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XMeIbHULBKH HalliOHAJIbHUH YHIBEpCUTET

EKCHHEPUMEHTAJIbHI JOC/IUKEHHS TPAIE3JATHOCTI
BIBPAIIMHOI MALIAHUA JJIA 3HE3APAKYBAHHS 1 3SMIHA
BJACTUBOCTEM BOJIU TA ETAIIU if MPOEKTYBAHHS

3anponoHo8aHo KOHCmMpykKYito eibpayiliHoi mMawuHu nopwHego20 muny, sIKA 3ACMOCOBYE HU3bKOYACMOMHI
slbpayii, das PopmyeanHs kasimayiliHux nosie y piduHHUX cy6cmaHyisx, wo 06pobasIomMbCa 3 Memow 3MIiHU ix
ssacmusocmetl ma 3He3apaxcysaHHs. B mawuHi sukopucmosgyromscsi akmusamop nopuwHes8o20 muny 3 eKCYyeHmpuKkosum
npugodom. I[IposedeHo ekcnepumeHmManbHi 0ocAi0HCeHHS 3MIHU NOKAa3HUKie 6odonposidHoi eodu, 06pobeHo0 kasimayieto
Yy eibpayitiniti mawuHi nopwHesozo muny. Y pedysvmami nposedeHux docaidiceHb 31 3He3apaxcy8aHHs piukosoi sodu
8CMAHOB/1EHO, WO nicas 06pobaeHHs1 kagimayiero piukogoi 8odu deski 8udu Ko10HIl 6akmepili 3HUWYIOMbCS, A KiAbKicmb
destkux Ko/IOHIU 6axkmepili 3meHWyemucsi y decsimku pasie, wo nidmeepdycye npayezdamuicms ii das1 nonepedHbo20
6e3peazeHMHO20 3He3apaXcys8aHHs. 3anponoHo8aHi nidxodu, no npoekmMyeaHH0 8i6payYiliHOI MAWUHU NOPWHE8020 Muny,
00380/UAU CMBOPUMU y3a2a/bHEHYy Memo0do.102il0 0151 pO3PAXYHKY PAYiOHA/NbHUX KOHCMPYKMUBHUX | MeXHO/N02IMHUX
napamempis 8i6payitiHux MawuH, NpusHa4eHux 051 8NauU8y Ha 8aacmugocmi 800u ma ii 3He3apaNCcy8aHHs.

Karuosi caoea: 3He3apadcysaHHs, eaacmusocmi 800u, 8ibpayilivi MawuHu, kagimayisi.
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EXPERIMENTAL RESEARCHES OF efficiency OF THE VIBRATING MACHINE
FOR DISINFECTION AND CHANGE OF WATER PROPERTIES AND STAGES OF ITS DESIGN

The design of a piston-type vibrating machine that uses low-frequency vibrations for the formation of cavitation fields in liquid
substances that are processed in order to change their properties and disinfect is proposed. The car uses a piston-type activator with an
eccentric drive. The use of such a drive makes it possible to exert a rigid controlled influence on the process of cavitation cavities with the
formation of cavitation bubbles by selecting the design parameters of the machine and modes of operation of its drive Experimental studies
of changes in tap water treated by cavitation in a piston-type vibrating machine. Using the original method, the change in the energy state of
tap water before and after cavitation was determined. As a result of research on river water disinfection, it was found that after cavitation
treatment of river water, some types of bacterial colonies are destroyed, and the number of some bacterial colonies is reduced tenfold, which
confirms its efficiency for previous reagent-free disinfection. An example of determining the diameter of the shaft neck under the eccentric
and the design parameters of the eccentric with the subsequent selection of the characteristics of the bearing. In order to prevent jamming
and rapid wear of the slider-sleeve assembly, the dependences for determining the sleeve length depending on the design choice of the slider
diameter are given and the conditions for checking the jamming of the slider-sleeve assembly are determined. Structural diagrams and
dependences for determining the calculated parameters of the displacing force and the angle of its action relative to the axis of the slider are
given. The proposed approaches to the design of a piston-type vibrating machine allowed to create a generalized methodology for
calculating the rational design and technological parameters of vibrating machines designed to influence the properties of water and its
disinfection.

Key words: disinfection, water properties, vibrating machines, cavitation.

Beryn

BukopucranHsi BiOpalifHMX KOJMBaHb Yy TEXHOJIOTISIX 3 BUKOPHUCTAHHSM PIJIMHHOTO CepeAOBHIIA
00YMOBJTIOETECS TOTPEOAMHU IMiIBUIICHHS IHTEHCHBHOCTI MTPOIIECIB, MOIMIICHHS X SKICHUX MOKA3HHUKIB, a B JSSIKHUX
BUIIaJKaX 1 MPOCTO MOXJIMBOCTI IX peanizaiii. YHiKaJbHI BIACTHBOCTI BiOpAI[iiHOTO MOJIS JO3BOJISIIOTH YCHIIIHO
3[IMCHIOBATH HE JIMIIE 03/100JI0BaNbHO-3a4MCHI Onepanii Ta 3MIIHIOBaJIbHI TEXHOJOTI, ane 1 Taki omeparii, siK
cemaparis, IepeMinryBanHs, BiOpaiifHOrO TPaHCTIOPTYBAaHHS Y BAKKHUX EKCIUIyaTalliiHUX yMOBaX, TOMOTEHi3allisd,
(GUIBTpYBaHHS, CYIIiHHS, HACHYECHHS CEPEOBHIIA NEBHUMH PEYOBHHAMHU, PYHHYBAaHHS MOBEPXOHb TOIIO. Yce Iie
00yMOBIIOE MIMpPOKe 1 e(peKTHBHE 3acTOCYBaHHA BiOpAlIHHMX TEXHOJIOTIYHMX MaIIMH B 0araTbox Traiy3sx
IIPOMHCIIOBOTO BHPOOHUIITBA.

