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Ïðè ôèêñàöèè öåíòðà ïîëÿ çðåíèÿ àâèàöèîííî-
ãî âèçèðà òåïëîâèçèîííîãî êàíàëà (ÒÂÊ) íà îáíà-
ðóæåííóþ öåëü â ðåçóëüòàòå äâèæåíèÿ íîñèòåëÿ ýòî-
ãî ÒÂÊ âîçíèêàåò âðàùåíèå èçîáðàæåíèÿ îòíîñè-
òåëüíî òî÷êè ôèêñàöèè. Íàèáîëåå íåáëàãîïðèÿòíàÿ
ñèòóàöèÿ èìååò ìåñòî, êîãäà ôèêñèðóåòñÿ öåíòð
ãðóïïîâîé (ñëîæíîé) öåëè. Ïðè ýòîì èçîáðàæåíèå
ïåðèôåðèéíîé öåëè íà ýêðàíå âèäåîêîíòðîëüíîãî
óñòðîéñòâà êàíàëà áóäåò äâèãàòüñÿ ïî îêðóæíîñòè ñ
öåíòðîì, ñîîòâåòñòâóþùèì òî÷êå ôèêñàöèè ïîëÿ
çðåíèÿ ÒÂÊ, ïðè÷åì ñêîðîñòü ýòîãî äâèæåíèÿ ïðî-
ïîðöèîíàëüíà ðàäèóñó äàííîé îêðóæíîñòè. Ñ÷èòà-
åì äàëåå, ÷òî â ÒÂÊ èñïîëüçóåòñÿ ñóáìàòðè÷íîå
ôîòîïðèåìíîå óñòðîéñòâî (ÔÏÓ), êîòîðîå ïåðåêðû-
âàåò ïîëå çðåíèÿ êàíàëà ïî êàäðó è ðàáîòàåò â ðå-
æèìå âðåìåííîé çàäåðæêè è íàêîïëåíèÿ (ÂÇÍ) è
ìèêðîñêàíèðîâàíèÿ ïî êàäðó. Ïðè ýòîì âîçíèêàåò
óõóäøåíèå äåøèôðèðóåìîñòè èçîáðàæåíèÿ ÒÂÊ,
÷òî ÿâëÿåòñÿ ñëåäñòâèåì äâóõ îñíîâíûõ ïðè÷èí:

ñìàçà èçîáðàæåíèÿ èç-çà íåñîâïàäåíèÿ ôàêòè÷åñ-
êîãî âðåìåíè çàäåðæêè äëÿ èñïîëüçóåìîãî â ÔÏÓ
ÒÂÊ ðåæèìà ÂÇÍ ñ ðàñ÷åòíûì,

èñêàæåíèÿ èçîáðàæåíèÿ íà ñòûêàõ ñìåæíûõ
ñòðîê ñìåæíûõ ïîëóêàäðîâ, ñìåùåííûõ äðóã îòíî-
ñèòåëüíî äðóãà íà ïîëîâèíó ïåðèîäà ÔÏÓ.

Ðàññìîòðèì âëèÿíèå ýòèõ ïðè÷èí äåòàëüíåå.
Î÷åâèäíî, ÷òî ïðè âðàùåíèè èçîáðàæåíèÿ îòíîñè-
òåëüíî åãî öåíòðà – òî÷êè ôèêñàöèè ãðóïïîâîé
öåëè – èçîáðàæåíèå ôðàãìåíòà ïåðèôåðèéíîé öåëè,
ñìåùåííîãî íà ðàññòîÿíèå R (â ôîêàëüíîé ïëîñêî-
ñòè îáúåêòèâà) îòíîñèòåëüíî öåíòðà, áóäåò äâèãàòü-
ñÿ ñî ñêîðîñòüþ

V = Rϕ = maϕ,                           (1)

ãäå à – ðàçìåð ýëåìåíòà ÔÏÓ, m – ñìåùåíèå ôðàã-
ìåíòà öåëè (â ÷èñëå ýëåìåíòîâ), ϕ – óãëîâàÿ ñêî-
ðîñòü âðàùåíèÿ.

