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AnHoTtanus. [IpernoxeH crnoco0 NPOTHO3UPOBAHUS BEPOSITHOCTH BO3HMKHOBEHMS
ONacCHBIX TIOPBIBOB BeTpa B 30HE B3JeTHO-MocanouHoi monocsl (BIIII) 3a Bpems mocanku
BO3/IyILIIHOTO Cy/IHa, OCHOBAHHBIM Ha NCIOJb30BaHUU pacIipeieeHHs] a0COMOTHBIX MAaKCUMYMOB
HOPBIBOB BETpa 3a BpeMs HaOmojeHus. JlaHHBIA croco0 JacT BO3MOXHOCTb CHPOEKTHPOBATH
CHUCTEMY TMOcaaku BO3AYMHBIX cynAoB (BC), Mo3BOJAONIYI0O B 3aBUCUMOCTH OT BEPOSITHOCTH
BO3HHUKHOBEHUS IOPHIBOB BETpa IPUHUMATh PA3JINYHbIE YIIPABICHUYECKUE PELICHUS: pa3pelieHue
Ha nocajaky, ornpaBky BC Ha BTopoit Kpyr Jn00 OTIpaBKy Ha 3allaCHON a’pOJAPOM.

KiroueBble ci10Ba: MOpbIBBI BETPa, BEPOSATHOCTHOE OMMCaHUE, 0€30MacHOCTh IMOJETOB,
BO3/IyIITHOE CYJHO, TEOPHsI BEIOPOCOB CIydalHBIX MPOILIECCOB, PETUCTPUPYIOIIEE YCTPOHCTBO Ha
30HUPYIOIIEM JIyUe.
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Abstract. The authors propose a method of predicting the probability of occurrence of
dangerous gusts of wind in the runway area during landing of an aircraft, based on the use of the
distribution of absolute maximum wind gusts during the observation period. The method makes it
possible to design an aircraft landing system that allows, depending on the probability of wind
gusts, to make various management decisions: permission to land, sending the aircraft on a go-
around, or sending it to an alternate airfield.

Keywords: gusts of wind, probabilistic description, flight safety, aircraft, theory of
emissions of random processes, recording device on a probing beam.

BBenenue
Ortarbl 3axo0/1a Ha nocaaky u nocaaku BC sBistoTcs Hanbosee BaXKHBIMU C
TOYKHU 3pEHUS 0€30MaCHOCTH MIOJIETOB. CymecTByromnue cpelicTBa

METe000eCIeYeHUs B adpPOJIPOMHON 30HE IMO3BOJSIOT OMPEICIUTh CKOPOCTh U
HamnpaBiienue Betpa [boratkun, 1986; I'y3uii, 2009; Manyiinos, 2021], BeicOTy
00JIaYHOCTH, JATBbHOCTh BUJAMMOCTH, TEMIIEPATYPY U BJIAXKHOCTh, B TO BpEMS Kak
MOPBIBBI BeTpa, OyAyuu HempeackazyeMbiMu [AdanacbeBa u ap., 2017; bapaHoB u
ap., 1981; BopobnreB u mp., 1991], npenacraBisitor HauOONBIIYIO OIMACHOCTH
BO3HUKHOBEHUS MPEANOCHUIOK JIETHBIX MPOUCHISCTBUI MpHU MOcajke [AxpaMeeB U
ap., 2020].

OKCIIepUMEHTAIbHBIE  JIaHHBbIE,  TOJYYEHHBIE C  KCIOJIb30BAaHHEM
PETUCTPUPYIONIETO YCTPOUCTBA, CBUACTEIBCTBYIOT 00 HMMITYJBCHOM XapakTepe
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BETPOBBIX Bo3MmymieHui [Py61oB u np., 2015] (pucynok 1). B pabore [PyOruos,
1978] moka3zaHo pacrmpeneneHue aOCOMIOTHBIX MaKCMMYMOB — OruOaroriei
aTMoc(epHOro IIyMa, TaKKe HUMEIONMX HUMIYJIbCHBIA XapakTep, M0J00HO
BETPOBBIM BO3MYIIEHUSIM, UTO MMO3BOJISIET UCIIOJIb30BATh MAaTEMATHUECKUN anmapar
JUTSL BEPOSITHOCTHOTO OTIMCAHUS MTOPHIBOB BETpA.
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Pucynok 1 — [1opsIBBI BETpa, 3apErucTPUPOBAHHBIE TAPAMETPUUECKUM
PETUCTPUPYIOIIUM YCTPOUCTBOM Ha yJIbTPA3BYKOBOM JIy4e

