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IlepcnexkTBu Po3BUTKY
BonueBoi EHepreTnkm B YKpaiHi

1L2Mapisa Jlonywancexa, JIioomusra Luzanox, 2Hamaaisn PeByyvka, 30avea Bepeyn
1Acomiaris mpodecionanis moskiuist «PAEW»
2I'pomayicpka opranisarig «KiHounit eHepreTraamit K1y0O YxpaiHm»

SBimoxpeMIIeHUII CTPYKTYPHMI Hinpo3in «TexHiko-eKoHOMIUHWIT (paxoBum
Kostemx HarionansHoro yHiBepcureTy "JIbBiBCchKa MoIiTEXHIKA"

E-mail: mariialopushanska@gmail.com

Beryn

3 KO)XKHVUM POKOM aKTVBHiIIle OOrOBOPIOETHCS KliMaTIYHa HEMTPaJIbHICTh
Ta IeKapOoHi3allisi MPOMIMCIIOBOCTI He JIMIlle y CBiTi, a 1 B YkpaiHi. [Torpn sHaumHi
HIOIIIKOIKEeHHS CIIPUYMHEHI BiiHOI0, YKpalHa Mae aMOiTHi ITiTi y po3BUTKY BOAHEBOI
eHepreTHKI, 30KpeMa, i3 3aCTOCyBaHHSIM TEeXHOJIOTi I BUPOOHMIITBA «3€JIEHOT0»
BOMHIO. «3eJIeHUIT» BOAEeHb € OMHMM i3 HameKOJIOTiuHMX CII0co0iB BUMPOOHMITTBA
BOJIHIO 1 MOJIATa€ y eJIeKTPOJIisi BOIM, a elleKTpoeHepris, 110 BUKOPUCTyBaMeThbCs
IIOBVHHA OYyTM 3reHepOBaHOIO 3 BiTHOBJIIOBAHVIX JKepeJl eHepril.

Buxnan marepiasy

Y 2021 pomi B YxpaiHi Oyio IIpe3eHTOBaHO KJIIOUOBi BEKTOPM PYXY Yy
HampsiMi BOAHEBOI eHepreTHKM, IIpOTe uUepe3 BilIHYy OOBEIOCSH afanTyBaTH iX O
BUKJIVIKiB cborofeHHs. Tak, y 2024 p. Oyio mpercrasiieHo IIpoeKT BomHeBoi cTparerit
Yxpataun mo 2050 p. Crpareris Bu3HaYae [JOCATHEHHS BUPOOHMIITBA
HU3bKOBYIJIeleBoro BogH:o 110 1,3 MytH Ty 2035 p. Ta mo 3,0 Mita Ty 2050 p., 3a51eXXHO
Bif, oOcsTiB eKcIOpTy Ta BHYTpPIIIHBOrO IOIMTy. [loTeHIas BMpOOHMIITBA
BiTHOBJIIOBAHOT'O BOAHIO TSt YKpaiHm cTaHOBUTH 44,957 miH T. Ha TepuTopiasnbHi
oy npwranae 19,468 mtH T (43 % Bin Bcboro noreHniay). HavOutsnmit moTeHIian
BUPOOHMIITBA BiMHOBIIIOBAHOIO BOOHIO € y 3amopisekint, [IHIIIpoIIeTpOBCEHKilL,
Honenpxin, Jlyrancekin, Xapkiscpkir, XepcoHcbKin Ta KipoBorpamchekirnt obracTsx.

INepcriekTVBHMM € BUKOPUCTAHHS BOAHIO 5K 1L eKCIIOPTY — ITOCTaYaHHS
y €BpoIry yepes IIpoeKToBaHMI LleHTpasIbHOEBPOTIETICHKITI BOIHEBWI KOPUAOP, TaK
i g BimacHmx moTpe® BcepemuHi KpaiHw. i BHyTpimmHiX moTped MoxHa
BUKOPWCTOBYBaTW HW3bKOBYIJIEIIEBMII Ta BiJHOBIIOBAaHMV BOJEHb 3aMiCTb

HNPVPOAHOrO Trasy mId BupoOHMIITBa ertekTpoeHeril. Ille omgmH HampsaMm - 1e
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BUKOPVICTAHHSI BOJIHIO B CHCTeMi TeIUIONOCTadaHHs. MOoXInBe BUKOPWCTaHHS
BOZIHIO abo TI0TO CyMillli i3 mMpuMpomHUM ra3oM fK MaiavBa I IeHTpaTi30BaHOrO
BOZIOTIOCTaYaHHS Ta OIlaJleHHs, ab0 JIOKaJIBPHOTO BUPOOHWMIITBA TEIUIOBOI eHperil.
ITepcrieTMBHUM € BMKOPWCTAHHS BOIHIO Ha TPAHCIIOPTi: BOJHEBMX aBTOMOOLIAX,
IpOMaJICbKOMY, 3aJIi3HMYHOMY, BOJHOMY Ta IIOBITpsIHOMyTpaHcompToM. IIporte
Hapasi JaHu Harpsam 1moTpelye OLIBIN [eTaIbHIIIIOTO BUBYEHHS.

Ille omHMM HaNpsMOM € BUKOPWUCTAHHS BOOHIO B IIPOMMCIIOBOCTI:
MeTaJIyTii, IleMeHTHil, XiMiuHi ITpOMMCIOBOCTI, BUPOOHUIITBI MeTaHOIYy. BomeHb
MOXe OyTHM IepCHeKTMBHUM JDKepesIoM LI IeKapOoHisamii cekropy. 3rimHo 3
ToCIimkeHHIM MiXHapOIHOrO eHepreTMYHOrO areHTCTBa, MONAJIbIINIL PO3BUTOK
BOJIHEBOI eHepreTMKy B YKpaiHi Mae BifgOyBaTwmcs 3 ypaxyBaHHSAM OaraTbox
CKJIAIOBVIX, IIIO BUXOMSTH 3a MeXKi TeXHIYHOT0 IIOTeHITiaTy BUPOOHNIITBA.

ITo-mepire, HM3BKOByIVIEIleBe BOIHEBe BUPOOHWMIITBO Mae OyTu
€KOHOMIYHO OOIpyHTOBaHMM 3a yMOB BMCOKOI BapTOCTi Karitay. PiBeHb 3BaXkeHOI
cepeHbBOI BapTOCTi KamiTasly B YKpaiHi Moxke csraTi 25%, 1110 icTOTHO BIDIMBaE Ha
piBeHb cObiBapTOCTi BOIHIO MOPIBHSHO 3 IHIMMMM €BPOIEVICBKMMM PUHKaMU,
30kpema HimeuunHoro. Lle Moxe mimpumimmty cobiBapTicTh «3e71€HOrO» BOTHIO 3
$5,1/xr mo $8/kr. Ilo-mpyre, poO3BUTOK BOHHEBOI Taly3i Mae BpaxoByBaTW
MaKpOeKOHOMiuHe cepefoBuile: TamiHHA o0caris BBII, Bucoky inHdmamiro,
3MeHIIIeHH:I YMCeIbHOCTI Ta KBastidikariil pobodoi cvym. 3okpeMa, Opak irkeHepiB
Ta TeXHIYHOTo IIepCcOHaTy MOXKe OOMEeXMTVI IIBUAKICTh peastizamil IpoekTiB. OmanM
i3 pesepBiB WIA MOMOIAHHS KaJpoBOro aedilnTy € aKTVBHE 3aTy9eHHS XIHOK /10
mpodeciit y cdepi BomHeBOI eHepreTUK, 30KpeMa B Haylli, iHXKeHepii Ta TeXHIYHMX
crretiaibHOCTAX. Ilo-TpeTe, akTyasIbHVM € IIMTaHHS iHTerparlii BOOHIO B iCHyIO4y
rasoBy iHdpacTpyKTypy. YKpailHa BOJIOAi€ 3HAUHMM IiI3eMHMMYI Ta30CXOBUIIIaMU
(monap, 30 myIpa M%) Ta eKCIOPTHMMM IOTY KHOCTSMM, IIIO MOXYTb OyTM 4acTKOBO
HnepeoOianHaHi 11 TpaHCIOPTYBaHHS BOHHIO. KOpOTKOCTpOKOBi 3axomm MaroThb
CIIPUATU PO3BUTKY BiJTHOBJIIOBAHOI €HepreTUMKM 4K IepedyMOBU I MOHAIBIIOL
reHepanii BomHIO. lle 3HM3UTE PU3UKKM IS IHBECTOPiB, a TaKOX HJO3BOJIUTD
edpeKTHBHIIlle IUTaHyBaTM po30yIOBY IOBHOTO JIaHITIOTa BMPOOHMIITBA, 30epiraHHs
Ta TPaHCIIOPTYBaHHH BOJIHIO. Y paxXyBaHHs HaBelleHVX acleKTiB J03BOJIUTh He JIVIIe
edeKTUBHiIlle peasli3oByBaTU IOTeHLiaJl YKpalHM $K eKcIopTepa «3eJeHOro»
BOJHIO, ajle VI CTBOPUTY BHYTPIllIHIVI PUHOK, IO IATpUMyBaTVMe eHepreTUYHY
Oe3nexy Ta geKapOOHi3aIlifo IIPOMVICIIOBOCTI.

BuicHoBKM

B YxpaiHi po3BUTOK BOJIHEBOI eHepreTUKM € OTHMM i3 BasKJIMBVIX HAIIPsIMiB
JleKapTOHi3alii Ta KIMaTU4YHOI HeMTpaJIbHOCTi ITPOMMCIIOBOCTI, €HepreTMKM Ta
TPaHCIIOPTY.
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Prospects for the Use of Renewable Fuels in Power
Infrastructure

Viktor Denysov
General Energy Institute of National Academy of Sciences of Ukraine

E-mail: visedp@gmail.com

Introduction

In the context of global energy and environmental challenges, considerable
attention is paid to the optimal use of fuel resources. Advances in technology, stricter
environmental regulations and a desire to reduce dependence on fossil fuels are
shaping new trends in this area. Fossil fuels, including coal, oil and natural gas, have
been used as priority energy sources for more than 150 years and currently provide
about 80 percent of the world's energy needs. At the same time, they are the main
sources of environmental pollution. Fossil fuels are a non-renewable source of energy
and have a negative impact on the environment. About 75% of fossil fuels are used
for heating and energy generation, 20% as fuel, and the remaining is used to produce
chemicals and materials. In order to ensure sustainable development, new
technologies and renewable resources are being sought due to the rapid development
of industrialization. The concept of replacing fossil fuels with renewable energy
sources is especially relevant due to the increase in the concentration of greenhouse
gases in the atmosphere as a result of the use of fossil fuels. The transition to
renewable energy sources is also becoming a priority due to the depletion of fossil
fuel reserves. Thus, while oil, natural gas and coal remain the main traditional fuels,
their use faces limitations and challenges.

Main material

Promising alternative fuels. The alternative fuels listed below are
becoming more and more environmentally preferable and economically competitive
due to the development of their production technologies and the fairly widespread
use of supporting government legislation.

Biofuels. Bioethanol and biodiesel are widely used in the transport sector.
Hydrogen fuel. Green hydrogen (from renewable energy sources) is a very
fashionable and popular direction, the development of which, with existing

technologies, is constrained by high production costs. Blue and grey hydrogen (from
natural gas) are the prevailing technologies at the moment.
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Synthetic and carbon-neutral fuels. One of the most promising trends in
the fields of aviation and shipping is the production and use of synthetic liquid fuels
based on captured CO, and hydrogen.

Use of electricity as a substitute for liquid and gaseous fuels. One of the
main drivers of declining demand for traditional fuels in transport is the growing
popularity of electric vehicles.

The rapid development of battery technology and charging infrastructure
is significantly contributing to the development of this area.

Promising technologies.
— Hybrid Fuel Systems
— Hydrogen Fuel Use: Technological Challenges and Prospects
— Development of Power-to-X technologies (synthetic fuels from RES)
— Modernization of thermal power plants for biofuels and hydrogen

Hydrogen Fuel Use: Technological Challenges and Prospects. At the present
stage, hydrogen fuel is considered as one of the key solutions for the decarbonization
of transport, energy and industry. It has a high energy density, does not produce CO,
when burned. However, its large-scale implementation faces a number of
technological, economic and infrastructural challenges.

Conclusions

Renewable fuels are becoming an important part of the global energy
transition. Their development depends on technological progress, investment and
public policy. In the coming decades, their role in the energy sector will only grow,
ensuring a balance between environmental sustainability and energy security.
The global transition to low-carbon energy requires the large-scale development of
renewable fuels. The most important areas include power-to-X technologies,
hydrogen economy, modernization of thermal power plants and integration with
renewable energy sources. These trends are shaping the future of energy, reducing
dependence on fossil fuels and the carbon footprint. The prospects for the use of
renewable fuels are directly related to the development of new technologies and the
modernization of existing energy infrastructure. Power-to-X, hydrogen economy,
modernization of thermal power plants and integration of renewable energy sources
are shaping the future of carbon-neutral energy. In the next 10-20 years, we can
expect: the successful introduction of green hydrogen, the development of the global
market for synthetic fuels, the transition of thermal power plants to low-carbon
technologies, the formation of hybrid energy systems. The future of energy lies in
integrated solutions that combine renewable energy sources, innovative fuels and
intelligent energy management systems.
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Second-Life EV Batteries as a Sustainable Alternative
to Diesel Generators for Backup Power in Critical
Infrastructure

Ganna Kostenko
General Energy Institute of the National Academy of Sciences Ukraine

E-mail: Kostenko HP@nas.gov.ua

Introduction

In the context of increasing threats to energy security, the resilience of
critical infrastructure depends on the ability to ensure stable backup power supply
during outages. Traditionally, diesel generators have served this function, but they
entail high operational costs, CO, emissions, and dependence on fossil fuel logistics.
Second-life batteries (SLBs), repurposed from retired electric vehicles, offer a promising,
sustainable alternative. Their reuse aligns with circular economy principles, reduces
environmental impact, and supports the transition to decentralized and low-carbon
energy systems as well as with the EU’s goals for energy decarbonization,
resilience, and independence from fossil fuel supply chains.

Main material

SLBs are suitable for stationary applications due to their residual capacity
and lower cost. Their integration into microgrids for hospitals, water systems, and
emergency communications centers enables near-instant response (<1 second), silent
operation, and compatibility with solar and wind generation. Unlike diesel generators,
SLBs do not require constant maintenance and generate no on-site emissions.

The deployment of SLBs as backup systems can be organized through
clustering and load-matching algorithms, based on parameters such as residual
capacity, power demand, risk of grid failure, and priority of protected loads. Such
deployment enhances grid flexibility and enables autonomous zones of resilience.
Moreover, their modularity and scalability make SLBs particularly suitable for phased
deployment in critical infrastructure, allowing gradual expansion in line with evolving
energy needs and budgetary constraints. A comparison between diesel generators
and SLBs for backup applications is shown in Tab. 1 below.
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Table 1

Estimation of Cost, Energy and Environmental Benefits of Backup Power Solutions

Parameter Diesel Generators Second-Life Batteries
Capacity/Power (kWh/kW) - 80
Efficiency (%) 30 85
Backup Duration (hours) 10 6
Response Time (seconds) 10 <1
Cycle Durability (cycles) - 500-1000
Equipment Cost (2/unit) 40000 80000
Operational Costs (2/year) 60668 25000
CO; Emissions (g/kWh) 480-500 0
Lifespan (years) 5 5
Electricity Cost (2/kWh) 221 5.5

According to the data, SLBs demonstrate significant advantages in terms
of efficiency (85% vs. 30%), response time (<1 second vs. 10 seconds), zero operational
CO; emissions, and much lower electricity costs (25.5/kWh vs. 222.1/kWh). Annual
operational expenses are also considerably lower for batteries (225,000 vs. 260,668),
although initial equipment costs may be higher. Diesel generators provide slightly
longer backup duration (10 hours vs. 6), but this depends on the specific
configuration and sizing of the storage system.

Second-life batteries exhibit partial degradation due to their previous use
in electric transport; however, with appropriate diagnostics and classification, they
remain suitable for stationary applications. By clustering batteries with similar state-
of-health profiles and matching them to specific load requirements, systems can be
designed to optimize performance, ensure reliability, and extend the useful lifespan
of each unit. Such an approach supports modular scalability and enables more
efficient integration into diverse critical infrastructure settings.

Overall, SLBs offer a cleaner, more efficient, and potentially long-lasting
solution for autonomous power supply —particularly relevant in the context of
decarbonization and the need for energy-resilient infrastructure in emergency and
transition scenarios.

Conclusions

Second-life batteries represent a viable and sustainable alternative to diesel
generators for backup power in critical infrastructure. They offer lower operational
costs, higher efficiency, faster response time, and zero on-site emissions. Their
deployment contributes to greater energy resilience and supports the transition to
low-carbon, decentralized energy systems.
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Introduction

The energy security and environmental safety shape the feasibility,
adoption, and long-term sustainability of energy materials, influencing decisions
across industries, governments, and societies. We will break this down by defining
each factor, examining their interplay with traditional and alternative options, and
highlighting specific examples and trade-offs.

Main material

Energy security refers to the uninterrupted availability of energy resources
at an affordable price, ensuring reliable supply chains, geopolitical stability, and
resilience against disruptions (e.g., wars, natural disasters, market volatility).
Traditional fuels like gasoline, diesel, and kerosene, along with petroleum-based
lubricants, benefit from a global network of extraction, refining, and distribution
systems built over a century. For example, in 2025, oil still powers ~80% of global
transport (per IEA estimates), reflecting its entrenched reliability. Fossil fuels deliver
concentrated energy (e.g., gasoline at ~34 MJ/L), making them efficient for long-
range transport and heavy machinery, bolstering industrial security. On the other
hand, dependence on oil-rich regions (e.g., Middle East, Russia) exposes nations to
supply risks. The 2022 Russia-Ukraine conflict spiked oil prices to $120/barrel,
disrupting European energy security. Natural disasters (e.g., hurricanes in the Gulf
of Mexico) or sabotage (e.g., pipeline attacks) can halt supply, as seen with the 2021
Colonial Pipeline shutdown in the US. Petroleum-based lubricants (e.g., motor oils)
share these traits, with secure supply chains but reliance on crude oil, tying their fate
to fuel markets. Alternatives like biofuels (from local biomass), hydrogen (from
water), or synthetic fuels (from CO2) reduce reliance on imported fossil fuels. Unlike
finite oil, biofuels and green hydrogen leverage renewable inputs, offering long-term
supply stability if scaled effectively. On the other hand, alternatives often lack the
volume to replace fossil fuels fully. Global biofuel production in 2024 (~160 billion
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liters, IEA) meets only ~7% of transport fuel demand. Hydrogen and electric vehicles
(EVs) require new refueling/charging networks—global hydrogen stations
numbered just ~1,000 in 2025 vs. 115,000 gas stations in the US alone. Biofuel
feedstocks (e.g., corn, soy) compete with food production, risking energy-food
security trade-offs, as seen in the 2007-08 global food price crisis tied to ethanol
demand. Bio-lubricants (e.g., from vegetable oils) or synthetic options (e.g., esters)
reduce oil dependence but face similar scale and compatibility issues with high-
performance machinery. Traditional fuels offer immediate security but long-term
depletion risks; alternatives promise resilience but require massive upfront
investment. A balanced approach—e.g., hybrid systems using diesel-biofuel
blends—can bridge the gap. Environmental safety involves minimizing harm to
ecosystems, air, water, and climate through reduced emissions, pollution, and waste
from energy material production, use, and disposal. Bio-lubricants (e.g., from canola
oil) break down naturally, reducing soil/water contamination risks compared to
petroleum oils. Synthetic and bio-based lubricants cut emissions during use but may
involve energy-intensive production or non-recyclable components (e.g., PFAS in
some synthetics). Traditional fuels pose immediate, severe environmental risks but
are well-understood; alternatives offer cleaner use-phase outcomes but shift burdens
to production or disposal, requiring lifecycle management. Localized alternative fuel
production (e.g., biofuels from waste) reduces import reliance and emissions
simultaneously, as in Sweden’s SAF model. Cleaner air and reduced climate risks
(e.g., from EV adoption) stabilize economies, indirectly securing energy access by
avoiding resource conflicts. High-energy-density fossil fuels ensure short-term
reliability but undermine environmental safety (e.g., coal power in China meets
demand but emits 10 GtCO;/ year). Biofuels may cut emissions but strain land /water
resources, risking food security. But rapid shifts to alternatives (e.g., hydrogen) could
disrupt supply chains before infrastructure matures, trading short-term security for
long-term environmental gains.

Conclusions

Energy security and environmental safety are twin pillars in the rational
use of fuels and lubricants. Traditional options excel in immediate availability but
falter on sustainability, while alternatives promise resilience and cleanliness yet
demand systemic overhaul. Their roles are context-dependent—security drives
adoption in resource-scarce regions, while safety dominates in climate-focused
policies. A nuanced approach, blending both factors via phased transitions and
innovation, is key to optimizing outcomes.
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Beryn

Y cydacHmMX yMoBax eHepreTMYHOI HeCTaOUIBPHOCTI Ta eKOJIOTidHWMX
BUKJIVIKIB, CIIPMYMHEHNX SK DIIOOQIBHWMMM TEHEHISIMM, TaK i perioHaJIbHMMU
dpakTOpamMmu, MoIepHi3allis CHUCTEM CIQIOBAHHS MasyTy Ha  TeIUIOBUX
estektpocrannisx (TEC) Ta rerwioenexrpouenTpaix (TELL) mHabysae ocobrisoi
aKTyaJIbHOCTL. MasyT, SIK pe3epBHE IaIVBO, 3aJIMIIAETHCS BaXXIVNBUM €JIeMeHTOM
MIVIBHOI THYYKOCTi €HeprocyicTeM, 0coOIMBO B yMOBax AedinyTy IIPMpPOIHOro rasy
uy Byriyvra. BomHoOdWac 710ro BMKOPWMCTAHHS CYIIPOBOIKYETHCS HM3KOIO HpoOIeM:
BVCOKVMM BUIKMmaMyu okcuAiB a3oTy (NOy), cipku (SO:z), TBepAyix 9acTMHOK, a TaKOX
HV3BKMM KOediI[ieHTOM KOPMCHOIO BUKOPUCTAHHS IavBa. TOMy aKTyaJIbHUM €
BIIPOBA/KEHHSI  TEeXHIYHMX  pillleHb,  CHOpPSMOBAaHMX  Ha  IIiIBUINEHHS
eHeproedeKTMBHOCTI Ta €KOJIOTIYHOCT] ITPOIIECiB CITa/IFOBAHHS Ma3yTy.

OcHoBHMII MaTepian

binpmicrs HasgBHUX Ma3yTOCIAJIIOBAIILHVIX CUICTEM, 10
BukopmcroByioTbcs Ha TEC i TELL Ykpainw, Oyim po3poOrieHi Ta 3MOHTOBaHI B
cepenuui abo mpyrin mososmHI XX CTOJTTS. Tx KOHCTPYKIisI He BiAIOBigae
Cy4acHMM BVMOTaM IIOJI0 eKOJIOriuHOi OesleKkyu Ta MHaJIMBHOI edeKTMBHOCTI.
YV TpaguivHMX POPCYHKOBMX HaJbHMKAX Mas3yT IIOJAETbCA B TONKY y BUIVLAIL
aepo30JIbHOI CyMilti, 1110 TToTpedye HmifirpiBy 1o Brcokoi remmepatypu (110-130 °C)
Ta 3HAYHOTO HA/UIMINKY IIOBiTps. lle mpmsBogmTh A0 HecTaOUIBHOCTI TOpiHHS,
30i1bIIeHHs yTBOpeHH:s: NO, i HelIOBHOTO 3rOpaHH: BYIJIeBOIHIB.

Huspkumn  koedillieHT —TeIUIOBOrO BMKOPWUCTAaHHA MasyTy  dYacTo
3yMOBJIEHUVI IIOTAHOIO  AKICTIO  PO3MWIEHHS, 3acTapiulMMM  HaJbHMKaMU,
HepiBHOMIpHVMM PO3IIOOJIOM HOBITPsI B TOIIi, a TaKOXX HeIOCKOHAJIICTIO CHCTeM
aBTOMAaTWYHOI'O Pery/IloBaHHs TOPiHHS.
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CydacHi migxony 1o MopepHisallil IleperOadaroTs He JIVIINe OHOBJIEHHS
HaJIbHMKOBMX IIPUCTPOIB, ajle 7 DIIMOOKYy PEeKOHCTPYKIIIO TOIKOBUX KaMep,
BIIOCKOH&JIEHHSI CHCTEM IIiITOTOBKM ITaJIMBa, a TAKOXK iHTerpallilo aBToMaTU30BaHMX
CUCTEM KOHTPOJIIO Ta PeryJIoBaHHs Hpollecy ropiHHs. OCHOBHMMM HarpsiMaMu
TEXHIUHOTO BJJOCKOHAJIEHHS €:

. YcTaHOBIIEHHsI HU3BKOEMICIiVIHMX (POPCYHOK: 03BOJISIE 3HAUHO
3MEHIINTV YTBOPEHHs OKCU/IB a30Ty 3a PaXyHOK OaraToCTyIIeHeBOTrO IifgBedeHH:
HOBIiTps Ta cTabitizartii dpakera sropaHHS.

J InTeHcndikamiss mepemimyBaHHA  Ma3yTy 3 HOBITpsAM:
BUKOPWUCTaHHS TypOysi3aTopiB i BTOPMHHOIO TMOBITPS CIpUge IOBHIIIIOMY
3rOpaHHIO MaJIVBa Ta 3MEHIIeHHIO HeoIalliB.

° IHTerpanis TexHOI0Til JOIIAIIOBAHHS Ma3yTy Y BUXJIOIIHMX ra3ax:
TaKa TexXHOJIOTisl MO3BOJIsE MiNBUINWUTV NaJVBHY edQeKTVMBHICTh yTWIi3alliero

3IMIIKOBOI TEIUIOTY V1 3a0e3Iedye IOMaIIOBaHHS He3rOPLUIMX YacTMHOK.

. MopepHnisaris cucTeM oigirpisy MasyTy: cyJacHi
TeIUIOOOMIHHWMKI Ta CHUCTeMM KepyBaHHS TeMIIepaTypHUM PeXVMOM JO3BOJITIOTH
TOYHO IIATPpUMyBaTM ONTMMAaJIbHI yMOBM UIS PO3NWIEHHS MasyTy 0Oe3
Ha/UINIIKOBOTIO MifirpiBy.

. IlepeoGsagHaHHSI  TONKOBMX KaMep 3  BUMKOPUCTaHHSAM
OUpPKyI0doro kuinsgoro mapy (IIKII): xoua 119 TeXHOJIOTIS ItepeBaKHO
3aCTOCOBYETBCS I TBEPIIOTO ITajIvBa, BOHA MOXKe OyTHM afaliToBaHa [IyId 3MiIlIaHOro
CIIaJTIOBaHHSA Ma3yTy 3 BinmxomaMm, 6ionaymsoM abo HM3bKOCOPTHVIM BYTiIIAM.

BrpoBamkeHHST MOTIepHI30BaHMX CHCTeM CHATIOBAHHS JO3BOJISIE 3HU3UTHU
BUKMAM OKcumiB asory mo 40-60%, a B peskmx Bumagkax — Ao 80% mpu
BUKOPWCTaHHI CeJIeKTMBHMX HeKaTamiTuaHmx pemykuinn (SNCR). Buxwmmm cipxm
MOXYTb Oy TV 3MeHIIIeH] IIUTIXOM YacTKOBOT'O IlepeXoy Ha Ma3yT 3 HVDKYMM BMiCTOM

cipkxu abo BIIpOBa/KEHHS CCTeM AecysTbdypr3ariil AMMOBMX rasiB.
BucHoBKM

MonepHisariis cucteM criayosarHs MasyTy Ha TEC i TELI e crpareriuamm
HampsiMOM I 3a0e3lle4eHHsS eHepreTWYHOI THYYKOCTI Ta 3MeHIIeHH:
TeXHOTeHHOro HaBaHTaKeHHs Ha JoBKiUIA. CyuacHi TexHiuHi pillleHHS — Bif,
MoIepHi3amil ¢OpCyHOK A0 KOMIUIEKCHOI PeKOHCTPYKIIl TOIIKOBMX Kamep —
JIO3BOJIAIOTh iCTOTHO IOBUINNUTK edeKTUBHICTp 3TropaHHs, 3HU3UTU piBeHb
IIKiZUIVBUX BUKWIIB i 3a0e31eun Tyt BilIIOBimHICTh CyJacHMM eKOJIOTiYHVIM HOpMaM.
YpaxoByroun BaXKIMBICTh Ma3yTy AK Pe3epBHOIO ITaJIVBa, HOAAJIBIINI PO3BUTOK Ta
BIPOBa/KeHHsI IHHOBALIMHMX TeXHOJIOTIVI CIIaJIIOBaHHs € K/IIOYOBMM 3aBIaHHSIM
TS BiTUM3HSAHOL eHePreTUKIA.
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Beryn

15t peastisariil 11ij1er1 CTajJIoro po3BUTKY BUPOOHMYMX CICTEM HeOOXiIHO
3abe3eunTyI MABWUINEHHS PpiBHSA eHeproedeKTVBHOCTI BMPOOHMYMX CHCTEM.
Bupittenns 3agadi BU3HauUeHHs piBHs eHeproedeKTMBHOCTI JO3BOINUTD IIPOCTUM Ta
3pyY4HMM cIocoboM 3 MiHIMaJIPHMMM BWUTpaTaMM KOLITIB Ta pobOYoro wacy
BU3HAUMTY IOTeHIIiasl eHepros0epexxeHHs BUPOOHMYOL CUCTeMM, CIIiBCTaBUTH TI0TO
piBeHb eHeproedeKTMBHOCTI 3 piBHeM eHeproedeKTMBHOCTI aHaJIOTidgHMIX
HigIIPUEMCTB rajlysi, IAIPUEMCTBAMM IHIINX TaJly3eV, 3pasKOB/MY BiTUM3HSIHVIMMA

Ta 3aKOPJIOHHVMM TIIITPUEMCTBAMIL.
OcHoBHMIT MaTepiai

3 MeToI0 miABUINIeHHS piBHS eHeproedeKTUBHOCTI 32 KOPIOHOM IITMPOKe
PO3IIOBCIOIDKEHHS OTpuMMasla KOHIlemIlisi OeHuMapKiHTy eHeproedeKTIMBHOCTI,
III0 HOJIATa€ B MOIIVPEHH] ITepeoBoro JI0CBiy.

OcnosrHa wMeta cra"gapry HACTY EN 16231:2017 Meronosoris
Oenumapkinry eneprermunoi edexrmsHocTi (EN  16231:2012, IDT) nHagatm
oprasisallisM MeTOIOJIOTiIO 300py Ta aHali3yBaHHIO TaHWX 3 €eHeproBUKOPVICTaHHS
IUIsl IOPIBHSHHS PiBHIB eHepreTn4HO! edeKTMBHOCTI MiX 00’ekTamm abo B MeXkax

OIHOTO 00’ €eKTY.

beHuMapKiHT - mpollec 300py, aHaJli3yBaHHs Ta CIIBCTaBJIEHHS JaHWUX O
Pe3yJIbTaTUBHOCTI TIOPIBHSHMX BUIIB [JisVIBHOCTI 3 METOI OLIHIOBaHHS Ta
MOPiBHSAHHS pe3yJIbTaTiB MK 00’ ekTamm, abo BcepennHi 00 eKTy.

BusHaueHHs BeJIMUMHM PiBHSA eHeproedeKTUBHOCTI € CBOEPITHOIO
3ajayelo BU3HaYeHHs peliTMHI0BOI OLIIHKY ITigIpreMcTBa. Ha TerepimiHir gac icaye
OaraTo MeTOiB PEMTMHIOBOIO OIliHIOBaHHS 00’ekTiB: Meron "cepenHix",
OaraTokpuTepiasibHe MaXOpUTapHe palXyBaHHs, IpaBwIo bopma, mpasmio
Hencona, npasuiio Konpopce, ripasiiio Maxkcumis.

22


mailto:info@ienergy.kyiv.ua

3micmobre gopmyaiobannsa 3adaui pedmuneofoeo oyinwobanHa Beauuunu pibHa
enepeoepexmubrocmi. Hexavt mocmigXKyBaHa CKjIagHa cucTeMa MiCTUTB CKiHYeHy
MHOXMHY BUPOOHMUMX IIACUCTEM, IO Pi3HATBCS CBOIMM  BJIACTMBOCTSIMI,
xapakTepucTuKamy, 1isissMu. Ocob/mBicTb 3a0adi OITiHIOBaHHS PiBHS eHepreTdHOl
edeKTUBHOCTI II0JIATae B HasIBHOCTI BJIACTVIBOCTEVI, IIOKA3HUKM SIKMX MOXYTb OyTHU
Ge3mocepentbo 0OMipIOBaHi, 00UVICIIEeH] UM BU3HAYeH] i Jac aHasIi3yBaHHA PopM
mepkaBHOI 3BiTHOCTI. ONHAK 3a YMOB CKJIaTHOCTI, iHdOopMarIiiTHOI HeBM3Ha9eHOCT],
HeBM3Ha4YeHMMM OLIiHKaM¥, III0 He MO)Ke BMKOHAaTW JIIOAMHA Ha OCHOBIi [1OCBily,
iHTYyiIii, BMHMKae HeoOXimHICTP B po3poOIeHHI OpMaIBHUX IMIPOLEAYP
OLIHIOBaHHS, SKi O MigBUINyBayIM piBeHb SIKOCTI BUPIIIEHHS 3afjadi peTUHIOBOIO
OILIiHIOBaHHSI.

Mamemamuune opmyaobanna 3adaui. Hexam pocmimxyeaHa cucrema

CKJIaga€TbCA 31 CKiHUeHHOI MHOXXWMHU H BI/IpO6HVI‘{VIX crcreM H i’

0
11 0 = {Hi ‘i = l,m}. Koxunit BrupoOHMUA crcTeMa H[ ell o XapakTepusye
ckinueny muoxvay 11 o TOKa3HWKIB 11 It 11 0 = {H ; ‘ j= 1, n} 3i cdopmosaHOi

rpynm HOKa3HUKIB Eo , BUKOPWCTOBYIOTb JUIs par)KyBaHH: HaVIBIUIMBOBIII, Ha

k= 1,[ } Koxamit mmoxasHMK

HOYMKY eKCHepTiB ITOKa3HMKI Ek ’ Ek 5 EO == {Ek

E i € E 0 iZTa€ThCS aHaIi3y 110 BiJHOIIIEHHIO O BCiX BUPOOHITIMX CUCTEM.

bynp-axa BupoOHMUaA crcTeMa XapaKTepU3YEThCs IIEBHOIO CHUCTEMOIO
€HEeproeKOHOMIUHMX IHIMKaTOpPiB.

