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Brimosaeno HCCIIENOBAHUE CBA3U CHEKTPAJIbHBIX XAPAKTEPUCTUK KAaBUTALIMOHHOI'O IIyMa M MHTCHCUBHOCTU 3BYKOIFTOMHUHEC-
nernun (3JI) B mone dokycupyromero u3mydaTens. Y CTaHOBJICHO, YTO HAXOONbIIAs CTENEeHb KOPPEILSILUM C HHTEHCHBHOCTBIO
3BYKOJIFOMUHECHEHIMN U3 UCCJICIOBABIINXCA IMapaMETPOB XapaKTEpHa I HIHpOKOHOJTOCHOﬁ COCTABJISFOIICH KABUTAIIHOHHOTO
nryma, T. €. FHTEHCUBHOCTHU IOJIHOI'O BBIXOJAHOTO CUTIHaJIa JaTYHMKaA 3a BBIYETOM BCEX MapMOHHUK U Cy6FapMOHI/IK. 10T pe3yib-
TaT MO3BOJISIET CACIATh BBIBO/, YTO HIMPOKOIIOJIOCHAS COCTABJIAIOIIASA KaBUTAIMOHHOI'O IIyMa I'€HEPUPYETCS 3aXJIONbIBAIOIIHN-
MUCs KaBUTAallHOHHBIMU IIOJIOCTSIMU H, CJII€AOBATCIIbHO, MOXKET HCIIOJIB30BAaThCA B Ka4Y€CTBE MHAUMKATOPA YPOBHS AKTHUBHOCTH
HECTallMOHAPHOW KaBUTALUH.

Knrwouesvie cnosa: Kasumayust, 36YKONOMUHECYEHYUSL, 3AXTIONbI6AHUE NY3bIPbKO6, CNEKMPLKASUMAYUOHHO20 utymd.

A study of the relationship between the spectral characteristics of cavitation noise and the intensity of sound luminescence (SL)
in the field of a focusing emitter was carried out. It was found that the highest degree of correlation with the SL intensity of the
parameters studied is characteristic of the broadband component of cavitation,noise, i.e., the intensity of the total output signal
of the sensor minus all harmonics and subharmonics. This result allows usito conclude that the wide-band component of cavita-
tion noise is generated by collapsing cavities and, therefore, can be used as’an indicator of the level of transient cavitation

activity.

Keywords: cavitation, sound luminescence, collapse of bubbles, cavitation noise spectrum.

BBenenue

AKycTrdecKkas KaBUTALUS, IPEICTABIISIONIAS
co0oii sBIEHUE 00pa3oBaHWs, IyJLCAIIUA, M 33aXJIO-
MBIBAaHUS MUKPOITY3BIPHKOB Ta3a B SKHAIKOCTH IO
neiicTBueM nepeMeHHoro aaBieHws [1],'(2] ncnoms-
3yeTcsl B IPOMBIIIICHHOCTH YKe HECKOQJIBKO JIECSATH-
neruif. O0macTbi0 HanbOJIEE LIMPOKOTO IPUMEHEHHS
SBIISICTCS yIABTPA3BYKOBaf OHUMCTKA TBEPABIX IIO-
BEPXHOCTEH, HampuMep B, MAIIMHOCTpoeHHH [3] B
MHUKPORJIEKTPOHHKE, [4], ipu 00paboTke paciiaBoB
MeTajuioB [5].

Pa3pabaTrIBalOTCs] HOBBIC HAIPABICHUS MPH-
MEHCHHUS YJIBTPAa3BYKa B KaBUTAIIHOHHOM DPEXIME:
npu 00pabOTKE CyCcIeH3ui HaHoYacTul [6], B rajb-
BaHOTEXHUKES/ 7], THINEBOW MPOMBIIUICHHOCTH U
meaavae [8]. Hambonee WHTEHCHMBHOE BO3ICHCT-
BHIC 'HA TIPOILIECCH B XHUIKOCTAX OKAa3bIBAIOT HECTa-
[MUOHAPHBIE KaBUTAIIMOHHBIC ITy3BIpbKH. [Ipm ux
3aXJIONBIBAHIH TCHEPHPYIOTCS MHTEHCHBHEIE YAap-
HbIE BOJIHBI, BBICOKHE TEMIIEPATypbl, MUKPOCTPYH
JKUIKOCTH M XUMHYECKH aKTHBHBIE PAIKAIIBL.

