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Ilon xasumayueti B )xUIKOCTH MOHUMAIOT 00pa30BaHKE 3aMOTHEHHBIX MapOM
U Ta30M TMOJIOCTEH WM MY3bIPHKOB MPHU JIOKAIHLHOM TOHM)XCHUU JaBJICHUS B
YKUJKOCTH J0 JaBJICHUS HACHIIMICHHBIX mapoB. COOTHOIICHUE COAEp)KaHUs ra3a u
napa B IOJIOCTU MOKET OBITh PA3IUYHBIM (TEOPETUUYECKU OT HYJIS 0 €AUHUIIKI). B
3aBUCUMOCTH OT KOHLIEHTpAI[MHU Nlapa WK ra3a B MOJIOCTH UX HA3bIBAIOT MAPOBBIMU
WJu ra3oBeiMu [1 — 19].

Heobxoaumo oTMETHUTDh, YTO MIOHWYKEHUE JIaBJICHUS B )KMJIKOCTU JO JIaBJICHUS
HACBIIIEHHBIX MapoB BO3MOYKHO TaKXe MpPU KHUIEHUW WM BaKyyMUPOBAaHUU
KUAKOCTH. Ho 3TH mporecchl pacpoCTpaHSIOTCS M0 BCeMY 00beMy JKHUIKOCTH B
OTJIMYME OT KaBUTAIlMW, KOTOpas HMMEET OTrpaHWyYeHHYI o00yacTh. Pazmmuator
2UOPOOUHAMUYECKYIO KABUMAYUI0, BOZHUKAIOUIYIO 3a CYET MECTHOIO MOHMKECHHUS
JABJICHUS] B MOTOKE KUIAKOCTU MPU OOTEKAHUM TBEPAOTO TEa, U AKYCMUYECKVIO
Kasumayuio, BO3HUKAIONIYIO MPU MPOXOXKJICHUHU YEepe3 JKUIKOCTh aKyCTUUYECKHUX
Konebanuil. Kasumayuonnas xaeepha, 3alI0JIHEHHAS TAPOM U Ta30M B Pa3IMYHBIX
MCTOYHUKAX, HA3BIBAETCS IMOJIOCThIO, My3bIpEM, My3bIpbKOM, chepoit u T.1m. bynem
yHnoTpeOATh 3TU TEPMHUHBI B 3aBUCUMOCTH OT pacCMaTpUBaeMOW CUTYyalluu, Tak
KaK OHM BIOJIHE TPUMEHUMBI U aJIeKBaTHbI (PU3NYECKOMN CYIIHOCTH KaBUTAILIUH.

AKycTUueckas KaBUTallMs TpeacTaBisgeT coOod >PdeKTUBHOE CPEACTBO
KOHIICHTPAIIMM DSHEPrud 3BYKOBOM BOJIHBI HU3KOM IUIOTHOCTH B BBICOKYIO
IJIOTHOCTh ~ DHEPTrUH, CBSI3aHHYK0 C NyJbCalUIMM W 3aXJIONbIBAHUEM
KaBUTAITMOHHBIX IMy3bIphKOB [11]. OO0mas kapTuHa 00pa3oBaHus KaBUTAIITMOHHOTO
nmy3bIpbKa TMpEACTaBIseTCS B cleayomeMm Bujge. B (dase paspexenus
AKyCTUYECKON BOJHBI B )KHJIKOCTH 00pa3yeTcsl pa3phiB B BHUJE MOJOCTH, KOTOpas
3aMoJIHSETCSl HACBIIIEHHBIM TapoM JIaHHOW >KuJIKocTH. B daze cxartus mnon
JIEUCTBUEM MOBBIIICHHOTO JABJICHUS U CUJI OBEPXHOCTHOTO HATSXKEHUS MOJIOCTh
3axXJIONbIBAETCS, a Map KOHJEHCUpYETCS Ha rpaHuile pazziena ¢dasz. Uepe3 CTEHBI
noJIoCTH B Hee NTUPGYyHIUPYET PaCTBOPEHHBIM B KUJKOCTH Tra3, KOTOPBIM 3aTeM
MOJABEPracTCsl CUJILHOMY aJIua0aTHYECKOMY CIKATHIO.

B MomeHT cxjonblBaHMs, JaBJICHUE M TeMIlepaTypa raza JOCTUraloT
3HAUUTEIBHBIX BENUYUH (10 HEKOTOphIM AaHHbM 10 100 MIla u 10000 °C).
[Tocne cxJyonbIBaHUsI TOJOCTH B OKPYXKAIOIIEH KUIKOCTU PacCHpOCTpaHIETCs
chepuueckass yaapHas BOJIHA, OBICTPO 3aTyxarolias B IPOCTPAHCTBE.

B nutepatype ynoTpeOssIOTCs TaKue TEPMUHBI, KaK 3aXJIONbIBAHUE, CXJIONbIBAHUE,
AHHUTWIALMS, KOJUIAIIC U T.I., KOTOpble 0003HAYAIOT OJTHO SIBJICHHE — YMEHBIIICHNE
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paaunyca my3bIpbKa R 10 MUHUMAJIBHOTO Ry, WIM YMEHBIICHHE paJlyca MOJOCTH,
ee nedopMalvio U pacraj] Ha HECKOJIbKO ITy3bIPHKOB.

YtoObl B KMAKOCTH 00pa3oBajlach MOJIOCTh, HEOOXOAUMO pPa3IBUHYThH €€
COCEIHHE MOJIEKYJIbl Ha PACCTOSHHUE HE MEHEE YABOEHHOW JJIMHBI IPOMEKYTKa
MexXy HUMHU. JKUJIKOCTh MOKET BBIJIEPKMBATh MAKCUMaJbHOE PaCTITUBAIOIIEE
HaIpsDKEHHE, paccuuThiBaeMoe 1o popmylie [12]

P=20/R (1)

rje ¢ — MOBEPXHOCTHOE HATSHKEHUE )KUAKOCTH; R — painyc My3bIpbKa.

I Bogel mpu R = 2 010" M, P = 1000 MIla [16], xaBuTanuoHHas
IPOYHOCTh HEOOpaOOTaHHOW BOJBI HE MPEBBIIIAET HECKOJbKUX JECSATKOB
Meranackaied. CyllecTByeT HEJIMHEWHas 3aBUCUMOCTb B BHJI€ HPEIEIbHBIX
KpuBblX Ome [l1] Mexay YacTOoTOM aKyCTHYECKOW BOJHBI M IOPOTOBBIM
JaBJICHUEM, IPU KOTOPOM BO3HUKAET KaBUTauMs. [lopozosvim oOasneHuem
Ha3bIBACTCA 3HAYEHUE AaMIUIUTYAbl aKyCTHYECKOrO [IaBJICHUS, BBI3BIBAIOLIETO
paclMpeHne 3apopliia 10 KPUTHYECKOTO pa3Mepa, MOCciae KOTOPOrOo OH HAYUHAET
pactu B3pbiBooOpa3Ho [11]. UeM HmKe 4acTOTa aKyCTHMUECKOW BOJHBI, TEM HIKE
noporoBoe nasiienve. Hampumep, mng vactorsl 1 k['11 moporoBoe naBlieHHE HE
npessimaer 10° Tla npu HOPMAJIBLHOM CTATHYECKOM JABJIEHHU U Temmeparype (P.
= (0,1 MlIla, T=20°C) [11, 13].

Pacxoxnenue Mexay SKCHEPUMEHTAIBHOM M TEOPETHUYECKOW IPOYHOCTHIO
OOBSCHSETCS HaJU4YMEeM B PEATbHBIX KHUAKOCTSIX PA3NHYHBIX TIpPUMEcCed u
BKJIFOUEHHI, KOTOPBIE SIBISIOTCS 3apoO0blulamMy KAGUmMayuy U CUJIBHO IOHUKAOT
ee Npo4YHOCTh. COracHO TEOPETHUECKUM IPEICTABICHUSIM MAJECHbKUE ITy3bIPbKU
JOJKHBI PacTBOPSTBHCS B MKUAKOCTH, a OOJIbIIME — BCIUIbIBaTh. Te€M HE MeHee, B
KUAKOCTU TIOCTOSIHHO TMPHUCYTCTBYIOT IY3bIPbKU Ppa3IMYHOrO paauyca. (OdeHb
MaJICHbKUE TMY3bIPbKH CTAOWIM3UPYIOTCS HAa MOBEPXHOCTSIX M B TPEIIMHAX MAaJIbIX
TBEP/IbIX YACTHII, B3BEIICHHBIX B KUIKOCTH.

B m11000i1 KHMIKOCTH 3apOJIbIIIM KaBUTAIMM MOTYT OOpa30BBIBATHCS 3a CUET
3apsHDKEHHBIX YaCTHUIl BBICOKUX SHEPTUi, MMPUCYTCTBYIOIIMX B KOCMUYECKHUX JTydax
[13]. bonee 2/3 wacTull, MOPOXKIEHHBIX KOCMHYECKUMU JIy4aMH, COCTaBISIOT |-
ME30HBbI, a OCTaJbHbIE — B OCHOBHOM 3JIEKTPOHBI. IJIEKTPOHBI XOPOIIO
NOTJIOMIAIOTCS B JKUJKOCTAX, a HU-ME30HBI IMOIJIOMIAIOTCA cjIabo, HO 00JaJaroT
00JIBIION MpOHUKaroIIEH crnocoOHOoCThIO. [Tpoxons yepes BeliecTBa, JIEKTPOHBI U
M-ME30HBI B3aMMOJICHCTBYIOT C JJIEKTPOHAMHU aTOMOB BEIIECTBA M BHIOMBAIOT HX,
3aTpauynBasi Ha WOHU3ALMIO ONPEACIICHHYIO 3HEpruio. BcliencTBue IOKalIbHOTO
BBIJICJICHUSI TEIIa, B KOTOPOE MEPEXOAUT TepsieMas BJIECKTPOHAMH SHEpPrus, B
KUIKOCTH 00pa3yroTcs MapoBble My3bIpbKU. Eciu naBneHue B KUAKOCTH OOJIbIIE
JIABJICHUSI HACBIIICHHBIX TAPOB MPHU JAHHOU TeMIlepaType, TO MapoBbIe€ My3bIPhKH,
MOPOXKJIAEMble MOHU3UPYIONIUMU YaCTUILIAMHU BBICOKUX JHEPrHil, OyayT OBICTPO
ucye3aTh. KaBuTaius Ha napoBbIX 3apoJIbIIIaxX pa3BUBAETCs, JIMOO KOI1a JaBJICHUE
B KHUJKOCTH JJIUTEILHOE BPEMsI MEHBIIE JABJICHHS HACBIIIEHHBIX MMapoB, JIUOO 3a
CYET MyJIbCAllUU JABJICHHUS.

