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Íà îñíîâå ðåçóëüòàòîâ ýêñïåðèìåíòàëüíîãî ìîäåëèðîâàíèÿ âûÿâëåíà âîçìîæíîñòü ãåíåðàöèè èç ìåòàíà â

çîíàõ äåñòðóêöèé êðèñòàëëè÷åñêîãî ôóíäàìåíòà äðåâíèõ ïëàòôîðì óãëåâîäîðîäíûõ ñèñòåì, âêëþ÷àþùèõ ñî-

åäèíåíèÿ ãàçîâîé è æèäêîé ôàç, ïîä âëèÿíèåì êàòàëèòè÷åñêîé àêòèâíîñòè òîíêîäèñïåðñíûõ ãëèíèñòûõ ìèíåðà-

ëîâ ýòèõ çîí â ïðèñóòñòâèè ïëàñòîâûõ âîä. Íàëè÷èå â ãëèíèñòûõ ìèíåðàëàõ ìåæñëîåâûõ ïðîìåæóòêîâ– ñâîåîá-

ðàçíûõ ïðèðîäíûõ íàíîðåàêòîðîâ ñïîñîáñòâóåò ïðîòåêàíèþ ïðîöåññà â äîñòàòî÷íî ìÿãêèõ óñëîâèÿõ (òåìïåðà-

òóðà 3000Ñ, äàâëåíèå 8 – 10 àòì).

Êëþ÷åâûå ñëîâà: êàòàëèç, ìåòàí, ãëèíèñòûå ìèíåðàëû, çîíû äåñòðóêöèé, ôóíäàìåíò, ýêñïåðèìåíòàëüíîå

ìîäåëèðîâàíèå.

300îÑ è äàâëåíèå 8 – 10 àòì.), ñ èñïîëüçîâàíèåì ñòàëüíîãî

ðåàêòîðà. Â êà÷åñòâå èñõîäíîãî ñîåäèíåíèÿ ïðèìåíÿëñÿ

ìåòàí, ìîëåêóëû êîòîðîãî â ñèëó ñâîåãî íåáîëüøîãî ãåî-

ìåòðè÷åñêîãî ðàçìåðà è îòíîñèòåëüíîé õèìè÷åñêîé èíåð-

òíîñòè ñîñòàâëÿþò áîëüøóþ ÷àñòü ãëóáèííûõ óãëåâîäî-

ðîäíûõ ôëþèäîâ. Â ðîëè êàòàëèçàòîðà èñïîëüçîâàëèñü ïðî-

áû ïðèðîäíûõ ãëèí, ñîäåðæàùèå èäåíòè÷íûé ïî ñîñòàâó

ãëèíèñòûì àññîöèàòàì çîí äåñòðóêöèé ôóíäàìåíòà êîìï-

ëåêñ ìèíåðàëîâ: ìîíòìîðèëëîíèò – 70%; ñìåøàííî-ñëîé-

íàÿ ôàçà ñëþäà-ñìåêòèò – 23%; êàîëèíèò – 4%; õëîðèò – 3%.

Äëÿ ïîâûøåíèÿ èõ êàòàëèòè÷åñêîé àêòèâíîñòè â àâòî-

êëàâ ââîäèëèñü âîäíûå ðàñòâîðû ìèíåðàëüíûõ ñîëåé,

ìîäåëèðóþùèõ ãëóáèííûå ïëàñòîâûå âîäû (Ìóñëèìîâ è

äð., 1996) ñ ðàçëè÷íîé êîíöåíòðàöèåé èîíîâ âîäîðîäà.

Ðåçóëüòàòû èññëåäîâàíèé ïîêàçàëè, ÷òî â õîäå ýêñïå-

ðèìåíòîâ â ýòèõ óñëîâèÿõ îáðàçóåòñÿ íîâàÿ óãëåâîäîðîä-

íàÿ ãàçîâàÿ ôàçà ñ âûõîäîì ìåíåå 1% è ñ îäíîâðåìåííûì

ñíèæåíèåì ñîäåðæàíèÿ ìåòàíà (Ðèñ.1).

