Cepis: TexHi4Hi Hayku

2/2017

VK 534-8.53

B. 5. T'anbueHko, 0.m.H., npoghecop,
JL. I'. Kynuubka, K.m.H., cmapuiuti 8uKiaoad,
T. 1O. Kicinb, x.m.u., ooyenm
Uepkachbkuil iepKaBHUN TEXHOIOTTYHUIN YHIBEPCUTET
0-p llleBuenka, 460, Yepkacu, 18006, Ykpaina

MIJABAIIEHHA EGEKTUBHOCTI POBOTH YJIbTPA3BYKOBOI'O HEBYJIAM3EPA
3A JOIOMOTI'OIO KOHIIEHTPAIIl AKYCTUYHOI EHEPTTI

Huni ynompaszeyxose po3nunennss 6USHAHO 0OHUM i3 KpAWUX Cnocodie npuecomy8anHs 6UCOKO-
OUCNEPCHUX AepO307i8 PIOUH, WO He NOPYULYIOMb CIPYKIYPY POZHOPOULYBAHOI peuosunu. B yrempa-
38YKOBUX HeOYIaU3epax 8UKOPUCTOBYIOMbCS N €30€IeKMPUYHI PE3OHAHCHI ducnepeamopu, 8 Oinbulo-
cmi UNAOKI6 3 YIbMPA38YKOBGUMU KOHYEHMPAMopamuy, wo npayoioms Ha yacmomax 5-20 xl'y, ane
B0HU Matlomb psi0 Hedonikie. OCHOBHI pe3yibmamu pooomu noasearom Y RIOSUWEHHT eheKmUeHOCmI
oducnepeysants piounu 6 YIbmpasgyKogomy Hebyrauzepi 3a paxyHoK 3aCMOCYS8ANHS YIbMPA36YKOBUX
KOHYEHmMpamopie, akyCmuyHux i3, siodueauie ma Opelixepie i 6 amecmayii aepo3ouie 3a 00ONOMO-

2010 MIKPOCKONIUHO20 MemOoOy.

Knrouoei crnosa: ynompaszeykosuil nebyraizep, n’e30eieKmputiuil OUCnepeamop, KOHYeHmpa-
mop, aKkyCmuyHa iiH3a, 8i0ousay, opetkep, MiKDOCKON.

Beryn. YibTpa3BykoBi HeOymaiizepu mpu-
3HaYeHi JUTA JTIKyBaHHS Ta MPO]ITaKTHKH 3aXBO-
pIOBaHb TUXATBHUX NUISXIB 1 JIETeHb aepO30IIIMH
BOJIHMX PO3YHHIB JiKapchbkux 3acobiB. Lli mpuma-
JIM JI03BOJISIFOTH PO3MOPONIYBATH JIIKAPCHKI Tpe-
napaté y BUTIISAL ApiOHOIMCIIEPCHOTO aepo30-
0, KU TPU BAMXaHHI MPOHUKAE y Ba)XKKOJO-
CTYITHI AUISHKH JIETCHIB.

Hiamerp OpOHXIB, Jie pO3BUBAETHCS 3ama-
JBHHN MPOIIEC, CTAHOBUTH BChOTo 1-2 MM, a O6po-
uxion — 0,5 mm. ToMy TinbKH Iyxe IpiOHI yac-
THHKH JTIKapChKOro mperapary (posmipom 5-10
MIKpPOH) MOXKYTh IPOHUKHYTH B IIi BIJJILIN JXa-
TpHUX [UIsXiB. OTpUMaTH Taki MIKPOCKOIIYHI
YaCTUHKH MOXKHA 32 JIOTIOMOTOI0 YIIbTPa3BYKOBO-
ro HeOynaiizepa, skuii 3a 10-15 xBunmH poboTH
3MATHUH PO3BUHYTH BUCOKY NPOJYKTHBHICTH i
BBECTU B UXAJIbHI IUIAXU HEOOXiguHuil oOcsr
JIIKAPCHKOr0 PO3UYUHY.

[Tpu BUOOpPi yIBTPa3ByKOBOTO iHTAJSITOpPA
HEOOXiJIHO OpiEHTYBaTHCS Ha TP OCHOBHI MO-
MEHTH:

—KOHCTPYKTHBHI 0COOIMBOCTI IPUIay;

—HOro MPOyKTUBHICTB;

—pO3MIp YacTOK aepo30iio, sKi TeHepy-
IOTBCAL.

