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Abstract—The paper considers questions of invention the local optical system for measuring navigation
and piloting parameters on base on polarimetric technologies. Such system is aimed to increase the
sensitivity and accuracy of definition the aircraft navigation and piloting parameters in a locally
restricted airspace segment with high traffic density. The paper also deals with regarding existing
methods and systems for measuring the aircraft’s piloting and navigation parameters, as well as suggest
polarimetric method and the polarimetric system, that realize it. The polarimetric method for measuring
the aircraft’s piloting and navigation parameters consist in measuring the polarization plane azimuth of
transmitted beam and determining the spatial and plane incident angles of the incident beam, as well as
the aircraft’s attitude. Proposed local polarimetric system for measuring aircrafi’s navigation and
piloting parameters consist two main units: measurement block and radiation block. Radiation block
emits the polarized radiation with certain polarization plane azimuth and with certain dispersion
aperture. Measurement block measure the polarization plane azimuth of transmitted beam and calculate
polarization plane azimuth of incident radiation and its angle of incident. The proposed system allows to
measure the piloting, as well as, navigation parameters at the same time with high accuracy and
sensitivity. Modeling the operation of the measurement channel shows that dependencies have linear
character and match well with measuring parameters. Paper results can be applied in the process of
elaboration and implementation of polarimetric navigation system, for example, and requires additional
theoretical and practical research.

Index Terms—Locally restricted airspace segment; piloting and navigation parameters; polarimetric

measurement method; mathematical modeling; planar isotropic dielectric plate.

I. INTRODUCTION

The current transport industry is marked by the
dynamic evolvement of air carriage. Accordant to
ICAO statistics is observabled the immutable growth
of extent in the regular passenger and freight carriage.
The growth regular passenger carriage on 7.2% and
freight carriage on 3.1% are observed in the 2017
year [1]. The principal direction for increasing the
safety and efficiency in air transport industry is to
provide the impactful and comprehensively
navigation services [2]. Aeronavigation is the field of
science about definition parameters of aircraft
movement and position. Aeronavigation provide the
correct implementation of the on-route flight: provide
the aircraft incoming to the destination point at the
fixed time and assure flight safety. The precise and
well-timed definition piloting and navigation
parameters of the aircraft is a essential prerequirement
for providing safe and efficient air carriage. Piloting
parameters describes aircraft motion and orientation
around the center of attraction, that is attitude, angular
acceleration, pitch angle, roll angle, yaw angle and so

on. Navigation parameters describes aircraft position,
motion and orientation at the space, that is speed,
coordinates, height, heading and so on. Determination
and processing aircraft piloting and navigation
parameters permit to estimate the position and
airplane trajectory parameters. This, in return, permit
to assure the effective and safe aircraft control.

Concept of free flight is one of the upcoming
trend to efficiency upgrading of air carriage. Free
flight conception mean transmission effective
decision about flight trajectory, flying speed and
profile of fly to the crew [3]. Utilization such
concept necessitate the accuracy increase of
determination the aircraft position and relative
coordinates for the purpose of avoid collision, as
well as provision early warning about potential
collision for the purpose of provide the appropriate
margin of safety.

II. REVIEW

In order to estimate the piloting and navigation
parameters use varied techniques and means. All this
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techniques and means in pursuance of concept of
action can be classification at radio, inertial,
astronomical, lighting, geotechnical. In pursuance the
principle of use navigation techniques and means are
divided into autonomous and nonautonomous. In
pursuance the place of location means divided on
ground and onboard.

Radio techniques and means are widely used in
modern aircraft as the main measurement means.
Their principle of action based on the measurement
parameters of the artificial electromagnetic field.
Radio navigation  techniques refers  to
nonautonomous. This type of navigation means
include as onboard, as well as ground means. Radio
navigation techniques and means are characterized
by exact accuracy of work at all times of the day, at
any weather condition, at varied distances and used
eminently for navigation tasks.

Inertial techniques and means are widely use in
modern aircraft as one of the main measurement
means in various flight stages, for implementation
different tasks, as well as main measurements at
unmanned planes. Their principle of action based on
measuring the linear and rotation accelerations
produced by action of nongravitational forces.
Inertial navigation techniques refers to autonomous
and inertial navigation means include only onboard
means. Inertial navigation techniques and means are
characterized by reasonable accuracy and sensitivity
of work, error accumulation through time, relatively
small weight and dimension. Inertial navigation
means are used as for navigation tasks, as well as for
piloting.

