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Batak Toba and Batak Angkola texts written in scriptio continua
form without spaces are the object of this study. The work solves a
low-resource variety classification problem where the two varieties
are similar and missing word boundaries introduce segmentation
noise. A hybrid TRIE-BERT pipeline was developed in which trie
automation performs deterministic spacing, the restored spacing is
fixed, and the spaced text becomes a stable input interface for a Bidi-
rectional Encoder Representations from Transformers (BERT) clas-
sifier. Experiments used a Batak lexicon of 19,070 word entries and
8,000 sentences, 4,000 per variety, evaluated under four data schemes
from 1,000 to 8,000 sentences and five epoch settings from 5 to 50 with
an 80:20 split. After lexicon recalibration of about 70 sentences, spac-
ing reached 98 percent accuracy. The best setting at 8,000 sentences
and 50 epochs achieved 0.85 test accuracy with 0.343 training loss,
0.85 ROC AUC, and 0.85 F1-score, exceeding a long short-term mem-
ory recurrent neural network baseline (LSTM-RNN) at 0.80 accuracy,
0.397 loss, 0.803 ROC AUC, and 0.80 F1-score. Class-wise evaluation
yielded precision 0.81 and recall 0.92 for Toba and precision 0.90
and recall 0.79 for Angkola, explaining averaged precision 0.86 and
recall 0.85. The improvement is associated with the combined use
of deterministic trie-based boundary recovery and contextual BERT
classification, where spacing is fixed before classification to reduce
token ambiguity and stabilize the input structure. The results support
Batak text processing pipelines that require automatic spacing and
variety detection under limited labels, provided lexicon coverage is
maintained and spelling variation is controlled.

Keywords: trie, BERT, scriptio continua, low resource, Batak
language.
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Large language models (LLMs) are increasingly used to gener-
ate structured learning plans aligned with outcome-based educa-
tion (OBE). The object of the study is a multi-agent workflow for
generating a structured OBE learning-plan package with a final
deterministic verification stage. The problem addressed is the low re-
liability of LLM-generated outputs, which frequently violate schema
rules, numeric constraints, and cross-artifact consistency require-
ments. To solve this problem, a multi-agent generative pipeline is
proposed, decomposing the task into six specialized agents followed
by deterministic constraint verification applied to the final artifact
bundle. Structural reliability is measured using completeness and
compliance, while cross-artifact coherence is evaluated through re-
dundancy, spacing, phase progression, and assessment fit. The evalu-
ation involves 12 courses with 10 repeated runs per course (120 runs
per variant) across four different LLMs to assess cross-model robust-
ness. The results show that the multi-agent pipeline achieves com-
pleteness of 0.9682-1.00 and compliance of 0.9376-0.9698, signifi-
cantly outperforming the single-agent configuration (completeness
0.5926-0.6580; compliance 0.4698-0.4853). These improvements
are explained by task decomposition, which reduces structural
failure propagation, and deterministic verification, which rejects
invalid outputs and preserves referential integrity. Ablation analysis
indicates that the Course Character agent exerts the highest impact
on overall performance. The proposed framework can be applied
in higher education curriculum planning under OBE conditions,
using minimal course metadata and producing machine-verifiable
structured artifacts.

Keywords: multi-agent, generative Al, structured generation,
constraint validation, ablation analysis.
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The object of this study is the alignment of Indonesian com-
puting graduate learning outcomes (CPL - Capaian Pembelajaran
Lulusan) with three heterogeneous competency frameworks: the Eu-
ropean skills, competences, qualifications and occupations (ESCO),
the occupational information network (O*NET), and the Standar
Kompetensi Kerja Nasional Indonesia (SKKNI). The problem ad-
dressed is the absence of a unified pipeline capable of simultane-
ously mapping CPL across these frameworks while accounting for
national qualification hierarchies and cross-lingual constraints. An

IR-KG (information retrieval-knowledge graph) model is proposed
with a seven-stage pipeline using a hybrid scoring function S_final =
=a-S_sem + (3-S_gr + y-S_con, integrating TF-IDF (term frequency-
inverse document frequency) semantic similarity, ESCO knowledge
graph cohesion, and domain constraint scores from ISCED-F 2013
(International Standard Classification of Education: Fields of Educa-
tion and Training) and APTIKOM 2022 (Asosiasi Pendidikan Tinggi
Informatika dan Komputer) classifications. The balanced configura-
tion (ax¢ = § = y = 0.33) achieves a mean selection objective of 0.537,
a 26.1% improvement over the semantic baseline. External consis-
tency validation yields a relaxed consistency rate of 27.1% (8.7x above
random baseline), confirming valid alignment signal capture. The
CRI-KG (Career Readiness index based on knowledge graph) reveals
a gradient R_SKKNI >> R_ONET > R_ESCO, exposing persistent
gaps in international framework coverage. The pipeline is applicable
for curriculum audit, qualification recognition policy, and national-
to-international framework integration where labelled training data
are unavailable.

Keywords: information retrieval, knowledge graph, competency
alignment, CPL, SKKNI, O*NET, ESCO, career readiness index.

References

1. Acemoglu, D., Restrepo, P. (2019). Automation and New Tasks: How
Technology Displaces and Reinstates Labor. Journal of Economic
Perspectives, 33 (2), 3-30. https://doi.org/10.1257/jep.33.2.3

2. Autor, D. H. (2019). Work of the Past, Work of the Future. AEA Papers
and Proceedings, 109, 1-32. https://doi.org/10.1257/pandp.20191110

3. The Future of Jobs Report 2023 (2023). Available at: https://
www.weforum.org/reports/the-future-of-jobs-report-2023

4. OECD Employment Outlook 2021 (2021). In OECD Employment
Outlook. OECD Publishing. https://doi.org/10.1787/5a700c4b-en

5. European Skills, Competences, Qualifications and Occupations (ESCO).
ESCO v1.1. Available at: https://esco.ec.europa.eu/en/about-esco/
escopedia/escopedia/esco-v11l

6. Occupational Listings. O*NET 28.0 Database — occupations updated
with job incumbent or occupational expert (OE) data. Available at:
https://www.onetcenter.org/listings/28.0/updated.html

7. Neutel, S., de Boer, M. H. T. (2021). Towards Automatic Ontology
Alignment using BERT. Proceedings of the AAAI 2021 Spring Sym-
posium on Combining Machine Learning and Knowledge Engineer-
ing (AAAI-MAKE 2021). Available at: https://ceur-ws.org/Vol-2846/
paper28.pdf

8. Snijder, L. L., Smit, Q. T. S., De Boer, M. H. T. (2024). Advancing On-
tology Alignment in the Labor Market: Combining Large Language
Models with Domain Knowledge. Proceedings of the AAAI Sympo-
sium Series, 3 (1), 253-262. https://doi.org/10.1609/aaaiss.v3i1.31208

9. Panduan Kurikulum Berbasis OBE/KKNI/SKKNI APTIKOM: Pro-
gram Studi Sarjana Sistem Informasi, ver. 1.1 (2022). Jakarta: AP-
TIKOM. Available at: http://elibrary.almaata.ac.id/3475/1/19%20
Jan%202023%20V1.1%20-%2013%20jan%202023%20-%20FORDI1%20
S1%20-%20BUKU%20KURIKULUM%20BERBASIS%200BE.pdf

10. European Commission: Directorate-General for Employment, Social
Affairs and Inclusion (2017). ESCO handbook: European skills, com-
petences, qualifications and occupations. Publications Office. https://
doi.org/10.2767/934956

11. Manning, C. D., Raghavan, P., Schiitze, H. (2008). Introduction
to Information Retrieval. Cambridge University Press. https://
doi.org/10.1017/cb09780511809071




12. Robertson, S., Zaragoza, H. (2009). The Probabilistic Relevance
Framework: BM25 and Beyond. Foundations and Trends® in Informa-
tion Retrieval, 4 (1-2), 1-174. https://doi.org/10.1561/1500000019

13. Fareri, S., Melluso, N., Chiarello, F., Fantoni, G. (2021). SkilINER:
Mining and mapping soft skills from any text. Expert Systems with
Applications, 184, 115544. https://doi.org/10.1016/j.eswa.2021.115544

14. Decorte, J.-J., Van Hautte, J., Demeester, T., Develder, C. (2021). Job-
BERT: Understanding Job Titles Through Skills. arXiv. https://doi.org/
10.48550/arXiv.2109.09605

15. Chiarello, F., Fantoni, G., Hogarth, T., Giordano, V., Baltina, L.,
Spada, I. (2021). Towards ESCO 4.0 - Is the European classification of
skills in line with Industry 4.0? A text mining approach. Technological
Forecasting and Social Change, 173, 121177. https://doi.org/10.1016/
j-techfore.2021.121177

16. Euzenat, J., Shvaiko, P. (2013). Ontology Matching. Springer Berlin
Heidelberg. https://doi.org/10.1007/978-3-642-38721-0

17. Computing Curricula 2020: Paradigms for Global Computing Ed-
ucation (2021). Association for Computing Machinery. https://
doi.org/10.1145/3467967

18. Chen, J., Jiménez-Ruiz, E., Horrocks, L., Antonyrajah, D., Hadian, A.,
Lee, J. (2021). Augmenting Ontology Alignment by Semantic Embed-
ding and Distant Supervision. The Semantic Web, 392-408. https://
doi.org/10.1007/978-3-030-77385-4_23

19. Savickas, M. L. (2005). The Theory and Practice of Career Construc-
tion. Career Development and Counseling: Putting Theory and Re-
search to Work. Wiley, 42-70.