K HacTosiieMy BpeMeHH MPEUIOKEHO 3HAYH-
TEJNIBHOE KOJHMYECTBO METOIOB OIICHKH YPOBHS aK-
TUBHOCTH KaBUTAllMU, OCHOBAHHBIX Ha PErucTpanun
3¢ (eKToB, COMPOBOKMAIONINX KaBHUTAIMIO [9]. DTO
TaKkye SIBIICHUS KaK KaBUTAIMOHHAs 3po3ws, (pas-
pyILICHUE TBEPABIX TEJ MOJ ICHCTBUEM KaBHTAIHH),
TeHePHPOBAHWE CBEUCHHS B BHUIUMOW OO0JACTH

cnexkTpa — 3BykomromuHecteHuus (3JI), xaBuraiu-
onnblit wym (KII), yapTpa3ByKoBOH KarMILIIPHBINA
3¢ dexT, pa3THYHbIC 3ByKOXHUMUYEeCKHe peakmuu [1],
[2], [10]. Pa3paboTka mpuOOPOB IS HCCIICIOBAHUS
KaBHUTAIINH W M3MEPEHHS €€ aKTUBHOCTH C HCIOJb-
30BaHUEM KaBUTAIMOHHOTO ITyMa WM CIIEKTPalb-
HbeIX cocraBisromux Kl saBiaserca ogHUM U3 Hau-
OoJiee TEPCTIIEKTUBHBIX HAIPaBJICHUH B JaHHOW 00-
nmactu. O6ycnosieHo 3to Tem, yto KIII merko mpe-
o0Opa3yeTcs B 3JIEKTPUYECKUN CHUTHAI U MOXKET pe-
TUCTPUPOBATHCA OTHOCUTECJIIBHO NPOCTBIMU METOda-
MU, B TOM YHCJIC€ U B ONTHUYECKU HCHIPO3PAUYHBIX
KHUJKOCTSIX, CYCIIEH3HsIX, IMYJIbCUSIX M OHOIOoTHYe-
CKHX TKaHSIX.

OnHako MEXaHW3MBl TEHEPHUPOBAaHHUS OCHOB-
HBIX CIHEKTPAJIbHbBIX KOMIIOHCHT KIII A0 Ccux I0p
JIOCTOBEPHO HE YCTaHOBIIEHBL. Hampumep, B paboTte
[1] TeopeTnyeckn 00OCHOBaHA I'MIIOTE3a, B COOTBET-
CTBUH C KOTOpOM HenmpephiBHAsI cocTasiisitomas K1
BO3HHMKAET KaK pe3ylbTaT CyMMHPOBaHMS yIapHBIX
BOJIH, T€HEPUPYEMBIX TPH 3aXJIONBIBAHNH KaBUTAa-
IIMOHHBIX MOJOCTel. J[efcTBUTENbHO, yaapHas BOJ-
Ha B MIEPBOM NPHOIMKCHAN MOXXET OBITH IPEICTaB-
JIeHa JienbTa-QyHKINEH, a CIeKTp JenbTa-QyHKINY,
kak m3BecTHO [11], — HempepwBHEIA. ABTOpHI [12]
BBIJIBUHYJIM aJIbTEPHAaTHBHYIO THIIOTE3Y, COIJIACHO
KOTOPOH NPUYMHONW TE€HEPUPOBAHMSI HENPEPBIBHOM
cocrapisonei KII sBmstrores  croxactudeckue
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Bapualum MJIOTHOCTHU ITY3BIPbKOB B KaBHTaHHOHHOﬁ
obmactu.

MHOro4MucIeHHBIMU OKCIICPUMEHTaAMH U TEO-
pernyecknmu pacdetamu [13]-[15] ycranoBieHo,
YTO 3BYKOJIOMHUHCCHCHIHSA BO3HHUKACT BCJICACTBUC
3aXJIONBIBAHMS KABUTAIIMOHHBIX ITOJIOCTEH ¥ ITO3TO-
MYy ABJACTCA HAACKHBIM HWHAWKATOPOM HECTAlUO-
HapHOW KaBUTaLlUU.

