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- KBamigikauifiHa HayKoBa ITpaljsl Ha IpaBax pyKonucy. Jlucepratisi Ha 3000yTTsI HAYKOBOTO CTYIIEHS JOKTOPA
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BiZJHOBJIEHHSI Ta BPAxOBY€ OCOOJIMBOCTI YTBOPEHHS Pi3HUX TUIIIB BilXOMiB Y BO€HHUN niepion. [Ipegmerom
IOCJIiIKeHb — CII0COOU Ta METOAM ITiBUIEHHS €KOJIOTIYHOI 6e3reKy ornepaliil yrpasiiHHS 3 Bixogamu
(OTOENEKTPUYHYX [IaHeJIeH, 10 POPMYIOThCS il BIJIMBOM BiIMiHHUX YMHHUKIB. B nuceprauiiiziit po6oTi
BYpillleHa BaXJIMBA HAYKOBO-TIPAKTUYHA 33/1a4a €KOJIOTiYHO OE€3[1€YHOr0 BEJEeHHS ONepaliil yIpaB/iHHS BiIXxogaMu
(OTOENIEKTPUYHUX MTAHEJIEH, SKi MaIOTh OCOOJIMBI YMOBHU TIOXOIPKEHHS, BKJII0YAl0YM MacOBO YTBOPEHi B YKpaiHi B
yMOBaX BOEHHUX [Iiil. Y BCTYIIi OGIPYHTOBAHO BUGIp TeMHU, aKTyaJIbHICTb pOOOTH, METY, 3a7ja4i, 00'€KT, IpeAMET Ta
METOJY AOCJiIPKEHHS, IOKa3aHO 3B$130K 3 HAyKOBO-TIPAKTUYHOIO pOO0TOI0 Kadepy, BU3HAUEHO HAYKOBY HOBU3HY
Ta [IPaKTUYHE 3HAYEHHS PE3YJIbTATIB. Y NEPIIOMY PO3JiJi 30iICHEHO aHalli3 CTaHy COHSIYHOI EHEPTETUKU B CBiTi Ta
YkpaiHi, a TaKO>XX 0OCSTIB i TEeHAEHLiN YTBOPEHHS BinxoiB GOTOeNeKTpUIHUX I1aHeseil. [IpoBefieHo aHati3
HAyKOBUX JIOCJIIKEHb 00 CKJIaNy BiiXoniB (OTOEIEKTPUYHUX NIaHesel. Po3risiHyTo npolec popMyBaHHS
BiZIXOZiB uepe3 3HUKeHHS e(PeKTUBHOCTI pob0TH MaHesel abo MOUIKOIKEHHS BHACIIOK BOEHHUX Till.
OxapakTeprn30BaHO CUCTEMY YIIPaBJiHHS Biixo#amu B YKpaiHi, 30KpemMa CTOCOBHO (POTOEIEKTPUYHUX NTaHETIEH.
CdopMys1bOBaHO 3aBIAHHS JOCII)KEeHHS Ta IIJISIXY iX BUPilleHHs. Y Apyromy po3iji nposeneHo Bubip Ta
OOI'PYHTYBaHHSI METOAMKH JOCJiIPKEHHS BILJIMBY €JIEKTPUYHMX KOMIIOHEHTIB BiIXO[iB COHSTYHUX (POTOETIEKTPUIHUX
naHesieil Ha IPYHT Ta NPUPOHi Bogu. TakoK ONMCaHO METOAMKY MiJrOTOBKU MaTepiaiB i JocaigkeHHs] 06 TOHHUX
KOMITO3ULIiH 3 I0ZaBaHHSAM CKJI00010. Y TPEThOMY PO3[iJii poaHasizoBaHo kiacudikalio Bigxonis
(oToeNEeKTPUYHUX [IaHeJIel B YKpaiHi 3a TUIIaMu yTBOPEHHS Ta iXHill HeraTUBHUI BIUIMB HA JOBKiJIISL. 30KpeEMa,
[IOKa3aHo, 10 HaNoiibly He6e3leKy CTAHOBJISITh BiIXOV IaHe e, IOMKOIKeHi BilIcbKOBOIO 36poeto. HaBeneHo
PE3yJbTaTU AOCIIIKEHD 100 BIUIUBY €JIEMEHTIB €JIEKTPUYHOI YACTUHU BiIXO/IiB HAa I'PYHT i BOJly, BCTAHOBJIEHO, 1110
MiZiHi IpOBiAHUKY 3a0pyAHIOIOTh I'PYHT iOHaMU MiJli Ta MOXKYTb BUKJIMKATH IIEBHUI CTYIiHb KOPO3ii MeTainy y
PiUKOBill BOAI. Y 4eTBEPTOMY PO3[iji JOCTIIKEHO 3arobiraHHs HETaTMBHIM Aii BinxoaiB GOTOENEeKTPUYHUX NTaHe IeN
