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Y ecmammi pozenanymo numanus posciioganus akycmuunoi xeuni nyxupamu 2azy. Ompumani pesyaomamu 0aioms 3mo2y
BUBHAUUMU PE3OHAHCHY 4ACMOMY aKyCmuyHoi 0ii, 3a aKoi ehekm X8uib060i 06POOKU HAGMOHOCHO20 NAACMA 3 NYXUPS-

Mu easy MAKCUMATILHUIL.

B cmamve paccmompen eonpoc pacceusanus aKycmuueckou 601nbl ny3vipamu 2asa. Ilonyuennvle pe3ynomamol 0aiom
603 MONHCHOCINL ONPEOeNUNb Pe3OHAHCHYIO YACMOMY AKYCIMU4eCcKo20 6030€UCmals, npu KOmopom d¢pgexm 60110601 06~

paﬁomku ued)mem)cnoeo niacma ¢ ny3vlpAamu casa MAKCUMATHBLIL.

The article is concerned with questions of acoustic wave scattering by gas bubbles. The results obtained allow determining
the acoustic resonant frequency, in which the effect of oil-producing formation wave treatment with gas bubbles is

maximum.

I3 haxoBoi niTeparypH BioMO, IO /IS MTiABHUIIEHHS Ae0ITY
Ha(GTOBNIOOYBHUX CBEPAJIOBHH 3aCTOCOBYIOTH aKyCTHYHI Me-
TOIM il Ha TeocepeoBHINe NPOXyKTUBHUX TiacTiB [1-5]. Ilig
4ac aKyCTHYHOI OOpOOKH MPOAYKTUBHHMX IUIACTIB OCHOBHHUMHU
rapaMeTpamMy € 4acToTa Ta aMILTITy/a iMIyJibeHoi 1ii. Ocobuu-
BOT aKTyaJIbHOCTI TaKa TEXHOJIOT1sl HA0yBae Ha HAPTOBUX POJIO-
BUIIAX, IO 3HAXOMATHCS Ha Mi3HIH cTamii po3poOKH, s IKUX
XapaKTEPHUM € HasIBHICT Y (IIFOi/Ii Ta30BUX ITYyXHPIiB TIEBHOT'O
po3mipy. Lle crocTepiraeTbes y BUNAIKY, KOTH THUCK y rroimi
CTa€ MEHIINM, HIXK TUCK HACHUCHHSI HATH Ta30M.

[Tutanus B3aemMonii MagaroYux XBHJIb 13 MYXUPSMHU Ta3y
y ra3opiIuHHOMY CepeIOBHIII, BUKJIANCHI B miparsx [1-5], mo-
CUTH TIOBHO XapaKTEPU3yIOTh KAPTHHY aMILTITY/l XBUIHOBOTI'O
TOJISI, IO CTBOPIOETHCS B T'a30PIAMHHOMY CEpPEIOBHIII B pe-
3yJIbTaTi KOTUBaHb MyxupiB. [IpoTe mociimkeHHIO po3CisTHIX
XBHJIb, II[0 BUHHUKAIOTH ITiJ] Yac B3ae€MOJil majarodol XBHIII 3
MyXHUPSIMH, Ta OLIHLI PHA LbOMY aMILIITY/{ XBHJIOBOTO TTOJIsI
MIPUJTIJIEHO HEJJOCTATHIO yBary.

PosriisiHeMO mHUTaHHS BU3HAYEHHS PE30HAHCHOI YacTOTH
AaKyCTHYHOI Ji{ Ha Ta30HACHYCHE CEPEIOBHUIIIE.

Hexait B 01HOpPiTHOMY CEpEOBHIIII, SIKE XapaKTEPU3YETh-
Cs1 TYCTHUHOIO P 1 IIBUAKICTIO 3BYKY C, MOLTHPIOETHCS aKyCTHY-
Ha rapMOHIYHA XBUJISI 3 YaCTOTOIO

Pl =p p (e O

ne po(r) = p,e""— KOMIIJIEKCHa aMILTITy1a TUCKY; k = % — XBH-

JTHOBE YHCIIO; i=+/— | — KOMILTIEKCHE YHCIIO.

Hapani yacoBuii MHOKHHUK €7 0ITycKaeMo, OCKIJIBKH pO3-
[JIS1JAEMO YCTaJIeH] MPOLIECH.

