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AHAJIN3 NPUMEHEHNA UCKYCCTBEHHbIX HENPOHHbIX CETEN
ANA NPOrHO3UPOBAHNA 3A0EP)XEK ABUAPENCOB HA
OCHOBE METEOPOJIOTMYECKUNX YCJIOBUA

AHHOTauus. B paHHOM CTaTbe pacCMaTpuBaeTCAa aKTyasbHaa npobnema obecnevyeHus
perynapHocTM MoseToB B rPa)KAaHCKOMW aBuvaumn B YCJI0BUAX BO3AENCTBUA HebnaronpuaTHbIX
MeTeopOoJsIornyecknux (hakTopoB. ABTOP aHasIM3NPyeT OrpaHnyYeHns TPaguUNOHHbIX JIMHENHbIX MEeTOo40B
MPOrHO3MPOBaHUA 3adepXeK pencos ©n 0O0CHOBbLIBAET MEepPCneKTUBHOCTb BHEAPEHUA CUCTEM
NCKYCCTBEHHOro uHTennekTa. B paboTe npenno)keHa norvyeckas apxutekTypa HeMpoceTeBon mMoaenu
Ha 6a3e MHOroc/JIONHOro MepuenTpoHa, onpefeneHbl KJl4YeBble BXOAHble MeTeoposiornyeckue
napameTpbl (BMOMMOCTb, CKOPOCTb BeTpa, 0Cafku, HazeMHoe obsiefeHeHne) N onnucaH TeopeTUHecKuni
anroput™ obyyeHnss mMoAaennm Ha OCHOBE UCTOPUYECKUX AaHHbIX MeTeOopOoJSIorMyeckmx CBOAOK opMaTa
METAR. OnuncaHbl 3KOHOMMYECKME 1 IKCMIyaTalMOHHbIE NpenMyLLLecTBa NMHTErpaLnm HEMPOHHbIX ceTewn
B AMCMeTYepCKne CNyx0bl U CUCTEMbI MIAHUPOBAHNSA aBUAKOMMAHWUNA.
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METEOPOJIOMNANDbIK XXAFOANNAP HETI3IHOE
ABUAPENCTEP[IH, KELUIF'YIH BOJIDKAY YLUIH )KACAHbI
HEWPOHAbIK XXEJIJIEPAI KONOAHY bl TAJIBAY

AHpaTtna. Makanaga MeTeoposornanblk hakTopaapablH KONancCbi3 acepi afhalblHAa a3aMaTThlK
aBMaumnagafbl ywynapablH TYPakTbl/lblFbIH KAMTaMachl3 eTyiH 63eKTi Macenieci kapacTbipbiiagbl. ABTOP
pencTepaiH, KewiryiH 6ospkayablH, O3CTYPJi CbI3blKTbIK SA4ICTEPIHIH LWeKTeynepiH Tangangbl »XaHe
XKacaHAbl WHTENNEKT >KyMenepiH eHrisydiH, nepcnekTmBanapblH Herizgengi. XXyMbiCTa KenkabaTTbl
nepuenTpoOH HerisiHaeri HeMPOHAbIK XXeNiNik MoAesibAiH IOrMKablK apXUTeKTypachl YCbIHbIJIFaH, Heri3ri
Kipic MeTeoposiorusfiblk MNapameTpsiepi (KepiHy, >XengiH >KblN4aMAblFbl, >XayblH-LWaLlblH, »XepycTi
MyY34aHybl) aHblKTanfaH >XaHe METAR dopmaTbiHOaFbl MeTeopOosIornsablK ManiMeTTepAiH, Tapuxu
6a3acbl HeriziHge Monenbhi OKbITYAblH TEOpPUSAsbIK anropuTMi cunaTTanfaH. HelpoHAblK >Xeninepai
ancneTyepsiik KbiI3MeTTEp MEeH aBMakOMMaHWANapAblH >KOCnapsay >XXyWnenepiHe WHTerpaumsanaynbliH,
SKOHOMUKaAJbIK XX3He nanganaHy apTbiKLWbIIbIKTapbl KOPCETINreH.

Ty#niHgi cesmep: a3zamaTTblK aBMaLMs, YWy Kayinci3giri, pencrephiH Kewiryi, meTeoxafgannap,
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ANALYSIS OF USING ARTIFICIAL NEURAL NETWORKS FOR
FLIGHT DELAY PREDICTION BASED ON METEOROLOGICAL
CONDITIONS

Annotation. This article addresses the urgent problem of ensuring flight regularity in civil aviation
under adverse meteorological factors. The author analyzes the limitations of traditional linear methods for
predicting flight delays and substantiates the prospects of implementing artificial intelligence systems.
The paper proposes a logical architecture of a neural network model based on a multilayer perceptron,
defines key input meteorological parameters (visibility, wind speed, precipitation, ground icing), and
describes a theoretical learning algorithm based on historical METAR weather report data. The economic
and operational benefits of integrating neural networks into dispatch services and airline planning
systems are described.

