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ANALYSIS OF POSSIBILITIES OF PROVIDING OF NECESSARY EXACTNESS

OF MEASURING OF SPATIAL COORDINATES OF AIR OBJECTS
IN THE RADIO-LOCATION STATION OF ACCOMPANIMENT
WITH PHASE AERIAL BY A GRATE

Abstract. Modern Phased-Array Antenna (PAA) radars are an effective mean of aerial reconnaissance and provide
radar information on aerial objects in a complex environment. The subject of the article is the influence of the
inhomogeneities of the troposphere and the earth’s surface on the decrease in the accuracy of measurement of angular
coordinates and altitude of air objects in radars with PAA. The purpose of the article is to numerically estimate the
possible values of the root mean square error of measuring the angular coordinates and the height of air objects due to the
influence of fluctuations of the phase edge of the radar wave. Task: analysis of possible mechanisms of origin and
statistical characteristics of correlated phase fluctuations of a radio signal for a model of a signal with random amplitude
and initial phase. Methods used: methods of probability theory and mathematical statistics. The following results were
obtained. The estimation technique is developed and possible values of the mean-square errors of measurement of
angular coordinates and altitude of air objects are obtained, which are caused by the influence of radar signal phase wave
front fluctuations for the three-coordinate PAA radar of centimeter range. The above calculation method allows to carry
out the numerical estimation of errors of measurement of angular coordinates and object height. Conclusions. This
technique can be practically used in assessing the effect of real conditions of propagation and reflection of radar signal on
the reduction of the capabilities of modern radars with PAA to perform tasks on purpose.
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Introduction

Formulation of the Problem in General. The use
of high technology in radar technology stimulates the
search for ways to develop radar systems. One of the
promising directions of such development is the
creation of multifunctional and multimode radars of the
tracking type [1, 2].

A fundamental feature of the tracking radar type is
that this radar class is designed to support airborne
objects. This is complicated by the increasing speed and
altitude of airborne objects and the presence of a wide
range of interfering radiation. Such radar systems
provide for the possibility of adaptation to a specific air
environment, choice of the optimal mode of operation
(type of sounding signal, antenna beam scanning
method, signal processing method, etc.).

Multifunctional radars need to solve a number of
real-time tasks: space inspection, detection of aerial
objects, automated selection of aerial objects for
tracking, switching to coordinate tracking, formation
and maintenance of trajectories in difficult air and
interference conditions. Such radars should use
promising technical solutions: the use of PAA with
electronically controlled beam headlamps, coherent
signal processing using digital filtering, the use of
sophisticated sounding signals.

Tracking radars function both according to
external target data, such as from radar detection and
offline search mode.

The tracking radar has requirements such as
completeness of information about objects, speed of
viewing space, high accuracy, necessity of
accompaniment of several objects at the same time.

These requirements determine the use of phased array
antennas in these radars.

The use of PAA in the modern tracking radar
allows to obtain complete coordinate information on
many objects simultaneously with its automatic issuance
to the consumer.

In many PAA radars, angular measurements are
provided by the phase method, that is, phase shifts of
received signals in the PAA elements carry information
about the spatial position of the target.

The real conditions for the propagation of a radar
signal are the source of fluctuations in the phase edge of
a radar signal in the PAA elements. Fluctuation data
disrupts its spatial coherence and reduces the accuracy
of measuring of the angular coordinates and target
height. Thus, estimation of the possible decrease in the
accuracy of measuring the spatial coordinates in the
radar with PAA allows to determine the degree of
limitation of the quality of tracking of radar objects.

Analysis of Recent Research and Publications.
Statistical characteristics of phase fluctuations arising
from the influence of the Earth’s atmosphere are
analyzed in [2-6].

Mechanism of the occurrence of the angular noise
of the target due to the wandering of its radar center and
consequent phase fluctuations of the radar signal are
described in [2, 7, 8].

As a result of the impact on the radar of the
terrestrial or marine surface, an interference
phenomenon occurs, the features of which were
considered in [4, 7, 9, 10].

Issues of organization of spatial measurements in
the conditions of the influence of phase fluctuations in
the propagation of radio waves on the coastal direction

© Kuznietsov O., Kolomiitsev O., Kiyko A., Kovalchuk A., Sadovyi K., 2020 91



Advanced Information Systems. 2020. Vol. 4, No. 1

ISSN 2522-9052

are considered in [11]. Assumptions about statistical
characteristics of the reflected signals are confirmed by
the results of the experimental study, which are covered
in [12].

