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Awnnamigae mositpane cepeaosurne (AIIC) € oarmM 3 KAIOUOBHX (PaKTOPIB, IO
BU3HAYAIOTH ¢(DEKTUBHICTD Ta OE3IEYHICTD YIIPABAIHHA IOBITPAHUM PyXOM. SMIHHU ITapaMeTpiB
arMocdepu — HAIIPAMKY T4 IIBHAKOCTI BITPY, TYPOYAECHTHOCTI, BEPTUKAABHUX IIOTOKIB, 3CYBiB
BITPY — BHAHBAFOTh HA TPAEKTOPIFO MOABOTY [1], HaBIraIiiHi XapakTepHCTUKI ITOBITPAHUX CYACH
[2] Ta HaBaHTaKEHHA HA AUCITETIepa [3].

Haspui moaeai ta meroam ominrosanaa AIIC wacro me 3abesmedyrors HeOOXIAHOL
TOYHOCTI B PEKUMI PEAABHOIO YaCy, OCOOAMBO B YMOBaX CTOXaCTHYHUX 3MiH aTMmocdepw,
AOKAaABHHX METCOABUII T2 HEOAHOPIAHOCT! BHMIPIOBAHB BIA PIZHHX CEHCOPHHX AxepeA [4].
Cucremu criocrepeskenns (Mereopaaioaoxaropu, ADS-B, nmpodiromerpu Bitpy, GNSS-ominku
30ypeHb) HOPMYIOTh BUCOKHH PIBEHb iH(POPMALITHOI CKAAAHOCTI, ITIO ITOTPEOYE HOBUX METOAIB
OOpPOOKH AQHUX Ta IIPOrHO3YBAHHA.

Meroro poOOTH € IOCTAaHOBKA HAYKOBOIO 3aBAAHHA YAOCKOHAACHHS METOAY OIUHKH
AMHAMIYHOIO IIOBITPAHOIO CEPEAOBHINA AAfl  32a0E3IICYCHHSA ANCIETIEpPA  VIIPABAIHHA
ITOBITPAHUM PYXOM AOCTOBIPHOXO, Y3TOAKEHOIO Ta IIPOIHO3HOXO 1H(OPMAIIIEIO B PEaAbHOMY
Jacl.

PesyapTaT Ta OOroBopeHHA. Y AHMHAMIYHOMY ITOBITPAHOMY CEPEAOBHIII OCHOBHHM
AKEPEAOM ITOXHOOK OIIHIOBAHHSA € HEPIBHOMIPHICTE aTMOC(EPHHUX 30YPEHb, AOKAABHI ABHUITIA
MaAOl HPOTAKHOCTI Ta BIAMIHHOCTI MIK AAHHUMH pPI3HHX CEHCOPHHX CHCTEM. 1paAmItiimi
AATOPUTMH 3AHTTA AQHUX HE BPAaxOBYIOTb IIOBHOIO MIPOIO CTOXACTHYHY CTPYKIYPY
aTMOC(EPHUX IIPOIIECIB, IO IPU3BOAUTH AO 3HAYHOI'O ITOIIPIIIEHHS TOYHOCTI OLIHOK Y HEPIOAN
msuAkux smia AITC.

BaxauBoro 3apauero € cBoegacHe BUABACHHA «AHOMAABHIX» BUMIPIOBAHb, ki BUHUKAFOTh
ImA BIAMBOM TYPOYAGHTHOCTI, IIEPEPHBAHb CHTHAAIB AQTYHKIB 2400 KOPOTKOYACHUX
MmeTeo30ypens [3]. Aas iaerTrdikamil TAKHX BHMIPIOBAHB AOLIIABHO BUKOPHCTOBYBATH KpUTEPil
CTATHCTUYHOI BIAMIHHOCTI Ha OCHOBI 3aAHIIIKOBUX HOBAIH y diapTpax Tuiry Kaamana:

_ . Te-1
Y = %Sk Ti

A€ Ty — BEKTOP HOBAIIiH, S — KOBapialliifHa MATPHIIS HOBALII.
3Ha4YeHHA Y AO3BOASI€ BH3HAYUTH PIBEHb aHOMAABHOCTI BHMIPY 1 3amoOIirTé HOTro
IIPOHUKHEHHIO B MOAEAB OINIHIOBAHHA ITAPAMETPIB IOBITPAHOIO CEPEAOBHUIIIA.

V pasi mosiBH HOCAIAOBHOCTI aHOMAABHUX BUMIPIOBAaHb BUHUKAE HEOOXIAHICTD IIEPEXOAY

234
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AO PEKUMY KOPOTKOCTPOKOBOTO IIPOTHO3Y HapaMeTpiB armocdepu [5, 6]. Taxuit mporaos Moxe
OyAyBaTHCA Ha OCHOBI:

— CTATHCTUYHHX MOAeAeH croxactuanux nporecis (ARIMA, AR-moaeai);

— MOAEAEH TYPOYAEHTHOrO crekrpa (HanpukAaa, por-Kapman);

— aAaTUBHEUX (PIABTPIB T2 METOAIB CAMOOpPTIaHi3artii;

— HeripomeperkeBux rporaosyrounx moaeaeit (LSTM, GRU).

Edekrupaicts 1HMOPMAIIIHOTO 3a0€3IIEYCHHA AHCIIETICPA BU3HAYAETHCA 3AATHICTIO
cucremMu pOPMyBATH KOPEKTHI OLIHKH Y ABOX PEIKHMAX:

1) Pewum xopexyii. BusHadaerbcsi CIIBBIAHOIIEHHAM KOBAPIAIHHUX XaPAKTEPHCTHK
ITOMHAKH MDK OIIHKOIO cucTeMu Ta peaapHnMu mmapamerpamu AITC.

