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The object of this study is the operational model of a reconnais-
sance-fire system.

The problem that was solved is the lack of an approach to building
a model of the functioning of a combat system, in particular a recon-
naissance-fire system, which would take into account the influence
of all subsystems and include the necessary number of system states.

An improved procedure for building an adapted operational
model of the reconnaissance-fire system has been proposed. The es-
sence of the improved methodology is the formalization of processes
through the definition of system states and intensities of transitions
from state to state. The improved procedure is based on the Kolmo-
gorov-Chapman equations and the goal tree construction method.

A feature of the improved methodology is the breakdown of the
states of the reconnaissance-fire system by hierarchy levels, which
allows taking into account more necessary states of the system.

The field of practical use of the improved methodology is plan-
ning and management processes during the development of action
algorithms during combat operations.

An adapted operational model of the reconnaissance-fire system
has been built. The essence of the model is to determine the proba-
bility of the reconnaissance-fire system being in a certain state based
on the Chapman-Kolmogorov equations, taking into account the
necessary level of detail in the process of its operation.

Special feature of the proposed model is that it makes it possible
to model by taking into account 39 states of the system with the
necessary accuracy both for the system as a whole and separately for
subsystems. This is explained by the fact that the test of the adequa-
cy of the model showed that the discrepancy of the results is within
the statistical error from 2 to 9 %.

The field of application of the adapted operational model of the
reconnaissance-fire system is the processes of making a decision on
the application of the operation of the intelligence-fire system during
hostilities and their management during combat operations.

Keywords: reconnaissance-fire system, modeling, Kolmogorov-
Chapman equation, combat operations, military control.
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The problems of processing heterogeneous data are discon-
tinuous, undifferentiated, and multimodal. The most common ap-
proaches to processing heterogeneous data are swarm intelligence
algorithms (swarm algorithms). Given the above, classical gradient
deterministic algorithms are inappropriate for solving the problems
of processing heterogeneous data. The problem solved in the study is
to increase the efficiency of processing heterogeneous data circulat-
ing in information systems, regardless of the number of data sources.
The object of the study is hierarchical systems. A method for increas-
ing the efficiency of processing heterogeneous data using a meta-
heuristic algorithm is proposed. The study is based on the reptile
algorithm (RA) for processing heterogeneous data circulating in the
system. For RA training, evolving artificial neural networks are used.

The originality of the proposed method lies in setting RA taking
into account the uncertainty of the initial data, improved global and
local search procedures. Also, the originality of the study lies in de-
termining RA feeding locations, which allows prioritizing the search
in a given direction. The next element in the originality of the study
is the possibility of choosing an RA hunting strategy, which allows
arational use of available system computing resources. Another origi-
nal element of the study is determining the initial velocity of each RA.
This makes it possible to optimize the speed of exploration of each RA
in a certain direction. The method provides a 15-19 % increase in da-
ta processing efficiency by using additional improved procedures. The
proposed method should be used in processing large amounts of data.

Keywords: unstructured data, artificial neural networks, swarm
algorithms, unimodal and multimodal functions.
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The object of the study is complex dynamic objects with a hie-
rarchical structure. A method for assessing the state of dynamic ob-
jects using a population algorithm is proposed. The study is based on
the snake optimization algorithm for finding a solution to the state
of dynamic objects with a hierarchical structure. For training snake
agents (SA), evolving artificial neural networks are used. The ori-
ginality of the method lies in using additional advanced procedures
that allow you:

— to determine the initial position of SA, taking into account
the type of uncertainty by using a correction factor for the degree of
awareness of the state of the initial situation in relation to the object
of analysis;

—to take into account the initial velocity of each SA, which
allows studying complex functions;

— to ensure the universality of SA food location search strategies,
which allows classifying the type of data to be processed,;

—to adjust the SA velocity by adjusting the ambient tem-
perature, which allows priorizing the search for a solution in
a certain plane;

—to explore the solution spaces of functions described by
non-typical functions, using exploitation mode procedures;

— to flexibly adjust the transition from the SA fighting mode to
the mating mode using the food saturation coefficient;

— to replace individuals unsuitable for search using the SA fer-
tility rate;

—to conduct a simultaneous search for a solution in different
directions, by changing the ambient temperature and adjusting the
food saturation coefficient.

Modeling showed a 13—19 % increase in data processing efficien-
cy by using additional improved procedures.

Keywords: complex processes, unimodal functions, multimodal
functions, complex and dynamic objects.

10.

11.

12.

13.

14.