Regarding the measurement of the angular
coordinates of the target in the radar with PAA in the
conditions of fluctuations of the phase edge of the wave
of the received signal, [13] offers a method for
estimating the error of measuring the angle of arrival of
a signal for different laws of change of the correlation
coefficient of phase fluctuations. The relevant
evaluation results are given in [14].

Numerical analysis of the influence of radar wave
front fluctuations on the accuracy of measuring the
angular coordinates and the target height in a tracking
radar with PAA by means of the indicated technique
represents the practical benefit.

The purpose of the article is to numerically
estimate the possible values of the root mean square
error of measuring of the angular coordinates and the
height of air objects caused by the influence of
fluctuations of the phase edge of the radar wave.

Basic material

In radars with PAA, determination of the angular
coordinates of the targets is based on the measurement
of the angular position of the reflected edge of the
reflected electromagnetic wave relative to the receiving
aperture.

Most often, the phase-based method of measuring
the angular coordinates is used in the PAA radar.
Information on the angular coordinate is contained in
the phase difference of the oscillations of adjacent
receiving channels (elements) [1, 2]. That is, the phase
method of measuring the angular coordinates lies in the
determination of the direction of arrival of the
electromagnetic wave front relative to the initial
(reference) direction.

The angular coordinate of the target 6, in relation

to the equal-phase direction is determined according to
the expression:

0, = arcsin Vol , (1)

2nd

where y(, — phase onset between adjacent receiving

channels; A — radar wavelength; d — distance between
the adjacent elements of PAA.

In this case, the wave front reflected from the
aerial object in the distance 7>>d is considered as flat.

By installing the appropriate phase shifts in the
PAA reception channels for each expected value of the
signal arrival angle from a predetermined range, it is
possible to move (scan) the antenna pattern in space. In
this case, the maximum of the amplitude of the signal at
the output of the PAA is provided in case of arrival of
electromagnetic wave from the direction of the target.

Radar sounding signals propagate in the Earth’s
atmosphere. Turbulence of the atmosphere leads to
fluctuations in its refractive index. In the troposphere,
for frequencies not exceeding 20 GHz, the refractive
index is determined by the expression [5]

—4
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where 7 — absolute temperature; P — atmosphere
pressure; p — absolute humidity.

According to (2), fluctuations of pressure,
temperature and humidity in the troposphere lead to
fluctuations in the refractive index and, as a result,
fluctuations in the phase of the radio signal propagating
through the ball and turbulent tropospheric
inhomogeneities. Fluctuations of the refractive index of
the troposphere are locally homogeneous, isotropic,
random field in the interval of spatial scales from
millimeters to hundreds of meters.

According to [3], the variance value of the
refractive index fluctuations is within:

5,2 =0,25-10712..0,25-1071°

Thus, when the signal is propagated in the
atmosphere, it can be modulated by a random law,
which can be interpreted as a modulating
(multiplicative) interference.

In case of a large number of statistically
independent inhomogeneities in the region essential for
the propagation of radio waves, then, by the central
limit theorem, phase and level fluctuations are
distributed according to the normal law.

With the assumption of geometric optics, the
Gaussian form of the correlation coefficient of the
refractive index of the medium, according to [2],

expression for the dispersion cs(zp of phase fluctuations

of the signal passing the troposphere has the following
form:

o3 =0,1-C2k%zLy’3 | 3)

— structural constant; cg -

where c§ =2 cg / L%/ 3
dispersion of fluctuations of the dielectric constant of

the troposphere; L, — external scale of the troposphere
turbulence; k =2m/L — wave number; z — path of the
wave in the troposphere.

If the whole line is in a randomly inhomogeneous
medium, then the expression for the radius of
correlation of phase fluctuations is determined as
follows:

Po =(11-c§ 2/22 )_3/5 : @)

For the troposphere with an outer scale L, close to
1 km, the square value of the structural constant varies
from 10" cm ?* in the lower layers to 10™® cm ?* in the
upper layers and practically does not depend on
frequency [2].

Numerical values of the dispersion of phase
fluctuations are determined by the external scale and
intensity of inhomogeneities L.

As shown in [2], for the non-excited troposphere at
the external scale of the inhomogeneity Ly =1 km, for

the route z ~100 km, and the wavelength A =1 cm, the
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standard deviation of the phase fluctuations of the signal

is Oy ~2m. Given the dependences on the wavelength

Oy E?fl, it follows that phase fluctuations in the

troposphere are significant for centimeter and shorter
waves. It is in the centimeter range of wavelengths that
the radar of the tracking type usually works.