3a HasIBHOCTI B CEPEAOBUII TIEPEIIKOIH Y BUTIISIL Ta30-
BOro myxups no nagarodoi xeuii (1) momaeTbes XBHIS, SIKY
HAa3WBAIOTh PO3CISTHOIO XBHIICK. AMIUTITYRy il THCKY MO3Ha-
gumMo depes p,(r). Cyma tuckiB py(r) + p,(r) = p(r) BusHauae
aKyCTHYHE I10JIe THCKIB y Cepe/IOBHILI 32 HASIBHOCTI B HBOMY
My XHUPSL.

[TpoHMKHY XBHIIIO B CEpEIOBHUIIE My XHUPs MO3HAYNMO Ye-
pe3 p,(r). Posrinspaetbes po3cifoBaHHS aKyCTHYHUX XBHJIb Ha
MMy XUPSIX, PO3MIPH AKUX 3HAYHO MEHIIT1 BiJ JOBXUHH MaJar0uoi
XBUI AR <<I.

OTKe, pO3IIISAIAEMO PO3CIFOBAHHS IJIOCKOT aKyCTHYHOI
rapMoHiuHOi XBui (1) 13 4aCTOTOKO M HA Ta30BOMY ITYXHUPI pa-
JIiycOM R, 3aIIOBHEHOMY T'a30M i3 TYCTHHOIO p,, 31 IIBUAKICTIO
3BYKY C,, IO 3HAXOAUTHCS B PiOUHI.

AMIUTITY I8 TUCKY p(r) Y CepeOBHIIli 38 J0BOJIBLHSE PiBHSIH-
Hs ['enbMrosba [6]:

2
g—f +k2p=0. )
»

OckinbKY po3scistHe ToJ1e TUCKY p, (1) = p(r) — po(r), a magaroua
XBHJISL 32JI0BOJIbHSIE PIBHSHHS [ eIbMrosiblia, TO 1 IS PO3CIsTHOL
XBHJIl MAEMO:

TPy prp =0 3)
arz pS *

Poscisina XBWIISI TIOBUHHA 33/I0BOJIBHSITH YMOBY BHIIPOMi-
HIOBaHHS, TOOTO BH3HAYATH O1KYTY XBHIIIO, sIKA IPSIMYE Bif My-
XUpA y HeCKiH9eHHICTh. Ha Mexxi mepemkoau (myXupsi) HOBUHHI
BHUKOHYBATHUCSl TPAHUYHI YMOBH: PIBHICTh TUCKIB 1 HOPMAJIBHUX
CKJIaJIOBHX IIBUJKOCT1 YACTHHOK Ha MOBEPXHI MyXups (r=R):

PotP=D,5 C))
La(po"'ps):v )
iop  Or " o

1€ p, — TUCK ra3y (OBITPs) Ha MOBEPXHI MyXUPs; V, = —— -
iop, Or
— KOJINBAJIbHA MIBHJIKICTh HOPMaJIBHUX 3MIIIEHb TIOBEPXHI ITy-
XHPSL.
HexTyio9n B’3KIiCTIO 1 TEIUIONIPOBIJHICTIO, BBAXKAEMO, IO
ras ycepeauHi MyXups OMUCYETHCS JTIHEAPU30BAaHUM PiBHSH-
HSIM CTaHy [6]:
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pn:pncnz' (6)

PiBasHHS (6) MOXKHA TPEACTABUTH HYepe3 KOIUBAIBHY

HIBUJIKICTB V, Y BUTJISLI [6]:
__3ee 3K, )
p,=- v, =i v,
R, oR,

ne v, = dR/dt — xonuBabHA IIBUAKICTH HOPMAJEHUX 3MiH.leHB
HOBerHl nyxupsi; R — 3MIHHHI pajiyc nyxups; K = p,,O
MPYKHICT Ta3y B nyxnpl Pup — CEPEAHA TYCTHHA Iasy.

[osie THCKY, PO3CisIHE TA30BUM MyXHPEM, IYKAEMO Y BH-
IS PSIY

]
p(r.©)=)" p,B,H k)P, (©), ®)

n=0
ne H,Y(kr) — dpyuxuis Xankens 1-ro pony; P,(®) — noninom
Jlexxannpa; B, — koedirieHTH, 1110 BU3HAYAKOTHCS 13 TPAHUYHUX

yMoB 3ajaui (4), (5).

