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Brposaakennsa konmenmii mositpaHoro mpocropy BiabHuX Mmapmpytis (Free Route
Airspace, FRA) mouaroca ma mouatky 1998 poky B kpaimax Llemrpassmoi €ppomm Ta
€BpokoHTpoAl. OCHOBHIM PYIIMIEM ITi€l IHITIATUBH CTAaB IEPEXIA BIA TPAAHINIHOI (hikcOBaHOL
Mepexkl MApIIPYTiB AO IPOIIOHYBAHHA NMPAMHUX Ta aAAIITOBAHHX TpaekTopiit. Lle AozBoamao
aBIAKOMITAHIAM OOMpPATH ONITUMAABHI IIPO(IAl IOABOTY 3aACKHO BIA IIOTOAHHX YMOB Ta
IHTEHCHUBHOCT] PyXy, IO CYTTEBO INABHIMUAO €(EKTUBHICTD, IIPOIIYCKHY CIIPOMOKHICTD T2
EKOAOITIHICTD aBlallepeBE3CHb.

Metoro poOOTH € KOMIIAEKCHE AOCAIAKEHHSA IIPOIIeCY BIpoBaAKkeHHA KoHIenmil FRA ta
aHaAil3 i BIIAUBY Ha KAIOYOBI ITOKa3HUKH €(DEKTHBHOCTI CHCTEMH OpPTraHi3alii IOBITPAHOIO PyXy
(ATM) y eBporreiicekomy perioni. TakuM 9uHOM, poOOTa CIPAMOBAHA HAa OOIPYHTYBAHHSA
IIEPEXOAY BIA KOPCTKOI Mepeii (biKCOBaHHX MapIIpyTiB AO THYYKOTO Ta ecpeKTI/IBHoro
cepeaosura FRA, sike 3a0e31redye BUCOKHIT PIBEHb OE3IIEKH 32 OAHOYACHOTO 3HIKEHHA BUTPAT
Ta HETATUBHOTO BITAUBY Ha AOBKIAAAL

BripoBaaskennsa KOHIIEIIIi ITOBITPAHOIO IIPOCTOPY BIABHHX MapIIPyTiB AEMOHCTPYE
3HAYHI IIO3UTHBHI pe3yApTaTH y Ccepax OE3IEKH IIOABOTIB, EKOAOIYHOI CTIMKOCTI Ta
orneparmiiHol eeKTHBHOCTI YIIPaBAIHHSA IOBITPAHIM PyXoM y €Bporri. AOCAIAKEHHSA PEAABHOTO
BIIAHBY TPaHCKOPAOHHOTO BipoBaAkeHHA FRA, 30kpema Ha IpHKAAAL HIBHIYHOEBPOIIEHCHKOTO
upocropy (NEFRA), mATBEpAKYIOTH CyTTEBE IIOKPAIIIEHHSA IOKAa3HUKIB Oesrexu [1].

OCHOBHHMH PE3YABTATAMU €:

— 3HIDKEHHA KOHDAIKTHOCTI:  KIAPKICTP  IIOTCHINIHHUX IIOPYIIEHb  MIHIMyMiB
ermeAonysanHA (Sol) Ha 1000 moaboTiB ckopoTuaaca Ha 35% [3, c. 225];

— 3MEHIIICHHA PU3HKIB: IHACKC EKCIIO3HUIII PU3HUKY, IIIO BPAXOBYE TPUBAAICTD Ta TAKKICTD
MOKAUBHX KOH(AIKTIB, 3HH3UBCA Maibxe Ha 70% [3, c. 231];

— posmoaia Tpadiky: Ha BIAMIHY BiA pikcoBamOi Mepexi, Ae KOHMAIKTHI curTyarii
KOHIICHTPYBAAUCHA y BY3AOBHX TOYKAX IIEPETHHY MapIIpyTiB, y cepeposurmi FRA
CIIOCTEPIra€ThCA KPAIIHIl IPOCTOPOBUI PO3IOAIA TpadiKy, IO IIOAEITIYE AHCIETYEPAM
BUABACHHSA ITOTCHITIMHUX KOH(AIKTIB Ha paHHIX eTamax [2, 3.