Astronomical techniques and means are use in
modern aircraft as an additional measurement means
during flight at hard-to-reach places, such as, North
and South Pole, oceans and so on. The principle of
action the astronomical navigation means based on
measuring relative position of Earth and celestial
bodies or artificial earth satellites. Astronomical
navigation techniques refers to nonautonomous, but
astronomical navigation means include only onboard
means. Astronomical navigation techniques and
means are characterized by relative high accuracy
and used solely for navigation tasks.

Lighting techniques and means are generally in
service in landing and takeoff flight stages. Their
concept of action based on visual marking aircrafts
and ground objects. Lighting navigation techniques
refers to nonautonomous, but such means include
only radiation means. This type of navigation means
essentially using for navigation tasks to avoid
collision.

Geotechnical techniques and means used in
modern aircraft as the emergency measurement
means. Their concept of action based on measuring
the various properties of Earth and its atmosphere.

This group of techniques refers to autonomous and
geotechnical means include only onboard
measurement means. This group of means are
characterized by not-too-high sensitivity and
accuracy and used only for navigation tasks.

The immediate stage of technician development is
characterized by comprehensive use of means with
varied principles of action. It afford to estimable
lessen the measuring error and decrease setup time.
The most widely used means to perform navigation
during flight are inertial and radio navigation means.
Any navigation means have some limitations. Radio
navigation means needs existence radio source -
radio beacon and inertial navigation means
accumulate errors over time. Integrated utilization of
navigation systems with different principles of action
allow to raise the accuracy of determination the
navigation parameters.

III. PROBLEM STATEMENT

There are main factors that lead to need for
densification the air transport flow in airspace and
bring about eventual safety decrease due to
increasing aircraft collision at increasing density of
aircraft in airspace: airborne traffic volume growth,
actualization air traffic control concept "Free
Flight", intensive development of air transport
sector. Enhancement the accuracy and sensitivity of
measuring the piloting and navigation parameters, as
well as, prognosticating aircraft motion trajectory
give the opportunity to improve fly safety in the
event of increasing the density of air transport flow.
Consequently, there exists need for elaboration or
perfection existing measuring methods of piloting
and navigation parameters for the purpose of
measurement accuracy increase. The prime
importance have increase accuracy of measuring the
aircraft position at locally bounded space.

IV. PROBLEM SOLUTION

This paper is an extension of work originally
presented in IEEE 5th International conference
“Methods and Systems of Navigation and Motion
Control (MSNMC)” [7]. This article continues
studying the issue of using polarimetry in aircraft
piloting and navigation systems and is aimed at a
wider and more detailed examination of the
polarimetric technology possibility to solve aircraft
navigation and piloting tasks. Polarimetric
techniques are understood to mean the totality
processes of collection, accumulation, processing,
transmission, storage and display of information.
They use polarimetric methods and devices to obtain
basic information about the object.

One of the way to increase the accuracy of
aircraft’s piloting and navigation parameters
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measurement is to use polarimetric measurement
methods (PMM). Application of PMM to solve air-
navigation tasks is possible through using dielectric
isotropic  plane-parallel plate in the optic
measurement channel. Using the dielectric plate in
measurement channel allow rotate the polarization
plane of incidence beam according to its angle of
incidence and polarization plane azimuth (PPA). The
questions of increasing accuracy and sensitivity of
determaination the aircraft's coordinates and attitude
with use of polarimetric technologies are considered
in [4], [5] and [6]. In papers [4] and [6] considered
application polarimetric technologies in landing
system, and in [5] — in aviation navigation systems.

The polarimetric method for measuring aircraft's
navigation and piloting parameters and system,
which implements this method, are proposed in this
article. The operation principle of the method is
based on Fresnel's formulas. The principle of use the
polarimetric navigation method based on the
measurement  parameters of the artificial
electromagnetic field in the visual range. In
accordance with the principle of action the proposed
system is a nonautonomous and, accordingly, to the
classification given above, it can be related to the
radio navigation of the optical range.

