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B coBpeMeHHOM HaBMrauMoHHOM 060pyA0BaHUM
cucTem Nocajaky Bo3AyLHOro CyAHa UCMOJIb3yIoTCS
nonynpoBOAHNKOBbIE NCTOYHUKMN CBETA —
cynepbsApkue cBeToauoabl. Fpynna He3aBUCUMBbIX
msnyyaTenen popMmpyeT CeKTOpPHbIe HABUTALUOHHbIE
KOMMJ1eKCbl C YyrpaBasieMbIMU CBETOBbIMU MOASIMMU.

K TakMm nsnyyatensiMm npepbssisiioT NOBbILLIEHHbIe
Tpe60oBaHMS, TaK Kak OHU A,0/1KHbI 6bITb HAA,EXHbI

1 3¢ PeKTUBHbI B 11060 Bpems CyTOK U B 106bIX
NMOroAHbIX YC/10BUSAX, B TOM YUC/1€ B 3KCTPEMAJIbHbIX.
Mo3ToMy He3aBUCUMO OT U3MEHEeHUs
MeTeoBUAMUMOCTU, GOHOBOM OCBELLEHHOCTU

M Typ6yNeHTHOCTM aTMOocdepbl LLMPUHA FPaHUL,
MeXAy HaBMraLUOHHbIMM CEKTOPaMU He A0JKHa
3aBUCETb OT BHELWHUX YCJIOBUM 3KCM/TyaTaumm,

M ee He06X0A4UMO MUHUMU3UPOBATb. B cTaTbe
paccmaTpuBaeTcst BOSMOXHOCTb o6ecneyeHums

3TUX Tpe60BaHUM B YCJIOBUSIX BAUSHUS HA NpoLecc
3pUTe/IbHOW OPUEHTUPOBKMU.

[IpaKTHUKEe 3pPUTEJIbHOM HABUTAILMU OpPHEH-

TUPOBKA HabIofaTenss M0 LBETHBIM OTHSIM

(IOCTOSIHHBIM MM MUTAIONUM C Pa3TAYHON
po6sIeCKOBON XapaKTEePUCTUKOM), HabmaiogaeMbIM
Ha IIBETHOM HepaBHOMEpPHOM (OHe, [103BOJISET YCTa-
HOBUTb yBEPEHHBIN BH3ya/JbHBIA KOHTAaKT C 3eM-
Jer. TH OTHH 3aJal0T ITHJIOTY KYPC IIOCAAKH, ITTHC-
Cafly CHHSKEHHS, IIOJIOKeHHe TOPH30HTA. SIPKOCTH
doHa ompenensercss Kak BHEIIHUMH IIPHPOAHBIMU
U UCKYCCTBEHHBIMH HUCTOYHHMKAMHU OCBeILleHHs, TaK
U SPKOCTBIO PACCeSHHOTO B aTMochepe H3IydYeHHUs
HaBHUTAIlMOHHOTO KOMIIJIeKca. COOTHOIIeHHEe 3THUX
SIPKOCTE OIpefensieTcsl YCAOBUSIMH HabmogeHUs
(BpeMeHeM CYTOK, MeTEOBHUAHMOCTBIO, HATHYHEM
IIOCTOPOHHUX HCTOYHHUKOB H T.Z.). B obmem ciy-
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In modern navigation equipment of aircraft

landing systems, semiconductor light sources are
used - super-bright LEDs. A group of independent
radiators forms sector navigation systems with
controllable light fields. These radiators are subject to
increased demands, since they must be reliable and
effective at any time of the day and in any weather
conditions, including extreme weather conditions.
Therefore, irrespective of the change in weather
visibility, background illumination and atmospheric
turbulence, the width of the boundaries between the
navigation sectors should not depend on external
operating conditions, and it must be minimized. The
article considers the possibility of providing these
requirements in conditions of influence on the visual
orientation process.

