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AHOTALIA Bukxopucmanus ynempaseyKky, wjo nog' szane 3 00pOOKOW PIOUHHUX cepedosuly € e@eKmueHuM MeXaHizMoM
KOHYyeHmpayii eHepeii 36yK080i X6UNl HU3LKOI WiNbHOCMI ) 6UCOKY WINbHICMb eHepaii, KA 3YMO6NeHa nyabcayismu ma
3aXAONY8aAHHAM KagimayiuHux Oynvbawiox. Jlocmogipuull pe3ynvmam noeé A3anuil i3 Memooamu GUMIPHOSAHHA WEUOKOCMI
PO3N0BCI0O0JCEHHS  YIbMPA3BYKOBUX X6Ulb 8 YMOBAX PO3GUHEHOI Kasimayii, OCKilbKU 60HA € CKIA0080I0 NPAKMUYHO 6CIX
BUBHAYATILHUX NAPAMEMPI8 YIbMpAa3eyKoeoi Kagimayitinoi o06pobKu mexnonoziynux cepedosuny. HocniodceHo 3acmocy8anHs
IMNYILCHUX, ONMUYHUX, AMNTIMYOHO-(DA306UX MA eHepeemUUHUX MemoOi6 0N GUMIDIOBAHHS WEUOKOCHI PO3NOBCIOONCEHHS X6Ulb.
Bubip cxemu eumiproganms oOymoenenuil ymoeamu ekcnepumenmy. Bcmanoenena cymmesa po3oisicHicmb 6 YUCIOBUX 3HAYEHHAX
weuokocmeli nompeodye 3acmocysants Oib 0OTPYHMOBAHUX MOOeell, WO ONUCYIOMb PealbHi YMOBU NPOMIKAHHA KABIMAYINHO20
npoyecy 00CHiONCEHHA Ma NPULHAMUX NPUNYUEeHb Ma NepedyMos NPpu NOCMAHOBYI Ma NPO8edeHHT O0CIONCEHb.

Kniouogi cnosa: ynompasgyk, weuoKicms po3noCrOO0NCeHHs, MeXHON02IUHI cepedosuiyd, Memoou BUMIPIOBAHHA, KABIMmayilHuil
npoyec.

ANALYSIS METHODS OF DETERMINING VELOCITY DISTRIBUTI ON WAVES
IN THE CAVITATION ZONE ULTRASOUND FIELD

I. M. BERNYK, O. F. LUGOVSKOY
National Technical University of Ukraine "Kyiv Polgtaic Institute”, Kyiv, UKRAINE

ABSTRACT The main parameters of cavitation processing tettigy environments is the speed of sound in a ai@sit medium
pressure, the duration, size: cavitation regionpbles and core. The most successful use of ultrasassociated with handling
liquid media, because in them the phenomenon @fsalbic cavitation, which is an effective mecharfisnconcentration of energy
of sound waves in the low-density high energy dgnsttich is caused by pulsations and cavitation tesdpopping. An important
component in ensuring an effective process of @doit treatment process fluids is to calculate diteasonic technological devices
that hold for precavitational mode with the followisgecification obtained by previous studies. Howenadiable results associated
with the methods of measuring the velocity of uitnés waves in a developed cavitation because it @ of almost all the
defining parameters of ultrasonic cavitation progieg technology environments. Measuring the velaxfiultrasonic waves carried
pulse, optical, amplitude-phase methods. Pulse odstlinave a wider dynamic range, measurement accura®pendent of the
distance between the transmitter and the object dppity emitter distance from the subject a consibée distance. Amplitude-
phase methods require extended frequency bandceamrs emitting element and amplifier path thatueels security and selectivity.
Frequency and phase methods have the narrow bandwad#iving radiating path that provides good vakmergy radiated and
received signals, high noise immunity. Is an effeanethod for determining the rate for power chéesstics, the essence of which
is to determine the energy flux density and enel@ysity relative to the ultrasound field. It hassbeound that the accuracy of
measuring the speed of sound depends on whethieoutdsreceive the absolute value or relative vata@e restrict the speed of
sound when changing any external parameters. Alsohgasurement accuracy is abouf1@hile the relative change as accuracy
is much higher, it reaches the order of’10’he choice of measurement due to the conditibrtheo experiment. The essential
difference in the numerical values of the speethizates the acceptance of an opinion on the actumerical value of speed and
requires more informed research in determining #ueepted assumptions and preconditions in the flatiom and conduct
research.

