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The object of the study is special-purpose information systems (IS).
The problem solved in the study is increasing the functional reliability
of special-purpose IS. The development of a scientific and method-
ological apparatus for providing a functional special-purpose IS was
carried out. The originality of the study consists in:

- systematic assessment of the state of functional reliability of
special-purpose IS using the proposed principles of its provision;

- construction of multidimensional dependencies of the state of
functional reliability of special-purpose IS, which achieves the assess-
ment of functional reliability of IS based on an arbitrary number of
indicators;

- assessment of the functional reliability of special-purpose IS

using the sharing of measurement data and fuzzy expert assessments,
which solves the problem of dimensionality;

- construction of the time dependence of changes in indicators
that characterize the state of functional reliability of special-purpose
IS, which allows determining the moments of deviation of their val-
ues from the nominal one;

- assessment of the functional reliability of information services
based on the concept of profiles, which achieves the possibility of de-
centralized influence on special-purpose IS to increase its functional
reliability;

- to reduce uncertainty about the state of functional reliability of
special-purpose IS, due to the use of an appropriate approach in the
method of assessing the functional reliability of information services
based on the concept of profiles.

The proposed scientific and methodological apparatus provides
an increase in the efficiency of assessing the functional reliability
of the IS by an average of 40%, while ensuring high reliability of the
obtained results at the level of 92%, which is confirmed by the results
of a numerical experiment.

Keywords: multidimensionality of assessment, complex sys-
tems, promptness of assessment, reliability of the decision, compre-
hensive assessment.
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The object of this study is the delay and direction of arrival (DOA)
of wideband signals in additive noise observed by a synchronized
two-channel receiving system. The problem is that most wideband de-
lay and DOA estimation methods rely on multi-stage or iterative pro-
cedures - such as peak search, covariance and eigen-decomposition,
angular scanning, or sparse recovery — which increase computational
load and restrict real-time applicability.

The essence of the obtained results is a unified spectral-correla-
tion model that enables joint estimation of delay and DOA directly
from the phase of the complex cross-spectrum. The delay is deter-
mined from the linear phase slope with respect to frequency, while
the DOA is obtained from a deterministic phase offset defined by the
known antenna baseline. This formulation eliminates iterative refine-
ment and angular scanning and reduces computational complexity
to O(Nlog,N).



Numerical experiments with linear frequency-modulated signals

in Gaussian noise demonstrate predictable accuracy behavior: with

increasing signal-to-noise ratio, the DOA root-mean-square error de-

creases from 0.15-0.18° to 0.03-0.04°, while the delay error decreases

from tens of nanoseconds to a few nanoseconds.

These results are explained by the deterministic relationship be-

tween time shifts, spatial delays, and phase behavior in the frequency

domain under stationary noise conditions. The proposed model can

be applied in practice for synchronized two-channel wideband recep-

tion with known geometry and fixed antenna baseline in real-time

passive monitoring and direction-finding systems.

Keywords: spectral-correlation analysis, mathematical model-

ing, one-pass estimation, time delay and direction of arrival, wide-

band signals.

References

. Grenier, D., Elahian, B., Blanchard-Lapierre, A. (2014). Joint delay

and direction of arrivals estimation in mobile communications.
Signal, Image and Video Processing, 10 (1), 45-54. https://doi.org/
10.1007/s11760-014-0700-1

. El-Khamy, S. E., El-Shazly, A. M., Eltrass, A. S. (2024). A Compres-

sive Sensing Based Computationally Efficient High-Resolution DOA
Estimation of Wideband Signals Using Generalized Coprime Arrays.
Wireless Personal Communications, 134 (3), 1571-1597. https://
doi.org/10.1007/511277-024-10969-9

. Tang, Y., Deng, W,, Li, J., Zhang, X. (2023). Direction of Arrival Esti-

mation of Coherent Wideband Sources Using Nested Array. Sensors,
23 (15), 6984. https://doi.org/10.3390/523156984

. Zeng, Y., Lu, G. (2016). Efficient wideband signals’ direction of arrival

estimation method with unknown number of signals. International
Journal of Distributed Sensor Networks, 12 (11), 155014771667655.
https://doi.org/10.1177/1550147716676557

. Turlykozhayeva, D., Temesheva, S., Ussipov, N., Bolysbay, A., Akhmeta-

li, A., Akhtanov, S., Tang, X. (2024). Experimental Performance Com-
parison of Proactive Routing Protocols in Wireless Mesh Network
Using Raspberry Pi 4. Telecom, 5 (4), 1008-1020. https://doi.org/
10.3390/telecom5040051

. Turlykozhayeva, D. A., Akhtanov, S. N., Zhanabaev, Z. Z., Ussipov, N. M.,

Akhmetali, A. (2025). A routing algorithm for wireless mesh network
based on information entropy theory. IET Communications, 19 (1).
https://doi.org/10.1049/cmu2.70011

. Turlykozhayeva, D., Wojcik, W., Akhmetali, A., Ussipov, N., Temeshe-

va, S., Akhtanov, S. (2024). Single gateway placement in wireless mesh
networks. Physical Sciences and Technology, 11 (1-2), 43-48. https://
doi.org/10.26577/phst2024v11ila5

