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Âñòóï. Ó ïðàêòèö³ ïðîâåäåííÿ ðîá³ò ç ìåòîþ
³íòåíñèô³êàö³¿ âèäîáóòêó âóãëåâîäí³â øèðîêî çà-
ñòîñîâóþòü àêóñòè÷í³ ìåòîäè ä³¿ íà ïðîäóêòèâí³
íàôòîãàçîíîñí³ ïëàñòè [2–4, 7–9]. Â îñíîâó öèõ
ìåòîä³â ïîêëàäåíî ïðîöåñè âçàºìîä³¿ ãàðìîí³÷íèõ
õâèëü ð³çíîãî ÷àñòîòíîãî íàïîâíåííÿ ³ç ãåîñåðå-
äîâèùåì íàôòîãàçîíîñíîãî ïëàñòà òà éîãî ñòðóê-
òóðíèìè åëåìåíòàìè. Îäíèì ³ç ñòðóêòóðíèõ åëå-
ìåíò³â º ïîðè, çàïîâíåí³ ôëþ¿äîì, ãàçîì àáî ¿õ
ñóì³øøþ. Ï³ä ÷àñ ïîøèðåííÿ àêóñòè÷íî¿ õâèë³ â
ãåîñåðåäîâèù³ ç ïîðàìè âèíèêàº åôåêò ðîçñ³þ-
âàííÿ (äèôðàêö³¿) õâèëü. Äîñë³äæåííþ ðîçñ³þ-
âàííÿ àêóñòè÷íèõ õâèëü ïîðàìè ïðèñâÿ÷åí³ ðîáî-
òè [5, 6, 10]. Ïðîòå îäåðæàí³ â íèõ ðîçâ’ÿçêè º
ãðîì³çäêèìè, ³ íà ïðàêòèö³ ¿õ âèêîðèñòàòè äîñèòü
ñêëàäíî ÷åðåç òðóäîì³ñòê³ñòü ðîçðàõóíê³â.

Ïîñòàíîâêà çàäà÷³. Ðîçãëÿíåìî íîðìàëüíå ïà-
ä³ííÿ ïëîñêî¿ àêóñòè÷íî¿ õâèë³ òèñêó íà ïîðó.
Î÷åâèäíî, ùî ³íòåíñèâí³ñòü ðîçñ³ÿíîãî ïîëÿ ïî-
ðîþ çàëåæèòü â³ä ðîçì³ð³â ïîðè òà ïàðàìåòð³â ¿¿
çàïîâíþâà÷à. Ãåîñåðåäîâèùå, â ÿêîìó º ïîðè,
ïðèéìàºìî ç ïàðàìåòðàìè ρ ³ ñ (â³äïîâ³äíî ãóñòè-
íà ñåðåäîâèùà ³ øâèäê³ñòü ïîøèðåííÿ ïîçäîâæí³õ
õâèëü ó íüîìó). Â ñåðåäîâèù³ ðîçì³ùåíà ñôåðè÷-
íà ïîðà ðàä³óñîì rn = a (ðèñ. 1). Ïîðà  íàïîâíåíà
ôëþ¿äîì àáî ãàçîì ÷è ¿õ ñóì³øøþ ç ïàðàìåòðàìè
ρ1 ³ ñ1. Ðîçãëÿíåìî çàäà÷ó ïîøèðåííÿ ïëîñêî¿
àêóñòè÷íî¿ õâèë³ â ãåîñåðåäîâèù³ ç ïîðîþ. Çà íà-
ÿâíîñò³ ïîðè ç’ÿâëÿºòüñÿ ðîçñ³ÿíà õâèëÿ. Ïîâíå
ïîëå, ÿêå óòâîðåíî ñóïåðïîçèö³ºþ ïàäàþ÷î¿ ïëîñ-

êî¿ ³ ðîçñ³ÿíî¿ õâèëü, ìàº çàäîâîëüíÿòè ãðàíè÷í³
óìîâè íà ïîâåðõí³ ñôåðè÷íî¿ ïîðè.

