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L acnenxo Anra Cepeiisna
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andriipalonyi@sfa.org.ua

V' cygacHHX yMOBaxX IHOCTIHOTO 3POCTAaHHA IHTEHCHBHOCT!I HOBITPAHOIO PyXy Ta
IIABHUIIICHHA BHMOI AO OE3IIEKH ITOABOTIB ITMTAHHA BTOMH aBIAAHCIIETIEPIB BUXOAUTH 32 MEKI
cyTo (izl0AOTIHOI IPOOAEMH 1 CTA€ BAXKAHBUM EAEMEHTOM CHCTEMHOIO YIIPABAIHHA PU3HKAMH.
Came AFOACBKHIT (PAKTOP A€AAAL YACTIITIE BU3HAYAE CTIMKICTD 1 HAAIITHICTD (PYHKITIOHYBAHHA BCIET
CHCTEMU OOCAYIOBYBAHHA IIOBITPAHOTO pPyXy. Y IIbOMY KOHTEKCTi, CHCTEMH YIIPaBAIHHA
pusmkamMu BTOoMH, BiaoMi Ak FRMS, posrasaarorscs K OAMH 13 KAFOYOBHX IHCTPYMEHTIB
3abesrregeHHA Oesrrexu [1].

CydgacHi AOCAIAKEHHSA CBIAYATH, IIO B EBpoln IIpoOAEMa BTOMHU aBIaAHCIIETYEPIB Mae
CHCTEMHHI Xapakrep 1 IOTpeOye IIOIAMOAEHOrO aHaAidy. 3O0Kpema, y AOCAIAKEHHI
€Bponericbkoro arenrtcrBa 3 ablamiiinoi Oesmexu (EASA), sxe oxommao 36 mposaiiaepis
aeponasirariirinoro oocayrosysaunua (AHO) Tta 236 aBiaaucrierdepiB, OYAO BCTAHOBAEGHO, IO
rmoHaA 60% Amncrierdepis IIEpIOANYHO BIAYYBAFOTH BHCOKHII PIBEHb BTOMH ITIA YaC BUKOHAHHSA
npodecifiHux 000B’A3KiB, a 6AN3bKO 25—30%0 ITOBIAOMASAIOTE IIPO O3HAKH CYTTEBOIO 3HIDKCHHS
IIIABHOCTI IIA 9ac HiYHUX 3MiH [2, ¢.17]. [Tpu mpomy cepeAHA TPHBAAICTD CHY ITEPEA PAHKOBUME
3MIHAMHI YaCTO CTAHOBHTH MEHITIE O TOAMH, ITIO € HIKYHUM 32 PEKOMEHAOBAH] 3HAYEHHSA Ta IIPAMO
BIIAMBA€ HA KOTHITUBHY IIPAIIe3AATHICT.

OtprMaHi pe3yAbTATH € IIOKA30BUMHU AAf BCIEl CHCTEMH OpraHi3ariii ITOBITPAHOTO PyXy B
kpaimax €C 1 AEMOHCTPYIOTH, IO, IIOIPH 3aTaAOM NUPHUHHATHUN piBeHb (HOPMAABHOTO
KOHTPOAIO PH3UKIB, IIPOOAEMA BTOMH 32AHUINAETBCA 0araroakTopHOIO. AOCAIAKEHHSA TaKOXK
ITOKa3aA0, 110 y 1moHaA /0% BHIIAAKIB OLIIHIOBAHHA PH3UKIB BTOMU Oa3y€TbCA IIEPEBAKHO HA
aHaaisi rpadikiB poOOTH, TOAI AK O0O’ekTHBHI (Di3IOAOTIYHI Ta ITOBEAIHKOBI ITOKA3HUKU
BHUKOPHCTOBYIOTBCA 3HA4HO piarre [2]. Lle cBiAYmTh IIpO 0OMEKEHE 3aCTOCYBAHHA ITIAXOAIB, IO
epeAbavarOTh KEPYBAHHA AAHHME, Y IPAKTUILN YHIPaBAIHHA. 3 OAHOIO OOKy, OIABIIICTBH
epporrericekux  mposariaepiB  AHO  dopmaspao BrnpoBaamam  FRMS  BiATIOBIAHO A0
HOPMATHUBHUX BHUMOT, 3 IHIIIOrO — e(PEKTUBHICTD LIUX CHCTEM 3aAHUIIACTBCA HEOAHOPIAHOIO. Y
3HayHild wactmHi opramizamiii  FRMS  dynkmionye Ak OpMaAbHHE €AEMEHT CHCTEMH
VIpaBAIHHA OE3IIEKOIO, He 3a0€3IEYyFOYH IIOBHOIO MIPOIO IIPOAKTHBHOTO BHABACHHSA Ta
ITOIIEPEAKEHHA PU3HUKIB. Lle IIpoABASETBCA y epeBaKaHHI PEAKTUBHOIO IIAXOAY, KOAM aHAAI3
3AICHIOETBCA IIICAA BHUHHUKHEHHA IIOAIH, TOAI AK MOMKAHBOCTI IIPOTHO3YBAHHA PH3HUKIB

