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3abe3neueHHs €KOJIOTTYHOI O€3MEKH TEPUTOPIN € OAHUM 13 KIFOUOBUX 3aBJaHb
JIEp>KaBHOI €KOJIOTTYHOI MOMITUKH, peati3alls ssIkoro HeMOXJIMBa 06e3 e(heKTUBHOTO
(GYHKIIIOHYBaHHS ~ CHCTEMH  €KOJIOTi4Horo MoHitopunry. Came cucrema
MOHITOpPUHTY  3a0e3ledye  OTpUMaHHS  O0’€KTUBHOI,  CBO€YAaCHOI  Ta
pernpe3eHTaTUBHOI 1HPOpPMAIIil TPO CTaH JAOBKILIA, sIKA € OCHOBOIO JIJISl IPUHHATTS
YOPABIIHCHKUX PIIIEHb, CHPSIMOBAHUX Ha TMONEPEIKEHHS, OOMEXKEHHS Ta
MIHIMi3aLl1}0 HETaTUBHOTO BIUIMBY aHTPOIOI€HHUX YANHHUKIB.

B Vkpaini ¢yHKIIOHY€E IepkaBHA CUCTEMa MOHITOPUHTY JOBKULIS, OJHAK 11
Cy4yaCHHM CTaH XapaKTepU3ye€TbCS HU3KOK CHUCTEMHHMX HEIONIKIB, 30Kpema
(bparMeHTapHICTIO CIIOCTEPEKEHb, HEJIOCTATHIM PIBHEM TEXHIUYHOTO 3a0€3MEUCHHS,
OOMEKEHICTIO  OMEepPaTUBHOTO  KOHTPOJIO,  BIJACYTHICTIO  IHTETPOBAHHX
iH(opMaIiitHO-aHATITUYHUX PIIIEHb, a TaKOX CJIA0KOK KOOPJWHAIIEID MIXK
cy0’extamu MOHITOpUHTY. lle 3HMKY€e €deKTHBHICTH BUKOPUCTAHHS OTPUMAHOI
iH(popMaIlli Ta YCKJIAJHIOE MPOLIEC NPUUHATTS OOIPYHTOBAHUX YMPABIIIHCHKUX
pILIEHB.

Oco0nmuBO TOCTpO 11 MPOOJEMHU TMPOSBISIOTHCS Yy cdepl MOHITOPUHTY
aTMOC(EpPHOro MOBITPS, SKE € HAMOUIbII JUHAMIYHUM KOMIIOHEHTOM JOBKUIJIS Ta
XapaKTEPU3YEThCS IMBUJIKUMH TMPOCTOPOBO-YACOBUMU 3MIHAMHM KOHIICHTpAIlIN
3a0pyIHIOIOYMX pPEUYOBUH. ATMOc(epHE TOBITPSI € OCHOBHUM CEpPEIOBUIIEM

0e310cepeIHbOT0 BIUIMBY Ha HACEJIEHHS, 110 00YMOBIIIOE€ MOr0 BU3HAYAJIBHY POJIb



y (opmyBaHHI piBHS ekojoridyHoi Oe3meku. [lpm 1BOMY iCHyrO4a cucTema
CIIOCTEPEKEHB 32 CTAHOM aTMOC(EPHOIO MOBITPS HE 3a0e3Meuye J0CTaTHHOTO PIBHS
JeTajizalii Ta onepaTuBHOCTI JaHUX, 0 0OMEKYE MOXKIIMBOCTI iX BUKOPUCTAHHS
JUISL IPOTHO3YBAHHS Ta YIPaBIIHHSL.

Jns JIeBiBCbKO1 06Js1acTi mpobiaemMa yAOCKOHAJIECHHS CHUCTEMU €KOJIOTIYHOTO
MOHITOPUHTY € OCOOJIMBO aKTyaJdbHOIO 3 OIVIAAYy Ha MOE€JHAHHS 3HAYHOTO
IIPOMHUCIIOBOTO HABaHTa)XCHHS, PO3BUMHEHOI TPAHCHOPTHOI 1HQPACTPyKTypu Ta
cnenupiuHUX MNPUPOJHO-KIIMATUYHUX YMOB, IO BIUIMBAIOTh Ha (POpMyBaHHS
AKOCT1 aTMOc(hepHOro NoBiTps. [cCHyr0Ya Mepexa ciocTepekeHb HE IIOBHOK MIPOIO
BIJINOBIJIa€ CyYaCHUM BHUMOTaM MIOJI0 PENPE3eHTATUBHOCTI, O€3MEepepBHOCTI Ta
IHTErpOBAaHOCTI JAHUX, 1110 TOTpedye il MOAEpHI3allli Ta ONTUMI3aLlli.