B kuakoctu, BciencTBu€ OpPOYHOBCKOTO —JBUXKEHHUS, HMMEIOT MECTO

baykTyanuu BHYTPEHHEW CTPYKTYpbl — 0O0JIACTH MPOCTPAHCTBA C MOJIEKYJaMU
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HU3KOM SHEPrUU M MOJIEKYJaMHU BBICOKOW 3Hepruu. B oOmacTsax ¢ Mojekyjamu
BBICOKOW OHEPTUH, KOTOPHIE HA3BIBAIOT OOJIACTSAMH TOBBIMICHHONW MHKPO-
TEMIIEPATYPhl, 3BYKOBbIC BOJIHBI MOTYT OOECIEUUTh 3HAYCHUS HAIPSIKCHUM,
JIOCTATOYHBIX JUIS1 Pa3pbiBa CILIOMIHOCTH XXKUAKOCTH [ 14].

CrabusibHOE CYIIIECTBOBAHHE MAPOTA30BbIX My3bIPHKOB OOBSICHSAETCS] TEM, UYTO
Ha  TMOBEPXHOCTH  My3bIpbKa  HMEIOTCA  PABHOMEPHO  pAaCHpEICICHHbBIC
OJIHOMMEHHBIE 3apsijibl, OO0YCIIOBJICHHBIC HAXOJMSIIUMHUCA B KUJIKOCTHU HOHAMH.
OtrankuBaHue 3THX 3apsA0B IPEAOTBPAIIAET CMbIKaHKE Mmy3bipbKa [11, 13].

VYcioBue paBHOBECHs I1apOra3oBOTO Iy3bIpbKa B KUJIKOCTH 3allMCHIBACTCS B
BUJIC

B=P -P-P+20/R, (2)

rae P, — naBlieHHE, BEI3BAHHOE CHJIaMM KYJIOHOBCKOIO OoTTajkuBanus, Ila; P,
— JIaBJICHUE HACBIIICHHBIX TapoB, [1a.

[Ipu pactpocTpaHeHUH B )KHJIKOCTA TAPMOHUYECKUX KojeOanwmii 6e3 yuera P,
u nuddy3un raza dyepe3 MOBEPXHOCTh IMy3bIPbKa, HO C YYETOM H30TEPMUYHOCTHU
mpolecca pocta Mmy3bIppKa ¢ paauycoM R, ypaBHEHUE PABHOBECHUS 3aIUCHIBACTCA
Kak [18]

3
_ 20 UOR, 20
PO-Q-ERG—R,+—ROEE—£§——R0+Pn’ (3)

rae Py — HauaJbHOE AaBJeHue B Iy3bIpbke, [1a; P, — akycTuueckoe naBieHue,
ITa; Ry — HaAYyalpHBIA pagudycC IIy3bIpbKa, M; P, — CTaTMYECKOE [aBJICHUE B
)kugkoctu, I1a.

ITy3eIpex ycronuuB, noka P, He JOCTUraeT KPUTUYECKOTO 3HaueHus P, [lpn
P, > P, my3bIpeK HAUMHAET OBICTPO PACTH, YTO NMPUBOJIUT K Pa3pbIBy CILIOIIHOCTH
KUJKOCTH.

3HayeHHe KPUTUYECKOTO pajuyca onpeaesnsercs no Gopmyie

Ry, = V3R,\[Ry /20 ][R, - B, + 20 /R] (4)

C yueTrom TOro, 4TO JABJIICHHE HACBIIICHHBIX IAPOB 3HAYMUTEIBHO MEHBIIE
TUAPOCTATUYECKOTO JABJICHUSA, YPABHEHHME U1 KaBUTAMOHHOM IIPOYHOCTH
KUJKOCTH B 3aBUCHMOCTH OT HA4yaJbHOI'O pajauyca Iy3bIpbKa 3allMCBIBACTCS B
BHJIE

R+ R220/P, - 320%/[27P(R, - B 2] 0 0. (5)

JUist  3aJaHHOTO TEPEMEHHOI0 [JAaBJIIEHUS M 4YacTOTBI 3BYKOBOI'O IIOJIA
CYIIECTBYET MHHUMAJIbHBIH M MaKCHUMaJIbHBIA paguyC IY3bIPHKOB, CHOCOOHBIX
BbI3BaTh KaBUTALMIO. MUHUMAJIbHBIN paguyc onpeaenserca ypaBHeHussMU (2.4) u
(2.5), a MakcUMalbHBIA COOTBETCTBYET PE30HAHCHOMY PpaJUyCy, KOTOPBIU
onpenensercs no dopmyie Munnepta [18]:

sl 2 g

rae Y = ¢, /c, — COOTHOUIEHUE YAENbHBIX TEIIOEMKOCTEN IS ra3a U mapa B
IIy3bIPBKE.

dopmyna (6) MOXeT OBITh HMCIOJIB30BaHA JIi TAPMOHHMYECKUX KOJIeOaHUM
My3bIpbKa MPHU HEOOJBIINX AMIUIUTYAX, /Ul HU3KUX YacTOT 3BYKOBOTO TOJSI U
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KPYIHBIX MY3bIPHKOB. [l BBICOKMX dYacToT Oojee mpuMeHuMa QopMmya,
BbIBEJIcHHAsT Xa0eeBbIM Tpu ydeTe (Pa3oBBIX TEPEXOJOB M IMOBEPXHOCTHOTO
HATSOKEHUS, KOTOpasi OMHCHIBAET 3aBUCUMOCTh PE30HAHCHOTO pajuyca Iy3bIpbKa
OT 4acToTsl [17]:

Ry =0 [, (7)

rae A, — pyHKIMs, 3aBUCAIAs OT TEIJIOTHl MapooOpa3oBaHus, MJIOTHOCTH,
TEIJIONPOBOJAHOCTUH M TEMIIEpaTypbl KUIAKOCTU. [lo Mepe yBenudeHHs 4acTOThI
aKyCTHYECKOT'O MOJIsl, KABUTALIUIO BBI3BIBAIOT TOJBKO MY3bIPHKU C OOJIBILIEH fp, T.€.
My3bIPHKH MEHBIIIETO paJnyca, yeM R,

[lopor kaBuUTaUMU M €ro YacTOTHAas 3aBUCHUMOCTBH OIPEACNAIOTCS 00BEMOM
KUJAKOCTH. BennumHa KaBUTAIMOHHON TMPOYHOCTH JKUJIKOCTH 3aBUCHUT OT
HaMOOJIBIIETO 3apO/IbIIIA U3 BCEX UMEIOIINXCS B 00BbEME JKUJIKOCTU. BeposTHOCTh
NOMAaJaHusl B O3BYUMBAEMYIO 30HY 3apojbliia OOJIBIIEro pa3Mepa BO3PACTaeT ¢
yBEIMYCHHEM 00bheMa 03ByYHBaeMOil sxunkoctu [15].

Henunelinoe muddepeHnraibHoe ypaBHEHHE, OMHMCHIBAIONIEE MPOCTYIO
MOJIeNb C(hepuIECKU-CUMMETPUYHON MyJIbCAllMU Ta30BOM MOJOCTH PAaJUyCOM 7' =
R(?) B moJie maockoi 3ByKOBOW BOJIHBI, UMEET BUI:

d’R , 30dR
REK, SpdR H+ 8
> 204t ¢ (8)
AHanuTHYECKOE pelIeHWe JTOro ypaBHEHHUsA, TMoiydeHo Pameem mipu
npocredmux ycnoBusix: £ = F; P(R) = 0. B stom ciywyae ypaBHenue (2.8)

NePeXOoJuT B YPABHCHHC 3aXJIOIIBIBAHUA HYCTOﬁ IIOJIOCTH 110 I[GﬁCTBI/IGM
FI/I,Z[pOCTaTI/I‘{eCKOFO JABJICHUA:
dRE’ 2P HR;ax : 1@

Ddin 3 p '

)

BpeMmst 3axjombpiBaHMs IMyCTOW TMOJOCTH ompeaensercss u3 Gopmynbl Pames
[18]:

R3

te = 0.915R  \p /Ps (10)
YpaBHEHHE, ONUCHIBAIOLIECE U3MEHEHUs paauyca KaBUTALMOHHOM IIOJIOCTH B
nosue yJILTpasByKOBoﬁ BOJIHBI U3BECTHO KakK ypaBHeHne Hontunra- Henmaiipeca:
d’R

3y]
R—+§HdRH +—DP P - Psmwt+2—-EP +—EHRO (11)
dr*  20dt [ PR R R,

VpaBuenue  (11)  gOCTaTOYHO  XOpOIIO  OMHUCHIBAET  TOBEJCHHE
KaBUTAllMOHHOTO MY3bIpbKa B MOJIE YIbTPAa3ByKOBOW BOJHBI, HO JOMYIIEHUS O
HEC)KMMAEMOCTH JKUKOCTH HE TIO3BOJISIIOT MPABMIIBHO OLIEHUTh KOHEUHYIO CTaIUIO
3aXJIOTBbIBAHMS KABUTAIIMOHHOTO MMy3bIPhKa.

