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Background. One of the promising applications of terahertz technology are communication systems and telecommunications.
In particular, it provides for the creation of fundamentally new in size, noise immunity and energy efficiency devices and sub-
terahertz (TGD) for high-speed transmission of video signals, microwave radio systems, line of sight, the fifth generation of
transport of distribution of mobile networks (5G) and radar for the purpose of high-precision detection and recognition of small
high-speed targets. The development of the element base of electronic devices, the widespread introduction of digital technology
formation and signal processing allow a new approach to the solution of many problems of telecommunication systems and sub-
TGD. These circumstances make this range unique to the construction of telecommunication systems and networks, including the
PPC line of sight for the transport of the fifth generation of mobile networks (5G). Today there is a great need in the organization
of high-reliability single-span lines designed for ultra-fast data transmission and exchange of data between computers and
peripheral devices. For these purposes, the most suitable for microwave links TGD, the advantages of which are high noise
immunity and bandwidth, low energy consumption. The task of developing the transmitting and receiving paths PPC becomes
extremely important.

Objective. The aim of the paper is the development of new circuit-technological solutions for creating transmission with high
(up to 5 mW) output power and receiver (with high sensitivity - noise ratio of 10 dB) radiopathes terahertz wavelengths.

Methods. Analysis of all known publications devoted to the design of telecommunication devices and systems and sub-
terahertz range using microwave photonics technology and electronics, made it possible to offer new scheme-technological
solutions create a local oscillator on the basis of quasi-optical power and spatial summation methods and a highly sensitive
frequency converters pumped the fundamental harmonic

Results. The modeling and experimental studies of functional units receive and transmit paths of the telecommunications
system in the terahertz frequency range 130-134 GHz, consisting of: frequency converters pumped to the primary harmonic
oscillator using the quasi-optical power and spatial summation methods, band-pass-filter septum waveguide channel 1,6'0,8 mm.
For the first time using the proposed scheme and the authors of the new technological solutions developed transmission (with an
output power up to 5 mW) and the receiver (with a noise figure of 10 dB) of the radio terahertz wavelengths.

Conclusions. The created transmission (with an output power up to 5 mW) and the receiver (with noise coefficient at 10 dB)
of the radio terahertz wavelength range can be used in the construction of telecommunication systems and networks, including
radio-relay systems, line of sight for the transport of mobile next generation networks . Providing bandwidth radio link in the tens
of Gb / s or more (required in the future) is possible through the use of terahertz wavelengths, which allows you to not only
greater speed of information transmission, but also highly reliable radio communication at a very low weight and envelope
transceiver transmitting channel and antenna system.

Keywords: computer modeling terahertz range of the radio transmitter and receiver; frequency converters; quasi-optical local
oscillator; septum-filter telecommunication system.

Introduction

One of the promising applications of tera-hertz tech-
nology are communication systems and telecommunica-
tions [1]. In particular, it provides for the creation of
fundamentally new in size, noise immunity and energy
efficiency devices and sub-terahertz (THD) for high-
speed transmission of video signals, radio relay systems
(RRS) line of sight, traffic distribution of the fifth gener-
ation of mobile networks (5G) and radar for the purpose

of precision detection and identification of small high-
speed targets.

The development of the element base of electronic
devices, the widespread introduction of digital technolo-
gy formation and signal processing provide a new ap-
proach to the solution of many problems of telecommu-
nication systems and sub- THD. These circumstances
make this range unique to the construction of telecom-
munication systems and networks, including the RRS
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line of sight for the transport of the fifth generation of
mobile networks (5G).

In recent years, the trend of using radio waves ac-
quired THD sustainable. This is due to advances in the
development of technologically advanced products and
systems [2-9], the most important advantage of —which
is a wide operating frequency range. The narrow direc-
tional diagram (DD) antennas in this band are elevated
promote secrecy of communication and suppression of
harmful interference, and high rate of amplification, will
reduce the transmitter power and improve the weight
and size of equipment. Small size and weight of elec-
tronic equipment and antenna system THD at high-speed
information transmission and secure communications
make them more attractive for use in on-board equip-
ment.

Today there is a great need in the organization of
high-reliability single-span links for the transmission of
multi-channel telephony, as well as the exchange of data
between computers and peripheral devices [10-11]. For
these purposes, the most suitable for microwave links
THD, the advantages of which are high noise immunity
and pro-throughput capacity, low energy consumption.
The task of developing the transmitting and receiving
paths RRS becomes extremely important.

Structural diagram of a transmitter and the
receive path

The key elements are THD RRS communication
transceiver radio electronic devices capable of generat-
ing and transmitting modulated signals required power at
a rate of 1 Gbit/s and receive signals at an acceptable
high sensitivity [10]. The transmitting and receiving
paths comprise analog (line) of the RRS. Tract built by
heterodyne scheme and provide the transmission of sig-
nals on the track in the frequency THD within 130 ...
134GHz. Intermediate frequency range is 2 ... 4 GHz.