VY 3B’s3Ky 3 UM BUHUKA€ HEOOXITHICTb HAYKOBOIO OOTPYHTYBaHHS MiAXOMAIB
JI0 BJIOCKOHAJICHHSI CUCTEMH €KOJIOTIYHOTO MOHITOPUHTY Ha PEeriOHAIbHOMY PiBHI 3
aKLIEHTOM Ha aTMOC(epHE MOBITPS K KJIIOYOBHI 1HAMKATOP €KOJOTTYHOTO CTaHy
TEPUTOPII.

Mertoro nucepramiiinoi poOOTH € HayKOBE OOTPYHTYBaHHS Ta pPO3poOKa
CTpAaTETIYHUX HANpsAMIB ONTHUMI3alli CHCTEMH €KOJIOTIYHOIO MOHITOPHUHTY
JIpBIBCHKOI 00JIaCTI NUISIXOM BIPOBAKEHHS IHTETPOBAHUX TEXHOJOTTYHUX PIIlIEHb
Ta YJAOCKOHAJCHHS MEpeXi CIOCTEPEKEHb 3a CTaHOM aTMOC(EPHOTO MOBITPS.
O0’eKTOM JOCHIIPKEHHSI € CHUCTEMa EKOJIOTIYHOIO MOHITOPUHTY JIOBKULIA Ha
perioHansHOMY PiBHI. [IpeaMeToM ToCTiHKEHHS € TCOPETHYHI Ta METOIMYHI 3aCa/Id
(GyYHKIIIOHYBAaHHSI 1  ONTHUMI3aIlli CHUCTEMH  €KOJIOTIYHOIO  MOHITOPHUHTY
aTMOC(EepHOro MoBiTpsi Ha TepuTopii JIbBIBCHKOT 00IaCTI.

JlJis nocATHEHHS TIOCTaBICHOT METH BUPIIIICHO TaKi 3aBIaHHS:

1. V3aranbHUTH  TEOPETHKO-METOJOJIOTIUHI  3acaau  (opMyBaHHs
perioHaJIbHUX CHUCTEM €KOJIOTTYHOTO MOHITOPUHTY B KOHTEKCTI Cy4aCHUX BUKJIMKIB
€KOJIOT14HiH Oe3meli Ta €BpOneiChbKUX CTaHIapTiB.

2. [TpoananizyBaTu Ccy4acHHI CTaH Ta BHUSBUTH CHCTEMHI HEIOJIKH
GyHKIIOHYBaHHS MOHITOPUHTOBO1 Mepexi JIbBIBChbKOT 00J1aCTl, 30KpeMa B YaCTHHI

THCTUTYLIIHOT po3pi3HEeHOCTI Ta pparMenTapHocTi iHpopmanitHux [T-mnatgopm.



3. OOrpyntyBati ¢izuko-reorpadiuHi Ta TEXHOT€HHI YMHHHUKH, IO
BU3HAYAIOTh MIPIOPUTETHICTh Ta OCOOJIUBOCTI MOHITOPUHTY aTMOC(EPHOTo MOBITPS
B ME)KaX pI3HUX JIAHAIA(PTHUX 30H PETIOHY.

4. Po3pobuti  KOHIENTyadbHy  MOJEIb  KOMIUIEKCHOI  CHCTEMH
MOHITOPUHTY, 10 0a3yeTbCcs Ha IHTErparlii CcTalioHapHWX, MOOIIBHUX Ta
1HIMKAaTUBHUX 3aCO01IB CIIOCTEPEIKCHHSI.

5. ChopmymroBaty  yHIpIKOBaHHMIA aJITOPUTM ONEparliifHOi B3aeMoii
cy0’€KTIB MOHITOPHHTY, CIIPSIMOBAaHUM Ha CHHXPOHI3aIlit0 1HGOpMAaIIHHUX ITOTOKIB
Ta aBTOMATHU3ALII0 IPOLECY IPUUHSATTS YIPABIIHCHKUX PILIEHb.

