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YAOCKOHAAEHHA METOAIB ITIABUINEHHA TOUHOCTI
ITPOTHO3YBAHHA ATMOC®EPHUX ITPOLTECIB HA OCHOBI
3ACTOCYBAHHSA CYUACHUX ITPOTHO3YEOUMX MOAEAEN

T'onyberxo bozoan Baaducrasouy
Vipaitcvra depacasna avomma axademis, m. Kponusnuyexud, Yxpaira
freshneider(@gmail.com
Hayxosuii xepisrux: Kanamnux 1. A., o.ce0n.1., npogecop, npogecop xagedpu aepornasieayii, memeopoozii
ma opearisayii nosimpanozo pyxy Y. AAA
kalashnik_annal@ukr.net

Briaus aTMOC(bepHHX 1 reocpi3I/IqHHX IIPOIIECIB — TAKUX AK METCOPOAOTIYHI YMOBH,
0COOAHBOCTI aTMOCEPHOI HMUPKYASILIl, TYPOYAEHTHICTb, OOACACHIHHA, EACKTPUYHI ABHUIIA, 4
TaKOK IPaBITALINHI W MArHITHI 30ypeHHA OE3IIOCEPEAHBO ITO3HAYAETHCA HA XAPAKTEPUCTHKAX
IIOABOTY TOBITPAHHUX CYAGH, a4 TaKOXK IPOIEC] IPHHHATTA pPIIEHb eKimakaMu Ta
AHUCIIETIEPCHKAMU CAYKOAMH.

V  cydacHHX yMOBaxX CIIOCTEpPIra€TbC YCKAGAHEHHA re0(i3SUMYHOIO CEpPeAOBHIIA
BUKOHAHHSA IOABOTIB, ITIO 3HAYHOIO MIPOIO 3YMOBAEHO INABHIIIEHOIO COHAYHOIO aKTHUBHICTIO,
KAIMATHYHAMA 3MiHAMH Ta 3POCTAaHHAM YaCTOTH €KCTPEMaABHHX aTMocdepHux spmil. Lle, B
CBOIO YEPTy, CTBOPIOE AOAATKOBI BUKAMKH AAf 3a0€3IIEUEHHA TOYHOCTI IPOTHO3YBAHHSA, 2 TOMY
TPAAHIIITHI METOAH, ITIO OA3YIOThCA HAa KAACHIHIX (PI3UKO-MATEMATHIHIX MOAEAAX aTMOCdepH,
ACAAAL dacTiIie BHABAAIOTBCA HEAOCTATHBO €(MEKTUBHUMH, OCKIABKH HE 3a0e3IIedyrOTh
HAAEKHOI IIPOCTOPOBO-YACOBOI A€TAAI3AIl], OCOOAHMBO IMOAO AOKAABHUX 1 IIIBHAKOIIAMHHIX
IIPOIIECIB, AKI € KPUTUYHO BAKAHBHMH HA €TAaIlaX 3ABOTY, 3aXOAY HA ITOCAAKY T4 IIOABOTIB Ha
MaAux 1 cepeAaHix Bucorax. lle OOyMOBAIOE HEOOXIAHICTH YAOCKOHAACHHA ITIAXOAIB AO
IIPOTHO3YBAHHSA T4 BIPOBAAKEHHA CYyYACHUX TEXHOAOTIH, 3AATHHUX IIABUIIHTH AOCTOBIPHICTS 1
onepaTuBHICTh reodisnyaHOl iH(OpMAIII.

Meroro pobOTH € HOCTAHOBKA HAYKOBOI'O 3aBAAHHSA YAOCKOHAACHHS METOAIB IIABHIIICHHSA
TOYHOCTI IIPOTHO3YBaHHA aTMOCEpHUX 1 reodi3sMIHUX IIPOIECIB HA OCHOBI 3aCTOCYBAHHSA
CYYaCHHUX IIPOTHO3YIOYHX MOACAEH.

[IpoBeaenmii aHAAI3 Cy9acCHHX AOCAIAKEHB Y cdepl aBlamifiHOI MeTeopOAOril
IATBEPAKYE, IO Teodi3nyHl ABHINA, 30KpeMa TYPOYAEHTHICTb, OOAGACHIHHA Ta IPO30BA
AIIABHICTB, € OAHHMH 3 KAIOYOBHX (PAKTOPIB PU3UKY IIPH BUKOHAHHI ITOABOTIB. OcoOAHBO
HEOE3IEYHUMH € KyII9aCTO-AOIIOBI xMapu (Aar. cumulonimbus, Cb), ki cyIpOBOAKYIOTBCH
CHABHHMH BEPTHKAABHHMH ITOTOKAMH ITOBITPS, 3CYBAMH BITPY, EACKTPHIHUMHI PO3PAAAMH T2
IHTEHCHBHUMH OITaAaMH. Taki fABHINA OE3IIOCEPEAHBO BIAMBAIOTE Ha ACPOAHMHAMIYHI
XAPAKTEPUCTUKH IIOBITPAHOIO CYAH4, BHUKAUKAIOTH IIEPEBAHTAKCHHA KOHCTPYKIL T2
YCKAQAHIOIOTH KepyBaHHA. OOAEACHIHHS, Y CBOIO YEPIY, IIPU3BOAUTH AO 3MIHU IIPO(IAIO KPHAA,
3HIDKCHHA IAHOMHOI CHAN Ta 301ABIIIEHHS OIIOPY, IO MOXKE KPHTHYHO BIAMHYTH Ha OE3IIEKY
ITIOABOTY, OCOOAUBO IIA 94C 3ABOTY TA ITOCAAKH.

