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A new period of metaverses has generated many challenges. Such relevant
research areas as mirror metaverses, digital twin networks, and federations of
artificial intelligence agents have become one of the most actively developed
both in science and international standardization at the ITU-T, IEEE, and ISO
levels. To access completely new resources and capabilities of online universes,
in particular mirror metaverses, new methods based on various types of wear-
able telepresence suits have recently been explored and actively developed.
The telepresence suit has many engineering and scientific tasks, as it is prima-
rily the most active representative of ultra-reliable ultra-low latency communi-
cation networks (URLLC) with the requirements of the Tactile Internet. In this
paper, a model of a telepresence suit based on a cylindrical coordinate system
is proposed, and the problem of improving the quality of a wireless communi-
cation channel is investigated using the example of a radiating system for wear-
able networks (WBAN), in particular for a telepresence suit, where the possi-
bility of using a metamaterial as a reflective layer is considered. This design
makes it possible to improve the characteristics of the communication channel
by improving the directivity of the emitting systems. The geometry and param-
eters of an SRR cell designed at a frequency of 5 GHz are presented, which is
considered as a promising frequency range for the further development of
WBAN networks for the first widespread use of telepresence suits.
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1 Introduction

The current decade, up to approximately 2030-2035, is shap-
ing the face of the future: the concept of the Internet of Things,
having reached the plateau of the Gartner curve, has sought to sat-
urate markets with all kinds of solutions that make it possible to
transfer business and public sector digitalization models to the
level of data and digital counterparts. The International Telecom-
munication Union (ITU) has voiced a thesis that the next era of
networks and services will be characterized by a multiverse, which
is a combination of national, private, and other metaverses. This
concept has begun to be implemented, and it is expected that tech-
nologies such as digital twin networks, avatars, telepresence suits,
digital assets, and digital skills will make it possible to bridge
gaps, including those defined in the United Nations Sustainable
Development Goals (SDGs). Already at the moment, in addition
to the existence of Resolution 105 of the World Telecommunica-
tion Standardization Assembly (WTSA 24) itself, there are about
thirty draft ITU-T standards in 21 study group, 11 study group,
avatars, metaverse structures, problems of compatibility between
universes, as well as compatibility of telepresence suits.

At the same time, the problems of deep integration of artificial
intelligence technologies into communication networks and ser-
vices are being investigated. Such tasks cover issues of digital
twins and their network, artificial intelligence (Al) agents and
their federation, and artificial intelligence sandbox testing envi-
ronments.

At the same time, research in the field of metaverses, in partic-
ular avatars, has identified some of the most interesting and urgent
tasks of the modern decade in terms of the development of a new
type of user interfaces - telepresence suits. Telepresence suits
should have the necessary characteristics of Tactile Internet de-
vices, which was fundamentally developed in the framework of
research on various applications of the Internet of Things. The re-
quirements for the tactile Internet are extremely complex and high,
with a latency of 1 ms (URLLC and HRLLC) [1-2].

In conditions of imperfect data transmission medium (absence
of "laboratory conditions" in the broad sense of the word), a num-
ber of natural physical conditions (wave propagation speed, inter-
ference, and much more), it is necessary to follow a systematic
approach, which consists in considering the problem of delay gen-
eration from the sensor of the telepresence suit (signal registration,
processing, and transmission over the on-board network), trans-
fers from a telepresence suit to a network coordinator or base sta-
tion with an appropriate wireless channel organization in a noisy
environment (including parasitic radiation, absorption, etc.), pri-
mary processing on an edge server and subsequent data transmis-
sion to avtar.

A special task in this area is and will be the problem of com-
patibility of telepresence suits and avatars in network universes,
mirror metaverses. Recently, many studies and publications have
been devoted to the development of telepresence suits [3-5]. One
of the publications provides a method for optimized data transmis-
sion and signal processing for telepresence suits, which also pro-
vides a comparative analysis of existing telepresence suit designs.
Currently, such prototypes and solutions are known as: Tesla
Suits, Senso, Perception Neuron 3, OWO Skin Haptic Suit and
Kold.

