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OIIIHKA EKOHOMIYHOI EGEKTUBHOCTI IHHOBAIIMHUX BOJOOUYACHUX
TEXHOJIOT'TIA BACEHHIB TA AKBAITAPKIB

Po3r7ISHYTO  TUIOBI  IPOLIecH BOAOOYHLLEHHS Ta BOJOIMArOTOBKU OaCElHIB aKBanapKiB. 3anporioHOBaHa METOAMKA
EKOHOMIYHOI OLIHKN E@MEKTUBHOCTI iX 3aCTOCYBaHHSA. MeTogmka TpyHTYETLCA Ha 3aNpOBafXKEHHI psay [MOKa3HWUKIB SKOCTI
BOJOOYHCHOIO MPOLECY, PO3PAXYHKY KOEDILIIEHTA «KPUTEDPIO eQEKTUBHOCTI» BOAOOYMLLEHHS 6ACEVHIB.

BcTaHoBrIeHo, 14O  HAVBULMMKM  3HAYEHHSIMU — E€QPEKTUBHOCTI 3  PO3ITIHYTUX BOHOOYHCHUX IPOLECB  BO/IOAIE
3arpPOrMoHOBaHM METOL E€/IEKTPO/TZHO-KaBITALIVIHOIO BOAOOYMLYEHHS. LI€Vi METOZ rpYyHTYETHCA Ha OPraHidyHOMY MOEAHAHHI MEpEBar
TaKuX QBUYHUX METOLIB, 5K E/IEKTPOJI3HE Ta KaBITALIHE 3HE3aPaXeHHS OpraHidHux Ta 6I0/I0rYHNX 3a6pyAHIOBAaYIB BOAM.
3abesnedyBaHmi HUM CTYITiHb OYULYEHHS Ta 3HE3APaXEHHS carae 97-98%.

Ki1t0408i ¢/108a.; EKOHOMIYHa epEKTUBHICT, METOAN BOAOOYHLLEHHS, METOAMKE PO3PaXYHKY, MOKa3HUKU €PEKTUBHOCTI.
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EVALUATION OF ECONOMIC EFFICIENCY OF INNOVATIVE WATER
TREATMENT TECHNOLOGIES OF SWIMMING POOLS AND WATER PARKS

Typical processes of water purification and water treatment of water park pools are considered. The method of economic
estimation of efficiency of their application is offered. The methodology is based on the introduction of a number of indicators of the
quality of the water treatment process of calculating the coefficient of "efficiency criterion" of water treatment of swimming pools.

The purpose of this study was to develop an innovative technology of electrolytic-cavitation water treatment for
swimming pools and water parks and to create a method of comparative evaluation of the effectiveness of modern water treatment
technologies.

A new technological scheme of electrolytic-cavitation water purification of public water bodies is proposed. A
mathematical dependence has been created, which allows to objectively assess the effectiveness of various methods of water
treatment and purification using the proposed indicator called "efficiency criterion”

It is established that the proposed method of electrolytic-cavitation water purification has the highest values of efficiency
from the considered water purification processes. This method is based on an organic combination of the advantages of such
physical methods as electrolytic and cavitation disinfection of organic and biological water pollutants. The degree of purification and
disinfection provided by him reaches 97-98%.

Key words: economic efficiency, water treatment methods, calculation methods, efficiency indicators.

IHocTaHoBKa Mpo0/IeMH y 3arajIbHOMY BUIISATI
Ta 1i 3B°5130K i3 BaJKJIMBUMM HAYKOBHUMH M NPAKTHYHUMHM 3aBJaHHIMH

IIpobsemMu yrpaBaiHHS MPOLIECAMH TIEPEX0ay SKOHOMIKM Ta IHHOBAIIHHHI PO3BUTOK HA CY4aCHOMY €Tarll
CYCHIUJILHOTO COL[aJbHOTO CTaHy MPUAULIETbCS IIJBUINCHA yBara HAayKOBLIB Ta IpPaKTHKIB. SIk Hacilifok, y
po3BuHyTHX KpaiHax mo 80-85% mnpupocty BBII 3abesneuyerbcs iHHOBALIfHMMM 3aX0JlaMM, HaiBaroMinIMMu
mocepes SIKMX € HOBI JOCKOHANI TEXHOJOTIUHI IPOILECH BHUTOTOBICHHSA BHPOOIB Ta MPOAYKIII B OPraHIYHOMY
MOEHAHHI 13 HOBUMH METOAAaMH OpraHi3aiii BupoOHHITB. Ha jkanp, Ha ChOTOMHIMIHIN NeHP YacTka YKpaiHU y
3arallbHOOCBITHEOMY 00Cs31 HAyKOMICTKOT MPOAYKIIii CTAHOBUTH JIMIIIE ECATY MOJIO BincoTka. [ mopiBHAHHS, y
[Monpmi e MoKa3HUK BUIMUH y AecATKU pa3iB, y Himeduuni — B cotHi. [IpobieMa TyT mossrae He JHIIE y TOMY,
0 CYTTEBO CIIOBUIBHIOIOTHCS TEMIH €KOHOMIYHOTO PO3BHTKY HAIIOi KpaiHW MOPIBHSHO 13 MPOBITHUMH KpaiHaMu
CBITY, a 1 B TOMY, 4epe3 HECYMICHICTh OyJIeMO BiIKMHYTHMH JO KOTOPTH KpaiH TaKk 3BaHOTO «TPETHOTO» CBITY. Sk
BigzHadae npod. C.M. Iinpstmenko «Y 1mux ymoBax i YKpaiHU Omopa iHHOBaIii € THM €IMHO MOKIIMBUM IIIJISIXOM,
SKUI JTO3BOJIUTH 3a0€3MEeUNTH CTAIWHd PO3BUTOK 1 BXOJDKEHHS HA PIBHUX JIO CBITOBOTO CITIBABTOPCTBA
IUBUTI30BaHUX Kpaim» [1].

[Mopsia 3 TuM, crienudigHOI0 0COOMUBICTIO CyYaCHUX 1HHOBAIIIMHUX TEXHOJIOTIH K Yy BUPOOHHUUNX rarys3sx,
TaK 1 B PI3HOIUIAHOBHX Tally3six cepH IMOCIyT, € HEPO3PUBHE iX MOEIHAHHA 13 3aX0IaMHu 30€pexeHHs JTOBKULIL.
CkiajjaeTbcsl BpPaKEHHS, IO JIFOJCTBO HApelITi YCBIIOMHJIO, [0 TOHHTBA Yy BHPOOHMYMX Taly3six 3a
HaJnpUOyTKaMH i3 IPUTAMaHHOIO 1i IIKOJO0I0 JIsl HABKOJIMIITHBEOTO CEPEIOBHIIIA € 3TYOHUM IIUISIXOM €K3UCTHBHOTO
PO3BUTKY, OCKUIBKM TOJAJIbIII BUTPATH HAa BIJHOBJIEHHS JOBKULIS Ta KOMIIEHCAII0 3aBIAaHOI 370pOB’I0 JIIOAEH
IIKOAN Y pa3H, a TO 1 JECSATKH pa3iB NMEPEeBHUIIYIOTh OYiKyBaHI MpUOYTKHM, 3aKJaJeHi Ha eTanax HeIO0CKOHAJIOro
LIKI/UIMBOTO JUIS AOBKULIA BUpoOHHUITBA. Hexall He Ha oMpisiHO-0a)kaHOMY, Ta BCE X Ha JI0BOJII BIAYYTHOMY PiBHI y
XXI cTouiTTi OKpamuBCs PiBeHb KyJIbTYPH Ta CTaTKiB MeIIKaHIIB Ykpainu. [1Iupoxi MoxiuBOCTI 3apyOiKHOTO
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TypU3My 13 CYNYTHIMH HOMY BJIACTUBOCTSIMH TIepeWMaHHs Kpamioro mMoO0yTOBOTO JOCBiMy, TMOTykHe Internet-
iHpopMamiiHe TMoJie, MiABHIICHHSA (IHAHCOBHX MOMJIMBOCTEH UIsI MEBHHUX IPOIIAPKIB HACEJCHHS CIIPHSIIO
Hepersiay MEIIKAaHIAMH KpaiHU BIACHUX TPaAMIii Ta mo3BuLIA. Lle mocTano momToOBXOM aKTHBHOMY PO3BHTKY B
MicTax moOyToBOi cepr, kocmMeTHdHHX Ta SPA-canoHIB, Xap4oBHX Ta PO3BaXKAIBHHUX 3aKiIafiB, OacedHiB i
akBamapkiB Tomo. Lli cy4acHi 3aXoxu 03/10pOBJEHHS, TirlEHM Ta MOKpAIIEHHS NOOYTy I'pOMaJsH HEpO3PHBHO
MOB’sI3aHi 13 CTPIMKMM HapOCTaHHSIM OOCSTIB BHKOPDHCTaHHS Yy HaceleHMX IyHKTaX BOJM, a BIJMOBIIHO, 1 i3
301IbIIEHHAM MOOYTOBUX CTOKIB Ta 3yMOBJIEHOTO IIUM HOTiPIIEHHS €KOJIOT1] JOBKIJIJIA.

Oco011BOI0 MipOI0 TIOKa30BHMH Y I[bOMY BiJHOIICHHI MOCTaJXM MOJHI y ChOTOAEHHI Iocepe] IpOMajsiH
BOJIHI 03/10pOBYI MpoIeAypH. SIK HACIITOK bOro OaceiiHN Ta BOJOWMH I'POMaJICbKOTO BUKOPUCTAHHS O0JIAIITOBAHO
MPaKTHYHO Y KO>KHOMY MIKPOpaiOHi BEIMKUX MICT SIK Y 3aKPUTHX NMPHUMIIIEHHSX, TaK 1 Ha BigKpuTOMy moBiTpi. o
CIOKOHBIKY TpaJWIiHHUX TUTaBaTbHUX OaceiHiB Ta MyMIOBHX TYT AOAAJNCH JIKyBaJlbHI TiIpomacaxi, HOBOMOJHI
cayHH, 0aHi Ta MapwibHI KIMHATH, PI3HOMAaHITHI BOISHI TIpKM Ta aTpakmioHW, kocMetndHi SPA-camoHwm, gki y
OCHOBHOMY TPYHTYIOTHCSI HAa BHKOPHCTaHHI BEIMKHX KIJIBKOCTEH BOIH, O TOTO XX 13 BUCOKHMH CTYHEHSAMH il
OUMIICHHS.

