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MIIBUIIEHHS TEBITY CBEPIJIOBUH
HA TII3HIN CTAIIT EKCIUIYATAIII HA®TOBOTO TOKJIATY

Po3pobiieHo MeTo miABMILEHHS Ne0iTy CBepIJOBMH Ha ITi3Hil cTamii eKcruiyaralii HagToBoro nmokiamy. O0OpooKy
HeJliHiiTHOTO Teodi3nYHOrO cepeloBuUIla MIacTa 3MiliCHIOIOTh iMITYJIbCHOIO GirapMOHiuHO0 fi€to. Lle nonomarae mo-
KpanieHHo dinpTpauii daoiny B HahpToBOMY IJ1acTi 3 OyJbOalikamu rasy, 110 CyIpOBOIXKY€ETbCS IMiBUILIEHHSIM Jle-

0iTy BUTOOYBHUX CBEPITOBUH.

Kurouogi ciioBa: 6irapMoHiuHa aist, 1e6it, HaTOBUI MoK, HeliHiliHe cepeaoBUllle, Oyab0alllKK ra3y, CBepUIOBUHA.

BigoMo, 1110 Ha Mi3HiM cTamii ekcruryaralii Ha-
¢ToBOTO TIOKJIAAY TJIACTOBUM THUCK Y TTPOAYKTUBHO-
My TUTACTi 3HMXKYEThCS. 3a 3HMKEHHS THCKY 10 Be-
JIMYMHM, MEHIIIOl 32 TUCK HAacCWMYeHHS Ha(pTH Tazom,
3 HaTU BUIISETHCA Ta3, 110 paHillle 3HAXOIMBCS B
po3unHeHOMy cTaHi. [lpu 1boMy B HaTOHOCHOMY
TUTACTI CIIOCTEPIiraeThcsl OyAbOAIIKOBUIA PEXUM TeUil
3 HU3bKUM KoedillieHToM HadToBimIayi.

Y poGorax [6, 8] HArOJOIIYETHCH, 10 Y BUMAAKY
HEHBIOTOHIBCBKMX PIIMH 3 OynbOalikaMyd BUHUKAE
SIBUIIE, KOMM (Di3WYHI BIACTMBOCTI OTHOTO CepeIo-
BUIA (Hampukiam Ha(pTH) iCTOTHO 3MiHIOIOTHCS 3a
HEBEJUKMX IIOAO0 Macu i 00’eMy JOMIIIKiB iHIIIOTO
cepenoBuIna (OympOaIikm ra3y) [8].

Y pasi iMOyJIbCHOI Mii HU3BKOYACTOTHOI aKycC-
TUYHOI XBWJIi Ha HeJliHiliHe OyJbOalllKoBe Cepeno-
BUIIE BOHO BUTIPOMiHIOE BUCOKOYACTOTHI KOJIMBAH-
Ha [3, 4, 7]. Bynbsbamku, 110 HaINlOBHEHi Tra3oM,
JiI0Th SIK PEe30HAHCHI HEJIiHiliHi OCLMISATOPHU i3 3a-
racaHHsM. BiacHa yactoTa KoJuBaHb OyJb0aIIOK 3a-
JIEXUTH Bill iX paliyciB, MOYaTKOBOIO TUCKY B HU3b-
KOYACTOTHI! XBWJIi i MOKa3HMUKA afiabaTh B PiBHSAHHI
CTaHy rasy.

BucokoyacToTHa iMITyTbcHa 00poOKa Ha(TH Cy-
MIPOBOIKYETHCS 3HIDKEHHSIM ii KoedillieHTa muHaMiy-
HOI B’sa3KocTi B 1,5—4 pas3u [4], 110 TIPUBOAUTE IO
nocnabneHHs 3B’SI3Ky HadpTh 3 TBepmoo das3oro ce-
pemoBWIa Ha(PTOBOTO IlacTa i MOJIMIICHHS
dinpTpalii ¢Ioiny.

