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- KBanigikauifiHa HaykoBa ITpaljsl Ha IpaBax pykonucy. Jlucepraliisi Ha 3000yTTsI HAYKOBOTO CTYIIE€HS JOKTOpa
dinocodii 3a cneunianpHicTio 101 «Exosnorisay (10 - IIpuponnudi Haykn) — HanjioHanbHUI TEXHIYHMN YHIBEPCUTET
«XapKiBCbKUY MOJITEXHIYHNAN iIHCTUTYT», 2024. [lucepTaLiiiHy po60Ty BUKOHAHO Ha Kadenpi XxiMiYHOI TEXHIKU Ta
IIPOMUCJIOBOI €KoJI0rii HallioHa/IbHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiBCbKUI MOMITEXHIYHNN IHCTUTYT». O6'€KT
IOCJTiI)KEeHHS — YIPaBJiHHS BiIXOJaMU COHSYHUX (POTOEIEKTPUYHUX TIaHeIel], 10 BKIIIoYae omepallii ix o6pooku i
BiZJHOBJIEHHSI Ta BPAxOBYy€e OCOOJIMBOCTI YTBOPEHHSI Pi3HUX TUIIIB BiIXOAiB Y BOeHHUN niepion. [IpegmeTom
IOCJIiIKeHb — CIIOCOOU Ta METOAM ITiIBUIIEHHS €KOJIOTIYHOI 6e31eKy onepaliil yrpasiiHHS 3 Bifxogamu
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BUpillleHa BaKJIMBa HAyKOBO-TIPaKTM4HA 3a7jaya €KOJIOTiYHO 6€3MeYHOro BeIEHHS ONlepalliil yIIpaBiliHHS BigXogaMu
(doToeNeKTPUYHNX [TaHeJIeH, SIKi MAalOTh OCOOJIMBI YMOBY IIOXOI’KEHHSI, BKJII0YAI0YM MAaCOBO YTBOpEHi B YKpaiHi B
yMOBaX BOEHHUX [Iiil. Y BCTYIIi OGIPYHTOBAHO BUGIp TeMHU, aKTyaJIbHICTb pOOOTH, METY, 3a7ja4i, 00'€KT, IPeAMET Ta
METOY AOCJIiIPKEHHS, IOKA3aHO 3B$130K 3 HAyKOBO-TIPAKTUYHOIO POOOTOI0 Kadepy, BU3HAYEHO HAYKOBY HOBU3HY
Ta [IPaKTUYHE 3HAYEHHS PE3YJIbTATIB. Y NEPIIOMY PO3JiJi 30iICHEHO aHali3 CTaHy COHAYHOI EHEPTETUKMU B CBiTi Ta
YkpaiHi, a TaK0o>XX 0OCSTiB i TEHIEHLN YyTBOPEHHS BiixoiB GOTOEIEeKTPUYHUX N1aHeseil. [IpoBefieHo aHali3
HAyKOBUX JIOCJIIKEHb IOA0 CKIaNy BiiXoniB (POTOEIEKTPUYHUX NIaHe e, PO3risiHyTo npolec GopMyBaHHS
BiIXOZiB Yepe3 3HIDKEHHS €PEKTUBHOCTI POOOTH NaHesel abo MOMKOIKEHHS BHACJIIOK BOEHHUX Jjiil.