Ñîñòàâ îáðàçîâàííûõ ãàçîîáðàçíûõ ïðîäóêòîâ èäåí-

òèôèöèðîâàëñÿ ñ ïîìîùüþ ãàçîâîé õðîìàòîãðàôèè ïó-

òåì ñîïîñòàâëåíèÿ âðåìåí óäåðæèâàíèÿ ïèêîâ ïîëó÷åí-

íûõ ñîåäèíåíèé ñ èçâåñòíûìè ëèòåðàòóðíûìè äàííûìè,

à òàêæå ïðè ïîìîùè ìåòîäà âíóòðåííåãî ñòàíäàðòà. Òà-

êèì ñïîñîáîì áûëè îïðåäåëåíû ýòèëåí, ýòàí, ïðîïèëåí è

ïðîïàí, óãëåêèñëûé ãàç, îêèñü óãëåðîäà, à òàêæå çíà÷è-

òåëüíîå êîëè÷åñòâî âîäîðîäà (Òàáë. 1).

Äîñòîâåðíîñòü ïðèðîäû ïîëó÷åííûõ íåíàñûùåííûõ

óãëåâîäîðîäíûõ ñîåäèíåíèé ïîäòâåðæäàëàñü êà÷åñòâåí-

íîé ðåàêöèåé Âàãíåðà: îáåñöâå÷èâàíèå ðàñòâîðà ïåðìàí-

ãàíàòà êàëèÿ â ñëàáîùåëî÷íîé ñðåäå ãàçîîáðàçíûìè ïðî-

äóêòàìè ðåàêöèè:
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Ðèñ.2. Èçìåíåíèå ñîñòàâà ãàçî-

îáðàçíûõ ïðîäóêòîâ ìîäåëè-

ðîâàíèÿ â õîäå êàòàëèòè÷åñ-

êîãî ïðîöåññà â ïðèñóòñòâèè

âîäíîãî ðàñòâîðà ñ ðÍ 2,51.

ÓÄÊ: 541.128: 666.322: 552.578.2.061.3

Ðèñ.1. Äèíàìèêà èçìåíåíèÿ

êîìïîíåíòîâ ãàçîâîé ôàçû â

õîäå ìîäåëüíûõ ýêñïåðèìåíòîâ

ïî ãàçîõðîìàòîãðàôè÷åñêèì

äàííûì.

