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1. HaykoBO-MeTOOJIOTYHi 3acany TeXHOJIOTiH QiTopeMenianii cTiYHNX BOA, 17151 TiIBUILIIEHHS €KOJIOTiYHOI 6e3eKu
iHpacTpyKTYypu BOLOBiABEIEHHSI

2. Scientific and Methodological Principles of Phytoremediation Technologies of Wastewater to Improve
Environmental Safety of Wastewater Infrastructure

Pedepar:

1. Incepraiiio NpUCBSYE€HO BUPIilI€HHIO HAYKOBO-TIPUKJIAIHOI IPOGIeMU MiIBUILIEHHS €KOJIOTIUHOI 6e3neKu
iHpacTpyKTypH BOLLOBiABEEHHS LIJIIXOM PO3pO0JIEHHS HAYyKOBO-METONOJIOTIUHUX 3aca] €KOJIOTTYHO 6e3leyHnx
TEXHOJIOTiN piTopeMeialii MyHIIUNANIbHUX CTIYHUX BOJ, B KOHTEKCTI [IOBOEHHOI BilOy#oBU fiepKaBu. Y poOoTi
IIpOAHaJi30BAHO CYYaCHU CTaH Ta MEPCIEKTHUBY IHHOBAL[IMHOIO PO3BUTKY METO/IB Ta TEXHOJIOTIN MOJIMIIEHHS
CTaHy BOJHOTO CepeloBUIIa. BukoHaHe OIiHIOBaHHS KOHLEHTpallill 6i0reHHUX CIOJYK Yy KOMYHaJIbHUX CTIYHUX
Boziax. OGrpyHTOBAHO BUOIP TEOPETUYHUX Ta €KCIIEPUMEHTAIbHUX METO/iB NOCJIiI)KEHHS BUH3a4€HHS 6i0reHHUX
eJIeMeHTIB y cTokax. Jlociimkeno metabonizm Ch. Vulgaris, Ch. Reinhardtii, O. Neglecta Ta E. Gracilis. 3a
pe3yJbTaTaMU MPOBEEHUX OCiIKEeHb BCTAHOBJIEHO, 10 €(PEKTUBHICTb BUIaJIEHHS HITPUTIB (IOYaTKOBA

KoHLeHTpauis 23 mg 1-1), HiTpaTis (mo4yarkosa KoHUeHTpauisg 9,3 mg 1-1) Ta pocdaris (moyaTkoBa KOHIEHTPALis