AHaJli3 0CTaHHIX J0CTiIKeHb i myOJikaui

Sk mokaszanu fgocmipkeHHs [1, 2] auHamivHUX sBHI y Oaratoda3oBUX PiIMHHUX CEPEIOBHINAX, IiITaHUX
KEepOBaHMUM BiOpalifHMM BIUIMBaM 0arato 3 HHUX MOXYTh OyTHM YCIIIIHO BHUKOPHMCTaHI K sl iHTeHcHpikamii
3a3HAYCHUX TMPOIECiB, TaK 1 MPH PO3POOIEHHI Ta peanizallii MPUHIIUIIOBO HOBUX TEXHOJOTIYHUX MPUHOMIB, a caMme
3MIHY BJIACTUBOCTEH Ta 3HE3apa)KyBaHHS BOJHHX MMOTOKIB.

OpnHuM i3 sIBUII, 110 BIUIMBAE HA JUCTIEPCHICTH Ta XIMIYHUI CKJIal piAnHM, € KaBitamis. Kapitaist — sBuie
PO3pHUBY PIIMHU MiJ Ji€0 PO3TATYIOUNX HANPYT, SIKi BHHUKAIOTH MPH TOSIBI PO3PiIKEHHS B KparwiuHi piguay. [Ipu
PO3pUBiI KpaIlUIMHH PiIMHU YTBOPIOIOTHCS MOPOKHUHU — KaBiTaIliiiHi OynnOamiku, 3amOBHEHI Ta30M YH TapoIo.
OTxe, pO3pUB PiAMHU OOYMOBJIICHHH 3MiHOIO XapaKTEPHCTHUK IIBUIKOCTEH 1 ThckiB. KaBiTamiiiai OympOamku
YTBOPIOIOTHCS B THX MICIISIX, J€ THCK Y PIAMHI CTA€ HIKYMM JEIKOT KPUTHYHOI BEJIMYMHN. SIKIO THCK 3HIKYETHCS
BHACJIJIOK 3pPOCTaHHS JIOKAIBHMX [IBHAKOCTEH IOTOKY KpAaIUIMHHOI piAMHM, TO KaBiTalil0o Ha3MBaIOTh
T1IPOJMHAMIYHOIO, SIKIIO JXK 3HWKEHHS THCKY BHUKJIMKAaHE HPOXOKCHHSIM aKyCTHYHHX XBHIIb, TO KaBiTallilo
Ha3MBaIOTh aKyCTHYHOIO.

Kpurnune 3HaueHHSI THCKY, P SKOMY BiJOYyBAa€TbCSl PO3PHB PIMHM, 3aJEXKHUThH BiJl 0araTboX YMHHHUKIB!
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BiJl YMCTOTH PIIMHM, BMICTY Y Hil IOBITps, CTaHy ITOBEPXHI, Ha sIKil BUHUKa€ KaBiTawis. KaBiramist Mojxe BUHUKATH
B MOTOL PiIMHY, IO Ma€ 3MIHHUI THCK, a TAKOX MOOJIN3Y 1 HAa MOBEPXHI TUI Pi3HOT POPMHU y MiCIIX HAWOUIBIIOTO
PO3pimKeHHs. 3MiHHE TI0JIe TUCKY CTBOPIOETHCS Pi3HUM YHHOM: Y Pe3yIbTaTi 3MiHM MIBUAKOCTI IIOTOKY (PyXy Tina),
BIUIMBY (pOpMH Tisla, B HACIIZOK KOJMBAIGHOTO BIUIMBY Ha PiIUHY (YIBTpa3ByK abo BiOparmii).

IIpupomoro kaBitamii Ta pisHEMH edeKTaMu, IO BIUIMBAIOTH HA 3HOIITYBAaHHS METANiB, 3aliMaliCh OaraTo
nmocuimaukiB [3, 4]. IIpore iX mocmimkeHHS, B OCHOBHOMY, OYyJIM HaIlpaBJieHi Ha TOSICHEHHS KaBiTaI[ifHOTO Ta
KaBiTaIlIfHO-epO3iHHOTO 3HOIIYBAaHHS ITOBEPXHI METaliB, a 3MIiHH CKIaJy CEpelIOBHINA, Yy SKOMY BHHHKaJa
KaBiTallis, Oyl T03a yBaroro AOCHiKeHb. SKI0 Ha poOode CepeloBHINE IMPOTATOM 3HAYHOTO IIEPioAy dHacy
BIUIMBA€ KaBiTallis, TO sKi ()aKTOPH BIUIMBAIOTh Ha 3HE3apPAXKYBAHHS 1 SK 3MIHIOETHCS BIIACTUBOCTI poOOYOro
cepenoBuina’?

