AHOTANIA

Caxnoscvka B.M. Teopetnune oOTrpyHTYBaHHS TUIaHYBaHHS 3aX0/1iB 3a0€3MEUCHHS
EKOJIOTIYHOI O€3MeKH MYHIIMNAIBHUX CHCTEM BOAOBiABeAcHHSA. — Ksamidikamiiitna
HayKoBa poOoTa Ha MpaBax PYKOIIUCY.

Juceprarris Ha 3100y TTS HAYKOBOT'O CTYIICHS JOKTOpa (hisiocodi 31 creniaabHOCTI
101 «Exonoris» — KuiBchkuil HallioHaIbHUN yHIBEPCUTET OyNIBHUIITBA Ta apXITEKTYPH,
Kwuis, 2025.

Jucepramiiine JMOCHIIKEHHS TPUCBSIYEHO PO3POOJICHHIO METOAMYHUX Ta
NPUKIAIHAX TIOJOKEHb KOMILJIEKCHOTO OIIHIOBaHHS Ta MOHITOPUHTY BIUIMBY Ha
JOBKIJIJIS MYHIIMMIATLHAX CHUCTEM BOJOBIABENEHHSA [Jisi 3a0e3medyeHHs iXHBOT
exosioriyHoi Oe3mekn. B poOOTi mocTaBleHO OCHOBHI 3aBAaHHS, METY 1 3aBlIaHHS
JTOCITIJKEHHS, TIPEAMET Ta 00’ €KT, Ha SIK1 CIPSIMOBAHO BHUPIIICHHS MPOOJIEMH.

VY po6oTi npoaHasli30BaHO Cy4YaCHUN €KOJOTIYHHM CTaH MYHILMIAIbHUX CHCTEM
BOJIOBIJIBEZICHHS B YKpaiHi, JOCTIIKEHO TEOPETHYHI Ta METOJOJIOTIYHI MIAXOIU 10
3a0e3neueHHs IXHbOT KOJIOTTYHOI Oe3MEeKH, a TAKOK EKOJIOTI1YHY 3HAUYIIICTh Ta ICHYIOUH
METOJIY BU3HAYEHHS eKchimpTpalii Ta iHUIbTparii.

AHai3 JiTepaTypHUX JDKEPEI MOKa3as, 110 3aralbHU 00CcAT 30MTKIB 3pyHHOBAHO1
Ta TOMIKOHKEHOI 1H(PPACTPYyKTypH BOJOMOCTAYaHHS Ta BOJOBIABEJIEHHS CTaHOM Ha
nmodaTok 2024 poky csaras 3,318 minmbspaiB gonapis CIILA. 3rigro 3 maaumu 3a 2023 pik,
OCHOBHA YacTKa 3a0pyAHCHHX CTIYHUX BOJ, MpuIagana Ha cextop "BomomocravanHs,
KaHai3allis, MOBOKEHHS 3 BIAXOJAaMHU', 110 BU3HAYA€ HWOTO SK OCHOBHE JIKEpEso
AQHTPONIOTEHHOTO HABAaHTA)XCHHsI HAa BOJHI pecypcu kpainu. HasBHICTH posramyxkeHoi
HOPMATHBHO-TIPaBOBOi 0a3u B YKpaiHi y Tamy3i BOJOBIABEACHHS, HE TrapaHTye ii
eheKTUBHOCTI 0€3 HaJeXHOTO 3aCTOCyBaHHS Ta KOHTPOJIO 3a JOTPUMAHHSIM

BCTAHOBJICHUX €KOJIOTTYHUX HOPM.



