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The object of this research is the process of load balancing in
distributed Internet of Things (IoT) systems. Within this work, a
complex of problems related to efficient load distribution has been
addressed. The authors conducted an analysis of existing load-bal-
ancing approaches and their drawbacks and proposed an enhanced
architecture for the MQTT broker. Additionally, methods and al-
gorithms for load balancing were developed based on multi-criteria
server monitoring.

Furthermore, the authors created a mathematical model to as-
sess the uniformity of load distribution in the system and introduced
a corresponding metric — the load distribution coefficient. In order
to evaluate the proposed load balancing methods, a series of experi-
ments were conducted, including the simulation of a distributed ToT
system with non-deterministic load. The main goal of these experi-
ments was to assess the uniformity of MQTT load distribution by
the broker.

The results of the experiments confirmed the hypothesis of im-
proved load distribution efficiency through multi-criteria monitor-
ing-based balancing. The utilization of the proposed load-balancing
methods allowed for a more efficient utilization of computational
resources. It was found that when using the proposed methods, in the
case of non-deterministic load in the ToT system, the load distribu-
tion coefficient on average exceeded the corresponding indicator of
existing methods by 70 %. In addition, the value of this coefficient for
the proposed methods remains virtually unchanged throughout the
experiment, which is evidence of the stable operation of the system
as a whole. The results obtained can be useful in the development of
modern ToT systems.

Keywords: internet of things, load balancing, cloud computing,
distributed systems, performance evaluation.

References

1. State of [oT — Spring 2023. Available at: https://iot-analytics.com/
product/state-of-iot-spring-2023

2. Liaqat, M., Naveed, A., Ali, R. L., Shuja, J., Ko, K.-M. (2019). Char-
acterizing Dynamic Load Balancing in Cloud Environments Using
Virtual Machine Deployment Models. IEEE Access, 7, 145767—
145776. doi: https://doi.org/10.1109 /access.2019.2945499

10.

11.

12.

13.

14.

15.

16.

17.

. Shafig, D. A, Jhanjhi, N. Z., Abdullah, A., Alzain, M. A. (2021).

A Load Balancing Algorithm for the Data Centres to Optimize
Cloud Computing Applications. IEEE Access, 9, 41731-41744. doi:
https://doi.org/10.1109 /access.2021.3065308

. Goncalves, D., Puliafito, C., Mingozzi, E., Rana, O., Bittencourt, L.,

Madeira, E. (2020). Dynamic Network Slicing in Fog Computing for
Mobile Users in MobFogSim. 2020 IEEE/ACM 13th International
Conference on Utility and Cloud Computing (UCC). doi: https://
doi.org/10.1109,/ucc48980.2020.00042

. Yuan, H,, Bi, J., Zhou, M. (2022). Geography-Aware Task Scheduling

for Profit Maximization in Distributed Green Data Centers. IEEE
Transactions on Cloud Computing, 10 (3), 1864—1874. doi: https://
doi.org/10.1109/tcc.2020.3001051

. Bogdanov, K. L., Reda, W., Maguire, G. Q., Kosti¢, D., Canini, M.

(2018). Fast and Accurate Load Balancing for Geo-Distributed
Storage Systems. Proceedings of the ACM Symposium on Cloud
Computing. doi: https://doi.org/10.1145/3267809.3267820

. Srinivas, J., Qyser, A. A. M., Reddy, B. E. (2015). Exploiting Geo

Distributed datacenters of a cloud for load balancing. 2015 IEEE
International Advance Computing Conference (IACC). doi: https://
doi.org/10.1109/iadcc.2015.7154780

. Shuaib, M., Bhatia, S., Alam, S., Masih, R. K., Alqahtani, N., Ba-

sheer, S., Alam, M. S. (2023). An Optimized, Dynamic, and Efficient
Load-Balancing Framework for Resource Management in the In-
ternet of Things (IoT) Environment. Electronics, 12 (5), 1104. doi:
https://doi.org/10.3390 /electronics12051104

. Lim, J. (2021). Scalable Fog Computing Orchestration for Reli-

able Cloud Task Scheduling. Applied Sciences, 11 (22), 10996. doi:
https://doi.org/10.3390/app112210996

Singh, S. P,, Kumar, R., Sharma, A., Nayyar, A. (2020). Leveraging
energy-efficient load balancing algorithms in fog computing. Con-
currency and Computation: Practice and Experience, 34 (13). doi:
https://doi.org/10.1002/cpe.5913

Fan, Q., Ansari, N. (2020). Towards Workload Balancing in Fog
Computing Empowered IoT. IEEE Transactions on Network Sci-
ence and Engineering, 7 (1), 253-262. doi: https://doi.org/10.1109/
tnse.2018.2852762

Kim, H.-Y,, Kim, J.-M. (2016). A load balancing scheme based on
deep-learning in IoT. Cluster Computing, 20 (1), 873-878. doi:
https://doi.org/10.1007 /510586-016-0667-5

Gomez, C., Shami, A., Wang, X. (2018). Machine Learning Aided
Scheme for Load Balancing in Dense [oT Networks. Sensors, 18 (11),
3779. doi: https://doi.org/10.3390,/s18113779

Adil, M. (2021). Congestion free opportunistic multipath rout-
ing load balancing scheme for Internet of Things (IoT). Com-
puter Networks, 184, 107707. doi: https://doi.org/10.1016/j.com-
net.2020.107707

Tonguz, O. K Yanmaz, E. (2008). The Mathematical Theory of
Dynamic Load Balancing in Cellular Networks. TEEE Transac-
tions on Mobile Computing, 7 (12), 1504—1518. doi: https://
doi.org/10.1109/tmc.2008.66

Latchoumi, T. P, Parthiban, L. (2021). Quasi Oppositional Drag-
onfly Algorithm for Load Balancing in Cloud Computing Environ-
ment. Wireless Personal Communications, 122 (3), 2639-2656. doi:
https://doi.org/10.1007 /s11277-021-09022-w

Zakutynskyi, I. (2023). Finding the Optimal Number of Computing
Containers in IoT Systems: Application of Mathematical Model-
ing Methods. Electronics and Control Systems, 2 (76), 9-14. doi:
https://doi.org/10.18372/1990-5548.76.1766 1



18. Alakbarov, R. (2022). An Optimization Model for Task Scheduling in
Mobile Cloud Computing. International Journal of Cloud Applica-
tions and Computing, 12 (1), 1-17. doi: https://doi.org/10.4018/
ijcac.297102

19. Kaveri, P. R,, Chavan, V. (2013). Mathematical model for higher
utilization of database resources in cloud computing. 2013 Nirma

University International Conference on Engineering (NUICONE).
doi: https://doi.org/10.1109/nuicone.2013.6780095

