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Íà ïðèìåðå íåôòè Ìàìóðèíñêîãî ìåñòîðîæäåíèÿ, à òàêæå âûäåëåííûõ èç íåå ôðàêöèè ìàñåë è òâåðäûõ

ïàðàôèíîâ, ìåòîäîì ßÌÐ ïðîâåäåíû èññëåäîâàíèÿ ôàçîâûõ ïðåâðàùåíèé âõîäÿùèõ â èõ ñîñòàâ âûñîêîìîëå-

êóëÿðíûõ í-ïàðàôèíîâ. Ïîêàçàíà âîçìîæíîñòü îïðåäåëåíèÿ ñîäåðæàíèÿ í-ïàðàôèíîâ â íåôòè íà îñíîâå äå-

òàëüíîãî àíàëèçà òåìïåðàòóðíûõ çàâèñèìîñòåé ðåëàêñàöèîííûõ õàðàêòåðèñòèê òâåðäîòåëüíîé êîìïîíåíòû ñèã-

íàëà ßÌÐ. Îáíàðóæåíî, ÷òî ñðåäíÿÿ òåìïåðàòóðà ïëàâëåíèÿ í-ïàðàôèíîâ â íåôòè ïðåâûøàåò òàêîâóþ äëÿ í-

ïàðàôèíîâ â ìàñëå. Âûñêàçàíî ïðåäïîëîæåíèå î òîì, ÷òî ýòîò ðåçóëüòàò ìîæåò áûòü ñëåäñòâèåì âçàèìîäåéñòâèÿ

í-ïàðàôèíîâ ñ ñîäåðæàùèìèñÿ â íåôòè íàäìîëåêóëÿðíûìè àãðåãàòàìè ñìîë è àñôàëüòåíîâ.

Êëþ÷åâûå ñëîâà: ÿäåðíûé ìàãíèòíûé ðåçîíàíñ, òâåðäîòåëüíàÿ êîìïîíåíòà, íåôòü, í-ïàðàôèíû, ôàçîâûå

ïðåâðàùåíèÿ.

Ââåäåíèå
Íåôòÿíûå ïàðàôèíû ïðåäñòàâëÿþò ñîáîé ñëîæíóþ

ñìåñü òâåðäûõ óãëåâîäîðîäîâ (ÓÂ), ñðåäè êîòîðûõ îñíîâ-

íóþ ìàññó ñîñòàâëÿþò âûñîêîìîëåêóëÿðíûå í-ïàðàôè-

íû ñ ÷èñëîì àòîìîâ óãëåðîäà â ìîëåêóëå ≥ 18 è íàõîäÿùè-

åñÿ ïðè êîìíàòíîé òåìïåðàòóðå â êðèñòàëëè÷åñêîì ñî-

ñòîÿíèè. Ïðîáëåìû îïðåäåëåíèÿ ñîäåðæàíèÿ í-ïàðàôè-

íîâ â íåôòè äîñòàòî÷íî óñïåøíî ðåøàþòñÿ ïðè èñïîëü-

çîâàíèè â êîìïëåêñå øèðîêîãî íàáîðà ìåòîäîâ (Áîãîìî-

ëîâà è äð., 1984; ÃÎÑÒ 11851-85, 1985; Åðåìåíêî, Ìàêñè-

ìîâ, 1986; Õàäèñîâà, 2004), âêëþ÷àÿ àòìîñôåðíî-âàêóóì-

íóþ ïåðåãîíêó, ãåëü-õðîìàòîãðàôèþ è ìåòîäû âûìîðà-

æèâàíèÿ ïàðàôèíîâ â ðàçëè÷íûõ ðàñòâîðèòåëÿõ. Îäíàêî

íà ïðàêòèêå âûäåëÿåìûå òâåðäûå ïàðàôèíû çà÷àñòóþ ñî-

äåðæàò ïðèìåñü íåíàñûùåííûõ ÓÂ, â òîì ÷èñëå ïîëèöèê-

ëè÷åñêèõ íàôòåíîâ, ÷òî ñóùåñòâåííî óñëîæíÿåò êîëè÷å-

ñòâåííóþ îöåíêó ñîäåðæàíèÿ í-ïàðàôèíîâ â íåôòè.
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L.N. Bruzhes, V.G. Izotov, L.M. Sitdikova. Lithofacies

conditions of J
1
 horizon formation within the Tevlinsko-

Russkinskoe deposit (Western Siberia).

Data of the lithologic-mineralogical analysis of J
1
 horizon

structure within the Tevlinsko-Russkinskoe deposit (Western

Siberia) are presented in this work. The factors supervising potential

oil content of horizon are revealed. It is established that the Jurassic

complex of rocks-collectors of a deposit on the size of pores and

porous channels belongs to the class of nanoporous. Lithofacies

evolution of the J
1
 horizon within a deposit was studied, there were

allocated three areas with various type of facial conditions of rocks

formation that is expressed in composition and structure of clastic

and cement mass of sandstones of horizon which define reservoir

properties. The obtained data allows to predict reaction of a layer

to applied advanced recovery methods during working it out.