He3Baxarouu Ha 3HaUHHUM 0OCSAT TOCHIIKEHb Ta aKTyalIbHICTh MUTaHb, MOB'I3aHUX
3 EKOJIOTIYHOI0 O€3MEeKOI0 CHUCTEM BOJOBIABEICHHS Ta HAIIMHICTIO IX OKpPEMHX
KOMIIOHEHTIB, KOMIUIEKCHA OIIHKA €KOJOTIi4HOi Oe3MeKH MYyHIIUNAIbHUX CHCTEM
BOJIOBIJIBEJICHHSI 3aJUIIAE€THCA HEJOCTaTHRO BHUCBITJICHOIO B HAYKOBIM JTEpaTypi.
Oco6nuBoi yBaru motrpe0ye iHTerpallis Ta B3aEMOJIiS MK CUCTEeMaMH BOJIOMIOCTAaYaHHS
Ta BOJOBIABEICHHS, 1110 MalOTh CYTTEBUI BIUIMB Ha €KOJIOT1UHY Oe3IeKy HaBKOJIUITHBOTO
CepeIoBUIIIA.

JlJiss BUPIMICHHS 1IHOTO 3aBIaHHS 3alPOMOHOBAHO Ta TEOPETUYHO-OOIPYHTOBAHO
KOHIICTIIIIFO OIIIHFOBAHHSI €KOJIOTTYHOI O€3MeKH MYHIIMIAIIBHIX CUCTEM BOIOBIIBEACHHS,
sKa TPYHTYEThCS Ha CHCTEMHIH MOJENi Ta BpaxoBye€ XiMiuHi, O10JIOTiYHI Ta
ekcrutyatamiini  ¢aktopu.  CucremHa  moaenb — «MyHiUnaigpbHa — CHCTEMa
BOJIOBIZIBEJICHHS» CKJIAMAEThCA 3 TPhOoX miAcucTeM: «EKcmmyararis mnpuitmMadiBy,
«Mepexi BoIOBIIBEICHHS», «OUHMCHI CIOPYAM BOJIOBIIBEICHH». B CBOIO Uepry KoxHa
MIJICHCTEMA CKJIAIa€ThCsl 3 3X OJIOKIB: €KCIUTyaTalliiHOTo, 010J0TIYHOTO Ta XIMIYHOTO
3a0pyHEHHs. AHaII3 KOXKHOTO OJIOKY 3MIMCHIOETHCS BIAMOBITHO O 3alpOIOHOBAHUX
KpUTEPiiB, HA IMiJICTaBl YOTO KOKEH 0JI0K HaOyBae 6ambHOTO 3HAYEHHS «1» - €KOJIOTTYHO
Oe3medHa cucrema, «-1» -ekojoriyHo HebesneyHa cucrema, «0» - YMOBHO €KOJIOTTYHO
Oe3meyHa cHUCTeMa. 3araJlbHUM CTaH CHUCTEMH BHU3HAYAa€ThCS 3a JOMOMOTONO
IHTerpaJibHOTO TOKa3HUKY. [lpu oTpumanHi 3Ha4YeHb <l PO3POOIAIOTHCS KOMILIEKC
3aXOJIIB 10 1HTeHCH(IKaImii poOOTH CHCTEMH B PO3pi3l KOKHOTO OKPEMOTO OJIOKY 10
OTPUMAHHS 3HAYEHHS «EKOJOT1YHO Oe3MeYHa CUCTEMAY.

IIss Momenb, 3aBASKM CBOiM YHIBEPCAJTbHOCTI, JIETKO aJamlTyeEThCA 10 PIZHUX
MICBKUX CHUCTEM 1 MOXke OyTu iHTerpoBaHa B '"po3ymHI MmicTa" AJii ONEPaTUBHOTO
MOHITOPUHTY. 3 PO3BUTKOM IITYYHOTO IHTEJIEKTY B MalOyTHHOMY, BOHAa 3MOXKE
aBTOMATUYHO aHalli3yBaTH JaHl Ta WPOTHO3YBAaTU TPEHAW, MIHIMI3YIOUH IIIKOIY

