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Abstract

Goal: Successful and safe landing of the aircraft at night in adverse meteorological conditions is
possible subject to the complex use of radar, satellite radio navigation systems and lighting devices,
with lighting equipment being of particular importance at the end of the flight, since they provide the
necessary visualization of the runway. One of the most effective methods of increasing the safety of
flights is the creation of an additional independent optical transmission channel between the aircraft
and the runway. As such a channel may be a system for observing aerodrome radiation signals from
the aircraft in adverse meteorological conditions using the infrared (IR) radiation spectrum. The aim
of the work is carrying-out of theoretical analysis of the possibilities of increasing the range of
detection of beam aerodrome signals in order to increase the accuracy and reliability of the aircraft
landing approach due to the use of medium and longwave infrared radiation ranges for reception of
navigation information. Method: we made the mathematical estimation of the dependence of the
range of detection of the spot beam signals on the wavelength and source power. Results: Such
dependences are designed for infrared wavelengths of 0.554 um, 1.0 um, 4.0 um, 10 um, which
coincide with the atmospheric transparency windows in different conditions of distribution:
transparent atmosphere, haze, fog. It has been shown analytically that using infrared monochromatic
emitters and frequency coherent photodetectors with a high specific detection capability, it is possible
to significantly increase the detection range of beam signaling targets compared with the shorter
wavelengths of the visible range, both in the conditions of a transparent atmosphere and in the
presence of a water-aerosol medium. Mathematical relations for comparative estimation of the range
of the source-receiver system with different working wavelengths are obtained. Numerical graphical
analysis shows that at the same power sources of radiation, the range of detection of infrared beam
signals occurs at significantly longer distances compared with light signals of the visible range.
Discussion: The use of the light signal monitoring system for following up the aircraft when landing
in adverse meteorological conditions, which developed using the above mentioned principles, will
allow the aircraft crew to observe landing infrared lights on the monitor screen at a considerable
distance in adverse weather conditions and to make the necessary adjustments when deviating of the
aircraft from the glide, which will significantly increase flight safety and reduce the negative
psychological stress on the aircraft crew at the most difficult and responsible phases of the flight.
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1. Introduction

Intensification of air transportation requires
modernization of radio and lighting equipment of the
airdromes to ensure safety and regularity of flights.
Lighting equipment, which provides landing and
take-off of the aircraft at night time in adverse
meteorological conditions of the most difficult and

critical stages of flight, becomes more and more
important among this complex.

The use of instrumental landing approach and
landing with autosteering and manual control is not
enough for safe landing of the aircraft, due to the
fact that the pilot begins to see landing lights and
runway at very low altitude and distance. For
example, for landing category A, the instrumental
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landing approach method with the use of an
autopilot system provides the aircraft glide slope
guidance to the height of 30 m and visibility of the
runway lights from the distance of 200 m. Besides
that, the important disadvantage of automatic
landing is that the pilot is out of control of the
aircraft for a certain period of time. At the final stage
of the flight, the pilot should switch to manual
control, quickly and correctly determine the location
of the aircraft in the space relative to the runway,
and this is achieved by visual observation of light-
signal signs of the runway and approaches to it,
which is especially difficult in low visibility
conditions. If these parameters are not followed, the
pilot should decide whether to stop landing and go-
around or fly to another aerodrome with better
meteorological conditions. Very often, when landing
under the conditions of dense clouds, fog and haze,
the crew of the aircraft can not observe landing
lights for a long time, which leads to significant
psychological stress, which may result in mistakes in
piloting and decision making in the most critical
period of time.

One of the most effective methods that will
eliminate the disadvantages of the landing process
listed above is the creation of an additional
independent optical data channel between the
aircraft and the runway. As such channel, there may
be a system for monitoring beam signals to follow
up the aircraft in adverse meteorological conditions
using the infrared radiation spectrum.

2. Goal and objectives of research

The goal of work is the theoretical evaluation of the
extending the range of detection of spot beam
signals in the water-aerosol environment through the
use of the IR range waves.

3. Analysis of recent research and publications,
problem statement

The mechanisms for extending the visibility range as
a category of subjective visual perception of objects
are known and determined by the characteristics of
the atmosphere, the background and the object.
Information about the visibility range (like on the
runways) can be obtained visually or by
measurement results, using continuously improved
calculation methods [1, 2].

Air traffic control, using radar and satellite radio
navigation systems, controls the aircraft in the air;

the ground services control the aircraft that have
already landed. When approaching and landing, it is
traditionally used the observation over lighting
equipment of the airdrome. The least secured
technical measures and, accordingly, visual
information on the control of the glide slope is
landing approach and landing in particularly adverse
meteorological conditions, clouds and fog.