n the practice of visual navigation, the observer’s

orientation on colored lights (constant or flashing

with different flashing characteristics), observed
on a colored uneven background, allows establishing
a confident visual contact with the Earth. She gives
the pilot a course of landing, a glide path of decline,
the position of the horizon. The brightness of the
background is determined both by external natural
and artificial sources of illumination, and by the
brightness of the navigation complex scattered in
the atmosphere. The ratio of these brightnesses is
determined by the conditions of observation (the time
of day, the meteorological visibility, the presence
of extraneous sources, etc.). In general, this can be
characterized as the observation of a colored object on
a colored background with an uneven distribution of
brightness over their surfaces.
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yae 3TO MOKHO OXapaKTepH30BaTh KaK HabiiogeHUe
LIBeTHOr0 06beKTa Ha LiBeTHOM QoHe ¢ HepaBHOMEP-
HBIM pacIIpele/leHHeM SPKOCTH I10 MX II0BEePXHOCTSIM.

Jng OoLeHKH BUAHMMOCTH OTHS HaBHUIALIMOHHBIX
KOMIIJIEKCOB B HACTOsILlee BpeMs UCIIONb3yeTCs IIOpPo-
roBasi MoJle/Ib 3pUTe/IbHOI0 aHa/IK3aTopa (I71a3a) KoTo-
pas OCHOBaHa Ha CPaBHEHHUH OCBeLleHHOCTH OpraHa
3peHHs C IOPOrOBBIMH BeJIMUHMHAMH, Ha OCHOBE 4ero
IPUHHMAeTCsS pellleHHe O BHUAMMOCTH Habnmomae-
Moro orHs. IToCcKo/IbKY ITOpOroBasi MoJe/ab He MOXKET
B IIOJIHOM Mepe y4ecTb QHU3HOJOTHI0 3PHUTEeIBHOIO
mpoliecca U, CJlefoBaTebHO, AAThb TOYHBIH pe3ysb-
TaT [/11 aHaJIKM3a HablIofeHUs OTHS, TO MOXKET OBbITh
HCII0/Ib30BaHa CTaTHCTHUYecKas MoJelb 3pUTeIbHOIO0
aHanu3aropa. Ee IpuMeHeHHe aKTyasJbHO B CIydae
OPHEHTHPOBKU HabnrofaTesns IO CBETOBOMY IIOJIIO
CeKTOPHOI0 HaBHUTALIMOHHOIO KOMILJIEKCa, COCTOS-
lero M3 pas3sHOLIBeTHBIX CeKTOPOB, IIPHJeraloIlux
Opyr K OPYry U OTIHYAIOLIUXCS MeXAy coboH Ipo-
671eCKOBBIMHU XapaKTePUCTUKaMU. Mofeb [103BOJIsIeT
OLIEHUTh BepPOSITHOCTb OOHAPY>KeHMSI LIBETHOTO OrHS
CeKTOPHOTO HaBHUTALIMOHHOIO KOMILIEKCA Ha ILBeT-
HOM QOHe C IPOM3BOJIBPHBIM pacIpelesieHHeM SpKO-
CTH II0 X ITI0OBepXHOCTH [1].