References

. Bashkyrov, O. M., Kostyna, O. M., Shyshatskyi, A. V. (2015). Rozvy-

tok intehrovanykh system zviazku ta peredachi danykh dlia potreb
Zbroinykh Syl. Ozbroiennia ta viyskova tekhnika, 1, 35-39. Avail-
able at: http://nbuv.goviua/UJRN/ovt 2015 1 7

. Dudnyk, V, Sinenko, Y., Matsyk, M., Demchenko, Y., Zhyvotovskyi, R.,

Repilo, 1. et al. (2020). Development of a method for training ar-
tificial neural networks for intelligent decision support systems.
Eastern-European Journal of Enterprise Technologies, 3 (2 (105)),
37-47. https://doi.org/10.15587,/1729-4061.2020.203301

. Sova, O., Shyshatskyi, A., Salnikova, O., Zhuk, O., Trotsko, O.,

Hrokholskyi, Y. (2021). Development of a method for assessment
and forecasting of the radio electronic environment. EUREKA:
Physics and Engineering, 4, 30—40. https://doi.org/10.21303/2461-
4262.2021.001940

. Pievtsov, H., Turinskyi, O., Zhyvotovskyi, R., Sova, O., Zvieriev, O.,

Lanetskii, B., Shyshatskyi, A. (2020). Development of an advanced
method of finding solutions for neuro-fuzzy expert systems of analy-
sis of the radioelectronic situation. EUREKA: Physics and Engineer-
ing, 4, 78-89. https://doi.org/10.21303/2461-4262.2020.001353

. Zuiev, P, Zhyvotovskyi, R., Zvieriev, O., Hatsenko, S., Kuprii, V., Na-

konechnyi, O. et al. (2020). Development of complex methodology of
processing heterogeneous data in intelligent decision support systems.
Eastern-European Journal of Enterprise Technologies, 4 (9 (106)),
14-23. https://doi.org/10.15587/1729-4061.2020.208554

. Shyshatskyi, A. (2020). Complex Methods of Processing Different

Data in Intellectual Systems for Decision Support System. Inter-
national Journal of Advanced Trends in Computer Science and
Engineering, 9 (4), 5583-5590. https://doi.org/10.30534 /ijatcse/
2020,/206942020

. Yeromina, N., Kurban, V., Mykus, S., Peredrii, O., Voloshchenko, O.,

Kosenko, V. et al. (2021). The Creation of the Database for Mobile
Robots Navigation under the Conditions of Flexible Change of
Flight Assignment. International Journal of Emerging Techno-
logy and Advanced Engineering, 11 (5), 37—44. https://doi.org/
10.46338/ijetac0521_05

. Shyshatskyi, A., Stasiuk, T, Odarushchenko, E., Berezanska, K.,

Demianenko, H. (2023). Method of assessing the state of hierarchical
objects based on bio-inspired algorithms. Advanced Information Sys-
tems, 7 (3), 44-48. https://doi.org/10.20998,/2522-9052.2023.3.06

. Ko, Y.-C., Fujita, H. (2019). An evidential analytics for buried

information in big data samples: Case study of semiconductor manu-
facturing. Information Sciences, 486, 190-203. https://doi.org/
10.1016/5.ins.2019.01.079

Ramaji, L. J., Memari, A. M. (2018). Interpretation of structural ana-
lytical models from the coordination view in building information
models. Automation in Construction, 90, 117—133. https://doi.org/
10.1016/j.autcon.2018.02.025

Pérez-Gonzilez, C. J., Colebrook, M., Roda-Garcfa, J. L., Rosa-Reme-
dios, C. B. (2019). Developing a data analytics platform to support
decision making in emergency and security management. Expert
Systems with Applications, 120, 167-184. https://doi.org/10.1016/
jeswa.2018.11.023

Chen, H. (2018). Evaluation of Personalized Service Level for Li-
brary Information Management Based on Fuzzy Analytic Hierarchy
Process. Procedia Computer Science, 131, 952-958. https://doi.org/
10.1016/j.procs.2018.04.233

Chan, H. K., Sun, X., Chung, S.-H. (2019). When should fuzzy ana-
lytic hierarchy process be used instead of analytic hierarchy process?
Decision Support Systems, 125, 113114. https://doi.org/10.1016/
j.dss.2019.113114

Osman, A. M. S. (2019). A novel big data analytics framework for
smart cities. Future Generation Computer Systems, 91, 620-633.
https://doi.org/10.1016 /j.future.2018.06.046



