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PE®EPAT

Maricrepcbka qucepratisi: ctop. 176, puc. 33, tabn. 33, nepmomxkepen 113, nogaTox

AKTyasbHiCTh TeMu: Boja € KIIIOUYOBUM pecypcoM, HIMPOKO 3aCTOCOBYBaHUM Y
IPOMUCIIOBOCTI Ta B MOBCAKACHHOMY >KMUTTI JtoauHu. [IpoTe 3a0e3neueHHs ii HalexHOT
SAKOCTI Ta CTaOUTbHUX TMapameTpiB MOTpedye 0coOIMBOI yBaru, OCKIILKHA MPUPOJIHA BOJA
4acTO MICTUTh PI3HOMAaHITHI AOMIIIKH. LI TOMIIIKM MOXYTh HEraTMBHO BIUIMBATH Ha
GyHKIIOHYBaHHS TEXHOJOTIYHOTO OOJIaMHAHHS, CHPUYUHSIOYA YTBOPEHHS HAKHITY,
PO3BUTOK KOpO3iMHMX TporieciB 1 0iooOpocranHs. I[li HeOakaHi TpoIeCH HE JUIIE
MOTIPIIYIOTh €KCIUTyaTalliiHI XapaKTePUCTUKU O0IaJHaHHS, a U 3HIKYIOTh €PEKTUBHICTD
poboTu Bci€i BO00OOPOTHOT cucTeMH. BHACIIIOK IIbOTO 3pOCTa€ €HEProCIOKUBAHHS,
MIJBUILYETHCS PU3UK aBapiHUX CHUTYaIlill, CKOPOUYETHCS CTPOK CIIYOHM yCTaTKyBaHHS,
10 3PEIITO0 MPU3BOAUTH 10 (PIHAHCOBUX BTPAT Ta HETaTMBHOTO BIUIMBY Ha JOBKULIS.
OpnuM 13 HamieBIMX CHOco0IB 3amo0iraHHs IIMM MpodiieMaM € BUKOPUCTaHHS
CHEllali30BaHUX pEareHTiB JUis craduri3auiiiHoi oOpoOKM BoOAM. 3aBASKUA IXHbOMY
3aCTOCYBaHHIO CTa€ MOXJIMBHM 3a0e3MeueHHs1 JOBrOTPUBAOi, HaAIMHOI Ta Oe3meuHoi
eKCIUTyaTallil BOJIHUX CUCTEM Y PI3HUX TaTy3sX MPOMHUCIOBOCTI.

Mera i 3agaui gociimkenHsi: MeToro poOOTM € BH3HAYEHHS Ta MOPIBHSHHSA
e()EKTUBHOCTI KJIACHUYHUX Ta €KOJOTTYHO-0E3MEYHUX PEareHTIB, 10 3aCTOCOBYIOTHCS IS
cTabiTi3aiiitHoi 00pOOKH BOJIM, a TAKOXK PO3pOOKa 1HHOBAIIMHUX TEXHOJIOTIYHUX PIIICHb,
CIpsIMOBAaHUX Ha 3a0€3MEUCHHS pAaIiOHAJLHOTO Ta CTajJOor0 BUKOPUCTAHHS BOJHUX
peCypCiB Ta CTBOPEHHS 3aMKHYTHUX CHCTEM BUKOPUCTAHHS BOAM B IPOMUCIIOBOCTI.

[lepenik HayKOBUX Ta MpaKTUYHUX 3a4ad, CQOPMYJIbOBAHMX BIANOBIIHO O
3a3HAYEHOI METH:

— [IpoBecTu aHaji3 Cy4acHOTO CTaHy HAyKOBO-TEXHIYHHUX PO3pOOOK y cdepi
cTabutizaiitHoi 00poOKH BOAM, 30KpeMa II0JI0 3aCTOCYBaHHS KJIACHYHUX Ta 3CJICHUX

pEareHTiB y CUCTEMaxX TEXHIYHOTO BojJomnocTtayaHHsA. OxapakTepu3yBaTH TUIIA PEareHTIB



(arTHCKaANAHTIB, 1HTIOITOPIB KOpO3ii, OlONMIIB) 3a MEXaHi3MOM Jii, CKJIaJIoM,
e(EKTUBHICTIO Ta EKOJIOTIYHOIO OE3MEKOI0.