Êðèñòàëëè÷åñêèé ôóíäàìåíò Òàòàðñòàíà, ïîäñòèëàþ-

ùèé ïðîäóêòèâíûå ãîðèçîíòû îñàäî÷íîãî ÷åõëà â ïðåäå-

ëàõ Ðîìàøêèíñêîãî ìåñòîðîæäåíèÿ ÿâëÿåòñÿ, êàê ñâèäå-

òåëüñòâóþò ðåçóëüòàòû èññëåäîâàíèé ïîñëåäíèõ ëåò, ïî-

òåíöèàëüíûì ãåíåðàòîðîì óãëåâîäîðîäîâ íåôòÿíîãî ðÿäà

(Ñèòäèêîâà, Èçîòîâ, 1999; Ìóñëèìîâ, 2006). Âîçìîæíûì

ìåõàíèçìîì òàêîé ãåíåðàöèè ìîãóò áûòü ïðîöåññû êàòà-

ëèòè÷åñêîãî ñèíòåçà ñîåäèíåíèé íåôòÿíîé ïðèðîäû íå-

ïîñðåäñòâåííî â ìîùíûõ è ðåãèîíàëüíî ðàçâèòûõ çîíàõ

äåñòðóêöèé, ëîêàëèçîâàííûõ â òåëå êðèñòàëëè÷åñêîãî ôóí-

äàìåíòà (Êîñà÷åâ è äð., 2002). Íà ýòî óêàçûâàåò íàëè÷èå â

ñîñòàâå ýòèõ çîí ïîòåíöèàëüíûõ êàòàëèçàòîðîâ – òîíêî-

äèñïåðñíûõ ãëèíèñòûõ àññîöèàöèé (Ôðîñò, 1956; Ñèòäèêî-

âà, 2005), à òàêæå ïîãëîùåííîãî óãëåâîäîðîäíîãî êîìï-

ëåêñà â âèäå àñôàëüòî-áèòóìíûõ ñìåñåé â êîëè÷åñòâàõ,

ïðåâûøàþùèõ çíà÷åíèÿ ðàññåÿííîãî îðãàíè÷åñêîãî âå-

ùåñòâà (Ìóñëèìîâ, Ëàïèíñêàÿ è äð., 1996; Êîñà÷åâ, Ãîð-

äàäçå, 2003). Ïîòåíöèàëüíûì èñòî÷íèêîì óãëåâîäîðîäîâ

íà ýòèõ ãëóáèíàõ ìîãóò áûòü íèçêîìîëåêóëÿðíûå àëêàíû,

ïðèñóòñòâèå êîòîðûõ â çåìíîé êîðå â ñîñòàâå ãàçîâûõ ôëþ-

èäîâ íå âûçûâàåò ñîìíåíèé (Ïàðøèêîâà è äð., 2001; Âàëÿ-

åâ è äð., 2007). Ðåàëèçàöèÿ æå ïðÿìîãî ñèíòåçà ñ èõ ó÷àñòè-

åì â çîíàõ äåñòðóêöèé òåðìîäèíàìè÷åñêè íåâîçìîæíà,

òàê êàê äëÿ àêòèâàöèè ñâÿçè Ñ-Í â ìîëåêóëàõ íèçøèõ ïàðà-

ôèíîâ íåîáõîäèìà òåìïåðàòóðà áîëåå 1000îÑ (Æîðîâ,

1985), íåäîñòèæèìàÿ íà ýòèõ ãëóáèíàõ.

Äëÿ ïðîâåðêè ãèïîòåçû êàòàëèòè÷åñêîé ãåíåðàöèè óã-

ëåâîäîðîäîâ â çîíàõ äåñòðóêöèè êðèñòàëëè÷åñêîãî ôóí-

äàìåíòà áûëà ïðîâåäåíà ñåðèÿ ìîäåëüíûõ ýêñïåðèìåí-

òîâ, èìèòèðóþùèõ óñëîâèÿ

ýòèõ çîí (òåìïåðàòóðà 250 –
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Ýêñïåðèìåíòû ïîêàçàëè, ÷òî â õîäå ïðîöåññà ïðîèñ-

õîäèò, â îñíîâíîì, îáðàçîâàíèå ýòàíà – äî 70% îò îáùåãî

êîëè÷åñòâà óãëåâîäîðîäîâ. Äîëÿ äðóãèõ ãàçîâûõ êîìïîíåí-

òîâ ðàñïðåäåëÿåòñÿ, â ñðåäíåì, ñëåäóþùèì îáðàçîì: ýòè-

ëåí – 15%, ïðîïàí – 10 %, ïðîïèëåí – 5% (Ðèñ. 2).

Ãåíåðèðîâàíèå óãëåâîäîðîäîâ íà÷èíàåòñÿ, ñóäÿ ïî íà-

ëè÷èþ â ðåàêöèîííîé ñìåñè âîäîðîäà è îêñèäîâ óãëåðîäà

(Òàáë. 1), ñ îáðàçîâàíèÿ ñèíòåç-ãàçà ïî ñõåìå ïàðîâîãî

ðèôîðìèíãà (Àðóòþíîâ, Êðûëîâ, 1998):

ÑÍ
4 
+ Í

2
Î↔ÑÎ + 3Í

2
   (ΔÍ = 226 êÄæ),

êîòîðûé äàëåå òðàíñôîðìèðóåòñÿ ïî ðåàêöèè Ôèøåðà-

Òðîïøà â ðàçëè÷íûå óãëåâîäîðîäíûå ñòðóêòóðû (Êàéìà,

1987):
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Â ýòèõ óñëîâèÿõ â ðåàêöèîííîé ñðåäå âîçìîæíû è äðóãèå

õèìè÷åñêèå ïðåâðàùåíèÿ:
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Äëÿ èìèòàöèè ãåîëîãè÷åñêèõ ïðîöåññîâ â óñëîâèÿõ çîí

äåñòðóêöèé êðèñòàëëè÷åñêîãî ôóíäàìåíòà áûëè âûïîë-

íåíû ìîäåëüíûå ýêñïåðèìåíòû ñ ïðîäîëæèòåëüíîñòüþ äî

100 ÷. Êîíâåðñèÿ ìåòàíà â ýòîì ñëó÷àå ñîñòàâëÿëà áîëåå

60% (Òàáë. 2), íî çàìåòíîãî ïîâûøåíèÿ ñîäåðæàíèÿ ãàçî-

îáðàçíûõ óãëåðîäñîäåðæàùèõ ñîåäèíåíèé çàôèêñèðîâà-

íî íå áûëî. Î÷åâèäíî, ÷òî â õîäå èçó÷àåìîãî ïðîöåññà

ïðîèñõîäèò ïðåâðàùåíèå ìåòàíà â ñîåäèíåíèÿ äðóãîãî àã-

ðåãàòíîãî ñîñòîÿíèÿ – æèäêîãî èëè òâåðäîãî.

