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TTOCTAHOBKA HAYKOBOTI'O 3ABAAHHA YAOCKOHAAEHHA
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Crpimkuil po3BuTOK Oe3mAoTHHX AlTaabHEX amapatiB (BITAA) symoBaroe miaBuimeni
BAMOTH AO TOYHOCT!I Ta HAAIMHOCTI CHCTEM YIIPABAIHHA ITOABOTOM. OAHHM 13 KAFOYOBHX
dakTOpiB, 110 BIIAUBAE Ha OE3IIEKY Ta €(DEKTUBHICTD IIOABOTY, € IIOrOAHI yMoBH. HecTabiApHICTD
arMocdepH, PAITOBI 3MIHH INBHAKOCTL BITPY, TYPOYAEHTHICTH Ta OIIAAM MOXKYTh CYTTEBO
BIIAUBATH Ha TPAEKTOPIIO PYyXy BITAA Ta BUKAMKATH BIAXMAECHHS BiA 32AAHOTO MapIIPyTy
(1, c. 12].

TpaAuriiiai METOAU IIPOTHO3YBAHHA IIOTOAM HE 3aBiKAH 3a0€3IIE€YIYIOTh AOCTATHIO
TOYHICTD Y AOKAABHHX MACINTaOax 1 B peaAbHOMY d9aci. Y 3B’f3Ky 3 LM aKTYaAbHHM €
BHKOPUCTAHHA METOAIB mrtyanoro inreaexty (L), fiki 3aaTHI aHAAI3yBATH BEAUK] OOCAT AAHUX
1 popmyBaTH OIABII TOYHI IIPOrHO3M.

MeToro AOCAIAKEHHSA € ITOCTAHOBKA HAYKOBOTO 3aBAAHHSA ITTOAO BAOCKOHAACHHS METOAIB
IIPOTHO3YBAHHA IIOTOAHHX YMOB i3 3aCTOCYBAHHAM INTYYHOIO IHTEAEKTY AAfA ITOKPAITICHHA
yrpaBAiHHA ToAbOTOM BITAA.

Cygacui cucremu yupaBaigas BITAA sHagHOIO MIpOIO 32A€XaTh BiA 30BHIIIHIX AAHUX,
30KpeMa MeTeopoAoridHol iHdopmMmariii. OCHOBHHMH AKEPEAAMH TAKUX AAHUX € CYIIyTHHKOBI
CHCTEMH, HA3€MHI METEOCTAHII] Ta CEHCOPH, BcTaHOBAEHI Oe3nocepeanso Ha BITAA. Ilpore mi
AAHI MOXXYTb MICTHTH AaHOMAABHI ITOXHOKH 20O HAAXOAUTH 13 3aTpumkoro (2, c. 1586]. Lli
AKepeAa MereoiHdopmarii MaroTh HHU3KY OoOMemxeHb AAf 3apad BITAA, soxpema Hu3bKY
po3aiabHY 3aaTHICTE MOAeAerm NWP Al MIKpOMACIIITAOHUX ABHIL, 3aTPUMKY OHOBACHHSA
METEOAAHUX, BIACYTHICTB aAAIITamii IPOTrHO3IB INA KOHKpeTHHH Hpodiab 1moaboty BITAA,
HEMOKAHUBICTb OIIEPATUBHOIO BPAXYBAHHA AOKAABHHX TYPOYACHTHHX IIOTOKIB, BIACYTHICTD
IHTerparii 3 aATOpUTMAMI ABTOMATHYIHOTO YIIPABAIHHA TOABOTOM. Lle cBIAYNTE PO HAABHICTH
HAYKOBOI IIPOTaAMHH MK METEOIIPOTHO3YBAHHAM T4 CHCTEMAMU YIIPaBAiHHA TOABOTOM BITAA.
Takum dYHHOM, ICHYE CYIEPEYHICTh MDK HOTPEOOIO BHCOKOTOYHOIO, AOKAAI30BAHOIO,
KOPOTKOCTPOKOBOIO IIPOTHO3y IIOTOAHHX yMOB y 30HI 1moaboty BITAA Ta obmexennmu
MOKAUBOCTAMH ICHYFOUNX METOAIB METEOIIPOTHO3YBAHHS IIIOAO BPaxXyBaHHA MIKPOMACIIITAOHNX
arMocepHHUX TIPOIECiB y peasbHOMY wacl. g cymepeunicrs dpopmye HaykoBy IpoOAeMy:
YAOCKOHAAEHHS METOAIB IIPOIHO3YBAHHA IIOTOAHHUX YMOB, aAAITTOBAHOTO AO 33A29 YIIPABAIHHA
moapoToM BITAA 32 po0mOMOroro cygacHuX TEXHOAOTIH.

