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Bayesian criteria to optimize spectral efficiency and
maintain robust system performance.

Such an approach ensures that the cognitive
radio network can dynamically adapt to changes in the
spectral environment, improving both spectral utilization
and the quality of communication, even in challenging
conditions with high levels of interference and
variability. This combination of multistage filtering and
rigorous statistical analysis represents a significant
advancement in spectral monitoring, making it a highly
effective solution for modern wireless communication
systems. Main stages of the method.

1. Initial spectrum measurement. This stage
involves the initial analysis of the spectrum to gather data
on the frequency range, which is necessary for further
filtering and modeling.

2. Preliminary signal filtering. Kalman filters
are used at this stage for preliminary signal filtering to
reduce noise and account for fading. The Kalman filter is
effective because it works well with dynamic systems
and incorporates previous state information, reducing
noise and improving signal quality before further
analysis.

3. Using the Akaike Information Criterion
(AIC). AIC is applied for the initial evaluation of spectral
models, allowing the selection of the optimal model for
the spectral data. Other information criteria, such as BIC
or Minimum Description Length (MDL), could also be
used, but AIC is preferred in the early stages due to its
balance between accuracy and computational
complexity.

4.  Window width selection. The window
width is set based on the signal type:

GSM: 200 kHz

Wi-Fi: 20 MHz (802.11b/g/n)

Bluetooth: 1 MHz

FM Radio: 200 kHz

TV: 6-8 MHz

LoRaWAN: 125 kHz or 500 kHz

5. Adaptive signal filtering: Different filters are
used for various signal types:

— Wiener filter: Ideal for reducing noise in
signals with stable spectral structures (e.g., Wi-Fi, FM
Radio).

— Median filter: Suitable for eliminating
impulse noise and distortions in highly dynamic signals
(e.g., Bluetooth, LoRaW AN).

6. Bayesian Information Criterion (BIC). BIC is
used at later stages to refine the models and avoid
overfitting. BIC provides a stricter evaluation of the
models by considering the number of model parameters.

7. Kullback-Leibler Divergence calculation.
This metric is used to evaluate the quality of the models
by measuring the divergence between two probability
distributions, helping to assess how well the model fits
the actual data.

8. Akaike weight calculation. Akaike weights
are calculated to determine the relative quality of models
and compare how well they fit the observations. If
Akaike weights exceed certain thresholds, the sub-band
is considered available for secondary users; otherwise, it
is deemed occupied.

9. Multistage recurrent time segmentation.
Time series are segmented to improve the accuracy of
detecting changes in the spectral environment. This
reduces computational resources by focusing on critical
segments of the signal.

10. Recursive updating of spectral estimates.
Spectral estimates are continuously updated based on
new data, ensuring dynamic adaptation of the method to
changes in the spectral environment.

The proposed method combines classical
filtering techniques with modern information criteria to
enhance spectral monitoring accuracy. This method is
particularly suited for real-time spectrum monitoring in
environments with high levels of noise, interference, and
spectral variability.
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NIIBUIIEHHSA E@QEKTUBHOCTI
BUKOPUCTAHHSI 3AJI3HUYHOI
IHOPACTPYKTYPHU HVIAXOM
ITPOT'HO3YBAHHSA
OBCAT'IB IIEPEBE3EHHS BAHTAXIB

3pocTaHHs KOHKYPEHLII MK pI3HUMHM BHIaMHU
TPaHCIOPTY Ta 3HOIICHICTh OCHOBHHUX  3acOo0iB
3aII3HUYHOTO TPAHCIOPTY B IIEPCIEKTHBI MOXYTh
MPU3BECTH JI0 BTPAaTH 4YaCTKU PUHKY IIepeBe3CHb
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3aJII3HUALEIO. Owinka MEePCIIEKTUBHUX o0cAriB
BaHTAXOINEPEBE3CHb  3aI3HUYHUM  TPAHCIIOPTOM
JONIOMOXKe ~ 00paTH  Halie(eKTHBHIIY  CTpareriio

PO3BUTKY TPaHCIOPTHOI CHCTEMH.
Mera poGOTH TOJISITaE B YIOCKOHAICHHI MPOLECY

BU3HAYCHHS 3aBaHTa’KCHOCTI 3aTI3HUYHOT
IH(pPaCTPYKTYpH IIIJISIXOM IIPOTHO3YBAaHHS OOCSATIB
BaHTA)KOTICPEBE3CHb.

B po6orti dopmanizoBaHo HelipoMepeKEBY MOJIEIh
MIPOTHO3YBaHHSA O0CATIB MepeBe3eHb, IO 03BOJISE
TOYHINIC OILIHIOBATH 3aBaHTAKCHICTh  3aTi3HUYHOI
iHppacTpyKTyp# Ha MpPOTHO30BaHWI Tmepioxg Ta
BH3HAYaTH HCOOXITHY KUIBKICTh BAaroHIB BiIIOBiIHOTO
THUITY U1 3a0€31ICUeHHS YMOB IIEPEBE3CHHS.

