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Ïðåäñòàâëåíû ðåçóëüòàòû ýêñïåðèìåíòîâ ïî óïðàâëåíèþ ïîëîæåíèåì è äëèíîé îáëàñòè ôèëàìåíòàöèè 

ôåìòîñåêóíäíûõ ëàçåðíûõ èìïóëüñîâ íà àòìîñôåðíîé òðàññå äëèíîé 150 ì ñ èñïîëüçîâàíèåì ðàçëè÷íîé 
íà÷àëüíîé ïðîñòðàíñòâåííîé ôîêóñèðîâêè è äåôîêóñèðîâêè ïó÷êîâ ðàçëè÷íîãî ðàäèóñà. Ïîëó÷åíî ðàñïðå-
äåëåíèå ôèëàìåíòîâ âäîëü îáëàñòè ôèëàìåíòàöèè, èçìåðåíû çàâèñèìîñòè äëèíû îáëàñòè ôèëàìåíòàöèè îò 
çíà÷åíèÿ ÷èñëîâîé àïåðòóðû ïó÷êà, åãî íà÷àëüíîãî ðàäèóñà è ìîùíîñòè èìïóëüñà. Çàðåãèñòðèðîâàíû ýìèñ-
ñèîííûå ñïåêòðû ñâå÷åíèÿ ìèøåíåé ðàçëè÷íûõ ìàòåðèàëîâ, ïîìåùåííûõ â îáëàñòü ôèëàìåíòàöèè, óäàëåí-
íîé îò èñòî÷íèêà èçëó÷åíèÿ. 

 

Êëþ÷åâûå ñëîâà: ëàçåðíîå èçëó÷åíèå, ôåìòîñåêóíäíûé èìïóëüñ, ñàìîôîêóñèðîâêà, ôèëàìåíòàöèÿ, 
àòìîñôåðà, ôîêóñèðîâêà, äåôîêóñèðîâêà, ñïåêòð; laser radiation, femtosecond pulse, self-focusing, 
filamentation, atmosphere, focusing, defocusing, spectrum. 

 
Ïðîáëåìà óïðàâëåíèÿ ïîëîæåíèåì îáëàñòè 

ìíîæåñòâåííîé ôèëàìåíòàöèè íà ïðîòÿæåííûõ àò-
ìîñôåðíûõ òðàññàõ ÿâëÿåòñÿ àêòóàëüíîé äëÿ òàêèõ 
çàäà÷ àòìîñôåðíîé îïòèêè, êàê äèñòàíöèîííàÿ äè-
àãíîñòèêà àòìîñôåðíûõ êîìïîíåíòîâ ñ èñïîëüçîâà-
íèåì ìåòîäèêè ìíîãî÷àñòîòíîãî çîíäèðîâàíèÿ çà 
ñ÷åò ãåíåðàöèè øèðîêîïîëîñíîãî áåëîãî ñâå÷åíèÿ 
èç îáëàñòè ôèëàìåíòàöèè [1, 2], òðàíñïîðòèðîâêà 
÷åðåç àòìîñôåðó âûñîêîèíòåíñèâíûõ ôèëàìåíòàöè-
îííûõ è ïîñòôèëàìåíòàöèîííûõ êàíàëîâ, ýìèññè-
îííûé ñïåêòðàëüíûé àíàëèç óäàëåííûõ ìèøåíåé 
ïðè ãåíåðàöèè íà íèõ ïëàçìåííûõ î÷àãîâ [3–5]. 
Ðàíåå [6, 7] ìû ïðîâîäèëè èññëåäîâàíèÿ ôèëàìåíòà-
öèè ãèãàâàòòíûõ ëàçåðíûõ èìïóëüñîâ ñ íà÷àëüíûì 
ðàäèóñîì r0 = 0,175 ñì íà 30-ì òðàññå è òåðàâàòòíûõ 
èìïóëüñîâ ðàäèóñîì r0 = 1,25 ñì íà 100-ì òðàññå. 
 Â íàñòîÿùåé ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû 
ýêñïåðèìåíòîâ ïî óïðàâëåíèþ ïîëîæåíèåì îáëàñòè 
ôèëàìåíòàöèè òåðàâàòòíûõ èìïóëüñîâ ïåðâîé ãàð-
ìîíèêè Ti:Sapphire-ëàçåðà (äëèòåëüíîñòü èìïóëüñîâ 
 = 50 ôñ, ýíåðãèÿ â èìïóëüñå äî 82 ìÄæ, ðàäèóñû 
ïó÷êà r0 = 2,5; 1,25 è 0,625 cì (ïî óðîâíþ e–2),  
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÷àñòîòà ñëåäîâàíèÿ èìïóëüñîâ 10 Ãö íà òðàññå äëè-
íîé 150 ì). Ýêñïåðèìåíòû ïðîâîäèëèñü íà ñòåíäå 
ÈÎÀ ÑÎ ÐÀÍ. Ñõåìà ýêñïåðèìåíòà ïðåäñòàâëåíà 
íà ðèñ. 1. 

