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Crarhsi TOCBsIIIICHAa pa3pabOTKe O0OpYJIOBaHHS WM HCCICIOBAHUIO Ipolecca
neHoramenus. Pa3paboTtan ammapatr ¢ WU3rHOHO-KOJICONIONIMMCS H3JIydaTelieM U
IIOKa3aHO, YTO NPUMCHCHHEC YJIbTPAa3BYKOBBIX KOJIeOaHUIl BEICOKOM MHTEHCUBHOCTH
MO3BOJISICT YCKOPHUTH TMPOLECC OCaXAeHUs TmeH. Ha ocHoBaHMM aHaiu3a
PE3YJILTATOB SKCIICPUMCHTAJIbHBIX I/ICCHGI{OBaHI/Iﬁ mponecca IICHOIrallICHUs
PEKOMEHJ/IOBaHbl ~ ONTHMAJbHBIC PEKUMBI M YCIOBHSA  YJIbTPa3ByKOBOTO
BO3I[GI>'ICTBPI51 Ha NMMBHYIO U MBIJIBHYIO IICHBI.

KittoueBbie cnoBa: ynbTpa3BykK, KojeOaTenbHas CUCTEMA, IEHOTallICHHE.

BBEJEHUE

BaxHyro poimb B XUMHUYECKHX, OHOXMMHUYECKUX U TMHUIICBBIX IPOU3BOJCTBAX
(mpou3BOACTBO OyMmaru, IIacTMacChl, MOIOIIUX CPEJCTB, JTAKOB M dMAaJCi, CIHUpTa, MMBA U
ra3upOBAHHBIX HAMUTKOB U T. J.) UMEIOT TEXHOJOTMUYECKUE MPOLIECCHI, COMPOBOKAAIOITUECS
WHTCHCHBHBIM TIeHOOOpazoBanueMm [1].

[TenooOpa3oBaHue B OOJBIIMHCTBE TEXHOJIOTUYECKUX MPOIECCOB HMEET HETaTUBHBIC
MOCTIEACTBHSI, BBIpAXKAIOIIMECS B CHIDKCHHUM  HWCIONB30BaHUS  TOJE3HOr0 oOBema
TEXHOJIOTHYECKOro 000py0BaHUS, HAPYIICHHH PETJIaMEHTa MPOM3BOJICTBA M3-32 HETOYHOTO
CUMTHIBAHUS 3HAYCHHNW C KOHTPOJIHHO-U3MEPUTEIBHOTO OOOpYyIOBaHUS, HAPYIICHUU
CTEpUIILHOCTH OHMOTEXHOJIOTUYECKUX IMPOILIECCOB, YBEIMUYEHUH TMOTEPh NPOAYKTOB U
CHIDKCHUU TPOU3BOJIUTEILHOCTH O0OpYZOBaHUS, a TakkKe B HEOIArompusTHOM Ha HETO
BO3/ICVCTBUH.

B cBs3u ¢ 3TUM BO3HHKAeT HEOOXOAMMOCTh B pEUICHWH TMPOOJEM, CBS3aHHBIX C
HEKENaTeIbHBIM TTIEHOO0Pa30BaHUEM IyTEM YMEHBIICHHUS MEHOOOpPa30BaHUS WM CO3JTaHUS

CUCTEM pa3pyLICHHUs [ICHBI.
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1. TIPOBJIEMBI IIEHOI'AINEHW A

[lena, xak wu m00ass AWUCHEpCHAs CUCTEMA, SIBJSIETCS AarperaTiBHO HEYCTOWYMBOIA.
HectabunpHOCTh TEHBI OOBSCHSETCS HaIMYUMeM H30BITKa TIOBEPXHOCTHOW 3HEPruM,
NPONOPLHUOHATIBLHON MOBEPXHOCTH paszena (a3 «KUAKOCTh-ra3» [2].

3aMKHyTass cucTeMa, obOiajaromiasi U30BITKOM BHYTPEHHEH SHEpruyd M HaXOMSIIasics B
HEYCTOMYMBOM DPABHOBECHUHU, IOCTOSIHHO TEPSET HSHEPrUi0. IJTOT IPOLECC IPOTEKAET 110
MOMEHTa JOCTMKEHHSI MHHHMMAJIBHOTO 3HAUYEHUs OHHEPruM, INpU KOTOPOM B CUCTEME
HacTymnaeT paBHOBecue. Eciu Takas cucreMa COCTOUT M3 PaziIHuHBIX (a3, TO MUHUMAJIbHOE
3Ha4YeHHEe BHYTPEHHEH 3HEpruu, a 3HaUMT, U MOBEPXHOCTH pa3zena, OyJeT JOCTUTHYTO TOTa,
KOTJa BCSl TI€Ha pas3pyllIuTCs, T.€. NMPEBPAaTUTCS B KUAKOCTh W ra3. IIpoucxoaut 310 B
pe3yJbTare MPOTEeKaHUs CIeIyIOIUX TPOLECCOB:

— MCTEYEHUS JKUAKOCTH U3 NMEHHBIX IJICHOK M KaHAJIOB;

— nu¢dy3un raza yepes IIEHKU U3 MEJIKUX ITy3bIPhKOB B KPYITHBIE;

— pa3pbiBa MIICHOK MEXy S4eHKaMU MEeHBbI.

