãèäðîêñèëèðîâàíèè òîíêèé ïîâåðõíîñòíûé
ñëîé ñòðåìèòñÿ ê óìåíüøåíèþ â îáúåìå, íî ïîñêîëü-
êó îí æåñòêî ñâÿçàí ñ ìàññèâîì ñòåêëà, âáëèçè ïî-
âåðõíîñòè âîçíèêàþò ðàñòÿãèâàþùèå âíóòðåííèå íà-
ïðÿæåíèÿ, óáûâàþùèå äî íóëÿ íà ãëóáèíå ~Íä.
Ñðåäíåå çíà÷åíèå ýòèõ íàïðÿæåíèé â ïåðâîì ïðèáëè-
æåíèè ìîæíî ñ÷èòàòü íå çàâèñÿùèì îò ãëóáèíû äå-
ãèäðîêñèëèðîâàííîãî ñëîÿ è ðàâíûì

                                            (4)

ãäå Å – ìîäóëü Þíãà êâàðöåâîãî ñòåêëà; ε – îòíîñè-
òåëüíàÿ äåôîðìàöèÿ êâàðöåâîãî ñòåêëà ïðè äåãèäðî-
êñèëèðîâàíèè (äëÿ ÊÓ-1 ìîæíî ïðèíÿòü ε ≈ 10−3);
τ – õàðàêòåðíîå âðåìÿ ðåëàêñàöèè ñòðóêòóðû êâàðöå-
âîãî ñòåêëà.

Âòîðîé ñîìíîæèòåëü â (4) ó÷èòûâàåò ïðîöåññ ðå-
ëàêñàöèè ñòðóêòóðû êâàðöåâîãî ñòåêëà, êîòîðûé èäåò
ïðè åãî îòæèãå ïàðàëëåëüíî ñ äåãèäðîêñèëèðîâàíèåì
ïîâåðõíîñòè [4].

Âîçíèêàþùèå íàïðÿæåíèÿ â ïîâåðõíîñòíîì ñëîå
ìîãóò ïðèâåñòè ê îáðàçîâàíèþ ïîâåðõíîñòíûõ òðå-
ùèí. Ïîâåðõíîñòü ìåõàíè÷åñêè îáðàáîòàííîãî êâàð-
öåâîãî ñòåêëà âñåãäà ñîäåðæèò ëèíåéíûå äåôåêòû,
ÿâëÿþùèåñÿ çàðîäûøàìè òðåùèí. Óñëîâèåì ðàçâèòèÿ

Ðèñ. 4. Êèíåòèêà ðîñòà ãëóáèíû íàðóøåííîãî ñëîÿ ïðè îòæèãå.
Òåìïåðàòóðà îòæèãà, °Ñ: 1 – 825; 2 – 850; 3 – 900; 4 – 980

òðåùèíû ÿâëÿåòñÿ ïðåâûøåíèå âíóòðåííèìè íàïðÿ-
æåíèÿìè â ìàòåðèàëå íåêîòîðîãî êðèòè÷åñêîãî çíà÷å-
íèÿ σêð, êîòîðîå â ñâîþ î÷åðåäü çàâèñèò îò ïðîòÿ-
æåííîñòè ëèíåéíîãî äåôåêòà, ò.å. îò ãëóáèíû äåãèä-
ðîêñèëèðîâàííîãî ïîâåðõíîñòíîãî ñëîÿ Íä [5]

                                            (5)

ãäå Êêð – êðèòè÷åñêèé êîýôôèöèåíò èíòåíñèâíîñòè.
Äëÿ êâàðöåâîãî ñòåêëà â ïåðâîì ïðèáëèæåíèè åãî âå-
ëè÷èíà ìîæåò áûòü ïðèíÿòà ïîñòîÿííîé è ñîñòàâëÿòü
5⋅105 Ïà⋅ì1/2 [6].

