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Pedepar/anoTamnis:

1. luceprauiiiHe DOCIiIKEHHS IPUCBSYEHE BUPIMIEHHIO aKTyaIbHOI HAYKOBO-TIPAKTUYHOI 3a/1a4i — yIOCKOHAJIEHHS
METO/IiB IPOEKTYBaHHs Ta €KCIITyaTallii aBTOMOOIJIbHMX AOPIr Ha OCHOBI OLiHIOBaHHS X BIJINBY HA AOBKULIA. Y
Po3gini 1 mpoBeneHo aHasi3 BIVIMBY aBTOMOOIJIBHO-IOPO’KHBOTO KOMILJIEKCY Ha JOBKiJIS, 1€ BCTAHOBJIEHO, L0
MepesXa Iopir YKpaiHu NPpOTSKHICTIO 169,6 TUC. KM € IKepesioM MOCTIMHOTO TEXHOM€HHOTO HABAaHTAXXeHHS, IIpU
1pomy noHaz 90% o6’eKTiB NOTPeOYIOTh BiHOBJIEHHS YePE3 3HAUHY 3HOLIEHICTb Ta HACJIiIKK BiliCBKOBOI arpecii.
SIKicHe JoCiIKEHHS J03BOINIIO CUCTEMATHU3YBAaTH OCHOBHI €KOJIOTiYHI YAHHUKY (3a0pyIHEHHS aTMOCPepH,
rigpocdepu Ta IpyHTIB) i BUSBUTY HELOCKOHAJIICTh YNHHUX IIPOLeyP OLiHKY BIJINBY Ha JOBKIJIS, SIKi MAIOTh
¢dparmeHTapHuii xapakrep. KinpKicHi faHi DiATBEpAXYIOTh, 110 TPAHCIIOPTHUI CEKTOp 3abe3redye 3HaUHY YacTKy
LIKIIJIMBUX €MiCiHi, a mepexif, 0o cTpaTerii CTasoro po3BUTKY Ta LIUPKYJISPHOI EKOHOMIKM BUMAarae BIIPOBAIKEHHS
IVHAMIYHMX MOZEJIEN OLiHKY Ha BCiX eTamnax >XUTTEBOr0 LUKy JOPOrH, W0 NO3BOJIUTh 3HU3UTU PiBEHD

€KOJIOTIYHOTO PUBUKY BK€ Ha CTafii mpoekTyBaHHS. Y Po3pini 2 3nilicHeHO TeopeTuyHe OOIPyHTYBaHHSI BILIUBY