6. OOrpyHTYBaTH  NEPCHEKTUBHY  CXEMy  DPO3MIIICHHS  IyHKTIB
CIIOCTEPEKEHb Ta PO3POOUTH TporpaMy MOJIEpHI3allii PEerioHaIbHOT Mepexi
MOHITOpHUHTY Ha niepioa 10 2030 poky.

HaykoBa HoBu3Ha. /[0 OCHOBHHX 3/I00YTKIB AUCEPTAIIMHOTO JOCIKCHHS
BIJTHOCHMO:

1) PO3pO0JIEHO KOHILENTYyalIbHY MOJIENIb 1HTEIPOBAHOTO MOHITOPUHTY
aTMOC(EPHOTO MOBITPS, SKa, HA BIIMIHY BiJl ICHYIOUMX, 0a3y€ThCSl HA TMOETHAHHI
CHUCTEMHHUX, OTIEPATUBHUX Ta EMi30MYHUX CIIOCTEPEIKEHb 13 3aCTOCYBaHHIM €IMHOT
nudpoBoi  mmarpopmu  OOMIHY JAHMMHM, IO 3a0e3ledye  ITiIBUIICHHS
pEenpe3eHTaTUBHOCTI €KOJIOTTYHOI 1H(pOopMaIii;

2) OOTpyHTOBAaHO YHI()IKOBAHOTO aJTOPUTMY OTNEpaIlifiHOi B3aeMOIl
Cy0’€KTIB MOHITOPUHTY, IO JO3BOJISIE B PEKUMI PEATHHOTO Yacy CHHXPOHI3YBaTH
Iii opraHiB BiaJu, METEOPOJIOTIYHUX CIY>KO Ta MPOMHUCIOBUX MIAMPUEMCTB IS
BIIPOBAHKEHHS 3aX0/11B KOPOTKOCTPOKOBOT'O pearyBaHHs Ha 3a0pyIHEHHS;

3) 3alpPONOHOBAHO MEXaHI3M HE3aJIeKHOI EKCIEePTHOI 1HTepIpeTalii
pe3yJabpTaTiB aBTOMATHM30BAHMX BHUMIPIOBaHb, 10 3a0e3neuye TpaHchopMalliio
(bakTHYHUX JaHUX y HAYKOBO apryMEHTOBaHY JIOKa30By 0a3y s MPUAHATTS
OOIPYHTOBAHUX YNPABIIHCHKUX Ta IOPUIUYHUX PIIICHb;

4) YAOCKOHAJIEHO METOJWYHI MIAXOMU JO0 OINTHUMI3aIlli Mepexi MOCTIB

crioctepexeHb y JIbBIBCHKiIM 001acTi Ha OCHOBI KOMIUIEKCHOTO BpaxyBaHHS



aepoJMHAMIYHUX XapaKTEepPUCTUK penbedy, I1HTEHCHUBHOCTI TPAHCKOPJOHHUX
TPAHCIIOPTHUX MOTOKIB Ta CHEIU(IKA BUKHU/IIB HOBUX 1HIYCTPialbHUX 00’ €KTIB;

5) YIOCKOHAJIEHO CTPYKTYPY 1H(POpMaIlIHHO-aHATIITUYHOTO 3a0€3eUeHHsI
CHCTEMH MOHITOPUHTY IUIIXOM OOTpYHTYBaHHS Nepexoay Bia ¢pparmeHTapHux IT-
maThopM 10 €MHOT apXiTEKTYpH 30epeKeHHsI Ta Bizyai3allil JaHuX, 110 CIpHuse
MBUIIEHHIO iX JOCTYITHOCTI Ta ONIEPATUBHOCTI 0OPOOJICHHS;

6) HaOyJIM TMOJANBIIOIO PO3BUTKY TEOPETUYHI 3acaju OI[IHIOBaHHS
€KOJIOTIYHOTO PU3UKY JUIsl 3JI0pOB’S HACEJIEHHS B 30HAX 1HTEHCHBHOTO
IIPOMHUCIIOBOTO PO3BUTKY 13 3aCTOCYBaHHSM IHTENEKTyaJbHUX CHUCTEM aHaji3zy
JTAHUX Ta IHTETPAIbHUX MTOKA3HUKIB 0€3MEKU JOBKUUIS;

7) Ha0yJIM TOJAJbIIOr0 PO3BUTKY METOAMYHI MPUHUUIN (HOpMYBaHHS
CUCTEM MIATPUMKH OPUUHATTSA yrnpaBiaiHChkuXx pimeHb (CIIIIP), mo Ha ocHOBI
IHTEJIEKTYaJIbHOTO aHalli3y JaHuX 3a0e3MedyroTh Mepexi] BiJ MacUBHOI (ikcarii
NOpYUIEHb JO0 MPEBEHTHUBHOIO €KOJOrIYHOTO YIPABIIHHA 4Yepe3 MEXaHi3M
KOpoTKOocTpokoBuUX TuianiB  fAiii (STAP) B ymoBax  MeTEOpOJIOTIUHOI
HEBU3HAYCHOCTI.