Keywords: rock-collector, facial conditions, evolution,

sedimentation, paleogeography, nanoporous collectors, clay

substance, association of clay minerals, reservoir properties.
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õàðàêòåðèçóþùåéñÿ ãåòåðîãåííîñòüþ è ìíîãîôàçíîñòüþ,

çàäà÷à îïðåäåëåíèÿ ñîäåðæàíèÿ í-ïàðàôèíîâ íåïîñðåä-

ñòâåííî â íåôòè áåç ïðåäâàðèòåëüíîãî åå ðàçëîæåíèÿ íà

ñîñòàâëÿþùèå ðàçëè÷íûõ óãëåâîäîðîäíûõ ãðóïï ïðåäñòàâ-

ëÿåò ñëîæíóþ ïðîáëåìó. Êîíå÷íî, ñòîèò âñïîìíèòü î ìå-

òîäå äèôôåðåíöèàëüíîé ñêàíèðóþùåé êàëîðèìåòðèè

(ÄÑÊ), êîòîðûé ïîçâîëÿåò ïðèáëèæåííî îöåíèâàòü ñîäåð-

æàíèå í-ïàðàôèíîâ â íåôòè ïî òåïëîâîìó ýôôåêòó, îäíà-

êî çà÷àñòóþ ýòè îöåíêè îêàçûâàþòñÿ íàñòîëüêî ãðóáûìè,

÷òî ïîçâîëÿþò ãîâîðèòü ëèøü î íàëè÷èè èëè îòñóòñòâèè â

íåôòè êðèñòàëëè÷åñêîé ôàçû í-ïàðàôèíîâ. Â ñâÿçè ñ ýòèì,

ñòîèò âñïîìíèòü î ïðîáëåìå âëèÿíèÿ îêðóæåíèÿ íà òåì-

ïåðàòóðû ïëàâëåíèÿ í-ïàðàôèíîâ â ñìåñè óãëåâîäîðîäîâ.

Òàê â ðàáîòå (Mahmoud et al., 2005) áûëî ïîêàçàíî, ÷òî

òåìïåðàòóðà ïëàâëåíèÿ í-ïàðàôèíîâ â ñìåñè ñ àñôàëüòå-

íàìè ñóùåñòâåííî íå ìåíÿåòñÿ. Â òîæå âðåìÿ, äëÿ ñìåñè

í-ïàðàôèíîâ ñ íèçêîìîëåêóëÿðíûìè æèäêèìè ïàðàôè-

íàìè èìååò ìåñòî (Àôàíàñüåâ è äð., 1993) ôàêò âëèÿíèÿ

îêðóæåíèÿ íà òåìïåðàòóðó ïëàâëåíèÿ í-ïàðàôèíîâ. Â

ñâÿçè ñ ýòèì, ïðîáëåìà êîëè÷åñòâåííîé îöåíêè ñîäåðæà-

íèÿ í-ïàðàôèíîâ íåïîñðåäñòâåííî â íåôòè ìîæåò áûòü

ñîïðÿæåíà, â òîì ÷èñëå, ñ çàâèñèìîñòüþ òåìïåðàòóð ôà-

çîâûõ ïðåâðàùåíèé í-ïàðàôèíîâ îò ñîñòàâà íåôòè. Òà-

êèì îáðàçîì, ðåøåíèå ýòîé ïðîáëåìû, íà íàø âçãëÿä, òðå-

áóåò ïîñòàíîâêè äîïîëíèòåëüíûõ ýêñïåðèìåíòîâ ïî èñ-

ñëåäîâàíèþ ôàçîâûõ ñîñòîÿíèé í-ïàðàôèíîâ â ñîñòàâå

ðàçëè÷íûõ íåôòÿíûõ äèñïåðñíûõ ñèñòåì â øèðîêîì äèà-

ïàçîíå òåìïåðàòóð. Â íàñòîÿùåé ðàáîòå äëÿ ýòèõ öåëåé

íàìè áóäåò ïðèìåíåí èìïóëüñíûé ìåòîä ÿäåðíîãî ìàã-

íèòíîãî ðåçîíàíñà (ßÌÐ).

Îáðàçöû è ìåòîäû èññëåäîâàíèÿ
Â êà÷åñòâå èñõîäíîé íåôòè äëÿ èçó÷åíèÿ ôàçîâûõ ïðå-

âðàùåíèé âõîäÿùèõ â åå ñîñòàâ í-ïàðàôèíîâ áûëà âûáðà-

íà ïðèðîäíàÿ íåôòü – íåôòü Ìàìóðèíñêîãî ìåñòîðîæäå-

íèÿ (Ñàìàðñêàÿ îáëàñòü), õàðàêòåðèçóþùàÿñÿ (Shkalikov

et al., 2008) âûñîêèì ñîäåðæàíèåì ïàðàôèíîâ. Êðîìå òîãî,

áûëè èññëåäîâàíû âûäåëåííûå èç ýòîé íåôòè ïðîäóêòû,

âêëþ÷àþùèå â ñâîé ñîñòàâ í-ïàðàôèíû, à èìåííî ìàñëà

è òâåðäûå ïàðàôèíû. Âûäåëåíèå ìàñåë, ïðåäñòàâëÿþùèõ

ñîáîé ñìåñü ïàðàôèíîâî-íàôòåíîâûõ è àðîìàòè÷åñêèõ

ÓÂ, èç íåôòè îñóùåñòâëÿëîñü ñ ïîìîùüþ óñêîðåííîãî

õðîìàòîãðàôè÷åñêîãî ìåòîäà (Áîãîìîëîâà è äð., 1984).