20. Development and Validation of the NACE Career Readiness Com-
petencies (2022). NACE. Available at: https://www.naceweb.org/
uploadedFiles/files/2022/resources/2022-nace-career-readiness-de-
velopment-and-validation.pdf

21. Reimagining our futures together: a new social contract for education
(2021). UNESCO. https://doi.org/10.54675/asrb4722

22. European skills and jobs survey (ESJS). CEDEFOP. Available at:
https://www.cedefop.europa.eu/en/projects/european-skills-and-
jobs-survey-esjs#:~:text=The%201st%20ESJS%20collected %20
information,facilitated%20numerous%20research%20studies%2C %20
including:

23. Hevner, A. R., March, S. T., Park, J., Ram, S. (2004). Design Science
in Information Systems Researchl. MIS Quarterly, 28 (1), 75-106.
https://doi.org/10.2307/25148625

DOI: 10.15587/1729-4061.2026.357377

DEVISING AN APPROACH TO ANALYZE AND
AUTOMATICALLY RECONFIGURE THE STRUCTURE OF
WEBSITES (p. 43-51)

Ivan Dolotov
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0002-4643-3464

Natalia Guk
Oles Honchar Dnipro National University, Dnipro, Ukraine
ORCID: https://orcid.org/0000-0001-7937-1039

This study explores websites such as online stores, which are
considered to be a set of interconnected web pages. The task addressed
relates to the high computational complexity of manual analysis of
the topology of modern websites, as well as the lack of formalized
mechanisms that could make it possible to integrate the semantic features
of web pages into the process of automated hyperlink reconstruction.

Within the framework of this study, a website is crawled in order
to obtain complete HTML documents, from which the structural
features of pages are extracted (the number of headings, depth of
embedding, presence of <article>, number of incoming links, etc.).
The resulting vectors make it possible to construct cosine similarity
matrices to assess the mutual proximity of pages. An approach
has been proposed to rebuilding the link structure of the website
taking into account this similarity; a comparison of the initial and
transformed website was carried out using the metric characteristics
of modularity, clustering, diameter, and similarity distribution.

The results demonstrate that taking into account the DOM
structure allows for the formation of a logical, reasonable distribution
of pages between clusters. And the subsequent automatic procedure for
setting hyperlinks makes it possible to improve structural integrity by
establishing effective relationships between thematically close pages.

The practical significance of this work involves the possibility of
using the proposed approach for automated optimization of internal
links of static websites. As a result, the architecture of the web
resource is improved, website navigation becomes transparent, and
website indexing by search engines is increased.

Keywords: DOM model, web graph clustering, page similarity,
structure optimization, relinking, cosine distance.
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The object of the study is the hyperparameter configuration space
of the U-Net architecture for agricultural land segmentation from
Sentinel-2 satellite imagery.

The problem being solved is the excessive cost of multi-objective
hyperparameter optimization, because non-dominated sorting in the
non-dominated sorting genetic algorithm II (NSGA-II), with com-
plexity O(MN?), becomes a bottleneck for deep segmentation models.
To address this problem, an interactive evolutionary non-dominated
sorting genetic algorithm II (IENSGA-II) framework is evaluated, in
which a logistic regression classifier is trained on hyperparameter
vectors and Pareto ranks from initial NSGA-II generations, then used
to predict ranks in subsequent generations instead of full sorting.
Unlike existing surrogate-assisted approaches, this work predicts
Pareto ranks without additional model evaluations. On the panoptic
agricultural satellite time series (PASTIS) benchmark, the framework
reduced execution time by 20.07%, 16.39%, and 38.80% for 5, 10, and
15 generations, and in the 10-generation setting improved validation
criteria, reaching an area under the receiver operating characteristic
curve (AUC) of 0.9072 versus 0.9004 and validation loss of 0.6057 ver-
sus 0.6212. These results were achieved because the method accelerates

selection rather than replacing model evaluation, while AUC-based
tie-breaking preserves preference for more accurate solutions among
candidates with same predicted rank. Effectiveness stems from a
regular relationship between hyperparameters and Pareto ranks in
early evolutionary data. In practice, the method is used in resource-
constrained multi-objective learning when initial generations provide
representative data for rank prediction.

Keywords: hyperparameter optimization, precision agriculture,
U-Net segmentation, pareto rank prediction, surrogate-assisted evo-
lution.
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The object of the study is the architectural design process and
architectural documentation model of computer-software systems in
the automation domain.

Existing architectural design methodologies are predominantly
agnostic about the nature of computer-software systems, lacking the
specific guidance required to address the fundamentally divergent
architectural natures of heterogeneous computer-software systems in
modern automation.

Within the scope of this study, a system-type-centric method of
architectural design of computer-software automation systems is pro-
posed. The proposed method introduces a comprehensive viewpoint-
oriented architectural documentation model and a reproducible
iterative architectural design process.

The method hierarchically structures architectural concerns at dif-
ferent levels, ensuring a systematic transition from abstract to concrete
design. By defining a viewpoint applicability matrix across the different

system types, the method ensures the creation of relevant, standardized,
structured, consistent, traceable and interoperable architectural artifacts.

The method is based on the system-type-centric paradigm and
the concepts of standards and approaches focused on architectural
viewpoints. This combination is the main distinguishing feature of
this method, which ensures the applicability of the method to a wide
range of computer software systems, addressing the differences in the
architectural nature of different types of systems.

The proposed method increases the interoperability of architec-
tural design artifacts, defines a prescriptive process that structures
architectural design and forms the basis for tools for automated
Al-assisted architecture generation.

Keywords: software architecture, automation systems, architec-
tural documentation model, architectural design process.
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This study investigates processes of automatic control over pa-
rameters of the distribution network mode at a voltage of 6-10 kV
with a sharply changing asymmetric load.

The task addressed relates to the compromised efficiency of
existing systems for automatic control over symmetry-compensating
devices, which are based on multi-criteria optimization methods with
unchanged weight coefficients. Such systems continue to give maxi-
mum priority to reducing the steady-state voltage deviation even if it
meets regulatory requirements. This leads to incomplete utilization of
regulating reserve of the symmetry-compensating device.

The system of automatic control over the symmetry-compensating
device has been improved by integrating a fuzzy controller into its
structure. This controller changes the values of weight coefficients in the
objective function depending on the current values of the network mode
parameters. The computer simulation has confirmed the effectiveness of
the designed system, which provided a reduction in the mathematical ex-
pectations of the reactive power factor M[tane] by 13.9% and the voltage
unbalance factor M[k,y] by 8.5% compared to the baseline.

The increase in the efficiency of the control system is explained
by its ability to adaptively change the weight coefficients. Thus, if
there is a margin for the steady-state voltage deviation, the fuzzy con-
troller reduces the weight coefficient that meets this criterion, direct-
ing the regulating resource of the symmetrical-compensating device
to increase the level of reactive power compensation and reduce the
level of asymmetry.

A feature of the designed control system is the use of the levels
of approximation of the current values of the steady-state deviation




and voltage asymmetry to their regulatory permissible limits as input

variables in the fuzzy controller.

The designed automatic control system could be used in distribu-
tion electrical networks with a voltage of 6-10 kV at a sharply chang-
ing asymmetrical load.

