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Pedepar:

1. InceprauiiiHe NOCTiIPKEHHS TPUCBIYEHO PO3POOIEHHI0 METOJUYHHUX Ta MTPUKJIAJHUAX [T0JI0KEHb KOMILIIEKCHOTO
OLIiHIOBaHHS Ta MOHITOPUHTY BILJIMBY Ha [IOBKIJIJISI MYHILIMIIAJIbHUX CUCTEM BOJIOBiABENE€HHS 7151 3a0€3I1eYeHHS
iXHBOI €K0JIOTiYHOi 6e3neKku. Y poboTi MpoaHai30BaHO CYYaCHUM €KOJIOTIYHUI CTaH MYHILUMIIAJIbHUX CUCTEM
BOJOBiIBEIeHHS B YKPaiHi, JOCTiI>KeHO TEOPETUYHI Ta METO/I0JIOTiYHI MiIxXoau 1o 3a6e3rnedyeHHs iXHbOi
€KOJIOTiYHOI 6e3I1eKH, a TAKOXX €KOJIOTIYHY 3HAUYILiCTh Ta iCHYI0UM METO[IM BU3HAUYEeHHS eKcinbTpallii Ta
inginpTpaunii. AHani3 JiTEPaTYPHUX AKEpeJl I0Ka3aB, 1[0 3arajibHUN 06CAT 30UTKIB 3pyHOBAHOI Ta [OMIKOIPKEHO]
iHPPACTPYKTYpH BOJONIOCTA4YaHHS T BOAOBIIBEIEHHSI CTAHOM Ha No4atok 2024 poky csras 3,318 minbapais

nosnapis CIIIA. Hespakarouu Ha 3HaYHUIT OOCST NOCIIiI)KEeHb Ta aKTYaJIbHICTh IUTaHb, II0B'SI3aHUX 3 €KOJIOTTYHOIO