Solving the aeronavigation tasks with the use of
polarimetric technologies is as follow. Polarimetric
navigation system (PNS) consist of two main units:
measurement block and radiation block. Radiation
block emits the polarized radiation with certain PPA
and with certain dispersion aperture. At that, the
PPA depends directly on the direction of radiation.
Measurement block measure the PPA of transmitted
beam and calculate PPA of incident radiation and
angle of incident. In addition to the above, the PPA
of the incident beam is directly connected with
bearing angle of radiation and incident angle
depends on altitude, aircraft attitude and distance to
emitter. Radiation block can located on the
navigation beacon, at airport zone or on aircraft and
measurement block located on aircraft. The simplify
block diagram of optical measurement channel of
polarimetric principle for determining air-navigation
parameters is shown in Fig. 1.

3 4 5 6 7 8

Fig. 1. Simplify block diagram of the optical measuring
channel

Radiation source 1 and Faraday cell 2 provide
emit polarized light and rotation its plane of
polarization. The scattering lens 3 provide dissipate
polarized radiation with certain aperture. The

dielectric plate 4 provide rotation the polarization
plane of transmitted beam depending on PPA of the
incident beam and angle of incident. The focusing
lens 5 and modulator 6 provide determination PPA of
transmitted beam with high sensitivity. Analyzer 7
and photodetector 8 provide measure the PPA and
convert measured signal into electrical. Measured
electrical signal is received to calculated unit to
provide calculation the PPA and incidence angle of
radiation.

The radiation unit include two blocks. The first
block include two channels and provides scattering
of two plane-polarized beams in the vertical plane,
which differ in polarization azimuth plane and
wavelength. The second block include one channel
and provides scattering plane-polarized beam in the
horizontal plane. The dependence of polarization
azimuth plane (@.;, @) on the direction of the
radiation (0) in first unit and on the direction of
radiation (o) in the second unit are shown in Fig. 2.

Fig. 2. Dependence PPA of radiation on the direction
of radiation in the first and second unit of radiation block

The block diagram of radiation unit channel is
shown in Fig. 3.

Fig. 3. Block diagram of radiation unit channel

Radiation source 1 and monochromator 2 provide
radiating the plane-polarized beam with certain
wavelength. Faraday cell 3 and sound generator 4
provide rotation the beam polarization plane by
certain rotation law. Scattering lens 5 and a slit
diaphragm 6 provide scattering the plane-polarization
radiation with a definite divergence angle in the
vertical and horizontal planes. The platform 7 provide
changing the radiation direction of the beam 8 by
certain rotation law. PPA of beam 8 and direction of
radiation rotates simultaneously, this ensures
communication of radiation direction and PPA.

The measurement unit include three blocks, each
of which measure the polarization plane azimuth of
the corresponding beam of radiation unit. The first
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and second block includes two measurement
channels, and the third block has one measuring
channel. Thus, the measurement block include five
measuring channels. The block diagram of measuring
unit channel is shown in Fig. 4.

6 7
S

Fig. 4. Block diagram of measuring unit channel

Planar dielectric plate 1 provide rotation the
polarization azimuth plane depending on the PPA of
the incident beam and its angle of incidence. Optical
filter 2 and focusing lens 3 provide focus the
radiation with certain wavelength on the Faraday cell
4. Faraday cell 4 and sound generator 5 provide
modulation the polarized radiation by way of
increase the measurement sensitivity. Analyzer 6 and
photodetector 7 provide getting electric signal that is
compliant with PPA of transmitted beam. Narrow-
band amplifier 8, synchronous detector 9 and
microcontroller 10 provide processing measured
signal. Storage unit 11 and calculator 12 perform
mathematical calculations and store measurement
results.

The local polarimetric system for measuring
aircraft’s piloting and navigation parameters include
five channels and provide measuring the five PPA
¢d, which are governed by the following formula:

sin(i, )
0, = arctg[cos2 {idﬂ —arcsin( % Btg((pe )J (1)
n n

where ¢, is the PPA of the transmitted beams in

nth measuring channel; ¢, is the PPA of the incident

beam in appropriate measuring channels; iy is the

angle of incidence in nth measuring channel; 7 is the
refraction index of dielectric plate material.

Spatial incidence angle as a function of the
inclination angle of dielectric plates and planar
incidence angles of radiation are governed by the
following formula:

P - arctg\/tgz (ia + apln )+ tg2 (ie +9p,” ), (2)

where i, is the spatial incidence angle of radiation in

nth measuring channel; i is the planar incidence

angle of radiation in horizontal plane; i, is the
planar incidence angle of radiation in vertical plane;

a, is the horizontal inclination angle of dielectric

plates in nth measuring channel; 6, is the vertical

inclination angle of dielectric plates in nth

measuring channel.

