POCCUNCKAS HELQENS
BbICOKMX TEXHOJ10T W

2Ufi

Approved
Event

MEXIYHAPOLHbIV 9-a Me HapogHas
XlHAﬂBI/II'RLII,I/IOHHbII/I BLGTRERE,

HABUTEX

www.glonass-forum.ru WWW.navitech-expo.ru
25-28 anpensa 2017
LIBK «QKCIMOLEHTP>» (

('MOCKBA

MWUHMNPOMTOPT TOPTOBO-TIPOMBITILTEHHAA TAJIATA
Mpw nognepxke A POCCHM Mop natpoHatom G c B E Ol BENKE e

Opranuzatop hopyma Onepartop chopyma Ctpaternyeckuit napTHep chopyma Opranuaatop BbICTaBKU
T

FAOHACC/THCC 7 HN“TTIOHACC” * OKCIOLIEHTP

Sopym eRepamunl coesoh onegaTop MOCKBA



HAy4HbIX U3AAHWHA, pekoMeHayeMbid BAK
MwuHo6pasoeanus Poceun ans ny6ankaumum
Hay4HbIX PABOT, OTPAXAIOLWMX OCHOBHOE HaYHHOE
CoiepXaHMEe KAHAUAATCKMX U AOKTOPCKMUX
AUCCepTauMi.

Yupeputens
OO0 "Usparenbckuit aiom Megua Mabnuwep"

[naeHeif peaakTop
Tuxsuuckuii Banepuit Onerosny

WUspatens
Oeimkoea Ceetnana CepreesHa
ds@media-publisher.ru

PenakunonHas konnerns

Anxemos ApTtém Cepreesuy
(8.7.H., npogpeccop MTYCH), Poccus
byraes Anekcanap CtenaHoBuu
(akagemuk PAH), Poccus

Bycnaes Anekcavpp Maenoeuy
(a.¢-M.H., npodpeccop MTYCU), Poccus
Baans Ansbepr

(B.T.H., cTApWMsi Hay4HbIA coTpyAHMK [aHHOBEpCKOro
yHuBepcuteta uMm. JlesibHuua Ha kapeape
KOMMYHWKQUHOHHO TexHuku), [epmarms
lonoeaues Onuyc

(ynpaBasiowmii KOHCynbTAHT
Detecon Intarnational GmBH), lepmanus

Hynkejitc Spuk

(8.T.H., CTAPWMI NCNONHUTENbHBIN AUPEKTOP
kopnopauun Detecon), Cunukorosas gonunna, CLUA
Ennsapoe Anppeit Anb6eproeuy

(g.7.H., npopeccop MMM, HNY BLLU3), Poccus
3y6apes Opuit bopucosuy

(8.7.H., uneH-koppecnoHaeHt PAH,

3acnyxeHHbli gestens Hayku PP), Poccus
Kupxrecchep IOpwuii

(p.7.H., OupekTop Incotelogyltd.), Bennkobpurarms

Kop6err Posasn

(8.7.H., BUPEKTOP MO NCCNEROBAHUSM B HAYYHO-
nccnegosarensckom uentpe China Mobile Research
Institute, npopeccop ynnsepcutetra Hasapbaesa),
lon-Konr (Kuras), CLUA

Kysoskosa TatesiHa AnekceesHa

(8.3.H., AekaH skoHommueckoro ¢akynstera MTYCH), Poccus

Kiopkuan Anekcanap lagpunosuy
(8.¢-M.H., npopeccop MTYCH), Poccus
Ceunoe Llaxmapan Xypcunbekoeuu
(8.3.H., Mpesngent Kasaxckoii akagemmn
nHpokommyHukaumi), Kasaxcran

Cuicoee Hukonai Hukonaesuu

(B.¢-M.H., AekaH ¢uanyeckoro pakynstera MIY
uM. M.B. JlomoHocosa), Poccus

lWapn Majikn

(8.3.H., BULE-NPE3NAEHT €BPONECKOro MHCTUTYTA
cranpaptusaumn — ETSI), Bennkobpurarms

AwnHa MapuHa BukropoeHa
(a.m.H., npodeccop, MTYCH), Poccus

www.media-publisher.ru

\H

COAEPXAHUE

XypHan Bkio4eH B nepeyeHb NepUoaUYECKUX CB43b

Pyaeko A.C., Punaros B.U.,
HemuanuHoe A.C.

Cnocob nepenayum AAHHbIX MO
PAAMOKAHANY CBEPXLUMPOKOMONOCHbIM
MMMYTbCHBIM CUTHOIOM B KOCMMYECKMX
CUCTEMOX CBSI3M 4

CmupHros H.U., Cueos B.A,,

®unaros B.U.

PaspaboTka MeToaa BLIGOPA CIOXHOTO
CUrHaNa M ycTpoiicTs ero o6paboTku
NS CYTHUKOBbIX ACMHXPOHHBIX CUCTEM
nepenayn MHGopMaLmMm

10

U6parumos B.I., FTacaHos ALl
WccneposaHue m oueHka 3¢pdekTMBHOCTH
mynbTucepsucHeix ceteit NGN/ IMS
NPy nepeaaye MynbTUMEAMHHbBIX
Tpadukos 15

SNEKTPOHUKA. PAOMOTEXHUKA

A6pamoe B.A., Manos AB.,

Monos O.b., YepHukos K.B.
MporHosnpoBaHue KayecTsa nepeaaym
CMTHOA BELLAHMS MO KOPOTKOMY
peanbHOMy 3BYKOBOMY CUrHAny 19

NMHDOOPMATUKA

Lenyxun O.U., CumonsH AT,
Baniownna A.B.

BnusiHne ctpykTypbl obyuatoLeit
BbI6OPKM HA 3 dEKTUBHOCTL
KIACCUPUKALMM MPUIOXEHUU TpAdHUKA
METOAAMM MALLIMHHOTO OByYeHHs

25

Meanos [.B., Tankun M.A.,

Kypaxrerkos J1.B.

Paspabotka anropuTMOB BbIMONHEHMS
TEOPETUKO-MHOXECTBEHHBIX ONEPALIMiA

c 0bnacTaMu Ha chepuryeckon
NOBEPXHOCTH 32

lpunueHko A.B., Mapuwkoea M.B.
Onpegenenune coupanbHo-
5KOHOMMYeCKOM 3P bEKTUBHOCTH
MCMOMb3OBAHMS NACCAXMPCKOTO
TpaHcnopTta

37

YNPABJEHME

Oemuna E.B., Munuukuc E.B.,

Mununkuc C.E., Monarmn K.C.
Wccneposakme nposisneHms Mob6uHra

B POCCHICKMX KOMMQHMSX 41

NYBJINKALWMU B MOPAOKE OBCYXAEHUA

Anekcangpos W.P., Ileparkun U.A.
K Bonpocy cTpykTypHO-
bYHKLMOHANBHOTO CUHTE3A
QBTOMATU3MPOBAHHBIX CUCTEM
yNPOBNEeHMs CNeLManbHOro Ha3HaYeHMs
48
Boraanoe A.[., Tokapes M.C.
MeToamka onpeneneHus onTUMANbLHOro
KONMWUYECTBA Y3/OB C y4ETOM yPOBHS
WX 3arpy3KW B OBTOMATU3MPOBAHHOM
CMCTeMe YNpaBNeHUs CMeuManbHOro
HO3HAYEeHUs 50

ApceHses M.C., Jleeko M.B.
CHHTE3 BbIYMCIIUTENbHOM CETH
CneumManbHOro Ha3HAYeHMs 51

SNEKTPOHUKA. PAOUOTEXHUKA

Hedenos B.H., Mamontoe AB.,
CumoHos B. M., Yebriknn AE.,
Caiirnn N.A.
OrBepxaeHne Napabonmyeckmx aHTEHH
M3 NONUMEPHBIX KOMMO3MLMOHHbIX
MATEPUANOB C UCMONb30OBAHUEM
MMKPOBOJTHOBOTO M3y4EHMS

52
Crapoeoiros M.IO.
MNpenckasaHue XapakTepucTUK KaHana
MIMO u anroput™ eeibopa aHTeHH Ha
npueme npu ABMXEHUU NMHENMHOM
QHTEHHOM peLueTku

56

benaHckuii B.b., MpounHa E.[.

O cKBO3HOM YACTOTHOM XAPAKTEPUCTMKE
TpakTa "nepepaTymK-npuemMHumk"
UMPPOBOrO PAAMOBELLAHMS
L/IMHHOBOJIHOBOTO AMAMNA30HA

63
Xpomo# b.I1.
MCTOpMﬂ CNeKTpaJsibHOro aHanmaa
B TeneBnaeH1u

68



\H

CONTENT

COMMUNICATIONS MANAGEMENT

Rudko A.S., Philatov V..,

Nemchaninov A.S.

A method of transmitting data on a radio
channel ultra-wideband pulse signal in
space communication systems

IS

Smirnov N.I., Sivov V.A.,, Philatov V.I.
Develop a metod of selecting the com-
plex signal-processing devices for asyn-

chronous satellite transmission systems ELECTRONICS. RADIO ENGINEERING
10 :

Ibrahimov B.G. Hasanov A.H.
The investication and evaluation
multiservice network NGN/IMS

for multimedia traffic 15

ELECTRONICS. RADIO ENGINEERING

Abramov V.A.,, Malov AV.,

Popov O.B., Chernikov K.V.

Prediction of the quality of the broadcast
signal by short real audio signal

19

COMPUTER SCIENCE

Sheluhin O.l., Simonyan A.G.,
Vanyushina A.V.

Influence of training sample structure on
traffic application efficiency classification
using machine-learning methods

25

Ivanov D.V., Tyapkin M.A.,
Kurakhtenkov L.V.

Development of algorithms

of the set-theoretic operations

with areas on the surface of the sphere

32

Grinchenko A.V., Marshkova M.V.
Definition of socio-economic efficiency
in the use of passenger transport

37

Demina E.V., Milinkis E.B.,
Milinkis S.E., Polagin K.S.
Study presentation mobbing
in russian companies

Nefedov V.N., Mamontov A.V.,
Simonov V.P., Chebykin A.E.,
Saygin LA.

Thermal hardening of parabolic
polymer composite antennas

with the use of microwave radiation

Starovoytov M.Yu.

MIMO channel prediction
and receive antenna selection
for the moving linear array

Belyansky V.B., Pronina E.D.
Pass-through frequency response
of the "transmitter-receiver" path
in long wave digital broadcasting

Khromoy B.P.
The history spectral analysis
in television

41

52

56

63

68

The journal is included in the list of scientific publica-
tions, recommended Higher Attestation Commission
Russian Ministry of Education for the publication of sci-
entific works, which reflect the basic scientific content
of candidate and doctoral theses.

Founder
"Media Publisher", Ltd.

Publisher

Dymkova Svetlana Sergeevna
ds@media-publisher.ru

Editor in Chief
Dr. Valery Tikhvinskiy

Editorial board
Adzhemov Artem S.

Doctor of sciences., Professor MTUCI, Russia

Bugaev Alexander S.
Academician of the RAS, Russia

Buslaev Alexander P.
Doctor of sciences., Professor MTUCI, Russia

Corbett Rowell

Full Professor: Electronic & Electrical Engineering Nazarbayev
University, Hong Kong (China), USA

Golovachyov Julius

Managing Consultant Detecon Intarnational GmBH, Germany

Dulkeyts Eric

Ph.D., chief executive officer of the corporation Detecon, USA

Kirhgessner Yuri
Ph.D., Director Incotelogyltd., United Kingdom

Kuzovkova Tatyana A.
PhD, Dean of the Faculty of Economics MTUCI, Russia

Kyurkchan Alexander G.

Doctor of sciences, Professor MTUCI, Russia

Seilov Shakhmaran Zh.
PhD, President of the Kazakh Academy of Infocomm,
Kazakhstan

Sharpe Michael
PhD, vice-president of the European Standards Institute — ETSI,

United Kingdom
Sysoev Nikolai N.

Doctor of sciences., Dean of the Faculty of Physics of Moscow
State University. Lomonosov, Russia

Waal Albert

Ph.D., Senior Research Fellow University of Hanover. Leibniz at
the Department of Communications Technology, Germany
Yashina Marina V.

Doctor of sciences, Professor MTUCI, Russia
Yelizarov Andrey A.
Doctor of sciences., Professor MIEM, HSE, Russia

Zubarev Yuri B.

Ph.D., corresponding member of the Russian Academy of
Sciences, Honored Scientist of Russia, Russia

All artocles and illustrations are copyryght. All rights reserved.
No reproduction is permitted in whole or part without the
express consent of Media Publisher Joint-Stock Company

© “Media Publisher”, 2017

www.media-publisher.ru



ELECTRONICS. RADIO ENGINEERING

THERMAL HARDENING OF PARABOLIC POLYMER COMPOSITE
ANTENNAS WITH THE USE OF MICROWAVE RADIATION

Vliadimir N. Nefedov,
professor, National research University "Higher school
of Economics" (HSE), Moscow, Russia, 6034348 @mail.ru

Alexander V. Mamontoyv,
professor, National research University "Higher school
of Economics" (HSE), Moscow, Russia, a.mamontov@hse.ru

Valentin P. Simonov,
professor, National research University "Higher school
of Economics" (HSE), Moscow, Russia, vsimonov@hse.ru

Alexey E. Chebykin,

Ist year master student, National research University
"Higher school of Economics" (HSE), Moscow, Russia,
leksei932@rambler.ru

llya A. Saygin,

student, National research University "Higher school of Economics"
(HSE), Moscow, Russia, saiginilya95@mail.ru

Ana uuTuposaHua:

Hegpedoe B.H., Mamonmos A.B, Cumonos B. T, Yebbikun AE., Cateun M.A. OTeepxaeHve napabonmyeckux aHTEHH W3 MONMMEPHbIX
KOMMO3MLIMOHHBIX MaTepUasios C UCMONb30BaHWEM MUKpOBONHOBOrO usnydeHua // T-Comm: TenekoMMyHuKaumm u Tpancnopt. 2017. Tom | 1.

Ne2. C. 52-55.
For citation:

Nefedov V.N., Mamontov A.V., Simonov V.P., Chebykin A.E., Saygin I.A. (2017). Thermal hardening of parabolic polymer composite

Theoretical results of curing antennas made of composite materials using electro-
magnetic field of super high frequencies as a source of heat energy are presented.
The advantages of microwave heat treatment of the antenna made of carbon fiber
with epoxy binder in comparison with traditional methods are presented. Results of
theoretical studies on the accelerated curing of antennas made of composite mate-
rials in microwave radiation type installation in the periodic mode are presented.
A radial type setup for the polymerization of antennas made of composite materi-
als with a diameter of 1200mm, a thickness of 3mm at a temperature of +180°with
the electromagnetic field frequency oscillations of 2450MHz and a power output of
4.8kW was developed. A set allows to reduce the energy consumption for the tech-
nological process of accelerated curing of an antenna made of composite material,
increase productivity and improve working conditions of staff.

The essential expressions and calculation results of the temperature distribution
along the thickness of the antenna made of composite material are presented. The
heating duration of the antenna from the temperature of +20°C to a temperature
of +200°C, weight 5,4kg, is 160 seconds. The temperature deviation from the nom-
inal value of the temperature on the surface of the antenna is absent, and through
the thickness of the antenna does not exceed 2°C.

As a result, the research shows the prospects of using microwave radiation for the
production processes associated with accelerated curing of parabolic antennas
made of composite materials. Currently work is underway to study the strength
characteristics of polymer antennas, assuming that the uniform heating of the
antenna leads to the absence of internal stresses and other defects of the material
structure of the antenna.

antennas with the use of microwave radiation. T-Comm, vol. |1, no.2, pp. 52-55.
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Keywords: microwave technology, electrodynamic
system, source of microwave energy,
the temperature distribution, composite material.



I. Introduction

At the present time in various industries increasingly used
materials based on carbon fiber as cladding material for stealth
aircraft, for the manufacture of space antennas, engine parts, as
well as for the production of reinforcement of concrete slabs.
Composite materials based on carbon fibers are characterized by
high values of technical characteristics such as strength, stiffness
and low specific gravity.

In connection with the need for the use of telecommunication
satellite systems and satellite repeaters interest in the antenna
reflectors working in open space is growing [1].

The basic requirements for such a design of the antenna, in
addition to radio technical, are: high precision of manufacturing
of the antenna, the thermal stability of the antenna structure,
thermo mechanical stability and thermal properties of a material,
light weight with high rigidity and strength of its design.

The combination of these characteristics allows the greatest
use of polymer composite material based on carbon fiber and
heat-resistant epoxy binder for the manufacture of the antenna.
The operating temperature of the working antenna is in the range
of minus 160 °C to plus 140 °C.

Traditional methods of curing antennas made of polymer
composite materials are related to the solution of the following
processes:

— heating of the antennas made of composite materials to the
desired temperature with the use of electric heating elements;

— maintaining the predetermined temperature of the material
of the antenna for the time needed to cure the polymeric compos-
ite material taking into account the heater radiation into the envi-
ronment.

Traditional processes of polymeric composite antennas' heat-
ing are associated with the account of thermal conductivity and is
accompanied by a large expenditure of energy and time.

Low speed curing of antennas made of polymer composite
materials is associated with the process of heating the outer lay-
ers of the antenna material and the heat transfer to the inner lay-
ers of the antenna due to the low thermal conductivity of the
composite material. During the heating, internal stresses between
the outer and inner layers of the composite antenna polymeric
material arise, which can then lead to various defects of the ma-
terial structure and can reduce the strength characteristics of the
antenna.

Microwave method [2-5], compared to traditional methods of
the polymeric composite antenna's thermal curing has the follow-
ing advantages:

— microwave radiation immediately penetrates deep into the
material to be treated and accelerates the flow of the polymeriza-
tion reaction;

— technological processes are accelerated several times due to
the nature of the volumetric heating of the polymeric composite
antenna;

— volumetric nature of the composite antenna heating does
not depend on its thermal conductivity and doesn't lead to inter-
nal stresses and other mechanical defects in the internal structure
of the product;

— technological process of polymeric composite antennas'
heat treatment does not have inertia, which allows to regulate it
precisely enough;

— microwave radiation does not heat the surrounding space -
air, which allows to save energy costs;

ELECTRONICS. RADIO ENGINEERING

— if the processed material is located in a mandrel made of a
radio transparent and thermal insulating material, such as
polytetrafluorethylene, it is possible to ignore the heat transfer to
the surrounding space, which significantly leads to energy costs
saving due to the thermos effect at maintaining the material of
the antenna to a predetermined temperature before its solidifica-
tion,

Thus, the use of microwave radiation allows to intensify the
process of heat treatment of products made of polymer compos-
ite materials, reduce the area occupied by the heating plants and
improve process economics.

I1. Main part

The beam-type microwave unit is proposed for curing the an-
tenna polymer composite structure.

The working chamber of the periodic operational microwave
unit has the following dimensions: diameter of the microwave
installation 1500mm, 1200mm diameter of the antenna, the an-
tenna thickness 3 mm, height of the working chamber 600mm.
The antenna is made of carbon fiber with epoxy heat-resistant
binder.

Composite material parameters are: the real part of the rela-
tive dielectric constant of antenna dielectric material is =45 at
the temperature of +180°C,the imaginary part of the relative
permittivity is £=0,28 at the temperature of +180°C, antenna ma-
terial density is 1600kg/m’, the heat capacity of the material is
0,90kJ/(kg°K), antenna weight is 5.,4kg, the power needed to
heat a composite antenna material from the temperature of
+ 20°C to + 180°C corresponds to the value of the processing
time of 160 seconds at 4,8kW of power. The antenna is located at
a distance of 300mm from the upper lid of the working chamber.

To implement the technological process 6 sources of micro-
wave energy were located on the working chamber. Maximum
power output of each source of microwave energy was 0,8kW.

The of the polymer composite antenna was placed in a
fluoroplastic mandrel which rotated at a specific angular speed
around its axis. The material of mandrel is radio transparent and
thermal insulating to ignore the heat leakage into the environ-
ment and maintain the desired temperature for the complete cur-
ing of the antenna material.

Microwave chamber consists of two parts: the upper part of
the chamber includes a lateral cylindrical surface and the top
cover with microwave energy sources. Lower portion includes a
stand, the bottom of the working chamber with the motor and the
rack for supporting the mandrel with the antenna. At the bottom
of the working chamber is a spring metal braid that when con-
necting it to the upper part of the working chamber prevents mi-
crowaves leakage from the installation for the safety of staff.
Curing of the antenna goes on at + 180°C over a time of 60 sec-
onds.

The source of microwave energy had a weight of 12kg and
overall dimensions: length — 400 mm; width — 200 mm; height —
200 mm. Output from the source of microwave energy was car-
ried out by using a waveguide with cross-section of (72 x 34)
mm working on the main wave type Hy,, and the waveguide ap-
erture is used as a radiating antenna.

When calculating the radiation pattern of the aperture of a
rectangular waveguide Huygens — Kirchhoff's method was used.
Microwave energy sources were located on the top cover of the
working chamber so as to ensure the formation of a uniform

——
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temperature distribution over the antenna's surface during its
movement. The total surface area of the antenna was 1,13m’;
three sources arranged at an angle of 120° provided the uniform
heating of the antenna area of 0,57m’, two sources of microwave
energy, located at 180°C ensured the uniform heating of the an-
tenna area of 0,38m” and one source provided the uniform heating
area of 0,19 m” of antenna. Thus the power of microwave radiation
per one square meter area of the antenna was 4210W/ m’,

Fig.1 shows the location of microwave energy sources on the
top cover of the microwave beam-type chamber. Such location
created the uniform heating of the antenna on its entire area.

The level of spurious emissions from the microwave installa-
tion did not exceed 10uW/cm®, which provided the necessary
security health standards for the staff.

R x'h‘h“"———--’f,\\R
Fig.1. Location of the microwave energy sources on the top surface of
the working chamber: 1 — top cover of the working chamber; 2 — source
of microwave energy; 3 — rectangular waveguide as an output of micro-
wave energy, R — 750mm, R1 — 600mm, R2 — 425mm, R3 — 245mm

Fig.2 shows a cross-sectional view of the microwave beam-
type installation.

2
' o
[ I 1 3
S|4
i o
5/ N6 N7

Fig. 2. Cross section of the beam-type microwave installation
for polymeric composite antenna curing: 1 — cylindrical chamber,
2 — a source of microwave energy, 3 - PTFE mandrel, 4 — polymeric
composite antenna, 5 — stand mandrel of PTFE, 6 — motor, 7 — stand

The temperature distribution through the thickness of the ma-
terial of the polymeric antenna can be calculated by the formula
[6-7]:

T(z)=7(0)-¢~
where: 7(z) — the temperature of the antenna material at a dis-
tance z from its surface; 7(0) — temperature at the surface of the
antenna (+180°C); a — the electric field attenuation amplitude
decay constant, which in a first approximation is given by the
expression [6-8]:

_r & )

o :

A e

Method of placement of the microwave energy on the top
cover of the working chamber is that the reaching the source
reflected power was minimal and did not affect the operation of
the microwave energy source.

Let's carry out an estimate of the reflected microwave power
coming to the input of microwave energy source.

The area of the microwave energy source output has a cross sec-
tion of the waveguide (72 x 34) mm. it corresponds to 0,0024 m’,
and the total area of six microwave energy sources is 0,0144 m”.

The total area of the irradiated surface is 1,13 m?, while the
surface area of the radiating waveguides is 1,27%. In this case,
the reflected power per input of microwave energy source is
0,01 kW and cannot have a significant effect on the microwave
installation operation.

The temperature deviation from the nominal value of +180°C
on the surface of the antenna material was absent, and in the
thickness of the antenna material did not exceed 4°C without
taking into account the reflected power (+176,4°C).

With the taking into account the reflected power from the
bottom of the working chamber the unevenness of heating in the
thickness of the antenna material does not exceed 2°C.

Heat treatment of the composite antenna should be performed
prior to full curing. The full curing of the antenna material can be
achieved during its exposure at the set temperature of +180°C in
the working chamber of the microwave setup within 60 seconds.

20."2. {])

I111. Conclusion

A microwave beam-type installation for curing the polymer
composite antenna with a diameter of 1200mm and a thickness
of 3mm at a frequency of the electromagnetic field oscillations of
2450MHz and power output 4,8kW was worked out.

Microwave unit can reduce power consumption for techno-
logical polymer composite antenna polymerization process, and
improve the working conditions for the staff.

The deviation from the nominal temperature values of
+180°C on the surface of the antenna is absent, and in the thick-
ness of the antenna material does not exceed 2°C when it is
heated to a temperature of +180°C.

The level of spurious radiation from a microwave-type instal-
lation does not exceed 10mkW/cm?, which ensures the safe sani-
tary standards for staff.
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AHHOTauuAa

[MpeacTtaBneHbl TeopeTyeckne pesynbTaTbl OTBEPXKAEHUA NMapabosIMHeCcKon aHTEHHbI U3 MONMMMEPHbBIX KOMMO3ULIMOHHbIX MaTepUanoB C
MCMOMb30BaHUEM B KavecTBe WMCTOYHMKA TEMia SHEPruM 3JIEKTPOMArHUTHOrO MOJA CBEPXBbICOKMX 4acToT. [lokasaHbl npemMyliecTsa
MUKPOBOJIHOBOrO MeToja TEeMioBoi o6paboTKM aHTEHH U3 YrNepOAHOro BOJIOKHA C 3MOKCUAHBIM TEPMOOTBEPXAAIOLLMMCA CBA3YIOLLUM
Mo CpPaBHEHWUIO C TPaAWULMOHHbIMU MeTogamu. [MpuBefeHbl pe3ynbTaTbITEOPETUHECKUX UCCIEAOBAHUI MO YCKOPEHHOMY OTBEPXKAEHUIO
aHTEHH W3 MOJIMMEPHbIX KOMMO3ULIMOHHbIX MaTeEpUasioB B MUKPOBOJIHOBOM YCTaHOBKE JIyYEBOrO TWMa B NEPUOAMHECKOM PEXMUME.
PaspaboTtaHa MUKpPOBOJIHOBaA YCTaHOBKa JlyMEBOro TuMa As1A MOJSIMMEPU3ALMM aHTEHH M3 KOMMO3WULMOHHbIX MaTepuasios, AUaMETpOM
1200 MM, TonwmHom 3mm npu Temnepatype +180°C Ha vactoTe koneGaHwin snekTpoMarHutHoro nosis 2450 MIy u BbIXOAHOM
MUKPOBOJIHOBOM MoLLHOCTbO 4,8 KBT. MiKpOBONIHOBas ycTaHOBKA MNO3BOJIAET COKPATUTL SHEPreTU4ecKue 3aTpatbl Ha TEXHOIOrMYECKU
NMpOLIECC YCKOPEHHOIO OTBEPXAEHWUA aHTEHHbl U3 MONMMEPHOrO KOMMO3MLIMOHHOIO MaTepuana, yBESMYUTb MPOU3BOAUTENIbHOCTL U
YIy4lUUTb YCNOBUA TpyAa obcnyxumeatolero nepcoHana. [peacraBieHbl OCHOBHblE BbIpaXXEHUA U pesynbTaTbl pacyéTa pacrnpegeneHus
TeMMepaTypbl MO TOJLUMHE aHTEHHbI U3 MOJSIMMEPHOrO KOMMNO3ULMOHHOrO MaTepuasna. [IMTeIbHOCTb HarpeBa aHTEHHbI OT TeMNepaTypbl
+20°C po Temnepatypbl +200°C, Becom 5,4 kr, cocrasnser 160 cekyHa. OTknoHeHWe TeMmnepaTypbl OT HOMMHASIBHOrO 3HaYeHMs
TeMneparypbl MO MOBEPXHOCTU aHTEHHbI OTCYTCTBYET, a MO TOJLMHE aHTeHHbl He npesbiwaer 2°C. B pesynbrate npoBefeHHbIX
MCCefoBaHNIM NokasaHa NepCrneKTUBHOCTb UCMOSb3OBAHUA MUKPOBOJTHOBOMO M3JTy4EHUA AJ1A TEXHOSIOrMHYECKMX MPOLIECCOB, CBA3AHHbIX
C YCKOPEHHbIM OTBepXXAeHWeM Mapabonnyecknx aHTEHH M3 MOJSIMMEPHbIX KOMMO3ULMOHHbIX MaTepuanoB. B HacTosllee BpeMsa BeayTcs
paboTbl MO MCCNEAOBAHUIO MPOYHOCTHbIX XapaKTEPUCTUK MONMMEPHbIX aHTEHH, NpeAnosnaras, YTO PaBHOMEPHbIA HAarpeB aHTEHH Mo
0bbEMY BeZIET K OTCYTCTBMIO BHYTPEHHMX HaNpAXEHWU U ApYruX AedeKTOB CTPYKTYpbl MaTepuana aHTeHHbI.

Knioueebie crioea: MukpososiHo8as mexHosoz2us, 31ekmpoduHamuyeckas cucmema, ucmoyruk CBY-snepauu,
pacnpedesnieHue memnepamypbl, KOMNO3UUUOHHbIG Mamepuarn.
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