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Y cmammi posenanymo 63aemo0ito aKyCmuuHUX Xeun i3 NyXupuamu 2asy ma 00cnioxneHo
CNeKmpanvHi XapaKxmepucmuky X6Uunb MUcKy, W0 6UNPOMIHIOOMbCA 20306UMU NYXUPUIMU 6

pedcumi pe3oHaricy.
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B cmamve paccmompero 83aumodeticmsue axKycmu4ecKux 6071H ¢ ny3vipvKamu 2a3a u uccne-
008aHbL cnekmpasnvHvle Xapakmepucmuxku 607H aaBﬂeHHﬂ, U3IyHaemolx 2a308vIMu Ny3vipoKamu

6 pexcume pesoHamca.

KnrwoueBbie cnoBa: aKyCTMKa, ras, Iy3bIpeK, pe3OHaHC, JaBJ/I€HIIE, BO/IHA, 9aCTOTA.

The article deals with the interaction of acoustic waves with bubbles of gas and spectral
characteristics of pressure waves emitted by gas bubbles in the resonance mode.
Key words: acoustics, gas, bubble, resonance, pressure, wave, frequency.

Binomo [1], 110 B porieci 3HMKECHHS TUCKY J0 BEJIHYUHH,
MEHIIIO] BiJl TACKY HACUYCHHS HAQTH ra3oM, i3 Hei BUIISETh-
cs1 Ta3, IO paHilIie 3HAXOAUBCS Y HA(Ti B pPOSYNHEHOMY CTaHi.
IIpu ipoMy B mIIacTi coctepiraeTbes NBOGA3ZHAN PEXKUM Te-
4ii HadTH 13 myxupisaMu razy. [lyxupresi pexxumu Tedii piana
JIOCUTH JIETAJbHO JIOCHI/DKEHO B poborax [2—6]. V BUManKy
HEHBIOTOHIBCHKUX PIJUH 13 MyXUPLSIMHU (i3UYHI BIACTHBOCTI
OJTHOTO CepeIoBHIIA (PITMHN) CYTTEBO 3MIHIOIOTHCS Y pa3i He-
BEIUKHX 32 MAcor0 i 00’€MOM JIOMIIIIOK iHIIIOTO CEpeIOBUINA
(myxupiB rasy) [7].

Haiimpocrimoro MOIENTio piluHU 3 MyXHPISIMHU Ta3y €
CyMIlll i3 i7IeaJbHOT PIAMHK 3 PIBHOMIPHO PO3IOIIICHUMH B
Hill ra30BUMH IYXHUPISIMH OIHAKOBOTO po3Mipy. [Tyxupri 3Ha-
XOJATHCS Ha TaKiil BiICTaHl OJMH BiJ OJHOIO, IO B3a€MOis
MK HEMH 3JIHCHIOETHCS TIJTBKH Yepe3 Toje TUCKY. Pamianb-
Hi IyJbCallil Ta30BUX IMyXHUPIiB 0OyMOBJICHI €10 IBOX CHII:
CHJIM TIPY>KHOTO CTHUCKAaHHS ra3y B IMyXHUPII Ta CHJIW iHEpIHil
MPUETHAHOT MacH PiJIUHM, 1110 BTATYETHCS B PYX MYyJIbCALIIMU
MyXHUPIIB. Y pe3yabraTi ra3oBHH MyXHpelb y PiAnHI MOXHA
pO3MISAAATH SIK OCHWJISATOP, SIKUM Yy JTIHIHHOMY HaOMVKEHHI
OTHCYEThCS PIBHSHHAM [7]

V+olV =—ep, (1)
e (oé = 3’Y_17(; — YacToTa BJIaCHUX KOJIMBaHb HyXV[puH;
Pofy 4nR
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V - 06’em myxupis; €= ; R, - piBHOBa)KHE 3Ha4YEHHs
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pagiyca myxupiysi; Po, Py — IOYaTKOBI (He30ypeHi) 3HaYeHHs

