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ÂÅÙÅÑÒÂ ÍÀ ÈÇÌÅÍÅÍÈÅ ÔÈÇÈÊÎ-ÌÅÕÀÍÈ×ÅÑÊÈÕ 
ÑÂÎÉÑÒÂ È ÍÀÏÐßÆÅÍÍÎ-ÄÅÔÎÐÌÈÐÎÂÀÍÍÎÃÎ  
ÑÎÑÒÎßÍÈß ÃÎÐÍÛÕ ÏÎÐÎÄ 

Ðàññìîòðåíî èçìåíåíèå ïðî÷íîñòíûõ ñâîéñòâ ãîðíûõ ïîðîä ïóòåì ðàçâèòèÿ òðå-
ùèí è çàðîæäåíèÿ ìèêðîòðåùèí ïðè îáðàáîòêå ïîâåðõíîñòè îáðàçöîâ ÏÀÂ. Óñ-
òàíîâëåíî, ÷òî, ðàçâèòèå ïîä äåéñòâèåì ÏÀÂ ñóùåñòâóþùèõ â ãîðíîé ïîðîäå 
òðåùèí è çàðîæäåíèå íîâûõ ìèêðîòðåùèí îïèñûâàþòñÿ ðàçíûìè ïî õàðàêòåðó 
ðàñïðåäåëåíèÿìè, èìåþò ðàçëè÷íóþ ïðèðîäó è îïðåäåëÿþòñÿ óðàâíåíèÿìè òåî-
ðèè Ãðèôôèòñà è êèíåòè÷åñêîé êîíöåïöèè ïðî÷íîñòè, ïàðàìåòðû êîòîðûõ ó÷è-
òûâàþò ôðàêòàëüíóþ ðàçìåðíîñòü òðåùèí. 
Êëþ÷åâûå ñëîâà: ïîâåðõíîñòíî-àêòèâíûå âåùåñòâà, òðåùèíà, òåîðèÿ Ãðèôôèòñà, 
ïëàñòè÷åñêèå äåôîðìàöèè. 

 

 
 

àèáîëåå ýôôåêòèâíûì ñðåä-
ñòâîì íàïðàâëåííîãî èçìåíå-

íèÿ ñâîéñòâ è ñîñòîÿíèÿ ãîðíûõ ïîðîä 
ÿâëÿåòñÿ èñïîëüçîâàíèå ïîâåðõíîñòíî-
àêòèâíûõ âåùåñòâ (ÏÀÂ), äåéñòâèå êî-
òîðûõ çàêëþ÷àåòñÿ â àäñîðáöèîííîì 
ïîíèæåíèè ïîâåðõíîñòíîé ýíåðãèè òåë 
(ýôôåêò Ðåáèíäåðà). Òåîðåòè÷åñêèå è 
ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ (Þ. 
Â. Ãîðþíîâ, Ô. Ä. Îâ÷àðåíêî, Í. Â. 
Ïåðöîâ, Ï. À. Ðåáèíäåð, Å. Ä. Ùóêèí 
è äð.) ïîêàçûâàþò, ÷òî àäñîðáöèÿ àê-
òèâíûõ ìîëåêóë èç ðàñòâîðà ïðîèñõî-
äèò íà ñâîáîäíûõ ïîâåðõíîñòÿõ, ïðåæ-
äå âñåãî íà ïîâåðõíîñòè òðåùèí. Ïî-
ýòîìó ýôôåêòèâíîñòü äåéñòâèÿ ÏÀÂ 
íàïðÿìóþ ñâÿçàíà ñ ãåîìåòðèåé òðå-
ùèí, è â òî æå âðåìÿ ïîâåðõíîñòíî-
àêòèâíûå âåùåñòâà ñàìè âëèÿþò íà 
ïðîöåññ òðåùèíîîáðàçîâàíèÿ. Ýòî îï-
ðåäåëÿåò ïåðñïåêòèâíîñòü ïðèìåíåíèÿ 
ÏÀÂ äëÿ óïðàâëåíèÿ ñâîéñòâàìè è ñî-
ñòîÿíèåì ïîðîä â ïðîöåññàõ ãîðíîãî 
ïðîèçâîäñòâà (À. Ä. Àëåêñååâ, Ã. ß. 
Âîðîíêîâ, È. È. Êðóãëèöêèé, Í. Ô. 
Êóñîâ, Î. Ã. Ëàòûøåâ, Ã. È. Ìàðöèíêå-
âè÷, Î. À. Ýäåëüøòåéí è äð.). 

