IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

MIHICTEPCTBO OCBITU I HAYKHU YKPATHH

KHIBCbKUIM ABIAIIIMHUM IHCTUTYT
®AKYJIBTET TPAHCIIOPTY TA JIOTICTUKHA

KA®EJPA OPTAHI3AIII ABIALIIHHUX NEPEBE3EHD

3BIPHUK MATEPIAJIIB 2025 MIKHAPOJHOI HAYKOBO-TEXHIYHOI OHJIAWH-
KOH®EPEHIII 1JIS1 CTYJIEHTIB, ACHIIPAHTIB, JOKTOPAHTIB TA MOJIOJIUX
YYEHUX

THHOBAIIMHI TPAHCIIOPTHI TEXHOJIOT'TI TA TPAHCIIOPTHI CUCTEMH

M. Kuis, 20 TpaBus 2025 p.



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

VIIK 656.7 (02)
1234

Peoaxuyitina xonecis 30ipnuxa

TI'onoenuit peoakmop — 3as. kag. OAIl, a.T1.H., c.H.c. PazymoBa K. M.
Bionosioanvnuii peoakmop — ct. Bukia. kadp. OAIl Crensikin L.A.

11234

IHHOBAIIiIHI TPaHCHIOPTHI TEXHOJIOTI] Ta TPAHCIIOPTHI CUCTEMHU: 30IpHUK MaTepialiB
MDKHapOHO1 HayKoBO-TexHIuHOi koH(pepenii. — K.: KAI, 2025. - 76 c.

INTERNATIONAL SCIENTIFIC AND TECHNICAL ONLINE CONFERENCE
FOR STUDENTS, GRADUATE STUDENTS, DOCTORAL STUDENTS AND YOUNG
SCIENTISTS «INNOVATIVE TRANSPORT TECHNOLOGIES AND TRANSPORT
SYSTEMS»

OcHOBHOIO MeTOI0 KOH(GepeHIil Oyno QopmyBanHs mnpodeciiHol CHITPHOTH IS
00roBOpEeHHS MPOOJIEM IHHOBALIMHUX TPAHCIOPTHUX TEXHOJIOTIH Ta TPAHCIIOPTHUH CUCTEM.

AKTyanpHICTh 00paHOT TEMAaTHKH JIJIsl IPOBECHHS HAYKOBO-TEXHIYHOI OHJIAH KOH(epeHIIii
HE BHKJIQJa€ CYMHIBIB, OCKIJIbKM BHPIIICHHS Cy4acHHUX NpoOjeM IHHOBALIWHUX TPaHCIIOPTHUX
TEXHOJIOT1H Ta TPAaHCTIOPTHUI CUCTEM € HEB1JI'EMHOIO CKJIAJI0BOIO YCIIIITHOTO PO3BUTKY KpaiHH.

The main purpose of the conference was to form a professional community to discuss the
problems of innovative transport technologies and transport systems.

The relevance of the chosen topics for the scientific-technicak conference is indisputable,
since the solution of modern problems of transport technologies and transport systems. is an integral
part of the successful development of the country.

BinnmoBinaapHicTh 3a JOCTOBIPHICTH pO3MillleHHX MaTepiajiB HecyTh IX aBTOPH,

BHCJIOBJICHI y IIUX MaTepiajiax IyMKH MOKYThb He 30iraTHcsl 3 TOUKOI0 30py peAaKIiiiHoI KoJ1eril
30ipHHMKA.

VIIK 656.7 (02)



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

3MICT
Didychenko O.S.
MATHEMATICAL MODELING OF INTERMODAL TRANSPORT NETWORKS FOR EFFICIENT
FREIGHT TRANSFER ........cooiiiiieeeet ettt 6

Drozdovich Kseniya
ENVIRONMENTAL TRANSFORMATION OF THE AVIATION SECTOR: NEW TECHNOLOGIES

AND STRATEGIES FOR REDUCING THE CARBON FOOTPRINT.........c.ccccooveviieiiannnn. 9
Dushkevych Bohdana

IMPLEMENTATION OF EUROPEAN PRINCIPLES FOR THE MANAGEMENT AND
DEVELOPMENT OF AVIATION INFRASTRUCTURE IN UKRAINE ...........cccooovvveineannnne 12
Havryliuk Solomiya

INNOVATIVE DIGITAL SOLUTIONS IN AIR TRANSPORT MANAGEMENT ...................... 14

Holuzynets Roksolana

DEVELOPMENT OF INNOVATIVE METHODS OF SUPPLY CHAIN MANAGEMENT .....17
Anna Kres

SMART TECHNOLOGIES IN AVIATION TRANSPORT: ARTIFICIAL INTELLIGENCE AND

AUTOMATION. ... e e et 21
Kulyk Lesia

RESTORATION OF AIR TRANSPORT IN UKRAINE AFTER THE WAR ..........cccoovveeee.... 23
Landysheva Mariia

RESTORATION AND MODERNIZATION OF AIRPORTS AFTER THE PANDEMIC AND
MILITARY CHALLENGES...........ooooooeeeeeeeeee e e 27
Poliukhovych N. I

INTELLIGENT TRANSPORTATION SYSTEMS .......coeeeeeeeeeeeeeeeee e 29
Ponkratova Sofiia

ECO-FRIENDLY TECHNOLOGIES IN MODERN TRANSPORT SYSTEMS........................ 32
Tarakhtii A.A.

ARTIFICIAL INTELLIGENCE AND USE OF UNMANNED AERIAL VEHICLES FOR THREAT
DETECTION AT THE AIRPORT .........oooooeeeeeeeeeeeeeeeeeee e 34
Tverdokhlib A.V.

THE IMPORTANCE OF NON-AVIATION ACTIVITIES AT THE AIRPORT..............cc.......... 38
Bucoybka 1.1

HIEPCIIEKTUBU 3ACTOCYBAHHA BE3IJIOTHUX JIITAJIBHUX AIIAPATIB YV CI/IBCBKOMY
TOCIIOHAPCTBL ...........ooeeeeeeeeeeeeee ettt ettt 41

Iicagpaposa E.1., Manvyesa O.P

VIOCKOHAJIEHHA MOJEJIEU OHTHUMI3ALIII O5CJIVI OBYBAHHA ITACAJKUPIB B
AEPOITIOPTAX HA OCHOBI TEOPII MACOBOI'O OECJIVITOBYBAHHA ....................... 44
Jlynaesa A.B.

IHTEJIEKTYAJIBHI TPAHCIIOPTHI CUCTEMU...........c..cooiiiiiiiiiiiiiieiee e 46



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

Makedons’ka Anastasiia
CYBER THREATS IN AVIATION TRANSPORT: ANALYSIS OF NAVIGATION SYSTEM

VULNERABILITIES AND PROTECTION METHODOLOGIES ...........ccccooeiiiiiiaiiaennn, 48
Ciukap M.O
IHHOBALIMHI HITXONU JJO OIITUMI3ALIII BAHTAKHUX ITEPEBE3EHb................ 50

Manvyesa O.P., [ycappaposa E.1

IH)KEHEPHE 3ABE3IEYEHHA EQEKTUBHOI'O ®YHKI[IOHYBAHHA ABIAL[IMHUX
IIEPEBE3EHDB HA ETAIIl OFCJIVYIOBYBAHHA IIOBITPAHOI'O CY/HA....................... 54
Mapuenko B.C

LITYYHUY IHTEJIEKT, AK HOBUH IHCTPYMEHT CTAJIOI'O PO3BUTKY JIOIICTUYHOI

CDEPH ...ttt ettt 56
Pomanuyx M.A.

IIEPCIIEKTUBH BIIPOBA/DKEHHA AEPOTAKCI HA FA3I EJIEKTPOJIITAKIB ............ 60
Pomanuyx M.A.

BUKOPUCTAHHA I'IJPOJAPOHIB JIJIA MOHUTOPUHI'Y AKOCTI BOJAU HA BHYTPILIIHIX
BOIHUX LLITIAIXAX ..ottt ettt 65
Llanosanosa A.1O.

ITPOBJIEMH TA IIEPCIIEKTHBH PO3BUTKY TPAHCIIOPTHOI IH®PACTPYKTYPU
VEKPAIHI ...ttt 69
Hlunxapyx A.B.

MYJIBTUMOJAJIbHI IIEPEBE3EHHS B EIIOXY IJU®POBUX TEXHOJIOIIH ............. 72



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

[NHEPEJIMOBA

B pamkax 3arutaHoBaHux 3axoniB y KwuiBcbkoMy aBialilHOMy IHCTUTYTI Kadeaporo
opranizanuii aBialiifHux mepeBe3eHb Oyno mposenaeHo IV MixHapoJHy HaAyKOBO-TEXHIYHY OHJIAWMH
KOH(EpeHIIIo JUIsi CTYICHTIB, AacCHipaHTIB, IOKTOPAHTIB Ta MOJOauX YyueHUX «lHHOBaIiifHi
TPAHCIOPTHI TEXHOJIOTIT Ta TPAHCHIOPTHI CUCTEMU.

Kondepenuist npoiinuia y aucranniitnomy pexxumi. OCHOBHOIO METOIO0 KOH(epeHLii 0yio
dbopMyBaHHST TIpodeciiHOl CHITPHOTH IS OOTOBOpPEHHS MpOoOJieM opraHizailii mHepeBe3eHb Ta
YIpaBIIiHHS HA TMOBITPSIHOMY TPAHCIIOPTi, YNPaBIiHHSA TPAHCIIOPTHUMHU TPOLIECAMH Y TYPHUCTUUHIN
1HAYCTpil Ta IpU areHTyBaHHI BAHTaXIB.

TemarnuHUMU HapsIMKaM# poOOTH KOH(DepeHIIi Oyiu:

* [IpoGneMu i MEpCrEeKTUBH PO3BUTKY TPAHCIIOPTHUX IE€PEBE3CHb Ta TEXHOJOTIH (3a BUIaMU
TPaHCIOPTY);

* P03BUTOK aBialliifHUX Maca)kKWPChKHUX Ta BAHTAXKHUX IEPEeBEe3eHb B YKpaiHi: TPEH/IU, IEPCTIEKTUBH,
TEXHOJIOT1T;

* [HTEeIIIeKTyaNbHI TPAHCTIOPTHI CUCTEMU;

* [HHOBAIIIITHI TEXHOJIOTIT OpraHi3allii mepeBe3eHb.

Ha cexuiitHomy 3acinanHi BigOyiacs JUCKYCis, SiKa BKJIIOYMIIA B ce0e 00roBOpeHHsI, 30Kpema,
npo6JeM MiABUIIICHHS HAIIHOCTI NepeBe3eHHs BAaHTAXKIB B IHTETPOBAaHUX TPAHCIIOPTHUX CHCTEMA,
poni Ta Micus O€3MIOTHOI aBialmii B Cy4acHMX yMOBaxX, aHANITUYHUX NaHUX PO IiSUTBHICTH
MDKHApOJHMX aBlaKOMIIaHid, mpoOieM opradizaimii mHepeBe3eHb Ta YIPaBIiHHSA MOBITPSIHUM
TPAHCIOPTOM KpaiH CBITY, €KOJIOTTYHOIO OJaroycTporo OyJiBenb aepornopTry, 3aCTOCYBaHHS TeOpii
irop y 6e3meri aeponopTy, BiTHOBJICHHS TPAHCIIOPTHOI iHPPACTPYKTYPH, SIK KITIOUOBOI MIEPCIIEKTUBU
IiABUIIEHHS PiBHS €()eKTUBHOCTI YKPATHCHKUX aepOIOPTiB TOLIO.

3a pesyabpTatamMu poOOTH KOH(pEpeHLii 3po0ieH] HACTYITHI BUCHOBKU:
1. YyacHukamu koH(pepeHIii Oyu npeCcTaBiIeH] aKTyalbHi HAPSMH AOCHIHKEHb 1I[0J10 BUPILICHHS
Cy4JacHUX Mpo0JieM oprasizaiii mepeBe3eHb Ta yIpaBIiHHS Ha MOBITPSHOMY TPAaHCIIOPTI, YIPaBIiHHS
TPAHCIOPTHUMHU MPOLIECAMH Y TYPUCTHYHIHM 1HIYCTpIi Ta PH areHTyBaHHI BaHTaXiB.
2. 3 METOI0 CTHMYJIIOBAHHS HAYKOBOI CKJIaJI0BOi KOH(epeHIlii 3arpornoHOBaHO:
* aKTUBI3yBaTH NPECTABICHHS Ha 00rOBOPEHHs HAYKOBUX Pe3yJIbTaTiB MariCTpaHTIB, aCMipaHTIB Ta
MOJIO/IUX HAYKOBIIIB;
* PO3LIMPUTH JUCKYCIHHY CKIaJ0BYy KOH(DEpeHLii;
* MOrTUOUTH 3aiydeHHs (axiBIiB 3 IHIIMX KpaiH, a TaKOX aBlallifHUX MIANPHEMCTB YKpaiHU Ta
Jiep KaBHUX OpPraHiB BJIaJu 10 poOOTH KOH(epeHLii.
3. [Ticnst 3acimyXxoByBaHHS 1 0OTOBOPEHHS MPEICTABICHHUX JIOMOBIIeH Ha
KOH(epeHIIii MPOMOoHy€eMO:
* BUKOPUCTOBYBATH MaTepiajii MpOBEACHOT MIXXHAPOIHOI KOH(epeHLii A MiArOTOBKU CTY/AEHTIB,
acIipaHTiB, JOKTOPAHTIB;
* 32 pe3yJIbTaTH NMPOBEACHHS KOH(pEPEHIiT 3AIHCHUTH BUAAHHS €JIEKTPOHHOTrOo 30ipHMKa, IKHid Oyie
po3MileHnii Ha caifiTi @akynpTeTy TPaHCIIOPTY, MEHEPKMEHTY 1 JIOTICTUKH Ta y peno3utapii HAY.

I'onoBa opranizaniiiHoro komirery J.0O. llleBuyk
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The growing complexity of global trade and the need for sustainable logistics solutions have
increased the importance of intermodal freight transport, which combines different transport modes -
road, rail, and sea within a single logistics chain. Intermodal systems offer reduced costs, improved
delivery times, and environmental benefits. However, managing these systems requires coordination

of infrastructure, schedules, and transfer points, which presents significant planning challenges.

Mathematical modeling provides an effective approach for optimizing intermodal networks by
allowing structured analysis of routes, costs, and constraints. It enables informed decision-making in

selecting optimal transport paths and transfer nodes.

This study is based on the development of a mathematical model designed to optimize
intermodal freight transport networks by minimizing total transport and handling costs while
considering transit times and logistical constraints. The model represents the transport system as a
directed graph, where nodes correspond to logistics facilities (e.g., seaports, rail terminals, road hubs)

and arcs represent transport connections across different modes.

An intermodal transport network is modeled as a directed graph G = (N, A), where:
1. N is the set of nodes (terminals, ports, rail stations, warehouses),

2. A is the set of arcs representing transportation links between nodes.

Each arc (i,j) € A is characterized by:

1. Transport mode (road, rail, sea), m € M
2. Distance between nodes, d;;

3. Transit time, t;;

4. Transport cost, ¢;;
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Transfer nodes include handling operations, which are associated with specific costs and time

delays.

A cost minimization problem is formulated using the following decision variables:
1. x;; € {0,1}: binary variable indicating if arc (i, j) is used via mode m,

2. Vi € {0,1}: binary variable indicating if node k is used as a transfer point.

The objective function minimizes the total cost:

min z z cijxi; + z hy Y
(L))EA meM kem
Subject to:

e Flow conservation constraints (goods must move from origin to destination),
e Mode-specific capacity constraints,
e Time window restrictions for delivery,

e [ogical constraints linking use of transfer nodes and arcs.

A regional freight corridor in Eastern Europe was selected as a case study, integrating seaports,
rail terminals, and road transport hubs. Data were sourced from logistics operators and transport

ministries.

The model was tested on a network with:

1. 25 nodes (including ports, terminals, warehouses),
2. 85 transport arcs across road, rail, and maritime modes.
Key findings:

1. Intermodal integration reduced overall costs by 18% compared to unimodal solutions.
2. Optimal utilization of transfer nodes concentrated at rail-sea junctions.
3. The average delivery time decreased by 12%, particularly for long-haul corridors with

fewer handling operations.

Sensitivity analysis revealed that:
1. Increasing road fuel prices made rail-sea combinations more favorable.

2. Enhancing port handling efficiency significantly improved network performance.

The computational model solved all scenarios within 5—10 minutes, indicating good scalability

for medium-sized networks.
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Conclusion

This study demonstrates that mathematical modeling is a valuable approach for optimizing
intermodal freight transport networks. By integrating various modes into a single model and
considering realistic constraints, the proposed method effectively reduces both costs and transfer
times. Future work will focus on dynamic modeling to incorporate real-time data, uncertainty, and
sustainability metrics, providing further support for logistics planning in smart transportation

networks.

References:
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The aviation industry is a significant contributor to global carbon emissions, necessitating a
comprehensive review of sustainable practices and strategies to mitigate its environmental impact.

Against the backdrop of the global climate crisis and growing international pressure on
industries with high greenhouse gas emissions, aviation has come under the spotlight. Although
aviation's share of global carbon dioxide emissions is relatively small - approximately 2.5% - its
impact on climate change is significant due to the high emissions, flight intensity, and projected traffic
growth. According to the International Air Transport Association (IATA), the number of air
passengers could double by 2050, which requires a radical transformation of existing approaches to
the sustainable development of the aviation industry [1].

Realizing the goals of the Paris Agreement to limit global warming to 1.5°C requires a rapid
reduction of the carbon footprint in all sectors of the economy, including aviation. This is possible
through the introduction of the latest technologies, replacement of fossil fuels with alternative energy
sources, optimization of aviation processes, digitalization, changes in the regulatory environment,
and active investment attraction.

The purpose of this study is to systematize and analyze the main technologies, strategies and
initiatives aimed at decarbonizing the aviation sector, including the use of sustainable aviation fuel
(SAF), development of hydrogen and electric aviation, infrastructure modernization and

implementation of international climate programs.
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1. Sustainable aviation fuel (SAF)

SAF is a bio- or synthetic fuel produced from renewable raw materials: vegetable oils, animal
fats, waste, hydrogen (combined with CO»), algae. Advantages of SAF:

- reduction of lifetime CO: emissions by up to 80%;

- compatibility with existing jet engines (drop-in fuel);

- reduction of soot, NOx and sulfate particles.

According to IATA forecasts, SAF should cover up to 65% of emission reductions by 2050.
Today, the share of SAF in global aviation fuel consumption does not exceed 0.2%, but production
facilities in the United States, the Netherlands, Singapore, and Norway are actively developing [2].

2. Hydrogen aviation

Hydrogen as an energy carrier can be used in two ways:

combustion in modified gas turbine engines;

electrochemical conversion into electricity through fuel cells.

Both approaches are zero-emission in terms of CO: emissions in flight. At the same time,
challenges include:

ethe need for hydrogen liquefaction (-253°C) and large storage volumes;

ercbuilding of fuel infrastructure at airports;

etechnical adaptation of aircraft structures.

Airbus has announced the launch of a series of ZEROe hydrogen aircraft (for 100-200
passengers) by 2035. The company is also currently implementing the Hy4, H2Fly, and ZeroAvia
projects for regional aviation [3].

3. Electric aviation

The main areas of development are:

eall-electric regional aircraft (e.g., Eviation Alice);

ehybrid systems with an electric motor for takeoff and landing;

edrones and battery-powered drones.

Although the low density of modern batteries limits the flight range (up to 400 km), electric
aircraft demonstrate low noise, zero CO- emissions, and reduced maintenance. Their introduction is
relevant for urban transportation, regional routes, and business flights [4].

4. Operational measures

In addition to technology, a significant share of emissions can be reduced through process
optimization:

e eco-friendly taxiing with ground tugs (taxibot);

e optimization of flight routes through satellite navigation systems;

10



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

e reduction of airborne waiting time through the Single European Sky (SESAR);

e remote maintenance and digitalization of MRO procedures [5].

5. Economic and regulatory mechanisms

The ICAQ's international system CORSIA (Carbon Offsetting and Reduction Scheme for
International Aviation) has been in place since 2021 and provides for a gradual reduction of emissions
through offsets and sustainable fuels. At the same time, the EU has implemented the EU ETS system,
where airlines must purchase emission allowances or offset them with investments in green
technologies.

Public funding for innovation, preferential taxation of SAF, and the formation of green tariffs
(for example, Lufthansa and Air France introduce voluntary SAF fees for passengers) play a
significant role [6].

The future of aviation is impossible without an active transition to low-carbon technologies.
The development of SAF, hydrogen and electric propulsion, infrastructure modernization,
implementation of digital solutions, and environmental regulation create the preconditions for
achieving climate neutrality in the aviation sector by 2050.

As an important transit country with a strong aviation tradition, it is extremely important for
Ukraine to integrate into global green initiatives, develop its own SAF production, support electric

small aircraft projects, and modernize airports in line with future standards[7].

References:
1. ICAO Environmental Report 2022. International Civil Aviation Organization, 2022. URL:
https://surli.cc/ydakug
2. TATA. Sustainable Aviation Fuel. 2025. URL: https://www.iata.org
3. Airbus ZEROe White Paper. Airbus, 2023. URL: https://surl.li/dgdncy

4. European Commission. Fit for 55: Reducing emissions from aviation. 2023. URL:
https://surl.li/myaivf

5. CORSIA Implementation Guide. ICAO, 2022. URL: https://surli.cc/rmspgg

6. Sustainable Aviation. Decarbonisation Roadmap. UK, 2021. URL: https://surl.lu/vlzaft

7. EASA. Environmental protection in aviation. URL: https://www.easa.europa.eu
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The process of implementing European Union (EU) principles in the management and
development of aviation infrastructure in Ukrainev is crucial and important. It analyzes the legal,
technical, and institutional mechanisms of integration with the EU aviation system. Emphasis is
placed on the need to modernize Ukrainian aviation infrastructure in line with EU standards to
improve safety, efficiency, competitiveness, and environmental sustainability.

Ukraine occupies a strategic position at the crossroads of European and Asian air corridors. The
country’s aviation infrastructure, however, remains underdeveloped and in need of modernization.
Since the signing of the Common Aviation Area (CAA) Agreement with the EU in 2021, Ukraine
has made efforts to adopt European standards and regulatory frameworks [1]. The implementation of
these principles is critical for Ukraine’s full integration into the European airspace and for boosting
its aviation sector’s global competitiveness.

The EU’s approach to aviation infrastructure is based on several core principles:

* Safety and Security: Full compliance with European Union Aviation Safety Agency (EASA)
standards is essential. This includes technical regulations, airport certification, and operational
oversight [2].