[Tpu 3TOM ToNIMIMHA MIEHKH My3bIpbKa U COOTBETCTBEHHO €€ I[BET MOCTOSIHHO MEHSIOTCS.
[Tponiecc u3MeHeHUs IBeTa IUIEHKM UIET CHayaja ObICTpo, a 3aTeM Bce MeuieHHee. Korna
TOJIIIMHA IUUIGHKU CTaHOBHUTCA MeHblle 10 HM, OHa TEMHEET, U OKpacka IMOYTH HCUe3aeT.
[Tomyyaercss yepHas IJIEHKA, KOTOpas MOXKET CYLIECTBOBATh 3HAYMTEIbHOE BpeMs MpHU
OJaronpusATHBIX BHEIIHUX YCJIOBUSX (OTCYTCTBUM TEIUIOBBIX IIOTOKOB, HCHIApEHUs U
MEXaHUUYECKUX COTPSICEHUH, UCKIIIOUEHUH MOMaJaHus ITBLIH).

[Tporecchbl eCTeCTBEHHOIO pa3pylLIeHUs MIEH MPOUCXOAT OUYeHb MEJICHHO M3-3a HAIWYMS
CTa0MWIN3UPYIOIMX (PAKTOPOB, U MOITOMY BO3HHMKAET HEOOXOIUMOCTh B MHTEHCHU(DHKALUU
IPOILIECCOB pa3pyllIeHus, T.€. IPUMEHEHUH EHOTaCAIIUX YCTPONUCTB.

B cuny psna TeXHUKO-5KOHOMHUYECKHX MPUYMH B TPOMBIIUIEHHOCTH HauOobliee
pacrpoCTpaHEeHHE MOJYYWJIM MEXaHMYeCKHe METOJbl, Kak Oojee yHHMBEpCaJbHbIE.
MexaHnueckuii MeToJ IEHOTalleHHsT OCHOBaH Ha CO3JaHMM B I[IeHe Iepenaja
THJIPOCTATUYECKOTO JIaBJICHUS WM BO3JACHCTBUM Ha NEeHy pabodMx Tel B BUAE TBEPAbIX
MOBEPXHOCTEH, XKHUIKOCTH, Ta3a, napa. [Ipunuun neiictBus aeopMalimoHHbIX IEHOTacUTeNeH
COCTOUT B JECTPYKLUH U Ppa3pyUICHUH MCXOIHON IMEHbl IyTeM CO3JaHHUs KPUTHUYECKUX
HanpspKeHUH U nedopMalMii Mpu OTHOCUTENBHOM JABM)KEHHM IOTOKAa MEHbI B OKPECTHOCTH
MHHULMUPYIONIMX 3TO JBM)KEHUE padouuX Tell B BUJE JIONacTei.

CnoxHOCTh MpoOJeMbl MEHOTAIIeHUsI HE IMO3BOJIMJIA CO3aTh 10 HACTOSILEro BPEMEHHU
€IMHBIA METOIMYECKUH TMOAXOJ s pa3sHOOOpa3HbIX BHUAOB U THUIOB MEXaHMYECKHX
ne”oracuteneil. [TostoMy cymiecTByrone METOAUKH pacyeTa OCHOBHBIX MapaMETPOB TaKUX
HeHOoracuTesneil Moxy4eHbl SMIUPUIECKUM IyTEM Ul OTPaHMYEHHOTO UHTEpBajia U3MEHEHUs
OTIBITHBIX ()AKTOPOB U BEJTUYHUH.

OfHUM U3 TEPCNEKTUBHBIX SBISIETCA ANEKTPO(U3NYECKHHA CIIOCOO TalleHusl IeH,
3aKJIIOYAIOIIUICS B CO3aHUU HAJl TOBEPXHOCTHIO MEHBI 00BEMHOTO 3JEKTPUUECKOT0 pa3psia.
Pazpsn  co3maroT myTeM  pa3MeIleHUs HaJ TOBEPXHOCTbIO IE€Hbl MHOTI'OOCTPHHHOM
JJIEKTPOJHOM CHCTEMBI, SMUTHUPYIOLIEH 37eKTpoHbl. Takoil cnoco0 MPUMEHUM TOJIBKO K
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HErOpIOYMM  CpelaM C  B3pbIBOOE30NACHBIMM  IapaMu. OJEKTPUYECKHUE  pa3psilibl,
IPOHM3BIBAIONINE 30HY (OPMHUPOBAHMS IEHBI, B HEKOTOPBIX CIy4asX MOTYT NPHUBECTU K
MHULMMPOBAHUIO JIOTIOJIHUTENbHBIX PEAKIMIA, YTO TaK K€ HE BCEr/a AOIYCTHMO.

JUis  vHTeHCU(MKALMU TIEHOTAIlEHUs] HUCHONb3YIOTCA CIIOCOOBI, OCHOBAHHBIE Ha
«TIEepEKUTaHUM» TUIEHKH NEHBI ITyTeM BO3JIEUCTBUS Ha HEE BBICOKUX Temreparyp. OCHOBHBIM
HEIOCTAaTKOM CII0c00a ABISETCA MOTEPs MPOTYKTA, HOCKOIBKY IIPOUCXOIUT €r0 HUCHApeHHe ¢
IIOBEPXHOCTH IJICHOK MEHBI.