JOBKIUJLITIO Ta CIIPUSIIOUU CTAIOMY PO3BUTKY MICT.
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3 MeTow 3a0e3MeuUeHHs] EKOJIOTIYHOI Oe3MeKM Ta CTanoro (QyHKIIOHYBaHHS
MYHIIUNAIBHUX CHCTEM BOJOBIJABEJEHHSA, OCOOJMBO B YMOBaxX aHTPOIOIE€HHOTO
HABaHTAXXCHHsI, CIIPUYMHEHOTO BOEHHUMH JIISIMH, MIPOIIOHYETHCS 3aCTOCYBAHHS METOIY
eKCIIPEC-MOHITOPUHTY €KOJIOTTYHOT O€3MEKN CUCTEM BOJIOBIIBEICHHS.

Jlns  nmudepeHiiiioBaHOr0 pearyBaHHS Ha pi3HI PpIiBHI PHU3UKY, CHUCTEMU
BOJIOBiABeIeHHS KiIacu(ikyroThea Ha yoTupu kareropii (I-1V). Lle no3Bossie po3podutu
aJanTHBHI CTparerii, 1mo 0a3ylThCs Ha PE3yJbTaTaX EKCIPEC-MOHITOPUHTY, SKHM
BUKOPHUCTOBYE JICB'SITh KIIFOUOBUX 1HJAUKATOPIB JUISl OTIEPATUBHOTO BUSBICHHS JUHAMIKA
3MIH Ta 3arajJbHU MOKa3HUK EKOJIOTIYHOTO PHU3MKY. 3alpOrOHOBAHO aJTrOPUTM
BU3HAYEHHS MOPIOPUTETHOCTI  3aXOJiB 3  BIAHOBIEHHS  €JIEMEHTIB  CHUCTEMHU
BOJIOBIZIBEJICHHS, SKHM CKJIAa€ThCd 3 YOTUPHOX e€TamiB. AJNTOPUTM  0azyeThcs Ha
BU3HAYCHHI KoedimieHTa 3Hauymiocti. [lmaHyBaHHS  BiJHOBIIOBAIBHUX  POOIT
3MIMCHIOIOTHCS  BIJIMOBIAHO JO  1€PApXIYHOrO0  MPUHIMMY, 1€ O00'€KTH, IO
XapaKTepHU3yIOThCS BUCOKHM KOE(IIMIEHTOM 3HAYYyIIOCTi, MAlOTh HAWBHINMKA DPIBEHB
pIOPUTETY.

Jlis  eKOJIOr0-eKOHOMIYHOTO OOTpYHTYBaHHS ONTHMI3allii poOOTH cHUCTEM
BOJIOBIJIBEJICHHS B YMOBaX €KCILTyaTallii, 3alpONOHOBAHO METO/I, SIKUW CKIaIa€ThCs 3 5-
TH €TaIliB: PO3paxyHOK By3J1a MPUHOMY CTIYHUX BOJ] 3 YpaxyBaHHSIM HaJIMHOCTI poOOTH
MepeXi Ta KOperyBaHHSA HOPM BOJOCIIOXHBAaHHS;, OIlIHKa 3MIHU SKOCTI BOJIU ¥
KOJICKTOpaX; €KOJOT0-eKOHOMIYHA OIliHKa OCTaTOYHOT'O BHOOpY CIIOPYJ Ta CHCTEMU
BOJIOBIJIBEJICHHS; OCTATOYHE KOPETYBAaHHS CHCTEM BOJIOBiIBEeIeHH. MeTo 1 6a3y€eThCs Ha
IHTerpamii 1HXEHEPHO-€KOJIOTIYHOr0 aHalli3y 3 EKOHOMIYHUM MOJIEIIOBAHHSIM Ta
3actocyBanHi merony TOPSIS. BubGip cucremu BOIOBIABEACHHS 3IIMCHIOETHCS Ha
migctaBl 12 kputepiiB 3 TOMAJBIIAM PO3PAXyHKOM  €KOJIOTO-1HBECTHUIIHHO1

PUBAOIMBOCTI.