Yrobbl OIpeneNuTb CTPYKTYPy CBETOBOTO IIOJS,
T.e. $OpPMYy KOHTypa MOHOXPOMaTH4eCcKOIro0 CeKTOopa,
B IIpeflelax KOTOPOrO OIOHb KOMIIJIeKCa BOCIIPHHH-
MaeTCsl C BePOSITHOCTHIO He MeHee 3aJaHHOM, KCIIO/b-
3yeTCss MeTOf IIOC/Ie[JOBATe/IbHBIX H300paskeHHUMH.
MeTon, OCHOBAH Ha IpeACTaBJIeHHH IIOJISL H3Jyde-
HUS B BUJe psifia M300paskeHUM HCTOYHHKA, PACIO-
JIOKeHHBIX Ha Pa3sHOM PacCTOSSHUM OT OITHYeCcKOM
CHUCTeMBl. PacrpocTpaHeHHe H3Jy4eHHUs OT KCTOY-
HHUKA [0 H300paskeHHs OIIpefessieTcsl IepefaTod-
HBIMH QYHKUMSIMH 37eMeHTOB TpPaKTa pacIpocTpa-
HeHHS U3JIyYeHHUs, UMEeIOIIHUX Pa3Hylo QU3NYeCKYIo
npupony [2],- onTHYeCcKOM CHCTeMBbI, paccerBalolel
1 TypOy/neHTHOHN aTMocdeprl. Ha BbICOTaxX [0 2-3 KM
B aTMocepe Bcer[a IPUCYTCTBYeT IIPU3eMHBIN CJIOH
eCTeCTBeHHOI0 a3po30/d C pasMepom dYactur 0,1-
10 mkm [3]. TIpoxoxkIeHHe H3JydeHHs depe3 aTMOoC-
bepHBIN CJION OIKCHIBALTCS B PAMKAX MaJIOYIJIOBOIO
HpI/IGJ'II/I)KEHI/IH (MVTI). Tako® moaxon MOSKHO KCIIONb-
30BaTh NpHU NPSIMOM HaONIOZEHUU OTHS KOMILIEKCA.
Bo-miepBbIX, B CHy QYHKIIMOHAIBHBIX 0COOEHHOCTEL
M3/1y4daTe/IbHOTO YCTPOMCTBA TpebyeTcsi y4YUTHIBATh
TOJIBKO Ty [JOJIO HM3/Iy4eHM s, KOTOopasl pacCerBaeTcs
BIIepes B Auaria3oHe yrioB oT 0 g0 10-15°. Bo-BTOpEIX,
MVII faeT ToUHBble pe3y/JbTaThl ONTHUYECKUX PacCTo-
SHUH, B IIpefiesiax KOTOPBIX JIEXKUT pabouas obmacTh
KOMIIJIeKCa, O/ BeJIH4YHH OITHYeCKOro pacCTos-
HUS 10 T1<10 (rme: T=€'R - onTHYeCcKoe PacCTOSIHHUE;
R - yoaneHue; € - IokasaTelb ocaabraeHUs cpensl [4]).

i g

To estimate the visibility of the fire of navigational
complexes, a threshold model of the visual analyzer
(eye) is currently used which is based on comparing
the illumination of the visual organ with threshold
values, on the basis of which a decision is made
about the visibility of the observed fire. Since the
threshold model can not fully take into account the
physiology of the visual process and, therefore, give
an accurate result for analyzing the observation of
the fire, a statistical model of the visual analyzer
can be used. Its application is relevant in the case
of an observer’s orientation on the light field of a
sector navigation complex consisting of multi-colored
sectors that are adjacent to each other and differing
in flashing characteristics. The model makes it
possible to estimate the probability of detecting the
color fire of a sector-based navigation complex on a
colored background with an arbitrary distribution of
brightness over their surface [1].

To determine the structure of the light field: the
shape of the contour of the monochromatic sector,
within which the fire of the complex is perceived
with a probability not less than specified, a method
of successive images is used. The method is based
on the representation of the radiation field in the
form of a series of source images located at different
distances from the optical system. The propagation of
radiation from the source to the image is determined
by the transfer functions of the elements of the
radiation propagation path having different physical
nature [2], the optical system, the scattering and
turbulent atmosphere. At altitudes up to 2-3 km in
the atmosphere, there is always a surface layer of a
natural aerosol with a particle size of 0.1-10 pm [3].
Passage of radiation through the atmospheric layer
is described in the framework of the small-angle
approximation (SAA). This approach can be used for
direct observation of the fire of the complex. Firstly,
due to the functional characteristics of the radiating
device, it is only necessary to take into account that
fraction of radiation that is scattered forward in the
range of angles from 0 to 10°-15°. Secondly, SAA gives
accurate results of optical distances within which
the working region of the complex lies, for optical
distances up to t<10 (where: t=¢-R - is the optical
distance, R - is the removal, € - is the attenuation
index of the medium [4]). In Fig. 1 the working areas
of the sector navigational complex on superbright
light-emitting diodes and the representations of
radiation transfer in the atmosphere, defined within
the framework of SAA, are presented.