The TeslaSuit telepresence suit uses a set of IMU sensors to
capture movements, and also offers advanced features such as

electroneuromyography (with muscle stimulation), making it suit-
able, for example, for medicine. The Senso telepresence suit inte-
grates internal and external IMU sensors, it is worth noting that it
does not have tactile sensors, and is mainly focused on virtual re-
ality (for example, in the tasks of immersion in the virtual worlds
of immersive video games). The Perception Neuron 3 telepresence
suit also uses IMU sensors. The OWO Skin Haptic Suit, although
focused on tactile sensations and immersive services, still has lim-
ited technical capabilities. The Kold telepresence suit, developed
at the Meganetlab 6G laboratory (SPbGUT), has both a sensory
part and an actuating part for kinesthetic feedback, and is suitable
for medical applications. It should be clarified that these
telepresence suits have been developed and are being researched
by research teams from different countries: Great Britain, Spain,
Japan, USA, China and Russia. Naturally, the existing functional-
ity in these telepresence suits is represented by the set that was
necessary for the tasks of the relevant research. However, it is
worth noting that telepresence suits represent a new type of user
interface, as previously mentioned, and have a huge set of scien-
tific tasks. These tasks can be more effectively explored taking
into account the developed solutions, such as infrastructure, for
example, the same Kold telepresence suit. The presented compar-
ison highlights the diversity of existing technological advances in
this field of research [3, 6].

Despite the staggering pace of development of network uni-
verse technologies, immersive technologies and the tactile Inter-
net, there are still significant problems and scientific tasks that
need to be solved for a full-fledged user interaction with virtual
avatars. One of the most pressing problems is the transmission of
a large amount of data (direct and reverse kinesthetic communica-
tion with the avatar based on dozens of sensors and actuators, heat
and cold data transmission for subsequent regeneration, etc.) via
wireless communication channels between the telepresence suit
and the network coordinator, in conditions of jamming, parasitic
radiation. These limitations lead to delays, inaccuracies, and re-
duced immersion, which is critical for applications that require
precise control (positioning an avatar in a mirrored metaverse
based on telepresence suit sensors), including virtual simulations,
control of remote physical avatars (for example, robots based on
data from a user's virtual avatar), and avatar-based interaction (av-
atar-avatar interaction).

2 A model of a telepresence suit

Immersive technologies allow you to partially or completely
immerse yourself in the digital environment, depending on the re-
quirements and services provided to the user. Let's consider the
scenario of user interaction with an avatar in the digital universe —
this is possible thanks to user devices such as a telepresence suit
[7]. When a human moves, the suit changes shape, forming
creases or bends. For the purpose of comfortable interaction, it is
necessary to take into account the features of user movement, in
addition, when designing such devices, it is necessary to take into
account the influence of the body on the propagation of the radio
signal.

Due to the development of immersive technologies, the design
of wearable devices remains an urgent task, including the creation
of new concepts of radiating devices for WBAN networks. When
designing such systems, it is necessary to take into account the
large number of sensors placed in the suit, from which a number

—
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of technical tasks can be identified to preserve gain, reduce para-
sitic radio radiation, and suppress inter-channel communication
between neighboring WBAN elements. In addition, it is important
to take into account the features of the human body shape — for
this it is necessary to introduce an approximating surface.

Consider the position of the sensors in the telepresence suit in
the cylindrical coordinate system. Then the sensor or radiating de-
vice will have 3 coordinates A(r, ¢, z), and the r coordinate is al-
ways unchanged when moving, since the location of the device in
the suit relative to the central selected axis is unchanged (FIG.1).
Then we assume a change in coordinates when moving:

r = const,
@ =@+ Ap,
z = zy + Az

By representing the body segments as a cylindrical coordinate
system [8] and determining in advance the permissible ranges of
radii of curvature and orientations of the emitting systems, it is
possible to systematize the requirements for the placement of ra-
diators on a telepresence suit with minimal losses.

Fig. 1. Cylindﬁcal coordinate system

To date, there are works devoted to the design of radiating sys-
tems for wearable devices. Broadband radiators can be used for
WBAN systems [9]. It was noted in the work that the geometry of
the body and the location of the antenna have a significant impact
on the characteristics. In [10, 11], the antennas for the frequency
bands of the WBAN networks are presented: 2.4GHz and 5.8
GHz, the study is carried out mainly on a planar or slightly curved
substrate.

In the considered works, special attention is paid to miniaturi-
zation and improvement of the emitter matching parameters, while
the influence of the user's body shape and surface curvature on the
electromagnetic characteristics of antennas is considered to be
limited. Most of the works [12, 13] do not take into account the
peculiarities of changing the shape of emitting systems and do not
consider the possibility of improving the directional characteris-
tics and reducing back radiation.