dopmanizariiro HAYKOBOIO 3aBAAHHA IIPEACTABUMO HACTYyIHHM uumHOM. Hexai

W(t, x,y,2) — BexTOp MeTeonapaMeTpiB (IMBUAKICTD i HAIIPAM BITPY, TEMITEPATYPA, BOAOTICTD,

240
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TYPOYACHTHICTB); S (t) — pami 6oprosux cencopis BITAA; M (t)— Aami umceAbHOI MOACAI
armocbepn; U (t)— xepyrodi siansu asroriaoty BITAA; X (t) — Bexrop crany BITAA.
Heo0OxiaHO 110OyAyBaTH (DYHKITIOHAA IIPOTHO3YBAHHS:
W(t+ At) = F(St), M), X(t)),
AKUN MIHIMI3Y€ (DYHKIIIO TOXHOKH IIPOrHO3Y:
J =W+ at) — W(t + 4t)|.

[Ipu mpoMy IpOraHO3 Ma€ OyTH IHTEIPOBAHUI Y 3aKOH YIIPaBAIHHA:
Ut) =G (X(0),W(t+40)

Buxopucranua mrryanoro imreaexry (L), 30kpema HEHMpPOHHHX Mepex Ta METOAIB
MAIIITHHOTO HABYAHHSA, AO3BOAAEC: aHAAI3YBATH OAraTOBHMIPHI METCOPOAOIIYHI AAHI, BHABAATH
IIPUXOBAHI 3aKOHOMIPHOCTI 3MIH IIOTOAHHX VMOB,  3AIMCHIOBATH KOPOTKOCTPOKOBE T2
CEPEAHBOCTPOKOBE ITPOTHO3YBAaHHA 3 BHCOKOIO TOYHICTIO, aAAITYBATH MOAEAB IIPOTHO3Y B
pexumi peaapHoro wacy [3, c. 127]. V mporeci yupasaiaua nmoarotom BITAA mpormososani
ITOTOAHI TTAPAMETPH MOKYTh BHKOPHCTOBYBATHCH AAfl KOPEKIIIT TPAEKTOPIL ITOABOTY, OITHMI3AITI
CHEPIrOCIIOKUBAHHSA, INABHUIIEHHA CTA0IABHOCTI Ta KEPOBAHOCTI amapara, 3aroOiraHHA
aBAPIITHUM CHTYAITIAM.

CdopmyrboBaHe HayKOBE 3aBAAHHA BIAOOpaKa€ HafBHY KPHUTHYHY IIPOTAAUHY MDK
TPAAULIFHIMI MAKPOMACIIITAOHUMHI METOAAMU METEOIIPOrHO3YBAHHA Ta }KOPCTKUMU BIMOIAMI
AO CHCTEM aBTOMATHYHOIO yIpaBAiHHA moAbOTOM BITAA. IcHyrodi aaropurMu mepeBaxHO He
3AATHI 320€3IIeYNTH HEOOXIAHY IIPOCTOPOBO-YACOBY PO3AIABHY 3AATHICTH HA MIKPOpPIBHI Ta
IIPAIFOBATH 3 MIHIMAABHOIO 32TPUMKOIO OHOBACHHSA AaHUX. TOMY po3B’fA3aHHA Iii€l mpobAaeMu
ITOTPEOYE TAMOOKOTO MIKAUCITUIIAIHAPHOTO IAXOAY, AKHI CHHEPTETHIHO ITOEAHYE AOCATHEHHS
aBIaIIITHOI METEOPOAOTil, TeOpii aBTOMATHYHOIO VIPABAIHHA, ACPOAMHAMIKH Ta CY9aCHUX
METOAIB IIITYIHOI'O 1HTEAEKTY.