Ïðîñòðàíñòâåííàÿ ôîêóñèðîâêà èëè äåôîêóñè-
ðîâêà ëàçåðíîãî ïó÷êà îñóùåñòâëÿëèñü ñ ïîìîùüþ 
òåëåñêîïà 5, ñîñòîÿùåãî èç ôîêóñèðóþùåãî (f1 = 
= 100 ñì) è äåôîêóñèðóþùåãî (f2 = –50 ñì) çåðêàë, 
ïóòåì èçìåíåíèÿ áàçû (ðàññòîÿíèÿ ìåæäó çåðêàëà-
ìè) òåëåñêîïà. Áàçà, ðàâíàÿ 50 ñì, ñîîòâåòñòâîâàëà 
êîëëèìèðîâàííîìó ïó÷êó. Óìåíüøåíèå áàçû äåôî-
êóñèðîâàëî ïó÷îê, óâåëè÷åíèå – ôîêóñèðîâàëî. 
Ïîñëåäîâàòåëüíîñòü ðàñïîëîæåíèÿ çåðêàë ïðèâîäè-
ëà ê óìåíüøåíèþ íà÷àëüíîãî ðàäèóñà ïó÷êà r0  

â 2 ðàçà ïðè f1 → f2, ëèáî ê òàêîìó æå åãî óâåëè÷å-
íèþ ïðè f2 → f1. Â ýêñïåðèìåíòàõ ïðîâîäèëàñü ðå-
ãèñòðàöèÿ íà÷àëà îáëàñòè ôèëàìåíòàöèè, åå êîíöà 
è ðàñïðåäåëåíèÿ ôèëàìåíòîâ âíóòðè îáëàñòè ôèëà-
ìåíòàöèè ñ ïîìîùüþ ïîäâ èæíîãî ýêðàíà 13. Êîëè-
÷åñòâî ôèëàìåíòîâ îïðåäåëÿëîñü ïî îæîãàì íà ôî-
òîáóìàãå. Ïðîâîäèëîñü èçìåðåíèå ñïåêòðîâ ñâå÷åíèÿ 
òâåðäîòåëüíûõ ìèøåíåé 17, ïîìåùåííûõ â îáëàñòü 
ôèëàìåíòàöèè. 

Íà ðèñ. 2 ïðåäñòàâëåíû ïîëîæåíèå íà òðàññå 
îáëàñòè ôèëàìåíòàöèè è ðàñïðåäåëåíèå â íåé êîëè-
÷åñòâà ôèëàìåíòîâ ïðè ðàçëè÷íîé íà÷àëüíîé ôîêó-
ñèðîâêå è äåôîêóñèðîâêå ïó÷êîâ ðàçëè÷íîãî íà-
÷àëüíîãî ðàäèóñà ïðè òåëåñêîïèðîâàíèè ïó÷êà 
(ðèñ. 2, à, â). Â ñëó÷àå íåòåëåñêîïèðîâàííîãî êîë-
ëèìèðîâàííîãî ïó÷êà (ðèñ. 2, á) åäèíñòâåííûì 

