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Â³äîìî, ùî ç ìåòîþ ï³äâèùåííÿ íàôòîãàçîâ³ä-
äà÷³ ïëàñò³â çàñòîñîâóþòü àêóñòè÷í³ ìåòîäè ä³¿ [1].
Ó á³ëüøîñò³ ðîçðîáëåíèõ àêóñòè÷íèõ ìåòîä³â ä³¿
íà ïëàñò íå âðàõîâàíî íåë³í³éí³ âëàñòèâîñò³ ñåðå-
äîâèù. Íå ç’ÿñîâàíèé ïîâí³ñòþ ìåõàí³çì òàêî¿
ä³¿. Ó çâ’ÿçêó ç öèì íàóêîâèé òà ïðàêòè÷íèé ³íòå-
ðåñ ñòàíîâèòü âèâ÷åííÿ ìåõàí³çìó ïîøèðåííÿ
àêóñòè÷íèõ õâèëü ó íåë³í³éíèõ ñåðåäîâèùàõ, ÿêè-
ìè º ïëàñòè êîëåêòîðè íàôòè ³ ãàçó.

Îñíîâí³ ð³âíÿííÿ îäíîâèì³ðíîãî ïëîñêîãî
ðóõó â çì³ííèõ Ëàãðàíæà x ³ t [3] ìàþòü âèãëÿä
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äå u(x, t) – çì³ùåííÿ ÷àñòîê ñåðåäîâèùà ç³ ñâîãî
ïî÷àòêîâîãî ïîëîæåííÿ x; p, p0 – çì³ííèé òà ïî-
÷àòêîâèé òèñê â³äïîâ³äíî; ρ, ρ0 – çì³ííà òà ïî-
÷àòêîâà ãóñòèíà ñåðåäîâèùà â³äïîâ³äíî; γ – ïî-
êàçíèê àä³àáàòè Ïóàññîíà.

Ïåðøå ð³âíÿííÿ – öå óçàãàëüíåííÿ äðóãîãî çà-
êîíó Íüþòîíà äëÿ ñóö³ëüíîãî ñåðåäîâèùà. Äðóãå –
ð³âíÿííÿ íåïåðåðâíîñò³ – çàêîí çáåðåæåííÿ ìàñè
ðå÷îâèíè, ïðåäñòàâëåíèé ó äèôåðåíö³àëüí³é ôîðì³.
Òðåòº – ð³âíÿííÿ ñòàíó ó ôîðì³ àä³àáàòè Ïóàññîíà.

Äëÿ ã³ðñüêèõ ïîð³ä ð³âíÿííÿ ñòàíó ìîæíà çà-
ïèñàòè ó ôîðì³ Òåòà [4]:
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äå ð0 = 785·108 Ïà, γ = 7,55 (äëÿ âàïíÿêó);
ð0 = 8,35·107 Ïà, γ = 7,51 (äëÿ àëåâðîë³òó).
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Äëÿ ð³âíÿííÿ ñòàíó âèäó (2) îòðèìàºìî
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²ç (3) ³ (4) âèäíî, ùî ãóñòèíà ³ òèñê º ôóíê-

ö³ÿìè ëèøå îäí³º¿ çì³ííî¿ 
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. Öå îçíà÷àº, ùî

ñèñòåìà (1) ìàº ðîçâ’ÿçîê ó âèãëÿä³ ïðîñòèõ

õâèëü.
Ï³äñòàâèâøè ð³âíÿííÿ ñòàíó ç (4) â ïðàâó ÷à-

ñòèíó ïåðøîãî ð³âíÿííÿ (1), îäåðæóºìî íåë³í³éíå
ð³âíÿííÿ ²ðíøîó [5]

( )

2 2 2
2
0 γ+12 ,

1
u u xc

t u x
∂ ∂ ∂

=
∂ + ∂ ∂

              (5)

äå 2 0
0

0

γ
ρ
pc =  – êâàäðàò ð³âíîâàæíî¿ øâèäêîñò³ ïî-

øèðåííÿ çâóêó.
Ð³âíÿííÿ (5) ì³ñòèòü íåë³í³éí³ñòü çàãàëüíîãî

âèãëÿäó ³ ôîðìàëüíî ïðèäàòíå äëÿ îïèñó ñèëüíèõ
çáóðåíü. Ïðîòå ïîòð³áíî, ùîá çíàìåííèê âèðàçó

(5) íå äîð³âíþâàâ íóëþ 1u
x

∂ ≠ − ∂ 
. Ó íåë³í³éí³é

àêóñòèö³ ìàþòü ñïðàâó ç³ ñëàáêî íåë³í³éíèìè õâè-

ëÿìè, äëÿ ÿêèõ 
u
x

∂
∂

<< 1 [4].