. Turlykozhayeva, D. A. (2024). Evaluating routing algorithms across

different wireless mesh network topologies using ns-3 simulator. Eur-
asian Physical Technical Journal, 21 (2 (48)), 70-82. https://doi.org/
10.31489/2024n02/70-82

. Smailov, N., Nussupov, Y., Taissariyeva, K., Kuttybayev, A., Baigulba-

yeva, M., Turumbetov, M. et al. (2025). Identification of dangerous
situations in the road infrastructure using unmanned aerial vehicles.
Technology Audit and Production Reserves, 6 (2 (86)), 97-102. https://
doi.org/10.15587/2706-5448.2025.347074

. Abdelkhalek, M., Ben Amor, S., Affes, S. (2024). Data-Aided Max-

imum Likelihood Joint Angle and Delay Estimator Over Orthog-
onal Frequency Division Multiplex Single-Input Multiple-Output
Channels Based on New Gray Wolf Optimization Embedding Im-

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

portance Sampling. Sensors, 24 (17), 5821. https://doi.org/10.3390/
$24175821

Liu, L., Gu, J.-F., Wei, P. (2019). Joint DOA and frequency estimation
with sub-Nyquist sampling. Signal Processing, 154, 87-96. https://
doi.org/10.1016/j.sigpro.2018.08.009

Cui, X., Yu, K., Lu, S. (2018). Approximate Closed-Form TDOA-Based
Estimator for Acoustic Direction Finding via Constrained Optimi-
zation. IEEE Sensors Journal, 18 (8), 3360-3371. https://doi.org/
10.1109/jsen.2018.2803150

Selva, J. (2018). Efficient Wideband DOA Estimation Through Func-
tion Evaluation Techniques. IEEE Transactions on Signal Processing,
66 (12), 3112-3123. https://doi.org/10.1109/tsp.2018.2824256

Zhong, J., Chen, T., Peng, F., Bi, X., Chen, Z. (2022). Direction of
arrival estimation based on slope fitting of wideband array signal in
fractional Fourier transform domain. IET Radar, Sonar & Navigation,
17 (3), 422-434. https://doi.org/10.1049/rsn2.12350

. Du, I, Cui, W,, Ba, B, Jian, C., Zhang, L. (2022). Joint Estimation for

Time Delay and Direction of Arrival in Reconfigurable Intelligent
Surface with OFDM. Sensors, 22 (18), 7083. https://doi.org/10.3390/
522187083

Gaber, A., Omar, A. (2015). A Study of Wireless Indoor Position-
ing Based on Joint TDOA and DOA Estimation Using 2-D Matrix
Pencil Algorithms and IEEE 802.11ac. IEEE Transactions on Wire-
less Communications, 14 (5), 2440-2454. https://doi.org/10.1109/
twc.2014.2386869

Liu, L., Liu, H. (2016). Joint Estimation of DOA and TDOA of Multi-
ple Reflections in Mobile Communications. IEEE Access, 1-1. https://
doi.org/10.1109/access.2016.2584088

Jin, F.,, Qiu, T., Luan, S., Cui, W. (2019). Joint Estimation of the
DOA and the Number of Sources for Wideband Signals Using Cyclic
Correntropy. IEEE Access, 7, 42482-42494. https://doi.org/10.1109/
access.2019.2904287

Choo, Y., Park, Y., Seong, W. (2020). Detection of Direction-Of-Arrival
in Time Domain Using Compressive Time Delay Estimation with
Single and Multiple Measurements. Sensors, 20 (18), 5431. https://
doi.org/10.3390/s20185431

Zhou, X., Liu, Y., Zhang, J., Tong, D., Yang, X. (2025). Broadband Di-
rection Finding by Phase Correlation With Circular Time-Modulated
Array Antennas. International Journal of Antennas and Propagation,
2025 (1). https://doi.org/10.1155/ijap/8070799

Tsyporenko, V. G., Tsyporenko, V. V., Andreiev, O. V., Sabibolda, A. M.
(2021). Digital spectral correlation method for measuring radio signal
reception delay and direction finding. Technical Engineering, 2 (88),
113-121. https://doi.org/10.26642/ten-2021-2(88)-113-121

Smailov, N., Tsyporenko, V., Ualiyev, Z., Issova, A., Dosbayev, Z.,
Tashtay, Y. et al. (2025). Improving accuracy of the spectral-correla-
tion direction finding and delay estimation using machine learning.
Eastern-European Journal of Enterprise Technologies, 2 (5 (134)),
15-24. https://doi.org/10.15587/1729-4061.2025.327021

Sabibolda, A., Tsyporenko, V., Tsyporenko, V., Smailov, N., Zhunuss-
ov, K., Abdykadyrov, A. et al. (2022). Improving the accuracy and
performance speed of the digital spectral-correlation method for
measuring delay in radio signals and direction finding. Eastern-Eu-
ropean Journal of Enterprise Technologies, 1 (9 (115)), 6-14. https://
doi.org/10.15587/1729-4061.2022.252561

Smailov, N., Tsyporenko, V., Sabibolda, A., Tsyporenko, V., Kabdol-
dina, A., Zhekambayeva, M. et al. (2023). Improving the accuracy
of a digital spectral correlation-interferometric method of direction



finding with analytical signal reconstruction for processing an in-

complete spectrum of the signal. Eastern-European Journal of Enter-
prise Technologies, 5 (9 (125)), 14-25. https://doi.org/10.15587/1729-
4061.2023.288397