— JlocniauTy BIUIMB THUIy pEareHTy, 103U Ta YMOB OOpoOKH Ha e€(EeKTUBHICTD
cTaOuTI3aliHO] /11, 30KpeMa aHTHCKAJIaHTHOI Ta 1HI10YI04O0i 31aTHOCTI.

- OuiHuTy OlOLMAHY [I0 peareHTiB Ta iX BIUIMB Ha 01000poCTaHHA, 3
ypaxyBaHHSM JIOBIOTPUBAJIO €KCMO3UIlIT Y 3aMKHEHUX CHCTEMaX.

- Po3pobut  MeTroauyHi  MAXOAW JO  TMOPIBHSUIBHOTO  OI[iHIOBAHHS
€()EeKTUBHOCTI pEareHTIiB y PI3HUX BOJHUX CEPEIOBHUINAX, 0 MOJIEITIOIThH YMOBH
peaibHUX BOJOOOOPOTHUX cucTeM. ONTUMI3yBaTH yMOBHU cTaOii3aniiHOT 0OpoOKH BOJIU
JUIsL CTBOPEHHS €(QEKTUBHMX 1 OE3MEeYHUX TEXHOJOTIYHHUX CXeM 13 TIOBTOPHUM
BUKOPUCTAHHSM BOJIA B IPOMHMCIIOBOCTI.

— 3anponoHyBaTH MOJIEIb BIPOBAKEHHS PE3yJIbTATIB JOCHIKEHHS y (hopmi
TEXHOJIOTIYHOTO CTapTaI-IIPOEKTY 3 PO3POOKH 3E€JICHOT0 1HT10ITOpa HAKUIIOYTBOPEHHS HA
OCHOBI1 €KCTPAKTY 3 COJIOMH MIIIECHHMIII.

O0’ext pocaimxennsi: IIpouecn HakKMNOYTBOPEHHs, KOpo3li Ta 01000pOoCTaHHS B
YMOBAaX pi3HOI )KOPCTKOCTI BOJIH.

IIpeamet nociaimkennsi: EQexTuBHICTD 111 aHTUCKAJIAHTIB 1100 cTabiIi3alii BOIH,
3arno0iraHHsl KOpo3ii Ta 3MEHIIEHHS O01000pOCTaHHS Ha MOBEPXHAX BOJAOOOOPOTHHX
CUCTEM.

Metoau pocaimxkennsi: J[ns mpoBeneHHS EKCHEPUMEHTANBHHUX  JIOCIIKECHb
3aCTOCOBYBAJIM BOJIHI CEpPENIOBHINA 3 PI3HOI MiHepaiizaliet. s KoHTpoo (i3uKo-
XIMIYHMX TPOIECIiB 1 BU3HAUYEHHS KOHIICHTpAIlll PEYOBHMH Y BOJHOMY CEPEIOBHUIII
BUKOPUCTOBYBAIM TUTPUMETPUYHUN, TMOTEHIIIOMETPUYHUNA 1 CIEKTPO()OTOMETPUIHUN
Meromu  aHamizy. [lIBuakicth  KOpO3IHHOTO  TPOIECYy  BH3HAYAIA  METOJOM
MOJISIPU3AI[IAHOTO OMOpy Ta MAacOMETPUYHUM MeTOoAOM. Jljis BHW3HAYEHHS BIUTUBY
peareHTiB Ha 61000pOCTaHHS 3aCTOCOBYBAJIM MIKPOO10JOTIYHI METOAH. SIKICTh BUKOHAHHUX
7a00paTOPHUX  JOCHIDKEHh Ta JIOCTOBIPHICTh E€KCIEPUMEHTAJBbHUX  PEe3YJIbTaTiB

NepeBIpsUIA 3 BUKOPUCTAHHSIM MaTEMaTUYHUX METOIB OOPOOKH JaHUX.