VY 3B’s13Ky 3 BUKJIIOYHOIO CKJIaJHICTIO Ipolecy KaBiTamii 1 3B’43aHOT0 i3 HUM KaBiTal[ifHOrO pyWHYBaHHS
MOBEPXOHb BUPOOIB MPO MOXIIMBHH MEXaHI3M MpOLECY IOCITIJHUKU BHCIIOBIIOIOTH Pi3HI NPHITYLICHHS Ta iCHYE
TEHJCHIISl TOSCHIOBAaHHS KaBITAL[I{HOTO pYHHYBaHHS Ji€l0 SIKOroch OmHOro (akropa. Yci I TimoTe3sm MOXKHA
PO3IUIATH Ha OKpeMi IpymH, sKi 0a3yIOThCS Ha TeOopil TiApoMexaHigHOl Mii, eTeKTpoxiMiuHOi Teopil KaBiTamiiHOL
epo3ii, Teopii MUTTEBHX XIMIYHUX peakiiii Ta Ha TePMOIAMHAMIUHIN Teopii KaBiTamiiHOI epo3ii. AHami3 pobiT i3
KaBiTaIlifHOTO pyHHYBaHHS TOKa3ye, IO OLIBMIICTH aBTOPIB SK poOOUy TiMOTe3y NPUHMAIOTH TiAPOIMHAMIYHY
Teopito, po3pobieny Pereem, i BBaXKaroTh, IO IIMM BHU3HAYAIBHUM (AKTOPOM € MEXaHI4Ha Mdif, CIUpHYNHCHA
pyliHyBaHHSAM OyJIBOAIIKy HA TOBEpXHi BUpoOy. [IpoTe BaxmBa poib BiIBOAUTHCS TaKOX 1 KOpo3iiiHOMY dakTopy
[5], sxuit y psimi BUDAAKiB KaBiTAIifHOTO pyHHYBAaHHS MOXe OyTH OCHOBHHM [6].

3a ocTaHHIW mepiol 3’SBUBCS HOBUI HAIPSIMOK CTBOpPEHHs BiOpaliiiHOro oOiamHaHHS 111 0OpOOJICHHS
BOJM KaBiTallilHMM MHpOLIECOM, SIKWI 3a0e3leuye HaJaHHs BOJI HOBHMX BJIACTUBOCTEH Ta ii 3He3apaKyBaHHS. Y
HalliOHAILHOMY YHiBepcuTeTi «JIbBIBCbKa IIOJIITEXHIKAa» CTBOpPEHI BiOpaliiiHi eJeKTPOMAarHiTHI KaBiTaTopH
pe3oHaHCHOI i, po0OTa SKMX IPYHTYEThCS Ha 3aCTOCYBaHHI HHM3bKOYAaCTOTHUX BiOpauiii s ¢GopmyBaHHS
KaBITaLIHUX TOJIIB y 3HAYHHUX 00’eMax 0OpOoOIIOBaHUX piIMHHUX cyOctaHuii [7, 8]. OagHak iM mpuTaMaHHi qesiki
HEJIOJTIKM — HE3HAauHWH 4Yac mepeOyBaHHS PiAMHHM y CTaHi BUHHMKHEHHs KaBitauiiiHoi 3oHM. [lopsm i3 mum y
XMeNbHUIIPKOMY HAIlIOHAJTHPHOMY YHIBEPCHTETI CTBOPEHO PsijI BiOpaIlifHIX MAIIUH IS KaBiTaliiHOTO 00pOOIeHHS
BOJM 3 METOI0 3HE3apaXyBaHHS Ta 3MiHM 1i BiactuBocTeill [9], ski moOymoBaHI Ha OCHOBI BHKOPHCTAaHHS
EKCIICHTPUKOBOTO BIiOpONPHBOAY 1 3a0e3MeuyroTh OHUCKPETHY OOpOOKY pianHH OaraTopa3oBHM BIUIHBOM
KaBITaIII{HOTO TpoIiecy.

AKTYAJIBHICTB A0CiIKEHHSA

JocmimKkeHHs, 0 CIPsAMOBaHI Ha MONIYKH HOBITHIX KOHCTPYKTHUBHHX DIIICHh MAIIWH i3 JOCKOHAJOIO
JMHAMIKOI0 pOOOTH 3a YMOBHM iX NPHUAATHOCTI JAJsl MPOMHUCIIOBOTO 3aCTOCYBAaHHS, 3aJIMIIAIOTHCS, SK BaroOMUM
HAayKOBO-TEXHIYHMM 3aBJIaHHSM, TaK 1 CycHIbHOIO mpobiemMoro. ToMmy JociipkeHHs npane3IaTHOCT] BibpamiiHux
MaIlMH JJIs 3He3apa)KyBaHHS Ta 3MiHH BJIACTHUBOCTEH BOJAM, PO3BUTOK HAYKOBHX OCHOB METOAMKHU IPOEKTYBAHHS Ta
PO3pOOJICHHST HA OCHOBI I[LOIO HOBHUX KOHCTPYKIiil BiOpauiiHUX MaIlUH 1 3yMOBIIIOIOTh aKTYaJIbHICTh MOPYIIEHOT
pobIeMH.

