AHOTALS

Kocmiok H. 0. OOrpyHTyBaHHS TapaMeTpiB BIOpallifiHOI MalIuHU IS
3He3apakyBaHHS Ta 3MIHM BJIacTUBOCTeH Boju. — KBamidikariiiHa HaykoBa Ipalls Ha
IpaBax pyKOIHUCY.

Hucepraris Ha 3100yTTS HAyKOBOTO CTyIeHsS JokTopa dinocodii 3a
cnemianpHicTI0O 131 — IlpuknagHa wMexaHika. — XMEJbHULIBKUN HalllOHATBHUN
YHIBEpCHUTET. — XMeTbHHUILIbKH, 2021.

Huceprariiina poboTa NMpUCBAYEHA BUPINICHHIO HAYKOBO-TEXHIYHOI 3ajiayl —
CTBOPEHHSI HOBMX KOHCTPYKILIM BIOpamiiHUX MallMH JJs  KaBITallMHOIO
3HE3apa)KyBaHHsI 1 3MIHU BJIACTUBOCTEW BOJIU 3 OOTPYHTYBAHHSAM iX KOHCTPYKTHUBHUX
napameTpiB 1 pallioHAIbHUX PEXHUMIB POOOTH MPHUBOAY Ta CTBOPEHHIO METOIUKU X
PO3PAXyHKIB.

OO0'eKTOM JOCIIKEHHSI € KOJIMBAJIbHI MPOIECH Yy BiOpaIliiHUX MallMHAX IS
3HE3apa)KyBaHHs 1 3MIHM BJIACTUBOCTEN PIIMHHOTO CEPEOBHUIIIA.

[IpeameToM JOCHIIKEHHA € KOHCTPYKTHBHI Ta JMHAMIYHI IapaMeTpu
BIOpaIifHO1 MalllMHU TOPIIHEBOIO THUITy, YACTOTHHMM Jlala3oH PEXHUMIB poOOTH
B1OpalliifHOTO IPUBO/LY.

VY BcTynl HaBeleHa 3arajibHa XapakKTepUCTUKA poOOTH, OOTrpyHTOBAHO
aKTyaJIbHICTh TEMU JIOCHI/PKEHb, PO3KPUTHHA 3B’S30K pOOOTH 3 HAYKOBUMH
nporpaMamu, IJjaHaMH Ta TeMaMmd, cQopMyiabOBaHa MeTa, 3aBJaHHA, OO0 €KT Ta
MpeaMeT JIOCHIJDKEHHs, BKa3aHa HAayKOBa HOBM3HA Ta TMPaKTUYHE 3HAYEHHS
OJICp)KaHUX Pe3yJIbTaTiB, BU3HAUYCHUM OCOOMCTHH BHECOK 3700yBaua, HaBeJEHI JlaHi
npo anpooOariiro, myoJikali, CTpyKTypy Ta o0car poOoTH.

AKTHUBHE  TPOMHCIIOBE  BUKOPUCTAHHS  KaBITAIIWHUX  MPOIECIB 13
3aCTOCYBaHHSAM PpI3HUX 3@ TMPUHUUIIOM [Ii YCTaHOBOK, MaIIWH, AarperariB
NEPEKOHJIMBO MIATBEPPKYE BUCOKY €(EKTHBHICTh JAHOTO (PI3UYHOrO SBUIIA, SIK
edeKTUBHOTO 3ac00y Oe3peareHTHOro 3HE3apaKEeHHs, MPUCKOPEHHS XIMIYHHX
peakiiii, BHUJO3MIHM CTPYKTYpH 1 BJIAaCTUBOCTEM BOJHOIO CEPEAOBHINA, IO

o0poOmtoeTbesa.  Tomy  MOCHIDKEHHS JUHAMIKA TIPOIECY 3HE3apakKeHHS 3
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BUKOPUCTAHHSAM KaBiTallli PU KOJMBAHHSIX PIIUHHU, CTBOPEHHSI HOBHX KOHCTPYKIIINA
BiOpaliiiHUX MaIlMH, B SKUX piJdHA BHUCTYIMAE€ SK OO'€KT, SIKUM IMIIa€ThCS
KEpOBaHUM BiOpaIliiHUM BIUIUBOM, € aKTyaJIbHUM HayKOBO-TEXHIYHUM 3aBJIaHHSIM.

VY mepmomy po3aiii 3A1MCHEHO CUCTEMHHM aHalli3 METOJIB 3He3apakyBaHHS
BOJHUX IIOTOKIB, Cy4YaCHMX KOHCTPYKIIH MammH Ta oOONagHaHHS s
3HE3apa)XyBaHHsS Ta 3MIHU BJIACTUBOCTEW BOJAM, MPUBEJICHO MOPIBHAIBHUN aHami3
TUIMIB iXHIX BIOpalifHUX TPUBOIIB Ta OOIPYHTOBAaHO BHOIP EKCIICHTPUKOBOTO
MIPUBOJY JJIS 3aIIPOITOHOBAHOI MAIIIHH.