3AAUIITAOTHCA HEAOCTATHBO peaAis OBaHMIMM.
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3a HafgBHOCTI 3HAYHOIO OOCATY AAHHUX IIPO BTOMY, piBeHb iX IHTerpamii y Irporiec
IPUUHATTA PINIEHb 3AAHIIAECTBCA OOMEKEHUM. AMIIE OKpeMi HIPOBAaAEpH CHCTEMHO
BUKOPHCTOBYIOTb OlOMaTeMaTWdHI MOAEAl 40O IHCTPYMEHTH IIPOIHO3YBAaHHA, TOAL fIK Y
OiABIIIOCT] BHIAAKIB 1OKasHuKH edekruBHocTi FRMS marote popmanpnumii xapaxrep 1 He
BIAOOPA/KAFOTH PEAABHOIO PIBHA OE3IIEKU. Y ITOEAHAHHI 3 HEAOCTATHBO PO3BHHEHOIO KYABTYPOIO
3BiTyBaHHA II¢ (POPMYE PO3PHUB MK 3AACKAAPOBAHUMHU ITOAITHKAMU Ta (DAKTUYHUM CTAHOM
VIIPABAIHHA PU3UKAMH BTOMHU.

CBpOIIEHCHKAI AOCBIA CBIAYHTB, IIIO IHOAAABIIE INABHINEHHA edekruBHOCTI FRMS
HEMOKAHBE O€3 IIEPEXOAY AO ITOBHOIIIHHOI MOACAI, 3aCHOBaHOI Ha AQHHX, AKa IepeAbadae
CHCTEMATHYIHNN 301p, aHAAI3 1 BUKOPUCTAHHA AK OO €KTUBHUX, TaK 1 CyO’€KTUBHUX ITOKA3HUKIB
BroMu. Taxkwil IAXIA AO3BOAfE€ He Amnire (DIKCYBATH HACAIAKH, 4 H CBOEYACHO BHABAATH
IIEPEAYMOBH BUHHUKHEHHA PHU3HKIB 1 aAAIITYBATH YIIPaBAIHCBKI PIITIEHHA AO PEAABHHX YMOB
poboru aBlaaucreTdepis [3].

V 11p0My KOHTEKCT] HAIlle HAYKOBO-IIPAKTUYHE AOCAIAKEHHSA CIIPAMOBAHE HA IIOAOAAHHSA
po3puBy MiK (POpMaABHOIO Ta (DAKTUYHOIO e(PEKTHBHICTIO CHCTEM VIIPABAIHHA PHU3UKAMU
Bromu. Bono mepeabadae popmyBaHHA 302AaHCOBAHOI CHUCTEMH IIPOAKTUBHUX 1 PEAKTUBHUX
IIOKa3HUKIB Oe3mexku AAA 0O’exruBHOI ominku edexruBHocti FRMS mHa piBHI mrpoBaiiaepis
A€POHABITAIIIITHOTO OOCAYTOBYBaHHSA, 2 TAKOK ITOOYAOBY MATEMATHIHOI MOAEAI IX KOMITAEKCHOL
OIHKH Y BHTAAAl IHTEIPAABHOTO ITOKa3HHKA, IO CTBOPIOE OCHOBY AAfl IIPUHHATTA
OOIPYHTOBAHUX YIIPABAIHCBKHUX PIIIICHb 1 IABHIIECHHA PEAABHOTO PIBHA OE3IIEKN ITOABOTIB.

