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AKTYaJIbHOCTh TeMbl Uccaea0BaHus. [IpakTrika paccieqoBaHus aBUALMOHHBIX
MIPOUCIIECTBUA W WHIIUJCHTOB C BEPTOJIETAMH ITOKA3bIBAET, YTO (PAKTOP «CIOKHBIE
METEOPOJIOTUYECKHUE YCIOBUSI» OTMEUAETCS 4acTO KAK OCHOBHAs WJIA COIYTCTBYIOIIAs
npuuuHa. [loaTomy pa3paboTka METOIOB CHIKEHUS pUCKa AJisi 0€30MacCHOCTH MOJETOB
BEPTOJIETOB B CI0KHBIX METEOYCIOBUSX SIBIISIETCS aKTYaJIbHOU 3a7a4eil.

O0bekTOM MHCCIeI0BAHUSL B JIAaHHOM JUCCEPTAIIMOHHON paboTe SBISIOTCA
HEOJIaronpusITHRIC BHEIITHNE YCIIOBUS, OKAa3bIBAIOIIUE BIMSHUE HA TIOJIET BEPTOJICTOB.

IIpeamMeTroM mcciie0OBaHUsI SBISICTCS TMOBBIIEHHWE OE30MAaCHOCTH IOJIETOB
BEPTOJIETOB B CI0KHBIX METEOYCIOBHUSAX.

Heab quccepTallMOHHOTO MCCIEAOBAHMS COBMAAAET C 3aJa4yeil UCCIENOBAHUS U
3aKJII0YaeTCsl B pa3pabOTKe METOJIOB CHIDKCHUS PHUCKa JIJIsi O€30MaCHOCTH BEPTOJIETOB
MIPU TIOJIETaX B CJIOKHBIX METEOYCIOBUSIX.

[TocraBneHHas Hesb JOCTUTAETCS ITyTEM PENICHUS OCHOBHBIX MOA3a1a4:

1. TlpoBenenue aHanM3a CTATHUCTHKU AaBUAIMOHHBIX TPOMCIIECTBUM, CBS3aHHBIX C
BO3JICCTBHEM HEOJIArONPUSATHBIX METEOYCIOBU;

2. Pazpabotka u anpoOarys METOAMKH OLIEHKU PUCKa MPEICTOSIIETO MOoJIeTa BEpTojIeTa
Ha OCHOBE METOJMKH OIICHKH pucka Ha mpencrosimuid mojier (FRAT) ¢ yderom
BIIMSIHUSI METEOYCIIOBUM;

3. [IpoBeneHune aHann3a HEKOTOPHIX ABUAIMOHHBIX MPOUCIIECTBUIA C BEPTOJIETAMH IO
MIPUYUHE MTOTEPU MPOCTPAHCTBEHHOU OPUEHTUPOBKH;

4. Pa3zpaboTka aJbTEPHATUBHOTO PEXHMAa HWHIWKAIMHA  YTJIOBOTO  TOJIOKCHUS
BO3/IYIIIHOTO Cy/HA.

Metoabl ucciaeaoBaHus. /[[ns pemieHuss MNOCTaBIEHHBIX 3adad B padote
MCIIOJIb30BaHbl METOJIBl 3KCIEPTHBIX OLIEHOK, CUCTEMHBI M TEOPETUYECKUN aHaIMU3,
METO/IbI OLICHKU PUCKOB.

Hayuynast HOBU3HAa paGoThI COCTOUT B TOM, YTO B HEN:

1. IIpoananu3upoBaHa CTaTUCTUKA BCEX aBUALIMOHHBIX MpouciiecTBui B iepuon ¢ 2009
1o 2023 rT. ¥ cAeNaHbl CIEIYIONINE BHIBOIBI:

e B 11% Bcex AIl mmeno Mecto HEraTMBHOE BIHMSHUE HEOIArONpHUsITHBIX

METEOPOJIOTHYECKUX YCIIOBUM;



e 69% Bcex All cBA3aHHBIX C HEOJATONPUATHBIMU METEOYCIOBHUIMU, IPOU30LUIN C
BEPTOJIETAMU;

e B OOJIBIIMHCTBE CIy4aeB IPOCIEKHUBAETCS  COBOKYIIHOE  BO3JCICTBHE
HEOJIarONpPUSITHBIX METEOYCIIOBUN U YEJIOBEUECKOT0 (haKTopa;

e pnauboyiee YacCTbIM W OMACHBIM COOBITHEM, MPOUCXOISIIMM B TOJETE TMOA
BO3JICCTBHEM HEOJIAronpHUsTHBIX METEOYCIOBHM SBISIETCS MOTEPS MNHIOTOM
IPOCTPAHCTBEHHON OPUEHTUPOBKH.