Ha JIOBKiJIJIS Yepe3 MiABUILeHHS eKOJIOTiYHOi 6e3I1eKy yIpaBIliHHS BifXo4aMu. 3alIpONIOHOBAHO KOHIEMIIiI0
€KOJIOTiYHOI 6e31eKy, siKa BKIIIoUae 6JI0KY MTPOIIO3ulLill 3i 360py, 36epiraHHs Ta nepepodku Binxonis. [TokazaHo, 1m0
17151 €(PeKTUBHOrO YIIPaBJIiHHS BiIX0JaMU JOLiIbHO BUKOPUCTOBYBAaTH METOJ, 6araTOKpUTEPiaJlbHOTO aHaJIi3y
pillleHb 3 OLiHKOIO €KOJIOTIYHUX Ta EKOHOMIYHUX PU3MKIB. 3alIPOIIOHOBAHO IIPOTHO3HY MOJE/Ib YTBOPEHHS BiAXOMiB
Ha OCHOBI AMHaMiK1 iX (POpMyBaHHS Ta NOTY>KHOCTi COHSIYHOI €HepreTUKU B YKpaiHi. Y msiTomy po3aini
IIpeJCTaBJIeHO AOCIIIPKEHHS 040 MOXJINBOCTI BUKOPUCTAHHS CKJI0000 BiIXO[IiB IaHe el IJj1sl PEeLUKIIHTY.
3oKpeMa, po3IJISIHYTO 3aCTOCYBAaHHSI CKI00010 1151 YaCTKOBOI 3aMiHM LIEMEHTY Ta [1J1s1 [I0BHOI 3aMiHM IPUPOJHOTO
3aIMIOBHIOBAYA y CKJIaJaX OOBAXKEHUX Ta BaKKUX OETOHIB, MIPUIATHUX [IJIs1 CTBOPEHHS KOHCTPYKLIiN
3arajibHOOYiBEJIbHOTO Ta CIIELiaJIbHOTO MIPU3HAYeHHS. 32 BUCHOBKaMHU 1010 €(peKTUBHOCTI AUCEPTALiIIHOTO
IOCJiI)KeHHS Bifj3Hau€eHi TaKi HayKoBi pe3ysbTaTu: 1. Biepie oxapakTepru30BaHO Ta K1acu(iKOBaHO YTBOPEHHS
BiIXO[iB COHSIYHMX (POTOEIEKTPUYHUX N1aHesIel B YKpaiHi y BOEHHUI Nepiofl, a TAKOXX BU3HAYE€Hi 0COOJINBOCTI
BiIXO[IiB, ypaskeHUX BiiCBKOBOIO 36pO€I0; 2. Briepine BU3Ha4YeHO i JOBeeHO, o Bigxoau c-Si naHesnew, AKi
HaN6i/IbII BUKOPUCTOBYIOTHCS Y CBITi Ta B YKpaiHi, IpY MOUIKOKEHHI BiliCbKOBOIO 30pO€0 3a0pyIHIOIOTh I'PYHTHU
ioHaMu Mifii Ta MOXYTb 6YTH IOTEHLIIHUM JIKE€peJIOM 3a0pyAHEHHS IPUPOAHUX BOLoNM; 3. Habysia po3BUTKY
KOHIIEIlis NiBUIlleHHs €(PEKTUBHOCTI JisSIbHOCTI i3 3a1106iraHHs Ta 3MEHIIEHHS IKiIJINBOTO BILJIMBY Ha JOBKIJJIS
oriepalili TOBOIPKEHH! 3 BiIX0aMy COHSIUHUX (POTOEIEKTPUYHHUX [TaHeJIeH, 0 Y3rOIpKyEeThCS 3 HAlliOHAIBHOIO
cTpaTerielo yIpaBJliHHS Bigxonamu B YKpaiHi; 4. Habysi0 po3BUTKY IPOrHO3yBaHHS YTBOPEHHS BiIXOiB
(POTOENIEKTPUYHMX [TaHEeJIeH, 10 6a3yeThCs Ha JMHAaMIll ix pOpMyBaHHS Ta MOTYKHOCTI COHSIYHUX €JIEKTPOCTaHLIiN
B YKpaiHi; 5. YI0CKOHalIeHO MeTOo[] 6araTOKpUTepialbHOrO aHai3y /1Jis1 OLiHKUA €KOJIOTIYHOTO PU3UKY, SIKUM
BH3HaYa€e €KOJIOTIYHO Oe3MeyHi NISIXM BUKOPUCTAHHS BiIXOMiB COHSIYHUX POTOEIEeKTPUYHMX aHeseil; 6. Habyso
PO3BUTKY TEOPETUYHE OOI'PYHTYBAHHS Ta €KCIIEPUMEHTAJIbHE JOBEIEHHS MOXUJINBOCTI PELMKIIIHTY CKJIa BiIXO[iB
COHSIYHUX (HOTOENIEKTPUYHUX NTaHeJIeH J151 YaCTKOBOI 3aMiHU LIEMEHTY Ta [1J15 IOBHOI 3aMiHU IPUPOHOTO