Ðåçóëüòàòè. Çàäà÷ó ðîçâ’ÿçóºìî â ñôåðè÷íèõ
êîîðäèíàòàõ (r, θ, ψ). Íå îáìåæóþ÷è çàãàëüíîãî
ðîçâ’ÿçêó, ìîæíà ââàæàòè, ùî ïëîñêà õâèëÿ ç àì-
ïë³òóäîþ p0 ïîøèðþºòüñÿ âçäîâæ äîäàòíîãî íà-
ïðÿìêó îñ³ 0Õ. Ó òàêîìó âèïàäêó ïîëå ðîçñ³ÿíî¿
õâèë³ íå çàëåæèòü â³ä êóòà ψ, ùî äàº çìîãó âè-
çíà÷èòè àìïë³òóäó ðîçñ³ÿíîãî ïîëÿ ó âèãëÿä³ [6]
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Àìïë³òóäó òèñêó ïàäàþ÷î¿ õâèë³ çàïèøåìî ó
âèãëÿä³ [6]

( )0 exp cosθp ikr= .               (1)

Âèðàç (1) ïåðåïèøåìî òàê [6]:
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Ç ìåòîþ ³íòåíñèô³êàö³¿ âèäîáóòêó âóãëåâîäí³â çàñòîñîâóþòü àêóñòè÷í³ ìåòîäè ä³¿ íà íàôòîãàçîíîñí³ ïëàñòè.
Ñòðóêòóðíèì åëåìåíòîì ïëàñò³â º ïîðè, çàïîâíåí³ ôëþ¿äîì. Äëÿ âèÿâëåííÿ íîâèõ ìîæëèâîñòåé âïëèâó íà
ïëàñòè íàôòè ³ ãàçó äîñë³äæåíî ðîçñ³þâàííÿ àêóñòè÷íèõ õâèëü, ÿêå âèíèêàº çà âçàºìîä³¿ ïàäàþ÷î¿ õâèë³ òèñêó
ç ïîðàìè. Ðîçãëÿíóòî çàäà÷ó ïîøèðåííÿ ïëîñêî¿ àêóñòè÷íî¿ õâèë³ â ñåðåäîâèù³ ç³ ñôåðè÷íîþ ïîðîþ. Ñåðåäî-
âèùå õàðàêòåðèçóºòüñÿ ãóñòèíîþ ³ øâèäê³ñòþ ïîøèðåííÿ ïîçäîâæí³õ õâèëü. Ïîðà çàïîâíåíà ôëþ¿äîì àáî
ïîâ³òðÿì. Çà íàÿâíîñò³ ïîðè â ïðîöåñ³ âçàºìîä³¿ ïàäàþ÷î¿ õâèë³ òèñêó ³ ïîðè â ñåðåäîâèù³ âèíèêàº ðîçñ³ÿíà
õâèëÿ. Õâèëüîâå ïîëå çàäîâîëüíÿº ãðàíè÷í³ óìîâè ñïðÿæåííÿ õâèëüîâèõ ïîë³â íàâêîëî ³ âñåðåäèí³ ïîðè.
Çàäà÷ó ðîçâ’ÿçàíî ó ñôåðè÷íèõ êîîðäèíàòàõ. Ó ïðîöåñ³ ðîçâ’ÿçàííÿ çàäà÷³ âèêîðèñòàíî øèðîêî â³äîì³ ïîë³íî-
ìè Ëåæàíäðà, ñôåðè÷í³ ôóíêö³¿ Áåññåëÿ ³ ñôåðè÷í³ ôóíêö³¿ Õàíêåëÿ. ßê ïðèêëàä ñåðåäîâèùà ðîçãëÿíóòî ï³ñêî-
âèê, â ÿêîìó º ïîðè, çàïîâíåí³ ôëþ¿äîì àáî ïîâ³òðÿì. Óñòàíîâëåíî çàëåæíîñò³ íîðìîâàíî¿ àìïë³òóäè õâèëü
òèñêó íàâêîëî ñôåðè÷íèõ ïîð ð³çíèõ ðàä³óñ³â ó íàïðÿìêàõ θ = 0° ³ θ = 180°. Âèãëÿä ãðàô³ê³â ñâ³ä÷èòü ïðî
ðåçîíàíñíèé õàðàêòåð âçàºìîä³¿ ïàäàþ÷î¿ õâèë³ òà ïîðè. Ðîçñ³ÿíà õâèëÿ âèíèêàº çà óìîâè, ÿêùî ðîçì³ðè ïîðè
òà äîâæèíà ïàäàþ÷î¿ õâèë³ ñóì³ðí³. Òàê³ ïîðè ïðîÿâëÿþòü âëàñòèâîñò³ ðåçîíàíñíî¿ ä³¿. Âèÿâëåíî, ùî íàÿâí³ñòü
ðåçîíàíñíî¿ ñòðóêòóðè ó âèãëÿä³ ïîð ó ñåðåäîâèù³ ïëàñòà âïëèâàº íà ï³äâèùåííÿ àìïë³òóäè òèñêó ïàäàþ÷î¿ íà
ïîðó õâèë³ ³ ïðèâîäèòü äî ï³äâèùåííÿ ð³âíÿ àêóñòè÷íîãî ïîëÿ íàâêîëî íå¿. Îòðèìàí³ ðåçóëüòàòè ìîæóòü áóòè
âèêîðèñòàí³ â ïðîöåñ³ ðîçðîáêè íîâèõ ìåòîä³â àêóñòè÷íî¿ ä³¿ íà íàôòîãàçîíîñí³ ïëàñòè ç ìåòîþ ï³äâèùåííÿ
äåá³òó âèäîáóâíèõ ñâåðäëîâèí.