2. Pazpaborana u ampoOMpoBaHAa METOAMKA OILEHKH pPHUCKa MPEACTOSIIETO IoJIeTa
BEPTOJIETOB B CIIOKHBIX METEOYCIOBUSIX;

3. IlpennoxeH albTepHATUBHBINA PEKUM HMHIMKALUU YriIoBoro nojoxkeHus BC mytém
BBIIaYM Ha JUCIUIed MHOrO(yHKIMOHAIBHOTO wuHAMKaropa (M®U) Bmecto
M300pakKeHUsI TTOJIOKeHUH ykaszarened aBuaropu3oHTa (Al') HemocpenctBenHo 3D-
M300pakeHHs BO3AYIIHOTO Cy/IHa OTHOCUTEIBHO 3€MHOM CUCTEMBI KOOPIHHAT.

Teoperuveckass 3HAYUMOCTH PadOThI 3aKIIOYAETCS B IOJYYEHUH METOIUKU

OLICHKM PHCKA MPEJICTOSIIET0 MOJIeTa Il BEPTOJIETOB, MO3BOJIIIOLIEH CBOEBPEMEHHO

BBISIBJISAITH TOJIETHl C TIOBBIIIEHHBIM YPOBHEM pHCKa, a Takke B pa3pabdoTKe

QIBTEPHATUBHOIO PEKMMA HWHAMKALWU YIVIOBOI'O IOJOKEHMSI BO3JIYIIHOIO CyJHA C

n3zoopaxenreM 3D-aHuManuu BO3IYIIHOTO Cy/JAHAa OTHOCUTEIBHO 3E€MHOH CHUCTEMBI

KOOpJIMHAT.

IIpakTH4Yeckass 3HAYMMOCTb PAdOTHI 3AKIKOYAETCS B TOM, YTO €€ PE3yJIbTaThl
MO3BOJISIIOT:
® OBbITh UCMOJIb30BAHHBIMU B KAa4ECTBE METOAOJOTMYECKON 0a3bl mpu pa3padoTKe,
BHEJIPEHUU W COBEPIICHCTBOBAHMM COBPEMEHHBIX cUCTeM ynpasieHus bII B
OpraHu3alysX, OKCIUTyaTHUPYIOIIUX  BEPTOJIEThI, peanu3ys  TpeOOBaHMS
COOTBETCTBYIOIIUX HOPMATUBHBIX JOKYMEHTOB B 00JIACTH IPa’kIaHCKOM aBHALINH;

® KOMIIBIOTEPU3UPOBATh U ONTUMHU3UPOBATh Mpouecc yrpasiaeHus: puckom BIT mis
NOBBIIIEHUS  3(PPEKTUBHOCTH  CYIIECTBYIOIIEHM  CHCTEMBI  yIPABJICHHUS
oe3onacHocthio nosietoB (CYBII);

® TPEIIOKEHHBIN PEeXUM pabOThl OCHOBHOT'O MHJIOTAKHOTO JAUCILIEs,, HA KOTOPOM

BMECTO M300pKEHUSI TIOJOKEHUIN yKaszaTelell aBUAaropu3OHTa BBIBOJUTCS



HerocpenctBeHHo  3D-m3o0pakenne BC  Moxer ObITh NPUMEHEH Ha
OTEUECTBEHHBIX BEPTOJIETaX, HKCINIyaTHPYEMBIX II0 TMpaBWiIaM BH3yaJbHBIX
MOJIETOB;

® [IPOBOJUTH JAIbHEMIINE HCCIEIOBAHUS B pacCMaTpUBaeMoil cdepe.

CTpykTypa 1 00beM JMcCepTAIMOHHON PadoOTHI.

Jluccepraiysi COCTOUT U3 BBENICHUS, 3 TJIaB, 3aKIIOYCHUS.

