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ìåòîäû äîáû÷è óãëåâîäîðîäîâ, êàê çàêà÷êà òåïëîíîñèòåëÿ â íåôòÿíîé ïëàñò, ãîðåíèå, çà-
êà÷êà õèìè÷åñêèõ ðåàãåíòîâ (ïîëèìåð, ÏÀÂ) è äðóãèå.

Ñèñòåìà íåëèíåéíûõ óðàâíåíèé, îïèñûâàþùàÿ ìîäåëü äâèæåíèÿ ìíîãîêîìïîíåíòíîé
ìíîãîôàçíîé æèäêîñòè, ëèíåàðèçîâàíà ìåòîäîì Íüþòîíà-Ðàôñîíà [2] è ðåøåíà ñ ïîìî-
ùüþ èòåðàöèîííîãî àëãîðèòìà ìåòîäà îáîáùåííûõ ìèíèìàëüíûõ íåâÿçîê (GMRES)[3,4].
Äëÿ äîñòèæåíèÿ ëó÷øåé ñõîäèìîñòè áûë èñïîëüçîâàí ïðåäîáóñëàâëèâàòåëü ILU(0)[5]. Â
ðåçóëüòàòå, äëÿ ðåøåíèÿ äàííîé çàäà÷è, áûëà èñïîëüçîâàíà ïîëíîñòüþ íåÿâíàÿ ñõåìà, íà-
çûâàåìàÿ àëãîðèòìîì Newton-ILU(0)-GMRES. Íà îñíîâå ïîëó÷åííîãî ïîñëåäîâàòåëüíîãî
àëãîðèòìà ðåàëèçîâàí ïàðàëëåëüíûé àëãîðèòì ñ èñïîëüçîâàíèåì òåõíîëîãèè èíòåðôåéñà
ïåðåäà÷è ñîîáùåíèé (MPI) è ôðàãìåíòèðîâàííûé àëãîðèòì â ñèñòåìå LuNA[6].

Òåñòû ïðîâåäåíû íà ñóïåðêîìïüþòåðå ÌÂÑ-10Ï ìåæâåäîìñòâåííîãî ñóïåðêîìïüþòåð-
íîãî öåíòðà Ðîññèéñêîé àêàäåìèè íàóê è áûëè ïðîàíàëèçèðîâàíû.

Funding: Àâòîðû áûëè ïîääåðæàíû ãðàíòîì AP09260564 ÌÎÍ ÐÊ.

Êëþ÷åâûå ñëîâà: ìåòîä Íüþòîíà, ìåòîäû Êðûëîâñêîãî òèïà, GMRES, ïðåäîáóñëàâëèâàòåëü, ìíîãîêîìïîíåíò-
íîå òå÷åíèå, ñèñòåìà LuNA.

2010 Mathematics Subject Classi�cation: 35F45, 65F08

Ëèòåðàòóðà
[1] Chen Z. Reservoir Simulation: mathematical techniques in oil recovery, Society for Industrial and Applied

Mathematics (2006).
[2] Chen Z. Computational methods for multiphase �ows in porous media, Society for Industrial and Applied

Mathematics (2007).
[3] Saad Y. Iterative methods for sparse linear systems.2nd ed., SIAM (2003).
[4] Saad Y., Schults M. GMRES: A generalized minimal residual algorithm for solving nonsymmetric linear systems,

SIAM J Sci Statist Comput, 7:3 (1986), 856�869.
[5] Mittal R.C., Al-Kurdi A.H. An e�cient method for constructing an ILU preconditioner for solving large sparse

nonsymmetric linear systems by the GMRES method, Computers & Mathematics with Applications, 185:2 (2003), 391�
403.

[6] Malyshkin, V.E., Perepelkin, V.A. LuNA Fragmented Programming System, Main Functions and Peculiarities

of Run-Time Subsystem, Proceedings of the 11th International Conference on Parallel Computing Technologies, LNCS,

(2011), 53�61.

