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Âñòóï. Íà ñüîãîäí³ àêòóàëüíèìè çàëèøàþòüñÿ 
ïðîáëåìè çá³ëüøåííÿ òà åôåêòèâíî¿ ï³äòðèìêè 
ñòàá³ëüíîãî ð³âíÿ âèäîáóòêó íàôòè. Äëÿ öüîãî íà 
ïðàêòèö³ âèêîðèñòîâóþòü ð³çí³ ñó÷àñí³ òåõíîëîã³¿ 
çá³ëüøåííÿ ³íòåíñèô³êàö³¿ ô³ëüòðàö³¿ íàôòîâî¿ ôàçè 
ïîáëèçó ä³þ÷î¿ âèäîáóâíî¿ ñâåðäëîâèíè [3—5, 7]. 
Öå ìîæóòü áóòè ð³çí³ òåõíîëîã³¿ âïëèâó íà îñíîâí³ 
ô³ëüòðàö³éí³ ïàðàìåòðè, òàê³ ÿê ïðîíèêí³ñòü, ïîðèñ-
ò³ñòü, â’ÿçê³ñòü òà ³íø³ äîäàòêîâ³ ôàêòîðè. Âîäíî÷àñ 
âàæëèâèì ôàêòîðîì âèäîáóòêó íàôòè º âðàõóâàííÿ 
àí³çîòðîï³¿ ïëàñòà. Îäíàê äëÿ åôåêòèâíîãî âèêî-
ðèñòàííÿ íàôòîâèäîáóâíèõ òåõíîëîã³é íà ïðàêòèö³ 
íåîáõ³äíî ðîçóì³òè ïîâíó êàðòèíó ô³ëüòðàö³¿ íàô-
òîâî¿ ôàçè ïîáëèçó âèäîáóâíî¿ ñâåðäëîâèíè â àí³-
çîòðîïíèõ ïëàñòàõ. Â ö³é ñèòóàö³¿ çàòðåáóâàíèìè º 
ìåòîäè êîìï’þòåðíîãî ìîäåëþâàííÿ ïðîäóêòèâíèõ 
àí³çîòðîïíèõ íàôòîíîñíèõ ïëàñò³â, òîìó ùî çà ¿õ 
äîïîìîãîþ ìîæíà óÿâèòè ô³ëüòðàö³éí³ ïðîöåñè íà-
âêîëî âèäîáóâíî¿ ñâåðäëîâèíè ó ð³çíèõ ïðàêòè÷íèõ 
âèì³ðàõ. Çàñòîñóâàííÿ öèõ ìåòîä³â äàº çìîãó îö³-
íþâàòè ³ âðàõîâóâàòè íåâèçíà÷åíîñò³, ùî âèíèêà-
þòü óíàñë³äîê íåäîñòàòíüî¿ ³íôîðìàö³¿ ïðî áóäîâó ³ 
âëàñòèâîñò³ ïëàñòà çà ìåæàìè ñâåðäëîâèíè. Óñÿ öÿ 
³íôîðìàö³ÿ ìîæå áóòè îòðèìàíà ïîð³âíÿíî äåøåâèì 
ñïîñîáîì ³ âèêîðèñòàíà äëÿ åôåêòèâíîãî àíàë³çó, 
êîíòðîëþ òà êåðóâàííþ íàôòîâèäîáóâíèì ïðîöå-
ñîì. ²ñíóº áàãàòî ìåòîä³â êîìï’þòåðíîãî ìîäåëþ-
âàííÿ äëÿ ðîçâ’ÿçàííÿ ð³çíèõ ïðàêòè÷íèõ çàâäàíü 
[1, 3, 8, 9]: à) âèçíà÷åííÿ ïðîöåñ³â ô³ëüòðàö³¿ íàôòè 
çà ð³çíî¿ ä³¿ íà ïëàñò ïîáëèçó ä³þ÷î¿ ñâåðäëîâèíè; 
á) çàãàëüíèé âèá³ð ñèñòåìè ðîçðîáêè íàôòîíîñíîãî 
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Ç ìåòîþ äîñë³äæåííÿ ïðàêòè÷íèõ àñïåêò³â ô³ëüòðàö³¿ â àí³çîòðîïíèõ íàôòîíîñíèõ ïëàñòàõ íà îñíîâ³ êîìá³íî-
âàíîãî ñê³í÷åííî-åëåìåíòíî-ð³çíèöåâîãî ìåòîäó äëÿ íåñòàö³îíàðíî¿ àí³çîòðîïíî¿ çàäà÷³ ï’ºçîïðîâ³äíîñò³ ïðî-
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àí³çîòðîï³¿ ïðîíèêíîñò³ ó áëèçüêèé òà â³ääàëåí³é çîíàõ ä³¿ ñâåðäëîâèíè. Âñòàíîâëåíî, ùî àí³çîòðîï³ÿ íàôòîâî¿ 
ïðîíèêíîñò³ â äàëüí³é çîí³ ä³¿ ñâåðäëîâèíè á³ëüøå âïëèâàº íà ïðîöåñè ô³ëüòðàö³¿ íàâêîëî ñâåðäëîâèíè ³, 
â³äïîâ³äíî, íà âèäîáóòîê íàôòè, í³æ àí³çîòðîï³ÿ ïðîíèêíîñò³ â áëèæí³é çîí³ ä³¿ ñâåðäëîâèíè. Ïîêàçàíî, ùî 
³íòåíñèâí³ñòü ïðîöåñ³â ô³ëüòðàö³¿ ó àí³çîòðîïíèõ íàôòîíîñíèõ ïëàñòàõ ïîáëèçó ä³þ÷î¿ ñâåðäëîâèíè ñóòòºâî 
çàëåæèòü â³ä çñóâíî¿ ïðîíèêíîñò³ ³ ìåíøîþ ì³ðîþ â³ä îñüîâî¿ ïðîíèêíîñò³ íàôòîâî¿ ôàçè. Îòæå, äëÿ åôåê-
òèâíîãî âèêîðèñòàííÿ àí³çîòðîïíèõ ïëàñò³â íåîáõ³äíî ðîçòàøîâóâàòè âèäîáóâí³ ñâåðäëîâèíè â ëîêàëüíèõ 
çîíàõ ç â³äíîñíî íèçüêîþ àí³çîòðîï³ºþ ïðîíèêíîñò³ ïëàñòà, îñîáëèâî. óíèêàòè ì³ñöü ³ç íàÿâí³ñòþ çñóâíî¿ 
àí³çîòðîï³¿. Î÷åâèäíî, ùî ñèñòåìíèé àíàë³ç ðåçóëüòàò³â äîñë³äæåííÿ àí³çîòðîï³¿ ïëàñòà ñïðèÿº åôåêòèâíîìó 
ðîçòàøóâàííþ ñèñòåìè íàôòîâèäîáóâíèõ ñâåðäëîâèí ó ð³çíèõ âèïàäêàõ. 
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ïëàñòà; â) ï³äòðèìàííÿ îïòèìàëüíèõ îáñÿã³â âèäî-
áóòêó â ñâåðäëîâèí³; ã) âèçíà÷åííÿ îñòàòî÷íèõ çà-
ïàñ³â ³ çàñò³éíèõ çîí â îêîë³ ä³þ÷î¿ ñâåðäëîâèíè; 
ä) ïîñòóïîâèé àíàë³ç ³ çìåíøåííÿ ñòóïåíÿ ðèçèê³â 
ðîçðîáêè òà çàáåçïå÷åííÿ ñòðàòåã³¿ ³ òàêòèêè åêñïëó-
àòàö³¿ ñèñòåìè ä³þ÷èõ íàôòîâèäîáóâíèõ ñâåðäëîâèí.