* Market Liberalization: Open Skies agreements and deregulation foster competition and
attract investment [3].

* Environmental Sustainability: In line with the European Green Deal and the “Fit for 55”
package, infrastructure projects must meet climate neutrality goals [4].

* Digitalization and Innovation: Initiatives like the Single European Sky ATM Research

(SESAR) promote efficiency through the adoption of digital air traffic management systems [5].

12
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* Intermodality and Network Integration: Airports are considered multimodal hubs within
the Trans-European Transport Network (TEN-T), enhancing accessibility and mobility [6].

3. Ukraine’s Progress and Alignment Ukraine has begun harmonizing its aviation regulations
with the EU acquis. The State Aviation Administration of Ukraine (SAAU) plays a pivotal role in
this process. The country has already adopted key regulatory acts, such as:

* Regulation (EC) No 216/2008 on common rules in the field of civil aviation ¢ Regulation (EU)
No 139/2014 on aerodrome requirements

* Provisions regarding air traffic management, passenger rights, and state aid [1, 7].

Furthermore, several Ukrainian airports have initiated infrastructure development projects co-
financed by international institutions such as the European Investment Bank (EIB) and the European
Bank for Reconstruction and Development (EBRD) [8].

4. Barriers to Implementation Despite progress, Ukraine faces a number of challenges:

* Infrastructure degradation due to long-term underfunding and damage from military
conflict.

* Institutional inefficiencies and bureaucratic obstacles.

* Limited financial resources for large-scale modernization.

* Need for capacity-building in technical and regulatory competencies Addressing these issues
requires coordinated efforts from the government, international partners, and private stakeholders.

Thus, the successful implementation of European principles in Ukraine’s aviation infrastructure
development is essential for ensuring long-term integration into the EU aviation market. Although
significant challenges remain, alignment with European norms brings opportunities for

modernization, increased investment, and improved international connectivity.
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The international aviation sector is going through a digital revolution. Airlines and airports must
implement cutting-edge technologies to improve operational effectiveness, safety, and customer
experience as passenger volumes increase and competition heats up. Digital solutions satisfy the
changing demands of tech-savvy travelers while also streamlining internal operations. Digitalization
is essential to ensuring resilient and sustainable air transport management in the context of
environmental challenges and post-pandemic recovery.

This study aims to investigate, evaluate, and assess the effects of recent digital advancements
in air transport management on airline and airport performance. The study emphasizes the usefulness,
advantages, and possible difficulties of putting such solutions into practice.

1. Digital Air Traffic Management Systems. The switch from conventional radar-based systems
to satellite-based navigation and communication is among the most revolutionary developments.
Programs like NextGen in the USA and SESAR in Europe are designed to minimize fuel consumption
and optimize flight paths [1].

Impact: Installing contemporary ATM systems saves 300-500 kg of fuel per flight and cuts
average flight times by 10-15%, according to EUROCONTROL. For instance, at an average fuel
price of $0.85/kg, a medium-haul flight that uses 400 kg of fuel per leg saves $340 per flight. When
multiplied by 5,000 flights per year, each airline would save $1.7 million.

2. Automation and Smart Airports Digital technologies such as biometric security checks,
RFID-based baggage tracking, automated check-in kiosks, and digital wayfinding have been
incorporated into airports. These innovations reduce waiting time, operational costs, and improve the

passenger experience [2].
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Example: Dubai International Airport reduces boarding times by 30—40% by processing over
5,000 passengers per hour through smart gates using biometric facial recognition. IATA claims that
automation at the boarding and check-in gates can reduce the average processing time per passenger
from 10 to 4 to 5 minutes, thereby increasing airport capacity without the need for physical expansion.

3. Predictive analytics and artificial intelligence in airline operations Al is used by airlines to
improve route planning, maintenance, and crew scheduling. Unplanned aircraft downtime is avoided
with predictive maintenance based on Al data.

Calculation: Downtime is decreased by 20% if an airline has a fleet of 50 aircraft and Al can
predict failures with 90% accuracy. Over $3.65 million can be saved annually if each aircraft has an
average downtime cost of $10,000 per day.

4. Mobile Solutions and Digital Customer Experience Booking, boarding, real-time updates,
and chatbot support are now all done through mobile apps. Up to 70% of customer inquiries are
handled by Al chatbots on airlines like Lufthansa and Delta without the need for human intervention.
Customer loyalty is increased through digital personalization. According to a 2023 SITA survey, 83%
of travelers favor self-service options for the duration of their trip.

5. Blockchain Technology for Safe and Open Operations Blockchain is being investigated for
digital identity verification, safe ticketing, and even luggage tracking. It makes inter-airline
settlements easier and lowers the chance of fraud. Blockchain-based solutions for maintenance
records have been tested by Air France and Lufthansa, enhancing compliance and trust.

Challenges and Considerations.

» Cybersecurity risks: The threat of cyberattacks increases with the interconnectedness of
systems.

* High initial investment: Putting Al and smart infrastructure into place costs a lot of money.

* Training and change management: Employees need to get used to new procedures and systems
[3].

Conclusions.

Modern air transport management requires digital innovation, not a luxury. Digital tools are
changing the industry in a number of ways, from increasing passenger satisfaction to improving
operational efficiency. Despite implementation difficulties, digital transformation is a strategic
priority for all aviation stakeholders due to the long-term cost savings, sustainability, and customer

satisfaction benefits.
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The global supply chain environment is experiencing rapid transformation, driven by increasing
interconnectedness, recurring disruptions, evolving customer expectations, and growing
sustainability demands. Traditional supply chain management approaches are becoming insufficient
in addressing the complexities of today’s business landscape. Organizations are compelled to adopt
innovative strategies not only to stay competitive but to ensure operational resilience, efficiency, and
long-term sustainability.

A key factor behind this shift is the growing complexity of global supply networks. As companies
expand across borders, they face intricate logistics operations and heightened risk exposure.
Disruptions in one part of the world can cascade throughout the entire network. In 2024, for instance,
a large share of European shippers faced major disruptions, emphasizing the fragility of extended
supply chains [1]. Geopolitical instability, ocean freight bottlenecks, and regional crises like the Red
Sea conflict demonstrate how localized issues can hinder global trade. Simultaneously, the retreat of
globalization in certain sectors, such as electronics, adds to the management complexity [2].

Volatility across geopolitical, environmental, and economic domains further amplifies the
urgency for innovation. Trade wars, shifting regulations, and climate change-driven disasters disrupt
operations, while inflation and unpredictable demand challenge accurate planning. Cybersecurity
threats also pose increasing risks to data integrity and operational continuity. Organizations must
proactively identify risks and build resilient supply chains that can quickly adapt to change [1].

Changing customer expectations add another dimension. Consumers now demand faster delivery,
product personalization, and seamless omni-channel experiences. Meeting these expectations
requires increased supply chain visibility, flexibility, and responsiveness. Technological innovation
plays a central role in enabling real-time tracking, last-mile delivery improvements, and more agile

production systems [3].
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Sustainability is also reshaping supply chains. Consumers, investors, and regulators increasingly
expect companies to uphold environmental and ethical standards. Practices such as green sourcing,
emissions reduction, and circular economy models are becoming integral to supply chain design.
Companies are developing closed-loop systems that emphasize recycling, waste reduction, and
resource efficiency. Regulatory pressure and investor scrutiny are accelerating these efforts [1, 4].

Technological advancement is the backbone of modern supply chain innovation. Artificial
Intelligence (AI) and Machine Learning (ML) enhance forecasting accuracy, automate operations,
and detect risks. These tools optimize inventory levels, reduce waste, and support autonomous
decision-making. For example, Al algorithms can adjust delivery routes in real-time based on traffic
or weather data, improving efficiency and responsiveness [1].

The Internet of Things (IoT) extends real-time visibility by embedding sensors in goods, vehicles,
and equipment. These devices provide continuous data on location, condition, and performance,
enabling predictive maintenance and automated inventory tracking. When combined with Al, IoT
supports proactive decision-making and resource optimization [5].

Blockchain technology enhances transparency, security, and traceability by recording immutable
data across the supply chain. It helps verify authenticity, prevent counterfeits, and streamline
compliance. Smart contracts automate payments and reduce errors, though accurate data input and
stakeholder adoption remain challenges [1].

Cloud computing supports scalability, real-time collaboration, and seamless data integration.
Cloud-based platforms connect suppliers, manufacturers, and retailers, enabling faster responses to
disruptions and improving visibility. Big Data analytics helps interpret complex data sets, offering
insights for better decision-making in areas like logistics and inventory management [1, 3].

Digital Twin technology creates virtual models of assets and processes, allowing companies to
simulate scenarios and anticipate disruptions. This predictive capability improves strategic planning
and operational efficiency. Robotics and autonomous systems are also reshaping logistics. In
warehouses, robots handle picking, packing, and sorting. Autonomous vehicles and drones are being
explored for last-mile delivery, offering speed and cost benefits [1, 6].

Beyond technology, strategic agility is becoming a priority. Companies are diversifying suppliers,
decentralizing production, and increasing stock buffers to manage risks. The "China plus one"
strategy, for instance, reduces reliance on a single country. Nearshoring and reshoring bring
production closer to end markets, improving responsiveness and reducing transit times, though often
at higher upfront costs [1].

Risk management is evolving from mitigation to building "anti-fragile" supply chains that learn

and adapt from disruptions. Collaboration is key in this transformation. Strong partnerships across
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the supply chain enhance coordination, innovation, and resilience. Digital platforms facilitate
communication and data sharing, breaking down silos and enabling synchronized operations [3].

Advanced demand forecasting and planning techniques are crucial in today’s volatile
environment. Al and ML analyze historical and real-time data to predict demand with greater
accuracy. Demand sensing captures short-term fluctuations, while probabilistic forecasting prepares
for a range of scenarios. Integrating data from loT, social media, and economic indicators further
refines accuracy. Collaborative forecasting with partners reduces the bullwhip effect and improves
responsiveness [1, 7].

Sustainability is increasingly embedded in every aspect of supply chain strategy. ESG
(Environmental, Social, and Governance) considerations guide supplier selection and performance
measurement. Ethical sourcing, fair labor practices, and carbon footprint reduction are central to long-
term viability. Circular economy practices such as repair, reuse, and remanufacturing are being
integrated into product design and logistics. Technologies like Al, IoT, and blockchain help monitor
and report environmental impacts, supporting transparency and compliance [1, 4].

Digital platforms support the creation of interconnected ecosystems where suppliers,
manufacturers, and distributors operate cohesively. Cloud-based supply chain management tools
enhance coordination and visibility, enabling real-time responses to shifts in demand or disruptions.
Supplier portals streamline communication, compliance tracking, and order management [3].

Looking ahead to 2024-2025 and beyond, the pace of innovation will accelerate. Al and
automation will expand into more supply chain functions, while sustainability initiatives will deepen.
Digital supply networks, built on interconnected systems and real-time insights, will become
essential. Resilience, agility, and transparency will define successful supply chains, and innovation
will remain a core strategic priority [1].

Thus, the global supply chain is undergoing a profound transformation. Companies must rethink
traditional practices to address growing complexity, volatility, and stakeholder expectations.
Innovation across technology, strategy, and sustainability is not optional—it is essential. Those who
adopt an integrated approach to innovation and collaboration will be best positioned to navigate

uncertainty and lead in the evolving global marketplace.
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The need to reduce carbon emissions and increase the efficiency of air transport has led to a large-
scale digital transformation in aviation. Artificial intelligence (AI) and automation have become key
factors in this transformation, covering maintenance, navigation, air traffic control and passenger
interaction. The papers argue that intelligent technologies can significantly reduce fuel consumption
and CO: emissions, as well as improve flight accuracy and safety.

The purpose of the study is to analyze the leading artificial intelligence technologies in aviation
and their potential to ensure sustainable development of the industry.

The object of the study is modern digital technologies in aviation, in particular artificial
intelligence systems in flight management, maintenance, logistics and passenger service. The study
used the method of system analysis, as well as the comparative method when comparing the use of
Al in leading aviation companies. The source database was formed on the basis of reports from IATA,
ICAO, Airbus, as well as modern scientific publications [1-2].

Intelligent technologies allow solving several tasks at once: increasing fuel efficiency, reducing
flight delays, improving logistics and providing personalized passenger service.

For example, Airbus’ Skywise Predictive Maintenance system analyzes hundreds of flight parameters
in real time and allows reducing unplanned delays by 30% [3].

Automated dispatch systems with Al are already being tested in the EU with the aim of reducing the
workload on operators and optimizing air traffic [4].

In addition, artificial intelligence tools are actively used to model scenarios for the introduction
of sustainable aviation fuel (SAF) and assess carbon footprints. As noted in , automated forecasting
models help airlines choose routes with minimal emissions, which, according to a Deloitte study

(2023), allows reducing costs by up to 8% while meeting climate standards [5].
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For Ukraine, which has significant IT potential and traditions of aircraft construction, a window
of opportunity opens for creating its own digital solutions in the industry. Automation of processes at
Ukrainian airports, implementation of biometric systems and Al in logistics can become drivers of
integration into global green initiatives.

Artificial intelligence and automation are becoming integral elements of the modernization of air
transport. They allow solving both environmental and operational challenges of the industry. Ukraine
has all the prerequisites for active participation in this process, especially in the context of post-war

reconstruction and digital transformation of infrastructure.
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The Russian invasion of Ukraine has had a devastating impact on the country’s aviation
industry. At the onset of the conflict, Ukraine closed its airspace to civilian flights due to the "high
risk" posed by military activities, leading to the immediate suspension of all domestic and
international flights [1]. Major airlines, including Turkish Airlines and Pegasus Airlines, canceled all
services to Ukrainian cities, effectively isolating the country from global air travel networks.

The physical destruction has been severe: nearly one-third of Ukraine’s infrastructure has
suffered damage, with 19 out of 35 airfields-comprising both civilian and dual-purpose airports-
damaged by shelling in the early weeks of the war. The estimated losses to aviation infrastructure
alone reach $2.14 billion [2]. Iconic aircraft and major facilities were destroyed, such as the home
airport and fleet of Antonov Airlines, which lost several unique cargo planes including the world-
famous An-225 Mriya. The closure of airspace and destruction of infrastructure have halted passenger
and cargo operations within Ukraine, forcing airlines to relocate operations abroad or suspend them
entirely.

The Russian invasion has caused catastrophic damage to Ukraine’s aviation infrastructure, fleet,
and airspace operations. Below is a detailed assessment of the current situation:

Infrastructure Damage

Ukraine’s aviation infrastructure has suffered extensive destruction:

Airports and airfields: 19 out of 35 airfields (12 civilian, 7 dual-purpose) were damaged or
destroyed in the initial phase of the war, with repairs hindered by ongoing hostilities. Total damages
to aviation infrastructure are estimated at $2.04 billion.

Critical facilities: Key airports like Boryspil International remain closed, and specialized
facilities, such as Antonov Airlines’ home base, were obliterated, including the destruction of the An-

225 Mriya cargo plane.
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Air traffic systems: Attacks on navigation equipment and control towers have disrupted airspace
management, necessitating a complete overhaul of safety protocols [2].

Aircraft and Fleet Losses

Ukraine’s aviation fleet has been decimated by direct strikes and operational constraints:

Combat losses: During the 2014-2022 Donbas conflict, Ukraine lost 5 Su-25 attack aircraft, 2
MiG-29 fighters, 1 11-76 transport plane, and multiple helicopters. Post-2022 losses include rare cargo
aircraft like the An-225.

Maintenance challenges: Recent Ukrainian drone strikes on Russian airfields, such as
Borisoglebsk (August 2024), destroyed maintenance hangars critical for servicing Su-34, Su-25, and
training aircraft, indirectly affecting Ukraine’s ability to counter Russian airpower.

Fleet modernization: Ukraine plans to receive Western-made combat aircraft (e.g., F-16s,
Mirage-2000s) in 2025, signaling efforts to replenish depleted forces.

Airspace Control

Ukraine’s airspace remains closed to civilian traffic since February 2022 due to active conflict
risks. Key challenges include:

Security architecture: A joint military-civilian control system is under development, with 60—
70% of the framework completed as of February 2025. This includes risk assessment protocols and
international collaboration to ensure safe flight paths [3].

Air defense dependency: Reopening airspace hinges on enhanced air defense systems to
mitigate missile and drone threats. Boryspil Airport’s CEO emphasized that resuming flights requires
“acceptable risk levels” for passengers and crew.

Global warnings: The U.S., EU, and other nations maintain strict no-fly advisories, citing risks
from military activity and unresolved airspace disputes, particularly near Crimea.

Certainly, here is an expanded conclusion incorporating additional relevant information from
recent developments and plans for Ukraine’s aviation sector recovery and modernization:

Ukraine’s air transport sector remains a critical pillar for the country’s economic and social
reconstruction following the extensive devastation caused by the war. The aviation industry not only
facilitates the movement of people and goods but also underpins vital humanitarian aid delivery,
foreign investment, and trade connectivity. According to the World Bank and aviation experts,
restoring Ukraine’s airports, air traffic control systems, and fleet capabilities is essential to jump-start
economic growth and reintegrate Ukraine into global markets [4].

Several key airports, including Kyiv Sikorsky, Lviv-Danylo Halytskyi, and Boryspil
International, are undergoing or planned for large-scale reconstruction and modernization. For
instance, Kyiv Sikorsky Airport is extending its runway by 500 meters and upgrading its airfield
category to improve safety and operational capacity, with phased work scheduled through 2025. Lviv
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Airport aims to resume commercial flights as early as spring 2025, with government and international
support focusing on ensuring airspace security and operational readiness. These efforts are supported
by coordinated recovery programs like the Ukraine Aviation Recovery and Reconstruction Program
(UARRP), which emphasizes infrastructure repair, equipment modernization, and staff training.

Looking forward, Ukraine envisions a resilient and innovative aviation future shaped by
modernization, sustainability, and international partnerships. The government has committed to a
comprehensive Air Force modernization plan through 2035, which includes acquiring Western
multirole fighters and replacing aging Soviet-era fleets to enhance national security and airspace
control. Civil aviation recovery is aligned with these defense upgrades, aiming to integrate Ukraine’s
airspace safely into the European and global aviation systems.

Moreover, Ukraine is advancing environmental sustainability in aviation, having approved an
action plan to reduce CO; emissions in line with ICAO standards, signaling a commitment to green
aviation practices as part of its reconstruction [3].

Conclusion

International collaboration remains a cornerstone of Ukraine’s aviation recovery. Partnerships
with European and North American aviation leaders provide technical expertise, funding, and training
support, accelerating the rebuilding of airport networks and air navigation services. Insurance
frameworks and risk assessment mechanisms are being developed to facilitate the safe resumption of
flights, with initial reopening likely focused on safer western airports such as Lviv before expanding
to major hubs like Boryspil.

In summary, air transport is more than a mode of travel for Ukraine-it is a strategic asset vital
to the country’s economic revival, humanitarian resilience, and sovereignty. With sustained
investment, innovation, and global cooperation, Ukraine’s aviation sector is poised to emerge
stronger, safer, and more integrated into the world, driving long-term prosperity and recovery.

This expanded conclusion integrates infrastructure projects, operational timelines, defense
modernization, environmental commitments, and international cooperation to provide a

comprehensive and forward-looking perspective on Ukraine’s aviation recovery.
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The aviation industry has experienced severe disruptions due to two major crises of the 21st
century: the COVID-19 pandemic and the full-scale Russian invasion of Ukraine. The global health
emergency paralyzed air travel, led to the closure of airports, and exposed structural weaknesses in
the aviation sector. Meanwhile, in Ukraine, military aggression caused unprecedented physical
damage to critical infrastructure, including complete destruction or disabling of airports in Kyiv,
Mariupol, Kharkiv, and Mykolaiv [1].

Airports are not just transport hubs; they are economic and strategic assets. Their shutdowns or
destruction directly affect tourism, logistics, medical evacuation, and national defense logistics. In
Ukraine’s case, the destruction of airports disrupted humanitarian corridors and commercial
operations, causing long-term economic and social consequences [2].

Restoring airport operations after crises requires considerable financial investment and strategic
planning. Funding sources include national reconstruction budgets, foreign aid (notably from the EU
and international financial institutions), and public-private partnerships. Priority is given to rebuilding
runways, terminals, and navigation systems [3].

The financial sustainability of the aviation sector is closely tied to modernization efforts. After
the pandemic, airports globally began implementing digital technologies, such as contactless check-
in, biometric verification, and smart baggage systems. In post-conflict zones like Ukraine, restoration
efforts are complicated by safety concerns, unexploded ordnance risks, and airspace restrictions.

Modernization of Ukrainian airports goes beyond physical reconstruction. A key goal is to
rebuild with resilience: to create facilities that can withstand future shocks — whether
epidemiological or military. The introduction of Al-based surveillance systems, resilient

infrastructure, and dual-use designs (civil and defense) has become a priority [4].
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Moreover, digitization and automation are central to post-pandemic and post-conflict
modernization. The integration of cloud-based air traffic management, advanced cybersecurity
protocols, and real-time passenger tracking systems not only enhances operational efficiency but also
ensures safety in uncertain geopolitical environments.

In post-war Ukraine, airports will play a critical role in economic revitalization. Their
restoration supports reintegration into global supply chains, boosts tourism, and facilitates
reconstruction logistics. Furthermore, airports are expected to stimulate job creation, regional
development, and innovation ecosystems around transport hubs.

International cooperation is essential in this process. Ukraine collaborates with ICAO, TATA,
and the European Union to align its rebuilding standards with global aviation norms and green
infrastructure goals [5].

Conclusions.

The restoration and modernization of airports in the aftermath of the pandemic and military
conflict is not only a technical or financial challenge — it is a national imperative. For Ukraine,
rebuilding its aviation infrastructure is a step toward sovereignty, economic recovery, and future
resilience. Integrating innovative technologies and ensuring dual-use capacity will make airports
more adaptive and future-proof, while strategic investments and global partnerships will pave the way

for sustainable development.
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Intelligent Transport Systems (ITS) are smart systems that utilize innovative developments in
transport system modeling and traffic flow regulation. They provide end-users with greater access to
information and increased safety, while significantly improving the level of interaction among road
users compared to conventional transport systems [4].

ITS represents a convergence of the automotive industry and the information technology sector,
based on two fundamental pillars: the modeling of transport systems and the regulation of traffic
flows. Although ITS can technically encompass all modes of transport, the European definition of
ITS according to Directive 2010/40/EU of July 7, 2010, defines it as a system in which information
and communication technologies are applied in the field of road transport (including infrastructure,
vehicles, system participants, and traffic regulation), with the ability to interact with other modes of
transportation.