OxapaKTepr30BaHO CUCTEMY YIIpaBJIiHHS Binxonamu B YKpaiHi, 30KpemMa CTOCOBHO (POTOEIeKTPUYHUX ITaHeJIeH.
CdopMyJIbOBAHO 3aBIAHHS JOCII)KEHHS Ta IIJISIXY iX BUPilleHHs. Y ApyromMy po3ziji nposeneHo BUbip Ta
OOI'PYHTYBaHHSI METOAMKH JOCJIiIPKEHHS BILJIMBY €JIEKTPUYHMX KOMIIOHEHTIB BiIXO[iB COHSTYHUX (POTOETIEKTPUIHUX
IIaHeJIel Ha I'PYHT Ta NpUPOAHi Bogu. Takoxk ONKMCaHO METOIMKY MiZrOTOBKU MaTepiasiB i JocimKeHHs] 6E TOHHUX
KOMITIO3ULIil 3 1ofaBaHHSIM CKJI00010. Y TPeThbOMY PO31iJii IpoaHasizoBaHo ki1acudikaliio Bigxomiis
(OoTOENEKTPUYHNUX [TaHeJIel B YKpaiHi 3a TUIIaMu yTBOPEHHS Ta iXHill HEraTUBHUI BIUIMB HA JOBKiJISL. 30KpEMa,
MI0Ka3aHo, 10 Halbisbly HEOE3TEKY CTAHOBJIATD BiTXONY NaHesell, MOIKOKeHi BiiCbKOBOIO 36poeto. HaBeneHo
PEe3yJbTaTU JOCHIIKEHD 1010 BIJIUBY €JIEMEHTIB €JIEKTPUYHOI YaCTUHU BiAXOAiB Ha I'PYHT i BOy, BCTAHOBJIEHO, 110
MiJHi IPOBiAHUKY 3a6PYAHIOIOTb IPYHT iOHAMU Mifli Ta MOXXYTb BUKJIMKATH IIEBHUI CTYIiHb KOPO3ii MeTainy y
PIiUKOBIll BOAIL. Y 4ETBEPTOMY PO3[iji JOCIIKEHO 3aM0biraHHs HETaTYMBHIM Aii BixoaiB GOTOENEKTPUIHMX NTaHETIEN
Ha JIOBKiJIJIS yepes IiABUILEeHHS eKOJIOTiYHOi 6e3I1eKy yIpaBliHHS BifXo4aMu. 3allpONIOHOBAHO KOHIIEILIiI0
€KOJIOTi4YHOI 6e3I1eKH, siKa BKJIIo4ae 6JI0KY MTPOINo3ullill 3i 300py, 36epiraHHs Ta nepepodku Binxoais. [TokazaHo, 110
17151 €(PEKTUBHOrO YIIPaBJIiHHS BiIXOJaMU JOLiIbBHO BUKOPUMCTOBYBAaTH METOJ, 6araTOKpUTEPiaJbHOTO aHaJIi3y
pillleHb 3 OLiHKOIO €KOJIOTIYHUX Ta EKOHOMIYHUX PU3MKIB. 3alIpOIIOHOBAHO IIPOTHO3HY MOJE/b YTBOPEHHS BiAXOMiB
Ha OCHOBI AMHaMIK1 ix GOpMYBaHHS Ta IIOTY>KHOCTI COHSIYHOI €eHepreTuky B YKpaiHi. Y m'sTomy posnini
IIpeJCTaBJIEHO AOCIIIPKEHHS 00 MOXJINBOCTI BUKOPUCTAHHS CKJIO00I0 BiIXO[iB NaHe el 1151 PELUKIIHTY.
