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1. ocnimxeHHs epeKTUBHOCTI Ta OOIPYHTYBAaHHS ONTUMAJIbHUX TEXHOJIOTIYHUX [TapaMEeTPiB 3aCTOCYBaHHS
JIiOKCUY XJIOPY Y BOJOMIATOTOBL

2. Study of efficiency and substantiation of optimal technological parameters for the use of chlorine dioxide in
water treatment

Pedepar:

1. Inceprauiiina po6oTa npezcTassie COO0I0 3aKiH4eHe HayKOBE JOCIIIKEHHS], B SIKOMY PO3B’$13aHO aKTyaJIbHE
HayKOBO-TIPMKJIaIHE 3aBAAHHS 10/I0 BUBUEHHS Ta BIOCKOHAJIEHHS TEXHOJIOTIYHOTO ITPOLieCY BUPOOHUIITBA TUTHOI
yMOBaX BOEHHOTO CTaHy Ta Ha/I3BUYalHUX CUTYalliil iHIIOro xapakTepy. Y nucepTaliiiHiil poboTi 3a3HayeHo, 1110
CKJIaJ] PiYKOBOi BOAM B MiCLli IMTHOTO BOZ03a60py JIHIIIPpOBCHKOI BOJONIPOBiIHOI cTaHLii micTa KueBa 3a
MIPIOPUTETHUMU XiMIYHUMU TIOKa3HMKAMU NPOTATroM 2022-2023 pp. OCTYNOBO MOripmMBCS. 3a3HaYeHe pa3oM i3