Òîãäà îòíîñèòåëüíàÿ (â ÷èñëå ýëåìåíòîâ) âåëè-
÷èíà ñìàçà èçîáðàæåíèÿ

α = VΔτ/a = mϕΔτ,                       (2)

ãäå Δτ – âðåìÿ ìàêñèìàëüíîé çàäåðæêè ðåæèìà ÂÇÍ.
Åñëè â ÒÂÊ èñïîëüçóåòñÿ ôîòîïðèåìíàÿ ñóáìàò-

ðèöà ôîðìàòîì Rc × Rk ñ êâàäðàòíûìè ýëåìåíòàìè,
ðàñïîëîæåííûìè â ñòîëáöàõ áåç çàçîðîâ (ðèñ. 1), òî
âåëè÷èíà Δτ ñîñòàâëÿåò
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Ðèñ. 1. Òîïîëîãèÿ ñóáìàòðè÷íîãî ÔÏÓ.
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Δτ = (Rc – 1)Δaτ/a,                       (3)

ãäå τ – âðåìÿ ñ÷èòûâàíèÿ, Δa – ïåðèîä (øàã) ýëå-
ìåíòîâ ïî ñòðîêå, a – ðàçìåð ýëåìåíòà.

Ïîñêîëüêó â ÒÂÊ ðåàëèçóåòñÿ ëèøü ñòðî÷íîå
ñêàíèðîâàíèå, òî

τ = η/2Fnc,                              (4)

ãäå η – êîýôôèöèåíò ïîëåçíîãî äåéñòâèÿ ñêàíèðî-
âàíèÿ, F – ÷àñòîòà êàäðîâ, nñ – ÷èñëî ýëåìåíòîâ ðàç-
ëîæåíèÿ â ïîëå çðåíèÿ ïî ñòðîêå.

Ïîäñòàâëÿÿ (3),(4) â (2), ïîëó÷àåì

α = (Rc – 1)mϕΔaη/2aFnc,                  (5)

÷òî äëÿ òèïîâûõ çíà÷åíèé Rc = 4, Δà/a = 1,7, η = 0,7,
F = 25 Ãö è nc = Rk = 288 äàåò α = 0,25×10–3mϕ.

Ïðèäàäèì m è ϕ ìàêñèìàëüíûå çíà÷åíèÿ: m =
= Rk/2 = 144, ϕ = 90 ãðàä/ñ = 1,57 ðàä/ñ, è òîãäà îò-
íîñèòåëüíàÿ âåëè÷èíà ñìàçà ñîñòàâèò α = 0,06. Òà-
êîé íåçíà÷èòåëüíûé ñìàç, ðàçóìååòñÿ, íå óõóäøàåò
êà÷åñòâî èçîáðàæåíèÿ.

Ïðè äâèæåíèè èçîáðàæåíèÿ ïåðèôåðèéíîãî
îáúåêòà êàê âäîëü, òàê è ïîïåðåê íàïðàâëåíèÿ ñêà-
íèðîâàíèÿ åãî èçîáðàæåíèÿ â ñìåæíûõ ïîëóêàäðàõ
íå ñîâïàäàþò, ÷òî ïðèâîäèò ê èñêàæåíèþ (íà âåëè-
÷èíó Δq) êîíòóðîâ ðåçóëüòèðóþùåãî èçîáðàæåíèÿ
â êàæäîì êàäðå (ðèñ. 2).

Âåëè÷èíà ýòîãî èñêàæåíèÿ (â äîëÿõ ýëåìåíòà)
äëÿ ôðàãìåíòà, îòñòîÿùåãî íà m ýëåìåíòîâ îò öåíò-
ðà ôèêñàöèè (âðàùåíèÿ èçîáðàæåíèÿ), ñîñòàâëÿåò,
àíàëîãè÷íî (2),

α = VΔT/a = mϕΔT = mϕ/2F = 0,02mϕ,       (6)

ãäå ΔÒ = 0,02 ñ – ïåðèîä ïîëóêàäðà.
Ñëåäîâàòåëüíî, â íàèõóäøåì ñëó÷àå, êîãäà

m = 144 (öåíòð âðàùåíèÿ ñîâïàäàåò ñ öåíòðîì ýê-
ðàíà) è ϕ = 1,57 ðàä/ñ, èñêàæåíèå äîñòèãàåò α = 4,5
ýëåìåíòîâ, ÷òî óæå ñóùåñòâåííî. Ïîýòîìó ðàññìîò-
ðèì åãî âëèÿíèå áîëåå ïîäðîáíî.