Keywords: ultrasound propagation velocity, technological eorment, methods of measurement, cavitation.

Beryn 3HAQUEHHS, IO aJEKBaTHO BIJNIOBINAIOTE PEAILHUM
yMOBaM Ha BChOMY e€Talli CTBOPEHHS  KaBiTauiidHOI
OCHOBHHMMH TTapaMETPaMH KaBiTalliiHOTO MPOLECY  obnacTi, BiAKPUBAIOTH IIIAXH A0  iHTeHCHpikaii
OOpOOKHM ~ TEXHOJIOTIYHMX CEPENOBMIN €  IIBHJKICTH NpoLECiB  Ta  BJIOCKOHAJICHHS YIBTPa3BYKOBOI'O
PO3IOBCIO/KCHHSI 3BYKY B KaBITalliHHOMY CEPENOBHIIl,  oOJagHAHHS.
THUCK, Yac Jii, pO3MipH: KaBiTaliiHoi 001acTi, Oyinb0amox

Ta akTuBHOI 30HH. OcoOiMBe 3HAYCHHS Ma€ IIBHIKICTH AHani3 cTaHy NUTAHHS
PO3IOBCIOUKEHHS XBHJIb, SIK CKJIAIOBOI IIPAKTHYHO BCIiX
BH3HAUYaJHHUX TAapaMETPiB yJIbTPa3BYKOBOI KaBiTaIiiHO1 Metoau BUMIPIOBAHHS LIBUAKOCTI

00pOOKM TEXHOJOTIYHUX cepefoBHIN. TOMy BH3HAUeHHS  PO3MOBCIOJUKCHHS YJIbTPa3BYKOBHX XBHJIb MalOTh HM3KY
IBHAKOCTI € 3ajadei0 aKTyanbHOI, a 1i uMcioBi Tepesar i cyTTesi Hemomiku (puc. 1) [1-4].
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Memodu eumiproeaHHA WeUAKOCMi po3rnoectoOMEeHHA YAbmpa38yKOBUX Xeusb

Pe3oHaHcHuli

\

3acHosaHuUl Ha ABUWI AKYCMUYHO20 X8U160B020 PE30HAHCHY MiX(
8/10CHUMU YaCMOMamu KO/IUBAHb 3pa3Ka i 8i0N0siOHUMU
4acmomamu 308HiWHbLo20 2eHepamopa. AianazoH — 0,1-15 MTy.
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AKycmuy4Ho20 iHmepgepomempa

CmeopeHHA 8 MPOCMOPI MiX 8UNPOMIHIOBAYEM i MEXHOM02IYHUM
cepedosuujem iHmepgepeHyii nadaro4oi i 8i06uMoi 38yKo8uUX X8usb.

Pazoeuli

Ha ocHosi 8umiptosaHHsA hasu xeuni. PisHuysa ¢asz ® mix cueHanamu
Oxcepena i npulimaya He 3a1exume 6i0 Yacy i 8UPAHAEMbCA hyHKYiED
8idcmaxi ma yacmomu:

sy D(x, 1) =

4 \\// kx=2—ﬂfx
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Ansa peanizauii Habyau 8UKOPUCMAHHA: be3nepepeHi ma iMmyabeHi
KOAUBAHHA. BUKOpUCMOBYEMbCA 0717 BUCOKOMOYHUX BUMIPIOBAHb 8 PEHUMI
Bixcy4oi xeusi.