The block diagram of the transmission path includes:
an intermediate frequency amplifier (IFA) (if necessary),
the frequency converter up oscillator, band-pass filter
(BPF).

On the transmission path from the input signal gener-
ator receives radio signals in the group if the signal
strength is adequate to obtain the necessary signal level
at the converter output, the circuit does not require an
intermediate frequency amplifier (IF amplifier).

The block diagram of the receive path consists of an
input band-pass filter, mix-telja, local oscillator and in-
termediate IF amplifier.

Modelling and development of functional units re-
ceive and transmit paths [12-13].

Signal frequency converters. Frequency converter up
and mixer operating in different modes and different

functions, have the same unifying-bathroom design and
construction.

Transducers are based on unpackaged GaAs Schottky
diodes beamed conclusions. Limiting diodes frequency
of 2.5 GHz, allows them to work at IU-D in the bottom
of the THD. In the electrical and design parameters de-
veloped diodes that are not inferior to foreign analogues,
such as gallium-arsenide diodes from Hewlett Packard.

Balanced Mixer reception path

The monolithic integrated circuit-balanced mixer is
shown in Fig.1.

Fig.1. Monolithic integrated circuit balanced mixer:
1-slot transmission line; 2-strip conductors (gold thickness
6mkm); 3-series two semiconductor diode included;
4-resonator waveguide-slot; 5-strip line; 6-coplanar line
forehand chi; 7-night strip of gallium arsenide.

MMIC mixer comprises a slot transmission line (RF),
Schottky diodes, the output slot line is connected to a
slotted resonator coplanar line (LO) for supplying a local
oscillator signal. Land strip line is the output of interme-
diate frequency (IF) and the element impedance match-
ing the LO input waveguide with Copley nary line.

The strip resonator introduced reactive elements in
the form of gallium arsenide strips, which are made in a
single technological cycle for MMIC fabrication tech-
nology.

Implementation of reactive elements in the form of
two strips of gallium-arsenide (capacitive reactance)
with a distance equal to half the operating frequency of
the central wavelength of the local oscillator can further
expand the bandwidth of the resonator bandwidth, due to
the emergence of new capacitive coupling while main-
taining a sufficiently large level of merit.

When submitting information to the slot line of RF
electromagnetic wave signal is spread over a slot line,
excite the resonator and semiconductor diodes opposite
phase. LO signal propagating through the strip and co-
planar transmission line resonator and excites the slot-
phase semiconductor diodes. Semiconductor diodes
conversion performed two oscillation frequencies and
the intermediate frequency difference signal Fpch= fg -
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fc is removed from the strip line and provided to band-
pass filter the intermediate frequency (not shown).

Dimensions MMIC BS 3,81 x 1,24 x 0,007 mm.
Broadband BS receiver HF made by the technology of
manufacturing gallium arsenide MMIC and are charac-
terized by a low level of spurious links. The introduction
of reactive elements in the cavity in the form of gallium
arsenide strips, made in a single technological cycle of
production of MMIC, allows you to get rid of these par-
asitic phenomena such as "seepage" of electromagnetic
radiation on the dielectric substrate, to reduce to a mini-
mum parasitic coupling.

The design of such BS (Fig.2) consists of halves cut
by E-plane waveguide is 1.6 mm X% 0.8 MMIC and one
of them made in a unitary structure.

Fig.2. Appearance balanced mixer

The measured conversion loss (SSB) BS is 8 dB,

which corresponds to the best foreign analogues.
Drive up

Raising the frequency converters or shear mixers are
designed to convert the IF signal into higher frequencies.

A transmitter mixer feature is sufficiently large input
signal levels and local oscillator oscillation, and hence
the conversion side products.

The main requirements to the mixer of the transmitter
are: to provide a specified output power with a valid
non-uniformity in the range of operating frequencies,
given the suppression of side conversion products, low
conversion loss, stability, reliability, maximum capacity
factor oscillator (the ratio of power you-output signal to
the power oscillator ).

The requirement of maximum capacity utilization
heterodyne or otherwise efficiency, it is important for

the transmitter, because mixer latter operates at a rela-
tively high signal level (up to tens of milliwatts).

Hybrid integrated circuit (GIS) of the mixer has a slot
transmission line, one end of which is the input infor-
mation signa la. On the other hand the topological
scheme is coplanar transmission line LO. In the AA, the
gap slotted and coplanar transmission lines in series-
parallel include four planar Schottky diode mixer

(Fig.3).
AN [/

Fig. 3. The hybrid-integrated shear mixer circuit:
1 - coplanar line; 2 - waveguide-slot line; 3 - Schottky diodes

When applying to the input slot line information sig-
nal HF, electromagnetic waves excite the semiconductor
diodes anti-phase. LO signal propagating through the
coplanar transmission line excites semi-phase-conductor
diodes. In the semiconductor diode is made the conver-
sion of the two oscillation frequencies and the difference
signal of the intermediate Fpch frequency fg = - fc is
removed from the main strip of the coplanar line (point
A, see Fig.3.) And fed to an intermediate frequency filter
(not shown in Fig.).

