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Ââåäåíèå. Ïî ìåðå ïîñòåïåííîãî èñ÷åðïàíèÿ 
òðàäèöèîííûõ ëåãêîèçâëåêàåìûõ ìåñòîðîæäåíèé 
óãëåâîäîðîäîâ â ìèðå è, â ÷àñòíîñòè, â Óêðàèíå, 
âñå áîëüøóþ àêòóàëüíîñòü ïðèîáðåòàåò çàäà÷à ïðî-
ãíîçèðîâàíèÿ ôèëüòðàöèîííî-åìêîñòíûõ ñâîéñòâ 
ïîðîä-êîëëåêòîðîâ, èìåþùèõ íåîäíîðîäíóþ ñòðóê-
òóðó ïóñòîò êàê ïî ðàçìåðó è ôîðìå, òàê è îðèåí-
òàöèè. Ïîäîáíóþ ñðåäó ìîæíî îïèñàòü ñ ïîìîùüþ 
ìàòðè÷íîé ìîäåëè, ñîäåðæàùåé âêëþ÷åíèÿ ýëëèï-
ñîâèäíûõ ïóñòîò ðàçíîé ôîðìû, êîòîðûå îòâå÷àþò 
çà òðåùèíîâàòóþ, ãðàíóëÿðíóþ è êàâåðíîçíóþ ñî-
ñòàâëÿþùèå ïóñòîòíîãî ïðîñòðàíñòâà [2]. Â òàêîé 
ïîñòàíîâêå çàäà÷à óñëîæíÿåòñÿ îò îïðåäåëåíèÿ 
îäíîãî èíòåãðàëüíîãî ïîêàçàòåëÿ (êîýôôèöèåíò 
ïîðèñòîñòè) ê ìàññèâó ïîêàçàòåëåé (îáúåìíûå 
êîíöåíòðàöèè ðàçíûõ êîìïîíåíò ïóñòîòíîãî ïðî-
ñòðàíñòâà, èõ ôîðìà è îðèåíòàöèÿ).

Íà ñåãîäíÿ â ïðîèçâîäñòâåííîé ãåîôèçèêå äàí-
íàÿ çàäà÷à ðåøàåòñÿ ìåòîäàìè ìèêðîêîìïüþòåðíîé 
òîìîãðàôèè (ÌÊÒ) è ÿäåðíî-ìàãíèòíîãî êàðîòàæà 
(ßÌÊ). Ýòè ìåòîäû ïîçâîëÿþò ïîëó÷èòü 3D èçî-
áðàæåíèå âíóòðåííåãî ñòðîåíèÿ ãîðíûõ ïîðîä, â 
òîì ÷èñëå ïîðîâîãî ïðîñòðàíñòâà [5, 12—14].

Íåñìîòðÿ íà òî ÷òî äàííûå ñ âûñîêèì ðàçðå-
øåíèåì ñ ïîìîùüþ ñðåäñòâ îáðàáîòêè èçîáðàæå-
íèé äåòàëüíî îòðàæàþò ñòðóêòóðó ïîðîäû, âñå æå 
ñóùåñòâóþò íåêîòîðûå îãðàíè÷åíèÿ äëÿ øèðîêî-
ãî ïðèìåíåíèÿ ðàçðàáîòàííûõ ìåòîäèê. Îäíî èç 
òàêèõ îãðàíè÷åíèé — äîðîãîâèçíà èññëåäîâàíèé, 
äðóãîå — ñëîæíîñòü ÷èñëåííûõ âû÷èñëåíèé ïðè 
3D ìîäåëèðîâàíèè, áîëüøèå âðåìåííûå çàòðàòû, 
íåîáõîäèìîñòü îãðîìíûõ âû÷èñëèòåëüíûõ ìîùíî-
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Ïðåäñòàâëåíû ðåçóëüòàòû òåîðåòè÷åñêîãî ìîäåëèðîâàíèÿ ñëîæíîïîñòðîåííûõ ïîðîä-êîëëåêòîðîâ íåôòè è 
ãàçà, â êîòîðûõ ïðè îäíèõ è òåõ æå îáúåìàõ ïóñòîòíîãî ïðîñòðàíñòâà àêóñòè÷åñêèå ñâîéñòâà çíà÷èòåëüíî 
èçìåíÿþòñÿ â çàâèñèìîñòè îò ñîîòíîøåíèÿ êîíöåíòðàöèè ðàçíûõ âèäîâ ïóñòîò è îáùåé ïîðèñòîñòè ïîðîäû. 
Ìîäåëèðîâàíèå ïðîâåäåíî â èçîòðîïíîì ïðèáëèæåíèè ñ ïîìîùüþ ìåòîäà óñëîâíûõ ìîìåíòíûõ ôóíêöèé 
àëãîðèòìàìè, ðàçðàáîòàííûìè íà êàôåäðàõ ãåîôèçèêè è ãåîèíôîðìàòèêè Êèåâñêîãî íàöèîíàëüíîãî óíèâåð-
ñèòåòà èìåíè Òàðàñà Øåâ÷åíêà è àâòîðñêîãî ïðîãðàììíîãî îáåñïå÷åíèÿ. Ïîêàçàíî ïðèíöèïèàëüíîå ñóæåíèå 
îáëàñòè ðåøåíèÿ çàäà÷è èíâåðñèè äàííûõ êàðîòàæà ïðè êîíöåíòðàöèè ïóñòîò ðàçíîãî ôîðìàòà. Ïîëó÷åííûé 
ðåçóëüòàò ïîçâîëÿåò èñïîëüçîâàòü äàííûå ãåîôèçè÷åñêèõ èññëåäîâàíèé ñêâàæèí (ìåòîäû àêóñòè÷åñêîãî êà-
ðîòàæà (ÀÊ), øèðîêîïîëîñíîãî àêóñòè÷åñêîãî êàðîòàæà (ÀÊø) è ãàììà-ãàììà ïëîòíîñòíîãî ìåòîäà (ÃÃÊï)) 
äëÿ îïðåäåëåíèÿ ñòðóêòóðû ïîðîâîãî ïðîñòðàíñòâà. Íàèáîëåå èíôîðìàòèâíà êîìáèíàöèÿ ìåòîäîâ ÀÊø è 
ÃÃÊï, òàêæå âîçìîæíî ïðèìåíåíèå ìåòîäîâ ÀÊ è ÃÃÊï ñ áîëüøåé ïîãðåøíîñòüþ.

Êëþ÷åâûå ñëîâà: ïîðèñòîñòü, ñòðóêòóðà ïîðîâîãî ïðîñòðàíñòâà, êàðîòàæ, èíâåðñèÿ.

ñòåé êîìïüþòåðîâ [9]. Äëÿ êîëè÷åñòâåííîé îöåíêè 
ïóñòîòíîãî ïðîñòðàíñòâà ãîðíûõ ïîðîä ïðèìåíÿþò 
ïðÿìûå è êîñâåííûå ìåòîäû. Ñðåäè ïðÿìûõ ìå-
òîäîâ íàèáîëåå ðàñïðîñòðàíåíû ìåòîäû ðàñòðîâîé 
ýëåêòðîííîé è îïòè÷åñêîé ìèêðîñêîïèè [7]. Èõ 
ãëàâíûé íåäîñòàòîê — èñïîëüçóþòñÿ òîëüêî äëÿ 
îãðàíè÷åííûõ ðàçìåðîâ îáðàçöîâ ãîðíûõ ïîðîä è 
ìàòåðèàëîâ, ÷òî ÷àñòî íå äàåò îáùåãî ïðåäñòàâëåíèÿ 
î ñîñòîÿíèè îáúåêòà â öåëîì [1].