Busnauenns oounuunux noxasnukxib. KokeH 3 MeTomiB BU3HAUeHHS
PEeVITMHIOBOI OLIIHKM ITAIIPWEMCTBA BiOpi3HAETbCA HacaMIlepell IMOKa3sHMKaMM 3a
AKUMV IIOPIiBHIOIOTHCS ITAIIPMEMCTBA. DBusHaueHHsd IIOKasHMKIB 3a SAKMMU
IIPOBOAMTECS OLiHIOBaHHS piBHS eHeproedekTmBHOcTi (PED) € HamBaxmBimmm
etarioM. baraTo mokasHMKiB, III0 XapaKTepu3yIOTh IIOTOUYHMI CTaH MigIpueMCTBa
MOXXHA BBaXaTM KpwuTepisiMu OIiHKW. TakyMy TOKasHMKaMy MOXYTb OyTu
BeJIMYMHA KoeillieHTy IIOTYXXHOCTi, 0OCAr IIOBepHEHHS KOHIEeHCcaTy, o0csar
3aCTOCYBaHHS BTOPMHHUX eHepropecypcis Tomo. KpiM Toro, sk Kpurepii MOXYTb
OyTn BUKOpMCTaHI ITOKa3HMKY, IO BiAIIOBIHAIOTh 3a (PYHKIII YIIPaBIiHHA TaKi gK
piBeHb KOHTpPOJIIO 3a BUTPATOIO eHepropecypciB (3abesledeHicTs HpMIIagamMu
00JIiKy), HasgBHICTb CVICTEMM 3a0XOYeHHS 3a eKOHOMIIO eHepropecypciB Ta iHImmi

ITOKa3HMKI.

besyMoOBHO, 110 BCi Il MOKa3HMKM Bipi3HSAIOTBCA OAVH BijJ OJHOrO 3a
OpUHAJIEXHICTIO [0 Tiei abo  iHmoi cucremMu  (eJleKTpoOIIOCTavYaHHS,
TeIUIONIOCTaYaHH, Ta30IIOCTa4aHHs, TOIIO) Ta 3a CTyIleHeM BasKIVIBOCTI y CBOIN
cucremi. Ha piBeHb eHeproedeKTMBHOCTI BMPOOHMUOI CHUCTEMW aHaJTi3yBasIviCh
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OLIIHKM HaCTyIIHMX iHAMKATOPiB: OpraHisarlis epeKTMBHOTO €HepProCIIOKMBAHHS,
KOHTpob 3a crnoxwusaHHaMm [IEP, mnpupomHum Tras, TeluloBa eHepris,
eJIeKTpOeHeprisi, CTMCHeHe ITOBIiTps, X0JI0A, BoAa.

s owminkm PE® 30iricHMMO OIIHIOBAHHS KOXHOIO 3 OOMHMYHMX
ITOKa3HVIKIiB, AKi BIUIMBAIOTh Ha piBeHb eHeproedeKTMBHOCTI BMPOOHMIO! CCTEMM
BUKOPVICTOBYBaJIaCch IIKaJla BU3HAUeHHs BeIMYMHM OOVHWYHUX IIOKa3HUKIB 17; :
"0,0" - BigmoBigae caMMM HeeKOHOMIYHVMM cIioco0aM CIIOKMBaHHSI eHepropecypcis
abo HeedeKTMBHVMM OpraHi3aiTHMM 3axomaM 3 YCiX MOMJIMBUX CHOCODIB It
maHoro rnokasHmKa; "0,33" - crrocib crioXxmBaHHS eHepropecypcis abo opraHisartiviti
3axoy He JOCUTH ePeKTVBHI 11 TOTPeOyIOTh SKHAVIIBMIIIOrO osrinmeHHs; "0,66"
- CIIOCOOM CIIOXMBAHHS eHepropecypci abo opranisaminHi 3axomgy edeKTMBHI,
OTHaK iCHYIOTh IuTsIxu rostinrreHHs; "1,00" - crrocobm crioXXmBaHHS eHepropecy pciB
abo opramisaminHi 3axomy BiOIIOBiIAIOTH Kpalllivi CBITOBiIM IPaKTWUIN ¥ [AlOTh
MO3UTMBHUI pe3yJIbTaT. BusHaueHHd CTyIeH0 BaXKIMBOCTi OMHWYHOIO ITOKa3HMKa

O ; TIPOBOIIUTECS METOLOM €KCITepTHOI OLIIHKM 1 ITOKa3HVKM HOPMaJli3yIOThC.

PiBeHb eHeproedeKTMBHOCTI IiAIIPMIEMCTBA BU3HAYAETHCA 3a (POPMYJIIOIO:
m
PED= Z BiK,
=1

me B - crymiHb  BaXIMBOCTI  KOMIUIEKCHOTO  ITOKa3HMKa
eHeproedeKTMBHOCTI;

K - xoMIutekcHMIT OKa3sHUK eHeproedeKTMBHOCTI.
BucHOBKM

3a pesyibpTaTaMyl PO3paxyHKIB B HaWTipIIOMy CTaHi Ha HiOIIpMeMCTBi
3HaXOOUTHLCSA TaKUM KOMIUIEKCHUV MOKAa3HUK 4K "KOHTPOJIb 3a CHOXMBaHHIM
ITEP". HamedekTuBHillle Ha IIiAIIPUEMCTBI CTIOXMBAETHCS TeIIOBa eHePris.
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Introduction

The issue of climate change and the rise of greenhouse gas emissions is
becoming increasingly pressing. One of the primary sources of carbon emissions is
the use of solid fuels, which continue to be the primary energy source for many
countries. However, traditional approaches to its use lead to an environmental
burden, necessitating the development of more environmentally friendly methods
for utilizing biomass and other types of fuel for energy. The possibility of increasing
the efficiency of using solid fuel through its pre-treatment and assessment of its
calorific properties is evaluated.

Main material

Various types of renewable raw materials and fossil fuels, such as tree
bark, solar husk, wood and coal. We chose these renewable raw materials because
they are available in sufficient quantities and can be easily used as an alternative fuel.
The results of the work showed that microwave treatment of solid fuel is an effective
way to increase its calorific properties. Reducing the analytical moisture content and
increasing the yield of volatile substances contribute to more complete and efficient

combustion of fuel, which allows you to get more energy from a smaller
amount of raw materials. This, in turn, contributes to the rational use of resources
and reducing the cost of meeting energy needs.

Conclusions

Improved fuel characteristics also have environmental value. Reducing
fuel consumption directly reduces the amount of harmful emissions into the
atmosphere, such as CO2, NOx, SOz, PM. This helps reduce the environmental
impact, and also aligns with global efforts to combat climate change. It indicates the
prospects for the use of microwave pre-treatment of solid fuel. The use of renewable
raw materials, such as sunflower husks or tree bark, can reduce greenhouse gas
emissions and contribute to the disposal of organic waste.
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Introduction

As the global demand for environmentally friendly vehicles increases,
the aviation industry is exploring alternative fuels more and more. One of the most
promising is liquid hydrogen, which has zero CO, emissions during combustion.
However, using hydrogen on board an aircraft requires special technical solutions
to overcome a number of engineering and safety challenges.

Main material

Characteristics of liquid hydrogen. Liquid hydrogen (LH2) has the following
characteristics (table 1):

Table 1
Characteristics of liquid hydrogen

Parameter Value Commentary
Liquefaction . . . .
temperature mines 253°C Requires cryogenic storage
Density 70,85 kg/m? | 11 times lower than kerosene
Energy density 120 MJ/kg | 2.8 times higher than traditional aviation fuel
Explosiveness High Forms flammable mixtures with air
Side emissions Water vapour | No CO2 emissions

Technical solutions for storing and delivering hydrogen on board. Cryogenic
tanks. Liquid hydrogen tanks must be designed to minimise heat lossses. They
typically feature a multilayer structure with vacuum insulation.

The tank should consist of two shells: an inner shell that comes into contact

with the hydrogen and an outer shell that provides protection, with a va-
cuum gap and thermal insulation materials between them.
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Features of cryogenic tanks:

- minimal weight;

- cylindrical or spherical shape;

- integrated sensors;

- protection against overpressure;

- resistance to vibrations and loads during flight.

Due to their high thermal insulation capacity, structural strength and
optimised weight and dimensions characteristics, the tanks must ensure the efficient
and safe storage of hydrogen on board the aircraft.

Fuel system. Fuel system of hydrogen aircraft is much more complex than
traditional aviation solutions because it must ensure the reliable operation of
components such as pumps, taps, valves and sensors at ultra-low temperatures. It is
also necessary to ensure safety during refuelling, efficient conversion of liquid
hydrogen to vaporize, thermal insulation and energy stability during flight.

Figure 1 shows the fuel system structure of hydrogen aircraft.
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Figure 1. Fuel system structure of hydrogen aircraft

The aerodynamic configuration of a hydrogen aircraft. Using liquid hydrogen
affects not only the fuel system, but also all other aircraft systems, including the
aerodynamic configuration. This is due to the peculiarities of LH2 storage, which

require large fuel tanks.
Table 2 shows the options for the considered aerodynamic configurations

and the configuration of hydrogen fuel tanks.
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Table 2

Fuel tank configuration options for different aerodynamic schemes

Option 1 1 Option 2
Low-wing B \Q’——r _ | High-wing —
aircraft, tanks ) [€] aircraft, tanks are N
are located in located in the © s ©
the lower part fairing above the
of the fuselage. fuselage

Option 3 E— Option 4 S
High-win | Low-wing aircraft,
airciaft, taI%ks TOIYY T | tanks are%ocated S
are mounted in the lower part
on pylons of the fuselage.
under the wing

Option 5 Option 6
Integrated Low-wing aircraft, 4
aircraft, tanks g J tanks are located
are located in 2 oA in the rear
the fuselage. /i W fuselage.

Safety aspects of using liquid hydrogen. The use of liquid hydrogen in aviation
reqires high safety standarts due to its explosive nature, low storage temperature and
the ability to leak through microcracks. To ensure safe storage, cryogenic tanks with
vacuum insulation, sealed pipelines, pressure and temperature control systems are
used.

In the case of an emergency situation, it is important to prevent the
formation of flammable mixtures of hydrogen and air.

The aircraft should be equipped with gas analysers, automatic fuel shutdown
systems, emergency pressure relief and ventilation. Fuel system materials must be
fireproof and resistant to cryogenic temperatures.

A key factor for the safe operation of hydrogen as a fuel in aviation is an
integrated approach to safety, combining design and automatic solutions.

Conclusions

Using liquid hydrogen on board the aircraft is technically feasible, but it
would require a comprehensive redesign of the aircraft structure, fuel system, safety
standards and new airport infrastructure.
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Introduction

A climate warming and the depletion of natural resources are forcing
decision-makers to take effective measures to protect the environment, reduce
emissions and limit the consumption of natural resources. Transport is one of the
sectors of the economy that contributes to environmental pollution and consumes
large amounts of natural energy resources - fossil fuels. In recent years, there has been a
trend towards sustainable development and a green transition. These processes are
taking place both at a national and at an individual city level. In the case of cities,
transport contributes quite a lot to the previously mentioned harmful activities.
A major effort is to reduce individual transport in favour of public transport. In the
area of public transport, significant changes are also being made to protect the
environment. Buses using fossil fuels are being widely replaced by electric buses.
Recent years have also seen the introduction of hydrogen buses. An example of a city
that has a policy to reduce harmful transport impacts is Rzeszéw. The city has a

population of 200,000 and a well-developed public transport system with 224 buses.
Seven years ago, the first electrically powered buses were introduced in the city.

Electric fleet is constantly being expanded. With the development of hydrogen
technology, new opportunities have arisen in the form of the use of hydrogen buses.
The city plans to purchase 20 of these vehicles and to make the necessary investment
in infrastructure for storing and supplying hydrogen to the buses. As part of this
work, it was decided to determine the impact of the projected changes in the bus fleet
on CO2 emissions and hydrogen demand.

Main material

The main objective of the study was to determine the environmental
benefits of replacing the public bus fleet. It was achieved using a computer simulation
process. The computer simulation process used data on the annual mileage of buses
used in the city. As part of the research work, 2 scenarios were considered. The first
scenario assumed the replacement of conventional buses with electric buses by 2040,
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and the second scenario replacement of conventional buses with hydrogen buses by
2040. In the simulations carried out, it was assumed that in both scenarios considered,
the annual mileage of buses is the same as in 2023 and is equal to 12,000,000 km.
In the calculations, the hydrogen buses were assumed to be powered by green
hydrogen, thus the CO2 emissions were assumed to be 0 kg per kg of hydrogen. For
electric buses, CO2 emissions depend on the electricity generation sources. In the case
of Poland, electricity is generated from very unfavorable sources - more than 60%
came from coal in 2024. However, it is assumed that by 2040 the electricity generation
sources will change and a reduction in CO2 emissions from electricity generation by
more than half will be achieved. As a results in the first scenario, a 100% reduction
in CO2 emissions will be achieved in 2040, but there will be an increase in hydrogen
demand to around 3,000 kg per day. In the second scenario, a reduction in CO2
emissions of around 66% will be achieved in 2040, but there will be a significant
increase in electricity demand.

Conclusions

Adopting hydrogen buses proved to be a more favorable solution due to
CO2 emissions. The use of hydrogen buses requires significant investment in
refuelling stations. As of now, with a capacity of 600 kg of hydrogen per day and taking
into account the refuelling times of the buses, this would require the installation of at
least 6-7 fuel distributors. And a hydrogen storage facility taking into account daily
transports and the appropriate risk range would have to have a capacity of 6,000 to
9,000 kg. In the case of electric buses, there is a need for significant investment in power
supply lines and the construction of medium-voltage lines of 15-25 kV with significant
transmission capacity. The studies carried out are informative, as it is not entirely
certain that green hydrogen will be available in such large quantities. The use of grey or
blue hydrogen can make a significant difference to CO2 emissions. For electricity, the
rapid development of renewable energy sources and nuclear power plants may in turn
drive the decrease in CO2 emissions lower. However, in both cases the environmental
benefits will be indisputable.
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Introduction

Modern road transport is one of the largest consumers of fossil fuels, which
causes significant environmental problems, including air pollution and climate
change. In this regard, there is a growing interest in the use of renewable energy
sources in the transportation industry as an alternative to traditional petroleum
products.

Main material

The Law of Ukraine “On Alternative Energy Sources” defines alternative
energy sources as renewable energy sources, which include solar, wind, geothermal,
biomass, organic waste gas, biogas, secondary energy resources, etc.

Solar and wind energy, although not directly used in automotive engines,
can be key sources of energy for charging electric vehicles. Electric vehicles can
significantly reduce emissions and become a more sustainable alternative to
traditional modes of transportation. Ukraine is actively developing not only solar and
wind power, but also other types of renewable energy sources. The main types of
renewable fuels for road transport are biodiesel, biogas, alcohol fuel and other
alternative liquid and gaseous fuels.

Diesel biofuels can be used as a substitute for conventional diesel fuel or
blended with it. Ukraine has significant potential for diesel biofuel production due
to the large number of crops such as sunflower, rapeseed and soybeans that can be
used to produce oil for further processing into biodiesel.

Another type of biofuel is alcohol fuels, which are made from plant
material (wheat, corn, beets, etc.) through a fermentation process. Alcohol fuels can
be used as an additive to gasoline, as well as pure alcohol for special vehicles.

Ukraine has significant opportunities for biogas production, which allows
not only to reduce harmful emissions but also to use organic waste efficiently. The
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biogas produced by the decomposition of organic waste can be used as a fuel for
transportation.

The use of hydrogen in engines can reduce greenhouse gas emissions,
increase energy efficiency, and reduce the environmental impact of transportation,
but the complexity of hydrogen storage and transportation, and the lack of developed
infrastructure, hinder the massive adoption of this technology. Hydrogen engines
specially designed to run on hydrogen most often use fuel cells that convert
hydrogen into electricity. The main problems are cost, insufficient infrastructure for
hydrogen refueling, and the need for government support.

Studies conducted at the National Transport University have confirmed
the possibility of using fuels from renewable energy sources in road transport. They
make it possible to expand the fuel base of vehicles with internal combustion engines
and reduce harmful emissions through the use of alternative, more environmentally
friendly motor fuels.

Conclusions

The future of renewable energy sources in road transport is very
promising, but it requires a comprehensive approach: technology development,
infrastructure creation, government support, and investment incentives. Focusing on
only one type of alternative fuel can lead to technological and economic risks, as each
has its own advantages and limitations. In order to effectively reduce the dependence
of road transport on fossil fuels, it is necessary to develop all types of renewable fuels
in a comprehensive manner. This approach will not only ensure the diversification
of energy resources but also increase the resilience of the transport system to the
challenges of the modern world. Electric vehicles powered by solar or wind power
plants help reduce emissions, but require a developed infrastructure of charging
stations. The use of biofuels such as biodiesel and alcohol fuels allows for the efficient
integration of renewable resources into the existing internal combustion engine fleet,
but requires a well-established production and storage process. Hydrogen is also a
promising fuel due to its high energy intensity and absence of harmful emissions, but
its implementation requires significant investments in production, storage, and
transportation. Biogas allows for the efficient utilization of organic waste while
providing fuel for transportation. An integrated approach to the introduction of
renewable fuels will allow road transport to adapt to different operating conditions,
provide greater energy flexibility and reduce the dependence of vehicles on a single
energy source. Only the development of all types of fuels from renewable sources in
close cooperation will allow to achieve a significant reduction in the use of fossil fuels
and reduce the negative impact of transport on the environment.
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Introduction

One of the tasks of military fuel quality assurance bodies is to ensure the
quality of fuel, lubricants and special liquids at all stages of the supply chainfron.

A complete list of quality indicators, which is regulated by the
requirements of regulatory documents for a particular type of fuel, requires
expensive equipment, qualified and trained personnel, and is time-consuming.
For example, a full test for all quality indicators for motor gasoline takes more than
10 hours to complete according to regulation documents.

At the same time, a detailed list of quality indicators of a full test makes it
possible to significantly assess its physical, chemical and operational properties,
determine its suitability for use, and predict the dynamics of their changes.

Main material

It's a wide known that a motor gasoline is a complex mixture of gasoline
cuts from various technological processes of oil refining (distillation, thermal
cracking, catalytic cracking, catalytic reforming, and aromatization), gas condensate
or mixtures thereof, and individual high-octane hydrocarbon components and
additives that improve certain performance properties. The component composition
of such a multi-component mixture can be determine by gas chromatography, liquid
chromatography or fluorescence dispersion methods.

It is also a fact that the component composition of gasoline determines its
properties, and the concentrations of individual hydrocarbons in gasoline can be
correlate to some extent with certain quality indicators of commercial gasoline.

The objective of the study was to establish dependencies between the
component composition of motor gasoline and certain quality indicators and, if the
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hypothesis is confirmed, to establish and formulate separate calculation (empirical)
models for certain quality indicators of motor gasoline..

Since the quality indicators of gasoline are continuous values whose value
depends on the components of gasoline, the task of determining the values of these
indicators was expressed through a regression problem. The model input was the
peak area on the chromatogram, expressed as a percentage, for each of the possible
components (598 in total). The output of the model was one of the quality indicators
of gasoline. Al training was carried out on the corresponding values obtained from
the quality certificates.

In general, the scheme for processing the chromatogram results and
obtaining the calculated quality indicators is as follows:

— theuser loads a file with a list of components based on the chromatogram
results into the program window;

— the software converts the file into a vector of component values and calls
the compiled model, passing the generated vector as a parameter.

The model returns the predicted value of a particular parameter. If you
need to predict several parameters, the software calls several models. The returned
value is displayed in the graphical user interface.

Conclusions

- the use of artificial neural networks and decision forests (sets of decision
trees) allows us to obtain a system of empirical models that can provide the user
with much more information about motor gasoline with a low error than a simple
chromatogram, interpreting the numerical indicators of the component composition
into a certain set of gasoline quality indicators;

some points of the obtained models are outside the standard deviation,
which may be due to the error of the instruments and individual definitions, but in
general, the idea of obtaining a wide range of quality indicators for motor gasoline
by the calculation method is quite workable;

it is highly conjectural that empirical models will provide high accuracy
in assessing quality indicators that are directly correlated with the content of
hydrocarbon compounds, such as octane number and existent gum;

the obtained systems of empirical models can allow reduce the time for
operational assessment of the quality of motor gasoline in stationary conditions
based on chromatographic analysis data comparison of the component composition
of motor gasoline obtained by both chromatographic and fluorescence dispersion
methods will be useful for further research.
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Introduction

The technological integration of control and navigation in the observed case
fundamentally assumes the capabilities of a programmable inertial navigation system
(INS) for UAVs. The initial phase is controlled by the UAV operator, who directs the
flight with supervisory control to achieve the desired accuracy within a designated
corridor. The accuracy analysis presented in the article is conducted only within the
approach zone to the Successful Solution Area (SSA) of the specified flight task. During
this flight segment, the UAV's control system incorporates its autonomous
(programmed) navigation function, which is influenced by stochastic external factors,
such as wind conditions in mountainous environments. The limits of UAV accuracy in
the approach zone are provided in the article, including in graphical form, which are
outputs of the method used within the MATLAB environment. The analysis results
indicate that the autonomous navigation control mode is sensitive to external
influences, which can affect the overall flight precision during critical phases. The
implementation of advanced filters and algorithms for correction of deviations offers
potential improvements to the system’s stability and reliability during the approach. In
the presence of significant meteorological effects, dynamic adaptation of control
parameters is necessary to minimize the impact of wind turbulences. The overall
system effectiveness depends on a combination of manual operator intervention and the
real-time optimization of autonomous control.

Main material

The error analysis method used for UAV approaching the SSA is carried
out using mathematical tools commonly employed in stochastic process theory. The
UAV's INS determines (calculates) the flight trajectory in real time based on a specified
deviation law: o(z)=a.s

where a - the percentage of the UAV's occupied position is determined;

s - distance flown after correction.
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The requirement 'a' and its percentage-based determination enable the
application of the theory of stationary stochastic processes. This is because the
physical concept of the INS — whose accuracy depends on the corrected position of
the UAV's sensors, its velocity, and aerometric phenomena of air mass movement in
its vicinity — is inherently stochastic. A prerequisite for accurately positioning the
UAYV within the specified percentage-defined zone is precise operation of its onboard
computer, which compares real-time scanned position data. The resulting errors o(z)
within zone 'a', along with the flown distance S and the known third coordinate
(height H), define the UAV's movement zone in continuous time, which is
characterized by these errors. Consequently, the navigated and controlled movement
is compatible with the implementation of zonal navigation. The concept of zonal
navigation allows for the formulation of a probabilistic criterion, representing the
likelihood that the UAV will remain within the zonal boundary throughout the flight.
This criterion can thus be employed to analyze and assess the accuracy and reliability
of zonal navigation systems.

Conclusions

The analysis method used is targeted in nature, with its core focusing on the
technological operation of interconnected systems that influence each other. The aim
was to demonstrate the theoretical and practical application of statistical methodologies
that enable UAV operators to evaluate the system’s reliability and accuracy. Statistical
criteria are based on probabilistic principles, and their significance lies in assessing the
behavior of random variables, which affect the precision and reproducibility of UAV
functions —especially in border zones requiring control corrections. Consequently,
when flying within designated zones, these criteria characterize the probability that the
UAYV will remain within a safe distance from the SSA, emphasizing the importance of
stochastic methods for controlling and ensuring the proper function of the system. This
approach allows for the optimization of control algorithms and reduces the
risk of incorrect responses to random influences during flight.
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Introduction

Enhancing energy efficiency, reducing environmental impact, and
advancing decarbonization are currently the primary goals in the pursuit of
sustainable aviation. At this stage of technological development, Sustainable
Aviation Fuel (SAF) stands out as the only practical alternative to fossil-based jet
fuels. Among various SAF technologies, bio-jet fuel—typically a blend of
conventional jet fuel and renewable components —shows significant promise. One
particularly promising feedstock for bio-jet fuel production is coconut oil.

Main material

Coconut oil is considered a favorable renewable feedstock for bio-jet fuel
due to its fatty acid profile, which closely resembles the carbon chain length of
hydrocarbons found in conventional jet fuel. It predominantly contains saturated
fatty acids with minimal unsaturation (one or two double bonds), making it well-
suited for efficient conversion into bio-jet fuel. This results in a final product with
physical and chemical properties similar to those of traditional jet fuel.

In this study, bio-jet fuel was produced through the transesterification of
coconut oil using ethyl alcohol, followed by vacuum distillation. The resulting
product was then blended with conventional Jet A-1 fuel in various proportions. The
key physical and chemical properties —such as density, viscosity, energy content,
freezing point, and flash point—were analyzed across different blend ratios. Jet A-1
served as the reference fuel.
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The findings indicate that all bio-jet fuel samples generally met standard
specifications for density, flash point, and viscosity. However, they exhibited lower
energy content and poorer low-temperature performance, which could limit the
permissible concentration of coconut oil ethyl esters in the final fuel blend.

Performance testing on a small gas turbine engine revealed that the bio-jet
fuel blends did not interfere with the engine’s speed control system. While thrust
output remained largely unaffected, a slight downward trend was observed as the
proportion of coconut oil ethyl esters increased. A rise in fuel flow accompanied this,
necessary to maintain engine speed and thrust, due to the lower energy density of
the bio-jet fuel. As a result, specific fuel consumption increased by up to 7.5% with
higher coconut oil ethyl ester content, as illustrated in Figure 1.
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Figure 1. Increase in specific fuel consumption of bio-jet fuels with the rise of
coconut oil ethyl esters content

This trend was consistent across all engine operating conditions,
suggesting that specific fuel consumption can be reliably used to estimate total fuel
usage over time or across different regimes.

Conclusions

The study has demonstrated that bio-jet fuels based on conventional jet
fuel and coconut oil ethyl esters meet standard specification requirements, ensuring
the stable operation of gas turbine engines. Although performance testing confirms
the feasibility of using coconut oil ethyl esters as bio-jet fuel components, several
challenges remain and warrant further investigation in future research.

Funding: This research was funded by the EU NextGenerationEU through
the Recovery and Resilience Plan for Slovakia under the project No. 09103-03-V01-
00060and the Grant Agency of Ministry of Education and Academy Science of Slovak
Republic “Efficient control algorithms for small gas turbine engines” (Grant No.
1/0701/23 "Efficient control algorithms for small gas turbine engines").
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Introduction

Diesel road transport, particularly trucks, is one of the largest sources of
air pollution, especially nitrogen oxides. These emissions contribute not only to lung
diseases but also to heart disease, a connection that has only recently been
established. Consequently, restrictions on diesel-powered transport have been
introduced in Europe, leading to a significant influx of old diesel vehicles into
Ukraine in recent years. Additionally, the substantial carbon dioxide emissions from
road transport pose a global environmental threat, reinforcing the need for renewable
alternative fuels. In Ukraine, hydrogen and hydrotreated vegetable oil (HVO) appear
to be promising fuel alternatives that could mitigate the negative impact of road
transport by replacing fossil diesel.

Main material

Hydrogenin road transport. Hydrogen is widely regarded as the fuel of the
future. Moreover, Ukraine's first hydrogen refuelling station is already under
construction in Reni, Odesa region, where green hydrogen—produced using
renewable energy sources—will be generated. Hydrogen can be utilized in road
transport in two ways: first, in vehicles equipped with fuel cells, and second, in
internal combustion engines (ICE). For Ukraine, the first method is more promising,.

At the moment, since hydrogen fuel cell cars compete with electric
vehicles, the use of hydrogen in trucks seems more rational. One of the important
problems that scientists are working on, in particular at Zhytomyr Polytechnic, is the
problem of filling fuel cells with water, which can be solved using neural network
methods. It is also relevant to use fuel tanks made of composite materials based on
natural fibres for fuel cell electrical vehicles (FCEVs).

The most common biofuel at present is biodiesel. For example, British
Petroleum adds 7% biodiesel to diesel fuel. The use of pure biodiesel is limited due
to its high density, viscosity, and surface tension, which result in larger droplet sizes,
longer spray penetration, and, consequently, less efficient fuel atomization. Biodiesel
also produces higher NOx emissions compared to diesel, due to both its physical
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properties and the presence of oxygen in its composition. Biodiesel is derived from
oils or fats through a process called esterification, which introduces alcohol into the
fuel.

To remove oxygen from vegetable oils and fats, hydrogen must be added.
This process converts the fuel into hydrocarbons, the primary components of fossil
diesel fuel. Unlike fossil diesel, these fuels came to be known as renewable diesel (RD).
Since hydrotreatment is the primary method used to produce this fuel, it is also referred
to as Hydrotreated Vegetable Oil (HVO). The first commercial HVO production plant
was established in Finland in 2007 by Neste, at their Porvoo refinery. This plant had an
annual capacity of 170,000 tons. HVO is already commercially produced in several
European countries and the United States. Renewable diesel is derived from renewable
sources and classified as a renewable fuel. Second-generation biofuels are produced
from feedstocks that are not used as food. One such RD, called HRD-76, is made from
algae and animal fat waste and is used in a 50% blend with NATO F-76 fossil diesel fuel
for military naval applications.

Since HVO has a higher cetane number and a higher LHV (lower heating
value), then this fuel must have a lower fuel consumption (BSFC) compared to diesel
fuel. The absence of aromatic components in HVO should reduce soot, and the
reduction of ignition delay due to a higher cetane number leads to lower emissions
of nitrogen oxides. However, NOx emissions also depend on both the presence and
type of aftertreatment system and the movement of the vehicle on the road.

The evaporation of HVO fuel depends largely on the composition of the
fuel. Modelling of evaporation, which was carried out by the author, based on the
composition of fuel molecules HRD-76, showed worse evaporation of this fuel
compared to diesel, due to the presence of molecules with a large number of carbon
atoms in the structure.

Conclusions

As a substitute for diesel fuel, a good alternative for Ukraine is HVO, which has the
potential to reduce both NOx emissions and fuel consumption. For the rational use
of hydrogen in fuel cell vehicles, it is necessary to solve the problem of filling fuel
cells with water and obtain sustainable materials for the car tank.
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Introduction

Resource forecasting at the design stage is urgently needed for modern
technology. Especially for friction units operating in extreme operating conditions in
machines of strategic enterprises of the oil and gas, heat production and aerospace
industries, in the production of high-speed transport, agricultural and military
hybrid equipment. The current task is to generalize experimental data, predict
reliability and resource in a wide range of changes in loads, speeds, temperatures,
and the influence of lubricant.

Main material

The main principle of choosing a scheme for tribotechnical and rheological
tests in non-stationary friction conditions is the maximum approximation to the real
operating conditions of the studied tribocombinations. For this, it is necessary to
ensure the correspondence of the nature of the movement of the samples, the values
and speeds of sliding, as well as the materials of the friction pairs, which simulate the
conditions for making friction units in the start-stop mode ("stop-end-go"). When
choosing a principle scheme for studying the processes of friction and wear of
movable connections in a lubricant, it is necessary to take into account obtaining on
the samples a qualitative picture that is observed when implementing conditions of
intense friction and wear in the parts of the cylinder-piston group (CPG) of an
internal combustion engine, namely, when contacting the compression ring - the
inner wall of the working cylinder with full fit of the contact surfaces under
conditions of sliding friction.

The general signature of the formula describing the thickness of the
lubricating layer /; in dimensional coordinates [um] taking into account the change
in the piston stroke (i-th crankshaft rotation angle) and the type of lubricant, as a
function of dimensionless variable parameters: speed U; load W, materials Giand
contact shape Z,,, will take the following form:
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hy = 4,73-108 - U>® - G2476 - W,7%%% - Z,,, - Ry, [um] (1)

where Z,, = 1 — exp 068k

- contact shape parameter due to wear;

k - ellipticity parameter according to equation;

Ui - dimensionless velocity parameter, which is found by equation;

Wi - dimensionless load parameter, which is found by equation;

Gi- dimensionless material parameter, which is found by equation;

Rz - reduced radius of curvature of contact surfaces, which is found by equation.

According to the developed model for estimating the thickness of the
lubricating layer depending on the piston stroke (i-th crankshaft rotation angle) when
using the studied motor oils, it was established (see Fig. 1) that at the injection stage
(from 176 to 184 degree Grad) and injection (from 536 - 544 degree Grad) at the
bottom dead center (BDC), stable microelastohydrodynamic (micro-EGD)
lubrication is observed due to the fact that thicknesses of more than 1 pm are formed.

the lubricant layer thickness ~hil =hi2 —hi3 ~hi4

the lubricant layer thickness, hi, ym

4 10 a0 170 176 184 190 270 350 356 364 370 450 530 536 544 S50 60 TI0 TI6

Crank angle of rotation

Figure 1. Nomogram of the dependence of the thickness of the lubricating layer /; in
the contact zone between the upper compression ring and the cylinder liner of the
internal combustion engine on the piston stroke (i-th crankshaft rotation angle) with
increasing number of revolutions n (linear velocity V;) for two studied motor oils
with different viscosity classes #o: hi1 — motor oil No. 1, n = 2000 rpm; hiz - motor oil No.
1, n = 3500 rpm; his — motor oil No. 2, n = 2000 rpm; hiy — motor oil No. 2, n = 3500 rpm.

According to the developed nomogram of wear intensity in the contact
zone between the upper compression ring and the cylinder liner of the internal
combustion engine, depending on the piston stroke (i-th crankshaft rotation angle) and
the type (rheological properties) of the lubricant, it was established (see Fig. 2) that
at the combustion stage in the TDC zone, including with an increase in the number
of revolutions of the internal combustion engine crankshaft, the wear in-
tensity for both oils is minimal.
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Figure 2. Nomogram of wear intensity I in the contact zone between the upper
compression ring and the cylinder liner of the internal combustion engine
depending on the piston stroke (i-th crankshaft rotation angle) with increasing
number of revolutions n (linear velocity Vi) for two studied motor oils with
different viscosity classes #o: Init — motor oil No. 1, n = 2000 rpm; Iniz — motor oil No. 1,
n = 3500 rpmy; Iniz — motor oil No. 2, n = 2000 rpm; Inis — motor oil No. 2, n = 3500 rpm.

Conclusion

Based on the results of modeling the assessment of the thickness of the
lubricating layer and the intensity of wear in the frictional contact zone between the

upper compression ring and the cylinder liner of the internal combustion engine,
nomograms were developed for assessing the lubrication efficiency and the intensity
of wear of internal combustion engine components based on the rheological
properties (dynamic viscosity 7o) of the engine oil, the number of revolutions and
the piston stroke (i-th crankshaft rotation angle) of the engine, which makes it possible
to select the optimal type of engine oil for the implementation of stable lubrication

and increase the wear resistance of friction pairs operating in extreme operating
conditions.
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Biohydrogen Application in the Context of Clean Energy

Vira Sabadash
Lviv Polytechnic National University

E-mail: virasabadash@gmail.com

Introduction

The article uses biological methods to address the scientific and practical
aspects of bio-hydrogen (H:) production from micro-algae biomass. This approach
simultaneously tackles three key issues: generating a renewable and eco-friendly
energy source, managing micro-algae biomass waste, and reducing greenhouse gas
emissions.The study highlights micro-algae biomass as a promising and sustainable
biofuel source, emphasising its role in hydrogen production via water splitting.
Hydrogen stands out as an efficient energy carrier due to its high energy content and
carbon-free combustion. The paper explores the chemical, metabolic, and technical
prerequisites for bio-hydrogen synthesis, reviewing direct and indirect
biophotolysis, biological constraints, and metabolic and genetic engineering
solutions. Dark fermentation of micro-algal biomass is analysed from an energy
feasibility perspective, covering biomass pretreatment for high sugar yields,
inoculum significance, and reactor configurations for optimising hydrogen
production.

Main material

Bio-hydrogen (H:) is gaining significant attention as a clean and
sustainable energy source. With rising concerns about climate change and the
depletion of fossil fuels, the search for renewable alternatives has intensified. Bio-
hydrogen, produced through biological processes, presents an eco-friendly solution
with high energy efficiency and minimal carbon emissions.Bio-hydrogen research
has emerged as a dynamic field that interweaves biochemical, microbiological, and
engineering disciplines to address global energy challenges. Researchers are deeply
engaged in analysing hydrogen fermentation efficiency indicators, seeking to
interpret the parameters that dictate yield and process stability. Detailed reaction
schemes have been developed to better understand the underlying pathways of bio-
hydrogen production, emphasising both the dark and light-dependent processes. In
dark enzymatic synthesis, anaerobic bacteria play a pivotal role by catalysing
hydrogen production through intricate metabolic networks. Key to this approach is
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the substrate conversion rate and the breakdown of solid particles within the
fermentation system, which directly impact the efficiency and sustainability of the
overall process.Parallel to these investigations, significant attention is given to
defining and justifying the critical requirements for effectively destroying micro-
algal biomass. This resource serves as a substrate for fermentation and presents
challenges in pretreatment and conversion efficiency. This effort has led to
developing dark fermentation processes that show promise for industrial
application. Researchers have critically evaluated various strains in selecting the
optimal microorganisms for bio-hydrogen synthesis, considering their metabolic
capabilities, adaptability, and tolerance to operational conditions. This careful
selection process ensures that the chosen bacteria can convert biomass into hydrogen
effectively, thereby enhancing process viability and scalability.Light-dependent
hydrogen production represents another exciting frontier in this field, particularly
involving micro-algae of the Chlorophyta group. Investigations into the H- formation
by cultures enriched with Rhodobacter gelatinous have revealed promising results,
as these organisms exhibit enhanced photosynthetic efficiency and robust
hydrogenase activity. Further research has demonstrated that the photoproduction
of bio-hydrogen by species such as Chlamydomonas reinhardtii can be stimulated
under specific conditions, with additives like formate and methanol significantly
influencing the rate of hydrogen formation. Exploring other microorganisms, such as
Euglena gracilis, underscores their potential as efficient hydrogen producers. Studies
suggest that stimulating respiration within these systems can create favourable
conditions for anaerobic processes, thus optimising the overall bio-hydrogen output.
Moreover, the presence of trace elements has been shown to affect both these
organisms' growth and enzymatic activity, pointing to the need for precise nutrient
management in bioreactor systems.

