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Pedepar:

1. Incepranifina po60Ta IPUCBAYEHA aKTyaJIbHill €KOJIOTiuHil Npobyiemi — 3a6pyJHEHHIO BOOHUX 00’€KTiB
BiIXO[laMM CHCTEM IIOM'SIKLIEHHS BOIY, HAcaMIlepes, ioHOOOMIHHMX, IKi aKTUBHO BUKOPUCTOBYIOTHCS B TIOOYTI Ta
IIPOMUCJIOBOCTI. He3Bakaiouu Ha BUCOKY €(PEeKTHUBHICTb LJUX CUCTEM, BOHU CIIPUYMHSIOTh YTBOPEHHSI
pereHepauiHuX PO34YMHIB, SKi MICTATb i0HM HATPIlO, KaJbllil0, MarHilo Ta xjaopumis. [loTpamisaiodm y KaHai3auinHi
MepeKi abo BOAOMMHY, 11i pO3YMHU NPUBOASTE 1O BTOPMHHOTO COJIOHIIIOBAHHS BOJ, MiABUIIEHHS MiHepasisaliii Ta
3HIDKEHHS SIKOCTi IIPUPOJIHUX pecypciB. Y 3B'SI13Ky 3 TEHAEHIIi€I0 3DOCTAaHHS BUKOPUCTAHHS MEMOpPaHHUX
TEXHOJIOTi! (30KpeMa, 3BOPOTHOT'O OCMOCY), 110 4aCTO NOEAHYIOThCS 3 IOHHUM OOMiHOM SIK ITOIIEPEIHIM €TaIloM,
MacuTaby npobseMu Juile 36i1bmyBaTUMYThCs. Came TOMy BUHUKAE IOTpeba B po3po0Lli €KOJIOTYHO 6e3M1eYHNX
Ta €EKOHOMIYHO OOI'PYHTOBAHUX aJIbTEPHATUB i MoAMPiKalliil iCHyIOUMX TEXHOJIOTIi, 30Kpema IJ1s1 CUCTEM MaJloi Ta

cepenHbOi IPONYKTUBHOCTI. MeTa JocilifpykeHHs noJsirae y Bu6opi tTa mogudikalii peareHTHOI TEXHOJIOTi]