Ïðåäñòàâëÿåòñÿ î÷åâèäíûì, ÷òî èñêàæåíèÿ êîí-
òóðîâ èçîáðàæåíèÿ îáúåêòà óõóäøàþò êà÷åñòâî
èçîáðàæåíèÿ íå â áîëüøåé ñòåïåíè, ÷åì åãî ñìàç
òàêîé æå âåëè÷èíû. Ïîýòîìó îöåíêà âëèÿíèÿ ðàâ-
íîâåëèêîãî ñìàçà áóäåò âåðõíåé îöåíêîé âëèÿíèÿ
ðàññìàòðèâàåìîãî âèäà èñêàæåíèé èçîáðàæåíèÿ íà
åãî äåøèôðèðóåìîñòü.

Êàê èçâåñòíî [1], ôóíêöèÿ ïåðåäà÷è ìîäóëÿöèè
(ÔÏÌ) ñìàçà, íàïðèìåð, ïî ñòðîêå îïèñûâàåòñÿ
ôîðìóëîé

K(ν) = sin(πανδ0)/πανδ0,                  (7)

ãäå ν – óãëîâàÿ ÷àñòîòà, δ0 – ýëåìåíòàðíîå ïîëå çðå-
íèÿ ÒÂÊ, è, çíà÷èò, ñîãëàñíî ðåçóëüòàòàì [1], ýòîò
ñìàç óâåëè÷èâàåò ðàçðåøåíèå íà ìåñòíîñòè â ýòîì
íàïðàâëåíèè â θ ðàç, ãäå

21 0,28 ,θ = + α                         (8)

ïðè÷åì, ñ ó÷åòîì (6), êîýôôèöèåíò θ îêàçûâàåòñÿ
ôóíêöèåé ñìåùåíèÿ m ðàññìàòðèâàåìîãî ôðàãìåí-
òà èçîáðàæåíèÿ îòíîñèòåëüíî öåíòðà âðàùåíèÿ:

2 21 , 0,01 .mθ = + ρ ρ = ϕ                  (9)

Ïîýòîìó âìåñòî îòíîøåíèÿ N2 = S/A2 (S – ïëîùàäü
îáúåêòà, À – ðàçðåøåíèå íà ìåñòíîñòè), îïðåäåëÿþ-
ùåãî âåðîÿòíîñòü âñêðûòèÿ îáúåêòà, â äàííîì ñëó-
÷àå äëÿ âñåãî îáúåêòà èìååò ìåñòî îòíîøåíèå
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ãäå θΣ – ýôôåêòèâíûé ñðåäíèé êîýôôèöèåíò θ, îäè-
íàêîâûé äëÿ âñåãî îáúåêòà; m1, m2 – îòêëîíåíèÿ ãðà-
íèö èçîáðàæåíèÿ îáúåêòà îò öåíòðà âðàùåíèÿ
(â ÷èñëå ýëåìåíòîâ) (ñì. ðèñ. 2).

Ñëåäîâàòåëüíî, äëÿ îöåíêè âëèÿíèÿ âðàùåíèÿ
èçîáðàæåíèÿ íà òåìïåðàòóðíî-÷àñòîòíóþ õàðàêòå-
ðèñòèêó èëè ÔÏÌ ïðèáîðà, íàïðèìåð, ïî ñòðîêå

Ðèñ. 2. Ôîðìèðîâàíèå èñêàæåíèé êîíòóðîâ èçîá-
ðàæåíèÿ.
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äîñòàòî÷íî â ôîðìóëû èëè ãðàôèêè, îïðåäåëÿþùèå
ýòè õàðàêòåðèñòèêè, ïîäñòàâèòü âìåñòî ν ïðîèçâå-
äåíèå νθΣ, ÷òî ýêâèâàëåíòíî óâåëè÷åíèþ ýëåìåí-
òàðíîãî ïîëÿ çðåíèÿ êàíàëà â θΣ ðàç.