HaunOonee MHTEpECHBIM U NMEPCIEKTUBHBIM SABISAETCS AKYCTHUECKUI CIOCO0 pa3pylIeHUs
NEHbl, OCHOBAaHHBI Ha DSHEPreTUYECKOM BO3JECHUCTBUM HA IME€HY 3BYKOBBIMU WJIU
yJIbTPa3ByKOBBIMH KOJIEOAHUSMHU BHICOKOW UHTEHCUBHOCTH.

Pa3pyiienue neHsl yabTpa3ByKOM MMEET psijl IPEUMYILECTB 110 CPABHEHHIO C U3BECTHBIMU
crnocobaMM: HMCKJIIOYAEeT HApPYyIIEHUWE CTEPUJIBHOCTH KOHEYHOIO MPOAYKTA; MOMKET
NPUMEHATbCA JJIsl TallleHUs IEHbl JIETKO BOCIUIAMEHSIOIIMXCS KUAKOCTEH; HE Tpedyer
PACXOJIHBIX MaTepuajoB (B CPaBHEHUHU C XUMHUYECKUMHU CIOcOo0aMu). AKYCTUYECKUNA CIIOco0
ramenns TneHsl [3] 3akmovaercs B (OpPMUPOBAHMM aKyCTHYECKHX KOJEOAaHM BBICOKOM
(bomee 130 1b) WHTCHCHBHOCTH, HANpPaBIEHHBIX B 30HY OOpa30BaHUS  TICHEI.
3HaKONEPEMEHHOE 3ByKOBOE T0JI€ Hanbojee akTUBHO BO3JICHCTBYET Ha BEPXHUE (OTKPHITHIC)
CJIOM TI€HBI, TIOCKOJIBKY BIITyOb MPOHHUKAET CJIa00 M3-3a OOJBIIOTO 3aTyXaHusl.

[Ipy BBICOKMX HMHTEHCHUBHOCTSIX 3BYKOBOW BOJIHBI 3HAKOIEPEMEHHBIE CHJIbI JTOCTUTAOT
TaKUX 3HAUEHUM, MPU KOTOPBIX NMPOMCXOIUT pa3pblB IUIEHOK MeHbl. [l pasiuyHbIX IEH
CYILIECTBYET IIOpOroBasi HMHTEHCHUBHOCTb KOJIE€OAaHUM, IpU KOTOPOM MPOUCXOIUT €€
paspyuenue. CTOMKOCTh MEHbI K 3BYKOBOMY BO3AECMCTBHUIO 3aBHCHT OT CTPYKTYpPbI IIEHBI.
[lens1, cocrosiie U3 KpyNHbIX My3bIpeil, KaKk MPaBUIIO, JIETKO U OBICTPO paspylIatoTCs Mpu
HEBBICOKUX HHTEHCUBHOCTSX. [leHbl, cocrosiiue U3 MeNKUX Iy3blpeil Oosiee CTOWKH K
BO3/ICHCTBUIO aKyCTHUYECKUX MOJeH U TpeOyroT O0bIleil HHTEHCUBHOCTH.

CTpyKTypa TeHbI OpeeNseT He TOIbKO 3()(HEeKTHBHYI0 HHTEHCUBHOCTH 3BYKOBOW BOJIHBI,
HO U €€ ONTHUMaJIbHYI0 4acToTy. Jlyig pa3pylieHus HEeH, COCTOAIIUX MX MEJIKHUX Iy3bIpeH,
UCIIOJB3YIOT 0O0Jiee BBICOKOYACTOTHBIE KoseOaHus. B mobom cimyuae, yactota KosneOaHUi
BBIOMpAeTCsl BHE JHara3oHa CIBIIIMMOCTH dYejoBedeckoro yxa (6omee 18-20 k'),
MOCKOJIbKY NPU BBICOKMX MHTEHCHBHOCTSIX 3BYKOBOH BOJIHBI MCIIOJIb30BAHHME aKyCTHUYECKUX
MeHOTacHuTeNIel TPeOOBAJIO CHIEITUATIBHOM 3BYKOU3OJISIIUH.

K coxanenuto, cuctempl yJIbTpa3ByKOBOIO IEHOTAIIEHMsI O HACTOSIIEIO0 BPEMEHU HE
HOJyYWIN IIMPOKOro pactpocTpaHeHusa. OOyCIIOBIEHO 3TO HE TOJIbKO OTCYTCTBHUEM
CHEMAIM3UPOBAHHOIO 000PYI0BaHUs, JOCTYIHOTO JIl YHUKAJIbHOTO MPOU3BOJACTBEHHOIO
OPUMEHEHUsl (XMMHUYECKHEe M OHOTEXHOJOTWYECKUE IIPOM3BOJCTBA), HO U JEIIEBOIO,
JOCTYITHOTO 000PYAOBaHMUsI, TIPUTOIHOTO JIJISl PEIICHUS psifia YaCTHBIX 3a/1a4 (HarpuMep, JUIs
raiieHusi NeHbl IPU PO3JIMBE MTMBA, KBACOB U JIPYTUX HAIIUTKOB B Oapax).