Buxsag ocHOBHOro Marepiany

3anponoHOBaHO KOHCTPYKIIIFO BiOpamiiHOI MAaIIIHK ISl YTBOPEHHS MYJIbCYIOUUX CTpyMeHiB pimuau [10],
B SIKIif BUKOPHUCTOBYETHCSI 3BOPOTHO-TIOCTYNAILHUN PyX PIIMHM 4Yepe3 OTBIp y MOPIIHI i3 TOCTPUMH KpaliKaMH Ha
Bxozi. [Ipy iboMy Ha BUXOJIi 3 OTBOPY OTPUMYIOTH ITyJIbCYIOUHH CTPYMiHb PIAMHH, a IPH HEBHUX PEXKUMax poOOTH
BiOpaIiifHOro MPUBOIY YTBOPIOETHCA CTPYMiHB 13 BKIFOUCHHSIMH Ta30BHX ITyXHUPIB, IO BHIUISIOTHCS 3 PIIUHU
BHACIIZOK KaBiTamiitHux sBuml. Ha cramii mpsmoi mii akyCTHYHHX KOJHMBaHB Ha XiJ MpOIECY 3HE3apaKyBaHHS
MOXYTb BIUIMBATH TUILKHM XIMIYHO aKTUBHI ra3u, T00to, O21 Hy. V KiHIIeBOMY pe3yibTaTi BIUIMB KaBiTallii Ha BOJHI
PO3YHMHU 3BOJUTHCS JI0 EIMHOTO MPOLECY — PO3LICTUICHHS. MOJIEKYJI BOJM B KaBiTaliiHUX MyXxupluix. HesanexHo Bix
NPHPOJIU, PO3UUHEHUX Y BOJII PEYOBHH, aKyCTUUHI KOJHMBAHHS BIUIMBAIOTH JIMIIE HA BOAY, IO MPU3BOAUTH JI0 3MiHH i
(hi3mKO-XIMIYHUX BIIACTUBOCTEH — 301bIIeHHS pH, €1eKTpOonpoBiAHOCTI, YnCIa BIIbHUX 10HIB 1 aKTHBHUX PaIuKaliB, a
TaKOX CTPYKTypum3amii Ta akTuBamii Momekyl. OKpiM TOro pi3KO 30iTBHIYETHCS MIBUAKICTH Peakiii 30ymIKEeHUX
KOJTMBAHHAMH MOJIEKYJI BOAM 3 paaWKalaMH BOJHIO 13 BuaLteHHsAM ckiagoBux OH Tta Ho. Lli mpouecn HacH4yIOTH
piauny pagukanamu OH", O7, O* ta aktuBHuME Ta3amu O, Ho. 3 iHIoro 60Ky, 3poCcTaroTh eNEKTPHYHI HeCTalliOHAPHI
CHIIM B33a€EMOJIi MDK CYCITHIMH UITOJISIMH, SIKi MOCHIIOIOTH iX KOJHBAHHS SIK IUTICHOTO 00'€KTy 1 30LIBIIVIOTH
BIPOT'iTHICTb pyHHYBaHHS PiIKOKPUCTAIIYHOI CTPYKTYPH pinuHu. Jiis migBHUIECHHS e()eKTUBHOCTI POLIECY HEOOXiTHO
301JIBIINTH OZHOKPATHICTh BKAa3aHHWX BIUIMBIB, 1[0 OOYMOBIIIOE BHUCOKHH CTYIiHb 3BOPOTHOCTI pecTpyKTypHu3auii Ta
NPU3BOJUTH JI0 YACTKOBOTO IOBEPHEHHS BOJM 10 CTaHy IOINEPEIHbOT PiIKOKPUCTAIIYHOT CTPYKTYPH.

3He3apakyroda Jisl KaBiTallil 3acCHOBaHa Ha e(eKTaX, IKi BUHHKAIOTh y TYpOYICHTHUX MOTOKAX PiAWHH.
Tak mpw TigpoIWHAMIYHMX KOJHMBAHHAX PIAWHHA BUHMUKAIOTH 1 3HUKAIOTh KaBiTamidHi OympOamku mix Agiero
3HAKO3MIHHOTO THCKY. IIpM IIbOMy CTHMYJIOIOTBCS (ha30Bi HEpexonau, MiABHIIYIOTHCS JOKANbHI TeMIeparypa i
TCK. OKpiM TOTO, y MOMEHTH YTBOPEHHS 1 3HMKHEHHS KaBITAI[IMHWX IyXWPIIB y Ta30HANOBHEHIN MOpPOKHUHI
CTBOPIOIOTECS YMOBH JUISA TIOSIBU €NIEKTPUYHMX 3apsi/liB, €NEKTPUYHMX 1 MATHITHUX MOJIB. Y Takui crocid piguHa,
00poOrIoBaHa KaBiTalli€lo, MiJIAE€ThCA TEPMOOAPUUHIN 1 enekTpoMarHiTHIN mii. OcoOmuBicTIO KaBiTaIliifHOTO
MeTony oOpoOJeHHs BOAM IOJSIra€ B TOMY, IO BHCOKMH CTYyNiHb 3He3apa’kKyBaHHS BOJAW BiJ SI€Lb 1 JMYMHOK
Napa3uTiB JOCIATa€ThCs 32 PAXyHOK X MEXaHIYHOTrO PyHHYBaHHS YAapHUMHM XBWISIMU. J{i1s pylHYyBaHHs Oakrepiid i
BipyCiB TepMOOApUYHUI BIUIMB IiJICHIIIOETHCS JOKAJIBHOIO €JIEKTPOMArHITHOIO JII€I0, KOJIHM HaBEAEHI ENEKTPUYHI
NOTEHIiaIK NPOOMBAIOTH iX MeMOpaHH 1 000JIOHKH.
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MexaniuHi Ta (i3u4Hi CHOCOOM OUYMIIEHHS BOAM € NepcreKTMBHUMH. Ha naHumii wac po3poOiieHo psin
HOBUX BiOpauiiHUX MamvH Ta o0ONaJHAaHHSA, Y SIKUX BOJa MiJJNAEThCs 6araropa3oBoMy 3BOPOTHO-NOCTYHNAILHOMY
MIPOXO/KCHHIO (IMKIIYHIN TimpokaBiTamii) depe3 KaBiTamidHUN mpucTpiil. THIIOBHM NpeCcTaBHUKOM Ii€l TaMH €
KOHCTPYKIisI BiOpamiifHoi MaIlWHN TOPITHEBOTO THITy 3 EKCICHTPUKOBHM IIPUBOJOM. 3aCTOCYBAaHHS TaKOTO
MIPUBOAY Ia€ MOXIIUBICTh 3IIHCHIOBATH >XOPCTKHHA KEpOBaHWHA BIUIMB Ha IIPOLEC BUHUKHEHHS KaBiTaIllHUX
MTOPOXKHUH 3 YTBOPCHHAM KaBITAIIHHUX OyNbOAIIOK HOUITXOM II00pYy KOHCTPYKTHBHHX IapaMeTpiB MaIlWHU Ta
pexxumiB podotu 1i mpusoxy [10].