Âîäíî÷àñ çàëèøàþòüñÿ ïðîáëåìè, ùî ïîâ’ÿçàí³ 
ç òî÷í³ñòþ òà àäåêâàòí³ñòþ ìîäåëþâàííÿ ñêëàäíèõ 
íåîäíîð³äíèõ àí³çîòðîïíèõ íàôòîíîñíèõ êîëåêòîð-
ñüêèõ ñèñòåì â óìîâàõ ðåàëüíî¿ åêñïëóàòàö³¿ íà-
ôòîíîñíèõ ðîäîâèù. Çàïðîïîíîâàíèé ó ö³é ñòàòò³ 
êîìá³íîâàíèé ñê³í÷åííî-åëåìåíòíî-ð³çíèöåâèé ìå-
òîä ðîçâ’ÿçàííÿ íåñòàö³îíàðíî¿ àí³çîòðîïíî¿ çàäà÷³ 
ï’ºçîïðîâ³äíîñò³, ç óðàõóâàííÿì íåîäíîð³äíîãî ðîç-
ïîä³ëó ð³çíèõ ô³ëüòðàö³éíèõ ïàðàìåòð³â âñåðåäèí³ 
àí³çîòðîïíîãî äåôîðìîâàíîãî íàôòîíîñíîãî ïëàñòà 
³ íà éîãî ìåæàõ, äàº çìîãó àäåêâàòíî ðîçðàõóâàòè 
ðîçïîä³ë ïëàñòîâîãî òèñêó â ðåàëüíèõ óìîâàõ åêñ-
ïëóàòàö³¿ ñâåðäëîâèí, ùî ìàº ïåðåâàãè ïîð³âíÿíî 
ç ³ñíóþ÷èìè ìåòîäàìè.

Ïîñòàíîâêà ³ ìåòîä ðîçâ’ÿçàííÿ çàäà÷³. Íèæ÷å 
ðîçãëÿíóòî ïðîäóêòèâí³ àí³çîòðîïí³ íàôòîíîñí³ 
ïëàñòè, â ÿêèõ âì³ñò ãàçó íåçíà÷íèé ïîð³âíÿíî ³ç 
âì³ñòîì íàôòè. ßêùî ïðèïóñòèòè, ùî ñåðåäíÿ ïî-
òóæí³ñòü íàôòîíîñíîãî äåôîðì³âíîãî ïîðèñòîãî 
ïëàñòà çíà÷íî ìåíøà çà ãîðèçîíòàëüí³ ðîçì³ðè äî-
ñë³äæóâàíî¿ îáëàñò³, òî äîñòàòíüî ñêîðèñòàòèñÿ äâî-
âèì³ðíîþ íåñòàö³îíàðíîþ àí³çîòðîïíîþ ìîäåëëþ 
ï’ºçîïðîâ³äíîñò³ [1, 2, 6]. Òîä³ çàãàëüíà ïîñòàíîâêà 
íåñòàö³îíàðíî¿ àí³çîòðîïíî¿ çàäà÷³ ï’ºçîïðîâ³äíîñò³, 
ç óðàõóâàííÿì óìîâè ïðîíèêíîñò³ íàôòè íà ìåæ³ îá-
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ëàñò³, â äåêàðòîâ³é ñèñòåì³ êîîðäèíàò (x, y),çâ’ÿçàí³é 
ç ìåæàìè îáëàñò³, ìàº âèãëÿä [6]:

 
2 2

2 2

1 2xx yy xy
P P P P Pk k k
t c x y x y

⎛ ⎞∂ ∂ ∂ ∂ ∂
= + + + γ⎜ ⎟∂ ∂ ∂ ∂ ∂⎝ ⎠

, (1)

 0( 0)P t P= = , (2)

 ( )gradk P P P= α −ì ì . (3)

Òóò (1) — íåñòàö³îíàðíå àí³çîòðîïíå ð³âíÿí-
íÿ ï’ºçîïðîâ³äíîñò³; (2) — ïî÷àòêîâà óìîâà; (3) 
— ãðàíè÷íà óìîâà ³íô³ëüòðàö³¿ íàôòîâî¿ ôàçè íà 
ìåæàõ äîñë³äæóâàíî¿ îáëàñò³; P(x, y, t) — òèñê ÿê 
ôóíêö³ÿ êîîðäèíàò ³ ÷àñó; c = η(mβ1+β2) — êîåô³ö³ºíò 
ï’ºçîîïîðó; kxx, kyy, kxy — àí³çîòðîïí³ êîåô³ö³ºíòè 
ïðîíèêíîñò³ íàôòîâî¿ ôàçè; η — äèíàì³÷íà â’ÿçê³ñòü 
íàôòè; m — ïîðèñò³ñòü íàôòîíîñíîãî ïëàñòà; β1 
— êîåô³ö³ºíò còèñêàííÿ íàôòè; β2 — êîåô³ö³ºíò 
ñòèñêàííÿ ñêåëåòà ïîð³ä íàôòîíîñíîãî ïëàñòà; γ — 
ïàðàìåòð ³íòåíñèâíîñò³ âèäîáóòêó íàôòè ó ñâåðäëî-
âèí³; P0 — ïî÷àòêîâèé òèñê ó ïëàñò³; α — êîåô³ö³ºíò 
³íô³ëüòðàö³¿ íàôòîâî¿ ôàçè íà ìåæàõ äîñë³äæóâàíî¿ 
îáëàñò³; Pм — òèñê íà ìåæàõ äîñë³äæóâàíî¿ îáëàñò³; 
kм — êîåô³ö³ºíò ïðîíèêíîñò³ íàôòîâî¿ ôàçè íà ìåæ-
àõ äîñë³äæóâàíî¿ îáëàñò³.