7*. 
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Ðèñ. 1. Ñõåìà ýêñïåðèìåíòà: 1 – Ti:Sapphire-ëàçåðíûé êîìïëåêñ, äëèòåëüíîñòü èìïóëüñà  = 50 ôñ, ýíåðãèÿ èìïóëüñà 
Å ≤ 82 ìÄæ, Ð ≤ 1,5 ÒÂò, äëèíà âîëíû  = 800 íì, ÷àñòîòà ïîâòîðåíèÿ èìïóëüñîâ  = 10 Ãö; 2, 3, 9, 10 – ïîâîðîòíûå ïëà-
ñòèíû; 4 – èçìåðèòåëü äëèòåëüíîñòè èìïóëüñà (àâòîêîððåëÿòîð); 5 – òåëåñêîï; 6 – äåôîêóñèðóþùåå çåðêàëî f1 = –50 ñì; 
7 – ôîêóñèðóþùåå çåðêàëî f2 = 100 ñì; 8 – ïåðåìåííàÿ áàçà òåëåñêîïà (ðàññòîÿíèå ìåæäó çåðêàëàìè Â = 50 ñì ñîîòâåò-
ñòâóåò êîëëèìèðîâàííîìó ïó÷êó); 11 – èçìåðèòåëü ýíåðãèè èìïóëüñà OPHIR-II; 12, 15 – CCD-êàìåðà ANDOR-Clara E  
ñ îáúåêòèâîì HELIOS-44M 2/58, ôîòîêàìåðà Pentax Ê-3 (25 ÌÏ) ñ ìàêðîîáúåêòèâîì Pentax100MacroWR; 13 – ïîäâèæíûé 
ýêðàí äëÿ ðåãèñòðàöèè ïîëîæåíèÿ îáëàñòè ôèëàìåíòàöèè; 14 – îáëàñòü ôèëàìåíòàöèè; 16 – íåïîäâèæíûé ýêðàí â êîíöå 
òðàññû; 17 – îáðàçöû òâåðäîòåëüíûõ ìèøåíåé (Al, Cu, Fe, Na); 18 – ñïåêòðîìåòð Maya-2000PRO. Íà ôðàãìåíòå – ïîïå- 
 ðå÷íàÿ ñòðóêòóðà íåòåëåñêîïèðîâàííîãî ïó÷êà ñ r0 = 1,25 ñì 
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Ðèñ. 2. Ðàñïðåäåëåíèå ôèëàìåíòîâ âäîëü îáëàñòè ôèëàìåíòàöèè ïðè ðàçëè÷íîé ôîêóñèðîâêå (äåôîêóñèðîâêå) ïó÷êà ðà- 
 äèóñîì: à – 2,5; á – 1,25; â – 0,625 ñì 

 
ñïîñîáîì ñìåùåíèÿ îáëàñòè ôèëàìåíòàöèè îò èñ-
òî÷íèêà èçëó÷åíèÿ ÿâëÿåòñÿ óìåíüøåíèå íà÷àëüíîé 
ýíåðãèè (ìîùíîñòè) èìïóëüñà. Îäíàêî, êàê âèäíî 
èç ñðàâíåíèÿ êðèâûõ, óìåíüøåíèå ýíåðãèè áîëåå 
÷åì â 2 ðàçà ïðèâîäèò ê íåçíà÷èòåëüíîìó (íåñêîëü-
êî ìåòðîâ) óäàëåíèþ íà÷àëà ôèëàìåíòàöèè, íî ñî-
ïðîâîæäàåòñÿ ñóùåñòâåííîé ïîòåðåé â êîëè÷åñòâå 
ôèëàìåíòîâ. Ñ óìåíüøåíèåì ôîêóñíîãî ðàññòîÿíèÿ 
(ðèñ. 2, à) íà÷àëî è êîíåö îáëàñòè ôèëàìåíòàöèè 
ñäâèãàþòñÿ â ñòîðîíó èñòî÷íèêà èçëó÷åíèÿ. Äåôî-
êóñèðîâêà ïðèâîäèò ê ñìåùåíèþ îáëàñòè ôèëàìåí-
òàöèè îò èñòî÷íèêà. 