3 MeTo10 iHTeHCHU(iKaIii BUOOOYTKY HapTh pe-
KOMEHAYETbCST 00poOIsITH HA(PTOBUI TIJIACT TMOTYX-
HOI0 HM3BKOYACTOTHOIO aKyCTHWYHOIO miero [1, 9].
[HITMM e(eKTMBHUM METOIOM € 3aCTOCYBaHHS aKycC-
TUYHUX KOJWBaHb OirapMoHIUHOI mii [5]. V 3B’43Ky 3
IIMM CTAaHOBUTb HAYKOBUU i MPaKTUIHUI iHTEpeC 3a-
Jlaya Mpo B3a€EMOMII0 HEJiHIMHOTO OyabOAIIKOBOTO
cepenoBuIla 3 0irapMOHIYHUM KOJMBAHHSM BUTIISIAY

(1

I€ u, i @ — aMIUTITyla i KOJIoBa 4acTOTa MOTYXHOTO
HU3bKOYACTOTHOTO KOJIMBAHHS; ¢ — 3CYB 3a (ha3or0
C71a0KOr0 BHMCOKOYACTOTHOTO KoJuBaHHS; m << 1,
N >>1 — [OBiNbHI palioHaJbHiI 4uca.

u =u, sin ot + mu, sin(Not+¢) ,
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Y crarti [5] oTp¥MaHO HEOMHOPiAHE XBUJILOBE
piBHSIHHS, IO OMNWUCYE TMOIIMPEHHS AaKyCTUYHUX
XBWJIb Yy HEJiHIHHOMY Treodi3snyHOMYy CepemoBHIII,
Yy BUIJISIAOI

Fu_1u_
ot ot )
oudu 1 ouY ou
v+ )Y (1) (y+2) | L
(el ae 2l )(axj o

JIe ¢ — IUBMAKICTh MOLIMPEHHS 3BYKY B CEPEIOBUILLI;
y — TIOKa3HUK aniadatu IlyaccoHa B piBHSIHHiI CTaHY
CepeoBUILA.

[IpoBenemo aHami3 piBHIHHS (2) METOIOM MO-
CIIIIOBHUX HAOJMWXEHb i BU3HAYMMO 4YacTOTH, SKi
MOXYTh BMHUKATHU 3a MOIIMPEHHS OirapMOHIYHOTO
aKyCTMYHOTO KojuBaHHS (1) B HeJiHiliHOMY reoce-
PEIOBUILII.

BBaxkatoum HeJliHilHI ePEeKTH CTA0KUMU, y TIep-
1IOMY HaOJMXEHHI HEXTYyeEMO B piBHSHHI (2) iioro
npaBolo yactuHoto. Ilpu boMy oTpuMaeMo JiHiliHe
XBWJIBOBE PiBHSHHS

o’u, 1 o'u,
ox* o ’

pO3B’H3OK AKOTIO 3a HYJIbOBUX IMTOYAaTKOBUX i I'paHNY-
HHUX YMOB

u (1=0)=0; wu,(x=0)=u,sin ot +mu,sin(Not +¢)
Ma€ BUTIISIT

u, (x,1) =u, sinwt+mu, sin(Not+9) ,

(3)

oe t=1t—x/c.
J7151 3HaXOMKEHHST PO3B’SI3KY APYroro HaOJMKeH-
HA u,(X, f) y TIpaBy 4aCTHHY HEJiHIHOIO PiBHAHHA
(2) caig migcraBuTH BimoBinHI moxigHi GyHKITI (3).
3 ypaxyBaHHSIM CITiBBiZHOILICHHS (3) BU3HAYMMO

% =—u, (gj[cos ot+mN cos(Not+9)|;
x ¢
o’u o) @
- L=, (—j [sin ot+mN? sin(Nerp)].
x c
29



[TincraBuBIIM criBBiZHOLIEHHS (4) B TIpaBy 4ac-
TUHY PiBHSIHHS (2), IiCJIsI IEpEeTBOPEHb OTPUMAEMO:

Flon =0t (2] »

2 2

sin((N—l)mr+(p)+m

X lsin2co‘r+m
2

xsin((N+l)(M+(p)—%sin ((N—l)m‘c+(p)+

mN . mN’
+Tsm((N+l)a)‘r+(p)+ 2 sm2(Na)‘r+(p)+

1 o\ m*N? 1) 1
+—(y+D)(y+2)l| = +— |sin@t+—sin 3ot -
Z(Y )(Y )”o(cj |I 2 4 4

—%sin((N—Z)mr-Hp)-r%sin ((N+2)0)‘L'+(p)—

(5)
2 2 2 2
_mN sin((ZN—l)a)‘r+2(p)+m N
(m2N2+1)mN2
><sin((ZN+l)mr+2(p)+—sin(Nmr+(p)+
2 mN2
+ sin((N—Z)a)‘c+(p)+ sin((N+2)a)‘r+(p)+
273 273
SN sin((ZN—l)m‘r+2(p)+m A
m3N4
xsin((2N+l)a)‘r+2(p)— sin(Not+0)+

3a74

+ 2 N sin3(Nmr+(p)} .