Àíàëèç äàííûõ èññëåäîâàíèé ïîêà-
çûâàåò, ÷òî äåéñòâèå ÏÀÂ ïðèâîäèò ê 

ñóùåñòâåííîìó ñíèæåíèþ ïðî÷íîñòè è 
óïðóãîñòè ãîðíûõ ïîðîä, ñîïðîâîæäà-
åòñÿ èõ ïëàñòèôèöèðîâàíèåì è àêòèâè-
çàöèåé ãåîëîãè÷åñêèõ ïðîöåññîâ. Èñ-
ñëåäîâàíèÿ ðÿäà ó÷åíûõ ïî èçó÷åíèþ 
ïðî÷íîñòíûõ ñâîéñòâ ãîðíûõ ïîðîä ïî-
êàçàëè, ÷òî, íåñìîòðÿ íà ðàçëè÷íûé 
òåìï ñíèæåíèÿ ïðî÷íîñòè, â ôèíàëüíîé 
ñòàäèè, ò. å. ïðè ïîëíîì íàñûùåíèè îá-
ðàçöîâ îïòèìàëüíî ïîäîáðàííûìè àê-
òèâíûìè ðàñòâîðàìè, îòíîñèòåëüíîå 
ñíèæåíèå ïðî÷íîñòè ïîðîä îòëè÷àåòñÿ 
ìàëî è â ñðåäíåì ñîñòàâëÿåò îêîëî 50 % 
(â 2 ðàçà). Òàêæå äåéñòâèå ÏÀÂ ñîïðî-
âîæäàåòñÿ ñíèæåíèåì â 1,8—2,3 ðàçà 
ïðåäåëà óïðóãîñòè è íà 25-43 % ìîäóëÿ 
óïðóãîñòè. Íàáëþäàåòñÿ îáùèé ðîñò 
äåôîðìàöèé ïðè óìåíüøåíèè èõ óïðó-
ãîé ñîñòàâëÿþùåé, ò. å. ïðîèñõîäèò çíà-
÷èòåëüíîå ïëàñòèôèöèðîâàíèå ãîðíûõ 
ïîðîä, êîãäà áîëåå ïîëîâèíû îáùåé 
ýíåðãîåìêîñòè ðàçðóøåíèÿ ïðèõîäèòñÿ 
íà íåîáðàòèìûå (ïëàñòè÷åñêèå) èçìåíå-
íèÿ â ïîðîäå. Èìè áûëî óñòàíîâëåíî, 
÷òî ââåäåíèå â ãîðíûå ïîðîäû ðàñòâî-
ðîâ ÏÀÂ óâåëè÷èâàåò èíòåíñèâíîñòü èõ 
ïëàñòèôèöèðîâàíèÿ äî 35 %. 

Â îñíîâå òàêîãî èçìåíåíèÿ ñâîéñòâ 
ëåæèò óâåëè÷åíèå äåôåêòíîñòè (òðåùèíî-

Í 
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âàòîñòè) ãîðíûõ ïîðîä. Äëÿ èçó÷åíèÿ äàí-
íîãî âîïðîñà Î. Ã. Ëàòûøåâûì è Í. È. 
Èâàíîâûì áûëè âûïîëíåíû êîìïëåêñíûå 
èññëåäîâàíèÿ âëèÿíèÿ ÏÀÂ íà õàðàêòå-
ðèñòèêè òðåùèíîâàòîñòè ãîðíûõ ïîðîä. 
Îáðàçöû âûäåðæèâàëèñü ïðè ïîñòîÿííîé 
îäíîîñíîé íàãðóçêå 25 ÌÏà â òå÷åíèå 
480 ÷àñîâ â âîçäóøíî-ñóõîì ñîñòîÿíèè è 
â ðàñòâîðå ÏÀÂ — äîäåöèëñóëüôàòà íà-
òðèÿ R-O-SO3Na (ÄÑ). Íàãðóçêà ñîîòâåò-
ñòâîâàëà ãîðíîìó äàâëåíèþ íà ãëóáèíå 
800-1000 ì äëÿ óñëîâèé ÑÓÁÐà [1]. Îä-
íàêî ïîä ìèêðîñêîïîì îïðåäåëÿëèñü 
òîëüêî ëèíåéíûå ðàçìåðû òðåùèí. Äëÿ 
èçó÷åíèÿ òðåùèí ñ ó÷åòîì èõ ôðàêòàëü-
íûõ õàðàêòåðèñòèê íàìè âûïîëíåíû àíà-
ëîãè÷íûå ýêñïåðèìåíòû, íî ñ ìåäíî-
íèêåëåâûìè ðóäàìè ìåñòîðîæäåíèÿ Øà-
íó÷ ïî ðàçðàáîòàííîé íàìè ìåòîäèêå. 