TyCTMHM Ta TUCKY B PifiHi; p — BiXMIEHHA TUCKY BiJj piBHO-

Ba>XKHOT'O 3BHAYCHHA.
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ITpuiiMaeMo TaKoX, IO XapaKTepHa JJOBXIMHA aKyCTUYHOL
XBUIi BeIMKa MOPiBHAHO He Ti/IBKM 3 PajliyCOM ITyXMPIIiB, ajie i
i3 cepelHbOIO BiICTAaHHIO MK HMMU. 32 IPUITHATUX JIONy1LIeHb
I10J1€ BiIXMJIEHHs TUCKY Bifi pIBHOB2)KHOI'O 3HaY€HHA B ra3opi-
IVHHI cyminni onyucyeTbest piBHAHHAM [8-10]:
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i TyXUPLiB; ¢ — WUBUJKICTh IIOMMPEHHA aKYCTUYHOL XBUIi B
ra3opiivHHIN CyMilLi.
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(2) 3BOAUTDBCS O piBHAHHSA
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[IpencraBuMo piBHAHHA (5) y BHIIIAIL

62]7 2
?f—k p.=4, (6)
2 3
2_ S Vowypott
e k* =—+p,ne; A=-200_ 7
a o2 Po 24 0)(2) (7
3aranpHUI PO3B’130K HEOJHOPITHOTO PiBHSHHSA (6) TaKui
po=p; P (8)
e pzw — 3arTa/JIbHIIT PO3B 30K OFHOPIHOTO PiBHSIHHS;
P - wacTumHmMiT PO3B’ 130K HEOJHOPIJHOTO PiBHAHHA.
3aranpHuit po3B’sI30K OFHOPIZHOTO PIBHAHHS Ma€ BUITISL,
P =ce™ +ce™ )
Bymemo  miykaTm  YacTMHHMII =~ PO3BS30K  HEOf-
HopigHoro piBHaHHA (6) y Burnapi cymm (9), me c (x)
i c(x) - mesxi wHemepepBHO mudepenIiiioBani QyHK-
uil, sxi 3HaxogMMO ~ MeTomoOM  Bapiauii  QyHKIi
c,(x) i c,(x) [11].
CxmafieMo cucreMmy:
’ !
¢ (x)e’“ +c, (x)e"k" =0;
, . (10)
¢ (x)ke’”r -c, (x)ke”“ =4,
e cl’(x) i czy(x) — IOXi/iHi 32 3MIHHOIO X.
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OTKe, YaCTUHHMIT PO3B 130K HEOJHOPIZHOTO PiBHAHHS (6)
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TakuM YMHOM, 3arajibHUI PO3B 130K HEOJHOPITHOTrO
piBHsIHHS (6) Ma€ BUTTIAL,

(12)

A
p, =ce +c,e™ 7 (13)

Is mouarkosoi ymosy ipu x=0 p,=0 Ta disyaHNX MipKy-
BaHb, 10 31 30iIbLIIEHHAM BiJCTaHi X Bifj [ykepesia HaBaHTa-
JKeHH: TUCK p 3MEHIIYETHCS, 3HAXOJUMO

A
= F
OTKe, 3arajbHNUI PO3B’ 130K HEOJHOPIAHOTO PiBHAHHA (6)
y 300pakeHHAX 3a JlarmacoM Mae BUIVLAL

P = %(e%x _1)'

¢ =0 c, (14)
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BpaxoByiounu nosHadeHss: (7), po3s’sa30kK (15) npencrasu-
MO TaKUM IYMHOM

Vi, 1 ( X [5.2 j
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Ilepexip Bim TMCKy p, y 306paxkenHax 3a Jlammacom f10
THUCKY p (X, t) TpymOMicTKmiI i He 3aBXau TpuBianbHuUit. Tomy
IofjajIblli JOC/I/I>KEHH IPOBaUTUMEMO i3 BUKOPUCTAHHAM
CIIEeKTPaNbHUX XapaKTePUCTUK XBIUIb, BUIPOMiHIOBAaHMX Ta-
30BUMM ITyXUPLAMM.

