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Ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíîãî èññëåäîâàíèÿ õàðàêòåðèñòèê ðàçðàáîòàííîãî ÷àñòîòíîãî 

ôèëüòðà ñ èñïîëüçîâàíèåì ÿâëåíèÿ ïîëíîãî âíóòðåííåãî îòðàæåíèÿ. Øèðèíà ñïåêòðà èçëó÷åíèÿ âîëí âèäè-
ìîãî äèàïàçîíà, èçìåðåííàÿ ñ ïîìîùüþ ÷àñòîòíîãî ôèëüòðà, ñóæàåòñÿ â 2 ðàçà (ñ 18 ñì−1 äî 10 ñì−1 ïîñëå 

ïðîõîæäåíèÿ ÷åðåç ÷àñòîòíûé ôèëüòð). 
 

Êëþ÷åâûå ñëîâà: ÷àñòîòíûé ôèëüòð, ÿâëåíèå ïîëíîãî âíóòðåííåãî îòðàæåíèÿ, øèðèíà ïîëîñû ïðîïóñ-
êàíèÿ, èíòåðôåðåíöèîííàÿ êàðòèíà, ñïåêòð èçëó÷åíèÿ; frequency filter, total internal reflection phenomenon, 
bandwidth, interference pattern, radiation spectrum. 

 

Ââåäåíèå 
 

Â íàñòîÿùåå âðåìÿ àêòèâíî ðàçðàáàòûâàþòñÿ 

èíòåðôåðåíöèîííûå ñïåêòðàëüíûå ïðèáîðû ñ ÷àñòîò-
íûìè ôèëüòðàìè ñ èñïîëüçîâàíèåì ÿâëåíèÿ ïîëíîãî 
âíóòðåííåãî îòðàæåíèÿ (ÏÂÎ) [1–13].  

Â [1–8] ðàññìîòðåíû ñïåêòðàëüíûå óñòðîéñòâà 
áåãóùåé âîëíû. Ïîêàçàíà âîçìîæíîñòü ðåàëèçàöèè 
â êîðîòêîâîëíîâîé ÷àñòè ìèëëèìåòðîâîãî äèàïàçîíà 
ìàçåðà íà ñâîáîäíûõ ýëåêòðîíàõ ñ äâóõçåðêàëüíûì 
ðåçîíàòîðîì, ñîñòàâëåííûì èç ìîäèôèöèðîâàííîãî 
è òðàäèöèîííîãî áðýããîâñêèõ çåðêàë. Ðàçðàáîòàíû 
ñôåðè÷åñêèå ìèêðîðåçîíàòîðû ñ ìîäàìè òèïà øåï-
÷óùåé ãàëåðåè, êîòîðûå ìîãóò ñòàòü ñëåäóþùèì ïî-
êîëåíèåì â ìèêðîîïòèêå ïîñëå ðåçîíàòîðîâ Ôàáðè–
Ïåðî. 

Â [9] ïðåäëàãàåòñÿ âîçìîæíîñòü þñòèðîâêè óã-
ëîâîãî ïîëîæåíèÿ ãðàíåé ÷àñòîòíîãî ôèëüòðà çà ñ÷åò 
åãî âûïîëíåíèÿ ñ ïîïåðå÷íîé ðåãóëèðóåìîé óçêîé 
ùåëüþ, çàïîëíåííîé èììåðñèîííîé æèäêîñòüþ. 
Òàêæå þñòèðîâêà óñòðîéñòâà âîçìîæíà áëàãîäàðÿ 
íàëè÷èþ ìåëü÷àéøèõ ÷àñòèö â âîçäóøíîì çàçîðå 
ìåæäó ÷åòûðåõãðàííûì êóáèêîì è ïðèçìàìè ââîäà-
âûâîäà èçëó÷åíèÿ. 