3MiHaM¥ BUMOT [I0 SIKOCTi IUTHOI BOJY Y IIE€Piof, BOEHHOIO CTaHY BIUJIMHYJIM HA TEXHOJIOTIYHUN [IPOLIEC



BUPOOHUILITBA IUTHOI BOJY. MeHIIa BeJIMYMHA CNiBBiAHOLIEHS 103U XJIOPUY JBOXBAJIEHTHOrO 3ai3a 0 031
IiOKCUIY XJIOPY € YAHHUKOM YTBOPEHHS B IUTHIN BOA 6i7IbIIO] KiJIBKOCTI XJIOPUTIB, IO € PiOpUTEeTHUMU
NOGIYHUMU NIPOJYKTaMU 3HE3aPaKEHHSI IiIOKCUIOM XJIOpPY. BcTaHOB/IEHO, 110 Micjiss 00pOOKY MUTHOI BOJY 10
3MilllyBada JiOKCUAOM XJIOPY Ta XJIOPUIOM IBOXBAJIEHTHOIO 3ajli3a BKe Ha BUXOZ] 3i 3MilllyBaya CIIOCTEPIraeThC
CYTTEBE 3HIDKEHHSI KOHLeHTpallii fiokcuay xaopy (Ha 60-65 %) Ta nocTymnose ii 3MeHIIeHHS Y BOIi MTicJIs1 HACTYITHUX
BOJIOIIPOBIAHMX OYMCHUX CIIOPY], — BiACTiHUKIB Ta PinbTpis (e Ha 10-20 %). [Ipu npoMy Ha BXOJi Y 3MilllyBay
BUSBJISIETHCSI MAKCMMAaJIbHA KOHIIEHTPALlisl XJIOPUTIB B IUTHIN BOAi (YTBOPIOIOTHCS Y KisbKocTi 40-60 % Big,
IIEPBUHHOI 1034 AiOKCUTY XJIOPY), @ TOTiM BOHA 3HIKYETHCS BHACJIIIOK NIepebyBaHHs BOAU Y 3MilryBaui (Ha 15-90
%), BiICTIMHUKY Ta MBUAKOMY mimanomy ¢instpi (Ha 20-60 %). [Ticsist BTOpUHHOI 06pOOKU TiOKCHUIOM XJIOPY
(3mificHIO€TBCS Ticas QinbTpiB Ta nepen PUB) fioro KoHLEHTpALlisl y BOAi HE3HAYHO 301/IbLIYETHCS, @ IIOTIM
IIOCTYIIOBO 3MEHIIYETHCS Y BOJOBOJI (CepelHbOPiuHA KOHLEHTpalisl y Boli Bogosoay — 0,160 mr /). [IpoTsirom
TPaHCIIOPTYBAaHHS IIUTHOI BOAU BOLOBOJIOM JOBXHHOIO 2 KM Ta PO3IOIIILHOK MEPEXKEI0 BMICT AiOKCULY XJIOPY
3HUXKYETBCA y 2 Pa3y, a KOHLIEHTpPaLlig XJIOPUTIB HE 3MiHIOETbCA. BCTaHOBIIEHI JIiHINHI 3a71€5KHOCTI BMICTY XJIOPUTIB
y BOJIi Ha BXOJi y 3MilllyBa4 Ta MNEPBUHHOI 403U LiOKCUAY XJIOPY, 3MiHM XJIOPUTIB Y BOA1 Mi’K BUXOZIOM Ta BXOJOM Y
3MilllyBay Bifl JO31 XJIOPHOTO 3aJ1i3a, KOHLEHTPALil XJIOPUTIB y BOZI PO3NOAIIILHOI MEPEXKI Bifl IOr0 KOHLIEHTpaLii y
BOJIi Ha BUXOZ] 3i 3MilyBaya. Pe3ysipTaTaMy IPOBELEHOTO KOPEJISILiITHOTO aHasli3y BCTAHOBJIEHO 3B’130K MiXK
KOHILIEHTPAlli€elo XJIOPUTIB y IUTHIl BOJi CIIOKMBayYiB Ta 3a0pyAHEHHSIM PiuKOBOi BOJY B Miclii BOL03a60py
MIiKpOOpraHi3aMamu Ta OPraHiYHMMU PEYOBMHAMU. BCTaHOB/IEHA HAsIBHICTD WOPIYHMX (PIIYKTyaLill IKOCTi MUTHOI
BOJIM Y PO3IO/iIbHINA Mepexi 3a MiKpo6ioIoriYHUMHU TOKa3HUKAMU, IO NTOTPebye BUKOPUCTAHHS AOIATKOBOTO
MeToqy ix MiHiMizawii 6;1M3bKO JBOX MICSLIB y TEIJINII NTepiof pOKY. 3arajoM 3aCTOCYBaHHS AiOKCUAY XJIOPY Ta
XJIOpUIY JBOXBAJIEHTHOIO 3ajli3a 3aMiCTh XJIOPYBaHHS 3 [IPEAMOHI3alli€l0 Ha BOJIOIPOBIHIN CTaHLii J03BOJINIIO;
3HUBUTU KiJIbKICTh PEAreHTiB, 110 3aCTOCOBYIOTHCS 3 5 110 4; BiIMOBUTHCS Bifi BUKOPHUCTAaHHS TPbOX TOKCUYHUX ra3iB
(030HY, xJI0py Ta amiaky); 3SMEHIINUTY BMiCT 3aJIMIIKOBOTO aJIIOMIHII0 y MUTHIN BO[Ii; CYyTTEBO 36i1bINUTU
eeKTUBHICTb OUMIIEHHS BOAU BiJ OPraHiYHMX PEYOBUH, 30KPEMA, B CEPEIHbOMY 32 XiMiUHUM CIIOKMBAaHHSIM
KUCHIO — Oijibllle HiX Y 2 pa3u. Po3po6s1eH0 MaTeMaTUYHi MOJeJI, SIKi 4al0Th MOXJIUBICTb KEPYBAaTH TEXHOJIOTIYHUM
IIpOLIeCOM OOPOOKY TIOBEPXHEBOI BOJIM 3 METOI0 OTPMMAaHHS 6aKaHMX XapaKTePUCTUK SIKOCTI MUTHOI BOu 3a
IpiopUTeTHUMU NIOKa3HUKAaMU. Y pasi 3icTaBieHHs QakTUIHUX [IapaMeTpiB TEXHOJIOTIYHOTO MPOLeCy 3 JaHUMU
MoJeJsieil MOXXKHa BU3Ha4yaTH CTYIiHb 3a0pyJHEHHS IUTHOI BOJIM XJIOPUTAMU Ha OKpPEMUX eTanax ii 06pobku Ta
TPaHCIOPTYBaHHS. BUKOPHUCTOBYIOUM BLOCKOHAJIEHY HAMU Y€CbKY METOAMKY OLiIHKM PU3UKIB, 1110 € iHCTPYMEHTOM
D715l YIIPaBJIiHHS pU3MKAMM CUCTEMHU [IUTHOTO BOJOMIOCTAYaHHS!, 3'SICOBAHO, 10 3-TIOMiX 3-X BapiaHTiB peareHTHOi
00po06KY Juie TPeTii (moBifiHa 06podKa IiOKCHUIOM XJIOPY, XJIOPHIOM IBOXBaJIEHTHOTO 3aJ1i3a, CyJIbaToM
AJIIOMIHIIO Ta XJIOPOM) CIIpYs€e HaNbiIbIIOMY 3HMKEHHIO PU3UKY HEOe3eKu NUTHOI Bogu. ONTHMI3allist npouecy
BMPOOHHULITBA TMTHOI BOAY MOBUHHA 6a3yBaTUCS HA yIOCKOHAJIEHH] MifX0AiB 1o il BUpOOHUYOT0 KOHTPOJIIO. Bniepie
PO3p0o06JIeHI IPUHIMITY BUPOOHNYOTO KOHTPOJIIO SIKOCTI IIMTHOI BOAU B YMOBax BOEHHOI arpecii pd npotu Ykpainu.
3arnporioHoBaHa METOIMKA KOHTPOJIIO SIKOCTi MUTHOI BOAY MPU3BEJIe N0 3HDKEHHS BUTPAT Ha J1abopaTOPHi

IOCJIiIKEHHS.

