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CIIEKTPAJIbHI XAPAKTEPUCTUKHU XBWJIb,
3BYIXKEHUX ®PA3OBO-MOAYJIBbOBAHUM AKYCTUYHUM CUTHAJIOM
Y HEJITHIMHOMY TEO®I3MYHOMY CEPEJIOBUIIII
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JocixKeHO YacTOTH Ta aMILUTITYIU KOJIMBaHb, 1110 TeHEPYIOThCS HEeJliHIMHUM reohi3sMYHUM cepeoBULIEM Y TTPOLeCi
00poOKH ioro $hazoBO-MOMYJIbOBAHUM aKyCTUUYHUM CUTHAJIOM. Pe3ynbTaTu JoCiIKeHb MOXYTh OyTH BUKOPUCTaHI
i yac aKyCTUYHOI 00p0oOKY HaPTOBMICHUX MOPiJ 3 METOIO 301IbIIIEHHS N1€0ITY BULOOYBHUX CBEPAJIOBUH.

KumiouoBi ciioBa: amrutiTyna, reogizuuHe cepeoBUILe, HeJIiHIHHICTb, CIIEKTP, YacTOTAa.

Beryn. MexaHizMu ¢i3uko-XiMidHMX TIPOIIECiB,
110 BimOYyBalOThCS 3a aKyCTMYHOI Jil Ha IUIACT i IUIa-
cTOBUI (hIr0in, MOCUTH TOBHO BUKIIAAECHI B IOCHi-
IKeHHSX [3—5, 7]. ¥ mmx poboTax BiZ3HAYaETHCS
¢axr iHTeHcHikamii TpUIIMBIB Mg Yac oOpoOKM
TaKWX CUCTEM aKyCTUYHOIO Hi€l0.

IIMpoKUiA CIEKTp YaCTOT aKyCTUYHOI IMITYJIbC-
HOI il Ja€e MOXJIMBICTHL BIUIMBAaTH Ha BCi abo
OUIBIIICTD CTPYKTYPHUX €JIEMEHTIB CUCTEMU IUIACT —
TUIACTOBUI (IO 3 JOCTaTHROIO eheKTUBHICTIO. Be-
JIMKE 3HAYeHHS 3 TOYKM 30py e(heKTHUBHOI Hii Ha
TUTACT MOPS 3 YACTOTHUM CITIEKTPOM aKyCTUYHUX KO-
JIMBaHb MAa€ TAKOX IX JOCTATHS MOTYXXHIiCTb.

3 MeTOI0 PO3IIMPEHHS CIIEKTPAJIbHUX XapaKTepu-
CTUK aKyCTUYHOTO BIUIMBY Ha reodi3nyHe cepeaoBu-
11I€ 3aCTOCOBYIOTh Pi3Hi TEXHOJIOTIYHI METOAM, TaKi K
OirapMOHiYHA Hisl aKyCTUMHUMM XBUJISIMU [9], amIi-
TYIHO- i YaCTOTHO-MOYJIbOBaHI aKyCTUYHi 30ypEeHHS
[1] Ta in. ITpoTe TeopeTMYHOMY OOTPYHTYBaHHIO 3a-
3HAYECHUX METO/iB MPUIIJIEHO HEAOCTATHHO YBarHu.

ITocTanoBka 3agadi. JlocigKeHHS CEeKTpaJIbHUX
XapakKTepUCTUK (Pa3oBO-MOIYIbOBAHUX aKyCTUIHUX
XBUJIb 3a iX Mii Ha HeliHiiiHe reodiznyHe ceperoBu-
11I€ TPOBEIEHO Ha OCHOBI HEOJHOPiITHOTO XBUJIBOBO-
ro piBHSIHHS [9]

Fu 10w
ox* o

oud*u 1

ouY 0u M
=(Y+1)§§—5(Y+1)(Y+2)[6 j PR

ne u(x, ) — 3MILIEHHS YacTOYOK CEePEeIOBMINA; ¢ —
LIBUAKICTh MOILUMPEHHS 3BYKOBUX XBUJIb Y CEpENO-
BMIL; y — MOKa3HUK aniabatu IlyaccoHa.