25. Sabibolda, A., Tsyporenko, V., Smailov, N., Tsyporenko, V., Ab-
dykadyrov, A. (2024). Estimation of the Time Efficiency of a Radio
Direction Finder Operating on the Basis of a Searchless Spectral
Method of Dispersion-Correlation Radio Direction Finding. Advances
in Asian Mechanism and Machine Science, 62-70. https://doi.org/
10.1007/978-3-031-67569-0_8

26. Abdullayev, M., Kuttybayeva, A., Tazhen, K., Khabay, A., Ospanova, N.,
Tashtay, Y. et al. (2025). Development of a stratospheric airship-based
network architecture for telecommunication in remote areas. East-
ern-European Journal of Enterprise Technologies, 5 (9 (137)), 82-92.
https://doi.org/10.15587/1729-4061.2025.340990

27. Seidaliyeva, U., Ilipbayeva, L., Utebayeva, D., Smailov, N., Mat-
son, E. T., Tashtay, Y. et al. (2025). LIDAR Technology for UAV De-
tection: From Fundamentals and Operational Principles to Advanced
Detection and Classification Techniques. Sensors, 25 (9), 2757.
https://doi.org/10.3390/525092757

28. Smailov, N., Akmardin, S., Ayapbergenova, A., Ayapbergenova, G.,
Kadyrova, R., Sabibolda, A. (2025). Analiza wydajnosci VLC w op-
tycznych systemach komunikacji bezprzewodowej do zastosowan
wewnetrznych. Informatyka, Automatyka, Pomiary w Gospodarce
i Ochronie Srodowiska, 15 (2), 135-138. https://doi.org/10.35784/
iapgos.6971

29. Abdykadyrov, A., Abdullayev, M., Kuttybayeva, A., Tazhen, K., Kystau-
bayev, N. et al. (2025). Development and evaluation of radio frequency
management approaches for stratospheric communication systems.
Eastern-European Journal of Enterprise Technologies, 3 (5 (135)),
17-29. https://doi.org/10.15587/1729-4061.2025.331607

30. Zhao, Y., Zheng, G., Wang, J.,, Liu, J., Dong, S., Xin, J. (2025). Efficient
Support Vector Regression for Wideband DOA Estimation Using
a Genetic Algorithm. Sensors, 25 (9), 2915. https://doi.org/10.3390/
$25092915

31. Li, L., Younan, N. H., Shi, X. (2019). Joint Estimation of Doppler
Stretch and Time Delay of Wideband Echoes for LFM Pulse Radar
Based on Sigmoid-FRFT Transform under the Impulsive Noise En-
vironment. Electronics, 8 (2), 121. https://doi.org/10.3390/electron-
ics8020121

DOI 10.15587/1729-4061.2026.353218

DETERMINING THE STATISTICAL PROPERTIES

OF A ROBUST CONTROL OBJECT IDENTIFICATION
ALGORITHM USING MIXED CORRENTROPY (p. 36-47)

Oleksandr Bezsonov
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-6104-4275

Serhii Liashenko
State Biotechnological University, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-8304-9309

Oleg Rudenko
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0003-0859-2015

Serhii Rudenko
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: https://orcid.org/0009-0001-0912-2106

Kyrylo Oliinyk
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-8536-5217

Identification process in stationary and non-stationary control
objects has been investigated in this study. The task addressed is to
construct mathematical models, to devise methods and procedures,
and to develop programs focused on solving object identification
problems.

This paper tackles the issue of robust identification of control
objects under the action of additive random noise of various sta-
tistical nature, in particular Gaussian and non-Gaussian noise. An
approach to building identification algorithms based on the mixed
correntropy criterion has been proposed, which combines the ad-
vantages of classical mean-square methods and information-theo-
retic optimality criteria.

The use of Price’s theorem made it possible to define conver-
gence conditions for the robust identification algorithm in both
stationary and non-stationary cases in the presence of Gaussian and
non-Gaussian noise. The influence of algorithm parameters and
noise characteristics on its dynamic properties has been established.
Expressions for determining the optimal values of the algorithm’s
convergence parameter, which ensure the maximum convergence
rate, have been derived.

To confirm theoretical findings, simulation modeling was carried
out, the results of which confirm the effectiveness of the proposed
approach and its advantages compared to conventional identification
methods, especially under conditions of non-Gaussian noise and
nonstationarity, which indicates the feasibility of its use in adaptive
and robust control systems.

However, the resulting estimates are rather general and depend
both on the degree of nonstationarity of the object and on the statistical
characteristics of usable signals and disturbances, which are often un-
known. Therefore, the results could be applied in practice if such infor-
mation is available or when estimates of these characteristics are used.

Keywords: robust resilience; correntropy; kernel; algorithm con-
vergence; steady state; simulation modeling.
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This study investigates the process of quantifying liquefied gas

volume using an artificial neural network. The task addressed relates

to the insufficient efficiency of existing methods for measuring lique-

fied gas volume. It can be partially solved by measuring the parame-

ters of liquefied gas in cylinders remotely and by processing the data

with an artificial neural network to quantify its volume. However,

there is another issue associated with the complexity of using artifi-

cial neural networks in combination with corresponding peripherals,

in particular devices, means, sensors, gauges, etc., and the need for

significant computing power.