Öåëü íàøåé ðàáîòû – ðàçðàáîòêà óçêîïîëîñ- 
íûõ ìíîãîëó÷åâûõ èíòåðôåðåíöèîííûõ îïòè÷åñêèõ 
ôèëüòðîâ ðàçëè÷íûõ äèàïàçîíîâ ñïåêòðà, ïîâåðõíî-
ñòè êîòîðûõ îáëàäàþò ìàëûìè ïîòåðÿìè áëàãîäàðÿ 
ïîëíîìó âíóòðåííåìó îòðàæåíèþ ñâåòà íà ãðàíèöå 

ïðîçðà÷íûõ ñðåä ñ ðàçëè÷íûìè ïîêàçàòåëÿìè ïðå-
ëîìëåíèÿ. 

Â íàñòîÿùåé ñòàòüå ïðèâåäåíû ðåçóëüòàòû ýêñ-
ïåðèìåíòàëüíîãî èññëåäîâàíèÿ õàðàêòåðèñòèê ðàç-
ðàáîòàííîãî ÷àñòîòíîãî ôèëüòðà ñ èñïîëüçîâàíèåì 
ÿâëåíèÿ ÏÂÎ. 
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×àñòîòíûé ôèëüòð  
ñ ïîâåðõíîñòÿìè ÏÂÎ 

 

Ðàçðàáîòàííîå óñòðîéñòâî ïðåäñòàâëÿåò ñîáîé 

÷àñòîòíûé ôèëüòð áåãóùåé âîëíû òèïà «øåï÷óùàÿ 

ãàëåðåÿ» [14, 15] ñ çàìêíóòîé òðàåêòîðèåé âîëíû. 
Åãî ñõåìà ïðèâåäåíà íà ðèñ. 1, âíåøíèé âèä ïîêà-
çàí íà ðèñ. 2. 

 

 
Ðèñ. 1. Ñõåìà ÷àñòîòíîãî ôèëüòðà c èñïîëüçîâàíèåì ÿâ-
ëåíèÿ ÏÂÎ [10, 11]: 1 – êóáè÷åñêàÿ ïðèçìà ñ 4 ðàáî÷èìè 
ïîâåðõíîñòÿìè; 2, 3 – ïðèçìû ââîäà-âûâîäà èçëó÷åíèÿ; 
n1 è n3 – ïîêàçàòåëè ïðåëîìëåíèÿ ïðèçìû 1 è ïðèçìåííûõ 
ýëåìåíòîâ 2, 3 ñîîòâåòñòâåííî; n2 – ïîêàçàòåëü ïðåëîìëå-
íèÿ çàçîðà; t – øèðèíà çàçîðà, ïîçâîëÿþùåãî âîëíå  
  òóííåëèðîâàòü â ïðèçìó 1; ñ – ðàçìåð ãðàíè ïðèçìû 1 

 
Ïðèçìà (êóáèê) 1 âûïîëíåíà èç ñòåêëà Ê8; 

ïëîñêîñòíîñòü åå ãðàíåé – ïîðÿäêà 0,1 èíòåðôå-
ðåíöèîííîé ïîëîñû. Èçëó÷åíèå ââîäèòñÿ â êóáèê 1 
÷åðåç ïðèçìåííûé ýëåìåíò ñâÿçè 2; îíè ðàçäåëåíû 
âîçäóøíûì çàçîðîì, ïîçâîëÿþùèì âîëíå òóííåëè-
ðîâàòü â êóáèê. Íà ãðàíÿõ êóáèêà âîëíà èñïû-
òûâàåò ïîëíîå (âíóòðåííåå) îòðàæåíèå. Ïðè óãëå  



 

 Ðàçðàáîòêà ÷àñòîòíîãî ôèëüòðà c èñïîëüçîâàíèåì ÿâëåíèÿ ïîëíîãî âíóòðåííåãî îòðàæåíèÿ 987 
 

ïðåëîìëåíèÿ θ = π/4 òðàåêòîðèÿ âîëíû çàìêíóòàÿ. 
Èçëó÷åíèå âûâîäèòñÿ èç êóáèêà ÷åðåç ïðèçìó 2 
ëèáî ÷åðåç âòîðóþ ïðèçìó 3, êîòîðàÿ ðàñïîëîæåíà 

òàêæå ñ âîçìîæíîñòüþ òóííåëèðîâàíèÿ âîëíû â íåå. 
 