JIMHAMUKY KaBUTAIMOHHOTO ITy3bIPhKAa C YYETOM CKMMAE€MOCTH OINKCHIBAET
ypaBHeHue Xeppunra-Omunna (12). Ypasuenue (12) Gonee TOYHO OMHCHIBAET
JMHAMHMKY KaBUTAIMOHHOT'O ITy3bIpbKa C YYETOM C)KMMAaeMOCTH, HO HEaJeKBAaTHO
IIPU CKOPOCTSAX JBUKEHUS, CPABHUMBIX CO CKOPOCTBIO 3BYKa €y, YTO XapaKTEPHO
JUTS KOHEYHOMN CTa/luU 3aXJIONBIBAHUS My3bIpbKa.
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DOTOT HENOCTATOK ycTpaHEeH B ypaBHeHUMM KupByzaa-bere, BbIBEIEHHOrO C
JOMyIIeHuEM O CEPUIHOCTH BOJH KOHEYHOW aMILTUTYJbBI, 00pa3yIomuxcs Mpu
3aXJIONBIBAHUU TTOJIOCTH:
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- (R0 - P sinwt+ B) PR
0
c= [c§+ (n-1) H]O’S; A, B, n — mnocTosHHBbIE KOAX(PPUIMEHTHI, IS BOBI
A =300 Mlla, B =300 MIla, n=17.

VYpasuenus (11), (12) u (13) He pematorcss B oOmiem Buje. VX yucieHHbie
pelieHusT TOJy4YaroT JJisi KOHKPETHBIX YaCTHBIX CIIy4aeB C OIPEAEIICHHBIMU
3HAQUYEHMSIMU YacTOThl M aMIUIUTY/bl 3BYKOBOI'O TOJII M BEJIMYMHON HAYaJIbHOTO
pa3mepa my3bIpbKa. VcciaenoBanue 3TUX ypaBHEHMN clienaHo mnojapoOHo B [11, 15,
16] m moka3bIBaeT, 4TO MpU aMIUIMTyJaX 3BYKOBOro AaBieHus P, < P, ra3oBble
Iy3bIPbKM HE 3aXJIONBIBAIOTCS M IYJIbCUPYIOT JIMHEWHO. Ily3bippku ¢ R < R,
IIyJICUPYIOT C YaCTOTOM aKyCTMYECKOM BOJIHBL, @ IIPU pa3Mmepe Iy3bIppka R > R,
NepuoJl MyJbcaliu OJM30K K TMepHoay cOOCTBEHHBIX Kojebauuil. I[lpu P, > P,
JIBUKEHHUE TOJIOCTH CTAHOBUTCSI HEYCTOMYMBBIM U OHA 3aXJIONBIBAETCS B IEPBOM
IOJIOKUTENBLHOM mostyniepuoze. Ilpu nanpHEMmeM ysenuueHuu P, WHEPLHUOHHbBIC
CWJIbl TIPEMSATCTBYIOT 3aXJIOMBIBAHUIO ITy3bIPbKAa, M OH COBEPIIAECT OJHO WU
HECKOJIBKO KOJIeOaHUM, a 3aTeM CXJIONbIBacTCs. Bce 3Tu pe3ysibTarhl  JIOCTATOYHO
XOpOIIO COTJIACOBBIBAIOTCS C 3kcniepumenTom [13, 15, 16].

B nepBoHauyanbHbIi MOMEHT BPEMEHHU POCT MY3bIPHKOB MPOUCXOAUT 34 CUET
MOHWKEHHUSI TABJIEHUS B )KUAKOCTU O OPOTrOBOro Piyp,, KOTOPOE MEHBIIIE TABICHUS
HACBIIIEHHBIX MapoB. Ho B monie mnepuoauyeckux KoJeOaHUl MpPOUCXOJIUT
YBEIIMYEHUE BO BPEMEHHU CPEIHEr0 paanyca Iy3blpbKa M CPEJHEW MAacChl ra3a B



ny3blppke. KadecTBeHHOE OOBSICHEHHE 3TOTO SIBJICHUS BIEPBBIE OBLIO C/EIaHO
bneiikom. Ilpu nepuognyueckux mMyJbCAUMUSIX MJABICHUS HW3MEHSETCA pPaauycC
My3bIpbKa U KOHLIEHTPALUA ra3a B HeM. B Qa3ze cxxaTus u3 my3bIipbKa B KUIKOCTD
ra3 BbIXOJIUT, a B (pa3e pacmIMpeHus IPUXOAUT B My3bIpekK 3a cueT Auddy3un. Tax
KaK KOJU4YecTBO MpoaudPyHIUpYIOMIET0 Ta3a MPONOPLUHUOHAIBHO ILIOIIAAN
MOBEPXHOCTH, TO IPU HEJIMHEUHBIX MYyJIbCALMSIX Ta30BbIX My3bIPHKOB IMOTOK raza B
Ny3bIPEK MPU €ro PACIIMPEHUU MNPEBBIIIAET MOTOK Ta3a M3 My3blpbKa MpPU €ro
CKaTUM. 3a KaXIbld LUK MyJbCAIMM BO3HUKAET MPUPAILIEHHE Macchl raza B
Ny3bIpbKE, YTO MPHUBOJUT K CPEIHEMY BO BPEMEHHM POCTY paauyca Ia30BOr0O
ny3slppka.  [IpoucxomuT Kak  Obl  «BBIIPAMIICHHE»  3HAKOIEPEMEHHOTO
IU(p(y3UMOHHOTO IOTOKA ra3a 4epe3 IMOBEPXHOCTb IYJIbCHUPYIOLIEr0 Ia30BOroO
ny3bIpbKa [17]. 910 siBneHue ObLII0 Ha3BaHO BBIMPSIMIICHHOMN Ta30Boi quddy3uei.

PocT mapoBbIX My3bIPHKOB MpU NEPUOAUYECKUX MYJIbCALUAX, BO30YKIAEMBIX
BHEIIHUM II0JIEM, TakXe OOYCIIOBJIEH SIBICHHEM, KOTOpOE TMOJYYWJIO Ha3BaHUE
BBIIPSIMJIICHHOW TEIUIONEPEIayu WM BBIIPSAMIIEHHOTO TerionepeHnoca [17]. Oror
3¢ dexT aHamoruyeH BBIIPSAMIEHHOW rasoBod auddysuu. B ¢asze paspexenus
AKyCTUYECKOIO TOJIA MpH TMOHWKEHUU JaBJICHUS IOHMXKAETCS TeMIlepaTypa
ny3bIpbka W TEIUIO UAET OT >KMJIKOCTH B Iy3bIPEK uepe3 OOJIbLIYIO IUIOMIA/lb
MOBEPXHOCTH My3bIpbKa, a B pa3ze cxKaTUsl IPU MOBBIIEHUH JIABJICHUS MOBBIIIAETCS
TeMIlepaTypa My3bIpbka M TEIUIO YXOJIUT U3 IMy3bIpbKa B XUIKOCTh U MPU 3TOM
IUIOIIAJ(b IIOBEPXHOCTU ITy3blpbka Majla. B cpenmHeM 3a LMK TpOSIBISETCA
HEJIMHENHBIN 3 PEeKT HampaBICHHOTO OT >KUJIKOCTH K Iy3bIpbKY IOTOKa TEIUIA.
Kpome Toro, napoBoii Iy3bIpeK IIPH IyJbCAUUAX IOIJIOIIAET SHEPTHIO BHEIIHETO
1oJIsl, KOTOpas 3aTpPauyMBaeTCs Ha MWCHApPEHHE JKUJIKOCTH M IPUBOAUT K
JOTIOJIHUTEIIbHOMY POCTY Mmy3bIpbKa [ 13].

B 0ObIYHBIX yCIIOBUSIX HE HAOJIOAETCS YHUCTHIX Ta30BBIX WM MAapOBBIX
Iy3bIPPKOB M ITy3BIPEK, KaK IIPAaBWJIO, 3alOJIHEH Mapora3oBo cMmecbro. Poct
y3bIpbKa BO BHEIIHEM aKyCTHYECKOM I10JI€ MPOUCXOIUT 3a cUeT BceX 3P (EKTOB,
KOTOpbIE OBLIN ONKCAHBI BBILLE.

Pocty maporazoBoro my3blppKa MpEensTCTBYIOT NPUCOEAMHEHHAss Mmacca
KUIKOCTH, CTATUYECKOE JABJICHUE U JIaBJIICHUE TOBEPXHOCTHOTO HaTshKeHus. Poct
WIM MCUYE3HOBEHUE KABUTAIMOHHOI'O My3bIphbKAa MPOUCXOIUT MPHU MpeodialaHuu
TeX Ui UHbIX 3(pPexToB. HenmmHeHOCTh KpUBOM (pa30BOro paBHOBECHS IPUBOAUT
K TOMYy, YTO B CpEJHEM TeMIepaTypa MapoBOr0 IIy3bIpbKa IOHM)KAETCA I10
OTHOLIEHUIO K TEMIIEpaType OKPY>KAIOIIEH >KMIKOCTH, a 3TO BBI3BIBACT IIOTOK
Teruia U3 KUAKOCTH B Iy3bIPEK, HCIIAPEHUE KUIKOCTH U POCT Iy3bIpbKa B CPEIHEM
3a Mepuoz.