CriexTpanbHa XapaKTePUCTHKA IO TUCKY B Ia30pinyH-
HOMY CepefiOBUII 3 ypaXyBaHHAM BMpasy (16) mpm s=jm mae
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Puc. 2. MpadpivHa 3anexHicTb 6e3po3MipHOI 4acToTh M, Bif KOHUEHTpaLii z
nyxvpuis
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pu Buxigamx manmx: x = 0,5 M; R0= 1-10 *m; ¢ =
1300 m/c; y = 4/3; p = 1-10°T1a; p, = 900; kr/m’; @, = 21081,85 ¢
V,=42- 10" v z=1-10 °; n = 2381 1/m’ cnekrpanbna
XapakTepHucTuka (24) Mae BUITISA

O,7215[exp(—8,108 0,1137—(732)—1}
(1-@”)(0,1137-)

Ha puc. 3 npuBeneHO CIEKTpabHYy XapaKTEPUCTUKY NPH
aKyCTHYHIH Jil Ha JiBO(a3HE CepeloBHIIE i3 KOHIECHTPALIEO
ra3oBux myxupuis z = 1-10 .

I3 puc. 3 BuaHO, Mo Mg Yac aKycTHUHOI aii Ha qBO(da3-
HE TeoCepelIOBUINe i3 KOHLCHTPALIECH Ta30BHX IyXHPIIB
z =110 - HAAUIIKOBE IOJIe THCKY JOCSITa€ MAaKCUMAIbHUX
3Ha4YeHb Ha yacToTax ®=0,3372; ®=1,0 1 ToMy came Ha X
YacTOTaX MOXKHA JOCSTTH HAHOUIbII e(peKTUBHOTO 00pO-
OneHHs ra3opiinHHOrO (GUIIOiAy. 3HAUCHHS KPYTOBHX YacTOT
JUIS. yMOB HAIIOTO MPUKJIALy TaKi:

®, =7108,8 Ty Ta ®, =21081,85 I

3a monepeHix BUXIHUX TaHWX JUIA KOHIEHTpaIli ra3o-
BuX myxupiis z = 1-10 2 (o Biamosimae n = 23,81-10° 1/m%)
i3 Bupasy (24) orpumaemo

721,5[exp(—8,108 113,71—(52)—1}
- (26)

5,(0,5) = . (25)

s,(0,5:)=

(1-@°)(113,71-@)
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Ha puc. 4 npuBeeHO CHIEKTPAIBHY XapaKTEePHCTHKY aKy-
CTHUYHOTO TIOJII THCKY B ABO(Aa3HOMY Ta30piIWHHOMY cepe-
JTOBHIITI, pO3paxoBaHy 3a (GopMyinoro (26) i3 KOHIECHTPAIIEO
myxupiiis z = 1-102,

Ilix wwac akycTtuuHoi 0O0poOku aBodasHOro ce-
peloBHIa 13 KOHIEGHTpali€w nyxupuie z = 1-102
SK BHOHO 13 puc. 4, 3HAYCHHS pE30HAHCHUX dYac-
TOT CTaHOBIATH ®=1 Ta ®=10,66, sKi BIAIIOBIJAIOTH
KPYTOBHM 4acToTam o, = 21081,85 T’ ta ©, =224732,52 1.

BucnoBok

Omxe, Tifi 4ac aKyCTUYHOrO OOPOONEHHA TasOpifMHHUX
CeperoBUIIl HeOOXiZHO BPaXOBYBAaTy KOHILIEHTPALII0 TasOBMX
IIYXUPIIB, sIKA CYTTEBO BIUIMBAE HA BMOIP YaCTOTHMX XapaKTe-
PUCTVK, Bifl AKMX 3a/IeKUTb Pe3y/lbTaT aKyCTUYHOI fii. ¥ mpo-
1ieci B3a€EMOJIii aKyCTMYHMX XBWIb TUCKY 3 ITyXMPLIAAMM a3y Ha ix
PE30HAHCHMX YaCTOTAX BUIIPOMiHIOBaHi IyXUPLAMM BUCOKOYA-
CTOTHI XBIIi, B3a€EMOZi04Y 3 Ha(hTOIO B Opax i KaHaax (inbTpa-
1iii, IPUSBOIATH JO 3HIDKEHHs B'SISKOCTI HadTH i IOCmabmeHHs
1i 3B’A3KY 3 TBepHOIO (a30l0 CepesoBUILA IUIACTA, 110 CYIPOBO-
IDKYETDCSA IOKpallleHHAM (inbrpanii Qrroiny i mifTBepmKyeTbes
manumu pobit [12, 13].
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