 

Ðèñ. 2. ×àñòîòíûé ôèëüòð c èñïîëüçîâàíèåì ÿâëåíèÿ ÏÂÎ 

 

Ïðè èçãîòîâëåíèè ïëîñêîïàðàëëåëüíîñòü ïðîòè-
âîëåæàùèõ ãðàíåé êóáè÷åñêîé ïðèçìû ìîæåò íà-
ðóøàòüñÿ. Ýòî ïðèâîäèò ê íàêîïëåíèþ ñ êàæäûì 
ïðîõîäîì ïî çàìêíóòîé òðàåêòîðèè îòêëîíåíèÿ 
íàïðàâëåíèÿ ñâåòîâîé âîëíû îò íåîáõîäèìîãî,  
è òðàåêòîðèÿ ïåðåñòàåò áûòü çàìêíóòîé. Ðåãóëè-
ðîâêà âîçäóøíîãî çàçîðà ìåæäó êóáèêîì è ïðèçìà-
ìè ââîäà-âûâîäà èçëó÷åíèÿ (þñòèðîâêà ôèëüòðà) 
îñóùåñòâëÿåòñÿ ñ ïîìîùüþ ðåãóëèðîâî÷íûõ âèíòîâ  
(ñì. ðèñ. 2).  

 

Èññëåäîâàíèå õàðàêòåðèñòèê 
÷àñòîòíîãî ôèëüòðà ñ èñïîëüçîâàíèåì 

ÿâëåíèÿ ÏÂÎ 
 

Õàðàêòåðèñòèêè ðàçðàáîòàííîãî ÷àñòîòíîãî 
ôèëüòðà ñ èñïîëüçîâàíèåì ÿâëåíèÿ ÏÂÎ èññëåäî-
âàëèñü ñ ïîìîùüþ ñòåíäà, èçîáðàæåííîãî íà ðèñ. 3. 
Èçëó÷åíèå ïîëóïðîâîäíèêîâîãî ëàçåðà (ËÃÍ-207À) 
ñ äëèíîé âîëíû 654 íì�ïàäàëî íà ÷àñòîòíûé ôèëüòð, 
óñòàíîâëåííûé ñ âîçìîæíîñòüþ åãî íàêëîíà è ïî-
âîðîòà. Ëàçåðíîå èçëó÷åíèå äîëæíî ïàäàòü íà êà-
òåòíóþ ãðàíü ïðèçìû ââîäà ïîä ïðÿìûì óãëîì. 
Äàëåå îíî, âûéäÿ èç ÷àñòîòíîãî ðåçîíàòîðà, ñ ïîìî-
ùüþ îáúåêòèâà ïîïàäàëî íà ìàòðèöó òåëåâèçèîííîé 
êàìåðû. Ïîëó÷åííàÿ èíòåðôåðåíöèîííàÿ êàðòèíà 
îáðàáàòûâàëàñü â èíòåðàêòèâíîé ñèñòåìå Matlab. 

Íà ðèñ. 4 ïðèâåäåíû èíòåðôåðåíöèîííûå êàð-
òèíû, ôîðìèðóåìûå ôèëüòðîì äî è ïîñëå þñòè-
ðîâêè. Âîçäóøíûé çàçîð ìåæäó ïðèçìîé 1 è ïðèç-
ìàìè ââîäà-âûâîäà 2 è 3 íà ðèñ. 4, à ìåíüøå, ÷åì  

íà ðèñ. 4, á. Ñïåêòðû ðàñïðåäåëåíèÿ èíòåíñèâíîñòè 
èçëó÷åíèÿ ïî ñòðîêå äàííûõ èíòåðôåðåíöèîííûõ 
êàðòèí ïðåäñòàâëåíû íà ðèñ. 5 (Õ – âûáèðàåìàÿ 
ñòðîêà íà èíòåðôåðåíöèîííîé êàðòèíå).  

