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1. O6rpyHTYBaHHS TEXHOJIOITYHUX i KOHCTPYKTUBHUX IIapaMeTpiB 3aCTOCYBaHHsI COPOLIIMHUX MaTepiaiB Ipu
OYMIUIEHHI BOAM Bif] i0OHIB Ba)KKMX METAJIIB 1 paliOHYKIIiIiB

2. Justification of technological and design parameters for the application of sorption materials in water
purification from heavy metal ions and radionuclides

Pedepar:

1. Inceprauiiina po6oTa npezcTassie COO0I0 3aKiH4eHe HayKOBE JOCIIIKEHHS], B SIKOMY PO3B’$13aHO aKTyaJIbHE
3aBJJaHHS HAYKOBE OOI'PYHTYBaHHS 3aCTOCYBaHHS €(PEKTUBHUX COPOEHTHUX MaTepiasiB Ta KOHCTPYKIi
BifcTiiHMKa-agcopbepa AJisl BUJIy4eHHs i3 BOOU Cy4acHUX 3a0pyIHEeHb, Y TOMY YUCJIi i0OHIB BasKKUX METaJIiB i
PanioHYKIiNiB. AKTya/IbHICTb: TPAIHi BOJIHU, BOOY TeNa000MiHHMKIB AEC OTpamuIsiioTh y NOBEPXHEBI Ipkepea 3
PaznioHyKIiaMy, IaxXTHi i Kap'epHi BoAay 3a0pyIHIOIOTH Mi3€MHi i TOBEPXHEBI IpKepesia, HacliKaMy BillCbKOBUAX
Iill € IOTPAIUISIHHA Y BOJIHI JIKepeJia i0HiB BasKKUX METasliB, 60110BUX OTPYHHUX PEYOBUH. MeTa: oCTiInTu

BJIACTMBOCTI Ta OOI'PYHTYBATU 3aCTOCYBaHHS Cy4YaCHUX COPOEHTHUX MaTepiaiB 1J1sl BUAaleHHs i3 Boau ioHiB