22,49 mg 1-1) 3a yyactio Ch. Vulgaris cknagana; 82,6%; 78,55%; 30,9% BignosinHo. 3a pe3ynbTaTamMmu IPOBEIEHNX
IOCJIiIKeHb BCTAHOBJIEHO, 1110 e(eKTUBHICTh BuAanieHHss N-NH4+ 3 CMHHTeTUYHUX CTiYHUX Bof 3a y4acTio Ch.
reinhardtii cknanae 49-63%, BogHouyac P-PO43- - 6-18 % (B 3a71€XXKHOCTI Bif BUXiJIHOI KOHLIEHTPALlii TOKUBHUX
peudoBuH). OTxe, Ch. reinhardtii, nepu 3a Bce, € nepCeKTUBHUM BUIOM MiKpOBOJOPOCTEN 1J11 BULATIE€HHS
aMOHiIHOro a30Ty 3i cTiyHux BoA. KyzabTypa O. neglecta nposiBisiia 4yTaMBICTb 4O HaAMipHO BUCOKHUX
KoHUeHTpauit N-NH4+ (90-140 mg 1-1) Ta P-PO43- (26-90 mg 1-1). IIpoTe, 1151 MIKpOBOZOPIiCTb XapaKTepU3y€ETbCsI
BHCOKMMMU I0Ka3HUKaMu QyHKIiOHa/IbHOI aKTUBHOCTI, @ TAKOXX BUCOKOIO €(peKTUBHICTIO BUIaJIEHHS SIK aMOHIITHOTO
azory (60-61%), Tak i pochopy pocdatis (43-55%) npu BuxinHUX ixHiIX KOHLEHTpauisx 30-50 mg 1-1Tta 7-14 mg 1-1
BiAnoBinHO. BctaHoBseHO, o Euglena gracilis, xapakTepusyeTbCsl pe3UCTEHTHICTIO 10 BUCOKUX KOHLI@HTpaLiil
azory Ta pocdopy. ExcriepumeHTanbHO NoBeneHo 3naTHicTh Euglena gracilis ynponox 7 1i6 IpakTU4HO IOBHICTIO
BUJTy4aTU aMOHIMHUM a30T Ta ¢pocdop pocdartis 3 HOCIIIKyBaHUX CTIYHUX BOZ,. BuUKOHaHe MaTemaTU4He
MogesoBaHHS QiTopemenianiiiHux npouecis. JocigKkeHo 0cobIMBOCTI BUKOPUCTaHHSI MaTeMaTUYHUX MOZesien
B3aeMofii MikpoBozopocTell 3 6ioreHHUMU 3a0pyIHEHHSIMU TUITY «XMKaK-XepTBa». Po3pobiieHo Ta arnipo60BaHO
MaTeMaTu4Hi MoJieJli B3aeMo/lii MiKpOBOZOPOCTE 3 6iOreHHUMU eJIeMEHTaMU Ta OLliHEeHO e(DEKTUBHICTh
BMKOPHMCTaHHS MiKPOBOZOPOCTEN y npouecax piropemenianii CTiYyHNX BoA. BUKOHaHUI aHAai3 Cy4aCHUX MiAXOiB
IO opraHizaliii KoMyHaibHOI iHpPacCTPyKTypH Ha 3acafiaX eKoOe3levyHOCTi Ta BCTAHOBJIEHO HUBKY IPobJieM,
IIOB'SI3aHUX 3 Hee(PEKTHUBHICTIO, 3HOIIEHICTIO Ta 3aCTapisicTio 06s1alHaHHSI KOMYHaJIbHUX 00'€KTiB. Ha 0CHOBI
KPUTAYHOTO aHaJli3y Cy4aCHMX MiJIXOZiB OpraHisalii KOMyHaybHOI iHpPacTPyKTypu po3pobsieHa MOeJb BifOyn0BU
BOJIOOYMCHUX CIIOPYZ, Ha 3acajiax ekobesrneyeHoCTi. O6GIpyHTOBAaHA NEPCIEKTUBHICTb PO3BUTKY (piTopemenialiiHux
TEXHOJIOTi!l B KOHTEKCTi [I0BOEHHOI Bifi0yIoBY Aep>kaBu. [IpoanasnizoBaHo pi3Hi KOHCTPYKLii poTOOGiOpeakTopiB Ta
3aIPOIIOHOBAHO BJIACH] 7151 MiBUIIEHHS €(EeKTUBHOCTI KyJIbTUBYBaHHS 6i0Macy 3 OJHOYaCHUM OYUIIEHHSIM
CTiYHUX BOJ, 3a6pyAHEHNX 6iOT€HHUMU CIIOyKaMu. PO3po61eHO METO0IOTiYHI OCHOBY IPUNHSATTS pillleHb IIpU
[iArOTOBJIEHH]I OpraHizalifiHO-TeXHIYHUX 3aX0iB BiTHOBJIEHHS iHQPACTPYKTYPH BOLOBiABEIEHHS B YMOBax
IIicJI5IBOEHHOI BifIOy10BY KpaiHu Ha MifcTaBax ekobesnedyHocTi. CHOOpMOBaHO CUCTEMY LiTbOBUX I0Ka3HHUKIB, Ha
OCHOBI KOi 3aIIpONIOHOBAHO OPraHi3alifHO-LiIbOBY MOJI€JIb Ta aJIFTOPUTM BIIPOBA/I)KEHHS OpraHi3aliliHo-
TEXHIYHUX 3aXO0ZiB BiOy10BY iHPPACTPYKTYpPH BOAOBiABeAeHHS. PO3p0o6ieHO opraHisauiiiny Mofesb
BIIPOBa>)KEHHS MeToAy piTopemeiallii CTIYHUX BOJ, y TEXHOJIOTIUHMII [TPOLIeC OYUIIEHHS B MeXax OopraHisariii
iHpacTpyKTypH Ha 3acazax €eko6e3rneyHoCTi. Po3po6sieHo Ta 3allpONIOHOBAaHO METOVMKY OL[iHIOBAHHS
NE€PCIEKTUBHOTO PiBHS €KOJIOTiYHOI 6€311eKU Ta epCIeKTUBHUX Pe3yJbTaTiB YIIPaBIliHHS €KOJIOTIYHOI0 6€311€KOI0
BigHOBJIEHOI iHpPaCTPYKTypU 3 BUKOPUCTAHHSIM METOJIB ITAPHUX [TIOPiBHSHb Ta METOIiB €KCIIEPTHO-
PO3PaxyHKOBOTO OLiHIOBaHHS. 3alIPOIIOHOBAHO MOJEJIb CTPATEriYHOrO yIIPaBJIiHHA BiTHOBJIEHHIM
iHppacTpyKTypy, WO BU3HAYAE OPSIOK CTPATEriYHOrO MJIaHYBAHHS BiIHOBJIEHHS], IOPSIOK OLiHIOBAHHS
[IePCIIEKTUBHOTO PiBHSI €KOJIOTiYHOi 6e31eKu BinOy10BaHMX YU BiTHOBJIEHUX O0'€KTIB, MOPSIOK YIIPABIiHHS