Huceprariiitna poOoTa CKIaAa€ThCs 13 BCTYILY, 1’ IThOX PO3/ILJIiB, BACHOBKIB Ta
JIOJATKIB.

Y mepmomMy po3aiii 301HCHEHO aHali3 TEOPETUKO-METOAOJOTIYHUX 3acal
(yHKILIOHYBaHHS CHCTEM EKOJIOTIYHOI'O MOHITOPHUHIY SIK 0a30BOr0 1HCTPYMEHTY
3a0e3MeueHHs] eKOJIOT1uHOi Oe3reku. JloCHDKEHO €BOJIIOIII0 TOTJISIIB  Ha
MOHITOPUHT, SIK CUCTEMY CIIOCTEPEKEHb Ta MPUUHATTS pillleHb, TPOAHAII30BAHO
HOPMAaTUBHO-IIPABOBE DETyJIIOBaHHS B YKpaiHI Ta BUMOTU €BPONEUCHKUX
3aKOHOJaBYUX aKTIB I10JI0 CUCTEMH €KOJIOTTYHOT'O MOHITOPUHTY.

Y apyromy po3aiii 3aiiicHeHO aHam3 (PAaKTUYHOTO CTaHy CHCTEMU
MOHITOpUHTY Yy JIbBIBCHKIM oOnacTi. BusiBieHO cucTeMHI HENONIKH, 30KpeMa
BHCOKY BIJOMYY PO3MOPOIICHICTh JaHUX, TEXHIYHE 3HOIICHHS MEpEeXi IOCTIB
[apomeTiieHTpy Ta BiACYTHICTH €auHOI IMdpoBoi Tmuiarpopmu s 0OMiHY
iHdopmartiero. Ha ocHOBI ormsigy icHylOuuMX BeOpecypciB  IMPOaHaIi30BaHO

npobsemy dhparmentapHocTi [T-miardopm, Ae eKoJIOTTYHI MOKAa3HUKH MTOAAIOTHCS Y



HECYMICHUX (opMarax, M0 NEPEHIKOIKAE IPOBEACHHIO OMNEPaTUBHOTO KpoOcC-
aHaji3y Ta Bepudikalli J1aHuX.

Y TperbomMy po3aiai po3risHyTO Gi3uKo-reorpadiyHi Ta TEXHOTCHHI
NepeyMOBH, 110 BU3HAYAIOTh IMHAMIKY €KOJIOTIYHOTO CTaHy periony. JlocmimkeHo
BIUIUB peNbey Ta METEOPOJIOTIYHMX YMHHUKIB Ha MPOIECH PO3CIIOBAHHS Ta
HAKOMMYEHHS 3a0pyAHIOIOUYNX PEYOBHUH B atMocdepi. [IpoananizoBaHo CTpyKTypy
AHTPOTIOTEHHOTO HABAHTAXKEHHS BiJ CTAlllOHAPHUX MPOMUCIOBHX BY3JIB Ta
IHTEHCUBHUX TPAHCKOPJOHHUX TPAHCIIOPTHUX MOTOKIB, 10 JO3BOJIMIIO HAYKOBO
OOTpyHTYBaTU MPIOPUTETHI JIOKAIli JJiS PO3MIIIEHHS HOBUX  IIYHKTIB
CIIOCTEPEIKEHHSI.