Ïî ìåðå ðîñòà ãëóáèíû äåãèäðîêñèëèðîâàííîãî
ñëîÿ â õîäå îòæèãà, êðèòè÷åñêîå íàïðÿæåíèå σêð
óìåíüøàåòñÿ, è åñëè â íåêîòîðûé ìîìåíò îíî îêà-
æåòñÿ ìåíüøå âíóòðåííåãî íàïðÿæåíèÿ, òî íà ïî-
âåðõíîñòè îòæèãàåìîãî îáðàçöà îáðàçóåòñÿ òðåùèíà.

Òàêèì îáðàçîì, ïðè îòæèãå êâàðöåâîãî ñòåêëà
ÊÓ-1 íà åãî ïîâåðõíîñòè ïðîòåêàþò äâà ïàðàëëåëü-
íûõ ïðîöåññà: 1) îáðàçîâàíèå íàïðÿæåííîãî äåãèäðîê-
ñèëèðîâàííîãî ñëîÿ, ñîçäàþùåãî óñëîâèÿ äëÿ îáðàçî-
âàíèÿ òðåùèí; 2) ðåëàêñàöèÿ ñòðóêòóðû êâàðöåâîãî
ñòåêëà, ñîïðîâîæäàþùàÿñÿ ðåëàêñàöèåé âíóòðåííèõ
íàïðÿæåíèé. Â ðàìêàõ ìîäåëè, ó÷èòûâàþùåé ýòè äâà
ïðîöåññà, ïðîèçâåäåí ðàñ÷åò çàâèñèìîñòè âíóòðåííèõ
íàïðÿæåíèé â äåãèäðîêñèëèðîâàííîì ñëîå è êðèòè÷åñ-
êîãî íàïðÿæåíèÿ â ýòîì ñëîå îò âðåìåíè îòæèãà ïðè
ðàçíîé òåìïåðàòóðå.

Íà ðèñ. 5 ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòà çíà÷å-
íèé âíóòðåííåãî è êðèòè÷åñêîãî íàïðÿæåíèé â ïî-
âåðõíîñòíîì ñëîå îáðàçöà, îòæèãàåìîãî ïðè òåìïå-

Ðèñ. 5. Èçìåíåíèå âíóòðåííèõ íàïðÿæåíèé â ïîâåðõíîñòíîì ñëîå
(ïóíêòèð) è êðèòè÷åñêîãî íàïðÿæåíèÿ (ñïëîøíàÿ ëèíèÿ) ïðè

îòæèãå. Òåìïåðàòóðà îòæèãà, °Ñ: 1 – 825; 2 – 850; 3 – 900; 4 – 980
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ðàòóðå 825, 850, 900 è 980°Ñ. Âèäíî, ÷òî âåëè÷èíà
âíóòðåííåãî íàïðÿæåíèÿ, âîçíèêàþùåãî ïðè îòæèãå
êâàðöåâîãî ñòåêëà ÊÓ-1 ïðè òåìïåðàòóðå 825°Ñ,
ïðåâûøàåò êðèòè÷åñêîå çíà÷åíèå ïðèìåðíî ÷åðåç
40 ÷ îòæèãà, â ðåçóëüòàòå ÷åãî îáðàçóþòñÿ ïîâåðõ-
íîñòíûå òðåùèíû. Ïðè òåìïåðàòóðå îòæèãà 850°Ñ è
âûøå âíóòðåííåå íàïðÿæåíèå â ïîâåðõíîñòíîì ñëîå
âñåãäà ìåíüøå êðèòè÷åñêîãî, ïîýòîìó îáðàçîâàíèå
òðåùèí ìàëîâåðîÿòíî. Ýòîò âûâîä ïîäòâåðæäàåòñÿ
èññëåäîâàíèåì ïîâåðõíîñòè îáðàçöîâ, ïðîøåäøèõ
äëèòåëüíûé îòæèã ïðè ðàçíûõ çíà÷åíèÿõ òåìïåðàòó-
ðû. Íà ðèñ. 6, à−â ïðåäñòàâëåíû ìèêðîôîòîãðàôèè
ïîâåðõíîñòè îáðàçöîâ èç êâàðöåâîãî ñòåêëà ÊÓ-1,
îòîææåííûõ â òå÷åíèå 600 ÷ ïðè òåìïåðàòóðå 825,
850 è 980°Ñ. Ïîâåðõíîñòü îáðàçöà, îòîææåííîãî ïðè
825°Ñ (ðèñ. 6, à), âñÿ ïîêðûòà òðåùèíàìè. Íà ïî-

