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It is suggested that the asymptotic method of saddle point be used for solution of integral electrodynamic
equations of the electromagnetic field scattered by phased equidistant antenna arrays. This makes it possible
to study the regularities of the re-radiated field in two arbitrary planes. The obtained expressions will
contribute to design of new antenna systems, which will reduce electromagnetic field scattering. This will as
well improve the electromagnetic compatibility of electronic equipment installed in the same or in adjacent
objects equipped with antenna systems. The research results can be used to design algorithms for detection,

recognition and identification of radar targets.
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Introduction

The study of electromagnetic field scattering
characteristics (re-radiation) caused by air and ground
objects is important for radio detection and navigation.
Sometimes it means "radar visibility"of the objects.

The antenna systems of air and ground objects are
the largest contributors to their radar visibility.

They are the main sources of follow-up radiation or
re-radiation of electromagnetic waves from the probing
radar stations (RS). This phenomenon increases radar
visibility of such objects in addition to negative impact
on electromagnetic compatibility of radio electronic
devices installed therein.

According to a number of sources [1-5], the contri-
bution of antenna systems can be up to 98% of the
total effective scattering surface (ESS) of the objects.

This is especially true of aperture antennas and
phased antenna arrays (PAA) of RS [5-7].

1 Analysis of recent research and
publications

Analysis of the causes and regularities of PAA
scattering proves complexity of its elimination. Speci-
al design and application of special coatings that
reduce the level of reflected signal from the objects
are not always acceptable for their antenna systems.

Typically, such improvements result in degradation
of other main characteristics of antenna systems —
gain, directional operation, etc. Therefore there is
a need to optimize them according to the "effici-
ency—visibility" characteristic [4-7].

Unfortunately, it is not always appropriate.

The problem is that each radio system is a source
of radiation and any antenna scatters more than half
of the incident energy [5].

Moreover, if the antenna system does not scatter
any energy, it and does not receive it. It means that
it is impossible to avoid such scattering (re-radiation)
completely, but the scattering can be significantly
reduced [2-5].

So it is essential to study the electromagnetic fi-
eld and scattered PAA in order to develop methods
reducing it.

The scattering properties of any objects are usually
described by effective surfaces (widths, areas) the
scattering is to be described by integral (o) differenti-
al (04) surfaces and the scattering matrix (M) [8].

When studying scattering or wave re-radiation,
PAA antenna system waves shall be considered a group
of radiators, which represent an ensemble of shiny
spots.

In this case, the problem of finding integral and di-
fferential scattering surfaces is reduced to the calculati-
on of ESS group of radiators, with surface current
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brought upon each and electromagnetic field strength
amplitudes excitation [5-7].

The complex strength amplitude F, of the
electromagnetic field scattered by the reflector, which
is at a distance R from the observation point shall be
calculated according to expression [7]:

(1)

where En is a complex wave strength amplitude on the
n reflector; o7 is ESS for one radiator; k = 27/ is
wave number; A is wave length.

On the basis of the superposition principle for a
linear equidistant array from N radiators [7,9], the re-
radiated signal at the receiving end shall be created
by the interference of the signals reflected from all the
radiators located along y axis (fig. 1).

The complex field strength amplitude E,s for a
linear equidistant PAA with N emitters in [7] shall be
calculated according to the expression proposed in [7]:

(2)

where E'm is a complex strength amplitude for the wave
falling on n radiator; &,, is ESS of n radiator; R,, is a
distance from observation point to n radiator.
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Fig. 1. Parameters of equidistant rectangular PAA for

calculation of the scattered field at an incidence angle

0y for a plane electromagnetic wave normally polarized
to the incidence plane

The expression for back scattering oy (¢, 07) (of
an integral single-position ESS) for a rectangular PAA
shown in Fig. 1, shall be as follows [7]:
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where o, (i, 0) is a back scattering diagram for n radi-
ator; pm.n is a reflection coefficient; AR, ,, (p,0) is a
travel path deviation for a plane equidistant antenna
array; Fy, ,, (t,¢,0) is a phase distribution of the inci-
dent signal as a function of the spatial and temporal
aperture coordinates; M is a number of radiators along
axis x; N is a number of radiators along axis y.

The study of the causes and regularities of
secondary emission show that the main parameters
of the system "PAA — probing RS"that affect the
level of the reflected signal, are the angles 6¢,0. They
characterize the aspect of PAA re-radiation.

The re-radiated signal level is influenced by a
complex of PAA characteristics: orientation diagram
f (8¢, ), number of radiators along axis y M and along
axis x IV , the distance between them d, and d, and
the electromagnetic waves travel path deviation.