€KOJIOT{YHOIO 6€3I1eKOI0 BilHOBJIeHOI iHPPaCTPYKTYpHU.

2. The dissertation is devoted to solving the scientific and applied problem of improving the environmental safety
of wastewater infrastructure by developing scientific and methodological foundations of environmentally friendly
technologies for phytoremediation of municipal wastewater in the context of post-war reconstruction of the state.
The paper analyses the current state and prospects of innovative development of methods and technologies for
improving the state of the aquatic environment. The concentrations of biogenic compounds in municipal
wastewater were estimated. The choice of theoretical and experimental methods for studying the nutrient
depletion in wastewater is substantiated. The metabolism of Ch. Vulgaris, Ch. Reinhardtii, O. Neglecta and E.
Gracilis. According to the results of the study, it was found that the efficiency of nitrite (initial concentration 23 mg
1-1), nitrate (initial concentration 9.3 mg 1-1) and phosphate (initial concentration mg 1-122.49) removal by Ch.
Vulgaris was; 82.6%; 78.55%; 30.9%, respectively. According to the results of the study, it was found that the
efficiency of N-NH4+ removal from synthetic wastewater with the participation of Ch. reinhardtii is 49-63 %, while
P-PO43- is 6-18 % (depending on the initial concentration of nutrients). Thus, Ch. reinhardtii is, first of all, a
promising microalgae species for the removal of ammonium nitrogen from wastewater. The culture of O. neglecta
was sensitive to excessively high concentrations of N-NH4+ (90-140 mg 1-1) and P-PO43- (26-90 mg I-1).



Nevertheless, these microalgae are characterized by high functional activity, as well as high efficiency of removal
of both ammonium nitrogen (60-61%) and phosphorus phosphate (43-55%) at initial concentrations of 30-50 mg -
1and 7-14 mg 1-1, respectively. It was found that Euglena gracilis is characterized by resistance to high
concentrations of nitrogen and phosphorus. The ability of Euglena gracilis to almost completely remove
ammonium nitrogen and phosphorus phosphate from the studied wastewater within 7 days was experimentally
proved. Mathematical modelling of phytoremediation processes was performed. The peculiarities of using
mathematical models of interaction between microalgae and biogenic pollution of the "predator-prey" type were
investigated. Mathematical models of microalgae interaction with phosphates and nitrates were developed and
tested, and the efficiency of microalgae use in the processes of phytoremediation of wastewater was evaluated.
The thesis analyses current approaches to the organization of municipal infrastructure on the basis of
environmental safety and identifies a number of problems associated with inefficiency, deterioration and
obsolescence of municipal facilities. Based on a critical analysis of current approaches to the organization of
municipal infrastructure, a conceptual model for the reconstruction of water treatment facilities on the basis of
environmental sustainability is developed. The prospects for the development of phytoremediation technologies in
the context of post-war reconstruction of the state are substantiated. Different designs of photobioreactors are
analyzed and their own designs are proposed to increase the efficiency of biomass cultivation with simultaneous
treatment of wastewater contaminated with nutrients. Methodological bases for decision-making in the
preparation of organizational and technical measures for the restoration of wastewater infrastructure in the
conditions of post-war reconstruction of the country on the basis of environmental safety have been developed. A
system of target indicators has been formed, on the basis of which an organizational and target model and an
algorithm for the implementation of organizational and technical measures for the restoration of wastewater
infrastructure have been proposed. An organizational model for the introduction of the method of
phytoremediation of wastewater into the technological process of treatment within the framework of
infrastructure organization on the basis of environmental safety has been developed. A methodology for assessing
the prospective level of environmental safety and the prospective results of environmental safety management of
the restored infrastructure using the methods of pairwise comparisons and methods of expert evaluation is
developed and proposed. A model of strategic management of infrastructure restoration is proposed, which
determines the procedure for strategic planning of restoration, the procedure for assessing the prospective level
of environmental safety of rebuilt or restored facilities, and the procedure for managing the environmental safety
of restored infrastructure.
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CO2F 1/00, CO2F 3 /32 (2006.01). ®oTobdiopeakTop 15l OYMILEHHS CTIYHUX BOJ, Bifj 6i0T€ HHUX eJIeMEHTIB.
Asropu Jlyupkuii M.T., [llamancekuit C.1., Tasmtox JLI. 3assi. 23.04.2021. Ony6:1. 08.12.2021. Broi. N2 49. 4 c. 3.
[Tar. 150473 MIIK: C12M1/04 CO2F3 /32. ®oTO6GiopeakTop-o4uiyBay CTiYHUX BOZ, [1JIOCKO-TIapajieJIbHOTO
KOMITOHYBaHHs. ABTopu Pomanenko €.0., [llamancekuit C.1., [asmox JLI. 3ass. 20.08.2021. Ony6u1.
23.02.2022. Bros. N2 49. 4 c. 4. ITar. 154789 MIIK: C12M1,/04 (2006.01). KackanHuii poTobiopeakTop. ABTOpU
Jlynpkuit M.I'., Cuporina 1.O., [llamaHCbKAN C.J., Mapmiox JLL, Hucap I'.O. 3agsn. 21.02.2022. Ony6J1.
20.12.2023. Bron. N2 51. 4 c.