Provided that the entire track is in a randomly
inhomogeneous medium, the radius of coherence in the
troposphere for the given data is p =40 m, while the

regularity is p = 295

For tracking radar the detection range of targets
with an effective dispersion area of 1 m’ can be
100...200 km with conditional probabilities of correct

detection D =0,9 and false alarm F =107% [1].

Magnitudes of the dispersion and correlation
radius of phase fluctuations calculated according to

expressions (3) and (4) for Cg = 10_13, A=5 cm,
Ly =1 km and different values of z=50, 100, 150 and
200 km are shown in Table 1.

Table 1 — Magnitudes of the dispersion and correlation
radius of phase fluctuations

z, km 50 100 150 200
oy, rad’ 17 34 51 68
Py, M 98,8 | 65,2 51,1 23,3

We consider a case when the law of distribution of
phase fluctuations is close to normal and the correlation
function is approximated by exponential dependence.

Decrease in the quality of angular measurements is
significantly affected by the Earth’s surface. The real
reflection surface is not perfectly flat. The degree of
“equality” is determined by the ratio between the

wavelength and the geometric parameters of
inequalities.
The  propagation of  the  propagating

electromagnetic wave and its reflection from the Earth’s
surface give rise to changes in the signal parameters, the
nature of which is difficult to predict.

Field at the point of reception is formed by the
interference of a large number of scattered waves
resulting in chaotic changes in the amplitude and phase
of the signal. Fluctuations of these parameters cause
additional components of the measurement of the
angular coordinates of the target. Errors of multipath
propagation are particularly significant at low target
heights.

In case of multipath propagation of the radar signal
[4, 7], dispersion of phase fluctuations can reach more
than a dozen rad® for centimeter waves, and the radius
of correlation of phase fluctuations can be at

Po =(140...160)x at z=45... 50 km.
In [4], errors of measurement of the angular

coordinates of the target obtained in radial scanning
radar and beamwidth of the antenna operating at a

frequency of 2797 MHz at an antenna height of about
45 m are presented. The maximum values of the error
of measurement of the angle of the place of the target

reach 2..2,5°.

Azimuth measurement errors can be tenths of a
degree and are partly caused by true azimuth
measurement errors at small angles of space, which
depend on surface irregularities, and partly by cross-
links in the radar, since it is impossible to completely
eliminate the relationship between the azimuth
detection schemes and seats.

In [13] it is stated that when receiving a coherent
signal with a randomly distributed initial phase and a
random Rayleigh amplitude against the background of
internal noise, dispersion of the angular coordinate
estimation error for PAA with uniform amplitude
distribution is described by the expression:

L_q2(4m2—1)(2ndj2
ol 12 )

)

where 0 — expected angle of arrival of a signal
calculated from the normal to the aperture of PAA;

q2 — signal to noise ratio in power;
m=n/2 — number of pairs of symmetric PAA

(counting is from the center of the PAA);
n —number of PAA elements.
It is assumed that phase fluctuations are distributed
according to the normal law with zero mean and

. 2
variance Gq) .

The coefficient of inter-channel correlation of
phase fluctuations of signals can be described by the
exponential dependence:

K(d)=e"P, (6)

where p — radius of correlation of phase fluctuations

for adjacent PAA elements.

As shown in [13], for the coefficient of
interchannel correlation of phase fluctuations (6), the
corresponding expression for the wvariance of the
fluctuation component of the error of measuring the
angle of arrival of the signal is:

96(')2%2

) 22 d*m? (4m? -1)? g
x[i(zj—l)z ~[1—exp{—i(2j—l)JJ+ (7)
= P

i - (2j-1)-(2j+2(-1)
+2 1; exp{—l%}. ,Z:; [1_exp{_%(2j_l)n

Expression (7) makes it possible to numerically
evaluate the effect of phase fluctuations of the signal
arising from atmospheric heterogeneities and the
Earth’s surface on the decrease in the accuracy of
measuring the angular coordinates of a target in a radar
with PAA [14].

2
Oon1

93



Advanced Information Systems. 2020. Vol. 4, No. 1

ISSN 2522-9052

Peculiarity of radar tracking is the presence in their
composition of automation systems in the distance,
speed, azimuth and angle of the place. Depending on the
radar mode (search, tracking, query, etc.), appearance or
parameters of the signal may change.