A possibility to reduce ESS of the antenna system
by means of effective phase distribution of the inci-
dent signal F,, ., (t,¢,0) as a function of spatial and
temporal PAA aperture coordinates was considered in
[7]-

f0,¢),ds,dy, M, N are a priori known design
characteristics of PAA class. They are practically
unchanged during the service life of RS [7].

Angles 0, vary depending on PAA spatial position
relative to the probing RS and PAA operating mode [7].

Consequently, we can reduce ESS of an equidistant
PAA by changing design properties of all radiators,
or by changing distances between them proportionally
dg,dy.

For this purpose, we must study the amplitudes in
the waveguide aperture of n radiator (Fig. 2).
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Fig. 2. Waveguide characteristics used for calculation
of the scattered field with incident normally polarized
wave

The amplitudes of the field, which is excited on a
linear equidistant array (Fig. 3) were considered in [10].

However, the final expressions concerned determi-
nation of the amplitudes, excited during aperture of
such array only if the incident wave is normally polari-
zed to the incidence plane.
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In other free sources [7,9,11], the excited amplitudes
and re-radiation field expressions are simplified and
rather approximate. They do not allow to study the
total field scattered from PA A with necessary accuracy
in the case it is exposed to the wave normally polarized
to the incidence plane at an angle 6 from arbitrarily
selected ¢ in order to reduce it.
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Fig. 3. Characteristics of horn-type radiator line used

for calculation of the scattered field with incident

plane electromagnetic wave normally polarized to the
incidence plane

Against this background, the purpose of the article
is to study the field re-radiated by a linear equidistant
PAA, which is formed by an incident wave normally
polarized to the incidence plane at an angle ¢, and to
determine causes and regularities of this phenomenon
in order to reduce it.

2 Presentation of the basic

material

Let the electromagnetic wave E t H ¢ which is
formed by external currents distributed with density
7 and m be incident to the PAA aperture consisting
from n horn-type radiator linear arrays (see Fig. 1).

It is important to find a field scattered by such
antenna.

Solution. We shall number the radiators from the
center to the edges so that the central one is a zero one,
while the extreme radiators are (N — 1)/2 as shown in
(see Fig. 1). The total number of the elements in the
array shall be odd and equal to .

The strength of the field Ey,,, formed by a pair of
radiators symmetrically located about the center shall
be written as

Ep = Ej" + E;™, (4)
where E]T" is the strength of radiator field n—=1; £ "
is the strength of field n=-1.

In this case, the total field scattered by the linear
radiator array shall be:

(554)
Efp=FEjo+ Y, Epn,

n=1

()

where Eyq is the strength of the field, which is formed
by the central radiator.

In order to determine Eyg it is necessary to investi-
gate the wave amplitude in the aperture.

Let an independent source be placed inside the
central radiator in the transmission mode (see Fig. 1)
and form a field, which shall be marked Eo, H o inside
and outside.

Inside the horn such a field shall be usually consi-
dered eigenfunction and marked -mn. However, due to
the fact that index is already in use, we shall propose a
field with a unit amplitude as Eimxmy,ﬁimmmy. It is
reflected from the aperture with a reflection coefficient

PAmgmy,

{EPO - (-Eﬂfmzmy + p+m1myﬁ+mzmy)7 (6)

HPO = (H—mzmy + p-‘rmmmyH-i-mEmy)v

where (—my, m,) is the number of standing semi-
waves, which fall on the sides of the cross-section and
extend from the neck to aperture; (+my, my) is the
number of standing semi- waves propagating from the
aperture to the neck.

Consequently, on the surface of the antenna
aperture Sy from the inner side, a full field can be
presented by an eigenfunction expansion [9,10]:

0o
Z Cimmmy (E+mzmy + P—mymy E—mzmy)7

mzmy=1

E

00
H = § Oimxmy (H+mzmy + p—7rzw'rrzyH+mzmy)7

MMy

(7)
where A+, m, are eigenfunction amplitudes; E+mzmy7
Hﬁ_mmmy are eigenfunctions, which spread from the
aperture to the neck; E,mxmy, ﬁ,mzmy are ei-
genfunctions spreading from the neck to the aperture;
P—m,m, — coefficient of eigenfunction reflection from
internal inhomogeneities in the horn.

In order to study the field Epp scattered by
aperture of one or n-th radiator of the antenna, we shall
use asymptotic methods with application of Lorentz
lemma.

