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B cratke wuccienyercs mpolecc KaBUTAIMOHHOTO HU3KOYACTOTHOTO (10
130 kI'n) yneTpassykoBoro (Y3) pachbUleHHs] BA3KHX IKHIKOCTEH B CJIOE C
MOABEJACHUEM aKyCTUYECKOM JHEpruM B paboued 30HE dYepe3 KUIAKOCTh. JIist
BBISBJICHUSI ONITUMAJIBHBIX PEKUMOB (4aCcTOTa U aMIUTATYa KOJICOAHHI) U YCIIOBHIA
(TonmmuHA C€0S  pacHbUISEMON JKHIKOCTH) YJIBTPa3ByKOBOTO BO3ICHCTBHUS B
3aBUCHMOCTH OT (DU3UYECKHX CBOMCTB pACHBUIICMON KHUIKOCTH (BSI3KOCTH,
MOBEPXHOCTHOE HATSDKCHHME W T.J.) TMpeUIOKeHa | pa3pabdoTaHa MOJEIb,
OIMMCHIBAIONIAS MOATAMHOE MpeoOpa3oBaHHe SHEPTUM MEXaHMUECKHX KOJeOaHMi
yIBTPa3BYKOBOW YacTOTHl B JHEPTUI0 KANMWUIAPHBIX BOJH, O0ECIEYMBAIOIINX
oOpa3oBaHue Kamenb. [lodydeHHbIe pe3yJabTaThl MOTYT OBIThH MOJOXKEHBI B OCHOBY
IIPOEKTUPOBAHMS  CHELMAIU3UPOBAHHBIX Y3  pacHbUIMTENEH  KMIKOCTEHN
MOBBIIIEHHOW BSI3KOCTH.

KiroueBsie ci0Ba: ynbTpa3ByK, paclbUIeHUE, a3P030Jb, BI3KOCTb.

BBEJIEHUE

PacnpuieHne pa3nuyHBIX SKUAKOCTEM W HANbUICHUE TMOKPBITUN SBJISETCS OCHOBOU
3HAYUTETHLHOTO KOJUYECTBA TEXHOJOTHUECKUX MPOIECCOB B IPOU3BOICTBAX, OTHOCSIIIMXCS, B
MEepBYI0 OYepelb, K BBICOKOTEXHOJOTUYHBIM CEKTOpaM SKOHOMUKH. Croga OTHOCATCS:
pacIbUIATENH, TIPeIHa3HAYCHHBIC JJI1 PAOOTHI B COCTaBE YCTAHOBOK CIIEKTPAJLHOTO aHAIM3a
(w1 momaunM 3051 B MCTOYHHMK) B aABHAIIMOHHOM JIBUTATEIECTPOCHHE, HAIbUICHUS
(GOTOPE3NCTOB B  MHUKPORJICKTPOHHON TMPOMBINIJICHHOCTH, TOJHUPYIONIUX KUAKOCTEH B
OTNITHUKO-2JICKTPOHHOM  MPUOOPOCTPOCHUM, HAHECEHUs TOKPBITUA B  TPOW3BOJICTBE
MEIUIIMHCKOW TEXHUKH W WMIUIAHTOB, PACHbUICHHE JKHJIKOCTEH TIpU TIPOU3BOJICTBE
(GyHKIIMOHATBLHBIX HAHOMATEPHAIOB U MHOT'O€ JIPYTOE.

Cpenn MHOXKECTBa pa3IMUHBIX CIOCOO0B Hambosiee HS(PPeKTUBHBIM sBISIETCS Y3
pacmbutenue [1], obmagaromiee yHHKaIbHBIMU IPEUMYIIECTBAMH: HU3KOW SHEPrOEMKOCTHIO U
BBICOKOH MIPOU3BOAUTEIHHOCTHIO mporiecca; BO3MOKHOCTBIO obecrnieueHus
MEJIKOAUCIIEPCHOTO W MOHOIUCIEPCHOTO PAaCHbUICHUS; OTCYTCTBHEM HEOOXOIUMOCTH
WCIIOJIb30BAaHUS  PACHBUIAIONIETO AareHTa; BO3MOXXHOCTBIO PACIBUICHHS BBICOKOBSI3KUX
KUIKOCTEH 0e3 100aBjeHUS pacTBOPUTENEH; BO3MOXKHOCTBIO PACTBIICHUS paCIIaBOB
METaJUIOB; BBICOKMM KAa4€CTBOM M PAaBHOMEPHOCTHIO (DOPMHUPYEMBIX MOKPHITHH, HATHYUEM B
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KaIJIIX JKAJKOCTH LMPKYJSIHUOHHBIX TOKOB, CIIOCOOCTBYIOIIMX YCKOPEHHUIO IPOILIECCOB
Teroo0MeHa 1 MacCOMNepeHoca Ha TOBEPXHOCTH KaIUIH.

Jlnst obGecrieueHuss MakCUMaabHOM 3P (EKTUBHOCTH Tpoliecca HEOOXOIUMO TTOHMMaHHUE
MEXaHU3MOB Y 3 pacibUICHHUS.

1. TIOCTAHOBKA 3AJIAY

Ha cerommsmuuii neHp Haubojee pacnpOCTPaHEHHON TEOpHel, OMHUChIBAIOIIEH
MEXaHU3M YJbTPa3BYKOBOI'O PAaCIbUICHUs >KUAKOCTEH, SBISAETCA TEOpPUS KaBUTALMOHHO-
BOJIHOBOT'O pacIbUICHUS JKUJKOCTEN, IIpEIIOKECHHAs borycnasckum [2] u
OkHaguocsiHueM [3] u, BnocienctBuu, passuras Hosuukuwm [4]. Dta Teopust ocHOBaHa Ha
IIPEIIOJIOKEHNN, YTO PACIbUICHHE OCYLIECTBISETCS ITyTEM OTpPbIBA KalleleK >KUIKOCTH C
rpeOHel CTOSUMX KalMWIISPHBIX BOJIH, MapaMEeTPUUYECKH BO30YXJaeMbIX Ha MOBEPXHOCTH
pasfena cpel KUAKOCTb-BO3IAYX BCIECICTBUE BO3MYILEHHS IOBEPXHOCTH IKUAKOCTU
KOJICOJTIOIIEHCS] TOBEPXHOCTHIO M3JTydaTells.

Hcxons u3 3TOro, B YJBTPa3BYKOBOM CHOCO0€ pAacHbUICHUS >KUIKOCTEH SHEprus
IpeTeprieBaeT HECKOJIbKO CTaANni MpeoOpa3oBaHMs:

— Kojie0aHMsl M3JIydarolled MOBEpXHOCTH YJIBTPa3BYKOBOIO NMpeoOpa3zoBaTessl CO3Ja0T
3BYKOBOE JaBJICHUE B PACIIBUIAEMOM CJIOE JKUIKOCTH;

—3BYKOBOE JlaBJeHHE OOyclaBIuBaeT o00pa3oBaHHWE KaBUTAIMOHHBIX IOJIOCTEH
(my3bIPBKOB) B KHIKOCTH, M OCYLIECTBISICTCS 3alac SHEPTHH B KaBUTAIL[MOHHOM ITy3bIPHKE,
BBI3bIBasl €T0 PaCIIUPEHMUE;

— IpU 3aXJIONBIBAHUM KABUTALIMOHHOIO Iy3bIPbKA, 3allaC€HHasl B IIy3bIPbKE OJHEPrus
npeoOpas3yeTcst B SHEPTUIO yIapHOI BOJIHBI;

— SHEeprusi yIapHOW BOJIHBI pacXoQyercsi Ha oOpa3oBaHHME Ha TMOBEPXHOCTH >KUIAKOCTH
KaIllWJUIAPHOU BOJIHBI,

— SHEeprusi KanwUISIPHONW BOJIHBI pacXoIyeTcs Ha yBeJIUYEeHUE CBOOOJHON MOBEPXHOCTHU
XKHJIKOCTH, T.€. Ha 00pa30BaHMUE Kaleib XKUIKOCTH, BBI3BIBAIOIIEE €€ paclblUICHHE.