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. Godri, 1, Kardos, C., Pfeiffer, A., Vancza, J. (2019). Data analy-
tics-based decision support workflow for high-mix low-volume
production systems. CIRP Annals, 68 (1), 471—474. https://doi.org/
10.1016//j.cirp.2019.04.001

. Harding, J. L. (2013). Data quality in the integration and analysis of

data from multiple sources: some research challenges. The Interna-
tional Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences, XL-2/W1, 59-63. https://doi.org/10.5194/
isprsarchives-xI-2-w1-59-2013

. Kosko, B. (1986). Fuzzy cognitive maps. International Journal of

Man-Machine Studies, 24 (1), 65-75. https://doi.org/10.1016/
$0020-7373(86)80040-2

. Koval, M., Sova, O., Shyshatskyi, A., Artabaiev, Y., Garashchuk, N.,

Yivzhenko, Y. et al. (2022). Improving the method for increasing
the efficiency of decision-making based on bio-inspired algorithms.
Eastern-European Journal of Enterprise Technologies, 6 (4 (120)),
6-13. https://doi.org/10.15587,/1729-4061.2022.268621

. Maccarone, A. D., Brzorad, J. N., Stone, H. M. (2008). Characteristics

and Energetics of Great Egret and Snowy Egret Foraging Flights.
Waterbirds, 31 (4), 541-549. https://doi.org/10.1675/1524-4695-
31.4.541

Koshlan, A., Salnikova, O., Chekhovska, M., Zhyvotovskyi, R.,
Prokopenko, Y., Hurskyi, T. et al. (2019). Development of an algo-
rithm for complex processing of geospatial data in the special-pur-
pose geoinformation system in conditions of diversity and uncertain-
ty of data. Eastern-European Journal of Enterprise Technologies,
5(9(101)),35-45. https://doi.org/10.15587 /1729-4061.2019.180197
Mahdi, Q. A., Shyshatskyi, A. Prokopenko, Y., Ivakhnenko, T.,
Kupriyenko, D., Golian, V. et al. (2021). Development of estimation
and forecasting method in intelligent decision support systems.
Eastern-European Journal of Enterprise Technologies, 3 (9 (111)),
51-62. https://doi.org/10.15587,/1729-4061.2021.232718
Petrovska, 1., Kuchuk, H. (2023). Adaptive resource allocation me-
thod for data processing and security in cloud environment. Advan-
ced Information Systems, 7 (3), 67—73. https://doi.org/10.20998/
2522-9052.2023.3.10

Braik, M., Ryalat, M. H., Al-Zoubi, H. (2021). A novel meta-heuris-
tic algorithm for solving numerical optimization problems: Ali Baba
and the forty thieves. Neural Computing and Applications, 34 (1),
409-455. https://doi.org/10.1007 /s00521-021-06392-x

Khudov, H., Khizhnyak, I., Glukhov, S., Shamrai, N., Pavlii, V.
(2024). The method for objects detection on satellite imagery based
on the firefly algorithm. Advanced Information Systems, 8 (1), 5-11.
https://doi.org/10.20998,/2522-9052.2024.1.01

Poliarush, O., Krepych, S., Spivak, I. (2023). Hybrid approach for
data filtering and machine learning inside content management sys-
tem. Advanced Information Systems, 7 (4), 70-74. https://doi.org/
10.20998,/2522-9052.2023.4.09

Chalyi, S., Leshchynskyi, V. (2023). Possible evaluation of the cor-
rectness of explanations to the end user in an artificial intelligence sys-
tem. Advanced Information Systems, 7 (4), 75-79. https://doi.org/
10.20998,/2522-9052.2023.4.10

Raskin, L., Sira, O. (2016). Method of solving fuzzy problems of
mathematical programming. Eastern-European Journal of Enterprise
Technologies, 5 (4 (83)), 23-28. https://doi.org/10.15587/1729-
4061.2016.81292

Lytvyn, V,, Vysotska, V., Pukach, P, Brodyak, O., Ugryn, D. (2017).
Development of a method for determining the keywords in the slavic
language texts based on the technology of web mining. Eastern-
European Journal of Enterprise Technologies, 2 (2 (86)), 14-23.
https://doi.org/10.15587,/1729-4061.2017.98750

Stepanenko, A., Oliinyk, A., Deineha, L., Zaiko, T. (2018). Development
of the method for decomposition of superpositions of unknown pulsed
signals using the secondorder adaptive spectral analysis. Eastern-

European Journal of Enterprise Technologies, 2 (9 (92)), 48-54.
https://doi.org/10.15587,/1729-4061.2018.126578