Âûäåëåíèå òâåðäûõ ïàðàôèíîâ ïðîèçâîäèëîñü èç ìàñåë

ïî ìåòîäèêå (ÃÎÑÒ 11851-85, 1985), çàêëþ÷àþùåéñÿ â âû-

ìîðàæèâàíèè ïàðàôèíîâ èç ðàñòâîðà ìàñåë â ñìåñè àöå-

òîíà è òîëóîëà – 35:65 (ïî îáúåìó). Â ðåçóëüòàòå âûïîëíå-

íèÿ âûøåîïèñàííûõ ïðîöåäóð áûëè îïðåäåëåíû çíà÷å-

íèÿ ìàññîâîé äîëè ìàñåë â èñõîäíîé íåôòè (60,2 %), à

òàêæå ìàññîâîé äîëè òâåðäûõ ïàðàôèíîâ â ìàñëàõ (29,6 %),

íà îñíîâå êîòîðûõ áûëî âû÷èñëåíî çíà÷åíèå ìàññîâîé

äîëè òâåðäûõ ïàðàôèíîâ â èñõîäíîé íåôòè (17,8 %).

Â èçó÷åíèè ôàçîâûõ ñîñòîÿíèé í-ïàðàôèíîâ â ñîñòà-

âå èññëåäîâàííûõ îáðàçöîâ èñïîëüçîâàëàñü ìåòîäèêà, îñ-

íîâàííàÿ íà àíàëèçå òåìïåðàòóðíûõ çàâèñèìîñòåé ðåëàê-

ñàöèîííûõ õàðàêòåðèñòèê òâåðäîòåëüíîé êîìïîíåíòû ñèã-

íàëà 1H ßÌÐ, êîòîðàÿ ðàíåå (Shkalikov et al., 2008) íàìè

áûëà àïðîáèðîâàíà ïðè èññëåäîâàíèè ôàçîâûõ ñîñòîÿ-

íèé àñôàëüòåíîâ â áëîêå. Èçìåðåíèÿ ðåëàêñàöèîííûõ õà-

ðàêòåðèñòèê òâåðäîòåëüíîé êîìïîíåíòû ñèãíàëà ßÌÐ äëÿ

èññëåäîâàííûõ îáðàçöîâ ïðîèçâîäèëèñü íà óñòàíîâêå èì-

ïóëüñíîãî ßÌÐ ñ ðåçîíàíñíîé ÷àñòîòîé 19,08 ÌÃö íà ÿä-

ðàõ 1H, ñî âðåìåíåì ïàðàëèçàöèè ïðèåìíîãî òðàêòà 13 ìêñ

è îäíîðîäíîñòüþ ïîñòîÿííîãî ìàãíèòíîãî ïîëÿ ýëåêòðî-

ìàãíèòà 0,01 ãàóññ/ñì. Àíàëèç ôîðìû òâåðäîòåëüíîé êîì-

ïîíåíòû ñèãíàëà ßÌÐ îñóùåñòâëÿëñÿ ñ èñïîëüçîâàíèåì

ïîäõîäà (Øêàëèêîâ, Ñêèðäà, 2009), áàçèðóþùåãî íà èì-

ïóëüñíîé ìåòîäèêå Solid-Echo (Powles, Mansfield, 1962;

Powles, Strange, 1963; Kimmich, 1997). Ýòîò ïîäõîä ïîçâî-

ëÿë ñ äîñòàòî÷íîé òî÷íîñòüþ îïðåäåëÿòü çíà÷åíèÿ äîëè P
s

òâåðäîòåëüíîé êîìïîíåíòû â ñèãíàëå ßÌÐ èññëåäîâàí-

íûõ îáðàçöîâ. Â ïðîöåññå ðåãèñòðàöèè òåìïåðàòóðíûõ çà-

âèñèìîñòåé ðåëàêñàöèîííûõ õàðàêòåðèñòèê îñóùåñòâëÿ-

ëîñü ïîøàãîâîå èçìåíåíèå òåìïåðàòóðû ñî âðåìåíåì âû-

äåðæêè íà êàæäîì øàãå íå ìåíåå 15 ìèí.

Ýêñïåðèìåíòàëüíûå ðåçóëüòàòû è èõ

îáñóæäåíèå
Äëÿ âñåõ èññëåäîâàííûõ îáðàçöîâ, ò.å. äëÿ èñõîäíîé

íåôòè, ìàñåë è òâåðäûõ ïàðàôèíîâ, áûëî óñòàíîâëåíî íà-

ëè÷èå ãèñòåðåçèñà òåìïåðàòóðíîé çàâèñèìîñòè äîëè P
s

òâåðäîòåëüíîé êîìïîíåíòû â äèàïàçîíå îò +20 äî +70 °Ñ.

Â êà÷åñòâå èëëþñòðàöèè ýòîãî ýôôåêòà, íà ðèñóíêå 1 ïðè-

âåäåíû òåìïåðàòóðíûå çàâèñèìîñòè äîëè P
s
 òâåðäîòåëü-

íîé êîìïîíåíòû äëÿ îáðàçöà ìàñåë. Êàê âèäíî èç ðèñ. 1, â

îáëàñòè òåìïåðàòóð îò +28 äî +60 °Ñ íàáëþäàåòñÿ íåñîâ-

ïàäåíèå (ãèñòåðåçèñ) òåìïåðàòóðíûõ çàâèñèìîñòåé äîëè

P
s
 òâåðäîòåëüíîé êîìïîíåíòû äëÿ ðåæèìîâ íàãðåâàíèÿ è

îõëàæäåíèÿ. Îáíàðóæåííûé ãèñòåðåçèñ ñâèäåòåëüñòâóåò

î òîì, ÷òî â ýòîé îáëàñòè òåìïåðàòóð, ïî êðàéíåé ìåðå,

êàêàÿ-òî ÷àñòü èññëåäóåìîãî îáðàçöà èñïûòûâàåò ôàçî-

âûé ïåðåõîä 1-ãî ðîäà. Â íàøåì ñëó÷àå, íàèáîëåå âåðîÿò-

íî, ÷òî íàáëþäàåìûé ãèñòåðåçèñ ñâÿçàí ñ ïðîöåññàìè ïëàâ-

ëåíèÿ è êðèñòàëëèçàöèè, ïîñêîëüêó òåìïåðàòóðà êðèñòàë-

ëèçàöèè çà÷àñòóþ ñìåùåíà â îáëàñòü áîëåå íèçêèõ òåìïå-

ðàòóð ïî ñðàâíåíèþ ñ òåìïåðàòóðîé ïëàâëåíèÿ.