Substitute equations (2) in the equations (1) and
solve the formed system of equations we will find
the planar incidence angle of radiation in horizontal
and vertical planes i, , i, and the polarization
azimuth planes o, , ¢,,, ¢, -

The PPA of the beam (radiation direction) relative
to the horizontal plane «,, and the vertical plane 6, ,

which registered on board the aircraft and governed
by the following formulas:

0, = 2(0,1 = P2 =@y + @)
a’np = 2(2@6’3 _(Pel _(PeZ _(P() +(P])'

)

Angles of aircraft deviation from the "zero"
direction of radiation can be found by the following

formulas:
AO=0,+i), Aa=o,+i,. 4)

The aircraft attitude can be found by the
following formulas:

y= Py + Pz =@y — P,
2 ’ )

y=A0+6,, $=Ao+a,,

where ¢, is the minimum PPA of the radiation; o, is
the maximum PPA of the radiation; 6, is the course
of zero radiation direction of the radiation unit in the
first unit; a, is the inclination angle of the radiation
direction of the radiation unit in the second block.

V. RESULTS OF RESEARCH

The paper considers existing methods and means
for determination the piloting and navigation
parameters and proposed using PMM, which unlike
existing methods, allows simultaneous determinate
the navigation and piloting parameters. Also, the
local navigation polarimetric system, which realize
the offer method, is proposed in the paper.

In the course of mathematical modeling was built
the dependences graph of the PPA on the radiation
azimuth in the horizontal (a) and vertical (0) planes
at the constant values of incidence angles (iy and i,).
Figure 5 shows the dependency graph at iy = 15° and
i, = 5° Also was built the dependence graph of the
PPA on the incidence angles at the constant values of
the incident beam PPA. Figure 6 shows the
dependency graph at ¢, =45;¢,, =70;¢,, =60.

After analyzing the graphs, we can make the
following conclusions. The dependence graph of the
PPA from the radiation azimuth has a similar
character with the dependence of the PPA on the
azimuth of radiation. That is, the unambiguous
determination of radiation azimuth is provided. The
dependence of the PPA on the incidence angles have
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almost linear type, which allows unambiguously and
precisely to determine the incidence angles.

od3, "ot
odd,° | 0d2;
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Fig. 5. The dependence graph of the PPA on the radiation
azimuth
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Fig. 6. The dependence graph of the PPA
of the transmitted beam

Thus, the proposed aviation local polarimetric
system for measuring aircrafts piloting and
navigation parameters provides the determination of
the incidence angles and PPA of radiation, which
allows to calculate aircrafts navigation and piloting
parameters with high accuracy

VI. CONCLUSIONS

The paper get a lift problem of increase accuracy
of measurement the aircraft's piloting and navigation
parameters at locally bounded space by the way of
invention the local aviation PNS. The proposed
system allows to measure the piloting, as well as,
navigation parameters at the same time with high
accuracy and sensitivity. Modeling the operation of
the measurement channel shows that dependencies

Klochan Arsen. Post-graduate student.

have linear character and match well with measuring
parameters. Paper results can be applied in the
process of elaboration and implementation of PNS.
The main practical realization of the offered method
is to create a PNS and requires supplementary
theoretical and practical investigation. This paper
presents results of one theoretical investigation stage
of the possibility to usage polarimetric technology
for permitting airnavigation tasks.
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A. €. Kinouan, A. Anb-Ammopi, B. K. Cyb6otina, O. II. ITaasunk, M. M. Hdextsap. JlokaabHa nojasipuMeTpu4Ha
cucTeMa BUMIPIOBAHHS NMIJIOTA’KHO-HABIraliiHMX NapaMeTpiB NOBITPSIHOrO cyaIHA