Keywords: symmetry-compensating device, fuzzy logic, multi-
criteria optimization, automatic control system.
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This study investigates the process of optimal planning of energy
storage system operating schedules in the day-ahead market. The task
addressed is to prevent unprofitable operation of energy storage systems.

A comprehensive mathematical model of daily planning of en-
ergy storage operation modes has been built, which takes into account
technological efficiency, hardware wear processes, as well as asym-
metry of market payments. This forms an adaptive filter with cutting
off cycles of economically inefficient arbitrage. The approach is based
on separation of the vector of control variables into two independent
charging and discharging flows. This has made it possible to take into
account the asymmetry of tariffs and the structure of losses in a dif-
ferentiated manner.

The study on the sensitivity of the model revealed the existence
of areas of adaptive regulation and parametric insensitivity to fluc-
tuations in price signals. In the area of parametric insensitivity,
the model forms a stable cost-effective solution regardless of price
fluctuations. In the area of adaptive regulation, the model changes
the volumes of a separate operating cycle depending on a change
in the market price spread. It has been established that ignoring the
accompanying payments for the area of adaptive regulation leads to
an overestimation of income by 35.6 percent and the formation of un-
profitable operations. Under conditions of low market price spread,
the deviation in the financial result reaches 91.6 percent; however, the
parametric insensitivity of the model guarantees profitable operation.

The scope of model’s practical implementation is decision sup-
port systems for operators of energy storage systems. The conditions
of use assume the presence of deterministic forecasts of market price
signals for the calculated operating day. Implementing the model
contributes to the extension of the life cycle and increase in the op-
erational profitability of energy storage systems.

Keywords: energy storage systems, price arbitrage, economic
dispatch, day-ahead market.
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A clean-in-place (CIP) station has been investigated in this study.
The task addressed relates to the lack of flexible methods for control-
ling formulations for a CIP station.

In most industrial systems, the cleaning algorithms are rigidly
embedded in the control program, which complicates modification
of technological procedures without intervention in the program
code. This paper reports the development of a formalized approach to
controlling the formulation for a CIP station based on the IEC 61512
standard principles, which ensures the separation of technological
procedure descriptions from the implementation of equipment con-
trol functions.

The study includes an analysis of requirements within the
IEC 61512 standard for formulation description, as well as the con-
struction of a formalized model of procedures. An approach has
been proposed to represent cleaning formulations as a structured list
of technological operations with process parameters, which makes
it possible to formalize the sequence of cleaning stages. It has been
shown that such a technique of formulation description could be
directly implemented in programmable logic controllers (PLCs) and
systems of supervisory control and data acquisition (SCADA) without
using additional specialized tools.




The results are attributed to the application of principles of equip-

ment and procedure decomposition in accordance with the IEC 61512
standard, which makes it possible to separate process control from
equipment control. A distinctive feature of the proposed approach is
the possibility of modifying CIP cleaning recipes without changing
the PLC program code, which reduces the time required for system
reconfiguration.

The results could be practically implemented in the design and
modernization of automated control systems for CIP stations in the food,
pharmaceutical, and biotechnology industries, as well as in the develop-
ment of SCADA interfaces for controlling formulation-related processes.

Keywords: CIP station, IEC 61512, object-oriented control, de-
composition, process cell, process unit.
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The object of this study is to regulate charge and discharge cur-
rents in battery systems and its affect on thermal behavior under
dynamic battery operating conditions. The problem to be solved is
the development of battery management framework which accounts
for charging current regulation and a load shedding mechanism for
discharge current regulation for temperature and voltage control of
battery bank.

Simulation results demonstrate that the proposed hybrid frame-
work for the battery control system maintains stable temperature lev-
els during both charging and discharging cycles, where during charg-
ing the current is regulated based on terminal voltage, temperature
and rate of change of temperature, while during discharging control
is based on temperature and rate of change of both temperature rise
and voltage drop.

The distinctive feature of the proposed framework is the hybrid
control structure that applies different regulation strategies for charg-
ing and discharging processes by using fuzzy logic controllers. In this
approach, fuzzy logic adjusts the charging current according to the
state of charge, voltage, and temperature of the battery cells, at the
same time load shedding and load transfer regulate the discharge
current to maintain safe operating conditions.

The proposed system was simulated in MATLAB with 3 charge-
discharge cycles. It maintained temperature within 45°C setpoint
with minimal overshoot and voltage drop amount not more than 25%
nominal battery bank voltage.

The results can be applied to the development of battery manage-
ment systems for battery banks in energy storage, electrical vehicles,
essential power supplies in industrial applications, and solar/wind
power generation system.

Keywords: battery temperature regulation, charging fuzzy logic
control, discharge by load shedding.
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PO3POBKA KOHBEEPA TRIE-BERT [IJI1 ABTOMATUYHOTI'O PO3IIOALTY TA KJIACU®IKAIII MOB 3
HHN3bKHM PIBHEM PECYPCIB Y TEKCTAX BATAK TOBA TA ANGKOLA SCRIPTIO CONTINUA (c. 6-16)

Muhammad Anggia Muchtar, Opim Salim Sitompul, Maya Silvi Lydia, Syahril Efendi

OG6’eKTOM IILOTO ZIOCJI/PKEHHST € TeKCTH MoBaMU Batak Toba ta Batak Angkola, Harucasi y dopwmi scriptio continua 6e3 mpo6isiB. Po6oTa Bupi-
1rye po6sieMy Kiacudikariii pisHOBH/IIB 3 HU3BKUM PiBHEM pecypciB, /e /iBa PisSHOBUM CXO0XKi, a BiICyTHi MeXi CJIiB CTBOPIOIOTB IIIyM CerMeHTallii.
Byro po3po6:eHo ribpuaHuii koHBeep TRIE-BERT, B sikoMy ITpedikcHa aBTOMATH3allisi BUKOHYE JleTepMiHOBaHe PO3IOZiIEHHS, Bi/[HOBJICHUI pO3-
TIOZIi/T hiKCYETBCS, @ TEKCT 3 PO3IIOALIOM CTae CTabiIbHUM BXiZiHUM iHTepdelicoM fyist kiaacudikaropa BERT (Bidirectional Encoder Representations
from Transformers). B ekcriepMeHTax BUKOPHUCTOBYBaBCs JIEKCUKOH Barak 3 19 070 citiB Ta 8000 pedeHs, 110 4000 Ha KOXKeH Pi3HOBIZ, OIiHEHNX 3a
YOTMPMa CXeMaMM JJaHuX Bij1 1000 /10 8000 peyeHb Ta IT'ATbMA €MoXaMH Bifi 5 10 50 3 po3mozisom 80:20. ITic/is MOBTOPHOTO KaslibpyBaHHA JIEKCUKOHY
6J113BKO 70 pedeHb, TOYHICTb PO3MO/LTy mocsmia 98 BimcoTkiB. Halikparie HasamryBaHH: 3 8000 pedeHHAMM Ta 50 eIoXaMH JJOCSAT/IO TOYHOCTI TECTY
0,85 3 Brparoro HaByaHHs 0,343, ROC AUC 0,85 Ta F1-6a10M 0,85, 1110 11epeBuiLye 6a30BHil piBeHb peKypeHTHOI HeIIPOHHOT MepexKi ZJ0Broi KOpoTKO-
yacHoi mam’siti (LSTM-RNN) 3 TouHicTio 0,80, Brparoro 0,397, ROC AUC 0,803 Ta F1-6a10m 0,80. OrjiHKa 3a KJTacaMH Jjajia TOYHICTh 0,81 Ta TOBHOTY
0,92 1 Toba Ta TounicTh 0,90 Ta moBHOTY 0,79 1 Angkola, 1110 MOSICHIOE ycepejHeHy TO4YHICTb 0,86 Ta moBHOTY 0,85. ITokpallleHHs OB’ I3aHe 3
KOMOIHOBaHVM BUKOPHCTaHHSIM JIeTEPMiHOBAHOT'O BiIHOBJIEHHSI MEX Ha OCHOBI TPUKYTHHKIB Ta KOHTeKcTHOI BERT-K1acudikariii, 1e iHTepBain
(ikcyrorbest nepes kiacudikaniero Jyist 3MeHIIIeHHsT HEOZJHO3HAYHOCT TOKEeHIB Ta cTabiizariii BXi{HOT CTPYKTypH. Pe3ysibraTyl miITpUMyrOTh KOH-
BeepH 00pOOKU TEKCTY MOBOIO Bataxk, siki moTpe6yioTh aBTOMAaTUIHOIO BU3HAYEHHST iHTEepBaJIiB Ta Pi3HOMAHITHOCTI ITifi 0OMEXeHUMH MIiTKaMU, 3a
YMOBH 30€peXKeHHS OXOILIEHHSI JIEKCHKH Ta KOHTPOJIIO Bapianiit opcdorpadii.