[IpoBenenuii aHai3 cTaHy HayKOBHX JOCIIJIKEHb 3aCTOCYBAaHHS BIOpaIiifHUX
TEXHOJIOTIH y mpoliecax 3He3apa)KyBaHHs Ta 3MiHU BJIIACTUBOCTEH BOJAU MOKA3aB, IO
KaBiTalliiiHa oOpoOKa pIiJMH, Ma€ PI3SHOMAHITHI TEXHOJIOTIYHI MOXJIMBOCTI B
010J10T1YHOMY 3HE3apa)KyBaHH1 BOAM 1 MOCTA€ JOIIBHICTh HE JIUIIE Y MOTJIUOJICHOMY
BUBYEHHI Ta JOCIIPKEHHIX TEXHOJIOTTYHUX MOMJIMBOCTEN KaBiTalliiHOI 0OpoOKH, a 1
y HampsMi CTBOPEHHS KOHCTPYKIIM BIOpallifHMX MalIuH, IO peaii3yloTh ii
MO>KJIMBOCTI, CIIPOMOKHUX OPTaHIYHO MOEAHATH €(PEKTUBHICTH CIIOCOOIB 30ypeHHs
KaBiTalli. AHaJII3 Cy4aCHUX KOHCTPYKIIIH 00JIalHaHHS Ta MallWH JIJIsl KaBITallliHOTO
BIUTMBY Ha PIIUHHE CEPEIOBHUIIE MOKa3aB MepeBaru 1 HEJOMIKU PI3HUX KOHCTPYKITIN
oOJiaiHaHHs 1 BIOpaIIiHUX MPUBO/IIB.

[Ipu aHami31 eKCnepUMEHTAIIbHUX AOCIIHKEHb KaBiTallli B HU3bKOYACTOTHUX
3BYKOBUX TMOJSAX Oyja BUABJICHA aHANOTIS 3 (PI3UKO-XIMIYHUMU €(PeKTaMu Mix
HU3bKOYACTOTHIA 1 yJIbTPa3BYKOBIA KaBiTallli, & OCHOBHMMH NapaMeTpaMH, SsKi
BIUTMBAIOTh Ha IHTEHCUBHICTH MPOIECY € 3HAYCHHS MAKCHUMAJIbHOTO THUCKY Prax B
MOPOKHUHI OYyIHOAIIKHY Ta 3HAYSHHS YaCTOTHOTO XapaKTepy KOJWBAaHb PiTUHU.

PesynbpTaTu aHamizy JITEpAaTypHUX JDKEpENl 1 MAaTEHTHOTO OMISIAY Jaliu
MOJKJIMBICTh C(OPMYJITIOBATH METY Ta 3ajadi JUIsl JOCSITHEHHS MOCTaBICHOI METH.

VY npyromy po3aun onucaHa 3arajbHa METOJOJIOTIS JOCTIIKEHb, TPOBEACHUX
B po0OTi, 1Mo 0a3yeThCs HAa 3aCTOCYBaHHI CHCTEMHOTO MIAXOAY JJIsl BHPIIIECHHS
MOCTABJICHOTO0 HAYKOBO-TEXHIYHOTO 3aBIaHHSI.

B ocHOBI crCTEMHOTO MiAXOy JIEKaTh BIJIOMI MIPUHIIUIK: IIJIECIIPSIMOBAHOCTI,

MOACIIOBAHHSA (bi3I/ILIHI/IX HpOHCCiB, BU3HAYCHHA NPOLCAYPHU OCHOBHHUX CHUCTCMHUX
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JOCITIKeHb, 3MICTOBHMM aHaji3, MOJACIIOBAHHS JOCIIIKEHHS, BUOIP parlioHaATIbHUX
KOHCTPYKTHUBHUX PIIICHb.

VY mporieci BUKOHAHHS AUCEPTALIAHOTO JOCITIKEHHS PO3POOJICHO OPUTIHAIBHY
YCTaHOBKY JUIsi MOJICJIIOBAHHS (DI3UYHHMX MPOIECIB, IO MPOXOAATh y BiOpaIiiiHin
MallliHI JUId 3He3apakyBaHHS Ta 3MIHM BJIaCTUBOCTEH BOJM Ta YCTAHOBKY JUIS
dorodikcarii npoieciB, SKi MPOXOAATh y Kamepi IMyJbcallii BiOpaIiiiHoi MalivHu.
Onucani npuiaaad Ta iX XapaKTEPUCTHKH, SIKI 3aCTOCOBYIOTHCS JUISl MPOBEACHHS
BUMIpIOBaHb MapaMEeTPiB, 110 KOHTPOITIOIOTHCA.