Pesyapratm mMoacaroBanHs 32 Aomomororo  Advanced Emission Model (AEM3)
HMIATBEPAKYIOTH TirToTe3y Hpo e, mo FRA crpuse 3sMEHIIEHHIO IIKIAAMBHUX BUKHAIB 3aBASKI
CKOPOYEHHIO TPAEKTOPIH Ta omruMisarii mpodiais moapoTy (2, c. 31]:

— crooxuBaHHA TaAbHOrO Ta BHKHAM CO2: CIOCTEPIra€Tbcs EKOHOMIA ITAAHBA Ta

BIAITOBIAHE 3MEHIIICHHA BUKHAIB ByTA€KHCAOrO raszy Ha 1,6-2% [2, c. 19];
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— BukuAu NOX: 006cArn BUKHAIB OKCHAIB a30Ty B CEPEAHBOMY CKOpOuyIOThCA Ha 1,6%0;

— TAODAABHIN edEeKT: OUIKyeThCH, IO HOBHE BIpoBasxeHHA FRA Ha eBpomeiicbkomy
PiBHI AO3BOAUTH ITIOPIYHO 3a0IIAAKYBATH IMICTH MIABHOHIB TOHH ITAABHOIO T2 3MCHIITYBATH
BukuAu CO2 Ha 20 MIABHOHIB TOHH.

— CKOpOYEHHA AHCTaHIUN: 3aBAAku FRA moaoBxeHHA MaprupytiB (PISHHIS MDK
aKTUYHOIO TPAEKTOPIEIO Ta OPTOAPOMIErO) ckoporuAocs 3 3,58% y 2007 pomi ao 1,57% y
ceprni 2025 poky [2, 4, 5].

Excrayararis FRA 3a6esnedye crabiApHIII TPaeKTOPIi Ta MABHIIYE IIepeADAIyBAHICTD
HOBITPAHOIO PyXy. AOCAIANKEHHA BKA3YFOTh HA: 3HIKEHHA POOOYOr0 HABAHTAKEHHA —
aslaamcreraepu  (ATCO)  BIASHAYAIOTH HEBEAHKE 3HIDKCHHS HABAHTAKCHHA  3ABAAKH
3MEHIIICHHIO KIABKOCTI PaAlOOOMIHIB, 3aBAAHD 3 MOHITOPHHIY Ta KOOPAMHAII; 3aAOBOACHICTb
KOPHCTYBa4iB — aBlaAUCIIETIEPH, AKI IPALFOIOTh y cepeaosurni FRA, kareropuano He 6a:xKar0Th
oBepTaTHCA A0 (PIKCOBAHOI Mepexi MapIIPyTiB Yepe3 BUILY e(DEeKTUBHICTh HOBUX IHCTPYMEHTIB
BUABACHHA KOH(AIKTIB [0, 7].

HesBaxaroun Ha ycnixu, npouec posmupennsa FRA nmorpedye pereabHO KOOpAHHALIi Ta
BHPIIIICHHA HU3KH TEXHIYHUX 3aBAAHbD, 2 CaMe:

AAf OTpUMaHHA MAKCHMAaABHUX IIEPEBAr HEOOXIAHO CTBOPIOBATH TPAHCKOPAOHHI 30HH
FRA, mo Bumarae y3TOAKEHHA IIPOIEAYp Mix pisanMu 1posaiisepamu  (ANSP)  Ta
CHHXPOHI3aITl ITAaHIB BIIPOBAAKCHHA.

AepixaBaM pPEKOMEHAOBAHO BCTAHOBAIOBATU HIDKHIO BepTHKaAbHY Mexy FRA Ha
MAKCHMAABHO HU3BKOMY AOLIABHOMY PIBHI, 3a0€3IIEYyIOYM IIPU I[bOMY HAALMHEH 3B'A30K 3
MIACTHAAQIOYOIO MEPEKEIO MAPIIPYTIB Ta TepMiHaAbHUME 30HaMu (TMA).