Tonumua cnos KUAKOCTH, MOKPHIBAIOIIETO KOJEONIOUIYIOCS TMOBEPXHOCTb, SBISAETCA
KOHEYHO! BEJIMYMHOM M HE MOXKET NPEBBIIATh MOJOBUHY UIMHBI YIbTPa3BYKOBON BOJIHBI B
’KUAKOCTH, IPU KOTOPOU pacmbiieHHe npekpamniaercs [1]. BHyTpu uHTepBaia TONIKHBI CIIOs,
U3MEHSIEMOr0 OT HYJIsl 10 MOJIOBHHBI JUIMHBI BOJIHBI CYILECTBYET 00Jiee TOHKas U TIOKa eIlle He
00BsICHMMAs 3aBUCUMOCTb IIPOWU3BOAUTEILHOCTH PACHBUIEHUS OT TOJILUHBI CJIOS, TOCKOJIBKY
M3BECTHO, HATIPUMEP, YTO TIPU OUYCHb TOHKUX CJIOSIX YKUIKOCTU pacrblIeHue npekparaercs [1-3].

Takum oOpa3oMm, OJHMM U3 OCHOBHBIX IApaMeTpPOB, BIMSIOIMX HAa HHTEHCHUBHOCTb
nporecca Y3 pacnbUieHHs], SBISETCS TOJLIMHA CJ0S KMJIKOCTH Ha KoseOmouencs
NOBEPXHOCTU. {1 KaKIOW JKUAKOCTU CYIIECTBYET CBOM, OTJIMYHBIA OT APYTMX IUAna3oH
TOJILIUH CJI0S KHUAKOCTH, NPU KOTOPBIX IPOUCXOIUT paclblieHre. BHyTpu 3TOro auamnasoHa
CYILIECTBYET BIIOJIHE ONPEICIICHHAs TOJIIHMHA CJIOS XKUIKOCTH, IPU KOTOPOH MHTECHCHUBHOCTH
npoliecca pacibuleHus Oy1eT MaKCUMalbHa.

B Hacrosmee BpeMs IpH CO3JaHMM IPAKTUYECKMX KOHCTPYKLUMH pacHbLIUTENIEH
ONTHMAaJbHAas TOJIIMHA PACHBUIMBAEMOTrO CIIOS Ul KaKIOW KUAKOCTU OINPENEIAETCS IyTEM
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MHOTOKPATHBIX AKCIIEPUMEHTOB, IMOCKOJIBKY TEOPETHUECKUE OCHOBBI IUISI ONPEACIICHHUS dTOU
«3((HEeKTUBHOI» TONIIUHBI OTCYTCTBYIOT.

B cratee mpexacraBieHa TpeAIOKEHHAas W pa3paboTaHHAas MOJENb, MOATAITHO
OTMCHIBAIOMIAST TPOIECC KaruieoOpa3oBaHUs, IO3BOJISIONIAS ONPENCIUTh ONTHMAIBHYIO
«3(h(HeKTUBHYIO» TOJIIMHY CIIOSI )KUJKOCTH W CPEIHHUH JAUAMETp Kareilb B 3aBUCUMOCTH OT
(GU3MYECKUX CBOWCTB PACHBUIAEMON KUIAKOCTH (BS3KOCTh, IJIOTHOCTh M TOBEPXHOCTHOE
HATSHKEHHUE) U MTapaMeTPOB aKyCTHYECKOTO BO3ICHCTBUS (4AaCTOTHI U aMILTUTY bl KOJCOaHUH
MOBEPXHOCTH pabOYero HHCTPYMEHTA).

2. TEOPETUYECKUI AHAJIN3 I[TPOLIECCA YJIbTPA3BYKOBOI'O PACIIBIJIEHU S
BS3KMX XXUJIKOCTEN B CJIOE

Ormpenenenre 3ByKOBOTO JIABJICHUS B CJIO€ PACHbUIIEMON JKUJIKOCTH B 3aBUCHMOCTH OT
TOJIIMUHBI 3TOT'O CJIOS OC}’HICCTBJ'IHGTC?I HAa OCHOBAHMWHM aHaJIn3a CHUCTCMBI J'II/IHeapI/ISOBaHHHX
ypaBHeHuid HaBbe-CTOKCa B OJHOMEPHOM CJIy4yae C MPUHSATUEM JOIYIIEHUs 00 OTCYTCTBUU
I/IHTep(i)epeHHI/IOHHI)IX MaKCI/IMyMOB 6J‘II/I)KHCFO I10JI HOBerHOCTI/I yJILTpa3BYKOBOFO
npeoOpazoBarensi. [IoCKONIbKY MpakTHYECKUH WHTEPEC MPEJCTABISAECT Pa3BUTHE KABUTAIUH B
CcJIoe, HETOCPEACTBEHHO TPaHWYAIeM C IMOBEPXHOCTHIO YIIBTPa3BYKOBOTO IpeoOpa3oBaTelis
[1], To OBLTO MOMYYEHO BBIPAKCHHE JJISI AMILUTATY/IbI 3BYKOBOT'O JABJICHUS HEMOCPEICTBCHHO
Ha MIOBEPXHOCTH pabo4yero MHCTPYMEHTA!

[P(0)|= pye” AR, (1)

rae |P(0)] — amMruinTyzna 3ByKOBOTO JaBlieHHsI BOJIU3H MOBEPXHOCTH pabOYero HHCTPYMEHTA,
0 — PaBHOBECHAs TIOTHOCTb KHJIKOCTH, (0 — KPYToBas 4YaCcTOTa aKyCTUYECKUX KOJICOaHUIH,
A — ammmTyna KoyieOaHHWH TOBEPXHOCTH pabdo4ero MHCTpyMeHTa, h — TonmmHa cinos
KHKOCTH.

[Tonyuennoe Beipakenue (1) mcnomb3yercs B AaibHEHIIEM Ui aHAIM3a Pa3BHTHUS
KaBUTAIH B CJIO€ PACIBUIIEMOI JKUIKOCTU U OINpPEICICHUS JaBJICHUs BO (DpOHTE yIapHOH
BOJIHBI TIPY CXJIOTIBIBAHUY KaBUTAIMOHHOTO ITy3bIPbKa Ha CICAYIOUIMX 3TallaXx PacCMOTPECHUS
MOJICIIH.