Äëÿ ðîçâ’ÿçàííÿ íåñòàö³îíàðíî¿ àí³çîòðîï-
íî¿ çàäà÷³ ï’ºçîïðîâ³äíîñò³ (1) — (3) çàñòîñîâóº-
ìî âàð³àö³éíèé ñê³í÷åííî-åëåìåíòíèé ìåòîä, ùî 
ïðèâîäèòü äî ðîçâ’ÿçàííÿ âàð³àö³éíîãî ð³âíÿííÿ 
ï’ºçîïðîâ³äíîñò³:

 I( ) = 0Pδ , (4)

äå I(P) — ôóíêö³îíàë àí³çîòðîïíî¿ çàäà÷³ ï’º çî-
ïðîâ³äíîñò³ (1)—(3), ÿêèé ìàº âèãëÿä

 ( )
221I 2

2 xx yy xy
S

P P P PP k k k
x y x y

⎧ ⎛ ⎞∂ ∂ ∂ ∂⎪ ⎛ ⎞= + + +⎨ ⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠⎪⎩
∫∫

 ( )
0

12 2 2
2

P

P L

Pc dP P dxdy P P Pdl
t

⎫∂ ⎪+ − γ − α −⎬∂ ⎪⎭
∫ ∫ ì ;

S — ïëîùà ïåðåð³çó äîñë³äæóâàíî¿ îáëàñò³; L — êîí-
òóð, ùî îõîïëþº ïëîùó S; dl — åëåìåíò êîíòóðó.

Ïðè ðîçâ’ÿçàíí³ âàð³àö³éíîãî ð³âíÿííÿ (4) çàñòî-
ñîâóþòü âîñüìèâóçëîâèé ³çîïàðàìåòðè÷íèé ÷îòèðè-
êóòíèé ñê³í÷åííèé åëåìåíò [6]. ßê ãëîáàëüíó ñèñòå-
ìó êîîðäèíàò, äå îá’ºäíóþòü óñ³ ñê³í÷åíí³ åëåìåíòè, 
íà ÿê³ ðîçáèòî ïëîùó S, âèêîðèñòîâóþòü äåêàðòîâó 
ñèñòåìó (x, y). ßê ëîêàëüíó ñèñòåìó êîîðäèíàò, äå 
â ìåæàõ ñê³í÷åííîãî åëåìåíòà âèçíà÷àþòü ôóíêö³¿ 
àïðîêñèìàö³¿ ϕi íà îñíîâ³ êâàäðàòè÷íèõ ïîë³íîì³â 
³ ïðîâîäÿòü ÷èñåëüíå ³íòåãðóâàííÿ, âèêîðèñòîâóþòü 
íîðìàë³çîâàíó ñèñòåìó êîîðäèíàò (ξ, η) [6]:

( )( )( )1
1 1 1 1
4

ϕ = − ζ − η −ζ − η− ;

( )( )( )2
1 1 1 1
4

ϕ = + ζ − η ζ − η− ;

( )( )( )3
1 1 1 1
4

ϕ = + ζ + η ζ + η− ;

( )( )( )4
1 1 1 1
4

ϕ = − ζ + η −ζ + η− ;

( )( )2
5

1 1 1
2

ϕ = − ζ − η ;

( )( )2
6

1 1 1
2

ϕ = − η + ζ ;

( )( )2
7

1 1 1
2

ϕ = − ζ + η ;

( )( )2
8

1 1 1
2

ϕ = − η − ζ .

Ó ö³é ñèñòåì³ êîîðäèíàòè, òèñê, ïî÷àòêîâèé 
òèñê ïëàñòà, òèñê íà ìåæàõ îáëàñò³, êîåô³ö³ºíò ³í-
ô³ëüòðàö³¿ íàôòè íà ìåæàõ îáëàñò³, à òàêîæ ïîõ³äí³ 
â³ä òèñêó çà êîîðäèíàòàìè àïðîêñèìóþòü òàê:
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∂ ∑ ;
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1
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P P
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∂
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1
J

i i
i

y y∂ϕ ∂ϕ⎛ ⎞∂ ∂
Ψ = −⎜ ⎟∂η ∂ξ ∂ξ ∂η⎝ ⎠

; 

 
1
J

i i
i

x x∂ϕ ∂ϕ⎛ ⎞∂ ∂
Φ = −⎜ ⎟∂ξ ∂η ∂η ∂ξ⎝ ⎠

; (5)

äå J y x y x∂ ∂ ∂ ∂
= −
∂ξ ∂η ∂η ∂ξ

 — ÿêîá³àí ïåðåõîäó ì³æ ñèñòå-

ìàìè (x, y) ³ (ξ, η).
Ç îãëÿäó íà âàð³àö³éíå ð³âíÿííÿ (4) ³ íà òå, ùî 

âóçëîâ³ çíà÷åííÿ â³ä ïîõ³äíèõ òèñêó çà ÷àñîì idP
dt

 

— â³äîì³ ³ íå âàð³àáåëüí³ âåëè÷èíè, ñêëàäåìî ñèñ-
òåìó äèôåðåíö³àëüíèõ ð³âíÿíü äëÿ n-ãî âóçëà p-ãî 
ñê³í÷åííîãî åëåìåíòà ó âèãëÿä³

 
I p

nP
∂

=
∂

 
8

0
1

H (A Q ) Q 0p p p p i pi
ni ni ni i ni n

i

dP P P
dt=

⎧ ⎫= + + − − γ =⎨ ⎬
⎩ ⎭

∑ ; (8)

 
1 1

1 1

H Jp p
ij i jc d d

− −

= ϕ ϕ ξ η∫ ∫ ; 

 ( )
1 1

1 1

A Jp p p p
ij xx i j yy i j xy i jk k k d d

− −

= Ψ Ψ + Φ Φ + Ψ Φ ξ η∫ ∫ ; 

 Q p
ij i j

L

dl= αϕ ϕ∫ ; 
1 1

1 1

Jp p
i i d d

− −

γ = γ ϕ ξ η∫ ∫ .