In the 70-80’s the work was done to create an
optical laser instrument landing system “Glade
slope”. The basis of its work was the principle of
linear reference point navigation — beam of lasers,
which were installed near the runway and created a
landing corridor. Due to the laser light scattering in
the atmosphere, the pilot visually perceives a
combination of beams in the form of a symbol that
determines the position of the aircraft relative to the
landing trajectory and the point of landing. In the
presence of a haze or thin fog, the beams are more
strongly scattered and are observed even brighter,
but with a heavy fog, the laser beams of the visible
range can be completely scattered and absorbed
without reaching the necessary illumination of the
apple of the pilot’s eye. Further extending the power
of the laser beam can damage the eye retina. Work
on modernization of this system continued until the
90’s, but with the collapse of the USSR, the studies
on this topic were suspended [3].

With the advent of effective electron-optical
devices, instead of visual observations of light
signals, the Electro Optical Systems are begun to use
[4, 51].

In the visible range of wavelengths, television
optoelectronic systems are being actively developed.
The scientific and technological process has led to
the advent of fundamentally new Electro Optical
Systems, which now occupy a leading position
among systems operating in the infrared range of
wavelengths of 3-5 and 8-14 microns. Their main
element is a photodetector, the sensitivity of which
is determined by the level of internal noise of the
individual channel and the number of photosensitive
channels. The use of multichannel optoelectronic
detection devices makes it possible to offset the
advantages of one channel against disadvantages of
another one [6].

High-performance remote monitoring devices
and distance measuring equipment are laser location
systems developed by ALTACAS Company. They
consist of lasers with microprocessor control, which
allow controlling the runways, the area surrounding
them, the courses of the aircraft, which takeoff and
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approach to land. The lasers are mounted on the
wings and fuselage of the aircraft on rotating
platforms, which are closed by hemispherical
aerodynamic caps. Such laser scanner LIDAR uses
infrared pulsed beams to scan the surrounding area
within a radius of several kilometers. The second
part of the system is the device for the perception of
reflected laser radiation, its processing by the
computer and the transfer of results to the display,
installed in the cockpit. [7]

During the flight, the scanners “inspect” all 360
angular degrees of the surrounding space,
transmitting information to the collision prevention
system. When approaching and preparing for this
maneuver the system switches back to the landing
corridor monitoring mode.

Active-impulse night vision devices are
recommended for landing helicopters at night time
on unprepared pads [8].

Laser systems have a number of disadvantages:

- when locating them on the runway, radiation
of a visible range with a power exceeding 1
megawatt can damage the eyes;

- strict requirements for the pointing and
holding the beam of illumination on the observation
object;

- significant extinction of light by
atmosphere in adverse weather conditions;

- when using the LIDAR system, absorption
occurs when the beam passes through the drowning
atmosphere from the aircraft to the runway and back
and a significant absorption when the beam is
reflected from the observation object — the runway;

- a relatively small  coefficient of
transformation of electrical energy into the light one
by the laser leads to an increase in the mass-size
parameters of the system as a whole.

The examples of use of infra-red LED emitters
and Electro Optical Systems for the purpose of
performing reconnaissance and observation tasks on
land objects raise the possibility of the efficient use
of similar devices of this type also for the detection
of aerodrome signal lights [9].

the

4. Materials and methods of research

In order to choose the way of constructing the
Electro Optical Systems, there is a need to perform
comparative analysis of the work of the Electro
Optical Systems at different wavelengths of the
electromagnetic waves. In this regard, one of the
most important parameter is the signal / noise ratio

for capacities at the output of the system. Taking
into account the fact that the receiver is adjusted on
the working wavelength A of an absolutely
monochromatic source, the output power of the
signal 45 in general form can be represented [10]:

@, = E;Gy(4,7,4,..), (1)
Bm . . .

where: E; |i—2:| — irradiance in the plane of the
M

input lens of the Electro Optical Systems;
Gy (/1, T, A,...)[MZ] — the function of the optical

system, which depends on the physical and
structural properties of the system (t is the
transmission coefficient, 4 is the lens area, etc.).

The choice of the working wavelength is largely
determined by the level of loss of signal strength by

the atmosphere on which the value E 1 depends.
The probability P of the signal function (or object
detection) is determined specifically by the signal /
noise ratio, as well as by the value E 1 The

maximum range x,,, at which a signal with a given
probability P can be detected occurs if inequation
Ej 2 E)min (P) is performed. For a point

monochromatic source it can be written in the
atmospheric transparency windows:

—0,x,
e
Ep=15——, ©)
*m
where: 1, —radiation source intensity;
o5 — indicator of loss.