30. Gorbenko, 1., Ponomar, V. (2017). Examining a possibility to use
and the benefits of post-quantum algorithms dependent on the con-
ditions of their application. Eastern-European Journal of Enterprise
Technologies, 2 (9 (86)), 21-32. https://doi.org/10.15587/1729-
4061.2017.96321

31. Koval, M., Sova, O., Orlov, O., Shyshatskyi, A., Artabaiev, Y., Shknai, O.
et al. (2022). Improvement of complex resource management of
special-purpose communication systems. Eastern-European Journal
of Enterprise Technologies, 5 (9 (119)), 34—44. https://doi.org/
10.15587,/1729-4061.2022.266009

DOI: 10.15587,/1729-4061.2024.310679
SUBSTANTIATING THE RELIABILITY
CONDITIONS FOR THE PRODUCTION PROCESS
AT METALLURGICAL ENTERPRISES THROUGH
THE FAULT-TOLERANT FUNCTIONING OF THE
SYSTEM «EXTRACTION OF RAW MATERIALS —
TECHNOLOGICAL RAILROAD ROUTES -
METALLURGICAL PRODUCTION» (p. 37-48)

Oleksandr Zaruba

Ukrainian State University of Science and
Technologies, Dnipro, Ukraine

ORCID: https://orcid.org/0009-0004-5129-9660

Andrii Okorokov

Ukrainian State University of Science and
Technologies, Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-3111-5519

Roman Vernyhora

Ukrainian State University of Science and
Technologies, Dnipro, Ukraine

ORCID: https://orcid.org/0000-0001-7618-4617

Iryna Zhuravel

Ukrainian State University of Science and
Technologies, Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-4405-6386

Nataliia Barkalova

Ukrainian State University of Science and
Technologies, Dnipro, Ukraine

ORCID: https://orcid.org/0000-0002-9350-881X

The object of this study is the process of formation of insurance
reserves at enterprises in the metallurgical industry. Under condi-
tions of uneven supply of raw materials to metallurgical enterprises
due to disruption of the transportation process or other reasons,
there is a need to create insurance stocks in order to ensure the con-
tinuity of production. At the same time, it is necessary to take into
account existing restrictions, such as the limited capacity of railroad
sections and the impossibility of organizing parallel movement of
trains, etc. The presence of these limitations makes it impossible
to use classical methods for solving similar problems, such as linear
programming. Therefore, to resolve the task, a simulation model
was built, based on the discrete-event principle in the AnyLogic
University Researcher environment using Oracle libraries and the
Java SE compiler. With the help of the model, the process of rota-
tion of dispatch routes at the railroad yard with multiple suppliers
and one consignee was formalized. The optimization criterion was
chosen to be the minimum deviations of fluctuations in reserves of
iron ore concentrate and coke. Analysis of the simulation results
revealed that the optimal size of the fleet of railroad routes on the
selected rotation polygon is 30 units; at the same time, their utili-



zation rate will be 65 %. It was also established that fluctuations in
raw material stocks have a «natural character», which is confirmed
by the normal distribution of the density of stock volumes. Under
these conditions, the value of fluctuations in the volumes of the

main raw materials will be +13115 t/day for iron ore concentrate,
and +5298 t/day for coke. Reducing the range of fluctuation of raw
materials volumes could make it possible to optimize the costs of
creating stocks and streamline the transport work of the enterprise
for providing raw materials.

Keywords: insurance stock, dispatch route, discrete-event prin-

ciple, population of agents, level of fault tolerance.
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PO3POBKA IIJIXO/Y JI0 IOBYI0BH AJJAIITOBAHOI MOJIEJII ®YHKIIIOHYBAHHS PO3BIJ[Y BAJIbHO-BOTHEBOI
CHCTEMH (c. 6-20)

0. B. Maiictpenxo, A. C. CaBesnbe, O. M. Ileuopin, O. A. KapaBanos, C. B. Creuis, M. B. llIgeus, O. B. Jluxoxer, C. C. Boiitenxo,
0. C. Ximuenko, IO. B. Kongparenko

O06’ekTOM [OCTI/KEHHST € MOziesb (GYHKI[IOHYBAHHSI PO3BI Ly BaIbHO-BOTHEBOI CUCTEMU.

[Ipo6:iemMoIo, 10 BUPIlyBaIach, € BIICYTHICTb TiAX0/y 10 M00yA0BH Mojesi (hyHKIIOHYBaHHA G0HOBOI CHCTEMH, 30KPEMa PO3Bi Ly Bab-
HO-BOTHEBOI CHCTEMI, sika 6 BPaxOBYBaJia BIUIUB BCIX MIJICHCTEM Ta BRIOYaIA HEOOXINHY KilTbKiCTb CTAHIB CHCTEM.