Äëÿ ðîçâ’ÿçàííÿ ñèñòåìè ë³í³éíèõ äèôåðåíö³àëüíèõ 
ð³âíÿíü ïåðøîãî ïîðÿäêó (6) çà ïî÷àòêîâèõ óìîâ (5) 
âèêîðèñòîâóºìî ìåòîä ñê³í÷åííèõ ð³çíèöü, çà ÿêèì 
ïîõ³äíó çà ÷àñîì àïðîêñèìóºìî íà îñíîâ³ íåÿâíî¿ 
ð³çíèöåâî¿ ñõåìè
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Ðèñ. 1. Ðîçïîä³ëåííÿ âñòàíîâëåíîãî òèñêó â àí³çîòðîïíîìó íàôòîíîñíîìó ïëàñò³ â îêîë³ ä³þ÷î¿ ñâåðäëîâèíè çà çàäàíèìè ïàðà-
ìåòðàìè ô³ëüòðàö³¿ òà ïîòóæí³ñòþ ñâåðäëîâèíè: à — kxx =1Ä, kyy =1Ä, kxó =0; á — kxx =2Ä, kyy =1Ä,  kxó =0; â — kxx =1Ä, kyy =2Ä, kxó =0; 
ã — kxx =1Ä, kyy =1Ä, kxó =1Ä

Fig. 1. Distribution of stable pressure in anisotropic oil reservoir in vicinity of acting well at given higher filtration parameters and power 
of the well: à — kxx =1D, kyy =1D, kxó =0; á — kxx =2D, kyy =1D, kxó =0; â — kxx =1D, kyy =2D, kxó =0; â — kxx =1D, kyy =1D, kxó =1D
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Äîäàâøè ð³âíÿííÿ (8) ïî âñ³õ ñê³í÷åííèõ åëåìåíòàõ, 
ä³ñòàíåìî ãëîáàëüíó ñèñòåìó ë³í³éíèõ àëãåáðè÷íèõ 
ð³âíÿíü, ùî äàº çìîãó âèçíà÷àòè íåâ³äîì³ çíà÷åííÿ 
òèñêó â ìîìåíò ÷àñó t + Δt ÷åðåç ¿õ çíà÷åííÿ â ïî-

ïåðåäí³é ìîìåíò ÷àñó t. Ãëîáàëüíó ñèñòåìó ë³í³éíèõ 
àëãåáðè÷íèõ ð³âíÿíü ðîçâ’ÿçóºìî íà ï³äñòàâ³ ÷èñåëü-
íîãî ìåòîäó Ãàóñà áåç âèáîðó ãîëîâíîãî åëåìåíòà 
[6]. Ó ðåçóëüòàò³ ðîçâ’ÿçàííÿ òèñê âèçíà÷àºìî â óñ³õ 
âóçëîâèõ òî÷êàõ ñê³í÷åííî-åëåìåíòíî¿ ñ³òêè. Çà çíà-
éäåíèìè âóçëîâèìè çíà÷åííÿìè òèñê âèçíà÷àºìî ó 
äîâ³ëüí³é òî÷ö³ íàôòîíîñíîãî ïëàñòà äîñë³äæóâàíî¿ 
îáëàñò³ â çàäàíèé ìîìåíò ÷àñó. Â ðàç³ âèêîðèñòàí-
íÿ êâàäðàòè÷íî¿ àïðîêñèìàö³¿ òà íåÿâíî¿ ð³çíèöåâî¿ 
ñõåìè çá³ëüøóþòüñÿ òî÷í³ñòü, çá³æí³ñòü ³ ñò³éê³ñòü 
÷èñåëüíîãî ðîçâ’ÿçêó çàäà÷³ [1, 6, 8].

3. Ìîäåëþâàííÿ àí³çîòðîïíèõ ïðîöåñ³â ô³ëüòðàö³¿ 
íàôòè. Ðîçãëÿíåìî àí³çîòðîïíó íàôòîíîñíó ïëàñòî-
âó ä³ëÿíêó ðîçì³ðîì 90×90 ì2â îêîë³ ä³þ÷î¿ íàôòî-
âèäîáóâíî¿ ñâåðäëîâèíè. Îáåðåìî äåÿê³ õàðàêòåðí³ 
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Ðèñ. 2. Ðîçïîä³ëåííÿ âñòàíîâëåíîãî òèñêó çà íàÿâíîñò³ àí³çîòðîï³¿ íàôòîíîñíîãî ïëàñòà ó áëèçüêèé çîí³ ä³¿ ñâåðä-
ëîâèíè (Rä<5ì) çà çàäàíèìè âèùå ïàðàìåòðàìè ô³ëüòðàö³¿ òà ïîòóæí³ñòþ ñâåðäëîâèíè: à — kxx =2Ä, kyy =1Ä, 
kxó =0; á — kxx =1Ä, kyy =2Ä, kxó =0; â — kxx =1Ä, kyy =1Ä, kxó =1Ä; ã — kxx =1Ä, kyy =1Ä, kxó =2Ä 

Fig. 2. Distribution of stable pressure at presence of oil reservoir anisotropy in the close zone of acting well (Ra<5m) at given 
higher filtration parameters and power of the well: à — kxx =2D, kyy =1D, kxó =0; á — kxx =1D, kyy =2D, kxó =0; â — kxx =1D,
kyy =1D, kxó =1D; ã — kxx =1D, kyy =1D, kxó =2D

ñåðåäí³ ïàðàìåòðè íàôòîíîñíîãî ïëàñòà [2, 6]: k =1Ä 
(äàðñ³)=10–12 ì2; m = 0,2; η = 10–3