NOMSIKLIIEHHSI BOJY, SIKA 6 BifIIOBifasa Cy4aCHUM BUMOTaM /10 €KOJIOTiYHOi 6e31eKy, eHeproepeKTUBHOCTI Ta
pecypcosbepesxeHHs1. OCHOBHUM 3aBIAHHAM JgucepTalii 6yJ10 JOCHIIUTH TeXHOJIOTIUHI BapiaHTH MMOM SIKIIEHHS, 1110
IO3BOJISIIOTh MiHIMi3yBaTH YTBOPEHHS BiAXO/iB i MiABUIIATY €(PEKTUBHICTb OUNIIEHHS 6€3 IKOAU [JIs1 AOBKiIs. Y
[epHIOMY PO37isi AucepTalii po3IJISIHYTO iCHYIOYi MiX0AU [0 TOMSIKIIEHHS BOIY: P€areHTHi, ioHOOOMiHHI, (pi3nyHi
Ta eJIeKTPOXiMiuHi. OGIPyHTOBYETHCSI OOMEKeHHSI iOHOOOMIHHMX CHUCTEM Yepe3 HeOoOXiAHICTh yTuizarii
pere’HepauiiHuX PO34YMHIB, a TAKOX MiJKPECIIOETHCS CJIabKa BUBYEHICTh €JIeKTPOXiMiuHuX MeTofiB. OiznyHi
METOJI BU3HAHO HEIOCTAaTHbO €(PEKTUBHUMU [1JIs1 IUTHOT'O BOJOIOCTaYaHHs. Haii6inbi nepcrneKTuBHUMMU 17151
no6yTOBOTO 1 0(iCHOrO BUKOPUCTAHHS BU3HAYEHO PEAr€HTHI METOAU. Y IPYroMy PO3Lisi BUKJIALEHO METOLOJIOTIIO
IOCJIiKeHb, TIEPeJTiK MaTepiajliB i peareHTiB, MeToIn MOJIETIOBaHHS Ta OOPOOKU JaHuX. [[71s repeBipKu
e(eKTUBHOCTI 3alIpONIOHOBAHUX MiIX0iB 32CTOCOBYBAINCS MOJIeJIbHI PO3UMHY, SIKi IMITYIOTh IPUPOJIHI AxKepeia
BOZOIOCTa4aHHs. TpeTiil po3ais MprUCBAY€HO OLHILI CTaHy BOOHUX PECYPCIB B YKpaiHi Ta aHasi3y HasiBHUX
TEXHOJIOTi! OunIeHHS BOAu. [IOpiBHSHO €KOJIOTiUHY €(PEKTUBHICTh PI3HUX METOiB. 3a3HaY€HO, 1[0 CUCTEMU
3BOPOTHOTO OCMOCY X04a i1 3a6€311e4yI0Tb BUCOKUI piBeHb OUUIIEHHS, MAIOTh 3HAYHUI €KOJIOTYHUI CIift yepes
BHICOKi BUTPATU BOJY Ta €HePTrii. [oHOOOMiHHI T€XHOJIOTI] 3aliMaloTh NPOMDKHE I10JIOXKEHHS, a peareHTHi CUCTEMH,
32 YMOB IIpaBUJIbHOI OpraHisatiii, MOXXyTb 6yTH €KOJIOTIYHO JOLUiTbHUMU. Y 4ETBEPTOMY PO3[isi IPOBELEHO
eKCIIepMMEeHTaJIbHE OCTII>)KeHHSI TPaIULIiHNX peareHTiB. BcTaHOBJIEHO, 110 Halbinbll e(PeKTUBHUM y IHUPOKOMY
IianazoHi Temneparyp € ¢pocdat HaTpilo, 30Kpema B KoM6iHallii 3 gurinpooprodocdarom HaTPilo, 10 J03BOJISIE
niaTpuMmyBaTH HeoOXigHui piBeHb pH. TakoX nifibpaHo ONTHMaIbHI 103U (JIOKYJISIHTIB 114 €(PEeKTUBHOTO
po31ineHHs TBephoi Ta pinKkoi a3 micss 06pobKy. 3arponoHOBAHO PO3TiMUTU 06p06IeHy BOAY HA [1Ba IOTOKU —
17151 TOGYTOBOT'O BUKOPUCTaHHSI Ta IJ1s1 CTIO’KMBaHHS, @ TAKOX SIK IIiATOTOBYMI eTall repel, 3BOPOTHUM OCMOCOM [1JIsI
nUTHOI Bogu. IT'aTnii po3fia MiCTUTh PO3POOKY TEXHOJIOTIYHOI CXEMHU IIOM'SIKIIEHHS BOY 3 yPaxyBaHHSIM MaJluX i
CepelHiX MOTY>)KHOCTe!. [IpoBeleHO MaTeMaTUYHe MOZEJIIOBAHHS MTPOLECIB, CKIAIEHO PiBHSIHHS perpecii,

1100y JOBaHO [TOBEPXHi pillieHb /1J1sI IPOTHO3YBaHHS e(eKTUBHOCTI 3aJIe5KHO Bifl CKJIAZy BUXiAHOI BOAU.
3aIpoIoHOBaHa TEXHOJIOTIS NO3BOJISIE MiHIMI3yBaTH €KOJIOTiYHE HABAHTAKEHHS 32 PAXYHOK 3MEHIIEHHS KiJIbKOCT]
LIKIIJIMBUX BifXOZiB i pallioHaJIbHOTO BUKOPMCTaHHS PECYPCiB. Pe3yibTaTy SOCIIAKEHHS MAIOTh IIPUKJIAHE
3HAYEHHS i MOXKYTb OYTU BITPOBAKEH] Y TOOYTOBUX, OPICHMX Ta KOMyHAJIbHUX CUCTEMAX BOJOMIArOTOBKU. BoHn
CIIpUSIOTH MiIBUIIEHHIO €KOJIOTIYHOI 6e3MeKH, 103BOJISIOTh 3MEHIINTH 00CATH 3a0pyIHEHb Ta CIIPUSIOTh CTAJIOMY

BUKOPUCTAHHIO BOJHUX pecypciB.

