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AHHOTanusa. AKmya/1ibHocCms vicciae0BaHUs 00yCJI0BJIeHa OCTPOA HEO06X0UMOCThIO JMKBUAAIUK 3arpsi3HEHUN OKpYKa-
I0Ile cpe/ibl MPOMBIIJIEHHBIMU BbIGPOCAMHU PA3/IMYHBIX TBEP/bIX YacTUL. [Ipy 3TOM MakcUMa/bHOE BHUMaHUeE y/eseTCs
OYHCTKE OTXOJALIMX ra30B OT YacTHI, pa3MepoM 2,5 MKM 1 MeHee. OJHUM U3 HauboJiee NepCcrneKTUBHBIX CIOCO6O0B MOBbILIe-
HUs 3G PEeKTUBHOCTH CYIIEeCTBYIOLIEr0 Ta3004HMCTHOTO 060PY/I0BaHUS MPH Y/IaBJIMBAaHUY TaKUX YACTHI SIBJSETCS UX Koary-
JIAIMUS 32 CYET BO3JeMCTBHUS Ha ra30BbIM MOTOK BbICOKOMHTEHCHBHBIMH aKyCTUYECKUMH KOJIeGAHUAMH YJIbTPa3BYKOBOH
yacToThl. OJJHaKO MPHU HU3KOH KOHIEHTPALUH, Aa’Ke IPH MaKCHMaJbHO JOMyCTUMOM YPOBHE 3BYKOBOTO JaBJIeHUs, 3P deK-
TUBHOCTb KOAryJsIU{ 4YacTHL pa3MepoM MeHee 2,5 MKM HeJOCTAaTO4YHA JJIsl YBeJUYEHUs CTelleHU yJaBJHWBaHHs raso-
OYHCTHOTO 060pyoBaHus. [103TOMYy CylLiecTByeT HacTOsITeJbHAasA HEOOXOAUMOCTDb IIOMCKA HOBBIX NMyTeH AabHEHIIero mno-
BbILIeHUsT 9 PEKTUBHOCTH YJIbTPA3BYKOBOM KOAryJsliMy 4YacTUL, pa3MepoM MeHee 2,5 MkM. IJesb: onpeiesieHre YCI0BUN
bopMHUPOBaHUST BUXPEBBIX NOTOKOB B YJIbTPAa3BYKOBBIX MOJISIX C MAKCUMAJIbHBIM 110 YPOBHIO 3BYKOBOT'O JIaBJIEHUs YJIbTpa-
3BYKOBBIM BO3/IeHICTBHEM; IPOBE/IEHNE CPABHUTEJIbHBIX UCCIeL0BAaHUIN MpoLiecca KOAryJisiuy 4acTHl] C pa3MepoM 2,5 MKM
IPHU HAJTMYUY BUXPEBBIX IOTOKOB U 6€3 HUX. ITO NO3BOJIUT ONPEJEUTb peasbHble 3HaYeHH s MOBbILIeHUs 3G PeKTUBHOCTH
Y3-koaryJssiuu npu TypOyJu3alyy ra3oJUCcIepcHOro MNOTOKA aKyCTUYeCKHMU TeYEeHUsMU B CPAaBHEHUH C KoaryJsiluei B
paBHOMepHOM Y3-moJsie U 6e3 Hero. 066eKmbl: TPOLEeCC KOAryJsLUK YacTHI] M0/, BO3eHCTBUEM O/JIHOPO/HOI0 U HEOJ[HO-
POJIHOTO YJIbTPa3BYKOBBIX HoJsield. Memodsl: KoMnbioTepHOE MOo/ieIMpoBaHue pOPMHUPYEMOT0 YIbTPa3ByKOBOIO MOJISI Me-
TO/JIOM KOHEUHBIX 3JIEMEHTOB C MOMOLIbI0 TApPMOHUYECKOT0 aKYCTUYECKOT0 aHaM3a. MoieiipoBaHue U pa3paboTKa AUCKO-
BBIX U3JIydaTesield MeTO/I0M KOHEYHBIX 3JIEMEHTOB B MOJIaJIbHOM aHasn3e. PaccMaTpuBaeTcs 3KCIepUMeHTaJbHBIM MeTO/
HCCleJOBaHMs Npoliecca 00'beJUHEHUs YacTHI] 110/] BO3/IeHCTBHEM yIbTPa3ByKOBbIX KoJiebaHUM. [y onpejesieHrs Xapak-
TEPUCTHK a3p030Jis IPU NMPOBEJEHUU IKCIIEPUMEHTAIbHbBIX UCCIe0BaHUHN HcIob30BaH uaMepurtensb THUITAC-1, ocHOBaH-
HBbIH Ha METOJie MaJIOYTJIOBOTO PACCesTHUSI U MeTO/le CIEKTPabHOM MPo3padyHoCTH. Pe3y1bmamel. [lpe/icTaBieHbl pe3yib-
TaThbl UCCJIEJOBAHUM IpoLiecca KoaryJ/siiuy YacTUI, pa3MepoM 2,5 MKM U MeHee B YJIbTPAa3ByKOBOM 10Jie, GOPMUPYEMOM B
pe30HAHCHBIX MPOMEXYTKaX KOJIEeOJI0MIUMHCH AUCKOBBIMU H3JIyvaTeasMu. [IpeasioxkeH HOBBIM MyTh MOBbILIEHUS 3ddek-
TUBHOCTH KOAryJIsiliM{ B pe30HAHCHBIX IPOMEXYTKaX 3a CYeT IPUMeHeHHs yIbTPAa3ByKOBbIX JUCKOBBIX U3JIydaTeJel, crio-
COOGHBIX GOPMUPOBATH B PE30HAHCHBIX MPOMEXKYTKAX YepeAyIoliecs: 30Hbl MAKCUMaIbHbIX U MUHUMaJ/IbHBIX 110 aMIJIUTY /e
KoJsiebaHuH. Co3/laHMe TaKUX 30H o6ecnedynsio GOpMHUpPOBAHUE AKyCTUYECKHUX TeYeHUH BUXPEBOTO THUIA, CIOCOGHBIX Mepe-
MeLaTh YacTHULbl B MpeJiesiaxX y3J0BbIX 06J1acTell cTOosTYel BOJIHBI U MeXJy HUMU. BoBiedueHue B popMUpyeMble TEYEHUS
MEJIKMUX YaCTHUI] MO3BOJIMJIO MOBBICUTb BEPOSITHOCTb WX CTOJIKHOBEHUS. YCTaHOBJIEHO, 4TO 6Gosiee 3dpdekTuBHasA Y3-
KOaryJisiiiusi o6ecrieYMBaeT MOBbILIEHWE CTEIEHN MHEPIIMOHHOTO yJIaBJAMBaHUs [/ YacTHUL pa3MepoM 2,5 MKM Ha 6 % - oT
89 10 95 %, nsis yactuy pazmepom 1,5 Mmkm Ha 7 % - ot 85 10 92 %, a fia yactuy pazmepom 0,5 MkM Ha 9 % - ot 76 10 85 %.
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Abstract. Relevance. The urgent need to eliminate environmental pollution from industrial emissions of various solid
particles. At the same time, maximum attention is paid to cleaning exhaust gases from particles of 2.5 microns in size or less.
One of the most promising ways to increase the efficiency of existing gas purification equipment in capturing such particles is
their coagulation by exposing the gas flow to high-intensity acoustic vibrations of ultrasonic frequency. However, at low
concentrations, even at the maximum permissible sound pressure level, the coagulation efficiency of particles smaller than
2.5 microns is insufficient to increase the recovery rate of gas cleaning equipment. Therefore, there is an urgent need to find
new ways to further improve the efficiency of ultrasonic coagulation of particles smaller than 2.5 pm. Aim. To determine the
conditions for the formation of vortex flows in ultrasonic fields with the maximum ultrasonic influence in terms of sound
pressure level. Conducting comparative studies of the coagulation of particles with a size of 2.5 microns with and without
vortex flows. This will make it possible to determine the real values of increasing the efficiency of ultrasonic coagulation
during turbulization of a gas-dispersed flow by acoustic flows in comparison with coagulation in a uniform ultrasonic field
and without it. Objects. Coagulation of particles under the influence of homogeneous and inhomogeneous ultrasonic fields.
Methods. Computer modeling of the formed ultrasonic field by the finite element method using harmonic acoustic analysis.
The paper considers the experimental method for studying the process of combining particles under the influence of
ultrasonic vibrations. To determine the characteristics of an aerosol during experimental studies, a TIPAS-1 meter based on
the small-angle scattering method and the spectral transparency method was used. Results. The paper introduces the results
of studies of coagulation of particles with a size of 2.5 microns or less in an ultrasonic field formed in resonant gaps by
oscillating disk emitters. The authors proposed to increase the efficiency of coagulation in resonant gaps through the use of
ultrasonic disk emitters capable of forming alternating zones of maximum and minimum amplitude oscillations in the
resonant gaps. The creation of such zones ensured the formation of vortex-type acoustic flows capable of moving particles
within the nodal regions of a standing wave and between them. The involvement of small particles in the formed flows made
it possible to increase the probability of their collision. It was established that more effective ultrasonic coagulation provides
an increase in the degree of inertial capture for particles of 2.5 microns in size by 6% - from 89 to 95%, for particles of
1.5 microns in size by 7% - from 85 to 92%, and for particles of 0.5 microns by 9% - from 76 to 85%.
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BBegeHue et (6omee 95 % OT cymMMapHOW KOHIIEHTpAIM{ Ya-