[TporHo3yBaHHS OOCATIB MEpeBE3CHb € KIFOYOBUM
€IeMEHTOM B YIPaBIiHHI TPAaHCIIOPTHUM IPOLIECOM.
YUuMm BuIIUHA piBeHp TOYHOCTI MPOTHO3iB, THUM
e(eKTUBHIIIE 3 ICHIOETHCS TIJIaHyBaHHS Ta YIIPaBIIiHHS
nepeBeseHHAMU. OJHAK aHANI3 IJIAHOBHX 1 (haKTHIHUX
00cHTiB TepeBe3eHb 3€PHOBHUX BaHTAXKIB 1 3aT1i30pyAHOT
CHPOBUHHM BHUSBHUB 3HAYHI BIAXWICHHS MK ITUMU

MOKa3HWKaMH,  OI0  MiJKPECToe  HeoOXiTHICTh
BIPOBA/KEHHS OB HaJJlMHUX METO/IB
MIPOTHO3yBaHHS.

3ajauy NpPOTHO3yBaHHs BJAJIOCS BHPIIIUTH 34
JIOTIOMOTOI0  BUKOPHCTaHHS IITYYHHX HEWPOHHUX
MEpeK. Jost TIPOTHO3YBaHHS 3aCTOCOBAHO
MOBHO3B'I3HUI OararomapoBHii TIEPCENTPOH

PymenbxapTa 3 mpsIMAM MOMIAPEHHSAM CUTHAITY. B sikocTi
BXIIHAX JTAHUX BHKOPHCTOBYBAJWCA CTATUCTHYHI NaHi
Mpo O00CATH TIepeBE3CHb 3CPHOBHUX BaHTaxiB. [l
HaBYaHHSA Mojeii Oymo BuaiuieHo 90% naHux, a Juis

nepeBipku  —  10%. VY  npuxoBaHHMX ~— Imapax
BHUKOPHUCTOBYETHCS JIOTICTUYHA aKTHBAIliifHA (BYHKIIIS, a
Ha BUXOJAI — rimepOoiiunuii TaHrenc. B pesynbraTi

MOJIeNb HaJa€ MPOTHO3HI OOCSITH BAaHTAKOIICPEBE3CHD
3aTI3HUIHAM TPAHCIIOPTOM Ha HACTYITHUH MiCAIb.

AnexBaTHICT MOIEIl MOKHA  OILIHHATH 34
JIOTIOMOTOI0 [liarpaMy PO3MOIIy 3IMINKIB Ta aHATI3Y
3aIeKHOCTI MIXK BXITHHMH ¥ BUXiTHUMHU JaHUMH. J1Is
KpPOC-TICPEBIPKU BUKOPUCTOBYBAITHCS PCalbHi 3HAUCHHS
00CSTiB TICPEBE3CHB Y IKOCTI TECTOBOI BUOIPKH. 3TiTHO 3
OTPUMAHUMH JaHUMH, MOXKHA 3pOOHTH BHCHOBOK, IO
HEHpOHHA Mepeka YCIIIIHO BJIOBJIIOE  3arajbHy
TEHJICHITII0 YacOBOTO PSY.

IMepesipka aJIeKBaTHOCTI 3alpOTIOHOBAHOT
HEHpOHHOI MepeXi sl TPOTHO3yBaHHS OOCSTIB
nepeBe3eHb 3epHAa Ta MOPOAYKTIB nepemoiny Oyia
BHKOHaHAa 32 JIOMOMOrow KoedilieHTa po30ixHOCTI
NporHo3y, 3arponoHoBaHoro I. Teimopom. Yum
Ommxde mel KoedilieHT 10 HyJs, TUM Kpamie IIPOrHO3
30iraeThcs 3 GaKTHYHUMU JaHUMH. SKICTh 1 HAIIHHICT
NOPOTHO3HOI  MOJEJl  OI[HIOBAJIM 32  IOKa3HUKOM
cepeiHbOT aOCONIOTHOT BIJICOTKOBOT MOMMIIIKKA (mean
absolute percentage error, MAPE), sxuii BimoOpaxae
BIJJHOCHY TOYHICTh MNporHody. OTpumaHe 3HAYCHHSI

MAPE cBit4uTh PO BHCOKY TOYHICTh MPOTHO3YBaHHSI.
3 oy Ha THEPIIHHICTD 3aJTI3HUYHOTO TPaHCIIOPTY,

el TOKa3sHUK € JOCTaTHIM ISl yXBaJICHHS
YIIPaBITIHCBKUX PILLICHB.
3ampomnoHOBaHW ~ METOA  TNPOTHO3YBAaHHA 3

BUKOPHUCTAHHSIM MAaTEMAaTHYHOI MOJENi  J03BOJISE
MiIBUIMATH  €)EKTUBHICTh MPOICTYypH BHU3HAYCHHS
3aBaHTAKCHOCTI 3aJ1I3HUYHOI 1HQPACTPYKTYPH.