Ðèñóíêè 4 è 5 ïîçâîëÿþò ñäåëàòü ñëåäóþùèé 
âûâîä: ïîñëå þñòèðîâêè ÷àñòîòíîãî ôèëüòðà èí-
òåðôåðåíöèîííàÿ êàðòèíà ñòàíîâèòñÿ áîëåå ðåçêîé, 
÷òî ïîçâîëÿåò ñ âûñîêîé òî÷íîñòüþ îïðåäåëèòü 
ñïåêòðàëüíûå ïàðàìåòðû èçëó÷åíèÿ. 

 
Ðèñ. 3. Ñòåíä äëÿ èññëåäîâàíèÿ îïòè÷åñêèõ õàðàêòåðèñòèê 

÷àñòîòíîãî ôèëüòðà: 1 – ëàçåð; 2 – äèàôðàãìà; 3 – ÷àñòîò-
íûé ôèëüòð; 4 – ñòîëèê ãîíèîìåòðà; 5 – îáúåêòèâ ñ ôîêóñ- 
  íûì ðàññòîÿíèåì 50 ìì; 6 – ôîòîìàòðèöà; 7 – íîóòáóê 

 

 
 à á 
Ðèñ. 4. Èíòåðôåðåíöèîííûå êàðòèíû äî (à) è ïîñëå þñòè- 
  ðîâêè ÷àñòîòíîãî ôèëüòðà (á)  
 

 
à 

 
á 

Ðèñ. 5. Ñïåêòð ðàñïðåäåëåíèÿ èíòåíñèâíîñòè èçëó÷åíèÿ 
ïî ñòðîêå äàííûõ èíòåðôåðåíöèîííîé êàðòèíû äî (à)  
 è ïîñëå þñòèðîâêè ÷àñòîòíîãî ôèëüòðà (á) 
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Áûëà èçìåðåíà çàâèñèìîñòü èçìåíåíèÿ èíòåí-
ñèâíîñòè èçëó÷åíèÿ ïîñëå åãî ïðîõîæäåíèÿ ÷åðåç 

÷àñòîòíûé ôèëüòð îò óãëà ïîâîðîòà ïîñëåäíåãî 

(ðèñ. 6). ×àñòîòíûé ôèëüòð, óñòàíîâëåííûé íà ñòî-
ëèêå ãîíèîìåòðà, ïîâîðà÷èâàëñÿ îòíîñèòåëüíî ïàäà-
þùåãî èçëó÷åíèÿ íà 1°. Âèäíî, ÷òî ïðè íåáîëüøîì 
îòêëîíåíèè îò íîðìàëüíîãî óãëà ïàäåíèÿ èçëó÷å-
íèÿ ÷àñòîòíîãî ôèëüòðà íà êàòåòíóþ ãðàíü ïðèçìû 
ââîäà èçëó÷åíèÿ èíòåíñèâíîñòü èçëó÷åíèÿ ðåçêî ïà-
äàåò. 

 

 

Ðèñ. 6. Ãðàôèê çàâèñèìîñòè èíòåíñèâíîñòè îò óãëà ïîâîðîòà 
  ÷àñòîòíîãî ôèëüòðà 

 

Èç àìïëèòóäíî-ñïåêòðàëüíûõ èçìåðåíèé áûëè 
îïðåäåëåíû õàðàêòåðèñòèêè ÷àñòîòíîãî ôèëüòðà  
ñ ïîâåðõíîñòÿìè ÏÂÎ (òàáë. 1). 