BcranoBaeHo, 110 OIABIIICTD IHITMAEHTIB, IIOB’A3aHUX 13 METEOPOAOITYHIMU YMOBAMH,

BHHHKAE CaM€ Ha MAAHUX BHCOTaAX, AC BIIAUB AOKAABHHX aTMOC(i)CpHI/IX HpOHCCiB € HANOIABII

221
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irrencuBHUM. [le mATBEpAKYE HEOOXIAHICTH BUCOKOTOYHOTO IIPOTHO3YBAHHSA TaKHX ABHII Y
peaapHOMY 4act [1,2].

TpaAumiiiai METOAU IIPOTHO3YBAHHS, IIIO Oa3YFOThCA Ha YUCEABHUX MOACAAX aTMOCcdepu
Ta  (PIBUKO-MATEMATHYHUX  PIBHAHHAX, AEMOHCTPYIOTH  BHCOKYy  €(DEKTHBHICTH  AAA
BEANKOMACIITAOHHUX IIPOIIECIB, OAHAK MAIOTh CYTTEBI OOMEKEHHS IIPH MOACAIOBAHHI AOKAABHIX
1 ITBUAKOITAMHHIX fABHIL. 3OKPEMa, TaKl ABUIIA, AK MIKPOOYpI, 3CYBH BITPY 200 TypOYACHTHICTB
MaAO] ITKAAH, XapaKTEPHU3YIOThCA BICOKOIO IMPOCTOPOBO-YACOBOXO MIHAUBICTIO, ITIO YCKAQAHFOE
ix Toune mepeabaueHHA. OOMEKeHA PO3AIABHA 3AATHICTH MOACACH, HEAOCTATHS KIABKICTH
CIIOCTEPEKEHDb Ta 3aTPUMKH B OOpOOIN AAHHX IIPHU3BOAATH AO 3HIDKCHHSA AOCTOBIPHOCTI
poruosiB. KpiM toro, tpaAunriiini paAloAOKaIiiiHI 3aCOOM HE 3aBXKAU 3AATHI BUABAATH ABUIIIA,
AKI HE CYIPOBOAKYIOTHCHA 3HAYHUMH BIAOHTTAMHU CHUTHAAY, 30KpeMa TYPOYAEHTHICTH ACHOTO
HebOa. Lle oOMexye MOKAMBOCTI OIIEPATHBHOTO PEAryBaHHSA EKIIaxiB Ta AUCHeTdYepiB. Takum
YHMHOM, iCHye OO’eKTHBHA HOTpeOA Y BAOCKOHAACHHI ITIAXOAIB AO IPOIHO3YBaHHSA IIIASXOM
BUKOPHCTAHHA HOBHX TEXHOAOTIH T2 METOAIB aHAAI3Y AaHUX [3].

OAHHM 13 IEPCHEKTUBHHUX  HAIPAMIB  INABHINEHHA TOYHOCTI reoi3m4HOro
IIPOTHO3YBAHHSA € 3ACTOCYBAHHA METOAIB IIITYYHOTO 1HTEACKTY T4 AATOPHTMIB AaCHMIAAII] AQHUX.
30Kkpema, BHKOPHUCTAHHA HEHPOHHHUX MEPEX Ta METOAIB MAIITMHHOIO HABYAHHA AO3BOASE
IHTErPyBaTH BEAUKI OOCAIM AAHUX 13 CYIyTHHKIB, PAAlIOAOKATOPIB, METEOCTAHIIIN Ta OOPTOBUX
cucreMm. lle 3a0esmedye OIABII TOYHE BIATBOPEHHS CTaHY aTMOCEPH Ta IIOKPAIIyE
KOPOTKOCTPOKOBI IIPOTHO3 M.