In modern microassemblies hybrid integrated circuits
play the important role in the installation technologies.
Mounting diodes done by bonding directly to a substrate
of duroid.

Designed shear mixer based on GIS has the following
parameters: Working part-ta transmitter signal GHz -
134; The operating frequency of the LO signal GHz -
129.6; Decoupling the local oscillator signal, dB - 25.0;
LO-IF Isolation dB - 30.0; The output power at com-
pression gain by 1 dB, dBm: power at 13dBm LO ... 10 -
5.0; when power bi-din 13 ... 15 dBm - 9.0; Intermediate
frequency range, GHz - 2.0-4.0; The conversion losses,
dB - 8.0.

From the analysis of the characteristics we can con-
clude that the power of the transmitter locat-ditsya with-
in 3-5 MW, which is sufficient for communication
transmission / reception on interviews le ... 1.0 5.0 km.
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Local oscillator with a usage of quasi-optical
and spatial summation methods of power

Quasi-optical power and spatial summation of tech-
niques have been developed to overcome the main
drawbacks of solid-state devices, such as low power lev-
el, the lack of frequency stability in the short-wave part
of the millimeter-wave and terahertz wavelengths. Since
the transmission line used for circuit integ-ation (mi-
crostrip, and coplanar slotted) lose their advantages in
these frequencies due to radiation losses, the losses in
the substrate and ohmic losses, the effective power of
the summation must be performed in free space.

The most promising in the terahertz range are open
resonators (OR) hemispherical geometry. A hemispheri-
cal resonator re-formed flat and spherical mirrors. Esti-
mated distribution of the first phase of the higher type of
oscillations in an open resonator is shown in Fig.4.

TEMJGal(TEMB L), 7.=2 mm,
L/R=0.5, R=100 mm

¥, 100

-15 12 5 -5 E E 6 o 12 15

7 X, E;\IIM
Fig.4. The phase distribution of the first higher-type
oscillations in the open resonator.

It was experimentally studied at a frequency of 130
GHz, OR with fluctuations TEM10q type that is driven
by two frequency multipliers and two planar aperture
coupling elements ensures consistency, both in ampli-
tude and phase [12], [13].

Aperture coupling element in the form of a strip line
and slotted planar horn, realized on the dielectric materi-
al duroid 5880 0.127 mm thick.

The main advantage of coupling element is that it al-
lows you to separate the functions of coordination on the
field and Communications. Since the geometric dimen-
sions of the aperture coupling element exceeds the
length of the working wavelength oscillation of the res-
onator, it will eliminate the power loss due to the diffrac-
tion of the wave beam on it. It also significantly reduced
non-resonant background.

The distance between the centers of the spots field is
10,5 mm. This distance is an inter-element gap inclusion
in the OR circuit frequency multiplier and a planar aper-
ture coupling element.

Dimensions mirrors PR always define a spherical
mirror, because the size of the spots field oscillations it
is always greater than in the flat.

We define the ratio of length to the radius of curva-
ture of the L/ R =0,5, R =100 mm, A = 2,2 mm, L = 50
mm, then the radius of the fundamental oscillation field
spots on the spherical mirror TEM10q is 8.5 mm, the
diameter of the mirror 45 mm, the effectiveness of PR n
=0,867 [14-15].

Dimensions in the screen OR: diameter - 40 mm,;
length - 55 mm.

The measured output power levels with ER receiver
outputs and transmitter is 13 ... 15 dBm. These power
levels are sufficient for normal operation of the BS
transmitter and the receiver transmitter up.

Structural scheme of heterodyne chain

As an example of a local oscillator using quasi-
optical and spatial summation power output part meth-
ods consider heterodyne circuit. The input of the hetero-
dyne circuit consisting of a master crystal oscillator at
100 MHz and a number of intensive-of multiplying
chains formed on monolithic chips are not regarded in
detail, as it is implemented in the normal way.

The frequency of the signal which is input from the
preliminary circuits heterodyne circuit stages is in-
creased to 32.4 GHz through two series-connected dou-
blers performed on 2089 chips CHX UMS and XX com-
pany BD company 1000 Mimix Broadband (Fig.5).
These chips have built-in amplifiers to compensate for
signal loss when multiplied.

HMC 114

£48 Gtz et
1286 GHz

B48GHz 15— Y5 | 15 d8m

20 dBm

13dBm

HC 14
3168z 18204z 04GH: 196
5.d8m 8dBm 10Bm R

Toa balanced

receiver
mixer

© | 1296 GHz

20dBm 13 dBm

Fig.5. Block diagram of the output
of the heterodyne Chain

To transmit shear
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Band-pass filter at the output of multiplying stages
helps prevent spurious harmonics to the inputs of the
subsequent stages. To obtain an adequate level of output
power to the coupler incorporated power amplifier,
which is implemented on a chip CHA 2093firmy UMS.