MeTrox MaTeMaTH4eCKOro OINMCAHUS pacnpenejeHusi a0COJIIOTHBIX
MaKCHMYMOB IIOPLIBOB BeTpPa

WNurerpanbHas (QyHKIUS — pacmpenesieHus aOCOJMIOTHBIX  MaKCUMYMOB
ITOPBIBOB BETPA 33/1a€TCS BBIPAKECHUEM:

Fi(h) = exp{—exp[a(h)]}, T - o, (D

rre a(h) = [2In 5212 (210 B2)12 — 1nh/o — o). )
HopmupoBanHoe 3HaueHHEe aOCOJIIOTHBIX MAaKCMMYMOB IOpPHIBOB BETpa
ONPENEACTCS  AHAJOTUYHO  PACHpENelIeHHI0  aOCOJIIOTHBIX ~ MAaKCHMYMOB

atMocepHoro mryma 3a Bpemsi HaOmoaeHus. Bpems HaOmoaeHuss MOXKET OBbITh
MPUHATO KaK CyMMapHOe BpeMs 3aX0/ia Ha mocajiky u nocaaku BC.

h= max [E(6)/Bg/*(0)] = exp(o ([2In* P12 + [21n*2)7/%¢ — o). (3)

0<t<T
rue:
u(T) = T[-R5(0)]"/?/2m (4)
E(t) = Aexp[é(t)] — TeKylIee 3HAUEHUE MTOPbIBA BETPA; 5)
E(t) — HOpMaibHBIM CTaMOHApHBIA AU(PGEepeHIUPYEMbI  CIIyYailHbINA
IpolecC C MAaTeMaTUYECKUM OKUJAHUEM M (YHKLIHMEH KOppensiuuu, pPaBHBIMU

HYJTIO;

0 — MapaMeTp, XapaKTepU3YIOIIHA CTETICHh «UMITYJIbCHOCTHY TTOPHIBA BETPA,
CBS3aHHBIA C JICTKOOIPEAEISICMBIM JKCIIEPUMEHTAJIbHO TMapaMeTpoM Vi,
MPEACTABIISIOIIUM coboit BBIPAXXEHHYIO B nenuoenax Pa3HOCTH
CPEIHEKBAAPATUUECKOTO U CPEHEr0 3HaueHus npouecca [JIerun, 1966].

1/
Va = 20lg [B,2(0)/mc ©
R (1) — HOpMUpOBaHHast HHTErpaibHas PYHKIHS KOPPEISIUH TOPEIBOB BETPA,;
1
R, = 5 In[Re(D)] +1, (7)
rie Rgry = Bg(7)/Bg(0) — koo dunment koppesauuy orudaomei nryma; (8)

B (0) — nucniepcus nporecca;
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R (1) — HopmupoBanHas k aucnepcuu npoiecca B (0) koppensiuonHas GyHKIUs
nporecca;

R" (t) — BTOpasg mpou3BOJHAas MO BPEMEHUM HOPMHPOBAHHAS KOPPEIALHUOHHASA
byHKIIHS;

Bg (7) — byHKIHS KOppENSIUK MOPHIBOB BETPA.

Ha pucynke 2 mnpuBeleHO CEMEMCTBO KPUBBIX HHTErpajbHOM (YyHKIIMH
pacrnpesenieHdss aOCOJMIOTHBIX MaKCUMYMOB TIOPBIBOB BETpa MPU Pa3IUYHBIX
3HauYeHUSIX BpemeHu HaOmoneHus T. M3 KpuBBIX BHJIHO, YTO NPHU YBEIMYECHUU
BpeMeHU HaOmoaeHus T, QyHkus pacnpeneneHuss HMEET TEHICHIHIO K
YBEIMYCHHUIO. DTO CBS3aHO C TE€M, YTO MPH YBEIUYCHUH TEPHOJa HAOIIOICHUS
aOCONIOTHBI MakcUMyM OyneT yBenudyuBaThCcs. [IpyM TOBBIIIEHHH CTENEHH
UMIOYICHOCTH (DYHKIMK pACTpPEACTCHUs] CTAHOBATCSA UIMPE, YTO CBSA3aHO C
MOBBIIIICHHEM BEPOSITHOCTH PE3KOTO BO3PACTAHMS U CHUKEHHS CKOPOCTH BETPA.
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Pucynok 2 — UnTerpanbHas QyHKIUS pacrpeaeneHus abCOIIOTHBIX MAaKCUMYMOB
oru0aroiei MOpbIBOB BeTpa: CIuloniHbie kpuBbie — W (71)=200;
wTpux-nyHktup — W (7)=100; nyaxtup — p (7)=50
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Auckycceust