One of the promising directions for improving the guiding
properties of the emitter of wearable systems is the use of a meta—
surface as a reflective surface. In [14-16], a meta-surface is used
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for WBAN radiators as an improvement in the directivity index.
but they do not take into account the peculiarities of the human
body structure. Thus, despite the large number of works devoted
to WBAN networks, the development and improvement of a com-
pact radiator, taking into account the requirements, remains an ur-
gent task.

In this paper, a meta-surface for a telepresence suit based on
an SRR cell is proposed and investigated, implemented on a lo-
cally cylindrical substrate with radii of curvature corresponding to
body segments of the user of the telepresence suit.

3 Problem statement. Antenna characteristics
for WBAN systems

The antennas in WBAN networks are located directly near the
human body. When researching devices for wireless wearable net-
works, it is necessary to take into account the electromagnetic
properties of the devices that affect the user, as well as the user's
influence on changes in the signal-to-noise environment. For ex-
ample, an antenna integrated into a telepresence suit undergoes
constant physical changes when the user moves. One of the key
characteristics of antennas is the directional pattern. And when the
same radiator is placed on planar and cylindrical surfaces, its ra-
diation pattern usually differs, since the geometry of the surface
changes (Fig. 2), which results in a change in the distribution of
induced currents and phase ratios between elementary radiation
sources at the aperture. In view of all the above, for the far zone,
this is reflected in the change in the angular function of the radia-
tion pattern.
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Fig. 2. Radiating surfaces a) planar b) cylindrical
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For an arbitrary distribution of surface currents])S (%), the elec-
tromagnetic field strength in the far zone can be written as [11-12]

e_jkrf - P
Js(F)erTds
4mr Jg°

E(r, 0, ¢) = jou

From where it is obvious that the difference between planar
and cylindrical surfaces is determined by the area, the law of cur-
rent distribution on the surface and the phase multiplier.

For a planar surface z=0, the surface point has coordinates
(x,y',0), and the multiplier takes the form:

r- ' = x'sinBcos @ + y’sin Bsin @

For a cylindrical surface of radius a, the surface point is given
as (acos ¢’,asin ¢’,z") and the multiplier is converted to the
form:

r- ' = asinBcos (¢ — ¢') + z'cos 0

The appearance of the cos(¢@ — ¢') function and a change in
the current distribution over the curved surface leads to a change
in the radiation pattern compared to the planar case.

Let us form the task of synthesizing the structure for the
WBAN radiator in a cylindrical coordinate system (r,9,z) in order
to take into account the geometry of the human body. The antenna
and its elements are considered as distributed over the surface of
a cylinder approximating a body segment.

In addition, an important goal in the development of wearable
devices is to minimize the specific absorption of electromagnetic
fields (SAR) by human body tissues. According to American
standards, the SAR level should not exceed 1.6 W/kg for every
gram of fabric, and according to European standards, it should not
exceed 2 W/kg for 10 grams of fabric. [11]

The specific absorption coefficient (SAR) in tissues is calcu-
lated [12]:

oE?
SAR = T

Where ¢ is the specific conductivity; E is the electric field
strength and p is the specific density of the substance.

In wearable systems, the emitter should be compact, low-pro-
file, and lightweight. One of the key parameters of the radiator for
a telepresence suit is to take into account changes in position and
orientation in space, as well as minimizing back radiation.

4 Analysis of the mathematical material structure
for telepresence suits

Metamaterials include artificially created materials with a pe-
riodic structure. The properties of such cells are determined by
geometric dimensions - the dimensions of the resonators and the
inter-element distances are significantly less than the operating
wavelength. One of the promising directions for the development
of metamaterials is the use of a structure of miniature split ring
frames acting as magnetic dipoles. Some types of metamaterials
are presented in [20,21], for example: Edge-coupled SRR (Fig.3a),
Omega SRR (Fig. 3b) and S ring (Fig. 3¢). Moreover, on the last
two, a cell of a repeating shape is supplemented on the reverse side
of the substrate.