Ha Bxomi HemiHifiHOTO Teocepemopuma (x = 0)
Ji€ aKyCTUYHUI (Ha30BO-MOMYJIbOBAHUI CHUTHAJ
Buny [2]:

Ugy (1) =u, cos(wyt +msinQt) (2)
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€ u, — MOYaTKOBa aMILIiTyaa (a3oBO-MOIYIbOBAHO-

r0 CUrHamy, o, — HOCIiifHa 4yacToTa;  — 4YacTora

¢a3oBoi MOIyJIALi; m — TapaMeTp MOMYJISIILi.
AKyCTUYHY nito (2) TIpeacTaBuMoO y BUTJISII

Ugpym (t ) = 3)
=u, | cosw,t - cos (msin Q) —sin o, - sin (msin Q) |.
3agaya mossirae B TOMY, 1100, TTpoaHati3yBaBIIn
HeJiHiliHe piBHSAHHS (1) METOOOM MOCIiTOBHUX Ha-
OJVKeHb, BU3HAYMTH, SIKi YaCTOTU MOXYTb BUHHMKA-
TH B pasi MommpeHHs! (ha30BO-MOIYIbOBAHOTO CUTHA-
1y (3) B reoizsMIHOMY CepEeHOBUINI 3 KBaAPATUIHOIO
i KyOiYHOIO HEJiHIHHOCTSIMU.
Y Bupasi (3) dbyHkiii cos(m sin Qf) i sin(m sin Qf)
poskinamemo B psaau Dyp’e 3a dpyHkuismu beccens
I pony n-ro nopsaky [6]

cos(msinQr) = )cos2nQt;

)+ 22 L,(m

n=l1

sin(msinQr) = 2230:[2”4 (m)sin(2n-1)Qt,  (4)

n=l1

o3 (s

['(n+ k+ 1) — ramma-dyHKITiS.

[TincraBuBIM Bupasu (4) y criBBigHOIIEHHS (3),
ITCIsT HECKJIAMHUX TPUTOHOMETPUIHMX TIEPETBOPEHD
OIepXMMO PO3B’s130K piBHSIHHS (1) B mepiroMmy Ha-
OJIVKEHHI:

Ugy (1) =1, {cos o, [

ac

)+ 22 L, (m

n=1

cos 2thJ

—sinoyf- 22:[2

n=1

n-1

)sin(2n— I)Qt}
®)

0

=u, 1, (m)cos(w, +nQ)t.

n=-—0n
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3ayBaxkmumMo, mo y Bupasi (5) BpaxoBaHO
cniBBimHOIEHHs 1151 ¢yHKLUIM Beccens [6]

L,(m)=(=1)"1,(m).

Tomy mouyatkoBi ¢ha3y GOKOBUX KOJMBaHb 3 Yac-
TOTaMH o, t nQ Ta o, — nQ 306iraloTbCd, KOIM N —
MmapHe 4Mcio, i BimpisHsooTbesa Ha 180°, komm n —
HeIapHe.

I3 Bupasy (5) BUAHO, MO CIEKTp (Ha30BO-MOIY-
JIbOBAHOTO cuTHajay (2) B 3arajJbHOMY BUMAIKY
MICTUTh HECKiHYEHHE YMCJO CKJIaAOBUX, YAaCTOTH
AKUX TOPIBHIOIOTh o) £ #Q), a aMIITYINW LUX CKIa-
JOBMX MPONOPLIiNHI 3HaUeHHAM [ (m).

PesyabraTn. BBaxaiouu HeJliHiliHI edekTu cnad-
KMMM, Y IEPIIOMY HAOIMKEHHI HEXTYEMO B PiBHSIHHI
(1) mpaBoro dYactwmHOIO. [Ipm LBLOMY OIEpPKYEMO
JIiHiiHE XBUJIbOBE PiBHSHHS

1 0y,

2
O0u,

ot & o

]

pO3B’H3OK AKOIO Ma€ BUTIJIAL

0

> 1,(m)cos(w, +nQ)t,

n=—ow

u((bl?v' (x,t) =u,

ne t=1t—x/c.
o 2
o6 3HaliTH npyre HaOIVKEHHS ufm)A (x,t) po3s-
B’s13Ky piBHsIHHS (1), B 1OTO TIpaBy YacTWHY CIIi[I
MiICTaBUTH TTOXiAHI (DYHKIIII:

1) ©

agﬂ =, Z I (m)[_wj(—sin((oo +nQ)t);
X P— C

azu(l) > o, +nQ2 :

i, 31, () -2 (cos(, #1250

X o ¢

[Guﬂ} u; Z[ (030+an sinz((oo+nQ)t.

n=-om c

[ligcraBMBIIM CITiBBiAHOILUEHHS (6) B MpaBy 4Yac-
TUHY piBHSHHSA (1), 3HAXOAMMO
3
( ®, +nQ
m)| L2
c

xsin (@, +nQ)t-cos (o, +nQ) T+
y+1)(y+2 k2 o, +nQ
+—( 2( u, Z I; [ 0 . j X

xsin’ (@, +nQ)t-cos(w, +nQ)1.

