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Introduction. The basic theoretical information on measuring systems in radar is pre-
sented, an analysis is performed to determine the errors of direction finders, and calculation expres-
sions are found to determine the magnitude of the direction-finding errors by a single-pulse method
in the Fresnel zone of a linear receiver antenna array caused by the combined action of the internal
noise of the radio direction finder receiver and the angular noise of extended reflective interference.
Purpose of the study. To consider the influence on the magnitude of the errors of direction finding
together of the levels of the side lobes of both the differential and total directivity characteristics of
the receiving antenna of the radio direction finder in the Fresnel zone. Materials and methods. Ap-
proaches for determining the magnitude of direction-finding errors are a generalization to the Fresnel
zone of the known result of calculating the error during operation of a monopulse direction finder
in the far zone of the receiving antenna. Results. The influence of the angular size and the distance
size of a multi-point reflector on the magnitude of direction-finding errors by a single-pulse method
in the Fresnel zone of a receiving linear antenna array of a radio angular system is investigated.
Conclusion. Theoretical methods of measurement in radar are considered and it is shown that ex-
panding the functionality to ensure high accuracy of measuring an information parameter will im-
prove the accuracy of determining errors in direction finding systems.

Keywords: direction finder, monopulse method, the accuracy of direction-finding, angular reso-
lution, receiving antenna, antenna array, Fresnel zone, the directional characteristics of the anten-
na, internal noise, corner noise, measurement error.

Introduction

The operation of the direction finder as part of a radio-angle measuring system is usually accompa-
nied by interfering influences caused by re-reflected signals. In this case, the direction-finding radio
source and interfering reflectors may be in the Fresnel zone of the receiving antenna of the direction
finder, that is, the condition

R,R <R, =2I" /%,
where R, R; — distance from the center of the opening of the receiving antenna to the radiation source and
the i-th reflector, respectively; R, . — far zone receiving antenna; A — wavelength of the observed field,
L — the length of the antenna. The results of the analysis of the accuracy characteristics of the monopulse
method relate to the case when, within the opening of the receiving antenna, the wavefront of the signal
of the direction-finding target can be considered almost flat [1-11, 13]. Known estimates of the mean
square deviation (MSD) of errors in determining the angular position of the center of a small-sized radar
target in the Fresnel zone of a receiving antenna, consisting of a large number of unresolvable “brilliant
points” [12]. In this case, the estimation of the angular coordinates of the targets is formed to the maxi-
mum of the output effect of the spatial processing system, regardless of any particular algorithm.

In this paper consider the problem of determining the measurement errors monopulse radio direc-
tion finder angular coordinates of a point radio source in the Fresnel zone of the receiving filled LAR
under the combined influence of internal noise and angular noise generated by signals of statistically
independent point reflectors.
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Problem statement

Derivation of formulas for calculating the errors of the monopulse method of direction finding of
a source of radio emission in the Fresnel zone of the receiving antenna.

Let's write the distribution of the sum of the spatial signal and the interference on the elements of
the receiving LAR in the Fresnel approximation [12].
Cos’0

U(x;) = dge’"e 21U, (x), (1)
where AO — complex radiation amplitude of a direction finding radio source; 6, R — the angular position
relative to the normal to the LAR and the range of the target being detected (center of the LAR is
the origin); k=2n/A; x;=Ax(i—(N-1)/2); i=0, N—1; Ax — distance between LAR -elements;
N — number of LAR elements;

— jkx,Sin0+ jkx?

2
. Mo kS0, S
U,(x;)= ZlAmeJ "e "+ a(x;), )
m=
A, 0., R, — complex radiation amplitude, angular position and range of the m-th point reflector, respec-

tively; m = 1, n; n(x) — spatio-temporal white noise.