Çíà÷åíèå θΣ îïðåäåëÿåò ïî (8) è ýôôåêòèâíûé
îòíîñèòåëüíûé ñìàç

21,9 1.Σ Σα = θ −                        (11)
Êàê ïîêàçûâàåò àíàëèç ôîðìóëû (10), åñëè ðàç-

ìåðû îáúåêòà íå ïðåâûøàþò Δm = m2 – m1 = 20 ýëå-
ìåíòîâ (íàèáîëåå àêòóàëüíûé ñëó÷àé), òî ýôôåêòèâ-
íîå çíà÷åíèå θΣ ìîæíî ñ äîñòàòî÷íîé òî÷íîñòüþ
âû÷èñëèòü ïî ôîðìóëå âèäà (9), ò. å.

2 2
01 ,mΣθ = + ρ  m0 = (m2 + m1)/2,         (12)

ãäå m0 – ñìåùåíèå öåíòðà îáúåêòà îòíîñèòåëüíî
öåíòðà ýêðàíà (öåíòðà âðàùåíèÿ).

Òîãäà ïî (6) èìååì äëÿ ýôôåêòèâíîé âåëè÷èíû
ñìàçà âûðàæåíèå

αΣ = 0,02m0ϕ.                        (13)

Âëèÿíèå ñìàçà íà äåøèôðèðóåìîñòü îïòèêî-
ýëåêòðîííîãî èçîáðàæåíèÿ ýêñïåðèìåíòàëüíî èñ-
ñëåäîâàëîñü àâòîðàìè [2], êîòîðûå ïîêàçàëè, ÷òî
óõóäøåíèå Δn ýòîé äåøèôðèðóåìîñòè â áàëëàõ øêà-
ëû NIIRS [1] ñâÿçàíî ñ îòíîñèòåëüíûì ñìàçîì αΣ
ýìïèðè÷åñêèì ñîîòíîøåíèåì

Δn = 0,063αΣ + 0,0059α2
Σ,               (14)

ïðè÷åì ñíèæåíèå Δn, íå ïðåâûøàþùåå 0,1, åùå
íèêàê íå îùóùàåòñÿ íàáëþäàòåëåì.

Ñíèæåíèþ Δn ñîîòâåòñòâóåò ýêâèâàëåíòíîå óâå-
ëè÷åíèå (óõóäøåíèå) ðàçðåøåíèÿ íà ìåñòíîñòè ïî
îáåèì êîîðäèíàòàì â γ ðàç, ãäå [1]

γ = 10Δn/3,2.                           (15)

Ñîîòíîøåíèå (14) ñ ó÷åòîì (13) îïðåäåëÿåò ñî-
îòâåòñòâóþùåå óõóäøåíèå äåøèôðèðóåìîñòè èçîá-
ðàæåíèÿ. Çàâèñèìîñòü Δn = f (m0ϕ) äàíà íèæå:

m0ϕ, ðàä/ñ 75 100 150 200 220

Δn, áàëë 0,1 0,15 0,25 0,35 0,4

Ñëåäîâàòåëüíî, åñëè ñìåùåíèå m0 < 48 ýëåìåí-
òîâ, òî äàæå ïðè ìàêñèìàëüíîé óãëîâîé ñêîðîñòè
âðàùåíèÿ ϕ = 1,57 ðàä/ñ ñíèæåíèå Δn óðîâíÿ äå-
øèôðèðóåìîñòè ñîñòàâëÿåò íå áîëåå 0,1 è, çíà÷èò,
îíî åùå íå áóäåò çàìå÷åíî îïåðàòîðîì. Äëÿ ìàëî-
ðàçìåðíîãî îáúåêòà, íàõîäÿùåãîñÿ íà êðàþ ïîëÿ
çðåíèÿ (m0 = 144), ïðè òîé æå óãëîâîé ñêîðîñòè çíà-
÷åíèå Δn = 0,4, ÷òî ñîãëàñíî (15) ýêâèâàëåíòíî óâå-
ëè÷åíèþ ðàçðåøåíèÿ íà ìåñòíîñòè (ñðåäíåãî ïî
îáåèì êîîðäèíàòàì) â 1,33 ðàçà. Ýòî, â ñâîþ î÷å-
ðåäü, âûçûâàåò ïî [1] ñíèæåíèå âåðîÿòíîñòè âñêðû-
òèÿ îáúåêòà, íàïðèìåð, ñ 0,8 äî 0,59 èëè ñ 0,9 äî
0,72, ÷òî óæå ñóùåñòâåííî. Äëÿ ñîõðàíåíèÿ êà÷å-

