AHOTALNIA

Jlayux H.B. TlinBuIieHHS PiBHS €KOJOT14HOI Oe3meKku aTMoc(epHOro moBiTps
nignpueMcTB  OynmiBenbHOi  mpomucioBocTi (Ha mpukiani  [IpAT  Ieano-
@OpaHKIBCHKLIEMEHT).

Juceprariis Ha 3700y TTS HAYKOBOTO CTYIIEHS AoKTOpa (itocodii 3 ramy3i 3HaHb
10 «ITpupogamndi Haykm» 3a cruerianpHicTio 101 «Exomoris». - JIpBiB: HarionanpamMiA
yHiBepcuTeT «JIbBIBChKa MOJIITEXHIKa», MIHICTEPCTBO OCBITH 1 HayKH YKpainu, 2025.

Huceprailiss mpUCBSYEHA JOCIHIKEHHIO TEXHOTEHHOTO BIUIMBY II€MEHTHOI
MIPOMUCIIOBOCTI Ha arMoc(epHe MOBITPsS Ta po3polil €(EeKTUBHUX 3aXOMdiB IS
3MEHIIICHHS] TEXHOTEHHOTO BIUIMBY.

VY BCTyIl 3a3HAYEHO aKTYaJIbHICTh IPOOJIEMH €KOJIOTTYHOIO BILUTMBY LEMEHTHOT
IIPOMHUCIIOBOCTI, 30KpemMa 3a0pyaHEHHsI aTMOC(HEpPHOro MoBITPs ApiOHOAMCIIEPCHUM
UJIOM, OKCHUJIaMU a30Ty, CIPKM Ta IHIIMMH UIKIJJMBAUMUA pedoBHHaAMU. BkazaHo
pO3pOo0JIEHI METOAM 1 TEXHIYHI PIIIEHHS CHPSAMOBAHI HA 3MEHIICHHS €KOJOTIYHOIO
HABAaHTAKEHHS, MIJABUIICHHS €KOHOMIYHOI €(EeKTHUBHOCTI BHpPOOHMIITBA Ta
BUKOPUCTaHHS TOHKOAMCIIEPCHOTO MWy y BUTOTOBJICHHI BHCOKOSKICHOTO OETOHY.
Takox 3a3Ha4eH1 MeTa Ta 3aBJaHHs, 00’ KT Ta MPEAMET JOCTIHKEHHS.

VY mepmomMy po3aiiai po3MISHYTO 3HAYCHHSI IEMEHTHOI IPOMMCIIOBOCTI JIJIS
OyiBeIbHOT Trany31 YKpaiHH, a TaKoX ii eKoJIOTTYHUM BIUIUB. L5 ramys3pb € KJIIr040BOIO
JUTst 3a0e3MeUeHHs KaliTaabHOTro Oy/iBHUIITBA, BUKOPUCTOBYIOUM BHYTPIIIHI pecypcu
CUPOBHHH, Takl SK BamHSIK, MeEprejlb Ta TIWHA. BUPOOHUIITBO IIEMEHTY
CYIIPOBOIIXKY€EThCS 3HAYHUMH BUKHAAMH, 30KpeMa IIEMEHTHOTO THITY, OKCHJIIB a30TYy,
TIOKCUY CIPKH, ByIJICIIO, BAXKKUX METATIB, XJIOPUIIB 1 GTOPUIIB, 10 3a0pyTHIOIOTH
arMocdepy, CpUsoYN YTBOPEHHIO CMOTY, KMCJIOTHUX JOIIIB 1 3HUKEHHIO TTPO30POCTI
noBiTps. OCHOBHIMH YUHHUKAMH IIHOTO BIUIMBY € 3HOIIIEHE O0JaHAHHS, HEOCTAaTHE
BIIPOBQ/KEHHS CYyYaCHUX TEXHOJIOTIM OUMWINEHHS Ta HEIOTPUMAHHS EKOJOTTYHHX
cTaHapTiB. Po3min akileHTye yBary Ha BaKJIMBOCTI MoJEpHI3aIlli BUPOOHUIITBA,
BIIPOBA/KCHHS €()EKTUBHMX METOJIB YJIOBIIOBAaHHS 3a0pyAHIOBAuYiB 1 MOCHUJICHHS
€KOJIOTIYHOTO KOHTPOJIO IS 3HFMDKCHHS IITKOAW JIOBKULTIO Ta 3aXUCTy 3/I0pOB’S

HaCCJICHHA.