Íà÷àëî ôèëàìåíòàöèè ñîîòâåòñòâóåò ñîâîêóï-
íîìó ôîêóñó äâóõ êîìïîíåíò – ãåîìåòðè÷åñêîìó 
ôîêóñó òåëåñêîïà è íåëèíåéíîìó ôîêóñó – äèñòàí-

öèè êîëëàïñà ïó÷êà ïðè åãî ñàìîôîêóñèðîâêå. Ãåî-
ìåòðè÷åñêèé ôîêóñ ðàññ÷èòûâàåòñÿ ïî ôîðìóëå 
Fã = (f1 + f2)(f1 + f2 – B)–1, ãäå B – áàçà òåëåñêîïà. 
Íåëèíåéíûé ôîêóñ íàõîäèòñÿ ïî ôîðìóëå Mar-
burger [8]:  

 FN = 0,734LR [(η1/2 – 0,852)2 – 0,0219]–1/2,  

ãäå 2
0 /RL r    – äëèíà Ðýëåÿ;  – äëèíà âîëíû 

ëàçåðíîãî èçëó÷åíèÿ;  = P0/Pcr – îòíîñèòåëüíàÿ 
ìîùíîñòü èìïóëüñà; P0 – ìîùíîñòü èìïóëüñà, 
Pcr = 3,772/8n0n2 – êðèòè÷åñêàÿ ìîùíîñòü ñàìî-
ôîêóñèðîâêè, n0 – ïîêàçàòåëü ïðåëîìëåíèÿ ñðåäû, 
n2 – êîýôôèöèåíò â íåëèíåéíîé äîáàâêå ê ïîêàçà-
òåëþ ïðåëîìëåíèÿ (äëÿ âîçäóõà è  = 800 íì 
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Pcr = 3,2 ÃÂò). Òîãäà ñîâîêóïíûé ôîêóñ, ò.å. êîîð-
äèíàòó íà÷àëà ôèëàìåíòàöèè, ìîæíî îïðåäåëèòü ïî 
ôîðìóëå  
 Zfil = Fã/(1 + Fã/FN).  

Íà ðèñ. 3 ïðåäñòàâëåíû çàâèñèìîñòè ïîëîæå-
íèÿ íà÷àëà è êîíöà îáëàñòè ôèëàìåíòàöèè îò ñòå-
ïåíè ôîêóñèðîâêè è äåôîêóñèðîâêè ïó÷êà äëÿ 
äâóõ ðàäèóñîâ ïó÷êîâ. Èç ñðàâíåíèÿ ãðàôèêîâ âèä-
íî, ÷òî ïðè çàäàííîé ýíåðãèè èìïóëüñà äèàïàçîí 
èçìåíåíèÿ ïîëîæåíèÿ îáëàñòè ôèëàìåíòàöèè äëÿ 
ïó÷êà ñ áóëüøèì íà÷àëüíûì ðàäèóñîì (ðèñ. 3, à) 
øèðå, ÷åì äëÿ óçêîãî ïó÷êà (ðèñ. 3, á). Ïðè ýòîì 
êàê äëÿ ïåðâîãî, òàê è äëÿ âòîðîãî ïó÷êîâ óìåíü-
øåíèå ðàññòîÿíèÿ ãåîìåòðè÷åñêîé äåôîêóñèðîâêè 
ïðèâîäèò ê óäàëåíèþ îáëàñòè ôèëàìåíòàöèè îò 
èñòî÷íèêà ëèøü äî îïðåäåëåííûõ åå çíà÷åíèé, ïðå-
âûøåíèå êîòîðûõ ïðèâîäèò ê ðåçêîìó ñîêðàùåíèþ 
äëèíû îáëàñòè ôèëàìåíòàöèè è çàòåì ê ïîëíîìó åå 
èñ÷åçíîâåíèþ. 
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Ðèñ. 3. Ïîëîæåíèå íà÷àëà è êîíöà îáëàñòè ôèëàìåíòàöèè 
â çàâèñèìîñòè îò ñòåïåíè ôîêóñèðîâêè è äåôîêóñèðîâêè 
ïó÷êà (èçìåíåíèÿ áàçû òåëåñêîïà) äëÿ ëàçåðíûõ ïó÷êîâ  
ñ ðàäèóñàìè 2,5 (à) è 0,625 ñì (á). Ýíåðãèÿ èìïóëüñà –  
 40 ìÄæ 