Âñïîìèíàÿ äàííûå (×è÷èáàáèí, 1954; Ðûæîâ, 2005) î

òîì, ÷òî â ÷èñòîì âèäå (âíå ñìåñè) í-ïàðàôèíû ñ ÷èñëîì

àòîìîâ óãëåðîäà â ìîëåêóëå îò 18 äî 35 èñïûòûâàþò ïëàâ-

ëåíèå â äèàïàçîíå òåìïåðàòóð îò 28,1 äî 74,5 °Ñ, ìîæíî

ïðåäïîëîæèòü, ÷òî íàáëþäàåìûé ýôôåêò (Ðèñ. 1) ãèñòåðå-

çèñà òåìïåðàòóðíîé çàâèñèìîñòè äîëè P
s
 òâåðäîòåëüíîé

êîìïîíåíòû îáóñëîâëåí ôàçîâûìè ïðåâðàùåíèÿìè í-ïà-

ðàôèíîâ, íàõîäÿùèõñÿ â ñîñòàâå èññëåäîâàííûõ îáðàçöîâ.

Ïîñêîëüêó òåìïåðàòóðà êðèñòàëëèçàöèè, â îòëè÷èå îò òåì-

ïåðàòóðû ïëàâëåíèÿ, äîïîëíèòåëüíî çàâèñèò îò íàëè÷èÿ

öåíòðîâ êðèñòàëëèçàöèè, à â ñëó÷àå èõ îòñóòñòâèÿ, îò óñ-

ëîâèé âîçíèêíîâåíèÿ çàðîäûøåé êðèñòàëëèçàöèè, ñ íàøåé

òî÷êè çðåíèÿ, íàèáîëåå ïðàâèëüíî àíàëèçèðîâàòü òåìïå-

ðàòóðíûå çàâèñèìîñòè, çàðåãèñòðèðîâàííûå â óñëîâèÿõ

íàãðåâà îáðàçöà è, òåì ñàìûì, èññëåäîâàòü ïðîöåññû ïëàâ-

ëåíèÿ. Áûëî îáíàðóæåíî, ÷òî òåìïåðàòóðíûå çàâèñèìîñ-

òè äîëè P
s
 òâåðäîòåëüíîé êîìïîíåíòû (Ðèñ. 2), çàðåãèñòðè-

ðîâàííûå ïðè íàãðåâàíèè äëÿ èñõîäíîé íåôòè è âûäåëåí-

íûõ èç íåå ìàñåë è òâåðäûõ ïàðàôèíîâ, ïðîÿâëÿþò ñóùå-

ñòâåííûå ðàçëè÷èÿ ìåæäó ñîáîé.

Ïðåæäå ÷åì ïðèñòóïèòü ê äåòàëüíîìó àíàëèçó ýêñïå-

ðèìåíòàëüíûõ äàííûõ îñòàíîâèìñÿ íà èñïîëüçóåìîì íàìè

äëÿ ýòèõ öåëåé ìåòîäè÷åñêîì ïîäõîäå. Â îñíîâó ýòîãî ïîä-

õîäà çàëîæåíî ïðåäñòàâëåíèå (Shkalikov et al., 2008), ñî-

ãëàñíî êîòîðîìó òåìïåðàòóðíàÿ çàâèñèìîñòü äîëè P
s
 òâåð-

äîòåëüíîé êîìïîíåíòû ìîæåò áûòü îïèñàíà ñ ïîìîùüþ
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öèè Ôåðìè ñî ñâîèìè ïàðàìåòðàìè: ñðåäíÿÿ òåìïåðàòó-

ðà T
0i
 i-ãî ôàçîâîãî ïåðåõîäà ñîîòâåòñòâóåò ïîëîæåíèþ

ìàêñèìóìà i-îé ëèíèè; â êà÷åñòâå õàðàêòåðèñòèêè øèðè-

íû ëèíèè íàèáîëåå óäîáíî èñïîëüçîâàòü ïàðàìåòð w*

i 
, íà

îñíîâå êîòîðîãî ìîæíî âû÷èñëèòü çíà÷åíèå øèðèíû ëè-

íèè íà ïîëóâûñîòå – w*

i
×3,5255; îòíîñèòåëüíàÿ èíòåãðàëü-

íàÿ èíòåíñèâíîñòü i-îé ëèíèè â ðåçóëüòèðóþùåì ñïåêòðå

õàðàêòåðèçóåòñÿ çíà÷åíèåì ΔP
si
. Òàêèì îáðàçîì, äëÿ âñåõ

èññëåäîâàííûõ îáðàçöîâ â âèäå ñïåêòðîâ |dP
s
(T)/dT| (Ðèñ.

3) áûëà ïîëó÷åíà íàãëÿäíàÿ èíòåðïðåòàöèÿ çàðåãèñòðèðî-

âàííûõ ïðè íàãðåâàíèè òåìïåðàòóðíûõ çàâèñèìîñòåé äîëè

P
s
 òâåðäîòåëüíîé êîìïîíåíòû â ñèãíàëå ßÌÐ.

