O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeEP: 0825U000387
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peectpaunii: 31-01-2025

Craryc: 3amanoBana

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:

1. Uybyp BixTopis CepriiBHa

2. Viktoriia Chubur

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs
Bupg, pucepranii: nokrop dinocodii
AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi crieniaIbHOCTI: 183

Ha3Ba HayKoBOIi CIeniaJIbHOCTI: TexHOJIOTii 3aXMCTy HABKOJIMIIHBOTO CEPEJOBHLIA

T'anyss / ranysi 3HaHb!

OcCBiTHBO-HAayKOBa IMporpama 3i CreniaJbHOCTi: TeXHOJIOr 3aXMCTy HABKOJIMIIHBOTO CEPENOBHUIIA

Jara 3axHcCTy: 12-05-2023

CnenianbHICTD 32 OCBIiTOXO: 183 TexHOJIOTIi 3aXMCTy HABKOJIMIIHBOTO CEPEIOBUINA

Micue po6oTu 3400yBayva:
Kopg 3a €1PIIOY:
Micue3HaxoaKeHHS:
dopma BaacHOCTI:

Cdepa ynpaBiiHHs:

ImenTudikarop ROR: He zacrocoyerbcs



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYEHOI pagH (pa30Boi CIeliaJi30BaHOi BYE€HOI pazu). PhD 1217
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMChKMIi €PKAaBHUIA YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micue3Haxoa>KeHHSI: By/1. XapkischbKa, 6y1. 116, Cymu, Cymcbkuii p-H., 40007, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOHM: CyMCbKUIi J€PKaBHUI YHIBEPCUTET
Kopg 3a €IPIIOY: 05408289

Micue3HaxoaKeHHS: ByJI. XapKiBcbKa, 6y1. 116, Cymun, Cymcokuii p-H., 40007, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH i HayKU YKpaiHu

InenTudikarop ROR:

V. BizomocTi npo gucepraniio
MoBga guceprTallii: Vkpaincoka
Kopu TemaTuyHuX pyopHK: 70.01.84, 87.53

Tema gucepranii:
1. ExosioriuHo 6e3neydHa yTuizalis BilXo/liB B €eHePreTUYHUX LiJIsIX B TEXHOJIOTISIX 3aXUCTY JOBKIJIIS

2. Environmentally safe utilisation of waste for energy purposes in environmental protection technologies

Pedepar:

1. Inceprariiina po60oTa IpuCBIYeHa PO3POOJIEHHIO TEXHOJIOTIYHYX pillleHb YTuIi3aLii BifkxoiB B aHaepoOHNX
crcCTeMax OTPUMAaHHS €HepreTUYHUX PECYPCiB Ta KOPUCHUX GiONPOAYKTIB i3 3MEHIIEHHSIM TEXHOT€HHOTO BIJIUBY
Ha JI0BKiIsl. BUKOHaHO aHasli3 TEXHOT€HHOTO BIUIMBY Ha €KOCUCTEMY Iif] Yac IOBOIKEHHS 3 BilXOJaMU Pi3HOTO
re"e3ucy. [IpoBeneHa ouiHka BUOOPY iHTErpoBaHUX IIPOLECiB yTUIi3alii BiaxoaiB aJist 1oTped 3e1eH0i eHepreTUKu
Ha IificTaBi BUBYEHHS CKJIaJly, BJIAaCTUBOCTEN i METOiB iX 06POOKY 3 PO3POOKOIO €KCIIePUMEHTAIbHO-METOAUYHOTO
KOMILJIEKCY peatidalii npoueciB yTyilidalii BifxoIiB B eHEPreTUYHUX Linsax. [Iig peanisalii eKcriepuMeHTaIbHUX
IOCHiIXeHb O0yJI0 pO3pO06JIEHO KiJIbKaxX YCTAHOBOK MOJIEJIIOBAHHS IIPOLECY iHTeHcuPikallii aHaepoOHOi KOHBepCii
OpraHiuHUX BiIXOHiB 3 BUKOpUCTaHHIM (docdorincy min yac enexrpodpepmeHTalii Ta 3 BAKOPUCTAHHSAM
yJIbTPa3BYKOBO] [ToNepeHbOI 0OPOOKU BigxoHiB. BcTaHOB/IEHA ONTUMaIbHA KOHLIEHTpalis (pocdoriney nig yac
aHaepOOHOro 36POIKYBAaHHS KiJIbKOX TUIIB OPraHiYHUX BiIXOJiB POCIMHHOIO Ta TBAPMHHOIO IOXOIXEHHS, Ta OyJIa
PO3po6JIeHa y3arajbHIOIYa TUIIOJIOTisS OPraHiYHUX BiIXOAIB, sIKi MOXKYTh BUKOPHUCTOBYBATUCS 17151 TIOTPE6 3€J1€HO]