JIlnHaMyKa KaBUTAI[MOHHOTO Iy3bIpbKa ONMHUCHIBacTCs ypaBHeHuem Kupkpypa-bere [5],
T.e. AupPepeHINATLHBIM YPaBHEHHEM OTHOCHTEIIFHO pajlyca KaBUTAIMOHHOTO ITy3bIPbKa
KaK (YHKIMH OT BpeMeHH (2):

) : , . .
PR R O Y W PR Y50 o
Clot® 2 3C |\ ot C C C|ot

rne C — jokanbHasi CKOPOCTh 3ByKa B JKUAKOCTH, H — sHTanenus xuakoctd, R — paanyc
IIy3bIPbKa.
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DHTAIBIASA  KUIKOCTH OMPEACISIeTCS C  ydYETOM  TOJYYEHHOTO BBIPAKCHUS IS
aMIUTITYIBI 3BYKOBOTO JaBJIEHHWS W TOTO, YTO JaBJICHHE M IUIOTHOCTH JKHIKOCTH CBSI3aHBI
MEKIy co00l ypaBHEHHEM cocTosiHus Tata [5]:

1 n-1
o

n-1 3y n
H =$@ (po— poe* Ahsin(at)+B) " —| p, (%) _20 SR pg| |, 3)
0

rae N, B — mapameTpbl ypaBHEHUS COCTOSHUSA KUAKOCTU TaTa, Po — paBHOBECHOE JABIICHUE
KUAKOCTH, P,, — PaBHOBECHOE AaBJIEHHE ra3a, Rp — paanyc KaBUTALlMOHHOTO 3apOJbIIla,
R — Tekyumwmii paanyc KaBUTallMOHHOI'O Iy3bIpbKa, | — JUHAMHUYECKas BA3KOCTb JKUIKOCTH,
P, — naBneHue HACHIIEHHBIX IAPOB KUAKOCTH, 0 — MOBEPXHOCTHOE HATSHKEHUE KUIKOCTH.

UYucnennslii aHanu3 ypaBHeHUs: KupkByna-bere mo3BosseT onpenennTs MUHUMAaIbHBIN
panuyc KaBUTAllMOHHOTO ITy3blpbKa Rcn M MOKa3blBaeT, 4YTO MPH €ro CXJIONbIBAHUH
o0pa3yeTcst KOPOTKUH HMITYJIbC BBICOKOTO JIABJIECHUS AMUTENbHOCTHhIO 2...10 HC, mpu 3TOM
IIPOUCXOAUT PACHpPOCTPAHEHUE YAAPHOW BOJHBI M3 LIEHTpAa KaBUTALMOHHOIO ITy3bIpbKa N0
CBOOOTHON TTOBEPXHOCTH «paCHbliIsieMast KHUIKOCTb-BO3TyX».

JUig ompenencHus] BEIMYUHBI M JJIMTEIBHOCTH MMITYJIBCHOTO Harpy’KE€HUs KUAKOCTH,
BBI3BIBAIONICTO  yBEJIMYCHHE (KMOAKAYKY») AaMIUIUTYIbl KAOWULSIPHBIX BOJH, ObLIa
IIPEJUIOKEHA CIAEAYIOIAs MOJIENb.

B OesrpannuyHOil HI€aNbHOM JKUIKOCTH pPAacIoNIOKeH C(EepruuecKd CHUMMETPUYHBIHI
B3phIBatOLIMiicsa 3apsan paauyca Ren. PaccMaTpuBaeTcst M309HTPONMMYECKOE MOTEHLUAIBHOE
JBUKECHHUE JKMIKOCTH C ypaBHEHHEM cocTossHMA Tora. HavanbHble ycnoBus Ui NPOLYKTOB
JETOHALlMM M Ha TPaHULE Ta30BOM IOJOCTU CO CTOPOHBI JKUIKOCTH OIPEIEISIFOTCS W3
yCIIOBHsL pacmana npou3BoibHOro paspeiBa (5). IlpuHUMaeTcs AOMylIeHHE O MIHOBEHHON
JICTOHALIUK TIPU MOCTOSITHHOM 00bEMe (B MOMEHT cxuomnbiBaHus). [Ipoece mpeamoiaraerces
anuadaTHYeCKuM C T[OKaszaTeleM aauadarhl JAjis MPOAYKTOB B3pbiBa 7y (rasa BHYTpHU
y3bIPbKa).

IIpu ompeneneHuM TMOBENEHUS TpaHMLBI NMpeHeOperaeM BHYTPEHHUMM OTpPaXKEHUSMHU
BOJIH PAa3pE’KEHUs, paCIPOCTPAHAIOIINXCS B IPOAYKTaxX B3pbIBa IOCIE pacnaja.

3ajavya paccMaTpHBacTCsl B TAaK HA3bIBACMOM «IIMKOBOM» mpuOmmkeHud [5]. Ito
03HAYaET, YTO, BO-NIEPBBIX, ONPECIICHNE TapaMETPOB yIaPHOM BOJIHBI IPOU3BOJUTCS TOJIBKO
B 00acTu, 01u3Ko# Kk GpoHTY. Bo-BTOpBIX, Ha rpaHHMIle MONOCTH 3MeHeHue nasieHus P(R) u
SHTaJIBIMU H NpUOIMIKEHHO ONMUCHIBAETCS SKCIIOHEHIMAIBHBIM 3aKOHOM:

p(R) ap ot
Ht)= | ——==H()e ?,
() p[p(p) (O)e (4)

r€ Ps — JaBJICHUE HA OOJIBIIUX PACCTOSIHUSAX OT TPAHUIbI KABUTAIIMOHHOTO My3bIpbKa, O —
MOCTOSIHHAS CMaja »dKCIIOHEHTHI, KOTOpas OMNpeAessieTcsl W3 YCJIOBHS pPaBEHCTBA Ha
KOHTaKTHOW MOBEPXHOCTHU TOJIHBIX MPOU3BOIHBIX OT JIaBJICHUS] U CKOPOCTH 1O 00€ CTOPOHBI
TPaHMIIBL
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dp _dpy
dt  dt’

5
du_du, ©)
dt dt’

I/lIe OTCYTCTBHE MHJIEKCAa J COOTBETCTBYET MapaMeTpaM >KUIKOM cpelibl BOIM3U MOBEPXHOCTU
KaBUTAIMOHHOH MOJIOCTH (CKOPOCTh U JaBJCHUE U U P COOTBETCTBEHHO), @ HATMYUE MHICKCA
g — mapameTpaM MpOJyKTOB B3pbiBa (ra3a BHyTPH KaBUTAIMOHHOT'O ITy3bIPbKa).

[TocTosinHas cnazia SKCIIOHEHTHI O MPeICTaBISETCs CASAYIOIUM BbIPAKEHUEM:

Rch (pOCO+pgngo)H0 ’

B 02 02
P | ol+u0 [(cgO —u°)(Hg° +UZJ—ZCQ°U°2}—CO 1u0 {(C" +u°)(H° + “2 J—200u02:| 6)

. —

rae H® — SHTanbIus KHUAKOCTH, Hgo — SHTaJIBIINS Ta3a, CC — JIOKAJIBHAS CKOPOCTh 3BYKa
KUJKOCTH, Cgo — JIOKaJbHAs CKOPOCTh 3ByKa rasa, p° — IUIOTHOCTh JKHIKOCTH, pgo —
IUIOTHOCTH ra3a, U’ — CKOpOCTb JBHMKEHHS CTCHKH Iy3bIPbKa, BEPXHHH MHIeKe 0 03HAdYaeT
UCIIOJIb30BaHUE 3HAUYEHUN JaHHBIX BEJIMYUH B MOMEHT CXJIONBIBAHUS KaBUTAI[MOHHOTO
My3bIPbKA.