The maximum signal x,, detection range can be

approximately determined with (2):
1

7 2
Xy = —ﬂ npu x,, -a) <<1,
E/i,min
0(/21]/1

1
—In| ——— |npu x,, -y >>1.
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The formula (3) shows that in a sufficiently
transparent atmosphere at distances, less than

3)

xmz

%{ , signal detection range is determined only by
A

two parameters: irradiance E; ... and the radiation

source power [, . In case of a significant loss of the



56 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2018. N1(74): 53-60

radiation, which is the result of scattering in
microparticles, the most significant change rate x,,

is determined by the parameter ¢ . Decrease of a
“enlightens” atmosphere by extending the range

x,,. For an atmosphere, this possibility can be

realized on different areas of the infrared range that
correspond to the transparency windows. By
extending the working wavelength relative to the
size of the scattering and absorbing aerosol particles,

the general loss index «; is decreased in

accordance with the laws of wave optics. The
. . 2m : .
stronger the inequation —— << 1 (r is the radius of
A

the spherical scattering particle), the greater the
transparency of the turbid medium at the fixed sizes
of r and the concentration of particles [11, 12].

The advantages over the signal detection range
of one wave or another can be estimated by
comparing the relations (3) for different A. Under
conditions of limited visibility, the advantage of
instrumental detection of a signal on the wavelength
A over the visual one will take place when

performing the inequation:
3,9

2 S
ol 1 M o),
|: k :| g
Ekmin

where: [, E,, — integral on the visible spectrum,

(3.9) 1
SLE

nop

; “4)

light source intensity and threshold sensitivity of the
eye, respectively;
S, — meteorological range of visibility.

Inequation (4) makes it possible to compare the
efficiency of the source-receiver system in energy
units outside the light range with the photometric
characteristics of the visible. The transition of the
operation of the source of the signal lights to the
long-wavelength range of the infrared spectrum can
be quite effective due to the current advances in the
technology of obtaining photodetectors with ultra-
high threshold sensitivity [13]. The receivers of
infrared radiation of the near and medium long-
wavelength ranges have a high specific detecting
power. So the threshold of sensitivity of modern
avalanche photodiodes reaches 10" W/hz'?, which
is at the level of threshold sensitivity adapted to the
absolute darkness of the human eye.

On the other hand, the use of solid-state infrared
sources in comparison with incandescent lamps of
the visible range has its advantages, such as

efficiency, and a rather narrow half-width of the
radiation spectrum (~ 50 nm), which is consistent
with the atmospheric transparency windows.

The influence curves between the maximum
possible range of detection of the beam signal and
the source radiation power for different wavelengths
and parameters of water aerosol environment
calculated according to the formula (2) can be found
on Fig. 1 (a, b). For the possibility of comparison
with the light wavelength range, the curves were

calculated for £, ., = 0,878 - 10° W/m?, which is

approximately the energy equivalent of the threshold
sensitivity of the eye at the maximum of the
visibility curve at background brightness of
5107 cd/m*[14].

Indices and factors of loss were calculated for
water aerosols of different monodispersity. For
molecular scattering in the air, the Raileigh
dependence was used [15]:

3 2

o (PT)—87t [n (u’P’T)_l}ﬁ”f’ (5)
M 3N(P,T)a*  6-78

where: P, T — atmospheric pressure in Pa and

absolute temperature in °K; 8=0,035 — factor of

N=—-=

depolarization of the air molecule; LT

k=138 10723 J/°K — Boltzmann’s constant,
Dependence of the index of refraction of air on
temperature, pressure and wavelength was taken into

account by an empirical formula valid in a wide
range of wavelengths (0.2-20) micrometers [16]:

0,584 P
2 )T’

where A — in micrometers, 7 — in °K, P — in Pa.

n, —1=10—8(77,6+ (6)

In calculations of the loss index ¢ ,. the model of

“soft” transparent aerosol particles of a spherical shape,
which can be considered drops of water, was adopted. In

this case, @, , is maximally determined by the

radiation scattering index and absorption can be
neglected. The van de Hullst approximation formula

with correction factor O ( P, ) was used [17]:
o, = 217N, x
(7)

X 1—ésinpx+é(l— COSpX) Q(pk)
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Fig. 1. The dependence between the radiation intensity of the point source 7,

and the maximum detection distance x,,, of its signal:

a — Transparent atmosphere: Curves: I — A = 0,554 micrometers; 2 — A = 1 micrometers; 3 — 1 = 4 micrometers,

/2= 10 micrometers. Haze (r = 0,05 micrometers; N, = 10%°cm™), Curves: 4 — /.= 0,554

micrometers; 5 — A =1 micrometers; 6 — 1 =4 micrometers; 7 — 1 = 10 micrometers.