Ðåàëèçàöèÿ îïèñàííûõ âûøå ïðî-
öåäóð ïîçâîëèëà ñìîäåëèðîâàòü ôðàê-
òàëüíûå õàðàêòåðèñòèêè òðåùèí â ðà-
íåå âûïîëíåííûõ èññëåäîâàíèÿõ è ïî-
ëó÷èòü íîâóþ èíôîðìàöèþ. Îáîáùå-
íèå ïîëó÷åííûõ ðåçóëüòàòîâ ñâåäåíû â 
òàáë. 1 è áûë ïîñòðîåí ãðàôèê èçìåíå-
íèÿ êîíöåíòðàöèè òðåùèí ðàçëè÷íûõ 
ðàçìåðîâ ïðè íàãðóæåíèè ïîðîä â ïðè-
ñóòñòâèè àêòèâíîé ñðåäû (ðèñ. 1). 

Àíàëèç äàííûõ ïîêàçûâàåò, ÷òî äàæå 
ïðè ìàëûõ íàãðóçêàõ, ïîðÿäêà 20 % îò 
ðàçðóøàþùèõ, äåéñòâèå ïîâåðõíîñòíî-
àêòèâíûõ âåùåñòâ ïî÷òè â 4 ðàçà óâåëè÷è-
âàåò êîíöåíòðàöèþ òðåùèí è èõ óäåëüíóþ 
ïîâåðõíîñòü è ïî÷òè â 8 ðàç — ñòåïåíü 
íàðóøåííîñòè ãîðíîé ïîðîäû. Ó÷åò 
ôðàêòàëüíîé ðàçìåðíîñòè ïîçâîëèë îï-
ðåäåëèòü èñòèííóþ ãåîìåòðèþ òðåùèí è 
èõ õàðàêòåðèñòèêè, êîòîðûå ñóùåñòâåííî 
ïðåâûøàþò ýòè ïîêàçàòåëè äëÿ òðåùèí â 
ñëó÷àå èõ ëèíåéíîãî ïðåäñòàâëåíèÿ. 

Ãðàôèê èçìåíåíèÿ êîíöåíòðàöèè 
òðåùèí ðàçëè÷íûõ ðàçìåðîâ ïðè íàãðó-
æåíèè ïîðîä â ïðèñóòñòâèè àêòèâíîé 
ñðåäû èìååò ÿâíî âûðàæåííûé íåëèíåé-
íûé õàðàêòåð. Íàëè÷èå ýêñòðåìóìà íà 
ãðàôèêå ñâèäåòåëüñòâóåò î òîì, ÷òî äåé-
ñòâèå ÏÀÂ ïðèâîäèò ê ðàçâèòèþ ðàíåå  

Òàáëèöà 1 

Ñðåäà Îá-
ùåå 

÷èñëî 
òðå-
ùèí 

Ñðåäíÿÿ
äëèíà 

òðåùèí 
lñð⋅10-6, ì

Êîíöåí-
òðàöèÿ 
òðåùèí
N⋅1010, 
1/ì3 

Óäåëü-
íàÿ ïî-
âåðõ-
íîñòü 
Sóä, 

ì2/ì3 

Íàðó-
øåííîñòü 

Âîç-
äóõ 

218 78,0 2,86 234,1 0,0056 

Ðàñ-
òâîð 
ÏÀÂ 

815 83,8 11,11 927,9 0,0444 

 

 
Ðèñ. 1. Îòíîñèòåëüíîå ïðèðàùåíèå 
êîíöåíòðàöèè òðåùèí â ÏÀÂ 

 
ñóùåñòâîâàâøèõ â ïîðîäå òðåùèí (ñîïðî-
âîæäàåòñÿ ñíèæåíèåì êîíöåíòðàöèè òðå-
ùèí ñðåäíèõ ðàçìåðîâ) è çàðîæäåíèþ íî-
âûõ ìèêðîòðåùèí (ëåâàÿ âåòâü ãðàôèêà). 