Conclusions

This study tackles the challenge of producing bio-hydrogen (H:) from
micro-algae biomass, demonstrating its potential as a sustainable solution for
environmental and energy issues. Micro-algae biomass is a renewable resource that
provides an eco-friendly energy carrier and helps reduce waste and greenhouse gas
emissions. The research examines photobiological and dark fermentation pathways,
emphasising improvements in pretreatment, inoculum selection, and reactor design
to boost hydrogen yields. Integrating metabolic and genetic engineering strategies
to overcome biological barriers further highlights the promise of micro-algae in
advancing carbon-neutral energy systems.
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Improving Energy Efficiency
in Seed Pelletizing Technology

Dmytro Semenenko, Yaroslav Kornienko, Serhii Haidai
Igor Sikorsky Kyiv Polytechnic Institute

E-mail: dimasemhaha@gmail.com

Intrduction

Pre-sowing chemical treatment is an important element in ensuring the
efficiency of agricultural production. One of the most advanced methods is seed
pelletizing, a process that not only protects seeds from pests and diseases but also
provides them with nutrients. However, traditional pelletizing technologies are often
characterized by low heat utilization, which significantly reduces the overall energy
efficiency of the process.

Main material

Modern pelletizing machines are usually based on mechanical mixing
using disk sprayers. This leads to seed damage and agglomerate formation. Drying
is carried out in drum machines or bowl granulators, which complicates the
technological process and reduces energy efficiency.

The proposed alternative is the use of a fluidized bed apparatus (Fig. 1),
which ensures efficient circulation of seeds between the irrigation and drying zones
without mechanical damage. Heat in such a system is transferred exclusively by
convection, which allows for a high degree of energy efficiency. It is known that the
coefficient of utilization of the supplied heat of such a device can reach 50% or more,
and in the case of heterogeneous fluidization, the coefficients of heat and mass transfer
increase by 1.5-2 times. Due to the special structure of the fluidized bed, in which the
seeds are constantly suspended under the influence of the rising gas flow, active mixing
of the particles is ensured. This creates conditions for the constant renewal of the contact
surface between the hot gas coolant and the wet seeds. As a result of intensive mass
transfer (evaporation of moisture from the seed surface) and efficient heat transfer, the
contact area between the solid (seed) and gas (coolant) phases is maximized. Therefore,
the product of the heat transfer coefficient (a) and the phase contact area (F), which
determines the overall heat transfer efficiency of the system, approaches its maximum
value — aF — max.
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Figure 1. Scheme of the apparatus for the process of pelletizing and granulation
with heterogeneous fluidization: 1 - gas distribution device, 2 - granulator
chamber, 3 - mechanical disperser, 4 - directing distributor

The approbation of the technology using heterogeneous jet-pulsation
fluidization for granulation of heterogeneous liquid systems made it possible to obtain
spherical organic-mineral fertilizers with a stimulating effect with a layer structure.
The use of such a scheme provided a granulation coefficient y > 88 % with minimal
dust emission, and also doubled the specific moisture load compared to homogeneous
fluidization.

Conclusions

The proposed technology of pelletizing using heterogeneous fluidization
significantly increases the thermal efficiency of the process (efficiency over 50%),
which reduces energy consumption and the carbon footprint of production. The
possibility of forming coatings taking into account agro-ecological conditions, high
adaptability to different formulations and versatility in application (drying,
encrustation, calibration) makes this technology a modern energy-efficient
solution for pre-sowing seed treatment.
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Beryn

Hespakaroum Ha AesiKiit eKOHOMIYHII CIIaj] Ta oOMeXXeHe diHaHCYBaHHS
JOCIT/DKeHb Ha 3aJi3HUYHOMY TpaHCHOPTi YKpaiHM IIPOJIOBXKYETHCS
ereKTpudiKaris ZUISHOK 3a CCTeMaMM TSTOBOTO eJIeKTPOIIOCTaYaHHs IIOCTITTHOTO
cTpyMy Hampyroro 3 KB TasMmiHHoro crpymy Hampyroro 25 xB i gactotoro 50 I'm.
Pasom 3 TuM BifOyBaeThcsi MoOJepHisallisi CUCTeM 3B'3Ky Ta aBTOMAaTUYHOTO
KepyBaHHs PyXOM IIOI3[iB, BMKOpPWUCTaHHS aIbTepHaTUBHMX BUIiB eHepril,
€JIeKTPUYIHOr0 KOMYTAIIiTHOTO OOJIafHaHHS IIiICTaHIIiV Ta BHPOBaKeHHS HOBVIX
TUIIB eJIeKTPUYHOrO pyxomoro ckiaay. Hamivme dyskiionysanns 3acobis
3JII3HUYHOTO 3B'A3Ky 1 CHUCTeM aBTOMAaTWMKM, [e BUKOPUCTOBYIOTHCS
MIKpOITpOLIeCOPHi IPUCTPOI, 3aIeXUTh Bif iCTOTHOIO 3HIVDKeHHS HeraTMBHOIO
BIUIVIBY TSATOBOTO CTPYMY Ha PeVIKOBi JIAHITIOTM, IIOBITpsHi JIiHil Ta iHImi 3aco0m.
ITprravmEoro0 TaKyX BIVIVBIB BUCTYTIAIOTh TapMOHIKM ITyJIbCYI0UO1 CKJIa0BOI HAaIIPyI Ta
CTPyMy TSTOBOI Mepexi, JKepesloM SIKMX € BUIIPAMIIAIOUi YCTaHOBKM, a TaKOX
€JIEKTPVYHUY PYyXOMUW CKJIaJl i3 iMITyJIGCHVM CIIOKVBaHHAM eJIeKTPUYHOI eHeprii.

OcHoBHa YacTMHa

Y nanomy mocimiypkeHHI IPOIIOHYETHCS 3a U1 HOKpallleHHsT KOMITeHcallil
IyJIbCYIOUOI CKJIagoBOI BUIIPSMIIEHOI HAIIpyTVM Ta CTPyMy Ha BUXOAi TSATOBOI
MiICTaHIIIT 3aCTOCYBaHHS KOMOIHOBaHMX Ta aKTMBHVIX CVCTEM, Ha OCHOBI aKTMBHMX
iTpTpiB, TpMHOMI [Oil AKMX 3aCHOBAaHWII Ha BHECEHHI Yy BUXITHWUM JIAHITIOT
BUIIpSIMJISIYA €JIeKTPOPYIIIIHOL CHJIV KOMIIeHCallil, 37aTHOI ITOaB/IloBaTy CKIIa0Bi
HAIIpyT¥ HaBaHTakKeHHS. 3alIpoIlOHOBaHiI KOMOiHOBaHi Ta aKTWBHI QiIbTpHU
HPeACTaB/ISTIOTh COO0I0 3aMKHEHY CTPYKTYPY 31 3BOPOTHMM 3B SI3KOM 3a BUXITHVMU
IMapaMeTpaMI CTPyMy Ta HallpyTV Ha HaBaHTa)KeHHI. Y KaHaJI 3BOPOTHOTO 3B A3KY
BXOIWTH KOPUT'YIOUa JIaHKa, III0 3a0e3redye (pOpMyBaHHSA KOMIIEHCYIOUOTO CUTHAIIY,
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IIT0 HeoOXiTHO M1 TToaBiIeHHs MyJIbCYIOUOol CKJIaIOBOIO BUITPSMITEHOI HallpyTy Ha
BVIXOZi TSATOBOY IiICTaHIIil OCTIIHOTO CTPYMY.

Ilin uac 3acTrocyBaHHs KOMOIHOBaHMX CHUCTeM IIOJaBJIeHHS 3MiHHOL
CKJIaZJOBOI BUXIJHOTO CTPYMy IepeTBOPIOBAJILHOIO arperaTry [0 VIOro CKJIamay
BXOAWTH MacMBHA Ta aKTMBHA dYacTHa ¢iTpTpa. [lacMBHaA wWacTMHa CKJIamaeThCs
3 peaktopa L Ta xoHpmeHcatopa C, 110 IpencTaBisioTh coboro [-momiOHm
anepiogyuauit LC-piabTp, 0 3aCTOCOBYIOTh Ha TATOBMX IiFICTAHINSAX B CKIafi
TUIIOBMIX CxeM (iTbTPOKOMITEHCYIOUMX IPUCTPOiB. AKTMBHa dYacTuHa QiIbTpa
CKJIAZIA€ThCS 3 JaTumMKa 3MIHHOI CKJIaJOBOI BUXimTHOIT Halpyrm 4m CTpymy,
KOpUTyIouoi (IMHaMidHOI) JIaHKM Ta MifcVIIoBava, BUXITHWUI CUTHaI SKOTO depes3

po3auTsIouM TpaHcdOopMaTOp IIOJAETHCS B CMJIOBE KOJIO PUTbTpa.

KommneHcariiss 3MiHHOI CKJIafoBOl BUIIPAMIIEHOI HaAIIPYTU 3HiVICHIOETBCS
BHECEHHSM B KOJIO IIOCIIITOBHO 3 [KepeJIoM ITysibcamivi Un(p) Hapyr KoMITeHcarii
Ux(p), mo dopMyeTbcs KaHaJIOM 3BOPOTHOIO 3B'3KYy aKTMBHOI YacTMHMU iIbTpa.
Hanpyra nHa nHaBaHTaxeHHi Un(p) 3 ypaxyBaHHSM [il aKTMBHOI Ta IIaCMBHOL
CKJIaJIOBOI BU3HAYAE€THCS HACTYITHUM PiBHSIHHAM:

Un(p) = [Un(p) - Ux(p)] H(p), @
me H(p) - mepenasasibHa (OYHKIIis ITaCBHOI JIAaHKM KOMOiHOBaHOro ijibTpa.

I cUHTe3yBaHHS IepefaBaylbHOI (YHKIII, IO ONWCye AMHAMIYHI
napameTpu OyB 3aCTOCYBaHMVI MeTOJ], YaCTOTHMX xapakTepucTuk. ITpu 3acrocysanHi
MeTO[y 4YaCTOTHMX XapaKTepUCTMK Ta aHajlisi IlepegaBajibHOI QYHKILIT
KOpWUI'YBaJIbHOI JIaHKM i yac popMyBaHHS 3BOPOTHOIO 3B'43KY 3a BUXiJIHOIO
HaIIpyTo0 HaBaHTa)kKeHH:, 10 YaCTOTHI BJIACTMBOCTI aKTMBHOIrO (pilbTpa icTOTHO
3ajIeXXaThb Bif] BeJIMIMHV HaBaHTaXeHH:. AHaJli3 3aMKHEHOI CTPYKTYpW aKTMBHOIO
diTpTpa NossArae B KOpeKIii MeTOIOM YaCcTOTHMX XapaKTepPUCTVK 3a1aHol CYCTeMY,
mo 3ale3redye HeoOXimHiI WacTOTHiI BilacTMBOCTI Ta KpuTepil SKOCTi crcTeMu
aBTOMATVYHOIO peryJIFOBaHH:I.

BucHoBkm

SIK TI0OKa3aJIo JOCIIIIKEHHS 3alpoIlOHOBaHi KOMOiHOBaHI i akTMBHI
CHICTeMV ITOKPAIIyIOTh ITOKa3HVKV eJIeKTPUYIHOI eHepril TM caMyM 3a0e3medyroun
IXHI HIapaMeTpu B HeOOXimHMX MeXax S3TifHO CTaHOAPTiB SKOCTi. 3arajgoMm
AOCTiKyBaHi KOMOiHOBaHiI CyCTeMM CyTTEBO 3MEHIIYIOTh Macy Ta TabapuTHi
TIOKa3HMKM, 1o 3abesmedye HafinHinty poboTy QiuTbTpy Ha BUXOi TATOBOI
HiJICTaHLii, B IIJIOMYy 4Yepe3 BiICyTHICTh B JaHMX CUCTeMaX ITaCUBHMX PeXKeKTOPHWX
JIaHOK, IIIO BCTAHOBJIIOIOTH Ha CTaHAAPTHUX (PUTETPOKOMIIEHCYIOUMX IPUCTPOIX

TATOBUX ITi[CTAHIIiVI IIOCTIIHOTO CTPYMY.
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3amisamaaNn Tpaacnopt Ha Ilnsaxy no Byrienesoi
Hemnrpanenaocri: Poste AnsrepHaTnBHMX IlatmBHO-
Mactuneanx Marepiasis

Ouena Copouuncoka
HarioHasisHMI TpaHCIIOPTHWI YHiBEPCUTET

Enextponna nomrra: ellena06.84@ukr.net

Beryn

3aJli3HMYHMUI TPaHCIOPT € OJHUM 3 KIIIOUOBMX BUIIB TPaHCIOPTY B
YxpaiHi Ta cBiTi. BiH Bizirpae BayxJivBy posib y IlepeBeseHHi acaXMpiB Ta BaHTaxXiB,
a TakoX y 3a0esleueHHi eKOHOMIYHOTrO pO3BUTKY KpaiHw. ITpote, Tpamwmmineo
3aJIi3HVYHWI TPaHCIIOPT BUKOPVCTOBYE BUKOIIHEe MaJIVBO, TaKe K BYTULIA, A3elb
Ta MasyT. Ilepexin Ha ajlbTepHaTHUBHI [IKepesla eHepril MoXe JOIIOMOITY 3MEHILITV
IO 3aJIeXHICTh Ta IABMIIUTY eHepreTWdHy Oesreky KpaiHw.BriposamkeHHs
aIbTepHATUBHUX MaIMBHO-MaCTWILHVX MaTepialiB y 3ajli3HMYHOMY TPaHCIIOPTi €
CTpaTerivHo BaXKJIVBVIM HaIIPsIMOM Ha LIUIXY A0 BYIJIelleBoi HeMTpPaIbHOCTI.

OcHoBHMII MaTepian

3aJlisHMYHUY TPaHCIIOPT BBaXKAETHCs HaVIKpalllM BapiaHTOM Ha3eMHOTO
TPaHCIIOPTY 3aBHAKNM OaraTbOM eKOHOMIUHMM, COLiaIbHVM, €HepreTMYHUM Ta
€KOJIOTiUHVM TlepeBaraM. Hampuxiiaz, 3amisHyaHNUI TpaHCIIOPT 3a0esneuye pyx 0e3
3aTOpiB Ta BUCOKWMII piBeHb Oe3IleKM, 3HVDKY€ BUKVMIM Ta CIOXXVMBaHHS IlajIviBa
Ha OIHOTrO IlepeBe3eHOro macaXmupa (abo BaHTaXHY ONWMHWMIIIO), 3MEHIIye
BUKOPMCTaHHS 3eMJTi (BTPMUi MeHIIe 3eMJIi MOPIiBHSHO 3 aBTOMATiCTpayIsiMU) Ta

3a6e3neqye BUICOKY HIBVI,HI(iCTb IIepeBe3eHHsI.

binpmicTte 3aymisHMUYHMX MapHIPYyTiB B YKpaiHi HIPpOIOBXYIOTh
00CIIyroByBaTWUCS AV3€IBHUMIM JIOKOMOTMBAaMV, IO 3YMOBJIEHO HW3BKMM piBHeM
erlekTpudikariil Mepexi — craHoM Ha 2023 p. yuire Grmspko 47% 3aTi3HUYIHUX
KOJIivt MaroTh elekTpudikariifo. Lle o3Hauae, 0 MoHaz, IIOJIOBMHA PYXOMOTO CKITaLy
BUKOPUCTOBY€E NIM3eJIbHe MaJIMBO, 10 € OCHOBHMM [pkeperioM Bukuiis COz, NO,,
TBEPIAMX 4acToK, SOy Ta JIETKMX OPraHi9HIX CIIOIYK.

3rigHo 3 odimivtarmu mauumm AT «Ykp3amisauis», obcar suknmais CO:
y 2020 p. mepesuinys 120 TVC.TOHH, IO CBiIUUThL PO CyTTEBe HaBaHTaKeHHs Ha
armocdepy. Ilpy mpoMy mopiuHa amHaMika HeMOHCTPYe cTabiylbHe 3pocTaHHS
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Bukmais: 3 2016 mo 2020 pokm 3araJIbHMUVI OPUPICT CKIaB IIoHaA, 9%, Iompm
CKOPOYEHHS 00CATiB MacaXkMpChKMX IIepeBe3eHb V IesIKi Iepiommn.

Opmiero 3 OCHOBHMX Ipo0JIeM € 3HOIIeHICTh JIOKOMOTWMBHOIO IapKy:
cepeliHil BiK AM3e/IbHUX JIOKOMOTHMBIB Ilepesuinye 30 poKiB, IO IIPU3BOAUTH 10
HUM3bKOI TTaIMBHOI e(eKTMBHOCTI Ta IINBUINEHOTO piBHS BWKMIIB. DiIBIICTH
JIOKOMOTWBiB He BiAIIOBIHAIOTh CYyYacHWMM eKOJIOTiYHWMM CTaHAapTaM (HaIlpuKiIaf,
Stage I11 a6o IV 3a Hopmamm €C), 110 TTorMOIIOE BIUIMB Ha SKICTB ITOBIiTPs, 0COOIMBO
y TyCTOHaceJIeHIX perioHax.

Ilepexin Ha ajbTepaHTMBHI BUOM IajJiBa MOXe CyTTEBO 3HU3UTU
€KOJIOTiUHUM BIUIMB TPaHCIIOPTY Ta MaTW BUpilllajbHe 3HadeHHs y CTBOpeHHi
CTaJIOr0 TPaHCHOPTYy, IO MiHiMi3ye HeraTMBHWUW BIUIMB Ha HaBKOJIVIIIHE
cepeoBUIIIe. MaJIMBHO-MaCTVWIbHI

AHbTepHaTVIBHi MaTepiaﬂVI KIIIO4aroTb B

ceOe pi3Hi BuAY ITajIMBa Ta MACTWIIBHVIX PEYOBIH, III0 MOXYTb 3aMiHWTV TPanIIiiHi

HadTonponykTy (Tabymrg 1).

Tabauys 1
Tumm ajlbTepHATMBHOIO ITaJIMBa Ta X XapaKTepUCTUKN
Bun maymmBa OcHoOBHI ITepeBarn Henomikm ITepcnexTvBn
XapaKTePUCTUKN B YKpaiHi
Bonens (Hz) | 3acTocoByersca | Hyimbosi Bucoka Bapricte | IlinTpumyernbcs
y HaJIVIBHMX BUKWIN, BUCOKa | BUPOOHMIITBA, Hancrpateriero
eJIeMeHTax. €eHepro- norpeba B HOBin | 1o 2035;
ITig gac peakwili | edpeKTMBHICTB, iHppacTpyKTypi | aKTUBHI
YTBOPIOETHCS TAXOIUT IS , CKITaTHICTh TIPOEKTU
JIVILIe BOMsHA HeesTeKTpudiko- | 30epiraHHs. HyWay UA,
mapa. BaHMX Hydrogen Hub.
MapuIpyTiB.
bionaymso Burorosigerscss | Moxe IToTpebye € BUCOKUL
(B20-B100) | 3 pocimHHOI abo | BUKOpPMCTOBYBaT | OaraTo MIOTeHIlial Ha
TBaPUHHOL VICSL Y AVI3eTTh- CUPOBUH; 6asi arpocex-
CUPOBUHM (paIlc, | HUX JIOKOMO- HecTabiyIbHa TOpa
KyKypynsa, Xup, | TmBax 0e3 miga; Mmoxommsuit | (ITonrapmnHa,
Bimxozmm). 3HAYHOI MOflep- | BIUIMB Ha XepcoHmmHa
Hi3allii; 3HIDKYe IIPOJIOBOJIbYY TOIIIO).
COz10 70%. Oesrrexy.
LNG Tas Ha 20-25% IToTpebye PeastizoByernbcs
(cxparmre- OXOJIOIKEeHUT MeHIIIi BUKMAYM, | CIeliaJIbHOro B aBTOIapKax;
HUT o -160 °C; eKOHOMIs o0agHaHHS TIOTEeHIIiaJT [IJIsT
IpUpOOHUT | 30epiraeTbcs B [aJiviBa, MeHIIe (6axm, oxoron- BaHTaKHOTO
ras) PiAKOMY CTaHi. LIyMYy, H/DKYa JKeHHsI), BUIIA TpaHCIIOPTY.
BapTICTh IIOPiB- | BapTiCcTh
HAHO 3 iv3esieM. | iHdpacTpyKTyp
Cunmretna- | Bupobmsetbes 3 | Moxe samianty | [lyxe mopore Y nepcnexrusi
He I1aJIMBO COzra nusess be3 BUPOOHNIITBO, -
(e-fuels) H:3amoriomoroo | miepebynosm ausskm KKJT; BUKOPUCTaHHS
iHdpacTpyk- B perioHax 3
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eJIeKTpOeHeprii3 | Typw, HeWT- Ha cTafil npodimuToM
B/IE. paJibHe 110110 TeCTyBaHH:. BIE (coHtze,
CO.. BiTEp).
Enextpuka | JKusmenns Bucoka IToTpebye Inpoxo
(Bim BOE) uepes eHeproedek- iHppacTpyk- 3aCTOCOBYETHCS;
KOHTaKTHY TUBHICTB, HU3bKi | TypW, eJIeKTpu- oTpebye
Mepexy abo BVIKVIIVI TPUL dikanii kosin, TIOIAJIBITION
aKyMYJIATOPW. "3esrenin" obMexxeHHS ernekTpudikarni
reHepailii, TaJIbHOCTI [T 1 perioHis.
MeHIIIi eKCIUTy- aKyMYJIITOPHUX
aTartivHi TIOT3TiB.
BUTPATH.
BucaoBkn

3aJisHMYHUY TPaHCHOPT aKTUBHO IepexXOAuUTh Ha eKOJIOTiYHO YMCTi
IDKepejla eHepril, i NpuUKIagM TaKuxX TpaHC(OpMallil yXe CIIOCTepiraroTbCsl B
OaraTpox KpaiHax cBity. Komepriviai BojHeBi 11oi3am Bxe mparooTs y HiMeuunHi,
®pannii, Kanani, Benmxin bpuranii Ta Kurai. Hanpuxian, y HiMeuunsi 3amy1iieHo
nepimm y cgiTi BopHesuit notar AlstomCoradiailint, a Berimka Bpuranis inBecrye B
po3po0JIeHHsI Ta eKCIUIyaTallilo BOMHEBMX MOI3iB y MeXax IUIaHy 3 IIOBHOI
TekapOoHisarlil 3astizHraHoro TpaHcnopty o 2040 poky. OTxe, 3arto0bIraHH: 3MiHi
KITIMaTy, 30KpeMa, Jepe3 JeKapOOHi3aIlifo TpaHCIIOPTHOIO CEKTOPY, € KITFOUOBUM
3aBlIaHHAM, IO CTOITH Ilepef] CBITOBOIO CIIUIPHOTOIO, BKJItouaroun Ykpainy. Ha
npukiIagi €BPOIEVICBKOTO 3eJIEHOrO JOrOBOPY MOXKHA IO0AYMTV YiTKUI BEKTOP,
CIIpsIMOBAaHMI Ha OCSTHEHHsI KIiMaTM4YHOI HeWTpasibHocTi mo 2050 poky, me
TPaHCHOPTHUM CEKTOP Ma€ iCTOTHY poJib Y CKOPOUeHHi BUKI/IIB ITApHMKOBMX Tas3iB.
Ycmimna peastisanig KIiMaTUYHOL ITOJITUKM BUMarae€ KOMILUIEKCHOTIO IIiIX0y, 110
OXOIUIIOE BIIPOBajKEeHHSI HOBMX TeXHOJIOTIV, Ilepexid, A0 BiTHOBJIEHUX Xepell
eHeprii, PO3BUTOK iIHPPaCTPYKTypW I €KOJIOTITHO YMCTVIX TPaHCIIOPTHMX 3ac00iB Ta
HiATpUMKY iHHOBaIliit. YKpaiHa akTMBHO ajjaliTye HalliOHaJIbHY TPaHCIOPTHY
IIOJTTHKY IO €BPOIEVICEKVIX CTaHIAPTiB, 3a0e3I1euyoun CTaIny PO3BUTOK rajTysi Ta
3MeHIITyIouH i HeraTMBHM BIUIVMB Ha TOBKULISA, TaKi 3yCWIUIS CIIPUSIIOTh CTBOPEHHIO
3[I0POBOTO CepefOBUINA Ta IIABUINEHHIO SKOCTi JXWUTTS TpOMalsiH, BOOHOYAC
3a0e3reuyroyy BMKOHAHHS MiKHapoIHMX 3000B’s3aHb y cdepi 3axucrty
HaBKOJIMIITHBOro cepepopuina. Ilepexin no anpreprarveayx [IMM y sanisHnganoMmy
TPaHCIIOPTi € KJTIOUOBVIM eJIeMeHTOM eKOJIOTigHoI TpaHcdopmariil. YkpaiHa Mae yci
HepelyMOBM JIJIS 1IbOT0 — HasiBHWUV arpapHUN pecypc, CTpaTeriuHe po3TalllyBaHHs,
MDKHapOIHY HiOTpUMKY. 30a1aHcoBaHe TToegHaHHA eftekTpudikartil, HVO, Bomro Ta
aKyMYJIITOPHUX pillleHb AO3BOJINUTh AOCIAITU KIIIMaTUYHOI HeWTPaJIbHOCTI 3

ypaxyBaHHSIM HaIlioHaJIbHVX OCOOJIMBOCTEVA.
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Beryn

BracIimok KUTTEAisUIbHOCTI JIFOACTBA YTBOPIOETHCS BeJIMKa KUIBKICTh
BIZIXOZIiB, cepe]l SIKMX BeJIMKY YacTKy 3alIMaroTh OpraHiuHi Bigxoan. B YkpaiHcekix
MicTax IIeyl TWUII BiIXOIiB BMBO3UTHCS Ha CIIeI[iaJIbHO OOJIallToBaHi MOJIITOHM
TBepAVX IHOOYyTOBMX BifXOMiB, Ae BOHM 3aXOPOHIOIOTECS, OaKTepii MOYMHAIOTH
HOMIMHATY OpTaHiuHy YacTVHY BiIXOAIB i Ha IIeBHOMY eTalli IIOYMHAIOTh BUAUIAT
BYIJIEKVMCTMIL Ta3 Ta MeTaH. B Ykpaini Hasiuyerbcs Ommseko 4,5 Tmc. odimivtHmx
ITOJIIrOHIB TBEPVX ITOOYTOBMX BiZIXOIiB 3araJIbHOIO IIOIIEIO ITIOHa, 7,8 TVC. Ta, KyAu
IIOPOKY BMBO3UTHCS Ot 11-13 MitH 1. cBikoro cMiTTs. Levt 06’eM Bunisise O1m3pko
800 Tyc T. MeTaHy B piK, 1110 eKBiBaJICHTHO 65 MJIH T. BYIJIEKMCJIOTO rasy B IIepIii
20 p. (GWP20) ta 22 muH 1. B HactynHi 100 pokis (GWP100).

OcHoOBHA YacTMHA

B Vkpaini fgie 3akoH mnpo ynpasiiHHA Bigxopmamu Ne 2320-IX, mio
perjaMeHTy€e Cy4acHi XOPCTKi BMMOIM [0 OOJIaIlITyBaHHS IIOJIIOHIB, ajle icHye
BeJIMKa KUIBKICTh CTapMX IOJITOHIB, 3acHOBaHVX IToHaf, 40 pokiB ToMy, ITIO BCe Iile
He MalOTh JIOCTaTHBOI 3axMCHOI OOOIOHKM i Oioras BMOUIAETBCS B aTrMocdepy,
a TOBITpS HOTpaIuIsie B TUIO MOJIOHYy, BHACTOOK 4Yoro OakTepil ITOYMHAIOTH
HOIIVMHATV KMCeHb, a a30T — iIHepTHWI a3 HaKOIIMYY€ETELCs B CepelIyHi i TMM caMyM
I0IIaTKOBO 3HVDKY€ KOHIIeHTpallilo MeTaHy.

s HapitHO! poOOTM NOPIIHEBUX OBUTYHIB eJIeKTPOCTaHIIN, IIIo
BUKOPVICTOBYIOTBCSI IS yTWIIi3allii Oiorasy Ha IIOJIroHax TBepAMX IIOOYTOBMX
BiIXOMiB, KOHIIEHTpaIlisl MeTaHy IIOBWHHa IepesuiryBaTit 35%. I xoua Ha cBDKMX
HOJTiroHax BoHa Moxe pocaratu 70%, Ha cTapux 3 IOTaHMM IIEPeKPUTTSIM i
IHTeHCVBHMM MZICOCOM TIOBITPS, B TOMY YMCIII B HaCiOK Bimbopy Oiorasy,
KOHIIeHTpaIlisl MeTaHy MOJKe BIIACTM HVDKYe 3a3HaueHO! MeXi. Buxomom 3 Taxoi

CUTYyaLil MOXe CTaTV BYIy4eHHS BYIJIEKVCIIOTO Ta3y, KOHIIEHTpallisd SKoro B biorasi
Moxe mocaratit 40%, i TMM caMuM 30UIBIIMTV KOHIIEHTpAIlil0 MeTaHy BWIIe
35% (pwc. 1). ITpukiamom € aMiHOBa TeXHOJIOTis BIWJIydeHHs ByIJIEKMCIIOrO Tasy.
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Pucynok 1. 3MiHa KOHIIeHTpallill KOMIIOHEHTIB BHAC/Ii/IOK ITiJICOCY IOBITps
BucHoBKM

Buxopwncranas posunny MEA, MJIEA abo ix cymimii 503B0JIsI€ BYITy YU T
BYTJIEKMCIIVTA Ta3 3 Oiorasy, Mpu IIbOMY TeXHOJIOTisd He IIOTpedye 3Ha9HMX 3aTpar Ha
HiATOTOBKY Oiorasy, Ha BimMiHy Big MeMOpaHHOI TexHOJOTii, me mHOTpiOHa $K
peTesibHa O4YMCTKA Bim AOMIIIOK, Tak 1 IymOoKe ocyIeHHS. 30UIbIIeHHS
KOHIIeHTpallil MeTaHy BiNITOBiIHO 3MeHIITye 00'eM OaylacTHMX TrasiB, IO IIO3UTMBHO
sromBae Ha KKJ]I Giorasopoi ejleKTpocTaHIIl i BiAIIOBiIHO 3MEHIIyeTbCS BUTpaTa
rmayvBa Ha 1 KBT BupoOseHo1 eftleKTpuvHOI eHepril (puc. 2).
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Pucynok 2. 3miHa MToMOI BUTpaTyt 6iorasy B 3aJIeXKHOCTI Bill KOHIIeHTpallil

Giorasy B IIpolieci eKCIUIyaTallil eJIeKTpOCTaHIIi1

B ImcturyTi rasy HAH Yxpainm BuUKOHaHI IOCTiIKeHHS BVIYYeHHS
BYIJIEKVCIJIOTO Ta3y Ha J1abopaTOpHiN yCTaHOBII i 3apa3 BUKOHY€ETbCS OYAiBHMIITBO
JOCIiHO-IIPOMIUCIIOBOI ~ ycTaHOBKW.  OdikyeTbcst  BwiIydeHHst Oymspko  90%
BYIJIEKMCJIOTO Ta3y, IIpM IHbOMY ONTMMIi3allisl CKIamy po3uMHY HO03BOMIMIIA
BIAMOBUTICE Bill 30BHIIIHIX [KepesT TeIlla IJIs IIPoIiecy IecopOIil ByIIeKMCIoro
rasy 3 po34MHy aMiHiB.
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Introduction

Further sustainable aviation development requires simultaneous
advancements in energy efficiency, emissions reduction, and aircraft noise mitigation.
According to the EU Clean Aviation SRIA (2021), achieving a 65% reduction in
perceived noise, 90% reduction in NO,, and 75% reduction in CO: by 2050 compared to
year 2000 levels is essential for climate-neutral air transport. While emission and fuel-
related progress are being realized through alternative fuels and propulsion systems,
aircraft noise remains a persistent barrier, particularly in communities surrounding
airports. To address this, the EFACA (Environmentally Friendly Aviation for All
Classes of Aircraft) project proposes a multilevel framework for assessing the acoustic
performance of novel aircraft technologies. This includes both Technology A (hybrid-
electric propulsion - HEP) and Technology B (next-generation turbofans, e.g.,
A320NEO), assessed at three levels: aircraft design, operational airport scenarios, and
long-term fleet renewal strategies. Both configurations are evaluated using advanced
tools including NoiTra, NoBel, and ADS-based trajectory modeling. This publication is
devoted to the multilevel impact assessment of noise reduction technologies in new
aircraft design on the example of analysis of Technology A with a reference ATR72-600,
while the A320 family serves as a background for airport and fleet levels.

Main material

The EFACA project introduces a comprehensive three-level approach to
aircraft noise assessment, encompassing aircraft design, airport operations, and long-
term fleet evolution. At the aircraft level, detailed modeling of flight dynamics,
engine performance, and hybrid-electric propulsion systems allows for
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accurate evaluation of noise reduction technologies using the Aircraft Design Space
module. At the airport level, the EFACAport simulation platform models real-world
layouts, procedures, and fleet mixes to assess cumulative noise exposure under
realistic operating conditions. At the fleet level, scenario-based simulations quantify
the long-term acoustic benefits of disruptive propulsion systems and guide strategic
planning for sustainable aviation.

At the aircraft level, noise modeling confirms the benefit of HEP
configurations using user-defined UHYBRID flight profiles and NPD corrections (-4
dB departure, -2 dB approach). Compared to the conventional ATR72 and ATR76
profiles, the EFACA HEP aircraft achieves EPNL reductions of 2-4 dB, particularly
at lateral and flyover certification points. SEL and EPNL contours (80-100 dB) show
that during departure, HEP aircraft reduce noise areas by up to 50% compared to
ATR72 and by 25-30% compared to ATR76. Approach benefits are moderate but
consistent, with 5-9% smaller contours. At the airport level, modeling for Gdansk
Airport—using the FSDS platform and a representative traffic scenario—
demonstrates reductions in Lden and Lnight contours of up to 13% and 11%
respectively for calculation cases with HEP+NPD correction), compared to the
baseline case (AT76 & A320NEO). Notable improvements occur at critical levels of
60-70 dB, influencing airport noise zoning. The fleet structure (70% narrowbody, 21%
turboprop) and diurnal distribution (63% day, 20% evening, 17% night) were
considered. Fleet-level modeling aligns these findings with EUROCONTROL’s EAO
2050 roadmap. Fleet renewal alone may account for up to 25% CO: reduction. By
2050, 60% of the fleet is projected to feature CS2-level technologies, including HEP,
LH:-powered, and electric regional aircraft. Technology entry timelines (2030-2040)
affirm the feasibility of widespread deployment.

Conclusions

This study demonstrates that hybrid-electric propulsion, when coupled
with trajectory optimization and NPD curve correction, delivers measurable noise
reductions at aircraft and airport levels. In particular, HEP aircraft show reductions
of up to 50% in noise EPNL contours during departure and 10-15% during approach
when compared to previous-generation ATR72 aircraft. Airport-level assessments
confirm that hybrid configurations yield reductions of up to 13% in Lden and 11% in
Lnight compared to the baseline. Fleet-level modeling confirms the importance of
replacing older aircraft with both hybrid-electric (Technology A) and efficient turbofan
(Technology B) solutions. Their combined implementation offers synergistic benefits —
allowing for cumulative reductions in community noise exposure and aligning with
ACARE 2050 goals.
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Introduction

The global aviation industry accounts for approximately 12 % of transport
sector carbon dioxide (CO2) emissions. The continual improvement of technology
and operational capabilities has led to a cumulative fleet fuel efficiency improvement
of 54 % since 1990 and this trend is expected to continue. Greening aviation is key to
our global future. Reducing aircraft operations would severely impact worldwide
economics. Radical and green propulsion alternatives must be developed quickly.
Fast decarbonization is possible if successive waves of innovation are considered. To
achieve a set of future sectorial goals, breakthrough technologies must be foreseen.
Stepwise development to meet environmental targets - reduction of the fuel burn
and emission in aviation sector - the evolutionary and revolutionary technology
solutions to be researched and implemented complementarily - provides a necessity
to formulate midterm and long-term goals, especially driven by climate change
impact of aviation. The concept of More Electric Aircraft (MEA) covers a number of
technologies to be introduced in aircraft control in flight during nearest decades.
MEA solutions are energy-efficient alternatives to the conventional mechanical,
pneumatic, and hydraulic counterparts. It consolidates power electronics and drives
of an aircraft further reducing the engine autonomy. It is quite suitable for lowering
the dependency of auxiliary aircraft systems on the power supplied from the aircraft
engine. To ensure ultra-low or even zero emissions during flight, there is an
increasing number of international research and development aimed at the
electrification of power plants (PP) and aircraft (A/C) power systems (EFACA task).