Êîìïëåêñèðîâàíèå àêóñòè÷åñêèõ è ïëîòíîñòíî-
ãî ìåòîäîâ — íàèáîëåå äåøåâûé è îäíîâðåìåííî 
÷óâñòâèòåëüíûé è èíôîðìàòèâíûé ñïîñîá îïðåäå-
ëåíèÿ ñòðóêòóðû ïóñòîòíîãî ïðîñòðàíñòâà. Â ñôå-
ðå àêóñòèêè ðàçðàáîòàíî íåñêîëüêî ìåòîäîâ. Ïî 
ìíåíèþ àâòîðîâ, íàèáîëåå ïðèìåíèìûì ê çàäà÷å 
îöåíêè ñòðóêòóðíîãî ïðîñòðàíñòâà ÿâëÿåòñÿ ìåòîä, 
â îñíîâå êîòîðîãî ëåæèò äëèííîâîëíîâàÿ òåîðèÿ 
ðàññåÿíèÿ ïåðâîãî ïîðÿäêà, ÷òî ïîçâîëÿåò îöåíè-
âàòü ýôôåêòèâíûå óïðóãèå ïàðàìåòðû ñðåäû, ñîäåð-
æàùåé ðàçëè÷íûå òèïû ïîð [11]; ïðè ïîñòðîåíèè 
ìîäåëåé ïîñòåïåííî äîáàâëÿþò âêëþ÷åíèÿ ñ ðàç-
ëè÷íûìè ïàðàìåòðàìè ê ìàòðèöå [6]. Òåîðèÿ äèô-
ôåðåíöèàëüíîé ýôôåêòèâíîé ñðåäû ïðèìåíÿåòñÿ 
äëÿ îïðåäåëåíèÿ ýôôåêòèâíûõ óïðóãèõ ïàðàìåòðîâ 
ñðåäû ïî ìîäåëÿì ñòðóêòóðû ïóñòîòíîãî ïðîñòðàí-
ñòâà, ïîëó÷åííîé ïóòåì ìàòåìàòè÷åñêîé îáðàáîòêè 
2D èçîáðàæåíèé ÌÊÒ ñ äàëüíåéøèì ïðåîáðàçîâà-
íèåì â 3D èçîáðàæåíèÿ [2, 8].

Åùå îäèí ñîâðåìåííûé ìåòîä èçó÷åíèÿ âëèÿ-
íèÿ ñòðóêòóðû ïóñòîòíîãî ïðîñòðàíñòâà íà óïðóãèå 
ïàðàìåòðû ñðåäû èñïîëüçóåòñÿ ïðè àêóñòè÷åñêèõ 
èññëåäîâàíèÿõ íà èñêóññòâåííûõ îáðàçöàõ ñðåäû, 
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ïîëó÷åííîé ñ ïîìîùüþ ïå÷àòè íà 3D ïðèíòåðå [15].
Íà êàôåäðå ãåîôèçèêè Êèåâñêîãî íàöèîíàëüíî-

ãî óíèâåðñèòåòà èìåíè Òàðàñà Øåâ÷åíêî â òå÷åíèå 
ïîñëåäíèõ 35 ëåò ðàçðàáàòûâàþò ìåòîäû ìàòåìàòè-
÷åñêîãî ìîäåëèðîâàíèÿ àêóñòè÷åñêèõ õàðàêòåðèñòèê 
ñëîæíî ïî ñòðî åí íûõ ïîðîä-êîëëåêòîðîâ è ìåòîäèê 
èíâåðñèè ëàáîðàòîðíûõ äàííûõ óëüòðàçâóêîâûõ ïå-
òðîôèçè÷åñêèõ èññëåäîâàíèé è ñêâàæèííûõ èññëå-
äîâàíèé (àêóñòè÷åñêîãî êàðîòàæà (ÀÊ)) â ñòðóêòóðó 
ïóñòîòíîãî ïðîñòðàíñòâà [3].

Öåëü äàííîé ðàáîòû — èçó÷åíèå îáëàñòè ðåøå-
íèÿ çàäà÷è èíâåðñèè îáúåìíûõ ïåòðîôèçè÷åñêèõ 
ïàðàìåòðîâ ðàçëè÷íûõ ñëîæíîïîñòðîåííûõ ïîðîä-
êîëëåêòîðîâ è îïðåäåëåíèå íåîáõîäèìîãî íàáîðà 
äàííûõ äëÿ ïîñòðîåíèÿ ìåòîäèêè ïðîãíîçèðîâàíèÿ 
ñòðóêòóðû ïóñòîòíîãî ïðîñòðàíñòâà.

Àâòîðàìè ñòàòüè ïîâòîðíî ðåàëèçîâàíû ñî-
âðåìåííûìè ïðîãðàììíûìè ñðåäñòâàìè àëãîðèò-
ìû ðåøåíèÿ ïðÿìîé çàäà÷è, ðàññìîòðåííîé â ïó-
áëèêàöèÿõ [3, 4], ðàçðàáîòàí àëãîðèòì ãåíåðàöèè 
ìíîæåñòâåííûõ ìîäåëåé è ïðîâåäåíî ÷èñëåííîå 
ìîäåëèðîâàíèå íà ìàòðè÷íûõ ìîäåëÿõ â èçîòðîï-
íîì ïðèáëèæåíèè áåç ó÷åòà âëèÿíèÿ äàâëåíèÿ è 
òåìïåðàòóðû.

Òåîðèÿ. Íà ñåãîäíÿ ðàçðàáîòàí àëãîðèòì ÷èñ-
ëåííîãî ìîäåëèðîâàíèÿ óïðóãèõ ïàðàìåòðîâ è ñêî-
ðîñòåé ïðîõîæäåíèÿ îáúåìíûõ óïðóãèõ âîëí êàê â 
èçîòðîïíîì, òàê è àíèçîòðîïíûõ âàðèàíòàõ [1—4] 
äëÿ ìàòðè÷íîé ñðåäû ñ îäíîðîäíûì ðàñïðåäåëåíè-
åì ýëëèïñîâèäíûõ âêëþ÷åíèé ðàçëè÷íîé ôîðìû è 
îðèåíòàöèè. Â äàííîì èññëåäîâàíèè èñïîëüçóåò-
ñÿ òåîðèÿ äëÿ èçîòðîïíîé ìàòðè÷íîé ìîäåëè [3]. 
Íàïðÿæåííî-äåôîðìèðîâàííîå ñîñòîÿíèå ñðåäû 
äëÿ íåå îïèñàíî çàêîíîì Ãóêà äëÿ ìàëîãî îäíîðîä-
íîãî îáúåìà ñðåäû (ìèêðîòî÷êè) è ñòàòèñòè÷åñêè 
óñðåäíåíî ìåòîäîì óñëîâíûõ ìîìåíòîâ â ìàêðî-
ñêîïè÷åñêîì îáúåìå, êîòîðûé çíà÷èòåëüíî ïðåâû-
øàåò õàðàêòåðíûå ðàçìåðû ñòðóêòóðíûõ ýëåìåíòîâ 
ìîäåëè (â ñëó÷àå ïîðîäû-êîëëåêòîðà — ïóñòîò ðàç-
ëè÷íîé ôîðìû):

 (1) 1( ) (2)( ) 2
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îæèäàíèÿ òåíçîðà äåôîðìàöèé âêëþ÷åíèé è ìà-
òðèöû.