[IpuBeaeHa MeToaMKa 3aIIPOIIOHOBAHOTO CIOCO0Y (hiKcallii 3MIHM BIaCTUBOCTEH
BOJHMX MOTOKIB MICisI 00poOaeHHs y BiOpaliiiHiid MallvHI JJi1 3HE3apaKyBaHHS Ta
3MIHM BJIACTUBOCTEH BOJM Ta METOJHMKA BH3HAUCHHS CTYMEHS 3HE3apaKyBaHHS
BOJIHUX ITOTOKIB IMICJI BiOpaliifHOI KaBiTaIlli.

Y TperboMy pO3aiIl MOPEACTABICHO aHANITHUYHY MOJCNb KOJHUBAIHHOTO
mpoiiecy poboyoro cepefoBuIla y BiOpalliiiHiii MallidHI Ta OTPUMAHO PIBHSHHS
3aJIEKHOCTI MAaKCHMAJBLHOTO THCKY Yy KaMmepi IyJbcalii BiJ] KOHCTPYKTHUBHHUX
napameTpiB Ta peXUMIB pOOOTH PHUBOLY MAIIMHH.

Brnepiie po3pobiieHo KpUTepii ONTUMAaIbHOCTI IMapaMeTpa MaKCUMalbHOT
MPOAYKTUBHOCTI BiOpalliifHOT MalllMHU TIOPIIHEBOTO THUIMY, a caMe: HasBHOCTI
MaKCHMAJIBHOTO THUCKY po0OOdYOoro Tijla y Kamepl Myjbcalii Mpu MaKCUMalbHOMY

TUCKY PIJIMHY Ha BUXOJI 3 OTBOPY Y MOPWIHI. Grax = F (Prax 105 1m. = Prmax cmp.)

VY pe3ynbTari NpPOBEACHUX EKCHEPUMEHTAIbHUX JOCIIDKEHb CHIHA YJapy
CTPYMEHIO 3 OTBOPY Yy MOPIIHI, BCTAHOBJIEHO 3aJIC)KHOCTI BIUIMBY aMIUNITYJIU Ta
YaCcTOTU Ha CWIY yJapy CTpyMEHs B Kamepi myibcalii po3mipom 0,1 M. 3a yMoBH
30epekeHHs MaKCUMaJbHOIO TMEPEMIIIyBaHHS BOJHOTO CEPENOBUIIA Y €MKOCTI
MallMHU Ta MPOJYKTUBHOCTI PEKOMEHJOBAaHO BHUKOPHCTOBYBATH AMILIITYAY
kosmBaHb 0,002 M.

3 aHamizy BEJIMYMHM MAaKCUMAaJIbHOTO THUCKY y Kamepl MmyJbcalli TpuXoi
MOPIIHS YBEPX BCTAHOBJIEHO, 10 THCK nocsirae BenuunHu 0,0048 Mlla 1 3HayHO

MeHIe THCKy HacuueHux mapiB 0,0012 MIla (mpu maHmx ymoBax) TOMY MOKHA



3pOOUTH BUCHOBOK, III0 OTPUMAHO TEpITy CTaAll0 KaBiTallli — ra3oBy.

PesynbraTti AocnipkeHb MO Bi3yallizallli Mpolecy 3BOPOTHO-TIOCTYIAIBLHOTO
IOPOTIKaHHA PIIMHU KpPi3b OTBIp y MOPIIHI TMOKa3adH, IO BXE MPHU HE3HAYHHUX
yacToTtax Horo konuBanb BiAg 10 ['y mposiBnsieThes edeKT MOsSBH KaBITalIMHHUX
KaBepH y OTBOpI, KaBITAIlIHHOTO POCTY Ta CIJICCKYBaHHS Mapora3oBUX ITyXHPIIB Y
KaMepi mynbcallii BiOpariitHol MaluHH.

3 aHami3zy eKCIEepUMEHTAJIbHUX Ta AaHAJNITUYHUX BUTpaAT €HEpPrii MpPUBOIY
BiOpaIifHO1 MaIIMHY MOPITHEBOTO THUITY BCTAHOBJIEHO HAMPSMU PO3MOJLTY BUTPAT
MOTYXKHOCT1 MPUBOAY MAIIMHU MPHU 3MiHI YaCTU KOJIMBaHb MPUBOAY 32 OCHOBHUMH
BUJIAMHU: MEXaHI4Hi, TEIUIOBl Ta KaBiTallliH1 peakilii. OTpuMaHi 3aJIe)KHOCTI BUTPAT
MOTYKHOCT1 MPHUBOJIa poOOYOro opraHa BiOpaliitHOT MaIMHU JJIsl 3HE3apaKyBaHHS
BOJM BIJ] YaCTOTH KOJIMBAHHS TMOPIIHS TOKa3ajld, 110 €HEPrOBUTPATH Ha IPOIIEC
3HE3apakKyBaHHS Ta 3MIHM BJacTUBOCTEN mnoTpedyroTh Binx 100 mo 175 Bt, mo
TOBOPUTH MPO EHEPTOIIaJHICTh B TOPIBHSAHHI 3 IHIIUMHU BUJAMHU OOJIaJIHAHHS,
MPU3HAYEHOTO JIJISl 3HE3apaKyBaHHs.