PiBeHb ypakeHHS JAMXAIbHUX NUIAXIB
BKITIOYAa€ OpOHXH caMoro maioro kamiopy — 1-
2 MM i MeHmie. [IpOHUKHYTH B HUX 1 HAJATH Jii-
KyBaJIbHOI il MOXKYTh TUIbKH YaCTHHKH JIIKapCh-
Kol pedoBuHHU niameTrpoMm 5-10 mikpoH. Tomy

HABa)KIIMBIIIOK XapaKTEPUCTHKOIO aepO30III0 €
JIMCTIEPCHICTE — PO3MIP YaCTUHOK JIKapChKOTO
PO3YHHY, SIKHI pO3MOpPOIIyeThCsS. B imeansHoMy
BUIQJIKy aepo30lib, IO TEHEPYETHhCS IHTAJSATO-
pOM TOBHHEH OyTH MOHOAMCIIEPCHHUM, PO3MIp
YaCTOK SIKOTO HE Ma€ BEITMKOTr0 PO3KUAY i CTaHO-
BHUTb, Hampukiana, Bigx 5 mo 10 mikpoH. SIkimo
JIMCTIEPCHICTh YACTHHOK aepo30JII0 Ma€e OLTbIIHMA
PO3KHUA, HanTpHUKIIa] Bix 5 10 30 MIKpOH, TO 11, SIK
MPaBUJIO, IPHJIA]l HEBUCOKOI SIKOCTI 1 HaliifHOCTI.

B nanuii yac ayist qucriepryBaHHs pilMHA B
VIBTPa3BYKOBUX HeOynaizepax BHKOPUCTOBY-
IOTBCSI T’ €30€TICKTPUYHI pPE30HAHCHI JUCIepra-
TOpH, B OLTBIIOCTI BUMAJIKIB 3 YIBTPA3BYKOBHUMH
KOHIICHTPATOPaMH, MPAIIOI0YNMH Ha 9acTOTax 5-
20 k. i aucnepraTopu MaroTh Psia HEAOMIKIB.
Cami 3Ha4Hi i3 HUX:

—HECTIHKUH peXHM pOOOTH, 3pHB KOJH-
BaHb Ta JWCIIEPTyBaHHS;

—TMOpPIBHIHO BEITUKI PO3MIpH YaCTUHOK PO-
3MOPOLTYBAHOI PIIMHYU 3aBISKH HU3BKIH poOOUii
4acTOTiI JUCIEpraTropa, 0 MOTipHIye JiKyBallb-
HUH eeKT.

Binomi koHCTpyKIil Aucnepraropis (a Ta-
KoK HeOynaii3epiB Ha X OCHOBI), 110 BUKOPUCTO-
BYIOTh HH3bKOUACTOTHI KOIMBAHHS i3 3acTOCY-
BaHHSIM YJIbTPa3BYKOBHX KOHIICHTPATOpPIB, alie
SIKI TIPALIOIOTh Ay)Ke HeHaniliHo. BukopucranHs
cepryHOro 1’€30€JIeMEHTa, IiHA SKOTO Tepe-
BHUIIIYE I[IHYy PEIITH YaCTHH JAHUCIEpPraTopa, 3Had-
HO JI0JIa€ BapTOCTI HEOY Iai3epy.
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Mera naHoi poOOTH — MiABHIICHHS edek-
TUBHOCTI CTBOPEHHS aepO30IJI0 B JAUCIEPTraTOpax
3a JIONIOMOTOI0 YIIBTPa3BYKOBUX KOHIIEHTPATOPiB
pi3HOI KOHCTPYKIIil, aKyCTHYHUX IIiH3, BijOHWBa-
4iB Ta OpelKepiB, a TAKOX TOCTIIHKEHHS SKOCTI
aepo30IIiB 3a JIOMIOMOTOK0 MIKPOCKOIIYHOTO Me-
TOTY.