BaKKMX METaJIiB Ta PafiOHyKIIiliB, pO3pOOUTH KOHCTPYKLiIO criopyau 11l edeKTUBHOI afcopouii i cenumeHTarii
Cy4yacHUX 3a0pyIHeHb i3 Boau. 3amayi JocinKeHb: 30iiICHUTH aHali3 IepCIeKTUBHUX COPOEHTIB [JIsl BUJAIeHHS i3
BOJIM iOHIB BXKKUX METaJliB i pafjioHyKJIiiB; BUKOHATH J1ab0OPaTOPHI JOCiI)KEHHS IipoANHaMIUHAX
XapaKTEPUCTUK [J1s1 BU3BHAYEHUX COPOEHTHUX MaTePiaiiB; po3poOUTU MaTEeMATU4HY MOJI€JIb IIPOLIECiB afcopoLii i
ceJuMeHTalii 3a0pyJHEHb i3 BOAU; pO3POOMTHU KOHCTPYKIIiI0 Ta OO PYHTYBaTU IapaMeTpU CIIOPYIU sl
3a0€e31e4eHHs ONTUMAJIbHUX YMOB celMMeHTalii 3a6pyaHeHb, 3[iICHUTY arnpo0allilo Ta BIPOBAIKEHHS Y
BMPOOHHULITBO 3alIPOIIOHOBAHOI criopyAu. HaBeeHo akTyalbHICTh TEMU, OO PYHTOBAHO 3aCTOCYBAaHHSI COPOEHTHUX
MarepiasiB 11 BUgaaeHHs iOHiB BAXKKMX METAJIiB Ta pafiOHYKIIi/iB, 3alIPOIIOHOBAHO PIlIEHHS 100 KOHCTPYKIi
yHiBepCcaJbHOI CIIOPYAM «BiICTiIMHNKA-OCBIT/IIOBaYa» g ONTHMIi3auii npouecis agcopobuii Ta cegumeHTaii
3a0pyJHEeHb. 3MiICHEHO aHali3 CTPYKTYpHY 3a0pYAHIOIOUNUX PEYOBUH, IPOAHAII30BAHO Cy4YaCHi TEXHOJIOTI]
OUUIIEHHS Y CTIYHUX Ta IPUPOIHUX Bogax. OGI'PYHTOBAHO 3aCTOCYBAaHHS IPUPOJHUX COPOEHTIB, SKi MalOTh 3HAUHY
azcopOLifiHy €EMHICTD, 110 MOXe OyTU PO3BMHEHA Y Ipoleci ix MoaudikyBaHHs. Kio4oBi nepesaru Lyux maTepiasis
HACTYIIHI: IPUPOAHI COPOEHTU MKUPOKO PO3NOBCIOAKEHI B YKpaiHi; BOHU € JOCTYIIHUM, HEJOPOTUM MaTepiasioMm;
afcopOLifiHi TEXHOJIOTi 3 BUKOPUCTAHHSIM IMCIIEPCHUX COPOEHTIB 3a6€311€4yI0Th BUCOKUI CTYIIiHb OUMIIEHHS;
BiANIpaLbOBaHi IPUPOJHI COPOEHTU MOXUJIABO YTUJII3yBaTH 3aCTOCYBAHHSIM Y TEXHOJIOTISIX OTPUMAHHS iHIINX
nponykTiB. OnucaHi pisvko-MexaHiuHi BTaCTUBOCTI pi3HUX COPOEHTIB, OOIPYHTOBAHO 3aCTOCYBAHHS
IepCIeKTUBHUX MaTepiasiB [j1s1 afcop6uii ioHiB BaXKKMX MeTasliB Ta pafioHyKiniB. HaBeneHi AaHi mon0 00'eKTy
IOCJiIKEeHb, ONMCaHa METOJIMKA [IPOBE€HHS IA0OPATOPHUX AOCiIPKeHb. J0Ciau 3 riApaBiidyHoi KPyIHOCTI
BHMKOHYBAJINCh HA MOJ€JIbHOMY PO34MHi 3 MiATOTOBJIEHOI BOJM Ta COPOEHTIB GEHTOHITY, LIEoiTy, PpepoliaHiny Mixi,
CHHTE30BaHO LJISIXOM 3MilllyBaHHS pO34uKMHIB ¢pepoliiaHify Kaio Ta MifHoro Kynopocy. OnTumanbHa KijbKiCTb
BMMIipIOBaHb 6araTo(pakTOpHOI 3aJ1e5KHOCTI BU3Havasacs 3a metogom bokca-BisncoHa. BucBitseHni pesyabratu
JIabOpaTOPHUX €KCIIEPMMEHTIB 100 BU3HAYEHHS TiIpaBlidYHOi KPYMHOCTI JOCIiI)KEHUX COPOEHTIB, @ TAKOXK
Pe3yJbTaTu MAaTEMATUYHOTO MOJEJIIOBAHHS TiIPOIMHAMIYHUX ITPOLECIB B YHIBEPCAJIBHIN CIOPYZi. 3a pe3ysbTaTaMu
J1abopaTOPHUX AOCIiIPKEHb OTPUMaHi eMITipUYHI MOZeJsli 3MiHM KaJlaMyTHOCTI B ITPOLIeCi BiJICTOIOBAaHHS KOJIOiNliB
COPOEHTIB Ta BUKOHaHUI KOPEJISILITHMI aHaJli3 MOXKJIMBUX 3B'S13KiB IIPOLIECY CeIMMEHTALlil KOJIOiIHAX
KOHIJIOMeparTiB. Hallkpamuii pe3ysbTar SIK 3a TiipoAnHaMiYHUMU MTOKa3HUKAMU, TaK i 32 COpOLiHUMU
BJIACTMBOCTSIMU I10Ka3aja cyMil ¢pepoliaHin Mifi-6eHTOHIT. MoentoBaHHs ripoAHaMIYHUX IIPOLECIB TPOBEJEHO
y BiptyanbHOMy cepenoBuili Autodesk CFD, Ha OCHOBi METOLly CKiIHYEHHHUX €JIEMEHTIB. 3a pe3ysibTaTaMu
MOJIEJIIOBAaHHS OTPMMAaHi 3aKOHOMIPHOCTI PO3IOZiNy MBUAKOCTEH NOTOKY Y BiICTIMHUKY-aACOPOEPi, HA OCHOBI SIKUX
BM3HAYEHi NapaMeTpu CIIOPYIH, B SIKif 3a6€311e4yI0ThCS ONITHMaJIbHI YMOBH 171 afcopouii i cequmenTauii
3a0pyJHEHbD i3 BOAU. 3allpOIIOHOBAHA YHiBepCalbHa TEXHOJIOTIUHA CIIOPYAa "BiCTINHUK-aicopOep” NO3BOJISE
3MEHIIUTYU €HEPTOBUTPATH 32 PAXYHOK BUKOPUCTAHHS 1J1s1 IPOXOPKEHHSI IIPOLIECIB OYMILEHHS BOJU Bif
PaliOHYKJIiIiB i BA)KKUX MeTaJliB. 3SMEHIIYIOTbCSI PU3UKYU PaJli0aKTUBHOTO 3a6PYAHEHHS HABKOJIMIIHBOTO
cepenoBUla, TIOB'SI3aHi 3 Iepefavyelo 06pobIIt0BaHOI pifyHY 3 OfiHiel criopyau uu o6s1aiHaHHS 10 iHIIOi, TaK SIK BCi
TEXHOJIOTIYHI ITPOLIeCH BiiOYBAIOThCA Y KOPILyCi OfHiei criopyau.