B npenmnosnoxeHuu, 4To MaporasoBas CMECh B PEAJbHOM KaBUTAalMOHHOM
My3bIpbKE MPH aquabaTHYECKOM CKaTUU BEAET ce0s Kak UJealbHbIN a3, JaBJICHHE
B ITy3bIPbKE B MOMEHT 3aXJIONbBIBAHUS ONPEAEIIAETCSA MapaMeTPOM ra30CoAepKaHUs
o [18]:

Poos 1B, 8107, (14)



IIpu pacmmpeHur KaBUTAUMOHHOIO INy3bIPbKa B KUJKOCTb W3JIy4aeTCs
chepuueckas BosHa. be3 ydera BI3KOCTH U TEIUIONPOBOJAHOCTH JABJICHUE B BOJIHE
onpeaensiercs o Gopmyne xunmopa:

3 2
P(r,1) = g(P(R)- P+ ng- R_Hlp HdR D,

P H2  0dt
P RD ~ )
+ dt Hl_BH Dp Hd_RH _2(P(R)_Ro)_RdP(R)D
¢ 0 rOp0dQ dR g

[Ipu oueHb OOJIBIION CKOPOCTH 3aXJIOMbBIBAHUS My3bIPhKA M3JIyyaeMasi BOJIHA
MOXXET TMEepelTH B YyJapHylo, JaBJI€HUE B KOTOPOM HU3MEHsieTCs OoOpaTHO
IIPONOPLMOHAIIBHO PACCTOSIHUIO OT mnojoctu r [18]. PaccrosHue, Ha KOTOpOM
oOpa3syeTrcs yAapHas BOJIHA, ONPEAEIAETCS 3HAYCHUEM MAaKCUMAJIbHOTO JaBJICHUS

B ITIOJIOCTH U COOTBETCTBYCT COOTHOIICHUIO!
-2/3

J 13,6E1g Rr:mE , (16)

I71€ Ppax COCTaBJISIET COTHU METaIacKalle.

JluHaMyka Tapora3oBOd TOJOCTH C YYETOM TEIUIOOOMEHa W YacTUYHO —
JUHAMUKH Ta3a B IMy3bIpbKE paccMmaTpuBasiach B paborax M.A. Maprynuca [14,
19]. dns  onucaHWsi  JBHXKEHUSI CTEHKM  My3bIpbKa  HMCIOJIb30BAJIOCH
mupdepennmansaoe ypaBHeHue (8). Ckopocte T1aza Vi(R, ¢) B My3bIpbKe
omnpenesiach U3 ypaBHEHHUs Hepa3pblBHOCTU. Macca raza m(R, t) B my3bIpbKe
paarycoM R cunTanach HEU3MEHHOM.

JlaBneHne B Iy3bIpbKE PABHO
-1

RoP, £ RE

i
3T, HIT(Ri,t) 0o 17

0
rae 0s R <R,
VYpaBHEHHE TEITONMPOBOJHOCTH JJISl Ta3a BHYTPU KABUTAIMOHHOTO My3bIPbKa

AMEET BU:

0T 1 — 1 dP
—= div(d dT)- V.gradT + —
TR iv(\ .gradT’) - V gra o di (18)

rae Prén = TP(I) L.
(R,t) y- 1
[lo pe3ysbpTataM YUCIEHHBIX PELICHWNA 3TUX YPAaBHEHHU ObUI clieJaH BBIBOJ,
YTO TEIJIOOOMEH B MPOLECCE CXJONBbIBAHUS ITy3bIpbKa OKa3bIBAETCS BEChMa
CYIIECTBEHHBIM, 3HAYUTEIBHO TMOHWXXAIOIIMM  MaKCUMAaJbHBIE  IapaMeTpPhI
[Iapora3oBOM CMECH BHYTPH KaBUTALIMOHHOTO ITy3bIPbKa: CKOPOCTh U TEMIIEPATYPY
— Oonee yem B 2 pasa, a JaBieHuEe — Oojiee 4eM Ha MOPSAOK MO CPAaBHEHUIO C
aanabaTUYecKUM CXJIONbIBaHUMEM. Bpems cxjonbiBaHus B aauabaTHUyecKOM
pPeXKHME U C YYETOM TEIUIOOOMEHA HE3HAYUTENIbHO OTIMYAETCS OT PIJIEEBCKOrO
BPEMEHU IS IIyCTOr'O ITy3bIpbKA.
MuHUMaQIBHBIA  paguyC IMy3bIpbKa Ruin ¥ paguyc R., NOpU KOTOPOM
JOCTUTAETCAd MaKCUMalbHas CKOPOCTh IMPH ydeTe TEIJI00OMEHa, MOYTH BIBOE
IPEBBILIAIOT COOTBETCTBYIOIIME BEIUYMHBI JUIsI aIMa0aTUYECKOTO CXJIONBIBAHUS.

MakcumanbHasi CKOPOCTh JBWKEHUS CTEHOK IMy3bIpbKa MPH yYETe TEII000MEHa
;

P(t) =




(e 6onee 600 mM/c) 3HAUNTEITHLHO MEHBINIE CKOPOCTH 3BYKa B XKHUIAKOCTH (co = 1500
M/C), TIOATOMY BKJIQJ CJaraeMbIx, COAepKaiux dR/dicy B ypaBHEHUSIX XeppHHIa-
®dnunna u Kupksyga-bete, nomxeH ObITh 3HAUUTETLHO MEHbIIIE, YEM JIJII MOJIETTU
amuabaTuyeckoro  cxjomnbiBaHus [19]. DT BBIBOABI  MOJTBEPKJIAOTCS
AKCIIEPUMEHTANIbHBIMU HucciienoBanusiMu [20, 21], coriacHO KOTOPHIM KOHEYHBIM
paauyc KaBUTALIMOHHOTO MY3bIpbKa BCETO B 3 — 5 pa3 MEHbIIE UCXOAHOTO.

B OonbmmHCTBE WCCIENOBAaHWI KaBUTAIMH, OCOOCHHO TEOPETUUYECCKUX,
paccMaTpHUBAIOT MOBEJACHUE E€IMHUYHOTO MY3bIpbKa. B pealbHBIX yCIOBUSIX
HEOOXOIUM LIETbI KOMIUIEKC MEp, YTOObI JOOUTHCS CYIIECTBOBAHMS OJUHOYHOIO
ny3blpbKa. Jlaxke Mpu NaBJ€HUU, HE HAMHOTO MPEBBIIAIOIIEM MMOPOT KaBUTAIWU,
cpazy TOSBIISIETCS MHOXECTBO KABUTALIMOHHBIX IYy3bIPHKOB, 3aHUMAIOIINX
OMpENENCHHYI0 YacTh MPOCTPAHCTBA, KOTOPYIO HAa3bIBAIOT KAaBUTAIMOHHOU
obnacteio [22]. [Ipn UMIOYJIBCHBIX PACTATHBAIOLIMX HAMNPSKEHUSX B JKUJIKOCTU
3apOABIIIN KAaBUTALIMM HAYMHAIOT pPACTH, 00pasys KaGUMAayuoHHblU Kiacmep,
dopMa W JIMHA KOTOPOTO OMPENEISIOTCS HAYaJbHBIM CIEKTPOM pa3MepoB
KaBUTALIMOHHBIX 3apOJIbIIIEH, XapakTepoM NPHUKIIAIbIBAEMOr0 HAINPSIKEHUS H
TPAaHUYHBIMHU YCIOBHSIMU. Bce 3apofplllin TOCTUTalOT MaKCHMalbHOTO pa3Mepa
OJIHOBPEMEHHO, M Cpe€lla MOXET CUYUTATbCS MPAKTUYECKHM MOHOJUCIEPCHOM,
coJieprKalllel My3bIpbKU TOJIBKO OJHOTO pazMepa [23].

[Ipn MasbIX pacCTOSTHUSAX MEXKY IMy3bIpbKaMU B IJIOTHOM KaBUTAIlMOHHOM
KJIaCTepE KaBUTAIMOHHBIE IY3bIPbKHA B3aUMOJCHCTBYIOT JpPYr C JAPYroM B
npoiiecce myiscanuii. B 3Tom ciyuae B ypaBHeHue (2.11) HeoOXoauMo BBeCTU
claraeMoe, BbIpakarollee IaBJICHUE, T€HEPUPYEMOE COCEIHMMH ITy3bIpbKaMHU.
3anumem ypaBHenue (2.11), yuuThIBas JaBle€HUE, TE€HEPUPYEMOE BCEMU
KaBUTAIIUOHHBIMU HySBIpbKaMI/I Pras:

Rd—R EHdRE —DP P - P+PKaB+2—°+4“ dR _ Pm+2U
dr*  20dt[ R R dt

(19)

PaccmoTpum OTIEnbHYI0 00J1aCTh KABUTAIMOHHBIX MY3bIPHKOB, PABHOMEPHO
pacnpeAeieHHbIX B MPOCTPAHCTBE C MOCTOSIHHOM IUIOTHOCTBIO Py [27]. Kaxknmoe
CXJIOTIBIBAHUE Ty3bIphbKa MPOU3BOJIUT BOJIHY JAaBJCHUS W JIeJIaeT CBOM BKJIaJ BO
BTOpUYHOE JAaBjeHue P, B ypaBHeHuu (19). Tounoe pemenue ypaBHeHus (2.19)
TpeOyeT pelieHusT OTJASILHOIO0 YpaBHEHHUSA IS KaXJIOro KaBUTAIMOHHOIO
y3bIpbKa.

