IH®OPMA LIIMHO-KEPYIOUI CUCTEMH HA 3AJIIBHUYHOMY TPAHCIIOPTI

iif IOBOJMTHCS MPOBOAMTH 3aKymiBii. | sik Mu 6aunmo,
JoriomMora, 1o nepeadadeda ct. 11 3akony (3anydeHHsS
THIIMX MPaliBHUKIB, CTBOPSHHS pOo0OOYOi IPyNu) HE Aa€
nmoctatHboTO  edekTy. Bim mporo cmoctepiraioThes
NOMIWIKH Ta HE JOOMNPALIOBAHHA IPH IPOBEACHHI
3aKymiBenb. Hakanmb, 3apa3 KUIBKICTh 3aKyIIiBENb IIPH
MIPOBEJCHHI SKUX € MOMWIKH Iy)Xe 3Ha4yHa, 1 IIe
CTOCYEThCSI OaraThbOX 3aMOBHHUKIB. JlesKi IMOMWJIKH HE
BIUIMBAIOTh Ha €(EKTHBHICTH 3aKyIiBIi 1 MaloTh
BUKJIFOUHO «TEXHIYHUID» XapaKTep, OTHAK € i TaKi, o He
JIO3BOJISIIOTH TIPOBOJUTH 3aKYIIBIIO 3 MaKCHMAaIbLHOIO
EKOHOMIEIO.

Ha cporogmimmHi#i aeHb mepex  BciMa
3aMOBHHMKaMHU CTOITh 3a/lada I030aBUTHCh «TEXHIYHUX)
NOMMIOK 1 MIHIMI3yBaTH HOMIUIKY, IO BIUIMBAIOTH Ha
epexTuBHICTh. {1 BUKOHaHHS 1Ii€i 3amaui YO 3amaino
mpaB HagaHux cT. 11 3akoHy Ta BUKOPHUCTaHHS AiI0YUX
aBTOMATH30BaHWX ITOMIYHHKIB (poboumii xabiner YO,
CPV-tool, E-Lot, Ta inmi) HeoOxinHa iH(popMarliiiHo-
Kepyroda cucTeMa 3 (QYHKINEIO MiATPUMKH TPUHHITTS
pimeHp, ska Oyde NOeAHYBaTH BCi ICHyIWOYH e-
MOMIYHUKHA Ta BHKOPHCTOBYIOUM INTYYHHH IHTENEKT
CTBOPIOBAaTH TEHJAEPHY JIOKYMEHTAI[ll0, IepeBIpsTH
TEHJIEPHI [TPOIO3UIIIT, Ta YUACHUKIB, HA/IABATH ITi/IKa3KU
npo Haie(eKTUBHINIMK BapiaHT /i Ta pimens. JJo Toro
K, 3BICHO, Taka CHUCTE€Ma 3 JIETKICTIO BIIOPAETHCS 13
3aBJIaHHAM O€3MOMMIIKOBOTO IPOBEEHHS 3aKyIiBeNnb 3
«TEXHIYHUX» THTaHb  (CTPOKIB  OIPIIIIOJHCHHS,
Tepeniky Ta HamoBHEHOCTI JIOKYMEHTIB, aHaJli3zy
ABTOMATUYHHX PU3HUKIB, TOLIO).

Hns o0y10BH (byHKIIOHATBHOT
iH(pOpMaIiitHO-KepyIovoT CUCTEMU HEeoOXiH1
ITOPUTMU BUKOHAHHS il 3 aHATi3y PHHKY (HE TiJIbKU
LIHOBUX KPHUTEPiiB) Ta BCTAHOBJCHHS BHMOT, a MH
0aurMo, 10 3aKT3JCHNX y 3aKOHI Ta IHIINUX ICHYIOYHX
HopMmaTuBHO-TIpaBoBuX akTax (HITA) wHamparioBanb
HEIOCTAaTHHO [UISi JOCSTHEHHS BCTAHOBICHOI METH.
Po3pobka BUMOT 10 MpeaMera 3aKyIliBii, BU3HAYCHHS
YMOB TIOCTa4aHHS Ta YYaCHHKIB BHMAara€ JCTAILHOTO
aHali3y Ta KOPHUTYBaHHS 3 PUHKOBUMH YMOBaMH, SKi
MAaIOTh TEHAEHIIIO MOCTIHHO 3MIHIOBATUCH. | U1g TOTO,
mob ChOTOAHI MaTd MOKIJIMBICTE  3aKyNOBYBaTH
I3ebHe ManbHe 3a MiHOoIo B Mexax 35,00 rpH 3amicTh
50,00 TpH 3a JiTp HEOOXiAHO BpaxXOBYBaTH YMOBH 3a
SKUX TOCTAQYaJbHUKU MPOMOHYIOTh TaKy miHy. Ilpu
IBOMY cyMa 30epeskeHnx KomTiB y 2025 pori, 32 yMOBH
TOTOXKHHX OOCATIB 3aKyIiBIIi, MOXXE CKJIAcTW moHax 1,5
MJIpJ TPUBEHb.
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ADAPTIVE METHOD FOR FORMING
SIGNAL ENSEMBLES BASED ON MULTILEVEL
TIME-FREQUENCY SEGMENTATION