Óðàâíåíèÿ ðàâíîâåñèÿ ñòîõàñòè÷åñêîé òðå ùè-
íî âàòî-ïîðîâîé ãåîëîãè÷åñêîé ñðåäû â èíòåãðàëü-
íîé ôîðìå èìååò âèä
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ãäå Kijkl — èíòåãðàëüíûé îïåðàòîð, ÿäðî êîòîðîãî 
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ðûé çàíÿò âêëþ÷åíèåì òèïà (n, q), ò. å. âêëþ÷åíèÿ, 
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ÿòíîñòè ïåðåõîäà îò âêëþ÷åíèÿ òèïà (n, q) ê âêëþ-
÷åíèþ òèïà (i, q) èëè â ìàòðèöó; ,

1
iq nqε , 2,nqε  — 

óñëîâíûå ìàòåìàòè÷åñêèå îæèäàíèÿ âî âêëþ÷åíèÿõ, 
îðèåíòèðîâàííûõ â n-íàïðàâëåíèÿõ è èìåþùèõ 
ôîðìàò αq, è â ìàòðèöå.

Ïðåäïîëîæèâ, ÷òî ôóíêöèè Pni îïèñûâàþò ñâîé-
ñòâà âäîëü ïðîèçâîëüíûõ íàïðàâëåíèé, ðàññìîòðèì 
èõ êàê óñëîâíûå ïëîòíîñòè ïåðåõîäà íåêîòîðîãî 
ìàðêîâñêîãî ïðîöåññà. Âîñïîëüçîâàâøèñü ñâîéñòâà-
ìè íåçàâèñèìîñòè ýòîãî ïðîöåññà îò ïðåäûäóùåãî 
ñîñòîÿíèÿ, à òàêæå âûïîëíèâ óñðåäíåíèå ïî àíñàì-
áëþ âåðîÿòíûõ îòíîñèòåëüíûõ ðàçìåðîâ âêëþ÷åíèé 
n-íàïðàâëåíèÿ, ïîëó÷èì óðàâíåíèå

 (3)
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Äëÿ âû÷èñëåíèÿ òåíçîðà h ââåäåì íîâóþ ñè-
ñòåìó êîîðäèíàò yi, îñü y3 êîòîðîé ñîâïàäàåò ñ 
n-íàïðàâëåíèåì îðèåíòàöèè âêëþ÷åíèé. Òîãäà ïî-
ëó÷èì ñîñòàâëÿþùèå ïîïåðå÷íî-èçîòðîïíîãî òåí-
çîðà hq:

( )( ){ 1 1 3
1 2

4hq L L qk j= − λ + μ λ +μ +
Δ

 

( ) ( ) }2 1 1 1 22 2L L L q q qj j j′ ′⎡ ⎤+μ λ + μ + λ + μ⎣ ⎦ ;

( ) ( )1 3 1 1 2
1 2 )

2hq L L L q L q ql j j j′⎡ ⎤= λ +μ λ + μ + λ μ⎣ ⎦Δ
;

( ) ( ){ 1 3
1 2 2
4hq L L L L L qm j′= − μ + μ λ + μ λ +μ +⎡⎣

( ) } 11
23L L qj

−−
⎤+ λ + μ ⎦ ;

( ){ 2
1 1 1

1
hq L qn j′ ′= μ λ +μ −

Δ

( ) ( ) }1 1 1 3L L q L L qj j⎡ ⎤− λ +μ +μ μ + λ +μ⎣ ⎦ ;

( ) ( ) ( ){ 1 1
1 2 2 2 1
4hq L L L L L qp j⎡′= − μ + μ λ + μ λ + μ + −⎣

( ) } 11
34 L L qj

−−
⎤− λ +μ ⎦ ,

ãäå 21 qz = −α ; qα  — ôîðìàò q-é ïîðû èëè ìèêðî-
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òðåùèíû; Lλ = λ , Lμ = μ  — ïîñòîÿííûå Ëàìý 
èçîòðîïíîãî òåëà;

1 1
2 2arcsin )q qJ z z−= α , 1qα < ; 

1 1
2 2lnq q qJ z z− ⎛ ⎞= −α α −⎜ ⎟

⎝ ⎠
, 1qα > ; ( )1

1 1q qj J
z

= − ;

( )2 11q qj j= − ; ( )2 2
3 2

1 1 3
2q q q qj J

z
⎡ ⎤= + α − α⎣ ⎦ ;

( ) ( )1 1 1 12L L L qj′Δ = μ λ + μ λ +μ +μ +

( )1 1 1 3 1 1 2
23 2
3L L L q L q qj k j j⎛ ⎞′ ′ ′+ μ λ +μ λ + μ − μ +μ⎜ ⎟

⎝ ⎠
.

Ïåðåéäåì òåïåðü ê íà÷àëüíîé ñèñòåìå êîîðäè-
íàò xj è óñðåäíèì âêëþ÷åíèÿ ïî âñåì âåðîÿòíûì 
îðèåíòàöèÿì. Åñëè ìèêðîòðåùèíû è ïîðû ôîðìàòà 
αq ðàâíîìåðíî ðàçîðèåíòèðîâàíû â ïðîñòðàíñòâå, òî 
ñîñòàâëÿþùèå èçîòðîïíîãî òåíçîðà H ðàññ÷èòûâàþò 
ïî ôîðìóëàì

( ) ( )1 4 4
9H q hq hq hqK k l nα = + + ,

( ) ( )1 6 6 2
15H q hq hq hq hq hqk n m p lμ α = + + + − ,

ãäå KH, μH — ñîñòàâëÿþùèå èçîòðîïíîãî òåíçîðà H 
äëÿ ñôåðîèäàëüíûõ âêëþ÷åíèé ñ ôîðìàòîì αq ïðî-
èçâîëüíîé îðèåíòàöèè.

Òåíçîðíîå óðàâíåíèå (2) ïðåäñòàâëÿåò ñîáîé 
ñèñòåìó àëãåáðàè÷åñêèõ óðàâíåíèé îòíîñèòåëü-
íî óñëîâíûõ ìàòåìàòè÷åñêèõ îæèäàíèé òåíçîðà 
äåôîðìàöèé. Òîãäà èç ñîîòíîøåíèÿ (1) ïîëó÷èì 
ôîðìóëó äëÿ ðàñ÷åòà òåíçîðà ýôôåêòèâíûõ óïðó-
ãèõ ïîñòîÿííûõ òðåùèííî-ïîðîâîé ãåîëîãè÷åñêîé 
ñðåäû ñ ðàâíîìåðíî ðàçîðèåíòèðîâàííûìè ïîðàìè 
è ìèêðîòðåùèíàìè ðàçíîãî ôîðìàòà:

* (3) (3)
1 2C C c c C QC= + ,

ãäå ( ) 1(3) (3)
1Q I c HC QC H

−
= + .