The amplified signal frequency of 32.4 GHz-ljaetsja
ramified into two channels. The multiplier output stage
is built on chips CHX 2192 company UMS. Bifurcation
is performed on the chip firm TGB 4002 TriQuint.

Monolithic chip multipliers power amplifier and the
tap signals included in the microstrip line on the sub-
strate of duroid 0.127 mm thick.

Signals frequency of 64.8 GHz and a power of 13
dBm received by 3 dB couplers and share power in half.

To obtain a sufficient power level at the input of the
frequency multiplier, the signals are fed to power ampli-
fiers which are formed on chips NMS firm Analog De-
vices 1144 and amplified to levels of 80-100 mW.

Further increase of the local oscillator frequency
from 64.8 GHz to 129.6 GHz frequency doubler is per-
formed. Frequency multipliers are built on the basis of
multiplying packageless planar Schottky diodes.

The measured power levels output frequency dou-
blers 20 ... 25 mW.

Two signal frequency 129.6 GHz and a power of 20
... 25 mW are summed up in an open resonator (OR).

OR possesses selective properties and suppresses
harmonics and spurious frequency multiplier 50 fre-
quency dB or more.

The measured output power levels are within the cav-
ities 13 ... 15 dBm.

In operation for circuit simulation (mixers, multipli-
ers, amplifiers, dividers) used software package NI
AWR Design Environment; filters, waveguide structures
- ANSYS HFSS, resonators - Altair FEKO.

Extremely high frequency band-pass filter

EXTREMELY bandpass filters (PPF) at the output of
the transmitter and the receiver input paths should pro-
vide time-mating signal paths of data, as well as a suffi-
cient suppression of the mirror channel and local oscilla-
tor signals. Low IF (Fpch = 1 ... 3 GHz) stipulates strict
requirements for high frequency SMA on selectivity.
The most acceptable in a 2-mm wavelength range from
the viewpoint of low losses and high selectivity is a
wave-septum-water filters. Such a filter has been devel-
oped within the project.
Structurally, the filter is a thin metal plate inserted in the
E plane of the waveguide channel. The plate includes a
resonance box, the relationship between them is deter-
mined by dividing the width of the strips. To ensure suf-
ficient selectivity taken six-resonator filter. Calculate the
size of the insert plate with the resonance windows are
shown in Fig. 6.

The sizes (mm) of metal insert of the six resonatars
Center frequency: 133 GHz

Bandwidht: 4 GHz
Wavequide width: 1.8 mm
Thickness of the metal plate: 0,025 mm
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Fig. 6. Configuration and dimensions of a metal insert that
can be housed in the E-plane waveguide channel

Fig. 7 shows the calculated S-parameters six-
resonator PPF and its frequency response. The experi-
mental results show that the filter meets the selectivity
necessary to provide sufficient reduction (over 20 dB)
and a second mirror channel local oscillator harmonic
(129.6 GHz).

Losses in the filter THD transmitter do not exceed 4
dB, which is a satisfactory result for such high frequen-
cies. Flatness on the flat portion is less than 2dB.
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Fig. 7. The calculated S-parameters and measured
AFC septum filter.

Conclusion

The created transmission (with an output power up to
5 mW) and the receiver (with noise coefficient at 10 dB)
of the radio terahertz wavelength range can be used in
the construction of telecommunication systems and net-
works, including radio-relay systems, line of sight-sti for
the transport of mobile networks after blowing-
generation. Providing bandwidth of the radio link capac-
ity of tens of Gbit / s or more (in need in the future)
probably due to use of terahertz wavelength range,
which provides not only high speed of information
transmission, but also highly reliable radio communica-
tion at a very low weight and envelope transceiver and
antenna system tract.



M. ILCHENKO. MODELLING OF THE FUNCTIONAL UNITS OF THE TRANSMITTING 25

References way information flow generator for the channel with increased
1 S.0. Kravchuk Terahertz range telecommunication spectral efficiency and throughput. Patent of Ukraine for utili-

systems / Kravchuk S.O., Naritnik T.M. // Zhytomyr: sole ty model Ne84923 dated from 25.11.2013, Bul.Ne21. ..
proprietor “Evenok 0.0.”, 2014. — 394 p. 9.  M.Yu. Illchenko, T.N. Narytnyk, V.Ya Kazimirenko,

2 M.Ye. Ilchenko Transceiver for 130-134 GHZ band  V-V- Radzikhovskiy, S.E. Kuzmin Data transmission channel

and digital radiorelay system / Iichenko M.Ye., Narytnik T.N., in terahertz range with bqndwidth of more than 1 Gbit/s. Pa-
Kuzmin S.Ye. // Telecommunications and Radio Engineering. tent of Ukraine for utility model Ne93139 dated from

~2013. - Vol. 72, Nel 7. -P.1623-1638. 14.102014., Bul 8. , .
3. M.Ye. lichenko Modelling of functional nodes of te- 10. T.N. Narytnik Possibilities of Using THz-Band Radio

rahertz range radiorelay system / Ilchenko M.Ye., Narytnik Communicati'on .Channels for' Supef High-Rate Backhaul //
T.N., Kuzmin S.E., Radzikhovskiy V.N. // Problems of tele- Telecommunications and Radio Engineering. — 2014. — Ne73

communications. — 2013. — Ne2 (11). — P. 95-113. (15). ~P.1361-1371.
4.  M.Ye. Ilchenko Transceiver for digital radiorelay 11. V.V. Butenko The path of development of broadband

system of terahertz range / Ilchenko M.Ye., Kuzmin S.E., access in.Ru.ssia / Butenko V.V, .Ve(.arpalu V.E., Volodina
Narytnik T.N., Radzikhovskiy V.N. // Telecommunication E.E., Deviatkin E.E. / Telecommunications. — 2014. — Ne10.