Main material

Comparison of modeling results for the AT76 type aircraft with
conventional and hybrid power plants for the throughout flight profile (EFACA task)
demonstrates, that application of electric motors at take-off, climb-out and climb
modes leads to reduce mass of fuel burned correspondingly on an average 22%, 22%
and 25%. The same trends are found for emissions mass: CO2 reduction was achieved
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on an average 24% at take-off and climb-out modes, 28% at climb mode; NOx
reduction - on an average 40% at take-off mode, 45 % - climb-out and 43% - at climb
mode. The obtained results of local air quality studies at EFACAport for conventional
and hybrid aircraft demonstrates, that implementation of electric taxi system, as
electric wheel leads to decrease CO, NOx concentrations nearly in 1,5 times. With the
aim to estimate more carefully the efficiency of hybrid AT76 in part of the NOx and
CO concentration levels the sensitivity cases were implemented for single aircraft at
EFACAport (the layout of Gdansk airport is used for modelling the European regional
airport in EFACA project). The two simple cases were submitted correspondingly
for conventional and hybrid AT76 (1 departure):

1. Taxing by running 2 engines, next acceleration on the runway and
takeoff of conventional AT76;

2. E-taxing by using only one engine, which operates in tandem with the
electric wheel for a distance of 462 m . Afterwards, standard taxiing occurs, which
involves running up both engines for the distance of 2012 m (section “CB” and “BA),
next acceleration on the runway and take-off of hybrid AT76.

Obtained results of emission inventory highlighted the reduction of fuel
consumption and emissions of CO, NOx on 15% at taxing conditions due to using
electric wheel during 81 s. However, during take-off conditions, the reduction in fuel
consumption and emissions of CO and NOx is achieved correspondingly by 15%,
45%, and 26% through the efficiency of the hybrid power plant.

Conclusions

1. Analysis of the EFACA preliminary studies has demonstrated the results
of fuel burn assessment of the individual technologies for different aircraft groups.
In general, the rolled-up engine technologies contribute larger fuel burn benefits than
aircraft aerodynamic and structural technologies only.

2. Comparison of modeling results for the AT76 type aircraft with
conventional and hybrid power plants for the throughout flight profile (one of the
EFACA tasks) concludes that application of electric motors with 25 % of the engine
power at take-off, climb-out and climb modes leads to reduce mass of fuel burned
correspondingly on an average 22%, 22% and 25%. The same trends are found for
emissions mass: CO2 reduction was achieved on an average 24% at take-off and
climb-out modes, 28% at climb mode; NOx reduction - on an average 40% at takeoff
mode, 45% - climb-out and 43% - at climb mode.

3. The obtained results of air quality studies at EFACA port for conventional and
hybrid aircraft show that the implementation of electric taxi system such as electric
wheel leads to a decrease in CO, NOx concentrations by almost 1.5 times.
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Introduction

Flight trajectory is a prerequisite for the evaluation of noise and the emission
of harmful substances. Noise and emission are an integral part of aviation operations.
However, noise and emissions can be reduced by modifying the propulsion system and
operating the aircraft in an optimal way. The procedure required to construct an
optimal trajectory for the hybrid electric propulsion system used in turboprop aircraft is
presented. Clean aviation focuses on reducing the environmental impact of air travel by
lowering emissions and improving efficiency. The research shows the extent to which
CO: and NO, emissions can be lowered compared to ATR2 propelled with gas-turbine
engines (GTE) only. The core of the method for estimating noise and emission on the
conceptual design stage of the aircraft consists of the following modules: a module for
calculating the working process of GTE; an in-flight profile calculation module; a
module for calculating parameters of emissions of pollutants; and a module for
calculating the noise characteristics of aircraft with hybrid power plants at the take-off
and landing stages. We show how to apply the first two modules for the construction of
a trajectory, which can be used as an input to the later two modules.

Main material

The example of the parallel configuration of hybrid electric aircraft (HEA)
was considered. For this configuration, the hybrid power plant of the ATR72 consists
of the GTE and the electric motor (EM) connected through a common gearbox. A
new GTE for HEA does not require producing as much power as the original one
since EM has additional power. Because of this, the weight of GTE was decreased.
We perform the analysis for the future aircraft having battery with a specific energy
density of 0.8 kWh/kg. When the difference between engine masses is multiplied by
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the factor of installed weight 1.39, we obtain 191.7 kg of the freed mass due to the
installation of a smaller engine. To account for the added weight to the ATR72, we
subtracted the mass of 2 motors with controllers (250 kg), 241.7 kg of batteries, a
total of 250 kg for the gearbox, and wiring and cooling from the mass of fuel onboard
the ATR72. The hybrid configuration has 358.3 kg less fuel than the conventional
configuration. In this way, there is no difference in mass between conventional and
hybrid versions of the ATR 72.

The usage of a genetic algorithm was suggested for satisfying the
requirements of the flight crew operation manual and optimizing for the noise at
the certification point. As the control parameters for optimization, the parameters
related to pilot inputs were used. These included angle of attack (AoA), power lever
angle (PLA), and the time of flight at which the changes of these inputs were done.
To lower the amount of parameters that are optimized, the usage of membership
functions was suggested for formulating functional dependencies of AoA and PLA
as functions of time for separate segments of flight.

The maximum flight range of the ATR72 in the hybrid configuration
constitutes 93.4% of the flight range of the ATR72 with conventional PP. For the
maximum flight range, HEA used 8.1% less kerosene compared to conventional
aircraft. The benefits of usage of HEA for reduction of ecological impact will be more
noticeable on shorter distances.

Conclusions

The module for calculating parameters of emissions of pollutants showed
that for obtained trajectories the CO2 reduction was achieved on an average 24% at
takeoff and climb-out modes, 28% at climb mode; NOx reduction - on an average
40% at take-off mode, 45% - climb-out and 43% - at climb mode.

In contrast to existing methods for calculating the flight path, the improved
method made it possible to fulfill the operational limitations and reliably predict the
speed, altitude, fuel consumption, thrust, and pitch angle of the aircraft in the form of
continuous functions of time throughout the flight profile. As a result of research, the
new method for estimating the trajectory of HEA was developed. This method allows
for accurate estimation of trajectory parameters as monotonous functions of time. It
enables the evaluation of airplane performance with the hybrid power plant. The new
method allows obtaining a trajectory for estimating distance to the receiver of sound,
thrust for estimating radiated sound power, and pitch of the airplane, which influences
the directivity of sound propagation. The described method can be applied to any
airplane.
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Introduction

The article presents the results of a comprehensive study of the impact of
road transport on the state of atmospheric air in the industrially loaded city of
Kryvyi Rih, which is one of the largest industrial centers of Ukraine.The focus of
attention is the analysis of vehicle emissions, which, along with industrial
enterprises, form a significant part of the total man-made load on the environment.

Main material

The study is based on monitoring data for 2021-2023, obtained as a result of
instrumental measurements on the main transport arteries of the city.The levels of
concentrations of the main pollutants were analyzed - CO, NO,, SO;, volatile
hydrocarbons, gasoline and PM, which pose a significant threat to public health,
especially in conditions of high building density. A significant part of emissions is
formed as a result of fuel combustion in internal combustion engines, as well as in
the process of evaporation of fuel and lubricants.The problem is exacerbated by
factors related to the aging of the vehicle fleet, low fuel quality, inefficient driving
modes, overloaded junctions, as well as imperfect logistics of urban traffic. At many
transport hubs, the maximum permissible concentrations (MPC) were recorded for
key indicators: the levels of CO, NO:, SO: and gasoline vapor exceeded the standards
by 1.5-2.5 times.In particular, critical emission values were detected at the 95th block
rings, the bus station, the Defenders of Ukraine Square and intersections with heavy
traffic. In order to reduce the environmental load and increase the level of
environmental safety, the article substantiates the need to implement the principles
of ecology - an interdisciplinary approach that combines logistical, environmental
and technological solutions.The authors propose strategic measures, including: the
development of environmentally safe public transport systems, modernization of
urban transport infrastructure, automation of real-time emission monitoring,
creation of restricted traffic zones, increasing the share of electric transport, the use
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of biofuels and digital traffic modeling taking into account environmental
parameters.The feasibility of open public access to environmental monitoring data
as an element of transparent management is also considered. In conclusion, the
results of the study confirm the existence of a close relationship between transport
intensity, air quality and population health.The solutions can be adapted for other
urbanized regions of Ukraine, which gives reason to consider the developed model
promising for the formation of national transport and environmental policy.

Conclusions

According to the results of the conducted research, it was found that not only
industry, but also road transport have a significant impact on the state of atmospheric
air in the city of Kryvyi Rih. According to monitoring data, in areas with the most
intense traffic, the level of pollution by CO, NO2 and gasoline vapors constantly
exceeds the maximum permissible concentrations (0.7-1.9 MPC), and the content of
hydrocarbons reaches 2.8 MPC. At the same time, sulfur dioxide SOz indicators
remain at the level of 0.16-1.2 MPC, although with periodic exceedances. The lack of
effective exhaust gas cleaning systems in many cars, outdated technologies, poor-
quality fuel - all this increases emissions of CO, NO: and organic compounds. In
addition, insufficient development of public transport, poor road network planning
and the lack of alternative routes contribute to the formation of excessive traffic
congestion in certain areas. In the context of environmental safety and taking into
account the principles of ecology, these problems require a comprehensive solution.
In particular, it is advisable to implement the following measures:

— creation of an automated monitoring system on highways with open access
to environmental data;

— development and prioritization of environmentally safe public transport
(electric buses, trams);

— modernization of the vehicle fleet, increased control over the technical
condition of vehicles;

— introduction of standards for the quality of fuel and fuels and lubricants;
— support for the use of alternative fuels (biofuels, electricity);

— formation of ecological logistics zones, restriction of entry into the center for
transport with high emissions;

— optimization of transport flows through digital management systems,
environmental modeling and planning.
Thus, the integration of environmental principles into the city's transport

policy is a key condition for achieving a balance between mobility, safety, and
environmental protection in industrially loaded regions such as Kryvyi Rih.
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OcoOymBoCTi  eHepreTMYHOro BMPOOHUIITBA 3YMOBIIIOIOTH 3aJI€XKHICTH
pexumy poborn EEC Ta ii eHepreTvuHmx 00'€KTiB - €JIeKTPOCTAHIIIV, ITiCTaHIIiVI,
JIHIV eJleKTpolepefdad - Bi peXwuMmy croXusaHHs eHeprii.Ha emekTpuune
HasaHTaXeHHs EEC BrumBarots pakropu ¢isnyHOro, BUpOoOHMYOro Ta 100y ToBOro
xapakTepy. Cymapuuit rpadix HaBaHnTaxeHHs EEC HepiBHOMipHUII depe3
OOy TOBMII PeXXMM HaceJIeHHsI, poOOTy e1eKTpuiKoBaHOIO MiCBKOTO TPaHCIIOPTY.
BimcyTHicTe [mOCTaTHBOI IIOTYXXHOCTI MaHEBpeHMX JDKepesl BUpOOHMIITBa
€JIeKTPOeHepPril € OCHOBHOIO IPUUYMHOI POOOTM TeIUIOBMX eJIeKTPOCTaHII Yy
MaHeBPeHOMY PeXuMi, 10 OOYMOBJIIO€ MiJBUINEHHS HWTOMWMX BUTpaT IlajIvBa.
OpamM i3 3axomiB BupilleHHS IIpoOIeMM HePiBHOMIPHOCTI € BIIpOBaiKeHHS
CTUMYJIIOIOUMX TapudiB Ha eJIeKTpUYHY eHeprilo.

OcHoBHM MaTepia

Ha TenepimHin 4ac 3ampornoHOBaHO IS OLiHIOBaHHS HepPiBHOMipHOCTI
piBHA edeKTUBHOCTI BUKOPUCTaHHS e€JIEKTPUYHOI eHeprii MpOMUCIOBUMN
HiAIIPVYEMCTBaMI IIPOTSTOM IOOM TaKmx KoedillieHTiB sIK: KoedillieHT MaKCUMyMy,
KoedillieHT 3aIl0BHeHH rpadika HaBaHTaKeHH:I, KoedillieHT piBHOMipHOCTI, 41cIIo
TOAMH BUKOPVCTaHHS MaKCMMYMy HaBaHTakeHHs. SIK IpaBMJIO BCi 1i KoedillieHTr
He JaloTh XapaKTepWUCTMKY BChOTro rpadpika HaBaHTaXeHHs, a TUIbKM OKpeMMX
XapaKTepucTHK rpadika. 3aIllpOIIOHOBAHO PO3POOUTN IMOKa3HMK BUKOPVICTAaHHS
MaKCMMaJIbHOI IIOTY>KHOCTi B Yacu MaKCHMMyMy €HeprocycTeMy IS IIPOMMUCIIOBYIX
MiAIPUEMCTB, SKUII HeOoOXiZHO 3acTocyBaTM B CUCTeMi eHepreTMYHOIro
MOHITOPUHTY.

3SmicmoBue popmyarobanna 3adaui. Hexavi mociimpkyBasbHa BUpPOOHMYA
cricTeMa Ma€ peXWuM eJIeKTPOCIIOKMBaHHS, IO XapaKTepU3yeTbCs 1000BUM
rpacdpikoM eJIeKTpMYHOro HaBaHTaXeHHS BUPOOHWMYOI CuUCTeM), IO Mae
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iMOBipHiCHUI XapakTep. Y TOOMHM MaKCUMyMy IIOTY>XHOCTi eHeprocucreMu
BUPOOHIYA CUICTeMa CIIOKMBA€E eJIeKTPUYHY eHepriio, IIo IIOBMHHA OyTM HVDKYe
3aruIaHOBaHOI BeJuMHN. [ToKa3HMK IOBMHEH BKIIIOYaTV OCHOBHI XapaKTepUCTUKU
PeXNUMYy eJIeKTPOCIIOKVMBAHHS BUPOOHMYOI CUCTeMM, 3a SKMMW OIIiHIOETBCS
edeKTMBHICTb BUKOPWUCTAHHS eJIKTPUYHOI eHeprii B dYacu MaKCUMyMy
HaBaHTaXXeHHsI eHeprocmucreMy. HeoOximHo 3HamT HTOKa3sHUMK edeKTMBHOCTI
BUKOPVICTAHHS 3aIUIaHOBOI BEJIMUVIHY €JIeKTPIYIHOI IOTYXKHOCTI, IO BiATIOBiAaB Om

HaCTyIIHVIM BIMOT'aM!:

1. Pexxum eaexmpocnoxubanna Bupobruuoi cucmemu. IloKasHUK IIOBMHEH
BKJIIOUATM OCHOBHI XapaKTepUCTMKM PeXMMY eJIeKTPOCIIOXMBAHHA BUPOOHMUOL
CUCTeMM, 3a SAKMMW OIIiHIOETHCA edeKTUBHICTE BUKOPWCTAHHS eJIeKTPUYHOL
MOTY KHOCTI ITPOMWC/IOBUX IiITPUEMCTB.

2. Monomonnicms. ITokasHUK Ma€ xapaKTepusyBaTUCs (PyHKITI€TO.

3. Kpumuunicms 0o napamempib, mo BapitoloTbcs. I[lokasHMK Mae

BiITOBITHVIM YMHOM pearyBaTy Ha 3MiHy IOKa3HVKIB peXXVMMY eJIeKTPOCHOKVBAHHL.

4. Yymaubicme. PosMip TIOKasHMKa MOBUHHA Bifpi3HATHUCS Ha
IOCTaTHIO V151 aHaJIi3y BeJIMUMHY.

5. HopmoBanicme. BinmoBigHO M0 IIi€l BJIACTMBOCTI UMCeTIbHE 3HAYEHHS
ITOKa3HMKa Ma€ OyTM YKIIaeHO MK MaKCMMaIbHMM Ta MiHiMaJIbHVM 3HaUeHHAMU
BITHOCHMX IOKa3HMKiB. lld BuMora He BIUIMBa€ Ha pe3yJIbTaT OLIHKM piBHS
edeKTMBHOCTI BUKOPWMCTAHHS IUIAHOBOI BEJIMUMHWM PEeXUMY CIIOXUBaAHHSI

eJIeKTpOeHepril.

6. [opiuanicmo pesysvmamif OIiHKM edpeKTMBHOCTI IJIsl BUKOPVICTAHHS B
eHepreTVYHOMY MOHITOPVIHTY.

Mamemamuune opmysroBanna 3adaui. Hexanm pociimKysaabHa
BUpPOOHIYA CHcTeMa CKIaIae€TbCd 3 KiHUeHOI MHOXWMHW X0 CYKYITHOCTI rpadikis
eJIeKTpUYHOTrO HaBaHTaXeHHs. CdopMOBaHO MHOXWHY Xmax — €JIEKTPUYHE
HaBaHTaKEHHs BUPOOHWUOI CHUCTEMM B TOAMHV MaKCUMyMy HaBaHTaKeHHS
eneprocucremn.HeoOxiTHO BM3HAUNMTM TaKCOHOMETPUYHY OLHKY BMKOPWCTaHHS
IUIaHOBOI BeJIMUMHM Xi y BUIIIAAi MacuBy d*. HarmOire ckramHo0 11pobieMoro Trif
yac I100yHoBM IIOKasHMKa e(eKTMBHOCTI BMKOPWMCTAHHS 3aIUIaHOBOI BeIMUVHI
€ B1Oip Ta OOIpyHTYBaHHS BUIY 3aJI€XKHOCTI:

K=/f(x,%,....x,, a,a,....a,),

ze ai, a,...., an — KoeiIieHTI BaroMocCTi,
X1, X2, ..., Xn— 3HaueHHs 30-XBWIMHHOI MaKCHMaJIbHOI IOTY>XHOCTi 3a
TOAVHU MaKCMYMYy HaBaHTa)XeHHsI €HeproCHCTeML.

AHati3 pi3HUX MeTOHOMK, IIPVCBSYEHMX IIOOYAOBI OIIHOK, BMKOHAHWIA

CBiIUMTB IIPO Te, II0 BUOIp PYHKIIOHAIBHMX ITOKAa3HUKIB, a TaKOX KoediIlieHTiB
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BaroMOCTi Ta OIiHOK YacTMHHMX KoediIlieHTiB y 6araTbox poboTax 3ilICHIOETbCS

0e3 mocTaTHBOrO OOIpyHTYBaHH:. Lle IIpu3BOOUTE He JInIIe JO TPyOUX, a 1 9acTo 0
XVOHVIX pe3ysIbTaTiB.y 3B'SI3Ky 3 TVM, IO eJIeKTpUYHe HaBaHTaXeHHS Ma€ OIHY
isvaHy TpyMpomy, YacTMHHI KoedillieHTM MaloTh OOHY i Ty X Bary, IO JOPiBHIOE
OJIVIHALII.

J1g oniHIoBaHHS egeKTMBHOCTI BMKOPWMCTAHHS IUIAHOBOI BeIMYIMHU
eJIeKTPUYHOI IOTY)XHOCTI ITPOMMCIOBMUX IMiAIIPUEMCTB  3aIlpOIIOHOBAHO
TaKCOHOMETPWYHMUI IOKa3sHMUK. DBBegeMo TaKCOHOMETPUYHUN IIOKa3HUK
OLIIHIOBAHHS CYKYITHOCTi €JIEKTPUYHOI MOTYXXHOCTi, IO € KOMIUIEKCHOIO
BEJIMUMHOIO, PiBHOMIIOUOIO BCiX CKIIamoBUX rpadika eTeKTpUYHOI MOTYXXKHOCTI B

roavii MakKCriMyMy HOTy)KHOCTi €HEPIroCVCTEMI.

A/LeopumM PO3paxyHKy maKCOHOMEMpPUHHOSO NOKASHUKA CKAA0AEMBCS 3 MAKUX

Kpokib:
Kpox 1. BusHadyeHH4 ejleMeHTiB MaTpuLi X:
_x“ Xip e Xy Xy, |
X1 Xop e Xy X2n
X = ,
X, X Xjjo e Xy
Xl Xpn e Xy e Xy

me x; - 30-XBWIMHHI 3HayeHHsI eJIeKTPUYHOI ITOTYXXHOCTI B TOIVHU

MaKCHMYyMY IIOTY>KHOCTI eHeprocvcTeMus;
M — KUIbKICTh rpadiKiB eJIeKTpUYHOI OTY>KHOCTI
1 — ancio 30-XBWIMHHMX 3HaYeHb eJIeKTPUYHOL IIOTYKHOCTI.

Kpox 2.y 3B'13Ky 3 TUM,IIIO eJleMeHTM MaTpPULIi MalOTh OHAKOBY (pisuHy
NpuUpoAy, BOHM He MOXYTb He IIIATaTVi HOpMyBaHHIO, ajle MOXKHO 3acTOCyBaTu
BUKOPWCTaHHS HaCTYIIHY POpMyJTy HOPMYBaHH: IO He IIPU3BOANUTH 10 3MiHEeHH:

pe3ym>TaTiB BUMIBHAUYECHHA TaCOHOMeTpVI‘{HOFO ITIOKa3HMKa:
u_ X=X ,
j =

O,

ne X; - ceperiHe 3HaUeHHs €JIEKTPUIHOI IIOTYXXHOCTI X I MaTpULIi;

0j — cepeHe KBaflpaTiyiHe 3HaUeHHs MaTpPUIli,

KPOK 3. BusHaueHHs eTasi0OHa BVIKOPUCTaHHS 3aryIaHOBAaHOI BeJIMYMHU
EHEKTPT/I‘{HOT HOTY)KHOCTi IIPOMICIIOBVIX Hi)Z[HpI/IEMCTB. ErasionoMm, 3 sKuM

IIPOBOAMTBHCSA HOpiBHﬂHHﬂ, CJIY>KUTD 3alUIaHOBaHa BeJIMYMHa.
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Kpox 4. PospaxyHOK ejleMeHTiB MaTpPUII BifIcTaHel 3 ypaxyBaHHAM BCix
eJleMeHTIiB MaTpWUIli eJIEKTPUYHWMX HaBaHTaXeHb BUKOHYBaBCSA 3a (pOpMyIIo
eBKJIiTOBOI BiJICTaHi:

1

m
2
dyy = Z(xm — Xo,) ¢
i=1

me dio- BimcTaEb MK i-TvIM rpadikoM eTeKTpMYHOIrO HaBaHTaKEHHS Ta

IUTAHOBOIO BEJIMYMHOIO;

Xin — PaKTUYHe 3HAUYEHHS eJIeKTPUYHOI IIOTY>KHOCTI;

Xon - UMCJIOBE 3HAUeHHS 7-03HaKM JUIS 3alUIaHOBaHOI BeJIMYMHU
€JIEKTPVYHOTO HaBaHTaXKEHHSI.

Kpox 5. Orpumani BifcTaHi oIyXaTe BXiOZHMMM JaHUMMK, IO
BUKOPWUCTOBYIOTbCS INf, Yac pO3paxXyHKY TaKCOHOMETPWYHOIO IIOKa3HMKa
e eKTMBHOCTI BUKOPMCTaHHS 3aIUIaHOBAHOI BeJIMYVHY eJIeKTPUYHOI IIOTY>KHOCTI:

1
m _
) ] oy $(dy-dy)
d = %, dy=dy+ S, dy=Y"Y . =
0 i=1

m—1

3HayeHHs TaKCOHOMETPUMYHOI'O ITOKa3HIVKa e(i)eKTV[BHOCTi BUKOPUCTaHH:
3aIUIaHOBAHOI BEJIMYMHI eJ'IeKTpT/I‘IHOT HOTy)KHOCTi BVIBHAYAETHCA JIA KOGClDiL[iGHTa
B=25.

IaTeprperarniisa 7Ioro HacTyIHa, MM OJIVDKYe TIOKA3HMK [0 HYJIS, TUM
BUIIle piBeHb BMKOPWUCTaHHS 3allJIaHOBAHOI BeJIMYMHM eJIeKTPUYHOI ITOTYXKHOCTI
IIPOMMCIIOBUX HiAIpueMcTs. OTpUMaHHS 3arajIbHOT KapTUHM 11010 BUKOPUCTaHHS
3aIUIaHOBAHOI MaKCUMaIbHOI HOTY>KHOCTI Ha HMPOMMCIIOBUX MiIAIIPUEMCTBAX IIUISIXOM
MOHITOPVHIY Ta BU3HA4YeHH:d YIIPaBJIAIOUMX il 3 METOIO BIUIVMBY Ha eJIeKTpUJHe
HaBaHTaXeHHSI, JO3BOJISIE IIABUIIIATY PiBeHb e(eKTMBHOCTI eHePrOBUKOPICTAHHS.
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Chapter III.

Chemical, Biotechnology and Engineering
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Modification of Petroleum Bitumen Using Humic Acids:
A Comprehensive Study

Myroslava Donchenko, Yuriy Prysiazhnyi, Taras Chipko
Lviv Polytechnic National University

E-mail: myroslava.i.donchenko@lpnu.ua

Introduction

To improve the performance properties of bituminous binders used in the
design of asphalt concrete pavements, various types of modifiers - differing in their
action, origin, and application methods are introduced into their composition.
However, among the drawbacks of most modern industrial modifiers, their high
cost should be particularly noted. This stimulates active scientific research aimed at
identifying more accessible raw material sources and developing economically
feasible technologies for modifying petroleum road bitumen. Based on an analysis
of the experience in using various substances and their effects on the characteristics
of finished road pavement, the authors proposed the use of humic acids to enhance
bitumen properties.

Main material

Based on a series of studies involving the use of humic acids, the authors
identified certain optimal patterns of their interaction with bitumen. In particular,
the most pronounced positive effect on bitumen was observed when the acid content
was 2.0 wt.% and the modification duration was 1 hour. The next stage involved
determining the optimal modification temperature. To this end, drawing on laboratory
experience with the modification of road bitumen using various additives, three
temperatures were selected: 120 °C, 150 °C, and 180 °C.

These and subsequent studies were carried out using humic acids derived
from Ukrainian lignite and oxidized bitumen of grade BND 70/100, sampled at PJSC
"Ukrtatnafta" (Kremenchuk, Ukraine). The results of the research are shown in the
Table 1.
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Modification of Road Bitumen BND 70/100 with Humic Acids

Table 1

BND Va}ues for Samples Modiﬁed
Index 70/100 with 2.0 wt.% Humic Acids
120 °C 150 °C 180 °C

Softening point, °C 52,8 54,0 54,6 55,4
Penetration at 25 °C, dmm 78 72 58 54
Ductility at 25 °C, cm 58 15 12 9,5
Elastic recovery at 25 °C, % 17,5 28,7 23,4 23
Adhesion to glass (%) 65 60 67 64
Adhesion to gravel, mark 3,5 3,5 3,5 3,5
Resistance to hardening at 163 °C (RTFOT method):
mass change, wt. % 0,086 0,156 0,129 0,086
softening point change, °C 6,8 5,4 5,2 5,6
retained penetration, % 50 68,6 69 74,1

Analyzing the changes in the indicators presented in Table 1, it can be
concluded that with increasing modification temperature: the thermoplastic properties
of the samples slightly deteriorate; the adhesive properties remain stable; the elasticity
of the samples increases slightly; and the properties of the modified samples after
heating using the RTFOT method improve significantly compared to the original
bitumen.

Conclusions

In summary, it can be concluded that humic acids have the most beneficial
effect on the resistance of bitumen samples to technological aging and can be
recommended as aging inhibitors. Moreover, based on the overall changes observed
in the samples with increasing modification temperature, it is evident that the most
positive impact of humic acids occurs at a temperature of 120 °C. Further increases
in temperature lead to the deterioration of the initial properties of the modified
samples and are therefore considered impractical. In addition, the next stage of the
research will involve studying the nature of the interaction between lignite-derived
humic acids and bitumen.
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Obtaining and Properties of Surfactants of Plant Origin
for Bitumen Modification

Olha Poliak, Volodymyr Gunka, Ivan Sukhomlyn
Lviv Polytechnic National University

E-mail: olha.y.poliak@lpnu.ua

Introduction

Among organic binders, petroleum bitumens have found the widest
application in road construction. One of the most important indicators that determine
the quality of asphalt concrete during operation is the adhesion of bitumen to the
surfaces of mineral materials. Adhesion additives significantly improve the bonding
between bitumen and mineral surfaces, considerably enhancing the long-term water
resistance and frost resistance of asphalt concrete pavements. This ensures greater
durability of road surfaces under the influence of moisture and low temperatures,
reduces the risk of damage, and extends their service life.

Main material

At present, surfactants (surface-active agents) are the most widely used
adhesion additives, as they enhance the water resistance and other performance
characteristics of asphalt concrete by improving the bonding of the bitumen film to
mineral materials.It is precisely through the introduction of special additives such as
surfactants that the interaction between bitumen and aggregates is improved, surface
tension is reduced, and a stronger bond is ensured.

One of the promising directions for improving bituminous binders is the
use of natural modifiers, particularly amides of higher fatty acids of plant origin.
These compounds are obtained from vegetable oils through their interaction with
amines. They are capable of enhancing bitumen adhesion to mineral aggregates,
lowering the brittleness temperature, increasing plasticity, and reducing the rate of
aging.Due to their environmental friendliness and availability, these additives have
the potential to become an effective alternative to conventional petrochemical-based
modifiers.

Amide-type additives were obtained by continuously stirring crude
rapeseed oil with polyethylene polyamine (PEPA) at a temperature of 140 °C for
4 hours. The PEPA content in the mixture was 20% by weight.
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Bitumen grade BND 70/100, supplied by PJSC “Ukrtatnafta”
(Kremenchuk), was used as the base material for modification with the obtained
additives. The bitumen modification process with the surfactant was carried out at a
temperature of 150 °C for 30 minutes. The amount of additive introduced into the
binder was 0.4 % by weight.After modification, the main physical and mechanical
properties of the bitumen were determined, as presented in Table 1.

Table 1

Main properties of bitumen modified with surfactants

Virgin bitumen BND 70/100 + 0.4 % by
Parameter .
BND 70/100 weight of surfactant

Penetration at 25 °C, 0.1 mm 70 65

Softening point, °C 48,5 49,5

Ductility at 25 °C, cm 99,8 101,4
Adhesion to glass at 85 °C, % 37,2 93,5
Adhesion to crushed stone, 3 5

points

It has been established that the obtained additives practically do not alter
the operational properties of bitumen; however, they exhibit exceptionally good
adhesion properties. This is evidenced by the increase in adhesion to the glass surface:
from 37.2% in the original bitumen to 93.5 % in bitumen with the adhesion additive,
and the adhesion to crushed stone increased from 3 to 5 points, respectively.

The obtained additives, in terms of their adhesion to mineral materials,
correspond to the adhesion additives based on surfactants according to JCTY
9187:2022. After the introduction of these additives, bitumen forms a stronger bond
with the mineral particles present in the asphalt concrete mixtures.

Conclusions

The properties of plant-based additives based on polyamine have been
studied. It has been established that the obtained amide-type additives do not
significantly affect the physical and mechanical properties of bitumen, but they
significantly improve adhesion to mineral materials. The improvement of adhesion
to mineral materials due to plant-derived surfactants enhances the efficiency of
bitumen usage and ensures a longer service life of road pavements.

Thus, the development and implementation of plant-based surfactants is a
relevant direction for creating more durable, effective, and environmentally friendly
bituminous materials for road construction.
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Isobutyl Oleate from Ukrainian Oil Sources
as Component for Lubrication Liquids:
Synthesis and Properties

Stepan Zubenko, Serhiy Konovalov, Lyubov Patrylak

V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry
of National Academy of Sciences of Ukraine

E-mail: S.o.zubenko@ukr.net

Introduction

Isobutyl oleate has a wide range of applications, from the food industry
and textile/leather production to metalworking processes and industrial
lubricants.Thisresearchpresentsisobutyloleateas a component of lubrication liquids.
Isobutyloleatecan be produced by transesterification of oil tryglicerides, esterification
of fatty acids, and simultaneous esterification/transesterification of a mixture of
triglicerides and fatty acids.

Main material

Transesterification of oil triglycerides under mild conditions (room
temperature, 0.5 h) andlowexcess alcohol (4.5 mol/mol alcohol to triglycerides)
wasefficient with analkaline potassiumisobutoxide catalyst. Which can be obtained
from a solution of potassium ethoxide by distillation ethanol after addition of
isobutanol. Or direct distillation of the reaction water from a mixture of potassium
hydroxide and isobutyl alcohol to form a heterogeneous azeotrope. As a result of
alkaline transesterification of used frying oil and the use of both methods to produce
potassium isobutoxide, the yield of isobutyl esters is 89-92%. Atthesametime,the
appearance ofa glycerinlayerwas observed, wich greatly facilitates the process of
product cleaning.

Esterificationof fatty acids usingthe homogeneous catalyst pTSA allowed
to obtain products with conversion above 90%. In addition, the combination of
lowering the molar ratio of alcohol/fatty acids (up to 3 mol/mol) and removingreactive
water by azeotrope distillation and condensation in a Dean-Stark trap allows for
quantitative fatty acids conversions in 1.5-2 h. This tendency is maintained when using
of heterogenic catalyst Purolite CT275 (mesoporous sulfocationite). The quantitative
conversions were achieved by removing watwe in a
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Dean-Stark trap (2/1 molar ratio of alcohol to fatty acids, 5% catalyst, 4 h). It was
noted that the esterification and transesterification reaction were carried out on highly
acidic oil (FFA 3-41 %) using pTSA (yields 90-100 %, Dean-Stark move water, 5 h).

Commercial products named “isobutyl oleate” have a relatively wide range
of properties. The products of both acidic and alkaline synthesis is were purified by
several purification steps, including vacuum distillation, wich allowed to obtain
isobutyl oleates with esters purity 96-100%. Six samples of isobutyl oleate were obtained
using different oils (used frying high oleic and traditional sunflower, technical rapeseed
and soybean) with the content of oleic acid isobutyl oleate in sample varying from
25 to 82%. The products are characterized by a pour point in the range of mines 14
to mines 24.5°C, a kinematic viscosity 5.24-5.88 mm?/s at 40°C and 2.15-2.31 mm?/s
at 100°C, and viscosity indexes in the range of 250-320.

Conclusions

It is shown that technical isobutyl oleate of high purity can be obtained
from various sources of Ukrainian oils. Depending on their acidity, a catalyst can be
chosen (potassium isobutoxide, pTSA or mesoporous Purolite CT275). The use of
water removal from the reaction medium gives quantitative conversions of acids and
acidic oils.The resulting products are characterized by good pour point and viscosity
index values.
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Busnauenns EHeprermaHmx XapaKTepmcTrnk
I'asonnomiouwmx ITasius

Ousexcandp Egimenko
HepxaBHn yHiBepcuTeT « KMIBChbKMVI aBiallifiHUV IHCTUTYT»
Oinist L IMI'C» HarrionanpHoi akiionepHoi komnaHii «Hadroras Ykpaitm»

E-mail: Yefimenko@naftogaz.com

Beryn

AxTyanbHicTP 1 TpOOJIEMHICTH TaKMX IIMTaHb, SK HOPMYBaHHS i
BUMipIOBaHH: IIOKAa3HMKIB SKOCTi IIPMPOMHOIO rasy Ta po3po0sieHHsI KOMIUIEKCHOI
CrCcTeMM OLIIHIOBaHHS MO0 SIKOCTI SIK eHeprOHOCisA Ha CbOTOJIHI € OIHI€I0 3 OCHOBHMX
mpobreM. BrusHaueHHIO SIKOCTI IPWPOTHOIO ra3y HaJAa€TbCS 3HAYHA yBara, omHaK
31e0iIBIIIOro VieThCA PO BAOCKOHAJIEHHS BMMIpIOBaHb OKpeMUX Voro ismko-
XiMIYHMX XapaKTEepPUCTMK (BIaCTMBOCTENI), 30KpeMa, KOMIIOHEHTHOrO CKjIamy i
BOJIOTOCTi, Ha OCHOBi 4KMX TeOpPeTMYHMMM PpPO3paxyHKaMM BU3HAYarOTh IHIIIL
BJIACTMBOCTI ra3y — IUTOMY TeIUIOTY 3TOpaHHs, BiITHOCHY I'yCTVHY, uncio BobGe.