3anporoHOBaHO YA0CKOHAJIEHY METOAUKY MOOY/I0BH alaliToBaHoi Mojiesii (hyHKIIOHYBaHHsI PO3Bi/LyBaabHO-BOrHEBOI cucreMu. CyTHICTD
YIOCKOHAIEHOI METOINKY TIOJIATaE y hopMaltizailii mporieciB yepe3 BU3HAUYEHHS CTaHiB CHCTEMH Ta iIHTEHCUBHOCTEH Mepexo/IiB i3 CTaHy B CTaH.
VrockonaseHa Metouka 6asyerbest Ha piBHsAHHAX Kosmoroposa-UernmMena ta MeTozii moOy0BU [epeBa i€,

OcobaMBICTIO yI0CKOHATIEHOT METOANKK € PO3OUTTSI CTAHIB PO3Bi/IyBaJIbHO-BOTHEBOI CHCTEMU 3a PIBHAME i€papxil, 110 103BOJIsIE Bpaxy-
BaTH OiJIbllle HeOOXiTHUX CTaHIB CUCTEMMU.

Cdepa NpakTHIHOTO BUKOPUCTaHHSI YAOCKOHAJIEHOI METOMKH € MPOTIECH TIJIAHYBAHHS Ta YIIPABJIIHHS ITi/l Yac PO3POOKU aNTOPUTMIB il
B XOJli poBeieH s G0M0BUX omnepartiii.

Pospobuieno ajanrosany Mozenb GyHKIOHYBaHHs Po3BiyBasbHO-BOrHeBOI cuctemut. CyTHICTD MOzes 110JIsATae y BUSHAYEHH] IMOBIp-
HocTeil TiepedyBatHs PO3BiLyBaJbHO-BOTHEBOI CHCTEMU B IEBHOMY CTaHi Ha mijictasi piBusab Yenmena-KosMoroposa 3 ypaxyBaHHsIM HE00-
Xi/IHOTO CTyTIeHs ieTai3ailii mporecy ii GyHKITIOHYBaHHS.

OcobMBICTIO 3aITPOIIOHOBAHOT MOJIEI € Te, IO BOHA J03BOJISIE MOJICTIOBATH 3 YpaxyBaHHAM 39 cTaHiB cucTeMU 3 HEOOXIZAHOIO TOYHICTIO
SIK Y I[JIOMY 32 CHCTeMY, Tak 1 OKpeMo 3a TrijicucteMami. 1le OsICHI0EThCS THM, 110 TIepeBipKa aJleKBaTHOCTI MOJIEJ oKasaia, 110 PO30isKHICTh
pe3yJIbTaTiB 3HAXOUTHCS B ME)KaX CTATUCTUYHOL noxubxu Big 2 110 9 %.

Ob61acTb 3aCTOCYBAHHSI aaTOBAHOI MOJIe (DYHKIIOHYBAHHS PO3BI/LyBaIbHO-BOTHEBOI CHCTEMHU € MIPOIIECH BUPOOJIEHHS PIIIEHHST Ha 3aCTO-
cyBaHHst (DYHKITIOHYBAaHHS PO3BILYBaIbHO-BOTHEBOI CUCTEMK B X0/ GOHOBKX /i Ta yIpaB/iHHA HUMU B XO/Ii TIPOBe/IeHHsT GOHOBUX orepartiii.

Kimo4oBi ci10Ba: po3BigyBaIbHO-BOTHEBA CHCTEMA, MOJeTIOBaHHSI, piBHsHHS Koamoroposa-Uenmena, 60i10Bi fii, BificbkoBe yIIpaBIiHHSI.
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PO3POBKA METOJIMKH IIIJIBUIIEHHS OIIEPATUBHOCTI ObPOBKH PISHOTHUIIHUX JTAHNX 3 BUKOPUCTAHHAM
METAEBPUCTHYHOTIO AJITOPHUTMY (c. 21-28)

B. M. Paryuin, Salman Rasheed Owaid, I. A. Kyuyk, C. B. Auapienxo, €. M. Isanos, O. 1. Jlutsunenko, I. T. Ismenko, O. C. Mowmir,
O. B. I'amamn, T. I. I'ypcokuit