ExcnepumeHTaNIbHA YacTHHA

1. BarockoHnajieHHs1 KOHCTPYKIIT Aucnep-
raropa. /s ycyHEeHHs BKa3aHHUX BHILE HEJOMi-
KiB OyJIO 3alpOIIOHOBAHO BHKOPHUCTOBYBATH TO-
BIIMHHI MOAM KOJHMBAaHb II’€30€JIEMEHTA 1 OPHTi-
HAJIBHUM METOJ KOHIEHTpAllil yJIbTPa3ByKOBOL
SHEprii, 1[0 MOJISrae B HaCTYITHOMY:

—dopMytoun B 11’ €30e71eMEHTI HEOITHOPII-
Hi EIEKTPHYHI MOJsI, MOXXHA CPOPMYBATH YIIbT-
pa3ByKoBi moinsi HeoOXimHOoi ¢opmu, TOOTO 3a
JIOTIOMOT'OI0 TUIOCKOTO T1’€30€lIEMEHTa CTBOPUTH
YIIBTPa3ByKOBHM KOHIIEHTpaTop [1];

—30y/UKYIOUM KOJMBAaHHS Ha YacTOTaxX B
miamasoHi 1-2 MI'n, MOKHa OfEp)KaTH CTIHKY
JUCIIEPrallilo PiAMH 3 APIOHUMH YacTKaMH, IO
JIaCTh 3MOTY MiJICUINTH JIKyBaJlbHUHA eekT [3].

Cxema, sika TOSCHIOE MPUHIKI i1 1HTas-
TOpa, IIoKa3aHa Ha puc. 1.
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Puc. 1. Cxema HedyJaiizepa: 1 — xopmyc;
2 — I’ €30€JeKTPUYHUN [TepEeTBOPIOBAY; 3 — eNEKTPUY-
Ha cxema; 4 — ajanTep; 5 — BeHTUIATOP;
6 — pivHa, SIKa PO3MUITIOETHCS

B xopmyci iHramsaTopa po3MIIy€eThCS
1’ €30€NIEKTPUYHUI  TIepeTBOPIOBAY 2, SIKMHA ITiJI-
KIIIOYCHHH 10 eIeKTpUYHOI cxemu 3. Cxema mij-
KIIIOYAEThCSL JI0 JpKepena MOoCTiiiHol Hanpyru 4
(amantep AC/DC SDK — 0302 — Bxix 100-240B
nepeminHoi HanpyrH, Buxig 12B DC, 1A a6o 20
MII-24A — Bxin 150-250B, Buxin 24B, 0,8A). Jlo
IBOTO XK JDKEpena MiJIKIIOYEHO 1 eJIeKTPOBEHTH-
aaTop 5. B xopnyc 3ainuBaeTbes pinguHa 6.

Jnst mocmikeHs OyB BUKOPUCTaHUM eKc-
MepuMEHTATBHIH 3pa30K nuciiepraropa (puc. 2),
B SIKOMY 30Yy/UKEHHS YIBTPa3BYKOBHUX KOJIMBaHb
BiIOyBa€ThCSI 32 JIOMOMOTOI0 I1’€30eJeMeHTa
02,5 ta TOBIIMHOIO 1 MM, MigKIOYCHOIO 10
cxeMH aBToreHeparopa (dacrora 1,65 MIm —
TOBIIMHHI KOJIUBaHH:A) [2].

Puc. 2. 3arajbHuii BUIJIs eKCTIEPUMEHTAJIBHOI0
3pa3ka auciepraropa

EnexTpoHHa cxema B po3poOJICHOMY €KC-
MEPUMEHTAIBHOMY 3pa3Ky MpPEACTaBiIsie co00I0
aBTOreHepaTop, 310paHuil Ha MOJILOBOMY TpaH3U-
cropi IRF530, B nmaHmrior mO3UTHBHOTO 3BOPOT-
HBOTO 3B 53Ky SKOI'0 BKJIIOYEHUHN I1"€30€7IEMEHT.
[Napamerpu aBTOreHepaTopa mMimiOpaHi TaKUM
YUHOM, IO B I1’€30€JIEMEHT] 30Y/DKYIOThCS KO-
JIMBaHHA 10 TOBIIUHI.