3acHoeaHuli Ha asuwi Augpakyii ceimaa Ha ynempaseyKoeili pewimuyi.
Bumipto8aHHA GKyCmMUYHUX Napamempis 8UpaxceHi 3a1eHHocCmamu:
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3acHosaHuUll Ha il eneKMpPUYHO20 iMMysbCy Manoi mpusanocmi, 04
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Memod obiayp Jliccaxcy

’

[1opiHAHHA 080X CU2HAnNIB WAAXOM pP0o32A50y 3aMKHymoi
mpaekmopii mo4Ku, ujo 30ilicHHOE 00HOYACHO 08a 2aPMOHIYHI
KO/IUBAHHA 8 080X 830EMHO NMepPrneHOUKYAAPHUX HAMPAMAX.
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Puc. 1 — MeToau BU3HAYEHHS LWBMAKOCTI PO3MNOBCIOAMKEHHA 3BYKOBMX XBU/Ib Yy CEpeaoBMLLax

Haii0inpiry ~ TOYHICTH ~ MOXHA  OTPHMATH,
BHUKOPHCTOBYIOYM  iMIynbCHO-(pa3oBi  meroau  [5].
OnTryHi METOAW JO3BOJSIFOTH BUMIPATH IIBUAKICTH

XBUITb HA Tinep3ByKoBux vacrtorax (mo 1011 — 1017 m).
IMmynbcHI METOAM MaroTh HACTYIHI IepeBard mepen
iHTeppEepOMETPUIHUM  METOIOM: 3HA4YHO  IIHPIIHK
JUHAMIYHUHA JIiarmasoH, HE3aJIEKHICTH TOYHOCTI
BUMIPIOBaHHS BiJ BiACTaHI MK BHIPOMIHIOBaYeM i
00’ €KTOM; MOXKITMBICTD BiJIaJICHHS BHUIPOMIHIOBaYa Bij
00’ €KTa Ha 3HAYHY BiJICTaHb. Y CBOIO YEPTY, IMITYJIECHUH
1 aMIuTiTyJHO-(ha30BUil METOAW BHMAraroTh PO3IIMPEHOT

CMYTH YacTOT NPUIMabHO-BUIIPOMIHIOIOYHX €JIEMEHTIB 1
MiJICHIIOBAILHOTO TPAKTy, IO 3HIXKYE 3aXHUIICHICTH 1
BUOIpKOBicT. YacToTHHMH 1 (a3oBMil METOAM MaloTh

HaNHOIbII BY3bKY CMYyTY 4acToT pUHOMY
BUIIPOMIHIOIOYOTO ~ TpakTy, M0 3abe3neuyye TapHi
CHepreTUYHI  CIHIBBiAHOIIEHHS  BHIIPOMIHEHOTO i

MPUIAHATOTO CUTHANIB, BHCOKY II€PEIIKOM03aXUIICHICTb.
TouHiCTF BUMipIOBaHHS IIBHIKOCTI 3BYKY 3aJIC)KHUTH BiJ
TOTO, UM Tpeba oTpuMaTH ii aOCOMOTHI 3HaYeHHS, a00 K
MOXHa O0OMEXHTHCA BiJHOCHUMH 3HAYCHHAMHI
MIBUAKOCTI 3BYKY TNPH 3MiHI SKHX-HEOYZb 30BHIIIHIX
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napamerpiB. Tounicte AC/C aGCOMIOTHHX BUMIpPIOBAHb
craHoBuTh Oym3bko 10-5, Toal SK TOYHICTH BIZHOCHUX
3MiH Ha0arato BHWIIE, BOHA JOCSTAE BEIUYMHU MOPSIKY
10-7.Bubip cxeMH BUMIPIOBaHHS 00yYMOBJICHUI YMOBaMHU
EKCIIePUMEHTY.

Mera podoTun
Merta poOOTH TOJsATaeE B aHami3i Ta JOCIHIIKEHHI
ICHYIOUHX METOIIB BU3HAYECHHS MIBUIKOCTEN
PO3MOBCIOKEHHS XBHJIb B KaBITYIOUOMY CEPEIOBHIII.

BukiaaeHHs1 0CHOBHOIO MaTepiaJIy

[IBuAKICTh PO3MOBCIOKCHHS TMPYXHUX XBHIIb
C, B aKyCTHUYHOMY CEPEIOBHIIi BU3HAYAETHCSA BiJOMOIO
i3 Teopii KONHBaHb 3aNexKHICTIO [6]:

¢, =+ E/p, 1)

ne E — monmynp mpyxHOCTI cepemoBWia, HIO Mae
LIIBHICTE O .