In order we could determine such a field, it is
necessary to implement strict boundary conditions, i.e.
continuity and tangential components of the total field
E and H to aperture Sp.

Let’s place coordinate origin in the center of the
array (z = 0) (see Fig. 3).

For this case we have:

(B =0)+ Epy(z=0)) = (E(z= o))T,

(ﬁf (z:0)+ﬁpp(z:0)) -

T

where Ef, H ¢ are the strengths of electric and magnetic
fields incident on the aperture and excited by currents
beyond the horn; E, H are the strengths of the electric
and magnetic fields from the aperture (4).
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A component of the field Epp scattered throughout
the space may be presented as a continuous spectrum
of plane waves [9]:

oo

_ 1 o )
Epp=15 / / Al(ky, ky) e Ramthouth) g dl,

— 0o
i} (9)
where A (k;,k,) is a spectral function of the complex
amplitudes of plane waves; k., ky, k. are projections of
the wave vector to the axes x, y, z, which are connected
by formula k? = k2 + k2 + k2.
After we plug (4) and (6) into (5), we get:

o 1 l —i(kgx
Epr + @//AT (ky, ky) e~ " Feothot) gk dk, =

= Z CrvErur (1 + p+u) >

v=1

(10)

where C'y, is an amplitude of the excited wave.

A similar expression will be used for H field
components.

Let’s multiply both sides of the equation (7) by
e!k=2tkyy) and integrate them over x and y on the
aperture surface 5.

We shall write the Lorentz lemma [9] for the volume
limited by an infinitely distant from the antenna
surface and a bounded surface S, (see Fig. 2) as:

/{ (7. Br) = (i, fip) fav =
) (11)
- f (8] - [ ]

and then complete the integration from Ep, to infinite
limits provided Ep, (2 = 0) = 0 beyond the surface S,,.
If we use the relation obtained in [9]:

1 oo

X //AT(kz,ky) e~ kerthyy) gk dk, | x

X ei(k”*‘kyy)dxdy, (12)

we shall have:
Ar (ki ky) = — / Bt (2 = 0) e F==Ht) dpdy +
(Sp)

+ // Z C+VE+VT (1 + eru) ei(kww+kyy)dxdy' (13)
(sp) V=1

Let’s plug (10) into (7)

~ _ép Nt
EPP:117:2)//{//[20+VE+V7(1+p—V)'
e (SP) v=1

. eilkazthyy) _ EHT(Z _ O)ei(k$$+kyy):| dxdy}

e ket hyytha) gk, (14)

The magnetic components of the scattered field can
be obtained from the Maxwell’s equations:

Hp, = wiﬂrotE_". (15)

In order to calculate the scattered field according
to [5] we shall apply the cross-section method. We must
take into consideration that in addition to the waves
excited in the aperture and reflected from the internal
inhomogeneities, there are so-called "parasite"waves.

The field scattered by n-th radiator shall be written
as:

—

— e

Erp =15
R 00
/ { // |: |:A'+nE+n(1 + p—n)} ei(kmz+kyy)
—00 Sp n=1

“Ey(z= O)ei(k”'*'kyy)} dwdy}

e~ herthyythe2) dk, dk,,  (16)

where S, is the aperture integration surface of n-th
radiator (see Fig. 2) from the inner side; &, is a unit
electromagnetic field strength vector; ff+n is a spectral
function of the complex amplitudes of the plane waves
excited at the aperture; E., is the strength vector
of the electromagnetic field incident on the n-th radi-
ator; ks, ky, k. are the projections of the wave vector
on axes z, ¥, z; E,;(2=0) is the strength vector
of the electromagnetic field after taking into account
the boundary conditions and integration ad infinitum
beyond the surface Sp; p—, the internal inhomogenei-
ties reflection coefficient of the n-th radiator.

For the case of normal polarization of the wave in
the plane of incidence, after plugging eigenfunctions [9]
into (13) and their integration over z,y the tangential
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component of the field Efg-pT will be:

00 . kaobp
) 1 by sm( 5 )
E =—— - N7 7.
Ppt 472 kb

2

Z o ( )
sin® (%) cos (ky;”) —icos? (") sin (ky%)

2

+
2
nm 2
(E) _(ky)
sin (%2 (k, — ksin6y))
+ Eoay %2 (k, — ksinfy)
2 \"Y !
e(*i(kzaﬁFkyy‘szz))dkzdkya (17)

where a,, and b, are the dimensions of the rectangular
aperture of the n-th horn radiator (see Fig. 3).

We have to decide on the most effective or appropri-
ate method studying the field Efsm in order to solve
the problem.