Bo3myiienus Trrma mopeIBOB BETpa OTHOCATCS K yNpyruM BojgHaM. OCHOBY
METO/Ia TIpreMa YIPYTuX BOJH MPHU TOMOIIH 30HIUPYIOMIMX JICKTPOMArHUTHBIX
BOJIH COCTAaBJISIET HAKOIUICHUE IO JUIMHE 30HIUPYIOUIETro Jy4a JeBUAIMH (ha3bl
KojeOanmii B HeM, ¢a3oBas MOMYISIIUS KOTOPBIX BBI3BIBACTCS H3MEHEHHUEM
CKOPOCTH pacClpOCTpaHEHUs KoJeOaHUW B Jiyde MOJ JCUCTBUEM H30BITOYHOTO
JIaBJICHMS, CO3/]aBaeMoro ynpyroit BosiHou [Py6uos, 1997].

[Ipuniun pa®oOThl BOJHOBBIX AaHTEHH Oa3MpyeTcss Ha MapamMeTpUueCKOM
B3aMMOJICUCTBUM Y3KOHAIPABJICHHBIX 30HAUPYIONIUX KOJIeOaHUN B cpeie U BOJIH,
NpUHUMaeMbIX aHTeHHOW. [lo [iuHe Jydya NpPOMCXOIUT HAKOIUIEHHE HTOTrO
B3aUMOJICUCTBUA. Perucrpanus NOpoU3BOAUTCS METOJaMU MHUKPO(Da30METpPUHU.
[Ipuposa 3TUX BOJH MOXKET pa3inyaTbCs WK OBITh OJJUHAKOBOM, a Cpela MOXKET
OBITH TBEPIOM, KUAKOMN HIIU ra3000pa3HOM.

30HIUPYIOMHMK JIyd HAXOAUTCS IO HEKOTOPHIM YIJIOM OTHOCHUTEIHHO
nopsiBa BeTpa (pucyHok 3). OTpaxkaresib NpeIHa3HaueH i1 OObEIUHEHUS! TOYEK
U3JIy4eHUS U puéma KojaeOaHuu.
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Pucynoxk 3 — [IpuHIumn 1eicTBUsS BOJHOBOW aHTECHHBI

B paGore [PyOmoB u np., 2015] moka3zaHo, 4TO MpU HCIOJIb30BAHUU
PETHCTPUPYIOIIETO YCTPOMCTBA C YIBTPA3BYKOBBIM 30HAMPYIOLUIUM JIY4OM, C
UCITIOJIb30BAaHUEM KOTOPOTO OBLIM MOJyYEeHbl IPUBEACHHBIE BbIIE AaHHbIE (puc. 1),
MakKCcUMalbHasi JMarpaMma HampaBJI€HHOCTH  YCTPOMCTBA  HAXOJUTCA B
HaIlpaBJIEHUM JIy4a, MPU UCIOJI30BAHUU KE DJIEKTPOMArHUTHOTO 30HAUPYIOLIETO
ayya (ontuyeckoro win CBY) makcumMyM AuarpaMMbl HApaBJIEHHOCTH HAMPaBIICH
110 HOPMaJIH.

