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The conference is aimed at comprehensive coverage of scientific and practical
research results, accumulation of best international experience and development of
strategic decisions regarding recovery, adaptation and sustainable development of
the aviation industry in the conditions of modern global challenges and uncertainty.
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MOAIISITH TOYKY 30py aBTOPiB, BUKJIA/IEHY Y MaTepiajiax.
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INEPEIMOBA

CyudacHa aBialiiiHa raiqy3b Ta ri00aibHa JOTICTUYHA cucTeMa (QYHKIIOHYIOTh
y nepioJ 6e3npereeHTHIX TpaHchopMmalriiii, 3yMOBICHUX 0€3MIEKOBUMU PU3UKAMH,
BOEHHUM CTaHOM, 3aKpUTTSIM LMBUIBHOIO MOBITPSHOTO MPOCTOPY YKpaiHu Ta
nepeOy10BOI0 MI>KHAPOIHMX JIAHIIOT1B MTOCTa4aHHs. Y IMX YMOBax 0coOJMBO1 Baru
HaOyBa€ TOLIYK aJalNTUBHUX HAayKOBO-TIPAKTUYHUX pIllIeHb, CIPSMOBAHUX Ha
3a0€3MeUeHHs]  OmepalrliiHOi  CTIMKOCTI  aBIAMANPUEMCTB,  30€peKCHHS
TPaHCIOPTHOTO MOTEHIliaTy KpaiHu Ta MiATOTOBKY JI0 MiCISIBOEHHOTO B1JIHOBJICHHS
i eBpoiHTerparlii ramysi.

Martepiann VI MixxnapoaHoi HaykoBO-TIpakTH4HOT KoHPepeHIii «[Ipobdaemu
oprasizalii nepeBe3eHb Ta yIpaBIiHHSA Ha MOBITPSIHOMY TPaHCIOPTD) (22 KOBTHA
2026 poky), opraHizoBaHOi Ka(eapOor TPaHCIOPTHUX TEXHOJIOTIM 1 cucTeM
¢dakynpTeTy TpaHcnopty 1 jorictuku HY «KAD» y mapTHepcTBi 13 IPOBIAHUMHU
3aKOPJAOHHUMHU 3aKJIaIaMU BUIIO1 OCBITH Ta aBlallliHO-IOTICTUYHUMHU KOMITaHISIMH,
BIJI0OpakaroTh KOMIUIEKCHMM TMIAX1JT HAYKOBOi CHUIBHOTH Ta NPaKTUKIB [0
pO3B’si3aHHS HaraJbHUX npobsieM cekropy. HaykoBuil 10poOOK y4yacHHKIB
OXOIUTIOE IIUPOKE KOJIO TMHUTaHb: OINTHUMI3allid Ta YIPaBIiHHA aBlalliHHUMU
NEPEBE3ECHHAMU; PO3BUTOK a€pPOIOPTOBOI ASIIBHOCTI Ta HA3€MHOI 1HQPACTPyKTYypH;
AHTUKPU30BUM MEHE/DKMEHT Ta Oe3reka asiailii; udposizailisi, CTIHKICTh Ta CTaui
PO3BUTOK aBlalliIfHOTO TPAaHCHOPTY; EKOHOMIKAa aBlalepeBe3eHb B YMOBax
HEBU3HAYCHOCTI; aBialliiiHa JIOTICTUKA Ta IHTEPOBAHI JIAHIIOTH TOCTA4YaHHS.

B 30ipHUKY BHUCBITJICHO KIJIFOUOBI BUKJIMKH Ta 1HHOBAIIWMHI IIJISXH PO3BUTKY
aBIaTPAHCIOPTHOI Tally3l B YMOBaX BOEHHOTO CTaHy Ta TEOMOJITUYHOI
HeBHU3HA4YeHOCTI. [IpencraBieni pe3yabTaTy JOCHIIKEHb 1 MPaKTUYHI peKOMEHAAIl1
CTaHOBJISITh BUCOKY LIIHHICTB [ HAYKOBLIB, 3/100yBayiB BUIIOI OCBITH, (haxiBIIiB
aBlaKOMIIaHii, aepomoOpPTIB Ta JOTICTUYHUX ONEPATOPIB, COPUSIOUH IT1IBUILIEHHIO
O€3MeKH, THYYKOCTI Ta KOHKYPEHTOCHPOMOXKHOCTI TPAHCHOPTHOI CHUCTEMU
VYkpaiHy, a TakoXX MIATBEPIKYIOTh BHUCOKMM IMOTEHIIA] YKPaiHCHKOI aBlallliHO1
HAyKWd 1 OKPECHIOIOTH YiTKI BEKTOPHI HampsAMH JJisi BiIOynoBU 1 1udposizarii
TPaHCIIOPTHO-JIOTICTUYHO1 1HOPACTPYKTYPH YKpaiHU y MICIIBOEHHUMN MEPIOI.

OprasizaiiiHuii KOMITET BUCIOBIIIOE HIUPY BASYHICTH yCIM yYacCHHKaM 3a
rIMOO0KI Ta 3MICTOBHI JIOCHIIPKEHHS, a TAKOXK HAYKOBUM KEPIBHUKAM 32 MIITPUMKY
Mosiogux TanaHTiB. CroliBaEeMocs, IO OIMyOJIIKOBaHI Marepiaqud CTaHyTh
MIAIPYHTAM JIJI1 HOBUX HAYKOBHX JHUCKYCIM, MIDKHApOJHHMX KoJjlabopalliii Ta
peabHUX BUPOOHUYMX BIPOBAIKEHb.

3WuMMO aBTOpaM HEBHUYEPITHOTO HATXHEHHS, HOBUX HAayKOBHUX 3BEPIICHb Ta
BIIEBHEHOT'O pyXy BIIepe IIJISXOM 1HHOBAII1i!

I'osi0Ba opranizaniiHOro KoMirery:

1. T. H., mpodecop
B.0. JIeKaHa (paKyIbTETy TPAHCHIOPTY 1 JIOTICTUKHU JAmutpo IIEBYYK
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1. Onmumizauia ma ynpasarHHa asiayiitHumu
nepege3eHHAMU

YK 338.27:656.71

BIIJIUB CE3OHHOCTI HA IOKA3HUKH ABIAKOMITAHII
TURKISH AIRLINES
Aumonosa A.QO., k.m.H., npoghecop.
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KitouoBi cnoBa: macakwpo-KIJIOMETPH, TACAXHUPOMOTIK, mporHo3, ARIMA,
CE30HHICTh

Ce30HHI SIBHILA ICTOTHO BIUIMBAIOTh HA MOKA3HUKH POOOTH aepoNopTiB Ta
aBiakommaniii [1]. s omiHkM iX posi HeoOXigHa JaerajdbHa 1 sKicHa Oa3a
CTaTUCTUYHUX JaHuX. [IpuknamoM Takoi 0a3u € CTaTUCTUYHI JaHi, K1 Hajae
aBlakommaniss Turkish Airline [2]. Ile mo3Bosste mOCHIKyBaTH dYacoBi psau
aBlalllfHUX TIEPEeBE3E€Hb MACaXKUPIB, KUIBKOCTI MPU3EMIICHb, TACAXKUPO-KIIIOMETPIB
ta iH. B [2] npuBeneHo Taki naHi MO CceMH perioHaJbHUM HampsMKkax: Domestic
(BuyTpimHi), Europa (€spona), Middle East (bim3pkuii Cxin), Far East (Jlanexwuii
Cxin), Africa (Adpuxa), North America (ITiBniuna Amepuka), South America
(IliBmeHna AMmepHKa), a TaKoXX AaHi mpo 3arameHi mepeseseHns (Total). Ix
CTaTUCTUYHHMIA aHall3 J03BOJISIE BIATBOPUTHU BECh CIEKTP POOOTH aBlaKOMITAaHii
Turkish Airline.

B miii pobOTI MM MpOaHANI3yeEMO BIJIACTUBOCTI YAaCOBUX PSAIIB  IMACAKUPO-
kinomeTpiB (Revenue Passenger Km) st Bcix perioniB B niepiof ciunsg 2013 p. g0
rpyass 2019 p., a Takox 3 ciuns 2023 p. no rpynens 2025 p. 1 3poOMMO MPOTrHO3 Ha
2026 p. dani Covid -19 ( 2020-2022 pp.) 3BiCHO MarOTh HEPETYJISAPHUN XapakTep i
HE PO3TISIAI0THCS.

Micsuna yacoBa auHamika Revenue Passenger Km mis Bcix 3a3Hauye€HHX
perioniB B 2013-2019 pp. mokazana Ha puc. la-lh. Onunuist BUMIpY MO BicCI
OpIMHAT - THCSYA MAaCaKUPO-KIIIOMETPIB. SIK BUIHO, CE30HH] TATTEPHH 3 TIEP10]IOM
12 wmicamiB xapaktepHi s €Bpornud, I[liBHIUHOT AMEpUKHM Ta BHYTPIIIHIX
nepeBe3eHb. Pemra HampsMKiB HE Ma€ YiTKOi MEpiOJMYHOCTI, X04a iX yacoma
MOBEJIIHKA € ayxe IikaBor. Ockuibku Outbla yactuHa Revenue Passenger Km
NPUITAJIA€ Ha CE30HHI MATTepHH, TO 3arajibHi nacaxxkupo-kinomerpu (Total) Takox
MaroTh CE30HHUI MaTTEePH 3 NMepioAoM 12 MiCsIIiB.

Ha puc.2a-2d noka3ana micsiuHa 4acoBa quHamika Revenue Passenger Km st
ce30HHUX naTTepHiB B 2023-2025 pp. i nani BukopucTani 1uist nporHo3y Ha 2026
p. IIporuo3 Oyno BukoHaHo B makeTi R [3] 3a momomororo mporpamu auto.arima.
OTpuMaHi MOJIeJIl YaCOBHX PSIiB HaBEEHO B TaOmIIl 1.
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Puc.2. Micauni yacoBi nunamikn Revenue Passenger Km B 2023-2026 pp.
BucHoBOK
[IpoBenenwuii anani3 nmokasye, o SKIIO € MOBHI CTATUCTUYHI JIaH1 TPO OKpeMi
CKJIQJI0B1 4aCOBOTO PSAY, TO MOIUIHHO PO3TIIAIATH MOJIEII YACOBUX PSJIIB OKPEMHUX
CKJIQJIOBHUX 1 pOOUTH iX MporHo3u. [I[porao3yBaHHs CyMapHOTO 4YaCOBOTO PSTY MOXKE
JlaBaTH CyMHIBHI Pe3yJIbTAaTH, SKIIO CepPeJ] KOMIIOHEHT € CKJIaJIOBI1 3 ICTOTHO PI3HOIO
YaCOBOIO MTOBEIIHKOIO.
Cnucoxk BUKOPUCTAHUX JKepeJl

1. Dobruszkes, F., Decroly, J. M., & Suau-Sanchez, P. The monthly rhythms of

aviation: A global analysis of passenger air service seasonality. Transportation

Research Interdisciplinary Perspectives. 2022. V 14. P. 100582.
2. Turkish Airlines. Monthly traffic update. URL:

https://investor.turkishairlines.com/en/financial-and-operational/traffic-results
3. Hyndman, R. J. (2014). Forecasting: Principles & Practice. URL:

https://robjhyndman.com/uwafiles/fpp-notes.pdf
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VJIK 656.7:355.422(043.2)

HNEPEMAPHIPYTU3ALISA MTACAKUPCBKUX ABIAIIEPEBE3EHD B
YMOBAX 3AKPUTTS ITOBITPAHOI'O ITPOCTOPY: EKOHOMIYHI TA
OIIEPAIIIHI HACJIIJIKH I HAITPSIMA Y IOCKOHAJIEHHSI

bymunxesuu A.B.,

3000ysauxa nepuwoeo (baxaniaspcokozo) pieHs euwoi oceimu
Hayxosuii kepisnux.: Barvko A.M., PhD, ooyenm

Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KirouoBi cioBa: mepemMapumipyTH3allisi, 3aKpUTTS TOBITPSHOTO  TPOCTOPY,
MacaXUPChKi aBiariepeBe3eHHs, 30HU KOH(DIIKTY, aBialliiiHa Oe3mnexa.

VY IOCHIKEHHI PO3IJISHYTO BIUIMB 3aKPUTTS MOBITPSHOTIO IMPOCTOPY HaA
30HaMHU 30pOMHUX KOH(IIIKTIB HA MapIIPYTHU3AIIIIO MACAKUPCHKUX aBiariepeBe3eHb.
Ha ocnoBi nanux EUROCONTROL, TATA Ta HaykoBUX MyOiKaliid OI[IHEHO
onepauiiHi, E€KOHOMIYHI M €KOJIOTIYHI HaCHAKKM NepeMapupyThsamii A
aBlakoMmaniil. OOIPyHTOBAaHO HANPSMHU yJIOCKOHAJIEHHS CHCTEMH MapIIpyTHU3aLlli:
MOTIEPE/IHE TUTaHYyBaHHS albTEPHATUBHUX KOPHUIOPIB, MEpekeBa KOOPAMHAILIS Ta
0O0JIIK 10JJaTKOBUX BUTPAT 1 BUKHU/IIB.

30poitHiI KOH(IIKTH BCE 4YacTille 3MYyUIYIOTh AaBIaKOMIIAHII 3MIHIOBATH
yCTaJleHy MapuIpyTHy Mepe:xy. [licis moBHOMacmTaOHOTrOo BTOPTHEHHS B YKpaiHy
y 2022 p. 3Ha4YHy YacTUHY MOBITPSHOTO MpocTopy €Bporu ¥ A3ii 3akputo adbo
oOMeXKeHO I 3axiqHuX rnmepeBi3HuUKIB [1]. 3 28 moToro 2026 p. 10 1IbOTO J01AJIOCS
3aKpUTTS MOBITPSIHOTO TIpocTopy Ipany, [3paimto, Ipaky Ta Huszku nepxas [lepchkoi
3aTOKH, TICJIsl 4OTO OyJI0 aKTUBOBAHO €BPONEHCHKY TPYITy KOOPAUHAIT aBlalliiftHUX
kpu3 [2]. [lepemapmipyTu3aiis nepectaia OyTH €Mi30JUYHOI0 OTIEPAIII€I0 Ta cTaja
€JIEMEHTOM CTPATET1YHOTO0 TUTAaHYBaHHS, 10 3yMOBIIIOE aKTYaJIbHICTh TaHOT pOOOTH.

BaxxnuBe o0IpyHTYyBaHHS HANPSAMIB yJAOCKOHAJIEHHSI CUCTEMH MaplIpyTH3alli
Ta TepeMaplIpyTHU3allii MACaKUPCHKUX aBiallepeBe3eHb B YMOBAX 3aKPHUTTSA
MOBITPSIHOTO MPOCTOPY.

PimieHHs mpo 3aKpUTTS MOBITPSIHOTO MPOCTOPY YXBATIOIOThH JIEPKABH, aAJIKE
KOKHA 3 HUX Ma€ MOBHUM 1 BUKJITIOUHUM CYBEPEHITET HaJ MOBITPSIHUM IPOCTOPOM
HaJ| CBO€r0 Tepurtopiero [3]. ABiakommaHii 3MyllIeHl aganTyBaTH MapuIpyTd, a
pEeKOMEH Al 00 OIIHKY PU3UKIB IMOJIHOTIB HAJl 30HAMU KOH(IIKTY a00 Moom3y
Hux Mictuth Doc 10084 ICAO [4].

Macmrab nHacnigkis nokasytots 1aHi EUROCONTROL: oOcsr noapoTiB Mix
€Bponoro Ta bim3pkum Cx0I0M CKOPOTHBCS OLIBIN HIXK HAIMOJIOBUHY, a MOHAJ
TUCSAYA peiciB mo00u moTpedyBana nepemapmpytusaiii [2]. Ile o3Hadae coTHi
TOHH JJOJJATKOBOTO MajuBa i OJM3bKO ABOX THCAY TOHH BukuAiB CO: moans. Ha
cxin chopmyBanucs ABa KOPUAOPH: By3bkuil miBHIUHUN yepe3 Typeuunny, ['py3iro
Ta A3zepOaiikaH 1 mupiuid miBaeHHu udepe3 CaymiBcbky Apabito Ta OMaH.
HaBaHTa)xeHHs Ha MOBITPSHUN MPOCTIP OKPEMUX JAEPHKAB 3MIHUIIOCSA CYTTEBO (pHC.
1), Tomy nepemapiipyTu3aiis notpedye MepekeBoi KoopauHarii [2].
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Mpy3is 4 +26 %
AzepbanaxaH
Bonrapis 1
PymyHis 1

Kinp -

TypeyynHa 4 —36 %

—:10 ——;10 —IZO —-IYLO (') 1IO 2I0 3'0
3MiHa KinbKoCTi NponboTiB, %

Puc. 1. 3mina KiTbKOCTI NPOJILOTIB HA/I OKpeMUMHU JAep:xaBaMu micJs 28.02.2026
Licepeno: nobyoosaro 3a oanumu [2]

EKOHOMIUHI HACIHIJIKM TOCUJIIOE TOAOPOKYAHHSI MaJIbHOTO, SKE 3a KUIbKa
THUKHIB 3pOCIIO ORI HIXK YJIBIY1 BIIHOCHO JOKPHU30BOTO piBHA [2]. 3a mporHo3om
IATA, npubytok aBiainayctpii y 2026 p. CKOpOTUThCS NPUOIM3HO BABIYI, a
aBiakommanii bauspkoro Cxoay ouikyoTh 30uTKiB [5]. Okpemi NepeBi3HUKH,
30kpema Wizz Air, HTOBHICTIO IPUTTUHUIM TOJTBOTH JI0 PETIOHY.

JlocBiZT 3aKpUTTS YKPAaiHCHKOTO Ta POCIMCHKOrO MOBITPSHOTO MPOCTOPY
HiATBEP/KYE MaciiTad mpobiieMu: 3a oliHkamMu B. IBaHHMKOBO1 31 CIliBaBTOpaMmu,
Ha OKPEMUX €BPONEHCHKO-a31MChKUX MapuipyTax ButpaTu il Bukuau CO: 3poctanu
Ha 1840 % [1]. IlepeBi3HUKH, HA SKUX TOIIMPIOIOTHCS OOMEKEHHS, BUTPAYarOTh
Oulbllle ManuBa, HDK Ti, WO 30€perau JOCTYIl 10 POCIACHKOrO MOBITPSIHOTO
MPOCTOPY, IIO CTBOPIOE KOHKYPEHTHY acCHUMETpIil0, a 3arajiom, 3a MiJCyMKaMu
nociimxeHHs G. Dannet Ta iH., oOMexeHHs yepe3 KOHQIIKTH 301IbIIHIN TT100abH1
Bukuu CO: aBianii y 2023 p. npubauzHo Ha 1 % [6, 7].

AHaJi3 J103BOJIIE BUOKPEMHUTH YOTHPHU TPYIHU 3aXOAIB IS yIAOCKOHAJICHHS
CUCTEMU NIEpeMapIIpyTH3ali:

1) TIIpaBoBi Ta O6e3mekoBi: omiHka pusnkiB 3a MeTo K00 ICAO Doc 10084, a
TakoX BpaxyBaHHs OtoneTeHiB EASA om0 308 koHpiikty (CZIB) 1 NOTAM min
yac MJIaHyBaHHS MapuIpyTiB [4].

2) OrmeparmiiiHi: 3a3qaneriip MiArOTOBJICHI albTEPHATUBHI KOPUIOPH Ta
koopauHaiis 3 MepexeBum wmenemkepom EUROCONTROL 1 cymikHHMH
pallOHHUMU AUCIETYEPCHKUMU LEHTPaMH [2].

3) ExoHOMiYHi: XeKyBaHHS TNaJiMBa W OOJIK JOJATKOBUX BHTpAaT Yy
IJIaHyBaHH1 pO3KJIaay Ta LIHOYTBOPEHHI [S].

4) TlacaxupchKi Ta €KOJIOTIYHI: OpraHisamisi TepeOpOHIOBaHHS Ta
pernarpiamiiiHuX peiciB, a TakoX 00K T0AaTKOBUX BUKUIIB [6, 7].

BucHoBok

3aKpUTTS MOBITPSHOTO TMPOCTOPY IMEPETBOPIOE TEpeMapIIpyTHU3aIii0 Ha
MOCTIMHUM €JIEMEHT OIepalliitHol MIsVIbHOCTI aBiakoMiiaHiii. BoHa 3adinae moHas
TUCSAYY PEUCIB 000U JHIIEe B €BPONEHCHKIN Mepexi. Hacminkamu € mogatkoBuit
HAJIT, BUTPATHU TAJIMBA 1 BUKU]IM, @ TAKOXK MOCUJICHHS (DIHAHCOBUX PU3UKIB TalTy3l.
EdexTuBHiCTh  pearyBaHHS  3alleXUTh  BiJ] TMPOAKTUBHOTO  TJIAaHYBaHHS
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albTEPHATUBHUX KOPUJIOPIB, MEPEKEBOi KOOpAMHAINI Ta TOYHOTO OOIIKY

A0JaTKOBUX BUTpPAT.

Jns Ykpainn Tema HaOyBae JOAATKOBOI Bard y 3B’SI3KY 3 HEOOXITHICTIO
IJIaHYBaTH MapIIpyTHY MEpEeXy Ha TMepioJ BiIHOBIEHHS BUKOPUCTAHHS
HAI[IOHATBHOTO TOBITpstHOTO TipocTopy. [lomampmii  MOCHIKEHHS JOIUIBHO
CHpsAMYBaTH Ha pO3pOOJICHHA MOJEIi BUOOPY MapUIpyTy 3a KPUTEPIEM MIHIMyMY
CYKYITHUX BHUTpAT, 110 MOEIHYE MaJNBHY, YaCOBY Ta PU3UKOBY CKJIAJIOBI.

Cnucok BUKOPUCTAHUX JIZKEPE

1. Ivannikova V., Sokolova O., Cherednichenko K. How the War in Ukraine
Impacts Global Air Transportation Ecosystem: Assessment and Forecasting of
Consequences. Transportation Science and Technology: Proceedings of the
14th International Conference TRANSBALTICA XIV. Cham: Springer, 2024,
P. 386-401. DOI: 10.1007/978-3-031-52652-7_38.

2. EUROCONTROL. Impact of the current Middle East Crisis on European
Aviation. European Aviation Trends. Issue 11. Brussels, 31 March 2026. URL.:
https://www.eurocontrol.int/sites/default/files/2026-03/eurocontrol-aviation-
trends-issue-11.pdf

3. KouBeHuis mpo MikHapoaHy UMBiIIBHY aBiamito 1944 p. BepxoBna Pana
Vxpaian. URL: https://zakon.rada.gov.ua/laws/show/995 038

4. ICAOQO. Doc 10084. Risk Assessment Manual for Civil Aircraft Operations Over
or Near Conflict Zones. 3rd ed. Montreal: ICAO, 2023.

5. IATA. Middle East disruptions and high fuel prices halve airline industry
profitability: press release, 7 June 2026. URL.:
https://www.iata.org/en/pressroom/2026-releases/06-07-middle-east-
disruptions-high-fuel-prices-halve-airline-industry-profitability/

6. Zengerling Z. L., Kumpa S., Clococeanu M. et al. Assessing Climate Effects
Resulting From Airspace Closures Following the Ukrainian Crisis. Journal of
Open Aviation Science. URL.:
https://journals.open.tudelft.nl/joas/article/download/8152/6419%inline=1

7. Dannet G., Bellouin N., Boucher O. Airspace restrictions due to conflicts
increased global aviation’s carbon dioxide emissions in 2023. Communications
Earth & Environment. 2025. Vol. 6.
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OINITUMIBALISI YIIPABJIHHS ABIAIIMHUMMU NEPEBE3EHHSIMUA
HA 3ACAJIAX BE3IEKH )KUTTEAISIJIBHOCTI TA EKOJIOTTYHOI
CTIMKOCTI
Ko3zoooui [I.C. k.m.u., doyenm
Vipaincokuu oepoacasnuil ynigepcumem 3ani3HUYHO20 MPAHCNOPIY,
M. Xapxie

KirodoBi croBa: aBialiiHi MEepeBE3CHHs, ONMTUMI3allis, YIIPaBJiHHS, aBialliiiHa
Oesrneka, Oes3rneka >KUTTEMISIBHOCTI, €KOJIOTIYHa CTIMKICTh, TU(PPOBUIN NBIWHUK,
mTyyHul iHTenekT, SAF, 6ararokpurepianbHa ONTUMI3AILIS.

CyvacHuil pO3BUTOK aBlalliiHUX MEPEBE3EHb CYNPOBOIKYETHCS OJTHOYACHUM
3pOCTaHHSIM BUMOT JI0 O€3MEeKU, E€KOHOMIYHOI €(PEKTHMBHOCTI Ta €KOJOT14HOI
BIIMOBIJAIBLHOCTI. ABialliifiHa Tally3b 3aJIMIIAETHCS OJHUM 13 CKIQJHUX IS
nekapOoHi3allii CeKTOpiB, a ii BIUIMB MOB’si3aHUi He nuie 3 Bukuaamu COz, a i 3
OKCHJIaMHU a30Ty, TBEPAUMHU YaCTUHKaMH, ITyMoM Ta iHmuMHU non-CO: edexramu.
3a manumu EASA, aBiamis y 2023 p. dopmyBasia 6nu3bko 2,5% riao0anbHUX
BUKUAIB CO2, 110 TOCWITIOE HEOOXITHICTh MOUIYKY ONEPALIIHUX 1 TEXHOJOTTYHUX
CIOCO0IB 3MEHINIEHHS 11 €KOJIOT1YHOr0 HaBaHTaxeHHs [1,3].

MeTta AOCHIIDKEHHsSI TMOJsrae B OOIPYHTYBaHHI Cy4YaCHHUX MIAXOMAIB JIO
ONTUMI3allii yIIpaBIiHHSA aBlallliHUMU MIEPEBE3ECHHSIMHU 3 OJJTHOYACHUM YPaxXyBaHHAM
MOKa3HUKIB O€3MeKku, OmepaiiitHoi eQEeKTUBHOCTI Ta BIUIMBY Ha HAaBKOJIUIITHE
CEpElOBHULIE.

TpanumiitHa MozeNnb yNpaBIiHHS aBlallliHUMU TEPEBE3CHHIMHU TMEPEBAXKHO
OpIEHTYETHCS HA MIHIMI3aLl1l0 BUTPAT, 3aTPUMOK 1 pocToiB. IIpoTe cyvacHi ymoBH
NOTPEOYIOTh TEpPEeXoay A0 OaraTokpuTepiaabHOI MOJAENI, y SKi EeKOHOMIYHI
MOKa3HUKHU PO3TIISAAIOTHCS Pa30M 13 0€3MEKOBUMU Ta €KOJOTTYHUMU apaMeTPaMU.
Takuili miaxin mnependavyae ONTHMI3ALIKD MApLIPYTIB, PO3KIaay MOJbOTIB,
BUKOPHUCTAHHS TOBITPSHUX CY/CH, 3aBaHTaXCHHsI (DIIOTY, yIpaBliHHS HA3eMHUMHU
OIepaIliIMU Ta TIOBITPSIHUM TIPOCTOpOM [2].

[TepcieKTUBHUM HAMPSMOM € BUKOPHUCTAHHS IU(PPOBHUX JABIHHUKIB, IITYIHOTO
IHTEJIEKTy Ta TPOrHO3HOI aHamTHKU. [{udpoBi TexHONOTIT JAIOTh MOMXJIHUBICTH
MOJICJTIOBATH OTEPAIliifiHI MPOILeCH B PEaIbHOMY 4Yaci, MPOTHO3yBaTH 3aTPUMKH,
OIIHIOBATH PW3HWKW Ta BUOWPATH ONTUMAJbHI BapiaHTU YIPABIIHCHKHX PIIICHb.
Hocmimxenuss 2025 p. mokaszano, 0 3aCTOCYBaHHS IM(GPOBOTO ABIWHUKA IS
onTUMi3allii BWJIBOTIB JO3BOJSE OJHOYACHO 3MCHINYBAaTH 3aTPUMKH Ta BUKHUIH
CO2[4].

BaxnuBum € ¢opmyBaHHS OaraToKpuTeplaabHOT (DYHKIIT OonNTHUMI3alii, Ky
MOJKHA MPEJICTABUTH Y MaTeMaTndHoMy Burisii (1):

F=w:iC + w:2D + wsR + waE — min, (1)

ne C - onepamiiini Butparty; D - 3atpumku; R - piBeHb onepaliiiiHoro pusuKy;

E - exosioriune HaBaHTaXEHHS; W1—Wa - BaroBl KOe(111€HTH BIAMTOBIAHUX KPUTEPIiB.
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[Tpu upoMy Oe3nexa Mae po3risAATUCSA HE IK OOMEXEHHS MICHIsI eKOHOMIYHOT
onTuMi3alli, a sk 0a30BUN KpUTEPiH, 110 BU3HAYAE JIOMYCTUMI MEX1 MPUUHATTS
pimenb. OcoOMMBO 1€ BaXJIMBO MiJ Yac ONTHUMI3allii MapumipyTiB Ta YIpPaBIIHHSA
noBiTpssHUM pyxoMm. J[locmimxenns 2024 p. NOKa3ylOTh, MO KIIMaTHYHO
ONTUMI30BaHI TPAEKTOPIT MOKYTh 3MEHIITYBAaTH €KOJIOT1YHUIN BILTUB, aJIe BOJHOYAC
M1BUIILYBAaTH CKJIAHICTh MOBITPSIHOTO PyXy Ta CTBOPIOBATH JIOAATKOBI PU3UKHU IS
0e3nexku. ToMy €KOJIOTiYHA ONTUMI3allisi TOBUHHA 3/1MCHIOBATUCS JIUIIE 32 YMOBH
30epeKCHHSI BCTAHOBJICHOTO piBHS Oe3neku [3].

OkpeMy poib  BIifirpae ONTHUMI3AIlil HA3eMHOTO  OOCITYrOBYBaHHSI.
PamionanpHUM poO3MOIIT CTOSHOK, BHXOJIB, PYJIDKHHUX MapHIPyTIB 1 3JITHO-
NOCAJKOBUX CMYT JO3BOJIIE CKOPOTUTH Yac PYJIIHHS, CIIOKUBAHHS NaJIMBA, BUKUIU
Ta ILIyMOBEe HaBaHTakeHHA. CyudacHl MoOJenl BXe MependadyaroTb OJHOYACHE
BpaxyBaHHS SAKOCT1 00CITyroByBaHHs, orepaiiinoi epextuBHocTi, BUKUIiB CO2 Ta
IIIyMOBOT'O BILUTUBY [4].

[Ile oHMM HaMPAMOM OINTHUMI3AI] € TABUIIICHHS MMaJUBHOI €EeKTUBHOCTI Ta
BUKOpUCTaHHA cTanoro asiamiiiHoro nanuBa (SAF). ICAO Buznauae omepaiiiiiii
BJIOCKOHaNEeHHs, SAF, Hu3bKoBYyIIIeneBl eHepreTruuHi TexHosorii Ta CORSIA sk
KJIIOYOB1 €JIEMEHTH JIOBMOCTPOKOBOT'O 3MCHIIICHHS BIUIMBY aBiamii Ha kimiMat[3].
Boanouac IATA 3a3navae, mo macmradyBanHs SAF 3anumaerscst mpoOiaeMHUM
yepe3 0OMeKeH1 BUPOOHHYI MOTYKHOCTI Ta BUCOKY BapTiCTh TAKOI0 MaJIWBa.

TakuM 4MHOM, ONTUMI3AIlII0 aBIALIHUX MEPEBE3€Hb JIOIIILHO 3/1MCHIOBATH
Ha OCHOBI1 IHTETPOBAHOI CUCTEMH MMOKA3HUKIB:

- 0Oe3neKoBi: piBEHb PU3UKY, KUIBKICTh IHIIMJICHTIB, BIAMOBIHICTH BUMOTaM
Safety Management System;

- EKOHOMIYHI: OTIepalliifHi BUTpaTH, COOIBApTICTh pEUCy, 3aBaHTaAXKEHHS (DIIOTY,
pUOYTKOBICTb;

- olepalliiiHi: 3aTPUMKH, TPUBAIICTh MOJbOTY, BUKOPUCTAHHS IMOBITPSHOTO
nmpocTopy Ta GIoTy;

- exosoriudi: Bukuau CO: Ta non-CO2, BUTpaTH NajluWBa, LIYMOBE
HABAHTAKEHHS, AKICTh TOBITPS.

ABTOpPOM TNPOIMOHYETHCS YAOCKOHAIUTHU MIJX1A A0 YNPABIiHHA aBlalliHUMHU
NEPEBE3CHHAMU IUIAIXOM IHTErpauii eKOHOMIYHUX, ONEpaliHUX, O€3MEeKOBUX Ta
€KOJIOTIYHUX KpUTEpIiB Yy €IuHy OaraToOKpUTEpiaibHy MOJENb ONTUMI3AIlli.
3anponoHOBaHW Miaxiag nependayae BUKOPUCTAHHA IU(GPOBUX ABIMHUKIB 1
IPOrHO3HOI aHAJIITUKU I OTIEpaTUBHOTO KOPUTYBAaHHS MapILIPYTiB, pO3KIaTy Ta
BUKOPHUCTaHHA (JIOTy 3 ypaxyBaHHAM OOMEXKEHb O€3MeKH Ta EKOJOTIYHOTO
HaBaHTa)KCHHS.

[TpakThuHe 3acTOCyBaHHS 3alpONOHOBAHOTO MIAXOAY B YKpaiHl MOXke
3IIACHIOBATUCA 3 YypaxXyBaHHSM OCOOJMBOCTEN (YHKI[IOHYBAaHHS HAalllOHAIbHOI
aBlalliifHOT CUCTEMH, 30KpeMa HEOOX1JHOCTI BITHOBJICHHS Ta MOJAIBIIIOTO PO3BUTKY
[IMBUTLHUX aBlallIlHUX MEPEeBE3€Hb, MOJIEPHI3aIlil aepOnOpTOBOT IHGPACTPYKTYPH U
MIJBUIICHHST pPiBHSA aBialiiiHoi Oe3neku. Ilicas BiAHOBJIEHHS MOBHOIIIHHOTO
(GyHKILIOHYBaHHS IMBUIbHOI aBlallii OararokpurepiaibHa MOJEIb MOXE OyTH

BUKOpPHCTaHa AaBIaKOMIIAHISIMHM, OIEpAaTOpaMH AaepoIopTiB Ta OpraHizalisiMud 3
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YIIPaBJIIHHS MOBITPSHUM PYXOM JIsl ONITHMI3AIli MapuIpyTiB, pO3KIaay MOJILOTIB,
BUKOPHUCTAHHS MOBITPSHUX CYJICH 1 HA3eMHO1 1HQPACTPYKTYPH.

3o0kpema, UGPOBI IBIMHUKKA MOXYTh 3aCTOCOBYBATHCS JJISI MOJCITIOBaHHS
poOOTH YKpaiHCBKHX aepoTOpTiB Ta OIIHIOBAHHS PI3HUX CIICHAPIiB OpraHizarii
nonboTiB.  [IporHo3na  aHamiTMKa  Ta  IOTYYHUA  IHTENEKT  MOXYThb
BUKOPHUCTOBYBATHUCS [JIsl TMPOTHO3YBaHHS 3aTPUMOK, ONTHUMAJIBHOTO PO3IMOMALITY
pecypciB, IUIaHyBaHHS TEXHIYHOTO OOCIYyrOoByBaHHS TMOBITPSHUX CyJIeH Ta
OLIIHIOBaHHS omepamiiHux pusukiB. lle m03BoNMTH mHpUKiMaTH yHpPaBIiHCHKI
pilIEHHS 3 OJIHOYAaCHUM YpaxXyBaHHSM O€3MeKH, €KOHOMIYHOI MOIIBHOCTI Ta
€KOJIOTTYHUX MMOKAa3HUKIB.

OxkpeMe IpakTUYHE 3HAYEHHS 3alPOIIOHOBAaHA MOJIENb Ma€ JIJisi BITHOBJICHHS
Ta MOJIEpHI3aIlii aeponopToBoi IHPpacTpykTypu Ykpainu. [1ig yac npoexTyBaHHS
Ta PEKOHCTPYKIi aepomopTiB JAOLULILHO BpaxOBYBaTH HE JIUIIE MPOIYCKHY
CIIPOMOXKHICTh, @ 1 TPUBAJIICTh Ha3€MHOTO OOCIYTrOBYBaHHS, MapIIPyTH PYJIIHHS,
eHeproeeKTUBHICTh, PIBEHb ITYMOBOTO HABAHTAXEHHS Ta 00CITU BUKUIIB. Takuii
niaxig copusituMe (GopMyBaHHIO OUIbINI CTIMKOI aBialliifiHOI 1HPPACTPYKTYypU Ta
BIJIOBIJITATUME CY4YaCHUM €BPONEHCHKUM TEHACHIIISIM PO3BUTKY aBlallii.

B ymoBax iHTerpamii YKpaiHM 10 €BpONEHCHKOrO aBIallIiTHOTO MPOCTOpPY
3alpoIroOHOBaHa OaraToKpuTepialbHa MOAETH TAKOXK MOYKE BUKOPUCTOBYBATHCS IS
MOCTYIIOBOTO HAOIMKEHHS YNPABIIHCHKUX IPOIECIB JO €BPONEHCHKUX BUMOT y
chepl aBiamiiiHOT O€3MEKH, EKOJIOTIYHOI e(QEeKTHBHOCTI Ta LHQpOBi3allli.
[lepcrieKTHBHUM € TIOETAlTHE BIPOBAKEHHSI CHCTEMHU TOKA3HUKIB, IO JO3BOJIUTH
OIIHIOBATH KO>KHE YTPABIIHCHKE PIIICHHS 32 KPUTEPISIMU OE3IMEKH, BAPTOCTI, Yacy
Ta €KOJIOT1YHOTO BILIUBY.

BucnoBok

OTxe, MpakTUYHA I[IHHICTh 3alPOTIOHOBAHOTO MIAXOAY Ml YKpaiHH moJiirae
y MOKJIMBOCTI WOTO BHUKOPWCTAaHHS SIK IHCTPYMEHTY IIJIaHYBaHHS BiJHOBJIEHHS
aBlalliifHOI Trajy3i, MOJEpHI3aIli aepomopTiB 1 MIABUIICHHS e(EeKTUBHOCTI
MaiOyTHIX aBlallifHUX MepeBe3€Hb. 3aCTOCYBaHHS LU(PPOBUX TEXHOJOTIM Ta
OaratokpuTepiaibHOT ~ ONTHMI3allli  JO3BOJUTH  OJHOYACHO  ITIJIBUIIYBaTH
ornepauiiHy e(peKTUBHICTb, HIATPUMYBATH HAJIEXKHUH PIBEHb O€3MEKH Ta TOCTYIIOBO
3MEHIITYBaTH €KOJIOTTYHE HAaBAHTAXKEHHS aBlallliHOI JISITBHOCTI.

OnTuMizalliss aBiallifHUX MEepeBe3eHb Y CYyYaCHUX yMOBax M[OBHHHA
0a3yBaTHCsl HA KOMIUIEKCHOMY TTO€THAHH1 0€3MeKH, EKOHOMIYHOI €()eKTUBHOCTI Ta
€KOJIOT1YHOT CTIMKOCTI. Bukopucrtanus U poBUX TEXHOJIOT1H,
OaraTokpuTepiaJibHOI omTHMI3allii, TporHo3Hoi aHamiTuku Ta SAF cTBOproe
MO>KJIMBOCTI JIJII 3HIDKCHHSI BUTPAT, 3aTPUMOK 1 HETAaTMBHOTO BIUIMBY aBiallii Ha
JOBKUIJISL O€3 TOTipIieHHs piBHA Oe3neku. [lepcrnekTMBHIM HanpsIMOM TOIaJTbIITIX
JOCITIJIKEHDb € PO3POOJICHHS aIalTUBHOI MOJIEJI1 yIPAaBIIiHHS aBlalepeBe3CHHSIMH,
3MaTHOT B peajbHOMY 4Yacl pearyBaTH Ha 3MIHM TIONHTY, TOTOJAHHX YMOB,
3aBaHTAXCHHS TMOBITPSHOTO MPOCTOPY, TEXHIYHOTO CTaHy (JIOTY Ta €KOJOTIUHUX
O0OMEKEHb.
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OIITUMIZALIA YACY HABEMHOTI'O OBCJIYTOBYBAHHA
JIITAKIB (TURNAROUND TIME / TAT) AK ®AKTOP INIIBULIIEHHSA
E®EKTUBHOCTI ABIAIIEPEBE3EHDb
Kospiea K. A,
3000y8auxa opy2o2o (Mazicmepcbkoeo) pieHs 6uuioi oceimu
Hayrosuii kepienux: Ocomax B.€., k.m.H., Ooy.
Hayionanvnuii ynisepcumem «Kuiscoxkuu asiayivunuu incmumympy, Kuis

KnrouoBi  cmosa:  Turnaround Time, TAT, Ha3emHe 00CIyroByBaHHS,
aBlarepeBe3eHHs, PETyJIAPHICTD MOJIHOTIB

EdexTuBHICTh aBianepeBe3eHb 3HAUHOIO MIPOIO 3aJIEKUTh Bij ParllOHAIbHO1
oprasizailii BUKOPHCTaHHS TOBITPSHHUX CYJIE€H Ta Y3TOHKEHOCTI TEXHOJOTTYHUX
mpoiieciB B aepornoptax. OHUM 13 BOXKIMBUX MOKA3HUKIB OpTaHi3allli ekcruryaTarfii
MOBITPSHUX CYJIEH € yac HazeMHOTo o0cmyroByBanHs (Turnaround Time, TAT) —
nepiol MK IpUOYTTSAM MOBITPSHOTO CyJIHA HA CTOSTHKY Ta MOro MmiIr0TOBKOKO /10
HACTYMHOTO BHIKOTY. CKOpOYECHHS HEOOTPYHTOBAHHUX 3aTPUMOK YIIPOJOBXK I[HOTO
Nepiogy CTBOPIOE MEPEIYMOBH Il €()EKTHUBHIIIOTO BHUKOPUCTAHHS TMOBITPSHUX
CYyJIeH, IOTPUMAHHS PO3KJIaay Ta MiABUIIEHHS PETyJISIPHOCTI MOJIbOTIB.

[Tportec Ha3eMHOTO OOCITYTOBYBaHHS OXOILIIOE KOMIUIEKC B3a€EMOIIOB’ I3aHUX
orepariid, 30KpemMa BUCaJIKy Ta MOCaJKy NacaXupiB, 00poOKy Oaraxxy i BaHTaxiB,
3arpaBiIeHHS MOBITPSHOTO CyJHA, TPUOUPAHHS CAIOHY, BUKOHAHHS MepeadadyeHnx
OpoLeAyp TEXHIYHOrO 0OCIyroBYBaHHS Ta MiATOTOBKY 10 BUILOTY. HecBoeuacHe
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BUKOHAHHS OKPEMHUX OIlepaiiid, HEeJAOCTaTHS KOOpJWHAIllg MDK YyYaCHUKaMU
oOCITyroBpyBaHHs a0o0 3aTpuMKa OOMIHY OIEpAaTHBHOIO 1H(QOpPMAIIEID MOXKYTh
BIUTMBATH Ha 3arajibHy TPUBAJICTh HA3€MHOTO OOCIYTOBYBaHHS Ta CIPHUMHSATH
BIIXHWJICHHS B1JI 3aIJTAHOBAHOTO Yacy BUJIHOTY. BogHOUAC MOKIMBOCTI CKOPOUCHHS
TAT 3anexatp Bii TUITY IOBITPSHOTO CY/IHA, TEXHOJIOT11 00CITYTrOBYBaHHS, HAIBHUX
peCypciB 1 TOTpUMaHHS BUMOT Oe3rekH [1; 2].

OmHuM 13 HampsIMIB  yJIOCKOHAJIEHHS IbOTO MPOIECY € BIPOBAIKEHHS
CHUIBHOTO MNpUUHATTS pimeHb B aepomnopty (Airport Collaborative Decision
Making, A-CDM), mo nepenbadae KOOpAWHAINIO il aeporopTy, aBiakOMIIaHiH,
Ha3eMHHUX OIEpPaTOPiB Ta OpraHiB OOCIYTrOBYBaHHS IMOBITPSIHOI'O PYXy Ha OCHOBI
CBOEYACHOrO0 OOMiHY omnepartuBHOO iHGopmariero. Takuit miaxin copusie
HiABUIICHHIO TepeadayyBaHOCTI HA3eMHUX oOmepamid 1 pauloHaan1m0My
BUKOPHCTAHHIO HasiBHUX pecypciB [2]. JlogaTKoBI MOKJIMBOCTI IOB’S3aHl 3
IUQPOBUM  MOHITOPUHTOM  BHUKOHAHHS  TEXHOJOTIYHHUX  Omepariii  Ta
BJIOCKOHAJIEHHSM IX ITOC/I1TOBHOCTI.

MeTtoro pobOOTH € BH3HAYEHHS OCHOBHHMX HampsMIB ONTUMI3AIll dacy
Ha3€MHOI0 OOCIIyTOBYBaHHsSI TMOBITPSIHUX CYJE€H Ha OCHOBI BJOCKOHAJCHHS
KOOpJIMHALll TEXHOJIOTIYHMUX OIepaliid, 3acTOCyBaHHA UU(PpPOBUX 3ac00iB
MOHITOPUHTY Ta BHUKOpUCTaHHS npuHIMniB A-CDM i nigBUIIEHHS
e()eKTUBHOCTI OpraHi3alii aBlanepeBe3eHb.

TpuBanicTh Ha3eMHOr0 OOCIIYyTOBYBAHHS MOBITPSHOTO CyJHA BHU3HAYAETHCS
Y3TOJIPKEHICTIO BUKOHAHHS TEXHOJIOTIYHHUX ONepaliii, CBOEYACHICTIO 3aTy4YEHHS
MEepPCOHaNly Ta 3ac00iB HA3eMHOrO0 OOCIyrOBYBaHHsS, a TaK0X €(EKTUBHICTIO
1H(}opMaIiiHOT B3aeMOJIIT MK y4aCHUKaMM TpoIlecy. 3aTpuMKa OJHI€T oreparrii
MO’K€ BIUIMHYTH Ha MOYATOK HACTYIHUX POOIT a00 MEpeHeCTH 3arlaHOBaHUN Yac
TOTOBHOCTI TMOBITPSHOTO CyJaHa 10 BWIbOTy. Tomy ontumizamis TAT wmae
nependavaTd He JIMILIE MPUCKOPEHHS OKpPEeMMX oImepaniil, a ¥ yIOCKOHAJIEHHS
Opraisailii BCboro npoiecy Ha3eMHOT0 00CITyrOByBaHHS.

OmauM 13  HampsAMIB  yAOCKOHAJICHHS €  «mapajelibHe BUKOHAHHS
TEXHOJIOTIYHUX omepamiii». 3a TpagumiiHOl opraHizamii YacTuHa poOIT
BUKOHYETBCSA TOCIIOBHO, X04Ya JeAKl 3 HUX MOXYTh BIJOYBaTHCS OJHOYACHO.
Hanpuknan, 3a BIAMOBIAHMX OpraHi3allifHUX 1 TEXHIYHMX yMOB MNPHOUpaHHS
CaJIOHY, MArOTOBKa Oara)kHOTO OOJaJHAHHS Ta 1HIII JOTIOMIXHI pOOOTH MOXKYTh
IUTaHyBaTUCs TapaiensHo. lle mae 3Mory B3MEHIIMTH 3arajibHy TpPHUBAIICTh
oOciayroByBaHHs 0€3 HEOOTPYHTOBAHOTO CKOPOYEHHS Yacy, HEOOXITHOTO JyIs
BUKOHAHHS KOXHOI omepanii. BogHoyac MOXIIMBICTH OJHOYACHOTO BHKOHAHHS
3aMpaBlieHHs, TMMACAKUPCHKUX 1 BaHTAKHUX ONEpariii Mae BU3HAYATHUCS
3aTBEP/PKEHUMHU TIPOLEAypaMH, BHMOTaMu Oe€3MeKd Ta YMOBaMU poOOTH
KOHKPETHOTO aepomnopTy. Bu3HaYalbHUM KpPUTEPIEM ONTHUMI3AIii TMOBUHHO
3anuIIaTUCs O6e3rneyHe BUKOHAHHS BC1X 000B’sI3K0BHX Tpotenyp [3].

Jlpyrum HampsiMOM € 3aCTOCYBaHHS KOHIEMIT CIiJILHOTO MPUNHATTS PillleHb
B aeponopty (Airport Collaborative Decision Making, A-CDM). Bona nepenbauae
OOMIH aKTyalbHOI 1H(OPMAIIEID MIXK ONEpPaTOPOM aepornopTy, aBIaKOMIIaHISIMHU,

Ha3CMHUMHU OIICpaTopaMu Ta IHITAMHA 3aJIYy4YCHUMHU YYAaCHUKAMMH. Baxxnusum
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enemMeHTOM A-CDM € BIACTEXKEHHS KIOYOBUX MOAIM IMiJl Yac Ha3eMHOIro
OoOCIyroByBaHHsST Ta CBO€YacCHE OHOBJICHHS TMPOTHO3IB IIOAO TOTOBHOCTI
MOBITPSHOTO CyJHA JI0 BUILOTY. Lle mae 3mMory panimne BUSBISATH BiIXWICHHS BiJ
IUTaHy, y3TO/DKyBaTH BHKOPUCTAHHS MEpCOHANYy W OOMaJHaHHS Ta 3MEHIIYBaTd
HEBU3HAYCHICTH i Yac MiArOTOBKH peicy [4].

Tperim HampsimoM € 1u@dpoBI3allis KOHTPOJI HA3EMHHUX OIeparliil.
BukopucTaHHS €IEKTPOHHUX KOHTPOJIBHHX CITHCKIB, CHUCTEM peEecTparlii dacy
BUKOHAHHS POOIT 1 3ac00iB ONMEpPAaTUBHOTO MOHITOPUHTY A€ 3MOTY (DiKCyBaTH
MOYATOK 1 3aBEPIICHHSI OKPEMHUX eTamiB oOciayroByBaHHsA. Ha OCHOBI mMX maHUX
MO>KHA BU3HAYaTH omepallii, ki Hal4acTillle COPUYMHSIOTh 3aTPUMKH, BHUSBIISITH
MOBTOPIOBAH1 BIJXWJICHHS Ta OIIHIOBATH 3aBaHTAXXEHICTb pecypciB. Jlo/aTKoBi
MO>KJIMBOCTI 3a0€3MeuyloTh CUCTEMHU aBTOMATU30BAaHOTO 300py JaHHX, 30Kpema
KOMIT FOTEpHUH 31p, 332 YMOBH MEPEBIPKU JOCTOBIPHOCTI OTPUMAaHOI 1HGOpMaIIii Ta
HAJIEKHOTO KOHTPOJIO 3 00Ky mepcoHany. TakuM ynHOM, IudpoBi3ailis He yCyBae
JIOJCHKUN (aKkTOp MOBHICTIO, aj€ MOXE 3MEHIIUTH 3aJeXKHICTh B PYyUYHOTO
BHECCHHSI IaHUX 1 CIPHUSTH CBOEYACHOMY BHSIBJICHHIO ITPOOJIEM.

Pe3ynbTaTUBHICT 3a3HAYEHUX 3aXOJIIB JOLIJIBHO OLIHIOBATH 32 (DAKTUUHUMU
JAaHUMH Ha3eMHOTO 00CIIyroByBaHHS. /[0 OCHOBHUX NMOKa3HUKIB HAJIEKATh CEpPEIHS
TpuBanicte TAT, BiAXWIEHHA (PAKTUYHOrO Yacy TOTOBHOCTI /10 BUJIBOTY BIJ
3aIJIaHOBAHOTO, YaCTOTa 3aTPUMOK OKPEMHUX OTIepalliil Ta BUKOPUCTAHHS PECYpCiB
HazeMHOro oOciyroByBaHHs. [lOpiBHSHHS [MX TIOKa3HWKIB 70 1 TICHA
BIIPOBA/PKCHHS 3MiH JacTh 3MOTY BH3HAUWTH, SKI 3aX0AW 3a0€3MeUyI0Th
HaWOUTBIINKA ePEeKT 3a KOHKPETHUX YMOB eKcrutyaraiii. /JlocBig 3actocyBanHs A-
CDM y eBpomneichbKux aeponopTax TaKoXK MIATBEPKYE AOUUIbHICTh OI[IHIOBAaHHS
pe3ybTaTiB Ha OCHOBI ONEPAIliTHUX MOKA3HUKIB, 30KpeMa BUKOPUCTAHHS PECYPCIB
1 3aTpuMOK [4; 5].

OTxe, onTUMi3allis Yacy HA3€MHOTO OOCITyTrOBYBaHHS MOBITPSHUX CYJCH Ma€
IPYHTYBaTUCA HAa KOMIUICKCHOMY TIO€JHaHHI  paIllOHAJIbHOI  OpraHizari
TEXHOJIOTIYHUX OMepalliid, KOOpIMHAIl y4aCHUKIB 00CIyTrOBYBaHHS Ta IU(POBOTO
KOHTpOJIt0 BUKOHaHHS poOIT. KonkperHe ckopouenHs TAT 3anexarume BiJ
MOYaTKOBOI OpraHizaiii Npouecy, TUIY MOBITPSHOIO CYyJIHA, HasiBHUX PECYpCIB 1
pe3ynbTaTIB MPAKTUYHOTO BIIPOBAKEHHS 3alIPOITOHOBAHUX 3aXO0/IiB.

BucHosok

OnTumizailiss 4Yacy Ha3eMHOTO OOCIYrOBYBaHHSI TMOBITPSHUX CYJEH €
BOKJIMBUAM HaIpsIMOM TMIABUIICHHS €(EKTHUBHOCTI OpraHi3allii aBiamepeBe3eHb.
OCHOBHUMH 3aXOJaMU BJIOCKOHAJICHHSI IOTO TPOIECY BU3HAYCHO paIlliOHAIbHE
MOETHAHHS TEXHOJIOTIYHMX OTMEpallii, 3acTOCYBaHHS KOHIEMIlli CITIIBHOTO
MPUIHATTS piieHb B aeponopTy (A-CDM) ta mudpoBizaiiito KOHTPOIHO BUKOHAHHS
HazeMHUX poOiT. KoMIiekCHe BUKOPHUCTAHHS IMX MiJIXOJIIB CIIPUSE CBOEYACHOMY
BUSIBJICHHIO 3aTPUMOK, Kpallliii KOOpJWHAIlll yYacHHKIB OOCIyrOBYBaHHS Ta
e(eKTUBHINNIOMY BUKOPHUCTAHHIO HAsIBHUX PECYPCIB.

[IpakTH4HE OIIHIOBAHHSI 3aPOMOHOBAHMUX 3aXO0/lIB JOIIHHO 31HCHIOBATH Ha
OCHOBI MOPIBHSAHHS ()aKTUYHO1T TPUBAJIOCTI HA3€MHOT0 00CITyTOBYBAHHSI, BIIXUJICHb

BiJl 3aIJJAHOBAHOTO Yacy FOTOBHOCTI JI0 BHJIBOTY Ta YaCTOTHU 3aTPUMOK OKPEMHUX
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orepariii 0 1 micas BIPOBAKEHHs 3MiH. [lojanbini JDOCTIKEHHS MalOTh OyTH

CIIpSIMOBaHI Ha KIJbKICHE BH3HAUYCHHS €(PEKTHUBHOCTI 3a3HAYCHHX 3axO0JiB 3

ypaxyBaHHSM THITy TOBITPSIHOTO CYyJIHA, TEXHOJIOTIi OOCIIyTOBYBaHHS Ta YMOB

eKCILTyaTarlii aepornopry.
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ONITUMIBAIIISI TA YIIPABJIHHSA ABIAIHHUMH
HEPEBE3EHHSAMMN B YMOBAX 3AKPUTOI'O MOBITPAHOI'O
IMPOCTOPY YKPATHU TA CYYACHUX I'EONOJIITHYHUX
BUKJIUKIB
Jlynuna Ha3zapiu, Cnekmopyk Apmem
3000y8aui nepuiozo (bakaraspcvko2o) pisHs euwoi oceimu
Hayxkosuii kepienuk: Bintokos-I1Ipowenko A.C., k.e.H., doyenm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KitouoBi crnoBa: 3akpuTe MOBITpsAHE He0O, aBialnepeBEe3CHHsS, YIPaBIiHHSA
NEPEBE3CHHSIMU, aBialliiHa JIOTICTUKA, TPAHCKOPJOHHA CIHIBIpallsd, IITYYHUN
1HTEJIEKT, MyJIbTUMO/IaJIbH1 Xa0H.

Uepe3 moBHOMAacIITAOHE BTOPTHEHHS TMOBITPSHUN MPOCTIp HAIIOI KpaiHH €
3aKPUTHN ISl IUBUTBHUX JIITAKIB YKE KiJIbKa POKIB, 1 11€ TTOPYIIHIIO MACAKUPCHKI
Ta BaHTaXH1 TIEPEBE3CHHS BCepeauHl YKpainu. J[Jis BCi€l JOTICTUKH - 1€ TOJIOBHA
npobiema. Yepe3 Te, MmO YKpaiHChKI aepoONMOpTH HE TMPAIIOIOTh, KOMIAHIsIM
JIOBOJIUTHCS LIYKATH 1HINI MapUIpyTH W JITaTH 4Yepe3 aeponopTH CYCIIHIX KpaiH
takux sK: [lonbiia, Pymynis, CnoBauunna, Yropmuna ta MommgoBa. Lle nuranus

BapTO JIOCHIJKYBATH, aJPK€ HACHIJAKU BIAYYTHI: BHILNI LIHHU, JOBII MapUIPYTH,
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npobsieMu Ha KopJioHl. MeTta Hamoi poOOTH — po3idpaTu TPyaHOII, TOB'SI3aHI 13
3aKpUTHUM HEOOM, 1 3aIIPOTIOHYBATH, SIK iX MOXHa BUpIUTH [1, c. 64; 2, c. 1].

VYrpaBniHHS aBiallepeBE3€HHSAMU B yMOBaX 3aKpuUTOro HebOa HailOimbIe
YCKJIQIHIOFOTh TaKl YnHHUKH [1, c. 66—67]:

— LMBUIbHI a€pONOpTU B YKpaiHi HE MPaliOI0Th, TOMY JOBOJAUTHCS 3aJI€KATH
BiJl HA3€MHOT'O TPAHCIIOPTY Ta IHPPACTPYKTYpHU CYCITHIX JIEPKaB.

— MapmIpyTH CTaJIA 3HAYHO JOBIIMMH, 1 TOMY Ha IIyHKTaX IMPOMYCKY
YTBOPIOIOTHCS YEPTH, & IEPEBE3CHHS 3HAYHO 3/J0OPOKUYAIIH.

— BUHUKAIOTh TaKOX IOPUIAMYHI Ta MHTHI TPYAHOIIl 3 TIOTO/DKECHHSIM
NEepeBe3eHb uepe3 KOPAOH, a €IWHUX TNPaBWI CHUIBHOTO KOPUCTYBaHHS
1H(PACTPYKTYpOIO HEMAE.

— Opakye kBani(piKOBaHUX MpAIlIBHUKIB, aJpKe YacTHHA JIIOJIel BUixana abo
minuia Ha cay>k0y, a IHBECTHIIIH CTaJI0 3HaYHO MEHIIIE.

[lepeBe3eHHs, M0 TOEIHYIOTH HAa3eMHUN TPAaHCIOPT 1 aBialliio, CKJIAJIHO
y3roJ’KyBaTH, TOMY Ha KOpJoHaX OyBaloTh 3aTOpu, a OOCTaBUHU YacTo
3MIHIOIOThCS. TOMy IUTaHyBaHHSA Ha 1HTYILli BXKE HE MpalO€ y HAIIA CUTyarlii.
[ToTpiOHO po3paxoByBaTH, yepe3 sKI IMYHKTH MPOIMYCKYy i aepomnopTH Kpaile
HAIllpaBUTH BaHTaX, JI€ MOXXYTh YTBOPUTHCS YEpPrd Ta SK PO3MOAUINTH HasBHI
pecypeu. i Takux 3a/ad BUKOPUCTOBYIOTh MaTEMaTWYHI METOIU (HampHKIas,
JiHIMHE MpOoTrpaMyBaHHs ¥ TEOPit0 MACOBOTO OOCITYTOBYBaHHS), a TAKOXK IITYYHUN
IHTEJICKT 1 MalllMHHE HaB4YaHHA [1, ¢. 68; 3, c. 14].

Ocb npuKIaan TOTrO, SIK 1€ MPAIIOE Yy CBITOBIM MPAKTHUIIL:

1. Mapuipytu B peansHomy 4aci (Flight Ops). ABiakommanist Alaska Airlines
kopuctyerbes Ll-mmardopmoro Flyways, sika Kopurye TpaekTOpilO MOJIbOTY
npocTo Tij yac peiicy. Ha 64% peliciB 1ie ga€e 3MOry €KOHOMHUTH IaJlbHE M
MoJIbOTHUM Yac [3, c¢. 15].

2. 3601 B rpadiky (IRROPS). ¥ KLM npaiitoe cucrema marpuMKH piliieHb Ha
BUIIAJIOK TOpYIIeHHS po3kiany. Bona ckopouye 3aiiBi Butpatu Ha 20-30%, a
3atpuMku — Ha 30% [3, c. 24].

3. Hazemne o6cmyroByBanas (Turnaround Management). B aepomoprax
Mronxena (MUC) ta bepnina (BER) Helipomepexi W KOMI'IOTEPHHI 3Ip
BIJICTEXYIOTh MoHa ] 70 eTamniB 0OCIyroByBaHHS JiTaka Ha MEPOHi. 3aBASKU LILOMY
Yyac BHJIOTY IIPOTHO3YIOTh TOYHiIe, Oinbm Hixk Ha 30% [4, c. 74].

4. TTacaxxupu Ta OlomeTpis. Y €BpPOMEHCHKUX aeporopTax BUKOPHUCTOBYIOTh
kounemnmiro Single Token: aBromaTwyHi e-gates 1 po3Mi3HABaHHS OOJHY.
[TacriopTHHIT KOHTPOJIB 1 TIEPEBIPKA MacaKupa 3aiiMaroTh MeHIe HixK 20 cekyHT [5,
c. 10]. 1i pimenHst cTBOpEHi1 JjIsl aepOIOPTIB, SIKi MPAIIOIOTh Y MITATHOMY PEXHUMI,
ayie IXH1 MPUHIIMITA MOKHA 3aCTOCYBATH ¥ 32 YMOBH 3aKpPUTOT0 HEOAa, 30KpemMa st
BIJICTeXKEHHSI BaHTaX1B, TPOTHO3YBAHHS 3aTPUMOK 1 pOOOTH TIPUKOPIOHHUX Xa0iB
[1,c.68;2,c.2].

[IpoananizyBaBmM TeMy, MM BUIUIMIM M'ATh HamNpsMiB, SKI MoOriau O
MOKPAIIUTH YIIPABIIIHHS IIEPEBE3CHHIMH 3a YMOBH 3aKpuTOro Heba [1, ¢. 67-68]:

— PpO3BUBATU CIIBMPAIIO0 3 €BPONECHCHKUMHU TPAHCIIOPTHUMHU MEpeXamMH Ta

CHUIBHI MapLIPyTH OL1s1 KOPJIOHY;
22



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

— 3aMpoBaAUTH MIATGHOPMH ISl BIACTEKEHHS BaHTaXIB Yy pealbHOMY Haci,

CICKTPOHHUN JTOKYMEHTOOOIT 1 IIU(POBUM TPEKIHT;

— TPUBECTH TMpaBWJIa TPAHCKOPJOHHOI JIOTICTUKM Yy BIIMOBIAHICTH [0
3aKoHOIaBcTBa €C;
— moOyayBaThu MYJIbTUMOJAIBHI JIOTICTUYHI xabu Ha kopaoHi 3 €C, mob

BaHTaX1 0OpOOIISITUCS MIBU/IILIE;

— HaBuatu (paxiBLiB HU(POBUM HaBUYKaM, POOOTI B KPHU30BHUX CUTYaIisX i

YOPaBIiHHIO PU3UKAMHU.

BucHoBok
VY naniit poOOTI pO3MIISIHYTO, 3 SKUMHU CKIAAHOIIAMU CTUKAETHCS YIPABIIHHS
aBlarepeBe3CHHSIMU MMICJIS 3aKPUTTA MOBITPSIHOrO MNpocTopy. ['OJOBHI 3 HUX €

HEIpaIoyl yKpaiHChKl aeponopTH, BUMYIIEHI MapIIPyTH Yepe3 CYCiJHI KpaiHu,

Yepru Ha KOpJOHAX, MHTHI Ta IOPUIUYHI HEY3rOJKEHOCTI, a TaKoX Opak

npodeciiiHuxX KaapiB Ta IHBECTHUIIN. Uepe3 11e epeBe3eHHs CTalli JOPOXKUMMH, a

IUIaHyBaTH iX Yy Mii cHUTyalli 3HAYHO CKJIAJHINIEe, TOMY CHUTYyallis 3MIHIOETHCS

3aHAJITO YaCTO, 1 KOMIAHIAM pa3 y pa3 JOBOJUTHCS MIJIAIITOBYBATH JOTICTUKY M1

HOBl cutryanii. [Ilo6 Xou sKOCh YAaCTKOBO MOJETMMTH LI MOpoOJieMH 1 MU

MPOMOHYEMO IT’ATh MNPAKTUYHUX KpOKiB. Ilepmmii — TIiCHIIE mpamooBaTH 3

€BPOINEUCHKUMU TPAHCIIOPTHUMH Mepexxamu. Jpyruili — 3ampoBaguTv UudpOBi

m1aTpOpMHU ISl BIACTEKEHHSI BAHTAXIB 1 €JIEKTPOHHUN JOKYMEHTOO00Ir. Tpetiil —
y3roJIUTH MpaBWIA TPAHCKOPJOHHHMX MepeBe3eHb 13 3akoHogaBcTBoM €C.

YerBepTHili — CTBOPUTH MYJIBTUMOJANIbHI XaOW Ha KopJoHi. II’satuii — rotyBaru

¢daxiBiiB 70 poOOTH B KPU30BUX YMOBaX 1 3 HOBUMHU ITUGPOBUMHU IHCTPYMEHTAMHU.

Ha namry cyO’eKTMBHY HOyMKy, came MO€IHAHHS IIMX 3aXOMdiB 13 CY4YacHOIO

AHATITUKOI0 Ta NU(PPOBUMHU PIMIEHHSIMHU MA€ JIOMOMOTTH 3MEHIIMTH BTPATH BiJ

3aKpUTOro Heba ¥ MOCTYNMOBO IHTETPYyBaTH YKPAiHCHKHUM aBlaTpaHCHIOPT Yy

€BPONCHCHKUI TIPOCTIP.
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OINTUMIBAIISI CUCTEM ABTOMATU3AIIT YIIPABJIHHS
TPAHCIHHOPTHUMU ITIOTOKAMU B YMOBAX AEPOITIOPTIB
JIamsin A.O., 0.m.1., npogecop.
Llenecm C.M., acnipanm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KitouoBi ciioBa: aBTOMAaTHM30BaHE YMPAaBIIiHHS, aepOIOpPT, TPAHCIIOPTHI MOTOKH,
1udpoBuil ABIMHKUK, TPOTHO3YBAHHS, ONITHMI3allisl, Ha3eMHEe 00CITyrOByBaHHS.

AepornopT € 06araTOKOMIOHEHTHUM TPAHCHOPTHO-JOTICTUYHUM BY3JIOM, Y
SKOMY B3a€EMOJIIIOTH TOTOKHM ITacaXKUpPiB, BaHTaXIB, CIIEIiali30BaHOiI Ha3eMHOI
TEXHIKM Ta aBTOMOOUILHOTO TpaHCropTy. HepiBHOMIpHICT, TpHOYTTS pEIiCiB,
4acoBl OOMEXKEHHST HAa3eMHOIO0 OOCIyroByBaHHs, OOMEXKEHa MpOIMYCKHA
CIPOMOXKHICTh TEXHOJIOTIYHUX JOPIT 1 BUMAAKOBI BIIMOBU TEXHIKHM (POPMYIOTH
JUHAMIYHE cepefoBHIle yrpaBiaiHHA. CraTuuHi Tpadikyd JucreTdyepusanii
HEJOCTaTHHO BPAXOBYIOTH MOTOYHI 3MiHU MOMHUTY, TOMY aKTyaJIbHUM € TTO€THAHHS
OMEPAaTUBHOIO MOHITOPUHTY, IPOTHO3YBAHHS Ta aJIJallTUBHOI ONTUMI3aLlii.

OO0’eKT [OCHIIKEHHS — TPAHCIOPTHO-TEXHOJOTIYHI TIOTOKH HAa3eMHOL
1H(PaACTPYKTYpH aepomopry.

[IpeameT — Mozl Ta METOJIM aBTOMATH30BAHOTO PO3MOJLTY TPAHCIIOPTHUX
peCypciB 1 MapIIPyTH3AIIil 32 YaCOBHUX, PECYPCHUX Ta 0€3MEKOBUX OOMEKCHD.

MeTroto € po3poOJieHHS KOHLENTYyaJlbHOTO TMIAXOAY JO ONTUMI3aIlii
aBTOMATHU30BAaHOTO YMPAaBIiHHSA TPAHCHOPTHUMHM TIOTOKAMHU  aeporopry 3
ypaxyBaHHSAM MPOTHO30BAHOTO HABAHTAXKEHHS Ta TEXHIYHOI TOTOBHOCTI PyXOMOTO
ckiamy. s qocsiTHeHHsST METH BU3HAYEHO TaKi 3aBAaHHS: cPOpMyBaTU CTPYKTYpPY
iHopmariiHoro  0oOMiHy;  3alpolOHyBaTH  OaraToKpuTepiadbHy  MOJEb;
BCTAHOBHUTH AQJITOPUTM OIEPATHUBHOTO TEpEIUIaHyBaHHS; BU3HAYUTU TOKA3HUKHU
OLIIHIOBAHHSI PE3YyJIbTATUBHOCTI.

3anponoHOBaHa aBTOPChbKAa CTPYKTypHa cxema (puc.l) oO’enHye mIcTh
¢bynkuionansHux ckiaaaoBux. Jani GPS/IoT, qucneTyepchbKuX CUCTEM 1 CHIJIBHOTO
yXBaJIeHHs pilieHb B aeponopty (A-CDM) Hagxoaa1h 10 1HTErpatiiitHOro MOJyJIs.
[IporHo3Huii MOAYJb OIlIHIOE MaWOYTHIO I1HTEHCHUBHICTh TMOTOKIB, TPHUBAJICTh
omepariii Ta IMOBIPHICTh HEJOCTYIHOCTI TexHIkH. ONTUMI3aliHHUN MOIYIIb
dbopMmye TmaH TPU3HAYEHHS TPAHCIOPTHUX 3acO0IB 1 MapHIpyTiB; HUQPPOBHIA
NBIMHUK TIepeBipsie creHapii. JlucmeTdepcbkuii MOAyb Tiepenae pilieHHs
BUKOHABIIM, a ¢aktruuHi KPI moBepTaroThes B KOHTYP KOPUTYBaHHS.

MaremaTnyHa Mojesb onTuMmizamii. Hexail | - MHOXHMHA TpaHCIOPTHHUX
3aBIaHb, K - MHOXWHA JOCTYNMHHMX TPaHCHOPTHUX 3aco0iB, E - MHOXWMHa
JIOMYCTUMHUX JUISHOK Mepexi. biHapHa 3MiHHA X JOPIBHIOE 1, SIKIIO 3aBIaHHA |
npu3HadeHo 3aco0y K; i mopiBHioe 1, skio 3aci6 K BukopucroBye aiisHky €. Yac
MOYaTKy 3aBJIaHHA MMO3HAYUMO S;, IPOrHO30BaHy TPUBAJICTD - fj, YAC OYIKYBaHHS -
d;, eKCIlyaTaliiHl BUTPATH - Cik, PU3UK 3aTPUMKHU YU BIIMOBH - Fi.
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D>xkepena paHux MoHiTopuHr Ta MporHosyBaHHA onTumisauis
GPS, loT, A-CDM iHTerpauia paHux NnoTokKiB i BigMOB MapLipyTiB i pecypcie
Ouinka KPI Ta LUncpposun ABiNHKUK OucneTyepusauis
3BOPOTHWW 3B’A30K Ta cueHapii Ta BUKOHaHHA

Puc. 1. ABTOpChKA CTPYKTYPHA €XeMa aBTOMATH3allil yIPaBJIiHHS TPAHCIIOPTHUMM
NOTOKAMM aeponopry

J1J1st MOPiBHSIHHS PI3HOPO3MIPHUX KPUTEPIiB BBOJATHCS HOPMOBAHI MOKA3HUKH
T, C, D, R. 1linboBa QyHKIIis Mae BUTJIAA:
F(X) = wiT(X) + w2C(X) + wiD(X) + waR(X) — min,
npu (1)
w; >0, 2w; = L.

HopMyBaHHST MOXe BHUKOHYBaTHCSl BIJIHOCHO 0a30BOro cueHapito a0o
BCTAHOBJICHUX JOIYCTUMHUX 3HauyeHb. /{151 KOKHOrO 3aBAAaHHS BBOJUTHCS YMOBA
OJTHO3HAYHOTO MPU3HAYCHHS:

2wxa=1, Vi€l X,'kE{O, 1} (2)
Jlo1aTKOBO BPaxoOBYIOThCS YacOBl BIKHA a; < S; < bj, CYMICHICTh THIly TE€XHIKH 13
3aBJAHHSIM, HEMEPETUHAHHS pOOIT OAHOrO0 TPAHCHOPTHOrO 3aco0y, MICTKICTh
JOPOXKHIX AUITHOK (e(T) < Q. Ta oOMexeHHs Oesneku pyxy. Hns TexHiku 3
MPOTHO30BAaHOI0 HWMOBIPHICTIO TOTOBHOCTI Px Ha MEpioJ IMJaHyBaHHS JOLIIBHO
BBOJMTH YMOBY Pk > Pmin JUISl KDUTHYHKX Omepanii a6o mrpad pusuky g0 R(X).
3HAYEHHS Pmin MA€ BCTAHOBJIIOBATU EKCIUTyaTaHT 3aJie’KHO B KPUTHUYHOCTI
3aBJIaHHS.

ANTOPUTM aganTUBHOTO yrpaBiiHHSA. Ha KOXHOMY TOpW30HTI TUIaHYBaHHS
cUCTEMA!

1) oTpuMy€e MOTOYHI KOOPIAUHATH, CTATYCH 3aBaHb 1 CTaH TEXHIKH;
2) IPOTHO3Y€ HAIXOKCHHS 3asIBOK Ta TPUBAIICTH OICpaIlii;

3) dhopMmye monycTUMI IPU3HAYEHHS i MapIIPYTH;

4) minimizye F(X) 3 ypaxyBaHHSIM 0OMEKCHb;

5) nmepeBipsie aJbTEPHATUBYU Y IIUPPOBOMY JBIHHUKY:;

6) mepenae miaH AUCIETYEPY Ta BICTSIKYE BIAXUICHHI.

3a TMOSIBU 3aTPUMKHU peHcCy, NEPEeKpPUTTS AUISTHKA a00 BIAMOBH TEXHIKU
3alyCKa€eThCs M03a4eproBe MeperuianyBaHHs 3 (ikcarliero 3MiH IS 3a0e3neYeHHs
MIPOCTEKYBAHOCTI PIIICHb.

OmiHroBaHHs €()EeKTUBHOCTI Ta MpakTUyHA peanizaris. [lepeBipky mOIIIBHO
MIPOBOJIUTH TIIIXOM IMITAIIHHOTO MOJICITIOBAHHS HA OJTHAKOBUX CIIEHAPIAX TOMHUTY
Jutst 6a30BOTO AMCTIETYEPCHKOrO aJITOPUTMY i 3amponoHoBaHOi cucteMu. OCHOBHI
KPI: cepemns TpuBasicTh TPaHCIOPTHOI omeparlii, CyMapHUW MPOCTii, YacTKa
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CBOEYACHO BUKOHAHHUX 3aBJIaHb, KOE(QIIIEHT BUKOPUCTaHHS TEXHIKH, YUCIO
KOH(IIKTHUX CHUTyallii Ta BUTpaTH Ha BHKOHAHHs omeparii. [lopiBHSIHHS
pe3ynbTaTiB CIiJ 3IIACHIOBATH 3a JEKUIbKOMAa CIICHApisIMH 1HTCHCHBHOCTI W
TEXHIYHOI TOTOBHOCTI; YHCJIOBI IE€peBard MOTPEOYIOTh EKCIEPUMEHTAIBHOTO
1 TBEPKCHHS.
BucHoBok
HaykxoBa HOBM3Ha 3ampONMOHOBAHOTO KOHIIETITYaJIBHOTO MIAXOAY MOJSTae y

BKJIFOUEHH] TMPOTHO30BAaHOI TEXHIYHOI TOTOBHOCTI HA3eMHOI TEXHIKA JO

0araToOKpUTEPIAIBHOTO KOHTYPY VIPABIIHHS TPAHCIOPTHUMHU TIOTOKAaMHU Ta

BUKOPHUCTaHHI IIUGPOBOTO JBIMHUKA JJII MIEPEBIPKH IUIaHIB 10 iX BUKOHaHHS. Lle

CTBOPIOE TIEPEYMOBH [JIsi TEPEXOAYy BiJ PEAKTUBHOI JUCIIeTYepu3allli o

MIPOAKTUBHOTO YIPABIIIHHS pECypCcamH.

OTtxe, IHTETpaIlisi MOHITOPUHTY, MPOTHO3YBAaHHS, MaTEeMAaTUYHOT ONTUMI3aIlli

Ta UU(PPOBOTO MOACIIOBAaHHA (POPMyE OCHOBY aJalTHUBHOI aBTOMATHU30BAHOI

CUCTEMHU YMPABIIHHSI TPAHCIOPTHUMH TMOTOKamMHu aepomnopty. Iloganbim

JOCIIJKEHHS Tlepei0avyaroTh KajaiOpyBaHHS MOJeNl Ha (aKTHYHUX JAHHUX, BUOIp

METOJy pO3B’sI3aHHs 3a7a4l B peaIbHOMY Yacl Ta OI[IHIOBAHHSI CTIHKOCTI PIllIeHb 32

YMOB HEBU3HAYEHOCTI.

CnHcoK BUKOPUCTAHUX JKepeJt

1. 3anopoxens B. B., [lImatko M. I1. AeponopT: opranizaiiisi, TEXHOJIOT1s, Oe3neKa:
HaBu. noci0. Kuis: [uinpo, 2002. 168 c.

2. ITaBenko B. FO. PuHOK mocayr 3 Ha3eMHOTo OOCIyTOBYBAaHHS B aepOIOpTax
Ykpainu Ta mpakTHUHI HanpssMu ioro pedopmysants. Modern Economics. 2022,
Ne 36 (2022). C.103-107. https://doi.org/10.31521/ modecon.VV36(2022)-15

3. byraiiko /1. O., Tepemenko A. B. B3aemopisi cy0’€kTiB TpaHCTIOPTHOTO PUHKY B
MDKHapOIHUX aeponoprtax. Hayxoemni mexnonoeii. 2009. Ne 2. C. 29-32.

YK 656.7.025

MAM’ATH PO IMOJIIT: SAK IPABUJIO «ITIK-KIHEIlb» MOKE
SMIHUTHU YITPABJIIHHSI KOM®OPTOM IMACAKHWPIB
Maszyp € 4.,
3000y6auxa neputo2o (6axaiaspcbko2o) pieHs suUloi 0ceimu
Hayrosuii kepisnux: Banvko A.M., PhD, doyenm
Hayionanvnuti ynisepcumem «Kuigscoxuii asiayiunuu incmumympy, Kuis

KitouoBi cioBa: KoM(pOpT MacakupiB, MPABUIIO ITIK—KIHEI[bY, CIIOTA]] TIPO TOJIIT,
KaOIHHHI eKiTax, CepBICHE BITHOBJICHHS.

ABiakomraHii, SIK TPaBWIO, MPAarHyTh IJABUIIYBATH KOMQOPT PIBHOMIPHO
BIIPOJIOB3K YCHOTO MOJILOTY Ta OL[IHIOIOTH HOTO cepeAHiMu Oanamu B ankeTax. [Ipote
NacaXup He MiJICYMOBYE TOAMHM MOJBOTY: BIH 3rajye€ OKpeMl SICKpaBl €mi30/u.
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Ski1o Tak, ToO piBHOMIpHI BUTPATH Ha KOM(POPT MOXKYTh OYTH MEHII €(PEeKTUBHUMH,
HIX I[IJIECTIPSIMOBAHE MPOEKTYBAHHSA TOTO, 1110 CaMe TTacaXUp 3aram’siTae.

AKTyanbHICTh TEMH 3yMOBJIEHA TUM, 10 KOM(}OpT Oe3nocepeHbO OB’ I3aHH i
13 TOTOBHICTIO TIAaCAXKHUPIB JITATH 3 TIEI0 CaMOIO aBIaKOMITaHI€O MOBTOPHO [1], a
BPa)KEHHS BiJl MOJILOTY MAaCaXHpPU MEPeKa3yloTh 1HIINAM, (HOPMYIOUYH pEIyTalliio
nepeBi3HUKAa. 3a YMOB JKOPCTKOI KOHKYpEHIII Ha pPHHKY aBialepeBe3eHb
aBlakoMmaHii ToTpeOyIOTh HEAOPOTHX 1IHCTPYMEHTIB BIUIMBY Ha JIOSIIBHICTB, SAKi HE
BHMAararoTh OHOBJICHHS MAapKy Y MepeIIaHyBaHHs CaJIOHY.

Hocnimkennss koMpopTy aBiamacaKMpiB TMEPEeBaKHO 30CEpEKEHI Ha
YUHHUKAX, 10 JII0Th Y MPOIIEC] MOJIBOTY: IPOCTIP JJIS HIT, TIri€Ha, yBara eKimnaxy
Ta OCOOMCTHM MPOCTIP; AKICTh OOCIYrOBYBaHHS B aBIaKOMITAHISX PO3TJIAAAIOTH 1
BITYM3HSHI aBTOPH.

VY ncuxosorii BCTaHOBJIEHO, 110 OLIHKA MEPEXUTOrO JOCBIIY BU3HAYAETHCS
Hacamrepes, Horo HalCWIIBHIIIUM MOMEHTOM («IIKOM») 1 3aBEpILEHHSAM, a HE
TPUBAJICTIO YW CEPEAHBOIO IHTEHCUBHICTIO BIMYYTTIB. Y  KIACHYHOMY
EKCIIEPUMEHT] YYaCHUKU BlJJIaBaJId TE€peBary JAOBIIIA HENPUEMHIA MOpPOUEAYpl,
SKIIO BOHA 3aKiHYyBaJacs MEHII PI3KO, TOOTO 3aBEpIUEHHS MEPEBAXKUIO
TpuBaiicTh. [IpaBuiio HaliKpallle Nparoe JUisk JOCBIAY 3 YITKUM ITOYATKOM 1 KIHLIEM,
a TOJIIT € caM€ TAKUM: MAa€ MOCAJKy, OCHOBHY (pa3dy Ta BUCAIKY. Y PO3IIAHYTUX
npamsgx 3 KoMQopTy apianmacaXwpiB Led e€(eKT sIK 1HCTPYMEHT YNpaBlliHHS HE
BUKOPUCTOBYETHCS, TOMY HOr0 IEPEHECEHHs Ha aBiallliiHe OO0CIyroByBaHHS
CTAaHOBUTH HOBHU3HY 3alPOIIOHOBAHOTO MiIXOdY.

[IpornoHy€eThCST PO3PI3HIATH KOM(OPT «HEpeKUBaHHS» (T€, MO0 TACAKHUP
BIJIYYyBAa€ B MOJHOTI) Ta KOMPOPT «croraay» (Te, 0 BiH MaM’ATa€ W pO3IMOBIIAE
iHImMM).  JIns  BUMIpIOBaHHS pPO3PUBY MDK HHUMH BBOJUTHCS KOE(QIIIEHT

cnotBopenHs nam’sti (KCII):
n
1 1)
KCIl = R, — " E UT
j=1

0e Rn — oyinka nonvomy, sKy nacadxcup 0ae uepes 24 200unu niciis nocaoxu, rj — OYiHKu
KoM¢hopmy 6 n KOHMPOIbHUX MOUKAX NOTbOMY (Hanpukiao, mpu weuoki oyinku 3a QR-kodom.
nicJis 31bOMY, 8 cepeOuti NoIbOMY ma nepeod NOCAOKoH).

Honatne 3naueHHa KCII o3Havae, 1m0 aBlakOMMaHisi «BHUIPae» y CIOTal,
BIJI’€MHE — IO MOTaHI MOMEHTH 3aTbMapWiM 3arajioM XOpowui mnodit. Takuit
MOKA3HUK JIOMIOBHIOE CEPE/IHI 0aii aHKET 1 J03BOJIsI€ TOOAUYUTH, HA SIK1 pelicH BapTO
3BEpHYTH yBary B MepIIy 4epry.