a)
= SN
b)
S ——

¢)
Fig. 3. a) Edge-coupled SRR b) Omega SRR ¢) S ring

It is known that the behavior of an electromagnetic wave is
determined, among other things, by the properties of materials.
Figure 4 shows the classification of materials based on the prop-
erties of their electrical and magnetic permeability. Most materials
have positive characteristics €>0,u>0 (DPS) — these are ordinary
dielectrics such as FR-4, duroid. In such media, the wave propa-
gates according to the classical theory of wave reflection and re-
fraction, and the refractive index and wave resistance are deter-
mined by the expressions:

Where €, = /&, W = W/ €Wy, Zy — Wave resistance of free
space

The material environment £€<0, ©>0 (ENG) such indicators are
observed in plasma in the frequency range when w<wyp, [19]:

0-1-(2)

Also, some precious metals (silver, gold) may have a negative
dielectric constant in the infrared and visible regions of the spec-
trum.

—
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If £0, u<0 (MNG), some gyrotropic materials (ferrites) may
have such properties in a narrow frequency range.

The material environment with properties of both negative di-
electric and magnetic permeability (DNG) do not exist in nature,
but they can be artificially created, such media are called met-
amaterials. To achieve such properties, it is necessary to create a
special, periodic cell structure, the dimensions of which are
smaller than the wavelength For such media, the refractive index
can be negative and equal to [20, 21]:

n=—&Ur

. 2" #"
~ —le V22 14 L n
= el [ 2<|sr|eo it

Thus, the creation of a metamaterial with the required electro-
dynamic properties is reduced to the synthesis of a unit cell
providing the necessary electrical and magnetic characteristics.

u

A

ENG DPS
(e<0,u>0) (€>0,u>0)
> £
DNG MNG
(e<0,u<0) (e>0,u<0)

Fig. 4 Classification of materials depending on the sign of magnetic
and dielectric permittivity

Since it is necessary to minimize back radiation for the purpose
of this task, the material must have high-impedance properties.
One of the possible embodiments of such a cell may be an SRR
cell, such a structure creates a resonant magnetic reaction, which
is why the material can exhibit electromagnetic properties such as
negative magnetic permeability near the resonant frequency.
Thus, Edge-coupled SRR is well suited for minimizing back radi-
ation, and it can be used to obtain the magnetic and impedance
characteristics necessary for the shielding properties of the sys-
tem, while the cell has compact dimensions [20].

Provided that the period of the structure and the thickness of
the substrate are significantly less than the radius of the substrate
(in the form of a cylinder). Then such a cell can be described by a
planar LC model of the first approximation. We will write the con-
dition as:

p < R,d<R

An equivalent metasurface can be described by an LC circuit
with an impedance equal to [22]:
WLeq

Zy(w)=j ——2
S(w) ] l_szequq
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The surface is inductive at low frequencies and capacitive at
high frequencies. The impedance is very high near the resonant

frequency:
1

T 27 LogCog

To create a cell structure with the characteristics of an artificial
magnetic conductor (AMC), the equivalent surface resistance
must be significantly greater than the wave resistance of the free
space at frequency fj . In this mode, at the transition boundary, the
tangential component of the magnetic field approaches 0 (practi-
cally suppressed). As a result, the currents on the surface are in
phase with the currents in the emitting element, which makes it
possible to increase the directivity of the radiator and reduce the
power in the direction of the user's body.

The reflection coefficient at normal incidence is related to the
surface impedance by the ratio

Zs —Z 0
=7z ¢=a®

Where Z, = 377 OMm, for AMC, the reflection phase should
tend to 0 degrees.

fo

r

5 Modeling and analysis of a metamaterial cell
for a telepresence suit

Based on the structure of the SRR type metasurface, a single
cell was created (Fig. 5) with substrate dimensions (9.5x9.5x1.6)
mm, providing a resonant magnetic response and a high surface
impedance in the 5 GHz range. Additionally, the small geometric
dimensions of the SRR cell relative to the wavelength ensure a
low profile of the shielding layer, which makes the selected
meta-surface convenient for integration into cylindrical segments
of WBAN devices.