Po3poOneno opranizamiiiHi TPUHIMUIM  TIJBUIIECHHS €KOJOTIYHOI Oe3MeKH
MYHIIUOATLHUX CHUCTEM BOJOBIJIBEACHHSA YKpaiHM, SIKI CHUPAIKHCS Ha MPOBEICHUIN
excripec-MoHiTopuHT MWWS ' 1mij1 yac TpuBarounx BIHCHKOBUX JIiH.

[IpakTH4HO Ta TEOPETHUUYHO OOIPYHTOBAHO 3aCTOCYBaHHS 3alPOIIOHOBAHOTO
0alaHCOBO-aHATITUYHOTO METOY JUIsl KiIBKICHOI OINIHKHM JOJAaTKOBOTO TMPUILIMBY Ta
ekcinpTpanii sSK 1HCTPYMEHTY 3MEHIIEHHS aHTPONOTeHHOTO HaBaHTAKEHHS Ha
€KOCHUCTEMH, IO JI0O3BOJUJIO PO3POOUTH MaTeMaTU4YHY MOJENb JJiS MPOTHO3YBaHHS
00cCsriB BOJOBIABEJCHHS Ta BU3HAYUTU 3aX0oau 3 1HTeHcU(ikamii poOOTH cHUCTeM,
COpsIMOBaHI Ha MIABUINEHHSA iX eKoJjoriyHoi Oe3mexku. Po3paxyHKW mokasanu, IO
NOCTIMHUN OJTATKOBUM MPUILTUB IO CUCTEMHU BOJOBIIBE/ICHHSI, HACEJIIEHOTO MYHKTY, 110
NOCTiKyBaBcs, KonuBaeTrbes Big 15 go 21%. Ilpu mpomy mnocTiiHUM oOcsT
exchinpTpanii Moxe csaratu 10% BiA 3aranbHOro OOCATY CTIYHUX BOJ, IO MOCTYHAalOTh
Ha OYHKCHI CTIOPY/IH.

PerpocniekTuBHUI aHal3 €KOJOTIYHOT O€3MEKH CUCTEM BOJOBIIBEICHHS Y KpaiHU
32 OCTAHHE JACCATUIITTS, MPOBEACHUN 3 BUKOPUCTAHHIM €KCIIPEC-METOIy MOHITOPUHTY,
BUSBUB KpuTUuHUi ctan. Y 2013 pomi 67% MyHIIMMAIBHAX CHUCTEM BOJIOBIIBEICHHS
XapaKTepU3yBaIKCsl BUCOKHUM piBHEM pHU3HKY ekojoridyHoi Hebesmeku. lo 2023 poky
CIIOCTepirajaocs MOTipIIeHHs cuTyallli B 9 obmactsax, ae 3aikCOBaHO CYyTTEBE 3pDOCTAHHS
eKOJIOT1YHOTO pHU3UKy. Jluie onHa 0065acTh MPOJEMOHCTpYBala HHU3bKUNA TOKa3HUK
PU3UKY.

KinbkicHa o1iHKa 3MiH €KOJIOTTYHOT'O PU3MKY MOKa3ye, 1o B JloHenbkii 00macTi
BIJINOB1IHUM MTOKa3HUK 3pic Ha 48%, B 3anopi3bKiii - Ha 26%, XapkiBcbkuil — Ha 33%. 11
JlaH1 CB1TYaTh PO 3HAYHY JIeTPpaalliio CTaHy CUCTEM BOJAOBIIBEICHHS MpOTAroM 10 pokiB
BIMHM Ta KPUTHYHE TOTIPUIEHHS EKOJOTIYHOTO CTaHy YypOaHI30BaHMX TEPUTOPIH
BIIPOIOBK OCTaHHIX 10 poKiB.