Ha ocHOBI 1I1bOTO MPOMOHYETHCS «PEKUCYpa CIOTaTy» — Hablp HETOPOTUX 1
eKimaxy, CIpsSMOBaHUX Ha TMiK, (iHAT 1 MIBUAKE BIJIHOBJICHHS ITICJISI HETAaTUBHUX
nonii (tabn. 1). Eximaxk y Takiii Mozesi BUKOHYE pOJib HE JIMIIE BUKOHABIISA
CTaHJIAPTHUX MPOLIEYP, a H «peKucepa» 3amam’ ITOBYBaHOTO JIOCBIAY Macakupa.
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Ta6auns 1. IHCTPYyMeHTH «peKMCYPH CHOTaAYy» If eKilaxy

IncrpymenT 1o poOuTh exinmax MoMeHT noJIboTy

OJlHA 3a3JAJIeTilb CIJIAHOBaHA MIKPO-TIOMIS:
NEepCOHalbHE BITAHHS 3a IMEHEM, KOpOTKa
pO3MOBiAb  MPO  MapuIpyT, HECMOAiIBaHUH
IIPUEMHUI KECT IS ITacaxupa

«ITix» CepellMHA MOJIbOTY

pUTyaJI IpOIIaHHs, YiTKa iHOopMaIlis mpo BUXII,
«Dinam» HA3eMHUU TPAHCIIOPT 1 BUAaUy Oaraxy, yBara Jio
THUX, KOMY MOTpiOHA J01oMora

ocranHi 15-20
XBWJIMH Ta BUCAIKA

icas HEraTUBHOT oAl (3aTpumMKa,
TypOYJEHTHICTb, IIOMMJIKA cepBicy)
«II’siTh XBWIMH» | OOPTHOPOBIIHUK ~ MPOTATOM  IT'SITH  XBWJIMH | OJpa3y Micis MOAil
MOBEPTAECTHCA MO0 Iacakvpa 3 IMOACHCHHAM 1
PIIICHHAM

Oco0nuBy posib Bijirpae iHCTpyMeHT «I1’sTh xBuinH». HeraTuBHUT MOMEHT
(3aTpumKa, TypOyJEHTHICTh, NOMHJIKA CEPBICY) 37aTE€H CTaTH «IIIKOM» YyChOTO
NOJIBOTY, TOMY IIBHJKA i IIUpa peakiis OOPTHPOBIIHUKA, IKUI MOSICHIOE CUTYALIII0
Ta MPONOHYE BUPILIEHHS, 3MEHIYE Horo Bary B mnam ATi. [HcTpymeHT «®DiHam»
BAKJIMBUN TUM, IO 3aKIHYEHHS MOJBOTY (BHCaJKa, OUIKyBaHHA Oaraxy, MOILIYK
TPAHCHOPTY) YacTO € HalOUIbII CTPECOBOK MOro YaCTHMHOK, a OTKE, caM€ BOHO
3aKapOy€eThCSl OCTAHHIM.

[IpunycrimMo, O peiic BWIETIB 13 3aTPUMKOIO, a B CEpEAUH] MOJbOTYy Oyia
nomipHa TypOyJIeHTHICTh. 3a TPAAULIHHOTO MIIX01y MACAKUPH, IMOBIPHO, OLIIHAThH
MOJIIT HU3BKO, HE3aJEKHO BiJI MOAAIBIIOTO OOCTYTrOBYBaHHS. SIKIIO K eKiMax
oJipasy Mmcis TYpOYJICHTHOCTI MiiiIe 10 MmacaXupiB 13 MOSCHEHHSAM, a HAITPUKIHIT
MOJIBOTY SICHO TPOIHPOpPMYy€E TPO BUAAUy Oaraky W TPaHCIOPT Ta MO-JIOACHKU
MOTPOIIAETHCS, TO HETATUBHUM MMiK OyIe MOM SKIIIEHO, a (DiHAJI CTaHE MO3UTUBHUM.
VY Takomy pasi ouikyeTbes, o 3HaueHHs: KCII Oyne BummMm, xo4da pakTudHi yMOBU
MOJIbOTY HE 3MIHUJIUCS.

[IpuHIMIIOBA BIAMIHHICTh MIAXOJY MOJSTa€E B TOMY, IO PECYpCH EKIMaxy
CIPSIMOBYIOTHCSI HEPIBHOMIPHO: HA KUJIbKa KIIFOUOBUX MOMEHTIB, @ HE Ha BECh MOJIT.
[le Moke OyTH €KOHOMIYHO BHT1JIHUM, OCKIJIBKM OUIBIIICTh IIUX A1l moTpelye He
JI0JIATKOBOTO 00JIaTHAHHS, a MIATOTOBKU OOpTHpOBIAHUKIB. BogHOUac «pexucypa
criorajay» He 3aMiHIO€ SIKICHOTO 0a30BOro oOCIyroByBaHHS il Oe3neku: ii mera —
NIJCWINTH TO3UTHUBHE BpaXeHHS, a HE TMPUXOBATH peajbHl HEJOJIKH, 1
3aCTOCOBYBATH 1i CJIJI YECHO II0/I0 TTACAKUPIB.

[TepeBipky miaxoay nependadaeThcss BUKOHATH B KiJIbKa €TaIliB:

a) BU3HAYUTU KOHTPOJIBHI TOUKH MOJIHOTY Ta PO3POOUTH KOPOTKI aHKETH;

0) onmuTaTH MacakKMpiB JIB1Yi: MiJl YaC MOJIHOTY Ta Yepe3 100y MICIs HhOTO;

B) oOumcnutu KCII st peiiciB, A€ eKimaxk 3aCTOCOBYBaB «PEKHUCYPY
criorajgy», Ta IJis peiciB 0e3 Hef;

T') IOPIBHATHU PE3YJIbTATU W OIIIHUTH €KOHOMIYHY JTOIUTHHICTH BIPOBAIKEHHSI.

OOMeXeHHSIMU  JIOCHIPKEHHSI € HeBeNuKa BHUOIpKA, BIUIUB KYJIbTYPHHUX
BIJIMIHHOCTEH Maca)XupiB 1 HEOOXIJHICTh JOTPUMAHHS BUMOI MIOJ0 3aXUCTY
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NEPCOHANIBHUX JAaHMX MiJ Yac onuTyBaHHSA. Crijl TaKoX 3a3HAYUTH, 110 YUHHICTH
MpaBUJIa «IIK—KIHEIb» B aBlalliiHOMY 0OCIIyTrOBYBaHHI € T1MOTE3010, Ka MOTpedye
EMIIIPUYHOTO MiATBEPIKEHHSI.
BucHoBok
3anponoHoBaHO pO3MIsiAaTé KOMGOPT Macakupa He JHIIE SK CYKYMHICTb
napaMeTpiB MOJIbOTY, a U SIK CIIOTaJ, SIKUM MO>KHA KepyBaTu. BBenenus koediiienrta

CTIOTBOPEHHS MaM’ STl Ta IHCTPYMEHTIB «PEKUCYPHU CIOTAAY» CTBOPIOE OCHOBY IS

HOBOT'O HampsMy BJIOCKOHAJIEHHSI CUCTEMH 3a0e3MedeHHs KoM(OpTy Macakupis i3

BIJIHOCHO HEBEIMKMMHU BHTpaTaMu Uil aBiakoMradii. [IpakTudHa 3HAYYIIICTH

MOJIATAa€ B TOMY, 1110 PE3YJIbTATH MOXKYTh OyTH BUKOPHUCTaHI CIIy»KOaMu OOPTOBOTO

00CITyroByBaHHS aBlaKOMITaHI# 11 HABYAHHS €KIMaXKiB 1 JJIs1 TOMMOBHEHHS CUCTEM

OILIIHIOBAHHSI SIKOCT1 OOCITYyTrOBYBaHHSI.

Cnncoxk BUKOPUCTAHUX JIAKepe

1. Vink P., Bazley C., Kamp I., Blok M. Possibilities to improve the aircraft interior
comfort experience. Applied Ergonomics. 2012. Vol. 43, No. 2. P. 354-359.

2. Semchenko N.O., Ukrainskyi Y.O. Passenger service quality by airlines in airport
complexes. Systems and Technologies. 2023. No. 66(2). P. 108-116.

3. Kahneman D., Fredrickson B.L., Schreiber C.A., Redelmeier D.A. When more
pain is preferred to less: adding a better end. Psychological Science. 1993. Vol. 4,
No. 6. P. 401-405.

4. Kahneman D. Thinking, fast and slow. New York: Farrar, Straus and Giroux,
2011. 499 p.

YK 656.7.072.6(043.2)

OPTAHIBALIA TA TEXHOJIOI'TA OBCJAYTI'OBYBAHHSA IMTACAXKUPIB
PI3BHUX KATEI'OPI HA MI’KHAPO/JHWX I BHYTPIIIIHIX PEMCAX

Maiixo FOnis, Bapramosa Mapis,

3000y8aui nepuiozo (bakaraspcvko2o) pisHs euwoi oceimu

Hayrosuii kepienux: /oxienko JI.M., k.e.H., 0oy.

Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KinrodoBi cioBa: oOciyroByBaHHs macaxupiB, VIP-ceppic, macaxupu 3
IHBaJIITHICTIO, CIM 1 3 IITHMH, aBlaIliiHUN cepBic, OOPTOBHII CYTIPOBII.

CyudacHa aBiaiiifHa iHAyCTpid (PyHKIIIOHY€ B yMOBaxX BUCOKOI KOHKYpPEHIIii, Je
SKICTh OOCIYTOBYBAaHHSI MAcCaXHpIB CTAa€ OJHUM 13 TOJOBHHUX UYUHHHKIB YCIIXY
aBiakommanii. Ha Mib>kHapoHUX Ta BHYTPINIHIX pelicax Bce OUIbIIOT Baru HabyBae
IHAUBITyaTbHUN MIIX1A 0 PI3HUX KaTeropid macaxupis, 30kpema VIP-kiieHTIB,
MacaXupiB 3 I1HBATIAHICTIO Ta OOMEXEHOI MOOITBHICTIO, a TaKOX CIMEH 3
MajeHbKUMHU I1TbMU. KOXHa 3 UX rpyn Mae crietnudivHi noTpedu, 110 BUMArae Biji
aBlalepeBI3HUKA Ta EKIMaXKy YITKO HAJIArOJKEHOI TEXHOJIOTIT 00CIyroByBaHHS Ha
BCiX eTamnax momopoxi [1].

29



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

Oo6cnyroByBanns  VIP-macaxupis nependavae BUCOKHUW  pIBEHb
nepcoHanizaiii, HaJlaHHd OKPEMHUX 30H OUIKYBaHHS, MPUCKOPEHE MPOXOJKEHHS
dopmanpHOCTEl Ta migBUIIeHHH KkKoMmdopr Ha Oopty. s macaxupiB 3
IHBAIITHICTIO ~ BHpIMAIPHUM € 3a0esreueHHs 0e30ap’€pHOCTi, HASBHICTh
cemiaibHOTO  00NMaaHaHHA (Kpicen-Koisicok, amOynidriB) Ta mpodeciiina
nomoMora mepcoHary. CiM’i 3 miThMH MOTPeOYIOTh OCOOJIMBOI yBaru IMOJO
PO3MIIIIEHHS B CaJIOHI, HAJJaHHS AUTSIUOTO XapuyBaHHs, KOJIMCOK Ta PO3BAKAIBHUX
HaOopiB [2].

Boanowac, TenepimHi TeXHOJIOTii OOCIyroByBaHHS HEPIJAKO CTUKAIOTHCS 13
3aTpUMKaMH, HEIOCTaTHBOIO KOOpPJMHAIIEI0 MK Ha3eMHUMHU CIOyk0aMu Ta
OOpTIPOBITHUKAMHA, a TaKOX BIJICYTHICTIO €AUMHOTO IIU(PPOBOr0 CYMpPOBOIY
0COOJIMBUX 3aIUTIB MACaXXUpa Ha BChbOMY IUIAXY MPSIMYBaHHS.

JInst migBUIEHHS SIKOCTI Ta ONEPATHUBHOCTI OOCIYyrOBYBaHHS OCOOJIMBUX
KaTeropiil macakxupiB MPONOHYETHCS:

1. BnpoBamxeHHs €quHOI LUQPPOBOI KapTKU y MOOUIBHOMY JOJATKY
aBlaKOMIIaHii, /¢ macakXup Npu OpPOHIOBAaHHI BKa3y€ BCl HIOAHCU (XapdyBaHHS,
XapakTep 0OMEKEeHHSI MOOUTbHOCTI, AUTSYUH Bi13040K). Lle 103BOIUTH aBTOMATHUYHO
1H(OpMYBaTH CTapIIOro OOPTIPOBITHUKA 3a31aJET1/Ib.

2. Ontumizailiss Opoueaypu MONepeHboi MOCaAKUA g CIMEM 3 JIThbMH Ta
MacaXUpPIB 3 1HBAJIIJHICTIO Ta OOMEXKEHOI MOOUIBHICTIO 3 BHJUICHHSIM
MEePCOHATBLHOTO ACUCTEHTA 3 YKCIa OOPTIPOBIIHUKIB JIJI CYIIPOBOAY B CAJIOHI.

3. CTBOpeHHS crelialbHUX MYJbTUMEIIMHUX Ta IHTEPAKTUBHUX HAOOPIB IS
JTEeH PI3HOTO BIKYy Ha OOpTy HJisi 3HIDKEHHS PIBHS CTpecy MijJ 4Yac TPUBAIMX

MePEIbOTIB.
Tabanns 1. Cnenudika Ta HANPSIMHU YI0CKOHAJICHHSI 00CJIYTOBYBAaHHS Pi3HMX KaTeropii
nacakKupiB
Hanpsim Ge3neku Hasasuuii cran [Tpomno3uilii 100 yA0CKOHAIEHHS
VYupasninag kpuzamu | CraHaapTHI TpeHYBaHHS Ha Iarerpauist VR-texHomnoriit ans
Ta eBaKyaris HA3eMHHUX CUMYJISITOpax CHUMYJISALIIT BUCOKOT'O PiBHS CTpeCy
ITepma Mmennuna ba30oBuil KOMIUIEKT aNTeuKu OcHareHHs JiTakiB
Joromora Ta TEOPETUYHI 3HAHHS nediopustopamu AED Ta
NOTIMOJIeH] IPAKTUYHI1 TPEHIHTH
[Tcuxonoriuamit AKIIEHT TIepeBaXKHO HA CrtBopenns nporpamu Peer Support
CYIIPOBIJ TEXHIYHI IHCTPYKTax1 Ta 000B'13KOBUH 1eOpUGIHT mics
IHIIUIEHTIB

CucremaTu3amisi HaBEJEHUX JaHUX CBIAYUTH PO T€, IO KOMIUIEKCHA
peastizailisi 3ampoONOHOBAaHUX 3aXOIB JIO3BOJHUTH CYTTEBO MIHIMI3yBaTH 4YacoBI
3aTPUMKU TpU  OOCIYroBYBaHHI OCOOJMBUX KaTeropii mnacaxxupiB sK Ha
BHYTPIIIHIX, TaK 1 Ha MDKHApOAHMX peicax. 30Kpema, aBTOMaTH3allisi OOMiHY
iH(}OopMaIliero MK HA3eMHUMU CITy’KO0aMU Ta KaOIHHUM EKIMaXeM 3HUKYE PU3BHK
BUHUKHEHHS KOMYHIKaIiiHUX 300iB Ha 30-35%, a Takox mokpaiiye cy0'eKTUBHY
OIIIHKY SIKOCTI cepBicy 3 Ooky mnacaxupiB [3]. OkpiM I1bOTO, BIPOBAKCHHS
CHeliajJbHUuX TMPOTOKOJIB MOCaAKU 3abe3nedye J0JaTKOBHM piBeHb O€3MeKu Ta
MICUXOJIOTITYHOTO KOMQOPTY, 10 € BU3HAYAIBHUM (QakTtopoM s (HopMyBaHHS
cydacHoi 06e30ap'epHoi aBialiiiHOT 1HQPACTPYKTYpPH.
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BucHoBok
BripoBa/ykeHHST 3allpONIOHOBAHUX PIillIeHb JJO3BOJUTH IIIBHIIUTH PiBCHb
3aJI0BOJICHOCTI TMACaXKHUPIB, CKOPOTUTH YaC IMOCAAKA Ta CTBOPHUTH TO3UTHUBHUMN
KIIIEHTCHKUIM JOCBiJ, IO TPSMO BIUIMBAE HA JIOSJIBHICTH O aBlakoMIlaHii Ta ii
KOHKYPEHTOCTIPOMOKHICTb.
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The organization of multimodal transportation in international trade is a highly
complex technological process that imposes strict requirements for documentation
and customs procedures. Because the transportation of sports goods, such as apparel
and footwear, from Asian countries to Ukraine crosses multiple borders, each with
its own customs laws, the legal aspect is governed by international transportation
laws.

The fundamentals of these are International Commercial Terms (Incoterms
2020), which precisely outline where the goods and customs risks are transferred
from one party to another [1]. FOB (Free on Board) is the most popular Incoterms
for transportation from China, and FCA (Free Carrier) is used for countries like
Bangladesh. When it comes to EXW (EX Works), it is the least used by the European
side due to significant regulatory barriers with the Asian side, especially when not
using local agents.

Aside from a clear understanding and the right choice of Incoterms, we also
need all the documentary support for the goods being transported, as they will cross
multiple borders and modes of transport. The primary financial document is the
Commercial Invoice, agreed upon by the exporting and importing parties before

cargo loading. It has a key role in customs checks, because it has full information
31



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

about articles with description that are transported, price per unit, total price, gross
weight, net weight, HS codes, and is used to calculate the amount that the importer
will be taxed. Then we have a supporting document — Packing List. It doesn’t include
financial indicators but is crucial for logistics and warehouse operations because it
provides detailed information on how much of each article is transported by size, its
volumetric characteristics, and sometimes even the pre-planned destination (shop
format or the wholesale client's name).

Last but not least is the Certificate of Origin. This document has official status
and certifies that certain goods originate in the country where they were
manufactured, which may directly affect taxation and the application of customs
duties. The government closely monitors the acquisition procedure. In today's digital
world, most countries have moved to online platforms, where the exporter's data is
fixed and linked to commercial invoices, Harmonized System (HS) Commodity
codes, the destination country, and the date of issue. After receiving the document
as a PDF, it can be printed if needed, and its authenticity can be verified by scanning
the QR code each COO receives. With this complete set of documents, there should
not be any problems during customs operations in any transit or destination countries
[2].

One of the actual hardest parts of import operations is the documentary support
of transit through different countries. After the container is unloaded at a European
port, its movement through the European Union's customs territory to the Ukrainian
border is strictly regulated. According to modern procedures, transit movement is
monitored and granted digitally through the New Computer Transit System (NCTS).
It is also important to note that registering the European transit declaration (T1) in
NCTS is a separate process and doesn’t change individual local customs
requirements [3].

For the legal entry of a truck into the Ukrainian customs territory, the broker
should submit a Pre-Declaration. This document serves as a basic financial
guarantee that the importing party will pay customs duties during the container's
local transit from the road border crossing point to the customs terminal [4].

Uninterrupted final stage — customs clearance of goods and their release into
stock circulation is directly dependent on proactive and correct preparation of
documentation. To avoid truck detentions, a special documentation package (Table
1) is prepared and pre-issued by a customs broker before the vessel even arrives at a
European port.

The hard part of declaring fashion goods is paying close attention to non-tariff
regulations and detailed characterization. Base commercial invoice fixes only
financial characteristics and amounts of transportation, which is not enough for
customs inspections. The importer needs to create a separate file for the broker that
includes the local specification of the class of goods, material percentages, gender,
and age groups. In addition to that, customs can demand a Material Letter which
proves those material percentages (for example, leather to textile ratio in shoe tops
and rubber to foam in shoe soles, and a Sizing Letter which proves how many goods

of each size are transported in a truck (usually for Kkids' sizes). These exact
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characteristics are decisive in assigning a specific 10-digit Ukrainian Classification
of Goods for Foreign Economic Activity code, which determines the final amount

of customs duties and tariffs [2].
Table 1. Document preparation checklist for customs broker

Document or data Responsible When is it provided Usage
. Sender (draft), Base for the creation of
Commercial ) . . Before the ;
invoice, Packing list |mporter_(f|nal Version | - 1o tion of goods the Pre-DecIaratlt_)n and
' up to their standards) Customs Declaration
. . Sea freight logistics | After the arrival of | Proof of owning goods
Bill of Lading . .
service partner the vessel and transportation route
Contract, price list, Before Pre-
. Importer . Proof of customs value
bills Declaration
Sizing letter and Before Customs E.X act classification - to
. Importer . give customs codes to
Materials letter Declaration
goods
Transit documents | Road transport | After receiving | Proof of internal transit
(T1and CMR) operator goods in port being legal

After submitting the Customs Declaration, customs perform automated tariff
controls through Risk Control, comparing the given prices with the indicated base
to determine whether someone is trying to minimize their customs duties.

After completing customs operations, a truck with a container is allowed to
proceed to the receiver's warehouse in Ukraine, where it will be unloaded. Goods
will be stocked after calculating their total cost, including the starting price on the
seller's or manufacturer's invoice, transportation costs, customs duties, broker's fee,
and terminal fee.

Conclusion

Documentation and customs clearance are mandatory steps in international
trade that ensure the legality of moving imported sports apparel and footwear across
Ukraine’s border, their release into free circulation, and proper accounting.

Properly prepared documents minimize cargo delays at the Ukrainian border,
which, in turn, facilitates proper customs clearance and helps avoid risks associated
with incorrect documentation or violations of customs regulations.
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IMITAIIMHE MOJIEJTFOBAHHS MICBKHX 3AJIIBHUYHNX
HEPEBE3EHbDb 3A CUCTEMOIO BAT'ATHOX OAUHUIb
Mayrox Haois, acucmenm
Hayionanvnuii ynisepcumem biopecypcis i npupoookopucmyseanus Ykpainu, Kuis
Mayrok Maxap,
3000y8au nepuiozo (0akanagpcvkoeo) pisHs auwjoi oceimu
Kuiscvkuu nayionanonuu ynisepcumem imeni Tapaca Lllesuenxa, Kuig

Kiro4oBi cnoBa: MichKa KiJIbIIeBa 3aJi3HUIIS, areHTE MOJCTIOBAHHSA, AUCKPETHO-
MoJIi€Ba IMITAaIlisl, €JEKTPOIIOi3]l, MTPOBI3HA CIIPOMOKHICTb.

Oprasizaiiisi MiCbKUX MaCaXUPChKUX MEPEeBE3EHb 3aJI3HUYHUM TPAHCIIOPTOM
noTpedye y3roKeHHs IPOBI3HOI CIPOMOXKHOCTI 3 HEPIBHOMIPHHUM ITOIHUTOM
YOPOJOBX A00U Ta THKHs. HaliO11bll1e HaBaHTaXXEHHSI BAHUKAE Y PAHKOBI 1 BEUIpHI
MIKOBI Mep1oau poOOYMX JIHIB, TOJI SIK MK MIKOB1 TOJJMHU, BUX1HI Ta CBITKOBI JIHI
XapaKTepU3yThCs 3HIKEHHSIM 1HTEHCUBHOCTI MACaKUPONOTOKIB. BukopucTaHHus
HE3MIHHUX IHTEPBAJIB PyXy Ta CKJIJ(IB €JIEKTPOIOi3/11B MOCTIHHOT MICTKOCTI 3a LIUX
YMOB MO’K€ TIPU3BOJUTH JI0 HEPAIIOHATHLHOTO BUKOPUCTAHHS PYXOMOTO CKIaTy U
3pOCTaHHsI eKCIUTyaTaliiHux ButTpar [1, 2].

OnHuM 13 MEPCHEKTUBHUX CHOCO0IB aanTamii CAICTEMHU 10 KOJIUBAHb MOIMUTY
€ Oprasizaimiss pPyxy eJEeKTPOIMOi3iB 3a CHCTEMOI OaraTb0X OIWHHUIIb, IO
nepeadayae ornepaTuBHY 3MiHYy KUTBKOCTI MOJTYJIIB Y CKjIaai moizaa. [1ig yac mikoBux
HABAHTAKEHb BUKOPUCTOBYIOTHCS €JIEKTPOIOi3 A1 OIBIIOT TACAKUPOMICTKOCTI, a 32
3HIDKCHHSI TIOMUTY — MeHmoi. [Ipu 1ipomMy peryntoBaTH MOXKHa K CKIAIHICTh
Noi3/iB, Tak 1 1HTepBaIM iX pyxy. OriHioBaHHA €(EKTUBHOCTI TaKUX PIIICHb
noTpedye BIATBOPEHHS CTOXACTUYHOTO HAJXOKCHHS MACaKUPIB 1 JMHAMIKH 001Ty
€JIEKTPOIIOI3/IIB Y MEXaX peajabHOi TPAHCIIOPTHOI MEPEXI.

Meta pochimkeHHsT — pO3pOOJIEHHA Ta €KCIEPUMEHTAIIbHE 3aCTOCYBaHHS
IMITAIiHOT MOJIeNII MICHKOI 3aJli3HUYHOT TPAHCHOPTHOI CHUCTEMHM, IO BPaXOBYE
J000BY ¥ THXHEBY HEPIBHOMIPHICTh MACaXUPOMOTOKIB, ISl BU3HAYCHHS
palioHAJIbHUX 1HTEPBANIB pyXy, MICTKOCTI CKJIaIIiB 1 TOTPIOHOrO MapKy
enexkTponoizaiB. O0’€KTOM JOCIIIKEHHS] 00paHO CUCTEMY MICBKHX 3allI3HUYHUX
nepeBe3eHb KuiBChKOTO 3a/1I3HUYHOTO BY3JIA.

MeTonuuHy OCHOBY CTaHOBUThH TIO€JHAHHS AareHTHOTO Ta JIUCKPETHO-
MOIEBOTO MOJIETIOBAHHS. ATEHTHUW MIAXiM Ja€ 3MOTY OINUCATA JUHAMIYHE
CEpEIOBUIIE TPAHCIIOPTHOI CHCTEMH M B3a€MOJIi0 i1 MIACUCTEM 3 ypaxXyBaHHSAM
CTOXAaCTUYHOI 1HTEHCHUBHOCTI HAIXOPKCHHS MacaxupiB. JMCKPETHO-TIOIEBUN
X1 BUKOPUCTAHO JJIS BIATBOPEHHS TEXHOJIOTIUHUX ONEpariil pyxy Ta o0iry
eJIEKTPOIIOI3/IIB, iX MPOCTOI0 B IMyHKTaX 3yNMUHKH i obopory. Taka komOiHaiis
JI03BOJISIE OLIIHIOBATH B3a€EMO3B 30K PEKUMY MEPEBE3EHb 1 MOTPEOH Y PyXOMOMY
ckimami [3].
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ImiTaniiiny wmonens peanizoBano B cepenosuillli AnyLogic University
Researcher 13 Buxopucrannsm Java SE. 3a oOcHOBY mpuHHATO (HaKTHUHY
KOH}ITypaIlito 3a1i3HIYHOI Mepeki KuiBChbKOro By3ia 3 OpraHizaii€io KuUTbIEBOTO
pPYXy y ABOX HampsiMkax. [1o3uIlitoBaHHS €JeMEHTIB IHPPACTPYKTYPH Ta pyXOMOTO
CKIaay 3IIHCHEHO y TeoiHpopMamifHOMy MmpocTopi 3 TouHicTio 10 10 M. 3a
MaTepiajJaMu JAOCTIKEHHS, TOYHICTh MO3UIIIOBAHHSA Y MaclTadl TEXHOJOTIYHHX
IpOIECiB CTaHOBUTH OMM3bko 99,5 %. IlepeBipka agekBaTHOCTI MO MIJISIXOM
31CTaBJICHHS PE3yJIbTATIB MOJEIIOBAaHHSA 3 (AaKTHUYHUMH JIaHUMH TICPEBE3CHb
noKasaJia mpuom3Ho 95 % BIATOBIAHOCTI.

Y Mojeni 3alaHO IJIAHOBY IIPOBI3HY CIPOMOXHICTH Ha pIiBHI 25 MIH
nacakupiB Ha pik. ba30BOI0 OJMHUIICIO PYXOMOTO CKIIay € TPUBAarOHHUN MOIYJIh
MICTKICTIO 820 maca)XupCchbKUX MICIlb; repeadadyeHo GopMyBaHHS €JIEKTPOIOI3/IIB 3
oJIHOTO abo 1BOX Takux MoxayiiB (820 abo 1640 wmicip). IlpuitHsaTa TexHiuyHA
MIBUIKICTh — 36 KM/TOJI, 4ac CTOSTHKUA Ha MPOMDKHUX MyHKTaX — | XB, y MyHKTax
obopoty — 10 xB. [TapameTpu excrutyaTarlii 115l pi3HUX MEP10/I1B TUKHS BUSHAYEHO

3a pe3yJibTaTaMu IMITaIllliHUX €KCIIEPUMEHTIB (Taou. 1).
Taoauusa 1. Pe3yabTaTu iMiTaniiiHoro Moeil0BaHHsi po00TH MiCHKOI KiJIbI€BOI 3aJ1i3HI I

[epiog IntepBan pyxy B | MonyniBy | Ilacaxupomictkicte | HeoOximuuit
KOXXHOMY CKJIaIi CKJIa/Ty, MiCIIb napk,
HAIpsIMKY, XB MOJTYJIiB
PankoBwii K 20 2 1640 20
(pob6oui aHi)
JleHHWIA ~ MIXKIIK 44 1 820 6
(poboui JHi)
BeuipHiit miK 22 2 1640 20
(poboui JHi)
Buximgai Ta 52 1 820 2
CBATKOBI JHI

PesynbraT  MOAENIOBAaHHA  MIATBEP/UKYIOTh  JOLUIBHICTD  MMO€THAHHS
pEryJIIOBaHHS IHTEPBAJIB pPyXy Ta NACaXUPOMICTKOCTI eJNeKTpornoi3miB. Jlus
PAHKOBOTO IMiKa PO3PaxXyHKOBUHM 1HTEPBAJ Y KO)KHOMY HAMPSIMKY CTaHOBUTH 20 XB,
JUISL BEUIpHBOTO0 — 22 XB; B 000X BUIAJKaX JOIIJILHO 3aCTOCOBYBATH JBOMOIYJIbHI
CKIaau. Y JEHHUU MIKMIKOBUM TEpioJl 1HTEpBasl 30UIbIIyeThCs 10 44 XB, a 'y
BUXIJIHI Ta CBSATKOBI JHI — 10 52 XB; 3a IIMX yMOB BHKOPHCTOBYIOTHCS
OJTHOMOJYJbHI cKiaau. BianmoBiaHo, moTpeda y MOIyssx 3MiHIOE€Tbes Bi 20 y
MIKOBI TOJMHU POoOOYUX JIHIB 10 6 y NEHHUN MIXKIIKOBUN TIepiof 1 2 y BUXIJIHI Ta
CBSATKOBI JHI.

[Tin yac iMITalIHHUX EKCIEPUMEHTIB TAaKOX BHU3HAYEHO PO3PaXYHKOBI
3HAYEHHA MPOBI3HOT CIIPOMOKHOCTI 3a nepiogamu: 42 640 nacaxxupiB y paHKOBHIA
nik, 9 020 — yzaens, 43 460 — y BeuipHii nik podounx AHIB 1 9 840 — y BUXIIHUMN
ab0 cBATKOBUM JieHb. HepiBHOMIPHICTh IIMX MOKA3HUKIB 3yMOBIIIOE HEOOXIIHICTh
amanTuBHOTO (GOpMyBaHHS CKJIaAiB. KoamBaHHSA KiTBKOCTI €IEKTPOIOi3/iB, IO
OJTHOYACHO TepeOyBaloTh HA MapIIpyTax, MOB’S3aHI TaKOX 13 JUCKPETHUM
XapaKTEPOM BU3HAYEHHS MOTPIOHOTO MAPKy Ta OCOOIMBOCTAMH 0OOPOTY CKIIAJIB Y
KuiBcbkoMy 3ai1i3HUYHOMY BY3JI.
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3a pesynbTaTaMu po3paxyHKIB BU3HAUEHO, IO JUIsl 3a0€3MEeUeHHS MJIaHOBOTO
plyHOro 00CATY 25 MIIH MacaXupiB AOCTATHHO MapKy 3 20 TpUBArOHHUX MOAYJIIB,

T0OTO 60 BaroHiB. Y MIKOBI MEpiOAM 3a3HAYEHUI MapK BUKOPUCTOBYETHCS IS

dbopMyBaHHS €IEKTPOMOI3AiB 13 JBOX MOAYJIB, a 3a HWKYOI IHTEHCUBHOCTI

MAacCaXXKUPOTMOTOKIB — 13 oAgHOro. OTxe, 3MiHA CKIIAy €JIEKTPOIOIi3/iB 1a€ 3MOTY

aJanTyBaTH MPOTO3UINII0 TPAHCIOPTHUX TIOCIYT 1O MOMUTY 0€3 MpOMOpIiHHOTO

301IbIIEHHS KUTBKOCTI MOi3/1iB Ha 1HQPACTPYKTYPi.
BucHoBok
Po3po6iieH0  areHTHO-IMCKPETHO-TIONIEBY  IMITALIHHY MOJENb MICBKUX
3QII3HUYHUX TACAKUPCHKUX TIEPEBE3€Hb, SKa BIATBOPIOE HEPIBHOMIPHICTH
MacCaKUPOIOTOKIB 1 TEXHOJOTII0 O0Iry eJIeKTPOMNOi3/iB 3a CHUCTEMOI Oararbox
onuuuiib. Ha mnpuxnagi KuiBcbkOoro 3aii3HMYHOTO By3Jla OOIPYHTOBAHO
nudepeHItialiio 1HTepBaAIB PyXy Ta KIJIBKOCTI MOIYJIB Yy CKJIal 3aJeXHO BiJl
nepiogy m00M # aHS THXKHA. IMiTamiiiHi €KCIIepUMEHTH TOKa3all MOXKIIHUBICTh
3a0€e3MeUeHHs] PIYHOI MPOBI3HOI CIPOMOXKHOCTI 25 MIIH MAca)XupiB 3a HASIBHOCTI
napky 3 20 tpuBaroHHux MojayiiB (60 BaroniB). OnepxkaHl pe3yabTaThd MOXYTb

BUKOPUCTOBYBATUCA [JIsl OOIPYHTYBaHHS PEXHMMIB €KCIUIyaTalli Ta MoTpedu y

PYXOMOMY CKJIaJll MICBKMX KUIBIIEBUX 3ali3HUIlb. KigbKiCHA OI[IHKa €KOHOMIi

eKCIUTyaTallliiHUX BUTPAT MOTPEOy€E OKPEMOTO JOCIIKEHHS.
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Kiro4oBi cioBa: ontumizarlisi aBianepeBe3eHb, YIPaBIiHHA J0X0JaMHU, aBialliiiHa
JoricTuKa, nudposa TpaHchopmarris.

CyyacHa aBiamiiiHa 1HIYCTpis (QYHKIIOHYE B yMOBax Oe3MpeleIeHTHUX
ro0abHUX BUKIWKIB. Jlo HMX HajleXaTh BHUCOKAa BOJATWIBHICTH IIH Ha
CHEProHOCIi, TeoIOJITHYHA HECTaOUIBHICTh Ta HEOOXITHICTh KOPCTKOTO
JOTPUMAHHS E€KOJIOTIYHUX CTAHAAPTIB. 3a IIUX OOCTaBUH TPAIULINHI MIIXOAU
BTpavyaroTh €(QEKTHUBHICTh, TOMY CHCTEMHAa ONTHUMI3Allisl aBlallepeBE3€Hb CTA€
TOJIOBHUM YWHHUKOM BI)KMBaHHS PHUHKY. JloBroctpokoBa (piHaHCOBa CTIMKICTh
KOMITIaHIi ChOTOJHI HAmpsIMy 3aJIeKUTh BIJ TOr0, HACKUIBKM TJIMOOKO B iXHI1
IIPOLIECH BIPOBAKYETHCA LIMPpOBA TpaHCHOpMaILis.

1. JluHamiyHe ymOpaBiiHHA J0XOJaMH Ta TnepcoHam3amis. KirodoBum
IHCTPYMEHTOM MiHIMI3alii (IHAHCOBUX pHU3HMKIB € TEpeXii Ha alrOpUTMH
JUHAMIYHOTO I[IHOYTBOPEHHSI HA OCHOBI IITYYHOT'O IHTEJIEKTY Ta BEJIUKUX JAHUX.
[HTENneKTYyanbHe yIpaBIiHHSA JOXOAaMH J03BOJISIE aBIaKOMITAHISIM aHaJi3yBaTu
TepabaiiT KOMEpPIIIHHOT Ta 30BHINMIHBOI 1H(pOpMAIlii B peaIbHOMY 4aci ¥ THYYKO
KOpUTYBaTu Tapu(u i TOTOYHHUMN MOMUT Tacaxupis [1].

Awmepukanceka aBiakommanis Delta Air Lines BukopuctoBye inTerposani Al-
1aTOpMHU IJIs MPOTHO3YBAHHS TOBEAIHKU KITIE€HTIB. ABTOMATU30BaHE YIIPABIIiHHS
JI0OXOJaMH JIoNoMarae KOMIIaHii MPOMOHYBaTH MacaXUpaM TilneprepcoHati3oBaH1
MOCIIYTH, 3aBAAKU YoMy Delta yTprmMye OauH 13 HalBUIIMX y raidy3l MOKa3HUKIB
3aBaHTAKEHHS MACAKUPCHKUX Kpice.

2. InTenekTyanbHe TUIAHYBAaHHS Mepexi Ta yHidikamis ¢uoty. Onrumizauis
MapuipyTiB BHMAarae BiJl MEHEIKMEHTY 3JaTHOCTI WIBUAKO Tepe (opMaryBaTu
JoricTUYH1 JiaHmoKku. CydacHa aBialliiHa JIOTICTHKA 0a3yeThCs Ha BIIMOBI Bij
Hee(DeKTUBHUX HAMPSIMKIB Ha KOPUCTh THYYKHX Mojenied Ta yHidikamii mapky
MOBITPSHUX CYJIEH /ISl MiHIMI3allii BUTpAT.

€Bponeiicbkuii  oykoctep Ryanair BHKOPHCTOBYE BHKJIIOYHO JIiTAKd
cimeiictea Boeing 737. lle cmpomrye mocrtadaHHS 3am4yacTUH Ta TEXHIYHE
OoOCIIyroByBaHHS. 3aBISKH UYITKMUM airopuTMaM, Yy KOMIIAHIl JOCATHYTa
MaKcUMaJbHa ONTHMI3aIlisl aBiamepeBe3eHbh Ha 3eMJIl: 4Yac O0OpOTy JliTaka B
aepoIoOpTy CTAHOBUTH JIUIIIE 25 XBWIHH, 1110 JOCITAETHCS 3aBISIKU MBUIK1H MTOCAIII
Ta BUCAIl Macakupis [2].

3. [IpeaukTUBHE TexHIYHE 0OCITyroByBaHHs. He3amaHoBaHU peMOHT yepe3

parToBi MOJOMKH MOBITPSIHUX CY/ACH 3aBJa€ aBlaKOMIAHISIM KOJIOCAIbHUX 30UTKIB,
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K1 BUMIPIOIOTHCSI MIJIbHOHAMM JIOJIAPIB Uyepe3 MPOCTOi, 3pUBU I'padikiB MOJIBOTIB Ta
EKCTPEHY JIOTICTUKY 3am4acThH. TpaJuliifHuii peakTUBHUMN MiIX1J] 10 PEMOHTY 3a
MIPUHITUTIOM «ITI0JIAMAJIOCs — JIATOJIMMOY CTA€ 3aHAATO JTOPOTUM Ta Hee(hEKTUBHUM
UL cydacHOi 1HAycTpii. I[HHOBaIiifiHE YMpaBIiHHSA aBIlaIlliiHOIO JIOTICTUKOIO
nependayae cTpaTerivHuil Mepexiy 10 MPEIUKTHBHOTO cepiicy. Moro ocHOBOIO €
Oe3nepepBHUIl 301p TeneMeTpii 3 TUCAY NaT4YUKIB [HTepHETY pedel, IHTeTrpOBaHUX y
BY3JIM JIiTaka, Kl (piKCyIOTh TEXHIYHUN CTaH YCIX CUCTEM Oe3MOCEepenHbO il Jac
MOJIBOTY.

Haii6inpm MacimraOHUM Ta YCHIITHUM MPHUKIAIOM pealtizailii Takoi cTpaTerii
CTaB IIPOEKT HiIMEIbKO1 aBiakomnaHii Lufthansa, sika uepes cBiii miaposaut Lufthansa
Technik po3poOuna inHOBariiHy mudpoBy miarpopmy AVIATAR. Ileit ketic
MEPEKOHIIUBO JIOBOJIUTH, 110 MaciuTaOHa IudpoBa TpaHcopmallis 1HKECHEPHUX
MIPOIICCIB JIO3BOJISIE BUSBIATH aHOMaJi B poOOTI CHCTEM JiTaka 3aJ0Bro 10 iXx
daktuunoi nonomku. I[lmardhopma 30upae Ta aHamizye KoJIOCalbHI MaCHUBH
TEJIEMETPUYHUX JAHUX, SIKI TIEPENAIOThCS 3 JATUYUKIB MOBITPSHOTO CyJHA B PEXKUMI
peanbHOro yacy 0€3MocepeHbO Ii]T 4ac MOJIbOTY.

4.«3eneHa» JOTiCTHKA Ta MajJuBHA €(PEKTUBHICTh. 3POCTAHHS E€KOJIOTIYHOIO
TUCKY Ta CyBOpI MDXHapoAH1 craHnaptH, Taki sk nporpama CORSIA Bin IKAO,
pOOIATH 3HMKCHHS BUTPAT MaJIBHOTO Ta 3MEHIIICHHS BYTJICIIEBOTO CJIiy TOJOBHUM
PETYIATOPHUM 1 KOMEpLIHHUM IplopuTeToM. CydyacHa onTUMI3allisl aBlanepeBe3eHb
OlnbIIE HE OOMEXYEThCA JIMIIE MOJEpHI3alliel0 JBUTYHIB. BoHa BKIIOuae
KOMIUIEKCHUM MIXi[: TOYHE KOMITHOTEPHE MOJCIIOBaHHS MPOQIIiB TMOJIbOTY,
MaKCUMAaJIbHE 3HWKCHHS Bard TMOBITPSIHOTO CyJHA 3a PaxyHOK BHUKOPHCTaHHS
HOBITHIX KOMIIO3UTHUX MaTepiaiiB Ta ONTUMI3aIlii 00pToBOTO 00JaHAHHS, a TAKOXK
MOCTYIOBUM TIEPEXi/l HA €KOJIOTIYHO YMCTE aBialliiiHe MaluBo, SIKE 3/IaTHE 3HU3UTH
Bukuau CO; no 80% MOPIBHSIHO 3 TPaAUILIMHUM racoM. 3aBASKH IIUM 3axojam
rio0anpHa aBialiiHa JIOTICTHKAa TPaHCPOPMYEThCS Ta CTa€ 3HAYHO MEHII
MIK1JIMBOIO TS TOBKLJLIA.

SIckpaBUM MPUKIIAIOM TEXHOJIOTIUYHOTO JIIIEPCTBA Yy L1 cepi € aBiaKoMITaHis
Emirates, sika akTUBHO BIPOBAKY€ TEXHOJIOT1I0 THYYKUX TpekiB. CrerianizoBaHe
nporpaMHe 3a0e3MedeHHs] aHali3ye KapTy MOBITPSAHMX TEUld Ta METEOPOJIOTIYHI
JlaHI B PEXHUMI pealbHOro Yacy Oe3M0oCepeIHbO Tepea BUIBOTOM. 3aMiCTh
(1KCOBaHMX MOBITPSIHUX KOPUIOPIB JITAK JETUTH 38 JUHAMIYHOIO TPAEKTOPIELO, SIKa
MaKCUMAaJIbHO BUKOPUCTOBYE MOMYTHHUH BiT€p 1 OMUHAE 30HU CUIIBHOTO 3yCTPIYHOTO
omopy. Lle 7103BoJIsIE EKOHOMUTU COTHI TOHH TMAJTBLHOTO Ta CYTTEBO CKOPOYYBATH YacC
y I0pO31 Ha JTajieKoMaricTpaibHUX percax.

BuchoBok

VYrpaBniHHS CydyacHUM aBialliiHUM O13HECOM BUMAarae BiIMOBH B1J 3aCTapliInX
IHTYITUBHUX METOJIIB Ha KOPHCTHh pIllleHb HAa OCHOBI AaHuX. J[oCBiJ CBITOBUX
migepiB - Delta, Ryanair, Lufthansa ta Emirates - miarBepxye, 1o aBToMaTu3aris
CUCTEM, INTYYHUW I1HTEJICKT Ta BHUKOPUCTAHHS TMPEAUKTUBHOI aHATITUKU
Oe3nocepeIHbO TPAaHCHOPMYIOTHCS B OMEpaIliiHy THYYKICTh, O€3MEKyY MOJbOTIB Ta
(b1HaHCOBY CTaOUIBbHICTD, K1 3a0€3Meuye KOKHa MPOBIJIHA aBlaKOMIIaHis.
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Air transport is used to carry pets, farm animals and laboratory animals, as well
as animals belonging to wild species. Its main advantage is speed; however, the
transportation of live animals must be carefully planned. The animal’s condition,
temperature, ventilation, journey duration, transfers and waiting conditions must all
be considered, as they may affect the animal’s health and welfare. Therefore, such
consignments require special procedures and coordination among all parties
involved in the transport process: the shipper, freight forwarder, airline, ground
handling services and veterinary authorities [1].

The main industry document governing the commercial air transportation of
animals is the IATA Live Animals Regulations (LAR). It sets out key requirements
concerning the responsibilities of the parties, advance booking, documentation,
containers, marking, handling and care of animals. IATA requirements must be
applied together with the national rules of the countries of origin, transit and
destination, as well as the rules of the individual carrier. The updated edition of the
LAR entered into force in 2026; IATA notes that the changes include updated
requirements for containers and ventilation, and for training personnel who care for
animals during transportation [1; 2]. In Ukraine, the air transportation of live animals
is regulated by the Aviation Rules of Ukraine, in the section “Rules for the Air
Carriage of Cargo™ [6].

Preparation for transportation should begin by identifying the animal species,
route and mode of transport. Depending on the species and the airline’s carriage
rules, a pet may travel in the cabin, in a designated hold compartment or as cargo.
Before booking, it is necessary to confirm whether the selected carrier accepts the
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animal on the specific flight; what restrictions apply to species, breed, weight and
the number of containers; and whether the required facilities are available at transit
and destination airports [3].

Veterinary preparation is an important part of transportation. Requirements for
veterinary documents, identification, vaccination and, where necessary, laboratory
tests and import permits should be checked well in advance. This check must cover
every country on the route, including transit countries. Documents may be required
for protected animal species under international rules governing trade in wild fauna
and flora [2; 4].

Animals may be accepted for air transportation only if their physical condition
allows them to withstand the planned journey. Their age, health, pregnancy,
behavioural characteristics and sensitivity to heat or cold must be taken into account.
Route planning should minimise delays, provide appropriate waiting conditions and
reduce the time animals spend in cargo areas. Requirements vary by species;
therefore, an assessment of the animal’s condition and advice from a veterinary
professional should form part of the transport planning process [4].

Containers used to transport animals must be appropriate for the species, size
and number of animals, provide ventilation and safe accommodation, and allow
inspection. The main principle cited by IATA for determining the internal
dimensions of containers for pets is that an animal must be able to stand naturally,
sit, turn around and lie down inside the container (Fig. 1). When selecting a
container, bedding, the design of the door and locks, resistance to damage and
marking requirements must also be considered. Specific rules apply to other animal
species [3; 4].

/\

Fig. 1. An animal transport container during loading onto an aircraft [7]

At acceptance and during ground handling, personnel check the animal’s
condition, its documents and the container in which it will travel, as well as
compliance with temperature and ventilation requirements. During loading, the
container must be positioned and secured in accordance with the carrier’s
requirements and the characteristics of the aircraft. The animals’ health depends
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directly on coordination among ground services, the quality of care provided in

transit areas and personnel’s ability to respond promptly to force majeure events and

delays along the route [1; 4].

In conclusion, air cargo is the fastest way to transport live animals; however, it
requires the highest level of responsibility and careful planning. The primary priority
throughout the process is animal welfare and the protection of animal health at every
stage of transportation. The safety and success of air transportation of live animal’s
rest on three key elements: strict compliance with international and national
transport standards, comprehensive advance planning, and coordinated action by all
parties involved in the transport process [2; 5; 6].
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COUJAJIBHI IHIIITATUBHA ABIAKOMITAHIN SIK IHCTPYMEHT
HNIABULHIEHHSA JOCTYITHOCTI ITOBITPAHUX ITEPEBE3EHD B
YMOBAX BOEHHOI'O CTAHY
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Hayxosuii kepienux:: [{okienxo JI.M. k.e.n, ooyenm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KirodoBi cioBa: corfiajibHa BiJNOBIAQIBHICTh, aBlallepeBE3CHHS, JTOCTYMHICTD,
ctanumii po3Butok, SkyUp

B ymoBax mnoBHOMAacmTaOHOTO BTOPTHEHHS B YKpaiHy colliajibHa poJjb
OIANPUEMCTB  TPAHCIOPTHOI Taiy3l HaOyBae ocoOiuBoro 3HauyeHHs. Jlius
aBIaKOMIIaHIM, SKI MPalOITh Yy CKJIaJHOMY O€3MEKOBOMY i E€KOHOMIYHOMY
CEpEelIOBUILI, BaXJMBO HE JIMIIE 3a0e3MedyBaTh KOMEpUIWHI MEepeBEe3eHHs, a U
pearyBatd Ha moTpeOu cycmiabcTBa. OIHHUM 13 HANpsIMIB Takol MISUIBHOCTI €
NIATPUMKA BIICBKOBOCIYKOOBIIB 1 BETEpaHiB, 30KpeMa uepe3 MeXaHI3MHU
3HUKEHHS BAapTOCTI MoA0poXki. Lle muTaHHS MOUIIBHO PO3TIIsAIaTHd B KOHTEKCTI
COLIIAJIBHOI ~ CKJIQJ0BOi  CTAJIOrO  PO3BUTKY aBlallliHOTO TPaHCHOPTY Ta
KOPHOPATUBHOI COIIaIbHOI BIAMOBIAAIBHOCTI.

MeToro poOOTH € y3araJbHeHHsI 0COOJIMBOCTEMH collianbHOi iHiiatTueu SkyUp
«Kpuna BASYHOCTI» Ta BH3HAYMUTH ii TOTEHIIMHE 3HAYCHHS JJIs II1JBHUINCHHS
(GhiHAaHCOBOT TOCTYITHOCTI aBlaliepeBe3eHb 1 peatizallii coliaJbHOI BIAMOBIAaILHOCTI
aBiakommadii [3]. MeTo00r1YHy OCHOBY CTAHOBJISATD OIS OPIIIHHUX MaTepiaitiB
NePEeBI3HUKA, aHATI3 ONMPHIIIOIHEHUX YMOB MPOTPaMU Ta y3aradbHEHHS HAyKOBUX
nyOJiKaliii Ipo CoIiaJbHy BIAMOBINANBHICT 1 CTadWil PO3BUTOK B aBialliiftHii
rajuysi.

KopnopaTuBHa coliajibHa BIANOBIAANBHICT Nepea0ayae BpaxyBaHHs BILUIUBY
JUSTBHOCTI MIJIPUEMCTBA Ha MPALiBHUKIB, KJIIIEHTIB, TPOMAJM Ta 1HIII 3alliKaBJIECHI
ctopoHu. Jlns aBiamiiiHol Taimy3l Ied MiaxiJy HE OOMEXYETbCS E€KOJOTTUHUMH
3ax0/aMH a00 SIKICTIO OOCITYTrOBYBaHHS: BIH OXOIUTIOE TAKOX COLIaJIbHY MIITPUMKY
Ta goctynHicth nocayr. ¥ nociimxeHHi K. Copeu ta K. bona-Canueca 3a3HaueHo,
[0 HAYKOBHUH 1HTEpEC J0 COILIATbHOI BIAMOBIIATLHOCTI aBilakOMIaHIN 3pocTae, a
Cy4acHI MiAXOAH Aenali OUTbIe MOB’ A3YIOTh ii 31 CTAIUM PO3BUTKOM, B3aEMOIEI0
13 3alliKaBJICHUMHU CTOPOHAMHU Ta MPO30por0 KomyHikamiew [1]. Hocmimxenus M.
[Teppimana Ta CIiBaBTOPIB TAKOX MIAKPECIIOE, 10 aBlaKOMMAaHIi MOXYTh CIIPHUSITH
JOCSITHEHHIO IIIJIEH CTaJoro PO3BHUTKY 3aBISKH CBOid poJil B 3a0e3leueHH1
MOOUIBHOCTI Ta COIIAIbHO-EKOHOMIYHUX 3B’ SI3KIB [2].

3a odimiiinoro iHpopmaiiero SkyUp, mporpamy 3amoyaTKOBaHO 28 TpaBHS
2026 por s TMIATPUMKH BiMCBKOBOCIIY»KOOBIIIB 1 BETE€pPaHiB, KI MalOTh CTaTyC
y4acHHKa OOMOBMX [ii, HAOYTHI Yy 3B’SI3KY 13 3aXMCTOM YKpaiHHM BiJ POCIMCHKOT
30poitHoi arpecii [3]. YuacHuKM, $KI BIANOBIAAIOTH KPHUTEPISIM 1 YCHIIIHO
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MPOXOJATh MEPEBIPKY TOKYMEHTIB, MOXYTb O(OPMHUTH KBUTOK Ha BH3HAYEHI
peryJisipHi peiicu 3a creriaabHuM TapudoM 1 eBpo 1troc aeporopToi 30opu. KBota
CTaHOBUTH JI0 YOTHPHOX MICIIb Ha PEWCi, a JOCTYHHICTh Tapudy 3aleKHuTh Bif
HAsIBHOCTI KBOTH Ta onepauiitnux ymoB. [IpaBusa nepeadayatoTs BKIIOUEHHS O/IHI€]
OJIMHUIII PYYHOI TOKJIaXi Barorw A0 9 Kr, a TaKkoX MOMJIHMBICTh OTPHUMAHHS
JIOTAaTKOBUX CEPBICHUX TIEpeBar, 30KpeMa BHOOPY MiCIsl B CaJOHI JiTaka Ta
PIOPUTETHOTO 0O0CIyroByBaHHS [3].

s opopmileHHST KBUTKA MacaKup 3BEPTAETHCS 0 KOHTAKTHOTO LIEHTPY a0o
iHmoro odimiitHOrO KaHamy, Bu3HadeHoro SkyUp, 1 Hamae MOKYMEHTH IS
MIJTBEPPKEHHS 0COOM Ta BIAMOBIAHOTO ctaTycy. Ilicias mepeBipku JTOKYMEHTIB
aBlaKOMITaHis 3’5ICOBYE, UM € JOCTYITHE MICIIE B MEXax CIeliaibHOi KBOTU. OTXKe,
MOJIAaHHS 3alUTy came Mo co0l He rapaHTye Oo(QOpMIICHHS KBUTKA: BaXKIIMBUMU
3aJIMIIAIOTHCS BIAMOBIIHICTh YMOBAM MPOrpaMu Ta (pakTUYHA JOCTYHHICTH MICIb.
Takuii TOpSAAOK Ja€ 3MOry aJpecHO CHPSMOBYBATH MIJTPUMKY, aj€ BOJHOYAC
O3Hauae, M0 CKOPUCTATUCS MPOMO3UIIIEI0 MOKHA HE HAa OyAb-sIKOMY peici i He 3a
OyJib-SIKUX 0OCTaBHH.

B onpumtognenii Ha o¢imiiHii Instagram-cropinmi SkyUp myOmikanmii, 3a 1
»O0BTHs 2026 poKy, 3a3Ha4Y€HO, IO 3a MEPIIi YOTUPHU Micsll All mporpamMu Oyio
opopmiieHo 325 kBuTkiB: 197 — mng ydacHukiB OoioBux mii 1 128 — mist ixHix
cynpoBokytounx [4]. Ile cranoButh BignmoBigHO Osm3bko 60,6% 1 39,4% Bix
3arajbHOI KUIbKOCT1 0(hopMIIeHHX KBUTKIB. HaBeieH1 naHi cBITYaTh PO MPAKTUYHE
BUKOPUCTaHHS NPOrpaMu, OJHAK cami IO coOl HE JAI0Th 3MOTH OLIHUTH ii TOBHUI
comaybHUi e(eKT: y BIAKPUTIH myOmikaiii HeMae BIJOMOCTEH MpO 3arajibHy
KUIBKICTh 3BEpPHEHB, BIJIMOBH, Teorpadiro mojopokeil abo 3MiHY JOCTYITHOCTI

NepeBE3CHb JIJIsl YUaCHUKIB.
Ta6auns 1. KinbkicTe KBUTKIB, 0popmiiennx y mexkax nporpamu «Kpuia BassaHocTi»
3a neputi yotupu micsii 2026 poxy

Kareropist nacaxxupis KiJIbKiCTh KBUTKIB Yactka, %
YyacHukn 00H0BUX il 197 60,6
CynpoBopKyrodi ocodu 128 39,4

Pazom 325 100,0

IDicepeno: cknadeno aemopom Ha ocHO8I [4].

[lepeBaroro mporpamMu € iCTOTHE 3HIKEHHS 0a30BOi BapTOCTI KBHUTKA IS
BU3HAYECHOI Kareropii macaxupiB. BoHa TakoX IEMOHCTPY€, K KOMEPIIHHUI
NEPEBI3HUK MOKE IHTETPYBAaTH COLIIAIbHY MIATPUMKY Y CBOIO CEPBICHY AiSUTbHICTb.
BoaHodac qoCTymHICTE TOJOPOKI 3aJICKUTH HE JIMINIE BiJl I[IHU KBHUTKA, a W BiJl
aeporopToBUX 300piB, BUTPAT HA JOPOTY JO aepOMOPTYy, PO3KIATy pEHCIB 1
HAsBHOCTI MiCIlb 3a cHemjanbHuM Tapudpom. ToMmy mporpamy KOpEKTHilIe
XapaKTEepHU3yBaTH SIK IHCTPYMEHT YaCTKOBOI'O 3HMKEHHSI (DIHAHCOBOIO Oap’epa, a He
SIK TAPAHTIIO MOBHICTIO IOCTYITHOI MOJOPOXKI.

JIOLIbHO MIATPUMYBATH €IMHY ¥ aKTyallbHy CTOPIHKY 3 NMPOCTHUM OIKHCOM
KpUTEPIiB y4acTi, MEePesikoM JOKYMEHTIB, eTanmamMu Oo()OpMJICHHS Ta MOSCHCHHSIM
oOMekeHb KBOTH. Jl0JJaTKOBO MOXKHA 3alpoOBaJUTH JOOPOBIIBHE OMUTYBAHHS
YYAaCHHKIB IT0JI0 3PO3YyMUIOCTI IPOIEAYPH 1 SIKOCTI KoMyHikarii. [[is mogansiioro
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OILIIHIOBaHHS PE3yJIBTaTUBHOCTI TMPOTpaMH KOPUCHO PETYISIPHO MyOiKyBaTH
y3arajbHeH1 IMOKa3HUKHU: KIJIbKICTh 3BEpHEHb Ta OGOPMIICHUX KBHUTKIB, YaCTKY
YCHIIIHO MIATBEPKEHUX 3aBOK, KUTBKICTh PEHCIB 13 JOCTYTHOIO KBOTOIO Ta OLIHKY
3aJI0BOJICHOCTI IMAacCaXKWUpIB. 30MpaHHS TaKWX JaHUX Ma€ BigOyBatucs 3
JOTPUMAHHSIM BUMOT I10JI0 3aXUCTY MEPCOHAIIBHUX JaHUX.
BucHoBok
Otxe, mporpama SkyUp «Kpwia BOSYHOCTI» € TMPUKIATIOM COIIATBHOT

1HIIIaTUBM aBlaKOMIIaHii, COpPAMOBAaHOI Ha MIATPUMKY BiHCHKOBOCITYKOOBIIB 1

BETEpaHiB uepe3 crerianbHuil Tapud Ha aBianepeBe3eHHs. Omy0OaikoBaH1 JaHi Ipo

325 odopmiieHMX KBUTKIB 3a MEpIIl YOTUPH MICSIN CBiIYaTh Mpo ¢akTHIHE

BUKOPHUCTAHHS MPOrpamMu, ajie JjIsi KOMIUIEKCHOI OIHKHU 11 e(peKTUBHOCTI MOTpiOHA

[IMpIIA CTATUCTUKA. Y KOHTEKCTI CTAJIOrO PO3BUTKY Taka IHIIIaTHBA TOEIHYE

COIliaJIbHYy BIAMOBIIAIBHICTE 13 MPAKTUYHUMHU 3aXOJaMU JUIS 3HM)KCHHS BapTOCTI

nojopoxki. Ii mojmasnkle BIOCKOHATEHHS MOKE OYTH TOB’S3aHe 3 IiJBHILEHHAM

1H(}OopMaIIiHOT JOCTYITHOCTI, 3pO3yMUIOI0 KOMYHIKAII€l0 Ta CUCTEMAaTUYHUM

OLIIHIOBAHHSIM JIOCBIJly Maca)kKHUpIB.
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https://www.instagram.com/p/Dd8XUQ2CGuh/?img_index=2
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YJIK 656.7:656.2:338.47

OHIHIOBAHHSA KOHKYPEHTOCITPOMOXHOCTI BHYTPIIIHIX
IMACAKHUPCHKHUX NEPEBE3EHD ABIAIIIMHUAM TA 3AJI3BHUYHUM
TPAHCIIOPTOM YKPAITHU

Ayuna Banepisa, Borowun Cepeiil,

3000ys8aui nepuiozo (0akaiaspcvkoeo) pisHs suwjoi oceimu

Hayxrosuii kepienux:: [okienxo JI.M., k.e.n, ooyenm

Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

Kiro4oBi ciioBa: perioHalibHI aBianepeBe3eHHs, 3ali3HnYHui Tpancnopt, ATR 72-
600, macaxupchKi TMEPEeBE3CHHS, KOHKYPEHTOCIIPOMOXKHICTh, Yac TOJI0POXKI,
TpPaHCIOPTHA JOCTYITHICTb.

B ymoBax mMaitOyTHROTO BIIHOBJICHHS IIMBUIRHOI aBiamii YKpaiHU Ba)KJIMBUM
3aBJaHHAM cTaHe (OpMyBaHHS OOIPYHTOBAHOI MEPEX1 BHYTPIIIHIX MaCaKUPCHKUX
nepeBe3eHb. [IOBEpHEHHS MOMKIMBOCTI BHUKOHYBaTH IOJIBOTH HE O3HAdYaTUMeE
HEOOXI1JTHOCTI BIJIKpDUBATH aBlapelicy Ha BCIX HANpAMKax. 3aMI3HUYHUN TPaHCIOPT
yxKe 3a0e3nedye CHOJMy4eHHS MK BEIMKUMH MICTaMH, TOMY MEPCHEKTUBHI
aBlaMapUIPyTH CJ1J] OL[IHIOBAaTH 3a iXHBbOK PEATbHOIO LIHHICTIO JJIsl MMACAXKUPA.
OcoOnuBuii 1HTEpec cTaHOBIATh HanpsMku KuiB — JIbBiB, KuiB — Oneca, KuiB —
XapkiB Ta KuiB — IlonraBa. Ha nux mapuipyrax MOKJIKMBI KOPOTKI pEriOHaIbHI
MOJIbOTH, OJTHAK 1ICHYE 1 3alI3HMYHA allbTepHaTHBAa. BrUcoka MBUIIKICTH JliTaka cama
no co0i He rapaHTye TepeBard, ajpke Macakup BUTpadae yac Ha TpaHcdep o
aeporopTy, peECTpallio, KOHTPOJIb O€3IEeKH, TOCAAKY Ta BUXIJ MIiCJISI MPUOYTTI.

Metoro  AochmipKeHHST €  TOPIBHAHHS  4YacoBOi ¥ oprasizamiiHoi
KOHKYPEHTOCTIPOMOKHOCTI ~ aBlaIlifHOTO Ta 3alli3HUYHOTO TPAHCIOPTY Ha
3a3HAYCHUX BHYTPINIHIX MapumipyTax YKpainu. J[Jis 11s0ro BUKOPUCTAHO TIPUHITUTT
«B11 aBepen 10 nBepeit» (door-to-door), sxuii BpaxoBy€e BCl €Tamu MepeMilieHHS
nacaxupa.

3aranpHUil yac aBlallfHOI Ta 3aJI3HUYHOI MOAOPOXKI MOYKHA BHU3HAUYMTH 32
dbopmynamu:

Ta6:T0+Tnl’l+Tl’l0Jl+Tl’lp’ (1)
T3aﬂ=Tde+Toq+prx+T6ux1 (2)

de To — 00i30 0o aeponopmy, Tnn — nepeononvomui npoyedypu, Tnon — noaim; Tnp — euxio i
mpancgep nicis npudbymms, Toe — 00i30 do eokzany, Tou — ouikysanns noizoa; Tpyx — pyx

noizoa, Teux — 6uxio i3 6oK3a1y ma nooarvuuil mpancgep. Yci uacosi seruyunu UMIpOIOMbCs
8 200UHAX.

Jlist mopenmtoBanHs 06pano TypoorsunToBUit ATR 72-600, mpusHaueHU 11st
perioHaIBHUX IepeBe3eHb. Moro MakcHMalbHa KpelicepchKa IBHKICTh CTAHOBUTE
omu3bko 510 kM/Toa, macaXkupoOMICTKICTb — 10 78 0ci0 3a1eKHO BiJl KOMIIOHYBaHHS
[1]. lmst cripotieHoro po3paxyHKy MPUMHSTO cepeaHto mBuaKicTh 450 km/ron. Le
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YMOBHE 3HAY€HHs, III0 YAacCTKOBO BpPAaXOBYE HEKpeHWCepChbKi €Tamu, a He
HOPMATUBHUHN MOKa3HUK BUPOOHUKA.

VY 6azoBoMy crieHapii Ha 101311 10 aepomnopTy BiznBeneHo 30 XB, mepeAnoabOTHI
npoueaypu — 60 xB, BUXiA Micas NpuiboTy — 15 XB 1 Tpancdep y micto — 30 xB.
OTtxe, (hikcoBaHI BUTPATH CTAaHOBJATH 2,25 ron. Po3paxyHkoBa ¢opmysa HaOyBae
BUTJISITY:

T, =225+ ﬁ (3)
de L — ymoena 6iocmanb nOGIMpsaH020 Mapuipymy, KM.

[Tputinsto Biacrani: KuiB — JIBiB —470 kM, Kuie — Oneca—440 kM, KuiB —
XapkiB — 410 kM, Kuis — [lontaBa — 300 kM. Bonu He € odimiitHUMU TOBXKUHAMUA
MapIUIpyTiB OpraHizauii HOBITpAHOTO pyXy. i 3ami3HUII TPUMHATO OPIEHTOBHY
TPUBAIICTH MpsIMOTO criostyueHHs S5 rog 40 xB, 8 rox, 4 rox 52 xB Ta 3 rox 15 xB
BIAMOBIAHO [2], moaaBmu ymoBHI 30 XB Ha JOCTYyN JO BOK3aly W MOCAIKYy.
KOHKpeTHI po3Kiaiv 3MIHIOIOThCS; HABEJIEH1 JIaH1 € CLICHAPHUMH, a HE IEPEBIPEHUM

PO3KJIaJIOM Ha BU3HAUEHY Jaty (Taods.l).
Ta6auns 1. [lopiBHSIHHS TPUBAJIOCTi NOJ0POKi

Mapuipyt [TomiT ABsiais, 3ami3HuI, Exonowmis mitaka
ITOBHICTIO ITOBHICTIO
Kuis — JIbBIiB 1 rox 03 xB 3roxm 18 xB 6Tonm 10 xB 2101 52 XB
KuiB — Opeca 59 xB 3ron 14 xB 8 rox 30 xB S5ron 16 xB
Kuis — Xapkis 55 xB 3rox 10 xB S5rox 22 xXB 2r1oxm 12 xB
Kuis — ITonTasa 40 xB 2rox 55 xB 3 rox 45 xB 50 xB

icepeno: aemopcoki po3paxyHKu 3a MOOeIbHUMU NPUNYUEHHAMU

OTpumani pe3ynbTaTH MOKa3yOTh MEHITY (PI3UUHY TPUBAIICThH aB1aro0poxki
B YCiX YOTUPHOX CLIEHAPISIX, ajie HE JOBOASATH 1i €eKOHOMIYHOI YU OpTaHi3aiiitHol
nepesaru. Ha nanpsmky KuiB — [TonTaBa pi3Huils ctanoBUTH Jidie 50 XB: 3aTpUMKa
peiicy abo noBmmii TpaHchep MOXKYTh ii HiBemoBaTu. Ha Hanpsimkax KuiB —Xapkis
1 KuiB — JIbBiB JIiTaK MOTEHIIMHO 3a0IAKy€E TTOHA JBI TOJUHU, MPOTE 3aT13HUIIS
3ITMIIAETHCS 3PYYHOIO 3aBSKA MICHKOMY po3TairyBaHHIO Bok3auiB. s Kuesa i
Onecu popmanibHa TiepeBara apianii HalOlIbINA, OAHAK HIYHUHN I0i3[ JTO3BOJISE
MacaXupy BUKOPUCTATH YACTUHY Yacy Ha COH.

["onoBHOIO TIepeBaror0 3aji3HMIN € JOCTYMHICTh BOK3aJIB y MeXax MicTa Ta
MPOCTIIIa OpraHi3ailis MoJ0poXki. 3a3BUuUail Macakupy He MOTpIOHO mpulyBaTH
HACTUIBKHY 3aBYACHO, K JI0 a€pPOTIOPTY, a OOMEKEHHSI 100 Oaraky MEHIII dKOPCTKI.
VY BaroHi MokHa BUIbHIIIIE IEpECYBATHUCS, IPAIIOBATH YK BianouuBaTu. OcoOauBe
3HAUEHHS MalOTh HIYHI MOI3/IM: X04Ya BOHU JOBIII 32 YaCOM PyXY, YaCTHHA JIOPOTH
30iraeThCcsi 3 HIYHUM BIJMOYMHKOM 1 He 3abupae axtuBHUM 4yac aHs. Cepen
HEJIOJTIKIB 3aJ1I3HULI — 301IBIIIEHHS TPUBAJIOCTI MOI3JKK Ha JOBIIMX BIJCTAHSX Ta
3aJIeXKHICTh MIBUIKOCTI BIJl CTaHy KOJI{, 3yITMHOK 1 rpadika.

ABiallis, HATOMICTb, 3a0€3Meuy€e BUCOKY IIBUIKICTh OCHOBHOTO MEPEMIILIEHHS,
0COOJIMBO BAXJIMBY JIJIS IUTOBUX TTACAKHUPIB 1 BITAICHUX PET10HIB. 31 301IbIIICHHSIM
BiJICTaHl (piKCOBaHI Ha3eMHI MPOLEAYPH CTAHOBJIATH MEHIIY YacTKy 3arajbHOTO
yacy. Hemomikamu 3anuimnaroThesl JOJAATKOBI TpaHcdepu, KOHTPOIh OE3MeKH,

oOMexeHHs Oaraxy, morpeda B aepomopToBiil IHPPACTPYKTYpi Ta YYTIHUBICTH 10
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METEOpPOJIOTIYHUX M omepamifHux 3aTpuMoK. Ha KopoTkomMy MapiipyTi HaBiTh

HCBCJIMKA 3aTpUMKaA MOXKC M030aBUTH JIITaK 4YaCOBOIL [epceBary.
Tabauns 2. SIkicHe NOPIBHAHHS BUIB TPAHCIOPTY

Kpurepiii ABiaris 3ai3zHuIs
HIBUAKICTD pyXy Buma Hwkua, 3a71€KUTh BiJl MapHIpyTy
JlocTynHiCTh By3/1a AeponopT Moke OyTH BiTAICHUHA Boks3an 3a3Buyaii y MicTi
[TigroroBka 10 peiicy TpuBanima [IpocTima
barax 1 pyx y cajioHi binbire oOMexxeHb 3a3Buyail 3py4Hinie
Hiunwuit popmar Mana nepeBara MoskHa ciati B 10po3i
JloBri MapmpyTu UYacoBa niepeBara 3pocTae Yac pyxy 301IbIIYETHCS
[ToroaHi 3aTpUMKH Uy TauBimmid TPaHCTIOPT 3a3Buyall MEHII YyTIUBHI
J171g OIIHKHM BITHOCHOT YacOBOI MepeBaru MoKHa 3aCTOCYBAaTH KOC(IIIEHT:
K,=7" (4)
Tae

3a Ky > 1 aBiarris mBu/11a 32 TOBHUM YaCOM TIOJIOPOXKI, aJie OCTATOYHUMN BUOIp
naca)xxupa 3aJeKHUTh TaKOX BIJl IIHU, PO3KIIaTy ¥ kKoMpopTy. binbin komMruiekcHUM
N1aX11 nepeadadae y3aralbHEHY BapTICTh:
G=C+p-T (5)
de G — yzaeanvrena eapmicmo,; C — npsmi epowiosi eumpamu,; ff — epouio8a oyiHKa 200UHU
yacy, T — 3azanvna mpusanicms nooopoKCi.

JInst ainoBoro nacakvpa BUCOKA LIHHICTh Yacy MOKE BUIIPaBAATH JOPOXKUUN
aBIaKBUTOK, TOAl fAK JUIsi TypucTta ab0 Macakupa HIYHOTO TMOi3[a JeIIeBIIe
3aJII3HUYHE CIOJy4eHHS Moke OyTu npuBaOnuBiimuM. CTaHoM Ha KOBTeHb 2026
POKY BUKOPHUCTAHHS MOBITPSHOIO MPOCTOPY YKpaiHU i HUBUIBHUX TMOJIbOTIB
3anumaeTbesi oomexkeHuM [3]. Tomy Bci aBiamapumipyTd B poOOTI PO3TISHYTO SIK
MEePCIEKTUBHI ClIeHapii, a He YhHHI peiicu. OmiHoBaHHS (GaKTUYHOT TOIIIBHOCTI 1X
BIJIKpUTTS MOTPEOYy€E TaHUX TIPO TOMHT, Tapu(H, YaCTOTY MEPEBE3EHbB, JOCTYTHICTh
aepoIopTIB 1 TEXHIUYHY TOTOBHICTh 1HOPACTPYKTYPH.

BucHoBok

VYHIBEpCaNbHOTO MEPEMOXKISI MK PEriOHATIBHOIO aBlalllel0 Ta 3aI3HULEIO
HeMae. Ha KOpOTKMX MapuipyTax IIBHJKICTh JIITAKA YAaCTKOBO HIBEIIOETHCS
Ha3eMHUMH TMPOIIeAypaMU; Ha JOBIINX MapIIpyTax HOTo yacoBa rmepeBara 3pocTae.
3ani3HuL BOJAHOYAC 3a0e3euye 3pyYHHd JOCTYI 10 MICBKHX II€HTPIB, MPOCTIILY
MOCaJIKy, THYUKIIIIE MePEBE3EHHS 0araxy Ta MOXJIMBICTh HIYHUX MOJOPOXKEH.

OTxe, BITHOBJICHHS BHYTPIIIHIX aBlapelciB JOLUIBHO TUJIaHYBaTH HE 3a
MPUHITUTIOM TyOJIFOBaHHS 3ai3HMYHUX HAMPSMKIB, a Tam, Ji¢ aBlallisl CTBOPIOE
JIOCTATHIO JOJATKOBY WIHHICTh JJI Nacakupa 3 ypaxyBaHHSAM dacy, LIHM U
3pYYHOCTI.

Cnncok BUKOPUCTAHUX JIAKepeT
1. ATR. ATR 72-600 Aircraft. Technical Specifications. URL: https://www.atr-
aircraft.com/regional-mobility/regional-aircraft/atr-72-600/
2. Rail Ukraine. Po3knan noizais. URL: https://railukraine.com/uk/rozklad-poizdiv/
3. EASA. Airspace of Ukraine. Conflict Zones Information Bulletin. URL:
https://www.easa.europa.eu/en/domains/air-operations/czibs/czib-2022-01r14
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2. Po3sumoxk aeponopmoeoi distabHocmi ma
Ha3emHOol tHGpacmpyxkmypu

YK 656.7:656.073

OLHIHIOBAHHSA AJAIITUBHOCTI AEPOITIOPTOBUX BAHTAXKHUX
XABIB J1O 3MIH ITOMUTY TA HOPYHWEHbB JJOI'ICTUYHUX
IHPOLECIB
bosapko /[.JL,
3000y8auxa opyeo2o (mazicmepcobko2o) pieHs euuioi oceimu
Hayrosuii kepienux: Ocomax B.€., k.m.H., doyenm
Hayionanvnuu ynieepcumem «Kuiscoxuu asiayiunuu incmumympy, Kuis

KmrouoBi cioBa: aBiamiiiHa JIOTICTHKA, BaHTOXXHUM Xa0d, aJanTUBHICTD,
BaHTAKOMOTOKH, K(PpOBI3aILis, JOTICTUYHI POLECH, ONlepalliiHa THYYKICTb.

VY cyyacHMX yMOBax pO3BHTKY MDKHApOJHOI TOPriBIl Ta IIOOAIbHUX
JIQHITIOT1B MTOCTAaYaHHs aBiallliiHi BAHTAXKHI TEPEBE3EHHS BIJIITPAIOTH BAXKIJIUBY POJIb
y 3a0e3MedeHH] MIBUAKOTO IMEpPEeMIIIEHHsI TOBAapiB Mk KpaiHaMH Ta PerioHaMHu.
OcoOnuBe 3HAYECHHS MalOTh AaE€pPONOPTH — BAHTAXKHI XaOH, sKi 3a0€3MeYyr0Th
KOHIIEHTpalio, O0OpoOKy, COpPTyBaHHS Ta [MOJAAJBIIE TPAHCHOPTYBaHHS
BAaHTAXKOMOTOKIB. BogHOouac iXHs MisUIBHICTh 3aJI€KHUTh BiJl KOJWBAaHb IOIHUTY,
3MIHM  MapHIpyTiB TEpeBe3eHb, HEPETryJIsIpHOCTI  aBlapeiciB, OOMEXKEHb
1H(}pacTpyKTypHy Ta BUHUKHEHHS Hemepen0adyBaHUX JIOTICTUYHUX MMOPYIIEHb.

3a TaKMX yMOB BKJIMBOIO XapaKTEPUCTUKOIO e(DEeKTHBHOTO BAaHTAXHOTO Xaba
€ aJanTUBHICTb, TOOTO 3[aTHICTh ONEPATUBHO pPEaryBaTH Ha 3MIHU 30BHIIIHHOTO
cepeloBUIlla, MepedyloByBaTM  ONEpaliidiHl  MpolecH Ta  NIATPUMYBATH
Oe3MepepBHICTh BAHTAKHUX IepeBe3eHb. HegocTaTHiil piBeHb aJaliTUBHOCTI MOXKE
MPU3BOJUTH JO HAKONMYEHHS BaHTaX1B, 301JIbIIEHHS Yacy iX 0OpoOKH, 3pOCTaHHs
JIOTICTUYHUX BUTPAT 1 3HU>KEHHSI SIKOCTI OOCITYTrOBYBaHHS KIIIE€HTIB.

MeToro AOCHiPKEHHS € BU3HAYEHHS OCHOBHUX UWHHUKIB aJalTUBHOCTI
aepoOIOPTOBUX BAHTAKHMUX XallB J0 3MIH TOMHUTY Ta TOPYIICHb JOTICTUYHUX
MPOIIECIB, @ TAaKOX PO3POOJICHHS CHUCTEMH ITOKA3HUKIB JJIS OILIHIOBAHHS iXHBOI
OTepalliifHoi THYYKOCTI ¥ OOIpYHTYBaHHS 3axOJliB IMOJAO  MiJABUIIEHHS
e(eKTHUBHOCTI YIIPaBJIIHHS BAaHTAXKHUMU OTIEPAITISIMHU.

AJIanITUBHICTH a€POTIOPTY — BAHTAKHOTO Xada MOIIILHO PO3MIISIATH K HOTO
3/IaTHICTh CBO€YACHO BUSBJISITH 3MIHHM OIEPAIiHHOTO CEPEeNOBUINA, KOPHUTYBaTH
BUKOPHUCTaHHS pecypciB, nepeOyJ0BYBaTH JIOTICTUYHI MPOLIECH Ta BiAHOBIIOBATH
HaJIEXKHHUN piBEeHb 00CIYTOBYBAaHHS BaHTaXIB 3a YMOB nopyuieHs. Ha BiaMiHy BiJ
CTIMKOCTI, fKa XapaKTepus3ye CIPOMOXKHICTb CHUCTEMU BUTPUMYBATH BILIUB
HECTIPUSITIIMBUX YUHHUKIB 1 BITHOBIIOBATUCS TICIS HUX, aJaNTUBHICTh aKICHTYE
yBary Ha OonepaTiBHOMY MPUCTOCYBaHHI 10 HOBUX YMOB.
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Bax1MBHMM HayKOBHMM IIAIPYHTSAM JOCIIIKEeHHs € mpars S.-J. Hong, W. Kim
ta B. Hiatt «Examining airport agility at air cargo hub airports» (2025), y sxii
POaHaIi30BaHO YMHHUKH ONEpaliiHOT THYYKOCTI BaHTQKHUX Xa0iB Ha MPUKIIAMII
MixkHapoaHoro aeponopty [nuxon (ITiBnenna Kopest). ABTopu 3acTocyBaiu MOJENb
CTPYKTYPHHUX PIBHSHB JUIsI OIIIHIOBAHHSI B3a€MO3B’SI3KIB MK XapaKTEPUCTUKAMH
TISTTBHOCTI aeporopTy Ta HOTO aJIaNTHBHICTIO. 3a pe3yJbTaTaMH JTOCIHIHKEHHS
BU3HAYEHO YOTHPHU BaXKIIUBI TPy YUHHUKIB: IIU(PPOBY TpaHchopmalliro, aBiaiiiiHe
CTHOTy4YeHHsI, 0OMiH 1H(pOpPMAIII€I0 Ta KOMYHIKAI[I0, @ TAKOXX MICIIE pO3TaIlyBaHHS 1
TPAHCIIOPTHY OCTYMHICTh. BogHOUac THYUYKICTh pearyBaHHS Ha BIIXWJICHHSA B
pO3KJIaAl PeKciB Ta MOKJIMBOCTI BUKOPHUCTAHHS TEPMIHAJIBHOI 1HPPACTPYKTYpH
TaKOX PO3TIISIANIKCS B MeXaX JOCHITHULIbKOT MoJeni [1].

[{udporizarlis € 0THAM 13 KITIOUYOBUX IHCTPYMEHTIB MiBUILICHHS aJallTUBHOCTI
BaHTAXHOTO xaba. BukopucranHs I1HTErpoBaHUX 1H(MOPMAIIWHUX CHUCTEM,
CJIEKTPOHHOTO JIOKYMEHTOOOITY, aBTOMAaTH30BAHOTO BIJICTEKEHHS BaHTAXIB 1
MPOTHO3HOT AHAMITUKU JAa€ 3MOTY OIEpPATHUBHIIIEC BUSBISATH BIAXUJIECHHS BiJl
IUTAHOBUX TIOKA3HUKIB Ta y3TO/DKYBaTH PIIICHHS MK yYaCHUKAMHU TEPEBE3CHb.
30KkpeMa, TPOTHO3YBaHHS BAHTAXOMOTOKIB HA OCHOBI ICTOPUYHHUX JaHUX 1
MOTOYHHUX 3aMOBJICHBb CIPHUsE 3aBYACHOMY IUIAHYBAHHIO MEPCOHANTY, CKIAJCHKUX
TJIOIIL Ta OOPOOHUX MOTY>KHOCTEH.

Jpyrum BaKJIUBUM YUHHUKOM € JOCTYIHICTb 1 PEryJsipHICTh aBlalliHOTO
cnojiydeHHs. J[ocTaTHS 4acToTa BaHTAKHUX PEICIB 1 HASBHICTh albTEPHATHBHUX
MapuipyTiB PO3UIMPIOIOTH MOKJIMBOCTI TE€pEe HAMpaBICHHS BAHTAXIB Yy pasl
CKacyBaHHsS pelciB a00 TepeBaHTAXEHHS OKpPEeMUX HamnpsaMmKiB. BogHouac
e(eKTUBHICTb IIOTO MEXAHI3MY 3aJICKUTH BiJ] JOCTYITHOT MTPOBI3HOI CIIPOMOKHOCTI,
KOMEPIIIHHUX YMOB IEPEBE3EHHS Ta Y3TOPKEHOCTI PO3KJIIAIIB.

He menm BaxiuBuM € 0OMiH 1H(OpMAITIEIO MK aIMIHICTPAIIIEI0 aepOIIOPTY,
aB1aKOMITaHISIMHU, €KCIIEAUTOPAMHU, HA3EMHUMU OINEepaTOpPaMU, MUTHUMHU OpTaHAMH
Ta aBTOMOOUTPHUMU mepeBi3HuKamMu. CBoeuacHe 1HGOPMYBaHHS TPO 3aTPUMKH,
3MiHY OOCSIT1B BAHTAXIB 1 JOCTYIHICTh IHPPACTPYKTYpPHU CIIPHUSIE€ CKOPOUEHHIO Yacy
NPUMHATTS PIIICHb Ta 3MEHIICHHIO PU3UKY HAKOMMYCHHS BAaHTAXIB y TepMiHaIax.
OTxe, aJanTUBHICTD 3AJIEKUTH HE JIMIIE Bl BHYTPIIIHIX MOKIJIMBOCTEN aepoIopry,
a ¥l B1 pIBHS KOOpJMHALT BCIX YYaCHUKIB JOTICTUYHOTO JIAHLIIOT .

OkpeMy poib BIOITPAIOTh TPAHCHOPTHA JAOCTYHHICTH 1 THYYKICTh
BUKOpPUCTAaHHA 1HQPACTPYKTypH. 3pydHE CHOJYyYEHHS 3 aBTOMOOUIBHUMHU Ta
3QII3HUYHUMHY TIJITXaMU, JIOTICTHYHUMH IIEHTPaMU W MPOMHCIOBUMH paioOHaAMHU
TMOJICTIIY€ 3MIHY MapIIPyTiB TIOCTaBKU. MOKITUBICTH ONEPATUBHO MEPEPO3MOALIATH
CKJIAJChKI IUIOIII, OPraHi30BYBAaTH THUMYAacOBI 30HU HAKOMHMYEHHS BaHTAXIB 1
3MIHIOBaTH TOPSAOK OOpPOOKH BIAMPABICHb A€ 3MOTY MPUCTOCOBYBATHUCS [0
HEpPIBHOMIPHOTO  HABaHTA)KEHHA 0€3 HeraiHoro po3mwupeHHs  (i3HYHOI
1H(}pacTpyKTypH.