Crierdixa cydaCHHX BOJHHUX IMPOIEAYP YV COIiaJbHOMY KOHTEKCTI MOJSATAE Y TOMY, IO YCBIIOMHBIIH X
3HAYMMICTh JUIA 370pPOB’Sl, KOPUCTYBadi TOTOBI CIDIAYyBAaTH MOBOJI 3HAYHI KOIITH 3a ix BHKopucraHH:. IIporte i
CIpaBeUIMBO BHMAararoTh 3a i€ BUCOKOI SIKOCTI Oe3nocepesHbO caMOi BOAM Ta HAJIC)KHOTO OOCIYyrOBYBaHHS Ta
BUCOKOi SIKOCTI Oe3mocepejHbo caMol BOAM. SIKOCTI BO/H, 110 CYTTEBO BHIIA BiJl 3arajbHONPUHHITUX Y CHOTO/ICHHI
B YKpaiHi 3acTapiiuxX caHiTapHO-TIri€HIYHUM HOPM.

Came TOMy TEXHOJIOTIYHUM IIpOLIECaM BOJOMIATOTOBKU Ta BOJOOYMILEHHS, SIKi € 3aII0PYKOI0 30epeKeHHS
SIKICHOT Timpocdepu Ui HaIIaaKiB, HAYKOBISIMH B OCTAaHHI POKH MPHIUIAETHCS BCEe OlNMbINa yBara. Aje JOCHTh
4acTO BIIPOBAKCHHS MEPCIIEKTUBHUX TEXHOJIOTiH BOJOOUYHIICHHS CTPUMYETHCS OTPUMAHHSM IIICIIA peanizamii ux
TEXHOJIOTiH 3HAYHUX 00’ €MIB 0CaMiB, SKi 3JaTHI HAKOIMIYBATHChH Ta CIIPHYNHATH BTOPUHHE 3a0pyAHEHHS TOBKIIIIA.
30KkpeMa y BUIAKy peaizarlii aacopOIiifHNX METOIIB OYHIIECHHS YTBOPIOIOTHCS 3HAYHI KITBKOCTI BiIIIpabOBaHUX
copOeHTiB. Peamizaris peareHTHUX METOMIB OYHUIICHHS JOCHTh YacTO CYNPOBOKY€ETHCS HAKOMMYEHHAM MPOIYKTIB
peakuii. Y Kpamux BHNagKax Il peYOBHHU 3HAXOIATh 3aCTOCYBAaHHA y IHIINX Taly3sX €KOHOMIKH — HANPUKIAL SIK
KOMIUIEKCHI TOOpHBa MPOJIOHTOBAaHOI [ii. PeareHTHMX MeTOHiB, B pe3yNbTaTi peami3amii SKUX HE yTBOPIOIOTHCS
BTOPHHHI BiJIX0JH, HE0araTo, O TOTO K YacTo iX peaji3alis CympOBOIKYETHCS YTBOPEHHSM LIKIAJIUBUX ITPOIYKTIB
peakiii. Y BuUMaaKy » peanizaiii OiOJOTIYHUX METOJIB OYHUIICHHS (Il TEXHOJIOTiS € THIIOBOK JJIS OYHIICHHS
MYHIIMIATBHAX CTIYHUX BOJ) YTBOPIOETHCS BEJMKA KUIBKICTh BIANPAI[bOBAHOTO aKTUBHOTO MYIy, SIKMH BXKe 3apa3s
CTBOPUB IIOTY>XKHE 3a0pyTHEHHsI TOBKI/UIS B YKpaiHi Ta B psji iHIIUX KpaiH [2]. Tomy ocoOmuBYy yBary IoCiiJHUKA
NPUAUIAIOT TAKUM METOAaM OYMIIEHHS BOJHHUX CEPEIOBUIL, B pe3yJbTaTi peamizalii sIKUX BTOPUHHI BiAXOAW HE
YTBOpIOBAJUCH Ou. Jlo TaKMX METOIB, Y HEpPIy Yepry, Hajexarb (i3HyHi METOIU OUHUILCHHSI.

AHaJii3 oCTaHHIX J0CaiTKeHb i myOJikauii

3a yMOBH HAasBHOCTI Ha TEPHUTOPISX BHCOKO PO3BHHYTHX CYCIIIBHHX (pOpMaIliif JTOCTaTHBOI KIIBKOCTI
BOJIHUX PECYpCiB KyJbTypa Tiri€HH Ta 03J0pOBYMX BOJHUX IPOILEAYpP CIOKOHBIKIB Oyna, € i HesamepeyHo Oyne
HEOJIMIHHOIO CKJIaJIOBOIO MOOYTY rpomajsH. Lls ocobnuBicTs moOYyTy HEe BTpavae CBOET aKTYaIbHOCTI Ta BarOMOCTI
JUTSL 30POB’S 1 CYy9acHUX MEIIKAHIB, 1 MPUHICIIHIX MOKONiHb. IaHa MPpobiieMa € BaroMoRO 1 JJIs €KOJIOTii JOBKIIIIA,
OCKIJIbKH 00CSATH CIIOKUBAHOI BOJY HEBIIMHHO HAPOCTAIOTh, a 11 3amacu KaTacTpodidHO 3MEHINyThCs. Came ToMy
HEBIIMHHO HAPOLIYEThCSl KUIBKICTh HAYKOBHMX JIOCHI/DKEHb, CIPSIMOBAHUX Ha BJOCKOHAJICHHS TEXHOJIOTIH
BOJIOOYHMIIICHHST Ta BOJOIMIArOTOBKU. [lepeBakHO BOHH CIPSMOBaHI Ha CTBOPCHHS IHHOBAIIMHUX MIIXOIIB SK 0
PO3pOOKH BHCOKOC(PEKTHBHUX TEXHOJOTIYHUX IMPOIECIB, TaK 1 J0 METOAUK OIMiHKH ix edexkruBHOCTI. HOBI
BOJIOOYHMCHI TEXHOJIOTii JIOBOJI IPYHTOBHO OIMCaHi y JiTeparypHux nepiuopkepenax [3]. Ilpore BincyTHicTh
METOAMK X MOPIBHAIBFHOI OIIHKH YTBOPIOE MEBHI TPYIHOMII MPH BHOOpPI I KOHKPETHHX YCTaHOB TOI, UM IHIIOT
TexHonorii. ToMy Ul MANPHEMCTB MalOro Ta CEPEeIHBOro Oi3HECY, 30pi€HTOBAHMX Ha HaJaHHS O030POBYHMX
MOCHYT, BiCYTHICTh METOIHMK MOPIBHAJIHHOI OMIHKA BOJOOYHCHUX TEXHOJIOTIH CTBOpIOE HeOe3leKy BiTUYTHHX
(hiHaHCOBUX 30HTKIB.

Baromicthb sikocTi Boju, siK 3aco0y ii Tiri€Hn Ta MpoAyKTy XapuyBaHHS JIIOAWHH NEPEOLIHUTH TPAKTUIHO
He MOXIJIMBO. AJDKE caMe BOJa Ta OTOUyIode Hac MOBITPs y iX OpraHidyHOMY HOEHAHHI 13 IPOAYKTaMH XapuyBaHHS
€ HaBaroMimMMH I KUTTA JIIOAWHH CyOCTaHIIisIMH 1 caMme iX SIKICTh € BHU3HAYaIBbHOIO I ii 310pOB’S.
[TepexoHIMBO HOBEAEHO, IO caMe JHKEPENbHIN Ta 30araueHiil KOpUCHUMH COJISIMH 1 MiHepaJlaMH JIiKyBaJIbHIH BOJI
XapakTepHi O370pOBYi JUIA KWBHX OpraHi3MiB BiacTUBOCTi. [IpoTe BimoMO TakoX, IO, caMe HesKiCHa
0aKTepioNOTIYHO YW XiMIYHO 3a0pyIHEHa BOJa MOCTa€ JDKEPEIOM INKIATUBUX iHQEKIH Ta BaXKO BHIIIKOBHUX
XBOpoO (mu3eHTepii, xomepu, THPYy Tomo). Came TOMY TEXHOJOTIYHMUM TIpOIecaM BOJOOYHUIICHHS Ta
BOJIOMIITOTOBKH TIPHUIUIAETHCS MiIBUIIECHA yBara i3 MipKyBaHb MOTpeOH y 3a0e3nedeHHi Ta YiTKOMY JOTpHMaHHI
BCTAHOBJIEHUX CaHITapPHO-TIri€EHIYHUX HOPM.

