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ABSTRACT: This study presents a method for generating multiple electromagnetic field minima in specified spatial regions. The relation-
ship between the complex amplitudes of signals at receiving points and those of radiated signals is described using an S-parameter matrix.
It is shown that the determination of the complex amplitudes of the radiated signals can be reduced to solving an underdetermined system
of linear algebraic equations, which may be unstable because such a system can admit either infinitely many solutions or no solution.
To address this issue, an optimization problem is formulated based on minimizing the squared error between the required and obtained
electric field distributions. Its solution leads to a new system of linear algebraic equations, to which Tikhonov regularization is applied to
ensure the stability and uniqueness of the solution. The proposed approach is validated by mathematical modeling for three electric field
configurations, with the complex amplitudes of the radiated signals determined for each configuration. The modeling results confirm the
correctness of the theoretical conclusions.

1. INTRODUCTION

Focusing the electromagnetic field on the required points in
space is one of the ways to increase the signal-to-noise ratio

(SNR) at the aperture of the receiving antenna of the subscriber
device. Such an increase in the SNR allows for the use of high-
order quadrature amplitude modulation (QAM), for example,
4096-QAM. The use of high-order QAM modulation allows
for an increase in the information transfer rate in such wireless
networks [1, 2]. In [3–5], the issues related to focusing linear
antenna arrays over a finite distance were considered, and the
effects of shifting the maximum of the electric field strength
amplitude towards the antenna array relative to the focal point
were studied.
Antenna array synthesis has traditionally been regarded as

one of the fundamental problems of electrodynamics and an-
tenna theory. The studies [6, 7] laid the foundation for analyt-
ical control of the radiation pattern, including null placement
and the trade-off between main-lobe width and sidelobe level.
Subsequently, the development of adaptive spatial filtering led
to methods such as [8, 9], where interference suppression is
achieved through the optimal selection of complex weights.
The next important stage was the reformulation of synthesis
as weighted least-squares and convex optimization problems,
which made it possible to account for arbitrary array geome-
try, element directivity, as well as constraints not only in the
far field but also in the near field [10, 11].
In recent years, interest in near-field synthesis has grown

significantly due to applications in radio frequency identifica-
tion (RFID), medical hyperthermia, wireless power transfer,
radar, and emerging 5G/6G systems. Early studies on near-
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field phased arrays already showed that the problem can be nat-
urally formulated as field control within a finite volume with
minimization of the mean-square error. Modern reviews note
that near-field focusing methods generally fall into two broad
classes: conjugate-phase methods, which provide simple fo-
cusing at a prescribed point, and optimization-based methods,
which enable the synthesis of more complex spatial field dis-
tributions, including contour-shaped and multi-point focal pat-
terns [12–14].
For the near field, studies in which synthesis is formulated

not in terms of an angular radiation pattern, but rather through
field requirements at a set of spatial points, are of particular
importance. Thus, [15] proposed an efficient synthesis method
for planar antenna arrays to produce prescribed field contours
in the near-field region. Later works introduced formulations
based on electromagnetic inner products, making it possible to
obtain closed-form solutions for various optimality criteria, as
well as methods combining adaptive spatial discretization with
convex optimization to improve focusing accuracy. These re-
sults show that the transition from “focusing at a single point”
to “synthesizing a prescribed field over a region” has become a
persistent trend in the modern literature [16, 17].
In recent years, increasing attention in antenna array research

has been devoted not only to the synthesis of prescribed spatial
field distributions, but also to inverse problems concerned with
retrieving array parameters from a limited set of measurements.
Of particular interest are approaches that reduce the number of
required measurements by exploiting the ideas of sparse repre-
sentations and compressed sensing (CS). In this context, the
study [18] constitutes a significant contribution: the authors
proposed a method for diagnosing array-element failures based
solely on phaseless field measurements, while minimizing the
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number of measurements through the use of compressed sens-
ing theory. Importantly, the proposed procedure is applica-
ble to both far-field and near-field regions and, according to
the authors, represents the first CS-based technique capable of
performing diagnostics using only phaseless measurements ac-
quired exclusively in the near-field region.
In [19], the issues related to the formation of several max-