HaykoBa HOBU3HA 0Jlep:KAHUX Pe3yJbTaTiB: Y pe3yibTaTi IPOBEICHHS KOMIUIEKCY
JOCIIJIKEHb, CIPSIMOBAHUX HAa OTPUMAHHS BHCOKOSIKICHOT BOJM ISl 3aMKHEHUX CHUCTEM
BOJOKOPUCTYBaHHS, yrepiie 0yo:

- komrutekcHo nociipkeno BB OEJIOK, HTM®K Ta exkcrpakty coomu MIieHUIl
Ha cTaOuTi3aliiiHi, KOpo3iiiHI Ta OI1OLMAHI BJIACTUBOCTI BOAM PI3HOI KOPCTKOCTI MJIs
BOJ00OOPOTHHX CUCTEM OXOJIOKEHHS Ta TETUIONOCTAYaHHS;

- BU3HAYEHO B3a€MHUI BIUIMB XapaKTEPUCTUK BOJHUX CEPEIOBUIN Ta KOHILIEHTpAIii
dbochoHaTHUX 1HT1OITOPIB HA CTAOLIBHICTH BOJIM 11O BIIHOIICHHIO JIO HAKUIIOYTBOPEHHS;

- BCTAHOBJICHO ONTHMAaJIbHI KOHIEHTpamii Ta ymoBu 3actocyBaHHs OEJIDK 1
HTMOK, sxi 3a06e3meuyroTh MaKCUMalbHUN 1HT10YI0uni eeKT 11010 HaKuMy, KOopo3ii Ta
01000poCTaHHS B CEPEIHhO- Ta HU3bKOMIHEPATI30BAHUX BOJIAX;

- JOCTIPKEHO YMOBH CTaOUTI3aIliifHOi OOpOOKH TEPMIYHO HECTaOUIBHHX BOJ 3
KapOOHATHUM iHAEKCOM Oinbire 70 (Mr-ekB/mM°)* B 3aJI€KHOCTI BiJl XapaKTEPUCTHK BOIM
Ta apameTpiB NPOLECY il BUKOPUCTAHHS.

IIlpakTHyHe 3HAYeHHsI OJep:KAHUX Ppe3yJabTaTiB: BHUBYEHO CTabuII3aTOpH
HAKHUIIOYTBOPCHHSI, SIKi JJO3BOJISIFOTH CTBOPHUTH pecypco30epirarodi CUCTEMU BUKOPUCTAHHS
BOJM B MPOMUCIOBOCTI. BU3HAUeHO ONMTHUMAabHI KOHIIEHTpAIll Ta YMOBHU 3aCTOCYBAHHS
OEI®K 1 HTM®K, sxi 3a6e3neuyoTh MaKCUMaJIbHUAN 1HT10YI0Uni ePeKT 11070 HAKHUITY,
Kopo3ii Ta 01000poctanHs. Pe3yiabTaroM poOOTHM € HAyKOBO OOIPYHTOBAaHA KOHIIEHIIS
BIIPOBA/DKCHHS 3aMKHEHUX €KOJIOTIYHO O€3MeYHMX CHUCTEM BOJOCIIOKUBAHHS, SKi
0a3yloThCsi Ha €(PEKTMBHOMY 3aCTOCYBaHHI CTaOUI3aIllliHUX peareHTiB. Po3pobiieHi
TEXHOJIOT1i HAaNpaBlieHl HE JIMIIE Ha 3aXHCT O0JIaJHAHHS BIJl KOPO3ll Ta HAaKuMy, a U
3HI)KCHHS HAaBAaHTAKCHHS Ha HABKOJIHUIITHE CEPEOBUIIE 3a PaXyHOK MIHIMI3aIlli CKUIIB 1
MTOBTOPHOTO BUKOPHUCTAHHS BOJY B TEXHOJIOTIYHUX IMKJIaX MPOMHCIIOBUX IiIPHEMCTB.

IMyoaikauii: 3a matepiamamMu gucepTaimiitHoi poOOTH OmyOJiKOBaHO 5 HAYKOBHUX
mpaib, B TOMY 4YHCIi 2 CTaTTi y HayKoBHX (axoBHX BuAaHHIX Kareropii b, 3 Te3
JIOTIOB1/IeH B 301pHHUKAX MaTepiajiB KOHPEPEHIIIi.