20. Zakutynskyi, 1., Sibruk, L., Rabodzei, I. (2023). Performance eval-
uation of the cloud computing application for IoT-based pub-
lic transport systems. Eastern-European Journal of Enterprise
Technologies, 4 (9 (124)), 6—13. doi: https://doi.org/10.15587/
1729-4061.2023.285514

21. MQTT Shared Subscriptions — MQTT 5 Essentials Part 7. Available
at: https://www.hivemq.com/blog/mqtt5-essentials-part7-shared-
subscriptions/

22. MQTT Version 5.0. OASIS Standard. Available at: https://
docs.oasis-open.org/mqtt/mqtt/v5.0/0s/mqtt-v5.0-0s.html

DOI: 10.15587/1729-4061.2023.289187
DEVELOPMENT OF AN AUGMENTED DAMERAU-
LEVENSHTEIN METHOD FOR CORRECTING
SPELLING ERRORS IN KAZAKH TEXTS (p. 23-33)

Nurzhan Mukazhanov
Satbayev University, Almaty, Kazakhstan
ORCID: https://orcid.org/0000-0003-4835-5751

Zhibek Alibiyeva
Satbayev University, Almaty, Kazakhstan
ORCID: https://orcid.org/0000-0001-9565-5621

Aigerim Yerimbetova

Committee of Science of the Ministry of Education and Science of
the Republic of Kazakhstan, Almaty, Republic of Kazakhstan
Satbayev University, Almaty, Kazakhstan

ORCID: https://orcid.org/0000-0002-2013-1513

Aizhan Kassymova
Satbayev University, Almaty, Kazakhstan
ORCID: https://orcid.org/0000-0003-2999-5745

Nursulu Alibiyeva
Al-Farabi Kazakh National University, Almaty, Kazakhstan
ORCID: https://orcid.org/0000-0003-3609-1859

The presented paper is devoted to the development of a method
for identifying and correcting spelling errors in Kazakh texts. In this
paper, the study object is methods for more accurate correction of
spelling errors in Kazakh texts. The aim of the study is to develop an
augmented version of the Damerau-Levenshtein method for correct-
ing spelling errors in Kazakh language texts. Automatic detection
and correction of spelling errors have become a default feature in
modern text editors for working with text data, in text messaging
applications such as chatbots, messengers, etc. However, although
this task is well solved in geographically widespread languages, it
has not been fully solved in languages with a small audience, such as
the Kazakh language. The methods developed so far cannot correct
all spelling errors found in Kazakh texts. Therefore, the development
of a method with specific algorithms for spelling error correction
in Kazakh texts is considered. As a result of the research work,
algorithms for correcting errors found in Kazakh language texts
were developed, and the developed algorithms were included in the
Damerau-Levenshtein method. The experimental testing results of
the augmented Damerau- Levenshtein method showed 97.2 % ac-
curacy in correcting specific errors found only in Kazakh words and

92.8 % accuracy in correcting common errors from letter symbols.
The standard Damerau-Levenshtein method testing results showed
76.4 % accuracy in correcting specific errors found only in Kazakh
words. The results of the tests in correcting common errors from letter
symbols with the standard Damerau-Levenshtein were approximately
the same with the augmented Damerau-Levenshtein method, the ac-
curacy is 92.2 %. The extent and conditions of practical application
of the results are implemented by including them in text editors,
messengers, e-mails and similar applications that work with text data.

Keywords: NLP, algorithm, text data, probability, spelling error,
edit distance, similarity.
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The variability of shooting conditions affects the quality of images
of Solar System objects in a series of frames. Identification of a frame
with the corresponding part of the sky becomes difficult if the qual-
ity is poor. Because of this fact, the detection quality indicators and
estimation of the position of Solar System objects are significantly
reduced when using already known methods and international astro-
nomical catalogs. To solve this problem, the procedure of full identifi-
cation of measurements of objects on digital frames was devised.

This procedure is based on the formation of triplets (triangles)
of primary identification from the side of the digital frame and the
astronomical catalog. Positional coordinates on the frame and ideal
tangential coordinates from the catalog were used. Owing to this, a
comparison of the primary identification triplets was carried out by
comparing the calculated angles of the triangle vertices. The identity
of the hypothesis was determined by comparison with the acceptable
deviation.

The use of the developed full identification procedure makes it
possible to reduce the number of false detections and improve identi-
fication with reference astronomical objects. The study showed that
when identifying frames, astrometry has better accuracy of reference
to the starry sky. In addition, the standard deviation of frame iden-
tification errors in this case is 6-9 times less than without using the
devised procedure.

The procedure developed for complete identification was practi-
cally tested within the framework of the CoLiTec project. It was
implemented in the Lemur software for automated detection of new
and tracking of known objects. Owing to the use of Lemur software
and the proposed computational procedure implemented in it, more
than 700,000 measurements of various astronomical objects under
study were successfully identified.
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The process of clustering of normalized vegetation indices in five
regions with a total area of 2565 hectares of the North Kazakhstan
region was studied. A methodological approach to organizing the
clustering process is proposed using the vegetation indices NDVT,
MSAVI, ReCI, NDWI and NDRE, taking into account individual
characteristics in the three main phases of spring wheat development

As a result of the research, vegetation indices were grouped
into 3 classes using the k-means clustering method. The first cluster
contained vegetation indices whose maximum values occupied about
33.98 % of the total area of the study area. It was found that NDVI-
max located in the first cluster was positively correlated with soil-
corrected vegetation indices MSAVI and crop moisture indicators
NDMI (R2=0.92). The second cluster is characterized by minimum
values of NDVImax coefficients at the germination, tillering and
ripening phases (from 0.53 to 0.55). The lowest values of vegetation
indices occupied 35.9 % in the germination phase, 37.9 % in the til-
lering phase, and 40.1 % of the field from the total area. The third
cluster is characterized by average values of vegetation indices in all
three phases. A correlation matrix was also constructed to assess the
closeness of the relationship between actual yield and NDVT vegeta-
tion indices. The maximum coefficient was obtained at the germina-
tion phase, R=0.94 with a minimum significance coefficient p=0.018.

The approach used in this study can be useful in the analysis of
satellite data, as it can improve the sensitivity of the constellation
procedure. From a practical point of view, the results obtained make
it possible to assess the condition of agricultural crops in the early
stages of the growing season, which makes it possible to improve
their productivity based on the results of cluster analysis.

