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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 po3MIMpeHHS BiATaJieHOI Mpalli, MOTOKOBUX
MeJlia Ta IPUCTPOIB IHTEPHETY pedei 3MIHIOE CTPYKTYPY
tpadika. Lls Tpanchopmaiis Mae TpsAMHN BIUIHB Ha
BUMOTH JIO TIPOITYCKHOI 3JaTHOCTI Ta MPOIYKTHBHOCTI
00pOOKH ITaKeTiB.

®dopMaizoBaHO KpHTepii, 3a SKAMH MOXKHA
CHPOIIYBaTH PO3PaxXyHKH IPOIYCKHOI 3MAaTHOCTI TpH
npoektyBaHHi Mepex SOHO 0e3 BTpaTu MpakTHIHOL
3HAYMMOCTI, 30KpeMa BCTAHOBHUTH YMOBH, 3a SKHX
JIOIYCKA€ThCA 3HEXTYBATH 3BOPOTHUM TpadikoMm i
ciIykOOBIMH 3arOJIOBKaMU TP BUOOp1 HPHUCTPOIB 3
KOHCEPBATHBHHM 3aITaCOM.

3acTOCOBaHO aHANITHYHY MOJENh MHOKHHKIB
Ui iHTerpamii Ciy)kOOBHX BHUTpaT Ta acUMeTpil
Tpadiky. BHKOHAHO KpPUTHYHHIA OIS TaTepPHIiB
Tpadiky, THIIOBOI acuMeTpii Ta BIUIMBY IIOTOKIB
MYNbTHME]Iia i XMapHUX CepBICiB. Y THIIOBOMY ClieHapii
ciyx0oBa iH(opMallis NPOTOKONIB Ta BIUIUB acUMeTpil
Tpadiky GopMyIOTh JOAATKOBE HABAHTAKEHHS TOPAIKY
10-30 %. IIpu 3axynanaHHI 3anacy BiJi TPbOX O LIECTH
pasiB Ie BIAXWICHHS HE 3MIHIOE MPAKTUIHUX BICHOBKIB
mI0JI0  Kjacy  OOJaJHaHHS,  BPaxoBYKOUH,  LIO
NPOAYKTUBHICT MEPEKEBUX PUCTPOIB Ma€ 3aJI€KHICTh
MOJIOHOTO TOPSIIKY BiJl YBIMKHEHHS JOJaTKOBUX
¢GbyHK1IINH 00po0OKU Tpadiky.

3anporoHoBaHa MOJENb MHOXKHHUKIB  Ja€
KpPUTEpil IepeBipKH JIOIMYCTUMOCTI POHOHOBAHOTO
crnpomieHHs. Popmalti3oBaHO KpHUTEpid JOmycTHMOCTI
CHPOIIEHHS OIHKK IPOIMYCKHOI 3JIaTHOCTI Ha OCHOBI
CIIBBIJIHOLIEHHS MIDK MHOXXHHUKOBOIO HaJI0aBKOK Ta
3aJjaHuM  3amacoM.  Takuit  miaxig — 3MeHIIye
TPYILOEMKICTh TPOEKTHUX PO3PaXyHKIB Ta MiHIMI3ye
pu3uK BUOOPY HaaMipHO aoporux pimieHb. OTpumaHi
BUCHOBKM oOMexeHi TumoBumMu SOHO cuenapisimMu.
TTomanbmn JIOCII JOKEHHS MOXYTb BKJIIOYATHA
CTATUCTAYHE MOJIEIIIOBAHHS mikiB i BIUIVB
KOPOTKOYaCHUX HABAHTAXCHB.

CIIHCOK BUKOPUCTaHUX JPKEpEN

1. Cisco QoS in a SOHO Network (guidance for
SOHO CPE and QoS practices).

2. K. Xu et al. Characterizing Home Network
Traffic: An Inside View. (traffic patterns inside homes;
device-level characterization).
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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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varying length. This decomposition allows for targeted
manipulation of correlation peaks while preserving
ensemble diversity.

2. Randomized search of configurations, which
generates candidate permutations of intervals to cover a
broad solution space and prevent stagnation in
suboptimal local minima.

3. Local nonlinear optimization, applied in two
phases:

3.1 Gradient descent is first employed to reduce
major correlation peaks by iteratively adjusting segment
boundaries, using the derivative of the correlation error
as the guiding function.

