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IHCTpYMEHTOM  Juis  poOOTH B JAMHAMIYHUX 1
HEBU3HAYEHHX YMOBaX.

TakuM  YUHOM, JOCHIDKEHHS  METOIB
OaraTopiBHeBOi  iepapxiuHoi  Kknactepuzauii = €

NCPCICKTUBHUM  HAIIPAMOM ,Z[OCJ'IiL[)KeHB y FaHYSi

TENeKOMyHIKaIli HHIX CHCTEM 3  pO3MOALJICHOIO
00poOkor0  maHmx. BoHm  3maTHI  3a0e3medHUTH
MacmTaboBaHICTh, AJaNTHBHICTE 1  e(EKTUBHICTH

Mepex, a TaKOXK CTBOPIOIOTH OCHOBY JUISl HOJAJIbIIOTO
PO3BUTKY 1HTENEKTYaIbHUX alTOPUTMIB  PO3TIONLTY
MOTOKIB, ONTHUMI3allii OOYKMCIIOBAJIBHUX pPECypciB Ta
peasizanii KOHIENI[iT CAMOKEPOBaHNX MEPEXK.
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Application of Neural Network Algorithms
for Efficient Resource Management in Wireless
Networks

The rapid growth in the number of users and
services in wireless networks places substantial demands
on existing infrastructure and complicates the task of
ensuring stable quality of service. Conventional resource
management methods often prove insufficient under
dynamic network conditions. In this context, the
application of neural network algorithms emerges as a
promising approach, as such methods are capable of
analyzing complex data patterns, adapting to
environmental changes, and predicting network behavior
in real time.

Neural network—based solutions demonstrate
significant potential in wireless communications by
enabling not only reactive measures to existing
challenges but also predictive strategies that anticipate

future demands. For instance, by analyzing historical
traffic data together with current channel states, artificial
neural networks are able to forecast peak loads and
proactively redistribute resources among users. This
capability reduces latency and enhances service
continuity, even under maximum load conditions.

Another critical application area concerns
spectrum utilization. Deep learning algorithms facilitate
real-time analysis of network performance and enable
adaptive spectrum allocation, which improves overall
system efficiency and mitigates conflicts between
subscribers. Furthermore, predictive modeling of traffic
dynamics allows for energy-aware operation: transmitter
power can be adjusted according to anticipated demand,
thereby lowering energy consumption, an aspect
particularly relevant for large-scale base station
deployments.

Mobility management represents an equally
important challenge. Neural network models incorporate
parameters such as user speed and movement direction
to forecast handover events between base stations, thus
ensuring seamless connectivity and minimizing service
interruptions. In addition, neural networks are
increasingly applied in network security. Their ability to
identify anomalous traffic patterns in real time allows for
rapid detection and mitigation of potential threats,
including distributed denial-of-service (DDoS) attacks
and unauthorized access attempts.

Overall, the integration of neural networks
into wireless networks introduces novel opportunities to
enhance reliability, efficiency, and resilience. These
algorithms provide flexible resource management,
contribute to latency reduction, optimize spectrum
allocation, and support energy-efficient operations. In
doing so, they enable the development of intelligent
network infrastructures capable of autonomously
adapting to changing conditions and making operational
decisions that traditionally required human intervention.

In the long term, the adoption of neural
network technologies is expected to become a key driver
in the evolution of next-generation communication
standards. Such advancements will facilitate bridging the
digital divide, expand access to high-quality services
across diverse regions, and establish a foundation for
new socio-economic development opportunities.
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Bu6ip migxoxy A0 BU3HAYeHHS HeoOXiTHOI
MPOMYCKHOI 3IaTHOCTi TAa MPOAYKTHBHOCTI
o0aaxHanHs 17151 Mepexk SOHO

Cyuacui Mepexxi SOHO (Small Office/Home
Office) moeqHYIOTh JOMOrOCIIONAPCTBA Ta Maji odicu.
[IIBunke po3MIMpEeHHS BiATaJIeHOI Mpalli, MOTOKOBUX
MeJlia Ta IPUCTPOIB IHTEPHETY pedei 3MIHIOE CTPYKTYPY
tpadika. Lls Tpanchopmaiis Mae TpsAMHN BIUTHB Ha
BUMOTH JIO TIPOITYCKHOI 3JaTHOCTI Ta MPOIYKTHBHOCTI
00pOOKH ITaKeTiB.

