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Íà îñíîâå ìîäåëèðîâàíèÿ âçàèìîäåéñòâèÿ ìîëåêóë âîäû â ìàëûõ êëàñòåðàõ â ïðèñóòñòâèè èîíîâ âû-

÷èñëåíû ýíåðãèè ñâÿçè ìîëåêóë è ïåðåñûùåíèå ïàðà, íàõîäÿùåãîñÿ â ðàâíîâåñèè ñ ìàëûìè êàïëÿìè. Íàé-
äåíû ïîðîãè ïåðåñûùåíèÿ. Ïîêàçàíî, ÷òî îòðèöàòåëüíî çàðÿæåííûå êàïëè èìåþò áîëåå íèçêèé ïîðîã, ÷åì 
ïîëîæèòåëüíî çàðÿæåííûå. Â ðàñ÷åòàõ èñïîëüçîâàí 4-òî÷å÷íûé ïîòåíöèàë äëÿ ìîëåêóë âîäû. 

 

Êëþ÷åâûå ñëîâà: âîäÿíîé ïàð, êàïëè, êîíäåíñàöèÿ, ýíåðãèÿ ñâÿçè, ïåðåñûùåíèå; water rapor, drops, 
condensation, coupling energy, supersaturation. 

 

×èñëåííûé ýêñïåðèìåíò 
 

Ìîäåëèðîâàíèå êîíäåíñàöèè âîäÿíîãî ïàðà, 
âûïîëíåííîå â ðàáîòå [1], ìîæíî ñ÷èòàòü âïîëíå 
óñïåøíûì. Èñïîëüçîâàííûé â ðàñ÷åòàõ 4-òî÷å÷íûé 
ïîòåíöèàë äëÿ ìîëåêóë âîäû îáåñïå÷èâàåò èõ ïëîò-
íóþ óïàêîâêó, õîðîøî âîñïðîèçâîäèò ïðîöåññû èñ-
ïàðåíèÿ âîäû è êîíäåíñàöèè âîäÿíîãî ïàðà è äàåò 

ïðàâèëüíîå çíà÷åíèå äèïîëüíîãî ìîìåíòà ìîëåêóë. 
Êîýôôèöèåíò çàëèïàíèÿ ìîëåêóë ïàðà íà ïîâåðõíî-
ñòè âîäû âû÷èñëÿëñÿ êàê ðåçóëüòàò íåóïðóãîãî óäà-
ðà ìîëåêóëû î ïîâåðõíîñòü íà îñíîâå ìåõàíè÷åñêîé 

ìîäåëè. Â äàííîé ðàáîòå ìîäåëü ìîëåêóëû ñ òàêèì 
ïîòåíöèàëîì èñïîëüçóåòñÿ äëÿ èçó÷åíèÿ ýíåðãèè ñâÿ- 
çè ìîëåêóë â âîäÿíîé êàïëå, íàõîäÿùåéñÿ ïîä âîç-
äåéñòâèåì èîíà. 

Ñïèñîê ëèòåðàòóðû è îïèñàíèå ìåòîäèêè ÷èñ-
ëåííîãî ýêñïåðèìåíòà, ïðèâåäåííûå â [1], çäåñü íå 
ïîâòîðÿþòñÿ. 

Ñíà÷àëà ïðîâîäèëñÿ ÷èñëåííûé ýêñïåðèìåíò  
ñ èîíàìè äëÿ ìàëûõ êëàñòåðîâ. Ðåçóëüòàòû ýòîãî 
ýêñïåðèìåíòà îïèñûâàþòñÿ áîëåå ïðîñòîé ìîäåëüþ 
â òåðìèíàõ ñïëîøíîé ñðåäû. Íàñòðîéêà ïàðàìåòðîâ 
ýòîé ìîäåëè ïî ðåçóëüòàòàì ÷èñëåííîãî ýêñïåðè-
ìåíòà ïîçâîëÿåò äîâåñòè ìîäåëèðîâàíèå äî êîíå÷-
íîãî ðåçóëüòàòà. 