ima of the electric field strength amplitude in the required areas
of space were considered. The formation of such maxima can
be justified by the fact that the locations of subscriber devices
may be known in advance. This is especially relevant when
providing communication between smart home and Internet of
Things devices, whose locations are usually static. This allows
for communication between these devices while minimizing in-
terference with other devices. However, this approach has a
downside: for example, medical facilities house equipment that
may be sensitive to excessive electromagnetic radiation from
wireless telecommunications networks. Moreover, it is diffi-
cult to predict the locations of subscriber devices in such loca-
tions. Therefore, it is more practical to create minimum electric
field amplitudes at the locations of sensitive piece of equipment
and ensure acceptable signal levels elsewhere. Forming a single
minimum electric field amplitude is possible through antenna
array phasing. In practice, there may be more than one elec-
tromagnetically sensitive equipment in a room, requiring the
creation of multiple zones within the space, where minimum
electric field amplitudes are maintained. The scientific novelty
of this work lies in the fact that previous studies have not con-
sidered methods for forming multiple zones of minimum elec-
tromagnetic field while simultaneously ensuring the required
amplitude level of the electric field intensity in the remaining
regions of space.
This determines the purpose of this work: to substantiate

the possibility of forming several minima of the amplitude of
the electric field strength in given areas of space.

2. MATHEMATICAL MODEL OF THE SYSTEM
In [19], a method was proposed for representing an antenna sys-
tem as a microwave multipole, linking the complex amplitudes
of the radiated signals and the complex amplitudes at the re-
ceiving points through an S-parameter matrix. We will use this
method as the basis for the mathematical model and briefly re-
call it [19].
The essence of the method is that N radiating antennas are

located in space. M receiving points are randomly located. An
example of the arrangement of radiating antennas and receiving
points is shown in Figure 1. In the figure, the radiating anten-
nas are located along the perimeter of the area (along the walls
of the room), and the receiving points are located within this
area. At each receiving point, the required values of the elec-
tric field strength amplitude are specified. Next, the complex
transmission coefficients between each radiating antenna and
each receiving point are determined. By solving a system of
linear algebraic equations (SLAE), the complex amplitudes of
the signals that must be applied to each radiating antenna to ob-
tain the required field distribution in space are determined. The
effectiveness of the method was demonstrated in [19].

FIGURE 1. Radiating antenna-space system [19].

We briefly recall the method for controlling the electric field
distribution in a given space, as demonstrated in [19]. The ori-
gin of the coordinates in the presented antenna-space system is
located at the geometric center of the space. The “X” and “Y ”
coordinate axes are oriented parallel to the antenna arrays. The
“Z” axis points upward.
Let us recall [19] the designations of the complex amplitudes

of the radiated signals:

an = |an| · ej·ϕn , (1)

where |an| is the amplitude of the signal radiated from the n-th
point; ϕn is the initial phase of the signal radiated from the n-th
point; and j is the imaginary unit.
Complex amplitude at receiving points:

bm = |bm| · ej·ψm , (2)

where |bm| is the signal amplitude at them-th point, and ψm is
the signal phase at them-th point.
The set of complex amplitudes of signals at the radiation

points forms a column vector of the radiated signals [A]. The set
of complex amplitudes of signals at the receiving points forms
a column vector of the received signals [B].
Because the system shown in Figure 1 is represented as a mi-

crowave multipole (see Figure 2) [19], the number of inputs to
the multipole will be equal to N +M, where N is the number
of radiating antennas, andM is the number of receiving points.
Obviously, inputs 1 through N correspond to the radiating an-
tennas, and inputs N + 1 through N + M correspond to the
receiving points.
Therefore, by specifying a column vector of the output sig-

nals of the multipole [Y ], it is possible to define a column vector
of input signals [X]. They are connected by a scattering matrix
(S-parameters — [S]):

[Y ] = [S] · [X], (3)

We now set the boundary conditions. Considering that con-
trolling the electric field distribution is required within the room
volume, and not at its boundaries, the elements of the column
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FIGURE 2. Representation of the radiating antenna-space system in the
form of a microwave multipole [19].

vector [Y ] from 0 toN will be equal to zero. ElementsN+1 to
N +M determine the complex amplitudes of the signals (bm)
at the given receiving pointsM .

[Y ] = [y1 = 0; . . . ; yN = 0; yN+1 = b1;

. . . ; yN+M = bM ]
T
. (4)

It is also assumed that in the input signal (influence) column
vector [X], the elements from N + 1 to N +M are equal to
zero. A simplification is that there is no reflection at the points
under consideration.