aBTOMOOIJIbHOI IOPOTY Ha JIOBKi/LJISI Yepe3 po3pOoOKY iepapxiuyHoi CUCTEMHOI MOJiesli «aBTOMOGi/IbHA Iopora —
TPaHCIOPTHU MOTIK — HABKOJINIIHE CEPENOBUIILEY, SIKA iIHTErpye TEXHIUHI, €KCIITyaTalliifHi Ta €eKOJIOTiuHi
IapaMeTpy Ha Pi3HUX €Talax >XUTTEBOrO LMKy 00'€KTa. SIKiCHO BCTaHOBJIEHO, 1J0 €KOJIONYHUI e(eKT €
IVHAMIYHUM | 3aJIEKUTD Bill TEXHIYHOTO CTaHy IIOKPMBY, PEKMMIB PyXY Ta KIIIMaTU4YHUX YMOB, a KiJIbKiCHE
OLiHIOBaHHA METOMOM aHaJi3y iepapxiil J03BOIMIIO BUSHAYUTU CTPYKTYPY TEXHOTEHHOTO HAaBAaHTAKEHHS, [Ie
IOMiHYIOTb BUKUIM B aTMocdepy (36,4 %) Ta rinpocdepy (28,3 %). ChopmoBaHuil MaTeMaTUYHUI anapar, 110
6a3yeTbCs Ha €MiCIMHUX 3aJIEXKHOCTSIX Ta MOJEJISIX PO3CilOBaHHS, Y IO€IHAHHI 3 po3pobieHo0 Kiacuikaliieo
MIKpO3a0pyHIOBaYiB (4aCTKa SIKUX CTAaHOBUTH 21,2 %), CTBOPIOE HAYKOBO-METOAMYHE MiAIPYHTS [1J1s1 IEPEXOAY L0
PU3UK-OPUEHTOBAHOTO YIIPaBJIiHHS €KOJIOTIYHOIO 6€3I1E€K0I0 OPOXKHBOI iIHPpaCTPYKTypu Ta BUOOPY ePeKTUBHUX
iHXXKeHepHHUX 3aX0/1iB 3aXMCTY IPUAOPOKHIX eKocucTeM. Y Po3zini 3 mpoBeieHO eKcliepruMeHTabHY anpooaliio
PO3pO6JIEHOr0 METOAY OLiHKY BIIJIMBY aBTOMOOIIBHOI JOPOTY Ha JOBKIJJIS (HA NPUKJIAAL OiJISHKY aBTOMOO1/IBHOI
moporu M-21) 3 MeTo10 MigTBepI)KEHHS JOCTOBIPHOCTI TEOPETUYHUX MOoAesel. SIKicHMi aHali3 BKIII0YaB
IIPOBEMIEHHS HATYPHUX CIIOCTEPEXKEHD 3a [TApaMeTPaMU TPAHCIIOPTHOTO ITIOTOKY Ta iHCTPYMEHTAJIbHUX BUMIPIOBaHb
KOHILIeHTpaLiil 3a6pyaHIoBanbHuX pedosuH (CO, NOg, SOn) y npusemHomy mapi atmocdepu. KisnbKicHi pe3ynbTatu
3aCBiUNIIY BUCOKY aJJeKBaTHICTb MaTEMAaTUYHOIO OIHKCY: BiTHOCHA [TOXMOKA MK PO3PaXyHKOBUMMU Ta
eKCIepUMeHTaJIbHUMU JaHUMU He niepeBuinuia 10%, a koediuieHTn getepmiHariii 1715 OCHOBHUX TOKCUKAHTIB
ckianmu R2 = 0,91-0,96. Kpim Toro, y po3zini ZoCiIKeHO CTaH ITIOBEPXHEBOr'O TOPOKHBOIO CTOKY Ta OCaJliB
JIOKQJIbHUX OUYMCHUX CIIOPYA, 1O JO3BOJIMJIO ileHTU(IKyBaTH 3aBUCJIi PEYOBUHU K OCHOBHI HOCIi
MIKp0O3abpyAHIOBaYiB Ta MiATBEPAUTH €(PEKTUBHICTb KOMILJIEKCHOTO MiIXOAY 10 MOHITOPUHTY NPUIOPOXKHIX
TEpUTOPil Ha eTarax MPOEKTYBaHHs Ta eKciulyaTalii. ¥ Po3zini 4 po3po6yieHo Ta 06 pyHTOBAaHO METOUYHI MifX0oAu
IO IPOEKTYBAHHS Ta €KCILJIyaTyBaHHS aBTOMOOIJIbBHUX JOPIr i3 IpiopyuTeToM MiHiMizallii eKos1oriyHoro
HaBaHTAXXEHHS, SIKi iIHTErpoBaHo y HauioHabHi crangaptu ICTY 9030:2020, ICTY 9048:2020 Ta ACTY 9076:2021.
KinbKiCHO BCTaHOBJIEHO, 1110 BIPOBAJIKEHHS 3aIIPOIIOHOBAHUX iH)XEHEPHUX pillleHb 3a6e3re4ye 3HUKEHHS
KOHILIEHTpallii TOKCUKAHTIB y IPUIOPOXKHil cMy3i Ha 30-70 %, a po3paxoBaHUll €KOHOMIUHMI eEeKT 3aeXKHO Bif
cleHapilo BapiloeThbcs Bif, 568 Tuc. IpH 10 1,326 M7H rpH Ha pik. OTpuMaHi pe3yibTaTy MiATBEPIKYIOTh BUCOKY
edeKxTUBHICTb (IHTerpasbHUI OKa3HUK 20,8) Ta EKOHOMIUHY JOLIBHICT BUKOPUCTAHHS PO3POOJIEHUX €MiCiiHIX
Mogesel AJ1si IPUMHSITTS. OOIPYHTOBAaHUX IIPOEKTHUX PillleHb Ta YCIIMIHOTO IIPOXOIKEHHS TOCTIIPOEKTHOTO
MOHITOPUHTY. 3arajJlbHUM BUCHOBKOM POOOTH € T€, [0 PO3pO0JIEHUI METO/, Ta iIHCTPYMEHTH OLIiHIOBAaHHS BIJIUBY
Ha JOBKIJIJIA Mif, Yac MPOEKTYBaHHS Ta €KCIIJTyaTyBaHHS aBTOMOOIIBHUX OPIr 3a6€3Me4yI0Th KOMIJIEKCHUH TiaXiz,
IIO €KOJIOTiYHOI 6e3IeKu TOPOKHBOI iHPpacTpyKTypu. YIOCKOHAIEHA CUCTEMHA MOJIeJb «aBTOMOOIIbHA 1opora —
TPaHCIIOPTHUM MOTIK — HABKOJIUIIHE CEPeNOBuILe», BepuPikoBaHa HATYPHUMHU BUMIPIOBAaHHSMHU, Ta po3pobieHa
xi1acudikauisg Mikpo3abpygHIOBadiB CTBOPIOIOTh HAYKOBO OOIPYHTOBAaHY OCHOBY 1711 IPUMHSTTS YIIPaBJIiHCbKUX
pimens. [IpakTryHa iMIIIeMeHTal i pe3ysbTaTiB y HauioHanbHi crangapty JCTY 9030:2020, JCTY 9048:2020 Ta
JCTY 9076:2021 nigTBepAKye iX NPUKJIAIHY LiHHICTD i BiIOBiAHICTE BUMOTaM CTaJIOrO PO3BUTKY TPAHCIIOPTHOI
ingpacTpykTypu Ykpainu. Kio4oBi cjioBa: aBTOMOGi/IbHA OpOra, €KOJIOriuHa 6e3eKa, MaTeMaTUYHa MOJIEJIb,
IIPOIIYCKHA 3[aTHICTb, IIJIACTUKOBI BiIXO1, TPAHCIIOPTHI 3aCO0, HABAHTAKEHHSI, JOPOXKHil IOKPUB, BIJIUB HA
HAaBKOJIMIIHE CepeloBUlle, TOPOKHS iHPpacTPyKTypa, iIHTEHCHBHICTb PYXY, JKUTTEBUH LIMKJI, BOJIOTICTb IPYHTY,