This paper suggests a model for measuring liquefied gas volume,

which takes into account its physical characteristics, based on an arti-
ficial neural network that provides communication with gas measure-
ment devices. The mechanism behind such result involves training
the model based on performance indicators derived from input data,
taking into account the formed features.

High generalization ability and efficiency are illustrated by the
coefficient of determination, which equals 0.999245. High accuracy is
illustrated by the overall low average value of a mean absolute error,
which equals 1%. That was made possible by the distinctive features
of the proposed solution, namely the optimized model architecture
in accordance with the object of study and its input features. These
features are the signal from a photodetector, which characterizes the
level of liquefied gas, the angles of the cylinder in the vertical plane,
as well as in the horizontal plane.

The results could be applied to tasks involving the measurement
of liquefied gas volume, especially at oil and gas processing plants, gas
filling stations, gas storage facilities, etc.

Keywords: liquefied gas, artificial neural network, mean abso-
lute error, coefficient of determination.
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The object of this study is a generalized secretary problem
in which candidates are divided into groups of varying sizes and
are observed simultaneously within each group. The problem
addressed is to determine the optimal order of reviewing such
groups in order to maximize the probability of selecting the best
candidate.

The results obtained consist in the development of an efficient
group ordering algorithm that combines theoretical findings based
on Bruss’s odds theorem with numerical modeling using the Monte
Carlo method. Owing to its specific features and distinctive advan-
tages, the proposed approach increases the probability of selecting
the best candidate by 8-15% compared to a random group order.
This is achieved through two proven lemmas that restrict consid-
eration only to those permutations in which the groups considered
as candidates for stopping are ordered in non-increasing size, and
the search begins with the largest group. Such an algorithm makes
the problem computationally feasible even for a moderately large
number of groups.

The obtained results are explained by the fact that uneven distri-
butions of group sizes introduce exploitable structural asymmetries.
The proposed ordering strategy effectively leverages this unevenness,
which is confirmed by numerical experiments demonstrating a posi-
tive correlation between the degree of unevenness and the probability
of successful selection.

The practical applicability of the results extends to scenarios
involving online resource allocation, adaptive algorithms with
real-time updates, and decision-support systems. The proposed
framework can be efficiently implemented in adaptive recruitment
platforms and similar applications, making it relevant not only
for theoretical research on optimal stopping problems but also
for practical use in operations research, economics, and artificial
intelligence.

Keywords: optimal stopping, conditional probability, optimal
choice, odds theorem, Monte Carlo simulation.
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PO3POBKA HAYKOBO-METOANYHOTI'O AIIAPATY 3ABE3IIEYEHHSA ®YHKIIIOHAJIBHOI HAZIITHOCTI
IH®OPMAIIMHUX CUCTEM CIIEIIAJIBHOI'O IIPU3HAYEHHA (c. 6-18)

A. B. ITnmanekwuii, F0. B. XKypascekuii, I. A. Iltexosa, I. B. Illocrak, O. B. OgapyiieHko, O. I. ®eokrucrosa, C. B. Illocrak,
H. M. IIporac, O. II. IllantomrHikoBa, H. B. F'HaTIOK

O6’exToM JocifpkeHHs € iHdopmaniiiai cucremu (IC) crienjjaspHOrO IpU3HaYeHHs. I1po6seMoro, 0 BUpIlIyBasacs B JOCIiKeHHI,
€ nifBuILeHHs GyHKLIioHaIbHOI HafiliHOCTi IC crenjiasbHOrO Npr3HadeHHs. [IpoBeZieHO po3poOKy HayKOBO-METOANUHOTO anapary 3abesIe-
ueHHs (QyHKIioHaMpHOI IC crenianbHOrO pu3HadeHHs. OpUTiHATBHICTD JJOCIiKEHHS MOJIATaE y:

- CUCTEMHOMY IIPOBe/IeHHi 6araTopiBHeBoi OIiHKM cTaHy (yHKIioHaIbHOI HajiliHoCTI IC creniabHOrO MPU3HAYEHHS 32 JOIIOMOTOI0

- 1100y10Bi 6araTOBUMipHHX 3aJIeX)KHOCTEl cTaHy (pyHKIioHanpHOI HaziitHOCT] IC crieniabHOTO IPU3HAYEHHS, YUM J0CATA€THCS IIPOBE-
JIeHHs OLIIHKY (pyHKIioHaIbHOI HafiliHOCTi IC 3a JOBIIBHOIO KiNBKICTIO ITOKa3HUKIB;

- onjiHmi dyHKIioHampHOI HafiitHOCTI IC crierjiasbHOTO MPU3HAYEHHS 32 JAOIIOMOTOI0 CITLTBHOTO BUKOPUCTAHHS BUMIPIOBAIbHUX JIAHUX
Ta HeUiTKUX eKCIIePTHUX OL[iHOK, UMM BUPIlLIyeThbCs Mpo6ieMa po3MipHOCTi;