Co3manue Takoro o6opyaoBaHHs TPeOyeT MPOBEICHHS HCCIEIOBAHHIA O OINPEIEICHUI0
ero (hyHKIIMOHAIBHBIX BO3MOKHOCTEH MpH pa3pymICHHH Pa3IHYHBIX TE€H W BBISIBICHUIO

OIITUMAJIBHBIX YCJ'IOBI/II\/JI pcanm3anuun npouecca rNEHoramcHms.
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2. OBOPYJIOBAHME U MATEPHUAJIbI J1J151 [TIPOBEJEHUS NCCJIEJIOBAHUIA

Jns uccnenoBanus >(PQPEKTUBHOCTH OCAXKACHUS PA3IMYHBIX BHUJOB IIE€H pa3paboTaHa
HKCIIEPUMEHTANIbHASL YCTAaHOBKA, MO3BOJIAIONIAS BHU3YyaJbHO HAOMIONATh 3a HCCIEIYEeMbIM
IPOIIECCOM M OCYLIECTBIATh PErHMCTPALMIO U3MEHEHHs BBICOTHI CJIOSI TIEHBI B MPOIECCE €ro
pa3pyiienus. Bueniauii Buj 1a00paTopHOM yCTaHOBKH MpeICTaBlIeH Ha puc. 1.

. R l/ / Puc. 1. Dcku3 SKCEpUMEHTATBHOI

\ — yYCTaHOBKH
A N L 1 — ynbTpa3BykoBasi KojaebaTenbHast
"‘-—-_.-/
CUCTEMa C U3NyyaTesieM JUCKOBOTO TUIIA
W 2 — sentuisatop (BH-2);
/ 3 —cocyn Cc MeHOou;
4 — naGopaTOpHBIN IITATUB

B cocraB 5KCIIEpUMEHTAIBHONM YCTAHOBKM BKJIIOYEHBI: IIPO3PAYHBINA LWIMHAPUYECKUN
cocyn émkoctbio 0,0013 M , HaIlOJIHAEMBII TIeHOH, JJabopaTOpPHBIN MITATUB, HA KOTOPBIN, HA
paccrosiuuu 400 MM 0T cocyza ¢ TieHoW KpenuTcs BeHTunsTop BH-2, HanpaBneHHbIN TakuM
o0pa3oM, YTO MOTOK BO3JyXa, CO3JaBacMbli UM, PAaBHOMEPHO BO3ACHCTBYET Ha BCIO
MOBEPXHOCTh TMeHHOro cinos. J[ns wuHTeHcupukanuu Tmpoiecca pa3pylieHUs IEeHbI
UCTIONB3YEeTCs  yIbTpa3BykoBol (Y3) TeXHONOrMYecKUd ammapar, pa3paboTaHHBIA B
nabopatopurd aKyCTHUECKHUX TMPOIECCOB M ammaparoB bBHICKOTO TEXHOJIOTHMYECKOTO
WHCTHUTYTA.

B kauecTBe MarepuasioB, 0O0ECIEUMBAIONIMX MHOTOKpaTHOE O0pa3oBaHHME TIEH MpPHU
MPOBEJICHUH MCCIEI0BAaHUIN HCTOIH30BANIOCH TMBO U MBUIBHBIN pacTBop. BriOop B kauecTBe
9KCIIEPUMEHTAJILHOTO0 MaTepuaa MUBHON NEHbl 00YCIIOBIEH IIKMpoYaiiiield H3BECTHOCTHIO U
aKTyaJbHOCTBIO TIpOOJIEMBbI, a MbIIbHAs TI€Ha BbIOpaHa Ojaromapsi JOCTYITHOCTH |
MaKCUMaJIbHOU CTOMKOCTH.

HeoOxomumocts ¢hopMupoBaHus yIbTPa3BYKOBBIX KOJeOaHUN BHICOKOW MHTEHCHUBHOCTH B
BO3JYIIHOW Cpele Ha TOBEPXHOCTH TII€H BBIIBUTAeT OIpeAeieHHble TpeOoBaHUS K
KOHCTPYKTHUBHOM cXxeMe YyJIbTPa3ByKOBOI'O almnapara co CIeHalbHbIM H3IydaTesieM.
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3. VJIBTPA3BYKOBOW TEXHOJIOTMUECKUI AITIAPAT JIJ11 TALLIEHWS TIEHBI

Jns oGecneuenust 3¢ddexruBHOro Y3 BO3IEHCTBHA CO37aBaeMblil ammapaTr JOJDKEH
obecrieunBaTh M3IydeHUE KoJieOaHW ¢ MHTEHCHBHOCThIO He MmeHee 130 nb Ha wacrore He
MeHee 20 kI'm.  OCHOBHBIM  3JIEMEHTOM  TEXHOJOIMYECKOrO  amnmapara  SIBJISETCS
IIbE303JIEKTPUUECKas KojiebaTenbHas cucTeMa ¢ n3nydareneM. [luranue nmbe3oanekTpudeckon
CUCTEMBI OCYILIECTBIISIETCS OT 3JIEKTPOHHOIO TIeHepaTopa (Ha puUCyHKE 1 He MokasaH),
o0ecreynBaroIero npeodpa3oBaHWE SHEPrUM  NPOMBIIJICHHOM CeTH B HHEPIHUIO
AIIEKTPUYECKUX KOJICOaHWH yIbTPa3BYKOBOW YacTOTbI, MOAJCPKAHHUE ONTUMAILHOTO
PE30HAHCHOTO peXuMa KoJIeOaHMH M CTAaOMIM3ALMIO aMIUIUTYIbl M3Jy4yaeMbIX MM
KoJIe0aHui.