KorrouoBi ciroBa: npedikc, BERT, scriptio continua, HU3bKHUI piBeHb pecypciB, MoBa Bartak.
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PO3POBKA BATATOATEHTHOI TEHEPATUBHOI CTPYKTYPU KOHBEEPIB 111 TEHEPAIIITf HABUYAJIbHUX
IUTIAHIB 3 JETEPMIHOBAHOIO ITEPEBIPKOIO OBMEXXEHD (c. 17-31)

Mohammad Fadly Syahputra, Opim Salim Sitompul, Fahmi, Maya Silvi Lydia, Pauzi Ibrahim Nainggolan, Rendra Mahardika,
Riza Sulaiman

Besmixi moBHI Moziesti (LLM) Bce dacTilre BUKOPHCTOBYIOTHCS /IJIs1 CTBOPEHHS CTPYKTYPOBAaHNX HABYATBHIUX IJIAHIB, Y3TOPKEHHUX 3 OCBITOIO,
opieHTOBaHOIO Ha pe3y/bTar (OBE). O6’eKTOM JOCIIPKEHHS € GaraToareHTHUH poOGOYMil IIpoLec JIsi CTBOPEHHS CTPYKTYPOBAHOTIO ITAKETy Ha-
BYQIbHUX IUTaHiB OBE 3 KiHIIEBUM eTaroM JleTepMiHOBaHOI IepeBipku. Po3misiaeTscs mpobaeMa HU3bKOI HaZiTHOCT] BUXIZHUX JAHUX, 3TeHe-
poBaHux LLM, sIKi 4acTo IOPYIIYIOTh IIPaBUJIa CXeMH, YHUCJI0Bi 0OMeXKEeHHs Ta BUMOTH JI0 Y3TO/PKEHOCT Mk apredaxramMu. [Iist BUpilleHHs L€l
TIpo6JIeMU TIPOIIOHYEThCS 6araToareHTHUH reHepaTUBHUI KOHBEED, KU PO3KJIa/Iae 3aBAAHHS Ha LIICTh CIelliali30oBaHUX areHTiB, Mic/Is oro
JI0 KiHI[eBOoro Ha6opy apTedakTiB 3aCTOCOBYEThCS ieTepMiHOBaHa IrepeBipka o6MexeHb. CTPYKTypHa HA/IifIHICTh BUMIpPIOETBCS 3a [JOTIOMOTOO
TIOBHOTH Ta BiTIOBIZHOCTI, TOAI SIK Y3rO/PKEHICTh MK apTedaKTaMH OI[{HIOETHCS 32 [JOITOMOTOI0 Ha/IMiPHOCTI, iHTepBasIiB, (ha30BOro Imporpecy
Ta BignoBigHOCTI oniHIi. OIiHIOBaHHS BKJIF0Yae 12 KypciB 3 10 MOBTOPHUMMU 3aIlycKaMH Ha Kypc (120 3aIyckiB Ha BapiaHT) Ha YOTUPHOX Pi3HUX
LLM pJ151 OLIiHKH CTiFTKOCTi MK MOZIe/ISIMH. Pe3y/bTaTy ITOKa3yIoTh, 1110 6araToareHTHUN KOHBeep ocsirae MOBHOTH 0,9682-1,00 Ta BiAmoBigHOCTI
0,9376-0,9698, 110 3HAYHO IepeBepIlye OfHOATeHTHY KOH(irypariiro (rmoBHoTa 0,5926-0,6580; BifnoBigHicTh 0,4698-0,4853). 1Ii rmokparieHHs
TIOSICHIOIOTBCS IEKOMITO3UITIE€I0 3aBAaHb, sSIKa 3MEHIIye IOIINPEeHHs! CTPYKTYPHUX BiZIMOB, Ta ZeTepMiHOBaHOIO BepHrikalliero, sika Bifkugae
HeJlilicHI BUXo/u Ta 36epirae pedepeHTHyY LiTicHiCTh. AHaIi3 a6IALl TI0Ka3ye, 10 areHT course character Mae HaiGLIBIINIT BIUIMB Ha 3arajbHY
TIPOAYKTUBHICTb. 3aIIPOIIOHOBAHUH (ppeiiMBOPK Moyke OyTH 3aCTOCOBAHMI y IIaHYBaHHI HaBYAJIbHUX IIporpaM BHUIIIOI OCBiTH B yMoBax OBE,
BHUKOPHCTOBYIOUM MiHIMaJIbHI MeTaZIaHi KypCy Ta CTBOPIOIOYHM MAIIMHHO-TIepeBipeHi CTPyKTypoBaHi apTedakTy.

Korro4oBi ciioBa: 6araToareHTHUM, reHepatuBHUiL 1111, CTpyKTypoBaHa reHepallis, Balifaliisi oOMeXeHb, aHaIi3 abJIsIiil.
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PO3POBKA T'IBPUIHOT MOJEJI IHGOPMAIIMHOTIO IIOIIVKY TA TPA®Y 3HAHD JJI Y3TOPKEHHSA
KOMIIETEHIIX MIXK PI3BHUMH ®PEMMBOPKAMM (c. 32-42)

Halim Maulana, Poltak Sihombing, Amalia, Marischa Elveny

OG’eKTOM I1BOIO JOCHI/DKEHHSI € Y3TO[PKeHHsI pe3y/IbTaTiB HaBYAHHS BUITYCKHHUKIB iHJJOHE3iHCbKUX (aKyabTeTiB 00UMCIIIO-
BasbHOT TexHikn (CPL - Capaian Pembelajaran Lulusan) 3 TpboMa reTeporeHHMMU paMKaMM KOMIIETEHIIiil: €BpONEHChKIMU paM-
KaMM HaBUYOK, KOMIleTeHLiil, kBamicdikauifi Ta mnpodeciii (ESCO), mpodeciiinoro indopmaniiinoro mepexetro (O*NET) Ta Cran-
mapTom komriereHTHOCTI HarfioHasmpHOT 1mikomu Iamonesii (SKKNI). IIpoGiema, 1[0 pO3IJISAAETHCS, IOJSITA€ Y BiZCYTHOCTI €MHOTO
KOHBE€PA, 3/1aTHOTO OJJHOYAcHO Bimobpaxkatyt CPL y IMX paMKaxX, BpaxoByIOUYM HAIiOHaIbHI iepapxii kBasridikamniit Ta MDKMOBHI 06MekeHHs. 3a-
riportoHoBaHO Moziesib IR-KG (momyk iHgopmariii — rpacd 3HaHb) i3 ceMHUEeTAITHUM KOHBEEPOM, 1110 BUKOPHUCTOBYE TiOpHHY (DYHKIIIFO OL[iHFOBAHHS
S_final = o-S_sem + 3-S_gr + y-S_con, 1o iHTerpye cemanTuuHy nozi6Hicts TF-IDF (yacToTa TepMiHiB — 06epHEHa YacToTa JOKYMEHTIB), KOTe3ito
rpaca 3Hanp ESCO Ta 6anu o6MexxeHb joMeHy 3 kiacudikariit ISCED-F 2013 (MikHapoziHa cTaHAapTHA Kiacuikariisi OCBiTH: Taty3i OCBiTH Ta
HaBuaHHsT) Ta APTIKOM 2022 (Asosiasi Pendidikan Tinggi Informatika dan Komputer). 36aarcoBana koHpirypanist (o = 8 =y = 0,33) gocsirae ce-



PEeHBOTO LILOBOTO 3HAUeHHs! BUOOPY 0,537, 1110 Ha 26,1% Kpallle IOPiBHSHO 3 CEMAaHTUYHUM (Ga30BHUM piBHeM. 30BHIIIHS IepeBipKa y3ropKeHOCTi
Jiae KoeillieHT peslakcoBaHoI y3rofixeHocTi 27,1% (Ha 8,7X BHIIe BUTIAAKOBOTO 6a30BOT0 PiBH:), L0 MiITBEP/PKYE PABUIIbHE 3aX0IIEHHS CUTHAITY
supiBHIoBaHHs. CRI-KG (iHAeKc roToBHOCTI 10 Kap’epy Ha 0CHOBI rpada 3HaHb) BusiBisie rpagieHT R_SKKNI >> R_ONET > R_ESCO, 1110 BUSIBJIsIE
TIOCTiliHI IIPOTaJIMHY B OXOIUIEHHI MDKHAPOAHUMHU paMKaMH. Llefi KOHBeEp 3aCTOCOBYETHCS IS AyAUTY HABYAJIBHUX IIPOTPaM, ITOJITUKNA BU3HAHHS
kBastihikaryiii Ta iHTerparii HaIiOHAJIPHUX Ta MDKHAPOZHUX PaMOK, KOJIM MapKOBaHi /laHi IIpo HABYaHHS HEZIOCTYITHi.