Êëþ÷îâ³ ñëîâà: àìïë³òóäà, ï³ñêîâèê, ïëàñò, ïîðà, ðîçñ³þâàííÿ, ñåðåäîâèùå, òèñê, ôëþ¿ä, õâèëÿ.
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Îòæå, ïîâíå àêóñòè÷íå ïîëå íàâêîëî ïîðè
âèçíà÷èìî ó òàêèé ñïîñ³á:
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Ó öüîìó âèïàäêó àêóñòè÷íà õâèëÿ ïðîíèêàº ³
âñåðåäèíó ñôåðè÷íî¿ ïîðè. Ïîëå âñåðåäèí³ ïîðè
çàïèøåìî ó âèãëÿä³ [6]
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Íà ïîâåðõí³ ñôåðè÷íî¿ ïîðè r = a ìàþòü âè-
êîíóâàòèñü ãðàíè÷í³ óìîâè ñïðÿæåííÿ àêóñòè÷-
íèõ ïîë³â íàâêîëî ³ âñåðåäèí³ ïîðè:
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Ï³äñòàâèâøè (2) ³ (3) ó ñèñòåìó ð³âíÿíü (4),
îòðèìàºìî ð³âíîñò³
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Ïîä³ëèâøè âèðàç (5) íà âèðàç (6), îòðèìàºìî
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²ç ñï³ââ³äíîøåííÿ (7) âèçíà÷èìî êîåô³ö³ºíòè
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Êîåô³ö³ºíòè Dn çíàõîäèìî ³ç ð³âíÿííÿ (5)

( )
( )

( ) ( )
( )

1

1 1

n n
n n

n n

j ka h ka
D C

j k a h k a
= − .             (9)

Îòæå, ðîçâ’ÿçêè (2), (3), (8) ³ (9) äàþòü çìîãó
îá÷èñëèòè àêóñòè÷íå ïîëå õâèëü òèñêó íàâêîëî ³
âñåðåäèí³ ñôåðè÷íî¿ ïîðè.

Â ðàç³ çíàõîäæåííÿ àêóñòè÷íèõ ïîë³â ïàäàþ-
÷î¿ òà ðîçñ³ÿíî¿ õâèëü âðàõîâóºìî, ùî ïîë³íîìè
Ëåæàíäðà äîð³âíþþòü [1]
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Ñôåðè÷í³ ôóíêö³¿ Áåññåëÿ òà ¿õ ïîõ³äí³ ìîæ-
íà çàïèñàòè ÷åðåç òðèãîíîìåòðè÷í³ ôóíêö³¿ [1]:
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Ñôåðè÷í³ ôóíêö³¿ Õàíêåëÿ òà ¿õ ïîõ³äí³ âè-
çíà÷èìî çà ôîðìóëàìè [1]:
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Ðèñ. 1. Ñõåìà äî ðîçðàõóíêó âçàºìîä³¿ àêóñòè÷íî¿ õâèë³ òà
ïîðè: 1 – ïîðà; 2 – ôðîíò ïëîñêî¿ õâèë³, ùî ïàäàº íà ïîðó

Fig. 1. The scheme for calculating the interaction of an acoustic
wave and the pore: 1 – the pore, 2 – the front of a plane wave
falling on the pore
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Ðîçãëÿíåìî ïðèêëàäè. Âèõ³äí³ ïàðàìåòðè, ÿê³
õàðàêòåðèçóþòü ãåîñåðåäîâèùå, ùî îòî÷óº ïîðó, ³
ñåðåäîâèùå âñåðåäèí³ ïîðè, íàâåäåíî ó òàáëèö³.