Keywords: NVDI, vegetation index, cluster analysis, k-means
algorithm, remote sensing data.
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Housing accounts for the largest share of the volume of the
construction sector. Housing is the living space that people use on a
permanent or temporary basis. Living space is also expected to have
the desired quality. Quality requires construction in accordance with
specified conditions and rules. In order to minimize possible errors in
the design and construction process and to achieve the desired level of
quality, continuous, scientific and instrumental controls are required.
In recent years, with the rapid development of technology, methods
have been developed that have achieved good results using integrated
technology, which has begun to replace the quality controls performed
by traditional methods. This new technology partnership called
Building Information Modelling and Laser Scanning is described in
this study. The aim of the study is to show that human error in build-
ing inspection can be minimized with the help of technology. In the
study, a building was selected from a sample public housing project.
Two dimensional projects of the building were converted into three
dimensions using Building Information Modelling. In the current
state of construction, point clouds were captured using laser scanning.

The point clouds were converted to three dimensions. The construc-
tion defects were calculated by overlaying the BIM model with the
real point cloud data. After checking, it was found that 2.2 % of the
productions were defective productions. It was found that 97.8 % of
the productions were within acceptable tolerance limits. The results
obtained on a sample residential building demonstrate the importance
of these new solutions for quality control and error-free production.

Keywords: building information modeling; laser scan, quality,
quality control, construction, building.
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Standardization and technical regulation involve the digitiza-
tion of international and regional standards into “smart” standards,
introducing new requirements for the presentation of complex
industrial manuals. The introduction of artificial intelligence and
machine learning into the process of standardization, improving pro-
cess automation, data analysis will provide an opportunity to create
innovative standards. Creation of machine-readable standards and
their presentation in the form of a database will contribute to better
interoperability between systems.

The article demonstrates the method of ontological engineering
for the automation of partial methodological examination of docu-
ments in accordance with the National Standardization Plan.

As part of the experiment, an independent tool was developed,
based on the extraction of qualitative data, using an uncontrolled
automatic keyword extraction algorithm. The algorithm does not re-
quire the creation of a learning corpus, can be applied to any text and
language, and does not have limitations on the amount of processed
data. The algorithm provides adjustment of the parameters of the
repetition of keywords, with the possibility of taking into account
less important keywords.

The work presents the following components: model classifica-
tion standards, essence extraction module, categorization, thesaurus
formation, monitoring and analysis. Calculations were carried out
using formalization, determination of the target function, establish-
ment of similarity measures, and description of document features.
The work presents the theoretical aspect of application, design and
description of the functional system.

Keywords: smart-standard, standard development, identifying
keywords, harmonized standard, national standard.
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The object of the study in this work is pressure spikes in the ac-
cumulator tank of the xenon feed system for electric propulsion. The
presence of significant pressure spikes in the accumulator tank of the
feed system causes a change in the mass flow and, accordingly, a signifi-
cant deterioration of the thruster parameters - thrust, specific impulse
and efficiency. The problem that was solved in this work is to find ways
to reduce pressure spikes while minimizing the volume of the accumu-
lator tank without using additional elements. The analysis of literary
sources showed that the specified problem is typical and has not been
solved for small-volume accumulator tanks yet. To solve this problem,
theoretical and experimental determination of pressure spikes that
occur during the work on feedback from sensors was carried out, and
an improved method of filling the accumulator tank was proposed.
As a result of research, it was determined that pressure spikes that
go beyond the permissible range (+3 %) appear at an inlet pressure
of 3.5 MPa. With an increase of inlet pressure, the pressure spikes also
increase. As a result of research, it was found that for an inlet pressure
of up to 3 MPa, it is appropriate to work on feedback from pressure
sensors. For pressure values from 3 to 6 MPa, it is necessary to use the
experimentally obtained formula to determine the accumulator tank



filling time. For a pressure of more than 6 MPa, it is necessary to work
in the bang-bang mode. The research made it possible to determine the
optimal modes of filling the accumulator tank. Presented modes allow
to use a small-volume accumulator tank with the minimization of the
valve activations number, in which stable operation of the thruster is
maintained. The conclusions obtained as a result of the research can be
useful for most developers of feed systems for electric propulsion.

Keywords: operation modes of the feed system, pressure spikes,
methodology of accumulator tank filling, bang-bang, feedback from
pressure sensors.
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The object of this study is the material flow incoming the convey-
or. The actual problem of calculating the stochastic characteristics of
the input material flow of a transport system, based on the typification
of the input material flow, is being solved. When constructing a model
of the input material flow, methods of similarity theory were used. A
criterion has developed for dividing the realization of the input mate-
rial flow into a deterministic and stochastic component, which makes
it possible to represent the stochastic component of the input flow in
the form of an realization of a centered ergodic process. A method is
presented for calculating amplitude and phase frequency spectra for
the components of the input material flow, based on specified types
of theoretical correlation functions. The calculating accuracy of the
normalized correlation function values is €~0.05. Distinctive features
of the obtained results are that the typification method of the input
material flow is based on the use of the amplitude spectrum for the
input material flow. A special feature of the results obtained is that
a single realization of the input material flow was used to model the
input material flow. The scope of application of the obtained results is
the mining industry. The developed methodology for calculating the
statistical characteristics of the input material flow allow to improve
the accuracy of algorithms for optimal control of the flow parameters
of the transport system for a mining enterprise. The condition for the
practical application of the obtained results is the presence in the sec-
tions of the transport conveyor of measuring sensors that determine
the speed of the belt and the amount of material in the bunker.

Keywords: transport conveyor, similarity criteria, statistical
characteristics, correlation function, material flow typification.
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B/IOCKOHAJIEHHSI METO/IUKU BAJTAHCYBAHHSI HABAHTAKEHHSI B PO3MO/IIEHUX CUCTEMAX
IHTEPHETY PEYEI (c. 6-22)

I. B. 3akyruncobkuii, I. €. Padoageii, C. I1. Bypmakin, O. O. Kanimyk, B. M. HeGuninsa

OG6'eKTOM JIaHOTO JIOCJIUKEHHS € TIpolec OaJaHCyBaHHs HABAHTaKEHHsI B PO3IOIJICHUX cHCTeMax [HTepHeTy pedeli Ha OCHOBI
MQTT nporokoay. B pamkax manoi po6otu 6ys10 po3s'si3aHO KOMILIEKC HAYKOBO-TEXHIYHUX 3a/1a4, MOB'SI3aHUX 3 e(heKTUBHUM PO3IOAIIOM
HABaHTAKEHHsI B CHCTEMaX [HTepHeTy pedeil. 3arpoIOHOBAHO MOKPAIeHY METOAUKY GaaHCyBaHHsI HABAaHTaKEHHs, sSiIKa BKJIIOYAE B cebe
METO/IU Ta AJITOPUTME OATAHCYBAaHHS HA OCHOBI HaraTonapaMeTpUYHOr0 MOHITOPHHTY CTaHy 3aBAHTAKEHOCTI 0GUNCTIOBANBHIX pecypcis. Ha
OCHOBI 3aITPOIIOHOBAHNX METO/IIB Ta AITOPUTMIB PO3PO0JIEHO BrocKoHaneHy apxitektypy MQTT 6poxkepa.