Îáñóæäàÿ ïîëó÷åííûå ñïåêòðû |dP
s
(T)/dT| (Ðèñ. 3) ñëå-

äóåò çàìåòèòü, ÷òî äëÿ îáðàçöîâ èñõîäíîé íåôòè è ìàñåë

íàáëþäàåòñÿ òðè õàðàêòåðíûõ ìàêñèìóìà, à äëÿ îáðàçöà

òâåðäûõ ïàðàôèíîâ – äâà. Êàæäîìó è ýòèõ ìàêñèìóìîâ

ñîîòâåòñòâóåò ñâîÿ ëèíèÿ â ñïåêòðå |dP
s
(T)/dT|. Â ñâÿçè ñî

ñëîæíîñòüþ îòíåñåíèÿ íàáëþäàåìûõ ëèíèé ê îïðåäåëåí-

íûì ñîñòàâëÿþùèì èññëåäîâàííûõ îáðàçöîâ, îñòàíîâèì-

ñÿ òîëüêî íà èäåíòèôèêàöèè í-ïàðàôèíîâ â ïîëó÷åííûõ

ñïåêòðàõ |dP
s
(T)/dT|. Äëÿ êàæäîãî èç èññëåäîâàííûõ îáðàç-

öîâ ïóòåì ïðÿìîãî ñîïîñòàâëåíèÿ ëèíèé ê òåìïåðàòóð-

íîìó äèàïàçîíó, â êîòîðîì íàáëþäàåòñÿ ãèñòåðåçèñ çàâè-

ñèìîñòè P
s
(T), áûëà âûäåëåíà ëèíèÿ, îáóñëîâëåííàÿ ïëàâ-

ëåíèåì í-ïàðàôèíîâ (Ðèñ. 3). Ïðè ýòîì òàêæå áûëè îïðå-

äåëåíû õàðàêòåðèñòèêè ýòîé ëèíèè äëÿ âñåõ èññëåäîâàí-

íûõ îáðàçöîâ (Òàáë.), à èìåííî, ïîëîæåíèå ìàêñèìóìà

íà òåìïåðàòóðíîé øêàëå, øèðèíà ëèíèè íà ïîëóâûñîòå è

îòíîñèòåëüíàÿ èíòåãðàëüíàÿ èíòåíñèâíîñòü, êîòîðûå ìû

óñëîâèìñÿ îáîçíà÷àòü T
0

paraf, wparaf è ΔP
s

paraf ñîîòâåòñòâåí-

íî. Òàêèì îáðàçîì, äëÿ í-ïàðàôèíîâ â ñîñòàâå èññëåäî-

âàííûõ îáðàçöîâ çíà÷åíèÿ T
0

paraf, wparaf è ΔP
s

paraf îòðàæàþò

ñîîòâåòñòâåííî èíôîðìàöèþ î ñðåäíåé òåìïåðàòóðå ïëàâ-

ëåíèÿ, õàðàêòåðíîì èíòåðâàëå òåìïåðàòóð ïëàâëåíèÿ è

óäåëüíîì ñîäåðæàíèè (ïî ïðîòîíàì). Îòíîñèòåëüíàÿ ïî-

ãðåøíîñòü îïðåäåëåíèÿ ñîîòâåòñòâóþùèõ çíà÷åíèé íå

ïðåâûøàëà 10 %.