Science. — 2013. — Vol. 72, — Nel8. — P.1651-1663. 12. A.V. May The integrated receiver of pseudo-optical
5. M.Ye. Iichenko Modelling of functional nodes of te- band / May A.V., Denbnovetsky S.V. // Coll. Of articles of
rahertz range radiorelay system / Ilchenko M.Ye., Kuzmin KPI, 2016. . .
S.E., Narytnik T.N., Radzikhovskiy V.N. // Problems of tele- ) 13. M.G. Chausov, O.V. May, OLr. V Mai, O.G. Ki-
communications. — 2013. — Ne2 (11). — P. 95-113. richenko Open resonator. Patent of Ukraine Ne93745 C2,

2011, Bul. Ne5.

6. M.Ye. Ilchenko Transceiver for digital radiorelay . . . ..
14. LK. Kuzmichev Exitation efficiency of qua-sioptical

system of terahertz range / Ilchenko M.Ye., Kuzmin S.E., . L
Narytnik T.N., Radzikhovskiy V.N. // Materials of the 23rd ~ resonance systems / I.K. Kuzmichev // Tele-communications

International Crimean Conf. “Microwave equipment and tele- and Radio Engineer.ing. B 20,09' ~ Vol ,68’ —No. 1.-P. 49'.63'
communication technologies™. — 2013. — Vol.1. — P.318-319. 15. H. Kogelnik Coupling coefficients and the coefficient

7. T.N. Narytnik, M.Ye. Iichenko, V.N. Radzikhovskiy of the wave transformation coefficients in the optical systems /
' o oot o Kogelnik H./ Trans. from English and German edited by
tions systems of terahertz range / Narytnik T.N., Ilchenko Katsenelenbaum B.Z. and Shevchenko V.V. // Quasioptics. —

M.Ye., Radzikhovskiy V.N./// Materials of the 8th Interna- Moscow: Mir, —1966. — P. 210-225.
tional Scientific and Engineering. Conf. “Problems of tele- Received in final form on June 12, 2016
communication”. — Kyiv: NTUU “KPI”, 2014 — P.137-140.
8. M.Yu. Iichenko, T.N. Narytnyk, V.Ya. Kazimirenko,
0.G. Voitenko, V.V. Radzikhovskiy, V.V. Sviridenko Two-

radio communication research for advanced telecommunica-

Invuenxo M.IO., /Iymuax O.B., [lenonoseyxui C.B., Maii A., Hapumnux T.H.
MopenoBanus GyHKIIOHAJBLHUX BY3J1iB NepeJaBaJIbHOI0 i MPUHMAJIBLHOIO PagioTPAKTIB TepParepuoBoro AianazoHy

Ipo6aemaTuka. OnHie0 3 MEPCHCKTUBHUX c(ep 3aCTOCYBaHHS TEpareplOBUX TEXHOJOrIH € CUCTeMH 3B'I3Ky. 30KpeMa, Iie-
pendavaeThCsl CTBOPEHHS MPUHIIMIIOBO HOBHX 3a TabapHTaMH, 3aBaJO3aXUINCHICTIO 1 eHeproe(eKTUBHICTIO MPUCTPOIB CyO-1 Te-
parepuoBoro gianaszony (TI'/l) amst BUCOKOMBHAKICHOI epeaadi BileOCUTHALY, paIiopesIeHHIX CHCTEM IPsIMOI BUIMMOCTI, Tpa-
HCHOPTHUX PO3MOAIIBHAX MEpeX MOOUTLHOTO 3B'SI3Ky T'siToro nmokominHs (5G) i pagapiB 3 METOKO BUCOKOTOYHOTO BUSIBJICHHSI 1
pO3Mi3HABaHHA MaJOPO3MIPHHX HIBHAKICHUX Ifiyied. PO3BUTOK eleMeHTHOI 6a3u pafioeNeKTPOHHHUX MPHUCTPOIB, IIHPOKE BIIPOBA-
JuKeHHS UQpoBoi TexHIKU (GopMyBaHHs 1 00pOOKH CUTHANIB T03BOJISIOTH IO-HOBOMY MiAilTH 0 BUpilIeHHsS 0araThox 3aBAaHb
TeleKoMyHiKaliiaux cuctem cyo-i TI'/l. 3a3HadeHi 0OCTaBUHU POOJIATH ISH JAiana30H YHIKAIBHUM JUTS TIOOYIO0BH TEIEKOMYHi-
KaLliiHUX CUCTEM 1 Mepex, B ToMy uyuciai PPC npsmoi BUIUMOCTI 1Sl TPAHCIIOPTHUX MEPEX MOOUIBHOTO 3B'A3KY I'ATOTO ITOKO-
ninasg (5G). ChoroJHi BUHUKJIA BEJHMKa MOTpeda B OpraHi3ailii BUCOKOHAIIHHUX OJHOMPONTITHUX JiHIHA 3B'SI3KY, MPU3HAYCHUX
JUT HaJIIBHKICHOI repenadi iHpopmarii, a Takox oOMiHy mannmu Mibk EOM 1 mepudepiianMu npuctposmu. s mux 1iner B
HaiObpmii Mipi migxonaTh pamiopenerni minii TI'/], nepeBaramu sIKUX € BUCOK 3aBaJ03aXUIICHICTb 1 MPOIyCKHA 3AaTHICTB,
Majie ClIOKMBaHHs eHeprii. 3aBaHHs po3po0KH MepenaBaibHOro i npuitMansHoro TpakTiB PPC crae Ha3BHYaiHO aKTyalbHOIO.