[Tpo6aemu 06pOOKK PIBHOTUITHUX MaHUX € POSPUBHUMHE, HeaudepeHiioBaHMH, a TAKOK MyJIbTUMOAanbHuMu. HaliGipin mommupe-
HUMU THAX0/aMU 10 06pOOKK PI3HOTUITHUX JAHUX € AJITOPUTMU POHOBOrO iHTeseKTy (POoiioBi anroputmu). BpaxoBytoue 3a3HaueHe, Kiaa-
CUYHI TPaiEHTHI JIeTepMiHOBaHI aJTOPUTMHU JIJIsT BUPILIEHHSI 3aBAaib 00pPOOKK PIBHOTUITHUX JaHUX BUKOPUCTOBYBATH HEAOIIIbHO. TIpo-
GsieMa, SIKa BUPINIYETHCA B IOCIIDKEHHI, € MABUIIEHHS OllepaTUBHOCTI 00pOOKY PIBHOTUITHUX JAHKX, 110 UPKYJIIOIOTH B iH(OpMaIiiinux
CHUCTeMaX, HE3aIeKHO Bi/l KibKOCTi skepes gannx. Q6 €KTOM TOCTIKEHHS € iepapxivHi cucteMu. 3aponoHOBaHO METOMKY T /IBUIIIEHHS
OTEPATHBHOCTI 0OPOOKN PI3HOTHITHUX MaHUX 3 BIUKOPHCTAHHSIM META€BPUCTHYHOTO AJITOPUTMY. B OCHOBY HOCTIIKEHHS MOKJIaIeHIH
asroputsm pentuiiii (AP) a1 06poOKY PIBHOTUITHUX JAHUX, 10 TUPKYJIOIOTH B cucteMi. /[t HaBuanHs AP, BUKOPUCTOBYIOTCS IITYYHI
HeWPOHHI MepeXKi, MO eBOJIOI[IOHYIOTh.

OpuriHaJIbHICTD 3aIIPOIIOHOBAHOI METO/IUKH TI0JISATAE Y PO3CTaBaeHHI AP 3 ypaXyBaHHSIM HEeBU3HAYEHOCTI BUXI/THUX JIaHUX, Y/IOCKOHAJIE-
HUMH TPOIIE/LyPamMit III0GATBHOTO Ta JIOKAJIBHOTO MOIITYKY. TAKOK OPUTIHAIBHICTD MOCTIIZKEHHST TOJISITAE Y BU3HAYEHH] Miciib XapuyBanus AP,
110 103BOJISIE 0OPATH MPIOPUTETHICTD MONIYKY B 33/[AHOMY HAIPSIMKY. HacTymHUM eleMeHTOM OPUTIHAIBHOCTI OCTI/KEHHST € MOXKJIUBICTD
BrOOpPY cTpaterii nosmosants AP, 1110 103B0JIsIE pallioHaIbHO BUKOPHCTOBYBATH HasiBHI 00UNCITIOBANIBHI pecypen cucteMu. HacTynum enemeH-
TOM OPHTIHATBHOCTI JIOCHIZZKEHHS € BU3HAYEHHS OYaTKOBOI mBUAKOCTI koxxnoro AP. Ile n1o3Bosiste ontnmisyBaTi IIBU/IKICTD ITPOBEACHHS
JIoCJIi/KeHb KOKHUM APy BU3HAueHOMY HAIIPSIMKY JI0CTI/PKeHb. BUKOPUCTaHHS METOJAMKHY /I03BOJISIE JOCATTH IiIBUIIIEHHS OIIePATUBHOCTI
00po6Ku annx Ha piBHi 15-19 % 3a paxyHOK BUKOPHCTAHHS IOATKOBUX YIOCKOHAJIEHUX TPOIEAYP. 3alPONOHOBAHY METOJMKY JIOTIIBHO
BUKOPHUCTOBYBATH TIpU 06POOII BEJIUKIUX MACUBIB AHKX.

Komo4oBi ciioBa: HeCTPyKTYPOBaHi /aHi, ITYYHI HEIIPOHHI Mepeski, pOHOBi aJrOpuTMH, YHIMOATbHI Ta MYJIBTUMO/IAIbHI (DYHKIIII.
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PO3POBKA METOJIY OIITHKH CTAHY JIMHAMIYHHIX OF’€KTIB 3 BUKOPUCTAHHSIM HOIYJISIIITHOTO
AJITOPUTMY (c. 29-36)

C. O. Kamkesny, I. ®@. Kamkesuy, O. B. Kysumnos, B. B. Kysaskos, €. O. JKusuio, O. I. [Imurpiesa, A. B. JleGeauncokuii,
A. O. Iucapenxko, Yehor Zudikhin, A. B. Illumanpkuii

