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The problem of improving the methodological and algorithmic
support of the complexing process by developing models of adaptive
redundant complexing of weighted interval data has been solved.
The object of this study is the process of complexing interval data
obtained from several independent sources; the subject is the alge-
braic methods of excessive complexing of weighted interval data.
The relevance of the task is due to the severity of the problem of
consolidating homogeneous data in order to obtain more accurate
and relevant information about the object or process under study.
Models have been developed that, unlike the existing ones, make it
possible a posteriori to take into account the accuracy of experts at
the preliminary stage of expert evaluation. A single analytical form of
the model for processing weighted interval and point estimates with
the possibility of structural and parametric tuning is proposed. It
allows one to increase the degree of automation of processing expert
assessments under conditions of interval uncertainty. Recommenda-
tions for the practical application of the proposed models have been
formulated. Options for parametric configuration of preference func-
tions were indicated depending on the characteristics of weighted
interval estimates. The commonality of the limiting cases of the
proposed models with previously known ones is proved. The exam-
ple shows the shift of the integrated assessment to the side of more
accurate assessments at the previous stage of source assessment. The
adaptability of the proposed models is illustrated. At the same time,
a slight, on average, about 10 %, expansion of the complexed interval
relative to the primary ones was registered. The built models and
algorithms can be used in automated expert systems, as well as in
cascade models of information processing and compression.

Keywords: predictive assessment, complexing, alternative data,
interval analysis, confidence probability.
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The objects of the research are the objects of monitoring of
groups of troops (forces). The relevance of the research lies in the
need for a comprehensive analysis of monitoring objects from several
sources of information. The results of the analysis show that the most
reliable and accurate information comes from aerial monitoring, or-
bital remote sensing of the Earth and radio monitoring. At the same
time, instrumental errors of radio monitoring devices do not allow
determining the location of sources of radio radiation with the accu-
racy necessary for localization (neutralization) of threats. A method
of integrating the results of radio monitoring and remote sensing of
the Earth has been developed. The essence of the proposed research
is the complex processing of monitoring results from various sources
of information extraction. The difference between the proposed
method and the known ones is that the specified method contains
the following improved procedures:

— taking into account the type of uncertainty about the state
of the monitoring object (complete uncertainty, partial uncertainty,
full awareness);

— carry out a multi-level analysis of the state of the monitoring
object according to 4 levels and 3 significant events;

— detection of a monitoring object as part of a group monitor-
ing object.

The use of the proposed approach to radio monitoring information
processing and monitoring using unmanned aerial vehicles/devices
of remote sensing of the Earth allows to reduce the time required for
deciphering aerospace images by at least 1.3 times. At the same time,
the accuracy of determining the coordinates will be limited by the
resolution of the equipment of unmanned aerial vehicles/ devices of
remote sensing of the Earth and is of the order of 0.5 m.

Keywords: complex monitoring, monitoring objects, a priori
uncertainty, remote sensing of the Earth, unmanned aerial vehicles.
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A computational method for matched filtration with analytical
profile of the blurred digital image of the investigated objects on
digital frames has been developed. Such «blurred» objects can be the
result of an involuntary shift of a fixed camera, an incorrect choice
of the mode of guiding the telescope (diurnal or object tracking) or
a failure of the diurnal tracking.

This computational method is based on the analytical selection
of the typical form of the object’s image, as well as on the choice of
special parameters for the transfer function of the matched filter for
the blurred digital image, which makes it possible to evaluate the
required parameters of the blurred digital image.

In addition, determining the number of Gaussians of the object’s
image makes it possible to perform the most accurate assessment
of the initial approximation of the parameters of their shape. Thus,
matched filtration makes it possible to highlight the investigated ob-
jects with a blurred image of a typical shape against the background
of substrate noise. Using the computational method of matched filtra-
tion makes it possible to improve the segmentation of images of refe-
rence objects on the frame and reduce the number of false detections.

The developed computational method for matched filtration
with analytical profile of the blurred digital image of the investigated
objects on the frames was tested in practice as part of the research of
the CoLiTec project. It was implemented in the intraframe processing
unit of the Lemur software for the operational automated detection of
new and observation of known objects with a weak brightness. Owing
to the Lemur software using and the proposed computational method
introduced into it, more than 500,000 measurements of the various
investigated objects were successfully processed and identified.