IIposeaennii aHaAl3 eeKTHBHOCTI (PYHKIIIOHYBAHHA CHCTEM YIIPaBAIHHA PHU3HKAMUI
sromMu (FRMS) eBpomeiichbknx IpOBaHAEPIB a€POHABITAIIIITHOTO OOCAYTOBYBAaHHSA AO3BOASE
3poOUTH BHCHOBOK IIPO HASBHICTD HEOE3IIEYHOIO CHUCTEMHOTO PO3PHUBY MiK HOPMATHBHOIO
6a3010 Ta PAKTHIHUM CTAaHOM Oesrreku 1oAboTiB. HesBamaroun Ha dpopMasbHE AOTPUMAHHA
MIZKHAPOAHHUX CTAHAAPTIB, Y OiABIIOCTI €BPOIIEHCHKUX OPraHi3aIliil AOMIHYIOYHM 3aANUIIAE€THCA
PEAKTHBHUN INAXIA, AKHN CIIHPAETBCA IIEPEBAKHO HA PETPOCIIEKTHBHUN aHAAI3 rpa(biKiB
3MiHHOCTI Ta irHOpye OO'ektuBHI (diziororiuni moxasHukn. Crumparoduch Ha  AaHi
€Bporericbkoro arerrctBa 3 abiamiiiHoi Oesmexu (EASA), fxi dikcyroTh KpUTHYIHUN PIBEHD
BTOMHU Ta XpOHIYHHN Aedinur cHy y mmoHas 60% aAwncrierdepiB, AOBEACHO HATAABHY IIOTPEOY
IIEPEXOAY aBIAIITHOI IaAy3l AO HAPaAUIMHU VIIPaBAIHHA, 3aCHOBAHOI Ha AQHHUX (data-driven
approach).

Beranosaeno, mo mepersoperrs FRMS i3 HOMIHAABHOrO IHCTPYMEHTY B pPeaAbHIH
MEXaHI3M 3aITO0IraHHA aBlaIliiTHIM IHITHACHTAM BAMArae iHTerpariii cy9acHuxX 610MaTeMaTHIHUX
MOAEAEH Ta AATOPUTMIB IIPOTHO3YBAHHA KOTHITUBHHUX 3001B. ['0AOBHHM BEKTOPOM ITOAAABIIIUX
HAYKOBHUX AOCAIAKEHB BH3HAYEHO PO3POOKY KOMIIAEKCHOI MATEMATHYIHOI MOAEAl, 3AaTHOL
CHHTE3YBATH IIPOAKTUBHI Ta PEAKTUBHI ITOKA3HUKU OE3IIEKU B EAMHUH IHTEIPAABHUN KPHTEPIH.
BrpoBaakenHs Takoi MOAEAI AO3BOAHTH CBOE€YACHO BHABAATH IIPUXOBAHI IIEPEAYMOBH AO
3HIKEHHSA ITMABHOCT] aBIAAMCIIETYEPIB A YA€ HIYHUX 3MIH, TAPAHTYFOUN HAAIMHICTD 1 CTIMKICTD
€BPOIEHMCHKOI CHCTEMHU OpraHizamii IIOBITPAHOTO PyXy HAaBiTh B yMOBaX IIIKOBHUX

EKCIIAYATAIIHIX HABAHTAKCHb.
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Abstract. This paper examines the effectiveness of Fatigue Risk Management Systems
(FRMS) implemented by European air navigation service providers, with a particular focus on
the gap between their formal existence and actual operational performance. Despite compliance
with international and European regulatory frameworks, many FRMS remain largely procedural
and do not fully support real-time risk mitigation. The study highlights the limitations of
predominantly reactive approaches and the insufficient use of data-driven methods in fatigue
management. It is argued that organizational safety culture and the integration of fatigue-related
data into decision-making processes play a critical role in enhancing FRMS effectiveness. The
paper emphasizes the need to transition from a compliance-based, “paper” model to a proactive
and evidence-based system. Special attention is given to the development of meaningful safety
indicators that reflect real operational conditions. The research proposes a balanced framework
combining proactive and reactive metrics for objective assessment. Furthermore, it outlines the
development of a mathematical model for integrated evaluation of FRMS effectiveness. This
approach aims to support more informed decision-making and improve overall safety
performance.

The author argues that the prevailing "paper-based" compliance model creates a
dangerous gap between declared safety policies and actual human-factor risk exposure. To
overcome this limitation, the research advocates for an urgent transition toward an evidence-
based, data-driven management paradigm. The primary scientific objective formulated in this
study is the development of a novel mathematical model capable of synthesizing both proactive
and reactive safety performance indicators into a singular integral metric. The implementation of
this balanced evaluation framework aims to transform FRMS into a dynamic predictive system,
thereby supporting informed managerial decision-making, enhancing organizational safety
culture, and ensuring the cognitive resilience of air traffic controllers in a high-density European

airspace environment.
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