BBenéMm GyHKIHIO pacCTOSIHUSA I OT LEHTPa KaBUTAIMOHHO# mosocT (7):

0
G(r)= r 2. (7)
ot
rae I — paccTOsHUE OT IIEHTpa KAaBUTAIMOHHOM IIOJIOCTH, ¢ — TIOTEHIHUAT CKOPOCTH
SKUIKOCTH.

[Tpu aTom 3HaueHue ¢pynkmuu G Ha TpaHHIle KABUTAIIMOHHOTO ITy3bIphKa PaBHO:
2
R
G(R)=R| H(R)+—|. (8)

Oyukuus G sBiseTcs UHBAPUAHTHOM BJIOJb XapaKTEPUCTUKU

@+(C+v)@:0, (9)
ot or
rae C — yokanbHasi CKOPOCTh 3BYKa B JKHJIKOCTH, V — paJHalibHasi CKOPOCTh JIBMIKCHUS
JKHIKOCTH.

Pacuér nmaBnenust yaapHOW BOJIHBI BOJW3M CBOOOJHOW TpaHUIBI IPOBOJUTCS TIO
CJICIYIONIEMY alTOPUTMY:

1) Bagaercs koopauHata F=h TOYKM B NPOCTPAHCTBE HAa PACCTOSHUU OT IIEHTpa
y3bIpbKa, IPUMEPHO COOTBETCTBYIOIIEM TOJIIHHE CIIOS KUAKOCTH h;

2) C wucrmonp30BaHUEM IOACTAHOBKHM BhIpakeHus (4) s sutamenuu H B ypaBHeHHe
Kupksyna-bere (2) mist kaxxmoro MoMeHTa BpeMeHHu HaxoasTces 3nauenus R u G(R).
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BbisiBNeHWe oNTUMaribHbIX PEXUMOB U YCIOBMIA YNbTPasByKOBOIO BO3AENCTBUS AN pachbl/iEHUS BA3KNX
XUAKOCTEN



DNEeKTPOHHbIN XypHan «TexHuyeckas akycTuka» 2011, 10 6 (15)

3) Jlanee ompenenseTcs BpeMsi 3aIepKKH € IIOMOIIBI0 HHTErpaa:

. :T dr :jl dr (10)
! R CT o Ry Co (1+ ZﬂO') ’

n+1
rzie Co — paBHOBECHAs! CKOPOCTH 3BYKa B )KHIKOCTH, 0 — (yHKIMs Pumana, [ = T .
Jlnst peoOpa3oBaHusi MHTErpaja HMCHoib3yeTcs cooTHomienue (11), momydeHHoe wu3

cBoiicTBa MHBapuaHTHOCTH (QyHKIUHU G (8):
0'(1+,80')dr+r(l+ﬂo*)d0'+l’,80‘d0':0. (11)
W3 ypaBHeHHs: MOXKHO Bbipa3uth dr (12)

_r'1+2fc

o 1+ fpo do- (12)

[Tpu 3tom unTerpan (10) npuBoanTCS K IpoMexxyTouHoMy Buay (13):

del -

J. rdo (13)
R(t)

oC, (1+ fo)

Wurerpan (13) 1mo3BoJISET ONPENSIUTD CIIEKTP BPEMEH 3a/ICPIKEK tgel, COOTBETCTBYIOIIMIA
crnektpy 3Hadenuit R u G(R) u cooTBeTcTBeHHO CrieKTp {=t+1g| BpeMEH Npuxoa B TOUKY C
KOOpAMHATON I BO3MYIIEHMH, KOTOpbIE B pa3jMyHble BpeMeHa t «BO3HUKAIW» Ha
MOBEPXHOCTH IOJIOCTH B Ipoliecce €€ paciiupeHust U mpooderaiau paccrostHue R—r 3a tge co
CKOpPOCTSIMHU Ct0.

4) Ha oCHOBaHMM TPEICTABICHUS CKOPOCTU MABIIKCHHUS >KUAKOCTH B Bue (QyHKIUU
Pumana [5] mnomyueno Beipakenue (14), mo3BojsitOlIee ONPEACIUTh HAa TOBEPXHOCTH
JKUJKOCTU 3aBUCUMOCTb [JaBJICHMSI YyJApHOW BOJIHBI Ha IIOBEPXHOCTH IIy3bIpbKa BO
Bpemenu P(ty):

2n
- 4G (R(t "
p(tr)+|3_= 1+_n 1 1+M_1 . (14)
p,+B n-1 C,

AMIUIUTYTHOE€ 3HAYEHUE JaBJICHUS YAApPHOM BOJHBI Pm OMNPENEISAETCS CIEAYIOIINM
obpazom (15):

P = Max [p(t, ).

t, e[O;oo]

(15)

Ha puc. 1-4 npencraBieH psii 3aBHCHMOCTEH, TMO3BOJISIONINX OICHUTH XapakTep
BIIMSIHASL AMIUTATYIBI KOJIeOaHWi pacmpuisionieii mosepxuoctu (puc. 1) u  pusuaeckux
CBOWCTB PacCIbUIAEMOM KHUIAKOCTH (IUIOTHOCTH (pHC. 2), BA3KOCTH (pHc. 3) U MOBEPXHOCTHOTO
HaTsokeHust (puc. 4)) Ha 3aBUCHMOCTD JIaBJICHHS YIaPHON BOJHBI OT TOJIIUHBI CJIOS.

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHNEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasBYKOBOIrO BO3AENCTBUS AN pachbl/iEHUS BA3KNX
XUAKOCTEN
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,105Ma

YA3PHON BOMHBI

AMRANTYAa AaBNeHNa BO poHTe

TonwMHa cnoa, mm

4 pmKm

8 MEM

12 mkm

16 rMKEM

20 MKM

Puc. 1. 3aBUCHMOCTH aMIUTUTY b IABJICHHS YAAPHON BOJIHBI OT TOJIIHHBI CJIOS YKHIKOCTH
MU PA3JIUYHBIX aMILTUTYAax Kojebanwuii (dactora — 44 k['1, motHocTh — 1000 KF/MB,
Bsi3kocTh — 1 clI3, moBepxHoctHOe HaTsmkenue 0,072 H/wm)

30
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60

50

40

BonHbl, 10°Na

AMRAMTYAA AABNEHNA YAapHONH

TonwMHa cnoa, mm

1cls

-—-a]5cls

Puc. 2. 3aBUCHUMOCTH aMILTUTY bl JABJICHUS YAAPHOUW BOJIHBI OT TOJIIMHBI CIIOS KUKOCTH
[IPU PA3JUYHBIX BI3KOCTSIX pacHbUIsIeMOi )uakocTu (dactora — 44 kI'1, amuiutyaa —
3
12 mkm, mtotHocTh — 1000 kr/m°, moBepxHocTHOE HaTshkenue 0,072 H/m)

30

70
60

,105Ma

50

[~
]
'l

™

AMRANTYAA AABNEHNS

YAAPHON BOMHBI

— T r——

W=
Vv

07 13 19 25 31

0,1 3
TonwMHa cnoa, mm

7 4 49

2

by 3

a3

800 Kr/m3

— - — 920kKr/m3

- = = 1000 kr/m3

1200 kr/m3

Puc. 3. 3aBUCHMOCTH aMILIUTY Il JaBJIEHUS yAAPHOU BOJHBI OT TOJIIMHBI CIIOS JKUIKOCTH
IPU pa3IMYHBIX IUIOTHOCTSIX PACHbUIieMO )uIKkocTH (dactoTa — 44 k11, amruiutyaa —
12 mxwM, BszkocTh — 1 cII3, moBepxuoctHoe HaTskeHue 0,072 H/m)