Keywords: matched filter, transfer function, OLS evaluation,
Gaussian, image processing.
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The object of current research is a multi-section transport
conveyor. The actual control problem of the flow parameters of
a multi-section conveyor-type transport system with a given control
quality criterion is solved. Algorithms for optimal control of the flow
of material coming from the input accumulating bunkers into the
collection section of the conveyor, ensuring the filling of the accu-
mulating tank in the minimum time were synthesized. An admissible
control of the material flow from the accumulating bunkers is found,
which allow filling the accumulating tank, taking into account the
given distribution of the material along the section of the collection
conveyor at the initial and final moments of the filling time with
minimal energy consumption. The synthesis of algorithms for opti-
mal control of the material flow from accumulating bunkers became
possible due to the determination of differential constraints in the
optimal control problem based on an analytical distributed model of
a transport conveyor section. The distinctive features of the results
obtained are that the allowable controls contain restrictions on the
maximum allowable load of material on the conveyor belt and take
into account the initial and final distribution of material along the
collection conveyor section. Also, a feature of the obtained results
is the consideration of variable transport delay in the transport con-
veyor control model. The application area of the results is the mining
industry. The developed models make it possible to synthesize algo-
rithms for optimal control of the flow parameters of the transport
system for a mining enterprise, taking into account the transport
delay in the incoming of material at the output of the conveyor
section. The condition for the practical use of the results obtained
is the presence of measuring sensors in the sections of the transport
conveyor that determine the belt speed and the amount of material
in the accumulating bunkers.

Keywords: PiKh model, speed control, transport delay, accumu-
lating bunker, similarity criteria.
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Predicting the function of proteins is a crucial part of genome

annotation, which can help in solving a wide range of biological
problems. Many methods are available to predict the functions of
proteins. However, except for sequence, most features are difficult
to obtain or are not available for many proteins, which limits their
scope. In addition, the performance of sequence-based feature predic-

tion methods is often lower than that of methods that involve multi-
ple features, and protein feature prediction can be time-consuming.
Recent advances in this field are associated with the development of
machine learning, which shows great progress in solving the problem
of predicting protein functions. Today, however, most protein se-
quences have the status of <uncharacterized» or «putative».



The need to assess the accuracy of identification of protein
functions is an urgent task for machine learning approaches used
to predict protein functions. In this study, the performance of two
popular function prediction algorithms (ProtCNN and BiLSTM)
was assessed from two perspectives and the procedures for building

these models were described.

As a result of the study of Pfam families, ProtCNN achieves an
accuracy rate of 0.988 % and bidirectional LSTM has an accuracy
rate of 0.9506 %. The use of the Pfam dataset allowed increasing the
classification accuracy due to the large training dataset. The quality
of the prediction increases with a large amount of training data.

The study demonstrated that machine learning algorithms can
be used as an effective tool for building protein function predic-
tion models, in particular, the CNN network can be adapted as an
accurate tool for annotating protein functions in the presence of
large datasets.

Keywords: protein function prediction, classification, neural net-
works, ProtCNN, bidirectional long short-term memory (BiLSTM).

References

1. Gabaldon, T., Huynen, M. A. (2004). Prediction of protein function
and pathways in the genome era. Cellular and Molecular Life Sci-
ences (CMLS), 61 (7-8), 930-944. doi: https://doi.org/10.1007/
s00018-003-3387-y

2. du Plessis, L., Skunca, N., Dessimoz, C. (2011). The what, where,
how and why of gene ontology--a primer for bioinformaticians.
Briefings in Bioinformatics, 12 (6), 723-735. doi: https://doi.org/
10.1093,/bib,/bbr002

3. Barrell, D., Dimmer, E., Huntley, R. P, Binns, D., O’Donovan, C.,
Apweiler, R. (2009). The GOA database in 2009--an integrated
Gene Ontology Annotation resource. Nucleic Acids Research, 37,
D396-D403. doi: https://doi.org/10.1093 /nar/gkn803