HAIOBHIOBAYa y CKJIasiax 0OBaKEHUX Ta BAXKKMX OETOHIB 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 ORCHID ID: 0000-0001-7123-710X

JoparkoBa iHpopMauist: https://scholar.google.com.ua/citations?user=s6nOIGoAAAAJ&hl=uk;
https:/ /www.scopus.com/authid /detail.uri?authorld=55904046900

ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOHM: XapKiBChbKUil HALIOHAJIBHUI YHIBEPCUTET MiCHKOTO

rocriogapcersa imeHi O. M. bekeTtoBa

Kog 3a €IPIIOY: 02071151

Micueanaxo,zm(eﬂml: ByJl. Mapmana baskaHoBa, 6yx. 17, XapkiB, XapKiBCbKuUii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEpCUTETCHKUI

Bsacue IlpizBuuie Im's Ilo-6aThKOBI:
1. Yepuuw €mnizasera IOpiiBHa

2. Yelizaveta Y. Chernysh

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

Imentudikarop ORCHID ID: 0000-0003-4103-4306

JoparkoBa iHpopmanist: https://www.scopus.com/authid /detail.uri?authorld=55906737000
IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: CyMmchKuii iep>KaBHU# yHIBEPCUTET

Kopg 3a €IPIIOY: 05408289

Micuesnaxo,r.perHﬂ: ByJI. XapKiBCbKa, Oy, 116, Cymu, Cymcekuii p-H., 40007, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

PeuenseHTu

BiacHe IIpi3Bue Im'sa I1o-6aTbKOBI:
1. Ilitak InHa BsiuecsiaBiBHA

2. Inna V. Pitak

KBasigikanis: . . 1., gou., 05.17.08



InenTudikarop ORCHID ID: 0000-0002-5073-2942

JoparkoBa iHdpopmamnist:
https:/ /scholar.google.com /citations?user=0a7X8 MwAAAAJ&view _op=list_works&sortby=pubdate;
https:/ /www.scopus.com /authid /detail.uri?authorld=57190494075

IloBHE HaliMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHU# TEXHIYHUI YHiBEpCUTET "XapKiBChKUit

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micuesﬂaxo,q)l(eHHﬂ: ByJ1. Kupnindoga, 6yz. 2, XapkiB, XapKiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH: YHIBEPCUTETCHKUI

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. lecTonanos OJyekciit BanepinoBuy

2. Oleksiy V. Shestopalov

KBasigikamis: . . 1., gou., 05.17.08
InenTudikarop ORCHID ID: 0000-0001-6268-8638

HoparkoBa iHpopmamnist: https://www.scopus.com/authid /detail.uri?authorld=57163710100;
https://scholar.google.com.ua/citations?user=AMXH_ FUAAAA]

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupninyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

Inentudikarop ROR:

CeKTOop HayKH:. YHiBePCHUTETCHKUI

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im's I10-6aTbKOBI Bam6oss Cepriit OnekcanapoBuy
rOJIOBH pajau

Biiacue IlpisBume Im's ITo-6aThKOBI Bam6osp Cepriit OniekcaHapoBuy

rOJIOBYIOYOTO Ha 3aciJaHHi

BignmoBizansHMiA 32 MiATOTOBKY Karenin Banum IMutpoBuy

00JIiIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