[pu kr <<l mMoxHa OOMEXUTHUCS MEPILIUM JTOAAHKOM, JUISI
sskoro n = 0. Toxmi, Gepyun mo yBaru, mo momiHoM JlexaH-
apa Py(®) = 1 i acumnroruka ¢pyuxuii Hy Y (k) mae Burisn

ki . .
H. él ) (kr) =— L R PO3CIAAHE TTOJIE (8) MOXXHa ITPEJICTaBUTH Y BUTJIAIL:
ikr

. e
(r) =—ip B,—> 9)
ps pm 0 kl"
ne xoedinieHT By BinmoBigae MOHOIOIEHOMY PO3CiIOBAHHIO.
Koedimient B, Bu3Hagaemo i3 rpaHngHuX yMOB (4), (5), AKi
npu 7 = Ry MarOTh BUTJIS;
ikR 2
e ; 3p,,¢,

kR, = oR,
M ( k- n B, ikB,

pmeikRO_ iBopm vn; (10)

- =v.
op  opkR; (Dkaoj !

Posknanemo ¢ynkuito €0 y pan Teiinopa 3a cTeneHsamu
kR,. Y3sBUIM 10 yBaru, mo kR, <<l, mpeactaBumo ps TiJIbKU
JIBOMa TIEPLUIMMU YICHAMU:

" x1+ikR,. (12)
[incrasmsiroun (12) y cucremy piusiab (10)—(11), oneprximo:
3p, ¢’
p,,(1+ikR,) - By | imvn;
kR, oR,
2p2 .
p, (1+ikR) k°Ry + B, 2zBokR0 _
®pkR,
Po3p’s13aBin cuctemy piBHsHB (13) BiZHOCHO KoedilieHTa

By, 3HAX0MMMO: ,
kR, + i(kRo)z(mOj
®

B,= ,

2
i(l—w(z’(l—ikRo)J
®

— KBagpar BJIACHOT prFOBO'l. HaCTOTH KOJIMBAHb

(11)

(13)

n’

(14)

2
3p,,C
2
0
Tra30BOIro HYXI/IPSI.

[icns mincranosku (14) y (9) omepxumo dopmyry it BU-
3HAUCHHS IOJIS, PO3CISIHOIO T'a30BHM IIYXHPEM, ITiJ Jac il Ha
HBOT0 aKycTUaHOI xBrIi (1):

2_
ae ;=

o ()

k| (020 —1)-ikR,

(15)

3ayBakuMo, 10 KoediwieHT By (14) BU3HaYa€ KOMIUIEKCHY
aMIUTITyly po3CisiHOT XBWIII. SIK BHIIHO, aMIUTITyla pO3CisiHOT
XBHJII Ma€ Pe30HAHCHUI XapakTep. BoHa HabyBae MakcUMalb-
HOTO 3HaYEHHS IIPU O = M.

3a3HaynMo: SKIO y Bupasi (14) 3HEXTyBaTH MajiuM 4iie-
HOM (kR,)?, TOII OAEPKUMO:

5, - ikRO

110 36iraeThes i3 pesynsrarom pobot [6], ae unenamu (kR,)? 3He-
XTYBaHO 1 HE BPAaxOBYETHCS PajiajbHOI CKJIaJ0BOI IIBUJIKOCTI

P,
or

Mogyns criBBigHOmEHHS (15) BU3HAYa€e 3aJEKHICTH aM-
IUTITYIM THCKY PO3CISTHOT XBHJII BiJI 4aCTOTH TMaJar04ol XBHUII
Ta 0e3p0o3MipHOro mapameTpa kR, sika Ma€ BUTIISII:

1+ (kRo)z(mOT

(O

B I1aJ1af041i XBHIIL v, =
0

}?m}?0
r o> 2
m—g - ] +(kR, )

[icns BBeeHHs 6€3p03MIpHOT 4ACTOTH B = My/® PpopmyIa
(16) HaOyBae BUTIIAOY:

P= (16)

p.R, | 1+(kR) @
ro (@ -1 + (kB,)?

IMix yac akycTuvHOl [ii HA ra30BHU MyXHUp, K MPABUIIO,
(kRy)* <<I1 i umm uneHoM MoxHa 3HexTyBatH. Toxi i3 (17) onep-

XKHUMO: p R 1
—Lm 0 s
P @)

110 36iraeTbes 3 nanuMu [6] npu (kRy)* <<I.

IIpote dhopmyna (17) y Touri @ = | gae 3MOTy TOYHO BH-
3HAYUTH aAMILTITY/Y PO3CISTHOTO TOJIsl, HA BIAMIHY BiJI 3aJIeXk-
HocTi (18).