4. Piovesan, D., Giollo, M., Leonardi, E., Ferrari, C., Tosatto, S. C. E.
(2015). INGA: protein function prediction combining interaction
networks, domain assignments and sequence similarity. Nucleic Ac-
ids Research, 43 (W1), W134-W140. doi: https://doi.org/10.1093/
nar/gkv523

5. Boratyn, G. M., Camacho, C., Cooper, P. S., Coulouris, G., Fong, A.,
Ma, N. et. al. (2013). BLAST: a more efficient report with usabi-
lity improvements. Nucleic Acids Research, 41 (W1), W29-W33.
doi: https://doi.org/10.1093 /nar/gkt282

6. Stephenson, N., Shane, E., Chase, J., Rowland, J., Ries, D., Justice, N.
et. al. (2019). Survey of Machine Learning Techniques in Drug
Discovery. Current Drug Metabolism, 20 (3), 185-193. doi: https://
doi.org/10.2174,/1389200219666180820112457

7. Lobley, A. E., Nugent, T, Orengo, C. A., Jones, D. T. (2008). FFPred:
an integrated feature-based function prediction server for vertebrate
proteomes. Nucleic Acids Research, 36, W297-W302. doi: https://
doi.org/10.1093/nar/gkn193

8. Cozzetto, D., Minneci, F,, Currant, H., Jones, D. T. (2016). FFPred 3:
feature-based function prediction for all Gene Ontology domains.
Scientific Reports, 6 (1). doi: https://doi.org/10.1038 /srep31865

9. Jung, J., Yi, G,, Sukno, S. A., Thon, M. R. (2010). PoGO: Prediction
of Gene Ontology terms for fungal proteins. BMC Bioinformatics,
11 (1). doi: https://doi.org/10.1186/1471-2105-11-215

10. Torénen, P, Medlar, A, Holm, L. (2018). PANNZER2: a rapid
functional annotation web server. Nucleic Acids Research, 46 (W1),
W84-WS88. doi: https://doi.org/10.1093 /nar/gky350

11. You, R, Huang, X, Zhu, S. (2018). DeepText2GO: Improving
large-scale protein function prediction with deep semantic text
representation. Methods, 145, 82—90. doi: https://doi.org/10.1016/
j.ymeth.2018.05.026

12. You, R., Yao, S. Xiong, Y., Huang, X., Sun, F, Mamitsuka, H.,
Zhu, S. (2019). NetGO: improving large-scale protein function

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

21.

28.

29.

prediction with massive network information. Nucleic Acids Re-
search, 47 (W1), W379-W387. doi: https://doi.org/10.1093/
nar/gkz388

Kulmanov, M., Khan, M. A., Hoehndorf, R. (2017). DeepGO:
predicting protein functions from sequence and interactions using
a deep ontology-aware classifier. Bioinformatics, 34 (4), 660—668.
doi: https://doi.org/10.1093 /bioinformatics/btx624

Cai, Y, Wang, J., Deng, L. (2020). SDN2GO: An Integrated Deep
Learning Model for Protein Function Prediction. Frontiers in
Bioengineering and Biotechnology, 8. doi: https://doi.org/10.3389/
fbioe.2020.00391

Du, Z., He, Y., Li, J., Uversky, V. N. (2020). DeepAdd: Protein
function prediction from k-mer embedding and additional features.
Computational Biology and Chemistry, 89, 107379. doi: https://
doi.org/10.1016/j.compbiolchem.2020.107379

Zhang, F, Song, H., Zeng, M., Wu, E-X,, Li, Y, Pan, Y,, Li, M.
(2021). A Deep Learning Framework for Gene Ontology Annota-
tions With Sequence- and Network-Based Information. IEEE/ACM
Transactions on Computational Biology and Bioinformatics, 18 (6),
2208-2217. doi: https://doi.org/10.1109/tcbb.2020.2968882
Spalevi¢, S., Velickovi¢, P, Kovacevi¢, J., Nikoli¢, M. (2020). Hie-
rarchical Protein Function Prediction with Tail-GNNs. arXiv.
doi: https://doi.org/10.48550 /arXiv.2007.12804