Solution
We believe that the spatial processing system is optimal when receiving signals from a point target
against the background of additive spatio-temporal white noise. Using the results of [12] and the spatial
signal model (1), (2), write the complex signal at the output of the spatial processing system:
Y(0,R,00,R)=Y_+Y,, A3)
where 0y,R, — parameters of the reference signal of the spatial processing system:
»,Cos’0_Cos’6

_ lx; a0 —ipntyrieloe
Y :AoeijNzlf.e,jkxi(sinefsineo)e/ ey 2R, =Ao€ijej“’NZlfe J2vHi Dy @)
c 1 1
i=0 i=0
— signal component at the output of the spatial processing system:
, , N PO 3 D U e
C M e gy NS 2w Nt TGS R G
Y, =3 A, e/ fe N N +Y me A% % (5
m=1 i=0 i=0
— the jamming component of the output of the spatial processing system:
2sin(00,, / 2
- % 12) ©)

T
" \/Lcos(9,+50,,/2)
— the value determined by the displacement Jg,, = 6,, — 6, of the angular position 0 of the source (6,, of
the m-th reflector) relative to the reference angular direction 6,:

M. 1 LCosh, |cos2 (6, +39,,) R, » e

"4M0, Ry | cos’6, R,

— a value determined by the displacement of the source (m-th reflector) in range R, relative to the refe-
rence range Ry; f;, i = 0, N— 1 — real numbers defining the function of the opening of LAR,;

A8, =L/ LCosh, (8)
— a value of the angular resolution of the spatial processing system in the far zone at equal amplitude
(fi=1i=0, N—1) LAR opening function.

Define a complex signal 1 at the output of a monopulse receiver [2, 13, 14]:

Y(0,R.0+A0,/2,R, )Y (6,R,0, A0, /2,R, )

n= Y(0,R,00+A0,/2,R,)+Y(0,R,0,-A0,/2,R,) ®

Taking into account relations (3)—(7), the expression (9) is reduce to

_ YR + YRn . 10
n - Y Y b ( )
st X
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Y =24pe" eV Gg (1), (11)
where is
Y g =2jdge™ e Gy (w,%); (12)
L0 ). a1,V
) Mo ' ' ) Nol . '/KX(ZN_IJSIH 6 —jz—zR—(Zﬁ—lj
Vs =22 A, e G (v, 0,)+2 £ n,-f,-Sin[%je O ; (13)
m=l i=0

Iy jnL(Zi l)sine FLi 1(2i 1]2
) . A N-1 ] AN OV 4n2 RY\\N

YR,,:212Ame’kRme’“”mGR(wm,xm)+2jzn,-f,-cos[%je %0 ;o (14)
i=0

m=1
. . 2
N-1 (i 2w 2 | x
G, (v.x)= Zfl-sm(—]e N [ N ] : (15)
i=0 N
Expressions (11)—(16) are written under the condition A6,/2 << 1 for highly directional antennas.
. . 2
N-1 i —j2oyjl 21
Gt~ 5 e )
i=0

Let’s determine the estimate 80 of the angular displacement 66 of the target relative to the equiva-
lent direction (ED) 0y, taking into account the real part of the complex signal 1 (9).

The complex angular coordinates of the radar reflection center, taking into account the real and ima-
ginary parts of the complex signal 1| (9) were considered in [14, 15].

(16)

Given expression (6) at 80 << 1, also in accordance with [2, 13]

80=K, -Ren, (17)
where is
AO 1
et N 18
<= 5(0) (18)
, 5 .GR(w,x)j
§'(0)=—| Re| j22J . (19)
(0) 6\1/( ( G, (w.x) ) Jy-i
x=0

It can be shown that for the case of no interference (Y =Y g = 0) and in the presence of a defo-
cusing (x| £ 1, |y| £ n/2) for the angular estimate 60 the approximation is

aézKC-Re(jM]zSO-(I—CI~x2)=89—b66, (20)

G, (v.x)

where C,; — parameter set by the function of the opening of the LAR, b.; = C;-x*-30 — estimation bias 50 .