Jlist OIiHKKM PIBHOMIPHOCTI PO3MOAITY HaBaHTaKeHHs B cucteMi [HTeprery pedeil po3pobJeHO MaTeMaTW4Hy MOJENb, Ta BBEIEHO
BIAUMOBIAHY XapaKTepucTuKy — KoedillieHT PiIBHOMIPHOCTI PO3IOJLIY HaBaHTaKEHHs. 3 METOI OI[HKH 3allPOIIOHOBAHUX METO/IB, OYB
IIPOBE/ICHUN PsIJi €KCIIEPUMEHTIB, BKJIIOUAIOUN CUMYJIAIII0 PO3HOJLIEHOI cucTeMy IHTepHeTy peueil 3 HefleTePMiHOBAHUM HABAHTAKCHHSIM.
TOJIOBHOTO METOIO X €KCIIEPUMEHTIB GyJIa OIiHKa eheKTHBHOCTI 3aITPOIIOHOBAHIX METO/(IB, a TAKOXK iX MOPIBHSHHS 3 BKE ICHYIOUNMI.

OrpuMani pe3ysbsTaTi eKCIePUMEHTIB MiATBEPUIIN TiloTe3y PO MiABUIIEHY e(eKTHBHICTb PO3IO/IiTY HaBAHTAKEHHS 32 JTOIIOMOTOIO
GanaHCyBaHHS Ha OCHOBI GaraTormapaMeTpHYHOTO MOHITOPHHTY. BCTaHOBIIEHO, IO MPH 3aCTOCYBaHHI 3alPOMIOHOBAHOI METOIUKH, Y pasi
HeJ/IleTePMiHOBAHOTO HAaBaHTAKEHHs B cucTeMi [HTepHeTy pedeil, koeillieHT PO3IO/1iTy HABAaHTAKEHHS B CEPE/IHbOMY IIePEBHIILYE aHAJIOTTYHNIT
MOKAa3HUK ISt icHyiounx MeToiB Ha 70 %. PiBHOMIpHICTD PO3NOITY HABAHTAXKEHHS 3aJUINAIACS TIPAKTUYHO HE3MIHHOIO MTPOTSTOM YChOTO
nepioly eKCIepUMEHTY, 10 € MiATBEPIKEHHAM cTabiIbHOl po6oTH crucTeMu B IiioMy. OTpuMani pes3yabraTé MOKYTh OyTH KOPUCHI Mpu
Po3pobILi cydacHUX cucteM [HTepHETY peyeii.

Kio4oBi ciioBa: inTepHeT peueii, GasaHCyBaHHST HABAHTAKEHH, XMaPHi OOUKCJIEHHST, PO3IO/IIJICH] CHCTEMH, OIIHKA TIPOLYKTUBHOCTI.
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PO3POBKA PO3IIUPEHOTO METOIY IAMEPAY-JIEBEHIITEHA J1JII BUIIPABJIEHHSA
OP®OTIPA®IYHUX IOMUJIOK ¥ TEKCTAX KA3BAXCBKOIO MOBOIO (c. 23-33)

Nurzhan Mukazhanov, Zhibek Alibiyeva, Aigerim Yerimbetova, Aizhan Kassymova, Nursulu Alibiyeva

[Ipeacrasiena poboTa MPUCBSIEHA PO3POOIL METO/Y BUSIBJICHHS Ta BUIIPaBJIeHHst 0pdorpadivHiX MOMIJIOK Y TEKCTaX Ka3aXChKOK MO-
BOK0. Y aniii po6oTi 06" €KTOM TOCIIKEHHS € METO/H OiJTBII TOYHOTO BUTIPaBJAeHHsT 0p(OorpadivHIX MOMUIOK Y TEKCTAX Ka3aXChKOI MOBO.
Mertoro HocTipKeH st € po3pobKa posupeHoi Bepeii Metoay lamepay-JleBeniireiina Aist BUnpasierts ophorpadiuHux MOMUIOK Y TEKCTaX
Ka3aXChKOI0 MOBOIO. ABTOMAaTUYHE BUSIBJIEHHS Ta BUNPABJIeHHS opdorpadiuHiX ITOMUIOK CTAI0 (DYHKINEIO 3a 3aAMOBUYBAHHAM Y Cy4acHUX
TEKCTOBHX PEAAKTOPAX [JIst POOOTU 3 TEKCTOBUMI TAHUMH, Y TOJATKAX /7t OOMiHY TEKCTOBUMU MOBIZIOMJIEHHSAMU, TAKUX SIK 4aT-O0TH, MECEH-
mekepu Tomo. OHAK, X04Ya 1€ 3aBAaHHs 100pe BUPIMYEThes B TeorpadivHO MONMPEHNX MOBaX, BOHO HE BUPILIEHE TIOBHOK MiPOI0 y MOBAX 3
HEBEJIMKOIO ay/IUTOPIEI0, TAKUX SIK Kazaxchbka MoBa. Po3po0JieHi 10 TenepilmHboro yacy MeTo/u He J03BOJISIOTh BUIIPaBUTH Bei opdorpadivyni
MOMUJIKH, 110 3YCTPIYaIOThCS Y TEKCTaX Ka3aXChKOI0 MOBOIO. TOMY PO3IISIA€ThCS PO3POOKaA METOMLY 31 CIIen U iIHIMIT AJITOPUTMAMYU BUTIPAB-
JieHHs opdorpadiuHuX TOMUIOK Y TEKCTAX Ka3aXChKO MOBOW. B pesysibraTi JociiHuIbKOI poboTu 6y po3pobJieHi alropuT™MI BUTIPAB-
JIEHHSI TIOMUJIOK, 1110 3YCTPIYAOThCs Y TEKCTaX Ka3aXChKOK MOBOIW, PO3po0JieHi anroputMu Oyiin BKIoYeHi B Metos [lamepay-JleBeHurTeiiHa.
PesymsraTi eKCIIepIMEHTATbHIX BIUIPOOYBAaHb PO3IIIPEHoro MeTony lamepay-JleBemmiteiina mokasanu Tounicts 97,2 % MpH BUITPaBIEHH]
crenndiTHIK MTOMUIIOK, 10 3yCTPIiYalOThCST TIIBKY B Ka3aXChKUX CJI0BAX, i 92,8 % MpH BUMPABJIEHHI MOIMTMPEHNX TIOMUJIOK, TTOB'SI3aHUX 3 OYK-
BEHUMU MO3HAUEeHHsIMU. Pe3yibrarit BUIpoOyBaHb cTaHAapTHOTO MeToy [lamepay-JleBeHInTeiiHa mokasauu TouHicTs 76,4 % Npu BUMIPaBJIeH-
Hi crierugiyHIX TOMIIOK, 1110 3YCTPIYarOThCs TIIBKU B Ka3aXChKUX CJI0BaX. Pe3y/brat BUPOOyBaHb 3 BUMIPABJICHHS MONTMPEHNX MTOMIIOK
y OYKBEHUX MO3HAYEHHSIX cTaHAapTHUM MeTozioM [lamepay-JleBenmireiina Oy mpuOIN3HO TAKUMHY K, SIK i TIPU BUKOPUCTAHHI PO3IITHPEHOTO
Mmerony /lamepay-JleBenmrreiina, Tounicts ckiana 92,2 %. CTyninb Ta yMOBHU IPAKTUYHOTO 3aCTOCYBAHHS PE3YJIBTATIB PeaslizyloThCsI IIISIXOM
iX BKJIFOUEHHST B TEKCTOBI PEIAKTOPH, MECEH]IKEPH, €JIEKTPOHHY TIOMITY Ta MOAIGHI OAATKH, IO MPAIOI0TH 3 TEKCTOBUMU JTAHUMHU.