LeCun, Y., Bengio, Y., Hinton, G. (2015). Deep learning. Nature,
521 (7553), 436—444. doi: https://doi.org/10.1038 /nature14539
Cao, R, Freitas, C., Chan, L., Sun, M., Jiang, H., Chen, Z. (2017).
ProLanGO: Protein Function Prediction Using Neural Machine
Translation Based on a Recurrent Neural Network. Molecules,
22 (10), 1732. doi: https://doi.org/10.3390 /molecules22101732
Jiang, Y., Oron, T. R, Clark, W. T.,, Bankapur, A. R., D’Andrea, D.,
Lepore, R. et. al. (2016). An expanded evaluation of protein function
prediction methods shows an improvement in accuracy. Genome
Biology, 17 (1). doi: https://doi.org/10.1186/513059-016-1037-6
Pearson, W. R. (2015). Protein Function Prediction: Problems and
Pitfalls. Current Protocols in Bioinformatics, 51 (1). doi: https://
doi.org/10.1002/0471250953.bi0412s51

UniProt: the universal protein knowledgebase (2016). Nucleic Acids
Research, 45 (D1), D158-D169. doi: https://doi.org/10.1093/nar/
gkw1099

Pfam 35.0 is released. Xfam Blog. Available at: https://xfam.word-
press.com/2021/11,/19 /pfam-35-0-is-released /

Bileschi, M. L., Belanger, D., Bryant, D., Sanderson, T., Carter, B,
Sculley, D. et. al. (2019). Using Deep Learning to Annotate the Pro-
tein Universe. bioRxiv. doi: https://doi.org/10.1101,/626507

Vu, T. T. D., Jung, J. (2021). Protein function prediction with gene
ontology: from traditional to deep learning models. Peer], 9, e12019.
doi: https://doi.org/10.7717 /peerj.12019

Abduljabbar, R. L., Dia, H., Tsai, P.-W. (2021). Unidirectional and
Bidirectional LSTM Models for Short-Term Traffic Prediction. Jour-
nal of Advanced Transportation, 2021, 1-16. doi: https://doi.org/
10.1155/2021,/5589075

Kurtukova, A. V., Romanov, A. S. (2019). Modeling the neural
network architecture to identify the author of the source code.
Proceedings of Tomsk State University of Control Systems and Ra-
dioelectronics, 22 (3), 37-42. doi: https://doi.org/10.21293/1818-
0442-2019-22-3-37-42

Deen, A., Gayanchandani, M. (2019). Protein Function Prediction
using SVM Kernel Approach. International Journal of Scienti-
fic & Engineering Research, 10 (7), 1995-2000. Available at: https://
www.ijser.org/researchpaper/Protein-Function-Prediction-using-
SVM-Kernel-Approach.pdf

Kingma, D. P, Ba, J. (2014). Adam: A Method for Stochastic Opti-
mization. 3 International Conference for Learning Representations.
San Diego. doi: https://doi.org/10.48550 /arXiv.1412.6980



DOTI: 10.15587 /1729-4061.2022.266262
DEVELOPMENT OF MATHEMATICAL MODELS OF
THE PROJECT-VECTOR SPACE OF EDUCATIONAL
ENVIRONMENTS (p. 50-61)

Andrii Biloshchytskyi

Astana IT University, Astana, Republic of Kazakhstan
Kyiv National University of Construction

and Architecture, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0001-9548-1959

Svitlana Tsiutsiura

Kyiv National University of Construction

and Architecture, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0002-4270-7405

Alexander Kuchansky
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-1277-8031

Oleg Serbin
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-3119-690X

Mykola Tsiutsiura

Kyiv National University of Construction

and Architecture, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0003-4713-7568

Svitlana Biloshchytska

Astana IT University, Astana, Republic of Kazakhstan
Kyiv National University of Construction

and Architecture, Kyiv, Ukraine

ORCID: https://orcid.org/0000-0002-0856-5474

Adil Faizullin
Astana IT University, Astana, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0001-5644-9841