Â ÷àñòíîñòè, äëÿ âû÷èñëåíèÿ ýôôåêòèâíîãî 
ìîäóëÿ îáúåìíîãî ñæàòèÿ K* è ñäâèãà μ* ãåîëîãè÷å-
ñêîé ñðåäû ñ äèñêðåòíûì ñïåêòðîì ðàñ ïðåäåëåíèÿ 
ìèêðîòðåùèí è ïîð ôîðìàòà αq è èõ êîíöåíòðàöèè 
c1(aq) ïîëó÷èì ôîðìóëû

( )*
1 3 1

1
1

Q

q
q

K K K c
=

⎡ ⎤
= − − α ×⎢ ⎥

⎢ ⎥⎣ ⎦
∑

 ( ) ( )
1

3 1
1

1 3
Q

q H q
q

K c K
−

=

⎡ ⎤
× + α α⎢ ⎥
⎢ ⎥⎣ ⎦

∑ ; 

( )*
1 3 1

1
1

Q

q
q

c
=

⎡ ⎤
μ = μ −μ − α ×⎢ ⎥

⎢ ⎥⎣ ⎦
∑

 ( ) ( )
1

3 1
1

1 4
Q

q H q
q

c
−

=

⎡ ⎤
× + μ α μ α⎢ ⎥
⎢ ⎥⎣ ⎦

∑ . 

Çäåñü K2 – K1– K2; μ3 – μ1 – μ2; q = 1, 2,…, Q; K1, μ1 — ìî-

äóëè îáúåìíîãî ñæàòèÿ è ñäâèãà âêëþ÷åíèé; K2, 
μ2 — ìîäóëè îáúåìíîãî ñæàòèÿ è ñäâèãà ìàòðèöû; 
Q — êîëè÷åñòâî ìèêðîòðåùèí è ïîð ôîðìàòà q.

Ðàññ÷èòàåì ñêîðîñòü ïðîõîæäåíèÿ àêóñòè÷åñêèõ 
âîëí â ìîäåëè ãåîëîãè÷åñêîé ñðåäû:

 ( )4 3pV K G= + ⋅ ρ , 

 sV G= ρ , 

ãäå Vp, Vs — ñêîðîñòü ïðîõîæäåíèÿ àêóñòè÷åñêèõ 
ïðîäîëüíûõ è ïîïåðå÷íûõ âîëí; ρ — ïëîòíîñòü ãåî-
ëîãè÷åñêîé ñðåäû [4].

Ðåøåíèå ïðÿìîé çàäà÷è è ïðèìåðû ñîïîñòàâ-
ëåíèÿ ðåçóëüòàòîâ ðàñ÷åòîâ ñ äàííûìè ëàáîðàòîð-
íûõ îïðåäåëåíèé íà îáðàçöàõ êåðíà ïðåäñòàâëåíû 
â ðàáîòàõ [3, 4].

Ðåøåíèå îáðàòíîé çàäà÷è àíàëèòè÷åñêèì ìå-
òîäîì íå íàéäåíî ââèäó ñëîæíîñòè òåîðåòè÷åñêîãî 
ðåøåíèÿ ïðÿìîé çàäà÷è. ×èñëåííîå ðåøåíèå çàäà÷è 
èíâåðñèè çàâèñèìîñòè ñêîðîñòè ïðîõîæäåíèÿ ïðî-
äîëüíîé âîëíû îò äàâëåíèÿ ìåòîäîì íàèìåíüøèõ 
êâàäðàòîâ ñ ëîêàëüíîé îïòèìèçàöèåé ïîêàçàíî â 
ðàáîòå [4]. Ê ñîæàëåíèþ, ïîäîáíàÿ îïòèìèçàöèÿ 
êðèòè÷åñêè çàâèñèìà îò ïîäáîðà ìîäåëè íà÷àëüíî-
ãî ïðèáëèæåíèÿ è â ïðàêòè÷åñêèõ ïðîèçâîäñòâåí-
íûõ çàäà÷àõ ñëàáîïðèìåíèìà ââèäó íåâîçìîæíîñòè 
îïðåäåëåíèÿ çàâèñèìîñòè îò äàâëåíèÿ íå â ëàáî-
ðàòîðíûõ óñëîâèÿõ. Èñïîëüçîâàíèå æå îäíîãî èç-
ìåðåíèÿ ñêîðîñòè ïðîõîæäåíèÿ ïðîäîëüíîé âîëíû 
äëÿ îïðåäåëåíèÿ áîëåå ÷åì îäíîãî ïîêàçàòåëÿ áóäåò 
íåîáîñíîâàííûì.

Ñîãëàñíî èññëåäîâàíèÿì, ñòðîåíèå ïîðîäû-êîë-
ëåêòîðà ìîæíî ïðåäñòàâèòü â âèäå æåñòêîé ìàò-
ðè öû, íàñûùåííîé ñïåêòðîì ïóñòîò, êîòîðûå àï-
ïðîêñèìèðóþò ñôåðîèäàìè âðàùåíèÿ ñ ðàçëè÷íû-
ìè ôîðìàòàìè α=à/ñ (а è с — ôèêñèðîâàííàÿ è 
âðàùàåìàÿ ïîëóîñè ñôåðîèäà) [4].

Óñòàíîâëåíî, ÷òî âñå ïóñòîòû â ãîðíûõ ïîðîäàõ 
ìîæíî îïèñàòü ñôåðîèäàìè ñî çíà÷åíèÿìè α îò 10–4 
äî 103. Ïðè ýòîì èçîìåòðè÷åñêèì è ñôåðîèäàëüíûì 
ïîðàì ñîîòâåòñòâóþò ïóñòîòû ñ ôîðìàòîì 100—10–1, 
ìèêðîòðåùèíàì — 10–2—10–4, êàâåðíàì — 101—103 
(òàáë. 1). Ïî äàííûì èññëåäîâàíèÿ øëèôîâ è ñíèì-
êîâ ïóñòîòíîãî ïðîñòðàíñòâà ïîä ýëåêòðîííûì è 
ïîëÿðèçàöèîííûì ìèêðîñêîïîì óñòàíîâëåíî, ÷òî 
ãåíåòè÷åñêè èçîìåòðè÷åñêèå ïóñòîòû, â îñíîâíîì, 
ñâÿçàíû ñ ìåæçåðíîâîé ïîðèñòîñòüþ; ïåðåõîäíûå — 
ñ òðåùèíàìè ìåæäó îòäåëüíûìè êðèñòàëëàìè è òðå-
ùèíàìè â öåìåíòå; ìèêðîòðåùèíàì ñîîòâåòñòâóþò 
ìåæêðèñòàëëè÷åñêèå òðåùèíû, âíóòðèêðèñòàëëè÷å-
ñêèå òðåùèíû; ïóñòîòû â âèäå èãë (α>1) ñîîòâåò-
ñòâóþò ñòèëîëèòàì è êàâåðíàì âûùåëà÷èâàíèÿ [3].

Ìåòîä. Â ïðîöåññå èññëåäîâàíèÿ èñïîëüçîâàëàñü 
àâòîðñêàÿ ïðîãðàììà äëÿ âû÷èñëåíèÿ èçîòðîïíûõ 
ýôôåêòèâíûõ óïðóãèõ ïîñòîÿííûõ, ïëîòíîñòè è 
ñêîðîñòè ïðîõîæäåíèÿ óïðóãèõ âîëí â ìàòðè÷íîé 
ìîäåëè ñ õàîòè÷åñêè ðàñïðåäåëåííûìè âêëþ÷åíèÿ-
ìè ñîãëàñíî ïðèâåäåííûì âûøå ôîðìóëàì. Â ïðî-
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ãðàììå ðåàëèçîâàíû ïðîöåäóðû ïåðåáîðà âàðèàíòîâ 
ñîîòíîøåíèÿ òèïîâ ïóñòîò [10].