50

We find the average statistical value and the variance of a random variable 1 under the condition of
a normal distribution law with zero mean interference components Y ,, Y z,. This is true with the nor-
mal law of distribution of instantaneous amplitudes A ,,, m;, M of signals reflected from M objects of
complex shapes modeled by point reflectors [1].

The interference components Y s» Y o are distributed according to the normal law with a zero
mean also under the conditions of the central limit theorem for the sums of random variables in (13),
(14). In this case, the phases ¢,, of complex random amplitudes 4 ,, of signals are considered independ-
ent random variables uniformly distributed over the interval [0, 2r]. The amplitudes |A,| can be either
random or constant, while the variables Re( A4 nG,(Wy, Ym))s IM( A wGy(Wo, Ym))s Re( A nGr(Wm, Ym)),
Im(AmGR(wm, Y»)) must be independent random variables, the variances of each of which are small
compared to the variances of the corresponding sums in (13), (14). We also consider that the internal
noise n;, i = 0, n — 1 with a dispersion 6, of LAR receiving elements is mutually independent.
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For a large value of the signal-to-noise ratio | Y s* >> «| Y s,/*») at the output of the spatial processing
system (3) for the quantity 1, can write the approximation

 YR/Y +YR, /Y, ~E+YRn RO

— & : . 21
1+Y,, /Y, Y, Y, Y? @

N N
The interference component of the output signal (9) of the monopulse receiver, taking into account
approximation (21), is the result of a linear transformation of normally distributed random values Y g,, Y g
Therefore, with a large signal-to-noise ratio, the output signal 1 — normally distributed random process.

In view of (21) and the equality to zero of means for Y g,, Y g, obtain

()=Yg/Y,, (22)
where ( ) — statistical averaging operation. It can be shown that, taking into account approximation (21),
the variance of the quantity 7| is determined by the expression

* * <|YS” 2> <|Y n|2> Y
% =<(h_<h>)(” _<” >)>: v 2 <|Y1f |2> [+ Y—’:—m ; (23)
where " is a sign of a complex pairing,
e fron) o)

— the average statistical value of the interference component of the output signal (9) of a monopulse re-
ceiver.
In view of equality GzRen = Gzlmf] =(1/2)c* 1}, as well as expressions (17), (23), we find the vari-

ance of the angular estimate 80 of the point radio source in the Fresnel zone of the LAR.
K2

cgé = 20 6121. (25)

Let's introduce the designations:

T.'lc :YR /Ys :<h>;

M 2

=3 (|4, ): a

m=1

— the total power of the reflected signals and internal noise on the LAR element; wherein azz = (112622,

2 . . .
ol = (1 —af )G% , where 0< o <1, qo = |A0| / 6% — signal-to-noise ratio on the LAR element.

2 2. 2 2 2

Taking into account the accepted designations, we will identify the components included in (23).

.o M 2 N-1 . i
([ =030t £ 626, (w, 10| +4020-0d)E 2 sin® [ 2 26)
m= ’ i=

) M 2 N-1 i
<\YRn >= 43al X |Gy v, 2 || +402(1-aD) T £7cos’ (—j; @7)

m=1 ", i=0 N
7, =, +(1-a’ ), (28)

where, the fraction of angular noise in power in the interfering component of the output signal (9):
M 2
ai Y ap |Gy (Wt )|

o’ = m L - (29)

M
2 2
0('1 Z am
m=l

Gy (W %o )|2 + (1 —af )]é;ff sin’ (T;;]

2

Gy (W dom )| >

M . ¥ M
Ay = 2 @, Gg (Vs ) Gy (st )/ X a

. N-1 2 . [T i | Nl 0 . o T
= “sin| — |cos| — |/ “sin”| —
M E}fl N N E)fl N
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— the average value of the angular noise in the output signal (9), the average value of the internal noise
in the output signal (9), respectively.