OcHoBHMI MaTepia

Y €Bponenceknx KpaiHax sK i B YKpaiHi OCHOBHMMWM eHepreTV4HVMM
ITOKa3HMKaMM SIKOCTi IIPVIPOIHOTO ra3y € TeIUIoTa 3TOpaHHs Ta unciio BobOe. Ase B
Yxpaini ormriaTa BigOyBaeTbCs 3a CHOXWUTI KyOOMeTpu rasy, He3alIeXXHO Bif] 710TrO
eHepreTUYHOI LIHHOCTL, a B €BPOIENCHKMX KpalHax - 3a VIOro eHepreTHMYHMMNA
LIIHHOCTSIMA.

Y niciiaBoeHHMI Nepiof, HacesIeHHs! Ta ITiAIPYEMCTBa YKpaiHu Ileperiay Th
Ha €BPOIeVICbKI HOPMM OIUIATHM 3a CHOXWTWI ra3. BijIbIl TOoro, mMOKasHMKM SIKOCTi
rasy, HapuKiIaj, TeIUIoTa 3TOpaHHs BU3HAYAEThCS CIIAIIOBAaHHIM HaBaXXKV rasy B
KaJIopvMepIaHin 00MOi, Tak ke fK i iHITI ITOKa3HMKM SIKOCTi, TOOTO cTaHAapTaMm Ha
KOXXHUV TTOKa3sHUK okKpeMmo, a Merposnoriuaui nentp HAK «Hadroras Ykpartam»
PpO3po0VIB METOAVIKYM Ta iIHCTPYKIIiI IIJ0/I0 BU3HaUYeHHs OCHOBHIX TI0Ka3HMKIB SKOCTI
rasy xpomaTorpadidamm MeTogoM. ToOTo, BU3HaUMBIIIN BYITIEBOIHEBII CKJIa], Tasy,
3aCTOCYBaBIIV IIporpaMHe 3a0e3IledeHHs, BW3HAYAIOTbCS OCHOBHI ITOKa3HMKM

SIKOCTI.

BusHaueHHSI ~ eHepreTMYHMX  XapaKTePUCTUK  IPUPONHOIO  Tasy
poBOANTECA B Jabopatopii LleHTpy MeTposorii Ta ra3opo3MOmiTb4MX CUCTEM
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HalliOHaJIbHOI aKIlioHepHOI KoMmaHii «Hadroras Ykpainn», sinmosigHo mo MBX 04-
021:2021 «Metonuka BUMipIOBaHb KOMIIOHEHTHOIO CKJIaflly IPWPOOHOIO TIa3y
MeTOIOM Ta30Boi Xpomarorpadil Ta OOUMCIeHHS TYCTMHM, BiZHOCHOI TYCTVHW,
TeIUIOTH 3TOpaHH: Ta umcia Boboe».

Llevt MOKYyMeHT BCTaHOBJIIOE METOAVKY BMKOHAHH: BuMipioBaHb (MBB)
TYCTMHM, TEIUIOTM 3TOpaHHd Ta umncia BobO6e mnpupoxnHoro rasy (III) 3a
pesyipTaTaMy  XpoMaTorpadidHOro aHajlizy KOMIIOHEHTHOIO CKIafly 3
BUKOPWCTaHHSIM ra3oBoro xpomarorpada tumry Agilent 6890 N abo anasoris.

byrna BimiOpana Ta mpoanasizoBaHa mrpo0a rasy Ha KOMIIPECOPHIVI CTaHIIiT
Ne 3 M. Bosipka. Pesyspratit xpomaTorpadivyHoro aHasiizy HasezieHi B Tabi1.1.

Tabauys 1

PesymnpTaT ananisy npuponsoro rasy KC 3 m. bosipka

. . Posmmpena
Ha3Ba KoMIIOHEHTIB Bwmict, % Mot .

HeBM3HAYeHiCTb, %

Metan 87,0777 0,1497
Etan 5,4757 0,1121
IMpoman 1,4976 0,0362
i30-bytan 0,1631 0,0067
H-byTan 0,2645 0,0190
H-ITeHTan 0,0051 0,0005
i3o-Ilenran 0,0699 0,0068
H-IlenTan 0,0621 0,0044
T'excan +Bur. 0,1009 0,0075
Kwucenn 0,0111 0,0010
Asor 2,0193 0,0415
Hiokcup Byryiero 3,2531 0,0793

IIpuponHuUy ras Mae BUCOKYy eHepreTMuHy IIiHHICTh Ta BifIIOBifae

BuMoraM Kojiekcy razoTpaHCIIOPTHUX CUCTEM.
BucHoBOK

Hespaxaroun Ha BUCOKY eHepreTHUHY Ta XiMi4HY I[iHHiCTb Ta3y B YKpaiHi
He BUpPOOIeHMI CYICTeMaTU30BaHMI TIIXi J0 OIliHIOBaHHS 110TO0 sIKOCTi. [TpupomHi
rasy 3 Pi3HMX PONOBUIN  BiIpi3HSIOTHCS 3a KOMIIOHEHTHVIM CKJIaJIOM, TOOTO
eHepreTMYHUMH IOKasHMKaMM sKocTi. ToMy IpakTMuHe 3HaueHHsI Mae€ OIliHKa
eHepreTMYHMX MOKa3HMKIB SKOCTi Ta3y Ta Ilepexif A0 OIUIaTH 3a eHepreTUUHVMU
ITOKa3HMKaMM, a He 3a 00’€MOM CITOKITOTO Tasy.
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Introduction

Natural and associated petroleum gases contain not only light components
(such as methane and ethane) but also heavier hydrocarbons - such as butane,
pentane, and hexane - which may exist in the liquid phase under standart conditions.
Considering that the quality requirements for natural gas are becoming increasiangly
stringent each year, existing technologies are no longer sufficient to produce gas that
meets these standards. This is particularly relevant to the hydrocarbon dew point, a
parameter that is directly proportional to the content of liquid hydrocarbons in the
gas. Removing these components is essential for increasing the calorific value of the
gas and for their subsequent processing. One of the effective methods for separating
liquid hydrocarbons is the use of selective organic absorbents for extracting heavy
fractions from gases.The development of an additional absorber for the removal of
residual liquid hydrocarbons could address this issue faced by gas processing plants.
The work presents experimental results on the absobtion of Cs~Cs alkanes by
Vaseline oil.

Main material

To evaluate the absorbtion efficiency, the percentage ratio of hydrocarbon
content after absorption to the initial hydrocarbon content (% vol.) was used. The
experiment was conducted using an industrial FI-4 filter-absorber filleg with
Vaseline oil, through which the gas was passed at a flow rate of 2,5-3,0 L/min. Than
the component composition of the gas was analyzed using gas chromatography, both
before and after passing through the Vaseline oil.
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Table 1
Absorbtion of hydrocarbons by Vaseline oil

Hydrocarbons Content % mol Absorption
before absorbtion | after absorbtion | degree, % mol

Methane 90,2823 90,4875 -
Ethane 6,2130 6,2130 -
Propane 0,2048 0,1914 6,54
Isobutane 0,0058 0,0018 68,97
n-Butane 0,0148 0,0028 81,08
Isopentane 0,0084 0,0008 86,84
n-Pentane 0,0114 0,0015 86,84
Hexanes and higher

hydrocarbons 0,1866 0,0562 69,88

Non-Hydrocarbon components

Oxygen 0,0184 0,0184 -
Nitrogen 0,4905 0,4906 -
Carbon dioxide 2,5640 2,5361 1,09

The results presented in Table 1 indicate a fairly high efficiency of
hydrocarbon absorption by vaseline oil for the C4-Ce+ hydrocarbons, while the
extraction of propane is rather insignificant, and ethane is not absorbed at all by the
oil. Methane also does not get absorbed, and the difference in methane content before
and after passing natural gas through vaseline oil is explained by the calculation
method used in the software. Due to the relatively high methane content compared
to other components, its volumetric fraction is calculated as the difference between
100% and the sum of the other components.

Conclusions

The experimental evaluation of absorbtion efficiency demonstrates the
considerable promise of Vaseline oil as a basis for advanced absorbent materials in
natural gas purification systems. These encouraging results emphasize the need for
continued exploration of Vaseline oil as a viable and innovative tool in liquid
hydrocarbon content control, contributing to the advancement of gas purification
technologies.
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IlinpumenHsa EneproedexrnBHoCcTi Ta EXOTOTivTHOCTI
ABurynis BayTpimHaboro 3ropanasa Bukopncranaam
Bonueso-Byriesonuesoro I1asmsa

CmanicaaB Bapmawebcokuil, Anopiit KoBeps, Oavea IlanmeneeBa
HarrionamsHWM TexHiUHWI YHiBepcUTeT «/JHIMpoBCchKa Mo TexHiKa»

E-mail: Koverya.A.S@nmu.one

Beryn

3pocTaHHSA KUTBKOCTI TpaHCIOPTHMX 3acobiB y CBiTi, Iompu aKTvBHe
BIIPOBa/KeHHsI €JIeKTPOTPaHCIIOPTY, 30epirae aKTyasIbHICTh IIpo0IeMN 3HVDKEHHS
HeraTMBHOTO BIUIMBY NBWUIYHIB BHYTpiIlIHboOro 3ropaHHs ([IB3) Ha moskimig Ta
eKOHOMIl pifgkoro naymsa. SIK cBiggars gaHi, estleKTpoMobii Ta ribpunm cki1ajaroTh
JIMIIIe YacTKy aBTOIIApKy HaBiTh y HamOUIBIN po3BuMHeHMX KpaiHax. IIpm 1mpomy
BapTICTh aKyMYJIATOPHMX CUCTeM, CKJIamHICTh yTwisamii OaTapervt, oOMeXeHMII
3armac Xxofy Ta CJIaOKMiI PO3BUTOK 3apagHOl iHPPaCTPYKTypU 3aIMINalOThCA
KIIIOYOBMMM Oap’epaMm [0 iX MacoBOrO BUKOPWCTaHHS. Y IIBOMY KOHTEKCTi
MepCreKTVBHYM IIIXOIOM € BUKOPWUCTaHH:A BOJHIO y CKJIalli JBOKOMIIOHEHTHOI'O
najmBa Oe3 HeOOXimHOCTI 7IOro HaKONWYeHHS VI TPaHCIOPTYBaHHS — IDISIXOM
reHeparii GesmocepeqHbO Ha OOpPTy aBTOMOOINIA B KUIBKOCTSIX, IO BiAIIOBiAAIOTH
peximam pobotm [1B3.

OcHoBHa YacTMHA

IlepeBaru BUKOpUCTaHHS BOIHIO K KOMIIOHEHTY HaJIMBa II0JIATaloTh He
ymtire B eHeproeMHocTi (Tabsmrrs 1) i migsuieHHi epeKTMBHOCTI, ajle 11 y 3HAYHOMY
3MEeHIIeHH] MmKimmBux BukwvaiB. [JomaBanms ymmrre 10% BOIHIO IO AM3E€ILHOIO
HayviBa 3HVDKY€E CTIOKMBaHHS OCHOBHOTO nayimBa Ha 30-40% i 3MeHIITye KUIBbKiCTH
caxi y Buxytoni Ha 75%. Kpim Toro, smenmmytorscs Buxmayn CO, COz, ByrieBogHiB,
ajIbzIeriniB i OeHs-a-TiipeHy. BomHOYac, i3 3pocTaHHSIM YacTKI BOIHIO Y IaJIVIBi 3pocTae
TeMIlepaTypa 3rOpaHHs i, BiIIOBIIHO, piBeHb yTBOPEHHs OKCUIIIB a30Ty.

79



Tabauys 1

EneproemMHicTh MOTOPHUX HaJIVB

ITuroma Bun masmmBa

tertota | Bomens | ITpupon- |Ilponan- | bensun | OusensHe| MeTtanon | HumeTn-

3ropaHHs | (ra3s) Huiras | Oyran | (A-92) TIaJIVIBO JIOBUVL
(meTan) edip

JIx/ KT 141 45 43,8 44 43 22,7 30,0

Paszom i3 mepeBaramMm CIim BpaxoByBaTVM TexHIUHI OOMeXeHHs.
Hanpuxmman, mpu 3amimenHi 50% nmsermo BomHeM crocTepiraersest mmoHan 100%
3pOcCTaHHS JIeTOHAIIVTHOI aKTMBHOCTI Ta INABUINEHHS THUCKY B IwIHApax Ha 30%,
III0 MOYKe IIPM3BECTN 10 3HVDKEHHS pecypcy IBUryHa. Lle BuMarae Touroro minbopy
OITMMAJIBHOTO  CIIBBiJTHOIIIEHHS  KOMIIOHEHTiB IIaJIMBa 3 YpaxyBaHHSIM
0COOJIMBOCTEVI ABUTYHA.

YnpoBamkeHHsI ABOKOMIIOHEHTHOrO ITajIBa Ha OCHOBI BOJHIO €
IIepCIeKTMBHMM IIUIIXOM MOJepHisarlil asromapky i3 JIB3 0e3 pamgmkambHmMX
KOHCTPYKTUBHMX 3MiH, 3HIDKYIOUM 3aJIeXHICTh BiJl BYIJIEBOJHEBOIO ITaJIMBa,
ITOKpPAIIyIouy €KOHOMIUHICTh Ta eKOJIOTiuHicTh TpaHcnopTy. Hanbinbir morrinmeamm
€ BUKOPWCTaHHS CHHTe3-rasy Ui [OBUTYHIB i3 3aIla/foBaHHAM BiJl CTVCHEHH:d
(mM3enpHMX), e HABITH YAaCcTKOBE 3aMillleHHsS MajnBa Ja€ noMiTHuit edekt. Crif
BiZI3HAUMTY, II0 HAVIOUTBII pallioHIBHMM ITiX0IOM OTPVIMAHHS BOIHIO € XiMiUHM
cr1oci0.

BucHOBKM

BuxopwcranHs OiHapHMX HaaMBHMX CyMilIel 3 BOOHEM Ma€ HACTYIIHi
IepeBarm:

1) besnocepernte BUPOOHMIITBO BOAHIO B MICIIi CIIOXKWMBaHHS, IO
ycyBae HeoOXifgHicTh 30epiraHHs Ta TpPaHCIOPTYBaHHs BOIHIO, 3HVDKYE PUSMKU
Ta IHBeCTULIIVIHI BUTpaTH.

2) I'myuke peryJoBaHHS IIOfIa4i BOIHIO JO3BOJISE IIBMIKO allalTyBaTu
KUJIBKiCTh BUPOOIIEHOTO BOIHIO 10 IIOTOYHOTO HaBaHTaKeHH: IBUTYHA.

3) INokpatreHHs Ipoliecy 3ropaHHS piBHOMIpHMM PO3IIOALUIOM BOIHIO B
MaJIVBHIVI CYMIllli, 1110 MiIBUIIy€ TepMOAVHaMiUHy edeKTUBHICTb i 3HVKY€ BUKUIIN.

4) BuxopwicTaHHS BOTHEBO-BYITIEBOIHEBOTO a/TMBaI03BOINTE 3MEHIITNTI
BUKVIM Ta CIOXMBAHHS Ta/IViBa TPAHCIIOPTHMMM 3acobaMmm Ta TexHikoio 3 [IB3,
OHOBWTMU $IK iCHYIOUMV, TaK i 3HOBY BBe[leHUV B eKCIUIyaTallilo ITapK TPaHCIIOPTHUX
3aco0iB.
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Ilepepobsiennss HadproBmicanx Binxoais 3 Metoro
Opnep>xanusa KomnonentiB Moropanx Ilanmus

Ouee I'punuwmun, IOpin 3uax, Andpiin Konau,
Boaoodumup FO3ugpumun, IlaBao Himeyo

Hanionaneami yHiBepcuteT «JIbBiBCbKa HOJIiTeXHIKa»

E-mail: ogrynyshyn@ukr.net

Beryn

HadrosmicHi Bimxomyt € ogHMMM 3 HatOUTBIT HeOe3ImeuH X TTPOMUICIIOBMX
BifxomiB. BoHM yTBOPIOIOTECS BHACIIIOK AisTIBHOCTI IIPOMMCIIOBUX IiAIPUEMCTB 3
no0yBaHHs, TpaHCIOPTYBaHH: i IepepoOkm HadTH, a TaKOX IIiJ 9Yac IIOJeHHOL
eKcIUIyaTalii MallyMH Ta MexaHi3MiB pi3HOro mpwu3Ha4YeHHs, B IKUX
BUKOPUCTOBYIOTBCS MacTWIbHI MaTepiaym. 3 opgHoro 00Ky HadTOBMIicHI Bimxomu
3a0pyIOHIOIOTh HOBKULIA, a 3 APYroro OOKY BOHM € [KepesioM BYIJTIEBOIHIB, SIKi
MOXHa B IIONAIBIIIOMY BMKOPWCTOBYBaTM I BUPOOHMIITBA MOTOPHWX IIajIB Ta
inmmx npopykTis. Hespakaroum Ha Taky MHepcHeKTHBY, HadTOBMicHI Bigxomu
ChOTO/THi BMKOPWMCTOBYIOTHCS HeJlacTaTHRO pallioHabHO. OIHNUM 3 IIepCIIeKTUBHIUX
HaIpsIMiB BUKOPMCTaHHS HadTOBMICHMX BIiAXOMiB € Ix TepMiuHa HecTpyKiis (abo
HW3BKOTEeMITepaTypHMII Iiposi3). I xoda € mosomi OaraTo iHdopwmamil mpo et
Hpoliec, BiH BUBUYEHWII I1le HeIOCTaTHBO.

OcHoBHMIT MaTepiai
Ha xadenpi ximiuHOI TexHOOTII mepepobkm HadTM Ta rasy
HauionaneHoro yHiBepcurery «JIpBiBCbKa IIOJIITeXHiKa» IOCIIDKyBaIM IIpoliec
HU3bKOTEMIIepaTyPHOTO MipOoJIi3y TaKMX HaTOBMIiCHMX BiIXOMIB:
— BYIJIEBOAHEBOI YacTMHM HadTOIUIaMiB, YTBOpeHMX IIifl 9ac BUIOOyTKY Ta
HepepoOeHHS HadTVL;
— OpyTTo-HadTONUIaMiB, YTBOPEHMX IIiJl Yac BUAOOYTKy Ta IepepoOieHHs
HadTw;
— BiAIpallbOBaHVX OJIVIB Pi3SHMX TUIIiB;
— TBepAMX HadTOBMX BiAKIaiB, YTBOPEeHMX Mif Yac OUMIIeHHs HadTOBUX
CBepIUIOBUH Ta IIiJI Yac TpMBaJIoro 30epiraHHsa Had TV B pe3epByapax.

IIporec HM3BKOTEMIIepaTypHOro IMiposlisy HadTOBMICHMX BigXomiB
nposomwin 3a Temmeparyp 400-450°C. Y pesynprari mpostisy OTpUMYBaJIU
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HipOKOHMEHCAT - PIAKMI IIPOMYKT IIVIPOKOrO (PPaKIiTHOTO CKiIafdy, TBEpPHUA
3a/IMIIOK B peakTopi Ta rasm miposisy i HIpoBefdeHHd HOCIIIXeHb Ta
BCTaHOBJIEHHsI MOXJIMBOCTI BUKOPMCTaHHs MipOKOHIEHcaTy Iiposlisy HadpTOBMiCHMX
BIIXOMIiB 3 MeTOIO OfIep>KaHH MOTOPHVIX ITJIVIB TI0TO PO3OUIUM Ha dpakiiil rm.k.-200°C,
200-350°C Ta 3aymmmok >350°C.

®paxuig 11.x.-200 °C xapaKTepu3yeThCs Ielo 00BaK4eHM PpaKIiTHUM
CKJIazioM. BMicT cipkm B IIilt dpaxilii IepeBUIIye BUMOTIW, IO CTaBJISATbCA MO
TOBapHMX aBTOMOOUTBHVIX OeH3mHiB. KpiM mporo ms dpaxiis xapakTepu3yeTbCs
JIOCTaTHBO BVCOKMM BMICTOM HeHacHM4YeHWMX BYIJIeBOAHIB. [IJIg MOXJIMBOroO
BUKOPWMCTAHHSA I1i€T ppaKIiil SK KOMIIOHEHTa TOBapHMX aBTOMOOLTbHMX OeH3MHIB
HeoOXigHO mpoBecTu Ii TiApooOIaropogHeHHs, IO BK/IIOYae TiApyBaHHS
HeHaCHJYeHMX BYIJIEBOJHIB Ta TiJpOOYMCTKY 3 MeTOI0 3HVDKeHHS BMICTY CIpKINL.
Hapani 1mio dpakiiilo AoLiIbHO IepepoOIsATiI Ha YCTaHOBLI KaTaJliTMIHOTO

PVOPMIHTY 3 MeTOIO HMiABNUITIEHHS 1 OKTAaHOBOI'O UNCIIa.

Opaxitig 200-350°C mipokoHeHcaTy XapaKTepu3yeTbCsl BUCOKOIO
TeMIlepaTypolo CIajlaxy, IO BiAmosimae BMMOTraM [0 OM3EIbHUX IIAJIUB.
HusbkoTeMniepaTypHi BJIacTMBOCTI, IO XapaKTepU3YIOTbCSA TeMIlepaTypaMu
IIOMYTHIiHHS 1 3aCTWTaHHS, € JOCTaTHIMM I BUMKOPUCTAHHS ITi€l ppakiil mr
BUPOOHMIITBA JITHIX Av3enpHMX Hayme. OmHaK, HaATO BUCOKMI BMICT CipKM Ta
HNPWUCYTHICTE HEHaCWMYeHVX BYIJIEBOAHIB ITOTPeOYyIOTh 3HWIKEHHS, 1 IJIA IIbOTO
HeoOXiZTHO BMKOPUCTOBYBaT! JIOIATKOBI CTazlii HepepoOkm i€l dpaxiiii, a came
1 rifpyBaHH Ta TiIpOOYNCTKY.

3aymok > 350°C riciis HeperoHKM IIipOKOHIEHCATY — i€ BUCOKOB SI3KMUM
INPOOYKT, IO CKJIagy SKOTO TaKOXX BXOOWUThb 3HauHa KUIBKICTh HeHaCHUYeHUX
ByIJIeBOAHIB. VIOro MOXHa B HEBEIMKMX KUIBKOCTSIX JIOfABaTV [0 IaJIVBHUX
MasyTis. Illle ogvH HanpsM BMKOPWCTaHHS 3aJIAIIKY - IUIs BUPOOHMIITBA Pi3HMX

TUIIIB ITTACTUYHMIX MacTWI (30KpeMa KOHCepPBallilTHIX).
BucuoBkM

BcTaHOBIEHO IPUMHIIMIIOBY MOXJIVMBICTH IepepoOKu HadTOBMiCHMX
BiOXOOiB MeTOAOM HWM3bKOTeMIlepaTypHOIro IMipoi3y 3 odepKaHHAM
HipOKOHIIEHCATy, II0 MOXXHA BUKOPVICTOBYBATW y BUPOOHMIITBI MOTOPHMX IIaJIVB.
ITpoBenero HU3BKOTEMIIEpATy PHUI HipoJIi3 HadTOBMICHMX BiIXOIiB 3a TeMIlepaTyp
400-450°C, B pesyinbrari sgkoro opgepxato 55,4-92,5 % mac. mipokoHneHcary, 2,3-
29,2% mac. TBepIOro 3ayIIKy Ta 5,2-7,1% Mac. rasy miposisy. BeraHosreHo, 1110 ¢TI
dpaxiiil, omepykaHi iy, Yac po3/iyIeHHS iPOKOH/IEH ATy MOXYTh Oy TV BUKOPWUCTaHi
K CUpPOBVHA i1 Ofep’KaHHsA TOBAapPHMX MOTOPHMX MaIvB. 3aJIMIIOK ITiCIId
po3misieHHs MipOKOHIEeHCcaTy MOXKHa BUKOPVCTOBYBATH K KOMIIOHEHT Ma3yTy abo
ZIOIaTOK 0 IUIAaCTUYHMX MacTWIL.
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Introduction

Among various types of waste, waste tires (WT) are particularly
concerning due to their significant contribution to environmental pollution and their
potential threat to ecosystem diversity and human health. The low recycling rates of
WT lead to their accumulation in landfills or incineration, resulting in the loss of
valuable materials with considerable energy potential. Pyrolysis is considered one of
the most promising and environmentally sustainable methods for WT disposal. This
process not only offers an effective alternative to landfilling and incineration but also
enables the conversion of waste into valuable products, including liquid fuels and
chemical compounds with substantial industrial significance. Pyrolysis of waste tires
yields a mixture of pyrolysis gases, fluid products, and solid residues. The liquid
fraction can be further refined to produce high-quality fuels, such as diesel or
gasoline, as well as a range of compounds with diverse industrial applications.

Main material

The most valuable product derived from waste tire pyrolysis is the LPPT,
owing to its physical and chemical properties that closely resemble those of crude oil,
making it a promising feedstock for commercial fuel production. To ensure that the
properties of LPPT comply with regulatory standards for gasoline and diesel fuels,
the application of conventional petroleum refining processes —such as hydrotreating
and hydrogenation—is essential. However, establishing of small-scale WT
processing facilities in regions with high concentrations of waste material is often
more economically feasible. In such contexts, the construction of full-scale fuel
purification units and the high demand for hydrogen make the hydrogenation
process economically unviable for producing light oil products. Consequently, the
development of simpler alternative methods for LPPT processing, which do not rely
on costly catalysts or scarce hydrogen resources, is of considerable importance.

One of the promising methods for purifying the gasoline fraction obtained
from liquid pyrolysis products of WT is the extractive separation process.Aromatic
compounds were separated from the fractions boiling below 140 °C (< 140 °C) and
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within the range of 140-200 °C using an extraction process. The objective of the
extraction was to obtain raffinates —fractions depleted in aromatics. N-methyl-2-
pyrrolidone (NMP) was utilized as the selective solvent for this purpose. The material
balance of the extraction separation is presented in Table 1. The characteristics of the
raffinate and extract obtained during the extraction process are presented in Table 2.

Table 1
Material balance of the extraction separation for fractions <140°C and 140-200°C
Ne Component wt. % based on raw material
fraction <140°C fraction 140-200°C
Received
1 Raw material 100.00 100.00
Solvent 180.00 180.00
Total 280.00 280.00
Yield
1 Raffinate 40.55 33.82
Extract 59.45 66.18
3 Solvent 180.00 180.00
Total 280.00 280.00
Table 2

Characteristics of the raffinate and extract obtained from the extraction process for
fractions <140°C and 140-200°C

fraction <140°C fraction 140-200°C
Indicator name <140, C Raffinate | Extract 140_2(,)0 c Raffinate| Extract
fraction fraction
Density at 15°C, kg/m? 806 781 817 862 840 862
Refractive index, n3° 1.4568 1.4427 | 1.4553 | 1.4835 | 1.4728 | 1.4866
Bromine number, 90.5 91.0 | 898 | 82 | 89 | 889
Br,/100g of product
Conclusions

Raffinates and extracts were obtained through the selective removal of
aromatic compounds from the <140 °C and 140-200 °C fractions using NMP as the
extraction solvent. The physicochemical properties of the resulting fractions were
subsequently analyzed. The unsaturated compounds within these gasoline fractions
did not exhibit notable polarization effects under solvent influence. They were not
selectively dissolved, as indicated by the nearly identical bromine numbers observed
for both raffinates and extracts.
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Introduction

Vegetable oil degumming is a crucial purification stage that determines the
potential of oil as a sustainable feedstock for biodiesel. Traditional refining
techniques rely on acid and alkali treatments, which often result in excessive oil
losses and generate problematic wastewater. In contrast, enzymatic degumming
offers a biotechnology-based approach for reducing phospholipid content,
improving oil quality, and promoting eco-friendly processing. This work emphasizes
fermentation-based enzymatic degumming of substandard soybean oil as an efficient
and scalable strategy for preparing high-grade raw material for biodiesel synthesis.

Main material

The enzymatic complex Purifine® 3G, consisting of phospholipases A2
and C obtained via microbial fermentation, was used to degum crude soybean oil.
Optimized fermentation conditions—100 ppm enzyme dose, 57°C, pH 7.0, 2.5%
water, and 2-hour reaction time—reduced phosphorus content from 421 ppm to
below 10 ppm. The process not only improved the oil’s properties but also generated
minimal waste and avoided the use of corrosive chemicals. Pilot-scale application
using a cavitation reactor validated the feasibility and industrial scalability of this
approach. GC-MS analysis confirmed the high yield of fatty acid methyl esters
(FAME), while FTIR spectroscopy demonstrated structural conversion linked to
successful degumming and transesterification. The enzymatically degummed oil was
subjected to transesterification using potassium methoxide in methanol under
cavitation-assisted conditions. The process yielded biofuel with 97.2% fatty acid
methyl esters, phosphorus content of 3.9 ppm, and properties in compliance with
Ukrainian biodiesel standards. The biodiesel meets the key requirements of
international standards such as ASTM D6751 and EN 14214, indicating its suitability
for global application.
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Figure 1. Enzymatic hydrolysis of phospholipids using Purifine® 3G:

Water

8

(a) Phospholipase C converts phospholipids to diglycerides and phosphates; (b)
Phospholipase A2 forms lysophospholipids and free fatty acids.

The integration of enzymatic pretreatment with cavitation-intensified
processing reduced energy consumption and minimized by-products, showing the
compatibility of biologically refined oil with sustainable fuel production.

Conclusions

Fermentation-based enzymatic degumming using the Purifine® 3G complex
represents an effective, sustainable alternative to conventional oil purification for
biodiesel production. The approach ensures minimal phosphorus content, high
FAME yield, and environmental benefits due to reduced wastewater and reagent
consumption. Its validation underscores its potential for widespread industrial
adoption within the renewable energy sector. Combining enzymatic pretreatment
with cavitation technology enhances process efficiency, ensuring costeffective and
scalable biofuel synthesis. This strategy contributes to valorizing agricultural waste
streams and supports the transition toward greener energy systems.
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Introduction

As is known, during the operation of motor oil in internal combustion
engines, it is exposed to high temperatures, constant contact with metals, the course
of chemical processes (oxidation, thermal decomposition, polymerization,
polycondensation, compaction), external contaminants, etc. As a result, its
composition accumulates products of additive decomposition and wear of internal
combustion engine parts, oxidation products, condensation of the hydrocarbon part,
asphalt-resinous substances, and residues of incomplete combustion of fuel, which
causes irreversible changes in its qualitative chemical composition. Thanks to the
processes of removing aging products from used motor oils (UMO), oils are obtained
that correspond in their operational properties to fresh oil obtained from petroleum
raw materials. Therefore, it is relevant to develop such technologies for cleaning
waste oils that would be characterized by a high yield of purified oil and the ability
to establish them at domestic enterprises without significant modernization of
existing equipment.

Main material

Several methods for regenerating UMO have been studied at the
Department of Chemical Technology of Oil and Gas Processing at the Lviv
Polytechnic National University. The process of vacuum distillation of used motor oils
was investigated. This allowed for a significant reduction in the content of asphalt-
resinous substances, decomposition products of additives, unburned fuel residues,
mechanical impurities, and water, as well as an improvement in the viscosity-
temperature properties of refined oils.

It is proposed to purify UMO using the thermal oxidation method under
the established optimal conditions: temperature, 200°C; pressure, 2 MPa; duration, 2
hours; and air flow rate, 1.5 min-1.

Under established optimal process conditions, regenerated oils were
characterized by better viscosity-temperature properties, a lower water content,
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fewer mechanical impurities, a lower acid number, improved coking capacity, and
lower ash content compared to waste oils.

We have established the possibility of regeneration of UMO in the presence
of crystalline urea.Under the established optimal process conditions (duration - 80
min, temperature - 140 °C, amount of crystalline urea - 5% by weight), the purified
waste oils were characterized by a low acid number, absence of water, ash content
and content of mechanical impurities, and improved values of kinematic viscosity
and viscosity index.

In the UMO regeneration technology, the water extraction stage is
mandatory. Its insignificant presence leads to the formation of a stable oil emulsion,
which foams strongly when heated and does not separate.Most often, water is
removed from oil emulsions by coagulation or wusing expensive
demulsifiers.Currently, we are conducting scientific research to establish the
possibility of purifying UMO by coagulation in the presence of surfactants that are
available and used in everyday life: starch, carboxymethyl cellulose, sodium laureth
sulfate, and cocamidopropyl betaine.It was established that for complete removal of
water from watered-in VMO it is advisable to use carboxymethyl cellulose in an
amount of 10% by weight of the amount of loaded oil, a process temperature of 80-
85°C and a duration of 30 min.

We are conducting research to establish the possibility of purifying UMO
by extraction using selective solvents. To establish optimal process conditions, the
influence of the nature and amount of solvent, temperature, and duration of mixing

of reaction mixtures was studied. The use of this method allows you to
remove mechanical contaminants and oxidation products from the oil, and improve

the values of viscosity-temperature properties.

Conclusions

It was found that the studied regeneration methods can be used for the
regeneration of used motor oils. However, none of the studied methods alone allows
obtaining regenerated oil that could be used as a component of base oils. Therefore,
only the combination of these methods into a complex technological process allows
you to obtain purified motor oils, which in terms of their operational
properties can be compatible with base oils.
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Introduction

Every year, significant volumes of used and discarded tires accumulate
globally, which are classified as hazardous solid waste. The environmental
challenges associated with their accumulation necessitate the implementation of
effective recycling technologies in line with the principles of the circular economy.
Due to their high content of valuable components, end-of-life tires are increasingly
viewed as a potential source of secondary raw materials suitable for processing in
both the fuel-energy and chemical sectors.

The structural composition of tire components makes them suitable for
integrated recycling, yielding alternative raw materials. In the context of carbon black
production, the most promising products are the recovered carbon black (rCB) and
tire pyrolysis oil (TPO), which can potentially be used as part of the feedstock, as fuel,
or in gasification, plasma-chemical, and carbon black production reactors.

Despite the widespread use of pyrolysis, several key aspects remain
insufficiently studied: optimal reactor operating parameters during the introduction
of TPO as alternative feedstock; the influence of TPO properties on the reaction
dynamics in the carbon black formation zone; the qualitative and quantitative
composition of carbon products obtained when partially replacing traditional
hydrocarbon raw materials (fuel oil, gas oil, anthracene, tar) with TPO.

The absence of standardized technological guidelines for the use of
pyrolysis oil in carbon black production limits its industrial application.

Given the above, there is a clear need for comprehensive studies aimed at:
experimentally justifying the feasibility of partial or complete replacement of
conventional hydrocarbon feedstocks with TPO; modeling thermal and chemical
regimes of reactor operation in the presence of pyrolysis oil; determining the
influence of TPO composition on the morphology, dispersity, and structure of the
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produced carbon black; developing engineering recommendations regarding the
feeding, pretreatment (filtration, desulfurization, dehydration), and dosing of TPO.

Main material

An experimental introduction of 5.3% of TPO into the feedstock mixture
was carried out during the production of carbon black N347 and N660. The addition
of TPO led to a change in the rheological properties of the mixture: dynamic viscosity
at 50°C decreased by 23%; at 60°C - by 13.2%; kinematic viscosity at 50°C decreased
by 22.1%; at 60 °C - by 11.9%.

These reductions in viscosity likely improved the conditions for
transportation, preparation, and atomization of the feedstock in the reactor, promoting
the formation of a finer aerosol spray. During the experimental campaign, no
changes in reactor operating conditions were observed: process temperature, lining
temperature, pressure, and feed rate remained stable.

Control analyses showed that the physicochemical parameters of the
resulting carbon black (specific surface area, ash content, volatile matter, particle size
distribution, and surface structure) remained within the standard ranges for N347
and N660. In global practice, this carbon is given a new designation - sustainable
carbon black (sCB) N347/N660.

Rubber compounds containing the obtained carbon black were prepared
according to ASTM D3182 and ASTM D3192 procedures, and the physicalmechanical
and rheological properties of the rubber were determined. The obtained rubber
property results fall within the acceptable range compared to standard rubber
compounds.

An increase in the feedstock utilization coefficient was observed: for N347:
+0.16; for N660: +0.06. This indicates improved hydrocarbon conversion efficiency
when TPO is incorporated. Regarding product yield, reductions were recorded: for
N347:1.215 t/ day; for N660: 2.043 t/day. These losses may be attributed to changes
in feedstock density and fractional composition, leading to deviations in the phase
distribution of carbon-containing components. The inclusion of TPO improved
feedstock utilization efficiency but may lead to a reduction in the absolute yield of the
target product. This necessitates optimization of the feedstock blend composition.