reoMeTpist JOpory, TPAHCIIOPTHA CUCTEMA.

2. The dissertation research is devoted to solving an actual scientific and practical issue — improving methods for
assessing and forecasting the impact of highways on the environment. The study develops a systemic
mathematical model of the “road - traffic flow - environment” system, which includes calculations of pollutant
emissions, hierarchical ranking of impact factors, and assessment of the dispersion of specific micropollutants
(microplastics). The first chapter analyzes the current state of highways in Ukraine. The author examines the
technical and environmental aspects of road design and operation processes, analyzing the impact of harmful
substances on the environment. An analysis of the regulatory and legal framework of Ukraine and the EU is also
conducted. It was found that the existing forecasting methodologies are not fully adapted to modern parameters
of highway design and operation, which necessitated the development of new approaches. The second chapter is
devoted to the development and substantiation of a systemic model of the impact of highways on the environment.



To determine the priority of influencing factors, the Analytic Hierarchy Process (AHP) was applied for the first
time, making it possible to establish that the key load factors are traffic intensity (22.3%) and vehicle speed (18.2%).
It is proposed to account for traffic intensity and traffic composition in assessing atmospheric impacts, enabling
more accurate determination of pollutant and greenhouse gas emissions. This provides a more objective
assessment of the impact of vehicles on the atmosphere during operation. The practical significance of the
proposed solutions was experimentally verified on a section of the M-21 highway in the Zhytomyr region. A
comparison of theoretical data with field measurements demonstrated high correlation coefficients for carbon
monoxide (r = 0.868 for CO, r = 0.8703 for NOmn, and r = 0.7870 for SOn), confirming the adequacy of the model. The
third chapter investigates the patterns of technogenic load formation during highway operation, with a focus on
specific micropollutants, particularly microplastics generated by tire and pavement wear. The author analyzes the
migration mechanisms of these substances through surface runoff into water bodies and soils, substantiating the
need for implementing local treatment systems. The fourth chapter presents the results of the practical
implementation of the developed environmental impact assessment methods into the regulatory and
methodological framework of the road sector. The author describes the incorporation of research findings into
new national standards, particularly DSTU 9030:2020 and DSTU 9048:2020, which regulate requirements for
design documentation and methods for measuring environmental parameters. Methodological recommendations
for reducing the impact of micropollutants and a comprehensive package of strategic measures for 2022-2025
aimed at improving the environmental condition of roadside areas were developed. Special attention is given to
calculating the projected economic effect of implementing the proposed environmental protection measures on
national roads. The general conclusion of the dissertation is that the developed methods and tools for
environmental impact assessment during the design and operation of highways provide a comprehensive approach
to ensuring the environmental safety of road infrastructure. The improved “road - traffic flow - environment”
system model, verified through field measurements, together with the developed classification of micropollutants,
creates a scientifically substantiated basis for managerial decision-making. The practical implementation of the
results into national standards DSTU 9030:2020, DSTU 9048:2020, and DSTU 9076:2021 confirms their applied
value and compliance with the requirements of sustainable development of Ukraine’s transport infrastructure.
Keywords: highway, environmental safety, mathematical model, road capacity, plastic waste, vehicles, load, road
surface, environmental impact, road infrastructure, traffic intensity, life cycle, soil moisture, road geometry,
transport system.
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OxopoHHi gokymeHTH Ha OIIIB:

JlirepaTypHi Ta XyZ,05KHi TBOpHU
CaigonTso cepia N2 120922 TBip HayKOBO-NIIPAaKTUYHOI'O XapaKkTepy «AHaJi3 iCHyI0UMX METOLIB OLIiHKY
IIPOTHO3HUX BILJIMBIB Ha [IOBKIJIJIS aBTOMOOIILHUX OPIr Ta HOPMATUBHO-METOLOJIOTIYHUX JOKYMEHTIB 111070
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BigmoBizasibHU 32 MiATOTOBKY IBanymko Onekcanzip MukonaioBid
00JIIKOBHX JJOKYMEHTIB

PeecTparop IOpueHko TetsiHa AHaTOJiiBHA
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