eHepreTuku. JJoCIiIKeHO BIJIMB Pi3HUX 103 MiHEpaJbHOTO HAaBaHTaKeHHS 3 BifHONIEHHIMU 5% Ta 15% no6aBKu



docdorincy 7o Macu Cyxoi pe40BUHM POCIMHHOIO CyOCTPaTy Ha BUPOOHULITBO 6iorasy, BUXifi METaHy, SIKIiCTb i
KOHLIEHTPALlilo eJIEeMEeHTIB B AirecTtarti 1o Ta IicJs Ipolecy aHaepoOHOTo 30pOIKyBaHHS. Y KOMIIJIEKCHOMY
GionpenapaTi Ha OCHOBI firecrary (opraHiuyHoro fo6pusa) i3 pocdorirncom NOPiBHIHO 3 JlirecTaToM 6€3 L00aBKU
OyJii BU3HAYEHi 3HAUHI 30i/IbII€HHS KOHIEHTpaLlii Kalilo, KaJbllilo, KPEMHIIO, CIDKU Ta ajlOMiHilo, 10 J03BOJIsIE
BUKOPUCTAHHS GioNpenapariB Ha IPYHTAX, 10 OTPEOYIOTh BiIHOBJIEHHS POAIOYOCTi Ta 6i0CTUMYJIIOBAHHSI PO3BUTKY
KOPHMCHOI I'pyHTOBOI 6ioTu. Y npoueci iHTeHcudikariii enekrpodepmeHnTallii opraHiyHuX BinxofiB i3 pocdorincom sk
MiHEpaJIbHOIO 0OABKOIO BU3HAYEHO MEXAHI3MM KOMIIEHCATOPHOI Aii Ha ra3o-pinuHHy Ta TBEpAy dasu
30pO/I’KYBaHMX BifIXOZiB i3 3B'sI3yBaHHSM TOKCUYHUX KOMIIOHEHTIB B Giorasi ta girecrari. HaykoBo Ta
€KCIIEpMMEHTAJIbHO OOTPYHTOBAHO, 1110 6i0esIeKTpoxiMiyHi peakiiii J03BOJISIIOTh CKOPOTUTH Hepiof, cTabimizarii
npoliecy BUxony 6iorasy i 30i7bIINTH KiIbKICTb BUIZIEHOTO 6ioMeTaHy. 3arajbHuil BUxif 6iorasy 3 6iopeakropa-
esieKTpoJiizepa 36inbmuBcs Ha 30-35%, NpOAyKTUBHICTL Ha 28 no0y cTaHOBMIIA 1525 M1, 3 sKux 640,5 MJI METaHy,
NIOPIBHSIHO i3 CTaHAAPTHUMU YMOBaMHU Ha 28 100y Buxin 6iorasdy craHoBuB 50 Mil (3 sIKuX 33,4 MJI METaH).
BusHaueHO ONTUMAJIbHUN PEXUM IIPOBEIeHHS eJleKTpodepMeHTallii 3 IOCTINHUM eJIEKTPUYHUM CTPYMOM CUJIOIO
20 A mpoTsarom 5 XBWIMH OJIMH Pa3 Ha A06y. ITpu 11boMy BMICT CipKOBOJIHIO B 6iorasi 3 6iopeakTopa-eseKTposisepa
3HAYHO HWDKYMI, HIX IpY CTaHAPTHUX YMOBAX aHA€pPOOHOro 300popkeHHs. Tak, B rpoleci esnekTpo pepmeHTalii 3
Iob6aBkoio pocdorincy KoHIeHTpallis CipkoBOJIHIO 3HU3UIAcs Ha 14-11 eHpb 1o 487 ppm, Mif] 4ac CTaHJAPTHUX YMOB
KOHLIeHTpalis Ljei mKinanBoi noMimky craHosusa nonas 5000 ppm. [IpakTryHa 3HavyLicTh po6OTH