B nepBoii rinaBe ObuTH JI€TaTBLHO PACCMOTPEHBI METEOPOJOTHUYECKUE SBJICHHSI,
OKa3bIBAIOIIME HEOJArONpUATHOE BO3IECUCTBHE HA O€30MAaCHOCTH MOJIETOB BO3IYIIHBIX
cynoB. Ha ocHoBe aHaiM3a aBHAIIMOHHBIX MPOMUCIIECTBUH, CBS3aHHBIX C
HEOJIarONMpPUSTHBHIMA METEOPOJOTHICCKUMH YCIIOBHSIMHU, OKa3bIBAIOIIWX BIUSHUC Ha
0e30MacHOCTh TOJIETOB, OBLI ClieJlaH BBIBOJL O HEOOXOJAMMOCTH CO3JaHUS HOBBIX
MOAXOJIOB K OLICHKE, aHAJIU3y U BhIpaOOTKE Mep obecrnedeHus 0e30MacHOCTH MOJIETOB,
IpU TOMOIIMM KOTOPHIX MOXXHO OBUTIO OBl aIeKBATHO OICHUTH CTCTICHb BIIHSTHUS
pa3nuyHbIX (AKTOPOB, BBIABUTH ClaOble MeCTa B COCTaBIAIONIMX AJIEMEHTax
aBUAIIMOHHO-TPAHCIIOPTHONM CHUCTEMBl W HAWTH HambOojee parMoHAIbHBIE IMYyTH WX
YCTpaHEHHUS.

Bo BTOpoOii riaBe packpeITO TOHITHE pUCKAa Il O€30MaCHOCTU TOJIETOB.
PaccMoTpeHbl U MpoaHAIM3UPOBAHBI HAM0O0JIEE U3BECTHBIE, CYIIECTBYIOIINE METOIUKHU
OIICHKHU PUCKOB, Takue kak Matpuia puckoB UKAO, CFIT u FRAT. Ha ocHoBe MeToIMKHN
FRAT Obu1 nonyden G1aHK JJ1s1 OLICHKU PUCKOB Ha MPECTOSAIIUN TTOJIET JJIs1 BEPTOJIETOB

(Tabmuma 1).

Tabnuma 1. PaspaboranHas MeToAMKa OIICHKH PUCKA HA TIPECTOSIINN TOJIET

ITokazarens | @akTHUECCKUM
YPOBHS YPOBEHbD
pHUCKa pHUcKa
Paznen 1. Kpaaudukanusi sKunaka
1 | Hamer KBC menee 200 yacoB Ha nannoMm turne BC 5
2 |Haner 2-ro nmiora meHee 200 yacoB Ha JaHHOM 5
tune BC
3 |IloseTr ¢ OQHUM IHIIOTOM 5
4 | Hamer KBC menee 50 gacoB 3a nociaennne 90 qHen 3
5 |Haner 2-ro mmiora wmenee 50 3
yacoB 3a nociaeaune 90 qHen




6 | Pabouee Bpems Gosiee 12 yacos 4

7 | JletHoe BpeMs Oosiee 8 yacoB 4

8 | Bpems oTapixa sKuIiaka BHe 0a3bl MeHee 12 yacoB 5
710 HayaJia pabovyero BpeMeHH

Cymmapnoii noxazamenv Gakmopod pucka no 1-my

pazoeny:

Paszjnes 2. Ycji0BHS IKCIIYaTAUMH

9 |3axon Ha mocaaky mo VOR/GPS/LOC/ADF 6e3 3
HaBEJICHUS IO BBICOTE

10 | 3axon Ha mocaaky mo cxeme «circle to landy 4

11 | 3axon Ha MOCAAKY MO HEOIMYOJIUKOBAHHBIM CXEMaM 4

12 | I'opHBII a3poapoM 5

13 | YB/] Ha a’pompome BbUIETA WIM HA3HAYEHUS HE 3
OCYIIIECTBISICTCS

14 | HekoHTpoJIMpyeMBbIil a3poapoM 5

15 | He BeIOpaH 3amacHOM a3poapoM 4

16 | IIpeBsbilienne OoCHOBHOTO, a’poapoma 6onee 5000 3
¢dbyTOB HaJ ypOBHEM MOps

17 | BIIIT mokpas 3

18 | BIIII 3arpsa3HeHa 3

19 |Iloser B 3uMHEe BpeMsi ToAa 3

20 |IToner B cymepkax 2

21 |Ilonet HOYBIO 5

22 | [lnuna npobera 6onee 80% pacmnonaraeMoi IIUHBI 5
BIIIT

23 | Ilepener 6e3 maccaxupoB U Tpy3a 5

24 | CpouHblil BbUIET (PKUIIAXK OMOBEIIEH MEHEE, YEM 3a 3
44 110 BBLIETA)