TakuM YMHOM, OJIEp)KAHO 3aJICKHICTH JJII BU3HAYCHHS
aMIUTITYIM XBHJI THCKY, PO3CISTHOT Ta30BUM ITyXHUPEM, ITi]] 4ac
B3a€MOIi1 HOT0 3 MaJarvor0 aKyCTHIHOIO XxBuJero (1) i3 gacTo-
TOIO0 ® 0e3 YPaxyBaHHs BILUIUBY MCHIIATHBHUX BTPAT eHeprii
yepes B'SI3KICTh 1 TCHJ’IOHpOB]IIHlCTI) K1 HasIBHI y peaibHOMY
cepepoBuili. L{s 3anexHicTh MOke OyTH 3acTocoBaHa st
OLIIHKH TOJIIB TUCKY, BUITPOMIHIOBaHUX Fa30BUM ITyXHUPEM, i1
yac BUOOPY PEeXMMIB aKyCTHYHOI i1 Ha CepeOBHILE.

3a3HaunMo, 10 B [5] omepkaHo OLIBII 3aTanbHY (HOPMYITY
JUTSL XBUJI THCKY, IO BUIIPOMIHIOETHCSI Ta30BUM IIYXHPEM, 3
ypaxyBaHHSIM JTUCHIIATHBHHUX BTpAT, SKi XapaKTepH3y IO ThCS
napamMeTpoM [3 3racaHHs Maal04yol aKyCTHYHOT XBHIII THCKY Ta

a7)

pP=

(18)
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Tabnuysa 1
3anexHicTb 6e3p0o3MipHOI aMnAiTyAN PO3CiAHOT XBUNI Bif
6e3po3mipHOT YacToTV W ANs Pi3HUX PO3MIpIB NyXMpiB

(0] 0 0,5 1 2 3 4 5

R
o /() g

npuRy=110"*m

R
p(Bfe)

npnR,=110°m

1,333 | 500,0 | 0,333 | 0,125 | 0,066 |0,041

1,333 |5000,0| 0,333 | 0,125 | 0,066 |0,041

Tabnuys 2
3anexHicTb 6e3p0o3MipHOT amnAiTyAW Po3cisiHOT XBWNi Bif BigCTaHi
3a Pi3HNX PeXXUMIB B3aEMOAIT aKyCTUYHOT XBUAi 3 MyXnpem

/R, 1 10 100 500 1000 5000
p./p,, @=1) | 500 50 5 1 0,5 0,1
p/p,@=2)| 0,333 | 0,333 | 0,333 | 6,66:10* | 3,33.10* | 6,66-10°

.. 4 . .
KoedimieHTOM 00= 1+ M (N — IMHAMIYHA BSI3KICTH CEPEIOBHIIIA).
0
CKOpHUCTABIINCH II€I0 3aJIEKHICTIO 1 3aKJIaBIIN B Hilf mapame-

tpu B=0, a=1 (cepenoBuine 0e3 B’I3KOCTI Ta TUCHIIATHBHHUX
BTpAT), ofePKUMO (HOPMYITY ISl aMILIITYIA XBUJIl TUCKY, BHU-
MIPOMIHIOBAHOI Fa30BUM ITyXHPEM, Y BUIJISI L

po a1 (wj
B 7 0)0 2 Q
(&)1

st cepenoBuina 6e3 omnopy o, = Q [5]. OTxe, 3a1€KHICTh

(19) 36iraeTnes 3 popmytoro (17), omeprxaHoro IS ieanizoBa-

HOTO CepeloBHIIa. Y peaNbHUX YMOBAX PO3CISTHHS PE30HAHC-

HUMH IIyXUPSIMH € 3HAYHUM, aJIe He HACTIIBbKH, SK 32 TEOPI€l0,

10 HE BPaXOBY€E BTPAT MEXaHIYHOI eHeprii. Pe3oHaHCHI myXu-

Pl He TLIBKU PO3CIIOIOTH, @ i MOTJIMHAIOTH SHEPTil0 Maaaryol

AKYCTHUYHOI XBUJII, I BHACIIJIOK BEJIMKOI aMILTITY X KOJHUBaHb
pOOIISATH 1€ JOCUTH €(EKTUBHO.

VY tabn. | mpuBeneHo AaHi AN po3paxyHKY 0e3po3MipHOL

aAMIUTITYIA THCKY PO3CIsTHOT XBIUTL IS ISTKUX PaiyCiB Ty XUPS

(19)

00 . L _
npu k=o/c= 1600 =20 3aJIe)KHO BiJl 0€3p0O3MIPHOT YACTOTH & .

I3 nanux Tabm. 1 BUAHO, IO MyXUp CHIIBHO Pearye Ha 4acTOTy
®=1 (0, = ®), TOOTO Ha HOTO pe30HaHCHY YacTOTy. Ha iHmmx

yacTOTax ® pO3CisHE MONE THCKY P, /(%) HECYTTEBO
r

3aJIC)KHUTD BiJ ® 1 HE 3aJISKUTH BiJl PO3MIPIB ITyXUPSI.