VipTpa3BykoBasi KojeOaTelbHasi CHUCTEeMa KOHCTPYKTHBHO COCTOMT U3 TpPeX OCHOBHBIX
Y3JI0B: IbE303JIEKTPUUECKOTr0 MpeoOpa3oBaTelisi, KOHIEHTPATOpa-yCHIUTENS MEXaHUUYECKUX
KosiebaHui W M3Iyyaromero  sjeMeHTa.  IIbe3oanekTrpuueckuil  mpeoOpas3oBarelnb
OCYILECTBIIIET MpeoOpa3oBaHUE HHEPIUU 3JIEKTPUUECKUX KojebaHuil VY3 yacToThl B
MexaHuueckue KosiebaHus. KOHIIEHTpaTop OCYyIIECTBIAET HUX YCWIEHHE M Iepenady
U3IydarouieMy d3JeMeHTy. M3mydaromuil 3JIeMEHT OCYLIECTBIISIET HENOCPEACTBEHHBIN BBOJ
VY3 sHeprum B raszosyro cpeny. [Ipu 3ToM M3imydaromuil 3J€MEHT BBIIOJIHEH B BHUJE JUCKa
crienuanbHOM (opMbl, oOecreynBaromero npeodpa3oBaHue MPOAOJIBHBIX KoyeOaHUN B
U3ruOHbIE, YTO MO3BOJSET YJY4lIaTh YCJIOBUS COIVIACOBAHHUS KOJIEOATEIbHOW CHUCTEMBI C
razoBou cpenoi [4].

[Ipu paspaboTke amnmapaTa HCHOJb30BaHBl JaHHbIE OO0 AaHAJIOTMYHBIX ammaparax,
pa3paboTaHHbIX 3a pyOexoM [5]. Bce OHM OCHOBaHBI Ha NPUMEHEHUHU H3IydaTelnei,
BBINIOJIHEHHBIX W3 TUTAHOBBIX CIUIAaBOB. [IpuMeHeHME IpyruMxX MaTepualoB CUHUTAETCS
HenpueMieMbIM. BMecTe ¢ TeMm, Hapsay C HECOMHEHHBIMH JIOCTOMHCTBAaMH, TUTaHOBbIE
U3JIydyaTelnd HMEIOT psAl HEJOCTaTKOB (BBICOKAs CTOMMOCTb MaTepuana, pa3sHOPOAHOCTb
3arOTOBKM IO JHaMeTpy M TOJILIIMHE), KOTOpbleé OrPaHWYMBAIOT HUX IPAKTHYECKOE
IIPUMEHEHHUE.

B cBsA3M ¢ 3THM HM3ITyyaTenh CO3/1aBaeMOro amnmapara ObUT M3TOTOBJIEH B BUJIE CTYIIEHYATO-
HNEpEeMEHHOr0 JMcKa U3 aJlOMHHHUEBOro ciuiaBa B-95, u mpu ero co3manum norpeGoBaioch
PELIUTD PsiJi TEXHUUECKUX MPOOIIeM.

Kak u3BeCTHO, HpU LEHTPaIbHOM BO30YXIEHUHM IUIOCKOTO TOHKOTO JAHCKA, paanyc
KOTOPOTO KpaTeH IOJIOBHMHE JUIMHBI M3TMOHOM BOJIHBI B 3TOM MaTepualle, pacupeseieHHe
KOJIEOATENbHBIX CMEIIEHUH M3TUOHBIX KojeOaHHH BIOJIb MOBEPXHOCTH TUCKA OyIeT UMETh
BUJ CTOSYMX BOJH. M3-3a TOro, 4TO pas3inyHblE TOYKM MOBEPXHOCTH JUCKA H3ITy4aroT
KoJIeOaHUsl B MMPOTUBOIIOJIOKEHHBIX (ha3ax, HA HEKOTOPOM PACCTOSHUM OT AMCKA Ha €ro OcH,
aKyCTHYECKOE M3JIyYECHUE OTACIBHBIX YYaCTKOB AMCKAa YaCTMYHO KoMIeHcupyertcs. s Toro
YTOObI YMEHBIIUTH BIUSHHE YYAaCTKOB JMCKA, U3IYYarOIUX KOleOaHUs B «OTPULATEIbHON
¢aze, yBesnyeHa TONIIMHA JMCKAa B yKa3aHHBIX ydacTKaX. B pesynbraTe QUCK BBINOJIHIETCS
CTYIIEHYaTO-IIEPEMEHHOI0 CEYEHUs, KOHCTPYKLHUS KOTOPOrO IpeICTaBleHa Ha puc. 2. U3
IpPEJCTAaBICHHOIO paclpesieieHnss KoyiebaHui BUAHO, 4YTO AaMIUIUTyAa KoseOaHui
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«OTpUIATENBHBIX» 30H yMEHBIIEHA 10 CPaBHEHUIO C aMIUIATYAOW  KOJIeOaHHI
«TIOJIOKHUTEIIbHBIX» 30H. [10THON B3auMHOI KOMIIEHCAIIUU KOJIeOaHUH HE TIPOUCXOIUT.