Íà âõîäå àëãîðèòìà — ïàðàìåòðû, îïèñûâàþ-
ùèå óïðóãèå ñâîéñòâà ãåîëîãè÷åñêîé ìîäåëè: K1, 
G1, Ro1 — ìîäóëü ñæàòèÿ (K(ì), ÃÏà), ìîäóëü 
ñäâèãà (G(ì), ÃÏà) è ïëîòíîñòü (ρ(ì), ã/ñì3) íà-
ñûùåííûõ ïóñòîòíûõ âêëþ÷åíèé; K2, G2, Ro2 — 
ìîäóëü ñæàòèÿ (K(ô), ÃÏà), ìîäóëü ñäâèãà (G(ô), 
ÃÏà) è ïëîòíîñòü (ρ(ô), ã/ñì3) ìàòðèöû ïîðîä; For-
mat — ôîðìàò, îòíîøåíèå ìåæäó ôèêñèðîâàííîé è 
âðàùàåìîé ïîëóîñÿìè ñôåðîèäà (α, äîëè åä.); Po-
rosity — îáùàÿ ïîðèñòîñòü ïîðîäû (Êï, äîëè åä.); 
Step — øàã îïðåäåëÿþùèé êîëè÷åñòâî âàðèàöèé 
êîíöåíòðàöèé êàæäîãî îòäåëüíî âçÿòîãî ôîðìàòà 
(äîëè åä.).

Äàëåå â õîäå âûïîëíåíèÿ ïðîãðàììû îñóùåñò-
âëÿåòñÿ ïåðåáîð ñîîòíîøåíèÿ êîíöåíòðàöèé ðàçíûõ 
ôîðìàòîâ ïóñòîò ïðè îäíîì è òîì æå îáúåìå ïóñòîò-

íîãî ïðîñòðàíñòâà. Àëãîðèòì ïåðåáîðà ðàáîòàåò, êàê 
ñ÷åò÷èê ñ óêàçàííûì øàãîì. Øàã âûðàæàåòñÿ â äî-
ëÿõ åäèíèöû è ïî ôàêòó ÿâëÿåòñÿ ïðîöåíòíîé äîëåé 
îò îáùåãî îáúåìà ïóñòîò. Íà êàæäîì øàãå ïåðåáîðà 
ïîëó÷åííûå ñîîòíîøåíèÿ ôîðìàòîâ ïóñòîò ñóììè-
ðóþòñÿ è ïðîâåðÿþòñÿ íà ðàâåíñòâî îáùåìó îáúåìó 
ïóñòîò. Äëÿ êàæäîãî ïîëó÷åííîãî âàðèàíòà ñîîòíî-
øåíèé ðàçíûõ âèäîâ ïóñòîò îïðåäåëÿþòñÿ ìîäóëü 
îáúåìíîãî ñæàòèÿ K, ìîäóëü ñäâèãà G, ïëîòíîñòü ρ 
è îáúåìíûå ñêîðîñòè ïðîõîæäåíèÿ ïðîäîëüíîé è 
ïîïåðå÷íîé âîëí [10].

Ðåçóëüòàò. Íèæå ïðèâåäåíû ðåçóëüòàòû ìîäåëè-
ðîâàíèÿ àêóñòè÷åñêèõ ñâîéñòâ ìîäåëè ïåñ÷àíèêà, 
äëÿ ìàòðèöû êîòîðîé ïðèíÿòû ñëåäóþùèå çíà÷å-
íèÿ: ìîäóëü îáúåìíîãî ñæàòèÿ K(ì)=35 ÃÏà, ìîäóëü 
ñäâèãà G(ì)=22 ÃÏà, ïëîòíîñòü ρ(ì)=2,6 ã/ñì3. Ïó-
ñòîòíîå ïðîñòðàíñòâî çàïîëíåíî ôëþèäîì — âîäîé, 
ìîäóëü îáúåìíîãî ñæàòèÿ êîòîðîé K(ô)=2,1 ÃÏà, 

Òàáëèöà 1. Õàðàêòåðèñòèêà ðàçíûõ òèïîâ ïóñòîò [11]

Table 1. Voids types characteristics [11]

Òèï Ôîðìàò Ñòðóêòóðà

Êàâåðíîçíûé 101—10–3 Ñòèëîëèòû è êàâåðíû âûùåëà÷èâàíèÿ

Ïîðîâûé 100—10–1 Ìåæçåðíîâàÿ ïîðèñòîñòü

Ïåðåõîäÿùèå â òðåùèíû 10–1—10–2 Òðåùèíû ìåæäó îòäåëüíûìè êðèñòàëëàìè 
è òðåùèíû â öåìåíòå

Ìèêðîòðåùèíû 10–2—10–4 Ìåæêðèñòàëëè÷åñêèå òðåùèíû

Ðèñ. 1. Áëîê-ñõåìà àëãîðèòìà ðàñ÷åòà ïåòðîôèçè÷åñêèõ ïàðàìåòðîâ ìîäåëè ñëîæíîïîñòðîåííîãî êîëëåêòîðà

Fig. 1. Block diagram of the algorithm for calculating petrophysical parameters of the complex reservoir model
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ìîäóëü ñäâèãà G(ô)=0 ÃÏà, ïëîòíîñòü ρ(ô)=1 ã/ñì3 

(òàáë. 2), äàííûå âçÿòû èç ðàáîòû [3]. Ñ òàêèìè 
ïàðàìåòðàìè áûëî ñìîäåëèðîâàíî ïÿòü ñòåêîâ ìî-
äåëåé (Ð1—Ð5) ñ ðàçíûìè çíà÷åíèÿìè Êï: Ð1 – 0,02; 
Ð2 — 0,04; Ð3 – 0,06; Ð4 – 0,08; Ð5 – 0,1. Êàæäûé ñòåê 
ñîñòîèò èç îêîëî 10 òûñ. ìîäåëåé. Êàê çàäàíî âûøå, 
âñå ìîäåëè â ñòåêå èìåþò îäèíàêîâûå óïðóãèå ñâîé-
ñòâà è âåëè÷èíó Êï, ïóñòîòíîå ïðîñòðàíñòâî ñîñòîèò 
èç òðåõ ðàçíûõ ôîðìàòîâ: α1=10–2, α2=10–0, α3=102, 
íî ñ ðàçíîé èõ êîíöåíòðàöèåé, èíäèâèäóàëüíîé 
äëÿ êàæäîé ìîäåëè â ñòåêå. Îäíàêî â ïàðàëëåëüíîì 
ñðàâíåíèè n-ìîäåëè âñåõ ñòåêîâ èìåþò îäèíàêîâîå 
ñîîòíîøåíèå êîíöåíòðàöèé.