B —Fog I (r=1,8 micrometers, N = 10° cm'3), Curves: I — 1= 0,554 micrometers; 2 — A = 1 micrometers;

3 — /A =4 micrometers; 4 — A = 10 micrometers. Fog II (» = 6,5 micrometers, N, = 10* cm™), Curves: 5 — 1= 0,554

micrometers; 6 — A =1 micrometers, A = 4 micrometers; 7 — A = 10 micrometers. Fog III (» = 18 micrometers,

N,=10 cm™), Curve 8 — 4 = 0,554 micrometers, 2 = | micrometers, 1 =4 micrometers, 2 = 10 micrometers.

where N, — concentration of aerosol particles
2mr(m—1)
Py = —
m — complex index of water refraction,

The value of the true index of water refraction at
various A was taken from the calculation tables [18].
All parameters of air and water are brought to
climatic conditions: P = 101325 ITa, 7= 293,15 °K.

For practical purposes, it is important to have
the effect of extending the range with the growth of
A in a very turbid medium. It is easy to see from the
comparison of characteristic curves that with the
same source radiation intension the signal detection
range is always more in the infrared range than in
visible one (at A = 0.554 microns). However, with
the decrease of the atmospheric transparency due to
the increase of the size of aerosol particles, the effect
is leveled and with considerable turbidity, the
“enlightenment” disappears. This means that many
types of haze and fog in the considered infrared
ranges will be transparent. It is also easy to see that,
with the same meteorological visibility range, the

use of an infrared source-receiver is economically
beneficial.

5. Conclusions

When developing systems for detecting beam
signals to follow up the aircraft when landing in
adverse meteorological conditions, it is necessary to
use three basic principles:

- to indicate the runway, the approach and
horizon lights, the infrared spotlights must be used
in addition to the visible range floodlights;

- in order to achieve the maximum infrared
radiation  penetration  range in  adverse
meteorological conditions, it is necessary to
coordinate the wavelengths of infrared floodlights
with appropriate atmospheric transparency windows.
For the development of light-signal devices that
make the most use of atmospheric transparency
windows, the light sources with a narrow spectrum
of radiation are required, which must fully coincide
with the corresponding atmospheric transparency
window. Such light sources can be high-
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performance floodlights, in which radiating nodes
use infrared light-emitting diodes that have almost
quasi-monochromatic radiation;

- the aircraft is equipped with devices for
registration of infrared radiation. Sensitive matrices for
the perception of infrared radiation must also be adjusted
to the appropriate atmospheric transparency window. It
should be noted that the sensitivity of the existing
matrices for the registration of infrared radiation above
the threshold illumination of the observer’s pupil of the
eye, at which the light signal begins to perceive.

The use of the light signal monitoring system for
following up the aircraft when landing in adverse
meteorological conditions, which developed using
the above mentioned principles, will allow the
aircraft crew to observe landing infrared lights on
the monitor screen at a considerable distance in
adverse weather conditions and to make the
necessary adjustments when deviating of the aircraft
from the glide, which will significantly increase
flight safety and reduce the negative psychological
stress on the aircraft crew at the most difficult and
responsible phases of the flight.

References

[1] Nacharov D.V. (2017) Razvitie metodiki
otsenki dnevnoi opticheskoi dal'nosti vidimosti po
tsifrovym televizionnym izobrazheniyam
[Development of the method for evaluation the daily
optical range of visibility by digital television
images]. Zhurnal radioelektroniki [Magazine of
Radioelectronics], ISSN 1684-1719, no 8, (In Russ.)
Available at: http://jre.cplire.ru/jre/augl7/index.html.

[2] Rukovodstvo po opredeleniyu dal'nosti
vidimosti na VPP/RD 52.21.680-2006. [Guidelines
for determining the visibility on runway / taxi way
52.21.680-2006.] (In Russian). Available at:
http://autou.ykt.ru/study/laudiug/ laudiug.htm.

[3] Nikitin D.A. (2006) Kurso-glissadnye sistemy
posadki v grazhdanskoi aviatsii SSSR (70-80es gg.
20th v,) [Instrument landing system in Civil Aviation
of USSR (70-80s of twentieth century)]. Moscow,
Nauchnyi vestnik MGTU GA Publ., pp. 35-38.