[Mpu moObrue, mepepaboTke U CKHUTAHUH TEOPECcyp-
COB B aTMOC(epy BbIOpachIBacTCs OOJBIIOE KOJIUIECTBO
OTACHBIX 3arpsI3HCHUN B BHJE IBUIM, CAXKU U TBEPIBIX
YaCTHUI] Pa3IMYHOTO MIPOUCXOXKIEHUS. B cBs3u ¢ aTUM
OJTHOM W3 MIOOATBHBIX MPOOJIEM YEIOBEUECTBA SIBIISCTCS
HEOOXOMUMOCTh JIMKBHIAIINN 3arpSI3HCHUN OKpPYKaro-
el cpeqbl IPOMBIIIICHHBIMU BBIOPOCAME Pa3THYHBIX
TBepAbIX YacTuil. [Ipu 3TOM MakcHMMalbHOE BHHMAaHHE
YICISIETCS] OUMCTKE OTXOIAIINX Ta30B OT YaCTHIl pa3Me-
poM 2,5 MKM U MEHee, KOTOpbIE TPH MajOoM MacCOBOM
COJICpKaHuK O0JIaal0T BBHICOKOW CUCTHOM KOHIIEHTpa-

ctur; B armocdepe) [1-4]. IIpu 3TOM YacTHIBI CTOIH
MAaJIOro pasMepa JIIUTEIBHOS BPEMs YICPKUBAIOTCS B
BO3JIyX€ U JIETKO MPOHUKAIOT Yepe3 aTbBEOJbI JITKUX B
KpOBb YEJIOBEKa, BbI3bIBas OnacHbie 3aboneBaHus. Pas-
paboTaHHOE W MPUMEHSIEMOE B HACTOSIIEE BPEMsI Ta30-
OYHCTHOE 000PYIOBAHUE MPAKTHICCKH HETIPUTOTHO LTS
OYKCTKH MPOMBIIUICHHBIX BBIOPOCOB OT YaCTHI[ TaKOTO
pa3mepa [5-8].

OnmHuM W3 HamboJiee MEPCIEKTUBHBIX CIOCOOOB
MOBBIICHUS A(PPEKTUBHOCTH CYIIECTBYIONIETO Ta30-
OYKMCTHOTO O0OpY/MOBaHHS IPH YJIABIUBAHUH TaKUX
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YacTHUI| SIBJISIETCS BO3JCHCTBUE Ha Ta30BbIM MOTOK C

MEJKUMH YacCTHIIAMH BBICOKOMHTEHCUBHBIMHU aKyCTH-

YECKUMH KOJIeOaHUsAMHU yabTpa3BykoBou (Y3) wacro-

Thl. Takoe Bo3AeHCTBHE BIUIOTH 10 YPOBHEH 3BYKOBOTO

nasyieHus B 160....170 nb (1o pa3pyleHus yKpynHEH-

HBIX YaCTHUII) MTO3BOJSIET OOBETMHNUTH MEITKUE YACTUIIHI

JUTs UIX TToclieaytoniero yaaneHus [9—12], apdextuBHO

petast mpoGieMy yJaleHHs YacTHUI], UMEIOIIUX pa3Me-

psI Ooniee 2,5 MkM. OJTHAKO, KaK IMOKa3aIl pe3yJIbTaThl

WCCIIEIOBAaHNN pa3nmuyHbIX aBTopoB [9, 11, 13, 14]

yIABTPA3BYKOBasl KOArymsuusi, oOecreuuBas 3HAUYU-

TeNbHOE yBenmdeHne dpQpexTuBHOCTH (10 99 %) mpu

yIOAICHUH YacTUIl pasMepoM Ooiee 2,5 MKM, Tepser

CBOM TPEUMYIIECTBA MPU OOBEIUHEHUU YACTHIL pa3-

MEpOM MEHee 2,5 MKM Ul UX MOCHIEAYIOIEero yaane-

Hus [ 13-15].

IIpoBeneHHbI pa3Iu4YHBIMU aBTOPAaMU aHAJIU3 Me-
XaHU3MOB Y 3-KOoaryisanuu (THIPOAMHAMUYECKOTO W
opTokMHeTH4YecKoro) [16, 17] mo3Boiaua ycTaHOBUTE,
9T0 AP PEKT, TOCTUTACMBI 32 CUET SBICHUH IIepeHOCca
UMITyJIbCa Ta30BOH (ha3bl MEKIY YACTUIIAMHU U 3a CUET
KOJIeOATeNBHBIX JBIDKCHUN TBEPABIX YACTHIl IPYT OT-
HOCHUTEJIBHO APYTa, CYIMICCTBEHHO CHIDKAETCS TI0 CJe-
JYIOIINM TIPUYHHAM:
® HCIOJB30BaHHE TOCTATOYHO HHU3KOU YaCTOTHI YiIb-

Tpa3BYKOBOTO Bo3nelicTBus (Menee 22 kl'1) B paB-

HOW CTETNCHU BOBJICKACT B KOJIEOATEIBHOE JBIIKE-

HUE BCE YaCTUIIbl Pa3MEPOM MeHee 2,5 MKM, 4TO He

CIOCOOCTBYET UX COYIAPCHUSIM U 00BCIUHCHUIO;

e OTCYTCTBHE B3aUMOACUCTBHUSA (COYyHApEHUI) MEXKIy
YacTUIIAMU TIPH peaM3allii pPeXUMa CTOSTYeH BOJI-
HBI MIPUBOIUT K YACPKUBAHUIO YK€ YKPYITHEHHBIX
YaCTHIl YIbTPAa3BYKOBBIM MOJEM B Y3JIOBBIX 00JIa-
CTSIX ¥ 0€3 HaIM4US JAOTIOJHUTEIFHOTO IOTOKA rasa
He 00ecIeunBacTCsl IPUCOSTUHEHUE K HIM HOBBIX
MEJIKAX YaCTHII.

[To >TUM mpUYMHAM HU3Kas BEPOSTHOCTH CTOJIKHO-
BEHHSI YaCTHUI], OCOOCHHO IPU MAJIIX KOHIICHTPAIUIX
(OOMBIINX PACCTOSHUSIX MEXKITY YaCTHIIAMH ), IIPHBOIUT
K TOMY, YTO AK€ MPH MaKCUMAaIbHO JOIYCTHMOM
YpPOBHE 3BYKOBOTO JIaBJICHUS (IO pa3pymIieHust oopaso-
BaBIIIMXCsI arjiOMepaToB) MOBbIIICHHE d(PHEKTHBHOCTH
KOAaryJsiiuu 4acTHUIl pa3MEpOM MeHee 2,5 MKM 3a cueT
YIIbTPa3BYKOBBIX KOJIEOAHUI CTAHOBUTCS MPAKTUICCKU
HEBO3MOXHBIM [ 18].

CymiecTByeT HACTOSTEIbHAS HEOOXOIUMOCTH TIO-
WCKa HOBBIX ITyTeH NaJbHEUIIEro MOBBIIICHHUS P dek-
TUBHOCTH Y3-KOaryJsiiiu 4acTUI] pa3MepoM MeHee
2,5 MKM.

[Tonnmanue peaabHBIX MEXaHU3MOB Y 3-KOaryJisiiuu
MO3BOJISIET MPEANOI0KHUTh, YTO MPU HEBO3MOKHOCTHU
JIaNIbHEHIIEr0 YBEJIMYEHHUs YPOBHS 3BYKOBOTO JlaBJjie-
HUS (BETMYMHBI MPSIMOTO BO3JACHCTBHUS Ha YACTHIIBI)
MIOBBIIICHUE BEPOSTHOCTH CTOJIKHOBEHHUS! MEJKHUX 4a-
CTHUIl MOXXHO O0€CIeUMTh 3a CHET MPHUIAHUS UM J0-
MOJTHUTENFHBIX TEPEMEIICHUH, CIOCOOCTBYIONIMX HX

CTOJIKHOBEHHIO W 00benuHeHHnto. OOecrneynTh Takoe
JIOTIOJTHUTEJIBHOE BO3JICHCTBHE HA MEJIKME YacCTHUIIbI B
YIIBTPa3ByKOBOM IT0JI€ MOKHO TOJIBKO 3a CYET HUCIOIb-
30BaHUSl BTOPUYHBIX A((HEKTOB, BO3HUKAIOIIMX MPU
OTIpEICTICHHBIX YCIOBUAX (HOPMHUPOBAHHS BHICOKOMH-
TEHCUBHOT'O yJIbTPA3BYKOBOTO BO3/ICHCTBUSI.

OfHMM W3 TaKWX BTOPHYHBIX HMHTECHCH(DHIIUPYIO-
mux 3(h(}EKToB ABISETCS TaK HA3bIBAEMBIM «yIbTpa-
3BYKOBOH BeTep». OJHAKO MPHU peaiu3aliui yibTpa-
3BYKOBOTO BO3JICHCTBHS B OTKPBITOM IIPOCTPAHCTBE
WM TPOTSHKEHHOM Ta3oxojie GopMUpYyEeMOe paualiu-
OHHOC JIaBJICHHEC ITO3BOJISICT IEepeMeNaTh YaCTHIIBI
TOJIGKO B OJIHOM HampaBiIcHWU 03 CYIIeCTBEHHOIO
yBenu4eHus: 3P(HEKTUBHOCTH B3aUMOJICHCTBUS YaCTHUIL
Mexy coboit [19, 20].

[To 3Toii mpuuuHe 1)1 yBeaudeHus 3G PeKTHBHOCTH
B3aUMOJICUCTBUS MEJIKHUX YaCTHI[ B MAKCUMAJILHOM I10
YPOBHIO 3BYKOBOTO JaBJICHUS YIbTPa3BYKOBOM IIOJIE
HEO0OX0MMO C(OPMHUPOBATH JBWKEHUE YACTHIl B pa3-
JIMYHBIX HAIPaBICHUSIX, YTOOBI OCYIIECTBIISUIOCH HX
B3aMMHOE MTePEMEIICHUE U B3aMMOICHCTBHE.