Xoua o KuiBcbkuii 001acTi B IJIOMY CTaH CUCTEM BOJOBIABEACHHS 3aJIMILIATHCS

CcTa0lTbHUM  (CepemHI pU3WK), TOJAIbIIE TMPOBEACHHS KOMIUICKCHOI OI[IHKH
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MYHIIUIAILHOI CHCTEMH BOJIOBIIBEICHHS MAJIOTO HACEJIEHOTO IMYHKTY Ha MBHI 00J1acT1
BUSIBWJIO 11 KpUTUYHUM €KOJOriyHuM cTaH. OCHOBHUMH (haKTOpaMu, 10 OOyMOBUIH 1IEH
CTaH, € 3HauHUU (i3UYHUI 3HOC 1HPPACTPYKTYpPH Ta HECAHKI[IOHOBAHE CKHJIaHHS
50 M*/no0y HeouuieHux cTiuHux Boj Ha 0,6 ra penbedy. Lle nmpusBeno no 3HaAYHOTO
3a0pyAHEHHS TPYHTOBOTO MOKPHUBY, 3arajibHI €KOHOMIYH1 30UTKH BiJ SIKOTO OI[IHIOIOTHCS
B 462,335 wmuHTpH. Takox 3adikcoBaHO TEPEBUILECHHS TPAHUYHO JOMYCTUMHUX
KOHIIEHTpAIlI{ IKIATUBUX PEUOBUH B aTMOC(HEPHOMY MOBITPI.

J1J1g BUpILLIEHHS JaHOT €KOJIOT14HOT poOsieMu OyJ10 pO3IIIsIHYTO AB1 a1bTEepHATUBHI
cTparerii. PekoMeH0BaHO BIPOBAIKEHHS IIEHTPAII30BaHOI CHCTEMHU BOJIOBIIBEACHHS 3
OyIIBHUIITBOM HOBOT'O HAIMIpHOTO KOJIEKTOpY. EKOJOro-ekoHOMIiuHMII aHami3 MoOKa3aB
TEpMIH OKYIMHOCTI JaHOTO BapiaHTy y 1 pik 5 MicsIliB. 3alipONOHOBAHO 3aCTOCYBaHHS
KOMOIHOBAHOT'O METO/ Ty MPOKJIaaHHs TPYOOIIPOBO/IiB.

Kpim TOro, po3pobiieHO KOMIUIEKC NEepIIOYEproBUX Ta IUIAHOBUX 3aXOJIB 3
1HTeHCHu(DIKaIi poOOTH MYHIITUITAIBHOI CHCTEMHU BOJOBIJIBEACHHS 3 METOI JOCATHCHHS
€KOJIOTTYHO 0€3MEeYHOTO CTaHy CUCTEMHU.

OcHOBHMI HAayKOBHUH pe3yibTaT, KU BUHOCHTBCS Ha 3aXHCT, TMOJSTae
TEOPETHYHOMY OOTPYHTYBaHHI TJIaHYBaHHS 3aXO0/(iB 3a0€3MeUeHHS €KOJIOTTYHOI Oe3MeKn
MYHIIUTIATLHAX CUCTEM BOJOBIABEICHHS .

Kuo4oBi ciioBa: ekcripec-MOHITOPHHT, €KOJIOTIYHUN PU3HK, €KOJIOT1YHA Oe3meka,
MYHILMIAIbHI CHUCTEMHU BOJOBIJIBEJIEHHS, KOMIUIEKCHE OIIIHIOBAHHS, OallaHCOBO-

aHAITHYHUN METOJI, IHQLIBTpAaIlis.

ABSTRACT
Sakhnovska V.M. Theoretical Substantiation of Planning Measures to Ensure
Environmental Safety of Municipal Wastewater Systems. — Qualification scientific work

as a manuscript.
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Thesis for obtaining the degree of Phylosophy Doctor in the specialty 21.06.01 -
environmental safety (101 - Ecology). - Kyiv National University of Construction and
Architecture of the Ministry of Education and Science of Ukraine, Kyiv, 2023.