Meta pociinsxennb. Po3poOka HOBUX CXEMHO-TEXHOJIOTIYHHX PillIeHb AJISI CTBOPCHHS NEpelaBalbHUX 3 IiABUIICHOIO (JI0 5
MBT) BUXIZIHOIO TOTYXHICTIO 1 MPUUMANBHUX (3 MiABUIICHOI YyTIUBICTIO - KoediieHToM mymy Ha piBHi 10 n1b) pamgioTpakTiB
TeparepLoBOro Aiana3oHy JOBXHH XBHJIb.

Metonuka peasnizamii. AHami3 BCIX BiJOMHX MyOJiKallii, MPUCBIYCHUX MPOCKTYBAHHIO TEICKOMYHIKAIlIHHUX MPUCTPOIB i
cucTeM cy0-1 TeparepioBoro Jiama3oHy 3 BUKOPUCTAHHSIM TEXHOJIOTiIH (OTOHIKK Ta MIKPOXBHIHOBOT EIEKTPOHIKH, JIaB MOXKIIH-
BICTb 3aIPOIIOHYBATH HOBI CXEMHO-TEXHOJIOTIYHI PIllIEHHs] CTBOPEHHS TeTepOANHA HAa OCHOBI KBa310ITHYHHX 1 IPOCTOPOBUX Me-
TOJIB IiJICYMOBYBAHHS ITOTY>KHOCTI 1 OLTBII BUCOKOUYTIMBHX YaCTOTHHUX MEPETBOPIOBAYIB 3 HAKaUyBaHHSM Ha OCHOBHIN rapMo-
HiLl

PesyabTaTu AocaigkeHb. BUKOHAHO MOJENIOBaHHS Ta €KCIIEPUMEHTAIbHI JOCHTIKEHHs (PyHKIIOHATBHUX BY3JiB NMpHiiMa-
JIFHOTO 1 TIepeIaBalbHOTO TPAKTIB TEJICKOMYHIKAIITHOT CUCTEMH B TepareplieBoMy miana3oni dactotr 130-134 [T y ckmami:
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YaCTOTHI MEPEeTBOPIOBAYl 3 HAKAUyBaHHSAM Ha OCHOBHIN IapMOHILll, F€TEPOAMH 3 BUKOPUCTAHHAM KBa3iONTHYHHX 1 MPOCTOPOBHUX
METOJIiB MiICYMOBYBaHHS ITOTY>KHOCTI, CMyTOIIPOHUKHHUH septum-(iasTp B B XBUIeBOAHOMY KaHaii 1,6x0,8 MM. Briepie 3 Bu-
KOPHCTaHHSIM 3aIIPOIIOHOBAHUX aBTOPAMH HOBHUX CXEMHO-TEXHOJOTIYHUX PillIeHb CTBOPEHI NepeiaBalbHi (3 BUXiTHOIO MOTYXHi-
ctio 10 5 MBT) i npuiimanbHi (3 KoediienToM nrymMy Ha piBHi 10 1b) pamioTpakTH TeparepioBOro Jaiarna3oHy JOBXKHH XBUJIb.

BucnoBku. CTBOpeHi IepeaBaibHi (3 BUXIAHOIO IOTYKHICTIO 0 5 MBT) i mpuitmMansHi (3 keddimienta mrymy Ha piBHi 10
1b) pagioTpakTH TeparepoBoro Aiana3zoHy JOBKUH XBUJIb MOXKYTh OyTH BUKOPHCTaHI MpH NOOYAOBI TeNEKOMYHIKalliiHUX CHC-
TEM 1 Mepexk, B TOMY YHCII PaJiopesIeHIX CHCTEM IPsMOI BUANMOCTI AT TPAHCIIOPTHUX MEPEX MOOITBHOTO 3B'SI3Ky HACTYITHO-
TO MOKOJIIHHA . 3a0e3Me4eH s IPOITYCKHOI 31aTHOCTI pajioniHii B gecsatku I'6it/c 1 6inpmre (moTpiOHO B MaltOyTHROMY) MOXIIHBO
3a paxyHOK BHKOPHCTaHHS TEPareploBOro Jiana3oHy NOBXHH XBHIb, B IKOMY MO)XKHAa OTPHMATH HE TUIBKH BEJHKY IIBHAKICTH
nepenaui indopmariii, axe i BUCOKY HaAiHICTD pajioiHii 3B'SI3Ky IIPU AOCUTH Maliil Ba3i i rabapurax mpUioMo- epeaaBaIbHO-
IO TPaKTy 1 aHTEHHOI CUCTEMH.

KarwuoBi ciioBa: KOMITIOTepHE MOJICITIOBAHHS, TepareplioBUil Jiana3oH, MpUAMALHAN 1 TepeaBalbHAN PaIioTPaKT, 4acTo-
THi IEPETBOPIOBAYi, KBa31ONTUYHUI reTepoaArH, septum-dinabTp, TeeKOMyHiKaliliHa cucreMa.

Hnvuenko M.E., Jlymuak A.B., /lenonoseyxuii C.B., Maii A.B., Hapvimnux T.H.
MoneaupoBanue (pyHKIIMOHATBHBIX Y3JI0B NepeIaloiero i NpHeMHOro pagdoTPAKTOB TePArepuoBoro JHana3ona

Ipo6aemaTuka. OQHON W3 MEPCIIEKTUBHBIX Cep MPUMEHEHHs TeParepIiOBbIX TEXHOJIOTHH SBISIOTCS CHUCTEMBI CBsi3U. B
YaCTHOCTH, MPEAYCMATPUBACTCS CO3AaHUE MPHUHIUITHAIBHO HOBBIX IO rabapuTaM, MOMEXO3aIUIIEHHOCTH U dHEProdpPeKTHB-
HOCTH YCTpPOMCTB cy0- u TepareproBoro nuanazona (TT'ZI) a1 BBICOKOCKOPOCTHOM Mepenayn BUACOCUTHAIOB, PaluopeIeHbIX
CUCTEM TIPSIMOW BHIMUMOCTH, TPAHCIIOPTHBIX PACIPECITUTEIbHBIX CeTel MOOMIBHOM CBsI3W MATOTO ToKoNeHus (5G) U paaapos ¢
LIEJIBI0 BBICOKOTOYHOTO OOHAPYKEHUSI M PACIO3HABAHMS Majopa3MEpPHBIX CKOPOCTHBIX Lienel. Pa3Butue sineMeHTHOH 0a3bl pa-
JIMO3JICKTPOHHBIX YCTPOICTB, IMPOKOE BHEIAPCHUE MUMPOBOIT TEXHUKN (HOPMUPOBAHHS M 00paOOTKH CHIHAIOB MO3BOJIIOT I10-
HOBOMY TIOJIOWTH K PEIICHHIO MHOTHX 33a4 TeJIEKOMMYHHUKAIMOHHBIX cucTeM cy0- u T[] . Yka3zaHHbIe 00CTOATENbCTBA AeTa-
IOT ATOT MANa3oH YHUKAIbHBIM A7 IOCTPOSHHS TEIEKOMMYHHUKALMOHHBIX CUCTEM U ceTel, B ToM uucie PPC npsmoii Buanmo-
CTH JIJISI TPAHCTIOPTHBIX CeTe MOOMIIBHOM cBsi3M Tsitoro nokosieHus (5G). CeromHst BO3HUKIIA 0OJbIasi MOTPEOHOCTh B OpPraHH-
3al[ BBICOKOHAJIC)KHBIX OJIHOMIPOJICTHBIX JIMHUII CBSI3M, MpPEIHA3HAUYCHHBIX JJIsi CBEPXCKOPOCTHOW Imepenadu MH(opmaimm, a
TakKe 0OMEeHa TaHHBIMH Mexay DBM u nepudepuitHbiMu ycTporicTBamMu . J[Jist 3THX 1ienieit B HanOOJIbIIeH CTEICHN MOIXOMIST
panuopeneitabie nuHUA TI' ], HOCTOMHCTBAMU KOTOPBIX SIBJISIIOTCS] BBICOKHE MTOMEXO03aIIUIIEHHOCTh U IPOITYCKHAsI CTOCOOHOCTD,
MaJioe ToTpeOJieHne SHepruu. 3amgadya pa3padOTKH Mepelaroliero U NpueMHoro TpakTtoB PPC cTaHOBHTCS 4Ype3BBIYAIHO aKTy-
aJBHOM.