Conclusions

The modification of the feedstock by introducing 5.3% of TPO did not
destabilize the hydrodynamic or thermal regimes of the reactors. No adjustments to
the technological parameters were required. The product quality remained unaffected
during partial replacement of the raw materials. Given the carbon-neutral nature of
TPO, the carbon footprint was reduced by 0.01 t e-CO:/t.
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Beryn

OpHuM i3 BaXyJIMBUX HampsmiB 3abe3ledeHHS HamitHOCTI poboTu
aBiallitHMX ra3oTypOiHHNMX OBUIYHIB € KOHTPOJIb IIpalle3qaTHOCTI 3MallyBaJIbHMX
OJIVIB Ta BM3HAUYeHH: 3MiHM iX ITOKa3HMKIB SKOCTI I1i/J 4ac eKcIUlyaTallii, 1110 BIUIVBaE
Ha HepioguyHicTh Ta TepMiH 3aminm. [loTpiOHWMI piBeHB eKcIDTyaTalliviHMX
BJIaCTMBOCTEV Cy4yacHM MOTOPHMM OJIVIBaM HaJa€ThCs 3aBISAKV BUKOPVCTAHHIO 11
1X BUTOTOBJIEHHS BUCOKOSKICHMX eeKTVMBHWX IIPMCamoK Pi3HOI (pyHKITIOHAIBHOL
mii. 3aBAAKM IIepiOAMYHOMY KOHTPOJIIO NOMHAMIKM ITOKa3HMKIB SIKOCTI OJIMBU
HaKOIMYYIOTbCS CTATMCTUYHI IaHi IOofAo pecypcy T poOOTM Ta HepiomydHOCTi
3aMiHM y CUCTeMi 3MalllyBaHHs IiIUITHNKIB POTOpa Ta peyKTopa rejlikonTepis.

OcHoBHMI MaTepian

ITig vac OKMCHEHHS OJIMB KVCHEM IOBITpsl YTBOPIOIOTHCS IPOAYKTU
KVICJIOTO XapaKTepy Ta CMOJIV, IO BIUIMBAIOTh Ha 3arajIbHe JIy)KHe YlCIIO.
ITpoayKTv OKMCHEHHs BaXKKO PO3UMHAIOTBCA B OJIMBI Ta CHPUSIOTH YTBOPEHHIO
BiIK/IafleHb i Harapy, BUKIMKAOUM KOPO3il0, MOCWIIOIOUM 3HOC JIeTaJlef.
IlepenuacHa 3amiHa OJIMBM HeBUTiHA $IK 3 €KOHOMIYHOI TOUKM 30py, TaK i
CTBOPIOE IIpO0sIeMM IIOJAIBIIOTO i BUKOPWCTAHHS Ta €KOJIOTiYHOIo
HaBaHTaKeHHs Ha HaBKOJIMIIIHE cepermosuile. OmHVM i3 HalIpAMiB BUpPIIIIeHHs ITiel
pobreM1 € 30UIBIIEHHS TepMiHy pOOOTI OJIVBMAL.

Tomy MeToro pobOTHI € OOIPYHTYBaHHS pecypcy MOTOPHUX OJIVIB
KOHTPOJIIOBaHHAM 3a iX CTaHOM ITif] Yac eKCIulyarariii ABuUryHa. JlocmipkeHHIo
miyiaraia cuHTeTVdHa onvBa Mobil Jet Oil 254 1 rasorypOiHHMX IBUTYHIB
rejiikonTepis. OpHi€0 i3 HaMBaXIMBIIIMX (DYHKIIIVI OJIMBU y OABUIYHI, OKpPiM
3MalllyBaHHS, € 3aIl00iraHHs BiIK/IafleHb Ha JeTaJIIX OBUI'YHA 1 MiAIIVITHVKAX,
TOOTO 3[IATHICTH /10 HiATPVMAaHHS [IBUTYHA Yy YNMCTOTi, a TaKOX
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30aTHICTH M0 HeMTpasli3amil KMCIIMX IPOAYKTiB 3TrOpaHHS, 10 MOXYTb IIOTPAVTI O
omusn. Lli BacTmBOCTi OvBU 3a0e3IedyroThCS MUVHWMM Ta OUCIEPryIOUVMU
npucagkaMu. Miporo MUIHMX i IMcHepryounx Mpucaiok € JIyXKHe UmciIo (Ymciio
Henrpatisamnii, TBN, mr KOH/r). Cragmapr ASTM D 2896 mpusHaueHMT myIs
MOHITOPUHTY HOBUX 0JI1B, a cTaggapToM ASTM D 4739 HaBmiaku, KOpUCTYIOTbCS IS
IOOCITIDKEHHS JIy>KHOTO YMCiIa OJIMB IIiJl Yac eKCIUIyarallii, mo0 KOHTpPOJIIOBATH
BUTpAaTYy IIaKeTy IIPUCAIOK 3 4aCOM.

PesynbraTy nyHaMiky KiHeMaTraHOI B s3KocTi oyvBy Mobil Jet Oil 254 3a
TeMIrepaTyp Omm3pkmx Ao poboumx y Bysmax TepTs (100°C) Ta syXeHOro umciia
3aJIeXXHO Bifl HallpallloBaHH: HaBezleHi B Tabi1.1.

Tabauys 1
3as1eXXHiCTh B'SI3KOCTi OJIMBYI Ta JIy>KHOTO YMCyIa Bifj HallpallloBaHHs
B IBUTYHI rejlikonrepa

Kinematmura Yac nanparopanss onvsy Mobil Jet Oil 254 B ipuryHi, rog

B’s13KicTh, cCT 50 100 150 200 250 300
- 3a TemIepaTypu 5.2 5.24 5.28 5.33 5.39 5.47
100 oC
- 3a TeMmIlepaTypu 52 5.2 5.23 5.27 5.32 5.38
40 oC
Jly>xHe umciio, 0.08 0.079 0.078 0.076 0.075 0.072
mr KOH/r

BucHOBOK

[Mix wac poboTh onMMBM B JBUTYHI Jy)KHEe UHUC/IO HEMHHYYe 3HIDKYETHCS,
HeNTpasni3yroui NpucaZiki CIpaLboBYIOTECS. Take 3HMKEHHsI Ma€ [OMYyCTUMI BiAXWieHHS
TiC/Is OCATHEeHHS SIKUX OJIMBa BBa)KA€ThCS TaKOlO, 1110 BTpaTH/Ia Mpate3fiaTHicTb. BBaxkatoTs,
[0 OJIUBY CJ1iJl 3aMiHATH TIPYU 3MeHILeHi 11 yy>xkHocTi noHag, 50% Bif, MOYaTKOBOI Be/TMUHHU.
He3HnauHe 3pocTaHHs KiHeMaTHUYHOI B’SI3KOCTi MOXX/IMBO TMOSICHUTH NPOLIeCAMU OKUCHEHHS
BYTJIEBO/HIB, 1110 CYTIPOBO/KYIOTHCSI YTBOPEHHSIM CMOJIMCTUX PEUOBUH

BcranosiieHo, 110 KiHeMmaTnuHa B si3KicTh osivBu Mobil Jet Oil 254 mip
4Jac HampalfoBaHHs 4K 3a Temreparypu 4°C tak i 3a Temnepatypu 100°C 3pocrae
yepes MoJTiMepPU3allilo 3a BUCOKMX TeMIlepaTyp y IPUCYTHOCTI KMCHIO. 3pOCTaHHS
BSI3KOCTi 3aCBif4y€ yTBOPEHHS CMOJIVICTUX PEYOBIH (IIPOIYKTiB OKVICHEHHST).

ITokasaHo, 110 3arasibHe J1y>kHe umcio (3J/I4) y mporieci HampalroBaHH:A
micig 300 rox HampoTy rermikomnTepa 3HMXKYeTbes 3 0,08 mr KOH/T no 0,072 mr
KOH/r, mo cra"osuts 10%, 1110 XapakTepusye CIpallfoBaHHs IIpMcaIoK, ajle Iie He
€ KpUTUYHVM IapaMeTpOM.
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Introduction

The paper investigated the selective purification of used hydraulic oil AW-46
(manufactured by Chevron Belgium NV, Belgium), provided by LLC Trading House
"Favorit Auto Vinnytsia", which was used in the operation of hydraulic presses and
lifting mechanisms. Selective sorption purification of used oil AW-46 was carried out
using a regenerated mixed sorbent containing activated carbon (AC) and kieselguhr

(K), manufactured by E. Begerow GmbH &Co, Germany. The used mixed sorbent
(AC + K) after purification of sugar syrups from the production of soft drinks was
provided by Manufacturing Company "Panda" (Vinnytsia). The regeneration of the
used mixed sorbent (AC + K) was carried out by sequential treatment of the sorbent
with water, alkali (KOH, NaOH) and mineral acid (HCl, HNOs3). The sorption capacity
of the mixed sorbent (AC + K) was determined by iodine, while the sorption capacity
of the regenerated mixed sorbent (AC + K) was 98.5 %. Adsorption purification/
regeneration of AW-46 used oil using the regenerated mixed sorbent (AC + K) was
carried out under static conditions, mixing the waste oil and the sorbent with a high-
speed magnetic stirrer VELP AREC (VELP Scientifica, Italy), followed by filtration
of the mixture in a vacuum unit.

Main material

It was established that the optimal regeneration conditions are: ratio (AC
+ K) : AW-46 =1 : 10; temperature 50-60 °C; time — 30 min. It should be noted that
increasing the amount of sorbent by 2-4 times not only does not improve the purification
of hydraulic oil, but also does not allow to isolate the purified fraction by deep vacuum
filtration. The obtained physicochemical characteristics of the regenerated AW-46
oil indicate the high efficiency of the used sorbent (AC + K) and the possibility of its
use as a liquid base for new multifunctional plastic lubricants. In addition, it should
be noted that when using natural sorbents, the issue of recycling
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spent solid sorbents remains unresolved, because when using environmentally
acceptable purification technology, their price can increase by 40-60 %. The mixed
sorbent used after the regeneration of AW-46 oil, in addition to activated carbon and
kieselguhr, also contains 5.2-12.6 ml of contaminated liquid fraction of AW-46 oil. To
regenerate such a sorbent, a study was conducted on its purification by extraction
method for the removal of organic pollutants with industrial xylene at room
temperature using a high-speed (n = 1000 rpm) magnetic stirrer VELP AREC. After that,
the obtained liquid xylene-organic fraction and the regenerated mixed sorbent (AC + K)
were separated by filtration in a vacuum unit. However, this method of regeneration of
the used mixed sorbent (AC + K) turned out to be multi-stage, material- and energy-
consuming. More effective is the low-temperature pyrolysis of the spent mixed sorbent
(AC + K) without its preliminary treatment, which was loaded into the pyrolyzer
reactor and the mixture was kept in an inert environment at a temperature of 250-300 °C
for an hour. The yield of the liquid fraction was 90-92 wt. % of its sorbed amount in the
volume of the used mixed sorbent (AC + K). The general scheme of the regeneration of
hydraulic oil AW-46 using the integrated technology of processing waste from the food
and machine-building industries and its further use within the framework of the circular
economy includes the sequential stages shown in Fig. 1.

Used hydraulic _@_' Used hydraulic ( ) Regenerated ( i ) Liquid base for
oil AW-46 oil AW-46 + sorbent (AC + K) hydraulic oil AW-46 plastic lubricants

Regenerated (4) Used sorbent L .
sorbent (AC + K) ~ (AC +K) @—' Liquid fraction

Figure 1. General technological scheme for processing waste from the food and machine-

building industries: 1st stage - sorption purification of AW-46 oil with regenerated sorbent
(AC + K); 2nd stage - separation of regenerated AW-46 oil; 3rd stage - separation of used
sorbent (AC + K); 4th stage - pyrolysis regeneration of used sorbent (AC + K);
5th stage - development and compounding of plastic lubricants

Among the specified stages of use (sorbent (AC + K), regenerated AW-46
oil) and regeneration (waste AW-46 oil, used sorbent (AC + K)), it is necessary to
highlight the work of a closed cycle of transformations 1-3-4 due to sorption and
pyrolysis processes. At the same time, regenerated AW-46 oil can be effectively used
(stage 5) as a liquid medium in the process of manufacturing plastic lubricants, and
the regenerated sorbent (AC + K), depending on the destructive oxidation of
the original used AW-46 oil, can be used in 3-5 more cyclic transformations.
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Conclusions

The feasibility and necessity of regenerating mineral oils, including hydraulic
oil AW-46 (Belgium), for their repeated practical use is substantiated. It is shown that
regenerated hydraulic oil AW-46 can be used as a liquid base for plastic lubricants. A
method of sorption purification/regeneration of used hydraulic oil AW-46 has been
developed using a regenerated mixture consisting of activated carbon and kieselguhr
(AC + K) as a sorbent. The optimal technological parameters of the process have been
established: ratio (AC + K) : AW-46 =1 : 10; temperature 50-60 °C; time 30-35 minutes.
Within the framework of the circular economy, the technology of a closed-loop
processing of waste from the food (sorbent (AC + K)) and machine-building (hydraulic
oil AW-46) industries has been investigated for the subsequent production of
multifunctional plastic lubricants.
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Introduction

The production of fuels and lubricants from coal is one of the technologies
that allows coal to be processed into various types of fuels, lubricants and chemicals.
This can include traditional fuels (e.g. petrol, diesel), specialised lubricants or even
synthetic materials. Coal is an important resource in the chemical industry as it
contains carbon, which can be used to synthesise various chemicals. Ukraine already
has some experience in developing clean technologies for the coal industry, such as
coal gasification. However, large-scale deployment of these technologies requires
significant investment and government support. Given the geopolitical, economic
and environmental factors, the production of fuels and lubricants from coal in
Ukraine could be quite significant, given the abundant coal resources that are the
main feedstock for such technologies.

Main material

The extent to which coal-based fuels and lubricants can be deployed in
Ukraine may depend on several factors, such as the availability of investment,
technological potential, infrastructure, environmental standards, and government
policy. The key aspects that determine the scope and scale of such implementation
are:

1. Coal reserves. According to the State Service of Geology and Subsoil of
Ukraine, the country has a huge potential for using coal for various industrial
purposes. However, it is important to note that coal production in Ukraine is
declining due to aging deposits, rising mining costs, and environmental concerns.

2. Investments and technological readiness. The extent to which coal-to-oil
technologies can be deployed will depend heavily on investments in these areas.
Technologies such as pyrolysis, gasification, hydrogenation or catalytic cracking
require significant investments in the latest equipment, development and
implementation of specialised technologies. In particular, coal pyrolysis requires
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facilities capable of processing large quantities of feedstock, and there are currently
almost no such facilities in Ukraine.

3. Economic indicators. The production of fuels and lubricants from coal
can be economically beneficial for Ukraine, as coal is an available and cheaper
resource than oil and gas. Investing in coal-to-oil technologies could create new jobs,
particularly in regions with coal mining enterprises. In addition, the creation of new
production capacities will help modernise the coal industry and generate additional
revenues for the country's budget. For a realistic implementation on a large scale, it
is necessary to take into account:

- The cost of energy and fuel materials. Today in Ukraine, coal is cheaper
than oil or gas, but the processes of its processing into synthetic fuels are energy-
intensive and expensive.

- Competition with oil products. Coal-derived synthetic fuels and
lubricants must compete with petroleum products in terms of price and quality.

4. Environmental restrictions and standards. The conversion of coal into
synthetic fuels is accompanied by significant emissions of CO2 and other harmful
substances. Ukraine must ensure that such projects meet modern environmental
standards

5. Prospects for implementation. Taking into account the whole range of
factors (investments, technology, economy, environment), the introduction of coal-
to-oil processing in Ukraine is feasible:

- At the initial stages: small pilot projects or small facilities that process up
to 100-200 thousand tonnes of coal per year.

- Scaling up: medium-sized enterprises processing up to one million tonnes
of coal per year can be implemented in 5-7 years, provided stable financing and
support from the government.

- Large capacity: large plants that can process up to 5-10 million tonnes of
coal per year will take 10 to 15 years to fully implement the technologies, depending
on investment and technological support.

Conclusions

The prospects for producing fuels and lubricants from coal in Ukraine
could be very favourable in the long term if several steps are taken to overcome
existing problems, including the modernization of the coal industry, the introduction
of new technologies, and the development of infrastructure for waste disposal and
reducing environmental impact.Ukraine has the potential to develop this sector, but
practical implementation will depend on support from the government and
international investors.
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Introduction

Modern oil refining processes are aimed at maximizing the yield of light
distillates and increasing the depth of conversion, which leads to a significant
deterioration in the quality of residual streams, particularly those used for bitumen
production. The efficiency of the oxidation process of residual products is largely
determined by their group composition, elemental content, and fractional
characteristics. Among alternative approaches, low-temperature oxidation is of
particular interest, as it allows for the production of bituminous materials with
enhanced properties—improved adhesion to mineral aggregates and increased
resistance to aging. At the same time, the main limitation of this method lies in the
reduced productivity of the corresponding equipment.

The problem of poor durability of road pavements due to the use of low-
quality binders remains highly relevant. One of the promising solutions is the
modification of bitumen with synthetic or recycled polymer additives. Various types
of modifiers are widely used in road construction practice, including styrene-
butadiene polymers, ethylene-vinyl acetate, and recycled products, among which
rubber crumb (RC) occupies a special place.

The effectiveness of bitumen modification using rubber crumb depends on
a number of factors, including: the composition of the base binder, the RC
concentration in the system, particle size, surface characteristics, and introduction
conditions —namely temperature, mixing duration, and intensity. Equally important
is the nature of interphase interactions, which determine the structural organization
of the system. Due to the complexity of polymer-bitumen systems, multidirectional
effects are often observed, manifesting over a wide temperature range.
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Bitumen modified with rubber crumb demonstrates improved technical
performance, particularly enhanced thermal and frost resistance, wear resistance,
and elasticity. Incorporation of such binders into asphalt concrete mixtures extends
the service life of pavements by 1.5 to 2 times compared to unmodified counterparts.
Importantly, the use of RC not only improves the operational characteristics of road
materials but also contributes to solving the problem of waste tire disposal, offering
additional environmental and economic benefits.

Main material

As part of the conducted research, the effect of crumb rubber on the
oxidation process of vacuum residue was studied, with particular emphasis on the
transformation of its chemical composition and changes in rheological properties.
Special attention was paid to the influence of the modifier on the formation of the
microstructure of the binder material.

For the laboratory synthesis of bitumen by the oxidation method, the
feedstock used was vacuum residue (gudron) obtained from PJSC "Ukrtatnafta". The
modification was carried out using crumb rubber derived from the mechanical
grinding of worn-out tires from passenger and freight vehicles, as well as industrial
and agricultural machinery. In this system, crumb rubber performs a dual function:
it acts both as a structural modifier and as a catalyst that accelerates oxidation
reactions due to the presence of unsaturated bonds and an active surface. The
combined oxidation process integrates sequential stages - preliminary mixing of
bitumen residue with rubber crumb and sulfur under controlled thermal conditions,
followed by air oxidation and final modification - into a unified, energy system using
a high-temperature heat transfer medium, enabling simultaneous bitumen oxidation
and structural modification.

Conclusions

It has been established that the presence of rubber crumb in the oxidation
process alters the chemical composition of the bitumen residue. The main changes
involve the formation of new resinous and asphaltene components, arising from
reactions involving unsaturated and sulfur-containing fragments of rubber, which
actively participate in oxidation. The proposed scheme of chemical transformations
confirms the catalytic role of residual vulcanization groups and the introduced
sulfur. The thermochemical decomposition of rubber is accompanied by the
formation of molecular fragments which, together with sulfur, create a three-
dimensional polymer network. This network acts as a reinforcing framework,
stabilizing the liquid phase of oxidized bitumen and ensuring the formation of a
stable dispersed system —a rubber-bitumen composite.

The integration of rubber crumb and oxidation products into a unified
volumetric macrostructure enhances the thermal resistance, stability, and structural
homogeneity of the bituminous material. This facilitates the expansion of the effective
temperature range for the use of modified bitumen in road construction.
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Introduction

At present, numerous types of insulation and roofing materials based on
bitumen are known. Bitumen-based soft roofing is extensively used on residential
and industrial roofs to protect structures from atmospheric precipitation. Rolled
roofing materials are especially common in the construction of industrial and civil
structures. A novel category within this group comprises cold-applied roofing
materials which, unlike conventional rolled materials, can be applied without prior
heating. That is why the development of such materials is promising today.

Main material

As a basis for obtaining three-component bitumen compositions for the
production of cold-applied roll roofing materials, bitumen of the BN 70/30 brand
was used. Rapeseed oil was used as a component that gave the composition adhesive
properties. The plasticizer employed was Kraton D1192ESM, a styrene-butadiene-
styrene (SBS) block copolymer.

The study of the dependence of the properties of the ternary mixture
"bitumen: rapeseed oil: SBS" on its composition demonstrated the mutual influence
of the components. It was established that with an increase in the SBS content and
a decrease in the rapeseed oil content in the mixture, the softening temperature
increases. It was also established that an increase in the rapeseed oil content and
a decrease in the amount of SBS in the mixture leads to an increase in its penetration.
The ductility of the three-component mixture increases with an increase in the
rapeseed oil content. Maximum ductility is achieved at a 10% SBS content and a
rapeseed oil content of 20 wt. %. Maximum elasticity is achieved at the highest SBS
content and the minimum amount of rapeseed oil. With an increase in the rapeseed
oil content in the mixture, its elasticity decreases. Studies have confirmed that
flexibility at mines 25 ° C is maintained at a rapeseed oil content in the mixture of
more than 10% by weight and an amount of SBS up to 10% by weight. If these
requirements are not met, the bituminous material becomes brittle, which does not
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meet the requirements. It has been established that heat resistance is maintained at
an SBS content in the ternary mixture of 5,0 wt. % at any rapeseed oil content. Studies
have established that the adhesion demonstrates a peak value at a rapeseed oil
content in the mixture of 15 wt. %. When adding SBS, adhesion decreases.

Based on the analysis of the obtained results, the optimal composition of
the mixture was established, which ensures the achievement of the required
regulatory indicators of the quality of the cold-applied bitumen material. It was
established that the content of bitumen BN 70/30 in such a composition should be
82,5 wt. %, the content of rapeseed oil - 12,5 wt. %, the content of SBS - 5,0 wt. %. The
optimal composition was used to develop a bitumen composition intended for cold-
applied roofing materials. The characteristics of such a composition are given in
Table 1. It was established that the developed bitumen composition for cold-applied
roofing material meets all the requirements.

Table 1

Characteristics of the bitumen composition
"bitumen : rapeseed oil : SBS"for cold-applied roofing material

Indicator Indicator value .Reql%irements fo?
bituminous material
Softening point, °C 70 at least 70
Ductility at 25 °C, cm 9,2 -
Penetration at 25°C, 0,1 mm 50,0 -
Elasticity, % 53,0 -
Flexibility on the beam at mines 25°C | stands the test stands the test
Heat resistance at 60 °C stands the test stands the test
Adhesion, N/cm? 45 at least 3,0
Water absorption, % 0,18 -
Conclusions

The dependence of the main properties of the three-component bitumen
composition "bitumen : rapeseed oil : SBS" on its composition and production
conditions has been established. A method for producing a three-component bitumen
composition suitable for cold-applied roll roofing materials has been developed,
meeting all the requirements for these materials. The optimal composition of such a
mixture has been established: bitumen BN 70/30 - 78,5 wt. %, rapeseed oil - 12,5wt.
%, SBS - 5,0wt. % and optimal production conditions: temperature 180°C and duration
1 hour.
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Introduction

An extremely large amount of polymer waste is generated annually in the
world, which pollutes the environment. According to various statistics, they make
up from 5 to 8% by weight of the total amount of solid household waste. Polymer
waste does not decompose for decades, accumulates in landfills, natural dumps,
pollutes rivers, seas and oceans, causing enormous damage to the environment.
Among the methods of disposal of polymer waste, incineration and recycling
(processing for reuse) are most often used. Processing by high-temperature and low-
temperature pyrolysis methods to obtain gaseous and liquid decomposition products
has not been studied sufficiently.

Main material

The main regularities of low-temperature pyrolysis of thermoplastic waste
(polyethylene, polypropylene, polystyrene) were studied. For this purpose,
conditions were selected that are based on the results of thermogravimetric analysis
of waste (for pyrolysis of polyethylene waste - 410°C; polypropylene - 380°C;
polystyrene - 400°C). The yield of pyrocondensate during pyrolysis of polyethylene
waste was 84,9 wt. %; polypropylene - 79,1 wt. %; polystyrene - 86,8 wt. %. Since the
composition of pyrocondensate from pyrolysis of polyethylene waste includes
hydrocarbons of linear (unbranched) structure, its freezing point is +4°C. The
pyrocondensate of polypropylene pyrolysis contains mainly iso-structure
hydrocarbons, and polystyrene-aromatic hydrocarbons, so their freezing
temperatures are much lower - minus 17 °C and minus 20 °C, respectively. The
pyrolysis of polyethylene and polypropylene occurs with the formation of a small
amount of pasty residue (1,7-2,9 wt.%). During the pyrolysis of polystyrene,
7,0 wt. % of solid residue is formed - pyrocarbon. Currently, the process of low-
temperature pyrolysis of waste of other polymer materials, in particular polyvinyl
chloride, polycarbonates, polyurethanes, etc., is being studied.

It was established that all fractions and residues obtained during the
separation of pyrocondensates contain a significant amount of unsaturated
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hydrocarbons, which is confirmed by the corresponding values of iodine numbers.
The products of the separation of pyrocondensate from the pyrolysis of
polypropylene and polystyrene waste contain a small amount of sulfur, and it is
absent in the products of the pyrolysis of polyethylene.

The fractions of 200-350°C of the pyrocondensate from the pyrolysis of
polypropylene and polystyrene waste are characterized by good low-temperature
properties. In contrast, the fraction of 200-300°C of the pyrocondensate from the
pyrolysis of polyethylene has a too high freezing point - minus 1°C, which is
explained by its group hydrocarbon composition, namely the presence of a large
amount of n-structure hydrocarbons.

Using X-ray fluorescence spectral analysis, the content of individual
chemical elements in the pyrocondensate and its individual fractions was
determined. It was established that the content of metals in the pyrocondensate is
relatively low. In the case of pyrolysis of polyethylene waste, it is 33 ppm;
polystyrene - 44 ppm; polypropylene - 132 ppm. Technological impurities were
identified - metals that entered the polymers during their production or processing
(in particular, Cr, Cu, Mo, Pb) and accidental impurities (in particular, Ca and Fe).
The content of heavy metals (V, Ni), which are especially dangerous for technological
processes of further processing of pyrocondensate, is minimal. It was established that
during pyrocondensate distillation, the main part of the metals enters the residue.

The composition and properties of pyrocarbon obtained in the process of
pyrolysis of polystyrene waste have been studied. It has been established that
pyrocarbon is practically not wetted by water, but perfectly absorbs oil and oil
products. The oil absorption capacity of pyrocarbon from the pyrolysis of
polystyrene waste is within 0,66-0,96 g/g.

Conclusions

To ensure that the performance characteristics of the gasoline and diesel
fractions of pyrocondensate from the pyrolysis of polymer waste meet the
requirements of regulatory documents, it is necessary to send the fuel fractions of
pyrocondensate for further processing. For gasoline fractions of pyrocondensate, this
involves the use of hydrogenation and catalytic reforming processes. For diesel
fractions, this involves the use of hydrogenation of unsaturated hydrocarbons. The
pyrocondensate distillation residue is recommended to be used as a component of
fuel oil or as a raw material for the production of plastic lubricants. Pyrocarbon is
proposed to be used as an adsorbent for the collection and localization of oil and oil
product spills on solid and water surfaces.
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Introduction

At the current stage of development of the oil refining industry, one of the
key challenges is to deepen the processing of crude oil with the aim of maximizing
the yield of valuable light fractions. Given the limited availability of light crude oil
resources, the importance of technologies that enable efficient processing of residual
feedstocks—such as fuel oils, bitumen, and heavy gas oils —is steadily increasing.
One of the promising directions in this field is high-pressure thermal cracking, which
facilitates the breakdown of high-molecular-weight components of heavy crude into
lighter fractions. However, existing thermal cracking technologies face significant
limitations in terms of product yield, process selectivity, and operational stability.
Therefore, the development and modernization of thermal cracking technologies,
considering recent advances and research, is a highly relevant objective.

Main material

Thermal cracking of heavy feedstocks is typically carried out at
temperatures of 480-540°C and pressures of 2-7MPa. The main products of this
process are thermogas oil, cracked gasoline, light gaseous hydrocarbons, and cracked
residue. The depth of conversion depends on both the residence time and the
intensity of the thermal effect. In conventional units, the yield of light fractions does
not exceed 30-35%, while the cracked residue is characterized by a high content of
resinous and asphaltenic compounds.

One of the effective approaches to improve the process is the application
of visbreaking—a mild thermal cracking technique used to reduce the viscosity of
fuel oil or bitumen and produce boiler fuel without the addition of lighter
hydrocarbons. A comparative analysis of furnace-based visbreaking and visbreaking
with an external reaction chamber shows that the latter offers advantages in terms of
gas oil selectivity, reduced energy consumption, and increased service life of the
equipment. Furthermore, introducing flow turbulizers —such as up to 10 wt.% of
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steam or light distillates —into the feedstock stream enables control over residence
time in the reaction zone and minimizes coke formation.

Another promising method involves the preactivation of heavy feedstock
using oxidizing agents such as ozone, air, or ozonides. This preliminary oxidation
promotes the formation of active radicals, which allows for a reduction in the main
cracking temperature, increased distillate yield, and decreased coke formation.
Research has shown that pre-treatment of fuel oil or bitumen with air at 50-250°C,
followed by thermal cracking at 300-450°C, can achieve light fraction yields of up to
70-75%, significantly surpassing those of conventional thermal processes.

Of particular interest in the context of deep conversion of heavy oil
residues with minimal capital investment is the process of thermal cracking using
atmospheric oxygen as an activator.

Considering the combination of oxidation and cracking mechanisms
involved in hydrocarbon transformation, it is plausible to propose a mechanism in
which oxygen from the air affects the reactive mass components during the thermal
cracking of heavy oil feedstock.

Conclusions

The conducted analysis confirms that enhancing the technology of thermal
cracking of heavy oil fractions is both a relevant and achievable objective in the
context of modern oil refining. A comprehensive modernization of the process may
include the integration of visbreaking with an external reaction chamber, which
demonstrates improved selectivity for gas oil fractions, reduced energy
consumption, and extended equipment lifespan. Moreover, the introduction of flow
turbulizers —such as steam or light distillates—into the feed stream enables more
precise control of residence time and reduces the formation of carbonaceous deposits,
thus improving operational reliability.

An especially promising direction is the pre-activation of heavy feedstock
using oxidizing agents such as air, ozone, or their derivatives. Preliminary oxidation
promotes the formation of reactive intermediate species and facilitates subsequent
thermal decomposition at lower temperatures. Experimental results have
demonstrated that such an approach may increase light product yields to 70-75%,
considerably exceeding the capabilities of conventional technologies.

Particular attention should be paid to the use of atmospheric oxygen as a
low-cost and effective activator, which opens new possibilities for upgrading
residual hydrocarbons without the need for expensive catalysts or extensive
infrastructure changes.
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Beryn

OnHiero 3 IpWYMH HMU3BKOI KOHKYPEHTHOCITPOMOXKHOCTI IPOAYKIIil YKP
afHCBKMX TipHWYMX IIAIIPUEMCTB € BUCOKa eHeproeMHICTh IIPOolleciB, 3yMOBJIEHMX
ix HysbkuM KKJI. Ajre mivicHa IIpudiHa TaKOro CTaHy IIOJISTaE B HEOCTaTHBLOMY
HayKOBOMYy pO3poOJIeHHi OCHOBHWMX BMpOOHMUMX mporleciB. Taxi mporecw, sk
pyVIHyBaHHS TipCBKMX IOPiN € BUITaAKOBMMM HecTallioHapHMMM ITpoliecamy, 1o
BaXKKO IIJIJalOThCsI BUMIPIOBAaHHIO, aHaJli3y, IIPOrHO3y 1 KepyBaHHIO. [l
OOCIIIKEeHH CKIaJHMX OMHAMIgHMX 00 €KTiB MIMPOKO 3aCTOCOBYIOTBCS METOOM
MaTeMaTUYHOTO MOJIeJIIOBaHH:, OCHOBOIO KX € YHiBepca/IbHi HayKOBi IPUHIIUIIN.

OcHoBHMI MaTepia

Ines, mo sBUIa B HpUPOAI MarOTh AesKi eKCTpeMasIbHi BJIaCTMBOCTI,
BUHMKIIA IIe y dinocodis mpesrroi Emramm. Ileprre BriteHHs imel y BuIIAmi
disnuHOro IpMHLMILY HajeXwuTh ¢paHiy3pkoMy MareMatuky Ilepy depma.
¥ 1629 p. BiH BCTaHOBUB, III0 CBITJIO IIOIIMPIOIOUNCH BiJl OfHi€l TOUKM 10 iHITIOL,
“BubMpae” TaKmit NULAX, 1100 Yac IMPOXOPKEHHS BiZICTaHi BUSBUBCA MiHIMaIIbHIM. Y
1696 p. Vlioran BepHyiuii HajipyKyBaB 3ajiauy I10 BU3HAYEHHIO LIULIXY, TIO SIKOMY
Iif] BIUIVIBOM BJIACHOI Barul CIIyCKA€ThCS TiJIO, 1110, IIOYABIIV PyX y BEpPXHil TOdII,
IOime [0 HWKHBOI 3a HamKopoTmmit dvac. llg 3HameHmTa “3amavua mpo
OpaxicTpoxporHy” mpakTnuHO Oysia aHajorom npuHOuy dPepMa B MexaHII.
3a3HadeHi POOOTV MOCIYXWIM IIOIITOBXOM Il TIOWIYKiB OLIBIN 3arajlbHOTrO
eKCTpeMaJIbHOIO IPUMHIMIY pPyXy. DBmnepme 1ent npurHumMn Oy MaOyThb
cdopmyspoBaHmit B smicTax JlerOHila. BrsiBioiocs, 1o mesika XapaKTepycTyKa, o
BiH Ha3BaB “action” (mist) mpwm pyci Tijla 3aTMITIAE€TBCS BECh Yac eKCTpeMasIbHO0. OnHak
HIMPOKOI IOIYJIAPHOCTI I1e POPMYIIIOBAaHHS He OTpMMasio, ocKibkm Jlembwin mo
LIbOTO IIMTaHHS He IIOBepTaBcs. BBaxaeTwcs, Io aBTopoM “principe de lamoind
reaction” mpmHIMITy HaviMeHIol mii) OyB mpe3wmeHT BepriHcpkol Akapemil IT ep
Momneprroi. e B 1740 p. BiH omyOJiKyBaB IIpalllo, B sKill IIOKa3aB, IO CHUCTeMa
MaTepiaJIbHMX TOYOK 3HaXOAUTBCS y PiBHOBA31 TOMI, KOJIM CyMa [esIKMX JOOYTKiB
eKcTpeMaslbHa, a B 1746 p. cdopmysroBas yHiBepcalbHIMI IPVHIINAIL “SIKIIO B
HpUpOLi BiIOyBaeTbCcA AKach 3MiHa, TO HeoOximHa mId Iiiei 3MiHM Mipa mii €
MiHiMaTbHOIO . MareMaTiyHe OOrpyHTYBaHHSA i OUIBII TyMOOKMVI 3MicT
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oOrpyHTyBaHHS 1 OUTBII ITIMOOKMY 3MICT B IVt IpuHIMII BHic Evviep. YV 1834 p.
I'aminbTOH A0BiB, IO 1711 KOHCEPBAaTUBHMX CHCTEM MOXKHa He BUMaraTyl BUKOHaHHS
3aKOHY 30epeskeHH:I eHepril Ha BCiX TPaeKTOPisx, AKIIO B3SITH Iif0 Y BUTTIAIL

— (3
D = [*(T - U)dt (1)
ne T - xineTnuHa eHepris, U - IIoTeHIIiaJIbHa eHepris cucreMun

It 3arajIbHOTO BUIAIKY PyXy aHaIoriuHe AoBefeHHs OyJio 3pobrieHo B
1848 p. M.B. OctporpancekmM, TOMy TBepIKeHHsS IIpO CTalliOHapHICTh
dynxiionana (I) wis givicaol TpaeKTOPil pyXy HasmBaooTh IpyHIMIOM ['aMinbToHa-
Octporpajcekoro. [TpupiBHIoIOUM mepiny Bapianito dyskuionasa (1) mo Hyss,
3HAXOHATEH KJIacuuHi piBHAHH:A Jlarpamxka. Pyx € pesyapTaToM B3aeMOfii 4aCTMHOK
3a [IOIIOMOIOI0 UOTMPBOX TUIIB (PyHAAMEHTAIBHWMX CWI - eJIeKTPOMarHiTHWMX,
rpasitaminamMx, cradkmx i cvuteHMX. ITpm ormaci nporiecis ripHMYOro BUpPOOHNMIITBA
BPaxOBYIOThCs IpaBiTalliViHi Ta eJIeKTPOMAarHiTHI B3a€MOJIil, SKi OIVCYIOThCA OHVIM
3 TaKVX KJTaCMYHVIX PiBHSHB!