ExcriepyuMeHTanpHl Ta aHAJIITUYHI JOCIIIKEHHS MIATBEPIUIN MOXIHUBICTh
MPOXO/UKEHHS KaBITAIlIMHMX XIMIYHMX peakiiid Ta 3MIHM CKJIaJay BOJHOIO
CepelloBHUIIA MPU BUKOPUCTAHHI BIOpAIIiHOI MAIIMHY NOPUIHEBOTO TUMIY. OTpuMaHi
pe3yNbTaTH MOXKYTh OyTH BpaxOBaHI MpU PO3pPOOJIEHHI TEXHOJOTA Ta KOHCTPYKIIIHA
BiOpaIiitHOro 00MaIHAHHS JIJI OYUIIEHHS CTIYHHUX BOJI IIPOMUCIIOBUX, KOMYHAJIBHHUX
MiITPUEMCTB, TBAPUHHUIIBKUX KOMITJIEKCIB TOIIIO.

VY yerBepTOMY PO3IiIl PO3MISHYTO MpaIe3JaTHICTh BIOpAIIMHOI MaITMHU IS
3HE3apaKyBaHHs Ta 3MIHM BJIACTUBOCTEH BOAM Ta 3alpONOHOBAHO METOAMKY
MPOEKTHOT'O PO3paxXyHKY OCHOBHUX BY3JIIB BIOpaIliifHOT MaIlIMHHU.

Y pe3ynbrari  MPOBEAEHUX  CEKCIIEPUMEHTAIBHUX  JIOCHIDKEHb IO
3HE3apa)KyBaHHIO PIYKOBOI BOJM BCTAHOBJIEHO, IO Micisi 00poOeHHs kaBiTaiero 20
XBUJIUH, JCSKI BUAM KOJOHIM OaKTEPiil 3HUIIYIOTHCS MMOBHICTIO, a 3arajibHa KiTbKICTh
KOJIOHIM  OakTepit 3MmeHmryeTbesi 10 80%, a IOCHIDKEHHS 3MIHM ITOKa3HUKIB
BOJOIPOBIIHOI BOJIM, 00poOJIeHO] KaBiTalli€o y BiOpaliiiHii MalllMHI MOPIIHEBOTO

TUITy, TIOKa3ajau, M0 Ticias oOpoOsienHs 3a mepiog 20 XBWIMH, 301TBIIYETHCA
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KOHIICHTpAIlii BUIbHUX 10HIB BOJHIO Y BOJI, BIAMOBIIHO MOKa3HUK pH 3011bIIy€eThCS
no 8,4 pH, 3menmyerbest mokazHuk ORP, 1m0 roBoputTh mpo HaCMYEHHS KHCHEM
PIAMHHOTO CepeloBuINa, 3MeHIeHHs mokazHuka 1DS 420 no 330 onuHHUIL TOBOPUTH
PO 3MEHIIEHHS COJIEBOTO CKJIAy, a B IIOMY PO MOJIMIIIECHHS BJIACTUBOCTEH BOJIH.

3anpornoHOBaHO y3araJlbHEHY METOJIOJIOTIIO SISl PO3PAaXyHKY KOHCTPYKTHUBHHUX
napaMeTpiB Ta BHOOpY palllOHAIBHUX PEXUMIB poOOTH MPUBOAY BiOparliitHOi
MalIWHY JIJIs BIUIMBY Ha BJIACTUBOCTI BOJIM Ta ii 3HE3apakyBaHHSI.

Y pe3ynapTaTi KIHEMaTHYHOTO Ta JUHAMIYHOTO aHali3y MapameTpiB
€KCLEHTPUKOBOIO MPUBOAY BiOpaliiHOT MAIIMHU BCTAHOBJIEHO BEIMYMHU CHIIOBHUX
Ta KOHCTPYKTMBHHMX MapaMeTpiB KOMIIEHCALIMHOI MpPYXKHOI CUCTEMH BiOpaliifHOI
MaIllUHH, a came: )KOPCTKOCTI MpyxHoi cuctemu C, Ta i 34aTHOCTI 110 eMrdyBaHHS
Ky. L1i mapameTpu MOKyTh OyTH BUKOPUCTaHI Y MOJAIBIIOMY TP KOHCTPYIOBaHHI Ta
pO3paxyHKax OCHOBHHUX MapaMeTpiB, BUOOPY PEXKUMIB pOOOTH MPUBOAY BiOpaliiHO1
MamvHA. HaBeeHO MeTOauKy BU3HAYEHHS MOTY>KHOCTI €JIEKTPOABUIYHA MPUBOAY
B1OpalliitHOT MallTUHHU.