- 1I06YZI0Bi YaCOBOI 3aJIeXKHOCTI 3MiHU ITOKA3HUKIB, SIKi XapaKTepHU3yIOTh CTaH (QyHKITioHAIBHOI HafiliHOCTI IC crerjiaapHOroO pr3HaYeH-
H$1, YUM JI03BOJISIETHCS BU3HAYUTU MOMEHTH BiIXMJIEHHS TX 3HaYeHb BiJj HOMiHAJIbHOTO;

- owiHIi (yHKIioHATBHOI HailiHOCT] iH(opMaLiiiHKX cepBiciB Ha OCHOBI KOHIIENIIi1 TPO(isIiB, UMM AOCATAETHCS MOXJIUBICTD Jlel[eHTpa-
JtizoBaHOrO BILUIMBY Ha IC crierjaibHOro pU3HaYeHHs IS iIBUIIEHH: 11 PyHKIIOHAIbHOI HafiiTHOCTI;

- 3MeHIIeHH] HeBU3HA4YeHOCTi PO cTaH (PyHKIioHaabHOI HagiliHocTi IC crelnialbHOrO NPU3HAUYEHHS, 32 PaXyHOK BUKOPUCTaHHS Bi/[Io-
BiZTHOTO TIi/IXOZy B METOZi OI[iHKM (pyHKIIOHAIBHOI HaZiifHOCT] iH(opMamiliiHIX cepBiciB Ha OCHOBI KOHIIEMIIii TpodiriB.

3anponoHOBaHUI HAyKOBO-METOAMYHUI amapar 3abeslledye IIiIBULIEHHS OIEPaTHBHOCTI OIHKM (yHKIioHasbHOI HajiitHocti I1C
B cepegHbOMY Ha 40%, IIpy 3a6e3medeHHi BUCOKOI JOCTOBIPHOCTI OTPUMAaHUX pe3y/IbTaTiB Ha PiBHI 92%, 110 MiATBEPKYETHCS pe3yIbTaTaMu
YHCEIBHOIO €KCIIEPUMEHTY.

Ko1ro4oBi cyioBa: 6araToOBUMIipHICTb OLIIHKY, CKJIQ/IHI CUCTEMH, OIIepPATUBHICTb OLiHKH, JOCTOBIpHICTb pillleHHs, KOMILJIEKCHA OIliHKa.

DOI: 10.15587/1729-4061.2026.352271

PO3POBJIEHHS YHI®IKOBAHOI CIIEKTPAJIBHO-KOPEJISAIIIMHOT ®PA30BOI MATEMATHYHOI MOJIEJII JJI51
OJHOXIJHOI CIIJIBHOI OIITHKU YACY 3ATPMMKH TA HAIIPAMY ITPUXOAY IIIYMOBHX IIIMPOKOCMYT'OBHX
CUTHAJIIB (c. 19-35)

Anar Khabay, Nurzhigit Smailov, Gulbakhar Yussupova, Amandyk Tuleshov, B. I. Ilunopesko, B. B. I[lunopeHko,
Zhandos Dosbayev, Gulden Khairusheva, Akezhan Sabibolda

OG’€KTOM IIHOTO AOCTIPKEHHS € 3aTPUMKa Ta HapsiMok rpuxofy (DOA) MIMPOKOCMYTOBUX CUTHAJIIB B JUTUBHOMY IIyMi, II[O CIIOCTe-
piraroTbCsi CUHXPOHI30BaHOIO [IBOKAHAJIBHOIO MPHUIMAaIbHOIO cucTeMolo. [Ipobiema mossirae B TOMYy, IO OibIIICTh METOZIB OLiHKHU IIH-
poKoCMyTOBOI 3aTpUMKH Ta DOA criparoThesl Ha 6araToeTarHi abo iTepaTHBHI IIpoIeAypH, Taki sK IMOIIYK IIiKiB, KoBapialjiiiHe Ta BIacHe
PO3KJI/IaHHS, KyTOBE CKaHyBaHHS a60 pO3pi/PKeHe BiZJHOBJIEHHSI, 1110 361LIblIye 0GYMCIIOBaIbHE HABAHTAXKEHHS Ta 0OMEXye 3aCTOCOBHICTh
y peaJIbHOMY Yaci.

CyTb OTPUMaHMX Pe3y/IbTaTiB MoJIATa€e B yHi(iKoBaHili CrieKTpaJbHO-KOPEeIALiiHIi Moziesi, AKa 03B0JIs€ CIIIIbHO OLiHIOBATU 3aTPUMKY
Ta DOA 6e3mnocepefHbO0 3 (ha3u KOMILIEKCHOTO MEPeXpecHOro CIEeKTPy. 3aTpMMKa BHU3HAYAETHCS 3 JIHIMHOTIO (pa30BOro HAXWJIy BiJHOCHO
4acToTH, Tofi Ik DOA oTpuMyeThCs 3 ZIeTepMiHOBaHOTO (ha30BOTO 3MillleHHSI, BU3HAYEHOTO BifIoMO0 6a30B0I0 JiHiel0 aHTeHH. Take dhopmy-
JIIOBAHHS BUKJIIOYAE iTePATHBHE YTOYHEHHS Ta KyTOBE CKAHYBAHHS Ta 3MEHILY€e 00YMCIIOBAIbHY CKIaAHICTb 10 O(Nlog,N).

YucyoBi eKCIIepUMEeHTH 3 JIIHIHHUMU YacTOTHO-MOAY/IbOBAHMMM CHUTHAJaMM B TayCCOBOMY ILIyMi AEMOHCTPYIOTh II€pei0adyBaHy
MOBEJiHKY TOYHOCTI: 31 36i/IbIIEHHsIM CIIiBBiJHOLIEHHSI CUTHAJI/IIYM CepefiHbOKBaJpaTuyHa Ioxubka DOA 3meHmyeTbest 3 0,15-0,18° 0
0,03-0,04°, Tozi K MOXMOKA 3aTPUMKU 3MEHILYETHCS 3 IeCATKIB HAHOCEKYHZ, ZI0 KITBKOX HAHOCEKYH,.

11i pe3y/IbTaTH MOSICHIOIOTHCS IeTEPMiHOBAaHUM 3B SI3KOM MK YaCOBHMM 3CYBaMH, IIPOCTOPOBUMHU 3aTPUMKAMHU Ta (ha30BOI0 ITOBE/iHKOO
B YACTOTHii1 o6J1acTi B yMOBax CTal[iOHAPHOTO LIyMy. 3arporiOHOBaHa MO/ieJIb MOXKe OYyTH 3aCTOCOBAHA Ha MPAKTHUI IS CHHXPOHI30BaHOTO
JIBOKQHAJIPHOTO IIMPOKOCMYTOBOTO IIPHUHOMY 3 BiZlOMOIO reoMeTpiero Ta pikcoBaHO0 6a30BOIO JIiHIEI0 aHTEHU B MTACUBHMX CHCTEMaX MOHITO-
PUHTIY Ta IleJIeHTallii B peaJlbHOMY 4aci.

KUrrouoBgi cy1oBa: CrieKTpasbHO-KOPeAIiiTHIIT aHaTi3, MaTeMaTUIHe MO/Ie/IFOBaHHS, OHOITPOXi/IHA OIIiHKa, 3aTPUMKa Jacy Ta HAIIPSIMOK
TIPUXOAY, HIMPOKOCMYTOBi CUTHAJIN.
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BU3HAYEHHS CTATUCTUYHUX BJIACTUBOCTEM POBACTHOT'O AJITOPUTMY ITEHTHU®IKAIIT OB’EKTIB KEPYBAHHS
3 BUKOPUCTAHHAM 3MIIIAHOI KOPEHTPOIIII (c. 36-47)

0. 0. Be3coHOB, C. O. JIameHko, O. I. Pygenko, C. O. Pygenko, K. O. OxifiHuK
OG6’eKTOM JI0CIIi/KEHHS IaHOI poOOTH € TIpoliecyt izeHTHdiKalil y cTallioHapHUX Ta HECTaIliloHapHUX 00 €KTiB KepyBaHH:A. Po6oTy mpu-

CBSYEHO aKTyaJbHill ITpo6sieMi CTBOpEeHHSI MaTeMaTUYHUX MoJZiesieif, MeTOAiB, IpoLieAyp Ta IporpaM, OpieHTOBAaHUX Ha PO3B’sI3aHHS 3aJad
imeHTHdiKaLii 00’ €KTIB.



¥ crarTi focmimKyeThes 3afa4a podacTHO] iieHTHdikamnii 06’eKTiB KepyBaHHS B yMOBaX /il aJUTHBHUX BUITQJKOBHUX 3aBafl Pi3HOI CTaTHC-
TUYHOI TPUPOAU. 3aIIPOIIOHOBAHO ITi/IXiJ] 10 T06Y10BH a/iIrOpUTMIB izeHTHdiKalii Ha OCHOBI KpUTEPilo 3MillTaHOT KOPEHTPOTIIIT, SIKUi1 TT0eAHYe
TepeBary KJIaCHYHUX CepeIHbOKBAZPATHIHIX METOAIB Ta iHPOpMAIiiiHO-TeOPETUYHNX KPUTEPiiB ONITHMAaIbHOCTI.