Acnipaumu /JI.0. I'pyncokuii, O.10./lasuoenko
Ykpaincoxui oepoicasnuil ynisepcumem 3ani3HUMHO20
mpancnopmy (m. Xapxie)

MOKPAIIIEHHS TEXHOJIOI'Ti POBOTH
3AJIIBHULI TA BIJIIPABHUKIB BAHTAKIB

CydacHMN PpO3BHUTOK pPHUHKOBHUX BiJHOCHH
o0yMmoBmmoe 1moTpedy TPOBENEHHS paIliOHATHHOI Ta
TpaMOTHO{ TIONITHKA TAKTHYHOTO 1 CTPaTeriYHOTO
VIIPaBIiHHS pecypcaMu 3alli3HWYHOI Tamy3i. OgHuM 3
TEepIINX TIOCTa€ 3aBJAHHA OLIHKA eQEeKTHBHOCTI
3aCTOCYBAaHHS OCHOBHMX YIPaBJIIHCHKUX PIllEeHb, SKI
MO’KHa BUPILIYBaTH 3 BUKOPHCTaHHAM HasBHUX METOJIB
MOJICJIIOBAHHS, Cy4aCHHX I11JIXO/IIB JI0 IPOTHO3YBaHHS 1
3aIpOBA/UKEHHS]  CHUCTEM  HIATPUMKH  IPUHAHATTA
OIEPAaTHBHUX PIllIeHb NPALiBHUKAMHU.

[lporHo3yBaHHsS B Cy4acHHX YMOBAaX IIOCTAE
OCHOBHUM IHCTPYMEHTOM YIIPaBIIHHS OMNEPATHBHOIO
CUTyaIli€l0 3a YMOBM CTBOPEHHS BEIUKOI TepeBaru
repel  TIOJIITHKOIO  YNPaBIiHHSA — EKCIUTyaTaliifHOro
poboToto 3aiizHui "0 GaKTy MUHYJIOTO epiony".

Po3poOka TpPOTHO3HMX JaHWUX MPO OCHOBHI
00'eMHI XapaKTEPUCTUKU 3ali3HUYHOTO TPAHCIIOPTY
JI03BOJII€ MAaTH KOMIUIEKCHY YsIBY IIPO iCHYIOUMH CTaH 1

JUHAMIKY TEBHHUX IIOTOKIB, HaJae MOXIIUBICTh
epeKkTHBHO Ta B TOTOYHOMY PEKHMi IUIAHYBATH
MUSUTBHICTB,  MIATPUMYBAaTH — TPOLECH  NPUHHSATTS

TaKTHMYHHX 1 OTICPATUBHUX pillieHsb [1].

JocnimkeHHs BKa3ylOTh, 110 3HaYHA YacTHHA
SKCIUTyaTallifHNX BHUTpAT IiIIPHUEMCTB Ta OpTaHi3amii
CKJIANIAI0Th 3aTpaTH, SKi TOB’s3aHi 31 30epiraHHAM,
JIOCTaBKOIO, Ta 1HITUMH OTEpaIisiMH, SIKi 3a0€31eYyI0Th
TepeBe3eHHsT BaHTaXy. 3MEHIIeHHS 3amaciB  Ha
MIJANPUEMCTBI TIPU3BEIE 10 3HAYHOTO €KOHOMIYHOTO
edekTy. 3MEHIIEHHS pIiBHS 3alaciB MOMIMBE TpHU
BUKOPHUCTaHHI BHCOKOrO CTYIEHS B3aeMOAii BCiX
YYaCHHUKIB TEXHOJIOTTYHHX [TPOLIECIB.

Cepenni no0OBi BHUTpaTu, sSKi MOB’s3aHI 3
JIOCTaBKOIO Ta 30epiraHHsIM BaHTAXKY 3aJI€KaTh BiJ:

— BHTpAT Ha 30epiraHHs O1Hi€1 TOHHU BaHTaXY,
1110 NIPUIIA/IAI0Th Ha OJIHY 100Y;

— BTpar Bim Jedinuty
BIJNOBIJHAX BAHTAXIB;

— BUTpAT Ha JIOCTABKY BaHTaXy JI0 OpraHizamii
Ha OJIMH LUKJI 3MiHH 3a11acy TOBapiB.

OJIHI€EI  TOHHU
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