Bnepme, 3 noOyaoBaHOi aHAMITHUYHOI MOJEIl KOJHMBAJIBHOTO IPOIECY
poOodoro cepemoBuilia y BIOpaliiiHii MaIIUHI TOPIIHEBOTO THUITY, OTPUMAHO
3aJIEKHOCTI MAaKCHUMAJbHOTO THCKY Y KaMmepl IMyJbcalii BiJ] KOHCTPYKTHBHHUX
napameTpiB Ta pexUMIB poOOTH MPHUBOJY MAIIMHHM Ta BIEPIIE €KCIIEPUMEHTAJIbHO
OOrpyHTOBAaHO palliOHaJbHI YaCTOTHI TpaHMI poOOTH BiOpaIIHHOTO TPHUBOIY
MalIuHU, K1 Jexarb y Mexax Big 18 go 231'n npu ammnityai konusanb 0,002m, Ta
BU3HAYEHO CITIBBIHOIICHHS 11 KOHCTPYKTHBHUX MapaMeTpiB: MPU 1aMeTpl MOPIITHS
0,1M pekoMeH0BaHO 3aCTOCOBYBaTH AiaMeTp oTBOpY y mopiHi Big 0,006 1o 0,008
M.

OpepxkaB  MOJANBIIOTO  PO3BUTKY METOJ  OILIHKKH 3MIHM  OCHOBHUX
BJIACTUBOCTEHN BOJM Ta €KCIIEPUMEHTAbHE MIITBEP/PKEHO, 110 KaBiTallliHI MPOIECH
y BiOpaIfiiiHiii MalifHiI MOPIIHEBOTO THIY MOKPAIIYIOTh OCHOBHI XapaKTEPUCTUKH
BOJHOTO CEepeoBUINa, a caMme 3poctae pH, 3MeHIIyeThCS KOSPIIIEHT TOBEPXHEBOTO

HATATY, 3MEHIIIYETHCSI BMICT COJBOBUX JTOMIIIOK.
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ExcnepuMeHTalbHO JOCIIIIKEHO MPOIIEC 1HAKTUBAIlll MaTOreHHOi (PJiopu BOAM
3 piukd BiOpaIliifHOIO KaBITAIlIHHOIO OOPOOKOIO Ta BCTAHOBJICHO 3HIDKEHHS POCTY
KOJIOHIM OakTepiit 10 80%.

[IpakTuuHe 3HaYEHHS] OTPUMAHUX PE3YJIbTATIB MOJISITa€ B TOMY, 10 pO3pO0IIeHI
TEOPETUYHI TMOJIOKEHHS, MaTeMaTU4YHa MOJENb BiOpamiiHOI MalllWHU, HOBI TEXHIYHI
pillleHHs 1 KOHCTPYKLIi BIOpaliiHUX MAaIINH, OTPUMAaHl CIIBBIIHOIICHHS IX
KOHCTPYKTMBHHUX TIapaMeTpiB Ta pallloHaJdbHI YacTOTHI TpaHUIl PpoOOOTH
BIOpaliifHOTO €KCLEHTPUKOBOTO MPHUBOJY BIOpaIifHOI MAIIMHU TMOPIIHEBOTO THITY
CKJIaJal0Th OCHOBY METOJMKH JUIsl IPOCKTYBAHHS 1 CTBOPEHHS BiOpaliifHUX MallluH
Ut Oe3peareHTHOTO 3He3apa)KyBaHHs Ta 3MIHU BIACTUBOCTEH BOJAHOTO CEPEIOBUIIA,
3aBISKMA AKIA 1HXKEHEpPU Ta HAYKOBI[, SKI MPalIOTh y MM Tally3l, MaTUMYTh
MO>KJIMBICTh BIIPOBAX)KYBAaTH y BHUPOOHUIITBO BUCOKOC(HEKTUBHI Ta HAJlIHI 3pa3Ku
BIOpaliiHUX MallKH.

Knrouosi cnosa: BiOpalliiHa MalllMHa, YacCTOTHI PEXUMH pPOOOTH TMPUBOIY,
KOHCTPYKTHBHI TapaMmeTpu, poOouuii opraH, KapiTallliiHE 3HE3apa)KyBaHHs, 3MiHa
BJIACTUBOCTEH BOJM, MATEMATUYHE MOJICTIOBAHHS, TIPOCKTYBAHHS.

OcHOBHI pe3yJbTaTH JUCEPTAIHHUX JOCTIKEeHb OmyOikoBaHi B 17 HayKOBHX
Iparsx.