Òåïåðü ïîïûòàåìñÿ ïðîâåñòè êîëè÷åñòâåííóþ îöåíêó

ñîäåðæàíèÿ í-ïàðàôèíîâ â èññëåäîâàííûõ îáðàçöàõ ïî

îòíîøåíèþ ê èñõîäíîé íåôòè. Ïåðåìíîæàÿ çíà÷åíèÿ

ΔP
s

paraf (Òàáë., êîëîíêà 4) ñî çíà÷åíèÿìè ìàññîâîé äîëè ω

â èñõîäíîé íåôòè (Òàáë., êîëîíêà 5) äëÿ êàæäîãî èç èññëå-

äîâàííûõ îáðàçöîâ, ïîëó÷àåì çíà÷åíèÿ ω×ΔP
s

paraf (Òàáë.,

êîëîíêà 6), õàðàêòåðèçóþùèå ñîäåðæàíèÿ í-ïàðàôèíîâ â

èñõîäíîé íåôòè. Òîò ôàêò, ÷òî âû÷èñëåííûå çíà÷åíèÿ

ω×ΔP
s

paraf = 11,7; 10,4 è 13,8 % äëÿ îáðàçöîâ èñõîäíîé íå-

ôòè, ìàñåë è òâåðäûõ ïàðàôèíîâ, ñîîòâåòñòâåííî, äîñòà-

òî÷íî õîðîøî ñîâïàäàþò, óêàçûâàåò íà ïðàâèëüíóþ èäåí-

òèôèêàöèþ ëèíèè, îáóñëîâëåííîé ïëàâëåíèåì í-ïàðàôè-

íîâ, â ñïåêòðàõ |dP
s
(T)/dT| îáðàçöîâ. Òàêèì îáðàçîì, ïðåä-

ëîæåííàÿ ìåòîäèêà àíàëèçà òåìïåðàòóðíîé çàâèñèìîñòè

äîëè P
s
 òâåðäîòåëüíîé êîìïîíåíòû â ñèãíàëå ßÌÐ ïîçâî-

ëÿåò îñóùåñòâëÿòü êîëè÷åñòâåííóþ îöåíêó ñîäåðæàíèÿ í-

ñóïåðïîçèöèè ôóíêöèé Ôåðìè. Ïðè ýòîì êàæäàÿ èç òàêèõ

ôóíêöèé ìîæåò áûòü îòíåñåíà ê ñîîòâåòñòâóþùåìó ôà-

çîâîìó ïåðåõîäó (1-ãî èëè 2-ãî ðîäà) äëÿ òîé èëè èíîé

ñîñòàâëÿþùåé îáðàçöà. Â ðåçóëüòàòå, òåìïåðàòóðíûå çà-

âèñèìîñòè äîëè P
s
 òâåðäîòåëüíîé êîìïîíåíòû äëÿ âñåõ

èññëåäîâàííûõ îáðàçöîâ õîðîøî îïèñûâàþòñÿ ñ ïîìî-

ùüþ ôóíêöèè âèäà:

       , (1)

ãäå ΔP
si
 – èçìåíåíèå âåëè÷èíû P

s
, îáóñëîâëåííîå i-ûì ôà-

çîâûì ïåðåõîäîì; T
0i
 – ñðåäíÿÿ òåìïåðàòóðà i-ãî ôàçîâîãî

ïåðåõîäà; w*

i
 – ïàðàìåòð, õàðàêòåðèçóþùèé òåìïåðàòóð-

íûé äèàïàçîí, â êîòîðîì ïðîèñõîäèò i-ûé ôàçîâûé ïåðå-

õîä; N – êîëè÷åñòâî ôàçîâûõ ïåðåõîäîâ; T – òåìïåðàòóðà.

Äëÿ ïîëó÷åíèÿ íàèáîëåå íàãëÿäíîé èíòåðïðåòàöèè çà-

âèñèìîñòè P
s
(T) äëÿ èññëåäîâàííûõ îáðàçöîâ îñóùåñòâ-

ëÿëîñü ïîñòðîåíèå òåìïåðàòóðíîé çàâèñèìîñòè ìîäóëÿ

ïåðâîé ïðîèçâîäíîé îò çàâèñèìîñòè P
s
(T). Ïîëó÷àåìàÿ

òàêèì îáðàçîì çàâèñèìîñòü îïèñûâàåòñÿ óðàâíåíèåì:

. (2)

Ïîñêîëüêó õàðàêòåðíûé âèä çàâèñèìîñòè |dP
s
(T)/dT| â

êîîðäèíàòàõ Ò (Ðèñ. 3) ïîäîáåí ñïåêòðó, ïðåäñòàâëÿþùå-

ìó ñîáîé ñóïåðïîçèöèþ ãàóññîïîäîáíûõ ëèíèé, â äàëü-

íåéøåì òàêóþ çàâèñèìîñòü áóäåì èìåíîâàòü ñïåêòðîì.

Ïðè ýòîì, êàæäàÿ èç ëèíèé â ñïåêòðå ñîîòâåòñòâóåò ôóíê-

Ðèñ. 3. 1 – Ñïåêòðû

|dP
s
(T)/dT|, ñîîòâåòñòâó-

þùèå çàðåãèñòðèðîâàí-

íûì ïðè íàãðåâàíèè çàâè-

ñèìîñòÿì P
s
(T) äëÿ èñõîä-

íîé íåôòè (à), ìàñåë (á) è

òâåðäûõ ïàðàôèíîâ (â). 2

– âêëàä îò í-ïàðàôèíîâ â

ðåçóëüòèðóþùèé ñïåêòð.

Ðèñ. 1. Òåìïåðàòóðíûå

çàâèñèìîñòè äîëè P
s

òâåðäîòåëüíîé êîìïî-

íåíòû â ñèãíàëå ßÌÐ

äëÿ îáðàçöà ìàñåë. 1, 2

– ýêñïåðèìåíòàëüíûå

òî÷êè, çàðåãèñòðèðî-

âàííûå â óñëîâèÿõ íà-

ãðåâà è îõëàæäåíèÿ,

ñ î î ò â å ò ñ ò â å í í î .

Ñïëîøíûå êðèâûå –

àïïðîêñèìàöèÿ ýêñïåðèìåíòàëüíûõ òî÷åê ïî ôîðìóëå (1).

Ðèñ. 2. Çàâèñèìîñòè

P
s
(T), çàðåãèñòðèðî-

âàííûå ïðè íàãðåâàíèè

äëÿ èñõîäíîé íåôòè

(1), ìàñåë (2) è òâåðäûõ

ïàðàôèíîâ (3). Ñïëîø-

íûå êðèâûå – àïïðîê-

ñèìàöèÿ ýêñïåðèìåí-

òàëüíûõ òî÷åê ïî

ôîðìóëå (1).
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N.V. Shkalikov, V.D. Skirda, I.V. Nikolin, S.S. Safonov. Study

of n-paraffins in crude oil by nuclear magnetic resonance.

The phase transitions for high-molecular n-paraffins included

in crude oil extracted from Mamurinskoe oilfield were studied by

nuclear magnetic resonance (NMR) method. Similar investigations

for wax and solid paraffins extracted from this oil were carried out.

The possibility of determination of n-paraffins content in the crude

oil by the analysis of relaxation parameters temperature dependences

for solid component of NMR signal was shown. It was found that

the average melting temperature of n-paraffins included in crude oil

larger than that of n-paraffins included in wax. This phenomenon

could be explained by the interaction between n-paraffins and oil

supramolecular aggregates formed by resins and asphaltenes.

