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AHHoTanusa. AKmya/1bHOCMb Ycciel0BaHUsI 00yCJI0BJIeHa HAJIMYMeM U HEKOHTPOJIMPYEMBIM paclpocTpaHeHHEM B BO3/y-
Xe a3p030Jiel Pa3/IMUHbIX BELECTB, KOTOPble OKAa3bIBAIOT HErATUBHOE BJIMsSIHUE HA Yesi0BeKa, GJopy U ¢payHy. Oco6eHHO 3Ta
npo6JieMa CTOUT NpH JJoOblve, epepaboTKe U CXKUTaHUU reopecypcoB. Hanbosiee 3¢pbeKTUBHBIM CIOCOGOM pelleHUs npo-
6J1eMbI AIBJIIETCSA NPUMEHEHHeE YIbTPa3BYKOBbIX KOJle6aHUH BbICOKOW MHTEHCUBHOCTH, BO3/IeCTBHE KOTOPBIX HAa a3P030JIH
BbI3bIBAET IPOLECCH] COJNMIKEHHUS U arJIOMepalii MeJIKMX YacCTHI, B KpynHble. OJJHAKO NPY HU3KOH KOHLeHTpauuu adpdek-
TUBHOCTb KOAryJ/IsILMM YacTUL, HeJOCTAaTOYHA /sl YBeJU4YeHUs CTelleH! yJIaBJIMBaHHUsA ra3004UCTHOr0 o6opyAoBaHus. [lo-
3TOMY CylecTByeT He06X0AUMOCTb NMOMCKA HOBBIX yTel ONTHMU3ALUH YIbTPAa3ByKOBOI0 060pyA0BaHUS /Il KOATYISALUN
BbICOKO/MCIIEPCTHOBIX YaCTHI] C 1IeJIbI0 NOBbILIEHHUs ero 3¢ deKTUBHOCTH. Llesb: onpeseseHre ONTUMAIbHbIX YCI0BUH yilb-
TPa3BYKOBOT'0 BO3/IeMCTBHUS Ha 3aKpy4eHHBIN ra30MCIepCHbIM MOTOK, 06eCeYrBaOLIMX MaKCUMaTbHYI0 3QPeKTHBHOCTD
arJioMepanuy BbICOKOAUCIIEPCHBIX YacTUL,. [[poBe/ieHNe CpaBHUTEbHBIX UCCJIe0BaHUN ITpoLiecca KOaryJIsiiuy 4acTUL, TpU
BO3/IeHICTBUM YIbTPA3BYKOBBIMU MOJISMH, GOPMUPYEMBIMH Pa3JIMYHBIMU BHAMU H3JIydaTesed U UX COBMECTHBIM BO3/el-
CTBHMEM, MO3BOJIUT ONpefeJuTb 3QPeKTUBHOCTb YJIbTPAa3BYKOBOM KOAryJsiiMyd U ONTHUMa/bHYI0 KOHCTPYKTHUBHYIO CXEMY
YJABTPa3BYKOBOI'O BO3JeHCTBUA. 06BE€KMbL: IIPOLECC KOATYAAUY JacTHUI] 10/ YIbTPa3ByKOBbIM BO3JelcTBUEM, GOpPMUDY-
eMbIM Pa3/IMYHBIMU THIIAMHU H3Jy4yaTesed. Memodul: KOMIbIOTEpPHOE MOJeJUPOBaHUe GOPMUPYEMOro yabTPa3ByKOBOIO
10JI1 METO/J0M KOHEYHBIX 3J1eMEHTOB C IOMOIbI0 FAPMOHUYECKOT0 aKyCTUYeCKOro aHa/ln3a; MoJe/IMpOBaHue U pa3paboTka
JIMCKOBBIX U3JlyyaTesiell METOZ0M KOHEYHBIX 3JIeMEHTOB C IIOMOIIbI0 MOJIa/IbHOTO aHau3a. [lj1sl onpesiesieHUsT XapaKTepy-
CTHK a3po30Jis UCI0JIb30BaH AHanusaTop yacTtul Malvern Spraytec. Pe3y/ibmamul. Pe3ysbTaThl pacieToB U 3KCIIepUMEH-
TOB II0Ka3aJ/iy, YTO Haubosiee 3HeproapPeKTUBHBIM MOXKET ObITb NPUMEHEHHEe B Ka4yeCTBe OCHOBHOT'O UCTOYHHKA yJIbTpa-
3BYKOBOI'0 BO3/I€HCTBUS AJ1s YCTPONUCTB C 3aKPYYeHHBIMHU OTOKAMU NPOTSX>KEHHOTO YJIbTPAa3BYKOBOI'0 TPy64aTOro U3JIyda-
TeJisl, pabOTalLIero Ha U3rUOHO-JHaMeTPaJIbHON Mo/ie KoJIe6aHUHM U pOPMHPYIOLIEro KOJIbLEBYIO CTOSYYIO BOJIHY C YPOB-
HeM 3BYKOBOTO JAaBjeHus 162-165 ab. JlanbHeliee noBbilieHHe 3QPEKTUBHOCTU KOATYJSLMU MOXKET obecreuynBaTbCs
TOJIbKO COBMECTHBIM BO3J€HCTBHEM, TPYy6UYaTBIM H3Jy4yaTeJeM U MPOJO0JbHO-KOJIEOIIOMHUMCS U3lydyaTeseM. JTO Cylie-
CTBEHHO MOAMQUUMPYET CTPYKTYpYy MOJsA M 0OecneduBaeT He TOJbKO YBeJWYeHHE YPOBHS 3BYKOBOI'O JaBJIEHHUS
(mo 167 nb), HO ¥ Ko/IMYecTBa GOPMUPYEMBIX Y3JIOBBIX TOBEPXHOCTEH (10 44).
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Abstract. Relevance. The presence and uncontrolled distribution of aerosols of various substances in the air, which have a
negative impact on humans, flora and fauna. This problem is especially acute in the extraction, processing and combustion of
georesources. The most effective way to solve the problem is the use of high-intensity ultrasonic vibrations, the effect of
which on aerosols causes convergence and agglomeration of small particles into large ones. However, at low concentrations,
the particle coagulation efficiency is not sufficient to increase the recovery rate of gas treatment equipment. Therefore, there
is a need to find new ways to optimize ultrasonic equipment for coagulation of fine particles in order to increase its efficiency.
Aim. To determine the optimal conditions for ultrasonic influence on a swirling gas-dispersed flow, ensuring maximum
efficiency of agglomeration of highly dispersed particles. Carrying out comparative studies of coagulation of particles when
exposed to ultrasonic fields generated by different types of radiators and their combined effects will make it possible to
determine the effectiveness of ultrasonic coagulation and the optimal design scheme of ultrasonic exposure. Objects.
Coagulation of particles under ultrasonic impact, formed by various types of radiators. Methods. Computer modeling of the
generated ultrasonic field using the finite element method with the help of harmonic acoustic analysis. Finite element
modeling and design of disk radiators using modal analysis. To determine the characteristics of the aerosol, a Malvern
Spraytec Particle Analyzer was used. Results. The results of calculations and experiments have shown that the use of an
extended ultrasonic tubular radiator operating on a bending-diametric mode of vibration and forming a ring standing wave
with a sound pressure level of 162-165 dB as the main source of ultrasonic impact for devices with swirling flows may be the
most energy efficient. Further increase in the efficiency of coagulation can only be achieved by the combined action of a
tubular radiator and a longitudinally oscillating radiator. This significantly modifies the field structure and provides not only
an increase in the sound pressure level (up to 167 dB), but also in the number of formed nodal surfaces (up to 44).
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BeeaeHue

OCHOBHBIC YCHIIHSI DKOJOTHYECKUX CITY>KO Hampas-
JIeHBI Ha obeclieueHne BBICOKOKaYeCTBEHHOM OYMCTKH
OKPY)KaIOIETO BO3/yXa, 3arpsA3HAEMOr0 MPOMBIILICH-
HBIMU NPOU3BOACTBAMU U TEXHOTCHHBIMHU IPHUPOIHDBI-
MU SIBJICHUSIMH. O6YCJ'IOBJ'IGHO O9TO TEM, YTO HAJIMYNEC U
HEKOHTPOJIMPYEMOE  paclpoCTpaHeHHe B  BO3IyXe
a’po30Jiell Pa3IMYHBIX BEIICCTB OKAa3bIBAET HETaTHB-
HOE BIHUSHUE Ha 4YenoBeka, ¢uopy u dayny [1, 2].
OcobeHHO 3Ta mpobiieMa CTOUT IMpH A00bIYE, Imepepa-
00TKe U CXKHUTaHuu reopecypcon. OOIIENpU3HaHO, YTO
Hanbojee OMacHBIMHU SBISIFOTCS YacCTUIBI pa3MepoM
2,5 MKM W MEHee, ITOCKOJIBKY IBIXaTeNbHAsl CHCTeMa

BHOCHT TaKHE€ YacCTHIBI B KPOBOTOK M HaKaIUIUBaeT
TOKCHUYECKUH Marepuaj B opraHax denoseka [3, 4].
DTO0 ompenensieT HCKIIOYUTEIbHYI0 BaXKHOCTh IMOUCKA
Croco0OB 3alllUTHl JIIOJE © pa3pabOTKH CHCTEM
OUYHMCTKH BO3[lyXa OT MEJIKOJUCIIEPCHBIX a3po30Jieii.

Bce cymiecTByromiye cucTeMbl OUUCTKU (cernaparo-
pBl) IPAaKTUYECKH HE YJIABJIHMBAIOT YaCTHUIBI Pa3MEPOM
MeHee 2,5 MkM [5—8], a cHCTeMBlI, CITIOCOOHBIE YITaBIIH-
BaTh Takue YacCTUIB! (PHIBTPHI U AIIEKTPO(PHIBTPEI),
XapaKTEepPU3YIOTCS MaJIOH TBUICEMKOCTHIO HIIM Pado-
TaIOT C 00pa30BaHMEM OYEHb BPEIHBIX JUII OKPYKaro-
el cpeapl M 370pOBbS UYENOBEKa OKCHIOB a30Ta U
030Ha.
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HawnGonee 3¢ pekTHBHEIM cIOCOOOM pelIeHHs po-
O5eMbl sBJIETCA NMPUMEHEHUE YIbTPa3BYKOBBIX (VY3)
KoJIeOaHMIM BBICOKOM WHTEHCHUBHOCTH, BO3IECHCTBHE
KOTOPBIX Ha a3pO030JIM BBI3BIBACT IPOLECCHl COMMMKE-
HUS U arjioMepaluy MEJIKUX YacTUI[ B KpYyIMHbIe. DTOT
TPOIIECC HA3BIBAETCS YJIHTPA3BYKOBOW ariioMeparuei
[9, 10]. YcranoBneno [11-14], uTo kpoMe ypOBHS 1aB-
JICHUs, CO3[aBaeMoro Y3-KojJeOaHUSIMU, ONMpPEAEsIo-
oM (HaKTOPOM JUTS peai3aliuil MEXaHU3MOB B3anMO-
JIEWCTBUS YaCTHUIl pa3MEPOM MeHee 2,5 MKM SBIISeTCA
paccTosHIE MEXIy 4acTHLaMH, T. €. ¥Y3-Bo3AcicTBUE
3((}HEKTUBHO TONBKO JUIS OTHOCHUTEIILHO BBICOKHX
CYETHBIX KOHLIEHTPalMil B3BEIIEHHBIX YACTHILI.