Íà ðèñ. 2–3 ïðåäñòàâëåíî ãðàô³êè íîðìîâà-

íèõ àìïë³òóä òèñêó 
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ïîëÿ (ñóïåðïîçèö³¿ ïàäàþ÷î¿ òà ðîçñ³ÿíî¿ õâèëü),
ÿêå ñòâîðþºòüñÿ â ïðîöåñ³ âçàºìîä³¿ ïàäàþ÷î¿
õâèë³ òèñêó ³ ïîð ð³çíèõ ðàä³óñ³â, çàïîâíåíèõ
ôëþ¿äîì ³ ïîâ³òðÿì.

Ãðàô³êè ³ëþñòðóþòü ðîçïîä³ë àìïë³òóä òèñêó
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ñôåðè÷íîþ ïîðîþ ðàä³óñîì rn = 4,4·10–4 ì ïðè
rn /λ = 0,876 ãåíåðóºòüñÿ àêóñòè÷íå ïîëå, íîðìî-
âàíà àìïë³òóäà ÿêîãî îïèñóºòüñÿ êðèâèìè 1
(θ = 0°) òà 2 (θ = 180°). Ö³ êðèâ³ ìàþòü ÿâíî âèðà-
æåí³ ìàêñèìóìè, ùî ñâ³ä÷èòü ïðî ðåçîíàíñíèé
õàðàêòåð âçàºìîä³¿ ïàäàþ÷î¿ õâèë³ òà ïîðè, çàïîâ-
íåíî¿ ôëþ¿äîì.

Êðèâ³ 3, 4 ðèñ. 2 ñâ³ä÷àòü, ùî ïîðà ðàä³óñîì
rn = 5,0·10–4 ì íå ðåàãóº íà ïàäàþ÷ó õâèëþ ïðè

ñï³ââ³äíîøåíí³ rn /λ = 7,41·10–3 
0

1
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= .

Íîðìîâàí³ àìïë³òóäè òèñêó 
0

p
p

 íàâêîëî ñôå-

ðè÷íî¿ ïîðè ðàä³óñîì rn = 5·10–2 ì, çàïîâíåíî¿
ïîâ³òðÿì, ïðè rn /λ = 0,796 ïîêàçàíî íà ðèñ. 3.

Âèñíîâêè. Âçàºìîä³ÿ ïàäàþ÷èõ õâèëü ç ïîðà-
ìè ð³çíèõ ðîçì³ð³â ó ãåîô³çè÷íîìó ñåðåäîâèù³
ñïðè÷èíþº ïîÿâó ðîçñ³ÿíèõ àêóñòè÷íèõ õâèëüî-
âèõ ïîë³â. Ðîçñ³ÿíà õâèëÿ âèíèêàº çà óìîâè ñó-
ì³ðíîñò³ ðîçì³ð³â ïîðè òà äîâæèíè ïàäàþ÷î¿
õâèë³. Òàê³ ïîðè ïðîÿâëÿþòü âëàñòèâîñò³ ðåçî-
íàíñíî¿ ä³¿. Âñòàíîâëåíî, ùî íàÿâí³ñòü ðåçîíàíñ-
íî¿ ñòðóêòóðè ó âèãëÿä³ ïîð ó ãåîñåðåäîâèù³ ïðè-

Âèõ³äí³ ïàðàìåòðè äî ðîçðàõóíê³â âçàºìîä³¿ àêóñòè÷íî¿ õâèë³ ç ïîðîþ
Output parameters for calculation the interaction of an acoustic wave with the pore