Ïî ïîëó÷åííûì äàííûì äëÿ âñåõ ïÿòè ñòåêîâ 
ìåòîäîì åñòåñòâåííîãî ñîñåäà â òðåóãîëüíûõ äèà-
ãðàììàõ ïîñòðîåíû êàðòû çàâèñèìîñòè Vp îò ñî-
îòíîøåíèÿ êîíöåíòðàöèé ôîðìàòîâ ïóñòîò, óêà-
çàííûõ â äîëÿõ åäèíèöû îò îáùåãî îáúåìà òåëà. 
Íà äèàãðàììàõ ÷åòêî ïðîñëåæèâàåòñÿ óìåíüøåíèå 
ïðîäîëüíîé ñêîðîñòè ïðîõîæäåíèÿ àêóñòè÷åñêèõ 
âîëí ÷åðåç ãåîëîãè÷åñêîå òåëî ïî ìåðå ïîâûøåíèÿ 
êîíöåíòðàöèè ïóñòîò-òðåùèí (ðèñ. 2). Äàííàÿ òåí-
äåíöèÿ óñèëèâàåòñÿ ïðè óâåëè÷åíèè êîýôôèöèåíòà 
ïîðèñòîñòè. Èçìåíåíèÿ ïî ëèíèè çàìåùåíèÿ êà-
âåðíîçíûõ ïóñòîò ãðàíóëÿðíûìè íàìíîãî ìåíüøå 
âëèÿþò íà ñêîðîñòü ïðîõîæäåíèÿ ïðîäîëüíûõ âîëí.

Äëÿ äàííîé ìàòðèöû è ôëþèäà (âîäà) áûëè ðàñ-
ñ÷èòàíû Vp äëÿ ðàçíûõ Êï (òàáë. 3):

( )( ) ( ) ( )( )– –ï ñê â ñêK T T T T= Δ Δ Δ Δ ;

1000000pV T= Δ =

 
( ) ( )( ) ( )( )

1 000000
–K T T T

=
⎡ ⎤Δ Δ + Δ⎣ ⎦ï â ñê ñê

. (4)

Ïðè ðàñ÷åòå áûëè ïðèíÿòû ñëåäóþùèå ïàðà-

ìåòðû: ΔT(ñê)=201 ìñ, ΔT(â)= 690 ìñ. Ïîïðàâêó çà 
ãëèíèñòîñòü íå ââîäèëè.

Äëÿ îïðåäåëåíèÿ ñóììàðíîãî êîýôôèöèåíòà ïî-
ðèñòîñòè íà ðàçëè÷íûå ïàðàìåòðû ðåçóëüòàòû ìîäå-
ëèðîâàíèÿ áûëè ïåðåêîìïîíîâàíû äëÿ ìàòðè÷íûõ 
ìîäåëåé ñ äâóìÿ êîìïîíåíòàìè ïóñòîò (ðèñ. 3, 4). Ïî 
âåðòèêàëüíîé îñè îòëîæåíà êîíöåíòðàöèÿ ìàòðè-
öû, ïî ãîðèçîíòàëüíîé — îáúåìíàÿ êîíöåíòðàöèÿ 
îäíîé èç êîìïîíåíò âêëþ÷åíèé.

Êàê âèäíî èç ðèñ. 3, 4, óãîë íàêëîíà èçîëèíèé 
ñêîðîñòè ïðîõîæäåíèÿ óïðóãèõ âîëí èçìåíÿåòñÿ 
â çíà÷èòåëüíûõ ïðåäåëàõ è ïåðåñåêàåò èçîëèíèè 
ïëîòíîñòè ïîä óãëîì, ÷òî ïîçâîëÿåò ñóçèòü ïîòåí-
öèàëüíóþ îáëàñòü ðåøåíèÿ äëÿ ïàðàìåòðîâ ïóñòîò 
ïðè ïðîâåäåíèè èíâåðñèè. Â ñëó÷àå ñêîðîñòåé ïðî-
õîæäåíèÿ ïðîäîëüíûõ è ïîïåðå÷íûõ âîëí èçîëèíèè 
ïåðåñåêàþòñÿ ïîä î÷åíü ìàëûì óãëîì, íî ïðè ýòîì 
çíà÷èòåëüíî îòëè÷àåòñÿ èõ íàêëîí äëÿ òðåùèííûõ 
è êàâåðíîçíûõ êîëëåêòîðîâ.

Ïðè ïðîâåäåíèè èíòåðïðåòàöèè äàííûõ àêóñòè-
÷åñêîãî êàðîòàæà â ñëó÷àå ïðèíÿòîé ïîãðåøíîñòè 
òî÷íîñòè äàííûõ â 2 % (èëè 100 ì/ñ) îáëàñòü ðå-
øåíèÿ áóäåò èìåòü âûòÿíóòûé âèä ñ áîëüøèì äèà-
ïàçîíîì âîçìîæíûõ çíà÷åíèé êîíöåíòðàöèè ïó ñòîò 
(ìàêñèìàëüíî — äëÿ êàâåðíîçíûõ è ãðàíóëÿðíûõ, 
ìèíèìàëüíî — äëÿ òðåùèííûõ êîëëåêòîðîâ). Èñ-
ïîëüçîâàíèå äîïîëíèòåëüíîãî ïàðàìåòðà ïëîòíî-
ñòè ïî äàííûì ãàììà-ãàììà ïëîòíîñòíîãî ìåòî-
äà (ÃÃÊï) ñ ïîãðåøíîñòüþ â 1 % (èëè 0,01 ã/ñì3)
ïîçâîëÿåò ïðåâðàòèòü îáëàñòü ðåøåíèÿ â ðîìáîâèä-
íóþ ôîðìó, ÷òî çíà÷èòåëüíî ñóæàåò îáëàñòü ðåøå-
íèé (ðèñ. 5).

Ïðè ýòîì ñêîðîñòü ïðîõîæäåíèÿ ïðîäîëüíûõ 
âîëí, îïðåäåëåííàÿ ïî ôîðìóëå Äàõíîâà (äëÿ 
Êï=15 % Vp=3769 ì/ñ) è ïðåäëîæåííûì ìåòîäîì, 
ðàçëè÷àåòñÿ: 2650 ì/ñ — â ñëó÷àå òðåùèííûõ êîëåê-

Òàáëèöà 2. Ïàðàìåòðû óïðóãèõ ñâîéñòâ ìîäåëåé ãåîëîãè÷åñêèõ òåë

Table 2. Elastic properties of geological models

Ìîäåëü Ñðåäà K, ÃÏà G, ÃÏà ρ, ã/ñì3

Ìàòðèöà Ïåñ÷àíèê 35 22 2,6

Ôëþèä Âîäà 2,1 0 1

Òàáëèöà 3. Ðàñ÷åò ñêîðîñòè ïðîõîæäåíèÿ ïðîäîëüíûõ âîëí äëÿ ðàçíûõ êîýôôèöèåíòîâ ïîðèñòîñòè ïî 
ôîðìóëå Àð÷è—Äàõíîâà äëÿ ìîäåëè ïåñ÷àíèêà

Table 3. Longitudinal wave velocity calculation for different porosity by the Archie-Donova equation 
for the model Sandstone

Êï, % 1 2 3 4 5 6 7 8 9 10

Vp, ì/ñ 4871 4771 4676 4584 4495 4410 4328 4250 4173 4100

Êï, % 11 12 13 14 15 16 17 18 19 20

Vp, ì/ñ 4029 3961 3895 3831 3769 3709 3651 3594 3540 3487
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Ðèñ. 2. Òðåóãîëüíûå äèàãðàììû çàâèñèìîñòè Vp 
îò ñîîòíîøåíèÿ êîíöåíòðàöèé ôîðìàòîâ ïóñòîò, 
äîëè åäèíèöû: à — Êï= 0,02; á — Êï= 0,04; â — 
Êï= 0,06; ã — Êï= 0,08; ä — Êï= 0,1