[X] = [x1 = a1; . . . ; xN = aN ; xN+1 = 0;

. . . ; xN+M = 0]
T
. (5)

The S-parameter matrix of the multipole has the following
form [19]:

[S]=


s1,1 .. s1,N s1,N+1 .. s1,N+M

.. .. .. .. .. ..
sN,1 .. sN,N sN,N+1 .. sN,N+M

sN+1,1 .. sN+1,N sN+1,N+1 .. sN+1,N+M

.. .. .. .. .. ..
sN+M,1 .. sN+M,N sN+M,N+1 .. sN+M,N+M

 .

(6)
The diagonal elements of the matrix are the reflection co-

efficients from the corresponding multipole input. The off-
diagonal elements of the matrix are the transmission coeffi-
cients between the corresponding multipole inputs.
In free space, the transmission coefficients are determined

using the following expression [19]:

si,k = Fi,k · Fk,i · r−qi,k · exp (−j · β · ri,k) , (7)

where ri,k is the distance from the point corresponding to the
i-th input of the multipole network to the point corresponding
to the k-th input of the multipole network; β = 2·π

λ is the phase
coefficient; Fi,k are the elements of the matrix containing the
field gain coefficients of the antenna installed at the point corre-
sponding to input k in the direction of the point corresponding
to input i; and the factor r−qi,k determines the decrease in the

amplitude of the electromagnetic wave strength during propa-
gation from the point corresponding to the input of the multi-
pole i to the point corresponding to the input of the multipole
k. For the electromagnetic field in the near zone q = 2, in the
far zone — q = 1.
The distance between the inputs of a multipole is determined

using the expression [19]:

ri,k =

√
(xi − xk)

2
+ (yi − yk)

2
+ (zi − zk)

2
, (8)

where (xi, yi, zi) are the Cartesian coordinates of the i-th point.
The set of multipole inputs, which are radiating antennas, can

be analyzed as an antenna array. Accordingly, when calculating
the transmission coefficients using Equation (7), it is necessary
to determine the zone of the antenna array field, in which the
multipole input for which the transmission coefficient is being
calculated is located to correctly select the value of q. To de-
termine the boundaries of the near zone, Equation (9) [20] is
used:

rnf ≤ 2 ·D2

λ
, (9)

where D is the aperture size of the antenna array.
Thus, we can write the condition for determining the value

of q:

q =

{
2, ri,k ≤ 2·D2

λ

1, ri,k >
2·D2

λ

(10)

Equations (9) and (10) are used as engineering estimates of
the boundary between the near-field and far-field radiation re-
gions, depending on the aperture size of the antenna array [20].
Clearly, in the general case, the transition from the near-field
region to the far-field region is not abrupt but occurs through
an intermediate zone. Therefore, the formula used does not de-
fine a strict physical boundary, but rather makes it possible to
estimate the regime in which the antenna configuration under
consideration operates — near field or far field — and, accord-
ingly, to select the value of the parameter q. A more accurate
determination of the zone boundaries and analysis of the field
structure for a specific antenna-array geometry require a full-
wave electromagnetic simulation.
In the work [19], it is shown that the matrix of S-parameters

(6) of a multipole can be divided into submatrices:

[S] =

[
[STT ] [STR]
[SRT ] [SRR]

]
, (11)

where [STT ] is a submatrix that determines the transmission
coefficients from one radiation point to another radiation point
(submatrix of mutual transmission coefficients), with dimen-
sions [N rows; N columns]; [STR] is a submatrix that defines
the transmission coefficients from the receiving point to the
transmitting point (submatrix of inverse transmission coeffi-
cients), with dimensions [N rows; M columns]; [SRT ] is a
submatrix that defines the transmission coefficients from the
emission point to the receiving point (submatrix of direct trans-
mission coefficients), with dimensions [M rows; N columns];
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FIGURE 3. Schematic representation of the role of submatrices [19].

[SRR] is a submatrix that determines the transmission coeffi-
cients from a receiving point to another receiving point (sub-
matrix of mutual transmission coefficients), with dimensions
[M rows;M columns].
Figure 3 [19] shows a schematic representation of the roles

of the submatrices.
In the ideal case, when all receiving and transmitting anten-

nas are matched, and there is no mutual influence between the
transmitting points and receiving points, (3) can be expressed
as:

[B] = [SRT ] · [A], (12)
Then, the number of equations will be reduced fromN +M to
M .