Ââàæàþ÷è íåë³í³éí³ñòü ñëàáêîþ, ñïðîñòèìî
ð³âíÿííÿ ²ðíøîó (5), çáåð³ãøè â íüîìó ëèøå äâà
ãîëîâí³ íåë³í³éí³ ÷ëåíè.

Ñêîðèñòàºìîñÿ íàáëèæåíèì ñï³ââ³äíîøåííÿì
äëÿ çíàìåííèêà (5):
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Ï³äñòàâèâøè ðîçêëàä (6) ó ïðàâó ÷àñòèíó
ð³âíÿííÿ ²ðíøîó (5), çíàõîäèìî
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Ë³âà ÷àñòèíà (7) – öå çâè÷àéíå ë³í³éíå
õâèëüîâå ð³âíÿííÿ. Ïðàâà ÷àñòèíà ì³ñòèòü êâàä-
ðàòè÷íî-íåë³í³éíèé ³ êóá³÷íî-íåë³í³éíèé ÷ëåíè.

Â³äîìî, ùî â íåë³í³éíèõ ñåðåäîâèùàõ ïîðó-
øóºòüñÿ ïðèíöèï ñóïåðïîçèö³¿ õâèëüîâèõ çáó-
ðåíü [2]. Çàãàëîì çà äîâ³ëüíèõ ÷àñòîò ω1 ³ ω2 ñêëà-
äîâèõ ñèãíàë³â êàðòèíà ðóõó âèÿâëÿºòüñÿ äóæå
ñêëàäíîþ. Îäíàê äåÿê³ îñîáëèâîñò³ âçàºìîä³¿
õâèëü ìîæóòü áóòè äîñë³äæåí³.

Ïðèïóñòèìî, ùî íà âõîä³ íåë³í³éíîãî ñåðåäî-
âèùà (x = 0) ä³º á³ãàðìîí³÷íèé ñèãíàë:

1 1 2 2sin ω sin ωu A t A t= + ,              (8)

äå À1 ³ À2, ω1 ³ ω2 – àìïë³òóäè ³ ÷àñòîòè ñêëàäîâèõ
ñèãíàë³â â³äïîâ³äíî.

Çàäà÷à ïîëÿãàº â òîìó, ùîá, ïðîàíàë³çóâàâøè
ð³âíÿííÿ (7) ìåòîäîì ïîñë³äîâíèõ íàáëèæåíü,
âèçíà÷èòè, ÿê³ ÷àñòîòè ìîæóòü âèíèêàòè çà ïî-
øèðåííÿ á³ãàðìîí³÷íîãî ñèãíàëó (8) â íåë³í³éíî-
ìó ãåîñåðåäîâèù³.

Ââàæàþ÷è íåë³í³éí³ åôåêòè ñëàáêèìè, ó ïåð-
øîìó íàáëèæåíí³ íåõòóºìî ó ð³âíÿíí³ (7) éîãî
ïðàâîþ ÷àñòèíîþ. Ïðè öüîìó îäåðæèìî ë³í³éíå
õâèëüîâå ð³âíÿííÿ
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Ùîá çíàéòè ðîçâ’ÿçîê äðóãîãî íàáëèæåííÿ
u2(x, t), íåîáõ³äíî ï³äñòàâèòè â ïðàâó ÷àñòèíó íå-
ë³í³éíîãî ð³âíÿííÿ (7) â³äïîâ³äí³ ïîõ³äí³ ôóíê-
ö³¿ (9).
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Ï³äñòàâèâøè ñï³ââ³äíîøåííÿ (10) â ïðàâó ÷à-
ñòèíó ð³âíÿííÿ (7), ï³ñëÿ ïåðåòâîðåíü îòðèìàºìî:
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Ð³âíÿííÿ äðóãîãî íàáëèæåííÿ ç ïðàâîþ ÷àñ-
òèíîþ (11) áóäå òàêèì:
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äå F(ω, τ) – çìóøóâàëüíà ñèëà, ÿêà âèçíà÷àºòüñÿ
âèðàçîì (11).