CyIecTBeHHOE YBEIWYEHUE YPOBHS 3BYKOBOTO JaBJCHUS W3IY4YEHUS CTYINEHYATO-
MEPEMEHHOTO JMCKa IO CPaBHCHHIO C W3JIYYCHHEM TIUIOCKOTO JHCKAa WIUTIOCTPUPYIOT
JTUarpaMMbl HaAIPaBJICHHOCTH H3JIYYEHHUS CTYNEHYATO-TIEPEMEHHOTO M IIJIOCKOTO JIMCKOB,
MpeJICTaBJICHHBIE HA puUC. 3.

Puc. 2. JIucK cTyneH4YaTo-nepeMeHHOr0 CEUSHHsSI C IPEUMYIIIECTBEHHBIM H3TyUCHUEM OTHOM
¢azbl KonebaHmit

— TS HYBTO-NE PEME HHBIA SHOK === UNOCKHAQHCK

Puc. 3. JluarpaMMbl HanpaBJIE€HHOCTH M3JIy4Y€HHsI TUCKOB IIOCKOM U CTyleHYaTo-
nepeMeHHoi Gpopmel, 1b

W3 nuarpamm cienyer, 9TO M3JIydaTellb CTYHNEeH4YaTo-NepeMEeHHON (opMbl oOecrieunBaeT
yBEIIMYCHUE YPOBHS 3BYKOBOTO JaBiieHUs He MeHee 4yeM Ha 10 nb mpu obOecnieueHnn Gosee
IIUPOKOW TMarpamMMbl HAIPaBICHHOCTH U3JTy4YCHHUS.

Pa3paboTaHHbIi ¥ N3rOTOBJIEHHBIN anmapaT NpeACcTaBieH Ha puc. 4.
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Puc. 4. YnpTpa3BykoBOil anmapar ¢ IMCKOBBIM HU3JTydaTesieM

Texauueckue XapaKTCPUCTHUKU pa3pa60TaHHor0 U HUCIIOJIB30BAHHOTO IIpHU IIPOBCACHHUU
I/ICCJ'ICI[OBaHI/Iﬁ alrrapara, npeCTaBJICHbI B Ta6J'II/II_Ie 1.

Tabmuua 1. TexHudeckre XapaKTepUCTHKH Y 3 TEXHOJIOTHYECKOTO arnmapaTa

[ToTpebnsiemast MOIIHOCTH, HE Oonee, BA 160
[Iutranue OT ceTH NEPEMEHHOI0 TOKA HaNpsKeHueM, B 220422
WuTencuBHocTh Konebanuii (1 m), nb, He MeHee 135
["aGapuTHBIE pa3Mepbl AITEKTPOHHOTO OJI0KA, MM 270%270x110
I"abGaputHbIe pa3Mepsl KoJeOaTEHbHOM CUCTEMBI, MM 160x150
HuameTp uznyyqarens, MM 160
YacToTa u3iyyaembIx KonebaHui, kI 1t 22

4. TIPOBEJIEHME VCCJIEJIOBAHWI 1 OBCYXJIEHUE PE3VJIbTATOB

Metoauka NpoBeNeHUsT MCCIENOBAaHUM 3aKIH0YaIach B IOCIEIOBATEIIBHOM IPOBEIECHUU
ISTH PA3JIMYHBIX SKCIIEPUMEHTOB, HAIIPABJICHHBIX HAa MCCIENOBAHUS IPOLIECCA OCAKIACHUS
NIEHBI:

— B IIpoLeCCE €€ ECTECTBEHHOIO Pa3pyLICHHUS;

— IIyTe€M BO3JEHCTBHS IOTOKOM BO3lyXa IIpH omoiy BeHTuissTopa BH-2;

—INpU BO3JACHCTBUM AaKyCTHUYECKUMH KoJeOaHMSIMHU YJIbTPa3ByKOBOM YAacTOTBl IpHU
MOIIIHOCTHU reHeparopa 75%;

—INpU BO3JACHCTBUM AaKyCTHYECKUMH KoJeOaHMSIMHU YJIbTPa3ByKOBOM YAacTOTBl IpHU
MotHoctu reneparopa 100%:;

— IyTeM BO3/IEHCTBUS COBMECTHO IMMOTOKOM BO31yXa U Y3 KOJIeOaHUAMHU.