B 4erBepTOoMy po3aisi OOIpyHTOBaHO aBTOPCHKY KOHIIEIMIIIIO pO30yI0BU
IHTErPOBAHOT CHCTEMH MOHITOPHUHTY, 110 0a3ye€ThCs Ha JBOPIBHEBIM CTPYKTYDI:
MOE/IHAHHI BUCOKOTOYHUX PEPEPEHTHUX IIOCTIB Ta PO3TATYKEHOI Mepexi
CEHCOPHUX BY31iB. Po3po6sieHo yHIiKOBaHUN alropuTM OmepariifiHoi B3aeMOAll
Cy0’€KTIB MOHITOPHUHTY, KWW 3a0e31edy€e YiTKY MOCHII0OBHICTh A1 BiJl MOMEHTY
dikcamii 3a0pyaHEHHS 10 TNPUUHATTA YIPaABIIHCHKOTO pilieHHa. BusHaueHo
(GyHKLIOHAJIBHY POJb MOOUIBHOTO CErMEHTA Ta IHCTUTYTY HE3aJIeKHOI €KCIIePTHOI
OIIIHKKA fK KIIOUYOBUX €JIEMEHTIB IIJBUIIEHHS JIOCTOBIPHOCTI €KOJIOT14HOT
1H(popMmarii.

VY m’saTomy po3aiji 3anponoHOBaHO MPAKTHYHI HANPSAMHU peajtizallii cTparerti
onTUMIi3aIlli MOHITOPUHTOBOI Mepexki JIbBiBChbKOiT 00macTi Ha miepioa g0 2030 poky.
CdopmynboBaHO TMapaMeTpu 0a30BOr0 CIEHApil0 MOJEpHi3allli, 10 BKJIIOYAE
CTBOPEHHSI €IMHOTO ILIEHTPY OOpOOKM JlaHWX, BIPOBAKCHHS MOJYJIIB
MPOTHOCTUYHOTO MOJICITIOBAHHSI HECTIPUATINBUX METEOYMOB Ta 3aIyCK MyOIi4HOTO
reonoptainy.  OIliHEHO  OYIKyBaHy  COIlaJbHO-EKOJIOTIYHY  e(EeKTUBHICTb
3aIMpPONOHOBAHMX 3aX0/I1B, CTIPSIMOBAHHUX Ha 3a0€3MEeUeHHS MTPO30POCTI €KOJIOTTYHOT
1H(dOopMaIlii Ta TiABUIICHHS PIBHS 3aXUIIEHOCT]I HACEJIEHHS PETIOHY.

IIpakTuuHe 3acrocyBaHHs. [IpakThuHe 3HAYEeHHS pPOOOTH TMOJSATAE Y
MO>KJIMBOCTI BUKOPUCTAHHS PO3POOJICHUX IMIAXOMIB ISl BIOCKOHAJICHHSI CUCTEMU

€KOJIOTIYHOTO MOHITOPUHTY Ha PErioHaIbHOMY piBHI. 30KpeMa, pe3yJibTaTu



HAYKOBHX JOCHIJDKEHb TUCEPTaLiiHOI poOOTH B)KE BIPOBAKEHO Yy MIiSUIbHICTD
JlemapTaMeHTy €KOJIOT1i Ta MPHUPOIHUX pecypciB JIBBIBChKOI 00J1aCHOT JIepKaBHOI
aaMiHicTpamii Ta JlemapTamMeHTy IPUPOTHUX PECYPCIB Ta €KOjIorii XMeIbHUIIBKOT
o0nacHOi JeprKaBHOI aaMiHICTpallii, IO MIATBEPHKEHO BIIMOBITHUMHU JTOBITKAMH
PO BIPOBAHKEHHS MOJIOKEHb TUCEPTAIIHHOT pOOOTH.

OxpiM TOTO, pe3yJabTaTH JOCIIIKEHHS MOKYTh OyTH BUKOPUCTAHI:

— MPHUPOIOOXOPOHHUMHU YCTAHOBAMHU JIJIsI OLIIHIOBAHHS CTaHy aTMOC(EpHOTO
MOBITPS,

— IIpH po3po0LIl PEriOHATBHUX MPOTPaM OXOPOHU JOBKULIIS;

— Y HayKOBIi Ta OCBITHIN JISTTBHOCTI.

3anponoHOBaH1 PIIEHHS CIIPSIMOBAHI Ha MiIBUIIEHHS AKOCTI 1H()OpMaLIiHOTO
3a0e3reueHHs], €()eKTUBHOCTI YINPABIIHHS €KOJIOTIYHOK OE3MEKOI0 Ta 3HM)KEHHS

PIBHIB €KOJIOT1YHOI HeOe3meKku Ha Teputopii JIbBIBCbKOT 001acTi.