[IpousBenem HekoTopble ymporuieHusi. [IpuMem, 4To BCe My3bIPHKH HUMEIOT
OJIMHAKOBBIA pa3Mep W BHEIIHUE YCJIOBUS OJWMHAKOBBI MJI BCEX ITy3bIPHKOB.
CrnenoBaTenbHO, KaXAbI U3 MYy3bIPhKOB KABUTALIMOHHOTO KJIACTEpPa CXJIOMBIBAETCS
B MOMEHT BPEMEHU /. U U3Iy4aeT BOJIHY JABICHUS Py, OIMHAKOBYIO IJI BCEX
my3bIpbKOB. OO0IIIee BTOPUIHOE JABICHHUE P,y HAXOAUTCS KaK CYTEPIIO3UIIHAS BCEX
BOJH  JIaBJICHUSI, B3STBIX B  KOJUYECTBE, OIPAHUYECHHOM  BpEMEHEM
pacrpocTpaHeHus BOJIHBL. BoienuM B KaBUTAIlMOHHOM KiiacTepe chepy paanycom
¥, BKIJIIOYAIOIYI0 MHOXECTBO KaBUTAIIMOHHBIX Iy3BIPbKOB. B 1eHTpe cdepnl
HaxXOJUTCS paccMaTpuBaeMblii MMy3bIpek. B mpemenax orpaHu4eHHOTO oO0BeMa



d )
BKJIaJ, BCEX IIy3bIPbKOB OYAET COCTABIATH P .fh(l- L~ %)RminT, IpU  du = 4nridr .
WuTerpupys no BceMy 00beMy, OIyYaeM:

Fean(0) = 0 wRein [ [ fu0 - 1~ ’c)dTU 170031
-1,

Pan(0) 7 41 fRoin® [ R0~ o= D)l (20)

N
e et

IIpu 1 =0, ¢ > t. ypaBHeHue (20) npuHUMAET BUA:

-t

Pras (0) = 4D Ry (= 1) [ R(O)t =41 e BRI 1) 420 Py . (21)

-0

3nech Rnin — MHUHUMAJbHBIA paJuyC My3bIpbKa NPU CXJIOMNBIBAHUU, M;
C — CKOpPOCTh 3BYKa B KHIKOCTH, M/C; P, — JaBJICHHE Ta3a B IMy3bIPbKE MpHU
CXJIONBIBAHUM, Ila; P, — IUIOTHOCTH My3BIPHLKOB, M °. UHMCIEHHas KOHCTAaHTa
B=T(/2UQE k- 122/ T/3k) . Jlna anuabdaTHYECKOH  SKCIIOHEHTHI

k = 1,4 (Bo3ayx) 3Ta BennunHa paBHa B = 0,953; I — ramma-bynkuus. s
! < I, BTOPHUYHOC JIaBJICHHUE PABHO HYJIO.

B pa3BuTOii KaBUTAallMOHHOM O00JACTH  KOJWYECTBO KABHTAI[MOHHBIX
y3bIPHKOB TPEBBIIIAET KOJUYECTBO 3apojplliedl mpumepHo B 10° pas. D10
OOBSICHSIETCSI TE€M, UYTO NPOILIECC BO3HUKHOBEHUS KaBUTAIMOHHBIX MY3bIPHKOB
saBiseTcss uenHou peakuwed [13]. KaBuranus, BO3HUKIIAA HAa E€IUHUYHOM
3apoJiplllie, 3a BpPEeMs B HECKOJIBKO JECATKOB TMEPUOJOB YIbTPa3BYKOBBIX
KOoJie0aHUN pa3BUBAETCS B CTaOWIbHYIO 00JacCTh, COCTOSIIYI0O W3 MHOYECTBA
KaBUTAIIMOHHBIX Ty3bIPHKOB.

[Ipouiecc pa3BuTUS KaBUTALMOHHOM OO0JACTH MPEACTABISETCSA CIEAYIOIIUM
oOpazoM. Ilpu 3axyombIBaHUM KABUTALMOHHBIM IMY3BIPEK MOXET TEPSTh
YCTOMYMBOCTD U PacClaiaThCsl HA YaCTH, a TaK KaK JIaBJICHUE U TEMIEpaTypa B 3TOT
MOMEHT B Iy3bIPpbKE MAaKCHUMAaJIbHBI, TO JABJICHHE W TEMIIeparypa Mapora3oBou
cMecu B 00pa30BaBIIMXCS «OCKOJIKax» TOXKE MOBHIIIEHBI. B (pa3e pacTskenus onu
JIETKO PAaCIHIMPSIIOTCS UM CTAHOBATCS HOBBIMU 3apOJIbIIIIaMU KaBHUTAI[UU, MEHEE
MPOYHBIMH, YEM MOCTOSHHO MMEIOIIHNECS B KUJIKOCTH. KaBUTAIlMOHHBIE MOJOCTH,
BO3HUKIIIME HA ATUX 3apOojblllIax, MOPOXKIAAIOT HOBble. BHYTpHM KaBUTalIMOHHOM
0o0JlacTU  HMJIET HENPEPHIBHBIA  MPOIECC Pa3MHOXKEHUST W KOaryJisiuu
KaBUTALIMOHHBIX IMY3BIPbKOB, MPUYEM KaBUTAIIMOHHBIM TOPOT HECKOJIBKO
YMEHBIIIAETCS, TaK KakK B YCTAaHOBHUBIIEMCS PEXKUME pPOJIb KaBUTAIMOHHBIX
3apOJIbIIC  HAYMHAIOT  BBIMOJHATH PABHOBECHBIE MY3BIPbKH, O0O0BEM W
ra3ocojiep>kKaHue y KOTOPBhIX OOJIbIIe, YeM Yy 3apoJibliieit [22].

B kauecTBe BENWYMHBI, XapaKTEPU3YIOLIEH CTEIEHb PAa3BUTOCTU KaBUTALWU,
JI.JI. PozeHOepr npeasioxRu UCIoNb30BaTh UHOEKC Kasumayuu

K=boju (22)

rzae U — BbliesIeHHbIH 00beM; AU — 00be€M BCEX KABUTAIMOHHBIX ITY3bIPHKOB.



Boinenenublii  00beM U JIOKEH  YAOBJIETBOPSTH  CIACAYIOUIUM  JIBYM
TpeOOBAHUSAM:

JUHEHHBbIE pa3Mepbl 3TOro o0beMa JOJKHBI OBITh Majibl [0 CPAaBHEHHIO C
JUIMHOW BOJIHBI, 4YTOOBI TIEPBUYHOE BO30YXKJAIOIIEEe KABUTALUIO 3BYKOBOE
JABJICHUE MOXHO OBIJIO CYUTATh BHYTPH ATOTO 00beMa MOCTOSHHBIM 10 BEJIMYUHE
U CUH(pa3HBIM;

2) nWHEWHBIE pa3Mephl ITOr0 00beMa JOKHBI OBITh HAMHOTO OOJbBIIe
pa3MepoB KaBUTALIMOHHOTO My3bIpbKa [22].

NHpekc kaBUTAIlMU €CTh Mepa MPOCTPAHCTBEHHOM IUIOTHOCTH SHEPrUH, a
BennurHa AU mpornopimoHaibHa MOTEHIIMAIBHON SHEPruu, 3alaceHHOW BCEMHU
cozepxamumucs B ooreMe U my3bipbkamMu. PaboTa, coBepiiaemasi n my3blpbKaMu

C OIMHAKOBBIMHX MAaKCHUMAJIbHBIMH Pa3MCpaMu, 3aIIMCbIBACTCA B BUJIC

Ak:gnR3 P.onz PAv. (23)

max”® o

B ycraHoBuBIIEMCS pEXHME, IPU HEU3MEHHBIX BHEUIHUX YCJIOBHSIX
(craTnueckoe JaBieHUE, TEMIEPATYPaA, Fa30COAEPHKAHUE U T.11.) MHAEKC KaBUTALUN
ecTb (yHKIMS KoopauHart nois. PaccmartpuBas K B mpenenbHOM Cilyyae Kak
(YHKLIHIO TOYKH, MOYKHO BBECTHU MOHATHE CpeHEro (1o o0beMy KaBUTAIIMOHHON
obsiacTu) UHAEKCca KaBuTauu < K > B BUJE

(K)= UldeU. (24)

Bemnunna K nexur B npegenax 0 < K < 1. HuxHuil ipefien COOTBETCTBYET
OTCYTCTBUIO KAaBHUTAIIMU, BEPXHHUU Mpeaena TOCTUXKUM TOJBKO B JIOKAJIBHOM
o0beMe. YcpeaHsaTh MHACKC KaBUTALlMM MOKHO HE TOJIBKO MO 00JIaCTH, HO U IO
KaKOMY-JIMOO CEYEHHUIO.

C WUWHOEKCOM KaBHUTAllMM CBsi3aHa Takke CBOOOJHAs »HHTaubnus H
KaBUTAIIMOHHBIX My3bIpbKOB [22]. [Tpupaiiienne cBOOOHON SHTANBIIUN PABHO:

AH=-HAT+ VAP+uAp, (25)

rne H u V — sHtanenus u o0bem nojacuctemsl, AT u AP — npupaiieHus
TEMIEPaTyphl U JIaBJICHUS; || — XUMUYECKHUI MOTEHIMA Mapa B €IUHUIE 00bEMa;
Ap — oOTHOCUTENbHOE W3MEHEHHEe JHaBlieHus. B mporecce pacmupeHus
KaBUTALIMOHHOTO IMy3bIpbKa MOXXHO cuuTaTh, 4yTo A7 = AP = (. Torma cBoOoHas
SHTAJIBINS BCEX KAaBUTALIMOHHBIX MOJIOCTEH B €IMHUYHOM 00bEME BBIPA3UTCS KaK

LaN()

H:uIV,.TdI:uK, (26)
1

T.€. SIBJSIETCS JIMHEHHON (PYHKIIMEN KaBUTALIMH.