Ha ocHOBi y3arajgbHEHHS pe3yJbTaTiB JMOCHKEeHHS [1] MoxkHA 3poOuTH
BHCHOBOK, III0 IPIOPUTETHUM HAMPSMOM ITiIBUIICHHS aJaNTUBHOCTI € MOETHAHHS
nudpoBoi TpaHchopmalli 3 ONEpaTUBHUM OOMIHOM JIaHUMU Ta THYYKUM

IJIaHyBaHHSAM  aBlallliHUX 1 Ha3eMHUX omnepamiid. BoaHowac pesynbratu
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JOCIIIJIKEHHSI aepornopTty [HUXOH He ciiJi aBTOMAaTHYHO TIEPEHOCUTH Ha BCI
BaHTaXHI XaOW, OCKUIbKM €(QEKTHBHICTh BIJAMOBIIHUX PIIIEHb 3aJCKHUTh BiJ
MaciTady aepomnopTy, CTPYKTypH BaHTaXOIIOTOKIB, reorpadivHOTO TOJIOKEHHS Ta
JOCTYITHHUX PECYPCIB.

JUis  TmiABHMINEHHS  aJanTHUBHOCTI  aepONOPTOBUX  BaHTaXHUX  XabiB
MPOIMOHYETHCS peani3yBaTH KOMIUIEKC TaKUX 3aXO/IIB:

1. 3ampoBa/KeHHs] 1HTETPOBAHOI CHCTEMHU MOHITOPUHTY BaHTa)KOMOTOKIB.
JlouinpHO 00’€AHATH JaHI MPO MPOTHO30BaHI M (akTU4HI OOCSTH BaHTAXIB,
pO3KJIaa pEeHciB, 3aBaHTAKEHICTh TEPMIHAJIB Ta JOCTYIHICTh HAa3eMHOTO
TpaHcnopTy. Lle mactb 3MOry OnepaTuBHO BUSIBIISATA PU3UKHU NEPEBAHTAKEHHS Ta
3aBYACHO KOPUTYBATU ONEpaIliiiHi TUIaHH.

2. Po3poOneHHst cueHapliB pearyBaHHs Ha MopyuieHHs. s TUoOBUX
CUTYalllll, 30KpeMa CKaCyBaHHS pEICiB, 3aTPUMOK, P13KOTO 3pOCTaHHA MOMUTY a0
TUMYacOBOT HEJOCTYITHOCTI CKJIaJICBKUX 30H, HEOOX1/THO BU3HAUUTH AJIbTEPHATUBHI
MapuipyTH, BIATOBIAAIBHUX 0C10 1 MOCIIIOBHICTh YIIPABIIHCHKHUX JiH.

3. [linBumieHHs] THYYKOCTI TepMiHaIbHOI iH(pacTpykTypH. JlOMmJIIBEHO
nepeadaynuTH pe3epBHI IUIONI JJIsI TUMYACOBOTO 30€piraHHs, MOXKJIMBICTh 3MIHU
(YHKLIOHATBHOTO NPHU3HAYEHHS OKPEMUX 30H 1 THYYKEe IUIAHYBAaHHS 3MIH
NepcoHaTy BIAMOBIIHO A0 MPOTHO30BAHOIO HABAHTAXKECHHS.

4. Po3BUTOK MapTHEPCHKOi B3aeMoAii. CTBOpEHHS €AMHOrO 1H()OpMaALIHHOTO
cepesoBUIIa ISl aepONOPTY, aBlakoMIMaHii, eKCIEeIUTOPIB 1 HA3EMHUX ONEepaTopiB
COPHUATUME Y3TO/DKEHHIO TpadikiB, NPUCKOPEHHIO OOMIHY iH(pOpMali€o Ta
KOOpAWHAIIIT [ MM yac MopyIieHb.

5. ®opMmyBaHHS CHCTEMHU OIIHIOBAaHHS aJanTUBHOCTI. JIJIsi KOHTPOIIO
pE3yIbTATUBHOCTI ~ 3alpPOTIOHOBAHMX  3aXOAIB  JOIUIBHO  BHKOPHUCTOBYBATU
MOKa3HUKHU CEPETHHOTO Yacy 00pOOKH BaHTaXXy, TPUBAJIOCT1 BIIHOBJICHHS OTlepaIiii
MIiCTIsl TOPYIICHHS], YaCTKU BaHTaXI1B, JOCTABJIEHUX Y 3aIlUIAHOBAHUM CTPOK, PiBHS
BUKOPHUCTAHHS TE€PMIHAJIBHUX MOTYKHOCTEN 1 yacy NepeHanpaBlIeHHs] BAaHTaXy Ha
aIbTePHATUBHUIA MapIIpyT.

Peanizarttist 1iux 3axo/iB Ma€ BiI0yBAaTUCS MTOETAITHO: Bl BU3HAUEHHS 0a30BUX
MOKa3HUKIB 1 BUSIBJIEHHS KPUTHUYHHUX OINEPaLiiHUX MPOLECIB 1O BIPOBAIHKEHHS
nM(pPOBUX 1HCTPYMEHTIB, NEPEBIPKUA CLEHApIiB pearyBaHHs Ta OL[IHIOBaHHS
OTpUMaHUX pe3yibTaTiB. Takuil miaxig JacTh 3MOTY Y3TOAUTH IHBECTHIII 3
peaTbHUMU OTpedaMu aeponopTy i BUBHAYNTH HAUOLIBII Pe3yJIbTATUBHI HAIIPSIMU
BJIOCKOHAJICHHS.

BuchoBok

AJIanITUBHICTh a€POMOPTOBUX BAHTAKHUX Xa0iB € BAXKIMBOIO MEPEIYyMOBOIO
Oe3mepepBHOCTI aBiallIMHUX TIEPEBE3CHb 1 HAMIMHOCTI 1HTErPOBAHUX JIAHIIIOTIB
NOCTa4yaHHs B YMOBAaX KOJIUBAHb MOMUTY Ta JOTICTUYHUX MOPYIIEHb. Y 3aralbHEeHHS
pesynbTaTiB gochimkeHdas Hong, Kim ta Hiatt 3acBimuye 3HadeHHS mHQPPOBOI
TpaHcdopmarlii, aBialiifHOTO CIOJIy4YeHHs, 0OMiHYy 1H(pOpMAaIli€r0 W TPaHCTIOPTHOT
JIOCTYITHOCTI JJIs MIJBUILEHHS ONEPALiiTHOI THYYKOCTI BAHTXKHHUX a€pOIOPTIB.

[TpakTHYHUM pE3yIbTaTOM POOOTH € OOTPYHTYBAHHS KOMILIEKCY 3aXO/IiB, IO

nependayae MUQPPOBUI MOHITOPUHI BAHTAKOMOTOKIB, TUIAHYBAHHSI pearyBaHHS,
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rHy4YKe BUKOPHUCTAHHS TEPMIHAIBHOI 1HPPACTPYKTYpHU, KOOPAHUHAIIII0 yYaCHUKIB
IICPCBC3CHb 1 CHCTEeMaTH4HE OHIH}OBaHHﬂ p€3YJILTaTI/IBHOCT1 yl'[paBJIlHCLKI/IX
pIIICHb. Ix YOPOBAaDKCHHSA  MOXE  CHPHUATH  CKOPOYEHHIO  3aTPUMOK,
palioHaJIbHIIIOMY BUKOPHUCTAHHIO PECYPCIB 1 MIABUIICHHIO HAJAIMHOCTI BAHTAXXHOTO
00CITyroByBaHHS.

[lepcriekTHBM MOJANBIIUX  JIOCHIUKEHb TMOB’S3aHI 3 PO3POOJICHHSIM
KOMIUIEKCHOI METOJMKH KIJbKICHOTO OIIIHIOBAaHHS aJalTHBHOCTI aepomoOpTiB,
BHU3HAYEHHSIM BaroMoCTl OKpEMUX YMHHHUKIB JIJIsl PI3HUX TUIIB BaHTAKHUX XaOiB 1
MEepeBIipKOI0 €(EKTHUBHOCTI 3alpONMOHOBAHMX 3aXO/IB Ha OCHOBI (haKTHYHHUX
omnepariiHux gaHuX. Lle CTBOPUTH MIATPYHTS JIA NPUHUHATTS OOIPYHTOBAHUX
VIPaBIIHCHKUX PIIICHh II0J0 PO3BUTKY aepornopToBOi 1H(PACTPYKTYpH Ta
M1JBUIIEHHS KOHKYPEHTOCTIPOMOXKHOCTI aBiaIliifHOT JIOT1CTUKH.
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3aTpuMKa, MOIIKOKEHHS a00 BTpara 06araxy € OAHUMH 3 MPOOJeM, 3 IKUMU
CTUKAIOThCSl MacaXHpu Mij yac aBlanepeBe3eHb. He3Baxkaioun Ha BUKOPHUCTAHHS

aBTOMATU30BAHUX CHCTEM COPTYBAaHHS Ta Cy4YaCHUX TEXHOJOTIHA BIJICTEKEHHS,
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MOBHICTIO YHUKHYTU TaKUX BUMAJKIB HE BAA€TbCs. [[puunHU MOXKYTh BUHHKATH Ha
pI3HUX eTamax oOpoOKu Oaraxkxy — BiJl MOro peectparlli 0 BUJa4l B acpoOIOPTY
npusHaueHHsA. [ macakupiB 1€ O3Haya€ JOJATKOBI HE3PYYHOCTI, a Jjs
aBlakOMIIaHil Ta aepoONOPTIB — HEOOXIJHICTh OPTaHi30BYBaTH IMOIIYK 1 JOCTaBKY
Oaraxy, po3risiIaTd MPETeH31i Ta HECTH JT0JaTKOBI BUTPATH.

Macmrad npobiemu BimoOpaxkarots nani SITA Baggage IT Insights 2026. 3a
OLIIHKamM# KoMrasii, y 2025 poii BUTpaTu CBITOBOI aBiallifHOI raiy3i, MOB'sA3aHi 3
nopyueHHsAMU 00poOKku Oaraxy, ctaHoBuIM 01au3bko 6,3 mupa goa. CLIA [1]. Le
MIATBEPKYE, MO0 TUTAHHA HAAIMHOCTI OaraKHUX Omepariii Mae He JIUIIe
opraHizalliiHe, a i eKOHOMIYHE 3HAUYCHHS.

MeTtoro 10oCTiKEHHS € aHalli3 OCHOBHUX IIPUYHMH MOPYIIEHb 00POOKH Oaraxy
B aeporoprax 1 BHU3HAYCHHS 3aXOJiB, SIKI MOXYThb CHPUSTH 3MEHIICHHIO iX
KUIBKOCTI.

OO0poOKa O6araxxy CKIaIaeThCsl 3 KUTbKOX MOCIIOBHUX OIEpalliii: mpuitMaHHs,
peectpailii, ineHTUdikaiii, COPTyBaHHS, TPAHCIOPTYBAHHS, 3aBAaHTAKEHHA Ha
MOBITPSHE CYJHO, PO3BAaHTAXKEHHS Ta BHUJAAul NacaxkupaMm. Ha kokHOMy eTari
ICHYIOTh pW3WKHA BUHUKHCHHS IMOMWJIOK. Hampuwkiazn, HempaBWIbHE 3YUTYBaHHS
OaraxxHoi OMpPKH MOKE IMPU3BECTH O CHPSIMYBaHHS Bajli3d Ha IHIIMK peic, a
HEJOTPUMAHHA TMpPaBUJ  BAaHTAXHO-PO3BAHTAXKYBAJIBHUX poOIT — A0 i
nomkoxeHHa. OkpeMoro nmpodsemMoro € 00podka TpaHchepHoro Garaxy, KO 3a
oOMe)XeHuM 4yac HEOOXITHO MEPEMICTUTH HOTO 3 OJIHOrO IMOBITPSIHOTO CyAHAa Ha
1HIIIE.

BaxnmBicTe  opranizamii  B3aeMoJllii MK~ y4aCHHKaMHd  Oara’kHoro
obcmyropyBanHs posrisagaroTe R.S.A.Nounou Tta I.A.Shaban [2]. ¥V cBoemy
JOCITIKEHH1 aBTOPH aHATI3YIOTh PO3IO/I1T BIAMOBIAATBHOCTI MK aB1aKOMITaHIsIMU
W aepomopTamu, 3BEpTalOYM yBary Ha MpoOJieMH KOOpAWHAIT Ta TEXHOJOT14HI
oOMeXeHHA. 30KpeMa, TPYAHOII MOXKYTh BUHUKATH TOJ1, KOJM 1H(GOpMAIIS PO
Oarax HECBOEYACHO HAJIXOIUTH JI0 BIAMOBIAAIBHHUX CIIYk0. Y TaKUX yMOBaX HaBITh
CIpaBHE OONAJHAHHA HE 3aBXKIU 3a0e3nedye CBOE€YAaCHE BHKOHAHHS OTepallii,
OCKUJIbKHU PE3yJIbTaT 3aJICKUTh TAaKOXK BiJl y3TOKEHOCTI A1l IepcoHay.

TexHiuH1 npobiemMu 0araxxHux cuctem gociipkyBanmu [.Alsyouf Ta criiBaBTOpu
[3] Ha npukiaal apiakomnanii O0'eqnannx Apadcekux EMipaTiB. ABTOpHU BUSBHIN
HEJOJIKH, IIOB'S3aHl1 3 HAMIMHICTIO CHCTEMH Ta 3HAYHOIO KIIBKICTIO OJHHHIb
Oaraxy, Kl MOTpeOyBajdu PYYHOIO BBEICHHS 1ICHTU(IKAIMHUX HaHuX. Js
aHaII3y MPUYUH TOPYIICHH 1 BIOCKOHAJIEHHS POOOTH CHCTEMH OYJIO 3aCTOCOBAHO
metonosorito Lean Six Sigma. Lle nocmigkeHHs Mokasye, 1o MpooieMH MOXYTh
OyTH TOB'sI3aH1 HE JIMIIE 3 HECHPABHOCTAMHU OOJaJHaHHA, a i 13 HEOOXIAHICTIO
BUKOHAHHS IOJJATKOBUX PYYHHX OTIEpaIliid, K1 YIIOBUIbHIOIOTH 00pOOKY Oaraxy.

Po3rnsHyTi mpuuuHM MoOkHa o00'emqHaTH y 1B rpynu. [lepma oxorutroe
Oprasi3ailiifHi HeJI0JIiKH, 30KpeMa MOMUJIKY TIEPCOHATY, HEIOCTATHIO KOOPINHAIIIO
ciy>)k0 1 TOpylIeHHs IUlaHyBaHHS omnepauid. [lo apyroi Hajexarb TEXHIYHI
HECIPaBHOCTI, TOMWJIKM aBTOMAaTH30BaHOTO 3YMTYBaHHS Ta OOMEKECHHS CHCTEM
KOHTpoIto Oaraxy. BomHouac 4iTKO po3MeXyBaTH I1iI HPoOJIeMU HE 3aBXKIU

MOXJIMBO. SIKIIO o0O0JlafHaHHA HE po3Mi3Hae OaraxkHy OUpPKy, MpalliBHUKaM
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JIOBOJIUTHCSI BBOJAMUTH JlaH1 Bpy4uHy. Lle moTpedye n0/1aTKOBOro yacy, a 3a BEJIUKOTO
MACaXUPOIMOTOKY MOXE€ CHPUYMHUTH HAKOMMYEHHS Oaraky Ta 3aTpUMKH HOTO
COPTYBaHHSI.

JIyist 3MEHIIIEHHST KUTbKOCTI TaKMX BHITAJIKIB BOKIUBO MaTH 1H(GOPMAIIIO TIPO
POXO/HKEHHA OarakeM OCHOBHHX €TalliB nepeBe3eHHs. Llel mpuHiun 3akiaieHo B
IATA Resolution 753 [4], saxa nependavae (ikcaliro JaHUX PO 3apEECTPOBAHUIMA
Oarax y 4OTHPHOX KOHTPOJIBHMX TOYKAaX: i Yac MpHHMaHHS BiJ IMacakupa,
3aBaHT)XCHHS Ha MOBITPSHE CYAHO, IIepeiayl B polieci Tpancepy Ta HOBEpPHEHHS
nmacaxupy. 3aBIsSKH IbOMYy MOXHA BH3HAYHTH OCTAHHIN 3a(iKCOBaHHMI eTam
nepeMilieHHs 6araxy i 3By3UTH 30HY HOTo MOIIYKY B pa3i 3aTpUMKU a00 BTPATH.

Jns inentudikarii 6araxxy BHKOPHUCTOBYIOTh aBTOMATH30BaHE 3UUTYBaHHS
HMITPUXKOJIIB, @ TAKOXK TEXHOJIOT110 pajioyacToTHoi ineHTudikaii (RFID). Octanus
JTIO3BOJISE€ 3UUTYBATH 1H(POPMAIIIIO 3 €IEKTPOHHUX MITOK 0€3 HeOOX1THOCTI MPSAMOi
BUJIMMOCTI IITPUXKOJY, IO MOXE OyTH KOPUCHUM IIiJl YaC COPTYBAHHS BEIUKHUX
o0csriB 6araxy. [IpoTe BpoBaKeHHST TAKMX TEXHOJIOT1H MOTpeOye BiAMOBITHOTO
oOnajHaHHA Ta y3roJKeHoi pobotu iHpopmamiiiHux cucrem. Kpim Toro, IATA
Resolution 753 He BcTraHoBIO€e 000B's3k0BOro BukopuctanHss RFID, a Buznauae
BUMOTH J10 (iKcalii nepemimieHHs oaraxy [4].

Bubip 3axomiB ajisi 3MEHIIEHHS KUIBKOCTI MOPYIICHh Ma€ 3aJIeKaTH BIJT
npoOJjieM, XapakKTepHUX JIS KOHKPETHOIO aepomopry. SKkmio Haivacriiie
3aTpUMY€EThCsl  TpaHchepHUd Oarax, HEOOXITHO HacaMmIiepes TMEepPEeBIPUTU
oprasizaliio Horo nepeaadi MiX peicaMu Ta CBOE€YACHICTh OOMIHY 1H(OPMAIIELO.
VY pasi yacTUX MOMWIOK 1ICHTH(IKAIIT BApTO OLIHUTH POOOTY CUCTEM 3UUTYBaHHS
Oaraxxuux OUpok. PerynspHi HecrpaBHOCTI COPTYBaJIbHOTO OOJaJHAHHS CBIIYAThH
nmpo 1oTpedy BIOCKOHAJIEHHS HOT0 TEXHIYHOro oOCIyroByBaHHs. BomaHodac
3MCHIIICHHSI BUIIAJKIB TMONIKO/KEHHS Oarakxy 3HAYHOI0 MIpOI0 3alieKHUTh BiJl
JIOTPUMAaHHSI TIPAaBUJI BAKOHAHHST BAHTAXKHO-PO3BAHTAXKYBAIBHUX omneparliil. Takum
YUHOM, TIEepII HIK YIPOBaKyBaTH HOBE OOJIagHAHHS, JOLUIBHO BU3HAYMTH, Ha
SAKUX CAME €Tanax BUHUKAaE HAMOUIbIIE MOPYIIEHD 1 1O € iX OCHOBHOIO MPUYUHOIO.

BucHoBok

AHani3 HaykoBHX MyOsikaiiii Ta pekomenaaiii IATA nokasas, 1o npodaeMu
0o0OpoOkM Oaraky BHHHMKAIOTh 4Y€pe3 IO€JHAHHS TEXHIYHUX HECIPAaBHOCTEH,
MOMUJIOK TIEPCOHAy Ta HEIOJIKIB OpraHizallii Ha3eMHOTO OOCIyrOBYBaHHS.
Oco0JuBO CKIIAJHUMU 3QJIMIIAIOTHCS OTepallii 3 TPaHCPEPHUM Oaraxkem, s IKHX
BKJIMBE CBOE€YACHE BUKOHAHHS BCIX TEXHOJIOTTYHMX mporeayp. s 3MeHmeHHs
KUTBKOCTI MOPYIIEHb HEAOCTATHBO JIMIIE MOAEPHI3yBaTH obnagHanHs. HeoOxinHo
TaKOX 3a0e3MeuyBaTH KOHTPOJIb MEepeMIlIeHHs Oaraxky, HaJeKHY B3a€MOJIII0 MIXK
CiIy0aMH Ta CBO€YaCHE BHSIBICHHS MPUYHH 3aTPUMOK. 3alPOIIOHOBAHUHN IMiIX1]
nepenbayae BUOIp 3aXOMAIB 3aJie)KHO BiN XapakTepy NpoOieM, M0 T03BOJIUTH
paIrioHaJIbHIIIE BUKOPUCTOBYBATH PECYpPCH aepOIOPTY Ta IMiJIBHUINYBATU SIKICTh
0ara)xHoro o0CIyroByBaHHS.
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The restoration of air connectivity is an important component of Ukraine’s
economic recovery, international mobility, and integration into European logistics
networks. At the same time, the overall scale of transport-sector recovery needs is
substantial: the joint RDNAS assessment estimates them at more than USD 96
billion. This figure covers the entire transport sector, not aviation alone, but it
demonstrates the competition for investment resources and the need to define
priorities clearly [1].

The organization of air transport during the recovery period will depend on
addressing interconnected constraints: damage to aerodromes and terminals;
restoration of navigation and meteorological equipment; the readiness of emergency
and rescue services; the availability of insurance; staffing; and the capacity of ground
transport infrastructure. A verified risk assessment and compliance with safety
requirements must remain a decisive precondition for reopening airspace. As of
October 2026, EASA’s bulletin concerning Ukrainian airspace remains valid until
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31 January 2027 [2]. Therefore, the resumption of commercial air services must be
planned according to safety criteria rather than a predetermined calendar.

A phased model is appropriate for planning the restoration of air connectivity.
The preparatory phase should include technical surveys of airports, prioritization of
critical repairs, verification of air traffic management systems, and coordination of
procedures with European partners. During the initial recovery phase, selected
airports should be made ready, and operations should resume gradually only after
safety conditions, relevant certifications, emergency response capability, and
insurance coverage have been confirmed. Further expansion of the route network
should reflect demand, infrastructure capacity, and demonstrated operational
reliability.

Post-war recovery requires a fundamentally new approach to setting
requirements for the air transport system. Safety must be addressed
comprehensively, taking into account risk assessment, infrastructure resilience,
emergency preparedness, and continuity of critical services. Airport energy
independence should be supported by backup power sources, local energy systems,
and energy storage. At the same time, the development of transport services should
improve population mobility, service quality for passengers and cargo owners, and
accessibility for persons with disabilities and other persons with reduced mobility.
These characteristics should be incorporated into airport design requirements and
monitored through measurable indicators.

Transport management requires an integrated coordination approach involving
airports, airlines, the air navigation service provider, customs and border authorities,
and ground transport operators. A shared digital data exchange should be developed
for slots, passenger and cargo flows, baggage handling, customs clearance, and
ground transfers. Such cooperation can reduce delays at interchanges and enable
resources to be reallocated promptly when demand changes or restrictions arise.

Air cargo logistics should become a separate priority. During the recovery
period, it can support the carriage of medical supplies, critical equipment, high-value
products, and time-sensitive production components. Cargo capacity planning
should be coordinated with road and rail routes to European hubs, while multimodal
terminals and digital cargo tracking should be developed. This will help maintain
logistics connectivity even when particular sections of the transport network are
temporarily unavailable.

Investment decisions should be based on a transparent project portfolio that
prioritizes safety, critical capacity, resilience to damage, and compatibility with
European standards. Each project should have a designated operator, identified
funding sources, implementation stages, and measurable performance indicators.
This approach is consistent with the National Transport Strategy through 2030,
which covers air transport and sets the overall direction for modernizing the transport
system [3].

Implementing this approach requires specialists able to combine expertise in
air transport and logistics, safety management, energy systems, digital technologies,

universal design, and quality management. Their training should be based on
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interdisciplinary educational programmes, practical cooperation between
universities, airports, and carriers, and regular professional development.
Conclusions.

The post-war recovery of air transport should be based on fundamentally
updated requirements for safety, energy independence, mobility, accessibility, and
service quality. Meeting these requirements calls for phased infrastructure recovery,
digital coordination among transport stakeholders, integration with other modes of
transport, and the preparation of interdisciplinary transport specialists. The
effectiveness of air connectivity recovery will depend on the system’s ability to
provide reliable, accessible, and resilient passenger and cargo services amid
changing demand and the risks of the current period.
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Non-aeronautical revenue (NAR) is an important part of an airport’s financial
stability, especially since aeronautical charges are often constrained by regulation.
NAR consists of several components with different economic logic (ground
handling services, rental income, passengers related services, and other non-aviation

revenue), and each component can follow its own seasonal pattern.
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Seasonality refers to a recurring, predictable pattern of variation within a time
series that repeats at fixed intervals (e.g. quarterly, monthly) and that reflects
systematic rather than random fluctuations in revenue.

This study uses quarterly data from Tallinn Airport (2022-2026) to compare
the seasonal patterns of individual NAR components and to assess whether
forecasting NAR by component gives a more reliable result than forecasting it as a
single aggregated series.

An ETS model, built using Excel’s Forecast Sheet tool (based on the
FORECAST.ETS function), was applied to the aggregated NAR series (fig. 1).
Despite the presence of a clear long-term upward trend in the data, the model was
unable to identify a stable seasonal component at the aggregate level.
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Fig. 1. Tallinn Airport NAR forecast
Source: Developed by the author

Instead of a forecast with a visible quarterly pattern, it produced a result close
to a simple trend line. This raises the question of why the seasonality expected in
airport revenue does not show up at the aggregate level, and points to the need to
look at the individual components rather than the combined series.

Figure 2 shows the quarterly dynamics of the four NAR components separately.
The components differ both in the amplitude of their fluctuations and in the timing
of their seasonal peak. The ground handling services have peaks in a different quarter
than passengers related services. Because these seasonal peaks do not coincide, they
partly offset each other once the components are added together. This explains why
the aggregated series shows little seasonal pattern even though seasonality is clearly
present at the component level.

57



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

8000

6000

4000

2000

e

—e— Passengers related services
Other non-aviation revenue

Fig. 2. Non-aeronautical revenue components
Source: developed by the author based on [1].
Ground handling services is the largest component, meaning its seasonal
pattern has the strongest effect on the aggregated NAR series. Since ground handling
services and passengers related services are both large enough to meaningfully shape

total NAR (table 1).
Table 1. Average NAR components share through 2022-2025

Ground Rental income Other non-
. Passenger -
handling . (property and aviation
. related services
services real estate) revenue
1 2 3 4 5
NAR share, % 47,0 35,5 12,9 5,0

Source: developed by the author
Conclusion
The seasonal analysis shows that non-aeronautical revenue at Tallinn Airport
is not seasonally uniform. NAR components follow different seasonal profiles. The
flat, trend-like forecast obtained for aggregated NAR is not evidence of an absence
of seasonality in non-aeronautical revenue as a whole. It is a result of offsetting
seasonal patterns across its components. Ground handling services, as the largest
component, has the strongest influence on the aggregated series, and passengers
related services also holds a significant enough share to meaningfully affect it. This
demonstrates that seasonal analysis conducted only at the aggregate level can
conceal meaningful structure that is only visible once revenue is examined
component by component, both in terms of its timing and its relative share of total
income.
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[linBuIIEHHSA MPOMYCKHOI 3JaTHOCTI 30H KOHTPOJIIO aBialliifHOT OE3MeKu €
BOKJIMBAM HAMPSMOM yJOCKOHAJCHHS TACaXHUPCHKOTO OOCITyrOBYBaHHS B
aepornoptax. [IpomyckHa 34aTHICTh BU3HAYAE KUIbKICTh MAcaXUPiB, AKUX TEPMiHAI
MOJKe OOCIyroBYBaTH 3a roJMHY, a 3a jganuMmu Airport Service Quality (ASQ),
MIBUIKICTh TPOXO/DKCHHS KOHTPOJIIO € OJHUM 13 KJIIIOYOBHUX UYWHHHUKIB
3aJI0BOJICHOCTI Mmacaxupis [1].

MeToro JOCTiKEHHSI € OI[IHIOBaHHS BIUTUBY BIPOBAKCHHS 1HHOBAIIMHUX
TEXHOJIOT1M KOHTPOIIO O€3MEeKM Ha MPOMYCKHY 3[aTHICTh MAaCaKUPOTOTOKY Ta
AKICTh OOCIYTrOBYBaHHSI MAacaXWpIB B aepoIopTax Ha MpHUKIaal MiKHApPOIHOTO
aecporiopty imeni @epenna Jlicra (bymamemT) 3 ypaxyBaHHSM JOCBimy
MixHapoaHOTO aeponopty I OHKOHTY.

[IpakTHYHUM TPUKIAJAOM TEXHOJOTIYHOI MojepHizauii € mpoekT «HKIA
Smart Security Ecosystem: A Nuctech-Powered Operational Revolutiony,
po3pobisiennii komnaniero Nuctech Company Limited. ¥V 2024 poui B Tepminani 1
pO3I0YaTO MoeTanHe BIPOBaKEeHHs 50 KaHaIIB KOHTPOJIIO Ta 32 MOBHOTUIECHUX
ckaHepiB. Cuctema nependayae BUKOpUCTaHHs 3D-ckaHyBaHHS Ta pEHTT€HIBChKUX
TEXHOJIOTIN 13 KyToM oriisiay 360°, mo jgae 3MOry 31HCHIOBATH TEpPEBIpKYy Oe3
BUJTYYEHHS €JIeKTPOHHHUX MPUCTPOIB 1 PIAMH 13 PYyYHOI TOKJIaXi. 3a JaHUMH
aJMIHICTpaIlii aepomopTy, OYIKyBaHE TWIJABUIIEHHS TPOIMYCKHOI 3aTHOCTI
craHoBuJI0 Osn3bko 20 %, a yac cCkaHyBaHHS OJHOTO Miclig Oaraxy CTaHOBHTD
omu3bko 10 cexynn [2-3].

B Mixnaponnomy aepornopty imeni ®epenmna Jlicra mnepembadaeThes
BIIPOBA/DKCHHS  IHTEJIEKTYaJIbHOI ~ CUCTEMH  KOHTPOJIO  TMACaXHUPIB, 110
inTrerpyBatume CT-ckanepu 11 mepeBipKU PyYHOI TOKJIaXi, TOBHOTLII CKaHEPHU Ta
3aCO0M  MOHITOPUHTY TMACAKUPOIMOTOKIB. 3ampoOBaKEHHS TaKoi CHUCTEMHU
COpsIMOBaHE Ha BJIOCKOHAJICHHS TPOIEAYp KOHTPOJIO Ta  ITiIBUIICHHS

e(EeKTUBHOCTI 00CIIYyTOBYBAaHHS MACAXKUPIB BIAMOBIIHO IO CTpaTerii aeponopry [4].
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O1iHIOBaHHS MOTEHIIMHOTO e(deKTy 3IIMCHEHO 3a CIICHApHUM METOJIOM. 3a
YMOBHOI TPOJYKTUBHOCTI OJIHIEI CMYrd KOHTpOJIF0O Ha piBHI 250 mac./roxa. 3a
OJTHOYACHOI poOOTH 12 CMyr KOHTpOJtO, IO 3abe3rnedye 3arajibHy MPOIMYCKHY
3patHicTs 3000 mac./ron. Y pasi migBUIIEHHS TPOAYKTHBHOCTI Ha 20% maHuii
MoKa3HUK Moxe 3poctu a0 300 mac./roq. Ha OJHY CMYTY, a 3arajbHa MPOIyCKHA
3matHicTh — 3600 mac./roa., mo cTaHoBUTH npupicT Ha 600 mac./ron. 3HadeHHS €
MIPOTHO3HUMHU, a He (aKTUIHO 3a(hIKCOBAHUMU PE3yJIbTaTaMH POOOTH aepOIopTy.

Peanizarist mpoekTy nepeadadae moeTamHui MiAXiI; aHall3 MacaKHPOIIOTOKIB
1 3aBaHTAXXEHOCTI KOHTPOJIBHUX 30H, MOJICPHI3AIIII0 OKpPEMOI TUISTHKY TepMiHaia Ta
IHTerpaIio BIAMOBIIHOTO OOJaJHAHHS, IPOBEACHHS TECTYBaHHS B pealbHUX
yMOBaxX 1 TOpIBHSHHS TOKa3HUKIB (YHKI[IOHYBaHHS CHCTEMU JO Ta IIICI
BIIPOBAKeHHs. KpUTepisiMu OLIHIOBAaHHS MOXYTh OyTH IIPOITYCKHA 3/1aTHICTh, Yac
OUIKYBaHHS, pIBHOMIPHE HABAHTAKECHHS 1 BUTPATH Ha EKCILTyaTaIlilo.

OOMeXeHHSIMU BIPOBAKEHHSI CUCTEMU € 3HA4YHI KamiTaJbHI BUTpaTH Ha
oOnajiHaHHS Ta TporpamMHe 3a0e3MeYeHHs, CKJIAQJHICTh IHTEerpaiii 3 HasBHOIO
1H(PACTPYKTYpOIO, MIATOTOBKH NEPCOHATY i TUMYacoBl OOMEXEHHS B POOOTI
TepMiHaja. Pe3yiabTaTHBHICTE YIPOBAPKEHHS CHCTEMH BH3HAYATHMETBCSI 3
ypaxyBaHHAM 3aBAHTAKEHOCTI IHIOMX 30H AepolmopTy Ta Oprasizamii
NaCaXUPCHKOTO OOCITYTrOBYBaHHS, a ii IPAKTUYHE TECTYBAaHHA AACTh 3MOT'Y OL[IHUTH
€(EeKTUBHICTh 1 EKOHOMIYHY JOLUIBHICTh peaji3allii IpOeKTY.

Takum umHOM, BhnpoBajkeHHA CT-ckaHyBaHHS Ta aBTOMATHU30BAaHOTO
MOBHOTUIOIO CKaHYBaHHS MACaXUPiB MA€ MOTEHIIAJ M1IBUILIEHHS NPOAYKTUBHOCTI
KOHTpOJIBHUX cMyr mioHaiiMeHmie Ha 20 % 3a gocBimom HKIA Smart Security
Screening. 3a clieHapHUMH poO3paxyHKaMmH, ojHOuacHa poborta 12 cmyr Moxke
3a0e3neunT 30uIbIIeHHs TpomyckHoi 3martHocti 3 3000 mo 3600 mac./ron.
[Tomanpin mocmiKeHHs nepeadadaroTh YTOUYHEHHS PO3PAXyHKIB 32 (DAKTUYHUMHU
JaHuMU  aeporopty  bynamemTy Ta  OIiHIOBaHHS — TEXHIYHO-EKOHOMIYHOI
JOIITBHOCTI MOJICPHI3aIlii.
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KittouoBi cioBa: TerioreHeparop, miiirpiBady, aBTOHOMHUMN, BEPTOJIHOT.

3acTocyBaHHS aBTOHOMHHMX 3ac001B MIAITpIBY Ha JaHUW MOMEHT, KOJIH
3HUIIYIOTHCS 00’ €KTH 1HQPACTPYKTYPH Ta TEIJIOTEHEpallii, T03BOJIUTH 3a0€3MEeUNTH
0OIrpiB HAMETIB Ta IHIIUX TPUMIIIEHb HAa a€pPOAPOMaxX PO30CEPEKEHHS aBlalii, a
TaKOX 3aJ13HUYHUX O0’€KTIB, TAMYACOBHUX IyHKTIB PEMOHTHUX Opuraa Ta MiCLb
eBakyallli nacaxxupis. KpimM 11p0ro, Taki 3acodu miirpiBy MoxHa BUKOPUCTOBYBAaTH
JUJIS1 TIITOTOBKYU aBlalllfHOT TEXHIKU JI0 MOJBOTIB MPH 3JI€ACHIHHI.

JI1st KiiMaTUYHOT 30HU YKpaiHU Y MIKCE30HHUI Ta 3MMOBUH NEP10]] BEIHKOIO
poOJIEMOI0 € HAaMEP3aHHs 1HEIO Ta JIbOAY Ha (PrO3EIsKI Ta TBUHTAX BEPTOJIBOTY.
OdeBuaHO, MO0 B TAKOMY CTaHI MalllMHy HE MOXKHA BHUITYCKaTH B IOJIT, TaK fK II€
MO’K€ TPU3BECTH O KaracTpou, MPUUYUHOIO SKOI MOXYTh CTaTH MOTIPIICHHS
aepoMHaMIKH JionaTel, HebesneuHi BiOparllii yepe3 aucodananc, 301IbIIeHa Bara Ta
iHmr. ToMy BupaneHHs JbOAY TEpea BHIBOTOM € OOOB’S3KOBOIO IMPOIIEAYPOIO
HA3eMHOTO0 OOCTYrOBYBaHHSA, BiJ SKOi O€3MOCepeHhO 3aJeKHUTh CIPaBHICTh
TEXHIKH, O€3eKa MOJbOTIB, Ta KHUTTA exinaxy [1].

OCHOBHMM METOJIOM BUJAJCHHS JIbOAY 3 MOBEPXHI BEPTOJIHOTY € TETIOBE
00 yBaHHS Taps/9uM MOBITPsM (Temmepatyporo 6au3bko 70 — 90 °C) 3a mormomororo
Ha3eMHUX MiAirpiBadiB. Taki miairpiBavi € Ha aepoapoMax Oa3yBaHHS, HAIPUKIIAL
mvammau Trmy YMII-350 [2]. Ognak BeproiboTaM AyXkKe 4YacTO MPUXOIUTHCS
MpaioBaTi 3 BIAPUBOM BiJ aepoJpoMy 3 MailJaHYMKIB, Ha SIKI TaKl MAalluHU
JIOCTaBUTH HEMOXJIHMBO. TOMY JIJIsl TAHOTO BHITAKy aKTyaJbHUM € BUKOPHCTAHHS
JUTsl HA3€MHOTO O0IrpiBy BEPTOJHOTIB MOOUIBHHUX TEIJIOTEHEPaTOpiB, SAKI MOKHA
Jerko nepeba3oByBaTH B Ipy30Bii KaOiHI 1 A1 00CIYrOBYBaHHS SIKMX JOCTaTHbHO
oJH1€T a00 TBOX JIIOJCH.

Ou4eBHIHO, IO MOTPAIUISHHS KINTSIBH 1, 0COOJIMBO, iICKOP Ha BEPTOIBLOT (¢ €
MajJuBO Ta MACTUJIO) HE JNOmycKaeThesa. OTKe Taki MOOUTBHI TiirpiBadi MOBUHHI
MaTH 3aKpUTy KaMepy 3TropsiHHS Ta aAumap. Lle 103BOSUTH MPOIYKTH 3rOpSHHS
najuBa BUBOAUTH B aTMocdepy, a Ha oOIrpiB MoJaBaTH YHUCTE Ta CyXe rapsde
HOBITPSL.

TakuM YMHOM, KOHCTPYKTHBHa CX€Ma aBTOHOMHOTO  MOOLJIBHOTO

TeryioreHepaTopa Mae 0a3yBaTHCA Ha MPUHLHUII HENPSMOIO HArpiBy MOBITPs 3a
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JIOTIOMOTOI0  PIAMHHO-TIAJIMBHOI cyMimi. ['0JoBHAa HOro OCOOJIMBICTH — ITOBHA
HE3aJICKHICTh BIJ] 30BHINIHIX JKEpPET eJIEKTPOSHEprii, 3aBISKH BUKOPHUCTAHHIO
BJIACHOTO JBUTYHA BHYTPIIIHbOTO 3ropsHus ([IB3).

KoHcTpyKilis MOOUTFHOTO TEIJIOTEHEpaTopa CKIAA€Tbesd 3 KUIBKOX
B3a€MOIIOB’sI3aHUX OJIOKIB Ta BY3J1IB 3MOHTOBAaHUX Ha €IMHIN pami OCHaIEHIN
KoJiecaMy ab0 TI0JI03aMH JIJIsl TPAHCTIOPTYBaHHS.

1. CusoBa ycTaHOBKa (Kepeio MEXaHIYHOI eHeprii) o0epTae Kpuib4yaTKy
BEHTUJISITOPA 7Sl CTBOPEHHS MOTYXHOTO TMOTOKY MOBITPS, @ TAKOXX MPUBOAUTH B
Ji10 MajduBHUM Hacoc. BoHa siBisie co00I0 OJHOUMIIHAPOBHI YOTHPHOXTAKTHHIMA
oensunoBuit JIB3 noryxHictio 4,0 kBT Ta Mae BiacHU maauBHUNA OaK MICTKICTIO
S

2. TemnooOMIHHMK Ta KaMmepa 3TOpsSHHA — II€ LEHTpaJibHa YacTHHA
TEIUIOreHepaTopa, Jie BiJ0yBaeThCs pereHeparis temia. Kamepa 3ropsHHs (3)kapoBa
TpyOa) HEMpSMOro HarpiBy BHUTOTOBJIEHa 3 TOBCTOCTIHHOI HEpP)KaBilOYOi cCTall
(3matHOi BUTpumMyBatu Temrepatypy a0 1000 — 1100 °C) B sakiii cnadro€eThes
MajuBO, 110 MOJAETHCS MaTbHUKOM. BOHA MOBHICTIO 130JIbOBaHa BiJl MOBITPSIHOTO
MOTOKY, SIKMH 1€ Ha 00IrpiB 00’€KTa, TOMY B MiAIrPITE MOBITPSI HE MOTPAILIAIOTh
YyaJHl Ta BUXJIONHI ra3h. 31 CTOPOHM TOPLS B KaMepy BMOHTOBAaHO IajJUBHY
dbopcyHKy Ta CBIUKM po3nantoBaHHs. Kamepa 3ropsiHHs Ta TEMIOOOMIHHUK
o0’enHaH1 B €IMHUI MOHOOJIOK. Ha cTiHKax »kapoBoi TpyOu 3po0JieHi creliaibHi
3aBUXpPIOBayi (PEriCTpH) JJIs1 CTBOPEHHS TYpOYJEHTHOTO (haKely Ta ONTUMAIbLHOTO
3MIIIYBaHHS TMOBITPS 3 MNAJIUBOM. TeIOOOMIHHUK SBJISE COOOIO0 CHUCTEMY
METaJeBUX CTIHOK 1 KaHamiB. XOJoJIHE aTMOocChepHE TMOBITPS HATHITAETHCS
BEHTUJIITOPOM, 00/TyBa€ pO3MEUCHI CTIHKH KaMEepU 3rOPSHHS Ta TETUIOOOMIHHHKA 13
30BHIIIHBOTO OOKY 1 BUXOJIUTH Yepe3 BUITYCKHHM aTpyOoK. JluMoxin — 11e okpemuit
BUIYCKHUM MaTpyOOK il BIJIBEICHHS TPOAYKTIB 3TOpsiHHS B aTtMocdepy.
TemnooOMiHHUK O€3MmocCepeTHhO OXOIUTIOE KaMepy 3TOPsIHHS 330BHI, POPMYETHCS
CUCTEMOIO IWJIIHAPUYHUX KaHAIIB Ta EIINCOITHUX Ta30BUX TPYO MO SIKUX
PYXaloThCSl BUXJIOMHI Ta3U MEPe]l TUM SIK BUHTH B aTMOChepy. 30BHIITHS MTOBEPXHS
TEMJI000MIHHMKA Ma€ KUIbLA 1 TMO3A0BXKHI pedpa (3ruHM) NIl 30UTbIIEHHS IO
Terionepeaayi.

3. IloBiTpsAHMIA TPAKT — 1€ CUCTEMA BEHTUJIALIL Ta HATHITAHHS 32 JOTIOMOT'OIO
BEHTWJISITOPA, SKUW MPUBOJIUTHCS B JI110 Oe3nocepeanbo Bij Bany [IB3. 3abe3neuye
3a0ip XOJOJHOrO TIOBITPS Ta TMOJady MiJ THUCKOM dYepe3 TEIUIOOOMIHHHUK J10
BUXITHUX pyKaBiB. /udy3op Ta moBITpoBOAM CHPSMOBYIOTH MOBITPSHUN TOTIK
HABKOJIO KaMepH 3TOpsHHSA. MK 30BHINIHIM KOXXYXOM TMOBITPSHOTO TPaKTy Ta
rapsiuiMU CTIHKAMU KaMepH 3TOPSHHS MOTYKHUM BEHTWISITOP TPOTaHsE Tapsye
MOBITPSI.

4. TlanmuBHa cHCTeMa MaJbHUKA PIIKOMAIWBHA, (OPCYHOUHOTO THITY,
3abe3nedye PO3MWICHHs Ta cTabuIbHE TOpiHHS nanuBa. OCHOBHUN 0ak MaJlbHUKA
emHicTio 60 1. rapaHTye aBTOHOMHY poOOTy TerioreHeparopa g0 6 roaun 0e3
JI03ampaBKH.

5. CucreMa po3nofiny noBiTps sBJsie co00t0 AU y30p (BUITYCKHA TOPJIOBUHA).

[le mepeaHs yacTUHA TEIJIOT€HEpATOpa Ky BUBOJIUTHCS YHMCTE Tapsye MOBITPS.
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[ToBiTpOBOM SIBISAIOTH COOOIO Ope3eHTOBI ab0 MPOPE3MHOBI THYYKl pyKaBa
JTOBXKUHOIO 4 — 8 M. Uepes HUX MIAIrpiTe MOBITPS MOJAETHCS JI0 CIIOKUBAYIB.

6. Cucrema kepyBaHHS Ta €JIEKTpOooOIaJHaHHS MICTUTH BOyJqoBanuii B /IB3
TeHepaTop Ui KUBJICHHS CUCTEMH 3aIyCKy 1 KOHTPOJIIO pOOOTH TEIIOTeHepaTopa
Ta MyJbT KEPyBaHHS.

7. CrieniaJibHI 4OXJIM, SIKUMH HaKpPHBAIOTh 00irpiBaeMuii 00’€KT (BEpTOIIT),
YiM 3a0€3MeUy€eThCsl yTPUMAaHHS MiAIrPITOrO MOBITPSL.

[TpunHLMIT pOOOTH TETIOT€HEPATOPA MOJIATAE B HACTYTHOMY .

OcChOBHII BEHTWJISTOP, L0 MPHUBOAUTHCS B pyx JIB3, HarHiTae moBiTps B
TEIJIOOOMIHHMK JIBOMa KaHaiamu. YacThHa TMOBITPS HAIAXOIUTh Yy TMaJbHUK,
OJIHOYACHO MAJIMBO MOJAETHCS HA (POPCYHKY, POMMIIIOETHCS B KaMepl 3TOPSIHHS Ta
HIANATIOETBCSA  CBIYKOK PO3MAOBaHHS, B MOJANbLIOMY HaJIbHUK HIATPUMYE
ropinasa. CTIHKM KaMepH 3TOpSHHS Ta TEIIOOOMIHHHUKA IIiJT JII€I0 TOPIOYUX TasiB,
0 YTBOPWJIMCS, CHJIBHO HAarpiBalOThCsl Ta OOIrpiBalOTh BHYTPIIIHI CTIHKU
Ter1000MiHHUKA. TOKCHYHI IPOYKTH 3rOPSHHS MaJMBa BUBOJATHCS Ha30BHI Uepes
BJIACHUI BUXJIONHUM NaTpyOoK. [HIIa yacTuHA NMOBITPsA (OCHOBHA Maca), 00TIKaun
330BHI TEIUIOOOMIHHHMK HArpiBaeTbCid 1 4Yepe3 TOpJOBUHY MEPEAHBOI KPHUIIKU
KOPITyCy TEIUIOTeHepaTopa HaJXOAWUTh Yy MOBITPOBOAM. TemmepaTypa MOBITPS Ha
BXO/I1 B pyKaBa oBuHHAa 0yTy He Oubiie 120 °C 1 peryatoeThest KUIbKICTIO MAJIUBa,
10 HAAXOJIUTh Y MadbHUK. KOHTpOIb TeMmepaTypy 31HCHIOETHCS 32 JOTIOMOTOIO
JMCTAHIIINHOTO TEPMOMETpPA, BCTAHOBJICHOTO VY BEPXHIM YacCTHUHI KOPIYyCY
TEIUIOTeHepaTopa.

TemnonpoayKTUBHICTh mimirpisada Mac craHosutd (3,5 — 4,0)10° kJx, 3
nogauero mositps 2500 — 3000 m*/rox 3 TemmepaTyporo Ha BUXOZi 3 migirpisada 120
°C. Maca Temoreneparopa (06e3 manupa) — 200 + 20 kr.

BuchoBok

MoOiIbHMIT aBTOHOMHUN TEIJIOTEHEPATOp 3alpOIOHOBAHOT KOHCTPYKIIIT
JIO3BOJIUTH  3a0€3MEUUTH MIJTOTOBKY aBlallliHOT TEXHIKM Ha aepojpomax
po30CepeKEHHS, 00ITPIB TUMYACOBUX MTyHKTIB 3JII3HUYHUX PEMOHTHUX OpUTraj Ta
MICLIb €BaKyalli macaxxupiB. Takok MOro MokHa BUKOPHCTOBYBATH IJisi 0OIrpiBY
IHIIOI TEXHIKM, HAaMETIB Ta THMYAaCOBUX MPUMIIIEHb B SKUX MPALIOIOTh YU
BIAIIOYNBAIOTD JIFO/IH.

Cnucoxk BUKOPUCTAHUX JKepeJt
1. JIoBiTHUK 3 BHUBYEHHS Ta BIPOBAKEHHS OOMOBOTO JIOCBIAY 3a HAMpPSIMKOM
aepoAPOMHO-TEXHIYHOTO 3a0€3MEUEeHHS Y X011 POCIHChKO-YKpaiHChKOI BIMHU 3a
nepion 2022-2025 pokis. Kar’tok B.B. ta inmi. Xapkis 2025. 87 c.
2. 3acobu aepoIPOMHO-TEXHIYHOTO 3a0e3MeUeHHS OJIOTIB aBiarfii.

IndopmarmiitHo-noBinkoBe BuaaHHsA. Jleonenko O.M. Tta iHmmi. XapkiB-BiHHuis
2024. 182 c.
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OINTUMIBAIIISI TPAHCHHOPTHO-EKCHEIUIIHHOI TISIJTIbBHOCTI B
AEPOIIOPTAX HA OCHOBI IHTEJIEKTYAJBHUX TEXHOJIOI'TA
YIIPABJIIHHSA
Jamsin A.O., 0.m.uH., npogecop
Llooopoorcnuit A.FO., acnipanm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

Kiro4oBi ciioBa: TpaHCIOPTHO-EKCHEAUIIIAHA isJIbHICTh, aBialliifHa JIOTICTHKA,
1HTeJIeKTyaJIbHEe YIIPaBIIIHHS, ONTHUMI3aIlisl BaHTaXOMOTOKIB, ITU(POBHI NBIHHUK,
TPaHCIIOPTHO-CKJIAJICHKUNA KOMILJIEKC.

CydacHuil pO3BUTOK aBialliiHOT TPAHCHOPTHOI CHUCTEMH XapaKTEPU3YETHCS
M1JIBUIIICHHSM BHUMOT JI0 OIIEPAaTUBHOCTI, HAIIMHOCTI Ta EKOHOMIYHOI €(pEKTHBHOCTI
TPAaHCHOPTHO-EKCIEIUIINHOTO OOCIyTOBYBaHHS BaHTaXOMOTOKIB. OcoOIMBOTO
3HauYEHHA HaOyBae ONTUMI3ALs MPOIECIB B3a€MO/I1 aBiallliHOr0, aBTOMOO1JIBHOTO
Ta CKJIAJCHKOTO TPAHCIOPTY B MeEXaX aeporOpTOBUX JIOTICTUYHHX KOMIIJIEKCIB,
(YHKLIOHYBaHHS SIKUX CYNPOBOXKYETbCS HEPIBHOMIPHICTIO  HAAXOIKECHHS
BAaHTaX1B, OOMEXKEHICTIO BHUPOOHMYMX PECYPCIB, YaCOBUMH OOMEKEHHAMH Ta
HEOOX1IHICTIO KOOPAMHAIlI 3HAYHOT KIJTbKOCT1 YYACHUKIB TPAHCIIOPTHOTO MPOIIECY.

TpancnopTHO-eKCHeAMIIIiiHA JISJIBHICTh B a€pONOPTax OXOIUTIOE KOMILIEKC
B3a€MOIIOB’ I3aHUX OTIEpalliil: MPUHMaHHS BaHTaX1B, JOKYMEHTaJIbHE OPOPMIICHHS,
KOHCOJT/Iallif0, TUMYacoBe 30€piraHHs, MUTHUW CYIpPOBiJ, KOMIUICKTYBaHHS
BaHTAKHUX TApTii, Opraizaiild HA3eMHOTO0 TPAHCIOPTYBaHHS Ta Iepeaaqy
BaHT@XIB aBlallliHUM TEpeBI3HUKAM. HegocTaTHsS y3ropKeHICTh —omepariii
MPU3BOAUTh 110 3OUIBIIEHHS TPUBAJIOCTI JIOTICTUYHOTO IHKIY, MPOCTOIB
TPAaHCIIOPTHUX 3acO0iB, MEPEBAHTAXKEHHS CKJIAJCHKUX MOTYXHOCTEH 1 3pOCTaHHS
eKCILTyaTallliiHuX BUTpPAT.

Meroro  AOCHIUKEHHST €  MIABUIIEHHS €(QEKTUBHOCTI  TPAHCIOPTHO-
eKCIEeIUUINHOI MISUIBHOCTI aepONOPTOBUX JIOTICTUYHUX KOMIUIEKCIB ILISIXOM
PO3pO0JICHHS aJallTUBHOT MO/IEJI1 YIIPABJIIHHS BAHTAXKOMTOTOKAMH 13 3aCTOCYBaHHSIM
IHTENEKTyaJIbHUX TEXHOJIOT1M NPOrHO3yBaHHS, ONTUMI3allil Ta OINEPaTUBHOTO
PO3IOILTY PECYPCIB.

JUis JOCSATHEHHS TOCTaBICHOI METH MPOIMOHYETHCS IHTEIPYBaTH MPOLIECH
TPAHCTIOPTHO-CKCIIEAUIIIHHOTO OOCTYTrOBYBaHHS B €AUHY 1H()OpPMAIIHHO-KEPYIOTY
CHUCTEMY, IO 3a0e3leuye CHHXPOHI3aIlil0 pOOOTH BAHTAKHUX TEPMIHAIIB,
CKJIQJICBKUX KOMIUIEKCIB, aBTOMOOUTLHOTO TPAHCTIOPTY, aBlalepeBi3HUKIB 1 MUTHHX
T1IPO3/I1ITIB.

OcHOBY  3alpOMOHOBAHOTO  TMIJIXOMy CTAaHOBUTH IdpoBa  MOJEIb
TPAaHCHIOPTHO-JIOTICTUYHUX  TPOIECIB, sAKa  Tepemdadac  TPOTHO3yBaHHS
IHTCHCUBHOCTI BaHTa)KOIIOTOKIB, OI[IHIOBAHHS 3aBAHTAXKCHOCTI TEXHOJOTIYHOTO
oOnajiHaHHs, BU3HAYEHHS ONTUMAJIBHUX MApLIPYTIB BHYTPIIIHHOAEPOTIOPTOBOTO
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TpaHCIOPTY Ta (OPMYyBaHHs pallioOHAIbHUX TpadikiB BUKOHAHHS €KCICAUITIHHUX
oreparii.

[HopmarriiiHi MOTOKU: aBlamepeBI3HUKHU; E€KCIEIUTOPH; BAHTAXHI JEPEBHI,
aBTOTPAHCIOPT; MUTHUIIA. [HTeNeKkTyanbHa cucTeMa: MPOTHO3YBaHHS; HMUPPOBUI
JBIMHUK; ONMTHUMI3AIliiHI anropuTMu. Po3mosin pecypciB: miaHyBaHHs OIepariid;
yHOpaBIiHHSA MapuipyTamMu. Pe3ynbpratu: CKOpOYEeHHS MPOCTOIB; 3HIKEHHS BUTPAT;
MM ABUAIIEHHSI HAIHHOCTI.

MatemaTuyHy MOCTaHOBKY 3ajadi ONTHMI3allli JOLUIBHO MPEACTaBUTU Y
BUTJIAJII OaraTOKpUTEpiasibHOT HITHOBOT (PYHKIIIT:

F = aCtp + fCckn + yTouy + §Pnop — min, (1)
oe Cpp - mpancnopmuo-excneouyitini eumpamu; Ceg, - BUMpamu Ha CKAa0Cbke 00C1Y208)8aHH S,
Tou - cymapna mpueanicms OUIKY8AHHS 8AHMAIICIE | MPAHCNOPMHUX 3AC00i8; Pnop - NOKA3HUK

PUBUKY NOPYUIEHHS 8CMAHOBNIEHUX MepMiHie docmasku, a.f,y,0 - 6azosi Koe@iyieHmu, wo
3a6e3neyyroms y32004CeHHs Kpumepiie 3a poO3MIPHICIIO Ma NPIOPUMEemHICMIO.

OnTtumizariiss 3AIMCHIOETBCA 3 ypaxyBaHHSIM OOMEXEHb MPOMYCKHOI
CIPOMOXKHOCTI BAHTAKHHUX TEPMIHAMIB, MICTKOCTI CKJIAJChKUX HPHUMIIICHb,
JOCTYITHOCTI ~ TPAaHCIOPTHUX  3aco01B, rpadikiB BHUKOHAHHS  aBlapeiicCiB,
HOPMATHUBHUX BUMOT /10 OOpOOJICHHS] BAHTAXIB Ta YaCOBUX 1HTEpBaJIIB BUKOHAHHS
TE€XHOJIOTTYHUX OTIEepaIlii.

3acToCyBaHHS aNTOPUTMIB MAIIMHHOTO HaBUYaHHS JO3BOJISE MPOTHO3YBATH
HEPIBHOMIPHICTh HAJXO/KEHHS BaHTaXIB 1 3aBYaCHO aJalnTyBaTH PO3MOJALI
BUPOOHMYUX  pecypciB.  MeToau  OUCKPETHO-MOJMIMHOTO  MOJEIIOBaHHS
3a0€3MeuyloTh  OI[IHIOBAHHS  aJbTEPHATUBHUX  CIEHAPIiB  (PYHKI[IOHYBaHHS
TPaHCIIOPTHO-CKJIAJICBKOTO KOMIUIEKCY, & ONITUMI3AIlIHI aITOPUTMH - (POPMYBaHHS
y3TOJIPKEHUX TIaHIB €KCIIETUIIIHHUX OTepaIlii.

Jns  omiHOBaHHA e€()EKTUBHOCTI 3allPOTIOHOBAHOTO TIIXOIY JOLLIBHO

BUKOPUCTOBYBATH CUCTEMY KJIFOYOBHUX MOKAa3HUKIB (Ta0.1).
Tabanns 1. CucreMa KJIY0BHX NOKA3HUKIB e(peKTHBHOCTI

ITokazHuK Kpurepiii ontumizartii
TpuBanicTs 00poOJIEHHS BAHTAXKY Minimizaiis
[TpocrTiii aBTOMOO1JIBHOTO TPAHCIIOPTY Minimizanis
Co0iBapTiCcTh EKCHEAMIIIHUX OTeparin Minimizarisa
KoedillieHT BUKOPUCTAaHHS CKJIQACHKHUX pecypciB | PamioHalibHe 3aBaHTaXEHHS
CBo€4acHICTh BUKOHAHHS 3aMOBJIEHD Maxkcumizaris
IMOBIpHICTh HOPYIIEHHS TEPMiHIB IOCTaBKU Minimizanis

HaykoBa HOBW3HA 3ampOMOHOBAHOTO MIAXOIy IMOJSITAE B KOHIENTYaIbHOMY
MOETHAHHI TTPOTHO3yBAHHS BAaHTAXOMOTOKIB, JUHAMIYHOTO PO3MOJIITY PECYpCiB 1
OaraTokpuTepiabHOI ONTHUMI3AIii TPAaHCIOPTHO-CKCISAUIIIMHUX oOmepalii B
€IMHOMY aJaNTUBHOMY KOHTYpl VYIOpPaBIIHHS aepOIMOPTOBUM  JIOTICTUYHUM
KOMITJIEKCOM. Ha BiaMiHY BiJi CTATUYHOTO TUTAHYBAaHHS, 3alPOMTOHOBAHUMN MMiIX1]T
nepeadavae KOPUryBaHHS yIPABIIHCHKUX PIllIEHb BIMOBITHO 10 TOTOYHOTO CTaHY
TPaHCTIOPTHO-CKJIAJCHKOT CUCTEMHU.

BucHoBok

OnTtumizailiss TpaHCHOPTHO-EKCIEOUIIAHOT  JISJIBHOCTI B aepornoprax

noTpedye KOMIUIEKCHOTO MIIXO0y, 3aCHOBAHOTO Ha IHTerpaiii 1H(opmamiiHux
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MOTOKIB, 1HTEJICKTyaJbHOMY IIPOTHO3YBaHHI Ta aJallTUBHOMY YIMPaBIiHHI
TEXHOJIOTIYHUMH TpOLIeCaMU. 3alpONOHOBAaHAa KOHIEMIIS CTBOPIOE MEPEIyMOBU
JUTsl CKOPOYEHHSI HETIPOAYKTUBHUX IMPOCTOIB, MIABUINCHHS Y3TOIKEHOCTI poOOTH
YYaCHUKIB JIOTICTUYHOTO TMPOIIECY Ta 3MEHIICHHS EKCIUTyaTal[iiHUX BHTpaT.
KinpkicHe owiHIOBaHHS e(EeKTHBHOCTI MOTpeOye MOJANBIIOTO IMITALIHHOTO
MOJCIIOBAHHS W  eKCIEPUMEHTAIBHOI TMEpPeBIpKM Ha JaHUX PEaTbHOTO
aepoOMOPTOBOTO KOMILIEKCY.
Crnncok BUKOPUCTAHUX JIAKepeT
1. JIam3in A. O., Ykpaincekuii €. O., barpiit M., Yaiika H., Ykpainceka T. The
Airport as a Technological Cluster for the Formation of Transport Services.
Modern Engineering and Innovative Technologies. 2022. Ne 24-01. C. 87-90.
2. Joxkienko JI. M., JIsam3ia A. O. OcoOGauBOCTI Ta KJIFOYOBI CKJIaJ0BI CEpBICHOT
JUSTBHOCTI B aBiatiitHii ramysi. Cucmemu ma mexuonoeii. 2023. Ne 2 (66). C. 74-

82. https://doi.org/10.32782/2521-6643-2023.2-66.9
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UNCERTAINTY IN DECISION-RELEVANT AIRPORT FORECASTING:
METHODOLOGICAL LESSONS
Kristina Marintseva, PhD, Assistant Professor
University of Doha for Science and Technology, Doha, Qatar
Dr Sally Dixon, Azimuth Associates, United Kingdom
Peter Bradley, REXOR Technology Ltd, United Kingdom

Keywords: airport demand forecasting; uncertainty; airport capacity; adaptive
planning; Ukraine.

Airport passenger forecasts guide long-lived, capital-intensive infrastructure
decisions. Overestimated demand can produce under-utilised assets, while
underestimated demand may delay capacity investment and constrain connectivity.
Forecast usefulness therefore depends not only on expected passenger numbers but
on the ability to characterise alternative outcomes and identify decisions that remain
robust when assumptions change. ACRP Report 76 and OECD/ITF advocate a
decision-oriented approach to uncertainty that considers multiple plausible
outcomes and their implications for planning decisions, moving beyond a single
deterministic projection [1; 2]. Adaptive airport planning further links forecasts to
observable signposts and pre-agreed responses [3]. This paper develops this
argument from an empirical application in the UK and considers its implications for
post-war recovery planning in Ukraine.

Theoretical basis and methodological framework

Uncertainty is not a single statistical property. Aleatory uncertainty concerns
irreducible variability in outcomes; epistemic uncertainty arises from incomplete

knowledge of parameters, model specification and future drivers; deep (ontological)
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uncertainty concerns changes of regime for which historical frequencies cannot
support defensible probabilities [4]. This distinction is particularly important when
an airport’s future operating environment may differ substantially from its past.
Forecast prediction intervals remain conditional on a model and its assumed
environment; they must not be interpreted as probabilities of fundamentally different
political or structural futures [5].

Building on established forecasting and planning literature [1-6], the proposed
decision-relevant framework distinguishes five operational sources: Ul residual
disturbances, simulated recursively using centred residuals or Gaussian innovations;
U2 parameter-estimation uncertainty, introduced through bootstrap re-estimation
[7]; U3 model uncertainty, addressed by comparing credible specifications or
pooling only within compatible information sets; U4 future-input uncertainty,
introduced through alternative correlated paths for airline seats and wider-market
demand; and U5 structural uncertainty, examined using separately reported
conditional scenarios and stress tests. U1-U4 can generate conditional predictive
distributions, whereas U5 changes the assumptions under which those distributions
are meaningful.

The framework has two stages. Stage 1 specifies the planning decision and
horizon, selects candidate forecasting methods and validates their point accuracy on
a common hold-out. Stage 2 integrates uncertainty sources progressively, checks
interval calibration and sharpness, compares simulated demand with available
airport capacity, and translates results into exceedance probabilities, threshold-
crossing years and monitoring triggers. As emphasised by Gneiting et al. [8], sharp
intervals are useful only when evaluated alongside calibration. Forecast updates then
feed back into the planning process.

UK evidence: department for transport approach to forecasting uncertainty

The UK Department for Transport (DfT) provides an example of integrating
uncertainty into transport forecasting and infrastructure planning. It emphasises the
importance of identifying, assessing and communicating uncertainty throughout the
appraisal process.

The UK Aviation Forecast 2026 (DfT, 2026b) illustrates this approach by
considering six plausible future scenarios without assigning probabilities to
individual outcomes (Fig.1). These scenarios support the assessment of alternative
demand trajectories and their implications for airport infrastructure planning.

Together, these publications demonstrate a shift towards scenario-based,
decision-oriented forecasting that recognises multiple possible futures and supports
flexible infrastructure investment decisions.
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Birmingham: Terminal passengers (m) by scenario

Scenario range
m— Current Trends
—— Low Growth

—— High Growth
35m | —— Behavioural
—— Regional

Technology Development

Figure 1. Projected terminal passenger demand at Birmingham airport under alternative
DfT scenarios, 2024-2060
Source: Authors’ visualisation based on DfT (2026) open data.

Application to Ukraine’s airport recovery

Ukraine presents a setting in which structural uncertainty should precede
probabilistic extrapolation. Civil traffic was interrupted in February 2022; the future
reopening date, airline network, competition between Kyiv airports and the role of
cargo infrastructure cannot be assumed from pre-war trends. The Kyiv Zhuliany
(IEV) investor presentation envisages 2.4 million passengers in 2027 and 10 million
by 2035 [10]. This is a conditional development path, not evidence of the probability
of achieving that volume. Compared with 2.62 million passengers in 2019, the 2035
figure would be approximately 3.8 times the pre-war volume. Feasibility depends on
airport-system allocation, carrier bases, operational capability and the pace of
network re-establishment.

Historical route data illustrate the vulnerability of single-path forecasts.
Zhuliany’s nonstop destinations increased from approximately 30 in 2015 to 58 in
2019; Wizz Air accounted for about 59% of 2019 passengers [11]. Airline
concentration creates both rapid-growth potential and downside exposure if a base
Is withdrawn. A scenario-led Kyiv analysis should therefore first differentiate
reopening timing and metropolitan airport roles, for example, Boryspil as a national
hub, Zhuliany as a city-focused airport, dedicated freight/logistics capacity, and
separate general-aviation functions. These roles draw on the strategic discussion
remain options for appraisal.

Within each structural scenario, U1-U4 can be applied to passenger and seat-
supply ramp-up, airline entry and exit, demand recovery and operating constraints.
Scenario-conditional outputs should be compared with terminal, stand and runway
capacities. Monitoring signposts include airspace reopening and insurance
availability, government decisions on airport roles, airline base commitments, route

launches, and observed monthly recovery against scenario assumptions. Investment
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can then be phased when credible operational signals emerge rather than
mechanically following a single forecast trajectory.
Conclusion
A decision-relevant airport forecast should clarify what is known, what can be
represented probabilistically and what requires explicit conditional scenarios. The
UK DFT approach shows that the incremental value of uncertainty layers is uneven:
statistical refinements can improve the credibility of capacity-risk estimates while
structural changes can reverse the planning conclusion. In Ukraine, scenario
definition should come before probability estimation because the post-war airport
system may not reproduce its pre-war structure. Separating conditional predictive
distributions from alternative strategic futures provides a transparent basis for
revisable infrastructure and airline-network decisions.
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NEPCHEKTUBU ®OPMYBAHHS AEPOITIOPTOIEHTPUYHOI
MOJEJ JJISA BABE3ITEYEHHSA CTAJIOT'O PO3BUTKY
YPBAHI3OBAHUX CUCTEM
Coxonosa O.€., k.e.H., doyenm
Kpacnowman O.0., acnipanm
Hayionanvnuui ynieepcumem «Kuiscoxuu agiayivunut incmumympy, m. Kuis

KittouoBi ciioBa: aepornopt, aepornopToLEeHTPUYHA MO/JIEb, ypOocucTema

[TutanHa MOAO TOUIYKY €(PEKTUBHUX I1HCTPYMEHTIB 3a0€3MEUEHHSI CTajioro
PO3BUTKY MAalOTh 3HAYHMU IHTEPEC Y HAYKOBO-IPAKTUUYHOMY IOJI Ta € OCOOJIMBO
aKTyaJIbHUMU B peallisiXx ChOTOACHHS. fIK CBIIUUTH, HAYKOBO-NIPAKTUYHHUNA JOCBIJ
JOCSITHYTH CTIMKOTO PO3BUTKY MOJIMBO JIMILIE 3a0€3M1eUBIIN OaJlaHCYBaHHS, @ TAKOX
palioHAILHOI B3a€MOJIIi MK MPUPOAOIO0 Ta CyCHUIbCTBOM. IIpu 1ipboMy, eKOHOMIKa
BIJIITpa€ KJIIOYOBE 3HAYEHHS JJIs1 3A1MCHEHHSI 1I1€i 1HTerpailii K Ha JOKAJIbHOMY,
pET1OHATBHOMY, TaK 1 Ha IIOOAJBLHOMY PIBHSX IUIIXOM CTBOPEHHS ONTHUMAJILHOTO
cepenoBuIa s (YHKIIOHYBaHHS PI3HUX (OPM TEPUTOPIATBHO-PO3NOAUIBYMX
CUCTEM, BUKOPUCTAHHS PeCypco30epiratounux TEXHOJIOT1H Ta COaIbHUX KOMYHIKaIlli
[1]. TIlparHenHs g0 oOTpWMaHHS TMO3UTHUBHOTO edekTty B  oOmacti
IPUPOAOKOPUCTYBAHHA OB SI3aHO 3 MPOTHO3YBAaHHSAM OYIKYBAaHUX HACIIJIKIB BIJ
OyIIBHUIITBA, 3aIJTAHOBAHUX 3aXO0/I1B B PI3HUX TaTy3s1X €KOHOMIKH, 1110 Y KOMILJIEKCI
BIUTMBAIOTh Ha JTOBKLLIA Ta HaceneHHs [1-3].

Came 1€, 00yMOBHIJIO BUHUKHEHHS MTOTPEOH y BUPIIIEHH] 3aBJJaHb POCTOPOBOI
oprasizaiiii ypoocucTeM CHpsIMOBaHUX Ha (POpPMYyBaHHS CTIMKOro, OE3MEYHOro Ta
CHPUSATIMBOTO CEPEIOBUILA 3 YPAXYBAHHSAM TEPUTOPIATIBHUX OCOOIMBOCTEM.

He mae cymHiBIB, 10 aBiailiiiHi mepeBe3eHHS BIAIrPalOTh BAKIUBY POJIb JIJIS
dbopMyBaHHS CHPUSTIUBOrO MICBKOTO CEpEIOBUINA, CTUMYJIIOKOYl COLIAIBHO-
€KOHOMIYHE 3pOCTaHHS Ta PO3BUTOK YpOaHI30BAHUX TEPUTOPIM 3aBIIKY aKTUBI3ALI1]
KOMEpUINHOT IISJIBHOCTI B MeEXaX aepoNOpTOBUX KOMIUIEKCIB, @ TaKOX uepe3
COpPUSIHHS PETiOHAJBbHUM TOPTiBEIbHO-€KOHOMIYHUM BIHOCHHAM, TYpU3My Ta
comiaapHOl KoMyHikalii cepes HaceiaeHHs. Excriepru ICAO [4] migkpecorTh, 0
HAOJIMKEHICTh PO3TAIlyBaHHA AaeponopTiB JO HACEJIeHHX MYHKTIB 3yMOBHJIA
HEOOX1THICTh CTBOPEHHS KOPUIOPIB Mk 00'€KTaMU aeponOpTOBOI IHPpacTpyKTypH
Ta TOJIOBHMMH HAaceJleHUMHU NyHKTamMH. Hu3bka BapTICTh 3€MENbHHUX AUISHOK
MPWIETIINX JI0 a€POIOPTiB, 00YMOBMIIM PO3BUTOK MIITHOTO O13HEC-KapKacy B3JI0BXK
Ta HABKOJIO TaKUX KOPHJIOPIB, IO KOHIIENTYAJIbHO 3MIHIOE MiIXOAN 0 MICHKOTO
IUIAaHYBaHHS Ta 30UIBIIYIOTh CHUHEPreTHYHUN e(eKkT Bl (PYHKIIOHYBaHHS
aeporopTy i ypOOCUCTEMHU.

JlocniuBIIIY TEPMIHOJIOTIYHY CYTHICTh Ta 3MICTOBHI XapaKTEPUCTUKU MMOHSATTS
«ypOocucTeMmn» MOKHA CTBEPIXKYBATH, IO JIaHy KaTEropiro JOLITBLHO pO3TIIAIaTH
HE TUIBKM B SIKOCTI IITYYHO CTBOPEHOIO JIOAMHOIO cepenoBuiie [1;2], ame sk

CKJIAJHY COL1aJbHO-€KOHOMIUYHY Ta €KOJIOTIYHY CHUCTEMY, IO Ma€ HECTIHKY
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JUHAMIYHY MPUPOTHO-AHTPOTIOTEHHY CTPYKTYPY Ta CKIATAETHCS 3 apXITEKTYPHHUX
00’€KTIB COIIaJIbHOTO, TPAHCIIOPTHO-JIOTICTUYHOTO Ta BUPOOHUYO-TOCIIOAPCHKOTO
MPU3HAYEHHS, MIKTATY3€BUX MPOMHCIOBUX KOMIUIEKCIB, TPUPOJAHUX €KOCUCTEM Ta
HACEeJICHHS, IO B3aEMOMIIOTH MK COOOI0 Ta 30BHIIIHIM CEPEIOBHUIIEM UYepe3
MaTepiaibHi, eHepreTuyHi Ta iH(opmaniiHi motoku. Came ToMy, 1 MIAXOAH [0
OLIIHIOBaHHS 11 CTAJOCTI MalOTh 0a3yBaTUCS HE JIMIIE Ha BCTAHOBJICHUX IILILOBUX
1HAMKATOpax, M0 MepeadayaTUMyTh MPOCTOPOBUN Ta YaCOBUIM PO3BUTOK MEBHUX
TEPUTOpIA,  3MCHIIIEHHS  3a0pyaHEHHS  JOBKULIA  Ta  3a0e3ledueHHS
pecypco30epekeHHsI OKpeMUX ii €JIeMEHTIB, ajle ¥ Ha peamizamii KIFYOBHX
OPUHIMIIB  CTAJIOTO PO3BUTKY, WIO0 TOJATAIOTh Yy JOCSITHEHHI CHCTEMHOT

3 ormsiny Ha 1€, aeponopToBl KOMIUIEKCH, IO HaleXaTb 10 TaKoi
ypOaH130BaHOI EKOCUCTEMH MOXKYTh CTATH 11 «SAPOM», JIe HA OCHOBI IHTETPOBAHOTO
MIIXOMy 3aCTOCYBaHHS €(PEKTMBHMX MEXaHI3MIB Ta I1HCTPYMEHTIB OyJe
3MIICHIOBATUCSA OIIHIOBAHHS, MOHITOPUHT, KOHTPOJIIOBAaHHS YIpPaBIIHHS Ta
OPUIHATTS ONTUMAJIBHUX PIINIEHb MIOA0 3a0€3MEYEHHS I CTajJoro €KOJOTTYHO
0€3MeYHOr0 PO3BUTKY.

AepomopTOIeHTPUYHA MOJIeh YpOOCHCTEMH € KIFOUOBOIO KOHIICIIIIE0
IPOCTOPOBO-(DYHKIIIOHATIBHOT TpaHc(opMmalli aepornopTOBUX KOMIUIEKCIB, IO
nependadae poO3BUTOK B iX MeXax HE JIMIIE KOMEPUIWHUX CTPYKTyp Ta
TPAHCIIOPTHO-JIOTICTUYHUX 00’ €KTIB Oe€3MmocepeHh0 OB S3aHUX 3 aBlallliiHUM
Oi3HecoMm, aje U mnoTpedye IHTETPOBAHOTO CHUCTEMHOIO IUIAaHYBaHHS Ta
MPOCKTYBAHHS TMPUJIETIUX J0 aeponopTy ypOaHI30BaHMX 30H SIK MPUBAOIMBOTO
MYJIbTH(PYHKIIOHATHHOTO COIIAIbBHO-EKOHOMIYHOTO Ta €KOJIOTIYHOTO CEePEI0BUIIA
(puc. 1).

Byayun «sapom» ypOaHi30BaHOiI CHCTEMHU aeponopT HE JIMIIE BUKOHYE
aBlaTpaHCHOpTHI ~ (YHKIl, a CTa€ CHUCTEMHO-TIPOCTOPOBUM IHTETPATOPOM
BUPOOHUYO-JIOTICTUYHUX AKTUBHOCTEHW, TPAHCHOPTHUX TOTOKIB Ta COILIAJIBHUX
00’€KTIB B ME&XaX MEBHOI TEPUTOPII.

3anexkHo BIg Macmtaly, CTyneHs 1HTerpamii Ta (YHKIIOHaJIbHOTO
CTHpSMYBaHHS aepOTIOPTOLEHTPUYHHUI PO3BUTOK ypOOCHCTEM MOXKE 31 CHIOBATUCS
32 TaKUMH MOJICJISIMU SIK: aepoTPOIOJIIC, aepOomopT-CiTi, aepomopT-KOPUIOP,
aepornopT-jaoricTMyHuil ueHtp. [Ipu uboMy, aepoTponosic BBAKAETHCS HAUBUIIIOKO
dbopmoro peamizailii aepOMOPTONEHTPIYHOT MOJENI, KOJW B 3aJEKHOCTI BiJ
MICTOOYIIBHUX OCOOJMBOCTEH, a TAKOXK PECYPCHUX MOXIJIMBOCTEH Ta OOMEKEHBb
HABKOJIO aepomnopTy (POPMYETHCS «HOBE» MICTO 3 BIACHOIO 1H(PACTPYKTYpOIO,
KOMEPIIIHOIO TisUTBHICTIO, BAPOOHHUIITBOM Ta HACEJICHHSM, 110 MalOTh CBIH I1JTOBUM
Ta KOMepHiiHui kopumop [5;6].
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MICBKA AIJIOMEPALIIA
Aeponopmo- (YPBAHU30BAHA CHCTEMA)

yenmpiine
JAPASHHHA. T Micne6y1iBHe MPOEKTYBAHHS, yIPaBliHHs Ta
PO3BHTOK MPUIETIIHX 710 AEPOTIOPTY TePUTOpiit

PerymoBanus
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IInanyBanus

OpranizyBaHHs MortuByBaHH]

Koopaunysanns
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arIoMepaLiifHiX 38'13KiB PO3BHTKY armomepartii

IuBecTHiitHO-
npuBabIMBICTH T
aKTHBHICT Oi3HeC-

Po3suTok pekpeariiifiix
JUITHOK T «3E1eHOD»
indpacTpykTypH

CepeoBHILa . S— > JKUTI0BI KOMIUIEKCH Ta
KowmepuiiiHo-zinosi Aeponopt - s1po J0KAILHO 06'eKTH COLialbHO-
 iIAHKA T 00'eKTH aromepauii (ypanicTHYHoi cHeTeMH) ~ mobyToBoi
Ji310BOT {HQpacTpyKTypH iHdpacTpykTypH
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28 Mo r— ——— 3k
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) ] e ) Menutno-0310poBi Edpexupia cricrema
PectpykTypusawis Ta Jloricruto-ckiazchka Y ' e 0
MOZepHi3aLs iH(pactpykTypa TIPHHLMITH «3e1eHOT JOTiCTHKI PO3CCTICHHS HACCICHHS

Merozm, Mojieni, TeXHOMOTT MiBHIIEHHS PecypCHOT epeKTHBHOCT
aeponopry

MicTOOYAIBHOT CHCTEMH

Exonoziuna, conianso-exonomiuna

fiiKic p ToTelbHI KOMIUIEKCH Ta|
BH 06]‘[""[0'(:](1‘[3 ChKa CHKICmb aeponopmy "
P 2 pO3BaAXAbHI LEHTPH Ekornoriuna CTIiKIiCTh

iHdpacTpykTypa aromeparii 3a paxyHoK

DopmyBaHHs Ta
ONTHMAIbHHH PO3BUTOK
TPAHCIIOPTHO-IOTiCTHYHO]]

€KOJIOT{YHOro Ge3neyHoro

iH(pacTpyKTypH Indpactpykrypa TpancropTHO-TOriCTHYHA BipoGHITsa
niepepoOKu Ta yTH3ALi iH(pacTpyKTypa pisHUX
BIZIXOZiB BUIIB TPAHCIIOPTY

KoHuenTpanis nmpoMucIoBix
00'eKTiB B MeKax IPIIEIIION 10
aepONOpTIB TePHTOPIT

MaxcumalbHa TpaHCTIOPTHA
JOCTYIHICTb B MEKax
arnoMepatii Ta 10 iforo sapa

OnTimisaris OnTiMambHHi po3moin

MapIpyTHOT Mepexi TEPHTOPIATbHHX
Pi3HUX BH]IiB opuysats Gesneunix 3eMEIIBHHX PECypCiB
TPAHCIIOPTY MapLpyTiB 10CTABKH

BIIXOZIB /10 MicIb iX
nepepo0KH Ta yTri3anii

Puc. 1. AeponopToneHTpUYHA CTPYKTYPHA MO/ie]Ib MiCbKOI arsiiomepaiii (ypoanizoBaHoi
CHCTEMHU)
Torcepeno: enacna pospobka na ocnosi [5;6]
BucHoBok

TakuMm 4MHOM, ae€pPONOPTOLEHTPUYHY MOJEIb CIiJI PO3TISAaTH HE JIMIIE 5K
KOHIIEMI[II0 1H(PACTPYKTYPHOTO TEPETBOPEHHSI ypOocucTteMu, ajne U K
e(peKTUBHUN 1HCTPYMEHT 3a0e3MledeHHs1 il CTaJoro pO3BUTKY, IO 3aBISKH
(GhopMyBaHHIO BUCOKOTEXHOJOTIYHUX KJIACTEPiB Ta MPUBAOIMBOIO 1HBECTHUIIIMHOTO
CEpe/IOBHUINA, a TaKOX palllOHAJIbBHOMY BHUKOPHCTAaHHIO 3€MEJIbHUX PECypCiB
HABKOJIO aepONOPTOBUX KOMILICKCIB Ha 3acajax MOJIIEHTPUYHOCTI, €KOJIOTTYHOCTI,
KOMIMAaKTHOCT1, JIOCTYIMHOCTI, TEXHOJIOT1YHOCTI, 1HKJIFO3UBHOCTI, COIlaJdbHO1
cTaOlJILHOCTI Ta  BIAMNOBIZAJIBHOCTI  JIO3BOJISIE  JOCITTA  30alaHCOBAHOIO
€KOHOMIYHOTO  3pPOCTAaHHs, COIIAJbHOI  CHOPaBEIJIMBOCTI Ta  30epeKeHHS
HaBKOJIMIIHBOTO cepeloBHIla. Pa3oM 3 UM, IMIMPOKE 3aCTOCYBAHHSA «PO3YMHUX)
UPOBUX 1 «3ETECHUX» PeCypcoeEeKTUBHUX TEXHOJOTIH B aepONMOPTOICHTPUYHUX
MOJIEJIAX BIJIKPUBAE MOKJIMBOCTI /IS IIEHTPATI30BAHOTO YIIPABIIHHS BITUBOM Ha
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JOBKIUISI, MiABUIIEHHS €(GEeKTUBHOCTI TEXHOJOTIYHMX IPOIECIB Ta CTBOPEHHS
1aTGOpMU JIJIsl BIIPOBAPKEHHSI HOBITHIX 1HHOBAIIIMHUX PIIICHb.

1.

Cnmcok Jitepatypu
Mersal A. Sustainable Urban Futures: Environmental Planning for Sustainable
Urban Development. Procedia Environmental Sciences. 2016. Vol. 34. P. 49-61.
https://doi.org/10.1016/].proenv.2016.04.005

. R.Bhuvanya et al. Revolutionizing Urban Planning. Leveraging Urban

Computing for Sustainable Urban Development. 2025. P. 303-322.
https://doi.org/10.4018/979-8-3373-0761-9.ch013

. Bi C,, Little J. C. Integrated assessment across building and urban scales: a review

and proposal for a more holistic, multi-scale, system-of-systems approach.
Sustainable Cities and Society. 2022. P. 103915.
https://doi.org/10.1016/j.scs.2022.103915.

. ICAO. Promoting Synergy between Cities and Airports for Sustainable

Development. URL.: https://sdgs.un.org/sites/default/files/2021-05/Promoting%
20Synergy%20between%20Cities%20and%20Airports%20for%20Sustainable%
20Development.pdf.

