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The subject of this study is the algebraic processes of data forma-
tion, encoding and syndrome decoding in cryptographic code con-
structions based on hyperelliptic curves of higher genera over Galois
fields. The problem addressed lies in the excessive computational
complexity and energy consumption of post-quantum asymmetric
cryptosystems, which precludes their use on hardware platforms with
resource constraints. The results obtained include the construction of
a mathematical model of an algebraic-geometric code in projective
coordinates, the development of a point mapping algorithm, and the
generation of sparse matrices. The implementation of hyperelliptic
structures into the symmetric Rao-Nama scheme has enabled a reduc-
tion in energy consumption of 20-60% compared to the asymmetric
MCcElys scheme. The increase in the overall efficiency of the system
is explained by the complete elimination of the resource-intensive
operation of inverting Galois field elements thanks to an isomorphic
transition to projective space, as well as the complete avoidance of
solving matrix equations during the process of decrypting crypto-

grams. The distinctive features of the results obtained, which enabled
the solution of the problem under investigation, lie in the fact that the
targeted selection of row vectors for the evaluation matrices allowed
the Hamming weight of the code to be artificially minimized. At the
same time, the synergy of multidimensional algebraic geometry with
symmetric architecture ensured an approximation to linear time
complexity of decoding. The scope and conditions for the practi-
cal application of the results obtained cover the use of synthesized
cryptographic code constructs in nodes of modern cyber-physical
systems and Internet of Things (IoT) networks under conditions of
severe computational resource constraints and autonomous power
supply limits.

Keywords: post-quantum cryptography, hyperelliptic curve,
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geometric code.
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This study investigates the process of validator committee
selection in permissionless blockchain networks operating on
the Proof-of-Stake algorithm. The task addressed relates to the
vulnerability of conventional static selection schemes to identity-
forging (Sybil) attacks.

A fixed baseline weight facilitates stake splitting among numer-
ous fictitious entities, allowing attackers to gain control over the
network. In response to these challenges, a method for the dynamic
stabilization of consensus based on an adaptive control law has been
devised. This method automatically regulates the weight mixing
intensity using the smoothed Gini coefficient.

The concept of Proof-of-Persistence has been proposed, which
replaces the uniform baseline distribution with a time-weighted repu-
tation of the participants. The analytical and experimental analyses
of data from 10 real-world networks were conducted, demonstrating
that the proposed mechanism reliably reduces the aggregate weight of
a potential attacker. The result is attributed to the fact that when new
entities are created, their prior participation experience is not con-
sidered, and the loss of reputational weight outweighs the benefits of
acquiring new baseline shares. This makes the stake-splitting strategy
economically unviable.

An important distinct feature is that the system’s adaptation is
carried out exclusively on the basis of deterministic on-chain data,
without the need for external identification. The proposed system
functions autonomously: under a normal mode, intervention is mini-

mized, while under the risk of an oligopoly, protection is strength-
ened. The results could be practically applied to the architecture
of permissionless blockchain networks as the method might be
integrated both at the network protocol core level and in the form of
smart contracts to enhance the security of distributed ledgers without
additional manual adjustments.

Keywords: Proof-of-Stake, Sybil resistance, adaptive consensus,
commiittee selection, Gini coefficient, Proof-of-Persistence.

References

1. Xu, J.,, Wang, C., Jia, X. (2023). A Survey of Blockchain Consensus
Protocols. ACM Computing Surveys, 55 (13s), 1-35. https://doi.org/
10.1145/3579845

2. Motepalli, S., Jacobsen, H.-A. (2024). How Does Stake Dis-
tribution Influence Consensus? Analyzing Blockchain Decen-
tralization. 2024 IEEE International Conference on Blockchain
and Cryptocurrency (ICBC), 343-352. https://doi.org/10.1109/
icbc59979.2024.10634400

3. Saleh, F. (2020). Blockchain without Waste: Proof-of-Stake. The Re-
view of Financial Studies, 34 (3), 1156-1190. https://doi.org/10.1093/
rfs/hhaa075

4. Rosu, L, Saleh, F. (2021). Evolution of Shares in a Proof-of-Stake Cryp-
tocurrency. Management Science, 67 (2), 661-672. https://doi.org/
10.1287/mnsc.2020.3791

5. Motepalli, S., Jacobsen, H.-A. (2025). Decentralization in PoS Block-
chain Consensus: Quantification and Advancement. IEEE Trans-
actions on Network and Service Management, 22 (4), 2930-2943.
https://doi.org/10.1109/tnsm.2025.3561098

6. Cevallos, A., Stewart, A. (2021). A verifiably secure and propor-
tional committee election rule. Proceedings of the 3rd ACM Confer-
ence on Advances in Financial Technologies, 29-42. https://doi.org/
10.1145/3479722.3480988

7. Leporati, A., Rovida, L. (2024). Looking for stability in proof-of-stake
based consensus mechanisms. Blockchain: Research and Applica-
tions, 5 (4), 100222. https://doi.org/10.1016/j.bcra.2024.100222

8. Huang, H., Peng, X,, Lin, Y., Xu, M., Ye, G., Zheng, Z., Guo, S. (2023).
Scheduling Most Valuable Committees for the Sharded Blockchain.
IEEE/ACM Transactions on Networking, 31 (6), 3284-3299. https://
doi.org/10.1109/tnet.2023.3278456