Ðèñ. 2. Íîðìîâàí³ àìïë³òóäè òèñêó 
0

p
p

 çàëåæíî â³ä áåç-

ðîçì³ðíî¿ â³äñòàí³ r  äëÿ ïîð, çàïîâíåíèõ ôëþ¿äîì: 1 –
θ = 0°; 2 – θ = 180°, rn = 4,4·10–4 ì, rn /λ = 0,876; 3 – θ = 0°;
4 – θ = 180°, rn = 5,0·10–4 ì, rn /λ = 7,41·10–3

Fig. 2. Normalized pressure amplitudes 
0

p
p

 in dependence of

the normalized distance r  for the pores filled with fluid: 1 –
θ = 0°; 2 – θ = 180°, rn = 4,4·10–4 m, rn /λ = 0,876; 3 – θ = 0°;
4 – θ = 180°, rn = 5,0·10–4 m, rn /λ = 7,41·10–3

Ðèñ. 3. Íîðìîâàí³ àìïë³òóäè òèñêó 
0

p
p

 çàëåæíî â³ä áåç-

ðîçì³ðíî¿ â³äñòàí³ r  äëÿ ïîðè rn = 5·10–2 ì, çàïîâíåíî¿
ïîâ³òðÿì: 1 – θ = 0°; 2 – θ = 180°

Fig. 3. Normalized pressure amplitudes 
0

p
p

 in dependence of

the normalized distance r  for the pore rn = 5·10–2 m filled with
air 1 – θ = 0°; 2 – θ = 180°

Параметри 
пісковику 

Параметри 
заповнювача пори 

пr , м ω, кГц 

Довжина 
падаючої 
хвилі 
λ, м 

Хвильові числа 
Відношен-
ня λпr  ρ, 

кг/м3 
с, 
м/с 

Запов-
нювач 

ρ1, 
кг/м3 с1, м/с 

ωk
c

=  1
1

ωk
c

=  

2400 3600 Флюїд 900 1237,5 4,4 · 10−4 45 · 103 5,02 · 10−4 12502,5 363,63 0,876 

2400 3600 ˮ 900 1200,0 5 · 10−4 0,4 · 103 6,75 · 10−2 100,0 300,0 7,41 · 10−3 
2400 3300 Повітря 1,3 330,0 5 · 10−2 0,3 · 103 6,28 · 10−2 100,0 103 0,796 
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âîäèòü äî ï³äâèùåííÿ ð³âíÿ àêóñòè÷íîãî ïîëÿ.
Îòðèìàí³ ðåçóëüòàòè ìîæóòü áóòè âèêîðèñòàí³ â
ïðîöåñ³ ðîçðîáêè ïåðñïåêòèâíèõ ìåòîä³â àêóñòè÷-
íî¿ ä³¿ íà íàôòîãàçîíîñí³ ïëàñòè ç ìåòîþ ï³äâè-
ùåííÿ äåá³òó âèäîáóâíèõ ñâåðäëîâèí.
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ÐÀÑÑÅÈÂÀÍÈÅ ÀÊÓÑÒÈ×ÅÑÊÎÉ ÂÎËÍÛ ÏÎÐÎÉ

Â.Ï. Íàãîðíûé, È.È. Äåíèñþê

Èíñòèòóò ãåîôèçèêè èì. Ñ.È. Ñóááîòèíà ÍÀÍ Óêðàèíû, óë. Á. Õìåëüíèöêîãî, 63Ã, Êèåâ 01054, Óêðàèíà,
e-mail: vgv_nagornyi@ukr.net