Pe3ynbTaThl 3KCIIEpUMEHTAIBHBIX HMCCIEOBAHUH, MMOKA3bIBAIOIIME 3aBUCUMOCTH 00BEMA
Oca)<[aeMOM MHUBHOM MEHBI OT BPEMEHM IPU PA3IMUYHBIX PEKUMAaX M yCIOBHUAX BO3AEHCTBUSA
MIPEJCTaBIICHBI HA pHUC. 5.

B. H. Xmenes, A. B. lWanyHos, A. H. N anaxos
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Kak ciemyer m3 mpencTaBieHHBIX 3aBUCHMOCTEH, MPOIECC OCAKICHUS MMBHOW MEHBI (70
20% oT HauyaJdbHOW BBICOTHI) MPHU BO3AEUCTBUU Y3 KoJIeOaHHWH YCKOpSETCS B CPaBHEHHH C
€CTECTBEHHBIM Pa3pylIEHUEM IOYTH B 4 pa3a NpH MaKCUMAJIbHON MOIIHOCTHA Y3 U3ITyUYEHHUS,
HE MeHee 4eM B 2 pasa npu 75% MOIIHOCTH M3JIydeHHs. [[OMOJHUTENbHOE BO3JEHCTBHE
BO3/YIIHBIX TOTOKOB HE 00€CIIEYMBAET CYIIECTBEHHOTO YCKOPEHHUSI Mpoliecca.

B xoxe sKcnepuMEHTOB YCTaHOBIICHO, YTO MO JEeHWCTBHEM Y3 KoJieOaHWUN MPOMCXOAUT
OCAXKICHHE BEPXHEro ciosi IMeHbl. Pa3pylieHHble TOJ BO3AEHCTBHEM YIBTPa3BYKOBBIX
KOJIeOaHMI My3bIPHKU TICHBI JIOMAIOTCSI, HACKIIIAS BIArod CICAYIONIUN CII0W. DTOT MpoIecc
IPOUCXOAUT T€M OBICTPEE, YEM MEHBIIE YPOBEHb BOJHOCTH B IIEHE U BBIIIE YPOBEHb Y3
BO3JICUCTBUS, CO3/laBaeéMOro wusiydareneM. [lpu »ToM mpolecc pa3pylieHUs TPOTEKaeT
«CTYIICHYATO», 3TO O6yCJ'IOBJ'ICHO TEM, UTO IPU pa3pyLICHUMN ITY3BIPLKOB BCPXHCTO CJIOA BCA
KHUOKOCTh M3 PA3PYIICHHBIX ITY3BIPHKOB HACBIIIACT JICKAINYIO HHWXKE IICHY, U3MCHAA TEM
CaMbIM PCXKHUM €€ OCYHICHHUA. bruio YCTAHOBJICHO TaK’KC, 4YTO IPU BOSHGﬁCTBHH Ha TOHKHC
ciou (menee 0.5 cm), mpolecc pa3pylieHUs TEHbI MPAKTUYECKU MPEKPAIIACTCs], TTOCKOJIbKY
KOJ'IC6aHI/Iil IMPOHUKAIOT BFJ'Iy6I> )KPII(KOﬁ (1)331)1, U Hn3-3a 3apOKACHHUA KaBHUTAallMM, BHOBbDb

MIPOUCXOAUT (POPMUPOBAHUE TUBHOMN TICHBI.

=~ EcTectBeHHoe

ocaxaeHue

et BEHTUAATOP
== YnbTpaseyk 75%
Ynerpassyk 100%
\*\’—YBPH Bentunatop

0
0O 5 10 15 20 25 30 35 40 45 50 55 60 t, min

Puc. 5. OcaxngeHue MUBHOU MEHBI

Takum oOpa3oMm, B pe3ylbTaTe HCCIEAOBaHMN ObUIa YCTaHOBJEHA MpaKTUYecKas
BO3MOXKHOCTh MPUMEHEHHUS YJIbTPa3BYKOBOI'O BO3JEUCTBUS ISl MHTECHCHU(PHUKAIIUU Ipoliecca
paspylieHusi NUBHOW TMeHbl U 3(PGEKTUBHOCTh CO3JAHHOTO ammapara g MPaKTHYeCKOIro
MPUMEHEHUSI.

Ha craenytomem »Jtame wuccienoBaHUM  OBUIM  IPOBENEHBI  SKCIIEPUMEHTHI 10
MHTEHCU(HUKAIIMN TPOLIecca OCAXJICHUS TEHbl, CO3JaHHOW MpU MOMOIIM TMEHbI ISl BaHH.
Metoauka 3akiioyanach B IOCIEAOBATEIbHOM MPOBEACHUHM YETHIPEX aHAJIOTUYHBIX

B. H. Xmenes, A. B. lWanyHos, A. H. N anaxos
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AKCTIIEpUMEHTOB (03 CHI)KCHHS MOIMHOCTH Y3 BO3ACHCTBHUS), HANpaBICHHBIX Ha
HCCJIETOBaHMSI TPOIIecca OCAXKICHHUS TIEHBI:

Pe3ynbTaThl 3KCHEpUMEHTANbHBIX HMCCIEA0BAaHUM, MOKa3bIBAIOIIME 3aBUCUMOCTH 00BEMA
OCaKIaeMOM MbBUIBHOW TI€Hbl OT BPEMEHHM IMPH PA3IMYHBIX peXUMaX U YCIOBUAX
BO3JECHCTBUS, TPEACTABIICHBI HA puUC 6.