YyuteiBas H3JIOKCHHOEC, TMTOUCK CIIEKTPAJIbHBIX
xapaktepuctuk KIII, koppenupyromux ¢ HHTEHCUB-
HocThIo 3J1, MpeacTaBseT 3HaYUTENbHBIN HHTEpEC ¢
JIBYX TOUYEK 3PEHUS: ISl yTOUHCHHS MPEICTABICHUHA
0 MEXaHM3ME TE€HEPUPOBAHHUS COOTBETCTBYIOIIUX
cnekTpanbHbIX cocTaBisitommx KII u g oueHku
BO3MO)KHOCTH HCIIOJIBb30BaHUS IMapaMeTpoB, Koppe-
JHMPYIOMUX ¢ WHTeHCHBHOCTRIO 3JI, B KadecTBe WH-
JIUKATOPOB aKTHBHOCTH HECTALMOHAPHOHN KaBUTAIIHH.

1 YcTaHOBKA M METOIHKA HCCJIeTOBAHNH

[MonpoGHoe omucaHue MCIONIB30BaBLICHCS ycC-
TaHOBKH (pucyHOK |.1 mpencraBieHo B paborax
[16], [17]. IIbe3okepaMuyecKuil H3IydaTesb ycTa-
HOBJICH B HIDKHEH 4acTH pabodeil eMKOCTH, KOTOpast
BBINIOJIHEHA B BHJIE LIIMHApPA M3 HeprkaBerouien
ctanmu BeicoTor 160 MM u guamerpom 100 mm. U3-
JTydaTtenb — (DOKYCHPYIOIIUi, €ro pe30HaHCHasl Jac-
tora fy =720 k['1u. JlaTunk aKyCTHYECKOro CUrHaia
(runpodoH) BMOHTHUPOBAH 4epe3 KPBIIKY EMKOCTH
W YCTaHOBJIEH 32 ()OKaJIbHBIM IISITHOM H3JTydarels
Ha paccTosHUM 25 MM OT Hero. B OokoBoii cTeHke
€MKOCTH Ha YpOBHE (DOKaJIbHOTO MSATHA YCTAHOBJICH
¢oroymuoxurens Phillips XP1110 co cBeToBonoMm,
WCTIOJIb30BABIIUICS Aiis peructpanuu 3J1.
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Pucynok 1.1 — Cxema 3kciepruMEHTANBHON YCTaHOBKH
1.—reneparop nepemennoro Hampspkenust 720 kI 11,
2 — CMECHUTEIIb,

3 — re”eparop UMITyJIbCOB,

4 — pokycupyromuii mpeoOpa3oBaTelb
(u3my4arens),

5 — poToyMHOXKUTETB,

6 — KaBUTALIMOHHAs 00/1aCTh,

7 — oxanpHOE MATHO,

8 — marTumk,

9 — CBETOHEMPOHHUIIAEMBII KOPOO,

10 — mpegycunTens,

11 — ocumorpad,

12 — aHanu3aTop crekTpa
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Curnansl ¢ GOTOYMHOXHTENSI W JaTdMKa IO-
JAIOTCS Ha JBYXKaHAIBHBIA ocipuuiorpad Hewlett
Packard 54601A. Jlns uccienoBaHus CIEKTPOB Ka-
BUTAI[IOHHOTO NIyMa K ocuiuiorpady napauienbHo
noKIovascs ananusarop cnekrpa Hewlett Packard
E4411B. Jlns nuraHus u3lydaTels HCIOJIb3YeTCs
renepatop Y3I-08-01 (BI'YUP, MuHck).

Mertonuka cocrosiia B cieayroueM. Bapbsupyst
WHTEHCHBHOCTh YJIbTpa3ByKa (IIyTeM H3MEHEHUS
HaNpsDKEHUST Ha M3JTydarelie), U3MepsUId MHTCHCUB-
HocTh 3JI M OJHOBPEMEHHO PETHCTPUPOBAIU CIEK-
Tpel KIII. CpaBHEHHE 3aBHCHUMOCTEH CIIEKTPaThbHBIX
xapakrepuctuk KIII ¢ unTeHCHBHOCTBIO,3J] TMO3BO-
JII€T OLUCHUTHL CTCICHL KOPPEIALUN HUCCICIYCMbIX
HapaMeTpPOB C aKTUBHOCTHIO KaBUTAUH.