Âîäÿíîé êëàñòåð [2, 3], ñîñòîÿùèé èç 13 ìîëå-
êóë, ïîäâåðãàëñÿ âîçäåéñòâèþ èîíà, íàõîäÿùåãîñÿ 
íà ðàññòîÿíèÿõ r = 1,75 ⋅ 2R0; 2,25 ⋅ 2R0; 2,75 ⋅ 2R0  
è 15,0 ⋅ 2R0 îò öåíòðà êëàñòåðà (2R0 = 3,48 ⋅ 10–8 ñì – 
äèàìåòð ìîëåêóëû âîäû; ïîñëåäíåå ðàññòîÿíèå ðàâ-
íîñèëüíî îòñóòñòâèþ èîíà). Êëàñòåð ñî ñëó÷àéíîé 
îðèåíòàöèåé ìîëåêóë ïðèâîäèëñÿ ê ìèíèìóìó ýëåê-
òðîñòàòè÷åñêîé ýíåðãèè. Çàòåì ðÿäîì ïîìåùàëñÿ èîí. 
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Òî÷êè ðàçìåùåíèÿ èîíà ïîñëåäîâàòåëüíî ðàñïîëà-
ãàëèñü íà 14 ëó÷àõ, ïðîõîäÿùèõ ÷åðåç öåíòðû ãðà-
íåé è âåðøèíû âîîáðàæàåìîãî êóáà, îïèñàííîãî 
âîêðóã êëàñòåðà. Òàêèì îáðàçîì, äëÿ êàæäîãî êëà-
ñòåðà áûëî ïîëó÷åíî 14 ðåàëèçàöèé ìîäåëüíîãî ýêñ-
ïåðèìåíòà. Áûëî ñãåíåðèðîâàíî 20 êëàñòåðîâ. Óñ-
ðåäíåííûå ðåçóëüòàòû âñåõ 280 ðåàëèçàöèé ïðèâå-
äåíû â òàáëèöå. 

Ýíåðãèåé ñâÿçè ìû íàçûâàåì ïîòåíöèàëüíóþ 
ýíåðãèþ, âçÿòóþ ñ îáðàòíûì çíàêîì. Ýíåðãèÿ ñâÿçè 
ñ èîíîì ìîëåêóëû êëàñòåðà âû÷èñëÿëàñü êàê ýíåð-
ãèÿ ñâÿçè â îòñóòñòâèå èîíà è äåëåíèÿ ðåçóëüòàòà 
íà 13. Âèäíî, ÷òî îòðèöàòåëüíûå èîíû ñîçäàþò áî-
ëåå ñèëüíóþ ñâÿçü, îñîáåííî íà ìàëûõ ðàññòîÿíèÿõ. 
Ïðè÷èíà ýòîé çàðÿäîâîé àñèììåòðèè çàêëþ÷åíà â íå- 
íóëåâîì êâàäðóïîëüíîì ýëåêòðè÷åñêîì ìîìåíòå ìî-
ëåêóëû âîäû è ñìåùåíèè çàðÿäîâ îòíîñèòåëüíî öåí-
òðà ìîëåêóë. 

 

Ïàðàìåòðèçàöèÿ ðåçóëüòàòîâ 
 

Ýíåðãèÿ ñâÿçè èîíà ñ ìîëåêóëîé Å â ñîîòâåò-
ñòâèè ñ îáùèìè ñîîáðàæåíèÿìè äîëæíà áûòü ïðî-
ïîðöèîíàëüíà êâàäðàòó ýëåêòðè÷åñêîãî ïîëÿ ξ, à åå 
çàðÿäîâàÿ àñèììåòðèÿ ΔE/E – ïðîïîðöèîíàëüíà 

ãðàäèåíòó ïîëÿ | grad ξ | â òî÷êå, ãäå ðàñïîëîæåíà ìî-
ëåêóëà. Ïîñëåäíåå óòâåðæäåíèå âûòåêàåò èç òîãî îá- 
ñòîÿòåëüñòâà, ÷òî â îòñóòñòâèå ãðàäèåíòà ïîëÿ çàðÿ-
äîâàÿ àñèììåòðèÿ íå âîçíèêàåò. Ñëåäîâàòåëüíî, 
ðåçóëüòàòû ìîäåëèðîâàíèÿ, ïðèâåäåííûå â òàáëèöå, 
ìîæíî àïïðîêñèìèðîâàòü ôîðìóëîé 
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Ýíåðãèÿ ñâÿçè â êëàñòåðå â ïîëå ïîëîæèòåëüíîãî è îòðèöàòåëüíîãî èîíîâ 

Ýíåðãèÿ ñâÿçè E, 10–13 ýðã 

êëàñòåðà ìîëåêóëû ñ èîíîì
Ðåçóëüòàò ïàðàìåòðèçàöèè 

r/2R0 

+ – + – + – 

1,75 78,058 88,783 1,07 1,89 1,07 1,89 
2,25 69,716 72,497 0,43 0,64 0,47 0,61 
2,75 66,737 67,332 0,20 0,24 0,22 0,26 
15 64,221 64,088 – – – – 

 
Ïîäãîíêà äàåò b1 = 1,68, b2 = 12,0. Ïðè ýòèõ 

çíà÷åíèÿõ ïàðàìåòðîâ äàííûå äëÿ ýíåðãèè ìîëåêó-
ëû ïðèâåäåíû â äâóõ ïîñëåäíèõ ñòîëáöàõ òàáëèöû. 
Âûïîëíåííóþ àïïðîêñèìàöèþ ìîæíî ñ÷èòàòü óäîâ-
ëåòâîðèòåëüíîé. 

Åñëè äëÿ ïîäñ÷åòà ýíåðãèè ñâÿçè, ïîãðóæåííîé 
â óïðóãóþ ñðåäó [3, 7], ïðèìåíèòü ïðîñòóþ ìîäåëü 
ìîëåêóëû âîäû â âèäå ýëåêòðè÷åñêîãî äèïîëÿ ñî ñäâè- 
íóòûì öåíòðîì, òî ïîëó÷èì çíà÷åíèÿ íàøèõ ïàðà-
ìåòðîâ, ðàâíûå 
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ãäå μ = 1,84 ⋅ 10–18 åä. CGSE – äèïîëüíûé ìîìåíò 

ìîëåêóëû; s – âåëè÷èíà ñäâèãà öåíòðà äèïîëÿ; g – 
ìîäóëü óïðóãîñòè, ïðåäñòàâëÿþùèé ñîáîé êîýôôè-
öèåíò ïðîïîðöèîíàëüíîñòè ìåæäó óãëîì ïîâîðîòà 
ìîëåêóëû è ïðèëîæåííûì ê íåé ìîìåíòîì ñèëû (g 
èìååò ðàçìåðíîñòü ýíåðãèè). Ïîäñòàíîâêà ÷èñëåííûõ 
çíà÷åíèé äàåò s = 0,76 ⋅ 10–8 ñì, à äëÿ g èìååì îöåí-
êó, ðàâíóþ 1,27 ⋅ 10–13 ýðã. Ýòà îöåíêà çàíèæåíà. 
Äåëî â òîì, ÷òî ïåðèôåðèéíûå ìîëåêóëû êëàñòåðà 
èìåþò ïî 5 ñâÿçåé ñ ñîñåäíèìè ìîëåêóëàìè, à öåí-
òðàëüíàÿ ìîëåêóëà èìååò 12 ñâÿçåé. Â ñðåäíåì ïîëó-
÷àåì 5,54 ñâÿçè. Ïî ýòîé ïðè÷èíå ó êàæäîé ìîëå-
êóëû âíóòðè áîëüøîãî êëàñòåðà, èìåþùåé 12 ñâÿçåé, 
ìîäóëü óïðóãîñòè ïðèìåðíî âäâîå áîëüøå. Òàêèì 
îáðàçîì, g = 2,5 ⋅ 10–13 ýðã. 