 Ïà·ñ; β1 = 10–9 Ïà–1; 
β2 = 10–10 Ïà–1; ïðè öüîìó êîåô³ö³ºíò ï’ºçîîïîðó 
c =0,3·10–12 ñ. Ïðè ìîäåëþâàíí³ ðîçïîä³ëó òèñê³â ó 
ìåæàõ äîñë³äæóâàíî¿ ïëàñòîâî¿ ä³ëÿíêè ïðèïóñòèìî, 
ùî ïî÷àòêîâèé òèñê ó ïëàñò³ äîð³âíþº 20 МПа, ñå-
ðåäíÿ ïîòóæí³ñòü âèäîáóâíî¿ ñâåðäëîâèíè — 100 ì3 

íàôòè íà äîáó. Äëÿ ì³í³ì³çàö³¿ êðàéîâèõ åôåêò³â ïðè 
ìîäåëþâàíí³ íà ìåæàõ ðîçãëÿíóòî¿ ä³ëÿíêè îáðàíî 
êîåô³ö³ºíò ³íô³ëüòðàö³¿ íàôòîâî¿ ôàçè — 0,001 ì. 
Çà ðåçóëüòàòàìè ìîäåëþâàííÿ ïðîöåñ âñòàíîâëåííÿ 
òèñêó ó ìåæàõ ðîçãëÿíóòî¿ ä³ëÿíêè â³äáóâàºòüñÿ çà 
äîáó ï³ñëÿ ïî÷àòêó ä³¿ ñâåðäëîâèíè.

Àíàë³ç ðåçóëüòàò³â. Çã³äíî ç ðåçóëüòàòàìè ìîäåëþ-
âàííÿ, àí³çîòðîï³ÿ ïðîíèêíîñò³ íàôòîíîñíîãî ïëàñ-
òà ñóòòºâî âïëèâàº íà õàðàêòåð ïðîöåñ³â ô³ëüòðàö³¿ 
íàâêîëî âèäîáóâíî¿ ñâåðäëîâèíè, îòæå, íà ïðîöåñ 
âèäîáóòêó íàôòè. Íà ðèñ. 1 ìîæíà âèÿâèòè ñòó-
ï³íü ³íòåíñèâíîñò³ ô³ëüòðàö³éíîãî ïðîöåñó ïîáëèçó 
ä³þ ÷î¿ ñâåðäëîâèíè çàëåæíî â³ä ¿¿ ðîçòàøóâàííÿ â 
àí³çîòðîïíîìó íàôòîíîñíîìó ïëàñò³. Íàé³íòåíñèâ-
í³øèé ïðîöåñ ô³ëüòðàö³¿ óá³ê âèäîáóâíî¿ ñâåðäëî-
âèíè â³äáóâàºòüñÿ ñàìå â ³çîòðîïíîìó âèïàäêó, òîä³ 
íàôòà ð³âíîì³ðíî ç óñ³õ áîê³â (ðàä³àëüíî) íàäõîäèòü 
äî ñâåðäëîâèíè (ðèñ. 1, à) ³ ïðîöåñ âèäîáóâàííÿ 
íàô òè º íàéåôåêòèâí³øèì. Çà íàÿâíîñò³ àí³çîòðîï³¿ 
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Ðèñ. 3. Ðîçïîä³ëåííÿ âñòàíîâëåíîãî òèñêó çà íàÿâíîñò³ àí³çîòðîï³¿ íàôòîíîñíîãî ïëàñòà ó â³ääàëåí³é çîí³ ä³¿ ñâåðäëîâèíè 
(Rä>5 ì) çà çàäàíèìè âèùå ïàðàìåòðàìè ô³ëüòðàö³¿ òà ïîòóæí³ñòþ ñâåðäëîâèíè: à — kxx =2Ä, kyy =1Ä, kxó = 0; á — kxx =1Ä, kyy =2Ä, 
kxó = 0; â — kxx =1Ä, kyy =1Ä, kxó =1; ã — kxx =1Ä, kyy =1Ä, kxó =2Ä

Fig. 3. Distribution of stable pressure at presence of oil reservoir anisotropy in the remote zone of acting well (Ra>5 m) at given higher 
filtration parameters and power of the well: à — kxx = 2D, kyy = 1D, kxó = 0; á — kxx = 1D, kyy = 2D, kxó = 0; â — kxx = 1D, kyy = 1D, 
kxó = 1D; ã — kxx =1D, kyy =1D, kxó = 2D

ïëàñòà (ðèñ. 1, á—ã) íàôòà íàéøâèäøå íàäõîäèòü ç 
òîãî áîêó, äå êîåô³ö³ºíò ïðîíèêíîñò³ íàéá³ëüøèé, 
ïðè öüîìó íàïðÿìêè ç ìåíøèì êîåô³ö³ºíòîì ïðî-
íèêíîñò³ ÷àñòêîâî áëîêóþòüñÿ, à ç áîêó íàéá³ëüøî¿ 
ïðîíèêíîñò³ ïëàñò øâèäêî âèñíàæóºòüñÿ. Öåé ôàêò 
î÷åâèäíî ïðèçâîäèòü äî çìåíøåííÿ âèäîáóòêó íàô-
 òè. Âîäíî÷àñ áà÷èìî, ùî ñàìå íàÿâí³ñòü çñóâíî¿ 
àí³çîòðîï³¿ ïðîíèêíîñò³ ïëàñòà (kxy ≠ 0) ñïðè÷èíþº 
íàéíåãàòèâí³ø³ íàñë³äêè íàôòîâèäîáóâàííÿ.