An adaptive method for the analysis and
processing of complex signal ensembles using multistage
recursive time-frequency segmentation has been
proposed and verified. This approach is particularly
relevant for cognitive telecommunication networks,
where efficient frequency spectrum utilization, reliable
data transmission, and adaptation to dynamic radio
conditions are critical. A key feature of the method is its
ability to dynamically adjust the duration of time
segments based on the signal's characteristics, allowing
for more precise detection of frequency components and
reduction of interference. This approach ensures high
efficiency in signal processing under rapidly changing
spectral environments, enhancing data transmission
stability and communication quality (the algorithm is
presented in fig. 1)
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Fig 1 - Adaptive multilevel recursive segmentation method

The software implementation experiments have
demonstrated the following results. The proposed
adaptive method for analyzing and processing complex
signal ensembles, utilizing specialized transformations
and optimized filters across multiple stages of recursive
time-frequency segmentation, has demonstrated high
efficiency in the calculations. Analyzing various
transformations, such as Fourier, Short-Time Fourier
Transform (STFT), wavelet, cosine, and Hilbert
transforms, at different stages of multilevel time-
frequency segmentation has shown that these approaches
offer a high degree of precision and adaptability in signal
processing. This leads to more accurate identification of
critical signal elements, including amplitude peaks and
frequency shifts, which are essential for maintaining
signal stability and quality.

Throughout the stages of the algorithm—signal
ensemble formation, optimization, verification, and
implementation—the  adaptive ~ method,  which
incorporates specific transformations and filters, proved
highly effective in reducing noise levels by 21,73—
29,64% and enhancing signal quality by 14,32-24,56%.
The use of adaptive filters such as LMS and RLS,

alongside transformations like STFT, wavelet, and
Hilbert, significantly improved resistance to signal
interference and increased energy efficiency by 9,81—
18,94%.

These experimental findings confirm that the
proposed method consistently delivers high-quality
processing of complex signal ensembles, even in the
dynamic environment of cognitive radio. Future research
will aim to enhance the adaptive capabilities of the
method, particularly in more complex and rapidly
evolving signal environments, to further improve its
robustness and adaptability across a variety of
telecommunications applications.
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IEEE 802.16 are presented in Table 1.

ANALYSIS OF FEATURES AND

PROSPECTS OF IEEE 802.16 (WiMAX) IN
COGNITIVE RADIO NETWORKS

(WiMAX)

Specification

Characteristics

IEEE 802.16 - 2004

The first version of the standard that defines wireless access technology over medium
and long distances. This standard supports the microwave range and uses OFDM.

IEEE 802.16e-2005 (Mobile
WiMAX)

This version expanded the standard to support mobile devices, allowing connectivity
on the go. It also increased the supported data rates.

[EEE 802.16m (WiMAX
2.0)

This version has expanded network capabilities, improved service quality, increased
data transfer speed and provided support for mobile devices

I[EEE 802.16j
Relay)

(Multihop

This version of the standard includes support for relay technology to improve
coverage and increase network efficiency.

IEEE 802.16p (Fixed
Wireless Access Interface)

This version of the standard covers specifications for fixed wireless broadband
Internet access systems.

IEEE 802.16s (Management
Plane Procedures)

This version defines the network management and control procedures that support
network operations.

IEEE 802.16t (Management
Information Base):

This version of the standard defines the management information base for the IEEE
802.16 network.

The IEEE 802.16

for dynamic resource

[1,2,3].

standard,
originally developed for cognitive radio systems, has
found practical application in this context with certain
limitations. The standard’s built-in spectrum scanning
capabilities enable the identification of available radio
frequency resources and assess their potential for use. In
cognitive radio mode, IEEE 802.16 offers mechanisms
management,
communication parameters to be adjusted based on real-
time network conditions and operational requirements

though not Some IEEE 802.16 implementations

efficiency in both mobile and stationary modes.
allowing

connectivity based on real-time channel conditions.

53 IKC3T, 2024 Ne3 (nonarok)

The analysis of IEEE 802.16 (WiMAX)
technology is necessary and relevant for several key

Firstly, although WiMAX did not achieve
widespread adoption like LTE or 5G, it remains
important for understanding the development of wireless
technologies. Analyzing WiMAX allows us to explore
technological advancements in wireless communication
and compare them with modern standards. This helps to
better understand the technological challenges faced by

Secondly, WiMAX continues to be relevant in
certain niches, such as remote regions or countries where
LTE and 5G have not yet gained sufficient penetration.
The technology provides wireless access in hard-to-reach
its long-distance communication

technical
advantages, including the ability to dynamically use the
frequency spectrum, making it an important subject of
study for cognitive radio networks. Analyzing this
technology can aid in developing new approaches to
spectrum management, particularly in conditions of
limited frequency resources. The main specifications of

Tabm. 1 Main specifications of IEEE 802.16

can
incorporate reconfigurable, or «smart» antennas that
adapt to changing channel conditions. These include [4].

1. Beamforming antennas. Dynamically adjust
the direction of the antenna beam to improve signal
quality and reduce interference, enhancing transmission

2. Adaptive antennas. Automatically modify
tilt, polarization, and other parameters to optimize