0€3MEKOI0 CUCTEM BOJIOBiTIBEIEHHS Ta HAMIIMHICTIO IX OKPEMUX KOMITIOHEHTIB, KOMIIJIEKCHA OL[iHKA €KOJIOTi4HOi
6e3reKy MyHIIMIIaIbHUX CUCTEM BOJIOBiIBEIEHHS 3a/INIIA€THCSl HEJJOCTATHBO BUCBITJIEHOIO B HAYKOBIH JliTepaTypi.
J71s1 BUpillleHHS LIbOTO 3aBJAaHHS 3alIPOIIOHOBAHO Ta TEOPETMYHO-OOIPYHTOBAHO KOHIIEMILIO OLliHIOBAaHHS
€KOJIOTi4YHOI 6€3M1€KM MYHILUNAJIBHUX CUCTEM BOJOBIJIBEJIEHHS, sIKa [PYHTYETbCSI HA CUCTEMHIN MOJIeJli Ta BpaXxOBYe
XiMivHi, 6iosioriuHi Ta excrryaTtaniiiti pakropu. CucremHa Mmojenp «MyHilunanpHa cucTemMa BOJOBiIBeJeHHS»
CKJIQZIA€TBHCS 3 TPHOX MifcucTeM: «ExcilyaTanis npuiimMadisy, «Mepexi BogoBiaBeIeHHA», «O4MCHI CIIOpyIu
BOZIOBiJIBE€JIEHH:». B CBOIO uepry KoxxHa MificucTeMa CKJIaJaeTbes 3 3X GJIOKiB: €KCIITyaTalifHOro, 6i0J10riYHOTO Ta
XiMi4HOTO 3a6pynHEeHHs. LI Mozeb, 3aBISKU CBOill YHIBEPCAIbHOCTI, JIETKO aJaNTyeThCs IO Pi3HUX MiCbKUX
CHCTEM i MOXKe OyTU iHTerpoBaHa B "po3yMHi MicTa" 17151 OIIePaTMBHOTO MOHITOPUHTY. 3 METOI0 3a6e3l1e4YeHHS
€KOJIOT{4YHOi 6€e3I1eKU Ta CTaI0ro QyHKIiOHYBaHHS MYHILMNIQJIbHUX CUCTEM BOJIOBiJIBE€IE€HHSI, OCOOJIMBO B yMOBax
AQHTPONOTr€HHOTO HaBaHTAXXEHHS, CIPUYMHEHOTO BOEHHUMU [IiSIMU, TPOIIOHYETHCS 3aCTOCYBAHHSI METOLY €KCIIPEC-
MOHITOPHUHTY €KOJIOTiUHOi 6€3MeKr CUCTEM BOIOBifBeneHHs. [l nudepeHLiioBaHOrO pearyBaHHs Ha pi3Hi piBHi
PU3UKY, CUCTEMU BOJOBiNIBeleHHS KIacUuPiKyoTbcs Ha YyoTupu Kateropii (I-1V). Lle no3Bossie po3pobuT afanTuBHi
cTparerii, 1110 6a3yI0ThCs Ha pPe3yJIbTaTaX €KCIIPeC-MOHITOPUHTY, SIKUIl BUKOPUCTOBYE JI€B'SITh KJII0YOBUX
iHIMKATOPIB [1719 ONIePaTUBHOIO BUSBJIEHHS JUHAMIKY 3MiH Ta 3arajbHUil IOKa3HUK €KOJIOTIYHOTO PU3UKY.
3anponoHOBAHO alrOPUTM BU3HAYE€HHS IPIOPUTETHOCTI 3aX0/iB 3 BiTHOBJIEHHS €JIEeMEHTIB CUCTEMU
BOJIOBiJIBE€JIEHHSI, IKMI CKJIQJA€ThCs 3 YOTUPHOX €TamiB. [y €K0JI0ro-eKOHOMIYHOIO OO PYHTYBaHHSI ONTUMi3alLii
po6OTH CHCTEM BOJOBiBEEHHS B yMOBaX €KCILyaTallii, 3alpolIOHOBAHO METO/I, SIKUi1 CKJIAZA€ThCsI 3 5-TH €TalliB.
Meropm 6a3yeTbcs Ha iHTerpauii iHkeHepHO-eKOJIOTIYHOrO aHajlizy 3 EKOHOMIYHUM MOJEJIIOBAaHHSM Ta 3aCTOCYBaHH
metony TOPSIS. Bubip cuctemMu BOJOBiiBeeHHS 3/1ifICHIOETbCS Ha MificTaBi 12 KpUTepiiB 3 OJAJIbIIUM