The main purpose of ITS is to provide effective control and management of the urban transport
infrastructure in order to improve the quality of management decisions through hardware and
software tools [1].

The key prerequisites for the development of ITS were traffic congestion and road safety issues.
An increase in traffic congestion has led to a rise in environmental emissions — a highly relevant
concern — while road safety remains a crucial component in reducing accident rates, which continues
to be a pressing issue. The main goals of implementing ITS include:

e Improving road safety;

¢ Increasing the capacity of the street and road network;

e Enhancing the quality of service for road users;

e Reducing the negative environmental impact of traffic flows;
e Improving the efficiency of transportation operations;

e Increasing the prestige of urban public passenger transport;
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¢ Enhancing the investment and tourist appeal of cities.

In Ukraine, the development of ITS, as in many other countries, is undoubtedly a current and
significant issue. In recent years, the number of vehicles has been increasing, while the density of the
road network has remained unchanged, leading to higher congestion and accident rates. One of the
major problems in any large city is traffic congestion, and the core task of ITS is to combat this issue.
One effective solution is intelligent traffic light control [2].

A similar system is currently in place in Kyiv, where a technical complex regulates traffic flows
along four major roads, integrating with traffic light units. This system comprises external video
surveillance cameras that transmit information about the road situation to a control center. Based on
the received data, traffic light modes are adjusted to prevent the formation of traffic jams. In addition,
data is collected on the number of vehicles, and forecasts of traffic parameters are made depending
on the time of day and day of the week.

A drawback of the current system is its inability to account for seasonal variations, which can
significantly affect traffic intensity. To solve this issue, the scope of data collection and processing
must be expanded to include seasonal factors. Nevertheless, this ITS remains one of the most
important systems, as it effectively addresses key problems such as congestion and road safety
through efficient traffic flow management.

Further development should also focus on implementing GPS-based ITS, which allows for
public transport monitoring. Currently, such systems are not yet widely available across all regions.
Their deployment would make public transportation more accessible and improve road safety. After
implementation, public transport stops should be equipped with electronic displays showing real-time
arrival and departure times for various routes.

The widespread adoption of geographic information technologies (GIT), such as GPS, in the
road sector nationwide would allow for the accumulation of data on road conditions, the location of
gas stations and other roadside services, and other useful information for drivers. The main task is to
develop a robust infocommunication infrastructure that ensures interaction among different transport
means in Ukraine and to maintain its relevance throughout its operational life [2].

Another type of ITS, which is almost non-existent in Ukraine, is an automated fare collection
system. Implementing such a system would enable accurate tracking of passenger flows, leading to
better functioning of current services and encouraging the development and deployment of more
efficient ones.

Thus, on a regional scale, the development of ITS programs becomes one of the most effective
measures for addressing social issues, improving urban public transport systems, and driving the

formation of an advanced information and telecommunication society.
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In conclusion, the main advantages of ITS are informativeness, safety, efficiency, cost-
effectiveness, and environmental friendliness.
With the optimization of the above-mentioned ITS, forecasts indicate:
The throughput capacity of urban road networks could increase by 20—30%;
Accident rates could decrease by 30—40%;

Environmental emissions in monitored areas could be reduced by 20-30%.

Conclusions
The core function of ITS is to effectively manage and redistribute traffic flows through
intelligent control of traffic lights and electronic information signs [4]. This system will maximize
the efficiency of the existing transport infrastructure, reduce the negative impact of transport
overloads on public health and the environment, and optimize public transport schedules by
integrating with existing control systems and ensuring priority for public transport.
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Environmental problems, particularly those related to climate change, have placed the
transport sector under growing scrutiny. Transport accounts for nearly a quarter of global energy-
related CO: emissions, prompting the need for eco-friendly innovations. The objective of this study
is to identify and evaluate modern sustainable technologies that can significantly reduce the
negative environmental impact of transportation [1].

The focus of this study is the analysis of current green technologies implemented in road, air,
and rail transport. Methodologically, the research is based on a comparative review of academic
publications, international reports by organizations such as IEA and IATA, and selected case
studies. The analysis also includes technical characteristics of electric and hydrogen-based vehicles
and infrastructure [2].

One of the major directions in sustainable transport development is the shift toward electric
vehicles (EVs), which reduce direct emissions and are becoming more affordable with improved
battery technologies. In aviation, sustainable aviation fuels (SAFs) and hybrid-electric aircraft show
high potential for reducing emissions by up to 80% compared to traditional kerosene-based fuels.

Hydrogen trains and battery-powered railcars are transforming regional rail networks in Europe and
Asia [3].

The integration of renewable energy into transport systems is also advancing rapidly. Solar-
powered charging stations, smart energy grids, and airport modernization initiatives are crucial
elements of this green shift. Digitalization and Al-based logistics further enhance efficiency and
reduce the carbon footprint of freight and passenger operations [4].

Ukraine has a growing opportunity to become an active participant in these developments by
supporting local innovation, modernizing infrastructure, and integrating with EU green initiatives

[5].

Eco-friendly transport technologies represent both an environmental necessity and an
economic opportunity. Their implementation not only mitigates climate change but also drives
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innovation, improves air quality, and contributes to national sustainability goals. Further investment
and international cooperation are essential for successful transition.
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The growing use of drones, or Unmanned Aerial Vehicles, and Artificial Intelligence in the
aviation sector has opened up new opportunities to improve airport operations and safety. Their
integration into airport systems allows for faster response times, reduced human error, and
improved operational efficiency. However, the potential for drones to be misused by criminals or
terrorists, such as using them to transport explosives or bypass airport defenses, has prompted the
development of specialized anti-drone systems to protect critical aviation infrastructure. Speaking
directly about Al it has become a transformative force in aviation, especially in airport security. Its
integration with UAVs enables autonomous navigation, real-time decision-making, and
significantly reduces human error. Today’s airports increasingly rely on Al to improve safety and
service delivery.

The objects of the research are Al systems used in airports and UAVs integrated into airport
security systems. The main attention is paid to their functional characteristics, in particular the
ability to autonomously navigate, recognize threats, detect violations, as well as improve aviation
security. The methods used for the analysis were the analysis of scientific articles and the analysis
of the risks of using UAVs by third parties (including for terrorist purposes).

Drones, or UAVs, are increasingly being used in aviation for tasks such as aircraft and airport
inspections, although their use in airport security is still limited by strict regulations. Despite their
potential, safety issues remain central to aviation, with a strong legal framework governing
operations. UAVs, often part of a larger unmanned aircraft system (UAS), can be controlled
remotely or autonomously and are excellent tools for future improvements in aviation safety.
Researchers concluded that drones can significantly improve safety by reducing response times,
freeing up human resources, reducing ground traffic, offering multi-functional capabilities (e.g.

thermal imaging) and minimising human error due to fatigue or distraction. [1]
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However, their use also poses potential risks to aircraft, people and infrastructure by adding
additional airspace congestion. For example, by complicating air traffic, especially on the airside;
the risk of collisions with aircraft; the reliance on vulnerable wireless connections; the probability
of cyberattacks on stored or transmitted data; and the continued reliance on well-trained operators,
as the technology alone cannot guarantee safety. These factors must be carefully controlled before

drones can be safely integrated into airport operations. [2]

Figure 1. Using drones at the airport’s as an additional eye for aviation security. [3]
Despite the fact that drones are useful for monitoring the airport perimeter and serve as an
additional eye in the sky to ensure aviation security, not all airports take advantage of this
opportunity, since in addition to the positive factors, the use of drones in aviation can also pose a
threat if the UAVs are not owned by the airport and are used by outsiders, and more often even by

terrorists and pose a threat to aviation security, passengers and personnel. With the help of drones,

terrorists can transport explosives, bombs, drugs, etc. In order to combat drones that pose a threat to

aviation security, special anti-drone systems have been developed that have the ability to detect,
monitor, identify and distinguish between drones that work at the airport and drones that are not
working, but are approaching the airport. [4]

Al interacts closely with UAVs as it provides autonomous navigation, system control and

reduces human error because of fatigue or distraction. [5] Artificial Intelligence has also improved

significantly in the development in recent years. It is widely used in our everyday lives, to facilitate

human labor, to perform things that are dangerous, complex or inaccessible to humans: from
something simple to extremely complex. Humanity is progressing, and therefore looking for
opportunities for fast, efficient and high-quality work. Aviation is not an exception. The more

technologies improve, the more something new is invented, including Al, the more the aviation
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sector has the opportunity to improve safety and ensure a fast, safe and reliable flow of passengers,
cargo and mail.

Al has significantly transformed airport security, particularly in screening processes such as
X-ray scanning and biometric identification. Al improves accuracy by analyzing X-ray images in
real time using deep learning, enabling faster and more reliable detection of weapons, explosives,
and prohibited items. Airports are now using Al-powered facial recognition and fingerprint
scanning to quickly and reliably verify identities. These systems reduce reliance on documents,
minimize wait times, and improve security, especially during health crises like COVID-19. Al
algorithms are learning to detect suspicious objects in images of baggage and improving detection
of hidden threats even with limited data. [6]

Al in aviation increases efficiency, safety and sustainability in many areas. In flight
operations, it assists pilots with decision-making and predicts turbulence. In maintenance, Al
provides predictive maintenance to prevent breakdowns. For the environment, it optimizes flight
paths to reduce emissions and helps assess impacts. In air traffic management, it analyzes data to
reduce delays, fuel consumption and improve route planning. In airports, it detects junk, drones and
helps with scanning and surveillance. With drones Al ensures safe airspace integration. It also
strengthens cybersecurity and security risk management by identifying threats, fixing
vulnerabilities, identifying risks and improving security. [7]

Al functions in aviation, specifically at airports:

e Automated security screening;

e Biometric identification;

e Baggage handling systems;

e Al-threat detection systems;

e Self-service checkout;

e Chatbots, assistant, customer service;
e Prediction of passenger flow;

e Drone detection;

e Ground operations;

e Autonomous vehicles, etc.

Thanks to the development and application of Al in the modern world, airport security has
been modernized, improved and continues to develop, ensuring fast, high-quality and safe
movement of passengers, baggage and mail. Al ensures fast and safe passage of control and all
necessary procedures and is able to detect certain violations or dangers in advance that may threaten

staff and passengers.
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Conclusion
Artificial Intellegence in the cooperation with drones (UAVs) are providing airport and
aviation in general with safe, quick and reliable operations ensuring safety for all processes
conducting at the airport. UAVs is an additional eye for protecting the perimeter of the airport as
well as it can be dangerous if used by terrorists not for safe purposes. Al is helping to reduce human

errors avoiding such situations like human fatigue or distraction.
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Introduction

In the 21st century, airports are transforming into multifunctional transport and logistics complexes
that perform not only the tasks of transporting passengers and cargo, but also play an important
socio-economic role in regional development. The increase in passenger traffic, growing
competition between airports, as well as the need to ensure financial sustainability encourage airport
management to look for new sources of income and improve passenger service.

One of the key areas of modernization and development is non-aviation activities - a set of services
and operations not directly related to flights, but which bring significant income. These include
retail, catering, advertising, parking, rental of premises, banking services, as well as the
organization of various services for passengers and airport visitors. According to the Airports
Council International (ACI), the share of non-aviation income at some airports in the world can
exceed 50% of total income.

The relevance of the topic is also enhanced by the fact that non-aviation activities allow airports to
reduce their dependence on fluctuations in the aviation market, such as seasonal changes in demand
or global crises. It is thanks to the development of commercial infrastructure that many airports
have been able to maintain their functionality even in the most difficult periods.

The purpose of this thesis is to analyze the role and significance of non-aviation activities in the
structure of airport functioning, in particular through the prism of their economic efficiency, impact
on the quality of passenger service and prospects for Ukrainian regional airports.

Materials and methods

The paper uses the method of analysis of scientific and industry sources, as well as official statistics
of international airport organizations (IATA, ACI Europe). A review of financial models of airport
operation is conducted, in particular with examples of European regional hubs, such as Poznan-
Lawica, Warsaw-Chopin and others. The main research method is descriptive analysis and
generalization of practical experience.

Results

Non-aviation activities cover a wide range of services that are not directly related to air transport,
but are important for the functioning of the airport as a modern transport and commercial complex.
The main areas include: retail, including duty-free shops, catering (cafes, restaurants), parking
services, advertising, rental of premises, banking and tourism services, business lounges, hotels, as
well as leisure and event organization.
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In many European airports, non-aviation activities generate a significant part of revenues. For
example, according to ACI Europe, on average up to 40-50% of airport revenues can come from
non-aviation sources. In large international hubs such as Frankfurt, Helsinki or Amsterdam-
Schiphol, these figures are even higher. Even in regional airports such as Poznan-Lawica, income
from parking, advertising and rental is steadily growing every year, ensuring the financial
sustainability of the enterprise.

In addition, non-aviation activities reduce the airport’s dependence on fluctuations in passenger
traffic. During periods of decline in air traffic (for example, during the COVID-19 pandemic),
commercial sources of income have helped many airports maintain their operations and avoid
significant losses.

It is also important to note the role of non-aviation infrastructure in shaping a positive passenger
experience. The presence of comfortable waiting conditions, a wide selection of goods and services,
clear navigation, quick access to parking spaces - all this affects the level of customer satisfaction.
Studies show that passengers who spend more time at the airport and have access to quality services
tend to spend more, which, in turn, contributes to revenue growth.

It is worth mentioning separately the growing role of digital technologies in non-aviation activities.
Airports are implementing mobile applications, advance booking systems for services (for example,
parking or business lounges), personalized advertising, interactive information stands. This
increases service efficiency and opens up new opportunities for monetization.

In general, non-aviation activities are now considered a full-fledged business area in the airport
development strategy. They not only contribute to financial stability, but also increase the airport's
competitiveness, making it more attractive to airlines, passengers and business partners.

Conclusion

Non-aviation activities are an integral part of a modern airport, ensuring economic stability,
expanding the range of services and improving interaction with passengers. Given the changing
dynamics of the aviation market, the development of this area is becoming strategically important.

Particular attention needs to be paid to the activation of non-aviation activities at regional airports in
Ukraine, where such potential is often underutilized. Using successful international experience can
be the key to improving their competitiveness and financial self-sufficiency.
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INEPCIIEKTUBU 3ACTOCYBAHHA BE3IIVIOTHUX JIITAJIBHUX AITAPATIB ¥
CIJIbCBKOMY I'OCIIOJAPCTBI

Bucoywka L1, k.e.H., doyenm.
Hayionanvnuii agiayitiniu ynisepcumem, Kuig
Kuro4oBi cioBa: TouHe 3emiepo0OCcTBO, 6€3MIIOTHI JIITAJIbHI anapart, CUTbChKOTOCIOIapChKi
JPOHH, aBlaliifHO-XiMi4HI pOOOTH.

Beryn. Toune 3emiepoOCTBO B CLIBCHKOMY TOCHOJAPCTBI NMpUBEpTae Bce OiIbIIE YyBaru
(bepMepiB, OCKIIBKH I0TIOMArae 3HU3UTH BUTPATH Ta MOKPAIIUTH CTaH HABKOJIMITHHOTO CEPE0BHUIIIA.
[Ipu nbOoMy BHHHKAa€e HEOOXITHICTH OLIBII IIMPOKOTO 3aCTOCYBAaHHS aBlaIlifHOrO TPaHCHOPTY B
IpoIleci BHUPOIIYBAHHS CLIbCHKOTOCIIOAAPCHKUX KYJIBTYp. YHIBEpCAIBHUM 1HCTPYMEHTOM ISt
TOYHOTO 3eMJIEPOOCTBa € OE3MIOTHI JITaJIbHI anapaTH, sSKi JoIoMaraioTh hepmMepam 00IpUCKYBaTH
011, 371IICHIOBATH KOHTPOJIb Ta KapTorpadito TaHUX MPO BPOKaHHICTh, BHOCUTH T0OpHUBA Ta HaBITh
J1arHOCTYBAaTH IMOCIBM Ha HAsBHICTh IIKIJHHUKIB Ta XBOpoO. ToMy NMepCHEeKTHBHUM HANpSIMKOM B
arpapHoMy cekTopi € Bukopuctants BITJIA, BpaxoBytouH iX nepeBar y opiBHAHHI 3 MIJIOTOBAaHUMHU
TITaTbHUMHU anlapaTaMu.

Toune 3emiepoOCTBO — 1€ IHHOBALIWHUI METOJl BEAECHHS CUILCHKOTO TOCHOJApCTBA, SKUN
nependayae BUKOPUCTAHHS HOBITHIX TEXHOJIOTIM NSl MOKpAIleHHs SIKOCTI Bpoxkaro. TexHOoJoris
TOYHOT'O 3eMiIepoOCTBa mependavae BUKOPUCTAHHA TOYHMX JAHUX JUCTAHIIIHOTO 30HAYyBaHHS,
Takux fK ¢ororpadii abo Bimeo300pakeHHS 3 JiTakiB ab0 cymyTHHKIB. Taki 300pakeHHS
J03BOJIIIOTh €()EKTUBHO KOHTPOJIIOBATH CTaH IPYHTIB Ta CLIbCHKOTOCIOAAPCHKUX KynbTyp. Llei
MiAXiJ BU3HAYAa€ BUMOTH JI0  CUIBCBKOTOCHOAAPCHKUX KYJBTYp 1 IPYHTY IJsl ONTHUMAaJbHOI
MPOAYKTUBHOCTI 3 OJHOrO OOKy, Ta 30€peKeHHsI PecypciB, €KOJOTiuHOi CTIHKOCTI Ta 3aXUCTY 3
iHImoro. TouHe 3eMJIepoOCTBO SIK METO/] PETYIISIPHOTO BEIEHHS CLIHCHKOT0 FOCHOapCTBa JOMIOMarae
BUDPIIIUTH HaWBAXIUBIII NPOOJIEMU: HaIMipHE BHUKOPHUCTaHHS pECYpCiB, BHCOKI BUTpATH Ta
pPYHHIBHUI BIJIMB HAa HABKOJUILHE cepenoBuie [1].

TpancnoptHe 3a0e3neueHHs] TEXHOJOT] BHUPOIIYBAaHHS CUIbCHKOTOCIIOAAPCHKUX KYJIBTYD
BKJIIOYA€ TaKi CKJIJI0B1: arpOTEXHIYHI IPUHOMH, MTOCIB, TOMOMDKHI poOOTH, BereTaliiHui nepion Ta
30ip Bpokaro. HazeMHi TpaHCHOPTHI 3aco0M Ta aBiamiiiHi TPaHCIOPTHI 3aCO0M BUCTYMNAIOTh SIK
TEXHIYHI 3acO00U ISl JOCSATHEHHS METH, B IAaHOMY BHIIAJIKy, BUPOIIYBaHHS CIIIbCHKOTOCIOJAPCHKUX
KyJbTYp Ta OTPUMaHHS BUCOKHX BpOXkaiB [2].

Jlnst BIAPOJKEHHST pOOOTH aBiallii B CLIBCHKOMY TOCHOJApCTBl YKpaiHU B YMOBAaX 3MEHILICHHS

MOCIBHUX ILJION] Yepe3 BICHKOBI Jii, HASBHOCTI 3aCTapiINX THUIIIB JIITAKiB, OLIBIIICTD 3 SKUX Maibke
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BUYEpHasa cBiif pecypc, AeQilUTy Ta BUCOKOI BAPTOCTI NAJIMBHO-MAaCTUIILHUX MaTepialiB HEOOXiaHe
MEHII JOPOre Ta MEHIII EHEPTrOEMHE 00JIaTHAHHSI, @ CaMe: JIETKI JITaKu, HAAJIETK1 JIITAaKU, BEPTOJIbOTH
Ta aBiariifHi 6e3miIOTHI JiTanbHi anapartu [3]. Ha xaib, ciTbCchbKOT0CIIOAapChKi MIOTOBaHI JiTaIbHI
armapartu He 3a0e3MeuyroTh He00XiTHOT O€3MeKH MOJIBOTIB, a TAKOXK HE MOXKYTh MacOBO BUPOOIATHUCS
MIPOMUCIIOBICTIO, OCKIJTbKA BUMAaraloTh BEJTUKUX KaliTAIOBKIAACHD B OPTaHi3alliio iX BUPOOHHIITBA.
Tomy 6e3ninotHi nitaneHi anapatu (BIIJIA) noyany BUKOPUCTOBYBAaTHCS B CUTBCHKOTOCTIONAPCHKHIX
poborax y 90-x pokax i B CydaCHHX YMOBaxX BOHH CTaJIH IIe OUIbII aKTyaJlbHUMH, BPAXOBYIOUH iX
nepeBary MOpiBHAHO 3 MUIOTOBAaHUMH JIITaJIbHUMU arapaTaMu.

3acrocyBanHs BIIJIA y ciibCbKOMY rOCIOIAPCTBI CTa€ YACTHHOIO CYy4aCHOT'O TEXHOJIOTTYHOTO
nporecy BHPOOHHUIITBA CLIbCHKOTOCIOAAPCHKOI MPOAYKIi, 0€3 SKOro MpakTUYHO HEMOXKIUBO
BUKOHATH HU3KY BaXJIMBUX POOIT 3aBISKH HOro MOOLTBHOCTI, MPOAYKTUBHOCTI, €PEKTUBHOCTI Ta
BHUCOKIH SKOCTI aBiariiiHo-xiMiuHHX pooiT (AXP).

Bukopucransas aBiaiii B TEXHOJOTIYHOMY NpOIECI BHPOIIYBAHHS CIICHKOIOCHOJAPCHKUX
KyJIbTyp CIpHsi€ BIPOBA/PKEHHIO pecypcosdepiratounx texHosorid No-Till ta miaBumienH:o
NPOAYKTUBHOCTI Tmpami. 3aBASKM BIPOBAKCHHIO I1HHOBAIIMHUX TEXHOJOTIH BHPOILYyBaHHS
CUIBCBKOTOCIIOIAPCHKUX  KYJIBTYP CUIbCbKE TOCIONAPCTBO YKpaiHM CTPIMKO 3MIiHIOETHCS.
CrocrepiraeTbCsi Taka TEHJAEHIS 1 B POCIMHHUIITBI, BHACIIOK YOrO CYTTE€BO 3MIHIOETHCS
CHIBBiAHOIIEHHS 00CATIB Pi3HUX POOIT, 30KpeMa i poOiT CiIbChbKOroCcnoapchKo1 aBiarii [2].