Íà ðèñ. 2 ïîêàçàíî ïðîöåñè ô³ëüòðàö³¿ çà íàÿâ-
íîñò³ àí³çîòðîï³¿ ïðîíèêíîñò³ íàôòîíîñíîãî ïëàñ-
òà â áëèæí³é çîí³ ä³¿ ñâåðäëîâèíè (Rä<5 ì), ïðè 
öüîìó ðåøòó ïëàñòà ââàæàþòü ³çîòðîïíîþ. Àíàë³ç 

ðèñ. 2 çàñâ³ä÷óº, ùî ïîð³âíÿíî ç ïîâí³ñòþ ³çîòðîï-
íèì íàôòîíîñíèì ïëàñòîì (äèâ. ðèñ. 1, à) çàëåæíî 
â³ä òèïó àí³çîòðîï³¿ ïðîíèêíîñò³ ïëàñòà âèíèêàþòü 
äåÿê³ ñêëàäíîù³ âèäîáóòêó íàôòè. Ö³ ñêëàäíîù³ 
ïîâ’ÿçàí³ íàñàìïåðåä ç áëîêóâàííÿì íàïðÿìê³â ç 
ìåíøîþ ïðîíèêí³ñòþ íàôòè, àëå ðàçîì ç òèì ÷åðåç 
íåâåëèêó çîíó àí³çîòðîï³¿ â³äáóâàºòüñÿ åôåêòèâíå 
ï³äæèâëåííÿ ç íàïðÿìê³â á³ëüøî¿ ïðîíèêíîñò³ íà-
ôòè, òîáòî ö³ åôåêòè ìîæóòü áóòè âçàºìíî ñêîì-
ïåíñîâàí³.

Íà ðèñ. 3 ïðåäñòàâëåíî ïðîöåñè ô³ëüòðàö³¿ çà 
íàÿâíîñò³ àí³çîòðîï³¿ ïðîíèêíîñò³ íàôòîíîñíî-
ãî ïëàñòà ó äàëüí³é çîí³ ä³¿ ñâåðäëîâèíè (Rä>5 ì), 
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Ðèñ. 4. Ðîçïîä³ëåííÿ âñòàíîâëåíîãî òèñêó â àí³çîòðîïíîìó íàôòîíîñíîìó ïëàñò³ â îêîë³ äâîõ ä³þ÷èõ ñâåðäëîâèí çà çàäàíèìè 
âèùå ïàðàìåòðàìè ô³ëüòðàö³¿ òà ïîòóæí³ñòþ ñâåðäëîâèí: à — kxx =1Ä, kyy =1Ä, kxó =0; á — kxx =2Ä, kyy =1Ä, kxó =0; â — kxx =1Ä, kyy =2Ä, 
kxó =0; ã — kxx =1Ä, kyy =1Ä, kxó =1Ä

Fig. 4. Distribution of stable pressure in anisotropic oil reservoir in vicinity of acting wells at given higher filtration parameters and power 
of the wells: à — kxx =1D, kyy =1D, kxó =0; á — kxx =2D, kyy =1D, kxó =0; â — kxx =1D, kyy =2D, kxó =0; ã — kxx =1D, kyy =1D, kxó =1D

ïðè öüîìó áëèæíþ çîíó ïëàñòà ââàæàºìî ³çîòðîï-
íîþ. Àíàë³ç ðèñ. 3, à, á âêàçóº íà òå, ùî â öüîìó 
âèïàäêó íåäîë³êè àí³çîòðîï³¿ çîâí³øíüî¿ ä³ëÿíêè 
ïîì³òíî êîìïåíñóþòüñÿ ³çîòðîï³ºþ áëèæíüî¿ çîíè 
ä³¿ ñâåðäëîâèíè, ÿêà âíàñë³äîê ñâî¿õ ê³íöåâèõ ðîç-
ì³ð³â ïîë³ïøóº âçàºìíèé îáì³í íàôòîþ ì³æ öèìè 
ä³ëÿíêàìè. Âîäíî÷àñ àíàë³ç ðèñ. 3, â, ã çàñâ³ä÷óº, 
ùî çà íàÿâíîñò³ çñóâíî¿ àí³çîòðîï³¿ ïðîíèêíîñò³ ó 
çîâí³øí³é ä³ëÿíö³ íàôòîíîñíîãî ïëàñòà âçàºìíîãî 
îáì³íó ì³æ âíóòð³øíüîþ ³ çîâí³øíüîþ ä³ëÿíêàìè 
íåäîñòàòíüî. Öå ïðèçâîäèòü äî ñóòòºâîãî çìåíøåí-
íÿ ³íòåíñèâíîñò³ ô³ëüòðàö³éíîãî ïðîöåñó íàâêîëî 
íàôòîâèäîáóâíî¿ ñâåðäëîâèíè ³, â³äïîâ³äíî, âèäî-
áóòêó íàôòè. 

Ïðîöåñè ô³ëüòðàö³¿ íàâêîëî äâîõ âèäîáóâíèõ 
ñâåðäëîâèí çà íàÿâíîñò³ ð³çíèõ âèä³â àí³çîòðîï³¿ 
ïðîíèêíîñò³ íàôòîíîñíîãî ïëàñòà ³ëþñòðóº ðèñ. 4. 
Íàéåôåêòèâí³øîãî âèäîáóòêó íàôòè â îêîë³ äâîõ 
ä³þ÷èõ ñâåðäëîâèí äîñÿãàþòü â ðàç³ ³çîòðîïíîãî íà-
ôòîíîñíîãî ïëàñòà (ðèñ. 4, à). Â àí³çîòðîïíîìó íà-
ôòîíîñíîìó ïëàñò³ ³íòåíñèâí³ñòü ïðîöåñó ô³ëüòðàö³¿ 
³, â³äïîâ³äíî, ð³âåíü âèäîáóòêó íàôòè çàëåæàòü â³ä 
âçàºìíîãî ðîçòàøóâàííÿ ñâåðäëîâèí. Âàæëèâå òàêå 
¿õ ðîçòàøóâàííÿ, ùîá íå áóëî áëîêóâàííÿ íàôòè 
ç áîêó ïîíèæåíî¿ ïðîíèêíîñò³, à òàêîæ øâèäêîãî 
âèñíàæåííÿ ïëàñòà ç áîêó ï³äâèùåíî¿ ïðîíèêíîñò³. 
ßê ïîêàçàíî íà ðèñ. 4, á—ã, íàéâèã³äí³øîþ êîíô³-
ãóðàö³ºþ º ðîçòàøóâàííÿ âèäîáóâíèõ ñâåðäëîâèí 
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ó ä³àãîíàëüíîìó íàïðÿìêó ñòîñîâíî ãîëîâíèõ îñåé 
àí³çîòðîï³¿ ïðîíèêíîñò³ íàôòîíîñíîãî ïëàñòà. Ç 
îãëÿäó íà îòðèìàíó ³íôîðìàö³þ, äëÿ åôåêòèâíîãî 
âèêîðèñòàííÿ àí³çîòðîïíèõ ïëàñò³â íåîáõ³äíî ðîç-
òàøîâóâàòè âèäîáóâí³ ñâåðäëîâèíè â ëîêàëüíèõ çî-
íàõ ç â³äíîñíî íèçüêîþ àí³çîòðîï³ºþ ïðîíèêíîñò³ 
ïëàñòà òà, îñîáëèâî, óíèêàòè ì³ñöü ³ç íàÿâí³ñòþ 
çñóâíî¿ àí³çîòðîï³¿. Ïðè ðîçì³ùåíí³ ñèñòåìè âè-
äîáóâíèõ ñâåðäëîâèí ó àí³çîòðîïíèõ ïëàñòàõ íà-
ôòîíîñíîãî ðîäîâèùà íåîáõ³äíèé ñèñòåìíèé àíàë³ç 
íàâêîëèøíüî¿ àí³çîòðîï³¿ ïëàñò³â ç ìåòîþ òàêîãî ¿õ 
ðîçì³ùåííÿ, ÿêå á çàáåçïå÷óâàëî åôåêòèâíó äèíà-
ì³êó ïðîöåñ³â ô³ëüòðàö³¿ íàâêîëî öèõ ñâåðäëîâèí. 
Î÷åâèäíî íàéë³ïøèõ óìîâ âèäîáóòêó íàôòè ó â³ä-
ïîâ³äíîìó ïðàêòè÷íîìó âèïàäêó äîñÿãàþòü çà îïòè-
ìàëüíîãî ï³äáîðó âñ³õ ôàêòîð³â, ùî âïëèâàþòü íà 
àí³çîòðîïíó ô³ëüòðàö³þ. Îòæå, ö³ ôàêòîðè ìîæóòü 
áóòè îö³íåí³ çà äîïîìîãîþ çàïðîïîíîâàíîãî ìåòîäó.