On the basis of the proposed method, a calculation
of the sector diagram was carried out, taking into
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account the influence of various

external factors. The proposed

method makes it possible to refine

0. MYI (R = Rg) the parameters of the radiation
— R=MAB, km

100 KM pattern of the monochromatic
max’

MpumMepHas paboyas rpamua CHK // sector at a remote section of the

/ light field, which amounts to 30%
of the range of visibility of the
= fire (for a meteorological visibility
= L of 50 km) with probability of
detection of p=1. Data obtained
by the standard method adopted
/ / to estimate the range of visibility
of navigation lights are known [5].
Fig. 2 compares the diagrams of
the monochromatic sector for
different probabilities and quality
0.01 of the optical system obtained by
0,05 02 0.5 1 2 4 10 20 50

METeoponoqueCKaﬂ AaNbHOCTb BUOANMOCTU, KM the proposed methOd and uSEd by

the traditional method.

ceemoou0dax U npedcmasneHust nepeHoca usny4yeHus 8 ammocgepe 8 pamxax MYT1 The ch.aracte.r istic shapes
Fig. 1. Working areas: a sector-based navigation complex on super-bright LEDs and of the obtame’d diagrams of the
a representation of radiation transfer in the atmosphere within the SAA monochromatic sector for the
values of the meteorological

visibility are 50; 4 and 0.2 km (for
Ha puc.l. npezncraBieHbl pabourie 0671acTH CeKTOP- H the value of the coupling coefficient, the aberration
HOTO HaBUTAIIMOHHOI'O KOMIIJIEKCa Ha cymepbsipkux || values with the parameters of the optical system
CBeTOAHMOMAAX M IIPeACTaBIeHUS
IepeHoca H3JIy4eHHsT B aTMOC-

1000

=
o

YpaneHue R, KM

=

0,1

Puc.1. Pabo4ue obaacmu: CeKmMopHO020 HasuzauUuOHHO20 KoMnAaeKca Ha cynepsipkux

CraHpapTHas
depe, ompeneneHHble B paMKax IH
MVII.
—-Q. —7
Ha oOCHOBe mpeIoKeHHOr0 2o E=8107 K
MeTona OBII IIpoBeleH pacyer s | A 12500
OHarpaMMBbl CeKTOpa IIPH ydeTe zs \
BIHUSHUS PA3/HUYHBIX BHEII- 25 150 ~
R
HHUX BO3JEHCTBYIOIHX (aKTO- §§’ 125 ¢ \ \
o T
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X
II03BOJISIET YTOYHUTD I1apaMeTpbl §g 75 | \ \
OHarpaMMBbl HaIlpaBJIeHHOCTH gg | \ \
MOHOXPOMATHYE€CKOTO CeKTOpa 2 S E=8-10"7 K E=8-10"7 Nk E=1,6-10"7 5K \
25 | :
Ha YyOa/leHHOM Yyd4YacCTKe CBeTO- Koc=4183,3 Koc=0 | Koc=4183.3
O Il Il Il Il Il Il Il Il Il Il Il Il
BOTO IIOJIS, COCTABISIIOIEM (fIs 300 1700 3100 4500 5900 7300 8700 10100 11500
MeTeOBHAMMOCTH 50 kM) 10 30% d | J
OT [AJIbHOCTH BUOHMMOCTH OLHS YTouHsemas obnactb H
IIPH BEPOSTHOCTH OOHApPyKeHHs Puc.2. CpasHeHue duazpamm MOHOXpOMAMmu4eckozo cekmopa: A=505 Hm,
p=1. H3BecTHB [OaHHBIE, IOy~ memeogudumocmb 50 km, K, (ko3pduuuerm cesi3u seAuduHbl abeppayuu
YeHHbIe CTAHIAPTHBIM CII0CO60M, € napamempamu onmuyeckoli cucmembl) =0 — 6e3a6eppauloHHas onmuyeckas
NPUHATBIM [OJIS OLEHKH OaJIBHO- cucmema, K, =4183.3 — onmuyeckas cucrmema — NAOCK0-8binyKAasi AUH3d, 6AU3KA
K onmumanbHol