VY craTTi po3IJIAHYTO NMUTAHHSA PO3POOKH JIOKAJIBHOI ONTHYHOI CHCTEMH JUIsI BUMIPIOBAHHS IMUJIOTaKHO-HABITAIIHHIX
rapameTpiB TOBITPSIHOIO CyIHAa 3 BUKOPUCTAHHSAM MOJSIPUMETPUYHHMX TexHousoriil. Taka cucrema crnpsiMoBaHa Ha
MiJBUIICHHS YYTAHMBOCTI Ta TOYHOCTI BHU3HAYCHHS IMMIIOTaKHO-HABITAIIMHUX MMapaMeTPiB IMOBITPSHOIO CyIHA Y
JIOKQJIBHO OOMEXEHOMY CerMeHTi IOBITPSIHOTO TPOCTOPY 3 BUCOKOIO LIUIBHICTIO PyXy. Y poOOTi pO3MIIsAaloThes
iICHYIOYi METOJM Ta CHUCTEMH JJIs BHUMIPIOBAHHs MiJTOTa)KHO-HABITAI[IHHAX MapaMeTpiB MOBITPSHOI'O CYIHA, a TAKOXK
3aIpOIIOHOBAHO MOJIIPUMETPUYHUI METOJT Ta NOJIIPUMETPUYHY CUCTEMY, SIKi iX peanizytoTs. [lonspuMeTpuunuii MeTos
BUMIPIOBaHHS ITJIOTQ)KHO-HABITAlIHHNAX ITapaMeTpiB MOBITPSIHOI'O CyJHA IIOJSrac B BUMIPIOBAHHI a3uMyTa ILUIOLIMHU
MOJISIPHU3aLlii 3aJIOMJICHOTO TIPOMEHSI Ta BU3HAYESHHI IPOCTOPOBOTO 1 TNIOCKUX KYTiB Ma iHHS BUIPOMIHIOBAHHS, a TAKOXK
MIPOCTOPOBOTO  MOJIOXKEHHS JITAJIBHOrO amapaTy. 3alpollOHOBaHA JIOKAIbHA IOJSPUMETPUYHA CHUCTEMa IS
BHUMIPIOBaHHS MJIOTa)KHO-HABITAI[IHHUX MapaMeTPiB CKJIATA€ThCS 3 JBOX OCHOBHHMX BY3JIB: OJIOKY BHMIpPIOBAHHS Ta
OJIOKy BHITPOMiHIOBaHHS. BJIOK BHIIPOMIHIOBaHHS BUIPOMIHIOE IMOJSIPH30BAaHMN NPOMiHb 3 BU3HAYEHHM a3MMYTOM
IUIOLIMHOI0 TOJNSApH3alii Ta 3 TEBHHUM KyTOM pO3CiIOBaHHs. bBJIOK BUMIpIOBaHHS BHMIPIOE a3MMYT IUIOLIMHHU
MOJSIPHU3aLlii 3JIOMJIEHOTO MPOMEHIO Ta OOYMCIIOE a3UMYT IUIOMIMHM TOJSIpHU3alii MaJarodoro BUIPOMIHIOBAHHS Ta
Horo KyT MajiHHA. 3ampolOHOBaHA CHUCTEMa J03BOJISE OJHOYACHO BUMIPIOBATH SK ITOTAXHi, TaK 1 HaBirarindHi
rapamMeTpyd 3 BHCOKOIO TOYHICTIO Ta YyDIMBICTIO. MoOenioBaHHs POOOTH BHMIPIOBAJIBHOIO KaHATy IOKa3ye, IO
3aJIeKHOCTI MAIOTh JIHIHHUN XapakTep i J00pe y3ro/KYIOThCS 3 BUMIpIOBAIBHUMH NapaMeTpamu. Pe3ynbratu podotu
MOXYTh OyTH 3acTOCOBaHI B IpOILECi PO3POOKH Ta BIPOBA/KEHHS, HANPHKIAJA, MOJSIPUMETPUYHOI HaBiramiiHol
CHCTEMH 1 BUMAraloTh JOJATKOBHX TEOPETHYHHX Ta MPAKTUYHHUX JOCIIIKEHB.