ñòâà èçîáðàæåíèÿ ýòîãî îáúåêòà íåîáõîäèìî, ÷òî-
áû óãëîâàÿ ñêîðîñòü âðàùåíèÿ èçîáðàæåíèÿ íå ïðå-
âûøàëà 0,5 ðàä/ñ = 30 ãðàä/ñ.

Àíàëîãè÷íî ìîæíî ïîêàçàòü, ÷òî åñëè öåíòð âðà-
ùåíèÿ íàõîäèòñÿ â ïëîùàäè èçîáðàæåíèÿ îáúåêòà,
òî ïðè îòíîñèòåëüíîì ðàçìåðå îáúåêòà Δm ≤ 100
ýëåìåíòîâ è ϕ ≤ 1,57 ðàä/ñ óõóäøåíèÿ äåøèôðèðó-
åìîñòè èçîáðàæåíèÿ åùå íå ïðîèçîéäåò (Δn ≤ 0,1).

Íåòðóäíî óáåäèòüñÿ, ÷òî äàííûå ðåçóëüòàòû
ïðàêòè÷åñêè íå çàâèñÿò îò îðèåíòàöèè îáúåêòà îò-
íîñèòåëüíî öåíòðà âðàùåíèÿ.

Îòìåòèì, ÷òî â âûøåïðèâåäåííûõ ðàñ÷åòàõ íå
ó÷òåíà èíåðöèîííîñòü çðèòåëüíîãî àíàëèçàòîðà,
îïðåäåëÿåìàÿ åãî ïîñòîÿííîé âðåìåíè Òå = 0,1 ñ.
Ïîýòîìó ïîëó÷åííûå ðåçóëüòàòû ïðèìåíèìû äëÿ
ðåæèìà “ñòîï-êàäðà” èëè ïðè àíàëèçå çàïèñàííîãî
èçîáðàæåíèÿ. Äëÿ ó÷åòà ýòîé èíåðöèîííîñòè ïðè
äåøèôðèðîâàíèè èçîáðàæåíèÿ ÒÂÊ â ðåàëüíîì
ìàñøòàáå âðåìåíè â ôîðìóëó (6) ñëåäóåò âìåñòî ΔÒ
ïîäñòàâèòü Òå è òîãäà âåëè÷èíà ρ â (10) áóäåò ðàâíà
0,05ϕ. Ïðè ýòîì âñå ðåçóëüòàòû ðàñ÷åòîâ ñîõðà-
íÿþòñÿ äëÿ çíà÷åíèé óãëîâîé ñêîðîñòè âðàùåíèÿ â
Òå/ΔÒ = 5 ðàç ìåíüøåé. Ýòî îçíà÷àåò, ÷òî, íàïðèìåð,
ïðè ñìåùåíèè öåíòðà èçîáðàæåíèÿ m0 < 48 ñíèæå-
íèÿ óðîâíÿ äåøèôðèðóåìîñòè èçîáðàæåíèÿ (ïðè åãî
àíàëèçå â ðåàëüíîì ìàñøòàáå âðåìåíè) íå ïðîèçîé-
äåò, åñëè óãëîâàÿ ñêîðîñòü âðàùåíèÿ íå ïðåâûñèò
~ 20 ãðàä/ñ.