Brposaaxenns FRA Oasyerpca Ha HpHUHITHIIAX THYYKOIO BHKOPHUCTAHHSA ITOBITPAHOIO
upocropy (FUA), o Bumarac 0OMIHY AAHHMH IIPO CTATYC 3aPE3€PBOBAHUX BIHCHPKOBHX 30H Y
peaAbHOMY 9aci AAfl YHUKHEHHSA 3aBUX OOABOTIB.

byao BusBAeHO mpoOAEMH 3 OOpPOOKOIO IIAAHIB IIOABOTIB dYepe3 AYOAIOBAHHSA
iserTudikatopis 3aco6iB Hasirarmii (NAVAID) ta oOmexerns coosxuau npamux Alaguaok (DCT)
y 3aCTapIAUX CHCTEMAX, IO IIOTPEOYE MOAEPHi3allii Ha3eMHOTo 00AaAHAHHA (8, 9].

Omxe, BIPOBAAKEHHS KOHIICHINI ITOBITPAHOTO IIPOCTOPY BIABHHX MAPIIPYTIB CTaAO
KAFOYOBHM €TAIIOM MOAEPHI3aIli €BPONIENChKOI aBlallli, IO AO3BOAA€E aBIAKOMITAHIAM
BUKOPHCTOBYBATH IIPAMI Ta THYYKI TPAEKTOPI, 3a0€3MeUyIOUH IOPIYHY EKOHOMIIO OAH3BKO
IITOCT1 MIABHOHIB TOHH ITAABHOTO T2 3MeHIIeHHA BUKHAIB CO2 ma 20 miabiioHiB TOHH. Pearrni
aaHi excriayararil FRA AeMOHCTPYIOTh 3HAYHE INABHINEHHA OE3IIEKH IIOABOTIB: HA IIPHKAAAL
niBaivHOEBpoOIelicekoro mpocropy (NEFRA) BcraHoBAGHO, IO KIABKICTD ITOTEHIIHHUX
IIOPYIIIEHb €IIEAOHYBAHHA CKOPOTHAACA Ha 35%, 2 3araAbHHE 1HAEKC pru3uKy 3Hu3uBCA Ha 70%0
3aBASKH KpaIliil IIepeAOAdyBaHOCTI TPAEKTOPIA Ta edPEKTHBHOMY PO3IOAIAY KOHMAIKTHUX
CHUTYAIIN y IIPOCTOPL.

3aBepIIeHHA ITOBHOMACIIITAOHOIO PO3ropraHHsA Iiei cucremu Hampukinmi 2025 poky,
BIAIIOBIAHO A0 Bumor Peraamenty (€C) 2021/116, A03BoAMAO 1mOAOAATH (DPATMEHTALIIIO
€BPOIIEHCHKOTO HeOa Ta cPopmyBarO (DYHAAMEHT AASl 3aAOBOACHHSA HOTPEO KOPUCTYBAdiB
HOBITPAHOTO IIPOCTOPY Ha HACTyIHI 50 POKIB, BKAIOYAIOYH OE3IIAOTHI CHCTEMHU Ta KOCMIYHI

araparH.
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FREE ROUTE AIRSPACE CONCEPT IN MODERN AIR NAVIGATION
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Abstract. The article considers the concept of Free Route Airspace (FRA) as an important
element of modern air navigation services. The main principles of FRA implementation and its
role in the digitalization of air traffic management are analyzed. The research provides empirical
evidence from the Northern Europe Free Route Airspace (NEFRA), demonstrating a 35%
reduction in potential separation violations and a 70% decrease in the risk exposure index.
Environmental modeling indicates that FRA allows for an annual global saving of six million
tons of fuel, reducing CO2 emissions by 20 million tons through the optimization of 4D
trajectories.

Special attention is paid to the influence of FRA on the efficiency and safety of air traffic
control operations, noting that route extensions have decreased significantly to just 1.57% by
August 2025. The study shows that the implementation of FRA contributes to the optimization
of airspace use and the elimination of European sky fragmentation. Strategically, the full-scale
deployment completed in late 2025 under EU Regulation 2021/116 has formed a robust
foundation for future unmanned and space-traffic management. The development of digital
technologies, integrated with the Flexible Use of Airspace (FUA) principle, plays a significant
role in the further expansion of this concept, ensuring a sustainable and resilient aviation
ecosystem for the next decades.
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