Denote:
<|YRn > 5 )
'Y =T o\ |nn| _(X (1_0“ )Yn3 (31)
o)
= glaiIGR(wm,xm )/ %lam Gy (Wt )| — 2 [0 [: (32)
yizNZ_:]fizcos ( j/Zf sin ( j (1 o )|nn , (33)
i=0

where v°, yyz, v,> — accordingly, the rms value of the interference component, angular noise, and receiver
noise in the output signal (9).
In view of ( 11), (26), (31), expression (23) for the variance of the quantity 1 can be represented as

OLl (Wm’Xm )| (1 o ) f sin ( j

o2 = N (a2y2 H1-a?)y2 +fi, -1 |2). (34)
il y n c n
()

Expression (34) is convenient when calculating the dispersion of the angular coordinate for the case
of reflectors “concentrated” in the vicinity of the direction-finding stable radio source.

For the case of reflectors “scattered” in the working area of the direction finder, the expression for
the variance of the value 1| can be written differently:

M N-1 my) . . (m
2 2 |G (W) = Gy (W) (1-a) 2 1 COS[Nj—nc sm[Nj
2 1 m=l i=0

or=— 5 + 5 . (35

7o (v 4o (v

It can be seen from expression (35) that the error of the direction finder in the general case depends
both on the total and on the difference directivity characteristics of the receiving LAR in the Fresnel
zone.

Consider the special cases of expressions (34), (35) for calculating the errors of the direction finder.

It can be noted that expression (34) is a generalization of the result for the case of the location of
the direction-finding radio source and point reflectors in the far zone of the receiving antenna [2].

When exposed to receiver noise (o,” =0, o5 = 6,°), accurate focusing (y = 0) and the location of
the target being detected on the RSN (1, =0) at ;=1, i=0, N—1 from (34) we obtain the expression
for the potential accuracy of the monopulse method:

A 0.154
i:—pltgz & AB2. (36)
16 g, 2N qoN
When exposed to internal receiver noise (o,,° =0, oy’ =c,”) variance of the angular estimate in
the general case is determined by the expression:

2

, Kf Z f sin (N]
(o)
When exposed to angular noise (o,” = 1, 65° = a5’) variance of angular estimation:

M
2 2 @G (k)
~ c_m=l (’Yfz

2 _
40|G (v )

(e) =
50 2
For o, = 1, 65” = as” from (35) obtain the variance of the angular estimate for the interfering effect
of M reflectors “scattered” in the field of view of the radio direction finder.

i \2) 38)
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2

M.
K2 )y ‘GR (Wm’xm)_nch (Wm’xm)
2 _ e m=l
GSé —7 5 . (39)
90|G, (w.)
Under the influence of internal noise (o> =0) and the focus of the receiving LAR on the radio
source (y =y =0) the signal-to-noise ratio in terms of power at the output of the total channel of
a monopulse receiver is

N-1 /
|2 2sin?| ™
|Ys Eo /i N

9= . 2 . AN2
<|st >qo[élﬁsin(;$]j

As a result of PC modeling, it was found that the total error of formulas (22), (23) for x <2 doesn’t
exceed 10 % for g > 12.5 (dB) at 66/A8 < 0.5; ¢ > 11 (dB) at 06/A0 <£0.2; ¢ > 7 (dB) at 66/A6 < 0.1.

General relations (34), (35), (20) allow us to calculate MSD o and a bias by in estimating 80 he

(40)

angular position of a point radio source in the Fresnel zone of an LAR-filled monopulse direction finder
when combined with receiver noise and angular noise caused by signals of statistically independent
point reflectors.

Analysis methods

The analysis of elimination of errors of a direction finding by a monopulse method of a multipoint
radiation source of Fresnel located in a zone of a reception linear ARE is an actual task. In the present
article we will consider the errors of a monopulse radio direction finder caused by influence of hin-

drances for a concrete class of functions opening linear ARE set by sequence f; =a+(1—-(1- 2%\] B 1)) .