KorrouoBi croBa: rouryk iHdopmariii, rpad 3HaHb, y3romreHHs komieTeHIiit, CPL, SKKNI, O*NET, ESCO, iHfjeKC TOTOBHOCTI 710 Kap’€pH.
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PO3POBJIEHHA IIIAXOAY 14 AHAJII3Y TA ABTOMATHYHOI ITEPEBY/IOBU CTPYKTYPU BEBCAWUTIB
(c. 43-51)

I. O. lonotog, H. A. I'yk

OG6’eKTOM JOCTiPKEHHs € BeOCaliTH TUITy iHTepPHEeT-MarasuHis, [0 PO3MIAAAIOTECA AK CYKyTHICTh B3a€EMOIOB’ A3aHUX BebcTopiHOK. ITpo-
6JieMa, 1110 BUPIIIYeThCS Y OCIIi/KEHHI, TTO/IATae y BUCOKil 00YNCTIOBATBHIN CKIAAHOCT]I pyYHOTO aHaJTi3y TOIIOJIOTII CydacHUX BeOCaHTiB, a
TaKOX y BiZicyTHOCTI (hopMaslizoBaHUX MeXaHi3MiB, sIKi 6 JO3BOJISIIIM iHTErpyBaTH CEMaHTHYHI 0COGIMBOCT]I BeGCTOPiHOK y IPOLEC aBTOMATH-
30BaHOI 1epely/[0BU TilepIoCUIaHb.

YV Mexxax JJoC/IipKeHHs 3{ICHIOETbCS KpayJIiHr BeOCANUTY 3 METOI0 OTPUMAHHSM NOBHUX HTML-Z0KYMEHTIB, 3 SIKUX BUOKPEMJIIOIOThCS
CTPYKTYPHi 03HaKU CTOPiHOK (KiZIbKiCTh 3aT0JIOBKIB, IMIMOMHA BKJIaJIeHHs, HAABHICTh <article>, KibKicTh BXiIHUX MOCHUJIaHb TOII0). OTprUMa-
Hi BEKTOPH [I03BOJISIOTH ITOOYyBaTH MaTpPHULi KOCUHYCHOI MOAiGHOCTI /JIs1 OLiHKK B3a€MHOI GJIM3BKOCT] CTOPiHOK. 3aIIpOIIOHOBAHO ITi/IXiJL /10
riepeGy/[0B1 MOCHJIATBHOI CTPYKTYPH CaiiTy 3 ypaxyBaHHSIM Ifi€l OoAIGHOCTI Ta MPOBe/IeHO IMOPiBHSAHHS ITOYaTKOBOTO Ta TPAaHC(OPMOBAHOTO
BeOCaiTy 3a JI0IIOMOr0I0 METPUYHUX XapaKTEePHUCTUK MOAY/ISIPHOCTI, KJIacTepr3allil, iiaMeTpy, po3nogizy rnopioHocTi. OTprMaHi pesybratu
JIEMOHCTPYIOTb, 110 BpaxyBaHHSI DOM-CTPYKTypH /103BOJISIE YTBOPUTH JIOTIUHHI, OOIPYHTOBAHUM PO3MO/IT CTOPiHOK MiXK KjIacTepamu. A
TOZIaJIbIlIa aBTOMATHYHA ITPOIie/lypa HaJIAIITYBAHHS TillepIIOCUIaHb {03BOJISIE MOJIITIINTY CTPYKTYPHY IIIICHICTD Yepe3 BCTAaHOBJIEHHS e(ek-
TUBHUX B3a€MO3B’SI3KiB MK TeMaTHYHO OJIM3BKMMU CTOpiHKaMU. IIpaKkTHYHA 3HAUYLIiCTh POOOTH IOJSITA€ Y MOXJIMBOCTI BUKOPHCTAHHS
3aITPOIIOHOBAHOTO Ii/[XO/TY /IJI1 aBTOMATH30BaHOI ONITUMi3allii BHYTPIIIHIX TOCH/IAaHb CTATUYHUX BeGCaiTiB. BHACIIIJOK IbOTO, TOKPAIYEThCS
apxiTekTypa BeGpecypcy, IIpO30pOI0 CTa€ HaBiralis caiiToM Ta MOJIIIIYEThCS iHAEKCallisl CaliTy ITOUTYKOBUMY CHCTEMaMU.

Kirrouogi cioBa: DOM-Mozienb, KaacTepusariist Be6rpada, mofi6HICT CTOPIHOK, ONTHUMI3allisl CTPYKTYpH, IEPeTiHKOBKA, KOCHUHYCHA
BificTaHb.
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OIIIHKA ®PEMMBOPKY IHTEPAKTHUBHOTI'O EBOJIIOIIITHOI'O HEJJOMIHOBAHOI'O TEHETUYHOI'O
AJITOPUTMY COPTYBAHHA HA OCHOBI MAIITMHHOT'O HABYAHHA UL OITUMI3AIIIT
TITEPIIAPAMETPIB U-NET ¥ CETMEHTAIIIT CUTbCBKOTOCIIOJAPCHKUX YTI/Ib (c. 52-64)

Artughrul Gayibov, Vagif Gasimov, Esmira Mustafayeva, Kamala Aliyeva, Dilara Guluzada

O6’eKTOM JIOCITi/KEHHS € KOHpirypariitHuii mpocTip rineprapamerpis apxiTektypu U-Net /17151 cerMeHTallil CiTbCbKOTOCIIOAAPCHKUX YTiflb
3a CyIyTHUKOBUMM 3HiMKamu Sentinel-2. ITpo6sieMa, 1110 BUPILIYeThCs, I10JIArae y HaMipHii BapToCTi 6araToniboBoi rireprapamMeTpuaHol
ontuMizaliii, OCKiJIbKM HeZIOMiHOBaHe COPTYBaHHS B HEJOMiHOBAaHOMY reHeTUYHOMY ajroputmi copryBaHHs I (NSGA-II) 3i ckiragHicTiO
O(MN?) cTae By3bKMM MiCL[EM /ISt MOJie/Ieli IIMGOKOT cermMenTarlii. J[Jist BUpileHHs 1i€i po6ieMu OL[iHIOEThCsE PPeiMBOPK iHTEPAKTUBHOIO
€BOJIIOL[ITHOTO HEeJJOMiHOBAHOTO MreHeTUYHOro aaroputMmy coptryBaHHs II (IENSGA-II), B sikoMy kiacuikaTop JOricTHYHOI perpecii HaBua-
€ThCsl Ha BEKTOpaXx rinepriapaMerpis Ta paHrax ITapeTo 3 mo4aTkoBuX OKoIiHbE NSGA-II, a T0TiM BUKOPUCTOBYETHCS JIJIs1 IIPOIHO3YBaHHS paH-
TiB y HACTYITHUX ITOKOJIIHHSX 3aMiCTh ITOBHOTO COpPTyBaHH:A. Ha BiMiHy Bij| iCHYIOUMX ITi/IXOZiB i3 BUKOPUCTAaHHAM CypOraTHUX METO/IB, 1id
po6ora rporHo3ye paHru Ilapero 6e3 oaTKOBUX OLIiHOK Moziesi. Y 6eHumapKy Panoptic Agricultural Satellite Time Series (PASTIS) dpeiim-
BOPK CKOPOTUB 4ac BUKOHAaHHA Ha 20,07%, 16,39% Ta 38,80% n1s1 5, 10 Ta 15 1OKOJIiHb, @ B yMOBaX 10-TIOKOJIIHHOTO Tepiofly MOKpalyB KpHU-
Tepil Bastifanii, JOCATHYBIIN IUTOMI ITiZi KPUBOIO POOOYMX XapaKTepucTHK mpuiiMada (AUC) 0,9072 potu 0,9004 Ta BTpaTH Basmifamii 0,6057
npotu 0,6212. I1i pe3y/bTaTU GY/IN JOCSATHYTI 3aB/SIKU TOMY, 1I[0 METO/, IPHUCKOPIOE BifiGip, a He 3aMiHIOE OLIIHKY MOJieJli, TOA SIK pO3B’sI3aHHS
piBHOCTeit Ha ocHOBI AUC 36epirae mepesary i OLTbII TOYHUX pillleHb cepeJ| KaHAUAATIiB 3 O/[HAKOBHMM ITPOTHO30BaHUM paHroM. Edexk-
THUBHICTb BUILIMBAE 3 PETYIAPHOro 3B’A3Ky MiX rineprapamerpamu Ta paHramu ITapeTo B paHHiX eBo/IOLiHNX AaHuX. Ha mpakTulli MeToz,
BHUKOPHCTOBYETHCS B 00MEKEHOMY pecypcaMi 6araToljiTboBOMy HaBUYaHHi, KOJIHM TTOYATKOBi ITOKOJIiHHS 3a6e3IedyI0Th PeIIpe3eHTATHBHI AaHi
JUI TIPOTHO3YBaHHA PaHTYy.