Kpome Toro, i CymecTBEHHOTO yBEITHYCHUS d(-
(heKTUBHOCTH OOBEAMHEHUS YaCTHUI], OCOOCHHO TIPH UX
MaJoi KOHIIGHTpAlluK, HEoOXOIuMO o00ecrevynBaTh
MOBBINICHUE KOHIICHTPAIMN YaCTHUI] B OINPEICICHHBIX
obOnacTax myreM ux nepemernenus [9, 11, 13, 21] 3a
c4yeT (OPMHPOBAHUS TMOTOKOB BHXPEBOTO XapakTepa,
MTOCKOJIbKY TOJIBKO BHXPEBbIE TIOTOKH TO3BOJIST YBe-
JIUYATH SPPEKTUBHOCTh B3aUMOJICHCTBHS (00BEeIHE-
HUS1) YaCTHIIL 32 CUET JICHCTBHS CIECIYIOIMUX (DaKTOPOB:
e YBEJIMYCHHUS] CKOPOCTH B3aWMHOTO TIEPEMEICHHS

YaCTHUI[ Pa3TUYHBIX Pa3MEPOB;

e YBEJIHMYCHUS BPEMEHHU B3aWMOJICHCTBHSI YACTHII 32
cYeT UX yJep)KaHUs B BUXPEBBIX 00JIACTSIX;

e (opMHUpPOBaAHHS 30H C TOBBINICHHONW KOHIICHTPAIIH-
el yacTHiL.

[ToaToMy mnpencTaBicHHBIC najiee HCCICIOBAHUS
HaIpaBJCHbl Ha BBISBJICHUE YCIOBHUH (HOPMHUPOBAHUS
BHUXPEBBIX MOTOKOB B YJbTPA3BYKOBBIX IMOJIIX C MakK-
CUMaJIbHBIM II0 YPOBHIO 3BYKOBOTO JaBlieHUs Y 3-
BoznelictBueM. [IpoBeieHre CpaBHUTEIBLHBIX HCCIE0-
BaHWM mporiecca KOAryJislUd 4YacTHI] C pPa3MepoM
2,5 MKM TIpH HAJIWYHHM BUXPEBBIX MOTOKOB M 0€3 HHUX
T03BOJIUT ONPE/ICIIUTh PEabHbIC 3HAYEHUS TTOBBIIIIE-
HUS YQPEKTHBHOCTH Y 3-KoaryJsiiuu 1pHu TypOynu3a-
MU Ta30JIUCTIEPCHOTO TIOTOKA aKyCTHUECKUMHU Tede-
HUSMHU B CPaBHEHHH C KOaryJsiuedl B paBHOMEPHOM
VY3-none u 6e3 Hero.

JKcnepuMeHTa/IbHasl yCTAaHOBKa
OnucaHue cmeHda 0151 UCC/1e008AHUSA KOA2yASYyuu
8bICOK0AUCNEPCHBIX Yacmuy

Jnst m3ydeHHsi mpouecca KoaryJsiiuu 4YacTHI] C
pasMepoM 2,5 MKM U IPOBEIEHUSI CPAaBHUTEIbHBIX HC-
CJICIOBAaHUH TP HAIMYMHM BUXPEBBIX NOTOKOB U 0€3
HMX OBLI HCIIONB30BaH CTEHJ Ha 0a3e Tra3004HMCTH-
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TEJIBHOTO 000pYIOBaHMUS, pealnu3yroniero Y3 Koarys-
U0 U MOCIEIYIOIIee YIaBIMBaHUE YKPYITHCHHBIX Ya-
CTHII.

CTeHII COCTOMT W3 KOAryJIsAIUOHHOH KaMepsbl
(puc. 1) 1 mocnenoBaTeIbHO YCTAHOBICHHOTO LIUKIIO-
Ha, OcCHOBaHHOTO Ha KoHcTpyknmmun BHUNOI'A3
H-15 ¢ mpousBoauTensHOCTHIO 10 M /aac. OT1BOIHON
naTpyOOK IIMKIIOHA COCJIMHEH C BEHTYCTaHOBKOM.
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Cxema Y3 koazyssyuoHHol kamepwvl: 1 - Y3 Kose-
6amesavHas cucmema (Y3KC); 2 - nbezonpeobpaso-
samesv; 3 - KOHYeHmMpamop; 4 - Juckogwlli us/y-
yamesv; 5 - ompasxcamensv; 6 - 8xo0HOU hampy6ok;
7 - 3aeps3HeHHbll 2a3; 8 - omxodawull easoduc-
nepcHulll nomok (K yukaowy);, 9 - obwseduHeHHbvle
yacmuybl; 10 - 8bixodHble nampy6ku; 11 - pacnpe-
desenHue amnaumyod; 12 - euxpegble meveHUs;
13 - kopnyc; 14 - aaHey usaywamens; A — dauHa
B0/IHbl U32UGHbIX KO/1eb6aHull, Ac¢ - paccmosiHue
Medxcdy usayyamesem u ompaxcamesiem

Schematic diagram of the ultrasonic agglomeration
chamber: 1 - ultrasonic vibrating system; 2 - piezoe-
lectric transducer; 3 - concentrator; 4 - disk radia-
tor; 5 - reflector; 6 - inlet tube; 7 - polluted gas;
8 - outgoing gas-dispersion flow (to cyclone);
9 - aggregated particles; 10 - outlet tubes; 11 - am-
plitude distribution; 12 - vortex flows; 13 - housing;
14 - radiator flange; A - flexural vibration wave-
length; Ac - distance between radiator and reflector

Fig. 1.

PaszpaboTtanHas u M3rOTOBJICHHAS KOATYJISIIMOHHAS
kamepa creHna ([Taterr PD Ne 2759506) mpuromna
JUTSL peau3alii pa3HooOpa3HbIX YCIOBUHM U PEeKUMOB
BO3JIENCTBHS BLICOKOMHTEHCUBHLIMU Y 3-KOaeOaHusIMHU
3a CYET WCIOJIb30BAHUS PA3IMYHBIX THIOB YIbTpa-
3BYKOBBIX M3Jy4aTellel, a TakkKe 3a CUET BO3MOXKHO-
CTH PE30HAHCHOTO YCWJIEHHSI KOJeOaHUW IMyTeM Hu3-
MEHEHHUS PACCTOSHUAS MEXKIy MU3IIydaTeseM U OTpaxa-
Tenem [21].

B kauectBe McTOuHMKa Y3-BO3ACHUCTBUS B KOary-
JSIUMOHHOW Kamepe ucnoib3oBanbl ase Y3KC — 1 ¢
JINCKOBBIMHU HW3ITy4daTesIMU — 4 MBYX pa3IUYHbIX TH-
OB, CO3/AIONINEe HEPABHOMEPHOE WM PaBHOMEPHOE

pacnpenenenue koneOaHwii uis Y3 BO3IeHcTBHA ¢

(dbopMupoBaHHEM TOTOKOB u 0e3 Hux. Hampotus awmc-

KOBOTO H3JIyJaTelNsl yCTAaHOBJIEH OTpaXkaTtelnb — 5 ¢

pPa3MEIICHHBIM 10 IIEHTPY BXOIHBIM MAaTPyOKOM — 6.
[Iporecc oObeaMHEHHS YACTHUI] B KOATYJISIIIUOHHASI

KaMepe OCYIIECTBILIETCS CleayomuM odpa3zomM. ['azo-

BBIH MMOTOK IOCTYIAeT B MAaTpyOOK — 6, YCTaHOBJICH-

HBIH B LIeHTpe oTpaxkaTens — 5. Ilocie aToro rasomuc-

MEPCHBIN TTOTOK PAaBHOMEPHO pPACIpPOCTPAHSICTCS OT

LEHTPaIBHOM o0acTu k nepudepuun. B mporecce pac-

INPOCTPAaHEHHS Ha  IOTOK  BO3ACHCTBYIOT  Y3-

KojeOaHus, KOTOpble (OPMUPYIOTCS MEXKIY TOBEpX-

HOCTSIMU u3ny4atens — 4 u otpaxkarens — 5. BreiBene-

HHUE TIOTOKA — § Ta3a M YKPYIHEHHBIX 4acTuIl] — 9 ocy-

HIeCTBIIsETCA uepe3 narpyoxu — 10.

KoHcTpyKIms KoarysImHOHHOW KaMephl TI03BOJISET
MO3UITUOHUPOBATH IO BBICOTC OTPAXKATCIIb JIA TOYHOMU
HACTPOMKHM PE30HAHCHOTO pekuMa (pexuma CTosden
BOJIHBI B Tra30Boil cpene). Korma paccrosHEe MEKITY
U3IydaTeNieM M OTpakareneM obecrednBaeT (opMu-
poBaHue cTosTueH BOJIHBI, HNPOUCXOAUT YBCINYCHHUC
S PEKTHBHOCTH BO3ACHCTBUS 3a CUYET MOBBIMICHUS
YPOBHS 3BYKOBOTO JaBJICHUSL.