Buxopucranus teopemu IIpafica 703BOIMIIO OTPUMATH YMOBHU 361KHOCTI aIropuTMy pobacTHOI ijeHTrdikarii y crarjionapHoMy Ta Hec-
TalliOHAPHOMY BUIIa/IKaX 3a HasBHOCTI I'ayCCIBCHKOrO i HEraycCiBCHKOro LIymy. BU3HaueHO BILJIMB ITapaMeTpiB aJIrOPUTMY Ta XapaKT€PUCTUK
IIyMy Ha foro AHaMIiuHi BlacTUBOCTI. OTPUMAHO BUPA3M JJIsl BU3HAYCHHs ONTHMAaJIbHUX 3HaYeHb IapameTpa 30DKHOCTI alropuTMy, sIKi
3a6e3Mevyl0Th MAaKCUMaJIbHY MIBUAKICTh 361KHOCTI. [IIsl MiATBEP/XKEHHSI TEOPEeTUYHUX Pe3y/IbTaTiB IPOBeIeHO imiTaliliHe MOJe/IIOBaHHS,
Pe3y/IbTaTH SIKOTO MiITBEP/PKYIOTh e()eKTUBHICTh 3aITPOIIOHOBAHOTO TiXO/y Ta H0Tro repeBary MOpiBHAHO 3 TPAAULIHHUIMU METOAAMU i/leH-
TU(iKarii, 0co6JIMBO B yMOBaX HerayCCiBChbKOTr0 LIIyMy Ta HECTAI[iOHAPHOCTI, 10 CBI[YUTH ITPO AOLIIBHICTh 10T0 3aCTOCYBAHHS B aJAITUBHUX
i pobacTHUX crucTeMax KepyBaHHs. OfHAK OTPUMAaHi OI[iHKU € JOCHUTH 3araIbHUMU Ta 3aJIeXKaTh SIK BiJ CTYIeHs HeCTallioHapHOCTI 00’€KTa,
TaK i Bi/f CTATUCTUYHUX XapaKTePUCTUK KOPUCHUX CUTHAJIIB Ta 3aBa/], IKi 4acTo € HeBifjoMUMuU. ToMy pe3y/IbTaTH MOXKYTh OYyTH BUKOPHCTAHi
Ha ITPAKTHIIi 32 YMOB HasiBHOCTI Takoi iHopmarii aGo IIpy BUKOPUCTAHHI OIJIHOK IIMX XapaKTePUCTHUK.

KurrouoBi coBa: po6acTHICTh, KOPEHTPOTIis, s/po, 361KHICTb aITOPUTMY, CTAINIL CTaH, iMiTallilfiHe MOJE/TIOBaHHS.
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PO3POBKA MOJEJII BUMIPIOBAHHS OB’€EMY CKPAILJIEHOTI'O TA3Y 3 BUKOPUCTAHHSAM IITYYHOI HEPOHHOI
MEPEXI (c. 48-55)

B. II. Kauu, A. A. Kyiuk, O. A. ITaBirok

OG6’eKTOM JIOCTi/HKEHHS € TIPOIjeC BUMipIOBaHHS 00’ €My CKPAIIEHOTO Ta3y 3 BUKOPUCTAHHIM IITyYHOI HeHpOHHOI Mepexxi. Po3misiza-
€ThCs IIPo6JIeMa HEAOCTaTHBOI ePeKTUBHOCTI iCHYIOUNX METOAiB BUMIpPIOBaHHS 00°€My CKpaIlJIeHOro rasy. YacTKoBO i1 MOXKHA BUPIiIINTH
LISIXOM JTUCTAHIIIITHOTO BUMipIOBaHHS TapaMeTpiB CKPaIJIeHOro ra3y B 6ajloHaX Ta 06pOOKY OTPUMaHUX JaHUX LITYIHO HEHPOMeEpPEKEI0
JIUIsT BUMipIOBaHHS 1oro o6’eMy. IIpoTe BMHUKae iHIIA Impo6JieMa, TIOB’sI3aHa 3 CKJIAZHICTIO BUKOPUCTaHHS IITYYHUX HEHPOHHUX Mepex
y IO€/IHAHHI 3 Bi/iTOBi{HOO TIepHepi€eto, 30KpemMa PUCTPOSIMHU, 3aC00aMH, CEHCOPAMHU, JATYNKAMU TOIL[0, Ta TIOTPeOO0 B 3HAYHUX 0GUMC-
JIIOBaJIbHUX ITOTY>KHOCTSIX.

B crarTi npesicTaBiIeHO MOJesIb BUMipIOBaHHS 06’€MY CKPAILJICHOT'O rasy, sika BpaXxoBye Horo ¢i3nyHi 0cO6IMBOCTI, HAa OCHOBI IITYyYHOT
HeHpOHHOI Mepexi, 1[0 3a6e3Iedye 3B’s130K 3 IMPUCTPOSIMU BUMIipIOBaHHS rasy. MexaHi3MOM JOCATHEHHSI IUX Pe3y/IbTATiB € HaBYaHHS
MO/ieJTi 3Ti/JHO TIOKa3HUKiB e()eKTMBHOCTI Ha OCHOBI BXiZIHMX JaHUX BiZITIOBiZHO 710 c(hOpMOBAaHMX O3HAK. BHCOKa y3arajpHIOOUA 3/1aTHICTh
Ta e(eKTUBHICTb iI0CTpyeThesl KoedillieHTOM AeTepMiHanii, sikuii ckaaB 0,999245. Bucoka TOYHICTh iI0CTPYeThCsI HU3BKUM 3arajbHUM
cepe/iHiM 3HaYeHHIM Cepe/IHbOI aGCOTIOTHOI MOXMOKH, sIKa CKIana 1%. 1e cTajo MOXKJIMBUM 3aB/SKH Bi/MiHHUM 0COGIHMBOCTSIM 3aIIpOIIO-
HOBAHOT'0 pillleHHs, a cCaMe ONTHMi30BaHill apxiTeKTypi MozeJi BiITOBifHO 10 06’€KTy Aoci/pkeHHs Ta 11 BXiZiHMM o3HakaM. [lumu o3Ha-
KaMU € CUTHAJI 3 GOTOIMPUIMAaIbHOTO IIPUCTPOIO, 110 XapaKTepU3ye piBeHb CKPAIJIEHOTO ra3y, KyTH po3TalllyBaHHs 0aJ0HY Y BepTUKAIbHIN
IUIOUIYHI Ta B TOPU30HTAJIBHIH IJIOMIMHI.