PesynpraT nOCIiKEHHS 3MIHH TTOKAa3HUKIB BOZOIPOBIIHOI BOAM, OOPOOJICHOIO KaBITAIli€l0 y BiOparliiHiit
MallIMHI MOPIIHEBOro TUITy (4acToTa KoymBaHb 16 'y, amIniiTysa KojauBaHb 2 MM) NOKa3aHi Ha puc. 1. BcranosneHo,
o micist 00poOeHHs 3a mepion 10 XBUIUH, 30UTBITYETHCA KOHIICHTPAIlT BUTBHUX 10HIB BOJHIO y BOJI Ta 3 4acOM
BIICTOIO BOJM 1€l TOKa3HUK 301nbIyeThest 10 8,4 pH. Lle npu3BoanTh 10 3MEHIIEHHS 1l KUCJIOTHOCTI. 3MEHIIYEThCS
TIOKa3HUK OKHCIIIOBAJIbLHO-BITHOBIIOBaNBHOrO moteHiary ORP, 1110 roBopuTh PO HAaCHYEHHS KHCHEM DIAMHHOTO
cepenosuma. [Tokasuuk TDS (piBHs 3aranbHOT MiHepani3aii) micist 00poOieHHs 3a nepioy 10 XBHINH, 301LIBIIYETHCS,
0 TOBOPUTH IIPO YTBOPEHHS HOBHX cHoiyK (okucHeHHZ Ca Ta Mg), gKi 3 YacoM BHWIIANAIOTh B OCaa Ta
crocTepiraeTbes 3MeHIIeHHs nokaszHuka 420 1o 330 oarHUIE, 10 TOBOPHUTS PO MOJIMIIIEHHS BIACTHBOCTEH BOIH.

o ORP 708 Hz/dn’
300 500
7 250 \\ 40D e
8 200 E—— 300
7T 200
0 wixt 1 2 3 Tawom 0 WIxb 2 3 ldeoa™""g wrxe 1 2 3 Tioda

Puc. 1. 3vina noka3HuKiB BOJONPOBiAHOI BoaN, 00p0od./1eH0i KaBiTamiero 3a yacom: pH — moka3sHMK KOPCTKOCTI BOAM (KOHIEHTpamii
BiIbHUX ioHiB BoaHIO y Boi); ORP — nmoka3HuK 0KHCJII0BAIbHO-BiTHOBIIOBAILHOTO MOTEHIIATY;
TDS - noka3Huk piBHS 3arajibHoi MiHepai3auii (coieBMicTy)

3a nonomororo Metouky [11] BU3HAUE€HO €HepreTHYHUI CTaH BOJAM A0 BIUIMBY KaBiTauii Ta micis Hel (10
xBuuH). Kpamimi HaHOCWIHCH Ha CKIIO Ta BHUCYIIYBAIMCH NPH KiMHATHIH Temmeparypi. IloTiM 3a momomororo
Mmikpockory MBC-10 mpoBoamnocs ¢ororpadyBanHs iX XapakTepHUX AUIbHUIB. Ha puc. 2 mokazaHo ¢otorpadii
KPHUCTaJIITHOTO Ocaxy Kparli BOIOMPOBITHOI BOAM, HE0OpoOIeHO1 KaBiTariero. @opMa KpucTaiiB ocany, 0COOIHBO
Y KpaioBiif 30Hi, TOBOPUTH PO MEBHY YHOPSIKOBaHY KJIACTEPHY CTPYKTYPY BOAH, sIKa IIPU YTBOPEHHI KPHCTAIiB
MaJla 3HaYHUH KOoe(illieHT MOBEPXHEBOIO HATATY.

N
a

Puc. 2. ®ororpadis kpucraJis ocaay Kpamnji BOIONPOBiIHOI BO1H, He0OOPOO.IeHOI:
a — yciei kpamii, 6 — XxapakTepHoi AiibHuL| i3 30i1bmennsam y 20 pasis

Ha puc.3 moxasano ¢ororpadii CTpykTypHOI OYyHOBH KpHCTATiB Ha PI3HMX AUIBHUIIIX OCamy Kparuli
BOJIOTIPOBIIHOI BOIM, 00po0ieHO0 mpoTsiroM 10 xBuimH Kaitarfiero. CriocTepira€Tbcsi piBHOMIPHHNA PO3MOALT Ta
3piBHOBa)keHa (hopma KpucTtaiiB ocajy. Lle MoscHIOEThCs 3HMKEHHSIM KOe(il[ieHTy TOBEPXHEBOTO HATATY, PO3PUBOM
BOJHEBHMX 3B’SI3KiB, CTpyKTypu3aui€to Boad. OTpuMaHi AaHHI Jal0Th MOXKJIMBICTH CTBEPIPKYBAaTH, IO ITICISA
00pOOIIEHHSI BOJIM KABITAIIIEI0 IPOXOIUTH 3MiHA BIACTHBOCTEH BOJIH, TIOJIMIICHHS 1{ MPUAATHOCTI IO CIIO’KUBAHHSL.