9. Windiatmaja, J. H., Hanggoro, D., Salman, M., Sari, R. F. (2023).
PoIR: A Node Selection Mechanism in Reputation-Based Blockchain
Consensus Using Bidirectional LSTM Regression Model. Computers,
Materials & Continua, 77 (2), 2309-2339. https://doi.org/10.32604/
cmc.2023.041152

10. Zhang, M., Liu, M., Ding, X., Wang, Y., Li, G. (2025). GPE-PoS: A Fair and
Sybil-Resistant Proof of Stake Consensus. Journal of Internet Technology,
26 (4), 463-470. https://doi.org/10.70003/160792642025072604005

11. Castafieda, A., Hurault, A., Quéinnec, P., Roy, M. (2019). Tasks in
Modular Proofs of Concurrent Algorithms. Stabilization, Safety,
and Security of Distributed Systems, 69-83. https://doi.org/10.1007/
978-3-030-34992-9_6

12. Igbal, M., Matulevicius, R. (2021). Exploring Sybil and Double-
Spending Risks in Blockchain Systems. IEEE Access, 9, 76153-76177.
https://doi.org/10.1109/access.2021.3081998

13. Solomka, I. R., Liubinskyi, B. B., Peniak, B. O. (2025). Mixed-Weight
Committee Selection in Proof-of-Stake: Tunable Stake-Baseline Mix-
ing with Exponential Tail Guarantees and Incentive Compatibility.
Mathematical Modeling and Computing, 12 (4), 1320-1332. https://
doi.org/10.23939/mmc2025.04.1320

14. Thoso. Mixweight-committee-consensus. Self-Stabilizing Consen-
sus. Available at: https://github.com/ihosol/mixweight-committee-
consensus/tree/feature/self-stabilized-consensus/self-stabilizing-
consensus


https://doi.org/10.1145/3579845
https://doi.org/10.1145/3579845
https://doi.org/10.1109/icbc59979.2024.10634400
https://doi.org/10.1109/icbc59979.2024.10634400
https://doi.org/10.1093/rfs/hhaa075
https://doi.org/10.1093/rfs/hhaa075
https://doi.org/10.1287/mnsc.2020.3791
https://doi.org/10.1287/mnsc.2020.3791
https://doi.org/10.1109/tnsm.2025.3561098
https://doi.org/10.1145/3479722.3480988
https://doi.org/10.1145/3479722.3480988
https://doi.org/10.1016/j.bcra.2024.100222
https://doi.org/10.1109/tnet.2023.3278456
https://doi.org/10.1109/tnet.2023.3278456
https://doi.org/10.32604/cmc.2023.041152
https://doi.org/10.32604/cmc.2023.041152
https://doi.org/10.70003/160792642025072604005
https://doi.org/10.1007/978-3-030-34992-9_6
https://doi.org/10.1007/978-3-030-34992-9_6
https://doi.org/10.1109/access.2021.3081998
https://doi.org/10.23939/mmc2025.04.1320
https://doi.org/10.23939/mmc2025.04.1320
https://github.com/ihosol/mixweight-committee-consensus/tree/feature/self-stabilized-consensus/self-stabilizing-consensus
https://github.com/ihosol/mixweight-committee-consensus/tree/feature/self-stabilized-consensus/self-stabilizing-consensus
https://github.com/ihosol/mixweight-committee-consensus/tree/feature/self-stabilized-consensus/self-stabilizing-consensus
https://doi.org/10.1017/s0004972720000155
https://doi.org/10.1215/00127094-3673558
https://doi.org/10.1215/00127094-3673558
https://doi.org/10.3390/cryptography9020032
https://doi.org/10.15587/1729-4061.2022.254545
https://doi.org/10.15587/1729-4061.2022.254545
https://doi.org/10.15587/1729-4061.2019.156620
https://doi.org/10.15587/1729-4061.2019.156620
https://doi.org/10.21511/dm.4(4).2018.03
https://doi.org/10.21511/dm.4(4).2018.03

DOI: 10.15587/1729-4061.2026.357607

IMPROVING A METHOD OF RATIONAL PLACEMENT
OF BASE STATIONS IN A GLOBAL NAVIGATION
SATELLITE SYSTEM DIFFERENTIAL CORRECTION
SYSTEM (p. 29-39)

Hennadii Khudov

Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0002-3311-2848

Igor Taran

Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0003-1327-9170

Serhii Lohachov

Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0001-5609-5158

Kostiantyn Kulahin

Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

ORCID: https://orcid.org/0000-0003-1189-5623

Oleh Rybachuk

Ivan Kozhedub Kharkiv National Air Force University,
Kharkiv, Ukraine

ORCID: https://orcid.org/0009-0002-2459-8468

This study investigates the process of deploying base stations of
the global navigation satellite system’s differential correction system.
The task addressed is to reduce complexity of the differential correc-
tion system by optimizing the number and placement of base stations
in the global navigation satellite system.

The method for the rational placement of base stations of the
global navigation satellite system’s differential correction system has
been improved. In contrast to known ones, it involves the following:

- initially filling the predefined area with Voronoi diagram
pole points;

- constructing the Voronoi diagram;

- finding the centroids of the resulting cells as the positions of the
centers of the Voronoi cells;

- verifying that the condition for changing the positions of the
centroids is satisfied;

- verifying that the condition for finding the centroids within
prohibited zones is met;

- adjusting the positions of the centroids.

An experimental study was conducted on the optimal placement
of base stations for the differential correction system in the global
navigation satellite system. A visual analysis was performed of the
results of base station placement using the improved method and
known coverage methods. A comparative visual analysis reveals bet-
ter coverage of the target area when using the same number of base
stations. A quantitative analysis showed that using the improved
method reduces the number of base stations by 21% compared to
known methods. At the same time, the condition of full coverage
of the specified area was met. This, in turn, has made it possible to
reduce the complexity and cost of the global navigation satellite sys-
tem’s differential correction system.