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 work outlines the main goals, objectives, research aim and tasks,
subject matter, and object to which the problem's solution is directed.

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. According to 2023 data, the main share of polluted wastewater
came from the "Water supply; sewerage, waste management" sector, identifying it as the
primary source of anthropogenic pressure on the country's water resources. The presence
of an extensive regulatory and legal framework in Ukraine in the field of wastewater
management does not guarantee its effectiveness without proper application and control
over compliance with established environmental standards.

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. Particular attention needs to
be paid to the integration and interaction between water supply and wastewater systems,

which have a significant impact on the ecological safety of the environment.



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. The analysis of each block is
carried out according to the proposed criteria, based on which each block acquires a score
value: "1" - ecologically safe system, "-1" - ecologically unsafe system, "0" - conditionally
ecologically safe system. The overall state of the system is determined using an integral
indicator. If values <1 are obtained, a set of measures is developed to intensify the system's
operation across each individual block until a value of "ecologically safe system" is
achieved. This model, due to its universality, is easily adaptable to various urban systems
and can be integrated into "smart cities" for operational monitoring. With the development
of artificial intelligence in the future, it will be able to automatically analyze data and
predict trends, minimizing environmental damage and promoting sustainable urban
development.

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
1s 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. The algorithm is based on

determining a significance coefficient. Restoration work planning is carried out according
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to a hierarchical principle, where objects characterized by a high significance coefficient
have the highest level of priority.

For the ecological and economic substantiation of optimizing the operation of
wastewater systems under operational conditions, a method consisting of five stages is
proposed: calculation of the wastewater reception unit, considering network reliability and
adjusting water consumption norms; assessment of changes in water quality in collectors;
ecological and economic evaluation of the final selection of facilities and the wastewater
system; final adjustment of wastewater systems. 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. Calculations showed that the constant additional inflow to the wastewater system
of the studied settlement ranges from 15 to 21%. At the same time, the constant volume
of exfiltration can reach 10% of the total volume of wastewater entering the treatment
facilities.

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
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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 and a critical deterioration of the ecological
state of urbanized areas over the past 10 years.

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. The main
factors contributing to this state are significant physical deterioration of infrastructure and
unauthorized discharge of 50 m?/day of untreated wastewater onto 0.6 hectares of terrain.
This has led to significant soil contamination, the total economic damage from which is
estimated at UAH 462.335 million. Exceedances of maximum permissible concentrations
of harmful substances in the atmospheric air were also recorded.

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. An ecological and economic analysis showed a
payback period for this option of 1 year and 5 months. The application of a combined
method of pipeline laying is proposed.

In addition, a set of priority and planned measures has been developed to intensify
the operation of the municipal wastewater system in order to achieve an ecologically safe
state of the system.

The main scientific result submitted for defense lies in the theoretical
substantiation of planning measures to ensure the ecological safety of municipal

wastewater systems.
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3BepHeHHs: 15.04.2025).

Ocobucmutii 8HecoKk 3000y8aua NOAACAE Y BUHAYUEHHI NPIOPUMEMHOCMI 3aX0018 3
BIOHOB/IEHHS e/leMeHmi8 cucmemu 60008i08€0EHHs.

2.  Muxaitnosebka FO., CaxnoBcbka B. HaniiiHicTh, SIK KpUTepii €KOJIOTT4HOI
Oe3mneKu Mepek BOAOMOCTauaHHs Ta BOJAOBIABeeHHS. MidcHapoonuii popym «bezneuna,
KOMGOpmMHA, CHNPOMONCHA, mepumopiaivHa 2cpomaday. Matepianum MixHAp. KOHQ.,
M. J{Himpo, 11-13 xoBT. 2023 p. Juimpo, 2023. C. 36-37. URL:
http://repositsc.nuczu.edu.ua’handle/123456789/19824 (nara 3Bepuenns: 15.04.2025).