KJIIOYOBI CJIOBA: AHTHUCKAJIAHT, CTABUIIBALISA, KOPO3Is,
BIOOBPOCTAHHSI



ABSTRACT

Master’s thesis: 176 pages, 113 ref., 33 figures, 33 tables, 1 application.

Relevance of the topic: Water is a key resource widely used in both industry and
everyday human life. However, ensuring its proper quality and stable parameters requires
special attention, as natural water often contains various impurities. These impurities can
negatively affect the operation of technological equipment, causing scale formation,
corrosion processes, and biofouling. Such phenomena reduce the efficiency and reliability
of water circulation systems. One of the most effective methods to prevent these issues is
the use of specialized reagents for water stabilization treatment.

Purpose and main tasks: The aim of this study is to determine and compare the
effectiveness of conventional and environmentally safe reagents used for water
stabilization treatment, and to develop innovative technological solutions aimed at rational
and sustainable water use, including the creation of closed-loop water systems in industry.

Tasks that were set to achieve the goal:

- Analyzing the current state of scientific and technical developments in the field of
water stabilization treatment, particularly the application of traditional and green reagents
in technical water supply systems. Classifying and characterizing types of reagents
(antiscalants, corrosion inhibitors, biocides) based on their mechanisms of action,
composition, efficiency, and environmental safety.

o Investigating the impact of reagent type, dosage, and treatment conditions on
the effectiveness of stabilization, particularly in terms of antiscalant and inhibitive
properties.

o Evaluating the biocidal activity of reagents and their tendency to biofouling,
considering long-term exposure in closed-loop systems.

o Developing methodological approaches to the comparative assessment of
reagent effectiveness in various water environments simulating real circulation system

conditions.



o Optimizing water treatment conditions to create efficient and safe
technological schemes for industrial water reuse.

o Proposing a model for the implementation of research results in the form of a
technological startup project for the development of a green antiscalant inhibitor based on
wheat straw extract.

The object of research: Processes of scale formation, corrosion, and biofouling
under different water hardness conditions.

Subject of the research: The effectiveness of antiscalants in water stabilization,
corrosion prevention, and reduction of biofouling on surfaces of recirculating water
systems.

Research methods: Experimental studies were conducted using water
environments with varying mineralization levels. To control physicochemical processes
and determine the concentrations of substances in water, titrimetric, potentiometric, and
spectrophotometric methods were used. Corrosion rates were determined using the
polarization resistance method and gravimetric method. The quality and reliability of
laboratory studies and experimental results were verified using mathematical data
processing methods.

Scientific novelty of the obtained results: As a result of a comprehensive study
aimed at producing high-quality water for closed-loop water systems, the following were
done for the first time:

o A comprehensive study of the effects of HEDP, NTMP, and wheat straw
extract on the stabilization, corrosion, and biocidal properties of water with different
hardness levels in cooling and heating recirculating systems.

o The mutual influence of water environment characteristics and phosphonate
inhibitor concentrations on water stability against scale formation was determined.

o Optimal concentrations and application conditions of HEDP and NTMP that
ensure maximum inhibitory effects on scale, corrosion, and biofouling in moderately and

low-mineralized waters were identified.



o The conditions for stabilization treatment of thermally unstable waters with a
carbonate index over 70 (mg-eq/dm’)*> were investigated, depending on water
characteristics and process parameters.

Practical significance of the results: Antiscalant stabilizers were studied that
enable the creation of resource-saving water use systems in industry. Optimal
concentrations and application conditions of HEDP and NTMP were identified, ensuring
maximum inhibitory effects on scale, corrosion, and biofouling. The result of the work is a
scientifically substantiated concept for implementing closed, environmentally safe water
consumption systems based on the effective use of stabilization reagents. The developed
technologies aim not only to protect equipment from corrosion and scaling but also to
reduce environmental impact by minimizing discharges and reusing water in industrial
process cycles.

Publications: Based on the dissertation work, 5 scientific papers have been
published, including 2 articles in peer-reviewed scientific journals (category B) and 3

conference abstracts.

KEYWORDS: ANTISCALANT, STABILIZATION, CORROSION,
BIOFOULING
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