Fig. 2. Triangular diagrams of Vp dependence from 
pore aspect ratio concentrations: à — Êï=0,02; á — 
Êï=0,04; â — Êï=0,06; ã — Êï=0,08; ä — Êï=0,1
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Ðèñ. 3. Ðåçóëüòàò ïåðåêîìïîíîâêè äëÿ α=100 (à) è α1=102 (á); ïåðåñå÷åíèå Vp  (ãîëóáûå è ñèíèå ëèíèè) c ρ (êðàñíûå è ðîçîâûå 

ëèíèè)

Fig. 3. The result of recomposition for α=100 (à) and α1=102 (á): the intersection Vp  (blue and blue lines) and ρ (red and pink lines)

Ðèñ. 4. Ðåçóëüòàò ïåðåêîìïîíîâêè äëÿ α=10–2 (à) è α1=10–3 (á): ïåðåñå÷åíèå Vp  (ãîëóáûå è ñèíèå ëèíèè) c ρ (êðàñíûå è 
ðîçîâûå ëèíèè); Êï — ïî ôîðìóëå Äàõíîâà (òî÷êè è ÷åðíàÿ ëèíèÿ)

Fig. 4. The result of recomposition for α=10–2 (à) and α=10–3 (á): the intersection Vp  (blue and blue lines) and ρ (red and pink lines), 

ϕ by Dakhnov equation (points and black line)

òîðîâ, 4425 ì/ñ — â ñëó÷àå ãðàíóëÿðíûõ è 4375 ì/ñ 
— â ñëó÷àå êàâåðíîçíûõ êîëëåêòîðîâ.

Âûâîäû
Ïîêàçàíî ïðèíöèïèàëüíîå ñóæåíèå îáëàñòè 

ðåøåíèÿ çàäà÷è èíâåðñèè äàííûõ êàðîòàæà â êîí-
öåíòðàöèè ïóñòîò ðàçíîãî ôîðìàòà. Ïîëó÷åííûé 
ðåçóëüòàò äàåò âîçìîæíîñòü èñïîëüçîâàòü äàííûå 

ãåîôèçè÷åñêèõ èññëåäîâàíèé ñêâàæèí (ìåòîäû àêó-
ñòè÷åñêîãî êàðîòàæà (ÀÊ), øèðîêîïîëîñíîãî àêó-
ñòè÷åñêîãî êàðîòàæà (ÀÊø) è ìåòîäà ÃÃÊï) äëÿ 
îïðåäåëåíèÿ ñòðóêòóðû ïîðî âîãî ïðîñòðàíñòâà. 
Íàèáîëåå èíôîðìàòèâíà êîìáèíàöèÿ ìåòîäîâ ÀÊø 
è ÃÃÊï, òàêæå âîçìîæíî ïðèìåíåíèå ÀÊ è ÃÃÊï ñ 
áîëüøåé ïîãðåøíîñòüþ. 
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Ñðàâíåíèå îïðåäåëåíèÿ ïîðèñòîñòè ñ ìåòîäîì 
ðàñ÷åòà Àð÷è—Äàõíîâà ïîêàçûâàåò õîðîøåå ñîîò-
âåòñòâèå òîëüêî äëÿ òðåùèíîâàòûõ êîëëåêòîðîâ. 
Ïðè íàëè÷èè êàâåðíîçíîé è ãðàíóëÿðíîé ñîñòàâ-
ëÿþùèõ âîçíèêàþò çíà÷èòåëüíûå ðàñõîæäåíèÿ, 
÷òî ìîæíî îáúÿñíèòü âîçìîæíûìè îøèáêàìè ïðè 
îïðåäåëåíèè ïîðèñòîñòè ïî äàííûì êàðîòàæà.
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ÌÎÄÅËÞÂÀÍÍß ÂÏËÈÂÓ ÑÒÐÓÊÒÓÐÈ ÏÓÑÒÎÒÍÎÃÎ ÏÐÎÑÒÎÐÓ ÍÀ ÏÐÓÆÍ² ÂËÀÑÒÈÂÎÑÒ² 
ÑÊËÀÄÍÎÏÎÁÓÄÎÂÀÍÈÕ ÊÎËÅÊÒÎÐ²Â

².Â. Â³ðøèëî, Â.Â. Õàë³ìåíä³ê

Êè¿âñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Òàðàñà Øåâ÷åíêà, ÍÍ² «²íñòèòóò ãåîëîã³¿», âóë. Âàñèëüê³âñüêà, 90, 
ì. Êè¿â, 03022, Óêðà¿íà, e-mail: ivirshylo@gmail.com

Íàâåäåíî ðåçóëüòàòè äîñë³äæåííÿ ìîäåëåé ñêëàäíîïîáóäîâàíèõ ïîð³ä-êîëåêòîð³â íàôòè ³ ãàçó, â ÿêèõ çà îäíèõ 
³ òèõ ñàìèõ îáñÿã³â ïóñòîòíîãî ïðîñòîðó àêóñòè÷í³ âëàñòèâîñò³ çíà÷íî çì³íþþòüñÿ çàëåæíî â³ä ñï³ââ³äíîøåííÿ 
êîíöåíòðàö³¿ ð³çíèõ âèä³â ïóñòîò ³ çàãàëüíî¿ ïîðèñòîñò³ ïîðîäè, îòðèìàíèõ çà äîïîìîãîþ àâòîðñüêî¿ óòèë³òè 
«SDI», ÿêà ïðàöþº íà îñíîâ³ ñèñòåìíèõ ïðèíöèï³â ³ ìåòîä³â ìåõàí³êè ñòîõàñòè÷íî íåîäíîð³äíèõ ñåðåäîâèù 
³ â ÿê³é ðåàë³çîâàíî àëãîðèòì ïåðåáîðó ìîäåëåé ç ð³çíîþ êîíöåíòðàö³ºþ ôîðìàò³â ïóñòîò. Äëÿ âèçíà÷åííÿ 
ñóìàðíîãî êîåô³ö³ºíòà ïîðèñòîñò³ íà ð³çí³ ïàðàìåòðè ïðîâåäåíî ïåðåêîìïîíóâàííÿ ðåçóëüòàò³â ìîäåëþâàííÿ 
äëÿ ìàòðè÷íèõ ìîäåëåé ç äâîìà êîìïîíåíòàìè ïóñòîò. Íà âåðòèêàëüí³é îñ³ â³äêëàäåíî êîíöåíòðàö³þ ìàòðèö³, 
íà ãîðèçîíòàëüí³é — îá’ºìíó êîíöåíòðàö³þ îäí³º¿ ç êîìïîíåíò âêëþ÷åíü. Ïîêàçàíî ïðèíöèïîâå çâóæåííÿ 
îáëàñò³ ðîçâ’ÿçàííÿ çàäà÷³ ³íâåðñ³¿ äàíèõ êàðîòàæó â êîíöåíòðàö³¿ ïîðîæíèí ð³çíîãî ôîðìàòó. Îòðèìàíèé 
ðåçóëüòàò äàº çìîãó âèêîðèñòîâóâàòè äàí³ ãåîô³çè÷íèõ äîñë³äæåíü ñâåðäëîâèí (ìåòîäè àêóñòè÷íîãî êàðîòà-
æó (ÀÊ), øèðîêîñìóãîâîãî àêóñòè÷íîãî êàðîòàæó (ÀÊø) òà ãàììà-ãàììà ù³ëüí³ñíîãî ìåòîäó (ÃÃÊù)) äëÿ 
âèçíà÷åííÿ ñòðóêòóðè ïîðîâîãî ïðîñòîðó. Íàé³íôîðìàòèâí³øîþ º êîìá³íàö³ÿ ìåòîä³â ÀÊø ³ ÃÃÊù, òàêîæ 
ìîæëèâå çàñòîñóâàííÿ ÀÊ ³ ÃÃÊù ç á³ëüøîþ ïîõèáêîþ.