Kiro4uoBi cioBa: aHTpONOreHHE HaBaHTAXEHHsS, aTMOc(EepHE TMOBITPS,
reOCKOJIOTIYHA OIlIHKA, Te0EKOJOriYHa CHUTyallis, EKOJIOTIYHHA MOHITOPUHT,
€KOJIOTIYHUI CTaH, 3€J€Hl 30HHU, 3MiHa KJiiMary, JIbBIBCbKa 00JaCTh, MOHITOPUHT
CTaHy, OIaJy, OIlIHKA BIUIUBY Ha JOBKULIS, palllOHAIIbHE MPUPOIOKOPUCTYBAHHS,

POCIHCBhKO-YKpaiHChKa BiiiHA, CTAJIMI PO3BUTOK.



ABSTRACT

Bota O. V. «Environmental monitoring system in Lviv region: current state and
ways of optimization». — Qualified scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy in the specialty 103 «Earth
Sciences», field of knowledge 10 «Natural Sciences». — Ivan Franko National

University of Lviv, Lviv, 2026.

Ensuring environmental safety of territories is one of the key objectives of state
environmental policy, the implementation of which is impossible without the
effective functioning of an environmental monitoring system. It is precisely the
monitoring system that provides objective, timely, and representative information
on the state of the environment, which serves as the basis for informed management
decisions aimed at preventing, limiting, and minimizing the negative impacts of
anthropogenic factors.

In Ukraine, a state environmental monitoring system is in place; however, its
current condition is characterized by a number of systemic shortcomings, including
the fragmented nature of observations, insufficient technical support, limited
operational control, the lack of integrated information and analytical solutions, as
well as weak coordination among monitoring entities. This reduces the effectiveness
of the use of collected data and complicates the process of making well-grounded
management decisions.

These issues are particularly acute in the field of atmospheric air monitoring,
which is the most dynamic component of the environment and is characterized by
rapid spatial and temporal variations in pollutant concentrations. Atmospheric air is
the primary medium of direct impact on the population, which determines its crucial
role in shaping the level of environmental safety. At the same time, the existing air
quality monitoring system does not provide a sufficient level of data detail and
timeliness, thereby limiting its applicability for forecasting and management

purposes.
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For the Lviv region, the problem of improving the environmental monitoring
system 1s especially relevant due to the combination of significant industrial
pressure, a developed transport infrastructure, and specific natural and climatic
conditions influencing air quality formation. The existing monitoring network does
not fully meet modern requirements in terms of data representativeness, continuity,
and integration, which necessitates its modernization and optimization.

In this context, there is a need for a scientifically grounded approach to
improving the environmental monitoring system at the regional level, with a
particular focus on atmospheric air as a key indicator of the environmental condition
of the territory.

The aim of the dissertation is to provide a scientific justification and to develop
strategic directions for optimizing the environmental monitoring system of the Lviv
region through the implementation of integrated technological solutions and the
improvement of the atmospheric air monitoring network. The object of the study is
the environmental monitoring system at the regional level. The subject of the study
is the theoretical and methodological foundations of the functioning and
optimization of the atmospheric air environmental monitoring system in the Lviv
region.

To achieve the stated aim, the following tasks have been addressed:

1. To generalize the theoretical and methodological foundations for the
formation of regional environmental monitoring systems in the context of current
environmental security challenges and European standards.

2. To analyze the current state and identify systemic shortcomings in the
functioning of the monitoring network in the Lviv region, particularly regarding
institutional fragmentation and the disjointed nature of information IT platforms.

3. To substantiate the physical-geographical and anthropogenic factors
that determine the priority and specific features of atmospheric air monitoring within
different landscape zones of the region.

4. To develop a conceptual model of a comprehensive monitoring system

based on the integration of stationary, mobile, and indicative observation tools.
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5. To formulate a unified algorithm for operational interaction among
monitoring entities, aimed at synchronizing information flows and automating the
decision-making process.

6. To substantiate a prospective scheme for the placement of observation
points and to develop a program for the modernization of the regional monitoring
network up to 2030.