It is known that this sequence with the corresponding parameters o, P displays a fairly wide class of

amplitude distributions from uniform (at P = 0) to close to Taylor's (P =2, o =0.5).
Let's introduce the designations:

2
2 M 2\, 2 <|Am| > 2 2, 2 . :
as = 3. |Am| sa, = , ;0% =as + 0, — the total power when the reflected signals and in-
m=1 as
ternal noise on the element of the linear AR, while as =ojo3,0-=(-0i)os, where

2
0<o,<Lg,= |AO% — the ratio of signal/noise on the element of linear AR.
Ox

We believe that the set of reflectors is formed by M uniformly distributed over the corner in step

A®% statistically independent point reflectors of signals of the same intensity

2
<|Am |2> = OLZ/ , m= [l,M ] . At the same time, the center of gravity of the angular noise and the direc-

tion-finding radio source are in the focus of the receiving linear AR. Given that
(c=C,=0,00=a3;x, =0,m=[1,M] in Fig. 1 the solid line shows the dependence of the relation

(% on the argument A®%® for various parameters a, p the function of the opening linear AR,
p P
where A®, =(M -1)AO, / 4 is the angular size of the M-point reflector.

From Fig. 1 shows that for the case under consideration MSD o, angular score S at A®%® <1
)4

. A® 0.154
can be set by linear dependence 655 =C;—"*0, =340, .
A®, :
p ‘0
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Fig. 1. Dependency graphs cé/cp from A@n/AG)p 1-p=0;2-p=1,a=0;3-p=1,a=0.25;
4-p=1,a=05,5-p=2,a=0;6-p=2,a=0.257-p=2,a=0.5

. . . . . (O
Also, on Fig. 1 dotted line is constructed relationship dependence % on the argument
)4

A®%® at the p = 0 for the two values Ax, =6.67;12 that determine the size of the AR, M-point re-
P

flector.
From Fig. 1 shows that the expansion of the multipoint reflector in range relative to the location of

the focus of the receiving linear AR leads to a decrease in MSD o5 angular score §. With the coordi-

nates of the direction finding radio source coinciding, the coordinates of the center of a homogeneous set
of statistically independent signal reflectors and the focus of the receiving linear antenna, for a wide

class of amplitude distributions in the opening of the receiving antenna, a value of the angular score 8
depends linearly on the value A®, of the angular size of the multi-point reflector for the values

A®
o <L
A@)p

Conclusion

1. Expressions are obtained for the calculation of the MSD and the displacement of the angular co-
ordinate of a point radio source in the Fresnel zone of a linear AR of a monopulse direction finder when
combined with the internal noise of the receiver and angular noise caused by signals of statistically in-
dependent point reflectors. It is shown that the obtained expressions are a generalization to the Fresnel
zone of the known result of calculating the error during the operation of a monopulse direction finder in
the far zone of the receiving antenna.

2. It is shown that the error of a monopulse direction finder in the general case is determined jointly
by the levels of the side lobes of both the difference and the total directivity characteristics of the receiving
antenna in the Fresnel zone.

3. It is shown that the expansion of a multipoint reflector in range relative to the location of the fo-

cus of the receiving linear AR leads to a decrease in the MSD o5 of the angular estimate 5. When

the coordinates of the direction finding radio source coincide, the coordinates of the center of a homoge-
neous set of statistically independent signal reflectors and the focus of the receiving linear antenna for
a wide class of amplitude distributions in the aperture of the receiving antenna, the MSD of the angular

estimate & linearly dependent on the magnitude A®, of the angular size of the multipoint reflector.
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MOrPEWLIHOCTU UBMEPEHUA YrnoBON KOOPOUHATDI
NMPOTAXEHHbIX LLEJIEMN MOHOUMMNYJIbCHbIM METOOOM
B 30OHE ®PEHENA JIMHEUHOUN AHTEHHOW PELLETKW