Êîíöåíòðàöèÿ óêàçàííûõ òðåùèí îïè-
ñûâàåòñÿ ðàçíûìè çàêîíàìè ðàñïðåäåëå-
íèÿ, ÷òî ñâèäåòåëüñòâóåò î ðàçíîì ìåõà-
íèçìå èõ îáðàçîâàíèÿ. Òðåùèíû áîëüøèõ 
ðàçìåðîâ (áîëåå 80 ìêì) ðàñïðåäåëåíû ïî 
ëîãàðèôìè÷åñêè-ëèíåéíîìó çàêîíó (êî-
ýôôèöèåíò âàðèàöèè Êâàð = 7,0 %; êðè-
òåðèé Ïèðñîíà χí

2 = 0,06 > χêð
2 = 7,81) 

( )ln , , lni im L= − ⋅3 86 1 32 , (1) 

Çàðîæäàþùèåñÿ ìèêðîòðåùèíû 
îïèñûâàþòñÿ ðàñïðåäåëåíèåì Âåé-
áóëëà (Êâàð = 16,9 %; χí

2 = 0,0052): 
,

exp
,

i
i

L
M

⎡ ⎤⎛ ⎞= − −⎢ ⎥⎜ ⎟
⎝ ⎠⎢ ⎥⎣ ⎦

1 775

1

48 808

, (2) 

Àíàëèòè÷åñêàÿ îöåíêà äåéñòâèÿ ÏÀÂ 
ñ ïîçèöèé òåîðèè òðåùèí Ãðèôôèòñà è 
êèíåòè÷åñêîé êîíöåïöèè ïðî÷íîñòè ïî-
çâîëèëà ïîëó÷èòü ñîîòíîøåíèÿ, ÿâëÿþ-
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ùèåñÿ îñíîâîé ïðîãíîçèðîâàíèÿ ñâîéñòâ 
è ñîñòîÿíèÿ ãîðíûõ ïîðîä, èõ óäåëüíîé 
ïîâåðõíîñòíîé ýíåðãèè è òðåùèíîñòîé-
êîñòè ñ ó÷åòîì ôðàêòàëüíûõ ñâîéñòâ 
òðåùèíîâàòîé ãîðíîé ïîðîäû êàê ïðè-
ðîäíîé ñàìîïîäîáíîé ñòðóêòóðû. Â îñ-
íîâó ýòèõ ñîîòíîøåíèé ïîëîæåíà ïîä-
ñòàíîâêà â êëàññè÷åñêîå óðàâíåíèå 
Ãðèôôèòñà èñòèííîé äëèíû òðåùèíû ñ 
ó÷åòîì åå ôðàêòàëüíîé ðàçìåðíîñòè 

ð
S

d

Ee

L
σ =

π
0

4

, (3) 

ãäå σð — êðèòè÷åñêîå íàïðÿæåíèå íà 
ðàçðûâ, Ïà; Å — ìîäóëü óïðóãîñòè, Ïà; 
ås — óäåëüíàÿ ïîâåðõíîñòíàÿ ýíåðãèÿ 
ïîðîäû, Äæ/ì2; L0 — ðàññòîÿíèå ìåæ-
äó âåðøèíàìè òðåùèíû, ì; d — ôðàê-
òàëüíàÿ ðàçìåðíîñòü òðåùèíû. 

Èç äàííîãî óðàâíåíèÿ ìîæíî îï-
ðåäåëèòü ñîâîêóïíóþ ïîâåðõíîñòíóþ 
ýíåðãèþ ãîðíîé ïîðîäû ñ ó÷åòîì ïî-
ïðàâêè Îðîâàíà — óäåëüíîé ýíåðãèè 
ïëàñòè÷åñêèõ äåôîðìàöèé ep: 

( ) ð
d

S P

L
e e

Å

π σ
+ =

2

0

4

. (4) 

Ðàñ÷åò, âûïîëíåííûé äëÿ ðàññìàòðè-
âàåìûõ ïîðîä, ïîêàçàë, ÷òî ïîä âîçäåé-
ñòâèåì ÏÀÂ ñîâîêóïíàÿ ïîâåðõíîñòíàÿ 
ýíåðãèÿ ïîðîäû âîçðàñòàåò ñ 101,8 
Äæ/ì2 äî 123,1 Äæ/ì2, ò.å. íàðÿäó ñ 
óìåíüøåíèåì ås ïðîèñõîäèò óâåëè÷åíèå 
óäåëüíîé ýíåðãèè ïëàñòè÷åñêèõ äåôîð-
ìàöèé ep. Ïðèíÿâ, ÷òî ïðè ðàçðóøåíèè 
ðóäû çîíà ïëàñòè÷åñêîé äåôîðìàöèè â 
âåðøèíå òðåùèíû îòñóòñòâóåò (ò.å. Å = 
const), ìîæíî îïðåäåëèòü âåëè÷èíó ep 
ïðè âîçäåéñòâèè ÏÀÂ íà ïîðîäó. Äëÿ 
ðóäû — ep = 64,5 Äæ/ì2. 