KurrouoBi coBa: onTuMisaris rineprnapamMeTpiB, TOYHE 3eMJIepoOCTBO, cermeHTariist U-Net, TpOrHO3yBaHHS paHTy IapeTo, eBOJIIoLis 3a
JIOTIOMOTI'0I0 CypOTaTHUX MoziesIei.

DOI: 10.15587/1729-4061.2026.359147
PO3POBKA CUCTEMO-TUIIOHEHTPYHOT'O METOAY APXITEKTYPHOT'O ITIPOEKTYBAHHA
KOMITIOTEPHO-ITPOTPAMHUX CUCTEM ABTOMATHU3AIIIT (c. 65-84)

1. B. IMosaTaiiko, JI. M. 3aMiX0BChbKHIA

OG’€KTOM JJOCJI/KEHHS € IIPOLIeC apXiTEeKTYPHOrO IIPOEKTYBAHHS Ta MOJEJIb aPXiTEKTYPHOI JOKYMEHTaIlii KOMIT FOTepPHO-IIPOrPaMHUX
CHCTEM B rajly3i aBTOMaTU3aLlil.




IcHytoui MeTozOIOTiT apXiTeKTypHOTr0 IIPOEKTYBAHHS € IIePeBaXKHO arHOCTUYHUMU 100 IIPUPOAY KOMIT' IOTePHO-IIPOIPAMHUX CUCTEM Ta
He MIiCTATH CIlelfiali30BaHNX HaCTaHOB, HEOOXIAHUX /I BpaXyBaHHA (DyHAaMeHTaIbHUX BifIMiHHOCTe y apXiTeKTypHilt mpupozi reTeporex-
HMX KOMIT'I0T€pPHO-IIPOrPaMHUX CUCTEM B CydJacHiil aBToMaTu3ariii.

B pamKax ZocyIiPKeHHsI 3aITPOIIOHOBAHO CHCTEMO-TUIIOLIEHTPUIHUI METOJ, apXiTeKTYPHOTO MPOEKTYBAaHHS KOMIT FOTEPHO-ITPOTPaMHUX
CHCTEeM aBTOMaTH3allii. 3aporIoOHOBaHUI MeTO/, BBOAUTH KOMIUIEKCHY, OpiEHTOBaHY Ha apXiTeKTypHi TOUKU 30Dy, MOZEJIb apXiTeKTypHOI Z0-
KyMeHTallii Ta BiZITBOPIOBaHUI iTepaTUBHUI ITPOIieC apXiTeKTYPHOTO ITPOEKTYBAHHSI.

MerTo, iepapXiqHO CTPYKTypye apXiTeKTypHi KOHIIEPHU Ha Pi3HUX PiBHSX, 3a6e3IeUy04r CUCTeMaTUYHUI 1epexi/] Bifi aGCTPaKTHOrO /10
KOHKPETHOI'0 IMPOeKTyBaHHs. 111151X0M BU3HAUY€HHSI MaTPUILi 3aCTOCOBHOCTI apXiTEKTYPHUX TOYOK 30Dy /Il CUCTEM Pi3HUX TUIIIB, METOZ, 3a-
6e3riedye CTBOPEHHS peJIeBAHTHUX, CTAHAAPTU30BAHUX, CTPYKTYPOBAHUX, Y3IOJPKEHUX, IPOCTEIKYBAHHX Ta iHTeporepabeIbHIX apXiTeKTyp-
HUX apTedakTis.

MeToA I'PyHTYETbCS HAa CHUCTEMO-TUIOLEHTPUYHIN IapaurMi Ta KOHLEMIifX CTaHAApTiB i MiJXOAiB, OPi€HTOBaHMX Ha apXiTeKTypHIi
TOYKM 30py. 1le MoeiHaHHA € OCHOBHOIO BiZIMiHHOIO PHUCOIO JAHOTO METOAY, 1[0 3abe3Ieuye 3aCTOCOBHICTh METOJY /IO IIMPOKOTO CIIEKTPY
KOMIT FOT€PHO-TIPOIPAMHHX CHCTEM, BPaXOBYIOUHU BiIMIHHOCTI B apXiTeKTypHill IIPUPOJi Pi3HUX THIIIB CUCTEM.

3aIporoHOBaHU MeTOZ, Mi/IBUIIlye iHTeporepabesbHICTh apTeakTiB apXiTeKTypHOro IIPOEKTYBAaHHS, BU3HAYAE IPECKPUIITUBHUM IIpoIIeC,
1II0 CTPYKTYpPYe apXiTeKTypHe ITPOEKTYBaHH Ta (hopMye 6a3y /T iHCTPYMEHTIiB aBTOMaTH30BaHOTO Al-aCHCTOBAaHOTO F'eHEePYBAHHS apXiTeKTypPH.

KirrouoBgi coBa: apxiTekTypa MporpaMHOro 3abe3rnedyeHHs, CUCTEMU aBTOMAaTH3allii, MOZiesIb apXiTeKTypHOI JOKyMeHTallil, Ipoliec apxi-
TEKTYPHOT'O ITPOEKTYBaHHs.
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BHU3HAYEHHSA BATI'OBHUX KOE®IIIEHTIB CNCTEMH KEPYBAHHA CUMETPO-KOMIIEHCYBAJIBHUM
IPUCTPOEM 3 BUKOPHCTAHHAM AITAPATY HEYITKOI JIOTIKH (c. 85-93)

II. I. ILnremkos, B. B. 3in3ypa, K. I. ITeTrposa, B. I1. CosgareHko, A. B. Hexpacos

OG6’eKTOM JIOCTIPKEHHS € IPOIleCH aBTOMATUYIHOIO KEepPyBaHHS ITapaMeTpaMi PeXXHUMY PO3IOIIbHOI eJeKTPUIHOI Mepexi HaIpyroro
6-10 kB 3 pi3K0O3MiHHUM HECUMETPUYHUM HaBAHTAXKEHHIM.

ITpo6ema, 110 BUpilTyBaiacs, MOJIArae B HeAIOCTaTHIN e(eKTUBHOCT] iCHYI0UMX CHCTEM aBTOMATHYHOTIO KEPYBaHHSA CUMETPO-KOMITIEHCY-
FOYMMH IIPUCTPOSIMY, sIKi 6a3yI0ThCSI HA METOAAX GaraToKpuTepiaabHOI onTHMi3alil 3 He3MiHHUMU BaroBUMH Koedirjientamu. Taki cucreMu
TIPOJIOBXKYIOTh HaJJaBaTH MaKCUMaJIbHUI MIPiOPUTET 3HM)KEHHIO YCTaJI€HOT0 Bi/[XMJIEHHS HAIIPyr'y HaBiTh 3a HOro BiTIOBiHOCTi HOPMaTUB-
HUM BuUMoram. Lle Npu3BOAUTE 0 HEITOBHOI'O BUKOPUCTAHHS PETY/II0I0Y0T0 Pe3epBy CUMETPO-KOMIIEHCYBaJIBHOTO IIPUCTPOIO.