Âûâîäû

1. Îñíîâíîé ïðè÷èíîé óõóäøåíèÿ êà÷åñòâà èçîá-
ðàæåíèÿ ïðè åãî âðàùåíèè â ïðîöåññå ôèêñàöèè
ïîëåì çðåíèÿ ÒÂÊ òîé èëè èíîé òî÷êè ìåñòíîñòè
ÿâëÿåòñÿ èñêàæåíèå èçîáðàæåíèÿ, âîçíèêàþùåå ïðè
ñäâèãå îòíîñèòåëüíî äðóã äðóãà ñìåæíûõ ïîëóêàä-
ðîâ êàíàëà.

2. Ïðè öåíòðå ôèêñàöèè ïîëÿ çðåíèÿ (öåíòðà
âðàùåíèÿ) êàíàëà â ïëîùàäè îáúåêòà äåøèôðèðóå-
ìîñòü åãî èçîáðàæåíèÿ â ðåæèìå “ñòîï-êàäðà” ïðàê-
òè÷åñêè íå óõóäøàåòñÿ íåçàâèñèìî îò óãëîâîé ñêî-
ðîñòè âðàùåíèÿ ϕ < 90 ãðàä/ñ.

3. Äëÿ ìàëîðàçìåðíîãî îáúåêòà (ñ ãàáàðèòíûì
ðàçìåðîì äî 20 ýëåìåíòîâ ðàçëîæåíèÿ) ïðè ñìåùå-
íèè åãî öåíòðà îòíîñèòåëüíî öåíòðà âðàùåíèÿ, íå
ïðåâûøàþùåì 48 ýëåìåíòîâ ðàçëîæåíèÿ, çàìåòíî-
ãî óõóäøåíèÿ äåøèôðèðóåìîñòè åãî èçîáðàæåíèÿ
â ðåæèìå “ñòîï-êàäðà” èç-çà âðàùåíèÿ ýòîãî èçîá-
ðàæåíèÿ åùå íå ïðîèçîéäåò. Â ñëó÷àå ëîêàëèçàöèè
åãî íà êðàþ ïîëÿ çðåíèÿ ÒÂÊ ìàêñèìàëüíî âîçìîæ-
íîå ñíèæåíèå åãî äåøèôðèðóåìîñòè ñîñòàâèò
0,4 áàëëà ïî øêàëå NIIRS, îäíàêî åñëè óãëîâàÿ ñêî-
ðîñòü âðàùåíèÿ ïðè ýòîì íå ïðåâûñèò 30 ãðàä/ñ, òî
ýòî ñíèæåíèå òàêæå åùå íå áóäåò çàìå÷åíî îïåðà-
òîðîì (â ðåæèìå “ñòîï-êàäðà”).
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4. Ïðè äåøèôðèðîâàíèè èçîáðàæåíèé â ðåàëü-
íîì ìàñøòàáå âðåìåíè îñíîâíîé ïðè÷èíîé óõóäøå-
íèÿ èõ äåøèôðèðóåìîñòè ÿâëÿåòñÿ ñìàç âîñïðèíè-
ìàåìûõ èçîáðàæåíèé, âîçíèêàþùèé èç-çà èíåðöè-
îííîñòè çðåíèÿ îïåðàòîðà. Âëèÿíèå ýòîãî ñìàçà
ýêâèâàëåíòíî âëèÿíèþ ðàññìîòðåííûõ âûøå èñêà-
æåíèé èçîáðàæåíèÿ ïðè óãëîâîé ñêîðîñòè âðàùå-
íèÿ èçîáðàæåíèÿ â 5 ðàç ìåíüøåé.

ËÈÒÅÐÀÒÓÐÀ

11. Àëååâ Ð.Ì., Èâàíîâ Â.Ï., Îâñÿííèêîâ Â.À. Íåñêàíè-
ðóþùèå òåïëîâèçèîííûå ïðèáîðû. Êàçàíü: Èçä. ÊÃÓ,
2004.

12. Smith S.L. et al. Understanding image quality losses due
to smear in high-resolution remote sensing imaging
systems // Opt. Engin. 1991. V. 38. ¹ 5.



<<
  /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