OG6’eKTOM JOCTI/DKEHH ST € CKIaHI ANHaMiuHi 06’€KTH 3 i€papXiqHOIO CTPYKTYPOIO MOOYI0BH. 3apoOIOHOBAHO METOI OIIIHKK CTAHY J[H-
HaMiYHUX 00'€KTIB 3 BUKOPUCTAHHSM HONYJIAIIHHOTO aJropuTMy. B 0CHOBY 10C/IIUKEHHS TIOKIAACHUI aJIrOPUTM 3rpai 3Miil — /15 MOyKy
PIIIEHHS OO CTAHY AMHAMIYHUX 00’€KTIiB 3 iepapxiuHoio cTpYKTYpoIo. [list HaBYaHHs areHTiB 3Miil (A3) — BUKOPHCTOBYIOTBCS IITYYHI
HEWPOHHI MepeXKi, IO eBOJIOI[IOHYIOTh.



OpuriHaJbHICTb METO/Y TIOJIATAE Y BUKOPUCTAHHI I0/IATKOBUX YIOCKOHAJIEHUX TIPOLE/YP, SKi J03BOJISAIOTH:

— BU3HAUUTH [I0YATKOBE MOJIOKEeHHA A3 3 ypaXyBaHHSIM TUILY HeBU3HAYEHOCTI 32 PaXyHOK BUKOPUCTaHHS KOPEryBaJabHOTO KoedilienTy
Ha CTYIiHb 00I3HAHOCTI PO CTaH BUXiAHOI 06CTAHOBKHU MO0 00’€KTY aHAII3Y;

— BpaxyBaTH [104aTKOBY HIBUJKICTb KOKHOTO A3, 1110 /103BOJISIE IOCII/IPKYBATH CKJIA/IHI 32 06’eMoM bynxii;

— 3a0€31eYnTH YHIBEPCATBHICTh CTPATETIH MOIIYKY MICITb XapuayBaHisa A3, UNM I03BOJISETHCS KIACHMIKyBaTH THII TAHNX, SIKi MiIsIra-
10Th 06po0IL;

— PeryJioBaTH MBUAKICTb PyXy A3 IUISXOM PEryJIOBaHHS TEMIIEPATYPU OTOUYIOUOTO CEPELOBUIIA, YUM JOCATAETbC BU3HAYEHHS 1TPio-
PUTETHOCTI TIOTTYKY PillleHtsl Y BU3HAYEHIH MJIOTIIHI;

— JIOCJT/IPKYBATH [IPOCTOPU PillleHHs (PYHKILIIL, 1110 OIKMCYIOTHCST HeTUIIOBUMHU (DYHKILISIMH, 332 PAXYHOK BUKOPUCTAHHS IIPOIELYP PEKUMY
eKCILTyaTaltii;

— IHYYKO PEryJIioBatH epexis Bij peskimy 60poThOH 10 PEXKUMY criapioBaHHst A3 3a paXyHOK BUKOPHCTAHHS KOehII[EHTY HACUYEHHS TKET0;

— HPOBOMTH 3aMiHY HENPUIATHUX /ISl TOIIYKY 0¢i6 3a paXyHOK BUKOPHCTaHHs KoedillieHTy Hapo/sKyBaemMocTi A3;

— IIPOBOJIMTU OJIHOYACHMWI MOIIYK PillleHHS B PI3HUX HAIIPSAMKaX, 32 PaXyHOK 3MiHI TeMIepaTypH OTOYYIOYOTO Cepe/lOBUINA Ta PEryJIio-
BaHHSM KOe(illi€eHTy HACUUEHHS TKel0.

MozesmoBaHHsT TOKA3a7I0 MiABUIIEHHS e(DeKTHBHOCTI OMepaTHBHOCTI 00pOOKH HannX Ha piBHi 13—19 % 3a paxyHOK BUKOPUCTAHHST I0/AT-
KOBHUX Y/IOCKOHAJIEHUX ITPOLIE/LYP.

