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HI1poKkocMyroBi METOM CKaHYBaHHSI, BKIIFOYHO 31
CTUCHEHOI0 BHUOIPKOBICTIO, 03BOJIAIOTH 3MEHIIYBATH
arnapaTHi BUMOTH 70 aHaJoroBo-IU(GPOBUX
TIEPETBOPIOBAYIB Td CHEPTOCHIOKUBAHHS, 1[0 OCOOJIUBO
aKkTyaJlbHO st 1ardopM 13 oOMmexenumu SWaP.
INoeHaHHS TAKUX METOMIB 13 KOONIEPATHBHHUM IT1JIX0JIOM
CKOPOYYE Yac CKaHyBaHHS Ta 3HW)KYE HABAHTAXKCHHS Ha
KaHaJIM OOMiHY TaHUMH MIX BY3JIaMH.

[MopiBHANBEHUI aHaJi3 METOMIB BY3bKOCMYTOBOTO
Ta HIMPOKOCMYTOBOI'O MOHITOPUHTY CIHEKTPY, a TaKOK
ANTOPUTMIB MAIIMHHOTO ¥ TNMOMHHOTO HaBYaHHS,
JIEMOHCTpYE TXHI CWJIBHI ¥ ClaOKi CTOpPOHH ISt
3aCTOCYBaHHSI Yy CHCTEMH OOHOBOTrO 3acCTOCYBaHHS
brJIA. By3bkocMyrosi METOAN BKIIIOYAIOTh
EHepreTUvHe JICTEKTYBaHHS, KOPENAIIHHUNE aHami3 Ta
BUSABJICHHS LUAKIOCTAHII THAX O3HaK, SIKI
XapaKTepU3YIOTbCS ~ HHU3BKUMH  OOYMCIIIOBAaJIbHUMU
BUTpaTaMH, BHCOKOI TOYHICTIO TP  HAasBHOCTI
anpiopHoi iHdopmamnii mpo cUrHam Ta CTIMKICTIO IO
myMiB Tpu  pecypco3arpatHocTi. IlInpokocmyrosi
MeToH e(heKTUBHI Ui POOOTH 3 BEUKHM Iiala30HOM
4acToT, a MallWMHHE HaBYaHHS 3a0e3ledye alalTHBHY
KIacu}iKallifo CHTHANIB 1 MPOTHO3YBAaHHSI CHEKTPAIbHOT

aKTHBHOCTI, IPOTE BHMAara€ 3HAYHUX HaBYAJIBHHUX
BHOIPOK 1 pM3HUKY€E HAAMIPHO IPUCTOCYBATHUCS 10 JaHUX
[5, 6].

Orxe, e(eKTUBHAa OpraHi3amis CHEKTPAIbHOTO

MOHITOPHHTY JJIS CHUCTEMH OOWOBOrO 3aCTOCYBaHHS
BriJIA mepenbadac KOMIUIEKCHHH MiIXin: 1HTETpaIliio
IUBUIBHUX Ta BIMCHKOBHX CTaHAAPTIB, 3aCTOCYBaHHS
KOTHITHBHHX aITOPUTMIB, KOONEPAaTHBHOTO aHaNi3y
CIIEKTPY Ta IIUPOKOCMYTOBOTO  MOHITOPHHTY 3
CTHCHEHOI0 BHOIpKOBicTIO. Taka cTpateris 3abe3medye
omepaTHBHE ¥ TOYHE YOPABIiHHS  YAaCTOTHHMH
pecypcamu, ITiABHIIYE CTIHKICT 10 PaIioeneKTPOHHOTO
BIUIMBY IpPOTHBHHKAa Ta TapaHTye HaliiiHy poOoty
Oe3mioTHUX TMIatGopM y AUHAMIYHOMY OoioBOMY
CepeIOBUIII.
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METHODS FOR CONSTRUCTING
MODERN SELF-ORGANISING
TELECOMMUNICATION NETWORKS

Modern telecommunications networks require
high adaptability to changes: traffic variations, user
mobility, interference and equipment failures. The
concept of self-organisation (SON) allows for the
automation of a significant part of the operational life

cycle of networks (auto-configuration, auto-
optimisation, self-healing), reducing the need for
manual configuration and speeding up service
recovery.

In practice, SON distinguishes three main
classes of functions:

- self-configuration — automatic configuration
of new network elements upon connection;

- self-optimisation — dynamic adjustment of
parameters (transmitter power, radio channel settings,
handover parameters);

- self-healing — detection and correction of
failures, maintaining service availability.

SON architectures range from centralised (via
a controller/home management system) to fully
distributed agent models, where decisions are made
locally by a node based on local measurements and
exchanges with neighbours. Hybrid architectures
combine local rapid response and global coordination.

Problems arising in self-organised
telecommunications networks

Energy constraints

For IoT nodes and sensor networks, resources
are limited: battery power, processing power, memory.
The implementation of ML models and complex SON
algorithms requires a compromise: some of the
processing can be performed centrally (edge/cloud),
and some locally (lightweight inference, rules).

Security and resilience

Automatic decision-making systems are
vulnerable to targeted attacks. It is necessary to
implement measurement validation methods, model
integrity control, and multi-level authentication for
control commands [3].

Difficulties for widespread application

1. Validation in a real environment. Many
methods show validity in simulations, but testing in real
networks remains difficult due to cost and regulatory
constraints.
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2. Energy efficiency. Balancing performance
and energy consumption requires new approaches in
hardware and algorithms.