Ha xanp, B YkpaiHi i Ha ChOTOAHIIIHIA JI€Hb B OCHOBHOMY BHMKOPHCTOBYIOTH MOpPajbHO 3acTapiii
TEXHOJIOTIT BOJOMIJArOTOBKH, IO 0a3ylOThCs, B OCHOBHOMY, Ha IpyOOMYy Ta TOHKOMY (UIBTpyBaHHI BOJIH Bif
MEXaHIYHUX JIOMIIIOK Ta XIMIYHOMY OKHCHEHHI XJOpOM SIK OIlOJIOTIYHO 3He3apaXKyBaJbHOMY 3aco0i.
Haiipo3noBcio/pKeHIMMH TaKi TEXHOJIOTii BOJOIIATOTOBKH 13 PEHMPKYJSALIHHOIO CXEMOI0 BOJOOOMIHY € JUIst
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OaceiiHiB Ta BOJOWM TPOMAJCHKOTO BUKOPHCTAHHA — OaceifHiB, akBamapkiB Tomio. KOHIEHTpaIlisd 3aJIUITKOBOTO
xJI0py Ha piBHi 0,3 MI/mM> TyT HEBHOIO MipOIO TapaHTye GAKTEPIONOTIUHY GE3MEKy KOPHCTYBAdiB MIOAO0 CaHITAPHO-
MMOKa3HUKOBUX OakTepiii Ta MIKpOOpraHi3MiB (KHIIKOBOI TAIW4YKH, €HTEPOKOKiB, cTadimokokiB Tomo). OmgHaK,
3araJbHOBIZIOMA i TOBOJI MIKiITUBA JTisl XJIOPY 5K Ae3iH(]iKyrodoro 3aco0y Ha OpraHi3M Jfoael, 0COOINBO CXITHHIX
JI0 aJIepTiYHMX 3axXBOpIOoBaHb. Lle moapasHioroya 1isl XJIOpYy Ha CIM30BI Ta IIKIpY, IHTOKCHKALI] IPY HOTParIstHHI
LIKI/UIMBUX CHOJIYK XJIOPY B OpraHH 30py Ta AMXaHHs, OTPYEHHS NPU BUIAJKOBUX KOBTaHHSIX BOIW TOmO. Ta i
OCaJIUTH CIIOJIYKH PO3YMHEHOIO y BOAL XJIOpY IpH ii yThiizamii Z0BOJI 3aTPaTHO 1 CKJIQJHO, TOMY IEPEBaXKHO Y
OaceiiHax BHKOPUCTOBYIOTH MNEPIOJUYHY BOAO3aMiHY, 3JIMBAIOYM BHUKOPHCTaHy BOJY B KaHaJi3alidHI CHUCTEMHU
BOJIOBIZIBEICHHS. 3p0O3yMiJIO, II0 JJaHa TEXHOJIOTIYHa CXeMa BOJIOIIATOTOBKY 3acTapiyia i HoTpedye BIOCKOHAICHHS.

OnHKUM 13 i€EBUX IHHOBaLiHHUX KPOKIB y €KOJOTIYHOMY IMOKPAILICHHI MPOILECiB BOAOMIATOTOBKH MOCTAja
3aMiHa HEJOCKOHAJOrO 3 MO3WIIHHOTO BIUIMBY Ha 370POB’S KOPHCTYBAadiB Ta JOBKULIS XJIOPYBaHHSA BOTU Ta
nesnH(QpiKyrode 1 3He3apaxyBalbHE ii ouMImeHHS mepokcumoM BomHio HoO,. Ilepokcun BOXHIO SK XiMI9HUI
ne3iH(pEeKTaHT He MICTUTh MOPA3HIOBAYIB i 3a11axiB, HE MMPOBOKYE ANEPTiYHHUX 3aXBOPIOBaHb. | 0 HE MEHIII BATOMO
— HE YTBOPIOE TIPH TPHUBAJIii B3aEMOII i3 BOJOIO HEPOUYMHHUX CHOIYK Ta ocaliB. [IpoTe, BHKOpHCTaHHS BapTiCHOTO
MIEPOKCHTYy BOJHIO CYTTEBO IIiIBUIIYE 3aTPATH HA BOJOIIATOTOBKY, TOPIBHIHO i3 XJIOPYBaHHSM.

Bce mmpmmoro po3mnoBciomKkeHHES HaOyBarOTh MeToAu (Pi3MUHOTO Ta (hi3WKO-XIMIYHOTO OYHIIEHHS BOIH,
SIKI 30pIEHTOBaHI HAa BUKOPHCTAHHS THX YW IHIIMX (DI3MYHMX SBHUIL Ta BIUIMBIB Ha BOAY i3 METOIO ii OUYMILEHHS,
MOKpAaILIeHHs] CTPYKTYpH Ta BIacTUBOCTEH. Hallmmpinoro po3noBCIOKEHHs Y ChOTO/ICHHI IS Li€l METH Halynu
METOJU EJIEKTPOJII3HOTO OYHMIIEHHS BOAW Ta ii 030HyBaHHA. IIpu enekTposi3HOMY OYMIICHHI Ha TepLIoMYy eTari
3a0pyAHEHY BOMY, MIPOIYCKAOYH KPi3hb (DiIbTPU TpyOOro Ta TOHKOTO OYHIICHHS, BiA(BILIETPOBYIOTh BiJl MEXaHIYHUX
nmomimiok. Ha npyromy erarmi B €J€KTPOJII3HOMY arapaTti MmiroTOBIIITh Je3IHPECKTAHT.

[lig miero eNeKTPUIHOTO CTPYMY B amapaTi BiOyBaeThCsS peakiis eNeKTPOII3ZHOTO PO3UYCIDICHHS KYXOHHOI
COJIi 32 HACTYITHUM XIMiYHIM PiBHSIHHSIM

enexmponiz

2NaCHH,0 — 2Na +Cl+2H"+OCI

Ha TpeThoMy etami nesindektant monaiots y 3a6pyaneny soay. lomn OCI, aktuBHO B3aemosirouu i3
HassBHUM Y BOJI 3a0pyAHEHHSM, 3HE3apaXyloThb ii Ta OYMINAIOTH. BiJACTOSHY 1 OuMINEHY BiA ocaay BOAy B
MOJAVIBIIIOMY TMOJAIOTh 10 OaceiiHy, MOCTIHHO 3MIMCHIOIYM KOHTPOJb 3a CTymeHeM ii 3a0pyaHeHHs. Jlane
OUMIICHHS BOAM 3/IHCHIOIOTH TUCKPETHO 3-4 pasu Ha 100y, 3aJIe)KHO Bijl BMICTY 3a0py/JHEHHS. 3aBISKU LIbOMY
BCsl BoAa OaceifHy BIPONOBXK IIEBHOTO 4acy HPOXOAUTH Oararopa3oBe €JNEKTPOJIi3HE OYHMIIEHHS, HEBIHHHO
MIATPUMYIOThCS Ha HaJIS)KHOMY PiBHI 11 caHITapHO-TIri€eHIYHI TOKa3HUKH. L{e moHmKye 3aTpaTtu Ha [e3iHPEKTaHTH.
TuM He MeHIIIe, 3aTpaTH eIeKTPOEHepPTii Ha (GYHKIIIOHYBaHHS €JIEKTPOJII3HOI yCTAaHOBKH € JIOBOJI 3HAYHUMH — 110 10
KBT 32 rogmHy ekcinryaTamii OfHIEI i3 ABOX IyONIOIOYHMX OJHA OJHY YCTaHOBOK. Y HACIHIIOK IBOr0 (hiHAHCOBI
BUTpPaTH Ha EKCIUTyaTalilo €JIEKTPOJI3HUX YCTAHOBOK BIIYYTHO IIiABHINYIOTH BapTICTh MOCIYT IS
BingBiAyBauiB [4].

[MpuHUMI OYMINEHHS BOJXM O30HYBaHHsSM Jiemlo iHmMKA. BiH 0a3yeTbcss Ha TOMy, 1O HaJA3BHYAHHO
aKTHBHHUI y XIMIYHOMY pPO3yMiHHI OKHCHIOBa4 T'a3 O30H Yy IEBHUX CIIBBIJHOLICHHSX IPOIYCKAEThCS Kpi3b
3a0pyAHEHY BOJY Ta IHTEHCHUBHO OYHIIYE 11 Bifl O10JIOTIYHUX 3a0pyIHEHb. AKTHBHO B3a€EMOJIIIOYH i3 IIUTOILIIA3MOIO
MIKpOOpraHi3MiB 030H pyHHYe ii, mo30aBisie 6akTepii penpoayKTHBHOT 3/[aTHOCTI JI0 BiJTHOBJICHHS T4 PO3MHOEHHSL.
Sk HACHiZOK, 3a YITKOTO JOTPHUMAHHS BHMOT O30HOBHMX OYHMCHHX TEXHOJIOTiH 3abe3medyerbes 10 99% cCTymiHb
010JIOT1YHOTO 3HE3apaKEHHsS BOJM. 3TiJIHO 3anpoBajpKeHil Kiacudikaiii 030HyBaHHS HaJIEXHUTh O PEeareHTHUX
METOMiB BOJOOUMIICHHS. OJHAK, OTPUMAaHHSA O30HY B JOCTaTHIX JUIi OYMIIEHHS BOJIM OacelHIB KUTBKOCTSX
XIMIYHUMH METOJ]aMH JIOBIOTpHBAJIE y Yaci Ta 3arpaTHe. ToMy Juis HOro 3acToCyBaHHS BUKOPHCTOBYIOTH (Di3HUHI
METOJM OTPUMAaHHS 030HY, fKi 0a3yOThCS HAa YTBOPEHHI O30HY i3 KHCHIO IOBITPS Yy MiXKEIEKTPOIHOMY IPOCTOPI
HaBKOJIO €JIEKTPUYHOI JTyTH.

[TopiBHAHO 13 €NEeKTPONI3HUM OUMIIEHHSIM BOJIM O30HYBaHHS 3a0e3ledyye CyTTEBO BHINI IOKA3HHKH
010JIOTIYHOTO 3HE3apakeHHs, OJHAK 1 BapTicTh HOro, mO OOYMOBJIEHA HE3HAYHOI IPOJYKTUBHICTIO
€JIEKTPO/IyTOBOr0 YTBOPEHHSI 030HY Ta BIIYYTHUMH Ha Iie €Hepro3arpaTaMmu, cyTTeBo Builna. OYeBHIHO caMme TOMY
030HYBaHHS SIK METOJ] OYHINEHHS BOJM BUKOPUCTOBYIOTh MEPEBAKHO JISI AUTIINX OaceliHiB i3 He3HauHuMU 10 100
JITPIB 3amacamul BOJH, a JCIIEBINE eNEeKTPOIIi3HE OUUIICHHS — JJIs OUTBIN 00’ €MHUX 3arajlbHUX OaceiHiB.