OueBnaHO, 4TO A1 00ecnedyeHus yIbTPa3ByKOBOI
KOaryJsiiiy 4acTUll pa3MepoM MeHee 2,5 MKM Heo0-
XOAMMO CO3/1aBaTh YCIOBUS ISl 00ECIICUCHUST MaKCH-
MasbHOU 3 dekTUBHOCTH BO3aeiicTBUA. B yacTHOCTH,
g oOecredyeHus MaKCHUMalbHOTO ypOBHSA Y 3-
JIaBJICHUA MpelUlaratoTcs pa3iuyHble CHUCTEMBI arjo-
Mepaluy, UCHOJb3YIOLIMe BO3AEHCTBUSA Ha a3p0O30JIU B
pexxume crosdeid BonHbl. Haumbonee s¢¢exTuBHON
cjelyeT IPU3HATH ONBITHO-IPOMBIIIJIEHHYIO YCTaHOB-
Ky, co3nanHyro XyaHoM ['anbero-Xyapec u ap., couye-
TAIOIIyI0 B cebe 3IEeKTPOCTaTHUUECKUH OCaguTeNns U
KaMepy aKyCTHUECKON KOaryJsIHH, YAAISIONIYIo cy0-
MHUKpPOHHBIC YacTHIBl (cpeanuid pasmep dvactur 0,8
MKM) M3 TIOTOKa ABIMOBBIX Ta30B [15]. K coxxanenuto, B
3TOIl YCTAaHOBKE NpPHU MaJIOW KOHLIEHTPALUU YaCTHUIIBI
MPAKTHYECKU HE B3aUMOJICHCTBYIOT MEXIy co0o0i ma-
ke B Mpejesiax y3noBbIx obnacte. 1o »Toit mpuinHe
YCTaHOBKA HE HAlUIa [IMPOKOTO IPOMBIIIJICHHOTO
pacnpocTpaHeHusl.

TaxkuMm oOpa3oMm, IS JalbHEUIIEro IMOBBIIICHUS
a¢ddexTuBHOCTH Y 3-KOaryisiuyd YacTHIl pPa3MepoM
MeHee 2,5 MKM He00X0IUMO CO34aTh KOHCTPYKTHBHYIO
CXEeMy VIBTPa3ByKOBBIX arjioMepaTopoB, CIHOCOOHBIX
HE TOJIBKO 00ecIeunBaTh YBEIUUCHUE aMIUTUTYIBI KO-
NeOaHnH BO3IEHCTBHS HA YaCTHUIIBI, HO U ()OPMHPOBATH
B TIOJIE YNBTPa3BYKOBOTO BO3JIEHCTBHUS JOKAIBHBIE 00-
JIaCTH C BBICOKOM KOHIEHTpalMed IUCIEPCHBIX 4Ya-
CTHIL.

N3BecTHO, 9TO 0Opa3oBaHHe 00JIACTEH C IMOBBIIICH-
HOW KOHIICHTpAI[EH YacTUI] MOXKET ObITh 0OecreueHo
3a c4eT (POPMHUPOBAHUS 3aKPYIECHHOTO MTOTOKA, 3aCTaB-
JISIOUIET0 YaCTHUIIbl JBUIAThCS K BHEIIHEMY PaaUyCy
o JeicTBueM LeHTpoOexHbIX cui [16, 17]. 3a cuer
JIOKQJIBHOTO IOBBIMICHHUS KOHLIEHTPALMM YacTUI[ BO
BHEIIHEW O00JIaCTH BUXPS PACCTOSIHUE MEXAY YacTH-
mamMu OyJeT YMEHBIIAThCS M HAdyHET BO3pacTath d¢-
¢dexTuBHOCTE Y3-Koarymsaiun. KOHCTpYKTHBHEIE CXe-
MBI KOAryJisiTopoB, 00CCIICUMBAIOIIUX (HOPMHUPOBAHUE
3aKpy4eHHBIX ITOTOKOB, IIMPOKO M3BECTHHI. B cBs3u ¢
3THM JajbHEHIIee MOBBIIIEHHE 3()()EKTHBHOCTH KOa-
TYJSIUH 9acTHIl HanOonee 3¢ (EKTUBHO peaTn3oBaTh B
YCTpPOMCTBAX € 3aKPYUEHHBIMH ITOTOKaMHU.

Pa3pa60TKa y/IbTPa3BYKOBBIX U3JIy4YaTesiei
JUJIS arJIoMepanMoOHHbIX KaMep
C 3aKpy4Ye€HHBIMH NOTOKAMU

OnHako s peayin3alliu YCIIOBHE SHeprodddek-
THUBHOTO YJIBTPa3BYKOBOTO BO3ACHCTBHS HEOOXOIUMO
00eCIeUnTh CO3[aHNE W3IydaTeNel JUIsl TOBBIIICHUS
3((HEKTUBHOCTH KOATYJISIUN B YCTPOHCTBAaX C 3aKpy-
YEeHHBIMH TOTOKamMu. KoHcTpynpoBanue m3imydarenen
VIBTPA3BYKOBBIX KOJEOAHUH, KOTOPBIE OMPENENAT KO-
HEYHYIO 3((DEKTUBHOCTH arIoMepaIiyl 4acTHIl, He0O-
XOIMMO OCYIIECTBIATH C y4eTOM OCOOEHHOCTEeH co-
3lIaBaEMBIX KaMep, B KOTOPBIX OYIET OCYIIECTBISATHCS
KOaryJsisinus (arjJoMeparvs) 4acTHll.

VYabpTpa3ByKkoBO€ BO3JCHCTBHE HA NUCIIEPCHBIC Ya-
CTHIIBI Hanbolee Y3PPEKTUBHO OCYIIECTBIATE B 3aKPy-
YEHHOM IOTOKE, MO3TOMY HauboJiee MpaBIIBHBIM Oy-
JeT WCIIONB30BaHUE AarjJoMEepaluoOHHOH KaMmephl Ha
OCHOBE TOPH30HTAIBHOTO IHKIIOHA. OcOOEHHOCTH pea-
JM3alUU TaKOH KaMephbl 3aKJII0YaeTcsl B TOM, YTO IS
3¢ (HEeKTUBHOW arjioMepamnuy YacTHIl BHYTPH KaMepbl
HEOOXOOMMO CO3[aTh PaBHOMEPHOE YIBTPa3BYKOBOE
MOJIE ¢ MAKCHUMAJIBHO BO3MOXXHBIM YPOBHEM 3BYKOBOT'O
IaBieHHs. Peamim3oBaTh Takoe BO3IEHCTBHE BO3ZMOYKHO
TOJBKO TIPH MTOMOIIM ABYX THIIOB H3JIydaTelIei, CIIo-
COOHBIX (HOPMHPOBATH YIIBTPA3BYKOBBIC KOJICOAHUSI
KaK C TOPIIOB arIOMEPAlMOHHON KaMephl, T. €. Ipo-
JIOJILHO BJIOJIb OCH KaMepbl, TaK B ¢ €€ OOKOBOM CTCH-
KH, T. €. paauanbHo. KOHCTpYKTHBHAS cxeMa arjome-
PAIlMOHHOW KaMephl C YKa3aHHBIMH HAIPaBICHUSIMU
YIIBTPA3BYKOBOTO BO3/ICHCTBUS TTOKa3aHa Ha puc. 1.
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Puc. 1. 3cku3 aznomepayuoHHol kamepwl: 1 - kopnyc ae-
JIOMEepayuoHHoOU Kamepwvl; 2 — 8blmecHumenw; 3 -
maH2eHYuaabHbIll 8X00HOU hampy6ok; 4 — maHzeH-
yuansHulll 8bIXo0HOU nampy6ok; 5 - npodosbHoe
HanpaeieHue Y3-go3delicmeus; 6 - paduanbHoe
HanpaeaeHue Y3-go3delicmeusi;, 7 - HanpasJ/eHue
deusiceHUs1 2a308bIX NOMOKO8

Fig. 1.  Sketch of agglomeration chamber: 1 - body of the

agglomeration chamber; 2 - displacer; 3 -
tangential inlet pipe; 4 - tangential outlet pipe; 5 -
longitudinal direction of ultrasonic influence; 6 -
radial direction of ultrasonic influence; 7 - direction
of movement of gas flows
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JJ1s ocyIiecTBIEHHS IPOAOJIBLHOTO YIbTPa3BYKOBO-
ro BO3JeHCTBUS K KaMepe C TOPLOB MPUCOEAUHSIIOTCS
VIABTPa3ByKOBBIE u3MydaTenu. [ns ¢dopMmupoBaHUsS
CTOSYE BOJIHBI BHYTPH KaMepbl YIIbTPa3BYKOBbIE W3-
JIy4aTellu pacloIOkKeHbI APYT OT Apyra Ha pacCTOSTHUU
L. Paccrossane L momkHO OBITH KpaTHO TOJIOBHHE
JUTMHEI BOJIHBI YIBTPa3BYKOBBIX KOJIEOaHMIA Ha YacTOTE
BO3JIeiicTBUA B ra3oBoit cpene. Kpome toro, ans obec-
TEYEHUSI BBICOKOW PABHOMEPHOCTH Y 3-BO3JEHCTBUS
BHYTPEHHHH JIUaMETpP arJiOMEpariOHHOM KaMmepsl U
JUaMEeTp YJIbTPa3ByKOBOTO HM3JIydaTess JTOJIKHBI COB-
Ma1aTh.

Jtst pakTHYeCKON pea3aliuy paarnalbHOTO yilb-
TPa3BYKOBOI'O BO3/AEHCTBUS caM KOPIYC arjioMeparu-
OHHOHM KaMepbl JOJDKEH OBITh BBIMIOJHEH B BHUJE YIb-
TPa3BYKOBOTO H3ITydaTess, KOHCTPYKTHBHO IpPEACTaB-
JSIOIEro co0oi TpyOdaThIil M3ITydaTesb, KOJIEOro-
iics Ha W3rUOHO-TUaMEeTPabHOU MOJle KOoJIeOaHHH.
B momomnenme k 3TOMY Ui POPMHUPOBAHUS CTOSICH
IFaMEeTPATFHON BOJHBI TOJDKHO OOECTIEUMBATHCS CIIe-
nyrolee ycioBue: paccrosiuue L1 (pasHuma mexmy
BHYTPEHHHM pajuycoM D/2 TpyOdaToro maiaydaresis U
Hapy)XKHbIM pPaJdycoM BBITeCHUTeNs DXx/2) IOIKHO
OBITH KPAaTHO IOJIOBUHE JUIMHBI BOJIHBI B Ta30BOi cpe-
ne. IloaTomy B ganpHEHIIEM IMPU MTOMOIIM MOJAEIUPO-
BaHU aKyCTHYECKOTO IMOJIS OBUT OIpeneNieH TuaMeTp
BbITecHUTENST DX, oOecnednBaromuil quaMeTpaabHyro
CTOSTYYIO BOJIHY.

ATOMepaIioHHasT KaMepa padoTaeT CICIYIOIINM
o0pazoM. ['azoaucnepcHslil TOTOK, OCTYHAaeT BO BHYT-
PEHHIOI0 IMONOCTh Kopmyca — 1 (KOaryisIHOHHYIO0 Ka-
Mepy) 4Yepe3 TaHTCHIMAILHBIA BXOAHOW maTtpybok — 3.
BHyTpHu Kameprl, B pe3ynbTaTe IBIKECHUS IO CITHPAIb-
HON TPaeKTOPHH, MOJ JCHCTBUEM LEHTPOOEKHBIX CHJI
MIPOUCXOINUT PACCIOCHHUE 3aKPyYEHHOTO Ta30IUCIIepC-
HOTO TIOTOKA ¥ CMEIICHNE AUCIIEPCHBIX YacTUII K TepH-
(epuitHOIl 006NMacTH MOTOKA, B HAIIPABJICHUH BHEIIHETO
koprmyca — l. T'a3omucmepcHBIl MOTOK, COJNEpIKAIIANA
arJoMepaTbl IHUCIEPCHBIX YAaCTHI, MOKHIAET KaMmepy
4yepe3 BBIXOJHOW maTpyOok — 4. BeitecHuTENns — 2 HC-
KJIFOYaeT MOMaJaHue YacTUIl B NPHOCEBYIO 00JIacThb, B
KOTOPOH IIEHTPOOEKHBIE CHIIBI Mallbl U HENOCTATOYHBI
JUIL OTTECHEHHWsl 4YacTull Ha mnepudeputo. [Ipu Takux
YCHIOBUAX 4aCTHUILbI CMCIIAIOTCA B Y3JIbI crosuei BOJIHBI,
B pe3yNbTaTe Yero B y3iax KoJeOaHUi (hOPMUPYIOTCS
30HBl JIOKQJILHOTO TIOBBILIEHUS] KOHLEHTPaUH. ITO
MPUBOANT K CONMKEHUIO YacTHIl U 00Pa30BAHHUIO ariio-
MepaToB. B To ke Bpems yBelndyeHHe pa3MepoB U IO-
BBIILIEHUE MAaCChl arJIoMepaToB NPUBOIUT K JalbHEi-
[IeMy YBEIHMUYCHHIO CKOPOCTH CMEIICHMS ANCIIEPCHBIX
9acTUI] K IepuepHitHON 00IaCTH MOTOKA.