In a tracking radar, in addition to tracers, non-
tracking measuring devices can be used. This is
necessary to ensure targeting of tracking systems in
target or manual guidance modes.

Thus, the modern airborne tracking radar is a
multifunctional radar, which is a three-coordinate,
centimeter-centimeter-coil pulsed radar with PAA.

This type of antenna system is able to realize a
quick and high-precision change in both the spatial
position of the radiation pattern and the appearance of
this diagram.

The phased antenna array forms a radiation pattern

that has a beam width of 0,7... 0,9 [1].

Tracking radars can operate autonomously or
externally and provide automatic detection, capture and
tracking of multiple aecrodynamic objects.

In this case, to realize space inspection at the angle
of the place, the beam can be sequentially moved
electronically with the measurement of the angle of the
target by the phase method.

In this case, the principle of measuring the angle of
location is based on the determination of the vertical
inclination of the wave created by the signal reflected
from the target.

It is believed that an electromagnetic wave
reflected from the target at an angle of location ¢ is
incident on the vertical antenna array with the same
pitch of the elements. As the target is at a distance far
exceeding the size of the antenna system, the wave front
is considered flat.

Signals in different receiving channels of the PAA
will have phase shifts y; relative to the first channel,

the values of which allow to determine the angle of the
target location:

Wit 8)

g, = arcsin — .
2n(i—1)d

After determining the angle of the target, the
height of the target can be calculated.

The target height is calculated according to the
Earth’s curvature and normal tropospheric refraction
according to the expression:

2

D,
H, =D, sing, +——+h,, ©)
2R,

where D, — target distance; R,z — equivalent radius of
the Earth; 4, —height of antenna installation.

The root mean square error of the measurement of
the angle of the target o, can be converted to the mean
square error of the height measurement oy using
expression (9) [15].

Values of the mean square error measurement of
the height of the air object, depending on the variance of

random phase distortions of the signal aé at an antenna

height of 8 m obtained for ranges of 50 km, 100 km,
150 and 200 km are given in Table 2.

Table 2 — Values of the mean square error measurement
of the height of the air object

oo, rad’ 17 34 51 68
p,m 988 | 652 | S5L1 | 233

oM 89 | 98 10,6 | 115

op,m | 1697 | 5684 | 11673 |2617,1

Results are obtained for the following input data:
m=50; A=5 cm; g¢>= 100; d=2/2; h, =8 m;
aé =17, 34, 51, 68 rad’ the phase fluctuation

correlation radius  assumes values

p=98238, 652, 51,1, 23,3 m.

In the Table 2, the values of the mean square error
measuring the height of the target correspond to the

appropriate

following cases: — no influence of phase

OHO
fluctuations (due to the influence of the internal noise of

the receiving device only); oy — influence of phase

fluctuations with the exponential form of the inter-
channel correlation coefficient.

As can be seen, with the increase in the variance of
random phase distortions of the mean square error,
height measurement increases by tens to hundreds of
times compared to the effect of the internal noise of the
receiver only.

That is, at distances of 50... 200 km of the mean
square error, measuring the height of the target o can

reach values from hundreds of meters to units of
kilometers while changing the correlation of phase
fluctuations according to the exponential law.

The values of the mean square error of measuring
the angular coordinate of the radar object in a vertical or
horizontal plane calculated from normal to the aperture
of the PAA for the above conditions are given in
Table 3.

Table 3 — The values of the mean square error of
measuring the angular coordinate of the
radar object in a vertical or horizontal plane

oo, rad’ 17 34 51 68
p,m 98,8 | 652 | SL1 | 233
5y 018 | 032 | 044 | 075

con/ o9 3 5.3 7.3 12,5

This Table shows the values of the mean square
error measurement of the angular coordinate oy, due

to the influence of phase fluctuations of the signal in the
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clements of the PAA only, and the ratio oy, /09 of

this mean square error to the value of the mean square
error measurement of the angular coordinate

og ~0,06°, subject to the influence of the internal

noise of the receiving radar device only.

It follows from the obtained results that in tracking
radar the fluctuation error of measuring the angular
coordinates of the objects of radar surveillance can
several times exceed the corresponding potential
measurement error.

Thus, the lack of consideration of phase
fluctuations of the signal in its spatial processing is the
cause of significant errors in the measurement of the
angular coordinates and the height of the target in the
radar with the PAA. In this case, the spatial coordinate

estimates are not suitable for use as targets to provide
consistent tracking of airborne objects.