(e Y0

n=—ox

Fyy (0,7) =

(7

n=-0n

BpaxoBytouu, 110
sin(, +nQ)t-cos(w, +nQ)1 =%Sil’l2((s)o +nQ)T;

sin® (@, +nQ)1-cos(w, +nQ)t=

=%[COS(0)O +nQ)t—cos3(m, +nQ)1],
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criBBimHOIIEHH (7) 3aMUIIEMO Y BUTJISIII

Foy (0,7) =
Y+l i [MJ sin2(030+nQ)t+
- ¢
8
(Y+1 (v+ ®)
WA

[0)0+an
m X

)
o +nQ)T—cos3(w +nQ)]

8 st
x[cos (o

Takum yrHOM, 3aNeXHICTh (8) BimoOpaxye 3my-
mryBajipHy cmity Fj, (o, T) 10 BUMHMKAE IIiA Yac mii
¢$a30BO-MOIYJIEOBAHOTO CUTHAJy Ha HeEJiHilfHe Teo-
disuune cepenoBuiie (1), y BUIISAII CIIEKTPaIbHOTO
PO3KJIany B AOCUTH LLIMPOKOMY YACTOTHOMY JiaIla30Hi.

3 ypaxyBaHHSM 3ajiexkHOCTi (8) B Tabdn. 1 HaBe-
NEHO CHEKTpalbHMI cKial QyHKUii Fy, (o, t) 1IpH
m =1 nns ingekcy # Big 0 1o +2 BKIoYHO. DYHKIIIST
Beccensa I, (1) mocuth mana [6] i HecyTTeBO BIUIMBae
Ha aMIUTITYAHi 3HAY€HHSI YaCTOTHOTO CIIEKTpa.

Posrimanemo nmpuknan: u,=2-102m; y=7,5;
m=1;, o,=75kl; Q=1_875klu; c¢=4500m/c.
3 BUKOpHMCTaHHIM (opMys, HaBemeHWX y Tabm. 1,
pPO3paxoBaHO aMIUITYOIM CIEKTPAJIbHUX CKJIaOOBUX
(Tabm. 2.)

SIK BUOHO 3 maHWX Ta0J. 2, aMIUTITYIN CKIagOBUX
CTIEKTpa Malli, MOpSAoK ix ctaHoBUTH 1077—107"'m
Kpim Toro, Ha wacrorax 11,250; 15,000; 18,750;
22,500; 28,125 kI'1 koIMBaHHS MalOTh (DA30BUIA 3CYB
Ha 180°.

3ayBaxxuMoO, 10 3a pe3yJabTaTaMU HaTypHUX
BUMIpiB IS BiTUyTHOTO BIUIMBY Ha Ha(TOBI IMOKJIa-
W TOCTATHBO XBUJIBOBOTO MOJIS 3 aMILIITYA00 MPYXK-
Hux KonmBaHb y Mmexax 107%—107° m™' [8]. Orxe,
XBUJIbOBI MAil TakKuX aMILIITyIL MOXYTb CJyTyBaTU
CIYCKOBUM MEXaHi3MOM BUBUIBHEHHS BHYTPiLIHBOL
eHepril B IJIACTi, 1110 BUHUKA€E B pa3i B3a€EMOil rap-
MOHIYHMX XBWIb 3 TpillMHAMM B IUIACTi i iX poO3-
KPUTTSIM, IO CYITPOBOJIXYETHCS BUIIPOMiHIOBAHHSIM
XBUJIb BUCOKOI yacTtoTH [11]. BimoMo TakoxX, 110 ITiz
yac 00poOKM HA(GT XBUISIMU BHCOKOI YaCTOTU 3HM-
KYETBCS iX B’SI3KiCTh, YHACHIIOK YOTO 30iTbIITYETHCS
pyxJMBicTh Ha(PT y KaHanax ¢igbTpalii rracra, a oT-
Xe, i MpuIiuB HahTH Ha BUOIMl CBEPMIOBMHU Ta ii
neoit [10].

BucHoBku. 3a mommpeHHs ($a30BO-MOIYJIbOBa-
HUX 30ypeHb YHACTIMOK HeJiHiiTHMX e(eKTiB i B3ae-
MOl TApMOHIYHMX KOJWBaHb y Teo(Pi3UIHOMY cepe-
JIOBMILI 3 KBAIPATUYHOIO i Ky0iYHOIO HEJTiHIHHOCTAMHA
30yIKYIOThCST (TEHEPYIOThCS) KOJIMBAHHS 3 YacTOTa-
MU ©), 20, 30, o, T Q, o, — Q, 2(n, + Q), 2(0, — Q),
(o, T Q), 3o, —Q), o, t2Q, o,~2Q, 2(x,+2Q),
2(0, —29Q), (o, t2Q), 3(o,—2Q), WO mac MOX-
JINBiCTh OOPOOJISATH HENMiHiiHI Teodi3nyHi cepeaoBu-
1IIa B IOCUThH IIMPOKOMY Aiama3oHi yactor. Orpuma-
HUI pe3yabpTaT MOXe OyTM BUKOPUCTAaHWN IIpHU
aKyCTMYHilt 00po011i HahTOBMX MOKJIaAiB (ha30BO-MO-
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Tabauua 1. Cnexkmpaavruit ckaad i amnaimyou CneKmpaibHux ckaadogux 3a 63acmodii haz060-moo0yab08aH020 CUSHAAY 3 HEAIHIUHUM
eeocepedosuuem npu m =1