Janee paccMOTpeHbl KOHCTPYKLUHU YIbTPa3BYKO-
BBIX M3JIydaTellell TpeX THUIIOB, CIIOCOOHBIX (GopMHpO-
BaTh YJIBTPa3BYKOBbIC KOIEOAHUs KaK ¢ OOKOBOM CTEH-
KM, T. €. PaJUalIbHO, TaK ¥ C TOPLIOB arJIoMepalMoHHON
KaMepsl, T. €. IPOJOIBHO BIOIb OCH KaMephI.

Y3-uzayyamensv daa hopmuposaHus paduaibHozo
y/1bmpa3eykoe020 8o3delicmaus

Jnst BO3neHCTBHSL Ha Ta30AMCHEPCHBIM MOTOK B
paananbHOM HampaBieHHU ObUT pa3paboTaH TpyOda-
TBIA M3JIydaTeNb, BHIOJHCHHBIH B BHUIE IIOJOTO IIH-
TUHJIpA, KOJIEOJTIOIIETOCS Ha U3ruOHO-
JuaMeTpajbHON Mone Konebanuil. M3myyaTenb ofHO-
BPEMEHHO CITY>KUT BHEIIHUM KOPITyCOM arjioMepanu-
OHHOM Kamepbl. OmpeaesieHne aKyCTHYECKUX U Teo-
METPUYECKHX MapaMeTpoB U pacueT (HopMbl Koiebda-
HUW W3ITy4daTeNsl OCYLIECTBIISUICS MPU TOMOIIA MO-
JAIBHOTO aHAJH3a B CHCTEME KOHEYHO-3JIEMEHTHOTO
MozenupoBanus (maket Ansys). Ha puc. 2 npeacras-
JieHa TIOJy4YeHHash MO pe3ysibTaTaM pacueToB KOH-
CTPYKIHS TPyO4aToro HM3iydaress U ¢opMma ero Ko-
neGanmii. Ha puc. 3, ¢ mokazaHo oTo U3roTOBJICHHO-
ro usnyuatens. Pa3paboTaHHbI H3my4yaTens GopMHu-
pyeT W3rMOHO-AMaMeTpalbHBIE KoJeOaHHWs IO Bcei
IUTMHE, YTO IO3BOJIET CO3[aTh PETYISIPHYIO paBHO-
aMIUTUTYAHYIO CTPYKTYpy KosieOaHui OOoNbIION mpo-
TsHKEHHOCTHU. [103TOMY MPOTSHKEHHOCTh TAKOTO U3IY-
gaTess OTpaHUYeHa TOJNBKO 3aTyXaHHeM KoJeOaHHid B
MaTtepualie M3JIy4arelisi, MOIIHOCTHIO Mbe303JEeKTPHU-
YECKOTO IMpeodpa3oBareiss U MEXaHUYECKOW MPOYHO-
CTBIO y3Ja MPHUCOCTUHCHUS M3Iy9IaTel sl K Mbe303JIeK-
TPUYECKOMY MpeoOpa3oBaTeo.

Co3nanne perysipHON CTPYKTYphl KojieOaHUH 1mo3-
BOJIIET HCIIONB30BAaTh TPyOUaTHI H3ITydaTedbh Kak
KOPITyC arJoMepanroHHON KaMmepsl THO0 KaK YUacTOK
ra3oxojla C LeJbI0 YBEIUYEHHS BpEeMEHH Y3-
BO3JECHCTBHS HAa TAa30JUCHEPCHBIA MOTOK NMPH MHHU-
MaJEHOM THAPABIMYECKOM COTIPOTHBIICHHH.

Y3-uzayuamenu o4 gpopmuposaHus
npodoabHO20 Y1bMpa3eyKoe8o20
so3deiicmeus

[Ipu npoaoapHOM BO3JICHCTBHH (C TOPIIOB arjiomMe-
PaIMOHHON KaMepbl) YIbTPa3ByKOBBIMH KOJIEOaHHSIMU
Ha 3aKpPY4YEHHBIM TIa30JUCIEPCHBIA IIOTOK JUaMeTp
YIABTPa3BYKOBOTO M3JIyyaTels IOKEH COOTBETCTBO-
BaTh BHYTPEHHEMY JTUMETPY ariioMepaliioHHOW Kame-
pbl. IlockonbKky B KauecTBE KopIlyca arjioMepalyoH-
HOW KaMmephl BBICTYNAeT TPYOUaThI U3IMydarensb (OIH-
CaHHBIM B NpEeAbLAYILIEM pa3felie), AMaMeTp MPOEKTHU-
PYEMBIX M3TydaTenei JOHKEH COOTBETCTBOBATh BHYT-
peHHeMy auaMmeTpy TpyOuatoro uziydarensd. s co-
3/1aHus yIAbTPA3BYKOBBIX KOJIEOAHUH C TOPIOB arjioMe-
palMOHHOW KaMephl B KauecTBE H3ITYYarolIero 3Je-
MeHTa Hambonee d()(EKTHBHO HCIIONB30BATH HU3BECT-
HbIe HM3THOHO-KOJCOMIONMMNCS AUCK WM TPOJOIBHO-
koseOmonuiics mwmHAp. Ha puc. 3 mpeacraBieHb
3CKU3BI, POPMBI Koslebanuii u poTorpadun U3IydaTe-
nen.

B 3aBucuMocTH OT THNA M3Ty4alOUUH 3JIEMEHT
MOJKET OBITH BBITIOJIHEH B BHJIE:
e jucka (BO3MOXHO, CO CTYIIEHYaTo IEPEMEHHOM

TOJIIIUHOM ), U3rHOHO-KOJICOIONIETOCs Ha YacToTe,
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KpaTHOH ocHOBHOM yacTtoTe nucka [18]. Ilockonbky
n3Iy4yarenb paboTaeT Ha BBICHIMX MOAax KojeOa-
HUHR (U1 o0ecriedeHns 4acTOThl KolleOaHuii Ooee
20 xI'mm), popma koneGaHUH MOBEPXHOCTH TAaKOTO

n3ITy4aTensl MpeACTaBIsIeT COOOH IOCIenoBaTelb-
HOCTh W3TMOHO-KOJIEOIIONINXCS KOJIBLEBBIX yJ4acT-
KOB, pa3clieHHBIX HYJISAMH KojeOaHWii (B BuUje
OKpYXHOCTEH).

202

207

H

Ny
N

ala olb

slc

Puc. 2. 3cku3z Y3-uzayuamesi ¢ us2ubHo-kosebawuelics mpyéot (a), popma koaebauuii (6) u ggpomo (8): 1 - usayuarowuii

Fig. 2.

a/semeHm 8 gude U32UOHO-K0./1e6/110uje20csi No/1020 YUuauHOpa;, 2 - KOHYeHmpamop nve3onpeobpasoeamess;
3 - nvesokepamueckue snemMeHmul; 4 — ompadxcarowas HaAkKAaoka; 5 - kopnyc; 6 — daaHey; 7 - ycuneHHas 06.1acmy
04151 pe3b608020 omeepcmusi; 8 - 061acmb Koppekyuu amnaumydsbl mopyoe usayvyamens; L - dauHa usayuamensi;
D1 - eHympenHuii duamemp; D2 - enewHutl duamemp

Sketch of an ultrasonic radiator with a bending-oscillating pipe (a), vibration shape (b) and photo (c): 1 - radiating
element in the form of a bending-oscillating hollow cylinder; 2 - piezoelectric transducer concentrator; 3 -
piezoceramic elements; 4 - reflective pad; 5 - body; 6 - flange; 7 - reinforced area for threaded hole; 8 - area for
correction of the amplitude of the radiator ends; L - radiator length; D1 - inner diameter; D2 - outer diameter

Puc. 3.

Fig. 3.

slc
Ickuz Y3-usznyvamens ¢ us2ubHo-koaebaowumcs duckom (a), opma kosaebanuti (6) u ggomo Y3-usayuamens (8):
1 - usayuarowuil anemenm (Quck uau YyuauHop); 2 - KoHyeHmpamop nvezonpeobpazosamens (Usay4aruas HaKAao-
Ka); 3 - nbesokepamuieckue 31eMeHmbl; 4 - ompasxcarowas HaK1adka; 5 - kopnyc; 6 - aaney
Sketch of an ultrasonic radiator with a bending-oscillating disk (a), vibration shape (b) and photo of an ultrasonic
radiator (c): 1 - radiating element (disk or cylinder); 2 - piezoelectric transducer concentrator (radiating pad); 3 -
piezoceramic elements; 4 - reflective pad; 5 - body; 6 - flange

ala olb
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OCOOEHHOCTBIO TAKOTO H3IIy4daTensl sBISETCS TO,
YTO COCEIHHE KOJIBIEBBIE 00JaCTH TUCKA (HE UMEIO-
Iero W3MEHEHWH TOJNIIWHBI BIOJbL paauyca) Gopmu-
PYIOT paBHOAMIUTHTYAHbIC KOJcOAHHs B MPOTHBOdA3E.
310 00ycnaBmuBaeT GOPMHUPOBAHKE MO CO CIIOKHOM
CTPYKTYpOH, B KOTOPOM OOJIACTH, KOJeOIromuecs B
nmpoTuBo(dasze, pacroyioKeHbl HE TOJBKO BJOJIb OCH
W3JyYCHUS W B HANPABICHUU TEPICHAUKYISIPHOM CH.
3a c4eTr 3TOro MOXKET MPOUCXOIUTh CHH)KEHHUE YPOBHS
3BYKOBOTO JIaBlicHUsI (B3arMHasi KommeHcarus). OHo-
BPEMEHHO C 3THUM Takas CTPYKTypa aKyCTHYECKOTO
TIOJISL CIIOCOOCTBYET MHTCHCUBHOMY Pa3BUTHIO aKyCTH-
YECKUX TEUYCHUH, YTO TOJOXHUTEIHHO BIHUSAET HA 3(-
(EKTHBHOCTH ariIOMEpPAIHH TUCTICPCHBIX YACTHII.

e [WIMHApA JIHHOM, KPaTHOH IOJOBUHE IJTUHBI
BOJIHBI Y 3-KOJieOaHWH, COBEPIIAIOIICTO IMPOIOITb-
Hele kojeOanus [19]. Ilpm pacyerax B KadecTBe
KpUTEpHsT HEPaBHOMEPHOCTH aMIUTUTYIbI KoJieha-
HUH OBUIO WCIIOJIB30BAHO OTHOCUTEIHLHOE CpeHe-
KBaJpaTHYHOE (CTaHIAPTHOE) OTKJIOHCHUE aMILIHU-
Tyasl KOJNEeOaHWH TOYEK TOPIEBOH MOBEPXHOCTH,
KOTOpOE€ IS JaHHOTO H3JIydaTels COCTaBHIIO HE
6omee 2 %. nameTp 060omx pa3zpabOTaHHBIX U3IIY-
yareneil paBeH 120 mM. Pe3onaHCcHas yacToTa quc-
KOBOTO m3nyd4atens pasHa 22,5 k[T, a munmuHApU-
geckoro — 22,4 xI'm.

OnpedesieHue mexXHU4eCcKUX napamempos
Y3-uzayuameaeil

OCHOBHBIMH TEXHHYECKHUMH MapamMeTpaMH CO3aH-
HBIX HM3IyJaTeNell SIBISIOTCS: aMIUTUTyJa M 9acToTa
KoJie0aHM, cCo3/laBaeMblii YPOBEHb 3BYKOBOTO JaBJic-
HUs (M3Ty4aeMasi aKyCTHUYECKasi SHEPTrHsl) U MoTpeOis-
eMast DIICKTPUIECKAst MOIITHOCTb.