JuHamiky oOpobneHux asiariero Teputopiii 3a 2013—-2023 poku Oyi0 po3po01eHo Ha OCHOBI

naHux Jkepen [4,5] Ta npencrasieHo Ha puc. 1.
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[Ipotsirom octanHix 2014-2020 pokiB, BHachinok aHekcii Kpumy Ta BiChKOBUX il Ha
teputopii yactunu JloHeupkoi, Jlyrancekoi, 3amopizpkoi Ta XepcoHChKOi oOsacteil YkpaiHw,
CIIOCTEpIrajocsi MPOJOBKEHHS CKOPOUEHHs OOCATIB aBiallifHOi 0OpOOKH CLIBCHKOTOCIIOAAPCHKUX
yrige. 3 puc. 1 BugHo, mo B nepiox 3 2021 mo 2023 pik crocTepira€TbCsi MBHIKE 3POCTAHHS
CUIBCBKOTOCIIOIAPCHKUX  IUIONI, 00poOnmeHux amiamiero. OcCKiTbkM 3a [ed  mepiox Ha
CUIBCBKOTOCTIONAPChKU pUHOK YKpainu Buiinuio Oimbme HiX 1500 BITJIA, a Takox o6poOka
MJIOTOBAaHUMH MOBITPSHUMHU CyJHAMU BHACIIZOK 3aKPUTTS MOBITPSIHOTO mpocTtopy 3 24.02.2022p.
cTaja HEMOXXJIMBa, MOXXHAa CTBEp/UKYBaTH, IO 1€ 3pOCTaHHS OyJlI0 3yMOBJIECHE BHKIIOYHO
BukopuctanHsaMm BITJIA.

AxtyanpHicTh BukopuctanHs BIIJIA y Buxonanui AXP Hapa3i oOIpyHTOBY€ThCS TaKUMHU
(bakxTopamu: mo-nepiie, Hapk TpaauiiiHuX JiTakiB THITy AH-2, Mi-2, Ka-26, sik 3a3Hauanocs paHire,
¢bi3u4HO, MOpaNbHO Ta €KOHOMIYHO 3acTapiB; mo-apyre, BIIJIA He moTpeOyroTh aepoapoMiB; Mo-
tpete, BIIJIA B pamkax AXP 3miiiCHIOIOTh MOJLOTH HA BUCOTaX, HA SIKUX, 3T1THO 3 BHUMOTAMH
[ToBITPSHOTO KOJEKCY, MOJBOTH MOXXYTh BHKOHYBAaTHCS O€3 MpPaBOBOIO peryioBaHHA [6]; mo-
yeTrBepTe, 1 1e HaiBaxmBimuii ¢axrtop, BIIJIA € mo cyti moBiTpsHUM poOOTOM, aBapis abo
KaTacTpo(a SKOro He CTBOPIOE 3arpO3H IS KHUTTS JIIOJCH.

BucHoBok. CyyacHe CiIbCbKOTOCIOAAPChKE BUPOOHHUIITBO — 11€ BUCOKOTEXHOJIOTIYHA Tally3b,
7€ MalTh 3aCTOCOBYBATHCS HACydacHIIN JOCATHEHHA Haykd 1 TexHikd. CporomHi TyT
BIIPOBA/KYIOTbCS TEXHOJIOTII TOYHOTO 3eMJIEpOOCTBA, BHKOPHCTOBYIOTHCS TeoiH(popMaliiiHi
CUCTEMH, MPOTHO3YBAHHS BPOXKAIO 3MIMCHIOETHCS HAa OCHOBI JUCTAaHI[IWHUX JaHUX MOHITOPUHTY
MOCIBIB — Taki peajii Cy4yacHOTO CUIbCHKOTO T'OCHOAAPCTBA. YKPAiHCHKHM PUHOK O€3MiJIOTHUX
TEXHOJIOTIM Ie mepedyBae Ha IMOYATKOBIM cTaaii pO3BUTKY, ajlié B OCTAaHHI POKHM MOXHA 3
YIEBHEHICTIO CKa3aTH, 11O MOIHUT € 1 BiH 3POCTAE.
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YJIOCKOHAJIEHHS MOJIEJIEM OHTI/IMI?tAIIIi OBCJIYI'OBYBAHHS NTACAKUPIB
B AEPOITIOPTAX HA OCHOBI TEOPII MACOBOTI'O OBCJIYTOBYBAHHSA
Iicagaposa E.I. cmyoenmra, Manvyesa O.P cmyoenmka

Hayxosuui kepienux — Axywenxo O.C., K.m.H., 00Y.
Kuiscokuti asiayivunui incmumym, Kuis
Kito4oBi crioBa: MOJIeIOBaHHS, YE€PTH, a€PONOPT, ONTUMI3ALlisl, MACOBE 0OCITyTOBYBAaHHS
Beryn
3pocTaHHs MAacaXUPOIOTOKY BHMAara€ BiJl aepoNOpPTIB BIPOBAPKEHHS EPEKTHBHUX
MaTeMaTHYHUX MoOJeNed ans ontuMizamii oOcmyroByBaHHS. OcoONMBY aKkTyaJdbHICTH HaOyBae
3aCTOCYBaHHA T€OPii MACOBOI0 0OCIYTrOBYBAaHHS JJIsl MOJICTIOBaHHS MPOLIECIB peecTpallii, KOHTPOIIIO
Oe3meku Ta mocajaku nacaxupiB. Taki Mofjeni J03BOJSIOTh BUSBUTH BY3bKi MICIS, ONTUMI3yBaTu
BUKOPUCTAHHS PECYpPCiB Ta 3MEHIIIMTHU Yac O4iKyBaHHs. Y npatsix [1, 2] po3risHyTo cy4yacHi Miaxoau
710 MOJICTTIOBAHHS TAKUX CUCTEM 13 BUKOPUCTAHHIM CTOXaCTUYHUX METOIIB.
Marepiaan Ta MmeTOAH
JlocnipkeHo nporec 0O0CIyroByBaHHs MAacaXHpiB HA €Tarli KOHTPOJIO Oe3MeKd SK CUCTEMY
MacoBOTO0 OOCIYroByBaHHS 3 MHOXXMHOIO TMapalielbHUX KaHalliB Ta 3MIHHOI 1HTEHCHUBHICTIO
npuOyTTs. Bukopucrano knacuuni mozeni tury M/M/s [3] Ta ix Bapiamii. [l MojentoBaHHS dyepr
3aCTOCOBAHO IMiTaIliiiHe MOJIEITIOBAHHS 3 BUKOPUCTAaHHAM CTOXAaCTHUHUX JaHuX. [lapamerpu moaeni
BHU3HAYAJNCh HA OCHOBI 1JeHTHU(}IKAIil 3a peaJbHUMU CTATUCTUYHHUMU CIIOCTEPEKEHHSIMH B
aeporioprax. TakoX 3acTOCOBAaHO METOAM Oe3yMOBHOI HENiHIMHOI omTuMizamii s HOUIYKY
ONITUMAJIBHOI KIJIBKOCTI OOCITyTOBYIOUMX KaHAIIB.
PesyabraTn
OTtpumani Mojelni J03BOJWINM 3MEHIIUTH CepeIHId yac OuiKyBaHHs macaxupa 1o 32% 0e3
3aJy4eHHs JOAATKOBUX DECYpCiB, JIMIIE 3a PAaXyHOK ONTHMAJIBHOTO MEpPEepO3MOJIiTy IOTOKIB.
MopenoBaHHS! BUSBIWIO KPUTUYHI 3HAUEHHS MACAXUPOIOTOKY, MPHU SKUX CHCTEMA MEPEXOIUTh Y
CTaH nepeBaHTaxeHHs. Lle 1o3Bossie popMyBaTH rHyUKHH Tpadik poOOTH MEpCcOHATy 3aJIEXKHO Bl
MIPOTHO30BAHOT0 HAaBAaHTAKEHHS.
BucHoBku
BuxopuctanHs ~MaTeMaTHYHHX  METOJIB  ONTUMI3amii Ta  MOJETIOBAHHS  CHCTEM
00CIIlyroByBaHHSI B aepoNopTax € Ji€BUM IHCTPYMEHTOM JUIsl TiJBHUIICHHS e(EeKTUBHOCTI
(GyHKIIOHYBaHHS aBialiiiHOT TpaHCHOpPTHOI cucTteMu. llomanmpimi JOCHiKEHHS MaioTh OyTu
CIpSIMOBaHI Ha KOMOiIHyBaHHsS Teopii MacoBOro OOCIyrOBYBAaHHS 3 METOJaMHU Teopii irop s
NPUKRHATTS pillleHb B YMOBaX B3a€MOJIii MK KUJTbKOMA aBialiepeBi3HUKaMHU.

Cnucox BUKOPHCTAHUX JKepeJ
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IHTEJIEKTYAJIBHI TPAHCIIOPTHI CUCTEMH

Jlynaesa Anacmacis B siuecnasisna
Hayxosuii xepienux — Jlapuca Muxonaisna /[okienko,
KaHOuoam eKoHOMIYHUX HAYK, 0oyeHm Kaghedpu asiayitinux pooim ma nociye

Hayionanvnuii asiayitinuii ynieepcumem, Kuis

Kittouosi cnoBa: Tpancnopt, ITC, mudposizaris, Oe3neka, T0TiCTHKA

Beryn

InrenexryanbHi TpancnoptHi cuctemu (ITC) € KITIOYOBUM HAMIPSIMOM Y PO3BUTKY Cy4acHOT
TPaHCIIOPTHOI iHPPACTPYKTYpH. IX aKTyaibHICTh 3yMOBIIEHA HEOOXiIHICTIO MiABUIEHHS Oe3MeKH,
e(eKTUBHOCTI MePEBE3EHb 1 eKONOTi4HO1 cTanocTi [1, 2]. V npoBigaux kpainax cBity ITC akTuBHO
BIIPOBAKYIOThCA JJIs1 ONITUMI3allii JOPOKHBOTO PyXYy, YIPABIiHHS TPAHCTIOPTHUMH MTOTOKaMH Ta
3MEHIIEHHS 3aTOPIB.

Marepiajamu i MeToaun

OO0’ €KTOM JOCIIPKEHHS BUCTYIIa€ CUCTEMa MICHKOTO TPAHCIIOPTY B YMOBax IM(poBizarii.
MeTo0510Ti4YHy OCHOBY CTaHOBIISITH CHCTEMHHUHU MiJX11, aHaii3 keiiciB BnpoBapkenHs [TC y
€Bpor1i, a TAaKOXK MOPIBHAIBHHUNA aHAII3 TEXHIYHUX pilieHb. [|Ji1 MoetoBaHHS ClIeHapiiB
BUKOPUCTAHO iMiTalliifHe MOJICTIOBAaHHSA 3 €JIEMEHTAMHU IITYYHOTO 1HTEIEKTY.

PesyabraTn

ITC oxormnoroTh HaOIp TEXHONOTIH: naTunku, kamepu, GPS, mtydnuii inTenekt, MoOimbHI
JOJATKH, 1110 3a0e3Meuy0Th MOHITOPUHT, 00pOOKY Ta nepenaHHs iHpopmallii y pealbHOMY Yaci.
OnHUM 13 IPUKITAIIB € CUCTEMH alalTUBHOTO KEPyBaHHA CBITIIOPOpaMH, sIKi pearyloTh Ha Tpagik

Ta 3MEHIIYIOTh Yac MPOCTOIO0 TPAHCIIOPTY.

VY €C ta CIIA ITC 3a6e3neunnu 3umxenns kiabkocti A TII na 20—40%, nokparieHHs JOTiICTUIHUX
npoiieciB Ta exojoriunoi cutyauii [3]. B Ykpaini BupoBaxenss [TC nume nounnae Habuparu
o0epriB. 3okpema, y KueBi peasnizyeTscsi cucTeMa aBTOMaTHUYHOTO KOHTPOJIIO IIBUIKOCTI Ta

IHTEJIEKTYaTbHOTO OOJIIKY TPAHCIOPTY.
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Bukopucranns ITC no3Bosie He Tullle ONTUMI3yBaTH TPAHCTIOPTHI MOTOKHU, a i CTBOPIOE OCHOBY
JUIS PO3BUTKY «PO3YMHHX MICT» Ta IHTErpaii 3 MyJIbTH(POPMATHOIO JIOTICTUKOIO, 1110 0COOINBO

AKTYaJIbHO B YMOBAxX BO€HHOI'0O 4acCy Ta MiCIIIBOEHHOTO BiI[HOBHCHHSI iH(l)paCTPYKTypI/I.
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BucHoBku
[HTENeKTYaIbHI TPAHCTIOPTHI CUCTEMH € HEB1JI'€EMHUM €JIEMEHTOM Cy4YacHOI TPaHCIIOPTHOT
nonituku. X BipoBamkenns B YKpaiHi Mae BUCOKHi1 MOTEHITia IS HOKpAIEHHs Oe3MeKu,
e(eKTHUBHOCTI IepeBe3eHb Ta eKooriyHoi curyarii. [Toganemmii pozsutok ITC notpedye

MDKrany3eBoi iHTerpaii Ta JepaBHOi HiATPUMKH.
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CYBER THREATS IN AVIATION TRANSPORT: ANALYSIS OF NAVIGATION
SYSTEM VULNERABILITIES AND PROTECTION METHODOLOGIES
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The rapid digital transformation of aviation has brought not only remarkable operational
efficiencies but also significant cybersecurity challenges. Modern aircraft increasingly rely on
interconnected navigation, communication, and control systems, many of which are vulnerable to
cyber threats. In particular, the integrity of satellite-based navigation systems like the Global
Navigation Satellite System (GNSS), Automatic Dependent Surveillance—Broadcast (ADS-B), and
Controller—Pilot Data Link Communications (CPDLC) are now prime targets for cyberattacks [1].

This study focuses on identifying vulnerabilities within these critical aviation navigation systems,
with special attention to GNSS spoofing (fake signal injection), jamming (signal denial), and man-
in-the-middle attacks on communication channels [6]. Real-world incidents, such as GNSS spoofing
near conflict zones or signal interference in Eastern Europe, reveal the growing frequency and
sophistication of such threats [2, 5].

Given the potential consequences — including misrouted flights, midair collisions, and systemic
airspace disruption — there is an urgent need for stronger aviation cybersecurity frameworks.
Recommended methodologies include multi-factor navigation systems, encrypted satellite
communication protocols, Al-powered anomaly detection, and international regulatory alignment for
aviation cybersecurity [4, 7].

In addition to technical solutions, there is a critical need for cross-border collaboration and
regulatory consistency. Agencies such as the International Civil Aviation Organization (ICAO), the
European Union Aviation Safety Agency (EASA), and the Federal Aviation Administration (FAA)

are already developing cybersecurity strategies, though implementation remains uneven globally [3].
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In conclusion, cybersecurity in aviation navigation is no longer optional — it is a critical safety
and national security imperative. Continuous investment in technology, personnel training, and global

policy-making is required to safeguard the aviation sector from future cyber incidents.
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THHOBAIIHAHI X0 1O ONITUMIBAILII BAHTA’KHUX NEPEBE3EHD

Ciukap M. O.

3006y6au nepuwioco (baxanaspcvkozo) pieHs euwoi oceimu
"llepocasnuit ynieepcumem "Kuiscoxuil agiayitinutl incmumym" (KAI)
Ilpons C. B.

K.M.H, O0YeHm Kageopu opeanizayii agiayiliHux nepeseseHs
"llepocasnuit ynieepcumem "Kuiscoxuil agiayitinutl incmumym" (KAI)

KuarouoBi cioBa: mudposizallisi, iHHOBAIIHI TEXHOJOTIl, MTYYHUH IHTEJIEKT, aBTOHOMHUM
TPaHCIIOPT

CyuacHa TpaHCHOPTHA raiy3b 3HaXOIUTHCS B CTaHI CyTTE€BOI TpaHchopMarllii mijJ BITTUBOM
IHHOBAIIIMHUX TEXHOJOTIH, sKI paJuKalbHO 3MIHIOIOTH MIIXOMU O OpraHi3ailii MepeBe3eHb,
ONTUMI3aIlil JIOTICTUKM Ta YIPAaBIIHHA TPAaHCIOPTHUMH IOTOKaMH. B ymoBax rmoOaii3auii,
301IBIICHHST 00CATIB MEepPeBe3eHb Ta 3POCTaHHSI BUMOT IIOAO IMIBUAKOCTI, OE3MEKH 1 €KOJIOTIYHOCTI
TPaHCIOPTY, BIPOBA/HKEHHS HOBITHIX TEXHOJIOT1H nepecTae OyTH JIMIlle KOHKYPEHTHOIO IepeBaroio,
a cTa€ HeoOX1THOIO YMOBOIO JUIS €()eKTUBHOTO (DYHKIIOHYBAHHS TPAHCIIOPTHUX CHCTEM.

OnHi€l0 3 TMPOBITHUX TEHJEHIIM PO3BUTKY B TPAHCIOPTHIM 1HAYycTpii € wnmdposizawis
nporieci. [lepexin Bif TpaauIiitHOro pyyHOTr0 yNpaBIiHHS 10 BUKOPUCTAaHHS HU(POBUX MIaTdopm
3a0e3neuye MOXKIUBICTh IHTErpalii pi3HUX BUIB TPAHCIIOPTY, ONTHMI3allii MapIIpyTiB, CKOPOUECHHS
Yacy JJOCTaBKH Ta MOKPAILEHHS SKOCTI 00CIyroByBaHHS KJIi€HTIB. CHCTEMHU YIpaBIIiHHS JaHIIOTaMU
nocradyaHHs B pexxuMi peanbHoro yacy (Supply Chain Visibility, SCV) Bxe cTamu cTaHIapTHOIO
MPAKTUKOIO JJIs MPOBIMHUX JIOTICTUYHMX KoMmmaHid. Lli TexHomorii M03BOJIAIOTH BiACTEKYBATH
MICII€3HaXO/KEHHSI TPAHCIIOPTHHUX 3ac0o0iB, CTaTyC BaHTaXy, MOTOJHI YMOBH Ta IHII Ba)JIUBI
napaMeTpH, 10 CIPUsE ONEPATUBHOMY pearyBaHHIO Ha 3MIHU Ta MiHIMi3allii pU3HUKiB 3aTPUMOK. [1,
c.17].

JlochipKyoun TeMaTHKY JIOIIIBHO CKa3aTH, 0 BAXKJIMBE 3HAUEHHS B mporieci nudposizarii
Mmae [areprer peueii (IoT, Internet of Things), 11e TexHONIOTIS siKa cripusie 300py Ta 00poOIIl JaHHX 3
TUCSIY CEHCOPIB, IHTETPOBAHMX Yy TPAHCIOPTHI 3aco0H, 1H(PACTPYKTYypy Ta BaHTaXi. 3aBASKH
BOYJJOBaHUM JJaTYMKAM Ta CEHCOPaM 1€ I03BOJISIE aBTOMATH3YBAaTH MOHITOPUHT CTaHy TPAHCIIOPTHOI
1HppacTpyKTypH, 3a0e3medyBaTi ONTUMAIbHY €(PEKTHBHICTH POOOTH CHUCTEM Ta IMPOrHO3yBaTH
MO>KJIMBI HECTIPaBHOCTI 200 3aTopu Ha MapuipyTi. Kpim Toro, Bukopucranas RFID-mitTok monermrye
imeHTu(]IKaIil0 BaHTAaXIB Ta MPUIIBHIIIYE CKIAACHKI Omeparlii, 1o € OCOOJMBO BaXKIHBUM s
BEJIMKHX JIOTICTUYHMX LEHTPIB. [2]. AHamizytoun xepeno [3] Mo)kHa BUIUIUTH OCHOBHI IlepeBaru

3actocyBanHs loT B noricruii, a came:
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MABUIIEHHS O€3IEKH;

e(eKTHBHICTh YIPaBIIiHHS TPAHCIIOPTHUMHU 3aCO0aMH;
e(EeKTHUBHICTh KOHTPOJIIO YMOB II€PEBE3CHb;
1HTeTparlis B CKJIaJIChKI MPOIIECH;

MOKPAIIEHHS SIKOCTI 00CITyTrOBYBaHHS KIIIE€HTIB.

HITyuyHuit 1HTENEKT 1 MAllMHHE HABYaHHS BIJKPUBAIOTH HOBI MOXKIIUBOCTI JIJISi TIOKPAICHHS
TpaHcnopTHUX mporeciB. CyyacHi JOTiCTHYHI MIaTopMu 3acTOCOBYIOTH anroputMu LI s
aBTOMaTH3allii PO3MOALTY 3aMOBJICHb, YIIPABIIHHS CKIAJCHKUMH 3aracaMy, IPOTHO3YBaHHS MOMUTY
Ta onTuMmizaiii MapumpyTiB. Lle gae 3Mory 3HM3UTH BUTpPATH, NPULIBUALIMTU TPUHHATTS PilICHb i
MOKPAIIUTH KOOPAWHAIIII0 MK yYaCHUKAaMU JIAHIIIOTA TIOCTa4aHb. AHaJI3 BETUKUX OOCSTIB TaHUX
Jl0TIoMarae BUSBIISITH 3aKOHOMIPHOCTI Ta TPEHIH, 110 MiABUIIY€e ePEeKTUBHICTh TIEpeBe3eHb. [4, c.4].

ABTOHOMHI TPAHCIIOPTHI 3ac00U, Taki sIK OE3MUIOTHI BAaHTaXIBKH, APOHU ISl TOCTABKU Ta
ABTOHOMHI aBTOMOOLITI JI7Is TaCaXUPCHKUX MIEPEBE3CHb, CTAHOBIISTH HE MEHIII PEBOIOIIHHUI KPOK Y
cdepi TpaHCoOpTy. 3aBIASKHA BIOCKOHAJICHHIO CEHCOPHUX TEXHOJOTIH, KOMIT'IOTEPHOTO 30py Ta
BHCOKOIIPOAYKTUBHUX OOUYHUCIIOBATIBHUX IUIAT(OPM, IIi TPAHCHOPTHI 3aCO0M MOXKYTh CaMOCTIHHO
OpIEHTYBATHUCS HA IOpOrax, 00UpaTy ONTHUMAJIbHI MapUIPyTH, YXWISATUCS BiJl HEOE3NEUHUX CUTYallil
Ta MiHIMI3yBaTH pPHU3UKH, MOB'SI3aHI 3 JIOACHKMM (haKTOpoM. BrpoBa/keHHS aBTOHOMHUX
BaHTAXIBOK OOIIlSIE CYTTEBE 3HWKCHHS BUTpAT, MIABUIICHHS piBHA O€3MEeKH Ha Joporax Ta
ONITUMI3AIlI0 JIOTICTUYHUX TporeciB. Lle MOXIMBO 3aBIASKM IX 3JaTHOCTI PyXaTUCS B PEXUMI
KOHBOIO, 1[0 CTIPHSI€ 3MEHIICHHIO aepOJUHAMIYHOIO OMOPY 1 €KOHOMII MaJbHOTO, a TAKOXK 3aBISKU
OTPUMaHHIO B PEXHMI pealbHOro dYacy iHdopmarii mpo AOpOoXHIO OOCTaHOBKY Ui BUOODPY
HaWKpaIoro MapupyTy [5].