B Hacrosimiee BpemMs HET YAOBIETBOPUTEIBHOW MOJEIM KaBUTALMOHHOW
o0acTy, aJleKBaTHO OIUCHIBAIOIIEH €€ NMOBEACHHUE U NTOBEACHNUE MPUHAAIIEKAILETO
K HEW OTHAENbHOr0 KaBUTALMOHHOIO Iy3bIpbKa. lloBeneHne KaBUTAMOHHOW
o0acTy 3aBUCUT OT MHOTHX SIBICHUH M (PaKTOPOB: Pa3MHOKEHHE U KOATYJISALUSA
(KoanecleHIMs) My3bIPbKOB; HUX B3aUMOJCHCTBUE; M3MEHEHHE XapakTepa
IyJIbCALMKA Iy3bIPbKA 34 CUYET YJIApPHBIX BOJH U 3BYKOBOI'O M3JIyYEHMs COCEIHHUX
IIy3bIPbKOB; M3MEHEHHUE CPEIHMX aKyCTHYECKMX CBOMCTB Cpe€bl; MUKPOIIOTOKU

BHYTPH KaBHUTAIIMOHHOW 00JIACTM M Ha TpPaHHIE MYy3bIPbKa; pacipeaeiieHne
10



3apoJIpllliel KaBUTalUMM; Ta3zocoaep:kanve u T.4. Ha puc. 2.1 u 2.2 nokaszaHsl
KaBUTAIIMOHHBIE 00J1acTH, 00pa3OBaHHBIE B YJIBTPAa3BYKOBOM H3Iydareiie U B
POTOPHOM UMITYJIbCHO-KABUTAI[MOHHOM ariapare.

16) 2)
Puc. 2.1  KaButanmonnass o0nacTb, oOpa3oBaHHas HaJl YJIbTPa3BYKOBBIM

MarHMTOCTPUKIIMOHHBIM M3JIy4aTeIeM MpY Pa3InYHbIX CTATUYECKUX JaBiIeHUIX [18]:
a—0,9 MlIla; 6 — 0,6 MIla; 6 — 0,2 Mma; ¢ — 0,1 MIIa

Xe

WR

B 5 . CTRT4p

Puc. 2.2 KaButarnmonnslii kiactep, oOpa3oBaHHBIM B KaHalle CTaToOpa
POTOPHOI'0 UMITYJIbCHO-KaBUTAIIMOHHOTO arapara.

B mporecce cBoero >KM3HEHHOTO ITUKJIA KaBUTAIIMOHHBIE MY3BIPHKU TEPSIOT
chepuueckyto ¢opmy B OoJblIed WM MEHBIIEH CTENEHH B 3aBUCUMOCTH OT
MaKCHUMaJIbHOTO PaJNyCa, YacTOThl aKyCTHYECKOTO IIOJS, BSI3KOCTH, HATMUYUS
MOBEPXHOCTHO-aKTUBHBIX  BEMIECTB W  T.M.  HawmOombmme  medopmanuu
HaOI0JAI0TCS HA 3aKITIOYUTENIbHON cTaganu cxatus. OcOOCHHO OOJBIIOE BIHUSHHUE
UMEET COCE/ICTBO TBEPIOW CTEHKH WM OJM3KOPACIIONOXKEHHOTO KaBUTAIIMOHHOTO
ny3bipbKa (puc. 2.3) [14, 20].

11
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Puc. 2.3 KunorpamMmma myJibcanuii KaBUTAIIMOHHOTO My3bIpbKa U 00pa30BaHUS
KYMYJISITUBHOM CTPyHU IO HAIPaBJIEHUIO K TBEPJOM MOBEPXHOCTU (MAKCUMAIIbHBIN
panuyc ny3bipbka 1,1 mm) [14]

Paznuuaror 4deThipe THma CKaTus, MOTEPU YCTOWUYHMBOCTA M CXJIOIBIBAHUSA
My3bIPHKOB B YJIBTPa3BYKOBOM I0Ji€ BOJIM3U TBEp0il moBepxHOCTH. [Ipu nepBom
TUIE CXJIONBIBAHUS KyMYJSITUBHBIE CTpyH He HaOmonarotcsa. [Ipu BTOpoM
TPEThEM THUIIAX CXJIOMBIBAHUS TUHAMUYECKUI UMIYJIbC 00pa3yeTcs KaK pe3ysibTaT
JNEUCTBUSL BOJIH JIaBJICHUS, PACIPOCTPAHSIONIUXCA OT MPWIETAIOMEen K
MOBEPXHOCTU YACTU MYy3bIpbKa, TakKk W JCUCTBUS KyMYJISITUBHOW CTpYH,
oOpasyrolielics Mpu CIUSHUM JIBYX KOJIBLIEBBIX CTpyH. IIpu uerBepTroM THIIE
CXJIOTIBIBAHUS TUHAMHUYECKOE BO3CHCTBUE HA TBEPAYIO CTEHKY OKa3bIBAa€T BOJIHA
JABJICHUS], PACIPOCTPAHSIONIASCA OT My3bIpbKa, OTACIIEHHOIO OT MOBEPXHOCTH
KOJIBLIEBBIMU CTPYAMU. [Ipu ciustHUM 3TUX CTPYyH 4aCTO BO3HUKAET KyMYJISITUBHAS
CTpysl OT TBEPAOU MOBEPXHOCTU CKBO3b KABUTALIMOHHBIN ITy3BIPEK, YTO MPUBOJIUT
K CHI)XEHHUIO JHUHAMUYECKOro uMmilyjbca. C yBEIMYEHUEM BSI3KOCTH KUIAKOCTH
KYMYJISITUBHBIE CTPYUKHU 0CJIa0€BaloOT.

I[ToMuMO KOJIBIIEBBIX U PAIMATBHBIX KYMYJISITUBHBIX CTPYW KaBUTAILMOHHBIC
Ny3bIpbKH  OOpa3yroT P MEIKUX  HUTEOOpa3HbIX  «OTPOCTKOB» U
«IIEPOXOBATOCTEWY, JIIMHA KOTOPBIX YBEJIMYUBAECTCA MO MEPE CKATUS MYy3bIPHKOB
(puc. 2.4) [14, 19].

Jlst co3nanusi KaBUTAIMOHHOW 00JIaCTH HCIIOJB3YETCS OINpe/eiieHHass 4acTh
SHEPrUM MNEPBUYHOTO 3BYKOBOTO moJiA. OTHOUIEHWE 3aTPAay€HHOW JHEPTHHM K
MOJIHOM  DHEPrUM  TMEePBUYHOIO  TMOJS  Ha3bIBACTCA  KO3pduyuenmom
KagUmMayuoHH020 UCNONb308aAHUA aKycmudeckou sHepauu [19]:

EK
=, 27)

r]:
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Puc. 2.4 OO0pa3oBaHue «IIepoOXoBaTOCTEH» HA TTOBEPXHOCTH
KABUTALMOHHOTO ITy3bIPbKA C KyMYJISITUBHOM CTpyHKOW [14]

DOHeprus 3ByKOBOTO MOJIA, UAYIIAs Ha 00pa30BaHNUE KaBUTAIIMOHHOW 00J1acTH,
3aTpayrBaEeTCs B TE€UEHUE BCeil (ha3bl pacllMpeHUs KaBUTALMOHHOTO Iy3bIPbKA.
DTO BpeMs HECKOJIbKO MEHbUIE NeproJia MepBUYHOTO 3BYyKa 7. IIpuHsIB 310 Bpems
paBHbIM T), cpeoHsis 3a TMEpPUON, MOIIHOCTh, KOTOpas 3aTpauuMBaeTcs Ha
o0pa3oBaHUEe BCEH KaBUTAIIMOHHOM 00J1aCTH, paBHa:

(2.28)

rae N — MOIIHOCTh IEPBUYHOTO 3BYKa, BT.

Takum  oOpa3oMm, KaBUTallMOHHAs  OOJACTh  MPEACTABISET  CcOOOM
cBoeoOpa3HbIil TpaHC(HOpPMATOp MOIIMHOCTH, B KOTOPOM CPABHUTEIHHO MEICHHO
HaKaruiMBaemasi SHeprusi 0CBOOOKIaeTcs B TEUYEHUE OYEHb  KOPOTKOIO
BPEMEHH, B PE3yJIbTaT€ Y€r0 MTHOBEHHAsi MOUIHOCTh BO MHOTO Pa3 MPEBOCXOJUT
CPEAHION, BBOJUMYIO U3TydaTesieM B KaBUTAIIMOHHYIO 00J1acTh [23].

Ha pa3BuTHe M HMHTEHCUBHOCTH KaBHUTAIlUU OOJIbIIOE BIUSHUE OKa3bIBAIOT
BHEIIIHUE YCIIOBHUS U CBOMCTBA KUAKOCTU. lIpH kaBUTaUMM B JIE€ra3upOBaHHOMU
YKUJKOCTH B KaBUTAIIMOHHBIC IMY3bIPbKHU MOCTYIIAET MEHBIIIEE KOJIMYECTBA BO3IyXa,
4eM B OTCTOSIBIIEHCS, YTO MPUBOJAMUT K YMEHBIIEHUIO JeMidupytomiero 3hdexra
[aporazoBOM CMECHU B ITy3bIPbKE IPHU €ro CMBIKAHWU M BO3PACTaHWU JABJIECHUS B
yaapHoi BoaHe. [lerazamus S>KHAKOCTH TPHUBOJAUT K YMEHBIICHHIO 00J1acTU
KaBUTAllUK C OJHOBPEMEHHBIM YBEJIMYEHUEM HWHTEHCHUBHOCTH YJApHOIl BOJIHBI,
CO3/1aBa€MONl  KaBUTALIMOHHBIMM  Ty3blpbkamu  [13]. Ilpm  moBblIEHUU
TEMIIEPATyphl JABJIICHHE BHYTPU My3bIPbKa, OMPENEICHHOE AAaBJICHUEM Iapa H
ra3a, yBeJIMUMBACTCS, W yJIapHas BOJIHA OCIA0JAETCS, HO 3TO TAKKe MPUBOAMT K
POCTY KaBUTallMOHHOM 00JIaCTH.

