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CydgacHa aBiariifina iHAYCTpifA CbOIOAHI IEpeOYBA€ HA 3AaMi €IIOX, IIEPEKUBAIOYH €TAIl
HaIlpaAMKaABHIIIOL TpaHCcdOpMarIii 32 OCTaHHI ACCATHAITTA. TpaAnIiiiHI IIAXOAM AO OpraHisarii
noBitpsHOoro pyxy (ATM), sAki AoBruii vac Oa3yBaAnCA Ha IIEPEBIPEHHX, aA€ TEXHITHO
OOMEKEHUX PIIIIEHHAX, BUYEPIAAN CBill pecypc. Boru Bike He 3aaTHI ePEKTUBHO 0OpOOAATH
TOH 00CAr TpadpiKy Ta OIEPALITHY CKAAAHICTD, IKY AUKTY€E cydacHUH puHOK. Moaepnisaria ATM
Y €BPOIICHICHKOMY PEriOHI — IIe HE IPOCTO AOKAABHE 3aBAAHHA, 2 KPHTHIHA HEOOXIAHICTB, IIIO
BIATIOBiAa€ rAODaABHIH B3l maany mosiTpsaaol Hasiramii IKAO (GANP).

dyaaamenTOM AAf nuX 3MmiH craB macrrrabauil mpoekt SESAR (Single European Sky
ATM Research). Foro roAoBHa MeTa OAATAC Y CTBOPEHHI MTPUHITHIIOBO HOBOTO — IubpOBOTO,
e(eKTUBHOTO Ta EKOAOTIYHO YHCTOTO IOBITPAHOTO IPOCTOPY.

OcHoBHA IPOOAEMA MUHYAUX POKIB ITOAATAAA Y «KAAITTUKOBOCTI» CHCTEM: Pi3HI KpaiHu Ta
CAYKOH BUKOPHCTOBYBAAU HAOIp 9aCTO HECYMICHHX PIITICHB.

Cporoani  BIAOYBa€TbCA IIEPEXIA AO  CEPBIC-OPIEHTOBAHOI  aApPXITEKTYPH, A€
dparmeHTOBaHA MOAEAB 3aMIHIOETBCA CTaHAAPTH30BaHHMH IdpoBumu pimmeHaAMu. Lle
AO3BOASIE BIIPOBAAKYBATH IHHOBAIII HAOAraTO IIIBUAIIIE, CTBOPIOIOYH EAUHY CKOCHCTEMY, A€ AAHI
IIEPEAAIOTHCA OE3IIEPEIIIKOAHO Ta B peaAbHOMY 4aci [1].

OAHUM 13 HAHOIABII 3HAYYINUX TEXHOAOITYHHUX IIPOPHUBIB € BIpoBaakeHHA 4D-
TpaekTopiil. SIKkmo panime aBiapucrerdep OyB 3MYIIEHHI IOCTIHHO BTPYYaTHCA B IIOAIT
TAKTHYIHO, BHIIPABAAFOYN KYPC AlTaka «TYT 1 3apa3», TO HOBA MOAEAb AO3BOASIE IEPEUTH AO
crpareriunoro maanysaHHA. Lle osHadae, Mo Bech MapIIPyT IIPOPAXOBYETHCHA 3a3AAACTIAD 3
ypaxyBaHHAM YacCy AK 9eTBEPTOro BUMIPY [2].

Takuii mMAXIA HeCe KOAOCAABHY BUTOAY HE AHUIIIE AASL AOTICTHKH, 2 1 AASL AOBKIAAS:

— OITHMI3AIIiA MAPIIPYTIB BEAE AO CYTTEBOIO 3MEHIIICHHS CITAAFOBAHHSA ITAAHBA;

— ne upamo cupuse AocAaraenHro 1isert kommermii FlightPath 2050, 3okpema 1moao
ckopouenHs BUKHAIB COz;

— y pamkax nporpamu «I'opusont 2020» IpiopuTETOM € HU3BKOBYIACLIEBUH TPAHCIIOPT,
II[O TAKOXK BKAIOYAE PO3POOKY NOPHAHUX Ta EACKTPUYHIX CHAOBUX YCTAHOBOK;

— amOiTHI mial Ao 2050 poky mepeabavdaroTe 3HIDKEHHA BUKUAIB OKCHAIB 2301y (NOy) Ha
90% Ta 3menIIeHHs piBHA IIymMy Ha 65% [3].