 

Êàïëÿ êàê äèýëåêòðèê 
 
Â ñëó÷àå, êîãäà èîí ðàñïîëîæåí â öåíòðå êàïëè, 

åãî ýëåêòðè÷åñêîå ïîëå ÷àñòè÷íî êîìïåíñèðóåòñÿ 

ïîëÿðèçàöèåé ìîëåêóë êàïëè. Ïðè äîñòàòî÷íî áîëü-
øîì ðàäèóñå êàïëè óãëû ïîâîðîòà ìîëåêóë, ñîçäàþ-
ùèå ïîëÿðèçàöèþ, ìàëû è â äåéñòâóþùåì ýëåêòðè-
÷åñêîì ïîëå ξ ñîñòàâëÿþò 
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Çäåñü óãëîâûå ñêîáêè îçíà÷àþò óñðåäíåíèÿ ïî óã-
ëàì θ0 â ïðåäåëàõ âñåé ñôåðû. 

Íàïðÿæåííîñòü íàâåäåííîãî ïîëÿ (n = 
= 3,3 ⋅ 1022

 ñì–3
 – êîíöåíòðàöèÿ ìîëåêóëû âîäû, ξ0 – 

ïåðâîíà÷àëüíîå ïîëå) 
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îòñþäà äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü 
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Ýòî çíà÷åíèå ïðîíèöàåìîñòè ÿâëÿåòñÿ àñèìïòîòè÷å-
ñêèì è ñîîòâåòñòâóåò äîñòàòî÷íî áîëüøèì ðàññòîÿ-
íèÿì äî èîíà. Ïîëÿðèçàöèÿ îãðàíè÷åíà òåì, ÷òî µ�  
íå ìîæåò ñòàòü áîëüøå, ÷åì μ. Ïîýòîìó íà ìàëûõ 
ðàññòîÿíèÿõ r ïðîíèöàåìîñòü ìåíüøå è åå ìîæíî 
îöåíèòü ñâåðõó, ïîëàãàÿ .µ = µ�  Ýòî äàåò 

 1 2 2

1
( ) ,

1–
s

r

r r

ε =  .
4

s

e
r

n

=
π μ

 

Ñ ðîñòîì r ïðîíèöàåìîñòü ñòðåìèòñÿ ê ε0 è åå ïîâå-
äåíèå ïðèáëèæåííî ìîæíî ïîëó÷èòü ïóòåì ñøèâà-
íèÿ àñèìïòîòè÷åñêèõ ôîðìóë. Â ìåòîäå ñøèâàåìûõ 
àñèìïòîòè÷åñêèõ ðàçëîæåíèé ìîãóò èñïîëüçîâàòüñÿ 
ðàçíûå ïðîöåäóðû ñøèâàíèÿ, âûáîð ìåæäó êîòîðû-
ìè ïðîèçâîäèòñÿ èñõîäÿ èç äîïîëíèòåëüíûõ óñëî-
âèé. Â íàøåì ñëó÷àå ìû íå òðåáóåì âûñîêîé òî÷íî-
ñòè, â ñâÿçè ñ ýòèì ñøèâàíèå ìîæíî âûïîëíèòü â íèç-
øåì ïîðÿäêå. 

Ïîñòóïèì ñëåäóþùèì îáðàçîì. Ïðåäñòàâèì 
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Ôóíêöèþ ϕ(r) íàõîäèì êàê ãàðìîíè÷åñêóþ ñóì-
ìó àñèìïòîò: 
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Ñëåäóåò çàìåòèòü, ÷òî íà ìàñøòàáàõ êëàñòåðîâ 
âåëè÷èíà äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ìíîãî ìåíü- 
øå èçâåñòíîé ôèçè÷åñêîé âåëè÷èíû äëÿ âîäû (80). 
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Ðàñõîæäåíèå, ïî-âèäèìîìó, îáóñëîâëåíî êîððåëè-
ðîâàííûì ïîâåäåíèåì ìîëåêóëû íà áîëüøèõ ðàñ-
ñòîÿíèÿõ â îòëè÷èå îò íàøèõ êëàñòåðîâ. 