The scope of application of the improved method is the place-
ment of base stations for the global navigation satellite system’s dif-
ferential correction system.

Keywords: base station, global navigation satellite system, navi-
gation corrections, optimal placement.
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The object of the study is the classification process of imbalanced
multi-class data in air quality analysis based on the air pollution stan-
dard index (ISPU), which involves numerical environmental features
and categorical output classes.

This study addresses the problem of imbalanced multi-class
classification in air quality data based on the air pollution standard
index (ISPU), where conventional classification techniques tend to
be biased toward majority classes and fail to accurately identify mi-
nority classes. To overcome this limitation, a cost-sensitive learning
strategy combined with adaptive error weighting, grid search with
k-fold cross-validation, and principal component analysis (PCA) is
applied. The dataset consists of 1,147 samples with an imbalanced
distribution across three classes. The results demonstrate that the
proposed method achieves an accuracy and F1-score of 98.55% and
an area under the ROC curve (AUC) of 0.999, while significantly
improving minority class sensitivity. This performance is explained
by the cost-sensitive method that increases the penalty for minority
class errors and by PCA, which enhances feature representation
and learning stability. Compared to existing methods, the proposed
method provides a more balanced and robust classification per-
formance without modifying the original data distribution. This
method can be effectively applied to ISPU-based air quality clas-
sification results and other imbalanced multi-class classification
problems, although it requires careful parameter optimization for
different data characteristics.

Keywords: cost-sensitive, artificial neural network, imbalanced
classification, multi-class classification, PCA, machine learning.
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This study investigates the process of continuous monitoring and
control of the technological process parameters at a nuclear power
plant power unit using a digital twin model implemented on the basis
of a system-cluster approach.

The task addressed relates to the lack of a comprehensive, inte-
grated system for continuous monitoring of the technical condition
of the power unit, capable of collecting, processing, and analyzing
information from sensors and diagnostic subsystems in real time.

It is proposed to model the state of the technological equipment
at a power unit using a digital twin and a system-cluster approach.
Within the framework of the study, a system-cluster architecture of
a digital twin was designed, which reflects the interaction among the
physical, analytical, and control levels of the power unit at a nuclear
power plant.

The work involved processing the technological process param-
eters coming from a sensor network with a frequency of 1-2 Hz,
with a processing delay of no more than 1-3 s. The proposed
information-fractal criterion provided an increase in the sensitiv-
ity of pre-accident detection by 15-25% compared to conventional
methods, as well as made it possible to identify complex operating
modes in the range of D" =0.45-0.8.

The results have made it possible to solve the set tasks by inte-
grating multi-scale fractal analysis, cluster organization of technical
systems, and self-similarity modeling. The practical implementation
of the digital twin has proven its capability to detect changes in the
structure of the technological process with diagnostic accuracy at the
level of 85-92%.

The implementation of the digital twin model in the information-
control systems of the power unit makes it possible to increase the
reliability, safety, and efficiency of control.

Keywords: continuous monitoring system, system-cluster ap-
proach, fractal analysis, digital twin model.
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The object of the study is the onboard diagnostic process in Cube-
Sat nanosatellite systems, with particular emphasis on fault detection
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based on real-time analysis of multivariate telemetry data under real-
time embedded operating conditions. The problem statement is the
gap between the relatively low computational expenses and predict-
ability of classical FDIR approaches and their limited ability to detect
complex anomalies, and, conversely, the greater anomaly sensitivity
and lower embedded performance of machine-learning models. A
hybrid onboard diagnostic architecture that integrates telemetry
acquisition, telemetry preprocessing, statistical feature extraction, a
deterministic FDIR branch, a lightweight machine-learning branch,
and decision fusion into one onboard diagnostics session has been
elaborated. The proposed hybrid onboard diagnostic architecture
has been evaluated based on hardware-in-the-loop testing using
representative telemetry and fault cases for CubeSat systems. The
evaluation metrics were the fault-detection accuracy, the detection
latency, the CPU consumption, the memory consumption, and the
resistance to telemetry noise. The hybrid onboard diagnostic architec-
ture was compared to the conventional threshold-based FDIR system
and standalone machine learning algorithms under the same HIL
conditions. In the reported experiment setup, the proposed hybrid
onboard diagnostic architecture demonstrated the fault-detection
accuracy of 94%, while the classical FDIR method provided 71%, and
the standalone machine-learning approach provided 88%. The aver-
age detection latency was decreased to 83 ms, in contrast to 120 ms
and 95 ms, respectively. The embedded solution requires only 17.6%
CPU and 58 KB of memory. Under the highest telemetry-noise level,
the fault-detection accuracy of the proposed hybrid onboard diagnos-
tic architecture decreases to 80%, whereas the standalone machine-
learning and the classical FDIR baselines provide only 65% and 43%
fault-detection accuracy, respectively.