By/10 yI0CKOHAJIEHO CUCTEMY aBTOMAaTUYHOIO KePyBaHHs CUMETPO-KOMIIEHCYBaJIbLHUM IPUCTPOEM 3a PaxXyHOK iHTerpanii 1o il cTpyk-
TYpU HeJiTKOro KoHTposepa. Lleil KoHTposiep 3MiHIOe 3HAUeHHS BaroBUX KoeilieHTiB I[iIb0BOI (YHKIIII 3aJI©)KHO BiJ] ITOTOYHHUX 3HAYEHb
rnapameTpiB pexxuMy mMepesxi. [IpoBezieHe KOMITI0TepHe MOJIeJIIOBAaHHS MiATBepAUIIO eheKTUBHICTh Po3pobsIeHoT CUcTeMH, sIKa 3a6e3reunsia
3HIDKEHHSI MaTEMaTHYHUX OYiKyBaHb KoedillieHTa peakTHBHOI moTyxcHocTi M[tang] Ha 13,9% Ta KoedinienTa HecumeTpii Harpyr M[Ky]
Ha 8,5% IOpPiBHSIHO 3 6a30BOIO0.

IlixBuineHHs epeKTUBHOCTI pOOOTH CHCTEMM KepyBaHHS IOSICHIOETHCS 11 37[aTHICTIO /10 aJallTUBHOI 3MiHM BaroBux KoedimieHTiB. Tax,
IIpY HasIBHOCTI 3amacy 3a yCTaJleHUM BiXUJIEHHSIM HallpyTd HEUiTKUIl KOHTpOJIep 3HIDKy€e BaroBUM KkoedillieHT, 1110 BiIOBijae IbOMY KpH-
TEpilo, CIIPIMOBYIOYM PETYJIIOBAJIbHUNA PECypC CMMETPO-KOMITEHCYBaJIbHOTO IIPUCTPOIO HA ITiJIBUIIEHHS PiBHSA KOMIIEHCAI|il peaKTUBHOI I10-
TYXXHOCTI Ta 3HVDKEHHS PiBHS HECUMETPii.

Oco6HBicTIO PO3p06IeHOI CCTEMH KePYBaHHS € BUKOPUCTAHHS B SIKOCTI BXiJHUX 3MiHHUX HEUiTKOTO KOHTpOJepa PiBHIB HAGIMKEHHS
MOTOYHUX 3HaYeHb YCTaJIEHOTO BiIXUJIEHHS Ta HECUMETPii HAaIIpyTru /10 IX HOPMAaTUBHO JOIyCTUMUX MEXK.

Po3pobJsieHa crcTeMa aBTOMATUIHOT'O KepyBaHHS MO)Ke OyTH BUKOPHUCTaHA B PO3MOAIIBHUX eJIEKTPUIHUX Meperkax Harpyroro 6-10 kB 3
Pi3KO3MiHHUM HECUMETPUYHUM HaBaHTA)KEHHSM.

KUrro4oBi cyioBa: CUMETpPO-KOMITEHCYBAJIbHUI MPUCTpiil, HewiTKa Jiorika, 6araToKpUTepiasibHa ONTHUMI3aIlisl, CCTeMa aBTOMATHIHOTIO
KepyBaHHs.
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PO3POBKA MOJEJII ®OPMYBAHHS ONITUMAJIBHUX I'PA®IKIB POBOTH YCTAHOBOK 3BEPITAHHS
EHEPTIi HA PUHKY «HA JIOBY HATIEPE/l» 3 YPAXYBAHHSIM PUHKOBUX CTPATETTH TA TEXHIYHUX
OBMEJXKEHD (c. 94-101)

0. 0. I'aBBa, €. B. Ilapyc, I. B. BiiHoB, B. A. EBokiM0OB

OG’eKT JOCTi/PKEHHST — IPOLeC ONTUMAJIBHOIO IUIaHYBaHHS rpadikiB po6OTH yCTAHOBOK 30epiraHHs eHeprii Ha PUHKY «Ha H00y Ha-
niepesi». Po6ota Bupinrye mpo6ieMy 3arobiraHHs HepeHTaOesbHill eKCIIyaTalii ycTaHOBOK 36epiraHHs eHepril. Po3po6sieHO KOMITJIEKCHY
MaTeMaTU4YHy MOZIEJIb 000BOT0 IVIaHyBaHHS PEKMUMIB pOOOTH YCTaHOBOK 30epiraHHs eHepril, B sKill BpaxoBaHi TeXHOJIOTiYHA e)eKTUBHICTB,
TIPOIIECH arapaTHOTO 3HOLIEHHs Ta aCUMETpil0 PUHKOBUX IuTaTexiB. Ile dopMye afmanTuBHUI (QiNbTp 3 BifCiKaHHAM I[UKJIiB €KOHOMIYHO
HeeeKTUBHOTO apOiTpaxky. B 0CHOBI mifxomy — po3/isIeHHST BEKTOPY KEPYIOUHX 3MiHHMX Ha /iBa He3aJIeKHI ITOTOKU 3apsiKaHHS Ta po3psi-
JoraHHs. Lle 103B0MI0 AridepeHIiiioBaHO BpaXyBaTH HECUMETPito Tapu(iB Ta CTPYKTYpy BTpaT. JloCIi/HKeHHS Yy TINBOCTI MOJieJTi I03BOJIMIIO
BUSIBUTH iCHYBaHHs 00JIacTell aflallTUBHOTO PEry/IIOBAaHHS Ta IapaMeTPUYHOI HeYyIMBOCTI f0 (iyKTyariiii IiHOBUX CUTHaIIB. B o6sacti
TmapaMeTpUYHOI HEUyTJIMBOCTI Mofiesib (popMye CTiHiKMII peHTabGeIbHUN PO3B’sI30K HEe3a/IeXKHO Bif (uiykTyariiii miH. B o6sacTi ajanTHBHOTO
pery/IroBaHHSI MOJIEJIb 3MiHIOE 0OCATM OKPEMOT'O OIepaliifHOro IUKJIy B 3JIEXKHOCTI BiJj 3MiHU CIIpeZly pUHKOBUX IiH. BcTaHOBIIEHO, 110 ir-
HOPYBaHHS CyITyTHIX IIaTeXiB /11 061aCTi a[alTUBHOTO PETY/II0BAHHA MTPU3BOAUTS /10 3aBUIIIEHHS JJOXOAY Ha 35,6 BificoTka Ta (popmyBaHHS
HepeHTabeIbHUX Ollepaliiil. B yMoBax HHM3BKOTrO CIpe/ly pUHKOBHUX IIiH BifXMJIeHHsS (piHaHCOBOTO pe3ysbrary focsarae 91,6 BificOTKa, IIpoTe



IapaMeTprU4yHa HeUyTJIMBICTb MOJieJli TapaHTye peHTabesbHy eKcIulyaTallito. Ceporo MpakKTUYHOrO BUKOPUCTAHHS MOAEI € cUCTeMU Iifj-
TPUMKH IMIPUMHATTS pillleHb ISl OTIepaToOpPiB yCTAHOBOK 36epiraHHs eHeprii. YMOBY BUKOPUCTAHHS Tepef0adaoTh HasABHICTh JleTepMiHOBa-
HUX IIPOTHO3{B I[iHOBUX CUTHAJIiB PUHKY Ha PO3PaxyHKOBY OIlepaliiiny 1o6y. BripoBaiKeHHs MOJiesTi CIIPUSIE TOZ0BXKEHHIO )KUTTEBOTO IIUKITY
Ta Mi/IBUILEHHIO PeHTa0eIbHOCTI eKCIUTyaTallii yCTaHOBOK 30epiraHHs eHepril.

KurrouoBi coBa: ycTaHOBKY 30epiraHHs eHepril, I[iHOBUI ap6iTpak, eKOHOMIYHA JAUCIIeTYepU3allist, pPUHOK «Ha 00y Harepez.
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BJIOCKOHAJIEHHS HNIIXOZY 0 THYYHOI'O PEIIENITYPHOI'O KEPYBAHHS CTAHIII MHUHKH HA MICITI
(c. 102-110)

P. M. MipkeBud, B. B. Iloxynan

O6’exToM pocmimkeHHs € cTaHLis CIP-muiiku. ITpo6iema, 0 pO3IVISIAETECS B pOOOTI, TOJIATAE Y Bi/ICYyTHOCTI I'HYYKHX METOJiB Kepy-
BaHH# petlentamu craHiii CIP-muiiku. Ile moB’A3aHO 3 THM, 110 B GiBIIOCTI TPOMUCIOBUX CUCTEM aJTOPUTMHU MUNKU JKOPCTKO 3aKJIajieHi
B IIpOTrpaMy KepyBaHHS [0 YCKJIQJHIOE 3MiHY TEXHOJIOTIYHUX MPOIeAyp 6e3 BTPydaHHS B IIPOrpaMHUIT KOZ. Y poGOTi TPOBEAEHO po3pobKa
opmastizoBaHOrO MiJIX0Ay /10 PeLeNTypPHOro KepyBaHH: cTaHIjieto CIP-Muiiku Ha ocHOBI npuHUMIIB cTangapty IEC 61512, sixuii 3a6e3nedye
BiZIOKPEMJIEHHSI OITMCY TEXHOJIOTIYHUX TIPOLeAyp Bij peasizarii GyHKIiil KepyBaHHS 00/1a/{HAHHAM.