Ïîñëå îáðàáîòêè ãëèíèñòûõ ìèíåðàëîâ, îòîáðàííûõ èç

àâòîêëàâà, òðåõêîìïîíåíòíûì ðàñòâîðèòåëåì (õëîðîôîðì,

ñïèðò, áåíçîë, âçÿòûõ â ðàâíûõ ÷àñòÿõ) áûëè âûäåëåíû âÿç-

êèå æåëòî-êîðè÷íåâûå æèäêîñòè, êîëè÷åñòâî êîòîðûõ çàâè-

ñåëî îò ïðîäîëæèòåëüíîñòè ýêñïåðèìåíòà (Òàáë. 2).

Äëÿ èçó÷åíèÿ èõ ñîñòàâà ïðèâëåêàëàñü âûñîêîýôôåê-

òèâíàÿ æèäêîñòíàÿ õðîìàòîãðàôèÿ â îáðàùåíî-ôàçíîì

âàðèàíòå (ÂÝÆÕ) ñ èñïîëüçîâàíèåì ìåòîäà âíóòðåííåãî

ñòàíäàðòà. Îñíîâíàÿ ÷àñòü ýêñòðàêòîâ, ïî äàííûì ÂÝÆÕ,

ïðåäñòàâëÿåò ñîáîé ñìåñü ïîëèöèêëè÷åñêèõ àðîìàòè÷åñ-

êèõ óãëåâîäîðîäîâ (ÏÀÓ), èç êîòîðûõ äîñòîâåðíî îïðåäå-

ëåíî 8 ñîåäèíåíèé: íàôòàëèí, ôëîóðåí, ôåíàíòðåí, àíò-

ðàöåí, ôëîóðàíòåí, ïèðåí, õðèçåí, àöåíàôòèëåí. Âñåãî æå

íà õðîìàòîãðàììàõ çàôèêñèðîâàíû ïèêè áîëåå 30 âûñî-

êîêèïÿùèõ êîìïîíåíòîâ.

Ñîïîñòàâëåíèå ñîñòàâà ýêñïåðèìåíòàëüíî ïîëó÷åííûõ

ÏÀÓ ñ ëèòåðàòóðíûìè äàííûìè î çàêîíîìåðíîñòÿõ èõ ðàñ-

ïðîñòðàíåíèÿ â ïðèðîäíûõ îáúåêòàõ (Ïîðøíåâ è äð., 1991;

Ôëîðîâñêàÿ è äð., 1986; Êóëàêîâà è

äð., 1982) ïîêàçàëî, ÷òî ôîðìèðîâà-

íèå ÏÀÓ ìîæåò ïðîèñõîäèòü êàê â

âûñîêîòåìïåðàòóðíûõ, òàê è â íèç-

êîòåìïåðàòóðíûõ óñëî-

âèÿõ. Â ëèòåðàòóðå îïèñà-

íî îáðàçîâàíèå ÏÀÓ èç

íèçêîìîëåêóëÿðíûõ óãëåâîäîðîäîâ (ìåòàí, ýòàí, ýòèëåí,

àöåòèëåí) êàê â æåñòêèõ òåìïåðàòóðíûõ óñëîâèÿõ (ïðè

10000Ñ (Ïîðøíåâ è äð., 1991)), òàê è â ïðèñóòñòâèè êàòàëè-

çàòîðîâ ðàçëè÷íîé ïðèðîäû (ñèëèêàãåëü, îêèñü àëþìè-

íèÿ è äð.), íà÷èíàÿ ñ 4500Ñ (Êóëàêîâà è äð., 1982).