Kak crnemyer u3 mnpeacTaBleHHBIX 3aBUCHUMOCTEH, HAOMIOJaTh MPOLECC OCAKICHUS
MBUILHOHM MeHbI 10 20% OT HayajabHOM BBICOTHI HE MPEACTABIACTCS BO3MOXHBIM. MbUIbHAsS
MeHa HEe pa3pyllajiach B €CTECTBEHHBIX YCIOBHSX (0€3 BHEIIHMX BO3JICUCTBHUI) B TCUCHHE
HECKOJIbKMX 4acoB. O0ECeunTh MPOIecC OCaXICHUS MBUIBHON MeHbI 10 20% OT HaYaIbHON
BBICOTHI 32 pasyMHoO€ BpeMs (20 MUHYT) yJaJIoCh TOJIBKO IIPU OJJHOBPEMEHHOM BO3JIEHCTBUU
YJIBTPa3ByKOBBIMU KOJIEOAHUSIMH M TTIOTOKOM BO31yXa oT BeHTuisiTopa. [Ipu Bo3aeiictun Y3
KOJICOAHUH TPOIIECC YCKOPSETCS B CPABHEHUH C €CTECTBEHHBIM pa3pylieHnem oomee yem B 10
pa3 Mpu MakKCUMaJIbHOM MOITHOCTH Y 3 U3ITy4YCHHS.

o
¥ =—#—EcTecTBeHHOE
ocamaeHue

== BeHTHUnATOP

Y3+BeHtunartop

——Y3

——
®

10

0 5 10 15 20 25 300 35 40 45 50 55 60 t, min

Puc. 6. Ocaxxnenue eHsl U1 BaHH

JlononHuTENbHOE BO3JEHCTBUE BO3AYILIHBIX IOTOKOB OOECIEYMBAET MPAKTUYECKU
YETBIPEXKPATHOE YCKOPEHHE IpOllecca B CPAaBHEHUU C YCKOPEHHEM IIpolecca MOTOKaMu
BO3/yXa.

CkopocTh pa3pylleHHsT MEHbl C TEUYEHUEM BpPEMEHHU 3aMEIUISIeTCs, 4YTO CBS3aHO C
HACBILIEHUEM HIKHUX CIOEB XKHUAKOCThIO, 00pa3ylolieiics B Ipoliecce pa3pylIeHUs EHBI.

[IpencraBieHHbIE pe3yabTAaThl MOKA3bIBAIOT MPUHIMIIUAIBHYIO BO3MOKHOCTb yBEIUUYECHUS
CKOPOCTH pa3pyLIeHHs] MbUIBHOW TEHbl IOJ BO3ACHCTBHEM aKyCTHYECKUX KoseOaHui
yJIbTPa3ByKOBOM 4YacTOThl M BO3MOYKHOCTb IPUMEHEHHS Ui OSTOW ILEJIHU CO3JAaHHOTO

armapara.

B. H. Xmenes, A. B. lWanyHos, A. H. N anaxos
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3AKIIIOYEHUE

Taxum 006pazom, B pe3ysbTaTe MPOBEICHHBIX UCCIIEOBaHUI ObUIN MOTYYECHBI CIEAYIONINE
pe3yNbTaThl:

1. ITokazana > QPEeKTUBHOCTH YJIBTPAa3BYKOBOTO pa3pyILEHHs pa3IM4YHBIX MEH, a TaKxke
IPUTOTHOCTH CO3JaHHOIO anmnapara AJis peajlu3aluy 3TOro npolecca.

2. YCTaHOBIIEHO, YTO MPUMEHEHHUE YIbTPa3ByKOBBIX KOJeOaHHH ¢ HHTEHCUBHOCTBIO OKOJIO
135 nb Ha yactore 22 kI'1I1 NO3BOJIAET COKPATUTh BPEMs pa3pyLLIEHUsS TMBHOM MEHBI HE MEHEE
yeM B 4 pa3, a MpUIbHOW meHbl Oosnee yem B 10 pa3, mpu sHepronorpebiieHun He Oojee
2,4 Br/m’.

3. VI3 nosy4eHHBIX pe3yJIbTaTOB CIELYET, YTO CAMBbIM HEPI€TUYECKH BBITOIHBIM SBIISIETCS
BO3/ICUCTBUE YJbTPAa3BYKOBBIMU KOJIEOAHMSAMU COBMECTHO C BO3JYUIHBIM IOTOKOM, a
CO3JIaHHBIN amnmapaT MOXET HCIIOJIb30BaThCsl HA PA3IMBOYHBIX CTAHLUAX, 7€ HEOOXOoauMma
BBICOKAsI CKOPOCTb 00CTYKHBAHUS KJIHMEHTOB.

Pa6ora Brimonnena npu noanepxkke DL «Hayunsie u HaydHO-TIearoruuyeckue Kajapbl
nHHOBaIMoHHON Poccum» Ha 2009 — 2013 roxasl, r/x Ne I12518.
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