Generally, the theory of wave propagation suggests
a limited number of problems that allow exact solution.
In those few cases where strict relations are known,
they are quite complicated and do not allow to reveal
physical nature or cause of the process regularities even
with the help of advanced software packages.

We can understand the attention to the approxi-
mate methods of the wave theory, particularly
asymptotic methods [10,11] in recent years.

They are still relevant. In order we could apply the
above methods, we shall rewrite (14) as

. 1 by .
ElﬁpT =12 /le(kw) exp(—ik,x)dk,
X /Izg(ky)exp(—i(kyy—kkzz))dky, (18)
where . )
I (k) =0 (sin = p) ; (19)
P 2 kyb,
fon(k
S23 oty
1 ()
2 (ky — ksind
—anpsma( : - H)) (20)

= (ky — ksin )

The functions I (k;) and Iys(ky) under the
integrals in the expression (15) depend upon several
parameters characterizing the system.

In this case, it will be the method of asymptotic
evaluations helping us both take the integral and
obtain the explicit dependence from the parameters
specified in arbitrary planes of the incident wave.

The method of saddle point (steepest descent)
is one of such asymptotic methods. It gives us an
adequate accuracy and has a wide application for
the study of different wave phenomena: acoustic,
electromagnetic, etc [10].

In order to apply the above method, we shall
present the expression (15) in a spherical coordinate
system:

x=rsinfcosp, y=rsinfsiny, z=1rcosy.

We get the following dependence:

. 1T
EﬁpT =2 / I (ky) exp (—ik,rsin 0 cos @) dk, X
™
X / I (ky) exp(—ir(ky sinfsin g + k, cos 0))dk, .

(21)

Using the method of saddle point, we solve the
equation (21):

1 2m
1 o .
EPpT ~ m COS WO W exp (Z@O) I:c2
« (I sin W, ) 2mcos z
S1n W COS 2p —
1" (20)]

X Ip1 (ksin zp) k cos zg exp (i9m )
exp {rk (—isin 6 cos @ sin zg + cos zo f (Wo)) } . (22)

In order we could identify the physical nature of the
phenomenon, let us consider a field scattered in some
planes.

Usually we use a plane ¢ = 37/2 and ¢ = 7.

In the plane ¢ = 37/2 we have:

sinp = —1; cosp = 0; Wy = -0,

20 =0; f(Wo) = —i; " (Wo) =3; (23)
_ T _ T _
800_4a30m 47f (20) ?
k cos 0 s
a1 .
Erprtomte ™ gy o0 (-1 (b= 3))
X Iy (ky = 0) Iyo (ky = —ksin®) . (24)
In the plane ¢ = 7 we get:
sinp =0; cosp =—1; Wy =0;
F(Wo) = —icosb;; z9=—0; f"(Wy)=1icosb;
™ ™
¥o = Z; Pm = Z; f/’(ZO) =
(25)
kcos 6 . T
E””'“" ™~ Tomr P <_Z (kr Bl 5)) X
X Ip1 (ky = —ksin®) Io (k, =0) . (26)
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The expression (22) shall be as follows for a linear
equidistant antenna array:

b e {565

> m
X [ Z ( )2C+Om ( ay’]r
myzl P
mgw) s (ky2ap) .y C082 (mgﬂ) sin (kyzap>

()
— Epexp (ind,, (k sinfn — ky))

sm( (ky —kstH))] }x

2 (ky — ksinfr)
i (kg + kyy + k.2)) dkgdk,,

22)

) (Lt ) exp(—inkydy)

sin? (
X

g

X exp (— (27)

where Cf&my has been obtained in [9, 10].

In contrast to the existing approaches, the expressi-
n (27) allows to calculate a field both for linear and
equidistant rectangular PAA.

The expression (27) differs from (21) because it
takes into account the number of n radiator and the
distance between them d,,.

The difference is also in use of (27) for more

accurate expression for the amplitude C% Lom,
and additional multipliers exp (—ink,d,) and
exp (ind, (ksinfm — ky)).
CHL _ 4Epa, (1 + (;os (6m)) "
(n7)
(sm (M)> cos (M% sin 9n>
+

<1+ 1- (;A)Q) (1—p2,) <1 - ( 20y sm9H)2>
j(cos (%—“))fsm(’“% sin fry)

(1+ 1- (;j)2> (1—p2,) (1—( Psmen)2>.

(28)

Fig. 4 shows the maximum amplitude superpositi-
on’s for the most common modes of electromagnetic
field strength Z —2018 +om, for a linear equidistant

my=1
PAA depending on the changing coefficient of reflection
pglmy (27) from the internal heterogeneities of each
radiator.