PO3PaxyHKOM €KO0JIOr0-iHBEeCTULiHOI NpuBabaMBOCTi. PO3po6sieHo opraHisaliliiHi NpMHLIMNY HiBUILEHHS
€KOJIOTiYHOI 6e31eKr MyHILUITaJIbHUX CUCTEM BOJIOBiTBeIeHHS YKpaiHy, SIKi CIMpasuics Ha IIPOBELEHUN eKCIIpec-
MoHiTOpuHr MWWS 11i7; yac TpuBaouux BiliCbKOBUX [ili. [IpakKTUYHO Ta TEOPETUYHO OOIPYHTOBAHO 3aCTOCYBAHHS
3aIPOIIOHOBAHOr0 6a71aHCOBO-aHAJIITUYHOTO METOY /1J1s1 KiJIbKiCHOI OLIiHKY JOJaTKOBOTO IIPUIJIUBY Ta
ekcQinpTpalii SIK iHCTPYMEHTY 3MEHIIEHHS] aHTPOIIOT€HHOTO HABAaHTAKEHHS Ha €KOCUCTEMH, 1O J103BOJIMIIO
pO3poOUTH MaTeMaTUYHy MOZEJIb [1JIsl IPOTHO3YBAHHS OOCSTiB BOLOBINBEIEHHS Ta BU3HAYUTH 3aX0U 3
iHTeHcudikalii poboTy cucTeM, CIIPSIMOBaHI Ha MiABUIIEHHS iX eKOJIOTiYHOi 6e31eKu. PeTpocrieKTUBHUI aHai3
€KOJIOTiYHOI 6e3MeKy CUCTeM BOJIOBiNIBeIeHHs YKpaiHU 32 OCTaHHE JeCSATUIITTS, TPOBeleHUI 3 BUKOPUCTaHHSIM
€KCIIPEC-METOAY MOHITOPUHIY, BUSIBUB KpUTUYHUM CTaH. Y 2013 poui 67% MyHIUNaIbHUX CUCTEM BOJIOBIIBEIEHHS
XapaKTepU3yBaJIliCsl BUCOKMM PiBHEM PU3HKY €KOJIOTiuHOi Hebesneku. 1o 2023 poKy crioctepirasocs MoripmeHHs
cutyauii B 9 o6s1acTsx, e 3adikCoOBaHO CyTTEBE 3pOCTaHHS €KOJIONYHOro pu3UKy. Jluile ogHa 061acThb
IIPOJIEMOHCTPYBajla HU3bKUM [TOKa3HMK pU3UKY. KinbKiCcHa OLliHKa 3MiH €KOJIOTiYHOTO PU3UKY I10KA3Ye, 10 B
JoHeupKiil 0671aCTi BifIoBiIHNI [10Ka3HUK 3pic Ha 48%, B 3anopisbKill - Ha 26%, XapkiBcekuil — Ha 33%. Lli naHi
CBiJl4aTh IIPO 3HAYHY JEerpajaliilo CTaHy CUCTEM BOJOBifBeieHHS NPOTIroM 10 pokiB BitHU. Xo4a 1o KuiBcbkunt
0071aCTi B LIiJIOMYy CTaH CUCTEM BOJIOBiABEJE€HHS 3aJIMIIATHCS CTA0IIbHYM (CEpeiHiil pU3UK), OAAblIE IPOBEIEHHS
KOMIIJIEKCHOI OLIIHKM MYHIIIMIIaJIbHOI CUCTEMU BOJIOBiTIBEIEHHS MAJIOTO HACEJIEHOro MyHKTY Ha MiBIHI 00J1aCTi
BUSIBWJIO il KpUTUYHUI €KOJIOTIYHMI cTaH. [Ij1s BUpIleHHSs JaHOI eKOJIOriYHOi TpobeMu 6yJi0 PO3TJIsIHYTO [1Bi
aJIbTEPHATUBHI CcTparerii. PEKOMeH0BaHO BIIPOBAI)KEHHSI LIEHTPAJIi30BaHOI CUCTEMU BOJIOBiABEIEHHS 3
Oy[iBHALITBOM HOBOT'O HAIlipHOTO KOJIEKTOPY. EKOJIOro-eKOHOMIYHMI aHali3 [10Ka3aB TEPMiH OKYIIHOCTI JAHOTO
BapiaHTy y 1 pik 5 Mics1iB. 3apONOHOBAHO 3aCTOCYBAaHHS KOMOIHOBAHOTO METOAY ITPOKJIAJIaHHS TPyOOIIPOBOIB.
Kpim Toro, po3po6sieHO KOMILJIEKC IIePIIOYeproBUX Ta MJIaHOBUX 3aX0[iB 3 iHTeHcuikalii po6oTn MyHiLMNaNbHOI

