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Â³äîìî, ùî íà ï³çí³é ñòàä³¿ åêñïëóàòàö³¿ íà-
ôòîâîãî ïîêëàäó ïëàñòîâèé òèñê ó ïðîäóêòèâíî-
ìó ïëàñò³ çíèæóºòüñÿ. Çà çíèæåííÿ òèñêó äî âå-
ëè÷èíè, ìåíøî¿ çà òèñê íàñè÷åííÿ íàôòè ãàçîì,
ç íàôòè âèä³ëÿºòüñÿ ãàç, ùî ðàí³øå çíàõîäèâñÿ â
ðîç÷èíåíîìó ñòàí³. Ïðè öüîìó â íàôòîíîñíîìó
ïëàñò³ ñïîñòåð³ãàºòüñÿ áóëüáàøêîâèé ðåæèì òå÷³¿
ç íèçüêèì êîåô³ö³ºíòîì íàôòîâ³ääà÷³.

Ó ðîáîòàõ [6, 8] íàãîëîøóºòüñÿ, ùî ó âèïàäêó
íåíüþòîí³âñüêèõ ð³äèí ç áóëüáàøêàìè âèíèêàº
ÿâèùå, êîëè ô³çè÷í³ âëàñòèâîñò³ îäíîãî ñåðåäî-
âèùà (íàïðèêëàä íàôòè) ³ñòîòíî çì³íþþòüñÿ çà
íåâåëèêèõ ùîäî ìàñè ³ îá’ºìó äîì³øê³â ³íøîãî
ñåðåäîâèùà (áóëüáàøêè ãàçó) [8].

Ó ðàç³ ³ìïóëüñíî¿ ä³¿ íèçüêî÷àñòîòíî¿ àêóñ-
òè÷íî¿ õâèë³ íà íåë³í³éíå áóëüáàøêîâå ñåðåäî-
âèùå âîíî âèïðîì³íþº âèñîêî÷àñòîòí³ êîëèâàí-
íÿ [3, 4, 7]. Áóëüáàøêè, ùî íàïîâíåí³ ãàçîì,
ä³þòü ÿê ðåçîíàíñí³ íåë³í³éí³ îñöèëÿòîðè ³ç çà-
ãàñàííÿì. Âëàñíà ÷àñòîòà êîëèâàíü áóëüáàøîê çà-
ëåæèòü â³ä ¿õ ðàä³óñ³â, ïî÷àòêîâîãî òèñêó â íèçü-
êî÷àñòîòí³é õâèë³ ³ ïîêàçíèêà àä³àáàòè â ð³âíÿíí³
ñòàíó ãàçó.

Âèñîêî÷àñòîòíà ³ìïóëüñíà îáðîáêà íàôòè ñó-
ïðîâîäæóºòüñÿ çíèæåííÿì ¿¿ êîåô³ö³ºíòà äèíàì³÷-
íî¿ â’ÿçêîñò³ â 1,5–4 ðàçè [4], ùî ïðèâîäèòü äî
ïîñëàáëåííÿ çâ’ÿçêó íàôòè ç òâåðäîþ ôàçîþ ñå-
ðåäîâèùà íàôòîâîãî ïëàñòà ³ ïîë³ïøåííÿ
ô³ëüòðàö³¿ ôëþ¿äó.

Ç ìåòîþ ³íòåíñèô³êàö³¿ âèäîáóòêó íàôòè ðå-
êîìåíäóºòüñÿ îáðîáëÿòè íàôòîâèé ïëàñò ïîòóæ-
íîþ íèçüêî÷àñòîòíîþ àêóñòè÷íîþ ä³ºþ [1, 9].
²íøèì åôåêòèâíèì ìåòîäîì º çàñòîñóâàííÿ àêóñ-
òè÷íèõ êîëèâàíü á³ãàðìîí³÷íî¿ ä³¿ [5]. Ó çâ’ÿçêó ç
öèì ñòàíîâèòü íàóêîâèé ³ ïðàêòè÷íèé ³íòåðåñ çà-
äà÷à ïðî âçàºìîä³þ íåë³í³éíîãî áóëüáàøêîâîãî
ñåðåäîâèùà ç á³ãàðìîí³÷íèì êîëèâàííÿì âèãëÿäó

( )0 0sin sinu u t mu N t= ω + ω + ϕ ,         (1)

äå u0 ³ ω – àìïë³òóäà ³ êîëîâà ÷àñòîòà ïîòóæíîãî
íèçüêî÷àñòîòíîãî êîëèâàííÿ; ϕ – çñóâ çà ôàçîþ
ñëàáêîãî âèñîêî÷àñòîòíîãî êîëèâàííÿ; m << 1,
N >> 1 – äîâ³ëüí³ ðàö³îíàëüí³ ÷èñëà.