âåðõíîñòè îáðàçöîâ êâàðöåâîãî ñòåêëà ÊÓ-1, îòî-
ææåííûõ ïðè áîëåå âûñîêîé òåìïåðàòóðå ïðîñìàò-
ðèâàþòñÿ ëèøü îòäåëüíûå äåôåêòû, îáðàçîâàâøèåñÿ,
ïî-âèäèìîìó, òàì, ãäå èìåëèñü ëîêàëüíûå íàïðÿæåí-
íûå çîíû, ñîçäàííûå ïðè ìåõàíè÷åñêîé îáðàáîòêå.
Ýôôåêò òðåùèíîîáðàçîâàíèÿ, ñâÿçàííûé ñ äåãèäðîê-
ñèëèðîâàíèåì ïîâåðõíîñòè, ïîëíîñòüþ îòñóòñòâóåò â
«ñóõèõ» êâàðöåâûõ ñòåêëàõ. Íà ðèñ. 6, ã ïðèâåäåíà
ìèêðîôîòîãðàôèÿ ïîâåðõíîñòè àíàëîãè÷íîãî ïî ðàç-
ìåðàì îáðàçöà, èçãîòîâëåííîãî èç êâàðöåâîãî ñòåêëà
ÊÑ4Â (ñ êîíöåíòðàöèåé ÎÍ-ãðóïï îêîëî 1 ppm).
Ýòîò îáðàçåö òàêæå îòæèãàëñÿ â òå÷åíèå 600 ÷ ïðè
825°Ñ, îäíàêî ïîñëå ýòîãî íèêàêèõ ïîâåðõíîñòíûõ
äåôåêòîâ îáíàðóæåíî íå áûëî.

Íà îñíîâàíèè âûïîëíåííûõ èññëåäîâàíèé ìîæíî
çàêëþ÷èòü, ÷òî îêîí÷àòåëüíûé îòæèã äåòàëåé, èçãî-
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Ðèñ. 6. Ïîâåðõíîñòü îáðàçöîâ èç êâàðöåâîãî ñòåêëà ÊÓ-1 ïîñëå îòæèãà ïðè òåìïåðàòóðå, °Ñ: à – 825; á – 850;
â – 980; ã – ïîâåðõíîñòü îáðàçöîâ èç êâàðöåâîãî ñòåêëà ÊÑ4Â ïðè òåìïåðàòóðå îòæèãà 825 °Ñ
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DEHYDRATION AND FORMATION OF KU-1 SILICA GLASS SURFACE
DEFECTS UNDER ANNEALING

B.S. Lunin, A.N. Kharlanov, S.E. Kozlov
(Division of Physical Chemistry)

Formation of KU-1 silica glass surface defects at annealing is considered. Based on experimental
data obtained by annealing of silica glass samples in temperature range 800-980°C, it is showed
that internal stress forming due to dehydration of surface zone is main cause of the surface
defects. To determine the depth of this zone for different annealing conditions a formula is
suggested. It shows that the internal stress is less than critical one and silica glass surface is not
changed if annealing temperature is 850°C or more due to fast relaxation rate. Under lower
annealing temperature the surface defects are formed in a few dozens of hours at annealing.

Key words: silica glass, annealing, dehydration.
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òîâëåííûõ èç êâàðöåâîãî ñòåêëà ÊÓ-1, äîëæåí âûïîë-
íÿòüñÿ ïðè òåìïåðàòóðàõ âûøå 850°Ñ, â ïðîòèâíîì

ñëó÷àå íà èõ ïîâåðõíîñòè îáðàçóþòñÿ òðåùèíû, ÷òî
ñâÿçàíî ñ äåãèäðîêñèëèðîâàíèåì êâàðöåâîãî ñòåêëà.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (ïðîåêò ¹ 09-02-92600-ÊÎ-À)



<<
  /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
    /Euclid
  ]
  /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