¥V poGorti rpoBezieHo aHasti3 BUMor cranapry IEC 61512 10710 onucy peLienTyp Ta po3po6uieHo (hopMatizoBaHy MoziesIb IPOLEAyp. 3arporio-
HOBAHO IIJXi/l 10 TIPEJCTaBICHHS PEeLeNTiB MUIKK y BUIVISAAI CTPYKTYPOBAaHOI'O CIIMCKY TEXHOJIOTIYHHUX OIepaliiii 3 IlapaMeTpaMy IIPOLECY, 11O
J103BOJIsIE (hOPMaIi3yBaTH TIOC/I/IOBHICTh BUKOHAHHS eTariB Muiiky. IToka3aHo, 10 Takuil crioci6 omucy perentyp Moxe GyTy 6e3IocepesHbo
peasti3oBaHMil y MPOrpaMOBaHUX JIOruHUX KoHTposiepax (IVIK) Ta SCADA-cucTeMax 6e3 BUKOPHCTAHHS J0/JATKOBHX CIIeliaTi30BaHHX 3acO0iB.

OTpUMaHi pe3y/IbTaT IOSICHIOIOTHCS 3aCTOCYBAHHIM ITPUHIIMITIB IeKOMITIO3UIIiT 061aiHAHHS Ta IIPOLeyp BiAoBigHO 0 ctanzapty IEC
61512, 110 JO3BOJISIE PO3AIIUTH KEPYBaHHS TEXHOJIOTITHHM ITPOLIECOM i KepyBaHHs o6agHaHHAM. OCOGIMBICTIO 3aIIPOITIOHOBAHOTO MiZXOAY
€ MOXXJIUBICTB 3MiHU penieniTyp CIP-Muiiku 6e3 Mogudikaril mporpaMHOro Koy IIporpaMoBaHoro JjioriyHoro koHTpostepa (IUVIK), mo 3a6e3-
Teyye CKOPOYEHHs yacy NepeHalaroJpkeHHs cucTeMU. [IpakThUyHe BUKOPUCTAHHS pe3y/IbTaTiB MOXKJIMBE IIPU IIPOEKTYBAHHI Ta MOZepHi3aLil
aBTOMATHM30BaHMUX CHCTeM KepyBaHHS cTaHIissMu CIP-MUIKM y Xap4oBiii, ¢apmaneBTHUHIN Ta 610TeXHOJIOTIYHIi TPOMICIOBOCTI, a TAKOXK
npu po3po6ii SCADA-iHTepdeliciB 4151 KepyBaHHS perielTypHUMHU IIPOLIeCaMH.

KurrouoBi coBa: CIP-cranmist, IEC 61512, 06’€KTHO-OpieHTOBaHe KepyBaHHS, IEKOMITO3UILisl, TEXHOJIOTiYHA KOMipKa, TEXHOJIOTIYHUI BY30JT.
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PO3POBKA CTPATEI'TI PETVJIIOBAHHSA CTPYMY 3APAJIKU-PO3PAIKU AKYMYJIATOPA 3A JIOIIOMOTOXO
BUKOPHUCTAHHSA KOHTPOJIEPIB HA HEYITKIH JIOTIIII (c. 111-126)

Rahim Mammadzada, Ruslan Mammadov

OG6’€KTOM /IOCTiZPKEHHS € PEry/TI0OBaHHS CTPYMIB 3apsi/ly Ta po3psiZly B aKyMYJISITOPHUX CHCTEMax Ta iX BIIMB HA TEIUIOBY ITOBEZIiHKY B
JUHAMIYHUX YMOBAaX eKCILTyaTanii akymyssaropa. IIpo6ieMa, siKy HeoOXiJHO BUPIIIUTH, MOJIATA€ B PO3POOLi CUCTEMU KePYBAHHSI aKyMYJIsATO-
pamu, sfIKa BpPaxXOBY€ PETYJIIOBAHHSA CTPYMY 3aps/PKaHHS Ta MEXaHi3M CKUJAHHS HaBaHTA)KEHHd JJIS PEry/II0BaHHS CTPyMy DO3Ps/DKaHHS, a
TAaKOXX KePYBaHHS TeMIIepaTypoIo Ta HAIIPYTO0 aKyMyJIsITOpHOI Gatapei.

Pe3y/sibTaTi MOJIETIIOBAaHHS [TOKA3yIOTh, II0 3aIIPOIIOHOBAHA ri6pHUAHA CHCTeMa KepyBaHHS aKyMYJISATOpaMH IMiATPUMYeE CTaOLIbHI piBHI
TeMIIepaTypH SIK I/ yac LUKJIiB 3aps/pKaHHsA, TaK i po3psiipKaHHs, [ie ITi/l Yac 3aps/KaHHs CTPYM PEery/II0eThCsl Ha OCHOBI HAaIlIpyry Ha KJlemax,
TeMITepaTypH Ta MIBUAKOCTI 3MiHU TeMIIepaTypH, TOZI SIK T/ yac po3psi/pKaHHsI KepyBaHHS 6a3yeThCsl Ha TEMIIEPATYpi Ta IIBUAKOCTI 3MiHU SIK
MiIBULLIEHHs TEMIIEPATypH, TaK i MaJjiHHsA HaIIPyTr'u.

BigMiHHOIO 0COGIMBICTIO 3aIIPOIIOHOBAHOI CUCTEMH € TiOpHAHA CTPYKTYpa KepyBaHHS, sIKa 3aCTOCOBYE Pi3Hi CTpaTerii peryItoBaHHs JJIs
MPOLECIB 3aps/KaHHs Ta PO3PAPKAHHSA 3a JOIIOMOIOX0 KOHTPOJIEPIB 3 HEUITKOIO JIOTIKOI. Y I[bOMY ITi/[X0/li HEYITKa JIOTiKa PErY/IIE CTPYM
3apsPKaHHSA BiIIIOBIHO 10 CTaHy 3aps/HKaHHs, HAIPYTU Ta TEMIIEPATYPU €JIEMEHTIB aKyMyJ/IATOpa, BOAHOYAC CKUAAHHS HABAHTAXKEHHS Ta
TIepEMUKAHHS HaBaHTKEHHS PETY/II0I0Th CTPYM PO3PS/PKAHHS IS ATPUMKH Ge3IeTHIX YMOB eKCIUTyaTariil.

3anpornioHoBaHa cuctema Gysa 3MozieiboBaHa B MATLAB 3 3 IUK/IaMu 3aps/PKaHHA-PO3psA/AKaHHA. BoHa mifTpuMyBasa Temmeparypy B
MerKax 3a/laHoro 3HaueHHs 45°C 3 MiHiMaJIbHUM IIepEBUILEHHSM Ta [a/[iHHAM HaNpyry He Giible 25% BiJj HOMiHaIbHOI HAIIPYTH aKyMYJIs-
TOpHOI 6arapei.

Pe3ysbTaTit MOXKYTh GyTH 3aCTOCOBaHi JIsi pO3POOKH CHCTEM KepyBaHHS aKyMyJITOpPaMHM ISl aKyMYJIITOPHHUX Gatapeil y HaKOIMHIyBayax
€Heprii, eJIeKTPOMOO1JIAX, OCHOBHUX JIXKepeJiax KUBJIEHHHA B IIPOMMCIOBOMY 3aCTOCYBaHHi Ta CCTeMaX reHepallil COHAYHOI/BiTpOBOI eHeprii.

KUrro4oBi coBa: peryroBaHHS TeMIIEPAaTypH aKyMyJIsTOpa, KePyBAaHHS 3apsAKOIO 32 JIOTTIOMOTOI0 HEUiTKOI JIOTiKM, po3ps/Ka IUISXOM
CKM/JIAaHHSI HaBaHTAXKEHHS.