Based on the analysis of scientific developments in the appli-
cation of project management methodology for educational envi-
ronment management, the application of the vector paradigm to
the construction of project management methodology in academic
environments is substantiated. The methodological concept of
project management in the educational environment is proposed,
and the conceptual basis of the methodology of project-vector man-
agement of educational environments is created. The theoretical
foundations of project-vector management of educational environ-
ments are developed. A mathematical model for managing projects
in educational environments has been developed, the originality of
which is ensured by representing the entities of projects, products,
tools and subjects of educational environments as the objects of
project-vector space, moving from the starting point (project origi-
nation) to its completion. The notion of the potential movement of
objects in the project-vector space (PVS) is introduced and used
in the mathematical model. The definition of unforced resistance of
PVS is given, the source of which is the regularity in the influence
of a significant number of objects and subjects of the project-vector
space on each other, which is present in most projects of educatio-
nal environments and hinders their implementation. The proposed
methodology creates a modern scientific and methodological basis
for the construction of project management systems in educational
organizations. The practical implementation of the results of the
research creates a basis for improving the efficiency and quality
of educational organizations due to a well-defined organization of
management procedures.

Keywords: project-vector methodology, project-vector space,
project management, educational environment.
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MOJEJI AZAIITUBHOTO KOMILVIEKCYBAHH 3BAJKEHUX IHTEPBAJIbHUX TAHUX ¥V 3ABJAHHAX
IMPEJIUKTUBHOTI'O EKCIIEPTHOTI'O OIITHIOBAHHS (c. 6-15)

I. B. Pyoan, I. I. Topeucokuii, I0. O. Pomanenkos, /1. C. Pesenko

Bupirmeno 3aBranns yI0CKOHATEHHS] METOANYHOTO T AJITOPUTMIYHOTO 3a0€3MEIEHHST POTIECY KOMIITIEKCYBAHHSI IIVISTXOM PO3POOKI MO-
Jiesiell aIaliTHBHOTO HAJIMIITKOBOTO KOMILIEKCYBAHHS 3BKEHUX IHTEPBATbHUX AaHuX. O6’€KTOM JOCIIIKEHHS € POIIEC KOMILIEKCYBAHHST iH-
TepBaNbHUX AHNX, OTPUMAHUX i3 IEKIIBKOX HE3AEKHIX JKEPEJT, TPEMETOM — areOpaiuHi MeTON HaIMIPHOTO KOMILTIEKCYBaHHST 3BasKEHNX
IHTEPBAJIBHUX JaHUX. AKTYaJIbHICTh 3aBAaHHs 00yMOBJIEHA TOCTPOTOIO TIPOOJIEMU KOHCOJIAAIT OHOPIAHUX JaHUX 3 METOIO 3100y TTst GiIbII
TOUHIIIOI Ta pesieBaHTHOT iHopMAIii mpo gociKyBanuii 06’exT abo mporec. Pozpobieno Moziedti, siki, Ha BiMiHY Bijl ICHYIOUHX, T03BOJSIOTH
aroCTePNOPHO BPaxyBaTH TOYHICTH €KCIEPTiB Ha MOTMepe[HbOMY eTalli eKCIIePTHOTO OIliHIOBAHHS. 3alPOIOHOBAHO €ANHY aHATITHYHY (HOpMYy
MoJIeTi 71 0OPOOKY 3BasKEHUX IHTEPBATIBLHUX I TOYKOBUX OI[HOK 3 MOJKJIUBICTIO CTPYKTYPHOTO i MapaMeTPHYHOTO HAJAIITYBaHHs. BoHa
N03BOJIsIE 3a0E3eYNTH TTABUIEHHS CTYTIEHIO aBTOMATH3allil 0GpOOKM eKCIIEPTHNX OIIHOK B yMOBax iHTepBaabHOI HeBusHaueHoCTi. Chop-
MYJIbOBAHO PEKOMEeH/AIlii 110/[0 TPaKTHYHOTO 3aCTOCYBAHH: 3allPOIIOHOBAHMUX Mojiesell. Bkasani BapianTi mapaMeTpuyHOrO HAJIANITYBAHHS
(byHKIIIH epeBaru B 3aI€KHOCTI Bil 0COOMMBOCTEN 3BasKEHNX IHTEPBAIBHUX OIIHOK. JIOBEIIEHO CHIIBHICTD IPAHUYHUX BUTIA/IKIB 3aIIPOTIOHO-
BaHKX MojieJiei 3 BitoMuMu pamime. Ha npukiazi mokasanuii 3cyB KOMILIEKCHPOBAHOT OIIHKK YOiK OI[IHOK TOYHININX HA MOMEPeHbOMY eTari
OI[IHIOBaHHsI JsKepesL. [IPOiTIOCTPOBOHO aallTUBHICTh MPOIIOHOBAHUX Mojieeil. [Ipu 1boMy 3adikcoBaHe He3HAUHE, Y CePefHbOMY OJIHM3bKO
10 %, pO3MIMPEHHS] KOMIIEKCUPOBAHOTO IHTEPBATY BIAHOCHO MEPBUHHUX. Po3pobienHi Mozmesi Ta alrOpuTMH MOKYTh OYTH BUKOPHCTAHI
B aBTOMATH30BaHUX EKCIIEPTHUX CHCTEMAX, & TAKOK Y KACKAJHUX MOJIEJISIX 0OPOOKH Ta CTUCHEHHS iH(pOopMaIrii.