RS

Puc. 3. ®otorpadis cTpyKTypHOI 0y10BH KPHCTAIIIB HA Pi3HUX ALILHUIAX 0Ca1y KPAILIi BOXONPOBiIHOI BOH, 00p00./1eH0I0 KaBiTalici0
10 xBuianH: a — 36iabmenns (1 cm =40 Mmxm); 6 — 30inbmenns (1 cm = 15 MkMm)
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Jns  BU3HAYeHHS Ipale3faTHOCTI BiOpamiiHOT MallMHU 110 3HE3apaKyBaHHIO BOJM IIPOBENCHI
JOCJIJDKEHHS BIUIMBY 4acy TiIpOJMHAMIYHOI KaBiTaliifHOi 0OpOOKM PiuKOBOi BOAM Ha 3MiHY Ii OakTepiajbHOTro
CKJIaLy.

OO6poOka BoAM KaBiTarli€ro y BiOpamiiHid MamimHi mpoBogmiack mpotsroMm 10; 20 XBmwiwH Ta 3TigHO 3
T'OCT 18963-73 (Metoapl caHiTapHO-OAKTEPHUOJIOTHUSCKOTO aHajm3a) Oy TNPOBEICHO HAHECEHHS BOAM Ha
cnoxwuBue cepenoBumie. CyTHICTh METOy IIOJIATAE€ Y BH3HAYCHI 3aTallbHOTO BMICTY Me30(iIBHUX, ME30TPO(HUX
aepoOiB i (hakyTpTaTHBHUX aHAepoOiB, 3AaTHUX 3pPOCTATH Ha CIOXKUBUOMY arapi mpu temmeparypi (37 = 0,5)°C
mpotsiroMm (24t 2) rogumH, yTBOprotoun KoioHii. Ilicnsi 3aBepmieHHS pocTy KOJOHiHM, depes 24 romweH, Oyio
npoBeieHo (oTorpadyBaHHs KOHTPOIBHOTO 3pa3ka Ta 00pOOJICHUX TiAPOKaBITALIErO 3a IIEeBHUMH yac (puc. 4).

(3
Puc. 4. ®otorpadii 3pa3kiB micjsi pocTy KoOI0HIi: a — 3pa30K 3 HAHECEHOI0 PiYKOBOIO BO/I0I0 He 00p00/1eHOI0 KaBiTalli€I0;
0 — 3pa3oK 3 HAHECeHOI0 PiYKOBOIO BO0I0 00p06.IeHOI0 KaBiTamicio 10 XBHINH; B — 3pa30K 3 HAHECEHOIO PiYKOBOIO BOI0I0
00podJieHoI0 KaBiTauicro 20 XBUIUH

VY pe3ynabTari MPOBEACHHUX IOCHTIHKEHb BCTAHOBJICHO, IO MiCsi OOPOOJCHHS KaBITAIli€l0 PiYKOBOI BOIU
JIesKi BUJM KOJIOHIH OakTepiil 3HUINYIOThCS puc. 4,0 (BUIJISAJAIOTh YEPBOHUM Ta KOPUYHEBHM KOJLOPOM Ha pHC.
4,a), a KUIBKICTh IESIKMX KOJIOHIH OakTepiii 3MEHIIYETbCS y JECATKH pa3iB micis oOpoOsienHs 20 XBWIMH
KaBiTaIi€ro (Tpyra KOJOHIH CBITIOTO KOJIBOPY, PUC. 4,B).

[lincymoByroun BHIIECKa3aHe, MOXKHA CTBEpIKYBAaTH, IO 3aCTOCYBaHHSA BiOpaIiiifHOl MalruHH
MOPIIHEBOTO THITy 3 CKCIICHTPUKOBUM TIPUBOJIOM MPH3BOJUTH 1O 3MIiHH IE€BHUX BIACTUBOCTEH BOIU Ta
MATBEPKYE Mpale3IaTHICTb i1 JUIsl ONepeHbOro 0e3peareHTHOro 3HE3apaXKyBaHHS BOJHOTO CEPEIOBUINA.

I[Ipn mnpoekTyBaHHI BiOpamifHMX MamIMH 3 EKCHEHTPUKOBUM IPHBOJIOM HEOOXITHO MpPOBOAUTH
KOHCTPYKTHBHI pO3paxyHKH OKPEMHUX BY3JIB Ta AOTPHUMYBATHCh MEBHUX B3a€MO3B’SI3KIB MapaMeTpiB KOHCTPYKIHT
pobouoro opraHy Ta pexuMiB poOOTH BiOpaliifHOrO MPHUBOJLY MAIIMHU. EKCHEHTPUKOBUII NMPHUBOJ HAaWOUIbII
palioHallbHO BUKOPHCTOBYBAaTH B HU3bKOYACTOTHHUX BIOpaliiHUX MallIMHAX, & TAKOK B YCTAaHOBKaX i3 (hiKCOBAHOIO
aMILTITYJOI0 KonuBaHb. Lleil Tum mpuBoLy 3AaTHHH CTBOPIOBATH BENHKI 30YKYIOYi 3yCHIUIS NPH HEBHUCOKHX
4acTOTax KOJIMBaHb.