2) Pescum npocro3y. OLIHIOIOTHCA IIBUAKICTD HAPOCTAHHSA IIOMHAOK MOAEAIL, CTA0IABHICTD
TPEHAY T2 3AATHICTH IIPOrHO3Y KoMmIIeHcyBaTH IoHarimenre 70—80% 30ypens, 1110 BIIAUBAIOTH
Ha TpaekTopiro [1C.

Aas miaBummennsa HaalfHOCTI podoTn ATC-cucremu HEOOXIAHO CTBOPUTH IHTEIPOBAHY
cxeMy 3AHTTA AxepeA iHdopmanii: mereopasap, ADS-B, GNSS, mpodiromerpu Ta mMopeai
IIPOTHO3YBAHHS aTMoccbepI/I [2]. BamamBuM € BBEACHHA KPHUTEPIFO ecpeKTHBHOCTi
iHcpopMauif/'IHoro 3a0e3IIeYeH s, AKUI OIIIHIOE CTYIIHD BIATIOBIAHOCTI CHCTEMH BIMOTaM ICAO
AO OITEPATUBHOCTI, TOYHOCT] T2 AOCTOBIPHOCTI AAHUX.

AKTyaAbHI 3aBAQAHHS, IIIO IAAATAIOTH BUPIIIICHHIO:

Po3pobri aAropuTMH OINHKH ITapaMeTpiB AMHAMIYHOIO IIOBITPAHOIO CEPEAOBHINA B
YMOBAX CTOXACTHYHUX aTMOC(EPHUX 30yPEHD Ta HEOAHOPIAHUX BUMIPIOBAHb.

®opmyBanHIO KpuTepiiB iAeHTHdIKAI] AHOMAABPHUX BHMIPIOBAHb y OAraTOCCHCOPHHX
CHCTEMAX CITOCTEPE/KEHHS.

OOIPYHTYBAHHIO MATEMATHYIHI MOAEAI IIPOTHO3YBAHHA IIapamMeTpiB arMocepu AAf
320€3IIEYCHHA AUCIIETIEPA AOCTOBIPHOIO KOPOTKOCTPOKOBOIO 1H(OPMALIIETO.

Pospobaennrio nmoxasHukiB eekTuBHOCTI IHMOPMAIIITHOTO 3a0€3IIeUeHHA AUCIIETIEpa
VIIP, BKAIOYHO 3 TOYHICTIO, IITBUAKOAIEIO Ta AocTOBIpHIicTIO oninok ATTC.

CTBOpPEHHIO IHTETPOBAHOI METOAHMKH 3AHTTA AAHUX PI3HUX CEHCOPHHX CHCTEM 13

AAAIITUBHUM BHOOPOM Bar y 3aA€KHOCTI BIA AKOCTI BUMIPIOBAHb.
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CEKIIIA 3. AEPOHABITAILIIMHE OBCAYTOBYBAHHA TA IIU®POBI3ALIIA ITOBITPAHOI'O PYXY

SCIENTIFIC ASSIGNMENT FOR IMPROVING THE METHOD OF
ASSESSING THE DYNAMIC AIR ENVIRONMENT FOR AIR TRAFFIC
CONTROLLER INFORMATION SUPPORT

Mordovan Andriy Vitaliyovych
Ukrainian State Flight Acadenry, Kropyvnytskyi, Ukraine

Scientific supervisor: Kalashnyk-Rybalko M. A., PhD in Engineering, Associate Professor, Department of
Aeronavigation, Meteorology and Air Traffic Management, Ukrainian State Flight Academy

Abstract. This research provides a formal scientific formulation for the modernization of
Dynamic Air Environment (DAE) estimation methods, specifically designed to enhance the
decision-support infrastructure for Air Traffic Controllers (ATC). The study addresses the critical
challenge of managing high information complexity arising from the integration of
heterogeneous data sources, such as weather radars, ADS-B telemetry, wind profilers, and GNSS-
derived atmospheric estimations. The author identifies that the stochastic instability of local
meteorological phenomena — including wind shear and turbulence — equires a transition from
traditional estimation techniques to advanced data fusion algorithms capable of real-time
adaptation.

A significant portion of the paper is dedicated to the analytical identification of
"anomalous" measurements. The research evaluates the efficacy of statistical criteria based on
residual innovations within Kalman-type filters, utilizing the Mahalanobis distance logic:

Yie = ViSi Vi

This approach allows the system to objectively detect and isolate signal interruptions or
turbulent noise, preventing corrupted data from entering the atmospheric state model.
Furthermore, the study investigates the transition to predictive operating modes during sensor
degradation, comparing the performance of classical stochastic models (ARIMA) with advanced
deep learning architectures, such as Long Short-Term Memory (LSTM) and Gated Recurrent
Units (GRU).

The research further emphasizes the necessity of adaptive weighting mechanisms, which
dynamically prioritize data streams based on their real-time signal-to-noise ratios and reliability
metrics. This is increasingly critical as modern airspaces must accommodate the complex
integration of Unmanned Aircraft Systems (UAS) and Urban Air Mobility (UAM), where
localized micro-atmospheric stability is a primary safety determinant.

The author establishes a dual-mode efficiency framework — Correction and Prediction —
aimed at ensuring that at least 80% of trajectory-affecting disturbances are compensated for by
the information system. By aligning these integrated multi-sensor methodologies with ICAO
standards, the study provides a robust foundation for maintaining optimal situational awareness.

The article concludes that these algorithmic improvements are essential for reducing the
cognitive load on ATC personnel, enhancing runway throughput, and ensuring absolute safety in

a technologically saturated aviation environment.
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