Keywords: CubeSat onboard diagnostics, fault detection, hybrid
FDIR, lightweight machine learning.
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PO3POBKA KPUIITO-KOJJOBUX KOHCTPYKIIII HA T'IIEPEJIIITUYHUX KPUBHX (c. 6-18)

0. B. Axiesep, O. C. Kymaepsos, I'. B. Hesaca, O. I. Kopous, K. C. fImkoBwuii, O. B. BoiiTko, B. €. Coxou, O. B. BoJomyk,
0. M. HoBocenenpkuii, O. B. Hesacuit

OO6’€KT MOCTIKEHHSI CTAHOBJIATH anreGpaiuti npoimecu GOPMyBaHHs, KOAYBaHHS Ta CUHAPOMHOTO JAEKOAYBAHHS MaHUX Y KPUIITO-
KOJIOBUX KOHCTPYKIiAX Ha 6asi rimepesinTUYHUX KPUBMX BUIIMX POAIB Haj mossmu lamya. TIpoGiema, 1o BUPIIIyBaiacs, MOJISATAE y
HAJMIPHIN 00UKMCITIOBATBHIN CKJIAJHOCTI Ta €HEPrOEMHOCTI MOCTKBAHTOBUX ACUMETPUYHUX KPUITOCHCTEM, 1[0 YHEMOKIUBIIIOE iX BUKO-
PHCTAHHS Ha alapaTHUX mratdopMax i3 pecypcHuME obMekeHHsIMI. OTpUMaHi Pe3yJIbTaTi OXOILTIOI0Th TTOOYI0BY MaTEMaTHIHOI MO
aJIrebpo-reOMETPIYHOTO KOy Y IIPOEKTUBHUX KOOPANHATAX, PO3POOKY aJTOPUTMY KapTYBaHHS TOYOK, FEHEPAII0 PO3PIIKEHIX MATPHILb.
ImMmemenTanis rinepesinTHYHUX CTPYKTYP y cuMeTpuuny cxemy Pao-Hama nosBosmiia ckopotutn eneprosarparu Ha 20—60% mopiBHSAHO
3 acuMeTpryHOIo cxemoio Mak-Edmica. 3poctamms 3aranbioi eeKTUBHOCTI CHCTEMU TTOSICHIOETLCS IITKOBUTOIO JIIKBiIAIli€I0 PECYPCOEMHOI
orepaitii iHBepcii esemenTiB noust Tamya 3aBskn i30MopdHOMY HEepexo/Ly /10 HPOEKTHUBHOIO IIPOCTOPY, & TAKOXK MOBHOIO BIIMOBOIO BiJl
PO3B’sI3yBaHHS MATPUYHUX PIBHSAHB I Yac mpoitecy posmudpysBanis kpuntorpam. Ocob6auBOCTI Ta BIIMIHHI PUCH OTPUMAHUX Pe3yJibra-
TiB, 3aBASKU SIKUM BOHU J[O3BOJIMJIM BUPIIIUTU AOCITIKYBaHY IPOOIEMY, TIOJSATAIOTH Y TOMY, 10 I[IJIECTIPSIMOBAHA CEJEKIlisl BEKTODP-PSIAKIB
JUISI MATPHIh OI[IHIOBAHHSI JIO3BOJIMJIA IITYYHO MinimizyBaTu Bary Iemminra xoxy. Ilpu oMy cusepris GararoBuMipHOi anreGpaiaHoi
reoMeTpii i3 CHMETPUYHOIO apXiTeKTypolo 3abe3nednsia HabJIMKeHHs 0 JiHIHOI YacoBoi ckiaaanocTi AekoxyBanus. Cdepa Ta yMoBU
MPAKTHYHOTO BUKOPUCTAHHS OTPUMAHUX PE3yJIbTaTiB OXOILTIOITh 3aCTOCYBAHHS CHUHTE30BAHMX KPUIITO-KOOBUX KOHCTPYKILN y By3Jax
cyvacHux Kibepdisnunux cucrem ta Mepexkax Inrepuery pedeit (IoT) 3a yMOB jKOPCTKOTO AeinuTy 06UMCIIOBAIBHUX PECYPCIB 1 JiMITIB
ABTOHOMHOTO JKUBJICHHS.

Kiouosi cioBa: noctkBanToBa Kpuirrorpadisi, rimepesinrtuiHa KpuBa, KPUITO-KOA0BAa KOHCTPYKILis, cxema Pao-Hawma, anre6po-reo-
METPUYHNIN KOJ.
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PO3POBKA METOAY IMHAMIYHOI CTABUII3AIII KOHCEHCYCY HA OCHOBI AJIATITUBHOI'O
SMIIIYBAHHS BATH TA YACOBOI'O ®PAKTOPA (c. 19-28)