The simulation was performed for pfl, = 0,8 -

Curve 1 and for pglmy = 0,6 — Curve 2.
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Fig. 4. Maximum amplitudes of the electromagnetic
field

Fig. 4 demonstrates that an improvement of
adjustment in the antenna path shall result in an
increase in the maximum amplitude of the signal in
the transmission mode.

Fig. 5 shows the normalized maximum amplitudes
of the waves excited at the aperture of the linear
equidistant PAA depending on the side-scan remote
sensing angle 0y with specified ¢: for incident normally
polarized wave C+0m (Curves 1,2,3,4,5) and if the
incidence plane and the plane of polarization of the
(lines 6, 7).

waves coincide C/| +m my

(BTm]

=)

300

120° 180° 240° 300°

Fig. 5. Dependence of the maximum normalized wave
amplitude from the side-scan remote sensing angle
resulting from reflection coefficient changes

The studies were carried out for different values of
the reflection coefficients.

The wave amplitudes (lines 1,2,3) in Fig. 5 are
almost identical with the sensing angle wave ampli-
tudes in a polar coordinate system (lines 1,2,3) in
Fig. 6, which were obtained using a simplified expressi-
on.

We can check the reliability of the obtained
mathematical expressions using asymptotic methods
for solution of integral equations.

To reveal the causes and regularities of re-radiation
from the aperture of the equidistant PAA for the speci-
fied arbitrarily selected ¢ provided a normal polarizati-
on of the incident wave in the incident plane, we shall
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use again the asymptotic method of saddle point in the Thus, the field scattered in the plane ¢ = 3/27 shall
plane ¢ = 3/27 and ¢ = 7. be:

— kb, sin 0 T
1H ~ "0p . _r
Epp (e=%) —  2mr exp( ! (kr 2)) x

{ — Epa, exp (indyk (sinf +sinfy)) x

sin (% (sin @ + sin 01-[))

kay
2

+2 i —C’foﬁy (1 + P—omy) exp (—iknd, sin 6) x

mqy=1
9T cos (522 sin §) + icos? (T2T) sin (X22 sin §) }
2 .
1- (:la’; sin0>
y

X

(sin @ + sin Oyy)

sin? (

(32)

Fig. 6. How the wave amplitude depends from the In the plane ¢ = we get:

side-scan remote sensing angle in a polar coordinate kcosd T
system Epy ey = oy P (‘i (’“" B 5)) %
X Iy (ky = —ksin®) Io (k, = 0), (33)

After we take an integral (16) the field scattered
by the antenna array shall be as follows in the plane

©=3/2mp=m/2 by sin (% 81119)

where

I1 (kx = —ksinf) = T , (34)
) =P sin6
- k cos T
1H ~ _
EPP (p=% ) T 27r exp( (kT 2)) % -
X 11 (k$ = O) 1.0 (ky = —kSine), (29) 1,0 (ky — 0) -9 Z _CJIFJOLWZL (1 < p om. ) %
my=1
where sin ( %% sin g
sin2 7T Eoay S ’ ) exp (iknd, sinfy) .
2 4 sin @
. kyby 1 2
I, =b,sin 5 (35)

Taking into account (33), (34) the expression for
the scattered field in the plane ¢ = 7 shall be:

. kb, cost
EPP(AP =m) = 2
. ((kby
in _ - Sm< 57 sin 9)
Io (ky = —ksing) = -2 Z C+Om 1 + p,Omy) exp (72 (kr — 5)) X Tsjne
my=1 2
‘ 4 sin® ("27) cos (’“% sin 9) 9 i _Hln (1 4l ) gin2 M ™
—iknd, sin 0 5 4 [~ +0my, —0m,, 2
1 (22 sing) =
Y . kap -
sin (T sin 9)
icos? (™7 sin (M% sin 9) - anpka—ﬁ exp (iknd, sinfy). (36)
_ 2 sin
2 2
1 (:f’; sin 9)
Y
Ey - endyk (sin0+sinn) . gy (h% (sin 6 + sin 9n)> Conclusion
kap (. . :
=" (sin6 + sin ) The application of asymptotic methods of

(31) electrodynamics allows us to determine the field
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scattered from the horn aperture in the case of normal
polarization of the incident wave to the plane of
incidence, and in the case of coincidence of the plane
of incidence and wave polarization.

The electromagnetic field scattered by phased equi-
distant RS antenna arrays can be reduced by appli-
cation of asymptotic methods for solution of integral
equations as evidenced from the simulation according
to the obtained expressions.