BpaxoBytouu, mo N >> 1, 3 (5) micraHeMo:

3
F(o, r):(%“jué (?j [sianor+2mN2 sin(Not+¢)+

+m’N’ sin2(Nc0‘c+(p)] +[%4(Y+2)ju3 [2j4 x

{(mzN2 +%jsin cor+%sin3a)r+(2mN2 +m3N4)><

xsin(Not+¢)+2m’N’sin2(Not+¢)+

274
+

sin3(Ncor+(p)}.

3ayBaxkumo, mo npum m=0, TOOTO KOJIM i€
TiTBKA HU3bKOYACTOTHUM CUTHAI 4 Sinot, i3 BUpasy
(6) oxepxuMO

3
F (o, r):(y—Hju(f (Ej sin 2wt +
y c

4
+%8(Y+2)u3 (gj (sin T +sin 30)‘5),
c

110 30iraerbes 3 pe3yabTaToM podoTH [4].

30

XBUJIbOBE PiBHSIHHS IPYroro HabJIMXEeHHS 3 Impa-

BOIO YaCcTUHOIO (6) Ma€ BUTJISI
2 2

Ou, 1 du,

ox* o

=F(o,1). (7)

PiBHssHHS (7) — HEOMHOPiMHE XBUIHLOBE PiBHSH-
HSI, PO3B’SI30K SKOTO 4Yepe3 IPOMi3IKiCTh OOUMCITIO-
BAJIBHMX MPOIEAYp HEe HAaBOAWMO. 3a3HAYMMO, IO
el po3B’sI30K MOXXHA TPEACTAaBUTU y BUIISIAI CYyMU
TapMOHIYHUX KOJWBaHb Ha 4YacTOTax, 10 BU3HAYa-
0Thes pyHKUiE (6) Fo, 1) [4].

3ynuHUMOCS AeTajbHille Ha aHamizi QyHKIii
Ko, t). BinnoBinHO mo mpaBoi yacTuHU piBHSIHHS (7)
BUXOINTH, 110 B IIBOMY HEJIIHIMHOMY reoizmayHoOMY
CepeIdoBUILI 3a Jil Ha HOTO OIrapMOHIYHOIO CHUTHa-
a1y (1) reHepyroThCs:

- TapMOHIYHi KOJMBAaHHS Ha BUCXiJHilA HU3bKIN Yya-
CTOTI ® i BUIINX YacToTax 2m i 3w;

- TapMOHIYHiI KOJMBaHHY i3 3HAYHO BUIIMMM Yac-
totamMu Nw (N >> 1) i3 3cyBoM 3a (has3oio ¢.

SIx BumHO i3 BUpasy (6), aMILIiTyIX BUCOKOYAC-
TOTHMX KOJIMBAaHb MOXYTh 3HAYHO 3POCTATH MTOPiBHSI-
HO 3 aMIUTITyI010 BUCXiTHOTO HU3bKOYaCTOTHOTO KO-
JIMBaHHS.

JJ1 OLiHKY aMILTiTYIHUX 3HAYE€Hb KOJIMBAHb, 110
BUIIPOMIHIOIOTbCS OyibOalikKaMu Tazy, K MpUKIIa
NPUIAHATO Taki BuXigHi pani: u,=2-107m; y=4/3;
c=1500m/c; ©=1256 ¢! (f =200 I'l — HM3bKa Ya-
crora); m=1102  N=2-10>, 1pm  1IBOMY
No=251200c¢™" (f, =40xI'm — BuUCOKa 4YacTOTa).
3 BUKOPHMCTaHHSM 3aJIeKHOCTI (6) BUZHAYEHO aMILI-
iTyIn XBWJIBOBUX KOJIMBAaHb, 110 BUIIPOMIHIOIOTHCS B
HEeJIHITHOMY Te0i3MIHOMY CEepeIOBHILIi;

Yacrora f, kI'11 Awmrityma, M~

0,2 3,06:1078
0,4 2,74-10°¢
0,6 3,82:107°
40 2,21-1073
80 2,20-107!
120 2,20-1073