I. P. CoaoMmka, B. B. JIr06iHChKIiT

O6’eKTOM JJOCTTi/PKEHHS € Ipoliec (hopMyBaHHsI KOMITeTy BasliIaTOpiB y BiIKpUTHX G10KUeitH-Mepeskax Ha ocHOBi Proof-of-Stake. ITpo6ue-
Ma, KOTpa BUpiIllyBajacs, IOJArae y BPa3JIMBOCTi TPAJULIIHIX CTATUYHUX CXEM BiZibOpy /10 aTaky IUISIXOM MiAPoOKHU izeHTrdHOCTi. Pikco-
BaHa 6a30Ba Bara CIpHUsIE PO3IIOALLY CTEHKy MK YUCIEHHUMU (hiKTUBHUMU CYTHOCTSIMH, IO /{03BOJISIE 3JIOBMUCHUKAM OTPUMATH KOHTPOJIb
Ha/l Mepexcero. Y BiAiNOBi/ib Ha I1i BUKJIMKY GYJI0 PO3pO6/ICHO METOZ IMHAMIUHOI cTabiti3anii KOHCeHCyCy, SIKUil I'PYHTYEThCS Ha a/JAlITUBHOMY
3aKOHi KepyBaHH:. MeTo/] aBTOMAaTHYHO PETY/IIO€ iHTEHCHUBHICTh 3MilllyBaHHS Bar 3a /[OITOMOTOI0 3IVIa/pKeHoro KoedinieHTa JxuHi. 3amporo-
HOBaHO KoHIIerIiio Proof-of-Persistence, 110 3amiHi0oe piBHOMipHUIT 6a30BUiT PO3IIOALT Ha YaCOBO-3BAXKEHY PeITyTallifo ydacHUKIB. IIpoBesieHO
AHAJTITUIHUHN Ta eKCIIepUMEHTATBHUI aHaTi3 JaHUX 10 peaTbHIX MepeXx, SIKUU 3aCBiZfYMB, 1[0 3aIIPOITIOHOBAHUI MeXaHi3M HaJilfHO 3HIDKYE
3arajbHy Bary IOTEHI[iHHOrO 3JI0BMUCHUKA. OTpUMaHUN pe3yJIbTaT IOSICHIOETHCS TUM, L0 IIPU CTBOPEHHI HOBUX CyTHOCTel ixHiil morme-
penHill JOCBif yuacTi He BpaXOBYEThHCSI, @ BTpaTa pellyTalliiiHol Bary repeBayka€ BUTOAU Bifi OTPMMaHHS HOBUX 0a30BUX 4acTOK. Ile poOGUTh
CTpaTerilo PO3IIeIJIEHHs CTeIKy eKOHOMIYHO HEBUTIIHOIO. Bayk/IMBO, 1110 aJjanTallisi CUCTEMH 3/iHCHIOEThCS BUKJIIOYHO Ha OCHOBI JleTepMi-
HOBaHMX JIaHUX, OTPUMaHUX i3 6J10K4eiiHa, 6e3 HeoOXigHOCT] 30BHINTHBO]T iileHTHdiKanii. 3anponoHoBaHa cucteMa (GyHKI[iOHYe aBTOHOMHO i
y 3BUYAITHOMY PeXKHMi BTPyJIaHHS MiHIMi3y€eThCsI, @ 32 YMOB PU3UKY OJITOIIOJIT 3aXUCT IIOCHJIIOETHCS. IIpaKTUUHE 3aCTOCYBAHHS Pe3y/IbTaTiB
CTOCY€EThCS ApXiTEeKTypH permissionless 6;10K4eiiH-MepesK, OCKLIBKY METOJ, MOXKe OyTH iHTerpoBaHMII SIK Ha PiBHI s/[pa IIPOTOKOJLY MepexKi, TaK
iy BUIVISIZIi CMapT-KOHTPAKTIB ISt Mi/IBUILEHHST Ge3IIeKH PO3MO/IEHUX peecTpiB 6e3 ZOAATKOBUX PYYHHUX HAJIALITYBAHb.

Kurrouogi coBa: Proof-of-Stake, Sybil-crifikicTs, ajanTrBHMIT KOHCEHCYC, Bifbip KomiTeTy, KoedimieHT [xuHi, Proof-of-Persistence.
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YIOCKOHAJIEHHS METO/Y PAIIIOHAJIBHOI'O PO3MIIIEHHSA BABOBUX CTAHIIIN CUCTEMHU
JU®EPEHIIAJIBHOI KOPEKIIII IVIOBAJIBHOI HABITAIIIMHOI CYIIVTHHUKOBOI CUCTEMM (c. 29-39)

I. B. Xyznos, 1. A. Tapan, C. B. JIorauos, K. K. Kysarin, O. I. Pu6auykx

OG6’eKTOM JIOCITiZIKEHHS € TIPoliec po3MillleHHs1 6a30BUX CTaHIil crcTeMu JudepeHIiiaapHOI KOpeKIlii 1106a1pHo1 HaBiraliitHoi cymyTHU-
KOBOI cuCTeMU. BupilyeTscs nmpo6eMa 3MeHIIeHHS CKJIaAHOCT] CUCTeMH ArdepeHIfiabHOI KOPEKIlii 32 paXyHOK ONTHUMi3allii KiTbKOCTi Ta
po3MileHHs 6a30BUX CTaHIill CHCTeMH IVI06aIbHOI HaBiramiifHoi CyIyTHHKOBOI CUCTEMHL.

VaockoHasIeHO MeTOZ, pallioHaJIbHOTO po3MillleHHs 6a30BUX CTaHIiH crcTeMU AudepeHIiaTIbHOI KOpeKIIii I7106a1pHoi HaBirariitHoi cy-
IyTHUKOBOI CHCTEMH, SIKWM, Ha BiIMiHY Bi| BiJoMUX, Iepefoavae:

- IIOYATKOBe 3aMOILeHHsI 3a/JaHOr0 palioHy TOYKaMU-TI0/II0caMu Jiiarpamu BopoHoro;

- mo6ymoBYy AiarpamMu BopoHoro;



— 3HAXO/PKEHHS IIEHTPOI/l OTPMMaHUX KOMipOK SK IT0JIOKEHb LIEHTPiB HaliMEHIINX OXOILJIFOI0YMX Kil KoMipok BopoHoro;

— IepeBipKy BUKOHaHHS YMOBH 3MiHU ITOJIOXKEHB LIEHTPOI/;

- TIepeBipKy BUKOHAHHS YMOBH 3HaXO/PKEHHSI IIEHTPOIZ 8 MeXKaX 3a00pPOHEHUX 30H;

— KOPUTYBaHHs MOJIOKEHHS LIEHTPOIz.