. Freestone R., Baker D. Spatial Planning Models of Airport-Driven Urban

Development. Journal of Planning Literature. 2011. Vol. 26, no. 3. P. 263-279.
https://doi.org/10.1177/0885412211401341

. Goetz A. R. The Airport as an Attraction: The Airport City and Aerotropolis

Concept. Air Transport: A Tourism Perspective. 2019. P. 217-232. URL.:
https://doi.org/10.1016/b978-0-12-812857-2.00016-6

73


https://doi.org/10.1016/j.proenv.2016.04.005
https://doi.org/10.4018/979-8-3373-0761-9.ch013
https://doi.org/10.1016/j.scs.2022.103915
https://sdgs.un.org/sites/default/files/2021-05/Promoting%20Synergy%20between%20Cities%20and%20Airports%20for%20Sustainable%20Development.pdf
https://sdgs.un.org/sites/default/files/2021-05/Promoting%20Synergy%20between%20Cities%20and%20Airports%20for%20Sustainable%20Development.pdf
https://sdgs.un.org/sites/default/files/2021-05/Promoting%20Synergy%20between%20Cities%20and%20Airports%20for%20Sustainable%20Development.pdf
https://doi.org/10.1177/0885412211401341
https://doi.org/10.1016/b978-0-12-812857-2.00016-6

[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

3. AHMuKpu3oeuil MmeHedHcMeHm ma de3nexka asiayii
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student of the second (master’s) level of higher education
Scientific supervisor: V. Klymenko, PhD in Economics, Associate Professor
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Key words: sustainability, airport, adaptability, sustainability index.

Modern airports (hubs) operate under conditions of high uncertainty and are
frequently subject to extreme, unforeseen pressures. Events such as staff strikes,
adverse weather, large-scale IT system failures, peak-load surges, and external
threats necessitate a fundamental rethinking of how terminal infrastructure is
managed.

Using Frankfurt Airport (FRA) as a case study, the operator Fraport AG
demonstrates a shift from reactive responses to proactive resilience modeling. This
study aims to systematize these organizational and technical solutions designed to
enhance terminal adaptability, while also analyzing the effectiveness of the crisis-
management measures employed.

To prevent an infrastructure collapse during the acute phase of a crisis, it is
critically important to implement organizational, technical, and digital solutions for
the allocation of terminal resources:

- Automated rebooking (self-service & Al): the implementation of intelligent
systems that automatically generate alternative routes in the event of flight
cancellations and send electronic boarding passes directly to passengers'
smartphones, thereby preventing crowding at service counters.

- Digitalization of baggage logistics: algorithms for the automatic re-routing of
checked baggage to new flights following a booking change.

- Biometric identification—the use of facial recognition technology during
security checks and boarding—acts as a catalyst for throughput, mitigating the risk
of critical queue build-ups.

- Predictive analytics: Al-driven forecasting of delays—»based on weather data
and strikes at interconnected hubs—to allow for proactive schedule adjustments
before chaos ensues at the terminal.

- Passenger Flow Management (PFM): video analytics systems and sensors for
monitoring crowd density, used to dynamically redirect passenger flows between
terminals.

Enhancing resilience is impossible without a comprehensive modernization of
the terminals. Fraport AG’s strategy is based on the principle of modularity, as
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implemented in the new Terminal 3. The architectural division into independent
piers (G, H, J) allows Pier G to operate autonomously, utilizing its own dedicated
check-in and baggage-handling infrastructure. This makes it possible to isolate
damaged or congested areas without disrupting the operations of the entire aviation
hub.

Resource autonomy plays an important role: rainwater harvesting systems can
cover non-potable water needs for up to three days, while photovoltaic panels reduce
energy consumption by 50%. Terminal 1 is undergoing an upgrade to its resilient
power supply systems, and Terminal 2 will temporarily close for a major
reconstruction starting in June 2026. These measures will help reduce vulnerability
to energy price spikes or capacity shortages.

To evaluate the effectiveness of the proposed crisis-response solutions, a multi-
criteria analysis method based on expert assessments (using a 10-point scale) was
applied. In accordance with ICAO safety standards and the risk management
priorities of Fraport AG, the following weighting coefficients (W;) were assigned to
the criteria:

Safety & Security Level (W; = 0,30) — highest priority is human life and
perimeter protection;

2) Response Speed (W, = 0,25) — a critically important factor for containing
the crisis in the first minutes;

3) Infrastructure Robustness (W3 = 0,20) — the ability of an object to withstand
impact and operate autonomously;

4) Delay Reduction (W, =0,15) — main economic factor (minimization of fines
and losses);

5) Passenger Satisfaction (Ws = 0,10) — reputational factor.

The Total Resilience Index (TRI) was calculated using a weighted average
formula:

TRI; =", (Bji x Wi) (1)
where TRI; - final stability index for the jth anti-crisis solution; Bji - expert assessment of the jth
solution according to the ith criterion (from 1 to 10); Wi - weight coefficient of the i-th criterion;
n - number of criteria (n = 5).

The matrix for evaluating the effectiveness of each solution is based on
experience gained from aviation operations at Fraport AG. The matrix using
weighting factors is presented in Table 1.

Based on the calculated Total Resilience Index (TRI), the highest score was
achieved by the Autonomous Backup Communication System (TRI = 8.95), as the
coordination of emergency services is impossible without independent
communication channels. In second place is the Al-based Crisis Center (TRI = 8.65),
which minimizes the time required to develop management decisions. These
decisions ensure a high level of safety, rapid response, and the resilience of critical
infrastructure. Another significant area is the implementation of the "green
resilience™ concept, which encompasses autonomous power supply systems, backup
water supply, and the use of renewable energy sources. The modular design of the
terminal renders the infrastructure both energy-efficient and autonomous.
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Table 1. Crisis Resilience Efficiency Matrix (with weighting scoring)

Crisis Safety & | Response | Infrastructure Delay Passenger Total
Management Security Speed Robustness | Reduction | Satisfaction | Resilience
Solution Level (W=10,25) (W=0,2) (W=0,15) | (W=0,1) Index
(W=0,3) (TRI)
1. Autonomous
Backup 10 10 9 6 5 8,95
Communication
2. Mobile 9 8 10 7 7 8,45
Energy Modules
3. Al-Based
Crisis 8 9 8 10 9 8,65
Management
Center
4. Regional
Transport 6 7 7 9 10 7,30
Infrastructure
Integration
5. "Green
Resilience" 7 5 10 5 6 6,70
System

The integrated implementation of these interconnected solutions transforms a
modern airport terminal into a highly adaptive system that ensures seamless
operation during crisis situations.

Conclusions

A modern aviation hub must function as a system capable of responding
promptly to external threats, minimizing the impact of crises, and ensuring the
continuity of terminal operations. Tools for enhancing resilience include automated
crisis management systems, Al-driven predictive analytics, redundant
communication systems, digital passenger flow management, and modular terminal
architecture. A multi-criteria analysis of the effectiveness of crisis management
solutions has confirmed that the most impactful measures include the
implementation of redundant, autonomous communication systems; the
establishment of an Al-powered crisis management center; and the integration of
independent power supply systems, backup water supplies, and renewable energy
sources. These solutions ensure a high level of safety, rapid response capabilities,
and the resilience of critical infrastructure. The study demonstrates that
strengthening the resilience of airport terminals against crises requires a
comprehensive combination of digital, infrastructural, organizational, and energy-
related solutions.
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IHCTPYMEHTU AHTUKPU30BOTI'O YIIPABJITHHSA
ABIAIIMHUMMH NIJITPHUEMCTBAMM B YMOBAX I'EOITOJIITHYHOI
HEBU3HAYEHOCTI

Kouemxos B.M., 0.e.H., npoghecop.

Binonoec A.11.,

3000y6auxa Opy2020 (MazicmepcbKko2o) pieHs 6uujoi oceimu
Hayionanvnui ynisepcumem «Kuiscokuu asiayivunuu incmumympy, Kuis

Ki1touoBI c10Ba: aHTUKPU30BE YIIPABIIHHS, aBlalliifHl MIMPUEMCTBA, T€ONOIITUYHA
HEBHU3HAYEHICTh, YIIPABIIHHS PU3UKAMHU.

ABiariifHa rajiy3b 0COOJIMBO YYTJMBA 0 3MiH MDKHAPOJIHOTO MOJITUYHOTO
CepeIOBHILA, OCKIIBKY 11 (PYHKIIOHYBAaHHS 3aJI€KUTh BiJl JOCTYITHOCTI OBITPSIHOTO
MPOCTOPY, CTAOUTLHOCTI TPAHCIOPTHOI 1HGPACTPYKTYpH, OE€3MEeKH TOJIBOTIB 1
MDKHApOIHOT B3aeMoIii. BoeHH1 KOH(IIKTH, 0OMEKEHHS aBiacoaydeHHs, nepedoi
B MIOCTa4aHHI PECypCiB Ta KOJUBAHHS MOMUTY CTBOPIOIOTH JTOAATKOBI PU3UKH IS
aBlaKOMITaHi#, aepOMOPTIB Ta THIIMX MANMPUEMCTB aBiariiHo1 iHpacTpykTypu. 3a
TaKMX yMOB KPH30B1 SBHUIA BIUIMBAIOTh HE JIMIE HA TOTOYHI pPE3yJIbTaTh
JUSITEHOCTI, a ¥ Ha 37IaTHICTh MiAMPUEMCTB M ATPUMYBATH O€3MePEePBHICTD ONepariii
Ta MJIAHYBaTH MOAABIINN PO3BUTOK. BaxMBICTh 11eHTU(DIKALT KPU30BUX SBHIIL 1
BU3HAYECHHS PU3UKIB i1 (YHKI[IOHYBaHHS CBITOBOTO PHUHKY aBlallliHUX

NepeBe3eHb MiATBEPIKYETHCS BIJIMOBIIHUMU HAYKOBUMHU JOCTIHKEHHIMH [1].
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Jns Ykpainu 111 npobsieMa Mae ocoOIMBE 3HAUEHHSI Yepe3 BOEHHI 3arpo3u,
MIOIIKO/KEHHS TPAHCIIOPTHOT 1HPPpaCTPyKTYypH, 30KpeMa 00’ €KTiB, BIIHECEHUX JI0
KPUTHUYHOT 1HGPACTPYKTYpPH, Ta HEOOXITHICTH MIATOTOBKH IO BiJHOBJICHHS
IIMBUTBHOI aBiamii. 3aKOHOAABCTBO YKpaiHW BH3HAYA€E IMPABOBI 3aCaJH 3aXHCTY
KPUTUYHOT 1H(PACTPYKTypH, M0 SKOI 3a BCTAHOBJICHHMHU KPUTEPISIMHU MOXKYTh
HaJeXaTh 00’ €KTH TpaHCTOPTHOI cdepu [2]. 3a Takux 0OCTaBUH OCOOJIMBOI Baru
HaOyBae 3aBYacHa MIJArOTOBKA JI0 KPWU30BUX CUTYaIllii, OLIIHIOBAaHHS MOMJIMBHX
3arpo3 1 po3po0JIeHHs pillleHb AJS MATPUMAHHS KPUTUYHO BAKIUBUX (DYHKIIIH.
AHTUKPHU30BE YIIPaBIIHHSI Ma€ TepeadadaTd He JIUIIEe YCYHEHHS HACHiJKIB yxKe
HasBHUX MpoOJieM, a i MomnepeqHE BU3HAUYCHHS MOXIIMBHUX CIIEHAPIiB PO3BUTKY
MOJ1H, MArOTOBKY 3aX0/I1B pearyBaHHs Ta OpraHi3alliio BIAHOBJICHHS JisJILHOCTI [3;
4].

OnHuM 13 KJIIOYOBHUX 1HCTPYMEHTIB aHTHKPU30BOIO YIMPABIIHHA € CIIEHApHE
iaHyBaHHs. BoHo nependayae po3po0sIeHHS albTepHATUBHUX BapiaHTIB PO3BUTKY
no/i 1 BU3HAYEHHs BIANOBITHUX YIPABIIHCHKUX pimieHb. Ha BiaMiHY Bif
IUIaHYBaHHS, OPIEHTOBAHOTO JIMIIIE HA OYIKYBaHUM MepeOir AisIbHOCTI, CLICHAPHUN
MIIX1J Ja€ 3MOTYy BpPaxOBYBaTH MOKIIMBI 3MIHM 30BHIINIHBOTO CEPEAOBHINA Ta
3a37aJeriib TOTyBaTH aJIbTEPHATUBHI Jii.

Jns  aBiamiitHOTO  OIANPUEMCTBA  JOIIJIBHO  PO3poOJSITH  0a30BUH,
HECHPUATIMBUH 1 KPU30BHM CLEHAp1i 3aJI€KHO Bl YMOB JISTIBHOCTI T4 MOKJIUBUX
MOPYILIECHb KIIOYOBHUX MpOIEeciB. JIJIsl KOXKHOTO CIIEHapil0 HEOOX1THO BU3HAYUTHU
3arpo3u, YMOBHM aKTHBAllil, BIAMOBIIAILHUX OCI0, pECYpCH Ta 3aX0JI pearyBaHHS.
CueHnapii ciif peryiasipHO MeperiisigaTi 3 ypaxyBaHHSIM 3MiH O€3MeKOBOI CHTYyallii
Ta JOCTYMHOCTI 1H(MpacTpykTypu. Takuii Mmiaxif COpusi€ MiABUIICHHIO CTIHKOCTI
aepoIOPTIB JI0 Helepe0adyyBaHUX 3MiH 30BHIIITHBOTO cepeoBuia [5].

HacTtynmHuM 1HCTPYMEHTOM € YIIpaBIiHHS pU3UKAMH, SIKE OXOILTIOE BUSIBICHHS
MOTEHIINHUX 3arpo3, OI[IHIOBAHHS HMOBIPHOCTI iX BWUHUKHEHHS, BU3HAYCHHS
MO>KJIMBHX HACIIJKIB 1 BUOIp 3ax0fiB pearyBaHHs. JlJig aBlaliiHUX MIAITPUEMCTB
JOLIIIBHO BpPaxoBYBaTH OIlepaliifHi, (IHAHCOBI, TEXHOJIOTIYHI, KaJpOBI Ta
iHQpaCTPYKTYpHi PU3MKH. [X CHCTEMATH3aLiI0 MOKHA 3/i{CHIOBATH 32 JOMOMOTO0
PEECTPY PU3HUKIB, Y SIKOMY 3a3HAYAIOTHCS XapaKTEPUCTUKA 3arpO3H, UMOBIPHICTH ii
BUHUKHEHHS, MAacIITad MOXJIMBUX HACHIJKIB, MPIOPUTETHICTh pearyBaHHS,
BIIMOBIJaJIbHA 0cO0a Ta 3aIjIaHOBaHI 3aX0I1 KOHTPOJIIO.

OuiHIOBaHHS PU3HKIB Ma€ BIJIOYBAaTUCS HA PErYJISIPHIA OCHOBI, OCKUIIBKH 1XHS
3HAYYIICTh MOX€E 3MIHIOBATUCS 3aJIEKHO BiJ] O€3MEKOBOI CHUTYyallii, JOCTYITHOCTI
pecypciB, cTaHy iHGPACTPYKTYpH Ta TiSTILHOCTI mapTHepiB. [lepemyciM HEOOX1THO
30Cepe/KyBaTH yBary Ha 3arpo3ax, 3JaTHUX MOPYIIUTH KPUTHYHO BaXKIUBI
orepaitii, COpUYNHUTH 3HA4YHI (piHAHCOBI BTpaTh ab0 CTBOPUTH HEOE3MEKY IS
MOJIBOTIB, & TAKOXK BU3HAYATH MIPIOPUTETHICTD 3aXO/A1B pearyBaHHs. JJisi pu3uKiB 13
BHCOKHM PIBHEM HEOC3NEKH Ba)KJIWMBO 3a3JaJIeTib BU3HAYMTH KOHKPETHI dii Ta
BIJIMOBIIAJTbHUX 3a iX BUKOHAHHS. BumepemkanbHe BUSBICHHS TaKUX 3arpo3s
CTBOPIOE OCHOBY JIJIsl CBOEYACHOT MIATOTOBKH 3aXO/IIB pearyBaHHsI Ta M1BUILICHHS
CTIAKOCTI1 aBIaI[IfHOTO TpaHCIIOPTY [4].
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BaxxnuBUM [JONOBHEHHSM 10 CLEHAapHOIO IUIAHYBaHHS W YIpaBIiHHS
PH3MKAMH € TIaHyBaHHS Ge3MepepBHOCTI MisbHOCTI. Floro Ipu3HAYeHHS TI0ATae
y BU3HAYEHHI CMIOCO01B MATPUMAHHS KPUTUYHO BAXKIMBUX (PYHKIIIH MIIPUEMCTBA
i 9Yac KPU30BHX IMOAIN Ta opraHizarii BiTHOBJICHHS MOPYIICHUX TporeciB. Jlis
IFOT0 HEOOX1THO BU3HAUMTH MIPIOPUTETHI OIEparlii, po3MoAUTUTH BiAMOBIAATBHICTh
MK TpaliBHUKaMy, TMepeAdadynuTH pe3epBHI PECypCH, albTePHATHBHI KaHAIU
oOMiHy iH(pOpMAIII€I0 Ta MPOLEIypU BIAHOBICHHS AiSUIBHOCTI. ['OTOBHICTH [0
KPU30BUX CUTYAIllil JOLIBHO MEPEBIPATH MUIIXOM HaBUAHHS NIEPCOHAITY.

3a yMOB TpuBaJUX TMepeO0iB Yy AOCTYNMHOCTI MOBITPSHOTO MPOCTOPY
0COOJIMBOr0 3HA4YECHHS HAOYyBalOTh 3aBUYACHHMM OOMIH 1H(OpMaIIi€r0, KOOpIUHAIIISA
3aX0/lIB pearyBaHHs Ta IUIAHYBaHHS BIJHOBJIEHHS HOPMAJIBHOTO (PYHKIIOHYBaHHS
aBiaIfiiiHoi cuctemMu. BianmoBiaHi miaxoau nependadeHi MKHAPOJHUMU rally3eBUMU
pEeKOMEHJAIISIMU 00 MiABUIIEHHS CTIMKOCTI CHUCTeMH aepoHaBirarmii [6]. Jlis
aBlaIlifHUX MIAMPUEMCTB II€ MIIKPECIIOE HEOOXITHICTh 3aBUYAaCHOI MiATOTOBKH
IpOLEAYp pearyBaHHs Ta y3rO/LKEHHS 1M 13 3aly4eHMMH YYaCHUKaMU aBlalliifHOl
TISUTBHOCTI.

Po3risiHyTI 1HCTpYMEHTH MarOTh pi3HE MNPU3HAYEHHS, OJHAK HaHOUIbILY
MPaKTUYHY LIHHICTh CTAHOBUTH iX Y3rOJDKEHE 3aCTOCYBaHHs. OCHOBHI 3aBJJaHHS Ta
HaIpsIMU BUKOPHUCTAHHS LIUX IHCTPYMEHTIB y JIISJILHOCTI aBiallifHUX MIANPUEMCTB

y3arajibHeHo B Ta0JI. 1.
Tabanus 1. IHcTpyMeHTH aHTHKPHU30BOI0 YIIPABJIiHHS aBialiiHUMM NiANPHEMCTBAMH

HarmpsiMu nmpakTH9IHOTO : .
[HCTpyMEHT OCHOBHE 3aBIaHHA OuikyBaHMil pe3ysbTaT
3aCTOCYBaHHS
. Po3po0iienns cuenapiis
IlinroToBKa 110 P 1 p ’ .
BU3HAYEHHS YMOB 1X 3aBuacHa NiATOTOBKA 40
Cuenapne albTepHATUBHUX
. aKTUBAaIi Ta MOXJIMBUX KPU30BUX
MJIaHyBaHHS BapIaHTIB PO3BUTKY . . .
o BIIIOBITHUX cUTyarii
YIPaBIIHCHKHUX PIIICHB
) dopmyBaHHS PEECT
BusiBnenns 3arpo3 i pMY Ap py CBo€yacHe BUSBIIEHHS
. PHU3HKIB, OI[IHIOBAHHS . .
VYnpaniHHA BU3HAYCHHS . . : 3arpo3 i 00rpyHTOBaHUI
) . HMMOBIPHOCTI Ta . !
pHU3UKaMU MPIOPUTETIB .. BUOIp 3aX0/11B
HAaCJI1IKIB, BU3HAYEHHS
pearyBaHHs . . . pearyBaHHs
BIAMOBIAAIBHUX OCI0
[TinTpumanHus 3MEHIIeHHS TPUBAIOCTI
BuzHaueHHs KpUTUUHUX
[InanyBaHHA KPUTUYHO BaXJIMBUX e MO>KJIUBUX TTEPEPB Y
. . GyHKIIH, MArOTOBKA . .
Oe3repepBHOCTI MPOIIECIB Ta .. MISUIBHOCTI Ta
. . .. pPE3EepBHUX PECYPCIB 1 .
MISIILHOCTI oprasizariis : M1IBUIIEHHS
. MIPOIIEAYP BiTHOBICHHS APV .
BIJIHOBJIEHHSI pOOOTH oprasizariifHoi CTIMKOCTI

Horcepeno: pospobneno asmopamu wa ocrosi [3-6].
Sk BuaHO 3 Tabnu. 1, cueHapHe TJIaHYyBaHHS Ja€ 3MOTY MIATOTYBATUCS JO

PI3HUX BapiaHTIB PO3BUTKY MO, YIPABIIHHSI PU3UKAMHU JIONIOMAarae BU3HAUUTHU
HaMOUIBII 3HAUYIIII 3aTPO3H, a MJIaHyBaHHs Oe3MepepBHOCTI 3a0e3neuye NPaKTHUHY
MIJTOTOBKY JI0 MIATPUMAHHS Ta BITHOBJICHHS MIsIbHOCTI. OTXe, 11 THCTPYMEHTH
JOIIILHO ~ PO3TIIAJIAaTH K B3a€EMOIIOB’s3aHI  CKJIQJOBI  €IMHOI  CHCTEMH
AHTUKPU30BOTO YIIPABITIHHS.
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Jns  peamizanii Takoro MiAXOay MIANPUEMCTBY HEOOXIJHO BHU3HAYUTHU
KPUTHYHO BaXXJIMBI (DYHKIIi, OIIHUTH OCHOBHI PHM3UKH Ta PO3POOUTH CleHapii
PO3BUTKY TMOMAIM 13 BIAMOBIAHMUMH 3aX0JaMU pearyBaHHA. BaXJIMBO TakoxX
YCTAaHOBUTH YMOBH TEPEXOay JO KOXKHOTO  CIIEHapit0, PO3MOAUIATH
BIJIMOBIIATTBHICTE MK npauiBHHKaMH 1%} nepez[6aqHTH HEOOXITHI PECypCH.
['OTOBHICTh A0 KPU30BHX CHUTYAIl CIiJ MEPIOAUIHO HepeBlp}ITI/I 3a JI0MOMOT0I0
HaBYaHb 1 MOJCIOBAHHS MOXJIMBHX TMOPYIIEHb MisuTbHOCTI. lle momomoxke
BUSIBJSITH HEJOJNIKM B KOOPJWHAIlT, YTOYHIOBATH TMOPSIOK i TMEpPCOHANy Ta
CBOEYACHO TEPETIAAaTH IUIaHU 3 ypaxXyBaHHSM 3MiH 30BHINTHBOTO CEPEIOBHUIIA i
BUMOT aBlarliiiHol Oe3IeKH.

BucHoBok

['oTOBHICTh aBialIMHUX MIAMPUEMCTB O KPU3 B yMOBaxX T€OMOJITHYHOT
HEBU3HAYCHOCTI 3AJICKUTH B1Jl 3aBYACHOTO BUSIBJICHHS 3arpo3 1 MiATOTOBKU 3aXO0/1B
pearyBanHs. [loeqHaHHS CIIEHApHOTO TUIAHYBAaHHS, YMPABIIHHSI PU3UKaAMU Ta
TUIaHyBaHHS 0€3MEePEePBHOCTI MISNIBHOCTI CPUSE 3BAXKEHOMY YXBAJICHHIO PIllIEHb 1
NIJBUIIEHHIO CTIMKOCTI HiANpUeMCTB. [[ns ykpaiHChKOi aBiamiiiHOi ramysi 1e
0COOJIMBO BAXJIMBO I1]1 YaC MiATOTOBKH JI0 BIAHOBJICHHS IIUBUILHUX aBlaniepeBE3CHb
1 3a0€3MeUeHHs CTIMKOCTI KPUTUYHO BaXKJIMBUX TPAHCIOPTHUX (PyHKI. BonHowac
YOPABIIHCHKI PIIIEHHS MarOTh BIANOBIIaTH BUMOTaM aBialliiiHOI Oe3neKku Ta
pIIEHHSM YIIOBHOBAKEHHUX OpPTaHiB.

Cnncok BUKOPUCTAHUX JIAKepeT

1. Cunopenxo K.B., Manapa B.B., I'epman A.JI. BiiuB kpu3 Ha GyHKLIOHYBaHHS
CBITOBOTO PUHKY aBialliiHUX TNepeBe3eHb. Exonomiunuii npocmip. 2024. Ne190.
C. 19-27. https://doi.org/10.32782/2224-6282/190-4.

2. [Ipo xputnuny iHGpacTpyKTypy: 3akoH Ykpainu Bix 16.11.2021 Ne 1882-1X :
penaxitis Big 21.09.2024. URL: https://zakon.rada.gov.ua/laws/show/1882-20

3. Aped’eBa O.B., CimkoBa T.O. MexaHi3Mu aHTHKPU30BOTO Ta CTPATETIYHOTO
YOpaBIIHHS aBialliifHOIO rajy33i0 B yMmMoBax nedopmaiili Kpu30BUX BIUIUBIB y
NICISBOEHHUUN TMEpIOA: IHCTUTYLIMHUN acnekT. Exonomika ma cycninbcmeo.
2025. Ne77. C. 215-223. https://doi.org/10.32782/2524-0072/2025-77-99.

4. Bugayko D.O., Shevchenko O.R., Perederii N.M., Sokolova N.P., Podrieza M.S.,
Bugayko D.D. Risk management of Ukrainian aviation transport post-war
recovery and sustainable development. Intellectualization of Logistics and Supply
Chain Management. 2022. Vol. 16. P. 7-22. https://doi.org/10.46783/smart-
scm/2022-16-1.

5. Hiney N., Efthymiou M., Morgenroth E. Adapting to Uncertainty: Black Swans,
VUCA Challenges and Airport Resilience Strategies. Journal of the Air Transport
Research Society. 2025. Vol. 4, Article 100068.
https://doi.org/10.1016/j.jatrs.2025.100068.

6. International Civil Aviation Organization. Fourteenth Air Navigation
Conference. Draft Report on Agenda Item 1. AN-Conf/14-WP/206. Montréal,
2024.URL:https://www.icao.int/Meetings/anconf14/Documents/WP/wp_206_en

pdf

80


https://doi.org/10.32782/2224-6282/190-4
https://zakon.rada.gov.ua/laws/show/1882-20
https://doi.org/10.32782/2524-0072/2025-77-99
https://doi.org/10.46783/smart-scm/2022-16-1
https://doi.org/10.46783/smart-scm/2022-16-1
https://doi.org/10.1016/j.jatrs.2025.100068
https://www.icao.int/Meetings/anconf14/Documents/WP/wp_206_en.pdf
https://www.icao.int/Meetings/anconf14/Documents/WP/wp_206_en.pdf

[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

UDC 656.7:621.355

RISKS IN TRANSPORTING LITHIUM-ION BATTERIES BY AIR
TRANSPORT
Pavlenko Iryna,
student of the first (bachelor’s) level of higher education
Scientific Supervisor: V. Klymenko, PhD in Economics, Associate Professor
National University "Kyiv Aviation Institute", Kyiv

Keywords: lithium-ion batteries, dangerous goods, air transport, risk assessment,
aviation safety.

The transportation of dangerous goods is one of the most sensitive areas of
logistics. Errors made during the packing, labeling, classification, and
documentation of cargo can have serious consequences, including accidents, cargo
loss, and direct threats to people and the environment. The list of dangerous goods
also includes lithium-ion batteries, which are the primary power source for portable
electronics, electric vehicles, and drones, so the volume of their transport is
increasing. Batteries are transported as cargo, as part of equipment, and in
passengers’ luggage. The danger associated with their transport stems from the fact
that overheating can trigger an uncontrolled chain reaction, and fires caused by
batteries are difficult to extinguish using common methods. Therefore, the transport
of such cargo is strictly regulated by the IATA Dangerous Goods Regulations
(DGR).

The purpose of this study is to investigate and assess the risks associated with
the air transport of lithium-ion batteries and to identify ways to reduce them. The
study is based on an analysis of 274 incidents involving battery cargo that the FAA
recorded from 2018 to 2023 [1]. Risks were assessed using a matrix method based
on the ICAO and FAA probability and severity scales. Acceptability levels were
divided into three groups: unacceptable, tolerable, and acceptable.

Causes of incidents are represented in table 1 and include the following:

-spontaneous combustion or overheating ranks first, accounting for 179
incidents (65.32%);

—passengers’ or agents’ ignorance of the rules — 38 incidents (second in
number), accounting for 13.86%;

—damage to batteries caused by passenger’s accounts for 29 incidents (10.58%);

—~damage during handling accounts for 22 incidents (8.02%);

—-mechanical damage from drops accounts for 6 incidents (2.18%).

It should be mentioned that passenger aircraft had approximately 3.72 times as
many incidents as cargo aircraft. Incidents occur less frequently on cargo aircraft,
but they are estimated to have more devastating consequences. Batteries in large
clusters catch fire spontaneously, making them difficult to contain.
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Table 1. Categories of causes for incidents involving lithium-ion batteries, 2018-2023

Causes for incidents Number Share, %
Spontaneous combustion or overheating 179 65.32
Passengers’ or agents’ ignorance of the rules 38 13.86
Damage caused by passengers 29 10.58
Damage during handling 22 8.02
Mechanical damage from a fall 6 2.18
Total 274 100
Source: [1]

Scientific researches identified and assessed 14 typical threats. None of the
threats was classified as unacceptable. Eleven threats are at a tolerable level, while
only three are at an acceptable level [1]. Tolerability is ensured by protective
measures, namely special packaging, quantity restrictions, and carriers. If these
measures fail or have not been implemented, the risk may exceed the acceptable
level.

Positive effect on risks mitigating has mandatory crew training in accordance
with IATA requirements, culminating in a final exam with a passing score of at least
80%. Additionally, there can be information campaigns for passengers regarding
battery limits in checked baggage, fire-resistant cargo containers, and temperature
monitoring in baggage compartments [2]. These measures intend to ensure
awareness of the information and the effective use of equipment.

However, existing research data primarily pertains to flights within the United
States or related to them [1]. The results depend on the sample and assumptions and
may not be applicable to other types of batteries and carriers. Or the research is based
on and verified by only one airline and includes input from 10 experts [2].

Recommendations to reduce risks:

1. Training staff and passengers — a significant number of incidents occur due
to a lack of knowledge of the rules: specifically, 38 cases due to non-compliance
with the rules and 29 due to battery damage caused by passengers themselves.

2. Introduction of fire-resistant containers and thermal bags for batteries to limit
the spread of fire. This is important because spontaneous combustion and
overheating account for 65.32% of incidents [1].

3. Maintaining an incident registry, as the FAA does, and frequently updating
risk analyses. Responsible acceptance of cargo (19.2%) and equipment (16.3%)
plays the most important role in safety [2].

4. Battery certification — particularly for used batteries — as well as updates to
regulations for new batteries.

Conclusions
Dangerous goods, including lithium-ion batteries, must be transported in
accordance with regulations. Spontaneous combustion and overheating are the
leading causes of incidents involving lithium-ion batteries; therefore, monitoring
battery condition is a priority. The risks can be assessed as acceptable or tolerable
provided that protective measures are followed. The risk level can be reduced if staff
and passengers have received training and proper packaging procedures are
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followed. On our opinion, it is advisable for each airline to maintain its own record
of battery-related incidents and to update its risk assessment based on that record.
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YIOCKOHAJIEHHSA B3AEMO/III BOPTIIPOBIJJHUKIB I3
MMACAKKUPAMMU B KOH®JIKTHUX CUTYAIIAX ITIJI YAC
ABIAIIEPEBE3EHbD
Cynvorcux K.C.
3000y6auxa neputozo (b6axaiaspcbko2o) pieHs suUoi 0ceimu
Hayxosuii kepienux: /{okienxo JI.M., k.e.H., ooyenm
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KitouoBi ciioBa: GOpPTIPOBIAHKUKY, aBialliiiHI NEpEeBE3eHHS, KOH(MIIKTHI CUTYyaIlli,
npodeciifHa KOMyHIKallis, 0e3meKa moJiboTiB.

CyyacHa aBialriiHa Tajly3b BUCYBa€ BHCOKI BUMOTH HE JIUIIE JI0 TEXHIYHOI
Oe3rneKku TMOJIbOTIB, a M 70 MpodeciifiHOi MIATOTOBKM YJIEHIB €KIMaXy Ta SKOCTI
B3a€EMOJIII 3 Tacakupamu. BakIuMBOIO CKIa0BOI POOOTH OOPTIPOBITHUKIB €
3a0e3nedeHHs 0e3neKu Ha OOpTy MOBITPSHOTO CyJiHA, IHPOPMYBaHHS MACaXXHUPIB 1
NIATPUMAaHHS HaJEXKHOTO MOPANKY MiJ 4ac MOJbOTY. 3a TAKUX YMOB KOH(JIIIKTHI
CUTYallll CTAHOBJIATH OCOOJIUBY IPOOIEMY, OCKIIIBKH MOKYTh HETATUBHO BIUIUBATH
Ha TICUXOJIOTIYHUH CTaH MACAXKUPIB, POOOTY EKIMaXKy Ta 3araJibHUi PIBEHb O€3MEeKn
aBlariepeBE3CHb.

MixunapoHa aconianis nositpstHoro Tpancnopty (IATA) 3BepTae yBary Ha Te,
0 arpecBHa Ta HEIWCIUIUIIHOBAHA TOBEAIHKA OKPEMHUX IMACAKUPIB MOXKE
CTBOPIOBATH 3arpo3u JUIsl eKimaxy W I1HIIMX JIoAed Ha OOpTy, NOpyLIyBaTH
HOpMaJIbHUI Mepedir MoJibOTy Ta MPU3BOJAUTH J0 BUMYIICHHX 3MIH Y BUKOHAHHI
peiicy [1]. Mixnaapoana opranizamisi 1uBiasHO1 aBiamii (ICAO), 31 cBoro 60Ky,
HAroJIONIy€ Ha 3HAYCHHI MPOQECiiHOT MIATOTOBKM UICHIB €KIMaxy, PO3BUTKY
HEOOXITHUX KOMIETEHTHOCTEH 1 BIAMpPAIIOBaHHI Jii Y HECTaHJAPTHUX CUTYAIlisIX
[2]. Lle miaATBEpAXKY€E aKTyaIbHICTh MOIIYKY MPAKTUYHUX CIOCOOIB YAOCKOHAIECHHS
B3a€MO/11i OOPTIPOBIAHMKIB 13 TACAKUPAMHU B YMOBaX KOH(IIKTY.

Metorwo JOCHIIKEHHST € BHU3HAYEHHS OCHOBHUX MpoOJIeM  B3aeMoil

OOpPTHPOBIIHUKIB 13 MAaCA)KUpPaMU B KOH(MIIIKTHUX CHUTyallisIX Ta OOIPYHTYBaHHS
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MPaKTUYHUX HAMPSIMIB YI0CKOHAJIEHHS MpodeciitHol KOMYHIKaIIi 1J1s 3a1001raHHs
3aroCTPEHHIO KOH(IIIKTIB 1 miATpUMaHHs 0e31eKr Ha OOPTY MOBITPSHOIO CY/IHA.

Koudmiktu mij yac aBianepeBe3eHb MOXKYTh BUHHKATH 3 pi3HUX mpuuuH. [o
HUX HaJe)XaTb HEBJIOBOJICHHS SIKICTIO OOCIYyroByBaHHS, HEPO3yMIHHS MpPaBUI
NIepeBE3CHHS, BIIMOBA Y BUKOHAHHI IEBHUX MPOXaHb, HE3a0BOJICHHS J1ISIMH 1HIITHX
MacakupiB, TPUBOXKHICTH Mepei] MOJBOTOM, a TaKOXK IMOPYIICHHS BCTAHOBJICHHX
BUMOT Oe3neku. JloJaTKOBUMU YMHHUKAMU MOXYTh OyTH BTOMa, CTpEC, MOBHI
Oap’epu Ta 0OOMEKEHI MOKIIMBOCTI IIBUJIKO 3MIHUTH OOCTaBUHU NepeOyBaHHS Ha
o6opty. BomgHouac He KOKHa CKapra 4u HeE3roja macaxkmpa € KOH(]IIKTOM, a
KOH(JIIKT He 00OB’S3KOBO CYIPOBOJKYETHCS ArpeCUBHOIO TMOBEAIHKOK. Tomy
BXKJIMBO PO3PI3HATU 3BUYANHE HEBIOBOJICHHS, CJIOBECHE 3arOCTPEHHSI CUTYAIlil Ta
NOBE/IIHKY, SIKa CTAHOBUTH 3arpo3y Oe3melll.

Oco0nuBicTh poOOTH OOPTIIPOBIAHUKA IMOJISITAE B HEOOXIAHOCTI OJHOYACHO
BUKOHYBAaTH cepBicHI M Oe3mnexoBi (yHkii. Ha BiamiHy BiJ 00CIyroByBaHHS B
HA3eMHUX 3aKJIafiaX, YMOBH HOJBOTY OOMEXYIOTh MOKJIMBOCTI 0€3M0CEPEIHBOTO
BTPYYaHHS 1HIIMX CITY’KO 1 IBUJIKOTO IPUIMMHEHHS KOHQIIIKTY MIJITXOM 3MIHHA MICIS
nepeOyBaHHs #oro ydvacHukiB. ToMy BakiuMBe 3HAYEHHS MAlOTh CBOEYACHE
BUSBIICHHS O3HAaK 3arOCTPEHHs,, BHBaXCHAa KOMYHIKAIlisi Ta JOTPUMaHHS
BCTaHOBJICHUX Tporenyp. Hepmanmii TOH po3MOBH, KaTErOPUYHI BUCIOBIIOBAHHS
ab0 IrHOpyBaHHsS MOPOOJIEMU MOXKYTh TOCHUJIUTA HEBJOBOJICHHS TMaca)kupa.
BoaHoudac HaaMipHI TOCTYIIKH Y BIANOB1/Ib HA MOPYIIEHHS IPABUII 3[1aTHI CTBOPUTHU
JOJIaTKOB1 pU3UKHU JUIsl MOPSAAKY i1 O€3MEKH.

Ha ocHoOBI y3aranbHeHHs 3a3HAUEHUX MIIXOJIB A0 MPOdeCiiHHOI MATOTOBKU
eKIMaxKy Ta 3amoOiraHHs IHIMJEHTaM JOLLUIBHO 3alpOINOHYBaTH KOMIUIEKCHUI
MIJIX17 0 BIOCKOHAJICHHS B3a€MOJii OOPTIPOBITHUKIB 13 macaxupamu. BiH mae
OXOTUTIOBATH HE JIMIIIE pearyBaHHS Ha BXKE HasBHUN KOHQIIIKT, a ¥ 3ax0oau HOro
HOTIEPEIKEHHS.

[To-mepmie, AOUIIBHO BIOCKOHAJUTH HABUYKH PAHHBOTO  BUSBJICHHS
KOH(DJIIKTHUX CUTYyaliil. BOpTOpOBIIHUKY MalOTh 3BEPTATH yBary Ha pi3Ki 3MiHU
NOBEAIHKA TMAaCaXupiB, MOBTOPHI CKapru, NIABULIEHHS TOJOCY Ta O3HAKU
HapOCTaHHS eMOIliHOro HampyxeHHs. CBoe€yacHe pearyBaHHS J[Ja€ 3MOTY
pO3MOYaTH Aiajior 0 TOTO, SIK CUTYaIlisl MEPEepocTe y BIAKpUTY cymepeuky. [Ipu
[IbOMY OI[IHIOBAHHS MOBEIHKMA Ma€ IPYHTYBATHCS HAa KOHKPETHHUX JiSX JIFOJIWHU, a
HE Ha 30BHILIHOCTI YX Cy0’ €KTUBHUX MPUITYIICHHSIX.

[To-npyre, HEOOXiAHO PO3BMBATH HABUYKH MPOQeciiHOol KOMYHIKalii Ta
neeckanaiii. JIonigsHO BUKOPUCTOBYBATH CHOKIMHUM TOH, YBaXXHO BUCITYXOBYBAaTU
naca)kupa, yTOuHIOBaTH CyTh IPOOJIEMHU Ta HaJAaBaTH 3pO3yMill MOSCHEHHS. SIKIIOo
BUMOTY Macakupa HEMOXIJIMBO 3a/I0BOJILHUTH 3 MIPKyBaHb Oe3neku abo uepes
BCTAHOBJICHI MMPaBUiia, OOPTIPOBITHUK MOBUHEH YITKO MOSCHUTU MPUYUHY BITMOBH,
HE MEpPeXoasuu 0 OCOOMCTHUX OIIHOK 1 B3a€MHHUX 3BUHYBAaU€Hb. 32 MOXIJIUBOCTI
BapTO 3allpOINOHYBATH MPUUHATHY ajJbTEPHATUBY, SIKa HE CYNEPEUUTh MpaBUIIaM
NEePEBE3CHHS Ta MPOIeAypaM aBlaKOMIaHii.

[To-Tpere, BaXKIMBO BAOCKOHAIUTH KOOPAMHALIIO JI1i YJIEHIB eKinaxy. Y pasi

3aroCTpeHHsT KOH(IIKTY OOpPTIPOBIIHUK MAa€ CBOEYACHO MOBIJIOMUTH CTaPIIOTO
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OOpTIIPOBITHUKA Ta JIISITH BIMOBIIHO 10 BCTAHOBJICHUX MPONEAYDP. SAKIIO CUTYyaIlis
CTAHOBUTH 3arpo3y Oe3melll, HeoOX1THO 3a0e3neunT 1HGOPMYBAHHS KOMaHIUpa
MOBITPSHOTO CyJHA B TOPSAIKY, IependadeHoMy MpolLeAypaMH eKCILTyaTaHTa.
Y3rofKeHicTh Al eKiMaXy 3MEHIIYE€ PU3UK CYNEpEeWwIMBHX pIIICHb, CIpPUSIE
KOHTPOJIIO CUTYyallil Ta Ja€ 3MOTY HAJEKHUM UYMHOM pearyBaTH Ha 3MIHY DPIBHS
3arpo3u.

[To-ueTBepTe, NOIIBHO MOCUINTHA MPAKTHUHY MiJATOTOBKY OOpPTIPOBITHUKIB.
Ax 3asznauae ICAQO, mpodeciitHa TiATOTOBKa OOPTIPOBITHUKIB Tepemdadae
PO3BUTOK HEOOXIIHUX YMIHb 1 BIANpPALIOBaHHS CIEHapiiB, HAOIMKEHUX O
pealbHUX YMOB MAISUTBHOCTI eKimaxy [2]. Y KoHTekcTi KOHQIIKTHOI B3aeMOAil
JOIIIBHO ~ PEryJIIPpHO MOJIENIOBAaTH CHUTYyallli, MOB’si3aHI 3 HEBJOBOJCHHSIM
00CIIyrOByBaHHSM, BIIMOBOIO BUKOHYBaTH BUMOTHU O€3IMEKH, CIIOBECHOIO arpeciero
Ta MOBHMMHU TpynHomiamu. [licis Takux TpeHyBaHb BapTO OLIHIOBATH HE JIMIIE
NPaBWIBHICT, TMPUUHATHX pillleHb, a W 3JaTHICTh YITKO CHUJIKYyBaTHUCA,
KOHTPOJIIOBATH BJIACHI €MOIIii Ta CBO€YACHO 3aJIy4aTH 1HIIUX YICHIB EKIMaxy.

[lo-n’gaTte, HEOOXITHO CHCTEMAaTHU3yBaTW aHadl3 KOH(IIKTHUX BHUMAJKIB.
dikcalis IHIUACHTIB BIAMOBIAHO 0 MPOLEAYP aBlaKOMITaHii, BU3BHAYEHHS TUITOBUX
OPUYMH 1 MOAAIBIIMK aHam3 OOCTaBHH JONOMOXYTh BHSBISTH MOBTOPIOBaHI
npobiemu. Ha OCHOBI IMX JaHUX MOKHAa KOPUTYBAaTH HaBYallbHI CILIEHApI,
YJAOCKOHATIOBATH 1H(POPMYBAHHS MacaXUpiB 1 BU3HAYATH HAMNPSIMU IT1IBUIICHHS
AKOCT1 00CIyroByBaHHs. JlJI1 OLIIHIOBAHHS PE3yJbTATHBHOCTI 3alpPONOHOBAHUX
3aX0JiB JIOIJIbHO BUKOPHCTOBYBATH TaKi MOKA3HUKHU, SK YaCTOTA MOBTOPIOBAHHUX
IHIIUJIEHTIB, CBOEYACHICTh MOBIAOMIICHHS CTapIIOro OOPTIPOBIAHUKA, PE3YJIbTATH
MPaKTUYHUX TPEHYBaHb 1 JOTPUMAHHS BCTAaHOBJICHHX Tmporeayp. KoHkpeTHi
IIIJIbOB1 3HAYEHHS IHMX IMOKA3HHWKIB MalOTh BU3HAYATHCS HAa OCHOBI (PAaKTHUYHHX
TAaHUX aBlakoOMIIaHil.

BucnoBok

OTxe, yJAOCKOHAJEHHS B3a€MOJIi OOPTHPOBIIHUKIB 13 TAcCaXUpamu B
KOH(QIIKTHUX CHUTyalllsIX € BaXJIUBUM HANpPsSIMOM  MIJABUIIEHHS  SIKOCTI
oOcyroByBaHHsI Ta 3a0e3nedyeHHsl Oe3leKu aBlalliHUX NepeBe3eHb. EdexTuBHe
BpEryJIIOBaHHS KOH(DIIKTIB MOTpeOye He nuiie npodeciiHUX 3HaHb, @ i PO3BUHEHHUX
KOMYHIKaTUBHUX HABUYOK, EMOLIMHOI CTIMKOCTI, yMIHHSI CBOEYACHO PO3MI3HABATH
O3HAKH 3arOCTPEHHS CUTYallli Ta 0OMpPATH BIANOBIIHY CTPATETIO MOBEIIHKH.

JlJis TmoKpamieHHs B3a€MOJIii 3 TacakMpamH JOIIBHO TMOETHYBATH pPaHHE
BUSIBJICHHS  TOTCHINIWHO KOH(MIIKTHUX CHTYyallif, 3aCTOCYBaHHS METOJIB
KOHCTPYKTUBHOTO CHIJIKYyBaHHS, Y3TOPKEHI Jii 4YJEHIB eKiNaxy Ta peryssipHy
MPaKTUYHY MIITOTOBKY HAa OCHOBI 3MOJIEIhOBAHUX CIICHApPIiB. BaxnuBe 3HaueHHS
TaKOXX Ma€ CHCTeMaTUYHHUIA aHaI3 1HIMICHTIB, IKUI Ja€ 3MOTY BU3HAYaTH TUIIOBI
MPUYUHA KOH(ITIKTIB 1 BIOCKOHATIOBATH MPOIIEAYPH POOOTH 3 MacaKupamu.

[IpakTruna peanizallis 3apOTOHOBAHUX IT1IXO0/11B MOKE CITPUSATH 3MEHIIICHHIO
pU3UKY ecKanarii KOH(MIIKTIB, MiJBUIIECHHIO BIEBHEHOCTI OOPTHPOBIIHUKIB Y
CKJIAJHUX CHUTyalisix 1 (opMyBaHHIO OUIBII JOBIPJIMBOI atMocdepu Ha OOPTY
MOBITPSHOTO cyAHa. BomHouac Oyb-sK1 3aX0/11 3 BPETYJIIOBaHHS KOH(IIIKTY MalOTh

85



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

3MIMCHIOBATUCS 3 YypaxyBaHHSAM BHMOT aBialliiHOi O€3IMeKH, BCTAHOBJICHHX

MpoIeAYp aBiakKOMITaHii Ta MOBHOBA)XCHB WICHIB EKIIMaxy.

TakuM 4YHHOM, CHCTEMHE BIOCKOHAJCHHS TMpodeciitHol KOMyHiKauii' Ta
HpaKTHqHOI HII[FOTOBKI/I 60pTHpOB1I[HI/IK1B € HepCHCKTI/IBHI/IM 3aco0oM HII[BI/IHIGHHSI
e(pEeKTUBHOCTI  OOCITYyroBYyBaHHS MacaXHpPiB 1 MIATPUMAHHS  OE3MEUHOTO
CEpeIOBHUIIA i 9ac MOIbOTY.
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4. Iugposizauia, cmitikicms ma cmaauil po3sumox
asiauiitHo2o0 mpaHcnopmy
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ADAPTIVE DECISION SUPPORT SYSTEM FOR MULTIMODAL
TRANSPORTATION UNDER CRISIS CONDITIONS
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Keywords: multimodal transportation, decision support system, logistics,
adaptability, resilience, crisis management.

Multimodal transportation is a key component of modern logistics systems,
integrating different modes of transport into a unified supply chain. However, under
crisis conditions such as infrastructure damage, route disruptions, congestion, and
increased uncertainty, traditional management approaches become ineffective.
This issue is especially relevant in Ukraine, where transport systems operate under
high risk, requiring adaptive information systems for flexible management and rapid
response to changing conditions.

The aim of this study is to develop a concept of an adaptive decision support
system for multimodal transportation under crisis conditions. To achieve this aim,
the following methods were applied: a systems approach to the analysis of transport
processes; methods of risk analysis in transport systems; approaches to the
development of information and analytical systems; algorithmic modelling of
decision-making processes.

Multimodal transportation integrates different modes of transport into a unified
supply chain but becomes inefficient under crisis conditions such as infrastructure
damage, disruptions, and congestion. This is especially relevant in Ukraine, where
high uncertainty requires adaptive logistics solutions [1]. The concept of resilience,
defined as the ability to maintain functionality and recover from disruptions, is
essential for modern transport systems [3]. This study proposes an adaptive decision
support system (DSS) for multimodal transportation. The system enables real-time
data processing, risk analysis, and route optimization by integrating information on
infrastructure, weather, traffic, and crisis factors. It generates and evaluates
alternative routes based on time, cost, and risk, providing recommendations while
ensuring continuous adaptation through feedback mechanisms.
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Figure 1. Architecture of the adaptive decision support system
The system operates through a structured algorithm that includes real-time
data collection, situation analysis, generation of alternative routes, evaluation of
options, and selection of the optimal solution. This ensures rapid response to changes
and continuity of logistics operations. An important aspect of the approach is the
consideration of transport network resilience, which determines the system’s ability
to function under disruptions and partial infrastructure failure [2]. Incorporating
resilience principles improves risk management and system stability. For example,
in the case of a transport hub disruption, such as a port closure, the system
automatically generates and evaluates alternative routes, selecting the most efficient
option. This reduces delays and minimizes economic losses.
Conclusions
The study substantiates the need to implement adaptive decision support
systems in multimodal transportation under crisis conditions. An information and
analytical system are proposed to enable data integration, risk analysis, and real-time
route optimization. The developed approach improves system flexibility, reduces
delays, and minimizes economic losses. The results can be applied to enhance
transport and logistics systems and support the implementation of digital
technologies.
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Kirouoi cnoBa: IKT-ramy3s, aBialiiifHa JJOT1CTUKA, EKOHOMIYHA CTIMKICTb, JIAHITIOTH
nocTayaHHs, U POBi3aIlis.

JlorictuyHi ~ CHUCTEMHU  MIANPUEMCTB  1HPOPMALIHHO-KOMYHIKAIITHUX
texHonorii (IKT) 3anexxarp Big CBO€YAaCHOrO IMOCTaYaHHS EJIEKTPOHHHUX
KOMIIOHEHTIB, CEPBEPHOr0 M TEJIEKOMYHIKALIMHOrO OOJaJHAaHHA Ta 3alacHUX
yacTuH. J[Jiss TEpMIHOBHX 1 BHCOKOBAPTICHMX BaHTAXIB BaXJIUBY pOJib BIIITpae
aBlalllifHa  JIOTICTHKA, I1HTErpOBaHa 3 AaBTOMOOUIBHUMHU  TEPEBE3CHHIMU,
CKJIQJICBKIMH OTIepaIliiMd Ta MUTHHUM OQOPMIICHHSM. 3aTPUMKH JIOCTABKH,
0OMEKEHHS OBITPSIHOTO MPOCTOPY 1 3001 HUPPOBUX CUCTEM MOXKYTh ITOPYLIyBaTH
poOoty IKT-mianpuemMcTB 1 CHPUYUHITH €KOHOMIYHI BTPATH.

Jlnst Ykpainu 11e nuTaHHs 0cO0JIMBO aKTyallbHE Yepe3 0OMEKEHHS aBlalliiHOTO
CIOMy4YeHHS Ta 1oTpeOy B aJbTEpPHATUBHUX MDKHAPOJAHHMX MapIIpyTax.
ExoHoMiuHa CTIMKICTB JoricTHUHOI cuctemu IKT-miianmpueMcTBa o3Hava€e 31aTHICTh
30epirat 200 BIAHOBIIIOBATH KPUTUYHI TOCTAYaHHS W TPUUHATHUN pIBEHb
oOCITyroByBaHHs 3a €KOHOMIYHO OOTpYHTOBaHMX BHUTpar. ABIialliifHl Ta
MYJIbTUMOJIAJIbHI TIEPEBE3CHHSI € OJHUM 3 IHCTPYMEHTIB 3a0€3MEeUeHHsI TaKoi
CTIHKOCTI.

st JIOTICTUYHUX CHUCTEM IKT-mianpuemcTs 3aIIPONIOHOBAHO
YOTUPUKOHTYPHUHN TIAX1J A0 3a0€3MEUeHHS] €KOHOMIYHOI CTIMKOCTI, KU MOXKE
OyTH 3aCTOCOBAHMIA MiJ] Yac opraHizailii aBialliiHUX 1 MyJIbTUMOJAIBHUX [TOCTAYaHb
KPUTUYHUX KOMITOHCHTIB.

[IpeBeHTHBHMIT KOHTYp Mependadyae BH3HAYCHHS KPUTHUYHUX KOMIIOHEHTIB,
OLIIHIOBAHHS 3aJIEKHOCTI BlJ MOCTAa4YaJbHUKIB, JIOCTYIHOCTI aepoIopTIB 1
TEpMiHAJIB, @ TAKOX MIJTOTOBKY allbT€pHATUBHUX MapuipyTiB. [lornuHanbHuii
KOHTYp OXOIUTIOE€ OOTPYHTOBAHI CTPaxOBl 3amacd, pe3epBYBaHHS TPAHCIOPTHHUX
noTy>kHocTel 1 ¢inancoBux pecypciB. s IKT-mpoaykmii HammipHi 3amacu
HeOa)kaH1 uepes MIBUKE MOPAJIbHE CTapiHHA 00JIaTHAHHS.

AJTanITUBHUIM KOHTYDP OXOIUTIOE TIEPETUTAHYBAaHHSI MOCTABOK, BHOIp 1HIINX
aBlalepeBI3HUKIB 1 TPAH3UTHUX BY3/IB, MOEIHAHHS HA3€MHOTO TPAHCIOPTY 3
aBIaJJOCTAaBKOI0 Yepe3 JOCTYIHI 3aKOpIoHHI aepomopTu. KOHTyp pO3BHUTKY
nepeadayae anasi3 300iB, OHOBJICHHS JIOTICTUYHOI MEpEXi, HABYaHHS TIEPCOHAITY Ta
BIIOCKOHAJICHHSI TIPOLIEYP B3a€EMOIIi 3 TPAaHCTIOPTHUMHU MapTHEPaMH.

OyHKIIOHYBaHHS KOHTYpIB 3a0€3MedyloTh OpraHi3aliiHO-yIpaBiIiHChKA,

1H(pOopMaIliiiHO-aHANIITUYHA Ta pecypcHo-pinaHcoBa miacuctemu. ERP-, WMS- 1
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TMS-cucteMu, €IeKTPOHHHM JOKYMEHTOOOIr Ta  BIJICT)KCHHS  BaHTaXIB
JIOTIOMaraloTh y3roJDKyBaTH MaTepiaiabHl ¥ 1HGopmariiai motoku IKT-
HiANPUEMCTB, aBlanepeBi3HUKIB, TEPMIHAMIB 1 ekcrieauTopiB. BogHouac mudposa
3aJIeKHICTh MOTPeOye KiOep3axuCTy Ta pe3epBHUX MPOLEAYP YIPaBIiHHS.

JlJis OIiHIOBaHHS CTIMKOCTI JOLUJIFHO BPaXOBYBaTH CBO€YACHICTH JOCTaBKH
kpuTHuHuX [KT-KOMIOHEHTIB, Yac BiJIHOBJICHHA IOCTayaHHs, JOCTYIHICTb
aIIbTEPHATUBHUX aBlal[lfHUX MapIIPyTiB, piBeHb 00OCITYTrOBYBaHHS Ta BUTPATH Bij
pocTOiB. ABTOPChKA aUTUBHA MOJIETh 00’ €IHY€E CYOIHIEKCH YOTUPHOX KOHTYPIB
y 3BOKCHHUM IHTETPAIbHHUMA TMOKA3HWK; 1 3aCTOCYBaHHS B aBlalliifHINA JOTICTHUIN
notpedye kambpyBaHHS Ha (AKTUYHUX JAHUX.

Bubip Mixk cTaHIapTHUM IEPEBE3CHHSIM 1 TEPMIHOBOIO aB1aJIOCTABKOIO CJI1JT
OOTpYHTOBYBaTH 3 ypaxyBaHHSM He julie Tapudy, a ¥ MOXKIMBUX BTpPAT Bij
3aTPpUMKU BBEICHHsS OOJIaJHAHHA B EKCIUTyaTalilo a0o INepepuBaHHS CEPBICY.
[lepcieKTUBHUM 1HCTPYMEHTOM € CLIEHapHE MOJENIIOBaHHSI MapuIpyTiB 1
BUKOPHUCTaHHA NU(PPOBOTO ABIHHUKA JIAHIIOTA TOCTAYaHHS.

BucHoBok

CriiikicTe JorictuyHux cucteM mignpueMmctB IKT-ramy3i 3anexuTs BiJ
HAJIAHOCTI MOCTa4YaHHS KPUTUYHUX KOMIIOHEHTIB, THYYKOCTI aBIallIHUX 1
MyJIbTUMOJAIBHUX MAapIIPyTIB Ta Y3rOJUKEHOCTI UU(POBOTO  yIpaBIiHHS.
YOTUPUKOHTYpHUI MIAXIJ TOEAHY€E TONEPEIKEHHSI PHU3UKIB, PE3€pBYBaHHS,
ajanTallil0 W BIJIHOBIICHHS, a CKOHOMIYHE OI[IHIOBaHHS JoroMarae oOupaTu
JOLIIBbHI JIOTICTUYHI pitieHHs. [lonanpuni qocaipkeHHs MatoTh OyTH CIPSIMOBaH1 Ha
emIipuuHy nepeBipky moxeni s [KT-mianpueMcTB 13 3alydeHHSIM JaHUX TPO
aBiaIliiiHI BAaHTaXXH1 ITEPEBE3CHHS.
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The study employs an analysis of scientific sources, regulatory, and industry
materials, as well as a synthesis of modern experience in applying immersive
technologies in aviation training. It is demonstrated that virtual reality allows for the
modeling of hazardous and costly scenarios without risk to people or equipment,
whereas augmented reality can be utilized for step-by-step training, procedure
visualization, and operational support in real or near-real environments. The
practical significance lies in the potential to enhance training quality, reduce errors,
improve procedure retention, and refine the professional skills of aviation personnel.

Aviation personnel training demands high precision, repeatability, and
alignment with real-world operating conditions. In civil aviation, human error can
affect not only service quality but also flight safety. Therefore, training must
cultivate stable practical skills rather than being limited to theoretical
comprehension. At the same time, traditional training methods have certain
limitations.

Some scenarios are difficult or expensive to replicate in a conventional format.
This applies to emergency situations, time-critical actions, disruptive passenger
behavior, specific technical procedures, and operations in complex environments.
Under these conditions, interest in augmented and virtual reality technologies is
growing, as they enable the creation of a controlled learning environment and
repeated practice of required actions. In 2025, ICAO specifically highlighted the
expanding role of simulation tools for non-flight personnel, including flight
attendants, maintenance engineers, and ground handling staff. The document noted
that such tools are already applied in aviation training, though their international
regulatory and methodological frameworks still require further development [1].

Virtual reality allows for practicing scenarios that would be excessively risky
or resource-intensive in a real environment. Augmented reality, in turn, can overlay
instructions, prompts, and visual markers directly onto physical objects. For
aviation, this is particularly vital, as professional training is inherently linked to
procedural compliance, reaction speed, spatial orientation, and coordination of
actions. At the ICAO EUR/NAT 2025 workshop, examples of VR applications in
aviation training included pre-flight procedures, emergency scenarios, spatial

orientation training, and airport infrastructure familiarization. For AR, specific
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applications highlighted were technical personnel training, ground operations staff
preparation, and operational workflow support [2].

An analysis of literature shows that virtual reality is most effective where
sequential actions, handling of non-standard situations, spatial orientation, and rapid
decision-making need to be practiced. For flight crews, these may include training
scenarios related to flight procedures and cockpit interaction. For flight attendants,
this involves practicing cabin procedures, door operations, actions during smoke
conditions, evacuations, or passenger conflict management. For ground staff, it
includes orientation in the airport environment, aircraft servicing zone operations,
and equipment interaction. For technical personnel, it encompasses the step-by-step
mastering of inspection, assembly, testing, and repair procedures. The virtual
environment allows the repetition of the same actions without physical equipment
wear and without risk to human life. This characteristic makes VR not merely
convenient, but methodologically valuable for professional preparation. As early as
2021, EASA certified the first VR-based Flight Simulation Training Device for
helicopter pilot training, marking a significant milestone in the regulatory
recognition of such technologies [3].

Augmented reality serves a different, yet equally crucial function. It does not
immerse the user in a fully virtual environment, but assists in executing tasks in real
or near-real spaces. Thus, AR is particularly promising for technical training when
a worker observes a physical object while simultaneously receiving digital guidance
regarding action sequences, element locations, or control parameters. This approach
is beneficial for maintenance staff training, as it combines visualization,
instructional support, and practical execution. However, widespread adoption
remains constrained by high costs, technical limitations, and software compatibility
issues.

Special attention should be given to flight attendant training. In 2024, the FAA
published the results of a study titled Extended Reality in Flight Attendant Initial
Training. It compared a standard training program with a program supplemented by
VR-based training for door operation procedures. The recorded pass rate was 84%
in the standard training group and 88% in the group with supplemental XR training.
Researchers emphasized that while the results have certain limitations, the general
conclusion was positive: supplemental XR training can improve procedural
performance efficiency [4]. This is especially crucial for cabin crew preparation, as
a significant portion of their actions must be automated, precise, and rapid.

Effective aviation personnel training requires a blend of immersive and
traditional learning methods. Immersive tools function effectively for pre-training,
material reinforcement, self-study review, and practicing rare scenarios.
Nevertheless, building full professional competency still requires an instructor,
knowledge assessments, hands-on work with physical equipment, and standardized
skill evaluations. Regulatory frameworks support this logic. For instance, the UK
CAA, in its current CAP1933 document, views simulation and virtual reality as part
of the instructional toolkit rather than a standalone, universal training format [5].
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The practical significance of this topic lies in the ability of augmented and
virtual reality technologies to enhance training quality across various aviation
personnel categories. For higher education institutions and training centers, this
provides an opportunity to make education more visual, modern, and aligned with
real-world professional activities. For airlines, it represents a method to better
prepare cabin crews and ground personnel for both standard and non-standard
situations. For technical services, it offers a tool for safely practicing procedures and
minimizing error rates. For the overall training system, it paves the way toward
greater standardization, repeatability, and instructional flexibility. In the future,
these technologies could be utilized for modular training, remote instruction of
specific personnel categories, and personalized progress tracking.

Conclusions

Thus, augmented and virtual reality technologies represent a promising avenue
for the development of aviation personnel training. Their primary value lies in
enabling safer and more precise execution of professional procedures that are
difficult to fully model under standard conditions. These technologies yield the best
outcomes when integrated into a blended learning approach that combines
theoretical instruction, instructor guidance, hands-on equipment interaction, and
digital training environments. Such an approach makes it possible to elevate
personnel training quality without compromising safety standards, regulatory
requirements, or the practical needs of modern civil aviation.
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The aviation industry is one of the most important sectors of the global

economy, but at the same time it poses major environmental challenges worldwide.
The continuous growth in demand for air transport services has led to increased
greenhouse gas emissions, making it necessary to find new solutions to reduce
environmental impacts. Accordingly, the development and implementation of
environmentally friendly technologies in aviation have become key priorities for
reducing emissions, improving energy efficiency, and meeting international
environmental standards and targets.
According to expert estimates, aviation accounts for approximately 2—3% of global
CO: emissions. However, its actual impact on the climate is considerably greater
due to additional emissions, including water vapor and nitrogen oxides, released at
high altitudes [1, p. 6]. Unlike other modes of transport, aviation depends on fossil
fuels and therefore has very limited opportunities to reduce emissions in the short
term.

Nevertheless, international organizations are actively working to address this
problem. The International Air Transport Association (IATA) and the International
Civil Aviation Organization (ICAO) have introduced a number of initiatives to
reduce aviation emissions, including CORSIA (Carbon Offsetting and Reduction
Scheme for International Aviation) [2]. The scheme aims to stabilize CO2 emissions
from international air transport through carbon offsetting measures and the
introduction of emission-reduction technologies. Its goal is to achieve zero
emissions by 2050, an important target for the aviation industry.

Innovative green technologies are becoming an important means of reducing
aviation’s environmental impact. One of the most promising approaches is the
introduction of alternative fuels. Biofuels produced from renewable resources, such
as plants and waste, are among the most developed types of “green” fuel. Their main
advantage is a substantial reduction in CO2 emissions—Dby up to 80% compared with
conventional aviation fuel.

Biofuels are already used on many commercial flights, including those operated
by KLM and Lufthansa. However, biofuels also have limitations. Their production
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requires considerable resources and is expensive, so at present they are available for
use on only a relatively small number of flights.

Hydrogen is another promising aviation fuel. Using hydrogen as a fuel can
eliminate carbon dioxide emissions because its combustion produces only water.
Leading aircraft manufacturers, such as Airbus, are actively exploring the
development of hydrogen-powered aircraft [3]. One of hydrogen’s main advantages
IS its high energy density per unit of mass, making it attractive for long-distance
applications. However, its low energy density per unit of volume requires the
development of new fuel tanks and major changes to airport infrastructure for the
storage and refueling of hydrogen-powered systems.

Electric aircraft are also of considerable interest to the industry, particularly for
short- and medium-distance routes. Several start-ups and the aircraft manufacturer
Eviation are already testing electric aircraft capable of operating commercial flights
over distances of up to 500 km [4]. Electric aircraft do not use fossil fuels, offering
clear benefits in terms of reducing emissions. However, the main problem is that the
insufficient energy density of modern batteries significantly limits flight range and
prevents electric aircraft from being used on long-distance routes. In addition,
charging infrastructure must be developed and installed at airports.

Hybrid technologies that combine conventional aircraft engines with electric
systems are another promising area. For example, Rolls-Royce and Siemens are
working together to develop hybrid aircraft engines that could significantly reduce
fuel consumption and emissions. Hybrid aircraft could serve as a transitional
technology toward the full electrification of aviation, reducing fuel use on short- and
medium-haul routes while retaining conventional engines for long-haul operations.

In addition to alternative energy sources, aircraft manufacturers are actively
working to improve the energy efficiency of their aircraft. The advanced
aerodynamic designs of aircraft such as the Boeing 787 Dreamliner and Airbus A350
reduce drag and, consequently, fuel consumption. These aircraft consume 20-30%
less fuel than their predecessors. This is due to improved aerodynamics and the use
of lightweight structural materials, such as carbon fiber and composites. Carbon
fibers are lightweight and highly durable, significantly reducing the overall weight
of an aircraft and improving its fuel efficiency. The use of new materials also helps
lower aircraft maintenance costs because they are resistant to corrosion.

Intelligent flight management systems help optimize routes and reduce fuel
consumption. For example, SkyBreathe, a technology developed by the French
company OpenAirlines, enables airlines to analyze flight data in real time and select
the most efficient routes [5]. This helps reduce fuel consumption by up to 5-10% on
each flight, thereby contributing to lower CO: emissions.

The implementation of environmentally friendly technologies requires
significant investment and may affect airlines’ financial performance. For example,
biofuel costs, on average, twice as much as conventional fuel, which may lead to a
10-15% increase in airfares in the short term. However, governments in many
countries have already introduced economic incentives for airlines, such as biofuel

subsidies and tax benefits to support the development of new green technologies.
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The prospects for aviation’s transition to environmentally friendly technologies
depend on several factors, including technological progress, economic conditions,
and continued support. According to forecasts, a complete transition to sustainable
fuels and green technologies in aviation could take place as early as 2050. However,
achieving this goal will require large-scale investment in infrastructure.

The full-scale operation of electric aircraft will require a network of charging
stations at all major airports, demanding considerable investment and time. The
same applies to hydrogen-powered aircraft, which will require specialized
infrastructure for hydrogen storage and transportation. In particular, new types of
fuel tanks will need to be developed to store hydrogen in liquid or gaseous form at
extremely low temperatures or high pressures.

There are also technical barriers to the development of battery technologies for
electric aircraft. Current lithium-ion batteries cannot provide sufficient energy
density for long flights. Researchers are therefore developing new types of batteries,
such as solid-state batteries, which could offer significantly higher capacity.

Legal and regulatory issues also play an important role in the introduction of
green technologies. The International Civil Aviation Organization (ICAQ) is already
developing standards and regulations governing emissions, the use of alternative
fuels, and energy-efficient technologies. Countries also regulate these issues at the
national level by introducing environmental taxes and subsidies to encourage
airlines to adopt environmentally friendly solutions.

Conclusions

The introduction of environmentally friendly technologies in aviation is not
only a challenge but also an excellent opportunity to transform the industry. Despite
technical and infrastructural difficulties, the development of alternative fuels,
electric and hybrid aircraft, and innovations in energy efficiency offers real prospects
for reducing aviation’s environmental impact. Government support, national and
international initiatives, and large-scale investment in technologies and
infrastructure will be crucial to the aviation industry’s successful transition to green
technologies. This transition will not only help reduce aviation’s environmental
impact but also create new opportunities for the industry’s development amid
increasingly stringent environmental requirements.
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V]IK 53:656

3ACTOCYBAHHS NPUKJAJIHOI ®I13UKH B TPAHCIIOPTHUX
TEXHOJIOI'TAX
Bucoyvkuii @. €., cmyoenm
Hayionanvnun mexniunuu ynisepcumem Yxpainu
«Kuiscoxuti nonimexuiunuti incmumym imeni leops Cikopcokozoy, Kuis
Bucoyvxa 1.1, x.e.n., doyenm,
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumympy, Kuis

Ki1ro4oBi ciioBa: TpaHCIIOPTHI TEXHOJIOT11, TpukiIaaHa (izuka, Gi3udH1 3aKOHHU.

Po3poOka, BIOCKOHAJEHHS Ta eKCIUTyaTallii TPAaHCIOPTHUX 3aco0iB
BIJIOYBAETHCS 13 3aCTOCYBAHHAM (PI3UYHUX 3aKOHIB (MEXaHIKH, TEPMOJMHAMIKH,
enektpoauHamiku). Ilpukmamna ¢dizuka 3abes3neyye MiJBUILECHHS O€3MeKH,
€(hEeKTUBHOCTI, €KOJIOTIYHOCTI, PO3BUTOK aBTOMATHUKHU, €JIEKTPOHIKHA Ta CTBOPECHHS
HOBHX MaTepiajiB JJIsl IBUTYHIB, aBiallii, 3aJIi3HMII Ta pO3YMHUX CHUCTeM pyxy [1].

VY Tabmuui 1 HaBeleHO OCHOBHI HalPSIMKU 3aCTOCYBAaHHSI 3aKOHIB MPUKIIATHOT

(b13UKH, 10 JOKOPIHHO 3MIHIOOTH TPAHCIIOPTHI TEXHOJIOTI.
Ta6auns 1. HanpsiMmku 3acTocyBaHHS 3aKOHIB PUKJIAAHOI (Pi3UKH

Po3nin Cdepa @Di3UYHI TPUHIUIH EdextuBHicTh 3acTOCYBaHHS
INPUKIATHOI | 3aCTOCYBaHHS TEXHOJIOT1i Ha TPaHCHOPTI
Gbi3ukn Ha TPAHCHOPTI
1 2 3 4
MarnitHa [Totaru Ha | Bukopucrano sisumie | [lotar OykBanabHO JIEBITY€ Haa KOJIEIO
JIeBITALA MardiTHii €JIEKTPOMAarHiTHOL 3aBJISIKA cul MAardiTHOrO
(Maglev) Ta | momxymii Haykii Ta  edexT | BiamToBxyBaHHA. OCKUIBKA MEXaHIuHE
Hagnposina | (Maglev) Melicuepa (y | Tepts 00 peiliku TOBHICTIO BIJCYTHE,
1CTh BUIIAJIKY Takl  TOTATH  3JaTHI  PO3BUBATH
BUCOKOTEeMIIepaTypH | mBHAKicTh moHax 5S00-600 kwm/rof,
UX HaJIPOBIJHUKIB) | BUTPAYa€ThCS 3HAUHO MEHIIIE EHEeprii Ha
I0JI0JIAaHHS OTIOPY MaTepialiB
Aepomunam | CyuyacHuit PiBusinast  bepuymni | @opmu KY30BIB aBTOMOOLITIB,
iKa Ta | aBialliiHUM, Ta 3aKOHU OMopy | pro3esnsKiB JITaKiB Ta KOPIYCIB CyleH
TiApOIMHAM | aBTOMOOUIBHUM | cepeoBHILA ONTHUMI3YIOTh 3a JIOTIOMOT' OO0
iKka Ta BOAHMI | (T0OOOBOTO OTOPY). koMmm'torepHoro mozentoBanHs (CFD)
TPaHCIOPT Ta TPOAYBaHHSI B aepOAMHAMIYHUX
IIPOEKTYETHCS 3a TpyOax. 3HWKEHHS KoedirieHTa
CYBOPUMH aepoaunamiunoro omopy (\(C_{x}\))
3aKOHAMHU JIO3BOJISIE CYTTEBO 3MEHIIMTU BHUTPATy
MEXaHIKU PIAUH nanuBa abo 3apsanxy Oatapei. Y apiamii
1 Ta3iB 3aKOHU TiIPOJMHAMIKH  CTBOPIOIOTH
HIJHOMHY CHITY Kpujia, HEOOX1IHY JUIs
MOJILOTY
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[TponosskenHs Tabi.1

1 2 3 4
Enextpogu | Ilepexin Ha | 3akoH 30epexeHHs | Po3poOka miTii-l0HHUX, MiTiK-3a1i30-
HaMiKa Ta | €JIEKTPOMOOLIl | eHeprii, pyx | docharamx Ta MEePCIEKTUBHUX
akymyJsitop | (EV) Ta | 3apAHKEHUX TBEPIOTLIBHUX aKyMYyJIATOPIB
Hi BOJIHEBUM YaCTUHOK B | 0a3yeTbcsi Ha  MIKPOCTPYKTYPHOMY
TEXHOJIOT1l | TPAHCHOPT CTaB | €JICKTPUYHOMY TIOJI, | aHANi31 MarepianiB. Takox ¢i3uka
MOKJIMBUM HAIMIBIPOBIIHUKOBI | HAMIBIOPOBIAHUKIB KEPy€E 1HBEPTOPAMHU
JUIIe  3aBISKH | ePEeKTH Ta CUJIOBUMH OJIOKaMH, K1 e(hEeKTHBHO
MIPUKITATHI T PO3MOIIISAIOTh CHEPTiF0 MK OaTapeero
eJIEKTpOXiMii Ta Ta €JIEKTPOABUTYHOM, 30KpemMa
TBEPAOTIUIBHIN peaizyroun peKyIepaTuBHE
GbizuIri raJqbMyBaHHS (mepeTBOpeHHS
KIHETHYHOI €Heprii Ha3a/1 B EICKTPUIHY
P TaJIbMYyBaHHI1)
Hanorexno | Tpancnoprt dizuka TBepaoro | BrpoBamxenns KOMITO3UTHUX
Jorii Ta | NOTpedye Tina, KBAaHTOBO- | MaTepiaiiB (HapUKJIal, BYTJICIUIACTHKY
HOBI JIETKHX, ajne | MexaHiuHi abo kapOoHy) Ta HaAHOTPYOOK Yy
MaTepialii | HaA3BUYalHO BJIACTUBOCTI BUPOOHUIITBO Ky30BiB JiTakiB (Boeing
MILTHUX ByrieneBux 3B's3kiB | 787 Dreamliner, Airbus A350) Ta
marepiaiiB CyliepKapiB 3HaYHO 3HW)KYE IXHIO Bary.
MeHiia Bara o3Hayae MEHIIY iHEpIIo,
1110 JI03BOJISIE CIIO’KMBATH MEHIIE TaJIMBa
Ta TPAHCHOPTYBATH OUIbIIE KOPHUCHOTO
BaHTAXKY. Taxox CTBOPIOIOTHCS
CremialdbHl  «PO3yMHI» 3MallyBajbHi
Martepiaju Ha OCHOBI HAHOYACTHHOK JIJIst
3HUKEHHSI 3HOCY JeTajen
OnTuka, ABTOHOMHHUM EnexrpomarHitHe Cucremu LIDAR (onTuuni pamapm)
¢doronika Ta | TpaHcnopt (self- | BUIpomMiHIOBaHHS BUIIPOMIHIOIOTh ~MUIBHOHHU  JIa3epHUX
CUCTEMU driving cars) Ta | ONTHYHOTO Ta | IMIYJIbCIB Ha CEKYHIY, AK1
0e3mIOTHO | cydacHi paziofiana3oHis, BiIOMBAIOTHCS BIJ 00'eKTiB.
ro CHUCTEMH edext Jlomiepa Bumiproroun yac NOBEpHEHHsS CBITJIA
KepyBaHHS | Oe3mexku (MpUHIUO ~ MOCTIHHOCTI  IIBHJAKOCTI
MOKJIA/IAF0ThCSI cBiTNA), KOMM'tOTep Oyaye Touny 3D-
Ha OINTUYHI MOJIeNIb  MPOCTOPY  HABKOJO  aBTO.
CEHCOpH Pagapu, mo mpamooTe Ha edekTi
Jloruiepa, BU3HAYaIOTh MIBUAKICTh PYXY
IHIITUX aBTOMOOLJIIB Ha JOPO3i
KBanToBi Hagiraris Teopis BimHocHOcTI | Cucremam Hagiramii (GPS, Galileo)
TEXHOJIOTIl | aBialiifHOrO (3aransHaTB Ta | MOTpiOHa IOBEJIpPHA TOYHICTh ATOMHHUX
Ta TPaHCHOPTY CrenianbHaTB), TOAVHHUKIB, sIKA  KOPUTYETbCS 3
CYIyTHHKOB KBaHTOBA ypaxyBaHHSM PEISITUBICTCHKUX €PEKTIB
ui 3aIUTyTaHICTh (ynoBinpHeHHA dacy Ha op0Oirti). bes
MOHITOPUHT ypaxyBaHHS 3aKOHIB Teopii BIIHOCHOCTI

nmoxuOKka HaBiraiii BaHTOXHUX (IIOTIB
YW JIITaKiB CTaHOBWIA O KUIOMETpPH Ha

neHb. Y  MailOyTHbOMYy  KBaHTOBI
KOMIT'TOTepH OTITUMI3yBaTUMYTh
rno0anbHi  TPAHCIOPTHI TOTOKH 32

J14€H1 CeKyHAH
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Takum 4YMHOM, (PYHIAMEHTAJIBLHOIO OCHOBOIO JJii PO3BUTKY CYYaCHHX
TPAHCIIOPTHUX TEXHOJOTIM € TMpukiaaHa (i3uKa, OCKIIBKU Oyab-SKUH pyX,
nepegavya eHeprii, 6e3neka Ta ONnTUMizallis cucTteM Oe3nocepeHbo 0a3yroThes Ha
¢bi13nunux 3akoHax. [HTerpaiist 13Uk y TpaHCHIOPT T03BOJISIE CTBOPIOBATH IIBUIIIII,
eKOJIOTIUHIMI Ta Oe3meyHinri 3acodu nepecyBanHss [1, 2].

[HHOBAITIIIHI HAHOTEXHOJIOTIi Ha0yJIM MUPOKOTO 3aCTOCYBaHHS HA TPAHCTIOPTI
3aB/ISIKA BKJIMBHM (DI3MYHUM BJIACTHBOCTSIM (DEPOMATrHITHMX HAaHOYACTHHOK, IO
CTBOPIOE CIPSIMOBAHHUI TPAHCIIOPT peuoBWH. Llel BUI TpaHCTIOPTY € Pi3HOBUIOM
TaK 3BaHUX OPOYHIBCHKHX MOTOPIB, sIKi ITOB’s13aH1 13 ICHYBaHHIM €(eKTy XparoBUKa
B HE3MIIIEHUX HEPIBHOBAXKHUX cucTeMax. [lanuit epekt 3ade3nedye nosBy CTajaoro
TPAHCIIOPTY B JOCJIJKYBaHIN CUCTEMI Ta BiJIIrpa€e 3HA4YHY POJIb Y PI3HUX 00JIaCTIX
CKJIQJJHUX MArHITHUX CUCTEM 1 MaTepialliB, a TAKOK € OCHOBOIO JIJISl PI3HOMaHITHUX
3aCTOCYBaHb HAaHOYACTUHOK — B TEXHIKU A0 MeAunuHu. [leski pizHi (izuyHi
NPUHIIUIN CHPUSIOTh BUHUKHEHHIO CIPSIMOBAHOTO TPAHCIOPTY (epOMAarHiTHUX
HAHOYACTUHOK 32 YMOBH, III0 YACTUHKH 3/I1MCHIOIOTH HE TUTbKH MOCTyHaIbHUIM, aje
i oOepranbHuil pyxX. IMOBIpHO, HAW3PYUHIMIMM 1 HAWUTHYUYKIIIUM CIOCOOOM
TeHepalii Takoro CHIPSMOBAHOTO TPAHCIIOPTY € BUKOPHCTAHHSA CHEIalIbHO1
KOMOIHAIIiT 30BHIIIHIX MarHiTHUX MoJiB [3].

BucHoBok

[TpuknagHa ¢i3uka € PyHIaMEHTOM ISl PO3BUTKY CYYaCHUX TPAHCIIOPTHUX
TEXHOJIOT1M, OCKUIbKMA came ii 3aKOHHM Ta BIJKPUTTSA JI03BOJISIIOTH CTBOPIOBATH
HMIBU/II, O€3MeyHInI Ta EeKOJOriyHimi 3aco0u mnepecyBaHHS. Bing kiacu4uHOL
MEXaHIKd 70 KBAaHTOBHX TEXHOJIOTIH — KOXXEH po3/ia (I3UKH 3HAXOIUTh CBOE
MIPaKTUYHE BTIJICHHS B JIOTICTHUIIl Ta MAITMHOOY TyBaHHI.

[TpuknagHa $izuka € OCHOBOIO TEXHIYHOTO MPOTPECY B raidy3l TPAHCIOPTHUX
TEXHOJIOT1H, TpaHchopmyroun (yHIaMEHTaIbHI 3HAHHS y MPaKTUYHI 1HXKEHEPHI
pilICHHS.
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The speed of air cargo transportation depends on the consistency of information
exchanged by shippers, freight forwarders, air carriers. If information about one
shipment is re-entered into different systems, there are prerequisites for
discrepancies and additional approvals. Therefore, the subject of studies is the digital
interaction of transportation participants.

Paperwork and manual entry of previous information about import shipments
create additional delays and risks of errors. Digital technologies accelerate data
transmission and improve information transparency in the movement of freight.
IATA’s E-Freight initiative aims at the gradual implementation of digital changes in
air cargo transportation [1, p. 38]. Improving border processing involves automation,
risk management and coordination between customs and other control authorities [1,
p. 39]. Thus, in our opinion, the practical task of digitalization is to align the
information operations of all involves participants.

Automated scheduling, shipment tracking and electronic document
management create the prerequisites for transparency and seamless transport
management. At the same time, the training of specialists should cover competencies
in the field of digital technologies and international coordination [2, p. 67]. This
means the need to simultaneously improve information systems and the skills of
employees who ensure data exchange. Implementing the software without agreeing
on the working order of partners can preserve previous organizational problems in
the electronic environment.

Supply chain management (SCM), warehouse management systems (WMS)
and the Internet of Things provide the digital support for the movement of goods,
information processing and monitoring of transportation conditions [3, pp. 47-48].
The use of these tools requires digital competencies from the participants of the
logistics process, in particular, skills in working with SCM and WMS systems and
data analysis [3, pp. 48-49]. Meanwhile, the deployment of digital solutions is
limited by initial investment cost, a shortage of trained personnel, the complexity of
integration with outdated systems, insufficient standardization, and cybersecurity
risks [4].
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The primary focus of improvement must be data transmission between supply
chain participants. An electronic copy of the document does not eliminate the need
for repeated manual data entry if the partners’ information system remains isolated.
Therefore, we propose to evaluate digitalization by the ability to reuse verified data,
timely report changes in the status of cargo and assign accountability for error
correction,

We suggest starting the improvement with the description of the information
route of a particular shipment: who generated data, to whom and when it is
transmitted, and where redundant requests occur. The next step should be to agree
on a minimum set of information - the sending ID, the number of spots, weight,
processing status and updating time. It is advisable for partners to establish the rules
for verifying, correcting and confirming the receipt of information. This approach
allows you to determine the requirements for digital solution before its purchase.
Further implementation should be carried within a limited scope of interaction, for
instance, between freight forwarder and cargo terminal. During the pilot application,
we propose comparing the duration of document approval, the share of shipments
with corrections and the number of data re-entries per one shipment. The comparison
should be made for comparable cargoes and processing conditions. These indicators
are proposed as the basis for the future assessment; the actual economic effect within
the framework of the work is not calculated.