HaykoBi mnpani, B sIKHX O0my0JIikOBaHi OCHOBHi HayKOBi pe3yJbTaTH
aucepTAanii:

Crarti y 3aKOpAOHHHX HAYKOBMX BHAAHHAX, WI0 IHACKCYIOTbCH Y
Mi’KHAPOJHUX HAYKO MeTPHUYHHX 0a3ax nanux Scopus, Web of Science:

1. Dynamic processes in the pulsation chamber vibration machine for
disinfection of water / Nazar Kostyuk, Anatoliy Hordieiev, Algimantas Bubulis,
Oleksii Hordieiev. Journal of Vibroengineering - Mechanical vibrations and
applications.Vol. 23. Is.4. 2021. 799-809 pp. (Scopus)
https://doi.org/10.21595/jve.2021.21637. OcobucTtuii BHECOK 3100yBaya: no6y0osa

AHANIMUYHOI MoOeli pyxy pobouoeo mina y ei0payitiHiti MawuHi, eKCnepumMeHmaibHi
00CNIOJNCeHHsT 3MIHU MAKCUMAIbHO20 MUCKY Y Kamepi nyavcayii 8i0 4acmomu;

00TPYHMYBAHHS KOHCMPYKMUBHUX 83AEMO38 S3Ki8 NApaAMempie MauuHu.


https://doi.org/10.21595/jve.2021.21637

8

Crarri y ’)KypHaJiax, 110 BKJIIOYEeHi 10 nepeaiky (paxoBux BUIAHb Y KPaiHH:

2. Koctiok H. O., T'opneeB A. L., YpoOantok €. A. OOrpyHTyBaHHsI NapaMeTpiB
KOMIICHCAIITHOT MPY>KHOT CHUCTEMH BIOpaliifHOT MalIMHU 3 EKCHEHTPUKOBUM
MPUBOJIOM. Bicnux XmenbHuyvko2o HaAyionHanvHo20 yHigepcumem). TexHiuHi HAyKu.
2018. Ne 6. m. 2. C. 19-26. Ocobuctmii BHECOK 3100yBada: po3podieHHs
KOHCMPYKMUBHOI cXxeMuU i po3PAXyHOK KOHCMPYKYIL NPYAHCHOI cucmemu 8iOpayitiHoi
MAUWUHU.

3. Koctiok H. O., I'opzaee A. 1., Topaee O. A. OOrpyHTYBaHHS TUHAMIYHHX
Ta KOHCTPYKTUBHUX MapaMeTpiB BIOpaIiiiHOT MAIIMHY JJIs1 3HE3apakyBaHHs Ta 3MIHU
BJIACTUBOCTEMN BOJM. BicHuxk XmenbHuybKko2o HayionaibHo2o yHigepcumem). Texniuni
nayku. 2019. Ne 6. C. 40-48. OcoOuctuii BHECOK 3700yBaya: 0OIPYHMYEAHHS
OUHAMIYHUX MA KOHCMPYKMUBHUX NAPAMempi8 8i0payiiiHoi MauuHu.

4. Koctiok H. O., TI'opnee A. 1., Hezmoposin B.II. ExcnepumeHTanbHi
JOCIIJIPKEHHST MPale3aTHOCTI BIOpAIIHOI MaIIMHU JUIs 3HE3apakyBaHHS 1 3MIHU
BJIACTUBOCTEM BOAM Ta eTand 11 NPOEKTYBaHHS. BicHuk XwmenbHuybkoco
HayionanvHoeo yHisepcumemy. Texwuiuni nayku. 2020. Ne 4. C. 112-119. Ocobuctnii
BHECOK 3/100yBaya: npo8eoeHHsl eKCNePUMEHMAIbHUX OO0CAIONCEHb OJisl BUBHAYEHHS.
npaye30amuocmi 8i0payiiiHoi MauluHu.

5. Koctiok H. O., T'opnee A. 1., I'opaeeB O. A. JIOCHiIPKEHHS PO3MOLITY
C€HEproBUTpaT MPUBOAY  BIOpaIliiHOI  MaIlMHKA  TOPIIHEBOTO  THIY A
3HE3apaKyBaHHS Ta 3MIHM BJIACTUBOCTEH BOAM. Bichux  XmenvHuyvbko2o
HayionanvHoco yHieepcumemy. Texuiuni nayxku. 2020. Ne6. C. 73-78. Ocobuctuit
BHECOK 3/100yBaua: npogeoeHHs eKCNepUMeHMAlbHUX O0CHI0NHCEeHb NO BUHAUEHHIO
PO3N00INy eHep2osumpam npueoody 6iOpayiuHoi MawluHu, aHaniz ma ogopmieHHs
pe3yrbmamie pobomu.