CTU BUJUMOCTH HABUTAI[UOHHBIX ; , , ‘
Fig. 2. Comparison of the diagrams of the monochromatic sector: A=505 nm,

oruedt [5]. Ha puc.2 faHo cpaBHe meteoric visibility 50 km, K, (coupling coefficient of the aberration value with
HHe HarpaMm MOHOXpOMAaTHe optical system parameters)=0 — aberration-free optical system, K,,=4183.3 -
CKOro CexTopa Ajs pa3HOH BEpO- optical system - flat-convex lens, close to optimal

SITHOCTU M KayecTBa OINTHUYeCKOMN
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0,5 u1u memeosudumocmu 50 km (a), 4 km (6), 0,2 km (8)

meteoric visibility of 50 km (a), 4 km (b), 0.2 km (c)
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Fig. 3. Forms of directional diagrams of monochromatic sectors as a function of the probability of perception of 0.5 and 1and a

CUCTeMBbl, IIOJIYYEeHHBIX IIPefJIOKeHHBIM MeTOAOM
Y MCIIOJIb3yeMBIM TPaJUIIMOHHBIM METOLOM.

XapakTepHble GOPMBI IIOJYYEHHBIX AHArpaMM
MOHOXPOMaTH4eCKOI0 CeKTOpa /15 3HAa4YeHHUI MeTeo-
BUAUMOCTH 50, 4 1 0,2 KM (ITpu 3HaUeHUH KO3dIUITH-
€HTA CBSI3M BeJIMUYHMHBL abeppaliuy C IapaMeTpaMu
OIITHYeCcKoM cucTteMsl K, =4183,3 U 3HaUeHUSX BEPO-
STHOCTH obHapyskeHHs p=0,5 u p=1) mpUBemeHH
Ha puc.3.

BrnusiHue TypOy/leHTHOCTH aTMocdepbl Ha CBETO-
BOe II0jlé CeKTOPHOIO HaBUTALIMOHHOIO KOMIIJIeKCa
BBIpa’kaeTcs B CMellleHUH I10/I0’KeHH S TPAaHUL] MeXKAY
CeKTOpaMH U YIIHMPeHHUHM CeKTOpoB. llepemelneHue
IPaHHUILIBI CEKTOPA M3-3a TypOyJIeHTHOCTH aTMOCHEPHI
Ha JUCTAaHIMH PaclpocTpaHeHHUs d; ompenensieTcs
IOUCIIepCHer 0,2 UK CpeJHeKBaJpaTUUeCKUM OTKJIO-
HeHueM (CKO) o, (HeompeneneHHOCTb 3PUTENBHOIO
[IO3ULIMOHUPOBAHUSI OTHS KOMILIeKca ~2a,) [3].

Pe3y/IpTaThl PacyeToB ISl JIWH BOMH 1=505 HM
u 1=630 HM mpuBeJeHB! Ha puC.4. OHH IIOKA3BIBAIOT,

K,,=4183.3 and the probability of detection p=0.5 and
p=1) are shown in Fig 3.

The effect of atmospheric turbulence on the light
field of the sectoral navigation complex is expressed
in the shift of the position of the boundaries
between sectors and the broadening of sectors. The
displacement of the boundary of the sector, because of
the turbulence of the atmosphere at the propagation
distance d;, is determined by the variance o2 or
the standard deviation o, (uncertainty of the visual
positioning of the fire of the complex ~ 20d,) [3].

The results of calculations for wavelengths 1=505
nm and 1=630 nm are shown in Fig.4. They show that
in the operating wavelength range the influence of
turbulence is manifested almost uniformly for all
wavelengths, and the magnitude of the standard
deviation is determined only by the degree of
turbulence in the atmosphere and does not depend
on the wavelength. Figure 5 shows the dependence of
the broadening of the sector diagram on the degree
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4yTo B paboueM myama3oHe JAJIMH BOIH BIHUSHUE Typ-
OyJIeHTHOCTHU IIPOSIB/ISIETCS. MPAaKTHYeCKH paBHO- 3000
MEepHO AJIsi BCeX AJIMH BOJIH, 4 BeJIMYMHA CpelHe-
KBaIPAaTUYECKOTO OTKJIOHEHU S ONIPeJeIsieTCs] TOIBKO
CTeIleHbI0 TypOy/IeHTHOCTH aTMOCHEPHI U He 3aBUCHUT
OT JUIMHBL BOJMHBL. Ha pHc.5 mpexncTaBieHa 3aBHCHU-
MOCTh YIIMPEHHUS NUArPaMMBbI CEKTOPA OT CTeIleHHU
TypOy/neHTHOCTH. Pac4yeTsl [IOKa3ad, YTO B LeJIOM
TypOy/IeHTHOCTh He OKa3blBaeT BIMSHHS Ha TOY-
HOCTb OPHEHTHPOBKHU II0 CBETOBOMY IIONIO CEKTOP-
HOr0o HaBHUralpoHHoro xkomiuiekca (CHK) Ha ocHoBe
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CpepHekBafpaTuyeckoe OTK/IOHeHue g, MM