HacTymHUM KpOKOM y €KOJIOTIYHOMY MOKpaIleHHI BOAOKOPUCTYBAHHS MaB OH MOCTAaTH KOMIUIEKC 3aXO/iB,
CHPSIMOBAHUX Ha TMOKpAIEHHs JIKYBIbHUX BIACTUBOCTEH SIK O€31ocepeiHbO caMoi BO/M, TaK i BOJHHUX HPOLELYD,
Ta BJIOCKOHAJEHHS OYMCHUX TEXHOJIOTiH. Hampukiag, NuisixoM MOHWKEHHS BHUTpaT Ha JAe3MH(DIKyIOui peareHTH
3aBISIKM 3MEHIICHHIO HEOOXiZHOI iX KUIBKOCTI Ta KOHIEHTpamii. JJOCATHYTH HbOro MOXKHAa HUIIXOM Tak 3BaHOI
«aKkTUBali» BOAM OyarogaTHUMK (I3WYHUMM BIUIMBAaMH Ha Hel 3 METOI NepecTpyKTypu3amii BOaW 10
MOHOMOJIEKYJISIpHOTO cTaHy. Came MOHOMOJIEKYJSIpHa CTPYKTypHa OyZoBa MOJEKYN IpHUTaMaHHA L0
JOKEpeNbHIM BOAl, caMe 3a Takoi CTPYKTYpH BOJI BJIaCTHBA HalKpalla 3aCBOIOBAHICTh POCIMHAMH Ta TBAPUHHUM
CBITOM. Y MOHOMOJIEKYJSIDHOMY CTaHI Boja HaOyBae, 3a Kiacudikami€ro XiMiKiB, BIACTUBOCTEH «alpOTOHHOTO
PO3YMHHHKAY», CTPIMKO HapOIIYIOYH CBOIO OKHCHY 34aTHICTh. HacmigkoM mporo € miABUIEHHS IPUPOIHOT IPOTUIIT
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aKTHBOBaHOI BOAM O10JOTIYHOMY 3a0pyJHEHHIO, TIOKpAlICHHS 1i AaHTUCENTHYHUX BIACTHBOCTEH, CIPHSIHHS
3arolOBaHHIO MIKPOTpaBM IIKIpH Ta MIKpOTpimmH can3oBUX. OIHAK, iCHYIOUMM Ta PO3IMOBCIODKCHHM Ha
CHOTOJHINIHIN IeHh METOJaM aKTHBAaIlii BOAM BIACTHUBI TEBHI HENOJNIKW, IO CTAIOTh Ha 3aBaji IIHPOKOMY iX
3aCTOCYBaHHIO JUUIs TAKMX 3HAYHHUX 00’ €MiB BOJM, SIKi BIACTHBI OaceifHaM Ta akBamapkam. Tak, BITOMUM (Gi3HIHAM
MeToJlaM aKTHBallil BOAM — MAarHiTHIH, yJbTPa3ByKOBil KaBiTaliiHil, eleKTpOiCKpoBili 00poOKaM TOIIO, OKpiM
NpUTaMaHHUX BUKIIOYHO IM OCIOHMM OOMEKEHHSIM, BJIACTHBHH I1Ie 1 CHUTBHUN U1 HUX BCiX Henomik. BiH mossrae
y HE3HAYHIH MPOAYKTUBHOCTI IIUX METOJIIB aKTHBAIIii, III0 3BICHO 0OMEXKYE TX TEXHOIOTIYHI MOKIUBOCTI. CiTbHIM
HEJIOJTIKOM METOJIB XiMiYHOI akTHBauii (030HYBaHHs, 0OpPOOKH BOJM CPiOJIOM TOIO) € BUCOKA BapTICTh PEareHTIB.
ToMmy Bce e aKkTyalbHHMH 3ajHMIIAIOTHCS HAYKOBI IOINYKHM NPHAATHUX Ul 3HAYHUX 00’€MiB BOAM METOIB
aKTHBAIl 3 METOIO ii IIepecTPYKTypH3aLlii 10 MOHOMOJIEKYJISIPHOTO CTaHy.

B ocranHi mecATHIITTS yBary BUCHHX-IOCIIJIHUKIB, IO 3aiMalOTHCS MHUTAaHHSIMH BOJOOYHIICHHS, OyIO
3BEpHYTO Ha BUKOPHUCTAHHS IUII IWX LiJel KaBiTallifHWX sBuil. B manmii wac ans KaBiTamiiHOi 0OpOOKHM pivH i
cycreH3ii Ha iX OCHOBI HaiOUIBII BiOMI YIBTPa3BYKOBI TEHEPAaTOPH Ta TiAPOAMHAMIYHI KaBITaTOPH.
VYrapTpa3ByKkoBa KaBiTaliifHa 00poOKa BiIpi3HSIETHCS BHCOKOIO IHTEHCHBHICTIO (DOPMOBAHOTO KaBITALIHOTO MOJI,
[pOTe BOHA HAA3BMYAMHO HHU3BKONPOAYKTHBHA Yepe3 MIBHAKE 3aracaHHs yJbTPa3BYKOBOI XBHJII B PiJUHHOMY
cepenosumti. Ta i eHepreTHYHI BUTPATH B YIBTPa3ByKOBHX I'€HEPATOpPax HOCHTH BimdyTHi - 1o 500 Br/am®, mo B
O1IIBIIOCTI CBOIH, 00MEXy€e BUKOPHCTAHHS yIbTPa3ByKy cheporo 1abopaTopHUX AOCIIHKEHb [5, 6].

VY rigpoaMHaMiYHMX KaBiTaTOpax KaBiTalliiHE I0Jie TI'€HEPYeThCsS B pe3yJbTaTi 3MiHM LIBHIKOCTI 1
reoMeTpii TiApaBIiuHUX IIOTOKIB IIPH OOTIKAHHI HUMH TBEP/HX TiJ a00 NPH MEpEeMillieHH] 3a EBHUX IIBUIKOCTEH B
pinuHax TBepaux Ti. HaiiOinpimoro momupeHHs HaOyJlW TiAPOAMHAMIYHI JIOTIATEBI KaBITATOPH, B OCHOBY SKHX
3aKiajeHo (GopMyBaHHS KaBITALIHHOTO MOJs BHACHIIOK 0O0EpTaHHS B PIIMHHOMY IOTOLI i3 BUCOKOIO HIBUAKICTIO
OaraTomonareBoi Kpmib4aTku. [IpoayKTHBHICTE KaBiTalliifHOT 0OpOOKH PigWH TYT JOCHUTH BHCOKA i mocsarae 2 + 3
m*/ron. OmHaK iHTEHCHBHICTH C()OPMOBAHOIO KaBiTAIliiHOTO MO HE3HAYHA, IIO HE 3a0e3ledye SKiCHOI 0OpOOKH
pinuH, 3ByX)ytoun chepy epeKTHBHOTO BUKOPUCTAHHS TiIpOINHAMIYHIX KaBiTaTtopis [7].

He 3anexxHo Bix npupoau 30ypkeHHS KaBiTAiifHOTO IO MEXaHi3MH KaBIiTallifHOTO BIUIMBY HA PiIUHU B
OimpmrocTi CBOIK imeHTH4Hi. HaifOimbIn HAaOYHI MeXaHI3MHU KaBiTAIlifHOTO BIUIMBY B PiIMHAX HAa OCHOBI BOJIU.
YuciieHHI KOPOTKI 32 9acoOM €Tamy 3apOIDKEHHS, 3POCTAaHHS 1 CIDICCKYBaHHS KaBiTAIlIMHWX OyJibOamok mig Ai€ro
3MIiHM B HHUX THCKY Ta30BOTO CEpEIOBHINA CIPUSIOTH (POPMYBAHHIO MOTY)KHOI €HEPreTUYHOI XBHWJI, PO3BUTKY
XIMIYHUX peakliil i epeTBOPEHHSIM B CTPYKTYPi MOJIEKYJ] BOJM. Y KaBiTalliiHOMY MOJI B PilMHaX Ha OCHOBI BOJH
yTBOPIOIOTEC pamukand H° i “OH! Ta mepBuHHI TPOAyKTH PO3KIALy BOAM, TaKi sAK MEPOKCUA BOIHIO, SKi
BOJIOAIIOTh BUCOKOIO aKTHUBHICTIO 0 XIMIYHUX OKHCHIOBAIBHMX peakiiid. | Xou 4ac iCHyBaHHS LIMX OKPEMO B3STHX
paavKaiiB OOYMCIIOIOTHCS MIJIICEKYHaMH, BEJIMKa KUIBKICTh 1 Oe3nepepBHE YTBOPEHHS HOBUX (3aMICTh THX, SKi
BCTYMWIM B XIMIYHI peakuil) CHpHUs€e IHTEHCUBHOMY PO3BUTKY XIMIUHMX OKHCHIOBAJIBHMX peakuiil i3
3a0pyIHEHHSMH DiJUHHU, HAIpUKiIan opraHikoio. IIpm 1pOMy eHepri€lo MIiKpOXBHJIb, IO YTBOPIOIOTHCS HPH
CIUTECKYBaHHI KaBiTaliHHUX Oymp0amiok, pyHHYIOTBCS OOOJIOHKH MIKpPOOpraHi3MiB, OakTepiil Ta IpiKMIKIB, M0
MICTATBCs B piguHi. [{um 3a0e3medyeTbess 3HE3apaKCHHS PIIMHHOTO CEpEelIOBHINA Bil OI0JOTiYHMX 3a0pyTHCHB.
Opraniunnii BHYTpiIIHi BMIiCT 3pyiHOBaHHX OakTepili i MikpoopraHismiB mix BImMBoM pamukams ‘OH!
nepeTBOproeThes 9acTkoBo B H,O i CO,, 9acTKOBO ocigae B HAKOMUYyBadax o0pobieHoi piauau [8].

TakuM 4MHOM, ICHYIOUMM TEXHOJIOTiSIM BOJOOYHIIECHHS Ta BOJOMIIrOTOBKH BJIACTHBA HACTYIIHA CHUTYyalis:
peareHTHI MeTO/AM, Xail uepe3 He3Ha4yHy, Ta BCE K ICHYIOYy, HeOe3NeKy Juis 3II0pOB’sl KOPHCTYyBauiB He
PEKOMEHAYIOTHCS JUIs 3aCTOCyBaHHsI, (hi3uuHI Ta Gi3UKO-XIMIUHI — HAJIMIPHO €HEepro3aTpaTHi 1 BiIIOBIAHO BapTiCHI.
ToMy akTyabHUMH 3aJHMIIAIOTHCS JOCIHIIKEHHS, CHOPSMOBaHI Ha CTBOPEHHS HOBITHIX BHCOKONPOJIYKTHBHHX Ta
€HeproomaH1X METOJIB BOJOOYHMIIEHHS, CIIPOMOXKHHUX MOEJHATH BUCOKI CTYIEHI OYMIIEHHS BOJAMW 13 MOPIBHSHO
HEe3HaYHUMHM 3aTpaTaMH Ha iX 3fiificHeHHs. He MeHIn BaxiIMBOW € 1 po3poOKa BiJICYyTHBOI Ha CHOTOJHIIIHIN JIeHb
METOAWKH TOPIBHSUIBHOT OIIHKA CeKOHOMIYHOi JOLUIBHOCTI 3allpOBa/DKCHHA THX YU IHIIAM METO[IB
BOJIOII/AITOTOBKM Ta BOJIOOYMIIECHHS. BUKOPHCTaHHS IMX METOAMK JO3BOJHUTH OOpaTH UIi KOHKPETHHUX BOAOMM
€KOHOMIYHO BHIpaBJaHi METOAW BOAOOYMINEHHS, IO JO3BOJIUTH IIJIBUIIUTH KOHKYPEHTOCIIPOMOXHICTh
MiAPUEMCTB, 30PIEHTOBAHMX HA HAaJAHHS BOJHO-03/I0POBYNX MOCIYT.