Y T1abn. 2 TpuBENECHO B3AJIECKHICTH BITHOMICHHS 0e3po3-
MIpHOI aMIDTITYOH PO3CIsTHOI IMajarodoi XBHII THCKY Big 0e3-
po3MmipHOi BiacTaHi 7/R, IS NEAKUX CIiBBITHOIIEHh YacTOT .
Sk BumHO 13 Tabn. 2, BimHOmWeEHHS pJp, npu @ = 1 (pe3oHaHC-
HUIl PeKUM) 3HAYHO TEPEBUILYIOTH BIJMOBIIHI 1M 3HAYEHHs IMpH
@® = 2. ToOTO 3a PE30HAHCHOTO PEKHUMY JIOCSATAETHCSI MAKCUMAJIBHE
PO3CisiHE Ta30BUM ITyXHPEM II0JIe THCKY, 1[0 i€ Ha 0TOUyIoue ioro
CepeloBHIIIC.

Y3araapHIOIOYH MTPOBEACHI TEOPETHYHI JOCHTIKEHHS, MOXKXEMO
3pOOUTH BUCHOBOK TIPO Te, IO HAHKpaIoro epexty oopodku hito-
My 3 MyXUPSIMH MOXKHA JIOCSIT'TU B PE30HAaHCHOMY PEXHUMI 3 4acTo-

BUAOBYBAHHA HAOTWU I TA3Y

TOFO aKYCTUYHOI /i1 , sIKa 30iraeThes 3 BIACHOIO YaCTOTOKO ITyXHPSL.
3a Taxoi Ail epeKT XBUIBOBOI 0OPOOKH CEpeIOBHINA 3 ITyXHUPSMH,
TIOB’SI3aHUH 13 aMILTITY/I0F0 PO3CISIHUX XBUJIb, HAHOLJIBIIHNIA, 110 CITPH-
si€ SMEHIIICHHEO B’I3KOCTI 1 3B’13KY PiZIiHU (HA(TH) 3 TBEPIOIO (ha30r0
CEpEIOBHIIA TUIACTA, IO CYIPOBOKYETHCS IOKPAILICHHSIM TTPHUILIH-
BY (JTIOIIIB /10 BUOOIB CBEP/UIOBHH 1 I ABUIICHHSM iX J€0ITY.
Ocobn1BO 11 BXKIINBO JUIsl BUCHAKEHNX HA(TOBUX POJIOBHILI,

AKI 3HAXOIATHCS HA 3aBEPIIAIbHIN cTail X eKCIUTyaTarii 1 uis IKIX
XapakTepHUN Ty XHUPLEBUH pexnum Tedil (urroiis.
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ABTOpU cTaTTi

Hazopnuii Bonooumup Ilemposuy

Jlokmop mexuiunux Hayk, 3agioyiouuti 8idoiiom
Incmumymy ceoghizuxu im. C.I Cy66omina HAH
Vrpainu. 3a ¢paxom — mexanix. Ochoenuil Hanpsm
HAYKOBUX OOCTIONCEHb — PO3POOKA HAmMosux ma
2a308UX  pooosuly, MpyoOONPOGIOHULE MPAHCHOPNL,
Haghmozazocxosuwyd.

/enucrox lean leanosuu
Kano. mexn. nayx, cmapuwiuii Haykosuil cnigpooim-
Huk  Inemumymy eeoghizuxu im. C.1L Cybbomina
HAH Vxpainu. 3a gpaxom — mexanix. Ocnosnuii Ha-
NPAM HAYKOBUX OO0CTIOdNCEHb — IMN)IbCHI Memoou
nioguLeHHs 0eimy 8UOOOYEHUX CEEPOTIOBUH.

Jlixean

Baoum Maxcumoguu
Tonosnuii eeonoe I'TlY «llonmasaeazsudo6ysantsiy.
Ocsima 3a ghaxom — zeonoe.

OcrosHull Hanpsam OLATbHOCH — Po3pobKa Hagmo-
BUX [ 2A308UX POOOBULY.

Hlsenina
Temana Adamiena
Hayxosuii  cnigpobimnux  Ykpaincokoeo Haykoso-
00CNiOH020 THCMUMYmy npupooHux zasie. 3a ¢a-
Xom — Ximik. OCHOGHUL HANPSIM OISIbHOCMT — XIMIYUHA
00pOOKA NPOOYKMUSHO20 NIACMA.
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