Keywords: nuclear magnetic resonance, solid component, crude

oil, n-paraffins, phase transitions.
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Ìîñêîâñêèé íàó÷íî-èññëåäîâàòåëüñêèé öåíòð òåõíîëî-

ãè÷åñêîé êîìïàíèè «Øëþìáåðæå». 101000, Ðîññèÿ, Ìîñ-

êâà, ïåð. Îãîðîäíàÿ ñëîáîäà, 5à. Òåë.: 8 (916) 531-86-52.

ïàðàôèíîâ íåïîñðåäñòâåííî â íåôòè, íå ïîäâåðãàÿ åå ïðåä-

âàðèòåëüíîìó ðàçëîæåíèþ íà ñîñòàâëÿþùèå.

Àíàëèçèðóÿ ïðåäñòàâëåííûå â òàáëèöå äàííûå, ìîæ-

íî çàìåòèòü, ÷òî í-ïàðàôèíû â ñîñòàâå èññëåäîâàííûõ îá-

ðàçöîâ èñïûòûâàþò ïëàâëåíèå â ðàçëè÷íûõ òåìïåðàòóð-

íûõ äèàïàçîíàõ. Òàê, äëÿ âñåõ èññëåäîâàííûõ îáðàçöîâ ñó-

ùåñòâåííî ðàçëè÷àþòñÿ çíà÷åíèÿ ñðåäíåé òåìïåðàòóðû

ïëàâëåíèÿ T
0

paraf í-ïàðàôèíîâ, à òàêæå çíà÷åíèÿ ïàðàìåò-

ðà wparaf, õàðàêòåðèçóþùåãî øèðèíó òåìïåðàòóðíîãî äèà-

ïàçîíà ïëàâëåíèÿ í-ïàðàôèíîâ. Â ðÿäó îáðàçöîâ – òâåð-

äûå ïàðàôèíû, íåôòü è ìàñëà – íàáëþäàåòñÿ (Òàáë.) ïî-

íèæåíèå ñðåäíåé òåìïåðàòóðû T
0

paraf è óøèðåíèå òåìïå-

ðàòóðíîãî äèàïàçîíà wparaf ïëàâëåíèÿ í-ïàðàôèíîâ. Òîò

ôàêò, ÷òî çíà÷åíèÿ T
0

paraf äëÿ èñõîäíîé íåôòè è ìàñåë ñó-

ùåñòâåííî íèæå òàêîâîãî äëÿ òâåðäûõ ïàðàôèíîâ, óäîâ-

ëåòâîðèòåëüíî ñîãëàñóåòñÿ ñ îæèäàåìîé òåíäåíöèåé (Àôà-

íàñüåâ è äð., 1993) óìåíüøåíèÿ òåìïåðàòóðû ïëàâëåíèÿ

òâåðäûõ ïàðàôèíîâ ïðè èõ ðàçáàâëåíèè æèäêèìè ïàðàôè-

íàìè, âõîäÿùèìè â ñîñòàâ èñõîäíîé íåôòè è ìàñåë. Îäíà-

êî, íå ñìîòðÿ íà òî, ÷òî óäåëüíîå ñîäåðæàíèå í-ïàðàôè-

íîâ â èñõîäíîé íåôòè ñóùåñòâåííî íèæå, ÷åì â ìàñëàõ

(Òàáë.), ñðåäíÿÿ òåìïåðàòóðà ïëàâëåíèÿ T
0

paraf í-ïàðàôè-

íîâ äëÿ èñõîäíîé íåôòè îêàçàëàñü âûøå àíàëîãè÷íîé äëÿ

ìàñåë. Íàèáîëåå âåðîÿòíî, ÷òî ýòîò ýêñïåðèìåíòàëüíûé

ôàêò ÿâëÿåòñÿ ñëåäñòâèåì îñîáåííîñòåé íàäìîëåêóëÿðíîé

ñòðóêòóðû íåôòè. Â ñëó÷àå åñëè áû í-ïàðàôèíû ôîðìè-

ðîâàëè îòäåëüíûå êðèñòàëëèòû è íå âçàèìîäåéñòâîâàëè ñ

áîëåå òóãîïëàâêèìè òâåðäîòåëüíûìè îáðàçîâàíèÿìè, ïðè-

ñóòñòâóþùèìè â íåôòè â âèäå íàäìîëåêóëÿðíûõ ñòðóê-

òóð, òàêîãî ðåçóëüòàòà íåëüçÿ áûëî áû îæèäàòü. Òàêèì îá-

ðàçîì, ìîæíî ïðåäïîëîæèòü, ÷òî í-ïàðàôèíû âçàèìîäåé-

ñòâóþò ñ ñîäåðæàùèìèñÿ â íåôòè íàäìîëåêóëÿðíûìè àã-

ðåãàòàìè ñìîë è àñôàëüòåíîâ.

Ëèòåðàòóðà
Àôàíàñüåâ À.Í., Ìàòèøåâ Â.À., Ñþíÿåâ Ç.È., Ôàðàôîíîâ Â.Â.

Ïëàâëåíèå è êðèñòàëëèçàöèÿ ïàðàôèíîâ. Õèìèÿ è òåõíîëîãèÿ òîï-

ëèâ è ìàñåë. N11. 1993. 24-27.

Áîãîìîëîâ À.È., Òåìÿíêî Ì.Á., Õîòûíöåâà Ë.È. Ñîâðåìåííûå

ìåòîäû èññëåäîâàíèÿ íåôòåé. Ëåíèíãðàä: Íåäðà. 1984.