[4] Yakushenkov Yu. G. (1999) Teoriya i raschet
optiko-elektronnykh ~ priborov  [Theory  and
calculation of optoelectronic devices]. Moscow,
Logos, 480 p. (In Russian)

[5] Klymenchenko V.Y., Kamalynov H.H.,
Misailov  V.L., Svystunov  D.Yu. (2011)
Obhruntuvannia vymoh do OEP vizualnoho
vyiavlennia suprovodzhennia povitrianykh tsilei i

interesakh radiotekhnichnykh viisk PS zbroinykh syl
Ukrainy [Substantiation of requirements for the
electrooptical devices for the visual identification of
following of air targets and the interests of radio-
technical troops of the Air Forces of the Armed
Forces of Ukraine]. Collection of scientific works of
the Kharkiv University of Air Forces Publ., Issue 1
(127), pp. 80-85. (In Ukrainian)

[6] Geikhman I.L., Volkov V.G. (1999) Osnovy
uluchsheniya vidimosti v slozhnykh usloviyakh
[Basics of improving visibility in difficult
conditions]. Moscow, Nedra-biznestsentr LTD Publ.,
286 p. (In Russian)

[7] Stavrov A.A., Pozdnyakov M.G. (2003)
Impul'snye  lazernye dal'nomery dlya optiko-
lokatsionnykh sistem [Pulsed laser rangefinders for
optical locating systems]. Reports of The Belarusian
State University of Informatics and
Radioelectronics, Volume 1, no 1. (In Russian)

[8] Volkov V.G. (2006) Aviatsionnye PNV
[Aviation night vision devices] Special equipment,
vol.3 no.3, pp. 2-20, no. 4, pp 41-47. (In Russian)

[9] Nikiforov M.M., Pampukha I.V., Zhyrov H.B.
(2017) Obgruntuvannia typu ta vymoh do optyko-
elektronnykh system v interesakh vykonannia zavdan
rozvidky ta okhorony obiektiv [Substantiation of the
type and requirements for optoelectronic systems in
the interests of performing the tasks of
reconnaissance and protection of facilities].
Collection of scientific works of the Military
Institute of the Kyiv Taras Shevchenko National
University Publ, issue 55, pp. 71-81. (In Ukrainian)

[10] Lloyd, J.M. (1975) Thermal Imaging
Systems (Optical Physics and Engineering).
ISBN 10: 0306308487, ISBN 13: 9780306308482,
Publisher: Springer, (Russ. ed: per. s angl. pod red.
A. 1. Goryacheva N. V. Vasil'chenko. s predisloviem
L .N. Kurbatova, (1978) Sistemy teplovideniya.
Moscow, Mir Pub.1, 416 p.

[11] G. Mie. (1908). Annalen der Physik, Vierte
Folge. Band 25, no. 3, pp. 377-445.

[12] McCartney E. (1979) Optics of the
atmosphere. Series Pure & Applied Optics, 1976,
426 p. Publisher John Wiley & Sons Inc (Russ.: per.
s angl. pod red. K. S. Shifrina Optika atmosfery.
Moscow, Mir Publ., 421 p.)

[13] Baranochnikov M.L. (1985) Priemniki
infrakrasnogo izlucheniya. Analiticheskii  obzor
[Receivers of infrared radiation. Analytical review].
Moscow Publ., 94 p. (In Russian)

[14] Frid Yu.V., Velichko Yu. K. i dr. (1988)
Elektrosvetosignal'noe oborudovanie aerodromov



V. Golovenskyy. Extending the Range of Detection of Aerodrome Beam Signals in Adverse Meteorological Conditions 59

[Electrical Lighting Equipment of Aerodromes]
Moscow, Transport Publ., 318 p. (In Russian)

[15] Mironov AV (2008) Osnovy
astrofotometrii. Prakticheskie osnovy fotometrii i
spektrometrii zvezd [Fundamentals of
astrophotometry.  Practical  fundamentals  of
photometry and spectrometry of stars]. Moscow,
Fizmatlit Publ., 260 p. (In Russian)

particles. The RAND Corporanion, Santa Monica,
California, American Elsevier Publishing Company,
INC. New York, 1969, 303 p. (Russ. ed: perevod s
angl. O. I. Smoktich, pod red. K. Ya. Kondrat'eva
Rasseyanie elektromagnitnogo izlucheniya
sfericheskimi polidispersnymi chastitsami. Moscow,
Mir Pub.1, 664 p.