We have proved that in order to determine the
scattered field it is advisable to apply the method of
saddle point.

The wave amplitude diagrams as functions of the
side-scan remote sensing angle shown in Figure 4,5,6
demonstrate that an improvement of adjustment in
the antenna path shall result in an increase in the
maximum amplitude of the signal in the transmission
mode. According to the antenna reciprocity principle,
such adjustment will improve absorption of the top
type waves at the aperture of an individual radiator
or an equidistant antenna array.

This will reduce the voltage standing wave ratio and
the side lobe level.

Consequently, the probing RS will receive a reduced
re-radiated signal, which will improve reconnaissance
protection of PAA [1,9].

The above expressions (6) for an individual radi-
ator and (16) for an equidistant antenna array
have computational, practical, and methodological
value. Their consistent development and physical
interpretation will allow us to estimate their use in the
study of the scattered (re-radiated field) for PAA and
other antenna systems with pyramidal horns used as
exciters.

The results obtained apply both to the development
of electrodynamics theory and to the improvement
of calculation methods [12-16]. They can be applied
in the development of algorithms for detection and
recognition of radar targets.
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Bynp-sika anTenHa cucremMa € IKepPeIOM BTOPHHHOI'O
BUIIPOMIHIOBAHHS, OCKITBKH DO3CLIO€ He MEHTIe MMOJIOBUHK
MaZai090i Ha Hel eHeprii, M0 BIUIMBAE HA PATIOIOKAIMHY
MIOMITHICTH BCHOTO 00’€KTa, HA SKOMY BOHU BCTAHOBJIEHI.

Ile o3mavae, IO TAKOTO PO3CIIOBaHHS (TIEPEBUTTPOMIHIO-
BaHHSA) AHTEHOI0, y TOMY [HCJl (PAa3MpPOBAHOI0 AHTEHHOIO
PeLIITKOIO, yCyHYTH HEMOXKJIMBO, IIPOTe HOro MOYKHA CyTTE-
BO 3MEHIINTH.

3aporoHOBaHO BUKOPUCTAHHS aCHMIITOTHIHOIO METO-
Jy IepeBayly i PO3B'S3aHHS IHTErPAIbHUX eJIeKTPOIH-
HAMIYHUX DIBHSHb €JIEKTPOMArHITHOTO IIOJId, PO3CISHOTO
dazoBanmMu exBiguCTaHTHUMEI aHTEeHHUMH penritkamu. Ile
J03BOJISIE JIOCJIIUTH 3aKOHOMIPHOCTI II€PEBUIIPOMIHEHHOTO
MOJIST B JBOX JOBLIBHUX TIIOIIMHAX.

PesympraTn MOIeTIOBAHHS aMILIITY/L XBUJI, K DYHKIHN
KyTa 30HIyBaHHS CBIIIaTh, 0 IOKPAIIEHHH y3IOIKEHHS
B QHTEHHOMY TPAKTi mpu3Bee 10 301/IbIIeHHsT MaKCUMATh-
HOI aMIIITyIyW CHTHAIy B pexmMmi mepemadi. Bimmosimao
[0 TIPUHOUILY 0OEPHEHOCTI aHTEeH TaKe Y3rO/zKEHHs IIOKPa-
UUTH TOTJIMHAHHS BUINMUX TUIB XBUJIb, [0 HABOAATHCS HA
PO3KPHBi OMWHOYHOTO BUITPOMIHIOBaYa 200 €KBIIMCTAHTHOL
aurernol pemritku. 1le 103Bo/uTh 3MeHIIUTH KOeMIIEHT
CTOsTI01 XBUJI 32 HAIPYIOIO0 TA PiBEHBb OIUHUX METIOCTOK.

OTpumaHi BHpa3W CTAHYTHb y HATOAl I UaC IPOEKTY-
BaHHS HOBUX AHTEHHMX CHCTEM, KOHCTPYKTHBHI 0cob.in-
BOCTI AKHUX CHPUATUMYTH 3MEHIIEHHIO PO3CIIOBAaHHSA BiJ
HUX €JIeKTPOMAaruHiTHOro mosis. Taki mil TaKoXK M03BOJISATH
MMOKPAIIUTH €JEKTPOMArHITHY CyMICHICTH PaiOesIeKTPOH-
HUX 3aC00iB, IO BCTAHOBJIEHI Ha OJHOMY, ab0 Ha CyCIIHIX
006’eKTax, 0 CKIa/Iy SKUX BXOASATH AHTEHHI CHCTEMH.