Financial and organizational barriers should be considered due to the phased
implementation, preliminary determination of integrating costs and training
employees. To mitigate the risks of informational exchange, it is necessary to agree
on access rights, the procedure of recording changes and a backup interaction
procedure in case of system unavailability. Scaling the pilot solution would be
advised after the verification of its result d the readiness of the partners to adhere to
the common rules.

Conclusions

Based on the results of analysis, we believe that that the digitalization of
interaction among air cargo transport participants should be grounded in the
alignment of data, responsibilities, and transmission procedures, which includes the
following stages: the sequence of “describing information routing”; harmonizing
data and rules; pilot implementation; evaluation; and scaling up. Their practical
significance lies on the ability to initiate changes from a single operation and verify
the results against defined indicators.
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BigHoBieHHs NMBUIBHOI aBiamii YKpaiHUM TICHS NPUNUHEHHS BOEHHUX
oOMeXXeHb TOTpeOy€e y3roJKeHUX il OpraHiB Jep>KaBHOI BiIaJu, aBlalliiHUX
MITPUEMCTB, OTIEPATOPIB AEPOTIOPTIB Ta 1HIIUX 3aIIKABIEHUX CTOPiH. BaximBoro
NepeyMOBOIO IIHOTO MPOIIECY € CBOEYACHHUM 0OMIH JOCTOBIPHOIO 1HPOPMAIIIEIO TIPO
cTaH 1HGPACTPYKTYPH, TEXHIUHY TOTOBHICTb, KaJIpOBl MOTpeOH, (hiHAHCYBAHHS Ta
BUKOHAHHS MIJITOTOBYMX 3aXO/IB.

Posnopoienicts iHGpopMaliii MiXK pi3HUMH YCTAaHOBAMHU MOXKE YCKIIaIHIOBATH
KOOPJIMHAIIII0  YMPAaBIIHCHKUX PIMIEHb 1 KOHTPOJb BHUKOHAHHS 3aBJaHb.
AKTyalbHICTh MPOOJIEMHU MOCHIIOETHCS MOJ0KEHHsIMU CTpaTerii po3BUTKY ranysi
LMBUIBHOI aBiallli Ta BAKOPUCTaHHS MOBITPSAHOTO NpocTopy Ykpainu 1o 2030 poky,
cxBayieHoi po3nopsakeHHsaM Kabinety MinicTpiB Ykpainu Bix 8 nunss 2026 poxky
Ne 677-p, 1 noctanoBu Kabinety MinictpiB Ykpainu Bij 8 numnHs 2026 poky Ne 888
po yTBOPEeHHsI M1KB1IOMYOTO KOOPAUHAIIHHOTO 1IeHTpY. e 3ymoBmtoe moTpedy
B IU(POBUX IHCTPYMEHTAX cUCcTeMaTH3alli iIHPOpMalIMHUX MOTOKIB 1 MABUIIICHHS
e(hEeKTUBHOCTI MIKB1JIOMUYOi B3a€MOIIi.

Meta nocnmikeHHST — PO3POOJICHHS KOHIENTYyalbHOI IMGPOBOI Momemi
MDKB1IOMYO1 1H(GOPMAITIIHOT B3aeMOAIT AJI1 KOOPAUHAIIT MiATOTOBYMX 3aXOIB 13
BIIHOBJICHHSI IIUB1IBHOT aBiarii YKpaiHu.

OOG’exT MOCHIIKEHHS — IPOIeC MIKBIJIOMYOI KOOPAWHAII MiATOTOBKH JI0
BIIHOBJICHHS IIUB1IBHOIT aBiallli Ykpainu. [IpeaMer mocaipkeHHS — opraHizariiiHi
OpUHIMNH, 1H(QOpMAIiiHI TOTOKM Ta 1U(POBI IHCTPYMEHTH KOOPIAMHAINT
BIJIOBIIHHUX 3aXO/1B.

Onniero 3 mpoOseM MArOTOBKH J0 BITHOBJICHHS IIMBUIHHOI aBiallli YKpaiHu €

HEOOX1THICTh Y3TOJPKEHHS M1 3HAYHOI KIJIbKOCTI YYaCHUKIB, SIK1 BIAMOBIIAIOTH 3a
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pi3H1 HaNpsMH 3a0e3nedeHHs (QYHKI[IOHYBaHHS aBialliitHo1 rany3i. [Hgopmartis mpo
TEXHIYHUM CTaH aeporopToBOi 1HPPACTPYKTYpH, TOTOBHICTh aepOHABITAIlIMHUX
CHUCTEM, KaJpoBe 3a0e3ledyeHHs, MnoTpeOu y (iHaHCYyBaHHI Ta pe3yJbTaTH
OLIIHIOBaHHS PHU3MKIB MOXe 30epiraTucsi B PI3HHX YCTaHOBaxX, JOKyMEHTax Ta
iH(MOpMAITIHHUX CUCTEMAaX. 3a BIZICYTHOCTI Y3TO/KEHUX MPoIeayp iHGopMaIiitHoro
OOMiHYy II€ CTBOPIOE PH3UK AyOJIOBaHHS POOIT, HECBOEYACHOTO OHOBJICHHS
BITOMOCTEH, HEY3TOKEHOCT! YIPABIIHCHKUX PIIIEHB 1 YCKIaHEHHS KOHTPOJIO 32
BUKOHAHHSIM MATOTOBYMX 3aXO/IiB.

Jlnst po3B’s3aHHSA 3a3HAYEHOI MPOOJEMU MPOMOHYETHCS KOHLENTYyaJlbHA
nudpoBa MojAeNb MIKBIIOMUYOI 1HGOPMAIIHHOI B3a€MOJIIi, MpU3HAYEHA IS
CHUCTEeMaTH3allll JaHUX, KOOPJWHAINI Jiil yYaCHHKIB 1 MOHITOPUHTY BUKOHAHHS
3aXO0JIiB 13 MATOTOBKH JI0 BITHOBJICHHS IMBLIBHOI aBiarii Ykpainu. OcHOBHA ijes
Mozelni mnossirae y ¢GhopMyBaHHI Y3TO/pKeHOro iHGOpMAIiiHOTO cepeaoBulla, Y
SKOMY KOKEH 3axX1J] OB’ sI3aHUi 13 BU3HAYEHUM BUKOHABIIEM, CTPOKOM BUKOHAHHS,
OUIKYBaHUM PE3yJIbTATOM 1 BIMOBITHUMU 1H(OOPMAIIHHUMU PECYPCAMHU.

OyHKITIOHYBaHHS 3alpPOTIOHOBAHOI MOJCN Ma€ TPYHTYBATHCS Ha TaKHUX
NPUHIMIAX: JOCTOBIPHOCTI, MOBHOTI Ta AaKTyaJbHOCTI JAHUX; Y3TOJKEHOCTI
1H(oOpMaIIiHUX  pecypciB;  KIOEp3aXHILEHOCTl; ONEpPaTUBHOMY  OHOBJICHHI
iH(popMarlli; JOTPUMaHHI 3aCTOCOBHMX HOPMATUBHUX BHUMOI 1 MIKHAPOJHHMX
cTanaaptiB. Peanizanis nux OpUHLIMMIIB ependayae BUBHAUYECHHS MMPABUIT BHECEHHS
Ta NEPEBIPKU JaHUX, PO3MEKYBaHHS MPAB IOCTYIY, (IKCAI[iI0 3MiH 1 3a0€3MeUeHHs
MO>KJIMBOCTI B1JICT€KEHHS 1CTOPii BUKOHAHHSA 3aBJaHb.

YyacHukamu 1HQOpPMAIIHHOT B3a€EMOJIT MOXYTh OyTH OpraHu Jep>KaBHOI
BJIaJM, YIIOBHOBAXKEHI OpraHU Ta YCTAaHOBHU y cepi IUBUILHOT aBiallii, opraxizarii
3 BUKOPHUCTAHHS TMOBITPSHOTO MPOCTOPY ¥ aepOHaBIramiifHOro OOCIYTrOBYBaHHS,
OlepaToOpu aepoTOPTIB Ta aepoAPOMIB, aBIaKOMIIAHII, I1HIII MIJMTPUEMCTBA
aBlalliifHOI Tay3l, a TAaKOX 3aKJIaJu OCBITH ¥ HaBUaJIbHO-TPEHYBaJbHI IIEHTPU B
MeKax iXHIX BU3HAYCHUX (yHKIIH. JIJIs1 KOKHOTO YJ4aCHHMKA JOIIJILHO BCTAHOBUTH
nepeik JaHuX, SIKI BiH HaJae, BIANOBIAAIBHICTh 3a IiXHIO aKTYaJbHICTb,
MMOBHOBAKEHHSI 1[0/10 MOTOPKEHHS PIllIeHb 1 MOPSA0K AOCTYITY 10 1HhOpMaIlii.

3anmpornoHoBaHa 1HUdpoBa MOJEIb TIepeadavyae ITSATh B3a€MOIIOB’SI3aHUX
eTarniB.

[lepmumii eTan — opranizaiiist 3axX0/11B 1 BA3HAYEHHS B1AMOBIIaJIbHUX YYACHUKIB.
dopMyeThbCcs TEpeNTiK MIATOTOBYMX 3aXOJ1B, BU3HAYAIOTHCS MIACTaBU IS 1X
BUKOHAHHS, BIAMOBIMAJIbHI BHKOHABIl, CTPOKH, OYIKYyBaHI pe3yJbTaTh Ta
3aJIeKHOCTI MIXK 3aBIaHHIMH. Lle 1a€ 3Mory BCTAHOBUTH MOCIIJOBHICTh BUKOHAHHS
poOIT 1 BU3HAUUTH, SKI 3aXOJHU MOTPEOYIOTH MOMEPETHHOTO 3aBEPIICHHS 1HIIMX
3aB/IaHb.

Hpyruit  eran — i”dopMmaiiitHa B3aeMofis. 3abe3meduyroThest 301D,
CUCTEMaTHU3allis, TepeBIipKa ¥ akKTyamizaimis BIIOMOCTEH, HEOOXITHUX JUIs
M1ATOTOBKH YIIPABIIHCHKHX pillieHb. [HhopMarlis Mae HamaBaTUCS 3a Y3TOKEHUMHU
npaBuiIaMu Ta (popmatamu, i3 3a3HAUYCHHSAM JDKepesa, JaTH OHOBJIEHHS U
BI/IMOBIJAILHOTO 3 1 JOCTOBIPHICTb.
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Tperiit eran — KoopAWHAIlIS Ta MOTOJKEHHS pieHb. Ha mijictaBi oTpuMaHux
JAHUX  3IMCHIOIOTBCS  Y3TO/UKEHHS ~ MDKBIIOMYHX — TUIAHIB,  peecTparlis
YHPaBIiHCHKUX PIIICHb 1 JOKYMEHTYBAHHS 3MiH. Y pa3i BUABICHHS CYIIEpEUHOCTEN
ab0 3almeXHOCTI MK 3aBIaHHSAMU MOJETh Ma€ 3a0e3MedyBaTh MOXKIMBICTH iX
dikcartii AJ1s MoAaIBIIIOTO OTMPAIFOBAHHS BIAMOBITATbHUMA YYaCHHKAMHU.

YerBepTHil eram — MOHITOPUMHT BUKOHAHHS 3axoniB. I[lepembauaeTncs
BIJICTe)KEHHSI TIOTOYHOTO CTaHy 3aBJaHb, JAOTPUMAHHS CTPOKIB, BHSBJICHHS
3aTPUMOK 1 BHU3HA4YCHHsS pPOOIT, BUKOHAHHS SKUX 3aJ€KUTh B pPeE3yJbTaTiB
JISUTBHOCTI 1HIIUX YYACHUKIB. Y3arajbHEH1 JJaHI MOXYTbh BUKOPUCTOBYBATHUCS AJIS
MIJITOTOBKU 3BITIB MPO CTaH BUKOHAHHS 3aXO/IB 1 TOTOBHICTh OKPEMHX HaIPsMIB
BIIHOBJICHHS [IMBUILHOI aBiarli.

[I’stuit eran — 3abes3neyeHHs i1HGOpMAIiitHOT Oe3Meku Ta aHaTITHYHA
niarpuMka. IlepeabadaroTbesi po3MeKyBaHHS JOCTYIy 10 1HGopMmallii, pe3epBHe
KOIIIOBaHHs JaHuX, (pikcarlist 3MiH 1 GOpMyBaHHS aHATITUYHUX 3BiTiB. BiomocTi 3
O0OMEKEHUM JIOCTYTIOM MaloTh 00pOOJIATHUCS BiJIMOBITHO O BUMOT 3aKOHO/IaBCTBA
Ta BCTAHOBJICHUX TMpoIeayp Oe3meku. 3a pe3ynabTaTaMd MOHITOPHHTY MOXKE
dbopmyBartucs y3arajJbHeHa 1H(GOpMaLis Jd TIATPUMKH YHPaBIIHCHKUX PILIECHH 1
BU3HAYCHHS HAMPSMIB, 10 TOTPEOYIOTh JOJATKOBOI yBarH.

Jlns  momepenHbOro  OIIHIOBaHHS — (PYHKIIOHANIBHOI  pe3yJIbTaTUBHOCTI
3aMpOIOHOBAHOI MOJIEJI1 AOIIBHO BUKOPUCTOBYBATH CUCTEMY KUIBKICHUX 1 IKICHUX
NOKa3HUKIB. JI0 OCHOBHMX KpHUTEpIiB MOXKHA BIJIHECTH TOBHOTY HaJaHHS
HE0OX1HO1 1H(pOopMallii, CBOEYACHICTh 1H(POPMALIITHOTO OOMiHYy, ONEpPaTUBHICTDH
OHOBJICHHS JIaHWX, MOJJIMBICTh BIJCTE)KCHHS CTaHy BHKOHAHHS 3aBlaHb Ta
JOTPUMaHHSI BUMOT 1H()OpMaIiiHOT O€3MeKH.

CBoeyacHicTh 1HQOpPMAIIHHOTO OOMIHY MOJKE OIIHIOBATHCS 3a JTIOTIOMOTOIO
Koe(dirieHTa CBOEYaCHOCTI:

NCB
K = , (1)

NBHF
0e N, — KinvbKicmb nogioomieHb, 0OKYyMeHmis abo 368imie, nepedanux y 6CMaHO8IeHUll CMPOK;
N,,r — 3acanvha KinbKicms iON0GiOHUX NOGI0OMIIeHb, 00OKyMeHmie abo 38imie 3a nepiod

oyinoeanus. 3Hauenns Koegiyicnma nepeodysac 6 mexcax 6io ) 0o 1; 3a nompebu pesyromam
MOdiCHa nooamu y 8i0comkax, nomuodcueuiu tioeo Ha 100 %.

Jlo1aTKOBUM TOKa3HUKOM MOK€ OyTH KOE(QILIEHT CBOEYACHOTO BUKOHAHHS
3aXO0/I1B:

K _ NBqac (2)
BUK N !
cTp
0e Nyqyac — KibKICMb 3aX0016, BUKOHAHUX Y 6CMAHONeHU CMPOK, Nepy — 3a2anbha KilbKicmb

361X00i6, CMPOK BUKOHAHHA AKUX HACMAB 34 nepiod OLliHIOGCZHHﬂ.

[eit moka3HUK XapaKkTepU3ye AJOTPUMAaHHS 3aIJIAHOBAHUX CTPOKIB BUKOHAHHS
3aXO0/iB, TOAl SIK KOe(IIIeEHT cBO€YacHOCTI 1H(opMmariiiHoro oominy BigoOpaxkae
OMEpPATUBHICTh MEPEJaBaHHS IaHUX.

3anponoHOBaHl MOKa3HUKUM MOXYTh OyTH BUKOPHUCTaH1 JJi MOJANbIIOTO
OLIIHIOBAHHSI MOJIEJl MICJsl BU3HAYEHHS MOPSAKY 300py JaHUX 1 MPOBEAECHHS ii
paKkTUYHOI nepeBipku. Ha 1iboMy eTarii BOHM CTaHOBJISITH OCHOBY JIJIsl pO3POOIEHHS
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METOJMKHU OI[IHIOBaHHS, a HE MIATBEP/KECHUN pPE3yibTaT E€KCIEPUMEHTAIHLHOTO
JTOCITIIKEHHS.
BucHoBok
YIOCKOHAJIEHHS MDKBIAOMYOI KOOpAHMHALIl € BaXKIUBOIO IEPEIYMOBOIO

CHUCTEMHOI Ta yCHIIIHOI MIATOTOBKU /IO BIHOBJCHHS IUBUIBHOI aBiamii YKpaiHwu,

gKa MOXE 3IIACHIOBATUCSA IUIAXOM  PO3pPOOJEHHS Ta  BIPOBAKCHHS

KOHIEeNTyalnbHOI IudpoBoi Moxeni. IlepcrextuBu ii mochikeHb MOB’sI3aHI 3

YTOYHEHHSIM (DYHKIIOHAIIBHUX BUMOT J0 IU(PPOBOTO CEpeIOBUINA, PO3POOICHHIM

METOJMKH KOMILJIEKCHOTO OIliHIOBaHHS €()eKTHUBHOCTI Ta MEPEBIPKOIO MOJETi Ha

CIIEHapIsIX P13HOTO PiBHs cKiamHocTi. [{udposizaliis MixkBI11OMUYO1 B3a€MOJI1T MOXKE

CTaTH OJIHUM 3 IHCTPYMEHTIB MIABUILIEHHS CTIMKOCTI aBialiiiHOl ramy3i Ta

3a0e3reuyedds OUIBII ITOCIIAOBHOI MIATOTOBKHA 1O BIJHOBJIEHHS UBUILHOIO

aBlacIoy4yeHHs1 YKpaiHd 3a YMOBU JOTPUMAHHS BUMOT O€3MEKH W BU3HAYCHUX

MOBHOBAXEHb YCiX YUYaCHHUKIB.

Cnncoxk BUKOPHCTAHUX JIAKepe

1. ITpo cxBanenHst CTparerii po3BUTKY raidy3l HIMBUIBHOI aBiallii Ta BUKOPUCTAHHS
MOBITPSIHOTO MpocTopy YKpainu Ha mnepion a0 2030 poxky Ta 3aTBEpIKEHHS
onepaiiiHoro IUlaHy 3axomiB 3 11 peamizamii y 2026-2028 poxax
Poznopsmxennss Kadinery MinictpiB Ykpainu Big 08 nun. 2026 p. Ne 677-p.
URL: https://zakon.rada.gov.ua/qo/677-2026-p

2. [Ipo yrBOpeHHs: MiXKB1IOMYOT0 KOOPIMHALIIMHOTO IIEHTPY 3 MUTaHb OpraHizailii
BUKOPHUCTaHHS MOBITPSIHOTO MPOCTOPY y raity3l HMBUIBHOI aBiallii Ta AiSIbHOCTI
aeporopTiB YKpaiHu B yMOBaX BOEHHOTO CTaHy Ta B OCOOJMBHI Tepioj] B
VYkpaini: [TocranoBa KabGinery MinictpiB Ykpainu Big 08.07.2026 Ne 888. URL:
https://zakon.rada.gov.ua/laws/show/888-2026-%D0%BF#Text

3. YUyninga JI. 1., Ycrunona 1. I1. I1paBoBi nuTaHHs BiAHOBIEHHS 1HOPACTPYKTYPH
aeponopTiB Ykpainu. Haykosi npayi Hayionanvrnozo asiayiiino2o yHigepcumemy.
Cepis: IOpuouunuil eicnuk «llosimpsne, kocmiune, exonociune npagoy, 2023, No
2(67),C.38—-47.

4. Hiney N., Efthymiou M., Morgenroth E. Adapting to uncertainty: Black swans,
VUCA challenges and airport resilience strategies. Journal of the Air Transport
Research Society. 2025. Vol. 4. URL.:
https://www.researchgate.net/publication/390951275 Adapting_to_uncertainty
Black _swans VUCA challenges and_airport _resilience_strategies

5. Gu Y., Wiedemann M., Freestone R., Rothe H., Stevens N. The impacts of shock
events on airport management and operations: A systematic literature review //
Transportation Research Interdisciplinary Perspectives. 2024. Vol. 27. Article
101182. URL:
https://dspace.lib.cranfield.ac.uk/server/api/core/bitstreams/34e9eeff-58aa-4720-
aea6-1af85db79d56/content
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TPAHC®OPMAIIISI ABIAIIHHOI'O TPAHCIIOPTY B KOHTEKCTI
CTAJIOTI'O PO3BUTKY
Jlokienxo JI.M., k.e.n., douenm
Hayionanvnuti ynisepcumem «Kuiscokuii agiayiunuu incmumympy, Kuis

KinrodoBi cioBa: aBialliiHUM TpPaHCHOPT, CTaJIUd PO3BUTOK, LHMQPOBI3AILis,
oreparliiiHa CTIMKICTh

CydacHa ramy3b LMBUIBHOT aBiamlii mnepedyBae B CTaHi HaUrIMOMION
CTPYKTYpHOI TpaHcdopmallii 3a ocTaHHe MiBCTOMITTA. [lo€JHaHHS T€OMOTITUYHUX
BUKJIMKIB, MAKPOEKOHOMIYHOI HECTAOUTbHOCTI, dKOPCTKUX E€KOJIOTTYHUX JTUPEKTHB
Ta HEOOXI1IHOCTI BIJHOBJIECHHS TIJIOOAJBLHUX JIAHIIOTIB IIOCTA4YaHHS BHUMArac BIJ
aBlaIlIfHOIO CEKTOpa MEepexojy A0 MPUHIMUIIOBO HOBOI omepalliiHoi moxeni. B
OCHOBI L1€1 MO JIEKUTh KOHIIENTyaJIbHE MOE€JHAHHS U (pOBi3allii, onepariiiHoi
CTIHKOCTI Ta cTaJIoro po3BUTKy. [ludposizaliis BUCTyHa€ rOJIOBHUM TEXHOJIOTTYHUM
KaTajaizaTopoM, SKHi 3a0e3redye aBlamiANpUEMCTBA 1HCTPYMEHTAMH aHaji3y
BEJIMKMX MACHUBIB JIaHUX Yy peaJlbHOMY 4aci, OINTHUMI3alli pecypciB Ta
MaTEMaTUYHOTO TPOTHO3YyBaHHSA pu3HKIB. CTIHKICTh XapakTepu3ye 37aTHICTh
aBlaIlifHOT CHCTEMH MPOTHUCTOATH 30BHIIIHIM IIIOKaM, THHAMIYHO aAalTyBaTHCS 10
JNECTPYKTUBHUX UYMHHHUKIB Ta 3a0e3nedyBaTH O€3MEPEepPBHICTh KPUTHYHHUX
onepaiiiaux QyHkiid. Ctanuii po3BUTOK BHU3HAYAE JIOBIOCTPOKOBY BEKTOPHICTH
rajxysi, COpsIMOBaHY Ha MiHIMI3allll0 €KOJOT1YHOrO 3a0pY/IHEHHS Ta JOCSITHEHHS
BYIJICLIEBOI HEWTPaANbHOCTI BIANMOBIAHO A0 crpareriunux opieHtupiB ACARE,
ICAO Ta IATA.

[Mudpoaizaliiss B aBialitHOMYy TPaHCIOPTI CbOTOJIHI Nependavyae 1HTErpaLio
nepeoBux 1HGOPMALIMHUX TEXHOJOTIM — IITY4YHOTO 1HTENEKTY, MAaIIUHHOIO
HaBuaHHA, [HTEepHeTy peueil, aHamiTuku Big Data, xmapHuX oOuMcleHb Ta
uPOBUX JBIMHUKIB — Y BCl JIAHKW aBlaIllifHOI Taly31 Ta OXOIUTIOE SK TEXHIYHY
EKCILUTyaTaIlito JIITaKiB, TaK 1 yIPaBIIHHS aepONOPTaMU, MOJIHOTHUMH TPAEKTOPISIMH
Ta mnacaxupornorokamu. B octanni poku MRO-mpoBaiinepu Ta aBiakoMImaHii
MepexoAsaTh BiJl TJIAHOBOTO OOCIYTrOBYBaHHS JO MPOTHOCTUYHOTO, OIIHIOIOYHU
peanbHUIl CTaH BY3JIIB 32 JOMIOMOTO0 OOpTOBOT TenemeTpii. B aeponoprax macoBo
BIIPOBA/KYIOTbCSI  O1OMETPUYHI CHUCTEMH OE3KOHTAKTHOTO OOCIyroBYBaHHS
MacaxupiB, a B kKabiHaX MJIOTIB 1 IIEHTPAX YIPABIIHHSI PyXOM BUKOPHCTOBYIOTHCS
Al-imaropMu 111 onTUMI3alil MapHIpyTIiB y PEXKHMI pPeallbHOrO Yacy Ta
3MEHIIICHHS BUTpaTH nayibHOTO [1].

OmnepariifHa CTIMKICTh Tepeadadyae 3JaTHICTh BCI€l aBiallifHOT €KOCHUCTEMH
MPOTHUCTOSATH 30BHIIIHIM IIIOKaM Ta JECTPYKTUBHUM YHHHHKAM: T€OTIOJNITHIHUM
KpU3aM, EKCTpEeMaJbHUM TMOTOJAHUM YMOBaM, 3005M Y JIaHIOTaX MOCTA4YyaHHS Ta
kibepaTakam 13 3a0e3nedeHHsIM Oe3MepepBHOCTI KPUTHUHUX (YHKUINA. B ocranH1
POKHM aBiamiAMPUEMCTBA MEPEUIIUTH BiJ] PEAKTUBHOTO pearyBaHHS JO CTBOPEHHS
TUHAMIYHUX CHUTYalllMHUX TeHTpiB (Hampukian, Airport Operational Control
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Centers, APOC) Ta BukopucTaHHs HU(PPOBUX ITHCTPYMEHTIB aBTOMATHU30BAHOTO
NeperuianyBaHHs pelciB 1 eKIMaxiB mia yac 300iB. Benuka yBara mpuaiisieTbes
NOCUJICHHIO Kibep3axucty uudpoBoi 1HPPACTPYKTYpH, CTBOPEHHIO PE3EPBHHX
MapmipyTiB TIOCTaYaHHS 3aYacTUH Ta MIABUINCHHIO THYYKOCTI OTEpariiHuX
MOJENEN.

Cranuii pO3BUTOK BKJIIOYA€ KOMIUIEKC 3aXOJiB, CHpPSAMOBAaHUX Ha
JeKapOOHI3allifo aBialitHOTO TPAHCIIOPTY, MiHIMI3aIliF0 HETATUBHOTO €KOJIOTIYHOTO
BIUTNBY (BUKHIB CO2, HE-CO: pakTopiB Ta IMIyMy) 1 JOCATHEHHS T7100aIbHOI METH
— ByTJIeneBoi HerTpanbHOCTI Tamy3i 10 2050 poky (Net Zero 2050) [3]. INomoHIM
MPaKTUYHUM KpPOKOM CTaB HOPMATUBHUM Mepexis] Ha BUKOPUCTAHHS CTajoro
aBiamiifHoro mnanbHOro (SAF), 30Kpema, BIpOBaJKEHHS OOOB'SI3KOBHX KBOT Y
Mexax eBporneiicbkoro periamenty ReFuelEU Aviation [4]. 3rigHo 3 mepurum
OQIIIHHAM TEXHIYHUM 3BITOM €BPOINEUCHKOTO areHTCTBA 3 aBialliifHOi Oe3rmeKu
(EASA), punok SAF y €C B 2025 porii mokaszaB BUIIEpEIKaIbHI TEMITH BUKOHAHHS
B MEpIIUH piK A1 000B'SI3KOBUX KBOT: 3araJIbHUI 00CAT aBia MajJbHOTO B a€POIOpTax
€C — 39,3 MJIH METPUUHHX TOH, 00CST mocTaByieHoro najnbHoro SAF — 1,1 muH. ToH
(2,8% mpu HOpMaTHBHIM BUMO31 2,0%), CKOPOUYEHHS eMiCii TapHUKOBHX ra3iB - 3,77
MIH TOH CO:-€KBIBJIEHTY, OCHOBHAa CUPOBHMHA — BIANPAllbOBAHA POCIMHHA OJIis
80% Bia 3arajJibHOro 00CATY, KOHLEHTpalis crnoxkuBaHHS SAF 3a kpainamu —
Hinepnanau (0,32 muH. ToH, 29%), Icnania, Himeuuuna, Itanis, @paniis (CyKkymnHo
74%). IlapanenbHO aBlaKOMITaHii OHOBIIIOIOTH (PJIIOTH HA OUIBII MAJTMBO €(PEKTUBHI
JiTaKu, IHTETPYIOTh Al-anropuTmu Il KOPUTYBAHHS BHUCOTH TOJBOTY 3 METOIO
YHUKHEHHS yTBOPEHHS KOHACHCAIIIWHUX CHIB, a BHUPOOHUKU BEAYTh
BUnpoOyBanHs cymicHocTi nBuUryHiB 3 100% SAF Ta po3poOKy BOAHEBUX 1
CIIEKTPUYHHUX TeXHOJOT# [2,4].

BiamoBigHo, cHCTEeMHUH B3a€EMO3B'SI30K IIMX TPHOX E€JIEMEHTIB CTBOPIOE
BUpaxeHul cuHepretnyHuil edekrt. [{udposi iIHCTpyMEHTH ONTUMI3YIOTh TTOJIBOTHI
TPAEKTOPIi Ta MPOIECH TEXHIYHOTO OOCITYrOBYBaHHS, IO OE3MOCEPEIHBO 3HUKYE
BUTPATH MATBHOTO Ta 00CATH eMicii TapHUKOBUX ra3iB. L]e, y CBOIO 4epry, miJIBUIILY€
KOe(DILIEHT TEXHIYHOI TOTOBHOCTI MOBITPSAHOTO (JOTy Ta (POpMy€E EKOHOMIUHY
CTIMKICTh aBlakOMIIaH1{ MPOTH KOJMBAaHb L[IH HA EHEPrOPECYPCU Ta HOPMATHUBHUX
mTpapHUX CaHKIIIH.

B To#i xe yac, yCHilIHUi 3eJeHui nepexiJ HEMOKIUBUKA 0e3 po3B'sA3aHHS
HU3KH KPUTUIHUX MDKTATY3€BUX CYIIEPESUHOCTEH:

1. KonkypeHriisi 3a 3el€Hy €IeKTPOCHEPrito. 3a po3paxyHKaMH aHAJITHKIB,
BUTOTOBJICHHA HE0OX1qHOTo 00csry e-SAF 3rinno 3 Bumoramu ReFuelEU no 2050
poKy BuMaratuMme B 1,5 paszu Oinbiiie BITHOBIIIOBAHOI €JIEKTPOCHEPTii, HIK yBECh
o0csir renepatii enekrpoeneprii B €C y 2021 poi [4]. Lle cTBoproe Ge3nocepeaHio
KOHKYPEHIII0 32 eHePrOPECYPCH MIXK aBiaIfi€o, HA3EMHUM TPAHCIIOPTOM Ta BAKKOIO
mpoMHCIOBICcTIO. He3Bakaroun Ha mepeBuKoHaHHS nuied 2025 poky, momainbiia
MacIITabOBaHICTh HApPaXA€ThCsl HA CYTTEBI BUPOOHWUYI Ta MaKpOSKOHOMIYHI
Bukinku. Ouinku Jlopoxkuboi kaptu IATA Net Zero 2050 noka3yroTb, 110 CBITOBE
BupoOHuTBO SAF y 2025 pomi nocsrino 1,9 mun ToH (~0,6% Bia 3araiabHOTO

CBITOBOTO apia manbHOro). ¥ 2026 poll OYIKY€EThCS YHOBUIBHEHHS TEMIIIB
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3poctanHst A0 2,4 mMiH ToH (~0,8%) uepe3 oOMEKEHICTh CHUPOBHMHHOI 0a3u Ta
HEJI0OCTaTHI OOCATH aJpecHOi JAepKaBHOI MiATpUMKH. Buxonanns 3aBganb 2030
POKY BHMAarae MacoBOTO 3allyCKy BUPOOHMIITBa cMHTeTHUYHOTrO e-SAF. Opnak, 13
3arajbHOi KUTHKOCTI CBITOBHX IPOEKTIB BITHOBIIOBAHOTO MajabHOTO Jumie 12%
nepeOyBaroTh Ha cTajii OyaiBHUITBA, 29% QYHKIIIOHYIOTH, a 59% 3aIuIaroThCs Ha
eTami OYiKyBaHHS OCTaTOYHOIO 1HBECTULIMHOTO pimieHHS. 3a aHamiTukoio IATA,
CYKYTHI TTepeXiIHI BUTpaTH aBiamiitHoi rairy3i (1ogaTkoBa BapTicTh SAF mopiBHSHO
3 BUKOITHUM TacoM) 3pocTyTh 3 1,4 mupa gonapis CIIA y 2025 pomi go 744 mupa
nonapie CIIA Ha pik 10 2050 poky [2,4].

2. KibGepbesrmieka Ta 3axuct nu@poBux aanux. [ mmdoka nudposizaiis MRO Ta
BINPOBa/pKeHHST Al y KpUTHYHI CHCTEMH TOJIbOTY 3OUIBIIYIOTH IOBEPXHIO
noTeHIiitHuX Kkibeparak. Jlns 3axucty iHdopmaiiiiHoro cepeaoBuma [ATA
po3po0isie  craHgaptd  HUGPOBUX  1ACHTHU(PIKATOPIB  Ta  PO3MOAICHHUX
KpUINTOrpadiuHuX PEECTPIB I MIATBEPKEHHS aBTEHTUYHOCTI MOJLOTHUX JIAHUX
Ta JIAHITIOT1B MOCTa4YaHHS KOMITOHEHTIB.

3. Kommpomicm y  OararokpuTepiaibHI  ONTHMI3allii  MOJBOTIB.
ABTOMAaTH30BaHl CHCTEMHM KEpyBaHHS MOJOTOM IIOBUHHI OanaHCyBaTH MIXK
MIHIMI3aI[1€}0 BUTpAT NaJIbHOTO Ta YHUKHEHHsSM 30H ISSR. V neskux Bumagkax
KOPUTYBAaHHS MapuIpyTy Jis BIAMOBHU BlJ YTBOPEHHS KOHACHCAI[IMHUX CHIIIB
IPU3BOIUTH 10 JOJATKOBOTO CHATIOBAHHS MMajbHOTO, M0 BHMAara€ CTBOPEHHS
IHTErpOBaHUX MAaTEMAaTUYHUX MOJEJIEH OLIHKH CYKYITHOTO KIIIMATUYHOTO €(EKTY.

BucHoBok

OTtxe, mudpoBizailis, onepailiifHa CTIHKICTh Ta CTaJUN PO3BUTOK YTBOPIOIOThH
€IUHUM KOHTYP €BOJIIOINIT Cy4acHOi aBiarfiiiHoi cuctemu. [{udpoBi ABIHHUKN Ta
MPOTHOCTHYHA aHATITHKA TpaHncPopmytoTs iHGpacTpykTypy MRO, minBuiryoun
TOTOBHICTh MapKy MOBITPSIHUX CYJI€H, CKOPOUYIOUH MpocToi Ha 35% Ta 3HWKYyHuH
BUTpaTU Ha oOciyroByBaHHs 10 30%. VY To# ke yac, Al-onTumizailis TpaekTopin
MOJILOTYy Ta PO3TOPTaHHS BUKOPUCTAHHS CTAJOTO aBlallifHOTO MaJIbHOTO
CTBOPIOIOTh pEaJbHUIl TEXHOJOTIYHUN (yHAAMEHT IJs JeKapOoHi3alli ramysi
BIJIOBIJTHO /IO PETYJISITOPHUX BUMOT. JIJIsl MpakTHUUYHO1 peasti3alii 3anpornoHOBAHUX
M1JX0/IB BAPTO BpaXyBaTH HACTYIMHI pEKOMEH/1allli:

1) 1nst aBiakommaniii Ta MRO-nipoBaiinepis: nmpuckoput interpaiiro CMMS-
m1aTpopM 13 MPOTHOCTUYHUMHU UU(POBUMHU JIBINHUKAMH KPUTHYHHUX BY3JIB
MOBITPSIHUX CYyJIeH JUIsS TIEpeXoay Ha oOCIyroByBaHHS 3a (DaKTUYHUM CTAaHOM JI0
2030 poky; BmOpoBaauTH IHU(PpPoBI TIATGOPMU MOHITOPUHTY TPAEKTOPIH Ta
iHTerpyBatu  Al-monmeni 3amoOiraHHs YTBOPEHHIO KOHJEHCAIIMHMX CIIIIB Y
CUCTEMHU IiJITOTOBKHU TOJIbOTHUX TIJIAHIB; 3a0€3MEUUTH CYBOPE BUKOHAHHS BUMOT
ReFuelEU mono HopMu 3anpaBku majgibHOTO B aepornoprax €C Ha piBHI HE MEHIIE
90% nst miHIMI3ZaIT IITpaQHUX Ta OMIEPAITHIX PU3HKIB.

2) Jlns BUPOOHMKIB aBiallifHOT TEXHIKK: 3a0€3MEYUTH CTaHIAPTHU3AIII0
Binkputux API-mpoTokoimiB nist mepenaydi 60pTOBOI TeaeMeTpii B peaabHOMY Yaci
Ta HapOIIyBaTH PO3POOKY rOpuIHUX Pi3UKO-TIU(PPOBUX MOIee 00CITyrOByBaHHS,
3aBEPIIMTH BUIIPOOYBaHHS Ta cepTU]IKAIlIIO ATUBHUX CUCTEM JIJIsl 3a0e3MeUeHHs

100% cymicHOCTI ABUTYHIB 3 HeIeKapOOHI30BaHUM Ta CUHTETHUYHUM SAF.
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3) Jlnst peryiasTOpHUX OpraHiB Ta AEpXKABHUX IHCTUTYIIH: 3MICTUTH (OKYC
Jep)KaBHOI TIATPUMKHA 3 HOPMATHBHOTO JCKJIapyBaHHS KBOT Ha TIpsMe
CTUMYJIIOBaHHS KalliTalbHUX 1HBECTUIIIN y OYIIBHUIITBO 3aBO/IIB 13 CUHTE3Y e-SAF,
npuckopioroun mepexin 59% mpoekTiB 10 (pa3u NPUAHATTS OCTATOYHOTO
1HBECTHUIIIITHOTO pillIEHHS; TapMOHI3yBaTu LU(pOoBI MeTonu Bepu(ikallii BUKHIIB
MK pPI3HUMH CHUCTEeMaMH JJs yCYHEHHS TMOJBIMHOTO OOJIKYy Ta 3HUMKEHHS
aJIMiHICTPATUBHOT'O HAaBaHTA)XCHHSI HA aBlalepeBI3HUKIB.
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BUKOPUCTAHHSA LITYYHOTI'O IHTEJIEKTY B AISIJIBHOCTI
AEPOIIOPTIB
Ilyooposa J].C.,
3000y6auKka nepuioco (6axkaniaspcbko20) pieHs 8UWOI 0ceimu
Haykosuui kepienux: Bouuenxo T.0., K.e.H., OoyeHm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KitouoBi ciioBa: IITy4YHMM 1HTEJNEKT, aeporopT, Ha3eMHE OOCIyroBYBaHHS,
aBialliifHa JIOT1CTHKA, BITHOBJICHHS aBiallli Y KpaiHu

CydacHUil aeporopT € CKIATHOI0 COIIO-TEXHIYHOIO CHCTEMOI0, Y SKii
OJTHOYACHO  MpPAIIOIOTh  OMepaTop  aepomopTy, aBlaKOMIIaHii, Ha3eMHI
oOcyroByBadi, MPUKOPAOHHI W MUTHI CIIyX)O0H, CIy>KOM Oe3neku Ta opraHizailii
yIpaBIiHHS TOBITPSHUM pyxoM [1]. KoxkeH ydyacHUK BOJIOJ€ BIACHUMU JAHUMU U
YXBAJIIOE PIMIEHHS 3a BJIACHOIO JIOTIKOIO, ajie 3aTpUMKa B OIHIN JIAHIII MUTTEBO
NepeaeThCsl Jall: 3ami3HiIe 3aBaHTAXEHHs JIiTaka 3CyBa€ BUJIT, BUJIT 3CyBae
BUKOPUCTAHHS CTOSHKH, a CTOSHKAa BHW3HAYa€, KyJId CsAIe HACTYITHHHA pe¥c.
HapanTaxeHHsI Ha 110 cUCTeMY TOCTiHHO 3pocTae. 3a ominkoro ACI World, y 2025

p. CBITOBUI MacaXuporoTiK MaB CATHYTU 9,8 Miipa ocio, 1o Ha 3,7% Oiblie, HIX
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y 2024 p. (9,4 mapn); oIiHKY 3po0sieHO 3a JaHuMu noHaa 2800 aeporopTiB y MOHAT
185 kpainax i reputopisx [2].

He MeHII Hanmpy»eHUM € BaHTaXHUU cermeHT. 3a nqanumu [ATA, y 2025 p.
MIOTIUT Ha aBia BaHTaXKH1 MIEPEBE3CHHS, BUMIPSIHUN Y BAHTAXHUX TOHHO-KIIOMETpax,
3pic Ha 3,4% (Ha M XKHApOJHUX HampsiIMKax — Ha 4,2%), a POIO3uIlis MOTY>KHOCTEH
30umpIMIacs Ha 3,7%, To0To Aemo Bunepeauia monut. JJoxigHi ctaBku (yield) mpu
1poMy 3HU3WIMCA Ha 1,5%, xoua 3anumatorses Ha 37,2 % Bumumu 3a piBeHb 2019
p.; Ha 2026 p. IATA nporHo3ye ynoBiabHEHHs 3pOCTaHHs monuTy A0 2,4% [3].

Came B riux ymoBax mty4auii intenekt (I1II) po3rasgaroTs Sk iHCTPYMEHT, 1110
Mae MepeTBOPUTHU ONEepalliifHi JaHl Ha MPOTHO3 1 PEKOMEHAIli0 JIJIs JUcIeTyepa,
IJIaHyBAJIbHUKAa YM BaHTaXHOro areHra. 3a ganumu SITA, y 2025 p.
aBlaTpaHCIOpPTHA Tay3b BKJajga B TexHojorii pekopaHi 50,8 mupa gon. CIIA:
aBiakommadii — 36 mipna (3,6% Bupyuku), aepornopti — 14,8 Mip/, 110 CTaHOBUTH
7,3% ixHpoi BUpyukH npotu 6,4% pokom paxime [4]. 3 UMX CIIBBIIHOIICHD
PO3paxyHKOBO BUILIMBAE, 10 BUPYYKa a€pOIOPTIB IPUOIU3HO B I AITh pa3iB MEHIIA
3a BUPYUYKY aBlakOMIIaHii, a yactka [T-BugaTkiB y Hii npuOian3Ho BABIY1 Bumia. Lle
Y3rOKY€EThCS 3 THUM, IO aeponopT € KamiTaJOMICTKOK 1HPPaCTPYKTypoOlo,
INPOIYKTUBHICTb SIKOT 3aJI€KUTh B1J] IKOCT1 YIPABIIIHHS IOTOKAMHU.

[Ipaktrune 3actocyBanHs LI Bxxe nomiTHe B onepamisx. YacTka aeponopTis,
K1 BAKOPUCTOBYIOTh HOTO B 000pOTI JIiTaka, 3pocia 3 36% y 2024 p. no 53% y 2025
p., a B kibepoOesneui — 3 51% no 64%. KibGepOe3neka 3anuiiaeTbcsi TOJOBHUM
TEXHOJIOTIYHUM MpiopuTeToM aeponoptiB (71 %) 1 OCHOBHUM MOTHUBOM 1HBECTHUIIIM
B iHpacTpykTypy (68%). Cepen aBiakommaniii 63% ysxe 3actocoByroTh LI B
YIPaBIIHHI OMepalisgsMu: g poOOTH 31 300sIMH, MPU3HAYCHHSI TIOBITPSIHUX CYCH 1
3abe3reueHHs exinmaxxamu [4].

Craructuka cBimuuTh, 1o I BUXoauTh 31 cTamii eKCIepUMEHTY HacaMIepe
y nobpe ¢opmami3zoBaHHX mpoliecax: KidepOesmeri, o00poTi JiTakiB, poOOTi 3
Oaraxxem. Haiirnoka3oBimmm € 060poT JiiTaka, TOOTO MPOMIKOK Mi>K MPUOYTTSIM Ha
CTOSIHKY U TOBTOPHUM BWJIBOTOM. [1[00 3po3ymiTH HOro KOHTEKCT, BapTO
3BEPHYTHUCS [0 KOHLEMIIII KOJIa0OpaTUBHOIO MPUHHATTA PillleHb B aeponopty (A-
CDM). Bona cama ne € I11, ane cTBOprO€ 17151 HBOTO OCHOBY: OOMiH OlE€paTUBHUMHU
JAHUMHU MK yciMa y4yacHUKamMu (OpMye CHUIbHY KapTHHY CHUTYyalli H J03BOJIsIE
TOUHIIIEe nepeadayaTu yac BUIbOTY. 3a otinkoro EUROCONTROL, 3po6iieHotro 3a
nocBigoMm 17 aeponoprtiB 1 omyOmikoBanoto y 2016 p., A-CDM ckopouye uac
pYJIIHHS, BUTPATH MajiBa W 3aTPUMKH 4epe3 YIMPaBIiHHA MOTOKAMHU, 3MEHIITYE
KUTBKICTb Mi3HIX 3MIH CTOSTHOK 1 TEMTIB Ta MIABHILY€E MIKOBY MPOMYCKHY 3AaTHICTh
BUJILOTIB [5]. 3a TI€IO K OIIHKOO, IHBECTULIII MOKYTh OKYITUTHUCS NPUOIN3HO 32 18
MICALIIB JIMILIE 32 PaXyHOK TaKTHMYHOI eKOHOMIi aBiakommnaHiil. CykynHa piuHa
EKOHOMISI IIUX aepoIOPTIB mepeBuiyBaia 34 Tuc. T nanmsa (6au3pko 100 THC. T
CO2, abo 26,7 mMaH €Bpo) 1 Maibke 250 THC. XBUIMH 3aTPUMOK YTPABIIIHHS
noTokamu (61m3bK0 15,5 MITH €BpO), a cepeIHE CKOPOUCHHS Yacy PyJIiHHS Ha BUJIIT,
3aJIeKHO BiJ1 aeporopTy, cranoBmiio Bia 0,25 no 3 xBwiuH [5].

Hpyroto obnactio, Ae 1u@POBI pIlIEHHS MIATPUMYIOTH IUIAHYBAJIBHUKIB, €

PO3IOILI JIITAaKIB 3a cTossHKaMu U reiramu. 3a omninkoro EUROCONTROL, 111317
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aeponoptiB A-CDM Bia3HaunIu CyTTEBUH €(EKT y MIIaHyBaHHI CTOSHOK, 30KpemMa
MEHIITY KIJIbKICTB MI3HIX 3MIH CTOSIHOK [5]; Tak1 AaH1 mpo NpUOYTTS i TOTOBHICTH /10
BWJIBOTY € IPUPOJHOIO OCHOBOXO utsA Monenen L.

besneka i kibepOe3neka TakoX HaleXaTh 0 TUX 00JacTei, e aepomopTH
Haionpmr ToToBi A0 1. BusBnenus anomaiiii y poOOTi CHCTEM 1 MEPEKEBOMY
TpadiKy BUKOPUCTOBYIOTh yxke 64 % aepomopTiB, 1 MeTa ITi€l MPAKTHKH TOJISATAE B
TOMY, 100 paHillle TOMIYaTH 1HIIMACHTH i CKOpoUYyBaTH yac pearyBanHs [4]. Taka
TWHAMIKa TIOB’Si3aHa 3 TUM, M0 KiOepbesmeky 71% aepomopTiB BBakaroTh
NEPIIOYEPTOBUM  TEXHOJOTIYHUM  MPIOPUTETOM: ACPONOPT € KPUTHUHOIO
iH(ppacTpykTyporo, e 301k IT-cuctemM MBUIKO MEPETBOPIOETHCSA HA OIepaliiHun
301.

OkpemMo cmija  3ragatd  OIOMETpUYHY  1ICHTH(IKAIIID  MacaXHupiB.
biomeTpuyHUil PUKOPIOHHUN KOHTPOJIb, AKUU yxke aie y 54% aepomopris, 3a
nporao3oM SITA oxormuts 83% mo 2028 p. [4]. Lle HanpsiM, Ae I1iHa TOMMIIKH
(XUOHOTO CHpallfOBaHHS, YNEPEIHKEHOCTI MOJENi) 1 PU3UKU [IJIsi MPUBATHOCTI
0COOJIMBO BUCOKI.

barax € ogHuM 13 HaliKkpaille 3aJIOKyMEHTOBAHUX MPUKIATIB BUMIPIOBAHOTO
epexkty mudposizauii. 3a manumu SITA, y 2025 p. piBeHb HENpaBUIBHOTO
MOBOJIKEHHA 3 Oarakem 3HU3UBCS Ha 23% 1o 4,9 Bunaaxky Ha 1000 macaxupis, a
3arajbHa KUJIbKICTh BUIAJIKIB cKOpoTuiacs Ha 19% 1o 24 muH; ynepiie NoKa3HHUK
OIyCTUBCSI HUXKYE JOKPU30BOTO PIBHS MONPHU PEKOPAHUNA OOCAT MEPEBE3EHb, a 3
2007 p. BiH 3MeHIIMBCS Maixke Ha Tpu uBepTi [6]. SITA nmoB’s3ye nmominieHHs 3
OOMIHOM JTaHUMH MK CHCTEMaMH B PEAIbHOMY 4acl, MapIIPyTU3AIlI€I0 HA OCHOBI
I, 6ioMeTpuyHUM 31aBaHHAM Oaraky W MiJIKIIFOYCHUMH TIPUCTPOSIMU MaCaKUPIB.
Brpatu ramysi omineno B 6,3 mapn gon. CIIA, a cepemHio BapTicTh OJHOTO
HIUAeHTY neperyisiHyTo 31 150 no 260 non. CHIA [6].

ABia BaHTaXHHN CETMEHT IU(MPOBIZYETHCS TMOBUIBHIIIE 32 MACAKUPCHKHIMA.
KirouoBuM KpOKOM € enekTpoHHa aBia HakiagHa (e-AWB): IATA Busnaumna ii
CTaHJApTHUM JIOTOBOPOM NIEPEBE3ECHHS, 1110 YCYBA€ MOTPeOy APYyKyBaTH, 00POOIATH
1 apxiByBaTH nanepoBuii 1okyMeHT [7]. udpoBi 1oKyMEeHTH € TepeayMOBOIO JIsl
3actocyBanHs Il y BaHTa)XHUX mporiecax, ajyke MOAETh HE MOXKE MPAIIOBATH 3
JaHUMH, SIKHX HEMA€E B €JICKTPOHHOMY BUTJISII.

B ykpaiHChKOMY KOHTEKCTI NMUTaHHS mnocrtae iHakme. [loBiTpstHUI mpocTip
VYkpainu 3akpuTuil i nMBUIBHOL aBiamii 3 24 mororo 2022 p., i, 3a 3asBOIO
Minpo3Butky y uepBHi 2026 p., 6€3MeKOBI pU3UKHA TIOKU HE TO3BOJSIOTH HOTO
Binkputu. BomHowac nepxkaBa TOTyeThCS 10 Tepe3amycky: y Oepesni 2026 p.
CTBOPEHO po0OoYy Tpymy 3 MIATOTOBKA JO BIJHOBJICHHS (YHKIIIOHYBaHHS
aeporIopTiB, a JepkKaBHI aeponopTH «JIbBiBY» 1 «bopucTiiby MalOTh OyTH TOTOBUMHU
BIJIKPUTHUCS HACTYITHOTO 3K JTHS TICJS TOTO, SIK 11€ JJO3BOJIUTH O€3TMEKOBA CUTYaIlis
[8]. Tomy mnst BiTunsHssHUX aeporopTiB LI it oOMin nanumu y popmari A-CDM e,
HAa Hamly JyMKy, He 3aco00M HapoIlyBaHHS MPOMYCKHOI  3JaTHOCTI
nepeBaHTaXeHUX XaliB, a IHCTPYMEHTOM IIBUAKOTO i O€3MeYHOro nepe3amnycky:
MPOTHO3YBaHHS MOTOKIB 1 peCypCiB 3a MOETAITHOTO BIIKPUTTS, IJIAHYBAHHS CTOSTHOK

1 HA3€MHOT0 0OCTYTrOBYBaHHS Ha MOYaTKOBOMY eTari, 3axucT [ T-cuctem KpuTHIHOT
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iHpacTpykTypu. L1 HanmpsMu JOIIIBHO 3aKJIaJaTH B MPOEKTH BIJIHOBJICHHS BKE
3dpa3, IIOKHU aCpOIIOPTHU HEC ITPALIOI0Th.
BucHoBOK
OTxe, LI B aepomopTax 1 aBia JIOTICTUIIl IEPEXOAUTD BiJ MUTOTHUX MPOEKTIB

710 TIPAKTHKH, ajieé HEPIBHOMIPHO: MOHA/ MOJIOBHHA aepornopTiB (53%) 3acTocoBye

1oro B 000poTi JTiTaka, a Maiike 1Bl TpeTrrM (64 %) — y kibepOesmeri [4]. BogHnouac

reneparuBHui 1, sxuit 79% aBiakommnaHiii Ha3WBAIOTh TOJIOBHUM 1HBECTHII HHAM

OpIOPUTETOM Ha HaWOmxui 12 MicdliB, MOKH IO € pajlle HaMipoM, HIXK

peanbHicTio [4]. s Ykpainu, Ha Hally TyMKY, HE MEHII BaXKJIMBOIO 3a TEXHOJIOTI]

€ TOTOBHICTh a€pPOTIOPTIB JI0 Mepe3aIycKy — iIHppacTpyKTypHa, Iu(poBa i KaJpoBa,

— sIKy CJIiJI 3aKJIaJiaTy B IJIAHKW BiTHOBJIEHHS BXK€ ChHOTO/IHI [8].
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Artificial intelligence (Al) can support disruption forecasting, resource
coordination, engine maintenance and engineering documentation. This paper
reviews these applications and proposes a staged implementation approach informed
by European regulation. The qualitative review uses institutional publications,
research and industry announcements available on 15 October 2026. It distinguishes
reported applications, research objectives and implementation recommendations; no
experimental results are claimed.

Airport operations require coordination between aircraft, ground handlers,
stands and departures. EUROCONTROL reports Al applications and turnaround-
time prediction tools [1]. These forecasts can inform resource allocation and identify
emerging delays. Evaluation should consider lead time, uncertainty and unnecessary
interventions: a forecast delivered after the relevant decision may have little
operational value.

EUROCONTROL identifies flight planning, traffic prediction and trajectory
optimisation among its Al activities [1]. The SESAR AWARE project, scheduled
for June 2024 to November 2026, is developing a controller assistant based on
artificial situational awareness [2]. This ongoing research illustrates human—Al
cooperation rather than generally deployed autonomous control. Tools must
communicate limitations and support situational awareness during abnormal
conditions.

Maintenance connects condition monitoring with troubleshooting and
planning. In April 2026, Airbus announced JetBlue’s agreement to deploy Skywise
Fleet Performance+, integrating monitoring, reliability assessment and predictive
analytics [3]. This adoption commitment does not establish independently measured
savings. Evaluation should address warning lead time, missed faults, false alerts and
aircraft availability. Recommendations must remain connected to approved
procedures and authorised personnel.

Rolls-Royce illustrates the longer evolution of engine services towards
predictive maintenance. Power-by-the-Hour, introduced in 1962 for the Viper
engine, offered engine and accessory replacement at a fixed cost per flying hour [9].
This was a service business model, rather than an Al technology. Its relevance is the

alignment of commercial incentives with engine reliability and availability. The
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subsequent Intelligent Engine vision, launched in February 2018, explicitly
connected product engineering and services with advanced analytics, industrial Al
and machine learning [10]. These milestones should not be interpreted as a single
starting date for predictive maintenance.

A recent development concerns the integration of operational and maintenance
information. In 2025, Rolls-Royce described an interface between Trax eMRO and
its Blue Data Thread platform for the Trent 1000, Trent 7000 and Trent XWB
families [11]. The interface connects engine configuration and maintenance
information, supporting predictive maintenance and digital twin capabilities. The
announcement illustrates the importance of data integration; it does not
independently demonstrate a quantified reduction in failures or shop visits. For
engine operators, the implementation question is how condition information
becomes a timely, justified maintenance action within approved procedures.

Generative Al for engineering documentation

Predictive models analyse operational behaviour, while generative assistants
can help engineers navigate technical requirements and prepare documentation.
Boeing researchers describe CertifAler, an LLM-based assistant for commercial-
airplane certification work [12]. Intended functions include answering questions
about requirements, providing source links, generating compliance-report templates
and reviewing draft documents. The paper emphasises an Authoritative Source of
Truth, access-controlled information and continuing maintenance of the tool. It also
identifies legacy databases, restricted data access and computing resources as
implementation challenges.

CertifAler provides a useful example of assistance with certification activities,
which must be distinguished from certification or approval of an Al system itself.
The paper reports no quantitative benchmark of answer accuracy or time savings,
and discusses retrieval-augmented generation as forward work [12]. Its contribution
here is therefore a documented development approach. For a comparable assistant
in maintenance engineering, the relevant document revision, source passage and
applicability to the engine configuration should accompany an answer. This
proposed extension requires domain-specific validation; it is not an established
CertifAler maintenance capability.

The European regulatory context

The EU Al Act and aviation safety regulation must be considered together. The
Al Act’s Article 2(2) establishes a special scope for high-risk Al systems related to
products covered by Annex I, Section B. Article 108 amends Regulation (EU)
2018/1139 so that specified aviation implementing and delegated acts concerning
Al safety components take account of the requirements in Chapter 11, Section 2 [4].
Consequently, the full horizontal high-risk regime should not automatically be
applied to every aviation safety application. Equally, an airline’s administrative,
recruitment or passenger-service tool is not placed on the same regulatory pathway
merely because its user operates in aviation. Classification must follow the intended
purpose, system role and applicable legal provisions.
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Implementation dates also require care. Following the 2026 Al Omnibus
amendments, the Commission’s timeline gives 2 December 2027 for Annex III high-
risk rules and 2 August 2028 for high-risk Al embedded in regulated products
covered by Annex I [5]. These milestones do not replace existing aviation approval
obligations or resolve the sector-specific scope described above. Article 50
transparency provisions generally began applying on 2 August 2026, with a specific
transition for certain pre-existing synthetic-content systems [5]. A passenger-facing
chatbot should therefore be assessed separately from a safety-related operational
assistant, including the applicable transparency requirements [6].

EASA’s Proposed Issue 03 of its Al Concept Paper, published in June 2026,
extends the framework towards additional techniques and advanced automation [7].
It is proposed guidance supporting regulatory development, not a binding standard
or a guarantee of approval. Its development indicates the need to address Al
assurance, human-centred design and safety risk mitigation together. Research on
certifiable aviation Al likewise argues that performance metrics alone are
insufficient to establish suitability, explainability and robustness [8]. Thus, a
successful demonstration is only one part of the evidence needed for operational
acceptance.

A staged implementation approach

Based on this review, a four-stage approach is proposed. First, define the
operational decision, intended users, operating conditions and consequences of
erroneous output. Determine the regulatory pathway before selecting a model or
supplier. Distinguish an advisory function from a function authorised to initiate
operational actions; retaining a human in the workflow does not by itself establish
adequate risk control.

Second, establish a documented data and evaluation baseline. Identify data
provenance, missing observations, representativeness and access restrictions.
Compare the proposed tool with existing practice using relevant operational
scenarios, including disruptions. Define acceptance thresholds for both model
behaviour and the resulting workflow. For generative assistants retrieving technical
information, an additional design measure is to display the approved source and
revision so that users can verify the answer; fluent wording should never substitute
for source validity.

Third, conduct controlled evaluation with representative users before
expanding  operational authority. = Shadow-mode trials can compare
recommendations with actual decisions without directly changing operations, where
appropriate and permitted. Assess workload, misleading confidence, alert handling
and the ability to recover when support is unavailable. Fourth, introduce monitored
deployment with assigned ownership, recorded model and data versions, change
control and a tested fallback procedure. Reassessment should follow material
changes in the model, data or operating environment. These stages are
recommendations from the present synthesis, not a substitute for an applicable
certification or approval process.
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Conclusions
Al can support aviation operations through better forecasts, engine-condition
information and access to engineering knowledge. The examples show
complementary roles for predictive analytics and generative assistance, each
requiring appropriate evaluation. Engine-service experience also underlines the
importance of connecting data with maintenance workflows and commercial
responsibilities. Deployment should link operational value to verifiable evidence,
clear accountability and the correct regulatory pathway. Bounded decision-support
applications with measurable acceptance criteria offer a practical starting point for
building implementation capability.
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MOJEPHI3ALISA CUCTEMUA ABTOMATUYHOI'O PETI'YJIFOBAHHS
YACTOTHU 3MIHHOTI'O CTPYMY AEPOAPOMHOTI'O I KEPEJIA
’KUBJIEHHS AIIA-5]1 HIIJIIXOM IHTET'PAIIII CYYACHUX
3ACOBIB BE3IIEPEPBHOI'O MOHITOPHUHIY
Kywia 1.C, cnyxau,
bycunxo O.A, cmapwuii suxiaoay,
Xapxiscokuti HayionanvHutl yHisepcumem [losimpsanux Cun
imeni lsana Kooiwceoyba, Xapxis

KimouoBi cnoBa: AIIA-5]1, reneparop I['T40I1Y6, nmiarHOCTyBaHHS, 4YacToTa
3MIHHOT'O CTPyMY, TaXOTr€HepaTop.

Y mpencrtaBiieHiii  poOOTI  PO3IUISNAETHCS  MUTAHHS  I1JBUILCHHS
eKCIUTyaTallitHOT HaJIMHOCTI aepoipoMHO-TiepecyBHOrO arperaty AITA-5]] uepes
ONTHUMI3alil0 CUCTEMHU J1arHOCTYBAHHS MapaMeTpiB YaCTOTH 3MIHHOIO CTPyMY
reHeparopa ['T40IT46. OOrpyHTOBaHO BIPOBAJKEHHS TaXOTreHEpaTopa Ta
NPEeU3IMHUX BUMIPIOBAIBHUX MPUCTPOIB Il 3a0€3MEYeHHS] BUCOKOTOYHOTO
KOHTPOJIIO YacCTOTHUX XapaKTePUCTUK. 3alpONOHOBAaHE TEXHIYHE PpIILIEHHS
MIHIMI3y€ UMOBIPHICTh BUHUKHEHHS BIIMOB Y MPOIIECI HA3EMHOTO 00CTYyTrOBYBaHHS
aBlalliifHOT TEXHIKH, CIIPUSE TMTOJOBKEHHIO MI)KPEMOHTHOT'O PECYPCY T€HEPaTOPHO1
YCTAaHOBKMA Ta TMIABUIIYE 3arajbHy €KOHOMIYHY e(EeKTHUBHICTh EeKCIUTyaTallli
CHELTPAHCIIOPTY.

CucremaTHyHE BJIOCKOHAJIEHHS IMPOLIECIB NMPOEKTYBAHHS, BUPOOHULITBA Ta
eKCIUTyaTallli aepoJAPOMHUX eJeKTpoarperariB BUCTyNae (yHIaMEHTaIbHUM
YHHHUKOM 3a0e3nedeHHs ix (yHkiioHaneHoi HaxidHocti [1]. TlepepuBanHs
€HEPronoCcTavyaHHs MiJl Yyac nepe]] NoJIbOTHOrO 0OCIYroByBaHHS MOBITPSHUX CYJEH
YHACHIIIOK AecTaOuti3allii poOOTH CHCTEMH aBTOMAaTUYHOIO PETYIIOBAHHS YaCTOTU
€ KPUTUIHO HETPUITYCTUMUM SIBHUILIEM.

Amnani3 ekcrutyatanii AITA-5]1 y peanbHMX yMOBaX BUKOHAHHS ONEpaLliiHUX
3aBJaHb MIATBEPKYE, 10 AaMIUIITyJHO-YaCTOTHI KOJUBAHHS 3yMOBJIEHI SIK
€K30T€HHUMHU YNHHUKAaMU (Ie(eKTH MAIMBHOI anapaTypu, HEBIAMOBIAHICTH (h13UKO-
XIMIYHHX BJIACTUBOCTEH MajuBa, TEMIIEPATypPHHUMA PEKUM MIPUBOIHOTO TU3€EIs), TaK
1 EHJOTeHHWMHU JeTepMiHAHTaAMH, 30KpeMa HEKOPEKTHUM (DYHKITIOHYBaHHIM
KOMITOHEHTIB aBTOMaTuku — OJoKy cradum3zaiii gactotu (BCY) ta BUKOHABUMX
mexani3miB tury PK-2/1 [1;4].

O0’€KTOM TaHOTO JIOCIHIPKEHHS BUCTYIIA€ aepOJAPOMHO-TIEPECYBHUN arperar
AITA-5]1 y noegHaHH1 3 miicKCTeMaMH A1arHOCTYBaHHS YaCTOTHHUX IapaMeTpiB
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rerepaTopa 3miHHoro ctpymy I'T40ITU6 [2;3]. MeTa poboTH moJIsIrae y mpoBeACHHI

pO3paxyHKOBOI'O  aHaJi3y TIEHEpPaTOPHOI  YCTAHOBKH, PE3yJbTaTH  SKOTO

IHTETPYIOTbCSI B YJOCKOHAJICHY apXITEKTypy CHUCTEMH KOHTPOJIO YaCTOTHUX

MTOKA3HHKIB.

MopepHizalisi KOHTYpY KOHTPOJIIO YacTOTH 3MIHHOTO CTpyMy mepeadayae
IHCTAJALIII0O TaXxOoreHepaTopa Ta CHEIIali30BaHOl KOHTPOJIbHO-BUMIPIOBAIBHOT
amapaTypu, 1o 3abe3nedye Bepudikaiiro Ta (iKcaiilo 4acTOTH BIAMOBIIHO 0
BCTAHOBJICHUX TEXHIYHHUX perjamMeHTiB. Po3pobieHa cucrema € iHHOBAIIHHOO st
JTAHOTO THUITY arperaris, a 1i BIPOBAHKCHHS € JOUUILHUAM 3 OTJISAY Ha MOKPAIECHHS
TaKTHUKO-TEXHIYHUX XapaKTepUCTUK oOOJagHaHHSA. Y MPaKTUYHIA IUJIOIIMHI
3alpOMOHOBAHE  PIMICHHS  XapaKTEePU3YEThCS  HU3BKOI  TPYJIOMICTKICTIO
00CIyroByBaHHs Ta HE MOTPEOY€E JOIATKOBUX PETJIAMEHTHUX POOIT, OPIEHTYIOUHCH
Ha BCTaHOBJICHI Tpadiku cepBicy 0a30BOro MPUBOIHOTO JIBUTYHA, SIKUM BUKOHYE
POJIb CUJIOBOTO MPUBO/IA EIEKTPOArpEraTy.

IMmiemenTarlisi HOBITHBOI CHCTEMHU JIarHOCTYBAaHHSA YAaCTOTHHX IapaMeTpiB
JI03BOJISIE TIPOJIOHTYBAaTH TEPMIH €KCIUTyaTalli K F€HEepaTOPHOi YCTaHOBKH, TaK 1
BY3JIIB TpaHCMICIi Iaci, M0 3yMOBJIIOE BHILY €KOHOMIYHY pPEHTA0EIbHICTh
MOPIBHSHO 3 ICHYIOUMMH aHaJIOraMu

BucHoBok

[IpoBeneHuii aHasi3 Mmokasas, IO MIJABUIICHHS €KCIUTyaTaliifHOT HaA1iHOCTI
aepopomMHo-niepecyBHoro arperaty AIIA-5]1 Oe3nocepeaHh0 TMOB’si3aHE 3
YJIOCKOHAJIGHHSIM CHCTEMH KOHTPOJIO YacTOTH 3MIHHOTO CTPyMy TeHeparopa
['T40ITY6. 3ampornoHOBaHE 3aCTOCYBaHHS TaxOTr€HEparopa Ta BHCOKOTOYHHUX
KOHTPOJIbHO-BUMIPIOBAJILHUX — TpWJIaAiB  3a0e3redye MiABUIICHHS TOYHOCTI
KOHTPOJII0O YACTOTHHUX TMapaMeTpiB 1 JO3BOJIIE CBOEYACHO BUSBIISATH BIIXHUJICHHS B
poOOTI TreHepaTOpHOI YCTAaHOBKH Ta CHUCTEMH AaBTOMATHYHOTO PETYJIOBAaHHS
yacToTu. Peanizaiiisi 3anponoHOBaHOTO TEXHIYHOTO PIIICHHS CIPUSE 3MEHIICHHIO
HMOBIPHOCTI BIJIMOB IIiJT YaCc HA3eMHOr0 OOCIyrOBYBaHHs aBiallliHOI TEXHIKH,
MMABHUINEHHIO HAJAIMHOCTI Ta JOBIOBIYHOCTI OOJaJHAHHS, a TaKOXX 3HIKCHHIO
eKCIUTyaTaiiHuX BUTpAT. TakKuM 4UHOM, YIOCKOHAJICHHS CUCTEMU JIIarHOCTYBAaHHS
yacToTHUX mapameTpiB AIIA-5]] € mouiIbHUM HanpsMOM MIABUIIEHHS HOTO
eKCIUTyaTaliiiHoi €(QEeKTUBHOCTI Ta TOTOBHOCTI JO BHUKOHAaHHS 3aBlaHb 3a
TIPU3HAYCHHSIM.
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The widespread adoption of ESG (Environmental, Social, and Governance)
principles is transforming approaches to evaluating the performance of transport
organizations. Alongside the environmental impacts of transportation, increasing
attention is being paid to social impacts related to safety, accessibility of transport
services, quality of employment, and respect for stakeholders' rights. Unlike
traditional operational performance indicators, the social dimension of ESG (the S
component) reflects the impact of transport activities on employees, passengers, and
local communities [1, 2].

The aim of this study is to systematize the main areas of social responsibility
in the transport sector and to substantiate a set of indicators for integrating the social
component of ESG into the management processes of transport organizations. The
methodological framework is based on a comparative analysis of publicly available
materials published by the European Commission and the International Association
of Public Transport (UITP), as well as a synthesis of approaches to assessing social
performance.

A distinctive feature of the transport sector is that it simultaneously generates
internal and external social impacts. The internal dimension encompasses safe
working conditions, personnel training, non-discrimination, and social dialogue. The
external dimension includes the physical and financial accessibility of mobility, road
safety, service quality, and the impact of transport infrastructure on local
communities. The fairness of the transport transition is also becoming increasingly
important: decarbonization measures should not undermine access to essential
services for vulnerable population groups [1].

According to the Ministry of Internal Affairs of Ukraine, 25,781 road traffic
accidents involving casualties were recorded in Ukraine in 2024, resulting in 3,202
fatalities and 32,023 injuries. Compared with 2023, the number of fatalities

increased by approximately 4.9%, while the number of road traffic accidents
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involving casualties rose by 9%. This trend highlights the need to strengthen the
social component of ESG in the transport sector, particularly by improving road
safety, preventing transport-related risks, and protecting the lives and health of road
users. Therefore, the social performance of transport activities should be assessed
not only in terms of the volume of services provided but also through transport safety
indicators and the minimization of adverse social impacts [3].

Another aspect of the social component of ESG is related to employment and
human capital development. According to a study conducted by the Ministry for
Development of Communities and Territories of Ukraine in cooperation with the
World Bank, approximately one-third of employers in the transport sector
experienced difficulties in recruiting personnel during 2024-2025, while drivers
accounted for almost half of all vacancies. The shortage of qualified personnel,
exacerbated by the consequences of the war, migration, and military mobilization,
creates a need to develop vocational retraining programmes, ensure appropriate
working conditions, and attract new categories of employees. These factors directly
affect the operational stability of transport enterprises, as well as the reliability and
quality of transport services [4].

In addition to ensuring appropriate working conditions and developing human
resource capacity, meeting the needs of transport service users is an important area
of social responsibility for transport enterprises. In this context, the issue of transport
poverty is of particular importance (Table 1). A European Commission study
examines transport poverty in terms of four key dimensions: the availability of
transport services, physical accessibility, affordability, and adequacy in meeting

users' needs [1].
Table 1. Proposed System of Indicators for Assessing the Social Component of ESG in
Transport Organizations

Social (S) Examples of KPIs Data Sources
Dimension
Safety Number of road traffic accidents per 1 | Incident records; occupational
million km; occupational injury frequency | health and safety reports
rate
Accessibility | Share of accessible vehicles, %; share of | Vehicle registers; route
routes with barrier-free access, % accessibility audits
Service Number of complaints per 10,000 trips; | Customer Relationship
Quality percentage of services operating on | Management (CRM) systems;
schedule, % dispatch reports
Labor Employee turnover rate, %; training hours | HR statistics; training records
Relations per employee
Social Proportion of users with reduced mobility | Accessibility assessments; user
Inclusion served; survey results surveys

Note. The KPIs are proposed by the author as examples of performance indicators; the
characteristics presented do not represent actual measurements of the performance of any specific
transport operator.

The proposed indicators should be applied in conjunction with the
establishment of baseline values, target values, designated responsible personnel,
and monitoring frequency. Safety indicators should be normalized according to
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transport activity or risk exposure, while accessibility indicators should be

differentiated by geographical areas and user groups. This approach reduces the risk

of merely formal ESG reporting without evidence of actual social performance
outcomes.

The integration of the social component of ESG into the management system
of a transport operator involves four consecutive stages: identification of
stakeholders and social risks; identification of material social aspects and relevant
KPIs; establishment of goals, measures, and responsibilities; and monitoring, data
verification, and implementation of corrective actions.

Conclusions

Thus, the social dimension of ESG in transportation should be considered as a
set of measurable characteristics related to safety, accessibility, service quality, and
responsible labor practices. The practical significance of the proposed approach lies
in its potential to integrate social objectives into existing risk management, internal
auditing, and performance evaluation procedures. Further research should focus on
determining the relative weights of the proposed indicators, taking into account
different modes of transport and stakeholder characteristics.
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1HTerpalis.

CyyacHuil eram pPO3BUTKY TJI00ANBbHOI E€KOHOMIKM CYNPOBOKYETHCS
rMO0KOI0 UGPPOBOIO TpaHCPOPMAIIIEIO JIOTICTUYHUX 1 TPAHCHOPTHUX CHUCTEM Ta
TEXHOJIOT1. B1AHOBIIEHHSI TPAHCHMOPTHOI Tally31 YKpaiHU NOTPeOy€e y3roJKEHHs
1H(PACTPYKTYPHUX 1HBECTULIIN 13 MABUIIEHHSAM SIKOCTI €KCIUTyaTalliHUX PIIIEHb.
3a ominkoro RDNAS, notpebu y BiIHOBJIEHHI TPAHCIIOPTHOTO CEKTOPY CTAaHOM Ha
31 rpyaua 2025 p. nepeBumyBasi 96 mupa gois. CIIA [1]. B ymoBax cydacHux
rI100aIbHUX BUKJIMKIB 1 HAasIBHOI HEBHU3HAYEHOCTI, OCOOJIMBO Ha TJII HEOOXIITHOCTI
MMOBOEHHOT'O BIJIHOBJIGHHS TPAHCIOPTHOI Taiy3i YKpaiHW, TEXHOJOTis IU(PPOBHUX
neiiiankiB (Digital Twins) mocrae sk peanbHUN 1 TOTYXKHUW CTpaTeriuHUN
IHCTPYMEHT JiJ1s1 onrTuMi3aliii nporieci. [{udpoBuii ABIHHUK — 11€ BipTyaabHa KOs
d13uaHOTO 00'€KTa, TIpoliecy abo cucTeMu, 10 (PYHKIIOHYE B PEKUMI PEeabHOTO
Yyacy Ta JI03BOJISIE MOJEIIOBATH, aHANI3yBaTH W NMPOTHO3YBaTH CTaH PEAIbHOTO
aKTHUBY, YINEpPEKYIOUM HOro mepexii y KpUTUYHUM cTaH. B aBianiiHomy
TPAHCHOPTI LSl TEXHOJIOT1SI OXOIUTIOE SIK JKUTTEBUM LMK MOBITPSHUX CYJIEH, TakK 1
(GyHKLIOHYBaHHS aeponopToBoi 1HGpacTpykTypu. LludpoBi ABIMHUKH MOXKYTb
NIATPUMYBATH OOIPYHTYBaHHS MPOMYCKHOI CHOPOMOXKHOCTI, HaJIAHOCTI Ta
B3a€MO/IIi BIAHOBIIIOBAaHUX 00’€kTiB. OJOHAK iXHS KOPHUCHICTh 1 €(PEKTUBHICTbH
3aJIeKaTh  BIJ  BIAMOBIAHOCTI  PO3POOJEHUX MOJACIEH pealbHOMY CTaHy
1H(}pacTpyKTypH Ta yMOBaM i1 BUKOPUCTAHHSI.

MeTta naHOTO JOCHIIKEHHS 1 JOTMOBIAI — BU3HAYUTHU OCHOBHI MPOOJIEeMHI
O0OMEKEHHS Y 3aCTOCYBaHHI MU(POBUX JIBIMHUKIB y TPAHCIIOPTHIN Taimy31 YKpaiHu
Ta 3alpONOHYBaTH METOAOJOTIYHMN MiAXiA A0 I1X IOETalHOTO IOJ0JAaHHS.
OCHOBOIO TaKOrO MiIXOIYy € CHUCTEMHHUUN aHalli3 B3a€MO3B’SI3KIB MK JaHUMH,
MOJICIISIMH, YTIPABIIHCHKUMU PIIIEHHSMH Ta OpraHizalli€eio excruryaraiii. OcobamBy
yBary NOpUIUIEHO aepomopraM  SK  CKJIAQJHUM  TPAHCHOPTHUM  BY3JIaM.
3anpoONOHOBAHMIA MiAXiA Mae KOHIENTYabHO-METOI0JIOTIUHMI XapakTep. Koro
pe3yIBTATUBHICTH MOTPEOYE MOJANBIIOI IEPEBIPKA HA KOHKPETHUX 00’ €KTaXx.
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HudpoBuii BIMHUK PO3TISTAETHCS aBTOPAMHU AK po3pobiieHe Ta
aKTyaai30BaHEe Ha OCHOBI CIIOCTEPEKEHb ITUGPOBE MPEICTABICHHS KOHKPETHOTO
00’exTa a0o0 mporiecy, MpU3HAYEHE AJS OLIIHIOBAHHS HOTO CTaHy, MPOTHO3YBAaHHS
MOBENIHKM Ta 3a0e3MeueHHs] YXBAJICHHS ONTUMAlbHUX pilieHb. HasBHICTDH
TPUBUMIPHOT MOJIEJI cama 1o co0i He 3a0e3neuye ux GyHKIin. i1 TpaHcnopTHOT
CUCTEMH BHU3HAYAJIbHUMU € BIATBOPEHHS TEXHOJOTIYHMX  3aJIEKHOCTEH,
y3TO/KEHICTh YaCOBUX XapaKTEPUCTUK JAaHUX 1 MOXKIIUBICTH MEPEBIPUTH MPOTHO3.
[TpakTHuHy peani30BaHICTh IHTETpaiii pi3HOPiAHOI iHGOpMAIli IS HA3EeMHOTO
0OCIIyroByBaHHS MOBITPSHUX CYyJIEH MOKa3aHO, 30KpeMa, Ha MPHUKJIa/l aepornopTy
AGepauna (Anrmisi) [2]. IlepeHeceHHs Takoro JocCBiAy B YKpaiHy HoTpeOye
ajanTalii 10 MiciieBoi iHQpacTpyKTypHu Ta poOOUMX PEKUMIB.

He3Bakaroun Ha 3HAUHUN MOTEHI[IAN, BIPOBAIKEHHS LIMPPOBUX ABIMHUKIB Yy
BITYM3HSIHY TPAHCIIOPTHY, 30KpeMa i aBialliiiHy, rajy3b CTHKA€TbCS 3 HU3KOIO
¢yHnameHTasbHUX TpobseM. Tak, mepury Tpymy MpoOJieM CTaHOBJIATH
dbparMeHTOBaHICTh 1HGPACTPYKTYPH NAaHUX 1 BIJICYTHICTh €IMHUX CTAaHIAPTIB.
BiTuM3HSAHI TPaHCTIOPTHI MIANPUEMCTBA Ta a€PONIOPTH ICTOPUYHO BUKOPUCTOBYIOTh
po3pizHeHi [T-cucrteMu, MO YCKIAIHIOE CEMaHTHYHY iHTerpamnito nanux (Data
Interoperability) y enune cepenosuiie nudpoBoro napiiiHuka. ns 00’€KTiB, 11O
EKCILTYyaTyIOThCSl TPUBAJIUM 4Yac, MPOEKTHA JOKYMEHTAlllsl MOXE HE BIOOpa)kaTh
(aKTUYHUX 3MIH, a BI/IOMOCTI PO TEXHIYHUUN CTaH, PEMOHTU I HABAaHTA)KCHHS —
30epiratucsi B pi3HUX cucTeMax. PimieHHsIM mMae OyTH MOYATKOBUHM ayJuT JaHUX,
KU BKIIOYA€ BU3HAYEHHS KPUTUYHUX TMApaMeTpiB, TMEPEeBIPKy IXHBHOTO
MOXO/PKCHHSI, BCTAHOBJICHHS €IMHUX 1JIEHTU(]IKAaTOpiB 00’ €KTIB 1 MPaBUI YaCOBOI
npuB’sa3ku. J[ogaTKOBI JAaTYMKH JOIIJILHO BCTAHOBIIIOBATH TaM, JE BIJCYTHICTh
BUMIPIOBaHb ICTOTHO BIUIMBA€E HA KOHKPETHE pillieHHs. BiAHOBIIEHI pO3paxyHKOBUM
[IUIIXOM 3HAY€HHS HEOOX1HO BIJIOKPEMIIIOBATH BiJl BUMIPSHUX 1 CyNIPOBOIKYBATH
OLIIHKOIO HEBU3HAYEHOCTI.

Ipyra rpyma mpoOjeM mMOB’si3aHa 3 OpraHizaimiiiHol Ta 1H(opMaIiiHOIO
pPO3’€IHAHICTIO YYacCHUKIB [E€pEBE3€Hb. AepomopT, MEpPEBI3HUK, OINepaTop
HA3eMHOr0 OOCIIyTrOBYBAaHHSI Ta JIOTICTUYHE MIANPUEMCTBO MOXKYTh MO-PI3HOMY
BU3HAYATH HAaBITh OAHAKOBI MOAli. TOMy TEXHIYHOro 3 €JHAHHS IXHIX CHUCTEM
HenocTaTHbO. [IpononyeThesi GopmyBaTH 00’€HAaHHS (acollialliio) JOKaJIbHUX
nM(POBUX ABIMHUKIB, Y SIKIM KOKHUIA YYaCHUK MIATPUMYE BIACHI AaHl 1 Mozel, a
OOMIH 3/IIICHIOETHCS 3a TTOTOKEHUMH ONKcaMu 00’ €KTiB, TOA1H Ta iHTepdelicamu.
CrilbHUMH MaloTh OyTH 3HAYCHHS TIOKA3HUKIB, OAMHUIII BUMIPIOBAHHS, MMPaBUJIa
OHOBJICHHS Ta BIIMOBIJANBHICT 3a sKicTh iH(opMarttii. I{e mo3Bossge moCcTymmoBo
pO3BUBATH CHCTEMY Ta OOMEXHUTH Tepenady KOH(IASHIIHHUX BIJOMOCTEH.
Heo0ximHo 3acTOCOBYBaTH €BONIOIIAHUN MiXiJ A0 PO3ropTaHHsS. 3aMiCTh Crpod
OJTHOYACHOTO CTBOPEHHS U(POBOro ABIHIKA BCHOTO a€pOIIOPTOBOTO KOMILIEKCY,
JOLTBHO BUKOPUCTOBYBATH METOJ MOCTYIIOBOTO HAPOILYBaHHS (PYHKIIIOHATY

Tperst rpyna mpobGieM — BTpaTa JOCTOBIPHOCTI MO B YMOBax 3MIHU
MapuIpyTiB, HABAHTAXXEHb, CKJIAy OOJIaIHAHHS Ta JOCTYIHOCTI 1H()PACTPYKTypH.
Mopenb, HalamToBaHa sl YCTAJCHOTO PEXHUMY, HE 000B’S3KOBO MpHUAATHA IS

MOPYILIEHOTO0 TPAHCHOPTHOTO Croy4deHHs. [loTpiOHI TOBTOpHE OILIIHIOBaHHS
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napaMeTpiB 1 KOHTPOJIb PO30DKHOCTEH Mk MPOTHO30M 1 CIIOCTEpEKCHHAMU. [
G13ugHUX 00’€KTIB JIOLJIbHE TMOEJHAHHS MEXaHICTUYHUX MOJENICH 13 MEeToJaMu
oOpoOneHHsT JaHWX, IS ONEpPAIliMHUX TPOILECiB — JUCKPETHO-TIOJIEBE
MOJICTIIOBAHHSI 3 aKTyalli3alli€l0 TPUBAJOCTI Omepaliii 1 pecypCHUX OOMEKEHb.
[Tpununu Bepudikarii, Bamigamii Ta KiUTBKICHOTO OIIIHIOBAaHHS HEBHU3HAYCHOCTI
MAalOTh CYNPOBO/I)KYBAaTH BBECH KUTTEBHUM LUKJI IIUPPOBOTO ABiitHMKA [3].