A.H. Pazo3suH, C.H. fJapoeckux, B.®. TenexkuH, A.[]. [lnemeHkoga
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. YensbuHck, Poccus

Beenenne. M310xKeHbl OCHOBHBIE TEOPETUUECKUE CBEACHUS O U3MEPHUTEIBHBIX CUCTEMAaX B pa-
JUONOKAlUK, MIPOBEJECH aHAIN3 JUIsl ONpeNeNIeHHs MOrPEeIIHOCTEN paAuoNeNeHraTopoB U HallIeHbl
pacueTHbIE BBIPAXKEHUS IS ONPENENICHUS BEIUUUHBI IOTPEMIHOCTEN NENIEHTOBAHUS MOHOMMITYJIbC-
HBIM METOJIOM B 30HE DpeHens MPUEMHON TMHEHHON aHTEHHOW PEIeTKH, BBI3BAHHBIX COBMECTHBIM
BO3ACHCTBHEM BHYTPEHHETO LIyMa MIPUEMHHUKA PAJUONENEHraTopa 1 YIJIOBOrO IIyMa MPOTSKEHHON
oTpaxatomed nomexu. lleanb ucciienoBanus. PaccMoTpeTs BIMSHHE Ha BENWYHMHY IOTPEIIHOCTEN
TIEJICHTOBAHNS COBMECTHO yPOBHEH OOKOBBIX JICTIECTKOB KaK Pa3HOCTHOM, TaK M CyMMapHOH Xapak-
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Pazo3uH A.H., flapoeckux C.H., lMozpewHocmu usmepeHus y2s1080l KOopOUHamabl
TenexkuH B.®., [lnemeHkoea A./. npomsKEHHbIX yesiell MOHOUMIMY/TbCHbIM MemoaAoM...

TEPUCTUKAaMM HAalpaBJICHHOCTH NMPUEMHOW aHTEHHBI pajuolereHratopa B 30He @penens. Mare-
puaibl 1 MeToAbl. [10AX0/BI U1 ONpe/ieeHHs BEMYNHBI TIOTPELIHOCTEH MEeJICHIOBaHHUS SIBIISIOTCS
00o0menneM Ha 30HY PpeHerst M3BECTHOrO pe3ysibTaTa pacuera OUIMOKH NMpH paboTe MOHOHM-
IyJIbCHOTO paJfONeICHraTopa B JaJbHEH 30HE NMpHEMHOH aHTeHHHL Pe3dyabtarsl. MccnemoBano
BJIMSHHE YTJIOBOTO pa3Mepa M pa3Mepa MO aJbHOCTH MHOTOTOYEYHOTO OTpaXkarTelsi Ha BEIHUHHY
TIOTPEITHOCTEH IIEeEHrOBaHMsI MOHOMMITYJIbCHBIM METOAOM B 30He DpeHenst mpueMHOI JIMHEHHOM
AQHTCHHOW PELICTKH PaAHOYIJIOMEPHOH CHCTEMBI. 3aKJ/lo4eHHe. PaccMOTpeHbI TeOpEeTHYECKHE Me-
TOJIbl U3MEPEHUS B PAHOJIOKALIUK U TI0OKa3aHO, YTO paciiupeHre (QyHKIMOHAIbHBIX BO3MOKHOCTEH
10 O0ECIEeUYEeHHI0 BBICOKOW TOYHOCTH M3MEpPEeHHs WHPOPMAIMOHHOTO MapaMeTpa MO3BOJIUT MOBbI-
CUTh TOYHOCTH OTPEAEICHUS OTPEIIHOCTEH B CHCTEMaX PagHoIesIeHTOBaHHUS.