Âèñíîâêè. Ðîçðîáëåíèé ñê³í÷åííî-åëåìåíòíî-
ð³çíèöåâèé ìåòîä ðîçâ’ÿçàííÿ íåñòàö³îíàðíî¿ àí³-
çîòðîïíî¿ çàäà÷³ ï’ºçîïðîâ³äíîñò³ ó äåôîðìîâàíèõ 
íàôòîíîñíèõ ïëàñòàõ äàº çìîãó àäåêâàòíî íà ê³ëü-
ê³ñíîìó ð³âí³ îïèñóâàòè ðîçïîä³ëåííÿ òèñêó â àí³-
çîòðîïíîìó ïëàñò³ â îêîë³ ä³þ÷î¿ âèäîáóâíî¿ ñâåðä-
ëîâèíè â ðåàëüíèõ óìîâàõ åêñïëóàòàö³¿. ²íòåíñèâ-
í³ñòü ïðîöåñó ô³ëüòðàö³¿ â îêîë³ íàôòîâèäîáóâíî¿ 
ñâåðäëîâèíè ñóòòºâî çàëåæèòü â³ä ¿¿ ðîçòàøóâàííÿ 
ó àí³çîòðîïíîìó ïëàñò³ ÿê ó áëèçüê³é (Rä<5 ì), òàê 
³ â³ääàëåí³é (Rä>5 ì) çîí³ ä³¿ ñâåðäëîâèíè. Ïðè÷î-
ìó âïëèâ àí³çîòðîï³¿ ïðîíèêíîñò³ íàôòîâî¿ ôàçè 
ó â³ääàëåí³é çîí³ á³ëüøèé ïîð³âíÿíî ³ç âïëèâîì ó 
áëèçüê³é çîí³ ä³¿ ñâåðäëîâèíè. Ç îãëÿäó íà îòðèìàíó 
³íôîðìàö³þ äëÿ åôåêòèâíîãî âèêîðèñòàííÿ àí³çî-
òðîïíèõ ïëàñò³â íåîáõ³äíî ðîçì³ùóâàòè âèäîáóâí³ 
ñâåðäëîâèíè â ëîêàëüíèõ çîíàõ ç â³äíîñíî íèçüêîþ 
àí³çîòðîï³ºþ ïðîíèêíîñò³ ïëàñòà, îñîáëèâî óíèêàòè 
ì³ñöü ³ç íàÿâí³ñòþ çñóâíî¿ àí³çîòðîï³¿. Ïðè ðîç-
òàøóâàíí³ ñèñòåìè âèäîáóâíèõ ñâåðäëîâèí ó àí³-
çîòðîïíèõ ïëàñòàõ íàôòîíîñíîãî ðîäîâèùà íåîá-
õ³äíî ïðîâîäèòè ñèñòåìíèé àíàë³ç íàâêîëèøíüî¿ 
àí³çîòðîï³¿ ïëàñò³â ç ìåòîþ òàêîãî ¿õ ðîçì³ùåííÿ, 