N3  Tteopernueckux  MPEANOCHUIOK  CHEAYET,  YTO  YBEIMYECHUE
TUAPOCTATUUECKOTO JaBJICHUS MPUBOJIUT K YMEHBIICHUIO BPEMEHHU 3aXJIONbIBAHUS
My3bIpbKa W YBEJIUYEHUIO HMHTCHCUBHOCTH YJAPHBIX BOJH. OKCIEPUMEHTHI,
MIPOBEJICHHBIE 10 KCCJIECAOBAHUIO KABUTALIMOHHON 3PO3UM, COHOJIIOMHUHECIICHIIMU

U U3MCPCHUIO aMIUINTYAblI AABJICHUSA B MOMCHT 3aXJIOIIbIBAHUSA KaBUTAIIMOHHOI'O
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My3bIpbKa, I[OKAa3bIBAIOT, YTO YyBEJIWYEHUE THAPOCTATUYECKOTO JaBJICHUS
NPUBOJUT K 3aMETHOMY YBEIMYEHUIO JTUX SBJICHUM, a 3aT€M HEKOTOPOMY
YMEHBIIICHUIO C BBIPAXEHHBIM ONTUMYMOM. Bce 3TH 3aBUCHMOCTH MOTYYHIIH
MHOTOYHMCIICHHOE  3KCHEPUMEHTAIbHOE  MOATBEPKACHHE B Pa3IMYHBIX
uccienoanusx [13].

AKycTuYecKasi KaBUTAlMS B JKUJAKOCTSX WHUIMHUPYET paziMuHble (PU3HKO-
XUMUYECKUE SIBIICHUS; COHOMOMUHecyeHyuto (CBEUEHHUE KUIKOCTEN); Xumuueckue
aghghexmol (3BYKOXMMHUECKUE DPEAKIIMM); 9po3ut0 TBEPAOro Tena (pa3pyllieHue
MOBEPXHOCTH); ducnepeuposarue (U3MEIbUCHUE TBEPbIX YACTHI] B KHIKOCTH) U
aMynveupoganue  (CMEIIMBAaHUE W TOMOTEHHU3AlMs  HECMEIIMBAIOIIMXCA
KUJKOCTEH ).

COHONIOMMHECUEHIIUS W 3BYKOBBIE XHMHUYECKHE PEAKIUU  SIBISIOTCS
T€HETUYECKHU CBSI3aHHBIMH MPOIIECCAMU, MOTYT OKa3bIBaTh B3aMMHOE BIIMSIHUE, HO
B MPUHIIMIIE OHU MOTYT OCYILIECTBIISITHCS HE3aBUCUMO OAWH OT apyroro [14, 19].
VYapTpa3ByKkoBas ~ JIOMHHECLEHIIMS M CBEYEHHME,  BO3HHKAIOIIEE  IpH
TUAPOJAMHAMUYECKON KaBUTALMU, SBISAIOTCS OJM3KMMHU IO CBOEH MpUPOJE
npoueccamu. IIpu  SKCHEpUMEHTAIBHOM  HCCIEJOBAaHUM  KAaBUTAlMU B
HU3KOUYACTOTHBIX 3BYKOBBIX IMOJISIX ObUIa BBIABICHA AHAIOTHS MO (PU3UKO-
XUMUYECKUM 3P (deKTaM MEKTy HU3KOYACTOTHOM M YJIbTPa3ByKOBOM KaBUTaLUEU
[14, 19].

Monenb (GpU3NKO-XUMHYECKUX MPOIIECCOB, MPOUCXOSAIINX B KaBUTAIMOHHOM
Ny3bIpbKE€ W TMPUJIETAOIIEM K HEMYy O00beMe KUAKOCTH, NPEJCTABISAIOT B
cineayrouieM Buje [14]. B kaBUTaIlMOHHYIO MOJOCTh MOTYT MPOHUKATh Mapbl BOJBI,
pPacTBOpPEHHBIE Ta3bl, a TAK)KE BEIIECTBA C BBICOKON YNPYTrOCThIO Napa U HE MOTYT
NPOHUKATh HWOHBI WJIM MOJIEKYJbl HEJIETYYUX PACTBOPEHHBIX  BEIIECTB.
Brinenstonieiics B mpouecce CXJIONbIBaHMS IMy3bIpbKa SHEPIUU JOCTATOYHO IS
BO30Y)KICHHSI, MOHU3AMA U JUCCOIMAIMN MOJIEKYJ BOJBI, Ta30B U BEIIECTB C
BBICOKOM YNPYIrOCTBIO Iapa BHYTPHM KaBUTAMOHHOM mojoctd. Ha »sToit cramum
11000 13 NPUCYTCTBYIOIIUX Ta30B SBJISIETCS aKTUBHBIM KOMIIOHEHTOM, Y4acTBYS B
nepenaye SHEPruu BO30YXKIEHUs, Mepe3apsike W Apyrux mnpoueccax. JleiicTBue
3BYKOBOTO IIOJISI HA BEIIECTBa, NPOHUKAIOUIME B IOJOCTh, SIBISETCA
HETOCPECTBEHHBIM, MIPSMBIM, MpUYEeM JeHCTBUE akTUBHBIX razoB O,, H, u N, B
KaBUTAIIMOHHOMN MOJIOCTH JIBOMCTBEHHOE:

BO-11epBbIX, O, 1 H, yuacTByI0T B peakuusix TpaHCHOPMHUPOBAHUS PAAUKATIOB:

H'+0,- HO;,  OH'+H,- H+H,0,

a N, — B ra3oBbIX 3BYKOXMMHUYECKHX PEAKIHUAX, KOHEUHBIM pPE3yJIbTaTOM
KOTOPBIX SIBJISIETCS (PUKCALIMS a30Ta:

Ny+ 0, - ))NO, | Ny+ Hy - )NH; ;

BO-BTOPBIX, XHMHWYECKH AaKTHBHBIE Ta3bl, MNPOHHUKAsA B KABUTAI[MOHHYIO
MOJIOCTh, YYacCTBYIOT, TaK >K€ KaKk W OJIarOpoAHbIC Ta3bl, B TEepenade dHEPruu
3JIEKTPOHHOTO BO30YKJIECHUS MOJIEKYJIaM BOJIbI, a TAKXKe B MPOLIecce Mepe3apsIKu.
31ech CUMBOJIOM ))) 0003HAYEHO XUMHUYECKOE JICUCTBUE 3BYKA.

[Ipu cxyonbIBaHUM KAaBUTALIMOHHOTO MY3bIpbKa B PAcTBOP NEPEXOJAT
pagukansl H°, OH°, MOHBI W 3JEKTPOHBI Majioil »HEPruu, OOpa30BaBIIMECS B
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ra3oBoil ¢asze mnpu pacuierieHun MoJjekyiasl H,O u BemecTB ¢ BBICOKOM
YOPYTOCTHIO TIapa, MPOIYKTHI MX B3aUMOJICHCTBUS M YaCTUYHBIX PEKOMOWHAIINMN, a
TaK)Ke MeTacTa0MIbHBIC BO30OYX)AeHHBIC MOJEKYTBI H,O.

CyMMapHyl0 CX€My KaBUTAIMOHHOTO PACIICIUICHUS MOJIEKYJ  BOJbI
MPEJICTABISIOT B CICAYIOLIEM BUJIE:

H,O0 - ))H’, OH", H,, H,0,.

BO3HUKAIOUIME B CHUCTEME AKTHBHBIE YACTHUIBI IOCIE MEPEXOJA B PACTBOP
COJIbBAaTUPYIOTCSL U PEAarupyroT C paCTBOPEHHbIMU BellecTBamu. Ha 3Toit cranum,
KOrJla OCYIIECTBIISIFOTCSI KOCBEHHBIC JCHCTBUS aKyCTHYECKUX KOJeOaHUM, Ha XOJ
rpolecca MOTyT OKa3bIBaTh BIMSHUE MPAKTUUYECKU TOJIBKO XMMUYECKH aKTUBHbBIC
ra3sl — O, u Ho.

B xoHEeYHOM cuyeTe, BO3JEHCTBUE KABUTALIMM HA BOJHBIE PACTBOPHI CBOAUTCS
K €IMHCTBEHHOMY IIPOLIECCY — PACIICTUICHUIO MOJEKYJ BOAbl B KABUTAI[MOHHBIX
ny3blpbkax. HezaBucuMo OT IpUpo/ibl pAaCTBOPEHHBIX BEUIECTB, 3BYK JICHCTBYET Ha
OJIHO BEIIECTBO — HA BOJY, YTO MPHUBOJUT K U3MEHECHUIO €€ (U3UKO-XUMHUUECKHUX
CBOWCTB: yBEIM4YEHUIO pH, 3IE€KTpONpPOBOAHOCTH BOJBI, YBEIWYEHHUIO YHUCIA
CBOOOJHBIX HMOHOB U AaKTHUBHBIX PAJUKAIOB, CTPYKTYpH3allUd W aKTUBAIlUU
MOJIEKYI.