[Micnst BU3HAYEHHS CIHIBBIAHOLICHHS T€OMETPUYHMX IApaMeTpPiB CHIBBIIHOIIEHHS [iaMeTpy OTBOPY Yy
TOPIIIHI J0 AiaMeTpa kKamepu myinbcarii — Big 0,06 mo 0,1 M Ta cuiu rigpoIuHaMiYHOTO THCKY Ha MOpIIeHb [12],
BHOOpy amIutiTyau (Big 2 10 2,5 MM) Ta yacToTH KoJimBaHb (Bix 16 1o 20 I') po3paxoByeThes HiaMeTp IUHKH Bajla
ITi]] eKCIICHTPHK.

B micri mocanku eKCIIeHTpHKa Ha Baj i€ cuia F:

ne F,, =m-A-v —cuna inepuii, sKa yTBOPIOETHCS KOTHBATLHUM PYXOM;

A - aMILTITY/]a KOJIMBaHb;
V —4acToTa KOJIUBAaHb,
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M — maca pyXOMHUX YaCTUH yCTaTKyBaHHS;

FaiH = Pmax ‘S— JUHaM14Ha CHJIa, IO BHHHWKa€ BHACI1AOK BHWHHUKHCHHA TUCKY Pmax B KaMepl

MynbCallii, IKuif i€ Ha IOy TOpIIHS S .
[TpoBoanTHCS pO3paxyHOK PO3MIpY Bajla 332 MOMEHTOM, SIKUH BUHHUKAE M1/l eKCLIEHTPUKOM:

M,.=F-L, (2)

e L — nomsxuna KOHCON BaNa miJ eKCLEHTPUKOM.
JiameTp Baxa mig eKCICHTPUKOM BU3HAYAEMO 32 POPMYIIOL0:

@)

ne [C,.]1=45 MIla qns Crani 45.

[Ticns po3paxyHKy po3MipiB Baja IiJOUpPAIOTHCs KOHCTPYKTHBHI NapaMeTpu eKCleHTpuka. HaiimeHmmii
PO3MIp CTIHKM EKCLIEHTPHKA, 3 TOYKH 30pY TEXHOJIOTIYHOCTI BUTOTOBJICHHS, NMPUHMAETHCS TOBIIUHOIO OJMH MM.
Toxi BHYTpIlIHIH qiaMeTp MiANIMITHIKA MOXKHA BU3HAUYUTH 32 3aJICKHICTIO:

niow 306
= >
d,, dm >d,, +e+lum, (4)
niowt . RV . A
i (] 6 — BHYTPIIIHIX A1aMCTP MAIITHUITHHAKA,
306 . SV .
Ky — 30BHIIIHIM J1aMETP CKCHCHTPUKA,

— JiaMeTp BaJia IIiJl eKCICHTPHKA;

d
d
dea.fm
€ — BeJINYMHA CKCLCHTPUCHTETY.

Jus mopuras miamerpoM Big 100 mo 120 MM pekoMeHIyeThCsl BHOMpATH JiaMeTp moB3yHa Bix 10 go 12 M.
By3on moB3yH-BTyJIKa HEOOXiJHO 3MallyBaTH KOHCHCTEHTHHM MAacTHJIOM. Bich, sika 3’€IHye MOB3YH 3 IIATyHOM,
BHTOTOBJIAETHCS 1HIMBITYaTbHO TOUIHHAM y PO3MIp, KU OTPUMYIOTH MICJIS OJHOYACHOTO PO3BipUyBaHHS OTBOPIB
y 300pi moB3yHa 3 maTyHoM. Lle poOHTBhCs U 3MEHIICHHS BTPAT aMIUIITYAU KOJIMBaHb IIOB3yHA Ta IIYMOBHUX
XapaKTEePUCTHUK BY3JIa.

Hactynmauii eram po3paxyHKy, 3 METOI 3armoOiraHHs 3aKIMHIOBaHHS Ta LIBHAKOTO 3HOIIYBaHHS BY3Ja
MOB3YH-BTYJIKa, TIPOBOJIMTLCS BU3HAYEHHS JOBKHWHU BTYJNKM | B 3aJI€KHOCTI Biji KOHCTPYKTHMBHOTO BHOOPY
niameTpa moB3yHa 0 Ta It IEPEBIPKKM yMOB 3aKJIMHIOBAHHS BY3J1a PEKOMEHIYETHCS KOPUCTYBATHCh TIPUBEIECHUMA

Hwk4ye ymoBamu (6) [13]. Jlns Bu3HAueHHs KyTa [/ HaBEJEMO IpPHKIAJ] HOro PpO3PaxyHKy 3aCTOCYBaBILU

PO3paxyHKOBY CXeMy, IPEICTABICHY Ha pHC. 5.

T
A Y X
w Fa) ]
—LT 4
q
{
-,
=N
Lt .
bg
Puc. 5. Cxema po3ranryBaHHsi KOHCTPYKTHBHHX NapaMeTpiB AJs Puc. 6. Cxema cui1 111 BU3HAYEHHS JOBKUHHU BTYJIKH MOB3yHa
BU3HAYEHHS KyTa [/ 32J1e5KHO BiJl liameTpa Ta KyTa [l

e
tgu = 0’
e € — BemmMurHa eKCIeHTpUcHTeTY (Big 2 10 2,5 MM);
h — Benmunma Bincrani Bix oci Bamy 10 oci 0TBOpY MOB3yHA.
B nocTynanbHiil mapi pesynbTyroua cuna Tepts F,, 3anexuts He nuine Bif MaTepianiB MOBEPXOHb, WO
TPYThCS, SIKi BPaXOBYIOThCS KoedimieHToM Teprs f , ame i Bim TOYKM NMPHKIAZaHHS Ta CIPSIMOBYBAHHS CHIM i