Kniouegvie cnosa: paouonenenzamop, MOHOUMNYAbCHBIL MEMOO, MOYHOCMb NeNeH2O8AHUSL, Y-
J108as paspewmanuas cnocoOHOCms, NPUeMHAsE aHMEHHA, aHmeHHAas peutemka, 3ona Dpenens, xa-
PAKMepUCmuKa HanpasieHHOCmy aHMeHHbl, BHYMPUNPUEMHBIT WYM, Y2l080U WYM, NOSPEUHOCHb
usMepeHusl.

Jumepamypa

1. Ocmposumsinos, P.B. Cmamucmuueckas meopus paouoiokayuu npomsidiCeHHvix yeaeu /
P.B. Ocmposumsnos, @.A. bacanos. — M.: Paouo u céa3v, 1982. — 232 c.

2. Monakos, A.A. Yuem nerunerinocmu 8 3a0ayax CMAmuCmMuiecko20 aHdIU3d CUSHAN08 8 MOHO-
umnynvcHom nenencamope / A.A. Monaxos, I'"M. Ocmposumsanog // Paouosnexkmponuxa. — 1986. —
T.29, Ne 7. — C. 20-25.

3. Conomonux, H.E. Oyenxa nozpewnocmeii camoaemuuix paouonenieHeamopos, 6bl36aHHbIX OM-
pascennvimu cuenaramu / H.E. Conomonux, /[.A. Hanusaiixo, B.A. 3yoxoe // Bonpocwvl paduosnexmpo-
nuxu. Cep. OBP. — 1990. — Boin. 21. — C. 53-59.

4. I'voonun, H.C. Dnyxmyayuu ¢azoeo20 QpoHma 601HLL, OMPANCEHHOU OM CLONCHOU yeau /
H.C. I'voonun // Paouomexuuxa u anekmponuxa. — 1965. — T. X, Ne 5. — C. 844-851.

5. Ocmposumsnos, P.B. K eonpocy 06 yenoeom wyme / P.B. Ocmposumsanog // Paduomexnuxa u
anexmponuka. — 1966. —Ne 4. — C. 592-601.

6. Ocmposumsanos, P.B. Cmamucmuyeckue xapakxmepucmuky cOCmMagnaiouux KOMNIeKCHO20 MOHO-
umnyabcHoeo omuowenus / P.B. Ocmposumsanos, A.A. Monakoe, I H. Xpamuenxo // Paouomexnuxa u
anexmponuxa. — 1988. —Ne 5. — C. 1088—1091.

7. Monaxos, A.A. Oyenusanue y2enogou KoopouHamvl ciodicHoz2o obvekma / A.A. Mounaxos //
Paouomexnuxa. — 1994. —Ne 1. — C. 43—47.

8. Ocmposumsnos, P.B. Paduonoxayuonnoe usmepenue napamempos epynnogoco obvekma /
P.B. Ocmposumsanos, A.A. Monakos, I'.H. Xpamuenxo // Paouomexuuxa. — 1994. —Ne 6. — C. 12-19.

9. naxun, B.M. Cmamucmuueckue Xapaxmepucmukiy OwuOOK uUsMepeHus KOOpOUHam Npomsi-
arcennwix yeneti / B.M. LLnsaxun // Paouomexnuxa u snexmponura. — 1983. —Ne 4. — C. 719-722.

10. Monakos, A.A. Oyenxa nonodCeHUs IHEPLEMUYECKO20 YEHMPA NPOMSNCEHHO20 0ObEeKMA No 3a-
sucumotul gvibopxe / A.A. Monaxos, P.B. Ocmposumsnos, I.H. Xpamuenxo // Paouomexuuxa. — 1998. —
Ne ] —C. 19-23.

11. Kosznos, U.M. [lapamempvi MaiomoueyHou cmamucmuieckol Mooeau CI0HCHOU paouoioKayu-
ounou yeau / UM. Kosznos // Hzeecmus evicuiux yuebnvix 3asedenuil. Paouosnexmponuxa. — 2003. —
T.29, Ne 6. — C. 51-56.