®opMyTI0BaHHS Winei cTaTTi

Meroro JaHOTO IOCHIPKEHHS € po3poOKa iHHOBAIIMHOT TEXHOJOTIl eNeKTPOJi3HO-KaBiTAIIIHOTO
BOJIOOYMIICHHS Ui OacelHiB Ta akKBamapKiB Ta CTBOPEHHA METOIMKH MOPIBHAJIBHOI OINIHKH e(QEeKTHBHOCTI
Cy4YaCHHX BOJIOOYHCHUX TEXHOJOT1H.

i nocsirHeHHS MeTH Oynu c(opMyIb0BaHI HACTYIIHI OCHOBHI 3a/1a4i:

- aHami3 e(heKTUBHOCTI CyYacCHHUX BOJOOYMCHUX TEXHOJIOTIH /IS BOJOIIATOTOBKH OaceliHiB Ta akBamapKis;

- po3po0Ka MPUHITUTIIOBOI TEXHOJIOTIYHOI CXEMH €JIeKTPOJTi3HO-KABITAIIITHOTO BOIOOYHINECHHS JIJIST BOJOWM
TPOMaJICBKOT'0 BUKOPUCTaHHS;

- OIliHKa e()eKTHBHOCTI 3aIIPOIIOHOBAHOI IHHOBALITHOT BOJIOOYMCHOT TEXHOJIOT I,

- BUOKpPEMJIEHHSI OCHOBHHMX YMHHHKIB Ta pO3pOOKa MaTeMaTHYHOI 3aJIe)KHOCTI /JIsl BU3SHAYEHHS ITOKa3HHUKA
e(eKTUBHOCTI BOJJOOYMCHHUX TEXHOJIOTIH;

- po3poOKa METOJMKH IOPIBHIIBHOTO aHaNTi3y €()eKTHBHOCTI BOJIOOUYNCHUX TEXHOJIOTIH.
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BukJiag ocHOBHOT0 MaTepiany

Bumie Oyro Big3HadeHO, 0 HA CHOTOAHIINIHINA AeHb HAHOLTBII e(peKTUBHOIO IS BOJOIIIITOTOBKH OaceiHiB
TPOMAaJCHKOTO KOPHCTYBAaHHS € TEXHOJIOTiS OYMINCHHS TIMOXJIOPUTOM HATpilo, SKAH BHTOTOBILIIOTH HA MicIi
IUIXOM €JICKTPOJIi3y KyX0oHHOI comi. OHaK IMUPOKOMY i BHKOPUCTAHHIO TIEPEIIKOKA€E HE TITHKH BHCOKA BapTiCTh
eJICKTPOJII3HUX anapaTiB, ajie i 3HA4HI eHeproBUTPATH NpH iX ekciutyarauii. J{ns npukiany, HalOIbII MOMKMpeHa
JUTS. BOJTOOYHIIICHHST MOJICIb CJIEKTPOIIi3HOI ycTanoBku «CuBamny €JIP -1000 cnoxxuBae 10 10 kBt enektpoeneprii
Ha roauHy. | 11 mpu HEOoOXiMHOCTI BUKOPUCTAHHS SK MIHIMyM JBOX YCTaHOBOK JUIS SIKICHOT BOJIOMIATOTOBKH
CepeIHhOTO 3a po3MipaMu OaceitHy BogoBMicTUMICTIO 3,5-5,0 THCsA4 KyOiuHMX METpiB Boau. Taka BHCOKa
€Hepro3aTpaTHICTh HETraTHBHO IIO3HAYAETHCS Ha BAPTOCTI MOCIYT AJIsl CIIOKMBAa4iB BOJHMX mporenyp. Hamum
eKCIIEPUMEHTAJIbHO BHUIIPOOyBaHa BJIOCKOHAJEHa TEXHOJOTIYHA CXEMa BOJOMIATOTOBKM OacelHy, IO IOEIHYE
CTalif0 eJEeKTPOIi3y PO3UYMHY KyXOHHOI COJIi AJISI OTPUMAaHHSM TiMOXJIOPUTY HATpifo Ta BiOpOKaBiTamiiiHy cTamito
OYHIIEHHS BOJIU.

TexHomnoriuHa cxeMa eJIeKTPOJIi3HO-KaBITAI[IfHOTO OYMINEHHS Ta 3HE3apaKyBaHHS BoAM OaceiHiB Ta
3aKpUTHX BOJOWM I'pPOMaACHKOTO KOPHCTYBaHHS BigoOpaxkeHa Ha puc. 1. Llg cxema BogooummieHHs nependadae
OUPKYJANIHHIA KOHTYp 3aMKHYTOTO IIHKIy, B SKWH BKJIIOYEHI Ook QimpTparmii Boam i3 ¢ineTpaMu rpydoro ta
TOHKOTO OYHIICHHS, alapaTH €JIEKTPOJIi3HOr0 MPUTOTYBAaHHS PEareHTy Ui OYHMIICHHS Boau Tuly «CuBamy €/1P-
1000, 670K KaBiTALI{HOTO OYMIIEHHS BOJM 13 JIEKIIbKOMA €JIEKTPOMArHiTHUMH BiOpOKaBiTaTOpaMH Pe30HaHCHOT il
Ta CHCTEMOIO I0ofavi ra3y B po0oui kamepu BiOpokaBiTaTopiB [9]. 3anexHo BiJ 0OCATY MiIJIsArarouoi MI0JeHHOMY
OUHIIICHHIO BOAM OaceiiHy, skuil piBHHHA TpuOmu3HO 15...20% 3arampHOro #oro 00’eMy, OJIOK KaBiTAIliiHHOTO
OUMIIECHHS BKJIIO4Yae 2..4 BIOpOpe30HAHCHHX KaBiTaTopH. [IpOAyKTHBHICTH KOXKHOTO i3 KaBITaTOPIB CTaHOBUTH
3..3,5M%ron npu cnoxwueanoi moryxHocTi 1..1,5 kBT/roa. SIk cynmyTHil KaBiTawuiliHiii 06pobLi Bomu Ta3
BMKOPHUCTOBYBAIIM a30T i3 BMTPATOK Monadi #oro B poGody kamepy Kasitatopa, pisHow 0,151M° Ha KoXkeH
KyOiuHHIA MeTp 00pOOITIOBaHOT BOIH.
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Puc. 1. Texnosoriuna cxema eJeKTpPOJIi3HO-KaBiTaliliHOro BOJ0OYHIIEHHS BOJOIM 3arajibHOr0 KOPHCTYBaHH:A: 1 - peryJiloBajibHHii

BEHTHJIb, 2 - QiIbTP rpydoro ounieHHs, 3 - GpiIbTP TOHKOro OYMIEHHS, 4 - DaKk HAKONMYYBaY, S - Hacoc, 6 - MaHOMeTp, 7 - 6aJIOH 3

rasom, 8 - 6aceiin, 9 - NHEBM030JI0THUKOBHIi IepeMHKAY NOTOKIB BOAH, 10 - cemapaTop, 11 - HAKONMYYBaJbHA EMHICTH 3MilllyBaHHS
BO/IM i3 rinoxJjiopuTom HaTpilo, I - 610k BiGpokaBiTaTopis, II - 6J10K €J1eKTPOJII3HOr0 NPUIOTYBAHHS INOXJI0PUTY HATPiIO

VY 3aranbHy cuCTEMY BOJIOIIATOTOBKM BKJIIOYEHO TPH HE3aleKHUX KOHTYpH. [lepmmit KoHTYp
MPU3HAYCHUH I BOAOIMIATOTOBKY BOJH, 1[0 HAIXOAUTH OE3MOCEPEAHBO i3 MiChKOT BOJOMPOBIIHOI MaricTpat abo
pe3epBHUX OakiB BOIM JJIs 3allOBHEHHs OaceiiHy. IIpoiimoBmm 610k ¢ineTpaliii, Boja MOJAEThCSA B podoUi Kamepu
BiOpOKaBITATOPIB, /e OYMIIAETHCS BiJl OPraHiyHUX Ta OioJoridyHMx 3a0pyaHeHb. [licns BiOpokaBiTaTOPiB OUHMIICHA
BOJla HAIXOOUTh B pE3EpByap-HAKONMYYyBad, J€ 3MIIIYEThCS 13 OTPUMaHUM B EJEKTPOJI3HIH yCTaHOBII
rinmoxyiopuroM Hatpiro. [licyis BiCTOIOBaHHS OCTATOYHO IIJrOTOBJIEHY BOAY IOAAIOTH JUIS 3allOBHEHHS OaceiiHy.
Jpyruii nMpKYJISAiHHUE KOHTYp NpH3HAuYeHHMH JUId IMKIIYHOI 3He3apaxKyBaJbHOI 0OpoOkm 3a0pynHeHoi BOIU
Oaceiiny. 3abpynHeHa BoJa, IO HaJXOJUTh Yepe3 CUCTEMY IEpenuBiB OaceliHy, HaJXOIUTh Ha IIO3HIII0
BiOpOKaBiTaLlIfHOTO OYMINIEHHS, OTIM 3MILIYETHCS B pe3epByapi-HAKONYyBayi i3 pO3YMHOM TilIOXJIOPUTY HATPIIO,
3allOBHIOE pe3epByap U1 BOAM 1 HAcOCaMM O4YMIIEHa IIOBTOPHO MOJAEThCs B OaceliH. OumiueHHS wi€l
LIUPKYJLIIIHHOT BOJU 3/IIMCHIOIOTH TI€pioANYHO, MPUOIN3HO 3-4 pa3u Ha 100y, 3aJIeXKHO BiJ CTyINeHs 3a0pyHEHHS
BOJM 1 pexxuMy poboTu OaceitHy.

Tperiit KOHTYp 3aNPOIIOHOBAHOI CHCTEMH BOJIOOUHIICHHS IPU3HAYCHHUH I OUMIIEeHHS 3a0pyAHEHOi BOan
OaceitHy mepen il CKUIAHHIM B KaHAJI3aliiiHy cucTeMy. Y IIbOMy KOHTYpi BoJa micist GuIbTpariii Ta 3He3apakeHHsI
B BiOpOKaBiTaTOpax CKUAAETHCS B 3IMBOBY a00 KaHATI3AIIIHY MiCBKY CHCTEMY.
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OuncHe oONamHAHHS THIIOBOI EJEKTPOJII3HOI BOJMOOYHUCTKHM B J00y croxuBae Onm3pko 100 kBT
eJIEKTPOEHEePTii, 3alpOIOHOBAHOI EeIEeKTPOIi3HO-KaBiTamiifHoi — 65-70 kBt. 3a wmicsup ekcruryaramii mpu 25
poOOUNX THAX I PI3HMI B CIOXHTIH eleKTpoeHeprii ckiane B cepeqapomy 850 kBT, 3a pik — Omm3pko 10 THCTY
KimoBaT. 3MeHmeHHs BaBidi 3 10 1m0 5 rommH Ha 700y dYacy eKCIUTyartallii eNeKTpOJIi3HHWX amapaTiB B
MPOTIOHOBAHOMY TEXHOJIOTIYHOMY TIPOLECI €IEKTPOII3HO-KaBITAI[IHHOTO BOJOOYHIICHHS, a BiIIOBIIHO 1 3HWKEHHS
€HEeproBUTpaT Ha iX eKCIUTyaTalilo, Ma€ MpoCTe IOSICHEHHS. AJDKE TCJs MONEepEIHbOTO eJIEKTPOJIiZHOTO
KaBITaLlifHOTO BOJOOYMILEHHS BoJa OaceliHy Bxke ouHiieHa 10 75-77% Bix opranidyHux pedoBuH i 10 80-82% Big
OlosoriuHux 3a0pynHIoBawiB. BiamoBigHo, Ha 1i 3aBepluaJibHy JOOYHCTKY MOTPIOHO MEHINY KUIBKICTh
Je3iH(eKTaHTy, a BiJIOBIIHO, 1 MEHIIMHA 4Yac eKcIulyaralii eNeKTPOJi3HHX amapariB. Tak, IMiJ 4ac HpOCTOIO
CJICKTPOJI3HUX amapariB 5 TOIWH NpalOOTh BiOpoKaBiTaTOpu. Ase IX CyMapHe CIIOKMBAaHHS EJIEKTPOEHeprii
ckiagae Beyoro smmie 3 kB1/rox mpotu 10 kBT/rom, crioKuBaHUX OTHUM E€IEKTPOIIIZHUM arapaToM.

Jis mOpiBHANMBHOI OWIHKA e(eKTHBHOCTI  Pi3HOMAaHITHHX METOMIB BOJOIIITOTOBKH 3alpPONOHOBAHO
HACTYTIHI TOKa3HHUKH:

- BUTPaTH Ha OYMIICHHS OJMHHII 00’ eMy Boau — B, Tpr./om>;

- BUTPATH Ha yTHIN3AIIiI0 CYIMYTHIX OYMIIEHHIO OAUHHMIN 06’ €My BOIHM IPOIYKTIB Ta OCAIIB — 3y, TPH./IM>;

- TOCSKHA JIJIsI KOHKPETHOTO METOJY CTYIIiHB OYMIICHHS BOAM k, SIKYy OLIHIOIOTH Y BifCOTKaX abo 4acTKax
BiJl OZIMHUIII. 3TiJHO JIITEpaTypHUM JaHUM, 3a0e3MeuyBaHi CyYaCHUMU OYMCHUMHE TEXHOJIOTISIMU CTYIICHI OYMIIICHHS
BOJIM 3HAXOAThCS B Mexkax k = 0,55 — 0,995 abo (55 — 99,5) %;

- CTynHiHb HeOe3NeKH OYUCHUX PEeareHTIB AU 310pOB’sl KOPUCTYBadiB OaceifHiB Ta BOIHHX Hpouenyp — ki
=1+5;

- TPUBAJIICTB 30€peKeHHs! y Yaci BOI0I0 HaOyTUX ouMIIeHHsIM BractuBocteit — T= (1 — 7) xib.

Cryninp k OuYMINEHHS BOAW, BUTPATH Ha O4YMCHI omepamii (B, rpm./mM®) Ta yTwiizamio CyIyTHIiX
OYMILIEHHIO TIPOAYKTIB i 0caiB (3y, IpH./IM’) € 3aralbHONPUIHATAMHE TOKa3HUKAMH i HE TIOTPEGYIOTH PO3’ICHEHD.
CTOCOBHO TPHUBAJIOCTI 30epekeHHS y Yaci BOJOI HAOYTHX OYMILCHHSIM BiacTUBOCTeH T, TOX. BiI3HAYUMO, 110 YHM
BUIIMM € JUI1 aHAJIi30BaHOTO METOAY BOJOIIATOTOBKH TAaHHH IOKAa3HHK, THM MEHIIY KUIbKiCTh MOBTOPHHX
OUYNCHHX IUKIIB Ta BOJO3aMiH HEOOXiTHO 3MiHCHIOBATH AJs 3a0e3medeHHs 00yMOBJICHUX CaHITaApHO-TITi€HIYHUX
HOpM. TuM eeKTHBHIIIMM MOCTAaE NaHUH MeToHA. BpaxoByrouw, IO 3aleXHO BiJ CTYHEHS 3a0pyAHEHHsS BOIH ii
3aMiHy 3AIHCHIOTH 13 mepioguyHicTio T= (1 — 7) ai6 = (24 — 168) rom., came Iii MeXi PEKOMECHIOBAHO IS
MOPIBHSUILHOI OIIHKA e(eKTHBHOCTI PI3HOMAHITHUX METO/IB BOJOMIATOTOBKH.

Jnst oniHKM CTyneHst HeOe3leKH OYHMCHHX PEeareHTIB JUIS 3JI0pPOB’S KOpUCTyBadiB OaceiHiB Ta BOJHUX
npoLeayp  HPOIMOHYEThCS I’SITMOANbHA IIKaja, y SIKiil 1Mo Mipi HapoCTaHHS MMOKAa3HWKa HapocTae i Hebesreka.
MakcumanbHui 1’ STHOANBPHUN TTOKa3HUK HEOEe3NEeKH IS 3/10pOB’sl KOPUCTYBadiB TYT YMOBHO HNPHUCBOEHO METOY
OYMIICHHS BOJY XJIOPYBAaHHSM, SIKMH IIPOBOKYE TIIOJPa3HEHHs CJIM30BHX OOOJOHOK Ta MIKPOTPaBM IIKIpU
KOPHCTYBayiB, MiHIMaJIbHUH OZMH 0all — OYMILECHHIO BOJH CPIOIOM, SIKE CIPOMOXKHE IPAKTHYHO MEPETBOPUTH BOLY
OaceifHa y IATHY.

EdextuBHiCT,  pI3HOMAaHITHHX METOJIB BOJOIIATOTOBKM Ta BOJOOYHMIICHHS MOXHA OIIHUTH 32
JIOTIOMOTOI0 3aIPOIIOHOBAHOTO HaMM IMOKA3HHWKA «KpUTEpi edeKTHBHOCTI», SKUil BU3HAYAIOTH 3a IOIMOMOTOKO

hopmymu:

kxT

eq):mxloo% (1)

3p03yMiJIo, 10 YUM BUILHM € MOKa3HUK Kep €EeKTUBHOCTI 1715 IEBHOTO PI3HOBHY BOJOOYHCHOTO METOY,
TUM MEHILIUMHU € BUTPATH HAa HOro BUKOpUCTaHHs. X04Y i TyT, 3BUYaiiHO, € CBOT 0OMekeHHs Ta nepeayMoBu. [lepm
3a Bce, MOBa iJie NMPO MLiJbOBE BUKOPUCTAHHS aHanizoBaHoro OaceiiHy. Tak, Hampukian, Koy Boja OaceiiHy
BUKOPDHCTOBYBAaTHMETbCSl Ul BHPOIIYBaHHS MajlbKa Ta MOJIOJHSAKA pHOM HalleeKTUBHILIMMU cebe
3apEeKOMEH/1yBaJIl METOIU OUMILEHHS BOJAM TAllIEHUM BallHOM, SIK€ HE TUIbKHM OYHIA€E BOJY BiJl MIKpOOpraHi3MmiB, a i
CIIOBUIBHIOE PICT IIKIATUBUX aepoOHMX (KMCHE TOTIMHAIOYMX) BOJOpOCTel. [[nst 30epekeHHs BOIM TEXHIYHUX
BOJIOHM y TIepeBakarodiil OLIBIIOCTI JOCTATHBO 3BUYHOIO ii XJIOPYBaHHS, IJIsl OUMIIEHHS BOJM CHOPTHUBHHX apeH
JIOCTaTHBHO e(PEKTHBHUM € BUKOPHCTAHHS MEPOKCUIY BOJHIO, /Ul OacelHiB MIMPOKOT0 rPOMaChKOTO BUKOPUCTAHHS
— 13 MipKyBaHb caHitapii OaxaHi Taki (i3UYHI METOAM BOJOOYMIICHHS, SIK EJICKTPOJI3HE, KaBiTaliiiHe Y
KOMOIHOBaHE €JIeKTPOJIi3HO-KaBiTaliifHe. Y0CO0IeHO i3 NO3UIIIH MMiIBUIIIEHNX CAHITAPHO-TIri€HIYHUX HOPM ITOBHHHI
posrnsiaTuch IMTsAYi OaceliHW, 1€ HaBiTh HaJe(eKTHBHE O30HYBaHHS JOPEYHO CYNPOBODKYBATH YaCTHMH
BOJI03aMiHaMU. AJDKe 3710poB’s JiTelt — moHax yce!

[HIIMMHM HE MEHII BaroMHMHU /IS MOPIBHSHHS YMHHUKAMH € BUTPAaTH HA HAJIATOJDKEHHS TOTO YH IHIIOTO
BOJIOOYHCHOTO TMIpoIiecy. Y OCHOBHOMY TYT HAeThCsl Npo (HiHAHCOBY CIPOMOXHICTH BIIACHUKIB BOJOWM Ha
3aKyIIBIIO JOBOJIi BapTICHOTO HEOOXiAHOTO MJsi BOJOMIATOTOBKM OOJaJHAHHS, Ha HE MEHII BHUTPATHY HOTO
eKCILTyaTallito. Y 3ampoloHOBaHOMY HaMU TOKa3HUKY Kegp BUTpaTH Ha npuaOaHHs BOAOOYHCHOTO yCTAaTKyBaHHS, HA
BUINIKIJI Ta 3apoOiTHY IJiaTy OOCIyrOoBYIOYWOTO HOTrO MEpCOHATy TOIIO BPAaxXxOBYIOTHCS BUTpPATaMU Ha OYHMIICHHS
onuHHLI 00’eMy Boau B, rpH.
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3BUYAHHO, JUTsI BETMKWX BMICTHMHX OaceiiHiB Ta aKBamapkKiB i3 NaBHIMH YCTaJCHUMH TPAIUIIIMU Ta
KOHTHHT€HTOM KOPHCTYBadiB EKOJIOTIYHO CIIPSIMOBAHI 3aXOAW Ha 3aIPOBAKCHHS HOBITHIX (Pi3MUHUX 4H (i3UKO-
XIMIYHIX BOJOOYHMCHUX TEXHOJIOTIH MOBONI IIBUAKO OKYIUIATHCA. A OT A OaceifHiB i3 HE3HAYHOKO KUIBKICTIO
BiJBiAyBaUiB UM Ha €Talax 3all04aTKyBaHHS HaJaHHS MOCIYT y BOJOO3IOPOBUi chepi TyT 3aByaiabOBaHI IEBHI
HeOe3nekn. AOHM 3amo0irTy OaHKPYTCTBY CIiJ Jy’K€ 3BaXKEHO 1 BIYMIIMBO MiAXOAWTH 1O BUOOPY (hiHAHCOBO
BUIIPABIAHMX JJI1 HUX BOJOOYHUCHHUX TEXHOJOTIH. AJDKE TYyT CHTYaIlis, sSIKa MOJICIIOETHCS, 32 HAPOIHUM BHCIOBOM,
SIK «JIBi CTOPOHU OJIHi€T Menaii». [3 ogHOro OOKY, YUM BHIIA SKICTh BOJIU, TUM JIJIsI OUTBIIOL KITBKOCTI BifBiyBadiB
O0a)kaHUM € BHKOPUCTaHHsS caMme IbOro OaceifHy. OnHak, BHCOKAa SKiCTh BOJM IIOB’s3aHA i3 BapTICHUMHU
TEXHOJIOTIIMU Ta BTUIIOIOYUM IX OOJIQJHAHHSIM, IO HEOAMIHHO MiJABHMIINTH BapTICTh HAJAHWX MOCIYT. Buiia
BapTICTh MOCIYT MOXE BUSBUTUCH HEIOCTYITHOIO JJIsl YACTHHU BiIBIyBaUiB 1 I[c MOXKE MPU3BECTH JI0 3MEHIIICHHS 1X
3arajibHOI KiJTBKOCTI. A i€ BjKe HeOe3IeKka BTpaTH peHTa0eIbHOCT!

ToMy mIs OLIHKKA IOUITBHOCTI 3alpOBa/PKCHHS HOBHX BOJOOYMCHHUX TEXHOJOTIH 1 IPOTIOHYETHCS
METOJWMKa BH3HAUYCHHSI e(QEeKTUBHOCTI iX BomomiaroToBku. PospaxoBany mo dopmym (1) edexTuBHICTH
BOJIOOYHMCHUX TEXHOJOTili TpuBeAeHO B Tabmumi. Y [aHid TaONWImi MPOUTIOCTPOBAHO TIIOKa3HUKH JIHIIE
HApPO3MOBCIOKEHIINX ~ BOJOOYNUCHHUX TEXHOJOTIH. 3po3yMmiNo, MO IaHa METOAWKAa MOPIBHAIBHOTO aHANi3y
MpHUAaTHA 1 U OyAb-IKHUX 1HIINX IPOLECIB BOJOOYHUIICHHS.

3a 3MiHaMH YHCIIOBUX 3HAa4YeHb MOKa3HHKa Kep e(hEeKTHMBHOCTI BOJOOYMCHUX TEXHOJOTIH MPOCTEKYIOTHCS
MEBHI 3aKOHOMIpPHOCTI. 3aiiBUil pa3 MpOULTIOCTPOBAHO, IO OCIOHO B3SATI peareHTHI METOMU OYMIICHHS BOJM MEHII
e(eKTUBHI, MOPIBHAHO 13 (I3MYHMMHU 4K (i3MKO-XIMIYHMMH. BiguyTHi nepeBaru moMix (Qi3MYHHMH METOJaMHU
KaBiTaI[iiiHOT 00pOOKH MOSICHIOIOTHCS HE3HAYHUMH MTUTOMUMH (Ha OJMHUIIO 00’ €My OYHIICHOT BOJIM) 3aTpaTaMu Ha
il 371liCHCHHS, BUCOKHM CTYIICHEM OYHIICHHS BOJHM Yy MOEIHAHHI i3 TOBTOTPHUBAIICTIO 30CpE)KCHHS HaOyTHUX HEIO
BJIACTUBOCTEH.

31aBanoch OM He3acIy)KEHO HU3bKUH piBEHb IMOKa3HHUKA Keg AT BHCOKOS(EKTUBHOTO i3 MO3MIIII CTyIEHs
OUYHWIIECHHSI O30HYBaHHA TE)X Ma€ CBOE TIyMadeHHs. [[pydmHAMHU LHOMY € TOBOJI BiJ4yTHA BapTICTh OTPUMAaHHS
030Hy B TOE€NHAHHI 13 HE3HAYHOI TPHBANICTIO 30CpEeKEHHS O30HOBAHOIO BOJOK HAOYTHX BIACTHBOCTEH.
HamnmmkoBuii ra3omoaiOHMA 030H MIBUAKO BUTIAPOBYE i3 BOAX B aTMoc(epy, a 30aradeHa KHUCHEM ITicTsd B3aEMOIL
3 O030HOM BOJa IIOCTAa€ JOBOJI MOXHBHUM CEPEIOBHIICM MJ IIKIIIMBUX KHCHENOTNMHMHaroumx Oakrtepiid. Lle
MPOBOKY€ aKTUBHE PO3MHOXEHHS IIMX MIKpOOPraHi3MiB, a BiINOBiAHO 1 Gionoriune 3a0pynHeHHst Boau. Tomy i
TPUBAIICTh MK LMKJIaMH O30HYBaHHS HEe Moxke OyTH 3HAYHOIO, a BIANOBIJHO HAPOCTAIOTh BUTPATH HA CIIOXKHUTY
MPUCTPOSIMU JIJIsI YTBOPEHHSI 030HY enekTpoeHeprito. OHak, sK BiJOOpaKeHO BHMINE, KOJM MOBA 3aXOIUTH IPO
3[I0pPOB’S AiTeH 1 eKOHOMIYHI BUTPATH BiXOJATh HA APYTU IUIaH — 030HYBaHHsI 11032 KOHKYPEHIIIEIO.

Tabmums 1
IlopiBHsJIbHA OLiHKA e()eKTUBHOCTI BOJOOYMCHUX TEXHOJIOTIl
Ne Texnoorii Burpartn Ha Burpartu Ha TpusaiicTh Cryninb Koedinient Ioka3auk
3/m BOJOIIATOTOBKH OYHIIECHHS yTHJIi3anio 30epiranus OYMIIEHHS Hede3nmeKn e()eKTUBHOCTI
Ta OMHHI OMHHL 00’ €My OYHIIEHOT Boau Kk, % JJIs1 310POB’ st OYMIIEHHS
BOJ0OYHILEHHS 00’emy BOaH Boau 3,,rpu./am’ BOIM — KOpPHCTYBayiB, Boau — Koy,
B, rpu/nm® T, ni6 Ky %
1 PISUKO-XIMIYHI meToau
1 OsonyBanHs 10 - | 4 | 0,99 1,1 36
11 PEAT'EHTHI (ximiuHi) MeTom
1 XIopyBaHHS 5 1 4 0,85 5 11,3
2 Iepokcun BoHIO 7 0,5 4 0,9 2 24
111 DI3UYHI
Enexrtpomizue 15 - 6 0,95 1,5 253
1 OYHUIIEHHS
EnexrtpomizHo- 8 - 7 0,95 1,5 55,5
2 KaBiTalliiiHe

Jlemo cxoka cuTyamiss 1 13 METOJAOM OYHIIEHHS BOJM TEPEMIHHMM MAarHITHAM TII0JIeM BHCOKOL
HanpykeHocTi. KopoTkoTpuBamuii edekT Haa3BUYafHO BHUCOKWH, Ta TPUBANICTh 30EpekKEeHHS BIIACTHBOCTEH
OOJIKOBY€ETBCS NUIIE roguHaMH. MaOyTh camMe TOMy METOA MarHiTHOi OOpoOKH Ta pecTpyKTypH3alii BOax
BHKOPHCTOBYETHCS TIEPEBAYKHO JINIIIE JJIS JIIKYBAIBHUX I[iIEH.