30KpeMa, pO3IJISIHYTO 3aCTOCYBAaHHSI CKJI00010 JJ151 YaCTKOBOI 3aMiHM LIEMEHTY Ta [J1s1 [I0BHOI 3aMiHM IPUPOJHOTO
3aII0BHIOBAYA Y CKJIAZ]aX OOBAXKEHUX Ta BaXKKUX OETOHIB, IPUIATHUX 711 CTBOPEHHS KOHCTPYKLIiN
3arajibHOOY[iBEJIbHOTO Ta CIeLiaJIbHOTO NPU3HAaYeHHs. 32 BUCHOBKaMU 1010 e(peKTUBHOCTI AUCEPTALiliHOTO
IOCJiIKEeHHS Bifj3Hau€eHi TaKi HayKoBi pe3ysbTaTu: 1. Biepiie oxapakTepru30BaHO Ta K1aCU()iKOBAaHO YTBOPEHHS
BiIXO[IiB COHSTYHMX (POTOEIEKTPUYHUX NaHe el B YKpaiHi y BOEHHUI Nepiofl, a TAKOXK BU3HAYEHi OCOOJINBOCTI
BiIXO[iB, ypaskeHUX BifiCbKOBOIO 30pO€I0; 2. Briepine BU3Ha4eHO i JOBeeHO, o Bigxoau c-Si naHesnew, ki
HaMOi/IbII BUKOPUCTOBYIOTHCS Y CBITi Ta B YKpaiHi, IpY NOUKOKEHHI BiliCbKOBOIO 30pO€0 3a0pyIHIOIOTh I'PYHTHU
ionamu mizi Ta MOXYTb OyTH NOTEHUIMHUM [IXEPEJIOM 3a0pyIHEHHS IPUPOIHUX BOLOMM,; 3. Habysa po3BUTKY
KOHLIETILIis MigBuIneHHs e(peKTUBHOCTI AisIbHOCTI i3 3arobiraHHs Ta 3MEeHIIeHHS! LIKiIJINBOTrO BIJIMBY Ha OBKIJJIS
orepalili TIOBOIPKEHHS 3 BiIX0laMU COHSIYHUX (POTOEIEKTPUYHHUX [TaHeJIeH, [0 Y3roIpKyeThCs 3 HalliOHAIbHOIO
cTpaTerielo yIpaBJiliHHS Biaxogamu B YKpaiHi; 4. Habysi0 po3BUTKY IPOrHO3yBaHHS YTBOPEHHS BiIXOiB
(doToeneKTpUYHUX NaHeJIeH, o 6a3yeThCs Ha TUHAMIL iX pOpMyBaHHS Ta MOTYKHOCTI COHSYHUX €JIeKTPOCTaHLIiN
B YKpaini; 5. YIOCKOHaIeHO MeTO[, 6araTOKpUTePiabHOTO aHAai3y /171 OL[iHKY €KOJIOTIYHOTO PUBKKY, SIKU
BH3HayYa€e €KOJIOTIYHO Oe3MeYHi NIJISIXU BUKOPUCTAHHS BiIXOiB COHSIYHUX (POTOEIEKTPUYHMX NaHeseil; 6. Habysio
PO3BUTKY TEOPETUYHE OOI'PYHTYBAHHS Ta €KCIIEPUMEHTAJIbHE JOBENEHHS MOXJINBOCTI PELUKIIIHTY CKJIA BiIXO[iB
COHSAYHUX (POTOEJIEeKTPUYHUX IIaHeJIeH 171 YaCTKOBOI 3aMiHU LIEMEHTY Ta IJ1s1 IIOBHOI 3aMiHU ITPUPOIHOTO