2. The dissertation is a completed scientific study in which an actual scientific and applied task is solved regarding
the study and improvement of the technological process of drinking water production from a surface water source
in the case of its treatment with chlorine dioxide and ferric chloride in the conditions of martial law and
emergency situations of a different nature. In the dissertation, it is stated that the composition of the river water
at the place of drinking water intake of the Dnipro water station of the city of Kyiv according to priority chemical
indicators during 2022-2023 gradually deteriorated. This, along with changes in drinking water quality
requirements during the martial law period, affected the technological process of drinking water production. The
smaller ratio of the dose of ferrous chloride to the dose of chlorine dioxide is a factor in the formation of more
chlorites in drinking water, which are the priority byproducts of chlorine dioxide disinfection. It was established
that after treatment of drinking water to the mixer with chlorine dioxide and ferric chloride already at the outlet of
the mixer, there is a significant decrease in the concentration of chlorine dioxide (by 60-65%) and its gradual
decrease in the water after the subsequent water treatment facilities - settling tanks and filters (more by 10-20%).



At the same time, the maximum concentration of chlorites in drinking water is detected at the entrance to the
mixer (they are formed in the amount of 40-60% of the initial dose of chlorine dioxide), and then it decreases due
to the presence of water in the mixer (by 15-90%), a settling tank and a quick sand filter (by 20-60%). After the
secondary treatment with chlorine dioxide (carried out after the filters and before the RCV), its concentration in
the water increases slightly, and then gradually decreases in the water supply (the annual average concentration in
the water supply is 0.16+0 mg/1). During the transportation of drinking water through a 2 km long water pipeline
and distribution network, the chlorine dioxide content is reduced by 2 times, and the concentration of chlorites
does not change. Linear dependences of the content of chlorites in the water at the inlet of the mixer and the
primary dose of chlorine dioxide, changes of chlorites in the water between the outlet and the inlet of the mixer on
the dose of iron chloride, the concentration of chlorites in the water of the distribution network on its
concentration in the water at the outlet of the mixer were established. The results of the correlation analysis
established a connection between the concentration of chlorites in consumers' drinking water and the
contamination of river water at the point of water intake by microorganisms and organic substances. It was
established that there are annual fluctuations in the quality of drinking water in the distribution network according
to microbiological indicators, which requires the use of an additional method of minimizing them for about two
months in the warm period of the year. In general, the use of chlorine dioxide and ferric chloride instead of
chlorination with preammonization at the water supply station made it possible to: reduce the number of reagents
used from 5 to 4; abandon the use of three toxic gases (ozone, chlorine and ammonia); reduce the content of
residual aluminum in drinking water; to significantly increase the efficiency of water purification from organic
substances, in particular, on average, in terms of chemical oxygen consumption - more than 2 times. Mathematical
models have been developed that make it possible to manage the technological process of surface water treatment
in order to obtain the desired characteristics of drinking water quality according to priority indicators. If the actual
parameters of the technological process are compared with the data of the models, it is possible to determine the
degree of contamination of drinking water with chlorites at individual stages of its processing and transportation.
Using our improved Czech risk assessment methodology, which is a tool for managing the risks of the drinking
water supply system, it was found that out of the 3 reagent treatment options, only the third (double treatment
with chlorine dioxide, ferric chloride, aluminum sulfate, and chlorine) contributes the greatest reduction in the risk
of drinking water hazards. Optimizing the drinking water production process should be based on improving
approaches to its production control. The principles of production control of the quality of drinking water were
developed for the first time in the conditions of military aggression of the Russian Federation against Ukraine. The
proposed method of drinking water quality control will lead to a reduction in laboratory research costs.
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InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak1104YHi BiZOMOCTI
BaacHe IlpizBuiie Im's ITo-6aTbKOBI
TOJIOBH pagu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBi
TOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUI 3a HiATOTOBKY

00JIiIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisSIIBHOCTI

BnacoBa Osnena BeniamiHoBHa

Bnacosa Osiena BeniamiHoBHa

[[TeB4eHKO AHATOJIIN

VKpIHTEI

Opuenko TersiHa AHaTosIiBHA