Jis minBuineHHs e()EeKTHBHOCTI CTBOPEH-
Hs1 aepo30J1t0 OyIM BUKOPUCTAHI:

1. Vavmpasseyxoei  xonyemmpamopu  pi3HOI
KOHCTPYKIIi1 (CTymiHYaTi, KoHi4Hi) (puc. 3).

Puc. 3. YabTpa3sByKkoBi KOHIEeHTpaTOpH

Haiikpammii edekr, skuil OIiHIOBAaBCS 10
BHCOTI YJNBTPa3BYKOBOrO (POHTaHY MPH IHIIHX
PIBHHX YMOBaXx, J1aJl0 BAKOPUCTAHHS HOBOI KOHC-
TPYKIIii KOHIIEHTPATOPa — CTYMiHYATO-KOHIYHOTO.
2. Vaempazeyxosi (axycmuuni) ninsu (puc. 4):

— chepuuni;
Y BHIJISAJI HaMiBTOpOina Kpyriioi popmu;
JH3M CKIaaHOi (OpPMH Ta iH.
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Puc. 4. AkycTu4Hi JiH3m:
a) chepuuHi; 0) y BUIIIsiAL HamiBTOopoina V-noniOHoi (hopMu; B) OaratoelieMeHTHa JIiH3a; T') CKJIQJHOI (POpMHU

Hatiikpaii pe3ynbTaTd BIAJOCS OTPUMATH IpPU 3aCTOCYBaHHI CHEPUUHUX JIIH3, y SKHUX Ha
chepuyHii moBepxHi Oy BUIABIICH] 1OJATKOBI CT)epani JIIH3W MEHIIOro giamerpa (puc. 5).

Puc. 5. Chepuyna akycTu4Ha JiH3a 3 100ATKOBMMH JIiH3aMHU MEHIIIOI0 AiameTpa

Sk mokaszany eKCIEpUMEHTH, IIPU POOOTI TUCIEpPraTopa yTBOPIOKOTHCS: YIbTPa3ByKOBH (OH-
TaH, aepo30Jib, & TAKOXK KPaILIi piguHu (puc. 6).

6)

Puc. 6. lucneprauis piqunm:
a) 3 yTBOPEHHSIM YJIBTPa3BYKOBOTrO OHTaHY; 0) 3 pO3OHUTTAM YIIBTPa3ByKOBOTO (hOHTaHY
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3 mHpoBeNeHUX EKCIIEPHUMEHTIB BHILIMBAE,
O B  KOHCTPYKIl jaucrepraTtopa  CIif
nepea0aYnTH IIIe 1Ba IPUCTPOI:
— BigOWMBa4, SKHH MEPEIIKOHKAE  BUIBOTY
Kpamelib pPIIMHA 1 pyXy YJIbTPa3BYKOBOTO
(doHTaHYy;

— Opetikep (po30uBau), sikuii po3ouBae GOHTaH i
KPYITHI Kparui.

Binbin BUCOKY e(eKTHUBHICTH YTBOPCHHS
aepo30JII0 BIAJIOCS OTPUMATH MPHU 3aCTOCYBaHHI
JUCIIEPIraTopiB, CXEMH KOHCTPYKIIH  SKHX
MmoKa3aHi Ha puc. 7 [4, 5].

1 Aepo3ors /1( 9 Aepo3ors
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TOTC 5
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a) 0)

Puc. 7. Cxemu KOHCTPYKLiii 1McHepraTopis 3 aKyCTUYHOIO JiH3010:
a) y BUIJIsIl HamiBTOpoifa V-moaiOHoro nepepisy;
0) 31 chepUUHOI0 AKYCTUYHOIO JIIH30H0 1 JONATKOBUMHU JIiH3AMH;
B) 3 aKyCTHYHOIO JIIH3010 Ta Gpeiikepamu
(1 — xoprmryc; 2, 3 — BXiiHUI 1 BUX1THUH OTBOpH; 4 — 11’ €30€JIEMEHT; 5 — eNIEKTPUYHA CXeMa;
6 — BeHTHIISITOP; 7 — JiH3a; 8, 9 — Opelikepn)

2. MikpockomiyHuii MeTO aTecTamii ae-
po3ouie [6]. JlocmikeHHs TPOBOIUIKCH 3 aepo-
30JIAMU IHTAIAIIAHUX PO3YMHIB, SIKI 3aCTOCOBY-
I0Th TpH JIIKyBaHHI XPOHIYHHMX 3aXBOPIOBaHb
IMXalbHMX IUIIXiB, a came, Berodual, Ventolin,
Bricanyl.

I'eHepoBaHi 3a momoMoror HeOysai3epa
YaCTKM JIIKAPCHKUX aepo30JIiB, 0CAHKYBAIKMCS Ha
npenMerHe ckio (puc. 8). ExcriepuMeHT mpoBo-
JIUBCSI 32 JIOMIOMOTOI0 arapaTHOro KOMILIEKCY
udpoBoi MIKPOCKOITIi, 10 SKOr0 BXOAWUTH: MiK-
pockon Olympus BX-41; nudposuii poroanapar
Olympus C5050Z 3 m’sTUMeramikcelibHOK MaT-
PHIICIO; TIEPCOHAILHHIIA KOMIT FOTED.