25 | MexayHapOoHbIN MOJIET 2

26 | Her meTeonndopMaliy 1no adpoapoMy Ha3HAUCHUS 5
WIH 110 MapIIpyTy MoJieTa

27 |I'po3a Ha a3poApOMeE BbIJIETA WJIM HA3HAYCHUS 4

28 | CunpHas TypOyJI€HTHOCTb 5

29 | Beicora HI'O/BuaumocTh Ha aspozipome 3
HazHaueHus: Menee 200m/2000Mm

30 | CunbHBIM TUBHEBOM JOXKIb HA a’pOIpPOME BBUIETA 5
W/WTY HA3HAYCHUS

31 |IlepeoxnaxxaeHHbIE OCAJKH HA a’3pOJpOME BBLIETA 3
W/WTY HA3HAYCHUS

32 | Obnenenenne (yMepEeHHOC-CUITLHOE) 5

33 | IIpuzemusiit Betep 6osee 30 y3mos (15 m/c) 4

34 | bokoBoii Betep Oosiee 15 y3moB (7 M/c) 4

35 | Koaddumment cuernenus na BIIIT menee 0,4 5

36 | O6pa3oBaHKe TyMaHa Ha MapuIpyTe MOJIeTa 3




37 | CubHBIN CHETOIAl MU METEIIN Ha a3POJPOME BhLIETA 3
W/WJIM Ha3HAYEHUSI

38 | B TeyeHue roma uMen MECTO XOTs Obl OJIMH CiIy4yaiu 3
HEONPaBJIABIIETOCS MPOTHO3A MOT0JIbI

39 | B Teuenue roma uMen MECTO XOTs OBl OMH ClTydaid 3
HECBOEBPEMEHHOTO UH()OPMHUPOBAHUS 00
M3MEHEHHUSIX MOTOIbI 10 JAHHOMY MapuipyTy

40 | B TeueHue roga uMen MECTO XOTsl Obl OJJUH CITydaid 4
HETIPUHSTHUS MIJIOTOM PEIIeHUs 00 yX0/ie Ha BTOPOH
KpYT / Ha 3amacHOM a’poJpoM MpHU METEOYCIOBUSIX
HUKE MUHUMYMa JUIsl TOCAIKU

41 | YcnoBus, CIOCOOCTBYIOITUE 00pa3oBaHUIO 4
CHEXHOTO BUXPS

42 | OrcyrcTBHE y MWIOTa OmbITa nuiaotupoBanus BC 3
1o npudopam

43 |OrcyTcTBHE 'y OWIOTa ONBITa B3JIETa TIPHU 3
METCOMHUHUMYME

44 | B TeueHue roga UMeNI MECTO XOTs Obl OMH ClIydail 3
BBUIETA IPU MHUHHMYME MEHEE IIOCAJOYHOTO H
OTCYTCTBUU IIPUTOAHOTO a3po/ipoMa B Hace MoJieTa
Ha OJIHOM JIBUTaTeJIe

46 | OTcyTcTBHE Y NWJIOTA OIbBITA B3JIETOB/TIOCATIOK C 3
peIeTbHOM COCTaBIIAIONIe O0KOBOTO BETpa

Cymmapuwiii nokazamens (Gaxmopos pucka no 2-my

pazoeny:

Paznen 3. OGopynoBanue

49 |Ilomer mo choenuaibHOMY pasperieHuo  (6e3 3
KOMMEPYECKOU 3arpy3Ku)

50 |Hammume orkazoB mo MEL, Bausronmux Ha 2
0€3011acCHOCTb MOJIETa

51 | OcoOsbie noneTHbie orpanudenus no PJID 2

Cymmapuwiii nokazamenv @Gaxmopos pucka no 3-my

pazoeny:

Uroro: 146
I[To pe3ynapTaTam pacyeToB YpPOBHS pHUCKA HECKOJBKHX aBUAIMOHHBIX

MPOUCHIECTBUM OBLJIO IMOKa3aHO, YTO YPOBEHb pHCKA MO JOPaOOTAaHHOW METOIMKE

npesbiaeT Metoauky FRAT na 3-5 6auioB (Tabiuna 2).