HiATBEPAKEHA pe3yIbTaTaMM BIPOBAIXEHUMU B PaMKax CIIiJIbHOTO YKPAiHChKO-4€CbKOI0 HayKOBO-JOCJiIHOTO
npoeKTy "bioeHepreTuyHi iHHOBAllii B PELMKIIIHTY BiIXOIB Ta paljioHaIbHOMY BUKOPMCTAaHHI IPUPOAHUX PECYpPCiB”
(2021-2022 pp.), a TakoxX y paMmkax npoekry "AgriSciences Platform for Scientific Enhancement of HEIs in
Ukraine"(2020-2022). Po3po6s1eHO NpaKTUYHi peKOMEeHallii 1010 BIPOBAIKEHHS Y BUPOOHULITBO TEXHOJIOTI]
OTPMMAaHHS TBEP0(pa3HOro NPOAYKTY pepMeHTallii OpraHo-MiHepaIbHOro 10OpKBa i3 aHaepOOHOTO AUreCTaTy B
noenHaHHi 3 pocdorincom, K BiaxomoM XiMiUHOro BUPOGHUIITBA, [TpoBeeHuME Ha 6a3i Cymcpkoro HII « MIHITT»
(migTBEpIKEHO aKTOM BIIPOBAKEHHs Bif, 15 BepecHs 2022 poky) y M. Cymu Ta CIT « TEXHOTIOJIIC» (nmizTBepkKeHo
aKTOM BIIPOBaKeHHs Bif 1x0BTHs 2022 poky). KpiM TOro, oTprMaHo naTeHT Ha KOPUCHY MOJIeJIb (IaTeHT YKpaiHu
N2149860, 2021). BupoBazpkeHO B HaB4YaIbHUI Npolec Kadenpu NPpUKIIaAHOi eKoJorii CyMCbKOro Aep>KaBHOTO
VHiBEepCUTETy METOOUYHUI MifXif, mono peanisalii KoHuemnuii “3esieHoi” eHepreTUKY B IIpoliecax yTuisalii
OpraHiuYHUX BiXOZiB 3 OTPUMaHHAM Oiorasy Ta 6i0KOMIIO3UTIB, CIOCi6 iHTeHCcU(iKallis BUpOOHULITBA 6iorasy B
TEXHOJIOTISIX afjanTalii 7o 3MiH KJIiMarty, Ol JOCSITHEHHS CTabiJIbHOTO PO3BUTKY €KOCUCTEMU B YMOBAX BUCOKOTO
PiBHSI TEXHOT€HHOTO HaBaHTAaKE€HHS B HABYaJIbHOMY IpoLeci AucuuIiiiz «TexHoekooris», «biorexHosorii B
IIPOMUCJIOBOCTI» Ta «|HHOBaLiNHI MiIX0 AU 00 PO3pO06JIEHHS TEXHOJIOT 3aXUCTY AOBKINA» (aKT Bifg 7 KBiTHS 2022
PoKy). Kpim Toro, BIpoBaZKeHO y MeKax IPoeKTy "bioeHepreTuyHi iHHOBaLlii B yNIpaBJliHHI BiIXOJaMU:
€BpOMENChKUN AOCBiM, BIIPOBAIPKEHHS LIMPKYJIAPHOI eKOHOMIKM" riporpamu €C Epasmyc+ XKan Mone
(BIOINWASTE, N 101085172) B 2022. Tako>X y Me>KaX CIiJIbHOTO OCBiTHbOTO MpoeKTy "Exomarininr: Development of
Integrated Ph.D. Program for Sustainable Mining & Environmental Activities" nig, yac gocaigpkeHb TEXHOJIOTI]

yTUIi3alii BiAXoliB B eHepreTuYHuX Linsax B TexHidHOMY yHiBepcuTeTi "Bergakademie Freiberg" (HimedunHa).