Îòìå÷àåòñÿ, ÷òî ÏÀÓ, ïîëó÷àþùèåñÿ ïðè ïîëèêîíäåí-

ñàöèè ìåòàíà, ýòàíà, ýòèëåíà è àöåòèëåíà, âñòðå÷àþòñÿ â

ãåîõèìè÷åñêèõ îáúåêòàõ íàèáîëåå ÷àñòî, òîãäà êàê áîëü-

øàÿ ÷àñòü ÏÀÓ, îáíàðóæåííûõ â ïðîäóêòàõ ïîëèêîíäåí-

ñàöèè áåíçîëà, íå íàáëþäàåòñÿ (Êóëàêîâà è äð., 1982).

Íà îñíîâå àíàëèçà ïðîäóêòîâ ðåàêöèè àâòîðàìè ïðåä-

ëîæåí ïîëèêîíäåíñàöèîííûé ìåõàíèçì èõ îáðàçîâàíèÿ:

ãäå n≥3.

Ñèíòåç íîâûõ ñîåäèíåíèé â õîäå ïðîâîäèìûõ ìîäåëü-

íûõ ýêñïåðèìåíòîâ ïðîòåêàåò, âåðîÿòíî, òàêæå ïî ñõåìàì,

ïðåäëîæåííûì âûøå (1 – 3). Îäíàêî ïåðâîé ñòàäèåé èçó-

÷àåìîãî íèçêîòåìïåðàòóðíîãî ïðîöåññà áóäåò îáðàçîâà-

íèå ñèíòåç-ãàçà, ïðåâðàùåíèÿ êîòîðîãî è ïðèâîäèò ê ðàç-

ëè÷íûì ïðîäóêòàì ïî ñõåìå (2), à èõ äàëüíåéøàÿ öèêëèçà-

öèÿ ê ïîÿâëåíèþ ÏÀÓ (3).

Ñëåäóåò îòìåòèòü, ÷òî îáùèé âûõîä ïîëó÷åííûõ â õîäå

ìîäåëèðîâàíèÿ óãëåâîäîðîäîâ íå ïðåâûøàåò 1,5%, ÷òî

äîñòàòî÷íî õîðîøî âïèñûâàåòñÿ â òåîðèþ âåñüìà ýíäî-

òåðìè÷íîãî ïðîöåññà ïàðîâîãî ðèôîðìèíãà, è ìîæåò áûòü

ñâÿçàíî ñ íåâîçìîæíîñòüþ äîñòèæåíèÿ â óñëîâèÿõ èçó÷à-

åìûõ ýêñïåðèìåíòîâ ðàâíîâåñíûõ êîíöåíòðàöèé ïðîäóê-

òîâ ðåàêöèè. Îäíàêî íàáëþäàåìàÿ çíà÷èòåëüíàÿ êîíâåð-

ñèÿ ìîëåêóë ìåòàíà – áîëåå 65% (Òàáë. 2) òðóäíî îáúÿñíè-

ìà â åå ðàìêàõ, äàæå ñ ó÷åòîì âëèÿíèÿ áîëüøîãî êîëè÷å-

ñòâî âîäÿíîãî ïàðà (Æîðîâ, 1985), ò. ê. ýòîò ïðîöåññ íà÷è-

íàåòñÿ ïðè 4500Ñ, à â íàøèõ ýêñïåðèìåíòàõ òåìïåðàòóðà

ðåàêöèîííîé ñðåäû íå ïðåâûøàëà 3000Ñ (Òàáë. 1).

Îáúÿñíåíèå ýòîãî ôàêòà ìîæåò áûòü ñâÿçàíî ñ òåì,

÷òî â äàííîì ñëó÷àå â êà÷åñòâå êàòàëèçàòîðà èñïîëüçîâà-

ëèñü òîíêîäèñïåðñíûå ãëèíèñòûå ìèíåðàëû ñëîèñòîé

ñòðóêòóðû. Êàòàëèòè÷åñêèå ñâîéñòâà òàêèõ ñîåäèíåíèé, îá-

ëàäàþùèõ áîëüøîé óäåëüíîé ïîâåðõíîñòüþ, âûðàæàþòñÿ

â âèäå ñòðóêòóðíûõ äåôåêòîâ – òàê íàçûâàåìûõ àêòèâíûõ

öåíòðîâ ñ ïîâûøåííûì õèìè÷åñêèì ñðîäñòâîì. Ãëèíèñ-

òûå àññîöèàòû çîí äåêîìïðåññèè êðèñòàëëè÷åñêîãî ôóí-

äàìåíòà ïðåäñòàâëåíû, êàê èçâåñòíî, â âèäå íàíîðàçìåð-

íûõ òðóá÷àòûõ è ôóëëåðåíîïîäîáíûõ ñòðóêòóð (Ñèòäèêî-

âà, 2008), ñïîñîáíûõ ñíèæàòü ýôôåêòèâíóþ ýíåðãèþ àê-

òèâàöèè íà ñòàäèè èíèöèèðîâàíèÿ èñõîäíîãî ðåàãåíòà.