/
CyIepBSPKUX CBETOLUOIOB. 500 aps 3
H3MeHeHHe GOPMBI JUATPAaMMbl MOHOXpPOMATHYe- —
- 0 —
CKROT'0 CEKTOPA UL PA3JIMYHBIX 3HAYEHHU N METEOBU N~ 100 200 500 1000 2000 5000 10000 15000 20000 25000
MOCTH U YPOBHSI GOHOBOM OCBEILIeHHOCTH (BpeMeHH [anbHocTs 40 HK d, M

CYTOK) IIpe/ICTAaBJIEHO HA PHUC.6 U 7, COOTBETCTBEHHO.
AHanu3 IIOJIyYeHHBIX PE3yJAbTaTOB UYKMCIEHHBIX Puc.4. Cdsuz 2paHuubl cekmopa CHK u3-3a mypbyaeHmHocmu
pacdeToB II03BOJISIET CHeNaTh Ba’KHBIM BBIBOA, O TOM, ammocgepel (C,2 - napamemp mypbyreHmHocmu): 1= cunb-
YTO IIapaMeTpbl aTMocdepsl M SPKOCTh PoHaA mpak- | HAA mVP5V/'eHmZHOCT4b (5732:70_]3/”_2/ %); 2 - cpedHsn myp6y-
TUYeCKU He BIHSIOT Ha yIJIOBble pa3Mephbl CEeKTOPOB. ?g"’ﬂ;"gg%bfg% =107 r%); 3 - cabas myp6ynermuocme
3a7aHHbIH ypPOBeHDb BEPOSTHOCTH 0OHapyKeHHs OTHs Fi_c;. 4. Shift of the boundary of the SNC sector due to
TaKKe He OKas3blBaeT BAMAHMS HA BBIOOD PasMEPOB | imospheric turbulence (C,” - turbulence parameter):
cexkTopa. Takas He3aBUCHMOCTh pa6oqux IapaMeTpoB 1-strong turbulence (anzio‘B m2/3):2 - average turbulence
ROMILZIeKca obecrieymBaeT TOUHOe (GOPMHpPOBAHHE (C,2=107* m#3); 3 - weak turbulence (C,2=107">m 23)
IPaHHULL CBETOBOLO IIOJISI B JIFOOBIX YCIIOBUSIX HA IIPOTS-
JKeHUH BCeU Na/IbHOCTH AeUCTBUA (Z,; Ha PHC.8) OTHS
KOMILJIeKca. BbIBOI OBLI IOATBEPKAEH 3KCIIEPHMEH-
TaJIBHBIMU JAHHBIMH, IIOTy4eHHBIMHU IIPU Habmione-

of turbulence. Calculations showed that, on the
whole, turbulence does not affect the accuracy of
the orientation of the light field
of the sector navigation complex
200 (SNC) on the basis of super-bright
LEDs.
Z\ The change in the shape of the
/ .\ diagram of the monochromatic
/’ \) sector for different values of
' meteorological visibility and the
\ level of background illumination
100 (time of day) is shown in Figs. 6
7 — =107 M and 7, respectively.
— =10 M An analysis of the results of
— =10 MR numerical calculations makes
it possible to draw an important
conclusion that the parameters of
the atmosphere and the brightness
o of the background practically
224 1567 2910 4254 5597 6940 do not affect the angular sizes
yaanenme ot CHK d;, m of the sectors. The specified level
Puc.5. 3agucumocmb yuwuperus duazpammel cekmopa (A=505 HM; memeosuo- of fire detection probability also
Hocmb S, =50 km; K, =4183,3) om cmeneHu mypbyreHmHocmu ammocgepsi: does not affect the choice of
CuAbHoL, cpedHeli U caabol