BrnpoBaaKeHHS pe3yJIbTaTiB AHCEPTalii: BuposamkeHo

3B'130K 3 HAYKOBHMH TeMaMH: 0120U101961

VI. BizomocCTi Ipo HayKOBOr0 KepPiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Yymauenko Cepriit MukosanoBud

2. Serhii M. Chumachenko

KBasigikanis: n.1.1., c.u.c., 21.06.01

InenTudikarop ORCID ID: He 3acrocosyetscs

JoparkoBa inpopmamnist:

IToBHEe HafIMeHyBaHHS[ lopn,rmquoi ocoou: Jlep>kaBHMI HAyKOBO-AOCJIIHUI iHCTUTYT aBianii
Kopg 3a €IPIIOY: 24291249

Micuesnaxo,r.perHﬂ: ByJI. AHIIPIOILIEHKa, 6, Kuis, 01135, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MinicrepcTBo 060poHN YKpainu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tletpyk Bacuib I'puroposuy

2. Vasil G. Petruk

KBasigikamnis: n.1.1., mpodecop, 05.11.13

InenTudikarop ORCID ID: 0000-0002-0834-7338

JopaTrkoBa iHdpopmamist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL OCOOM: BiHHUIILKMII HAI[IOHA/ILHUI TEXHIYHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 02070693

Micuesnaxomxeunﬂ: ByJI. XMeJIbHUIIbKE 110ce, 6yz. 95, Binnuug, Binuunpkuit p-H., 21021, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's I1o-6aTbKOBI:

1. Tpoxumenko 'anna I'puropisna

2. Hanna Trokhymenko

KBasigikamis: n. 1. 1., npodecop, 21.06.01
ImenTudikarop ORCID ID: 0000-0002-0835-3551

JoparkoBa iHpopMmawuist: https://www.scopus.com/authid /detail.uri?authorld=57192818654;
https:/ /www.webofscience.com /wos/author /record /56047541,



https:/ /www.webofscience.com /wos /author /record /56052460;
https:/ /www.webofscience.com /wos /author /record /16830346;
https:/ /scholar.google.com.ua/citations?hl=uk&user=fnXJ_9IAAAAJ

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: HaujoHanbHuil yHiBEpCUTET KOPabiebyryBaHHs iMeHi

anmipana Makaposa

Kopg 3a €IPIIOY: 02066753

Micue3Haxoa KeHHS: npocrnekt [epois Ykpainu, 6y, 9, MukosaiB, Mukosaiscbkuii p-H., 54007, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

PeuenseHTu

VIII. 3aKkJIl04Hi BiZoOMOCTi
ByiacHe IlpizBuiie Im's ITo-6aThKOBI
TOJIOBH paju

BiiacHe IIpizBuine Im'sa ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiJaHHi
BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBnauk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peecTpallilo HayKOBOIi

OisIIBHOCTI

€pmakoB Biktop Mukosnaiosuy

€pmakoB Bikrop Mukosanosud

Mapkina JlrogpMuna MukosaiBHa

VKpIHTEI

IOpuenko TersiHa AHaToOJiiBHA