Kmouosi ciosa: NLP (06poOKa TEeKCTiB IPUPOLHOI0 MOBOIO), AITOPUTM, TEKCTOBI IaHi, HMOBIpHiCTb, opdorpadiuna moMuIKa, BiacTanb
pearyBaHHsl, MOAIOHICTD.
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IMPOHEAYPU IIOBHOTO OTOTOKHEHH BUMIPIOBAHD (c. 34-41)

C. B. Xuamos, B. €. CaBanesny, B. II. Biacenxo, T. O. Tpynosa, B. B. Tposmcokuii, P. 0. I'epacumenko, B. O. IlIBenyn

3MIHHICTh YMOB 3HOMKM BIIMBA€E Ha SAKiCTh 306paskeHpb 06'extiB Conssanoi Cucremu Ha cepii Kaapis. Bukonanus inenTudikarii kaapy
3 BIIMOBIIHOIO JIJIIHKOIO HeGa CTAHOBUTHCS CKPYTHUM IPH moraniil sskocti. Yepes 1eil (hakT MOKasHUKHU SIKOCTI BUSIBJIECHHS Ta OIliHIOBAHHS



nonokeHst 06'exTiB Consunoi CHCTEMU 3HAYHO 3HUKYIOTHCS 3a JOIMIOMOTOI0 BiKE BiIOMUX METOMIB Ta MIKHAPOIHUX ACTPOHOMIYHMX
KatasoriB. JIjis BUpileHHs i€l mpobaemu 610 po3pobIeHo MPoIeypy MOBHOTO OTOTOKHEHHS BUMIPIOBaHb 00'€KTIB Ha M(POBUX Kaapax.

1Is1 porietypa 3acHoBana Ha (hopMyBaHHi TPIHOK (TPUKYTHHUKIB) MEPBUHHOTO OTOTOKHEHHSI 3 GOKY IU(BPOBOTO KajIpy Ta aCTPOHOMIYHOTO
Kartajory. By BuKopurcTani mosuiiiiHi KOopANHATH Ha KaJ(pi Ta iieaqbHi TaHTeHI[iaIbHI KOOPAMHATH 3 6OKY KaTauory. 3aB/IsKH oMy OyJI0
MPOBEJIEHO 3iCTaBJIeHHs TPIHOK MEPBUHHOTO OTOTOXKHEHHSI 32 PAXyHOK MOPIiBHSAHHS PO3PAXOBAaHUX KYTiB BEPIIUH TPUKYTHUKA. TOTOXKHICTD
rinore3n GyJ10 BUBHAYEHO Y NOPIBHSIHHI 3 IOy CTUMHM BiIXMJICHHSIM.

Bukopuctanus po3po0JieHol IpoIeypy TOBHOTO OTOTOKHEHHSI 03BOJISIE CKOPOTUTU KIJIbKICTh TTOMUJIKOBUX BHSIBJICHD Ta TOKPAIUTH
OTOTOKHEHHST 3 OMOPHUMHU aCTPOHOMIUHMME 00'ekTamit. [loCTi/UKeHHsT MOKa3aio, Mo P OTOTOXHEHHI KaJpiB aCTPOMETPIsl Ta€ Kparmy
TOYHICTD TIPUB'SA3KU [0 30psAHOTO HeGa. Takoxk cepeiHbOKBAAPATUYHE BIAXIJIEHHS MOMUJIOK OTOTOKHEHHS KaJPiB y I[bOMY BUIAJKY Y
6-9 pasiB MeHIIe, HiXK 6e3 3aCTOCYBaHHS PO3POOJIEHOT TIPOIIEY PU.

Po3pobiiena npoieypa MoBHOTO OTOTOKHEHHs Oysia npakTiaHo anpoboBana B pamkax mpoekty CoLiTec. Bona Oysia BpoBajukena y
mporpaMHOMy 3abe3nedenHi Lemur st aBTOMATH30BAHOTO BUSIBJIEHHSI HOBUX Ta CYMPOBOAY BiIOMHUX 00 €KTiB. 3aBASKH BUKOPHCTAHHIO
porpaMHoro 3abesredenns: Lemur ta BIPOBAKEHOT B HHOTO 3aIlIPOIOHOBAHOI MPOIEAYPH GYJI0 YCIHO 06pOOIEHO Ta OTOTOKHEHO TTOHAJ
700 000 BuMipOBaHb Pi3HUX 06 €KTIB, MO TOCTIKYIOThCSL.

Kimo4osi cioBa: 06po6ka 306paskeHp, OIliHKa TAPAMETPiB, OTOTOKHEHHST BUMIPIOBAHb, CePist KapiB, (OPMYJISIP KaTAJIOTY.

DOI: 10.15587/1729-4061.2023.290129
BU3HAYEHHS KIIbKOCTI KJIACTEPIB HOPMAJII3BOBAHUX BETETAIIIMHUX IHJAEKCIB 13
BHUKOPHUCTAHHSAM AJITOPUTMY K-MEANS (c. 42-55)

Aigul Mimenbayeva, Samat Artykbayev, Raya Suleimenova, Gulnar Abdygalikova, Akgul Naizagarayeva, Aisulu Ismailova

JToCJIi/KEeHO Mpolec KJacTepu3allii HopMasi3oBaHUX BereTaliiiHuX iHAEKCIB y 11 sTH paiioHax i3 3araibHOIO ionein 2565 rekrapis
[TiBniuno-Kazaxcrancbkoi obsacti. 3amporoHOBaHO METOAMYHWIT MiAXiZ 0 opramisaiii mpoiecy Kiactepusaiiii 3 BUKOPHCTAHHSIM
Bererarfiitanx ingekcis NDVI, MSAVI, ReCI, NDWI ta NDRE 3 ypaxyBanusiM iHIUBIyaIbHUX XapaKTEPUCTUK Y TPbOX OCHOBHUX (hazax
PO3BUTKY SPOI MIIECHUIL].