Fig. 5. The dependence of the broadening of the sector diagram (A = 505 nm, sector sizes. Such independence

meteorological visibility of S, =50 km, K,.=4183.3) on the degree of atmospheric of the operating parameters of
turbulence: strong, medium and weak the complex ensures accurate

formation of the light field

=
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—

MonywupuHa gnarpammbl cektopa MM CHK d(di), M
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HHUAX, KOTOpbIE ITPOBOAHIJIHICE ITPH
YHC(C/Ie He3aBHCHMBIX Ha6J'IIO,£LaTe‘

N
o
o

JIeH OT 3 J0 5 YejoBeK W KoJauue-
CTBe He3aBHUCHMBIX HabIIomeHUHN
Ha BBIOPAaHHONM [OAJIBHOCTH IJIf
Kakoro HabnriomaTensi, pPaBHOM
[IATH.

Jlis ompeneneHUs] IIHPHUHBI
IIePeXONHBIX 30H Ha Pa3JINMYHOM
yOAmeHUH OT KOMILIeKca Oblia
[IOJIy4eHa 3aBUCHUMOCTD IIHPHUHBEI
IlepexoJHBIX 30H OT [JAJIBHOCTHU
IercTBUs. MICXOOHBIMH JaHHBIMU
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MonylwmprHa amarpammbl cektopa MM CHK d(d), m

IJ1S1 Hero CJIYy>KU/IM pa3sMepsl JHa-
rpaMMBl  MOHOXPOMAaTHYeCKOTro
CeKTOpa, H3JydYalolleld I0BepX-
HOCTU OTHS M [OaJbHOCTb [OeH-
CTBHs KOMIIJIeKCa. HPI/IMEHEHI/IE
3TOM 3aBUCHMOCTH II03BOJISIET

Puc. 6. 3agucumocmb popmbl OUAPaAMMbl MOHOXPOMAMUYECK020 CeKmopa

om memeosudumocmu (ycrosus: Houb, A=505 Hm; p =1; K, =4183,3)

Fig.6. Dependence of the shape of the diagram of the monochromatic sector on the
meteorological view (conditions: night, A=505 nm, p=1, K, =4183.3)
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AanbHocTb Ao CHK d;, M

ONTHUMM3UPOBATh CBETOBOE IIOJIe
II0 KPUTEPHIO0 "HANBHOCTb ek~
CTBHUSI - MHUHHMAaJIbHASl LIMPUHA IE€PEXOAHBIX 30H"
Y 1aeT OPUEHTHUP /151 HACTPOMKU B3aMMHOTO I10/I0Ke-
HUS CEKTOPOB HABUTALIMOHHOr0 KOMIUIeKca. [IupuHa
I[IepeXO/IHbIX 30H MKy CEKTOPAMHU 3aaeTCsI CMEHOM
1[BETA H/IH [1POBIeCKOBOM XapaKTEPUCTUKHU (PHC.8).

BbiBO/bl

OmpegeseHre IIPOCTPAHCTBEHHOTO pacIpeseieHHus
OCBEILIEHHOCTH C Y4YeTOM BH3ya/IbHO BOCIPHMHHMae-
MOI CpefHeH SIPKOCTH OTHSI CeKTOPHOIO HaBHIallU-
OHHOI'0 KOMIIJIEKCA B IIOIIePeYHOM CeYeHU U CeKTOPOB,
COCTaBJISIIOLINX €ro CBeTOBOe II0JIe, TI03BOIMIHN 06Ha-
PY)KHTB, YTO AJISI PACCMOTPEHHBIX YCIOBHUM Habio-
JeHHS MHPHHA [IePeXOJHBIX 30H MeXXIY CeKTOpaMH
ceToBoro mojsi CHK coxpaHsieTcs B Irpefenax 4-6 yri.
MUH Ha IIPOTSIKeHUH BCeH La/IbHOCTU AeHCTBHUS. ITO
CBUETeIbCTBYeT 06 OTCYTCTBHMU 3aMeTHOTO BJIUSIHUS
BHEIIHUX BO3JEMCTBYIOMUX (GaKTOPOB Ha YITOBYIO
IHUPUHY IIePeXOAHBIX 30H CBETOBOIO IIOJS CEKTOP-