Êðîìå òîãî, â ñëàáî óïëîòíåííûõ ãëèíèñòûõ ìèíåðàëàõ

ðàçìåðû ìåæñëîåâûõ ïðîìåæóòêîâ ñîñòàâëÿþò îò îäíîãî

äî íåñêîëüêî íì, â êîòîðûå ìîãóò ïðîíèêàòü íåáîëüøèå

ïî ðàçìåðó ìîëåêóëû ìåòàíà. Â ýòîì ñëó÷àå ìåæñëîåâûå

Òàáë. 2. Ðåçóëüòàòû ýêñòðàêöèè ðå-

àêöèîííûõ ãëèíèñòûõ ìèíåðàëîâ (ðà-

ñòâîð ñ ðÍ 2,51). T – ïðîäîëæèòåëü-

íîñòü ýêñïåðèìåíòà, N – êîëè÷åñòâî

ýêñòðàêòà, K – êîíâåðñèÿ ìåòàíà.

Òàáë. 1. Ñîñòàâ ãàçîîáðàç-

íûõ ïðîäóêòîâ ìîäåëèðîâà-

íèÿ (ýêñïåðèìåíò – 28 ÷

ïðè 3000Ñ).* – ÷àñòè âîäû

îòíîñèòåëüíî ìåòàíà.
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ïðîìåæóòêè áóäóò èãðàòü

ðîëü ðåàêöèîííîãî îáúå-

ìà – ñâîåîáðàçíîãî íàíî-

ðåàêòîðà. Ìîëåêóëû ìåòàíà, íàõîäÿùèåñÿ â íèõ â êà÷åñòâå

«ãîñòÿ», áóäóò ïîäâåðãàòüñÿ áîëåå èíòåíñèâíîìó âîçäåé-

ñòâèþ çà ñ÷åò óâåëè÷åíèÿ ÷àñòîòû âçàèìîäåéñòâèÿ ñî

«ñòåíêàìè» ñëîÿ ïîâåðõíîñòíûõ àòîìîâ ãëèíèñòîé ìàò-

ðèöû – «õîçÿèíà», ÷òî ïðèâîäèò ê ðàçðûõëåíèþ ñâÿçè Ñ-Í

ýòèõ ìîëåêóë â áîëåå ìÿãêèõ óñëîâèÿõ è òðàíñôîðìàöèè

ìåòàíà ïðè òåìïåðàòóðå îêîëî 3000Ñ.

Êîñâåííûì ïîäòâåðæäåíèåì òàêîãî ìåõàíèçìà ïðîöåñ-

ñà ìîæåò ñëóæèòü ïðÿìî ïðîïîðöèîíàëüíàÿ çàâèñèìîñòü

êîíâåðñèè ìåòàíà îò íàâåñêè ãëèíèñòûõ àññîöèàòîâ (Ðèñ.3),

à òàêæå ïðåîáëàäàíèå äî 70% â ñîñòàâå ãàçîîáðàçíûõ ïðî-

äóêòîâ (Ðèñ. 2) áîëåå ïîäâèæíûõ è îòíîñèòåëüíî èíåðò-

íûõ ìîëåêóë ýòàíà, ñïîñîáíûõ ïîêèäàòü ìåæñëîåâûå ïðî-

ìåæóòêè. Äðóãèå ðåàêöèîííîñïîñîáíûå ñîåäèíåíèÿ, âåðî-

ÿòíî, ïðåòåðïåâàþò äàëüíåéøèå ïðåâðàùåíèÿ â âûñîêîìî-

ëåêóëÿðíûå ïðîäóêòû è îñòàþòñÿ â ñîñòàâå ãëèíèñòûõ ìèíå-

ðàëîâ.