2. The dissertation is devoted to a pressing environmental issue — the pollution of water bodies by waste from
water softening systems, particularly ion exchange systems, which are widely used in both domestic and industrial
settings. Despite the high efficiency of these systems, they generate regeneration solutions that contain sodium,
calcium, magnesium, and chloride ions. When discharged into sewer systems or natural water bodies, these
solutions lead to secondary salinization of water, increased mineralization, and a deterioration in the quality of
natural resources. With the growing trend of using membrane technologies (especially reverse osmosis), which are
often preceded by ion exchange as a pre-treatment stage, the scale of the problem is expected to expand further.
This underscores the need to develop environmentally safe and economically justified alternatives and
modifications to existing technologies, particularly for small- and medium-capacity systems. The aim of the
research is to select and modify a reagent-based water softening technology that meets current requirements for
environmental safety, energy efficiency, and resource conservation. The main objective of the dissertation is to
explore technological options for softening water that minimize waste generation and enhance treatment
efficiency without harming the environment. The first chapter of the dissertation reviews existing approaches to
water softening: reagent, ion exchange, physical, and electrochemical methods. It highlights the limitations of ion
exchange systems due to the need for disposal of regeneration solutions and emphasizes the insufficient research
into electrochemical methods. Physical methods are considered ineffective for drinking water treatment. Reagent
methods are identified as the most promising for domestic and office applications. The second chapter outlines
the research methodology, a list of materials and reagents, modeling approaches, and data processing methods.
Model solutions simulating natural water sources were used to test the effectiveness of the proposed approaches.
The third chapter assesses the state of water resources in Ukraine and analyzes available water treatment



technologies. The ecological efficiency of various methods is compared. It is noted that while reverse osmosis
systems provide a high level of purification, they have a significant environmental footprint due to high water and
energy consumption. lon exchange technologies occupy an intermediate position, whereas reagent systems, when
properly organized, can be environmentally advantageous. The fourth chapter presents experimental studies of
traditional reagents. It was found that sodium phosphate, especially in combination with sodium dihydrogen
phosphate, is the most effective across a wide temperature range, maintaining the required pH level. Optimal
doses of flocculants were also determined to ensure effective separation of solid and liquid phases after treatment.
It is proposed to divide the treated water into two streams — for household use and for consumption — with the
latter intended as a pre-treatment stage before reverse osmosis for drinking water. The fifth chapter develops a
technological scheme for water softening considering small and medium system capacities. Mathematical
modeling of the processes was conducted, regression equations were derived, and solution surfaces were
constructed to predict effectiveness depending on the input water composition. The proposed technology
minimizes environmental impact by reducing the volume of harmful waste and enabling more rational use of
resources. The research results have practical significance and can be implemented in domestic, office, and
municipal water treatment systems. They contribute to improving environmental safety, reducing pollution, and
supporting the sustainable use of water resources.
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Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Hocayosga Omnis BikropiBHa

2. Yuliia Nosachova

KBasigikamnis: . . u., noi., 21.06.01
ImentTudikarop ORCID ID: 0000-0001-6431-7128
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

NOJIiTeXHIYHMI iHCTUTYT iMeHi Irops Cikopcbkoro”

Kog, 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiichkuii, 6yx. 37, Kuis, 03056, Ykpaina
dopma Bi1acHoCTI:

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayK1 YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tpyc InHa MukonaiBHa

2. Inna M. Trus
KBasidikanis: .1.1., o, 21.06.01
Inentudikarop ORCID ID: 0000-0001-6368-6933

JonaTkoBa iHdopmaris:

;https: / /www.scopus.com /authid /detail.uri?authorld=56152219600;https: / /scholar.google.com.ua/citations?use
r=Q6cV4zQAAAAJ&hl=uk

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”



Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHH: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

Imentudikarop ROR: He zacrocoyerbcs

VIII. 3aKkJIl04Hi BiZOMOCTi

Biiacue IlpisBume Im's ITo-6aThKOBI IHa6niit Tersina OnekcaHnpiBHa
rOJIOBH paju

Bsacue IlpisBume Im'ss [To-6aTbKOBI [labniit Tetana OnexcansipisHa
rOJIOBYIOYOTO Ha 3aciJaHHi

BignosiganpHuUii 32 MiATOTOBKY T'oppienko Karepuna IOpiisHa

00JIIKOBHX JOKYMEHTIB

PeecTtparop VYkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