Ó ñòàòò³ [5] îòðèìàíî íåîäíîð³äíå õâèëüîâå
ð³âíÿííÿ, ùî îïèñóº ïîøèðåííÿ àêóñòè÷íèõ
õâèëü ó íåë³í³éíîìó ãåîô³çè÷íîìó ñåðåäîâèù³,
ó âèãëÿä³
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äå ñ – øâèäê³ñòü ïîøèðåííÿ çâóêó â ñåðåäîâèù³;
γ – ïîêàçíèê àä³àáàòè Ïóàññîíà â ð³âíÿíí³ ñòàíó
ñåðåäîâèùà.

Ïðîâåäåìî àíàë³ç ð³âíÿííÿ (2) ìåòîäîì ïî-
ñë³äîâíèõ íàáëèæåíü ³ âèçíà÷èìî ÷àñòîòè, ÿê³
ìîæóòü âèíèêàòè çà ïîøèðåííÿ á³ãàðìîí³÷íîãî
àêóñòè÷íîãî êîëèâàííÿ (1) â íåë³í³éíîìó ãåîñå-
ðåäîâèù³.

Ââàæàþ÷è íåë³í³éí³ åôåêòè ñëàáêèìè, ó  ïåð-
øîìó íàáëèæåíí³ íåõòóºìî â ð³âíÿíí³ (2) éîãî
ïðàâîþ ÷àñòèíîþ. Ïðè öüîìó îòðèìàºìî ë³í³éíå
õâèëüîâå ð³âíÿííÿ
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ìàº âèãëÿä

( ) ( )1 0 0, sin sinu x t u mu N= ωτ+ ωτ + ϕ ,        (3)

äå τ = t – x/c.
Äëÿ çíàõîäæåííÿ ðîçâ’ÿçêó äðóãîãî íàáëèæåí-

íÿ u2(x, t) ó ïðàâó ÷àñòèíó íåë³í³éíîãî ð³âíÿííÿ
(2) ñë³ä ï³äñòàâèòè â³äïîâ³äí³ ïîõ³äí³ ôóíêö³¿ (3).

Ç óðàõóâàííÿì ñï³ââ³äíîøåííÿ (3) âèçíà÷èìî
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Ðîçðîáëåíî ìåòîä ï³äâèùåííÿ äåá³òó ñâåðäëîâèí íà ï³çí³é ñòàä³¿ åêñïëóàòàö³¿ íàôòîâîãî ïîêëàäó. Îáðîáêó
íåë³í³éíîãî ãåîô³çè÷íîãî ñåðåäîâèùà ïëàñòà çä³éñíþþòü ³ìïóëüñíîþ á³ãàðìîí³÷íîþ ä³ºþ. Öå äîïîìàãàº ïî-
êðàùåííþ ô³ëüòðàö³¿ ôëþ¿äó â íàôòîâîìó ïëàñò³ ç áóëüáàøêàìè ãàçó, ùî ñóïðîâîäæóºòüñÿ ï³äâèùåííÿì äå-
á³òó âèäîáóâíèõ ñâåðäëîâèí.
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Ï³äñòàâèâøè ñï³ââ³äíîøåííÿ (4) â ïðàâó ÷àñ-
òèíó ð³âíÿííÿ (2), ï³ñëÿ ïåðåòâîðåíü îòðèìàºìî:
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Âðàõîâóþ÷è, ùî N >> 1, ç (5) ä³ñòàíåìî:
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Çàóâàæèìî, ùî ïðè m = 0, òîáòî êîëè ä³º
ò³ëüêè íèçüêî÷àñòîòíèé ñèãíàë u0sin ωτ, ³ç âèðàçó
(6) îäåðæèìî
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ùî çá³ãàºòüñÿ ç ðåçóëüòàòîì ðîáîòè [4].