®dopMaizoBaHO KpHTepii, 3a SKAMH MOXKHA
CHPOIIYBAaTH PO3PaxXyHKH IPOIYCKHOI 3MAaTHOCTI TIpH
npoektyBaHHi Mepexx SOHO 0e3 BTpaTu MpakTHIHOL
3HAYMMOCTI, 30KpeMa BCTAHOBHUTH YMOBH, 3a SKHX
JIOIYCKA€ThCA 3HEXTYBATH 3BOPOTHUM TpadikoMm i
ciIy)kOOBIMH 3aroJIOBKaMU TP BHOOp1 HPHUCTPOiB 3
KOHCEPBATHBHHIM 3aITaCOM.

3acTOCOBaHO aHANITHYHY MOJENh MHOKHHKIB
Uil iHTerpamii Ciy)kOOBUX BHUTpaT Ta acUMeTpil
Tpadiky. BHKOHAHO KPUTHYHHI OIS TaTepHIiB
Tpadiky, THIIOBOI acWMeTpii Ta BIUIMBY IIOTOKIB
MYNbTHMeE]Iia i XMapHUX CepBICiB. Y THIIOBOMY ClieHapii
cnyx0oBa iH(opMallis MPOTOKONIB Ta BIUIUB acUMeTpil
Tpadiky GopMyIOTh JOAATKOBE HABAHTAKEHHS HOPAIKY
10-30 %. IIpu 3axynanaHHi 3anacy BiJi TPbOX 70 LIECTH
pa3iB Ie BIAXWICHHS HE 3MIHIOE MPAKTUIHUX BICHOBKIB
mI0JI0  Kjacy  OOJaJHaHHS,  BPaxoBYKOUH,  LIO
NPOAYKTUBHICTH MEPEKEBUX PUCTPOIB Ma€ 3aJI€KHICTh
MOJIOHOTO TOPSIIKY BiJl YBIMKHEHHS JOJaTKOBUX
¢byHK1INH 00poOKU Tpadiky.

3anporoHoBaHa MOJENb MHOXKHHUKIB  Ja€
KpPUTEpil IepeBIpKH JIOIMYCTUMOCTI POHOHOBAHOTO
crnpomieHHs. Popmalti3oBaHO KpHUTEpid JOmycTHMOCTI
CHPOIIEHHS OIHKK IPOIMYCKHOI 3/IaTHOCTI Ha OCHOBI
CIIBBIJIHOLIEHHS MDK MHOXXHHUKOBOIO HaJI0aBKOK Ta
3aJjaHuM  3amacoM.  Takumit  miaxig — 3MeHIIye
TPYJLOEMKICTh TPOEKTHUX PO3PaXyHKIB Ta MiHIMI3ye
pu3uK BHOOPY HaaMipHO aoporux pimieHb. OTpumaHi
BUCHOBKM oOMexeHi tumoBuMu SOHO cuenapisimu.
TTomanbmn JIOCIII JOKEHHS MOXYTb BKJIIOYATHA
CTATUCTAYHE MOJICIIIOBAHHS mikiB i BIUIVB
KOPOTKOYaCHUX HABAHTAKCHb.
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METHODS OF FORMING ENSEMBLES
OF COMPLEX SIGNALS BASED ON TIME-
FREQUENCY PARAMETER OPTIMIZATION
FOR COGNITIVE WIRELESS
TELECOMMUNICATIONS

The continuous growth of wireless data traffic
and the widespread adoption of cognitive networks
create new requirements for the reliability and
throughput of telecommunication infrastructures. In such
conditions, the central scientific problem is the formation
of ensembles of complex signals with improved
correlation and spectral properties, ensuring both low
interference levels and sufficient ensemble volume for
multiuser access. Traditional methods of ensemble
generation, which rely mainly on time interval
permutations or simple linear filtering, face significant
limitations: they are sensitive to stochastic disturbances,
fail to adapt to nonlinearity in real propagation channels,
and often stagnate in local extrema of the optimization
landscape.

To address this challenge, the dissertation
develops a novel hybrid optimization approach based on
the integration of stochastic global search with two
complementary local methods: gradient descent and the
Levenberg—Marquardt algorithm. The rationale behind
this integration is rooted in their distinct strengths:
gradient descent provides steady iterative refinement
with guaranteed reduction of error, while the Levenberg—
Marquardt method combines the robustness of gradient
descent with the fast convergence of second-order
techniques. By combining them into a sequential
optimization framework, the method ensures both global
exploration and local precision.

The proposed methodology consists of several
key stages.

1. Initial signal segmentation in the time
domain, where signals are decomposed into intervals of
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