Ñ öåëüþ èíòåíñèôèêàöèè äîáû÷è óãëåâîäîðîäîâ ïðèìåíÿþò àêóñòè÷åñêèå ìåòîäû âîçäåéñòâèÿ íà íåôòåãàçî-
íîñíûå ïëàñòû. Ñòðóêòóðíûì ýëåìåíòîì ïëàñòîâ ÿâëÿþòñÿ ïîðû, çàïîëíåííûå ôëþèäîì. Äëÿ âûÿâëåíèÿ íî-
âûõ âîçìîæíîñòåé âîçäåéñòâèÿ íà ïëàñòû íåôòè è ãàçà èññëåäîâàíî ðàññåèâàíèå àêóñòè÷åñêèõ âîëí, âîçíèêà-
þùåå â ïðîöåññå âçàèìîäåéñòâèÿ ïàäàþùåé âîëíû äàâëåíèÿ ñ ïîðàìè. Ðàññìîòðåíà çàäà÷à ðàñïðîñòðàíåíèÿ
ïëîñêîé àêóñòè÷åñêîé âîëíû â ñðåäå ñî ñôåðè÷åñêîé ïîðîé. Ñðåäà õàðàêòåðèçóåòñÿ ïëîòíîñòüþ è ñêîðîñòüþ
ðàñïðîñòðàíåíèÿ ïðîäîëüíûõ âîëí. Ïîðà çàïîëíåíà ôëþèäîì èëè âîçäóõîì. Ïðè íàëè÷èè ïîðû â ïðîöåññå
âçàèìîäåéñòâèÿ ïàäàþùåé âîëíû äàâëåíèÿ è ïîðû â ñðåäå âîçíèêàåò ðàññåÿííàÿ âîëíà. Âîëíîâîå ïîëå óäîâ-
ëåòâîðÿåò ãðàíè÷íûì óñëîâèÿì ñîïðÿæåíèÿ âîëíîâûõ ïîëåé âîêðóã è âíóòðè ïîðû. Çàäà÷à ðåøåíà â ñôåðè÷å-
ñêèõ êîîðäèíàòàõ. Â ïðîöåññå ðåøåíèÿ çàäà÷è èñïîëüçîâàíû øèðîêî èçâåñòíûå ïîëèíîìû Ëåæàíäðà, ñôåðè-
÷åñêèå ôóíêöèè Áåññåëÿ è ñôåðè÷åñêèå ôóíêöèè Õàíêåëÿ. Â êà÷åñòâå ïðèìåðà ñðåäû ðàññìîòðåí ïåñ÷àíèê, â
êîòîðîì åñòü ïîðû, çàïîëíåííûå ôëþèäîì èëè âîçäóõîì. Óñòàíîâëåíû çàâèñèìîñòè íîðìèðîâàííîé àìïëèòó-
äû âîëí äàâëåíèÿ âîêðóã ñôåðè÷åñêèõ ïîð ðàçëè÷íûõ ðàäèóñîâ â íàïðàâëåíèÿõ (θ = 0°) è (θ = 180°). Âèä
ãðàôèêîâ ñâèäåòåëüñòâóåò î ðåçîíàíñíîì õàðàêòåðå âçàèìîäåéñòâèÿ ïàäàþùåé âîëíû è ïîðû. Ðàññåÿííàÿ âîëíà
âîçíèêàåò ïðè óñëîâèè, êîãäà ðàçìåðû ïîðû è äëèíà ïàäàþùåé âîëíû ñîèçìåðèìû. Òàêèå ïîðû ïðîÿâëÿþò
ñâîéñòâà ðåçîíàíñíîãî äåéñòâèÿ. Óñòàíîâëåíî, ÷òî íàëè÷èå ðåçîíàíñíîé ñòðóêòóðû â âèäå ïîð â ñðåäå ïëàñòà
âëèÿåò íà ïîâûøåíèå àìïëèòóäû äàâëåíèÿ ïàäàþùåé íà ïîðó âîëíû è ïðèâîäèò ê ïîâûøåíèþ óðîâíÿ àêóñ-
òè÷åñêîãî ïîëÿ âîêðóã íåå. Ïîëó÷åííûå ðåçóëüòàòû ìîãóò áûòü èñïîëüçîâàíû ïðè ðàçðàáîòêå íîâûõ ìåòîäîâ
àêóñòè÷åñêîãî âîçäåéñòâèÿ íà íåôòåãàçîíîñíûå ïëàñòû ñ öåëüþ ïîâûøåíèÿ äåáèòà äîáûâàþùèõ ñêâàæèí.

Êëþ÷åâûå ñëîâà: àìïëèòóäà, âîëíà, äàâëåíèå, ïåñ÷àíèê, ïëàñò, ïîðà, ðàññåèâàíèå, ñðåäà, ôëþèä.

