
ÎÁÐÀÒÍÛÅ ÊÐÀÅÂÛÅ ÇÀÄÀ×È È ÈÕ ÏÐÈËÎÆÅÍÈß

Âñåðîññèéñêàÿ íàó÷íàÿ êîíôåðåíöèÿ

ÓÄÊ 532:536

ÎÏÐÅÄÅËÅÍÈÅ ÏÀÐÀÌÅÒÐÎÂ ÒÐÅÙÈÍÛ

ÃÈÄÐÀÂËÈ×ÅÑÊÎÃÎ ÐÀÇÐÛÂÀ ÏËÀÑÒÀ

ÌÅÒÎÄÎÌ ÔÈËÜÒÐÀÖÈÎÍÍÛÕ ÂÎËÍ ÄÀÂËÅÍÈß

Ï.Å. Ìîðîçîâ

Àííîòàöèÿ

Â ðàáîòå ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ ïåðåäàòî÷íîé ôóíêöèè äëÿ àíàëèçà
àìïëèòóäíî-÷àñòîòíûõ è ôàçî÷àñòîòíûõ õàðàêòåðèñòèê ñèñòåìû ¾ïëàñò�òðåùèíà ãèä-
ðîðàçðûâà¿. Èññëåäîâàíî âëèÿíèå îáúåìà ñòâîëà ñêâàæèíû, ïðîâîäèìîñòè è óïðóãîåì-
êîñòè òðåùèíû íà àìïëèòóäó äàâëåíèÿ è ñäâèã ôàç. Â ñëó÷àå âûñîêî÷àñòîòíûõ âîçìó-
ùåíèé ïðåäñòàâëåíû àñèìïòîòè÷åñêèå ôîðìóëû, êîòîðûå ìîãóò áûòü èñïîëüçîâàíû â
ìåòîäå ôèëüòðàöèîííûõ âîëí äàâëåíèÿ äëÿ îïðåäåëåíèÿ ïàðàìåòðîâ ïëàñòà è òðåùèíû.

Êëþ÷åâûå ñëîâà: ôèëüòðàöèîííûå âîëíû äàâëåíèÿ, ãèäðàâëè÷åñêèé ðàçðûâ ïëàñòà,
ïàðàìåòðû òðåùèíû, ïåðåäàòî÷íàÿ ôóíêöèÿ, àìïëèòóäíî-÷àñòîòíàÿ õàðàêòåðèñòèêà

1. Ââåäåíèå

Ìåòîä ôèëüòðàöèîííûõ âîëí äàâëåíèÿ îñíîâàí íà çîíäèðîâàíèè ìåæñêâàæèí-
íîãî ïðîñòðàíñòâà ïåðèîäè÷åñêèìè âîçìóùåíèÿìè [1,2]. Â ðåçóëüòàòå ðàáîòû ñêâà-
æèíû ñ äåáèòîì ìåíÿþùèìñÿ ïî ãàðìîíè÷åñêîìó çàêîíó â åå îêðåñòíîñòè óñòàíàâ-
ëèâàåòñÿ êâàçèñòàöèîíàðíûé ðåæèì ôèëüòðàöèè, ïðè êîòîðîì äàâëåíèå â ïðèçà-
áîéíîé çîíå èçìåíÿåòñÿ ñ òåì æå ïåðèîäîì, ÷òî è äåáèò ñêâàæèíû. Îáðàòíàÿ çàäà÷à
ñîñòîèò â îïðåäåëåíèè ôèëüòðàöèîííî-åìêîñòíûõ ïàðàìåòðîâ ïëàñòà íà îñíîâå ñî-
ïîñòàâëåíèÿ òåîðåòè÷åñêèõ è ýêñïåðèìåíòàëüíûõ çíà÷åíèé àìïëèòóä èçìåíåíèÿ
äàâëåíèÿ â ñêâàæèíå è ñäâèãîâ ôàç ïðè ðàçëè÷íûõ ÷àñòîòàõ âîçäåéñòâèÿ (îò 10−1

äî 10−5 Ãö) [2]. Â ðàáîòàõ [1�3] ïîëó÷åíû àíàëèòè÷åñêèå âûðàæåíèÿ äëÿ èíòåð-
ïðåòàöèè ðåçóëüòàòîâ èññëåäîâàíèé âåðòèêàëüíûõ ñêâàæèí ìåòîäîì ôèëüòðàöèîí-
íûõ âîëí äàâëåíèÿ â îäíîðîäíûõ, çîíàëüíî-îäíîðîäíûõ è òðåùèíîâàòî-ïîðèñòûõ
ïëàñòàõ. Â ðàáîòå [4] ïîêàçàíî, ÷òî ëîãàðèôìè÷åñêàÿ ïðîèçâîäíàÿ àìïëèòóäû äàâ-
ëåíèÿ â ÷àñòîòíîé îáëàñòè èìååò òå æå îñîáåííîñòè, ÷òî è ëîãàðèôìè÷åñêàÿ ïðî-
èçâîäíàÿ äàâëåíèÿ îò âðåìåíè, êîòîðàÿ øèðîêî ïðèìåíÿåòñÿ äëÿ èäåíòèôèêàöèÿ
ðåæèìîâ òå÷åíèÿ â ïëàñòå. Ïîýòîìó ìåòîäû èíòåðïðåòàöèè ãèäðîäèíàìè÷åñêèõ
èññëåäîâàíèé ñêâàæèí, îñíîâàííûå íà àíàëèçå ïðîèçâîäíîé äàâëåíèÿ, ìîãóò áûòü
èñïîëüçîâàíû â ìåòîäå ôèëüòðàöèîííûõ âîëí äàâëåíèÿ. Â äàííîé ðàáîòå ïîëó÷åíû
àíàëèòè÷åñêèå âûðàæåíèÿ ïåðåäàòî÷íîé ôóíêöèè è ïîñòðîåíû äèàãíîñòè÷åñêèå
ãðàôèêè àìïëèòóäíî-÷àñòîòíûõ è ôàçî÷àñòîòíûõ õàðàêòåðèñòèê äëÿ îïðåäåëåíèÿ
ïàðàìåòðîâ òðåùèíû ãèäðàâëè÷åñêîãî ðàçðûâà ïëàñòà.

2. Ïåðåäàòî÷íàÿ ôóíêöèÿ

Ïðåäïîëîæèì, ÷òî áåñêîíå÷íûé îäíîðîäíûé ïëàñò ïîñòîÿííîé òîëùèíû h
âñêðûò ñêâàæèíîé, ïåðåñå÷åííîé ñèììåòðè÷íîé âåðòèêàëüíîé òðåùèíîé. Ïëàñò
íàñûùåí ñëàáîñæèìàåìîé æèäêîñòüþ ñ âÿçêîñòüþ µ , èìååò ïðîíèöàåìîñòü k è
óïðóãîåìêîñòü β . Òðåùèíà ñ÷èòàåòñÿ íåäåôîðìèðóåìîé è èìååò ïîëóäëèíó xf ,
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ðàñêðûòèå w , ïðîíèöàåìîñòü kf . Òå÷åíèå æèäêîñòè â ïëàñòå è òðåùèíå ïîä÷èíÿ-
åòñÿ çàêîíó Äàðñè.

Ïðåäñòàâèì äåáèò ñêâàæèíû â êîìïëåêñíîé ôîðìå q(t) = Qeiωt , ãäå Q - àìïëè-

òóäà êîëåáàíèÿ äåáèòà, ω =
2π

T
- êðóãîâàÿ ÷àñòîòà, T - ïåðèîä. Äëÿ êîìïëåêñíîé

ïåðåäàòî÷íîé ôóíêöèè, êîòîðàÿ îïðåäåëÿåòñÿ êàê îòíîøåíèå àìïëèòóäû êîëåáà-
íèÿ äàâëåíèÿ ê àìïëèòóäå êîëåáàíèÿ äåáèòà, â ðàáîòå [5] ïîëó÷åíî âûðàæåíèå:

H(iω) = [up(u)]u=iω, (1)

ãäå u � ïåðåìåííàÿ ïðåîáðàçîâàíèÿ Ëàïëàñà, p(u) � èçîáðàæåíèå ïî Ëàïëàñó ôóíê-
öèè èçìåíåíèÿ äàâëåíèÿ â ñêâàæèíå, ðàáîòàþùåé ñ ïîñòîÿííûì äåáèòîì Q . Ñëåäó-
åò îòìåòèòü, ÷òî âûðàæåíèå (1) ïðèìåíèìî äëÿ ðàçëè÷íûõ êîíôèãóðàöèé ñèñòåìû
¾ïëàñò�ñêâàæèíà¿.

Èçîáðàæåíèå ïî Ëàïëàñó ôóíêöèè èçìåíåíèÿ äàâëåíèÿ â ñêâàæèíå, ïåðåñå÷åí-
íîé òðåùèíîé ãèäðàâëè÷åñêîãî ðàçðûâà ïëàñòà, íàõîäèòñÿ èç ðåøåíèÿ ñèñòåìû
èíòåãðàëüíûõ óðàâíåíèé [6]:

pd(u) =
1

2

∫ 1

−1

q(x′, u)K0(
√

u|xd − x′|)dx′ − π

Fcd

∫ xd

0

∫ x′

0

q(x′′, u)dx′′dx′ +
πxd

uFcd
, (2)

∫ 1

−1

q(x′, u)dx′ =
1

u
, (3)

ãäå pd =
2πkh(pk − p)

Qµ
, td =

kt

µβx2
f

- áåçðàçìåðíîå äàâëåíèå è âðåìÿ, Fcd =
kfw

kxf
-

áåçðàçìåðíàÿ ïðîâîäèìîñòü òðåùèíû, pk - ïëàñòîâîå äàâëåíèå, q(xd, u) - èçîáðàæå-

íèå ïî Ëàïëàñó ïðèòîêà æèäêîñòè ê òðåùèíå, xd =
x

xf
, K0(z) - ìîäèôèöèðîâàííàÿ

ôóíêöèÿ Áåññåëÿ âòîðîãî ðîäà 0-ãî ïîðÿäêà. Â ñëó÷àå kf = ∞ (Fcd = ∞) ñèñòåìà
èíòåãðàëüíûõ óðàâíåíèé (2), (3) îïèñûâàåò ïðèòîê æèäêîñòè ê òðåùèíå áåñêîíå÷-
íîé ïðîâîäèìîñòè [7].

Òàêèì îáðàçîì ïåðåäàòî÷íàÿ ôóíêöèÿ ñèñòåìû ¾ïëàñò�òðåùèíà ãèäðîðàçðû-
âà¿ îïðåäåëÿåòñÿ èç ðåøåíèÿ ñèñòåìû èíòåãðàëüíûõ óðàâíåíèé [5]

H(iωd) =
1

2

∫ 1

−1

q(x′)K0(
√
iωd|xd − x′|)dx′ − π

Fcd

∫ xd

0

∫ x′

0

q(x′′)dx′′dx′ +
πxd

Fcd
, (4)

∫ 1

−1

q(x′)dx′ = 1, (5)

ãäå ωd =
ωµβx2

f

k
- áåçðàçìåðíàÿ êðóãîâàÿ ÷àñòîòà. Äëÿ ðåøåíèÿ ñèñòåìû èíòå-

ãðàëüíûõ óðàâíåíèé (4), (5) òðåùèíà ðàçáèâàåòñÿ íà 2N ñåãìåíòîâ c ðàâíîìåð-
íûì ïðèòîêîì. Â ðåçóëüòàòå ïîëó÷àåòñÿ ñèñòåìà ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâ-
íåíèé ñ êîìïëåêñíûìè êîýôôèöèåíòàìè, êîòîðàÿ ñ ó÷åòîì ñèììåòðèè òðåùèíû
îòíîñèòåëüíî ñêâàæèíû èìååò ðàçìåðíîñòü (N + 1) × (N + 1) . Èç ðåøåíèÿ ñè-
ñòåìû àëãåáðàè÷åñêèõ óðàâíåíèé îïðåäåëÿåòñÿ áåçðàçìåðíàÿ àìïëèòóäà äàâëåíèÿ
A = |H(iωd)| è ñäâèã ôàçû φ = argH(iωd) .

Èñïîëüçóÿ àñèìïòîòè÷åñêèå âûðàæåíèÿ äëÿ ëèíåéíîãî è ïëîñêîðàäèàëüíîãî
òå÷åíèÿ æèäêîñòè ê òðåùèíå áåñêîíå÷íîé ïðîâîäèìîñòè [7,8], áûëè ïîëó÷åíû ïðè-
áëèæåííûå ôîðìóëû äëÿ áîëüøèõ è ìàëûõ ÷àñòîò [5]:

H(iωd) =
π

2
√
iωd

, (ωd ≫ 1) (6)
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H(iωd) = − ln(
√
iωd) + 2 ln 2− γ, (ωd ≪ 1) (7)

ãäå γ � êîíñòàíòà Ýéëåðà. Ñëåäóåò îòìåòèòü, ÷òî àíàëîãè÷íûå ôîðìóëû èñïîëüçó-
þòñÿ â ìåòîäå ïåðèîäè÷åñêîãî íàãðåâà äëÿ îïðåäåëåíèÿ òåïëîôèçè÷åñêèõ ñâîéñòâ
òâåðäûõ òåë è íàíåñåííûõ íà íèõ äèýëåêòðè÷åñêèõ ïëåíîê [9].

Íà îñíîâå àñèìïòîòè÷åñêîãî ðåøåíèÿ [8] äëÿ áèëèíåéíîãî ðåæèìà òå÷åíèÿ æèä-
êîñòè ê òðåùèíå êîíå÷íîé ïðîâîäèìîñòè (ëèíåéíîãî òå÷åíèÿ â òðåùèíå è ïëîñêî-
ïàðàëëåëüíîãî ïðèòîêà èç ïëàñòà) ïîëó÷åíà ôîðìóëà [5]:

H(iωd) =
π√

2Fcd
4
√
iωd

, (ωd ≫ 1) (8)

 

Ðèñ. 1. Àìïëèòóäíî-÷àñòîòíàÿ (à) è ôàçî÷àñòîòíàÿ (á) õàðàêòåðèñòèêà

Íà ðèñ. 1 ïðåäñòàâëåíû àìïëèòóäíî-÷àñòîòíûå è ôàçî÷àñòîòíûå õàðàêòåðèñòè-
êè äëÿ òðåùèíû êîíå÷íîé (Fcd = 1) è áåñêîíå÷íîé ïðîâîäèìîñòè (Fcd = ∞). Íà
ãðàôèêå ëîãàðèôìè÷åñêîé ïðîèçâîäíîé àìïëèòóäû äàâëåíèÿ îò ÷àñòîòû (ðèñ. 1,à)
ìîæíî âûäåëèòü òðè ó÷àñòêà ñ ðàçëè÷íûìè óãëàìè íàêëîíà, õàðàêòåðèçóþùèå áè-
ëèíåéíûé, ëèíåéíûé è ðàäèàëüíûé ðåæèì ïðèòîêà. Èç ôîðìóë (6) è (8) ñëåäóåò,
÷òî ñ óâåëè÷åíèåì ÷àñòîòû âîçäåéñòâèÿ ñäèã ôàç ñòðåìèòñÿ ê π/4 äëÿ òðåùèíû
áåñêîíå÷íîé ïðîâîäèìîñòè è ê π/8 äëÿ òðåùèíû êîíå÷íîé ïðîâîäèìîñòè (ðèñ. 1,á).

3. Âëèÿíèå îáúåìà ñòâîëà ñêâàæèíû

Òåîðåòè÷åñêèå è ýêñïåðèìåíòàëüíûå èññëåäîâàíèÿ ïîêàçàëè, ÷òî ïðè âûñîêî÷à-
ñòîòíûõ âîçäåéñòâèÿõ çíà÷èòåëüíîå âëèÿíèå íà àìïëèòóäó äàâëåíèÿ è ñäâèã ôàç
îêàçûâàåò ñæèìàåìîñòü ôëþèäîâ â ñòâîëå ñêâàæèíû [3, 10]. Âûðàæåíèå äëÿ ïå-
ðåäàòî÷íîé ôóíêöèè ñ ó÷åòîì âëèÿíèÿ îáúåìà ñòâîëà ñêâàæèíû èìååò âèä [5]:

H(iωd) =
iωdpd(iωd)

1− Cdω2
dpd(iωd)

, (9)

ãäå Cd =
C

2πβhx2
f

, C - êîýôôèöèåíò âëèÿíèÿ îáúåìà ñòâîëà ñêâàæèíû. Àñèìòîòè-

÷åñêàÿ ôîðìóëà äëÿ áèëèíåéíîãî ðåæèìà òå÷åíèÿ æèäêîñòè ê òåðùèíå ñ ó÷åòîì
âëèÿíèÿ îáúåìà ñòâîëà ñêâàæèíû èìååò ñëåäóþùèé âèä [5]:

H(iωd) =
π√

2Fcd
4
√
iωd + πCdiωd

, (ωd ≫ 1). (10)

Èç ôîðìóë (9) è (10) ñëåäóåò, ÷òî ñ óâåëè÷åíèåì áåçðàçìåðíîé ÷àñòîòû ωd ñäâèã
ôàç ñòðåìèòñÿ ê π/2 .
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4. Ëèíåéíûé ðåæèì òå÷åíèÿ â òðåùèíå

Ïðè ïóñêå ñêâàæèíû ñ òðåùèíîé ãèäðîðàçðûâà â ðàáîòó ñ ïîñòîÿííûì äåáèòîì
â íà÷àëüíûå ìîìåíòû âðåìåíè íàáëþäàåòñÿ ëèíåéíûé ðåæèì òå÷åíèÿ â òðåùèíå,
îáóñëîâëåííûé óïðóãîåìêîñòüþ òðåùèíû [8,11]. Ïîëóàíàëèòè÷åñêîå ðåøåíèå çàäà-
÷è íåñòàöèîíàðíîãî ïðèòîêà æèäêîñòè ê òðåùèíå ãèäðîðàçðûâà ñ ó÷åòîì óïðóãî-
åìêîñòè òðåùèíû ïðèâîäèòñÿ â ðàáîòå [11]. Íà îñíîâå ýòîãî ðåøåíèÿ è âûðàæåíèÿ
(1) äëÿ ïåðåäàòî÷íîé ôóíêöèè ïîëó÷åíà ñëåäóþùàÿ ñèñòåìà èíòåãðàëüíûõ óðàâ-
íåíèé [5]:

H(iωd) =
1

2

∫ 1

−1

q(x′)K0(
√
iωd|xd − x′|)dx′, (11)

∫ 1

−1

q(x′)

[
K0(

√
iωd|xd − x′|) + π

Fcdσ

(
cosh(σ|xd − x′|)

tanh(σ)
− sinh(σ|xd − x′|)

)]
dx′ =

=
π

Fcdσ

(
cosh(σxd)

tanh(σ)
− sinh(σ|xd|)

)
, (12)

ãäå σ =

√
iωd

ηf
, ηf =

kfβ

kβf
, βf - óïðóãîåìêîñòü òðåùèíû.

 

Ðèñ. 2. Àìïëèòóäíî-÷àñòîòíàÿ (à) è ôàçî÷àñòîòíàÿ (á) õàðàêòåðèñòèêà

Èñïîëüçóÿ àñèìïòîòè÷åñêóþ ôîðìóëó äëÿ ëèíåéíîãî è áèëèíåéíîãî ðåæèìîâ
òå÷åíèÿ [8], ïåðåäàòî÷íóþ ôóíêöèþ ïðåäñòàâèì â âèäå [5]:

H(iωd) =
π

Fcd

√
iωd

ηf
+

2
√
iωd

Fcd

, (ωd ≫ 1). (13)

Â ðàáîòå [12] âûðàæåíèå ïåðåäàòî÷íîé ôóíêöèè äëÿ ëèíåéíîãî è áèëèíåéíîãî
ðåæèìîâ òå÷åíèÿ áûëî ïîëó÷åíî â íåñêîëüêî îòëè÷íîì âèäå:

H(iωd) =
π

Fcd

(
1√

ξtanh
√
ξ

)
, (14)

ãäå ξ =
iωd

ηf
+

2
√
iωd

Fcd
.

Íà ðèñ.2 ïðåäñòàâëåíû àìïëèòóäíî-÷àñòîòíûå è ôàçî÷àñòîòíûå õàðàêòåðèñòè-
êè ñ ó÷åòîì è áåç ó÷åòà óïðóãîåìêîñòè òðåùèíû. Èç ôîðìóë (13) è (14) ñëåäóåò,
÷òî äëÿ ëèíåéíîãî ðåæèìà òå÷åíèÿ ñ ðîñòîì ÷àñòîòû ñäâèã ôàç ñòðåìèòñÿ ê π/4 .
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Summary

P.E. Morozov. Determination of hydraulic fracture parameters by �ltrational waves
method. In this study, new analytical expressions of transfer function are presented for

analyzing amplitude- and phase-frequency characteristics of fractured wells. The in�uence of
wellbore storage e�ect, fracture storage and conductivity on the pressure modulus and phase
shift is investigated. In case of high dimensionless frequencies a set of asymptotic solution is
derived. These solutions can be used to solve the inverse problems for obtaining the formation
and fracture properties.Key words: harmonic testing, fractured well, transfer function, phase

shift, pressure modulus.

Ëèòåðàòóðà

1. Ìîëîêîâè÷ Þ.Ì., Ìàðêîâ À.È., Äàâëåòøèí À.À., Êóøòàíîâà Ã.Ã. Ïüåçîìåòðèÿ

îêðåñòíîñòè ñêâàæèí. Òåîðåòè÷åñêèå îñíîâû. � Êàçàíü: ÄÀÑ, 2000. � 203 c.

2. Îâ÷èííèêîâ Ì.Í. Èíòåðïðåòàöèÿ ðåçóëüòàòîâ èññëåäîâàíèÿ ïëàñòîâ ìåòîäîì ôèëü-

òðàöèîííûõ âîëí äàâëåíèÿ. � Êàçàíü: ÇÀÎ ¾Íîâîå çíàíèå¿, 2003. � 84 c.

3. Kazi-Aoual M.N., Bonnet G., Jouanna P. Reconnaissance of saturated porous media by

harmonic analysis. I. Direct problem // Eur. J. Mech. B/Fluids. -1991. � V. 10, No 1. �

P. 51�72.

4. Hollaender F., Hammond P.S., Gringarten A.C. Harmonic testing for continuous well

and reservoir monitoring // Proceeding of the SPE Annual Technical Conference and

Exhibition, San Antonio, Texas, 29 Sept.-2 Oct. 2002.

5. Morozov P.E. Harmonic testing of hydraulically fractured wells // Proceeding of the 17th

European Symposium on Improved Oil Recovery, St. Petersburg, Russia, 16-18 April 2013.

6. Cinco-Ley H., Meng H.-Z. Pressure-transient analysis of wells with �nite-conductivity

vertical fractures in double porosity reservoirs // Proceeding of the SPE Annual Technical

Conference and Exhibition, Houston, Texas, 2-5 Oct. 1988.

7. Áàðåíáëàòò Ã.È., Åíòîâ Â.Ì., Ðûæèê Â.Ì. Òåîðèÿ íåñòàöèîíàðíîé ôèëüòðàöèè

æèäêîñòè è ãàçà. � Ì.: Íåäðà, 1972. � 288 ñ.

8. Cinco-Ley H., Samaniego V.F. Transient pressure analysis for fractured wells // Journal

of Petroleum Technology. -1981. � V. 33, No 9. � P. 1749�1766.

9. Êðàâ÷óí Ñ.Í., Äàâèòàäçå Ñ.Ò., Ìèçèíà Í.Ñ., Ñòðóêîâ Á.À. Èçìåðåíèå òåïëîâûõ

ñâîéñòâ òîíêèõ äèýëåêòðè÷åñêèõ ïëåíîê çîíäîâûì ìåòîäîì ïåðèîäè÷åñêîãî íàãðåâà.

I. Òåîðèÿ ìåòîäà // Ôèçèêà òâåðäîãî òåëà. -1997. �Ò.39, � 4. � Ñ. 762�767.

10. Ãàâðèëîâ À.Ã., Ìàðäàíøèí À.Í., Îâ÷èííèêîâ Ì.Í., Øòàíèí À.Â. Èññëåäîâàíèå

îêðåñòíîñòè ñêâàæèíû ìåòîäîì âûñîêî÷àñòîòíûõ ôèëüòðàöèîííûõ âîëí äàâëåíèÿ

// Íåôòåãàçîâîå äåëî. -2007. �No 1.� Ñ. 1�10.

11. Van Kruysdijk C.P.J.W. Semianalitical modeling of pressure transients in fractured

reservoir // Proceeding of the SPE Annual Technical Conference and Exhibition, Houston,

Texas, 2-5 Oct. 1988.

12. Hanson J.M. In-situ fracture characterization - a new approach using multi-frequency

�ow testing // Proceedings of the 24th U. S. Symposium on Rock Mechanics, College

Station, Texas, 20-23 June 1983.

Ìîðîçîâ Ïåòð Åâãåíüåâè÷ � ê.ò.í, ñ.í.ñ., ÈÌÌ ÊàçÍÖ ÐÀÍ

E-mail: morozov@mail.knc.ru