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa

BbisiBIeHWE ONTUMabHbIX PEXUMOB W YCNOBUIA yNIbTPa3BYKOBOro BO3AENCTBUS A1 pachblIeHUs] BA3KUX

XnakocTen
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Puc. 4. 3aBUCHUMOCTH aMILTUTYIbI JaBJICHUS yAAPHOU BOJHBI OT TOJIIMHBI CIIOS YKUIKOCTH
P Pa3IMYHBIX MOBEPXHOCTHBIX HATSHKCHUAX PACHBUIIEMON KuaKocTH (dacTora — 44 kI,
ammuutyaa — 12 mxwm, Bsiskocts — 1 ¢I13, mnotHocTs — 1000 KF/M3)

3aBUCHUMOCTH, TPEJCTaBICHHBIC Ha puC. 1-4, MO3BOJAIOT YCTAaHOBUTH, YTO B IIUPOKOM
JIMATia30He aMIUIATY]] yJIbTPA3BYKOBOTO BO3JCUCTBHUS U (PU3NUYECKUX CBOMCTB PACTIBLIIEMOMN
JKUJIKOCTH CYIIECTBYET ONTHUMAJIbHAsI TOJIIHWHA CJIOS, TP KOTOPOM aMILIUTYy/Aa JaBJICHUS
yAapHOW BOJIHBI OyJIeT MakCUMaabHOU. [Ipr 3TOM pOCT BSI3KOCTH MPUBOJUT K yBEITMUYCHHIO
ONTUMAIBHOM TOJIIUHBI CJIOA JKHIKOCTH, a YBEIWYCHHE aMIUTUTYAbl KoJie0aHUH — K
YMEHBIIIEHUIO ONTUMAJILHON TOJIIUHBI CJIOs. BapbupoBaHHWE IUIOTHOCTH >XKHUIKOCTH TPH
MIPOYMX PaBHBIX YCJIOBHUSIX OKa3bIBaeT Ciab0e€ BJIMSHUE HAa ONTHUMAIBHYIO TOJIIWHY CIIOS.
VYcranoBnena cimabas 3aBUCMMOCTh  aMIUIMTYIIbl  JIaBJIGHUS  yJAApHOHW  BOJIHBI  OT
MOBEPXHOCTHOTO HaTsuKeHUs (puc. 4). Tak yMeHbIIIEHHE TOBEPXHOCTHOTO HATSKEHUS B 7 pa3
NPUBOJUT K YBCIMYEHHIO MAKCHMAalbHOW aMIUIMTYIbl JAaBIICHUS YIapHOW BOJIHBI (mpu
ontumabHOU TojmuHe cios) Ha 10...12 %. Pe3koe yMeHbIIIEHHE JaBICHUS YIapPHONW BOJIHBI,
HaYMHasl C OMpPEACIEHHON TOJIIIMHBI CJIOS, OOBSICHSAETCS TOCTHIKCHHUEM TaKOW BEIIMYHHBI
3BYKOBOTO JABJICHUS, IPU KOTOPOU paCHIMPEHUE U CXJIOMBIBAHUE KaBUTAITMOHHOTO MTy3bIpbKa
HAaYMHAET MPOUCXOIUTH OoJiee, yeM 3a 1 mepuoj aKkyCTHIECKUX KOJIeOaHUH.

Ha cnenyromem stame aHanusa paccMaTpuBaeMOW MOJEIH ObUTH OIPEACNICHbI pa3Mephl
(mmametp) (GoOpMHUpPYEMBIX a’pO30JbHBIX Karmelb C IeIbI0 JalbHCHIIEro OIpeacIeHus
MIPOU3BOAUTEIIBHOCTH PACIIBLICHUS.

JluamMeTp a’po30JbHBIX Kalejdb HaMpsSMyK 3aBUCHT OT JUIMHBI  00Opa3yeMbIX
KaMWUISSPHBIX BOJIH, JUIS OMPEEICHUS] KOTOPOM OCYIIECTBICHO MOJICIUPOBAHUE TUHAMUKH
CBOOOJIHOM TMOBEPXHOCTH PACHbUIIEMON >XHIKOCTH TPH CXJIONBIBAHUM KaBUTAIMOHHOTO
My3bIPbKa.

Jlist onpeenieHrsl mapaMeTpoOB KAaMMJUIIPHBIX BOJH PAacCMaTPUBACTCS T0JI€ JBHIKEHUS
UJCATHbHOM HEC)KMMAEMON JKHUIKOCTH, OTrPAaHUYEHHON CBOOOJHOW TIOBEPXHOCTBIO |
MOBEPXHOCTHIO Tra30BOM MoIOCTH. [ naeanbHON HEC)KMMAEMOW )KUAKOCTH CIIEIYET CUUTATh
CIIPaBEUIMBBIM ITOTEHIUAIBHOCTb II0JIsI CKOPOCTEW pacCMaTpUBAEMOM KUIAKON Cpebl B CHITY
OTCYTCTBI/ISI HOTepB Ha BI/IXpeBI)IC TOKH, 06YCJIOBJ'ICHHLIX BSIBKOCTBHO KHJIKOCTH. BBI/II[y

YKa3aHHOT'O IMPEAIOJIOKCHHUA CKOPOCTh JABUKCHUA KUJIKOCTU B Ka)I(,HOfI TOYKEC IMPEACTABIIAACT

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHNEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasByKOBOIrO BO3AENCTBUS AN pachbl/ieHUs BA3KNX
XUAKOCTEN
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co00M TpagueHT MOTeHIIMAlIa Vgp(r). [Moteniman yaosierBopsieT ypaBuenuto Jlamnaca (16),

BBITCKAIONIEMY M3 YPaBHCHHUS HEPA3phIBHOCTH.
Ap(r)=0. (16)

Kunematndyeckoe TpaHWMYHOE YCIIOBHE, OINpENCISIIoNiee JBIKEHHE CBOOOIHOM
MOBEPXHOCTH, TPEACTABICHO YpPaBHEHHUEM JBW)KCHHS 3aJJaHHOW TOYKH TPAHUIBI OOJacCTH
JKUJIKOUN CpeJibl:

2E-va(r), (17)

r7ie I — paauyc BEKTOP TOYKH MOBEPXHOCTH.
[Tone oOTekaHWsi JKUOKOCTH TIOAYMHSETCS 3aKOHY COXPAaHEHHS HMITyJibCa B
nuddepennmanbaoii hopme (18) ¢ moaCTaBICHHBIM 3HAUCHHEM CKOPOCTH JBHIKEHUS HKHIKOM

cpensl U = Vo(r):

p(g(V(p(r))+(V¢)(r),V)(p(r)j=—Vp. (18)

HOTGHHI/IEUI CKOPOCTH [IBUKCHHA paCHI)IHﬂeMOI\/JI KHUJAKOCTHU CKJIAAbIBACTCA M3 JIBYX
COCTaBIISIIOIINX P=@a+ @, TIE (3 — TOTEHIINAT, 00YCIIOBJIEHHbIH aKyCTHIECKUM JaBJIeHHEM
B OTCYTCTBHH KaIlIMJUIAPHBIX BOJH, (). — BO3MYILCHHE MOTEHIIHATIA CKOPOCTH, 00YCIIOBJICHHOE
HAJIMYUEM KaIMJUIAPHBIX BOJIH.