E Field [V/m] [Aam]

1.4851E+05

1.3861E+05 79.0061

I 12871E+05 !734591

1.1881E+05 67.9721
1.0891E+05 624552

9.9011E+04 56.9362
B.9110E+04 A3,

7.9200E+04 45.9043
I 6.9308E+04 40.3874
5.9408E+04 34.8704

4.9507E+04 29.3535

3.8606E+04 238365
2 57068404 18.3196
1.9805E+04 12.8026
2.5041E+03 7.2857

1.7687

3.3776E+00

Fig. 5. Setting of boundary conditions
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Based on the formed cell of the first approximation, parametric
optimization was performed and a set of cell sizes corresponding
to a resonant frequency of 5 GHz was selected. Figure 6 shows the
S-parameters for the dimensions of the sides of the cell rings: for
the outer ring it is 6.8 mm and for the inner Smm with a cutout of
1.05 mm.
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Fig. 6. S-parameters

Figure 7a shows the frequency dependences of the real £’(f)
and imaginary &’(f) parts of the effective permittivity of the simu-
lated metasurface. The real part (green) shows a sharp dispersion
transition near the resonance: as the frequency increases, it
changes monotonously and quickly passes through zero in a nar-
row frequency range, which indicates the formation of a region
with negative effective permeability. The imaginary part (red) has
a pronounced narrow maximum at the resonant frequency, reflect-
ing an increase in losses.

Figure 7b shows the frequency dependences of the real p’(f)
and imaginary p’(f) parts of the effective magnetic permeability.
The real part (green) shows a resonant dispersion: when moving
away from the resonance, its value remains close to unity, whereas
in a narrow region around the resonant frequency, a sharp transi-
tion is observed and a frequency range with a negative effective
magnetic permeability p’<0 is formed. This behavior corresponds
to the occurrence of a strong magnetic response due to circulating
currents in the SRR structure and is a sign of a metamaterial. The
imaginary part (red) has a pronounced narrow maximum in the
vicinity of the resonant frequency.

Figure 7c shows the frequency dependence of the complex
wave resistance of the metasurface obtained on the basis of the
extracted effective parameters.

The simulation results demonstrate the possibility of creating
a structure with negative parameters of dielectric and magnetic
permeability in a narrow range of operating frequencies.
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6 Application of a metasurface in a telepresence suit
to improve the signal-to-noise ratio

One of the tasks in developing a telepresence suit wearable
network is to reduce unwanted parasitic radiation that occurs due
to the large number of radiating elements on the surface of the suit.
By parasitic radiation we mean additional electromagnetic fields
that arise.

Spurious radiation introduces additional losses into the com-
munication channel, which reduces the signal-to-noise ratio.

Then the expression of the signal to noise ratio is:

e
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SNR = <€ Pe
PLLI PTLLI + PLHM

Where P, — the signal power, P, — is the power converted
into heat due to conductor loss and dielectric loss in the line or
component, P, — is the insertion loss component due to parasitic
radiation, i.e., power that leaves the transmission structure as elec-
tromagnetic radiation instead of reaching the load

Various metasurfaces provide phase and amplitude control of
the wavefront, which makes it possible to form directional patterns
and reduce the scattering field in specified angular regions. As a
result, the power of the parasitic radiation is reduced compared to
the configuration of the telepresence suit without a meta-surface.
This effect has been confirmed by experimental and numerical re-
sults, for example, by reducing the level of the side lobes [23] and
increasing the directivity [21, 24] in the antennas of sensors with
metasurfaces. As a result, the total signal-to-noise ratio in the
channel increases.

Conclusions

For wearable devices of WBAN networks and telepresence
suits, the use of metamaterials has a promising direction, since
they have properties that affect the propagation characteristics of
electromagnetic energy. The development and improvement of
such systems will increase the overall signal-to-noise ratio for
WBAN networks, in particular for ultra-dense networks of
telepresence suits. The article presented an element of a miniature
cell design at an operating frequency of 5 GHz, Modeling showed
that the developed element made it possible to preserve the char-
acteristics with varying curvature of the substrate with a radius of
up to 30 mm.

Due to the optimal choice of filling cells in each node of the
meta-surface, it is possible to suppress radiation in the direction of
the body, reduce the level of the side and rear lobes, and simulta-
neously enhance radiation in the desired radiation direction. Thus,
the meta-surface can serve as a thin "secondary radiator", which
is a real need in the curved surfaces of telepresence suits.