Ilamenmu YKpainu na kopucHy mooein:

6. Ilarent VYkpainm Nel126495 BiOpariiina mamuHa 15 3HE3apa’kKyBaHHS
Boaaux cepenosuir / H.O. Koctiok, A.l. T'opnees. 3ass. 02.01.2018; peectpariinuii
HoMmep 3asBku u 2018 00099 Ony6sa. 25.06.2018, broa. Ne 12. OcobOuctuii BHECOK
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3n00yBava: ides po3pobKu KOHCMPYKYIL 8iOpayitinoi mawuHu ma ii onuc, yacmka
KOJICHO20 3 A8MOPIB € PIGHOI.

7. Ilarenr VYkpaimm Nel28630 Cmoci0 KpHUCTaTOONTHYHOTO —aHATI3y
CTPYKTYpHOI OyJIOBM BOAM Ta CTYyNeEHs 11 akTuBaIlii 1 3a0pyaHeHHsS O10JOTTYHUMU
pemrrkamu / AJL. Tanstok, B.I1. Onexcannpenko, A.l. T'opaees, H.O. KocTtiok. 3ass.
20.04.2018; peectpauiitnuit Homep 3asBku u 2018 04393 Omy06a. 25.09.2018, bromn.
Ne 18. Ocobuctuii BHECOK 37100yBayva: ides peanizayii cnocoby, 00CIi0HCeHHsL 3PA3KI8
ma amaniz Xapaxmepucmuk 3MIHU 1ACMUBOCMEL 800U, YACKA KOJHCHO20 3 A8MOopie
€ PIBHOIO.

8. [Tarent Ykpainu Nel140291 BiOpauiiina MalmHa JJid 3He3apa)KyBaHHS BOJIU
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SUMMARY

Kostyuk N.O. Substantiation of Parameters of the Vibrating Machine for
Disinfection and Change of Properties of Water. - Manuscript.

PhD thesis in specialty 131 - Applied Mechanics. - Khmelnytskyi National
University. - Khmelnytskyi, 2021.

The dissertation is devoted to the solution of the scientific and technical
problem - development of the vibrating equipment for cavitation disinfection and
change of properties of water with the definition of its constructive parameters and
rational modes of operation of the drive.

The object of the study is the oscillating processes in vibrating machines for
disinfection and change of the liquid medium properties.

The subject of the research is constructive and dynamic parameters of vibration
machine piston type, frequency range of vibration modes of the drive.

The introduction provides the general description of the work, substantiates the
relevance of the research topic, reveals the relationship of work with scientific
programs, plans and topics, formulates the purpose, objectives, object and subject of
the research, indicates the scientific novelty and practical significance of the results,
determines the personal contribution of the applicant, demonstrates the data on
approbation, publications, structure and scope of the work.

Active industrial use of cavitation processes with the application of different

operation principles of machines, devices, units convincingly confirms the high
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efficiency of this physical phenomenon as an effective means of reagent-free
disinfection, acceleration of chemical reactions, changes in structure and properties of
the treated aquatic environment. Therefore, the study of the dynamics of the process
of disinfection using cavitation during fluid oscillations, the creation of new designs
of vibrating machines, in which the liquid acts as an object exposed to controlled
vibration, is an urgent scientific and technical task.

In the first chapter the system analysis of methods of water streams
disinfection, modern designs of devices and the equipment for disinfection and
change of properties of water is carried out, the comparative analysis of vibrating
drives types and the choice of the eccentric drive for the offered machine is
substantiated.

The analysis of the scientific researches on the application of vibration
technologies in the processes of disinfection and changes in water properties testifies
to the fact that cavitation treatment of liquids has various technological capabilities in
biological water disinfection and is expedient not only in in-depth study and research
of technological possibilities of cavitation treatment but enables the design of
vibrating machines that organically combine the effectiveness of methods of
perturbation of cavitation. The analysis of modern designs of equipment and
machines for cavitation on the liquid medium showed the advantages and
disadvantages of different designs of equipment and vibration drives.

The analysis of experimental studies of cavitation in low-frequency sound
fields revealed an analogy with the physicochemical effects between low-frequency
and ultrasonic cavitation, and the main parameters influencing the process intensity
are the value of maximum pressure Pno in the bubble cavity and the frequency of
fluid oscillations.

The results of the analysis of literature sources and patent review made it
possible to formulate goals and objectives to achieve this purpose.

The second chapter deals with the general methodology of research conducted
in the work, which is based on the application of a systematic approach to solving the

scientific and technical problems.
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The system approach is based on the known principles: purposefulness,
modeling of physical processes, definition of the procedure of basic system research,
content analysis, research modeling, choice of rational design solutions.

In the course of the dissertation research an original installation for modeling
of physical processes taking place in a vibrating machine for disinfection and change
of water properties and an installation for photofixation of processes that take place in
the pulsation chamber of the vibrating machine. The devices and their characteristics
that are used to measure the monitored parameters are analyzed.

Research methods and description of the experimental setup for determining
the maximum pressure in the pulsation chamber of the vibrating machine for
disinfection and changing the properties of water.