Ha puc. 4 npuBeneHa CTpyKTypHasl CXemMa pPErMCTPUPYIOLIETO YCTPOIMCTBA C
HanOoJiee TPOCTHIM B peanu3alud MeToAoM (a3oBbIX usmepeHuit [Pyomos u mp.,
2015]. Ione3nsrii 3pdexT moryqaercs myTeM U3MEepeHus pa3HOCTH a3 Ha BXOJIE U
BBIX0/I€ Y3KOIOJIOCHOTO NoJ1I0ocoBoro (humbTpa [1d. McnonapzoBanue y3KkonoaoCHOTO
¢unbTpa 00yCIOBIEHO TEM, YTO BETPOBBIE BOZMYIICHHSI UMEIOT JOCTATOUHO Y3KHil
cnektp. [Ipu aTom 3a cueT kpyToi (Hpa3zoBoil XapaKTepUCTUKH MOJIOCOBOrO PUIIbTpa
POUCXOMST KoJiebaHus (ha3bl B Tyye, BEI3BAHHBIE BETPOBBIM BO3MYILICHUEM.
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Pucynok 4 — CTpykTypHas cxeMa napaMeTpru4eCcKoro perucTpupyroniero
yCTPOMCTBA HA yIABTPA3BYKOBOM Jy4e C OTHOCUTEIBHBIMH (Pa30BBIMU
W3MEPECHUSIMHU U COBMEIICHUEM ITYHKTOB U3JIYYEHHS U NMPUEMA 30HIUPYIOIINX
KosaeOaHui, rie:

MBB PIIJ1Y — MmeTpoBbI€ BOJHBI pAAMONIEPENAOIIETO YCTPOUCTBA;

MB PIIY — MeTpOBBI€ BOJIHBI PaIUOIIPUEMHOIO YCTPOUCTBA;

AU — akyctrueckuii uznydarenpb; AITY — akycTruueckoe NprHeEMHOE YCTPONCTBO;
[1® — nonocoBoit punbTp; Yc. — yeunurenu; UMD — usmepurens dasbi

Pe3yabTaTsl

Jist  monydeHuss MeTeouH(OpMallMd HA  adpoJIpOME  MPUMEHSAETCS
KOMILUIEKCHAsI PaJMOTEXHUYECKAs a’pOApPOMHAasi METEOpPOJIOTrHYecKass CTaHUUS —
KPAMC. KPAMC mnpenna3HadueHa Il U3MEPEHUS TEMIEPATypbl U BIAXHOCTH
BO3/yXa, CKOPOCTHM U HallpaBJICHUs BETpa, HUXKHEW TpaHUIlbl 00JAYyHOCTH,
METEOPOJIOTHYECKON JaTbHOCTH BUIUMOCTH U T.]I.

[IpuHumn pAeWCTBUA JAHHOW CTAaHIMM 3aKJIKOYaeTCsl B W3MEPEHUU
METEOPOJIOTHYECKUX [MapaMeTpPOB MPU MOMOIIM TEPBUYHBIX H3MEPUTEIBHBIX
npeoOpa3oBaresei.

IlenTpanbHas cuctema, Bxojsiias B coctaB KPAMC, coctout u3 KoMIjiekTa
TEXHUYECKUX  CPEICTB, CIEIHAJIBHOTO  MPOTPAMMHOIO  OOECredYeHus U
U3MEpUTENFHBIX TpeoOpaszoBatenield MereoBenuyuH (matuumkoB) [MHCTHTYT
pagapHoi..., 0.r.]. JlaHHBIE OT MATYMKOB IIOCTYMHAIOT Kaxkable 15 CeKyHn,
00pabaThIBAIOTCS, AHATU3UPYIOTCS U MEPEAAOTCs JUCTIETYEpaM adporiopTa.

Onnaxko KPAMC He mo3BoJi€T ONEpaTUBHO PEIIUTH MTPOOIEMy Mepeadun Ha
O6opT uHbopMaIyu o mopsiBax BeTpa. [loaTOMy mpeayiaraeTcsi JOMOTHUTD CUCTEMY
KPAMC napaMeTpU4eCKUM PETUCTPUPYIOIIUM YCTPOMCTBOM Ha YJIbTPa3ByKOBOM

ay4de (PUCYHOK 5).
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Pucynox 5 — Ctpykrypnas cxema cranuuu KPAMC ¢ 6a30BbIM HaOopom
JATYUKOB, JIOMIOJTHEHHAS MAPAMETPUYECKUM PETUCTPUPYIOIIUM YCTPOMCTBOM Ha
YIIBTPA3BYKOBOM Jiyue. Mcmounuk: cocmasneno Ha ocHose « Komnnexcras
PpaouomexHuieckas aapoopomuas memeoponocuveckas cmauyusi <« KPAMC-4y //
[Onexmpounwiit pecypc]. URL:
http://iram.ru/iram/all_main.php?js=1&list par=20-0