Ocobucmuii 6Hecok 3000)8aua NOAACAE Y BUHAUEHHI 3ANeHCHOCMI a8apiuHOCmi

Mepedic 80008108e0eHHS 810 ABAPIUHOCMI Mepedc 8000NOCMAYAHHSL.
3. Caxuoscbka B. Exosoriuga Oe3meka ta CTIMKI CHCTEMH BOJOBIABEICHHS 1]

yac HaJI3BHUalHUX CUTyallil B YMOBax BOEHHOTO CTaHY. 3anoOicanHs GUHUKHEHHIO
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HAO38UYAUHUX cumyayill, pea2y8anHs ma aikeioayis ix Hacniokie: MaTtepiaau Kpyrioro
cToiy (BeOiHapy)., M. Xapkis, 23 mot. 2023 p. Xapkis, 2023. C. 72-73.

4. CaxuoBcbka B. Po3poOka 3axomiB 3a0e3medyeHHs] €KOJIOTIYHOT Oe3MeKku Ta
HaA1IHOCTI poOOTH CHCTEM BOJOTIOCTAYaHHS Ta BOJOBIIBEICHHS 111/ YaC HaI3BUYAMHUX
CUTYyaIlill Ta BOEHHUX i CX1THUX perioHiB Ykpainu. Exonocis. Pecypcu. Enepeis : IV
MDKHAp. HAyKOBO-TIPaKT. KoH}., M. KuiB, 22-24 nucrton. 2023 p. Kuis, 2023. C. 54-55.
URL: https://www.knuba.edu.ua/wp-content/uploads/2023/12/j_ere 2023.pdf. (mara
3BepHeHHs: 15.04.2025).

5. CaxuoBcbka B., MuxaiimoBcekuii O. 3a0e3redyeHHsT TEXHOIEHHOI Ta
€KOJIOTTUHOT Oe3rekn 00’ €KTiB KpUTUYHOI 1H(PACTPYKTypH MiJl Yac BIICHKOBUX il Ha
NPUKIAAl CHCTEM BOJIONIOCTAYaHHS Ta BOJAOBIJBENEHHS. Enepeoowaoni mawunu i
mexunonoeii: Matepianu V MixHap. HaykKoBo-mpakT. kKoH]., M. KuiB, 22-24 tpas.
2024 p. Kuis, 2024. C. 199-201.

Ocobucmuii 6Hecok 3000y6aua Noaseac )y po3pooyi Mexamizmy NpuuHsmms
piuienb w000 8iOHOGIEHHs 00 €KMI8 Kpumu4Hoi ingppacmpykmypu

6. CaxnoBcpka B. CucremHa Mojenb 3a0e3leyeHHs] €KOJOTiYHOi Oe3neKu
MYHIIUNAIBHUX CHUCTEM BOJIONIOCTAYaHHS Ta BOJOBIABEACHHS IIiJi 4aCc BOEHHOTO
ctany. Enepeia. Pecypcu. Exonocis bacamogynukyionanvui eko - ma enepeoephexmuaHi,
pecypcosbepiearoui mexHono2ii 8 apximexmypi, OYOi6HUYMBI ma CYyMIdHCHUX 2any3ax: V-
Ta MKHap. HAYKOBO-TIPaKT. KOH(., M. KuiB, 27-29 nucton. 2024 p. Kuis, 2024. C. 100—
102. URL: https://www.knuba.edu.ua/wp-content/uploads/2024/12/ere-2024-ua.pdf
(mata 3BepHenHs: 15.04.2025).
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Haykoei npaui, aki 000amkoe6o 8i000pasicaromep HAYKo6i pe3ynomamu
oucepmauii

Cmammi y xcypnanax:

1. Cyuacni TexHomorii peHosaiii BogonpoBigHux Mepex / H. Haconkina ta
1H. Booonocmauanns ma 600osiosedennus . 2008. Ne 5. C. 16-22.