Punox OesminotHuX AlTaspHux amapartiB (BITAA) mapasi € HaWOIABII AMHAMIYMHIM

CEIrMECHTOM anOKOCMi‘IHOI ra/\ysi. T'oAOBHUIT BHKAHK CI)OI‘OAHi — 9K Oe3rmeyHo IOAPYKHUTI»

224
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CEKIIIA 3. AEPOHABITAILIIMHE OBCAYTOBYBAHHA TA IIU®POBI3ALIIA ITOBITPAHOI'O PYXY

APOHH 3 BEAHKOIO aBiaIllefl0 B OAHOMY HECEIPEroBaHOMY IIpocTopi. Bupimenmam crasa
xonuenmia U-space — cucrema yupaBAiHHA TPaIKOM CIEIIaAbHO AASl HU3BKUX BHCOT [2].

Aaf Toro, IOO I €KOCHCTEMA IIPAIFOBAAd HAAIMHO, BIPOBAAKYIOTBCA TPU KAFOYOBI
TEXHOAOTI].

Paaioainii korTpOAFO Ta yupaBAiuus (C2): AAs cTaBIABHOTO 3B'SI3KY 3 AIIAPATOM.

Cucremn nonepeaxenns sitkaenb (DAA — Detect and Avoid): A03BOAfIFOTE ApOHAM
CAMOCTIMHO BUABAATHU IIEPEIITKOAU T4 YHHKATH iX.

[rdpoBi ABITHHKH: BUKOPHUCTAHHA BIPTYAaABHHX MOACAECH AAfl IIEPEBIPKU Ta BaAlAarii
PI3HHX CIIEHAPIIB ITOABOTIB IIEPEA IX BUKOHAHHAM.

3aBasku U-space 0e3IAOTHI II€pEBE3CHHSA IIEPETBOPIOIOTHCHA 3 EKCIIEPHUMEHTAABHIX
3AITyCKIB HA PYTHHHY ITOBCAKACHHY AIAABHICTB, A€ YYACTb AFOAMHU B YIIPABAIHHI 3BEACHA AO
MIHIMyMY 3aBAAKHA BICOKOMY PiBHIO aBTOMaTH3arii [3].

[ryaamit iaTeaext (LII) Ta MammHHEe HABYAHHA CTaIOTH CIIPABKHIM «MO3KOMY»
AepOHABIraIlii. [Xx BUKOPUCTOBYIOTb AASl BUPIITIEHHSA KPUTHYHO CKAAAHHX 3ABAAHD:

— IPOTHO3YBAHHA TPAEKTOPIN T4 ABTOMATHYHA OIITUMI3AIliA MAPIIIPYTIB § PEAABHOMY Yacl;

— AOTIOMOT2 Y IPUUHATTI PIIIIEHb, KOAX METECOPOAOTIYHI YMOBH CTAFOTh KPUTHYHUMU;

— CHHTE3 CTPYKTYPHHX ITAPAMETPIB OE3IIIAOTHUKIB AAF IIABHITICHHA IXHBOI €(DEKTUBHOCTI.

OcobAuBe 3HaueHHA Mae MeTOA Pro3ii (00’eAmamnsA) Aanux. B ymoBax peaabHOrO
HIOABOTY KOAEH AaTank He Aae 100% rapanTil TOYHOCTI Yepe3 3aBaAU UM ITOXUOKH. AAAIITHBHI
aaropurmu LI po3BoafroTs KOMOiIHYBaTH iHMOpMariro 3 GPS, inepriiaabHEX cucreMm, Aiaapis
Ta Kamep.

AOCAIAKEHHA IHATBEPAKYIOTD, IO TAKUN INAXIA 3a0e€3IIedye 3HAYHO BHIIY TOYHICTDH
HaBirarii, HiZK IpOCTi IpAMI PO3PaXYHKH 3 OAHOTO AxepeAa [4].