2.1. Formation of Multiple Electromagnetic Field Minima

If the condition bm = 0 is specified for the corresponding re-
ceiving point, the minimum electric field strength will not be a
single occurrence but rather a repeating one, extending to many
subsequent points in space. A single occurrence of the mini-
mum electric field amplitude is ensured by introducing support
points into the problem, which define the electric field ampli-
tude at points in space that do not correspond to the minimum
points. Accordingly, the column vector of received signals [B]
must be specified such that at the receiving points, where the
minimum is required, the value of the bm = 0 element is zero,
and at the specified support point, the value is greater than zero,
i.e., bm > 0.
In [19], the problem of forming the maxima of the elec-

tric field strength amplitude in the required spatial regions was
solved. In this study, the system of Equation (12) was solved
using the Gaussian method; however, when additional support
points are introduced into the system, instability of the solution
may arise [21–23]. In addition, if the number of radiating an-
tennas N is greater than the number of receiving points M in
the system, the system will be underdetermined. Such an un-
derdetermined systemmay have an infinite number of solutions

or none at all. Therefore, to solve system (12), we introduce a
criterion formulation of the problem: finding the column vector
[A] that minimizes the quadratic error of the approximation of
the required field distribution.
To control the suppression depth at the given minimum

points, it is necessary to introduce additional weights wm in
the form of a diagonal matrix:

[W ] = diag(w1, w2, . . . , wM ), (13)

The higher the value ofwm is, the higher the priority is to ensure
the conditions bm ≈ 0 and bm ≈ 1 depending on which are
necessary to ensure the maximum or minimum amplitude of
the electric field strength at the required receiving point.
To determine the column vector [A], we need to solve the

following problem:

M([A]) = ∥[W ] · ([SRT ] · [A]− [B])∥22 , (14)

where ∥ ∥2 — L2-norm: ∥x∥2 =
√
x21 + . . . x2n.

In fact, if we introduce the mathematical definition of the
error for the introduced system, we obtain:

[ε] = [SRT ][A]− [B], (15)

in an ideal case [ε] = 0.
So, in fact, we have:

M([A]) = ∥[W ] · [ε]∥22 , (16)

Thus, (14) and (16) are the criteria for error minimization.
The introduction of additional support points into the sys-

tem can lead to instability of the solutions [21–23]. Therefore,
the Tikhonov regularization method [24] is introduced into the
system (14). The introduction of Tikhonov regularization, for
µ > 0, allows us to obtain the uniqueness of the solution. Then,
Equation (14) takes the following form:

M([A]) = ∥[W ] · ([SRT ] · [A]− [B])∥22 + µ ∥[A]∥22 , (17)

where µ— Tikhonov regularization coefficient.
We expand the norm through Hermitian conjugation. It is

known [21–23] that ∥x∥22 = xH · x, where H is a Hermitian
conjugation, that is, the operation of transposition and complex
conjugation.
Then, the first part of expression (17) will take the form:

∥[W ][ε]∥22 = ([W ][ε])H([W ][ε]) = [ε]H [W ]H [W ][ε] (18)

Since the weight matrix [W ] is real and diagonal, we obtain:

[W ]H [W ] = [W ]2 = diag(w2
1, . . . , w

2
M ) (19)

Then expression (17) will take the form:

M([A]) = ([SRT ] · [A]− [B])
H · [W ]2

· ([SRT ] · [A]− [B]) + µ[A]H [A] (20)

Let’s open the brackets in (20):

M([A])= [A]H [SRT ]
H [W ]2[SRT ][A]−[A]H [SRT ]

H [W ]2[B]

−[B]H [W ]2[SRT ][A]

+[B]H [W ]2[B] + µ[A]H [A] (21)

As stated in [25], it is necessary to find a complex column vec-
tor [A] for which the expression M([A]) does not decrease with
small changes in the real and imaginary parts; that is, a station-
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ary point is found the global minimum of the function.

∂M([A])

∂[A]∗
= 0 (22)

where [A]∗ — complex conjugate column vector [A].
It is necessary to differentiate expression (21) according

to (22).
As a result, we obtain the expression:

∂M([A])

∂[A]∗
= [SRT ]

H [W ]2[SRT ][A]− [SRT ]
H [W ]2[B] + µ[A]

(23)
As a minimum condition, we write:

[SRT ]
H [W ]2[SRT ][A]− [SRT ]

H [W ]2[B] + µ[A] = 0 (24)

Then:

[SRT ]
H [W ]2[SRT ][A] + µ[A] = [SRT ]

H [W ]2[B] (25)

Let’s transform (25):(
[SRT ]

H [W ]2[SRT ] + µ[I]
)
[A] = [SRT ]

H [W ]2[B] (26)

where [I] is the identity matrix.
Thus, by solving system (26), a column vector of radiated

signals [A] is determined to ensure the required distribution of
the electric field in a given region of space.
From (26), we can express [A]:

[A] =
(
[SRT ]

H [W ]2[SRT ] + µ[I]
)−1

[SRT ]
H [W ]2[B] (27)

In addition, the feasibility of using sparse sets of control
points is consistent with recent results on reduced near-field
data acquisition. In [18], the authors studied the diagnosis of
realistic arrays from a reduced number of phaseless near-field
measurements and showed that reliable reconstruction can
still be achieved when sparsity is properly exploited through
compressed-sensing-based formulations. Although that study
addresses array diagnosis rather than field synthesis, it supports
the broader idea that sparsity-aware formulations and carefully
selected spatial samples may still provide sufficient informa-
tion for solving electromagnetic inverse and design problems.
Therefore, these results further motivate the extension of the
proposed approach to sparse array configurations and to sparse
sets of minimum-field locations.
Let us test the obtained mathematical apparatus using math-

ematical modeling.

3. MATHEMATICAL SIMULATION
Consider an antenna system comprising 28 radiators located
around the perimeter of a space. Seven antennas are located
on each side of the space. This system is designed to operate
with nine receiving points. The operating frequency is 2.5GHz,
and the distance between the radiators is half a wavelength,
λ/2. The radiation pattern of a single radiator is assumed to
be isotropic.
Figure 4 shows the required configurations of the electric

field in space.
Table 1 presents the coordinates of the radiators.

TABLE 1. Coordinates of radiators.

No. X , m Y , m Z, m
1 −0.1800 −0.2100 0
2 −0.1200 −0.2100 0
3 −0.0600 −0.2100 0
4 0 −0.2100 0
5 0.0600 −0.2100 0
6 0.1200 −0.2100 0
7 0.1800 −0.2100 0
8 0.2100 −0.1800 0
9 0.2100 −0.1200 0
10 0.2100 −0.0600 0
11 0.2100 0 0
12 0.2100 0.0600 0
13 0.2100 0.1200 0
14 0.2100 0.1800 0
15 0.1800 0.2100 0
16 0.1200 0.2100 0
17 0.0600 0.2100 0
18 0 0.2100 0
19 −0.0600 0.2100 0
20 −0.1200 0.2100 0
21 −0.1800 0.2100 0
22 −0.2100 0.1800 0
23 −0.2100 0.1200 0
24 −0.2100 0.0600 0
25 −0.2100 0 0
26 −0.2100 −0.0600 0
27 −0.2100 −0.1200 0
28 −0.2100 −0.1800 0

Table 2 lists the amplitudes and initial phases of the radiated
signals, obtained using expression (27), to form the required
distribution of the electric field in space.
Figure 5 shows the results of the mathematical modeling of

the distribution of the electric field in space.
Table 3 presents the values of the electric field strength at the

receiving points.
As can be seen from the results shown in Figure 5 and Ta-

ble 3, the proposed method for determining the amplitudes
and initial phases of signals allows for the minimum amplitude
of the electric field strength to be ensured at several required
points in space, and also for the difference between the mini-
mum and maximum points to be 5.41 dB in the worst case and
17.71 dB in the best case, which indicates the potential possi-
bility of applying the proposed method in practice.
The difference in the normalized electric field amplitude val-

ues between the target values and the simulation results is also
noteworthy. It’s worth noting that the difference in the target
values was 6 dB at best and 9.3 dB at worst. This difference is
due to the generated electric field distribution and the fact that,
for a given configuration of transmitters and receiving points,
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(a) (b) (c)

FIGURE 4. Required configurations of the electric field in space. (a) Minima at the corners of space, (b) anti-letter “L”, (c) anti-letter “Y”.

TABLE 2. Amplitudes and initial phases of radiated signals.

Antenna No. Minima in the corners of space Anti-letter “L” Anti-letter “Y”
Amplitude, V/m Phase, deg Amplitude, V/m Phase, deg Amplitude, V/m Phase, deg