[18] Zuev V.E., Krekov G.V. (1986) Opticheskie

[16] Matveev L.T. (1984) Kurs obshchei modeli atmosfery [Optical atmospheric models].
meteorologii. Fizika atmosfery [Course of general Leningrad, Gidrometeoizdat Publ.,, 256 p. (In
meteorology. Physics of the atmosphere]. Leningrad, Russian)

Gidrometeoizdat Publ., 751 p. (In Russian) Received 05 January 2018

[17] Deirmendzhan D. (1986) Scattering of
electromagnetic radiation by spherical polydisperse
B.B. I'ojioBeHCHKHIH
30iabIIeHHsT  JAJLHOCTI  BHUSIBJEHHSI Ae€pPOAPOMHHUX TPOMEHEeBHX CHTHAJIB y  CKJIQJHHX

MEeTEOoPOJIOriYHNX YMOBaX

Kpemenuynpkuit npoTHHi konemx HarioHanpHOTO aBiariiiHoro yHiBepcurety, Byd. [lepemoru, 17/6,
M. Kpemenuyk, 39605, Ykpaina

E-mail: vladimir@sat.poltava.ua

Mera: ycmimHa Ta 6e3nedHa mnocanka mnositpsiHoro cyaHa (IIC) y HiYHMIA 9ac y CKIIagHUX METEOPOJIOTIYHHX
YMOBaX MOMKIIMBA TIPH KOMIDIEKCHOMY BHKOPHCTAHHI paTioiIOKAIHNX, CYITyTHUKOBHX PaiOHABITAIHHIX CHCTEM
Ta CBITJIOTEXHIYHMX IIPUCTPOIB, NPUUYOMY HA 3aBEpLIATBLHOMY €Tami MOJIbOTY CBITIIOTEXHIYHI 3aco0M MaloTh
ocoOnMBe 3HAYEHHS, TOMY, IO 3a0e3MeuyloTh HEOOXiHY Bi3yalli3allilo 3IITHO-TOCaAKoBOi cMyru. OmHuM i3
Halie(peKTUBHIIIMX METO/IB IiJBUINEHHs Oe3MeK! TONBOTIB € CTBOPEHHS JOMATKOBOTO HE3AJISKHOTO ONTHYHOTO
kaHaity iHdopmarii Mixk [1C Ta nocaakoBoro cMyroro. B skocTi Takoro kaHamy Moke OyTH CHCTEMa CITOCTEPEKESHHS
aepoApoMHMX mpoMmeHeBHX curHaniB 3 IIC y ckiagHuxX METeopoNoriYHMX YMOBaX 3 BHUKOPHUCTaHHSIM
iHppauepsonoro (1Y) miama3oHy CrieKTpy BHIIPOMIHIOBAHHSA. METOI poOOTH € MPOBENICHHS TEOPETUIHOTO aHai3y
MOYITUBOCTEH 30UTHIIICHHS TATHHOCTI BUSBIICHHS ITPOMEHEBUX aePOIPOMHIX CHTHAIIB IS ITABUIICHHS TOIHOCTI
Ta HajiiHocTi 3axomy [IC Ha mocaiky 3a paXyHOK BHUKOPHUCTAHHSI CEPEHBOTIO Ta JIOBIOXBHJIBOBOIO Jlialia30HiB
iH(ppauepBOHOrO BUITPOMIHIOBaHHS I TIPUHOMY HaBiramiiiHoi iH(opwmarii. MeToa: mpoBemreHO MaTeMaTH4Hy
OIIHKY 3JISKHOCTI JATBHOCTI BUSBICHHS TOYKOBHUX IPOMEHEBHX CHUTHAJIB Bifl JOBKWHUA XBHJII Ta TTOTYXKHOCTI
Jokepena. PesyabTaTi: Taki 3ayexHOCTI po3paxoBaHi 41 [Y gopxud xBwib 0,554 mrM., 1,0 Mxm., 4,0 Mrm., 10
MKM, SIKi 30iratoTbCs 3 «BIKHAMH HPO30pPOCTD» arMocepr B Pi3HMX yMOBaX IMOLIMPEHHS: Mpo3opa arMocdepa,
CEpIaHOK, TyMaH. AHAQITHYHO TIIOKAa3aHO, W0 3 BUKOPHCTaHHAM iH(paYepBOHMX MOHOXPOMATUYHUX
BHIIPOMIHIOBAYIB Ta Y3TOHKEHHUX IO YacTOTi (hOTOMPHIMATIB 3 BUCOKOIO ITUTOMOIO BHISIBHOIO 3MIATHICTIO MOXKHA
3Ha4YHO 30UIBLIMTH AAIBHICTH BHSBJICHHS IPOMEHEBUX CHUTHAIBHUX OpPIEHTHPIB Yy TMOPIBHSAHHI 3 OUIBII
KOPOTKOXBHJILOBUMH CUTHAJIAMU BUIMMOTO JIialla30Hy SIK B YMOBAX YHCTOI arMOC(EpH TaK i IPH HASIBHOCTI BOTHO-
aepo3obHOTO cepemopmitia. OnepikaHO MaTeMaTHYHI CITiBBIAHOIICHHS U TOPIBHSUTAHOI OIIHKH TAJTBHOCTI il
CHCTEMH JIKepesio-TIpriiMad 3 pi3HUMU PoOOUMMHU JIOBKHHAMH XBHIIb. UncenbHO-TpadiuHiM aHaIi30M MOKa3aHo,
110 MPU OJHAKOBHX MOTY)KHOCTSIX JKEPEs BUIIPOMIHIOBAHHS JajbHICTh BUSBJICHHS iH(payepBOHMX MPOMEHEBUX
CUTHAJIIB BiIOyBAETHCS HA 3HAYHO OLIBINMX BIACTAHSX B MOPIBHAHHI 3 CBITJIOBUMHE CHTHAJIAMH BHIUMOTO Jiaria3oHy.
O0roBopeHHsI: BUKOPHCTAaHHS CUCTEMH CIIOCTEPEKEHHS CBITIIOBUX CHUTHAIIB VISl CYNPOBOMY HOBITPSIHUX CYICH
pH [OCaLi Y CKJIaJIHUX METEOPOIOriYHIX yMOBaxX 103BoimTh ekinaxy [1C cnocrepirarn nocaakosi [Y- Borni Ha
eKpaHi MOHITOpa Ha 3HaYHIM BIJICTaHI MPU HECTIPUSTIMBUX TMOTOMHMX YMOBAaX i 3a3lalieTilb BHOCUTH HEOOXiHi
KopekTuBH Tipy BimxwteHHI [1C Bix mmicamy, 10 3HAYHO ITiIBUIIUTE OE3IIEKY TONBOTIB Ta 3MEHIIIUTH TICHXOJIOTTIHE
HETaTUBHE HaBaHTaXeHHS Ha ekinax [1C Ha HalOLTBIT BAYKKHX Ta BiIIOBIIAIBLHUX €Tallax MOJILOTY.