BBuny nwmHeiiHocTH ypaBHeHus Jlamiaca M IpaHMYHBIX YCJIOBMH Ha CBOOOIHOM
MMOBCPXHOCTU CJIICAYCT CUUTATH CHPABCIJIMBBIM, YTO BO3MYUICHUC IMOTCHIIMAIA CKOPOCTU gDC
YIOBJIETBOPSCT ypaBHEHHIO Jlariaca ¢ rpaHMYHBIME YCIOBHSIMH Ha CBOOOIHOW TOBEPXHOCTH
(z = 0) 1 Ha 1OCTATOYHO OOJIBIION TITyOHHE CIIOSI KUAKOCTH (Z = 00):

Ap. =0, (19)
0
pa(Vgoc (I’)) =-Vp, (20)
_pcnz-o+2”.21:ZD”niei =20Kn| (21)
=1 j=1 2=0
(Dc 7= = O ! (22)
Dr
—=Voep(r), 23
ot~V e(r) (23)
rac D” — KOMITIOHCHTBI TCH30Pa BA3KUX HaHpH)I(eHHﬁ, Nj — KOMIIOHEHTBI BCKTOpPAa HOPMAJIA K

IMOBCPXHOCTH, K— CpeaHssl KpUBHU3HA ITIOBEPXHOCTU B SaﬂaHHOﬁ TOYKCE.

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHWEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasBYKOBOIO BO3AENCTBUS AN pachbl/ieHUS BA3KNX
XMAKOCTEN
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VYpaBHenue Jlamiaca it BO3MYIICHHUS MOTEHIMATa CKOPOCTH C IPAaHUYHBIMU YCIOBHIMHU
MO3BOJISICT ~ OMPEICIUTh JUIMHY KAaNWUBIPHBIX BOJMH KHIKOocTH. Jlamee ¢ yuétom
UIHHAPHYECKON CHUMMETPUHM 3adaud U3 cucreMbl ypaBHeHuit (19-20) ¢ rpaHuYHBIMU
ycinousiMu (21-23) mosydeHO ypaBHEHHE I CMEIICHHS CBOOOJHON MOBEPXHOCTH. ITO
ypaBHEHUE MOCIIe TPUBEICHUS K Oe3pa3MEpPHOMY BHUJY TOJIHOCTBIO COBIAIACT C ypaBHEHHUEM
beccenst 0-ro mopsiaka. YCTaHOBICHO, YTO JUIMHA KANWUIAPHBIX BOJH TJIABHBIM 00pa3om
3aBUCHT OT YacCTOThI KOJICOAHWi, MOBEPXHOCTHOTO HATSIKCHUS U BSI3KOCTH PACIBUIIEMOMN
KHIKOCTH.

I[JH/IHa KallWJUIIPHBIX BOJIH YBCIIMYUBACTCA C POCTOM IMMOBCPXHOCTHOT'O HATAKCHUA
KHUAKOCTU MW YMCHbBIIACTCA C POCTOM YaCTOTHI. VYBenuuyenne BI3KOCTH MOPpUBOAUT K
AOMOJHUTCIbHOMY YMCHBUICHUIO JJIMHBI KallWJUIAPHBIX BOJIH. HpI/I O9TOM CYHICCTBYCT
rnoporosas BA3KOCTb, IIpHU KOTOpOfI JJIMHA KaHHHHHpHOﬁ BOJIHBI AOCTHUTa€T HEKOTOPOIo
KOHCYHOI'O 3HAYCHUA, IPHU MPCBBINICHUHW KOTOPOI'O CHJIbI BA3KHUX HaHpSI)KCHI/Iﬁ IIOJIHOCTBIO
KOMIICHCHUPYIOT CHJIbI IOBECPXHOCTHOI'O HATAKCHUA, U O6pa30BaHI/Ie KalmUJIJIAPHBIX BOJIH HE
IMPOUCXOOUT. VYKa3zaHHBIN (baKT MNPOUJUIIOCTPHUPOBAH 3aBUCUMOCTAMU JJIMH KallWJIJIAPHBIX

BOJIH OT BSI3KOCTH JKHJIKOCTH IIPH Pa3IMYHBIX YACTOTAX aKyCTHYSCKHX Koyebanuii (puc. 5).
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Puc. 5. 3aBucUMOCTb ATUHBI KAIWUIAPHOM BOJIHBI OT BA3KOCTH KHUAKOCTU IIPU Pa3IMUHBIX
4acTOTaxX aKyCTHUECKUX KOJieOaHHi

[ToporoBasi BSI3KOCTh, MHpPH KOTOPOH paclbUICHHE MpPEeKpamaeTcs, He IMPEBHIIACT
23,5 cII3 (Ha gacrore 22 xI'm). OHAKO MHOTOYHCIIEHHBIE SKCIIEPUMEHTAIBHBIC PE3yJIbTAThI
CBHUJIETEIILCTBYIOT BO3MOKHOCTH O PacIbUICHUS KHUIKOCTel ¢ Bs3kocThio 10 90 cll3 [1]. Do
POTHBOPEYHE MOXET OBITh OOBSICHEHO Pe3yJIbTaTaMU 3KCIIEPHUMEHTOB TI0 YJIBTPa3ByKOBOMY
KaBUTAIMOHHOMY BO3JICHCTBUIO HA BS3KHE XKUIKHE CPE/Ibl, IPEICTaBICHHBIMU B pabote [6] u
MO3BOJISIFOIIMMH  CIIENIaTh BBIBOJ O TOM, YTO KaBHTAIMsl MOXKET NMPHBOAHMTH K CHUKCHHUIO
Bsi3KocTH KuakocTH 10 10 pas. Ilo Bceil BHOUMOCTH, TpPU PACHBUICHUH TPOHUCXOIHT
YMEHBIICHUE BS3KOCTH 32 CYET MOIIHBIX KPATKOBPEMEHHBIX THIPABIUYECKUX YIapOB
KaBUTAIIMOHHBIX ITy3bIPHKOB U 32 CYET HEKOTOPOT'O MOBBIIICHUSI TEMIIEPATYPhl PacIbUIIEMON
KHUJIKOCTH B 30HE, HEMIOCPEICTBEHHO IPaHUYAIICH C MOBEPXHOCThIO Pabouero MHCTPYMEHTA,
B KOTOPO# MPHUCYTCTBYET HanboJiee pa3BUTAasi KABUTAIMS BO BCEH TOJIIIUHE CIIOS KHUIKOCTH.

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHNEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasByKOBOIrO BO3AENCTBUS AN pachbl/ieHUs BA3KNX
XUAKOCTEN
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JluamMeTp Karmejab OINpeaessseTcss coracHo [2] W B pekuMe OOJBIINX aMIUIHTY T
KaMWUISIPHBIX BOJIH COCTABJISET MPUMEPHO TMOJOBHUHY OT JJIMHBI KamWUIApHOM BOJHBEI. C
MOMOIIIBI0 MOJICJIM YCTAHOBJIEHO, YTO OCHOBHOE BIIMSHHE HA JUAMETP Karellb OKa3bIBAIOT
MMOBEPXHOCTHOE HATSHKEHHWE, 4acTOoTa KoJIeOAaHWH M BSI3KOCTh PAacHbUIAEMOU KUAKOCTH. Ha
puc. 6-7 TpeACTaBJICHB 3aBUCUMOCTH HaMOOJee 4YacTO BCTPEYAIOMICrocs JuamMeTpa
bopMHpyeMBIX Karlelb OT YaCTOThI IPU Pa3IHUYHBIX BSI3KOCTAX (pHC.6) M MOBEPXHOCTHBIX
HATSOKCHHSX (PHC. 7) )KUIKOCTH.
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Puc. 6. 3aBucumoctu ANaMCTpa Karejib OT YaCTOTHI IIPU PA3JIMYHBIX BA3KOCTAX KHUJIKOCTU
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Puc. 7. 3aBucumocTu AnaMCETpa Karejb OT 4YaCTOTHI ITPU Pa3JIMYHBIX ITOBECPXHOCTHBIX