Y apyromy po3nuli pO3TISHYTO XapaKTePUCTUKY OO0 €KTa JOCIIKEHHS,
IIPUPOTHOTO cepenoBuIla TepUTOPIi pO3TallyBaHHS I[IpAT «IBano-
@®paHKIBCHKIIEMEHT» Ta METOAM aHalidy HOro TEeXHOTEHHOro BIUIMBY. JleTanbHO
OTIMCAHO I'eOJIOT1YHI, KJIIMaTU4HI, T1APOJIOTIYHI Ta IPYHTOB1 0COOJIUBOCTI MiCIIEBOCTI,
SIK1 BUBHAYAIOTh YMOBH PO3CIIOBAaHHS 3a0pYIHIOIOUHX PEUOBUH Ta €KOJIOTTYHI PU3UKH.
HaBeneHo icTopiro po3BUTKY IMiAMPUEMCTBA, HOTO CTpATETiYHE TOI0KEHHS, BUPOOHNYI
IPOLIECH, a TAKOXK OCHOBHI JIPKEpeJia BUKUIB, 30KpeMa MMHITY, OKCUJIIB CIpKH, a30Ty Ta
Byniento. OnucaHO CydacHi 3aXO[M, BIPOBAIKEHI ISl 3MEHIIEHHS IIKIJJIMBOTO
BIUTMBY, BKJIIOYAIOYM BHKOPHUCTAaHHSA €(EKTUBHOTO Ta3004YHCHOTO OONIagHAHHS,
MOHITOPHUHT MPOIECIB Ta TOTPUMAHHS €KOJIOTTYHUX CTaHJAPTiB. PO3MIsIHYTO TEXHIYHI
W oprasizauiiiHi METOAM NPOTHO3YBAHHS 3MEHILEHHS BIUIMBY HIANPUEMCTBA Ha
MOBITPSTHE CEPEOBUINE, IO BKIIOYAIOTh T'€PMETU3AIlI0 BUPOOHUYUX MPOIIECIB,
BIIPOBA/DKEHHSA Cy4YacHUX (UIBTPIB 1 ONTHUMI3aIii0 TexHOJOrii. OIIHEHO pIBEHb
3a0pyaHEeHHs aTMOC(EpPHOro NMOBITPs TBEpAUMH yacTuHkamu PM 1, PM2.5 ta PM10 y
30H1 BITUBY [IpAT «IBano-DpaHKIBCHKIIEMEHT» MUISIXOM I[17I0J000BUX BUMIPIOBAHb Y
JBOX KOHTPOJIbHUX Toukax — c. Kiy3iB Ta c¢. SAMuHuus. OTpumani 1aHi BUKOPUCTAHO
JUTSL pO3paxyHKy iHaeKcy sikocTi moBiTps (AQI).