po3mipie nos3yna. [Tpu xii Ha nossyn cumm onopy Q cuna F , sxa scysae Ta cxnamae 3 Biccio moBsyna Kyt A
(muB. puc. 6), Bu3HaYaeThes 3a popmysioro [13]:
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_ Q
F= x—f-d. ©)

cosu— f -sin ,u(1+|7)
i 6yme TMM MeHmIe, ynm Ginbme noskuna | BTynkwm, i uum menme posmip d Ta Bimctame X. Skmo OymyTh
BHUKOHYBATHCS] YMOBU:
1 1 1 f-d
tgu = abo X2=— -1+ (6)
2x—f-d . ‘

TO ITOB3YH 3aKJIMHHUTECS, 1 1Or0 pyX CTaHE HEMOJKIIMBHM.
[licns BW3HAUeHHS PO3MIpIB TOB3yHA: JiaMeTpa Ta JOBXKHHHU IEPEBIipsAeMO Mapy IOB3YH — HamIpsMHA
BTYJIKA Ha CTIMKICTh MPOTH 3HOUTYBaHHS 32 (POPMYIIOI0:

F
p = max crpy. .
4. <P W)

ne Finax — MakcumanbHa cuia, wo 3cysae, H;
d — niamerp mOB3yHa, MM;
| - nomxuna BTYJIKH, MM;
[P] — IIOTyCTUME 3HAYCHHS THCKY IS BTYJIKH 3 GTOpOIUIACTy, ( Bix 2,5 mo 25 MIla).

VYininbHeHHS TOPLIHS 3 KaMEPOIO IyJIbcallil 3A1HCHIOEThCS 3a IOMOMOI0I0 TYMOBHX Kijlenp V — moioHoro
CIUeHHsI, JJIs 1IbOTO TMOPIIEHb pOoOUThCs 30ipHUM. [l TaciHHS MapasUTHUX KOJMBAaHb HEOOXiJHO 3aCTOCOBYBAaTH
MacuBHY OCHOBY MAalllMHM Ta BCTaHOBJIOBAaTH ii Ha BiOpaliiiHi omopu. EKCHEHTpUKOBHH MpPUBOJ 3 HOB3YHOM
HEOOXiTHO 3aKPUBATH KOXKYXOM.

BucHoBku

VY pe3ynpTaTi eKCIepUMEHTaJbHHUX JOCHIIKEHb 3MiHH IMOKa3HHWKIB BOJOIPOBIMHOI BOIH, 0OpoOIEeHOT
KaBiTaIli€ro y BiOpaIliifHiii MamiHiI MOPIIHEBOTO THITY, BCTAHOBIICHO, IO Micis 0O0poOieHHs 3a mepion 10 XBHIINH,
30UIBIIY€eThCST KOHIEHTpaLii BUTPHUX 10HIB BOIHIO y BOXI, BimmoBigHO moka3HWk pH 30impmryerses mo 8,4 pH,
3MEHIIYeThCsl MokasHUK ORP, mo roBopuTh NMpO HACHYCHHS KHUCHEM pIJUHHOTO CEpPEIOBHINA, 3MCHIICHHS
nokasauka TDS 420 no 330 oxuHHUIE TOBOPUTH MPO 3MEHIICHHS COJIEBOTO CKIIAAY, a B UIOMY PO TOJIMIICHHS
BIIACTHBOCTEH BOAM.

VY pesynpraTi MPOBEACHHX JOCHTIDKEHb O 3HE3apaKyBaHHIO PIYKOBOI BOAM BCTAHOBJCHO, IO MMiCTIS
00po0eHHs kaBiTalieto 20 XBUIMH PIYKOBOT BOJIM, €K1 BUAM KOJIOHIH OaKkTepiil 3HUIIYIOTHCS, 8 KUIBKICTD JESIKAX
KOJIOHI# OakTepiil BSMEHIIYEThCS y AECATKH PasiB.

3acTocyBaHHs BiOpaliiiHOT MalllMHU TOPLIHEBOTO THITY MPU3BOAUTH 10 3MIHM NEBHUX BJIACTHBOCTEH BOIM
Ta MiATBEPPKYE i Tpare31aTHICTh 3 METOIO MOIEPEIHLOTO OE3PEareHTHOTO 3HE3apaKyBaHHS.

3anpornoHoBaHi MiX0/IH 10 MPOEKTYBaHHIO BiOpaliiiHOT MalllMHKA MOPIIHEBOTO THITY TO3BOJIUIIA CTBOPHTH
y3arajJbHeHYy METOJOJIOTII0 Ul PO3paxyHKy paliOHAIBHHX KOHCTPYKTHBHHX 1 TEXHOJIOTIYHHX IapaMeTpiB
BiOpaniifHUX MalIvH, MPU3HAYEHHX IS BIUIMBY Ha BIACTHBOCTI BOAM Ta 1l 3HE3apakyBaHHSL.

OTpuMaHi pe3yabTaTd MOXKYTh OYTH BpaxoBaHI MpH pPO3pOOJIEHHI TEXHONOTIH Ta KOHCTPYKIIN
BiOpamifHUX MamIMH JUIS OYMINEHHS CTIYHMX BOJ HPOMHCIOBHX, KOMYHAJIbHUX IiINPHEMCTB, TBApUHHHUIIBKHX
KOMIUIEKCIB TOIIO.
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