Expan

HeGynaiizep Aeposoib

[Ipenmerne ckio

Puc. 8. Cxema excnepuMeHTy

B pesynbrati mociimpkeHb Oyjad OTpUMaHi
udpoBi 300paXkeHHsI OCaKEHUX YacTOK aepo-
30iiB (puc. 9).

Puc. 9. Ilu¢pposi 300pakeHHsT ocaTKeHNX YaCTOK aepo3oiB: a) Berodual; 6) Ventolin; B) Bricanyl
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BuMipioBaHHS PO3MIpiB Y4aCTOK aepo30IIiB
Oylio TPOBENEHO 3a METOJHUKOI0, SKa BKIIOYAE
obOumcneHHs miamerpa Maprina (dy), maiamerpa
depera (dr) Ta AlamMeTpa MPOEKILi MIIOMII YaCTOK
(dpa) (puc. 10).

OKpyXHICTb

Py .. Kontyp wactku
€KBIBaJIEHTHO] - ——
IO P ~ Z

de

A

A\ 4

Puc. 10. ExBiBanenTHi po3mipu
HeperyJsipHUX YacToK

Jnst onucy po3noainy po3Mipy 4acToK ae-
PO30JIiB HAMOUIBII TpUIATHI (QYHKIIISA PO3MOILTY
Rosin-Rammler

F(D)=1-exp —(%}

a0o ASTM standart E795-92.

CraTtucTHuHy OOpPOOKY pe3yJIbTaTiB BHUMi-
PIOBaHb ITOKa3aHO Ha MPHKIAIl PO3MOLTY dYac-
TOK IHrajsimiiHoro mnpemnapaty Berodual, ski
reHepyThCs HeOynakzepoM (puc. 11).

Puc. 11. liarpama po3noainy 4acTok nmpenapary
Berodual: (Mean (D) = 38.64 pm; Stdev (D) =23.08
pm; Median (D) = 37.44 pm)

Bucnoeku:

1. HaiiGinbImoro migBUINEHHS €pEeKTUBHO-
CTI JUCIIEpPryBaHHS DIIUHH B YJIbTPa3BYKOBOMY
HeOynaiizepi OyJIo TOCATHYTO 3a paxyHOK 3acTo-
CyBaHHS:
— YJNBTPa3BYKOBOTO KOHIICHTPaTOpa CTYIiHYa-
TO-KOHIYHOI (hOpMHU;
— aKyCTU4HOI cpepuyuHOI JiH3H, Y SIKOi Ha ce-
pUYHIA MOBepxHI OyJNIM BHAABICHI OJATKOBI
chepuyHi JIIH3KM MEHILIOrO JiaMeTpa;
— BigOWBaya, KU NEPEIIKOKAE BUIBOTY Kpa-
IeJTb PIIMHU 1 PyXY YJIBTPa3BYKOBOTO (JOHTAHY;
— Opelikepa (po30uBava), skuii po3douBae (oH-
TaH 1 BEJIUKI Kparui.

2. 3a JI0MOMOror MIiKPOCKOIMIYHOIO METO-
Iy MpOBeleHa aTecTallil 4acTOK aepo30JIiB, SIKI
TeHEPYIOTHCS YIBTPa3BYKOBUM HeOynai3epom.
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THE INCREASE OF ULTRASONIC NEBULIZER’S EFFICIENCY
WITH THE HELP OF ACOUSTIC ENERGY CONCENTRATION

Ultrasonic dispersion is recognized as one of the best ways to prepare highly dispersed aerosols
that do not harm structure of pulverable substance. In ultrasonic nebulizers piezoelectric resonant
dispersants are used, in most cases with ultrasonic concentrators, working at frequencies of 5-20 kHz.
But they have several drawbacks.

The main results of this work consist in the increase of ultrasonic nebulizer’s efficiency by ap-
plying ultrasonic hubs, acoustic lenses, reflectors and breakers and in the attestation of aerosols with
the help of microscopic method.

Keywords: ultrasonic nebulizer, piezoelectric dispersant, hub, acoustic lens, reflector, breaker,
microscope.
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