Keywords: civil aviation, flight safety, flight delays, weather conditions, artificial intelligence, neural

networks, METAR, forecasting

BeBepeHue.

DPPEKTUBHOCTb PYHKLNOHUPOBAHUA TPaKAaHCKOW aBMaLMW HanpAMYyl 3aBUCUT OT
cTpororo cobnwogeHnsa pacnucaHus NoneToB. 3afep)XKW aBMapencoB MNpuBOAAT K
3Ha4YNTENbHLIM (PUHAHCOBLIM MOTEPAM 019 aBMAKOMMAHUN, HapPYLUEHUO JIOrMCTUYeCcKux
Lernoyek a3poropToB U CHWXEHWUK YPOBHSA YAOBJIETBOPEHHOCTU Maccaxupos [1].
CornacHo MeXxayHapogHOM CTaTUCTUKe, HebaronpmuaTHbLIE METEOPOIOrnYecKme yCcnoBus
ABNSAOTCA OAHOW N3 MIaBHbIX NPUYNH COOEB B perynsapHOCTU BO3AYLUHOMO ABMKEHMUSA [2].

ONHAMUYHOCTb, HEJIMHENHOCTb U MHOMOaKTOPHOCTb MOrOAHbIX SABNEHUN OenatloT UX
KpaTKOCpPO4YHOE  MPOrHO3MpoBaHMe CTaHLAPTHbIMW  MaTeMaTuU4eCcKMMm  MeTohamu
HeLOCTAaTOYHO TOYHbIM A1 HYX[ MJaHMPOBaHUA aBuanepeBo3oK [3]. B cBA3U C 3TuM
BO3HMKaeT OoCTpas HeobXxoOMMOCTb BHEAPEHUA UHTENNIEKTYaslbHbIX CUCTEM MOALEPKKN
MPUHATUSA pelleHnin. NpuMeHeHne UCKYCCTBEHHbIX HenpoHHbIX ceTen (MHC) oTKpbiBaeT
HOBbleé BO3MOXHOCTM [AJ1g aHanm3a 60blKMX MaCCMBOB METEOAaHHbIX B peasibHOM
BPEeMEeHU, 4TO MO3BONSET aBTOMaTU3MPOBaTb NPOLLECC OLEHKN PUCKOB 3a4ePXXKW BbIJIETOB
M MOBLICUTb TOYHOCTb ONEPATUBHOIO MNJaHNPOBaHUA [4].

1. AHanus MeTeoposiornyeckux hakTopoB Kak BXOAOHbIX NapaMeTpoB Moaenu

Ons nocTpoeHns afeKkBaTHOW MPOrHO3HOM MoAenn HeobXxoAnMMOo KnacCugpuuMpoBaTb
MeTeopoJiornyeckne rnapamMeTpbl MO CTEMEeHU WX BJAUAHUSA Ha 3a4ep>XKy BO34YLUHOMO
cyaHa (BC). B paMKax uccsienoBaHunsa BblgeseHbl NATb OCHOBHLIX rpynn ¢akTopos [2, 3]:

1. MeTeoponoruyeckas BUAMMOCTb (FOPU30OHTAsIbHaa U BepTUKalbHasd BUOUMOCTb
Ha B3JIeTHO-MoCafo4YHon nosioce). CHMKeHne BUOAMMOCTU W3-3a TyMaHa, ObIMKU Wn
HU3KOM 0BNaYHOCTU HaKagblBaeT CepbEé3Hble OrpaHUYeHUsa Ha BbIMOJIHEHME MOCALKKU ”

B3JleTa B 3aBMCMMOCTW OT KaTeropum cuctemsl nocagku MKAO (ILS).
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2. BeTtpoBou peXXuM. CuibHbIn 6OKOBOM MM BCTPEYHbIN BETEP, @ TakXXe CABUTI BeTpa
B MPU3EMHOM cJloe aTMocepbl CO34A0T NPAMYIO yrpo3y 6e30nacHOCTM 1 YacTo TpebytoT
N3MEHEeHUS Kypca Uan OXXugaHus B 30He 3axo4a Ha Nnocagky.

3. TeepAable U XXuaKue ocagku. IHTEHCUMBHbIE A0XKON WX CHeronaabl 3HAYNTENbHO
CHMXXalOT KO3 (PULMEHT cLernsieHns KoJliec LacCcu ¢ NoBepxHoCThio BIl1, 4To npuBoAUT K
HeobXxoAMMOCTN TEXHOJIOMNYECKMX NEPEPLIBOB 4151 OHUCTKN U MOATOTOBKM MOJIOCHI.

4. HazeMmHoe oOnepeHeHue. Hannyme ycnosun ans obnepeHeHuss nnaHepa BC
TpebyeT ob653aTenbHOro npoBedeHUa npoTuBoobnegeHnTensHom o06paboTKK, 4HTO
rapaHTMPOBaHHO CABUraeT BpeMsA PaKTUYECKOro OTrnpaBieHns penca Ha 15-30 MUHYT n
bonee.

5. TeMmnepaTtypa Hapy>XHOro Bo3sgyxa. BoicOkrMe TeMmnepaTypbl CH/MKAKOT MJOTHOCTb
BO34YyXa, YXyAlLlas TAroBble XapaKTEPUCTUKN OABUraTeNen n NogbeMHYIO CUY KpblJa, 4TO
MOXKeT noTpeboBaTb CHUXXEHNS KOMMEPYEeCKOM 3arpy3Kn nan rnepeHoca BbiJeTa.

2. ApxuTeKTypa 1 normka (pyHKLMOHMPOBAHUA HEMPOCEeTEeBON Mo aesin

Ona peweHnsa nocTaBieHHOM 3adavnm Haubonee uenecoobpas3Ho KWCMNOSb30BaTb
MHOFOCJIOMHbLIA ~ MEePUEnTPOH, KOTOPbIN CNocobeH BbIABAATb CJHIOXKHbIE  CKPbITbIE
HeJINHENHbIE B3aMMOCBA3MN MEXAY HE3aBUCUMbIMKU MOroAHbIMKN dakTopamu [5].

Jlornyeckaa cTpykTypa npepnaraemon WHC BkAOYaeT TpPWU OCHOBHbIX YPOBHS
06paboTkn nHhopmaynm:

- BxXxomHOWM CJNOKW: nNpuvHMMaeT ouudpoBaHHble MNapaMeTpbl TeKyllen noroabl wn
KPaTKOCPOYHbIX MPOrHO30B (OaHHble perynsapHbix cBogok METAR u© nporHo3os no
aspogpomy TAF), a TakXKe COnNyTCTBYHOLLYO NMHGOPMauuto (TN BO34yLWHOro cygHa, Kjaacc
a’pogpoma, MIOTHOCTb pacnucaHms) [6].

- CKpbITbI€ CJZIOU: COCTOAT U3 HEMPOHOB C HEeJIMHENHBbIMU (PYHKLMAMU aKTuBauuun. Ha
3TOM 3Tane NpoucxoauMT MaTeMaTuyeckoe B3BelUMBaHMe Npu3HakoB. Mogenb oby4aeTcs
pacno3HaBaTb, YTO COYeTaHMe YMepeHHOro BeTpa C ocajkaMu npu TemrepaType OKOoJ10o
0°C (BbICOKMI puUCK obneneHeHUs1) oKa3biBaeT 3HAYNTENbLHO 6onee CUIbHOE BAUSHUE Ha
3a0€epXKy, 4eM Te e paKTopbl MO OTAEeNbHOCTU [5].

- BbIXopHOM CJIOK: BblJAET KOHEYHbI pe3ynbTaT B BuUAe BEPOATHOCTU
BO3HUWKHOBEHUSA 3adep>XKu penca (B npoueHTax oT 0 oo 100%) mnum wHTepBasibHOW
OLLEHKN BPEMEHM 3a4epXXKN (B MUHYTax) [4].

CTpyKTypa npoxoxaeHnsa n obpaboTkn aaHHbIX NpeacTaBneHa B Tabnvue 1

Ta6numua 1. Dtanbl 06paboTkM paHHBIX B HeWpoCeTeBOM Mopaesnu

NPOrHo3MpoBaHUA
dTan Conep>xaHue npouecca PesynbTaT 3Tana
0bpaboTkn
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1. BxopgHom Cb6op OAaHHbIX METAR/TAF, ®opmunposaHume

cnon pacnncaHnsa,  NeTHO-TEXHUYECKUX CTaHAapTU3MPOBAHHOIO BeKTopa
xapakTepucTtunk BC MPU3HaKoOB

2. CkpbiTble MaTeMaTuyeckoe B3BewmnBaHue BblgeneHune KPUTUYECKUX

cnon rnapamMeTpoB, BblYMCNEHME KOMBMHaALMN MeTeoaKTOpPOB

HeNnHenHbIX 3aBUCUMOCTEN

3. Knaccnukaumsa n perpeccnoHHbin  MporHo3 BepoATHOCTU U BPEMEHU
BbixogHom aHaJIN3 NoNyYeHHbIX CUTHaJI0B 3aep>XKN BblsieTa
cnou

3. MeTtoponorua odby4yeHus u TeCTUPOBaHUA MOAesn

Mpouecc nocTtpoeHns paboTocnoCobHOM CNCTEMbI HOCUT NOCNef0BaTe NbHbIN XapakKTep
M BKJIlOYaeT crieaytoume Katoyesble waru [4, 6]:

1. ®opMupoBaHue oOyualow,ero MaccuBa M[aHHbIX. /3 OTKPbITbIX MCTOYHUKOB
cobupatoTca  mMCTOpUYecKMe  OaHHble MO0 KOHKPETHOMY  a3sponopTy-y3/ay  3a
penpe3eHTaTuBHbIN nepuon (3-5 neT). ba3a COOEPXUT XPOHOJIOFMIO METeOoCBOAOK,
COMOCTaBJIEHHYIO C peaslbHbIM BpeMeHeM OTMNpaBJ/IeHUSA PENCOB.

2. NMpepBapuTenbHaa obpaboTka maHHbIX. TEKCTOBble COKpALWEHUA M3 CBOAOK
METAR (SN - cHer, FG - TymaH, BKN - 3HauuTenbHass 06/71a4HOCTb M Ap.) NepeBoasTCs B
KaTeropuasibHble 1 YUC/IOBble MepeMeHHble. BbINOAHAETCA HOpManu3aumns YUC0BbIX
3Ha4YeHUn (TemnepaTypa, CKOPOCTb BETPA) A4 YCKOpeHns obyyvyeHns cetu [6].

3. ObyuyeHue c yuutenem. [laHHble genatca B nponopunm 80% Ha obyyeHune n 20%
Ha Baamgauuto. CeTb obyvyaeTca MeTogoM o06paTHOro pacnpoCTpPaHEeHUs OoWwmnbkn c
MUHUMM3aUnen QyHkuMn noTtepb [5]. Ha BanmpaumoHHon BbiGOpke oueHuBaeTcsA
obobLatowasa cnocobHOCTbL Mo esNn.

4. dkcnayaTauuoHHbIe U DKOHOMUYECKMUEe npemMmyLLecTBa

NHTerpauuns oby4eHHon HenpoceTun B MPON3BOACTBEHHbIE npoueccol
aBManpeanpuaTUA Mo3BosiseT MepenTu OT PeakTUBHOIro ynpaBieHUs K MPOaKTUBHOMY
[1]:

- Ona aBuakoMnaHum: NporHosmpoBaHne 3a 2-4 4aca A0 BblsieTa AAET BO3MOXXHOCTb
CKOppeKkTupoBaTb 000pOT Cy[dOB, CBOEBPEMEHHO YBeAOMUTb MNaCCaXMpoB WU
MUHUMWN3NPOBATb CKOMJeHne Naen B TepMuUHanax.

- Ona cny>x6 OpBJL: ABToMaTM3aumMa nomoraeT gucneTyepam TOYHee MJaHUpPoBaTb
WHTEepBaJibl MeXay onepaunsimm, NOBbILWAS MPONYCKHYO CNocobHOCTb aspoapoma [7].

- Jkonornyeckmu >33¢ddekrt: CokpaleHne BPEMEHU OXUOAHUSA CaAaMONETOB C

pa60Tarou_u/|M|/| OBUraTenaMmn npmBoOonT K CHUXEHUIO pacxodga TonmamBa WU Bbl6pOCOB
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3arpsasHaowmnx sewecTts [1].

3akno4yeHue.

B paboTe npoBeneH peTaNbHbIi aHaAn3 JIOTMYECKUX MPUHLWMNOB MPUMEHEHUS
WCKYCCTBEHHbIX HENPOHHbIX CceTen p[aa TMPOrHO3MpPoOBaHUS 3adepXXeK pencos noj
BJIMSAHNEM MeTeOoyCJsIoBUN. MccnepgoBaHme rokasano, 4TO MNOCTpoeHue mogenu Ha base
MHOIOCJ/IOMHOr0 NepuenTpoHa C UCNoJsib30BaHMEM BXOOHbIX OaHHbIX hopMmaTa METAR/TAF
ABNISIETCA TeopeTnyecknm O6OCHOBaHHbIM W MNEepCneKTUBHbIM pelleHneMm. BHeppeHune
NofobHbIX WHTeNNIeKTyasibHbIX CUCTEM B MNPaKTUKY rpa)KgaHCKOW aBuauuum Mo3BOaNT
CyLeCTBEHHO  MOBbLICUTb  TOYHOCTb  OMEepauMoOHHOro  MJIAHMPOBAHUSA,  CHU3UTb
SKOHOMMUYECKNe U3LEepPXKW aBManepeBO3YMKOB U yayyqwnTb  obwmnm  ypoBeHb

6e30MacHOCTM N PerynsapHoCTU NoJIeTOB.
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