IIpoBezieHO eKCIIepUMeHTaIbHE JAOCTi/HKEHHS O/I0 PaIlioHATbHOTO PO3MIillleHHs 6a30BHUX CTAHIIIN CHCTEMH Ju(depeHIiaJTbHOI KOpeK-
il r1o6asbHOI HaBiraniitHoi cynmyTHHUKoBOI cucreMu. IIpoBe/ieHO Bi3yaJbHUIT aHali3 pe3y/IbTaTiB PO3MillleHHs 6a30BUX CTaHLIN y[0CKO-
HaJIECHUM MEeTOJOM Ta BiJOMHMU MeTOJaMU 3aMoleHHsI. [IopiBHAMBHUI Bi3yaJabHUI aHaJIi3 CBIAYNUTH PO Kpallle 3alIOBHEHHS 3aJaHOT0
pailoHy IIpy BUKOPUCTaHHI OZJHAKOBOI KisIbKOCTi 6a30BUX cTaHIill. KinbpKicHMIT aHasIi3 TTOKa3aB, 1[0 BUKOPHUCTAHHS YAOCKOHAJIEHOTO METO-
Zly A03BOJISI€ 3MEHIIUTH KiJbKiCTh 6a30BUX CTaHIIi#l Ha 21% y MopiBHAHHI 3 BifjoMUMM MeToAaMu. IIpy 11bOMy BUKOHAHO yMOBa IIOBHOTO
IIEPEeKPUTTS 33ZjaHOro paiioHy. Lle, B CBOIO uepry, JO3BOIIIIO 3MEHIINTH CKJIAAHICTD i BApTIiCTh cucTeMU JudepeHIiaJbHOI KOPeKIii IJ10-
6as1bHOT HaBiraIiifHOI CyIyTHUKOBOI CUCTEMH.

Cdepa 3acTocyBaHHS YIOCKOHAJIEHOTO METO/y — PO3TALIyBaHHS 6a30BUX CTaHIIiH crcTeMU AudepeHIianbHOl KopeKiii r1o6agbHOoI HaBi-
raniifHoi CyIyTHUKOBOI CUCTEMHU.

KurrouoBi c1oBa: 6a30Ba CTaHIis, II06abHA HaBiraljiiiHa CylyTHUKOBA CHCTeMa, HaBiraliitHi momnpasky, parjioHaabHe pO3MillleHHS.
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PO3POBKA EKOHOMIYHO YYTJIHNBOI ONTUMI3ZAIII INTYYHUX HEMPOHHUX MEPEX JIJIs1 BUPIIIIEHHS
HE3BAJIAHCOBAHUX 3AIAY BATATOKJIACOBOI KJIACU®IKAIIIT (c. 40-63)

Bosker Sinaga, Yuhandri, Gunadi Widi Nurcahyo

O06>eKTOM JOCTi/KEHHS € TTpoliec Krachdikariil He36aIaHCOBAaHUX 6AaraTOKJIACOBUX JaHUX B aHAJI3i SIKOCTI TTOBITpST Ha OCHOBI CTaHAAPT-
HOTO iHJeKcy 3a6pygHeHHs noBitps (ISPU), sikuii BKJIFOYa€e YMCJIOBI €KOJIOTTYHI XapaKTepUCTUKY Ta KaTeropiajibHi BUXi/IHI K1acH.

Lle mocaimxeHHs po3rsifjae mpobaeMy He36aJTaHCOBAHOI 6araTokIacoBol kiracudikamii JaHUX Mpo SIKiCTh MOBITPsI HA OCHOBI CTaH-
JapTHOro iHAexcy 3abpyaHeHHs noBitps (ISPU), pe Tpaguniiiai Meroau kiacudikarnii, sk mpaBuio, 3MilleHi B 6ik kyaciB 6isbmrocti
Ta He J[03BOJISIIOTh TOYHO BU3HAYUTU KjIacu MeHIMH. 1106 mofoaTu 1je 0OMe)XXeHHsI, 3aCTOCOBYEThCSI €EKOHOMIUYHO YYT/IMBA CTpATeris
HaBYaHHS, [TO€JHAHA 3 JANITUBHUM 3Ba)XyBaHHSIM ITOMUJIOK, IOUIYKOM IO CiTI{i 3 K-KpaTHOIO IepexpecHOI0 IepeBipKoIo Ta aHaJi-
30M roJI0BHUX KoMroHeHTiB (PCA). Ha6ip gaHux ckiajaerbes 3 1147 3paskiB 3 He30aJaHCOBAHUM PO3IIOJIIOM 3a TPbOMa KJIACAMHU.
Pe3ysibTaTyl MMOKA3yOTh, 110 3aIIPOIIOHOBAHUI MeTo/| Zocsirae TouyHocTi Ta Fl-oninku 98,55% Ta muiomi mig ROC-kpusor (AUC) 0,999,
BOAHOYAC 3HAYHO MOKPAIYIOYU YyTJIMBIiCTh K1aciB MeHIINH. 1151 IPOAYKTUBHICTD IOSACHIOETHCS €KOHOMIUHO YyTJIMBUM METOJOM, KU
36isb11ye mTpad 3a TOMUJIKHU KJaaciB MeHIINH, Ta PCA, AKxuii mokpalilye rmpe/icTaBJeHHs 03HaK Ta CTabinbHICTh HaBYaHH:A. [IopiBHAHO
3 iCHYIOYMMHU METO/[aMH, 3alpOIIOHOBAHUN MeToj 3abe3medye GinbIn 30aJaHCOBaHY Ta HaJilHY kiacrdikario 6e3 3MiHHU pO3MOAi-
Jly BUXifiHUX paHux. Leit MeTox Moxke GyTH eeKTHBHO 3aCTOCOBAHUM 10 pe3yabTaTiB kiacudikauii sikocti nmosiTpst Ha ocHOBi ISPU
Ta iHIMX He36aJaHCOBAHUX 3a7jad 6araToksIacoBol kiaacudikamii, xo4a BiH BUMarae peTesbHOI ONTHUMI3aril mapaMeTpiB AJst pi3HUX
XapaKTEePUCTUK JaHUX.