HaTAXKCHUAX KUJIKOCTHU

[IpencraBneHHble 3aBHCHMOCTH TO3BOJISIIOT YCTaHOBHUTH, YTO s (POPMHUPOBAHUS
a’po3oiii CO cpemHMM auamerpoMm Kamenb He Oosiee 30...40 Mmxkm pabouas dYactoTa
pacmbuIMTeNs JODKHA HaXOIUThes B auamnasone 35...45 k'l B 3aBHCHMOCTH OT BS3KOCTH
pacnbuisiemoit xuakoctu (45 k' st sxxuakocTu ¢ Bsi3kocThio 1 ¢l13 u 38 kIt st sxuaKocTH
¢ Bsi3kocThio 12 cl13 u moBepxHOCTHBIM HaTshkeHuem 0,072 H/m. s yMeHbIICHUS tuaMeTpa
karenb 710 10...20 MKkM He00XO0UMO YBEITUYHMBATh Pa0OUYYI0 YacTOTY PACHbUIMTENS yXKE JI0
60...130 kI'u. CymiecTBeHHOE BIUSHHE Ha AWaMeTp (OPMHUPYEMBIX Kareidb OKa3bIBaeT
MOBEPXHOCTHOE HATSHKCHHE PACTBUIIEMON >KHIKOCTH. POCT TOBEPXHOCTHOTO HATSIKECHUS
NPUBOJIMT K YBEJIIMYCHHIO JrameTpa (opMHUPYEMBbIX Kareib (puc. 7).

Jlnist onpeAeneHns aMILTUTYAbl KalWUIIPHBIX BOJH HCIIOJIB3YETCS MOIXOM K PEIICHHIO
3aJa4i JUHAMUKHU KUIKOCTH TPH UMITYJIbCHOM Harpy>KeHHH, MPEUIOKEHHBI B MOHOTpaduH

B. K. Kegpunckoro [5]. CornmacHo 3ToMy MOJXOIy MPEnnoiaraercs, 4yTo MpU HMITYJIbCHOM

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHNEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasByKOBOIrO BO3AENCTBUS AN pachbl/ieHUs BA3KNX
XUAKOCTEN
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BO3/ICHCTBMU Ha >KMIKOCTH CMEILEHHs CBOOOJHOM MOBEPXHOCTH KMAKOCTH NPAKTHYECKH HE
IPOUCXOIHUT 3a BPEMs IIPOXOKJIECHMS OJMHOYHOIO MMITyJbca 1, BBICOKOro naBieHus P, a
NU3MCHCHHUEC IIOTCHIIMAJIa CKOpOCTI/I Ha HOBerHOCTI/I KNUIKOCTHU BO3MOXHO OIOCHUTH C
TIOMOILBIO CIIEYIOIETO BBIPAKEHHS:
t"
Ao =L (pd
Q. =— t. (24)
Px

HaiinenHoe 3HaueHWe TOTEHIMAjda CKOPOCTH BOJIM3M CBOOOMHOW TIOBEPXHOCTH
YKHUJIKOCTH TTO3BOJISICT OINPEICIIUTh MPUPALNICHUE aMIUIUTY/bl KAWJUIIPHOW BOJHBI 32 BPeMs
JUTUTEIBHOCTH OIMHOYHOTO mMitysibca (1 mepuona konebanwmii). [anee onpenensercs, Bpems,
32 KOTOpPO€ C MOMEHTa IIOCJICJHETO OTphIBA KAaIlUTM aMIUIUTyJa JIOCTUTHET TOPOTOBOW,
JOCTAaTOYHOM st 00pa30BaHUs OJHOM KaIlld, T. €. ONPENeNsIeTCsl BpeMs, HeOOXOIMMOe ISt
00pa3oBaHMsl OJHOW KAl C OJHOW KalWIUISAPHOW BOJHBI, M BBIYHCISCTCS YMCHBIICHHAS
aMIUTUTYJa KanWUBIPHOW BOJIHBI TIOCJE OTPhIBA KaIUTH. 3aTeM OMpPEIeISeTCS KOJIUYECTBO
Karesb, 00pa3yeMbIX ¢ OJHOHM KaWLISIPHOW BOJHBI B €IUHHILY BPEMEHHU, U COOTBETCTBEHHO,
IPOM3BOIUTEILHOCTh PACTIBUICHUS.

[TpoBeeHHBIE pacyeThl MO3BOJMIN YCTAaHOBUTH, YTO 32 BpEeMs JEHCTBHUS HMMITYJIbCA
yIapHOH BOJHBI aMIUTUTYa KalWUIAPHBIX BOJH BO3pacTaeT He Ooiyiee ueM Ha 14 MkM, mpu
aMIUTUTYZe KOJICOAHWH IMOBEPXHOCTH pabodero MHCTpyMeHTa g0 20 MKM M 4YacToTe [0
44 xI'u. TlomyueHHOE 3HaYCHHWE AaMIUIATYIBI KOJEOAHWH SBISETCS HEAOCTATOYHBIM IS
OTpHIBA KAaIUIM 32 OJWMH MEPUOJI PACHIMPECHUS W CXJIOTBIBAHHS KABHTAI[MOHHOTO ITY3BIPHKA,
MIOATOMY OTpBIB KalUIM OT KalWJUIIPHOM BOJIHBI OCYHIECTBIsieTCs Oosee yem 3a 1 mepuon
aKyCTHYeCcKux KosieOanuid. [Ipu 3TOM TpPOMCXOIUT YBEIMUYSHHE JO MOPOTOBOTO 3HAYCHUS
aAMIUTMTY/Ibl KAMMUISIPHON BOJIHBI (MPH KOTOPOW HAa4YMHAET MPOUCXOJUTh OTPBIB KAaIUIH) 3a
HECKOJIbKO TeproaoB. llocie oTpeiBa KaliM aMmIDINTy/Aa KalWUISIPHOW BOJHBI BHOBB
CTaHOBUTCS HW)KE TIOPOTOBOM U JIajiee ATOT MPOLECC MEPHOANICCKH MTOBTOPSETCS.

[Mocnennum ATAIoM paccMOTpeHus MO/JIENN SIBIISICTCS oTpeieIeHue
POM3BOIUTEILHOCTH PACTIBUICHUS! B 3aBUCUMOCTH OT TOJIIUHBI CJIOS 1 PU3HUUECKUX CBOICTB
pacmbusieMoit kuakoctd. Ha puc. 8 mpencraBieHbl 3aBUCHMOCTH TPOU3BOIUTEILHOCTH OT
TOJIIIMHBI CJIOSI JKUAKOCTH, TO3BOJISIFOIINE YCTAHOBHTH XapakTep BIMSHUS aAMIUTHTYIbI
KOJICOAHNH TIOBEPXHOCTH pabovero WHCTPYMEHTa Ha ONTUMAIIbHYIO TOJNIIMHY CIIOS, TpU
KOTOPO# NMPOW3BOAMTENBHOCTh PACHBIICHHS MakKCUMalibHa. A Ha puc. 9 moka3aH XapakTep
BIIMSIHUSL YacTOTHl KOJIGOAHWH Ha MPOU3BOIUTEILHOCTh PACHBUICHHS € ONTHMAJIBHYIO
TOJIIIIMHY CJIOs. 3aBUCHUMOCTSMH, TpeJcTaBiIeHHBIMU Ha puc. 10, 11 mpowmyuirocTpupoBaHO
BIIMSIHUE (PM3UYECKUX CBOMCTB PACHBIISIEMOH KUAKOCTH Ha ONTUMAIIBHYIO TOJIIUHY CJIOSI.