Scientific novelty. The main contributions of the dissertation research include:

1. A conceptual model of integrated atmospheric air monitoring has been
developed which, unlike existing approaches, is based on the combination of
systematic, operational, and episodic observations using a unified digital data
exchange platform, thereby enhancing the representativeness of environmental
information;

2. A unified algorithm for operational interaction among monitoring
stakeholders has been substantiated, enabling real-time synchronization of actions
between public authorities, meteorological services, and industrial enterprises for
the implementation of short-term pollution response measures;

3. A mechanism for independent expert interpretation of automated
measurement results has been proposed, ensuring the transformation of raw data into
a scientifically grounded evidence base for informed managerial and legal decision-
making;

4. Methodological approaches to optimizing the network of monitoring
stations in the Lviv region have been improved, based on the comprehensive
consideration of terrain aecrodynamic characteristics, the intensity of transboundary
transport flows, and the specifics of emissions from new industrial facilities;

5. The structure of information and analytical support for the monitoring
system has been enhanced by substantiating the transition from fragmented IT
platforms to a unified architecture for data storage and visualization, thereby
improving data accessibility and processing efficiency;

6. Theoretical foundations for assessing environmental health risks in

areas of intensive industrial development have been further developed through the
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application of intelligent data analysis systems and integrated environmental safety
indicators;

7. Methodological principles for developing decision support systems
(DSS) have been further advanced, enabling a shift from passive recording of
violations to preventive environmental management based on intelligent data
analysis, implemented through short-term action plans (STAP) under conditions of
meteorological uncertainty.

The dissertation consists of an introduction, five chapters, conclusions, and
appendices.

In the first chapter, an analysis of the theoretical and methodological
foundations of environmental monitoring systems as a core instrument for ensuring
environmental safety is carried out. The evolution of approaches to monitoring as a
system of observation and decision-making is examined, along with an analysis of
the regulatory framework in Ukraine and the requirements of European legislation
concerning environmental monitoring systems.

In the second chapter, the actual state of the monitoring system in the Lviv
region is analyzed. Systemic shortcomings are identified, including significant
institutional ~ fragmentation of data, technical deterioration of the
Hydrometeorological Center’s monitoring network, and the absence of a unified
digital platform for information exchange. Based on a review of existing web
resources, the problem of fragmented IT platforms is analyzed, where environmental
indicators are presented in incompatible formats, hindering real-time cross-analysis
and data verification.

In the third chapter, the physical-geographical and anthropogenic
preconditions determining the dynamics of the region’s environmental state are
examined. The influence of terrain and meteorological factors on the processes of
dispersion and accumulation of pollutants in the atmosphere is studied. The structure
of anthropogenic pressure from stationary industrial hubs and intensive
transboundary transport flows is analyzed, providing a scientific basis for identifying

priority locations for the placement of new monitoring stations.
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In the fourth chapter, the author’s concept for developing an integrated
monitoring system is substantiated, based on a two-level structure: the combination
of high-precision reference stations and an extensive network of sensor nodes. A
unified algorithm for operational interaction among monitoring stakeholders is
developed, ensuring a clear sequence of actions from the moment pollution is
detected to the adoption of management decisions. The functional role of the mobile
segment and the institution of independent expert assessment is defined as key
elements for enhancing the reliability of environmental information.

In the fifth chapter, practical directions for implementing a strategy to
optimize the monitoring network of the Lviv region up to 2030 are proposed. The
parameters of a baseline modernization scenario are formulated, including the
creation of a unified data processing center, the implementation of predictive
modeling modules for adverse meteorological conditions, and the launch of a public
geoportal. The expected socio-environmental effectiveness of the proposed
measures is assessed, aimed at ensuring transparency of environmental information
and improving the level of public protection in the region.

Practical application. The practical significance of the study lies in the
possibility of applying the developed approaches to improve the environmental
monitoring system at the regional level. In particular, the results of the dissertation
research have already been implemented in the activities of the Department of
Ecology and Natural Resources of the Lviv Regional State Administration and the
Department of Natural Resources and Ecology of the Khmelnytskyi Regional State
Administration, as confirmed by the relevant certificates of implementation of the
dissertation provisions.

In addition, the research results can be used:

— by environmental protection institutions for assessing the state of atmospheric
air;

— in the development of regional environmental protection programs;

— in scientific and educational activities.
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The proposed solutions are aimed at improving the quality of information
support, enhancing the effectiveness of environmental safety management, and

reducing environmental risk levels in the Lviv region.

Keywords: anthropogenic pressure, atmospheric air, geoecological
assessment, geoecological situation, environmental monitoring, environmental
condition, green areas, climate change, Lviv region, environmental state monitoring,
precipitation, environmental impact assessment, sustainable natural resource

management, Russian—Ukrainian war, sustainable development.
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