CHUCTEMU BO,I[OBi,U,BeILeHHH 3 METOIO JOCATHEHHS €KOJIOTiYHO 6e3I1eYHOro CTaHy CUCTEMMU.

2. The dissertation research is dedicated to the development of methodological and applied principles for the
comprehensive assessment and monitoring of the impact of municipal wastewater systems on the environment,
with the aim of ensuring their ecological safety. The study analyzes the current ecological state of municipal
wastewater systems in Ukraine, investigates theoretical and methodological approaches to ensuring their
ecological safety, as well as the ecological significance and existing methods for determining exfiltration and
infiltration. The analysis of literature sources revealed that the total damage to destroyed and damaged water



supply and wastewater infrastructure amounted to USD 3.318 billion as of the beginning of 2024. Despite a
significant volume of research and the relevance of issues related to the ecological safety of wastewater systems
and the reliability of their individual components, a comprehensive assessment of the ecological safety of
municipal wastewater systems remains insufficiently addressed in the scientific literature. To address this task, a
concept for assessing the ecological safety of municipal wastewater systems is proposed and theoretically
substantiated, based on a system model that considers chemical, biological, and operational factors. The

"Municipal Wastewater System" system model consists of three subsystems: "Sewage receiver unit," "Wastewater

networks," "Wastewater treatment plants”. In turn, each subsystem consists of three blocks: operational, biological,
and chemical pollution. This model, due to its universality, is easily adaptable to various urban systems and can be
integrated into "smart cities" for operational monitoring. To ensure the ecological safety and sustainable
functioning of municipal wastewater systems, especially under anthropogenic pressure caused by military actions,
the application of a rapid environmental safety monitoring method for wastewater systems is proposed. For
differentiated response to various risk levels, wastewater systems are classified into four categories (I-IV). This
allows for the development of adaptive strategies based on the results of rapid monitoring, which uses nine key
indicators for the operational detection of change dynamics and an overall ecological risk indicator. An algorithm
for determining the priority of measures for the restoration of wastewater system elements, consisting of four
stages, is proposed. For the ecological and economic substantiation of optimizing the operation of wastewater
systems under operational conditions, a method consisting of five stages is proposed. The method is based on the
integration of engineering and ecological analysis with economic modeling and the application of the TOPSIS
method. The selection of the wastewater system is carried out based on 12 criteria, followed by the calculation of
ecological and investment attractiveness. Organizational principles for improving the ecological safety of Ukraine's
municipal wastewater systems have been developed, based on the rapid MWWS monitoring conducted during the
ongoing hostilities. The application of the proposed balance-analytical method for the quantitative assessment of
additional inflow and exfiltration as a tool for reducing anthropogenic pressure on ecosystems has been practically
and theoretically substantiated. This allowed for the development of a mathematical model for forecasting
wastewater volumes and determining measures to intensify system operation aimed at improving their ecological
safety. A retrospective analysis of the ecological safety of Ukraine's wastewater systems over the past decade,
conducted using the rapid monitoring method, revealed a critical state. In 2013, 67% of municipal wastewater
systems were characterized by a high level of ecological risk. By 2023, the situation had worsened in 9 regions,
where a significant increase in ecological risk was recorded. Only one region showed a low risk indicator. The
quantitative assessment of changes in ecological risk shows that in the Donetsk region, the corresponding
indicator increased by 48%, in Zaporizhzhia - by 26%, and in Kharkiv - by 33%. These data indicate a significant
degradation of the state of wastewater systems during the 10 years of war. Although the overall state of
wastewater systems in the Kyiv region remains stable (medium risk), further comprehensive assessment of the
municipal wastewater system of a small settlement in the south of the region revealed its critical ecological state.
To address this ecological problem, two alternative strategies were considered. The implementation of a
centralized wastewater system with the construction of a new pressure pipeline is recommended. Ecological and
economic analysis projects a payback period of 1 year and 5 months for this option, which includes a combined
pipeline laying method.
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HaykoBa (HayKOBO-TeXHi‘{Ha) HpO,ILyKI.liSIZ METOJH, Teopii, rinoresu

ComniasibHO-€KOHOMIYHA CIPSIMOBAHICTb: NOJINIIEHHS CTaHy HABKOJIMIIHBOTO CEPEIOBUIIA; EKOHOMisl
€Hepropecypcis; MOJINIIEHHS SIKOCTi )KUTTS Ta 3[0POB'st HACEJIEHHS, €(PEKTUBHOCTI 1iarHOCTUKU Ta JIiKyBaHHS

XBOPUX

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBagkeHHS pe3yJIbTaTiB AHCEPTalii: BiposamkeHo

3B's130K 3 HAYKOBHMH TeMaMH: 0122U001197, 0120U101145, 01170003297

VI. BizoMocCTi Npo HayKOBOT0 KEPiBHUKa /KePiBHHUKIB (KOHCYJIbTAHTA)

BaacHe IlpizBume Im's I10o-6aThKOBI:
1. Tkayenko TeTgHa MuKoJsiaiBHa

2. Tetiana Tkachenko

KBasigikamis: n. 1. u., npodecop, 21.06.01
InenTudikarop ORCID ID: 0000-0003-2105-5951
JopaTrkoBa indpopmamnist:

IToBHE HafIMeHyBaHHH IOpH,ILI/I'-IHOi 0COOM: KuiBChKUIl HALIIOHAIBHUI yHiBepcuTeT OyiBHULITBA i

apxiTekTypu

Kopg 3a €IPIIOY: 02070909

MicquHaXO,I[)KeHHﬂ: npocrekT [loBiTpsgHux cui, 6yn. 31, Kuis, 03037, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