HageneHa 3ajexHICTB 3aCBiIUYe, 10 32 Pi3UIHUM
3MICTOM BOHA BH3HAYa€ CIiBBigHOMmIEHHS npyxHuX (E) i
MacoBux (0) XapakTepHCTHK cCepenoBumia. Ko
sajiexHicTh (1) 34e6iIbIIOro BHKOPHUCTOBYETHCS LIS

MIPY>KHUX CEPEAOBHII, TO JJIS PiJUH, IO HACUICHI Ta30M,
3aCTOCOBYEThCs (opmyna [7]:

¢ =YoB.. (2)

ne B,

coboto cniginHocaThes sk B, =1/E.

ajiabaTMYHa CTUCKYBaHiCThb. [lopiBHIOIOYH

Haii6inpmn ycminmae BUKOPHUCTAHHS YIbTPa3BYKY
OB’ s13aHe 3 0OPOOKOIO PIMMHHUX CEPENOBHIN, OCKITBKH
caMe B HMX BHHHKA€ SIBUIIE YJIbTPa3BYyKOBOI KaBiTallii,
mo € e(eKTUBHHM MEXaHi3MOM KOHIICHTpaIlii eHeprii
3BYKOBOI XBHJII HU3bKOi HIUIBHOCTI Y BHCOKY MIUTHHICTH
EHeprii, sIKka 3yMOBJICHA MyJbCAIIIMU Ta 3aXJIOIYBaHHIM
KaBiTauiiHux Oyspoariok [8-16].

BaxmBoro ckianoBoro B 3a0e3neveHHI eekTHB-
HOI opraHi3auii nmpouecy KapitauiiHoi 00poOKH TEXHOJIO-
TIYHUX CEPeIOBUII € PO3PaXYHOK YIBTPa3BYKOBUX
TEXHOJIOTIYHUX arapartiB, SKHH MIPOBOIATH  JJIA
JIOKaBITALIHHOTO PEXUMY 3 HACTYINHUM YTOYHEHHSIM
3TiTHO OTPUMAHMX IOMEPENHIX AOCHiKeHb. PasoMm 3
THM, SK II€ 1 3a3Ha4aocs BUIIE, JAOCTOBIPHHHA pe3yabTaT
OB’ SI3aHUH 13 METOJAaMH BUMIPIOBAaHHS IIBUIKOCTI
PO3MOBCIO/IKEHHS  YJIBTPAa3ByKOBUX XBWJIb B YMOBax
PO3BUHEHOT KaBiTaIlil.

CaMe BUXOISYH 3 I[LOTO, BU3HAYCHHIO MIBUAKOCTI
PO3MOBCIO/KEHHST XBHJIb TPUCBIYCHA HU3Ka pOOIT
[12-16]. Tak, B poborax [12, 13] BimmiuaeTbcs, MmO
HIBUAKICTE 3BYKY B TEXHOJIOTIYHUX Ta30piJUHHHUX
CEpeIOBUIIIAX 3aJICKUTh BiJl CHIBBIJIHONICHHS Ta30BOI i
PiAMHHOT KOMITOHEHT 1, HANpPHUKIAI, JJIS BOJH, SIKa Mae
ra3oBi OynpOamiku, miama3oH 3MiHM C, KOJHMBAETHCS B

OBOITI IIMPOKKX Mexkax 3HadeHb 20...100m/c [12, 13].
3a manumu poOOTH [2] uymMcnOBiI 3HayeHHS C, B

KaBiTYIO4il piMHI 3MIHIOIOTHCS B OUIBII BY3bKHX MEKax:
C, = 25...30M/c, a B poboti [14] HABOAATECS YHCIIOBI
3Ha4YeHH i e B MeHIINX Mexax C, = 10...12m/c.

3a ymoBH, 1[I0 KaBiTamiiHE CepeIoBHUIIE
CKIQIAEThCsl 13 PIJUHU 3 PO3MOAUIEHMMH B HIH
[apora3oBUMH  OynbOamKaMu 1  pO3MIISAAETHCS, SIK
OoNHOpiHE JaBO(a3HE 3  CEPeOHIMH  3HAYCHHSIMH
IIIJIBHOCTI  TeMmIlepaTypd Ta  THUCKY,  LIBHJIKICTB

PO3MOBCIOMKCHHS XBWJIb BH3HAYAETHCA 32 (HOPMYIIOO
Menoka [13]:

—_ 2
c. =p.cilp,pl-9). ®)
e P.: P, — BIJIMIOBITHO MIJIBHICTH Ta3y 1 PiAUHM;
C, — WBMJKICTh 3BYKy B DiIMHi 32 yMOBH

BiJICYTHOCTI KaBiTarlii;

@ — BimHomeHHs 00'€My Ta3oBOI CKJIAJOBOI 10
00’eMy razopimuHHOI cymimi (00'€MHa YacTHHa rasy B
pinuHi).