OcobnuBa yBara NpHUIUISIETHCS €KOJIOTIYHMM aclleKTaM TPaHCHOPTyBaHHs. EnexTpuuHi Ta
riOpuIHI TPaHCTIOPTHI 3aCO0M CTAIOTh JIeAajl MOMYJISPHIIIMMHU 3aBJISKA CBOTH €KOJIOT1UHIN YUCTOTI
Ta EKOHOMIYHOCTi. 3OUIbIIEHHS KUIBKOCTI EJIEKTPOMOOIIIB Ha Joporax CIpHs€ 3MEHIICHHIO
3aJIe)KHOCTI Bi HaTH, cKOopoueHHI0 BUKUAIB CO2 1 3HM)KEHHIO HETAaTUBHOTO BIUIMBY TPAHCIIOPTY
Ha HaBKOJIMIIHE cepenoBuine. [lapanenbHo po3poOIisioThes 1 BIPOBAPKYIOTHCSI BOJHEBI TEXHOJIOT ],
SK1 MOXKYTh CTaTH QJIbTEPHATHBOIO TPAIULIHHOMY MaJuBY B MaiilOyTHROMY [4, c.13].

[HIIUM Ba)JIMBUM HANpsSMKOM I1HHOBAIii € 3acTOCYyBaHHS OJOKUYEHH-TEXHOJOTIH y cdepi
noricTuku. brokyeiH 3a0e3neuye BHUCOKHH pPIBEHb IMPO30POCTi, 3aXMINae KOH(IAECHIINHICTD Ta
rapaHrye 0e3neKy JaHuX, 110 € KPUTUYHO BaXJIMBUM y KOHTEKCTI MKHAPOAHUX BAaHTAXKOIIEPEBE3CHb
1 CKJIQIHAX TIOCTAYaIbHUX JIAHITIOTIB. 3aB/ISKH 111l TEXHOJOTI1 BC1 yYaCHUKH JIOTICTUYHOTO TPOIIECY
OTPUMYIOTH JOCTYII /IO €IMHOI, HE3MIHHOI BepCii JaHUX, 110 CYTTEBO 3HWKY€E PU3UKH IIaXpaiicTBa Ta

BTpaTH iH(OpMALlii, a TAKOXK CIPOIIye MPOLEAYpY ayauTy omnepariiii [1, c.18].
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[HHOBAIIIIHI TEXHOIOTIT 3MIHIOIOTH HE JIMIIE TEXHIYHHUIA aCMIEKT OpraHi3allii mepeBe3eHb, aine i
camy ¢inocodito mobinpHOCTI. KoHnmeniiisi Mobility as a Service (MaaS) o0'ennye pi3Hi BHIU
TPAHCHOPTY B €AMHY IIU(PPOBY Mu1aThopMy, IO Ja€ KOPUCTyBayaM 3MOTy 0OMpaTH HaU3pyUHIlI Ta
HaileeKTUBHIII MapUIPyTH, TIOEAHYIOUN TPOMAICEKUN TPAHCIIOPT, TAKCl, IPOKATHI BEIOCUTICAN YU
enlekTpocamokatd. lle crpuse 3MEHIIEHHIO KUIBKOCTI MPHUBATHUX aBTOMOOUTIB Ha Joporax,
3HMKEHHIO 3aTOPIB 1 MOKPAILICHHIO €KOJIOTIYHOT CUTYallii B MICHKUX CEpeIOBHUIIAX.

He MoXxHAa OMMHYTH TEPCIEKTHBH PO3BUTKY TilEP3BYKOBOTO TPAHCIOPTY, TAKHX SK
Hyperloop, siki oO0ilstoTh 3a0€3MeYUTH HAA3BUYANHO IIBUIKE MEPEMINICHHS MiX MiCTaMu Ta
KpaiHaMu. Xo4a IIi TeXHOJIOTiI Bce I11e nepeOyBaroTh Ha CTafil po3poOKH, iX BIPOBAPKEHHS MOXE
3HAYHO 3MIHUTHU CTPYKTYpPY TPAHCHOPTHUX IMOTOKIB 1 CKOPOTUTH Yac MOJOPOXKEH y HalOmmKIomMy
MailOyTHROMY [5, 6].

BUCHOBKH

OTxe Oe3CyMHIBHO, IO IHHOBAlLlidHI TEXHOJOTIi € BaXJIMBUM UYHWHHHUKOM Y PO3BUTKY
TPAHCIIOPTHOI Tay3i, CHOPHUSAIOYM MiJBUIICHHIO €(QEeKTUBHOCTI, OE3MeKH, EKOJOTIYHOCTI Ta
JOCTYITHOCTI TepeBe3eHb. BrnpoBa/ukeHHS IUPPOBUX IMIaTGOpM, ABTOHOMHHUX TPAHCIIOPTHUX
3ac00iB, EKOJOTIYHUX pillleHb, OJIOKYEHHY Ta IHIIMX CY4YaCHHUX TEXHOJIOTIH [a€ MOJIMBICTh
CTBOPIOBAaTH I'HYYKI, CTIHKI i aIanTUBHI TPAHCTIOPTHI CHCTEMH, 1110 MOKYTh PearyBaTH Ha BUKJIUKU
cydacHocTi. EdexTnBHa oprasizaiis NepeBe3eHb HEMOXJIMBAa 0€3 IMOCTIMHOTO BIPOBAKECHHS
1HHOBAIi}, IHBECTHUIIIM y AOCHIHKEHHS Ta PO3BUTOK, & TAKOX TICHOT CHIBHpAaIll MK JepKaBHUMHU

CTPYKTypaMu, 0i3HECOM 1 HAYKOBUMH KOJaMH.
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V]IK 656.7(043.2)

IH’KEHEPHE 3ABE3IIEYEHHA EPEKTUBHOT'O ®YHKINIOHYBAHHSA
ABIAIINHUX MEPEBE3EHB HA ETAIII OBCJIYTOBYBAHHS NOBITPSITHOT'O
CYJIHA

Manvyesa O.P. cmyoenmka, /icagpaposa E.I. cmyoenmka
Hayxosuii kepienux — Banvko A.M., cm.euxa.
Kuiscokuti asiayivunui incmumym, Kuis
KitouoBi cnoBa: iHkeHepHe 3a0e3eueHH s, aBialliliHi epeBe3eHH s, Ha3eMHe 00CIyTOBYBaHHS,
TEXHOJIOTIYHUHN Tpo1ec, €(peKTUBHICTb.
Beryn
ABiariifHi MepeBe3eHHs 3aJHINAIOTHCS KIIOYOBOK CKIAJAO0BOIO TI00aThbHOI JIOTICTHKU Ta
MoOutbHOCTI. [Ipu 1pOMY iH)KEHepHEe 3a0e3leYeHHS — BiJ TEXHIYHOTO OOCIYTOBYBaHHS [0
SHEepPronoCcTayaHHs Ta CIeliali30BaHoOT0 00JIaJHaHHI — Biirpae BUPILMIAIbHY POJIb Y CTa0UIBHOCTI
Ta Oe3meni MONbOTIB. BpaxoByroun BUCOKI BUMOTH /O PEryJSpHOCTI, TOYHOCTI Ta HIBHJKOCTI
00CITyroByBaHHS, BaXJIMBO JOCHITUTH, SIK 1HKEHEPHI pillleHHS BIUIMBAIOTh Ha SKICTh IMEPEBE3CHb 1
SIK1 Cy4dacHi MiXO0H JO3BOJSIOTH MiABUIINTH ePeKTUBHICTE [2]. Y mparsix [3] Ta [4] mpoaHanizoBaHO
MPOIIECH Ha3eMHOT0 00CIIyTOBYBAHHS MOBITPSHUX CYACH Ta BUABIICHO, 1110 €(eKTHUBHA OpraHizaris i
ONITUMI3allisl BUKOPUCTAHHS PECYpCiB CYTTE€BO BIUIMBAIOTH HA 3MEHIICHHS 4Yacy CTOSHKH Ta
3aroOiraHHs 3aTpUMKaM peiCiB.
Marepiajim Ta MmeTOAH
VY  nochmipKkeHHI aHaNi3yeTbcs poOOTa HA3eMHHUX CIYKO aepomopTy Ha MpUKIAA
CepeIHbOMAriCTpaIbHOrO MOBiTpsiHOrO cyaHa (tumy Airbus A320). [lns omiHku edeKTHBHOCTI
IH)KeHEepHOro  3a0e3MeYeHHs]  PO3IJITHYTO THUIOBY CTPYKTYpPY TEXHOJOTIYHOTO  IpOIecy
obciyrosyBanHs [IC y TpaH3uTHOMY peiici. 3aCTOCOBaHO METOJ CIIOCTEPEKEHHS, €KCIEPTHOTrO
aHajmizy Ta TIOpPIBHAHHSA HOPMAaTHBHMX TIIOKa3HUKIB 3 (aKTHUYHUMH JaHUMHU. Takox
BHUKOPHCTOBYBABCSI METOJI YaCOBOI JiarpaMu JUIs Bi3yaui3auii orneparii.
PesyabTaTn
Byno BusiBieHO, 1110 HAalO1IbIIE HABAHTAXKEHHS HA HAa3eMH1 CITy)XKOM NpUIaae Ha Tepios Mixk
npubyTTsIM 1 371eToM Jitaka — npubiam3Ho 40-60 xBunuH. Y 1l mepioj MOBHHHI OyTu
CHUHXPOHI30BaHI pOOOTH MAIMBO3ANpPaBKH, MPUOUpPAHHS CaJIOHY, BaHTaXHO-OarakHi ormeparii,
nepesipka TexHiyHoro ctany [1C, BonooOcmyroByBaHHs Ta iHIII Onepartii.
JlocnmipKeHHsT TI0Ka3ajo, M0 MPH BIACYTHOCTI YiTKOI KOOpAMHALT MK CIIy>)kK0amMH 3pocTae

PHU3UK 3aTPUMKH pEiCy, a yac 00CIyroOByBaHHS MEPEBUILYE€ HOPMATHUB.
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Ocob6nuBy yBary NpHUAiJICHO MUTAHHSAM OCHAIICHHS: HEJIOCTATHS KUIBKICTh CIeIiasli30BaHOi
texHiku (Oykcupi, GPU, mipiliManbHuX m1atdopM) MOKe MPU3BOAUTH 10 MPOCTOiB. BogHowac
Ha/IMIpHE OCHAIICHHS 0e3 MoTpedu — 0 MePeBUTPAT 1 JOTICTUYHOTO Xa0Cy Ha MEePOH.

OntuManbHUR BapiaHT — IHXKEHEpHE 3a0e3NeUeHHs, SKEe BPAaXOBY€ peallbHy 1HTEHCHBHICTh
nepeBesenb, THIM [IC 1 moroxHi ymMoBH. 3amnpoBa/pKEHHS HU(PPOBUX CHUCTEM KOHTPOIIO (HAIIp.
Check-in Hub a6o GroundOps Suite) n03Bojisie aBTOMaTH3yBaTH YINpPaBIiHHS pecypcamMH Ta
CKOpOTUTH 4yac obciyroByBanHs Ha 10—15% [4].

BucHoBku

EdexTuBHe imXeHEpHE 3a0e3MeueHHs — IIe He JIUIIIe PO TEXHIKY, a PO 37aroKeHy podoTy
JrofeH, mporecis 1 tudpoBuX pimeHb. OnTuMizanis pecypciB Ha3eMHOTO 00CITyTOBYBaHHS TO3BOJISIE
3HU3WUTHU BUTPATH, MIHIMI3yBaTH 3aTPUMKHU i MIABUILUTH 3arajibHy SKICTh aBiallliHUX IEepPEeBE3CHb.
PesynbraTi 10oCHiKEHHS MOXYTh OYyTH KOPUCHUMHM JUJIsl aIMIHICTpaIliil aeporopTiB, aBiakoMIaHil
Ta ¢axiBuiB 3 excruryarauii [1C [1].
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IITYYHUM THTEJEKT, IK HOBUU IHCTPYMEHT CTAJIOTO PO3BUTKY
JJOT'ICTUYHOI COEPU

Mapuenxo B.C., acnipanm
Hayxkosuii kepisnux — Byeatuixo /].0., 0.e.H., npogecop.
Jepacasnuu ynisepcumem «Kuigcokuii agiayitinuti incmumymy, Kuis

Kito4oBi ciioBa: J0ricTHKa, TPAHCTIOPT, INTYYHUN 1HTEIEKT, CTaNICTh

[Mutanns BukopuctanHs wmTy4yHoro inrenekry (LHI) B sorictuuniit chepi € sK HIKOIH
akTyanbHUM. CyuacHi rio0anbHi BUKJIMKH, TakKi SK 3a0pyIHEHHS HAaBKOJIMIIHBOTO CEPEIOBHUINA,
3MiHa KJIMaTy Ta BHYEpHaHHA NPUPOJHUX PECYpCiB, IUIEKAIOTh JIOJCTBO JIO 3aCTOCYBAaHHS
IHHOBAIIHUX pIlIeHb, CTAIUX TEXHOJOTiH Ta MpakTHUK. Poib JOTICTUKM B JaHMX IMpoLecax Mae
Oe3npereIcHTHE 3HA4YEHHS 1 caMe TOMY ii PO3BHTOK 3a paxyHOK 3actocyBanHs IIII € HacTinpku
BaXXJIMBUM B Halll 4ac.

Mertoto 1i€i poOOTH € BUBUEHHS MOXKJIMBHX BapiaHTIB 3aCTOCYBAaHHS LITYYHOTO IHTEJIEKTY B
norictuyHii cdepi. OO’€KTOM OaHOTO MOCHIIKEHHS € CKIAACHhKI CHUCTEMH, SIKi MpalioTh 3
BUKOPUCTAHHSM ILITYYHOTO iHTENEKTy. B maHiii nmpami 6yio 3acTOCOBaHO METOI CHCTEMHOT'O aHATi3y
Ta MOPIBHAIIBHUA METOJ 3 LIJUTIO OLIIHKH €()EeKTUBHOCTI IMIIJIEMEHTOBAHUX PIIlICHb.

Ilepmr 3a Bce HEOOXIAHO BIIMITHTH, IO TaKe CTaJHi PO3BUTOK 1 YOMY BiH € HACTLIBKH
BOXJIUBUM ChOTOJHI. CTamuil pO3BUTOK — 11€ PO3BUTOK CYCIIJIbCTBA, SKHH 3a0BOJIBHSE MOTPEOU
CYYacHOCTI, HE CTaBJITYH i1 3arpo3y 3/1aTHICTh HACTYITHUX ITOKOJIiHb 33JJ0BOJIbHATH BJIAaCHI TOTpeOU
[1]. Jlama koHIemnisi cTaja OCOOJMBO TOMYJSIPHOK B HAIl Yac, TaK SK BOHA HaIlJieHA Ha

OajaHCcyBaHHS €KOHOMIYHOT'0, €KOJIOTIYHOTO Ta COIIaIbHOTO acleKTy, SIK 1 mpeacTaBieHo Ha Puc. 1.

cranun
PO3BUTOK

eKonoris €KOHOMiIKa

Puc.1. 'apmoHi3ais TpbOX acleKTiB KOHIIETLi CTaJIoro pPO3BUTKY
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JlocSITHEHHS 3aTBEP/IKCHUX CIMHAIIATH I[iJIEH CTAIOr0 PO3BUTKY € NMPIOPUTETHUM 3aBJIAHHIM
IUISL Cy4acHOT'O CYCIIUIBCTBA. B HhOMY JIO/ICTBY JAy’Ke CTalIM B HAroi cy4acHi Hu(ppoBi TEXHOJIOTI]
Ta WTy4Huil iHTenekT. B cdepi norictuku, LI npencrasnse co0o0 MO-CrpaBKHEOMY HOTYKHHHA
3aci0, 110 BXK€ CHOTOJHI 37aTHUI 3a0€3MEUUTH MiABUILEHHS PiBHSA €()EeKTUBHOCTI JIOTICTHYHHUX
MPOIIECiB, ONTUMI3AIII0 3aCTOCYBAaHHS HAasBHUX PECYpCiB, MOJIEPHI3ALiI0 JAHLIOTIB MOCTayaHb,
MiHIMIi3aIlil0 BIUIMBY JIIOAMHU HAa HAaBKOJIUIIIHE CEPEIOBHILE, TOLIO.

JIOCHiDKeHHST IITYYHOTO 1HTENEKTY, SIK IHCTPYMEHTY CTaJOro PO3BUTKY JIOTICTHKH €
HAQ/I3BUYAHO BaXJIMBUM Ta AaKTyaJbHUM, TaK SIK B Hall Yac, JIOTICTUYHI CHCTEMH BCEILIO
aanTYIOThCS A0 HOBOI MOMITHKM IMdposizamii. Lleit mpuiHATHI IUIAX € HE3BOPOTHIM Ta JIHCHO
BceocsHKHUM. LIITyuHMId IHTENIEKT y Koomepallii 3 aBTOMaTH30BaHUMH MepekaMu, poOOTH30BaHUMHU
KOMILIeKcaMH, [HTepHeTOM peuell, XMapHUMH TEXHOJIOTiSIMH, TEXHOJIOTIIMU aHAJITUKH BEITHKUX
JTaHUX Ta OJIOKYEWHY BIAKPUB IS JIFOJICTBA HOBI Bpakaioui MOXJIMBOCTI, Ipo siki 10 pokiB Tomy
MokHa Oyino Tineku Mpiatu. Huni, LI no3Bonse kommanisM npuitmMatu HaOutbml edeKTHBHI
pilieHHs, MiHIMi3yBaTH HETaTUBHUIA BIUIMB HA JIOBKULIS Ta 3MEHIIYBaTH (DiHAHCOBI BUTPATH.

Cepen BCEMOXXIIMBUX BapiaHTIB 3aCTOCYBAaHHS INTYYHOT'O IHTENEKTY B JIOTICTHII OCOOJIMBE
3Ha4yeHHs1 Bifirpae cdepa mnepesesenb. Cyuacuuii Il 3maten 3abe3neuntd (HYyHKIIOHYBAaHHS
IHHOBAIIITHOT cHUCTEeMH MapHIpyTH3allii. AHANI3YI0UH KoJIocalbHi 00'eMu iH(popMallii B pealbHOMY
Yaci BiH MOXe po3poOUTH HaOIbII epeKTUBHUI Ta Oe3MeUHI MapIIpyT, ONMUPAIOYUCh Ha (aKTop
MOTOJM, JTOPOKHIX yMOB, Tpadiky Ta HasBHOI iH(pacTpykrypu. Lle m03BONS€ MPUIIBUALIMTU
BIJITIOBITHI MIepeBe3€HHsI, 3pOOUTH 1X OUIBII HAIITHUMHU, 36KOHOMUTH 3Ha4YH1 (PiHAHCOBI pecypcH Ta
3MEHIIUTH OOCSITH BUKOPHCTAHHS MalHBa, M0 OS3CYMHIBHO BaXKIIMBO B KOHTEKCTI HEOOXITHOCTI
3HMKCHHS BUKUIIB TNMapHUKOBUX TrasiB. [loTpiOHO 3rajgatv i mpo aKTUBHUM PO3BUTOK Traiysi
aBTOHOMHHUX TPAaHCHOPTHHUX 3ac00iB. BIpoBa/yKeHHS IITYYHOIO 1HTENEKTY B HEl 37aTHE HE TUIBKU
3a0e3neunTy OUThIN eeKTHUBHI, IHHOBAIlIiHI Ta O€3MeYH] JIAHIIOTH MMOCTaYaHHs, ajie 1 3MEHIITUTH
notpely y Takii 3HauHIN KiTBKOCTI JIIOJCHKUX TPYIOBHX PECYypCiB.

AHAJOTIYHO BaXJIMBUMU MpUKIaaaMu 3actocyBaHHd LI B oricTuii € #oro BUKOpUCTaHHSA 3
METOI0 e(EeKTUBHOIO CKJIaIyBaHHS MPOAYKIii, YNpPaBIiHHSI pOOOTU30BAaHMMU CHUCTEMaMH Ta
OINITUMI3aIlil eHeprocnoXUBaHHsA. BiH 3/1aTeH aHai3yBaTH TiraHTChbKi 00’ €MU, SIK ICTOPUYHUX, TaK 1
aKTyaJbHUX JaHUX Uil NPUAHATTS HAWOUIBII ONTHUMAaJbHMX pimeHb. [loTyXHI aHaiTHYHI
MoxxiuBocTi I 103BONAIOTH SIKICHO OIIHUTH CKJIAACHKI IMPOCTOPH, PiBHI 3amaciB MPOXYKINI Ta
HasBHUM Ha PUHKY MOMUT. BiH 103BOJIsIE KOMMaHIAM YHUKATH NpoOJjeM MOB’S3aHUX 3 BTPATOIO
TOBApiB, IEPEBAHTAXKECHHAM CKJIQIB Ta HAAMIPHUM CIIOKMBAHHS €HEprii. A TOMy He JUBHO, 1110 BXKe
CHOTO/IHI, BCEMOYJIMBI KOMIAaHi{ 31 BCbOT'O CBITY BUKOPUCTOBYIOTh HOT0 POXyMaHi alrOPUTMHU ISt

3a0e3neueHHs] MAaKCUMaJIbHO €()eKTUBHOI JOCTAaBKHU Ta PO3MIIICHHS TOBAPIB.
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Takum Cy4aCHHUM TMPHUKIAAOM MOKC CIYT'yBaTu KOMIIaHis «Amazon», sgKa ycr[iIJ_IHO

BukopuctoBye L1 y mpoueci ckimagyBanHs MpoayKIlii, 10 100pe mpoaeMoHCTpoBaHo Ha Puc. 2.