Êëþ÷îâ³ ñëîâà: àêóñòè÷í³ âëàñòèâîñò³, òèïè ï³ð, ñï³ââ³äíîøåííÿ ñòîð³í ïóñòîò.

MODELING THE EFFECT OF THE STRUCTURE OF THE VOID SPACE ON THE ELASTIC PROPERTIES 
OF COMPLEX RESERVOIRS

I.V. Virshylo, V.V. Khalimendik

Kyiv national University of Taras Shevchenko Institute of Geology, 90 Vasylkivska str., Kyiv, 03022, Ukraine, e-mail: 
ivirshylo@gmail.com

Purpose. The gradual exhaustion of traditional easily recoverable hydrocarbon deposits in the world and on the territory 
of Ukraine, makes the problem of predicting the filtration-capacitive properties of reservoir rocks with heterogeneous 
structure of voids, both in size and shape and orientation, more important. Such an environment can be described as 
matrix model with inclusions of ellipsoidal voids of different shapes, which are responsible for the fractured, granular 
and cavernous components of the void space. The form of such inclusions can be expressed as the format α=a/c 
(where a and c — fixed and rotating half-axis of the ellipsoid). In this formulation, the problem is complicated from 
the definition of one integral index (porosity coefficient) to an array of indicators (volume concentrations of different 
components of the void space, their shape and orientation).
The issues of this work is studding the dependence of the volume elastic parameters of various complex rocks-reservoirs 
and to determine the necessary data set for the construction of methods for predicting the structure of the void space.
Methodology. It is determined based on numerous studies, that the cheapest and at the same time sensitive and 
informative methods that allow to determine the structure of the void space are a combination of acoustic and density 
methods, which, depending on the research base, study the propagation of oscillations of different frequencies.
The paper presents the results of the study of models of complex rocks-reservoirs of oil and gas, in which the same 
volume of void space acoustic properties vary significantly depending on the aspect ratio of different types of voids 
and the total porosity of the rock, obtained using the author’s utility «SDI» working on the basis of system principles 
and methods of mechanics of stochastic heterogeneous environment and which implemented an algorithm for sorting 
models with different concentrations of void formats.
Implications. The results of modeling for matrix models with two components of voids are rearranged for determine 
the total porosity coefficient for different parameters. The concentration of the matrix is postponed along the vertical 
axis, the volume concentration of one of the components of inclusions — along the horizontal axis.
The paper shows the conceptual narrowing of the field of solving the problem of the inversion of logging data at a 
concentration of voids of different sizes. The obtained result makes it possible to use the data of geophysical studies 
of wells (acoustic logging, broadband acoustic logging and gamma-gamma density method) to determine the structure 
of the pore space. 

Keywords: Acoustic properties, different types of pores, pore aspect ratio.

References

1. Vizhva S.A, Kozhan O.M. Methods of determining the structure of the void space and their application for solving prob-
lems of Geophysics, engineering Geology. Visnyk Taras Shevchenko National University of Kyiv. Geology. 2002. Vol. 22. 
P. 134—139 [in Russian].



ISSN 1684-2189    GEOINFORMATIKA, 2019, ¹ 3 (71) 61
© È.Â. Âèðøèëî, Â.Â. Õàëèìåíäèê

2. Prodajvoda G.T., Vizhva S.A., Bezrodna ².M., Prodajvoda T.G. Geophysical methods of assessing the productivity of oil 
and gas reservoir. Kyiv: VPC «Kyiv University», 2011. [in Ukrainian].

3. Prodajvoda G.T., Vizhva S.A., V³rshilo ².V. Mathematical modeling of effective geophysical parameters. Kyiv: VPC «Kyiv 
University, 2012. P. 287 [in Ukrainian].

4. Prodajvoda G.T., Maslov B.P., Korol’ V.V. The Definition of spectrum of distribution of parameters of structure of frac-
ture-porous space of rocks by inversion data of the dependence of the velocity of elastic waves from pressure. Geophysical 
journal. 1995. Vol. 17. P. 75—80 [in Russian].

5. Al-Raoush R.I., Willson C.S. Extraction of physically realistic pore network properties from three-dimensional synchro-
tron X-ray microtomography images of unconsolidated porous media systems. Journal of hydrology, 2005. Vol. 300(1—4). 
P. 44—64. https://doi.org/10.1016/j.jhydrol.2004.05.005

6. Berryman J.G. Single-scattering approximations for coefficients in Biot’s equations of poroelasticity. The Journal of the 
Acoustical Society of America. 1992. Vol. 91(2). P. 551—571. https://doi.org/10.1121/1.402518

7. Fournier F., Pellerin M., Villeneuve Q. Et al. The equivalent pore aspect ratio as a tool for pore type prediction in carbon-
ate reservoirs. AAPG Bulletin. 2018. Vol. 102(7). P. 1343—1377. https://doi.org/10.1306/10181717058

8. Karimpouli S., Tahmasebi P. Conditional reconstruction: An alternative strategy in digital rock physics. Geophysics. 2016. 
Vol. 81(4). D465—D477. https://doi.org/10.1190/geo2015-0260.1

9. Karimpouli S., Tahmasebi P., Saenger E.H. Estimating 3D elastic moduli of rock from 2D thin-section images using dif-
ferential effective medium theory. Geophysics. 2018. Vol. 83(4), MR211-MR219. https://doi.org/10.1190/geo2017-0504.1

10. Khalimendik V., Virshylo I. Velocities of elastic waves modeling for complex reservoir rocks. In 16th International Confer-
ence on Geoinformatics-Theoretical and Applied Aspects (2017, May). https://doi.org/10.3997/2214-4609.201701859

11. Kuster G.T., Toksöz M.N. Velocity and attenuation of seismic waves in two-phase media: Part I. Theoretical formulations. 
Geophysics. 1974. Vol. 39(5). P. 587—606. https://doi.org/10.1190/1.1440450

12. Müller-Huber E., Schön J., Börner F. Pore space characterization in carbonate rocks—approach to combine nuclear 
magnetic resonance and elastic wave velocity measurements. Journal of Applied Geophysics. 2016. Vol. 127. P. 68—81. 
https://doi.org/10.1016/j.jappgeo.2016.02.011

13. Ren X.H., Stapf S., Blümich B. Magnetic resonance visualisation of flow and pore structure in packed beds with low aspect 
ratio. Chemical Engineering & Technology: Industrial Chemistry-Plant Equipment-Process Engineering-Biotechnology, 
2005. Vol. 28(2). P. 219—225. https://doi.org/10.1002/ceat.200407092

14. Schmitt M., Halisch M., Müller C., Fernandes C.P. Classification and quantification of pore shapes in sandstone reservoir 
rocks with 3-D X-ray micro-computed tomography. Solid Earth. 2016. Vol. 7(1). P. 285—300. https://doi.org/10.5194/
se-7-285-2016

15. Zerhouni O., Tarantino M.G., Danas K., Hong F. Influence of the internal geometry on the elastic properties of materi-
als using 3D printing of computer-generated random microstructures. SEG Technical Program Expanded Abstracts. 2018. 
P. 3713—3718. https://doi.org/10.1190/segam2018-2998182.1

Received  10/07/2019