1 6.5613 179.2672 6.6566 −166.4933 10.031 −142.3760
2 5.7318 −65.5734 4.8291 1.9463 3.6435 −42.1162
3 14.882 −23.9547 7.0462 7.5275 2.8778 −14.3132
4 16.138 −61.4117 8.4541 −39.8983 8.5155 −55.4727
5 14.882 −23.9548 6.6861 −13.7470 2.8778 −14.3134
6 5.7318 −65.5735 2.5934 −51.2732 3.6435 −42.1163
7 6.5613 179.2672 8.2750 −148.8535 10.031 −142.3760
8 6.5613 179.2673 5.7930 −154.6830 7.7753 −136.1498
9 5.7317 −65.5731 5.6489 −2.9597 7.2216 −19.9073
10 14.882 −23.9548 8.2436 −8.8473 4.2483 −5.5792
11 16.138 −61.4117 11.616 −43.7278 11.119 −49.4333
12 14.882 −23.9548 5.3178 −30.2047 6.8516 −29.6463
13 5.7318 −65.5733 5.5597 −47.5809 3.4566 −69.9606
14 6.5613 179.2673 11.147 −134.1174 9.1233 −139.6095
15 6.5613 179.2672 11.147 −134.1174 7.7455 −141.3899
16 5.7318 −65.5733 5.5596 −47.5810 3.6085 −42.3863
17 14.882 −23.9548 5.3178 −30.2048 4.9516 −28.1213
18 16.138 −61.4117 11.616 −43.7279 13.037 −45.9550
19 14.882 −23.9548 8.2436 −8.8472 4.9516 −28.1214
20 5.7318 −65.5733 5.6489 −2.9596 3.6085 −42.3863
21 6.5613 179.2673 5.7930 −154.6828 7.7455 −141.3900
22 6.5613 179.2672 8.2750 −148.8537 9.1233 −139.6095
23 5.7317 −65.5734 2.5933 −51.2730 3.4566 −69.9608
24 14.882 −23.9548 6.6861 −13.7471 6.8515 −29.6464
25 16.138 −61.4117 8.4542 −39.8981 11.119 −49.4333
26 14.882 −23.9547 7.0462 7.5277 4.2483 −5.5794
27 5.7318 −65.5732 4.8291 1.9465 7.2216 −19.9072
28 6.5613 179.2673 6.6565 −166.4931 7.7753 −136.1499

the task of generating the required electric field distribution in
space inevitably involves a compromise. Some requirements
are mutually limiting; therefore, the achievable solution is de-
termined by the minimum possible value of the squared error

between the target and resulting field distributions in space.
Consequently, the calculated complex amplitudes of the radi-
ated signals provide the best approximation to the target electric
field amplitude values at the receiving points.
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(a) (b)

(c)

FIGURE 5. Electric field distributions. (a) Minima in the corners of space, (b) anti-letter ‘L”, (c) anti-letter “Y”.

TABLE 3. Electric field strength values at receiving points.

Receiving point No. Minima in the corners of space, dB Anti-letter “L”, dB Anti-letter “Y”, dB
29 −26.13 (Minima point) −24.6 (Minima point) −16.79 (Minima point)
30 −9.79 −12.21 −11.38
31 −26.13 (Minima point) −5.97 −16.53 (Minima point)
32 −9.79 −20.22 (Minima point) −10.74
33 −8.42 −12.62 −11.68
34 −9.79 −12.32 −10.74
35 −26.13 (Minima point) −26.87 (Minima point) −6.95
36 −9.79 −20.07 (Minima point) −18.94 (Minima point)
37 −26.13 (Minima point) −23.33 (Minima point) −6.95

It is worth noting that no universal upper bound on N ex-
ists for the proposed method. In principle, the method remains
applicable to arbitraryN , since it is based on solving a regular-
ized linear system. The actual limitation is practical rather than

theoretical and is determined by the conditioning of the system
matrix, the available computational resources, and the number
of effective spatial degrees of freedom relative to the imposed
field constraints.
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4. CONCLUSION
This study proposes a method for determining the complex am-
plitudes of radiated signals that can ensure several minima of
the electric field strength amplitude in given spatial regions.
The relationship between the complex amplitudes of radiated
signals and the complex amplitudes at receiving points is de-
scribed byS-parameter matrix. This study proposes calculating
the complex amplitudes of radiated signals by solving a linear
equation (SLAE). The resulting SLAE can be an underdeter-
mined system, which can lead to an infinite number of solutions
or instability. Therefore, the problem was reduced to minimiz-
ing the squared error between the required and obtained spatial
distributions of the electric field. Tikhonov regularization was
also introduced into the system to ensure the uniqueness of the
solution to the SLAE. Solving the optimization problem with
the introduced squared error measure yields a solution to the
new SLAE.
Three electric field configurations were proposed, and the

signal amplitudes and initial phases were calculated for each
configuration. Mathematical modeling of the electric field dis-
tribution using the obtained signal amplitudes and initial phases
demonstrated the viability of the proposed method.
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