Puc.2. Bukopucranns 111 B copryBanbHOMY IEeHTpi Amazon

Oco06MBO MEpCIeKTUBHUM Hapasi, JOCIITHUKY BBaXXatoTh MoxJnBocTi LI o 3HaxoKeHHIO
pilieHb 1Mo MiHiMi3alii KIJIbKOCTI BiIXO/IB Ta CTBOPEHHIO HAMOLIbII €(heKTUBHOI YIIAaKOBKH, TaK SK
[Ie Ma€e KOJIOCAIbHE 3HAYCHHS ISl 30epekeHHs ekoorii. Takok 3HaYHUIN MOTEHIlian JAOCIiTHUKH
BOauatoTh B koomepauii 111l Ta TexHomorii G10KYelH, TaK K 3a PaxyHOK I[bOI'0 KOMIMaHii 37aTHi
BIJICTE)KYBaTH BYTJCIECBUI CIiJ MPOAYKIlii, O € 0€3CYyMHIBHO BRKJIUBUM JJIsi HUX y KOHTEKCTI
JOTPUMaHHS CTAHJIAPTIB CTAJIOTO PO3BUTKY Ta BEACHHS BiAMOBIIHOI 3BITHOCTI.

He Mo’xHa HE BIAMITUTH 1 T€, IO IITYYHUN IHTEIEKT IMIHUPOKO 3aCTOCOBYETHCS ISl ONTHUMI3allii
pobouoro rpadiky mnpamniBHHKiB. BiH 103BoJsie CTBOpUTH Oe3MeyHi, MO-CIPaBXHbOMY JOCTOWHI
YMOBH TIpalli Ta He JOITyCTUTH MEePEBAHTAKEHHS TPYJOBOTO KOJIEKTHUBY.

He nuBnsuuce Ha rmoGanbhy BaknupicTh LI, Sk HOBOro iHCTPYMEHTY CTajoOro pO3BUTKY
JoTicTUYHO1 chepu, MOTPiIOHO 3a3HAYUTH OCHOBHI BUKIWKH, SIKi CTATH HA NUIAXY HMOTO MacoOBOTO
BIIpoBapKeHHs. [leprn 3a Bce Clou BiTHOCATH MOTPeOy B PO3BUTKY BiAMOBIIHOI iHGPACTPYKTYPH,
HEIOCTaTHHO PO3BHMHEHY HOPMATHUBHO-NIPABOBY 0a3y Jep:kaB, BHCOKY BapTICThb TEXHOJOTIH Ta
HE/IOCTATHIO KUIBKICTh MpodeciiHuX KapiB. AHATOTIYHUM YUHOM HE MO>KHA BIIKMJATH 1 TpobiiemMy

HEPIBHOTO JOCTYIIy JI0 TEXHOJIOTiH MIXK KpaiHaMH Ta KOMITaH1sIMH, SIKa 70 IIUX Iip iCHYE.

BucHoBok
I TyyHMii IHTENEKT € TMO-CIPaBXHbOMY MOTYKHUM 1HCTPYMEHTOM, SIKHUI Ma€e BCl MOKJIMBOCTI
CTaTH THM JOBrOOYIKYBAaHMM KJIIOUEM JO CTAlIOro pO3BHTKY Jorictmunoi cdepu. Moro
BIIPOBA/KEHHSI CIIPUSIE MiBUIIECHHIO €(EKTUBHOCTI, MOKPAIICHHIO €KOJIOTTYHOCTI Ta MOJIIMIICHHIO
COLlaIbHOI BiAMOBIJAILHOCTI JoricTHYHUX cucteM. [loganpsimmii po3surok LI Ta fioro nmocrynose
BIIPOBAPKEHHSI B JIOTICTUYHY c(hepy T03BOJUTH PO3BUHYTH OLIBIII «3€JICHY», IHHOBAIIHY Ta CTIHKY

JIOTICTHUKY, SIKa YCHINIHO OalaHCYyBaTUME €KOJIOT1YHUN, CKOHOMIYHHH Ta COIIaTbHUMN aCTIeKT.
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Cnucox BUKOPUCTAHUX J3KepeJt:
1. Sustainable development landmarks. Konnemnitist cranoro po3sutky. [ Enexrponnmuii pecypc].

— Pexxum noctymy: https://sdl.org.ua/about-sustainable-development/
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V]IK 656.7.025.4

INEPCIIEKTUBH BIIPOBA/I’KEHHSA AEPOTAKCI HA BA3I EJIEKTPOJIITAKIB

Pomanuyk M.A., macicmpanm
Hayxosuii kepienux — Onexcanop Axyuenko, K.m.H., 00y.

Kuiscokuti asiayivunui incmumym, Kuis

KitouoBi cnoBa: aepoTakci, €IeKTPOJITaK, MiCbka MOOUIBbHICTb, TMOBITPSIHI IEepEeBE3CHHS,
Oesmexa.

Beryn. Ilponecu rmobanbHoi ypOaHizamii Ta 3pOCTaHHS YHCENBHOCTI HACENEeHHS B MicTax
NPU3BOIATH JO ICTOTHOTO HABAaHTAXXEHHA Ha ICHYIOUY TPAHCHOPTHY 1HQPACTPYKTypy, IO
CYIIPOBOJIKYETHCS 301IbIIEHHSIM TPUBAJIOCTI IEPEMILIIEHb, TPAHCIIOPTHUMH 3aTOPAMHU, OTIPIICHHM
€KOJIOTIYHOT0 CTaHy Ta 3pOCTAaHHSIM BUTpPAT Ha OOCIYrOBYBaHHS JOPOKHBOI Mepexi. 3a JaHUMHU
CBITOBOTO €KOHOMIYHOTO (opyMy, Bike TIOHAT 55% HaceleHHs TUTAHEeTH MPOKUBAE B MICTaX, a J0
2050 poky 11eii mokazHuk csarae 68%. BogHouac TpaauiiiiHi TpaHCTIOPTHI PIIlIEHHS! BUYEPIYIOTh CBIN
pecypc epeKTUBHOCTI.

OnHi€l0 3 MEPCHEKTHBHUX aJbTEPHATUB € PO3BUTOK MICHKHX MOBITPSIHUX IE€PEBE3CHb 32
JIOTIOMOTOI0  €JICKTPUYHUX JITaJIbHUX arapaTiB BepTHUKAIBHOrO 371b0Ty Ta mocaiaku (eVTOL),
3JaTHUX 3HAYHO CKOPOTHUTHU Yac MepPeMillleHb, 3MEHIIUTH HaBaHTAXCHHS Ha HA3€MHHIA TPAHCIIOPT Ta
MOKPAIIUTH EKOJIOTiuHi moka3Huku. [IporHo3u aHamiTnunux neHTpiB (Morgan Stanley, Deloitte)
nependayarTh, mo A0 2040 poky riobanpHUN PUHOK MIChKOI aBiamii nepeBummth $1,5 TpiH, e
aepoTaKci CTAHOBUTUMYTb 3HAUHY YACTHHY KOMEPLIHHUX MepEBE3€CHb.

3 ornAny Ha Il TEHACHIIT, aKTyaJIbHUM € JOCIHIHKEHHS TEXHOJIOTIYHOTO CTaHy, HOTEHIIIHHUX
nepeBar, oOMEXeHb Ta MEPCIEKTUB BIPOBAKEHHA aepoTakci Ha 6a3i eVTOL B Vkpaini 3
ypaxyBaHHSM CBITOBOTO ocBiny. [1].

Matepiann Tta MeroaM. /[ BH3HAUEHHS AaKTyaJIbHOTO CTaHy pPO3pPOOOK Ta MOTEHILay
BIIPOBA/KEHHsSI Aa€pOTAaKCl BHUBYEHO [OCBIJ TPhOX MPOBIIHMX CBITOBHX KoMIaHiil: Volocopter
(Himeuunna), Joby Aviation (CILIA) Ta EHang (Kurait). Ix moneni — Volocopter VoloCity, Joby S4
ta EHang 216 — € Haiibinpm BiZOMHUMH Ta TEXHIYHO T'OTOBMMH JI0 BIPOBA/KEHHS B MiCbKe
cepenoBuine. Volocopter VoloCity — enekTpu4HU MOBITPSHUMA amapar BEpTHKAIBHOTO 3/IbOTY Ta
MOCAZKU Uil JABOX MAacaXupiB, sikuil Tectyerbes y JlyOai, Cinramypi ta Ilapmwki. Joby S4 —
YOTUPHUMICHHH EJIEKTPOIIITAK 13 AanmbHICTIO 10 240 kM, o Mae yroay 3 Uber Elevate ta ciiiBmpaitoe
3 NASA. EHang 216 — aBTOHOMHMI €eKTPUYHHIA JAPOH JAJIsl OJHOTO-JBOX MACAXKUPIB, AKUN BXKE

orpumaB ceptudikat tuny B Kurai ta npoxoauts BunpoOyBanus B OAE Ta Innonesii. Lli moneni
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OXOIUTIOIOTH TPH KITIOYOBI perionu cBity — €Bpomy, CIIIA Ta A3zito, 10 103B0JIsi€ BCEOIYHO OLIHUTH
TEH/ICHIT B PO3BUTKY MICHKUX MOBITPSIHUX IEPEBE3CHb.

PesyabTaTn. Ha 0CHOBI aHani3y TEXHIYHUX XapaKTEPUCTHK 1 Pe3yJIbTaTiB BUIIPOOYBAaHb TPHOX
cydacHux mozeneil aeporakci — Volocopter VoloCity, Joby S4 ta EHang 216 — Bu3HaueHO
KJIIOYOBI IepeBard Ta oOMEXEHHS iX BIPOBAKEHHS B MIChKI TpaHCIOPTHI cucteMu. Volocopter
VoloCity npu3HaueHuii st IepeBe3eHHs JBOX MMacaXUpiB Ha BicTaHb 10 35 kM 31 mBuakicTio 110
KM/roJ. Bin ycminmHo npoiios BunpoOyBaHHs B ymoBax Meranodicis [lapuxa, Cinramypa ta ly6ast.
Joby S4, 3 MakcUMabHOIO TATBHICTIO TOJBOTY 70 240 KM 1 Kpelicepcbkoro mBHUAKICTIO 320 KM/TOS,
NpOJIEMOHCTPYBaB Ha Tectax y KamipopHii MOKIMBICTD 3HM)KEHHS 4yacy MEpecyBaHHS MICTOM Y
cepennboMy Ha 60% mOpiBHAHO 3 aBTOMOOUIBLHMM TpaHcrmopTtoM. EHang 216, sx aBTOHOMHMI
JIBOMICHHH IPOH, yke oTpuMaB cepTudikat tumy B Kurai Ta Bukonas nonaa 1000 nemMoHcTpaniiHux
MaCaKUPCHKUX TMOJIBOTIB Y MICBKUX YMOBax. [2].

VYci po3riissHyTI MOJEINi BiI3HAYAIOTHCS €KOJOTIYHOK YUCTOTOK0, OCKITBKM TPAaIOITh Ha
enekTpoTs3i 6e3 BukuaiB CO:. 3aBIsSKM BUKOPUCTAHHIO €JIEKTPOIBUTYHIB 13 HU3bKUM PiBHEM IIyMY
(y cepennbomy 65—75 nb) BOHM 3HAYHO MEHIIE BIUIMBAIOTH HA AKYCTUYHE HABAaHTAXKEHHS
METaIoJICiB MOPIBHIHO 3 TPAAULIIHHIUMHU BEPTOJIHOTaMU. [HIIIOIO BaXKIIMBOIO IIEPEBArolo € 31aTHICTh
3MIACHIOBATH BEPTUKAIBHUN 3IIT 1 TOCAAKy HAa KOMIIAKTHHX MaWJaHYMKaX, [I0 JIO3BOJISIE
iHTerpyBaTH iX y INIIBHY MIChKy 3a0yaoBy 0e3 HeoOximHocTi OyIiBHUITBA TOBHOLIIHHUX
aepornoprtiB. [loTeHmiliHe BOPOBaKEHHS a€POTAKCl TO3BOJIUTH CYTTEBO 3MEHIIMTH HAaBaHTAXCHHS
Ha JIOPOXKHIO IHPPACTPYKTYPY, CKOPOTHTHU Yac MEepeCyBaHHs Ta MOKPAIIUTH €KOJIOTIYHY CUTYallilo B
MiCTax.

Pazom i3 TUM iHTErparisi aepoTakci B TPAaHCIIOPTHI CUCTEMHU MICT Hapasi CTPUMYETHCS] HU3KOIO
yrHHUKIB. [lo-niepie, BiACyTHS €1nHa HOpMAaTHBHO-TIpaBoBa 0a3a /i noiboTiB eVTOL y mexax
MmicT. He po3po0bieni cranaapTu cepTudikaii J1iTalbHUX anapariB [bOT0 KJIacy, IpaBuia iX JOMyCKy
710 TIOBITPSTHOTO PyXy Ta MPOIeaypu 3abe3meueHHs Oe3MeKkn Mmacaxupchbkux nepeses3eHb. [lo-apyre,
HEMae MOTO/KEHUX MapIIPYTiB 1 BU3HAYCHHUX MOBITPSHUX KOPHUIIOPIB, 10 YHEMOXKIIUBIIIOE MACOBY
eKCIUTyaTaIlilo aepoTakci 0e3 3arpo3u Ui IHIIMX YYacHUKIB TOBITPSHOTO pyxy. JlomaTkoBum
6ap’epoM € MOBHA BIZICYTHICTb vertiport-iHppacTpyKTypH — CHEliaTbHIX MallJAHYHKIB JUIS 37bOTY,
MOCAJIKH, 3apSAKH Ta TEXHIYHOTO OOCIyTOBYBAaHHS €NEKTPUYHMX JIiTaKiB.[3].

OxpeMy HeOe3MeKy CTaHOBIATH PU3MKHM KiOepOe3meKH, OCKUIbKHM YIpPaBIiHHSA aepoTaKci
3MIACHIOETHCS Yepes Hu(poBi Mepexi Ta OE3MITOTHI CUCTEMU. 3a BIICYTHOCTI HaIHHUX CTaHIAPTIB
mudpyBaHHs Ta 3aXUCTY KaHAIIB 3B’SI3Ky ICHY€E 3arpo3a HECAaHKIIIOHOBAHOTO BTPYYaHHS B CUCTEMHU
YTIPaBIIiHHS MOJIBOTAMH, III0 CTBOPIOE OE3MOCEPEIHIO 3arpo3y )KUTTIO MACAXKUPIB 1 Oe3meli MiCbKOTro

MOBITPSTHOTO TIPOCTOPY.
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He MeHI BaXJIMBHM CTPUMYBAJIBHUM (PAKTOPOM € €KOHOMIYHA CKJanoBa. BapTicTh omHOTO
eJIEKTPUYHOTO aepoTakci craHoBuTh Bix 600 THcay no 3 wmineiioHiB nonapiB CHIA, a cepenns
BapTICTh OJIHOTO KIJIOMETpa MepeBe3eHHs Hapa3i KOJMBAETHCS B MeXax 5—7 joyapiB. 3a MPOrHO3aMHU
Morgan Stanley, surie micias MacoBoOi eKcILTyaTamii Ta 3aImycKy KOMEpLiiHOi KOHKypeHIil Tapudu
MOXYTh 3HU3UTHCS N0 2—3 pomapiB 3a kigomeTp. lIpore HaBiTh y TakoMmy pasi NepeBe3CHHs
3aJMIIATUMYThCS JOPOKYMMH 32 3BUYAlHI HAa3eMHI TaKCi, OpIEHTYIOUHCH MEpPeBaKHO Ha Oi3Hec-
KJTIEHTIB.

Cranom Ha cporoani jume kpainu €C i Kurtail akTUBHO BIIPOBAKYIOTH II0 TEXHOJIOTIIO.
3okpema, y @panuii 1o Onimmiiicbkux irop 2025 poky IIaHy€eThCs OpraHizallis MUIOTHUX MapIIpyTiB
eVTOL y [Tapmxi. €Bponeiichke areHTCTBO aBiamiiiHoi 6e3nexu (EASA) Bxxe po3pobisie ctangaptu
ceprudikarii. B YkpaiHi % MOBHICTIO BIICyTHI HOPMaTUBHI aKTH Ta 3aKOHOJABYi 1HII[IaTUBU y LIl
cdepi, 0 CYTTEBO TaJbMy€ MOXKJIHMBICTH 3allyCKy BUIPOOYBaJIbHUX MOJBOTIB Ta (HOpPMYyBaHHS
TPAHCIOPTHOT KOHLETIII].

Jlnst 3a0e3nedyeHHs MOBHOLIHHOT iHTerpauii aeporakci Ha 6a3i eVTOL y TpaHCIOPTHI cUCTEMH
VYKpaiHu 3anponOHOBAHO MMOETAITHY MPOTrpaMy BIPOBAKEHHS, 110 Nepeadavae:

1. Po3poGeHHst HalliOHAIBHOT KOHIICTIIIT.

dopmyBaHHs epkaBHOI crparerii BukopuctanHs eVTOL ans macakupchKuxX 1 BaHTaKHUX
MIEPEeBE3EHb y MEXaxX MICT 13 BU3HAUEHHSIM 30H BIPOBADKCHHS, KPUTEPIIB OE3MEKH, EKOJIOTTYHUX
BHMOT 1 MapaMeTpiB MiCHKOTO MOBITPSHOTO MIPOCTOPY.

2. CTBOpeHHsI HOPMAaTHBHO-TIPaBOBOI 0a3H.

[TinroroBka 3aKOHOAABUMX Ta HOPMATUBHHUX akTiB ais cepTudikaiii eVTOL, mineH3yBaHHS
oreparopiB, IUCHETYepU3allii pyxy, opraHizamii vertiport-mMaiiJaHUMKIB 1 peryiiOBaHHS MOJbOTIB
eVTOL y mMicbkOMy MOBITPSTHOMY IIPOCTOPI.

3. 3amyck MJIOTHHUX MPOEKTIB y MICTaXx.

Oprani3anis AeMOHCTpaLiHHUX MONBOTIB 1 TeCTOBUX NepeBeseHb y Kuesi, JIbBoBi Ta JlHimnpi,
OyAiBHULITBO MEpPLINX vertiport-maiinanunkiB Ha naxax TPLI, OGi3Hec-1eHTpiB 1 HapKiHTIB.

4. CTBOpEHHS €IMHOI TUCIIETYEPCHKOI CUCTEMHU.

3anpoBa/KEHHST LEHTPAIi30BaHOI CHCTEMHU YMpaBIiHHA MicbkuMH monboTamu eVTOL 3
BU3HAYECHHSAM MapIIPYTiB, IPIOPUTETIB PyXy Ta IHTETPALIIEI0 3 CHCTEMaMH aBialliifHOT Oe3MeKu.

5. Po3po0Oka mpoToKoIiB KioepOe3neKH.

CtBOpeHHsI CTaHIApTiB IMGPYBaHHSI JaHMUX, 3aXHCTy KaHANIB 3B’A3Ky Ta HPOTOKOJIIB
pearyBaHHsI Ha HECAaHKIIIOHOBAaHE BTPYYaHHs B CUCTEMH YIIPABIIHHS MTOJbOTAMHU.

6. [npopmartiiino-po3’ sCHIOBAIIbHI KaMITaHii.

[IpoBeneHHs MAacOBUX JAEMOHCTPALIHHUX MOJBOTIB, 1H(GOPMAIIHHUX 3aXO0/iB, HaBYAIbHUX

nporpam Juis TpOMaJIChKOCTI i aBialiitHuX (axiBIiB A GOpMyBaHHS JOBIPH 10 TEXHOJIOTII.
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7. 3abe3neueHHs JepKaBHOT MiITPUMKH.

3anpoBapKEeHHs MIIBIOBUX MPOrpaM Ul iHBECTOPIB, MOAATKOBUX HpedepeHIiiii, MexaHi3MiB
cniBdiHaHCcyBaHHA Ais OyIiBHUITBa vertiport-iHQpacTpyKTypu Ta 3aKymiBii MEPIIUX CepiiHUX
eVTOL [4].

Peamizauis 1iei mporpamMu 03BOJIUTH CTBOPUTH YMOBHM Ul IHTErpalii aepoTakci y
TPAHCHOPTHY CUCTEMY YKPaiHCBKHMX MICT, MOCTYIIOBO aJanTyBaTH MIKHApOJHI CTaHIApTH 10
BITYM3HSIHOTO PHUHKY Ta 3a0€3MEUUTH y4acTh YKpaiHU B €BPOMEHUCHKIN CHCTEMI MiCbKHUX MOBITPSHUX
HEPEBE3CHb.

JloAaTKOBUM CTPUMYBAJIbHUM YUHHUKOM 3QJIMIIA€THCS HU3bKUN PIBEHb CYCHUIBHOI JOBIpH 110
aBTOHOMHHUX JIITAJIBHUX amapariB s TacaKUPChKUX IepeBe3eHb. bBUIbIICTh MOTEHLIHHUX
KOPUCTYBaYiB MOOOIOETHCS JITaTH OE3MIIOTHUMH MOBITPSIHUMH TaKCi Yyepe3 BiICYTHICTh 0COOMCTOTO
KOHTPOJIIO HAaJ IMOJILOTOM 1 CTpax mepen aBapisiMu. ToMmy BIpPOBaKEHHS aepoTakci morpelye
MacmTabHoi iH(popMalliiiHol KammaHii, opraHizaimii JeMOHCTpAIifHUX MOJBOTIB Ta AKTUBHOTO
3aJTy4eHHS TPOMAJICHKOCTI /10 y4acTi B TECTYBaHHI TaKUX MOCIYT.

TakuM 4uHOM, pe3ybTaTH MPOBEACHOTO aHATI3y MiITBEP/DKYIOTh, 10 eNEKTPUYHI aepOTaKci
BOJIOZIFOTh 3HAYHUM IIOTEHLIAJIOM JUIs iHTerpauii B MiCbKi TPAaHCHOPTHI CHUCTEMH Ta 37aTHi
3a0e3MeYnTH CYyTTEBE 3HIKEHHS 3aTOPIB 1 MOJIMIIEHHS €KOJIOTIYHOT0 CTaHy MeramoiiciB. OgHak is
MOBHOIIIHHOTO BIPOBA/KEHHS 111€1 TEXHOJOT1T HEOOX1THO MO0JIATH HU3KY HOPMATHBHO-TIPABOBHUX,
1HPPACTPYKTYPHUX, E€KOHOMIYHUX 1 CycHiIbHHX Oap’epiB. YKpaiHa Mae BCi NEpeIyMOBH IJis
oprasizalii MiJIOTHUX MPOEKTIB, AKi J03BOJISAThH 3aKJIACTU OCHOBY JUISI MAHOYTHBOTO MPUEAHAHHS 10
€BPOIENUCHKOT CHCTEMH MICHKUX MOBITPSIHUX IEepeBe3eHb.[S].