TakuMm 4WHOM, MOKHA CTBEPKYBATH, IO 3allPOIOHOBAHA METOIWKA ITOPIBHAJIBHO! OIIHKH TEXHOJOTIN
BOJIOTIIITOTOBKH JUII BOAOHM IMHPOKOTO TPOMAJCHKOTO BHKOPHCTaHHSA, SKa IPYHTYETbCS HAa BH3HAUYCHOMY 3a
JIOTIOMOT0I0 MaTeMaTHYHOI 3aJIe)KHOCTI MOKa3HUKY Kejp e(eKTHBHOCTI, 10BONI 00’€KTUBHO BifoOpakae IepeBaru
Ta HEJONIKM THX YM iHIIMX METOJiB BOJOOYMIIEHHS. i 3aCTOCYBaHHs JO3BOJMTB BiJJIaTH TiepeBary TOMY 4HH
IHIIOMY BOJIOOYHMCHOMY IPOIIECY HE JIMIIE HA OCHOBI, 3/1aBaJlOCh OW, HABaroMilIoro MoKa3HWKa 3a0e3I1edyBaHOTO
CTYIEHS! OYMIIEHHS BOAM, a 1 13 BpaxyBaHHsS €KOHOMIUHHX ITOKa3HHMKIB Horo BHKopucTaHHsA. OKpiM TOro, naHa
METOJMKa MOXKE 1 CIyTyBaTH BiANPAaBHOIO TOYKOIO NPHU MiAPaXyHKYy BapTOCTi TiAPOO30POBYMX IOCIYT JUIA
KOPHCTYBadiB.
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BuCHOBKH 3 JaHOT0 AOC/iIZKEeHHSI i MepPCNeKTHBH MOAANBIINX PO3BIAOK Y AaHOMY HANpPsIMi

AHaii3 BOJOOYHCHHX TEXHOJOTiH OacelHiB, akBamapKiB Ta BOJOWM TPOMAJCHKOTO BHKOPHCTAHHS
BimoOpakae, M0 HAWITEPCIIEKTUBHIMINMHE i3 TO3UIIH 3a0e3leYeHHs] BUCOKHX DPIiBHIM OYHINCHHS Bill OpraHigYHHX
JIOMIIIOK Ta 0i0J0Tig9HIX 3a0pyMHIOBadiB € Pi3udHi Ta (i3UKO-XIMIYHI METOAH BOIOIIATOTOBKH.

3anpornoHoBaHa IHHOBAIliffHA EJIEKTPONI3HO-KaBiTalliiHa BOJOOYMCHA TEXHOJIOTiA, 3a0e3nedyrouu
CHIBPO3MIpHI €JeKTPOII3HOMY BOJOOYHIIEHHIO MOKA3HUKH SIKOCTI OYMIIEHHS BiJ] OpPraHi4HUX AoMimiok 97,5-98%
Ta CTYMiHb 010JIOTIYHOTO 3He3apaxeHHs 98-98,5%, Ha 30-35% MOHMKY€E eHEPro3aTpaTH Ha BOJJOOYHCHY OICPAIIitO.

Jlo OCHOBHHMX YHMHHUKIB, IIO PEriIaMeHTYIOTh €(EKTHBHICTh PI3ZHOMAHITHHX METOJMIB BOJOIIATOTOBKH
BIZIHOCATHCS MUTOMI BUTPATH Ha OYMIIEHHS YMOBHOI OJMHHII 00’€MY BOAM, BUTPaTH Ha YTHJI3aLil0 CYMyTHIX
OYMIICHHIO TPOJYKTIB Ta OCaJy Ta CTYNEHI OYMIIEHHS, 3HE3apakeHHs 1 HeOe3NeKH Ul 3/10pOB’Sl KOPHCTYBauiB.
B3aeMOBIIIMB Ta CHIBBIOHOIIEHHS OCHOBHHX YHHHHKIB BOJOOYHCHHX IIPOILECIB BimoOpakae 3ampoOIOHOBaHHN
«KpuTepiit ePeKTUBHOCTI», A1 BU3SHAYCHHS SKOTO PO3pOOIEHO MaTeMaTHIHY 3aJIeKHICTb.

IlepeBipky CTBOpPEHOI METOIOMKH PO3pPaxyHKY €(eKTHBHOCTI BOIOOYHCHHX TEXHOJOTIH 37ificHeHO Ha
TUTIOBUX TIPEICTABHUKAX PEAareHTHHX, (i3MIHMX Ta (DI3MKO-XIMITHHX METOAIB BOJOOUYHWINEHHS. BcTaHOBICHO, 110
HaMOLTBII 3HAYEHHS KpuTepiro epekTuBHOCTI K~ 55,5 mpuramMaHHI HOBOCTBOPEHIH €JEKTPOJII3HO-KaBITAIliIHIHA
BOJIOOYHCHIN TEXHOJIOTI, sIka HaJeXUTh M0 TpynHu (Di3MIHUX METOAiB, HaiHWk4i 3HadueHHSI K.p=11,3 BiacTuse
XJIOPYBAHHIO, SIK€ € IPEICTABHUKOM XIMIYHUX METO/IIB BOJIOOYHUILICHHSI.

JlitepaTypa

1. MeHe)KMEHT Ta MapKeTUHT iHHOBaii : [MoHorpadis / 3a 3ar. pen. C.M. Ismenka)]. — Cymu : BT/]
«YHiBepcuTerchka KHura», 2004. — 616 c.

2. Malovanyy Myroslav, Volodymyr Nykyforov, Olena Kharlamova, Olexander Synelnikov, Khrystyna
Dereyko. Reduction of the environmental threaf from uncontrolled development of cyanobacteria in waters of
Dnipro reservoirs. Environmental Problems. 2016. Ne 1. P. 61-64.

3. llepuyk JII. Kapitamig. ®i3w4ni, XiMmiuHi, OIOJOTiYHI Ta TEXHOJOTIUHI acmeKTH : MOHOrpadis /
JLI. IlleBuyk, B.JI. CrapueBchkuii. — JIpBiB : BumaBauIITBO JIBBiBCEKOT MMOMiTeXHIKH, 2014. — 376 c.

4. Ileuyk JII. HuspkowacToTHi BiOpope3oHaHCHI KaBitatopu : MoHorpadis / JLI. Ilesuyk, I.C.
Adranasis, O.1. Crporan, B.JI. CrapueBcbkuii. — JIbBiB : BunaBuunrso JIpBiBchkoi nomitexHiky, 2013. — 176 c.

5. Koval 1., Kislenko V., Starchevskyy V., Shevchuk L. The effect of dioxide on the viability of bacteria of
Bacillus and Diplococcus genera. Journal of Water Chemistry and Technology. 2012. Vol. 34. No 4. P. 112-116.

6. Shevchuk L., Aftanaziv 1., Falyk T. Vibrocavitation decontamination of brewing yeast containing
wastewater. CHEMISTRY & CHEMICAL TECHNOLOGY. 2017. Vol.11. No 4. P. 475-479.

7. Vitenko T.N., Gumnitskii Ya. M. A Mechanism of the Activating Effect of Hydrodynamic Cavitation on
Water Text. Journal of water chemistry and technology. 2007. V. 29, Issue 5. S. 231-237.

8. Koval Iryna, Kislenko V., Shevchuk L., Starchevskyy V. Kinetic regularities of the processes of
accumulation and destruction of microorganisms in water at bubbling of the different gases. Chemistry and
Chemical Technology. 2011. Vol. 5. No. 4. P. 463-467.

9. BiOpamiiiauii enekTpoMarHiTHuA KaBitatop : mart. 107769 Vxkpaimm. Ne 2014 00823 /
B.JI. CrapueBcekwmi, JI.I. leBuyk, [.C. Adranasi, O.1. Ctporan ; 3asBn. 29.01.2014 ; omy6x. 10.07.2014, Brom.
Ne 13.

References

1. Menedzhment ta marketynh innovatsii : [monohrafiia / Za zah. red. S.M. Illiashenka]. — Sumy : VTD «Universytetska knyhay,
2004.-616s.

2. Malovanyy Myroslav, Volodymyr Nykyforov, Olena Kharlamova, Olexander Synelnikov, Khrystyna Dereyko. Reduction of the
environmental threaf from uncontrolled development of cyanobacteria in waters of Dnipro reservoirs. Environmental Problems. 2016. Ne 1. R.
61-64.

3. Shevchuk L.I. Kavitatsiia. Fizychni, khimichni, biolohichni ta tekhnolohichni aspekty : monohrafiia / L.I. Shevchuk, V.L.
Starchevskyi. — Lviv : Vydavnytstvo Lvivskoi politekhniky, 2014. — 376 s.

4. Shevchuk L.I. Nyzkochastotni vibrorezonansni kavitatory : monohrafiia / L.I. Shevchuk, LS. Aftanaziv, O.I. Strohan, V.L.
Starchevskyi. — Lviv : Vydavnytstvo Lvivskoi politekhniky, 2013. — 176 s.

5. Koval L, Kislenko V., Starchevskyy V., Shevchuk L. The effect of dioxide on the viability of bacteria of Bacillus and Diplococcus
genera. Journal of Water Chemistry and Technology. 2012. Vol. 34. No 4. P. 112-116.

6. Shevchuk L., Aftanaziv 1., Falyk T. Vibrocavitation decontamination of brewing yeast containing wastewater. CHEMISTRY &
CHEMICAL TECHNOLOGY. 2017. Vol.11. No 4. P. 475-479.

7. Vitenko T.N., Gumnitskii Ya. M. A Mechanism of the Activating Effect of Hydrodynamic Cavitation on Water Text. Journal of
water chemistry and technology. 2007. V. 29, Issue 5. S. 231-237.

8. Koval Iryna, Kislenko V., Shevchuk L., Starchevskyy V. Kinetic regularities of the processes of accumulation and destruction of
microorganisms in water at bubbling of the different gases. Chemistry and Chemical Technology. 2011. Vol. 5. No. 4. P. 463-467.

9. Vibratsiinyi elektromahnitnyi kavitator : pat. 107769 Ukrainy. Ne 2014 00823 / V.L. Starchevskyi, L.I. Shevchuk, 1.S. Aftanaziv,
O.1. Strohan ; zaiavl. 29.01.2014 ; opubl. 10.07.2014, Biul. Ne 13.

BicHuk XmenbHUUbKO20 HauioHanbHo20 yHisepcumemy 2022, Ne 4 209