JUis TpakTUYHOTO BHKOPUCTAHHS MPOMOHYETHhCS 3aCTOCYBaHHS MacmopTa
IpUIATHOCTI HKU(POBOrO JBIMHUKA 10 BU3HAYEHOTO KJacy pimeHb. BiH moBuHeH
MICTUTH TEpPENiK MEePEBIPEHUX PEXHUMIB, JOMYCTUMI MOXMOKH, TPAHMYHUN BIK
JTAaHUX, TOPU30HT MPOTHO3YBAHHSI, BEPCiI0 MOJIEII1 Ta MOPSAOK /i y pa3i BUXOAY 32
BCTaHOBJICHI Mex1. Hampukian, nmpuaaTHICTh MOJENI JJis TJIaHyBaHHS JI000BOTO
3aBaHTaKCHHS TepMiHaJa HE 03HAYAE ii MPUIATHOCTI JIJIsl ONIEPATUBHOTO KEPYBaHHS
pyxXoM TexHIKM. JlOMycK A0 aBTOMAaTHM30BAaHOTO BIUIMBY CJIiJ] MOB’SI3yBaTH 3
KPUTUYHICTIO HACIIJKIB TIOMHJIKM Ta pe3yJbTaTaMu BUIPOOYBaHb, a HE JIUIIE 3
TOYHICTIO IPOTHO3Y B CEPEIHBOMY.

YerBepra rpymna npoOsieM OXOIUTIoE Kibep3axucT 1 0e3MmepepBHICTh pOOOTH.
ABialiiiHa rajry3b HaJIeKUTh JO0 KPUTUYHOI 1H(pacTpyKTypH. [HTEerparis (i3suuHnx
CUCTEM 13 BIPTyaJIbHUMH CEPEJOBHUIIAMH 0araTopa3oBO 301IbIIY€E TOBEPXHIO aTak
JUIsl TIOTEHUIMHUX K10ep3arpo3, M0 BUMara€e BIPOBAIKEHHSA KOHLEILII HYJIbOBOI
noBipu (Zero Trust). JletamizoBaHuii NBIMHUK TPAHCIOPTHOTO BY3Jla aKyMYJIIO€
BIJIOMOCT1, BUKOPUCTaHHS SIKMX MOTpeOye pO3MEXyBaHHS AOCTyny. BaximBicTh
3aXUCTy JaHUX, MOJIENEH 1 KaHaIIB B3a€MOJII MIJKPECTIOETCA B PEKOMEHIAIISAX
NIST [4]. Jnst ykpalHCBKHMX yMOB IPOIOHYEThCS PO3MOAiIcHa apXiTeKTypa 3
JIOKaJTbHUM BHKOHAHHSM KPUTHYHUX (YHKIIH, pe3epBHUM 30epiraHHsIM 1
KOHTPOJILOBAHUM BIJIHOBJICHHSIM CHHXpOHI3aIlii. ¥ pa3i BTpaTu 3B 43Ky CHUCTEMa
MOBMHHA TIO3HAYATH 3acTapiil JaHi, OOMEXyBaTu JOBIpY [0 TMPOTHO3Y Ta
NEPEeXOUTH JI0 Hamepel BHU3HAYEHUX Npoueayp. 30epeXeHHS JOCTYMHOCTI
iHTepdeicy He MOXKHAa OTOTOXKHIOBAaTH 31 30€pekEHHSM JOCTOBIPHOCTI HOTO
pEKOMEeH Al H.

Jnst YkpaiHu BaKJIMBUM € BUPIIICHHS I1’SITOI TPYNH MpoOJieM, MOB’A3aHOi 3
nediuTom GpiHaHCOBUX PECYPCIB 1 KAIPOBUM T0J1010M. PO3ropTaHHs MOBHOIIHHUX
uM(ppoBUX IBIMHKMKIB BUMAarae MacitTaOHux iHBecTUlld B loT-ceHcopuky, XMapHi
oOuucieHHss Ta cucreMu oOpoOku Benukux naHux (Big Data). Hapasi Takox
CIIOCTEPIra€eThCs TOCTpa HecTaya MibKIucHuIuIiHapaux (axisiib (Data Scientists y
rayry3i aBiamiiHo 1HXeHePiT), 3aTHUX PO3POOIISITH Ta €KCIUTyaTyBaTH MPEIUKTUBHI
MOJIC/II MAIIMHHOTO HaBYaHHS I MUGPOBUX JBIHHUKIB. EKOHOMIYHI 1 KaJIpoBi
OOMEXEHHS JIOIIJILHO JOJaTH Yepe3 MUIOTHI BIPOBA/KEHHS 3 BU3HAYCHUM
BJIACHUKOM TIPOIIECY Ta MiJITOTOBKOIO CHUTHHUX 1HXEHEPHO-aHATITUIHUX KOMAaH]I.
[TouaTkoBUM 00’€KTOM MOXKE OyTH CHUCTEMa €Heprosade3ledyeHHs aeponopry ado
BaHTOKHUU TepMiHal. BuUTpatn MarOTh OXOIUTIOBATH BHMIPIOBAHHSI, 1HTETpPAIlio,
MepeBIpKy MOJIEIeH, 3aXUCT 1 CyNpoBill. Pe3ynbTaTUBHICTH CHIJ OIlIHIOBAaTH 3a
TPUBAJICTIO IPOCTOIB, TOYHICTIO MPOTHO3Y 3aBEPIIEHHS Olepaliid, BAKOPUCTAHHSIM
pecypciB 1 4acoM BiIHOBJICHHS TIpale3aaTHOCTI.
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HeobOxigHa po3poOka  HaIlOHAJIBHOI  CTpaTerii  iHTeponepadenbHOCTI
TPaHCIOPTHUX JaHUX, rapmonizoBaHoi 31 crangapramu [ATA Tta ICAO. lle
JI03BOJIUTh CTBOPHUTHU €IUHUN 1H(POPMAIINHUI MPOCTIp uisi OOMIHY JaHUMHU MIX
aepomopTamMH,  aBlaKOMIAHIIMH ~ Ta  TpoBaifiepaMd  aepOHABITALIHHOTO
oOciyroByBanHs. J[1s1 aepomopToBoi 1HPPACTPYKTYpH YKpaiHU MPOMOHYETHCS
PO3MEKYBaTH MIATPUMAHHS TEXHIYHOT TOTOBHOCTI HasIBHUX 00’€KTIB 1 MATOTOBKY
10 poboTH 3 MaWOyTHIMH TpaHCHOPTHUMH MoTokamu. CIeHapHI pO3paxyHKH
MalOyTHBOTO 3aBaHTAXEHHS CJIJ TPAaKTyBaTH K MEPEBIPKY pI3HUX BapiaHTIB
opranizaimii poOoTu. BoHM He MIATBEPIKYIOTH TMOTOYHOI EKCILTyaTaliiHol
edextuBHOCTI. Ilicims oTpuMaHHS aKTyaJlbHMX OIEpallifHUX JaHUX HEOoOXiIHI
MOBTOpHA 1AeHTU(IKAIIS MMapaMeTpiB Ta iX Baijaiis. Taka MOCIIIOBHICTh
JI03BOJISIE 3aCTOCOBYBATH MOJEJIIOBAHHSI HA €Talll BiJIHOBJICHHS, HE MiIMIHIOIOYU
pEe3yJbTaTu HATYPHOI NEPEBIPKU IPOTHO30M.

[IpakTryHa peanizaifisi 3aMpoONOHOBAHOTO TMIAXOMy TIepeadadae  Taky
MOCJIIIOBHICTD JIii: «BU3HAYCHHS PIIIICHHS — ayIUT IaHUX — MO0y 10Ba Ta epeBipKa
MOZieNll — po0OTa B JOpPaAuoOMy PEXHMI — OLIHIOBaHHA €(EKTy — pPO3IIUPEHHS
3acTocyBaHHs». [lepexiy MDK JaHMMHU €TalaMl Ma€ 3ajeXaTd BiJ BUKOHAHHS
KpUTEPIiB IPUITMaHHS.

BucHoBok

OCHOBHOIO YMOBOIO p€3YyJIbTATUBHOIO BUKOPUCTAHHS LIU(PPOBUX JIBIMHUKIB Y
TPAHCIOPTHIA Taly3l YKpaiHM € KepoBaHa BIAMOBIIHICTh MK SKICTIO JaHUX,
JIOCTOBIPHICTIO MOJEJNEeH Ta BIAMOBIJANBHICTIO YNPABIIHCHKOTO  PIIIEHHS.
3anponoHOBaHO TOEIHATH CTBOPEHHS Ta OPraHi3allilo BIIPOBAKEHHS IHU(PPOBHUX
JBIMHUKIB 13 MACMOPTOM IXHBOI MPUIATHOCTI Ta TMOETATHUM JOMYCKOM JI0
excrutyatarii. [loganpini JOCHITKEHHST MalOTh BCTAHOBUTHU KUIBKICHI KpUTEpil
TAKOro TEepPEeXOoay JUIsl OKPEMUX TPAHCIOPTHHX MPOIECIB 1 TMEPEBIPUTH iX Ha
MNIJTOTHUX 00’€kTax. TakuM 4YWHOM, BHUKOPHCTaHHS LMQPPOBUX JBIMHUKIB Y
TPaHCHOPTHIN Taly31 YKpaiHU € He MPOCTO CyYaCHUM TEXHOJOTIYHUM TPEHOM, a
HEOOXITHOI0 YMOBOIO BMKMBaHHS, PO3BUTKY Ta IHTErpallli BITYM3HSAHOI aBlamii y
rJ1I00aJIbHI JIOTICTUYHI JIaHLIOTU. BupillleHHs HasBHUX Tpyn MpoOJjeM BHUMarae
CUHEPTIii 3yCuib JepKaBU, HayKU Ta Ol3HECY, COpPSIMOBAHMUX, B MEpUIy Yepry, Ha
CTaHJApPTU3AIlII0 TPOTOKOMIB, 3a0e3MeyeHHsl KiOepCTIMKOCTI Ta MOJIEpPHI3allio
OCBITHIX MPOTpaM MIArOTOBKH (PaxiBI[iB HOBOTO MOKOJIIHHS.
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Aviation cargo terminals are among the most regulated environments in
logistics, where every operation is conducted in accordance with strict IATA rules
and standards. Despite the ongoing digitalization, a significant portion of operations
still relies on human workers. This results in human errors. Augmented reality
systems have the potential to eliminate these problems; however, their capabilities
in aviation logistics are, unfortunately, only partially realized.

Object of research: cargo handling processes at an aviation cargo terminal,
including dangerous goods, marking control, temperature-controlled storage,
loading and unloading operation. Subject of research: conceptual approaches to
expanding the functionality of augmented reality system in aviation cargo logistics.

The objective of the work is to develop conceptual approaches to expanding
the functionality of AR systems for aviation cargo terminals, going beyond existing
navigation and guidance solutions. Research methods: analysis of scientific
publications on AR in logistics and related fields, synthesis of the technological
capabilities of modern AR devices, and assessment of the practical feasibility of the
proposed concepts.

Concept 1. Intelligent AR Recognition of Dangerous Goods Markings (DG-
Scanner). According to applicable rules and regulations, all dangerous goods must
bear special hazard markings to ensure identification of the goods’ hazardous
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properties by personnel and aviation security services, indicating that the cargo
vehicle is carrying dangerous substances that may cause death, injury, or other
adverse consequences.

The proposed concept combines a computer vision neural network with a real-
time AR display. The AR glasses camera scans the shipment surface; the model
classifies the present hazard labels according to the IATA classification (classes 1—
9: explosives, gases, flammable liquids, toxic substances, etc.) and compares them
against the mandatory set required for the given cargo. When a missing or damaged
marking is detected, the AR interface highlights the problematic area in red directly
on the physical object. The advantage of this approach is that the operator does not
need to memorize the list of mandatory labels the system handles that. The expected
effect is a significant reduction in verification time and elimination of marking-
omission errors.

Concept 2. Thermal AR Map of the Warehouse for Temperature-Sensitive
Cargo (ThermoLayer). Temperature-controlled logistics involves the storage,
transportation, and distribution of temperature-sensitive cargo. It ensures that the
temperature throughout the supply chain remains consistent that is, controlled from
the moment of packaging through maintaining the cold chain, until the shipment
reaches its destination.

An aviation terminal handles shipments in the PER (perishables) and TCR
(temperature-controlled) categories, for which improper placement in the wrong
warehouse zone may result in spoilage or a violation of carriage requirements. To
prevent this, the concept proposes integrating data from warehouse 10T temperature
sensors with an AR display. The operator will see a heat layer overlaid on the real
space, where the current temperature of each zone is indicated by color. When
approaching an unsuitable zone with a temperature-sensitive shipment, the system
automatically sends a warning notification. This solution reduces the likelihood of
errors caused by inattentiveness during a busy shift or by the human factor.

Concept 3. Contactless Voice and Gesture Control of the AR Interface
(HandsFree Mode). Demand for online shopping and fast delivery is growing quite
rapidly. Staff shortages are slowing order processing, so logistics companies are
having to find ways to maintain productivity to avoid disappointing customers.

The standard operational cycle at a CARGO terminal involves constant manual
labour — specifically the handling of goods, securing packaging materials, and
operating a forklift. Interacting with an AR interface via touchscreens or a
smartphone is at odds with this reality. The proposed HandsFree mode combines
two methods of input: voice commands (for confirming procedure steps, issuing
prompts, and documenting damage) and hand gesture recognition (for confirming
navigation and viewing information cards). Both technologies are already present in
industrial AR devices (e.g., Microsoft HoloLens 2), but their comprehensive
adaptation to the specific requirements of aviation logistics, accounting for the noisy
terminal environment and operators’ gloves, is a separate research task.

Concept 4. AR Simulator for Training Aviation Terminal Operators (CargoSim

AR). Logistics operators’ performance efficiency is always an important component
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of the supply chain. The complex regulatory framework and large volume of

information complicate the onboarding of new operators.

The proposed CargoSim AR concept envisions a full digital copy of the
warehouse, in which a trainee performs real steps in a simulated environment:
accepting conditional shipments, identifying intentional marking errors, assembling
ULDs, and processing cargo. The system records every mistake and generates a
report for the supervisor. The advantage over conventional training is the absence of
risk of a real incident, unlimited repetitions of critical scenarios (e.g., detection of
undeclared DG cargo), and the possibility of completing basic modules remotely.
The expected effect is a reduction in the adaptation period for a new operator from
2—3 weeks to 5-7 working days, along with practice of all possible hazard scenarios
and readiness for them.

Concept 5. AR Display of Block chain Tracking of the Cargo Custody Chain
(Chain View). An aviation shipment passes through a large number of supply chain
participants the shipper, the agent, the departure terminal, the airline, the destination
terminal, and the consignee. Each transfer is recorded in the AWB; however, this
information is scattered across various systems and applications.

The Chain View concept proposes that when scanning a cargo barcode, the AR
glasses display a graphical timeline of all steps, with timestamps and the names of
the responsible individuals who performed actions on the cargo, pulled from the
blockchain registry. The operator instantly sees whether there are delays, whether
the cargo’s physical parameters match the declared ones, and where in the chain
deviations and problems occurred. This is especially critical for VAL (valuable)
shipments, where the integrity of the documentary chain is a legal requirement.
Blockchain in logistics is considered a promising direction; integration with AR is a
new avenue. This concept will help improve processing speed and prevent cargo
risks.

Conclusions

The five proposed concepts for expanding AR functionality systematically
address the key challenges of aviation cargo logistics from the safe identification of
dangerous goods to supply chain transparency. The practical value of the work lies
in identifying priority directions for developing intelligent AR platforms that
integrate computer vision, 10T, and blockchain into a unified operational
environment for the CARGO terminal.
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KitouOBi cnoBa: aBialliiHUM TpPaHCHOPT, INTYYHUW 1HTEIEKT, €(EKTHUBHICTh
aBiarepeBe3eHb, U POoBI3allis.

ABlalliiHUN TpaHCHOPT — CKIaJHAa cUCTeMa 3 OararbmMa y4YaCHUKaMH:
aeponopTamu, aB1aKOMIMIaHIsIMU, MpoBaiiepaMu aepOoHaBITalifHOTO
oOcimyroByBaHHs Ta €BpokoHTposieM. KoxkeH wMae BiacHI JaHi, OpoTe ix
BUKOPUCTOBYIOTh HeNOCTaTHhO edekTuBHO. L{udposizaiis o3Hayae oOMIH ITUMU
JAHUMHU Ta iX aHaJIi3, 010 M1JBUIILYE MPOIYCKHY 30aTHICTh, €PEKTUBHICTD 1 OE3MEKY.

VY €sponi mudpoBy Tpanchopmariro rarysi koopaunye SESAR 3 JU y mexax
nporpamu Digital European Sky. OnoBnenmii y 2024 p. €Bponelicbkuil miaH
po3BuTky ATM BHU3Hauae 10pokHIO KapTy udposizaitii 10 2045 p. [2]. 3a o1iHKo0IO
€BpokoMicii, e(eKTUBHINIE YIPaBIiHHSA TOBITPSIHUM pPYXOM MOXKE 3amo0irtu
BukuaaM 10 10 % CO: [3]. IATA 3pobuia enexkTpoHHy aBiaHakiaaany (e-AWB)
CTaHJIAPTHOIO Ha HampsMKax, Je Le J03Boisie 3akoHoAaBcTBO. Crtanmapt ONE
Record, npeauktuBHa aHaniTika Ta loT-gaTyuku 3a0e3nedyoTh OOMIH JaHUMU U
BUJIMMICTh BAaHTQXKY B PEAIbHOMY 4Yaci.

[IpenuxTBHE 0OcmyroByBaHHs Ha ocHoBl IIII mepeBoauTh HemependadeH1
BIJIMOBHU y TUJIaHOBI nofiii. 3a naHumu orsiay, easylet y 2019-2025 pp. yHuKHYna
1343 ckacyBaHb peiiciB, a 3a omiHkoro Deloitte Taki mporpamMmu CKOpO4yrOTh POCTIN
Ha 15 % [1]. Konnenmis Total Airport Management miiBuIiye nependadyBaHICTh
orepaiiii 1 MNIATPUMY€E CHUIbBHE YXBaJ€HHsS pIlIeHb Ha OCHOBI CBOEYACHOI
1H(popMalii.

Cepen mepemkony —  (parMmeHToBaHi cuctem, 59%  omepaTopiB
BUKOPUCTOBYIOTH ~ pO3pi3HEHl T1iaTdhopMu  OOCIyroByBaHHs), TOoTpeda B
Kkibep3axuiieHoMy OOMIHI JaHMMHU Ta 3HauHi 1HBecTHIli. [nsa VYxkpainu
rapMmoHizaiiss 3 HopMamu €C 3a Yromorwo npo CHulbHMM aBlalliiHUI TPOCTIP
CTBOPIOE TIEPEYMOBH JJIs1 BIIPOBAIKEHHSI €BPOTIEHCHKUX ITU(POBUX CTaHIAPTIB.
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Taoauusa 1. Hanpsamu nudposizamnii aBianiiiHOro TpaHCHopTy Ta iX BIJIMB HA

e(peKTUBHICTH
Hampsim I{udposi TexHosorii BB Ha eeKTHBHICTD
YrpaBniHHs HudpoBuit obmia  manumu, LI, | bineira nporyckHa 31aTHICTS i
HOBITPSTHUM koHuenuiss Digital European Sky | mepen6auyBaHicTh, 3HMKEHHS
pyxoMm (SESAR) BukuaiB CO:
. Enextponna apianaknagna (e-AWB), | besnaneposi IIPOLIECH,
BanTaxsni . .
craugapt IATA ONE Record, IoT- | mpo3opicTh 1 BiJICTEeKEHHS
nepeBe3eHHs :
JATYUKH BAaHTAXY B peaIbHOMY 4Yaci
. . MeH1iie no3amnyiaHoBUX Bi]MOB
TexHiuHe IIpenuktrBHa anamituka Tta IIII Ha
. i CKacyBaHb peiiciB,
00CITyroByBaHHSI | OCHOBI JaHUX OOPTOBUX CUCTEM
CKOPOYEHHSI IPOCTOI0
Konnemnmis Total Airport | Y3ro/pkeHiCTb Jiif yYaCHHKIB 1
Aeponoptu Management, coiuibHe yXBaJeHHS | BUIIA nependadyBaHICTh
pileHp orepamnin

BucnoBok
[Mudposa Tpanchopmariis migBuilye eHEKTUBHICTh aBIaTPaHCIOPTY y BCIX

KIIIOYOBUX cdepax — BiJ YNPaBIiHHA TOBITPSHUM PyXOM JO OOCIYrOByBaHHS
nmiTakiB. [i ycImix 3ameXnuTh Bif €AMHUX CTAHAAPTiB OOMiHY JAaHMMH Ta TOTOBHOCTI
YYaCHHUKIB PUHKY J0 CHIBHOT pOOOTH 3 TaHUMHU.

Cnncok BUKOPUCTAHUX JIAKepeT

. International Airport Review. Making FEurope the most efficient and
environmentally friendly sky in the world (iaTepB’to 3 A. bomenom, SESAR 3
JU),2024.URL:https://www.internationalairportreview.com/video/221991/makin
g-europe-the-most-efficient-and-environmentally-friendly-sky-in-the-world

. European Commission. Commission welcomes the updated European ATM
Master Plan, 12.12.2024 .URL:https://transport.ec.curopa.cu/news-
events/news/commission-welcomes-updated-european-atm-master-plan-2024-
12-12 _en

. Aviation Awards Ireland. From Reactive to Ready: How Al-Driven Predictive
Maintenance Is Reshaping Aviation’s  Costliest Challenge. URL:
https://aviationawards.ie/news/from-reactive-to-ready-how-ai-driven-predictive-
maintenance-is-reshaping-aviations-costliest-challenge
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YK 656.073:656.025.2

YIOCKOHAJIEHHS OPTAHI3AIII MIDKHAPOJJHUX
ABTOMOBUIBHUX ITACAKUPCBKUX ITEPEBE3EHD /10
€BPOINEMCBKUX AEPOIIOPTIB B YMOBAX BOEHHOI'O CTAHY
Ilpucmincokuti C.M, cmapwiuil 6uxknaoay
Kpusopizvkut nayionanvnuu ynisepcumem, Kpueuii Pie

KirowuoBi ciioBa: MKHApOAHI MacaXUPChbKi TEPEeBE3CHHs, aBialliifHa JOTICTHKA,
BOEHHUI CTaH, AMCIETYEPCHbKE YMPaBIiHHA, €JIEKTPOHHA 4epra, MPHUKOPIOHHA

iH(DpacTpykTypa.

[ToBHOMacmiTabHa 30poifHa arpeciss MpoTH YKpaiHU CIPUYUHUIA CYTTEBI
3MIHU Y (PYHKIIOHYBaHH1 TPAHCIIOPTHOI CUCTEMHU JAepKaBU. 3AKPUTTS YKPATHCHKOTO
MOBITPSHOTO  MPOCTOPY JJIS IMBUIBHOI  aBiamii 3yMOBWJIO HEOOXIAHICTh
BUKOPUCTAaHHS aJIbTEPHATUBHUX MapIIPYyTIB Ui 3a0e3Me4eHHs MIXKHAPOJHOI
MOOUIBHOCTI HAceJIeHHs. 3HayHa YacTWHAa MacaXHpiB 3MYILIEHA J11CTaBaTHCS
aeponoptiB ITonbmi, CroBayunHu, Yropuuay, PyMyHii Ta IHIIUX €BPONEUCHKUX
JIEepKaB aBTOMOOUIBHUM 1 3aJII3HUYHUM TPAHCIIOPTOM.

CranoM Ha *ko0BTeHb 2026 pOKy MOBITPSHUNA MPOCTIp YKpaiHU 3aJIMIIAETHCS
3aKpPUTHUM JIJIs1 HUBUIBHOI aBiallli yepe3 0e3MeKoB1 pu3uKu. €BponencbKe areHTCTBO
3 6e3neku aianii (EASA) npoaosxkuiio airo 6rojeTeHs moA0 KOHGIIKTHOT 30HU 10
31 ciuas 2027 poky [1]. 3a mux yMOB MIKHApOJIHI aBTOOYCHI TEpEBE3CHHS
BIJIIFPAIOTh BAXKJIMBY POJIb Yy 3a0€3MEUeHHI JOCTYIy YKPaiHCHKUX MacakKHpIiB 10
MDKHApOJIHOT aBialliiHOT MepeXXi BUMAaraloyud po3poOJICHHS OpraHi3aliiHuX
MPOTIO3UIIIH MO0 MiABUINECHHS HAAIHHOCTI MDXKHAPOIHUX aBTOOYCHUX TIEPEBE3CHb
JI0  €BPOMEHCHKUX aeporopTiB  MIISAXOM  IU(poBI3aIii AUCTIETYEPCHKOTO
YOpPaBIIHHS, KOOPAUHAIIT MapuIpyTiB 1 BAOCKOHANIEHHS 1H(OpMAIIiHOT B3aeMO/Ii1
YYAaCHMKIB MEPEBI3HOr0 MPOLIECY.

30UTbIIEHHSI POJII  aBTOMOOUIBHOTO TPAHCIOPTY aKTyali3ye MUTaHHS
y3roJI’KeHH TpadikiB pyXy, JOTPUMAHHS HOPMAaTHUBHUX BHUMOT, 3a0e3MeyYeHHs
Oe3nekr Ta NIABUIIEHHS SAKOCTI OOCIYroBYyBaHHS MacaxxkupiB. EQeKTuBHICTH
NepPEBE3CHb 3AJICKUTH HE JIMIIE BiJl HASBHOCTI TPAHCIIOPTHUX 3aCO01B, a i BIJ CTaHY
JOPOKHBOI 1HPPACTPYKTYpPHU, MPOIMYCKHOI CIHPOMOMKHOCTI MYHKTIB MPOMYCKY Ta
oprasizaiiii IpUKOPAOHHOTO KOHTPOJIIO.

Cepen ocHOBHUX MpoOJeM MOKHA BHOKPEMUTH HEAOCTATHIO YHI(iKaIlito
1H(popMaLii mpo peiicu, TOMUIKUA B JJOKYMEHTaX, HEY3rOKEeHICTh TpadikiB pyxy,
0OMEKEHI MOYKJIMBOCTI OMEPAaTUBHOTO 1H(GOPMYBAaHHS MACaXUPIB 1 BIAMIHHOCTI B
SKOCT1 TOCIYT Pi3HUX TMepeBi3HUKIB. OCOOIUBO KPUTUYHUM € TUIAHYBAaHHS 4acy
pUOYTTS 10 aepoNopTy 0€3 JOCTATHBOTO PE3EPBY HA 3aTPUMKH B I0PO31 Ta i yac
NEPEeTUHY JAepKaBHOro KopAoHy. HacnmigkamMu MOXyTh OyTH 3ami3HEHHS, 3pUBU
aBlarnepecagok, KOHQIIKTHI CUTYyaIlli Ta 10JaTKOBI BUTPATH MACAXKUPIB.

B Vkpaini QyHKIIOHYe eNeKTpoHHa cucteMa «eYUepra», NMpu3HaueHa [Jist

BIIOPSAJIKYBAHHS TPUOYTTS TPAHCHOPTHUX 3acO0IB JI0 BU3HAYEHUX ITYHKTIB
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nponycky. HopmatuBHi nojioskeHHs niepeadadaroTh OpOHIOBAHHS MICIIS B 4ep3i Ta
nepeBipKy BiloMocTel npo nepesizHuka [2; 3]. [Ipote enekTpoHHa yepra peryitoe
OpraHi3alliio O4iKyBaHHs Mepej] KOPIOHOM, TOJI SIK JUCTIETYEepChKa CUCTEMa Ma€
KOOPAMHYBATH BECh MapIIPyT — BiJ MICIISI BIAIPABICHHS IO KIHIIEBOTO a€POMOPTY.

JIOUiTPHUM € 3ampoOBaPKEHHS €IUMHOTO OpraHi3aliiHOTO  CTaHIApTy
0OCIIyrOByBaHHSI MAacaKUpiB, AKI MPSAMYIOTh 10 MDKHapOAHMX aepomnopTiB. Bin
MOBUHEH Tiepen0adaTy MepeBipKy 3aKOHHOCTI MIsITBHOCTI TIEPEBi3HNUKA, HASIBHOCTI
HEOOXITHUX JIIEH31H 1 JO03BOMIB, TEXHIYHOI CHPaBHOCTI aBTOOYCIB, CTPaxOBOTO
3a0e3MeYeHHs Ta JOTPUMaHHS BUMOT LIOJ0 PEXHUMY Mpalll ¥ BiAMOYMHKY BOJIIB.
Jlns KOXXHOro peiicy HeoOX1THO 3a0e3MedyuTH JOCTYMHICTh 1HdopMallli mpo
NEepeBI3HUKA, MapIIPyT, PO3KIIAJ], MICIS MOCAAKUA W BHUCAJKH, BapTICTh IOI3JKH,
YMOBH NIEPEBE3CHHS 0araky, KOHTaKTH JUCIETYepa Ta MOPANOK MOJaHHS CKAapr.
CranngapTu3aitig iHhopMarlii CpusTUME MPO30POCTI PUHKY U IM1IBUIIIEHHIO 3aXUCTY
paB Maca)xXupis.

[lepcrieKTUBHUM PILIEHHAM € CTBOPEHHS LU(POBOI MIaTGOpMU KOOPAUHALIT
MIKHAPOJHUX aBTOOYCHHX IIepeBe3eHb JO €BPOIEHCHKMX —aepomopTiB. li
OCHOBHMMH (YHKLISIMH MarOTh OyTH €JIEKTPOHHA pEecTpallis peiciB, MepeBipka
noBHOTH 1H(opmarii, GPS-BiacTexkeHHs aBTOOYCIB, MPOTHO3YBAHHS dacy
npUOyTTs, aBTOMAaTHYHE 1H(HOPMYBaHHS MACAKUPIB PO 3ATPUMKH Ta HAKOITUYEHHS
CTaTUCTUKHU IIOJI0 PETYISIPHOCTI PYXY.

Taka mardopma moBHUHHA 3a0e3neuyBatu 1HGOPMAILIMHY B3a€EMO/IIIO
NEPEBI3HUKIB 1 AUCIETUEPCHKHUX CIYKO, HE MIAMIHAIOYH TOBHOBAXKEHD JIEPHKABHUX
oprasiB. [HTerpaiis 3 1ep>xaBHUMHU 1HHOPMAIIITHUMU CUCTEMaMHU MOYJIMBA JIUIIIE B
MeXaxX TXHIX TEXHIYHUX MOKIJIMBOCTEH 1 YNHHHUX MPABOBUX BUMOT.

OkpeMUM HampsIMOM € TIONEPEAHs KOOpAHMHAIS MPUOYTTS aBTOOYCIB [0
MYyHKTIB TPOMyCKy. [ 11bOro AOMiIBHO 3aBUYaCHO TOTYBaTH 1HGOPMAIIIIO MPO
TpaHCHOPTHUHN 3aci0, MepeBi3HUKA, MaApIIPYT 1 3allaHOBaHWM yac mpuOyTTs, a
TaKOX TIEPEBIPATH HASBHICTh HEOOXITHMX JOKYMEHTIB. 3a TOTOKEHHSIM 13
KOMIIETEHTHUMH OpraHaMH MOXHa pO3IIsAJaTH 3ampOBa/PKCHHS CIEIialbHUX
YaCOBUX IHTEPBAIIB ISl aBTOOYCIB a00 1HIIMX OpraHi3allliiHUX 3aXO/lIB, SKIIO 11e
JTIO3BOJIIFOTH IHPPACTPYKTYpa Ta O€3MEKOB1 YMOBH.

[ToHATTS «3€JI€HOro KOpUIOpY» B IIbOMY KOHTEKCTI CIIJI PO3IJsgaTH
BUKIIIOYHO SIK MEXaHI3M KOOpIMHAII PyXy Ta CKOPOYEHHS HEMpPOIyKTHBHOTO
OUIKYBaHHS, a HE K 3BUIbHEHHS BiJl 000B’SI3KOBOTO MPUKOPJAOHHOTO, MUTHOTO YH
1HIIIOTO KOHTPOJIIO.

[Tin gac ¢opmyBanHs TpadikiB HEOOXITHO BPaXxOBYBaTH HOPMATHUBHUN Yac
pPYyXy, IMOBIPHICTB JOPOXKHIX 3aTPUMOK, TPUBAIICTh OYIKYBaHHS Ha KOPJOHI i dac,
HEOOX1THUH JIs1 MPOXOKEHHS aepONOPTOBUX Mporieayp. PexomennoBanmii pe3epn
4yacy CJIij] BU3HAYaTH Ha MIiJICTaBl CTATUCTUKHU 3aTPUMOK 1 BUMOT aBlaliepeBi3HUKA
IOJI0 peecTpailii Ta Tocaaku. Y pa3i CYTTEBOTO BIAXWUIIEHHS BiA Tpadika
JUCTIETYePChKa CIy’k0a Mae ONepaTHBHO TMOBIAOMIIATH MACAKUPIB MPO CUTYAIIIO
Ta, 32 MOXJIMBOCTI, KOOPAMHYBATH aJbTEPHATHBHI BapiaHTH AOCTaBKU. BaximBo
TaKOX JOKYMEHTYBaTH TPUYMHU 3alli3HEHb, PO3MEKOBYIOUM OOCTaBUHH, IO
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3ajexaTh Bl MEPEBI3HUKA, Ta 3aTPUMKH, CIPUYMHEHI1 JTOPOKHBOIO CHUTYAIII€IO,
0€3MeKOBUMH OOMEKEHHSIMH a00 POOOTOIO MYHKTIB MPOIYCKY.

EdexTuBHICT, 3amporOHOBAHOT MOJENI MOIIJIFHO OIHIOBATA 32 TaKUMU
MOKa3HMKAMM: YacTKa peiciB, 10 NpuOyId BYACHO; CEPEAHS TPUBAIICThH
OUiKyBaHHSl TIepe]] KOPJOHOM; YacTKa pEWciB 13 3aBYaCHO MEpPEBIPCHUMHU
JOKYMEHTaMH; KIJTbKICTb CKAaCOBAaHUX pEHCIB 1 OOIPYHTOBAaHUX CKapr; 4YacTKa
MacaXupiB, AKi MpuUOyId 0 aepOMOPTy B MEXKax PEKOMEHIOBAHOTO YaCOBOTO
pe3epBy.

Ha mouaTtkoBoMy eTami MPOIMOHYETHCS peali3yBaTh MUIOTHUM MPOEKT Ha
OJIHOMY a00 JEKUIbKOX MaplipyTaxX 10 MOIMYJISPHUX €BPONMEHCHKUX aepOIOpPTiB.
[TopiBHSIHHA TOKa3HUKIB JI0 Ta IICIs BIPOBAKEHHS JACTh 3MOTY OI[IHUTH
pe3yJabTaTUBHICTh HMUGPOBOI IUCHeTYEpH3allli, BU3HAYUTH HEOOX1JIHI pecypcH i
OOTPYHTYBAaTH MOJIUBICTh MOIIMPEHHS CUCTEMH Ha THII MapIIPYTH.

OTxe, B yMOBaX BOEHHOTO CTaHy MDKHApOJHI aBTOMOOLIbHI MacakKHPChKi
NepEeBE3EHHS 3a0€3eUyI0Th BaXKJIMBUN TPAHCIOPTHUH 3B 430K MK YKpaiHOIO Ta
€BPOIEUCHKOIO aBlaliiHOI0 Mepexkero. [[iABuIeHHs iXHbOT HaaliHOCTI OTpelye
y3roJKeHHs TrpadikiB pyxy, yHidikamii i1HQopMmauii npo peiicu, HHPPOBOro
JUCIETYEPCHKOro YIPABIIHHS Ta BIOCKOHAJIEHHS KOOPAUHALIT TPUOYTTS aBTOOYCIB
J10 IYHKTIB IPOITYCKY.

3anpornoHoBaHa MOJIEb nependavae MoeJHaHH OpTaHi3allifHUX CTaHapTIB,
HM(POBOro BIACTEKEHHS TPAHCIOPTY, MPOTHO3YBAaHHS 4Yacy MNpuUOyTTS Ta
ONepaTHBHOTO iHGOPMYBAHHS TACAKHUPIB. 1i BIPOBAIKEHHS CTBOPIOE IIEPELYyMOBH
JUTSI 3MEHILIEHHS OpTaHi3alliiHuX MOMUJIOK, T1JIBUIIIEHHS PETYJISIPHOCTI MepeBe3eHb
1 CKOpOYEHHS PU3UKY 3pHUBY aBiamepecazok. [lomanbiii JOCTIIKEHHS JOIIIBHO
COpAMYBaTH Ha pPO3pOOJEHHS MaTeMaTU4YHOI MOJENl MPOrHO3YBaHHS dacy
MEePETUHY KOPAOHY Ta €KOHOMIUYHE OOTPYHTYBaHHS 3alIPOTIOHOBAHUX 3aXOIIB.

CnHcoK BUKOPUCTAHUX JAKepeJt
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2. [Ipo aBTOMOOITEHMIA TpaHCTIOPT : 3akoH Ykpainu Big 05.04.2001 Ne 2344-[11.
URL: https://zakon.rada.gov.ua/laws/show/2344-14#Text.
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EKOJIOI'I3AIIISI TPAHCIIOPTHOI JIOT'ICTUKHU B ABIAIIT TA
HIJISIXYW SMEHIIEHHS HEI'TATUBHOI'O BILVIUBY HA JTOBKIJIJIA
Coxkonenxo /{.A., Aposa J[.A.,
3000y6aui nepuio2o (6axanagpcbko20) pieHsa 8UWOi 0ceimu
I'puyenxo C.1, 0.e.n., npoghecop xageopu nocicmuxu
Hayionanvnuu ynisepcumem «Kuiscoxuu asiayiunuu incmumympy, Kuie

KrodoBi ciioBa: exoJiorizaiiis, aBiallisi, aBlamiiiHa JOrICTHKA, JIAHIIOT IIOCTaYaHHS,
BYTJICIIEBUM CIIi/I.

TpancnopTHa jorictuka 3abe3neuye QyHKIIOHYBaHHS I100aTbHUX JIAHIIIOTIB
MOCTa4YaHHs, MPOTE€ BOJHOYAC 3AJMIIAETHCS OJHUM 13 KIIOYOBUX JDKEpeN
aHTPOIIOTEHHOI'0 TUCKY Ha HaBKOJUIIIHE cepeaoBuine. Ha BCix eTamax KUTTEBOTO
UKy TPaHCHOPTHUX 3aco0iB  (BUPOOHMIITBO, EKCIUTyaTallis, TEXHIUHE
0oOCITyroByBaHHSI Ta yTWJII3allli) 3aBAAEThCA CYTTEBA €KOJIOT1YHA IIKOAA: BUKUIU
3a0pyIHIOIOYNX PEUOBHUH B aTMOc(epy, HaAMIpHUH TPAaHCTIOPTHHM IITyM 1 BiOparris,
JOKallbHE 3a0pyJAHEHHA TPYHTIB 1 BOJHUX pPECypCiB, YTBOPEHHS HEOE3MEeYHHX
BIJIXO/IIB, Ta BIAUY>KCHHS 3€MeNb M1J TpPaHCHOPTHY IH@pacTtpyktypy [l]. s
Vkpainu 1 npobnema Mae JOJATKOBUM TOCTpUH BHUMIp: 32 pe3yjibTaTaMu
rajgy3eBUX JIOCHIIKE€Hb, HalllOHAJbHA JIOTICTHMKA Hapa3l NOTpedye CHCTEMHOI
MOJICpHI3aIli JJisi JIOCATHEHHS MDKHAPOAHUX €KOJOTIYHUX CTaHAapTiB Ta
noka3HukiB kpain €C [2].

€pponeiiceknii  Coro3  3amae  KOPCTKI  JJOBITOCTPOKOBI  OpPIEHTUPHU
nekapOoHizamii. BiamoBigHo 10 €BpONMEHCHKOro KIIMaTHYHOTO 3aKoHY (3
ypaxyBaHHSM 3MiH), 3aKpIIJICHO OOOB'SI3KOBY ITiJIb CKOPOYCHHS YUCTHUX BUKHU]IIB
napuukoBux rasis (I1I") monaitmenmre Ha 90% 10 2040 poky MOPIBHSIHO 3 piBHEM
1990 poxy [3], Tomi SIK ISl TPAHCIOPTHOTO CEKTOPY 3arajoM E€BPOKOMICIsS
OpIEHTY€TbCSI Ha cKopoueHHs BUKUAIB Ha 90% no 2050 poky [4]. OcobnuBo
BPa3JIMBUM CETMEHTOM 3aJIMINIAETHCS MOBITPSIHUN TPAHCTIOPT: 3a JaHUMH ATEHTCTBA
€poneiicekoro Coro3y 3 6e3neku nosboTiB (EASA), y 2022 pomi peiicu 3
aeponioptiB €C-27 1a EFTA cranoBwim Omu3bko 12% Bukuai III" ycworo
TPAaHCIOPTHOTO CEKTOpy [5], a 3a aHalITUYHUMHU OLIHKamu Transport &
Environment y 2025 pori 11e# mokasHuK 3pic mpuoiusHo 10 15% [6].

Meta Te3 AOMOBiAI — CHUCTEMaTU3yBaTH Cy4yacHI NUIAXH €KOJIOTi3allil
TPAHCIIOPTHOI JIOTICTHKH, a TaKOX OIIIHUTH MOXJIMBOCTI Ta OCOOJMBOCTI iX
MPAKTUYHOTO BIPOBAHKCHHS B aBlalliiHUX JIAHIIOTAX MOCTaYaHHS 3 YpaXyBaHHIM
€BPOIHTETPAIITHUX MTEPCIIEKTHB Y KpaiHu.

IDicepena necamuenozo énaugy. Y CydacHiil JiTepaTypl €KOJOTIYHI PHU3UKH
JIOTICTUYHUX TPOIIECIB TPHUUHATO KIACH(PIKyBaTH 3a JDKEPEIOM BUHUKHEHHS
(TEXHIYHUN CTaH TPAHCHOPTHOrO 3aco0y, FEPMETHYHICTh TPAHCIOPTHOI €MHOCTI,
TEXHOJIOTIYHUNA MPOLEC TPAHCIMOPTYBAaHHSA) Ta 32 OO'€KTOM BIUIMBY (3€MEJIbHI,
BOJHI, TOBITPsIHI, JIICOBI pecypcH, Oiochepa) [2]. Y mMOBITpSHOMY TpaHCHIOPTI
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JIOMIHYIOYHMM JHKEPEIOM HETaTUBHOTO BILUIUBY € O€3MOCEPEIHbO MPOIIEC MOIbOTY Ta
3ropsiHHA aBianiiHoro nanusa (BUKUIu CO2, OKCHIIB a30TY TOIIO), TOJ1 SIK PU3HKHU
BUTOKIB TMaJTbHO-MACTUJIBHUX MaTepiajiiB 4Yi HEOE3MEeYHHX BaHTaXIB YHACIHIJIOK
MOIIKOKEHb HAaHO1IIbII HeOe3MeyHi1 sl JIOKaJIbHUX IPYHTIB 1 BOIHUX 00'€KTIB [2].

Mooanvna cmpykmypa nepegesenvb. AHani3 €BPOMEHCHKOrO areHTCTBA 3
nokiuia (EEA) miarBepmxkye YiTKy i€papXil0 BUAIB TPAHCIOPTY 3a oOcsIramu
nutoMux BukuaiB [T Ha oauMHUIIO TpaHCMOPTHOI POOOTH: 3aTI3HUYHUH,
BHYTPIIIHIN BOJHMHA Ta MOPCHKHM TPaHCHOPT JAEMOHCTPYIOTh HAMHIDKY1
MOKa3HUKH, TOAI1 SIK IOBITPSHUN BaHTaKHUI TPAHCIIOPT - HAMBHILIL CEPEI YCIX BU/IIB
[7]. Crpareriuni uimi €C mnepeadavaioTb CYTTEBE HApOIINYBaHHS OOCATIB
3aJII3HUYHUX BaHTaXXHUX nepeBe3eHb (Ha 50% mo 2030 poky Ta iX mOABOEHHS 10
2050 poky) [7]. Sk 3a3Ha4arOTh JMOCTIIHUKH, 1€ BUMAara€ akKTMBHOTO PO3BUTKY
MYJIbTUMOJIAJIbHUX TPAHCIIOPTHUX BY3JIIB HAa MEPETHHI PI3HUX BUJIIB TPAHCIIOPTY,
o0JaIHAHNX CYYaCHUMU TEPMIHAJIAMHU, CKJIAJICbKUMU KOMIUIEKCAaMU Ta IU(GPOBOIO
iHppacTpykTyporo [1]. 3Bimcu GopMyeThcs cydacHa JIOTICTHYHA IapajgurMa:
MOBITPSHUN BaHTAKHUN TPAHCIOPT JOMUIBHO KOHIIGHTPYBaTH BHUKIIOYHO Ha
MEePEBE3CHHI TEPMIHOBUX, BHUCOKOTEXHOJOTIYHMX 1 BHUCOKOBAPTICHUX BaHTaXIB,
TOJ1 SIK MacOBI BaHTa)XOMOTOKHA HEOOXIAHO MEPEOPIEHTOBYBATH HA E€KOJIOTTYHIIII
HA3eMHI Ta BOJIHI BUJIU TPAHCIIOPTY.

Texnonoeiuni 3axoou. Ha piBH1 HazemHoro tpancrnopty €C 3ampoBajikye
JKOPCTKI HOpMaTuBU cKopodeHHS BUKHAIB CO: 1T HOBUX BEIWKOBAHTAKHHUX
aBToMOOLTIB (Ha 15% y 2025-2029 poxkax, 45% 3 2030, 65% 3 2035 Ta 90% 3 2040
poky [8]. Hus cexTopy aBiaiii KJIIOYOBUM IHCTPYMEHTOM JieKapOoHi3alii €
imimiatuBa ReFuelEU Aviation, sxa mnependayae mocTymoBe 301IbIIEHHS
MIHIMAQJIBHOI YaCTKU CTaJoro amiamiiiHoro manuBa (SAF) y 3aranpHOMy 00cs31
najgpHoro B aepornoprax €C - Big 2% y 2025 poi g0 6% y 2030 p., 20% y 2035 p.
ta 70% y 2050 pori [9]. 3a po3paxyrakamu EASA, 11e 103BOJIUTH CKOPOTUTH YUCTI
Bukuu CO; eBponeiichbKoi aBiarii moHaiMene Ha 65 MitH T (47%) no 2050 poky
[5].

Aeponopmu ax xknro4osi 8y3nu agiayitinoi nocicmuky. JIOKanbH1I BUKUIU BIJT
Ha3eMHOro OOCIYyroByBaHHA MOBITPSIHUX CYI€H Ta poOOTH CHELTEXHIKU
KOHIICHTPYIOThCS Ha TepUTOpii aepornopTiB. 3a nanumu EASA 118 eBponelicbkux
aepoIopTiB AKTUBHO peajli3yloTh KOHIIENIi0 HYJIb0BUX BUKU B CO2 10 2030 poky
[5]. [Toka3oBUM MPUKIATOM € aMCTepJaMChKuii aeponopT CXinroi, Jae AU3eIbHI
reHepaTOpH Ha  CTOSHKAaX  JITAaKiB  3aMiHIOIOTECA 30  cramioHapHUMU
CICKTPOIPUCTPOSIMHU 3a3€MHOTO KUBJICHHS, 0J1M3bK0 40% mapK-TeXHIKH Ha3eMHHUX
OTEepaTOpiB TMEPEeBENCHI Ha EJEKTPOTITY 3 METOK JOCATHEHHS IOBHO1
0e3BUKUAHOCTI HazeMHUX oneparliit 10 2030 poxy [9].

Opeanizayitino-n1o2icmuyri 3axo0u Ha PiBHI ONiepaTopa JaHIIora MocTavyaHHs
OXOTUTIOIOTh MIHIMI3AII0 MOPOXKHIX TMPOOITIB, ONTUMI3AII0 MapHIPYTIB MOJHOTIB
Ta MIIX0/IB IO aPOMOPTIB B 00X1/] T'yCTOHACENEHUX 1 3aMOBITHUX MPUPOTHUX 30H,
110 0e3rmocepeIHbO 3HIKYE BUTPATy MajuBa 1 piBEHb eMicii [2].

Obnixk i eepughixayiss 6uxudie. EdEeKTUBHE yIpaBIIHHSI €KOJOTIYHUMHU

MOKAa3HUKAaMU HEMOKJIMBO 0e3 ix BumiptoBaHHs. Pernament (€C) 2026/1030 Big 29
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kBiTHS 2026 poky (CountEmissions EU) 3anpoBamxkye yHI(DIKOBaHY METOIUKY
po3paxyHky BUKuZIIB [1I" Big BaHTaXHUX 1 Maca)KUPCHKUX IEPEBE3€Hb HA OCHOBI
craugapry EN ISO 14083:2023, skuif 3aCTOCOBYETHCS 1O KOMIIaHIN, IO
JTOOPOBUTFHO MyOIKYIOTh JIaHl MPO BUKUAM, TIOBHE 3aCTOCYBAaHHS OUIKY€ETHCS IO
kiaug 2030 poky [4; 11]. Y crpoiieHOMy aHATITHYHOMY BUTJISIAL BUKUAIH JIAHIIOTA
MOCTa4YaHHS PO3PaXOBYIOTHCS 3a (HOPMYJIIOIO (1):

E=%iym-d; g (1)
oe E - z3azanvni suxuou Il nanyroea nocmavamnns, 2 COz-eke. ;M - MAcCa 6aHMaxcy Ha i-t OLIAHYI
MPAHCNOPMYBAHHs, M, d; - BIOCMAHb Nepese3eHHs, KM, & - NUMOMI 6UKUOU OJis1 KOHKPEMHO20 8UQY
mpancnopmy Ha i-u oinanyi, 2 COz-ex8./(m-km); N - KitbKicmb MpaHCROPMHUX OLIAHOK.

dopmysia € CIHPOIICHOK AaBTOPCHKOI IHTEPNPETAIIE0  METOAUYHUX
npuniuniB crangapty EN ISO 14083.

Exonomiuni ma npasosi incmpymenmu niepe0avaroTh IPAKTUYHY peaizallio
OPUHIUIY «3a0py/IHIOBAaY 3aBXIU IUIATUTH» [l], BOPOBA/DKEHHS THYYKHUX
(dicKaIbHUX CTUMYJIIB, TU(EepEHIIIali0 CTABOK MOJATKIB 3aJIEKHO Bl €KOJOTTYHOTO
KJIaCcy TEeXHIKM Ta YIOCKOHAJICHHA JEpPKABHOTO EKOJOTIYHOTO MOHITOPUHTY
Mo0JIN3y TPAHCHOPTHO-TOTICTUYHUX BY3JiB [2].

VY3arajgbHEeHHS HaBeJeHO B Tabaul 1.

Ta6auns 1. lnsaxu exosorizanii TPAaHCIOPTHOI JOTICTHKHI

Tun 3axonis [Ipukianu 3axomiB

HoBi Buaum manuBa (SAF); TpaHcmopT 13 HH3BKMMHU BUKHJIAMU;
TexHomnoriuni HopMmatuBu CO2 U1 BEIMKOBAaHTAXXHUX aBTOMOO1ITIB; eIeKTpH]iKalis
Ha3eMHOI'0 00CITyTOBYBaHHS B a€pONOPTAX

[lepemMykaHHs BaHTa)XKOMOTOKIB Ha 3aJI13HUYHUN 1 BOJHUI TPaHCIOPT;
OpranizanifHo- | pO3BUTOK MYJIBTHUMOJAIBbHUX Xa0iB; CKOpPOYEHHS BiACTaHEH 1

JIOTICTHYHI IPOCTOIB;  ONTHUMI3Alllsl  MapUIpyTiB; LUJIbOBE  BUKOPHUCTAHHS
aBiarniepeBe3eHb JUIsl TEPMIHOBHX BaHTaXIiB

O6mnik BukuaiB 3a ctauaaptroM EN ISO 14083; cucremu MRV Bukuzin
[ndopmariitai JUIsl aBialfii Ta aeponopTiB; MOHITOPUHI SIKOCTI MOBITPS; 1HAUKATOPU
€KOJIOT1YHOI CTIMKOCTI JIOTICTUYHOTO MPOLIECy

Exonomiuni ta | IIpuHnun «3a0pyJHIOBadY IUIATUTH»; €KOJIOTIYHA Ju(epeHiianis
MIPaBOBI NOJATKIB 1 300piB; BAOCKOHAJIEHHS] HOPMaTUBHO-TIPaBOBO1 0a3u

Torcepeno.: aemopcoka po3pobka na ocnosi [1-2; 4-5; 7-10].

3acmocysanusa 6 asiayitiniu nocicmuyi ma 0aa Yxpainu. I BITYM3HAHUX
aBlal[ifHUX JIAHIIOTIB TIOCTA4aHHS NPIOPUTETHUMHU HampsiMaMHM B yMOBax
MICJIIBOEHHOTO BIJTHOBJIEHHSI MAalOTh CTaTH: MPEBEHTUBHE BIPOBAKCHHS CUCTEM
oOsiky BukuaiB 3a crangaprom EN ISO 14083 3amis rapmonizalii 3 BUMOTaMu
eBporeiicbkux napTHepis [4; 10]; ypaxyBaHHs €KOJOTTYHUX KPUTEPIIB Y MPOEKTAX
BIJIHOBJICHHSI aepONOpPTOBOI 1HPPACTPYKTYpH; (HOpPMYBaHHS MYJIBTUMOAAIBHUX
BY3J11B (3aJII3HUIIS - aBTOTPAHCIIOPT - TIOBITPS) B a€POMOPTOBUX JOTICTUYHUX Xabax
[1]; po3po0aeHHS 1HANKATOPIB €KOJIOTTYHOI CTIHKOCTI, IO TPYHTYIOTHCS BUKITIOYHO
Ha 00'€eKTHBHIN KUIbKICHIN 1H(OpMaIIii mpo JorictuyHuit nporec [2].
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BucHoBok
EKOJIOFiSaHiSI Tp&HCHOpTHOT JIOTICTUKM BHMAara€ KOMILIEKCHOI'O IIO€EAHAHHA

TEXHOJOTIYHUX, OPTaHi3alliifHO-JIOTICTUYHUX, 1H(OOPMALIMHUX Ta EKOHOMIYHHUX

THCTPYMEHTIB. 3 OISy Ha T€, IO MOBITPSHUM BaHTAKHUN TPAHCTIOPT Ma€ HAWBUIII

OUTOMI BHUKHUIM, CTpATETiyHE MEPEepO3MOIITICHHS BaHTaXXOMOTOKIB Ta IIJIHOBE

BUKOPHCTAHHS aBianepeBe3eHb € KpUTUYHO BaxkmuBuUMH. CydacHi HopmatuBu €C

ReFuelEU Aviation i CountEmissions EU cuyryroTe oOpieHTHpOM, SIKUii

YKpaTHCHKUM JIOTICTUHYHUM OIlepaTopaM JAOILUIHHO IMIJIEMEHTYBAaTH BXKE Ha €Tarll

BITHOBJICHHS Tary3l. [lepcrnekThBoo MoAambIINX AOCTIIKEHb € PO3pOOKa CUCTEMU

1HUKATOPIB €KOJOTIYHOI CTIMKOCTI JIOTICTUYHOTO IPOIIECY Ta OLIHKA BYTJIEIIEBOTO

CITiy KOHKPETHUX aBilalllfHUX JIAHIIOTIB MocTadaHHs 3rigHo 3 BuMoramu EN ISO

14083.
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BUKOPUCTAHHS MOJIEJEW ITYYHOTI'O IHTEJEKTY TA
U ®POBUX ABIMHUKIB JJISI IIIABALIIEHHS OITEPALIMHOI
CTIMKOCTI ABIAIMHOI'O TPAHCIIOPTY
Cmpueyn Bikmopisa
3000y6auKka nepuio2o (6akaniaspcvbko2o) pieHs GUWOL 0ceimu
Hayxosuii kepienux: /{okienko JI.M., k.e.H., doyenm
Hayionanvnuu ynisepcumem «Kuiscoxkuu asiayiunuu incmumymy, Kuig

KirouoBi cnmoBa: mITYYHUM IHTENEKT, UU(POBI ABIMHHUKM, ONEpaliiHa CTIUKICTB,
texHiyHe oociyropyBaHHs (MRO), npeuKTUBHUN MEHEHKMEHT.

['moGanbHa cucTemMa IUBUIBHOT apiamii (YHKIIIOHye€ B yMOBax BHCOKOIi
HeBU3HA4YeHOCTI. [lorosa mocTiitHO 3MIHIOETHCS, CTIANIAXYIOTh T€OMOITUYHI KPU3H,
3pOCTarOTh 3arpo3u kidepoesnerri. J[o 11boro 701ar0ThCs 1ePIUT TEXHIYHUX KaIpiB
1 CKauK¥ IIH Ha MaJibHe. YCI Il YMHHUKU 3MYIITYIOTh aBlaKOMITaHil KapJuHAIbHO
3MIHIOBaTH MiAXOAM A0 yrnpaBiiHHA. CTapl CHCTEMHM NpPALIOIOTH 33 MPUHIUIIOM
pearyBaHHs Ha (akTuyHi npoOnemu. BoHu BupimytoTh 3001 Bxke micas iX
BUHUKHEHHS, aJie CbOTOJHI TaKWW MIAX1J KpUTUYHO HeedeKTuBHUM. BiH pyliHye
CKJIQJIHI pO3KJIaJU Ta CIPUUMHSE LTy XBWIO 3aTpuMok. [1[o0 30epertu CTiiKiCTh,
rajiy3i HoTpedyroTh TPOAKTUBHOTO yIpaBiiHHS. ['0JOBHY poib y I[bOMY BiIIirpae
MO€IHAHHS IITY4YHOTO 1HTENeKTy (Al), mudpoBux nBiMHUKIB 1 TexHOJIOT1 AR/VR.

Meta pociimkeHHST — OOTpYyHTYBaTH 3aCTOCYBaHHsI IITYYHOI'O I1HTENEKTY,
nudposux nBiHUKIB Ta AR/VR. 1leit kommiekc iIHCTpyMEHTIB MIBUIIY€E CTIUKICTh
Bclei ramysi. BiH 3axuinae aBianepeBE3€HHS, TEXHIYHE OOCIyroByBaHHS Ta
1H(}pacTpyKTypy aepOmOpTiB.

[{udposuii 1BITHUK — 1€ BipTyalabHa KOIIisl peaibHOTO 00’ €KTa abo Mporiecy.
BoHa MoOBHICTIO BIATBOPIOE MOTO CTaH 1 MOBEAIHKY. TEXHOJOTIS MAXOAUTH IS
MOJICJTFOBAHHS JIITAKiB, IBUTYHIB 1 Ha3€MHOT TEXHIKHU. 3 ii IOMOMOTOIO OIIHIOIOTh
po0OOTYy TepMIHAJIB 1 HaBITh [UIMX MAPIIPYTHUX MEPEXK.

['omoBHa ¢imka ABIMHMKA — TMOCTIMHE OHOBJIEHHsA iHpopmarlii. Cucrema

pearye Ha HaliMEeHII1 3MIHU B PEKUMI peanbHOro yacy. JJis iboro BUKOPUCTOBYIOTh
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loT-natuuku, cynytHuku, ADS-B Ta BHyTpimHi 0a3u manux. OO0'eqHaHHS IHUX
JUKEpeIl Aa€ MOBHY KapTUHY TOTO, IO BiI0YBAETHCS 3 TEXHIKOIO.

[Ile Oinblie MOKIMBOCTEW T0JAIOTh MAIlMHHE HABYaHHS, HEHMpOMEpexi Ta
AR/VR. Bonu nomnomararoTh HIBUAKO BHSIBIATH HECHPABHOCTI Ta ONMTHUMI3yBaTu
excrutyaTariito. [Ipaktuune 3actocyBanHsl HU(PPOBUX ABIMHHUKIB MOXKHA PO3ALITUTH
Ha I1’ATh HAIPSMIB:

1. Iumenexmyanvuuii awnaniz noOmMoOxKoGux OAHUX mMaA  NPEOUKMUBHE
00C1Y208Y8aHHSL.

I TyuHunit iIHTENEKT 311 CHIOE MOHITOPUHT BETUKUX MACUBIB TEIEMETPUUHUX
JAaHUX, 3T€HEPOBAHUX JAaTYMKaMHU, BOYJIOBAHUMU B KOMITOHEHTH JIITaKiB, JIBUTYHU
Ta aBialiitHl cucTeMu. AnroputMu Al aHaM3yIOTh 111 1aH1 B pEKUMI peaJbHOI0 4acy
JUISL BUSIBJICHHSI MPUXOBAHMX 3aKOHOMIPHOCTEH 1 TOHKMX aHOMaJild (TaKuX SK
KOJIMBAaHHS TEMIIEpaTypu JBUTyHa abo0 HeperyJsipHi BiOpalliiiHi CUTHATYpH).
[TocTiiiHui NPEIUKTUBHUIN aHaji3 J03BOJIIE TOYHO MPOTHO3YyBaTH BIJIMOBH Ta
3aBYACHO IUIAHYBAaTU TEXHIYHE OOCIYroByBaHHs a00 3aMiHy JeTaje mij yac
peryiamMeHTHUX 3ynuHoK. Ile ycyBae motpeOy B TepMiHOBIN JIOTICTHUIIl 3aMTYaCTHH,
MIHIMI3y€ MPOCTOI aBlalmapKy Ta IMIJBUILYE O€3MeKy IMOJbOTIB, 3alo0iraloyu
HECIO/[IBAHUM B1JIMOBaM IIiJ1 4Yac MOJIbOTY.

2. [ucmanyitina Odiaenocmuxa, cumynayia ma MRO ua ocnosi yugposux
OBIUHUKIS.

3acTocyBaHHS UU(PPOBUX JBIMHUKIB KapJUHAIBHO 3MIHIOE MIIXOAU 10
peMOHTY ¥ oOciyroByBaHHs aBlaTexHiku. HaszeMHi TexHIuHI Opuraau
BUKOPUCTOBYIOTh ITU(MPOB1 ABIHHUKH JJIsI CUMYJISLIT PI3HOMAHITHUX OTEpaIliiHuX
CIIeHapiiB Ta OLIHKH iXHBOT'O BIUIMBY Ha IPOJYKTHBHICTH 1 3HOC OOJIQJHAHHS, IO
Jla€ 3MOTY OINTHUMI3yBaTH YMpaBJiHHS 3amacamu 3amyactuH. [lnardopma Hamae
MOXJIMBICTh 3IIMCHIOBATH JUCTAHIIMHUNA MOHITOPUHT 1 JIIarHOCTHKY 0e€3
HEOOX1THOCTI MPOBEJIEHHS MEPBUHHUX PYYHUX 1HCHeKiii. Kpim Toro, iHTerparis 3
okynspamu gonoBHeHOi (AR) Ta BipryamsHoi (VR) peambHOCTI 103BOJISIE
1HKEHEpaM I1J] Yac JA1arHOCTUKUA OAUUTH MIAKA3KU IITYYHOTO 1HTENEKTY, TEXHIUHI
CXEMHM Ta IHTEPAKTUBHI peKOMEH 1allii 0e3mocepeIHh0 Ha (PI3UYHUX By3Jax JITaKa.

3. Cumynayiline MOOen08aHHs CKIAOHUX AePONOPMOBUX NPOYECIB.

HudpoBuii ABIMHUK TepMiHANIA Ta aepoOAPOMY aAKYyMYJIO€ JaHl IMpo
NacaXUPOIMOTOKU, 4epru, pyx Oaraxy Ta Ha3zemHoi TexHikM (GSE). ¥V pasi
BUHUKHEHHS JIecTab11i13y0uoro (axkropa (Hapukial, HECIPUSITINBUX METEOYMOB
a6o Buxoxy 3 nany 3I1C) cuctemMu MITYYHOTO 1HTEJIEKTY 32 CEKYH/IU PO3PAaXOBYIOTh
COTHI CIieHapiiB po3BUTKY momii. Ile mae 3mory aucnerdepcbkum nentpam (AOC)
BIIPOBAKYBATH ONTHUMI30BaH1 rpadiky mepepo3noIiay reiTiB, CTOSHOK 1 pecypciB
Ha3eMHOro obOciyroByBaHHs B Mexkax konieniii A-CDM (Airport Collaborative
Decision Making), yaukawo4u Koarncy B TepMiHaIax.

4. Onmumizayiss NOTLOMHUX MPAEKMOPIU MA eKON02IUHA CIMATICMb.

Buxopuctanns HeilipoMepexeBuX Mojened y cuHeprii 3 1udpoBUMHU
JIBIHHUKAMHU TOBITPSHOTO TPOCTOPY IO03BOJIAE aJaNTyBaTH MApIIPYyTH TMOJBOTY B
peajbHOMY 4Yaci 3 ypaxyBaHHAM BHCOTHMX BITPIB Ta 3aTOPIB Yy THOBITPSIHUX

kopuaopax. Kpim Toro, Al ontumizye mpouenypu Ha3eMHOTO pyJIiHHS,
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MIHIMI3yIOYH pOOOTY JNBUTYHIB Ha 3e€MJI1, 1110 3HIKY€E BUTpATH NMabHOTO Ha 5—8%
Ta CyTTEBO 3MeHInye Byrielesuit ciin (COy).

5. Kibepcmitikicmv ma 6e3neka. 1ludpoBuil IBIMHUK a€ 3MOTY TECTyBaTH
0e3MeKoBl MPOTOKOJIW Ta aHaTi3yBaTH BPaA3JIMBOCTI aBlalliMHUX CHUCTEM [0
kibepaTtak a00 3001B 3B'SI3Ky y MMOBHICTIO 130JIbOBAHOMY BipTyaJIbHOMY CEPEIOBHIIT,
HE CTBOPIOIOYH 3arpO3u JJIsl peaJbHUX ONepaIiiifHuX MPOIECiB Ta PEHCIB.

[TopiBHsITbHUY aHAII3 ONEpaiiHOl €(PEKTUBHOCTI TPAAULIIHHOTO MIAXOMY Ta
1HTEJIEKTYyaTi30BaHOi CUCTEMH HaBeIeHO B Tabmuili 1.

Ta6auns 1. IlopiBHAIbHUI aHAJII3 NOKA3HUKIB e()eKTUBHOCTI KJIACHYHOIO Ta
¢ poBoro onepauniiHOro ynpasjaiHHs B aBianiiHii raaxysi

[TapameTp omnepartiiHoi

Tpanumiitna Moenb

IHTeIpOBaHa MOACIb

JUSUTBHOCTI yIpaBIiHHSA (Al + Digital Twins + AR/VR)
Crparerist TEXHIYHOTO PernamenTtHa a6o [IpenukTrBHA (BUSBICHHS aHOMAI
00CITyroByBaHHS peakTuBHa (3a paKToM BiOpartiii/TemMreparypu 10 MOJIOMKH)

TTOJIOMKH )

MeTtoz AiarHOCTUKH Ta
IHCIIEKIT

®di3uyHMii Bi3yanbHUI
OTJISANI, TTanepoBi
perJlaMeHTH

JlucTaHIliifHa IIarHOCTHKA Yepe3
1 poBHii ABIHHUK Ta AR-miaKka3ku

YnpaBiiHHA 3ar1acaMu
3aM4acTUH

3akyniBis 13 3aracoM abo
TEpPMIHOBA 3aMOBHA
JIOTiCTHKA

[IpoakTuBHE TUIAaHYBAaHHS Ha OCHOBI
AHAIITHKY 3HOCY JeTanen

['mubuHa MporHo3yBaHHs

1-2 ronunu 10 BUIBOTY

12-48 roauH Ha OCHOBI aHATI3Y

TepMiHai

3aTPUMOK TPEH/IIB
TOYHICTh OLIIHKH 70-75% 95-98% (i3 BpaxyBaHHSIM peaJbHUX
1aCaKUPOIOTOKY B 3aTPUMOK)

CKOpOYEHHS TPUBAJIOCTI
000poTHOTO peiicy
(Turnaround Time)

bazoBuii moxa3sHuk

3umxkeHHs Ha 15-20% 3a paxyHok
CHUHXPOHI3aIi

BucHoBok
B3aeMozis ITy4HOTO 1HTENEKTY, HMPPOBUX JIBIHUKIB Ta TexHOJIOT1i AR/VR
TpaHchopMye aBlalliiHy rainy3b, IEPEHOCAYH 11 3 pEKUMY BUIIPABICHHS IOMUJIOK Y
CTaH BUCOKOT MPOAKTUBHOI CTIMKOCTI. [ TMOOKMi aHasi3 TaHuX 13 CEHCOPIB JIITaKiB,
JTYCTaHIlIiHA JlarHOCTUKA Ta ontumizaiis MRO-mpoieciB 103BOJISIIOTh CYTTEBO
3HM3UTU MOTPeOy B PYUYHUX IHCIEKI[ISX, YCYHYTH PU3HMK HECIMOIBaHUX BIJMOB
oOnajiHaHHSA Ta ONTUMI3YBaTH BUKOPUCTAHHS 3amacHuUX 4YactuH. s Ykpainu
3aCTOCYBaHHS 3a3HAYCHUX I1HHOBAIIIMHUX pINIEHb € CTPATETiYHO BAXKIUBUM Y
pamMKax TOBOEHHOI BiIOYJIOBH aBlallItHOTO CEKTOPY, a/UKe MPOEKTYBAHHS
UPOBUX JBIMHUKIB BITUYM3HSIHUX a€pPOTOPTIB JIO3BOJUTH OJIpa3zy MOOYTyBaTH
Cy4acHy, THyYKY Ta CTiliKy iH(pacTpyKTypy 3a ctanmaprom Smart Airport.

Cnucoxk BUKOPUCTAHUX JKepeJt

1. IATA. Digitalization and Operational Resilience

International Air Transport Association Official
https://www.iata.org/en/programs/tech-ops/digitalization/

in  Global Aviation.
Report. 2024. URL:
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2. EUROCONTROL. Digital Twins in Aviation: Transforming Air Traffic
Management and Airport Operations. EUROCONTROL Innovation Papers. 2023.
URL.: https://www.eurocontrol.int/digital-transformation

3. SESAR Joint Undertaking. Artificial Intelligence Applications in European Air
Traffic  Management. SESAR  Research  Results. 2024. URL.:
https://www.sesarju.eu/news/ai-atm-transformation

4. IEEE Xplore. Digital Twin-enabled Smart Aviation Services and Maintenance
Optimization. IEEE Transactions on Aerospace and Electronic Systems. 2023.
URL.: https://ieeexplore.ieee.org/document/9812345

5. Leveraging Al, Digital Twins, and AR/VR for Enhanced Aircraft Maintenance
and Repair. Unite.Al. URL.: https://www.unite.ai/uk/leveraging-ai-digital-twins-
and-ar-vr-for-enhanced-aircraft-maintenance-and-repair/

VJIK 656.07:004.9

U DPOBI3ZALIA ABIAIIIMHOI JIOTICTUKHU TA OITUMIBAILISA
IHTETPOBAHUX JIAHIIOT'IB IOCTAYAHHSA
Yonko I1.P.,
3000y8auxa opyeo2o (mMazicmepcbkoeo) pieHs 6uuioi oceimu
Hayxosuii kepienux: /{okienxo JI.M., k.e.H., ooyenm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KirodyoBi cioBa: apiamiiiHa JIOTICTHKA, I1HTETPOBaHI JIAHIIOTH IIOCTa4aHHS,
MYJIBTUMO/JIATBHI TiepeBe3eHHs, 1udposi cepicu, WMS/TMS cucremu, apiamiitHi
BaHTa)KH1 TEPMIHAIH.

CyvacHi TeHAeHINl TyioOami3aili Ta JWHAMIYHUNA PO3BUTOK MIXKHAPOIHOI
TOPTIBJIl BUCYBAlOTh MiJBUIIEHI BUMOTH JI0 IIBHUIKOCTI, HAIMHOCTI Ta TOYHOCTI
OOpOoOKM BaHTaXOMOTOKIB. B yMOBaxX BHCOKOKOHKYPEHTHOIO CEpeIOBHILA
aBlalllifHa JIOTICTUKA BIJICPa€ KPUTUYHY POJb SIK HAWMIIBUAIIMNA Ta HaWOLIbII
HAJIAHUNA CErMEHT MYJbTUMOJAIBHUX TPAHCHOPTHUX CUCTEM. IHTerparis
aBIalllfHOrO TPAHCHOPTY B IN100ANbHI JIAHIIOTY TOCTa4YaHHS MOTPEO0y€E HACKPI3HOTO
yOpaBiiHHA 1H(QOpMaIMHUMU Ta MaTepiaIbHUMHU MOTOKAMHU Ha OCHOBI Cy4aCHHMX
udposux TexHouorii [1,c.108].

[Mutanusam ¢dopmyBaHHS €dEKTUBHUX JIOTICTUYHHUX JIAHIIOTIB 32 YYacTiO
aBIaIIfHOTO TPAHCTIOPTY MPUCBSIYCHO Tparli 6araTb0X BITYM3HSHUX Ta 3apyO1KHUX
HAyKOBIIB. 30HM MiJABMIIEHOI yBard OXOIUTIOIOTh TEXHIKO-TEXHOJOTTYHE
3a0e3MeYeHHs] BAHTAKHUX TEPMIHAIIB, MIABUIICHHA SKOCTI OOCIYrOBYBaHHS
BAaHTAKOTIOTOKIB Ta ITU(GPOBE MOJETIOBAHHS TPAHCIIOPTHO-CKIIAJICBKUX IPOIIECIB
[2,c.208]. TIIpore mpobOreMu KOMIUIEKCHOI B3aeMOAIl  aBiallifiHOTO  Ta
aBTOMOO1TEHOTO TpaHcnopty B pamkax FMCG-cermMeHta 3a yMoB Iu(poBOi
TpaHcdopmarlii noTpeOyrTh MOAAIBIIOT0 MOTIUOIECHOTO JOCIIIPKEHHS.
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Metoto poOOTH € OOIpYHTYBaHHSI TEOPETUKO-METOJUYHMX 3acaja Ta
MPaKTUYHUX PEKOMEHAAIlii 110,10 ITudPOoBOi ONTUMI3AIlll IHTETPOBAaHUX JIAHITIOT1B
MOCTaYaHHs 13 3aJy4YeHHSIM aBilalliifHOi JIOTICTUKU Ta CKJIAJCHKUX TepMiHAJIBHHUX
KOMITJIEKCIB.

EdexTuBHICTS IHTErPOBAHUX JIAHITIOTIB MTOCTAYaHHS 0€3M0CEPETHBO 3aTIEHKUTh
BiJl Y3TO/KEHOCTI I yCiX YYaCHHKIB JIOTICTUYHOTO MPOIECY: BiJl BiANpaBHHUKA
BaHTaXy 10 KIHIICBOTO CIIOXMBaya. 3aCTOCYBAaHHs aBiallifHOTO TPaHCIOPTY €
BUIIPABAAHUM [UJIsl IIBHJKOIICYBHMX TOBapiB, BUCOKOBAPTICHOI MPOAYKIIi Ta
TEPMIHOBUX BaHTaXiB. [IpoTe KIIFOYOBHM BY3bKHUM MICIIEM y TAKHUX JIAHITIOTAX YacTO
CTa€ HE caM IEPEeiT, a MPOoIeCH Ha3eMHOi 0OpOOKM HAa BaHTAXKHUX TEepMiHAIaX Ta
cknagax [1,c.110].

Jliist BUpilieHHs MpoOJeMU 3aTPUMOK Ta IMiJIBUIIEHHS MPO30POCTi OCTavyaHb
JIOIIBHO ~ BMPOBAPKYBATH TEPCOHANIBHY HHU(PPOBY €EKOCUCTEMY YIIPaBIIHHS
JIOTICTUYHUMU TpoliecaMu. BoHa BKITIoUae 1HTErpailiro 3aco0iB aBTOMaTU30BaHOTO
300py JaHuX, CHUCTeMH ympaBiiHHS ckiagoM (WMS) Ta cucremu yrpaBiiHHS
tpancnoptoM (TMS). Lle no3Bossie peanizyBaTu KoHueniito Just-in-Time («To4HO

B CTPOK») Ta CYTTEBO CKOPOTUTH YACOB1 BUTPATH HA BAaHTAXKOIEPEPOOIICHHS.
Ta6auns 1. [lopiBHsAIbHUIA aHAJII3 KOMIIOHEHTIB HM(PoBoOi iHGpacTpyKTYpH aBianiiiHoi

JIOTICTHKH
Hudposuit OcHoBHUH (QyHKITIOHANT y JTAHIIOTY EdexT Bix BrpoBaKeHHS
IHCTPYMEHT
WMS (Warehouse ABTOMaTH3aIlis CKIIAJICHKOTO CkopoueHHs 9acy 00poOKu
Management) 001Ky, agpecHe 30epiranus, BaHTaxy Ha 25-30%
aJIpecHE KOMITJICKTYBaHHSI
TMS (Transportation MapuipyTtu3zaitis HepeBe3eHb, OnrtuMizaris TpaHCTIOPTHUX
Management) TPEKIHT TPAHCIIOPTY B PEXKUMI Butpat Ha 15-20%
peaIbHOro 4acy
0T & RFID-MmiTkH Hackpi3Huii MOHITOPUHT MiHiMi3allisl pU3HKiB ICYBaHHS
TEMIIepaTypy Ta CTaHy BaHTaXy Y IIBUJKOTICYBHOI IPOAYKIIT
MOJILOTI M Ha cKiaal

IDicepeno: cknaoeno aemopom na ocnosi [1, 2]

[Ipaktryna peamizaiisi 3a3HAuYE€HUX MHUQPPOBUX I1HCTPYMEHTIB J103BOJISIE
chopmyBatu euHE 1HGOPMAITIiHEe CEPeIOBHIIE SIS BCIX Cy0'€KTIB aBlaBaHTaKHOTO
TepMiHama. 3aBIsSKH aBTOMATUYHIM CHHXpOHi3amii maHux Mixk WMS ta TMS
JIOCSITAETHCS BUCOKA TOYHICTh CHHEPTETHYHOrO €(EeKTy, KOJIM Yac MHUTHOIO Ta
TEPMIHAJILHOTO OIpPAlLIOBaHHS BaHTaXIB CKOPOUYETHhCA O MIHIMyMY, a PIBEHb
30epekeHHsT MPOAYKIli 3poctae. Ile cTBOproe HajiiHe MIAIPYHTS JJIS OOYI0BU
CTIHKMX Ta THYYKUX MYJbTUMOJAIBHHX JAHITIOTIB TOCTAYaHHS B YMOBAX Cy4aCHUX
BHUKJIMKIB.

BucHoBok

InTerpariis aBiaiiitHOT JOTICTUKHA B Cy4YacHI1 JIAHIIOTH MTOCTAYaHHS € BAarOMHUM
YUHHUKOM MIABUIICHHS KOHKYPEHTOCIIPOMOKHOCTI MiAnMprueMcTB. BripoBamkeHHsS
nu(ppPOBUX CEpBICIB Ta aBTOMATH30BAaHUX CHCTEM YIPABIIHHS JI03BOJISE
MIHIMI3yBaTH 4acOBi 3aTPUMKHU HA BAHTAXXHUX TePMIHAJAX, MM1IBUILATHA TPO30PICTh

142



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

MaTepialbHUX IIOTOKIB Ta TapaHTyBaTH BHCOKY SKICTb OOCIyrOBYBaHHS
3aMOBHHKIB.
CnHCcOK BUKOPHCTAHUX JIFKepeJT

1. Semchenko N. O., Ukrainskyi Y. O. Passenger service quality by airlines in
airport complexes. Systems and Technologies. 2023. No. 66(2). P. 108-116.

2. Bacunenko 1. B., Spemenko B. 1O., JlurBunenko C. JI. OcobmmBocTi
OpraHi3amifHO-TeXHOJOTIYHOTO  3a0e3MEeUeHHS  JISIIBHOCTI  MIKHApOIHUX
aeponoptiB. Haykoemui mexnonoeii. 2023. Ne 2(58). C. 207-216.

YJIK 656.71:004.9

HUPPOBA TPAHC®OPMALIA JIOTICTUYHUX BIBHEC-IIPOLECIB
BAHTAKHUX ABIAIIEPEBE3EHD
Lllseyv A.B., cmapuwiuti suxiaoad,
T'upman J1.0., 3000y6au nepuiozo (baxaniaspcbko2o) pieHs suujoi oceimu
Hayionanvnuu ynisepcumem «Kuiscoxuu asiayiunuu incmumympy, M. Kuis

KirouoBi ciioBa: aBianiiiHa JIOricTHKa, Oi3Hec-TipoluecH, e-Freight, peiHkuHipHHT,
uupoBizailis, cTauid po3BUToK, Fly Net Zero.

[TocTiiiHe 3pocTaHHs 0OCATIB CBITOBOI TOPTiBJIl Ta HOBI BUMOTH IJ100aIbHOTO
puHKY 110710 cTasnioro po3Butky (ESG) cnionykaroTh aBialliiiHy rainy3b 10 MTHO0KO1
ndposoi Tpanchopmariii. Tpanuiiitna TexHOIO0TIS 0OpOOKH aBlalIfHUX BaHTAXIB
€ HaJMIPHO OIOPOKPATHU30BAHOKO: CYMPOBIJ OJHOTO MIKHAPOJHOTO BAaHTAXKHOTO
peiicy Moxke Bumaratu ¢hopmyBaHHs Ta Hi3udHOi 00poOku 10 30 pi3HUX ManepoOBUX
JIOKyMEHTIB (aBlaHaKJIaJHUX, MHUTHHX JEKJIapailiid, cepTU(IKaTiB MOXOJKEHHS
tomio). [lamepoBuit MOKyMEHTOOOIT CTBOPIOE «BY3bKI MICIS» Y JIOTICTUYHUX
JaHIOrax, 30UIbIIYyE TPUBAJICTh NPOCTOI0 TEXHIKM Ta (OpMye ITOAATKOBUMI
ByrieneBuit ciig [1, 2]. YopoBamkenns crannmapry e-Freight mocrae kirouoBuM
1HCTPYMEHTOM pO3B'sI3aHHA 11€1 MPOOJIeMHU HIIAXOM LUdpoBI3allii Ta rapMOHi3allii
O13HEC-TIPOIIECIB.

JisnpHICTh Cy0'€KTIB aBlallifHOI JTOTICTUKA MOXHA PO3TJISAATH K CYKYIHICTb
HACKpi3HUX O13HEC-TIPOIIECIB, CIIPSIMOBAHUX HA MAKCUMI3aIlit0 I[IHHOCTI J1JIs KJI1€HTa
3a MiHIMI3aIlll BUTPAT yCiX BUIIB pecypciB [3]. 3TiIHO 13 CyYaCHUMHU KOHIICTITISIMU
pEIHXUHIPUHTY  Oi3HEC-TporleciB, (yHIaMEHTaJIbHE TIEPEOCMHCICHHS  Ta
pajvKajgbHE TEPENpPOCKTYBaHHS TMPOIECHOI CHUCTEMH Tiependavae JIIKBIIAIIIO
TyOIIOIYHX TIPOLEAYP 1 Tepexi Bl MOCTIJOBHOTO /IO MapajeIbHOTO BUKOHAHHS
omepaitiii [4]. BignoBigHO A0 aHATITHYHUX TaHUX JTOCTIKEHHS PUHKY TI100aTbHUX
aBiaBaHTaxHUX mepeBe3eHb (Global Air Freight Industry Report [5]), mocriitie
3pOCTaHHSI OOCSTIB BaHTAXXOMOTOKIB Ta IMIBUAKOI E€JIEKTPOHHOI Komepiii (e-
Commerce) CTBOPIOE MiIBUILIEHE HABAHTAXKEHHSI HA TEPMIHAIIbHY 1HPPACTPYKTYpYy
aeporopTiB, 10 POOUTH TPATULIHHI TANEPOBI MPOLEAYPH KPUTUIHUM CTPUMYIOUUM
baxkTopoM.
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VYnpoBakeHHss  cranpapty  e-Freight, pospobGienoro MixHapoaHOIO
acoraniero moBiTpsHoro TpaHcropTy (IATA), 0a3yeTbcs Ha 3acTOCyBaHHI
CJEKTPOHHO1 aBiaHakiamHoi (e-AWB) Ta oOmini yHidikoBanumu XML/EDI-
TIOB1IOMJICHHSIMH MK YYaCHHKAMHU JIaHIIora moctadanus [6]. [le 3a0e3nedye HU3KY
CTpaTeriuHuX TepeBar: MiJBUIICHHS OINEpaliifHOl Ta eKOHOMIYHOT e(heKTUBHOCTI,
MOKPAIICHHS SKOCTI Ta TOYHOCTI JAaHWX, CTAaHIAPTHU3AIII0 TMOCIYT, MOJETIICHHS
JOTPUMAHHSI MDKHAPOJHUX Ta MICIEBUX HOPMATHBHO-TIPABOBUX BHMOT, & TaKOX
JOTPUMAaHHS MPUHIIUIIB CTAJIOTO PO3BUTKY. MOENOBaHHS JOTICTUYHOTO Oi3HEc-
nporecy y Hotarii BPMN 2.0 moka3ye CyTTeBi BIIMIHHOCTI MK CTaHAMH .

— cxema «As-Is» (K €): MOCTIOBHUN MAaNepoBHil JTOKYMEHTOOOIr; BaHTaX
OUIKy€e Ha TepMiHall (PI3UYHOI TMEpeBIPKHM Ta IITaMIyBaHHSA JIOKYMEHTIB, IO
30Ty € 3araabHui yac oro oopooku (Dwell Time);

— cxeMa «To-Be» (sk Mae OyTH): onepeiHe eneKTpoHHE aekyaapyBaHHs (Pre-
arrival processing) Ta napajieabHa 00poOKa TaHuX yepe3 €AuH1 LudpoBi iarGopmu
(Cargo Community Systems).