V pesyJibrati mpoBeeHNX JOCTIKEHb BeTeTalliiHi iHIeKCH 3TPYIIOBAHO Ha 3 KJIacH, 3 BUKOPUCTAHHSAM METO/ly KJIacTepusaiil k-cepenix,
Ha mepmomy kiacrepi 6ys10 CKOMIIOHOBaHO BereTailiiini iHaeKkcH, MaKCUMaabHi 3HaYeH s sSKuX 3aiiMae 6im3bko 33.98 % Bij 3araibHOT
IO oCTiKyBanoi obaacti. Byso BusiBiieno, 1o poaramosani Ha epiiomy kiactepi NDVImax mo3uTiBHO KOPEIooTh i3 Bereraiiitnumu
iHlekcamMu 3 TonpaBKoio Ha IpyHT MSAVI Ta inaukatopamu Bosorocti kyastypu NDMI (R?=0.92). /Ipyruii kractep XapaKTepU3yeThesl 3
MiniMambHuMHU 3HadendsiMu KoedinientisB NDVImax i na dasax cxomy, kyuiinus ta gospisanus (8ig 0.53 xo 0.55). Hailimenrni snauenus
BereTalliitnux injekciB 3aitmamu 359 % y dasi cxomy, 37,9 % y dasi kyminms, 40,1 % mosst Bix 3araspHOl twromti. Tperiit kiactep
XapaKTepU3YEThC cepeiiHiMU 3HAUEHHAMMU BereTaliiiHuX iHAeKciB y Beix Tpbhox (aszax. Takosk 6ysio moOy0BaHO KOPEJIAIIHHY MaTPUILIO /st
OIIIHKU TiCHOTHU 3B's13Ky Mk (haKTHUHOIO BpPOsKaiiHicTIO Ta Beretariitnnmu ingexcamu NDVI. Makcumasnbhuil koedinieHt 6yJ10 OTPUMAHO HA
dasi cxonis, R=0.94 3 minimambanm koedinienrom snauymocti p=0.018.

3acToCOBaHUHN Y IIbOMY AOCIIKEHHI T/IXI MOKe Gy TH KOPUCHUM ITi/[ 4ac aHaIi3y CYIyTHUKOBHX JAHUX, OCKLIBKY JIa€ 3MOTY HOJITIIATH
YyTJIUBICTD NIPOIIEAYPH IPYIIYBAaHHA. 3 IPAKTUYHOI TOYKHU 30PY, OTPUMaHi Pe3yJIbTaTi JaloTh 3MOTY OILIIHIOBATH CTAH ClIbCHKOrOCIOIAPChKIX
KYJIBTYP Y PaHHI TepMiHU BereTallii, 1110 Ja€ 3MOTY IIOKPALUTH IXHIO IIPOLYKTUBHICTL Ha OCHOBI OTPUMAHUX Pe3yJIbTaTiB KIaCTePHOIO aHali3Y.

Kmouosi ciosa: NVDI, Bereraniitauii ingexc, KIacTepHuii aHamis, aaroput™ k-cepeHix, aHi ANCTaHIIHOTO 30H/ Ty BaHHS.
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INPAKTUYHE JOCIIIKEHHA 3ACTOCYBAHHA KOHTPOJIIO AKOCTI 3A 1OIIOMOTIOIO
BIM-JTJASEPHOI'O CKAHYBAHHAA Y ITPOIECI BY IIBHUIITBA (c. 56-66)

Hasan Polat, Nabaz Mawlood Ali

Haii6inbury yactky B 06131 OyAiBEJIBHOTO CEKTOPY 3aiiMae KUTI0Be OyAiBHUIITBO. JKUTIO — 11€ KUTJIO0BA IO, SIKOK JIIOU KOPHUCTY-
I0TBCS OCTIIHO 200 TUMYAacOBO. OUiKy€EThCs, O KUTIOBUI TPOCTIP TAKOK MaTHMeE OaKaHy SKICTh. SIKicTh BMarae GyliBHUIITBA BiMOBITHO
IO 3alaliX YMOB i npaBuJr. Jljist Minimizarii MOKIMBUX TIOMUJIOK Y TIPOIIECi IPOEKTYBaHHs Ta OYAiBHUIITBA Ta JOCSITHEHHsT GaskaHoro piBHs
SKOCTI HeOOXiAHMIA mocTiiinuii HayKoBuil Ta iHCTpyMeHTanbHUi KOHTPOJIb. B ocTanni poku 31 MBUAKKM PO3BUTKOM TEXHOJOTIH Oym pos-
pobIieri METO/IH, SIKi IOCSTIIN XOPOIINX PE3YJIBTATiB 3a JO0MOMOTOI0 iHTEerPOBAHOI TEXHOJIOT], SIKa TT0Yaia 3aMiHIOBATH KOHTPOJIb SIKOCTI, 110
BUKOHYEThHCSI TpaauiliiinumMu Metogamu. [le HOBe TexHoJOTiuHe mapTHEPCTBO MMi HasBolo «[HdopMaltiiine MozemoBaH st Oy/IiBEIb 1 JTazepHe
CKaHyBaHHST» OIICAHO B IIbOMY IOCTi/LKeHHI. MeTa TOCTIKeHHsT — MOKa3aTH, 10 JIOACHKI TTOMUJIKH /I Yac TepeBipKi Oy/IiBerb MOKHA
MiHIMIZyBaTH 3a J0IIOMOrOIO TEXHOJIOTIH. Y pocaipkenti OyaiBao 6y10 BUOPaHO i3 3pa3KOBOrO MPOEKTY TPOMAACHKOTO sKUTIa. JIBOMIpHI
npoekTy OyAiBJI Oy/in NepeTBOPeHi B TPMBUMIPHI 3a I0MOMOT0I0 iH(hOPMAIiiHOrO Moje oBaHHs OyIiBesb. Y MOTOYHOMY CTaHi KOHCTPYKIT
XMapy TOYOK OyJIM 3HATI 3a IOMIOMOTOIO JTa3ePHOTO CKAHYBaHHS. XMapyn TOYOK OyJin mepeTBopeHi B TpuBuMipHi. /ledextn KoHCTpyKIii Gy
po3paxoBani nusIxoM Hakaagants BIM-Momerni Ha peambii gami xmapu Todok. Iicsist mepeBipku BusiBuiocs, o 2,2 % BupobiB € 6pakoBaHi-
M. ByJio Beranosiieno, mo 97,8 % npoayKiiii 6yJiu B I0MyCTHMUX MeKax. Pe3yJsisraTi, OTpUMaHi Ha 3pasKy JKUTIOBOTO OYAMHKY, IEMOHCTPY-
H0Th BOKJIMBICTD IIUX HOBUX PIllICHb /11 KOHTPOJIIO SIKOCTI Ta GE3MOMUIKOBOTO BUDOOHUIITBA.