N3mepenns 3HaYeHWH aMIUIATY] KojieOaHui, obec-
MEYMBAEMBIX CO3JJAHHBIMH H3JIy4aTels MU, TPOU3BOIU-

JIOCh TPU TIOMOILIU 3JIEKTPOHHOTO H3MEpPUTENs Iepe-
merrennii Shahe 5310-10 ¢ TounocThIO £2 MKM. M3Me-
PEHHS TIPOBOIIUINCH BIONH IHAMETPATbHON JIMHHUA
U3ITyYaromiel MOBepXHOCTH TUCKOBOTO U LIWIHHIpUYE-
CKOTO u3NIyuarenei U 1o obpasyroleit JIMHUN [UINH-
JOPUYECKOTO M3IydaTens. Mi3MepeHHbIe pactpeaeeHus
OTHOCHUTEJIBHBIX aMIUIUTYZ KOJeOaHWH BIOJIb M3ITyda-
IOIIUX TMOBEPXHOCTEH BCEX HCIOIB3YyeMbIX H3Tydare-
nel mpencTaBieHsl Ha puc. 4. Ha sTtom ke pucyHke,
IUIL CPaBHEHUSI, NPEICTABICHBI PAacUeTHBIC pacIpere-
JeHHsl KoJeOaHuid, TOTy4YeHHbIe IPU MPOEKTUPOBAHUN
H3IIydaTesieil B cucteMe Ansys.

W3 mpencTaBineHHBIX 3aBUCUMOCTEH CIEIYET, YTO
JUCKOBBI W3Ty4aTelb HMEET JIB€ KOJBIIEBBIE 30HBI
«HyIei» KoneOaHUi, COOTBETCTBEHHO, OH KOJIeOJIeTCs
Ha BTOPO# KOJIBIIEBOH MOJIe KOJIEOaHWH, IIPHU STOM aM-
IUINTYAa KonebOaHuWi B LEHTpPe H3IydaTels paBHA
35 MkM. JIMCKOBBIH U3Ty4aTesb CIIPOSKTHPOBAH TAKUM
00pa3oM, 4TOOBI aMILTUTYAa KOJIeOaHHH B IICHTpE ObI-
Jla MEHBIIIE, YeM B IPYTUX KONBLEBHIX 001acTsIX. Mak-
cUMallbHasl aMIUIUTyJa KoJieOaHW KOJBIEBBIX 00Ja-
CTEH TpeBBIIAET 55 MKM M TaKoe pacrpeielieHne
o0ecreunBaeT CHIDKEHHE MaKCHMAaTbHBIX MEXaHHde-
CKUX HaNPsDKEHUM.

AHanM3 pachpelneicHds aMIUTUTYd KoJeOaHWi
MIPOIOIEHO-KOIEOIIOMIErOCs U3IydaTeis oKa3al, YTo
pa3HUIla MEXAY MUHUMAIBHOW W MakCHUMAaJbHOH am-
IUIUTYAOH KojeGaHUil (pPOHTATBHON MOBEPXHOCTH M3-
JTydaTelsl He MpeBhImacT 5 %, MpH 3TOM BCS H3Iyda-
IolIast IOBEPXHOCTh KoJeOeTcs CUH(a3HO.

AHanM3 pacmpeleneHdss amIUTUTyA  KoJeOaHHi
TpyO9aTOro M3Iydaress MOKasal, YTO B IPOAOIEHOM
ceuYeHUU (HOPMUPYIOTCS W3THOHBIE KOJeOaHUS C BOCh-
MBIO «HYJSIMU» KoJeOaHUH, IPU 3TOM 4acTh obJacTeil
KoJjebnercs cuH(a3Ho, a YacTh — B IPOTHBO(A3E.

OTHOCUTENbHAA aMNANTY 42 KonebaHnii
| - ]
==

OTHOCUTENbHAA aMNANTY 42 KonebaHwii

w
-
-l
i
OTHOCHTEIbHAA aMNANTYAa KonebaHuii

-1 0,5 0 0,5 1 t
OTHOCUTENbHbIN paguyc

OTHOCUTENbHbIA paguyc

OTHOCUTENbHaA ANUHA

slc
a) u32ubHo-Kosebawe20css JucKa;

6) np000/1bHO-K0.1€6.110Uje20Cs1 YUAUHOPA; 8) duamempaabHO U32ubHo-Koaebaoujelicss mpy6bol; Henpepbl8HAas AUHUS —

ala
Puc. 4. PacnpedeseHuss OMHOCUMEAbHbIX aAMNAUMYd KoaebaHull usjayvamese:
pacyemHbvle 3a8UCUMOCMU; NYHKMUPHAS AUHUS — IKCNEPUMEHMAIbHbIE 3A8UCUMOCMU.
Fig. 4.

Distributions of relative vibration amplitudes of the radiators: a) flexural-oscillating disk; b) longitudinally oscillating

cylinder; c) diametrically bending-oscillating pipe; continuous line - calculated dependencies; dotted line -

experimental dependences
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IIpu ananuse ¢opMbl konebaHU TpyOUaToro U3my-
9aTessl B MOMEPEYHOM CEUYCHUH OBLIO YCTAHOBJICHO, YTO
B KaXIIOW KOJBIIEBOW OOJIACTH, HAXOISIICHCS MEKITY
«HYJISIMI» KolleOaHu#, (hOPMUPYIOTCS IUAMETPATBHO-
HAaIpaBJICHHbIC KOJeOaHUs — JUaMeTpalibHas MOAa KO-
nebanuii. Takum 00pa3oM, B COBOKYIHOCTH TaKOW W3-
JyJarellb padoTaeT Ha W3THOHO-AMaMETPabHON Moje
KoneOaHuil. AHaNN3 MOTYyYeHHBIX JaHHBIX T0Ka3al, 4TO
pacdeTHBIC U SKCIEPUMEHTATGHBIC 3HAUYCHUS aMILUTATY
Konebanuii pasnuyarorcs He O6onee yeM Ha 10 %. OT0
MO3BOJISIET HA TIPAKTUKE KCIOJB30BaTh ITOMYYCHHBIC
(c moMOIIbI0 MOJAITFHOTO aHajM3a B CHUCTEME ANSYs)
pacmpeneneHns aMIDIUTYA KOJIeOaH .

B cBoro ouepens, u3nrydaemas akycTHYeCKasi MOII-
HOCTh ONPENEeNSIACh KaK pa3HUIA MEXIy MOJTHOM Io-
TpeOIsIeMON 3IEKTPUISCKONH MOIIHOCTHIO HM3ITydaTelis
¥ MOIIHOCTBIO COOCTBEHHBIX IIOTEPh B H3JIydaTere.
MOoIIHOCTE MOTEPh ONpPEAeNsIach B BAKYYMHOH Kame-
pe (octarounoe nasnenue 1000 I1a). TIpoBemenHbIe
HCCIICIOBAHUS TTO3BOJIMIN OTPEIEIUTh OCHOBHBIC TEX-
HUYECKUE XAPAKTCPUCTHKH pa3pabOTaHHBIX H3JTydaTe-
nedt (Tabnuia).

Ta6auya. TexHuueckue Xapakmepucmuku y/aAbmpa3eyKo-
8bIX Us/yHamevieli 0151 2a308blX cped
Table. Technical characteristics of ultrasonic radiators
for gaseous media
[lapameTp/Parameter 3Hauenue/Value
Tun n3nyyarouiero 3jieMeHTa Juck  |Uuauupp T[.?r};?;a-
Type of radiating element Disc Cylinder Tubular
S:EM;S[M H3J1y4allien MoBepxXHo- D2=136
Dimensions of the radiating surface, b=120 D=120 | D1=120
L=295

mm
YacroTa Kosieb6aHui, K1
Oscillation frequency, kHz 225 224 22,2
Sﬂe}('l'.pl/l‘{eCKaH MOILHOCTb, BT 101 130 150
Electrical power, W
Amnutyza (pasMax) koJsie6aHHuH
MMOBEPXHOCTU MAaKC-MUH, MKM _ _ _
Amplitude (peak to peak) of surface 55-35 55-53 55-45
vibrations max-min, pm
AKYCTPF‘{eCKaH MOILHOCTb, BT 67 86 105
Acoustic power, W

Janee Ha OCHOBAaHWMHM H3MEPEHHBIX TEXHHYECKUX
XapaKTEPUCTHK M MOIYYCHHBIX (OpM KoJeOaHUH yIb-
TPa3BYKOBBIX M3JTydaTeleld ObUIO MPOBEAEHO MOJEINH-
poBaHHe (POpMHUPYEMOTro CO3JAaHHBIMU H3ITydaTeIsIMU
YIBTPa3ByKOBOTO MOJISL.

OnpepeieHHe NapaMeTpPoB GOPMHUPYEMOro MO
Y3-kos1e6aHuil B 06'beMe KOaryasuOHHOMI
KaMepsbl

W3BecTHO, 4TO pacipenesicHue YpOBHS 3BYKOBOTO
JIaBJICHUA B 00beMe arjioMepalMoOHHON KaMepbl SBIIs-

€TCsl OTHUM U3 OCHOBHBIX (PAKTOPOB, OMpEAETISIOMINX
s¢pdextrBHOCTh Y30 Koarymsuu. TodyHoe n3MepeHue
pacnpezneneHyst YpoBHS 3BYKOBOI'O JaBJICHHs BHYTpPU
arJioMepalMoOHHON KaMepbl 3aTPyJHEHO, TMOCKOIBKY
pa3Mepbl U3MEPUTENILHOTO MUKPO(OHA COMOCTABUMEI C
JUIMHOW BOJIHBI Y3-KOJICOAHHNA U BHOCIT MCKAXEHUS B
KapTHHY peructpupyemoro nois. [lostomy ObiT mpo-
BEJIEH pacdeT paclpelesieHus] YPOBHA 3BYKOBOTO JIaB-
JIEHUsI TTOCPEACTBOM KOHEYHO-3JIEMEHTHOIO aHallu3a B
cucteme ANSYS. Ilpu 3ToM ucCmonb30BaiCcCs MOAYIh
TapMOHHMYECKOT0 aKyCTHUecKoro aHamusa Harmonic
Acoustics.

[Ipu mMonenmupoBanuy OBLUTH YCTaHOBJICHBI TPaHIY-
HbI€ YCIIOBHSI Ha OCHOBE IOJYYE€HHBIX JIKCIEPUMEH-
TaJNbHBIX JaHHBIX O MapaMeTpax pa3padOTaHHBIX U U3-
TOTOBJICHHBIX YIBTPa3ByKOBBIX H3ITydareneil (JacTtora
KoJeOaHU W pacmpeseieHHe aMIUTUTYA KolieOaHui
n3nydaromei nmosepxHocTH). IloBepXHOCTH BHYTpEH-
HUX CTEHOK KaMepbl 3a/laHbl KaK OTpaKarollue TpaHu-
LBl C OIpeleNeHHbIM ypoBHeM noryomeHus. [lyrem
CpaBHEHUS Pe3yJbTaTOB MOJIEIMPOBAHUS CO 3HAYCHU-
SIMM YPOBHSI 3BYKOBOI'O JIaBJIE€HMS, U3MEPEHHBIMU JKC-
MEepUMEHTAJIBHO, ONpEIeNIeH YPOBEHb IOIJIOIIECHUS
Y3-konebaHuif CTEHKaMU KOAryJSIHOHHON KaMepsl,
KoTopeld coctaBui 11 %. D10 3HaueHHWe NMPUHATO B
JanpHemux pacuetax. JIMHEHHBI pazMep diIeMeHTa
TETPadAPAIbHOM CETKU COCTABUI 3 MM.