2 Pe3yabTaThl U UX 00CYy:KAeHHe

Ha pucynxke 2.1 npen¢raBieHsl CIIEKTPhI KaBH-
TallMOHHOTO IIyMa, MOJYyYeHHBIE NPH Pa3INIHBIX
HanpspkeHmsix U Ha manmy4arene: a) U=25 B, 6) 105 B,
6) 125 B, 2) 170 B. Ilpu mpOBeneHNH UCCIICAOBAHMS,
TeMIepaTypa KUAKOCTH MOJIepKUBANach B Ipeie-
max 2142,5° C; miuTenbHOCTh WMITYJIBCOB YIBTpa-
3ByKa T = 3'Mcjaepron cnenoBanust 7= 30 mc.

JlaHHBIC\ CTIEKTPbl XapaKTepHbI ISl CIIEIyI0-
HINX/OCHOBHBIX COCTOSIHUH KaBUTAlIMOHHOM 00iacTu
[ LO]:\MIpUWMHTEHCHUBHOCTH YJIbTpPa3ByKa HUKE MOPO-
ra ‘xkaputauuu (2.1, a), nopsiaKa mopora KaBUTALUH
(2.1, 6), pa3Buras kaBuTaunoHHas obnacts (2.1, 6) n
KaBUTALMOHHAsI 00JIACTh B COCTOSHMM HACBIIIEHUS
KaBHTAIIMOHHBIMHU Ty3bIpbkaMu (2.1, 2). OcHOBHas
4acToTa fy, T.€. 9YacTOTa YJIbTPa3ByKOBOTO IO,
oTMedeHa Ha pucyHke 2.1 mapkepom. IltpuxoBoit
JUHUEH TI0Ka3aHa HENpepbIBHAS COCTaBIISIOIIAS
KaBHTAIIOHHOTO 1myma (2.1, ).

B noxaButanmonnom pexume (2.1, a) cnektp
AKyCTHYECKOI0 CHTHajla BKJIIOYAET TOJBKO OCHOB-
Hy!0 4actory f;. C BO3HHMKHOBEHHEM KaBUTAlH B
CIIEKTpE HOSBIISIIOTCS TAPMOHUKH 7f, CyOrapMOHHKa
Jfo/2 nygacrorel (n+1/2) f;, rne n — nenoe 4ucio.
OnIHOBPEMEHHO PETrUCTPUPYETCS BO3HHKHOBEHHE
3J1. C pocTOM MHTEHCHUBHOCTH YJIBTPa3ByKa pacTeT
WHTEHCHBHOCTh TAPMOHMK U JAPYTUX CHEKTPATBHBIX
komroHeHT KIII, nosiBisiercss Takke HenmpepbIBHAs
cocTapistronias. IIpy 3ToM yBenn4nMBaeTCsl Takxke U
HMHTEHCUBHOCTH 3J1.

B Tabmune 2.1 mpezacraBiieH mepedeHb mHapa-
METPOB, 110 KOTOPBIM HPOBOJMIIOCH HCCIIEOBaHHE
HX KOppeJsIUn ¢ aKTUBHOCTBIO KaBUTallUX, OLICHU-
BaeMOI [0 HHTEHCUBHOCTHU 3BYKOJIFOMHUHECICHIIUM.

Ha pucynke 2.2 mpuBeneHsl pe3ynbTaThl CO-
MIOCTABJICHUS] BBIXOJHOTO CHTHaja (POTOYMHOXKHTE-
11 u mapamerpoB crnekrpa KII, mHambonee Omm3ko
KOppeNnupylomux ¢ wuHTeHcHBHOCTHIO 3JI. 3mech
CHEKTpaNbHBIA aKycThdeckuid mapametp (H) mpen-
CTaBjI€H B JIMHEHHOM MaciuTa0de, a BBIXOJHOW CHI-
Hal poToyMHOXKuUTENs (L) — B torapuMuueckom.

W3 npencTaBieHHBIX IpaUKOB BHIHO, YTO B
JHaria3soHe HHTCHCHBHOCTCﬁ, COOTBETCTBYIOIIUX
NepBOH CTaJqUU Pa3BUTHSl KaBUTALMOHHOM 00sacTu
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Pucynok 2.1 — CrieKTpbl KaBUTAIIHOHHOTO IIyMa TS pa3HBIX CTAJAUNA Pa3BUTHUS KABUTAIMOHHOW O0JIACTH