The disadvantages of such a surface include a narrow range of
operating frequencies, since the mode of an artificial magnetic
conductor is formed near resonance and usually persists only in a
limited band where the characteristics remain close to the required
values. At the same time, the created meta-surface of their group
of unit cells has unique properties (controlled phase response, sup-
pression of surface waves, formation of a given radiation pattern),
which in turn opens up opportunities for targeted optimization of
the communication channel and the creation of compact wearable
emitting systems with specified parameters.
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METO/[] OPFTAHM3ALIMM BECMPOBOAHbIX KAHAJIOB HATEJ/IbHOM CETU KOCTIOMA
TENENPUCYTCTBUA C UCMNOJTIb3OBAHMEM METANMOBEPXHOCTEN

Amumpueea Bukmopua Bukmopoena, CaHkm-lemepbypackuii 2ocydapcmeeHHbIl yHU8epcumem meneKoMMyHUKauut um. npogp. M.A.
Bonu-Bpyesuua (Cr16r'yT), Cankm-Tlemepbype, Poccus, dmitrieva.vv0@gmail.com

Kyuepsebiii AHOpeti EezeHbesu4, CaHkm-ITemepbypackuli 20cydapcmeeHHbIl yHUBEpcUmem menekoMmyHuKauut um. npocp. M.A. bonu-
Bpyesuua (CI6I'YT), Cankm-emep6ype, Poccus, akouch@mail.ru

AHHOTaUuA

Dpa ceTeBbIX BCeNeHHbIX (MeTaBceneHHbIX) cOPMUPOBANa MHOXECTBO BbI3OBOB. TaKue aKTyaslbHble HanpaBfieHUA WCCNEAOBAHWI, KaK: 3epKasibHble MeTaBCeSIeHHble, CeTn
LUMPpPOBbIX ABOMHWUKOB U (efjepaLymm areHTOB UCKYCCTBEHHOrO WHTEN/IEKTa CTafM OAHMMU M3 aKTMBHO Pa3BMBAEMbIX KaK B HAayKe, Tak U MeXAyHapOAHOW CTaHAApTU3aLMM Ha
ypoeHe ITU-T, IEEE, ISO. Ina gocTyna K coBepLUEHHO HOBbLIM PECYpCaM U BO3MOXKHOCTAM CETEBbIX BCEMEHHbIX, B YaCTHOCTU 3epKasibHbIX METaBCENEHHbIX, B NOCNeAHee BpeMs
UCCrelyeTcsa N aKTUBHO pa3pabatbiBaloTCA HOBblE METOAbI HA OCHOBE HOCUMbIX KOCTIOMOB TEJIENpUCYTCTBUA paznnyHoro Buaa. Koctiom tenenpucyTcrems obnagaer MHOXeCTBOM
MHXXEHEPHbIX M Hay4HbIX 337y, TaK Kak B MEPBYIO O4epefb OH ABMAETCA CaMbIM aKTUBHbIM npeacTaButeneM ceteit URLLC - cBepxHaAexHbIX ceTeit CBA3M C ynbTpaManom
3a7)epXKKOit ¢ TpeboBaHUAMM TakTUNbHOrO UHTepHeTa. B gaHHOM paBoTe npeanoxeHa MoAesb KOCTIOMA TENEMPUCYTCTBUA HA OCHOBE LMIMHAPUYECKON CUCTEMbI KOOPAMHAT, @
TaKxXe uccneAoBaHa npobneMa MOBbILIEHUA KavyecTBa GecrpOBOAHOrO KaHana CBA3M Ha MpUMepe U3My4atollein cucteMbl Ana HatenbHbix cetert (WBAN), B 4YacTHoctv ans
KOCTIOMA TENernpucyTCTBUA, A€ B KAa4ecTBE OTPAXAIOLIEro C/IoA PacCMOTPEHa BO3MOXKHOCTb MPUMEHEHWA MeTaMaTepuana. Takoe MCMOSHEHWE MO3BOMAET YMyyllnTh
XapaKTepPUCTUKM KaHana CBA3W 3a CYET YIyuLUeHWs HanpaBieHHOCTU usnyvatowmx cuctem. [pueeaeHa reometpus u napametpsl SRR2a4eiiku, paccuutaHHoi Ha Yactote 5 [T,
KOTOpasA PaccMaTpuBAETCA KakK MEpCMEKTUBHBIN YacTOTHbIA AWanasoH Ans AarnbHenwero paseutua cucteM WBAN ans nepeBoro LIMPOKOro pacrnpocTpaHeHWUs KOCTIOMOB
TenenpucyTcTeumA.

Knioueebie cnoea: memascenenHas, WBAN, kocmiom menenpucymcmeus, memamamepuansi.
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