Hrrorona (1687): d(mVi)/dt = F; 2
Evinepa (1758): d(Joi)/dt = M 3)
Jlarparxa (1788): d(oL/adqi)/dt - dL/dqi = Qi; 4)
lFaminpToHAa: dD/ot=-H; ®)
Enrmmreriaa (1905): d(mOVi/N(1 - viz/c?) = Ki. (6)

Haseneni piBHAHHS, HesBaXkarounu Ha pi3HY dopmy 3amucy i disuuny
CyTb, IO BUpPaXaeTbCs HUMM, 3HAXOOSAThCA B TICHOMY 3B'S13Ky i MOXyTh OyTu
OTpVIMaHi 3 MPVHINITY HaVIMeHIIIOl /i1, K i piBHsAHHA Jlarparpka. ITporec ripHiaoro
BUPOOHMUIITBA PO3IIIANAETHCS BPEIITi-PellT, SIK PyX Macy B IIPOCTOpi. AHaJIITMYHWU
OIVIC TaKOTro pyxy abo MareMaTW4He MOJIEIIOBAaHHS IIPOIleCy TPaOWIIiIHO
3IITICHIOETBCS 3a IOIIOMOTO0 NydepeHITialbHUX piBHSIHb, HaBedeHUX paHirte. Ta
HOofasIbIIl [TOC/I/PKeHHs IlepeMillleHHsI TUI y HpOCTOpi AoBey, IO Mofeslb
IeTepMiHOBAHOTO PyXy € JIMII IIepIIM, HaOIVDKeHHSM [0 HiTICHOTO XapaKTepy
PyXy, IO Ha3WBalOTh BUIIAJKOBMM abo viMoBipHicHMM. JlocBim mokasye, IIo
TPYHTYIOUMCh Ha 3a3’HadeHMX KIaCMYHUX PiBHAHHAX, HEMOXJIMBO Ofep>KaTu
aZleKBaTHWV OIVIC HecTal[ioHapHOIo IMOBipHICHOTOpPYXY MacK B IIPOCTOPI.

BucHoBkm

Tpammuivai merepMiHOBaHI MaTeMaTWYHI MOIE peayIbHMX BUPOOHIUMX
IIPOLIECiB, 110 6a3yIOTI>c9[ Ha HNPVHIMII HaVMeHINOoi [jii, y BUIIANL PiBHSAHB TUITY
Jlarpamka, abo exBiBayleHTHI 1M, € TUIBKM HTEPIIMM HaOJIVDKEHHSIM JI0 OIVCY HiVICHOTO
pyXy Macu B mpoctopi. JlocBif i aHaIi3 MoKasay, 10 TPyHTYIOUMCh Ha 3a3HaYeHuX
KIIaCMYHMX PIBHAHHAX, HEMOXIMBO OHep’KaTM ajleKBaTHWMII OIVIC HecTallioHapHOIO
viMOBipHicHOrO pyxy wMacu. HeobOxigHO BuKOpucraTh iHIm QyHAaMeHTaIBHI
HPVHLIAIIN.
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Introduction

The full-scale invasion of the Russian Federation into Ukraine on February
24, 2022, fundamentally changed the conditions of energy security and created a
critical need to search for alternative motor fuels. Targeted strikes on oil refineries
led to a 56% reduction in oil processing in 2022. Under martial law conditions,
comparative assessment of alternative fuels efficiency, including ethanol blends and
modified petroleum products, becomes particularly relevant. The 4.5-fold increase in
military equipment usage intensity requires a comprehensive approach to evaluating
alternative fuel resources as a strategic task of the country's energy independence.

Main Material

The study of alternative motor fuels efficiency was conducted through
comparative analysis of five samples: A-95 and A-98 gasolines, Dp-EURO and Dp-
Pulls diesel fuels, TS-1 aviation fuel, and ethanol blends with co-solvents. The highest
efficiency is demonstrated by A-98 gasoline with calorific value of 43,750+2,158
M]/kg and minimal mercaptan sulfur content of 0.0012% mass. Ethanol blends based
on A-95 with 10-20% ethanol addition and co-solvents showed significant
improvement: phase stability increase up to 5 times, water resistance up to 3 times,
cloud point decrease by 17.3°C and octane number increase by 4-5 units.

Environmental efficiency was assessed through biotesting and emission
analysis. Ethanol blends with co-solvents provide CO emissions reduction by 43%
and hydrocarbons by 42% compared to A-95.
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Table 1

Engine emission indicators when using different fuel blends

Fuel blend composition Exhaust gas emissions A (excess air

CO, HC, NO,, CO,, | coefficient)
% ppm ppm %o

A-95 (standard) 187 143 679 13,6 098

A-95+E10 (10% ethanol) 142 128 742 13.2 1,04

A-95+E10(10% ethanol) + 1,29 116 759 12,9 1.07

butanel (0.5%)

A-95+E10(10% ethanol) + 1.35 103 731 13,1 1,05

1sopropanol (0,5%)

A-95 + E20 (20% ethanol) 1,21 97 793 12.8 1,08

A-95+E20 (20% ethanol) + 1.06 83 g16 12.7 1,12

butanel (0.5%)

A-95+E20 (20% ethanol) + 1.19 39 787 12.9 1,09

1zopropanol (0.5%)

Conclusions

The research results confirm the critical importance of fuel resource
diversification for Ukraine's energy security. Ethanol blends with co-solvents
demonstrate the highest comprehensive efficiency, combining improved operational
characteristics with reduced environmental impact. Alternative fuel compositions can
successfully replace traditional petroleum products, providing better environmental
indicators. The obtained results can be used for forming state strategy for alternative
fuel infrastructure development under martial law conditions.
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Introduction

Ethanol shares similar characteristics and chemical structures with fossil
fuels. This finding is particularly relevant in the context of Indonesia, which has
significant potential for bioethanol production. Furthermore, ethanol has a
higheroctane number than gasoline, as reported by some researchers, making
it effective in reducing knocking in the combustion chamber.

Main material

However, using pure ethanol as an engine fuelrequires advanced engine
modifications. On theother hand, ethanol-gasoline blends can be used with minimal
adjustments. For ethanol blends, modifications to combustion components such as
ignition timing, fuel injection, compression ratio, and octane number ratio are
necessary to ensure optimal performance. Meanwhile, it was observed that using E20
improves combustion efficiency at 1500-3000 rpm. They also noted that at A=0.9,
engine torque remained consistent, while NOxemissions were reduced by 50% at A
=1. In a similar study, other researchers explored the effect of modifying the
compression ratio (10:1, 11:1, and 12:1) on engine performance with ethanol blends
such as E22 and E100. Their findings showed that increasing the compression ratio at
high speeds improved engine performance with both ethanol blends.

However, while E100 resulted in higher specific fuel consumption (SFC)
compared to E22, the latter showed little impact on SFC when adjusting the
compression ratio. Notably, increasing the ethanol content in the blend reduced the
engine's SFC and improved thermal efficiency. Furthermore, various methods to
examine E10 and E20 blends in a spark-ignition two-wheeled motorcycle engine with
five different compression ratio (CR) were employed. The results showed that as CR
increased, HC, CO, and NOx emissions decreased, whereas CO2 emissions rose due
to improved thermal efficiency during the combustion process. The performance
curves indicated that increasing ethanol concentration enhances engine torque, brake

111


mailto:processor-w@ukr.net

power, Brake Thermal Efficiency (BTE), and Brake Specific Fuel Consumption
(BSFC). Ethanol addition leads to a lower combustion flame temperature, reducing
exhaust gas temperature and consequently lowering exhaust emissions. A higher CR
results in increased combustion chamber pressure, a fasterheat release rate, and
a shorter combustion duration.

While optimal spark timing improves combustion, excessive spark advance
and optimal timing negatively affect performance. Especially, when the compression
ratio is appropriately matched with spark plug ignition timing, CO emissions are
reduced by 52%, and HC emissions by 43%. When combined with ethanol, the
research octane number (RON) of gasoline affects combustion characteristics.
Increasing RONimproves fuel sensitivity and enhances antiknocking properties.
Ethanol blends increase vapor formation, leading to higher thermal efficiency.
Additionally, charge cooling effects may contribute to improved mean
effectivepressure. Delayed fuel injection in gasoline-ethanol mixtures can cause fuel
and air to accumulate on the spark plug, raising HC and CO emissions. The effects
of spark timing adjustments on the combustion chamber using RON 91 and 95 were
investigated. Their results indicated that advancing spark timing increased brake
power, maximum power, and reduced SFC. However, NOxemissions rose with spark
advance, while HC and CO emissions decreased. Given the environmental
challenges posed by traditional fuels, exploring alternative options like ethanol is
essential. This study focuses specifically on the potential of ethanol-gasoline blends,
which offer environmental benefits and enhanced fuel quality. Despite these
advantages, research on engine modifications for blends containing more than 30%
ethanol remains limited. Ethanol has several superior properties compared to
gasoline. Its high laminar burning velocity and abundanthydroxyl (OH) units enable
complete combustion. Additionally, ethanol’s low stoichiometric fuel-air ratio and
high latent heat contribute to the formation of a dense air-fuel mixture in petrol
engines. Its high self-ignition temperature and octane value allow engines to operate
at higher compression ratios without knocking. These characteristics, along with
ethanol's ignition timing and flash point, make it suitable for smallscale engine
operations with a low risk of misfires.

Despite its advantages, ethanol has some disadvantages, most notably its
corrosive nature, which can damage rubber, plastics, and certain metals commonly
found in engine components. This can lead to fuel leaks, reduced engine
performance, and potentially severe engine damage if not addressed promptly.
Ethanol blended fuels are also more susceptible to vapor lock due to their lower
boiling point compared to pure gasoline, making starting more difficult and
potentially causing engine stalling during operation, especially at high temperatures
or altitudes. Additionally, ethanol can absorb water vapor from the atmosphere,
leading to phase separation and accumulation of water at the bottom of the fuel tank.

112



This results in deposits that can clog filters and fuel injectors, further reducing engine
performance. This study employed the Taguchi method of experimental design,
selected for its efficiency in minimizing the number of tests required. By using
orthogonal arrays, this approach allows various factors to be assessed
simultaneously without testing all possible combinations, thereby saving time and
resources.

The Taguchi methodhelps researchers obtain maximum information from a
limited number of tests in complex factorial studies. The primary goal of this
experiment is to understand how changes in specific variables, such as fuel
composition and ignition settings, affect the outcomes. This, in turn, helps clarify the
relationships between these factors and their results. The optimization process also
reveals the overall power characteristics of the optimal results, as shown in Figure 1
- 3. The figure obtained matches the standard conditions described in previous
research. The application of optimal conditions resulting in low HC and CO
emissions also leads to higher torque and power (Figure 1 and Figure 3).
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Figure 1. Performance characteristics, torque vs speed

At 6000 rpm, these conditions increase power by 8.6%, from 9.8 Nm to 10.65
Nm for optimal CO, and an 8.98 Nm increase for optimal HC. The usage of ethanol
is particularly beneficial for emissions reduction because it contains more oxygen
than fossil fuels such as gasoline. According to studies, suggest that increased oxygen
availability enables more complete combustion of the air-fuel mixture, which is
crucial for reducing unburned HC. Increased oxygen availability enables a leaner
airfuel mixture, improving combustion efficiency and reducing specific fuel
consumption (Figure 2).
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Figure 3. Performance characteristics, power vs speed,
Conclusion

The results from this study indicate that using higher ethanol blends, such as
E70 and E80, leads to an increase in the engine compression ratio, contributing to
improved combustion efficiency and performance. Additionally, ethanol’s higher
heat of vaporization compared to pure gasoline helps reduce the air-fuel charge
temperature, increasing the fuel density and promoting more efficient combustion.
Moreover, the oxygen content in ethanol facilitates more complete combustion by
promoting better mixing of the air-fuel mixture, resulting in a more efficient burn
and lower emissions.
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Mo>xmBocti Bukopucranasa Bogaro
oA banancysanusa Eneprocucremn

boezdan Maxcumenxo, Cepein Boiiuenko
KIII im. Iropst Cikopcbkoro

E-mail: bod555@ukr.net

Beryn

Crpimke 3pocrannss BIE (coHsuHOI Ta BiTpoBOI reHepariii) gecrabimisye
eHeprocyucTeMy, BUMaralo4y HOBUX pillleHb Il 30epiraHHs Ta OajaHCyBaHHS
eHeprii, OCKUIbKM TpaJWullifiHi CUCcTeMV He IIPUCTOCOBaHI A0 TaKMX KOJIVMBaHB,
IO 3aTPOXKY€ CTabUIFHOCTI Ta OOMeXye BUPOOHMIITBO UNMCTOI eHeprii. Y Ipomy
KOHTeKCTi BOJIeHb € yHiBepcaIbHVM eHepreTUYHVIM PillleHHsIM [JIs1 JOBrOTPUBaIOro
aKyMYJIIOBAaHHS BEJIVKMX OOCATIB eHepril, BMpilIyounm ce30HHI AmcOaaHCH MDK
BupoOHMITBOM BJIE Ta CHIOXMBaHHSM IUISIXOM IlepeTBOPEHHS HaIJIMIIKOBOI
eHeprii Ha XiMiYHWVI eHeproHOCIV U1 30epiraHHs Ta BUKOPVICTaHHS.

OcHOBHa YacTMHA

"3erernt" BOgeHb BUPOOIISIOTE eJIeKTPOITi30M BOIM, 10 € OcHOBOIO P2G2P
OVIKITy A1 30epiraHHsa Hammikosoi eHeprii 3 BIIE. Bubip Texmoso0ril eleKTpostisy
(PEM abo SOEC) 3aneXxuTb Bif, 3aCTOCyBaHHs, 30KpeMa OaslaHCyBaHHs Mepexi abo
IleKapOoHi3allii IIPOMMCIIOBOCTI 3 BMUKOPWMCTAHHSM BiAIIpallbOBAHOIO TeIUIa, IIO
noTpedye AydepeHIIiioBaHol HaIliOHAIBHOI CTpaTerii 3 ypaxyBaHHSIM periOHaIbHIIX
0COOIIMBOCTETA.

Ykpaina Mmae Benuky Mepexy IICI (momam 31 mpp Ky6. M) 3
IIepCIIeKTVBOIO 30epiraHHsA BOOHIO, OCOOIMBO B COJIIHMX KaBepHAX 3aBISKNU
3HAYHMM IIOKJIafiaM cojli. MibKHapogHU JOCBiJ, HigTBepIpKy€e AOLUIBHICTE IIHOTO.
YHikanpHa iHpacTpyKTypa pobuTh YKpalHy HOTEHIIIHM KITIOUYOBVM I'paBlieM Ha
€BPOIIEVICEKOMY PMHKY 30epirannsi BogHIo. Ykpainceka I'TC morpeOye sHauHmMX
Monmdikamivn I TpaHCHIOPTYyBaHHS BOJHIO, ITOIpM ii MaciTaOHICTH (ITOHAL
33 000 xm). Oneparop I'TC mwianye minroropky po 2035 poky, ajie HeOOXimHWMII
ayIuT OUICHOCTI TPpyOOIIpOBOAiB Yepe3 pU3MK BOIHEBOI KPMXKOCTI.

IlepeTBOpeHHS BOIHIO B €JIEKTPOEHEPTil0 OajlaHCye eHeprocucTeMy IIpu
mikoBomy monmti abo Hu3bKin reHeparii BJE, ane vioro Hu3bka edeKTMBHICTb
(30-40%) BMMarae mepeoIliHKY, BpaxOBYIOUM BUKOPVCTAaHHS HaJIMAIIKOBOI eHepril
BJE 3 mympoBOrO BaprTicTIO. EKOHOMiIUHA BUTOga MOJIATaE y MOHeTH3allil
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40% iHaKIIle BTpa4eHOro pecypcy, IO CTa€ KPUTWYHO BaXXTMBUM IIPV BVICOKIN
gactri BIIE. IlpuBenena Bapricte 360epiranus (Levelized Cost of Storage, LCOS) e
K/IFOUOBVIM TI0Ka3HMKOM IUIS IOPIiBHSIHHS TexHosIorin 30epiranns. LCOS BpaxoBye
BCi BUTpaTH Ta e(peKTUBHICTb IIPOTATOM XUTTEBOTO LIMKITY IIPOEKTY .

ITopiBHIHHS Pi3HMX TeXHOJIOTiIN BimoOpakae IiX MOIUIBHICTH A
3aCTOCYBaHHS 3a pi3HOI TpuBasiocTi 30epiranHs: JiTivi-ioHHI akywmyJsTOpU
edexTMBHI 11 KOpOTKoYacHoro 30epiramusa (mo 4-8 rom), 'AEC - mia
cepemHBOCTPOKOBOTO (8-24 rom), aie ix 3acTocyBaHHS OoOMeXeHe reorpadidHo.
Bonmenp Mae HU3EKY edeKTUBHICTE IIMKITy Ta BUCOKI BUTpaTV Ha IIepeTBOpeHHs], ajle
HU3bKY BapTiCTh eHepreTUYHOI €EMHOCTIi, III0 pOOWUTH I0ro eKOHOMIiYHO BUTITHMM
11 30epiranHs noHay 13-15 rof Ta €AMHMM BapiaHTOM TS Ce30HHOTO 30epiraHHs.
Y Tabmumi 1 mpuBoaMTECS MOPIBHSHHS IS PisHMX BB 30epiraHHs.

Tabauys 1
ITopiBHsITEHA TIpUBeneHa BapTicTh 30epiranns (LCOS) 3a TpuBaiicTIO
Texsomoriss | TpuBasticTs, LCOS EdextmsHicts | Tepmin KimrouoBa
rof, ($/xBt Toz, |TIOBHOTOLIMKILY,| CITyX0M IIepeBara
Ziaria3oH) % (poxm)
JliTiv-iorHmm 4 0.170 - 0.296 85-90 10-15 Bucoka
aKyMyJISTOp edeKTMBHICTS,
IIBUIKA peaKlis
8 0.150 - 0.250 85-90 10-15 IM'myuxicTs my1g
(o11iHOYHO) T1060BOr0 LVIKITY
T'AEC 8-24 0.100 - 0.200 70-85 40-60+ Hwsbki
orrepartivHi
BUTpaTH,
JITOBI'OBIUHICTH
Bonenn 24 0.200 - 0.400 30-42 20-30 |Hwsbka BapTicTb
(comnstHi (onyiHOUHO) eHepreTuyHoOl
KaBepHM) €MHOCTI
100+ <0.150 30-42 20-30 MosxtmBicTs
(iporuO03) CE30HHOTO
30epiranHs

BucHoBKM

BoneHp Mae 3HaUHI IIepcrieKTHBY I eHepreTHKY Ta HallioHaIbHOL
Oesrex 3aBSKY 3[IaTHOCTI [I0 TPMBAJIOro3 OepiraHHs, JOIOBHIOIOUN
aKyMyJISAITOPHI pimeHHst. V1oro eKoHOMiuHy eeKTUBHICTh CTPUMYIOTh HU3bKa
PONyKTVBHICTE Ta 3HAYHI iHBeCcTNIIil. YKpaiHa Mae ITOTeHIias s 30epiraHus
BOJIHIO 3aBJIsIKM TeosiorigHmMM pecypcamTa I'TC, ajie icHYIOTb TexHiUHi pU3MKNI
IepeobragHaHHS iHPPACTPYKTYpH Ta CKIIaJHOII 3 perysiaropHuMy HopMamy €C.
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IlopiBasaHHA KinbkicHMx Ta SIKicHnx Iloka3HMKIiB
ITponyxkris Ilipostisy IlepepobiienHsAM
I'ymoBux Binxonis Pisanx Tumnis

Kocmanmun @yma
Kwuiscekunt mostitexHiuHMiz iHcTMy T iMeHi Iropst Cikopcbkoro

E-mail: f konstantyn@gmail.com

Beryn

Y KOHTeKCTi MHOCTIHO 3pocTarodoro oOcCsTy BiZmxomiB Ta HeoOXimHOCTI
BIIPOBa/KeHHsS] MPWHIIMINB HMUPKYJISIPHOI e€KOHOMiKM, NWUTaHHs IlepepoOJIeHH:
TYMOBVIX MaTepialiB, 30KpeMa, IIIVH Ta IHIIMX I'YMOTEeXHIYHMX BUPOOiB, moTpedye
ocobmmBoi ysaru. OTHMM 3 IepCIIeKTUBHIX PillleHb € TepMidHa ITepepobKa I'yMOBVIX
BizIxoniB MeTonoM mipomisy. Llen minxin mosBosisie oTpuMyBaTyi KOPUICHI BTOPVIHHI
HNPOOyKTY — PifiKe MaIMBO, Ta30By PPaKIIifo, TEXHIUHI ByIJIellb.

OmHak eeKTMBHICTh MipoJIi3HOrO IIpoIlecy 3HAYHOIO MipoIo 3aJIeXXUTh Bifl
TUITy BMXiOZHOI CMpPOBUHM, yMOB IIpOBEIeHHs HpoIecy Ta OCOOJIMBOCTe
3aCTOCOBAHOIrO OOJIamHaHHY. BuBueHHS KUIBKICHMX 1 $KICHMX ITOKa3HMKIB
OTPVMAaHMX MPOOYKTIiB IIO3BOJISE OIIHMUTY AOLIIBHICTh IIepepoOKM Pi3HMX THUIIIB
TYMOBUX BifIXO/IiB Ta BU3HAaUMTM ONTUMaJIbHI TeXHOJIOTi4Hi HapaMeTpHu.

OcHOBHa YacTMHA

11 mpoBefleHHsI MOPiBHSUIBHOIO aHali3y KUIBKOCTI Ta SIKOCTI BVIXIITHMX
IPONYKTiB Iipoii3y TyMOBMX BifgxomiB Oysio oOpaHO I1Ba TWUIM CUPOBUHIN:
aBTOMOOLIBHI IIIMHM — BUKOPWMCTAHI IIMHY JIETKOBMX Ta BAHTaKHVX aBTOMOOLIIB, 3
MiHIMaTBHVMM 3aJIMIIKaMM Bill CTajleBMX KOpPMiB; YMOBi meTani aBToMobOiia —
YIIUIbHIOBaYi, ITPOKJIaJKKM, TyMOBI MamXeTu Ta iHmm pAetayi. /st mposerieHH:A
JOCIPKeHHs] BUMKOPUCTOBYBaJlaCh yCTaHOBKa MepiognyHOl [il 3 repMeTMYHWM
CTaJIeBUM peakTOpoM. YMOBM IIpollecy: KiHIleBa TeMmeparypa 550+10°C,
mBuakicte HarpiBanas: 10 °C/xB, TpmBasicte BuTpuMmku 90 xB, cepemoBwmile

Oe3kncHese (a30T).

KimpkicTh Ta $KiCTP KOXHOI (PpaKilii BM3Ha4Yalmcs 3a HOIOMOTOIO
CTaHAAPTHMX MeTO/iB: MacoBa YacTKa, eJIeMeHTHWUI CKJIafl, CIIeKTPOCKOIIIYHUI Ta
xpomatorpadiuamit aHasti3. ABTOMOOLTBHI IIVHY ITPOIEeMOHCTPYBasIV BUIIV BUXIL,
pinxoi (45 %) Ta TBepmoil dpaxiin (35 %). Y Tom wac sk rymoBi JeTasi yTBOpPWIV
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OitpImmt BimcoTok rasomomibHOro mpomykry (33 %). Lle mosicHIOeTbCA PpisHVM
CKJIaZIOM CHMPOBVHMN: ITMHM MICTSTh OijIbITlie ByIiIeBOJHEeBOI OCHOBM Ta oiidiHiB, a
IIOTIOMiXHi freTayti — OiyTbIIle JOMATKOBMX HATIOBHIOBAUIB, CipKIAL.

Pigxa dpaxmis. Ximiuamit aHaizis pigkol dpaxiii ImoKasas HasBHICTb Y
CKJIa[i TlepeBaKHO BYIVIEBOIHIB, BKJIIOYAOUM IIMPOKUI CIEKTP apOoMaTUYHUX
(Ger3or, Toyorn Ta Kcwiton) Ta anidaTmdHMX crionyk. IliposisHa pigmHa i3 mmH
XapaKTepMU3y€eTbCA BUIIOIO TEIUIOTBOPHOIO 3maTHIcTIO (~42 MJIX/XT) i MeHImM
BMicTom cipku (~0,9 %), IOpiBHSHO 3 PiAMHOIO, OTPVMMAHOIO 3 TYMOBMX AeTajlent
(TertoTBOpHAa 3maTHIiCTE ~37 MJIX /KT, BMIcT cipkut ~1,4%). MoxxHa BUIOUIUTH, IITO
pinka dpaxirist 000x 3pa3KiB MiCTUTB JIMMOHEH - BaXKIVIBUV iHTepMeNiaT y XiMiuHin
HPOMMCIIOBOCTI

Teepma dppakuis (Texaiuamt Bymiens). CKilaaeTbcs epeBakHO 3 BYTJIEITI0
Ta HeOpraHiuHVX AOMIIIOK, TaKVMX fK CipKa Ta OKCUIIV MeTaJliB. Voro rioTeHIIiviHe
3aCTOCYBaHH: — HAIIOBHIOBAY ISl TYMOBYMX BIpPOOIB, Y pisHOro THIy ditbTpartiviHmx
crcTeMax, iHIIMX IIPOMMCIIOBUX IIpoIiecax. SaJIMIIIOK Bift INVH Ma€ OUIbII BUpakeHy
HOPUCTY CTPYKTYPY, Ta MEHIIy KiJIbKICTBb CipKM, IIO € VI0ro IlepeBaramiul. Y TOM 4ac
K 3aIMIIOK BiIl TyMOBUX IeTajlell aBTOMOOUIS MICTUTh OUIbIlle IOMIIIOK

MiHepaHBHOFO ITOXOI>KEeHH:.

lasononiOHa dpaxiisi. MicTTh B OCHOBHOMY MeTaH, eTWIEeH, IIPOIIaH Ta
iHmmn Jlerki ByryieBopHi. 3rimHO 3 Aociiigamu, IepepoOKa IIipO3HUM METOOM
aBTOMOOUIPHIMX IIVH, TaK caMo K i TYMOBMX [IeTaJIell aBTOMODLIS, Ta€ ra3ononiony

dpaxitiro 3 BMicToM MeTaHy 110 40 %.
BucaOBKM

ITpoBeneHe mocCmipKeHHs IIOKa3ajlo, IO XiMIUHMI CKIaf, CUPOBVHU
Oe3nocepenHbO BIUMBAE Ha BUXi/, i AKiCTh IPOAYKTIB Iipos1izy. ABTOMOOIIBHI ITTMHM
IIPOJIEMOHCTPYBaJIV B IIJIOMY Kpallli pe3yJibTaT - OUIBIIMI BUXiJ] Ta BUIIY
TeIUIOTBOPHY 3HATHICT pigkol ¢paxiiii, Kpallli XapaKTepUCTUKM TeXHIIHOTO
Bymiemfo. Tomi sk rymoBi pAerasti 3abesmedrumm OUTBIIMI BUXiA Tra3omomiOHMIX
KOMIIOHEHTiB. Pe3yjibTaTvi TaKOX CBif4aTh IIPO MOXJIVBICTE MOAAJILIIOT ONTVMI3aril
TeXHOJIOTiYHMX ITapaMeTpiB Ipollecy (TeMIlepaTypHi peXXnMy, TPUBAJICTh, SKICTb
KOHZIEHCarlil, Ta iHIle) 3 MeTOIO TIi/IBUIIIEHHS eHeproedeKTUBHOCT] Ta 3MeHIIIeHH:

€KOJIOTIYHOTO HaBaHTaXeHHSI.
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Ouninka Pn3ukis 3a0pyaHeHH:
Hasxkosmmmiabsoro Cepenosuiiia

nig 9ac TparcnopryBaHHs Ta 30epiraHHs
Hadronpoaykris

Ouee demuenxo, Juumpo Horiwyx, Ilempo Aamyxob, Ezop Xurv
®inig Kitacaaoro npueaTHOro yHiBepcuTeTy B MicTi Kpemenuyk

E-mail: kpudmytro@gmail.com

Beryn

CydacHa eHepreTmdHa iHGPACTPyKTypa CIMKA€TbCI 3 CEPHO3HVUMMU
BUK/IMKaMM y cdepi exosoriunoi Oesrexn. TpaHcropTyBaHHs Ta 30epiraHHs
HapTONPOOYKTiB CTAHOBJIATH 3HAYHy 3arpo3y I HaBKOJIMIIIHBOIO CepeoBMIIa
yepe3 BMCOKWUI PU3MK aBapiviHMX PO3JIMBiB. AHaJIi3 OCTaHHIX JaHUX [JeMOHCTpYe
HeoOXimHICTh BIOCKOHAJIEHHS METOMIB OIIHKM Ta 3arnodiraHHd eKOJIOTTUHUM
3arposam y Iiv ccpepi.

OcHoBHMI MaTepian

CyyacHi JocCITiIKeHHS BUSBIISIOTh TPUBOXHY CTaTUCTUKY, 3TITHO 3 KOO
6m3pko 40% ycix aBapiltHMX po3ymBiB HapTONPOAYKTiB BimOyBaroThcs I wac
HPOIleciB TPAaHCIIOPTYBAHHS, 110 CBIAYMUTH PO CUCTEMHI IIpo0JIeMn B opraHisariii
soricrmky Hadrorponykris. Harbiein mpobieMHMMM € TPyOOIIpoBiHi crctemu,
Ha ski mpumamae 32% ycix IHIMOEHTIB, OPUYOMYy CepelHil o0cCsAr po3/mBYy
KommBaeTbest Bim 50 mo 500 xyOiuHmMX MeTpiB, IO eKBiBaJIeHTHO 3aOpyaHEHHIO
TepuTopii 1wiomero 5-50 rexrapis. Lli mokasHMKM 0coOIMBO KPUTWYHI 3 OIVISAAY Ha
Te, IO TPyOOIIPOBOAN YacTO IIPOXOIATH Uepe3 eKOJIOTiuHO BpasiIMBi TepUTOPIl Ta
BOIHI 00'eKTMI.

3ayisHVMYHUI TPaHCIOPT AeMOHCTPYE JIMIIe TPOXW Kpallli ITOKasHUKM -
28% aBapint i3 posmmBamu Bif 15 go 300 KyOomerTpiB, mpwWdoMy HaJacTiIIi
iHOMOmeHTV BiOOyBalOTBCA IIifi YaCc MaHeBpPOBMX poOIT abo depe3 TexHiUHI
HeCIIPaBHOCTI ITMCTEpPH. ABTOTPAHCIIOPTHI 3aco0M CTaHOBIIATH 25% BUIMAAKIB i3
obcaramu Bix 5 mo 100 xyOometpis, mpm IIbOMY 0COOIMBY HeOe3IIeKy CTaHOBIISATH
aBapii B MicbKirt 3a0ymoBi abo 110671113y BomHMX 00'€KTIB, /1€ IMBUAKICTD OMIMPEeHHS
3a0pyIHeHHS 3HAYHO BUIIIA.
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Mopceki TepeBe3eHHs, He3Bakaloull Ha BiIHOCHO HeBermki 15% y
CTPYKTypi  aBapiliHOCTi, XapakTepu3ylOTbcd  HamOuIBIIMMM — MacTabamm
3a0pynaenHs - Big 100 mo 5000 kyOoMeTpiB Ha OfVH iHIIMIIEHT, III0 MOXXe IIPU3BECTN
10 eKOJIOTiUHMX KaTacTpod perioHaibHOro Macmrady. OcobimBo HebesmeuHMI €
PO3IIMBY Y BiAKpUTOMY MOPi, 1e edpeKTUBHICTh 30MpaHHS Ha(TOIPOIYKTIB pi3KO
3HVDKYETBCSL Yepe3 IOrofHi yMoBM Ta Tedil. /logaTKoBy 3arpo3y CTaHOBUTH Te, IO
MOPCBKi PO3JIMBYM 4aCTO IOIIMPIOIOTHCS Ha BEJIVIKI BiZICTaHi, Bpakaroum IIprbepexxHi
eKOCVICTeMM Ta 00'eKTV iIHPpacTpyKTypu.

ITpw anai3i mpuymH aBapitHOCTI Ha 00'eKTax 30epiraHH: BUSBIIEHO, III0
KOpO3iViHi IIpoliecu B pe3epByapax € OCHOBHMM YMHHMKOM, 1110 capmumHsie 60% ycix
inmymenTiB. TexHiuHi HecipaBHOCTI 3am1ipHOT apMaTypy CTaHOBJISTH 22 % BUIIAIIKIB,
TOHOi SK JIOACBKMI pakTop i cTmxinHi amxa BimmosimHO 12% i 6%. JlikBimatis
HaCJIi/IKiB TaKMX aBapil BUMarae 3Ha4YHMX YacOBUX pecypciB - Bifg 3 no 18 micartis pyis
I'PYHTOBUX 3a0pyIHEHb, Bifl IIIBPOKY A0 ABOX POKIB IS IOBEPXHEBIX BOOOMM, 1 Bif
IBOX JO H'ATM POKIB I BiAHOBJIEHHS IIiI3eMHUX BOHOHOCHMX TOPM3OHTIB.
PiHaHCOBI HACIIKM TaKOX BapiloIOThCs y IMPOKMX Mexax - Bif, 10-50 Trcsd onapis
Il He3sHayHMX iHOmpmeHTiB nmo 1-50 MuTeVoHIB pAoapiB mIs MaciITaOHMX
KaTacTpod.

CydacHi TexHOIOrIT 3a100iraHH: aBapiaM y HadpTOra3osiit raly3i JOCATIIN
nomiTHOTO mMporpecy. GIS-mopemoBatHs 3abe3edye TOUHICTh IPOrHO3iB 85-92%,
iHTerpyo4n IIpOCTOPOBi [aHi Ta iCTOPUYHY CTaTUCTUKY. [IpOHOBWUII MOHITOPWMHT

CKOpOYy€ Yac BUABJIEHHS aBainI Ha 65% 3aBIAAKVI MYJIBTUCIIEKTPAJIBHMM CEHCOPpaM.

BuicokoTouHi maTamKy TUCKY i KOpo3il meMOHCTPYIOTh 95 % edeKTUBHOCTI,
BUKOPWCTOBYIOUM aKyCTMYHI METOAM Ta Oe3IpOTOBi TeXHOJIOril. AJIropuTMU
MaIIMHHOTO HaBYaHHS AOCSTaloTh 78-85% TOYHOCTI IpOTrHO3YBaHHS, aHaIi3youn
omepalinHi faHi Ta 30BHIIIHI daxkTopn. Lli TexHOIOrl IO3BONIAIOTE He JIMIIE
BVISIBIIATV 3aTPO3W, ajle V1 ONTUMIi3yBaTy IIpoUTaKTIIHI 3aX0M.

OcobmBy HiHHICTD MalOTh KOMIUTEKCHI CTCTEMM, IO MO€AHYIOTh KiTbKa
TeXHOJIOTiV IS MiABWUINEHHs HaAitHocTi MoHiTOpmHTY. Taki pimeHHS ocobmiBo
edpekTMBHI WII KpWUTWYHOI iHPPACTPyKTypM, e BaXIMBa OIlepaTVBHICTD
pearyBaHHsI.