The proposed method of fixing the change in the properties of water flows after
treatment in a vibrating machine for disinfection and change the water properties and
the method of determining the degree of disinfection of water flows after vibration
cavitation are established.

The third chapter presents an analytical model of the oscillating process of the
working medium in a vibrating machine and the equation of the dependence of the
maximum pressure in the pulsation chamber on the design parameters and modes of
operation of the machine drive.

The criterion of optimality of the parameter of the maximum productivity of
the piston-type vibrating machine is proposed, namely: the presence of the maximum
pressure of the working fluid in the pulsation chamber at the maximum fluid pressure

at the outlet of the hole in the piston G, = F (P, = Prax emp.) -

X pob .m.

As a result of experimental studies of the force of impact of the jet from the
hole in the piston, the dependence of the amplitude and frequency on the force of
impact of the jet in the pulsation chamber of 0.1 m. Provided that the maximum
mixing of the aqueous medium in the machine capacity and productivity is

maintained, it is recommended to use an amplitude of oscillations of 0.002 m.
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The results of the studies on the visualization of the process of reciprocating
fluid flow through the hole in the piston showed that even at low frequencies of its
oscillations from 10 Hz the effect of cavitation cavities in the hole, cavitation growth
and flattening of vapor-gas bubbles in the pulsation chamber of the vibrating
machine.

From the analysis of experimental and analytical energy consumption of the
piston-type vibrating machine drive, the directions of power distribution of the
machine drive power when changing the part of the drive oscillations by the main
types: mechanical, medium heating and cavitation reactions are established. The
obtained dependences of the power consumption of the working body of the vibrating
machine for water disinfection on the oscillation frequency of the piston showed that
the energy consumption for the decontamination process and changes in properties
require from 100 to 175 W, which indicates energy savings compared to other types
of equipment for disinfection.

Experimental and analytical studies have confirmed the possibility of
cavitation chemical reactions and changes in the composition of the agueous medium
using a piston-type vibrating machine. The obtained results can be taken into account
in the development of technologies and designs of vibration equipment for
wastewater treatment of industrial, municipal enterprises, livestock complexes, etc.

In the fourth chapter the efficiency of the vibrating machine for disinfection
and change of properties of water is considered and the technique of design
calculation of the basic units of the vibrating machine is offered.

In experimental studies on river water disinfection, it was found that after
cavitation treatment for 20 minutes, some types of bacterial colonies are completely
destroyed, and the total number of bacterial colonies is reduced to 80%. After
treatment for a period of 20 minutes the concentration of free hydrogen ions in water
increases, respectively, the pH increases to 8,4 pH, the ORP decreases, which
indicates oxygen saturation of the liquid medium, reducing the TDS 420 to 330 units
indicates a decrease salt composition, and in general it improves the properties of

water.
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A generalized methodology for calculating design parameters and selection of
rational modes of operation of the vibrating drive, machines for influencing the
properties of water and its disinfection are proposed.

As a result of kinematic and dynamic analysis of the parameters of the
eccentric drive of the vibrating machine, the values of force and design parameters of
the compensating elastic system of the vibrating machine are established, namely:
stiffness of the elastic system C, and its ability to damp k. These parameters can be
used in the future in the design and calculation of basic parameters, the choice of
modes of operation of the drive of the vibrating machine. The method of determining
the power of the electric motor of the vibrating machine drive is given.

For the first time, the dependences of the maximum pressure in the pulsation
chamber on the design parameters and modes of operation of the machine drive were
obtained from the constructed analytical model of the oscillating process of the
working medium in a piston-type vibrating machine, oscillations of 0,002 m, and the
ratio of its design parameters were determined: with a piston diameter of 0.1 m, it is
recommended to use the diameter of the hole in the piston from 0,006 to 0,008 m.

The method of estimating the change in the basic properties of water and
experimental confirmation that cavitation processes in a piston-type vibrating
machine improve the basic characteristics of the aqueous medium, namely, the pH
increases, the surface tension coefficient decreases, the salt content decreases.

The process of inactivation of pathogenic flora of water from the river by vibration
cavitation treatment was experimentally studied and the growth of bacterial colonies
was reduced to 80 per cent.

The practical significance of the obtained results is that the developed
theoretical provisions, mathematical model of vibrating machine, new technical
solutions and designs of vibrating machines, obtained ratios of their design
parameters and rational frequency limits of vibrating eccentric drive of piston type
vibrating machine form the basis of methodology for design and creation of vibration
machines for reagent-free disinfection and changes in the properties of the aquatic

environment, thanks to which engineers and scientists working in this field will be
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able to introduce into production highly efficient and reliable samples of vibration
machines.

Key words: vibrating machine, frequency modes of drive operation, design
parameters, working body, cavitation disinfection, change of water properties,
mathematical modeling, design.
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