Conclusions and directions
of further research

The above calculation method allows to carry out
numerical estimation of errors of measurement of
angular coordinates and target height. This technique
can be practically used in assessing the impact of real
conditions of propagation and reflection of radar signal
on the reduction of the capabilities of modern radars
with PAA to perform tasks on purpose.

Areas of further research are: improvement of
modern PAA with signal processing in the direction of
optimization of the existing spatial measurement
algorithms [16-22].
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AHaJIi3 MoKIMBOCTEl 3a0e3MeYeHHs] Heo0XiHOI TOYHOCTI BUMIPIOBAHHSI IPOCTOPOBUX KOOPAHWHAT MOBITPSAHHUX 00’ €KTIiB
B pajiojiokauniiiHiil craHuii cynpoBo:KeHHs 3 (PAa30BAHOI0 AHTEHHOIO PELIiTKOI0

0. JI. Ky3renos, O. B. Konowmiiines, A. C. Kiiiko, A. O. Kosanbuyk, K. B. CanoBuit

Anortanisi. CydacHi paxionokaropu 3 (azoBaHol aHTeHHOIO pemriTkolo (PAP) e epexruBHEM 3aco00M TOBITPSIHOL
PO3BIIKH Ta 3a0€3MeUyI0Th OTPUMAHHS paJiioJoKaliifHol iHpopMalii Ipo NOBITPsiHI 00 €KTH y cKiIaaHiid obcraHoBLi. [Ipeaverom
BUBUCHHS B CTaTTi € BIUIMB HEOIHOPITHOCTEH Tporocepy Ta 3eMHOI ITOBEpXHI Ha 3HIKCHHS TOYHOCTI BHMipIOBaHHS KyTOBHX
KOOpJIMHAT Ta BUCOTH MOBITPSHUX 00’€kTiB B pamionokariianx craHmoisx (PJIC) 3 ®AP. Merolo € gucenbHe OLiHIOBAHHS
MOXKIMBHX 3HAa4YeHb CEpeIHbOKBAPATHYHMX MOXHOOK BHMIPIOBAHHS KyTOBHUX KOODIMHAT Ta BHCOTH IIOBITPSIHUX 00 €KTIB, SIKi
00yMoBIIeHi BIUTMBOM (uryKTyamiii (ha30BOro (ppoHTY XBUII paiioioKallifHOro curHary. 3aBJaHHs: aHAi3 MOXIIMBHX MEXaHi3MiB
BUHMKHEHHS Ta CTAaTUCTUYHMX XapaKTePHCTUKH KOpenboBaHWMX (pa3oBux ¢uiykTyauiii pamiocursainy Ui MOZENi CHTHALY 3
BUIAJIKOBOIO aMILIITY/IOI0 Ta IOYaTKoBOIO (ha3oro. Buxopucrani meromm: Teopii HMOBIPHOCTI Ta MaTreMaTH4HOi CTATHCTHUKH.
OTpuMaHi HacTynHi pe3yJbTaTH. Po3po0ieHO METOIUKy OL[HIOBAHHS Ta OTPUMAHO MOXKIMBI 3HAYEHHS CEpeIHBOKBAIPATHIHHX
NMOXMOOK BHUMIPIOBAHHS KYTOBMX KOOPIHMHAT Ta BHCOTH IOBITPSHHMX 00 €KTIiB, sIKi 0OyMOBIIeHI BIUIMBOM (rykTyamiit ¢azoBoro
(poHTY XBIIII pajiioOKaLifHOr0 CHTHATY J1sl TphoxkoopauHatHOi PJIC cantnmerpoBoro mianasony 3 ®AP. BucnoBkn. Hasenena
METOJMKa MOXe OyTH NPAaKTHYHO BUKOPUCTAHA IIPH OLiHIOBAaHHI BIUIMBY PEaJIbHUX YMOB HMOIIMPEHHS 1 BIIOUTTS paaionoKauiiiHoro
CUTHaTy Ha 3HWKEeHHS MoxuiuBocrel cydacHux PJIC 3 AP 11010 BUKOHaHHS 3aBJaHb 3a IPU3HAYCHHSM.

Karw4dosi cioBa: (da3oBaHa aHTEHHA pelliTKa; KyTOBI KOOPJUHATH; BUCOTA MOBITPSHOro 00’ €KTY; (ha3oBi (uryKTyarii;
Tporocdepa; 3eMHa ITOBEPXHSI; PaIioioKaliiiHe CIIOCTEPEKEHHSI.