Ha nmepBom sTame ObLT ompeiesieH ONTUMAalIbHBINA
IFaMeTp BBITECHUTENSI, 00ECTIeUNBAIOIINIT YCTaHOBIIC-
HHE KOJIBLIEBOW CTOSYEN BOJHBI B KOAryJsIUOHHOW
KaMepe JJIs cydasi, KOrjia B KauecTBe U3Iydarens Oy-
JIET HUCIOJb30BAaThCS TOJBKO TPYOUaThI H3ITydaTelib.
HavanmsHoe 3HaueHHWe guamerpa OBUIO BBIOPAHO paB-
HBIM 1/3 OT BHYTpEHHEro auaMeTpa KOaryJslHOHHOU
kamepsl [20]. OnTuManbHBIA HUAMETP BBITECHHUTEIS
OIpEAETIICAd Ha OCHOBE Pe3yJbTaTOB psiia aKycTHYe-
CKHX pacyeToB, NPH 3TOM OT pacdera K pacueTy Hpo-
BOAMJIACh HUTEpallOHHasi KOPPEKTHPOBKa AHaMeETpa.
Kpureprem ONTHMaTbHOCTH CUHTANIOCH OOECIICUCHHE
MaKCHMAaJIbHOTO YPOBHS 3BYKOBOTO JaBIICHUs MPHU 4Ya-
CTOTE BO3JICHCTBHS, COOTBETCTBYIOIICH COOCTBEHHOM
gacToTe pa3pabOTaHHOTO M HM3TOTOBICHHOTO H3ITyda-
Tensa 22,2 k.

Ha cnenyromem 3tarne yqyuThIBAIOCH KaK CaMOCTOSI-
TeNbHOE, TaK W JOIMOJHUTEIbHOE MpoAoibHOE VY3-
Bozaeiicteue. Ilpu 3TOM oOmpenenanock paccTosSHUE
MEXy H3ITydaTeNsiMH, OOECIeYMBAIONUMH YCTaHOB-
JICHUE MPOJIOJIBHOM CcTOsTYel BONHBI. M3imydarenn Kax-
JIOTO THUIA Pacloylarajich B KOJIUYECTBE JABYX LITYK C
000MX TOPIIOB ariioMepaluOHHOW KaMephl.

Ha puc. 5 npuBenens! pacnpeneieHus YpoBHS 3BY-
KOBOTO JaBICHUS, (POPMUPYEMOTO B KOAryJSIIIHOHHOU
KamMepe, IPU UCTIOIb30BAHUU TOJIBKO JIUCKOBOTO U3ITY-
yatens (a), TOJNBKO MPOIOIEHO-KOJICOIIONIETroCs U3Iy-
gares (0) U TOBKO TPyO4aTOro M3IydaTels (B).
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Sound Pressure Level
Type: Sound Pressure
Frequency: 21800 Hz
Amplitude

Unit: dB

26042023 1732

Sound Pressure Level
Type: Sound Pressure Level
Frequency: 22000 Hz
Amplitude

Level

Unit: dB
28.04.2093 18:00
172,71 Max
164,95
157,19
14943
141,66
1339
12614
11837
110,61
10285 Min

166,94 Max
161,61
154,28
169
130,63
113
124,98
1765
1032
103 Min

ala olb

Pacnpedesetue yposHst 38yk08020 0a81eHUSI 8 KOA2YAAYUOHHOU Kamepe Npu UCnOAb308AHUU PA3AUMHbIX MUNO8 U31Y-
uameseli: duckosozo usay4ames (a), npodoabHo-Koeb.aouwezocs usaydames (6) u mpy6uamozo usay4amest (8)
Distribution of the sound pressure level in the coagulation chamber when using different types of radiators: disk
radiator (a), longitudinally oscillating radiator (b) and tubular radiator (c)

Puc. 5.

Fig. 5.

JanpHeiimne pacueTsl ObUIM HalpaBlIeHbl Ha aHa-
i3 3(QPEKTUBHOCTH Bo3xaeicTBUs Y3-KoneOaHuii Ha
Ta30BYIO Cpeay IPU COBMECTHOM HCIIOJIE30BAHUH IBYX
TUTIOB W3JyYaTesiei — TpyO4yaTroro u mo aBa u3ydaTe-
ISl OJJMHAKOBOTO THIIA C 000X TOPIIOB ariIOMEepaIiioH-
HOM kamepsl. IIpu onHoBpemeHHOM ¥Y3-Bo3neiicTBUU
TpeMsl M3JIydaTelsiMu (TpyOuaThlii M JiBa TOPIIEBBIX)
pacuer pacmpenerneHus nois Y3-koieOaHuil B kKamepe
MIPOHM3BOAMIICS C YIETOM IIPHUHIIHIIA CYIIEPIIO3UIIHH.

Hanee mnpoBeneHbl pacueTsl (Gopmupyemoro Y3-
TIOJISL IPU COBMECTHOM BO3JICHCTBUU Pa3UYHBIX THIIOB
uanydarene (puc. 6).

B Tabnune npencraBieHbl pe3yiabTaThl PacyeToOB
napaMeTpoB YIbTPa3BYKOBOTO BO3JIEHCTBHS BO BCEX
HCCIICIOBAHHBIX BapHUAHTAX.

AHanu3 nojy4yeHHbIX MapaMeTpoB Y 3-Bo3neicTBUA
W pacrpesiesieHuid YpOBHS 3BYKOBOTO JIaBJICHHS TOKa-
3aj1 cleayolee:

Sound Pressure Level 2
Type: Sound Pressure Level
Frequency: 22040 Hz
Amplitude

Unit: dB

24102023 2042

185,25 Max
H 177,18
169,1
161,03
152,96
144,88
136,81
12874
120,66
112,58

Sound Pressure Level 2
Type: Sound Pressure Level
Frequency: 22040 Hz
Amplitude

Unit: dB

24102023 20118

185,92 Max
! 178,66
ma
&l 164,16

156,9
149,65
1424
13514
127,89
1204

ala

Puc. 6.

o/b

Sound Pressure Level
Type: Sound Pressure Level
Frequency: 22000 Hz

4 Amplitude

Unit: dB

26.00.2023 18:24
184.45Max
176,05
167,64
15924
15084
142,04
134,09
12569
117,23
108,83 Min

slc

[Ipn wucnonb30BaHUM  M3THOHO-KOJIEOIIOLIETOCS
u3nmydarens (puc. 6, a) cpenHuil ypoBeHb 3BYKOBO-
ro gaBieHus coctaBui 158 nb, mpu stom ¢opmu-
pyercsi peryisipHas CTPYKTypa H3MEHEHHS TOJIs
BIIOJb KaMepbl, B KOTOPOH NMHUKOBBIC 3HAYCHUS HO-
cturaror 174 nb.

IpononbHO-KoIEOMOIIHiiCs u3mydaTens (puc. 6, 6)
o0ecIieunBaeT BBICOKYIO PAaBHOMEPHOCTH YIBTpa-
3BYKOBOTO TIOJISI, B KOTOPOM CPEIHHUI YPOBEHB 3BY-
KOBOTO JaBiieHus1 coctaBui 165 b, u perynspHyro
CTPYKTYpPY H3MEHEHHH YIBTPa3ByKOBOTO IIOJS, B
KOTOpBIX IMUKOBBIE 3HaueHus gocturarotr 174 nb.
[Ipu sTOM dopmupyeTcsi peryispHast CTPYKTypa ¢
oOpasoBanueM 44 y3moBbIX IUIOocKOcTed. [loHM-
JKCHHBI CPEeIHUH ypOBEHHb 3BYKOBOTO NABIICHHS B
Kamepe OOYCIIOBJIGH B3aWMHOW KOMIICHCAIMEH
MpOoTUBO(A3HBIX KOIEOaHHH COCEHUX 00IACTEM.

Pacnpedeserue ypoeHst 38yK06020 0aeieHUsl 8 KOA2YAAYUOHHOU Kamepe Npu COBMECMHOM UCNO/Ib308AHUU PA3AUY-

HbIX MUnoe8 usayyameseli: u32ubHo-ko1e6a10wWe20cst U mpy6uamozo usayiames (a), npodoabHO-K01e010ue20cs1 U

mpy6uamoezo uzayuamens (6)
Fig. 5.

Distribution of the sound pressure level in the coagulation chamber when using different types of radiators together:

flexural-oscillating and tubular radiator (a), longitudinally oscillating and tubular radiator (b)
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e Ilpu wucnonbp3oBaHWM TpPyOUATOTO M3IITydaTeNs
(puc. 6, 8) dopmupyercss peryispHas CTpPYKTypa
W3MEHEHUIl YNbTPa3BYKOBOTO TIIOJISI, IPHU ITOM
CpeIHMl ypOBEHb 3BYKOBOTO IABJIEHUS COCTABUJI
169 nb, nukoBsle 3HaueHus gocturaan 184 nb. 3a
CYeT M3THOHO-IHaMeTPaITbHBIX KOJIeOaHuH TpyOUa-
TOTO U3Iy4arTens (OpMUPYETCs KOJbLEBas CTosdast
BOJIHA C MHOXECTBOM Y3JI0B KojeOanuit (36 y3no-
BBIX 00J1acTeld) — 6 y3JIOBBIX KOJIBIIEBBIX TTOBEPXHO-
CTEl B TIONMEPEYHOM HAIPaBICHUH U 6 Y3JIOBBIX
IJIOCKOCTEN B MPOJIOJILHOM HalpaBJICHUH.

e [lpyu OXHOBpPEMEHHOM BO3JCHCTBHU TPYOUaTBIM H
HU3rHOHO-KOIEOIIOINMCS H3aydaTeasimMu (puc. 7, a)
Ha Ta3oBYyIO0 Cpelly YPOBEHb 3BYKOBOI'O JIaBJICHUS
coctaBunl 170 nb, muKoOBBIE 3HAYEHHS IAOCTUTAJIN
185 ab. Crpykrypa dopmupyemoro Y3-mods Io-
X0%a Ha CTPYKTYpY OIS IPHU BO3IEHCTBUH TOJIBKO
TpyOuaThiM usnyyaresnem. [IpogoapHOrO pesoHaHca
MPaKTUIECKH HE HAOII0aeTcsl.

e [lpu OXHOBPEMEHHOM BO3ICHCTBHUH TPYOUYATHIM U
MIPOIOJIBHO-KOIEOIIOINMCS U3 TydaTesiMu (puc. 7,
6) ypoBEHb 3BYKOBOTO JaBJIcHUs cocTaBmi 171 nb,
MUKOBBIe 3HaueHus Beimie 185 nb. SIpko BeipaxkeH
MPOJOJIBbHBIN pe3oHaHc. [Ipu aTom cTpykTypa dop-
MHUpYyeMOro Y3-TIONS CYIIECTBEHHO H3MCHUIIACK.
OnHOBpeMeHHO ¢ (OPMUPYEMOH 3a CUET U3THOHO-
JTUaMeTpalIbHBIX KoJieOaHuii TpyO4yaToro u3ydare-
T PEryJSIPHON CTPYKTYPOU TIPH JOTMOIHATETHHOM
BO3ICHCTBHU TIPOIOIEHO-KOJIEOMIOMMMUCS U3y~
qaTes MU (POPMUPYETCST KOJIbLIEBAs CTOSTYast BOJIHA,
pa3zmerneHHass B TONEPEYHOM HAIPABICHUH IIPO-
JIOJIBHOM CTOAYENd BOJHOM C MHOXECTBOM Y3JIOB
KoseOaHuit (264 y31moBbIX o0OnacTeil) — 6 y3JI0BBIX
KOJIBLIEBBIX IIOBEPXHOCTEH B IIONIEPEYHOM HAIIPAB-
neHnd U 44 y370BBIX IOBEPXHOCTEH B MPOIOIHLHOM
HaIpaBJICHUU.

JKcnepuMeHTa/IbHAsA YCTAHOBKA M U3MEPUTE/Ib-
HOe 0GopyAOBaHUE

OKclepUMeHTalIbHas YCTAaHOBKA COCTOsAJIA U3 arjo-
MEpALMOHHOM KaMepbl, BHEIIHUM KOPILyCOM KOTOPOMH
CIY’KUT TpyOUaTHIil M3ITydaTeNb. DTTO KE U3IydaTelb
WCIIONIB30BAJICSA ISl CO3/IaHUS YJIBTPAa3BYKOBOI'O BO3-
JEeWCTBHUS B pajualbHOM HampaBieHuu. s obecre-
YCHUS BO3JCUCTBHS yABTPA3BYKOBBIME KOJICOAHISIMU B
MPOJOJBHOM HampaBlIeHUH (BAONb arjioMepanyvoHHOU
KaMephbl) UCIOIh30BAJIOCH JIBA THITA M3JTydaTesIeh: Wi
B BHJE HM3THOHO-KOJIEOIIOMIErOCs AUCKA, WIIM B BHJE
IPOAOJIBHO-KONEOIoIerocs: UuianHapa. M3mydarenu
KaXJ0ro TUIA pacloyaraluch B KOJIUYECTBE JABYX
MITYK ¢ 0OOMX TOPLIOB arjIOMEepariMOHHON Kamepsl. [is
CHHXPOHM3AIMN 4acTOTHl U (a3l KoneGaHMil n3myda-
TeNed UX MHUTaHHE OCYLIECTBISUIOCH OT 3IEKTPOHHBIX
TeHEpaTOpPOB C HE3aBUCHMBIM BO30YXJICHHUEM, HUMEI0-
mMX OOMmMI 3aar0Iuil TeHepaTop U pa3felbHbIE BbI-
XOJHBIE YCUJIUTENIbHBIC KACKAbL.

BHyTpu kamepsl OBUT PACIOJIOKEH BBITCCHHUTEIb,
JHaMEeTp KOTOPOTro OBLI IMPEIBAPUTEIBLHO PACCUUTAH
Ha mpensaymemM dtamne. Jst BepupuKanuy mpoBeneH-
HBIX PAcyeTOB Pa3MepPOB BBITECHUTENS OBLIO M3TOTOB-
JCHO BOCEMb OOpA3IOB BBITECHHUTENICH C Pa3HBIMU
BHEIIHUMHU AuameTpamu oT 37 mo 58 mm, KoTOpbie
00ecneunBalOT IMHUPHHY KOJBIIEBOTO 3a30pa (pasMep
L1) B auanazone ot 31 mo 41,5 mm. ns Kaxaoro usz-
TOTOBJICHHOTO BBITECHUTENS OMNPEHCIUICS YpPOBEHB
3BYKOBOTO JaBJICHHUS B KaMEpEe U CTEICHb YKPYITHEHUS
gactun. CTENeHb YKPYIHEHUS PAacCUUTHIBANIACH Kak
OTHOIICHUE CPEeIHET0 0OBEMHO-TIOBEPXHOCTHOTO IHa-
MeTpa YaCTHI[ Ha BBIXOAE H CPEeTHEr0 OOBEMHO-
MMOBEPXHOCTHOTO JHAMETpa Ha BXOJE B KaMepy ario-
MEpaIHH.

BxonHoit matpy0ok oOecrieynBasl TaHTCHIIMATbHBIH
BBOJ U (OPMUPOBAHUE 3aKPYUYCHHOTO MOTOKA BHYTPH
arJoMepanroHHord Kamepbl. CKOPOCTh BO3IYIIHOTO
MoTOKa wu3Mepsiach aHemomeTpom Kimo LV-110.
JucniepcHple YacTUIBI BBOAWINCH B BO3IYIIHEIA IT0-
TOK TpU TOMOINM KEKIHOHHOTO JHcIiepraropa. B
Ka4decTBE [UCIIEPCHOTO MaTepHaia MCIIOIb30BaICs
IVOKCHUII KPEMHHUSI ¢ HAYaIGHBIMH pa3MepaMH YacTHIl
ot 0,5-2 mMxM Mapku Aspocun A 175. 3mepeHue pasz-
MEpPOB YaCTHUI] OCYIIECTBISUIOCH MPU TOMOIIHN JIa3ep-
HOTO M3MepHTens Malvern Spraytec. YpoBeHb 3ByKO-
BOTO JIaBJICHUS U3MEPSIICS IIyMOMEPOM-BUOPOMETPOM
Oxodwusuka-110A ¢ mukpoponom BMK-401.

06cyxk/eHue NOJIyYeHHBIX Pe3yJ/IbTaTOB

Ha mepBom 3Tame ObUIM YCTaHOBJIEHBI ONTHMAlb-
HBIC PE30HAHCHBIC PACCTOSIHUS MEXKIY H3ITydaTeIsiMu
(U1 IPOIONIBHOTO YNBTPA3BYKOBOTO BO3IACHCTBHSA) U
MEXIy TpyO4daTblM H3Iy4yaTelleM W  BBITECHHTE-
nem/oTpaxareneM (1 pagualibHOTO YIbTPa3BYKOBO-
0 BO3JIEHCTBUS) B peallbHbIX yCioBHsIX. Kputepuem
ONTUMANBHOCTH SIBJISIIOCH TOCTHXKEHHE MaKCHUMaJIbHO-
r0 ypOBHSI 3BYKOBOTO MaBICHHS MpU (HOPMHPOBAHHUU
BHYTPU KaMephl CTOSIYEN BOJIHBI C MAKCHUMAJIBHOW aM-
IUINTYOH KosebaHuil. DPpPekTHBHOCTD Mpoliecca Koa-
TYJISALOUN OICHUBANACh IO CTETICHH YKPYITHEHHS Ya-
ctutl. VccnemoBaHus TMPOBOAMIIMCEH TPH CIEIYIOLIHX
YCIIOBUSIX: CKOPOCTH ra30JUCIEPCHOTO MOTOKa — 5 M/C;
KOHIIeHTpanus — | /v’ pasMep moaaBaeMbIX 4aCTHI] —
1 mxm. ITonyueHHBIE 3aBUCUMOCTH CTEIIEHH YKpYITHE-
HUSl YaCTHIl U YPOBEHb 3BYKOBOTO JIaBJICHHUS OT JWa-
MeTpa BBITeCHUTENS (0T paccTossHust L1) ms xoaryns-
LIMOHHOM KaMephl, UCTIONB3YIOUIeH TOJIBKO TPyOUaThIi
U3JTy4daTesb, IPEeACTaBICHbI Ha pHC. 7.

AHanmM3 TONMYyYCHHBIX JaHHBIX MO3BOJIMI YCTaHO-
BHUTb, YTO MaKCHUMaJbHbIIl yPOBEHb 3BYKOBOI'O JlaBJje-
HUS W MakcuMaibHas 3()(EKTHBHOCTh KOATyJSIHU
obecrieunBaercs pu paccrossHmsx (L1) paBubix 32,5 u
40 MM, T. €. IpU YCIIOBUM YCTaHOBJICHUS CTOSUYEH BOJI-
Hbl. [Ipu pacctosnun 35-37 MM ypoBeHb 3BYKOBOT'O
JABJICHUST W OJTHOBPEMEHHO C 3THM 3((EKTUBHOCTH
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KOAaryJisiluy NajaeT 10 MUHUMAJIbHOTO 3HaueHus. Ba-
puanus aAuameTpa BBITECHUTENS U, COOTBETCTBEHHO,
TJIOMIAIU TIOTIEPEYHOT0 CEYCHUS KaMephl MPAKTHUECKU
HE BIUSJIO HAa PEXHUM TEUEHHA rasa, OJIHaKo MpuBena K
HE3HAYUTEIIBPHOMY HM3MEHEHHI0 3()()EKTHBHOCTH KOa-
ryssinad. [Ipyu 3TOM OCHOBHBIM BIIHSIOIIUM (DaKTOpOM
SIBJISIETCST BpeMsi Y 3-BO3JICHCTBUSL HA Ta30AMCIIEPCHBIN
MOTOK.
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Puc. 7. 3asucumocmu cmeneHu YKpynHeHusl OUChepCHbIX
yacmuy (kpueasi 1) u yposHs 38yk08020 0as/eHUs
(kpusas 2) om paccmosnus (L1) npu ucnoav3oea-
HUU MO/IbKO mpy64amozo usayyamest
Fig. 7. Dependences of dispersed particles coarsening

degree (curve 1) and sound pressure level (curve 2)
on distance (L1) when using tubular radiator

AHaNOTHYHBIEC UCCIICOBAHMUS OBLIN POBEICHBI IS
OTIpeNleNieHUsT ONTHMAIFHOTO PACCTOSHUSI MEXAY W3-
JyJaTessaMH JUIl KOH(UTypaIluyu KOarylsIUOHHON Ka-
MepHl C HCTOYHUKOM YJIBTPa3BYKOBBIX KoNcOaHWH B
BHJIE HW3THOHO-KOJICONIOMIETOCS JTUCKOBOTO W IMPO-
JTOJTIHO-KOJICOITIONIET0 M3myvaresei. Y cIoBusS MpoBe-
JACHHUA 3KCIICPUMCHTA 6I)IJ'[I/I AHAJIOTMYHBIMU NPEAbIAY-
UM, TIPH 3TOM PACCTOSIHAE MEXKIY H3ITydaTesiMu
u3MeHsuiock B mpenenax ot 321 mo 331,5 mm. B pe-
3yJbTaTe MCCIEAOBAHUM MOyYeHBI CICIYIONIUE 3aBU-
cuMmocTH (puc. 8).

AHaNM3 TaHHBIX MMOKa3al, 4To 3(P(PEKTUBHOCTh KOa-
TYJSALUN 3aBUCUT OT CTPYKTYpHI (opMupyemoro ¥3-
MOJSl U YPOBHS 3BYKOBOTO JaBJICHHUS. YCTaHOBIEHO,
YTO MakcHMalibHas 3()()EKTHBHOCTD KOATYIISIIIHHA 00ec-
ne4yuBaercs npu paccrossHusx 322,5 u 330 mm.

Ha crnemyromem »sTame HCCIENOBANIOCh BIHSHHE
CKOPOCTH Ta30JHCIEPCHOT0 IOTOKa Ha A(PQPEKTHB-
HOCTb KOaryJisdiiiiu IpH BBISIBJICHHBIX Ha NPEABIAYIIEM
9Tale TeOMETPHUYCCKUX IMapaMeTpax KoaryssIHOHHON
KaMephI (IuaMeTpe BBITECHUTENS) U PACCTOSHUU MEXK-
Iy W3IydaTeasiMH. DKCIIEPUMEHTAIbHBIC HCCIIeNIOBa-
HUA MPOBOJWIMCH HPU CICAYHOIIUX YCIIOBHAX: CKO-
pocTh TazoamciepcHoro noroka — ot 0,8 mo 7,4 M/c;
KOHIIGHTPAIHs — 1 T/M°; YPOBEHb 3BYKOBOTO JaBIICHHS
— 160 nb; pa3mep nmonaBaembIx yacTHIl — | MKM; Aua-
MeTp BbITecHUTENS — 40 MM; pacCcTOSIHUEC MEXITy H3ITy-
yaresieM U oTpaxkaTteseM — 322,5 MM.
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Puc. 8. 3asucumocmu cmeneHu YKpynHeHusl OUChepCHbIX
vacmuy (kpueasi 1) u yposHsl 38yK08020 0as8/1eHUs.
(kpusas 2) om paccmosinus (L) mexcdy npodonsHo-
Kosiebowumucs (a) u duckosvimu (6) uszayyame-
AIMU
Fig. 8. Dependences of dispersed particles coarsening

degree (curve 1) and the sound pressure level (curve
2) on the distance (L) between longitudinally
oscillating (a) and disk (b) radiators

B pe3ynbraTe 3KCHEPUMEHTAIBHBIX HCCIEAOBAHUN
MOJIy4eHbl 3aBUCUMOCTH CTENEHU YKPYIHEHHUS AHC-
MEPCHBIX YaCTHIl OT CKOPOCTH Ta30BOTO IOTOKA IpHU
WCIIONIB30BaHUM  M3JIyyaTesedl  paziuyHbIX  THUIIOB
(puc. 9). JIns cpaBHEHHUS MPUBEACHBI JaHHBIC O CTEIIe-
HU Koarymsiuuu 0e3 Y3-Bo3jeicTBUs. AHaNM3 TONy-
YEHHBIX JAHHBIX MOKa3ajl, YTO CKOPOCTh Ta30BOTO IO-
TOKa CYIIECTBEHHO BJIMACT Ha 3()PEeKTHBHOCTH KOAry-
nsmmu. [Ipu 3ToM cTeneHb BIUSIHUS CKOPOCTH Ha 3¢-
(PEKTHBHOCTh KOATYJSIMU 3aBUCUT OT HECKOJBKHUX
(hakTOpOB.