12. Ilpocmpancmeenno-spemennas oopabomra cuenanos / UA. Kpemep, A.U. Kpemep, B.M. Ilem-
P06 u op.; noo ped. UA. Kpemepa. — M.: Paouo u cesnzv, 1984. — 224 c.

13. Jleonos, A.U. Monoumnynvcuas paduoroxayus / A.U. Jleonos, K.U. @omuues. — M.: Paoduo u
ceasb, 1984. — 312 c.

14. Pazoszun, A.H. Komniexcuvie yenogvle KOOpOUHAmvl paouoioKAYUOHHO20 YeHmpa Ompaxcenus /
A.H. Pazosun // U36ecmus gvicuiux yueOnvix 3aeedenuil. Paouoanexmponuxa. — 1991. — T. 34, Ne 11. —
C. 67-69.

15. Icasaoos, I'.I. Komnaexchvie KOOpOuHamvl paouoiOKAYUOHHO20 YEHMpA Ompasicenus /
I'.I". J[ncasaoos // Uzeecmus évicuiux yuebnwvix sasedenuil. Paouosnexmponuxa. — 1990. — T. 30, Ne 1. —
C. 52-56.

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 75
2020. T. 20, N2 2. C. 67-76



MHqJOKOMMYHVIKaLIVIOHHbIe TeXHOJIOr'Mn U CUCTEMbI

Paro3un Anapeii HukonaeBu4, KaH7. TeXH. HayK, AOLEHT Kadeapsl MHOOKOMMYHHUKAIIMOHHBIX
TexHonorui, FOxxHo-Y panbCKuil rocyapcTBeHHBINA YHUBEPCHUTET, T. YenssOMHCK; ragozinan(@susu.ru.

JdapoBckux CranuciaB HukudopoBuu, 1-p TeXH. HayK, 3aBelyromuii kadeapoil nHHOKOM-
MYHHKAIMOHHBIX TEXHONOTHH, FOKHO-YpalbCcKuil TOCy1apCTBEHHBIH YHUBEPCUTET, I. Uensi0MHCK;
darovcrichcn@susu.ru.

Tenexkun Baaagumup ®egopoBuy, a1-p TeXH. HayK, npodeccop kadeapsl HHPOKOMMYHHKAIIUOH-
HBIX TexHOJoru, HOxHO-Ypanbckuil rocynapcTBEHHBIH yHUBepcHuTeT, I. Yensbunck; telezhkinvi@
susu.ru.

InerenkoBa Amnactacusi JMuTpueBHa, cTyaeHT Kadeapbl 3amuTel wHbopManuu, HOxHO-
VYpanbckuil rocy1apcTBEHHBIH YHUBEPCHUTET, I'. YensaOunck; nastya.pletenkova@mail.ru.

Hocmynuna e pedaxyuro 18 aneaps 2020 2.

OBPA3EIl HUTUPOBAHUS FOR CITATION
Errors in Measuring the Angular Coordinate of Ex- Ragozin A.N., Darovskich S.N., Telezhkin V.F.,
tended Targets by the Monopulse Method in the Fresnel Pletenkova A.D. Errors in Measuring the Angular Coor-
Zone of the Linear Antenna Array / A.N. Ragozin, dinate of Extended Targets by the Monopulse Method in
S.N. Darovskich, V.F. Telezhkin, A.D. Pletenkova // the Fresnel Zone of the Linear Antenna Array. Bulletin of
Bectauk IOYpI'Y. Cepust «KoMmbroTepHBIE TEXHOJIOTHH, the South Ural State University. Ser. Computer Technolo-
yIpaBieHHE, paguodnieKTpornkay. — 2020. — T. 20, Ne 2. — gies, Automatic Control, Radio Electronics, 2020, vol. 20,
C. 67-76. DOL: 10.14529/ctcr200207 no. 2, pp. 67-76. DOI: 10.14529/ctcr200207
76 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.

2020, vol. 20, no. 2, pp. 67-76