(U< 150 B, pucyHok 2.2, a) ”HTEHCHUBHOCTB 3BYKO-
JIOMHUHECHEHIIMH KOPPEIUPYET C WHTEHCHBHOCTHIO
CyOrapMOHHMKH OCHOBHOTO CHTHaa, The. CHI'Hala Ha
yacrore fy / 2. Ilpu Gosee BHICOKUXN\UHTEHCUBHOCTSIX
ynbTpa3Byka 3asucumoctu L(U) u H(U) paznmya-
I0TCS KapAWHaJIbHO, & UMEHHO» MHTEHCUBHOCTDH 3JI
pacTeT ¢ poCTOM MHTEHCHBHOCTH yJIbTpa3Byka, a H
yMmeHbInaercs. [IpuMepHO, Takxe 3aBucuT oT U u
napameTp, MOJy4YeHHbIH CYMMUPOBaHUEM BCEX CYO-
rapMoOHHK (2.2, 6)."OTMETHM, YTO IPH MHTCHCUBHO-
CTH YNbTPa3ByKa,IOPAIKa MOPOTa KaBUTalUHU CyO-
TrapMOHHKA, KOPPEJIMPYET CO 3BYKOJIOMHHECIICHI-
eil JydIre OCTambHBIX HCCIEHOBABIIMXCSA MapaMeT-
poB (2.2va)=IlosTOMYy TTOPOT BOZHUKHOBEHUS KaBH-
TalMd MOJKET OIPEAENIATHCS IO MOSBICHHIO CYO-
rapmMoHuku B criektpe KIII.

B pa6orax [18], [19] npeniaraioch OliecHHBATh
AKTHUBHOCTb KaBUTAIlUU 110 MHTCHCUBHOCTH cy6rap-
MoHuku B crnekTtpe KII. Opnako, kak BHJIHO H3
NPE/ICTaBJICHHBIX BBIIIE JJAHHBIX, TOT METO/ MOXKET
NPUMEHATHCS TOJIBKO IPU OTHOCHUTENBHO HEBBICO-
KUX MHTEHCHUBHOCTSX YJBTPa3ByKa, T.€. HMEET Cy-
IIECTBEHHBIE OTPAaHUICHUSL.

[TapameTpsl, TpencTaBICHHBIE HA PUCYHKax
2.2, 6 1 2.2, 2 OTKIIOHSIOTCS OT XO0Ja 3aBUCUMOCTH
L(U) npu cpenHUX UHTEHCUBHOCTSX YIbTPa3ByKa.
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Tabnwma 2.1 — INapameTpsl crieKTpa KaBUTAI-
OHHOTO ITyMa

A.HFOpI/ITM BBIYHCIICHUSA

Iapamerp H napamerpa H

CyMmMa BceX TOUYeK CcrieKkTpa 6e3 oc-
HOBHOI'O CHTHaJa

Power-1

CyMmMa BceX TO4YeK CcrieKkTpa 0e3 oc-
Power-123 |HoBHOro curHana (rapMoHHUKa fy) U
6e3 rapmonuk 1.5, 2,2.5,3

CyMMma Bcex TOYEK crekTpa 0e3 oc-
Power-12345 |HoBHOTO curHaa (rapmMoHuka 1) u 6e3
rapmonuk 1.5,2,2.5,3,3.5,4,45,5

CymMa Bcex TOYeK criekTpa 0e3 oc-
Power-All |HOBHOrO curHaia u 6e3 BCex rapmo-
HUK U cyOrapMoHuK (n + ') fo

CyMMa TOYeK CHEKTpa MexXIy oc-
HOBHBIM CUTHaJIOM M 2-W rapMOHH-
Koi (yunTbiBaercs 1.5-s1 rapMOHMKA)

Pnoise 12

CyMMa TOYEK CIEKTpa MEXIy OcC-
Pnoise 12-1.5 |HOBHBIM cHTHaJIOM W 2- TapMOHH-
Koit (6e3 1.5-1 rapMOHUKN)

HHTEeHCMBHOCThP OCHOBHOI'O CHTHAJIa

Psignal  |(cymMa To4ek CHeKTpaibHOW cocTa-
BJISILIICH Ha YacToTe fp)

Mougsocts 0.5t rapmonuku (cy0-

Pharm0.5 |rapmonuKa, yacToTa B 2 pa3a MCHBIIIC,

4eM 4acTOTa OCHOBHOT'O CUTHAJA f;)

Psumhalfharm|MomiHocts Beex cyOrapMoHuk (1 + V%) fo
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Pucynok 2.2 — Koppernsius HHTEeHCUBHOCTH 3BYKOJIIOMHHECIICHIIUT