Ocobucmutl 8Hecok 3000y8a4a NOA2AE Y AHANI3I CYUACHUX MemOoOi8 8iI0HOBIEHHS
mpyoonposoois.

2. Nasonkina N., Sakhnovskaya V. Complex evaluation of water supply and
sewerage systems. [Hoicenepni cucmemu ma mexroeenua oeznexa. 2009. No. 2009-2(76).
P. 158-166.

Ocobucmuii 8Hecox 3000y8aua nojseac )y po3pooyi cucmemuoi mooenb OYiHKU
eKO0JI02I4UHOI be3neKu MyHIYUNaiIbHUX cucmem 80008i08edeH s YKpainu

3. Nasonkina N., Sakhnovskaya V. System analysis of evaluation of ecological
safety of Water supply and water disposal. Industrial and civil construction. 2009. Vol. 5,
no. 3. P. 113-123.

Ocobucmuii  6Hecox 3000y6aua noiseac KoHyenmyanizayii ma po3pooyi
iHme2pamuenoi cucmemHoi mooeni, NpusHauyeHoi Ol KLIbKICHOI OYIHKU eKOA02TYHUX
DU3UKIB, NOG'A3AHUX 3 (DYHKYIOHYBAHHAM MYHIYUNATbHUX CUCMEM B0008I08€0EHHs 8
Vkpaini, ma ix éniugy Ha exon02iyHy 6e3nexy 008KILIAL.

4. Crpareris MNpOBEACHHA MOHITOPHHTY ¥  pedOopMyBaHHS CHCTEM
MyHIIUNanpHoro BojomnoctadanHsi / H. Haconkina Ta 1iH. Bodonocmauanua ma
6000si0sedenns 2009. T. 2. C. 2-8.

Ocobucmuii e6Hecok 3000y8aua noaseac y pos3pooyi n.l mouimopuwney cucmem
MYHIYUNATILHO20 8000NOCNAYAHHS.

5. CaxnoBchka B. BusHauenHss 0a30BUX Ta J0AaTKOBUX (akTopiB, IO
BIUIMBAIOTh HA HAJIMHICTh Ta €KOJOriyHy Oe3MmeKy Mepex BOJOMOCTAaYaHHS 1
BOJIOBiIBeNIeHHS. Nauchno-tekhnycheskyi sbornyk "Kommunalnoe khoziaistvo horodov".

2009. Ne 2. C. 376-383. URL.: https://eprints.kname.edu.ua/17106/.
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6. CaxnoBcbka B. Anani3 ctany Ta BU3HAU€HHS 3aXOJIB IIOJO0 MOKPALIECHHS
po60TH BOIOIIPOBIIHOTI Mepexki MicT JloHenbkoi obnacti. Bicnux /JonHABA. 2010. T. 3,
Ne 83. C. 276-284.

7.  CaxnoBchka B. MoHITOpUHT cTaHy BOJIOIPOBIIHOI Mepexi MicT JloHenbKoi
obnacti. Micmobyoysanns ma mepumopianivhe NIAHYSAHHA. HAYK.-mexH. 30ipHuk. 2009.
Ne 32. C. 385-394.

8. Haconkina H., CaxnoBcbka B., ITlamkoB B. Amnamiz crany Tta kpurepii
Oe3mekn Mepex BOAOBIABeACHHS. Micmobydysanna ma mepumopiaibHe NiaAHY8aAHHA.

Hayk.-mexH. 30iprux. 2010. Ne 37. C. 349-358.

Ocobucmuii 8Hecok 3000Y68a4a NONA2AE Y BUHAYEHHI 3HAYUMOCE KpUmepiis, ujo
BNIUBAIOMb HA POOOMY Mepedtc 000NOCMAYAHHS MA 80008i08e0eHHs, N0OY008i epagis

36 ’A3HOCMI Ma Mampuyi OOMIHY8AHHSL.