OTpuMaHi pe3y/IbTaT! MOXKYTb OyTH BUKOPHCTaHi Ha IMPAKTUILIi y MPUKJIAJHUX 33/ja4aX BUMIPIOBaHHS 00’€eMy CKPAILIEHOTO rasy, 30KpeMa
Ha HadTO- Ta ra3orepepobHUX 3aBO/jaX, ra303aMPaBHUX CTAHIIISX, FA30BUX TePMiHAIAX Ta CXOBUIIIAX TOIIO.

KUrr04oBi ciioBa: ckparieHuii ras, IITy4Ha HeipOHHA Mepeyka, cepejHsl aOCOIIOTHA ITOXUOKa, koedilieHT feTepMiHalii.

DOI: 10.15587/1729-4061.2026.353251
PO3POBKA AJITOPUTMY I'PYIIOBOI'O IIOIIYKY IJIA 3AJAYI CEKPETAPSI (c. 56-64 )

C.I. JoueHKo, A. C. BeuepkoBcbKa

OG6’eKTOM JIOCITiZPKEHHS € y3araJbHeHa 3371ada CeKpeTaps, y AKii KaHAWATH MOAIMSI0TECS Ha IPYIIH Pi3HOTO PO3MIpy Ta CIIOCTEPiraloThest
OJIHOYACHO B Me)KaX KOXKHOI I'pyny. BupinryBasiacst mpo6sieMa BU3HAYE€HHS OIITHMAJIBHOTO ITOPSI/IKY MEPEIVISY TAKMX IPYIl 3 METOK0 MaKCUMi-
3a11il IMOBipHOCTI BUOOPY HAKpaIoro KaHuara.

OTpyMaHi pe3yJbTaTy IMOJIATAI0Th Y MO0Y/0Bi e()eKTUBHOIO aJrOPUTMY BIIOPSAKYBAHHS I'PYIL, SIKUU IOEHYE TEOPETHUYHI Pe3yJIbTaTH,
3aCHOBaHI Ha TeopeMi IaHCiB bpycca, 3 YMCeIbHUM MOZEII0BAHHAM MeToA0M MoHTe-Kapiio.

3aB/sSKN CBOIM 0COGJIMBOCTSM Ta XapaKTePHUM BiIMiHHOCTSM OTPHMMAaHi pe3y/IbTaTH MiABUIIUTH HMOBipHICTh BUOOPY HAHKPAIIOTO KaH-
nuziaTa Ha 8-15% IOPIBHSHO 3 BUIIAJIKOBHUM IIOPSIAKOM BUOOPY. Lle focsraeThest 3a paXyHOK JBOX JJOBEJICHHX JIeM, sIKi 0OMEeXXYIOTb PO3IVIS/
JIMIIE THMHU ITIEPECTAHOBKAMH, JIe TPYIIH, 10 PO3IVISAAOTHCS IK KAaHAUATHU JUIS 3yIIMHKH, BIIOPsA/IKOBaHI 3a HE3POCTAHHSM PO3MIipy, a IOIIyK
TTOYMHAETHCS 3 HA61IbII0l rpymy. Takuil aITOpUTM pO3B’I3aHHS POOUTB 33/1a4y 00YHCIIIOBAIBHO 3/IiICHEHHOIO HaBiTh /1J1s1 TOMiPHO BEJIKOI
KIJIBKOCTI TpyIIL.

OTpyMaHi pe3ysIbTaTH ITOSCHIOIOTHCS THM, 1[0 HEPiBHOMIPHICTh pO3MipiB Iyl CTBOPIOE [JO/IaTKOBY CTPYKTYPHY iH(opMaIlito, SIKy edex-
TUBHO BUKOPUCTOBYE 3aIIPOIIOHOBAaHAa CTPATerisi BIOPSAKYBaHHS.

ITpakTHYHEe BUKOPHCTaHHS MTOOYZI0BAHOTO aJTOPUTMY MOXUIMBE B YMOBAX 3a/lad PO3IIOALIY PecypciB, aJallTUBHUX aJTOPUTMIB 3 OHOB-
JIGHHSIM Y peaIbHOMY 4aci, a TAKOXK y CUcTeMax MiITPUMKU NIPUNRHATTS pillleHb i peKpyTUHIOBUX IIAT(GopMax. 3alIpOIIOHOBAHUI aJIFOPUTM
€ peJIeBaHTHUM SIK JJIs1 TEOPETUUHMX JTOCTI/PKeHb 3a7iad ONTHMAaJIbHOI 3yIIMHKH, TaK i I MPUKJIAJHUX 3aCTOCYBaHb B ONlE€paLlilfHUX JOCIi-
JDKEHHSIX, eKOHOMIIIi Ta IITyYHOMY iHTeJIeKTi.

Ki1ro4oBi cioBa: onTUMasbHa 3yIIMHKA, YMOBHA MMOBIpHicTh, ONTHMa/JIbHUIN BUOip, Teopema PO IIAHCH, MOJEIIOBAaHHS METO0M
MomnTe-Kapiio.