K1040Bi c10Ba: ckaaziHi porecu, yHIMO#ambHi (DyHKIII, MyJI5TUMOANbHI (DYHKIII, CKIaIH] Ta IMHAMIYHI 00'€KTH.
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OBI'PYHTYBAHHS YMOB HAJIIMHOCTI BUPOBHUYOTO MPOIECY METAJIVPTIMHUX NIINIPUEMCTB YEPE3
BE3BIIMOBHE ®YHKIIIOHYBAHHSA CUCTEMHU «BUJJOBYTOK CUPOBIHH - TEXHOJIOITYHI 3AJTI3HUYHI
MAPIIPYTU — METAJIYPTTITHE BUPOBHUIITBO> (c. 37-48)

0. B. 3apy6a, A. M. Oxopoxkos, P. B. Bepuuropa, I. JI. )Kypaseas, H. O. Bapkanosa

OG6’exTOM IOCTIKEH S € Tipotiec (hopMyBaHHS CTPAXOBHX 3alaciB Ha MiNPUEMCTBAX MeTaJypriiHoi nmpomucioBocti. B ymoBax Hepis-
HOMIPHOI'O HA/[XO/PKEHHSI CUPOBMHU HA MeTaJIypriiiHi HifIIPUEMCTBA BHACJI/IOK IIOPYLIEHHS IIPOLECY TPAHCIIOPTYBAHHS UM IHIMNX IIPUYUH,
BUHNKAE HeOOXIIHICTh CTBOPEHHST CTPAXOBUX 3aIlaciB 3 MeTOIO 3abe3medentst Ge3nepepBHOCTI BUpoOHUIITBA. [Ipr 1IbOMY HEOOXITHO BPaxoBy-
BaTH HasiBHI OOMEsKEHHsI, Taki AK 0OMeKeHa MPOITyCKHa CIIPOMOYKHICTD 3a/li3HMYHUX TIEPErOHiB Ta HEMOKJIMBICTh OpraHisariil mapaneabHoro
pyxy moizais Tomo. HasgBHicTh 1Mx 0OMekKeHb POOUTH HEMOKJIMBUM 3aCTOCYBAaHHS KJIACMYHUX METO/IB BUPIIIEHHS MOAIOHNX 3a/a4, TAKUX
SIK JliHiiHe nporpamyBanis. ToMy Ui BUPIIIEHHS IaHoi 3aadi po3pobJaeHo iMiTalliiiiy Mozeb Ha OCHOBI MCKPETHO-MOIEBOTO MPUHITHITY
y cepenosuiti AnyLogic University Researcher 3 Bukopucranusm 6i6aiorex Oracle Ta komminstopa Java SE. 3a nonomoroto mozedti 6yB dhop-
MaJTi30BaHui IpoItec 00ePTaHHST BIAMPABHUIIBKIX MAPIIPYTIB Ha MOJITOHI 3aJli3HUII 3 MHOKUHOIO TIOCTAYaIbHUKIB Ta OHUM BaHTasKOOIEPIKY-
BaueM. Kpurepiem ontumizartii o6pano MiHiMaibHi BiAIXUJICHHS KOJMBAHb 3aIaciB 3aJ1i30Py/IHOIO KOHIIEHTPATY Ta KOKCY. AHAJI3 pe3y IbraTiB
MOJIEJTIOBAHHSI TIOKA3aB, 1110 ONTUMATbHUN PO3MIp MapKy 3a/i3HUIHIX MAPIIPYTIB Ha 0GpaHOMY HOJITOHI 00epTanHst cKiIazae 30 OANHUI; TPU
oMy KoediltienT X BUKopuctanusi ckiaagatume 635 %. Takok BCTAaHOBJIEHO, 1110 KOJMBAHHST 3aI1aciB CUPOBUHI MAIOTh «IIPUPO/IHUIT XapaKTeps,
IO TATBEPKYETHCSA HOPMATBHUM PO3MOALIOM HIITBHOCTI 00CATIB 3amacy. 3HAUEHHS KOJIMBaHb OOCATIB OCHOBHOI CMPOBUHH 32 IIUX YMOB
CKJIQIATUMYTh JUJIsT 3a/1i30pyiHoro KoHieHTpaty £13115 /100y, a kokey +5298 1/100y. 3MeHIIeHH s ialasoHy KOJIUBaHHsT 0OCSTIB CHPOBUHI
JI03BOJIUTH ONTUMI3yBATH BUTPATH HA CTBOPEHHS 3aIlaciB Ta BIOPSIIKYBATU TPAHCIIOPTHY POOOTY IMIAMPUEMCTBA i3 3a0€311eYeHHS CUPOBHHOW.

KumouoBi ci10Ba: cTpaxoBuil 3amac, BiIIPaBHUIIBKII MAPIIPYT, ANCKPETHO-TIOIE€BHIA TPUHITUII, TTOIYJISIIIisl areHTIiB, PiBEHb Bi/IMOBOCTIIKOCTI.