HccnenoBanusi  COHOMIOMHUHECHEHIMH, 3BYKOXMMHYECKHX PpPEaKIUd W
BBIJIBUTAEMbIC€ MHOTOUYHCIICHHBIC THUIOTE3bl, OOBICHSIONIME O3THU SIBJICHUS, HA
JAHHBIT MOMEHT MO3BOJISIIOT CHAEJIATh TOJBKO OJWH BBIBOJ: MPUPOAA NMEPBUYHOMN
aKTUBAllUM MOJIEKYJl BHYTPHM KaBUTAI[MOHHOTO TMY3bIpbKa SBISETCS JHOO
TEIJIOBOM, OO 3iieKTpuueckoi. bonee mogpoOHO € ATUMU ABICHUSIMU MOKHO
o3HaKoMHThCH B [14, 19, 21].

Opo3ust TBEpAOro Tena (pa3pylieHrue MOBEPXHOCTH), OUYUCTKA MOBEPXHOCTEH,
yJaJCHHUE 3ayCEHIEB U MUKPOHEPOBHOCTEN, TUCIIEPTUPOBAHUE TBEP/IbIX YACTHUL U
OMYJIbTUPOBAHUE  OCYIIECTBIAKOTCS, B OCHOBHOM, JBYMS XapaKTE€PHBIMHU
MPOSIBJICHUSIMU KaBUTALUM: YJIAPHBIMU BOJIHAMU U KyMYJSITUBHBIMU CTPYHKaMH,
00pa3yoUMMHUCS ITPU CXJIOMBIBAHUYN KaBUTAIIMOHHBIX My3bIPHKOB.

Ha mnoBepxHOCTSIX dYacTUIl W TBEPABIX TEJI HMEIOTCA KOHLEHTPATOPHI
HanpspKEHUM B BHJIE MHKPOTPEUIMH, HEPOBHOCTEM MOBEPXHOCTH M T.M., Ha
KOTOPBIX o0Opazyrorcs 3apOoAbIIn KaBUTALMH. [Ton JICUCTBUEM
3BYKOKAMWJULIPHOTO 3(@PeKkTa U HUHTCHCUBHBIX MHKPOIOTOKOB  KUJKOCTh
MPOHUKAECT B MOPbl W TPEUIMHBI, A€ NPU 3aXJONBIBAHUU KaBUTALIMOHHBIX
My3bIPbKOB BO3HMKAET MOIIHAS yAapHas BOJHA, CIIOCOOCTBYIOIIAS Pa3pyIICHUIO
MartepuanoB. KymyJISITUBHBIE CTPYHKH pa3pylIalOT HOBEPXHOCTh TBEPJOTO TEJA 32
CYET KHUHETHYECKOM DSHEPruM KUIAKOCTH. MeNKhe 4YacTUllbl TBEPAOro Telna,
pa3mMepbl KOTOPBIX COU3MEPUMBI C TONEPEYHBIM CEUEHUEM KYMYJIATHUBHBIX CTPYH,
YBIICKAIOTCSI MMM W JAIOT JOINOJHUTENBHBIM BKJIAJ B IIPOLECC pa3pyLICHUS
TBEPBIX YACTHIl, HAXOMAIIUXCS B KUAKOCTH. boiee moapoOHO 03HAKOMHUTHCS C
KUHETHUKOW JIUCIEPIrUPOBAHUS, OYUCTKH, SPO3UM W SMYJIBITMPOBAHUS B MOJIE
aKyCTHYECKOM KaBuTauuu MoxHo B [10, 11, 16, 13 — 25].

Mertonpl HCCIEAOBaHWS KaBUTALlMM MOXHO pPa3JCIUTh HA MNOpsIMbIE U
KOCBEHHbIE. K MpsIMBIM METOAaM OTHOCSITCS:
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1) BusyanbHble — (OTO-, KHHO- U BHUACOCHEMKAa KABUTALIMOHHBIX
00pa3oBaHUii;

2) aKyCTMYECKHME — H3MEPEHHE JABJICHHS B YIApHOW BOJIHE, H3JIy4aeMoOu
OJIHUM WJIH COBOKYITHOCTHIO KaBHTALIMOHHBIX ITy3bIPBKOB NpH MYJbCAUUAX U
CXJIONIBIBAaHUHU.

KocBeHHble METO/BI BKIIFOYAIOT B CE0SI TAKME METO/IbI KaK:

1) ¢otosnekTpuyeckuid — perucTpauus COHOJIOMUHECUEHUUU IpH
KaBUTAIUU;

2) XUMHMYECKHE — MCCIEAOBAaHUE H3MEHEHUS MAacChl, KOHIEHTpAlUU WU
o0beMa XHMMHMYECKHX PpEareHTOB 3a CYeT 3BYKOXMMHUYECKMX peakuuid B
KaBUTALMOHHOM I10JIE;

3) rUOpPOAMHAMHUYECKHE — HW3MEHEHHE THAPOAMHAMUYECKUX I1apaMeTpoOB
NIOTOKA JKUJIKOCTH, CBA3aHHBIX C UHTEHCUBHOCTBIO KaBUTALIUN;

4) MexaHUYECKUE — U3MEPEHHUE BEJIMYMHBI KABUTALMOHHOW 3PO3UH, KOTOPYIO
OOBIUHO BBIPAXKAIOT Yepe3 yObulb Beca 00pas3lloB B BUOEC aJIOMUHHUEBBIX
UWIMHAPUKOB MM Yepe3 IIIOIIA/lb BBIPHIBOB B AJIIOMUHUEBOM (HOJIBIE;

5) TEXHOJOrMYeCKMe —  U3MEHEHMsS  KAuyeCTBEHHBIX  IOKa3areei
00pabaTbIBaeMOW CpeJibl, CBSI3aHHBIX C MHTEHCHUBHOCTHIO KaBUTALMU (B Ka4€CTBE
o0pabaTbIBaeMOW Cpellbl UCIHONb3YIOT 3MYJIbCUHU, CYCHEH3UH U T.I., B KOTOPBIX
IPOTEKAIOT THIPOMEXAHUUYECKHE U TETNIOMAaCCOOOMEHHBIE MPOLECCHI).

B kauectBe Oe3pa3MepHBIX MapaMeTPOB, XApAaKTEPU3YIOIIMX KaBUTALUIO,
VCIIOJIB3YIOT:

WHJICKC KaBUTanuu K;

Kpumepuu  2UOPOOUHAMUYECKOU U AKYCMUYECKou  Kasumayuu

[26, 27]:
P.-P+20
_ K n RO
X = 0 2 ) (29)
2
P - P +20
_ K i R
Xy = fo ’ (30)

rae ¥ — CKOpPOCTb MOTOKA KUJIKOCTH.
Hcronb3ytoTcss TakKe KOMOUHUPOBAHHBIU U IhheKmusHvili  Kpumepuu
Kasumayuu.:

Ao A 2%0
XK-F)V%—Hg; (31)
XaXp (32)

B HekoTOpBIX ciydasiX, BCJICACTBHE MalOoCTH P, u 20/Ry, 3TUMH YJIEHAMH
npeneoOperatoT. Kpurepun ¥, u X. UMEIOT pa3Hble KOA(DPUIIMEHTHI KOPPEIILIUU C
WHTEHCUBHOCTBIO  KaBUTALlUM, XapaKTepU3yeMOW  aMIUIUTYJIOH  HMMIIyJibca
JABJICHUS, U3]Ty4a€MOr0 KaBUTAIlMOHHBIM ITy3bIPbKOM [26, 27].

Nunexkc kaBuTanmd K CyIIECTBEHHO 3aBUCUT OT BEJIWYUHBI BBIJEICHHOTO
pacdyeTHoro oorema ! . Kpurepuu kaBuUTaIluu X U HHAECKC KaBUTAIUU K OTpa)karoT

X, = .
2
Xyt X,
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pa3IMYHbIE KOJIMYECTBEHHO-KA4ECTBEHHBIE I1apaMeTpbl KaBuTanuu. Kpurepuun
KaBUTAIlMU X XapaKTEPU3YIOT THAPOJMHAMHUECKYIO H aKyCTHUECKYI0 OOCTaHOBKY.
B MHOroO4YmHCIEHHBIX HCCIECIOBAHUIX YCTAHOBJIEHO, YTO MAaKCUMYM BEIUYUHBI
YAAPHOT'O JIaBJI€HUS, T€HEPUPYEMOI0 KaBUTALMOHHBIM Iy3bIPbKOM, HaOJIt01aeTCA
npu  02<x,<03 HMumnexkc KaBUTaMM K  XapakTepU3yeT paclpoOCTpaHEHUE
KaBUTAI[MOHHBIX Iy3bIPbKOB B TEXHOJOTMYECKOM OOBEME M SBISETCA MEpou
IIPOCTPAHCTBEHHOU IIJIOTHOCTU DHEPTUM.

Jliis Gonee MOJHOTO MPEACTABICHUS O (PU3MYECKOW KapTHHE KaBUTALMU
CJIETyeT XapaKTepU30BaTh €€ BEJIMYMHOMN y1apHOro JaBiaeHUs (P ) U MO BEIUYUHE
o0beMa KaBUTAlIMOHHBIX oOpa3zoBaHuii (V). OTHOCHUTEIBHBIE MapaMeTphl THUIIA

P
ﬁ %ﬁ n K Takke HEOOXOIUMBI, TaK KaK OHHU XapakTepu3yloT 3(h(EKTHUBHOCTh

H3J1y4aTcClIsd.

HauGomee IMCPCIICKTUBHBIM SABJIACTCA KOM6HHHpOBaHHBIﬁ CII0co0
HCCIICAOBAHU KaBUTAllUHU — (bOTO- U BUICOCBCMKA, COBMCIICHHBLIC C N3MCPCHHUCM
AdKYCTHYCCKUX H THAPOIHMHAMHUYCCKHUX IMIaPaMCTPOB KABUTAIIMOHHOI'O ITOJIA. OTO0T

CIIoco0 XOpoIIo 3apeKOMEHJIOBaI ceOS BO MHOTHX HCCICIOBAHHMSAX KaBUTAIIUH
[27].
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