I3 popmynu (3) BUIUTHBAE, [0 YUCIOBE 3HAYCHHS
MIBUAKOCTI C, 3aJeXKUTh BiJ CIiBBIJHOLIEHHS ra30BoOi i

PIAMHHOT CKJIaIOBUX, SIK IIe i OyJI0 3a3HAUYEHO BHIIIE.

Bapro 3a3HaunTH, 10 A7 BU3HAYCHHS IBHIKOCTI
3BYKY B PiJIMHI, I¢ YTBOPEHHS OyIh0AIIoK BimOyBa€eThCS
BHACIIZOK KHIIIHHS, B pobori [13] npuBoguThCS
HacTyImHa hopmyna:

¢, = me/J/[,opRT(CpT)”z], @)
ae P, —THCK;

L —mnwuroma Termora (a3oBoOro Nepexoy;

Cp — TEIUTOEMHICTh PiIWHY;

R —yniBepcanbHa rasosa craina,
M —MoJIsipHa Maca PEYOBHHH;

T —Temneparypa, 3a Kol 31iIHCHIOETECS (ha30BUH
mepexiz.

BukopucrtoByroun ¢opmyny (4)8 poborti [16]
3MIHCHEHI  PO3paxyHKH 3a YHCIOBHUMH 3HAYECHHSIMHU
p, = 47104 ITa i T= 290K, saKki manu 3Ha4eHHS Ui

C, = 0,77wml/c, a 3a pe3ynpraTaMu eKCIIEPUMEHTAIBHUX

K
JOCIiDKeHb aBTopa 3HadeHHs C, = 2.0 = 0.5u/c.

Ili 3HaueHHs OTpUMaHi B PE3YyJIbTATI PO3TIITY
CTaI[iOHAPHOTO KAaBITAI[IHHOTO TMPOIECy IIiJ KaHAJIOM
KarmJsipa.

Y pobGori [15] nmpuBemeHi  pe3ynbTaTH
JIOCTIJKCHHS 32 YMOBH, [0 XapaKTCPUCTUKU KaBITYIOUOT
PIAMHU, TPEICTABISIOTHCS MOJCIUIFO CKBIBAJICHTHOTO
cepenoBumia 3 OynpOamkaMy KaBiTallil, IO JIiHIAHO
konuBatoThest [14]. lnst Takoro cepeioBHINa CepeiHs 3a
Hepiof KOJMBAaHHS IIUIBHICTE L0, 1 cruciuBicts [,

BHU3HAYAIOTHCS 3T1THO 3aJICKHOCTEH:
P =p,(1-K)+pk
B.=B,0-k)+ LK/
e K — cepenniii 3a mepion iHAEKC KaBiTallii;
p. 1 B — miIBHICTE i CTUCIUBICTD MAPOra30BOi

)
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cyMimri B Oysp0aIikax, BilnoBiHO;

P, i B, — WIIbHICTh i CTUCIHUBICTb KpamneabHOi
piavHHM, BiIOBIIHO.

Tyt BpaxoBaHO, IO TIUIBHICT IapPOra3oBOi
CyMillli B MOPO’KHUHAX KaBiTAIliHHUX OyIh0AIIOK 3HAYHO
MEHIIA ITBHOCTI KpamneibHoi pianHy. LIIBUAKICTS 3BYKY
B CepeloBMINI 3 KaBiraumiero C, BU3HAyamacd 3a

dopmyioro (2).