Y TpeThoMy pO3Mial JOCHIKEHO BIUIUB IIEMEHTHOI ITPOMMCIIOBOCTI Ha SKICTh
aTMoc(epHOro MOBITPs, 30KpeMa PO3MOBCIOIKEHHS IP1OHOANCIIEPCHOTO IIEMEHTHOTO
MUITY, Ta pO3pPOOJICHO MaTeMaTUYHY MOJIETTh JIJIsl IPOTHO3YBAaHHS MOTO KOHIIEHTpAIlH y
KUTIOBUX pailoHax. [IpoaHanizoBaHO OCHOBHI JpKepena BUKHUIIB, (akTopu, 10
BIUIMBAIOTh HA  TOIIMPEHHS  TIIY, Ta  3alpOlOHOBAaHO  yAOCKOHAJICHHS
MUIOBJIOBIIOIOYOrO O0OJaJHAaHHA, $Ke 3HIKye BuUkuau mwiy Ha 10 - 15%.
Buxopucranus mozeni 103Bosis€ e(eKTUBHO OI[IHIOBATH TEXHOTEHHE HAaBaHTAXCHHS,
BpPaxoOBYBAaTH METEOPOJIOTIUHI YMOBH 1 TOnorpadiro MiCIIEBOCTI, @ TAKOX PO3POOIIATH
3axoau s 3MeHIIeHHs 3a0pymnHeHHs. CTaTUCTHYHA OIIHKA MPOIOHOBAHOT
MaTeMaTUYHO1 MOJIEI JJIS TiIBUIICHHS €KOJIOTTYHOI Oe3MeKu B paioHaX, MPUJIETIIUX
70 LEMEHTHHX 3aBOJIIB MPHUBEICHA HAa OCHOBI METOAY HallMEHIIMX KBaapaTiB. fka
J03BOJISIE BUKOPUCTATU PETrPECIiHY MOJIENb PO3MOBCIOYKEHHS 1IEMEHTHOTO MUy B

atMocdepi. g pealbHUX JaHUX J0 MOJIEN MOXYTh OyTH JojaHl 1HII (DaKTOpH
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(HampuKaa, HampsIMOK BITPY, BOJIOTICTh, TEMIIEpaTypa, aTMOoc(epHa CTaOLIbHICTD
TOII[0), IO JIO3BOJIUTH TOYHIIIIE ONKCATH Mpoliec 1udy3ii 3a0pyHeHHS.

Y derBepTOMYy pO3AiUTI OOTPYHTOBAaHO PEKOMEHAAIIl IIOI0 MOHITOPHHTY
ekocucteM y 30HI BBy IIpAT "IBano-®paHKiBChKIIEMEHT" Ta MOAEpHizalii
MUJIOBJIOBIIOI0YOTO 00JaAHAHHS /JIsi 3MEHILICHHS HETaTUBHOTO BIUIMBY Ha JOBKIJUIS.
BuknaneHo npuHIUMIN CUCTEMHOTO, aIallTABHOTO Ta JIOBTOCTPOKOBOTO MOHITOPHHTY,
30KpeMa 1HTerpaIiio Cy4acHUX TEXHOJIOT1H.

3anpornoHOBaHO yIOCKOHAJIEHHS MIIOBIOBIIOIOUUX CHCTEM 13 BUKOPUCTAHHSIM
KOMOIHOBaHUX METO/I1B OYHIICHHS, SIK1 3a0€3MeuyIoTh BJIOBJIIOBAHHS
IpiOHOAMCIIEPCHOTO IIEMEHTHOTO Ty, MIJABUIIYIOTh EKOJIOT1YHYy Oe3MleKy Ta
€KOHOMIYHY €()EeKTUBHICTh BUpOOHHIITBA. ONMCaHa KOHCTPYKIIIsl HOBOTO OO IHAHHS
J03BOJISIE HE JIMIE 3MEHIMTH o0csar BukuaiB Ha 10-15%, ame i orpumaru
BHUCOKOSKICHY TOHKOJAMCHEPCHY (pakKilito /Il BUKOPUCTAHHS Y BUPOOHUIITBI OETOHY,
110 CIIpUsi€ MIABULIEHHIO AKOCTI MPOLYKIIIi.

KiarouoBi cjioBa: 1ieMEHTHAa TMPOMHCIOBICTh, JAPIOHOAUCIIEPCHUN  IHJI,
3a0pyaHEHHS aTMOC(EPHOTO MOBITPS, MAaTEMAaTUYHA MOJIEIb, MOHITOPUHT €KOCUCTEM,
MUJIOBJIOBITIOI0YE 001 IHAHHS, IPUPOTHE CEPEIOBHUIIIE.