2. The dissertation is dedicated to the development of technological solutions for waste utilization in anaerobic
systems for energy resource and useful bioproducts production with a reduction of environmental impact. The
study analyzes the anthropogenic impact on ecosystems during the management of waste of various genesis. An
assessment of the selection of integrated waste utilization processes for the purposes of green energy was carried
out based on the study of their composition, properties, and processing methods, with the development of an
experimental and methodological complex for implementing waste utilization processes for energy purposes.
Several experimental setups were developed for modeling the process of intensifying anaerobic conversion of
organic waste using phosphogypsum during electrofermentation and ultrasonic pre-treatment of waste. Optimal
phosphogypsum concentration during anaerobic digestion of various types of organic waste of plant and animal
origin was determined and a generalized typology of organic waste that can be used for green energy needs was
developed. The effect of different doses of mineral loadings with ratios of 5% and 15% of phosphogypsum additive
to the dry matter mass of plant substrate on biogas production, methane yield, quality, and concentration of



elements in digestate before and after the anaerobic fermentation process was investigated. Significant increases
in potassium, calcium, silicon, sulfur, and aluminum concentrations were identified in the complex bioproduct
based on digestate (organic fertilizer) with phosphogypsum compared to digestate without additives, allowing to
use bioproduct on soils that require fertility restoration and bio-stimulation of beneficial soil biota. During the
electro-fermentation intensification of organic waste with phosphogypsum as a mineral additive, the mechanisms
of compensatory action on the gas-liquid and solid phases of fermented waste with the binding of toxic
components in biogas and digestate were determined. It was scientifically and experimentally substantiated that
bioelectrochemical reactions can reduce the stabilization period of the biogas production process and increase the
amount of biomethane produced. The overall biogas output from the electro-lysis bioreactor increased by 30-35%,
and the productivity over 28 days was 1525 ml, with 640.5 ml of methane, compared to the standard conditions on
the 28th day the biogas yield was 50 ml (33.4 ml of methane). The optimal mode of electrofermentation with a
constant electric current of 20 A for 5 minutes once a day was determined. The hydrogen sulfide content in the
biogas from the bioreactor electrolyzer was significantly lower than under standard anaerobic fermentation
conditions. During electro-fermentation with the addition of phosphogypsum, the concentration of hydrogen
sulfide decreased on the 14th day to 487 ppm, while under standard conditions the concentration of this harmful
impurity was more than 5000 ppm. Practical recommendations have been developed for the implementation of a
technology for obtaining a solid-phase product of fermentation of organo-mineral fertilizer from anaerobic
digestate in combination with phosphogypsum, a waste of chemical production, carried out at the Sumy Research
Institute "MINDIP" (confirmed by the implementation act of September 15, 2022) in Sumy city and SP
"TECHNOPOLIS" (confirmed by the implementation act of October 1, 2022). In addition, a patent for a utility model
has been obtained (Ukrainian patent No. 149860, 2021). A methodological approach for the implementation of the
"green” energy concept in the processes of organic waste utilization to produce biogas and biocomposites has
been introduced into the educational process of the Department of Applied Ecology at Sumy State University. This
approach includes the intensification of biogas production technologies in adaptation to climate change, to
achieve sustainable development of ecosystems in conditions of high levels of technology is implemented in the
disciplines "Technoecology", "Biotechnology in Industry", and "Innovative Approaches to Environmental Protection
Technologies" (Act of April 7, 2022). Additionally, it has been implemented within the framework of the European
Union Erasmus+ Jean Monnet program project "Bioenergy Innovations in Waste Management: European
Experience in Circular Economy" (BIOINWASTE, No. 101085172) in 2022. Furthermore, research on waste utilization
technology for energy purposes is being conducted at the Technical University "Bergakademie Freiberg"
(Germany) as part of the joint educational project "Eco-mining: Development of an Integrated Ph.D. Program for
Sustainable Mining and Environmental Activities."
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rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBimasibHU 32 MiATOTOBKY Boiiko AHTOH ONeKCaHapOBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisIJIbHOCTI




