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Y]IK 004.932.2
Psioko A.B., acipant
Hayionanenuii agiayitinuii ynieepcumem, m. Kuis

AHAJII3 TA OLIHKA METO/IIB CETMEHTALIIL CYITY THUKOBHX
30BPAKEHD

CynyTHHKOBI 3HIMKHM CTald HEBIA'€MHHUM JDKEPEIOM iHQOpMaLil y pi3HHX Tally3sX:
BiZl MOHITOPHHTY HaBKOJIMIITHHOTO CEPEAOBHINA Ta MICHKOTO IUIAHYBAaHHS JI0 pearyBaHHI
Ha Ha/I3BWYaiiHi cutyarii. OJHaK HEONpanbOBaHi JaHi, sIKi HAJXOAATh BiJl CYIyTHHUKIB,
BHUMaraloTb e()eKTUBHUX METOJIB CEerMEHTAIli Uil po30UTTs 300paXkeHb HA 3MICTOBHI
obOnacti. Y JaHOMY JOCTIDKEHHI OMKCYEThCS INUPOKHMUA HAOIp METOMiB, IO
BUKOPUCTOBYIOThCSA IJISI CEIMEHTAllil CYMyTHHKOBHX 300pakeHb. Bim TpaaumiitHux
METOJiB, TAKUX K IIOPOTOBE 3HAYECHHS Ta PO3IIMPEHHS PETIOHY, A0 OUIBII MPOCYHYTHX
MiAXO0/IB, TAKUX SIK METOZHM, 3aCHOBaHI Ha TMMOOKOMY HaBUaHHI, I poOOTa PO3TIILAAE
CHJIBHI CTOPOHH, OOMEXEHHS Y 3aCTOCYBaHHI KO)KHOTO METOLY.

CermeHTalis 300pakeHHsT — Iie (yHAaMEHTAIBHUN NpPOLEC aHaji3y 300pakKeHHs,
SIKMH niepenbadae 1o 300pakeHHs Ha 3HavyIi Ta y3rokeHi oonacti. Mera nossirae B
TOMY, 00 3rpYITyBaTH MiKCeli a00 eNEMEHTH 31 CX0XKUMH aTpHOyTaMu, TAKUMHU SIK KOJIIp,
TeKcTypa abo IHTEHCHBHICTb, pa30M Ul TOTO, 00 PO3PI3HATH Pi3HI 00’€KTH, oOmacTi
abo ocoOumBocTi Ha 300pakeHHsX. LI TexHika HeoOXimHa IUIsI OTPUMAaHHS I[IHHOT
iH(popMaLii 31 CKIAIHUX CYIyTHUKOBUX 300pakKe€Hb 1 MOJETIICHHS OUIbII JETAIFHOTO
aHawi3zy.

JocmimKeHHsT MICTHTh CTHCIHI OTJIS TPHOX KIIOYOBUX METOMIB CErMEeHTarlil
300paxkerb: Merony Oiry, amroputMmy Bojoxainy Ta meromy K-cepemmix. Merox Orry
aBTOMaTH3ye BHOIp MOPOTy HUIIXOM ONTHMIi3aulii Aucrepcii iHTEHCHBHOCTI MiKCEIiB.
ANTOpHUTM BOJOLTY IMITY€E 3aTOIUICHHS I BU3HAYCHHS MK 00’ €KkTiB. MeTos k-
Cepe/HIX BUALISE TPYIHU MIKCENiB HA OCHOBI CXOXOCTi 03HaK. Lli MeTOaM MPONMOHYIOTH
PI3HI MiIXOIU IO CETMEHTAIliT 300pakeHb, KOXKHA 3 SIKMX Ma€ CBOI MepeBark Ta HEAOIIKH
3aCcTOCYBaHHS B pi3HUX cpepax. EQekTHBHICTB IIMX METOIIB MOYKE 3MiHIOBATHCS 3aJIEKHO
BiJl KOHKPETHHX XapaKTEPUCTHK 300paKeHHS Ta repeadadyBaHOro 3acTocyBaHH:. Bubip
METOAY TOBHHEH OyTH 3p0o0JeHU HAa OCHOBI KOHKPETHHX BUMOT i 3aBIaHb NpoOIeMu
CerMeHTaIlii.

VY Mail0yTHbOMY IUIaHYEThCS PO3IIMPHTH JOCHIIKEHHS, 100 BKIIOYUTH METOAN
BUSBJICHHS 00’ €KTIB y mporiec cermenTaiii. [le JonoBHEHHS 103BOIUTH 11eHTH(IKYBATH
Ta JIOKaNIi3yBaTH KOHKPETHI 00 €KTH Y1 0COOIMBOCTI B MEKaxX CErMEHTOBAHHUX PETiOHIB,
JIO/IAl0u¥ JI0 aHAIi3y JOJATKOBHI piBeHb JeTaiieil i KoHTeKcTy. [loeqHaHHsS cerMeHTaril
Ta BUSBJICHHS 00’ €KTIB CIPSIMOBaHE Ha PO3POOKY MOTIHOIEHOT OCHOBH IS ETANIBHOTO
aHaJi3y CYIMyTHUKOBUX 300paKeHb.

Cnucok BUKOPHUCTAHHX JKepes:
1. W. Emery, A. Camps “Introduction to Satellite Remote Sensing”, 2017
2. Liu, Dongju "Otsu method and K-means". Ninth International Conference on
Hybrid Intelligent Systems IEEE. 1: 344-349, 2009
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MaspeHkoBa A.O, cTyaeHT
HauioHaneHul asiayiliHuli yHisepcumem, m. Kuis

AJBTEPHATUBHI CUCTEMM HABITAIIIT 1T BE3NIJIOTHUX
JITAJIBHUX AITAPATIB

OmHUM 3 OCHOBHHMX (YHKI[IOHAJbHUX €JEMEHTIB Y CTPYKTypi O€3milIoTHOTO
nmitaneHOro amapary (BITJIA), mo 3a0e3neuye TOUYHICTP HOro MO3MLIIOBaHHA Ta
BUTPUMYBAHHS HAaNPSIMKY (TPA€eKTOpii) MOJBOTY, € HaBiramiiHa cHCTEMa.

VY cywyacanx BIIJIA knaciB “mikpo”, “MiHi” Ta “Mmami” (Mamoro pamniycy nii)
HaBiramiifHa cucTeMa KOHCTPYKTHBHO HPEICTaBIIIEThCSA Y BUIVIAL OJOKY NAaTYUKIB, B
SIKOMY peali3y€eTbcsi KOMOIHOBaHMI METOJl HaBiraiii, 3aCHOBaHH Ha paliOHaNbHIM
B3aeMoii 6esmiathopmenHoi inepriansHoi (BIHC) i cynytaukoBoi (CHC) HaBiramiamx
cucreM. Taka iHTerpoBaHa iHepIiaJbHO-CyIyTHHKOBa HapiramiiiHa cuctema (ICHC)
JI03BOJISIE TIEBHOIO Mipor0 KoMmIeHcyBath ocHOBHI Hemomiku BIHC, Taki sik 3pocTaHHsS
MOXUOKM BU3HAUCHHS KOOPAWHAT BIPOAOBX 30UIBLICHHS Yacy aBTOHOMHOI po0otu, a
TaKOX IMOPiBHAHO HU3BKY TOUHICTh BOYJOBaHHX MiKpPOMEXaHIYHHUX iHEPIIHHUX NAaTYHKIB
TIPUCKOPEHHS Ta KyTOBOT IIBUJIKOCTI.

B [1] BuknageHo oOcHOBH (YHKIIOHYBAaHHS CYMYTHHKOBHX Ta IHEpPIiHHHX
HAaBIiraliifHUX CHUCTEM, a TAKOX HMPHHIMIIH IX TTOEIHAHHS.

BincyTHICTh KOPUTYIOUHX CUTHANIB Bifl TITO0AJIBHUX CYITyTHUKOBHX CHCTEM HaBiramii
(T'CCH), rakux six GPS, Galileo, Beidou moxe npusectu 10 “possany” ICHC, Brpatn
kepoBanocTi BITJIA Ta #foro aBapii. [IpyauHOIO BiICYTHOCTI IIUX CUTHANIB MOXYTb OYTH
Pi3HOMaHITHI 3aBaJH K IPUPOTHOTO, TaK 1 IITyYHOTO IMOXOKEHHSI.

Tak, BigcyTHicTh (HU3BbKHH piBeHb) curHamiB Binm ['CCH moxe cmocrepiratucs B
YMOBaX MeETamnoJjiciB, TopaX, IIUIFHOI XMapHOCTI, y BiAJaJIeHNX paiioHaX 3 HHU3BKOIO
SKICTIO HaBITaIlifHOrO Ta paio3B'sI3KOBOr0 3a0C3MEYCHHS MOJbOTIB, MOB'SI3aHOI0 3
HEJIOCTaTHIM pajio0aueHHs HaBiralifHUX CYMYyTHHKIB, BIUIMBOM BHCOKOLIMPOTHOI
ioHOC(epH, eNeKTPOMArHiTHUMHU IMPOLIECaMH Y BEPXHIX IIapax arMocdepu MiBHIYHUX
IIUPOT TOLIO.

Kpim Ttoro, mryune mnomanenHs curHaniB ['CHC Ha cporomHi € OCHOBHHM
edexTHBHUM MeTos1oM 60poThoH 3 BITJIA marnoro paziycy nii, miATBepKEHHSIM YOTO €
nocBix 3actocyBaHHs Takux BIIJIA B xoni BeneHHs OOWOBHX Mdii 3 POCIHCHKUM
arpecopoM. BoeHHUMH eKkcriepTaMH BigMI4aeThCsl JOBOJI CyTTEBHIl HEraTUBHHIN BIUIHB
Ha edekTuBHICTH OoifoBoro 3acrocyBanHs Hammx BITJIA B paiionax poGotu 3aco6iB
pamioeneKTpoHHOT OOpOTHOM MPOTHBHUKA, MO TMOAABJISAIOTH CHTHAIM HaBiramidHUX
CYIyTHHKIB i sIKi IOCHTP IIIJIBHO 30CePEKEHO Ha JTiHiT 60#0BOro 3iTKHEHHS [2].
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3a3HaueHe BUIE OOYMOBIIOE aKkTyanbHiCTh ocHameHHs BITJIA, 3okpema, mamoro
paniycy nii, ajnbTepHaTHBHHMH THIIAMH HAaBiralifHUX CHCTEM, IO 3JaTHI MHiATH
aBTOHOMHO.

Cepen TUMIB MEPCHEKTHBHUX ABTOHOMHHX HAaBITallifHUX CHCTEM, SKUMH MOXYTh
ocHaiyBatucs BITJIA ta po3po0ieHHs SIKHX aKTUBHO BEAETHCS IPOBLIHUMH KOMIAHIIMHU
CBITY, HAHOLIBII BITOMUMH € CHCTEMH, 1110 3aCHOBYIOTHCS] HA METOAAX:

— BiJIeOHaBIrariii;

— na3epHoi abo Lidar-Hapirarii;

— panapHoi (pasionokamiiHoT) HaBiramii;

— YJIBTPa3BYKOBOI (aKyCTHYHOT) HaBiramii;

— MarHitHo1 HaBiranii (MAGNAV);

— 3aCTOCYBAaHHSI CHHTE30BaHOTO OiJIka 0Yel MTaxiB, YyTJIMBOTO JO MarHiTHUX ITIOJIiB
Bemii;

— IITYYHOTO iHTENEKTY.

Merton BineoHaBiramnii nepeadadae BAKOPUCTAHHS CICKTPOHHUX ONTUYHUX CUCTEM (B
TOMY YHCI TETUIOBI3iHNX) IUI OTpUMaHHs 300pakKeHHS MiCLIEBOCTI, i aHai3 60pTOBUM
KOMITTOTEpPOM 3 BHKOPHCTAHHSM LU(PPOBUX KapT MICHEBOCTI, CYIyTHHKOBHX 3HIMKIB
TOLIO Ta BU3HAYEHHS KOOpuHart i opieHTanii BITJIA.

B ocHoBy BifeoHaBiranii mokiaaeHo Tpu 06a30Bi crocoou:

1. OGuucneHHsT MPOWACHOTO NUIIXYy HA OCHOBI aHaNi3y MOTOKY BiJICOAaHUX, IO
HaJIXOJUTh i3 ONTUKO-EJIEKTPOHHHUX MPUIIAJiB CIIOCTEPEKEHHS.

2. Touna npuB's3Ka 3a penbeoM MiCLIEBOCTI 3a cTepeoeeKTOM, 1[0 BUHUKAE i Yac
PYXY BizeokaMepHu.

3. TouHa mpuB'sA3Ka 32 €TAJOHHUMH (oTorpadisiMu — BileOKaApH MOPIBHIOIOTHCA 13
3aKIaJIcHUMH B MaM'siTh 300paKEHHSAMH JIUITHOK MapIIpyTy Ta y pasi “Bmi3HaBaHHS
00'eKTiB BU3HAYAIOTHCS TOYHI KOOpAUHATH Ta opieHTanis BITJIA.

Meton nasepunoi abo Lidar-maBiramii 3acHOBYETBbCS Ha TEXHOJOTISX, IO
BHUKOPHCTOBYIOTH JIa3epHE BUNPOMIHIOBAHHS JUI BUMIPIOBaHHS BiJICTaHEH Ta CTBOPEHHS
TOYHHX TPUBHUMIPHUX 300pakKeHb HABKOIHIITHBOTO CEPETOBHINIA.

OcuosHi kommonenTn cucremu Lidar (Light Detection and Ranging) Bkiro4aroTh:

— JIJa3epHUI BUTPOMIHIOBAY — CTBOPIOE KOPOTKOYACHI JIa3€pHI IMITYyJbCH, SKi
CHPSIMOBYIOTBCS Y OTOUYIOUHH MIPOCTIp;

— (oToxerexTop (npuiiMad) — peecTpye BioOpaxeHi Ja3epHi iMITyJIbCH, BUMIPIOIOUH
4ac 3aTPUMKH MiX IX BiIIPaBKOIO Ta IPUHOMOM;

— CKaHYIOYHMH NMPUCTPIl — JO3BOJISE HAMPABIIATH JIa3epHE BUIIPOMIHIOBAHHS Y Pi3Hi
HaNpsIMKH I CTBOPEHHS TOuHKX 3D-300pakeHs.

Meromu pamapHoi (pamioiOKaliifHOi) Ta YJIBTPa3BYKOBOI (AaKyCTHYHOI) HaBiramii 3a
MIPUHIMTIOM Ai1 aHaorivHi Lidar-HaBirartii 3 Ti€lo pi3HHLIETO, IO TS CTBOPEHHS TPUBHMIPHIX
300pakeHb B HUX BUKOPHCTOBYIOTHCS PaJIio- Ta 3BYKOBI XBILI, BIIIIOBIIHO.

Ilpy 1BOMY, IEpEBAarold YJIbTPA3BYKOBHX (AQKYCTHYHHX) CHCTEM BiJMi4aeThCs
MOXKJIMBICTh 3a0e3MeYeHHs TMOMIMPEHHS CHUTHANIB TUIBKM Yy MeXaX MaKCHMaJbHO
MOXkJHBOI gansHOCTi Mk BILJIA, mo 3a0e3neuye BUCOKY CTiHKICTb i MPHUXOBAHICTb.
OpHak, BJIacTHBI iM HEIOJIIKH — MaJia IIBUKO/Is, BEJIMKI rabapyuTH amapaTtypH i BIUIUB
HEOJTHOPIAHOCTI aTMoc(epy Ha PO3MOBCIODKEHHs 3BYKOBHMX XBHJb, Ha JaHHH 4ac He
JIO3BOJISIIOTH CTBOPIOBATH Ha IX OCHOBI JIOCTATHBO e(eKTHBHY cucTeMy Hairamii [3].
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Meton MAGNAYV (magnetic navigation) 3acHOBy€eThCsl Ha 3UMTYBaHHI MarHiTHOTO
mons 3emii. Ha mymky excnepTiB Iieff MeTOX € HalHOUIBII IPOCTOI0 Ta CyYacHOIO
anpTepHatuBolo CHC, skmii mpakTHdHO He moTpebye 3MiHM OOpTOBOTO OOJamHAHHS
BIUIA. loctaTHRO poOOTH pagioKOMIIacy, L0 B3aEMOJIE 3 CHCTEMOIO aBTOMAaTHYHOTO
KepyBaHHS JUIsl KOPUTYBaHHs HAPsIMKY MosoTy. IIpoTe 1eit MeTon nmotpedye HassBHOCTI
aKTyaJbHOI MaKCHMAaJbHO TOYHOI Ta JOKJIAJHOI Mally MarHiTHOTO MOJS TOTO paioHy
3emui, ge nependavaeTbes BUKopucTanus BITJIA.

[MpakTnyHmid TIPOEKT HaBiramii 3a MarHITHUM mojeM sk ansTepHatuBn CHC
peanizyerbest B CIIA nounnatoun 3 2016 poky. ABTOpH IPOEKTY HAroJOUIYIOTh, IO HA
crorogni Meton MAGNAV nocsirae TouHocTi 6m3bko 1 kM, y Toit yac, sk 3a3BHYa,
CHC mae TouHicTh 0Ju3bK0 1 M. AJle, MarOud JeTalbHI Mali MarHiTHOTO IMOJIs 3eMiTi,
BUKOPUCTOBYIOUH BUMIPIOBAaHHS HOT0 aHOMaJil Ta MaIllMHHE HABYAHHS IS BUITyYCHHS
JaHUX 3 HEOOPOOJICHUX CUT'HANIB, a MIOTIM 3iCTABIIAIOYH 1X 3 TOYHUMHU MallaMH MarHiTHAX
aHOMaJTiii, MO>KHA 3a0€3MeUNTH IPUHHATHY TOUHICTB MOBIiTpstHOI Hairanii BIIJIA, ska He
3anexuts Big [CCH.

Mertox Ha OCHOBI BUKOPUCTAaHHS CHHTE30BaHOTO OiJIka O4ei NTaxiB € iIHHOBAIIHHUM
MIPOEKTOM, TPUCBSIYCHUM MOXKJIMBOCTI CTBOPEHHS 010TEXHOJIOTTYHOT0 a0 GiodiznaHOr0
IpuIaLy, o Mparkoe K 3aci0 HaBiraIlii Ha OCHOBI CHHTE30BaHOT'0 OijIka o4yel NTaxiB.

[eit mpoekT 6a3yeThes HA Pe3yNbTaTaX OPHITOJNOTIUHKX JTOCHTI/KEHb, 10 BU3HAYMITH
OLITOK, 3aBISIKH SIKOMY MOJJIMBO MTaXH MalOTh “IIOCTE 4yTTsA . [ITaxu 31aTHI Biq4yBaTH
MarHiTHe Hose 3eMili 1 s 34aTHICTh J03BOJISIE IM MMOBEPTATHCA AOAOMY 3 HE3HAHOMHX
Micip a00 OpieHTYBaTHCS NPH MIirpauii Ha BiACTaHb y IECATKH THCAY KiJIOMETpiB. Y
JociipkeHHsX BuB4YaBcs Cry4 — CBITIOUYTIAMBUIN O1IOK, SIKUI OyB MPUCYTHIN y CITKIBII
ouell migmocHiTHUX NTaxiB. BiH HaleXUTh IO KIacy KPHUITOXPOMIB, sKi, SK BiZOMO,
OepyTh y4acTh y IMpKamHux putMax. OJHaK, sSK MiHIMyM, JesKi 3 JaHUX OiNKiB, SK
nepenbavaeThes, 31aTHI TAKOXK pearyBaTi Ha MarHiTHe moJie 3emiti — HIMOBIpHO, 3aBISKH
B32€EMO/IISIM Ha KBAHTOBOMY DiBHi.

Januii mpoexT nepeOyBae Ha MOYATKOBHX €Tamax JOCITIDKEHHs, aje Ha JTYMKY
BUYEHHX Ma€ BEIWKMH MOTEHIIaN i peanbHi MEpPCIeKTHBH BIPOBAHKEHHS Y IPAKTHKY
PO3BHTKY HaBIiTalliifHUX CHCTEM MaiOyTHBOTO.

BrpoBamxenns mryynoro iHtenekty (L) B cucremax Hagiramii BITJIA posmmproe
iX (yHKOiOHATBHI MOMJIHBOCTI Ta pOOUTH OiNbII €)EeKTHBHHMH Ta aBTOHOMHHMH.
Bukopucranns HII y BITJIA nonomarae BupinryBaTé HaBirauiliHi 3aBIaHHs, MTOB'I3aHi 3
kapTrorpadi€ro, pO3BiKOI0, YHHKHECHHSM TEPEIIKOJ, PO3Mi3HABaHHSIM OO'€KTiB Ha
TPAEKTOPil MONIBOTY, OpraHizaiieto monboTy rpynu BITJIA (“poiioBi cuctemn”) i Gararo
inmux. besnepeunoro nepearoto cucteM LI € MOXKIHBICTD 0THOYACHOTO 0OPOOIICHHS
BEJUKOTo 00csry iHdopMarii Bi G0PTOBHX CHCTEM (IATYHKIB), IO BHKOPHUCTOBYIOTh
Pi3HI METOM HaBirarii.

3acrocyBanus I B cucremax Hasiramii BIIJIA no3Bossie migBHIIMTH IXHIO
e(eKTHBHICTh, O€3MeKy Ta HAIIMHICTh y PI3HHX cdepax, BKIIOUAIOYM KOMEPIIHUI
aBiaTpaHCIOPT, BificChKOBE BUKOPUCTAHHS, arPOHOMIIO Ta 6araTo iHIIUX raiy3ei.

VY  BilicekoBiit chepi BmpoBamkenHs I B cucremm HaBiramii Moxe
BHKOPUCTOBYBATHCSI Ul CTBOPEHHsI OLTbII epeKTHBHUX MEPEIIKOI03aXUIICHUX CHCTEM
HaBeneHHs yaapHux BITJIA, 1m0 3acCHOBYIOTBCSI Ha TEXHOJIOTISIX KOMIT'IOTEPHOTO 30py Ta
aHali3y 300pakeHb, IO JO3BOJISIE YHUKATH YPaKEHHS IPYKHIX CWI, mepemdadard il
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MIPOTUBHUKA Ta MPOKJIANaTH (KOPUTYBaTH) MapIIpyTH MOJBOTY B peaJbHOMY Macmitadi
9acy 1103a 30HaMU MOXIIMBOTO YPasKeHHS.

Ilpm mpoMy, SIK TMOKa3ylOTh MOCHIDKEHHS Ta IpakTHka BukopuctanHs BITIA,
HAMOUIBII MOUITBHUM € BHUKOPHCTaHHA KOMOIHOBAaHHMX CHCTEM HaBiramii Ha OCHOBI
iHTerparii ABOX i OLIbIIE CHCTEM Pi3HOTO MPHUHIUITY aBTOHOMHOI ii.

Ha puc. 1 HaBeneHO cpolIeHy CTPYKTYpPHO-(PYHKIIOHATIBbHY cXeMy KOMOIHOBaHOT
cucremu Hagiramii BIIJIA Ha ocHOBI iHTerpanii cucremu Bizeonasiramii Ta ICHC.

LleHTpanbHAM €IeMEHTOM Takoi KOMOIHOBAaHOI CHCTEMH € OOpTOBHH KOMITTOTEp
(MiKpoKOHTpoJUIep), 3acHOBaHUK Ha TexHousorisax I, mo mo3Boiste oMy HaIIIBHIKO
00pOoOIIATH BENMKI MacHBH JJAHUX B pi3HUX mKepen (naTyukiB) iHdopmaii. Taki gaHi
BkmowatoTh curHamn [HC, CHC, Binmeoindopmamii, mudpoBHx Mam MiCIEBOCTI,
aepodoTo- abo cymyTHUKOBI 3HIMKH. [lopiBHIOWOYH cHTHaIH (aKTUYHOI Ta 3agaHoi
TPAEKTOPi MONMBOTY OOpTOBUII KOMHI'IOTEp (HOpMYyE Kepyrodi CHUTHAIM B CHCTEMY
kepyBanHs BIIJIA mis minTpumaHHs 3aJaHO01 TPAEKTOPIi HONBOTY.

ITp_ae_mT:ﬁ:? MEOTY |

T ey | ICHC

Uuhpora mama p| EopromMizommBoTep | | imeTp Kammama
MiCIEEOETE (MIKpOROHTROITER)

CHC
Aepodoto- afo
CYITYTHHECEL THINEM T
TOITEOTOR
I'_l"p_azﬁpia_ MNEOTY |
| {thaTrEHa)

Puc. 1. Cnporena cTpykTypHO-(QyHKIIOHaIbHA CXeMa
KOMOiHOBaHOI cucteMu Hasiranii BITJIA

HapgmmmkoBa (myOmroroua) iHgopmamis mpo Hapiramiiii mapamerpu BITIA, mo
MOCTyMae 10 OOPTOBOTO KOMITIOTEpA BiJ PI3HUX [aTYHMKIB, BHUKOPHUCTOBYETHCS MIJIS
KOMIIEHCaIlii MoXHOOK, 3a0e31eYeHHs] aBTOHOMHOCTI Ta Mpale31aTHOCTI CUCTEMH Y pasi
BincytHocti curHaiis 'CCH.

Taxum uwmHOM, ocHamends BITJIA HaBiramiiiHUMM cHUCTEMaMM, 3aCHOBAHMMHU Ha
IHHOBAIMHNX METOJAX HaBiraijii, sKi 3JaTHi IisSTH aBTOHOMHO 3 BHCOKOKO TOYHICTIO 0€3
Bukopucrants curHanis 'CCH e BaXIMBHAM NEpCIIEKTHBHAM HAMPSIMOM iX PO3BHUTKY.
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KOMBIHOBAHUI1 METO/] 3ACTOCYBAHHSI CUCTEM 3B’SI3KY ¥
BILIA SIK CHOCIB HIJBUIIEHHS 3ABAIOCTIMKOCTI

Ha croronni He MoxxiuBo ysiBuTH cydacHuit briJIA, abo BiAK 6e3 cucremu 3B’ s3Ky.
Cucrema 3B’S13Ky € OJHMM i3 KIIOYOBUX MOMEHTIB KOHQIrypaimii KOpHUCHOTO
HaBaHTaXeHHS BriJIA, sika mpuiimae Ge3rmocepeHio y4acTb y KepyBaHHI Ta B3a€EMOJII0
OopTy i3 omeparopoM Ta, ab0 IHIINMH TPHCTPOSIMH y Mepexi. Chcrema 3B’S3Ky Ta
kepyBanHsd C2 Puc. 1 Bu3HauaeThcs SK JiHISA mepenadi JaHWX, IO BiANOBiZae 3a
KepyBaHHS TOJIBOTOM, Ilepeady KOMaHJ, TeIEMETPUIHUX JaHUX, 4 TAKOXK y CYydacHUX
BapiaHTax BUKOHAHHS 3a0e3ledye Meperady HOpSAMHX KOMaHJ PyYHOTO KepyBaHHS
30BHINIHBOTO MiJloTa 1 mepenady mporokony TCP/IP (amrm. Transmission Control
Protocol — «mpoToKoi KepyBaHHsI epeIaBaHHsAMY ), Y CBOIO YePTy B IKOMY IIEPEAAETHCS
BiJIc0300paKCHHS 32 HAsSBHOCTI BiJIMOBITHOTO KOPHUCHOTO HaBaHTa)KCHHs, a0o iHmm [P
cyMicHi nanHi. 3B's130k C2 Bimirpae KIro4oBy poiib B ynpasiinHi briJIA ta 3a6e3neuenHi
BUKOHAHHS OLITBIIOCTI 3a/1a4 siki mocrasueHi. [1].

RPA DATA LINK

RPA C2 LINK RPA PAYLOAD LINK

CONTROL LINK PILOT ATC RELAY
COMMUNICATIONS LINK

TELECOMMAND LINK TELEMETRY LINK

Puc. 1. Ctpykrypa cucremu 33Ky bnAK
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3abe3neueHHs Oe3nepebiiHOCTI 3B’s13Ky 3 BrJIA € KIIFO4OBMM acmekToM Oe3neku

NoNBOTIB. Pe3epByBaHHS KaHANiB 3B’sI3Ky y aBiamii € craHgapToM. TeXHIYHHMH acHexT
peamizamii cucremu TyOnaroBaHHS KaHamiB 3B’s3Ky Yy bnJIA mae TpyaHout y 3B’A3Ky i3
(i3MYHUME pO3MipaMU JTITAIBHOTO anapary, 3a3BHyaii Miclie il KOpUCHE HaBaHTaKEHHS
€ Iy’e 00OMEXEeHUM, TaK caMo sK 1 Bara. Tako)k BayKIMBUM MOMEHTOM € Te, 110 Ha 00pTy
BIZICYTHS JIOAMHA sKa MOXE BPYYHY KEpyBaTH MPUCTPOEM, HMEPEMHKATH MOJEMH Ta
9acTOTH. Y 3B’SI3KY i3 IIMM BHHHKA€ HEOOXIJHICTH ITOBHICTIO aBTOMAaTHU3yBaTH IIPOIIEC,
3a0e3neynTH HaKOMITaKTHIIII rabapuTH Ta eHeprocroxuBaHHsa. Ha choropHimHii gac
Taxi pillieHHs € CTaHJapTOM, ab0 IHUPOKO MOIIUPEHI.

IIpnanHn yTpaTH 3B’S3KYy MOXYTh OyTH pI3HHMH, CKJIQIHI ITOTOAHI YMOBH
(TymaH, momr), CKJIaaHI PagioyMOBH, HaBMHCHA INOCTAaHOBKA 3aBajd, BHXIA i3 Jamy
MozeMy 3B’s13Ky. Croci® o1HO9acHOT nepenadi JaHUX ACKITbKOMa MOJIEMaMH Ha Pi3HUX
Y4acTOTaX HE € ONTHMAIBHUM i3 TEXHIYHOI TOYKU 30Dy, IMiJABHIICHHS CIOXKMBaHHS
OOPTOBOI ENEeKTPOEHEPTii Ta HABAaHTAKCHHS HAa LEHTPAJbHUN MPOLECOp AaBTOMUIOTY
SIKOMY HEOOX1THO MiATPUMYBATH IEKiIbKa aKTUBHUX ITapajebHUX MOTOKIB JaHUX.

OmHuM 13 MeTonmiB KOMOIHAIii MOJEMIiB MOXHA PO3MISHYTH CIOCIO
3aCTOCYBaHHS MIKPOKOHTpoJiepy Ha 6a3i cimeiictBa STM32 Puc. 2. [Iporpamua yactuHa
KepyBaHHs MOJEMaMH MOJXKE BUIIISLAATH JOCTATHBO HPOCTO, NP aHaji3i IMOBiJOMIICHb
mpotokon  oOMiHy gaHuMu  Mavlink2  MOXJIMBO ~ BHKOPHUCTOBYBAaTH  IAKeT
“RADIO_STATUS ( #109 )”, npu BuABICHHI “noise” abo “rxerrors” BHIE IIOPOTOBOTO
3HAYEHHS, BUKOHATH (i3UYHE TEPEKITIOUCHHS JKMUBICHHS MOAEMY 3a JIOIIOMOIOIO
KEpPOBaHOTO TpaH3UCTOPY. Pi3UUHO caM KOHTPOJIEP MOKE OJHOYACHO OYTH BilIMKHYTHM
710 BCIX MOJEMIB Ta KepyBaTH MEPEMHUKAHHAM JIaHHX Yepe3 CUCTEMY JKUBJICHHS, y CBOIO
4yepry 3’€IHaHHS aBTOIJIOTY 3 CHUCTEMOIO 3B’S3Ky BiJIOYBAa€TbCsl BUKIIOYHO 4Yepes3
koutposiep [2]. Binpuricts cydacHux BmJIA mpairoe mig KepyBaHHSAM oOmepariiiHol
cucremu Ardupilot abo PX4 sixi immiemeHTyroTs mpotokost Mavlink2, takox gesiki iHmi
MIPOTIpieTapHi onepaniiiHi CUCTeMHU MiATPUMYIOTh Iell MPOTOKOJ IaHHX, OT)KE MOXKHA
CKa3aTH Ha CHOTOJIHI 1€ € CTAHAAPTHUM IPOTOKOJIOM. 3a3BHYail Ha OOPT BCTAHOBIIOETHCS
OJIUH MOJIEM 3B’S3KY, HAaHIIOIMPEHIINM BUOOPOM YacTOTH € aiana3oH 902-928MIn, e
taki mozmemu sk RFDesign RFD900, Microhard P900, SiLabs Si1000. Takox mo
CTaHJAPTHUX MOKHA BiIHECTH 1 HacTymHi nmiamasoHw, 433 MIm, 868MIm, 2.4 [T,
5.8IT [3]. Tpu komGiHamii AEKiTBKOX MOAEMIB Ha PI3HUX YACTOTAX 338 YMOBH
YBIMKHEHHSI 10 HEOOX1THOCTI MOXKJIMBO 3HAYHO MiJABUIIUTH HAMIHHICTD Ta 3a0€3MCUUTH
6e3nepeOiiiniit 38’5130k briJIA i3 HCK 1o y cBoto 4epry cyTTeBO HiJBHIINTH O€3MeKy Ta
HaiMHICTD MMOJIBOTIB.
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Autopilot

= Modem 1

= Modem 2

Puc. 2. Cxema B3aeMo/Ii1 KOHTPOJIEPY 3 MOJIEMaMHU

OTXe MOXKHA 3a3HAYHTH, OI0 CHCTEMH 3B’SI3Ky Ta KepyBaHHA bnJIA € MoxmuBicTh
BIOCKOHAIIIOBATH HE CTaHAAPTHUMH CIIOCOOaMHU SIKi JOCTYIHI, HE MOTPEOYIOUi CyTTEBUX
iHBecTUIi a00 MpUIOaHHS CHELiaIbHUX CHCTEM 3B’S3Ky. TakoK IMepeBaror Iboro
croco0y MOKHAa Ha3BaTH THYYKICTh Ta BHCOKY aJamnTallifHy CIPOMOXKHICTH IiJ
KOHKPETHI BUIAJIKU 3aCTOCYBAHHSI, 1€ PILIEHHS MO)Ke OyTH OCHOBOIO JUISl HOAAIBIINX
PO3pO0OK Y IIbOMY HAIPSIMKY TaK SIK € MOXKJIMBICTb aJalITyBaTHCs 0 HOBUX Ipo0ieM abo
x Bapiauiii 6e3 BTpy4aHHs1 y poOOTY BXE€ FOTOBOTO 00JIaHAHHSL.
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SMEHIIIEHHS BIIJIUBY 3ABA/l 1P CKAHYBAHHI ITIPOCTOPY
BOPTOBUM PAJJAPOM AESA

Unm Oinblna KiIBKICTh €IEMEHTIB B MacHBi aHTEHHOI PENITKH TUM OULIBII BY3BKO
HaIpaBJICHHI POMIHb YTBOPUTECS BiJ MacHBY, IO JO3BOJISIE Pafapy 30CEepemKyBaTH
CBOIO CHEPTiI0 B IEBHOMY HAIPSMKY, THM CaMHM 3a0€31eUy04H OLTbII BUCOKY TOYHICTH
BUSIBJICHHS 11iJ1i Ta ii cynpoBokenus [1, 2, 6].

B panionokamiifHuX cucTeMax He JIMIIE BaKINBO C(HOPMYBATH By3bKO HalpaBlICHUN
MPOMiHb, a IIe OTPUMAaTH SKICHMI CHI'HalX Bl LT, OCKUIBKM YTBOpEHa Iiarpama
CIPSIMOBAHOCTI MacHBOM Mae Ie i HeOakaHe BUIIPOMIHIOBAHHS B BUIVIAAI OIYHUX
nemocTok [1]. B BUMaaKy MOTpAIUIiHHS CUTHANIB 3aBajl CJICKTPOHHOI OOpOTHOHM 3
HanpsMKiB He0a)KaHOTO BHIIPOMIHIOBaHHS, L€ MOXXE CTBOPHTH IOMIJIKOBI IIiI Ha
npuiiMadi a6o HaBITh 3aCIIMUTH HpHMaY, ITiJBUIIUBIIN PiBEHb IIyMy BHIIE CUTHANIB,
SIKI MOXKHA BUSBUTH [3]. 32 yMOBH, SKII0 KOPUCHUI CHTHAJ TIEPEBAXKA€ B CITiBBIIHOIICHH]
CHIHAJI-IIIYM Ta 3aBajia, MOKJIMBO BUIIYYUTH iH(OpMaIito mpo ik [4]. 3 1ux MipKyBaHb
B mepumx cucremax AESA, mo6 HpOTHIIATH BIUIMBY 3aBaj OO0 KOXKHOTO €leMeHTa
MacuBY 3aCTOCOBYBAJOCh aMILITyJHE 3Ba)KyBaHHS, IO B CBOIO YEPry 3MEHIIyBaJO
PiBeHb OIUHHX METIOCTOK, aJie Pa30M 3 TUM 301IbIIYBAIO HIMPUHY TOJOBHOTO MPOMEHIO,

BILUTMBAIOYN Ha PO3ALIbHY 31aTHICTE panapa [3, 6].
Array Geometry | Azimuth Pattern |

Array Geometry | Azimuth Pattem |
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Puc.1 [liarpama cripssMOBaHOCTI JIHIHHOIO aHTEHHOKO PEUIITKOIO 3 12 eeMeHTiB, 311iBa 3
PIBHOMIPHHM PO3IO/IIJICHHSIM ITOCHIICHHS JUISl KOXKHOTO eJIEMEHTA, IIPaBopyd 3
3aCTOCYBaHHSM aMILTITYIHOTO 3Ba)KyBaHHS ISl KOYKHOTO €IEeMEeHTA.
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B cywachux panionoxamiifnux cucremax AESA mpucyTHIN moBHMI muQpoBuMi
KOHTPOJb Hajx (a3ol0 Ta aMIUTITYyIOI0 CHTHATY M0 KOXKHOTO €JIEMEHTY MacuBy, SIKi
BHOCSTH CBili BHECOK B 3araiibHy Jiarpamy crpsimoBanocti [3]. laHuii KOHTpOJIb
aMILTiTYan Ta (a3d, JO3BOJSAE adanTUBHE (GOPMYBaHHS [giarpaMd CHPSIMOBAHOCTI.
Koeoimientn mocuneHHst Ta (a3u BH3HAYAIOTBCS MATEMAaTHYHO, OCKITBKH BHITQJKOBI
koMOiHalii KoedillieHTIB HE MOMOMOXYTh OTpHUMAaTé OaxkaHuil pesynbrar. Jaui aii
BUKOHYIOTBCSI B mporecopi uudpoBoro GopMyBaHHS AiarpaMH CHPSIMOBAHOCTI.
KommuiekcHa amrutityqHa Ta (asoBa Bara s K-ro eixemMeHTa CHrHAIY X., BU3HAYAETHCS
sik [5]:

Wi = agel Pk 1

Toni BuXinHMA TPOMiHB, Y, BU3HAYAETHCA SK:

y= le|c/1=1 Wi * Xy = whx 2

wq X1

w2 | . X2
w= ,ix=

Wy XM

[Ipn apmantuBHOMY (OpMyBaHHI JiarpaMu CIPSIMOBAHOCTI BPAaXOBYIOTHCS pealbHi
YMOBH, TOOTO BaroBi Koe(illieHTH OTPUMYIOTECS 3a JIONOMOT'OI0 aJITOPUTMY ONTHMI3aLil
Ha OCHOBI CTATUCTHKH OTPUMAHUX AaHuX [3].

ac

B mocnimkenni 6yio 3acrocoBano anroput™ onrtumizanii MVDR, skuit ¢popmye
JiarpaMy CHpsIMOBAaHOCTI 3 MIHIMAJIbHOIO JAWCIEpPCi€l0 BiIryka 0e3 CHOTBOPEHB.
®akTHYHO MpH poOOTI JAHOTO AITOPUTMY MiATPUMYETHCS MOCHIEHHS B HANPSMKY
HAJXO/DKCHHS CHTHANY BII I[Ii Ta OpU IIbOMY HAIXO/DKCHHS CHTHATIB 3 1HIIHX
HaNpsIMKiB 3BOJIUTHCS /10 MiHIMyMmy [5].

Po6oTy 1aHOro aaropuTMy MOYKHA ONHMCATH HACTYITHUM YMHOM [5]:

1. CnouaTky MU HaflaeMO MOXUIUBICTb OTPUMATH BCIO NOTYXHICTb IIPH IpUioMi,
SIKy B [OZIAJIBLIIOMY HaMaraTUMEMOCs 3BECTH JI0 MiHIMyMy.

2. [Ilicms dYoro 3amaeTbCs KyT TPHXOAY CHTHANY, SKAH TIpUHMaeThCs Oe3
CIIOTBOPEHB, 0 OOMEXY€E POOOTY alrOPUTMY JAJISI MIATPUMAHHS TiICHICHHS B
HanpsIMKy TIPUXOJY CHTHAITY.

3a poOOTH JAaHOTO aNropuTMy BaroBi KOe(illiEHTH ONTHUMI3YIOTBCS TaKHM YHHOM,
o0 3arajgbHa NpHUAMalbHA MOTYXHICTH Oyla 3BeJieHa A0 MIHIMyMYy, Ta IpPH LbOMY
36epiranach MOTYXHICTh B HAIPSIMKY IIPUXORY CHrHATY [5].

12



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOHPEPEHIIIS

«CTAAUN PO3BUTOK CUCTEM 3B’43KY, HABITALII, CIIOCTEPEXXEHHY TA

OPTAHIBALIIT TTOBITPIHOT'O PYXY CNS/ATM - 2023»

29 - 30 Aauctonaza 2023 p., HAIIOHAABHUM ABIALUIMHUM YHIBEPCUTET, M. KU1iB

‘T Figure 1
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Puc.2 AnantuBae GopMyBaHHS IiarpaMu CIpSIMOBAaHOCTI JTiHIHHOIO aHTEHHOIO
perriTKoro 3 12 eleMeHTIB pH BpaxyBaHHI 3aBaf, sKi HanxoaaTh 3 10 ta 60 rpaxycis 3a
a3UMyTOM, 3JIiBa Jliarpama CIpsIMOBAHOCTI B IIPSIMOKYTHIl CHCTEMi KOOPJIMHAT,

MPpaBOpyY B MOJSIPHIHA cHCTEMI KOOPIUHAT.

SIK MM MOXEMO CIIOCTepiraTtd 3 pHcC. 2 NpH aZanTHBHOMY (HOPMYBaHHI Aiarpamu
CIpsSIMOBAHOCTI, 3aBamy, ski HagxomaTh 3 10 Ta 60 rpamyciB 3a a3sUMyTOM HeE
NPUHMAIOTHCS MACHBOM Ta ()aKTHYHO HE BHOCSATH BHECOK B CITiBBIZTHOIICHHS CHTHAJI-IIYM
Ta 3aBaja. TakuM YMHOM, MOKIIMBO BITYYHTH SIKICHY 1H(OPMAILIIO PO IIiJIb.
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ManTana O.C., acnipanm
Hayionanvnuii asiayivinuii ynisepcumem, m. Kuisg

3ACTOCYBAHHS YITOPCBKOI'O METOAY BIABOPY
HNEPCOHAJY AJIA NIJBUIIEHHA E@EKTUBHOCTI IIIAIOTOBKH
ONEPATOPIB BILJIA

Hapa3i cTpiMko po3BHBa€ThCsl O€3MIOTHA aBialis, aKTHBHO IHTETPYEThCS Ta
BIOPSIKOBYETHCS B aBIalliifHy CHCTEMY, BaXJIMBE 3HAYCHHS € ITOTOBKA IEepCOHATY —
omeparopiB OesmimoTHHX titanpHUX amapariB  (BIIJIA). TomoBHOIO mpobGiemoro
0e3nmiIoTHOT aBiamii ChOTOJNEHHS € IHTerpamis Ta IJIOPSAKYBAaHHS JO 3araibHol
aBiariiiaoi cucremu [1].

BesminoTHa aBiamis Mae TepeBaru, a camMe HH3bKY eKCIUIyaTaliiiHy BapTiCTb,
mpocToTy, nocTymHicts, BIIJIA MOXyTh 3acTOCOBYBaTHCS y BHIAgKaX, KOJIHU
BUKOPUCTAHHA IIJIOTOBAaHUX JITAJbHUX AamapaTiB € HENpaKTHYHHM, OOPOTUM abo
Hebesmeunum [2]. TlepeBaroto Bukopuctanus BIUIA e 3aBmanHs, 1m0 mependadaroTh
pU3MK Ui Jofedl Ta e(eKTUBHICTh BHPILIEHHS E€KOHOMIUHHX Npobiem. BaxmuBoro
3aaucr0 € marotoBka omepaTtopiB BIUJIA m1s epeKTHBHOrO BHKOHAHHS IITBOBHX
3aBmanb. JloHenaBHa BITJIA manu BiiicbkoBe mNpu3HAa4YeHHs, Hapasi, 3aCTOCYBaHHS
JMCTaHIIAHO mioToBaHux aBianifinux cranuid (JITAC), sk oxHOro 3 pi3HOBUIIB
6e3minoTHOI aBiariitHoi cuctemu (BAC), eekTHBHO K y BifiCBKOBHX 3aBOaHHSX, TaK 1
3aBJaHHSAX IMBUIBHOTO Npu3HayeHHsA. Hampuknan, mpu OGopoTs0i 3  HachigkaMu
Ha[3BUYalHUX CHTyallid, CTUXIHHUMH JIMXaMH, OIS CLIBCBKOTOCIIOJapChKOTO
3aCTOCYBaHHS, IS PO3BIAKH 1 aepoPOTO3HOMKH, U TEPMIHOBOI JOCTaBKH BaHTaXYy,
toio [3; 4]. Oana 3 ocobnuBocTeit migrorosku oneparopis BITJIA, o npe'sBisiroThes
IiIBUIIIEHI BUMOTH 10 Maii0yTHBOI 06araTomiaHoBOi poOOTH, K (axiBIi 3 yNpaBIiHHSA
BITJIA B3arani i BiANOBITHO 10 KOHKPETHOTO THITY, (haxiBIs 3 €(hEeKTHBHOTO BUPIIICHHS
inboBoi  3amaui-micii  (CLIBCHKOrOCHOAAPCHKOI,  MOHITOPHHIOBOI,  MOIIYKOBOI,
JIOTiCTHYHOI, TOIIO), CIHeMialicTa 3 YOPaBIiHHS TMOBITPSIHUM pyXOM, IHKEHepa 3
obcyrosyBanHs BAC, daxiBis iHpopMaiifHIX TEXHOJOTIH I OpraHi3alii BAKOHAHHS
aBTOHOMHOTO TIONBOTy. PoOoTa omepatopa BIIJIA xapakTepu3ylOThCS MOCTIHHUM
cuxo(i3ioNOTiYHUM  HAaBaHTAXXCHHSAM, ITIBHIICHOIO EMOIIHOI HAaIpPyKEHICTIO,
BUHSATKOBOIO yBaror Ta BiJIOBIJaJBHICTIO 32 Oe3leKy MOJbOTiB, KOMAaHIM Ta iHIINX
nroiei (BiAMOBIAHO 10 Micii, Ky BUKoHye BITJIA).

PosrisiHyTo 3aauy nmindopy nepconaiy-onepatopiB BITJIA i1 BUKOHaHHS LITBOBHX
3aBaaHp-Miciit. barato 3 mmx 3aBaaHb €(EKTUBHO BHUKOPHUCTOBYIOTH OJHHOYHHHA YK
rpymnosuii omit BIUJIA [4]. ¥ usomy cerci Bukopuctanss BIIJIA rpymnoBux moibOTiB €
OUThII TOUITBHUM, HANPUKIAA, IS MOHITOPUHTY (OTO / BiIEO3HOMKH; TPYyIIOBE
OOCTe)XCHHSI BEIMKHX TEPUTOPIH Ta palOHIB NATPYTIOBAaHHS; IOCTaBKAa BEJHKOI
KigbkocTi. Benmke 3HadeHHS Mae Te, IO OIEpaTrop € MPEACTaBHUKOM TIPYHOBOI
npodeciiiHol IisUTbHOCTI, TOOTO MpAlIOE Yy CKJIaAi KOMaHIHM, TOMY MAyXKE BaXKIHBO
OpPOJOBXKYBAaTH JOCTI/DKSHHs B Tanmy3i iHTerpauii i onrtumizauii iHTepdeiiciB

EEIT3 2 <

koHuentyaitpHoi mozeni SCHELL: “monuna-moauna”, “maroauHa-KyapTypa”, “moanHa-

LT3

JroMHA”, “IroauHa-TexHoorii” [5].
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[pane3naTHICT JIOMMHY, IO IPAIIOE B TPy MpodecioHaliB, 3aJeXHUTh BiJ YMOB
pob6otu, mpodeciifHoi eTHKH, HOPM Ta CTaHAAPTIB, MOPAJIBLHOTO KIIMAaTy B KOJEKTHBI,
MDKOCOOHCTICHHX BITHOCHH KOMaHAW (IPYIH OIEpaTopiB), a TAKOXK BiJ| YCIiX SKOCTEH,
BJIACTUBUX JIFOIMHI.

Hns onrtumizauii pobotn omeparopiB BIIJIA, mnpusHaueHHAM A YIpaBIiHHS
koHKpeTHUM TtuUnoM BIUJIA, y3romkeHocTi poboTH B TIpymi  omeparopis
BHKOPHCTOBYIOTHCS HAaCTYIHI MeToau [5; 6]:

e 11 onTUMaibHOro migdopy omeparopiB BIIJIA - yropcekuii meron
MpU3HauYeHb (METO/ MOTEHIIaMiB);

e g edexktuBHOi poboTH omepartopiB BIIJIA BHKOPHCTOBYIOTBCS METOAU
aBiawiitHoi corioniku (mpodeciiina edexTuBHiCT Ha poboyoMy Micii) i coriomerpil
(Y3romKeHiCTh B TPYIIi OIIEpPaTopiB).

1. Pitnenns 3aBranHs BUOOpy (TIpo nMpu3HaueHHs nepcoHaiy). CxiageMo Tabiuio i3
3a37ajieriah BH3HAYCHUMH KOMIUIEKCHUMH OLIHKaMH IMiJrOTOBJIEHOCTI KaHIUIATIB —
omneparopiB BITJIA, BpaxoByrounm piBeHb iX 3HaHb, HaBHYOK, YMiHb 3 CHELiaJbHUX
JMCIHUIUIIH, HOPMaTHBHUM JOKYMEHTaM, aHTTiHChKOT MOBH, TPEHAXXEPHOI MiATOTOBKH Ha
koHkpeTHOMy Tumi BITJIA (Ta6m. 1). IlorpiOHO 3HAHTH ONTHMANBHHHA PO3MOTLIT
KaHAWAATIB M0 OCHOBHMM TunaMm bIIJIA, Hampukiaa, 3a KOHCTPYKII€EW, 3a
MPU3HAYEHHSM, 332 TPUBATICTIO TOJILOTY, 32 TEXHOJIOTIEIO 3JETY/TIOCAIKH TOIIO, IO
3a0e3nedyye MaKCHMalbHy KOMIUIEKCHY OLHKY MiAroTOoBIEHOCTI omepaTtopiB BIIJIA mo
yOpaBiiHHS 0e3miIoTHEME JIA.

3a koHCTpyKUiero BIIJIA € 1iTakoBOTO i MyJIETHKONITEPHOTO THIY (MYJIbTHKOITEPH
- mitanbHi anapaty (JIA), B IKMX YOTHpPH 1 OijblIe JBUTYHIB 3 HECYYHMH IBHHTAMH), a
Takok 3 kpwioM [3]). 3a mpu3HAYeHHSIM iX MOXKHA Kiacu(ikyBaTH  SIK
CUTBCBKOTOCIIOIAPCHKI, CHOCTEPEKEHHs, PETPAHCIATOPH 3B'A3KY, HOIIYK-PATYBaHHS,
MOHITOpPHHT-3i0MKa, Tomlo. BITJIA kmacugpikyroTh 3a cmocoOOM 3IIeTy i TOCaIKH:
aepoipoMHOTo i 6e3aepoapomHoro, Tooto 3miT 3 3[1C abo 3a JOOMOTOK0 KaTaIyJIbTH;
mocazka Ha 3[1C abo Ha mapanryTi 4u 3a TOTIOMOTOIO TEHET.

Ha npuxinazi po3riisiHeMo MiAroTOBKY i omiHIOBaHHS ornepatopiB BIIJIA-kannuaaTis
P NTPU3HAYEHHI /I BAKOHAHHS HACTYITHUX 3aBJaHb:

®  CUIBCBKOTOCIIONAPCHKI,

®  CIIOCTEPEKECHHS, MOHITOPHHI-3HOMKa
®  PETPaHCIATOPH 3B'A3KY,

®  TOIIYK-PSATYBaHHS,

®  JI0CTaBKa BaHTaXy.

Tabnuys 1 .
KomnuiekcHi OlliHKH piBHA NMiATOTOBJICHOCTI onepaTopiB
Tunu BIUJIA 3a npu3HaYeHHAM Oneparopu BITJIA -
KaHINJIaTH

1 2 3 4 5
1 CistbChKOTOCIOIAPCHKI 3 4 2 2 1
2 CriocTepexeHHsI, MOHITOPUHT-3iOMKa 4 5 3 1 3
3 Petpancisitopu 3B'3Ky 4 3 1 1 1
4 Touryk-psiTyBaHHS 3 1 2 2 2
5 JlocTaBka BaHTaXy 1 3 1 2 1
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Ha ocnoBi mannx tabmumi gopmyemo matpumio C i OTPUMYETHCS 32 TOIIOMOTOIO
YTOpPCHKOT'0 METOJTy pillleHHs 3aBIaHHs BuOopy (puc.1):

34221 0* 0 0 1

4 5 3 1 3 0 0 2 0

C=4 3111 C,=0o* 1 1 1 1

31222 1 3 0* 0 0

13121 1 1 0* 1
a) 0)

Puc.1 3agmaga BuOopy mepcoHamy: a) — OILiHIOBaHHA e(eKTHBHOCTI podortu, 0) —
pitieHHs 3aga4i

Tabauys 2 .
KomnuiekcHi oniHku piBHs miarorosjenocti oneparopa BIIJIA
Tunu BIUIA 3a npu3zHaueHHIM Oneparopu BITJIA - kaHauaaTi

1 2 3 4 5
1 CiIbChKOTOCIIO IAPCHKI 3 4* 2 2 1
2 CroctepexeHHsI, MOHITOpUHT-3ioMKa 4 5 3 1 3*
3 PeTpaHciisaTopH 3B'I3Ky 4* 3 1 1 1
4 Touryk-psiTyBaHHS 3 1 2% 2 2
5 JlocTaBka BaHTaxy 1 3 1 2* 1

OnrumansHui BUOIp (BIINOBIAHKI 3a3HAYEHUM 31PKOIO HYJIAX) Ma€ BUTIISM:
(C12, C25, C31, Cu3, Csa).

Binnosigna fiomy cyma enemMeHTiB BuxinHoi Marpui C:

C=C12+Cxs+Ca1+Ci3+Coa=4+3+4+2+2=15y.0.

Takum unHOM, Ha poOoTy Ne 1 (CUTBCHKOTOCIIOAPCHKI) IPU3HAYAETHCS KaHauaaT Ne
2, Ha ocany Ne 2 (criocTepesxeHHs, MOHITOPUHT-3HOMKa) MPU3HAYaeThCs KaHauaar Ne S,
Ha mocaay Ne 3 (peTpaHCIATOpH 3B'13Ky) MpU3HavaeThes kauauaat Ne 1, Ha mocamy Ne 4
(TouryK-psTyBaHHs ) IpU3HaYaeThesl Kauauaat Ne 3, Ha mocany Ne S (nocraBka BaHTaxy)
npu3HadaeTbes Kauauaar Ne 4. Ipm Takux nmpu3HAYeHHAX CyMapHA NPOLYKTHBHICTH
mpami, [0 TPEACTaBIsie CcOOOK CyMapHy KOMIDIEKCHY OLIHKY IiATOTOBIEHOCTI
omeparopa no ympapiiaHAM BITJIA Oyme makcuMmanbHOIO 1 IOpiBHIOE - 15 yMOBHHX
OJIMHUIIB.

MaremaTtnuHa Mozens 3amadi BHOOpy (Ipo NMpH3HAYEeHHs MEepCOHAy), SIK 3axadi
JHIHHOTO POrpaMyBaHHs Ma€ HACTYITHUH BUTIIS:

LlinpoBa QyHKLis:

m

Zzn: CiX; — max’

=l j=1
OOMeKeHHS:

Zn:xijzl,izl,m:
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Xij=1 uu xij=0

Maemo HacTyIHY MOJIEIb:

Y= 3x11 + 4X12 + 2X13 + 2X14 + 1xX15 + 4X21 + 5X22 + 3Xo3 + 1X24 + 3Xo5 + 4x31 + 3X32
+ 1X33 + 1X34 + 1X35 + 3Xa1 + 1Xa2 + 2Xa3 + 2Xa4 + 2X45 + 1X51 + 3Xs52 + 1X53 + 2X54 + 1Xs55
—> max
X11+ X12 + X13 + X14 + X15 = 1;
X21+ X22 + X23 + Xo4 + X25 = 1;
X31 + X32 + X33 + X34 + X35 = 1;
Xa1+ Xa2 + Xa3 + Xag + Xa5=1;
Xs1+ X52 + X53 + X54 + Xs55 = 1;
X11+ X21 + X31 + Xa1+ X52= 1,
X124 X22 + X32 + Xa2 + X52= 1,
X13+ X23 + X33 + X43+ X53=1;
X14+ X24 + X34 + Xag + Xs4 = 1;
X15+ X25 + X35 + X45+ X55 = 1;

vy =L

VY TakoMy BWIUISIII 3aBIAHHS BHPINIYETBCS 33 JOINOMOTOK  MPOrPaMHOIO
3abesneyenns MS Excel (puc. 1). Merox, o6panwuii st pimenss B MS Excel — cumrurexc-
METO/I.

1o w0cs

Jue

(obwerer [resans[max |npas-e

Puc. 2 Bupilennst 3aBaannsi npo Binoip oneparopis BIIJIA 3a 10noMoroi nporpaMHoro

3a0e3neyenns MS Excel

OnruMaiteHi pimenns 3a gornomoroo MS Excel: (Ciz, C22, Ca1, Cas, Csa).

C=C13+Cn+Ca1+Css+Cos=4+3+4+2+2=15y.0.

[TopiBHSAHHS BiAOBigeH, OTPUMAaHUX 32 JIOTIOMOTOI0 YTOPCHKOTO METO/TY i CUMILIEKC
METO/y MOKa3ajo OJHAKOBE 3HAUCHHs LIbOBOI (QYHKILII, ae pi3Hi pe3yabTatu Habopy
3miHHUX. Lle momaTtkoBi pimeHHsS 3agadi miabopy mepcoHary. B pesynerari momyky
pimreHns 3a monomororo MS Excel - momyk pimienHst HemiHiHMM MetomoMm YIIT
(y3araabHEHOTO TIOHMKYBAIIBHOTO TPAIIEHTY) OTPUMAHHI PE3yIIbTAT:

C=C12+Cxs+Ca+Ci3+Cosa=4+3+4+2+2=15y.0.

B 3ane)xHOCTI BijI 331a4i 3aCTOCOBYIOTh BiAMOBIAHI METOAN: AJIS TNIAKHX HETiHIHHUX
3a7a4 BHKOPHCTOBYIOTh MOIIYK PO3B's3aHHsA HeNMiHIHHMX 3amad MeromoMm YIIT, mms
NMiHIHHUX 3a/1a4 - MOLIYK BUPIIICHHS JTiHIHHUX 3a8]1a4 CUMIUICKC-METO/IOM.
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Jlnst BU3HAUeHHS OLiHOK eeKTUBHOI poboTH onepatopiB BIIJIA BUKOpHCTOBYIOThCS
MeToqu aBiamiiiHoi comioHiku (TmpodeciiiHa edexTHBHICTF Ha pobodyoMy Micmi) i
corioMeTpil (Y3romKeHicTh B rpymi onepatopis) [6].

Ha ocHoBI mpencraBieHoro matepiany po3poOneHi naGopaTtopHi poboTH mmst
migroroeku omeparopie BILJIA, pf ocsitHpo-kBamidikamiiinoro nporpamoro (OIIIT)
«DbakanaBpy» 1 «Marictp» i HaBYaIbHUX qUCHHUILTIHAX « Teopis mpuitHsTTs pinrers» (OTIIT
«0OakanaBpy) i «EQexTuBHiCTS aBiamiiaux cucrem» (OIIII «marictpy) [7].

[TnanyeTbest 3acTocyBaTH METOJNWKM ONTHMI3amii mizOopy IepcoHaly I
iABUIIEHHS epeKTHBHOCTI poboTn onepaTtopiB BIIJIA B peansHIX yMOBax poOOTH.
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FLEXIBLE USE OF AIRSPACE BASICS

These theses discuss the basics, main requirements and implementation of the concept of
Flexible Use of Airspace.

During the last quarter of a century the density of air traffic flow in Europe
significantly increased. According to statistics 33000 of flight are performed each day and
9000000 per year. At that time amount of military aircraft based in Europe is 12000 units.
Because of increasing of civil and military air traffic flow the problem of their separation
arises. We had to solve this task which includes division of civil and military air traffic
while they are using the same airspace.[1]

In 1996 the Flexible Use of Airspace concept emerged and had started its
implementation in a majority ECAC-member State.

To put FUA concept into practice correctly we must take into account all
organizations and utilizers who uses an airspace.

Let us to set and examples of possible European Airspace Network stakeholders. This
list consists of: civil (general aviation, sport aviation, airlines, air navigation services
providers, air traffic flow & capacity management, airports, aerial work aviation) and
military aviation.

All these users of airspace require particular conditions for airspace usage and perform
their job effectively as much as possible. The main principle to satisfy all stakeholders’
requirements is formed in applying of a Collaborative Decision Making concept. It is
based on cooperation between states, military and civil operators and air traffic service
units, central flow management unit, corresponding airports, and airspace management
cells.

The partnership’s main idea is to provide the maximum utilization of available
airspace and, at times, segregation of airspace among various categories of users based on
short term needs. The next task is the provision of safe, orderly and efficient air traffic
service. Additionally we need to maintain the most effective air traffic flow and capacity
management for air traffic control and aircraft operators. At the same time we need to
consider air traffic demand, airspace and route availabilities and air traffic control
capacity.

The main goal of FUA concept is not to divide airspace into separate civilian and
military components, bit to use it for mutual benefit.

The practical applications of FUA concept relies on National Airspace Management
Cells for the daily allocation and promulgation of flexible airspace structures. Another
component is the Centralized Airspace Data Function within the EUROCONTROL
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Network Manager Operations Center for the dissemination to aircraft operators of the
daily availability of non-permanent ATS routes. [2]

The FUA concept implies the Airspace management on three levels:

e Strategic ASM at level 1. It consists of a joint civil-military process within a
high-level civil-military national body, which formulates the national ASM policy and
organization taking into account both national and international airspace
requirements. The list of the main tasks of a Level 1 includes: maintaining and
improvement of airspace management and its infrastructure, airspace organization and
management regulation, shared use of national airspace accommodation by all user
groups, harmonization of airspace management procedures with neighboring States,
regular monitoring of compliance to the FUA concept, definitions of processes and
procedures for civil-military coordination, airspace management cell establishment.

o Pre-tactical ASM at level 2. It consists of the day-to-day management and
temporary allocation of airspace through national or sub-regional airspace
management cells. They collect and analyze all airspace requests and decide the daily
airspace allocation. Airspace management cells promulgate the airspace allocation as
an airspace use plan (AUP)and amendments through updated airspace use plans
(UUPs). The ECAC Centralized Airspace Data Function is established within
Network Manager Operation Center. The CADF collects availability information on
non-permanent ATS routes called Conditional routes from the various AUPs and
complies it into a consolidated list called the Conditional Route Availability Message
and when necessary a CRAM Correction Message. Those lists are used by Aircraft
Operators for flight planning purposes.

o Tactical ASM at level 3. It consists of the real-time activation, de-activation or
real time reallocation of the airspace allocated at level 2 and the resolution of specific
airspace problems or traffic situations between civil and military ATS units and
controllers as appropriate. Flexibility in the use of airspace is enhanced by the real-
time civil-military coordination capability. Real-time access to all necessary flight
data including controller’s intentions, with or without system support permits the
optimized use of airspace and reduces the need to segregate it. [2]

Temporary airspace allocation process is one of the main procedures of FUA. It
composed of segregation of an airspace of defined dimensions assigned for the temporary
reservation (TRA/TSA) or restriction (D/R). It is identified as an AMC manageable area
in Aeronautical Information Publications. The temporary airspace allocation process
permits activities requiring temporary reservation to be allocated on the day before
operation. So, it will be possible to make available, if required, conditional routes
established through them outside their planned hours.

In the context of the FUA concept all TRAs and TSAs are airspace reservations
subject to management and allocation at level 2.

Temporary-segregated area is a defined volume of airspace under the jurisdiction of
one aviation authority and temporarily segregated for the exclusive use by another
aviation authority and through which other traffic will not be allowed to transit.

Temporary-reserved area is utilized for the specific use by aviation authority and
through which other traffic may be allowed to transit under ATC clearance. [1]
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Conditional Route (CDR) is an ATS route or a portion thereof which can be planed
and used under certain specified conditions. Those routes complement the permanent
ATS-route network. They are established through any potential area of temporary
segregation identified under the generic term “AMC-manageable areas” (TRA/TSA, R/D
areas) and usually they are resulted from associated military activities. Additionally,
conditional routes are provided in need to content specific ATC conditions.

Depending on a foreseen availability and a flight planning potential, conditional
routes are divided into a three categories:

- Category one: Permanently plannable CDR. CDRs 1 are conditional routes
expected to be available for most of the time. Flights will be planned on CDR 1 in the
same way as planned for all permanent ATS routes. Any re-routing around associated
TRAS/TSAs will be made on ATC instructions only.

- Category two: Non-permanently plannable CDR. CDRs 2 are part of pre-
defined routing scenarios which respond to specific capacity imbalances. Flights will
be planned on CDR 2 only in accordance with conditions daily published in the
CRAM. Conditional routes of this category cannot be planned on the repetitive flight
plan basis. If there is no activity in CDR 2, they also may be used to satisfy current
ATC needs in real-time mode (but with coordination with appropriate military agency
which is responsible for all their activities in this area).

- Category three: Not plannable CDR. CDR 3 is never inserted in CRAM, so not
planned prior flight. CDRs 3 are published as conditional routes usable on ATC
instructions only. Flights will be re-routed on CDR 3 on ATC instructions as short
notice routing proposals. ATS unit may recommend to flight crews to use CDR 3 only
at absence of operations in appropriate zone and after co-ordination with military
agency, which is responsible for activities in this area. [1]

If we are taking about the FUA Concept in Ukraine, that principle is developing and
established by an Ministry of Defense and State Aviation Administration on a Level 1 and
by a joint civil-military ATM units on Level 2 and Level 3. The Conditional Routes are
being made available by UKRAEROCENTRE. This unit additionally publishes the
planned activity and conditions for the use of TRA/TSA and D or R “AMC-manageable
areas” in the AUP daily at 14:00 UTC. [3]

Conclusion

Having assessed the need for the FUA concept we can list the main advantages for the
implementation of a given idea: an increase of a flight economy through a reduction in
distance, time and fuel; more efficient ways to separate operational and general air traffic;
an enhanced air traffic service route network and real-time civil-military coordination.
Other advantages are reduction of ATC workload and airspace segregation needs.

References:
1. EUROCONRTOL Advanced FUA Concept 1.0 from 27.07.2015;
2. EUROCONTROL guidance document of FUA concept implementation from
18.08.2003;
3. Ministry of Infrastructure of Ukraine, Ministry of Defense of Ukraine Order
Ne232/248 from 07.07.2016.

21



BCEYKPATHCEKA HAYKOBO-TEXHIYHA KOH®EPEHIIISA
JIPOBAEMU PO3BUTKY 'AOBAABHOI CUCTEMU 3B’43KY, HABIT'ALII,
CIIOCTEPEXKEHHS TA OPTAHIBALIII ITIOBITPIHOT'O PYXY CNS/ATM>»
20 — 22 AUCTOIAIA 2020 P., HALIOHAABHUM ABIALUIMHUM YHIBEPCUTET, M. KUiB

VK 608.001 (043.2)
I'ana6ip T.O., OcTtpoymos 1.B.
Hayionanvnuii asiayivinuii ynisepcumem, m. Kuig

AHAJII3 HAYKOBUX JOCJIIKEHD 3A HAITPAMKOM
AEPOHABITAIIISAA Y HAYKOMETPHUYHINA BA3I JAHAX SCOPUS

Haykomerpnuni ©0asu JaHUX BIOIrpaloTh BaXJINMBE Micme Yy OyAbsIKOMY
HayKOBOMY  JocmipkeHHi. Ha  cporomui  HaiOinpIl  MOIIMpPEHINIAMH
HayKOMEeTpUYHUMHU Ga3amu TexHiunux Hayk € SCOPUS, WoS, DBLP, Google
Scholar. Oco6nusicts Haykomerpuunux 6a3 SCOPUS ta W0S mossirae y Tomy, 1o
HAyKOBi Marepianu, 10 PO3MILIYIOThCS B Hill MPOXOAATH CIELiajbHY NEPEBipKY,
Ba)XJIMBE MICIIC B AKil Bifirpac aHOHIMHE peleH3yBaHHS MPOBIIHUMH EKCIEPTaMHU
raxysi. Omke 1i ABi 6a3M MICTATB JHIIe BepU(]iKOBaHY NIMPOKHM KOJIOM €KCHEPTiB
iHdopMmaIliro sIKy HayKOBIi y TOJaIbIIOMY BUKOPHCTOBYIOTB SIK CTAapTOBHUH Oa3uc st
MPOBECHHS HOBHX JOCIiKeHb [1].

Scopus (Elsevier) samouarkoBano y 2004 pomi. SCOpUS Hagae MOMKIUBICTH
BIZICTEXKHUTH HayKOBI JOKyMEHTH, CTaTTi 3 )KypHaJIiB Ta KHI)KKOBHUX BHIaHb, a TAKOX
MaTepianu koHpepeHuiil. baza manux mMae moBomi 3py4yHHil iHTEpdeiic, mo poouTs i
JIETKOIO Ta IIBUAKOI0 Y BHUKOPHCTaHHI. ABTOpH, AKi OmyOmiKyBaiu B 0a3i JaHUX
OlnpIne opHi€l CTAaTTi, MalOTh MOJIMBICTH CTBOPUTH NPOQLIs 3 YHIKaJIBHUM
1IeHTU(IKATOPOM.

Cranom Ha xoBTeHb 2023 p. y 6a3i Scopus wmictuTbcs moHamx 92 MIH
JOKYMeHTiB,17,6 MiTH. HayKoBHX NpodiniB aBTOpiB, 94,8 THC. Mpodineil HaykoBHUX
yCTaHOB, Ta OinbIue 1.8 OH nuTyBanb. baza MiCTHTE HayKOBI MaTepiaiy TOYHHAIOYH
Bix 1788 p. no choroauimHii aeHs [2].

Baza oxomumoe 240 qucnuInIiH, MO PO3ALICHI Ha 24 PO3/IiH, IO TPYIyOTHCS Ha
®iznuni, Menuuni, ComiorymMaHiTapHi Hayku Ta Hayku mpo »KuTTSL.

Taxox Scopus MicTuTh oHax 49,2 MITH. MATEHTHHX 3aIHCiB, OTPUMAHUX 3 T'ATH
MIATeHTHHX BiIOMCTB!

— BececBitHs opranizauis inTenextyanpHoi BiacHocti (World Intellectual
Property Organization (WIPO));

— Esporneiiceke natenTHe BinomctBo (European Patent Office (EPO));

— Tlarentre BimomctBo CIIA (US Patent Office (USPTO));

— Slmonckke mateHTHE BimoMcTBO (Japanese Patent Office (JPO));

— BimomctBo iHTEenekTyanpHOI BinacHocTi Benmmkoi Bpuranii (UK Intellectual
Property Office).

3HalTH OyIb-SIKy CTATTIO B CHCTEMI Jy’Ke JIETKO - TpeOa JIUIIe BITHCATH KIIF0YOBE
CIIOBO B TOJie TOIIyKy Ga3u. B HamamtyBaHHSIX MO)XHa o0patH, 3a 4nM came Bu
XO4YeTe 3HAWTH Ty, 4d iHIIy iHpopManiro ( IIe MOXXHA 3pOOMTH HAIMCABIIH Ha3BY
cTaTTi, pedepaTy; 3a3HAUMBLIM iM’sl aBTOpa, OpraHisauii, i, HaBiTh, (hiHAHCOBOTO
CIIOHCOPA).

VY Hamomy J0CiizKeHi MU BUKOPHCTAEMO PECYpPCH HAYKOMETPHYHOI 6a3u JaHUX
SCopus st aHami3y HAYKOMETPUYHHX IMOKa3HHUKIB HAMPSIMKY «AepOHaBirarfis.

Kopuctyrouncs cnemialpHEM 1HCTPYMEHTOM 10 TOOYIOBH 3amuTiB Oyio
crBopeno Hactymuuit 3amut: «ALL(Navigation AND (Airplane OR Aircraft OR
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Helicopter OR UAV OR UAS OR RPAS OR Airship OR Rockets))». CranoM Ha
novatok jucromnana 2023p. Oyno 3uaimeno 122.390 Ttuc 3amuciB. [liamazoH poOiT
BKytovae 3anuck 3 1917 p. Tennenuist nyosikariiii mokasaHa ua puc. 1.

Documents

Puc.1. TenneHiis myO:ikaiiii 3a HampPsIMOM aepOHABITaITisl.
[MepeBaxHa KiNBKICTH pobiT omyOiikoBana npotsirom 2003-2023 pp.

Jligyrounmu kpaiHamMu 3a KUTBKICTIO Iy OTiKaltiii €:

1. Kuraii 38396,

2. 06’ennani ratu 31335

3. T'epmanis 5550

4. O6’emnane Kopomiscto 5331

5. Itamist 4153,

20. Vkpaina 1169 [3, 4]

Haykomerpuysni 6a3u JaHUX € BaXXIIUBHM 1HCTPYMEHTOM HayKOBOTO MOMIYKY, IO
JIO3BOJISIE ACTAIBHO MPOAHATi3yBaTH HE TUIBKH HAYKOMETPHUYHI MOKAa3HHUKH MEBHOTO
aBTOpA, a i NOCTITUTH ICTOPHYHHHN TTepeOir TOCTiKeHHs 32 IEBHUM HAIPSIMOM.
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IPOLIEJYPA PO3CJIIIYBAHHS ABIALIIMHUX IOAIA B YKPATHI

B VkpaiHi e1MHAM yIOBHOBa)XEHHM OPTaHOM 3 PO3CIiAYyBaHHS aBiallliHUX MOAiH
(AIl), aBapiii Ta iHnuneHTis € Harionansae 01opo po3scnigyBanp Ha TpancmnopTi (HBPT).
3rigno 3 [1], 3a 2022 pik no HBPT naxiiimia indopmanis moao 59 aBiamiiHuX MoIiH, sKi
craimues mix 4dac ekcmryaranii mositpsHuX cyneH (IIC) VYkpainm, cepex sikux 2
KaTacTpodu, 1 cepio3Huil iIHIUICHT, 54 IHIUICHTH Ta 2 BUMAAKN HOPYIICHHS MOPSIKY
BUKOPHCTAHHS IIOBITPSHOTO IpocTopy YkpaiHu. Takoxx B 2022 pomi Ha TepuTOpii
VYxpainu cranocs 25 innuaenTis 3 iHozemHnMH [1C Ta 1 kaTacTpoda 3a MesxaMu YKpaiHH.
Sk 3a3HaveHo B [2], Bci BUIIE3rafaHi aBiamiiiHi moxii MaioTh OyTH poscmimxyBani HBPT
3riJJHO 3 MOJIOXKEHHSMH 1 nporieypamu, BusHauennmu B [3], [4], [5].

[omnepenns xnacudikamis All, 00’eM 1 CKIagHICTH PO3CITiAyBaHHS, YHCENBHICTD 1
CKJaJ KoMicii 3 po3ciigyBaHHs, BU3HaYaeThbcsd Ha Hapani kepiBHukiB HBPT. Ilim wac
po3ciizyBaHHS BpaxOBYIOTBCSA Taki (DaKTOpU: TUIECHI YIIKO/KEHHS, 3aru0enb ado
TpaBMHU MacaXupiB abo WICHIB ekimaxy, mkonma, HaHeceHa I[IC, TpeTiM ocobam, i
HABKOJIMITHEOMY CEPEIIOBHIIY; BUSBIICHI Ta MOTCHIINHI MpoOiieMu GE3MEKU MOJBOTIB;
TIOBTOPEHHS1, MOKJIUBICTh IIOBTOPEHHS Ta IMOBIpPHICTh HebaXkaHUX HaciakiB All; ictopist
AIl i1 IHIMICHTIB, MOB’A3aHUX 3 JAHWUM THIIOM IMOJBOTIB, po3MipoM i Tumnom IIC,
eKCILUTyaTaHTOM,  BHpPOOHHKOM Ta po3poOHukoM [IC; daxtuuni Ta mnoTeHHiKHI
BIIXWJICHHA BiJ aBiallifHUX MpPaBWJI, CTAHIAPTIiB, MPOLEAYP, MPAKTHKH i MOJ0XKEHb
OUBUIGHOI aBiamii YKpaiHM 1O BiTHOMIEHHIO 110 3a0e3rmedeHHS Oe3NeKH MOJBOTIB 1
ekcrutyaramii. besmocepenabo poscmigyBanas All mpoBoaANUTE KOMICisI 3 pO3CITiTyBaHHS.
OcraToyHe pilleHHs I0J0 00’€My Ta CKJIAJHOCTI PO3CNiAyBaHHS NPHUHAMAE JAUPEKTOP
HBPT.

HBPT mpu3Havae ronoBy KOMICCii 3 po3ciTilyBaHHs Ta pO3CiiTyBadiB — eKCIepTiB. B
cki1an komicii Bxomsath criBpobiTHrkr HBPT a Takoxk, 3a HEOOXiMHOCTI, MPEICTaABHUKH
IHIINX 3aliKaBIeHUX JEPKaBHUX OpraHiB YKpaiHu. UneHW KoMicii MaloTh HEOOXimHY
MATOTOBKY Ta JOCBiA B poscrmimyBanHsx All. SIkmo mporec posciimzyBaHHS He
nepeadavdae qOAaTKOBHUX JOCIIIKEHB, TEPMiHHU PO3CIIiTyBaHHS HE MAIOTh IEPEBUIILYyBATH:
y Bunanky inmunenta — 30 nid, cepio3HOTrO iHIMIEHTa — 6 MicsmiB, KaTacTpodu abo
aBapii — 12 wmicsaniB. TepMiH po3ciigyBaHHS Mo)ke OyTH IOJOBXKEHO Ha IIi/ICTaBi
0OrPYHTOBAHOTO X0J[aTaiiCTBa FOJIOBH KOMICii.

Buxoasun i3 CKIaAHOCTI MHpoLEecy pO3CIilyBaHHS, 3TiTHO 3 PEKOMEHIALISMH,
3a3HaYeHUMH B [6], 3 MeToro miiBHIIeHHs eeKTUBHOCTI po3ciigyBanHs All, nomiasHO
PO3IISIHYTH  aBTOMATH3AIil0 IIPOIecCa PO3CHIAyBaHHA, MNUIIXOM pPO3pOOKH Ta
BIPOBA/DKEHHS ABTOMATH30BaHOI CHCTEMM pO3CTiJyBaHHS aBialifHMX  IOIH.
Po3risiHEMO OCHOBHI BUMOTH 100 (PYHKIIIOHYBaHHS TaKOI CHCTEMHU:

- nitonoboBa apromarnyHa peectpamis All, mocTynmaroumx Bif pi3HHX DHKEpen

(email, dakc, rernedon, AFTN, caiit HBPT);
- CBO€YACHI 1 3arutaHOBaHi crioBimeHHs npaiiBaukis HBPT momno nactranns All;
- BCEOCSDKHMM JOCTYH 0 JaHMX, L0 CTOCYIOTHCS KOHKPETHOTO pOSCJ‘IileBaHHH
IS TOJIOBM Ta WIEHIB KOMICIT;
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- pmoctyn mo (QyHKHiii cucreMHu 3 OyIb-fKOr0 HPHUCTPOI0 (HOYTOYyK, poboua
CTaHIIisl, IUIAHIIET, TeTe(OH) Yepe3 Mepexy internet;

- BHCOKI CTaHAApTH OE3MeKH Ha PIBHSX IIPOTOKOITY 3B 513Ky, B€0-3aCTOCYHKY, 0a3n
JaHUX;

- Bi3yami3amis mpoluecy po3CiiTyBaHHs, IPOrpec Ta TPHUBATICTh PO3CIiAyBaHHS
BIIIJIOMY Ta HOrO OKpPEeMHX 33/1ay;

- 30epiraHHS Ta AOCTYNl A0 AOKa30BOi 0asM pO3CHigyBaHHA — JOKYMEHTIB,
300pa’KeHHb, BiJICO3AIICIB;

- IIBUJIKHH NMONIyK HeoOXiqHoi iHpopmarlii;

- aBTOMaTWYHE CTBOPEHHS 3BITiB;

- peecTpanis Iiif KOPUCTYBaUiB, MOMIYK Il KOPUCTYBAdiB 32 KOHTEKCTOM;

- apxiByBaHHS Ta BiJHOBJICHHS JaHUX;

- BignoBigHicTh cTanmaptam ICAO.

O4eBUAHO, IO MPOLIEC PO3CTITyBaHHA aBialllfHUX MOMIA - CKIAAHUH, TUHAMIYHHM,

HENHIMHUE Tpoliec, MO CKJIANAETHCS 3 ACKUIBKOX IMapajeibHUX MPOLECiB. Y IPaBIiHHIL
TaKUM CKJIQJHUM IPOIIECOM BUMArae y TOJIOBH KOMICIT HassBHOCTI koMOiHamii GaxoBux,
TICHXOJIOTIYHUX 1 YHPaBIIHCHKHX SIKOCTEH, a/pke Ha KOXKHOMY eTalli PO3CIIiTyBaHHS
TIPUCYTHIH JIIOACHKHH (haKTOp, SIKMH B ISSIKMX BHUIIAJIKaX CYTTEBO BIUIMBAE Ha Xif i AKICTh
po3ciigyBaHHA. ABTOMaTH3allis IIPOIECY PO3CIiJyBaHHS aBiallifHWX TMOXil 3maTHA
CYTTEBO I IBUIUTH HOTO €()EKTHBHICTD.

(1]

(2]
(3]

[4]
[5]

(6]

Cnucok Jirepatypu

Amnaniz craHy Oe3NeKH IOJIBOTIB 3a pe3yJbTaTaMH PO3CIiTyBaHHs aBialliifHUX
moniii Ta IHOWAEHTIB 3 [WBUIBHUMH TOBITPSHUMH CyJHaMH YKpaiHu Ta
iHO3eMHUMH TIOBITPSHUMH CyIHaMH, 1o cramucs B 2022 pomi Ne3.1-1.A Big 05
Tpasusa 2023p.

Aircraft accident and Incident Investigation, Annex 13 to the convention on
International Civil Aviation, ICAO, 2016.

International Civil Aviation Organization, Doc 9756 AN/965, Manual of Aircraft
Accident and Incident Investigation Part | Organization and Planning, 2000.
ABiariiinuii konekc Ykpainu, ctarts 9, penakiis Ne1965-VIII ix 21.03.2017.
[IpaBumna TeXHIYHOTO PO3CIiAYyBaHHS aBiallifHUX MO B IUBUIBHIN aBiallii,3aTB.
[ocranosoto Kabinery MinictpiB Ykpairau Ne 610 Bix 20.05.2022

Po6ounit nokyment ICAO A40-WP/99 Bix 23.07.2019
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VJIK 004.942 (043.2)
JIroapeun M.C.
Hayionanvnuii agiayitinuii ynieepcumem, m. Kuis

BI3YAJII3AIIIS IPOLIECA PO3CJITYBAHHSI ABIAIIIMHUX MOITiA

[Iponec poschinyBanHs aBiaumiiHux moxii (AIl) — 3a CBO€IO CYTHICTIO CKIIagHHM,
JUHAMIYHUMA 1 HeTiHIHHUN Tpolec, KU BUMAarae Bil TOJIOBH KOMICii 3 pO3CIiTyBaHHS
BUCOKONPO(eciiHnX (haxOBHX HABHYOK, BKIIOYAIOYH YHPaBIiHCHKI. st eeKTHBHOTO
YIPaBIiHHS PO3CIiyBaHHIM T'OJIOBI KOMiCiT KpUTUYHO HEOOXiJHO B OyIb-(DKHii MOMEHT
yacy Mard IOBHY KapTHHY pO3CIiAyBaHHS. 3aralbHOBIIOMHH (akT, IO Bi3yaslbHa
iH(opMarIist CIpHHMAaETHCS 1 3aCBOIOETHCS JIIOAUHOIO HabaraTo MIBHIIE, HiXK 1HIN THITH
indopmarii.

PosrnsiHeMO oAMH 3 HaBaXIMBIIIMX acleKTiB po3ciaigyBanHs All, sxuii BUHUKae Ha
caMoOMy MOYaTKy PO3CIiyBaHHS 1 Mae KUTTEBUH LIMKII J0 3aBEPLICHHS PO3CIIiTyBaHHS.
B sixocTi mpukiaga B3ATO HAUCKIIQAHIITY 3 TOYKH 30py po3ciinyBaHHs All — karactpody
a60 asapiro. 3rigHo 3 [1], mporec po3ciiyBaHHs CKIATAEThCS 3 66 3a/1a4 PO3CIIi Iy BaHHS
(3P), nporymepoBanux Bif 1 10 66. YneHn koMicii po3MOAUISIOTECS HA TPYIH, B PaMKax
SIKMX BUPINIyeThCS IIEBHUI HaOip 3a1ad, sIK Lie moka3ano B Tabu.1.

['pyna poscnigyBaHHS Habip 3amau
T"osioBa KoMicii 1,64,65,66
JIbOTHa eKcIuTyaTartis 3,17,31,42,50
OnuTtyBaHHs CBIIIKIB 5,19,33,44,52
Mereoposorist 7,21,35,54
OIIP ta Aeponopt 8,22,45,55,36
Brxusanus 9,23,37,46,56
Besneka xabinn 10,24,47,57,38
Mepaununa ta JIO 2,4,18,32,43,51
TexHiuHe 00CITYyroBYBaHHS Ta 3aKUCH 11,25,39,48,58
BopToBi peectparopu 6,20,34,53
Cucremu I1C 12,26,40,59
Koncrpyxkmis [1C 13,27,41,49,60
CHJIOBI YCTaHOBKH 14,28,61
CkJaiaHHs KPOKiB 15,29,62
doto Ta Bifgeo3ioMKa 16,30,63

Tab6mn. 1. Posnoxin 3P mo rpymam po3ciigyBaHHS.

Jns Bi3yamizarii mpolecy po3ciiyBaHHs JOIUIEHO BHKOPHUCTATH rpad), BEPIIHHAMHI
skoro € 3P, a nqyramu BHCTYMaroTh 3B’si3kM MK 3P 1 MOCITIJOBHICT iX BHKOHAHHS.
JlonaTtkoBo, /Ul 3pYYHOCTI CIPUIHATTS, BEPLIMHH, BigmoBigHi 10 3P oaniel rpymun
PO3MIILYIOTBCS Ha oqHOMY psiaky. Lls ymoBa He cTocyetbes 3P 1,2,64,65,66, 3 HacTymHHX
npuunH: 3P1  — nmepmoueproBa; 3P2 € mepenymMoBOIO BHKOHAaHHS — 3aaad
4,6,12,13,14,15,16; 3amaui 64,65 — migcyMKoBi 1Mo TpymaMm posciimyBaHHS. 3P66 —
¢inanmpHa 3amaya. Koxkna 3P ckimamaerhcs 3 vekimicTiB i GopMm. B meskux Bumaakax

28



BCEYKPATHCBKA HAYKOBO-TEXHIYHA KOH®EPEHIIIS
«CTAAUN PO3BUTOK CUCTEM 3B’I3KY, HABITALI!, CTIOCTEPEXXEHHS TA OPTAHIBALIIL
[IOBITPSIHOTO PYXY CNS/ATM - 2023»
29 - 30 Aauctonaza 2023 p., HAIIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

BUKOHAHHS €JIEMCHTIB YEKJICTa BHUMarae OO0OB’S3KOBOTO 3allOBHEHHS BIJIIOBITHOT
TeKcToBOI (opMH, 3MICT kX Oyae B IOJAIBbIIOMY BHKOPHUCTaHWH IIPH IMiATOTOBII
3BiTHOCTI. [Iporpec BukoHaHHS okpemoi 3P BHpakaeThCs y BIJCOTKAX i 3aJISKHUTH BiJ
KUTBKOCTI BHMKOHAHMX YEKITICTIB 1 3amoBHeHHMX ¢opM. Tox, nouinbHo Ha rpadi
Ppo3ciigyBaHHs Bi3yalbHO BiIOOPA3UTH BiICOTOK BUKOHAHHA KOXKHO1 3P, sK 11e MOKa3aHo
Ha Puc.1. /lyra 3emeHoro Koipopy BiAoBigae BiAcTOKy BUKOHaHHs 3P. 3aBasxu naHoMy
TUNY Bi3yasi3amii rojgoBa KOMICii 3 pO3CIHiZyBaHHS Ma€ MOXIHUBICTH KOHTPOJIIO SIK
3arajbHOTO IPOTPECY PO3CIiAYyBaHHS, TaK i IIPOTPECY PO3CIIiyBaHHS KOHKpeTHHX 3P.
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Puc.1. N'pad poscnigyBaHHA KaTacTpodu abo aBapii

Po3rnsHyTo aBTOMAaTH3AIIIO JIHIIE OHI€T 3 6araTboX YacTHH MPOIIECy PO3CITiyBaHHS
aBialifHUX TOAIA — Bi3yamialilo IMpoleca pOo3CTiTyBaHHS. BUKOPHCTOBYIOUM Takiit
IHCTPYMEHT, TOJI0Ba KOMICIi 3 pOo3CIIifyBaHHS 3MOXKE IIBU/IIE OPi€EHTYBATUCH B TIPOTpect
SK PO3CIiAyBaHHsS 3arajioM, Tak i okpemux 3P, BYacHO pearyBaTW Ha 3aTPUMKH Y
BHUKOHAHHS KOHKpeTHHX 3P, mepepo3nomiisaTH HasBHI PeCypcH 3 METOI TOTPHMAaHHS
BCTaHOBJICHUX CTPOKIB PO3CIIilyBaHHS.

Cnucok Jirepatypu

[7]1 International Civil Aviation Organization, Doc 9756 AN/965, Manual of Aircraft
Accident and Incident Investigation Part Il Procedures and Checklists, 2012.
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VK 004.773.6:551.509(043.2)
Micronerosa €.B, cTyneHt
I'purop'eBa A.M., cTyieHT
Hayk. xepiBHuK 3HaKkoBcbKa €.A., K.T.H., JOIL.
Hayxk. xoncynbrant ABep’sinoBa 0.A., 0.1.1H., mpoo.
Hayionanvnuii asiayivinuii ynisepcumem, m. Kuisg

OYHKIIOHYBAHHSA TA IPAKTUYHE BUKOPUCTAHHSA
METEOPOJIOT'TYHOI'O TELEGRAM-BOTY

Y mmx Te3ax pO3MINAEThCS NPHHOMN poboTH Ta cdepd BHKOPHUCTAHHS
MmereopotoriuHoro Telegram-6ory.

Jns xpamoro po3yMiHHSA crepiry Tpeba 3rajgatu Aeski BusHaueHHA. Telegram-60T -
1[e TIPOTPAMHUH JOIATOK, 1[0 aBTOMATHU3y€ B3a€EMOJII0 3 KOPHUCTYBadYaMU B MECCHIKEP1
Telegram 4epe3 BukopucranHs iHTepdeiicy 6ota. BoHn HajaroTh pi3HOMaHITHI cepBicH,
iHpopMaIito, po3Baru Ta 6araro iHmoro 4epes 4yar y Telegram. BoTu CTBOpPIOIOTHCS
po3poOHuKamu 3 BuUKopuctanHsaM Telegram API i HanatoTs pisHOMaHITHUH (YHKIIOHAT
3aexHo Bix cBoro npusHadeHHS. API (Application Programming Interface) Telegram -
e mporpaMHui iHTepdeiic, AKuil 1ae 3MOTy PO3pOOHUKAM B3aEMOISTH 3 QYHKIIOHATIOM
Telegram i cTBOpIOBAaTH 10JATKH, 30KpeMa i O0TH, III0 BUKOPUCTOBYIOTh LI MECEHDKEP.
Telegram API wamae pi3Hi meromu Ta ¢yHKIOi{ 11t poOOTH 3 HOBIIOMIICHHSIMH,
KOPHCTyBauaMH, TpynamMu, ¢aitnamMu Ta iHImmMu eneMeHTaMu Telegram.

Telegram-6or, sxkuii  OyB  Hamu  pO3pOOJEHIH,  MpeACTaBise OO0
0arato(yHKIIOHAIBHUI METEOpOJIOTIYHMI 9aT-00T, M BCIX aeporopTiB €BpomH.
HananHs akTyanpHHMX JaHUX PO TOTOJY Mae€ BUpilIajJbHEe 3HA4YEeHHs Ui Oe3neku Ta
e(eKTUBHOCTI aBialiifHOT raTy3i 3 TAKUX MPUYNH:

- besneka mompoTiB: omepaTHBHA iH(OpMalis MMPO MOTOAY Aa€ 3MOTY MiJTOTaM i
JucrieTdyepaM mpuiiMaTi oOTpyHTOBaHI PillleHHS B yMOBaX MiHJIMBUX TOTOJHUX YMOB i
HeOe3MeuHNX SBHII, TAKUX SIK TypOYJIeHTHICTb, IPO3H, CHJIBbHI BITPH TOIIO.

- Onrumizailis MapIipyTy: ONEPaTHBHI JaHi PO MOTOIYy IOMOMArarTh BHOpaTH
HaWKpaImui MapIIpyT 3aleXHO Bif MOTOJHHX YMOB, €KOHOMJISTYM ITalMBO Ta dac.
[InmanyBaHHS MONBOTIB: 3aIJIAHOBAaHMH Yac BiAMpPaBIEHHS Ta MPHOYTTS 3aleKUTH Bif
TOYHOCTI JAHUX MPO TOT0IY, IO BXKIMBO JJIs TACAKHPIB, aePOIIOPTIB Ta aBiaKOMIIaHii.

- 3amoOiraHHs  HaA3BMYAaHHUM  CHTyalisM: PaHHE TOHEpemKEeHHS Ipo
eKCTpeMaJIbHi MTOTOHI YMOBH JIa€ 3MOTY 3aro0irTH MOKIIMBHM aBapisM 1 MO3aIITaTHAM
CUTYAIisIM.

- Exonomiuni Buromm: EdexTuBHe BHUKOPHUCTAaHHS METEOJNAHUX  CIPHUSE
CKOPOYCHHIO BUTPAT HA MAJIMBO, 00CITYyrOBYBaHHS Ta 3MEHIIICHHIO 3aTPUMOK PEHCiB.

- CyuacHi TexHouorii Ta 6e3mneka: 3 MOCTIHHUM PO3BUTKOM TEXHOJIOTIH, BKIIIOUHO
3 aBTOMATH3AI[€I0 Ta BJOCKOHAIEHHMH CHCTEMaMH CIIOCTEPEKEHHS, aKTyaibHi
METEOPOJIOTIUHI JTaHi CTal0Th OCHOBOIO ISl pO3POOJICHHS Ta BAOCKOHAJICHHS aBialliitHIX
CHCTEM OE3MeKH.

TakuM 4YMHOM, HAJAHHS aKTyaJbHHX 1 HaAIHHUX METEOPOJIOTIYHMX JaHUX €
HEBII'€MHOI0 YaCTHHOIO O€3MEeYHOro Ta e(PEeKTHBHOTO (YHKIIOHYBaHHS aBialliiHOL
ramysi.

B ocHoBI nexuTh MOBa nporpamysaHHs Python, 1o 103Bossie cTBOpUTH €)eKTHBHIH
Ta JIETKO 3MiHIOBaHUH PoayKT. Python OyB oOpanuit st po3poOku yepe3 Horo npocToTy
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Ta IMUPOKHH CIIEKTP Oi0IIOTEK, IO CHPUSE IMBUAKOMY PO3IINPEHHIO (PYHKIIOHATY OOTY.
B xoni po3po6ku Oynu ponaHi Taki QyHKIT sK:

- Bwupaua xopotkoi iHpopMmaIiii mpo aepomnopT.

- Hapanns 3akofoBaHuX Ta po3kogoBanux ganux 1o METAR.

- Hapanns 3akof0BaHUX Ta po3KofoBaHuX AaHux no TAF.

- Tlocunanus Ha caiit “FightRadar24”.

- JlomaTkoBe MOCHJIaHHS Ha iHIII aepOIIOPTHU CBITY.

Jns kpamoro po3yMiHHs poOOTH 60Ta pO3IIITHEMO Taki TUIHM Jiarpam, sk Use-case
Ta Activity [1].

Hiarpamun aktuBHOCTI (Activity diagrams) - me d4actuHa YHigikoBaHoi Mosu
Mopemosanus (UML), sika BHKOPHCTOBY€ETBCS [UIS Bi3yauizamii MOCIiIOBHOCTI Jii a0
pobounx mpouecis cuctemu. L5 miarpama 103B0JIsi€ MOAETIOBATH JIOTiKY BUKOHAHHS il
B3a€MO3B'3KH MDK HHMH Ta BiIoOpaXeHHS pIi3HHMX cTaHiB cuctemMu. Ha pmc. 1
NIPe/ICTaBIeHI KOHKpeTHI Iii abo Kpoku, siki BinOyBaroThcs B cuctemi. Jliarpamu
aKTHUBHOCTI J03BOJIMIIA BiIOOPA3UTH CKJIA/IHI TpolecH abo MOCHiIOBHOCTI il y OibIIn
3po3yMiniii ¢opmi Bin movyaTtky poOOTH 4aT-00Ty i [0 KIiHIS, IO CIPHSIO aHAMI3Y,
Ppo3po0iIi Ta BIOCKOHAIECHHIO KOy .

Hiarpamu BapianTiB BukopuctanHsi (Use Case diagrams) ommcyroTh cueHapiit
B3a€MO/II1 yYaCHHKIB (SIK IIPAaBUJIO - KOPUCTYBayYa i CHCTEMH), Ta TUIH pojiei. YYacHHUKIB
Moxe OyTm nBa i Oinbnre. KopucryBaueM Mo)ke BHCTYNATH SIK JIIOAMHA, Tak 1 iHIIA
cucTeMa.

OCHOBHI eleMeHTH 1€l Tiarpamu (puc. 2):

- OBayu - 1€ Te, 0 MOXEe POOUTH IPOEKT.

- Extend - ue ymoBa, sika MOxe BUKOHYBATHCh 200 HE BUKOHYBATHCh.

- 1 Extend - sxmio BBemena HempaBwiibHa Kinmbkicts sitep ICAO komy, TO
OTPUMYEMO TTIOMHJIKY.

- 2 Extend - sxuro BBenena npasuibHa Kinbkicts sitep ICAO kony, ane BincyTHs
B 0a3i JaHUX, TO OTPUMYEMO HIOMMUIIKY.

- Include - nani METAR Ta TAF, siki BKiIto4€eHi B iH()OPMAILi0 TIPO a€pOIOPTH.

- Aviationweather.gov - 1ie ctopoHHiii aKTOp, BiT IKOTO 3a1€XKUTh iHPOpMAIis PO
aeporopty, 1aHi METAR 1a TAF.

- Airmundo.com - e nani Bcix ICAO konis.

TaxuM 4MHOM JiarpamMy BUKOPHUCTAHHS JOIIOMAraroTh BU3HAYNTH, SIK KOPHCTYBadi Ta
iHIII CHCTEMH B3a€MOJIIOTH 3 CHCTEMOIO, sKi omepallii a0o QyHKIii BOHH BUKOHYIOTH Ta
SIK1 clieHapii BUKOPHCTaHHS iCHYIOTb.

Hanuii Meteoposoriunuii 00T Moke OyTH IiKaBUM Il PI3HUX TPyH JIOACH.
Bukianaui abo crynentu MoxyTh oTpumyBatu naHi METAR ta TAF BiamosigHo 1o
3a7aHuX 3aBaHb. Lle MoXke TOMOMOITH Y PaKTHYHOMY 3aCBOEHHI CTPYKTYPH KOy .

CTyneHTn MaTHMYTh 3MOTY CaMOCTII{HO TpeHyBaTHCS y AEKOAyBaHHI iHpopMarii Ta
TepeBipIli CBOIX HABHYOK.

[Tacaxxupy 3MOXKYTh CKOpHCTAaTHCS OOTOM JUIsi OTPUMAHHsS KOPOTKOi OHEepaTHBHOT
iH(popMaLii Mpo aepoNoOPTH Ta MOTOAHI YMOBH JUTSl IIJIaHYBaHHS MOOPOXKEH.
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Biakputu
4aT-60T

3anyck Gora

OTpumaHHa
iHbopmMauil
Npo roToBHICTE

f Yes

Bnucatu
4-niTepHUIA
koA

ICAQ Koa?

NUT
3anpocnTin
Aonomory 6oTta

Y € NpaBUNBHUM KOA?.

No
‘7‘&:‘ N ——————
MoBigoMAeHHs O6pati 2 0Tpi6Ha KpafH. Mepeidti
PO NOMUAKY Sl POUOE CHILM €sponn? 3aN0CNaHHAM
KpaiHy A0 6331 paHmx
L ICAD
-
Konitoeaty ICAQ 06paTy NOTPIGHY
KOJ | BCTaBUTK B Kpalhy cBiTy
Got L
CkonitoBaTu Ta

Bectn

OTpumaTin
iHpopmauiro
npo aeponopT
L

METAR TAF

Yes

l

PozkogoBaHa
iHopMauia

PoskoayBaTI?

3aeeplieHHn poboTi

Puc. 1. JliarpamMa akTUBHOCTiI METEOPOJIOTIYHOTO YaT-00Ty
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Aviatidn weather.gov

Airmundo.com

Puc. 2. [liarpama BapiaHTiB BUKOPHCTaHHS METEOPOJIOTIYHOTO YaT-00Ty

ABianiifHi eHTy31aCTH MaTUMYTb 3MOT'Y BUBYATH IIOT'0JIHI YMOBH Ta BUKOPHUCTOBYBATH
nocunanas Ha Flightradar24 s BincTexeHHS MONBOTIB y peadbHOMY 4aci. Lleid mpoekt
TakoX OyJie KOPUCHUM ISl TOYATKIBLIB Y po3po01i O0TiB, HaIal04X BiAMIiHHHHN ITPHUKIIaT
JUISL CTBOPEHHSI BJIACHUX TPOEKTIB.

Bot Moxe city>KUTH HaiiHUM HaBYaIbHUM {HCTPYMEHTOM JUIsl CTY/ICHTIB, HaJal0un
iM Jerkuil JOCTYI 10 Ba¥UIMBMX METEOPOIOIiYHHX JAHHX. MOro BUKOPHCTAHHS MOYE
30UTPIIATH  IHTEpEC [0 METEeopoJorii Ta aBiamii, 3pOOMBIIM HaBYaHHS OiNBII
3axXOIUTIOI0YMM. Y TUIaHaX Ha MaiOyTHE € JomaBaHHsA Takux naHuxX, sk GAMET,
SIGMET/AIRMET — 1e 3Moe BIUIMHYTH Ha OiIbII PO3ropHYTY iH(OpMAIio mpo
MOT0/ly Ha BUOPAHOMY aepoIpoMi.

Po3po06iennii TenerpaM 00T € MOTYKHUM IHCTPYMEHTOM JJIsl OTPUMAaHHSI aBialliitHOT
iH(popMalii, 10 HaJae KOPUCTyBauaM 3pYYHHH TOCTYI 10 IOTOJAHUX YMOB Ta KIFOUOBUX
JaHuX 1po aeponoptH. ChOro/IHI BXKIIMBO MaTH ITiJl pyKOIO HaJlil{He Ta MIBUIKE JXKEePEIo
METeopoJIoTiyHoi iH(popmarii, ocodmrBo B aepoHasirauii. Lleii Tenerpam-60T He nwmIe
3a/I0BOJIBHAE 1110 TOTPeOy, a if mparHe MOCTIHHO BIOCKOHAIIOBATHCh. BHKOpHCTaHHS
Python 103BONHIO CTBOPUTH (YHKI[IOHAJBHHIl HPOAYKT, L0 JIETKO PO3BHUBAETHCA.
MOXITUBICTE OTPUMYBATH HaJiifHi METEOPOJIOTIYHI BiJIOMOCTI HMPOCTHM 1 3pO3yMLINM
Croco0oM poOUTH HOTro JOCTYHHHUM JUIsi METEOPOJIOTiB-TIOYaTKIBI[iB Ta aBiaeHTy31acTiB,
SIKi TIParHyTh MOTJIMOUTH Ta MOKPAILMTH CBOT 3HAHHSL.

Cnucoxk Jirepatypu

1. Ax OynyBatu UML-giarpamu. Po3bupaemMo Tpu HalmomyssipHImI BapiaHTH
[Electronic resource] / ¥O. Karpamanosa. [lepxxaBuuii YHiBepcuter TeleKkoMyHiKalii,
2022. URL: https://dou.ua/forums/topic/40575/
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KOHIENIIA IHTEFPAIII:I: BE3NIJIOTHUX JITAJIbHUX AIIAPATIB B
€JIVHUU TOBITPAHUU ITPOCTIP

Bukopucranns 6esninorHux nitansHux anapartiB (BIIJIA) B eqnHOMY HOBITpsIHOMY
MIPOCTOpPI Ma€ MIMPOKHH CIEKTP 3acTOCYBaHb Ta MOXE MPHU3BOJUTH A0 MO3UTUBHUX
BIUIMBIB y pi3HuX ramyssx [1].

Opnieto 3 epesar BITJIA Hax 3BHYalfHOIO aBialli€l0 — € MOXKIIMBICT BUKOPHCTaHHS
B TPYOHOJOCTYIHMX MICHAX Ta Yy BHNAAKaX HaA3BHYaWHUX CHUTyallid, KOJIH
BUKOPHUCTaHHS MMUJIOTOBAHOTO 3ac00y 3 MiJIOTOM Ha 6opTy HebesmeuHo. Lle mo3Bonsie He
MEHII e(eKTHBHO BUKOHYBATH IOCTaBJICHY 3ajady Ta 3MEHIIWTH BUTPAaTH B pa3i He
«HETIPHEMHOT0» BUIAIKY. Takox Bukopuctanus BIIJIA nouinsHe B mpoBeieHi HAyKOBUX
JOCNI/DKEHh B HENOCTYMHHX, abo HeOe3meuHux perioHax. Bukopucranns BITJIA
JIO3BOJIUTH ONTUMI3yBaTH BUTPATY PECYpCiB, 32 JOMOMOTO0 0TI €)EeKTUBHOT BUTPATH
«IaJBHOTO-CHEPTil», MONbOTYy €(EeKTHUBHIIIMMU MapuipyTaM, BHUMOTIHBICTIO BITJIA
nepex minoToBaHow asianiero[2-5]. Bukopucranus BIIJIA qist TpaHCHOpTYBaHHS
TOBApiB y BEIMKUAX MiCTax Ta. HA KOPOTKI BiACTaHI MK HUMH, AO3BOJATH MOJIMIIUTH
JIOTiCTHKY Ta €peKTHBHICTD JOCTaBOK.

Iurerpanis BIIJIA B envHUHA MOBITPSHUI IPOCTip BUMarae KOMIUIEKCHOTO ITiJXOAY,
SIKW BKITIOYAae B ceOe TeXHIYHi, OpraHi3alliiHi, mpaBoBi Ta 6e3nekoBi acrekTy.(puc.1).

( KomnnekcHui nigxlg iMTerpadii BNAA 2 eguuui NOBITAKKE NpocTip )

( TexHiHHUA acnexT ) ( NpasoBii acnesr ) ( Oprasizauikmi aonexT ) (Eeanemamﬁ aeneKT )

( BeTexUil T YHHKHEHHA 3ITKHEHE ) ( Ba0eMOoAIA 3 UMBINsHOO QBIOLISK )

( Ninrpurka MHosoUiR ) ( CTAHAOPTA TO NPOTOKONM ) ( YNPABNIHHA TROGIKOM ) (Paupoﬁm 30K TA KOpUOOPIE )

( CHCTEMA KOMyHIKGUIA ) ( HOB4GHHA Ta cepTrdikauis ) [Oeasonu Ta niuewsi

Puc. 1 Komnuiexcnnii miaxin interpanii BIIJIA B exunnii noBiTpsiamii npocrip.

HeoOxinHicTh TEXHIYHOTO acIeKTy MoJjirae B 3abe3neueHHi Oe3nekH, e)eKTHBHOCTI
Ta koopamHoBaHOCTI BITJIA B Mexax HUBUIFHOTO MPOCTOPY. [0 TEXHIYHHX AaCIEKTiB
BiJTHOCHTBCSI HEOOXITHICTh CTBOPEHHS Ta IOKPAIICHHS ICHYIOUMX CHCTEM YHPaBIIiHHS
Tpadikom, a caMe CTBOpPEHHS cucTeM ympaBiiHHsA Tpadikom mis BIUUIA (Puc.2) ta
BCTaHOBIICHHSI MIPOTOKOJIB OOMiHY iH(pOpMAaIil 11 6e3medHol B3aEMOIIT MiXK Pi3HUMH
MOBITPSHAMH Cy/IaMU Ta CUCTEMH yIpaBiinus Tpadikom[6]. Po3pobka abo mokparieHHs
iCHYIOYHX B aBiawlii cucrem, 110 3a0e3nedars 0e3MeKy MOoNbOTY, BPAXOBYIOUH MOXIIMBI
aBapiiini curyanii. BpockoHaneHHS MeXaHI3MiB NPHUUHATTS pillleHb B aBapifiHUX
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CHUTYyaIlis], BKJIOYAlOYM AaBTOHOMHHII CIOCI0O YHHKHEHHS 3ITKHEHb 3a JOIIOMOTOI0
3unTyBaHHS iHQopmarii OoproBoi amaparypu Ta aBapiiiHOi mocaxku. Po3pobka Ta
MIOKpAIIEHHS 0€3MEeYHNX CHCTEM 3B’ 3Ky M nepenadi nannx Mk BITJIA ta cucremoro
yHOpaBIliHHA Tpagiky.
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BrflA .
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» -
*, ,
. -’
. o
N 'S
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Puc.2. Moaean cucremu ynpasainns tpadixom pis BILIA

Opeanizayiiinuti acnexm BKIIOYae B ceOe Psi aCIEKTIB OB’ I3aHNX 3 PETyTIOBAHHSM,
YOPaBIiHHAM Ta KOOPAWHALIEIO Aif Pi3HH yYacHHKiB(OpraHisamiii, yCTaHOB, LIEHTPIB).
OnHi€ro 3 OCHOBHUX 3a/1a4 € BU3HAUCHHS BiIIOBIIATFHIX OPraHiB, M0 BiAMOBITaTUMYTh
3a peryjroBaHHS Ta JiIeH3yBaHHS misbHOCTI BIIJIA, siki B CBOIO 4epry IMOBHHHI
PpO3poOHUTH CTaHAAPTH OE3MEKH Ta MPOTOKOJIW OLIiHKH BiamoBimHocTi BIUIA, TexHiuHi
BHUMOTH U151 OE3MIJIOTHUX CHCTEM Ta CTAaHJapPTU3YBaTH CHCTEMH Ta OOJaJHAHHS Pi3HUX
BUPOOHMKIB JUIi YHHKHEHHS KOH(IIKTIB Ta PpO3BHTKY B OJHOMY Bekropi[7].
Bcranornenns nporenyp ceptudikaitii oneparopis BIIJIA, 06cIyroByruoro nepcoHary
Ta «IUCIIETYEPIBY €JMHOI CHCTEMH YNpaBIiHHA Tpadiky.

Ilpasosuii acnexm posrisgae BU3HAUCHHS NpaBmiy nonboty BIUIA, Brmowaroun
30HH, KOPUIOPH, BUCOTY, BiICTaHb [I0 iHIIMX OOPTIB Ta iHIII 0OMekeHHs. BeraHoBIOE
peryioBaHHS YMOB IIOJNIBOTY B CHELIaIbHUX 30HAX IIiJBUIICHOI 3aBaHTaKEHOCTI.
Po3po06isie BUMorn mo0 Kibep3axucty I 3ano0iraHHs HECAHKIIOHOBAHOMY JIOCTYITY
Ta kKoHTpoio bBIIJIA. Po3poOka HOpM, IO JO3BOJATH 3a0C3MEYUTH  3aXHCT
KoH(pimeHiHHOT iHdopMaii, mo 3i0pana mix wac moaboTy bBrmJIA. BceraHoBneHHs
MpoLelyp BU3HAYEHHs BiTOBIJANTBHOCTI 32 TOJIl, Ta PEryJIIOBaHHS CTPAXOBUX BHUMOT
1ist oneparopiB BIUJIA mist komnercariii MoxinBux 30uTkiB[8]. BeraHoBneHHs HOpM
KOHTPOJIIO, 00 crcTeM ineHTHdikarii Ta Tpekinry Bcix BITJIA B nmoBiTpi.

besnexosuii acnexm iaterpanii BIIJIA B enuHWII MOBITPSHUI MPOCTIP € KPUTHIHO
BaXJIMBHUM I 3a0€3MeueHHs Oe3MeKH aBiamii Ta YHUKHESHHS MOMJIMBUX KOH(QIIIKTIB 3
BCiMa ydJacHHKaMH TOBITpsSHOTO pyxy. OcHamenHs BIIJIA cucTemaMu yHUKHEHHS
3iTKHEHb, Ta CHUCTEMaMHM JJIS YHUKHEHHs 3iTKHEHb 3 IHIIMMH MOBITPSHUMHU CYAAMH.
Po3poOka craHmapTiB Ta MpOTOKOJIIB i Oe3neunoro nossoTy BIIJIA B HacenmeHmx
paifoHax Ta MichbKOMY cepemoBuily. Po3poOka Ta BIpOBaKEHHs CTaHAApPTIB Oe3neKku
BUTOTOBJICHHS Ta eKCIUTyaTallil, TAKO) BUMOT 10 JOKYMEHTAIlii, TeXHIYHHX ITEePEeBipOK Ta
ceprudikamnii. BusHaueHHs CTaHAApPTIB A CHCTEM AMCTaHIitHOTO KepyBaHHs BITJIA.
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Ta BU3HaUEHHS aJITOPUTMIB Ta MEXaHI3MiB aBTOMaTHIHOro nepexoruieHus bITJIA B pasi
BTpPATH 3B’S3KY.

BucnoBkn. PosrmsiHyro koHmemmiro iHrerpamii BnJIA B eamHMI HOBITpSHUHA
MPOCTIp, sIKa BKJIIOYAE B ceOe HU3KY 3a7ay, po3poOKy MPaBOBUX JOKYMEHTIB, pO3pOOKY
30H Ta KopumopiB st BrJIA, po3pobky mporpam HaBuaHHs Ta ceprudikaiii Ta
CTBOPEHHS €IMHOI CHCTEMH YIIPABIiHHS MOBITPSHUM TpadikoM.

Cnucoxk Jitepatypu
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CTPYKTYPHO —- IAPAMETPUYHUI CHUHTE3 BE3NLJIOTHHUX
JITAJJBHUX AITAPATIB HA OCHOBI MAIIMHHOI'O HABYAHHS.

MamuHHe HABYAHHS - [Ie OIMPOKE I10JIe KOMI'IOTEPHUX HAayK, III0 BUBYAE CIIOCOOH,
SIKI TO3BOJIIIOTH KOMITIOTEPaM HaBYATHCS HA OCHOBI JJAaHUX Ta BJOCKOHATIOBATH CBOT
HaBHYKHU Oe3 mpsMoi JroicbKoi inTepBeHtii. Ile Bkirodae B cebe Taki TeXHOIIOTII, SIK
MallMHHE HaBYaHHS Ta ITUOMHHE HABYAHHS.

Mamunne HaByanHs (Machine Learning): Lle ramy3p IITy9HOTO iHTEIEKTY, SKa
30cepekeHa Ha CTBOPEHHI CUCTEM, SKi MOXKYTh CAMOCTIHHO HaBYaTUCS HA OCHOB1
JaHuX. MalMHHe HABYaHHS BUKOPHUCTOBYE allTOPUTMH, SIKi aHATI3YIOTh JaHi,
BUSBIIAIOTH 3aKOHOMIPHOCTI Ta pOOJIATH MPOTHO3H a00 MPUIMAIOTh pillieHHs 0€3 IBHOTO
IIporpaMyBaHHSI.

I'nn6unne nayanns (Deep Learning): Lle minrany3s MalIMHHOTO HABYaHHS, KA
BHUKOPHCTOBY€E HEHPOHHI Mepexi 3 bararbMa piBHAMH (BiTOMUMH SIK "TIIHOOK]"
HeipoHHI Mepexi). BoHM 31aTHI aBTOMAaTHYHO BH3HAYATH a0CTPAKIIii Y BXiJHUX JaHUX,
10 JT03BOJIAE PO3B'SI3yBaTH CKJIA/IHI 3aBAAHHSA, TaKi K pO3Mi3HaBaHHA 00pa3iB, 0OpoOKa
MOBH Ta 0araTo iHIIUX.

YV KOHTEKCTi Oe3MUIOTHUX JIITaTbHUX allapaTiB, MAIIMHHE HABYaHHSI MOXKE
JOTIOMaraTH B pi3HUX aclleKTax, BiJl ONTUMI3alii Au3aifHy Ta IPOTHO3yBaHHS
e(eKTUBHOCTI 0 aBTOHOMHOT'O YIIPABJIiHHS Ha OCHOBI 310paHHX JQHUX 3 CEHCOPIB.
BoHo no3Bossie aHanizyBaTH CKJIaJIHi AaHi, IPUAMAaTH PIlIeHHs Ta MOKpaIyBaTH
¢bynkuionansHicTb BITJIA.

MarvHHe HaBYaHHS B CTPYKTYPHO NMapaMeTPUYHOMY CHHTE3i O€3MiIOTHHX JiTATbHUX
amapariB Biflirpa€ KIFOUOBY pOJIb y MPUCKOPEHHI MPOLIECY MPOSKTYBAHHS Ta
onTuMi3amii ux amnapaTiB. BUKOpHCTaHHS aNrOpUTMiB MAIIMHHOTO HABYAaHHS Ta
IITYYHOTO 1HTENEKTY TO3BOJISIE€ aBTOMATH3YBaTH a00 MOJETIIUTH 0araTo acreKTiB HbOT0
poIecy:

Onrumizanis napamerpis: AITOpUTMH MalIMHHOTO HABYAHHS MOXKYTh 1OTIOMOTITH
3HAXOJMTH ONTUMAJIbHI 3HAUCHHsI AapaMeTPiB JJIs1 KOHKPETHHX XapakTepuctuk BITIA,
TaKKX K eEeKTHBHICTh MONBOTY, 3aBaHTAXKCHHS, aepOJMHAMIKa Ta iHII GaKTOpH.

I'eHepauis Ta aHaxi3 KoHUenuiii: MamHHe HaBYaHHS MOXKE BUKOPHCTOBYBATUCS
JUTS IIBUIKOT TeHEpallil Ta aHai3y BEJHMKOI KITBKOCTI BapiaHTIB MU3aifHy, IO JJO3BOJISE
[IBHIIIIE 3HAXOAUTH ONITUMAJIBHI PillICHHS.

IIporHo3yBaHHsI XapaKTepUCTUK: Moesi MAIIMHAOTO HABYaHHS MOXYTb
JOTIOMOTTH TIPOTHO3yBaTH XapakrepucTuku BITJIA Ha OCHOBI Bike HasBHUX JTAHHX, IO
JI03BOJISIE MIPUCKOPUTH IIPOLIEC TECTYBAHHS Ta OLIHKH.
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ABTOMaTH3alis npoueciB podoTH 3 JaHMMHU: AJITOPUTMH MAIIMHHOIO HABYaHHS
JIOTIOMaraloTh B e()eKTHBHOMY aHaJIi31 BEJIMKOTO 00CATY JaHUX, IO MOXe OyTH
BUKOPHCTAHO IS MOKpaIieHHs KoHeTpyKiii BITJIA.

1li MmeTomu 1O3BONAIOTH iHKEHEpPaM IIBUALIEC BU3HAYATH ONTHMANBHI pillleHHS,
e(eKTHBHIIlIC BUKOPUCTOBYBATH HasIBHI J]aHi Ta MPUCKOPIOBATH BECh MPOLIEC PO3POOKH
Ta TectyBaHHsa BITJIA.

[IpuBeny mpukiang T0CHiHKEHHS pOOOTH OJJHOTO 3 BiHCHKOBHUX MiIPO3ALTIB IKUH
3aliMaeThCs BUKIIOYHO BUKOpUCTaHHSIM BITJIA B pi3HHX HampsiMKax.

Omnepatop 3amae po3sixyBansHoMy BITJIA TepuTopito Uit BUKOHAHHS
PO3BiIyBaJIBHUX il 1 aJli 3a/1a4a BUKOHYETHCS aBTOHOMHO.

B 6a3i nanux BITJIA 3HaxoauThCs BeTMKa KUTBKICTh iHPOPMAIIIT TPO BOPOKY
TEXHIKY 1 pi3Hi 000poHHI ciopyau. B mpoueci po3Bigku BIIJIA ananizye ta dikcye
MicCIle 3HAXO/DKEHHSI Ta KOOPIUHATH TEXHIKH 1 000POHHUX CHOPYA HABITh SKIIO BOHU
3amackoBaHi. Taki BITJIA cknaanimie 3HUIUTH ycTaHOBKaMu PED Ta iHmmmu Bugamu
30poi.

[Ticns moBepHeHHS Ha 6a3y iHPOPMAIIisI PO PO3BIAKY CKady€eThCs 1 B poOOTY
BCTYIIA€ apTHiIepis ab0 0JHOpa3oBi ApoHU Kamikamse. B 80-90% po3BinnaHi 1aroTh
TOYHY iH(pOPMAIIFO IO BUSBJICHHIO 3aMaCKOBAaHNX 00 €KTIB.

Po6oTa Takux miapo3ainiB Bce Oiblle BUKOPUCTOBYETHCS HA BCIX JIHIAX (QPOHTY.
BukopucTaHHs DITy4HOTO iHTEIEKTY B Oe3miIoTHHX JiTanbHuX anapatax (BIIJIA) B
apMii Mae 3HAYHHI TTOTEHIIial i BIUIMB Ha BIiICHKOBI omeparii i 3HAYHO IMiABHUILYE
TOYHICTB iHpOpMAIIii :

1. Po3Biaka Ta cnocTepe:KeHHs: Ul BUSBICHHS BOPOXKHX CIJI, BYKIIUBHX
00'ekTiB 00 NOTEHLIHHNX 3arpo3.

2. ABTOHOMHe maTpy.;oBaHHs Ta HaBiramisi: BIUIA 3 mTy4HuM iHTENIEKTOM
MOXyTh aBTOHOMHO NaTPYJIIOBAaTH MEBHI paifoHN a00 MapIIpyTH, YHHKATH
MIePENIKO/l Ta MPUIHMaTH PillieHHs Npo HalOe3MeYH MK IUISIX HAa OCHOBI
OTPHMAaHUX JaHUX.

3. Micii momyky Ta nopatyuky: bI1JIA, ocHameHi IITyYHUM iHTEIEKTOM, MOXKYTh
OyTH BUKOPHUCTaHI JUIS TIOIIYKY Ta JIOKaJi3amii BTpaueHHX abo MOTepIiIuX ocid B
yMoBax 60poTe0u abo KaTacTpod.

4. Araka Ta o6opona: [lesxi cucremu BITJIA MOXyTh MaTH MOKIIUBICTD
BUKOHYBATH 3aBJIaHHS aTaKy, HAIIPUKIIA, HAI[UIGHHS Ha BOPOXKi Wi,
3abe3nedyloud e(eKTHBHIII BiiCBKOBI omepaii.

5. Kontppo3Bigka Ta 3ade3nedennst 6e3nexn: LlItyunnii intenext B BITJIA moxe
JIOTIOMAaraTH BUSBIISITH Ta MPOTHUAISTH BOPOXKHUM aTakaMm abo cripodam
HEePEXOIJICHHSI.

6. CrpaTeriuHe INIaHYBaHHS: AITOPUTMH IITYYHOTO IHTEIEKTY MOXYTb
JOTIOMaraTyl B aHai31 Ta IUTaHyBaHHI BIHCHKOBUX OIeparliid, po3po0Ili cTparerii
Ha OCHOBi PI3HOMAaHITHHX JAaHHUX Ta BUKOPHCTAHHI IPOrHOCTHYHUX MOJENEH.
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CTpyKTYpHO TNapaMeTpHYHUI CHHTE3 3 3aCTOCYBaHHS IITYYHOTO IHTEJIEKTY J03BOJISE
BITJIA mpamtoBaty 6inbIn eeKTHBHO, 3a0€3M1eTyI0UH MHUPIIHI CIEKTP MOKIIMBOCTEH Y
pi3HUX cueHapisx BUKOpHUCTaHH:. Jlo 0OMeXeHb TaKOTo MigXOLy CIij BiAHECTH €TUYHI
acreKTH Ta 0e3meKy MiJ yac BIPOBALKEHHS JaHHUX TEXHOJIOTIH y Oe3MiIOTHI JTiTaIbHI
CHCTEMHU.
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V]IK 629.7.08, 656.01/.09 (043.2)
IBamyxk O. P.
Hayionanvnuii agiayitinuii ynieepcumem, m. Kuis

BILIAB CTUXIMHUX JIUX HA ABIAIIIO

ABiallis 103BOJIsIE TONONATH BEIWYE3HI BiICTaHI HIBHAKO 1 3 KOM(POPTOM, TOMY €
OJTHI€I0 3 CAMHX IIBU/IKO PO3BHBAIOLIMXCS ray3eii Ha rianeTi. 3a ganumu [CAO y 2019
poui Oyno nepeBe3eHo 4,5 MIIH IacaKUPiB, IepeBe3eHO OJU3bKO 38 MIIH TOHH BaHTaXIB
[1, 2]. TIpote Ha aBiawito sK i Ha iHIII rany3i BIUIMBAIOTH Pi3HI MPOLECH Ta MOMIT TaKi K
BilfHH, EKOHOMIYHI KPU3H, PO3BUTOK TEXHOJIOT1H, BIIPOBAI)KEHHS HOBUX METOIMK Ta 1HIIIE
[3, 4]. T oxpeMo B 1IbOMY CIIHCKY CTOITh IPUPO/IA, AJIKE, SIK 1€ HE IUBHO 10 ChOTOIHIIIHIN
JICHb HANpSIMOK BITPY MOJXE SIK BIUIMHYTH Ha 4ac IOJbOTY, CHPHUATH ab0 HaBIIaKk
YCKJIQAHUTH TPH3EMJICHHS 1 3JIT JliTaka. A KOJM MU NOYMHAEMO PO3OMpATH CTUXIKHI
JIMXa: TOXKEXi, 3eMJIETPYCH, TOPHAJO0 UM BUBEP)KCHHS BYJIKAHA TO HIKOJIM HE MOXKHA
OVBHUTHUCS 3BEPXHBO Ha Il MOAil, BCi BOHM TaK YM iHAKIIEC BIUIMBAIOTh Ha aBiallilo.
OCHOBHOIO TPOOJIEMOIO 3BICHO SBISETHCS 3aTpUMKa pEiCiB Tak, HaBiTh SAKIIO B
pe3ynbTaTi KaracTpodu HE TIOIIKOHKEHHI 3aco0M Ha3eMHOi iH(QPAacTPyKTypd TO
TIOBITPSIHI MapIIPYTH MOXYTb OYTH NEepeopieHTYBaHHI 3a JUISl YHUKHEHHS ITOTPAIUITHHS
JiTaka B HECIPHATIIMBI MeTeo YMOBH. Lle 3BiCHO He TOBOPSIYM IPO aBapilHi cUTyarii ki
MOXYThb BHHHKHYTH 4Yepe3 INpsIMHH BIUIMB LUX IONIH Ha JITaK, MpU JOMYCTUMO
MOTPAIUISHHI B XMapy BYJIKaHIYHOTO ITOTIEITY, MOIIKO/PKSHHSI JIITaKiB 110 OYyJIM Ha MepoHi
iT. iH.

B 3aranom Ha 1110 MHTB € JOCIiIKeHHS, sIKi OPi€HTOBaHI Ha BUBYECHHS e()eKTy 3MiHU
KITIIMaTy Ha aBiallilo 4 JOIMYyCTUMO e(eKTiB 0OMOpOXKEHHS B HACIIJIOK MEBHOI METEO
MO, MPOTE AOCTIKEHB SIKi BUBYAIH caMe 3aTPUMKH TyXe Maio. BinnoigHo B HammoMy
JOCIIJDKEHHI MU TUIaHY€MO JOCIITUTH BIUTUB IPHPOJHUX KaTacTpod siki cranmcs y 2023
poui, a came BUBepxKeHHs ByikaHa ETHa, i 3emuerpyc B TypeuumHi st aHamizy ix
HACIIJIKIB y aBiallii. 3aTpuMKa peiicy B aBiallil 1ie KOJIH JIiTaK BUTITAE 00 MPU3EMIISETHCS
mi3Hilmie HiX 3amiaHoBaHo B rpadik. BimnosimHo no eBporeiicbkux crangaptis [5]
aBiariepeBi3HUKU SKIIO € OOTPYHTOBaHI MPUYWHHU MOXE OUYiKyBaTH Ha 3aTPUMKY percy
Ha: 2 TOJMHU TpH BiacTadi peiic 1o 1500 kM, Ha 3 abo Oinmbie mpu Biacrani 1500-3500
kM a0 4 roauHu un Oinpmre. [lacakupu BIATOBIIHO O THUX CaMUX TPABHI MOXYThb
BAMaraTH KOMIIEHCAIlilo 1 3a0e3leueHHs CBOIX TpaB a came: Oe3miarHi 00iaw,
MIPO’KMBAHHS B TOTENi SKIIO HEOOXiTHO, MEepeBe3eHHs MDK aepolopToM Ta MiCIeM
po3mimienns. [Ipu kommeHcanii macaxxup oO0Hpae MiK TPOIIOBOI0 KOMIICHCAIIE abo
3aMiHOIO peiica.

Jlns  BUKOHAHHS JOCTI[DKEHHS MM 3i0pand faHi 3a JOMOMOTH — cucTeMuf
aBTOMAaTHYHOTO 3aleXHOro cmocrepexxennss — ADS-B  (Automatic Dependent
Surveillance—Broadcast), sika 103BOJIsSIE€ BiICTEXYBaTH Miclle 3HAXODKSHHS JITaka 3a
paxyHoK naHuX Bix cucreM GNSS abo iHepuiifHOI cucTeMu Ta Tepefae IIo Ta IHIIY
iHdopmariifo BCiM ydacHHKaM MOBiTpsiHOro pyxy [6, 7]. OrpumaBum inpopmariito
CTOCOBHO pyXy JITakiB, a TakoXX iH(OpPMALil0 CTOCOBHO BHIBOTIB i TNPUIBOTIB B
aeponoprax HabJIMKEHHX 10 MiCLisl Tpareii MU MOJKeMO ITpoaHasi3yBaTH 1i Ta BU3HAUUTH
SIKI came HACIIiIKU Majly CTUXIWHI 1uxa I aBiarii.
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OpHe i3 HAHOLTBIINX CTHXIHHUX JIMX I[OTO POKY € 3emiieTpyc B Typewunni ta Cupii
6 nucromama BiH 3a0paB THCSYi JKUTTIB, COTHI 00'€KTiB iH(QpPacTpyKTypu Oyiu
3pyHHOBaHI, HACIIIKH IIi€i MOxil BiqOOpa3miics Ha BCIX Taly3siX eKOHOMIKH perioHy i
BIANOBiAHO Ha aBiamii Takox. Tpeba 3a3HAUNTH IO BiJ MOYATKy pOCiiickkoi arpecii Ta
caHkuid mpotu Pocii, mOBITpsHUII MapIpyT CTaB CaMUM KOPOTKHM MAapIIPyTOM 3
€Bpomy B cXiAHy A3i0 I 3aXiJHUX aBiakoMMaHid. 3riHO 3 JaHUMHU €BPOKOHTPOIIO
[8] 3a 2022 pik B Typeuunni B cepemHboMy BuKOHyBamocst 2052 omepariii momo
376OTY/BIIIBOTY IOAHS. Tpeba 3a3HaYMTH IO 3TiAHO 3 THMH CaMHUX BiJl €BPO KOHTPOIIIO
3 5 10 6 JTIOTOTO KUIBKICTB olepaniii He MepeBHIlyBaia 2 TUC. IPOTe B HACTYIHI JHI IS
midpa 3HaYHO BHpoOCHa i Jocsria miky B 2714 oneparniii 10 soToro sik 300pa)xeHo Ha
puc. 1, Take moxBaBieHHS Tpadiky BinOymocs 3a paxyHOK BENHMKOI KUTBKOCTI
TYMaHITapHUX peiiciB mo npsMyBand B TypeddnHy Bif iHIIUX KpaiH.
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Puc. 1. I'padik onepaiii momo0 3160Ty i mocaaxu B TypeudnHi 3a JoTHit

SIKII10 TOBOPUTH NPO MyHKTYaTbHICTh BUKOHAHMX peiciB To 06.02 BiH cxmaB 43% mis
BIITBOTY 1 34 % /U1 IPUITBOTY , aJie HAaHIDKIOTO PiBHS JoCsTii HacTymHoro aus (07.02),
27 % ms BuboTy 1 22% i npunboTy. KinbKicTh 3aTprMaHUX pelciB MOHAZ 5 XBUINH
nocsarima 90,8% Bin yceoro mo6osoro Tpadiky. Kpim Toro, HazemHa iHdpacTpykTypa
obcmyxmna 74% ycboro MIONEHHOTO 3aIIaHOBAHOTO Tpadiky A0 Ta 3 TypembKUX
aepomopTtiB (puc.2). Typerpka aBiaTpaHCIOPTHA CHCTEMa MPAIFOE 3 BHCOKHM pPiBHEM
HaBaHTAXKEHHS IMPOTATOM TPHBAJIOrO IEPiogy MEperuIaHOBAaHHX  €BPONEHCHKUX
MOBITPSIHAX MOTOKIB SIK 1€ BUHO 3 JaHUX IIOJ0 MyHKTYaIbHOCTI. 3eMIIETPYC 6 JFOTOTO
2023 poky 3aBHaB 3HAYHMX pYiHyBaHb Ha3eMHiH iH(QpPacTpyKTypi aepomopTiB , B
aeporiopty Xarail 0yJi0 MOIIKO/PKEHO 3JITHO MOCAJ0YHY CMYTy B HACIiJOK 4Oro BiH
orepatlii B HhOMy OyJIH IPU3YITUHEHHI.
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Puc. 2. I'padik myHKTyalnbHOCTI peiiciB Ha Tepurtopii Typeuunnn
3a motuit 2023.

IpoTe, 3emMieTpycH 1ie HE €AUHE CTHXIHHE JIMXO 3 SKHUM CTHUKHYJIOCS JIOACTBO HE
MEHIII 3arpO3JIUBHM € BHBEP)KCHHS BYJKaHiB. [l aBiamii me Tex ayke HEpHEMHA pid
aJUKe XMapd BYJKAHIYHOTO IIONENTy MOXYTh NPU3BECTH 10 HECIPABHOCTI JBHIYHA,
Kopo3ii mOBepxHi JTaka. B mnpuHIMII 1gaHa TeMaTHKa BXE HE OIHOPAa30BO
JOCIIJDKyBanacs i € JOCTaTHBO MaTepiaiiB B sik fokyMeHTanii IKAO Tax i B mepioJuaHuX
BUJIaHHAX. €IMHE MUTAHHS SIKe € B KOHTEKCTI MOTO JOCHIKSHHS LIe 3BICHO HACTIJKH Y
BUIJIAAI 3aTPUMKH peHciB 4M BiaxwieHHs Bin rpadiky. ns anamisy nporo Oyne
BUKOpHUCTaHO BynkaH ETHa Ha Cummiii mo HaxoauThcs mobam3y aeporopty Karawii 3a
naHuMu Bif pizaux mkepen [9, 10] B cepeanboMy aeporopt BUKoHyBaB 10 220 omepartiii
Ha JIeHb MPOTATOM POKY a TiJIBKH 3a JKOBTEHb OYJIO BHKOHAHO 6.88 THC KOMepIiitHUX
nonboTiB. CepenHbo pivHA IyHKTYalbHICTh IBOTO aepomnopTy 79,3% nans BHUIBOTIB i
80,4% a1t npUIIbOTY , BAKOHAHHS PO3KIay ckianae 99%. Tpeba 3a3HAYMTH 110 BYJIKAH
ETHa € crapoBynkaHoM 3 BucoToro Oubmie 3300 M BiH € HAMBUIIUM | HAHAKTUBHILINM
BYJIKAHOM €BpOIH 3a OCTaHHIiil pik Oysi0 BuBepxkeHHs 24 TpaBHs i 12 nucromana . 24
TpaBHs B HACIIOK BHBEpP)KEHHs OyJI0O BUKHHYTO BEIMKY XMapy IIOIeIy Yepe3 1o percH
OysM mepe HampaBJCHHI MICIs YOTo KiBKICTh omepaiiil Ha neHp Brnana 3 230 mo 210
npotsiroM 24-31 tpaBas . [IyHKTyanbHICTh 1010 BUKOHAHHS peiiciB Bhama 3 67 % msa
npmIsoTy 1 63 % Ui BumboTy 23 TpaBHS 10 56 % ans npunboty i 50 % ms Buimboty 26
TpaBHs . {11 cripaBeANTMBOCTI Tpeba 3a3HAYHTH IO aBiallil He MEHII IPOOIEMHHM € 1 1HIIi
MPHUPOJHI JINXa, TaKi sIK TOPHAJO, TPaJ UM HABiTh IOXKEXa SKIIO BOHA BiIOYBAETHCS
10013y aeponopTy Iie MOXKHa 00AaYNTH Ha NMpUKIaai Toi camol Itanii konu aepornopTy
Karawii 24 nunHst yepes moxexy BUKOHAB TiTbKH 84 omnepaltii Xxo4a repe THM BUKOHYBaB
1o 300 onepartiif Ha IeHp a B 3arajoMm Juis Itanil B el JeHp uepe3 BHIIE 3rajaHi Jinxa
Mana MyHKTyalbHicTh 28% BuiboTy i 38 % npuibory.

OTXe Ha OCHOBI BHIIIE BKa3aHUX JAHUX MOXKHA TIHTH BUCHOBKY, IO CTHXIiiHI JIXa
3aBJAlOTh MpOOJEeM JUIl aBiallii He TUTBKM Yy BHIJISAI TNPSIMOTO BIUTHBY dYepe3
TMOIIKO/DKEHHS 1HPACTPYKTYPH 49U JOMYCTUM CaMOTo JiTaka aje sIK Pe3ysbTaT 3MiH y
Ppo3KIIai peiiciB, mepenpaBieHHs MapIIpyTy Tomo. BiamosinHo 1o nanux i B TypeuyunHi,
i B Itanii BinOysocst mamiHHsA MyHKTyaJdbHOCTI omepaniit B 1.32 pasu. Sk Hacmigok ue
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TIPU3BOANTH 10 (DIHAHCOBHUX BTpAT aBiaKOMIAHII a TAKOXK 710 30UIBIICHHS HaBaHTA)KECHHS
Ha aBiarepcoHa] sSKi MOBHHHI CIPUSATH Oe3NeYHOMY, €KOHOMIYHOMY 1 edekTHBHOMY
BHUKOHAHHIO TIOJILOTIB
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THE INFLUENCE OF DRONES ON THE EFFICIENCY OF "LAST MILE"
LOGISTICS

1.0verview

Last-mile logistics has always been one of the most challenging links in the
supply chain. It not only directly affects customer experience, but also has a
profound impact on logistics costs and efficiency. The introduction of drones into
the “last mile” logistics industry has revolutionized the process of delivering goods
to customers. This means maximizing the ratio of benefits to the costs of obtaining
them.

Drones offer several advantages that make them a powerful asset for the last-
mile logistics industry, reducing delivery times and thus increasing the efficiency of
the industry. See Figure 1 for details.

Quick

delive;

Reduce
transportation costs
24/7
operation

Adaptable

Drone

Reduce human
error

advantages

Environmental
friendl

Improve service
levels

Intelligent road

planning

Fig.1 Advantages of drones in the "last mile" logistics industry

In terms of logistics, there are also difficulties in getting goods directly to
customers. This is the so-called “last mile” task mentioned above.

Therefore, the problem of urgent delivery of goods can be considered as an
automated system with objects of mass service with events that occur at random
moments of time. Such events form a stochastic sequence, usually called a stream of
events.
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We will assume that the flow of events related to the request for the delivery of
goods by the service object satisfies the following conditions:

1)  for any two non-intersecting time intervals, the probability of any given
number of events appearing during one of them does not depend on how
many events appear during the second;

2)  the probability of one event occurring within an infinitesimal time of the
time interval (t, t + At) is an infinitely small value of the order of At;

3)  the probability of more than one event occurring during an interval time (t,
t + At) is infinitely small of the highest order compared to At.

We denote by Pm (11, t2) the probability of occurrence of m events in the time

interval (t1, t2). Then conditions 2) and 3) will be written in the form:.
Pi(t, t+ At) = A () + o (AY), 1)

Z Pe(t + 46) = 0(AD), @)
k=2

Where X (¢)- some integral function.

2. The equation that the event will not occur.

Let's set the problem: for a stream of events satisfying conditions 1), 2) and 3),
find the probabilities that m events will appear in a given time interval (to, t) (m =0,
1,2, ..).

Considering the moment to as fixed, we denote the probabilities Pm (t) (m =0, 1,
2,...).

To calculate Po (t), note that Po (t+At) represents the probability of the intersection
of two events: no event in the interval (to, t) and no event in the interval (t, t + At).
According to condition 1) these events are independent. Ago:

Po (t + At) = Po (t) Po (t, t + At). 3)

Based on (1) and (2):

Po(t,t +4t) =1 -5 P (t, t + At) = 1 — A(t)At + o(4¢). (4)

Substituting this into expression (3), we get:

Po (t + At) = Po (t) — Po (t) A (t) At + o (At),
Where
Py(t + At) — po(t) o(At)

yr = —A(t)P,(t) + TR

When At —0, the right-hand side of this equality tends to a certain limit - A (t) Po
(t). Therefore, there is also a limit of the left part. Thus, the probability Po (t) is
differentiable for any t and in the limit at At —0 we obtain the differential equation:

P (t) =— A (t) Po (t). (5)

To find the initial value of the probability Po (t), it is enough to set t = to in (4) and
go to the limit at At —0. Then we get Po (to) = 1.

3. Equations for probabilities of different numbers of events.

To compile the equations for the probabilities P1 (t), P2 (t), ... we note that m
events can appear in the time interval (to, t + At) in one of the following m + 1
incompatible ways: all m events appear in the interval (to, t) and none in the interval
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(t, t + At), m — 1 events appear in the interval (to, t) and one in the interval (t, t + At),
etc. , all m events appear in the interval (t, t + At). Therefore, based on the axiom of
addition of probabilities and the theorem of multiplication of probabilities of
independent events P (A1Az...An)=P (A1) P (A2)...P (An) we have:

Pm (t +4£) = Pm () Po (t, t + At) + Pm-a (t) P2 (t, t + At) + ... + Po (t) Pm (t, t + At).

Hence, according to (1), (2), (4), we get:

Pm (t +42) = Pm (1) + [Pm1 (t) — Pm ()] X (t) At + o (AY).

So,

P, (t + At) — t o(At
R G| CRY RO i

Further reasoning in exactly the same way as when deriving equation (5), we

obtain the differential equation:
Pm (t) =2 (t) [Pm1 (t) — Pm (1)] m=1,2,..). (6)

The initial values of the probabilities P (t), P2 (t), ... are all zero because Po (to)
=1,Pm(t) =0(Mm=1,2,...).

4. Solving equations.

Taking it as an independent variable

t
= fA(r)dr, 7
to
Let's reduce equations (5) and (6) to the form:
o= Py, = Py tPp(M=1,2, ) ®)
d dy

u
The initial conditions will take the form PO =1,Pm=0,(m=1, 2, ...) at p=0. It
is easy to verify by direct substitution that the integrals of equations (8) that satisfy
the initial conditions are determined by the formula:

Py =ten Mm=0,1,2,...) )

Thus, for a given time interval (to, t) we have an even set of elementary events: no
event in this interval, one, two, etc., and the probabilities of these events are
determined by formula (9). Therefore, formula (9) determines the probability
distribution. Therefore, a flow of events satisfying conditions 1), 2) and 3) is called a
Poisson flow. The parameter p of the Poisson distribution represents the average
number of events occurring in a given time interval (to, t). The function w(t) is called
the intensity of the Poisson flow.

5. EXAMPLE. Assessment of the probability of receiving applications for the
delivery of goods.

In the service area there are m=100 service points (PO) that can apply for service.
The probability that within t minutes the PO will get in touch is equal to P=0.01.

It is necessary to estimate the probability that within t - minutes the following will
be contacted:

1) three POs;

2) less than three POs;

3) more than three LAS;
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4) at least one PO.

According to the condition m = 100, P; = 0.01, and taking into account that the
occurrence of POs are independent quantities with their large number and low
probability of this event (P = 0.01), then you can use the Poisson formula:

P, ="“en Mm=0,1,2,..),
m!
where p- parameter of Poisson's law.

In this case, the quantity X is distributed according to the Poisson law and its
probability takes the value m.

1) Find the value of the parameter p:

p=m-P,=100-0,01=1.

The probability that three software will communicate at the same time (m = 3):

el 0367879
P,(3) = T 0,0613.

2) Find the probability that less than three software will communicate.

P (<3) = Puoo (0) + Proo (1) + P (2) = e+ e+ o= Zem1 = 2.0,367879 =
0,9197.

The probability that more than three POs will communicate (P (> 3)) will have the
following value.

Since the event "more than 3 POs will come into contact" and "no more than 3
LAs will come into contact" P = P (> 3) and Q = P (< 3) are opposite events, therefore
P+Q=1,thatis

P(>3)=1-P(<3)=1-[Pioo (0) + P1oo (1) + P1oo (2) + P10 (3)].

Then P (>3) =1-[0,9197 + 0,0613] = 0,019.

The probability that at least one PO (denote the probability of this event by P).

The event "at least one LA will communicate” and "no LA will communicate™
(denote the probability of this event by Q) are opposites. Therefore, P + Q = 1.

Whence the probability that at least one PO will get in touch is equal to:

P=1-Q=1-Pio(0)=1-¢'=1-0,36788 =0,632.

Other transport problems are solved in a similar way if the flow of events can be
described by Poisson's law.

Conclusions:

As such, drones have revolutionized the last-mile logistics industry by enabling
faster delivery, increased efficiency, and improved safety and security. The use of
drones in this industry is expected to continue to grow as companies look to capitalize
on their many benefits. Thus, it is obvious that drones are transforming the delivery
process and making the "last mile" logistics more efficient.
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CIVIL-MILITARY COORDINATION AND COOPERATION IN EUROPE

These theses discuss the implementation of the concept of Civil-Military Coordination and
cooperation in Europe, its foundations and organization.

The concept of Civil-Military Coordination (CIMIC) and cooperation in Europe is
fundamental to ensuring effective collaboration between civilian and military entities in
crisis response and management.

The basics of CIMIC involve establishing frameworks and protocols that facilitate
joint planning, communication, and action between civil authorities, such as government
agencies, humanitarian organizations, and military forces. This collaboration aims to
optimize resources, expertise, and capabilities to address a wide range of crises, including
natural disasters, conflicts, and humanitarian emergencies.

Key requirements for successful CIMIC implementation encompass the development
of interoperable communication systems, mutual understanding of roles and
responsibilities, and the establishment of shared goals and strategies. It demands a clear
delineation of the respective roles of civilian and military actors, respecting the principles
of humanitarian aid, and ensuring compliance with international law.

The implementation of CIMIC involves structured coordination mechanisms, regular
joint exercises and training, and the integration of civilian and military assets into unified
response plans. It necessitates the cultivation of trust and understanding between
stakeholders, fostering a culture of collaboration, and adapting strategies to the evolving
nature of crises.

In Europe, CIMIC is crucial for managing complex emergencies that transcend
national borders. Institutions like the European Union (EU), NATO, and various national
civil and military entities work collectively to harmonize CIMIC practices, enabling swift
and effective responses to crises while upholding humanitarian principles and respecting
national sovereignty. The continuous refinement of CIMIC strategies and practices stands
as a cornerstone for Europe's preparedness and resilience in the face of multifaceted
challenges. [6]

Who are the Civilians in the system of Civil-Military Coordination and cooperation
in Europe?
1) Regulator:
The regulatory bodies responsible for establishing and enforcing aviation rules and
standards:
» EU/EC: European Union/European Commission, responsible for developing aviation
policies and regulations within the EU.
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* EASA (European Union Aviation Safety Agency): Ensures aviation safety across
Europe, overseeing certification, regulations, and safety compliance.

» National CAA (Civil Aviation Authority) within the EU: Individual country-based
bodies ensuring compliance with aviation standards within their respective countries.

« National CAA (Civil Aviation Authority) outside the EU: Similar authorities in non-EU
countries responsible for regulating aviation safety and compliance.

2) Oversight:

Entities responsible for overseeing compliance and safety:

* NSA/CAA (National Supervisory Authority/Civil Aviation Authority): Bodies
responsible for overseeing safety compliance and regulation enforcement within a specific
country or state, both within and outside the EU.

3) Business/Industry:

Commercial entities involved in the aviation sector:

« Airlines: Companies offering air transport services.

» ANSPs (Air Navigation Service Providers): Organizations managing air traffic control
and navigation services.

« Airports: Facilities providing infrastructure and services for air travel.

» Manufacturers: Companies involved in aircraft and component manufacturing.

« Additional Service Providers: Various service providers integral to aviation operations.

4) Industry Associations:

Organizations representing and supporting the aviation industry:

* IATA (International Air Transport Association): Trade association for the world's
airlines.

» A4E (Airlines for Europe): A European association representing leading airlines.

» CANSO (Civil Air Navigation Services Organization): Represents ANSPs globally.

» A6 (Airport Council International - ACI Europe): Represents European airports.

« Unions: Representing the workforce within the aviation sector. [1]

In the field of civil-military coordination and cooperation in Europe, the “military
force” plays a key role, representing a cohesive force in ensuring the integrity and security
of airspace.

« As a "government regulator”, they vigilantly monitor and enforce rules that ensure the
orderly functioning of the airspace.

* Functioning as an “ATM/ATM service provider,” the military manages air traffic,
precisely ensuring a continuous flow of civil and military flights.

* As a "military aviation operator,” they move purposefully through the skies,
demonstrating strength and skill in air operations.

* As an “airspace user,” the military partners with civilian organizations to share airspace
and navigation to maintain operational efficiency.

In European air traffic management (ATM), the challenge is twofold: managing
sustained growth while addressing disruptions like the COVID-19 pandemic. Recent
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years have shown insufficient airspace capacity, resulting in prolonged delays and
operational hurdles, hindering overall air transport efficiency. These delays incur extra
costs for airlines and increase the carbon footprint due to less fuel-efficient routes. ATM
faces diverse challenges, including the need for scalable air traffic control capacity and
environmental sustainability. The emergence of new entrants like drones adds complexity,
demanding innovative solutions. The increasing digitization necessitates a stronger focus
on safety and security against threats like cyberattacks.

The Single European Sky (SES) initiative, inaugurated in 2004, stands as a
comprehensive response to the fragmentation of European airspace. Its primary objective
is to enhance ATM performance across dimensions — safety, capacity, cost-efficiency, and
environmental impact. A pivotal player in realizing these goals is the Single European
Sky ATM Research (SESAR) Project, a collaborative effort uniting the resources and
expertise of civil and military stakeholders alongside EU institutions. Through the
development of cutting-edge technologies and innovative operational approaches, SESAR
strives to elevate ATM performance to new heights.

In recognition of the immediate need to address flight delays in the European Union,
the European Commission has entrusted Eurocontrol with the role of Network Manager
until 2029. This appointment comes with a mandate to identify short-term congestion and
delay reduction measures during peak travel periods. Complementary measures have been
integrated into Commission Implementing Regulations, notably the Network Functions,
and Performance and Charging Scheme Regulations.

Anticipating long-term challenges, the Commission has proposed a set of structural
changes encapsulated in the SES2+ reform. Unveiled in 2020, this reform envisions a
sector capable of realizing its economic potential in a balanced manner. It advocates for a
more flexible and scalable provision of air navigation services, aligning with the evolving
operating environment of today and the foreseeable future. Additionally, the SES2+
reform seeks to enhance environmental performance, making strides toward a sustainable
and adaptive European aviation sector. This ambitious agenda includes proposed
amendments, notably in 2020, accompanied by a proposal modifying the EASA Basic
Regulation to bolster EASA's capacity as the Performance Review Body. In essence, the
SES2+ reform serves as a blueprint for a European aviation sector that is resilient,
adaptable, and environmentally conscious. [5]

The Military Position in SES

In the intricate tapestry of the Single European Sky (SES) initiative, the military
assumes a multifaceted role that extends beyond crisis management, permeating the
realms of air navigation service provision, airspace usage, airport operations, and
governmental regulation on a daily basis. The implications of SES, coupled with its
technological cornerstone, the Single European Sky Air Traffic Research (SESAR)
program, hold profound significance for the military.

As an air navigation service provider, the military contributes not only to its traditional
roles but also embraces a pivotal position in fostering the seamless integration of
European skies. The directive from Member States to the European Defense Agency
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(EDA) encapsulates three key objectives that underscore the military's central role within
the SES framework:

Firstly, there is a mandate to connect the armed forces with each other and with
European institutions. This directive recognizes the interconnected nature of military
operations and emphasizes the need for collaborative efforts to enhance communication
and coordination among European military entities.

Secondly, the military is tasked with developing strategies to involve European
militaries actively in the SES initiative. This involves not only aligning military operations
with SES objectives but also ensuring that the unique capabilities and expertise of armed
forces are leveraged effectively to contribute to the overall success of SES.

Thirdly, the EDA is directed to facilitate Member States' access to EU funding for
technology initiatives under the SESAR program. This underscores the commitment to
leveraging the technological advancements brought forth by SESAR, ensuring that
military entities are equipped with state-of-the-art tools and systems to enhance their
operational efficiency within the SES framework. [7]

Conclusion

Civil-Military Coordination (CMC) in Europe remains pivotal, fostering collaboration
among various entities to effectively manage crises. The cooperation between civilian and
military sectors, facilitated by joint frameworks and shared strategies, optimizes resources
and capabilities. This collaboration, overseen by regulatory bodies like the EU, EASA,
and national authorities, emphasizes compliance, safety, and mutual understanding. The
continuous refinement of CMC practices, coupled with initiatives like SES and SESAR,
underscores Europe's commitment to enhancing airspace management. Through
adaptation, technological advancements, and unified efforts, CMC in Europe ensures
preparedness and resilience against multifaceted challenges while upholding
humanitarian principles.
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METOA MIABUINEHHA E@EKTUBHOCTI ABTOMATHYHOI'O
3AJIEZXKHOI'O CITIOCTEPEXXEHHSA

Konueniist aBTOMaTHYHOTO 3aJI€)KHOTO CIIOCTEPEIKEHHS Y ITUPOKOMOBHOMY PEXUMI
(ADS-B) siBisie cob0r0 TpaHcopMaliiiHuil porpec y cydacHiit aBiariiuii exuimi. s
cHcTeMa BiZlirpae KIIIOYOBY POJIb Y MiABUINEHH] O€3MEeKN yIPABIiHHS TOBITPSHUM PyXOM,
3a0e3rnevYeHHI Oe3MeKH MOJIbOTIB Ta MiJBUIICHHI CUTYalifHOT 0013HAHOCTI SIK MIJIOTIB, TaK
i aucneryepis moBiTpsHOro pyxy [1, 2]. ADS-B € BaIMBHM KOMIIOHCHTOM MIMPLIOL
Mepexxi ADS-B, sKka BHKOPHUCTOBYE CHCTEMH TOYHOTO MO3WIIOHYBAaHHS JUIS
3a0e3MeYeHHs] TOJIOKEHHS JIiTaka B PEAIPHOMY 4Yaci, BHCOTH, LIBHIKOCTI Ta
inenrudikaniinoi inpopmarii [3, 4]. ADS-B — ne cucrema nudpoBoro oOMiHy 1aHUMH,
BCTAaHOBJICHA Ha JTaKaxX, SIKa ABTOHOMHO TPAHCIIOE >KUTTEBO BaXIIUBY IOJBOTHY
iHpopMaLit0o Ha Ha3eMHi craHmii Ta iHm sitaku. Llg iHQopMmamis BKIIOYae TOYHE
MOJIOXKEHHS JIiTaKa, BUCOTY, IIBUAKICTh Ta YHIKaJdbHUHN imeHTH(ikamiitanit xox. LIi
TpaHCIALI] BigOYBAIOTECS Yepe3 peryJisIpHi MPOMDKKH 4acy, sIK MPaBHJIO, OJUH pa3 Ha
CEeKYH/IY, 1110 T03BOJIsIE BCEOIYHO i B PEKUMI PEabHOTO Yacy BiICTE)XYBATH JITAKH B 30HI
nokpurts ADS-B [5]. ADS-B crniupaeThbes Ha KillbKa KIFOUOBHX KOMITOHEHTIB:

1. IIpuiiMay curHAIIB I7I00ANBHOT CYITyTHUKOBOI CHCTEMH HaBiramii /Uit BU3HAUYCHHS
KOOPJAWHAT MiCLETIONIOKEHHS JIiTaKa.

2. JlirakoBuii Bigmosinad. Tpancnonaep ADS-B Binmosigae 3a TpaHCIALIO JaHUX
JliTaka Mo TeBHii pagio9acToTi.

3. Hazemni cranmii: Hazemni HazemHi cranmii ADS-B npuiimaroTs i mepesaroTh 1aHi.

BaraTo aBianiiiHux opraHiB y BCbOMY CBITi yITOBHOB)XHJIM IPHHHATH 0OJIaHAHHS
ADS-B Ha meBHi THNM NOBITPSHUX CyJAeH, 3a0e3Nedyroud JOTPUMaHHS LUX HpPaBHII
HEOOXiJHUM IJIsl IPOJOBKEHHsI Ollepaliii y KOHTPOJILOBAaHOMY HOBITPSTHOMY IPOCTOPI.
i mo3BOMH MiAKPECTIOTh KPUTUYHY poib ADS-B y MomepHizalii Ta BIOCKOHAICHHI
YIPaBIiHHS MOBITPIHUM PYXOM.

Bcranosnennss ADS-B  mpomonye 0e3mid TepeBar, BKIIOYAIOYH: ITiJBHICHHS
0e3MeKkr B PeKUMI peajlbHOTO Yacy, TOYHI JaHi IO IMOJOXKEHHS JIiTaka OMOMararTh
YHUKHYTH 3iTKHEHb B YIPABIiHHI MOBITPIHUM PYXOM, 3MEHIIYIOUM PU3HK 3ITKHEHHS B
HOBITPi; e(eKTHBHE YNpaBIiHHSA MOBITPSHUM MHPOCTOPOM LULIXOM ONTHMi3aii
MapuIpyTH3alil Ta 3MEHILEHHs 3aTOpiB; 6araTo aeporopTiB Ta MapIIPyTiB BUMararoTh
ADS-B s nmoctymy 0 KOHKPETHOTO KOHTPOJIBOBAHOTO MOBITPSIHOTO MPOCTOPY,
3a0e3nevyIour aBiakOMIaHisIM OLIbLI MPSMi Ta eKOHOMIYHI IUISIXH MOJBOTIB; 3 IUIMHOM
yacy BcTaHoBIeHH ADS-B Moxke mpu3BecTH 10 €KOHOMIl KONITIB 3a paxyHOK
iABUIIEHHS €()eKTUBHOCTI, 3MEHIIEHHS 3aTPUMOK Ta IiJBHINEHHS SKOCTI TEXHIYHOTO
obcmyrosyBanusa. Cuctema ADS-B € HapikHIM KaMeHeM CydacHOi aBiarii, o Beae B
eNoXy MiABHUINEHOI Oe3mekd, e(eKTHBHOCTI Ta KoopAWHamii B HeOl. ABTOHOMHO
nepeaanydd KpUTHYHI aHi moabpoTy, ADS-B rapanTye, mo aBiawiiini ¢axisii Bol1oaifoTs
iHCTpyMEHTaMHt, HEOOXiAHMMHU mjs Oe3neyHoro Ta e(EeKTHBHOTO MepeMillleHHs
CKJI[JHOIIIB  ChOTOJHIIIHBOrO MOBITPSHOIO IIPOCTOPY, B KIHIEBOMY MiICyMKY
MIPUHOCSYM KOPUCTh MTACAKHPaM Ta aBiauiiiHii raxysi B Hijomy.
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ADS-B € KpUTHYHOIO CHCTEMOIO CIIOCTEPE)KEHHSI Y IIMBIIBHI aBiarlii JUIst BiACTEKESHHS
JITaKiB, CTHKAEThCS 3 IOTCHLIMHMUMHU IpoOIeMaMH Iiepeadi JaHMX, SKI MOXYTb
MIOCTaBUTH Wi 3arpo3y TOYHICTh 1 HaAilfHICT TpaHciboBaHOI iHpopmanii. Taki
mpobaeMu, SK €IeKTPOHHI NMEpelIKOAM, aHTeHHI mpolieMH Ta mpoOieMH LiTiCHOCTI
JaHUX, MOXYTh NOpyWHUTH curHaia ADS-B, mo npu3BoauTh 10 HOIMIKOMKEHOI abo
HEMOBHOI TMepefadi JaHWX. TOYHA 3BITHICTH MNPO MO3MLII0, HAPLKHUNA KaMiHb
¢yukuionansHOCTi ADS-B, 3anexuts Bing Hagiitaux GPS a6o iHmmx mKepen mo3uuii, 1mo
pobuTh Oymbp-sKi MOB'si3aHi 3 UM Ipobiemu, B ToMy uncii 3 GPS-mpuitMauem abo
CYINYTHUKOBHUM IIOKPHTTSIM, 3Ha4yHOIO mpobiemoro. Kpim Ttoro, 360i mporpamHoro
3a0e3nedyeHHs abo NMPOIIMBKU Ta NMEPEBAHTAKEHHS MEPEXi B 30HAX IMOBITPSHOTO PyXy
BHCOKOI LIITBHOCTI MOXYTh CHPHATH IpobieMaM nepenadi. HecTaGinbHICTh KUBICHHS
Ta HEBiAMOBiAHICTh mpaBwiaM ADS-B TakoX MOXyTb BIUIMHYTH Ha CYMICHICTH Ta
HaJAIHHICTE Iepeaadi.
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ATM SECURITY

Various measures are implemented to protect valuable assets against a variety of perils
such as criminal activities, espionage, sabotage, and assaults. To ensure thorough
security, these tactics encompass the use of monitoring, encryption, restrictions on access,
and routine evaluations that target weaknesses.

A Definition for Security:
Safeguarding civil aviation against acts of unlawful interference. This objective is
achieved by a combination of measures and human and material resources.
Safety and security are considered the airline industry’s top priorities. However, disruptive
passengers have, over the past several years, become more prevalent and unruly passenger
incidents are currently a very real and serious threat to both safety and security.
There are numerous threats that can happen in airport or aircraft. These include, but are
not limited to:

- Terrorist

- Criminal

- Extreme activists/hacktivists

- Disgruntled staff
Protection
Each airport security service can use several approaches:

- Physical measures.

- Personnel activities.

- Information (logical/electronic measures “ICT”) and;

- Organizational measures

Annex 17 to the International Civil Aviation Organisation (ICAO) Chicago Convention

(Convention on International Civil Aviation Security Safeguarding International Civil
Aviation Against Acts of Unlawful Interference).
Aviation Security is a national responsibility

- The national responsibility is in terms of prevention and response

- International cooperation is required
Doc 8973 (The Security Manual for Safeguarding Civil Aviation Against Acts of Unlawful
Interference)

- assists Contracting States in implementing Annex 17

- it provides guidance on the application of the SARPs (Standards and

Recommended Practices) of Annex 17.
Regulation No. 300/2008 on common rules in the field of civil aviation security

Provides the basis for a common interpretation of Annex 17 of ICAO. [1]
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Objectives
- setting of common rules to protect civil aviation against acts of unlawful
interference that jeopardize the security of civil aviation.
- mechanisms for monitoring compliance
Shall apply:
(a) all airports that are not exclusively used for military purposes;
(b) all operators, including air carriers, providing services at airports referred to in point
(a);
(c) all entities applying aviation security standards that operate from premises located
inside or outside airport premises.
IR (EU) 2023/203 of 27 October 2022
» Amendment of BR 2018/1139, IR 2017/373 and many more
» These IR sets out the requirements to be met by the organisations and competent
authorities in order:
* (a) to identify and manage information security risks with potential impact on aviation
safety which could affect information and communication technology systems and data
used for civil aviation purposes,
* (b) to detect information security events and identify those which are considered
information security incidents with potential impact on aviation safety,
* (c) to respond to, and recover from, those information security incidents.
Assets, Threats, Vulnerabilities, Controls
Aviation Assets to be Protected
- Servise Provision
- Physical Infrastucture
- Infotainment Sysytem
- Vehicles
- Communication System
- Surveillance System
- Navigation System
Potential Threats
- Social Engineering
- Unauthorized Action
- Compromise of Information
- Loss of Essential Service
Vulnerability increases the risk of unwanted outcome from an incident, event or
occurrence.
Types of Controls:
- Operation of ICT System
- Organisation, Culture and Management
- Corporate Direction and Policy
- Acquisition and Development
- Physical and Enwironment Security
- Compliance
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Cyber scope (ICAO)
Cyber security or information technology security are the techniques of protecting
computers, networks, programs and data from unauthorized access or attacks that are
aimed for exploitation.
Aircraft Communications, Addressing and Reporting System. (ACARS) Message
Security (AMS)
« confidentiality
« authentication
ACARS can protect many aspects of privacy when using ACARS Message Security
(AMS)
* potential privacy breaches, we define four categories of aviation privacy: existence,
intention, status, and passenger/cargo information.[3]

Our European Air Traffic Management Computer Emergency Response Team (EATM-
CERT) protects against cyber threats that can impact the confidentiality, integrity and
availability of operational IT assets and data.
EATM-CERT: catalogue of services
- Incident Response
- Cyber Threat Intelligence
- Security Assessment
- Alerta and Warnings
CERT services: Share info to prevent incidents and coordinates response to incidents
Federate multiple systems/services and their SOC(s)
- Proactive services ,
- Reactive services.
SOC services: (H24) monitoring of systems/services activities to detect abnormal
situations
- Analyse abnormal situations detected by SIEM (Security Information and Event
Management) tool
- Filter false positive alerts (e.g. within 45”)
- Analyse true alerts/incidents and propose remediation actions (e.g. within 1 or
24 hours)
- Improvement of abnormal situation detection criteria/threshold (“correlation
rules”) using
CERT info
- Update SIEM with info provided by CERT [2]

Conclusion

In essence, civil aviation security involves addressing diverse threats, including
terrorism and cybersecurity risks, through international cooperation and regulatory
compliance. The protection of aviation assets requires consideration of physical
infrastructure and information systems, with a focus on identifying and mitigating
vulnerabilities. Technologies like ACARS Message Security and entities like EATM-CERT
showcase the industry's commitment to proactive security measures. In conclusion, ongoing
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adaptation, collaboration, and adherence to standards are vital for ensuring the continued
safety and security of civil aviation.
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OPPORTUNITIES FOR NON-FORMAL AND INFORMAL EDUCATION TO
TRAIN SPECIALISTS FOR AVIATION

Education in modern society occupies one of the fundamental niches in the formation of
a person's personality, and self-education, in turn, is its extension to strengthen development.

The Law of Ukraine "On Education" defines the educational process as a system of
scientific-methodical and pedagogical measures aimed at the development of the individual
through the formation and application of his competencies. The Article 8 of the Law of
Ukraine "On Education" states that a person realizes his right to education throughout his life
through formal, informal and informal education. [1]

Formal education is education that is obtained according to educational programs in
accordance with the levels of education, fields of knowledge, specialties (professions)
determined by law and provides for the achievement by the students of education of the
learning outcomes of the corresponding level of education and the acquisition of qualifications
recognized by the state, determined by the education standards.

Non-formal education is education that is obtained, as a rule, through educational
programs and does not involve the awarding of state-recognized educational qualifications by
education level, but may end with the awarding of professional and/or the awarding of partial
educational qualifications.

Informal education (self-education) is education that involves the self-organized
acquisition of certain competencies by a person, in particular during everyday activities
related to professional, social or other activities, family or leisure.

The Law of Ukraine "On Education" Learning outcomes obtained through non-formal
and/or informal education are recognized in the formal education system in accordance with
the procedure established by legislation.

The terms "non-formal™ and “informal™ education appeared in the scientific circulation of
the European educational space in the last two decades and were a reaction to the
transformation of approaches to creating freer access to education for broad categories of
society. This transformation took place in an evolutionary way along with the development of
communication technologies, which contributed to the emergence of alternative forms of
education. By the latter we understand those listed in Article 9 of the Law on Education:
distance, network, workplace, dual education. [3]

It is important for all young people to focus on the aspects of education not only
superficially, but also to deepen their knowledge with the help of auxiliary resources in order
to occupy their stable and confident place in modern society.

Online courses and platforms are one of the auxiliary resources that help to acquire
knowledge in the relevant field. They contain a lot of useful information that a student can
use not only to improve their knowledge during formal education, but also to improve their
skills during practical training for work, which, by the way, is highly valued by employers.

59



BCEYKPAIHCBKA HAYKOBO-TEXHIYHA KOH®EPEHIIISI
JIPOBAEMU PO3BUTKY '’AOBAABHOI CUCTEMMU 3B’43KY, HABITALIII,
CIIOCTEPEXKEHHS TA OPTAHI3ALIII ITIOBITPSIHOTI'O PYXY CNS/ATM>»
20 - 22 Aauctonaza 2020 p., HAIIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KU1iB
In the field of aviation, self-education is not an exception. On the contrary, the more
various courses and training a student has completed, the higher the level of his knowledge
and practical skills are.

Previous knowledge

1T

Basic knoMedge and
general competences

r

Specialized knowledge and
professional competences

J

Knowledge and competences
for specific professional
role/position

Fig. 1 The process of forming professional knowledge and competences

In Figure 1 the process of formation of professional knowledge and competences of a
person who is occupying a specific role / position is shown. At the first level the previously
acquired knowledge (at school, college) plays the role of a base for the basic knowledge and
general competences that are acquired during the first years of higher education at the
university. Later, as a result of studying professionally oriented disciplines and obtaining a
bachelor's/master's degree in a chosen specialization, specialized knowledge and professional
competences should be added. The final stage is the acquisition of knowledge, competences
and skills that allow the individual to become professional for a specific role or position. This
type of knowledge could be acquired at the beginning of a career as a trainee or intern. Non-
formal and informal forms of education make it possible to supplement the process of
education at intermediate levels by diversifying its methods and sources, both basic and
specialized knowledge and skills.

The most reliable and professionally oriented courses for self-education in the field of
aviation are specialized courses from the world-famous international organization ICAQ. [2]

The ICAO official website (fig. 2) offers many trainings and courses that anyone can
purchase and complete, such as “Aeronautical Spectrum Use with Special Focus on VHF
(ASU)”, “Aviation Data-driven Decision Making”, “Aviation Fundamentals” and a lot of
others. The student only needs to have the Internet, a digital device and knowledge of the
language in which the course is written. All courses are usually available in English, but some
of them are offered in additional French and Spanish languages. The student can
independently choose the language of study according to his desire and relevant knowledge.
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Self-paced Training [T

Fig.2 ICAO self-pacced training site

Each course consists of several modules, a block of active vocabulary and a final test,
which will determine the result of the student's knowledge after completing the course.
Accordingly, the format of training does not differ from the format of presenting information
at universities, which will be familiar and comfortable for anyone. Upon completion of the
course, the student receives a special certificate issued directly by the ICAO organization,
which is, accordingly, international.

The price of such a course can vary from 200 to 800 US dollars, and for more in-depth
training, which is conducted not only online, but also face-to-face, it will be from 1000 dollars
and higher. Nevertheless, the ICAO organization often offers discounts of up to -50% on
certain options, so the most detailed and up-to-date information should be monitored on the
ICAO official website regularly.
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METO/I NIABUIIIEHHSI TOYHOCTI BXIJHOI IH®@OPMAIIII 3 JATYUKIB
BILIA

3a ocTaHHI POKM BUKOPUCTAaHHS O€3MIOTHHX JiTanbHux amapatiB (BIIJIA) 3HauHO
3pOCTae, i BOHU CTAOTh HEBIJ'€MHOIO YaCTHHOIO Pi3HUX Tally3ei, BKIIIOYal0YH BiiiCHKOBI,
KOMEpIiifHi Ta HaykoBi 3acTocyBaHHsA. OnHaKk me 30iiblneHHs BUKopucTaHHS BILIA
CTaBHUTh TIEpPE]] HAMU IiJBHUINCHI BHMOTH IO TOYHOCTI Ta HAJIHHOCTI 30UpaHHA Ta
00po6ku BxifgHOi iH(opMarii 3 matumkis [1, 2]. JIoCSTHEHHS IIMX BHMOT € KPUTHIHUM
3aBIaHHSAM, OCKUIBKHM TOUYHICTH iH(opMarii, oTpuMaHOi BiJ DaTYMKiB, Ge3MOCepeTHbO
BIUTMBA€E Ha Oe3MeKy, epeKTUBHICTH 1 pyHKIIoHANBHICTH BITJIA.

TouHicTh BU3HAYCHHS MICHE3HAXO/DKEHHS, OIHKAa OTOYYIOUOTO CEpeNOBHUINA Ta
HaBiraiist € KpUTHYHIMU A7 0araTboX 3aCTOCYBaHb, ¢ BUKOpPHCTOBYIOThCS BITJIA. 3
IUIMHOM Yacy TOYHICTh JaHHX, OTpuMaHuX 3 fdartuukiB BITJIA, Moske moripuryBatucs
Yyepe3 pi3HOMaHITHI (paKTOpH, TaKi K 3HOIIEHICTh JAaTYNKIB, MarHiTHi BIUTUBH, IIOMIJIKH
GPS-curnany ta norozxHi ymoBu. Lli 00MexeHHSI MOXYTb IIPU3BOJUTH 10 BTPATH JaHUX,
HEKOPEKTHOI HaBiramii Ta HaBiTh aBapiii.

€ MOXXJIMBICTh BUKOPUCTOBYBATH METO M ('f0311 TAaHUX, AKi TO3BOJIAIOTH 00'€ THYBATH
indopmariro 3 pi3HMX JaTYMKIB, aHAi3yBaTH ii Ta HagaBaTH OUIBLI TOYHY i HaAINHY
iH(pOpMaLiIo I IPUHHATTS pilieHs 1 kKoHTpoo Hax BITJIA.

OnuH 3 TOJIOBHUX BUKIIUKIB BUKOpUCTaHHS AatdnkiB y BIIJIA monsrae B Tomy, mo
KO>KEH JIaTIUK Ma€ cBOi 0OMexeHHs Ta TouHicTh. Hanpuknan, GPS Moxke OyTH cXHIbHAM
JI0 TIOMUJIOK B 30HI OOMEXEHOTO CYITyTHHKOBOTO 3B'SI3Ky a00 B YMOBaX BHCOKO{ MiCBKOL
3a0ynoBU. AKcelnepoMeTpu HifjaTiuBi 10 myMmy Ta apeidy. Jlimapu MoxyTs OyTh
00MexeHUMH 00'€KTaMH, 110 TIEPEeKPUBAIOTH JITHIIO BHIMMOCTI.

@'lo3is AaHMX HaJgae MOJJIMBICTH KOMIIGHCYBAaTH HENOJNIKM OJHOTO JaTduka 3a
nornoMoroto iHmoro. Hanpuknan, sikimo GPS curnan crae Hemoctymuum, BITJIA moxe
BUKOPUCTOBYBATH JaHi BiJl XHPOMETPIB 1 aKcelIepoMeTpiB Ui BH3HAYEHHS CBOTO
MOJIOXKEHHS 1 opieHTamii. Take o00'emHaHHS [OaHUX 3 PI3HUX JAaTYUKIB JI03BOJISE
MiABHIINTH 3arajibHy TOYHICTh Ta HAIIMHICT CHCTEeMH HaBiramii Ta kKoHTpomto BITJIA.

[IpoBenemo mopiBHSAHHSA TouHOCTI Hairamii BITJIA mpu BuUKOpHCTaHHI NPSMOTO
PO3paxyHKy Ta agantUBHOT ('to3ii qaHuX.

3a IpsIMUM PO3paxyHKOM, SIKIIIO MAa€EMO HACTYITHI BXiJHI JaHi:

— To4HicTh natuuky GPS — 5 m;

— TOYHICTb iHepLianbHuX AaTunkis — 0,1 m/c?

Tomi mns 5 cexynp pyxy BITJIA 6e3 onoBiens nannx GPS (1o MOXIIHBO y BUIAAKy
TOTIa/IaHHs B 30HY 3aBaJ]) OTPUMAEMO HACTYIHY TOYHICTb:

Acceps = 6d * sqrt(At),

ae:

8d - mouaTkoBa noxudka GPS (meTpn);

At - yac BUMipIoBaHHs (CeKyH/H, ane B popMyIii Kpaie BUKOPHCTOBYBAaTH
6e3po3MipHHil GonpMar).

Acceps =5 M - (5 cex)®® = 11,18 m.
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ne Acceps — TouHicTh GPS 3 gacom.

Y KOHTEKCTi HaBiralmiitHux cucrem, Takux sk GPS, moxubku BUMIiprOBaHb 3a3BUYAil
PO3MOMIIAIOTECSL  cTaTUCTHYHO. lle o3Hauae, IO IOMWIKKM BHMIPIOBaHb MAalOTh
BUNIAIKOBHI IMOBIPHICHUH XapakTep 1 MOXKyTh OyTH ONHUCaHI PO3MOIiTIOM HMOBIPHOCTI,
TaKuM K HOpMaJbHUH (TayCOBHI) PO3IOILIL.

VY TtakoMy BUMNanKy, Ko ToyHicTh GPS BH3HaueHa Ha MeBHOMY piBHI, TO I
TOYHICTh BIJHOCHTBCS [0 CTaHZAPTHOTO BIIXWIEHHS po3mnoaury mnommiok. o6
BU3HAYNTH TOYHICTB MICIS MIEBHOTO Yacy, MH BUKOPHCTOBYEMO IPUHIMII "KBAaIpPaTHOTO
KOpeHsl 3 4acy'", OCKUIBKM aucIepcis (KBaipaT CTaHZApTHOTO BIIXWICHHS) 3pocTae
IIPOTIOPLIIHO Yacy.

s popmyna € 3araTbHOIO Ta BAKOPHCTOBYETHCS JUIS OI[IHKH TOYHOCTI HABITaIlitHAX
CHCTEM B 3JIE)KHOCTI B/l 4aCy BUKOPHCTAHHS IHCTPYMEHTIB.

VY BHIAAKYy OTpUMaHHS OHOBJIEHb KoopAauHaT GPS uepes KOpOTKiI MPOMIXKH Hacy,
¢dopmymna TouHOCTI Bim wacy Oyae MaTH IHIIy IHTEpIpeTalilo. SIKImo peryaspHo
OTpUMYBaTH OHOBIEHHA KoopauHaT GPS 1 BOHM He € HaKOMMYyBaJbHUMH (TOOTO BOHU
HAAXOAATH ©Oe3 3MiHM TMONMEpeAHIX JaHHWX), TO TOYHICTb MOJOXXEHHSI MOXKE
TIOKPAIIyBaTHCS 3 KOXXHUM HOBHM BHMipPIOBaHHSIM.

Jlns  BU3HAYCHHSA TOYHOCTI ICHsA KOXHOTO oOHOBIeHHA GPS  koopauHaT
HEeoOOB'sSI3KOBO MOTPIOHO BPaXxOBYBaTH KBAJIpaTHUH KOpIiHb 3 yacy. B mpomy BHmaixy,
SKII0 ToYHiCTh GPS OLIHIOETBCS SK 5 MeTpiB, TO 3 HOBHMH BHMIPIOBaHHSIMH 4Yepe3
KOPOTKHH TPOMDKOK Yacy Ballla TOYHICTh TaKOX 3aJHIIATUMEThCS OIM3BKOI0 A0 5
METpiB, 32 YMOBH, IO MOMWJIKYA BUMIPIOBAaHb 3aJIMIIAIOTHCS MIPUOIU3HO HAa TOMY XK PiBHI.
TPaeKTOPii 32 JOIOMOTO0 iHEpIiaTbHAX JaTYHKIB.

3 ypaxyBaHHIM IbOTO TiaX0y: ACCeps MOKE ITPUIMAaTH 3HAYEHHS B J[iana3oHi Bix 5
mo 11,11 m.

[IpoBeneMO pO3paxyHOK TOYHOCTh TPAEKTOPii 3a IOMOMOTO iHEPIATbHUX
JIATYUKIB.

Jnst mpaBMIBHOTO pO3paxyHKy TOYHOCTI TpaekTopii (AcclS) 3a momomororo
iHepIiabHUX JaTYNKIB MOYKHA BUKOPHCTOBYBATH HACTYIHY (popMyIy:

Accis = (0a * At?) / 2,

ne:

da - moYaTKoBa MOXHOKA iHEPI[iaTbHAX JATYHKIB (M/C?);

At - yac BUMipIOBaHHS (CEKYH/IH).

Accis=0.1m/c?-5¢-(5¢/2)=125wm.

ne ACCis — TOYHICTh TPAEKTOPIi 3a TOMTOMOTO0 1HEPIliaJbHUX JATUHKIB.

3aranpHa TOUHICTh TpaekTopii Bix 6,25 M 10 12,36 M.

Po3paxyemo TOYHICTb 32 afanTHBHUM MigXoaoM [3, 4].

[Ipunycrumo, mo:

weps= 0.8, wis =0.2.

e wcps — Bara GPS;

®Is— Bara iHepmialbHUX JTATYUKIB.

J11s po3paxyHKy TOYHOCTI TPAEKTOPIi 32 JOMOMOTOI0 aIalITUBHOTO MiIX0ay 10 ¢'ro3il
nanux (Accap) 3 Baramu ocps = 0.8 Ta wis = 0.2 BUKOPHUCTOBYEThCS HACTYITHA (opMyia:

Accap = ((weps + Acceps)® + (oIS - Accis)?)®?,
ne:
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Accaeps - Tounicts GPS (5 m)$

Accis - TOUHICTb iHepiiansHux qaraukis (0.1 m/c*)$

waps - Bara GPS (0.8)$

is - Bara iHepuiajdbHUX AaT4uKiB (0.2).

[lizcTaBUMO 3Ha4YEHHS 1 PO3PaAXyEMO:

Accap = V((0.8 - 5 M)2 + (0.2 - 0.1 M/c2)?) = V(4 M2 + 0.0004 M2) =
=~(16 + 0.0004) = 4.0001 M.

OTxe, TOUHICTh TpaekTopii (AccaD) 3a AOMIOMOTOI0 aAaNTUBHOTO MiAX0Ly A0 ¢'ro3ii
JaHuX AopiBHIoe mpudausHo 4.0001 metpa.

Sk 6auMMO alanTUBHUHN TMiIXi]] 3a0e31eUye 3HAYHO KpaIlli pe3yIbTaTH TOYHOCTI.

BucHoBkn

Merton §'to3i1 JaHNX HaJa€ MOXKJIMBICTh IOEIHATU 1HGOPMAIIIO 3 PI3HUX JATUHUKIB,
KOMIICHCYIOUM OOMEXEHHs Ta HETOYHOCTI OKpeMuX AaTdukiB. lle mo3Boisie mocsarta
3HAQYHOI'O0 IMMIBMINEHHS TOYHOCTI 1 HAJIAHOCTI BH3HAYCHHS MICIIE3HAXOKCHHS,
opienTanii Ta HaBiramii BIIJIA, mo B cBor 4epry cnpusie Oe3meri Ta epeKTUBHOCTI ixX
3aCTOCYBaHHSI.

Taxox cii 3a3HaYUTH HEOOXITHICTh MOAANBIINX JOCTIKEHb Ta PO3BUTKY 00JacTi
¢'10311 naHux Ui 6e3MIIOTHHX JITAIBHNX anapartiB. CydacHUH pO3BHTOK TEXHOJIOTIH Ta
3poctanHs 00cary BukopuctanHs BITJIA mpu3BoIsTh 10 HOBHX BHKJIHKIB Ta 3aBIAHb y
rajxy3i TOYHOCTI i HaIiifHOCTI CHCTEM.

MaiiOyTHI JOCIIUKEHHSI MOKYTh CIIPSIMOBYBATHCSI HAa pO3pOOKY OUIBII CKIIAJHUX Ta
e(peKTHBHUX MeToAiB ('fo3ii JaHMX, a TaKoK Ha BIIPOBAKECHHS CyYaCHUX aITOPHTMIB
MAaIIMHHOTO HABYaHHS IJIsI aBTOMATHYHOIO BHSBICHHS Ta KOMIIGHCALii HEIONIKIiB B
poboti nmarumkiB. Po3BuTOK mi€i 007acTi CIpHATHME MONIIMIICHHIO (YHKIIOHATBHUX
xapakTepucTHK Ta 6e3neku BIIJIA, mo, y cBOIO 4epry, BiIKpUBaTUMe HOBI MOKIMBOCTI
JUIst iX BUKOPUCTAHHS B Pi3HHUX TalTy3sX.

Cnucoxk Jirepatypu
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METO/IH NIBULIEHHS CTIHKOCTI I HAIIHOCTI IAHUX B
ABTOHOMHHUX CUCTEMAX HABIT AT

ABTOHOMHI CHCTEMH HaBiraumii € BaXJHBOIO CKJIQJOBOI0 CyYacCHHX TEXHOJOTIH i
3HAXOAATh HIMPOKE 3aCTOCYBAHHA Y PIi3HHX cdepax, BKIIOYAIOUM OE3MUIOTHI JiTalIbHI
amapatu (BITJIA) i aBTOMOG111, poOOTH, a TAKOXK B CHCTEMax MOHITOPHHIY Ta HaBiramii
JUTS BINCHKOBUX, KOMEPIIHHUX 1 IUBUTHHUX 1iIed. OCHOBHUME BUMOTaMH JI0 IIUX CUCTEM
€ TOYHICTh Ta CTIHKICTh, OCKUIBKH BOHU MOBHHHI 3a0e3medyBat OesmnepebiitHy podoTy
HaBiTh Y BUMOIJIMBHX YMOBaX Ta B YMOBaX OOMEXEHOI MOCTYIHOCTI 3eMHHX abo
CYIlyTHUKOBHX CHTHAJIB.

AKTyaJnbHICTh JAHOTO JOCIIKEHHS OYEBHUIHA, OCKUIBKA 3POCTAHHS BUKOPHCTaHHS
aBTOHOMHHX CHCTEM HaBiramii B pi3HUX cepax moTpeOye HOBHX METOJIB Ta CTpaTeriil
IUIst 3a0e3nedeHHst iX criikocti Ta HazaiiiHocti [1]. 36inbmIeHHs KiTBKOCTI aBTOHOMHHX
TPaHCHOPTHHX 3ac001B, PO3IIUPEHHS Jlialla30Hy 3aCTOCYBaHHS IPOHIB 1 poOOTIB, a TAKOK
notpeda B HATIHHUX CHCTEeMax HaBiramii A7 BIiCHKOBHX OIepalliii BUMararTh po3poOKu
i BIIPOBAJPKCHHSI HOBUX METOJIIB Ta TEXHOJIOT1M.

IHHOBAIIHHI MAXOMM IS MIJBUIIEHHS CTIMKOCTI B aBTOHOMHHX CHUCTEMAaX Hapirarfii
MOXYTb BKJIFOYaTH B ce0e HACTYITHI aClIeKTH:

1) BUKOpHCTAHHSI Cy9acHHUX CYIyTHHKOBHX CHCTEM, LIO Tependadac BUKOPHCTAHHSI
HE TUIBKH OCHOBHHX I'PaBIiB Ha PHHKY HAJIaHHS IIOCITYT 3 BU3HadeHHs koopauHat (GPS
i GLONASS), a Takox BUKOPHUCTOBYBaTH HOBi cucteMu, Taki sk Galileo i BeiDou (B
3aJIeKHOCTI BiJl TEPUTOPii HOKKPHUTTS);

2) BuKOpHCTaHHs () 103ii [aHuX, 110 nepeadadae KoMOiHYBaHHs iHpopMarlii 3 pi3HUX
naraukiB (GPS, iHeprianbHi JaTdymky, Jigapu, pagapu Ta KamepH). BuxopucraHHs
aJIalITUBHUX alrOpUTMIB ('10311 TaHKX J03BOJISIE ABTOMAaTUYHO BPaXxOBYBATH 3MiHH YMOB
i MIBUIIYBAaTH HAMIWHICTH CHCTEM;

3) BUKOpPHCTAHHS MAIIMHHOTO HABYAHHS 1 INTyYHOTO IHTENEKTYy /Ul aHami3y Ta
nependaueHHs MaHUX, IO MOXE JIOIOMOITH BHSBISATH aHOMAIil, BIOCKOHAIIOBATH
AITOPUTMH  KOPHT'YBAaHHS, a TaKOX BJOCKOHANIOBATH B3aEMOMII0 CHCTEMH 3
KOPHCTYBa4eM.

4) BUKOPHCTAHHSI CEHCOPiB HOBOTO MTOKOJIIHHS 3 TIOKPAIIEHOK TOYHICTIO 1 CTIMKICTIO
JI0 PI3HUX YMOB CHPHSTHME IMiJABUIICHHIO SKOCTi 300py iH(popMarii;

5) miABHILEHHS PiBHS KiGep3axUCTy ISl YHUKHEHHS Ta MOMEPEKCHHS BTPYYaHHS B
poboty cucTeM Hasiraiii.

Bukopucranss ¢’103i1 TaHUX Ta MITyYHOTO iHTENEKTY € Ha JJaHH MOMEHT HalOLIbII
MEPCIEKTUBHUMH HaNpsMaMH, sSKi MOJKHA BIIPOBaKyBaTH 0e3 OrJIsay Ha TEXHOJOTIl
CUCTEM HaBiramii i JaTYHKiB.

®'103is1 TaHUX JO3BOJISIE KOMOIHYBATH iHPOpMAITIO 3 Pi3HUX JDKepen [2], Takux sk
GPS, nimapu, pagapu, iHepLiaNnbHi JaTYMKH, MO TPU3BOIUTE IO MiIBUIICHHS TOYHOCTI
BU3HAYCHHS ITOJIO)KEHHS Ta IIBHIKOCTI, 0 € KPUTHYHO BAKIIUBHM JUISI aBTOHOMHOT
HaBiraiii.
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[MoeqHaHHS NaHWX 3 PI3HUX JDKEPEN JIO3BOJIIE CHCTeMi OyTH OUTBIN HAIIHHOI Ta
CTIHKOIO JIO BIIMOB OKPEMHX JIATYHKIB. SIKIIO OJIMH JaTYMK HE MpaIroe abo jae HeTOYHI
JlaHi, HII MOXXYTh KOMIIEHCYBaTH IO BTpAaTy, IO IJBHINY€e Oe3NeKy Ta HaIiHHICTh
CHCTEMH HaBirarii.

BukopucTaHHs IITyYHOTO iHTENEKTY IO3BOJILE CUCTEMaM HaBiramii aHajgi3yBaTH Ta
aJanTyBaTUCS [0 PiI3HUX YMOB, TaKHX SK HOTOAHI YMOBH, Pi3HI THIIU HOBEPXOHb, PyX
TPAHCIIOPTHHUX 3ac06iB Tomio [3].

OKpiM CTaHIApTHOTO BUKOPHCTaHHS (¢’103ii JaHWX Ui aBialiifHOI Ta MOpPCBHKOI
HaBiramii 3’IBUJIMCh HOBI ITPAaKTHYHI 3aCTOCYBaHHS ¢’ 10311 TaHUX:

1) aBroHomMHi aBTOMOOLTI (G'to3is mamux 3 GPS, mimapis, kamep, panmapis i
IHepIiaTbHUX JATYHKIB ISl TOYHOT HABITaIlil Ta BU3HAYCHHS OTOYYFOUOTO CEPEIOBHUINA;

2) nocraBka OpoHamHu (HaBiraiis B pi3HHX yMOBAaX, BKIIFOYAKOUM 3MiHH MOTOAM Ta
MEpPeIIKO/IN Ha IUIIXY, aHalli3 BXigHuX AaHux 3 GPS, xamep Ta iHIIMX AaTYUKIB);

3) HaBiraumis y 3aKpuTUX NPUMILICHHSX (B aepOIoOpTax, My3esix i iHIIMX BETMKHX
OyIIBISIX TO3BOJISE 3AIPOBAAUTH CHCTEMH Hapiramii, SIKi JOMOMararoTh KOPHCTyBadam
3HAaUTH NUIIX yCepeAWHI NpUMILICHHS, HaBiTh skmo curHan GPS BigcyTnid abo
CITa0KHii);

4) Mopchka HaBiramis: Y Mopcekiil HaBiramii ¢'ro3is qanux 3 GPS, cynmyTHUKOBUMHA
cHCTeMaMH Ta pajgapaMH  JolloMarae KopaOisiM TOYHO  BH3HAYaTH  CBOE
MICIIe3HAX0/UKEHHS Ta YHUKATH 3iTKHEHb 3 IHITMMH CyJIHAMHU.

BucHoBkn

IHHOBaIiMHI IMAXOAM IIJABUILEHHS CTIMKOCTI 1 HAAIWHOCTI [JaHUX Hasiramii
BiIrpatoTh B@XIWBY pOJNb Yy IMiABHIOICHHI e(eKTHBHOCTI 1 CTIHKOCTI 0araTtbox
AQBTOHOMHHX CHCTEM. PO3BHTOK Cy4acHHMX TEXHOJIOTiH, BJIOCKOHAJICHHS aJrOPUTMIB Ta
amapaTHOro 3a0e3NedYeHHs JI03BOJIAE JOCATTH BHCOKHMX ITOKa3HHMKIB TOYHOCTI Ta
HaJIHOCTI IIUX CHCTEM, L0 Ma€ BaXJIMBE 3HAUEHHS y 0araTbOX rayy3sx, BKIIOYAIOUH
TpaHCIOpT, 000POHY, MOHITOPHHT HABKOJIMIIIHBOTO CEPe/IOBHIIA Ta 6araTo iHIINX.
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MOJEJII CUHCTEMMU NOCAJKH HTOL BAKKHUX BIIC 3A
CHUTI'HAJIAMM I'JIOBAJIbHUX HABITALIIAHUAX CYITY THUKOBHX
CUCTEM

Beryn

V chepi uupinpHOI aBialii JOCHiAHHIBKA AISUIBHICTH CHOPSMOBAaHA Ha
IiABUIICHHS e(EKTHBHOCTI Ta MOCHJICHHS Ilijiel Oe3leKy NULIXOM HaJaHHS HOBUX
cTpareriii onepariii, Bce Iie JOCATaeThCs IUITXOM BIPOBADKEHHS Cy4acHHUX 1 HOBUX
IporeciB 3B'I3Ky, HaBirallii, ClIOCTepe)XeHHs Ta yNPaBIiHHS IOBITPSIHUM pyxoM. B
aepOoHaBITaIll Il i TOCATAIOTHCS NUITXOM BIOCKOHAJICHHS iCHYIOYHMX TOCIYT Ta
BIPOBA/KEHHSI HOBHUX, III0 3aCTOCOBYIOTBCS UISl HaBiraimii 3 MeToro 3a0e3nedeHHs
Oe3mekr, OLTBIN HAAIKHOTO MiIXoAy 3a OyIb-fKHX MOTOAHUX yMOB. ['mobGanbHa
Hapiramiina cymytHukoBa cucrema (GNSS) Oyma Bu3HavueHa sIK KITIOY0BA
TEXHOJIOTIs, 110 3a0e3neuye HeoOXiAHy iHpOpMaIlifo po Miclue3HaXoHKEHHS 1 Jac,
10 MATPUMYE HOJIBOTH 1 omeparii 3 ynpasiiHHs HoBiTpsHIM pyxoM (ATM). THCC
MOYHA CIIOCTepiraTu B ocHaleHHi HoBux jitakiB CA Air, 0CKiIbKH GUIBIIICTD 3 HUX
3apa3 obnaxHaHi i1 npuiitMadamu. GNSS MICTUTE YHCIICHHI CyITyTHUKH, HalpUKIIa],
GPS mnmsa Cnonmyuenux IlltatiB Amepuku, I'moHacc mis pociiicekol ¢eneparii,
Tanineo mis €pporneiickkoro Coro3y, beinoy anst Kurato Ta 6arato iHIIux, siki Bce
e 3HaXOAATECS B cTaii po3poOku. Lis pobGoTa mpoaeMoHCTpyBana MOXKIUBOCTI Ta
IepeBard NO€eIHAHHS TPHOX UM OUTbIIE CYIMyTHHKIB U KpaIloi NpogyKTUBHOCTI. L5
Te3a 30cepe/pkeHa Ha KIHIICBOMY 3aXO/i Ha TOCAAKy JTaka 3 BHKOPHUCTAHHIM
KOMOIHOBaHHMX CHTHANIIB JUIi 3a0e3MedeHHs HamifHOCTi Ta Oe3meku HaBiramii B
ymoBax ekcrutyatarii CAT I.

ExcnepuMeHTANbHI 10CTiKeHHS] MOJIeJIi CHCTEMU MOCAAKH

B Hamiii po60Ti peaCcTaBiIeHO Pe3ynbTaTh 00pOOKH eKCIIEPUMEHTATBHUX
JAHUX 32 XapaKTepUCTUKAMH 3aXHCTy. Pe3ynmpTaTé BigHOCATHCS IO HapaMmeTpis,
3amucanux ogHoudacHo mpu iHterpaunii GPS, IJIOHACC, Galileo (1 cucrema) i GPS,
I'TIOHACC, Galileo, BeiDou (2 cucrema). [laHi 3anucyBanucs IpH IMiIKITIOYEHHL
JIBOX HaBITaliifHUX MpuiiMadviB 10 onHiei anTeHn. KoopauHATH aHTEHH NIPUB'I3aHO 3
r'€0IC3UYHOI0 TOUHICTIO0. BuMiproBanust mpoBoauucs 20.11.2023. Jlist cuctem GPS,
['JIOHACC, Galileo xapakTepHCTHKH 3alMCyBajMCsl MPOTAroM 4522 cekyHn, s
GPS, T'JIOHACC, Galileo, BeiDou - npotsirom 7769 cekyHa.
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Mu oTpuMany HaCTYIHI JaHHi:

Puc. 1, puc. 2 - 3axucHi piBHI y BepTHUKaJbHIiil IUIOMIMHI JAIOTh 3MOTY Ha
3agaHOMYy iHTepBaii Jyacy BukoHyBatH omepaii nocamku 3a CATL 1y 95.644% mns
nepioi cucteMu i B 94.285% s npyroi. JlocTynHICTh onepauiil A Mocaaky 3
BepTUKAILHUM HaBeneHHsIM (APV) - monazn 99. 999%.

Puc. 3, puc. 4 - noctynHicTh onepariil Ui MOCaJK! B TOPHU30HTAIIBHIHN IUTONIHMHI
s CAT 1 monanx 99.999%.

Bucnosox

3a BUKOHAHUMH JOCIIKEHHIMHI MO>KHA 3pOOUTH BUCHOBKH IIIO JIpyTa CHCTEMa,
mo ckmagaetbes 3 GPS, TJIOHACC, Galileo, BeiDou, mae ripmii 3axucHi piBHI
MOPIiBHAHO 3 Tmepmolo cucTeMoro. OnHak, He MOXHA CTBEpXKYBATH, IO IIe
OCTaTOYHUI BUCHOBOK. HeoOXimHO mpoBecTH MOJaiblIi AOCIHiIKCHHS, BUSIBHTH
BHECOK KOYKHOTO Cy3ip'si B XapaKTEPUCTHKH 3aXUCHUX PIBHIB i HAOpaTH CTaTHCTHKY.
OOuzBi cuCTeMH 3 TIEBHUMH OOMEXEHHSIMH MOXXYThb BHKOPHCTOBYBATHCS IS
TIOCAJIKH.
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HNEPCHEKTHUBU PO3BUTKY CTPYKTYPU BILJIA 3 BITHOBJIIOBAJIbHUM
JOKEPEJIOM EJIEKTPOKHUBJIEHHS

V 6Ginbmiocti HeBenukux BITJIA 3acTOCOBYIOThCS €IEKTPOJBUIYHH, LIO YKUBIATHCS
Bin akymyimsitopiB. TpuBamicte mnonboTy Takux BIIJIA oOMmexeHa eMHICTIO
akyMyJsaTopHOi Gartapei. [[ns momomkeHHA 4acy mepeOyBaHHS JIITaJbHOTO amapary B
TIOBITPi MOke OyTH BUKOPHCTAHO BiJHOBIIIOBAHE [PKEPEIIO ENEKTPOXKUBICHHS y BUTIISIL
coHsYHOI (oToenekTpryHoi maneni. Taxi JiTanpHi anapaTH MaTUMYTh MOJOBXEHHN Yac
MOJILOTY Ta 3MOXYTh BHKOPHCTOBYBAaTHUCH I CIIOCTEPEKEHHS, 300py HaHHX Ta
BHUKOPHUCTOBYBATHCh B SIKOCTI IICEBJO-CYIyTHHKa (aTMochepHHi cymyTHHK). [TomiGHi
eKCIePHUMEHTAIbHI KOHCTPYKIIi BXKe peanizoByBanuch, Hanpukiaaza Silent Falcon (puc.1)
— BIUIA, nns kaprorpadysands Tta possimku[l]. Airbus Zephyr 8/S (puc.2) —
excnepuMeHTanbHUil BIUJIA g gocnmimkeHHS aTMOCepH Ta CHOCTEPEKEHb 3a
TOBEPXHENO 3eMIi, 0 y 2022 poui 30iicHUB 6e3negepBHHﬁ HoJIT mpoTsirom 64 HiB.[2]

SRANT A o -
Puc.1 Puc.2

IpoexryBanns noxi6Horo tumy BIIJIA BuMarae rapMOHIYHOTO TOEZHAHHS BCIX
KOMITOHEHTIB, IO MPsAMO BIUIMBAIOTH OAWH Ha oxHOro. OCHOBHOIO 33/1aueio €
ONTUMANBHUHN 1 paIlioHATBHUN BUOIp KOMIIOHEHTIB JITAIRHOIO amapary, BPaxOBYHOUH
OaymaHc MK eHEproe(eKTHBHICTIO COHSYHMX MAaHENEeH, IUIOMECI0 KpWiia, Ha SIKOMY
PO3MIITYBaTUMYThCS TaHEN i Ta eHepro3arparamu BITJIA 1 miATpUMKH MOTBOTY.

Jns  po3paxyHKy eQEeKTHBHOCTI €HEprOyCTAHOBKH HEOOXiTHO BpaxOBYBaTH
Teputopito  3actocyBaHHd BIUJIA. HaiiBaxmuBimmM — (akTopoM  epEeKTHBHOTO
BUKOPHCTAHHS COHSYHUX IaHENeHd € IHTeHCHBHICTh COHSYHOTO BUIIPOMIHIOBAHHS, sIKa
PO3paxOBYEThCS SIK MOTYXKHICTh BUITPOMiHIOBaHHsI COHIIS Ha OJMHULIO TUIOLII TTOBEPXHi
i BuMiproeThes B Batax (BT) Ha kBagpaTHuil MeTp. [lyisi IpUKIagy pO3rITHEMO COHSYHI
naneni Bupoornka SUNPOWER moxens C60 SOLAR CELL MONO CRYSTALLINE
SILICON. BupoOHHK 3a3Haga€ MaKCUMANbHY €(eKTHBHICTD IIPU COHSIHOMY
punpominioBanHi 1000Bt/M? (puc.3) [3].
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Ha mnaBeneniii kapti (Puc.4) mnpuBoauTBhCA aHami3 JaHUX  COHSIYHOTO
BUNPOMIHIOBaHHA B YKpaiHi[4]. SIk BUIHO, B IIBAEHHUX paiiOHaX KpaiHU cepeIHbOPIuHE
3HAUESHH PiBHs COHSYHOTO BUIIPOMIHIOBAHHS BUIIE, HK B IIBHIYHUX paiioHax. Ha sxaib,
LBOTO 3HAYECHHS HENOCTaTHHO I MaKCHMaJbHOI eHeproe(eKTHBHOCTI, MpoTe HOro
LIJIKOM JIOCTaTHBO A1l POOOTH €HEPrOyCTaHOBKH.
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Bapro Takox BpaxoByBaTH, IO IIi 3HAYEHHS CEPEAHBOPIUHI 1 HANPSIMY 3aeXaTh BiJ
MOPH POKY, TIOTOJTHUX YMOB Ta JIOBXKHHH CBITJIIOBOTO JHs. [IpOBiBIIH OLIBII TITHOOKHUIA

aHami3,

nomicssano (Puc.5) ta norogunso (Puc.6). [5]
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Ha rpadiky HIKYEe MOXHA MOOAYUTH DPIiBEHb COHSYHOTO BUIPOMIHIOBAHHS
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3 HaBeseHHMX TpadikiB MOXKHA 3pOOUTH BHCHOBOK, IO ONTUMAIBHHAM IEpPioJoM
3actocyBaHHs1 noaibHoro Tumy BIIJIA B Hamux muportax Oyzae mepiolx 3 KBIiTHS IO
BepeceHsb, B repion 3 8:00 panky 1o 17:00 Bewopa, KoM TOBXKHHA CBITIOBOTO THS OLIbIa
i piBeHb COHSYHOTO BHIIpOMiHIOBaHHS nepesunrye 300Bt/m2. 3BicHO, boro Moxe OyTn
HEOCTATHBO I MOKPHUTTS BCix eHeprosartpar BIIJIA, mpore naHa CTpykTypa Moxe

CYTT€BO TIOJIOBXKUTH Jac IepeOyBaHHs JITAILHOTO anapary B ITOBITpi.
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CIPOILEHUI AJITOPUTM POBOTH JTU3AMH OPT AHIBAIII IPH
CEPTU®IKALIT AEPOHABITAIIITHUX CUCTEM BEJIMKHX
KOMEPLIVMHUX JITAKIB

CydacHi CHCTEeMH aepoHaBiraiii BIMararTh BHCOKOI TOYHOCTi, HAJIHHOCTI Ta
Oesmekn Ay 3a0e3nedeHHs Oe3NepelIKOAHOTO PyXy MOBITPSHHX CYAEH B YacH
CTPIMKOTO PO3BHUTKY aBialliiHOI IHIYCTPii. 3 METOI e(heKTHBHOTO JOCSATHEHHS IIUX
BUMOT, IH3aiiH oprasizamis [1], mo po3po0isie TeXHIYHY JIOKYMEHTAI0 st
BCTAHOBJICHHS TAKMX CHCTEMH, IOBUHHA MAaTH YiTKUIl adrOPUTM poOOTH OpraHizamii
Ta KOMYHIKaI[iiHOT B3a€EMOIii 3 BiIMOBITHMMH areHTCTBaMHU Oe3meKku monboTiB (FAA,
EASA). BaxiuBo, mo0 MOPOEKTH I0 po3poOlli Ta BIPOBAKEHHIO CHCTEM
aepoHaBiraii BiiMoBiganu craHaapraM Ge3IeKy Ta HOpMaM JIbOTHOI praaTHoCTi[1].

MeToro IaHOTO IOCHTIKEHHS € KOMOIHYBaHHS CIIPOIICHOTO allTOPUTMY podOTH
Iu3aifH opraHizamii, Ul TOJETIEeHHsS PO3YMIHHS Ipolecy cepThudikamii TexHiYHOT
JIOKYMEHTAIlii aepOHaBIraliiHuX cucTeM. JIoCiKeHHS CIPAMOBaHE Ha MOJIMIICHHS
e(eKTHBHOCTI Ta TOYHOCTI TMpoIeCcy pO3poOKH, Ui 3a0e3MEeUeHHS MOBHOI
BIJIMOBIZHOCTI O BHUMOI AareHTCTB OE3MEKH IOJLOTIB, a TaKOX IIiJBHIIECHHS
HaIIHOCTI IIUX CHCTEM.

B pamkax mocmimkeHHS OyQyTh BU3HAYEHI KPUTHYHI aclIeKTH y Tporieci podoTu
IU3aifH OpraHi3alii, BCTAHOBJICHI MPOLEAYpU B3a€MOJIl 3 areHTCTBaMH OE3IeKd
MOJIBOTIB, Ta PO3po0IIeHI KOHTPOJIbHI MEXaHI3MH 3a0€3IeUeHHs SIKOCTI Ta Oe3MeKH
npouecy. BHCHOBKM HBOTO JOCHIIKEHHS IOIMOMOXYTh IOKPAIIUTH PO3YMIiHHS
po6oYHX TPOIIECiB PH PO3pOOII Ta BIPOBAKEHHI CUCTEM aepOHABITAIlIT, CIPUSIOYH
MIBHUIKIH cepTUdiKalii Ta MiABUIICHHIO OS3MEeKU MOJIBOTIB.

Ha npukiani BUMOr Ta mpoueayp, A CXBaJIEHHS TEXHIYHOI JMOKyMEHTalii
po3pobienux au3aiin opramizamismu («<EASA Part 21, Subpart J— DOAY), cknagemo
JeTaNbHU anropuT™ poGOTH MpezcTaBieHoro Ha puc.l [1].

Ha mouatkoBOMy eTarmi MpoeKTy BU3HAYAETHCS Kiacu(ikalis iHKeHepHUX 3MiH
«Minory or «Major». [ms OGimsmocti «Minor» cxBaneHb BHKOPHCTOBYIOTbH
KpECIICHH/MOJIe, TJIaH/3BITH BUMPOOYBaHb JOJAaTKU 10 MOCIOHMKA O0JIaIHAHHS, a
st «Majory motpiGHa nporpama ceprudikarii. ITiciist bOro, BAKOPUCTOBYIOUH YEK-
JICT, BU3HAYAIOTh HEOOXiJHICTh MPOBEACHHS JOMOMIXKHOI iH)KCHEPHOI MepeBipKu.
Ha ocHOBI momepenHix mepeBipok Ta KomyHikamii 3 arentctBoMm EASA moxHa
pO3MOYMHATH eTalm PO3pOOKH TEXHIYHOI JOKyMEHTamii Ta cepTudikamii 3rixHo
PO3pOOIEHOTO ArOPUTMY.
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Puc.1. Anroput™ po6oTH Au3aiiH oprauisarii 3rigHo sumor EASA Part 21,
Subpart J — DOA.

OTxe, po3poOJIiCHUH anropuT™M AM3aiiH opranizamii Ta B3aemonii 3 EASA
J103BOJIsIE 3a0€31eUNTH TTOBHY Ta BYACHY BiANOBiAb HA BCi BUMOTH i peKOMEHAAIIi
areHTCTBA IIi/l 9ac PO3POOKH IPOEKTIB [UIS BIPOBAIKEHHS CHCTEM aepOoHaBiraii.

[HTErpYyIOUM €NeMEHTH KOHTPOJIO SKOCTi Ta CUCTEMH 3a0e3ledcHHs Oe3MeKn B
aNTOPUTM, OpraHi3aiis MoXe 3a0e3MeUnTH BUCOKY SIKICTh Ta Oe3meKy CBOTX poboumnx

MPOLIECIB.

BukopucTaHHs aNropuTMy A03BOJAE OpraHianii e()eKTHBHO CIIUIKYBATHCS Ta

B3aemomisTh 3 EASA,

BIIPOBA/DKEHHIO CHCTEM aepOHaBiraii.

CIIpUAOYN IIBUAKOMY 3aTBEPIKCHHIO HpOGKTiB Ta
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HOW PRACTICAL IS THE DEVELOPMENT OF THE “ECHO”’ PROJECT
? (EUROPEAN CONCEPT OF HIGER AIRSPACE OPERATIONS)

SESAR partners have initiated efforts to conduct a thorough demand analysis and
develop a concept of operations for higher airspace. The primary goal is to enable
safe, efficient, and scalable operations above the conventional flight levels. This
initiative is part of the SESAR 2020 project called the European concept for higher
airspace operations (ECHO). The project involves collaboration with partners such as
Airbus UTM (Airbus Operations SL), CIRA, DASSAULT AVIATION, the DLR, the
DSNA, ENAC (Italian NAA), ENAV, EUROCONTROL, ONERA, and THALES
Alenia Space.

Project Objectives

1.Conduct a Thorough Research on current procedures and formulated concepts
related to traffic management in higher airspace. Evaluate existing literature and
categorize the essential elements designed for preparing the use case and developing
the Concept of Operations (ConOps).

2.Comprehensive Demand Analysis all vehicles and their activities that traverse or
operate in Higher Airspace. Conduct a detailed examination of the demand,
considering both the volume and characteristics of vehicles and operations.

3.Develop Concept of Operations integrate, from a European network operations
standpoint, the diverse use cases presented by new entrants and the operational
requirements outlined by various network stakeholders. Establish a unified foundation
for operations, identifying crucial shared network resources

HAO represent one of the most profound changes to the aviation ecosystem for many
years. The number of space operations, HAPS, supersonic and hypersonic vehicles is
set to steadily increase in the years ahead. Therefore, it is imperative that such
operations can take place safely, efficiently and without a disproportional impact on
more conventional air traffic operations. Change is needed to evolve from how we
work today to fully support the new HAO and space activities so these operations are
able to fully achieve their objectives. Currently space operations are rapidly
developing both in terms of the number of potential spaceport locations, proposed
launches and launch methods. They can take place from land, sea and air with reusable
components that return to the surface. Traditionally large airspace volumes are
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reserved for a considerable time to enable a launch or return to take place safely.
However, with the increasing number of expected launches, their impact on the
European aviation network will significantly grow. Therefore, new processes and
procedures at European network level are needed to mitigate the impact of such
launches, reducing the need for segregation, and to prepare for both planned and
unplanned returns (e.g. debris)

Over a period of two years, EUROCONTROL is leading a project aimed at conducting
a comprehensive demand analysis and formulating the concept of operations
(ConOps) for higher airspace. The ConOps covers everything from low- to high-speed
activities to space missions. Preflight strategic deconfliction was conceptualised, in
order to ensure the separation of operations on agreed trajectories and avoid collisions.
The goal is to enable safe, efficient, and scalable operations. The ConOps will not
only establish a foundation for identifying future infrastructure needs for Higher
Airspace Operations (HAO) but will also be designed for short, medium, and long-
term perspectives. The primary objective is to ensure that the ConOps encompasses
both current operations of existing vehicles and those yet to be developed.

The increasing demand for higher airspace is evident, fueled by new aircraft operating
above FL500 with capabilities for extended missions and the growing commercial
space industry. This expansion has led to the establishment of new spaceports in
Europe to meet the rising global demand for commercial space launches.
Consequently, the European air traffic management (ATM) system is undergoing a
transformation to rapidly integrate these new entrants safely and efficiently, securing
a leading role for European industries and operators.

Acknowledging the necessity for a Higher Airspace Operations (HAO) concept
aligned with the foundations of the Single European Sky agreed upon by Member
States and the EU, the European Commission called upon EUROCONTROL in April
2019 to lead the ECHO consortium. This consortium, comprising leading European
industry, organizations, institutes, and research centers, was entrusted with developing
an ambitious and innovative ConOps for higher airspace operations. Funded through
the SESAR Joint Undertaking under the European Union's Horizon 2020 research and
innovation program, the ECHO consortium has submitted a fully detailed European
ConOps draft to the SESAR 3 Joint Undertaking for finalization in the coming
months.

This achievement signifies significant progress, as an agreed ConOps is crucial for
implementing new technologies and procedures across the entire European ATM
network. Higher Airspace Operations present specific challenges concerning the
intersection of civil and military requirements and the intricacies of the European
ATM network, where State sovereignty over national airspace is a fundamental
operational cornerstone. Leveraging the unique features of the European ATM
system, the ECHO ConOps provides a blueprint for developing essential elements to
drive future validation and regulatory developments in Europe for HAO.
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Challenges Arising from Operations of New Entrants While existing ATM processes
currently offer limited support for Higher Airspace Operations (HAO), ongoing
innovation is anticipated to result in a substantial increase in the number of operations
in the coming years. This growth will encompass varying geographical distributions
and types of vehicles, ranging from slow- moving High Altitude Platform Stations
(HAPS) to very high-speed vehicles. New entrants will introduce challenges related
to flight-performance envelopes, operating at altitude bands not utilized currently,
where their behavior and performance may introduce additional uncertainty in ATM.
Consequently, the primary challenge is to develop new solutions required for the safe
and effective integration of these new entrants into the evolving operational
environment.

Key Assumptions. In the context of the ECHO Concept of Operations (ConOps),
assumptions are regarded as factors expected to exist presently or to be established in
the future.

The key assumptions considered in the project are outlined below:

. Trajectory-Based Operations. Operations follow a 4D trajectory with all
relevant information exchanged during the planning, execution, and termination of
operations among all airspace users and service providers. Interoperability of different
systems is crucial to facilitate such exchanges. However, it is acknowledged that space
operations, due to their short transit time in Higher Airspace (HA), may not necessitate
the same level of exchanges as Higher Airspace Operations remaining within HA for
their entire mission.

. Notification of Flight/Mission Intentions. All new entrants possess the
capability to notify authorities responsible for the respective airspace they will
penetrate about their flight/mission intentions.

. Integration of All Operations in National Defense/Security. Plans Real-
time plans and operations of new airspace users will be processed by existing systems
to notify defense/security authorities as needed. Existing diplomatic clearance
arrangements will continue to apply for overflights by state/military aircraft.

. Higher Airspace Design. While respecting the sovereignty of each
participating State, it is assumed that, operationally, Higher Airspace will aim to be a
volume free from the fragmentation existing in the ATS airspace volume below HA.
The design will be driven by the needs of new users, emphasizing simplicity, ease of
understanding, and straightforward planning and operation of operations.

. ATM/STM Interface. The ATM/STM interface will be determined using
elements related to planning, contingency management, and traffic management,
considering all key factors. A single planning process is considered essential for space
operations.

. Global Operations. Certain users are anticipated to conduct operations
globally, necessitating compliance with regulations, rules, procedures, and standards
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across the globe. Initially, this consistency must apply across European States for a
given activity type.

In summary, the upper airspace has largely remained vacant until now. The
"Concorde" operated near the FL600 boundary, and certain military aircraft reached
even higher altitudes. Any object traveling into space and re-entering the Earth's
atmosphere must traverse through Superior Airspace. This explains why space
operations have become integral to the ECHO project, and detailed examinations of
interface requirements with Space Traffic Management are underway.

Technological progress, including the development of lighter and stronger materials,
along with advancements in battery and propulsion technologies, has facilitated entry
into Higher Airspace.

For a better understanding, consider, for example, High Altitude Platform Stations
(HAPS), which involve balloons or solar- powered airplanes capable of lingering in
the Upper Airspace for extended periods, potentially spanning months. These
innovations align with significant strides in space travel, exemplified by companies
like SpaceX and Virgin Galactic, among others. The combined impact of these
advancements underscores the increasing necessity for higher airspace.

References:

1. European concept for higher airspace operation. EUROCONTROL. URL:
https://www.eurocontrol.int/project/european-  concept-higher-airspace-operation
(date of access: 24.11.2023).

2. Concept of operations for higher airspace published. SESAR Joint Undertaking.
URL: https://www.sesarju.eu/news/concept- operations-higher-airspace-published
(date of access: 24.11.2023).

3. European Higher Airspace - Home - ECHO Project. https://higherairspace.eu. URL:
https://higherairspace.eu/echo- project/ (date of access: 24.11.2023).

4.  EuropeanConceptForHigerAirspaceOperation.URL:
https://www.sesarju.eu/sites/default/files/”documents/reports/D4.3_ConOp
s_1.0_public.pdf (date of access: 24.11.2023).

79



BCEYKPAIHCBKA HAYKOBO-TEXHIYHA KOH®EPEHIIIS
«CTAAUM PO3BUTOK 'AOBAABHOI CUCTEMMU 3B’513KY, HABITALII,
CIIOCTEPEXKEHHS TA OPTAHI3ALIII ITIOBITPSIHOT'O PYXY CNS/ATM - 2023»
29 - 30 Aauctonaza 2023 p., HAIIOHAABHUM ABIALUMHUM YHIBEPCUTET, M. KUiB

Y]IK 004.94:629.735
Cymmu O.I1., nouent xad. AHC, k.T.H., TOIIEHT
Ipuxoabko I.A., crapmmii Bukinanad xad. AHC
Hayionanenuii asiayitinuii ynieepcumem, m. Kuig

ABTONLIOT BE3NIJIOTHUX ABIAIIIMHUX CUCTEM 3 BIAKPUTHM
BUXIJTHIM KOJIOM PX4

CyvacHuil CTaH i MOCTiHHME pO3BUTOK Ge3minoTHUX asianiiinux cucrem (BAC)
MIPU3BOAATH 10 3POCTaHHS MOTPed y MPOrpaMHOMY 3a0e3IedeHHi KOHTpOJepa MOIbOTY
BAC. Curyamis yCKIagHIOETBCS BIACYTHICTIO CTaHOApTiB Ta BHKOPHCTAHHAM
po3poduukamu BAC mporpieTapHOTO IpOrpaMHoOro 3a0e3MedeHHsT KOHTPOoJIepa MONbOTY
BAC i3 3akpuTUM BUXiTHHM KOJIOM.

Bupimennsam npobiaeMu € po3poOka Ta BHKOPUCTAHHS MIPOTPaMHOTO 3a0e3MeUCHHS 3
BIIKPUTHM KOJOM, IO JIO3BOJISIE TEPEHECCHHS PillleHb, PO3POOICHUX Ui OJHOTO
MOJILOTHOTO KOHTpOJepa, Ha iHMMH ©0e3 ICTOTHOI ajanTamii MPOrpaMHOro KOOy Ta
HPOLEAYPH JTIbOTHUX BUIIPOOYBAHb.

[Iporpamumii komruiekc PX4 — e npodeciiHuid aBTOMUIOT 3 BIIKPUTHUM BUXiTHUM
KOJIOM, 1110 JTO3BOJISIE KEPYBATH PI3HUMHU OE3MIUTOTHUMH TPAHCIIOPTHUMH 3acobamu. PX4
CTBOPEHO CIUJIBHO 3 TJI00AIBHOIO CHUIBHOTOIO PO3pOOHUKIB. IIporpaMHmii KOMIDIEKC
3a0e3nedyye THyYKHMHU IHCTPYMEHTAaMH KOPHCTYBadiB OC3MIIOTHHX aBialliifHUX CHCTEM
JUISL CTBOPEHHS IHAWBIIyaJbHUX pillleHb Ta OOMiHy TexHousorismu. PX4 € gacTuHOIO
HekoMepIiitHoi opranizanii Dronecode, sika kepyetbest LinuxFoundation [1].

Cumynsaropu, sKi MITPUMYIOTBCS HpOrpaMHHM KomiuiekcoM PX4, no3BonsioTh
KepyBaTH 3MOJEIbOBAaHUM TPAHCIOPTHUM 3acO00M Yy CHMYJIbOBAaHOMY CEpPEOBHILI.
KopuctyBau Moke B3a€MOIISTH 13 3MOJENHOBAHUM TPAHCIIOPTHUM 3acO00M SIK i3
CIpaBXHIM, BHKOPHCTOBYIOYM JOJATKOBI INpoayktd Dronecode, Hanpukiaz
QGroundControl.

PX4 nixrpumye pi3Hi Buau cumyisnii, sik Hanpukian SoftwarelntheLoop (SITL) ado
HardwareIntheLoop (HITL). IIporpamue monentoBanus (SITL) mo3Bosise cumymoBaTH
MMOJLOTHHH CTEK Ha KOMIT I0Tepi, a00 Ha JOJaTKOBOMY KOMIT IOTEPi B TOI caMme Mepexi.
Amnaparne monemoBanHs (HITL) BukopucToBye BOy10BaHe MporpamMHe 3a0e3IeYeHHs Ha
peanbHIl IIaTi KOHTPOJIEpa IMOJIBOTY.

[IporpaMHi cuMyIATOpH, SIKi pEKOMEHIOBaH1 pO3POOHUKOM:

- Gazebho — ue Habip 6i6ai0TEK IPOrPaMHOro 3a0e3MeyeHHst 3 BIAKPUTHM BUXIJIHHUM
KOJIOM, NMPU3HAYEeHHH JJI CIPOIIEHHS PO3pOOKH BHCOKOIPOIYKTHBHHX mporpam. Lleit
CHMYJISITOP HAJIa€ pPeaylicCTUYHe BipTyalbHE CepelOBHINE A PO3POOKH Ta TECTyBaHHS
PpOOOTO-TeXHIYHHUX pillleHb Mepes IXHIM BIPOBAPKEHHSIM B peanbHOMYy cBiti. Gazebo
BCTAHOBIIIOEThCA 3a 3amMoBuyBaHHAM B Ubuntu 22.04. IlintpuMyBaHi TpaHCIOPTHI
3aco0u: KBaJPOIMKII, CTAHAAPTHHI BepTHKAIBHMI 31T Ta mocaaka (VTOL), mitak.[2].

- Gazebo Classic — nomepeasst Bepcisi cumyIisiTopa, sika BcTaHOBIIOeThCst B Ubuntu
Linux 20.04. Cumynsitop Takox MokHa BHKopucToByBaty 3 HITL Ta st MOJenoBaHHS
KITBKOX TpPaHCHOPTHHX 3aco0iB. IliarpumyBani TpancmoptHi 3acobu: Quad (lris, Hex
(Typhoon H480), crammaptauii BepTHKambHH 3miT Ta mocaaka (VTOL), mirak,
BCIOJIMXIJ, TiIBOJIHUI YOBEH.
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- JMAVSIim — 1ie npocTHii CUMYIATOP SIKHil BUKOPUCTOBYE IIPOTPAMHHUI KOMILIEKC
PX4, nns cumymsmii kepyBanHs BAC tumy komtep. JMAVSIm mocraTHbO Jerko
BCTAHOBIIIOETHCS Ta HAJAIITOBYETHCS, HO3BOJIIE IepeBipaTH, un Moxe BAC 3mitarw,
TTaTH, TPU3EMILITUCS HAJIOKHUM YHHOM, pearyBaTH Ha pi3HiI yMOBHU,HANpPHKIa, 30ii
GPS. JMAVSim TakoX MOX€ BHUKOPHUCTOBYBATHCS [UIS amapaTHOTO MOJETIOBAHHSI
(HITL).

[MepeBakHa OLMBIIICTH CUMYIISTOPIB B3aEMOAIIOTH 3 MPOrPaMHUM KOMIUTeKcoM PX4
gepes API Simulator MAVLink. lle#i intepdelic Bu3Hagae Habip IOBIJOMIICHB
MAVLink, sixi HagarTh JaHHI BiJi CEHCOPIB 3 CHMYJILOBAaHOTO ceperoBuina B PX4, Ta
MIOBEPTAIOTh MOJNBOTHI JaHHI, sKi OyiaM 3acTocoBaHi B cuMyiboBaHOMy BIIJIA.
MoBimomnennss tumy HIL SENSOR, HIL GPS, HIL OPTICAL FLOW Ta iHmi
omucani B cnenudikanii nporokona MAVLink [3].

Jns 3B’sa3ky 3 HazemMHuMH CTaHOisMH, TakuMu sk QGroundControl, Ta 3
MPOTPaMHUMH CHUMYJSATOpaMH, uepe3 mnpotokon MAVLink, PX4 BukopucroBye
saransHOBimoMi opt UPD. TTopt UPD 14550 BuKOpUCTOBY€THCS Al KOMYHiKamii 3
HazeMHuMHU cTaHLis, a moptT UPD 14540 — aist 3B°13Ky 3 IPOrPaMHAME CHUMYJISITOPAMHU.

Beck xoMIuiekc 3a3HaueHHX Oporpam Oyiio BcTaHOBJIeHO Ha 0asi Ubuntu 22.04.
[MocnizoBHICTE KOMaHA B TEPMiHAJI Ta €TAIK PO3TOPTKH CHCTEMH JETaJbHO HPOIHCAHO
Ha caiiti po3poOHuKa [4]. HamamTyBaHHs Micii, BCTAHOBJICHHS IMOYATKOBOI Ta KIHIICBOL
TOYKH TOJBOTY BiAOyBaeThcsi 3a JONMOMOTOI Ha3eMHOI KOHTPOJBHOI —CTaHMii
QGroundControl. Bukonanns micii Bizyani yerbest B cumyisatopi JMAVSim (puc.1).

QGroundControl Daily a
JMAVSIm

ubuntubest@ubuntubest-VirtuslBox: ~/PX4-Autopilot

Puc.1 Bizyamizanis BuKoHaHHS Micii B cumysitopi JMAVSim

Bukopucranns nporpaMHoro cumyistopa PX4 nanae onepatopam BAC MoxnBOCTI
OIIHKA (YHKIIOHATEHUX MOXIIMBOCTEH NPOrpaMHOro 3a0e3medeHHs KOHTPOJEPiB
nonsoty BAC mepex BHUKOHAHHAM peaibHUX IIOJBOTHUX Micili 3 BiIIpamioBaHHAIM
CHUTYyaIii MoB’sI3aHUX 3 HAOYTTsAM HaBHUOK KepyBaHHS BAC Ta curyariif moB’si3aHuX 3
pusukoM BTpatu kepyBanHs BAC mix yac monboTiB.

Cnucoxk Jgiteparypu
1. PXA4. Software overview. URL: https://px4.io/software/software-overview/
2. Gazebo classic. URL: https://classic.gazebosim.org/
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3. Mavlink. URL: https://mavlink.io/en/messages/common.html#HIL_SENSOR
4. PX4. Ubuntu Development Environment. URL: https://docs.px4.io/main/en/
dev_setup/dev_env_linux_ubuntu.html
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SENSITIVITY OF THE DEPTH OF SPOOFING SUPPRESSION IN THE
TWO-ELEMENT CRPA TO THE DIRECTION OF ITS ARRIVAL

The effect of changing the direction of arrival of a false signal such as spoofing on its
suppression by a two-element antenna array with a controlled radiation pattern array
(CRPA) is considered.

Two-element CRPA is considered in [1]. It is shown, that when the weight coefficients
are accurately determined, the suppression of spoofing is practically zero (the calculated
value is close to -300 dB). When installing CRPA on a dynamic object, the antenna detects
the direction of arrival of spoofing, the navigation receiver captures and tracks the signal,
calculates the weighting coefficients and suppresses the false signal. Since moving an
object changes the direction of spoofing, it is necessary to continuously recalculate the
weighting coefficients. An urgent question is how much the direction of arrival of a false
signal can change with constant weight coefficients.

We applied the following research method to obtain preliminary results. For a given
direction of arrival, weighting coefficients were calculated, the CRPA radiation pattern
was obtained, and the suppression value was recorded. Then, without changing the values
of the weighting coefficients, the direction of arrival was changed within one degree at
the elevation and azimuth angles and the amount of spoofing suppression was determined.
The magnitude of changes within one degree is due to the need to form weighting
coefficients with eight-bit binary numbers within 360 degrees.

Figures 1,2,3,4,5 show the characteristics of the CRPA, which provides suppression
of spoofing during navigation using GPS and GLONASS systems. Experimental data
from 19 navigation satellites (10 GPS, 9 GLONASS) were used in the modeling.

Fig.1. Radiation pattern of the CRPA
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Fig. 4. Radiation pattern in Cartesian coordinates
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Fig. 5. Radiation pattern in polar coordinates

For the given direction of arrival spoofing, the weighting coefficients have the
following values:

Al = 0.470553966254967, + 0.186283470332550i;

A2 =-0.201009595358004, - 0.464454205548222i.

After Al, A2 were recorded, the directions of spoofing arrival were changed and the
suppression depth was calculated. The results are shown in the Table 1.

Table 1.
Directions of arrival and depth of spoofing suppression
¢

o 120° 119° 121° 122° 123°

30° -318.64 -31.89 -31.97

29° -31.85 -25.96 -59.78

31° -32.02 59.86 -25.87 -19.85

32° -19.81 -17.85

33° -16.26

The results obtained show that the two-element CRPA is sensitive to changes in the
direction of arrival of interference and requires monitoring this direction, at least within
less than one degree. Otherwise, the depth of suppression is significantly reduced.

References
1. V. Konin, Y. Averyanova and O. Ishchenko, "Virtual Radiation Pattern of a
Digital Antenna Array for Satellite Navigation”, Proc. 2023 IEEE Sixth International
Conference on Information and Telecommunication Technologies and Radio Electronics
(UkrMiCo), Ukraine, 2023.
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PU3UKU TA 3AXOU 3AXUCTY AJIAA BE3NIJIOTHUX TOJIBOTIB ¥
BIICBKOBOMY KOHTEKCTI.

Besninorni nitaneHi amapatn (BITJIA), Bimomi SIK JOpOHH, CTaaM HEBiI'€MHOIO
YaCTHHOIO BICHKOBHX OIlepalilf, BAKOHYIOUHN KJIIOYOBI POJIi B PO3BIAL, CIIOCTEPEIKEHHI
Ta pi3HUX Micifx. Xo4a I «irpamkm» MOPOMOHYIOTH CTPATEriyHi B IUIaHI TEXHIYHOTO
MOTEHI[ialy TepeBarn Ta e(EeKTUBHOTO BUKOHAHHS 3aBJAHHS, NPOTE€ BOHH MOXYTh
migmagaT  mig  kibepaTaky (BHKpagaHHS JaHUX TIPO MICHE3HAXODKEHHS 0a3u
omeparopiB), MepexOIUIeHHs OE3MIIOTHUKA Ta TaKOK CTaBUTH BIMCHKOBI omeparii Ha
pusuk. B miit cTarTi po3risHyTO pU3MKH, MOB's3aHi 3 3axuctoM BILJIA, #ioro cmalki
IIPOTpaMHi Ta TEXHIYHI HEMOJIAJKU Ta 3allPOIIOHOBAHO 3aX0IH OE3IEKH JUIsl 3MEHIIICHHS
LIUX TPOBAIB.

OCHOBHHMM BIUIMBOM Ha JIITAJbHUH amapar Ta Ha 0a3y HaHWX, B SKiH OyayeTbcs
MapIIpyT BUKOHAaHHs Micii, METeolaHi Ta aHali3 MOJbOTY € Kibep3arpo3u i BIUIMB Y
inpopmaniro. HecankuionoBanuii goctyn no nanux BIIJIA mMoske mpu3BecTH 10 BUTOKY
KoH(}ieHIiHHOT iH(opMallii, 10 3arpoKye BIHCHKOBOMY pO3BigyBaHHIO. Lle cTaBuTh mig
3arpo3y He TUTBKH MiCil0, SIKy BUKOHYIOTb, a BCE, [0 BCTHIJIM HAKOIIUTH 3a Yac aHaJli3y
Ta PO3BIKM THX YH IHIINX CITYXkO.

Lle BinOyBaeThes 3aB/sKkH imitanii Ta nepemkomkanHo GPS [1]. Bei matots goctyn
N0 XBWIIB, sIKi € B mpocTopi. Tak, BifiCbKOBI BUKOPHUCTOBYIOTH CBOIO MEXY YacTOT Ta
mUPyYIOTH iX A TOTo, 00 IPOTUBHUKY 200 MPOCTI KOPUCTYBAYi HE MaJIN JOCTYITY 10
LiHHUX AaHWX. [IPOTMBHMKM MOXYTh HaMaraTucs MaHiIysroBaTu Hasiramiero BITJIA
ouisixoM imitamii curaamie GPS abo mepemkomkaHHs iX mepepadi. 3aBOSKH IbOMY,
MOJKHA TIEPEXOIMUTH OE3MUIOTHUK Ta BUKOPUCTATH HOTO Ta JaHi, B3ATTI 3 JaTYHKIB IS
CBOIX I[iJIEeH.

Ski 3axoau MOXYTh OYyTH BHUKOPHCTaHI sl O€3MEKd MONBOTIB Ta SIKICHOTO
Bukopuctanns BITJIA BilicbkkoBumn?

[o-meprre, BHOPOBA/UKEHHS HOBHX Ta CYYacHUX IIPOTOKOJIB KibepOesmekw,
BKJIIOYAIOYN IMIM(PYBAaHHS Ta CUCTEMU BUSIBJICHHS BTOPTHEHb, JUISl 3aXHUCTy KaHAJiB
3B'SI3KY Ta YIPABIIiHHS i BUKOPUCTaHHS Oe3MeuHNX 3ac00iB 30epiraHHs JaHUX, KOHTPOIIIO
IOCTymy Ta mmmMdpyBaHHS Uil 3axucty iHpopmanii, ctBopenoi bBIIJIA, Big
HECAHKI[IOHOBAHOTO JIOCTYIIY.

[Mo-npyre, BIpOBamKEHHS AaHTHCIy(QIHTOBHX TEXHOJOTiH Ta BHKOPHCTAHHS
aIbTEPHATUBHUX METOIB HaBirauii Juist mpotuii BTpyyanHto B curtanu GPS [2]. Kpim
TOTO, CJ1iJ He 3a0yBaTH, 1[0 APOH MOXKHA TIEPEXOIUTH B TIOJIbOTI, MAOUTH ab0 Ha 3eMili
fioro Bukpact. Tomy Tpeba mpomnucaTé TeXHIYHO, 1100 JaHi He Maly MOMACTH B PYyKH
IIPOTUBHUKY.

BuKkopHCTOBYIOUM 1Ii 3aX0[IH, MOXKHa €()EeKTUBHO Ta OE3MeperiKOJHO BUKOHYBATH
Micito. BaxIMBUM MOMEHTOM € YiTKHI aNropuT™M poOOTH 06a3 Oe3NeKH 3 AaHWUMH, II0
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onepye BIUJIA Ta omeparop, mo HAMH Kepye. Takox HEOOXiJHO MaTh Ha yBa3i, IO JaHi

HE MalOTh BHCBITJIIOBaTHCA Y BIAKPHTOMY JHOCTymi, 60 X MOXXHa HEpPEeXOIHTH Ta
BUKOPHUCTATH Y CBOIX ITIIAX.

Cnucoxk Jirepatypu
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BEIDOU SIK HAME®EKTUBHIIIA CYITYTHUKOBA CUCTEMA

Ilepion XX — XXI BikiB BBa)Ka€THCSI IOYATKOM €TMIOXHU BIIPOBAKEHHS Ta 3aCTOCYBaHHS
CYIyTHHKOBOI panioHaBiramii. Bona mae MimiMeTpoBy TOUYHICTH Ha TIIOOAIEHOMY
piBHI. Oco0nuBa poik BiIBOAUTHCS HABIrallii, yIpaBIiHHIO Ta KOHTPOIIO aBiamifHUX
MOPCBKHX Ta Ha3eMHHUX 3aC00iB, aJKe 11 HaIMAcIITaOHI CHCTEMH 00CITYTOBYBaHHS.

Croroani 6yze #itu pia npo BEIDOU ta sik Bigpi3HI€THCS MOKPHUTTS ii CYyITy THUKaMH
B pi3HUX yacthHax 3emii. Ll cucrema odimiiina B cximaai IKAO(cneniamizoBana
ycranoBa OOH), 110 Bizirpae BaKJIMBY posib MibkKHApOIHii aBiamii. L[ins cTBOpeHHS —
e TOCWICHHS BCECBITHBOTO CIIIBPOOITHHLTBA JJsI CIUJIBHOTO BHKOPHUCTAHHS
pe3yJIbTaTiB PO3BUTKY B Taily3i CyIlyTHHKOBOI HaBirarii.

T'eocrarionapHi CymyTHUKH — pyX y HUX HE BiIOYBA€TbCS, TOXK 30HA IOKPUTTS €
3HauHO Oumpmolo. BoHa posramoBaHi HaBkoyso  Bciel  3eMHOI  opOiTH.
VYV pamkax BuBYeHs auciMIUIIHM OCHOBH paJiOHaBiramii Ta TeNEeKOMYHIKaliil 3
IMorypenbcekuii Onekciem CeprifioBudeM My 3aBaHTaxyBanu nporpamy Satellite
Simulation. Bona mae B co6i 3aBaHTa)<eHi 6a30Bi CyIlyTHHKH, IPOTE 100 OTPUMATH
came BEIDOU, tpeba OyJ10 111e 101aTKOBHN (aii.

Posrasinemo HaCTyHHi MaJIFOHKH

3 lat = 0.57° §/ lon = 13245°
BEIDOU-21GS0-2 (C07)
49,

1
Alt: 35.884 Tkm

Ha nepiromMy Mu MO>keMO MOOAUUTH MiCLIEPO3TAIIYBaHHS CYTyTHHKA.
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" lat=2449°5/lon=57.17°E

Ha ngpyromy Ta Tpersromy

OTpuMylOuM JOAATKOBY iH(GOpMAlilo BiJ| reocTaliHAPHUX CYIyTHHKIB MU OyJIeMo
MaTH IyXe SKICHy 3araibHy iH(popMario,

0COOJIUBICTH KUTAMCHKOT CUCTEMH.

Puc. 3.

—  30HY

MOKPUTTSA, Ky BiH  OXOILIIOE.

3 MiHIMaIbHUMHU ToxuOKamu. lle

Temep posrisiHeMo gnssplanning. 3aBasxy miit mporpami MH MOYKEMO CIIOCTEpiraTi 3a

CYILyTHUKaMH

3

MO3ULT JIFOJIMHU.

Hanpuknan, Hame nepie po3ramryBadHs Oyzae B micti Kuis.
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Puc. 5.

Baunmo, Ha ckinbku Biapi3Hsercs giarpama. KidbKicTh CyIyTHUKIB — 3HAYHO Pi3HA.

DOPs =

DOP values

~A
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Time

Puc. 6.

3 MaJIOHKY MH MOXXEMO 3pOOHTH BHCHOBOK, 1110 UMM HIKYE BHCOTA, THM BHIIE SIKiCTh
CYIyTHHKA.

3aranpHa JyMKa PO KUTAWChKYy CYIYTHHKOBY CHCTeMa Taka, IIO Ie HaJSKICHUM
TIPOAYKT, AKWH € 3aTpeOyBanmil. [linXin KUTALiB TaKUl CKIAIHUHA 0 po3pOOOK HE
TIJIBKH Yepe3 Te, 00 MOKPAIIUTH MIKHAPOIHE CHIBPOOITHUITBO, & IIe U IS TOTO,
00 BOHU MOTJIH peai3yBaTH SKiCHI yMOBH B CBOEMY peTioHi. Lle oanH 3 KIF0U0BHX
TEXHIYHHX MPOEKTIB, IKUH MiITPUMY€ PO3BUTOK HE TiJbKU KpaiHi, a i CBITy 3aranom.

Cnucoxk Jirepatypu
Ilporpama  mnms  po3rsimy — CymyTHHKIB y  peagpHomMy — daci.  URL:
https://www.gnssplanning.com/#/charts.
Beidou — KUTalchKa HaBiramiiHa cHCTEMA. URL:
http://en.beidou.gov.cn/SYSTEMS/WhitePaper/201806/P020180608507822432019.p
df
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MO/JIEPHI3AIIIS ABIAIIIMHOI CHCTEMM CNS/ATM

ICAO mnepenbauae MonepHizamito cucreM. BiamosigHo mo I[noGamsHOTO
aBianiitHoro mrany (Doc 9750 ) mepen6avaroThest HACTYIHI Il
O6cayrosysannsi OBC (3a0e3sneuyenns IloBiTpsinoi JdissibHocTi):
-CyBopa craHmapTH3alis i HOPMYBaHHS XapaKTEPHCTHK, IpOLENyp, CIyX0 i
TeXHIYHHX 3ac00iB 11t 3a0e3nedeHHs 0e3IeKH MOIbOTIB.
-Po3pobneHHs Ta po3ropTaHHs iHCTPYMEHTIB peaii3alii, 30KpeMa JiHil 3B'A3Ky Ha
OCHOBI MyJIbTUMEIIHHUX TEXHOJOTIH, [T miaATpUMKH ciry:x0 OBC.
O0ciyroByBaHHs, NOB'sA3aHe 3 iHdopManicio:
-P03BHTOK MEHII )KOPCTKHUX BUMOT JI0 XapaKTEPUCTHUK, IPOLIEAYP 1 TEXHIYHUX 3aC00iB
Ju1st o0cmyroByBaHHS iH(OpMaItii.
HayxkoBi gociaigzkenns i po3pooku:
-Po6oTu B TpROX ramyssx, 1 po3poOssiFoThes craHmapti: aeporoptu, SATCOM
(CymyTHUKOBH 3B'130K) 1 HA3eMHA CHCTEMA.
JocJix:keHHs] MOBHOTO 3B'fI3KY:
-Posrmsg  ponmi MOBHOTO 3B'SI3KY B KOHTEKCTI JOBIOCTPOKOBOI ~ KOHIICMIii,
OpieHTOBaHOI Ha 00POOKY JaHUX.
-MOXJIMBE CTBOPEHHS HOBOi CHCTEMH IM(POBOTO MOBHOTO 3B'SI3Ky JUIS
KOHTHHEHTAJIBHOTO MOBITPSTHOTO MIPOCTOPY.
AKIEHT Ha 0e3neli MoJILOTIB:
-PerymroBaHHs1 pajio3B's3Ky Ta po3MIsLA MEBHUX iHGOPMALiHUX CIyXO sK CIyXO,
TOB'SI3aHUX 13 3a0€3MeYeHHIM Oe3MeKH MONIBOTIB.
Tpu ranysi HayKOBHX A0CTiIKeHb i po3podok:
-Aeponopt (AeroMACS).
-SATCOM (cymyTHUKOBHH 3B'S30K).
-Hazemna cucrema (L-DACS).
HopoxHs kapta | nepenbayae Taki KpOKH Ta IHCTPYMEHTH B paMKax 0Jioky 0:
[HCcTpyMeEHTH pearizaril:
-OBY-ACARS i VDL pexumy 2/ATN y KOHTHHEHTaJIBHUX paiioHax;
-SATCOM ACARS O6yzne mnpoIoBXKyBaTH BHKOPHUCTOBYBAaTHUCS B OKEaHIUYHHX i
BiJITAJICHUX paifoHaX.
Hopoxns kapta 1. Tepminn, nependadeni 6okamu 112
[HCTpYMEHTH peamizarii:
-BukopucTaHHs HaSBHUX TEXHIYHUX 3aCO0IB y KOHTHHEHTAIBHUX paifoHax
-Ilepexin 10 HOBHX TEXHOJIOTIH B yMOBaxX aepOIOPTIiB 1 BAPOOHUIITBA MTOJTBOTIB;
-IIporpecusue 3uarTs OBU-ACARS 3 ekcrutyaranii;
-AfanTaiiss Mepexi apialliiHOTO eNeKTPO3B'I3Ky [0 HOBHUX LIMPOKOCMYTOBHX
CYITyTHUKOBUX CHCTEM.
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AJITOPUTM BUPIIEHHSA HAJIBBUYAVHUX CUTYAIIIT ITPH
YIPABJIIHHI ITOBITPSIHUM PYXOM 3 BUKOPUCTAHHAM
CUCTEMU TOYKOBOI'O 3JIUTTSA

VY coepi aBiarmii, mo MOPOKY CTPIMKO PO3BHBAETHCS, MOTpeda B HaTiHHOMY
BUpILICHHI HAJ3BUYalHUX CHUTYyalill B YIpPaBIiHHI MOBITPSHUM PyXOM € 3aBXIU
rocTporo. OCKUTBKY TPpaAHLiitHI METOIH BUSBIISIOTHCS HETOCTATHIMU AJISl BUPIIIICHHS
3pOCTAlOUUX CKIQIHOCTEH aBiallepeBe3eHb, OyJI0 TMPHIOUIEHO OCOOJHMBY YBary
IaBHii iHTerpamii cucremu Point Merge (PMS) s mokpallleHHS TpoIecy
MIPUIHATTS pillIeHb Ta ONTHUMI3ALi] pearyBaHHs Ha HaJ[3BUYalHI CUTYaIli{, CIIPUSIIOYH
CTBOPEHHIO O€3IeYHOr0 Ta OLIBII aIalTUBHOTO CEpeOBHIIA MOBITPSHOTO pyxy Lle
JOCIIJDKEHHST Ma€ Ha MeTi NMO€THATH TEOPETHYHI NOCSITHEHHS 3 IPAaKTHYHUMH
3aCTOCYBaHHSIMH, IIPOMIOHYIOYH PO3YMiHHS TpaHchopMmaniitHoro noteHmiany PMS y
(hopMyBaHHI CTIHKOTO YTIPaBIiHHS MOBITPSHUM PyXOM.

Merton 37IHTTSI TOYOK MPEACTABIsiE HOBATOPCHKY 3MiHY MapaJurMU B yIpaBIiHHI
MOBITPSIHAM  PYXOM, CIEHialbHO pO3POOIEHMH [UIA ONTHMi3amii 3JIUTTA Ta
PO3MIIIIEHHS JIiTaKiB, MIO MPHOYBAIOTh. 3a CBOEIO CYTTIO Il METOJ BHKOPHUCTOBYE
BJIOCKOHAJICHy aBTOMAaTH3allif0 Ta aJrOpUTMHU JUIsl CHPOIIEHHS IEepexXoay Bif
MOBITPSIHOTO MPOCTOPY Ha MApUIPYTi A0 TEPMiHAILHOTO, 3a0e3neuyodyn e)eKTHBHY
MOCJIiIOBHICTh, MIHIMI3yIOYH 3aTPUMKH Ta MiJBUIIYIOYH 3arajibHy IPOIyCKHY
3[1aTHICTH MOBITPSHOTO IpocTopy. CHcTeMa 3IUTTS TOYOK BUKOPUCTOBYE KOHIICTILIIIO
3IWUTTS HA OCHOBI TOUYOK, KOJM JITaK DOTPHMYETHCS BH3HAYEHUX TOUOK 3IIUTTS,
KEepYIOUHCh TOYHHUMH  QITOPUTMaMH  MOCHiMoBHOCTI  mpuOyTTsa.  Llmixom
JIMHAMIYHOTO KOPHUTYBaHHS HIBHIKOCTI JIiTaKa Ta MapHIpyTiB Ha OCHOBI JaHUX Yy
peanbHOMY 4aci, MeTO[ 3ITHTTS TOUOK CHPHsIE OUIBII IUITABHUM MEPEX0AaM, 3MEHIITy€e
HaBaHTA)XEHHS Ha JMCIETYepa Ta CIpHUs€ OUTbII IUIAaBHOMY Ta HepenbdadyBaHOMY
MOTOKY HOBITpsiHOTO pyXy. Lle# iHHOBaIiHHKI MiAXi] HE TUIBKU BUPILIy€e POOIeMH
301TBIIEHHS 00CSTY MOBITPSIHOTO PYXY, ale il y3roJDKY€EThCS 3 IIMPIIOI0 TATYy3€BOIO
METOI0 MIiJBUINEHHS O€3MeKH, INyHKTYaJbHOCTI Ta 3araabHOi e(eKTHBHOCTI
YIPaBIiHHS MOBITPSIHUAM PYXOM.

Xoua Meron 00’ €JTHAHHS TOYOK MPOIIOHY€E 3HAYHI YCIIXH B ONTHMI3allil MOTOKY
MIOBITPSIHOTO PyXy, HE MOXKHA ITHOPYBAaTH MOXJIMBICTh BUHUKHEHHS HaI3BHYAHIX
cuTyamid mix yac Woro BukopucTaHHA. CHeHapii HaJ3BHYAHUX CUTYail,
MOYMHAIOYH BiJl PaNTOBOI HECIIPABHOCTI JIiTaKa i 3aKiHUYyIOuH HenependadyBaHUMU
HOTOTHUMH SIBUILIAMH, BUMararoTh HaJ[iiHOT peaxiii B paMkax cTpykrypoBanoi PMS.
AnropuTMiuHa TOYHICTh, sIKA& BH3HAa4Ya€ METOA OO €IHAHHA TOYOK, MOBHHHA
iHTErpyBaTH aJalTHBHI MEXaHi3MH JUIl LIBUAKOTO W e(EeKTHBHOTO BHPILICHHS
Henepea0aYeHNX mpooIeM.
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CTBOpCHHS aJIrOPUTMY BHUPILICHHS HAI3BHYAfHHUX CHTyaLiil y paMKax METOIy
Point Merge mnepenbavae BpaxyBaHHS KUIBKOX KPUTHYHHX KpPHUTEpIiiB Uit
3abe3neyeHHs #Woro e(peKTHBHOCTI Ta HamiiHOCTi. LI KkpuTepii OXOIUTIOIOTH SIK
TEXHIYHI ACHEeKTH aNrOpUTMy, TaK 1 LIMPUIMA KOHTEKCT OIepaiiil ympaBiIiHHI
MOBITPSIHUM PYXOM.

Ha puc. 1 300paxkeHO CHHEpril0 KpUTEpiiB, SKi 3aCTOCOBYIOTHCSI B MPOIECi
CTBOPECHHSI AJITOPUTMY.

IHTerpauia gaHux y
peanbHoOMy yaci

JliloagMHO-MaLlLUUHHa MporHosHa
cnisnpausa ) " aHaniTUKa
MacwraboBaHicThb i ' ApantusHe
edeKTuBHIcTb NPUAHATTA pilleHb

TectyBaHHA Ta BigmoBocTilKi
Banigauyia MexaHisMu

Puc. 1 KitouoBi kpurepii B Ipo1ieci CTBOPEHHS alTOPUTMY

[licns BCTaHOBICHHS KPUTEPIiB Ul CTBOPEHHS AITOPHTMY HACTYITHHI eTar
nependadae CHCTEMAaTHYHy pO3pOOKY Ta TIpoIecH mepeBipkd. [l CTBOpeHHS
NTOPUTMY HEOOXiIHA CIIBIpans MiX eKCIIepTaMH 3 aBialii, Hayku Ipo JaHi Ta
ITOPUTMIYHOTO MPOEKTYBAaHHSA, 100 3a0e3MeYNTH KOMIUICKCHE Ta e(eKTHBHE
pimenns. Ha pucynky Ne2 npoJeMOHCTpOBaHO €Tary )KUTTS AITOPUTMY B KOHTEKCTI
HOro CTBOpEHHs, BJOCKOHANEHHS, BUKOPUCTAHHA Ta MOXJMBOTO BUIIyYEHHS
CTBOPEHHS aITOPUTMY, SIKHH BKJIIOYAE iTepamiiHi eeMeHTH.
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L - 1 Hi eheKTUBHILMA Dt — L henil
anropum giit anropuTM? CNOCTPEXEHHA

l

Puc. 2 XKutteBuii MK anropuTMy

OCKUTBKY TaKU# aNTOpUTM BHPIMICHHS HAI3BUYAHHUX CHTyalidl y pamkax PMS
MOJKe OyTH pealti3oBaHO Ta iHTeTpoBaHO B cucteMu YIIP, HeoOxingHO chopmymroBaTi
OCHOBHI €JIEMEHTH MOHITOPHHTY 1 BIOCKOHAJEHHA, $Ki CTaHy HEBiJ eMHHMH
KOMITOHEHTaMH HOT0 )KUTTEBOTO UK.

OrnepaTHBHUH MOHITOPHMHT - AHali3 JaHUX y pealbHOMY 4aci, OLIHKY 4Yacy
BIATyKy Ta MiATBEPMKEHHS TOTO, IO AITOPUTM Y3TOMXKYEThCA 3 OYiKyBaHUMHU
pe3ynbTaTaMy B 3BUYaWHHX | eKCTPEHUX CUTYAIisIX.

MexaHi3Mu 3BOpOTHOTO 3B'I3Ky - CTBOpEHHS LHMKIIB 3BOPOTHOTO 3B’S3KY 3
aBiagucrieTuepaMy, CHUCTEMHHMH OIEpaTopaMH Ta 3allikaBJIeHHMH CTOPOHaMH
JTO3BOJISIE€ 30UpaTH LiHHY iH(OpMaIIito.

AnanTuBHe HaBUaHHS - BKIIOYEHHS MeXaHI3MIB aJaNTHBHOTO HABYAHHS B
AJITOPUTM TOJIETIIY€E HOTo €BOJIOLIIO Ta BIOCKOHAICHHS 3 aCOM.

AHali3 IHIMICHTIB Ta 3BiTYBaHHsA - Bu3Hadae oO0NacTi BIOCKOHAJICHHS Ta
iHpOpMy€e po MaiiOyTHI OHOBJICHHS [T ITiIBUIICHHS 3arajibHOT CTIHKOCTI CHCTEMH.

94




XIV BceykpaiHCchbKa HAyKOBO-TeXHiYHa KOH(epeH1isa «CTaauii po3BUTOK
CHCTEeM 3B’I3Ky, HaBiraiiii, criocrepe:keHHs Ta opraHisallii ToBiTPSHOro Pyxy
CNS/ATM - 2023» 29 — 30 AUCTONIAIA 2023 p., HALIOHAABHUMN ABIALUMHUM
YHIBEPCUTET, M. KUiB

CriiBnparid 3 ragy3eBHMH CTaHIapTaMH - ['apaHTis, 0 alTOPUTM 3aIHIIAETHCS
Torepey B TEXHOJIOTIYHUX JOCATHEHHSX 1 BIATIOBITHOCTI HOPMAaTHBHIM BHMOTaM.

KiGepbesneka Ta LUTICHICTH cUCTeMH - Peryimsaphi mepeBipku Oe3meku Ta
OHOBJICHHA 3MEHIIYIOTh MOTCHLIHHY Bpa3NUBICTh, 3a0e€3MeUyl0dYH IUTICHICTD
iHpPaCTPYKTYpH YIPaBIiHHS OBITPSIHAM PyXOM

HaBuanns ta obi3HaHicTh - HaByanbHI KaMIaHii sIK TapaHTis, IO 3alliKaBieHi
CTOPOHH PO3YyMIIOTh MOXIIMBOCTI, 0OMEXEHHs Ta HaHKpalli MPaKTHKHA alrOpUTMY
JUISL OITUMAIIBHOTO BUKOPHCTAHHS

JlocipKeHHS Ta iHHOBAIIIT - Y9acTh y JOCIIKCHHSIX BHBYAa€ HOBI TEXHOJIOTI Ta
X0, MOKPAIIyIOYH HMPOXYKTUBHICTB 1 CIIPHUSMIOUN BJIOCKOHAJIEHHIO YIIPABIIIHHS
MIOBITPSIHUM PYXOM

ANropuT™MH BUpIIICHHS HAA3BHYAWHUX CUTyauid y pamkax PMS He Tinmeku
KOHIICNITYyaJli30BaHUi, ajie i peTeJIbHO MePEeBipeHi, TOYHI Ta OE3I0TaHHO IHTErPOBaHi
Y CHCTEMH YIPaBIIiHHA MOBITPSIHUM pyXoM. Lleli KOMIUIeKCHUH MiAXia CHpsSMOBaHHN
Ha TigBUINEHHS Oe3nekd, e(eKTHBHOCTI Ta ONEPaTUBHOCTI B JIUHAMIYHOMY
aBiariifHoMy JaHmma@Ti. 3aCTOCYBaHHS MiJXOMY MKUTTEBOTO IMKITY, BKIOYAHOYH
Oe3nepepBHUI MOHITOPHHT, aJalTHBHE HAaBYAaHHS Ta CIIBIPALIO, TapaHTye, o
AITOPUTM 3IHIIAETHCS TUHAMIYHUM Ta PO3BUBAETHCS DILICHHSM, IO BiXIOBiTae
BHMOTaM aBialifHOTO JaHAMA]TY, IO MOCTIHO 3MiHIOETHCS.
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DECISION MAKING IN EMERGENCY DESCENT

Introduction. As frequent studies say, the main reason for most of the accidents
is human factors. Personnel is trained at an efficient level to become professionals;
aviation security organizations provide a proactive way of preventing aviation events.
In order to prevent or predict accidents, such a concept as Collaborative Decision
making (CDM) is implemented. In such a way personnel from different spheres can
evaluate and analyze different possible outcomes and obtain optimal decisions. It’s
vitally important to collaborate in a broader context and on various sides [1; 2].

Decision-making (DM) by air traffic control operator (ATCO) in emergency
situation under certainty. The analysis of actions by the air traffic controller in the
event of emergency descent and the construction of a deterministic model in the form
of a network graph (Table 1., Fig,1) are carried out in accordance with the technology
of actions of an air traffic service specialist using the principles of ASSIST
(Acknowledge, Separate, Silence, Inform, Support, Time) [3].

Table 1
Technology of the work of ATCO during emergency descent
1 Acknowledge emergency descent Az
2 Take all necessary actions to safeguard all aircraft concerned | A2
3 Separate the aircraft from other traffic As
4 Suggest a heading A4
5 Silence the non-urgent calls As
6 State the minimum altitude As
7 Inform other aircraft Az
8 Request intentions about diversions As
9 Give time to pilot to make a decision Ag
10 | Consider aircraft still to be in an emergency situation A1

Bid
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Fig 1. The network graph of executing of ASSIST actions during emergency
descent.

Decision making by a pilot in emergency situation under uncertainty. There are
various factors that impact the decision made by a pilot. Among them there are:

F1 — cabin pressurization issues

F2-engine failure

Fs — fire onboard

Fs— structural damage

Fs— medical emergency

Fe— fuel emergency

F7 — security threats

Fs— weather conditions

Fo — fuel dumping

It's important to clarify that pilots don't make spontaneous decisions to descend in
emergency situations. They assess the circumstances and adhere to established
protocols outlined in their aircraft's manual and regulations. After the pilot found a
cause for emergency descent, ATCO creates the optimal conditions for pilot to
conduct the descent. The algorithm of ATCO actions during emergency descent is
shown below (Fig,2):
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Start

4

__.-'bbtain information |
| about emergency |/
i descent

Y

Separate the AC from
the other traffic

h J
Suggest a heading

Y

Silence the non-urgent
calls

| <Did the AC desceﬁ'f"?""-—al

Yes No
v o v
Monitor the situation Give the pilot fime to
descend
‘h ) Give instructions for | )

safe landing

Fig 2. Block-scheme of algorithm of DM in emergency

Example of collaborative decision making under the uncertainty. All decisions

for each operator with the help of the criteria of Wald, Laplace, Hurwicz (Table 2

and Table 3). Main characteristics of situation.
1) Route: Kharkiv — Mykolayv
2) Aircraft — Airbus 319
3) Alternate aerodrome — Poltava, Dnipro, Kryvyi Rig.

4) Emergency - emergency landing caused by medical condition of the passenger
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Factors:

f 1 — Availability of fuel on board;

f 2— Remoteness;
f 3 — Technical characteristics of RWY;
f 4 — Weather conditions;
f s — Light system;

f 6 — Approach system;

f7 — Navigation system approach;
f 8 — Characteristics of the apron, taxiway;

Matrix of DM in uncertainty during emergenc

Table 2

descent for pilot

The matrix 1 Factors, influencing on DM Calculations
pilot
Alternative {A} f{f[f[f[Ff|[Ff|Ff]|f wiL H,0=0, s
1 2|3 ]a]|s5 |6 |7 ]|s 5
Departur | Kharki 3l1l1713lsl7l8l7l1 5, 45 6
e v (A1) 5
Destinatio | Mykola 5,
n iv (A2) 411|5|6|7|8|7]|7]|1 6 4,5 9
Alternate | Poltava 7,
aerodrom | (Aq) 8(6|7(8|9|8|7|7]|6 5 75 4
€s Dnipro 6,
(As) 517171418 |7|7|7]|4 5 6 3
Kryvyi 5
Rig 5/11(6|4|7|6|8|7]|1 5’ 4,5 6
(As)

Optimal decisions for pilot with the help of the criteria of Wald, Laplace, Hurwicz.
- Poltava (As)), and for Savage criteria - Dnipro (As).

Table 3
Matrix of DM in uncertaintyduring emergency descent for ATC
The matrix 2 Factors, influencing on DM of Calculations
ATCO
Setofalternative | fr | f | fa | fa | f | fo | f7 | f H,a=0
decisions {A} 2 5 8 Wit 5] S
Departu | Kharki 1 111 8,
re via) | 4121 % 0% o]0 %] " |7
Destinati | Mykol 1 6
on aiv 0 1193 |8|8|8(|8]|1 9‘ 5,5 9
(A2)
Alternat | Poltav | 1 7,
e a(As) | 0 6|7|18[9|8|7|8|6 9 8 6
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aerodro | Dnipro 1)1 7,
mes ™ 418|501 p16|8]6[5[4]] 7 5
Krywyi
Rig 8 |4 é é 71711484 ; 7 6
(As)

Optimal decisions for ATCO with the help of the criteria of Wald, Hurwicz. -
Poltava (As)), for Laplace criteria - Kharkiv (A1), and for Savage criteria - Dnipro
(Ag).

Collective solutions - CDM. To determine the consistency of the operators, it is
necessary to build collective matrices, in which the factors influencing the DM are the
previous opinions of the operators.

Collective solutions - CDM. To determine the CDM models in an emergency, it
is necessary to build collective DM matrices, in which the factors affecting the DM
are the previous opinions of the operators.

In the example, decision matrices are built for two operators (pilot and dispatcher).
To obtain joint solutions (CDM), it is necessary to invite participants, according to the
type of situation (engineer, flight dispatcher, ground services). For example, in the
emergency "incapacitation of the pilot in take-of flight", participants who are related
to medicine were invited [4].

Conclusion

Overall, emergency descents, a critical procedure in aviation, address immediate
in-flight emergencies stemming from factors such as loss of cabin pressure, fire,
engine failure, medical emergencies, and more. Using the ASSIST principles ATCOs
follow a technology-assisted model to ensure the safe execution of emergency
procedures as under both certainty and uncertainty considering all the factors that can
impact the emergency descent.
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IHTEJEKTYAJIbHA CIIIP. CIILJIbHI IPUAHSTTA PILIEHG B
ABAPIMHINA CUTYAIIT «BIIMOBA IIACI»

3rimHo 31 cratucrukoro Boeing (puc. 1) BimHOCHa wactoTa aBapiif 3i
CMEpTeNIbHUMH HacligKaMu Ta 3armomux Ha Oopry 3a 2009-2018 poxm wmae
HaCTYIHUH po3moxin [1]:
Ha etan nocanxu (Landing) npunagae 24% iHnnaeHTis;
Ha eramu 3mp0T1y (Take off) — 6%, migxomxy (Final approach) — 25%,
Ha novaTkoBuil eran Habopy BucoTH (Initial climb) — 6%.

JToLiIbHO, TAKOK, 3BEPHYTH yBary Ha cratuctiyHi mani IATA 3a 2005-2022 [2]
100 KUTBKOCTI IHIUICHTIB B 3aJISKHOCTI BiJ] €TaIry MOJIbOTY (pHc 2):
HAa eTall OCaJIKu MpHunagae 724 iHIUICHTIB,
Ha eTar 3760Ty — 116 iHIuAEHTIB,
Ha etamn miaxoxy — 111 iHIuaeHTIB,
MMOYaTKOBHI eTan Habopy BUCOTH — 84 1HIIMACHTIB.

TakuM 9rHOM, MOKHA TMOOAYUTH BEIMKUH PO3PHUB B KUIBKOCTI iHIIMICHTIB, SKi
BinOyBalOTHCS HA €Talli MOCaIKH, BiJl KUTBKOCTI IHIIMICHTIB HA IHIINX eTamax.

Puc. 1 Bigcorox aBapiii 3i cMepTeJbHUMH HACTIIKAME Ta 3arH0JIUX HA
oopty 32009 no 2018 poxmu [1]

101



XIV BceykpaiHCchbKa HAyKOBO-TeXHiYHa KOH(epeH1isa «CTaauii po3BUTOK
CHCTEeM 3B’I3Ky, HaBiraiiii, criocrepe:keHHs Ta opraHisallii ToBiTPSHOro Pyxy
CNS/ATM - 2023» 29 — 30 AUCTONIAIA 2023 p., HALIOHAABHUMN ABIALUMHUM
YHIBEPCUTET, M. KUiB

Arcienis by Phases of Flght * Dats sowos BTA

e e . o

B e =
£ o b g o P W

Puc. 2 KinpkicTs iHIMaeHTIB B 3a/1€5KHOCTI Bi eTamy moJibory [2]
Crmpatource Ha naHi FAA, ski Oynu B3sTi 3 aHai3y aBiallifHUX 1HIUAEHTIB 3a
1984-2004 poku, BUXOAWTH, WO MpobieMu 3 mIaci OyIM OCHOBHOIO MPHIMHOIO
IHIIWAEHTIB SIK B OMHOMOTOPHHX, TaK i B 6araTOMOTOpPHHMX JiTakax Ta ckiamu 48,3%
BiJl BCiX mpuymH, 11% IHIMACHTIB MPUITAJae HA MPOOJIEMHU 3 TIOPIITHEBUM JIBUTYHOM,
7.6% Ha mpobiemu 3 enekTpukoro, 6.5% Ha mamuBo [3; 4]. JletansHuil po3momin
MPUYHH 300paKEeHUI Ha PUCYHKY 3.

MNpuuasmm inumaenrio

511

o 12400
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Puc. 3 Po3nonisn npuyuuH inmuaeHTis [3; 4]

Sk Bigomo, BUOIp ONTHMAaJbHOTO pIMIEHHS ISl 3aBEpIICHHS IOJBOTY B
MO3aIUTATHUX CUTYallisIX, sKi BHMAaralThb BHCOKOTO piBHSI TmpodeciitHoi
KOMIIETEHTHOCTi, BUMarae BiJl ollepaTropa aHajiidy 3HaYHUX OOCATIB Pi3HOMaHITHOI
iHpopmanii [5].

Jns moBHOro BpaxyBaHHS (aKTOpiB, MO BIUIMBAIOTE Ha (OPMYBaHHS
aBia/INCTIETIEPOM KITIOYOBUX PIllleHb, HEOOXIMHO PO3POOUTH aJanTHBHY CHCTEMY
HiITPUMKA  TPUAHATTSA  pillieHb, sKa JO3BOJIMTH BpPaxOBYBaTH JUHAMIYHI
XapakTepUCTUKU cTaHy mnoBiTpsHoro cynana (IIC) Ta 30BHIIIHBOrO cepeloBHINA -
XapaKTePUCTHUKHU 30HH yTpaBiiHHs noBitpsiHoro pyxy (YIIP). OCHOBHI KOMIIOHEHTH
CHCTeMH MiATPUMKH npuitHATT pimiens (CIIIIP) HaBoasThes Ha puc. 4.
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Puc. 4. OcnoBHi komnonentu CIITIP

baza manmx CIIIIP aBiariifHOro nucreTdepa BKIOYAE iHGOpPMAIiO 00
TaKTUKO-TEXHIYHUX XapaKTEPUCTUK MOBITPSIHUX CyJEH, IIaHOBOI iH(pOpMAIIii mo10
PYXy Ta XapakTepHUCTHUK aepoipoMiB. baza maHuX, TakoX, MICTUTH IaHi Ipo
KPUTUYHUI Yac Uil BHUPIMICHHS OCOOJHMBHX CHTYalliil B MOJBOTI BiAMOBIAHO A0
TEXHOJIOTIUHMX KapT Ta nmojoxkeHb ASSIST (Acknowledge, Separate, Silence, Inform,
Support, Time) [5]. ba3a moneneit Bkimowae aerepMmiHoBaHi moxenmi i I[P 3
BUKOPHUCTAHHSIM SIK JIETEPMIHOBAHOTO, TaK i CTOXAaCTUYHOTO 4Yacy IJIsi BUKOHAHHS
omepauiiHux mnponeayp. Takox B 0a3y Mojeneil BXOIATH MOJET PO3BHTKY
0cOOJIMBHX CHTYyaliil B MOJIBOTI (BiJ 3BMYaHHHMX YMOB JO KPH30BHUX CHTYyalill) Ta
MOJIEN IS iX BUPIIICHHS.

[lig gac po3podku CIIIIP opHi€ro 3 3ama4 € CTBOpeHHs 0a3u MoIeNeH Ayt
ontumizamii nmpuidHATTA pimens (IIP) B aBapiitniit curyanii [5]. [loOymoBano
nerepminoBai Mozeni [P oneparopom-nucnerdepom YIIP B yMoBax BH3HA4E€HOCTI
B Ha/I3BUUAlHIN cutyanii «[Ipobmemu 3 maci» min yac 3mp0Ty [6]. YV 3abe3nedeHHi
0e3MeKH MOJILOTIB BAXKJIMBO OPraHi3yBaTH OIEpAaTHBHE CIIbHE NMPUHHATTS pillleHb
(collaborative decision-making — CDM) mix onieparopamu, 1o 3azisiai y 1P, a came
exinaxxom IIC, mucneruepom VIIP Ta iHmmmu yuacHukamu [7]. s onrtumizamii
cymicHoro mpuiiHATTS pimers (CDM) pospobneni momenmi I[P B ymoBax
CTOXACTHYHOI 1 HECTOXAaCTUYHOI HEBU3HAYEHOCTI [8].

B ymoBax pmsmky mis IIP i mporHo3yBaHHS PO3BHTKY MOIAJBINOI CHTYaIil
MTOCTiTOBHICTH Al onepaTtopa-aucmerdepa YIIP moxens [1P B yMoBax cToxacTHYHOT
HEBU3HAYCHOCTI BiIOOpa’keHa y BHUIJIANI JepeBa pillleHb, IO HAA€ MOXKIHBICTH
MIPOBECTHU CTPYKTYPHHUH aHani3 aaHoi npobiemu. [lepeBo pimeHs y pasi npodiemu 3
miaci miJ yac 37bOTY MPEICTABICHO Ha pHC. 5.
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Puc.5 [lepeBo pimennb aBapiiinoi cutyauii «Bigmosa maci»

CdopmoBani BXifHI JaHi AJS MOJATBIIOTO PO3B’S3Ky 3aBOAHHS BIAMOBITHO 10
pexomennariii ASSIST [9]:

p1— HMOBIPHICTB TOTO, II0 OCAJIKa MPO¥iie YCIINIHO;

P2 — AIMOBIPHICTB PO3BUTKY CHTYyallii y pa3i aBapiifHOi mocaaky;

{U} — BTparu, sikuxX 3a3Ha€ Omeparop y pe3yibTaTi IeBHUX /il (MHOKHHA);

{R} — ouikyBaHi pu3uKu (MHOKHHA);

{A} — onTUManbHi ATPTEPHATUBHI PILIEHHS IS OTIEPAaTOPa B JAHOMY OCOOIMBOMY
BUMAJKY B TOJIBOTI (MHOXKHHA).

Hns mopemroBanus [1P oneparopom-nucneryepom YIIP B ocobnrBoMy BHIAAKY
B nos160Ti «IIpobnema 3 maci» oOpaHi HACTYIIHI AaHi:

1)  AnbprepHaTHBHI pillICHHS:

A1 — IPOIOBKEHHSI OJIBOTY JI0 3aIIaCHOTO aePOAPOMY;

A2 — mocajixa Ha aepoJPOMi BUIIBOTY;

A3 — 31UB mankHOTO; A4 — €3 3THMBY MATBHOTO; A5 — TOJIT /10 30HM OYiKyBaHHS 31
37IMBOM TTAILHOTO; A — HeraliHa aBapiifHa mocaaka.

2)  Eramu npuitHATTS pilieHHs: nepiuid eram (BepumHa 1) - BHOIp Mik
3amacHAM a00 aepoIpOMOM BWIIBOTY; ApPYrwid ertam (BepmmHa 4) - BUOIp Mik
3NMMBaHHAM a00 HE 3JIMBAaHHSM IAJBHOTO; TPETil eram (BepiuwHa 7) - BUOIp MiX
MOJBOTOM JI0 30HM OYIKyBaHHs 31 3JHMBOM IaJbHOrO a00 HeraiHoI aBapiiiHOO
ocajikoro (puc.5).

3) Pesynbraty Uij i HMOBIpHOCTI Pj pO3BHUTKY cuTyauil 1ust koxxuoro [1P: p1=0,4 —
HOpMaJlbHa nocajka; P2=0,6 — ckiagHa nocaxa.

3a momomororo MonemtoBaHHs [IP B aBapiiiHiil cutyanii «BigMoBa maci» mms
omneparopa-aucrierdepa YIIP 3rimHo 3 pexomenpmamismu ASSIST 3a kpurepiem
OYiKyBaHOT'O 3HAYEHHS OTPHMAHO HACTYIHE ONTHMAJIbHE PILlICHHS:

R7s<R79, TOoMy As=R7s=4,4; R4s5<Rss, Tomy As3=Rss=4,4; R12>Ri3, TOoMy
A2=R13=7,2

Rmin=7,2 y.0. - mocajika Ha aepoOAPOMi BHJIBOTY 3i 3IMBOM HaJIBEHOTO.

B HactynHoMy pociiDkeHHI OyJO pO3INISSHYTE MOJENIOBAHHS CIIUIBHOTO
npuiinsTTs pitens (CIIP) Ha npukinazi aBapiiiHOi cUTYyallii «BiMOBa I1aci Ha 3TBOTI
[10]. Y CIIP npuitmManu ydacTh MiOT, aBiafucneTdep, Ha3eMHi (aBapiiiHi) ciryxOm).
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OO0pani KOHKpeTHI T JtitakiB. BiamosimHo no QRH mitakie Boeing 737-400,
Boeing 747-800, Boeing 747-400 ta [1-76 T noBepHEHHS Ha aepOJPOM BHJIBOTY HE €
060B’s3k0BUM [11]. Po3paxynku CIIP (Boeing 737-400) mokasanu, 1o pilieHHAM
MioTa B aBapilHill cutyanii «BigmoBa maci» 3a kputepisimu Banpna i I'ypsiua €
[0Ca/IKa Ha 3alaCHUH aepoApoM, Mic/s CIANOBAaHHS NanuBa. PillleHHAM Ha3eMHHX
Clly)k0 OTpPUMaHO SIK IIOCaJKa Ha 3allaCHUN aepoapoM/aepoJpoM HpHU3HAYEHHS,
aBlajucrieTdepa — 3alacHUM aepoxpomM/aepoapoM BHIBOTY. CIUIBHI pIMICHHS IS
YYacHUKIB cHTyanii (IIJIOT, aBiagucnerdep, Ha3eMHi (aBapiiiHi) cIy>xOn) OTpUMaHO
3a JOTIOMOTOI0 METOJy 00 ’€KTHUBHO -CyO’€KTHBHHX pIIIEHb, CITIJIBHHM DiIlICHHIM
CTaJo: € MOocajKa Ha 3amacHui aepojpoMm. HaykoBa poGoTa Oyia mpeacTaBieHa Ha
MixHapoIHOMY ceMiHapi 3 iHTeNeKTyalbHUX iH(pOpMamiHHIX TEXHOIOTiH Ta CUCTEM
inpopmaniitaoi 6eznexu (IntelITSIS-2023) y Xmenpaumpromy [11].

B  Mmaii0yTHbOMY  TOpOMOHYeThcA  po3podutu  iHTenekryanpHy  CIIIIP
aBiaaucnerdepa aus [IP B mo3amraTHHX cHUTyamisiX, IO NOTPeOYIOTH BUMYIIEHOT
nocanku I1IC st BCiX MOXKIMBHX aBapiffHUX CUTYaIlil, sKi MOXKYyTh BUHHKHYTH Ta
pI3HHMX eTamax IOJbOTYy i3 3aCTOCYBAaHHSM MOJIYNIO CIUIBHHMX PIllleHb B TPOIEci
tpeHiary CDM-E (CriisibHe npuiHATTS pillieHb Y HaBYaHHi).
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FREE ROUTE AIRSPACE IMPLEMENTATION AND ASSOCIATED
SAFETY CONCERNS

Introduction

Free Route Airspace (FRA) is a contemporary concept in European aviation
industry that allows aircraft to freely plan and fly the preferred routes, subject to
certain restrictions, without being constrained by traditional fixed Air Traffic
Servfices (ATS) route network or predefined routes along waypoints. The primary
idea of FRA concept is to increase the efficiency and flexibility of the airspace and
reduce operational costs for airlines (fuel consumption and flight trajectory reduction).

FRA makes possible for aircraft operators to plan their flexible routes (direct
routes, DCT) through designated airspace without reference to fixed ATS routes or
waypoints. This flexibility enables airlines to choose the most efficient and direct
trajectories, leading to fuel savings and reduced flight times.

FRA projects are typically implemented in specific regions of national airspace
(sometimes multinational projects possible) and limited by lateral and vertical
boundaries. The appropriate ATS units are responsible for managing the FRA,
providing separation between aircraft, and ensuring safety of flights. Aircraft
operators shall submit flight plans (FPLs), and ATS units provide relevant clearances
eligible to chosen DCTs.

FRA projects are typically introduced in specific areas or routes where it's
practical (production goals) and safe (protection goals) to implement. As a
management of change regulation process, the detailed safety analysis is an obligatory
prerequisite prior any FRA project implementation to study and reveal all possible
hazards and associated risks [1-4]. After the safety analysis, the airspace availability
may also be subject to time-of-day restrictions or other operational considerations.

Due to high importance to development of national airspaces, the implementation
of FRA involves collaboration between airspace authorities, air navigation service
providers, and airline operators. It requires careful planning and coordination to
ensure safety and efficiency.

Although FRA offers more routing flexibility, safety remains a paramount
concern. Air traffic controllers and aircraft operators must work together to ensure
that aircraft maintain appropriate separation and follow their planned routes to prevent
potential conflict situations in controlled airspace [5].

To sum up, the FRA is a significant step toward modernizing and optimizing the
use of national airspace, and it has the potential to bring several benefits to the aviation
industry. It allows airlines to operate more efficiently and has the potential to reduce
the environmental impact of aviation by decreasing fuel consumption and emissions.
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But important thing is that its implementation requires careful planning and
coordination to maintain the highest standards of safety.

FRA implementation in Ukraine

With the rapid growth of air travel, the traditional airway systems became
increasingly congested, leading to inefficiencies, longer flight times, and increased
fuel consumption. The need for a more flexible and efficient airspace management
system became evident. The idea of FRA began to take shape in the late 20th century
as aviation authorities and organizations recognized the need for more flexible routing
options. Initial FRA implementations were developed in various regions, allowing for
greater route flexibility within specified airspace boundaries.

In Europe, the Single European Sky ATM Research (SESAR) program and in the
United States, the Next Generation Air Transportation System (NextGen) initiatives
played pivotal roles in advancing the concept of Free Route Airspace. These programs
aimed to modernize and optimize airspace management, reduce congestion, and
improve the efficiency of air traffic flow.

The implementation of FRA continues to expand, contributing to increased
efficiency and reduced environmental impact. Ukraine, as a member of Eurocontrol,
is actively working on refining air navigation system regarding policy programs and
operational concepts for improving air traffic management in the European Region.

With regard to Commission Regulation (EU) No. 677/2011 of 7 July 2011, the
European Route Network Improvement Plan (ERNIP) and target task AOM21.2 «Free
Route Airspace» of the «Local Single Sky Implementation» (LSSIP) document for
Ukraine, main objectives are: increasing capacity in air traffic management system
(ATM) in European region, increasing flight efficiency and improving environment
on the basis of advanced operating concepts, such as FRA.

FRA Ukraine (FRAU) design task is to develop optimal trajectories within a
defined significant entry/exit points to/from FRAU and intermediate significant
points, ATS sectors determination for further developments of operational scenarios
for FRAU with the help of operationally driven approach (Fig. 1) [6,7].
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Fig. 1. FRA areas (Scenario 2a, Phase 2)

According to the concept, FRAU implementation is divided into two steps [6,7]:

Step 1:
scenario la - FRA-Night within individual FRA areas defined by AIP of Ukraine;
scenario 1b, phase 1 - FRA H24 within FRA Lviv (UTA Lviv);
scenario 1b, phase 2 - cross-border FRA H24 within FRA KIDRO (UTA Kyiv, UTA
Dnipro-North and UTA Dnipro-South (DVS sector))
scenario 1b, phase 3 - FRA H24 within FRA Odesa (UTA Odesa-North).

Step 2:
scenario 2a, phase 1 - implementation of cross-border FRA H24 within certain
UKNESFRA covering UTA Kyiv, UTA Dnipro-North, UTA Dnipro-South (DVK
Zone 1 only) and UTA Lviv;
scenario 2a, phase 2 - implementation of FRA H24 within certain UKODSFRA
covering UTA Odesa-North and UTA Odesa-South (only within the Green Zone);
scenario 2a, phase 3 - implementation of cross-border FRA H24 procedures
throughout UIR Kyiv - UKBUFRA covering UTA Kyiv, UTA Dnipro-North, UTA
Dnipro-South, UTA Lviv, UTA Odesa-North and UTA Odesa-South.
scenario 2.b - implementation of cross-border FRA H24 procedures within FIR and
UFIR of Ukraine in ATS class C controlled airspace (excluding TMA and CTR) -
UKRAINEFRA.

FRA associated safety concerns and their possible solutions

The implementation of FRA typically involves a phased approach and
coordination with various stakeholders, including the national aviation authority, air
navigation service providers, and airlines. When FRA is introduced in a specific
region or airspace, it allows aircraft operators to plan their own preferred routes,
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subject to certain restrictions, to optimize efficiency and reduce operational costs
while maintaining safety.

Following a comprehensive safety assessment procedure in accordance with the
EUROCONTROL methodology, a quantitative/qualitative risk assessment was
carried out and it was determined [7]:
potential hazards;
hazard effects;
safety objectives for each hazard;
possible causes of hazards and failure modes;
mitigation means;
safety requirements.

The criteria for assessment are to mitigate risks while implementing changes in
components of the air navigation system of Ukraine, their analysis and consideration
in daily operations in order to prevent emergencies, consequence of which may be
resulted in aviation accidents, incidents and safety related events in the ATM system.

The typical examples of hazards (codes) and operational consequences (hazard
effects) regarding FRAU implementation is available in Table 1.

Table 1 — The hazards and risk mitigation means related to FRAU implementation

Hazard description Risk mitigation means
Air traffic controllers will not have information | Coordination procedures
about the aircraft Fixed ATS route network use

Getting relevant information
from the flight crew

Additional workload of air traffic controllers Refresher and  simulator
training

Competency scheme

Capacity analysis and update
(if needed)

Lack of coordination between sectors Fixed ATS route network use
LoA update
Operational manuals update

Aircraft intrusion to restricted airspace Civil-military coordination on
tactical phase

MONA and APW functions
use

Buffers zones management

Conflict situations near sector borders | MTCD function use
(especially international) Refresher ~and  simulator

training
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Coordination procedures

MONA, MTCD, STCA, MSAW or APW errors | Simulator training in

emergencies and in case of
system malfunctions
Competency scheme
Automated  ATC  system
further improvement

Aircraft crossing sector in random entry/exit | Coordination procedures
points resulting in additional complexity in | Refresher and  simulator
monitoring by air traffic controller training

MTCD, MONA, APW and
STCA functions use

Conclusions

Overall, the FRA concept has the potential to enhance the safety of flights,
primarily by reducing congestion, providing more efficient routing options, and
enabling better weather avoidance. However, achieving this potential requires careful
planning, effective coordination, robust safety protocols, and adherence to established
procedures by all stakeholders involved in the operation of FRA airspace. Safety
remains a primary concern in the design and management of FRA to ensure that
flexibility and efficiency do not compromise aviation safety.
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ORGANISATIONAL ACCIDENT CONCEPT APPLICATION IN FREE
ROUTE AIRSPACE

Introduction

ICAO promotes the implementation of Safety Management Systems as a
proactive and systematic approach to managing safety in aviation. SMS is a
comprehensive and integrated set of regulations, policies, procedures, and practices
for managing risks and ensuring the safety of aviation operations. Organizations are
encouraged to continuously improve their safety performance through ongoing
monitoring, evaluation, and enhancement of safety processes. The goal is to create a
learning culture where lessons from incidents and accidents are applied to prevent
their recurrence.

ICAO encourages the identification, assessment, and mitigation of risks
throughout the aviation system. Risk management processes within an organization
should be used to proactively identify potential hazards and assess the associated risks
to prevent accidents.

The multiple latent conditions can exist in the aviation system (airline, air
navigation service provider, etc.) well before a damaging outcome, such as incident
or even accident. The consequences of latent conditions may exist in operational
environment for a long time before “triggering” from some casual circumstances.
Initially, these latent conditions are not harmful, but under certain conditions may
breach the operational level defences leading to some negative events in the system.
Even personnel or equipment far removed in time and space from the event can create
these conditions.

The latent conditions include (the most typical examples) [1]:

- safety culture;

- equipment;

- procedural design;

- conflicting organizational goals;

- defective organizational systems or not relevant management decisions.

The organizational accident concept assists by identifying latent conditions on a
system-wide basis, provides more dedicated accidents investigation, rather than
through localized efforts, to minimize active failures by operational personnel. As
previously mentioned, the organizational accident concept involves a systemic
approach to understanding and preventing accidents. It focuses on the entire aviation
system, including people, technology, procedures, and the organizational
environment. Key principles include the implementation of SMS, a just culture, risk
management, and continuous improvement.

Organizational accident is a shift of emphasis in the accident investigation from
personnel to organization (to core organizational flaws). Instead of searching for the
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“victim", a systematic (ongoing basis) search for global, system-wide "gaps" in the
aviation organization's activities that might cause accidents are carried out.

According to this concept, system is imperfect by default, it is believed that in
every aviation organization there is always a decent number of hidden conditions (see
the Swiss cheese concept), that are "triggers"” of possible accidents. The number of
these hidden conditions directly depends on the quality of SMS in the aviation
organization, flight safety culture, safety funding, etc. - that why, it strictly depends
on the organization and its operational processes. On the contrary, a person who
directly brought to accident, as a result of his/her mistakes and/or suboptimal actions,
is considered a "victim of unfavourable circumstances" of an irresistible forces

i Organizational processes

1

Improve Identify
Monitor it

conditions conditions

Active

X Defences
failures

9240jUlay

Fig. 1. Organisational accident concept application in air traffic control

Therefore, the organisational accident concept is considered as the new scheme
and it helps to find hidden flaws in fundamental organisational processes, improve
safety defences, find multiple latent conditions and neutralise them, prevent accidents,
fair/just culture.

Principles of application of organisational accident concept in free route
airspace

FRA is a specified airspace within which users may freely plan a route between a
defined entry point and a defined exit point, with the possibility to route via
intermediate (published or unpublished) significant points, without reference to the
ATS route network, subject to airspace availability. Within the class C airspace,
flights remain subject to air traffic control.

The purpose of FRA implementation is to grant airspace users the right to plan
flights on direct routes, making aligned routes currently in operation at the tactical
level available for their planning, optimising economic efficiency of aircraft flights
and increasing predictability of air traffic flows. The FRA concept does not envisage
implementation of a free-flight concept.
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FRA Ukraine Scenario 2a, Step 2 implementation will be carried out gradually,
taking into account the following aspects [2]:

current state of functionality of ATS systems;

readiness to implement cross-border FRA procedures taking into account
functionality of the ATS systems of Kyiv, Dnipro, Odesa and L'viv ATM centres.
The implementation of FRA Ukraine Scenario 2a, Step 2 includes:

- the first Phase (Step 2, Scenario 2a, Phase 1) - implementation of a cross-
border FRA-H24 within the defined limits of UKNESFRA covering UTA Kyiv, UTA
Dnipro-North, UTA Dnipro-South (only DVK Zonel) and UTA Lviv;

- the second Phase (Step 2, Scenario 2a, Phase 2) - implementation of FRA-H24 within
the defined UKODSFRA covering UTA Odesa-North and UTA Odesa-South (only
within the Green Zone);

- the third Phase (Step 2, Scenario 2a, Phase 3) - implementation of FRA-H24
procedures within whole UIR Kyiv - UKBUFRA covering UTA Kyiv, UTA Dnipro-
North, UTA Dnipro-South, UTA Lviv, UTA Odesa-North and UTA Odesa-South.

The organisational accident concept potentially might cover such free route
airspace Ukraine areas: Risk Management, Collaboration and Communication,
Training and Competency, Performance Monitoring, Data Sharing and Analysis,
Flexibility and Adaptability and many other important areas.

Based on general organisational accident concept principles, there are perspective
areas for improvement on all phases of free route implementation in Ukraine:

Workplace conditions (improvement):

simulations to evaluate ACC sectors capacity and maximum number of aircraft that
can be under ATC service simultaneously in those ATS sectors;

the optimisation of structure of intermediate FRA points (1);

capacity and workload constraints, staff shortage;

provision of cross-border FRA-H24 in the respective FRA areas.
Active failures (contain):

monitoring of dynamic air situation on FRA areas;
deviation of aircraft from flight-planned trajectory;

tactical reserved airspace use and infringement prevention;
lack of coordination with adjacent ATS Units;

civil-military coordination (pre-tactical and tactical phases).
Latent conditions (identify):

planning system capabilities;

flight plan processing;

LoA uncertain or not clearly defined procedures;
coordination with adjacent ACCs;

airspace provided for military activities used during a published period of time within
the horizontal and vertical limits of specially designated routes and zones [3];
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airspace structure and interfaces hidden flaws;

FRA areas capacity assessment.
Defences (reinforce):

expert evaluation of readiness of ATS Systems of ACC to support FRA procedures;
ATS Personnel competence scheme utilisation (according to the Eurocontrol
specifications);

training of ATS, ATFM, ASM and air traffic monitoring and coordination personnel;

monitoring changes after implementation.
Organisational processes (monitor):

changes to the airspace structure (according to the respective phase);

pre-validation check of FRA structure/procedures in the Eurocontrol NM
environment;

agreement with the State Aviation Administration of Ukraine;
changes in the instructional and technological documents of ATM Centres;
ICAO EUR/NAT notification on airspace structure changes (FRA phase).

Conclusions

ICAO emphasizes a system approach to safety, recognizing that accidents are
often the result of a combination of multiple factors and not just isolated events or
individual errors. The organizational accident concept involves considering the entire
aviation system, including the people, technology, procedures, and the organizational
environment, to understand and address the root causes of accidents.

By integrating the ICAO organizational accident concept into the implementation
of Free Route Airspace, aviation stakeholders can enhance safety, mitigate risks, and
promote a proactive approach to the management of potential hazards. The goal is to
create a safety culture that prioritizes continuous improvement and the prevention of
accidents in the dynamic environment of Free Route Airspace.

The organizational accident concept application in a process of free route airspace
Ukraine implementation helps in revealing some gaps in many important aspects, such
as: workplace conditions, active failures, latent conditions, defences and
organisational processes. It might greatly help in seamless FRA Ukraine
implementation on all phases and possible processes.
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ADVANCED NEW FREE ROUTE AIRSPACE RELEVANT POINTS
ASSIGNMENT IN UKRAINE'S NEIGHBOURING STATES INTERFACES

Introduction

Free Route Airspace (FRA) is a concept that allows aircraft to fly user-preferred
routes between defined entry and exit points without following predefined airways.
This approach provides more flexibility for flight planning and allows airlines to
optimize their routes based on fuel efficiency and operational considerations.

The Free Route Airspace implementation includes such processes as Direct
Routing (reducing flight distances and fuel consumption), Increased Flexibility
(greater flexibility in choosing preferred routes), Regional Collaboration and
Coordination (cross-border FRA application), but also encounters multiple challenges
in the long process of implementation (for example, in Ukraine FRA is under
implementation since 2016, still ongoing process with not defined date of final
implementation).

In FRA implementation process is very important the Cross-Border Information
Sharing, that includes sharing data on air traffic flows, weather conditions, and any
relevant operational information that could impact the safety and efficiency of flights.

FRA should be safe, that is why it is necessary to introduce the Safety
Management System (SMS). Implement or enhance Safety Management Systems that
account for the unique challenges and risks associated with FRA in interfaces between
neighbouring states. This includes joint risk assessments and a commitment to
continuous safety improvement.

Also, in is needed to ensure that air traffic controllers, pilots, and other relevant
personnel in both neighbouring states are adequately trained and competent in the
procedures associated with FRA. This may involve joint training programs and the
sharing of best practices.

Actual prerequisite according to the EU directives is the Environmental
Considerations. Consider environmental factors, such as emissions reduction and
noise abatement, when designing FRA in interfaces between neighbouring states.
Collaborate on initiatives to minimize the environmental impact of aviation activities.

Principles of new FRA relevant points assignment

The new FRA relevant points establishment is a natural evolution process during
growth and development of any national FRA project structures (including points in
FRA interfaces with adjacent states). One of issues here, with the high topicality and
priority, is the verification (including Eurocontrol validation) of assignment of New
Free Route Airspace relevant points. This process is an actual challenge in many
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European countries, including the Ukrainian airspace [1]. To solve this problem, it is
necessary to establish efficient interfaces with all FRA areas of adjacent states. The
successful solution of abovementioned includes [2-5]:

International Coordination, which consists of establishing effective communication
channels and agreements on FRA procedures and airspace design, which are essential
to ensure seamless cross-border operations (LoA and regional meetings);
Harmonization of Procedures, which covers areas of aligning air traffic management
procedures and regulations across neighbouring states, that helps to create a consistent
and standardized environment for airspace users (harmonizing route planning,
communication protocols and contingency procedures);

Common (Seamless) Airspace Design, that is a work towards a common airspace
design, which optimizes route efficiency and minimizes restrictions (coordinating the
design of entry and exit points, waypoints to facilitate smooth transitions between
neighbouring states).

The assignment of New Free Route Airspace relevant points covers both safety
and efficiency aspects of Air Navigation Service provider activities.

The safety aspect means that the reasonable placement of FRA relevant points
(especially intermediate points) regulates traffic flows and might help potential
conflict situations solution and reduce total airspace structure complexity.

The efficiency aspect means that optimal placement of FRA relevant points
(especially exit points) regulates transit traffic flows and might attract new airlines to
use the national airspace. That will highly probably increase number of aircraft in
national airspace and, accordingly, increase route charges for the Air Navigation
Service provider.

The purpose of the work is to develop applied techniques for optimal new Free
Route Airspace relevant points assignment in interfaces with adjacent states.

In order to achieve the purpose of the work, it is necessary to solve the following
tasks:

Analyse the general principles of new Free Route Airspace relevant points assignment
in interfaces with adjacent states (based on Eurocontrol manuals and applicable to the
Ukrainian airspace).

Review the theoretical models of traffic flows distribution and their optimisation in
Free Route Airspace. There is a need to select among them the relevant to the purpose
of the work.

Develop the applied techniques for optimal new Free Route Airspace relevant points
assignment in interfaces with adjacent states (using the Eurocontrol NEST software).
The full compatibility of the techniques to Ukrainian airspace conditions and
limitations is required.

The example of new Free Route Airspace relevant points assignment in interfaces
with adjacent states (using the Eurocontrol NEST software) is shown on Fig. 1.

The assignment of new FRA relevant points involves careful planning and
consideration of various factors to optimize airspace utilization, enhance efficiency,
and maintain safety.
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The application of the Eurocontrol NEST software helps in:

Optimization of Routes, identify and select relevant points in a way that optimizes
routes for airspace users. Consider factors such as direct routing, fuel efficiency, and
overall flight path optimization;

Strategic Location, choose FRA relevant points strategically to facilitate the smooth
flow of air traffic. These points should align with major air routes, waypoints, and air
navigation infrastructure to support efficient route planning;

Continuous Review and Update, FRA relevant points should be subject to continuous
review and update based on changes in air traffic patterns, airspace demand, and
technological advancements. Regularly assess the effectiveness of existing points and
be prepared to make adjustments;

Integration with Air Traffic Flow and Capacity Management (ATFCM), ensure that
FRA relevant points are integrated into broader Air Traffic Flow Management
systems. This coordination helps manage traffic flows, optimize airspace capacity,
and prevent congestion;

Safety Considerations, prioritize safety in the assignment of FRA relevant points.
Consider factors such as airspace congestion, potential conflicts, and safety margins
when determining the location and spacing of points.
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Conclusions

The solution of these tasks might result in both theoretical and practical benefits
in Air Navigation Service Provider activities. From the practical point of view, it
might help in revealing the critically weak areas (gaps on the state border), that might
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possibly require the additional FRA relevant points placement in the appropriate
interface with the certain adjacent state. Also, it will simplify the process of traffic
flows calculations, based on which (cost-efficiency wise) the selection and approval
on new FRA relevant points will be performed [6,7]. It will be realistic task to
approximately assess the reconfiguration in transit traffic flows (increase or decrease
of them) resulted from the establishment of the new FRA relevant point. The process
of putting in place the new point is expected to be simple and clear, based on some
standardised calculations and obligatory considering the safety standards (to achieve
the target safety level of the FRA procedures).

From the theoretical point of view, it might help in formal approaches to
assessment of the transit traffic flows and based on this information, establishing the
basic principles of choosing FRA points in interfaces with adjacent states. Also, might
be used in discussion with adjacent states requesting the new FRA relevant points on
border from Ukraine’s party (establishment of formal validation procedure for
approval or reject of such request).
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AERODROME CAPACITY CONSTRAINTS IMPACTED BY
RECONSTRUCTION WORKS AT AERODROME MANOEUVRING AREA

Introduction

The Eurocontrol is intended to provide Flow Management Positions (FMPs) and
Network Manager (NM) with common understanding of their roles in delivering the
most effective Air Traffic Flow and Capacity Management (ATFCM) services to Air
Traffic Control (ATC) and Aircraft Operators (AOs). This process also includes
solutions in case of different disruptions in airspace utilisation, such as aerodrome
reconstructions. The aerodrome reconstruction is usually a long-term process, which,
without appropriate planning (strategic ATFCM phase and tactical measures), would
result in significant decrease both capacity of aeronautical system and safety of
operations.

Air Traffic Flow and Capacity Management is one of core parts of Air Traffic
Management (ATM). The Network Manager Operations Centre (NMOC) provides an
ATFCM service to airspace users throughout the European Civil Aviation Conference
(ECAC) states [1]. The NMOC is the successor of the Central Flow Management Unit
(CFMU).

The ATFCM endeavours to make airspace and aerodrome capacity meet traffic
demand and, when the latest capacity opportunities have been exhausted, make the
demand meet the maximum available capacity. The latter part may result in flow
measures which imply the allocation of individual aircraft departure times (slots), as
appropriate, to combat bottlenecks and reduce safety risks as much as possible.
Throughout all this activity, there is continuous communication and exchange of
information with all the European air traffic control units and aircraft operators.

The ATFCM provision in the ECAC region is carried out in four phases [2]:

Strategic flow management takes place seven days or more prior to the day of
operations and includes research, planning and coordination activities through a
Collaborative Decision Making (CDM) process. This phase comprises a continuous
data collection with a review of procedures and measures directed towards an early
identification of major demand / capacity imbalances (such as: axis management, air
shows, major sport events, military exercises, etc.). When imbalances are identified,
and depending on the type of the event, the NM is responsible for the overall
coordination and execution of strategic ATFCM planning to optimise all available
capacity and achieve performance targets;

Pre-tactical flow management is applied during the six days prior to the day of
operations and consists of planning and coordination activities.
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Tactical flow management takes place on the day of operations and involves
considering, in real time, those events that affect the ADP and making the necessary
modifications to it.

The new NM architecture includes a technical framework and business
applications [3]. The technical framework builds on the deliverables from the n-
CONECT programme, and further extends it, introducing the transformational
technologies that will support the digital transformation of NM. The business
applications include the current NM applications and the support for the new business
capabilities derived from the ATM Master Plan and validated by SESAR, according
to the Network Strategy Plan (Fig. 1).

|
= ==

AFTN| AMHS

\mm-ﬁ-\
T

Tye B

Internet / newPENS

b4 FLOW DOMAIN FLIGHT DOMAIN
Code Load Measures Flight 40 Flight
Conflicts | | Monitoring | | Manager Manager Trajectory Monitor
F03 ENABLERS DOMAIN
. . Machine
Messaging Logging Big Data Cloud Leaming ‘ - |

Fig. 1. The NM System architecture

EUROCONTROL has just started operations in the New Network Manager
Operations Centre. This state-of-the-art building will house the NMOC as it is
transformed over the coming years as part of the iNM programme to make the
Network Manager even more able to smooth the flow of air traffic across Europe —
around 11 million flights expected in 2024 and 16 million flights/year by 2050.

The transition to the new Ops Room took place on 30/31 October 2023 (Fig. 2).
As planned, it was a seamless transition without any disruption or changes for our
operational partners. Extensive testing and shadow operations were performed to
ensure a smooth transition [4].
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Fig. 2. The New Network Manager Operations Centre

The EUROCONTROL Network Manager’s ten-year integrated Network
Management (iNM) programme comprises a series of incremental renewals of all
the NM’s main operational systems by 2030 [5]. NM’s legacy operational systems
have been operational for over 25 years but are now reaching their technical limits in
terms of performance and agility.

EUROCONTROL has entered into a strategic partnership with technology
companies Indra and Atos-Cronos to work with other EUROCONTROL partners
Cegeka and Sopra Steria to deliver the iNM programme. iNM will result in a scalable
solution that meets NM’s performance requirements for decades to come.

At the heart of INM will be advanced capabilities and new services that support
the evolution of operational concepts over the next decade and beyond, encompassing:
Enterprise architecture;

Agile development;

Artificial intelligence and machine learning;
Big data and data analytics;

Probability modelling;

Predictive analysis;

Cloud solutions;

Scalable systems;

Cyber resilience.

iNM will enable NM to transform its business services, resulting in three key
deliverables: a single flight manager system that seamlessly manages both flight and
flow domains; a unique dynamic airspace system that eliminates overlaps and
inconsistencies between legacy systems and databases; and one API for internal and
external human machine interfaces.

ATFCM Solutions to Capacity Shortfalls

Following the SES concept of Collaborative Decision Making, the NM shall
consider continuously and pro-actively all possible ATFCM solutions through a
continual and seamless process as from the strategic planning until the execution of
operations [1].
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The anticipation of any event according to new information allows to minimise
its impact on the Network or to take benefit of any opportunity and fine tune the plan
accordingly.

To resolve capacity shortfalls and improve the management of the Network
capacity whilst minimising constraints, the following ATFCM solutions have to be
considered, as depicted in the figure following below. These solutions will have to be
thoroughly evaluated before a decision to implement them could be taken.

Events at Airports Impacting Capacity or Demand

Events impacting air traffic control capacity or air traffic demand shall be notified
by airport managing bodies either directly or through the local ATFM unit or ATS
unit [1].

The Airport Corner, which is a EUROCONTROL internet-based tool, enables
airport stakeholders to easily provide information at any time to better assess the
ATC/ATFCM impact. This reporting channel supports a coordinated input between
the local ANSP and the airport operator.

The Airport Corner covers a set of airport information relevant to the network as
current and future airport capacities, local traffic forecasts, weather management info,
local operational contacts as well as the ’planned events’ impacting capacity,
efficiency or demand.

Study of aerodrome capacity constraints impacted by reconstruction works at
aerodrome manoeuvring area

During reconstruction works at aerodrome there are possible threats affecting
aerodrome capacity for:

Air Traffic Services:

No working meetings were held between the airport administration and the ATC
regarding the specifics of controlling construction activities on the airfield;
Changing the pavement type from asphalt to concrete requires careful planning to
ensure compatibility with existing infrastructure;

: Construction activities in this area may impact the normal operation of TWY's and
apron, potentially restricting access for aircraft;

Widening the runway may introduce changes in taxiing paths and require adjustments
in aircraft operations;

Construction at the intersection may lead to changes in taxiing routes and require
coordination between essential traffic and ATC Units;

The airport administration may not have developed a contingency plan for interaction
with airlines during the reconstruction.

2. Flight Operations:

Increased Operational Load: Continuous utilization of RWY's during reconstruction
can lead to heightened air traffic on a single runway. This increased load may result

123



XIV BceykpaiHCchbKa HAyKOBO-TeXHiYHa KOH(epeH1isa «CTaauii po3BUTOK
CHCTeM 3B’d3Ky, HaBiralii, CIlocTepeskeHHs Ta OpraHizallil IIoBITPSIHOTO PyXy
CNS/ATM - 2023» 29 — 30 AUCTONIAIA 2023 p., HALIOHAABHUMN ABIALUMHUM
YHIBEPCUTET, M. KUiB

in congestion, delays, or scheduling challenges for both arrivals and departures,
potentially impacting flight safety due to increased pressure on operational efficiency;

Limited Runway Options: The closure of RWY for reconstruction limits the available
runways for flight operations. Reduced options for runways might restrict flexibility
during adverse weather conditions, emergencies, or unusual circumstances. It may
also limit the availability of alternate runways for different aircraft types, potentially
impacting safe landings and take-offs;

Increased Pilot and ATC Workload: Pilots and air traffic controllers may experience
increased workload and stress due to the single-runway operation. This situation
might increase the risk of miscommunication or errors, potentially compromising
flight safety;

Limited Contingency Planning: The project plan might lack robust contingency
measures to address unexpected scenarios or emergencies. Inadequate planning for
alternate operations or quick resolution of issues could disrupt flight operations and
compromise safety;

Continued Construction Impact: With the ongoing construction on RWY, the potential
for restricted access or partial closures might persist, impacting flight schedules and
operations. Reduced runway availability or altered configurations could lead to
delays, diversions, or congestion on the operational runway, affecting flight safety;
Limited Contingency Planning: Potential inadequate contingency planning for
unexpected events or emergencies could disrupt flight operations;

Potential Disruptions to Flight Operations: The ongoing construction in a central area
of the runway could lead to partial or complete closures, limiting available runway
length or width. This could cause flight diversions, delays, or restrictions, potentially
affecting flight schedules and causing congestion or unexpected scenarios impacting
safety.

3. Aerodrome Services and Infrastructure:

Closure of RWY without providing an alternative may lead to increased congestion
and potential delays;

Extension of RWY without proper coordination might lead to changes in approach
and departure procedures, impacting flight safety;

Increased air traffic on remaining open runways may lead to congestion and reduced
safety margins;

Changes in RWY dimensions and materials during the extension could pose
challenges for pilots, affecting safe landings and take-offs;

Limited access to certain areas may disrupt normal traffic flow and emergency
services;

Completion of construction work without proper coordination may lead to
uncertainties in airfield operations;

Operational uncertainties may result in miscommunication and potential conflicts in
air traffic management;
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Changes in pavement materials may impact aircraft braking and overall safety during
landings.

To sum up, the typical problems/shortcomings of any reconstruction project as
follows: lack of coordination with aviation stakeholders, insufficient consideration of
the impact on flight operations and absence of a contingency plan for managing
changes.

By identifying these potential threats and consequences at each reconstruction
stage, appropriate mitigation strategies can be implemented to ensure a smooth
transition and minimize disruptions to ATS Unit, Flight Operations, and Aerodrome
Services.

As a countermeasures, applicable on strategic ATFCM phase in close
coordination with NM and all involved stakeholders, advanced reconstruction plan for
any international aerodrome, taking in view CDM Strategy should include such
principles, as follows:

Mitigation Strategy:

Construction during off-peak hours to minimize disruptions;

Development and communication of alternative procedures for pilots during critical
construction phases.

2. Avoidance Strategy:

Temporary closure of the entire airfield during crucial construction phases to ensure
safety.

Strict scheduling to complete construction quickly, reducing overall safety risks.

Conclusions

The advanced aerodrome reconstruction plans shall incorporate appropriate
technical means use, such as light bar stops and Surface Movement Radar, excels over
the old plan by significantly enhancing safety measures, reducing the risk of incidents
such as runway incursions. Beyond safety benefits, the incorporation of modern
technologies supports operational efficiency, leading to quicker turnaround times and
improved airfield capacity. This not only fosters a safer operational environment but
also positions the airfield as more economically viable, attracting increased air traffic
and contributing to long-term profitability.
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AJEKBATHICTbD HPO®ECIHHOI'O CEPEIOBHUILA HA ETAIII
TPEHAXKEPHOI IIAI'OTOBKU JUCIIETYEPIB YIIPABJIIHHS
HOBITPSIHUM PYXOM

Beryn. TpenakepHa WiATOTOBKA aBiallifHUX OMEpaTopiB, 30KpeMa IIOTIB
Ta JAWCIIeTYepiB yHpaBiiHHS HOBITpsHUM pyxoM (YIIP) e Hag3BH4aifHO Ba)IMBOIO
CKJIaJIOBOIO HaJ0aHHs HUMH IIEBHOTO CIIEKTPY NpodeciiHux kommerenuii. Ha erami
MPAaKTHYHOI (TIPUM. TPEHAXEPHOI IIJTOTOBKH) 3AIHCHIOETBCS TpaHChopMAaIlis
OTPUMaHHX CIyXadeM TECOPETUYHHUX 3HaHb Yy HOTPiOHI BMIiHHS Ta HaBUYKH. 3a
PaxyHOK 3aCTOCYBaHHS TPEHAKEPHHX 3aC001B BUHUKAE MOKIIUBICTD:

- 3a0€3IIEUUTH E€TAIHICTh «BiJ IPOCTOTO A0 CKJIAAHOT0» (GOpMyBaHHS MPoheciifHUX
KOMIIETeHLI# y Oe3neyHoMy (imiTaniitHoMy poO0o4oMy cepemoBHILi), 0COOIMBO TpH
BiJNpanoBaHHI Hemepeg0aYeHUX Ta aBapiifHUX YMOB MOJIBOTY;

- CKOpOYEHHS BUTPAT Ha HABYAaHHS (BUHUKAE MOXKIMBICTD 3QIIy4aTH [0 MiATOTOBKH
IHCTPYKTOPIB SIKi HE € JIIOYUMH);

- JIeKiJIbKa pa30BOT0O MOBTOPEHHS TPEHAXKEPHHUX BIIPAB.

IocranoBka mpoodaemu. BigmorinHo a0 [1] TpeHaxkep e CHHTCTHYHHIT 3aci0
MiATOTOBKH, IO 3a0e3medyye TPEACTABICHHS BaXIUBHX AaclleKTiB PEabHOTO
OTEpalifHOTO CepeOBUINA Ta BiATBOPIOE OmNepamiiHi YMOBH, B SIKHX 0co0a, IIO
MIPOXOJIUTH MIATOTOBKY, Ma€ MOXKIJIMBICTh 0€3MIOCEPEIHbO BiNPAIfOBAaTH 3aBJaHHS,
110 BUKOHYIOTECS y PealbHOMY daci.

3rinHo 3 [2] Ko)XHMI HaBYaJIbHUN TpeHaXep, SKUil nepeadadaeThes 3aCTOCOBYBATH
JUTSL TIATOTOBKH HEOOXITHO 70 TMOYATKy HOTO BUKOPUCTAHHS HAJIaTH BiAMOBIAHOMY
MOBHOBOXHOMY OpraHy 3 BHJAadi CBIiJJOITB 3 METOI0 BHM3HAUYCHHs JOLIJIBHOCTI
BHUKOPHCTAHHS TpEeHaXXepa JUIsl Lileil HaBYaHHS

MixknaponHa oprasizamnis nuBineHOI aBiamii (IKAO) He my0miKye HIsIKUX KpUTEpiiB
kBaiGikamiifHol OIIHKY Hi [UTS KX IMITALIHUX TPEHAXKEPIB KPiM mioTaxHuX [3].
BignoBizHO Ha YMOBHOBaXGHHH OpraH 3 BHAAYl CBIIONTB IOKIAJAETHCS
BIJIIIOBITABHICTh 3 BCTAHOBIICHHS KPHUTEPIiB I BH3HAYEHHS JOLUIBHOCTI
BUKOPHUCTAHHS TaKWX TpPEHAXKEpPIiB Ta X CHPOMOXKHOCTI 3abe3meuntd OaxxaHHH
pe3ynbTaT MiATOTOBKH, B JAHOMY BHIAJKy, nucnerdepiB YIIP.

Bupimennss mnwurtanns. BianoeinHicTh TpeHaxepHoro 3aco0y pobodomy
cepeloBHIILy, B sikoMy mparoe qucretdep YIIP ta B skoMy GopmyroThcst moTpiGHi
npodeciiiHi  KOMITETEHINl, € OCHOBOIMOJOXHOK KOHIICMIN€w. BiamoBiaHICTh
CKJIQJIA€ThCS 3 HACTYITHUX OCHOBHUX KPHTEPiiB:

- aJIEKBaTHOCTI YacOBOTO-IIPOCTOPOBOTO MOENIOBAHHS AWHAMIYHOI IOBITPSHOI
00CTaHOBKH;
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- aJIeKBaTHOCTI KapTorpadidaoi Ta iHmoi ctaTuaHoi iHdopMarii;

- QJICKBaTHOCTI TpOIEAYp KOOpIAMHAII Ta B3aeMomii 3 «ekimaxamu [ICy,
CYMDKHUMH OpTaHaMH Ta CEKTOpaMH OOCIyroByBaHHS MOBiTpstHOTO pyXy (OIIP),
BiJOMYKMH OpraHaMH Ta iHIIUMHU cIIy)0amu 3a06e31edeHHs MOJIbOTiB.

TakuM YHHOM, aJICKBATHICTb CIPUUHATTA € Yy3aralbHEHUM (aKyMYJIOIOUHM)
KpHUTEpieM MpHU IKOMY cIyXad, cy0’eKTUBHO [UIsl cebe, crpuiiMae TpeHaxepHHi 3aci0
SIK BIacHe mpodeciiiHe cepenoBHIIe.

OpHaK He MOKHA CKa3aTH, IO BHCOKA TOYHICTh IMITYBaHHS, a BiIIOBITHO W
BapTICTh HABYAHHS, JOPIBHIOETHCS OUIBIN SIKICHWI miaroromi. J{omaTkoBO cimif
PO3YMiTH CTyIiHb BiNMOBITHOCTI TpeHaXcepa 3aBIAHHAM INATOTOBKH. M mix
aJIeKBAaTHICTIO MPOIOHYETHCS BBAKATH CIPOMOXHICTH TPEHAKEPHOTO 3aco0y
copusitd  (GOPMYBaHHIO MOTPIOHMX, [UII MJAaHOTO eTalmy MiATOTOBKH (ZHaHOol
TpPEHaXEPHOI BIIPaBH), MPOopeCciiHIX KOMIETEHIIH.

BinnoBigHo MOKHA 3aIPOIIOHYBATH KOHIICTIIIIO: «IIEBHUH TpeHaXepHHUH 3aci0 s
IMITyBaHHSI IIEBHOTO pOOOYOrO CEpeOBHINA 3 METOI BiAIIPAIIOBAaHHS IEBHUX
3aB/IaHb IiJJTOTOBKI

OmHMM 3 METOAIB BH3HAUCHHS BIJIIOBITHOCTI (@JEKBATHOCTI) CHPUUHATTI €
cy0’€KTHBHA OLIIHKA €KCIIEPTOM TOTO HACKIUJIBKH iX BJIaCHE CIIPUIHATTS IPOLECIB, IO
MOJICITIOIOTCA BiIOBiAa€e (HET HE peaTbHOMY HPO(dECifHOMY CEepeOBHINY) a TUM
KOMIIETEHIIISIM, [I0 TOBMHHI OyTH npuadaHi ciyxadeM. B sKocTi excreprTiB
MIPOTIOHYETHCS 3aTydaTh AocBiqueHnx aucnerdepis YIIP (moceix pobdoTtu 5 pokis Ta
Oinpie) Ta gucnerdepiB YIIP-iHCTpyKTOpIB.

Indopmamiiini Monemi, SKUMH € IUCHETYEPCHKI TpeHakepu (IPUM. 3 Pi3HEM
cTyneHeM moaiOHocTi peanbHuM cucteMaM OIIP) € BaXIUBIIIUM €IEMEHTOM
MPAKTUYHOI MiAroToBKM MaiOyTHiX nucnerdepiB YIIP. CyuacHuii ctan amapaTHO-
MPOTPaMHOi  CKJIAJ0BO{, BPAaxOBYIOUM PO3BUTOK iH(OpPMAIiHHUX TEXHOJOTIH
JIO3BOJIE JIOBECTH Cy4acHi JUCIIETYEPCHKI TPEHAKEPH JO TaKOro piBHSA, KOJH
MiATOTOBKA Ha HUX CTa€ OB e(heKTHBHOO HIXK Ha peallbHOMY 00JIaJHaHHI, 3aBISKH
X MOXKIMBOCTEH J10 3a0e3nedeHHs OLTbII BUCOKOT iIHTEHCHBHOCTI HABYAHHS JJOAAI0UN
JI0 IIOTO 1 EKOHOMIUHY PUBAOINBICTb.

B mporeci iMiTyBaHHS MPaKTHYHOI AiSUTBHOCTI Ha 3aco0ax sl BiATIPALIOBaHHS
YaCTKOBHMX 3aBJIaHb, JAWCIIETYEPCHKOMY TpeHakepi, MailOyTHiil aBiagucmerdep
npuiiMae pilleHHss Ta BHpOONse YMIHHS Ta HaBUYKH SIKi 3a0e3NedyloTh HoMy
BUKOHAHHS CBOIX ()YHKIIOHAIBHHX OOOB’S3KiB 3 JOTPUMAaHHSM IOTPiOGHOTO piBHS
0e3IeKH TOJbOTIB.

TakuM yuHOM, SKIIO iHPOpPMAIiHHA MOJETh PeabHOT MOBITPSIHOT 0OCTaHOBKU Ta
obnagHaHHA BioOpaxae mpodeciiine cepenosume aucrerdepa YIIP He agekBaTHO
a00 3a MeXaMH HPHIYCTUMHX MOXHOOK, TO BOHa HE MOXKe OyTH 3aCTOCOBaHa ISt
BiANpaIFOBaHHS PAKTUYHOT CKJIaZ0BOT i IrOTOBKH.

[TutaHHsAM € OOIPYHTYBaHHS TOYHOCTI MOJIEIIOBAHHS, BPAaXOBYIOUM TOH (axr,
IO TEBHI HPOIECH, IO BiIOYBAIOTHCS IPH OOCIYrOBYBaHHI IOBITPSHOTO PYXY,
MaloTh pPi3Hy (32 BILIMBOM Ha Oe3leKy IOJIbOTiB) 3Hauymiicth. Jlo Toro x, Ha
MOYaTKOBUX eTamax (opMyBaHHS 0a30BUX INPAKTUYHMX YMiHb Ta HABHKIB
(HampUKIaK «IIPOBOJKA» OJHOrO IMOBITPSHOrO CyqHa 0e3 3MiH BEpPTHKAIBHOTO
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mpopiis TONBOTY) EKOHOMIYHO HEIOIIFHO 3aCTOCOBYBaTH  JIUCIETYEPCHKI
TpeHaXXepH 3 BUCOKHM CTyIeHeM BiaTBopeHHs mpoueciB OIP (mpum. oxHa roauHa
poOOTH Takoro TpeHaXepy KOIUTye NOEeKiIbKa THC. TPH.). 3BIICH — TpeHaXep Ta
iHpopMariitHa MOeIb, sIka MOXke OYTH BiATBOpEeHa Ha HbOMY, IOBHHHI BiATIOBIAATH
LJIAM ITIATOTOBKH.

Bazyrounce Ha [4] 3acobu TpeHakepHOi MmiATOTOBKM AucrerdepiB YIIP mokHa
oXapaKkTepu3yBaTH HACTYITHUM YHHOM:

1. TpeHaxkep 3 BUCOKOIO TOYHICTIO BiITBOpeHHs pobouoro cepenosumma (HI FI SIM
— High-fidelity Simulator). BiH € HOBHO pO3MIpHOI KOMi€H POGOYOro Micist
mucrierdepa  YIIP, Bmouaroun oOmagHaHHSA Ta  BIATIOBIAHE IIpOrpaMHe
3a0e3MneyeHHs], HEOOXiOHMX JUIA BIATBOPEHHS BCiX (QYHKIIH Ta 3amad, 0Io
BUPILIYIOTECS JAHUM POOOYUM MicCLIEM.

2. Tpenaxep (SIM - Simulator). 3acib, skuil Hamae ciayxady peNpe3eHTAIIO
BOXJIMBUX OCOOJIMBOCTEH peanpHOi CHTyalii Ta BiATBOPIOE YMOBH pPO0OOYOTO
CepeOBHIIA, IO JO3BOJISE BiNIPAIlbOBYBATH 33/1a4H y PEXKUMI PEaJIbHOTO Yacy.

3. TpeHaxxep AJIsl YaCTKOBOTO BiAmparmtoBaHHs 3aBaaHb minrorosku (PTT — Part-
Task Trainer). TpeHaxep, sSKuil M03BOJISIE CIyXady BiIIpanbOBYBaTH OKpEMi
(GyHKIIOHANBHI 000B’ 3K HE3aJICKHO BiJl IHIINX 33/1a4, HA BiIMIHY BiJl peajbHOTO
npogeciiHOTo cepeaoBHIa, ¢ BOHU B3a€MOIIOB 3aHi.

4. Tnmmit 3aci6 migroroBku (OTD — Other Training Device). Tpenaxep, skuit
JO3BOJISIE BIATIPALbOBYBATH ICAKU ONEpaLliiiHi 3aJaud Ha HE PEeaJiCTUYHOI KOmil
III0YO0To OIepaliifHOro 00JafHaHHS Ta He € MOAN(DIKOBAHUM ISl KOHKPETHHUX LILTeH
OIIP. Hampukian amapaTHO-pOTpaMHii 3aci0, AN MpaKkTHKYBaHHS (pa3eosorii
pamiooOMiHy 3 TIOBITPSHMMH CyJHAaMM, BH3HAUEHHS IPOCTOPOBO-YaCOBUX
napaMeTpiB pyxomux 00’ektiB y 3D cepemoBuii Ta iH.)

Pi3HHII MK peanbHICTIO Ta MOZACNIOBAHHSIM IIOJISITa€ B TOMY, IO PeajbHICTh Lie
€IMHE 1iJIe, a MOJICTIOBAHHS € JIMIIE YaCTHHOIO BiOOpa)KEHHS PEabHOTO CBITY.
TakuM 4YWHOM, iMITallisl pPealbHOCTI 3a IOMOMOTOI0 MOJENIOBAaHHS 3aBXIH Oyne
npubmu3Ha [5]. [IuTaHHS y TOMY — HACKUTBKH iMiTallisl peaJbHOCTI € MPHOIU3HO0?

B yzaranpHeHOMY BHTIAAI, HaBYalO4dy eQEKTHBHICTH iH(pOpMaLiitHOT
Mojemi 3aco0y TpeHakepHOI MiAroToBKH (IM7rp) TpOIOHYEThCS OILIHIOBATH
MPOTOPIIIHHO PEeaATiICTUYHOCTI BiITBOPEHHS iH(OpMaIiiHOTI MOIeNi JiFouoi CUCTeMHU
OIIP (IMonp) npy BignpaloBaHHi 3aBIaHb MiATOTOBKH.

OuiHKy aJeKBaTHOCTI HPOMOHYEThCS NMPOBOAWTH Yepe3 BH3HAUCHHS BEJIMYMHU
OPHUIYCTUMOT PO30DKHOCTI Qupnm.poss. Midk IM71p Ta (IMonp). TlopiBHAHHES Qupun.poss.
{3 3alaHUM TI'PaHUYHO-TIPUMYCTUMHUM 3HAYCHHAM (HOPMOIO) Quopm. ¥ 03BONUTH
NPUHHATH PIIICHHS 1010 MOXKJIMBOCTI 3aCTOCYBaHHS JaHOTO TPEHAXKEPHOTO 3aC00y
HA MIEBHOMY €Talli i ArTOTOBKH.

Koxna IM TpeHaxepa CKIIaJaeThCsl 3 MHOXKUHHU TIICHCTEM (€IEMEHTIB), IUB. PHC.
1. [To3HAa4YMBIIM MHOXKHUTB MiJICHCTEM, 110 iMiTyIoThCst IMTP Yepe3 Mrp, a MHOXHHA
nincucreM iHdopmaiiiiHoi moxeni airouoi cucremu OIIP uepes Monp, yMoBH
noxioHocti IMrp MOXHa 3aIUCaTH HACTYITHUM YHHOM:

Mrp - Monp < anun.pozﬁ.,

128



XIV BceykpaiHCchbKa HAyKOBO-TeXHiYHa KOH(epeH1isa «CTaauii po3BUTOK
CHCTeM 3B’d3Ky, HaBiralii, CIlocTepeskeHHs Ta OpraHizallil IIoBITPSIHOTO PyXy
CNS/ATM - 2023» 29 — 30 AUCTONIAIA 2023 p., HALIOHAABHUMN ABIALUMHUM
YHIBEPCUTET, M. KUiB

ne, Qupumposs. — NPUITYCTHMAa BeJIMYMHA PI3HHII ab0 MPUITyCTHMHH HOpPMAaTHB
BIAXWJIEHHS MDX IHQOpMaliifHUMU MoJesIMH (TIPUM. TIPH BiIIPAIfOBaHHI 3aBIaHb
MiATOTOBKH).

B ingeanbHOMy BUNAJIKy MHOXUTH eneMeHTiB Mrp - Monp = 0, ane y nificHocTi
BEJIMYMHA MPHIYCTHMOI pPO30DKHOCTI 3HaxoauThess y MekaxX 0= Qupunposs<l.
YMOBOIO JOCTaTHBOI MOMIOHOCTI 1HQOPMALIHHIX MOJIENIEH MPOMOHYETHCSI BBAKATH
BEJIMUHHY, SIKA 3HAXOAUTECS, B Mexkax 20-30% po3OixHOCTEH (IpHM. 3a aHAJIOrOM
KoeimieHTy Bapiamii). TakuM 4nHOM, 3a aHAJOrOM BHM3HA4YeHHS [3] IO o3Iy
MIPONIOHYETHCS HACTYIHA Tpajallis [IOJ0 TOYHOCTI BIITBOpEeHHS IpodeciiHoro
cepenosuia nucneryepa YIIP:

1% < Qupunposs. < 10% - S - Specific (Bicoka TOUHICTH BiITBOPEHHSI po6GOUOTO
cepenoBuma qucnerdepa YIIP);

10% < Qupunposs < 20% - R — Representative (TumoBa TOYHICTH BiATBOPEHHS
pobodoro cepenoBumia aucnerdepa YIIP);

20% < Qupun.poss < 30% - G — Generic (6a30Ba TOYHICTH BIATBOPEHHS POGOYOTO
cepenoBuma aucnerdepa YIIP);

Qupunposs . > 30% - N — Not Applicable — (Bumoru 10 TOYHOCTI BiATBOpEHHS
pobouoro cepenosumia aucnierdepa YIIP He BHCYBaroThCs).

B tabnuui 1, B AKOCTI MPOMO3UIIH, MpUBEICHA XapaKTEPUCTHKA 3aCTOCYBAHHSA
3ac00iB TpEHaXEPHOI MiArOTOBKH XapaKTEPHCTHKA IMIOJ0 TOYHOCTI BiATBOPEHHS
mpodeciiiHoro cepemoBuima aucnerdepa YIIP B 3amexHocTi Bim  BUAY
BiJNpamntoBaHHs MPAKTUIHOI AISTTBHOCTI.

Taoa. 1.
3acTocyBaHHS 3aC001B TPEHAKEPHOI MiITOTOBKH B 3aJI€XKHOCTI BiJl BULY
BIAIIPAIIOBAaHHS MPAKTHYHOI JisUTbHOCTI

Bun 3aci6 TpeHakepHOI MIATOTOBKH TA H{0r0 XapaKTepUCTHKA
NPAKTHYHOT 11010
OiSITIbHOCTI TOYHOCTI BiATBOpeHHs MpodeciiiHOro cepeoBuIna
aucneryepa YIIP
OTD - Not PTT - SIM - HI FI SIM -
Applicable Generic Representati Specific
HaGyrrs: HaGyrrs: ve HaGyrrs:
YMiHb yMiHb/HaBHK HalyTrs: HaBHUKIB
iB HaBHKIB
MMpundanas Haii6inbm 3acTocyBaHH | 3acToCyBaHHS | 3aCTOCYBaHH
HaBUKIB MPUAATHHUH g HE € HE € s HE €
(yMmiHB) 000B’3KOBH | 0OOB’S3KOBHM | 00OB’SI3KOBH
M M
BimnpanroBan EdexrusHic Haii6inbm Haii6inpm 3acTocyBaHH
HS YacTKOBHX T TIPUAATHIH TIPUAATHUH s HE €
3aBJaHb HEe3HaYHa 000B’I3KOBH
M
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InmuBinyansHa | Edexrusnic | EdextuBHicT Haii6inpm Haii6inpm
TpeHa)KepHa Th b TIPUAATHUH NPUIATHUN
IiATOTOBKA HE3HauHa HE3HauHa
TpenaxepHa EdexruBnic | EdexruBnict Haii6inpr Haii6inpr
MiATOTOBKA Y Th b TIPUAATHUH NPUIATHUN
CKJIQJIi Tpynu HEe3HavYHa HEe3HaYHa
TpenaxepHa EdexruBric | EdexruBnicT Haii6inbm Haii6inpm
MATOTOBKA Yy T b TIPUAATHUH NPUIATHAN
CcKnai HE3HauHa HE3HauyHa
KOMaHJI!

Bazyrounce Ha Matepianax [4]
BucHoBkn

1. 3acTocyBaHHs MiAXOMiB, MO 0a3yrOTHCI HA 3aJaHOi TOYHOCTI BIATBOPEHHS
npodeciiHOro cepefoBUIAa B 3aJIKHOCTI BiJl BHIY BiNPAIfOBaHHS IMPAKTHYHOI
nispHOCTI mucnerdepa YIIP 103Bojiste onTHMI3yBaTH BUKOPHCTaHHS MaTepiallbHUX
Ta JIIOACHKUX PECYpPCiB.

2. IlpomoHy€eThCA BUKJIAACHI MiIX0AN IO BCTAHOBICHHS KPUTEPiiB BU3HAYECHHS Ta

BUKOPHUCTaHHA

JUCIETYCPCHKUX

TpeHakepiB

3aCTOCOBYBAaTH MpU  po3poOmi

HAIIOHAJBPHUX TEXHIYHUX CTAHAAPTIB OLIHII TPEHAKEPHUX 3aCO0IB IS IMiATOTOBKH

mucrnieryepiB YIIP.
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IHTEJIEKTYAJIBHA CIIIP OIIEPATOPA BAC: IIOCAJIKA B
CKIIAJHUX METEOPOJIOTTYHUX YMOBAX

Besneka i eeKTHBHICTE — TEPMIHH, IO CYIPOBOKYIOTH aBiallilo BXe Maibke
cropivus. Yepe3 me, i po3yMiHHS MpeNCTaBHUKAMH MDKHApOJHHX OpTraHiaii
HEMHHYYOCTI MOSIBH Y KOHTPOJIEOBAHOMY ITPOCTOpPi OE3MUIOTHUX aBiallifHUX CHCTEM
(BAC), Bxe TpuBaHii 4aC CTBOPIOETHCS MIATPYHTS AJIS iX BIPOBAIKEHHS Y 3arajibHy
CHCTEMY YIIpaBiIiHHS NOBiTpstHUM pyxoMm (VIIP) [1; 2].

3Buyaiino, mo notpeda BHeceHHs BAC no YIIP i 3aramom cTpiMKuii pO3BHTOK
BAC cramm MOXJIMBHMH, 3aBASKA CKJIQIHUM CJIEKTPOHHHM 1 LU(GPOBHM
TEXHOJIOTISIM, IO JIO3BOJSIFOTH 30UTHIIMTH €()EKTHBHICTh aBiallifHUX oOmeparii
IIUIIXOM 3MEHIIEHHS PO3MipiB i yOe3meunTr HalIiHHIITy CKIaqoBy — JIIoauHy. Ta,
HaKaJlb, IUIATOIO 332 BUTOJM € 301IBIICHHS Yy TJIIMBOCTI JI0 30BHIIIHIX, B OCHOBHOMY,
IO METEOPOJIOTIYHMX, YMOB. HeBenmki po3mipu OE3MiIOTHOTO JIITAIBHOTO amapary
(BILJTA) po3mipu poOsiTh HOro O1bII BPa3IHMBUMH 0 CHIBHUX BITPiB, 0OMEp3aHb,
TypOyJIeHTHOCTI TOIIO. A, HeoOXigHui s Oe3rnedHoro (yHKLIOHYBaHHS, 3B’ 30K
C2 Ha BeNMMKHUX BiACTaHAX MOKe OyTH BTpaueHO Yepe3 HAasIBHICTh XMap 1 Le JIUIIe
YacTHHA BIJIMIHHOCTEH BiJ MJIOTOBaHOI aBiarii [3].

Crioco6u, 3a SIKUMH BiIOYyBa€eThCsl KepyBaHHS i KOHTpoJb 3a BIIJIA B meBHMX
BUMAJIKAX, MOXYTh 3HAYHUM YMHOM MiJBUIIMTH HeOe3mneky Bin BruuBy CMY [2; 3].
Ha paHuMii MOMEHT €IMHHMMH, OCHOBHMMH DPEKOMEHMAILIMHU i1 ONepaTopiB €
LUPKYJsipH, pekoMernaaii i nokymeHTd ICAO BifNmoBigHO 10 SKUX, aKTYaJbHUM €
HEOOXiHICTb, SIK HABYaHHS AUCTAHIIIHUX MIJIOTIB IisSM y TIOAIOHUX CUTYyaIiiX, TaK i
CTBOPEHHS 1HCTPYMEHTIB, IO Y KPUTHYHIA CHTYyaIil famu O mepeBary y MpHUAHSTTI
epextuBHOTO pimenHs [4; 5]. Jlo TakuxX IHCTPYMEHTIB MOXYTh HAJICKATH BIKE
3aIllpONOHOBaHI paHime Mozelni npuiHATTA pimeHs ([IP) B ymoBax HeBH3HAUEHOCTI
Ha ocHOBI kputepiiB CeBimxa, ['ypsina, Banbna, Jlamnaca ta GaratokpurepianbHa
OLliHKa OYiKyBaHHX Pe3yJIbTaTiB B MATPHIl PillleHb JJIsi OTPUMAaHHS ONTUMAIBHOTO
piwenns [6; 7]. Byno po3risHyTo 3amady BHOOpPY ONTHMAIBHOTO MICIS HOCAAKU B
pa3i aBapiliHOT cHTyallii, BHKIMKaHOI METEOPOJIOTIYHMMH YMOBAaMH; IiJIbOBE
3aBHaHHS - «JOCTaBKa BaHTaxy 3a pomomororo BITJIA»; aepompoM BWIBOTYy -
INonrasa, aeponpoM mpusHaueHHs - JKuromup, 3amacHi aepopoMH/BEpPTHIIOPTH -
Bopucninb, bina Ilepksa, Yepkacu (puc.l) [6]. B pesynbraTi MoIeNOBaHHSA,
BIJITIOBITHUX MMOYATKOBUX JIAHWX 1 PO3PaxyHKIB 3HAi/IeHE ONTUMAaJbHE PIMICHHS —
Yepkacu, mo 3abe3rnedye MiHIMaNbHI PU3UKH | MakCHMallbHy €(EKTHBHICTH UIS
nocanku BITJIA [6].

B oMy BHOAJKy pillleHHS HPUHMAETHCS TOCUTh eEeKTHBHO, aje BCe LIe €
Jy’Ke CTPOrum, 60 GopMyeThCsI 3aBISIKM MaTeMaTUUHUM METO/IaM 1 He € alaliTHBHUM
0 3MiHIOBaHMX yMOB i mBuakoro IIP. 3amis 3a0e3nedeHHs MPOTHO30BAaHOCTI 1
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agantuBHOCTI B YIIP, ICAO pekoMeHaye CXHWIATUCH JO 3aCTOCYBaHHS MOJENICH
mrygroro intenekry (III) [8; 9], mo HacmpaBai BapTO BHKOPHCTAaTH 1 IO CHCTEM
niaTpuMky npuitHATTA pimenns (CIIIP) nucranuiitnux minotiB BAC, ockinbku Ti
BUKOHYIOTB Jesiki ¢yHKii aucnierdepa YIIP, ane 3 HeoOxinHicTio kepyBatu BITJIA.

Puc.1 3agaya Bu6opy onTuMaabHOI0 Micls MOCAAKH AJISl MAPUIPYTY:
«IlonraBa-Kutomup» B pasi apapiiinoi curyanii «<CMY»

B nanomy mocmimkeHHI MOBa iije Mpo IHTeNeKTyalnbHI CHCTEMH IiATPUMKH
npuitHaTTs  pimeHHs (ICIIIP), mo BHpI3HAIOTBCS 3 NOMDK 3BHYAHHHX —
iHTeNneKTyanbHicTIo. [1o cyTi e 3aMiHa onepaiifHuX 3HaHb (AITOPUTMIB), [€ JIOTIUH1
JIAHLIOKKH JI0 PillIeHb 3alporpaMoBaHi JiHIHHO, HA 0a3y 3HaHb, IO CKJIAJAETHCH i3
MpaBUII, KOTpi MOB’s3y10Th (hakTu[10]. 3agauero KoCTiHKEHHS € BUOiIp €PEeKTUBHUX
metoxis LI (HeiipoHHNX MepesK) I CTBOPEHHS MPOTOTHITY migcucTeMu «LDy s
edexTiBHOi 00poOKM maHuX y pasi 3MiHm ymoB nomsoty BITJIA B CMYV i mns
nigrpumku [1P onepatopa BAC (puc.2).

b,
<4—|ExcnepTHi |[CTaTucTudHi [MoTouHi -~
lnani naui [naHi

ne
(L

0

BEM
ExcnepTHa [Moaeni TyqHa
< [CucTtema MpUAHATTS HewnpoHHa
PilueHb Mepexxa
icrne
us ® IOrlepaTop | EnSA |
o *|enna

30BHIWHI yMoBU (PakTOopKn)
" [MeTeoymoBM _[Biactans  [TTX U3

MNP - MPUAHATTA pilleHb
AC - ABapiHa cuTyauis
CMY - CKnafHi MeTeoymMoBun
U3 - Uinsosa 3apaya

M - noyaTok

B - BUKOHaHHA

Puc.2 CrpykrypHa cxema ICIIIIP pnst mocaaxku B CMY
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Hapa3i muraHyeThesi 3acTOCyBaTH ISl OINpAIFOBAHHS BXIAHUX IaHUX IIPO
cutyariiro oquH 3 MeroniB Machine Learning, a came Heiiponni mepexi(HM)[11].
Le#t metox BusHauHuii 11 cepu [IP MOMXKIIMBICTIO «HAaBUATH» MOJENb Ha OCHOBI
paHille NPUHHATHX pilleHb, HANPHUKIAA EKCHEPTHUX AAaHHUX, YU PIMICHHAX CaMoi
mozneni. Ha Bigminy Big Moneneil auckperHoro Bubopy, HM, no cyti, He BuMarae
anpiOpHUX MEPEeKOHaHb LIOA0 MPUPOAM 3B’53KiB MK 3MiHHUMH [10], mo mosicHIoe
4oMy 11 Ha3MBAIOTh YHIBEPCAIFHUM «AIIPOKCHMAaTOPOM», OCKLIBKH 33 CBOEIO CYTTIO,
TOM yCEpeIHIOE 3HaHHS 3TiJHO 3 HABYAIGHUMH JaHUMH. Bubip HaWOuhIn
BiAmoBinHOI apxitekTypr HM 3aiexxunTs Bix XapakTepy JaHUX, 0 00poOIsIIoThes, 1
mpoOJieMH, IO PO3TIAAEThCA. ToMy, BapTO BHAUINTH IEKLTbKA CKJIAJOBUX, IO
JOTIOMOXYTh y BuOODi [13,14]:

Busnauenns 3aBganus [1P. PimeHHS B maHOMY BHIAIKy MPUHMAETHCS MO0 MiCIlS
mocaakd, sike Oyno O HailOLnbII ONTHMambHAM AJs 3a0€3MEYCHHS MOAATBLIOrO
e(heKTHBHOTO 1 0€3MeYHOro BUKOHAHHS IUIFOBOI 33/adi, II0 COOOI0 SIBIISIE THIIOBY
3ajady JHCKpETHOro Bubopy [6; 12]
30ip, MOSCHEHHS NPUPOMU JAaHHX 1 00poOka manux. [lyis mporotumy Mojemni
JOCTaTHBO y3arajJbHEHNX KPUTEPIiB, SIK B JOCIIPKEHHI, TOOTO:
A1 - HasiBHICTb manuBa/eHeprii Ha 6opty BITJIA;
A2 - Bincrans BITJIA Bin aepoapoMy/MicCIis/BepTHIIOPTY;
A3 - XapaKTepUCTHKU aepOIPOMY/MiCIsl/BEPTHIIOPTY;
A4 - METEOPOJIOTIYHI YMOBH Ha aepoIpoMi /MicIli/BepTHIIOPTI;
As - HaxiiHICTh NIl C2 s 3’ exuanns 3 PIIA, MoxIHBICTS 3B'SI3Ky 3 MiAPO3AiIaMu
VIIP;
As - ILTbOBE 3aBIAHHS, HANpPUKIAJA, «IOTICTUYHE 3aBJaHHS», TEPMiHOBO /
HETEPMIiHOBA JOCTaBKa BaHTaXYy. [6]

JlaHi co0or0 MpeACTaBIAIOTh LI YKCIa YHOPMOBaHi B mkaii Bix 0 o 10
JUISL KOJKHOTO 3 KpUTepiiB. JJaHMMM JUIsi HaBYaHHS i TECTyBaHHs OyqyTh INTY4Hi,
BUMIAIKOBIM YHHOM 3reHepoBaHi Excriepti mani, a [IP 3a muMu maHumMu a7
HaBUaHHSA CHUMYNIOBaTHMYTh Kputepii [IP y HeBu3HaueHocti [6]. O0’eqHaBmm i
cKJIanoBi, oapasy moxkHa BinkuHyTH pekypeHTHI (RNN) i RNN mozmi6ri monemi
OCKITBKM X OCHOBHAa 3ajadya TMpAamOBaTH i3 IMOTOKOM JaHHX, IO TOTpedye
MOCJiIoBHOI 00poOKu. [HII 1Bi OcHOBHI apXxiTekTypu: ne moBHO3B’s3HI (FNN) i
sroptkoBi (CNN) kpamie mpamorTh 3 JaHAMH, [OI0 HAJXOAATh BOJHOYAC
(mapasnenpro). OcobmuBicte CNN momsirae B 37aTHOCTI BUSBJIATH Ta BHIUIATH
KOPHCHI 03HaKH 3 BXiJIHUX JTaHUX, II[0 3aCTOCOBYETHCS B JCSIKUX JOCITIIKSHHSIX TIPH
MOEHAHHI Mojeneid auckperHoro Bubopy 1 HM [12], ta Xx0u BOHM #
BUKOPHCTOBYIOTHCS JJIs MOJIOHMX 3a/1a4, BCE JK TaM MOBa iJie PO BUALICHHS 03HAK
BHOOpY 1 iX cucremaru3zamis, a He mpo cam BuOip. Llle BapTo Bpaxysaru, mo 0e3
MOBHOT'O PO3YMiHHS 000X CKJIaJ0BHX LIHX JOCII/PKEHb HE MOXKHA BBXKATH SIKICHUMHU
i e, TOMY BapToO BiZKIACTH JOCHTi[KeHHs Ha HacTynHuii eran. [l{ogo FNN, To Bona
€ (QyHIaMEHTaJBHOIO 1 3/1e0LTBIIOr0 BUKOPHCTOBYEThCS B 3a/adax Kiacudikarii,
perpecii i po3mi3HaBaHHsI, 0 KOPEIIOE 3 33/1auero BHOOpy. B Toii xe yac y 3Bu4aitHol
FNN e miHyc, BOHa 3MeHIIIye aJanTHBHICTh LIOAO JaHOI 3ahavi HAa eTarli, KOJH
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3MIHIOETECS KIJIBKICTH MICIb JIJIS IIOCAJKH, OCKUIBLKHM KUIBKICTH Bar, IO € OCHOBOIO
ycix 3HaHbp HM, € 3a5e:XHIMH BiJT KITBKOCTI BXIJTHHUX JJAHUX, TOOTO:

K= (Kwn 'KK) + Kk
ne

K — kinvxicmo 6ae;

Ko - Kinoxicms micyb nocaoxu,

K- kinvkicms kpumepiis;

Kix - Kinbkicmb 6ae midic npuxo8aHuMu wapami(3aiedxicums io apximexmypu)

Jlns  TecTyBaHHS CHCTeMH OyJO BH3HAUEHO IIOJIT 32 MapIIpyToOM, 3
aepoapomoM BuitkoTy B Micti A (Tlonrasa), aepoapom npusHauenHs B (Kuromup),
3anacHi aepoapomu/Beptunooptr V1 (bopucmins), V2 (bina Lepksa) [6].

Binpmicts iHpopMmanii npo nobynoBy HM Haronomrytote mpo emmipudHicTh
BH3HAUEHHS KUIBKOCTI, K IIapiB Tak i HelpoHiB. [IpuHIMIiaEHa cXeMa IPOTOTHITY
HM 3o0paxena Ha Puc.3. VY mporpaMHOMy BHKOHaHHI 3a JOTIOMOTOIO
rinepmapaMeTpiB OyAe BH3HAYEHO KUIBKICTh BXIOHHX HEUPOHIB, K — 24 (Mmicus
MMOCAAKU*KUTBKICT KPUTEPIiB), KITBKICTh NPUXOBAHUX IIApiB B KUIBKOCTI - 2, a
BUXITHUX HEHPOHIB BIJMOBIIHO KINBKOCTI aepojapoMiB. Tak sK BXigHi JaHi
YHOPMOBaHI 1 3aBXIH IO3UTHBHI, @ B SKOCTI pe3yJbTaTy HEOOXiJHO OTpUMATH TEX
MO3UTUBHI 3HAYCHHS 3 JIIHIHHUM TIEPEX0JI0M, TO B IKOCTi (DYHKIIIT aKTHBAIIi1 00paHO
RELU [15].
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Puc.3. Hpuanuniansny cxemy HM nis Budopy 3 3 micub nocaaku.

Tax sk, 1aHi 103BOJIAIOTH IPOBECTH MOBHICTIO KOHTPOJIbOBaHE HaB4aHHI HM,
TO BOHO OyZe BiAOYBaTHCH 3a NPHUHLUIIOM 3BOPOTHOTO PO3MOBCIOKEHHS MOMUIIKU
(backpropogation), BH3Hauyae rpagieHT QYHKI{i MOMHIOK IIOJ0 Bar HEHPOHHOI
Mepeski. OCHOBHHH KOMIIOHEHT IOJaHHS HaBYaHHS KOJy€ BXIJIHI JaHi Ta 3BOJIUTH
BEJIMKI BEKTOpHU J10 Manux. KpuXiTHI BEKTOpPH 3alMCYIOTh HAHBaXKJIMBIIII BEKTOPHI
XapaKTePUCTHKHY, SKi JOTIOMAararoTh y CTUCHEHHI JaHHX, 3MEHIICHHI pO3MIpPHOCTI Ta
pexoHCTpyKIil naHux [12]. SIk pe3ynbTaT, O4iKyeThCs OTPUMATH MPOTOTHII MOJENI
HM, xoTpa micist HaBYaHHS Ha IITYYHUX EKCHEPTHHX JAHUX 3MOXKE IIPU 3aIluTi
3alpONOHYBATH PIMIEHHS 3 JOCTaTHBOIO IUISI BH3HAYEHHS KOHKPETHOTO Micus
MOCAJKH 3 TOUHICTIO. Y BHIIAJKY YCIiXy MOJETIOBAHHS CHCTEMH BapTO MPOJOBKUTH
JOCIHIPKEHHS MI0A0 iHIINX Mojesnel mooynosu HM abo ribpuaiB i OKpeMo JOCTiAUTH
Iporec NPUHHATTS pilleHb B iHTepBaiii Mk mosiBoto CMY Ha MapmipyTi i Hocaakoro,
00 BU3HAYHTH, SIKI KPUTEPii BapTO BU3HAYATH JJIA SIKICHOT pOOOTH CHCTEMH.
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CIUIBHI MOJEJI IIPUAHATTS PIEHHA B OCOBJIUBOMY
BUITAJIKY B I1IOJIBOTI «<HE3AKOHHE
BTPYYAHHS». KOMILJIEKCHA CIIIIP

Pimrenns, ski npuiiMaroThCs Tiepen IOJILOTOM, BH3HAYAIOTH E(EKTHBHICTS,
perynspHicte Ta Oe3meky. CporomHi apiamiiHOMY NEpPCOHATY IOBOAUTHCS
BUpiIIyBaTH 03114 CKIaIHIX 3aBAaHb. OJHE 3 HUX - opraHizalis epekTuBHOI podoTH
aBiamignpueMcTBa. Croci® BupimieHHsS wiel 3agadyi mojsrae B 3aCTOCYBaHHI
CHHEPTreTHYHOTO MOJICIIOBAaHHS aBlaKOMITaHil - KOMIUICKCHOTO JOCIIKCHHS CTaHy
MiANPUEMCTBA, BUKOPUCTAHHS 1H(GOPMAIIfHIX TEXHOJOTIH Ta METOIIB yIpPaBIiHHS
JUIL  TIOKPAIICHHS KOMEPIIfHOT JisUTbHOCTI aBiakOMMaHid Ha MDKHApOJHHUX
Mapuipyrax [1].

Memoto pobomu po3pobka CHCTEMH MIATPUMKH NpUHHATTS pimenHs (CIITIP)
UL IICKUTBKOX OIEpaTopiB, IO 3adifHI y CHUIBPHOMY HPUHHATTI pillleHHS: MUTOTA,
Jucnerdepa 3 o0ciayroByBaHHs noBitpstHOro pyxy (OIIP), mpoTHOrO aucmerdepa B
ocobnrBoMy BHIAAKYy B monboTi «Hesakonne Btpyuyanns». Kommuiexcna CIIITP
MpHU3HAYEHA JJIs BAOCKOHAICHHS CHTYaliifHOT TOCBIAYEHOCTI Ta IpoLecy MPUHHATTS
pimess  daxiBusmu. Kommnekcrma CIIIIP € wmoxymem icayrouoi CIIIIP
aBiagucnerdepa it i B 0COOJIMBOMY BUITaJKY B ITOJILOTI [2].

VYnpaBiiHHA TMOBITPSHMM pPyXOM BHMara€ TOTOBHOCTI JAWCIETYEPCHKOTO
MepCOHAy MpAlIOBaTH HE JHWIIe B 3BHYAHUX YMOBax, ane i y BHIAAKY
HECTaHJAPTHUX Ta aBapiifHUX CHTYyaIlil, [0 BAHUKAIOTh Ha GOPTY MOBITPSHUX CY/CH
a00 B CHCTEMi YIpaBIiHHS MOBITPSHUM pyxoM. OCHOBHHM 3aBIaHHAM JUCIIETYEpaA €
HAJIaHHA CBO€YACHOT Ta KBaNi()iKOBaHOT TOTIOMOTH €KillakaM TOBITPSHHUX CyJIeH, SKi
MOTPANMIIA y CKJIAaJHI CHTyamii ab0 CTamy >KepTBaMH JiMXa. B Takux cHTyamisax
BaXJIMBO, OO0 JAWCIIETYEp MaB 3HAHHS TPO ACPOJMHAMIKY Ta KOHCTPYKIIIO
MOBITPSIHUX CYJEH, a TaKOX PO METEOPOJIOTiI0, HABIraliio Ta PaaioeleKTPOHHI
3aco0u croctepexkeHHs Ta 3B3Ky. lLle nomomarae pucnerdepy npuHiAMaTH
0OIpyHTOBaHI pillIeHHs B yMOBaX HEBU3HAYEHOCTI Ta oOMexeHoro yacy [3; 4]. CIIIIP
€ O0OB'SI3KOBUMHM Ul 3a0e3NeUYeHHs ONTHMAbHUX [iif aBiagucrneTdepiB y
HAQ/I3BUYAWHUX aBapiiiHUX cuTyarisx. Lli cucremu crpusroTh aBiamiifHid ramysi B
MiATPUMII Ge3MeKHr, epeKTUBHOCTI Ta HAIIHHOCTI ITOJILOTIB, CHPUSIOYH MOJIMIICHHIO
MPOIIECIB MPUUHATTS PIlICHb 1 MIBUIICHHIO PIBHSI KOOPIMHAIII Ta KOMyHikamii [1;
5].

AKTH HE3aKOHHOTO BTPy4YaHHs B aBialiiiHy cgepy MOXYyTb NpPU3BECTH IO
Cepilo3HMX JIFOJICHKUX KEPTB, PyHHYBaHb, EKOJOTIYHUX KaTtacTpod, 3aBIaTH IIKOIH
BAXJIMBHUM, CTPATErivHUM abo oco0anMBO HeGE3NMEYHUM 00'€KTaM, MOPYLINTH IXHIO
JUSsIBHICTB, CIIPUYMHUTH TAHIKY Cepe/l HAaCeJICHHs, 3aBJaTH 3HAYHUX MaTepialbHUX
30MTKIB 1 TiIipBaTH MOBIpPY TPOMAICHKOCTI JI0 aBiamiiHOTO TpaHcmopTy. Tomy
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6opoTh0a 3 akTaMH HE3aKOHHOTO BTpYYaHHs B aBialiiiHy cepy Mae BeJIbMH BaXKIIHBE
3HAUCHHS 1 IPUBEPTAE yBary CBiTOBOI CIIIIBHOTH [3]. AKTH HE3aKOHHOTO BTPYYaHHS
BKJIIOUAIOTh B cebe Taki Aii abo crpobu Aii, sIKi CTBOPIOIOTH 3arpo3y Ui Oe3meKd
LUBUIBHOI aBiallii, i BOHU OXOIUTIOIOTh, CEpE] 1HIIOTO0, TaKi CUTYaLlii:

1.  HesakoHHe 3aXOIJICHHS MOBITPSIHUX CYJCH.

2.  PyitHyBaHHS MOBITPSHOTO CyIHA, SIKE 3HAXOUTHCS B EKCILTyaTallil.

3. 3axoIuleHHS 3apy4YHHKIB Ha OOpPTY MOBITPSHUX Cy/IeH abo Ha aepoapoMax.

4.  HacuipHHUIBKE NPOHNKHEHHS Ha OOPT IOBITPSHOTO Cy/HA, B aepoIopT abo
Ha MicIle pOo3TalllyBaHHs aepOHaBIramiifHux 3aco0iB abo cIIyx0u.

5. PosmimenHs Ha 0opTy MOBITpSHOTO cyaHa abo B aeporopry 30poi,
HeOe3MeyHNX MPUCTPOiB ab0 MaTepialiB, NPU3HAYCHUX AJIS 3AIMCHEHHS 3JIOYMHHHIX
.

6. BukopucTaHHsS MOBITPSHOTO CyAHA, sike mepedyBae B eKcIuTyaTamii, 3
METOIO 3aBIaHHS TUIECHUX YIIKOHKEHb, IHIIUX TPaBM ocobam, cMepTi a00 3HAYHUX
MaTepiabHUX 30UTKIB UM HIKOIX TOBKIJLTIO.

7.  IlpencraBneHHs HAaBMHCHO HelpaBauBOl iHQopMmarii, ska CTaBHTb IiJ
3arpo3y 0e3MeKy MOBITPSIHOTO CyTHA ITiJT Yac MoJIbOoTy abo Ha 3eMJIi, a TAKOXK OE3IEeKy
MacakMpiB, WICHIB eKiNaxxy, HA3eMHOT0 epCOHATY ab0 IPOMaJICEKOCTI B aepoOIOpTy
200 Ha MicLX PO3TalIyBaHHA 3ac00iB 200 MiAPO3ALTiB UBUIHHOT aBiallii.

[IpoBoasun aHami3 aKTiB HE3aKOHHOTO BTPYYaHHSA B aBiawliidHy chepy, MOXKHA
knacu¢ikyBaTH X HACTYIHAM YHHOM [3]:

1. TepopucTuuHi akTH, SKi BBaKAOTHCS HaAHOLIBIN HeOE3NEYHHMHU JUIA
CYCIIIBCTBA 1 TPHU3BOIATH 110 3HAYHHX 30WTKIB, 3a3BHYall CYNPOBOKYIOTHCS
JIFOJICBKUMH JKEPTBAMH.

2.  He3zaxkoHHe 3axOIUICHHsS MOBITPSHUX CyJAeH (3a BU3HAYEHHSAM CTaTTi |
lNaa3bKol KOHBEHIIiT), YTOH 1 MipaTcTBO. Y TaKMX BUINAJIKaX 3J0YMHEIb 3a3BHYail He
Mae Ha MeTi 3aj1a4i IIKOJM JIFOSIM UM HOBITPSHOMY CYZHY, ajle Lie MOXKE TPaIUIITHCS.

3. Inmi mpoTumpaBHi Aii, IKi CTBOPIOIOTH 3arpo3y Oe3meni HUBIIBHOI aBiarii,
MOJYTh BiIOYBaTHCS HE TIJIEKH Ha OOPTY MOBITPSHUX CyJIEH, alle i Ha aepoIopTax.

OpHi€ero 3 HaHNOMUpPEHIUX (GOPM aKTiB HE3aKOHHOTO BTPyYaHHS B aBialliiiHy
TSUTBHICTB € 3aXOIUIeHHS (YTOH) MOBITPSHUX cyAeH. TepMiH «He3aKOHHE 3aXOTIICHHS
MOBITPSIHOTO CyIHA» O3HAYa€ Iil, KoK 0co0a, sika mepedyBae Ha OOPTY, HE3AKOHHO
3a JIOIOMOT0I0 HACHJILCTBA 200 3arpo3M HACHIBCTBOM BXKHMBA€ aKllii, 00 OTpUMATH
KOHTPOJIb HaJl HOBITPSIHUM CY/HOM IIiJ{ Yac MOJbOTY.

KommnekcHa cucrema miarpumku npuiinsatts pimens (KCIIIP) - ne
IHHOBaWiHWIA I1HCTPYMEHT, IIO TOEAHYE B CO01 pI3HOMaHITHI 0a3dW [aHHX,
MaTeMaTH4YHI MOJENI Ta IHTEPaKTHBHI IUIATPOPMH UIL aHANI3y Ta €(PEKTUBHOTO
PO3B'I3aHHS CKIAJAHMX 3aBIaHb BIJMOBIIHO A0 NPHIHATTS YydYacTi AEKITBKOX
omeparopiB [6]. ICCIIP no3Bomsie BpaxOBYBaTH SK CTPYKTYpOBaHi, Tak i
HECTPYKTYpOBaHi JaHi, Haal0ud MOXIIMBICTb BHSBJICHHS HEOOXinHOI iHpopmamii
UL TpUHHATTS pimieHs y peanbHoMy uaci. KowmmiekcHi cucremu CIITIP
PO3LIMPIOIOTE MOJMIIMBOCTI aHali3y, MOJEIIOBaHHA Ta B3aeMOJil 3 JaHUMH,
3a0e3nedyioud iHTYITHBHMI I1HCTpyMeHTapiii Ui e(eKTHBHOIro yNpaBliHHA Ta
OnTUMI3allii IpoIeciB MPUAHATTS CTPATETIYHUX pileHb (puc.l).
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6)

Puc.1 JlerepminoBaHni Mozeni onepaTopis (a) 1 MoJenb CIUIBHOTO pimieHHS (0)

Kommnexcni cucremu CIIIIP 3a06e3neuyroTs LUTICHUH MiAXiA 10 YHIpaBIiHHS
MpoIecaMy IPUHHATTS PillleHb, 00'€THYI0UN TEXHOJIOT], IKi BKIIOYAIOTh aHATITHYHI
IHCTpYMEHTHU, MTYYHUHA IHTEIEKT, METOAM ONTHUMi3amii Ta MOIeNoBaHHA. BoHU
JIOTIOMAaraloThb OpraHi3alisM 3AiHCHIOBATH aHaJi3 BEJIMKOro o0CATY JaHWX Pi3HOL
MIPUPOJM 33 JOIIOMOTOI0 METOAIB IITYYHOTO IHTENEKTY, Bil CTPYKTYpOBaHHX IO
HECTPYKTYPOBAaHHX, L0 JO3BOJISIE OTPUMYBATH MONATKOBI JaHi ISl TPHHHATTS
HaWO1IbII OOTPYHTOBAHUX Ta €(DEKTHBHUX pillleHsb [7].

LIi cucremn TakoX CTBOPIOIOTH MOXIIMBICTH IHTEPAKTHBHOI pOOOTH 3 JTaHUMH,
JO3BOJISIIOYM KOPUCTYyBadaM B3AEMOIIATH 3 IHQOPMAIiEI0 B peaIbHOMY daci.
IaTyiTHBHMIA iHTepdeiic cupuse 3pydHOMY aHami3y Ta MPEACTABICHHIO JaHUX, IO
cOpusie KpamoMy pO3YMIHHIO CHTyallii 1 Jomomara€e y MpUHHATTI 0OIpyHTOBaHUX
CTpaTerivYHUX pillleHb I ONTHMI3alii Gi3Hec-TPOLEeCiB Ta YIPABIiHCHKHAX 3aBaHb.
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ABTOMATHU3ALISA TPEHAKEPHOI HIATOTOBKU TACIHETYEPIB
yip

3a ocTaHHI POKM y CBITOBOMY MacmTadi CHOCTEpIraeThCs 3pOCTAHHS
IHTEHCUBHOCTI MOBITpsiHOTO pyXy. Ilicmsa mouatky COVID-19, ta B pesynbrarti
BIPOBa/DKEHHSI TJIOOATEHOTO KapaHTHHY Ta pI3KOro CIajay aBialepeBe3eHb,
MACaXMPOIOTIK T0YaB BiTHOBIIOBATHCH — IHOTOPIY aBialmepenbOoTH 3AiHCHATH
Onu3bko 4,35 MuTbsApIa JroseH, o HabmmwkaeTbes 10 4,54 minbsapaa B 2019 por.
Hatomicte 00csiru BaHTa)XONIEpeBE3EHb OUIKYIOTHCS Ha PiBHI 57,8 MIIH TOHH — HIDKYE
61,5 mH TOHH, IepeBe3eHux y 2019 pori. [6]

Figurel. Monthly Passengers on World Scheduled Airlines
Seasonally Adjusted
January 2020-January2023
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Puc. 1. I'padix 3MiHK 00’ €MiB aBianepeBe3eHb MacaKHpiB

I nani moka3HHMKH 00’eMy aBialiepeBe3eHb IMPOTHO3YIOTHCSA 3 KOKHUM
HACTYIIHUM POKOM TiJbKH 30implryBatuch. B pesymbrari, depe3 Benmuit 00’em

Tpadiky, i ABHAIIYETHCS BIpOTiHICTH TIPHITYIEHHS TTIOMUJIOK 3
OOKy aucrieTdepiB ympaBmiHHS HOBITpsHUM pyxoMm (YIIP), He 3Bakaroum Ha
3aCTOCYBaHHS HUMH CY4acHHUX
METONIB KOHTPOJIIO, pETyNIOBaHHs i 00CITyroByBaHHS

HOBITPSIHOTO PyXy Ta BHKOPHCTAaHHS HOBITHIX 3aco0iB aBroMatu3aumii YTIP.[2]
3abe3neyeHHs HaJIeKHOrO piBHSA Oe3nekn Ta e(EeKTUBHOCTI IMOJBOTIB
BHCYBa€ BHCOKI BHMOTH A0 PIiBHA MiATOTOBKHM aBiamucrerdepiB. TeopernuHa i
npaktu4Ha npodecifiHa MAroTOBKa Ha  UCIETYEPChKUX — TpPEHaXepax €
HABaXITUBIIIUM KOMIIOHEHTOM 06a30Boi minrotoBku aucrerdepiB YIIP, B xomi sxoi
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(OpPMYETECS, MIATPHUMYETHCS Ta BIOCKOHAIIOETHCS CHCTEMa NMpodeciiHuX 3HaHb,
HABMYOK 1 BMIiHb aBiaJIUCIICTYCPIB.

Bcee Oinmpmie cydacHHX TEXHOJIOTIYHHMX JOCATHEHb B aBialliffHiN ramysi
CBiYaTh MPO Te, 110 BIOCKOHAJICHHS TPEHAXXEPHOI MiATOTOBKU aBiaAUCIIETYEPiB CTAE
KPUTHUYHO

BOXJIMBUM 3aBJAHHSAM. 30KpeMa, BUCOKa CTYIiHb BiANOBINAIBHOCTI Ta CKIAHICTh
TXHBOT pOOOTH BUMArae MOCTIHHOTO MiATPUMAHHS Ta MiABUILCHHS piBHs mpodeciitHol
KOMIIETEHTHOCTi. B KOHTEKCTI CyyaCHHX BHKIHKIB, MOB'I3aHUX 3 POCTOM OOCATIB
MOBITPSIHOTO PYXy Ta HEOOXIJHICTIO 3a0e3Me4CHHs OC3MEKH TONBOTIB, BAKIHMBAM
€JIEMEHTOM ITiATOTOBKH aBiaJUCIeTYePiB € BUKOPHCTAHHS MEPEIOBUX TEXHOJOTIH.
OTxe BaXJIMBY POJIb y HIATOTOBII Ta MEPeHiAroTOBII aBiaAWCIIETYEPIB BiJirpae
ABTOMaTH3a1lig TpeHaKEepHOT Mmixrorosku.[1,2]

ABTOMaTH3alis TPEHAXXEPHOI TIATOTOBKM AWCIETYEpiB Y IIPaBIiHHI
noBiTpstHUM pyxoMm (YIIP) BH3HadaeTbcs AK BaXKIMBUI CTPIDKEHb CydYacHOI
aBiariifHoi 6e3neku Ta epeKTUBHOCTI. L5 iHHOBamiliHa cuCTeMa JO3BOJISE i ABUIIUTH
piBEHb HaBHUYOK Ta KBaJiQiKalii AUCTIeTYEpPiB MUIIXOM BipTyaIbHOTO MOJCIIOBAHHS
PI3HHX CIIEHapiiB MOBITPSHOTO PyXy Ta HaJ3BHYalHHUX CHTYALil.

OpnHi€ro 3 KITIOYOBHX ITIepeBar aBTOMaTH3alii TPeHaKEPHOI MiATOTOBKH €
MOXIIMBICTh BIATBOPEHHS pEaJlbHUX YMOB POOOTH IHCIETdYepiB, 3a0e3NeUyrou M
MOJKJIUBICTh B3a€MOJII 3 BIpTyaJbHUM IMOBITPSIHUM MPOCTOpoM Ta sitakamu.[3] Lle
JO3BOJISIE TPEHYBATUCS B OOpOOLI pI3HUX CHTyamild, BKIIOYAOYHM ITOTipIICHHS
MMOTOJTHUX YMOB, TEXHIYHI HECTIPABHOCTI, Ta iHIII ()aKTOPH, SKi MOKYTh BUHHKHYTH B
peanbHOMY TOBITPSHOMY PYCi.

Ha croroaHinmHiit 1eH B iCHYIOUHX TPEHAKEPHUX KOMIUIEKCaX HE B MTOBHIH
Mipi BpaxOBY€ThCSl IHAMBINyanbHi OCOOJIMBOCTI JIFOIMHH, SKa HaByYaeThes. B
CHUCTEMax HE peai3yloThCsl MOXJIMBICTH OI[IHIOBAHHS BIUTUBY IHAMBIAYyaTbHHUX
sKOocTel (IICMXOJIOTIYHHMX, TPOQECciiHUX, TCHUXOMOTOPHHX) Ha e(EeKTUBHICTb
miarotoBku. lle He M03BONIsSE MigiOpaTH IHAWBIAYalbHY KOPEKIIIO ITiATOTOBKH
mucnierdepa YIIP mmst mikBigamii XuOHUX HaBUYOK, PO3BUBATH MO3UTUBHI 3/110HOCTI,
3aKpIIUIATH iICHYIOYl HABUYKH HUISIXOM MEPEepO3NOAUTY Yacy Ha BUKOHAHHS 3aBIaHb,
CKJIAJJHOCTI BHKOHAHHS 3aBIaHb, MiIOOpY caMe THX 3aBIaHb, SIKI aKTyaslbHI JJIs
KOHKPETHOTO cremniamicTa.[5]

CucreMu aBTOMAaTH3allii JO3BOJIAIOTH €(QEKTHBHO BIJICIIAKOBYBAaTH Ta
OLIiHIOBaTH pO0OTy aucIeTd4epiB. I[HTErpoBaHi CHUCTEMHU aHali3y A03BOJISIOTH
BU3HAYUTHU CITAOKi MICI[SI Ta TIOKPAIIUTH HaBUUKHU.[4] Takox, aBTOMATH3AIlisI CIIPHUSIE
3HIKCHHIO BHTpAaT Ha TPEHYBaHHs, OCKIIbKM BOHA BHUKOPHCTOBYE BIipTyajibHE
MO/ICITFOBAHHS, 10 3aMiHIOE TOPOTi (Bi3UYHI TPEHAKEPH.

3aBASKM BHCOKOMY CTYNEHIO peali3My Ta THYYKOCTi, IO Hajae
aBTOMAaTH3allil TPCHAKEPHOI MIATOTOBKH, MUCHETYEPH MOXKYTh E(QEKTHBHO
TPEHYBATUCS B PI3HOMAHITHUX YMOBAX Ta CLHEHAPIsIX, IO MiIBUIIY€E IXHIO TOTOBHICTh
JI0 poOOTH B peaTbHUX YMOBAX MOBITPSHOTO PyXY.
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ABTOMAaTH30BaHI TpeHaXepW HE JHIIE JO3BOJSIOTH JHCIeTIepaM
BIANIPaIlbOBYBAaTH HAaBHYKH B PEAJICTHYHMX yMOBaX, aje i HaJalOTh MOJKIIHBICTbH
CTaHJAapTH3allll, MOHITOPHHTY Ta OILIHIOBaHHA iXHBOI HiANBHOCTI. BpaxoByroun
IBUAKI TEMIHM PO3BUTKY aBlallifHUX TEXHOJOTIH, aBTOMATH3alis TpEeHaKepHOL
MiATOTOBKH CTAa€ HEBIA'€MHOIO CKJIAQJOBOIO s MIATPHUMKHA BHCOKOTO PpiBHS
npodeciiHoi KOMIETEHTHOCTI IUCTIeTUepiB Ta 3a0e3MeueHHs Oe3MeKn MOBITPSHOTO
PYXy B YMOBaX 3pOCTal0d0ro 00CATY MOBITPSHOTO TpagiKy.

BucnoBok: TakiuM 9MHOM, HEOOXiTHO YIOCKOHATIUTH TPAAULIHHY CHCTEMY
npodeciiiHoi miaroroBku mucnerdepis YIIP 3 BUKOpHCTaHHSIM CHCTEMH aJalTHBHOI

TpPEeHaXXHOI IiJTOTOBKY, 3MIHCHIOBATH KOPEKII0 IOMMIKOBHX 3HaHb, YMiHb Ta
XMOHMX HAaBUYOK IUIIXOM BHKOPHCTaHHS Ha TPEHaKepax IHTEIEeKTyalbHUX
iH(opMaIiIfHIX TEXHOJIOTIH.
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IN-DEPTH EXAMINATION OF AIRCRAFT TRAJECTORIES: A MATLAB
ALGORITHMIC APPROACH

Radar, a cornerstone technology in aviation, profoundly shapes the trajectory of
aircraft through its indispensable contributions across various operational domains. In
the realm of navigation, radar stands as a linchpin, furnishing real-time, high-precision
data that ensures the accurate tracking and navigation of aircraft [1, 2]. Air traffic
control relies heavily on radar systems, empowering controllers to vigilantly monitor

and regulate air traffic movements with meticulous precision, thereby upholding
safety standards (Fig. 1).
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Fig. 1. Input trajectory of airplane

The influence of radar extends into critical safety measures, notably in collision
avoidance strategies. During the intricate phases of approach and landing, radar
systems assume a guiding role, especially in challenging weather conditions or
terrains [3, 4]. Their contribution ensures the smooth navigation of aircraft during
these critical stages. When it comes to processing airplane trajectory data in
MATLAB [5], there are standards steps and algorithms involved to ensure accurate
analysis and visualization (Fig. 2).
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Fig. 2. Sample of possible results

The creation of ground and vertical speed diagrams, coupled with statistical
analyses and algorithm development for error correction, has enhanced our
understanding of aircraft performance and trajectory accuracy. This work not only
contributes to the scientific understanding of flight dynamics but also holds
significance for advancements in aviation safety, navigation systems, and the
development of improved data processing methodologies.
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B3AEMOAIA NMIJIOTIB AK OAUH I3 ®AKTOPIB BIIVIUBY HA
BE3IIEKY MOBITPSAHOI'O PYXY

B mentpi asiamii cToite MroguHa i came I HAaBHYKH, NPUHHATTS pilleHb Ta
KOMYHIKAIlis CTajdd HEOJMIHHOK YAacTHHOIO aBialliifHuX omepariid. ChOroaHimHi
TEXHOJIOTII MOXXYTh OyTH IepeJOBIMH, ajle yCIixX y cepi aBiamii 3aIeXuTh BiJ] TOTO,
HACKUTPKM €(EeKTUBHO JIIOAW MpPAIIOITh pa3oM, CHPUIMaIOTh iH(opMmamio Ta
pearyroTs Ha HenepenoadeHi CUTYyaIlii.

Jropcekuit @axTop B aBiamii Moke OyTH BHU3HAueHHH SK Halip BIACTHBHX
TOASM-aBiaTopaM (i3i0JOTTYHHX 1 IICHXOJIOTTYHIX MOKIUBOCTEH i 00OMeXXeHb, SIKi, B
pa3i HempUHHATTA iX 1O yBark, MOXYTh CTaTH NPUYNHOIO HENpPaBIIBHUX iH.
Jlroncekuit (akTop - OfHE 3 HEHTPAJIBHUX MOHSTH, SIKI BUKOPHCTOBYIOTHCS HPH
po3risini npoGiemu 3abe3nedeHHs 6e3neKH MoaboTiB [1].

Jlo JTFOCHKUX YMHHHKIB MOJKHA BiTHECTH:

- Hazemue 00cayroByBaHHS MOBITPSHUX CY/CH;

- IIcuxoemorriiina CTIifKiCTh,

- OI3UYHUN CTaH JIFOIUHA

- PiBens mpodeciananizmy Ta 6arax JOCBimy, 3HAHb;
- PiBeHB 37maromKkeHOCT eKinaxy.

Buokpemitioroun OCTaHHIM MyHKT, BapTO HAroJIOCHTH, LIO BIIMOBITHO 10
CTaTUCTHKU «P0O3Mofin HemacHUX BHUIAIKIB, COPUYMHEHUX JIOJUHOIO», HHU3BKUM
piBeHb B3aeMoaii mioTiB 3aiiMae 2 micne (22%). B cyuacHoMy cBiTi aBialii, ycmimHe
YIpaBIiHHS Ta OpraHizallis MOBITPSHOTO PyXy HEMOXIINBI 6e3 eh)eKTHBHOT B3aeMOil
MiX WiIeHaMH eKinmaxy. Lle onuH i3 KIIo4oBUX (aKToOpiB, KU BU3HAYaE Oe3MeKy Ta
HaJIHHICTE aBiallifHUX omepariii.

®daxropu, AKi IUINBAIOTH Ha B3a€MOJIIIO MIJIOTIB.

- €nuna ¢pazeonorig. [IpakTHIHO 13 caMOro TOYAaTKy BUHHKHEHHS aBiamii y CBITi,
CBOE€ MicIle ovaia 3aiimatu npodeciitHa ¢ppaseosnoris, BoHa OyJia 3anpoBaKeHa HE
JIMLIE JUT KOMYHIKAIT MUTOTIB 3 aBiaucneTdyepamu, ke TPAeKTopil MiKHAPOIHUX
MOJBOTIB MPOXOMAATH uepe3 pi3Hi KpaiHW, a i JUIl WICHIB eKilmaxy, TOMY IO
BKJIUBICTH aBialliiHOT MOBH CTa€ KPUTUYHOIO, KOJIM PO3IJIAJAEMO CYYacHi eKimaxi 3
npecTaBHUKaMH Pi3HUX KpaiH. CaMe JJIs YHUKHEHHS. MOBHHX HENOPO3yMiHb, 4iTKOT
Ta 4YHCTOI KOMYHIKallii, aBiamiiiHa MoBa Oylla BCTaHOBJEHA SK €EIUHOIO Ta
000B’s13KOBOIO B KabiHi i CTajga OCHOBOIO €()eKTHBHOCTI Ta B3aEMOPO3YMiHHSI.

- CrepunbHa kabiHa. CrepmiabHa KabiHa Jp0THOTO ekimaxy (sterile flight crew
compartment) - Oyzmp-sikuif mepiof dYacy, KOJNM WICHIB JBOTHOTO eKilmaxy He
TypOyrOTh 200 HE BiJIBOJIIKAIOTh, 32 BUHATKOM ITHTaHb, 110 MAIOTh BA)KJIMBE 3HAUCHHS
Juisi Oe3rnevHoi eKcITyarauii MOBITpsiHOrO cyaHa abo Oesmexku macaxupis[2]. Lli
npaBmia OyJo CTBOpEHO sl 3a0e3NeyeHHs KOHIEHTpALii MiNOTIB Ha BaXJIMBUX
eTarax MoJbOTY, TAKHMH SK PYJIiHHS, 31T, Habip BUCOTH Ta 3HIDKeHHs 10/Big 10 000
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¢yTiB, 3axix Ha mocaiky Ta mocaaka. OKpeMo «CTepWIBHUMH» OymyTh aBapiifHi
cuTyarii.

- PosnmonineHHs 00O0B'SI3KiB i 4yac ekcTpeHoi curyauii. ExcTpeHa cutyamis —
HaiicTpecoBilia, B sKiii MiIOTH MOXYTh OmMMHHUTHUCS. Po3monineHHs 0OOB'S3KiB Y
KaOiHI MiJ yac EKCTPEHOl CHTyalii CIpsMOBaHE Ha MaKCHMi3alilo pecypciB Ta
HaBUYOK CKiMaxy a1 3abe3nedeHHs Oe3nekd Ta e(peKTHBHOCTI MmonboTy. Jlis
JOTPHMaHHS BHMOT IPH 3JIOTI, Ha MapIIpyTi Ta Ha MOCajli EKCIUIyaTaHT Mae
BCTaHOBHTH ITOPSJIOK pearyBaHHS Ha aBapilHI CUTyallil,; TaKoX, BiH 3000B’sI3aHUH
3a0e3neynTH Oe3MeYHIH MapIIpyT 3 YHUKaHHSAM IepeIIKo IS TOTO, 00 JIITaK 3Mir
MPOJOBXUTH NomiT [3]. [lyske BaxkIMBO 30epiraTu CBDKHH pO3yM Ta IisITH HIBUAKO,
TOMY JHMIIE 3JIarOJUKEHHICTh eKiMaky Ta MIBHAKICTh pearyBaHHS JOIIOMOXKE
YHUKHYTH (aTalbHUX HACHiAKIB HaA3BUYAaHHHUX MOMIH. A IIBHAKICTH peakii
TPEHY€ETHCS MiJ 9ac MATOTOBKHU MIJIOTIB HA CUMYJISATOPI, IKY BOHH MPOXOMASATH MPH
OTpUMaHHI JileH311, a TAKOXK Ha PEryJIPHUX HABUYAHHSAX.

CpiToBa iCTOpis aBialii TIEpPEIIOBHEHA NPUKIAIaMU KartacTpod Ta
IHIIMJICHTIB, SIKi CTAINCS Yepe3 HeoPO3yMiHHS MiX ImioTamH B KaOiHi. [Torianénenns
3HaHb (Hpa3eoIorii, pO3yMiHHS CTEPUIIbHOI KaOIHU Ta YiTKE BH3HAYCHHS OOOB'S3KIB
MOXYTb yOeperTH BiJ Mol Takoro poay B MaiilOyTHEOMY.
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EUROPEAN HIGHER AIRSPACE OPERATIONS

An increasing number of vehicles are utilizing the upper airspace, situated
between the airspace normally used by aircraft and the commencement of space, to
provide various commercial services such as surveillance, broadband connectivity,
supersonic and hypersonic travel. Managing the diverse combination of unmanned
and manned vehicles, fast and slow-moving crafts necessitates a sturdy operational
framework to guarantee safety in operations.

The number of new users is constantly growing in this airspace. The variety
of vehicles is large, covering unmanned balloons, airships, and long-range solar-
powered aircraft, collectively known as high-altitude platform systems (HAPS), as
well as supersonic and hypersonic aircraft, trans-atmospheric, and suborbital vehicles.
In addition, both commercial and government space operations traverse upper
airspace for activities such as launches and re-entries [1].

The European concept for higher airspace operation (ECHO) is a European
project dedicated to the development of innovative air traffic services concepts to
enable the expansion of air traffic services to operations in "higher airspace". The first
project of this program started on November 1, 2020 and lasted until October 30,
2022. The goal was to facilitate secure, efficient, and scalable operations beyond the
flight levels used by conventional air traffic. Additionally, the project opens avenues
for the economic advancement of inventive and commercial ideas utilizing the upper
airspace, incorporating aspects such as system-wide information management and
trajectory-based operations. The result of the ECHO project involves conducting an
extensive analysis of demand and creating a fundamental concept of operations
(ConOps) for the higher airspace.

The second Project (ECHO 2) started in September 2023. The ECHO 2
project objectives: the project will build on research from the ECHO project, which
centered on formulating a concept of operations (CONOPS) for higher airspace. In
particular, the project will concentrate on integrating a module into the CONOPS for
real-time monitoring of space launches and will include comprehensive packages
detailing operational integration procedures for both ground and air-ground activities.

[2].

In higher airspace, civil-military coordination will serve as a foundation for
operational stakeholders and the Network Manager. Considering future military
airspace needs, which hinge on advanced technologies and the performance of a new
era of manned and unmanned aircraft/platforms, civil/military coordination is
imperative to ensure safe, secure, and efficient flight operations. It is essential to
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respect the states' requirement to maintain the capability to detect and identify any
object flying over their territory or territorial waters. Therefore, surveillance and
trajectory data should be shared with states in advance of flight execution to address
security and separation concerns [3]. Collaborative decision-making (CDM) applies
in HAO as an integral mechanism of civil-military cooperation/coordination that
enables optimal solution-making at the planning stage and joint tactical decision-
making at the execution stage, taking into consideration the preferences and priorities
of civil and military operational stakeholders.

The majority of the Earth’s weather occurs in the troposphere, marked by
its diversity and constant temperature decrease with height (Fig.1).

Thermosphere
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Fig. 1. Middle atmosphere — the relationship between temperature and altitude.

Weather in the troposphere is generally well investigated with global
networks exchanging observations and forecasts, especially for aviation purposes.
High Altitude Operations (HAO) will be impacted by tropospheric weather,
particularly during slow-speed operations to and from higher altitudes. Upon
surpassing this tropospheric "weather layer," HAO will enter the stratosphere and
mesosphere.

Weather data above FL600 is not easily accessible and surpasses the
capabilities of most numerical weather prediction systems. However, above FL600,
where the atmosphere is extremely thin, the predominant weather considerations
include wind patterns and space weather phenomena, including notably low
temperatures that may affect vehicle operations. To facilitate High Altitude
Operations (HAQ), additional investments in High Altitude weather forecasting will
be required [5].
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BIIJIMB CHY HA POBOTY ABIAJUCIIETYEPIB

Jlroncekuit Gakrtop — Oe3yMOBHO OAWH 3 HailBaKIMBIiMIHX (akTopiB pobOTH
apiawii. Jlroacekuii dakrop — ncuxodizionoriuni 31i0HOCTI JIOAWHU, PUTaMaHHI
KOXKHIH JIIONMHI, SKa HaBUSHA BHUKOHYBAaTH po0OOTy, sKa Iepexdadac HEeoOXimHY
CHIBIIPAIIO 3 PI3HUMH BHAAMH MalIWH, IPOTPaMHOTO 3a0e3nedeHHs, IPOIeayp Ta
IHIIUX JIIOAEN, SKI 3HaXomAThca B Ti camiii koManmi. Jloogupa € HaiGiabIx
Ba)XXJTMBOIO, TaK CaMoO SIK 1 HAWOLIBII BPa3JIMBOIO JIAHKOKO B aBiamii. Hapasi Bigomo,
mo 6um3bko 80% Beix aBiamifHUX MOJIH BiXOyBalOTHCS 1O BUHI came MoauHH, 31%
3 SKUX — aBialiifHi NOAii, MPUYMHOK SKUX € HEAOCTATHS MCHXOEMOIHA CTIHKICTh
MIPU OPUIHATTI pimeHs [5].

Ha sikicTs poboTH aBiagucneT4yepa BIUIMBAIOTH Pi3HI (aKTOPH Ta YHHHUKH, CEPE]
SIKMX TPUCYTHI TaKi, SIK PiBeHb IIyMY, MIKpPOKJIIMaT B IPHUMIIICHHI, ajie TaKoX i
MICUXOEMOLIIHHUI Ta (HI3UYHUIT CTaH JIOIUHUA B pooOoTi. Bizomo, mo 6mussko 90%
MOMYJIALIT ITaHeTH OTPUMYIOTB IOCTiHHNMI cTpec, 80% roel — BUTOPSIHHS Ta BTOMY
[5], mi0 Hisik HE € TApHOIO CTATUCTHUKOO, BPAXOBYIOUH T¢, [0 poOOTa aBiagucieTyepa
noTpedye TOCTIHHOI KOHIEHTpaulii, BMIHHA MIBHAKO Ta NPAaBIWIBHO NpPUIAMATH
PIIIEHHS, CTPECOCTIMKOCTI, BIIEBHEHOCTI, Ta OaraTo iHIMHKX XapakTepucTHK. CoH €
HA/3BUYaiHO BAXIUBHM (PAKTOPOM CTaOIBHOTO €MOIIHOTO Ta (Hi3MYHOTO CTaHy
JIIOJIMHH, OTKe, HE MOYKE He BIUIMBATH Ha poOOTY aBiajucneTyepa.

Hayka BuBUa€ coH Ta OTo BILIHB Ha pOOOTY OpraHi3My B)K€ HE TEPLIHIA TECITOK
pOKiB, Ta 3a 1mi Yacu OyJO MPOBEICHO YUMAJO CEKCIIEPUMEHTIB Ta HAyKOBUX
JIOCITI/KEHb, MPO Ki Jaii WTUMEThCS B JOMOBiAi. Bimomo, 1110 opraHi3M JIFOAMHU
nepedyBae i MNOCTIHHUM BIUIMBOM BHYTPILIHIX (€HIOTEHHHMX) Ta 30BHILIHIX
(ex3oreHHHx) puT™MiB. OJHUMU 3 €HJOT€HHUX PUTMIB € IIMPKaJHI PUTMH — JOOOBI
pUTMH, SKi YaCTKOBO BIAMOBiZaroTh 3a coH. OTXKe, HAll OpPraHi3M Mae CBil
BHYTPIIIHIA O10JIOTIYHUI TOAWHHUK, SIKMHA 3HA€, KOJH JIOIUHI Tpeba HTh craTtu Ta
npokuaaTuck. OmHUM 3 JDKepen iHdopMarii, 3a JOIOMOTO0 SKOTO OioJIOoTidHMI
TOJMHHUK JIOIUHA OTPpUMYE iH(pOpMaIlito, € odi. OCBITICHHS HaNpsMy BIUIMBaE Ha
CIPUHHATTS HaMH 4Yacy. B opraHismi JIOAMHHM TPHCYTHI (OTOpELENnTOpH, SIKi
BI/ITIOBIIAI0ThH 32 OIIHKY CBITJIOBOI CHTYyaIlil. 3paHKYy, IPH «XOJOAHOMY» COHSUHOMY
SCKPAaBOMY CBITJIi 3 KOPOTKOIO TOBXXMHOIO XBHWJI, (pOTOpELENnTOpH MOCHUNIAIOTH B
MO30K 3HaK, SIKM{ € CHTHAJIOM IIPO MOYaTOK JHS, @ BBEUEPi, KOJIU JOMIHYE «TEILIe»
TYCKJIE CBITJIO 3 JIOBrOK JOBXHHOK XBWI, (OTOpELenTopH 3 HamuX oOdeil
CHTHANI3YIOTh MO3KY NP0 KiHENb IHS Ta TOTOBHICTH BimXomuTH a0 cHy [4]. Came
4epe3 1€ HayKOBIIMH DPEKOMEHIOBAHO IMEPEBECTH Ta/UKETH B PEXHM 3 TEIUIUM
OCBITJIGHHsIM eKpaHy. B poOoti mucmerdepa Ta Horo pobGodomy Micmi € Oarato
HIOAHCIB — IIOYMHAIOYHM BiJl OCBITJICHHS, 3aKiHUYIOYM IO3MIHHOIO pPOOOTOIO, IO
cepifo3HO BIUIMBAE Ha BHYTpilIHi Gionoriuni putmu. Poboue micue aBiagucnerdepa
Mae OyTH OCHalleHe JaMIaMH, LI0 IMITyIOTh AEHHE CBiTJO. SIKIIO MOBa iine mpo
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poboue Mmicie aucIieTYepa BUIIKH, SIKMH Oe3MOCepeHbO IPAIIoe Mepe]] BiKHAMH,
4epe3 sIKi HOTpaIusie JeHHe CBITIIO, TO Take poOode Micie 000B’S3KOBO Mae OyTH
rapHO OCBITJICHO, 1100 OPTaHi3M JIFOAWHHY, 110 MTPALIOE Ha TaKii Mo3ulii, He cipuiiMaB
3MiHy OCBITJICHHA HIpHU 3aXOJi COHII, SK CHTHAJ MpO KiHeIb poOodyoro IHSA Ta
TOTOBHICTb BiAXOAY 10 CHY.

Takox ogHUM 3 (aKTOpiB, KU BIUIMBA€ Ha TOTOBHICTH OpPraHi3My IO CHY, €
Temreparypa. Biromo, mo HaliBuIa TeMneparypa Tija JIIOAWHH NIPHIagae Ha BEdip,
B TOH 4ac SK HaWHWKYa — IMPUONM3HO Ha YETBEPTY TOJMHY paHKy. Baximso
mmam’sITaTH Ta JAOTPUMYBATHCh OCOOJIMBOCTEH HAIIOTO OpTaHi3My: OJIIDKYE JO CHY
HeoOXigHo, mo6 TemnepaTypa Tiia crnagana. Yepes e BaxJINBO, MO0 TeMIeparypa
MOBITPsI HA poOOYOMY MiCIIi aBiaJuCIIeTIEpa He MEPEBUIyBajla Ta He Oyiia HIDKIOI0
3a HOPMY, SIKOIO BB)KA€ThCs 22-24°C, iHaKIIe TUCTeTYepa Ha 3MiHI TOYHE KIOHUTH
B COH NpH HU3BKIH TeMIepaTrypi NPUMILICHHS, T4 MPH BHIIIH MOXYTb MOYATHUCS
MpoOIIeCH, TMPUTAMaHHI Oynab-sKiil JIOAWHI, Taki sK: MOTIHHS, CHpara, MOHMKCHHS
3IATHOCTI IO TepMOperyJsiii, Tomo [1].

BaxumBuM € 1 BpaxyBaHHS XpOHOTHINB aBiagucnerdepiB. Hapasi ByeHi

BUAULIIOTh TPHU HAIfACKpaBilll XPOHOTHIM: paJvKalbHO-pAaHKOBHH (Tak 3BaHi,
(OKaWBOPOHKW»), BeUipHIil («COBM») Ta 3MilIaHUH («TomyOm»). 3alexHO BiX
XPOHOTHUIY, K aKTHBHOCTI JIOAWHY NPHUIIAJa€ Ha pi3HI rOOUHH, Oyab To 8-10 paHKy,
yn 20-22 Beyopa. [lo3amiHHa poOOTa qUCIIETYEPiB, IO BKIOYAE B ceOe, K MPaBUIIo,
PAHKOBY, BEUipHIO (ICHHY) Ta HIYHY 3MiHYy, HETaTUBHO BIUIMBAE HA COH CIICIIiAJIICTIB,
oI0 MOXKE CIPHUYMHHUTH 3aXBOPIOBAHHS PI3HOTO THITy, Taki SIK XPOHIYHUHA cTpec,
nmiaber, OE3COHHA, almHOE CHY, TIIEPCOMHIA, TIepCcOMHis, 1 HaBiTh nempecis [3].
Menukn «peKOMEeHIYIOTh TOPYIIyBaTH» HOPMAIIBHUI Yac CHy He OubIle TpboX 1i0
Ha TWXKJICHb i3 YITKUM JOTPUMaHHAM Tpadika B IiHIOI UYOTHPH IHI. Aye X
aBiagucreryepy, nepeOyBarouy B MOCTIHHIN Hampys3i Ta cTpeci Ha pobodoMy Micli,
MAaIOTh OUTBIINY CXHIIBHICTB IO PO3JIAIiB CHY, HIX JIFO/IHU, SIKi HE MPAIFOIOTh B HIYHUIN
9ac MO3MiHHO.
[puiiHsaTo BBaXKaTH, [0 OJHUM 3 TAPHUX CIOCOOIB OOPOTHCS 3 COHIMBICTIO, B TOMY
YHC, i 9ac poOoTH, € Kodein. KaBoBi, eHepreTHyHi, ra30BaHi HAIOi JOTIOMAaraloTh
JIFOJISIM B JKUTTI 3aJIMIIATHCS 0abOPUMH MPOTATOM JHs. BueHi peKOMEHYIOTh TUTH
KaBy He II3HillIe, HiXK 32 6 TOAUH JI0 MOYATKy CHY, aJKE MEPioIOM HalliBBUBEICHHS
kodeiny € came mmIicTb roauH. [Ticis IPOX0HKEHHS LBOTO Yacy B OpraHi3Mi JIIOAUHU
BCE IIE 3aJIMINAEThCS YacTKa Ko(elHy, TOXK HaBiTh PaHKOBA KaBa aBiaJycCIeT4epiB
BILIMBAcE Ha 1X COH yHO4i. bimkue 10 Beyopa, KoM OpraHi3M BKe TOTOBHIT 3a CBOIMH
BJIACHUMH LHUPKAJAHUMH PUTMaMH BiJIXOJUTH O CHY, CICLIaJiCT MOXeE BiI4yTH
COHJIMBICTD Ta MPUHHATH PIIICHHS CHOXHTH IlI¢ OJWH KaBOBUH a0 €HepreTHYHUH
HAITii, 0 B MOAANBIIOMY OyJle HETaTUBHO BILUTMBATH Ha HOTO COH [2].

OTxe, icHye 6arato (hakTopiB, sIKi BIUIMBAIOTH HA COH JIIOANHH, T2 HEOTPUMAHHS
CaHITAPHUX HOPM CHY MOJKE IIPU3BECTH J0 CEPHO3HNX MOPYIIEHb POOOTH OpraHi3my.
ToMy Tak Ba)XJIMBO MiATPUMYBATH SKICHMII PiBEeHb CHY B aBiafMCIeETUepiB, ajike B
iHTepecax Jiozieil 1iel nmpogecii, Tak camo sIK i B poOOTOIABLIB, € 3I0pPOBHil CIIOCIO
JKUTTS Ta CTiMKa eMOIliliHa Ta IICUXO0JIOriYHa CTa0iIbHICTE.
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BENEFITS OF FOUR-DIMENSIONAL TRAJECTORIES

Nowadays, every Aviation Organization which is working to improve the
operation of the Single Sky over Europe is interested in optimization of flights
operations. One of the most effective concepts is implementation of the Four-
Dimension Trajectory.

The Four-Dimensional (4D) trajectory is the key to the future Air Traffic
Management (ATM) system being developed by the Single European Sky ATM
Research (SESAR) program. Such trajectories facilitate flight management: earlier
management of flights was provided by a complex system of many components, both
machines and people, then now 4D trajectories allow to focus on strategic planning
and tactical intervention in flight if necessary [1]. This contributes to the design of the
airspace and increases the efficiency of flights. Airspace users agree their wanted
trajectory with the Air Traffic Services (ATS), taking into account the capacity of the
ground part of trajectory, which is airports, and the capacity of Air Traffic Service
units.

The 4D trajectory is basically the trajectory is flown in four dimensions: latitude,
longitude, altitude (or Flight Level (FL)), and time. Such trajectories are called
Business trajectories in case of civil aviation flights and Mission trajectories in case
of military flights. Both of them aim to give the most effective use of airspace, in order
to accomplish the mission [3]. Once agreed, the 4D trajectory becomes the reference
trajectory on which the airspace user agrees to fly and on which all service providers
agree to facilitate this flight, providing the service. This means, in every single
moment of flight, all the ground services should know the actual position of the
aircraft, which is flying by 4D trajectory. The main goal of implementing four-
dimensional trajectories is improvement of safety, efficiency and on-time operations.

There are a lot of benefits of four-dimension trajectories, such as predictability,
safety, increasing capacity, automatization, cost efficiency, and, of course,
environmental impact, which is really important nowadays in our reality [2]. For
example, safety is considered in the fact that the position of every single aircraft is
known in each moment of time. Both pilots and air traffic controllers can have more
capacity in order to monitor other flights and prevent collisions. This allows us to
construct and use the Single European Sky as efficient as possible, including cost
efficiency. Due to the known exact position of aircraft and ability to calculate accurate
route of each flight, we can optimize these routings and fuel usage. And as aircraft
will carry less fuel, it allows us to get smaller weight of aircraft, what, in turn, allows
us to reduce fuel consumption by the environment. Optimal routing and reduced fuel
usage leads to lower CO2 emissions and impact on the climate change. It is known,
that increase of the take-off weight of the modern jet liner just by 3-4% leads to
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increase in CO2 emissions into the atmosphere by, sometimes, more than 500 kg,
which is dangerous for people and aviation in the near future [4].

The main differences between Business trajectory and Mission trajectory are the
following: Business trajectory is driven by business needs, and occurs in accordance
with International Civil Aviation Organization (ICAO) standards and
recommendations, while Mission trajectory is driven by National Defense and
Security and occurs in accordance not only with ICAO rules and procedures, but also
with National rules and standards. Business trajectory could depend on availability of
passengers and airspace, airports throughput and Air Traffic Control (ATC) capacity,
and relies on Air Navigation Service (ANS) provisions. Mission trajectory depends
on availability of aircraft, airspace, and geographical location, mission type and
objectives, and relies on mission support services. Of course, both of 4D trajectory
types also rely on efficient planning and up-to-date aeronautical and meteorological
information.

The concept of four-dimensional trajectories is already ready to be implemented
in the nowadays’ aviation, but there are couple of challenges, such as agreeing the
standard procedures, methodologies and definitions in order to start using 4D-
trajectory system all over the Single European Sky; using the global standards for the
data exchange. Business/Mission trajectories are the new way to describe and use
trajectory filled with information, which is richer than today’s flight plans, share the
information about the flight in all its stages: planning, execution, consequences. And
one of the most important goals of the new concept of flying is providing the future
aviation with on-time operations, safety and efficiency.
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JOCIIKEHHS TPOBJIEM BIIPOBAI’KEHHS LITYYHOI'O
IHTEJIEKTY TA AHAJII3 JAHUX. BUKOPUCTAHHS Al 1A
ONTHUMIBAIIT YIIPABJTHHS MMOBITPSITHUM PYXOM

CNS/ATM - I1e ckopouenns Bix "Communication, Navigation, Surveillance / Air
Traffic Management" (3B's30x, Hasiramia, CnocrepexeHHs / VYmpaBuiHHS
MOBITPSIHAM PYXOM), IO TPEICTABISIE IHTETPOBAHY CUCTEMY JUIA YHPABIiHHS
MOBITPSIHUM PYXOM.

3830k (Communication): CNS/ATM mnepexbayae BHKOPUCTaHHS HOBITHIX
TEXHOJIOTIH [UIs 3a0e31eueHHsT e()eKTHBHOTO 3B'SI3KY MK MOBITPSIHUMH CYIHAMH Ta
3emiiero. lle Bkirowae B ceOe BHKOPHCTAHHS CYIyTHHKOBHX CHCTEM, IH(PPOBHX
TEXHOJIOTIH, TaHUX Yepe3 pajio Ta iHII KaHAJH 3B'I3KY JUIS TOKPAIICHHs mepenadi
iHdopmarii.

Hagiramist (Navigation): CNS/ATM cnpsMoBaHa Ha BIOCKOHAJICHHS CHCTEM
HaBiramii moBITpAHUX cyzaeH. lle Moxe Brmoyatn B cebe BHKOPHUCTAHHS
CYNyTHUKOBUX cucTeM (Hampukian, GPS), po3poOKy OinbIl TOYHHX Ta HaAiHHHX
METOJiB HaBiramii Ta MATPUMKY aBTOMATH30BaHOI CHCTEMH KEPYBaHHS HaBITaIli€lo.

Crocrepesxxenas (Surveillance): CNS/ATM opieHTOBaHa Ha BIOCKOHAICHHS
CHCTEM CIIOCTEpEe)KECHHsS 3a TOBITpPSHMM mpocTopoM. Ile Bkimouae B cebe
BUKOPHUCTAHHS PI3HUX TEXHOJOTIH, TaKMX SIK pajgapH, CyNyTHHKOBI CHCTEMH Ta
ceHcopu, 1yt 300py iHdopMarlii Ipo pyx MOBITPSHUX CYAEH y PealbHOMY Yaci.

VYupasninas nosiTpstHuM pyxoM (Air Traffic Management): CNS/ATM craButh
CBOIM 3aBIaHHAM IOKpAIEHHS €PEKTUBHOCTI Ta OE3MEeKH YIpaBIiHHS MOBITPSIHAM
pyxom. lle Bkmowae B cebe po3poOKy CHCTEM [UIA ONTHMI3alii MapuipyTiB,
3MEHIIEHHS 3aTPIMOK, BUKOPHUCTAHHS JAaHWUX JUIS MPHUHHATTS PillleHb Ta MiITPHMKY
B3a€MOJI{ MK IOBITPSIHUMH CYAHAMH Ta KOHTPOJIBHUMH ITyHKTAMH.

Possutok cuctem CNS/ATM chpsMoBaHWiT Ha TIOKpamieHHS Oe3Meku Ta
e(hEeKTHBHOCTI MOBITPSHOTO TPaHCIOPTY 3a JOMOMOTOK HOBITHIX TEXHOJIOTIH Ta
iHTEIPOBAHUX MiAXO/IB 10 YIPABIiHHS HOBITPSIHUM IIPOCTOPOM.

3B’5130K, HaBiraiis, CIOCTePESKEHHS Ta OpraHisailis MOBITPSIHOTO pYyXy
(CNS/ATM) mocTiifHO pO3BHBAIOTHCS, BUKOPHUCTOBYIOUH HEPEIOBI TEXHOJIOTIT JuIst
BIIOCKOHAJICHHS aBiamiiHuX mporneciB. OcTaHHI TEHACHIIIT BKIIOYAIOTh:

CyuacHi TexHomorii 3B'I3Ky: Po3mmpeHHS MOXIHBOCTEH 3B'SI3Ky MK
MOBITPSIHAMH CyJHAMH Ta 3eMJICIO 3a JOTIOMOTOI0 HOBITHIX CYITyTHUKOBHX CHCTEM Ta
BUKOPHUCTAHHSI [IHPOKOCMYTOBHX MEPEeX IJIsl epeaadi JaHuX.

[MokpaieHHs HaBirauiifHUX cucteM: BIOCKOHaNCHHS CHCTEM MO3HMLIOHYBaHHS,
TakKuX sIK OKparieHHs: Tounocti GPS, BpoBa/)kKeHHsT HOBUX METOIB HaBiraiiii, sKi
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JIO3BOJIAIOTH ONTHMI3YBaTH MapIIpyTH Ta e()eKTUBHO BUKOPUCTOBYBATH HOBITPSIHUH
TIPOCTIp.

Po3Butok cucteMm crnocrepexeHHs: BUKOpHCTaHHS HOBITHIX TEXHOJOTIH Ayt
MiABUIIEHHS TOYHOCTI Ta 0OCSATY 31TKHEHHS 3 1HIIMMH MOBITPSHUMH CyAHaMH abo
MePENIKOIaMH1 Ha IIUIXY.

BrpoBajkeHHS IITYYHOTO 1HTENEKTY Ta aHani3 JaHuX: Bukopucranus Al mms
oNTHMIi3amii YIpPaBIiHHSA IOBITPSHHM pPYXOM, IPOTHO3YBaHHS IUIIXIB IOJIBOTIB,
aHaNi3y PU3UKIB Ta MOKPAIICHHS NPUHHATTS PilleHb.

VYiockoHaleHHS  YNPaBIiHHS IIOBITPSHHM  IPOCTOpOM:  BrpoBamkeHHsS
U(POBUX CHCTEM, SIKi JO3BOJIIIOTH OUIBII THYYKO PEryJIFOBAaTH MOTIK MOBITPSHOTO
PYXY, HiABHIIYI0YX e(EeKTUBHICTH Ta 3MEHIIYIOUH 3aTPUMKH.

Le#t mocTiifHUIT PO3BUTOK CHpSMOBaHHH Ha 3a0e3nedeHHs Oe3MMeKd IOJIBOTIB,
ONTUMI3alli}0 MapUIPYTiB, SMEHIICHHS BIUIMBY Ha TOBKUJLIA Ta iABUIIEHHS 3arajbHOT
e(eKTHBHOCTI aBiaIlifHUX OTEpaIii.

BripoBamxeHHs: mTy4HOro iHTENeKTy (Al) y cucreMu ympaBiliHHS MOBITPSHUM
pYXOM Mae€ BEIHMKWIl IOTEHIia] JUIs IOKpamieHHS e(eKTHBHOCTI, Oe3neku Ta
3MEHIICHHS 3aTPUMOK Y MOBITPsHIHN mpoMuciaoBocTi. [IpoTe iCHYIOTh JIesKi BUKIMKA
Ta mpo0JeMy, sIKi BapTO BPaXOBYBATH MiJ 9ac BIPOBA/KECHHS TAKHUX CUCTEM:

Hapuanns Ta HaxiftHicTs Mozeneit Al: HaBuanus Al monenei s ynpaBmiHHSL
MOBITPSIHAM PYXOM HOTpeOy€e BEIMKOI KUTBKOCTI JaHUX, IO MOXKE OYTH CKIIAJTHUM,
OCKIUJIBKM TOBITPSAHI TMPOCTOPH BIAPI3HAIOTECA 32 YMOBaMH, OOMEXKEHHSIMH Ta
npoTokoiaMu. HaniifHiCTh mHUX MoOJeNed € KpUTHYHOIO Ui Oe3NeKd aBiamifHux
oreparii.

Besneka Ta erumka: 3a0e3rneueHHs Oe3NeKH Ta €THYHOrO BUKOpUcTaHHS Al B
aBiauii € npiopureTHnM 3aBaaHHsAM. [loTpiOHO rapanTyBatH, O cuctemu Al He
TibKM e(EeKTUBHI, ane ¥ Oe3MeyHi, a TaKoX BiAMOBIAAlOTH BHUMOTaM IIIOJO
MIPUBATHOCTI Ta €THKH.

IaTerpanis 3 icHyrounMu cucremamu: BrpoBamkenHs Al y Bxe (yHKIiOHyr0Ui
CHCTEMH YTIPABIIHHS TOBITPSHIM PYXOM MOXKe OyTH CKJIQJHHM IIPOIECOM dYepe3
HEOOXIAHICTh IHTETpalii 3 BXKe iCHYIOUHMH ITPOTOKOJIAMH Ta CHCTEMaMH.

Bzaemonist 3 moxpmu: BasknuBo 3a0e3mednTn B3aeMomito Mixk cuctemamu Al Ta
JIIOJIBMHU, OCOOJIMBO Yy BHIAJKaX, KOJM NPHHAMAIOTBCS KPUTHYHI DIillIEHHS II0J0
YNpaBIiHHS HOBITPSIHUM pyXoM. Po3yMiHHS Ta HOBipa 10 NPHUHHATHX CHCTEMOIO
pillieHb BaXKJIMBI [UIs 3a0e3MeueHHsI Oe3MeKH TOIbOTIB.

PerymoBanHs Ta craHapTu3alis: BCTaHOBIEHHS CTaHAApTIB Ta MpaBUI
BUKOPUCTAHHS CHCTEM IITYYHOTO iHTENEKTy B aBiamii € BaKIMBHM acIeKTOM JUIS
3a0e3MeYeHHs CyMiCHOCTI Ta O€3MEeKH YCiX aBialifHUX MPOIECiB.

JocnimkeHHs X TpodiieM Ta po3poOKa BiAMOBITHUX CTPATETiH MOXKE CIPUITH
YCIIIIHOMY BIPOBA/UKEHHIO Ta €(PEKTHBHOMY BHKOPHCTAHHIO CHCTEM IITYYHOTO
IHTENEKTY JUIsl ONTHMI3allii yIpaBIiHHS HOBITPSIHUM PYXOM.

30KkpemMa, TOCTITHUKH aKTHBHO BHBYAKOTH CIIOCOOH TTOIOJIAHHS I[IMX BUKJIHKIB:

AunropuTMiuHa HaAildHICTh: PO3BUTOK aNropuTMiB HaBYaHHS, SIKi BPaXOBYIOTh
pi3HOMaHITHI yMOBH Ta clieHapil B HMOBITpsHOMY mpoctopi. Lle o3Hauae cTBOpeHHs
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MoJeeil, SIKi MOKYThb afalTyBaTHCh IO 3MIHHUX YMOB, TaKUX SIK IOTOAHI YMOBH 9H
TEXHIYHI HEMOJIAIKH.

Besneka Ta eruka BUKOpuCTaHHS: Po3poOka craHmapTiB Oe3meKkd Ta eTHYHOTO
BUKOPUCTAHHA CHCTEM IITYYHOTO 1HTeNeKTy B asiamii. lle Bkimrouae B cebe
3a0e3MeUYeHHs] 3aXUCTy OaHUX, BiANOBINAIBPHOTO BHUKOPHUCTAHHS aJTOPUTMIB IpHU
yIpaBIliHHI HOJIbOTaMH Ta FapaHTyBaHHs O€3MeKU AJISI MACAKUPIB Ta SKIMaxy.

[HTerpamis Ta CyMICHICTB 3 iICHYIOUNMH clcTeMaMu: Po3poOka MeToziB iHTerparii
Al 3 icHyIOUMMH CHCTEMaMH YIIPaBIIiHHS IOBITPSIHUM pyXoM, o0 3abe3mednTn
CYMICHICTB, Oe3IeKy Ta e()eKTHUBHICTh pOOOTH B €MHII CHCTEMI.

HapuaHHS Ta pO3BUTOK JIOACHKHX pecypciB: IlinroroBka nepcoHaty, sskui oyme
MPAIIOBATH 3 UMM CHCTEMaMH, BKIIOYAIOYX HABYAHHS Ta MIATPHUMKY AJIs1 KEpYBaHHS
HOBHMH TEXHOJIOT1SIMH, a TAKOX PO3YMIHHS X MOKIIMBOCTEH Ta 0OMEKEHb.

Crannaptusanis Ta peryiaroBaHHsS: CTBOpPEHHS MIKHApOJHHX CTaHAApTIB Ta
MPaBUII 010 BUKOpUCTaHHA Al B aBiamii 11 3a0e3neueH s CiIbHOT pOOOTH CUCTEM
Ta Oe3MeKH aBialliifHUX MPOLECIB Y BCbOMY CBITI.

I[i HampsMKM NOCHIDKEHb Ta BIOCKOHAJIEHHS CIPSMOBAaHI Ha CTBOPEHHS
HaIiHUX, Oe3MeYHnX Ta ePEKTHBHUX CHCTEM IITYYHOTO iHTEJIEKTY JUISl ONTHUMIi3alii
YIIPABIIiHHS TOBITPSHUM PYXOM.

Jedaxi 3 BiZOMUX JOCHIIKCHb BHUKOPHUCTAHHSA IITYYHOTO IHTENEKTY IS
onTUMi3alii ypaBIiHHS MOBITPSHUM PYyXOM BKIIIOYAIOTh:

SESAR (Single European Sky ATM Research): Lle mporpama mocmimkeHb
€pporeiicbkoro Coro3y, CIpsMOBaHAa Ha BIOCKOHAJICHHS YIPABIiHHS MOBITPIHUM
pyxom B €Bpori. SESAR BkirOuae B cebe poOOTy HaJ BIPOBAIKEHHSAM IITYYHOTO
iHTENeKTy Ta aBTOMATH30BaHMMH CHCTEMaMH Uil ONTHMi3auii yHpaBIiHHS
TIOBITPSIHUM PYXOM.

NextGen B CIIA: NextGen — mne ininiatnBa ®enepanbHoi aBiamiitHol
anminicTpanii CIIA juis MomepHi3auii HalliOHAJBHOI CHCTEMH HOBITPSHOTO PYXY.
[Iporpama ¢oKycCyeTbcs Ha BHKOPUCTaHHI TexHoyoriii Al Ta aBTOMAaTH30BaHHX
CHCTEM ]IS TIOKpalIeHHs 0e3MeKN Ta e)EeKTUBHOCTI MOJBOTIB.

ICAO (International Civil Aviation Organization): ICAO aKkTUBHO BHBYaE
MOJKJIMBOCTI BHKOPHCTAHHS INTYYHOTO IHTEJEKTY Iyl ONTHMI3allil YIpaBIiHHSI
MOBITPSIHUM PYXOM Ta po3po0JIs€e CTaHAAPTH Ta PEKOMEHALlT 010 BIPOBA/KEHHS
TaKUX CHCTEM.

JlociipKkeHHs YHIBEpPCUTETIB Ta JTOCTIAHUIBKUX HEeHTpiB: barato yHiBepcuTeTiB
Ta HAYKOBUX YCTAHOB IIPOBOJATH JlOCHi)I)KeHHﬂ B rany3i 3aCTOCYBAaHHA LITYYHOT'O
IHTEJIeKTy IS aBiallifHUX IIiJIel, 30Kpema, IUIS PO3POOKH CHCTEM YIpaBIiHHA
MOBITPSHAM PYXOM.

Li mocmimkeHHS OpIi€HTOBaHI Ha BIOCKOHAIEHHS CHCTEM YIpPaBIiHHS
MOBITPSHAM PYXOM [UISIXOM BHKOPHUCTaHHS CY4YaCHHX TEXHOJIOTIH ILITY4HOTO
iHTENEeKTY, aHaJi3y JaHUX Ta aBTOMATH3allii TPOLECiB, CIIPSIMOBAaHUX Ha MIOKPAICHHS
e(heKTHBHOCTI, 6E3MEeKN Ta SKOHOMIYHOT JOIIIBHOCTI aBialliifHUX Orepartii.
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BripoBapkeHHS IITYYHOTO IHTENEKTY Ta aHaji3y JaHUX y CHCTEMH YIPaBIIiHHS
MOBITPSIHAM PYXOM Ma€ 3HAYHMH NOTeHmian mis TpaHchopmamii aBiariiHOl
ingyctpii. OmHak medl mpouec MOB’S3aHMK 3 PAJOM BUKIMKIB, fKi BHMararmTh
YB)KHOTO PO3MJIALY Ta PO3B'SI3aHHS:

HaBuanns Ta HagpiliHicTs Mozeneit: [1oTpiOHO MPOXOBKYBATH AOCITILKEHHS IS
CTBOPEHHS HAAIIHNUX, A THBHUX Ta TOYHUX MoJieneil Al, ki MOXXYTb IIPaLIOBAaTH B
pi3HHX yMOBax Ta 3a0e3nedyBaTd Oe3NeKy MOJIbOTiB.

Besneka Ta ernka: BaximBo po3poOiaTH craHmapTH O€3MEKH Ta €THKH UL
BUKOPHUCTAHHS CHCTEM INTYYHOTO IHTENEKTy B aBialil 3 ypaxyBaHHIM
KoH(ixeHnitHOCTI, 0e31eK Ta BiAMOBITANEHOCTI 38 IPUHHSTTS PillleHb.

Iarerpanis ta cymicHicts: HeoOxinHo 3a0e3neunty edektuBHy iHTerpanito Al 3
iCHYIOYMMH CHCTEMaMH YTIPABIiHHS IMOBITPSHUM PyXOM, 100 YHUKHYTH KOH(IIKTIB
Ta 3a0€3MEeYUTH X B3aEMOJIIIO Ta CYMICHICTb.

[MigroroBka mepconany: Kaapu, ski BOMOIIIOTH HaBHYKaMH B podoTi 3 Al, €
KJITFOYOBHM YHHHUKOM YCIIIIIHOTO BIIPOBaKeHHs. HaBuaHHs nepcoHalty Ta po3BHTOK
IXHIX YMIHb € BaXXITHBUM 3aBJaHHIM.

CraHmapTH3alis Ta peryjIroBaHHs: BCTaHOBICHHS MDKHAapOIHHMX CTaHIAPTIB Ta
MIPABIJI AJIs BAKOPUCTAHHS CHCTEM LITYYHOTO IHTEJIEKTY B aBiallii € HEOOXITHUM JUIst
3abe3nedeHHs IXHbO1 CIiIBbHOT poOOTH Ta Oe3MeKH.

[HTerpamis IWTYYHOrO iHTENEKTY MOXKE NPHHECTH BEIHYE3HI IEepeBard it
aBiamiiHOi iHIYyCTpii, ane ii BIpoBa/KeHHS NOTpedye YBaKHOTO aHAI3y, pO3pOOKH
Ta MiATOTOBKH. BHpIIICHHS BHIE3a3HAUYEHHUX ACMEKTIB IONOMOXeE 3a0e3meuuTu
yCHimHy i Oe3le4Hy IHTerpamlilo CHCTeM IITYYHOTO IHTENEKTY B YIPaBIiHHA
TIOBITPSIHUM PYXOM.

159



XIV BceykpaiHCchbKa HAyKOBO-TeXHiYHa KOH(epeH1isa «CTaauii po3BUTOK
CHCTEeM 3B’I3Ky, HaBiraiiii, criocrepe:keHHs Ta opraHisallii ToBiTPSHOro Pyxy
CNS/ATM - 2023» 29 — 30 AUCTONIAIA 2023 p., HALIOHAABHUMN ABIALUMHUM
YHIBEPCUTET, M. KUiB

YK
ITaBnoBcbkwmii I.B.,
Konin B.B., 0.m.n. npog.
Hayionanenuii agiayitinuil ynisepcumem, Kuis

CYINIYTHUKOBI CUCTEMM HABITALIIL I TEJIEKOMYHIKAIIII JJ151
BE3INLIOTHUX ABIAIIIT KOMILJIEKCIB

CyuacHi CyIyTHUKOBI CHCTEMH BiJ[irParOTh BXKJIUBY POJIb Y BEIMKOMY CITEKTPi
TISUTEHOCTEH, BiJ] HABITaIlil Ta TEIEKOMYHIKAIii 10 HAYKOBHX JIOCHIPKCHb Ta
oboponu. OxHak, s 3a0e3neueH s IXHBOI €pEeKTUBHOCTI Ta TOYHOCTI, HEOOXiTHO
MPOBOAUTH IHTCHCUBHE TECTYBaHH:. Y 3B'A3KY 3 L[UM BUHHKAE TUTAHHS
e(eKTHBHOTO BUKOPHUCTAHHS PECYPCiB Ta MiIBUIIEHHS 00'€KTUBHOCTI IPOLIECY
TectyBaHHA. OJHI€IO 31 CTpaTeriii, ika MIPUBEPTAE yBAry, € BAKOPUCTAHHS JIUIIC
OJTHOTO 3aITUCAHOTO (aiiry IJIsl TECTYBAaHHS Pi3HUX CYIMYTHUKOBHUX CHCTEM.

Le#i migxix NpomnoHye He JHIIE COPOCTUTH YIPABIiHHS TECTYBaHHAM, aJie i
CTBOPHUTH YMOBH JUIsl 00'€KTHBHOTO ITOPIBHSAHHS PI3HUX CHCTEM, 30epirarouu mpu
LIOMY KOHCHUCTEHTHICTb Ta €()eKTUBHICTh aHAIII3y pe3yJbTaTiB. Y maHiil poOoTi
PO3IIIAAAETHCS TIePeBari BAKOPUCTAHHS €IMHOTO 3aIMCY UL TECTYBAaHHS Pi3HUX
CYITyTHUKOBUX CHCTEM Ta aHAJI3y€eThCs HOTo BIUIMB HAa TOYHICTh, 00'€KTUBHICTH Ta
pecypco30epeskeHHs B IPOLIEC] OLIHKU CYITyTHUKOBHX TE€XHOJIOTIH.

EdexTuBHICTh pecypciB: 3aMicTh TOT0, 100 CTBOPIOBATH Ta YIIPABIATH
OKPEMHMH 3aIHUCaMH JUISl KOXKHOT CYITyTHUKOBOI CHCTEMH, BH MOYKETE 30CEPEIUTH
3yCHJUIS Ha CTBOPEHHI 1 TECTYBaHHI 0JJHOTO yHiBepcaibHoro daitny. Lle nonermrye
YIpPaBIiHHS pecypcaMu Ta pOOHUTH IPOIeC OLIbII ehEeKTUBHUM.

OpHaKoBi yMOBH JUIs MOPIBHSHHS: BukopucTaHHs oHOTO (ailiy J03BOJISIE BAM
TECTYBAaTH Pi3Hi CYIyTHHUKOBI CHCTEMH B OJJHAKOBHX yMoBax. L{e 3abe3nedye OinbI
00'€eKTHBHI pe3yabTaTH MOPIBHSIHHS MiX PI3HIMH CUCTEMaMH, OCKLUTEKHA BOHH
OyIyTb OLIIHIOBATHCS B OJIHAKOBHX YMOBAX 3 O/IHAKOBHMH BXITHUMH JaHUMH.

3MEHIIEHHS PU3KKY ITOMUJIOK: YHUKHEHHS OTPeOH B peecTparii Ta 00pooii
PI3HOMaHITHUX (aiiTiB MOXKE 3MEHIINTH PU3UK TOMIJIOK. OJIMH YHiBepcaIbHUI
(aiin cripoliye ynpapiiHHS JaHUMH, & OTXKE, MOXKE 3HU3UTH HMOBIPHICTh
BUHUKHEHHS TIOMMJIOK ITi/l 4ac TeCTyBaHHSI.

3pyuHicTh aHaNMi3y: BukopuctanHs eauHOro (haiiity Crpolye mporec aHaizy
pe3ynbTaTiB TECTYBaHHs. 3aMiCTh TOTO, 1100 TPOBOIUTH aHANi3 OKPEMO JUTs KOXKHOT
CHCTEMH, BH MOYKETE 30CEpEeJUTHCS Ha OTHOMY Habopi JaHKX, IO MOJIETIIYE
MOPIBHSHHS T4 BUCHOBKH.

3MeHIIeHHs 00cATy 30epiraHHs faHuX: Bukopucranus ogHoro daiimy Moxe
JIOTIOMOTTH 3MEHIITUTH 00CAT 30epiraHHs JaHUX, OCKUTBKH BaM HE TIOTPiOHO Oyze
30epiraTé KOKeH 3ammuc OKpeMo Juisi KoxkHOT cucteMu. Lle mosxe 6yTi ocobnBo
BAXJIMBUM Y BUIIAJKaX, KOJIU OGCS[F JaHHUX € 0OMEKEHUM YU l_IiHHI/IM pecypcom.
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Jocnimxenns gynakiionysanas [HCC (rno6anpHoi HaBiraniiiHoi CymyTHUKOBOT
CHCTEMH) Y peKHMaxX OJUHOYHOTO TA KOONEPATHBHOTO BUKOPUCTAHHS MPU3BETO 710
OTPUMaHHS 3HAYYIIIX BHCHOBKIB CTOCOBHO €()EKTUBHOCTI IIi€i TEXHOJIOTIT B
PI3HOMaHITHHX yMOBax Ta c(hepax 3aCTOCyBaHHSI.
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V pexumi oguHOoYHOTO BukopucTanHsa ' HCC Bin3Ha9a€eThCS BpaKarodoko
TOYHICTIO BU3HAUYCHHS MiCIIe3HaX0/DKEHHS KOPUCTyBada B yMOBaX BIIKPUTOTO Heba.
301IpLICHHS KITBKOCTI BUKOPUCTOBYBAHHX CYIIyTHUKIB CIIPHS€E MOKPAIICHHIO
cTaOUIFHOCTI Ta JOCTOBIPHOCTI CUrHANTY. TUM He MeHIle, Y CUTYaIlisIX 3aTiHeHHS,
TaKuX K TTMOOKI JOJIMHH YX MiChbKiI KaHBHOHH, 200 MPH eIEeKTPOMAarHiTHUX
MEPENIKOIaX, TOUHICTh MOXKE iCTOTHO 3HU3UTHCS.

V¥ koonepatuHOMy pexxumi [HCC 06'eqHanHs TaHUX BiJ pi3HAX KOPUCTYBadiB
Ta BUKOPHUCTAHHS JIOJATKOBHX JpKepel iHpopMallii, TAKUX K iHepLiifHi ceHCopH 91
BHYTpIIIHI 32c00M KOMYHIKamii, MOke 3HAUYHO MiABUIIUTH TOYHICTh Ta HaIHHICTh
Hairamii. Lle# miaxig ocoGIMBoO KOPHUCHUH Y CUTYaLlisIX 0OMeXeHOT BUANMOCTI
CYIyTHUKIB a00 B MiCIIX 13 3HAYHUMH MEPEIIKOIAMH.

3acrocyBans [HCC y pexuMi OZMHOYHOTO BUKOPUCTAHHS 11€aIbHO
MiAXOJUTH A7 OUTBIIOCTI CLIEHAPIiB, 1€ TOCTYITHO CYIyTHUKOBE MOKPHUTTS. 3
iHIIOTO OOKY, KOOTIEPATUBHHUI PEKUM MOKE OYTH BUPIIIAIBHUM Y KPUTHIHHAX
o0acTsX, TaKUX SIK aBTOHOMHI aBTOMOO1II, OECIIJIOTHI JIITAIBHI anapaTy Ta
apMIHChKI CHCTEMH, JIe TOYHICTh Ta HAIIHICTh HABITaIlil € HEBI'€MHOI YaCTUHOIO
JKUTTEBO BAKIIUBUX (YHKITIH.
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CYINYTHUKOBI CUCTEMM HABIT AL I TEJIEKOMYHIKAIIIT JJIsT
BE3INLIOTHUX ABIAIIIT KOMILJIEKCIB

[TpuBoANTECS MOZIENE CYITyTHUKOBUX HaBiramiifHO-TeJIeKOMYHIKaIliHHIX
CHCTeM, JUIs BUPIIICHHS HaBIraIiifHOTo 3aBiaHHs y cdepi Oe3ninorHo] aBiamii. 3i
30LIBIIEHHSM KiJIBKOCTI OE3MIJIOTHHX aBialliiHIX KOMIUIEKCIB y MOBITPi Ta iX
IMIUIEMEHTAII€I0 Y TTOBITPSHUIA MPOCTip 3pocTae HEOOXiAHICTD Y MiIBUICHHI
TOYHOCTI BHU3HAYCHHS KOOpAMHAT A 3a0e3nedeHHs Oe3neku noiboTiB BIIA.

OCHOBHOIO (YHKIIi€I0 HaBiramiHO-TENEKOMYHIKAIIIHHIX CHCTEM € BU3HAYCHHS
IIBUKOCTI Ta KOOPANHAT CIOKUBAYa, & BYKIUBIUMH XapaKTEePHCTHKAMH JUTS
BU3HAYEHHS € PO3TAIlyBaHHs CYIMyTHHUKIB, KyT MacKH Ta IICEBIOJAIBHICTE.

Y Mojeri BUKOPUCTOBYETHCS ITEPaLiifHO IICEBIOATEHOMIPHUI METO B YMOBax
HEJOCTAaTHBOI a00 HaUTHIIKOBOI KUTBKOCTI CYITyTHHKIB JUIS TEIEKOMYHIKaIiifHOT Ta
HAaBIiraIifHUX CHCTEM.

BupinryBana 3a1a4a BAKOHY€EThCSI HACTYITHUM YHHOM. Maemo 3
TenekoMmyHikaniitHi cucremu OneWeb, GlobalStar, Starlink Ta 2 HaBiramiiiai
cuctemu GPS i GLONASS. 3a 101moMororo K0okHOi TeJIeKOMYHIKaliiHOi CHCTEMHU
BUPIIIMMO HaBiTaIliifHe 3aBIaHHS 1 HaBeIeMO 3HAYCHHS T€OMETPHYHOTO
MOTiPIIEHHS TOYHOCTI. Y BUIAJIKy HEMOXIIMBOCTI BUPIIIEHHs HaBirariifHoro
3aBJaHHS 3a JJOTTOMOTOI0 HaBIraiiHO-TEeIeKOMYHIKaliHHUX CUCTEM, HABEIEMO
BUPIILIICHHS TaKo1 33/71a4i 3a JOMOMOTOI0 HABITaIlifHUX CHCTEM.

Maemo KoopAMHATH 111l Ta epemepui CynyTHUKIB. EdeMepuny cymyTHUKIB
MH OTPHMY€EMO EKCHEPUMEHTATBHUMH LIIIXOM 32 JIOIIOMOT' 010 TpHiiMaya, 1aji 3a
JIOTIOMOTOI0 HAITUCAHOTO KOy Y cepenoBuini Matlab koHBepTyeMO oTpuMaHi JaHi 3
¢dopmary TLE y dopmar YUMA.

BukopucroBytoun iTepaniifHuii METO MalO4d aJbMaHaX BH3HAYAIOTh
TICEeBIOANIBHICTH JI0 CYITyTHHKIB 32 JIOTIOMOTOI0 cepenoBuiia Matlab.

Jani HaBelieHi 3MiHU 3HAUSHHS MaTPUIb Y MPOIIEC] iTepaliifHOro pillleHHsI.

IMovaTkOBi 3HAUSHHS:

0000

0000

100812.679576983 34345.3752052265 74344.4737552604 0
100812.679576983 34345.3752052265 74344.4737552604 0

O;)TaHHﬂ Itreparris:
3509757.58247474 2061599.22711917 4894180.94969840 0

3509757.58247474 2061599.22711917 4894180.94969840 0
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B pesynbrati ocTaHHS iTepallis, 1ie BU3HAYCHI KOOPIUHATH IIYKAaHOTO 00’ €KTY.

Hwxde npuBOAATBCS pe3yNbTaTH IOCHIIKEHb, IO IMOKAa3yIOTh peali3alliio
MOJeJi depe3 pi3HI HaBiramiiHoO-TeleKoMyHikaliiHi cuctemu. Ha puc. 1-3
300pake€HO PO3TALIYBaHHA CYMyTHHKIB INOJMO MpHiiMaya AJs TeIeKOMYHIKamiiHIX
cucreM Starlink, GlobalStar Ta OneWeb BimmosinHo. Ha puc. 4 BimoOpaxxeHHsS
po3ranryBaHHs HaBiramiiaux cynmyTHukiB GPS Ta GLONASS
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OCKiTBKH TeOMETPUIHIH (haKTop Oe3MocepeHbO MOB'A3aHIH 3 TOXUOKaMHU
OIIIHKY KOOPIMHAT, MOKHA 3p00UTH BIHCHOBOK, o Starlink, OneWeb, GPS ta
GLONASS mosxyTb 3a0e3neuyBaty HajliiiHy Hasirauito. Cucrema GlobalStar mae
BHCOKHII FeOMETpHYHUH (akTop i Oyae 0OMeKeHO BHKOPUCTOBYBATUCS IS

HaBiraliiHUX 3aCTOCYBaHb.

Buiie npuBeneHi pe3ynbTaTi A0CTiIKeHb [TOKa3yI0Th, 1110 CIIUIbHE
BHKOPHUCTAHHs CHCTEM HaBiramii Ta TeJIeKOMYHIKallii y epCreKTHBi 30ibIIaTh
TOYHICTh BUMIPIOBaHHS KOOPAWHAT Ta O€31eKy BUKOHAHHS MOJIBOTIB OE3MIIOTHUMH

aBlalifHUMU KOMILJIEKCAMH.
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