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHWEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasByKOBOIrO BO3AENCTBUS AN pachbl/iEHUS BA3KNUX
XUAKOCTEN
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Puc. 8. 3aBrcHMOCTb IPOM3BOIUTEIBLHOCTH PACTIBUICHHSI OT TOJIIIMHBI CJIOS TIPU Pa3THYHBIX
aMIUTUTYax KojicOanuii (qvactora konebanuit — 22 kI'1r)
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Puc. 9. 3aBHCHMOCTD IPOM3BOAUTEILHOCTH PACTIBUICHUS OT TOJIIUHBI CJI0S P PA3THYHBIX
yacToTax kojebaHuii (amrinuTyaa koyeoanuit — 12 Mxm)
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Puc. 10. 3aBucuMocTr Mpon3BOIUTEILHOCTH PACIIBUICHUS OT TOJIIIMHBI CIIOS )KUAKOCTH TIPH

PA3JINIHBIX BA3KOCTAX

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHMe oNTMMasbHbIX PEXWMOB U YC0BUIA YNbTPA3BYKOBOIro BO3AENCTBUS ANS pacrnbl/IEHUs BA3KUX

XnakocTen
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Puc. 11. 3aBucumoctu MMPOU3BOAUTCIIBHOCTU PACIIBIICHHUA OT TOJIIWHBI CJIOS ) KUAKOCTU ITPU
PA3JIMYIHBIX ITOBCPXHOCTHBIX HATAXKCHUAX paCHBIHHeMOfI KHUIKOCTH

W3 puc. 8 BUAHO, YTO MpH aMILTUTYyI€ KoJeOaHU TOBEPXHOCTH pabouero HHCTPYMEHTa
16...20 MM onTuMaiibHasg TtosHa ciiosg cocrtasisgeT 0,3...0,4 MM, OIHAKO CHIKEHUE
aMILTUTYABI Koniebanuii 10 4...8 MKM NPUBOIUT K YBEIHYCHHIO ONTHMAIBHOM TOJIIIMHBI CIOS
xuakocty 10 1...1,5 mm. T[loBeimienue yactoTsl (puc. 9) npuBoaUT K Oo0Jiee CYIIECTBEHHOMY
BIMSIHUIO TOJIIUHBI CJIOS HAa TPOU3BOIUTEIBLHOCTh M 0Oo0Jiee BBIPAKCHHOMY MAaKCHMYyMY
NPOM3BOIUTENLHOCTH TPH  ONTUMAIBHOW TONmMHE ciosi. OJHAKO pOCT  YacTOTHI
CYILIECTBEHHO CHMXAe€T MaKCUMAJIbHOE 3HAUY€HHE MPOU3BOJUTEIBHOCTH TPH ONTUMAILHOU
tonmae  choss  (mpu 22 m 44 k' MakcUMalibHBIE 3HAYEHHSI POHM3BOAMUTEILHOCTH
OTJIMYAIOTCsI OoJiee YeM B 2 pa3a) U MPUBOJIUT K YMEHBIICHUIO ONTUMAILHON TOJNIIMHBI CIIOS
(puc. 9).

Hamuuue Bsizkoctu (puc. 10) npuBOAMT K CYIIECTBEHHOMY CHIDKCHHUIO M Oosiee ciaboit
3aBHCUMOCTH  TNPOW3BOAUTEILHOCTH  PACIBUICHUS OT  TONIIUHBI  CJOS  JKUAKOCTH.
[MoBepxHocTHOe HarshkeHue (puc. 11) mnpu  HEONTHUMAJIbHOW  TONIIMHE CJIOS  Ha
POU3BOJIUTEIBLHOCTh TMPAKTHUECKH HE OKa3biBaeT BIMsAHUSA. OTHAKO MpPU ONTUMAILHOU
TOJIIHE CJI0Sl yMEHbIIICHNEe NoBepxHOCTHOrO HaTspkeHus ¢ 70 mo 10 H/M npuBoauT k pocty
POM3BOIUTENHLHOCTH MPUMEPHO Ha 65 %.

3AKJIIOYEHUE

B pesynpraTe mnpoBEeNEHHBIX TEOPETUYECKHX HCCIeIOBaHUN Obula pa3paboTaHa
MaTeMaTHyeckas MoJeNb Ipolecca KaBUTALHMOHHOTO YJIbTPa3BYKOBOI'O  pacCHbLICHUS
KUJKOCTH B TOHKOM CJIO€, TO3BOJISIIOLIAS OIpENeisTh 3HAUEHUs MNPOU3BOAUTEIBHOCTU
pacobUieHUs] U pa3Mep (OpMUPYEMBIX Karelb, KaKk OT CBOMCTB CaMO#l *HJIKOCTH, TaK U OT
apaMeTpoB yJIbTPa3ByKOBOT'O BO3/AEHUCTBUS.

[IpoBeneHHBI aHaMM3 pa3paOOTAaHHOW MOJEIM TO3BOJIMJ YCTAaHOBUTH B3aMMOCBS3b
MEKIY ONTHMAJIbHON TONIIMHON CIIOS KMAKOCTH (OOecreynBaromeil MaKCHMAaIbHYIO
NPOHM3BOIUTEILHOCTh PACIIBUICHHS), apaMeTpaMu Y3 BO3JEHCTBHS W MMapaMeTpaMu CaMoiu
wuakoctu. IlodyuyeHHble  pe3ysibTaTbl  MOJEJIHMPOBAHHUS  OOECIEUMBAIOT  BBISIBIICHUE
ONTUMAJIbHBIX PEXHMOB U YCJIOBUH YJIbTPa3BYKOBOI'O BO3ICHCTBUSI U MOTYT ObITh

B. H. Xmenés, A. B. WanyHos, P. H. Tonbix, A. B. LLlanyHoBa
BbisiBNeHNEe oNTUMasibHbIX PEXUMOB U YCIOBUIA YNbTPasByKOBOIrO BO3AENCTBUS AN pachbl/ieHUs BA3KNX
XUAKOCTEN
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PEKOMEH/IOBaHbl K MPUMEHEHHIO TpPU MNPOEKTUPOBAHUU CHEIHUAIM3UPOBAHHBIX Y3
pacnbUIATEIICH JKUAKOCTEN Pa3IMYHON BA3KOCTH.

PabGora BeImomHeHa TIpH mojyepkke Tpanta IIpesmmenra PO Ne MK-369.2011.8
«Pa3paboTka W HCCIICIOBAHWE MEJKOIUCIIEPCHBIX PACTIBUIMTENICH BI3KHX JKHUIKOCTEH Ha
OCHOBE  HOBBIX  (PM3MYECKMX  MNPUHIUIOB  MHOIOKPATHOTO  IOBEPXHOCTHOTO U
BBICOKOYACTOTHOTO yJIBTPa3ByKOBOT'O BO3EUCTBUSY.
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