IenTpagbHAs CHCTEMA
s KPAMC-4 (ocHOBHOI H
B = pe3epBHBIH KOMILIEKTBI)

JIIB — naTank
Hﬂpa)IETpﬂB BETPH.

e et T

| ]

JATB — paTunx
re]\lneparypm BJIAJKHOCTH

JlaHHbIE, KOTOpbIE ObUIM MOJY4YEHbl MapaMeTPUUYECKUM PETUCTPUPYIONIUM
YCTPOMCTBOM Ha YJbTPa3BYKOBOM JIyd€, IOCTYIAIT Ha BXOJ LEHTPAJIbHOIO
ycTpoiicTBa u oOpabatsiBatorcs. LlenTpanbHoe ycTpoiictBo cranmuu KPAMC,
KpoMe 00pabOTKH U3MEPUTEIHHBIX CUTHAJIOB, MPOBOJMUT CpPaBHEHWE 3HAYCHUUN
MOPHIBOB BETpa C JOMYCTUMBIMU. 3aTeéM IO OSTUM JaHHBIM (OPMHUpPYETCS
uHdopmaIus, KoTopasi B JajdbHEHIIeM OyJeT mepeaaHa pyKOBOJACTBY M CIIyx)0Oam
VIIPABJICHUS TOJETAMU ISl JAJIbHEWIIEH KOHCYJIbTAIlMU JIETHBIX SKUMAXEH |
nepeaayu nHGOOPMAIIUK 1O JIMHUSIM CBSI3U.

[Ipoananu3upyem CylecTBYIOLIME CUCTEMBI TEpeaaun HHPOPMALIMK Ha OOPT
BC. Haubonee pacnpocTpaHEHHBIMU SIBJISIIOTCSI HA3€MHAasi CTAHIIUSI KOHTPAKTHOTO
aBToMarnueckoro 3aBucumoro HaOmogenusi (A3H), Controller-Pilot Data Link
Communications (CPDLC) u Aircraft Communications, Addressing and Reporting
System (ACARS).

A3H npumensiercs ajist nepenayun faaubsix ¢ BC Ha 3emitto, 0OMeHa JaHHBIMU
mexay BC, nepenaun na BC nndopmaryu o BO3IyIIHON U METEOOOCTAHOBKE H T. 1.
[Cuctema A3H-K...., 6.r.].

ACARS ocymectBnsier oomen wundopmanuern mexay BC u HazemHoO
CTaHIUEH, TepenaeT COOOIIEHUSI B 3aKOAUPOBAHHOM BHJE, a K TOJIb30BATEIIO
uH(popMaIuit omagaeT y>xe B TekctoBoM Buje. [Kak padotaet cucrema..., 2014].

CPDLC wnmm CBA3b <«AUCHETYEP-TIUIIOT» UCIHOJB3YETCS i Tepenadu
WH(OpMAIINH 110 CBSI3U «BO3yX-3eMJIsD» MeXy ciayxk0amu Y B/l (nucneTuepamu) u
skunaxkamu BC (mwiotamu) B 1ensx 0€30MacHOrO 0OCITy)KMBaHUS BO3AYLIHOTO
newkeHus. CPDLC wucnonb3yroT, 4ToOBI Mepenarhb TEKCTOBBIE COOOIIEHUS,
KOTOpble HE TpeOyIOT CpOUYHbIX AeUcTBUU. OHO MOMKET HCIOJB30BATHCS IS
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nosiyueHus: paspemeHuii Ha 6opt BC o npopomxeHuu OeccryneH4aToro Habopa
BBICOTHI OT oprana YB/I, mpu 3ToM kaHasl paAHOCBI3H OCTAHETCSI CBOOOTHBIM TSt
nepenaun 0oJsiee MPUOPUTETHBIX YKA3aHUU, KOTOPhIE HETIOCPECTBEHHO BIUSIOT Ha
6e3omacHocth mojetoB. [CPDLC..., 2019]. [Toatomy uHpOpMaIHO O MOPBIBaxX
BeTpa 1esiecoodpasno nepeaaBath uepe3s CPDLC.