Kirro4oBi c1oBa: eKOHOMIUHO YyTJIMBUI, IITyYHAa HeHPOHHA Mepexa, He36asaHCcoBaHa kiacudikaris, 6araTokysacoa Kiaacudika-
mist, PCA, MammnHHe HaBYaHHS.
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PO3POBKA MOJEJII IU®POBOI'O ABIMHUKA /11 CACTEMU MOHITOPUHI'Y TEXHIYHOI'O CTAHY
EHEPT'OBJIOKY ATOMHOT EJIEKTPOCTAHIIIT (c. 64-71)

B. B. IIpoxopoBa, M. II. ByzaHos, K. }0. BpoBko, II. ®. BygaHoB, B. €. MeJabHHKOB, 1. I. Kupucos, O. B. BeJIMKoropchbkuii,
A. M. Hocuk, O. B. Kaprienko

OG6’eKTOM JIOCJTi/IKEHHS € IpoIiec 6e3MepepBHOr0 MOHITOPUHTY Ta KOHTPOJIIO ITAPAMETPIiB TEXHOIOTIYHOTO ITPOIIeCy €Hepro6I0Ky AaTOMHOI
€JIEKTPOCTaHIlil 3 BUKOPUCTaHHAM MoJieIi 111(poBoro /BiliHNKa, peasi30BaHOI Ha OCHOBi CCTEMHO-KJIACTEPHOTrO Mi/IXO/y.

IIpo6ema mosisirae y BifICYyTHOCTI KOMIUIEKCHOI, iHTerpoBaHOi CUCTeMU 6e3IepepBHOI0 MOHITOPHHIY TEXHIYHOTO CTaHy €HeproGJIOKY,
3/IaTHOI y PeXXMMIi peaslbHOTO Jacy 37ilicHIoBaTH 36ip, 06poOKy Ta aHasi3 iHdopmamii Bif JaTINKIB i IlarHOCTUYHUX ITiJCUCTEM.

3aIporIOHOBaHO MOJIEJIIOBAHHS CTAHY TEXHOJIONYHOrO 0GJIafiHAHHS eHepro6JIOKy MPOBOAUTH 3aco0aMu IU(POBOro ABIHHUKA Ta CHUC-
TEeMHO-KJIACTEPHOTO MiAXOAY. Y MeXXax JOCJIi/KeHHs c(hOPMOBAHO CHCTEMHO-KJIACTEPHY apXiTeKTypy I pPOBOro ABIHNKA, AKa BifoOpaxae
B3aeMOZIi10 (Pi3UUHNX, aHAIITUYHUX | KePYIOYMX PiBHiB €eHepPro6I0Ky aTOMHO] eJIeKTPOCTaHIL1.

¥V po6orTi rmpoBoguaachk 06po6Ka mapamMeTpiB TEXHOJIOTIIHOTO IIPOLIECY, 1[0 HAAXOAATH i3 Mepexki AaTIuKiB i3 yactoToro 1-2 I't, i3 3aTpuM-
KO0 06po0OKM He Giybie 1-3 ¢. 3amporioHoBaHMI iH(opMariitHO-(paKTaTbHNN KpUTEpiil 3a6e31eYrB MMiABUIEHHS YyTIUBOCTI BUSBICHHS
nepeziaBapiliHUX cTaHiB Ha 15-25% MOPIiBHAHO 3 TPaAULIITHUMU MeTOZaMH, a TAKOXK JJ03BOJIUB iZleHTU(IKyBaTH CKIaJHI peXXUMU (yHKIio-
HyBaHHsl y Aiiarasoni DY =0.45-0.8.

OTpuMaHi pe3ysbTaTH J03BOJIMJIN BUPIIIUTU ITOCTaBJIeH] 3aBJAHHS LIISXOM iHTerparii 6araroMacmtabHoOro (pakTaJbHOrO aHAII3Yy,
KJIacTepHOI oprasizarfii TEXHIYHUX CHCTEM Ta MOJIEJIOBaHHS caMomozi6HocTi. ITpakThyHa peasizalis nmudpoBoro ABiMTHHUKA JoBesa HOTo
3/IaTHICTh BUSIBJIATU 3MiHU Y CTPYKTYPi TEXHOJIOTiYHOIO IPOLIECY 3 TOYHICTIO JAiarHOCTUKY Ha PiBHi 85-92%.

BrpoBampxeHHsT MoziesTi I poBoro ABiiiHNKA B iHGOpMaIiliHO-KepyIodi CCTeMU eHepro6yI0Ky JJO3BOJIsIE MiABUIIUTY HaZilHICTD, 6€3-
MKy Ta OIIepaTUBHICTb YIIPABJIiHHS.