AOCAIAKEHHSA ITOKA3YFOTD, IO TaKl IMAXOAU AO3BOASIFOTH 3HAYHO INABHIIHTUA TOYHICTH
IIPOTHO3YBAHHSA TYPOYAEHTHOCTI, OOACACHIHHA Ta IHIIHX HeOesmeuHux sABuil. Kpim Ttoro,
BUKOPHUCTAHHSA IITYYHOTO IHTEAEKTY AA€ 3MOTY aBTOMATH3YBATH IIPOIIEC IPHUIHATTA PIIICHb i
3MEHIIINTH HABAHTAKCHHA HA IIEPCOHAA. Y KOHTEKCTI PO3BUTKY LH(POBUX TEXHOAOIIH IIi
METOAU CTaIOTh KAIOYOBUM IHCTPYMEHTOM MOAEpHi3arii cucrem reoism¥HOro 3abe3redeHHs
IIOABOTIB [4].

V3araApHEHHA OTPHUMAHHX PE3YABTATIB CBIAYHTB IIPO TE, IO AKICTb re0di3sMIHOIO
3a0e3I1eYeHHA OE3II0CEPEAHPO BU3HAYAE PIBEHb OE3IIEKH Ta e(DEKTUBHOCTI aepOHABIraliiiHOrO
obcayroByBanufa. CBo€dacHe OTPHUMAHHA AOCTOBIpHOI IHdopmarii mpo cran arMmocdepu
AO3BOAfIE  €KIlTa’kaM OOHPATH OITHMAABHI MApPIIPYTH, VHHKATH HEOE3IEYHUX 30H Ta
3MCHIIYBATH BHTPATH IaAnBa. AAf OpraHiB YVIIPABAIHHA IOBITPAHHM PYyXOM II€ O3HAYAE
IIABUINIEHHA TOYHOCTI ITAAHYBAHHA ITOTOKIB HOBITPAHHX CYACH 1 3HIDKEHHS WMOBIPHOCTI
KOH(AIKTHIX CHTYaITiH.

HaromicTs HEAOCTATHA TOYHICTH IIPOTHO31B IPU3BOAUTH AO 30IABIIIEHHSA HABAHTAKEHHSA
Ha €Kilaxi, 3pOCTAHHA KIABKOCTI KOPHIYBAHb MAPIIPYTIB Ta INABUINEHHA PHU3UKY aBlaIlFHUX
ITOAIN. B ymMoOBax 3pocTaro9oi iHTEHCHBHOCTI ITOBITPAHOIO PYXY Ta YCKAQAHEHHSA KAIMATHIHUX
YMOB IINTAHHA BAOCKOHAACHHA Ire0dI3MIHOro 3a0e31eueHHs Ha0yBae€ OCOOAMBOI aKTyaABHOCTI
Ta HOTPEOYE KOMIIAEKCHOTO ITIAXOAY 13 3aAYYEHHAM CYYaCHHX TEXHOAOTIIH [5].

Takum guHOM, ¥ pOOOTI BU3HAYEHO KOAO OCHOBHHX 3aBAAHB, fIKI AOLIABHO BHPIIIINTH B
Iporeci AOCAIAKEHHS, a4 CaMe IIABHIIEHHA TOYHOCTI Ta OIEPATUBHOCTI IIPOTHO3YBAHHSA
reopI3UIHHUX 1 METEOPOAOITIHUX IIPOLIECIB, YAOCKOHAACHHSA ICHYIOUNX METOAIB X OIIIHIOBAHHSA

Ha 0231 BIPOBAAKEHHSA OIABIII CYIACHUX ITIAXOAIB.
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Abstract. This scientific work provides a comprehensive evaluation of geophysical and
atmospheric support as a critical pillar of modern air navigation safety. The research highlights
the escalating complexity of the flight environment in 2026, driven by increased solar activity,
global climate shifts, and the growing frequency of extreme weather events. The author identifies
a significant "precision gap" in traditional Numerical Weather Prediction (NWP) models, which,
while effective for macro-scale processes, often fail to provide the spatial and temporal resolution
required for local, fast-moving phenomena such as microbursts, Clear Air Turbulence (CAT),
and low-level wind shear.

The study explores the transition from classical physics-based equations to advanced
predictive frameworks that leverage Artificial Intelligence (Al) and Machine Learning (ML)
algorithms. A central focus is placed on the integration of heterogeneous data sources — including
satellite imagery, Doppler radar arrays, ground-based LIDAR, and real-time aircraft telemetry —
through sophisticated data assimilation techniques. These modern models are shown to
drastically improve the detection of Cumulonimbus (Cb) development and icing conditions,
particularly during the critical takeoff and landing phases where aerodynamic stability is most
vulnerable.

Furthermore, the paper evaluates how high-fidelity meteorological intelligence empowers
both flight crews and Air Traffic Control (ATC) units to make proactive decisions, enabling route
optimization that minimizes fuel consumption and carbon emissions. The author substantiates
that the future of "Smart" meteorological services lies in automated decision-support systems
that reduce the cognitive load on personnel while maintaining strict compliance with ICAO and
WMO standards. The article concludes that the strategic implementation of these advanced
forecasting methodologies is not merely a technical upgrade but a fundamental requirement for
ensuring operational resilience and economic efficiency within the globalized and increasingly
congested airspace of the modern era.
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