[IpakTrana peaisarid 3aIIpPOIIOHOBAHOTO IAXOAY Ha OCHOBI 1HTerparii IpeANKTHBHUX
LIII-moAeAett (30KpeMa PEKYPEHTHHX HEHPOHHUX MEPEK Ta METOAIB TAHOOKOTO HABYAHHSA 3
IIAKPIIIACHHAM) 0Oe3IOCEPEAHBO y KOHTYp yipasaimaa DBITAA  aAossoants crBOpHTH
IHTEAEKTYaAbHY €KOCHCTEMY, 3AATHY aAAIITYBATHCA AO TYPOYACHTHHX 30YPEHD § PEAABHOMY YaCi.
Lle 3akAaA2€ HAYKOBO-METOAHMYHE INATPYHTH AAA CYTTEBOTO IABHITIEHHA HAAIMHOCT] BHKOHAHHSA
ABTOHOMHHX MICi¥, 3a0€3II€YeHHA THYYKOI ONITHMI3aIll EHEpProCIIOKUBAHHA Ta MiHiMI3arml
PU3UKIB BTPATH allapaTiB Yepe3 PaIrroBl AOKAABHI aTMOC(bepHi ABUIIIA.

[IpoBeaennii aHaAi3 AO3BOAUB (DOPMAAI3YBATH HAYKOBE 3aBAAHHSA IIOAO CTBOPEHHSA
IIPEAUKTUBHOI cucremMu MeTeoszadesederus BITAA.

AOBeACHO, IO TPAAHIUFHI YHCEABHI MOAEAL aTtmocdepu HE MaIOThb AOCTaTHHOL
PO3AIABHOL 3AATHOCTI AASl TOTPEO ABTOHOMHOI'O YIIPABAIHHA Ha MIKPOPIBHI.

Bukopucranuaa METOAIB IITYYHOIO IHTEAEKTY, 30KpeMa HEHPOHHHUX MEPEX, AO3BOAfE
epeKTHBHO aCHMIAIOBATH AaHI 3 OOPTOBHX CEHCOPIB T2 (DOPMYBATH BHCOKOTOYHI AOKAABHI
IIPOTHO3U B PEAABHOMY Yacl.

Lle 3abesmedye IlepexiA BiA PEAKTHBHOI KOMIIEHCAIll 30ypeHb AO IIPOAKTHBHOIO
VIPaBAIHHA TPAEKTOPI€IO, IO € 0a30BOIO YMOBOIO INABHINEHHA HAAIMHOCTI Ta O€3IeKH

ABTOHOMHHX MICIH y CKAAAHUX aTMOC(PEPHUX YMOBAX BIAITIOBIAHO A0 craHAapTiB ICAO.
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STATEMENT OF THE SCIENTIFIC TASK OF IMPROVING WEATHER
FORECASTING METHODS TO ENHANCE UAV FLIGHT CONTROL
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Ukrainian State Flight Academy, Kropyvnytskyi, Ukraine

Scientific supervisor: Kalashnyk H. A., DS¢ in Geology, Professor, Department of Aeronavigation, Meteorology
and Air Traffic Management, Ukrainian State Flight Acadeny

Abstract. This research provides a comprehensive and formalized statement of the
scientific task aimed at bridging the critical operational gap between macro-scale atmospheric
modeling and the high-precision requirements of autonomous Unmanned Aerial Vehicle (UAV)
flight control loops. The author identifies that contemporary Numerical Weather Prediction
(NWP) models, while effective for general aviation, lack the spatial and temporal resolution
necessary to detect micro-scale phenomena — such as urban wind tunnels, localized turbulence,
and rapid icing — which directly jeopardize the stability of light and medium-range UAVs. This
discrepancy creates a significant scientific challenge: the need for a localized, real-time predictive
tramework capable of accounting for atmospheric stochasticity.

The study proposes a paradigm shift toward an intelligent predictive ecosystem integrated
directly into the Flight Control System (FCS). The core of this scientific task involves the
development of a predictive functional f (M, S;, P;) designed to minimize the prediction error
€ by leveraging advanced Deep Learning architectures, specifically Recurrent Neural Networks
(RNN) and Long Short-Term Memory (LSTM) models. These Al-driven tools are tasked with
the continuous assimilation of heterogeneous data streams from onboard sensors, ground-based
meteorological stations, and satellite feeds.

Furthermore, the paper explores the mathematical integration of these high-fidelity

forecasts into the autonomous control law u = ¢(Zt» M:l) This integration enables the
transition from legacy reactive compensation to proactive trajectory management, allowing the
autopilot to anticipate and neutralize atmospheric disturbances before they affect flight integrity.
The research substantiates that "weather-aware" autonomy is essential for optimizing battery
energy consumption, enhancing mission reliability in austere environments, and ensuring the safe,
systematic integration of autonomous systems into the U-space framework. Ultimately, the article
concludes that the proposed multidisciplinary approach, combining aviation meteorology with
reinforcement learning, is fundamental for achieving the airworthiness standards required for
future digital and highly congested airspaces regulated by ICAO.
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