 
Äàííîå îáñòîÿòåëüñòâî èëëþñòðèðóåò ðèñ. 4, íà 

êîòîðîì ïðåäñòàâëåíà çàâèñèìîñòü äëèíû îáëàñòè 
ôèëàìåíòàöèè îò çíà÷åíèÿ ÷èñëîâîé àïåðòóðû 
(NA = r0/Fã) äëÿ ðàçëè÷íûõ ýíåðãèé èìïóëüñà  

è íà÷àëüíûõ ðàäèóñîâ ëàçåðíîãî ïó÷êà. Âèäíî, ÷òî 
óìåíüøåíèå ÷èñëîâîé àïåðòóðû ïðèâîäèò ê óâåëè-
÷åíèþ ïðîòÿæåííîñòè íà òðàññå îáëàñòè, çàïîëíåí-
íîé ôèëàìåíòàìè, íî ëèøü äî îïðåäåëåííûõ åå 
çíà÷åíèé, îáóñëîâëåííûõ íà÷àëüíûì ðàäèóñîì ïó÷-
êà è ýíåðãèåé (ìîùíîñòüþ) èìïóëüñà.  
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Ðèñ. 4. Äëèíà îáëàñòè ôèëàìåíòàöèè â çàâèñèìîñòè îò 
çíà÷åíèÿ ÷èñëîâîé àïåðòóðû äëÿ ðàçëè÷íûõ ýíåðãèé èì-
ïóëüñà è íà÷àëüíîãî ðàäèóñà ïó÷êà. Òðåóãîëüíèêè – äàí- 
 íûå ðàáîòû [5] 

 
Íà ðèñ. 5 ïðåäñòàâëåíà çàâèñèìîñòü äëèíû îá-

ëàñòè ôèëàìåíòàöèè îò íà÷àëüíîãî ðàäèóñà êîëëè-
ìèðîâàííîãî ïó÷êà äëÿ ðàçëè÷íûõ ýíåðãèé ëàçåð-
íîãî èìïóëüñà. 
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Ðèñ. 5. Äëèíà îáëàñòè ôèëàìåíòàöèè â çàâèñèìîñòè îò 
íà÷àëüíîãî ðàäèóñà êîëëèìèðîâàííîãî ïó÷êà ïðè ðàçëè÷- 
 íûõ ýíåðãèÿõ èìïóëüñà 