Tabnuma 2. CpaBHenue ypoBHe# pucka 1o metoauke FRAT u o pazpaboranHoii

METOJUKE
No | AIT YPpOBEHBb pUCKa | YPOBEHb pHCKA IO
no FRAT pazpaboTaHHOU
METOIUKE
1 | Mu-8T (15.08.2015) 17 20
KaTacTpoda KOMMEPUYECKOro perica
2 | Bell-429 (01.01.2016) 23 26
AIl kommepueckoro perica
3 | R-66 (18.04.2016) 33 42
KatacTpoda KOMMEpPUECKOro peiica
4 | Mu-8T (23.04.2015) 12 19
ATl xoMMepueckoro peiica
5 | EC-130 B4 (02.04.2016) 22 25
KaracTpoda KOMMEpPUECKOro peiica
6 | R-44(05.07.2014) 40 43
AIl xoMMepUecKoro penca
7 | EC-120B (13.05.2014) 41 48
KaTacTpoga KOMMEPUYECKOIo perica

PesynbraThl anpoOanuu  MOKa3bIBAIOT, YTO 3HAYMTENbHAs YacTh IIOJIETOB,
3aKOHUMBIIMXCS AaBUAIIMOHHBIMM TPOUCIICCTBUSIMU 1O TMPUYUHAM, CBA3AHHBIM C
METEOYCJIOBHIMHU, MOITYUYHIIa BEICOKME 3HAUCHUS UHIEKCa pucka. Takum oOpa3om, eciu
Obl SKHUMAXH TEpe]] ITUMHU TMOJeTaMH TPUMEHSIIN pa3pabOTaHHYI0 METOAMKY, TO,
MOJIYYUB «KPACHBIC» OLICHKH PHUCKa T0JIeTa, OHU MOIIIU Obl MIPUHATH CBOCBPEMEHHBIC
NpEAYNPEKIAOIIME MEPHl MO CHUXKEHUIO pUCKa Ha 3€MJie, 4YTO, BO3MOXHO,
MPEeNOTBPATUiI0O Obl ATH aBUAIIMOHHBIC MPOUCIIECTBUA. BBeleHHEe NaHHOW METOJMKHU
OIICHKM PHUCKa IMO3BOJIUT CBOEBPEMEHHO BBISIBUTH IMOJETHI C TMOBBIIMICHHBIM YPOBHEM
pHUCKa U MPOBECTH MEPONPUATHUS MO €r0 COKPAIICHUIO, YTO B CBOIO OYEPE/lb MOBBICUT

YPOBEHBb 0€30IMaCHOCTH TOJICTOB.

B Tperbeit riaBe pacCMOTPEHO BIIMSHUE TOTEPU MPOCTPAHCTBEHHOU
OPUEHTHPOBKM KaK acleKTa 4YeJIOBeYecKoro (hakropa, a TakKe BIIMSHUE CIIOKHBIX
METEOYCJIOBUM Ha IPOCTPAHCTBEHHYI0 OPHUEHTHUPOBKY IIPH IIOJIETAX BEPTOJIETOB.
[Ipoananu3upoBaHbl 0COOCHHOCTH BOCIPUATHSI TOKAa3aHUI MUJIOTAXKHO-HABUTALIUOHHBIX
npuOOpoOB U CJAeNlaH BBIBOJ O TOM, YTO NIPEICTaBICHHE OCHOBHOM HHGpOpMALUU O

napamMeTpax IMoJjeTa AOJIKHO OBITh MaKCHMAJILHO ITPOCTLIM W HAI'JISAJAHBIM. ITunot B