B icTopu4HOMY pPO3BHUTKY ONHC YTBOPEHOI
KaBiTAI[IMHOI ~ MOPOXHWHK  po3misimaBcs  [14] sk
CaMOCTIMHOI, TakK 1 CIUIBHOI CKJIaZ0BOI 3arajbHOIO

mporiecy Kapitamii. TakuMm e YHHOM, IOSICHIOBaBCS i
MpoIleC YTBOPEHHs KaBiTamiiHoro ¢dakeiry, mepepi B
OCHOBiI SIKOTO OYB BHUKOPHCTAaHWUU IUIsI TpamyrOBaHHS
HIKPOKOCMYTOBOI'0 aKyCTHUHOTO iHTeHCUMETpY [15].
ABtop 1iei poOoTHM 3a3Havae, WO 3MiHU
YYyTJIMBOCTI IHTEHCHMETPY 3a IHTEHCHBHICTIO MNOJA B
Cepe/IoBHIIII 3 KaBiTalli€l0 MaloTh OYTH MPONOPLIHHUMHU
IIBUJIKOCTI KOJIMBAHb B OLIBIIIN 4acTHHI poOO0YOi mosiocu
4acTOT MPUCTPOXO, IO MOTPEOyeE OLIBIT apryMEHTOBAHOTO

MOSICHeHHsI, Tak SIK I1le  M[peACTaBiIsie  co0Ok0
OaratodakTopHy 3amady. He mimmaroum CcymHIBY
MPOBENIEHI  eKCIIePUMEHTANbHI  JOCTiPKEHHS, BapTo

3a3HAYUTH, IO 3HAYECHHS IIBUAKOCTI C, , OTPUMaHOI B

pob6ori [15], Mmae Bennuuny 766 m/c, 110 HA TPHU MOPSIKH
BHIIe, HiX B poboti [16]. Ha xanb, Taka po30ikHICTh B
3HAYCHHSX C, YCKIAJHIOE IPUIHSATTS BUCHOBKY IIOJO
mWBHAKOCTI C, 1

,HiﬁCHOFO YHUCJIOBOTO 3HAYCHHI

K
OYEBHIHO HEOOXiMHI OLIBIT OOTPYHTOBAHI JOCHIHKEHHS
B TOMY YHCJI NPU BCTAHOBIICHHI MPUUAHITUX HPHUITYIICHb
Ta TepeayMOB TIpM TIOCTAHOBIII Ta TIPOBEACHHI
OCHIIKEHD.

Pa3oM 3 THM, Binjalouu HaleXXHE Iapamerpy C, ,

3YIMHUMOCS Il HAa METONI MOro BU3HAYCHHS 3a
E€HEePreTUYHUMH XapaKTePUCTHKAMH, MNPUBEICHUMH B
poGoti [16]. CyTHicTh METOAY TMOJISITAE Y BU3HAYCHHI
OIUTBHOCTI  TIOTOKY €Heprii Ta CHiBBIIHONIEHHI JIO
IIUTBHOCTI €HePTii YIbTPa3ByKOBOTO TOJIS.
BaranpHOBimOMO [1, 2], 10 IIIBHICTH IOTOKY

eHeprii, sKa MEPEeHOCUThCS XBHJCIO BU3HAYAETHCS
3aJIKHICTIO!

Jo = Pra /(20), (6)
1€ Pra MaKCUMAaJbHUIA THCK, 32 MEXCI SKOI
MEePEeBUINYEThCSI  TOPIT  KaBitamii 1 QopmyeThes

KaBiTaliitHa xmapa.
A IIIBHICTE €Heprii yJIbTpa3ByKOBOTO TIOJNIS B
naHii obmacTi:

- 2 2

WO - pmax /(ch ) . (7)

IMopiBHtotoun  3anexkHocti  (6) 1 (7) MoxHa

orpumarn (opMysly JUIs BH3HAUCHHS C B JIAHOMY

CepeIOBUIIII:

c=J,/w,.
OTxe, BU3HAYMBIIY IIUIbHICTh TTOTOKY €HEPTii, 10
NePeHOCHTbCS depe3 KaBiryloue cepenoBume |, i
LIIJIBHICTD €HEeprii B caMOMy KaBiTYIOUOMY CEpeIOBHIII,

(8)

MOJKHa 3HAWTH 3HAYCHHS IIBUJIKOCTI PO3MOBCIOKCHHS
3ByKy C, B KaBITYIOUOMY CE€PEIOBHIL.
B pobGoti [16] BukopucTaHO Ii€H MmiAXid MIpU

MIPOBEICHHI IOCIIAIB Ha creriajbHI i
EKCIIePUMEHTAIBHIH yCTaHOBII, AKa peaiizye
3BYKOKAIUIIPHUH e(eKT.