Ko4osi cioBa: indopmartiiine MogemoBanHs MO0y I0BH, Ja3epHe CKaHyBaHHS, SKiCTh, KOHTPOJIb SIKOCTI, OyliBHUIITBO, OYIMHOK.
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CHUCTEMA PO3POBKH KOOPJIHUHAIIII TIAJIbHOCTI ®AXIBIIB 3 ®OPMYBAHHSA MAIITMHHO-
TEXHIYHUX CTAHJIAPTIB Y C®EPI BINCbKOBO-KOCMIYHOI JIISIZTIbBHOCTI HA OCHOBI
OHTOJIOTTYHOT TH/KEHEPII: IPAKTUYHU IPUKJIAT (c. 67-77)

Anar Utegenova, Akylbek Bapyshev, Zhanna Suimenbayeva, Alisher Aden, Tansaule Serikov, Ruslan Kassym

CrangapTusaiisi Ta TeXHiYHe peryJioBaHHs Tepenbadae oridpyBaHis MiKHAPOIHUX Ta PEriOHAMBHUX CTAHAAPTIB Y «PO3YMHI»
CTaH/JapTH, 3aIIPOBA/KYI0UYN HOBI BUMOTU 10 OOPMIICHHS CKJIQHIX IPOMUCIOBUX IHCTPYKILiil. BpoBaj/sKeHHS IITYYHOTO IHTEJIEKTY Ta
MAIIMHHOTO HaBUAHHA B IIPOIleC CTaHapTU3allil, BAOCKOHAJIECHHS aBTOMATH3allil IIPOIeciB, aHai3y JaHUX JaCTh MOXKJIUBICTb CTBOPIOBATU
innoBaniitai crangapti. CTBOPEHHS MAIIMHOYNTAHNX CTAHIAPTIB Ta IX mpecTaBaeHHs y Gopmi 6asn JaHMX CIPUSITHME KPAIiil CyMiCHOCTI
MiX CHCTeMaMM.

Y craTTi MpoIeMOHCTPOBAHO METOJ OHTOJIOTIUHOI iHKeHepii /I aBTOMATU3AIiT YACTKOBOI METO/IOJIOTIYHOT €KCIIEPTU3H JOKYMEHTIB BiJl-
noBizHO 10 HarionanbHOro miany cranapTusarti.

V pamkax excriepumenty Gysi0 po3pobeHo He3a/Ie)KHII IHCTPYMEHT, 3aCHOBAHUIT Ha BUYYeHHI SIKICHUX JAHUX 3a I0IIOMOTOI0 HEKOHTP-
0JIBOBAHOTO aBTOMATHYHOTO aJITOPUTMY BIUIYUEHHS KIIOYOBUX CJIiB. AJTOPUTM He MOTPeGy€e CTBOPEHHST HABYAIBHOTO KOPITYCY, MOXKe 6yTu
3aCTOCOBAHUIA 10 GY/Ib-sIKOTO TEKCTY Ta MOBH Ta HE Ma€ 0OMEKEHb 1010 KilbKOCTI 06pOOII0BAHNX JaHUX. AJITOPUTM Tependadae HalamTy-
BaHHS 11aPaMeTPiB IIOBTOPEHHS KJIIOYOBUX CJIiB, 3 MOXKJINBICTIO BPAXyBaHHS MEHII BAKIUBUX KJIIOYOBHX CJIiB.

¥ pobori mpejcTaBieHi HACTYITHI KOMIIOHEHTI: THIIOBI CTaHAAPTH Kiacidikaril, MOZY/Ib BUIyYEHHS CYTi, KaTErOpH3altis, GOpMyBaHH:
Te3aypyca, MOHITOPHUHT Ta aHasi3. Po3paxyHKu IPOBOMIINCH 32 IOMTOMOTOIO (hopmastisallii, BASHAUEeHHSI I[1JIb0BO1 (DYHKILii, BCTAHOBIEHHS Mip
MOMIGHOCTI Ta OITICY O3HAK JIOKYMEHTa. Y POOOTI MPEICTaBIEHO TEOPETUYHUI ACIIEKT 3aCTOCYBAHHSI, TPOEKTYBAHHST Ta OMKCY (HYHKIIOHATb-
HOI CUCTEMU.

KiiouoBi cioBa: cmapr-cTangapt, po3poOka cranaapry, ijenTudikariiini Kao4oBi cI0Ba, TapMOHI30BaHUil CTAHAAPT, HAIIOHAIBHUIT

CTaH/1apT.

DOI: 10.15587/1729-4061.2023.287007
ONITUMI3AIIIA PE;KMUMIB HATOBHEHHS PECUBEPA CUCTEMU T10JIAYI POBOYOI PEHOBUHU
EJIEKTPOPEAKTUBHOI IBUTYHHOI YCTAHOBKH (c. 78-86)