Pesysnprarun mocsimkens Moxke OyTu BHUKODHUCTAHO Y
MpOITeCi pO3POOKMU AJITOPUTMIB BUSIBJIEHHS, PO3Ti3HABAHHS
Ta imerTrdikamii paaiooKamiiuux 06’ €KTiB.

Karowost caosa: Gda3oBaHI aHTEHHI PEIIITKH, TOCJIi-
J2KEHHS eJIeKTPOMArHITHOIO 110JIs, aCUMIITOTHYHI METO/H,
edeKTUBHA TIOBEPXHS PO3CIIOBAHHS

HpI/IMeHeHI/Ie ACHUMIITOTNYECKHUX METOJA0B
AJid HNCCjieJOBaHMUAd 3IJIEKTPOMArHMTHOI'O
moJigd, pacCedHHOIo 33KBHJINCTAHTHBIMHN
AHTEHHbIMN pPellleTKaMMn

Cudopwyx O. JI., @pus C. II., I'aspuaro E. B.,
Coboaenxo C. A., @edoposa H. B.

Aneprypable anTeHHBI U (DA3UPOBAHHBIE AHTEHHBIE Pe-
MIeTKU BHOCAT HAWOOJIHINHUI BKJIAJ B PAAUOIOKAIMOHHY IO
3aMETHOCTh BO3JYIIHBIX M HA3€MHBIX OOBEKTOB M MOTYT
coctaBaTh 10 98% mx obmeit addekTuBHON paccemBaio-
et moBepxuocTu. VI3BecTHO, 910 JII0bast aHTEeHHAA CUCTEMA,
SIBJISTETCS. NCTOYHUKOM BTOPUYIHOTO WU3JIyIEeHUsI, TIOCKOIbKY
OHa paccemBaeT II0 MeHBbIIEll Mepe IIOJIOBHHY MaJafolieil
Ha Hee SHEpPrud. DTO O03HAYAET, UTO TAKOI'0 DPACCEesdsHUs
(mepemsmyvenns) anTeHHON MM BHa3UPOBAHHONW AHTEHHOMN
PemeTKON MOTHOCTHIO N30eKaTh HEBO3MOXKHO, HO €ro MO-
2KHO CYI[eCTBEHHO YMEHbBIIUTb.

Peasnm3anust n3BEeCTHBIX CHOCOOOB YCTPAHEHUS IIE€PEH-
3aydenus (paccessHWs) TPUBOAWT K YXYAUIEHUIO JIPYTHAX

OCHOBHBIX XaPaKTE€PUCTUK AHTEHHBIX CUCTEM — KO3bduim-
€HTOB YCHUJICHUs, HAITPABJIEHHOTO IeHCTBYS U TakK majee. Ha
YPOBEHDb IIEPEU3/Iy<IaeMOr0o CUIHAJIA TAK¥Ke BJIMAET MHOXKe-
CTBO XapPaKTEPUCTUK CAMOU aHTEHHON peIneTKWu: AuarpaM-
Ma HAIPABJIEHHOCTH, KOJNYECTBO W3JIydaTeseil, PacCTOs-
HEe MeX/y HUMH U DA3HHUI@A B PACIPOCTPAHEHUH JIEKTPO-
MarHUTHBIX BOJIH. Takum o6pa3om, UCCae0BaHue 31K TPO-
MarHUTHOTO TIOJISI, PACCESTHHOTO (Da3MpOBAHHON AHTEHHOM
PeIIeTKOi, ¥ BBISICHEHNE IPUYUH U 3aKOHOMEPHOCTEH Ta-
KOTO SIBJIEHUS, C IIeJIbI0 €r0 CHUKEHUs, SABJISeTCS BEeChMa
AKTyaJIbHOH 3a/1a49eil.

st mccenoBanHus M0, PACCETHHOTO OMHOYHBIM TN
T-M QHTEHHBIM U3JIydaTeseM, ObLI IPUMEHEH aCUMIITOTHAYe-
CKUil MeTOJT C UCITO/Ib30BaHMEM JieMMbl JIOpeHTa u TOIHBIX
TPAHUYHBIX YCJIOBHIl — HEIPEPBIBHOCTU TAHTE€HITMAJIHHBIX
cocrasmsnonwx mosmoro ot E w H x PACKPBIBY PYyIOpa
Sp. Ucnonb3yemblil /171st 9TOT0 MaTeMAaTHYECKUI aImapaT
O3BOJIIET PACCUUTHIBATH II0JI€ HE TOJIBKO JJIsl JIMHEHHOH,
HO W Il MPSIMOYTOJBHOM SKBHUIMCTAHTHON (azupoBan-
HOU aHTEeHHOU pemeTKu. ETo 0CODEeHHOCTHIO SIBIISIETCS yIeT
KOJIM9IeCTBa 00/IydaTeseil 1 PACCTOAHUA MKy HUMU.