3.2 The Levenberg—Marquardt algorithm is then
used for fine-tuning. It leverages both gradient and
curvature information, enabling rapid convergence near
the optimum and stabilizing performance under noisy or
ill-conditioned conditions.

4. Adaptive evaluation of ensemble properties is
performed by analyzing metrics such as maximum cross-
correlation, side-lobe maxima, crest factor, and effective
bandwidth. Constraints of orthogonality and ensemble
size are applied at each iteration to ensure practical
applicability.

5. Sequence-specific adaptation, where the
algorithm parameters are tuned according to the inherent
properties of sequence families (M-sequences, Kasami,
Gold, exponential, Fibonacci). Each type exhibits
distinct autocorrelation and spectral characteristics,
which are incorporated into the optimization loop to
enhance efficiency.

Experimental validation demonstrates that the
hybrid integration of gradient descent and Levenberg—
Marquardt reduces mutual correlation by up to 32-37%
compared to random or single-method optimization,
while maintaining or even expanding the volume of
usable signal ensembles. In scenarios with high levels of
multiple-access interference, the method ensures more
stable ensemble properties, which directly translates into
increased throughput and resilience of cognitive wireless
systems.

Thus, the developed method of forming
ensembles of complex signals based on integrated time-
frequency optimization provides a comprehensive and
adaptive solution to the scientific problem of minimizing
multiuser interference while maintaining ensemble
scalability. By uniting stochastic search, gradient-based
learning, and  Levenberg—Marquardt  nonlinear
approximation, the approach achieves a balance between
global robustness and local precision, which cannot be
reached by conventional techniques.
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BIOIHCHIPOBAHUIT METO/I BABOPY
I'OJIOBHOI'O BY3JIA B PO3IIOALIEHUX
TEJEKOMYHIKAIIIHHAX CACTEMAX

Posnopineni  TenekOMyHiKaliiHI  cHCTEMH
(PTC) y cyyacHux yMOBax BiJirpaloTb OCHOBHY pOJb Y
3a0e3rmeueHHi  Oe3mepepBHOI  pOOOTH  KPUTHUYHO
BOXJIMBAX  OOYHUCITIOBATBHUX 1  KOMYHIKAIiiTHUX
nporeciB.  OcoOnmBOi  aKTyaJdbHOCTI  ITUTaHHS
epexkruBHoro kepysBanHs PTC nHaOyBaloTh B yMmoBax
BHUCOKOI  IUHAMIKM  HaBaHTaXeHb, OOMEXEHOCTI
pecypciB Ta HOTpeOH y CTIHHOMY YIpaBIliHHI IOTOKAMH
JAHUX y peasbHOMY 4aci. lle 3yMoBItO€ HEOOXiHICTh
PO3POOKH BIOCKOHAJICHUX METOJIB BHOOPY TOJIOBHOTO
By371a, SKi 37aTHI aJalTUBHO pearyBaTH Ha 3MiHHU
TOIOJIOTii, MIHIMI3yBaTH 3aTPUMKH Ta IIiJBUIIyBaTH
HaTIHHICTh (DYHKITIOHYBaHHS PO3TIOALIEHAX CHCTEM.

TpamuuiitHi MeToan BUOOPY TOJIOBHOTO BY3Ja
(HampuKIIag, Ha OCHOBI (PIKCOBAHHMX 1JCHTH(IKATOPIB
abo JKOPCTKMX KPHUTEPiiB NPOAYKTUBHOCTI) MAaIOTh
oOMexeHy e()eKTUBHICTh Yy JIMHAMIYHOMY CepeIOBHIII,
OCKUTHKA HE BPAaXOBYIOTh IIBHJKI 3MIHH IapameTrpiB
Mepexi Ta BYy3JiB. Y BUANOBiAP Ha Ii BUKIUKH

3aIlpoOIIOHOBAaHO  OlOiHCHIpOBaHWiT  MeToJi  BHOOpY
TOJIOBHOT'O By3Jla Ha OCHOBI HMOBIpHICHOT paHiomizaltii
3 BaroBUMH koedilieHTamu, o  MOEJIHYE

OararorapaMeTpU4Hy OILIHKY BY3JIB i BHIIQJIKOBICTh Y
npoiieci Bigdoopy.

Konunemuist merony nonsrae y ¢dopMyBaHHI
BaroBoro Koe(illieHTa W; I KOXXHOTO BY3Ja, SKUM
BioOpaXkae HOro TPUIATHICTH Uit POJ TOJOBHOTO
BYy311a (KOOpAMHATOPA), a caMe:
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