B. B. I0Opkos, C. I0. AcmonoBcbkuii, B. O. Ilepepsa, /I. K. Boponoscbkuii, C. M. Kyaarin

OG6’exTOM JIOCII/KEHHS TaHOT poOOTH € CTPUOKU THCKY Y PECHBEpi CHCTEMH Mojadi poOodoi PeYyOBUHHU IS €JIEKTPOPEAKTUBHOI JIBHU-
ryHHOI ycTaHoBKH. HasBHICTH CyTTEBUX CTPUOKIB TUCKY Y PECHBEPI CHCTEMH Mojlauil BUKIMKAE 3MiHY MacoBOI BUTPATH i BiMOBIZAHO iCTOTHE
MOTIPIIEHHS TTAPAMETPIB IBUTYHA — TSTH, BEJIUYMHE MTUTOMOTO IMITyJIbCy Ta KoediiienTa kopucHoi aii. [Tpobiema, sika BupinryBanach B JaHiil
POGOTI, MoJIATAE Y TIONIYKY MUISAXIB 3MEHIIEHHsT CTPUOKIB THCKY NP MiHiMizalii 06’emMy pecuBepa 6e3 BAKOPUCTAHHS JIOJATKOBHX €JIEMEHTIB.
AHasi3 JitepaTypHUX JUKepesI oKa3as, 10 3a3HaveHa mpodjeMa € TUIOBOIO 1 Ioci He BUpilieHa /it pecuBepiB Magoro o0’emy. [list Bupi-
IIeHHsT 3a3HaYeH0i TpobGreMu GyJI0 TIPOBEIEHO TEOPETUYHE i KCIIEPUMEHTAIbHE BU3HAYEHHS CTPUOKIB TUCKY, SIKi BUHUKAIOTH IPH POGOTI 10
3BOPOTHOMY 3B’s13KY B/l JATUMKIB THCKY, Ta 3alIPOIIOHOBAHO YIOCKOHAIIEHY METOJUKY HAIIOBHEHHST pecuBepa. B pesysibrati ociiuketb 6yio
BU3HAYCHO, 1110 CTPUOKU TUCKY, SIKI BUXOJSTD 32 JA0MYCTUMUI ianazon (£3 %), 3’siiistiorsest ipu Tueky 3,5 MIla Ha BXo/i B cucremy mojaui i
3pPOCTAIOTH 31 301/IBIIEHHSIM BXiIHOTO THCKY. B pesysisrari focsipkenn 6yJ1o 3'sicoBato, 1o st BXiaHoro tueky 10 3 MITa e goriibaum podoTa
110 3BOPOTHOMY 3B’I3KY BiJl IaTUMKiB THCKY. [ljist 3Hauenb THCKy Bij 3 10 6 MITa HeoOXiHO BUKOPUCTOBYBATH OTPUMAHY €KCIIePHUMEHTATbHIM
IAXoM (hopMyJTy Ui BUSHAYEHHST yacy HalloBHeHHs pecuBepa. s tucky Ginbine 6 MITa neobxiano npamioBatu y pesknmi bang-bang. /lo-
CJTJIKEHHST I03BOJIMIIM BU3HAYUTH ONTUMAJIbHI PEKUMU HATIOBHEHHSI PECUBEPA, 110 J03BOJISIIOTH BUKOPUCTOBYBATH PECHBEP MAJIOro 00’'eMy 3
MiHIMIZAIIEI0 KITTbKOCTI CIIPaliboBYBaHb KJIAAaHIB, P SKUX MATPUMYEThCsI cTabiabHa poboTa ABUryHa. BUCHOBKHM, OTpUMaHi 3a pesyJibrara-
M JIOCTI/IKEHB, MOKYTh GYTU KOPHCHUMI JIJTsT GL/IBITOCTI PO3POOHIKIB CHCTEM MO/Ia4i €TeKTPOPEAKTUBHIX JIBUTYHHHUX YCTAHOBOK.

Kio4oBi cioBa: pexxumu pobOTH CHCTEMU MO1adi, cTpOKU THCKY, METOJINKA HAIIOBHEHHS PecrBepa, bang-bang, 3B0poTHiii 38’130k Bix
JIATYUKIB TUCKY.

DOI: 10.15587/1729-4061.2023.289931
PO3POBKA METOJA PO3PAXYHRY CTATUCTHYHHX XAPAKTEPUCTHUK BXITHOI'O IIOTOKY
MATEPIAJIY TPAHCIIOPTHOTO KOHBEEPA (c. 87-96)

O. M. Hirnacrwmii, 1. A. Kyniit

006" €KTOM TIHOTO JIOCJIFKEHHST BUCTYTIAE MOTIK MaTepiasy, 10 HAJXOAUTh Ha BXi/[ TPAHCIOPTHOTO KOHBEEpa. BUPIIIYEThCs aKTyasibHa
npobieMa po3paxyHKy CTOXaCTUYHUX XapaKTEPUCTHK BXIAHOIO MOTOKY MaTepialy TPaHCIOPTHOI CHCTEMH, 10 0a3yeThest Ha THITi3allii BXij-
Horo nmotoky Marepiaiy. ITi yac moGyoBu MojiesIi BXiIHOTO TIOTOKY MaTepiasy BUKOPUCTAHO METOM Teopii mogiGHocTi. Peasizartist auist BXij-
HOTO [IOTOKY MaTepiasry Ipe/cTaBIeHa CYEePIO3UIEI0 IETEPMIHOBAHOI Ta CTOXaCTUYHOI CKIAI0BOI BXiHOrO MOTOKY Marepiany. Pozpobieno
KpuTepiii mozixy peamisailii BXi[HOTO IIOTOKY MaTepiajy Ha JIeTepPMiHOBaHYy Ta CTOXAaCTUYHY CKJAOBY, 110 JI03BOJIAE YABUTH CTOXACTUUHY
CKJIAJIOBY BX1/THOTO TIOTOKY y BUTJIA/II peaisallil eHTPOBaHOTO eProiNYHOTO TOTOKY MaTepiay. Haseserno MeToan po3paxyHKy aMILIITYAHIX



Ta (Ha30BUX YACTOTHUX CIIEKTPIB VIS CKJIAJOBUX BXiTHOTO TIOTOKY MaTepiajy, 3aCHOBAHI HA 3a[aHIX THIIAX TEOPETUIHOI (DYHKIIT KOPEJISILii.
TounicTh po3paxyHKy 3HaYeHb HOPMOBAHOI (hyHKIIIT Kopessiii cranoButb ~0.05.

BigminnuMun pricaMn oTpUMaHIX Pe3yJIBTATIB € Te, 10 MEeTO TUIIi3allii BXiHOTO MTOTOKY MaTepiasy IPYHTYEThCS Ha BUKOPUCTAHHI aMII-
JTYIHOTO CTEKTPA IS BXIAHOTO MOTOKY Matepiany. OcobaMBICTIO OTPIMAHUX Pe3y IBTaTiB CITi/l HA3BATH Te, IO [JIsT MOJIETIOBAHHSI BXiTHOTO
IIOTOKY MaTtepiasly BUKOPUCTAHO €NHY peasli3allilo BXi/JHOrO IIOTOKY MaTepialy.

Cdeporo 3actocyBaHHs OJIEPIKAHNX PE3YJIBTATIB € MPHNY0A00YBHA TPOMUCJIOBICTb. Po3pobiieHa METOANKA PO3PAXYHKY CTATHCTHYHUX
XapaKTEePUCTUK BXiHOTO MOTOKY MaTepiay J03BOJUTD MiBUIIATH TOUHICTh AJITOPUTMIB ONTHMAJIBHOTO KEPYBAHHS MOTOKOBUMHU Hapame-
TPaMi TPAHCIIOPTHOI CHCTEMH TIPHIYOL00YBHOTO MiAMPHEMCTBA. YMOBOIO MPAKTHYHOTO BUKOPHCTAHHSI OTPUMAHIX PE3YIBTATIB € HASIBHICTD
Y CEKIiAX TPAHCIIOPTHOTO KOHBEEPa BUMIPIOBAILHUX JATYUKIB, 1[0 BUSHAYAIOTD MIBUAKICTH CTPIUKM Ta KiIBKICTH MaTepiany B OyHKepax, 1o
AKyMYJIOIOTD.

KiiouoBi ciioBa: TpaHCIIOPTHWIT KOHBEEP, KPUTEPil MOAIOHOCTI, CTATHCTUYHI XapaKTepUCTUKH, (DYHKINsT KOPEJIsIlii, THIT3alis MOTOKY
Marepiay.
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