Henb uccaenoBanuii. PazpaboTka HOBBIX CXEMHO-TEXHOJOTHYECKUX PEIICHUN JIJIs CO3[aHUs MEPEAAOIINX C MOBBIIICHHON
(mo 5 MBT) BBIXOJHOI MOITHOCTBIO U MPHUEMHBIX (C TOBBIIICHHOW YyBCTBUTEIHHOCTIO - KOI(PPHUIIMEHTOM ITyMa Ha ypoBHe 10
1b) paanoTpakToOB TEparepoBOro AUana3oHa JUIMH BOJH.

MeToanka peann3anuu. AHAJIH3 BCEX W3BECTHBIX ITyOJIHKAIMHA, TOCBSIIICHHBIX IPOSKTHPOBAHUIO TEIEKOMMYHHKAI[HOHHBIX
YCTPOWCTB M CHCTEM CY0- M TeparepIioBoro Juama3oHa C UCIIOJIb30BAaHHEM TEXHOJOTHH (OTOHHKH M MHKPOBOJHOBOH DIIEKTPO-
HUKH, 1]l BO3MOXXHOCTh HPEAJIOKHUTH HOBbIE CXEMHO-TEXHOJIOTUYECKUE PELICHUs CO3aHusl Te€TePOMHA Ha OCHOBE KBa3HUOITH-
YEeCKHX U MPOCTPAHCTBEHHBIX METOJIOB CYMMHPOBAHHUSI MOIHOCTH M 00Jiee BBICOKOTYBCTBHUTEIBHBIX YaCTOTHBIX MPEoOpa3oBa-
TeNell C HAKAYKOH Ha OCHOBHOU I'apMOHHUKE

Pe3yabTaThl HecIeq0BaHUA. BEIONHEHBI MOICTHPOBAaHNE | SKCIIEPUMCHTAIBHBIC UCCIICAOBAHNUS (PYHKIMOHATIBHBIX Y3JI0B
MPUEMHOTO U TEPEeHaloIero TPAKTOB TEIEKOMMYHHUKAIMOHHONW CHCTEMBI B TepareproBoM amama3oHe dactoT 130-134 I'Tn B
COCTaBe: YaCTOTHbIE MPeoOpa3oBaTeNid C HAKAYKOW HA OCHOBHOM rapMOHUKE, T€TEPOJMH C UCIIOJIB30BaHUEM KBa3HONTHYECKUX U
MPOCTPAHCTBCHHBIX METOJOB CYMMHPOBAHHS MOIIHOCTH, ITOJOCHO-IPOIMYCKAOUIMN septum-(GHIbTp B BOJHOBOJHOM KaHAIC
1,6x0,8 MM. BriepBble ¢ MCIIOIB30BAaHUEM IIPEATIOKEHHBIX aBTOPAMU HOBBIX CXEMHO-TEXHOJIOIMYECKUX PELICHUN CO3/aHBbI IIe-
penaroniye (C BRIXOJHOW MOITHOCTBIO 10 5 MBT) u nmpuemHsle (¢ koaddunuertom nryma Ha ypoBae 10 1b) paguoTpakTsl Tepa-
reploBOro AUana3oHa JUIMH BOJH.

BoiBoabl. Co3nanHble nepeaatoniye (C BBIXOJHOH MOUTHOCTBIO 10 5 MBT) 1 npueMHble (¢ K9G GHULUUEHTOM IIyMa Ha YpOBHE
10 nb) pagroTpakThl TeparepIioBOro JAWana3oHa JTHH BOJIH MOTYT OBITh MCIOJB30BaHbl TPHU IMOCTPOSHHU TEIEKOMMYHHKAIIH-
OHHBIX CHCTEM H CETeH, B TOM YHCIIC PAANOPEIEHHBIX CHCTEM NMPAMON BUAUMOCTH ATl TPAHCIIOPTHBIX CeTed MOOHMIBHOU CBSA3U
creyroniero nokojeHus. OdecredeHne MpoIyCKHOW CIIOCOOHOCTH paIvoIMHAH B JecsaTku ['0ut/c u 6onee (motpedyercs B Oy-
JIyIeM) BO3MOXKHO 32 CUET UCIIOJIb30BAHUSI TEPareproBOro JUana3oHa UIHMH BOJH, B KOTOPOM MOKHO MOJNYYHUTh HE TOJBKO
OOIIBIYIO0 CKOPOCTH Mepeaayr HHHOPMAIMH, HO M BBICOKYIO HA/IC)KHOCTh PAIMOJIMHUM CBSI3U IIPH BECbMa MaJIOM Bece U rabapu-
T€ IPUEMO-TIEPEIAIOLIETO TPAKTA U AHTEHHON CHCTEMBI.

KuaroueBble ci1oBa: KOMIBIOTEPHOE MOJEIUPOBAHKE, TEPArepLOBBIM NUaNa3oH, MPUEMHBIN U MEpeNaronuil paguoTpaKThl,
YaCTOTHBIC TPe0o0pa3oBaTeIN, KBa3MONTHYCCKHH TETEPOIUH, Septum-(QUIIbTp, TEICKOMMYHHUKAIIMOHHAS CHCTEMA.