Karwu4oBi ciioBa: j0KambHO OOMEXKEHWH CETMEHT IMOBITPSHOIO IPOCTOPY; MiJOTa)XXHO-HABITAIliiHI MapameTpu;
MOJSIPUMETPUYHUN METO/I BUMIPIOBaHHS; MaTeMaTUYHE MOJIEIIOBAHHS; IUIOCKOMapajielibHa 130TpOITHA AieleKTpUiHa
TUIACTHHA.
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NoJISIpUMeTPUYECKHE CUCTEMA U3MePEeHHUs MII0TAKHO-HABUTAIMOHHBIX NAPaAaMEeTPOB BO3AYLIHOI0 Cy/IHA

B crathe paccMOTpPeHBI BOIPOCHI pPa3pabOTKHU JIOKAJBHOW ONTHYSCKOW CHCTEMBI JUISI W3MEPEHHUS IMHIOTaKHO-
HaBHUTAIMOHHBIX MTAPaMETPOB BO3YIIHOTO CYJHA C UCIOIL30BAHUEM TOJSIPUMETPUUECKHUX TeXHOMOoTul. Takas cucrema
HalpaBjieHa Ha TOBBIINIEHUE YYBCTBUTEILHOCTH W TOYHOCTH OMNPEACTEHUS MUIOTaKHO-HABUTAIMOHHBIX MapaMeTpoB
BO3YIIHOTO CyAHAa B JIOKAJbHO OrPAaHUYEHHOM CETMEHTE BO3AYIIHOIO IPOCTPAHCTBA C BBICOKOM IIIOTHOCTHIO
IBWKeHus. B paOoTe paccMaTpUBAIOTCS CYIICCTBYIONIAE METOABI M CHUCTEMBI JUISI HM3MEPCHHUS IMHJIOTaKHO-
HaBUTAIMOHHBIX TIAPaMETPOB BO3AYIIHOTO CyIHA, a TakkKe TMPENJoKEH TMOMIPUMETPUUECKU MeToa H
MOJIIPUMETPUYECKAsE CHCTEMa, KOTOpble HX pealu3yroT. llojaspuMerpuueckuii MeToJ HM3MEPEeHUS MHIOTaKHO-
HaBUTAIMOHHBIX TApaMeTPOB BO3MAYIIHOTO CyJHA COCTOMT B M3MEPEHMM a3uMyTa IUIOCKOCTU TOJSIpU3aIiu
MPEJIOMJIEHHOTO JIyda W OIpENeTIeHUH TMPOCTPAHCTBEHHOIO M IUIOCKMX YIJIOB TaJCHUA W3JIYYCHHS, a TakKe
MIPOCTPAHCTBEHHOTO MMOJOXKEHUS JIeTaTeNIbHOro ammapata. [IpeniokeHHas JOKalbHas MOJSpUMETpHUYEcKas chucTeMa
IUTST M3MEPEHHS MIOTaKHO-HABUTAIIMOHHBIX MapaMETPOB COCTOMT M3 JBYX OCHOBHBIX Y3JIOB: OJIOKa M3MEPEHUS U
Onoka wM3NMydeHHs. BIIOK W3iIydeHus W3IydaeT TNOJSPU30BAHHBIA JIyd C ONpEAENEHHBIM a3UMYTOM IUIOCKOCTH
MOJISIPU3ALIMU U C OINPENETIEeHHBIM YIJIOM pacceuBaHUsA. BJIOK M3MepeHus u3MepsieT a3uMyT IUIOCKOCTH MOJSIpU3aIiiu
MIPEJIOMJIEHHOTO JIyda M BBIUUCIAET a3UMYT IUIOCKOCTH IOJIAPU3AlM{ MaJaloIlero M3JIydeHHs M ero yroji MajeHus.
[IpennoxxenHas cucteMa Mo3BOJISIET OJHOBPEMEHHO MU3MEPATh KaK MUIOTaKHbBIE, TAK U HABUTAIMOHHBIE MMapaMeTPhI C
BBICOKOW TOYHOCTHIO M YYBCTBUTEIBHOCTHIO. MoOJCIUpOBaHHE PabOThI U3MEPUTEILHOIO KaHajia IOKAa3bIBACT, YTO
3aBUCUMOCTH MMEIOT JIMHEWHBIM XapakTep M XOpOIIO COINIacylOTCs C M3MEPUTEIbHBIMU MapameTpaMu. Pe3ynbTaTs
paboTel MOryT OBITh MPUMEHEHBI B TMpollecce pa3pabOTKM W BHEAPEHUs, HANpUMEp, MOIIPUMETPHICCKON
HABUTAIMOHHON CHCTEMBI M TPEOYIOT TOMONHUTEIBHBIX TCOPETUICCKUX U MPAKTUICCKUX UCCIICIOBAHHIA.
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