 

Ò à á ë è ö à  1  

Õàðàêòåðèñòèêè ÷àñòîòíîãî ôèëüòðà (äëèíà çàìêíóòîé 

òðàåêòîðèè ëó÷à L0 

= 127,28 ìì; ôîêóñíîå ðàññòîÿíèå 
îáúåêòèâà f = 0,05 ì) 

Ïàðàìåòð 
Ðàñ÷åòíûå 
çíà÷åíèÿ 

Ýêñïåðèìåíòàëü-
íûå çíà÷åíèÿ 

Ðåçêîñòü èíòåðôåðåíöè-
îííîé êàðòèíû 300 324 
Ðàçðåøàþùàÿ ñïîñîá-
íîñòü, ì 4,2 ⋅�10−12 9,4 ⋅�10−12 
Øèðèíà ïîëîñû ïðîïóñ-
êàíèÿ, ì 1,4 ⋅�10−14 2,9 ⋅�10−14 

Äèàìåòð 1-ãî êîëüöà, ìì 0,37 0,42 

Äèàìåòð 2-ãî êîëüöà, ìì 0,60 0,66 

Äèàìåòð 3-ãî êîëüöà, ìì 0,77 0,79 

 

Ñïåêòð èçëó÷åíèÿ ëàçåðà ðåãèñòðèðîâàëñÿ äî  
è ïîñëå ïðîõîæäåíèÿ ÷åðåç ÷àñòîòíûé ôèëüòð 

(ðèñ. 7, à). Ïî ôîðìóëå 
2

Δλ
Δν =

λ
[12, 13] è çàïè-

ñàííûì ñïåêòðàì áûëà âû÷èñëåíà øèðèíà ñïåêòðà 
èçëó÷åíèÿ äî è ïîñëå ÷àñòîòíîãî ôèëüòðà. Ðàñ÷åòû 
ïîäòâåðäèëè ñóæåíèå ñïåêòðà èçëó÷åíèÿ â 2 ðàçà. 

Àíàëèç ñïåêòðîâ ïîêàçûâàåò, ÷òî ÷àñòîòíûé 
ôèëüòð íå èñêàæàåò ôîðìó è íå ñìåùàåò öåíòð 
ñïåêòðàëüíîé ëèíèè èçëó÷åíèÿ ïîëóïðîâîäíèêî- 
âîãî ëàçåðà. 

Òàêæå áûëè çàïèñàíû ñïåêòðû èçëó÷åíèÿ ëà-
çåðà äî è ïîñëå ïðîõîæäåíèÿ ÷åðåç èíòåðôåðîìåòð 
Ôàáðè–Ïåðî (ðèñ. 7, á).  

Â òàáë. 2 ïðèâåäåíû äàííûå ýêñïåðèìåíòîâ  
ïî ñóæåíèþ ñïåêòðà ïîëóïðîâîäíèêîâîãî ëàçåðà  
 

 

   
 à  á 

Ðèñ. 7. Ñïåêòð èçëó÷åíèÿ ïîëóïðîâîäíèêîâîãî ëàçåðà äî (÷åðíàÿ êðèâàÿ) è ïîñëå (ñåðàÿ êðèâàÿ) ïðîõîæäåíèÿ ÷åðåç èññëå- 
  äóåìûé ÷àñòîòíûé ôèëüòð (à) è ÷åðåç èíòåðôåðîìåòð Ôàáðè–Ïåðî (á) 
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Ò à á ë è ö à  2  

Ñóæåíèå ïîëîñû ïðîïóñêàíèÿ ïîëóïðîâîäíèêîâîãî  
ëàçåðà ñ ïîìîùüþ èíòåðôåðîìåòðà Ôàáðè–Ïåðî  