HaIOBHIOBAYa y CKJIasiax 00BaKEHUX Ta BAXKKMX 6ETOHIB 32 paxyHOK iX MaTpUYHOI CIIOPiTHEHOCTI.

2. Katenin V.D. Enhancement of Environmental Safety in the Operations of Handling Photovoltaic Panel Waste. -
Qualification research work in the form of a manuscript. Dissertation for the degree of Doctor of Philosophy in
specialty 101 "Ecology" (10 - Natural Sciences) - National Technical University "Kharkiv Polytechnic Institute", 2024.
The dissertation was written at the Department of Chemical Techniques and and Industrial Ecology of the National
Technical University "Kharkiv Polytechnic Institute", 2024. The object of research is the management of waste from
solar photovoltaic panels, which involves their processing and recovery operations and takes into account the
specifics of the formation of different types of waste during the war period. The subject of research is the methods



and ways to increase the ecological safety of waste management operations from photovoltaic panels, which are
formed under the influence of various factors. This dissertation addresses the significant scientific and practical
problem of environmentally safe handling operations for photovoltaic panel waste, which have special conditions
of origin, including those massively generated in Ukraine during wartime. The introduction substantiates the
choice of the topic, the relevance of the work, the objectives, tasks, object, subject, and methods of research,
shows the connection with the scientific and practical work of the department, and defines the scientific novelty
and practical significance of the results. The first chapter analyzes the state of solar energy in the world and
Ukraine, as well as the volumes and trends in the formation of photovoltaic panel waste. A review of scientific
research on the composition of photovoltaic panel waste is conducted. The process of waste formation is
considered due to the reduction in the efficiency of panels or damage caused by military actions. The research
tasks and ways to solve them are formulated. The second chapter selects and justifies the methodology for
studying the impact of electrical components of photovoltaic panel waste on soil and natural waters. It also
describes the methodology for preparing materials and researching concrete compositions with the addition of
glass cullet. The third chapter analyzes the classification of photovoltaic panel waste in Ukraine by types of
formation and their negative impact on the environment. In particular, it shows that the most dangerous are the
wastes of panels damaged by military weapons. The research results on the impact of elements of the electrical
part of the waste on soil and water are presented. The fourth chapter explores the prevention of the negative
impact of photovoltaic panel waste on the environment through enhancing the environmental safety of waste
management. It proposes a concept of environmental safety, which includes proposals for the collection, storage,
and processing of waste. It shows that for effective waste management, it is advisable to use a multi-criteria
decision analysis method. A predictive model for waste formation based on the dynamics of their formation and
the capacity of solar energy in Ukraine is proposed. The fifth chapter presents research on the possibility of using
waste glass from panels for recycling. In particular, it considers the application of waste glass for partial
replacement of cement and for complete replacement of natural aggregates in the compositions of heavy and
dense concretes suitable for general construction and special-purpose structures. The conclusions regarding the
effectiveness of the dissertation research highlight the following scientific results: 1. For the first time, the
formation of waste from solar photovoltaic panels in Ukraine during the wartime period has been characterized
and classified, and the features of waste affected by military weapons have been identified; 2. For the first time, it
has been determined and proven that the waste of c-Si panels, which are the most used in the world and in
Ukraine, when damaged by military weapons, pollute the soil with copper ions and can be a potential source of
pollution of natural water bodies; 3. The concept of increasing the efficiency of activities to prevent and reduce the
harmful impact on the environment of operations related to the handling of PV panel waste has been developed; 4.
The forecasting of the formation of photovoltaic panel waste, based on the dynamics of their formation and the
capacity of solar power plants in Ukraine, has been developed; 5. The method of multicriteria analysis for assessing
environmental risk, which determines environmentally safe ways of using PV panel waste, has been improved; 6.
Theoretical justification and experimental proof of the possibility of recycling glass waste from PV panels for
partial replacement of cement and for the complete replacement of natural aggregate in concrete compositions
due to their matrix compatibility have been developed.
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InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. YepHuw €mnizaBeta IOpiiBHa

2. Yelizaveta Y. Chernysh

KBasigikanis: n. 1. u., nou., 21.06.01

InenTudikarop ORCID ID: 0000-0003-4103-4306

JoparkoBa iHpopmamist: https://www.scopus.com /authid /detail.uri?authorld=55906737000
IloBHe HaiMEeHYBaHHSI IOPHUAHUYHOI 0COOM: CyMCBbKUIL JePKaBHUI YHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

MicueSHaxo,q)KeHHﬂ: ByJI. XapKiBcbKa, 6y1. 116, Cymu, Cymcobkuii p-H., 40007, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Penensentu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Tlitak IHHa BsyecaBiBHa

2. Inna V. Pitak

KBasigikamis: . . u., gon,., 05.17.08
Imentudikarop ORCID ID: 0000-0002-5073-2942

JonaTkoBa iHdopmaris:
https://scholar.google.com /citations?user=0a7X8MwAAAAJ&view _op=list_works&sortby=pubdate;
https:/ /www.scopus.com /authid /detail.uri?authorld=57190494075
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VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IlpisBume Im's ITo-6aTbKOBI Bam6osp Cepriit Onexcannposud

TOJIOBH pagu

BaacHe IlpizBuie Im's [10-6aTbKOBI Bam6osp Cepriit Onexcanaposuy

rOJIOBYIOYOTO Ha 3acigaHHi

BignoBizanbHMiL 32 NiATOTOBKY Karenin Bagum JiMutposnd

00JIIKOBHX JOKYMEHTIB

PeecrpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZasIbHUM 32 PEECTpalLilo HayKOBoO1

OisIJIBHOCTI

FOpuenko TetsHa AHaToJiiBHA