Crenp U1sl IPOBEICHUS UCCIIENOBaHMA ObLT YKOM-
IUIEKTOBAH U3MEPUTEIBHBIM U BCIIOMOTATEIBHBIM 000-
pynoBanueM. [t I3MEpEeHUsI OCHOBHOTO IapameTpa —
YPOBHS 3BYKOBOTO JIaBJICHUS — OBIJI MCIIOJIB30BAH IIy-
Momep Dkodusuka-110A. st usmepeHus napaMmeTpon
(opMHPYEMBIX YaCTHI[ OBLI MCIONTB30BAH U3MEPUTEIH
JUCIEPCHBIX XapakTepucTuk asposossa TUITAC-1, ko-
TOPBIA COCTOUT U3 ABYX OJIOKOB:

1) peanm3yeT ONTHYECCKHI METOA MaJOyIrIIOBOTO pac-
cenBaHUs (IIEpeAaTInK, IPUEMHUK) W MpeIHAa3Ha-
YCH 11 U3MCPCHUS pasMEpPOB HaCTUILl MUKPOHHOI'O
a’p030J1s ¥ KOHLEHTpaluu B auanazoHe 1-100 mxm
u 0,009-8,0 /m’;

2) peamu3yeT ONTHYCCKUN METOM CIEKTPaJLHOM Ipo-
3pavyHOCTH (MIEpelaTINK M TPHEMHHK) W TpeIHA-
3HAYCH ISl M3MEPCHUS pa3MepOB YaCTHUI] CyOMHUK-
POHHOTO a3p030JIs1 M KOHIIEHTpPAIlMU B AMANa30HE
0,1-2 Mxm 1 0,009-8,0 T/nr’.

OTO0p MPOO OCYIIECTBISIICS HA BXOJIHOM MaTpyoOKe
KOaryJsIIMOHHOW KaMephl M HA BBIXOAHOM IaTpyOKe
mukioHa. [lofaya TUCHepCHBIX YacTHIl OCYLIECTBIIS-
JIaCh IMHEBMATUYCCKUM PACIBLUIHTEIIEM 3KCKIIHOHHOTO
TUTA, YCTAHOBJICHHBIM IEPEI BXOJHBIM IATPyOKOM
KOaryJsIIHOHHON KaMepEbl.

st onipenienieHust TpaeKTOPUN ABIKCHUS YaCTHIL B
KaMepe YCTaHOBIICH JIA3ePHBIA MOCTPOUTENh IUIOCKO-
ctu. JlazepHas IMIOCKOCTH MPOXOAWT YEpe3 OCh CHM-
MeTpun m3nydarenss. DoTokamepa chokycupoBaHa Ha
JA3ePHYIO IUIOCKOCTh M IMO3BOJISICT IPOU3BOAUTH BH-
JICOCHEMKY JIBIDKCHUSI YaCTHI[ MEXKIY H3TydaTesieM U
oTpaxareneM. HampaBieHuss TOTOKOB Tasa Ompenens-
FOTCSI KOCBEHHO, TI0 TPACKTOPHSIM CBETOPACCEHUBAIOIIINX
(TpaccupyrOIIIX) YACTHII.
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Yavmpa3zeykoesie uzayuamenu

Jliis mpoBeieHusT MCClieIOBaHUi OBLUTH MCITOTh30Ba-
HBI 71Ba ¥Y3-U3Iy4aTensi, COCTOSIINE U3 MMbE30IIEKTPH-
yeckoro rmnpeobpasoBatenst JlamxkeBeHa W HM3rUOHO-
KoJiebmroIerocst u3ny4datens B popme aucka. [Ipu stom
3a cyer Bo30YXIIeHHs KoJieOaHWi Ha HEOCHOBHOW MOJIe
Ha (POHTATFHON MOBEPXHOCTH H3Ny4arens (hopMHupy-
FOTCSl MAKCUMYMBI 1 MUHUMYMBI KOJI€OaHUH, Yepeyro-
IIHECs MTOCIISIOBATENILHO HAa PACCTOSIHUY JIPYT OT JIPYTa,
COOTBETCTBYIOIIIEM TIOJIOBHHE JIJTMHBI BOJIHBI W3THOHBIX
KosiebaHuil B Marepuane unydatens [14, 18, 22].

Jlnst popMUpOBaHUS HEOJIHOPOIHOTO YIIBTPA3BY-
KOBOTO TIOJISI U BO3JICHCTBUS MM Ha Ta30MCIIEPCHBIIN
IMOTOK OB MCIIOJB30BAaH H3THOHO-KOJICOIIOMIHIiCS
JIMCKOBBIM M3JIydaTeib ¢ TUIOCKOH (POHTAIBHOHN IO-
BEPXHOCTBIO (Jayiee IJIOCKWU W3IydaTesb). B CBOIO
odepenb, Ui CO3MaHUS OJAHOPOJHOTO Y3-moiisi OblI
WCIIOJIb30BAH W3ITydaTelb, Ha ()POHTAIBHOU MOBEPX-
HOCTH KOTOPOT'O BBIMOJHEHBI (ha30BbIPABHUBAIOIIHE
KOJIbLIEBBIE BBICTYIIBI C BBICOTOM, PaBHOM IOJIOBUHE
JUTMHBI BOJIHBI B Ta3e (Jajiee CTyneHYaThli u3myda-
TEJb).

Ha puc. 2 mnpencraBieHbl CXEMbl, MOSICHSIOLINE
HpI/IHLlI/IH pa6OTI)I HUCIIOJIB30BAHHBIX JIsA HpOBeHeHI/ISI
CPaBHUTENBHBIX UCCIECIOBAHUN JIBYX THUIIOB JMCKOBBIX
H3Iy4yaTene.

[Tpumensiemble A1 UCCIECIOBAHUM U3TydaTenu Obl-
JIX W3TOTOBJIICHBI C PaBHBIMHU IO pa3Mepam MOBEPXHO-
CTSIMH W3JIYYCHHUS U ¢ MAKCHMAJIbHO OJIM3KUMH pado-
YUMH 4aCTOTAMMU.

Kak BugHO U3 puc. 2, A, cocelHue KOJbIIEBBIE 00-
JACTH JMCKa (OPMUPYIOT PABHOAMIUTUTYIHBIC KOJIe-
Oanmst B npotuBodaze. Takoi M3mydareiab MO3BOJSET
C03/1aBaTh HEOJAHOPOJHOE YIbTPAa3BYKOBOE IIOJIC, B
KOTOPOM BO3MOXKHO (DOPMHPOBAHHE BHUXPEBBIX Teue-

72 o

HUN MeXTy 00JacTAMHU, KOJEOTOIIMMHUCSA B MPOTHBO-
(aze. B TakoM BapuaHTe MCHOTHEHHS M3JIydaTens Xa-
paKkTepHBIC pa3Mephl CO3JaBacMbIX BHUXped OymayT
oTpeNeNAThCA ATHMHOM BOJHBI Y3-KojieOaHUi B ra3o-
BOM cpeme, a HUX KOJHMYECTBO — YHUCIOM COCETHHX
YYaCTKOB Y 3-110JIS, KOJICOMIOIIMXCS B IPOTHBO(A3e, U
paccToSHUEM MEXKIy H3ITydaTeleM U OTpakaTeleM
[14,21,22].

s obecniedenust cuH(MasHOCTH ((HOPMHUPOBAHHS
OJTHOPOJHOTO Y3-TIOJs) HW3JIyd4aeMbIX KoJeOaHUH B
ra3oByI0 Cpely C KaXJOro KOJBLIEBOIO yyacTKa Ipo-
¢nb GpOHTANBEHONM TTOBEPXHOCTH 3TOTO THIIA M3JTyda-
Tesei (puc. 2, b) BBIMONHEH CTyIIeHYaTO-IIePEMEHHBIM.
MecTononoxeHne W pasMepbl BBICTYNOB Ha (HpoH-
TaJbHON MOBEPXHOCTH OIPEEIIAIOT OCHOBHBIC Xapak-
TEPUCTHKH Y3-TI0Js1, (OPMUPYEMOTO H3IYIaTEICM.
[TosTOoMy 17151 cozlaHusi paBHOMEpPHOro Y 3-MoJist CTy-
TNICHYATBhIC TNEPEXO/bI BLIIMOJIHAIOTCA B 30HAX Y3JIOBBIX
OKpPYKHOCTEM C BBICOTOM pPAaBHOW TOJOBUHE [UIMHBI
BONHBI Y3-KkoebaHuil B Ta30Boil cpene. Takum obOpa-
30M obecrneunBaeTcs (HOPMHUPOBAHHE PABHOMEPHOTO
YJIBTPa3ByKOBOI'O IMOJIA Kak MpU HAJUYUHU, TaK U IPU
OTCYTCTBHH OTpaKaTells, YCTAaHOBJICHHOTO Ha pe30-
HAaHCHOM PAaCCTOSIHUU OT KOJICOIFOIIEHCS TTOBEPXHOCTH
U3IyyaTess.

Ha pwuc. 3 mpezncraBiieHsl pacrpeneneHus Koneda-
HUH 1 PoTorpaduy U3rOTOBICHHBIX H3ITydaTeNeil IByX
THUIIOB.

Kaxnmerii mpezomnpeodpa3oBaTeib, COSAWHEHHBIA C
u3ny4yareneM, CHaOXKeH OJIEKTPOHHBIM TI'eHepaTOpoOM
JUISl €r0 TIMTaHUs, KOTOPBIH o0ecreunBacT mojaaepxKa-
HUE TIOCTOSHHOW aMIUIATYABI KoneOaHwii. TexHmue-
CKH€ XapaKTepUCTUKU Y 3-U3lyyaTesieil mpeacTaBaeHbl
B Tabm. 1.

b/B

Cxemul (ﬁopmupoeaHUﬂ Y3-u3/1yquu51 C nomMowbro u32u6H0-KO./I€6./”OU4uXCﬂ Yy/abmpa3gyKoeblx duckosbix ussyvyame-

setl: A) usayyamesns ¢ naockoll gpoHmanvHotl nosepxHocmoto (naockuil); 5) usayuamens ¢ pasosvipastusarowumu
Ko/byesblMu 8bicmynamu (cmynenuamolii); 1 — usayuamensw; 2 - pacnpedesenue amnaumyo koae6axutl; 3 - kose6a-

=]
<
= 3
5=}
=<
=
2.
I 2
2
Puc. 2.
HUsl, u3/ayvaemble 8 2a308y10 cpedy; Ac— 0/UHA 801HbI 8 2030801 cpede
Fig. 2.

Diagrams of generation of ultrasonic radiation using bending and oscillating ultrasonic disk radiators: A) radiator with

a flat frontal surface (flat radiator); B) radiator with phase-aligning collars (step-function radiator); 1 - radiator; 2 -
vibration amplitudes distribution; 3 - vibrations emitted into a gaseous medium; A¢ — wavelength in a gaseous medium
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25,569 Max
E 17,032
| 12,906
| 87798
46538
05277
-0,7923
-9,6323
-18472
-27,312 Min

27,317 Max
. 11136
- 80788
50217
1,9646
-1,0925
-4,1495
-7,2066
-10,264
-25,733 Min

Fig. 3.

Ta6auya 1. TexHuueckue Xapakmepucmuku y/abmpa3eyko-
8bIX UsyHameel

Table 1. Technical characteristics of ultrasonic emitters
Tockii CryneH4aTbIi
Tun JUCKOBOTO U3JIy4aTe st O u3Jy4aTesib
Disk transducer type Flaty:mitter Step-function
radiator
JlmameTp ussy4aTess, MM
Radiator diameter, mm @320 @320
[ToTpeb.sieMast MOIIHOCTE, BT 245 240
Power consumption, W
YacroTa Kosieb6anuii, KI'y
Oscillation frequency, kHz 221 22,2
AMIIUTY A KOJIeGaHU i 1o~
BEPXHOCTH MaxX/MHH, MKM
Surface oscillation amplitude 51745 51747
max/min, pm

b/B

Puc. 3. ®opma kosebanull u homo ya1bmpaseykosbix JUCKO8bIX usaydamedsael: A) naockutl usayyamenv; 5) cmynenuamolii
usjyyamesnb

Shape of vibrations and photo of ultrasonic disk radiators: (A) flat emitter; (B) step-function radiator

PacuyeT pacnpejesieHUsI 3ByKOBOTO JaBJI€HUS
B KOTYJIALIMOHHOM KaMepe

Pacuer mapameTpoB yJIbTPa3BYKOBOTO IO OBLI
MPOBEACH C IENBI0 OIPEICNICHNUs] YCIIOBHH MaKCH-
MaJbHO 3(H(HEKTUBHOTO BO3ACUCTBUS M CPABHUTEIILHO-
TO aHAJIM3a PACHpEIeICHIH YPOBHS 3BYKOBOTO JaBIC-
HUS, CO3/IaBa€MOT0 C IOMOIIBIO Pa3HBIX M3JTydaTelsiei,
MIPY YCIOBUH 00ECTICUCHHUS PACCTOSHUS OT U3TydaTels
0 OTpakateds (A KaKAOTO THMA H3IydaTels —
IUIOCKOTO U CTYIIEHYATOT0), IIPU KOTOPOM (OPMHUPYET-
sl cTOsTYast BOJIHA.

MonenupoBaHue pacrpe/iesieHus] KoJieOaHuid ObIIo
MPOBEAEHO MOCPEJCTBOM KOHEYHO-3JIEMEHTHOTO aHa-
JU3a C WCIIOJb30BAHMEM MOJIYJsS T'apMOHHYECKOTO
akycThyeckoro aHanmmza Harmonic Acoustics. [lpu
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MOJICJIMPOBAHUU  OBUIM  YCTaHOBJICHBI ~TPaHUYHBIE
YCIIOBHUSI HA OCHOBE IMOJIyYEHHBIX IKCIIEPUMEHTATBHBIX
JaHHBIX O MapaMeTpax pa3paboTaHHBIX W U3TOTOBIICH-
HBIX Y3-uznydareseil (4acToTa KoyieOaHUW M pacrpe-
JIeNIeHUEe aMIUTUTY KojeOaHuil m3nyuaromeil moBepx-
HocTH). [lOBEepXHOCTH BHYTPEHHHX CTCHOK KaMephl
3aaHbl KaK OTPAKAIOIINE TPAHUIIBI C OTPEACIICHHBIM
ypoBHeM normoiienus. [lyrem cpaBHeHUs pe3yabTaToB
MOJETUPOBAHUS CO 3HAYCHISIMA YPOBHS 3BYKOBOTO
JABIICHUS, W3MEPEHHBIMH JKCIIEPUMECHTAIBFHO, OTIpe-
JIeJIeH YpOBEHb MOTIONIeHUs Y 3-KoaeOaHuil CTeHKaMu
KOaryJIsiLMOHHOM Kamepbl, KoTopelii coctaBui 11 %.
OT0 3Hau€HHE MPUHATO B JaJbHEHIIUX pacyeTax.

AHaau3 pacnpedeieHus1 38yK08020 dae/1eHUs
Pacnipenenenust ypoBHsSI 3BYKOBOTO IABJICHHS IS
000X M3JTyyaTeneil npecTaBieHbl Ha puc. 4.
[IpencraBieHHBIE pe3yabTATHl CBUICTEIHCTBYIOT O
HAIIMYUU YPOBHSI 3BYKOBOTO JTaBJICHUS B 00beMe Kame-
PBI KOAryJSIIUM MEXKIy M3JIydarelieM M OTpaxkarelieM
(160—172 nb) nocTaToO4HOTO ISl KOAryIsAIlMU C Mak-
cumanbHOW 3 dexTuBHOCTRIO. Tarke ompeneneHo
paccrosiHue (JUTMHA BOJHBI Ag=15 MM), IPH KOTOPOM

16844
| 15819
14793
13767
12741
17158
1069

96,64

172,38 Max

H 168,32

" 5867
149,02
13937
12972

= 12007
11043
100,78
91,128 Min

Puc. 4.
yamulii usayvamesns
Fig. 4.

171,64 May

86,382 Min

oOecreunBaeTCs MaKCHMAIbHBI ypPOBEHb 3BYKOBOTO
JIaBJICHUS.

VYCTaHOBNEHO, YTO YPOBEHb 3BYKOBOTO JABIICHIIS
MEXly OTpakaTeleM U M3ITy4aTeneM MpH HCIIONb30Ba-
HUM M3Ty4aTens ¢ (ha30BBIPABHUBAIOIIMMU KOJIBIICBBI-
MH BBICTYTIaMH cocTaBisieT 168—171 ab, mpu sTom dop-
MHUpYETCsl paBHOMEpHOE Y 3-110J1€, @ IPH MCIOJIb30BaHUN
IocKoro mimy4aresst — 168-172 nb, hopmupyemoe mo-
JIe HEOTHOPOTHOE, SIPKO BHIPAKEHBI 00IACTH MUHUMAITH-
HOTO YPOBHSI 3BYKOBOT'O JTABJICHHS, KOTOPBIE PACTIONOMKE-
HBI BOJIM3U HyJel KoJeOaH!i UCKOBOTO H3TydaTens.

AHasu3 mpaekmoputi dsudiceHuss yacmuy

Ha mepBoM stame ObIT MPOBEICH aHATN3 TPACKTO-
pUil TBWKEHHS YaCTHIl B KOAryJISIHOHHON Kamepe ¢
MOMOII[BIO pa3paboTaHHOTO cTeHJa. TpaeKkTopuu dYa-
CTHII OTPENEIUINCh Ha OCHOBAHUH IIOKAJPOBOTO OT-

CJIC)KUBAHUS TPACCHPYIOIIUX YACTHII, OTCHATHIX C TIO-
MoIkko (oToanmapara. BeixoHas MOIIHOCTh TeHEpa-
Topa OblIa YCTaHOBJICHA TaKMM 00pa3oM, Y4TOOBI ypo-
BEHb 3BYKOBOTO JIABJICHUS MPH HCIOJIb30BAaHHH 000X
TUTIOB NTUCKOB Obul He MeHee 165 nb. IlomydeHHbIe
KaJIpbl ChEMKH TTOKa3aHbl Ha pHUC. 5.

b/B

Pacnpedesienust ypogHsi 38yk08020 0as1eHUSl BHYMPU KOA2yAsiYUuoOHHOU kamepbl: A) naockull ustyyamens,; 5) cmynen-

Sound pressure level distribution inside the agglomeration chamber: A) flat emitter; B) step-function radiator

A/A
PacnpedeseHue yacmuy e koaz2yaayuoHHoll kamepe: A) naockuil usaydamens; b) cmynenuamolii usayyamesns
Particle distribution in the agglomeration chamber: A) flat emitter; B) step-function radiator

Puc. 5.
Fig. 5.

b/B
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Ha ocHoBe aHajM3a MOJYYCHHBIX JAHHBIX O TPAcK-
TOPHSIX JIBWKCHUSI YaCTUI] OBLIM IMOCTPOCHBI CXEMBI
MEePEMEILCHHUS YaCTUI[ B KOArYJISIIMOHHON Kamepe Mpu
WCIIOJIb30BAHUK O0OUX TUIIOB M3Ny4aresei (puc. 6, 7).

5 9 0 2

A R

———

Cxema nepemeweHust yacmuy 8 KOA2yASYUOHHOU
Kamepe npu UCn0/1b308aHUU N/A0CKO20 U3AyYamensi:
1 - Kopnyc kamepuwl; 2 — udayvamens; 3 — ompaxca-
meav; 4 - 8x00HOU nampy6ok; 5 -Koabyesas 06-
acmb 0151 8bIX00a 038yYEHHO20 2A300UCNEPCHO20
nomoka; 6 - obaacmu opmuposaHus azsomepa-
mos; 7 - eazoducnepcHblll nomok; 8 - pacnpedee-
HUe amMnaumyo Ko/iebaHull ducko8oz2o uzayyames;
9 - Hyau kosebanutl usaydamensi; 10 - obaacmu
MAKCUMA/IbHBIX amMnaumyod kosnebanutl; 11 - guxpe-
gble o61acmu; A — 01UHA B0/IHbL 8 2030801 cpede
Diagram of particle paths in the agglomeration
chamber when using a flat radiator: 1 - chamber
body; 2 - radiator; 3 - reflector; 4 - inlet tube;
5 — annular domain for emission of the sounded gas-
disperse flow; 6 - areas of agglomerates formation;
7 — gas-dispersion flow; 8 - distribution of ampli-
tudes of vibrations of the disk radiator; 9 - zeros of
vibrations of the radiator; 10 - areas of maximum
vibration amplitudes; 11 - vortex areas; Ac — wave-
length in a gaseous medium

Fig. 6.

Ipy wMcronb30BaHUM IUIOCKOTO M3iy4artesst (Tpu
paccrosuusx 7,5 u 15 MM) hopMupyeTcst cTosgasi BOJIHA
C ABYMS M TpeMs Y3JIOBBIMH IUIOCKOCTSIMU KoJieOaTelb-
HOIf CKOPOCTH, COOTBETCTBEHHO, B KOTOPbIE TIepeMelia-
FOTCS, KOAryJIupyroT U yIEp>KUBAXOTCS TBEPIbIEC YaCTH-
el [Ipy 9TOM BO3HUKAIOT HHTCHCHUBHBIC BUXPEBBIC TE-
4eHus, oOpazyeMble 3a CHeT CMEKHO-PACIIONONKEHHBIX
KoJIeOMIoIuMXcst B MpoTuBodaze odnacreit Y3-nons. B
pe3yibTaTe 4ero YacTHIBl BKIIFOYAIOTCS B BHXPEBOE
JBIDKEHHE KaK B TPEZIeNax OJ{HOW Y3JI0BOH 00JIacTH, TaK
U MEKTy HUMH 9epe3 30HBI HU3KOTO YPOBHS 3BYKOBOTO
JIABJICHUSI, PACIIOJIOKCHHbIC BOJM3H (HANPOTHB) HYJEeH
KoJebannit auckoBoro miimydarens. [Ipu aTom nmomumo
KOAryJSIIIA YacTUI] B y3JIOBBIX OOJACTAX KOIeOaTelh-
HOHW CKOPOCTH MPOHMCXOIUT UX JOMOIHUTEIHFHOE B3aUM-
HOE BHXPEBOE MepeMelIeHHe 1 B3aNMOICHCTBUE MEKITY
€000, YTO JOTOTHUTENEHO MPHBOIUT K YBEIUUCHUIO
3¢ HEKTUBHOCTH KOAryJIsIIinH.

H3ameneHune paccTosHUs B OOJIBIIYIO MIIM MEHBIIYIO
CTOPOHY OTHOCHTEJIBHO pPE30HAHCHOTO PAacCTOSHHS
MPUBOANT K BO3HHKHOBEHWIO OETrymied BOJHBI M HC-
YE3HOBEHHUIO Y3JIOBBIX oOmactell. IIpu 3ToM BUXpeBbIE
MOTOKU TNPAaKTHYECKH He (HOpMHUpYIOTCS, CHYKas (-
(eKTUBHOCTh KOAryasinuu. Tarke yCTaHOBJIEHO, YTO
MIPU PACCTOSIHUH, PAaBHOM A, HHTEHCHBHOCTH BUXPEBBIX
TEUEHU BBINIC, UM TPH PACCTOSHUH, PABHOM Ag/2.
[Ipu paccTosSHUAX, paBHBIX Y4 Ag U ¥4 AG, HACTYIAIOT
YCIIOBHS, TIPH KOTOPBIX YPOBEHH 3BYKOBOTO JAaBICHHUS
JIOCTUTaeT CBOET0 MHHUMAJILHOTO 3HAYCHUSL.

Jlis cpaBHeHUA Ha pUC. 7 NMPUBEICHA CXeMa
JBIDKEHUS TTOTOKOB UIS M3IydaTems, (OpPMHUPYIOIIETO
paBHOMepHOe Y 3-1oe.

Puc. 7. (xema nepemewjeHuss vacmuy 8 KOA2yAsIYUOHHOU
Kamepe npu Ucno/b308aHUU CMYNeH4amozo U3Ay-
uamess: 1 - kopnyc kamepwl;, 2 - u3ayvyamend;
3 - ompaxcamenv; 4 - 6xodHOlU nampy6ok;
5 - kosvyesas obsnacmuv 0415 8b1X00a 038yYEHHO20
2asoducnepcHo2o nomoka; 6 - obaacmu gopmupo-
8aHusi aznomepamos; 7 — 2a300ucnepcHuill NOMOK;
8 - pacnpedeneHue amnaumyod kose6aHull Quckogo-
20 uzayvamens; 9 - HyAu Koae6aHull usayvuamens;
10 - obaacmu MaKcuManbHulX amnaumyd Ko/eba-
Hull; A¢— 0/1UHA 80/IHbI 8 2430801 cpede

Diagram of particle paths in the agglomeration
chamber when using a step-function radiator: 1 -
chamber body; 2 - radiator; 3 - reflector; 4 - inlet
tube; 5 - annular domain for emission of the sounded
gas-disperse flow; 6 - areas of agglomerates for-
mation; 7 - gas-dispersion flow; 8 - distribution of
amplitudes of vibrations of the disk radiator; 9 - ze-
ros of vibrations of the radiator; 10 - areas of maxi-
mum vibration amplitudes; A¢ - wavelength in a gas-
eous medium

Fig. 7.

Kak u B mpeapiylieM ciyyae, Ipu HCIOIb30BaHUH
CTYNEHYATOro M3JIydaTesisl PU PACCTOSHUM MEXIY H3-
JydaTelieM W OTpa)katejeMm 7,5 MM, a TakKe Mpu pac-
crosiHuU 15 MM hopmupyeTcs cTosiuasi BoJHA C IByMs U
TpeMsl y3JIOBBIMH IUIOCKOCTSIMH KOJIEOATEIbHON CKOPO-
CTH, COOTBETCTBEHHO, B KOTOpBIC IEPEMEIIAI0TCsI, KOoa-
TYJIUPYIOT U YACPKUBAIOTCS TBEP/IbIE YACTUIIBL.
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JlanpHelas Koarymnsnusl 4acTHIl HE HMPOMCXOAUT
U3-3a yJICpKUBAHUS yXKe CHOPMUPOBAHHBIX YACTHIl B
y311ax crosiuel BoaHbl. [Ipu 3TOM He IpOHCXOIUT B3a-
UMHOTO TIEPEMEICHUs] YacTHUI[ B Ipejenax Yy3JI0BOH
30HBI 0€3 HaJIM4Msl KaKoro-IHOO JOTOJHHUTEIBHOTO
MPUHYIUTENIBHOrO MOoToKa rasa. IIpomosmkuTenbHas
roJiaya a’po30Jis NPUBOIUT K IONOJIHUTEILHOMY YBe-
JMUYCHUIO Pa3sMEpOB YACTHIL, YIACP)KUBAEMBIX YIbTpa-
3BYKOBEIM TIOJIEM B Y3JIOBBIX obOmactsx. [lpum sTom
HaJIMYME BUXPEBBIX IOTOKOB HE OOHAPYKIBACTCSL.

Onpepenenue 3¢pPeKTUBHOCTH y/IaBJIUBAHUS
YacTHL, OT IapaMeTPOB ra3oAUCIePHOro MOTOKA
U YJIbTPa3BYKOBOI'0 BO3/eHCTBUS

JI1s BBISIBIIEHHST BOBMOYKHOCTH TIOBBIIEHHS d(hpeK-
TUBHOCTH YJABIMBAHMS C TIOMOIIBIO Pa3padOTaHHOTO
cTeH/a OBLIM MPOBEACHBI 3KCIEPUMEHTAIBHBIC HCCIIC-
JIOBAHUSI, TTO3BOJIMBIINE ONPEACTNUTh BIMSHAC Pa3iIind-
HBIX (paKTOPOB (pacxo Ta30IHCIIePCHOTO MOTOKA, YPO-
BEHb 3BYKOBOTO JABJICHUSI, MACCOBAsl KOHIICHTPALIHA) Ha
3 (EKTUBHOCTD YJIABIUBAHUS AUCIECPCHBIX YACTHII, a
TaKXkKe ONMPECITUTh (PPAKITUOHHYIO 3(D(HEKTHBHOCTS.

J171s TOro 4ToObI OMpPEASIUTD BKIIAJ B IPOIECC KOa-
TYISIUA yacTHll 3(h(HEeKTOB, BOSHUKAIOUINX IIPU YIbTPa-
3BYKOBOM BO3ICHCTBUH, W UCKIIOUUTH IPyrHe (HakTo-
pBI, BIHSIONHE Ha A(PPEKTHBHOCTH (HAIPUMEp, DIICK-
TpHU3AIMs YaCTHII), ObUT MPOBEICH CPABHUTEIIbHBIN aHa-
TW3 JaHHBIX, TONYYCHHBIX TpH HaIduuud — Y3-
BO3IEHCTBHS (KaK OJHOPOIHBIM, TaK W HEOTHOPOIHBIM
nosieM) u 0e3 Y3-BozaeiictBus. bez Y3-BozzaeiicTBus
BCE THUAPOJIUHAMITUCCKUC TTAPaMETPhl TCUCHHS T'a30/IUC-
MIEPCHOTO IMOTOKA OBUIM HEH3MEHHBIMH, MOITOMY 3(-
(eKThI, CBSI3aHHBIC C JICKTPU3AIIUCH B PABHOW CTEIICHU
YUUTBIBAIOTCSl M BIIMSIFOT HA KOATYJILIUIO YaCTHI[ KaK B
OTCYTCTBHH YJBTPa3ByKa, TaK U IPH €ro Haamduu. Ta-
Kasi TIOCTAHOBKA 33/1a4M TIO3BOJISICT OJHO3HAYHO yCTa-
HOBHUTH B3aUMOCBSI3b MEXIY YJIbTPa3BYKOBBIM BO3JICH-
CTBHEM U TMOBBIIICHHEM Y(PPEKTHBHOCTH KOATYJISIIHH.

Db GeKTHBHOCTS KOATYISIIAA  CYUTANIACh MPSMO
MPOTOPLHOHATIBHON  3((PEKTUBHOCTH  yIaBIUBAHUS
gactul B 1uKIoHE. [Ipu 3TOM 3(p(heKTHBHOCTD yiaB-
JMBAHUS PACCYUTHIBAIACH C TIOMOIIBIO BBIpaXkeHus (1):

n:(l—M)-loo%, (1)

inlet

A€ Nyyier — KOHIIGHTPALIMS YACTULl HAa BBIXOJIE U3 LIHK-

JIOHA, T/M; Njer — KOHICHTpAIMS YaCcTHUIl HAa BXOJEC B
3

KOAryJsIMOHHYIO KaMepy, T/M".

OnpejesieHUe ONTHMaJIbHOTO pacxo/ja rasa

Ha cnemyromiem atare ObUT ONIpeIeNeH pacxo/] ra3ou-
CIIEPCHOTO TIOTOKA, TIPU KOTOPOM OOECTICUNBAETCSI MAKCH-
MasbHas 3 (EKTHBHOCTD YJIaBIMBAHKS YacTHII, KaK MPH
HAIMYUHY, TaK U IPHU OTCYTCTBHH aKyCTHYECKOTO BO3ZIEH-
ctBus. VccnenoBaHus TIPOBOMMIINCH TIPH  CIEAYFOIAX
YCIIOBUSIX: YPOBEHB 3BYKOBOIO JaBJICHHs COCTaBIsUT 165 11b;

HayalbHas MaccoBash KOHIICHTpAIIUS ]\/,~,1,ef=2‘1072 /T,
Pacxon rasza mmensuics B mpenenax ot 2,5 mo 10 M/,
B kxadecTBe ImCIIEpcHOrO Marepuana TpH IPOBEACHUN
HCCIEAOBaHUN OBbUT UCMONB30BaH MUKpoTaibk Jetfine T1
CA ¢ quamerpoM 9acTuIl dsg=1 MKM, dgs=3 MKM.

Ha puc. 8 npencrabiieHbl 3aBUCUMOCTH 3P PEKTHB-
HOCTH YJIaBJIMBaHUS YACTHII OT Pacxoja rasa.
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Puc. 8. 3asucumocmu  agekmusHocmu  yAABAUBAHUS
yacmuy om pacxoda 2asa: 1 - naockuil usayyames;
2 - cmynenyamvlii uzayuameav;, 3 - 6e3 Y3-
so3deticmaust

Dependences of particle capture efficiency on gas
flow rate: 1 - flat radiator; 2 - step-function radia-
tor; 3 - without ultrasonic influence

Fig. 8.

[Tony4yennple 3aBUCUMOCTH TIO3BOJISIFOT CJIEJIaTh
BBIBOJI, YTO ONTHMAJIBHBIN pacXoj ra3a, Ipu KOTOPOM
obecrieunBaeTCss MaKCUMaIbHAS 3(1)(?6KTI/IBHOCTB ylaB-
JIUBAHUS YaCTHUI, COCTaBIsIeT 6,2 M™/4 MPU HCIOJB30-
BaHUH TUIOCKOTO M CTYIEHYATOrO JUCKOBBIX H3JIydare-
neit. OgHako 6e3 Y3-Bo3eHCTBHS ONTHMaJIbHBIN pac-
xo1 cocTtaBmi 8—10 M3/11, YTO COOTBETCTBYET OIITHU-
MaJbHOMY PAacXojay MOTOKa i IMKJIOHA. JlambHei-
e HCCIICJIOBAHUS TPOBOJMIIMCH C ONTHUMAIbHBIM
pacxoaom 6,2 M/

DTO CBUAETEIBCTBYET O TOM, UTO A(PPEKTUBHOCTH
KOAryJisilliy YacTHI[ OKa3bIBaeT OOJIbIIee BIMSHUEC Ha
3¢ (HEeKTUBHOCTD yJaBJIMBAHUS, YEM YCTAHOBJICHHE OII-
THMAJIBHOTO pacxojia rasa.

Takum o0pazoM, 3PPEKTUBHOCTh KOATYIAINAN Ya-
CTHUIl IIOJ BO3AeHCTBUEM Y3 K0iaeOaHU 3aBUCUT OT
pacxona ra3a (ot BpemeHH Y3-BozneicTBus). [lpu
9TOM OYEBHJHO, YTO YeM Oonble BpeMs Y3-
BO3JICHCTBHUSA, TeM BbIIIe 3)(HEKTUBHOCTD KOATyISIHH.

BiusiHue ypoeHst 36yK08020 dae1eHust
Ha 3hhekmueHOCMb y1a81U8AHUS Yacmuy

st onipenieNieHus BIUSTHHSL YPOBHS 3BYKOBOTO JIaB-
JIeHUs] Ha APPEKTUBHOCTh yJABIMBAaHUS OBLIM TPOBE-
JICHBI OTJICJIbHBIC YKCIIEPUMEHTAIILHBIC HCCIIEI0BAHMS
TIPU KOHIICHTpAIH ]\/,-,ﬁe,=2-10’2 r/m’. Ha puc. 9 npen-
CTaBJICHBI MTOJTyYCHHbBIC 3aBUCHMOCTH.
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uz/ayvamenv; 2 - cmyneH4amblil usyyamens
Dependence of the capture efficiency on the sound
pressure level: 1 - flat radiator; 2 - step-function ra-
diator

Fig. 9.

AHamu3 TONYyYCHHBIX 3aBHCHUMOCTEH MO3BOJIICT
CeNaTh BBIBOJ, YTO MPH HAYaJILHOM YPOBHE 3BYKOBO-
ro nasieHus L=130 nb 3¢ (heKTHBHOCTD yiaBIHMBaHUS
MPaKTUYECKH HE 3aBHCHT OT TUIA HCIONb3YEMOTO H3-
Tydatensi, IpUpocT d3PPEKTUBHOCTH 32 CYET BUXPEBbIX
TEUYCHUH MPAKTHUYECKH OTCYTCTBYET, YTO CBUICTEIH-
CTBYET 00 MX HEJIOCTATOYHOM PA3BUTHU M BIHSIHUML.

IIpn yBenuueHHH YPOBHS 3BYKOBOTO JIABJICHHS
HaOII01aeTCsl TTOBBIIIEHUE 3(D(EKTUBHOCTH YIIaBIHBA-
U gactur. [Ipm stoM yBenmmuenue 3¢dGheKTHBHOCTH
IIpY BO3ACHCTBUU HEOIHOPOJHBIM IOJIEM OKa3bIBACTCS
Ooree 3HAUUTEIBHBIM. DTO CBSI3aHO C MHTCHCHU(HKA-
UMeil BUXPEBBIX TEUYEHUH NPU YBEIMYEHUH YPOBHS
3BYKOBOT'O JIABJICHHSL.

Poct s dexTnBHOCTH yiaBIMBaHUS TPOJOIDKACTCS
JI0 JOCTHXKEHUSI YPOBHEM 3BYKOBOTO IABJIICHUS 3HAUE-
Hu#l 165 1b, npu 5TOM Ui CTYNEHYATOr0 M3IydarTess
s dexTuBHOCTH cocTaBmsaeT Menee 90 %. B cBoro oue-
penb, GopMUpyeMbIe TNIOCKAM H3ITydaTeNIeM BUXPEBbIC
AKyCTHUYECKHE TOTOKU NPHU YPOBHE 3BYKOBOI'O JaBje-
HUsl 165 nb mo3BONSIOT yBEMWYUTH APHEKTUBHOCTH
yIaBIuBaHus Ha 6 %.

H3BecTHO, UTO MpH BO3JEHCTBUM Ta30BbIX MOTOKOB
WIM B HEOAHOPOIHOM Y3-110JI€ KPYIIHBIE arjloMepaThl
HAYMHAIOT PACTIaaThCs BCICACTBUE BO3ACHCTBHS aKy-
CcTUYEeCKUX NOTOKOB. [losToMy panbHelimero pocra
3¢ (hHEeKTUBHOCTH He HAOJIFOIAeTCs, UTO CBHCTEILCTBY-
eT 0 Hayajie pa3pyIICHHs arioMepaToB, MX pa3pylle-
HHUE MPOUCXOAUT OJHOBPEMEHHO C KOATYJISIUCH.

BausiHue maccoeoll KoHyeHmpayuu
Ha 3hghekmueHOCMb yAa8AUBAHUS HacMUY

Jlnst onpeneneHust BIUSHUS MAacCOBOM KOHIIEHTpA-
MU YacTHIl Ha 3(PQPEKTUBHOCTh YIIABIWBAHUS ObLTH
MPOBENICHBl DKCIIEPUMCHTAIBHBIE HCCICIOBAHUS TIPU
YpOBHE 3BYyKOBOTrO nAasneHusi 165 n1b, mo pesynpratam
KOTOPBIX MOJTy4eHbI 3aBUCUMOCTH (puc. 10).
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Puc. 10. 3asucumocmsv 3gppekmusHoCmMU YAA8AUBAHUS OM
Maccoeoll KoHyeHmpayuu uvacmuy: 1 - naockuil
uz/ayvamenv; 2 - cmyneH4ambvlii usayuamess
Dependence of capture efficiency on particle mass
concentration: 1 - flat radiator; 2 - step-function
radiator

Fig. 10.