W3 nosyueHHBIX 3aBUCUMOCTEN CIIEYET, YTO IpU
YBEJIMUCHUH CKOPOCTH Ta30BOro MOTOKA 3((EeKTHB-
HOCTb YJNbTPa3BYKOBOH KOAryisiiuM CHIKAeTCs 3a
CUeT yMeHbllIeHus BpeMeHH Y3-BozaeiictBus. Ilpu
3TOM, HANpPOTHB, NMPU OTCYTCTBUHU Y 3-BO3/IEHCTBUS Ha
ra30JMCHEPCHBIM MOTOK YBEIUYEHHE CKOPOCTU MPUBO-
IUT K HE3HAYHTEIHHOMY BO3pacTaHUio 3((PEeKTUBHO-
CTH KOATYIISIUH BCIEACTBUE TypOyIU3aluy TOTOKA.

[Ipn wcnonb30BaHMK IMOPIIHEBOTO  H3ITydYaTes
YBEIMUYEHHUE CKOPOCTU MOTOKA MPUBOJAUT K MOHOTOH-
HOMY CHIKCHUIO 3()()eKTHBHOCTH KOAryJIsIIIUU YaCTHII.

[Ipn ncmomnb30BaHMU AWCKOBOTO H3JTydarens 3¢-
(DeKTUBHOCTH KOAT'YJISIIMH HAYMHAET PE3KO CHHXKATBCA
IpU CKOPOCTH TOTOKA OT 2,5 10 4 m/c.
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CKOPOCTH Ia30B0T0 MOTOKA, M/C

Puc. 9. 3asucumocmu cmeneHu YKpynHeHusl OUCNepCHbIX
yacmuy om ckopocmu 2a3o8020 nomoka: 1 - npo-
do/1bHO-Koe6wulicsl udayvyamens; 2 — JUCKO8bILU
usjsyyamenvs; 3 - mpyéuamvlli usjayvyamens; 4 -
mpy64yamulii+duckogblli usayvamens; 5 - mpy6ua-
mblli+npodoabHO-Ko1ebAowulicss usyyamens; 6 —
6e3 Y3-go3deticmeaus

Dependences of dispersed particles coarsening
degree on the gas flow velocity: 1 - longitudinally
oscillating radiator; 2 - disk radiator; 3 - tubular
radiator; 4 - tubular+disk radiator; 5 -
tubular+longitudinally oscillating radiator; 6 -
without ultrasonic impact

Fig. 9.

OTO CBS3aHO C paspyLICHUEM CTPYKTYpHl aKyCTH-
YECKUX MTOTOKOB, MO3BOJISIONIUX MEpEMEIIaTh YaCTUIIBI
KaK B IpeAeiax y3JOB CTOSYCH BONHBI, TAK U MEKIY
HUMH. 32 CUET aKyCTHUECKUX MOTOKOB 3(h(heKTUBHOCTh
KOaryJsIiM{ YacTHI[ BBIINIE MPU HCIOIB30BAHUM JHIC-
KOBOTO H3JTydatessi B CPaBHEHUHU ¢ 3(PPEKTUBHOCTHIO
KOaryJsiiuy, o0ecredrBacMoil MOPIIHEBBIM H3ITydyaTe-
JIeM.

[Ipu ucnonp30BaHUU TPYOUATOrO M3TyJaTENs TakK-
xKe (OpPMHpPYETCsl CTOsYasi BOJNHA C aKyCTHYECKUMHU
MIOTOKaMH, KOTOPBIE CYIIECTBEHHO MOBBIMIAIOT 3Pdek-
THBHOCTH Koarynsiuu. [lpm 3ToM 3a cueT OoJibliei
TUTOIIAAN aKyCTHIECKOTO BO3ICHCTBHS WHTEHCHBHOCTh
(opMHpyeMbIX MOTOKOB BhIIe. IloaToMy yBenudenue
CKOpPOCTH Ta30ANUCIEPCHOTO IOTOKAa B JHANa3oHE OT
3,2 10 5 M/C IPUBOJHUT K PE3KOMY CHWXKECHHUIO dPdeK-
TUBHOCTH KOATYJISLIUH.

JanpHelimye uccnepoBaHus ObUTH HAampaBJIeHbI Ha
oTIpeNieNicHHE BIUSHAS YPOBHS 3BYKOBOTO TABJICHUS Ha
3¢ peKTUBHOCTh Koarymsiuuu dactuil. Ilpu stom uc-
CIIEZIOBAaHMS IPOBOAMINCH NMPU MaKCUMAIbHON KPUTH-
4eCKOIl CKOPOCTH Ta30JUCIIEPCHOrO MOTOKA, IIPH KOTO-
poit 3 PeKTHBHOCTD KOAryNsIH OCTAETCs eIlle BBICO-
koi. Ha mpenmpimymem sTtame ObUIO BBISBICHO, YTO
MaKCHUMaJlbHasl KPUTHYECKas CKOPOCTh COCTABIIET HE
6ouree 3,2 m/c.

OKCIepUMEHTAJIbHBIC HCCIIEIOBAHUS MPOBOIIIIICE
IpU CICIYIOUINX YCJIOBUSAX: YPOBEHb 3BYKOBOTO IaB-
nennst — 140-167 nb; ckopoCTh ra30AHCIEPCHOTO IT0-
TOKa — 0T 3,2 M/c; KOHIeHTparus — 1 r/m; pasmep 1o-
JTaBaGMBIX Ha KOATyJSLHUIO YacTHIl — 1 MKM; THaMETp

1 2 3 4 5 6 7 8

BeITecHUTENS — 40 MM; pacCTOSIHHUE MEXIy M3iydare-
JeM U oTpaxkaTeneM — 322,5 MM.

B pesynbrare skcriepuMEHTANBHBIX WCCIEIOBAHUN
MOJTy4eHbl 3aBHCHUMOCTH CTEIIEHH YKPYITHEHHUS MIHC-
MEPCHBIX YacTHIl OT YPOBHS 3BYKOBOTO JIaBJICHUS,
(hopMupyeMOro pa3TuIHbIMA u3nydarensimu (puc. 10).
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Puc. 10. 3asucumocmu cmeneHu yKpynHeHusi OucnepcHbiX
yacmuy om ypoeHsl 38yk08020 das.seHusi: 1 — npo-
dobHO-Koe6A0Wulicst usyyamens; 2 — JUCKO8bIU
usayuamenv; 3 - mpy6yamvulil usaydamens;, 4 -
mpy6uamulii+duckosslil uzjayuameav; 5 - mpy6ua-
Mmulii+npo0do1bHO-K01e6.A10Wulicsl usayyament
Dependences of dispersed particles coarsening
degree on the sound pressure level: 1 - longitudinally
oscillating radiator; 2 - disk radiator; 3 - tubular
radiator; 4 - tubular+disk radiator; 5 -
tubular+longitudinally oscillating radiator

Fig. 10.

AHamM3 TIONYyYCHHBIX 3aBHCUMOCTEH IO3BOJSIET
caejaTh BBIBOJ O TOM, YTO IPpU OAWHAKOBOM YPOBHC
3BYKOBOTO [aBJICHHS HCIIOJIb30BAHHE IPOJOIBHO-
KOJIEOJTFOIErocs: u3JrydaTelisi 00eCrieYuBacT MEHBIIYIO
CTCTICHb YKPYIIHCHU, YE€M IIPpU HUCIOJIb30BaAHHUU IOHC-
KOBOTO H3TydaTens. Takas 3aBUCHMOCTh CBSI3aHa C
(hopMHpOBaHHEM aKyCTUYECKUX IIOTOKOB, KOTOPHIE
TypOyIH3UPYIOT MOTOK, YTO MPHUBOIUT K IEepeMerie-
HUIO YacTHUIl OT OJJHOW Y3JIOBOW O0JIaCTH K JIPyroi, a
TaKke oOecleunBacT IepeMelleHIe YacTHIl B Ipere-
Jax y3JIoBBIX oOmacteil. [Ipw Hcmoib30BaHUM MPO-
JOJIBHO-KOJICOIONIETOCs. U3JIydaTens YacTHLbI yaep-
JKUBAIOTCSI B Y3JIOBBIX O0OJACTSX, a WX IIepeMeIlcHHe
IIPOMCXOAUT TOJIBKO 33 CHUET TEUEHUsI Fa30BOro MOTOKA.
[Ipu cKOpOCTSIX Ta30IUCTIEPCHOTO MOTOKA OIM3KHX K
HYJI0 YacCTHIBl HE IEPEMEINAIOTCS B Y3JIOBBIX 00Ja-
CTAX M MEXIY HUMH, UTO ONPEAENseT HU3KYIO 3P deK-
TUBHOCTL KOAryJIAIIUU.

Taxke ycTaHOBIIEHO, YTO MIPU PABHOM YPOBHE 3BY-
KOBOTO JaBJIEHHUs CTENeHb YKPYIHEHHUs BBILIE MpU
03BYYMBaHHM Ta30AHUCIEPCHOrO IMOTOKA C IOMOIIBIO
TpyOuaroro m3mydarens. Jlocturaercst 3To 3a CUET TO-
o, 4TO TpyOUaTHIi M3My4aTens paboTaeT Ha M3THOHO-
IMaMeTpaJIbHOM Moje. DTO MOo3BOJseT (OpPMHUPOBATH

PETYISIPHYIO CTPYKTYPY YIABTPa3ByKOBOTO IOJS: (op-
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MHUpYeTCS AuaMeTpajibHas CcTOs4as BOJHA B MaJeHb-
KOM KOJIbLIEBOM 3a3ope (He 0osiee Tpex AJIUH BOJH),
MIPYA 3TOM COCEIHHE KOJBIIEBHIE 30HBI CTOSYECH BOIHBI
koseomorcs B mpotuBodaze. Ha rpanune stux 30H
(OPMHPYIOTCS aKyCTHUYECKHE TCUCHHS KaK BIOJb, TaK
U TIOTIEpEeK TPyOdaToro M3IydaTelns. 3a cUeT BO3HHK-
HOBEHUS OOJBIIOr0 KOIWYECTBA TaKMX 30H IPOUCXO-
UT WHTEHCH(UKAIMS TpOoIecca KOATYISAIUN YaCTHII.
Kak BumHO U3 rpadukoB, Ipu ypoBHE 3BYKOBOTO JaB-
nenus 160 1b mocturaercst cTeneHb YKPYIMHEHUS, PaB-
Has 7, a MUCKOBBIC U3TyYaTeIH IPH ITHX K€ YCIOBHUIX
00eCTIeYnBaloT CTENEeHb YKPYITHEHHS, PaBHYIO 5.

[IpoBeneHHbIe WCCIENOBAHUS ITO3BONMIN YCTaHO-
BUTH TaKXKe, YTO CYHIECTBEHHBIA POCT 3P(EKTHBHOCTH
KOaryJisiliii HauuHaeTCsl IPU YPOBHE 3BYKOBOT'O JaBiie-
Hus Gomee 150-155 nb. Cremyer OTMETHTH, YTO TIpH
MOBBIIIEHUH YPOBHS 3BYKOBOTrO AaBieHus 6oinee 160 nb
pocT 3 GEKTUBHOCTH KOAryJIsIUY 3aMETHO CHH)KAeTCsl.

Ha cnemyromem stame moiydeHa 3aBUCHMOCTD d(¢-
(PEKTHBHOCTH KOAryJISAIUH YaCTHI[ OT KOHIIEHTPALUU
JIUcnepcHbIX vacTull (puc. 11). DkcrnepruMeHTalbHbIE
HCCIIIOBAHUS TIPOBOIMIIUCH TIPH CICTYIOIIUX YCIOBH-
SIX: YpOBEHb 3BYKOBoro maBinenust — 160 nb; ckopocth
rasojCIIEPCHOr0 MoToKa — OT 3,2 m/c; KOHUEHTpa-
mms — 0,05-1,8 v ; pasMep JacTuil — 1 MKM; TuameTp
BoITecHUTENS — 40 MM; paccTosiHUE MEXOY HU3IIydare-
JIeM | oTpaxkatesieM — 322,5 MM.
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Puc. 11. 3asucumocmu cmeneHu YKpynHeHusl OUChepCHbIX
yacmuy om koHyeHmpayuu: 1 - npodosbHo-
Kosebarwulicss usayvyamens; 2 - Ouckosbvlll Uu3Jy-
yamesawv; 3 - mpybuamulii uzayvamens; 4 - mpye-
yamolli+duckogelll uzayvameasv; 5 - mpy6ua-
mblii+npo0doabHO-Ko1eba0wulicss usayvyamens; 6 -
6e3 Y3-so3deticmsus

Dependences of dispersed particles coarsening
degree on concentration: 1 - longitudinally
oscillating radiator; 2 - disk radiator; 3 - tubular
radiator; 4 - tubular+disk radiator; 5 -
tubular+longitudinally oscillating radiator; 6 -
without ultrasonic influence

Fig. 11.