Õâèëüîâå ð³âíÿííÿ äðóãîãî íàáëèæåííÿ ç ïðà-
âîþ ÷àñòèíîþ (6) ìàº âèãëÿä
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Ð³âíÿííÿ (7) – íåîäíîð³äíå õâèëüîâå ð³âíÿí-
íÿ, ðîçâ’ÿçîê ÿêîãî ÷åðåç ãðîì³çäê³ñòü îá÷èñëþ-
âàëüíèõ ïðîöåäóð íå íàâîäèìî. Çàçíà÷èìî, ùî
öåé ðîçâ’ÿçîê ìîæíà ïðåäñòàâèòè ó âèãëÿä³ ñóìè
ãàðìîí³÷íèõ êîëèâàíü íà ÷àñòîòàõ, ùî âèçíà÷à-
þòüñÿ ôóíêö³ºþ (6) F(ω, τ) [4].

Çóïèíèìîñÿ äåòàëüí³øå íà àíàë³ç³ ôóíêö³¿
F(ω, τ). Â³äïîâ³äíî äî ïðàâî¿ ÷àñòèíè ð³âíÿííÿ (7)
âèõîäèòü, ùî â öüîìó íåë³í³éíîìó ãåîô³çè÷íîìó
ñåðåäîâèù³ çà ä³¿ íà íüîãî á³ãàðìîí³÷íîãî ñèãíà-
ëó (1) ãåíåðóþòüñÿ:
- ãàðìîí³÷í³ êîëèâàííÿ íà âèñõ³äí³é íèçüê³é ÷à-

ñòîò³ ω ³ âèùèõ ÷àñòîòàõ 2ω ³ 3ω;
- ãàðìîí³÷í³ êîëèâàííÿ ³ç çíà÷íî âèùèìè ÷àñ-

òîòàìè Nω (N >> 1) ³ç çñóâîì çà ôàçîþ ϕ.
ßê âèäíî ³ç âèðàçó (6), àìïë³òóäè âèñîêî÷àñ-

òîòíèõ êîëèâàíü ìîæóòü çíà÷íî çðîñòàòè ïîð³âíÿ-
íî ç àìïë³òóäîþ âèñõ³äíîãî íèçüêî÷àñòîòíîãî êî-
ëèâàííÿ.

Äëÿ îö³íêè àìïë³òóäíèõ çíà÷åíü êîëèâàíü, ùî
âèïðîì³íþþòüñÿ áóëüáàøêàìè ãàçó, ÿê ïðèêëàä
ïðèéíÿòî òàê³ âèõ³äí³ äàí³: u0 = 2·10–3 ì; γ = 4/3;
ñ =1 500 ì/ñ; ω = 1 256 ñ–1 (fí = 200 Ãö – íèçüêà ÷à-
ñòîòà); m = 1·10–2, N = 2·102, ïðè öüîìó
Nω = 251 200 ñ–1 (fâ = 40 êÃö – âèñîêà ÷àñòîòà).
Ç âèêîðèñòàííÿì çàëåæíîñò³ (6) âèçíà÷åíî àìïë-
³òóäè õâèëüîâèõ êîëèâàíü, ùî âèïðîì³íþþòüñÿ â
íåë³í³éíîìó ãåîô³çè÷íîìó ñåðåäîâèù³:

×àñòîòà f, êÃö     Àìïë³òóäà, ì–1

0,2 3,06·10–8

0,4 2,74·10–6

0,6 3,82·10–9

40 2,21·10–3

80 2,20·10–1

120 2,20·10–3

Ç íàâåäåíèõ äàíèõ âèäíî, ùî àìïë³òóäà âè-
ñîêî÷àñòîòíèõ ñêëàäîâèõ, ùî âèïðîì³íþþòüñÿ
áóëüáàøêàìè ãàçó â íåë³í³éíîìó ãåîô³çè÷íîìó
ñåðåäîâèù³, çà á³ãàðìîí³÷íî¿ âçàºìîä³¿ ç öèì ñå-
ðåäîâèùåì êîëèâàííÿ, ùî ñêëàäàºòüñÿ ç ³íòåí-
ñèâíîãî íèçüêî÷àñòîòíîãî (u0 = 2·10–3 ì) ³ ñëàá-
êîãî âèñîêî÷àñòîòíîãî êîëèâàíü (mu = 2·10–5 ì),
ð³çêî çðîñòàº â ³íòåðâàë³ 40–120 êÃö. Ïîä³áí³
ÿâèùà ìîæóòü ñïîñòåð³ãàòèñÿ çà âçàºìîä³¿ íèçü-
êî÷àñòîòíîãî ñåéñìîàêóñòè÷íîãî øóìó ç âèñî-
êî÷àñòîòíèìè êîëèâàííÿìè, âèïðîì³íþâàíèìè
ñòðóêòóðíèìè åëåìåíòàìè ãåîñåðåäîâèùà (çåð-
íà), à òàêîæ çà ³ìïóëüñíî¿ ä³¿ íà ïëàñò ð³çíèõ
ñïðÿìîâàíèõ ³ òåõíîãåííèõ äæåðåë [2]. Â³äîìî,
ùî ãåîô³çè÷íå ñåðåäîâèùå ïëàñòà º â³äêðèòîþ
òåðìîäèíàì³÷íîþ ñèñòåìîþ ³ ïåðåáóâàº ó íà-
ïðóæåíîìó ñòàí³ ï³ä ä³ºþ çîâí³øí³õ ³
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âíóòð³øí³õ ñèë; ðîçïîä³ë íàïðóæåíü çàëåæèòü
â³ä ì³ðè íåîäíîð³äíîñò³, òð³ùèíóâàòîñò³ ãåîñå-
ðåäîâèùà; çì³íà íàïðóæåíîãî ñòàíó ïîð³ä óíàñ-
ë³äîê ðîçðîáêè êîðèñíèõ êîïàëèí òà ³íøèõ ÷èí-
íèê³â çóìîâëþº ¿õ äåôîðìàö³þ, ïðèâîäèòü äî
ïåðåáóäîâè ñèñòåìè òð³ùèí, ïîÿâè íîâèõ äå-
ôåêò³â, ùî, ÿê â³äîìî, ñóïðîâîäæóºòüñÿ àêóñ-
òè÷íîþ åì³ñ³ºþ [10] (âèïðîì³íþâàííÿì âèñî-
êî÷àñòîòíèõ êîëèâàíü).

Óðàõóâàííÿ íàâåäåíèõ ÷èííèê³â ñïðèÿº
ãëèáø³é âèñîêî÷àñòîòí³é ³ìïóëüñí³é îáðîáö³ ãåî-
ô³çè÷íîãî ñåðåäîâèùà íàôòîâîãî ïëàñòà ç áóëü-
áàøêàìè ãàçó, ùî ñóïðîâîäæóºòüñÿ ïîë³ïøåííÿì
ô³ëüòðàö³¿ ôëþ¿äó ³ ï³äâèùåííÿì äåá³ò³â âèäî-
áóâíèõ ñâåðäëîâèí íà ï³çí³é ñòàä³¿ åêñïëóàòàö³¿
íàôòîâîãî ïîêëàäó.
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ÏÎÂÛØÅÍÈÅ ÄÅÁÈÒÀ ÑÊÂÀÆÈÍ ÍÀ ÏÎÇÄÍÅÉ ÑÒÀÄÈÈ ÝÊÑÏËÓÀÒÀÖÈÈ ÍÅÔÒßÍÎÉ ÇÀËÅÆÈ

Ðàçðàáîòàí ìåòîä ïîâûøåíèÿ äåáèòà ñêâàæèí íà ïîçäíåé ñòàäèè ýêñïëóàòàöèè íåôòÿíîé çàëåæè. Îáðàáîòêà
íåëèíåéíîé ãåîôèçè÷åñêîé ñðåäû ïëàñòà îñóùåñòâëÿåòñÿ èìïóëüñíûì áèãàðìîíè÷åñêèì âîçäåéñòâèåì. Ýòî
ñïîñîáñòâóåò óëó÷øåíèþ ôèëüòðàöèè ôëþèäà â íåôòÿíîì ïëàñòå ñ ïóçûðüêàìè ãàçà, ÷òî ñîïðîâîæäàåòñÿ ïî-
âûøåíèåì äåáèòà äîáûâàþùèõ ñêâàæèí.

Êëþ÷åâûå ñëîâà: áèãàðìîíè÷åñêîå âîçäåéñòâèå, äåáèò, íåôòÿíàÿ çàëåæü, íåëèíåéíàÿ  ñðåäà, ïóçûðüêè ãàçà, ñêâà-
æèíà.

V.P. Nagorniy, I.I. Denisyuk, Ya.O. Yushytsyna

THE INCREASE OF WELL PRODUCTION AT THE ADVANCED STAGE OF OIL DEPOSIT OPERATION

A method of well production growth at the advanced stage of oil deposit operation is developed. The processing of
nonlinear geophysical medium is carried out by the impulse biharmonic action. This method facilitates fluid filtration in
the oil deposit containing gas bubbles, thus increasing well production.

Keywords: biharmonic action, yield, oil deposit, nonlinear medium, bubbles, well.
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