Îñëàáëåíèå ïîä âëèÿíèåì àêòèâ-
íûõ ìîëåêóë ìåæàòîìíîãî âçàèìî-
äåéñòâèÿ ïðèâîäèò ê ëîêàëüíûì ïå-
ðåíàïðÿæåíèÿì â ãîðíîé ïîðîäå. 
Ýòî îïðåäåëÿåò óâåëè÷åíèå àêòèâà-
öèîííîãî îáúåìà, ÷òî â ñîîòâåòñòâèè 
ñ êèíåòè÷åñêîé êîíöåïöèåé ïðî÷íî-
ñòè (Ñ. Í. Æóðêîâ) ñîïðîâîæäàåòñÿ 
àêòèâèçàöèåé ïðîöåññîâ äâèæåíèÿ è 
ðàçìíîæåíèÿ äèñëîêàöèé, èõ ãðóï-
ïèðîâàíèåì è çàðîæäåíèåì ìèêðî-
òðåùèí. Äëÿ êîíöåíòðàöèÿ ìèêðî-
òðåùèí ïîä äåéñòâèåì ÏÀÂ óâåëè÷è-
âàåòñÿ â 3,98 ðàçà ïî ñðàâíåíèþ ñ 
èñõîäíîé ïîðîäîé, ñëåäîâàòåëüíî, â 
òàêîé æå ïðîïîðöèè óâåëè÷èâàåòñÿ 
àêòèâàöèîííûé îáúåì. 

Ïðè äèíàìè÷åñêîì íàãðóæåíèè 
ãîðíûõ ïîðîä èìåþùèåñÿ â ïîðîäå 
äåôåêòû ñòðóêòóðû (ìàêðî- è ìèêðî-
òðåùèíû) íå óñïåâàþò âêëþ÷èòüñÿ â 
ïðîöåññ äåôîðìèðîâàíèÿ, ÷òî ïðè-
âîäèò ê âîçðàñòàíèþ äèíàìè÷åñêîé 
ïðî÷íîñòè è óïðóãîñòè ïîðîä. Ïîëó-
÷åííûå ýêñïåðèìåíòàëüíûå ñîîòíî-
øåíèÿ ïîçâîëÿþò ïðîãíîçèðîâàòü äè-
íàìè÷åñêèå õàðàêòåðèñòèêè ãîðíûõ 
ïîðîä è ÿâëÿþòñÿ îñíîâîé ìåòîäèêè 
îïðåäåëåíèÿ ðàçðóøàåìîñòè ïîðîä 
óäàðîì è âçðûâîì. 

Òàêèì îáðàçîì, ðàçâèòèå ïîä äåé-
ñòâèåì ÏÀÂ ñóùåñòâóþùèõ â ãîðíîé 
ïîðîäå òðåùèí è çàðîæäåíèå íîâûõ 
ìèêðîòðåùèí îïèñûâàþòñÿ ðàçíûìè 
ïî õàðàêòåðó ðàñïðåäåëåíèÿìè, èìå-
þò ðàçëè÷íóþ ïðèðîäó è îïðåäåëÿþò-
ñÿ óðàâíåíèÿìè òåîðèè Ãðèôôèòñà è 
êèíåòè÷åñêîé êîíöåïöèè ïðî÷íîñòè, 
ïàðàìåòðû êîòîðûõ ó÷èòûâàþò ôðàê-
òàëüíóþ ðàçìåðíîñòü òðåùèí. 

 
ÑÏÈÑÎÊ ËÈÒÅÐÀÒÓÐÛ 

 
1. Ëàòûøåâ Î.Ã., Æèëèí À.Ñ., Îñèïîâ 

È.Ñ., Ñûíáóëàòîâ Â.Â. Âûáîð ïîâåðõíîñò-
íî-àêòèâíîé ñðåäû äëÿ óïðàâëåíèÿ ñâîéñò- 

âàìè ïîðîä â ãîðíîé òåõíîëîãèè// Èçâ. âó-
çîâ. Ãîðíûé æóðíàë. — 2004. — № 6. — 
Ñ. 117—121.  

 
ÊÎÐÎÒÊÎ ÎÁ ÀÂÒÎÐÀÕ 
  

Áîðîâêîâ Þ.À., Àêîïÿí Ê.Ë. — ÌÃÐÈ — ÐÃÃÐÓ. 



<<
  /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