 
Áûëè ïðîâåäåíû ýêñïåðèìåíòû ïî äèñòàíöèîí-

íîìó èíäóöèðîâàíèþ ïëàçìû íà ìèøåíÿõ, ïîìå-
ùåííûõ â îáëàñòü ôèëàìåíòàöèè ïó÷êà, è èäåíòè- 
ôèêàöèè èõ ýëåìåíòíîãî ñîñòàâà ïî ýìèññèîííûì 
ñïåêòðàì ñâå÷åíèÿ. Çàðåãèñòðèðîâàííûå ñïåêòðû 
ñâå÷åíèÿ îáðàçöîâ ìåòàëëîâ (Al, Cu, Fe, Na) íà 
ðàññòîÿíèè 50 ì îò èñòî÷íèêà èçëó÷åíèÿ 16 äëÿ 
êîëëèìèðîâàííîãî ïó÷êà ñ ýíåðãèåé 40 ìÄæ ïðåä-
ñòàâëåíû íà ðèñ. 6. 
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Ðèñ. 6. Ñïåêòðû ñâå÷åíèÿ ðàçëè÷íûõ îáðàçöîâ ìåòàëëîâ (1 – æåëåçî, 2 – àëþìèíèé, 3 – ìåäü, 4 – ïîâàðåííàÿ ñîëü)  
 â îáëàñòè ôèëàìåíòàöèè íà ðàññòîÿíèè 50 ì îò èñòî÷íèêà èçëó÷åíèÿ 16 äëÿ êîëëèìèðîâàííîãî ïó÷êà 

 
Ýêñïåðèìåíòû ïî ôèëàìåíòàöèè ëàçåðíûõ ïó÷-

êîâ â âîçäóõå ïîêàçàëè, ÷òî âàðèàöèÿ ðàäèóñà ïó÷-
êà è åãî íà÷àëüíàÿ ôîêóñèðîâêà ïîçâîëÿþò ýôôåê-
òèâíî óïðàâëÿòü ïîëîæåíèåì îáëàñòè ìíîæåñòâåí-
íîé ôèëàìåíòàöèè íà òðàññàõ ìàñøòàáà ñîòåí 
ìåòðîâ. Ïðè ýòîì äåôîêóñèðîâêà ïó÷êà êàê ñïîñîá 
óäàëåíèÿ îáëàñòè ôèëàìåíòàöèè îò èñòî÷íèêà èìå-
åò ïðåäåëüíûå óðîâíè, çàâèñÿùèå îò ðàäèóñà ïó÷êà 
è åãî ìîùíîñòè, ïðåâûøåíèå êîòîðûõ ïðèâîäèò  
ê ïðåêðàùåíèþ ôèëàìåíòàöèè. Óïðàâëÿåìàÿ ôèëà-
ìåíòàöèÿ ëàçåðíîãî ïó÷êà ïîçâîëÿåò ôîðìèðîâàòü 
íà çàäàííîì ðàññòîÿíèè îò èñòî÷íèêà çíà÷åíèÿ èí-
òåíñèâíîñòåé îïòè÷åñêîãî ïîëÿ, äîñòàòî÷íûå äëÿ 
èíäóöèðîâàíèÿ ïëàçìû íà ìèøåíÿõ äëÿ ïðîâåäåíèÿ 
àíàëèçà èõ ýëåìåíòíîãî ñîñòàâà. 

Ðàáîòà âûïîëíåíà ïðè ôèíàíñîâîé ïîìîùè 
Ðîññèéñêîãî íàó÷íîãî ôîíäà (ñîãëàøåíèå 15-17-
10001). Èçìåðåíèÿ ñïåêòðîâ ñâå÷åíèÿ òâåðäîòåëü-
íûõ ìèøåíåé ïîääåðæàíû ãðàíòîì ÐÔÔÈ ¹14-
28-02023 îôè-ì. 
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D.V. Apeksimov, À.À. Zemlyanov, À.N. Iglakova, À.Ì. Kabanov, Î.I. Kuchinskaya, G.G. Matvienko, 

V.K. Oshlakov, À.V. Petrov. Multiple filamentation of laser beams with different diameters in the air at  
a 150-meter path. 

Results of experiments on controlling the position and length of the filamentation zone of femtosecond la-
ser pulses at atmospheric paths 150 m long using different initial spatial focusing and defocusing are presented. 
The distribution of filaments along the filamentation zone is found, the dependences of the length of the fila-
mentation zone on the numerical aperture of the beam, its initial radius, and pulse power are measured. Emis-
sion spectra of the illumination of targets of various materials, placed in the region of the filament far from the 
radiation source, are recorded. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /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 false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