Kak cnemyer w3 mpeicTaBiICHHBIX 3aBUCHUMOCTEH,
MPU KOHIEHTPANHSIX JI0 N,-nlet=2‘1072 i’ MIPOUCXOJTUT
3HAUUTENBHBI POCT 3(QPEKTUBHOCTH yIaBIUBAHUS
gactun. [Ipu 3ToM 3¢ HEeKTHBHOCT YIABIMBAHUS BbI-
e MPH UCIOJIB30BAHUH IJIOCKOTO W3JTydaTelIss BCIIe/-
CTBHE MOBBIIICHHON 3()()EKTUBHOCTH KOATYJISIIIUN Ya-
crull. [lpu KoHIEeHTpanuu ]\/,‘,116,=3-1072 /M U BbILIE
pocT 3P PEKTUBHOCTH 3aMEJIAETCS, a MPH KOHICHTpa-
MM BBIIIE Z\/,-n;e,=4-1072 M’ 3(h(HEeKTUBHOCTH YIIaBIH-
BaHHUs CTAHOBATCS TMPAKTUYCCKU OJIMHAKOBBIMU C HC-
MOJIb30BaHUEM O0OMX THIIOB HM3JIydareseid. ITo mpo-
HCXOJIUT, IMOCKOJIBKY TPH YKa3aHHBIX KOHIICHTPAIHIX
PAcCTOSTHUSL M@Ky YacTUIAMH OKa3bIBAIOTCS JOCTa-
TOYHBIMH JJIsl pean3allid MEXaHW3MOB OPTOKHHHTH-
YECKOTO W THIPOJUHAMUYECKOTO MEXaHHW3MOB KOary-
JISIUM YaCTHIl, ¥ BIUSHHUE BUXPEBBIX MOTOKOB CJIa00
CKa3bIBACTCS HA TOBBIIICHUN BEPOSTHOCTH CTOJIKHOBE-
HUS YaCTHII.

Onpedesenue hpakyuoHHOll 3ghdhekmueHocmu

Hust monTBepxaeHus 3G QEKTHBHOCTH YIIaBIHBAHISI
YaCTHUIl PAa3INYHBIX Pa3MEpOB OBUIM IMPOBEICHBI KC-
MEPUMEHTAIILHBIC HCCIICJIOBAaHUSI C HCIOJIh30BAHUEM
CMECH MHKPOTAIBKOB pa3nnyHbix Mapok (Jetfine T1
CA ds¢=1 mrmMm, Luzenac St30 dsq=6 mxm, Luzenac H50
dsp=9 MKM), uWMEIONIel TONMIUCTIEPCHBIH  COCTaB.
CpaBHUTENBHBIC OKCIICPUMEHTHI  MPOBEICHBI  TIPU
HayaJIbHOW KOHIIEHTPAIlMU YaCTHUI] ]\7,4,11&:0,2-1072 o
MPY TPEeX pa3NUYHBIX BapHaHTaX PadOTHI KOATyJISAIH-
OHHOM KaMephl: BO3JEHCTBUE TUIOCKUM H3ITydaTeleMm;
BO3JICHCTBHE CTYNICHYATHIM U3JIydaTeieM; 0e3 yiabTpa-
3BYKOBOTO BO3JAEWUCTBUs. B pe3ynbrare mMoydeHsl
JaHHbBIE 0 (PPaKIMOHHON YPPEKTUBHOCTH, TIOKA3aHHBIC
Ha puc. 11.

AHanm3 NoTy9YeHHbBIX 3aBUCHMOCTEHN MOKA3bIBACT, UTO:
e 3(PQeKTUBHOCTD yJIaBJIMBAaHUS 4YacTHIl Oe3 yibTpa-

3BYKOBOTO Bo3zeiictBus (puc. 11, kpusas 3) cyue-

CTBEHHO HIDKE, UM IIPH €T0 HAINYNH;
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Fig. 11. Fractional efficiency: 1 - flat radiator; 2 - step-
function radiator; 3 - without ultrasonic influence

e C HCIIOJIB30BAHUEM CTYIICHYATOTO M3TydaTess (puc.
11, xpuBas 2) npu GOPMHUPOBAHHU CTOSICH BOJHBI
YACTHIBI MTOYTH HE B3aHMOJICHCTBYIOT MEXKAY CO-
0oli B mpenenax y3jioBOH o0jacTd, a MpU OYCHb
HU3KOW KOHIEHTparwu 3()(HEKTHBHOCTE ariioMepa-
IIUH CBOJUTCS K HYJIIO;

e IIpUMEHEHHE IUIOCKOro m3mydarens (puc. 11, xpu-
Bas 1) mo3BoIsIET POPMUPOBATH BUXPEBBIC TCUCHHS
MEXIY CMEKHO-PACHOI0KEHHBIMHU 00JIaCTSIMH, KO-
NeOMoIMMHUCS B IpoTHUBO(dA3e, YTO CYIICCTBCHHO
MOBBIIIAET B3aUMOJICHCTBHUE YACTHLI, PACIOJIOKEH-
HBIX B Y3JIOBBIX 30HaX.

Takum 00pa3om, pe3yIbTaThl IKCIIEPUMEHTAIBHBIX
HCCIICIOBAHUH MOATBEPIIIIH, YTO TOBBIIICHUE d(dek-
TUBHOCTH ¥Y3-KOAryJsiiul BO3MOXHO 3a CYET CO3[a-
HUSI aKyCTHYECKUX TCUCHHH B BHJC BHUXPEBBIX IMOTO-
koB. [Ipu 3TOM 3((HeKTUBHOCTD yIaBIWBaHUS YacTHUIL
pasmepom 2,5 MkM Bo3pactaeT Ha 6 % — ot 89 no
95 %, wactun pasmepoMm 1,5 Mmkm Ha 7 % — oT 85 1m0
92 %, a wactuil pazmepom 0,5 Mkm Ha 9 % — ot 76 10
85 %.

CITMCOK JIMTEPATYPbI

3ak/0yeHue

B xonme BeImONHEHUST pabOTHI OBLIM IPOBEIICHBI
TEOPETUUCCKUE U DKCICPHUMEHTAIBHBIC HCCIICIOBAHMUS
mporecca KoaryJsiiui 9acTUI] pa3MepoM 2,5 MKM U
MEHee B YJIbTPa3BYKOBOM TIOJIE, (POPMHPYEMOM B pe-
30HAHCHBIX MPOMEXKYTKAX KOJICOIIOMUMHUCS JIHUCKO-
BBIMH  W3NydarensiMu. IIpejcTaBieHbl pe3yibTaThl
WCCTIE0OBAHNN KOATYIISAINA YaCTUIl Pa3MEePOM 2,5 MKM
U MCHEEe B PaBHOMEPHOM Tone ¥Y3-KkojieOaHui, 1 moKa-
3aHa HEBO3MOXHOCTh pealin3aiiui mnpoiecca ¢ dpdek-
THBHOCTBIO JUTS YaCTHI] pa3MepoM MeHee 2,5 MKM.

[IpennoxeHo HOBOE HaMpaBlICHUE MOBBIIICHUS (-
(EKTUBHOCTU KOATyJISIMU 33 CUCT MPUMCHEHUS Yiib-
TPa3BYKOBBIX JHMCKOBBIX W3JIydaTesiel, CIIOCOOHBIX
(hopMUpOBaTh B PE30HAHCHBIX MPOMEKYTKAX depemy-
foluecst 30HbI, KojeOmromuecs: B npoTuBogaze. Co-
3/IaHUE M MPUMEHEHHE TaKUX M3Jydaresied odecredu-
710 (POPMHPOBAHUE AKyCTHYCCKUX TECUCHUH BUXPEBOTO
THIIA, CHOCO6HLIX HepeMemaTL qaCcTUIbI B npeﬂenax
Y3JI0BBIX OOJIacTell CTOS/UC BOJHBI M MEXIY HHUMH,
YTO YBEJIUUNIIO BEPOSITHOCTh UX CTOJKHOBCHHSI.

[poBe/ieHHbIC MCCIECIOBAHKMS M TONTYYCHHBIC JKCIIC-
pI/IMeHTaJ'II)HI)Ie peSyJ'H)TaTI)I T1I03BOJINJIN BBISIBUTH YCHOBPIH
W PSKUMBI TOBBIIICHUS 3(DPEKTHBHOCTH Y 3-KOaryJIsIiH
3a cueT (OpPMHUPOBaHUS aKyCTHYCCKHUX TEYECHHH, CIOCO0-
HBIX MIEPEMEII[aTh YaCTHIIBI B MPEIENIax y3/I0BbIX 00IacTel
CTOSTYEH BOJIHBI M MeXTy HUMU. [TokazaHo, 4to Oosee 3¢-
(ekTrBHAS Y3-Koaryasimsi OOCCIEeUMBACT ITOBBIIICHHE
CTCIICHU I/IHepL[I/IOHHOI‘O yHaBJ'H/IBaHI/IH JUISL 4aCTUIL pa3Me—
pom 2,5 MM Ha 6 % — ot 89 10 95 %, A yacTHLl pa3me-
pom 1,5 mxMm Ha 7 % — ot 85 10 92 %, a i yactuiy pas-
mepoM 0,5 mxm Ha 9 % — ot 76 10 85 %.

JanpHeiimee moBeieHne 3(G(OEKTHBHOCTH Koary-
JIAIUU W YJIaBJIMBAHUS JUCHEPCHBIX YaCTHUI[ MOXET
OBITh 00ECIIEYEHO 3a CYET KOMIUIEKCHOI'O BO3AEUCTBUSL
Ha Ta30/JUCIIEPCHBIC CUCTEMBI TOJSIMH Pa3IndHON (H-
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