KirrouoBi coBa: cucrema 6Ge3repepBHOTO MOHITOPUHTY, CUCTEMHO-KJIACTePHHUI MiAxXid, ¢hpakTaJbHUN aHai3, MoJeab IU(PPOBOro
ABilTHUKA.
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PO3POBKA I''BPUJHOI BOPTOBOI ITATHOCTUYHOI APXITEKTYPH 3 JIETKUM MAIIUHHUM
HABYAHHAM JJ151 CUCTEM CUBESAT 3 OBMEXXEHHU MU PECYPCAMM (c. 72-85)

Ainur Kuttybayeva, Samal Zhamalova, Anargul Boranbayeva, Zhansaya Myrzayeva, Gulnar Imasheva, Zhanat Kaskatayev,
Yersain Chinibayev, Nurzhamal Ospanova, Mukhit Abdullayev, Kalmukhamed Tazhen

O6>eKTOM JIOCJII/PKEHHS € Ipoliec 60PTOBOI iarHOCTUKY B HAHOCYIYTHUKOBUX crucTemMax CubeSat, 3 0cOOIMBUM aKI[EHTOM Ha BH-
sIBJIECHHI HeCcIIpaBHOCTEM Ha OCHOBIi aHa/Ii3y 6araTOBUMipHUX TeJeMeTPUUYHUX JAaHUX y peaJbHOMY 4aci B yMoBax BOYZOBaHOI po6OTU
B peasibHOMY 4aci. ITocTaHOBKa NMPOGJIEMH IIOJIATAE Yy PO3PUBI MiXK BiAHOCHO HU3BKMUMHU OOYMCIIOBAIPHUMM BUTpPAaTaMU Ta Tepes-
GauyBaHicTio K1acuHMX migxozAiB FDIR Ta ix 06MeXeHO 3JaTHICTIO BUSIBJISTH CKJIAAHI aHOMaJil, i, HAaBIAKH, OiJIbIIO0 YyTJIHBIiCTIO
710 aHOMAJTi#l Ta HIDKYOIO MPOAYKTUBHICTIO BOYZOBAaHUX MO/iesieii MAaIIMHHOI0 HaBYaHHsA. Po3pobieHo ribpuHy apxiTeKTypy 60pTOBOI
JIiarHOCTUKH, sIKa iHTerpye 36ip TeJeMeTPUYHUX JaHUX, IIONePeJHI0 06POOKY TeJIeMEeTPUYHUX JaHUX, CTATUCTHYHE BUJIYYEHHS O3HAK,
JerepMiHoBaHy Tiky FDIR, mosierueHy riky MallMHHOTO HaBYAHHS Ta 00>€IHAHHS pillleHb B OAMH ceaHC 60pTOBOi JiarHOCTHKU. 3a-
MIPOIIOHOBaHa ribpuAHa apXiTeKTypa 60pTOBOI JiarHOCTUKHY Oysa OIiHeHa Ha OCHOBI allapaTHOT'O TECTYBAHHS B IIMKJIi 3 BUKOPUCTAaHHIM
penpe3eHTaTUBHUX BUIAJKiB TeJeMeTpil Ta HecripaBHOcTel /1A cucteM CubeSat. MeTpukaMu OIiHKM Gy/IM TOYHICTh BUSIBJIEHHS He-
CIIpaBHOCTEH, 3aTPUMKa BUSABJIEHHs, CIIOXKMBAHHS IIPOIlecopa, CIIOXXUBAHHSA ITaM ATi Ta CTIMKiCTh /{0 TeeMeTpudIHoro mymy. [iopugHy
apxiTeKTypy 60pTOBOI /{iarHOCTHUKY IOPiBHIOBAJIX 3i 3BHUYaifHOI0 cucTeMoro FDIR Ha 0CHOBI ITOpOriB Ta aBTOHOMHUMU QJITOPUTMAMU Ma-
LWIMHHOTO HaBYaHHS 32 TUX caMuX yMOB HIL. Y 3anponoHOBaHill ekcriepuMeHTaIbHil ycTaHOBIIi 3alIpolloOHOBaHa Ii6puHa apXiTeKTypa
60PTOBOI AiaTHOCTUKY ITPOJIEMOHCTPYBaIa TOYHICTh BUSIBJIEHHSI HeclipaBHOCTel 94%, Tofi sik kiacnaHuil Mmetoz FDIR 3a6e3nequs 71%,
a aBTOHOMHMUI MifiXiA MammHHOro HaBuaHH — 88%. CepeAHs 3aTPUMKA BUSIBJIEHHs 3MeHIIMIacs A0 83 Mc, MOPiBHAHO 3i 120 Mc Ta 95 Mc
BigmoBizHO. BO6ymoBaHe pimeHHsl Bumarae juuie 17,6% pecypciB mponecopa ta 58 Kb mam’sTi. 3a HaliBULOro piBHS TeJIEMETPUYHOTO
LIyMy TOYHICTh BUSIBJIEHHSI HECIIPaBHOCTEll 3aIIpOITIOHOBAHOI ri6puAHOI apxiTeKTypr 60pTOBOI ZiarHOCTHKU 3HIKYETHCS 10 80%, TOAi
sIK aBTOHOMHE MalllHHE HaBYaHHA Ta KjacuyHa 6a3osi iHii FDIR 3a6e3neuytoTs juiie 65% Ta 43% TOYHOCTi BUABJIEHHS HECIIPaBHOC-
Tel BiATIOBiZHO.

Kurrouogi ciroBa: 6oproBa jiarHocTrka CubeSat, BUsB/IeHHsI HeClIpaBHOCTel, riopuaauii FDIR, jlerke MalyHHe HaBYaHHSI.