Jlsist pelieHusT WHTETPATbHBIX SIEKTPOTUHAMUIECKUX
YPAaBHEHHI 3I€EKTPOMArHUTHOIO [OJId, PACCeTHHOro (a3u-
POBAHHBIMYU AHTEHHBIMH PEIIeTKAMU, UCIIOJIb3YEeTCs aCUM-
ITOTUYECKUI MeTO cemyioBoil Touku (mepesama). DTo 1o-
3BOJISIET WCCJIEOBATH 3aKOHOMEDPHOCTH TIEPEN3JIyIeHHOTO
1O/ B JBYX IIPOW3BOJIBHBIX IIJIOCKOCTSX.

Briparkemnust, IpUBeIeHHBIE 1T OQHOTO M3JIydaTess U
SKBU/IMCTAHTHON AHTEHHON pENIeTKH, MMEIOT He TOJIHKO
PaCYeTHO-IPAKTUIHOE, HO U METOAWYeCKoe 3HadeHume. VIx
TI0CJIeTOBATE/IHHBIH BBHIBOA U (DU3MTIECKAs WHTEPIIPETAINs
TI03BOJIAT OIEHUTH IIPEJe/Ibl MX UCIIOJIb30BAHUS [IPU U3y de-
HUM PACCEAHHOTO (IePem3/Ly9eHHOTO 0JIs1) He TOJIBKO (a-
3MPOBAHHBIX AHTEHHBIX PEIIETOK, HO M JPYTUX AHTEHHBIX
CHCTEM, COEPIKAINX PYIIOPA NMUPAMHUIAIBLHON (HOPMBL.

JlmarpaMMbl aMIUIUTY[ BOJIH, IIOCTPOEHHBIE KakK (QyH-
KIWW Y718 30HIUPOBAHWS, MMOKA3BIBAIOT, YTO YJIydIleHUe
COTJIACOBAHUY B AHTEHHOM TPAKTE IIPUBEJET K YBEIUICHUIO
MaKCAMAJIbHOM aMIIUTYIbl CUTHAJIA B PEYKUME I[IePeTatm.
B coorBercTBUM ¢ TPUHIAIIOM B3aWMHOCTH AHTEHH TaKOe
COTJIACOBAHWE YJIyYIIUT IIOTJIOIIEHUE BOJIH BBICIINX THUIIOB
B amepTrype OTAEIBLHOTO H3JLy<aTeNsl WM SKBUIUCTAHTHON
aHTeHHOHN pemreTku. UTO, B CBOIO OUY€peb, YMEHBIIAT KO-
sbdunuenTt crogvueil BOJHBI [0 HAIPHAXKEHUIO U yPOBEHb
OOKOBBIX JIETIECTKOB.

BriBeieHHBIE MATEMATHYIECKHUE BBIPAXKEHUs OYIyT TIO-
JIE3HBI DU IIPOEKTHPOBAHNN HOBBIX AHTEHHBIX CHUCTEM,
0COOEHHOCTH KOHCTPYKITUHA KOTOPBIX MOMOTYT YMEHBIIUTH
paccemBaHMe JIEKTPOMATHUTHOTO ITOJIST OT HUX. Takwue meii-
CTBHS TaKKe YJIydIIaT 3JIeKTPOMATHUTHYIO COBMECTUMOCTD
PaaNO3IEKTPOHHBIX YCTPOUCTB, YCTAHOBIEHHBIX HA OIHOM
WM COCeTHUX O0'bEKTAX, COTEPIKAINX AHTEHHBIE CHCTEMBI.

ITosrygennsie pesyabraTsl MOTYT OBITH IPUMEHEHBI IIPHU
pa3paboTKe AJIrOPUTMOB OOHAPY KEHHUS W WIEHTH(D KA
PaINOIOKAIIMOHHBIX TIeJIei.

Karoweewie caosa: dba3npoBaHHbIe AaHTEHHBIE DENIETKH,
HUCCIe0BAHUE JIEKTPOMATHUTHOIO IO/, ACUMIITOTHYe-
cKue Merojibl, Y deKTUBHA IIOBEPXHOCTD PACCEAHUAA
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