BucHoBku. EnexTpuyuHi aepoTakci MaloTh BUCOKHMNA MOTEHIIAN JUI iHTErpalii B TpaHCIOPTHI
CHCTEMH MeraroiciB. BoHM 371aTHI CKOPOTUTH Yac MEepeMilIeHHs, 3SMEHIIUTH 3aTOPH Ta MOIMIIUTH
€KOJIOT1UHUH cTaH MicT. J[71s1 BipoBakeHHS B YKpaiHi He0OXiTHO pO3pOOUTH JAepKaBHY KOHIIETIIIIIO
3actocyBanHa eVTOL, mpuilHATH BiANOBIAHY HOPMAaTHBHO-IIPaBOBY 0a3y, CTBOpHUTH Vvertiport-

1HppacTpyKTypy Ta 3a0e3neunTH iHHOopMaIiitHO-pO3’ ACHIOBAIBHY pOOOTY cepe/l HACEICHHS.

CnHcox BUKOPHCTAHUX JKepeJt

1. Kozaxk I. B. Oprani3auis Ta ynpaiiHHS HOBITPSHUM pyXoM : HaBd. noci6. / I. B.
Kozak. — Kwuis : HAY, 2020. — 240 c.

2. [Tetpenxo C. O. [nnoBamiitHi TexHounorii B aBiamii : Monorpadis / C. O. Iletpenko.
— XapkiB : XHY imeni B. H. Kapasina, 2019. — 312 c.

3. Pynenko O. I1. EnextpoTpancnopt B aiaiiii : HaBd. moci6. / O. I1. Pynenko. — Kuis

: KIII, 2021. — 180 c.

63



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

4. BepOunpkuit A. M. Micbka MOOUTBHICTD Ta TPAHCIIOPTHI CUCTEMHU : HaBY. 1Moci0. / A.
M. Bepounpkuit. — JIbBiB : JIHY imeni IBana ®@panka, 2018. — 276 c.
5. CaBuyk B. I. AepokocMmiuni TexHoorii B YKpaiHi : MoHorpadis / B. I. CaBuyk. —

Kuis : HAY, 2022. — 350 c.

64



IHHOBALIIMHI TPAHCIIOPTHI TEXHOJIOI'Ti TA TPAHCIIOPTHI CUCTEMU, 20 Tpasns 2025

YK 656.61.073

BUKOPUCTAHHA I'I APOAPOHIB VI MOHUTOPHUHI'Y AKOCTI BOAU HA
BHYTPIIIHIX BOJHUX HIJIAXAX

Pomanuyxk M.A., macicmpanm
Hayxosuii kepienux — Onexcanop Axywenko, K.m.H., 00y.
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KittouoBi cioBa: TigpoApOH, MOHITOPUHT BOJHM, €KOJIOTiYHA Oe3leKka, aBTOHOMHI CHCTEMHU,
CMapT-BOJIHI TEXHOJOT1I.

Beryn. Cran BHYTpIIIHIX BOJHHMX HUISXIB O€3MOCEpEHBO BIUIMBAE HA €KOJOTIUHY Oe3MeKy
MICT, €()eKTUBHICTh PIYKOBOTO CYJHOILIABCTBA Ta SIKICTh BOAHMUX pecypciB. 3a0pyaHEHHS BOJIOWM
NPU3BOJAUTH 10 TOTIPHICHHS 3/J0pOB’S HACEJCHHS, MOPYLICHHS OI10pi3HOMAHITTS, YCKIIAJIHIOE
BaHT@XHI NEPEBE3CHHA Ta MiABHILY€E BapTICTh BOJOMIATOTOBKH. BojaHouac TpaaumiiiHi MeToau
MOHITOPUHTY aKBaTOPii € TPYJOMICTKUMHU, TOPOTUMH Ta HE 103BOJISIOTH 3I1CHIOBATH ONIepaTUBHUN
KOHTPOJIb.

VY mux yMoBax MEPCHEKTUBHUM HANpPSIMOM € BIIPOBAKEHHS aBTOHOMHHUX TiIPOAPOHIB —
0e3MiIOTHUX TIaB3aco0iB, 3aTHUX BUKOHYBATH 3aBJaHHS MOHITOPUHTY, €KOJOTIYHOTO KOHTPOJIIIO
Ta IpiOHOTOHHAXHHUX BaHTa)xorepeBe3eHb. CBITOBHIA TOCBiA JOBIB €(EKTUBHICTh 3aCTOCYBAHHS
TaKUX anapaTiB y MIChKUX aKBaTOPisAX 1 MOpTax.

Marepiaau i meToau. O6’€KTOM IOCIIKSHHSI € YOTUPH CydacHI MOJIENI TiPOAPOHIB:

ASV C-Cat3 (Beauka bputanis) — aBTOHOMHUI KaTamapaH 1S rigporpadivHOro MOHITOPHUHTY;
Sea Hunter (CLIIA) — aBTOHOMHE CYAHO JUIsl TPUBAJIMX MICii MaTpyTIOBaHHS;

Roboat (Higepiaanam) — Oe3MIOTHUI €NEKTPUYHUIM YOBEH IJIi BAHTAXKHUX, MACAKUPCHKUX
nepeBe3eHb Ta 300py CMITTA B KaHaJaX;

Damen Waterbus Drone (Hizepianam) — aBTOHOMHUN BOJHUN aBTOOYC-IPOH IS MiCHKUX
aKBaTOPIi.

PesyabTaTH. Y CBITOBill NMpakTHLi TiAPOAPOHU BXKE 3aCTOCOBYIOTHCS Ul PI3HUX 3aBlaHb.
ASV C-Cat3 (Benuka bpuranisi) BAKOPUCTOBY€EThCS 11 KapTorpadyBaHHs IITMOMHHU, MOHITOPUHTY
CTaHy JOHHHMX BIJKIAaI€Hb 1 JIOCHI/PKEHHS 3aMyJieHHX MJUISHOK pidok Ta mopTiB. Roboat
(Himepmanau) akTHBHO €KCIUTyaTyeThCsl Ha KaHalax AMcTepAama sK aBTOHOMHE BOJIHE TaKcCi,
BaHTKHUI YOBeH Ta miatdopma i 300py cMiTTs 3 BogHOi moBepxHi. Damen Waterbus Drone
BUKOPUCTOBYETHCS JUISI MACAKUPCHKUX Ta JIOTICTUYHUX TEpEBE3eHb y MICTax 13 PO3BUHEHOIO

CHCTEMOIO BHYTpIIIHIX BogHuX IULsixiB. Sea Hunter (CILIA) BukoHye TpuBasi maTpyibHi Micii Ha
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BEJIMKHX aKBaTopisfix 0e3 yuacTi eKimaxy, IEMOHCTPYIOUM MOTEHIlial TaKUX amapaTiB s
0e3neKoBUX 3aBaaHb.[ 1].

BukopuctanHs aBTOHOMHHX T1JIpOAPOHIB JTO3BOJISIE BUKOHYBATH MOHITOPUHI SKOCTI BOJH,
BUSIBJICHHS 3a0pyJHEHb, KOHTPOJb 3aMyJCHHs, 3HATTA TigporpadiuHux MOKa3HHUKIB 0e3
HEOOXITHOCTI 3allydyeHHsS BOJOJIA3iB Ta BEIMKOrabapuTHHX cyaeH. EkcruryaTamis Takux amapariB
CYTTEBO 3HIXKY€ BUTPATH Ha 0OCIYTrOBYBaHHS BOJIHOI IHPPACTPYKTYpH Ta €KOJOTTUHUI MOHITOPHUHT.
[Tpu 11bOMY TiIPOAPOHU MPAMIOIOTH ABTOHOMHO IILJI0I000BO, MOXKYTh JiSITH Y BAKKOJOCTYITHHUX Ta
HEeOEe3EeUHNUX 30HaX.

[lepeBaramMu TakuX CHCTEM € €JIEKTPUUHA TATa, 10 ycyBae BUKuau CO: Ta 3HUKY€E aKyCTHUYHE
HaBaHTAXCHHS Ha CEpelOBHIIE. 3aBASKM KOMIAKTHOCTI Ta MaHEBPOBOCTI TiIPOJAPOHU MOXKYTh
e(eKTHBHO MpAaLOBaTH B YMOBaX LIUIbHOI MiChKOi 3a0y/l0BH, BYy3bKHX KaHAJIB Ta akBaTopiil, je
BUKOPUCTAHHS TPAIULINHMUX CyJeH € MpoOJIeMaTHYHUM a00 €KOHOMIYHO HEBUTITHHM. binbiricts
CepiitHMX MoZene 31aTHI nepeBo3uTH BaHTaxi 10 300 kr ab0 BUKOHYBATH OJTHOYACHUHN 301p CMITTS
W JaHuX Mpo CTaH BoIU. [2].

OcHoBHUMH Oap’epamMu JJIsl BIPOBAKEHHS TEXHOJIOTII B YKpaiHi € BiACYTHICTH NIPABOBOTO
peryioBaHHS pyXy AaBTOHOMHHUX IUIaB3acoOiB Ha BHYTpIIIHIX BOJaxX, HecTada 3apsaHOi Ta
00CITyroBy1040i 1HPPACTPYKTYPH, PU3HKH KiOepOe3NeKu il 4ac AUCTAHLIHHOTO yIPaBIiHHS.

VY eBpomneichKuX MicTax MiIOTHI MpoekTH Roboat, Damen Waterbus Drone, ASV C-Cat3 yxe
JIOBEJIM NPAKTUYHY JOUUIBHICTh Ta KOMEPIIHHY OKYNHICTh MOMIOHUX PillleHb I MYHIIUIATITETIB 1
NpUBaTHUX oreparopiB. Lle cTBoproe mepeayMoBH s iX IHTEerpauii y TpaHCIOPTHI H eKOJIOTiuHi
cucreMu Ykpainu. HasiBHa BogHa Mepeska J103BOJISIE PO3POOUTH BHYTPIIIHBOMICHKI Ta MI>KIIOPTOBI
MapuUIpyTH AJ1s1 aBBTOHOMHHMX T1APOIPOHIB 13 OYJIBHUIITBOM 3apSAHUX CTAHLIN 1 TEXHIYHUX MTPUYAIIIB
Ha 0a3i icHytouux mopris.[3].

B Vkpaini mopiuHo (iKCYIOThCSI CEpHO3HI €KOJIOTIYHI MPOoOIeMH: 3aCMiYeHHS, 3aMyJICHHS,
PO3TUBYU HAPTOMPOAYKTIB, @ TAKOK CTAPiHHA BOAHOT iHYPACTPYKTYpH. 3 OTJISAY HA HAsBHICTH IOHA
4,5 THC. KM CYAHOIUIAaBHUX PIUOK, 25 MICBKUX aKBaTOpii i MOPTOBUX 30H, MOTEHIliIiHA moTpeda y
TaKUX cUcTeMax cTaHOBUTH He MeHIe 250—300 oauHUIb Ui €KOJIOT1YHOr0 MOHITOpHUHTY Ta 150—
200 ogvHUI A APIOHOTOHHAKHUX BAaHTAKOIEPEBE3€Hb 1 yTUi3auiiHuX omnepaiiil. binbmricts
KOMYHAJIBHUX Ta IIOPTOBHX IiIPUEMCTB BUKOPHCTOBYIOTH 3acTapijie 00IaJHaHHS JUIsI MOHITOPHHTY
Ta 00CIIyrOBYBaHHS BOJIOIM, 1110 HE JO3BOJISIE ONEPATUBHO BUSBIATH 3a0pYJHEHHS, KOHTPOJIIOBATH
napamMeTpH BoJH a0 MIBHKO pearyBaTy Ha aBapiifHi cuTyallii. 3a BiICyTHOCTI €()eKTUBHHX PIIICHb
i MpoOJieMH TPU3BOAATH O TOTIPIICHHS CaHITAPHOTO CTaHy pIiYOK, 30UIBIICHHS BHUTpAaT Ha
OYMILIEHHS BOAU Ta CTBOPIOIOTH JI0/IaTKOBI pU3UKHU JJIS1 CYAHOIIABCTBA.[4].

Haii0inpmr HarampHa mnoTpeba B aBTOHOMHHX TifipoAapoHax icHye Ha J[uinpi, duictpi,

[TiBnennomy by3i, B mpunoproBux akBaTtopisx Kuesa, 3amopixoks, XepcoHa, Uepkac, a Takox Ha
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BOJIOCXOBHIIAX. Y IUX 30HaX IIOPOKY (IKCYIOTbCS BHIAIKU JIOKAIbHUX 3a0pyIHEHb, CKHJIIB
Ha(TONPOAYKTIB, HAKONMYEHHS CMITTd Ta 3MEHIICHHS NPOMYCKHOI 3JaTHOCTI KaHAaliB.
BukopuctaHHs TiIpOAPOHIB JO3BOJMTH CYTTE€BO 3HHM3UTH BHUTPATH KOMYHAJIBHUX CIYyX0 Ha
OUUIICHHS BOJHOI MOBEPXHI Ta 3a0€3MeYUTh MOCTIHHUN OHIANH-KOHTPOJh MapaMeTpiB BOJIHOTO
CepeI0BUINA.

[lepmmii eran BpoBaKeHHS nepeadayae 3akymiBiio 15-20 riapoapoHiB A1 MyHIIHUIIATBHAX
HiANPUEMCTB BEJIIMKUX MICT, JIe € HalOuIbIi BoaHI akBaTopii. [lapanensHo HEOOXiTHO PO3POOHTH
Jiep>KaBHI BUMOTH 10 cepTU(ikaiii aBTOHOMHUX I1aB3ac00iB, MOPAIOK iX 00Ky Ta yMOBH JOITYCKY
710 eKCcIuTyaTalii Ha BHYTPIIIHIX BogoiMax. HacTymHIM KpOKOM Mae cTaTu OyIIBHHIITBO 3apsiTHUX
Ta 00CIYrOBYIOUMX MaliJaHYMKIB HA OCHOBI ICHYIOUHMX NMPHYAIBHUX crIOpya. [5], [6].

VY mepcrneKkTuBI CTBOPEHHS MYHIIMIIAIBHUX EKOJIOTIYHUX MOOUIBHHUX CiIyk0 Ha 0asi
T1IpOAPOHIB JJO3BOJIUTH aBTOMATH3YBAaTH CUCTEMHUN KOHTPOJIb CTaHy BOAM, (iKCyBaTH HE3aKOHHI
CKHU/IM Ta OTIEPATUBHO JIOKATi3yBaTH HACIIIKK aBapiii. Kpim Toro, 3a 10momMororo ApiOHOTOHHAKHUX
MoJIeNIell MOXKIIMBO OpraHi3yBaTu epeBe3eHHs Oy1iBeIbHUX MaTepialiB, XapuoBHX TOBapiB, ApiOHOT
Tapu MDK MPHUIIOPTOBUMHU CKIAJaMU Ta MYyHKTaMU JOCTaBKH, IO CKOPOTHTh HAaBAaHTAKEHHsS Ha
HA3EeMHI UIIXU.

OudikyBaHEe €KOHOMIYHE CKOpPOYEHHS BHUTpaT Ha OOCIYroByBaHHS akKBaTOpid micis
BIIPOBA/KEHHS T1pOApPOHIB cTaHOBUTHME 25-30%, a OKYNHICTh NMPOEKTIB 32 YMOB 3aJy4CHHS
JepKaBHOTO CHiB(iHAHCYBaHHS MOKe ckiacTu 2,5-3 poku. [loTeHuiitHMii oOcCsAT yKpaiHCHKOTO
PUHKY aBTOHOMHHMX TipoapoHiB 10 2030 poky omiHioeTscsi B Mexax 60—-80 mun nomapis CHIA.
TexHooris 03BOJISIE HE JTUIIIE aBTOMATU3YBAaTH YTPUMaHHs BOJOIM, a i CTBOPUTH TU1aThopMy Iist
noOyT0OBH MiCBKOI €KOJIOTIYHOI O€3MeKH Ta HOBUX JIOTICTHYHHUX pillleHb 0e3 MPUB’SI3KU IO CTaHY
JIOPOXKHBOT IHPPACTPYKTYPH.

HasBHICTb €BpOINEHCHKUX T'OTOBMX TEXHOJOTIUYHUX PpIllIEeHb Ja€ 3MOTY 3aKylHUTH Ta
JIOKaJIi3yBaTH CepiifHi 3pa3ku, alanTyBaTH MIpOrpamMHe 3a0e3MeueHHs U1 YKpaTHChbKUX aKkBaTOPiid Ta
OpraHizyBaTH CHCTEMY MOHITOPHHTY BOJOWM Yy peanbHOMy daci. Lle BiIKpHE MOMXIMBICTBH
IHTerpyBaTH BHYTpPIIIHI BOAHI LUIAXH B €IWHY LU(QPOBY EKOCUCTEMY MYHIIUIAIHLHOTO
ynpasmninas.[7], [8].

BucHoBku

BripoBakeHHS aBTOHOMHUX T1APOJIPOHIB B YKpaiHi € CTPATETiYHO JOMUTEHUM PIIICHHSM st
aBTOMaTH3alii MOHITOPUHIY CTaHy BHYTPILIHIX BOJ, ONEPAaTUBHOTO BUSBICHHA 3a0pylHEHb Ta
BUKOHAHHS JIpiOHOTOHHAXXHUX MEPEBE3EHb Y MEXaxX MIChKUX aKBAaTOPii 1 MOPTOBUX 30H. TeXHOIIOTIs
JI03BOJISIE CYTTEBO CKOPOTHTH EKCIUTyaTaliliHI BUTPAaTH HAa YTPUMaHHS BOIHOI iHQPACTPYKTYpH,
MiABUIIUTH €KOJIOTIUHy Oe3MeKy BOAHMX O0’€KTIB Ta 3a0€3MEUUTH ONEpaTHBHE pearyBaHHS Ha

aBapiiiHi cutyanii. BpaxoByoun HasBHUI MIKHAPOIHHUM JOCBIJ 1 MOTCHUIHHUHA MOMUT YKPATHCHKUX
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MICT, JOLUIBHO iHIIIOBaTH pO3pOOKY HAILlIOHAJBLHUX HOPMATHBIB, 3alyCK MUIOTHUX MPOEKTIB 1
CTBOPEHHS iHPPACTPYKTYpH Il 0OCITyrOBYBAaHHS TiAPOIPOHIB.
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TpancnopTtHa iH(ppacTpyKTypa € OHUM 3 HABaXIMBIIINX YUHHUKIB Iporpecy Kpainu. Bona
€ 0/IHUM 3 (PYHJAMEHTAIBHUX CEKTOPIB HalllOHAJILHOI EKOHOMIKH, a ii e)eKTUBHE (DYHKIIOHYBaHHS
€ HeOoOXiIHOI0 YMOBOIO 3a0e3MeueHHs 3aXHUCTYy €KOHOMIYHUX IHTEPEeCiB JepKaBH 1 MOKPAIICHHS
JKUTTS 11 TPOMAJISIH.

B cyuacHmx y MoBax OJHOIO 3 TOJIOBHHX MpoOJeM BITUYM3HSAHOI TPaHCIOPTHOI
1HQpaCTpyKTYypu € T 3HOIIEHICTh, a CcaMe HE3aJOBUIBHUN CTaH JOpIT, 3aTi3HUYHHUX KOJIH,
aeporopToBOi Ta MOPTOBOI iH(pacTpykTypu. Lle Moxke mpu3BOAUTH 10 30UIBLICHHS Yacy B A0PO3i,
IiABUILEHHS PU3KKY aBapiii Ta 3pOCTaHHs BUTPAT HA 0OCIyTOBYBAaHHS PYXOMOTO CKJIay. 3ai3HUYHI
KOJIii, SIK1 HE BIAMOBIAIOTh CTAHAAPTaM, MOXKYTh BUKIMKATH 3aTPUMKH B IEPEBE3EHHX Ta 3HUKECHHS
Oe3nexn. AeporopTH 3 3aCTapijoro iHPPACTPYKTYPOIO MOXKYTh MAaTH MPOOJIEMH 3 00CITyrOByBaHHAM
MacaKUpiB Ta BAHTaXiB, a MOPTH, SKI HE MOXYTh BIOPATHCSA 3 CyYaCHUMHU BUMOTaMH, MOXYTb
CTPUMYBATH PO3BUTOK TOPriBii. L]e Bce HeraTUBHO BIUIMBA€E Ha EKOHOMIKY Ta SIKICTb XKHUTTS JIIOJICH.

Hactynna npoGriemMa nossrae B HU3bKOMY PiBHI 1HHOBAIlill — Bi/ICTaBaHHS y BIIPOBAKEHHI1
CYYaCHUX JIOTICTUYHUX PillIeHb Ta "pO3yMHUX" TPaHCIOPTHUX cucTeM. HUu3pKkuil piBeHb iHHOBALIN Y
cdepi JOTICTUKH Ta HEIOCTATHE BIPOBAKEHHS CMAapT-TEXHOJIOT1H, TAKMX K CUCTEMH yIpaBIiHHS
TpadikoM, sIKi BAKOPHCTOBYIOTh JIaHi1 B peajIbHOMY Yaci JJIs MOKPALICHHS MapIIpyTU3allii BAHTaXIB.
Lle He 103BOJISAE NOCATTH HAWBUIIKX 3HAYCHD MTOKA3HUKIB €(PEKTHBHOCTI.

KirouoBoro mpo06iemMoro € eKOJOriuHi BHKJIMKH, a caMe BHCOKE 3a0pyJHEHHs MOBITps Ta
sukua CO? Bix Tpaauuiiinoro Tpancnopry. Hanpukiaa, BUKOPUCTAHHS aBTOMOOLIIB 3 JABUT'YHAMH
BHYTPIIIHBOTO 3ropsiHHA. LI aBTOMOOLMI, mparoroun Ha OeH3uHI abo AU3eNbHOMY TaJIUBi,
BUKUJAIOTh 3HAUYHY KIJIBKICTh BYTJIEKHCIIOTO ra3y Ta iHIIUX 3a0py/JHIOI0YUX PEYOBHH, 10 HEIraTUBHO
BIUIMBAIOTh Ha SIKICTh MOBITPS Ta CIIPHUSIOTH 3MiH1 KilimMary. Lle mpu3BoanuTs 10 pobiieM 3i 370pOB'IM

y JIO/IeH, a TAaKOXK JI0 MOTIPIIEHHs €KOJIOTIYHOI CUTYallii B MiCTax.
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Benuky KibKicTh po0JeM TpaHCIIOPTHIH iHPpaCTPYKTypi 1oaIu BIHCHKOBI Aii B YKpaiHi.
Bracnigok 0oifoBuX [iif 3pyHHOBAaHO THCS4l KITOMETPIB aBTOMOOUIBHUX Ta 3ali3HUYHUX HUISAXIB,
MOCTH, JIOTICTHYHI LIEHTPH, aepornopTu. OcoOIMBO NOCTPaX 1AM CXiIHI Ta MiBIECHHI PETiOHU KpaiHH.
Hampuxman Binomo, o y 2022 porri BHaci10Kk 00HOBHX [iii 0y10 3HUIIEHO 200 MOIIKOKEHO MTOHA/T
20% aBTOMOOUIBHUX JOPIT y JAESIKUX perioHax, Takux sik KuiBcbka Ta XapkiBcbka 00JacTi.