� >>> �

ÈÑÏÎËÜÇÎÂÀÍÈÅ ÌÅÒÎÄÎÂ ÌÀØÈÍÍÎÃÎ ÎÁÓ×ÅÍÈß ÄËß
ÏÐÎÃÍÎÇÈÐÎÂÀÍÈß ÄÎÁÛ×È ÍÅÔÒÈ

Å. ÊÅÍÆÅÁÅÊ1,a, Ò.Ñ. ÈÌÀÍÊÓËÎÂ2,b Ä.Æ. ÀÕÌÅÄ-ÇÀÊÈ3,c

1 Êàçàõñêèé Íàöèîíàëüíûé Óíèâåðñèòåò èìåíè Àëü-Ôàðàáè, Àëìàòû, Êàçàõñòàí
2 Yessenov University, Àêòàó, Êàçàõñòàí

3 Astana IT University, Íóð-Ñóëòàí, Êàçàõñòàí

E-mail: akenzhebekyerzhan@gmail.com, bimankulov.timur@gmail.com

Èìåþòñÿ ìíîãî íàó÷íûõ ðàáîò ñâÿçàííûõ ñ óëó÷øåíèåì äîáû÷è íåôòè ñ èñïîëüçî-
âàíèåì ìåòîäîâ ìàøèííîãî îáó÷åíèÿ. Â îäíîì èç òàêèõ ðàáîò [1] àâòîðû âûÿñíÿëè, ÷òî
ïðèìåíåíèå àëãîðèòìîâ ìàøèííîãî îáó÷åíèÿ ìîãóò îêàçàòüñÿ áîëåå ïðîèçâîäèòåëüíûìè
ïî ñðàâíåíèþ ñ òðàäèöèîííûìè âû÷èñëåíèÿìè íà ðåãóëÿðíîé ñåòêå. À òàê æå â äàííîé
ðàáîòå îïèñûâàåòñÿ ïîäõîä ê ñîçäàíèþ ïðîêñè-ìîäåëè [2] íà îñíîâå ìåòîäîâ ìàøèííîãî
îáó÷åíèÿ, â ÷àñòíîñòè áûëà èñïîëüçîâàíà ìåòîä ñëó÷àéíîãî ëåñà. Â ðàáîòå [3] ðàññìàò-
ðèâàåòñÿ àëãîðèòìû ìàøèííîãî îáó÷åíèÿ äëÿ îöåíêè êîýôôèöèåíòà äîáû÷è íåôòè ñ èñ-
ïîëüçîâàíèåì êîìáèíàöèè èíæåíåðíûõ ïàðàìåòðîâ. Äëÿ íàáîðà äàííûõ, ñîñòîÿâøèéñÿ èç
30 ïàðàìåòðîâ áûëè ïðèìåíåíû ìîäåëè ëèíåéíîé ðåãðåññèè è ìåòîä îïîðíûõ âåêòîðîâ. Â
ðåçóëüòàòå, ïîëó÷åííûå äàííûå áûëè î÷åíü áëèçêèìè ê ðåçóëüòàòàì ïåðåêðåñòíîé ïðîâåð-
êè. Òàêèì îáðàçîì, àâòîðû äàííîé ðàáîòû ïðåäïîëàãàþò, ÷òî ðàññìîòðåííûå èìè ìåòîäû
ìîãóò èñïîëüçîâàòüñÿ äëÿ ïðîãíîçèðîâàíèÿ äîáû÷è â äàëüíåéøåì.