DISPERSION OF ACOUSTIC WAVE BY PORES

V.P. Nagorniy, I.I. Denisyuk

Institute of Geophysics, NAS of Ukraine, 63G B. Khmelnytsky Str., Kyiv 01054, Ukraine, e-mail: vgv_nagornyi@ukr.net

Purpose. In order to intensify hydrocarbons recovery acoustic methods are used to impact oil and gas layers. Structural
elements of the layers are pores filled with fluid. The purpose of the study is to reveal new possibilities to impact oil and
gas layers by analyzing dispersion of acoustic waves, which appears during interaction of an incident pressure wave with
pores.
Design/methodology/approach. We considered a flat acoustic wave propagation problem in a medium with spherical pore.
A medium is characterized by density and velocity of longitudinal waves. A pore is filled with fluid or air. In the presence

Ê., 2009. – 26 ñ. (Ïðåïðèíò / ÍÀÍ Óêðà¿íè; ²íñòèòóò
ãåîô³çèêè ³ì. Ñ.². Ñóááîò³íà. Â³ää³ëåííÿ ãåîäèíàì³êè
âèáóõó).

6. Ãð³í÷åíêî Â.Ò. Îñíîâè àêóñòèêè / Â.Ò. Ãð³í÷åíêî,
².Â. Âîâê, Â.Ò. Ìàöàïóðà. – Ê.: Íàóê. äóìêà, 2007. –
640 ñ.

7. Íàãîðíèé Â.Ï. ²ìïóëüñíî-õâèëüîâå îáðîáëåííÿ íàôòî-
ãàçîíîñíèõ ïëàñò³â / Â.Ï. Íàãîðíèé, ².². Äåíèñþê. –
Ê.: ²íòåðñåðâ³ñ, 2015. – 199 ñ.

8. Îðåíòëèõåðìàí Ý. Òåõíîëîãèÿ àêóñòè÷åñêîé ðåàáèëè-
òàöèè ñêâàæèí è ïëàñòîâ äëÿ ðåøåíèÿ çàäà÷ ïîâûøå-
íèÿ íåôòåîòäà÷è / Ý. Îðåíòëèõåðìàí, Ä. Âîðîíèí,
À. Èñõàêîâ è äð. // Íåôòü è ãàç. – 2002. – ¹ 5. –
Ñ. 51–55.

9. Ñâàëîâ À.Ì. Î ìåõàíèçìå âîëíîâîãî âîçäåéñòâèÿ íà
ïðîäóêòèâíûå ïëàñòû / À.Ì. Ñâàëîâ // Íåôòÿíîå õî-
çÿéñòâî. – 1996. – ¹ 7. – Ñ. 27–29.

10. Ñèâóõèí Ä.Â. Äèôðàêöèÿ ïëîñêîé çâóêîâîé âîëíû íà
ñôåðè÷åñêîé ïîëîñòè / Ä.Â. Ñèâóõèí // Àêóñòè÷åñêèé
æóðíàë. – 1955. – Ò. 1, ¹ 1. – Ñ. 78–88.

Íàä³éøëà äî ðåäàêö³¿ 19.01.2016 ð.



5ISSN 1684-2189    ÃÅÎ²ÍÔÎÐÌÀÒÈÊÀ, 2016, ¹ 2 (58)

© Â.Ï. Íàãîðíèé,  ².². Äåíèñþê

of pore during interaction of an incident pressure wave with pore, a dispersed wave appears in the medium. The wave field
satisfies the boundary conditions of the wave field conjugation around and inside the pore. The problem has been solved in
spherical coordinates. During the process of finding the solution of the problem we used the well-known Legendre
polynomials, spherical Bessel functions, and spherical Hankel functions.
Findings. Sandstone was taken as an example of a medium with pores filled with fluid or air. We have discovered
dependences of normalized amplitude of pressure waves around spherical pores of different radii in the directions of θ = 0°
and θ = 180°. The character of the graphs indicates the resonance nature of an interaction of incident wave and pore. A
dispersed wave appears when the size of a pore and the wavelength of an incident wave are commeasurable. Such pores
display the properties of a resonance action.
Practical value/implications. It has been found that the presence of a resonance structure as pores in the medium of a
layer increases the amplitude of pressure of an incident wave and raises the pressure amplitude of a pore incident wave,
which results in the rise of the acoustic field level around it. The results obtained may be used in the process of developing
new methods of acoustic action on oil and gas layers in order to yield gas growth in producing wells.

Keywords: amplitude, dissipation, fluid, geophysical medium, layer, pore, pressure, sandstone, wave.
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