BucHoBkm

EdexTnBHe ympaBIiHHA pwsMKaMy BuMarae iHTerpamii cCy9JacHMX
TEeXHOJIOTIYHMX pillleHb, BAOCKOHAJIEHHS HOPMaTMBHOI 0asM Ta IIOCTiVIHOTO
HaBYaHH: IepcoHaly. BrpoBa/DKeHHsS NPOaKTMBHMX 3aXO[liB JIO3BOJINTH 3HA4YHO
3HM3UTM KUIBKICTB aBapifi Ta MiHiMi3yBaTu Ix BIUIMB Ha HOOBKUDIZ. ManOyTHi
IOOCIIDKEHHSI MaloThb OyTM CIIpsSMOBaHI Ha po3poOJIeHHs iHHOBAIIITHMX METOiB
Giopemeriariii Ta BIIOCKOHAJIEHHS CVICTEM PAaHHBOTO TIOIIEPEKEHHSL.
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Exostoriuni AcriexkTy YTootizanii
BinnpanpoBaanx MactuiapHnx Marepiasnis

Hmumpo Ioaiuyx, €eop Kyuepenxo, 16an Jonin, Ilempo Armyxo6
®inia KiacuuHoro rnpusaTHOro yHiBepcuTeTy B MicTi KpeMeHuyk

E-mail: kpudmytro@gmail.com

Beryn
ITpobGrema yTwomisanii BimmparboBaHMX MAaCTWIBHMX MaTepiaslB €
KPUTHYHO BaXKJTMBOIO Yepe3 IX BUCOKY TOKCUUHICTD i 3pocTaroui 00CATM yTBOPeHH:.

IlopiuHo y cBiTi yTBOpIOEThHCS MOoHAa 40 MJTH TOHH BifIIpaIibOBaHMX OJIMB, 3 SKMX
ymtrre 45 % TiaroThes epepootii.

OcHOBHMII MaTepiai

Perenepariiss MacTwI € OmHWMM 3 HavOUIBIT edeKTMBHMX MeTOfIiB
IepepoOKM BifIIpalibOBaHMX MaTepiasliB, 110 03BOJIsAE BimHOBMUTY 10 85 % BUXiITHIX
BJIACTMBOCTEVI IIPOIYKTY 3aBISKV Cy9acHVIM TeXHOJIOTiSIM OUMINeHHS Ta 00poOKm. 3a
JaHvMy MiXKHapogHOro eHepreTMYHOrO areHTCTBa, 1 JITp pereHepoBaHOro Macila
3aomamkye 2,5 sitpa cmpoi HadtM Ta 3MmeHmye Buxkmaym CO2 Ha 3,2 KT,
IeMOHCTPYIOUM 3HauYHMM eKostoriuamm edekT. CydacHi pereHepaririHi ycTaHOBKNA
mocsiratore KK 92-95 % 3aBmsxm OaraToCTyIIHYACTIVI OYMCTIN, BK/TIOYAIOUN
BaKyyMHy [MCTWIALiI0 3 TouHicTIo *1°C, BuHCcOKoedekTMBHY QitbTpaliiio 3
posMipoM nop Ao 1 MKM Ta xiMiuHy MoaMdiKallifo 3 BUKOPUCTaHHSM CITeliaIbHVX
KaTaJtisaTopis. BapTicTe Takmx crcTeM KosvBaeThes Bif, 1,5 1o 5 MJIH €Bpo 3aJ1eXXHO
Big moryxuocTi (5-50 TOHH Ha fO0Y), ajle BOHM OKYIIAIOThCS 3a 3-5 pOKiB 3aBIsSKM
BUCOKIiV ITponyKTmBHOCTI. HarmOiIbIn mporpecBHi MiAIIPUEMCTBA JOCITAIOTh PiBHS
IMOBTOPHOI'O BUKOPWCTaHH: MaTepiasis 110 98 %, miHiMisyroun Bimxomy fo 2-5 % Bin,
3arajJIbHOrO OOCSTY CUPOBMHM, IO POOWTH HeVi MeTOon He JIMIle eKOJIOTi9HO
BUTIAHMM, ajle I eKOHOMIUHO AonimbHMM. Lli mokasHMKM poOsaTh pereHepariiio
ONTUMaJIEHVIM PillIeHHSM IS ITPOMVCIIOBUX ITIIIPUEMCTB, 1110 IIParHyTh 3MEeHIIUTH
€KOJIOTiYHUVI BIUIMB Ta ONTMMI3yBaTV BUTPaTV Ha MacTWIbHI MaTepiasin.

CriayroBaHHs BiJITparibOBaHMX MaCTWIbHWX MarepiasiiB 3
eHeproBUIUIeHHSIM € BMCOKOeeKTMBHVM MEeTOAOM YTWli3allii 3 TeIUIOTBOPHOIO
sgaTHicTiIo 38-42 MJDx/kr (9,100-10,000 kKaji/Kr), o IIepeBUINy€e ITOKa3HUKN
Oyporo Byriuri. CydacHI yCTaHOBKM [OCATalOTh eHeproedeKTMBHOCTI 85-92%
3aBIOSAKM BUCOKOTeMIlepaTrypHoMy cramoBaHHO (1,100-1,300°C) Ta cucreMam
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PpeKyIepariii Telria 3 MoBepHeHHM A0 75 % eHeprii. [lokasHVKM BUKM/IIB CydacHVIX
3aBomiB BpaxaroTs: SOx - 30-50 mr/m® (3mvokerHs 3 500-800 mr/m3), NOx - 80-100
mr/m® (KaTasiTaHe 3HVDKeHHS Ha 90 %), TBepmi wacTkm - 5-10 Mr/m® (edpeKTMBHICTD
es1eKTpodineTpiB 99.8 %), miokcyam - MeHe 0.1 ur/ M3, KamitayisHi BUTpaTii Ha Taki
ycraHoBKy noTyxHicTio 10-20 ToHH Ha 1100y cTaHOBIIATE 8-15 MIIH €BpO 3 TepMiHOM
OKyTHOCTi 4-7 pokiB, mpu 1mpomy 1 ToHHa Mactui reHepye 3,800-4,200 xBt Ton
eHepril. Y €spornericbkomy Coro3i 1151 TEXHOJIOTIS JO3BOJISIE IIOPIYHO ITepepolIisaT
2.1 My1H TOHH BiAmparboBaHux onvB (55% Bim 3arajpHOro 00CATY), 3a0e3medyoun
eneprieto 500,000 gomorocriogapcTs Ta 3MeHnryioun Bukyay CO2 Ha 2.8 MJIH TOHH
mopoKy. Havikpattii pesyiprati crioctepiraroTscs mput mepepoOii MOTOPHMX OJIVB
(38-40 M[Ix/xr), rigpasniuamx piagna (36-38 M/Ix/XT) Ta TpancMmicivtHnx omms (39-
41 MJIx/xr), me xoMmOiHOBaHe BMPOOHMIITBO €JIEKTPOEHepTii Ta TeIUla [IocArae
HaVIBUINMX IIOKa3HMKIB e(peKTMBHOCTI.

®Di3suKo-xiMiyHI ~MeTOAM  OYMCTKM  BiAIIpallbOBaHMX  MaCTWIBHMX
MaTepiajliB [IOCATaIOTh BWCOKOI e(PeKTMBHOCTI y BUAAJIEHHI BaXXKMX MeTalB,
saokyroun  ix Bmict mo 0,001-0,005 wmr/m, 1mo Binmosimae HavicyBoOpinmiM
€BPOIIeVICbKIM CcTaHAapTaM sIKocTi. Li TexHOJIOrIT BKIIIOWAIOTh KOMIUIEKCHI ITpOIIecu
KOaryJIsallii 3 BUKOPWCTaHHSAM COJlell ajlfoMiHilo abo s3amisa (mosa 50-150 mr/mn),
dprroxyrawii 3 mostimepamu (1-5 Mr/ 1), ioHHOrO OOMIHY Ha crreriari3oBaHVX cMOJIaX
(edpexTmBHICTE 95-99 %) Ta MeMOpaHHOI pipTpanii 3 posmipom mop 0,01-0,1 MxM.
Bapricte Takmx ycraHoBOK KommBaeTbes Binm 500 Tumc. g0 2 MIIH €BpPO 3a/IeXKHO Bif

HOTY>KHOCTI.

biororiuni MeTony nepepoOKM IeMOHCTPYIOTH CTaOUIbHY edeKTUBHICTh
Ha piBHi 85-90% 3a mepion 30-60 1ib, mpu 11pOMY HaVOUIBII IepPCIIEKTVBHI IITaMu
MiKpOOpraHi3MiB (Pseudomonas,  Bacillus, = Rhodococcus)  1O3BOJISIOTH
npuckopioBaTy mpottec Ao 20-40 mi0® mpn onrtmMizarii ymoB. BapTicTe Oiopememiarii
cxiagae 50-150 eBpo 3a ToHHY 00poOseHoro mMarepiaiy, mo Ha 30-40 % meresiie
TpamnitivHMX (Qi3nKo-XiMiTHMX MeTOomiB, a T BermKux o0'emis (rmoHarn 1000 ToHH)
Moxe 3HVDKyBaTnch A0 30-80 eBpo/T. OcHOBHI TepeBarm OioyIOridyHOrO MeTomy
BKITIOYAIOTh MiHiMaIbHe eHeprocroxwmsaHHsa (5-15 kBt Tom/T), BimcyTHicT
TOKCMYHVIX IIPOMDKHWMX IIPOAYKTIB Ta MOXJIMBICTH OFHOYACHOI IIepepoOKM
opraHiuHMx i HadTOIPOIYKTOBIX 3a0pyIHEHb.

BucuoBku

Cydacui TexHOOril HO3BOJAIOTH edekTMBHO Iepepodmsttn 75-80 %
BigmparnboBaHMX ovB. KITIOWOBMM 3aBOAaHHSAM € BIIPOBa/DKeHHS €KOHOMIYHVIX

CTUMYJIB VI HiOIIPVUEMCTB, 10 AO3BOJIUTE 30UThIIMTY piBeHb Iepepobkm 1o 90% mo
2030 poky.
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Beryn

CyuacHi TeHIeHIIiT PO3BUTKY IaJIMBHOIO PUHKY CBiTYaTh IIPO IMOCWIEHYY
Bary A0 €eKOJIOTiuHO Oe3leuHMX aJlbTepHATMB TPaAWIiHMM HadTOIIPOLyKTaM.
JomaBaHHs OiOKOMIIOHEHTIB 10 HajJMB IIOCTA€ K IIEPCIIEKTVBHUI HAIIPsIM, IO
IIOETHY€ eKOJIOTiUHI IIepeBaryt 3 TeXHIYHOIO norbHicTI0. OcobimBe 3HaUeHHS 111
npobiiema HabyBae B yMmoBax IJIo0asibHOI OOpoTBOM 31 3MiHOIO KiiMaTy Ta
HeOoOXiITHOCTi 3MeHIIIeHHs 3aJIeKHOCTI Bifm iMmopry eHeproHociiB. [ociimkeHHs
BIUIMBY OIOKOMIIOHEHTiB Ha IIaJIMBHI BJIaCTMBOCTI Ta eKCIDIyaTalliniHi

XapaKTepPVUCTUKI € KITFOUOBVIM JUISL PO3POOKIM ONTUMAaTBHMX ITAIMBHVIX CYMIIIIeTL.
OcHoBHMI MaTepia

HomaBaHHS 6i0KOMIIOHEHTIB 0 TPagUIiHNX MaJIMB CIPUIMHSIE 3HAYHI
3MIHM B IX BJIACTMBOCTSX, IO OXOIUIIOIOTH €KOJIOTIYHi, TeXHidHI Ta eKOHOMIiYHi
acriekT. Bukopuicranns 5-7% 6Gioeranory (E5-E7) memoHcTpye 3HauHi exosorigni
HepeBary: 3HVDKeHHs BUKMAIB YagHoro rasy (CO) va 12-18% (3 2,1 mo 1,7-1,8 r/xm),
3MeHIIIeHHs ByIlepogHeByx BukuiB (HC) Ha 9-15%, a TakoxX MOXJIMBe 3MeHIIIeHH
BUKMAIB TBepaux uacTMHOK Ha 10-30% s3ajiexHo Big THIIy Ta CTaHy [OBWUTYHa.
OnHougacHO crocTepiraeTbes MOKpallleHHs IeTOHALiIHOIL CTiVIKOCTI 3 HiIBUIIIeHHIM
OKTaHOBOro umciIa Ha 2-3 myHKTH (Zo 93-95 RON), mo mokpariye edeKTVBHICTH
poboTn mBUTyHa.

s gusenpHMX mammB 3 7% Oiogmsemro (B7) edexr € me Ounbim
BUpakeHVM: 3MeHITIeHHS BUKMIIB caxi Ha 22-27%, CO ra 10-15%, HC 1a 15-20% Ta
okcmaiB cipku (SOx) Ha 8-12%. BakimmBoIO IepeBaroio € IiABUITIEHHS IIe€TaHOBOTO
umcia go 52-54, mio 3abesmedye OUTBII ITOBHE 3TOpaHHSA IajiMBa Ta 3HVKYE
yTBOpeHHs caxi. lli mokasHMKM 0coOnIMBO aKTyaibHi I MICBKMX yMOB, 1€
rpobrieMa 3a0pyIHEHHS IIOBITPS CTOITH OCOOJIMBO TOCTPO.
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TexniuHi acrekTnt BUKOPWUCTaHHS OiONaIVB BUMAraloTh IIeBHi KOMIIPOMICH.
Yepes HIDKUY eHeprorycTuHy OGiokommoHeHTiB (GioeTaHon Mae Ha 34% MeHITy
eHeprifo Ha oguHMIIO 00'eMy, Giommsens - Ha 8-11 %) cocrepiraeTbcest 3pocTaHHS
BuTpary najiea Ha 1,5-2,5 %. [1a pgusesbHMX THaivB 3MIHIOETBCS TeMIlepaTypa
dinprpysanocti: B7 mae mokasnmk wminyc 18°C mporm minyc 22°C y uymcroro
JVI3eJIIO, 1110 MOJKe BUMaraTy JOJaTKOBVX 3aXO/IiB Y XOJIOAHYy Hopy poky. KoposiHa
aKTUBHICTB 3pocTae Ha 15-20% 3a BmicTy Gioetanomny monan 10%, ocobmBo 110710
TFOMIHIEBMX Ta MIOTHMX €JIEMEHTIB ITaJIMBHOI CUCTeMM. BaXXJIMBO Bi3HAUMTHU, IO
BukopucraHHg E10 y medxkmx OBWUIYHax CTaporo IIOKOJIHHSA MOXe 30UIbIINTHI
Bukuay NOx Ha 2-5 %.
ExoHOMiUHI acmekTy BKJIIOYAIOTh 3POCTaHHS cOOIiBapTOCTI IasBa: Ha
3-5% mnsa E5 (3ay1exxHo Bifm LiH Ha 3epHO) Ta Ha 5-8% it B7 (3ayexHo Binm 11iH Ha
pocmuHi onii). MopepHisatiiss HadToepepoOHMX 3aBOMiB I BUPOOHMIITBA
OiomaymMB Mae TepMiH OKyIHOCTI 4-7 pOKiB, ajle MOXe 3a0e3leunTy 3MeHIIIeHHS
iMmopTy HadTonponykris Ha 12-15% 3a 10% BmicTy 6iokommnioHeHTiB. CBiTOBUI
ZIOCBifI IOKa3ye 3HauHi ycmixn: y bpaswtil, smigepi 3 BuKopucTaHHsa 6ioeTaHOITY, 10T0
4JacTKa B OeH3MHOBOMY HaJIMBHOMY OajtaHci craHoBUTE IToHaH 50 %, a B €C miloTh

HporpamMu 00O0B'sI3KOBOTO HolaBaHH: 0i0KOMIIOHEHTIB 110 MaIvB.

Exosnoriuni mrepeBaru Gionasms € sHaunmmn: E5 3MeHInye ByrilerieBumit
otig, Ha 18-22%, a Giommserns - Ha 45-78% 3aJIeXXHO Bif BUKOPMCTAHOI CUPOBVHM.
Buxman mapaMKoBMX rasip sHmkyrorecd Ha 1,2-1,5 T COz-exB./pik Ha oguH
aBroMoOLTe (mst E5). IlpomykrmBHicTE cupoBMHM Bpaxae: 1 ra pimaxy mis
Giomusero 3amintoe 2,8-3,2 T HadTOmpOoAyKTiB, a 1 ra IIyKpoBOI TPOCTMHM IS
eTaHOJIy MoOXe 3aMiHUT 1o 7 T Hadtv B eksiBasleHTi CO2 3arajpHe 3HVDKEHHS
BUKWIIB IIAPHVKOBYX ra3iB Bil OioaIne MpOTAroM XUTTEBOTO IIVIKIIY MOXKe CsTaTy
50-90%, 1110 POOUTE TX BaAXKIMBUM iHCTpyMeHTOM y 60poTh0i 3i 3MiHOIO KiIiMaTy.

YnposagxenHs O0iOKOMIIOHeHTiB BMMarae 30ajlaHCOBAaHOTO II/IXOIY.
OnrnMasibHMM noyaTKoBUM piBHeM € 7-10% BMicTy, IO I103BOJISIE ITOEMHATU
eKOJIOTiUHi TlepeBaru 3 TeXHIYHMMM MOXJIMBOCTSMM iCHYIOUOI iHPpPacTPyKTypH.
IMomaspitie 30iIBIIIEHHS YacTKM 3aJIEKUTB Bifl PO3BUTKY TEXHOJIOTIV, ajamTariil

JBUTYHIB Ta NaJIMBHMX CUCTEM, a TaKOX BiJ, Jep>KaBHOT IIiJTPUMKIN.

BucHOBKM

Buikonanuv aHaiis BIUIMBY OiOKOMITOHEHTIB Ha TIaJIMBHI BJIaCTMBOCTI
JEMOHCTPY€ X 3HA4YHWW IOTeHIliaJl y IOKpalleHHi eKOJIOTiUHMX ITOKa3sHUKIB Ipu
30epe)keHHI OCHOBHVIX €KCIUIyaTAIifIHVIX XapakKTepycTuK. ONTvMaTIbHVM pillleHHIM
€ IIOCTYyIIOBe BIIPOBAKEHHS MaIVBHMUX CYyMIIIelr 3 BMiCTOM OiOKOMITOHEHTIB
7-10 %, 1110 O3BOJIAE JOCATTVI IIOMITHOTO eKOJIOTi9HOro edpeKTy Oe3 CyTTeBUX 3MiH y
poboTi mBUTYHIB Ta TAJIMBHOI iHPPaCTPYKTYPHL.
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Introduction

The constant growth of energy demand in the world, as well as the desire to
decarbonize electricity production, necessitates the search for new, environmentally
friendly renewable energy sources. One of the promising areas for the development
of renewable energy sources is the use of hydrogen as an alternative fuel. Hydrogen
is an environment-friendly source of energy, since during its combustion or fuel cells
use the only byproduct is water steam. In addition, hydrogen has found application
in heat exchange systems, in particular as an effective cooling medium in power
plants, such as turbogenerators. In its pure form, hydrogen has a thermal
conductivity of about 0.18 W/ (m K) under normal conditions (20°C). This value is an
order of magnitude higher than that of an air (0.025 W/ (m K)).

Main material

The widespread use of hydrogen in practice rises a number of technical and
safety problems. The hydrogen gas consists of H2 molecules, each of which consists
of two hydrogen atoms bonded together. Hydrogen is the smallest molecule that
exists in the nature. This property of hydrogen, associated with its low molecular
weight and high molecular mobility, causes a high tendency to leak at joints and
seals, through even the smallest holes or cracks in gas-retaining materials, as well as
to the occurrence of diffusion leaks, which in turn lead to the accumulation of gas on
premises. The range of hydrogen concentrations in air sufficient for ignition is quite
large, from 4% to 75 % by volume (for comparison, methane is flammable in air only
in a proportion of 4.4 % to 17 % by volume); its ignition energy is only 0.017 mJ, which
is much lower than that of other fuels, such as gasoline or natural gas, which is
approximately 0.3 m] for methane/air or propane/air mixtures. An important task
is to detect and eliminate hydrogen leaks at the early stage, when the hydrogen
concentration in the air is low. Detection and control is achieved by using appropriate
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hydrogen leak control systems, which use various types of sensors . One of such
sensors is the TGS 821 hydrogen gas sensor manufactured by Figaro Engineering.
Fig. 1 shows a scheme for measuring hydrogen concentration based on the use of the
ESP32 microcontroller and the TGS 821 hydrogen sensor. The TGS 821 sensor is
defined by ease of use, high sensitivity and selectivity to hydrogen, stable operation,
resistance to environmental changes and the ability to detect hydrogen
concentrations from 50 ppm. The basic principle of the measurement scheme shown
in Fig. 1 is as follows: hydrogen molecules interact with the surface of the TGS 821
sensor's sensitive element, reducing its resistance by the gas concentration. As the
hydrogen concentration decreases, the resistance increases, it leads to a decrease in
the output voltage. A change in the gas concentration affects the sensor resistance
and the output signal level, enabling the determination of hydrogen presence and
concentration. An additional resistor is used to adjust the voltage level at the
microcontroller input. The data received by the ESP32 microcontroller is transmitted
wirelessly to the processing and analysis tools. The obtained measurements undergo
preliminary filtering to eliminate noise and anomalous values, after which
calculations are performed to estimate the hydrogen concentration.
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Data acquisition and o processing and management system
Transmission module display system and DB

| a1 I i I
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Figure 1. A scheme for measuring hydrogen concentration based on the use of the
ESP32 microcontroller and the TGS 821 hydrogen sensor

Conclusion

The data obtained in this way from the hydrogen concentration sensors at
various control and diagnostic points of the electrolysis plant can be used to monitor
the presence of hydrogen in the air of the premises where the electrolysis plants are
located, or with the appropriate location of the sensors, they can be used to monitor
the stability of the electrolysis process, the efficiency of the separation of hydrogen
from oxygen. The control and diagnostic parameters determined in this way allow
us to determine possible deviations that may indicate a decrease in gas purity or the
need to adjust the electrolysis parameters, or need to carry out maintenance and
repair work on the electrolysis plants.
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Introduction

Given the growing attention to carbon neutrality, chemical processing of
plastics through pyrolysis can play a key role in the transition to a more sustainable
energy structure. However, it is important to consider that excessive extraction of
gaseous products is undesirable due to the complexity of their transportation and
storage. In addition, chemical processing, in particular catalytic pyrolysis, allows
obtaining liquid products that can be used as fuel or raw materials for the production
of new polymers. However, for commercial application, these products require
further purification and modification. Despite significant interest in this technology,
there is a lack of research on the further use of the obtained liquid and gaseous
products on an industrial scale.

Main Material

Pyrolysis and other chemical methods for recycling plastic waste have the
potential not only to reduce the environmental burden, but also to contribute to the
development of sustainable energy and material flows. In the future, the
improvement of these technologies may contribute to their widespread industrial
implementation, which will allow turning plastic waste into a valuable resource for
the global economy.

Thermal pyrolysis, also known as non-catalytic, occurs by heating plastic
waste to high temperatures without the use of catalysts. Different types of polymers
require different temperature regimes. For example, polystyrene (PS) decomposes at
lower temperatures compared to polyethylenes (HDPE, LDPE) and polypropylene
(PP). Polyethylene without a catalyst is prone to the formation of waxy products
instead of liquid fuel.

Catalytic pyrolysis involves the use of catalysts that allow reducing the
operating temperatures of the process, reducing the reaction time, and improving the
quality of the final products. The use of catalysts contributes to the production of
lighter hydrocarbons, which facilitates further purification and use of the resulting
fuel. The most common catalysts used include zeolites (HZSM-5, ZSM-5), metal
oxides (Cu-Al20s, Fe20s), basic zeolites (NZ), metal hydroxides (Al(OH)s, Ca(OH)z2),
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and industrial wastes such as red mud. Catalysts affect the size and structure
of the hydrocarbons formed, reducing their length and increasing the proportion of
gaseous products. High- and low-density polyethylene (HDPE, LDPE) demonstrate
high yields of liquid hydrocarbons due to their high volatile matter content and low ash
content. In thermal cracking, the main product is wax, but under conditions of elevated
temperature above 500°C and increased residence time, this wax decomposes to lighter
hydrocarbons. The use of catalysts, such as NiO, allows to increase the yield of
monoaromatic and isomerized hydrocarbons, which expands the possibilities of
application of the obtained product. Polyvinyl chloride (PVC) is one of the most
difficult plastics for pyrolysis due to the chlorine content, which leads to the formation
of toxic organochlorine compounds. For effective conversion of PVC, preliminary
dechlorination or the use of special catalysts, such as red mud (Fe, O3, Al,O5, TiOy), is
necessary, which reduce the chlorine content in the final product. Polypropylene (PP)
exhibits higher cracking activity than polyethylene, which is associated with its
structural features. The yield of aromatic hydrocarbons during pyrolysis of PP is
significantly higher compared to other polyolefins, which makes it a promising material

for obtaining high-octane fuel components.

Temperature is one of the determining parameters of the pyrolysis process.
Researches show that when the temperature increases from 400°C to 550°C, the
yield of the liquid phase increases, however, when exceedin% 600°C, active gas
formation begins, which can reduce the amount of valuable [iquid fuel. The optimal
temperature range for pyrolysis of polyolefins is 500-550°C, while for PET
additional catalysts may be required to improve the yield of liquid products. The
residence time of the material in the reaction chamber also plays a significant role.
For example, for HDPE, increasing the residence time in a fluidized bed reactor
from 0.8 s to 1.5 s results in a decrease in wax yield and an increase in the
proportion of light hydrocarbons. Catalysts can significantly improve the quality of
the resulting products. The use of acid catalysts, such as ZSM-5, promotes the
formation of aromatic hydrocarbons, while metal oxide catalysts (CaO, ZnO, MgO)
reduce the amount of unwanted by-products. For PVC, dechlorination is an
important step, which can be carried out by the combined use of low temperature
Crac%dng and further processing with the participation of various combinations of
catalysts.

Conclusion

The research highlights the advantages of catalytic pyrolysis over thermal
pyrolysis, emphasizing the role of catalysts in improving product quality and
reducing energy consumption. Furthermore, challenges such as the complexity of
waste sorting, the need for process optimization, and the environmental impact of
by-products are discussed. The research underscores the potential of pyrolysis in
achieving sustainable waste management and contributing to a circular economy.
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Introduction

Low-altitude flights by rescue helicopters, sport planes, and drones are
increasingly common. Nevertheless, pilots still struggle to see thin powerline
conductors, especially at dusk, in complex terrain or where lines are missing from
navigation charts. Recent Slovak and international accidents underscore the risk, as
seen in the 2015 HEMS helicopter fatal crash in Slovak Paradise, a fatal crash of the
Robinson R44 strike near Presov, and a 2020 Philippine police-helicopter incident, all
of which involved unseen wires and resulted in fatalities and significant
infrastructure damage. Conventional electromagnetic "wire-strike" detectors are only
effective when a power line is powered ("alive") and are inconvenient for fixed-wing
aircraft or UAVs. A universal, low-cost, vision-based warning concept is thus crucial.

Deep-Learning Approach - low-cost solution

A convolutional neural network (CNN) was selected to recognise
overhead powerlines in real-time camera imagery. The authors adopted VGG-16
(Figure 1.) because of its proven classification accuracy and clear transfer-learning
pathway. The network comprises an input layer accepting 224x224x3 RGB images,
thirteen convolutional layers, five max-pool layers and three dense layers, with the
output mapping three operational states:

Safe - adequate clearance;
Caution - proximity warning;

Danger - imminent collision risk.
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Convolution ~ Max Pooling Fully Connected
(18 layers) (5 layers) Layers (3)

Input
(224x224x3)

Figure 1. Used CNN VGG-16 architecture

Data Collection and Pre-processing

A bespoke image set of 6,000 photos was assembled from: public internet
repositories, utility-company inspections, helicopter flyovers and pedestrian surveys
between Kosice and Presov, and seasonal coverage (spring, summer, autumn,
winter). Images were resized, augmented, and split into 4,000/2,000 for training and
validation. The linear geometry, specular highlights and occasional marker spheres
on conductors aided feature extraction.

Training Results

The training exceeded 432 hours on a GPU workstation, but the validated
model achieved an overall accuracy of 94.2 %, far surpassing the typical 70% for
competing visual methods. A confusion matrix confirmed high true-positive rates in
all three classes, indicating reliable pilot alerts with minimal false alarms.

Flight Verification

The algorithm was initially embedded in synthetic-environment UAV
missions and later in a lightweight helicopter. Live tests near uncharted Slovak
powerline corridors demonstrated precise, timely audio/visual cues without extra
payload —only a standard forward-looking camera and an onboard processor.
Implementation costs are, therefore, marginal for most rotorcraft, sport planes, and
multirotor drones already equipped with cameras.

Conclusions

A camera-based CNN offers a practical, aircraft-agnostic safeguard against
powerline collisions. Unlike electromagnetic detectors, it also warns for deenergised
lines and suits fixed-wing, rotary-wing and unmanned platforms. The prototype's
94% accuracy translates directly into a lower fatal accident probability and
substantial savings for both operators and grid owners. Ongoing work will integrate
the module into HEMS support drones, with phased adoption on sport aircraft and
light helicopters once long-term field tests are complete.
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Introduction

This study focuses on creating biodegradable medical mask fabric using
polylactic acid (PLA) to address environmental pollution caused by disposable
masks. Disposable masks from non-biodegradable plastics (e.g. polyethylene,
polypropylene) contribute to long-term waste accumulation, while PLA offers
a sustainable alternative due to its biodegradability and ecological safety. The
research aims to optimize the production of a PLA-based filter material by
determining ideal parameters such as solution concentration, spray distance,
and fiber density.

The ultimate goal is to develop eco-friendly masks that maintain medical
functionality. The solution blow spinning method (SBS) was used to create samples.
Initially, a series of samples were created on glass slides for further process
optimization; after, medical gauze was used for spraying as a substrate. The samples
were analyzed using optical microscopy and tested under UV radiation. The research
successfully optimized the parameters for producing PLA-based fibers using the
Solution Blow Spinning (SBS) method.

Main material

The material was developed using the Solution Blow Spinning (SBS)
method, which enables the production of fine, uniform PLA fibers with a high surface
area — crucial for effective filtration. SBS was chosen over electrospinning due to its
higher production efficiency, lower energy consumption, and better scalability for
medical mask manufacturing. Key parameters such as PLA solution concentration
and spray distance were optimized through systematic experiments on both glass
slides and medical gauze, allowing for controlled fiber distribution and real-world
application testing.

The resulting fiber morphology — pore size, distribution uniformity, and
thickness—was analyzed using optical microscopy and density calculations.
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Additionally, the UV resistance and biodegradability of the samples were evaluated
under controlled UV exposure. Lower-density samples showed significant
degradation after just 30 minutes (= 1.5 days of sun), with near-complete breakdown
after 120 minutes (~ 6 days), demonstrating the material’s potential for eco-friendly
medical use.

Conclusions

As aresult of the research, a full-size prototype of a biodegradable medical
mask coated with PLA was developed. The density and average pore size of the
material match existing commercially available products. UV exposure tests
confirmed that the material meets modern biodegradability standards, making it
suitable for environmentally friendly applications.

Experimental findings showed that a spray distance of 20 cm using a 10 %
PLA solution produces a uniform and homogeneous coating on gauze. It was also
determined that fiber density significantly influences the degradation rate —lower-
density fibers decompose faster under natural conditions.
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Introduction

The “Three Sisters” cropping model, an ancient polyculture of corn (Zea
mays), beans (Phaseolus vulgaris), and squash (Cucurbita pepo), has served as a
foundational agricultural system among Indigenous communities in North America.
Rooted in the traditional knowledge of the Haudenosaunee (Iroquois), this system is
not only agronomically efficient but also nutritionally balanced and culturally
significant. This study examines how the Three Sisters model can be integrated into
modern human nutrition to promote sustainable agriculture and food security.

Main material

The research employed a systematic literature review using databases such
as PubMed, Scopus, and Web of Science. A total of over 65 articles were screened,
with 16 meeting the inclusion criteria according to the PRISMA methodology.
Keywords included “Three Sisters,” “intercropping,” “nutritional impact,”
“agroecology,” and “liquid chromatography.” The central research question focused
on how integrating the Three Sisters crops into modern diets and farming systems
compares to traditional monocultures in terms of nutrition, yield, and ecological
sustainability.

Results indicate that intercropping using the Three Sisters model improves
land-use efficiency, with land equivalent ratios (LER) ranging from 1.32 to 1.71. This
reflects higher productivity per unit area compared to monocultures. Moreover, this
system enhances nitrogen use efficiency, reduces dependency on synthetic fertilizers,
and promotes ecological balance. In the Western Highlands of Guatemala, local
adaptations of this model (milpa systems) showed significantly improved Potential
Nutrient Adequacy (PNA) scores and better resilience to climate variability.

The Three Sisters combination provides a more complete and balanced
diet. Corn, when processed through nixtamalization, offers improved bioavailability
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of calcium, niacin, and protein. Beans and squash seeds complement corn with
essential amino acids, contributing to a diet that is high in energy and protein per 134
hectare. Analytical tools such as HPLC and LC-MS confirmed high concentrations of
antioxidants and amino acids in these crops, even after simulated digestion.

Beyond nutritional benefits, the polyculture also enhances natural pest
resistance. Studies showed increases in maize leaf compounds like benzoxazinoids
and jasmonates, which deter pests such as the fall armyworm. This reduces reliance
on chemical pesticides and supports sustainable agricultural practices.

Despite its benefits, the model faces challenges including limited access to
land, cultural adaptation barriers, and gaps in data, particularly concerning squash's
nutritional composition. However, the system promotes food sovereignty,
strengthens cultural ties, and aligns with the principles of sustainable development,
making it highly relevant for smallholder and organic farming communities globally.

Conclusions

In conclusion, the Three Sisters intercropping model offers significant
potential for modern agriculture. It is a time-tested, nutritionally complete, and
ecologically sound practice that addresses current concerns related to biodiversity
loss, food insecurity, and soil degradation. Its revival could serve as a
valuable tool in creating resilient, equitable, and health-promoting food systems.
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Hayxose sudaHHs

TEOPIJ TA ITPAKTUKA
PAIIIOHAJIBHOI'O BUKOPVMCTAHHII
TPAOVLIIVIHMX I ATIbTEPHATUBHMX

ITAJINBHOMACTWIIbHUX MATEPIAJIIB

(IIpo61emmn xiMMOTOJIOT1)

X MixnapoaHa HayKOBO-TexHiYHa KOHQepeHIlid
36ipHUK MaTepiarlis

TonoBruii pedaxmop — Cepeiii Boituenxo
Biono6idarvruii 3a budanns - Anna SkoBaeba
Mapxemuneoa poboma - Auna Axobaeba, Ipuna Illkisvuiox, Mapia Boituernxo

Tusaiin 006kaa0unxu kHueu— Poman SdxoBaeB

36ipaUK Te3 X MikHapomHO! HayKoBO-TexHIUHOI KoH@epeHtIii «Teopid i mpaxTuka
pallioHaJIBHOI'O BUKOPWUCTAHHS TpaguLiHUX 1 ajJbTepHATMBHMX IIaJIMBHO-
MacTWIBHUX MaTepialiB» 00'€qHye pesyibTaTi (PyHIaMeHTaJIbHVX i IPUMKITagHMIX
IOCIiImKeHDb v cpepi eHepreTnkm, TpaHCIOPTY Ta eKosorii. [IpefcrasieHo HOBITHI
PO3pPOOKM OO0 MiABUINEHHS e(EeKTMBHOCTI BUKOPVICTAHHS TPAOULIHNX IIaJIuB,
PO3BUTKY BOIHEBOI €HepreTMKN, OioNasIMB Ta CMHTETMYHMX eHeproHociiB. 3HauHa
yBara HNPpUIUIAETCSI IIUTAaHHSIM eHepreTWdHOI Oe3ITeKw, eKOJIOTi9HOI CTiMKOCTi Ta
BIPOBA/PKEHHIO 1HHOBAILIIHMX TEeXHOJIOTi Y IPOMMCIIOBOCTI Ta TPaHCIIOPTi.
ITpencraBineni mpani OXOIUIIOIOTH TEOPETWYHI Ta IpaKTUYHiI pe3ysbTaTu
IOCIIiIKeHb, 1110 MalOTh BaroMe 3HaYeHHS IS leKapOoHi3aliil Ta CTaJIoro po3BUTKY
€HepreTUYHOIo CeKTOopy. BumaHHa IpusHadeHe I HayKOBIIiB, iHJKeHepiB,
HpelCTaBHUKIB IIPOMMCIIOBOCTI Ta CTYIEHTIB, #AKi I[IKaBIATbCS Cy4aCHUMM
TeHIEeHIIisSIMV PO3BUTKY eHepreTHKM Ta TPaHCIOPTHMX TeXHOJIOTIN.

Mamepiaau, nodani abmopamu (cni6a8mopamu), nybaikylomscs 6 pedakyii abmopib.
3a docmoBipricms paxmib, yumam, 6aacHux iMen ma iHwux Gidomocmei
Giono6idaroms aBmopu

135