AHaJIN3 BO3MOKHOCTel o0ecriedeHnsi He00X0AMMOIf TOYHOCTH M3MEPEHHUs NPOCTPAHCTBEHHBIX KOOPAWHAT
BO3AYIIHBIX 00bEKTOB B PaJMOIOKANMOHHON CTAHIIMH CONPOBOXKIEHMsI ¢ (Pa3HPOBAHHON AHTEHHON PelIeTKoM

A. JI. Ky3nenos, A. B. Konomuiines, A. C. Kuiiko, A. A. Koanpuyk, K. B. Cagosslit

AnHoTanus. CoBpeMeHHbIE paJuONOKaTOphl ¢ (hasupoBaHHOI aHTeHHOH pemterkoi (PAP) saBisrorcs 3¢deKTuBHbBIM
CpPEICTBOM BO3JYIIHOH pa3BEeAKHM M OOECIIEUMBAIOT MOJYUYCHHE PaJMOJIOKAIMOHHOM HH(pOpMamyu 00 BO3IYIIHBIX OOBEKTax B
ciioxkHOM oOcranoBke. [IpenMeToM M3ydeHHs B CTaThe SIBILSIETCS BIMSHAE HEOIHOPOIHOCTEH Tporochephbl 1 3eMHOM MTOBEPXHOCTH
Ha CHWDKEHHE TOYHOCTH M3MEPEHHS YIIIOBBIX KOOPIMHAT 1 BBICOTHI BO3/IYIIHBIX OOBEKTOB B paquonokaoHHbx craHmsx (PJIC) ¢
OAP. Lenbio sBISETCS YUCICHHOE OLCHMBAaHUE BO3MOXKHBIX 3HAYEHMH CPEeIHEKBAJPATHUECKUX OLIMOOK M3MEPEHMS YIJTIOBBIX
KOOpPIMHAT W BBICOTHI BO3JIYIIHBIX OOBEKTOB, KOTOpBIE OOYCIIOBJICHBI BIMSHHEM (UIyKTyari (a3oBoro (poHTa BOJHBI
PaZMOIOKAMOHHOIO CUTHAlA. 3ajaya: aHaIU3 BO3MOXKHBIX MEXaHM3MOB BO3HUKHOBEHMS U CTaTUCTUYECKUX XapaKTCPUCTHK
KOpPEIHUPOBaHHBIX (Pa30BBIX (IIyKTyaluil pajgnocurHaia Juis MOJENN CUTHAJIA CO CITyJaiHON aMINIMTYZOW M HadalbHOH (a30il.
Hcrnone3yeMble MeTOABI: TEOPUH BEPOSTHOCTH U MaTeMaTHYEeCKOH cTaTHCTUKU. [lomydens! cnenyronme pe3yabrarsl. Pazpaborana
METO/IMKA OIEHWBAHMS W ITONyYeHHI BO3MOXKHBIE 3HAUEHHUS CPEIHEKBAJIPATHUYECKUX OIMMOOK M3MEPEHMs YIIIOBBIX KOOPIWHAT M
BBICOTHI BO3/YIIHBIX OOBEKTOB, KOTOpHIE OOYCIIOBIICHBI BIMSHUEM (IIyKTyaluid ()a3oBOro (ppoHTa BOJIHBI PaHOIOKAIIMOHHOTO
curHana uist TpexkoopauHatHoi PJIC cantmmerpoBoro mmanazona ¢ ®AP. BeiBoabl. [puBeneHHass MeTOIMKa MOXKET OBITh
IIPAaKTMYECKU KCIOIb30BAHA NIPU OLEHUBAHUU BIIMSHUS peabHBIX YCIOBUH PACIpPOCTPAHEHUS U OTPAXKEHUs PaJUOIOKAIIMOHHOTO
CUTHajIa Ha CHIKEeHUE Bo3MOHOCTel coBpeMeHHbIX PJIC ¢ @ AP 1o BBIOIHEHUIO 33/1a4 110 HA3HAYCHUIO.

Kawuesbie ciaoBa: $a3supoBaHHas aHTCHHAs PEILETKA; YIJIOBbIE KOOPJAMHATHI; BBICOTA BO3YIIHOI0 00bEKTa; (pasoBble
GbaykTyauuu; Tpornocdepa; 3eMHasi HOBEPXHOCTD; PaIONIOKAMOHHOE HAaOJII0IeHHE.
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