 

Äàâëåíèå íàñûùåíèÿ  

äëÿ ìåëêèõ êàïåëü 
 

Èîíû ñëóæàò öåíòðîì êîíäåíñàöèè ïàðà, è âî-
êðóã íèõ âîçíèêàþò ìåëêèå êàïëè. Ìîëåêóëà â òàêîé 
êàïëå èìååò ýíåðãèþ ñâÿçè Åk, îòëè÷àþùóþñÿ îò 

ýíåðãèè ñâÿçè â âîäå E0, êîòîðàÿ áûëà íàéäåíà â [1]. 
Îòëè÷èå ñîñòîèò â òîì, ÷òî ïîâåðõíîñòíîå íàòÿæå-
íèå σ óìåíüøàåò ýíåðãèþ ñâÿçè, à ïðèòÿæåíèå èîíà 
óâåëè÷èâàåò. Â èòîãå äëÿ êàïåëü ðàäèóñà r èìååì 
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Äåôèöèò ýíåðãèè ñâÿçè ΔE ñõîäèò íà íåò äëÿ 

áîëüøèõ êàïåëü è èìååò ìàêñèìóì ïðè r = 3,36R0 äëÿ 

ïîëîæèòåëüíî çàðÿæåííûõ êàïåëü è ïðè r = 3,62R0 – 
äëÿ îòðèöàòåëüíî. Ïîâåäåíèå ΔE ïîêàçàíî íà ðèñ. 1. 
 

 
Ðèñ. 1. Äåôèöèò ýíåðãèè ñâÿçè ΔE äëÿ ïîëîæèòåëüíîãî (1) 
  è îòðèöàòåëüíîãî (2) èîíîâ 

 
Óêàçàííîå èçìåíåíèå ýíåðãèè ñâÿçè âëå÷åò çà ñî- 

áîé äâà ýôôåêòà: óâåëè÷èâàåòñÿ ñêîðîñòü èñïàðåíèÿ 
ñ ïîâåðõíîñòè êàïåëü è óìåíüøàåòñÿ êîýôôèöèåíò 
çàëèïàíèÿ ïðè êîíäåíñàöèè ïàðà. Îáà ýôôåêòà âå-
äóò ê ðîñòó äàâëåíèÿ ïåðåñûùåííîãî ïàðà äëÿ êà-
ïåëü, íàõîäÿùèõñÿ â ñîñòîÿíèè ðàâíîâåñèÿ ñ ïàðîì. 
  Ïîâåäåíèå êîýôôèöèåíòà çàëèïàíèÿ â çàâèñè-
ìîñòè îò ðàäèóñà êàïëè äëÿ T = 300 Ê ïîêàçàíî íà 
ðèñ. 2. Çäåñü α0 – êîýôôèöèåíò äëÿ êàïåëü áåñêî-
íå÷íîãî ðàäèóñà. Äëÿ ðàñ÷åòà êðèâûõ èñïîëüçîâàíà 
ôîðìóëà, âûâåäåííàÿ â [1]. 

Ïåðåñûùåíèå S, ò.å. îòíîøåíèå ðàâíîâåñíîãî 
äàâëåíèÿ ê äàâëåíèþ íàñûùåíèÿ, îïðåäåëÿåòñÿ ôîð- 
ìóëîé 
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Ïåðâûé ìíîæèòåëü â ôîðìóëå îòðàæàåò ïîâåäåíèå 
êîýôôèöèåíòà çàëèïàíèÿ, à âòîðîé – ñêîðîñòü èñ- 
 

 

Ðèñ. 2. Êîýôôèöèåíò çàëèïàíèÿ α
±(r) â çàâèñèìîñòè îò ðà- 

äèóñà êàïëè äëÿ ïîëîæèòåëüíîãî (1) è îòðèöàòåëüíîãî (2) 
èîíîâ, óñðåäíåííûé ïî ðàñïðåäåëåíèþ δEk, ïðè òåìïåðà- 
  òóðå Ò = 300 Ê 

 

ïàðåíèÿ. Êðèâûå ïåðåñûùåíèÿ, ïðåäñòàâëåííûå íà 
ðèñ. 3, èìåþò ìàêñèìóì, îçíà÷àþùèé ñóùåñòâîâà-
íèå ïîðîãà ïåðåñûùåíèÿ. 