Åðåìåíêî Í.À., Ìàêñèìîâ Ñ.Ï. Àñïåêòû ãåíåòè÷åñêèõ ñâÿçåé

íåôòåé è îðãàíè÷åñêîãî âåùåñòâà ïîðîä. Ìîñêâà: Íàóêà. 1986.

 ÃÎÑÒ 11851-85. Íåôòü. Ìåòîä îïðåäåëåíèÿ ïàðàôèíà. Ìîñ-

êâà: Èçäàòåëüñòâî ñòàíäàðòîâ. 1985.

Ðûæîâ À.Í. Êîíôîðìàöèîííûé àíàëèç àëêàíîâ â çàäà÷àõ

«ñòðóêòóðà-ñâîéñòâî». Äèñ. ê.õ.í. Ìîñêâà: ÐÃÓ íåôòè è ãàçà. 2005.

Õàäèñîâà Æ.Ò. Âëèÿíèå õèìè÷åñêîãî ñîñòàâà íåôòÿíûõ ïàðà-

ôèíîâ íà èõ ôèçèêî-ìåõàíè÷åñêèå ñâîéñòâà. Äèññ. ê. õ. í. Êðàñíî-

äàð: ÊóáÃÒÓ. 2004.

×è÷èáàáèí À.Å. Îñíîâû îðãàíè÷åñêîé õèìèè. Ìîñêâà: Ãîñõè-

ìèçäàò. Ò. 1. 1954.

Øêàëèêîâ Í.Â. , Ñêèðäà Â.Ä. Âîçìîæíîñòè èññëåäîâàíèÿ ìåòî-

äîì ßÌÐ ñòðóêòóðíî-äèíàìè÷åñêîé îðãàíèçàöèè àñôàëüòåíîâ â

áëîêå. Ó÷åí. çàï. Êàçàí. ãîñ. óí-òà. Ñåð. ôèç.-ìàò. íàóêè. Ò. 151,

Êí. 3. 2009. 41-51.

Kimmich R. NMR: tomography, diffusometry, relaxometry. Berlin:

Springer. 1997.

Òàáë. Çíà÷åíèÿ ïàðàìåòðîâ T
0

paraf, wparaf è ΔP
s

paraf, õàðàêòåðè-

çóþùèõ ïëàâëåíèå í-ïàðàôèíîâ â ñîñòàâå îáðàçöîâ èñõîäíîé

íåôòè, ìàñåë è òâåðäûõ ïàðàôèíîâ, à òàêæå çíà÷åíèÿ ìàññî-

âîé äîëè w ñîîòâåòñòâóþùèõ îáðàçöîâ â èñõîäíîé íåôòè.

Mahmoud R., Gierycz P., Solimando R., Rogalski M. Calorimetric

probing of n-alkane – petroleum asphaltene interactions. Energy &

Fuels. V. 19. N6. 2005. 2474-2479.

Powles J.G. & Mansfield P. Double-pulse nuclear-resonance

transients in solids. Physics Letters. V. 2. N2. 1962. 58-59.

Powles J.G. & Strange J.H. Zero time resolution nuclear magnetic

resonance transients in solids. Proc. Phys. Soc. V. 82. N1. 1963. 6-15.

Shkalikov N.V., Ganeeva Yu.M., Yusupova T.N., Skirda V.D. The

characterization of asphaltenes by 1H NMR relaxation method:

microsecond range of spin-spin relaxation times. Magnetic Resonance

in Solids. Electronic Journal. V. 10. N1. 2008. 11-19.

Êàçàíü: Èçä-âî «Ôýí» Àêàäåìèè íàóê ÐÒ, 2009, 254ñ.

Ãèäðîãåîëîãè÷åñêèå óñëîâèÿ íåôòÿíûõ

ìåñòîðîæäåíèé Òàòàðñòàíà

Õèñàìîâ Ð.Ñ., Ãàòèÿòóëëèí Í.Ñ., Èáðàãèìîâ Ð.Ë.,

Ïîêðîâñêèé Â.À.

Â ìîíîãðàôèè ðàññìîòðåíû ôóíäàìåíòàëüíûå ïðîáëå-

ìû íåôòÿíîé ãèäðîãåîëîãèè è ñîâðåìåííûõ ïðåäñòàâëå-

íèé î ãèäðîãåîëîãè÷åñêèõ óñëîâèÿõ ôîðìèðîâàíèÿ è ðàç-

ðóøåíèÿ íåôòÿíûõ çàëåæåé, âîïðîñû êîìïëåêñíîãî, ðàöè-

îíàëüíîãî èñïîëüçîâàíèÿ è îõðàíû ïîäçåìíûõ âîä. Äàí

îáçîð ãèäðîãåîëîãè÷åñêîé èçó÷åííîñòè íåôòÿíûõ ìåñòî-

ðîæäåíèé Òàòàðñòàíà, ðàññìîòðåí ñëîæíûé êðóã âîïðî-

ñîâ, êàñàþùèõñÿ âîçìîæíîñòè èñïîëüçîâàíèÿ ãèäðîãåîëî-

ãè÷åñêèõ äàííûõ êàê ïî ïðåñíîâîäíîìó êîìïëåêñó, òàê è ïî

ãëóáîêèì âîäîíîñíûì ãîðèçîíòàì ïðè ðåøåíèè ðàçëè÷-

íûõ ïðàêòè÷åñêèõ çàäà÷, îñîáåííî â óñëîâèÿõ òåõíîãåíåçà.

ISBN 978-5-96-90-0117-6