PesynpTaThl 3KCHEPUMEHTAIBHBIX HCCIEIOBAHUMN
MO3BOJIMIIM YCTAHOBHUTH, YTO NMPU MaJOM KOHIEHTpa-

n, pasHoii 0,05 r/M°, IPH HCIONB30BAHMA KAK JIUC-
KOBOTO, TaK ¥ IPOJOIBHO-KOIEOIFONIErocs n3rydare-
ns1, obecrieunBaeTCs JOCTaTOYHO Hu3Kas 3(dexTus-
HOCTh KOAryJIsIIUH, CTENeHb YKPYIMHEHHS COCTaBJIAET
1,3-1,5. OnHako 3a cyeT MPUMEHEHUs TPyOYaToro u3-
JTydaTelsl P TOU K€ KOHICHTPAIIMH CTETIEHb YKPYII-
HEHHS BO3pPACTaeT 1o 2,8.

Takum 06pazoM, OBIIIO YCTAaHOBJICHO, YTO TypOYIH-
3amus TMOTOKA 33 CUYET aKyCTUYEeCKUX TEUCHHH, BO3HU-
KAIOMNX HAa TPaHHIAX KOJBIEBHIX 00JACTEH CTOSYUX
BOJIH, KOJIEONIOIUXCST B TPOTHBO(dA3e, NMPHUBOIHUT K
YBENMMYCHUIO 3PPEKTUBHOCTH Koaryisiuu. [Ipu sTom
TPyOUaThIi M3JTy4aTe) b 00ecreunBaeT OONBIIYIO MPO-
TSDKEHHOCTD  YJIBTPa3BYKOBOTO BO3IEHCTBUS B TaKUX
yCIIOBHAX (KOJIBIIEBOH 3a30p HE IPEBBIMIAET 3—5 JUTHH
BOJIH).

BenenctBue Toro, 4to WM3rmOHO-KoseOMOIIMiics
W3JTy4yaTellb HECYIIECTBEHHBIM 00pa3oM H3MEHseT
CTPYKTYPY VIIBTPa3ByKOBOTO TIIONIS, (HDOPMHPYEMOTO
TpyO4aTBIM H3ITydaTeNileM, W IPH 3TOM HEMHOTO yBE-
JMYMBAET CPEAHUH YPOBEHb 3BYKOBOTO IaBJICHHS, d(-
(DEeKTHBHOCTH KOATYILIIH HE3HAYUTEIFHO MOBHIIIACT-
csl.

OnHako NpH OJHOBPEMEHHOM BO3AEHCTBHH MPO-
JOJTHHO-KONCOMIOMMMCSL ¥ TPYOUIaThIM U3IydaTeIsIMU
Ha Ta30BYIO CpEy 3a CUET CYIIECTBEHHOTO M3MCHEHUS
CTPYKTYpBI Y3-TIOJI1 ¥ TOSBJICHHUS MHOXECTBA JIOTIOJI-
HUTENIBHBIX Y3JIOBBIX HOBEPXHOCTEH BO3HHKAET TaKKe
U MHOXECTBO aKyCTHYECKUX ITOTOKOB, WHTCHCH(HUITH-
PYIOIIUX MPOLECC B3aUMOJCHCTBUS MEXIy YacTHIA-
mu. brnaromapst 3ToMy 3((eKTHBHOCTH KOArymlsIUH
CYIIECTBEHHO Bo3pacraeT. CTeneHb YKPYNHEHHS BO3-
pactaer 10 9 (MpH KOHIEHTpanuu 1 1/M°) 1Mo cpaBHe-
HUIO C 3(Q(EKTUBHOCTBIO KOATYISIMH, PAaBHOH 7,
obecrieunBaeMol TOJIBKO TPYyOYaThIM H3JTydaTelIeM.

3akroyeHue
Hns moseimeHns 3(Q(QEeKTHUBHOCTH KOAryJsIHA B

YCTpOMCTBaX ¢ 3aKPyYCHHBIMH HOTOKaMH OBUIH TPO-

BEJICHbI TEOPETUUECKUE U IKCIICPUMEHTAIIbHbIE HCCIle-

JOBaHUsI, MO3BONMBINKE pa3paboTaTh W MPEITIOKHUTH

HCTOYHUKHU YJIBTPa3BYKOBOTO BO3JCHCTBHS TPEX TH-

TIOB.

1. Vcnonb3oBaHue B Ka4eCTBE UCTOYHHKA YIBTPA3BY-
KOBOTO BO3JIEHCTBHSA TOJBKO M3THOHO-
KOJICOMIONIMXCST M3NIydyaTenel, yCcTaHaBIMBAEMBIX
Ha TOPIIAX KOATYJISAIMOHHOW KaMepbl, oOecrevnBa-
eT (OpPMHUPOBaHHE CTPYKTYPHPOBAHHOTO IIOJNS C
MHOXCECTBOM Y3JIOBBIX HOBerHOCTCﬁ U CMCXKHO-
PACTIONIOKEHHBIX KOJEOMIOMMXCS B MPOTHBO(dA3e
obnacreil. BemexctBue TOro, 4ro 9acTh SHEPTHH
VIBTPa3BYKOBBIX KOJIEOAHUH B CMEXKHBIX 00JIACTAX,
KoJIeOIIoIuXcsi B MpOTHBOGa3e, TepseTcs Hu3-3a
B3aMMHOHN KOMITCHCAIMH, CPEJHAIN YPOBEHb 3BYKO-
BOTO JaBJICHUS, O0CCIICUMBACMBIA TAKUM H3ITyda-
TEJEeM, HE BBICOK U cocTaBisieT 162 nb. Ilpu stom
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HCTOJIb30BAaHME TOJBKO TAKOTO HM3Iydaressi obec-
MEYMBACT JIOCTATOYHO BBICOKYIO CTEIEHb YKPYITHE-
HUs AucriepcHbIxYacTuil. OOyCIoBICHO 3TO (op-
MHUpPOBAaHUEM aKyCTHYECKUX TOTOKOB, IO3BOJISIO-
IIMX MepeMenIaTh YacTUIBI MEXKIY Y3JIOBBIMH 00-
JIACTSIMH, WHTCHCU(UITUPYS TPOIIECC 00heTUHCHUS
YaCTHUL.

nebironmxcs B MpoTuBodase, obecreyeHo hopMu-
pOBaHKE 30H, B KOTOPBIX MHHIHHUPYIOTCS aKyCTH-
YeCKUE TEUEHHsI, O3BOJISIIOIINE epeMellaThCs Ya-
CTUIIAM MEXJIy Y3JIOBBIMH OOJNACTAMH M 00ecredH-
BaIOIIME JIOTIOHUTEIBFHOE B3aMMOICHCTBUE MEXITY
yactuuamu. CoueTaHue IOCTUTHYTHIX BBICOKHX
yYpOBHEW 3BYKOBOTO [aBiieHUss U (HOPMHUpPOBaHHE
AKYCTHYECKHX TCUCHHII 00ECIEUHIO MOBBILICHHYIO
3(h(HEeKTUBHOCTh KOATYJISIHMH, B CPaBHEHUU C 3-
obecrieunBacMoit

. CoBMecTHOE C OCHOBHBIM TPYOUYaTHIM H3ITydaTelIeM

BO3EICTBHE
KOJICOJIOIIUMUCS M3IyJaTeNIIMA Ha Ta30.uCIiepC-
HBI TOTOK MOBBICHIO 3(P(HEKTHBHOCTH KOATYIIs-
ouH. YCTaHOBIICHO, YTO JOMOJTHHUTENBHOE BO3/ACH-
CTBHE MPOJOJIBEHO-KOJIEOMOMNMCS  H3JTydaTesem
CYIIECTBEHHO MOIU(DUIUPYET CTPYKTYPY YAbTpa-
3BYKOBOTO 10151, (POPMHUPYEMOTO TPYOUATHIM H3ITY-
gareneM. DTO 00ECIIeUNBACT YBEIUUYCHUE KOJIMIe-
CcTBa (OPMHUPYEMBIX Y3JIOBBIX IOBEPXHOCTCH W
CPEIHEro ypOBHS 3BYKOBOTO IaBJICHHUS, YTO MO3BO-
JSIeT CYIIECTBEHHO TOBBICHTH 3(PPEKTHBHOCTH KOa-

MPOJIOJIEHO-

. Ilomydennsie pe3ynbTarsl Y3-KOAryJsiuu IpH I10-

MOIIM MPEUTOKEHHBIX M Pa3pabOTaHHBIX YIBTpa-
3BYKOBBIX H3JIydaTeleld paziMyHOTO THUIA IO3BO-
JSIFOT PEKOMEHJI0BaTh MX A NMPaKTHYECKOro HC-
MOJIb30BAaHUS B CO3[aBAEMbIX COBPEMEHHBIX CUCTE-
MaxX OYMCTKH OT 0CO0O OMACHBIX YaCTHIBI pa3Me-

2. Hcnonp3oBaHue TOJIBKO IIPOJAOJIBHO-
KOJICOIOIUXCA M3TTydaTele W BO3JECHCTBHE HMU
Ha Ta30JUCIICPCHBIN MOTOK (POPMHUPYET ILIOCKYIO (beKTUBHOCTBIO  KOAryJISIUH,
CTOSYYI0 BOJIHY C 44 y370BBIMH TIOBEPXHOCTSIMHU TOPLEBBIMU U3JIYy4aTEISIMU.
napajuleJIbHBIMA U3J1y4aTeisiM, IIPU 3TOM YPOBEHb
3BYKOBOTO JABJIEHHUSI NOcTHraercs Bbime 165 nb. OIIOJTHUTEIILHOE
dopMupoBaHUE TAaKOW CTPYKTyphl Y3-moss obec-
MeYMBACT yACPKaHUE YaCTHUI] B Y3JIOBBIX OOJNACTSX.
OnmHako mepeMenieHne MeXAy HUMH OCYIIECTBIIS-
€TCA TOJBKO B OJHOM HAIPABJIEHUU 32 CUET BO3-
IEWCTBUSI Ha 4YaCcTHUIBI IOTOKa rasza. Bzammonein-
CTBHE MEXIY YaCTHIIAMH 00ECIICUNBACTCS TOJIBKO B
Mpenenax y3JIOBBIX 00JacTel, COOTBETCTBEHHO,
3¢ (HeKTUBHOCT KOAryJISIIMH HEBBICOKA.
3. B kadecTBe OCHOBHOI'O MCTOYHHUKA YJIHTPAa3BYKOBO-
T0 BO3JIEHUCTBUSA IS CO3JaHHONW KOHCTPYKIIMH KOa-
TYJSIMOHHON Kamepbl Hauboliee 3PQPeKTHBHO HC- TYJISIIUU YaCTHULL.
II0JIb30BAaHUE  IIPOTSHKEHHOIO  YJIBTPa3BYKOBOI'O
TpyOdYaTOro M3iydarens, paOdoOTaromero Ha W3rHo-
HO-ZIMaMETpalIbHOW MoJie KolebaHuih u GopMupy-
IOLIEr0 KOJBLEBYIO CTOSYYH BOJHY C YPOBHEM
3ByKOBOrO AaBienus 162—165 nb. Ilpu atom Takoi
H3JIy4yaTenab SBIAETCS OAHOBPEMEHHO BHEIIHUM
KOpPITyCOM KaMephl. 3a CYeT HaJH4YUsl COCEHHUX pamu 2,5 MKM U MEHee.
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