Ananmiz  4ucnoBux — jgaHux — pobotu  [16]
MATBEPIKYE, IO CYTTEBHH BIUIMB Ha LIBHIKICTH

PO3MOBCIO/KEHHST 3BYKY B KaBiTAIlITHOMY CEpeIOBHII
Mmae THcK. Moro 36inpmenns B 4.0 pasu s niameTrpa
kamsipy 0=0.34 MM npuBOAWTH A0  30iIBIICHHS
nBuakocTi B 4.8 pasu i3 3Hauenus 6,67 m/c o 32,0m/c.
[HIOI  XapakTepUCTHKH HE MAlTh TaKOrO CYTTEBOTO
BIUIUBY.

B muroBaniii poGoti [16] He mnpUBOAWUTHECS
MOXJIMBICTh BUHHKHEHHs aucnepcii ¢pa3oBoi IBUAKOCTI
MOUIMPEHHST XBUIIb, SIKA JUIS TJIOCKOI XBHJIL 3a JaHUMHU

pobotu [2] mMae Bursz:
@ _wf, 4mRg )"
c. G\ «-&-iuw

(v —4YacToTa XBWIII,

(9)

ne

C,, C, —IIBHJIKICTb 3BYKY B pinuHi 06e3 kapitauii i
TIPY HAsIBHOCTI KaBiTallii;

N — KUTbKICTh Oynp0amoK B OXUHUIN 00'eMy
piawHH;

R, —piBHOBaXkHUH paziyc Oyms0ammky;

(J, —PE30HAHCHA YacToTa OyJIbOAIIKHY;

M —KoedimieHT 3racaHHs KOJMBAaHb OyJIH0aIIK.

Bupa3z (9) mnpencraBisie cob600  XBHIBOBHil
KoeillieHT 3 ypaxyBaHHSIM JAucCHepcii Ta pO3CISHHS
eHeprii.

B po6ori [17] us 3anexHicTh BHKOPHCTOBYETHCS 3
MIPUITYIIICHHSM, 110 KOHIEHTpamis Oynp0aniok B piguHi
HeBenka. Tomy Bupas (9) cipomryerbes i IPUBOIAUTHCS
10 BULJISIAY:

2
@ _ @y, 4mRG
¢ Gl «W-o-iuw
Po3p’s3ok piBusHHA (10) mis oGmacti 4acTot
W< @), BITHOCHO MEPEMIIIECHHS MPEACTABICHO Y BUTILIAL

u(x,7)/u,

1+ (10)

rpadigHOl  3aJeKHOCTI BiJ
gacrotu 71 (puc. 2) [17].

Otpumana rpadivna 3anexHicTh (puc. 2) CBIAIHUTH
PO HASBHICTH BHIIMX TapMonik [18], mo miaTBepmkye
MOJXJIMBICTh BUHHKHCHHS KaBITAIllIHHUX TWPOIECIB, 1€
IIBUJIKICTh 3aJICKUTh BiJi YaCTOTH KOJHBAaHb, OJHAK B
pobGoti [17] BimcyTHi BiZOMOCTI IS SIKHX CEPEIOBHII
TaKe SABUILE MA€ MICIIE.

TakuM YHMHOM, TPOBEICHUN BCEOIYHMI aHAII3
METO/IiB BU3HAYCHHSI IIBU/IKOCTI PO3MIOBCIO/PKEHHS XBUIIb
Yy KaBiTYIOUOMY CEpEIOBHINI  Ta OI[iHKA YHCIOBUX
3HauYeHb MIBUIKOCTEH 3aCBiUye, IO HA JTAHOMY €Tari He
iCHye 3arajJbHONPUHHATOI METOAMKH Ta  €JIMHOTO
YSIBJICHHS IIPO CYTHICTh PEaJbHOTO MPOLECY 3apODKEHHS
KaBiTalliHOT 00J1acTi il pO3BUTKY Ta 3aBEPILCHHS.