×åðåç ãðîì³çäê³ñòü ïðîâåäåííÿ îá÷èñëþâàëüíèõ
ïðîöåäóð ðîçâ’ÿçîê íåë³í³éíîãî õâèëüîâîãî ð³âíÿí-
íÿ (12) íå íàâîäèìî. Çàçíà÷èìî ëèøå, ïðîàíàë³çó-
âàâøè ïðàâó ÷àñòèíó ð³âíÿííÿ (12), ùî â íåë³í³éíî-
ìó ñåðåäîâèù³ ï³ä ÷àñ ä³¿ íà íüîãî á³ãàðìîí³÷íèõ
õâèëü ãåíåðóþòüñÿ é ³íø³ ãàðìîí³êè ç ÷àñòîòàìè
2ω1, 2ω2 õâèëü âèõ³äíèõ ÷àñòîò, à òàêîæ çáóðåííÿ íà
ñóìàðí³é ω1 + ω2 ³ ð³çíèöåâ³é ω1 – ω2 ÷àñòîòàõ.

Ó ðîáîò³ [5] çàóâàæåíî, ùî çà âçàºìîä³¿ äâîõ
ïëîñêèõ õâèëü ç ÷àñòîòàìè ω1 ³ ω2 êîìá³íàö³éíèé
òîí, ùî â³äïîâ³äàº ð³çíèöåâ³é ÷àñòîò³ Ω = ω1 – ω2

ó íåë³í³éíîìó ñåðåäîâèù³, çàãàñàº íàáàãàòî ïî-
â³ëüí³øå ïåðâèííèõ âçàºìîä³þ÷èõ õâèëü. Öå
ìîæå çóìîâèòè ïåðåâèùåííÿ íà äåÿê³é â³äñòàí³
â³ä âèïðîì³íþâà÷à ³íòåíñèâíîñò³ êîìá³íàö³éíîãî
òîíó íàä ³íòåíñèâí³ñòþ âèõ³äíèõ õâèëü ³ç çì³ùåí-
íÿì ñïåêòðàëüíîãî ìàêñèìóìó ïðîöåñó â ä³àïàçîí
íèæ÷èõ ÷àñòîò.

ßê âèäíî ³ç ñï³ââ³äíîøåííÿ (11), çà âçàºìîä³¿
äâîõ õâèëü ç ÷àñòîòàìè ω1 ³ ω2 ãåíåðóþòüñÿ àìï-
ë³òóäíî-ìîäóëüîâàí³ ñèãíàëè âèäó

( )21 1 2 1 2cosω τ sin ω ω τu B= ⋅ − ;

( )2 2 2 1 1 2cosω τ sin ω ω τu B= ⋅ −           (13)

òà ³í. Öå ïðèâîäèòü äî ñòàíó, êîëè õâèë³
òèïó (13), ùî âèíèêàþòü, ñëàáî çàãàñàþ÷è, ïîñòó-
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ïîâî ìîæóòü ïåðåâèùèòè çà ³íòåíñèâí³ñòþ õâèë³
íîñ³éíèõ ÷àñòîò.

Îòæå, ìåòîä á³ãàðìîí³÷íî¿ ä³¿ íà íåë³í³éíå ñå-
ðåäîâèùå º îäíèì ³ç åôåêòèâíèõ ìåòîä³â ïåðåäà÷³
àêóñòè÷íî¿ åíåðã³¿ â ãåîñåðåäîâèùå ³ ïåðñïåêòèâ-
íèì äëÿ ³ìïóëüñíî¿ îáðîáêè ïëàñòà ó â³ääàëåíèõ
éîãî ÷àñòèíàõ, ùî ñïðèÿº ãëèáø³é ³ìïóëüñí³é
îáðîáö³ ïëàñòà ç ìåòîþ ï³äâèùåííÿ éîãî íàôòî-
ãàçîâ³ääà÷³.
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THE INCREASE OF GAS-OIL OUTPUT LAYERS BY MEANS OF ACOUSTIC INFLUENCE

Given in the article is a method of transport of acoustic energy in geophysical medium using biharmonic processing of gas
and oil layers. The method makes it possible to do the deeper impulse treatment of a layer for the purpose of increasing
gas-oil output.
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