Possurok cucrem 3B'a3ky, Hasiramii Ta crocrepexenns (CNS) rtemep Hepo3puBHO
[OB'A3aHUI 13 IIIMPOKOCMYTOBHM CyIyTHHKOBUM 3B'A3koM. Xoda GPS 3aaurmaerscs 6azoBum
AKEPEAOM  AQHUX, MaHOyTHE 32  KOOIIEPATUBHHM  PEKHMOM, KOAU  OAHOYACHO
BHKOPHCTOBYIOTBCH ACKiAbKa cy3ip'iB cymyraukis: GPS, Galileo (€sporra) ta BeiDou (Kuraii).
Lle rapanTye OE3IIPEIICACHTHY HAAIFHICTD HABIramii HaBiTh y HAHCKAQAHIIINX reorpadidHux Ta
PaAlOEAEKTPOHHHX YMOBax [4].

[Hudposa Ttpancdopmaria aepoHaBiramii — II€6 EAMHHH IIAAX AO CTBOPECHHA
MacIITaOOBAHOTO Ta OE3MEYHOTO aBIAIHHOIO IPOCTOpy. lloeAHAHHA IITYIHOTO IHTEAEKTY,
BAockoHaAeHHX cucteM CNS Ta imrerpanii U-space AO3BOAUTD aBlariii BHATH Ha HOBHUI pIBEHb
edeKTHBHOCTI — BIA 3ABOTY AO ITOCAAKH, 200, K KaxKyTh IPOQECIOHAAH, 32 IIPUHIIAIIOM «BIA
IIEPOHY AO IIEpOHY». TIABKH Taka CHHEpIiA TEXHOAOIIH AOIIOMOXKE TIaAy3l BIIOpaTHCA 3

BUKAUKAMI MaHOyTHBOTO, 30€PIrafO9uH IIPH IIbOMY ITAAHETY AASl HACTYITHUX ITOKOAIHB.
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CEKIIIA 3. AEPOHABITAILIIMHE OBCAYTOBYBAHHA TA IIU®POBI3ALIIA ITOBITPAHOI'O PYXY
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Abstract. This research provides a comprehensive and multi-layered analysis of the
fundamental modernization within Air Traffic Management (ATM) systems, driven by the
imperative transition toward a unified "Digital European Sky." The study contextualizes the
current paradigm shift as a departure from legacy, fragmented analog infrastructures toward a
standardized, service-oriented digital architecture (SOA) under the SESAR (Single European Sky
ATM Research) and ICAO GANP frameworks. A central focus is placed on the strategic
implementation of 4D-trajectory management (Trajectory-Based Operations — TBO), where time
is integrated as the critical fourth dimension. This evolution allows for a transition from reactive,
tactical air traffic control to proactive, strategic planning, significantly enhancing sector capacity
while minimizing the need for manual controller interventions.

The research further explores the environmental imperatives codified in the FlightPath
2050 vision. The author substantiates how 4D-trajectory optimization serves as a primary tool
tor achieving carbon-neutral aviation by reducing fuel burn through continuous descent
operations and more direct routing. This technological shift is analyzed in synergy with the
development of hybrid-electric propulsion systems and the ambitious targets for a 90% reduction
in $NO_x$ emissions and a 65% decrease in perceived noise levels.

A significant portion of the paper is dedicated to the U-space concept, the essential
framework for the safe and efficient integration of Unmanned Aerial Systems (UAS) into non-
segregated airspace. The study provides a detailed technical evaluation of the U-space service
layers (from U1 to U4), emphasizing the critical role of Command and Control (C2) links and
Detect and Avoid (DAA) systems. By leveraging "digital twins," the author demonstrates how
virtual flight modeling enables the stress-testing of complex urban air mobility (UAM) scenarios
before physical execution.

Furthermore, the study investigates the transformative role of Artificial Intelligence (Al)
and Machine Learning (ML) as the "computational brain" of modern navigation. Particular
attention is given to the methodology of multi-sensor data fusion, where adaptive algorithms
combine inputs from GNSS (GPS, Galileo, BeiDou), inertial sensors, lidars, and optical systems.
This fusion approach is proven to significantly increase navigational integrity and resilience
against signal jamming or spoofing. The article concludes that the synergy of Al-driven decision-
making, high-speed satellite CNS (Communication, Navigation, Surveillance) links, and
automated U-space protocols is the only viable path to a scalable "gate-to-gate" aviation
ecosystem capable of handling the operational density and ecological challenges of the 2050s.
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