VII. BizomocTi npo odiniiHHX ONIOHEHTIB Ta PEIeH3€HTiB

OdiuiiiHi OTIOHEHTH



BiacHe IIpizBuie Im'sa I1o-6aThKOBI:

1. Tpoxumenko 'anna I'puropisna

2. Ganna Troxkhymenko

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

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0C00H: HanionanbHuii yHiBepcuTeT KopabieGy/yBaHHs iMeHi

anmipana Makaposa

Kopg 3a €IPIIOY: 02066753

Micue3HaxoaKeHHS: npocnekt ['epoiB Ykpainuy, 6yg. 9, Mukonais, MukosaiBcbkuit p-H., 54007, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKH YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:

1. Ianesa Ipuna I'puropisHa

2. Iryna H. Patseva

KBasigikamis: 1. 1. 1., npodecop, 21.06.01
ImenTudikarop ORCID ID: 0000-0001-6271-7355

JonmaTkoBa iHdopmarist:

http:/ /www.scopus.com/inward /authorDetails.url?authorID=59510967400&partnerID=MN8TOARS;
https: / /www.webofscience.com /wos /author /record /HJI-6014-2023;

https:/ /scholar.google.com /citations?hl=uk&user=GP2-_P4AAAA]

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0Cc00H: JlepkaBHMii yHiBepcuTeT "YKutomupchbka nosirexHika"
Kopg 3a €IPIIOY: 05407870

Micue3Haxoa>KeHHS: By UyaHischbka, 6y7. 103, JKuromup, JKutomupcbkuii p-H., 10005, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo ocBiTH i Hayku YKpainu

InenTudikarop ROR:

PeuenzeHTu

BiacHe IlpizBuie Im'sa ITo-6aTbKOBI:

1. Bosiomkina Osiena CemeHiBHA

2. Olena S. Voloshkina

KBasigikamis: 1.1, npodpecop, 21.06.01
InenTudikarop ORCID ID: 0000-0002-3671-4449



JoparkoBa iHdpopmamnist:

IloBHE HaliIMEHYBaHHS IOPUAMYHOI 0COOH: KuiBChKuil HaLliOHAIbHNMI YHIBEPCUTET GY/[iBHUIITBA i

apxiTekTypu

Kopg, 3a €IIPIIOY: 02070909

Micuesnaxo;perHﬂ: npocnekr [loBiTpsinux cui, 6ya. 31, Kuis, 03037, YkpaiHa
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

Baacwue IlpizBume Im'a Ilo-6aTbKOBI:

1. KpaBueHko Mapuna BacusniBHa

2. Maryna Kravchenko

KBasigikamis: 1. 1. u., nou., 21.06.01
ImenTudikarop ORCID ID: 0000-0003-0428-6440

JoparkoBa iHpopmawist: https://www.scopus.com /authid /detail.uri?authorld=57219052625;
https:/ /www.webofscience.com /wos/author /record /59841726;
https:/ /scholar.google.com.ua/citations?hl=uk&user=E5rEJoQAAAA]

IToBHEe HafIMeHyBaHHH IOpH,ZII/I‘-IHOi 0CO00M: KuiBChKUiT HAI[iOHAIBHUI yHiBepcuTeT Oy[iBHULITBA i

apxiTexTypu

Kopg 3a €IPIIOY: 02070909

MicueSHaxo,vieHHﬂ: npocnekTt [loBiTpsiHux cui, 6ya. 31, Kuis, 03037, Ykpaina
dopma BiracHOCTI: /lepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

Biiacue IlpisBume Im's ITo-6aTbKOBI Mlamanchkuit Cepriii Mocumosuy
TOJIOBH paju

Bsacue IlpisBume Im'st [T0-6aTbKOBI [lamancrkmit Cepriit Hocunosi
TOJIOBYIOYOTO Ha 3acCimaHHi

BignosigasnbHuii 3a Ili,uI‘OTOBKy CaxHoBcbKa BikTopisg MukosaiBHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI



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

JisiIbHOCTI