HOPBﬂ?:CKe?:ZKuﬁ Yacrora AMIUTITY/Ia CIIEKTPaIbHUX CKJIaJJOBUX

0 o, LD RN (m)(%y

0 20, LD ()

0 30, R (m)(&jA
C

| 040 —(“‘)8(“2)“313("1)("’0—*(2]4
C

1 0, -Q (Y+1)8(Y+2)u3113 (m)(%_QJA
C

| 20, +Q) (V;‘)ung(m)(‘”ﬂc*‘*f

. 2(0,-0) e o 222

1 3(, +Q) —(“1)5“2)“313(,”)(“’0+Qj4
C

= 3(0,-0) e 2), (m)(mo ‘Qj4
C

2 0,420 (e )(r+2) oo (m)(wj“
C

2 0, - 20 (v+1)(v+z)u3,;(m)(wj‘
C

2 2 +20) e o 2222

2 2(0,-20) Dz 2222

2 30, +29) 7(7“);“2)@@ (m)(ﬂj

2 3(0, ~20) (rD)lr+2) ”)8” ”)ugz;(m)[@j

Tabauua 2. Amnaimyou cneKmpaivHuUX CKAA006UX 3a 63AEMO0II (ha3060-M00yAb06aAH020 CUZHAAY 3 HEAIHIUHUM 2eocepedoguuyem

Yacrora , k' Awmmityna, 1/m
3,750 5,920-107"!
5,625 1,680-10°*
7,500 2,464-107
9,375 1,296-107
11,250 —6,423-10°
15,000 -4,604-10°°
16,875 1,680-107°
18,750 —2,976-107°
22,500 -1,157-10°
28,125 -1,296-1077
33,750 4,794-107°
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HccnenoBaHbl YacTOTHI M aMIUTUTYAbI KoieOaHM i, TeHEpUPYEMble HEJIMHEHOM reor3nyecKoii cpeioii B mpoliecce
00paboTKu ee (ha30BO-MOAYJIUPYEMbBIM aKyCTUUECKUM CUTHATIOM. Pe3ynbTaThbl Mccaeq0BaHUN MOTYT ObITh UCIIOIb30Ba-
HbI TpU 00paboTKe HedTecoaepKaIUX MOPO/I C LIEbI0 YBEIUYEHUS 1e0rTa JOOBIBAIOIIMX CKBAXKUH.

KiroyeBble cioBa: aMmIuiuryaa, FGO(I)VBVI‘{CCKaH cpena, HEJIMHEMHOCTD, CIIEKTP, YacToTa.

SPECTRAL CHARACTERISTICS OF PHASE-MODULATED ACOUSTIC WAVES
GENERATED BY ACOUSTIC SIGNAL IN NONLINEAR GEOPHYSICAL MEDIUM

68

V.P. Nagorniy, 1.1. Denisyuk, Ya.A. Yushytsyna

Institute of Geophysics of NAS of Ukraine, ave Palladin , 32, Kyiv 03680, Ukraine, e-mail: vgv_nagornyi@ukr.net

It is known from practical experience that wide frequency spectrum of acoustic impulse action makes possible to affect
with reasonable effectiveness most structural elements in the layer-fluid system. Different technological methods are used
in order to expand spectral characteristics of acoustic impact on geophysical medium of the layer. Among them: biharmonic
impact by acoustic waves, amplitude- and phase-modulated acoustic disturbances, etc. However, insufficient attention has
been paid to theoretical justification of the methods. The studies of spectral characteristics of phase-modulated acoustic
waves during their impact on non-linear geophysical medium were conducted on the basis of heterogeneous wave equation.
A method of successive approximations has been used. It has been found that as a result of non-linear effects and
interaction of harmonic vibrations in geophysical medium with square and cubic nonlinearities, a wide spectrum of
vibrionswith arrplitujeswmntrelirﬁtsd 105-10°m"is generated. Wave actions with such amplitudes may serve
as a trigger for release of interior energy generated during the process of interaction of harmonic waves with fissures within
the medium of a layer. This leads to opening of fissures accompanied by emission of high-frequency waves. In case of high-
frequency waves interacting with the fluid layer; its viscosity decreases. At this point, mobility of fluid in filtration
channels of the layer and its supply to the well bottom increase. The results of the studies can be used during acoustic
processing of oil-bearing rocks to increase the rate of yield of oil and gas wells.

Keywords: amplitude, geophysical medium, nonlinearity, spectrum, frequency.
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