KPUTUYECKOM CUTYallMM HE JOJDKEH TPATUTh APArOLIEHHBIE CEKYyHAbl Ha TO, YTOOBI
NPOAaHAIM3UPOBATh JaHHBIE C TPAJUIUOHHBIX JIIEKTPOMEXAHUYECKUX MPUOOPOB.
[ToaToMy B paboTe MpEeJIoKEH IOMOJHUTEIbHBIN (aJIbTepHATUBHBINA aBUArOPU30HTY)
pEXUM pabOThl OCHOBHOT'O MMHJIOTAXKHOTO TUCIIEs — «3D-aHumarus yrioBoro JBHKEHUs
BO3JIYIIIHOTO CYyJIHa», B KOTOPOM BMECTO H300paKCHHs IMOJIOXKEHUN YyKazaTese
aBUAropyM3OHTa Ha JKpaH JAUCIUIes BBIBOAUTCS HemocpeAacTBeHHO 3D-u3obpaxeHue
BO3YIIIHOTO CyJHa OTHOCUTEIIbHO HOPMAQJIbHOM 3€MHOW CHUCTEMBI KOOpAWHAT. Pexum
MpeJHAa3Ha4YeH B IMEPBYIO OUYEpElb ISl WCIIOJIb30BaHUSA B CIydasX MOTEPH MHIOTAMH
IIPOCTPAHCTBEHHOM OpPUEHTUPOBKA W TOSBJICHUM WUIIO3UK. [TIaBHBIM OTIMYUEM
NPEMIOKEHHOro pexkuMa 3D-aHuManuu yriioBoro JABWKEHHUS BO3AYLIHOTO CyAHA OT
CYILECTBYIOIUX MOAXO0O0B SIBISETCS YUET PA3IMUYHBIX BPEMEHHBIX 3a/I€PKEK, UMEIOIIUX
MECTO B IMpollecce MOody4YeHus uH(poOpMaluu, aHaiu3a €€, BhIPAa0OTKM pEeIIeHUs M
IIPOBEICHUH COOTBETCTBYIOIIMX JEHCTBUW IO YIPABICHUIO BO3AYLIHBIM CyAHOM. B
pe3ysibTaTe B KaXK/1blii MOMEHT BPEMEHU MUJIOTHI HAOIIOAAIOT HE 3aM103aIyI0 KapTHHKY,
a BUJSAT MPOTHOZHPYEMOE MOJIOKEHUE BO3YIIHOTO CYJIHA, JJIsl KOTOPOTO BHIPAOOTaHHOE
UMU pelIeHEe U OyAET BBIOJHATHCS.

Pa3paGotano maTemaTuueckoe oOecleyeHue MPEUIOKEHHOTO  PexXHUMa,

MO3BOJISIOIIEE MO 3alIyMJICHHBIM JaHHBIM OT JaTYMKOB YIJIOB TaHraxa M KpeHa
NOCTPOUTh HempepbiBHbIC (yHKIMH-oneHkn O(t), '(t) Ha orpaHuYeHHOM yYacTKe

u3MepeHuid. JlJig MCKITIOUeHHUsI TOSIBJIEHUS Pa3pbIBHBIX (PYHKUIMNA TPOU3BOAUTCS MEPEXO/T
OT YIJIOB TaHra)ka M KPE€Ha K KOMIIOHEHTaM KBAaTE€PHUOHA, KOTOPBIE MPEACTABIISIOTCS

pPa3lIoKEHUSIMHU 10 crenuanbHbiM (QyHKIUIM {Cn(t),sn(t)}, mocTpoeHHBIM Ha 0ase

TpuroHomerpuueckux Qpynkiuit. KoadduineHTs! pa3inoxkeHus onpenestoTcss METOIOM
HAaUMEHBIIUX KBaApaToB. BriOpaHHOe ceMelcTBO (GYHKIMN TO3BOJISET MPOU3ZBECTHU
Ka4ECTBEHHYIO 3KCTPANOJIIUIO IOCTPOCHHBIX AITPOKCUMHUPYIOIIUX 3aBUCUMOCTEN, T.€.
cAenaTh IPOTHO3 Ha HEKOTOPbI NHTEpBa BpemeHu At.

[Ipensioxkena TectoBasi 3ajava JJisi OTPAOOTKM M MPOBEPKH KayecTBa pPabOThI

pa3pabOTaHHOTO aJITOPUTMA ANMPOKCHUMAITIHN H SKCTPATIOJISAIUH.