Yepes BICHKOBI /111 BAHUKIIN 3arpo3a Oe3meri nepeBe3eHb - TPaHCIIOPTHI IIJISIXU 3HAXOASAThCS
i 3arpo3010 0OCTPiNiB, MiHYBaHHS, 1110 3HAYHO YCKJIAJHIOE MEPEMIlIIeHHsI TOBapiB 1 mojeil. Yacto
BUHUKAE HEOOX1THICTh B 00°13/71axX 1 crieriaIbHUX JO3BOJIAX.

OpHiero 3 mpobseM B yMOBax BilfHH € TIOPYIIEHHS JIOTICTUYHUX JIAHLIIOTIB, a caMe 3aKPUTTS
MOPTIB, MPOOJIEMH 3 IEPETUHOM KOPJIOHIB Ta OOMEKEHHS Ha MIXKHAPO/IHI IIEPEBE3CHHS IPU3BEIH 10
3pOCTaHHS JIOTICTUYHUX BUTpAT Ta 4yacy foctaBku. Ilicis moBHoMacimTabHoro BropraeHHs Pocii B
VYkpainy y 2022 poui ctpaTeriuti nmoptia YopHoro ta A30BCHKOI0 MOpiB — 30Kpema Mapiynosib,
bepasHCchk Ta wacTkoBo Onmeca — Oynu 3abmokoBaHi abo 3pyitHOBaHi. lle mpusBeno g0 komnamcy
MOPCBKOTO €KCIIOPTY, OCOOJIMBO 3E€pPHOBUX KYJbTYp, Ha fAKI YKpaiHa TPaguliifHO € BEJIUKUM
excropTepoM. B pe3ynbTari kpaiHa Oyia 3MyllieHa IyKaTy allbTepHATHBHI JOTICTUYHI MapIIPYTH.

Amnamiz Teopii 1 TMpaKTUKH BIPOBAUKCHHS PpIMIEHb B PO3BUTKY TPAHCIOPTHOI
1HPPACTPYKTYPH, JO3BOJIMB BUAITUTH HAHOLIbII €PEKTHBHI 3 HUX:

¢ PO3BHUTOK "3€1€HUX" TEXHOJIOTIi Ha TPAHCIIOPTI — BIPOBAKEHHS €JIEKTPOMOOLITIB, BOJTHEBUX
Ta TIOpUAHKUX BUIIB TPAHCIIOPTY Ta PO3BUTOK 1HPPACTPYKTYPH I iX (PyHKIIOHYyBaHHS.

e [{u¢posizarist TpaHCIOPTY — aBTOMATH3aLlis, BUKOPUCTAHHS LITYYHOTO IHTEJIEKTY Ta Big
Data nyis ontumizanii MapIipyTiB.

e [HTEerpanis MyJIbTUMOAIBHUX NEPEeBE3eHb — MOETHAHHS PI3HUX BUIIB TPAHCIOPTY B €IMHI
TPAHCIOPTHO-JIOTICTUYHI JIAHIIOTM B yMOBaX 1H(PacTpyKTypu MDKHAPOJHHX TPAHCHOPTHUX
KOPUJIOPIB.

¢ PO3BUTOK cMapT-iHPpacTpykTypu — OyAIBHULUTBO IHTENEKTyaJIbHUX JOpPIr, CHUCTEM
yIOpaBiiHHSA pyxoM, "pozymHux" TepminamiB. [linTpumka crapTamiB Ta IHHOBaLlili — pPO3BUTOK
0€3MUJIOTHOTO TPAHCIIOPTY, JPOHIB JUIS JOCTAaBKU, HOBUX (hOpMaTiB MiCbKOT MOOITBHOCTI.

e Mi>kHapoIHa 1HTETpallist — y4acTh y TI00aJbHIX TPAHCIIOPTHUX KOPUAOPAX Ta iHIIiaTHBaX

e MosepHizalist 1HQPACTPYKTYpH - TiCHs BiIMHHM OUIKYeTbCS MaciTaOHEe BiJHOBJICHHS
3pyHHOBAHUX OO0 €KTIB 3 ypaxyBaHHAM CyYaCHHMX TEXHOJIOTIYHHX CTAaHJApTIB Ta €BPOIEHCHKOI
iHTerparii.

e 3alydeHHS MDKHApOJHOI MITpUMKU - €Bponeiicbkuii Coro3, CBiToBMI OaHK Ta iHIII
NapTHEPHU BKE 3asiBHJIM MPO TOTOBHICTH (hiHAHCYBATHU 1HPPACTPYKTYPHI MPOEKTU Ta MiATPUMYBATH

JIOTICTUYHY 1HTErparito YKpaiHu.
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BuCHOBOK:

TpaHcriopTHa CHCTEMa € OCHOBOIO CKOHOMIKH OyIb-sKOi JepkaBH, ake 3abesmneuye
NepeMilleHHs JIIoJIel, BaHTaxiB, pecypciB Ta iHdopmarii. BiiiHa B YkpaiHi 3HaYHO YyCKJIaJHWIIA
(GYHKI[IOHYBaHHSI TPAaHCIOPTHOI CHUCTEMH, OJHAK BOJHOYAC CTBOpWJIA YMOBH JUIsl ii SIKICHOTO
OHOBJICHHS. BUKOpUCTaHHS Cy4acHUX TEXHOJIOT1H, udpoBizalis Iporecis, Mi>KHApOIHA MIATPUMKA
Ta CTpaTeriyHe IUIaHyBaHHSA MOXYTh 3pOOMTH YKpAiHCbKHI TpaHCHOPT eQEeKTHBHILINM,

0e3MeyHIIUM Ta OB IHTETPOBAaHUM y CBITOBY JIOTICTUUHY CUCTEMY.

CnucoKk BUKOPHCTAHUX JKepeJt:
1. IMocranoBa KMY Ne821 Bin 04.08.1997 p.
2. HamionanpHa TpaHcropTHa ctpateris Ykpainu 1o 2030 poky
3. Jani /lep>kaBHOTO areHTCTBa aBTOMOOLIBHUX JOpIiT YKpaiHu
4. Odiuiitni 3BiTH AT «Ykp3anizuuip» 3a 2022-2024 pp.

5. Ily6nikarnii MinictepcTBa iHppacTpyKTypu YKpaiHu
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YK 656.078:004

MYJAbTUMOJAJBHI HIEPEBE3EHHS B ENOXY IU®POBUX TEXHOJIOT'TH

Hlunkapyx A.B., cmyoenmka
Hayxosuii kepienux - [lokienxo JI.M., k.e.H., doyenm.
Jepacasnuu ynisepcumem «Kuiecokuii agiayitinuti incmumymy, Kuis
Kito4oBi crioBa: MyJbTUMOZANBHI IepeBe3eHHs, IIU(POBi3allis, JOricTUKa, IHHOBAIIii, TPAHCIIOPT

Beryn

Y XXI cTomiTTi MyJbTUMOJANBHI TEpeBE3eHHS BIAIrPalOTh Jeiali BaKIMBIIIY pOJb Y
3abe3neueHHi ri100ambHoi MOOLIBHOCTI TOBapiB. B yMoBax 3pocTarouoi CKJIQAHOCTI MIXKHAPOIHUX
JIOTICTUYHUX JIAHIIOTIB TOCTaYaHHS, [0 OXOIUTIOIOTh KUTbKAa BHIIB TPAHCIOPTY, OCOOIMBOTO
3Ha4YeHHsT HaOyBae e(eKkTHBHA IHTerpauis pIi3HOPIAHUX TEPEeBI3HUKIB, 1HPPACTPYKTYp Ta
iHpopmaniiinux motokiB [1]. IlpoTe TpamumiiiHi miaxoaw 0 oOpraHizamii TakuX MEpeBE3CHb
BUSIBISIIOTHCSL HEAOCTATHBO THYYKHMMM M TMPO30PHMMH B YMOBAaX BHCOKHMX TEMIIB 3MiH IOMHTY,

3pOCTaHHS KOHKYPEHIIii Ta HEOOX1THOCTI ONEPaTUBHOTO pearyBaHHs Ha PU3UKU [2].

Hudposizallis TpaHCIIOPTHOI rayTy3i BIAKPUBAE HOBI MOMJIMBOCTI JJISl TIOJOJIAHHS BKA3aHUX
BUKJIMKiB. 3aBJIIK1 BIPOBAKEHHIO Cy4aCHUX HU(POBUX TEXHOIOT1H — TaKHX K OJOKUEIH, XMapHi
obuncnenns, Big Data-ananituka, intepHer peueit (IoT) Ta mrydHuit iHTENEKT — 3'SIBIAIOTHCS
iHCTpyMeHTH Uit yHigikauii iHdopMmalii MK ydacHHUKaMH JIQHIIOTA, aBTOMAaTH3alii MpoleciB
IUIAHYBaHHS Ta MOHITOPHHTY, a TaKoXX 3a0e3Me4YeHHs MPO30pOCTi Ta HAMIMHOCTI JaHUX IIOJ0

NepeMilIeHHs BAaHTaXIB y peanbHoMYy 4aci [3; 5].

AKTYalbHICTh TEMHU HIATBEPDKYETHCS YUCICHHUMH CyYaCHUMU JOCHTIDKeHHsIMU [1-3], sKi
BUCBITJIIOIOTh ITU(PPOBY TpaHCPOPMALI0 MYJIHTUMOJANBHOI JIOTICTUKHA SIK OJMH 13 KIIOYOBHUX
HanpsAMiB PO3BUTKY MIKHAPOJAHUX TPAHCIIOPTHUX CUCTEM. 30KpeMa, aKIIeHT pOOUTHCS Ha IepeBarax
aBTOMATH30BaHOTO JOKYMEHTOOOITy, MPOrHO3HOTO aHalli3y MapHIpyTiB, IU(POBOI igeHTUdIKaI]
BaHTaXiB, 10 JO3BOJIAE€ CYTTE€BO 3HM3MTU JIOTICTHYHI BHUTPATH, CKOPOTHTHU Yac TOCTaBKU Ta
MIBUIIATH SKICTh 0OCITYTOBYBaHHSI KIII€HTIB [4].

[Tonpu HasBHICTH NEPCIEKTUBHUX HAMpalfoBaHb 3a KOPIOHOM, B YKpaiHi el Hampsm
3aJIMIIAETHCS HENOCTaTHBO nociipkeHnM. Came TOMy BHMHHKae moTpeba y IMOmoMy aHamisi
MOTOYHUX TEHJICHIII, BUBYECHHI CBITOBOTO JOCBily Ta MOUIYKY NUISXiB HMPaKTUYHOI axanTaiii

U(POBUX PILLICHb JI0 BITYM3HAHUX YMOB [2; 3].
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MeTo10 1aHOTO JOCHIJIKEHHS € aHalli3 MOKIMBOCTEH Ta 0OMEXEeHb 3aCTOCYBaHHS UPPOBUX
TEXHOJIOTIH y cdepi MyIbTUMOJAIBHUX IEPEBE3CHb, a TAKOXK BUSABJICHHS KJIIOYOBUX YHMHHUKIB, 110

BIUTMBAIOTh Ha €()EKTUBHICTH 1X BIPOBAKEHHS B TPAHCIIOPTHO-JIOTICTUYHUX CUCTEMAX.

Marepiaan Ta meToan

O06'ekTOM JOCHIKEHHS € Cy4acHI MyJbTHMO/AAJIbHI TPAHCHIOPTHO-JIOTICTUYHI CUCTEMH, SKi
MOEIHYIOTh ABTOMOOUIBHHM, 3aJ1I3HNYHUN, MOPCHKUI Ta MOBITPSHUI TPAHCIIOPT y MEXax €IUHOTO
norictuyHoro npouecy. OCHOBHa yBara NpujaijieHa UPPOBUM PIICHHSM, 110 3aCTOCOBYIOThCS Ha
PI3HUX eTanax nepeBe3eHb: i yac IIaHyBaHHS MapUIPyTiB, YIPABIiHHS TPAHCIOPTHUMU 3ac00aMH,

MOHITOPUHTY CTaHy BaHTaXy Ta OpraHi3alii JOKyMeHT000iry.

Jist mocnipkeHHsT BUKOPUCTAHO aHAITHYHUM METOJ, KM nependadae KpUTUYHUN aHAJi3
HAYKOBUX ITyOJiKaIliif, 3BiTiB MI>XHAPOJHHUX JIOTICTUYHUX ONEPATOpPiB, HOPMATUBHO-IIPABOBUX AKTIB
€Bporneiicbkoro Coro3y, a TakoX BIIKPUTUX JaHMUX MPO BIPOBAKEHHS HUPPOBUX IUIATHOPM Y
cdepi MyJIbTUMOIATBHUX MTEPEBE3CHB [2; 4].

[opiBHsUIBHY OIIHKY (DYHKIIOHAIBHUX XapaKTEpUCTHK LU(MPOBUX EKOCHCTEM (30Kpema,
TradeLens, Project44, Transporeon) 3aiiCHEHO 3 BHUKOpPUCTaHHSAM MeTony benchmarking. Bin
JI03BOJIMB BUSIBUTH KIIIOYOBI TMepeBarn IUQPpPOBUX TaThopMm y 3abe3nedeHHi Mpo30pocCTi,

aJIaTUBHOCTI Ta 1HTErparii MyJIbTUMOJAIBHUX JIOTICTUYHUX TporieciB [ 1; 4].

Jlns BUSABNICHHS 3aKOHOMIpHOCTEH MK piBHEM IMQpOBi3allii mepeBe3eHb 1 JOTiICTUYHOIO
e(EeKTHBHICTIO 3aCTOCOBAHO METOJ| €KCIIEPTHOTO OIIHIOBaHHA. Y HOro Mexax IMpoaHalli30BaHO
BIIKPHUTI CTaTUCTUYHI JaHi, Taly3eBi KeiicM Ta aHAJNITHYHI 3BITH MpOBiAHMX opranizauii (World
Bank, UNCTAD, IRU) [2—4]. Enementn SWOT-anani3zy BUKOPUCTAHO ISl y3arajlbHEHHS CHIIBHUX
1 cmabkux cTopiH U(poBoi TpaHCPOpMAaLlii y TPaHCHOPTHO-JIOTICTUYHIN cdepi.

[ndopmariitna 6aza oxormmioe mxepena 3a 2022-2024 poxu, mo 3abe3nedye akTyalbHICTh

BHUCHOBKIB JIOCITIKCHHSI B KOHTEKCTI JUHAMIYHUX 3MiH Yy TJI00ANbHIHN JIOTiCTHII.
PesyabTaTn

Amnaii3 cyyacHUX UM(POBUX DIllIeHb, SIKI BUKOPHUCTOBYIOTHCSA Y cepi MyJIbTUMOJATBHUX
NIepEeBE3eHb, J103BOJINB BUOKPEMUTH KiJTbKa KITFOUOBHX HANpPsAMiB iXHbOTO BIIpoBaKeHHs. [1o-niepie,
3HA4YHy POJIb y MiJBUIIEHHI MPO30POCTi JIOTICTUYHUX ONepaliil BiIirparoTh OJIOKYEHH-TEXHOJIOT1],
K1 320€31euyI0Th HE3MIHHICTh iH(pOopMaIlii Ipo nepeMileHHs BaHTaxy, (ikcailito KpUTUYHUX TOIIH
Ta aBTOMATHU3AIlII0 JIOTOBIPHUX BiHOCHH 3a JOIOMOIOI0 CMapT-KOHTpakTiB [5]. Ha mpaxTumi me
peamizoBano B cuctemi TradeLens, ne BCl yYaCHUKH JIOTICTUYHOTO JIAHIFOTA MAalOTh

CHUHXPOHI30BaHUH TOCTYM 0 €AWHOI 0a3u TaHUX Y PeXHUMI peasbHoro vacy [1].
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[o-npyre, mnartdopmu yrnpasiiHHS TPAHCIIOPTOM HOBOT'O TIOKOJIIHHS (Hanpukian, Project44,
FourKites) 3abe3neuyiots iHTerpamito nanux 3 GPS-naBiratropis, ceHCOpiB TeMmepaTypH, THCKY,
PIiBHS BOJIOTH TOIIIO, IO JO3BOJISIE MPOTHO3YBATH MPUOYTTS BAHTAXY 3 TOYHICTIO 10 KIJIbKOX XBHJIUH,
a TAaKOX BYACHO pearyBaTH Ha 3aTPUMKH YM TOPYIICHHS YMOB TpaHCHopTyBaHHA. Lle oco0amnBo
aKTyaJlbHO [UIS MYJIBTHMOJAIBHUX TMEpeBE3eHb 3 Y4YacTI0 aBTOMOOUIBHOTO Ta 3aJi3HUYHOTO
TpaHcnopry [4].

[To-Tpere, aHaNMITUYHI CHCTEMH HAa OCHOBI IITYYHOTO IHTENEKTY IO3BOJISIOTH HE JIMIIE
OINITUMI3yBaTH MapIIPyTH Ta 3MEHIIUTH XOJOCTI MpoOiry, a i aganTyBaTH JIOTICTHYHI CTpATerii 10
3MiH Yy TONUTI, CE30HHUX KOJUBaHb a00 JIOTICTHYHHUX 300iB. Taki aJrOpUTMHU BIPOBAKYIOTHCS,
30kpemMa, B €C y paMKax MNpOeKTiB IM(PPOBUX TPaHCIOPTHUX KopuuopiB (Digital Transport

Corridors Initiative) [2].

Jns ymoB YkpaiHM BH3HA4eHO HH3KY Oap’€piB, IO CTPUMYIOTH LIMPOKE BIPOBAKECHHS
upoBUX pilieHb: ¢pparMeHToBaHicTh IT-1HPPaCTPyKTYpH JOTICTUYHHUX ONEPaTOpiB, BIACYTHICTH
€IMHUX CTAaHAAPTIB EJIEKTPOHHOTO JOKYMEHTOOOIrYy, HEJOCTAaTHS KBamiikaiis mNepcoHady B

U(PPOBUX IHCTPYMEHTAX, a TAKOXK OOMEXEeHUI JoCTyn 110 (piHaHCYBaHHS iHHOBaii [2; 3].

Pazom i3 THM, HamioHalbHI TpPUKIAIM — SK-OT 3amyck enekrponHoi TTH, inTerpauis
nep:kaBHUX cepBiciB y "eTpancnopt", po3pobka cucreM Ha 6a3i ykpaiHcbkux GPS-npoBaiinepiB —
CBiIYaTh NPO HASIBHICTH NepeayMOB A HU(poBOi TpaHchopMallii MyJIbTUMOIATBHUX IEPEBE3CHB Y

NEPCIEKTUB] HAUOIMKIUX POKIB.
BucHoBKkH

CyuacHuii eTan po3BUTKY TPAaHCHOPTHO-JIOTICTUYHHUX CUCTEM 3aCBIIUy€E: IUPPOBI TEXHOIOTIT
HE JIUIIE 3MIHIOIOTh METOJAM OpraHizamii MyJIbTUMOJAIBHUX MEpeBe3eHb, a W (OPMYIOTh HOBI
CTaHIApTH iX EQEKTHUBHOCTI, MPO30POCTI Ta aAanTUBHOCTI. IHTerparis Oiox4elH-mIaTdopMm,
IHCTPYMEHTIB IITY4YHOTO iHTENeKTy, 0T Ta XMapHUX pillIeHb CTBOPIOE MOTY)KHE CEPeAOBUIIE IS

6e3nepepBHOro 0OMiHY JaHUMHU MIXK yCiMa Y4aCHUKAaMU JIOTICTHYHOTO JIAHITIOTA.

Y pesynbraTi 1udpoBoi TpaHchopmaiii MOCATAETHCS HE JHIIE MiABUIICHHS TOYHOCTI
IUTAHYBaHHS ¥ KOHTPOJIO TPAHCIOPTY, a i pealibHa €KOHOMis pecypciB, 3MEHIICHHS 3aTPUMOK i
MOCHJICHHS KOHKYPEHTOCIIPOMOXKHOCTI TIEPEBI3HUKIB Ha MIXHApOAHOMY pHUHKY. [IpakTuka
BUKOpHUCTaHHA Takux Tuiardopm, sk TradeLens, Project44 ta Transporeon, Bxke JI0BEla CBOIO
€(eKTUBHICTh y CBITOBIM JIOTICTHIII.

Boanouac, s kpaiH 13 mepexiHOI0 eKOHOMIKOIO, 30KkpeMa YKpaiHH, BaXKIMBO HE JIMIIE
HaCIiyBaTH CBITOBHM 1OCBiJ, a W azanTyBaTH LU(POBI PIMICHHS 3 ypaxyBaHHSAM JIOKaJIbHUX

6ap'epiB. KirouoBuM 3aBIaHHSIM HalllOHAJIBHOI TPAHCIIOPTHOI IMOJIITUKK Ma€ CTaTh (hOpMyBaHHS
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CIPUATINBOrO U(POBOTO CEPEIOBUILA — IIITXOM CTaHAAPTH3ALI] €IEKTPOHHOTO JIOKYMEHTOO00IrY,

po3BuTKy IT-iHPpacTpyKTypH Ta MiArOTOBKKA BUCOKOKBaTi(iKOBaHUX (PaxiBIiB.

Taxum 4rHOM, TUQPOBI3aLlisT MYJIbTUMOJATEHUX TIEPEBE3EHb — II€ HE MPOCTO TEXHOJIOTTUHE
OHOBJICHHS, a CTPATETiYHUN HAIpPSIM, 1[0 BU3HAYAE KOHKYPEHTO3JATHICTh JOTICTUYHUX CUCTEM Y

rI1006aTEHOMY TIPOCTOPI.
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THHOBAIIMHI TPAHCHIOPTHI TEXHOJIOI'TI TA

TPAHCIIOPTHI CUCTEMUA

3BIPHUK MATEPIAJIIB 2025 MDKHAPOI[HIFI HAYKOBO-TEXHIYHIN
OHJIAMH-KOH®EPEHIII 1JIAA CTYJAEHTIB, ACIIIPAHTIB,
JOKTOPAHTIB TA MOJIOJAUX YYEHUX

20 TpaBHs 2025 p.

JlomyckaeThbesi B aBTOPCHKiH peaakiii. BinnosigansHICTh 3a iH(OpMaIliio, BUKIAACHY Y
nmyOmiKamisix HeCyTh aBTOPH.
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