Ñïîñîáíîñòü íàíîðàçìåðíûõ ïîëîñòåé èíòåíñèôèöè-

ðîâàòü ðåàêöèè Ñ
1
-ñóáñòðàòîâ, â òîì ÷èñëå ìåòàíà, îïèñà-

íà â ëèòåðàòóðå (Ìàãñóìîâ è äð., 2006; Áàäìàåâà, 2005).

Òàêèì îáðàçîì, â ðåçóëüòàòå ïðîâåäåííûõ ìîäåëüíûõ

ýêñïåðèìåíòîâ ïîêàçàíà âîçìîæíîñòü îáðàçîâàíèÿ èç

ìåòàíà â óñëîâèÿõ çîí äåñòðóêöèé êðèñòàëëè÷åñêîãî ôóí-

äàìåíòà äðåâíèõ ïëàòôîðì ãàçîîáðàçíûõ è æèäêîôàçíûõ

óãëåâîäîðîäîâ íåôòÿíîãî ðÿäà â ïðèñóòñòâèè ïëàñòîâûõ

âîä. Ïðîöåññ òðàíñôîðìàöèè ìåòàíà îñóùåñòâëÿåòñÿ ïîä

âëèÿíèåì êàòàëèòè÷åñêîé àêòèâíîñòè ïðèðîäíûõ òîíêî-

äèñïåðñíûõ ãëèíèñòûõ àññîöèàòîâ, ìåæñëîåâûå ïðîñòðàí-

ñòâà êîòîðûõ ìîãóò âûñòóïàòü â ðîëè ïðèðîäíûõ íàíîðå-

àêòîðîâ, ñîäåéñòâóþùèõ ñíèæåíèþ òåìïåðàòóðû àêòèâà-

öèè ìîëåêóë äî 3000Ñ.

Òàêèå çîíû êðèñòàëëè÷åñêîãî ôóíäàìåíòà ìîãóò âûñ-

òóïàòü â ðîëè ñâîåîáðàçíîãî «õèìè÷åñêîãî ðåàêòîðà» ïî

ãåíåðèðîâàíèþ óãëåâîäîðîäíûõ ñèñòåì, ñóììàðíûé âû-

õîä è ñîñòàâ êîòîðûõ áóäåò îïðåäåëÿòüñÿ ïðîäîëæèòåëü-

íîñòüþ êîíòàêòà èñõîäíûõ êîìïîíåíòîâ.
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Ëÿëÿ Ìèðñàëèõîâíà Ñèòäèêîâà
ê.ã.-ì.í., äîöåíò ÊÃÓ. Ñôåðà íàó÷. èíòåðåñîâ: ïåòðîëîãèÿ è

ìèíåðàëîãèÿ ãëóáîêèõ ãîðèçîíòîâ çåìíîé êîðû, ðåíòãåíîãðàôèÿ

è ýëåêòðîííàÿ ìèêðîñêîïèÿ íàíîìèíåðàëîâ çîí äåñòðóêöèé.

Âèêòîð Ãåííàäüåâè÷ Èçîòîâ
ê.ã.-ì.í., äîöåíò ÊÃÓ. Ñôåðà íàó÷. èíòåðåñîâ: ëèòîëîãèÿ íåô-

òåíîñíûõ ôîðìàöèé.

420008, Êàçàíü, óë. Êðåìëåâñêàÿ, 18. Òåë./Ôàêñ: (843) 238-84-71.
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Èãîðü Ïàâëîâè÷ Êîñà÷åâ
ê. õ. í, ñíñ ÈÎÔÕ èì. À.Å. Àðáó-

çîâà ÊàçÍÖ ÐÀÍ. Ñôåðà íàó÷. èíòå-

ðåñîâ: ïðîöåññû ôîðìèðîâàíèÿ óã-

ëåâîäîðîäíûõ ñêîïëåíèé.

420088, Êàçàíü, óë. Àðáóçîâà, 8. Òåë.: (843) 273-93-44.

Ðèñ 3. Çàâèñèìîñòü êîíâåð-

ñèè ìåòàíà îò íàâåñêè ãëè-

íèñòûõ àññîöèàòîâ (3000Ñ,

28 ÷, ðÍ ðàñòâîðà = 2,51).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /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 (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier (FOGRA27)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines true
        /ConvertTextToOutlines true
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName (HI)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /WorkingCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [283.465 617.953]
>> setpagedevice