 

 

Ðèñ. 3. Ïåðåñûùåíèå S äëÿ ïîëîæèòåëüíîãî (1) è îòðèöà- 
  òåëüíîãî (2) èîíîâ 

 

Äëÿ ïîëîæèòåëüíî è îòðèöàòåëüíî çàðÿæåííûõ 
êàïåëü ïîðîãè ïåðåñûùåíèÿ ðàçëè÷àþòñÿ: äëÿ ïîëî-
æèòåëüíûõ êàïåëü ïîðîã ñîñòàâëÿåò 5,96, òîãäà êàê 
äëÿ îòðèöàòåëüíûõ îí ðàâåí 5,44. Òî÷íîñòü ïðèâå-
äåííûõ öèôð, êîíå÷íî, íåâåëèêà. Âàæíûì, îäíàêî, 
ÿâëÿåòñÿ ñóùåñòâîâàíèå çàðÿäîâîé àñèììåòðèè, èç-
âåñòíîé èç êëàññè÷åñêèõ ýêñïåðèìåíòîâ Âèëüñîíà 

(ñì., íàïðèìåð, [4–6, 8]). 
 

Çàêëþ÷åíèå 

 
Â ðåçóëüòàòå ïðîâåäåííîãî ìîäåëèðîâàíèÿ íà 

ìîëåêóëÿðíîì óðîâíå óñòàíîâëåíî ðàçëè÷èå â ïî-
âåäåíèè ïîëîæèòåëüíî è îòðèöàòåëüíî çàðÿæåííûõ 
êàïåëü ïðè èñïàðåíèè è êîíäåíñàöèè ïàðà. Íàéäåíà 
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ïðè÷èíà òàêîãî ïîâåäåíèÿ è ïîêàçàíî, ÷òî ñâîéñò- 
âà ìîëåêóë âîäû óäîâëåòâîðèòåëüíî îïèñûâàþòñÿ 
4-òî÷å÷íûì ïîòåíöèàëîì. Ïîëó÷åííûå ñîîòíîøåíèÿ 
ìîãóò áûòü èñïîëüçîâàíû ïðè ðàñ÷åòàõ äèíàìèêè 
îáëàêîîáðàçîâàíèÿ. 

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ïîääåðæêå 
ãðàíòà ÐÔÔÈ ¹ 12-02-00174-à, ïðîãðàììû Ïðåçè-
äèóìà ÐÀÍ ¹ 10 «Ôóíäàìåíòàëüíûå ñâîéñòâà ìàòå-
ðèè è àñòðîôèçèêà», Ìåæäèñöèïëèíàðíîãî èíòåãðà-
öèîííîãî ïðîåêòà ÑÎ ÐÀÍ ¹ 79 «Âëèÿíèå êîñìè÷å-
ñêèõ ëó÷åé íà êîíäåíñàöèþ àòìîñôåðíîãî âîäÿíîãî 
ïàðà è ïðîöåññû îáëàêîîáðàçîâàíèÿ» è Ãðàíòà Ïðå-
çèäåíòà Ðîññèéñêîé Ôåäåðàöèè ïî ãîñóäàðñòâåííîé 
ïîääåðæêå âåäóùèõ íàó÷íûõ øêîë ÍØ-3269.2014.2. 
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G.F. Krymsky, G.S. Pavlov, S.I. Petukhov. Simulation of water vapor condensation. Charged clusters. 
On the basis of simulation of water molecule interaction in small clusters in the presence of ions the bind-

ing energy of molecules and supersaturation of vapor being in balance with small droplets is calculated. Super-
saturation thresholds are found. It is shown that negatively charged droplets have a lower threshold than posi-
tively charged ones. In the calculations, the four-point potential for water molecules is used. 

 
 



<<
  /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 true
  /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 false
  /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 false
  /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