boundaries in any conditions throughout the entire
range of action (Zy,, in Fig. 8) of the complex’s fire. The
conclusion was confirmed by the experimental data
obtained during observations, which were carried out
with the number of independent observers from 3 to 5
people and the number of independent observations
at a selected range for each observer equal to five.

To determine the width of the transition zones at
different distances from the complex, the width of
the transition zones was determined from the range
of action. The initial data for it were the dimensions
of the diagram of the monochromatic sector, the
emitting surface of the fire and the range of the
complex. The application of this dependence makes
it possible to optimize the light field according to
the criterion of "range of action - the minimum
width of the transition zones" and gives a reference
point for adjusting the mutual position of the
sectors of the navigation complex. The width of the
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transition zones between sectors

200 is determined by a change in
3 — Aexpriacu., prl N color or a flash characteristic
5= [OeHbnacm., p=0,5 / \ .
SS150 ¢ & (Fig. 8).
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gg 5 / \ \ distribution of illumination
28 / \ \ taking into account the visually
\ \ perceived average brightness of
0 . . . .
300 1800 3300 4800 6300 7800 9300 10800 12100 the sector navigation light in
dim the cross section of the sectors

making up its light field made
it possible to observe that for
the considered observation
conditions, the width of the
transition zones between the
sectors of the light field of the
SNC is kept within 4-6 angles.
min throughout the range. This
indicates that there is no noticeable influence
of external factors on the angular width of the
transitional zones of the light field of the sector
navigation complex operating on super-bright
LEDs. That is, confirms the high efficiency of
the application of the sector navigation system
for solving the problems of visual navigation in
transport.

Puc. 7. 3asucumocmsb popmbl Ouazpammbl MOHOXPOMAMUUYECKO20 ceKmopa
om epemeHu cymok: [1 - deHb, C — cymepku, H — Houb (p=0,5 u p=1; A= 505 HM;
memeosudumocme S,, =50 Km; KOC=4183,3)

Fig.7. Dependence of the shape of the diagram of the monochromatic sector on
the time of day: D - day, C - twilight, H - night (p = 0.5 and p=1, A=505 nm,
meteorological visibility S, =50 km, K, =4183,3)

HOI'O0 HAaBHUTALIMOHHOIO KOMILIEeKca, paboTarolero
Ha CyIepPBsIPKUX CBeToAHOomaX. To eCTh ITOATBePsKAaeT
BBICOKYIO 3(pPeKTUBHOCTh IPUMEHEHHUS CeKTOPHOIO
HaBUTALlMOHHOIO0 KOMIUIeKCA /ISl pelleHUs 3alay
3pUTEeIbPHON HaBUTALIMU Ha TPAHCIIOPTe.
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Zyy i

Puc.8. Ceemosoe noAe HasuzauLoHHoz0 komnaekca (1, 2, 3 — 2pynnbl usayvyameneli
CA=505 Hm, 580 Hm, 625HM; 4, 5, 6 — MOHOXpomMamuuyeckue cekmopd ¢ A= 505 Hm,
580 HM, 625HM; 7, 8 — nepexodHbie 30Hbl MexKdy cekmopamu ¢ A =505 Hm u 580 Hm;
580 HM U 625 HM)

Fig. 8. The light field of the navigation complex (1, 2, 3 - groups of radiators with
A=505nm, 580 nm, 625 nm, 4, 5, 6 — monochromatic sectors with A=505 nm,
580 nm, 625 nm, 7, 8 - transient zones between sectors with A=505 nm and 580
nm, 580 nm and 625 nm)
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