Èíñòèòóò ìàòåìàòèêè è ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ. Àëìàòû, 2021
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Äàííàÿ ñòàòüÿ áûëà ïîñâÿùåíà ê ïðèìåíåíèþ ìåòîäîâ ìàøèííîãî îáó÷åíèÿ äëÿ ïðî-
ãíîçèðîâàíèÿ äîáû÷è íåôòè. Áûë ïîëó÷åí ñèíòåòè÷åñêèé íàáîð äàííûõ ñ ïîìîùüþ ìà-
òåìàòè÷åñêîãî ìîäåëÿ Áàêëåÿ-Ëåâåðåòòà, êîòîðàÿ èñïîëüçóåòñÿ äëÿ ðàñ÷åòà ðàñïðåäåëå-
íèÿ íàñûùåííîñòè â çàäà÷àõ íåôòåäîáû÷è. Â êà÷åñòâå ìåòîäà ìàøèííîãî îáó÷åíèÿ áûë
ðåàëèçîâàí àëãîðèòì ìíîãîìåðíîé ëèíåéíîé ðåãðåññèè ñ ïîëèíîìèàëüíûìè ñâîéñòâàìè.
Âûáðàíû ðàçëè÷íûå êîìáèíàöèè ïàðàìåòðîâ çàäà÷è äîáû÷è íåôòè, ãäå â êà÷åñòâå âõîä-
íûõ ïàðàìåòðîâ äëÿ ìàøèííîãî îáó÷åíèÿ áûëè âçÿòû ïîðèñòîñòü, âÿçêîñòü íåôòÿíîé ôà-
çû è àáñîëþòíàÿ ïðîíèöàåìîñòü ïîðîäû. À â êà÷åñòâå âûõîäíîãî ïàðàìåòðà áûë âûáðàí
çíà÷åíèå êîýôôèöèåíòà íåôòåîòäà÷è. Çàäà÷à áûëà ðåàëèçîâàíà ñ èñïîëüçîâàíèåì ÿçûêà
Python, êîòîðàÿ ïîääåðæèâàåò ìíîãèå ìåòîäû ìàøèííîãî îáó÷åíèÿ. Áûëè ïðîòåñòèðîâà-
íû ðàçíûå ñòåïåíè ïîëèíîìèàëüíîé ðåãðåññèè, à òàêæå áûëî âûÿâëåíî, ÷òî äëÿ íàøèõ
ñèíòåòè÷åñêèõ äàííûõ êâàäðàòè÷íàÿ ïîëèíîìèàëüíàÿ ìîäåëü äîâîëüíî õîðîøî îáó÷àåòñÿ
è ïðîãíîçèðóåò çíà÷åíèå êîýôôèöèåíòà íåôòåîòäà÷è. Äëÿ îïòèìèçàöèè ïîëèíîìèàëüíîé
ðåãðåññèè áûëà ïðèìåíåíà ðåãóëÿðèçàöèÿ âèäà L1, èçâåñòíàÿ êàê ìåòîä Ëàññî. Äëÿ êâàä-
ðàòè÷íîé ìîäåëè ïîëèíîìèàëüíîé ðåãðåññèè êîýôôèöèåíò äåòåðìèíàöèè ñîñòàâëÿåò 0.96,
÷òî ÿâëÿåòñÿ äîâîëüíî õîðîøèì ðåçóëüòàòîì äëÿ òåñòîâûõ äàííûõ.

Áûëà ïîñòðîåíà èñêóññòâåííàÿ íåéðîííàÿ ñåòü ñ îäíèì ñêðûòûì ñëîåì ñ îïòèìàëü-
íî ïîäîáðàííûìè ãèïåðïàðàìåòðàìè. Â êà÷åñòâå ôóíêöèè àêòèâàöèè äÿë ñêðûòîãî ñëîÿ
áûëà ïðèìåíåíà relu. Äëÿ ïðåäîòâðàùåíèÿ ïðîáëåìû ïåðåîáó÷åíèÿ áûëà èñïîëüçîâàíà
ôóíêöèÿ EarlyStopping, ãäå îáó÷åíèå îñòàíàâëèâàåòñÿ ïðè êîëè÷åñòâå ýïîõ áåç óëó÷øå-
íèé.Êîýôôèöèåíò äåòåðìèíàöèè ïîñòðîåííîé íåéðîííîé ñåòè ñîñòàâèë 0.97, êîòîðàÿ ÿâ-
ëÿåòñÿ íåìíîãî ëó÷øå ÷åì ìîäåëü ïîëèíîìèàëüíîé ðåãðåññèè.

Funding: Àâòîðû áûëè ïîääåðæàíû ãðàíòîì AP09260564 ÌÎÍ ÐÊ.

Êëþ÷åâûå ñëîâà: ìàòåìàòè÷åñêàÿ ìîäåëü, ïîâûøåíèå íåôòåîòäà÷è, ìàøèííîå îáó÷åíèå, ìåòîä ðåãðåññèè, ïî-
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ïåðâîíà÷àëüíî îïðåäåëåííûé íà C∞0,π(Ω), ãäå Ω = {(x, y) : −π ≤ x ≤ π,−∞ < y <∞}.
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