2. The dissertation represents a completed scientific study addressing the urgent task of scientifically
substantiating the use of effective sorbent materials and the design of a settler-adsorber for removing modern
pollutants from water, including heavy metal ions and radionuclides. Relevance: Effluent waters, such as those
from nuclear power plant heat exchangers, enter surface sources containing radionuclides; mine and quarry
waters pollute underground and surface sources; and military actions result in the introduction of heavy metal
ions and chemical warfare agents into water sources. Objective: To investigate the properties and justify the
application of modern sorbent materials for the removal of heavy metal ions and radionuclides from water and to
develop a structure for the effective adsorption and sedimentation of modern pollutants from water. Research
tasks: To analyze promising sorbents for the removal of heavy metal ions and radionuclides from water; to conduct
laboratory studies of the hydrodynamic characteristics of the selected sorbent materials; to develop a
mathematical model of the processes of adsorption and sedimentation of pollutants from water; to develop the
design and justify the parameters of a facility to ensure optimal conditions for the sedimentation of pollutants; and
to conduct testing and implementation of the proposed facility in production. The relevance of the topic is



presented, the use of sorbent materials for removing heavy metal ions and radionuclides is substantiated, and a
solution for the design of a universal "settler-clarifier" structure is proposed to optimize the processes of
adsorption and sedimentation of pollutants. The structure of pollutants is analyzed, and modern cleaning
technologies for wastewater and natural waters are reviewed. The application of natural sorbents, which have
significant adsorption capacity that can be developed through modification, is substantiated. The key advantages
of these materials are as follows: natural sorbents are widely distributed in Ukraine; they are accessible and
inexpensive materials; adsorption technologies using dispersed sorbents provide a high degree of purification; and
used natural sorbents can be utilized in technologies for producing other products. The physico-mechanical
properties of various sorbents are described, and the application of promising materials for the adsorption of
heavy metal ions and radionuclides is justified. Data regarding the research object and the methodology of
laboratory studies are provided. Experiments on hydraulic particle size were conducted using a model solution of
prepared water and sorbents of bentonite, zeolite, and copper ferrocyanide, synthesized by mixing solutions of
potassium ferrocyanide and copper sulfate. The optimal number of measurements of the multifactorial
dependence was determined using the Box-Wilson method. The results of laboratory experiments to determine
the hydraulic particle size of the studied sorbents, as well as the results of mathematical modeling of
hydrodynamic processes in the universal structure, are highlighted. Empirical models of turbidity change in the
process of settling sorbent colloids were obtained from laboratory studies, and a correlation analysis of possible
connections in the sedimentation process of colloidal conglomerates was performed. The best results, both in
terms of hydrodynamic and sorption properties, were shown by the copper ferrocyanide-bentonite mixture. The
modeling of hydrodynamic processes was conducted in the virtual environment of Autodesk CFD, based on the
finite element method. From the modeling results, patterns of flow velocity distribution in the settler-adsorber
were obtained, based on which the parameters of the structure providing optimal conditions for adsorption and
sedimentation of pollutants from water were determined. The proposed universal technological structure "settler-
adsorber” allows for reduced energy consumption by using gravitational forces instead of electricity for
mechanical mixers to carry out water purification processes from radionuclides and heavy metals. The risks of
radioactive environmental contamination related to the transfer of treated liquid from one structure or equipment
to another are also reduced, as all technological processes occur within a single structure.
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TOJIOBYIOYOTO Ha 3acCifiaHHi

BignosigasnbHuii 3a Hi,ILI‘OTOBKy Mapucuk Cepriit Bonogumuposuy

00JIiKOBHX JOKYMEHTIB

PeectpaTop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