iH(ppaYepBOHE BHIIPOMIHIOBAaHHS; MPO30PICTh arMocdepw;

KirouoBi cjoBa: [JalbHICT BUIMMOCTI;

MIPOMEHEB1 CUTHAJIH.
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B.B. I'osioBeHcKkmii

VYBeinueHne JANBHOCTH OOHAPY:KEHUSI A3POJAPOMHBIX Jy4eBbIX CHUTHAJOB B  CJIOKHBIX
MEeTEeOPOJOTHYECKUX YCIOBUAX

Kpemenuyrckuii n€THbIN Kowiemk HalpoHaNibHOTO aBHAIMOHHOTO YHUBepcurTeTa, yi. [loGemsr, 17/6,
r. Kpemenuyr, 39605, Ykpauna

Henwb: ycnemHas u Oe3omacHas mocaaka Bo3aymHoro cynHa (BC) B HouHOe Bpems B CIOXKHBIX
METEOPOJIOTHUYECKUX YCIOBUSAX BO3MOXKHA TNPU KOMIUIEKCHOM HCHOJB30BAaHUU PAJAHOIOKALMOHHBIX,
CIIyTHUKOBBIX PaJMOHABUTALIMOHHBIX CUCTEM M CBETOTEXHUYECKHUX YCTPOMCTB, MPUYEM Ha 3aBEPIIAIOIIEM
3Tare IojeTa CBETOTEXHUUYECKUE CPEIICTBA UMEIOT 0C000€ 3HAUEHHUE, TaK KaK 00eCIeUunBalOT HEOOXOAUMYIO
BH3YQJIM3AlIMIO0 B3JICTHO-TIOCAA0YHON ToJ0ckl. OnHuM u3 Hauboiee 3(PPEKTHBHBIX METOJIOB IOBBIIICHUS
0€30IIacHOCTH TIOJIETOB  SIBJISIETCS CO3J]aHHWE JIOTIOJTHUTENBHOTO HE3aBUCHMOTO OMNTHYECKOTO KaHala
napopmarmm Mexnay IIC m mocamodHo#l mmoyiocoil. B kadecTBe Takoro KaHalla MOXET OBITH CHCTEMa
HaOJIONEHUST a3POAPOMHBIX JIy4eBbIX CUTHAIOB BC B CIOXHBIX METEOPOJIOTHYSCKUX YCIIOBUSX C
ucnonp3oBanueM uHppakpacHoro (MK) numanaszona crnektpa wsnydeHus. llenpio paboThl  siBiseTCs
MIPOBEZICHNE TEOPETHYECKOTO aHAIM3a BO3MOXKHOCTEW YBENWYEHHS [ATbHOCTH OOHApPYXKEHHS IJIydeBbIX
a’POIPOMHBIX CHUTHAJIOB [IJISl TIOBBIMICHUS TOYHOCTH W HaAexkHOcTH 3axoga BC Ha mocaaky 3a cyer
WCIOJb30BaHUS CPEIHETO M JUIMHHOBOJIHOBOTO JIMANa30HOB HWH(PAKPACHOTO H3IIyYCHUS JUIS IpHeMa
HaBUTAMOHHOW wH(GopMaruu. MeToA: TMpoBeleHa MareMarhdeckas OIICHKa 3aBHCHMOCTH JalbHOCTH
oOHapy’KeHMs] TOYEIHBIX JTy4UEeBBIX CUTHAIOB OT JUIMHBI BOJHBI 1 MOIITHOCTH UCTOYHHUKA. Pe3yabTaThl: Takue