Conclusions: Self-organising
telecommunications networks are a multidimensional
field that combines standardisation, algorithmic

approaches (distributed routing, cognitive radio),
hardware innovations and intelligent modules. Existing
solutions are effective in simulations and partial testing,
but for widespread industrial application, issues of
validation, energy conservation and security need to be
addressed.
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VYkpaiHCbKHI Iep)KaBHUH YHIBEpCHTET
3aJII3HUYHOTO TPAHCIIOPTY

YIOCKOHAJIEHHS METOAY
®OPMYBAHHSI AHCAMBJIIB CKJIATHAX
CHUTHAJIIB Y YACOBIIT OBJIACTI 3A
PAXYHOK JT-MOCJILIOBHOCTEIA.

V KOTHITUBHHUX TeJIEKOMYHIKalliHHUX CHCTEMax
OJHMM 3 KJIIOYOBHX BHUKIUKIB € MiHIMI3allisl 3aBaj
MHOXHHHOTO JIOCTYIy TpH 30UIBIIEHHI KUIBKOCTI
OHOYACHUX aOOHEHTIB. Tpaaumiiiai METOAN
BUIIQ/IKOBUX [IEPECTAHOBOK YACOBHX 1HTEpBAJB 4acTo
JIAIOTh HEPiBHOMIpHE MMOKPUTTS MPOCTOPY i BUMArarmTh
3HAYHMX  BHTpaT 0OpPU  IIOUIYKY  ONTHUMAJbHHX
KOMOIHAI.

MerToto € yJ0CKOHAJICHHS MeTO/1y (OpMYyBaHHsI
aHcaMOJIIB CKJIQJIHUX CHUTHAJIB Yy dYacoBid oOmacTi
nusixom  Bukopuctanus  JI[It-mocmigoBHOCTEH  j11st
reHepailii nepecraHoBok. OCHOBHI 3aBJaHHS:

- 3a0e3nedeHHs: PIBHOMIPHOTO OXOIUICHHS
HPOCTOPY MEPECTAHOBOK;

- 3MEHIIEHHS] MAaKCUMAaJIbHUX BUKHJIB OIYHHMX
nesoctok (PSL);

- 3HIDKEHHS PiBHA 3aBaJi MHOXHHHOTO JOCTYILY;

- 30epekenHss a00 30UIBLICHHS 00CATY
ancamOIIIo.

JIITt-nociigoBHOCTI (HM3BKOPO30IXKHI
T-IIOCIIIZIOBHOCTI) ~ 3aCTOCOBYIOThCS  JUISl  TeHeparii
MEPECTAHOBOK YaCOBUX 1HTEPBAIIB, IO JIO3BOJISIE

YHUKHYTH TPOTJIUH Y MPOCTOpP1 pileHp 1 3a0e31eunTn
Oimpin  piBHOMIpHMH Tomyk 3MiH. Lle mokpamnrye
B32€MOKOPEIISIIIHHI BIIACTUBOCTI copMOBaHUX
aHcaMOJIIB CUTHAIIB 1 3HWKYe BB 3M/I.

AsroputMm peadizanii JITTt-niocmigoBHOCTEH

1. Po30urTa BUXIAHOI IICEBIOBHUITAIKOBOL
TMOCITIZIOBHOCTI HA YacOBI IHTEPBAJIH.

2. Tenepaiis mnepecTaHOBOK 3a JIONIOMOTOIO
JITIt-nocnigoBHOCTEH.

3. OmiHka KOXHOi TIEPECTaHOBKH uepe3
¢yHKIII0 B3a€MHOT Kopensii Ta oouncienus PSL.

4. Bin0ip curHamiB 3 HavHwk4yuM PSL mis
(hopmyBaHHs aHCaMOITIO.

5. TlepeBipka aHCaMOIII0 HA YMOBY MiHIMaIIbHOT
nomo0u Ta KOPEeJsiiiiHi BIaCTHBOCTI.

MozemoBaHHss ~ OPOOCMOHCTPYBANO, IO
3actocyBanns  JllIt-mocmimoBHOCTE# — nmae  Oiibin
pIBHOMIpHE  3alOBHEHHS  IIPOCTOPY  IapaMmeTpis,

MOJMIMIICH] KOPENSIiiHI BIACTUBOCTI Ta 3HIKCHHS
piBast 3MJI. OCHOBHUM KOMIIPOMICOM € 30LIbIICHHS
OOUYHCITIOBAJIFHUX  BHUTpAaT Ha  eTami  reHeparii
MIEPECTAHOBOK, aJI¢ 1€ KOMIICHCYETHCS CKOPOUYCHHIM
Yacy 3arajJbHOrO MONIYKY ONTHMAaJIbHIX BapiaHTIB.

IIpaxTiaHe 3HaYECHHS

Po3pobnennit  anropuT™M  peaslizoBaHW Y
cepemoBumi Matlab. Merton [03BONAE T IBUIIUTH
eeKTUBHICTE (OPMYBaHHS aHCaMOJIiB Yy YacoBiH
0071acTi, 3MEHIIMTH BIiuB 3MJI Ta MiABUIUTH €MHICTb
KOTHITHBHOI ~ CHCTeMHM —  30UIBIIMTH  KIJBKICTh
OJJHOUACHUX aOOHEHTIB IpH 30€epeKeHHI SIKOCTI 3B’ A3KY.
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