1 XapaKTEePHBIX MapaMeTPOB CHEKTPa KaBUTAIIOHHOTO IIIyMa

1 — unrencuBHOCTH 3J1,

2 — uccneryeMblil mapamMeTp KaBUTAalMOHHOTO [IyMa; apaMeTphl IyMa:
@) MHTEHCUBHOCTb IIePBOH CyOTrapMOHUKH,

0) cyMMapHasi ”HTEHCUBHOCTb BCEX CyOTapMOHUK;

6) naterncuBHOCTh KIII Mexmy mepBoit 1 BTOpOH TapMOHUKAMU;

2) IHTEHCUBHOCTh OCHOBHOTO CHTHAJIa;

0) uarercuBHocTh KIII 6e3 Tpex nepBbIX rapMOHUK;

e) nareHcuBHocTh K111 Ge3 Bcex rapMOHUK M CyOrapMOHHK
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HanbGonplmasi creneHb KOppeNsuu C HHTEH-
CHBHOCTBIO 3BYKOJIOMHMHECLEHLIUN U3 HCCIIEA0BAB-
IIUXCA NapaMeTpoB HaOrojaercs Ui IIUPOKOIO-
JIOCHO! COCTAaBJIAIOLIEH KaBUTALMOHHOIO IIyMma, T.
€. MHTEHCHUBHOCTH IOJHOTO BBIXOJHOTO CHI'HANa
JaT4MKa 32 BBHIUETOM BCEX TapMOHHUK M CyOrapmo-
HUK (2.2, e). He3HaunTenbHbIE PACXOXKACHUSI HMEIOT
MECTO TOJBKO IPH HU3KUX HHTEHCUBHOCTAX YJIbTpa-
3ByKa, MOpsOKa mopora Bo3HUKHOBeHHUs 3JI. Drtot
pe3yNbTaT MO3BOJSIET CAENIATh BBIBOJ, YTO IIUPOKO-
MOJIOCHAsI COCTAaBIIAOIIAS KaBUTAIIMOHHOTO MIyMa
TEHEPUPYETCsl  3aXJIONbIBAIOIINMUICA KaBUTALMOH-
HBIMU ITO0JIOCTSAMH.

3aki0ueHue

HccnenoBanach CBSI3b 3BYKOJIIOMHHECHIEHIINT
(3J1) n psina cieKTpanbHBIX COCTABIISIOIINX KaBHUTa-
ronHoro nryma (KIII). [Toxasano, uro HanbonbIIas
CTEINEHb KOPPEIALNHA ¢ WHTEHCHBHOCTHIO 3BYKOIIO-
MHHECHIEHIINM XapaKTepHa Ui IINPOKOIOJIOCHOH
cocrapystromnieir KII, T. e. ”HTEHCUBHOCTH IIOJTHOTO
BBIXOJHOTO CHTHAJa AAaT4YMKa 332 BBIYETOM BCEX rap-
MOHUK M cyb6rapMoHuK. [lockonbKy obmenpusHaHo,
YTO 3BYKOJIOMHMHECLCHIUSI BO3HHKAET BCJIEICTBHUE
3aXJIONBIBAHUS ITy3BIPbKOB, AAHHBIM pE3yjbTaT I10-
3BOJISIET CHIENIaTh BBIBOJ, YTO IIMPOKOIOJIOCHAs CO-
CTaBJISIOLIAs TAK)KE TEHEPUPYETCsl 3aXJIObIBAIOIIH-
MHCS KaBHTAIMOHHBIMH IIOJIOCTSIMH M, CJeJOBa-
TEJIHO, MOJKET HCIIOJb30BaThCsl B KaYeCTBE WHIU-
KaTopa aKTUBHOCTH HECTAI[IOHAPHOW KaBUTALUH.

B HayanbHOM cTaguu pa3BUTHUS KaBUTALMOH-
HOM oOsacTn mHTEeHCHBHOCTH 3JI KOppenmpyer. ¢
MHTEHCUBHOCTRIO cybrapmoHuku (CI') OCHOBHOTO
CHTHaja fo, T. €. CUTHAJIA HAa 4YacToTe fy /2, a uMeH-
HO: MOPOTU MX BO3HMKHOBEHMs coBmajaarot. Ilosrto-
My NOpOT BO3HUKHOBEHUS KaBUTALMK MOXKET OIpeie-
JISITBCSL TIO TIOSIBJICHHIO CyOrapMoHuKkmB crickrpe K111
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