è ÷àñòîòíîãî ôèëüòðà 

Óñëîâèÿ ýêñïåðèìåíòîâ Δν, ñì−1 

Áåç ââîäà äèñïåðãèðóþùåãî  
ýëåìåíòà â ðåçîíàòîð ëàçåðà 18 

Ïîñëå ââîäà èíòåðôåðîìåòðà  
Ôàáðè–Ïåðî â ðåçîíàòîð ëàçåðà 10 

Ïîñëå ââîäà ÷àñòîòíîãî ôèëüòðà  
â ðåçîíàòîð ëàçåðà 10 

 
ñ ïîìîùüþ èíòåðôåðîìåòðà Ôàáðè–Ïåðî è ðàçðà-
áîòàííîãî ÷àñòîòíîãî ôèëüòðà. Âèäíî, ÷òî ðåçóëü-
òàòû ñîâïàäàþò ñ âûñîêîé òî÷íîñòüþ. 

 

Çàêëþ÷åíèå 
 

Ðàçðàáîòàí êîìïàêòíûé ÷àñòîòíûé ôèëüòð äëÿ 
ëàçåðíîãî èçëó÷åíèÿ âèäèìîãî äèàïàçîíà äëèí 
âîëí, îñíîâàííûé íà ýôôåêòå ïîëíîãî âíóòðåííåãî 
îòðàæåíèÿ. Èñõîäÿ èç ðàñ÷åòîâ ñïåêòðàëüíûõ ïà-
ðàìåòðîâ, ýòîò ÷àñòîòíûé ôèëüòð íå óñòóïàåò ëó÷-
øèì îáðàçöàì äèñïåðãèðóþùèõ óñòðîéñòâ. 

Âûñîêîé ýôôåêòèâíîñòè ñåëåêöèè ÷àñòîòû  

ëàçåðíîãî èçëó÷åíèÿ óäàëîñü äîñòè÷ü áëàãîäàðÿ 

èñïîëüçîâàíèþ ðàçðàáîòàííîé íàìè êóáè÷åñêîé 

ïðèçìû ñ 4 ðàáî÷èìè ïîâåðõíîñòÿìè â ñî÷åòàíèè 
ñî ñòåêëÿííûìè ïðèçìàìè ââîäà è âûâîäà èçëó-
÷åíèÿ. 

Ïðîâåäåííûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ñîç-
äàííûé ÷àñòîòíûé ôèëüòð íå ìåíÿåò ñïåêòðàëüíûå 
è ïîëÿðèçàöèîííûå õàðàêòåðèñòèêè èçëó÷åíèÿ ïî-
ëóïðîâîäíèêîâîãî ëàçåðà. Ôîðìà ëèíèè èçëó÷åíèÿ 

ïðè ïðîõîæäåíèè ÷åðåç ÷àñòîòíûé ôèëüòð èçìå-
íÿþòñÿ íåçíà÷èòåëüíî, ñïåêòðàëüíàÿ øèðèíà èçëó-
÷åíèÿ â âèäèìîì äèàïàçîíå ñóæàåòñÿ â 2 ðàçà. 

Â öåëîì íàì ïðåäñòàâëÿåòñÿ, ÷òî ðàçðàáîòàí-
íûé êîìïàêòíûé ÷àñòîòíûé ôèëüòð ìîæåò áûòü èñ-
ïîëüçîâàí áîëåå øèðîêî, íàïðèìåð, äëÿ ñîçäàíèÿ 

âûñîêîèíòåíñèâíîãî è ÷àñòîòíî-ïåðåñòðàèâàåìîãî 

ëàçåðíîãî èñòî÷íèêà ñ óçêîé øèðèíîé ñïåêòðà èç-
ëó÷åíèÿ. 
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A.S. Syrneva, V.S. Ayrapetyan. Design of a frequency filter on the basis of the total internal reflection 
phenomenon. 

The results of experimental study of characteristics of a frequency filter designed on the basis of total  
internal reflection phenomenon are presented. The spectral width of semiconductor laser radiation in the visible 
region measured with this frequency filter two-fold narrows (from 18 to 10 cm−1 after passing through the fre-
quency filter). 



<<
  /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 /CMYK
  /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 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

  /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 <>
    /RUS <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