ABSTRACT

Latsyk N.V. “Enhancing the Environmental Safety of Atmospheric Air at
Construction Industry Enterprises (case study of PJSC Ivano-Frankivskcement)”.

Dissertation for the degree of Doctor of Philosophy in specialty 101 - Ecology,
field of knowledge 10 - Natural Sciences, Lviv Polytechnic National University,
Ministry of Education and Science of Ukraine, Lviv, 2025.

The dissertation is devoted to the study of the technogenic impact of the cement
industry on atmospheric air and the development of effective measures to mitigate its
environmental impact.

The first chapter examines the significance of the cement industry for Ukraine’s
construction sector and its environmental impact. This industry plays a crucial role in
capital construction, utilizing domestic raw materials such as limestone, marl, and clay.

Cement production is accompanied by substantial emissions, including cement dust,
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nitrogen oxides, sulfur dioxide, carbon dioxide, heavy metals, chlorides, and fluorides,
which contribute to air pollution, smog formation, acid rain, and reduced air
transparency. The main factors exacerbating this impact include outdated equipment,
insufficient implementation of modern purification technologies, and non-compliance
with environmental standards. The chapter highlights the need for production
modernization, the introduction of efficient pollutant capture methods, and stricter
environmental control to minimize environmental damage and protect public health.

The second chapter presents the characteristics of the research object, the natural
environment surrounding PJSC Ivano-Frankivskcement, and the methods used to
analyze its technogenic impact. It provides a detailed description of the geological,
climatic, hydrological, and soil conditions of the area, which influence the dispersion
of pollutants and environmental risks. The historical development, strategic location,
production processes, and major sources of emissions, including dust, sulfur oxides,
nitrogen oxides, and carbon compounds, are outlined. Existing measures to reduce
harmful emissions are reviewed, including the use of high-efficiency gas-cleaning
equipment, process monitoring, and compliance with environmental regulations. The
study evaluates technical and organizational methods for predicting and mitigating the
plant’s impact on air quality, such as sealing production processes, implementing
advanced filtration systems, and optimizing technology. The assessment of
atmospheric pollution levels by particulate matter PM1, PM2.5, and PM10 in the
plant’s impact zone was conducted through 24-hour measurements at two monitoring
points - Kluziw and Yamnytsia - with the obtained data used for calculating the Air
Quality Index (AQI).

The third chapter investigates the impact of the cement industry on air quality,
particularly the dispersion of fine cement dust, and develops a mathematical model for
predicting dust concentrations in residential areas. The main emission sources and
factors influencing dust dispersion are analyzed, and improvements to dust collection
equipment are proposed, reducing dust emissions by 10 - 15%. The model enables an
effective assessment of technogenic loads, considering meteorological conditions and

topography, and facilitates the development of measures to reduce pollution. A
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statistical evaluation of the proposed mathematical model for enhancing environmental
safety in areas adjacent to cement plants is conducted using the least squares method,
allowing for the application of a regression model for cement dust dispersion in the
atmosphere. Additional real-world factors - such as wind direction, humidity,
temperature, and atmospheric stability - can be incorporated into the model for more
precise pollution diffusion predictions.

The fourth chapter provides recommendations for ecosystem monitoring in the
impact zone of PJSC Ivano-Frankivskcement and the modernization of dust collection
systems to minimize negative environmental impacts. The principles of systematic,
adaptive, and long-term monitoring are outlined, emphasizing the integration of
modern technologies. The study proposes the enhancement of dust collection systems
using combined purification methods, ensuring the efficient capture of fine cement dust
while improving environmental safety and economic efficiency. The design of the new
equipment not only reduces emissions by 10 - 15% but also allows for the collection
of high-quality fine fractions for use in concrete production, thus enhancing product
quality.

Keywords: cement industry, fine particulate matter, air pollution, mathematical

model, ecosystem monitoring, dust collection equipment, natural environment.