3 HaBeAeHUX NaHWX BUIHO, 10 aMILIITyaa BH-
COKOYACTOTHUX CKJIAAOBHUX, 110 BUIIPOMIiHIOIOTHCS
OynpOamkamMu ra3y B HeJliHITHOMY Treodi3sndyHOMY
cepeloBulli, 3a 6irapMOHiIYHO1T B3aEMOI1 3 LIUM Ce-
pEeoOBUILEM KOJMBAaHHS, 1[0 CKJIAIAEThCS 3 IHTCH-
CUBHOTO HM3bKOYaCTOTHOTO (u, = 2:1073 M) i ciab-
KOTO BUCOKOYAaCTOTHOTO KOJIUBaHb (mu = 2-1075 m),
pisko 3poctae B iHtepBani 40—120 xI'ma. IloxiOHi
SIBUILIA MOXYTb CIIOCTEpiraTucs 3a B3a€EMOJii HU3b-
KOYaCTOTHOTO CEHCMOAKyCTUYHOTO IIYyMY 3 BMCO-
KOYaCTOTHUMHU KOJHMBAaHHSIMM, BUIIPOMIiHIOBAHUMU
CTPYKTYPHUMH €JIEMEHTaMM TeocepemoBuina (3ep-
Ha), a TaKOX 3a IMITyIbCHOI Iii Ha TJIaCcT Pi3HUX
CIIPSIMOBAHUX i TeXHOTeHHUX mXepeld [2]. Bimomo,
1o reodizuyHe CepeaoBHUIlE IJIacTa € BiIKPUTOIO
TEPMOJMHAMIYHOIO CUCTEMOIO i IepedyBae y Ha-
NpyXeHOMY CTaHi g JAi€l0 30BHIlIHiX i
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BHYTPIlIHiX CWJI; PO3MOAUI HANPYyXEHb 3aJ€XKUTh
Bil Mipyu HEOJHOPIAHOCTI, TPIIUMHYBATOCTI reoce-
penoBUIIA; 3MiHa HANIPYXEHOTO CTaHy MOpiA yHac-
JiJOK pO3p0OOKM KOPMCHUX KOMAJUH Ta iHIIUX YU H-
HUKIB 3yMOBJIO€ iX medopmaiiito, MpUBOIUTH 10
nepedbyaoBM CUCTEMHU TPIlIMH, MOSIBU HOBUX A€-
¢exTiB, 110, K BiZOMO, CYIPOBOIXYETHCS aKycC-
TH4HOIO eMmicieto [10] (BUIPOMiHIOBAaHHSIM BHCO-
KOYaCTOTHUX KOJIUBaHb).

YpaxyBaHHS HaBeOEHUX YWHHUKIB CIpPUSIE
MIMOIIi BUCOKOYACTOTHIl iMITyJIbCHili 00po0O1Ii reo-
¢iznyHOTO CcepemoBuIla Ha(hTOBOTO TUTacTa 3 OYJIb-
OalIKamMu raszy, 1o CYIMPOBOMXYETHCS IMOJIMIIEHHSIM
dinmpTpanii dmoiny i miaBUIIEeHHAIM OeOiTiB BUIO-
OyBHUMX CBEpIJIOBMH Ha Ii3Hil cTadii ekcryaTaiii
Ha(TOBOTO TOKJIAMY.
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MOBHIINEHUE TEBUTA CKBAXKVH HA TTO3THEN CTAIUN DKCILUIYATAIIMN HE®TAHOM 3ANEXN

Pa3paGoTaH MeTO MOBBIIIEHUS e01Ta CKBaXXMH Ha MO3MHEN cTaquy SKCIUTyaTaluy HedTssHO# 3anexku. O6paboTka
HeJIMHEHOI reo(U3MYECKO CPebl TUIACTa OCYIIECTBIISIETCSI UMITYJIbCHBIM OMTapMOHMYECKUM BO3ICCTBHEM. DTO
CITOCOOCTBYET YJIYYIIEHUIO huabTparuy ¢hiionaa B HehTIHOM IUIacTe C ITy3bIpbKaMU Ta3a, YTO COTPOBOXIAETCS IMO-

BBILLIEHEM JeOuTa JOOBIBAIOIIMX CKBAXKMH.

Kmouesbie cioBa: 6I/IFapMOHM‘ICCKOC BO3JeiicTBUE, NEOUT, He(l)THHaH 3a1€Xb, HEJIMHEHAA cpena, My3bIpbKY ra3a, CKBa-

KMHa.

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

THE INCREASE OF WELL PRODUCTION AT THE ADVANCED STAGE OF OIL DEPOSIT OPERATION

A method of well production growth at the advanced stage of oil deposit operation is developed. The processing of
nonlinear geophysical medium is carried out by the impulse biharmonic action. This method facilitates fluid filtration in
the oil deposit containing gas bubbles, thus increasing well production.

Keywords: biharmonic action, yield, oil deposit, nonlinear medium, bubbles, well.
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