MepEeMIlICHHS
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30
10 10 30 50 70 900+
s
L 10
Puc. 2 —3mina nepemiwenns 6 3anexcHocmi 6io
yacmomu
BucHoBku

1. 3mniificHeHHWit aHaim3 METOMIB BHU3HAYEHHS
IIBUJIKOCTEH PO3IOBCIOKCHHS XBWIb B JUCIICPCHUX
CepeloBHIIAX 3acBiuye 3HAYHY BIJMIHHICTE B IX
YHCIOBUAX 3HAUYCHHSX, IO OOYMOBICHO BiJCYTHICTIO
3araJlbHONPUHAHATOI MOJICITI KaBiTallii.

2. 3aciyroBy€e yBaru CHEPreTHUHHMH MiAXin s
BU3HAYCHHS! MIBHJKOCTI PO3MOBCIO[DKEHHS XBHIb B
JNUCTIEPCHUX  CEPENOBMINAX, OJHAK  JOCTOBIPHICTH
PE3YNIbTATIB PO3PaxyHKIB 3aJICKUTh BiJl TOUHOCTI 3HAYEHD
CKIIaZ0OBHUX (POPMYIIN IIUTLHOCTI €HEPTii 3ByKOBOTO TIOJIS.

3. Bunukae HEOOXigHICTh B E€KCIEpUMEHTAIbHIN
MepeBipmi  3ampONOHOBAHWX  METOAIB  BH3HAUCHHS
IIBUJIKOCTI PO3MOBCIO/DKCHHS XBHJIb, YTOYHCHHS JUIS
KOHKPETHUX TEXHOJIOTIYHHUX CCPEIOBHUIN IXHIX YHCIOBUX
3HaYCHb 3 METOI MPAaKTUYHOTO 3aCTOCYBaHHS B
pO3paxyHKaxX paliOHATBHUX MapaMeTpiB Ta PEKUMIB
KkasiTanii.
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AHHOTALTHA Hcnonv3osanue yivmpaszeyka ¢ yenvlo 00pabomku JHCUOKOCHHBIX CPeod s6Nemcs dPPeKmueHbiM Mexanuzmom
KOHYenmpayuu dHepaull 36YK0GOU 601Hbl HU3ZKOU NJIOMHOCMU 6 GbICOKYIO NIOMHOCHbL dHEpeUuUl, 00YCI06NeHHO20 NYIbCAYUAMU U
3aX7I0NbIBAHUEM — KABUMAYUOHHBLIX — NY3bIPbKOG. JoCmogepHulll  pe3ynbmam —C8A3aH ¢ Memooamu  UsMepeHus CKOpocmu
PAcCnpocmpanenus yibmpasgyKosbix GONH 8 YCI08UAX PA3GUMOU KAGUMAYUU, NOCKONbKY OHA ABIAEMCS COCMAGHOU NPAKMUYECKU
8cex OnpedensIowux napamempos Yibmpa3sgyKoeol KagumayuonHou 06pabomku mexnonocuveckux cpeo. Mccneoosano npumenenue
UMNYTbCHBIX, ONMUYECKUX, AMNIUNYOHO-(PAZ0BLIX U IHEPLeMUUECKUX MEMO0008 OISl USMePEeHUsl CKOPOCMU PACNPOCMPAHEHUs 8OH.
Beibop cxemvl usmepenusi 00yciosnen YcioguamMu IKCHEPUMEHMA. YCmanoeneHo cyujecmeeHHoe pacxodicoeHue 8 HUCI08bIX
3HAYeHUAX cKopocmell mpebyem npumenenus 00jiee 0OOCHOGAHNLIX Mooenell, ONUCHIBAIOWUX peailbHble YCI08Us NPOMeKaHUs.
Ka8UmMayuoHHO20 npoyecca Uccae008aHus, NPUHAMbIX OONYUeHUll U NPeONnoCyLIOK NPU NOCIMAHOBKeE U NPOGeOeHUU UCCIE008AHUL.
Kniouesvie cnosa. ynempasgyk, cKOpocmv pacnpocmpaneHus, mexuonro2uyeckue cpeobvl, Memoosl UsMepeHus, KasumayuoHHbli
npoyecc.
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