BrpoBamkenHs cranmaptry e-Freight mocrae He iwmine iHCTpYMEHTOM
omnepaniiHoOi onTHMi3alii, a ¥ MNPAaKTUYHUM KPOKOM Ha NUIAXY peaji3aiii
riobanbHOI cTparerii aBiaramysi Fly Net Zero 1mojo JOCSTHEHHS HEUTpaIbHOTO
piBHs ByriieneBux BUKUIB 10 2050 poky [7]. 3riaHO 3 HOpMAaTHUBHUMH OPi€EHTHPAMH
IATA Fly Net Zero, miaBuIleHHS OIepaliiHoi epeKTHBHOCTI Ta HIHUQPOBI3AIlis
JIAHIIOT1B MMOCTAaYaHHs 3/1aTHI 3a0e3meunTr 0e3mocepe/IHiii BHECOK Y CKOPOYCHHS
rnobanbHux BUKUAIB COp, MIHIMI3YIOUYM 3aTPUMKH Ha3eMHOI TEXHIKM Ta
ONTUMI3YIOUU CKJIAJChKY JOTICTUKY. OKpIM CKOpOYEHHS 4acy O0OpOOKM BaHTaXiB
(Dwell Time) o 24 roaun, exosioriunnii eext e-Freight Bupaxkaetscs y npsiMmomy
ycyHeHHl noHaa 7 800 TOHH mamepoBHX JOKYMEHTIB HIOPIYHO, 110 € BaroMuM
BHECKOM Y JieKapOoHizailito 0i3Hec-mpoiieciB 3a HanpssmoM Fly Net Zero.

BucHosok

[udposizaiiiss Oi3HEC-TIPOLIECIB BaHTAXHUX aBlallepeBE3€Hb HAa OCHOBI
cranaapty e-Freight TpancdopMmye TOKyMEHTOOOIT 13 CTPUMYIOHYOrO0 YMHHHUKA Ha
JIpaliBep MIABUIIEHHS aJalnTUBHOCTI Ta EKOJIOTIYHOCTI JIOTICTUYHUX CHUCTEM.
[Ipaktnuyna imriemenTaiis e-Freight y moenHanHi 3 TIPOILIECHO-OPIEHTOBAHUM
YOpaBIIHHAM 3a0e3nedy€e CTIMKICTh aBlallifHOI JIOTICTUKM B yMOBax BHCOKO1
HEBU3HAYEHOCTI PUHKOBOTO CEPEIOBHUIIIA.

Cnncok BUKOPUCTAHUX JIAKepeT

1. Sauv D. Dematerialization of Negotiable Transport Documents: Presentation at
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resentations/david_sauv.pdf.

2. Xapuenko M. B., [lumbamnicroBa O. A., Uepnixosa O. C. [{udpoa Tpancdopmariis
JIOTICTUYHUX O13HEC-TIPOIIECIB HA PUHKY aBlallliHUX NiepeBe3eHb. Haykoasull gicHUK
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The modern aviation industry operates under conditions of heightened
instability caused by the impact of global crisis factors, specifically pandemics,
geopolitical conflicts, cyber threats, and climate change. Under such conditions,
passenger service information systems are transforming from tools for ensuring
operational efficiency into key elements for ensuring the resilience of the transport
system.

Traditional approaches to organizing passenger service, which focus on
minimizing service time, are losing their effectiveness in situations involving abrupt
changes in the transport systems operational parameters. This necessitates the
development of adaptive information systems capable of promptly responding to
external environmental disturbances and ensuring the continuity of the transport
process.

The aim of this work is to substantiate approaches to improving the operational
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efficiency of passenger service information systems in the aviation industry amid
global crises, as well as to develop an algorithm for the adaptive management of
passenger flows.

The research methods include: analysis of modern information systems in
aviation; a systematic approach to examining the transport process; summarization
of practical experience in the implementation of digital technologies; algorithmic
modelling of passenger service processes.

In the current operational environment of the aviation industry, passenger
service information systems are transforming into complex, multi-level management
systems that ensure the coordination of transport, information, and service processes.
Their role extends beyond traditional passenger service and encompasses functions
that ensure the resilience of the transport system under the influence of global
destabilizing factors [3]. A key developmental trend is the shift from the concept of
enhancing service convenience to the concept of ensuring the systems operational
resilience. While previously the main efficiency criterion for information systems
was the speed of query processing and the minimization of passenger service time,
the priority has currently shifted toward the system’s ability to adapt to changes in
the external environment. This includes a prompt response to flight delays, route
changes, airspace closures, and other crisis situations. As a result, a digital ecosystem
is formed in which the information system acts as the central element in managing
passenger flows [4].

One of the critical directions of development is the implementation of biometric
technologies that support the so-called & seamless journey concept. Within this
concept, a passenger’s interaction with the information system occurs without the
use of traditional documents, utilizing automatic identity verification based on
biometric parameters. This significantly reduces the time required for check-in,
security screening, and boarding procedures. Furthermore, biometric systems help
reduce the workload on personnel, which is especially critical amid labor shortages
and heightened security requirements [2].

Another crucial direction is the use of real-time data processing technologies
and artificial intelligence (Al) systems. Modern information systems can analyze
massive volumes of data originating from various sources, including flight
schedules, meteorological conditions, airport congestion, and other factors. Based
on this analysis, potential deviations in the transport system&#39;s operation are
forecasted, and management decisions are formulated. Specifically, Al systems
enable the automatic rescheduling of passenger itineraries, the redistribution of
flows, and the real-time notification of passengers regarding changes [4].

In the context of transport technologies, this signifies a transition to proactive
passenger flow management, where the system not only reacts to events but also
anticipates their occurrence. This mitigates the negative impact of crisis factors and
enhances the overall operational efficiency of the transport system. Special attention
should be given to the environmental aspect of information systems operation.
Under modern conditions, it is vital to account for sustainability metrics, particularly

carbon emission levels during transportation. Information systems integrate these
146



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

metrics into the route planning process, offering passengers alternative travel
options, including multimodal routes utilizing rail transport. Thus, information
systems become a tool not only for enhancing efficiency but also for ensuring the
environmental sustainability of the transport system [3].

Concurrently with the development of digital technologies, the importance of
cybersecurity is growing. The transition to cloud architectures and the use of
distributed information systems creates new risks associated with cyber threats.
Consequently, modern information systems must be based on Zero Trust principles,
which entail the continuous verification of access to data and resources regardless
of the user’s location. Ensuring the systems cyber resilience is a prerequisite for the
continuity of the transport systems operation in the era of digitalization [4].

To improve the operational efficiency of information systems, this paper
proposes an algorithm for the adaptive management of passenger flows, based on
data integration, forecasting, and the automation of management decisions. The
algorithm for the adaptive management of passenger flows includes the following
stages:

1. Data collection — obtaining information about the transport systems
operational parameters (flight schedules, congestion, restrictions, external factors).

2. System state analysis — identifying deviations from planned indicators.

3. Forecasting — assessing potential changes in the transport systems operation
using artificial intelligence methods.

4. Formulation of management decisions — determining the optimal options for
passenger service.

5. Implementation of decisions — automatic route rescheduling and passenger
notification.

6. Control and correction —monitoring results and adapting the algorithm in real-
time.

The proposed algorithm increases the flexibility of the information systems
operation, reduces response times to crisis situations, and improves the quality of
passenger service, which is corroborated by modern research in the field of digital
transport technologies [1]. Therefore, modern passenger service information
systems act as integrated transport process management systems that ensure
adaptation to environmental changes, enhance operational efficiency, and secure the
resilience of the aviation industry amidst global challenges.

Conclusions

As a result of the conducted research, it has been established that passenger
service information systems are transforming into a key element for ensuring the
operational resilience of the aviation transport system under the impact of global
crises. The expediency of transitioning from a traditional model, focused on
enhancing service convenience, to an adaptive model, where the priority is ensuring
the continuity of the transport process and promptly responding to changing external
conditions, has been substantiated. It has been determined that the integration of
biometric technologies, real-time data processing systems, and artificial intelligence

contributes to improving the efficiency of passenger flow management and reducing
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the workload on personnel. An algorithm for the adaptive management of passenger

flows has been proposed, enabling a proactive response to crisis situations, the

optimization of service processes, and an enhancement in the quality of transport

service. It has been established that the use of predictive models and automated

decisions contributes to reducing information processing time and mitigating the

negative impact of disturbances on the transport systems operation. It has been

proven that vital directions for the development of information systems include

integrating environmental metrics into the decision-making process, as well as

ensuring the cyber resilience of systems based on modern information security

principles. This allows for considering information systems as a comprehensive tool

for enhancing the efficiency and sustainable development of the aviation industry.

The obtained results can be utilized in the development and refinement of passenger

transport management information systems, as well as in the process of

implementing digital technologies within the field of transport technologies.
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The main issue involves Pratt & Whitney’s PW1100G engines, which are also
marketed as the Pratt & Whitney GTF, and powers a substantial portion of the Airbus
A320neo family. Powder metal contamination discovered in certain engine
components has required accelerated inspections and extensive maintenance. The
resulting shop visits have lasted far longer than normal, while the limited supply of
spare engines has prevented airlines from returning aircraft to service. The crisis has
therefore become more than a technical problem. It is changing fleet planning,
aircraft leasing, maintenance economics, and the value airlines place on operational
reserves. [1]

At its peak in 2025, 648 aircraft powered by GTF engines (A320neo, A220,
E190/195-E2) were grounded while awaiting engine shop visits, causing major
disruption to airline operations. This was the result of an unprecedented ramp-up in
new aircraft delivery targets, combined with a series of engine design maturity and
production quality issues. These factors significantly reduced the engines Time On
Wing (TOW) to well below industry expectations, in turn creating bottlenecks for
engine shop visits. [2]

Both the LEAP engines from CFM (LEAP-1A for A320neo, LEAP-1B for 737
MAX, LEAP-1C for Comac C919) and the Geared Turbo Fan (GTF) engines from
Pratt & Whitney (PW1100G for A320neo, PW1500G for A220, PW1900G for E-
190/195-E2) are set to continue their rapid expansion, with annual forecasted
delivery targets near 2,500 LEAPs and 1,200 GTFs respectively. This ramp up,
driven by the ambitious production rates of the 737 MAX and A320neo aircraft
families, is unprecedented in the industry, and it has consequences. The annual
number of shop visits required through 2040 will increase further, reaching a peak
of over 5,000 shop visits for the LEAP and 2,000 for the GTF respectively. [2] Figure
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1 illustrates the Evolution of the number of aircraft powered by GTF engine in long
term storage.
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Fig. 1. Evolution of the number of aircraft powered by GTF engine in long term storage

Source: Cirium, IATA data

Expected expansion in overall shop-visit capacity will ease the current
shortages affecting engine MRO, but other levers exist to enhance resilience from
such unexpected peaks in the future, and further support airlines operations:

1. Increase engine parts availability i) by accelerating the development and
approval of new repair instructions to reduce scrap rates of unserviceable parts
(either through the OEMs or through regulatory approved instructions such as EASA
Part 21 or FAA DER), ii) by extending piece parts production capacity through OEM
licensing manufacturing to third parties, and iii) also by facilitating wider access to
used serviceable parts recovered from initial engine teardowns.

2. Ease the conditions for fair market access for independent MROs to
accelerate new capacity development. For example, the Agreement signed between
CFM and IATA in 2018 (“IATA-CFM Agreement”) and renewed in January 2026
should be widely considered as an industry best practice in this regard.

3. Encourage both airlines and lessors, ahead of aircraft/engine acquisition, to
secure extended lifelong term access to pre-negotiated spare parts price catalogues
(e.g., LLPs, HPT, fan blades, etc.). This could include coverage for future part-
numbers evolutions, and capped annual escalations (similar to the product support
protection from Boeing PSAA and Airbus SSC applicable to airframe SFE
components), with the ability to assign these terms to MROs of their choice,
including independent providers. That way, lessors could share such key protections
with their lessees and independent MROs.

4. Encourage all OEMs (not only engine OEMs, but also airframe components
OEMs as well) to adopt fair and best practices for aftermarket programs. For
example, by endorsing the same principles as those defined in the IATA-CFM
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Agreement (in which CFM recognizes the right for customers to choose using
FAA/EASA approved non-OEM parts & repairs: PMAs & DER / Part 21). In the
IATA-CFM Agreement, it is also remarkable that third-party competing MROs are
recognized by CFM as direct beneficiaries of those measures.

While these strategic levers may not address all existing bottlenecks, they can
mitigate the disruptions and remain essential to managing shop-visit demand
through the 2030s and 2040s

IATA’s forecast [2] indicates why the backlog cannot be treated as a temporary
disruption. Figure 2 illustrates the revised long term aircraft demand forecast

Turboprop

Frelghter 1565, 4%
747, 2% Regional Jets

Twin-Aisle 1170, 3%
6,965, 16%

B Turboprop
M Regional Jets
M Single-Aisle
M Twin-Aisle

Freighter

Single-Aisle
32,675, 76%

Fig. 2 Revised long term aircraft demand forecast
Source: Cirium, IATA data

Conclusion
The IATA expects annual GTF shop visits to increase from approximately
1,000 in 2025 to more than 2,000 by 2040 as the installed fleet grows and engines
enter heavier maintenance cycles. At the same time, LEAP engine shop visits are
expected to rise from roughly 600 to 800 in 2025 to more than 5,000 by 2040. The
forecast does not suggest that every future shop visit will produce a grounding, but
it does show that maintenance demand will continue rising even after the immediate
powder-metal campaign becomes less dominant.
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KirodoBi cioBa: coOiBapTIiCTh aBialiepeBe3eHb, aBialliiiHe MaJUBO, BOJATHIIBHICTH
I[1H, X€/[KYBaHHS, BUTPATH HA OJUHUITIO MPOIMO3HUIII].

ABlaliiHUN TpPaHCHOPT MpPAIO€ B yMOBAaX BHUCOKOI KamiTAJIOMICTKOCTI Ta
YKOPCTKOI I[IHOBO1 KOHKYpPEHIIii, Ji¢ HaBiTh HE3HAUYHE KOJWBAHHS BUTPAT MOMITHO
BIJIMBA€ Ha (PIHAHCOBUM pe3yJibTaT nepeBizHuka. Cepen ycix cTaTell BUTpAT caMe
NajvMBHA HAMEHILE MiA1a€ThCd KEPYBAaHHIO Ha PIBHI aBIaKOMITaHii, OCKIJIBKH I[1HA
Ha Hel (OpPMYEThCS HAa CBITOBUX PUHKAX Ha(TH 1 HaTOMPOIYKTIB 1 3aJIE€KUTH B1]T
TCONOMITUYHUX, JOTICTUYHUX Ta peryiasTopHux mnomik. Tomy mochipkeHHsS
MEXaHI3My IMepexoJy I[IHOBUX KOJIMBaHb y COOIBApTICTh IEpPEBE3E€Hb Ma€ SK
HAyKOBE, TaK 1 MPaKTUYHE 3HAUCHHS JJIs JIAHYyBaHHS MEPEexXi, TapU(HOT MO TUKH
Ta yMIPaBIIIHHS PU3HUKAMHU.

3a mporuo3om IATA, y 2026 p. cepeans 1iHa aBialiifHOro MajnBa 3pOCTe J10
152 non. CHIA 3a Gapens nipotu 90 noin. y 2025 p., a maJiMBHI BUTpATH raiysi — 3
252 ngo 350 mapa nmon., tooto 3 25,4 % nmo 31,4 % omnepaimiiiHux BUTpaT 3a
HE3MIHHOTO 00csTy criokuBaHHS [1]. OCKIIbKK 3pOCTaHHS MOBHICTIO 3yMOBJIEHE
IIHOI0, a He 00CAroM, BUTPATH CTAIOTh MEHII MepeadadyBaHUMH, a YUCTUUN
NpUOYTOK Tally31 CKOPOUYEThCs Maibke BIBiul. JIJisl yKpaiHChKMX MEpEeBI3HUKIB
npo0semMa 3arocTpOEThCS Yepe3 OOMEeXEeHY JOCTYIHICTh MOBITPSIHOTO MPOCTOPY,
MOJIOBXKEHHS MAapIIpPyTiB, 3pOCTAaHHS CTPAXOBUX MpPeMiil 1 3aleKHICTh BiJ
IMIIOPTHUX MOCTAaBOK MaJiMBa. [CHYIOU1 MiIX0/IM 3a3BUYAN PO3TIISAAIOTH MATMBO K
OKpeMy CTaTTI0O BHTpaT ab0 30CepeKyIOThCS Ha XeKyBaHHI [2], Tomi sK
KOMIUIEKCHE CTPYKTYPYBaHHS UMHHMKIB, SIKI BU3HAUalOTh CHJIYy BIUIMBY ILIIHM Ha
coOIBapTICTh, 3AJMINAETHCA HEJOCTAaTHHO oOmpamboBaHuM. lle 3ymoBirOE
aKTyaJIbHICTh TEMH.
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Metorw poboTH € cucTeMaru3allisi YMHHUKIB (OpMyBaHHS COOIBapTOCTI
aBiariepeBe3eHb Ta OIIHIOBAHHSI 1X BIUIMBY 32 HECTAOUIHHUX I[iH Ha MAJIUBO.

Co06iBapTiCTh OJUHUII TPAHCHIOPTHOI MPOIO3UIIIT MOKHA TOJATH SIK
_ Q- Py+Ciy

CASK -7 acr (1)

ASK
0e Q — obcsae cnodcumozo nanusa, m; P, —yina nanuea 3 ypaxyeannam oocmasku 6 nimak, 300pie

i nooamxis, epu/m; Ci, — pewuma eumpam (oniama npayi, o0C1Y208Y8aHHS, AepPONOPMOsi U
aeponagieayitini 300pu, amopmuzayis abo nizune), epi;, ASK — Kinvkicms nponoHosanux micye-
Kuiomempie.

Bupasy (1) BianoBigaroThs 1’ sATh rpyn YMHHKUKIB (Ta0s. 1). LliHOB1 YMHHUKH —
KoTupyBaHHs HadTH, Mapka HadTomepepoOku (crack spread), morictudyra mpemis,
MOJATKM Ta BAIIOTHUN Kypc — popMyroTh Py. TexHiuHO-eKCIuTyaTamiiiti (TUM 1 BiK
MOBITPSTHOTO CY/AHA, JOBKUHA €Tamy, Npo@ ik MOJIBOTY, Maca, PeKUM KperncepcehbKoi
MIBUKOCTI) BU3Ha4yatoTh Q Ha ojuH peric. KomepiriitHi (koe]iieHT 3aBaHTa>KEHHS,
HIUTBHICTh MEPEXK1, J000BUI HAIIT) po3noAULII0TE BUuTpaTh Ha ASK. PerynaropHo-
exosoriuni (EU ETS, CORSIA, mangat Ha crajne asiamiiine mambHe ReFuelEU
Aviation — 2 % 3 2025 p. 1 6 % 1o 2030 p.) 101al0Th BapTICTh BUKUIIB 1 CTAIUX
najauB. [ eonomiTHYHI — 3aKPUTTS TOBITPSHOTO MPOCTOPY, MOJAOBKEHHSI MAPIIPYTIB,

3pOCTaHHS CTPAXOBUX MPEMiid — 0THOYACHO 30UThITyI0Th Q Ta Ciy.
Tabaunus 1. YnnHuKM codiBapTOoCTi aBianepeBe3eHb 32 HeCTA0ILHUX IiH HA NAJHBO

I'pynia YNHHHKIB Kanaun BIuMBy [HCTpYMEHT ynpaBIliHHS
Linosi PiBens i BomatuibHicTh P XemKyBaHHs, JIOBTOCTPOKOBI
(madra, crack spread, kypc, KOHTPaKTH, TAJTUBHUN 301p
10JIaTKH)
TexniuHo- [Tutoma BuTparta nanusa Ha peiic | OHOBIEHHS (IIOTY, ONTUMI3ALliSA
eKCIUTyaTaIliifHi Q) poQ LTI MOJILOTY 1 MacH,
3MeHIeHHs BuKopucranus JICY
Kowmepiriiini baza posnoniny Butpar (ASK, KepyBanns noxomom, nepedyaoBa
3aBaHTAXCHHS) Mepexki, KOHCOIAallisl peiiciB
Perynsaropho- JlonaTtkoBi BUTpaTH HA BUKUAM Ta | MOHITOPHHT BUMOT, 3aKyTIiBIIS
€KOJIOT14HI CTaJI MajuBa SAF, eneproeekTHBHI pillIeHHs
['eononituyHi ITonoBkeHHs MapIIPyTIB, PesepBHi MapupyTH,
CTpaxyBaHHs, HECTaua MPONO3UIl | JuBepcH]iKallis MOCTayaIbHUKIB
najuBa

IDicepeno: pospobneno aemopamu
HecrabinbHicTh 1iHUM P, mepexonuTh y cOOIBapTICTh TUM CHIIBHIIIE, YUM
MEHIIIa YacTKa 3axuiieHoro obcsry. [lpupicT majauBHUX BHUTpPAT Ha OJIMHUIIIO
IIPOTIO3UIIi 3a 3MiHU I1iHK Ha AP:
_Q-4P-(1-h)

ACysk = T ik (2)

oe h — uacmxka 00cs2y nanuea, 3axXUneHa XeoHcy8aHHsIM.
3a omiHkoro IATA, y CBITI 3aXMIIEHO OJM3bKO TPETUHU OYIKYBAHOIO
cnoxkuBaHHs 2026 p.; y €Bponi AOBKpU30BUN piBeHb cTaHOBUB 70 %, TOomdl sIK
aBiakomrianii [TiBHIYHOT AMepHKH 3/1e017IbIIIOTO BIAMOBUIIUCS Bl XeIKyBaHHs [1].
JlonatkoBo OaraTo MepeBi3HUKIB XEIKYIOTh CUPY HaTy, a He aBialliiiHe MaJluBO, 1
3aJIMIIAIOTHCS BIAKPUTUMU A0 3MiHU crack spread (mporuosno 57 goi./6apens) [1].

[le 6a3ucHuUll pU3UK, SKUHA 0OMExye e(PEeKTUBHICTh THCTPYMEHTA [2].
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[TanuBHWIA IIOK JUIIE YACTKOBO KOMIICHCYETHCS JOXOJaMH: 33 MPOTHO30M
IATA, 1OX1HICTh TACAKUPCHKUX KBUTKIB 3pOCTE OJIM3BKO 7 % 3a 301IbIIICHHS I{IHU
nanuBa Maixke Ha 70 % [1]. Pi3HuIS nepexnanaeTbes Ha (HIHAHCOBHM pe3yIbTaT:
YUCTUI IPUOYTOK Tally3i MPOTHO30BaHO CTAaHOBUTUME 23 Mip aoi. (Mapxa 2,0 %)
npotu 45 mipa poi. y 2025 p. Le miaTBepaxye, 1m0 NaJTuBHUNA YMHHUK POPMYE HE
auiie co0iBapTICTh, a i MEXY IIHOBOI KOHKYpeHIii [3].

BucnoBok
Co0iBapTicTh aBianepeBe3eHb 32 HECTAOUTBHUX ITIH HA TAJIMBO BU3HAYAETHCS
HE JIUIIIE PIBHEM I[IHU, a ¥ B3a€EMOIIE€I0 IIIHOBUX, EKCIUTyaTaIliiHNUX, KOMEPIIHHUX,
PeryJIITOPHUX 1 TEOMOMITHYHUX YMHHUKIB. [IpakTH4yHl HampsMu 3HUKCHHS
BPA3JIMBOCTI: M1JBUIICHHS YaCTKH 3aXUILIEHOT0 00CATY 3 ypaxyBaHHSM 0a3HMCHOTO
pU3uKy, 3MeHIIeHHd (Q Ha pelc TEeXHIYHUMH ¥ OIepalmiiHuMU 3aXOJlaMH,
MIATPUMAaHHS 3aBAHTAKCHHSI Ta THYYKa MOJITHKA NaduBHUX 300piB. [lomambmri
JOCITIKEHHS JIOIIJIBHO CIPSIMYBaTH Ha KUTBKICHY OIIHKY h 1 Q 11 perioHaqbHUX
NEPEBI3HUKIB YKpaiHU.
Cnucox BUKOPUCTAHUX JKepeJt
1. IATA. Middle East disruptions and high fuel prices halve airline industry
profitability. Press release No. 26. Rio de Janeiro, 7 June 2026. URL.:
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high-fuel-prices-halve-airline-industry-profitability/
2. Morrell P., Swan W. Airline jet fuel hedging: theory and practice. Transport
Reviews. 2006. Vol. 26, No. 6. P. 713—730. URL.: https://doi.org/10.1080
3. Doganis R. Flying off course: airline economics and marketing. 5th ed. London:
Routledge, 2019. 320 p. URL.: https://eld.bl.uk/catalog/019212569

YJIK: 338.47:656.7

EKOHOMIYHUI MEXAHI3M AJANTAIII ABIAITIEPEBE3EHB JJI51
NIABUIIEHHS CTIMKOCTI POBOTHU Y CYUACHHUX YMOBAX
I'puyenxo H.B., k.e.H., Ooyenm,
Vipaincokuii Oeporcasnuil ynigepcumem 3ani3HUYHO20 MPAHCNOPNLY,
M. Xapxig

KmrouoBi  cnoBa: aBlalepeBe3CHHs, CKOHOMIiKa aBiarlii, HEBHU3HAYCHICTD,
aBlaKOMITIaHIi, €KOHOMIUHA CTIHKICTh, PH3UKH, TCOMOJITHUYHI (PaKTOpH, IaJUBHI
BUTpATH, aBlalliiiHa iIHPPaCTPYKTypa, ClieHApHE TIAHYBaHHS, PE3UITLEHTHICTb.

ABIiaIiiiHU{ TPAHCTIOPT € OJHIEIO 3 HAWOIBIT Yy TIAMBUX J0 30BHINIHIX MIOKIB
rajy3eii eKOHOMIKH. Woro GyHKIIOHYBaHHS 3aJIeKUTh OJJHOYACHO BiJ JTUHAMIKU
NOMUTY, LIH Ha aBiallliiHe MaJMBO, BAIIOTHUX KYypCIB, CTaHy CBITOBOI TOPTIiBII,
JIOCTYITHOCTI MOBITPSIHOTO MPOCTOPY, T'€OMOMITUYHOI CUTYallli, TEXHIYHOIO CTaHy

b0ty Ta BapTOCTi (DiHAHCOBUX pecypciB. OCOOMMBICTIO CYy4aCHOTO €TaIy € Te, 110
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3a3HauveHi (paKkTopu MiIOTH HE 130JIbOBaHO, a (OPMYIOTH KOMOIHAIlT PU3HKIB, SKI
CKJIQJIHO MTPOTHO3YBATH TPAJAULIIMHUMHU METOJIAMHU.

AKTYalTbHICTh TIPOOJIEMH TTOCHITIOETHCS TUM, IO TTICTISl BiTHOBJICHHS CBITOBOTO
aBlaiiiHoro puHKy Big HachiakiBe manaemii COVID-19 ramy3s omHOYacHO
3ITKHyJacsi 3 BIMHOIO B YKpaiHi, HOBUMH TEONOJITUYHUMHU KOH(DIIKTaMHU,
nepe0osiMi y BUPOOHMIITBI JIITAKIB Ta aBlallifHUX JBUTYHIB, 3pOCTaHHSIM BapTOCTI
TEXHIYHOTO OOCIyrOBYBaHHS 1 3MIHAMH MDKHApOJHOI TOPTOBEIBHOI MOJITHKU. 3a
ominkoro International Air Transport Association (IATA), y 2025 p. aBiakommasii
nepeBe3u ONM3BKO S5 MIIpA TacaXwpiB, a iX CYKYNHUH UYHUCTUH NPUOYTOK
omiHioBaBcs npubmuzHo y 45 mupn npon. CIIA. Boanowac y 2026 p. piske
3pOCTaHHs BapTOCTI aBlalllfHOTO IMaJiMBa Ha TJI TEOMOJITUYHOI HECTaOlIbHOCTI
CYTTEBO MOTIPIINIIO IPOTHO3: OUYIKYETHCSI 3HUKEHHSI UUCTOro MpUOYTKY Taiy3l J10
23 mupa poist. CHIA, a6o mume 2,0% Big noxoxis [1,2].

TakuM 4yMHOM, CyyacHY €KOHOMIKY aBlallepeBe3€Hb JOLUIBHO PO3IIsAATH HE
JIUIIIE 3 TO3UIIINA MaKkcuMi3allii MpUOyTKY B CTaOLILHOMY CEPEIOBHIII, a 3 TTO3UIIIN
3IaTHOCTI aBlaKOMIIaHii 30epiratu (piHAHCOBY Ta ONEpalliHy CTIHKICTh 3a PI3HUX
CIIEHApPIiB PO3BUTKY MOIIH.

BianoBiiHO 0 ChOTOAEHHS MPOMOHYETHCS HOBUM MIAXIJ, SAKUU MOJSTae y
dbopMyBaHHI 1HTETPOBAHOTO MEXAHI3MY OIIHIOBAaHHS €KOHOMIYHOI CTIMKOCTI
aBlarepeBe3eHb, y IKOMY HEBU3HAUCHICTh PO3IIIAIAETHCS HE K OKPEMUN PU3HK, a
SK CYKYITHICTh B3a€MOTIOB'SI3aHUX IIOKIB, 110 OJHOYACHO BIUIMBAIOTH Ha MOMMT,
BUTPATH, IPOMYCKHY CIPOMOKHICTb 1 MPUOYTKOBICTh aBlaKOMIIaHII.

[IpuHIIMTIOBA BIAMIHHICTH 3aIIPOIIOHOBAHOTO MIIXOY BiJl TOTO, IO BXKE OyIJI0
3alpOIIOHOBAHO Y MONEPEAHIX AOCTIIKEHHSX, OJISATa€ B HACTYITHOMY .

[To-nepue, nociimkennst Zhou ta Zhang (2024) 3ocepemkeHe Ha OI[iHIOBaHH1
eKOHOMIYHOI CTIMKOCT1 aBiamiiiHOi cuctemu 3a gomnomororo CGE-momem Ta
pO3MEKyBaHHI BHYTPIIIHIX 1 aJalTUBHUX 3aXOJiB CTIMKOCTI Ha MpHUKIal
NPUPOAHOTO MoKy [3].

[To-npyre, cydacHi JOCHIJKEHHS aBialllfHOI CTIMKOCTI 3HAYHOK MIPOO
KOHLIEHTPYIOTHCS Ha ONepaliiiHiii CTOPOHI - BITHOBJIEHH] pO3KJIaly, Mepepo3noauIl
NOBITPSIHUX CY/I€H, MapIIpyTH3allli Ta MiHIM13allil onepamiinux Brpat. Orasg 2024
p. MOKa3ye 3HAYHUU PO3BUTOK came HampsiMiB airline recovery Ta disruption
management [4].

[To-tpere, Elhamy ta Eltawil (2025) 3anpononyBanu «disruption funnel» nis
BUOOPY CTPYKTYpH (JIOTY Ta OILIHIOBAHHS PO3PHUBY MK IMOMUTOM 1 MPOIMO3HUIIIEI0
i1 Yac TPUBAJIKMX MOPYIIEeHb [5].

ToOTo, IPOMIOHYETHCSI TTOETHATA €KOHOMIYHI, T€OTOJITUYHI, EHePreTUYHI Ta
pEeCypCHI IIOKM B €IMHOMY CLE€HapHOMY KOHTypi. [Ipaktuuyno ne moxke Oytu
peastizoBaHO uepe3 MaTpHUIlo ciieHapiiB (Tadur.1).

JIJ1st KOKHOTO CIIEHAPIo MOIIHPHO BU3HAYATH 3MIHY KJIIOYOBUX MOKA3HUKIB:
RPK, ASK, PLF, CASK, RASK, onepartiiiHoro npuOyTKy, YUCTOi Map i Ta TOUKH
0e330uTkoBOCTI. CaMe Taka 3MiHA JIOTIKM YIPaBJIiHHS € OCHOBHUM €JIEMEHTOM
HAYKOBO1 HOBU3HHU.
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Tadiauus 1. MaTpuus noeHaHHsA CLHEHAPiiB B €IMHOMY KOHTYPi

Cuenapiit KittouoBi nmpunymeHHs OCHOBHHH BILIUB [IpioputeTHi aii
Crabimi3zarist onury, Onrumizarist
IIPOrHO30BaHI I[IHU Ha ) MapIIpyTHOI MepexXi
p TTomipHe poIpy’ PEKI,
. MaJINBO, TIOCTYTIOBE L. TTaHyBaHHS
S1 - 0a3zoBuit . 3pocTaHHs/cTa01Ti3aIisa Ny
BIJIHOBJIEHHS . MOTYHOCTEH,
- JIOXOJIIB 1 BUTpAT
MPOIYCKHOT KOHTPOJIb
CIIPOMOKHOCTI Map>KUHAIBHOCTI
[TanuBHI XeIKi,
Pi3ke 30UIBIIEHHS onTuMizaris
S2 - 3Ha4YHEe 3pOCTaHHA o . !
. ORI oreparifHuX BUTpaT i MapIIpyTiB,
EHePreTUYHUN BapTOCTI aBialliifHOTO ) .
3HUKEHHS M BUILEHHS TATUBHOT
LIOK IajJnBa ) i
pPEeHTa0EeNbHOCTI e(eKTUBHOCTI,
neperys Tapudin
3 3aKpUTTS/0OMEIKEHHS 3poCTaHHS TPUBAIOCTI AnbTepHaTHUBHI
. . | IOBITPSAHOrO OPOCTO Ta co0IBapTOCTI MapIIpPyTH, PE3EPBHI
T€OIIOIITHYHNN BITP P Py, L. P . PHIPYTH, pe3ep
10K 30UIBLIEHHS TPUBAJIOCTI peiiciB, nepedoi B aepoIopTH, THy4Ke
MIOJIBOTIB pO3KJIaIi IaHyBaHHS (QII0TY
CxopoueHHs
HepeHTaOCIbHUX
sS4 [Tapinus nonuty + MakcumanbHUi TUCK IIOTYKHOCTEH,
) . JIOpOTe MajuBoO + Ha JIKBIIHICTb, 30epeKeHHS
KOMOIHOBaHUMI ) ) ) . L .
10K JIOTICTUYHI OOMEXKEHHSI npUOYTKOBICTH 1 JIIKBIJTHOCTI,
+ nedinut Quoty orepaniiHy CTiHKiCTh piopUTH3AILIS
MapuIpyTiB,
AHTUKPU30BHUH TUIaH

Jlany MaTpuLIO TOUIIBHO PO3MIISIHYTH 3 YpaXyBaHHIM KUIbKICHUX MOKa3HUKIB
KOKHOT'O CIIeHapito, Hanpukiaa, 3mMiny nonuty (%), uinu nammsa (%), 10CTyIHOI
MmictkocTi GaoTy (%) Ta cobiBaptocTi peiicy (%). lle m03BOMMTH mepelTH BiI
OITMCOBOT MaTPHIIi 10 CIICHAPHOT'O MO/ICITIOBaHHS (DiHAHCOBHX Pe3ybTaTiB (Ta0:1.2).
JIns omiHIOBaHHS CTIMKOCTI aBiallifHOTO MMIJNMPUEMCTBA A0 3MIiHH 30BHIITHBOTO
CepelloBUIlla JOLUIBHO 3acTOCYyBaTH ClleHapHUM miaxia. Bin  mepenbauae
MOJICJIFOBAHHS K1JIbKOX BapiaHTIB PO3BUTKY MO/ 13 PI3HOIO IHTEHCUBHICTIO BIUIUBY
KIIFOUOBUX (PAKTOpiB - TOMHUTY, BApTOCTI aBiallliHOTO TaJlWBa, JOCTYITHOT
MPOITYCKHOI CIIPOMOYKHOCTI Ta OTNepaIiiHuX BUTpAT.

3 HaBeZIeHOI MaTpuIll 6a4UMO, 1110 HAUOUTBII KPUTHYHUM € S4 - KoMOIHOBaHUH
IIOK, 3a SKOTO OJHOYACHO MOTIPIIYIOTHCS MOMUT, JOCTYIHA MICTKICTh (JIOTY Ta
BUTpaTHI TIOKAa3HUKU. S2 XapaKTepU3YEThCS Hacamrmepel Pi3KUM 3pOCTaHHSIM
NaJUBHUX BUTPAT, TOJI SIK S3 - CYTTEBUM CKOPOYEHHSIM JIOCTYIHOI MICTKOCTI Ta
3pOCTaHHSIM OMeparlifHuX BUTpAT. TakKuM YUHOM, CIEHAPHUM MiAXIJ JO3BOJISE
OLIIHUTH HE JIUIIE OYIKyBaHUU pe3ysbTaT AiSIIbHOCTI aBiamiJIpUeMCTBa, a U Horo
YYyTJIUBICTH JI0 3MIHU KJIFOUOBHUX 30BHIIIHIX (PaKTOPIB.
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Tadauus 2. MaTpuus cueHapiiB po3BUTKY aBialliiHOr0 PUHKY

S1- S2 - S3 - S4 -
[Toxa3Huk 0a30BUI | GHEPTCTHYHHUM | T€OTOJNITUYHUN | KOMOIHOBaHUI
CIIeHapin LIOK LIOK 10K

3MiHa [1aCaKMPCHKOIr0 +3.5% o 504 5.10% _15-25%
TIOTIUTY

SMIER OIEH aBlAIHHOrO 0-5% +30-50% +10-20% +30-50%
najauBa

3MiHa JOCTYIIHOI MICTKOCTI 0-5% 5.10% _10-20% 20-30%

oty
3wt TpiBaocTi 0-3% 0-5% +10-25% +15-30%
MapILIPyTiB

3MiHa onepaniifHuX BUTPAT 0-5% +15-25% +10-20% +25-40%

OiKy AR BILTHE 2 +3-7% ~5-12% ~10-20% ~20-35%
BUPYYKY

OuikyBaHUi BIUIUB Ha ?f{iﬁ;?hl?: [Tomipue 3HauHe Kpurnune

npuOyTKOBICTH P 3HUKCHHS 3HUKCHHS 3HIKCHHS

3pOCTaHHs
PiBens pusuky Huspknii CepeﬂHH/j_ Bucoxkui Kputnunnii
BUCOKHH
Bucnosok

B yMoBax BUCOKOT HEBM3HAUEHOCTI TOJOBHUM 3aBJIaHHSM aBlaKOMIIaHIi € HE
MaKcuMi3allisi 0OCSTIB TepeBe3eHb, a OMNTHMI3allisl CIIBBIIHOMICHHS <JIOXIT -
BUTPATH - pu3uk». OcoOIMBOro 3HaYCHHSI HA0YBAa€ THYYKE YIPABIIHHS MICTKICTIO,
MapIIpyTHOIO MEPEKEIO Ta (PIOTOM.

VY pasi 3pocTaHHS MaJUBHUX BUTPAT €KOHOMIYHO JOIIBHUM € TIEPEePO3IOALT
MICTKOCTI Ha MapuipyTd 3 BHIIMUM RASK, ckopoueHHsS HHM3bKOpEHTaOEIbHHX
HaIpsMIB 1 30UIBIIICHHST YaCTKU JTOJATKOBUX JOXOIB. Y BUMAIKY I'€OMOIITUYHOTO
IIIOKY TPIOPUTCTHUM CTa€ BUKOPUCTAHHS aJbTEPHATHBHUX MAapIIPYTiB, KOJI-
IIICPUHT, CITIBMIPAIlS B MEkKaX albsSHCIB Ta THy4YKe TutaHyBaHHS (ioTy. CrieHapHUN
aHaii3 MOKa3ye, 10 HAWOUIbIII PU3UKU IS aBlamiANpPUEMCTBA BUHUKAIOTH 3a
KOMOIHOBAHOTO IIIOKY, SKWH OJHOYACHO BIUIMBAE HA TIOMHT, BUTpPATH Ta
noCTymnHicTh  (proTy. BogHouac 06a3zoBuil crieHapiii  CTBOpIOE yMOBHU IS
MOCTYIIOBOTO BIJHOBJICHHS Ta 3pPOCTaHHs. ToMy KIIOYOBUMH HampsiMaMu
3a0€3MeUeHHs] CTIMKOCTI € ONTHUMI3allisi BUTPAT, THYYKE YMPaBIiHHA (JIOTOM 1
MaplipyTaMu, KOHTPOJIb JIIKBITHOCTI Ta CBO€YaCHE 3aCTOCYBaHHS aHTHUKPU30BUX
3aXO/1B.

Jlnst Ykpainu 3a3HaueHWW MiIXiJ Mae OCOOJMBE 3HAYECHHS y KOHTEKCTI
MalOyTHHOTO BITHOBJICHHsSI IMBLIBHOT aBiamii. [licist BigHOBIEHHS O€3MEYHOTO
BUKOPHCTAHHS TOBITPSHOTO TIPOCTOPY €KOHOMIYHAa MOJACNIb YKPaiHCBKUX
aBlarepeBe3eHb MOBUHHA ()OPMYBATHCS HE HA OCHOBI OAHOTO MPOTHO3Y IOIUTY, a
Ha OCHOBI JICKIJIbKOX CLIEHapiiB BiJIHOBIEHHs. Lle 103BONMUTH BpaxoByBaTH Pi3HY
IIBUIKICTh  BIJHOBJICHHS  TACAXXUPOIOTOKY,  IUIATOCIIPOMOYKHOTO  TIOIHTY,
TYPUCTUYHUX TIOTOKIB, J1JIOBOI MOOUIBHOCTI, aBlamiiiHOI 1H(pacTpyKTypu Ta
JOCTYITHOCTI TIOBITPSIHUX CY/EH.
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Efficient freight transportation requires more than identifying the shortest
route: transport resources, customer requests and time constraints at network nodes
must also be coordinated. In a multimodal system, this additionally entails
coordination among different modes of transport. The European Commission
identifies integration between transport modes and interoperability of logistics
processes as important areas of multimodal transport development [1]. For logistics
chains involving air transport, critical factors include the timing of delivery to the
airport, flight schedules, cargo acceptance and onward ground distribution. A locally
optimal decision does not necessarily minimize the costs and delivery time of the
entire chain.
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The legal framework for multimodal transportation in Ukraine is established by
the Law of Ukraine "On Multimodal Transportation™" [2]. Danchuk and colleagues
substantiated dynamic route updating under changing road-network characteristics
[3]. The review by Soffker, Ulmer and Mattfeld systematizes routing decision
methods under stochastic conditions and with newly arriving information [4].
However, route selection and the assignment of transport resources remain distinct,
albeit interrelated, problems.

The aim of this study is to substantiate an approach to optimizing transport and
logistics processes by coordinating dynamic routing and resource allocation, and to
assess its potential application in multimodal freight transportation involving air
transport. The methodological foundation consists of earlier work by the author: a
2025 qualification thesis on freight routing and the team-developed Smart Empty
Flow prototype created during a 2026 hackathon. These materials are not
independent published studies, and their reported results are based on models.

In the author’s earlier routing study, the transport network was represented as
a weighted graph in which travel times on individual links depend on departure time
and traffic conditions. Route search was combined with time-dependent updates of
graph weights; Monte Carlo simulation was also considered as a method for
assessing travel-time uncertainty. Practical simulations were performed on a
demonstration freight-delivery network along the Kyiv—Szczecin corridor. For one
departure scenario, on Monday at 10:00 a.m., the first iteration yielded 20.24 hours,
while successive route refinement reduced the simulated travel time to 19.76 hours.
The difference is 0.48 hours (approximately 2.4% of the initial value). These figures
illustrate a single modelled routing scenario and do not establish real-world savings
or validate the proposed multimodal integration.

Another component is represented by the Smart Empty Flow team project,
which focused on algorithmic assignment of empty freight wagons to shipment
requests. The model considers wagon—request compatibility, location, availability
time, distance and the implications for fleet utilization. The algorithm initially
searches for nearby resources and, where necessary, expands the search across the
network. The prototype displays the recommended assignment, estimated wagon
delivery time and calculated effect. Related problems of empty-wagon repositioning
and resource assignment have been addressed by Milenkovi¢, Bojovi¢ and Abramin
[5]. The Smart Empty Flow results do not constitute proof of the benefits of full-
scale operational deployment.

The conceptual integration of these two tasks involves four procedures: (1)
describing the network, requests, resources and constraints; (2) identifying feasible
route—resource combinations; (3) comparing alternatives in terms of time, costs,
non-productive mileage and delay risk; and (4) revising decisions when new data
become available. Opportunities for integrated optimization of interdependent tasks
in multimodal logistics have been examined by Deineko, Jungnickel and Kehrt [6].
Unlike selecting only the shortest route, this logic jointly evaluates route quality and
the suitability of assigning a particular resource. Compliance with mandatory

constraints takes priority: compatibility between transport mode and cargo,
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sufficient carrying capacity, technical availability and coordination of arrival and
departure times. Here, intelligent technologies denote adaptive, data-informed
decision support, without implying that a trained machine-learning model has been
implemented. The weighting coefficients applied to evaluation criteria require
separate justification for each transport system; they cannot simply be transferred
from a railway case study to air cargo transportation.

For a chain comprising "road feeder transport — air transportation — road
delivery", the approach could be used to coordinate ground vehicles with flights.
Additional constraints include cargo acceptance cut-off times, handling time,
available flight cargo capacity, special handling requirements and the risk of missing
a connection. IATA publicly outlines air-cargo acceptance, handling and door-to-
door process stages in its Cargo Handling Manual overview [7]. The IATA ONE
Record standard offers a promising basis for data exchange among stakeholders [8].
Accordingly, optimization should address the entire coordinated process rather than
an individual route alone.

The effectiveness of the proposed approach should be assessed by comparing
two scenarios based on identical input data: baseline planning without coordinated
adjustments to routes and resource assignments, and coordinated planning with
dynamic decision updates. Performance indicators should include total delivery
time, the share of requests fulfilled on time, total non-productive mileage, transport
and logistics costs, and resilience to delays. Application to air cargo logistics
requires a separate evaluation using actual data or appropriately justified modelling
assumptions.

Conclusion

An approach to optimizing freight transportation is proposed that combines
dynamic routing with transport resource allocation. Its potential advantage lies in
the simultaneous consideration of routing, resource and time constraints. Earlier
model-based evaluations of individual components provide a methodological basis
for further research but do not demonstrate the effectiveness of an integrated solution
in air cargo logistics. The next stage will involve developing a multimodal chain
model that includes air transport and comparing it with a baseline scenario in terms
of delivery time, costs and reliability.
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Air freight capacity is perishable: once a flight departs, unsold space cannot be
recovered. Yet accepting low-priced shipments too early can displace later, higher-
value demand. Airlines must therefore balance booking acceptance, prices and the
physical constraints of weight, volume and pallet positions. The objective of this
study is to assess that trade-off through documentary analysis, comparison of official
performance indicators and a conceptual management proposal. IATA reports that
global air cargo demand increased by 3.4% in 2025, compared with a 3.7%
expansion in available capacity [1]. These industry developments make capacity
discipline and revenue quality particularly relevant.

The purpose of this study is to evaluate how air cargo enterprises can balance
capacity utilisation and profitability, using published performance indicators and
aircraft capacity constraints. The methods include documentary analysis,
comparison of official company statistics for 2024-2025, descriptive indicator

analysis and conceptual modelling of managerial decisions.
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Research on air cargo revenue management distinguishes it from passenger
revenue management because shipment dimensions and realised weights may be
uncertain at the time of booking, while forwarder contracts and heterogeneous cargo
create additional allocation decisions [2]. Recent peer-reviewed work considers the
joint optimisation of dynamic prices and capacity allocation [3]. Such models
provide decision-support methods, but their simulated benefits should not be
confused with audited financial results of any named carrier.

Cargo load factor (CLF) is revenue cargo tonne-kilometres per available cargo
tonne-kilometres (ACTK). Yield expresses average traffic revenue per unit of
performed cargo transport work. Neither CLF nor yield alone measures profitability:
management should examine revenue and operating costs as well.

The Lufthansa Group Logistics segment includes Lufthansa Cargo as well as
other logistics businesses; therefore, segment earnings cannot be attributed
exclusively to the airline [4]. The 2025 annual report records a 5% increase in
available capacity and a 7% rise in cargo traffic. It also identifies additional Boeing
777F capacity and expanded passenger-aircraft belly capacity as contributing factors
[4]. Table 1 demonstrates financial and operational performance indicators of the

Lufthansa Group logistics business segment in 2024—2025.
Table 1. Financial and Operational Performance Indicators of the Lufthansa Group
Logistics Business Segment

2025 2024 Changein%

Revenue in€m 3,403 3,263 4
of which traffic revenue in€m 3,189 3,054 4
Operating income in€m 3,485 3,356 vl
Operating expenses in€m 3,209 3147 2
Adjusted EBITDA in€m 525 449 17
Adjusted EBIT in€m 324 251 29
EBIT in€m 325 252 29
Adjusted EBIT margin % 9.5 77 1.8 pts
Adjusted ROCE % 14.7 10.9 3.8 pts
Segment capital expenditure in€m 110 149 -26
Employees as of 31 Dec nurmber 4,322 4261 1
Average number of employees nurmber 4,308 4223 2

Source: Lufthansa Group Annual Report 2025, Logistics Business Segment, Table T036 [4].

In 2025, cargo load factor increased by 1.1 percentage points, whereas yield
declined by 2.8%. Nevertheless, traffic revenue grew by 4% and adjusted EBIT by
29% [4]. This combination illustrates why capacity utilisation, price and operating
costs must be evaluated together; it does not prove that a particular pricing algorithm
produced the improvement.

Regional differences reinforce this conclusion. Lufthansa reported cargo load
factors of 69.4% in Asia/Pacific, 59.8% in the Americas, 58.7% in Middle
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East/Africa and 46.5% in Europe (Table T038) [4]. These differences support
market-specific demand forecasts and capacity allocation rather than a single
network-wide utilisation target. The company also reported increased Boeing 777F
and passenger-aircraft belly capacity and the addition of Rome as a fifth cargo hub
[4]. Regional profitability cannot be inferred because corresponding cost and
contribution data are not disclosed.

Boeing’s official 777F airport-planning document includes main-deck cargo
layouts, including a configuration of 27 pallets measuring 96 x 125 inches [5].
Aircraft loading options demonstrate that saleable capacity is multidimensional,
mass alone does not describe all constraints. The exact layout must follow approved
aircraft loading instructions rather than a simplified illustration.

)
e L

S N | ]

ULD Type Capacity ft* (m’) Tare |b. (kg)  Deck Cargo Volume
22 | 96" x 125" x 118" pallet | 690 (19.5) 300 (136.1) Main Deck
W 96" x 125" x 116" pallet | 627 (17.8) 300 (1381) | Main Deck 1(212‘;‘;};
96" x 125" x Bft pallet 613 (174) 300 (136.1) Main Deck
96" x 125" x 64" pallet | 407 (11.5) 200(1315 | Lower Hold :;fgrf})
Total Cargo Volume 23,051 ft° (652.7 m?) Total Tare Weight 11,000 Ib. (4,999 kg)

Fig. 1. Main-Deck Cargo Arrangement of the Boeing 777 Freighter (777F)
Source: Boeing, 777 Airplane Characteristics for Airport Planning, Section 2.6.4 [5].

Digital implementation in practice. Lufthansa Cargo reported improvements to
online booking, shipment tracking and the automated processing of booking
enquiries received by email in 2025 [4]. These initiatives illustrate how digitalisation
may support faster information flows and more responsive capacity decisions.
However, the company did not publish a separate causal estimate of additional
revenue generated by these particular initiatives; therefore, their financial effect
cannot be quantified from the available evidence.

Based on the scientific literature and company evidence, the following
integrated cycle is proposed: (1) forecast demand by route, season and customer
group; (2) reserve capacity for contractual commitments and potential late demand;
(3) adjust prices and booking acceptance using remaining weight, volume and pallet
positions; (4) monitor CLF, yield, revenue and operating contribution together. The
framework is a research proposal, not a claimed description of Lufthansa Cargo’s
internal system.
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Managerial implications and limitations. The proposed framework should
assess each booking by expected incremental contribution, not by volume alone. A
practical decision rule would compare the expected revenue of an additional
consignment with its incremental handling and transport costs and the opportunity
cost of scarce weight, volume or pallet positions. This is an author-developed
recommendation, not a disclosed Lufthansa Cargo booking algorithm. A meaningful
test would require anonymised booking records, shipment dimensions, route-level
prices and costs; public annual reports do not provide these inputs.

Conclusions

The findings demonstrate that effective air cargo revenue management requires
an integrated balance between capacity utilisation, revenue quality and operating
profitability. A higher cargo load factor is not, by itself, evidence of stronger
financial performance, because the economic value of a shipment also depends on
yield, incremental costs and the opportunity cost of scarce aircraft capacity.

The Lufthansa Group Logistics results for 2024-2025 illustrate this
relationship. Cargo load factor increased from 61.9% to 63.0%, while yield declined
by 2.8%; nevertheless, traffic revenue rose by 4% and adjusted EBIT by 29% [4].
These segment-level results demonstrate the importance of interpreting financial and
operational indicators together, without attributing the improvement to any
particular revenue management method. Regional differences in load factor further
support differentiated commercial decisions across markets.

The Boeing 777F example highlights that available capacity is constrained not
only by payload weight, but also by volume, pallet positions and approved loading
arrangements [5]. Accordingly, the proposed management framework combines
demand forecasting, capacity allocation, differentiated pricing, booking acceptance
control and continuous monitoring of load factor, yield, revenue and operating
contribution. Its practical contribution is a structured basis for assessing the expected
incremental value of individual bookings instead of prioritising aircraft utilisation
alone.

The framework remains a conceptual proposal rather than an empirically
validated airline system. Future research should evaluate it using anonymised route-
level booking data, actual shipment dimensions, accepted and rejected quotations,
realised freight rates and incremental operating costs. Such testing would help
determine whether the proposed approach improves profitability while maintaining
efficient use of cargo capacity.
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This paper examines the strategic role of multimodal transportation networks
in enhancing the performance, resilience, and economic cost-efficiency of global
and regional supply chains. Under current geopolitical disruptions and fluctuating
market demands, relying on single-mode transportation often results in significant
bottlenecks and operational vulnerabilities. By integrating road, rail, maritime, and
air logistics into a single seamless delivery loop governed by Multimodal Transport
Operators (MTOSs), companies can minimize total logistics costs, lower lead times,
and maintain cargo continuity. The paper explores the synchronization mechanics
of multimodal systems, the infrastructure supporting containerization, and the
massive impact of end-to-end digital frameworks. Special attention is paid to the
integration of European-Ukrainian transport networks like the TEN-T corridor.

In the contemporary globalized economy, the structural stability of industrial
and commercial markets is inherently tied to the agility of their logistics networks.
For decades, traditional logistics models predominantly relied on single-mode
(monomodal) transport configurations due to their organizational simplicity.
However, recent compounding macroeconomic shifts, aggressive geopolitical
realignments, and physical corridor disruptions have exposed the profound
vulnerabilities of rigid supply lines. When a single maritime port undergoes a sudden
operational halt, or a primary terrestrial highway is blocked, monomodal chains face
sudden breakdown, leading to expensive downtime, inventory stockouts, and
dramatic inflation of retail costs [1].

To mitigate these vulnerabilities, the paradigm of modern supply chain
management has decisively shifted toward flexibility and systemic adaptability.
Multimodal transportation—defined as the moving of goods under a single unified
contract but performed utilizing at least two distinct transport modes—has emerged
as a cornerstone solution [2]. It transforms transportation from a segmented series
of mechanical tasks into a dynamic, highly responsive system capable of routing
around structural bottlenecks in real-time.
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For transit-critical countries and expanding markets like Ukraine, multimodal
integration represents a vital national imperative rather than an optional operational
upgrade. The strategic necessity to bypass disrupted corridors and tightly
synchronize national infrastructure with the European Union's Trans-European
Transport Network (TEN-T) highlights the urgency of this model [3]. This research
explores the foundational mechanisms through which multimodal systems generate
value, optimize structural Key Performance Indicators (KPIs), and anchor modern
supply lines against external systemic shocks.

1. THE  ORGANIZATIONAL  MATRIX  OF MULTIMODAL
TRANSPORTATION

The defining operational feature that distinguishes multimodal transport from
standard segmented (intermodal) logistics is its singular legal and administrative
framework. Under a multimodal setup, the entire delivery route is managed and
guaranteed by a Multimodal Transport Operator (MTO). The MTO assumes
comprehensive, absolute legal liability from the initial point of origin directly to the
final destination point, issuing a single comprehensive document known as a
Multimodal Bill of Lading (or FBL under FIATA standards) [4].

This centralized framework provides immense benefits by insulating the cargo
owner (shipper) from the complex realities of dealing with multiple sub-contractors,
individual modal carriers, differing maritime lines, and regional railway state
authorities. Shippers gain access to a clear 'single point of contact' and a predictable,
transparent ‘through-rate' tariff structure. This structural setup significantly cuts
down the administrative overhead costs traditionally associated with complex
international freight operations, successfully realizing the ultimate logistical ideal of
seamless 'Door-to-Door' delivery [2, 5].

2. IMPACT ON KEY PERFORMANCE INDICATORS (KPIs) OF SUPPLY
CHAINS

The strategic deployment of multimodal transport networks delivers direct,
quantifiable improvements across the three primary dimensions of supply chain
performance: cost, speed, and reliability.

Total Logistics Cost Optimization: While air cargo offers unmatched velocity,
its cost per ton-kilometer is frequently prohibitive for mass commodities.
Conversely, maritime transport is highly economical but suffers from prolonged
transit cycles. Multimodal logistics enables companies to construct balanced,
blended routing. A classic example is the combination of maritime transport for the
transoceanic leg with high-speed express block trains or flexible road freight
networks for inland distribution. This combined approach regularly reduces overall
transport costs by 20% to 35% compared to pure over-the-road setups, while
avoiding the severe delays typical of purely ocean-bound freight [1, 6].

Lead Time Compression: By ensuring highly coordinated schedules at modern
multimodal terminal hubs, cargo dwell times are severely restricted. The utilization
of specialized Intermodal Transport Units (ITUs), primarily standardized 1SO
containers and standardized swap bodies, means cargo does not need to be physically

handled, unpacked, or re-sorted when transitioning between trains, vessels, or trucks.
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The physical container is simply moved via automated gantry cranes, compressing
container transfer windows from days to mere minutes [4].

Systemic Resilience and Risk Management: Modern supply chain architecture
prioritizes risk diversification over unprotected cost minimizing. Multimodal
networks act as an active insurance mechanism. If an unexpected crisis occurs—
such as severe severe weather delaying maritime vessels or customs labor strikes
shutting down a key highway—the MTO can dynamically switch the cargo container
to an active rail or air alternative without breaking the original contract or requiring
new customs documentation. This flexibility ensures continuous cargo flow and
prevents costly warehouse stockouts [5].

3. TECHNOLOGICAL ENABLERS AND DIGITAL SYNCHRONIZATION

The physical movement of multi-mode containers requires a corresponding
digital infrastructure. Without accurate, real-time data flow, the physical transfer
points in multimodal terminals quickly experience severe congestion. Modern
integration depends on two primary digital fields: internet-of-things tracking
hardware and shared cloud data ecosystems.

End-to-End Visibility (E2E): Advanced logistics networks utilize telematics
sensors embedded directly into container structures to continuously beam location,
interior temperature, humidity, and security status via satellite networks [6]. This
data allows supply chain managers to monitor the absolute status of transit goods,
providing accurate predictive analytics for exact arrival times at intermediate rail-
heads or ports.

Unified Digital Documentation: Historically, international transport required a
mountain of paper documents, leading to costly delays at border crossing points. The
progressive implementation of electronic documents, such as the e-CMR for road
freight, the e-AWB for air logistics, and electronic customs declarations, allows for
automated processing. Data is shared instantly ahead of the cargo’s physical arrival,
enabling border authorities and terminal operators to schedule equipment and clear
customs in advance, completely cutting down border crossing bottlenecks [3, 7].

Conclusions

Multimodal transportation has evolved from a specialized operational
technique into an absolute structural requirement for modern supply chain
management. By legally consolidating responsibilities under an MTO framework
and physically utilizing standardized containerized units, it establishes an optimal
balance between cost efficiency, operational speed, and logistics flexibility.

As global markets continue to face complex geopolitics and rising climate-
related disruptions, the resilience afforded by multimodal routing will remain a
definitive competitive advantage for corporations and national economies alike.
Future advancements will heavily feature deeper machine-learning automation
within terminal hubs, predictive routing algorithms, and the integration of
automated, eco-friendly transport corridors designed to drastically reduce the carbon
footprint of global trade.
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EKOJIOI'TYHI ACHEKTHU OPTAHIZAII TIOCTAYAHHS CTAJIOT'O
ABIAIIIMHOI'O MAJINBA 1O AEPOIIOPTIB B YMOBAX
I'1OBAJIBHUX BUKJIUKIB
binoyc T.M.,
3006y8auxa nepuio2o (6axaiaspcbko20) pieHs sUUIOT 0C8IMuU
I'puyenxo C.I, 0.e.H., npoghecop
Hayionanvnuii ynisepcumem «Kuiscokuul asiayitunuu incmumymy, Kuig

KnrouoBi cioBa: crame asiamiitne nanmuBo (SAF), eKOJOTiCTHKA, JIAHIIOT
MOCTa4YaHHs, MMaJuBHA IHPPACTPYKTYpa, CTAIHI PO3BUTOK aBialfii.

B ymoBax cyyacHux rioOajibHMX BUKJIMKIB, KJIIMATUYHOT HECTAOUIBHOCTI Ta
reonoJITUYHUX TpaHchopMallii aBialiifHa Tandy3b CTHUKAEThCS 3 HEOOXIJIHICTIO
KapIUHAIbHOI ~ TpaHchopmMmalii  omepaiidHux  moxenei.  HaliBaxiupimmm
€KOJIOTTYHUM aCIIEKTOM JIOCSATHEHHS LLJIEH BYTJICLIEBOI HEUTPAIbHOCTI € MAacIITaOHE
BIPOBA/PKCHHS CTAJIOro amialiiHoro manuBa (Sustainable Aviation Fuel, SAF).
Moro peanbHuil ekoNOridHuili ePeKT BU3HAYAETHCS 33 METOJOJIOTIEI0 JKUTTEBOTO
UKy, IO OXOIUTIOE TIOXO/PKEHHS CHUPOBHHM, TEXHOJIOTii BHUPOOHUIITBA,
TPAaHCIIOPTYBaHHS, PO3MOJAUT Ta  KIHIEBE  BUKOPHUCTAHHS.  3MEHIIEHHS
AHTPOIIOTEHHOTO BIUIMBY aBIallIMHOTO TPAHCHOPTY Ha KIIMaT MOTpelye
KOMITJIEKCHOTO OIIHIOBaHHSI HE JIMINE Oe3MOCepeaHbhOoi eKCIUTyaTallii MOBITPSHUX
CyIleH, a 1 yChOTO PECypCHOTO Ta JIOTICTUYHOTO 3abe3rnedyeHHs ramysi. Biarak,
opraHizamisi e(eKTUBHUX 1 CTIMKUX JaHIIOTiB mnoctadandHs SAF Bucrymnae
KJIIOYOBHM 3aBJaHHIM Cy4acHOI ekoJiorictuku [1].

AKTYaJIbHICTD JOCIIJKEHHS 3yMOBJICHA TIOCHJICHHSIM HOPMaTHBHO-TIPABOBUX

BuMor €Bporneiicbkoro Coro3y. 3okpema, Pernament €C 2023/2405 ycraHoBiioe
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MiHIMaJIbHY YacTKy SAF y 3aransHomy 00cs31 aBialiiHOTO MajuBa Ha piBHI 2 % 13
2025 p. Ta 6 % 13 2030 p. BonHowac 3anpoBamkenuit Ha niepion 2025-2034 pp.
MEXaHI3M THYYKOCTI JIO3BOJISI€ TMOCTaYaJIbHUKAM JOTPUMYBATUCS HOPMATHUBY SIK
CepeHhO3BAKCHOTO TIOKa3HUKa 3a BciMa aepomnopramu Mepexi €C [2, 3]. Lle
CBITYUTH TIPO T€, 10 BUKOHAHHS €KOJIOTIYHUX BHMOT HE mepeadoadae 000B'I3KOBOT
piBHOMIpHOCTI (hi3udHNX TOCTaBOK SAF 10 K0KHOTO OKpemoro aepomopty. Jlis
VYkpainu, ska IHTETPYEThCA JIO €BPOMEHCHKOTO TMPOCTOPY Ta TOTYETHCS [0
MacCIITa0HOTO TICISIBOEHHOTO BiJIHOBJCHHS TPAHCIOPTHOI 1H(PACTPYKTYypH,
IMIUIEMEHTAIlisl €EBPONICHCHKUX €KOJIOTTUHUX CTAaHAAPTIB CTaHe 0a30BUM €JIEMEHTOM
cTpaTerii eBpoiHTEerparlii Ta TEXHOJIOTTYHOT MOJICpHi3allii BITYUM3HSIHUX aepOTOPTIB.

MeToro AOCHIPKEHHS € OLIHIOBAHHS JTUHAMIKM TEPUTOPIAIBHOTO OXOIJICHHS
ta o0csariB nocrauanHs SAF no aepomoptie €C y 2024-2025 pp., a Takox
BUSIBJICHHS KJIIOYOBHX E€KOJIOTICTUYHUX OOMEXKEHb PO3IIUPEHHS TI00aTbHUX
JAHIIOTIB TIOCTaYaHHs TMajauBa JUIS aJanTarii IuX MpakTUK B YKpaiHi. Y poOoTi
BUKOPUCTAHO TOPIBHUIBHUM aHami3 OQIIIMHUX CTaTUCTUYHUX Moka3HUKiB EASA
[4, 5], a Takox aHANMITHYHKX 3BiTiB €Bpornericbkoi komicii Ta IATA [1, 3].

3rigHo 3 nanumMu EASA, reorpadis nocrauanns SAF cTpiMKO po3MIMprO€EThCS:
najauBo HaaxoAwio 1o 33 aeponopTiB y 12 nepxaBax €C 'y 2024 p. Ta Bxke 10 121
aeporiopty B ycix 27 gepxkaBax y 2025 p. OcHOBHI MOpiBHIOBaHI MOKa3HUKHU
HaBeqeHo B Ta0u. 1 [4, 5].

Tab6anus 1. Ilokaznuku 3apeecTpoBanoro nocrayanusa SAF 1o aeponopris €C
IToka3Huk 2024 p. 2025 p.
OO6csar SAF, tuc. T 192,7 1100
UYactka SAF y 3BiTHOMY 00cs31 aBlananusa, % 0,60 2,79
KinbKiCTh aeponopTis, siki orpuMmyBaiu SAF 33 121
Kinpkicts nepkaB €C 13 nocTaBKamMu 12 27
YacTka 11’ siTH KpaiH-JIiiepiB 3a MocTaBKamHu, %o 99 74
UYactka SAF i3 cupoBuniu 3-3a Mexx €C, % 69 85
PedepenTna nina SAF, eBpo/T 2085 1925
PedepenTHa 11iHa TpaJuIIiiHOTO aBiananauBa, €BPO/T 734 640
[TocTayaibHUKH, SIK1 IOAAJIM 3BIT (YacTKa 3a KUIBKICTIO), % 67 90

Cknaoeno 3a oanumu EASA [4, 5]. Pegpepenmni yinu ne € paxmuunumu yinamu 8cix KOHmMpaxkmis.

AHani3 HaBeJleHUX y Ta0J. | MOKa3HUKIB CBIAYUTH PO CYTTEBE PO3IIUPEHHS
MOCTAaYaHHS CTAJIOrO aBlalllfHOrO MajauBa 0 acponopTiB €Bponeilicbkoro Corosy.
VYoponosx 2024-2025 pp. KUIBKICTh aepomnopTiB, ski orpumyBain SAF,
301bImnacs 3 33 go 121, a xinabkicTs aepxkaB €C, y sKuX 301HCHIOBAJIUCS Takl
noctaBku, — 3 12 no 27. BoaHouac Bii0yBa€eThCs ACLEHTpaIi3allisl pUHKY: YacTKa
I'ATU KpaiH 13 HAUOUTBIIUMHU 00CsTaMu TTOCTa4aHHs 3MeHmumacs 3 99 % no 74 %.
Taka nuHaMiKa CBIIYMTH HE JIMIIE MPO 301IBIICHHS 3apeecTpoBanux o0csTiB SAF,
a ¥ Mpo MOCTYNOBE PO3MIHMPEHHS Teorpadii HOoro BUKOPUCTAHHS B €BPOMEHCHKIN
aBiarfiiHii cucrtemi [4, 5].

BaxxnuBum nutaHHsIM oprasizaiii noctadyanHs SAF € moxoKeHHs CHPOBUHU
I Moro BUpOOHUITBA. KpUTMYHMM BUKIUKOM 3aJMIIAETHCS CUPOBUHHA
3aJIKHICTh: 3a JaHuMU EASA, yacTka majauBa, BUTOTOBJICHOTO 13 CUPOBUHU 3-32
mex €C, 3pocna 3 69 % y 2024 p. no 85 % y 2025 p. OCHOBHOX CHUPOBHHOIO
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3anuiIanacs BUKOPUCTaHA KyJiHapHa oJiisg, yacTtka sikoi y 2025 p. craHoBuia
o530 80 %. [Ipu oMy 3HaUHA YaCTMHA CUPOBUHU Haaxoawna 3 Kuraro, yactka
akoro 3pocia 3 38 % 110 61 % [4, 5]. TakuMm YMHOM, PO3BUTOK €BPOINIEUCHKOT0 PUHKY
SAF cynpoBOKY€EThCS TOCHUIICHHSM 3JICKHOCTI BiJl MDKHAPOIHUX TIOCTABOK
cupoBuHu. lle miABHIIye 3HaueHHS oOpraHizamii il TpaHCIOpPTYyBaHHS,
nuBepcuikalii pkepes MocTavyaHHs Ta KOHTPOJIIO TMTOXOHKEHHS PeCypPCiB.

OcoOmuBicTi0O jorictukn SAF € HeoOXiAHICTHP MIATOTOBKHA MajnBa 10
BUKOPHUCTaHHA B aBiamii. Bianmosinno no pexomennaniii IATA, xommoneHt SAF
nepes HaaXoKEHHAM Ma€e OyTH 3MIMIaHUH 13 TPAAULIMHAM aBialliifHUM TaJIUBOM,
MICJI YOro OTpUMaHa CyMIIll MOBHUHHA MPOWTH BIJIMOBIIHUNA KOHTPOJIb SKOCTI Ta
ceptudikaiiro [1]. CepTudikoBana cyMiin MOXkKe TPaHCIIOPTYBATUCH 1 30epiratucs 3
BUKOPUCTAHHSAM HAasBHOI MaJMBHOI 1HPPACTPYyKTypu. 30Kpema, EBporercbka
KOMICIsI pO3TJIsiIa€ 3aCTOCYBaHHS aBTOMOOUIBHOTO, BOJHOTO Ta TPyOOIPOBITHOTO
TPaHCHOPTY JUIsl OpraHizailii Takux moctaBok [3]. O1xke, po3BuTok nocradyanus SAF
noTpebye HacaMmIiepes Y3TO/DKEHHS TIPOIECiB  BHPOOHMIITBA, 3MIIIYBaHHS,
TPAHCIIOPTYBaHHS Ta 30epiraHHd TajiuBa 3 MOXJIMBOCTSAMHM  ICHYHOUHMX
1H(pacTpyKTypHUX cucteM. Lle Bumarae TicHIIOT KOOpAUHALIT MI>)K BUPOOHHUKAMU,
JIOTICTUYHUMU OTIEpaTOpaMu Ta aepONoOpPTaMH.

BucHoBok

[IpoBeneHuii anaidi3 103BOJISIE BU3HAYUTH OCHOBHI HaNpsSMH BIOCKOHAJICHHS
opranizauii nocrayania SAF 10 aeponopTiB: nuBepcudikamiio JKepesa CHPOBUHH,
palioHaJlbHE PO3MIIIEHHS MOTY>KHOCTEH 3MIIIyBaHHS NallBa, BUKOPUCTAHHS
HAsBHUX TPAHCIIOPTHUX MeEpexX 1 3a0e3nmeyeHHs JOCTYMHOCTI MaJIMBHOI
iH(ppacTpykTypu. Came KOMIUTEKCHHH T1X11 10 OpraHi3allii UX MpoIIeciB CTBOPIOE
NepeyMOBU IS TOAANBIIOTO PO3BUTKY TMocTadanHs SAF 3 ypaxyBaHHSIM
€KOJIOT1YHUX BHUMOT.

OxpeMoi yBarm mnoTpedy€ EKOJIOTIYHUN BIUIMB JIOTICTUYHHUX OIeparii y
nanurorax nocradands SAF. 3a nanumu EASA, y 2025 p. BUKOPUCTaHHS TaKOTO
najavBa 3a0e3Meunsio CKOPOUEHHsSI BUKH/IIB MapHUKOBUX rasiB Ha 3,77 muH T CO..
eKBiBajieHTa, a00 B cepeHbOMY Ha 89 % MOpPIBHSHO 3 TPAJULIMHUM aBlallliHUM
MaJMBOM 3a OI[IHKOIO KUTTE€BOro 1ukiy [5]. Bognouac 85 % mocraBieHoro SAF
OyJI0O BUTOTOBJIEHO 13 CUPOBUHH, 1110 moxoAuia 3-3a mexx €C [5]. Lle cBiguuTh npo
BAKJIMBICTh MI)KHAPOJIHUX MEPEBE3€Hb CUPOBUHU B Oprasizauii nmocrayanas SAF.
JlomilbHO BpaxoBYBaTH HE JIMIIE BUPOOHUIITBO Ta BHKOPHUCTAHHS TajuBa, a U
BUKUJIM, TIOB'SI3aH1 3 TPAHCIIOPTYBAHHSIM CHUPOBUHU JI0 MEPEPOOHUX TIIIMPUEMCTB 1
JIOCTaBKOIO TOTOBOTO MaJIUBa JIO aeporopTiB. BinmosinHo, BUOIp TpaHCIOPTHHUX
MapHipyTiB, BUIIB TPAHCIOPTY Ta PO3MIMICHHS MOTY>XHOCTEH 3MIIIyBaHHS Mae
3MIIMCHIOBATHCSA 3 YpaXyBaHHSIM IXHHOT'O TTOTEHIIIITHOTO BIUIMBY Ha 3arajibHAN 00CAT
BHUKH/IIB MTAPHUKOBHX T'a3iB.
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The Russian full-scale invasion has fundamentally changed the functioning of
Ukraine’s transport and logistics system. The destruction and temporary loss of
transport infrastructure, restrictions on maritime transportation, changes in
international trade routes, border-crossing constraints and increased security risks
have significantly complicated the movement of goods. At the same time, logistics
has become not only an economic function but also an important component of
national resilience and security.

The purpose of this thesis is to substantiate the decentralization of multimodal
hubs as a factor in ensuring the resilience of Ukraine’s logistics system under
wartime conditions and to develop a conceptual model of a distributed multimodal
logistics network.

1. Logistics resilience under wartime conditions
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The concept of resilience has become increasingly important in logistics
research because traditional approaches based primarily on cost minimization do not
adequately account for large-scale disruptions.

For Ukraine, resilience has a particularly complex nature because logistics
disruptions may arise simultaneously from several sources: military attacks,
infrastructure destruction, energy shortages, border restrictions, changes in
international transport regulations and fluctuations in cargo demand.

The resilience of a logistics system can therefore be considered through four
interconnected capabilities: resistance — the ability to continue operations during a
disruption; redundancy — the availability of alternative infrastructure and routes;
adaptability — the ability to redistribute cargo flows; recovery — the ability to restore
disrupted logistics operations.

For Ukraine, the second and third components are particularly important. A
system that has alternative hubs and transport modes can redirect cargo flows
without completely interrupting supply chains.

2. Decentralization of multimodal logistics hubs

A multimodal logistics hub is a node where cargo can be transferred between
two or more modes of transport, including road, rail, maritime and inland-waterway
transport. The concentration of such functions in a small number of large facilities
can generate economies of scale, but it also increases the potential consequences of
their disruption.

Under wartime conditions, an additional criterion should be introduced —
resilience to disruption. This means that the location of a logistics hub should be
assessed not only according to its economic efficiency but also according to the
availability of alternative routes, geographical diversification and the possibility of
switching between transport modes.

For Ukraine, decentralization means the development of a network rather than
reliance on several dominant logistics centers. Such a network could include:

1. Western border multimodal hubs connected with Poland, Slovakia, Hungary
and Romania;

2. Danube-region hubs integrating inland waterways, maritime transport,
railway and road transport;

3. Central Ukrainian logistics hubs responsible for the redistribution of
domestic cargo flows;

4. Dry ports and inland terminals providing storage, consolidation, customs and
transshipment functions;

5. Regional distribution centers supporting local supply chains and essential
goods distribution.

Such a structure would allow cargo flows to be redirected when individual
facilities or routes become unavailable.

The fundamental principle of the proposed model is distributed redundancy.
Each major logistics region should have more than one connection to the national
and international transport network. In the event of disruption, cargo flows can be

redirected to another hub or transport mode.
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3. Multimodal diversification as a mechanism of resilience

The war has demonstrated the importance of multimodal transportation for
maintaining Ukraine’s international trade. When individual transport modes become
constrained, the ability to combine several modes creates additional flexibility.

The development of multimodal transportation in Ukraine is associated with
both infrastructure and organizational challenges. These include differences in
technical standards, insufficient terminal capacity, border-crossing limitations and
the need for better coordination between transport operators.

The resilience of a decentralized multimodal network can therefore be
increased through simultaneous diversification in three dimensions:

1. Geographical diversification. Logistics capacity should be distributed among
several regions instead of being concentrated in a limited number of nodes.

2. Modal diversification. Cargo flows should be able to switch between road,
rail, maritime and inland-waterway transport.

3. Route diversification. Each strategic logistics hub should have alternative
connections to domestic and international destinations.

Such diversification reduces the probability that the disruption of one element
will cause a system-wide failure.

4. Strategic implications for Ukraine

The decentralization of multimodal logistics hubs should be considered not
simply as an infrastructure project but as a component of national logistics resilience.

The first strategic implication is the need to change the criteria for infrastructure
investment. In addition to economic efficiency, projects should be evaluated
according to their contribution to network redundancy, accessibility and resilience.
This means that a smaller regional logistics terminal may have strategic value even
if its direct commercial profitability is lower than that of a large centralized hub.

The second implication is the importance of integration with the European
transport system. The development of western border hubs and European transport
corridors can reduce Ukraine's dependence on individual domestic transport routes
and provide access to alternative international markets. The resilience of Ukrainian
logistics is therefore directly related to the country's integration into the European
transport network.

The third implication concerns the development of dry ports and inland
multimodal terminals. Such facilities can partially reproduce the logistics functions
of seaports and provide additional opportunities for cargo consolidation, customs
processing and redistribution. This can increase the flexibility of the national
logistics system during periods when maritime infrastructure is restricted.

The fourth implication is digital coordination. A decentralized network requires
continuous information exchange regarding available capacity, border conditions,
infrastructure damage, cargo accumulation and alternative routes. Digital logistics
platforms can therefore become an important component of resilience.

Finally, decentralized logistics requires cooperation between the government,
infrastructure operators, logistics companies and international partners. The creation

of multiple independent hubs without coordination would not automatically create a
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resilient system. The hubs must operate as elements of a single interconnected

network.

Conclusions

The analysis demonstrates that the decentralization of multimodal logistics
hubs can become an important factor in strengthening the resilience of Ukraine’s
logistics system under wartime conditions.

The main vulnerability of a highly concentrated logistics system is its
dependence on individual critical nodes. The disruption of such a node can lead to
cascading effects, congestion of alternative routes and interruption of supply chains.
A decentralized multimodal network reduces this risk by distributing logistics
capacity among several geographically separated and functionally interconnected
hubs.

For Ukraine, the most promising direction is the development of a distributed
network that combines western border hubs, Danube-region logistics centers, inland
dry ports, central distribution hubs and regional terminals. Their effectiveness
should be supported by multimodal connectivity, route redundancy, digital
coordination and integration with European transport corridors.

The proposed approach changes the traditional principle of logistics
optimization from «maximum efficiency of individual hubs» toward «resilience and
adaptability of the entire network». Although decentralization may require
additional infrastructure investment and reserve capacity, these costs should be
considered as an investment in the continuity and security of national logistics.

Therefore, the decentralization of multimodal hubs should be incorporated into
Ukraine’s transport infrastructure reconstruction and European integration policies.
The creation of a distributed, multimodal and adaptive logistics network can reduce
systemic vulnerability, facilitate international trade and contribute to the long-term
resilience of Ukraine’s economy.
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OBIPYHTYBAHHS TA PO3POBKA METOJIUKU JIATHOCTYBAHHSA
CTAHY JBUI'YHIB BHYTPIIIIHBOI'O 3I'OPSIHHSA 3A
MNOKA3ZHUKAMMUM CKJIAAY BUXJIOITHUX I'A3IB

Kywka I1.C, cnyxau,

bycunxo O.A, cmapwuii suxiaoay,

Xapkisecvkuii Hayionanvruti yrisepcumem Ilosimpsinux Cun
imeni lsana Koowceoyba, Xapxis

KitodoBi clioBa: JBUTYH BHYTPIIIHBOTO 3TOPSHHS, Ta30aHalli3, TEXHIYHE
J1arHOCTYBaHHsI, KapTepHI ra3u, BIiCbKOBa aBTOMOOLTIbHA TEXHIKA.

VY naniii poOOTI MPOBECHO KOMIUICKCHE AOCIIKEHHS METO/AIB TEXHIYHOTO
JIarHOCTYBaHHS JIBUTYHIB BHYTPIIIHBOTO 3ropsiHHS ([B3), mo rpyHTyrOThCS Ha
3acTocyBaHHI razoananizy. Lle miaxia oOrpyHTOBaHO SIK €(peKTUBHUI HEPYHIBHUIN
3aci0 MOHITOPMHTY TEXHIYHOTO CTaHy aBTOMOOLUIBLHOI TEXHIKH, SKHH JT03BOJISE
OTPUMATH BCEOIUHY OIIIHKY CIPABHOCTI BY3/iB 0e3 moTpeOu B ix memoHTaxi [1;2].
OcobnuBy yBary B JOCTIDKCHHI MPUAUICHO aHAi3y MapaMmeTpiB KapTepHUX Ta
BIJIMIPAIlbOBAHUX Ta3iB, IO € KIIOYOBUM I1HIUKATOPOM JJIsi OMEPATHBHOTO
BUSIBJICHHSl PaNTOBUX HECHpaBHOCTEW nBUryHa. OKpeMHM acleKToM poOOoTH €
BUBYEHHS IarHOCTUYHUX METOIB, IO BHUKOPUCTOBYIOTHCA O€3MOCEPETHBO Y
BICHKOBUX TMIJPO3/A1JIaX, OCKUIBKM BOHU BITITPAOTh BHPIMIATLHY pPOJb Y
3a0€e3MeUeHH] eKCIUTyaTalliHOl HaAiHOCTI Ta OO0€3aTHOCTI Cy4acHOro MapKy
030pOEHHS.

CyuacHuil eram pO3BUTKY BIMCHKOBOI aBTOMOOIIBHOI TEXHIKM BHUMAarae
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BIIPOBA/PKCHHSI BHCOKOTOYHHMX 1 HEPYWHIBHUX 3aC00IB KOHTPOJIIO, CEpell SKUX
MPOBIJHE MICIIE IMOCIJIa€ METOJ] Ta30BOTO aHaI3y. Y MpeacTaBieHid poOoTI 1ei
METO/I OOTPYHTOBYETHCS SIK OJIMH 13 HAUTIEPCIIEKTUBHINIMX CIIOCOOIB KOMIUIEKCHOT
OIL[iHKM TEXHiYHOTO CTaHy JBUTYHiB BHyTpilmmHKOro 3ropsuus (JIB3) [3;4]. Moro
TOJIOBHA TepeBara IMoJsira€ y MOXJIMBOCTI OTPUMAaHHS OO0’ €KTUBHHUX JAaHUX TIPO
poOOTy BHYTPIIIIHIX BY3JiB 1 CHCTEM arperarty 0e3 HeOOX1THOCTI MOTO JEMOHTaXY
9u p036npaHHﬂ OcoOnuBa yBara HpI/II[IJ'ISIGTBCSI JOCTIKEHHIO CKIIay Ta 00’ emy
KapTepHUX 1 BII[HpaHBOBaHI/IX rasiB, aHaji3 SKHX JIO3BOJIIE OIEPATUBHO
11eHTn(iKyBaT NMpuUXoBaHi JeeKTH Ta 3armodiraTu panToBUM BHXOJaM JIBUTYHA 3
nany[1;2].

AKTyanbHICTh JTOCHIIKCHHS IMIJICHIIIOETHCS peaisiMH POCIHChKO-YKpPaiHChKO1
BiiiHM. JlocBig OOMOBUX JIM Ta aHAJI3 MOBCIKICHHOI TISUTbHOCTI BIICHK CBIIYATh,
IO YCIIIIHE BUKOHAHHS CTPATETIUHUX 3aBJaHb O€3MOCEPETHBO 3aJICKUTH BIJ
MOOUIBHOCTI ¥ BUCOKOI TOTOBHOCTI aBTOMAapKy. Y IIbOMY KOHTEKCTI J1arHOCTHKA
CTa€ HE TMPOCTO TEXHIYHOIO MPOLEAYypOI, a I1HCTPYMEHTOM MiATPUMAHHS
HAJIIMHOCTI, 1110 TapaHTy€ MaHEBPEHICTh Miapo3aimiB. [Iporec konTposto ctany /B3
y X011 EKCILTyaTallii po3ris1aeThes SIK Oe3MepepBHUN LUK 300py TaHUX, HA OCHOBI
SKUX TTPUHUMAIOTHCSI KPUTUIHO BAXKIIMBI PIITICHHS MO0 TOATBIIIOT0 BUKOPUCTAHHS
TEXHIKH B €KCTPEMAIBHUX YMOBaX.