3aBucuMocTH paccuutansl 111 UK nnun BonH 0,554 mxM., 1,0 MxMm., 4,0 MkM., 10 MKM, KOTOpBIE COBIAAAIOT
C «OKHaMH MPO3pavyHOCTW» arMmoc(epsl TpH Pa3TUYHBIX YCIOBHAX PACIpPOCTPAHEHHs: Ipo3padHast
armocepa, IbIMKa, TyMaH. AHAINTHYECKH TIOKa3aHO, YTO C HCHOJBh30BaHHEM WH(PAKPACHBIX
MOHOXPOMATHYECKUX M3JydaTeeil M COIIaCOBAaHHBIX IO 4YacTOTe (DOTOMPUEMHHKOB C BBICOKOW YyIEIbHOU
O0OHAPYKUTEIBHOW CIHOCOOHOCTBIO MOXKHO 3HAYUTEIBHO YBEIWYUTH JAbHOCTh TNpUEMA JTYUYEBBIX
CUTHAJIBHBIX OPHEHTHUPOB 10 CPABHEHUIO ¢ 00Jiee KOPOTKOBOJIHOBHIMU CHUTHAJIAMH BUIMMOTO JIMANia30Ha KaKk
B YCJIOBUSIX YHCTOW IMPO3PAYyHON aTMOC(ephl, TaK U MPH HAJUYUUA BOJHO-adPO30JILHOM cpenbl. [loimydeHbl
MaTeMaTH4eCKUEe COOTHOILIEHHUS IJsl CPAaBHUTEIHHOW OLIEHKH AANBHOCTU JCHCTBUS CHCTEMBlI HCTOYHUK-
MIPHEMHHUK C pa3IMIHBIMU PabOYMMHU IJIMHAMHU BOJH. YHCIIEHHO-TpadUIeCKIM aHaJIM30M MTOKa3aHo, YTO MpHU
OMHAKOBBIX MOIIHOCTAX HWCTOYHUKOB U3Iy4deHHA TNPUEM WH(QPAKPACHBIX Jy4eBBIX CHUTHAJIOB Oymer
OCYIIECTBISITHCSA HA 3HAYUTEIBHO OOJNBIIMX PACCTOSHHUSIX IO CPAaBHEHUIO CO CBETOBBIMH CHUTHAJIAMH
BHIUMOTO jAuanazoHa. QOcy:KIeHHe: WCIOJIb30BAHUE CHUCTEMBl HAONIONCHHUS CBETOBBIX CHTHAJIOB IS
CONPOBOXKIACHUS BO3AYIUHBIX CYAOB IIPU IOCAAKE B CIIOKHBIX METEOPOJIOTMYECKUX YCIOBUSX MO3BOJIUT
skunaxy BC nHaOmomars mocagounbsie MK orHu Ha 3KpaHe MOHUTOpA Ha 3HAYUTEILHOM PACCTOSHUM HPU
HEONaroNnpHUATHBIX MMOTOAHBIX YCIOBUSX U 3apaHee BHOCUTH HEOOXOUMbIE KOPPEKTUBHI IPH OTKIOHeHHH BC
OT TIWCCAJBI, YTO 3HAYUTEIHHO TIOBBICHT O€30IIACHOCTh TIOJIETOB M YMEHBIIHUT TICHXOJIOTHYECKYIO
HEraTUBHYIO Harpy3Ky Ha sxunaxk BC Ha HamOosee TSHKETBIX ¥ OTBETCTBEHHBIX dTanax Mojera.

KioueBble c10Ba: JanbHOCTh BUAUMOCTH; HH(PPAKPACHOE HU3IYUYCHHUE; JTyUYEBbIC CHUTHABI; MPO3PAUYHOCTh
atMocdepsl.
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