Cxema yCcTaHOBKU yCTPOMCTBA IMPUBEJIEHA HAa pUcyHKe 6. Perucrpupytoiee
yCTpPOMCTBO ycTaHaBiuBaeTcs B paitone KPM u moakiouaercs k o01el cucreme
MeTeoo0ecieueHus: a’dpopoMa. B aBTOMaTHYeCKOM PEKUME 30HIUPYIOMIMMI JTyd
MOCBIJIAET CUTHAIBI B aTMocepy U MpHU HAIMYUK TOPHIBOB BETpa PETUCTPUPYET
curHas. Uudopmanus o mopbiBax BeTpa CUUTHIBAETCS W IepenacTcs Ha cepBep
cucrembl KPAMC, rae uepes CPDLC nepenaércs na BC Ha BbicoTre 60 M Ha
OOPTOBOI KOMITBIOTEP, KOTOPBIN BBIAET IOJIOCOBOE COOOIIIECHHUE.

HiIlII)aBJIeHHE mocagKH

ITapameTpHyeckoe X — (I <3 xm ot KIII)
perucTpHpyonmee *
YCTpoicTBO Ha APII JPII (JIPTTHIIPTT)
YIABTPa3BYKOBOM
OnTHMaIbHAsSE TOUKA
Jayue
npH3eMIeHHS
120...185 m
BIIII KCPC A ~
- K XE
- A
/ 7 iy
/ 7 ' -
KPM / 1000 m BIIPM  APIT |-500m [TIIPM| APIT
OP, 400...1100 m 120...
e Cepennna 180 M 5500w

500...800 M BIIII 4000 m

250...

'’™M 450 m
ey
KA1 ] ]

! ' Vien cBazu

POJIII ] 1
]

Pucynok 6 — Cxema uamepenust BeJInurHbl NopbIBOB BeTpa Ha BIIIL. Hcemounux:
cocmasieno Ha 0CHoge « Ycmpoiicmeo aspodpomos. Paouomexnuueckue
cpeocmeay // [Inexkmponnviii pecype]. URL: https://oleg-
knyzhov.ru/uroki/ustrojstvo-aerodromov-radiotehnicheskie-sredstva

["onocoBsie cooOmieHnst OyayT KpaTKo MepeaaBaTh OCHOBHYIO HH(OpMAIIHIO
00 ypOBHE OMAacCHOCTH TMOPHIBOB BETpa, OMHUPAsICh Ha CBETOPOPHYIO MOJIENb
(Tabmuma 1).

Tabmuma 1 — CBetodopHas MOJENbh pacTpeieiCHHs] YPOBHS OMACHOCTH TOPHIBOB
BETpa

Hanwnyne nopoisos CkopocTb nopbiBa BeTpa YpoBeHb
Het - Mpnemnembin
Na 0-5 m/c JonycTnmbiii
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Takum 00pa3oM, TOJOCOBBIE COOONIEHUS, MOCTyHarolmue Ha O0opT
BO3MIYITHOTO CyAHA JUIsl TPUHATHAS PEHICHHWS OSKUNaXaMH, MOTYT OBbITh
CJIEIYIOUIUMU:

— «llopbIBBI BeTpa B IOMYCTUMBIX 3HAUCHUSIX);

— «OrmacHple TOPHIBEI BETPA, HEOOXOANM YXO]I Ha BTOPOU KPyT».

B ciyudae, eciii mocie yxoza Ha BTOPOU KpYT MOPBIBBI BETPa COXPAHSAIOTCS,
HE0OXO0MMO YXOAUTh Ha 3aMaCHOM a’poapoM.

3akiouenue

Buenpenue B METEOCTYXKOY a’poapoma apamMeTPUYECKOIro
PETUCTPUPYIOLIETO  YCTPOMCTBA  HA  YJIBTPA3BYKOBOM  JIy4€  IIO3BOJIUT
UHGOPMHUPOBATh IKUMAX BO3AYIIHOTO CyJHAa O HAJIWYUH MOPHIBOB BETpa B 30HE
B3sera/mocagku Ha BIIIl, 4TO MO3BOJUT BOBpeMs MNPEAUPUHATH MEPhI IS
MUHHAMH3ALUU PUCKOB J1JIs1 0€30MaCHOCTH IOJIETOB.
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