ÿêå á çàáåçïå÷óâàëî åôåêòèâíó äèíàì³êó ïðîöåñ³â 
ô³ëüòðàö³¿ íàâêîëî öèõ ñâåðäëîâèí. Î÷åâèäíî, ùî  
íàéë³ïøèõ óìîâ âèäîáóòêó íàôòè ó â³äïîâ³äíîìó 
ïðàêòè÷íîìó âèïàäêó äîñÿãàþòü øëÿõîì îïòèìàëü-
íîãî ï³äáîðó óñ³õ ôàêòîð³â, ÿê³ âïëèâàþòü íà àí³-
çîòðîïíó ô³ëüòðàö³þ íàôòîíîñíîãî ïëàñòà. Ðàçîì ç 
òèì ö³ ôàêòîðè ìîæóòü áóòè îö³íåí³ ìîäåëþâàííÿì 
çà çàïðîïîíîâàíèì ìåòîäîì. Ó ïîäàëüøîìó ñòà-
íîâèòü ³íòåðåñ ñòâîðåííÿ íà îñíîâ³ ðîçðîáëåíîãî 
ñê³í÷åííî-åëåìåíòíî-ð³çíèöåâîãî ìåòîäó ïðàêòè÷-
íî çíà÷óùî¿ ìåòîäèêè îïòèì³çàö³¿ âèäîáóòêó íàôòè 
â ðåàëüíèõ óìîâàõ åêñïëóàòàö³¿ ñâåðäëîâèí ó àí³çî-
òðîïíèõ íàôòîíîñíèõ ïëàñòàõ.
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Ñ öåëüþ èññëåäîâàíèÿ ïðàêòè÷åñêèõ àñïåêòîâ ôèëüòðàöèè â àíèçîòðîïíûõ íåôòåíîñíûõ ïëàñòàõ íà îñíîâå 
êîìáèíèðîâàííîãî êîíå÷íîýëåìåíòíî-ðàçíîñòíîãî ìåòîäà äëÿ íåñòàöèîíàðíîé àíèçîòðîïíîé çàäà÷è ïüåçî-
ïðîâîäíîñòè ïðîâåäåíî ÷èñëåííîå ìîäåëèðîâàíèå ðàñïðåäåëåíèÿ ïàäåíèÿ ïëàñòîâîãî äàâëåíèÿ â îêðåñòíîñòè 
ñêâàæèíû ñ ó÷åòîì àíèçîòðîïèè ïðîíèöàåìîñòè â áëèçêîé è äàëüíåé çîíàõ äåéñòâèÿ ñêâàæèíû. Óñòàíîâëåíî, 
÷òî àíèçîòðîïèÿ íåôòÿíîé ïðîíèöàåìîñòè â äàëüíåé çîíå äåéñòâèÿ ñêâàæèíû áîëüøå âëèÿåò íà ïðîöåññû 
ôèëüòðàöèè âîêðóã ñêâàæèíû è, ñîîòâåòñòâåííî, íà äîáû÷ó íåôòè, ÷åì àíèçîòðîïèÿ ïðîíèöàåìîñòè â áëèæíåé 
çîíå äåéñòâèÿ ñêâàæèíû. Ïîêàçàíî, ÷òî èíòåíñèâíîñòü ïðîöåññîâ ôèëüòðàöèè â àíèçîòðîïíûõ íåôòåíîñíûõ 
ïëàñòàõ âáëèçè äåéñòâóþùåé ñêâàæèíû ñóùåñòâåííî çàâèñèò îò ñäâèãîâîé ïðîíèöàåìîñòè è â ìåíüøåé ñòåïåíè 
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îò îñåâîé ïðîíèöàåìîñòè íåôòÿíîé ôàçû. Ñëåäîâàòåëüíî, äëÿ ýôôåêòèâíîãî èñïîëüçîâàíèÿ àíèçîòðîïíûõ 
ïëàñòîâ íåîáõîäèìî óñòàíàâëèâàòü äîáûâàþùèå ñêâàæèíû â ëîêàëüíûõ îáëàñòÿõ ñ îòíîñèòåëüíî íèçêîé 
àíèçîòðîïèåé ïðîíèöàåìîñòè ïëàñòà, îñîáåííî èçáåãàòü ìåñò ñ íàëè÷èåì ñäâèãîâîé àíèçîòðîïèè. Î÷åâèä-
íî, ÷òî ñèñòåìíûé àíàëèç ðåçóëüòàòîâ èññëåäîâàíèÿ àíèçîòðîïèè ïëàñòà äàåò âîçìîæíîñòü ýôôåêòèâíîãî 
ðàçìåùåíèÿ ñèñòåìû íåôòåäîáûâàþùèõ ñêâàæèí â ðàçëè÷íûõ ïðàêòè÷åñêèõ ñèòóàöèÿõ.

Êëþ÷åâûå ñëîâà: êîìïüþòåðíîå ìîäåëèðîâàíèå, àíèçîòðîïíûå ôèëüòðàöèîííûå ïðîöåññû, íåôòåíîñíûå 
ïëàñòû.

MODELING OF FILTRATION PROCESSES IN HETEROGENEOUS ANISOTROPIC 
OIL-BEARING RESERVOIRS 

M.V. Lubkov, O.O. Zaharchuk

Poltava Gravimetric Observatory of Institute of Geophysics of Ukraine National Academy of Science, 
27/29 Mysoedova Str., Poltava 36014, Ukraine, e-mail: mikhail.lubkov@ukr.net

Purpose. Nowadays there are important problems of increasing efficiency of development and exploitation of oil deposits. 
There are problems associated with the growth of oil production in heterogeneous anisotropic reservoirs, increasing 
oil recovery, achieving economic efficiency and so on. In this situation, there are popular methods of computer 
modeling of productive reservoirs, because they allow getting information of the structure and characteristics of the 
oil reservoir, the distribution parameters of permeability and other important factors in it. They also allow evaluating 
and calculating uncertainty arising from the lack of information about the oil reservoir properties outside the well. 
Currently there are many methods of computer modeling, allowing solving various practical problems. Another hand 
there left some problems related to the accuracy and adequacy of simulation of heterogeneous anisotropic permeable 
collector systems in real conditions of oil deposits exploitation. 
Design/methodology/approach. On the base of combined finite-element-difference method for solving the nonstationary 
anisotropic piezoconductivity problem, with calculating of heterogeneous distribution of permeable characteristics of 
the deformable oil reservoir, we carried out modeling of filtration processes in heterogeneous anisotropic oil reservoir 
in close and remote zones of producing well.
Findings. The results of computer modeling show that intensity of the filtration process in vicinity of oil production 
wells depends essentially on its location in the anisotropic reservoir, both in the near (Ra<5 m) and remote (Ra>5 m) 
zones of acting well. Moreover, the effect of anisotropy of the oil permeability in the remote zone is greater compared 
to the effect in the close well zone. The obtained results show for effective exploitation of anisotropic reservoirs it is 
necessary to place producing wells into the local areas with relatively low anisotropy of reservoir permeability, especially 
to avoid places with shear anisotropy. Before installation of production wells in anisotropic oil reservoirs, it is necessary 
to carry out a systematic analysis of the surrounding anisotropy of the reservoirs with the purpose to ensure effective 
dynamics of the filtration processes around these wells. Obviously, the best conditions for oil production processes in 
any practical case we can achieve due to optimal selection of all anisotropic filtration parameters of the oil reservoir.
Practical value/implications. One can use obtained results for practical geophysical works with a purpose optimizing 
of oil production activity in heterogeneous anisotropic reservoirs. In further it is interesting to use presented method 
for more detailed investigation of heterogeneous anisotropic oil-bearing deposits. 

Keywords: computer modeling, anisotropic filtration processes, oil reservoirs.
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