O0’ekTOM MaHOI pOOOTH € MPOLECH 3MIHU MAPaMETPIB KapTEPHUX Ta3iB MiJ
BITUBOM TEXHIYHUX HECIPABHOCTEH, a METOI0 — pO3po0Ka METOAMKH BUSBICHHS
ne(dexTiB Ha paHHIX CTaisfX 3a JOMOMOIOI Ta30aHAJIITUYHOTO OOJiagHaHHS. Y
poOOTI JAETalIbHO BHBYEHO CHENU(IKy 11arHOCTUYHOI POOOTH y BIHCHKOBHX
MIIPO3/JIaX, MPOAHANI30BAHO ICHYIOYl ITYHKTH TEXHIYHOTO KOHTPOJIIO Ta
pO3pO0JICHO  peKOMeHallii  IMoJ0  IMABUIIEHHS  iXHbOi  €()EeKTUBHOCTI.
3anponoHOBaHUI CIOCIO OIIHKK TEXHIYHOTO CTaHy 0a3y€ThCsl HA IHTETPAIBHOMY
aHai31 BUTPATH KapTePHHUX Ta3iB Ta KOHIEHTpAIlli TOKCUYHUX KOMIIOHEHTIB Yy
BUxJOMm. Takuil MiAXia J03BOJISIE HE JUINE MIATPUMYBAaTH BHCOKHHI PpiBEHBb
HAJIIMHOCTI aBTOMOOUIBHOI TEXHIKH, a ¥ 3a0e3nedyyBaTd CTaOlIbHY OO0€31aTHICTH
30poitHux Cun y TpUBalliii MEPCIEKTHUBI.

BucHosok

[IpoBeneHe nOCHIKEHHS OKa3ao, 10 3aCTOCYBaHHS METO/IIB ra30aHalli3y €
e(eKTUBHUM 3acO00M TEXHIYHOIO J1arHOCTYBaHHS [JBUTYHIB BHYTPIIIHBOTO
3TOpSIHHS Ta CBOEYACHOTO BHSBJICHHS I1X HECIpaBHOCTEH. AHami3 mapameTpiB
KapTEepHUX 1 BIAMPAIbOBAHUX Ta3iB I03BOJISIE OTPUMYBATH 00’ €KTHBHY 1H(OpMAITito
PO TEXHIYHHUI CTaH OCHOBHUX By3niB 1 cucteM JABUryHa 6e3 ioro JISMOHTXKY Ta
po30upaHHs. 3anmpoONOHOBAHUMN MIAXIJ, IO IPYHTYETBCS Ha KOMIUIEKCHIHM OIIiHII
BUTPATH KapTEPHUX Ta3iB 1 KOHIEHTpaIlii TOKCUYHUX KOMIIOHEHTIB Yy
BIJIMIPAIlbOBAHUX Ta3ax, CTBOPIOE MOXKJIMBICTh BUSBJICHHS Me(EKTIB HA pPaHHIX
CTaaisiX Ta 3amoOiraHHs pantoBUM BigMoBaM. OcoOJIMBOI aKTyaJbHOCTI TaKHMA
MeToa HalyBae IiJl Yac eKCcIuTyaTarlii BIHChKOBOI aBTOMOOUIBHOI TEXHIKH, €
CBO€YACHE TEXHIUHE J1arHOCTyBaHHs Oe3rmocepeqHhO BIUIMBAE Ha i1 HAMIMHICT,
MOOUJIBHICT 1 TOTOBHICTH JO BHKOHAHHS IOCTaBJICHMX 3aBmaHb. OTxke,

BIPOBA/PKCHHS Ta30aHAITUYHUX METOMIB Y CHUCTEMY TEXHIYHOTO KOHTPOJIIO
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BIMCBKOBOI aBTOMOOUIBHOI TEXHIKH € IEpPCICKTHBHUM HAIpPsSMOM ITiJIBUIIICHHS
e(eKTUBHOCTI 11 eKcIulyartaiii Ta MiATPUMAaHHS HAJIEKHOTO pPIBHSA TEXHIYHOT
TOTOBHOCTI.
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IHTET'PAIIIA JAHUX PO MICBKI 3ATOPU B CUCTEMHA
YIIPABJITHHA AEPOITIOPTOBUMMUM CKJIAJJAMU MICT-XABIB
Jlesuenxo M.I'., acnipaum
Hayxrosuii kepienux: Illesuyx /].0., 0.m.H., npoghecop
Hayionanvnuu ynisepcumem «Kuiscoxkuu asiayiunuu incmumymy, Kuig

KitouoBi croBa: aepomopToBui BaHTaXKHUN ckiman, WMS, Micbki 3aTopw,
MYJIbTUMOJAILHUN Xa0, aBialiiiHa JOTiCTHKA.

AeponopToBUil BaHTAXHUHN CKJIad € BY3JIOM, y SKOMY TMOBITPSHUN CETMEHT
JAHIIOTa TIOCTa4aHHS TOETHYEThCSA 3 HazeMHUM. Ha BIAMiHY BiJ THOBITPSHOTO
CErMEHTA, 1110 MPAIIOE 32 KOPCTKUM PO3KJIaJJOM, Ha3€MHa JOCTaBKA MIXK CKJIaI0M 1
KJIIEHTaMA B MICTI 3aJ€XKHUTh BiJI CTaHy BYJIUYHO-TOPOXKHBOI Mepexi. Jlis
EKCIIOPTHUX BIAMPABIEHb 3ali3HEHHS aBTOMOOLIS 10 4Yacy 3aKpHUTTS TPUHOMY
BaHTaXy Ha pelc (cut-off) o3Hauae nepeHeceHHs] BaHTaXy Ha HACTYIHUH pelic, a
JUTSL IMITOPTHUX — 301IbILIEHHS TEPMiHY 30€piraHHs Ha CKJIaJll Ta 3aTPUMKY JOCTaBKU
onepxyBauy. OTxke, 3aTOpu B MiCTi-xabl Oe3mocepeHhO MEPETBOPIOIOTHCS Ha
BUTPATH a€POMOPTOBOTO CKIIAdY.

UyTnuBICTh aepONOPTOBUX CKJIAIIB JI0 TOPYIICHHS PUTMY OOpOOKHU
niaTBepKye nocBig MA «bopucniniby: Hanpukinii 2018 p. yepes pizke ce30HHE
3pOCTaHHsl OOCSTiB aeponopT OyB 3MYIIEHUH THUMYacOBO OOMEXKUTH TNPUHOM
iMmoptarx BaHTaxiB [1]. CyuacHi cucremu ympaiiHHa ckiaaom (Warehouse
Management System, WMS) onTuMi3ytoTh BHYTPIIIHI NMPOLECH — PO3MIIICHHS,
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KOMIUICKTAIIII0, 3aBaHTAKEHHS [IOKiB, MPOTE 37eOUTBIIION0 HE BPaxOBYIOTh
30BHIIIHIA TPAHCIIOPTHUH CTaH MicTa. MeToro poOOTH € OOTpYHTYBAaHHS IIIX0Y
710 1HTerpaiii JaHUX MPo MIChKi 3aTopu y WMS aepomnopToBUX CKIaAiB Ta OIIHKA
Horo moTeHIIIHOTO e(peKTy Ha MPUKIA/l YKPaTHChKUX Xa0iB 1 IXHIX €BPOMEHCHKIX
aHaJIOT1B.

OcCkinbKH Yepe3 MOBHOMACIITAOHY BiiiHY IMBUIbHI aepomoOpTH YKpaiHU He
IPaLOI0Th, JOCIIHDKEHHS MMOOYJAOBaHO Ha METOMAl aHaJOoriil: A KOXXHOTO
yKpaiHChbKOro xaly miIi0paHo €BpOIMENWChbKe MICTO 3 MOMIOHOIO CTPYKTYpPOIO
MYJIBTEMOJIAJTFHOCTI Ta YMHHUM aBiacronydeHHsM (Tabun. 1). Kpurepismu Bigdoopy
Oynu HaO1p BUJIIB TPAHCIIOPTY, CIeliai3allisl BAHTAXOMOTOKY, HAsBHICTh BY3bKHX
MICIIb MICBKOI Mepexi (MOCTIB, i1 i3/11B JI0 MOPTIB) Ta PoJib XaOy B HaIllOHAIbHIN
JIOTICTUYHIN CUCTEMI.

Tabauus 1. Ilapu «ykpaiHcbkHii Xa0 — MICTO-aHAJIOD)

YkpaiHcbKui KittouoBi xapakTepucTuku Micto-ananor | OOrpyHTyBaHHs BHOODPY
xab MYJBTUMOAAIBHOCTI aHaJjiora
Kuis (MA | ABgia, 3ami3Huls, | Bapmasa Cronmuunuii xab, wmicto
«bopucninby) | aBroMoOUTBHMA  TpaHcnopT; | (JIoTHHCBKO po3iieHe Bicnoto;
micto posainene Jluinpom 3 | lllonena) omuzpko 137 THC. T
00MEKEHOI0 KIJIbKICTIO MOCTIB BaHTaxy y 2025 p. [2]
['octomens | BantaxHuit aeporoprt, | Jlewinur/I'amute | Bantaxuanit xa6 DHL,
(aepomopTt coeniangizamnisi Ha HaJIBAXKHAX 1 Oomu3pko 1,4 MiIH T y
«AHTOHOB») | HerabapUTHUX BaHTAXKax 2024 p., uinogoOoBuUit
PEKUM 111 BaHTAXKHHUX
peticiB [3]
Opeca (moptu | Mope, 3aJT13HULIS, aBia, | ['manchk [lopt, aepomopt 1
Opneca, aBTOMOOUIBHMH  TPaHCHOPT; 3ai3HU4HuH By30:7; 80,4
YopHOMOPCHK, | BAaHTaXKIBKU 110 HOPTIB MJIH T BaHTaX000iry
[TiBgeHHuit; | mpoxonsaTh 4yepe3 Micto; 48,2 nopty y 2025 p. [5]
aeporopT) MiaH T y mnoprax Opgeca i
Yopuomopceek y 2021 p. [4]

JIst IOpiBHSIHHSA YMOB Ha3eMHOiI JocTaBkM BukopuctaHo TomTom Traffic
Index 3a 2021 p. — ocTaHHIi JOBOEHHUH PIK, ISl SIKOTO MOKA3HUKH BCIX MICT
pO3paxoBaHO 3a €IMHOI0 MeToauKor0. PiBenb 3atopiB CL moka3sye, Ha siKy 4acTKy
(bakTUYHUI Yac MOi3AKU NEePEBUIIYE Yac 3a BUIbHOTO NOTOKY [6]. Toal noi3naka, sika
3a BUIBHOTO MOTOKY TPUBA€E To XBUIIMH, Y CEPEIHBOMY 3aiiMae:

T =T, (1+CL) (1)

PesynbraTu po3paxyHky 3a Gopmysoro (1) mis noizaku To = 30 XB HaBeIeHO
Ha puc. 1.

179



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

[ Bineawii norik (30 xB) B JlogaTkoBHii yac uepes 3aToOpH
KuiB A 46,8 xB
Bapiasa 41,1 xB

Opeca A 45,3 xB

[maHcBK |
(TpumicTo)

Jlednuur

0 10 20 50

Yac noisgku, XB

Puc. 1. TpuBagicts 30-XBHJIMHHOI NOI3AKHU 3 ypaxXyBaHHAM 3aTopiB, 2021 p. (modyaoBaHo
aBTOpOM 32 janumu [6-10])

VYkpaiHCchKl XaOu Mad 3HAYHO BUIIMI PIBEHb 3aTOPIB, HIXK MICTa-aHAJIOTH:
KuiB — 56 % [6], Oneca — 51 % [7], Toni sik BapmaBa — 37 % [8], Tpumicto
(I'mancek, I muas, Comnot) — 34 % [9], Jletinmur — 23 % [10]. Koxen peiic ckiany B
KueBi B cepennboMy BTpauaB 16,8 xB mpotu 11,1 xB y Bapmasi ta 6,9 xB y
Jletinmury. Bonnowac o6csr BantaxiB MA «bopucnine» y 2021 p. cranoBus 45,7
tuc. T [11], TOOTO MpUOIM3HO BTpUUI MEHIIIE, HIK y BapIlIaBCbKOMY aepornopTy, 1
npubau3Ho B 30 pasiB MmeHie, Hix y Jlednuury/I'amie [2; 3]. Orxe, yKpaiHChKI
Xxabu MO€IHYBAIM BITHOCHO HEBEIUKI OOCSTH 3 HAWTIpIIMMH YMOBaMH Ha3€MHOI
JIOCTABKH, 110 POOUTH MOTEHLINHUI ePeKT BiJ YNpaBIiHHA Ha3€MHUM CErMEHTOM
JUISA HUX HAHOUIBIINM.

[IponoHoBanuii  miaxixg mnependadae  gonoBHeHHs WMS  mMoaynem
TPAHCIOPTHOT aHATITUKU 3 TPbOMaA PIBHIAMU: 301p ICTOPUYHUX 1 MOTOYHUX JAHHUX
PO Yac TMOI3AKA MDK CKIJIAJOM 1 KIIOYOBHMHU 30HAMH JOCTABKH 3 MapIIPYTHHUX
CEpBICIB; MPOrHO3YBAaHHS Yacy MOI3AKHU JJIsl KOKHOTO HAMPSIMKY 3aJI€KHO BiJ 4acy
BIJIIPABJICHHS; ONTHUMI3allisi 4Yacy BIJIBAHTAXKEHHS Ta PO3IMOALTY CIOTIB JOKIB.
[{inmpoBYy (QyHKITIO JIJIs APTIi 3 N BiANPABIEHb 3alPONOHOBAHO Y BUTJISIIL:

C = Yialen  Ti(t) + ¢s - wi(t) + p - max(0; t; + T;(t;) — 7;)] » min (2)

ne t; — gac BiampasieHHs i-To peiicy; Ti(li) — mporHo3HMIt Yyac Moi3AKU; Cn — BapTICTh
TOJIMHUA POOOTH aBTOMOO1JIS 3 BO/IIEM; W; — Yac OYIKyBaHHS BaHTaXKy Ha CKJIai; Cs —
BapTICTh TOJAMHU 30epirans; P — mrpad 3a TOAUHY 3aMi3HEHHS; Ti — TPAHUYHUN Yac
npudyTTs (cut-off pelicy abo yacoBe BIKHO Kii€eHTa). OOMEXKEHHSM € KUIbKICTh
JIOKiB, TOCTYITHUX JUISI OAHOYACHOTO BiJJBAHTAKCHHSI.

st ominku Macitady eekTy BUKOHAHO PO3pPaxyHOK JIJIsi yMOBHOTO CKJIaTy 3
N = 40 peiicamu Ha 100y, To = 30 xB 1 D = 360 poGounmu aHsIMU Ha pik. PiuHi
BTpATH Yacy 4epe3 3aTopH, aBTO-TOI;

To'CL-N-D
AT = OT (3)

3a ¢opmyioro (3) piuni BTpaTu cTtaHoBsATh: KuiB — 4032 aBTo-roa, Oxeca —

180



[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

3672, BapmaBa — 2664, I'nancbk — 2448, Jlelinuur — 1656 aBTo-roj. 3a 0JHaKOBOIO

obcsry pobotu cknaa y Kuesi BrpauaB 6m Ha 1368 aBTOo-roa Oinblie, HIXK Yy

Bapmasgi, i B 2,4 pa3a 6inbire, HiX y Jleinury. 3a omiakoro TomTom, ontumizartis

Ta Kpale yrnpaBIiHHI PyXOM MOXKYTb MOKPAIIUTH IITUHHICTH Tpadiky 1o 10 % [12].

[TpuiimMaroun KOHCEPBATUBHUIN CIIEHApii CKOpOoYeHHs 3aTpuMok Ha 10 % 3aBasku

JUHAMIYHOMY TUTaHYyBaHHIO BiABAaHTA)KEHb, PIYHA EKOHOMIS I KHiBCHKOTO CKIIAIy

cTaHOBUTh Onm3bko 403 aBTO-TOA, IO 3a YMOBHOI BapTocTi 25 €/aBTO-rOX

BignoBigae monan 10 tuc. € Ha pik 0e3 ypaxyBaHHA 3MEHIIEHHS MmITpadiB 3a

3aIli3HeHHsI Ta BUTPAT Ha 30epiraHusl.

BucHoBok
VYkpaiHcbki MicTa-xaOu B JIOBOEHHUM IE€pioJ MaJld 3HAYHO TipIIl yMOBHU

HA3eMHOi JIOCTaBKM, HIK €BPOINEUCHhKI aHAJOTH, TOX TICJIS BiJTHOBJICHHS

aB1acCIlOy4YEHHs iXHI aepoOIOPTOBI CKIAJIM 3aJIEKATUMYTh BIJ MICBKOTO Tpadiky

CWIbHIIIIE, HIXK ckiianu y Bapmasi, Jlelinuury un ['nanceky. [HTErpanis nanux npo

3atopu 'y WMS no3Bosisie mepeiitu Bif ¢ikcoBaHoro rpadika BiBaHTaXXEHb 0

JTUHAMIYHOTO, 10 BPaXxOBY€ MPOTHO3HUM Yac TMOI3IKH, 1 THM CAMHM 3MCHIIUTH

BTpaTH 4Yacy, pu3MkK npomycky cut-off ta BapticTe nocraBku. [lepeBaroro miaxoay €

MOXJIMBICTH MOTO BIJMIPAIlFOBAHHS BXKE 3apa3 Ha JAaHUX MICT-aHAJIOTIB 3 OIAJIbIIUM

MEPEHECEHHSIM Ha YKpaiHChbKI XaOW B MpOIECl MICISIBOEHHOTO BiJHOBJICHHS.

[Toganemn gociimkeHHs nepeadadaroTh KaaiopyBaHHS Mozei (2) Ha TOTOAUHHUX

JAHUX MapLIPYTHUX CEPBICIB Ta OLIIHKY MOBHOTO €KOHOMIYHOTO €(DEKTY.
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THTEJEKTYAJIbBHA BJIACHICTD SIK IHCTPYMEHT IHTETPAILIII
HAIIOHAJIBHUX ABIABY AIBHUX HIAITPUEMCTB Y I'V'TIOBAJIBHI
JIJAHIIIOI' CTBOPEHHSA BAPTOCTI
Jlozoea I'M., k.e.H., doyenm
Kuiscvkuti nayionanvruti ynisepcumem imeni Tapaca Illesuenxa, Kuig

KitouoBi cnoBa: iHTENEKTyallbHA BIIACHICTh, aBlaOy/IIBHE MMiAPUEMCTBO, TpaHchep
TEXHOJIOT1i, TJI00AIbHUN JIAHIIOT CTBOPEHHSI BapTOCTI, MDKHAPOJAHA €KOHOMIYHA
1HTEerparis.

B ymoBax rmo6anizaiii Ta nupoBizaiii €eKOHOMIKM MpaBa THTENEKTyalbHOI
BJIACHOCT1 TMEPETBOPIOIOTHCS HAa CTPATETIYHUM aKTUB, IO BU3Haya€e Cy0’ €KTHICTH
HAI[IOHAJLHUX MIAMPUEMCTB y II00ATBHUX JIaHIorax cteoperus Baprocti (GVC)
B MDKHApOJHIHN aBiallii. 3araJbHOCBITOBUM €KOHOMIYHHUM TPEHJOM € IepeXia Bij
MOJIeJIi BUPOOHUIITBA JIITAKIB TTIOBHOTO ITUKITY, siKa JoMiHyBaia B XX CTONITTi, 0
exoHoMiuHOi Moaen GVC B XXI cT., konu kojHa aBiaOy/JiBHa KOMIIaHis CBITY,
HaBiTh Taki rirantu sk Airbus a6o Boeing, He BUTOTOBSIOTH TEMEp JITAKH
CaMOCTIHHO, a MalTh JIAHLUIOT CYONAPSTHUKIB. 3aBISKH  €()EeKTUBHOMY
YIPABIIHHIO MPaBaMy IHTEJIEKTYyaIbHOI BIACHOCTI Ta 11 KoMepiiasizalii YKpaiHa ta
yKpaiHChKi aBiaOymiBHI MIAMPUEMCTBA MOXYTh 3aiiHATH B pamkax moxaeni GVC
poOJib  PIBHONPABHOIO IMMapTHepa — [OCTavajbHUKA piBHA Tier-1/2, a He
cyominpsinauka piBas Tier-3/4.
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Hocmimkenuss poai IB gk 1HCTpyYMEeHTY I1HTerpamii BITYM3HSIHUX aBia
Kopropauiii Ta 00’€JHaHb y I100aJIbHUIN JIAHIIOI CTBOPEHHSI BApTOCTI OB’ sI3aHE 3
NPAKTUYHUM 3aBJaHHAM TEXHOJOTIYHOI MOJEpHi3alii eKOHOMIKM YKpaiHH Ta
CTpaTeri€ro MOBOEHHOI BiIOy10BHU. JIJ1 peanizaltii 1ux 3aBaaHb BaXKIUBO 3’ ICyBaTH
pOJIb BITYM3HAHUX aBiaOyaiBHUX KoMmmaHii y mozaeni GVC cborojasi, BU3HAUUTH
IUIAXU Ta TEPCIEKTUBH Mepexofy YKpaiHM Bif 3aKpUTOi HAlllOHATBHOI MOEI
MOBHOTO IMKIY JO MOJIYJIbHUX TIJIOOATBbHUX JIAHIIOTIB CTBOPEHHS BapTOCTI.
3po3yMiTH, IO MPUUANILIIA TOpa JJIA HAIIOHATFHUX BUPOOHUKIB MEPEXOIUTH Bif
MoJieJl IHOBO1 KOHKYPEHIIii 0 KOHKYPEHIIli 32 paXxyHOK BOJIOJIIHHA TpaBamu [B.
OTxe METOI0 1aHOi pOOOTH € AOCTIHKEHHS POJIl PaB IHTEJIEKTYalbHOI BIACHOCTI
SK TPIOPUTETHOIO I1HCTPYMEHTY, PpECypcy, KIHOUOBOro Oap’epy BXOAy Uid
KOHKYPEHTIB Ta OJJHOYACHO IEPEyCTKI» I CaMUX aBla0yI1BHUX HaI[lOHAJbHUX
OIANPUEMCTB 10 BHILIUX JIAHOK CTBOPEHHS JOJAaHOi BapTOCTI B MIKHApOJHIN
aBlaIliHINA ramysi.

AHaJI3 OCTaHHIX JOCIIDKEHb Ta IMyOJiKaImid MMoka3aB BHCOKWH 1HTEpEC SK
3apyODKHMX, TaK 1 BITUM3HAHUX BYEHUX JO M€l NpoOieMaTHKUA. 30Kpema,
yKkpaiHcbki ekoHomicTH 1. Kopainosa ta €. PyneHko B cBoill poOOTI 00rpyHTYBaIU
KOMIJIEKCHY MOJENb HNPUUHATTA pIlIeHb LI0J0 TpaHcpepy TEXHOJOTIN
BITUYM3HSIHUMHU KOMIAHISIMU, SIKa nependadae TEXHOJOTIYHUN ayJIuT, BU3HAYEHHS
CYMICHOCTI TMOTEHUIMHMUX NapTHEPIB 1 OLIHIOBAaHHSA JOLUIBHOCTI NE€peIaHHs
texnoyorii [1]. O. Xwminceka ta M. Iligmana AOCHIIKYIOTh YHpPaBIiHHS
KoMepuianizauiero IB B ykpaiHCbKMX KOMITaHISIX 1 BUAUISIIOTh 3HAYEHHS CTpATerli,
MeXaHi3MIB MoHeTu3allii, iHTerpamii IB 'y mocmimkeHHs Ta BHYTpIINIHIX
yIpaBIHCHKUX TIpouenyp [2]. OTxe, HayKOBI MiIX0/IM MOEAHYIOTh aHAI3 HA0YTTS
npaB IB 13 eKOHOMIYHOIO OIIIHKOIO Ta OpraHi3alli€lo CIiBOpaIi Ha MI)KHAPOTHOMY
PiBHI.

Uepes KOpPCTKY KOHKYPEHI[I0 Ti00anbHUN aBlallliHUN JIAHIIOT CTBOPEHHS
BapTOCTI MOHA MPEACTABUTH Y BUTIISAI MipaMiau, HAa BEPIINUHI SKOi 3HAXOASITHCS
aBiaOymiBHi rirantu (OEM), sikuM piBHONpaBHI mapTHEpU-KOMIaHii piBHs Tier-1
MOCTAYal0Th BEJMKI KOMIUIEKCHI CHUCTEMH, MporpamHe 3a0e3nedeHHs, MOAYJi
JiTaka.

OEM

KoMnaHii pisHA Tier-1

KOMMaHin piBHA Tier-2

KOMnaHin piBHA Tier-3

KOMMaHin piBHA Tier-4

\

Puc.1. Cy6’exkTHuii ckiaaa B ekoHoMiuHii mogesi GVC.
Iicepeno: po3pobaeno asmopom.
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Jlo moctavanpbHUKIB piBHsA Tier-1 Ha ChOrojaHI BIAHOCATH TaKi KOMIAHIT SK
Safran, GE Aerospace, Collins Aerospace, Sprit AeroSystems, Liebherr Aerospace.
KirouoBuMu XapakTepuCTUKaMU JUIsl [IMX KOMMAaHIN € 3aly4eHHs JI0 CIUIBHOTO
MIPOCKTYBAHHS HOBOTO JIiTaka pa3oM 3 aBiabyaiBaumu rirantamu (OEM). @aktuaHo
Taki MiAIPUEMCTBA CAMOCTIHO pO3pOOJISIOTh BCIO CHUCTEMY CBOTO MOYJIIO ITiJT
KJTFOY Ha CTaii KOHIENTY Mif 3aranpHi TexHiuHi Bumoru OEM. I BinmoBinHO came
nmapTHEPY- IOCTaYaJIbHUKY piBHS Tier-1 HamexaTh mpaBa i1HTCICKTYaIbHOI
BJIACHOCTI Ha  po3po0JjeHI HUMU  BUHAXOAHW, KOMEPIIIHHI  Ta€MHHUIIL,
KOHCTPYKTOPCHKY JOKYMEHTAIlII0 Ta CreliaabHe mporpamiae 3adesneuents. OEM
HE MOX€E TaK MPOCTO MepeaaTH Take 3aMOBJICHHS 1HIIIOMY 3aBOJY, OCKUIBKH ITpaBa
1HTEJIEKTYaJIbHOI BJIACHOCTI HaJIeXaTh KOMITaH1i-po3poOHMKY. Taki mianpueMcTBa-
PO3pPOOHUKHN CaMOCTIHHO CepTH(IKYIOTh CBOI aBialliiHl CUCTEMHU B MIXKHAPOJIHHUX
opraHax Oe3mnekd MoiboTiB y perynaropiB FAA, EASA, mo Takox J03BOJIE
KOMITaHissM Tier-1 cTBOpUTH BXiJHI Oap’epu Ha PUHKY JJISl CBOIX KOHKYPEHTIB. SIK
CBiIuUTh npakThka 10 70% cBoro nmpuOyTKy Tier-1 oTpuMyIOTh HE BiJl IPOJAXKY
CaMUX CHCTEM, PEHTA0ENIbHICTh MPOAAXKY SKUX CTaHOBUTH 5-10%, a Bi mpogaxy
CEepTU(PIKOBAHUX 3aMYACTUH, POSITI, JOBIOCTPOKOBHX CEPBICHHX KOHTPaKTax
(PBH), pemonTy Ta nudpoBoro AiarHOCTHYHOTO CEPBICY (PEHTAOEIBHICTH MOXKE
noxoautu 10 25-40%) mpoTaroM BChOTO TEPMiHY €KCIUTyarallii jritaka [3].

[Mocrauansauku piBHs Tier-2 B cucreMi GVC BUKOHYIOTh POJIb iHTETPaTOPIiB
Ta BUPOOHHUKIB CHEllaJi30BAHUX arperaTiB. 3a pIBHEM HAyKOBO-TEXHOJOTTYHUX
PO3pO0OK BOHM MOCTYHAIOTLCS KOMITaHisIM Tier-1, aje iX mo3uiii B 0i3Hec-Moeni
Habararo MOTYXKHIII, HIXK, TPUITYCTUMO, Y 0a30BUX MEXaHIUYHUX 11€X1B ( KOMITaHii
piBas  Tier-3/4). Kommanii  piBHS Tier-2  BUTOTOBJISIOTH  KIJIFOYOBI
BHUCOKOTEXHOJIOT1YHI BY3JIM 1 MTOCTA4alOTh iX HE HaNpsMy aBiaOyJiBHOMY TIraHTy
(OEM), a xommaHisM piBHs Tier-1, sika 1o cyTi i € iX OCHOBHUMH 3aMOBHHKAaMH.
Tomy ctpateris kommnasii piBHs Tier-2 y cdepi iHHOBaI#H — 11e POKyCyBaHHS Ha
BY3bKHX TEXHOJIOTTYHUX CErMEHTax Ta rOpuIHIi MOIel po3poOKH, 110 riepeadadae
aKTUBHY KOMEpLIaJI3allil0 Ta 3aXUCT MpaB 1HTEJIEKTYyalbHOI BIACHOCTI HA PUHKY.
Hanpuknaz, 1ie Moxe 0yTd BUPOOHUIITBO HAJICTIMKUX ONITUYHUX JIIH3 JIJ1s1 OOPTOBUX
pazaapiB a00 YHIKaJIbHUX MAJMBHUX HACOCIB BUCOKOIO TUCKY TOILO.

B nmaHoMy BuUmManmky KOMIaHis piBHSA TI€r-2 BIAMOBITHO 1O TEXHIYHOTO
3aBJaHHsS KOMIIaHil piBHA Tier-1 po3po0iise BHYTPINIHIO apXiTEKTypy arperary,
obupae Marepiayiv, TMporpamMHe 3a0€3MEUeHHs] Ta MPOBOJUTH BHYTPIIIHI
BUTIPOOYyBaHHs. IX cTpaterist y cepi 3aXucTy 1paB iHTeIeKTYaabHOI BIACHOCTI — I1e
oOpaHHS PEXUMY CEKPETHOCTI Ta KOMEpIIHHOI TaeMHuIll. ToMy KoMmmaHii-
3aMOBHHKY Tier-1 Ba)KKo 3aMiHUTH TaKOTI'O MOCTaYabHUKA, KOMITaHi0 piBHs Tier-
2, OCKIJIbKU 1HIIHMHA 3aBOJI-BUPOOHUK MOXKE MPOCTO HE MATH MOTPIOHOT TEXHOJIOTIT
BIJMOBITHOTO PpIiBHSA Ta HOy-xay. SIK TpaBuio, KoOMIMaHii piBHa Tier-2
CHEIIaTi3yI0ThCS Ha BUITYCKY MPOYKIIIT , 1[0 € KPUTUIHOKO JJIs1 OE3MEKH MOIHOTIB,
MaroTh BIJMOBIJHI cepTudikati Ha CBOI Tpoaykiiro Ta 3amdactuHu (AS9100,
Bumorn DO-160 nns asiamiiiHoro oOnagHaHHs). [IpoXomkeHHS mnpoueaypu
cepTu(IKalIMHOTO ayJauTy MOXKE 3aiiMaty BiJ 2 10 4 pOKIB, 110 CTBOPIOE 3HAYHI

Oap’epu BXoay HJid iX KOHKYpEHTIB. 3a OHiHKaMI/I eKCIIEepTIB €HTa0EIbHICTD
2
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KOMITaHii piBHS TIer-2 CTaHOBUTh B cepeAHboMy 15-25%, 110 MEHIIe HiX
KaIliTaai30BaHUil MPUOYTOK KoMmmaHii piBHsA Tier-1, ajge CyTTEBO BHIIE PIBHS
xommaHii Tier-3 (3-7%) [4].

SIxuro roBopuTh Mpo poitk B mipamini GVC kommaniii piBHs Tier-3/4, o e,
K MPaBUJIO, 3aBOJIM-BUKOHABIII, SIKI BUPOOJIAIOTH KOMILJICKTYIOU1 32 KPECICHHAMU
KOMITaHid  piBHsA Tier-1/2, Hampukmag: KpOHIITEHHH, BTYJIKH, MPOKIAIKA Ta
aHaJIOT1yHY MpoayKiio. JKOTHUX MpaB IHTENEKTyaIbHOT BIACHOCTI HAa MPOAYKIIIIO
Taki KOMIIaHIi HE MaoTh, MANUCYIOTh OJHOCTOPOHHINA JOTOBIP TIPO
HeposroJyomeHHs (NDA) Ha xpeciieHHs 3aMOBHHKA. Taki komnaHii piBHs Tier-3/4
JIETKO MO>KHA 3aMIHUTH B JIAHLIOTY MOCTA4aHHS Ta MepeaTH 3aMOBJICHHS 1HIIIOMY
3aBOJly-BUKOHAaBIIO. KpiM TOro, B yMoBax rio0ainbHOi TypOyJIEeHTHOCTI Ta 3HAUHUX
[[IHOBUX KOJMBaHb HA pUHKAX CUPOBUHHU, BIAMOBIIHO 10 AOCIIKEHb, IPOBEACHUX
B 2025 pomi excnepramu Roland Berger, xomnawnii piBHs Tier-3/4 wacrimie
NOTPAIUISIOTh B «IMACTKY Map>KWHAIBHOCTI» 4Yepe3 1HQIALII0 I[iH Ha CUPOBHHY,
30KpeMa TUTaH 1 aJIFOMiHINA, OCKUIBKM BOHU HE MOXYTh MEPEKIACTH 11 BUTPATH Ha
kommadii piBas OEM/Tier-1. B takomy Bumajxy 4uncrta peHTaOenbHICTh KOMIaHIi
piBas Tier-3/4 moxe mamaté Hikde 5%, B TOW 4Yac sk peHTaOenbHICTH Tier-2
NPOJIOBXKYE 3anuiaTics B Mexax 15-20% [5].

3po3yMmisio, 10 CTpATErisl HAIlIOHAJIBLHOIO aBlallifHOTO MIAMPUEMCTBA OJpa3y
MIOTPAIUTH B €IICJIOH KOMIIaHii piBHS Tier-1 B ymMoBax BO€HHHX Jiii B YKpaiHi,
O€3MEeKOBOi Ta EKOHOMIYHOI CHTyalli, MajJOiMOBIpHA, OCKUIBKM BHMAarae
MUIBSAPAHUX IHBECTUI[IH y MIDKHApOAHI BUCOPHU3UKOBI KOHCOPLIYMH, SIKHX Ha
ChOTOJIHI HEMa HI y caMHX aBlalllMHUX IIJANPUEMCTB, HI Yy Jep)KaBu. A OT
CTpaTeriyHUi Kypc Ha OTPUMAaHHS CTaTyCy KOMIIaHii piBHA Tier-2 € IijaKoM
peamicThyHUM. B mpoMy CEHC1 KOHcoOigallis Ta KOHIICHTpAIlis HalllOHAJbHHUX
aBlalllfHUX MIMPUEMCTB € IIJTKOM 3aKOHOMIPHHUM TPOIECOM, 30KpeMa CTBOPEHHS
B 2005 pori nepkaBHOi JiTakoOyaiBHOI Kopriopatii «HarioHanbHe 00’ eaHaHHS
«AHTOHOBY, 110 00’€THANA 5 MOTYXKHUX aBiaOyIIBHUX OpraHi3alliii, CTBOPCHHS B
2007 poui aep:kaBHOro aBiaOyAIBHOTO KOHIIEPHY «ABialis YKpaiHu», 0 00’ €JHaB
10 mianpuemctB aBianpomy Tomo. CuHepreTuuHuil edekT Bix 00’ €aHAHHS
IHTENEKTYaJIbHOTO KalliTally UUX MIJIMPUEMCTB CIIpUs€ JUHAMIYHIN CIPOMOKHOCTI
JUTSl BUXOly Ha HOB1 MKHapoH1 puHKuU. [TouarkoBumu hopmamu iHTErpatii yepes
MEXaHi3M MpaBa 1HTEJIEKTYyaJIbHOI BJIACHOCTI MOTJii O cTtaTu 0OMiH mpaBamu IB Ha
BY3JIOBI TEXHOJOTIi uepe3 OQOpMIIEHHS KpOC-JIILEH3yBaHHS HJisi YCYHEHHS
NaTEeHTHUX OJIOKIB; y4acTh Y MIKHApOJHUX KOHCOPIlyMax Ta MaTeHTHHUX ITyjax,
30KkpemMa y cepi CymyTHHKOBOI HaBiramii Ta aBia 3B S3KYy, Y4acTb y CHUIbHHX
JOCTITHUIIBKUX TIpOorpamMax pa3oM i3 iHIIUMHU KoMmaHismMu piBHs Tier-1/2. Cepen
BUKJIMKIB Ta 0ap’€epiB, 3 SKUMU CTHUKAIOTHCS BITUM3HSHI aBlalliifHi MIJIPHUEMCTBA €
3HaYHI BTPAaTH BHUPOOHMYMX TIOTYXKHOCTEM uepe3 BINCHKOBI [ii; BHCOKa
IMITOPTO3AJICKHICTh 01T HIXK HA 70% Bi IMIIOPTY CUPOBUHU Ta KOMIUICKTYHOUHUX
BUpOOIB; Opak TPyMOBUX KaJpiB dYepe3 BiifHy, CTapiHHS TOJOBHOTO TMEPCOHATY
(aB1aKOHCTPYKTOPIB Ta PO3POOHUKIB) Ta BUMHUBAHHS 1HTEJIEKTYyaJIbHOTO KaImiTaly;
acUMeTpis MPaBOBOro 3axucTy uepe3 AediuuT (iHaAHCYBaHHS MINKHAPOIHOTO

NATEHTYBaHHS 1HHOBALIMHOTO PO3POOOK; CIaOKUH NaTEHTHUH KOMIUIAEHC Ta
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pU3uKK OJIOKYBaHHS y4yacTi y TeHAEpaX BITYM3HSAHUX KOMIIAHIM dyepes
He3a0e3MNeueHy NaTeHTHY YUCTOTY.
BucHoBok
Sk cBim4aTh pe3ysbTaTH JOCHIIKCHHs, IMpaBa I1HTEIEKTYaJlbHOI BIACHOCTI €

CTPATEriuHO BAXKJIMBUM AaKTHUBOM, IO BHU3HAYAIOTh CYO’€KTHICTh HalllOHAJIBHUX

aBlaOyiBHUX koMmmaHii y moneni GVC ta cnpusioTs epekTuBHIM iX 1HTErpamii y

mI00anbHI  aBialliiHl JIAHIIOTH CTBOPEHHS 1omaHoi BaptocTi. OcoOnauBo 11e

aKTyaJlbHO B yYMOBaxX BO€HHOI arpecii Ta KPU30BUX CHUTYyallild, KOJIW HEOOX1IHE

HIBUJIKE pearyBaHHs Ha TJI1 3pyHHOBaHOI BUPOOHUUOT IHPPACTPYKTYpH U ACPITUTY

JIOJICBKUX Ta MaTepialbHO-TEXHIYHUX pecypciB. IHTerpariiss He MoXXJInBa 0e3

Mepexoly BITYM3HSHUX KOMIIaHIM 10 MIDKHApPOJHUX CTaHAApTIB YIpPaBIiHHS

noptdernem I[B, akTUBHOrO BHUKOPUCTAaHHS MEXaHI3MIB CTaHIApTH3allii Ta

ceptudikaiii BupoOHunTBa. CTparteris CeIeKTUBHOTO HIIIIEBOTO MATCHTYBAHHS JIs

BITYM3HSHOTO  BHUPOOHHMKA B  JOBIOCTPOKOBIM  IMEPCHEKTHBI  JTO3BOJIUTH

HaIllOHATHHUM aBiaOyJIBHUM KOMIIAHIIM Ta KOHILIEPHAM  OTPUMATH CTaTycC

KOMITaHii piBHS T1€r-2 B Mi>kKHApOIHIH aBialliifHIN ramys3i i € MUTKOM pealiCTHYHOIO.

[leit mporec Mae BimOyBaTHCS TMapajiesibHO 3 MEPEXOJOM JI0 CEpBICHOI Oi3Hec-

MOJeNl, o 0a3yeThCs HA KOMepIianizalii IpaB IHTEJIEKTyalbHOI BIACHOCTI Ta

3aMpoBaKEH1  JIIEBOIO  JEP’KABHO-IIPUBATHOIO  MAPTHEPCTBA,  CTBOPEHHS

creniajgbHoro (oHIy JepKaBHOI MIATPUMKH MI>KHAPOJHOIO MATEHTYBaHHS I

BHCOKO TEXHOJIOTTYHUX 1HHOBAI[IMHUX YKPAaiHCHKUX aBlaIliIPUEMCTB.

CnHcoK BUKOPUCTAHUX JKepeJt

1. Kopninosa I. M., Pynenko €. O. MetoauuyHe 3abe3nedeHHs OOIPYHTYBaHHS
tpancepy TtexHomori. bizuec Ingopm. 2019. Ne 2. C. 85-94. DOI:
https://doi.org/10.32983/2222-4459-2019-2-85-94.

2. Kuninceka O. 1., Iligmama M. C. IlpukiagHi acmnekTH yHpaBIIiHHS
KOMepIiaai3ali€ro IHTEeIeKTyalbHOI BIACHOCTI: CBITOBI TEHJICHLII Ta YKpPaiHChKI
peanmii. Hayka ma nayxosnascmeo. 2026. Ne 2(132). C. 30-54. DOI:
https://doi.org/10.15407/s0fs2026.02.030

3. Prentice B., DiNota A., Hayes L. Global Fleet and MRO Market Forecast 2025—

2035: Why aircraft production can’t keep up with growth in demand. Oliver
Wyman. 2025. URL: https://www.oliverwyman.com/our-
expertise/insights/2025/feb/global-fleet-and-mro-market-forecast-2025-
2035.html

4. A commercial breakthrough for commercial aerospace suppliers. McKinsey &
Company. 2026. URL: https://www.mckinsey.com/industries/aerospace-and-
defense/our-insights/a-commercial-breakthrough-for-commercial-aerospace-

suppliers#/
5. Baur S. Survey finds stability will return to the industry, with disruption down
and resilience up. Roland Berger. 2025. URL:

https://www.rolandberger.com/en/Insights/Publications/Aerospace-supply-
chain-report-2025-Is-the-crisis-over.html

186


https://doi.org/10.32983/2222-4459-2019-2-85-94
https://doi.org/10.15407/sofs2026.02.030
https://www.oliverwyman.com/our-expertise/insights/2025/feb/global-fleet-and-mro-market-forecast-2025-2035.html
https://www.oliverwyman.com/our-expertise/insights/2025/feb/global-fleet-and-mro-market-forecast-2025-2035.html
https://www.oliverwyman.com/our-expertise/insights/2025/feb/global-fleet-and-mro-market-forecast-2025-2035.html
https://www.mckinsey.com/industries/aerospace-and-defense/our-insights/a-commercial-breakthrough-for-commercial-aerospace-suppliers#/
https://www.mckinsey.com/industries/aerospace-and-defense/our-insights/a-commercial-breakthrough-for-commercial-aerospace-suppliers#/
https://www.mckinsey.com/industries/aerospace-and-defense/our-insights/a-commercial-breakthrough-for-commercial-aerospace-suppliers#/
https://www.rolandberger.com/en/Insights/Publications/Aerospace-supply-chain-report-2025-Is-the-crisis-over.html
https://www.rolandberger.com/en/Insights/Publications/Aerospace-supply-chain-report-2025-Is-the-crisis-over.html

[Ipobnemu opranizaliii mepeBe3eHb Ta YIPABIIHHS HA MTOBITPSHOMY TPaHCIOPTI, 22 >k0BTHS 2026

YK 656.7:656.13

AHAJII3 ITPOBJIEM HIOJ0 NIJIBUHIEHHA E@EKTUBHOCTI
BAHTAKHUX NNEPEBE3EHDb B ABIAIIIHHO-ABTOMOBIJIBHOMY
CHOJIYYEHHI
Mayrox Bauecnas, 0.m.1., npogecop,
Lueaniu Cepeiti, MSc, acnipaum,
Kanambem Anmon, MSc, acnipanm,
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumympy, Kuis

KiroyoBi  crmoBa:  aBialliiHO-aBTOMOOWUIBbHI ~ NEPEBE3CHHS, BaHTAXKOIOTOKH,
TPAHCIIOPTHO-TEXHOJIOTIYHA CUCTEMA, BAHTAXKHUN TepMiHaJl, €(DEKTUBHICTb.

ABIaIlifHUN TPAHCHOPT BIAIrpa€e BaXJIMBY pPOJb Yy TJI00aJbHUX JIAHIFOrax
MOCTa4YaHHs €KCIIPEC-TIOMITH, TEPMIHOBUX, APIOHONMAPTIMHUX Ta BUCOKOBAPTICHUX
BaHTaXiB. FIoro mepesara 3a MIBHIKICTIO IIEPEBE3CHHS PEali3y€eThCs JIHIIE 33 YMOBH
Y3roKEHOT pOOOTH BCIX CKJIAJIOBUX JIOTICTUYHOTO JIAHIOra. ABTOMOOUIBHMIMA
TpaHCHOPT 3a0e3neuye MiABE3EHHS BAHTAXIB 10 a€pONOPTIB 1 JOCTABKY KIHIIEBUM
oJlep>KyBadam, a BAHTaXXHI TEPMIHAIN — iX IPUHMaHHs, COPTYBaHHSI, HAKOTTUICHHS
Ta KOHcouiaamio. ToMy OIiHIOBaHHS €(DEKTUBHOCTI BUKJIIOUHO aBlalllifHOI JIAHKU
HE J1a€ 3MOTH BU3HAYHUTH PE3yJIbTATUBHICTH TPAHCIIOPTHO-TEXHOJIOTIYHOI CHCTEMHU
B LIJIOMY.

OcoOnuBICTIO aBiaIIiTHO-aBTOMOOUIHHOTO CIOJYYEHHSI € HEPIBHOMIPHICTh
HAJXO/DKCHHS  BAHTAXKOMOTOKIB, M0 TOEJHYEThCS 3  PErIaMEHTOBAaHUMU
MOMEHTaMHU BIJIIIPaBJICHHS TOBITPSHUX CyJ€H 1 OOMEKEHOI TepepoOHOI0
CIIPOMOJKHICTIO TepMiHajiB. HeBiAMOBIAHICTP MDK I1HTEHCHUBHICTIO ITiJIB€3CHHS
BaHTaX1B, TEXHOJOTTYHUMH MOXJIMBOCTSIMH X 0OpOOKH Ta pO3KJIalaMH aBiapeiciB
CIIPUYMHSE HEMTPOTyKTUBHE OYIKYBaHHS, yTBOPEHHS YePT 1 HETIOBHE BUKOPHUCTAHHSI
pecypciB. 3a I[MX YMOB aKTyaJlbHUM € TMOIIYK CHUCTEMHHUX TMIJIXOMIB O
BJIOCKOHAJICHHS OpraHi3ailii NepeBe3eHb, OPIEHTOBAHUX Ha KIHIIEBUN pe3yiabTaT —
CBO€YACHY JOCTaBKY BaHTaXy «BiJ JBEpEid 0 ABEPEii».

Meta nociimKeHHsST — CUCTEMAaTH3yBaTH HAYKOBI MIJXOAM O MiJIBUIICHHS
e(EeKTHUBHOCTI aBlallliHUX BAaHTAXKHUX MEPEBE3€Hb Ta OOIPYHTYBATH MPIOPUTETH
JOCIIIJIKEHHSI B3a€MOJIIi aBial[ifHOrO ¥ aBTOMOOUIBLHOTO TPAHCIOPTY B YMOBax
KOJIMBaHb BaHTAXOMOTOKIB. BHKOpHCTaHO MeETOaW aHalily, y3araJlbHCHHsS Ta
CUCTEMHOTO MIAXOY.

AHaJi3 HAayKOBHX JOCHIIXKEeHb [l—6] 103BOMMB BUIUIMTH YOTUPH
B3a€EMOIIOB ’S13aH1 HAMPSIMH, KOXKEH 3 SKUX XapaKTePU3YEThCS BIACHUM 00’ €KTOM
YAOCKOHAJIEHHS Ta OOMEXEHHSIMH I0/I0 OI[IHIOBaHHS PE3yJIbTAaTiB HA PiBHI BChOTO
JIOTICTUYHOTO JIaHIfora (Taosm. 1).
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Taoauus 1. OCHOBHI HANIPAMU A0CJiKeHb €(PeKTUBHOCTI aBialliiHMX BAHTAKHUX

nepeBe3eHb
Hanpsm OCHOBHI 3aBIaHHA OOMEXEHHS CUCTEMHOTO
JIOCTTPKEHb iaX0ay
ABgianiitai Onrtumizaris MapuipyTiB, | Hemocratne BpaxyBaHHs
TPaHCIOPTHI po3MilieHHsT XabiB, BUTpAT 1 4acy | TEXHOJOTIH HA3eMHOT'0
MepexKi JIOCTaBKH. iBE3EHHS Ta BUBE3CHHS
BaHTaXIB.
MynbTuMOAanbHi | Y3roKeHHS aBlariiHol ta | CKIamHICTh ypaxyBaHHS  BCIX
TepeBe3CHHS aBTOMOOUIBHOI ~ CKJIQJIOBUX  3a | OTmepallii, pecypciB i
NPUHIUIIOM  «BiA  JABEpe /10 | HEPIBHOMIPHOCTI MMOTOKIB.
JIBEPE».
[Tapk mnosiTpsiHUX | Bubip CTPYKTypHU napky, | IlepeBakna  opieHTamis ~ Ha
CylieH BUKOPUCTAHHS ~BaHTAXOMICTKOCTI | TOKa3HUKH pobotu
Ta MPOBI3HOI CIIPOMOKHOCTI. aBiamepeBi3HUKA.
Banraxui [TigBumenus nepepoOHoi | Bimokpemnenuit O3S
TEpMiHAIN Ta XaOH | CIIPOMOYKHOCTI, YIOCKOHAJICHHS | TEPMIHAIBHUX  TPOLECIB  BiX
COPTYBAHHSI 1 KOHCOJIiJaIlii. PEILTH JIAHLIOTa I0CTaBKHU.

HaiiOuibil mepcrneKTUBHUM ISl 3a0€3MEUEHHS] LUIICHOCTI OI[IHIOBAaHHS €
HaIpsM MyJIbTUMOIAJIbHUX IEPEBE3CHb. Y MPALSIX 3 ONTUMI3aLli] aBIalllITHIX MEPEK
JOCIIIKEHO BUOIp CTPYKTYypu XabiB 1 MapuipyTiB [2], CKOpPOYEHHS Yacy
nepeOyBaHHs BAaHTAXIB y TPAHCHOPTHUX BYy3Nax [3], y3roKEHHS MapaMeTpiB
Mepexki 3 MapKoM MOBITPAHUX cyieH [4]. BonHodac onucaHi NiaXoau NEpEeBaKHO
30Cepe/KYIOThCS Ha aBlalliiHIM CKJIaJoBii ab0 okpemux Bysnax. JlocmimkeHHs
poJIi aBTOMOOIBHOTO TT1JIBE3€HHS [5] Ta parioHaIbHOTO BUKOPUCTAHHS aBlallliHUX
BaHTQXHUX OJUHMIL [6] MIATBEPKYIOTh BaXKJIMBICTh B3aEMOMIl CYMDKHHX
TEXHOJIOTIYHHUX TPOIIECIB, aJie HE YCYyBalOTh MOTPEOU TX KOMITJIEKCHOTO aHai3y.

[lin 4ac opranizamii aBialifHO-aBTOMOOIIBFHUX TMEpEeBE3eHb HEOOX1THO
BpaxoBYBaTH B3a€MHHI BIUIMB TPHOX TPYI MapaMeTPiB: XapaKTePUCTHK BXiIHOTO
BAHTAKOMOTOKY (1HTEHCUBHICTb, MAPTIHHICTh, HEPIBHOMIPHICTh 1 HOMEHKJIATYpPa);
TE€XHIKO-TEXHOJIOTITYHUX TNapameTpiB  (KUIbKICTb aBTOMOOWIIB, TEpMiHAJIbHE
oOnajHaHHs, NepepoOHa CIPOMOXKHICTh, BAHTAXKOMICTKICTh MOBITPSHUX CYZEH);
4acoOBUX OOMEKEHb (TPUBAIICTh 0OPOOKH, MOMEHTH TOTOBHOCTI BAHTAXKHUX MapTIH,
po3Kiiaa peiciB). 3MiHA MapaMeTpiB OJIHIET MiACUCTEMU MOXE TOKpallyBaTd ii
JIOKaJIbH1 MOKa3HUKHU, aJie BOJJHOYAC TOT1PIIIYBATU XapaKTEPUCTUKH BCHOTO MPOIIECY
JIOCTaBKH.

Hampukinan, KoOHIEHTpalliss BaHTaXIB TMepej] BIANPABICHHSM Ja€ 3MOTY
1IBUIIIUTH BUKOPUCTAHHS BAHTAKOMICTKOCTI MOBITPSIHOTO CYJIHA, MIPOTE MOTpedye
JIOJIATKOBOTO 4Yacy Ha HaKOMW4eHHs maptii. HaBmaku, dacrimie BigmpaBieHHS 3a
HEJIOCTAaTHHOTO 3aBAaHTAXKCHHS MOXE CKOPOTHUTH OYIKyBaHHs, aje 30UIbIINTH
nutomi BuTpatu. OTXe, KPUTEPIEM YAOCKOHAJCHHS JOLIILHO BBaXKaTH HE
MaKCHMI3allll0 OKPEMOI0 JIOKAJIBHOIO TMOKa3HHMKA, a 30ajJaHCyBaHHS TPUBAJIOCTI
JIOCTaBKU, PECYPCHUX BUTPAT 1 PIBHS TPAHCIOPTHOTO OOCIYrOBYBaHHS B Mexkax
€IMHOI CUCTEMH.

JIns monanelmioro JOCHIKEHHSI JOUIIBHUM € (OpMyBaHHS IHTETPOBAHOI
MOJIEIl TPAHCIOPTHO-TEXHOJOTIYHOI CHUCTEMH, SKa OXOIUIIOBAaTUME IOCIiOBHI
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oreparlii aBTOMOOUIBHOI'O MIiJABE3EHHS, TEPMiHAIBLHOI O0OpOOKM, KOHCOJIAAIIi,

nepesadi BaHTaKIB Ha aBlallliHUI TPaHCHOPT Ta iX MOJAIBINOI JOCTaBKU. Taka

MOCTaHOBKA Ma€ repeadavyaTy 3MiHHI 32 4aCOM MapaMeTpHu HAJAXOIKEHHS BAHTAXKIB,

O0OMEKEeHHSI TEXHOJIOTIYHUX PECYpCiB, YEPTH Ha OKPEMHX OMEpallisixX Ta AUCKPETHI

MOMEHTH BIJIMpPABICHHA MOBITPSIHUX CyJIeH. SK OAMH 13 TEepPCIEeKTUBHUX

THCTPYMEHTIB JJIs IEPEBIPKHU PI3HUX CIIEHAP1iB MOXKe OYTH BUKOPHCTAHO iMiTaIliiiHe

MOJICITIOBAHHS; WOoro moOyaoBa Ta EKCIEPUMEHTAJbHA ampoOarlisi CTaHOBISTH

3aBJIaHHS HACTYITHUX €TaiB JOCIIHKCHHS.

Po3po6iieHHS TEXHOJIOTIUHUX PIIIEHb Ma€ BpPaxOBYBaTH peEriiaMEeHTOBaHi
MPOLIETypU BaHTAXHOTO O(OPMIIEHHS Ta KOHTPOJIIO, 30kpema nosoxxkeHHs ICAO
Annex 9 [7]. Taki npoueaypu GopMyIOTh YaCOBI i OpraHizaiiiiHi OOMEXeHHS, SIKi
HEOOX1THO BpaXOBYBATH IIiJ] Uac MOPIBHSHHS Bap1aHTIB JOCTABKHU.

BucHoBok

Ha ocHOBI aHanmizy HayKOBHX JDKEpENT CHCTEeMaTH30BaHO YOTUPU OCHOBHI
HanpsMH TJIBUIICHHS €(GEeKTUBHOCTI aBIalliiHUX BaHTAXXHUX IIEPEBE3CHb Ta
BCTAHOBJICHO, IO 1X 3aCTOCYBaHHS TMEPEBAXHO OOMEXKYEThCS OKPEMUMU
TPAHCIIOPTHUMH a00 TEPMiHATBHUMU MijgcucTeMaMu. OOIPYHTOBAHO AOIIBHICTD
Mepexo1y BiJ JIOKAJIBHOI ONMTUMI3AIlT JO KOMIUIEKCHOTO JOCHIKEHHS aBialliiHo-
aBTOMOOIJTLHOTO TIEPEBI3HOIO MPOIECY 3a MPUHIMIIOM «BIJl ABEpPEH 10 JABEpei».
[IpiopuTeTHUM 3aBIaHHSAM MOJAIBIIUX JOCHIIKEHb BU3HAYEHO OLIHIOBaHHS
BILJIMBY HEPIBHOMIPHOCT1 BAHTaKOTIOTOKIB 1 B3a€MO/I11 TEXHOJIOTTYHUX JJAHOK Ha 4ac
JIOCTaBKH, BUKOPUCTAHHS PECypciB Ta €(PEeKTHUBHICTh TPAHCHOPTHO-TEXHOJIOTTYHOI
CUCTEMHU B IIIJIOMY.
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The imposition of martial law and the subsequent closure of Ukraine’s airspace
created an unprecedented crisis for national logistics, completely paralyzing
traditional air cargo hubs like Boryspil and Kyiv. This sudden disruption severed
vital international supply chains, creating critical bottlenecks for time-sensitive,
high-value, and GxP-regulated shipments that heavily rely on speed and strict
temperature controls.

Today, we will not just talk about academic theories. We will dive deep into a
real, live case study of business survival, adaptation, and operational resilience. We
will look at how Ukrainian logistics companies completely re-engineered their
supply chains through European hubs when their own wings were clipped overnight.
Let us begin. To understand the solutions, we must first look at the magnitude of the
shock. With the sudden imposition of martial law, Ukraine’s civil airspace was
completely closed to commercial aviation. In a single day, traditional, highly
efficient air cargo hubs like Boryspil were completely paralyzed.

For the logistics sector, this was a catastrophic bottleneck. Air freight is not just
about moving cargo fast; it is about moving life-critical, high-value, and time-
sensitive products. For example, GxP-regulated shipments — such as cold-chain
pharmaceuticals, medical supplies, and critical industrial parts — heavily rely on
speed and strict temperature controls. The total shutdown of the aviation sector
severed these vital international supply chains, creating an immediate threat to both
human lives and economic stability. The industry was left with a critical question:
how do you run air cargo operations when no planes can fly?

The answer lay in a radical and rapid strategic pivot. Ukrainian freight
forwarders had to transition from direct air transport to a hybrid, multi-modal routing
model. This practical adaptation centered on implementing what the industry calls
“Truck-to-Air” schemes, or more formally, Road Feeder Services (RFS).

Let look at how this model operates in practice. Instead of loading cargo onto
a plane in Kyiv or Lviv, the freight is secured under strict customs control right at
the warehouse. It is then loaded onto specialized, temperature-controlled trucks.

These trucks act as a “rolling pipeline”, moving via road networks across western
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borders to neighbouring European aviation hubs — primarily in Poland, Germany,
Hungary and Romania. Once the cargo arrives at an EU gateway airport like Warsaw
or Frankfurt, it is immediately integrated into international commercial airline
networks. In short, the truck becomes the first leg of the flight.

Operational Challenges in Real-Time

However, executing this shift was far from easy. On paper, it sounds simple,
but in reality, companies faced brutal operational barriers every single day.

First, there was catastrophic border congestion. Crossing the Ukrainian-EU
border became a massive infrastructure bottleneck, with trucks waiting in lines for
days, sometimes weeks. For GxP pharma cargo, every hour of delay increases the
risk of temperature excursions.

Second, the industry faced an acute shortage of international road permits,
creating fierce competition among forwarders.

Third, navigating strict cross-border regulatory compliance during wartime
added layers of red tape.

Finally, there was a major documentation challenge. Logisticians had to figure
out how to issue a continuous, legally compliant Air Waybill (AWB) across mixed
transport modes—from a truck in Ukraine to an aircraft in Germany. It was a
complex jigsaw puzzle that had to be solved in real-time.

Practical Solutions & Adaptations

So, how did Ukrainian logistics companies survive and overcome these
hurdles? They did it through operational innovation and deep international
cooperation.

To combat border delays, the industry rapidly pushed for the digitization of
customs processes. Electronic pre-declarations and digital paperwork significantly
cut down processing times at checkpoints.

Furthermore, Ukrainian forwarders established tight, strategic partnerships and
Service Level Agreements (SLAS) with EU-based airport hubs and ground handlers.
By working closely with European customs and airport authorities, they created
green corridors for priority freight.

Lastly, they optimized transit schedules to perfection. Truck departure times
from Ukrainian warehouses were carefully synchronized with airline flight
schedules in Europe. This meticulous planning ensured that when a truck arrived in
Frankfurt or Warsaw, the cargo spent the absolute minimum amount of time sitting
on the tarmac before being loaded into the aircraft belly.

Conclusion

What are the key results of these extraordinary efforts? First and foremost,
Ukraine’s trade capabilities were successfully preserved. Despite the ongoing
martial law and active conflict, key export channels remained open. Second, and
perhaps most importantly, GxP continuity was guaranteed. Life-saving
pharmaceutical imports and exports never stopped. This hybrid model literally kept
the medical supply chain alive when it was needed most. But there is a broader
takeaway here for global logistics. What began as a desperate, temporary wartime

survival mechanism has now transformed into a permanent, highly sophisticated risk
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mitigation strategy. The “Truck-to-Air” hybrid model has created a new blueprint
for supply chain resilience. It proves that flexibility and multi-modal integration are
the ultimate weapons against geopolitical shocks.

In conclusion, the Ukrainian experience shows that even when the skies are
closed, the world of logistics finds a way to move forward. The resilience of
Ukrainian freight forwarders is a testament to human and operational adaptability
under the most extreme pressure. The analysis of these practical cases demonstrates
the remarkable resilience of Ukraine’s logistics sector. Despite wartime constraints,
these hybrid models successfully preserved Ukrainian export capabilities —
particularly for the pharmaceutical sector — and secured the import of critical goods.
This study concludes that the multi-modal flexibility developed during this crisis not
only serves as a survival mechanism but also establishes a new blueprint for risk
mitigation in global crisis logistics.
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According to official data from the State Statistics Service of Ukraine, as of the
start of the full-scale invasion in 2022, there were 2.73 million officially registered
people with disabilities in Ukraine — 6.7% of the population. As a result of injuries,
deteriorating mental health, and limited access to medical services, the number of

people with disabilities has increased significantly. In 2023, men accounted for 60%
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of newly recognized cases [1]. As of January 1, 2026, there were 3,337,468 people
with disabilities in Ukraine, of whom 1,430,411 were girls and women with
disabilities (177,339 children with disabilities; 403,494 — Group 1; 1,176,807 —
Group II; and 1,579,828 — Group IlIl) [2]. At the same time, the system for
exchanging data on people with disabilities among central government agencies is
imperfect, and the statistical data are generalized, which complicates the analysis of
information for subsequent management decision-making [3].

A modern approach to addressing transportation accessibility for people with
disabilities involves ensuring all passengers have equal rights, respectful treatment,
and the freedom of movement. Accessibility entails not only the availability of
spaces and services but also people-focused, non-discriminatory communication,
respect for human dignity, and consideration of each individual’s needs. People with
disabilities do not form a homogeneous group. Their experiences interacting with
transportation systems vary depending on their functional, sensory, cognitive, and
other characteristics.

Ensuring mobility and accessibility for people with disabilities is an important
component of organizing passenger transportation across all modes. Ukraine’s
current policy on barrier-free travel and the accessibility of airports, train stations,
and bus stations is based on the National Strategy for Accessibility through 2030,
the Air Code of Ukraine, the Aviation Regulations, Ukrzaliznytsia’s Rules for the
Carriage of Passengers, and DBN V.2.2-40:2018 “Inclusiveness of Buildings and
Structures.”

The National Strategy for Creating a Barrier-Free Environment in Ukraine
through 2030 identifies transportation and transportation infrastructure as a separate
priority area: the strategic goal is to ensure that transportation is physically
accessible to everyone. The strategy also mandates that accessibility requirements
be included in the technical specifications for vehicle procurement and in the
licensing conditions for carriers [4].

As for air travel, in practice, these requirements are most fully implemented at
Boryspil International Airport, which is positioned as a pilot project for accessibility.
However, even at this airport, certain services for people with disabilities require a
prior phone call and confirmation.

The issue of accessibility at train stations in Ukraine also remains unresolved.
Some station buildings are designated as cultural or historical heritage sites.
Therefore, in accordance with national legislation, these structures must be restored
rather than merely repaired. Accessibility information is scattered across the
Ukrainian Railways website, the bus station website, and the carrier’s website,
which makes it difficult for passengers with accessibility needs to plan their trips.

Regional disparities in infrastructure accessibility are one of the biggest
challenges to inclusivity in Ukraine. While train and bus stations in large cities are
gradually being modernized under pressure from the public, international standards,
and larger budgets, the situation in the regions remains critical. The main reasons for
this disparity are:
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1. The outdated infrastructure of train and bus stations in small towns. Built
during the Soviet era, it has not undergone any major renovations since then.

2. A perfunctory approach and failure to comply with DBN standards. Often,
accessibility features (such as ramps) are installed at a 45-degree angle, making them
unsafe for independent use.

3. Many regional bus stations are privately owned or owned by unprofitable
enterprises that do not invest in accessibility.

According to DBN V.2.2-40:2018 “Inclusivity of Buildings and Structures”,
any repair or renovation requires the owner to comply with accessibility
requirements. Nevertheless, there is no effective mechanism for automatically
revoking a bus station’s license for violating DBN standards if it was built before
2018 and is not undergoing official reconstruction.

The accessibility of the public transportation system is undeniably important.
According to a national survey, only 6% of the public transportation stops examined
were found to be barrier-free [5].

Overall, the state of Ukraine’s transportation system and the organization of
passenger transportation for people with disabilities reveal a lack of a comprehensive
approach to accessibility and a critical shortage of information regarding the actual
accessibility of transportation facilities at all levels of travel, from local to
international.

Conclusion

The fact that Ukraine’s transportation system does not currently meet the needs
of people with disabilities calls for a comprehensive approach to shaping public
policy on accessibility and mobility in passenger transportation.

A fragmented approach to addressing individual issues related to the
organization of daily and work-related trips, as well as leisure travel, must be
replaced with a clear framework for identifying measures to implement multimodal
transportation for people with disabilities, based on international best practices and
European Union policies regarding passenger services in the context of multimodal
travel.
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Ukraine No. 366-r dated April 14, 2021: as of August 19, 2026. URL.:
https://zakon.rada.gov.ua/laws/show/366-2021-p#Text

5. Monitoring the Accessibility of Transportation and Transportation Infrastructure
Facilities. 2025. 16 pp. URL:
https://mininfra.gov.ua/storage/app/sites/1/uploaded-files/monitoring-transportu-
ta-transportnoyi-infrastrukturi-2025.pdf
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NEPCIHEKTHUBU PO3BUTKY ABIALIMHOI JIOTICTUKHU YKPAITHU Y
MICJIIBOEHHUM YAC B YMOBAX €BPOIHTEIPAIIIT
Tlonoxosuu Hamanis
3000y8auKka nepuiozo (6axkaiaspcvbko2o) pieHs UWOL oceimu
Hayxosuii kepienux:. Jlokienxo JI.M., k.e.n., ooy.
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KirouOB1 ciioBa: aBialiiiHa JIOTICTHKA, €BpoiHTerpaiis, e-AWB, mnicisBoeHHUN
nepioz.

3aKpUTTS MOBITPAHOrO IMpoctopy y 2022 p. 3MycWIo NepeHanpaBUTH
BAHTAKOMIOTOKM Ha aBTOMOOUIbHMM, 3aI3HUYHHM, PIYKOBUHA 1 MOPCHKUI
TPaHCIIOPT. Y IMICISBOEHHUN Yac BIIHOBJICHHS aBialllfHOI JIOTICTUKY CTaHE OJHUM
31 CTpaTeriYHUX YWHHUKIB €KOHOMIYHOI BilOyJOBH: BOHa 3abe3medye MIBUIKY
JIOCTaBKY BHCOKOBApPTICHUX, TEPMIHOBHX Ta YYTIMBHX JO YMOB 30epiraHs
BaHTaXIB, a 1ii IHTETpaiisi B  €BPOMEHChKY CHUCTEMY BH3HAYaTHUME
KOHKYPEHTOCIIPOMOXHICTh KpaiHU.

[Tinnucanay 2021 p. Yroaa npo CriiibHuUM aBialiiiHui MpocTip Mixk Y KpaiHOIO
ta €C nependayae rapMOHi3allil0 HAIIIOHAIbHUX HOPM 3 €BPONEHCHKUMU Yy chepi
Oe3MeKH MOJIbOTIB, aBlallliHOI 0€3MeKH, YIPABIiHHS MOBITPSIHUM PYXOM 1 3aXUCTY
npaB croxkuBadiB. Ilicnst 3aBepieHHs BIMHM 1€ BIIKPUE AOCTYN YKPaiHCHKHX
nepeBi3HUKIB 10 puHKY €C 1 chopMye €uHI IpaBUIIa TSl BAHTAXKHKUX omepartii [1].

[Ticns BimHOBIEHHs poOOOTH aBialii HAWOUIbLII TMEPCIEKTHBH MAaTUMYTh
aeporopTH 31 3py4YHUM po3TalryBaHHsIM 1040 kopjoHiB €C (JIbBiB, Kuis, Opneca,
JlHiTIpO), SKI MOXYTh CTaTW BaHTaXKHUMH xabamu. [Ipioputetn BiaOyaoBH —
CydacHI BaHT&XHI TEPMIHAIM, CKIAAW Ui (papMameBTUKUA Ta IIBHIKOIICYBHHUX
TOBApIB, @ TAKOXX 00JIaTHAHHS ISl CKAHYBAaHHS 1 MUTHOTO KOHTPOJTIO.

EdexTuBHICTS aBiamiifHOI JOTICTUKH 3aJICKUTH BiJl 3B’SI3KYy 3 3aJlI3HUIICIO,
aBTOMOOLUTEHUMH KOPUJIOPAMH Ta TIOpTaMu. [HTErpallis aeponopTiB y TPAHCIIOPTHI
kopunopu €C ckopouye 4ac JOCTaBKH Ta 3HMKYE BapTiCTh JIAHLIOTA MMOCTAaYaHHS.
YHpoBaKeHHsI  €JIGKTPOHHUX BaHTAXHUX JIOKyMeHTiB (e-AWB), cucrem
MOTIEPEIHBOI TIepeAadi JaHuX MPO BaHTaX, NPUHIHUITY «EIAHOTO BIKHA» Ta
1HTerpauis 3 MUTHUMHU cucteMamu €C CHpollyloTh NPOUEAYpPU W MiABUILYIOThH
POo30piCcTh onepartii [3].
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OCHOBHI PU3UKH MICISIBOEHHOTO MEPioly — 30epekeHHsT OE3MEeKOBUX 3arpo3s,
MaciTad pyHyBaHb 1HPpaCTPpyKTYpH, BUCOKA BapTICTh CTpaxyBaHHsS MOBITPSHHUX
CyleH, AeIUT IHBECTUIINA 1 KBamiiKOBaHMX KaApiB, KOHKYpEHIis 3 OOKy
MOJIbCHKUX Ta PyMYHCHKHX Xa0iB.

Ta6auns 1. ETanu po3BUTKY aBianiiiHol JIOTiCTUKH YKpaiHH

Eranu Kiro4oBi 3aBanHs OdikyBaHHI pe3yJabTaT
Etan 1. Ominka 30UTKIB 1 MPOEKTYBaHHS BinOymoBH; | JJopoxHs KapTa
[linroroBunii | MiArOTOBKAa  BAaHTWKHUX  TEPMIHATB Y | BIZOYIOBH,
(mepexim 1o | 3aXigHMX aepomoprax-xabax; amanmrtamis 10 | iHppacTpykTypa, TOTOBa
MHDY) HopMm EASA; nudposi BaHTaXHI TOKYMEHTH | JIO0 IIBHUJIKOTO 3aITyCKY
BinHoBNEeHHS ~ aepomopTiB CKIamu 3 )
A POIIOPTIB, 8 MynbTUMONANIBHI BY3JIH,
Etan 2. TEMIIEPATYPHUM PEKHUMOM, MiJIKIIOYEHHS J10
: : . . .~ | 3pocTaHHs eKcIpec- Ta e-
BinOynosa 3aI3HUYHUX 1 aBTOMOOITBRHUX KOPHIIOPIB;

. ) . commerce BaHTaXiB
3aJIy4eHHsI MKHAPOJIHUX 1HBECTOPIB

Immnemenranists  Yromm mnpo  CroutbHui . :
RN ) . : [HTerpalis y JIOriCTUYHY
aBlalliiHUK  TPOCTip; €OUHI MUTHI Ta
Etan 3. [loBHa . CUCTEMY c€C,
. . 0e31eKoBi poreypu €C; y4acTb .
iHTerparis . . . M KOHKYPEHTHI Tapudu Ta
YKpalHCBKUX TIE€PEBI3HUKIB y €BPONEHCHKUX ;
TepMiHH

JJaHITIorax rnocradyaHHsA
Horcepeno: pospobneno asmopom Ha ocHosi Odxcepena [2]
[ToeTanmHuit miaxig OOTPYHTOBAHUN TUM, IO BiOyA0Ba MOTpeOy€e 3HAUHUX

1HBECTHIII, a OE3MEeKOBl YMOBH 3MIHIOBAaTUMYThCS MOCTYNOBO. ['apMoHi3aiis 3

Hopmamu €C 1 cepTudikaliisi TAKOkK BUMararoTh 4acy. [lociimoBHICTS il 1a€ 3MOTyY

pO3MOAUIUTH (DIHAHCOBI PECYpPCH, 3ATYYUTH MIATPUMKY MIDKHAPOJIHUX THCTUTYIIIM

(€C, €Ib, €bPP) Ta mBuAKO 3alMyCTUTH BaHTaXHI ONeEpallii Ha HalMEHII

MOIIIKO/PKEHUX aeponopTax, MOCTYMOBO MacIITA0yIOUH iX.

BucnoBok
[loenHanHst  €BpoiHTErpamiiHux  pedopmMm, BiAOYAOBM  3pyHHOBaHOL
1HpacTpyKTypH, MYyJIbTUMOJAIBHOCTI Ta IMdpoBi3alii MA03BOJIUTH YKpaiHi

MEePETBOPUTH aBialliiHy JIOTICTUKY Ha BOXKJIMBUHN €JIEMEHT €BPONEHCHKUX JIAHIIIOT1B

MOCTaYaHHs Ta PYIIA €KOHOMIYHOTO BIJJHOBJICHHS KpaiHU B MICISIBOEHHUI Yac.

Cnucox BUKOPUCTAHUX JKepeJt

1. Yrona npo Cninbauii aBiauiiauii npoctip. URL: CMS Law-Now, «Ukraine and
EU sien Common Aviation Area Agreementy; Kaomig Ykpainmn, 12.10.2021;
Rubryka, patudikaitis Pamoro.

2. laBecTuiui TCIIS BIMHH. URL.:
https://www.sec.gov/Archives/edgar/data/1038683/000165495423009443/a7001
g.htm

3. Cran aeporopTiB 1 TOTOBHICTh 10
https://kyivindependent.com/boryspil-airport-plans/

URL:

BI1THOBJICHHSI.
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YK 656.7:656.073

OPI'AHI3AIIS TA OITUMIBAIIS ABIAIIIMHUX BAHTAKHHUX
HEPEBE3EHDb Y CUCTEMI JIOTICTUKHA
Coxkonenxo /{.A., Aposa J[.A.,
3000y6aui nepuio2o (6axanagpcbko20) pieHsa 8UWOi 0ceimu
Hayxkosuii kepienuk: Bucoywvka 1.1, x.e.H., doyenm
Hayionanvnuu ynisepcumem «Kuiscokuu asiayiunuu incmumymy, Kuig

KirodoBi ciioBa: aBialliifHi BaHTa)KHI IE€PEBE3CHHS, JIOTICTHKA, OITHMI3aIlis,
MYJIBTHMO/IaJIbHI JIAHITFOTH JIOCTaBKH, aBiallepeBi3HHUK.

ABilallifHUHA TPaHCHOPT 3AJMINAETHCS KIIOYOBOIO JIAHKOK TJI00AJIbHUX
JAHILIOTIB  IOCTayaHHSA JJs TEPMIHOBUX, BHCOKOBApTICHUX, MEIUYHUX 1
IIBUJIKOTICYBHUX BaHTaxiB. [J1o0amizaiiss Ta MDKHApOJHA 1HTErpariss 3yMOBUIIN
nepexiJi Bl pa30oBUX BIANPABIECHb 10 IHTETPOBAHMX JIAHIIOTIB MmocTtayaHHs [1], a
TpuBaja BiiiHa B YKpaiHi, HecTaOUIbHICTH Ha bim3pkoMy Cxoai Ta CaHKIIl
NOJOBXUIN 1 3MIHWIKA 1o0ansHl Mapuipytu [2]. Lle miaBullye akTyalabHICTh
opraHizauii ¥ onTtuMmizanii aBlallifHUX BaHTAXKHUX [IEPEBE3€Hb caMmMe B
JIOTICTUYHOMY KOHTEKCTI.

Metoro poOOTH € y3araJibHEHHS MIIXOJIB 10 OpraHi3aiii Ta ONTUMI3aIlil
aBlalllfHUX BaHTaXXHUX MEPEBE3€Hb Y CHUCTEMI JIOTICTUKHU i BU3HAYECHHS HAIPSMIB
MIIBUIIICHHS iXHBbOI €PEKTHUBHOCTI.

Bubip aBiaiiitHOro TpaHCIOPTY BU3HAYAETHCS TPhOMA YHHHUKAMU: BapTICTIO,
HEOOXITHUM TEpPMIHOM JOCTaBKHM Ta XapaKTepPUCTUKAMHU BaHTaXy, 30KpemMa
nmoTpebo B OCOOIMBHUX yMOBax IepeBe3eHHS [3]. ABiarpaHcmopT 3abe3nedye
MIHIMQJIbHUIA Yac JOCTAaBKW, TOYHICTh JOTPUMAaHHS rpadikiB 1 HU3BKUA PHUBUK
MOUIKO/PKEHHS YW BTpPaTH BaHTaxy, MNpoTe € HaiaopoxxuuMm [3]. OCHOBHUM
JIOKyMEHTOM MEPEBE3EHHS € aBialliiiHa BaHTa)KHA HaKJIaJHa, 1110 3aCBIIYY€E JIOTOBIp
MK BIAMPABHUKOM 1 MEPEBIZHUKOM Ta MPUUHATTS BaHTAXy 10 NepeBe3eHHs [3].
JI1st BaHTaXiB 31 CTPOTUM TEMIIEPATYPHUM PEKUMOM, 30KpeMa (papMaleBTUYHUX,
3aCTOCOBYIOThCA O€3IpPOTOBI JATUMKH, SIKI MEPENAlOTh JIaHl MpPO TEMIEpaTypy B
peanbHOMY Yaci, 10 J1a€ 3MOT'y KOHTPOJIIOBAaTH AOTPUMAHHS BCTAHOBJICHUX MEX [3].

JloricTuyHUM miAXiA A0 ONTHUMI3allii nependayae OLIHIOBAHHS HE OKPEMOTO
pelicy, a BChOTO JIAHITIOTa IOCTaBKH. Y [2] MyJIBTUMO/aIbH1 JIAHIIOTH 3 aBlaIlliHOIO
CKJIQZIOBOIO MOJIEIIOIOTHCS SIK MEPEXl B 1IHTETPOBaHIN TPaHCIOPTHO-JIOTICTUYHIN
CUCTEMI 3 ypaxyBaHHSAM BapTICHUX, YACOBHX 1 €KOJOTIYHMX IMOKa3HUKIB. Yepe3
CTOXAaCTUYHHUI XapakTep 4Yacy OOpoOKM BaHTaXIiB B aeporopTax 3acTOCOBAHO
IMITaIliiHe MOJCIIOBAHHS, IO JO03BOJISE€ OIIHUTA HWMOBIPHICTh BHUKOHAHHS
JIOCTaBKHU y 33JjaHui CTPOK; Ha mpukiani mapupyty [llanxait - KuiB y cepenopwuiii
AnyLogistix mokazaHo, 110 aBlaTPaHCIOPT CYTTEBO CKOPOYY€E 4Yac JOCTABKH, aje
NIJBUILY€E BapTiCTh 1 BUKUIU [2]. OTxe, pallioHaIbHUIA BUOIP CXEMH JOCTaBKH
noTpedye KOMIUJIEKCHOTO BpaxyBaHHS 3arajlbHOr0 4Yacy IIMKIIY, OOOpPOTHOCTI

pPeCypciB 1 UyTJIMBOCTI BAHTAXXOIMOTOKIB JI0 Yacy.
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OxkpeMuid HampsM ONTHMI3alli TOB’SI3aHUM 13  PO3IIMPEHHSM POl
aBiarniepeBi3HUKa. Ha puHKY HerabapuTHUX 1 BEJIMKOBArOBUX BaHTaXKIB MEPEBI3HUK
Ma€ MPOTOHYBATH 1HTETPOBAHUHN MPOAYKT, IO CYTTEBO BIAPI3ZHIETHCA BiJ MOCIYT
TPaJAMIIIMHUX TIEPEBI3HMUKIB, 3aCTOCYBaBIIM MEXaHI3MH ONTHUMI3aIlli BIACHOI
BUPOOHUYO-JIOTICTUYHOI AISUTBHOCTI, aBIaKOMIIaHisi MOK€ BUKOHYBAaTH (YHKIIT
3PL-mpoBaiinepa, 3anuiaioduck orneparopoM pisas 2PL [4].

B ymoBax 3akputoro He6a B YKpaiHi KIIIOUOBUMHU CTalOTh allbTEPHATHUBHI
MapIIpyTH, MOETHAHHS aBlallifHOT0, aBTOMOOUIBHOTO, 3aJII3HUYHOTO Ta MOPCHKOTO
TPAHCIIOPTY, PO3BUTOK Ha3eMHOI 1HPPACTPYKTYPH Ta MPUKOPAOHHUX JIOTICTUYHUX
xa0iB, TMapTHEPCTBO 3  MDKHAPOJHMMH  IEPEBI3HMKAMH, BUKOPHCTAHHS
1HQOpMAIITHUX TEXHOJIOTIN JJI1 MOHITOPUHTY BaHTaXIB 1 YIPaBIIHHSI PU3UKAMHU
JaHIriB  mocradyaHHs [5]. OcCHOBHI HamnpsMH TIJABHINCHHS €(QEKTUBHOCTI

y3arajabHeHo B Ta0J. 1.
Taoauus 1. Hanpsamu ontuMizanii aBianiliHMX BAHTAKHUX NepeBe3eHb Y JOTiCTHYHII

cucremi
Hampsim 3micT
Bubip Buay Tpancnopty bananc BaprocTi, TepMiHYy JOCTaBKH Ta XapaKTEPUCTUK
BaHTaXY
O1iHIOBaHHSA MepesxeBe ¥ iMiTaliifHe MOJICTFOBaHHS 332 BapTICHUMH,
MYJIbTUMOIATBHUAX YaCOBUMH Ta €KOJIOTTYHUMH MTOKa3HUKAMH
JIQHLIOT1B
Po3BuTok nociyr [epexin Bixg 2PL no Bukonanns ¢pynkuiid 3PL 3a paxyHok
NepEeBI3HUKA BHYTPIITHIX MEXaHi3MiB ONTHUMI3allii
Ananranist 10 oOMeXeHb | AJBTEPHATUBHI MapUIPYTH, MyJIbTUMOAAIBHICTD, JIOTICTHYHI
HOBITPSIHOTO MPOCTOPY Xa0u, MOHITOPHUHT 1 YIIPaBJIiHHS pU3UKaMHU
Horcepeno: cknadeno asmopamu Ha ochogi [2-5]
BucnoBok

Opranizaiiisi aBialiiHUX BAHTAKHUX TEPEBE3CHb y CUCTEMI JIOTICTUKH Mae
IPYHTYBAaTUCA Ha OIIIHIOBaHHI BCHOI'O JIAHLIOTa JOCTaBKH, a HE OKPEMOTO
aBialiifHoro eramy. OnTUMI3alis OXOIUTIOE pallOHATBHUI BUOIP BULy TPAHCHOPTY
3a KpHUTEpIIMH BapTOCTI, 4Yacy M OCOOJIMBOCTEN BaHTaXy, MYJbTHUMOJAJIbHE
MOJICJIFOBAHHSI CXEM JIOCTaBKH, PO3LIMPEHHS CEPBICHUX (DYHKIIIM aBlanepeBi3HUKA
Ta ajanTauilo 10 0OMEeXeHb MOBITPSIHOrO mpoctopy. [lepcrnekTHBHUM HampsIMOM
NOJANBIIMX AOCHI/DKEHb € OaraTOKpuTepiajdbHa ONTUMI3ZALS MYJIbTUMOJAIBHUX
JIQHIIOTIB 3 aBlal[IHOIO CKJIaJ0BOIO.

CnMcoK BUKOPUCTAHUX JKepeJt
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HAYKOBE BUJIAHHA

MMPOBJEMMW OPIAHI3AII IEPEBE3EHD TA
YIIPABJIIHHSA HA MOBITPAHOMY TPAHCIIOPTI:

MATEPIAJIM VI MI)KHAPOJTHOI HAYKOBO-TIPAKTUYHOI
KOH®EPEHIIIT

M. KuiB, 22 :xoBTHs1 2026 poky

Onybnikosano 6 asmopcoKill pedakyii 00HIEI 3 080X pOOOUUX MO8 KOHPepeHYiT
VKPAIHCbKOI0, AH2IUCHKOIO
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