Komo4oBi ciioBa: repeinKTHBHE OIIHIOBAHHST, KOMILJIEKCYBAaHHSI, aJITePHATHBHI JIaHi, IHTEPBAJIbHNIN aHai3, I0BipYa IIMOBIPHICTb.

DOI: 10.15587/1729-4061.2022.266276
PO3POBKA METO/TY KOMILIEKCYBAHHS PE3VJIBTATIB PAJIIOMOHITOPHHTY TA INCTAHITIITHOTO
30HIYBAHHS 3EMJII (c. 16-23)

M. A. Porosenp, C. C. Tauenko, I. JI. Paagisinos, 0. B. IIpiouace, P. M. Bosusik, M. B. [Topodees, B. C. fposuii, O. O. Ipebeniok,
1. JI. ikyc, 0. 1. Punain

OG6’exTOM JIOCIIKEHHS € 00’'€KTH MOHITOPUHTY yIPyHOBaHb BiificbK (CHT). AKTYaJbHICTh MOCTIPKEHHS TOJSATAE Y HeOOXIAHOCTI KOM-
MJIEKCHOTO aHaIi3y 00'eKTiB MOHITOPUHTY Bijl AEKIIbKOX jzKepes indopMaitii. PesynsraTi aHasiisy nmokasyioTh, 10 HalbGiIbII J0CTOBIpHA Ta
TouHa iHGbOpPMAIS HaZXOAUTH Bijl 3aCO0iB MOBITPSIHOTO MOHITOPHUHTY, OPOITABHIX 3aC06iB IUCTAHIIIHHOTO 30H/YBAHHS 3eMJIi Ta PagioMo-
HiTopunry. PazoM 3 TuM, iHCTpyMeHTAIbHI MOXUOKHU 3aCO6iB PajiioOMOHITOPUHTY He 03BOJISIOTH BU3HAYATH MICIEIIOJIOKEHHS JFKEPes Paio-
BUIIPOMIHIOBAHb 3 TOYHICTIO, HEOOXIAHOW IS JoKasizanii (HeliTpaisaiii) 3arpos. Po3po6ieHo MeTo/l KOMILIEKCYBAHHS PEe3yJIbTaTiB Pagio-
MOHITOPUHTY Ta AUCTAHIIHHOTO 30HLyBaH s 3eM/i. CyTHICTb 3aIPOTIOHOBAHOTO OCJIDKEHHS MOJISITa€ B KOMIIJIEKCHIN 00poOIIi pe3yJibraTiB
MOHITOPUHTY BiJl PI3HUX JiKepes uo6ysaﬂuﬂ indopmartii. BiqmiHHICTD 3aIIPOIIOHOBAHOTO METO/LY Bijl Bi/IOMUX B TOMY, 1110 3a3HAYCHUI METO/L
MICTUTh HACTYTIHI YIOCKOHAJICH]I MTPOIIE/YPH:

— BpaxyBaHHsI THII HEBU3HAYEHOCTI [IPO CTaH 06’ EKTY MOHITOPUHTY (ITOBHA HEBUSHAUEHICTH, YACTKOBA HEBIU3HAYEHICTD, [TOBHA OOI3HAHICTD );

— nposecTn GaraTopiBHEBMI aHAJ3 cTaHy 00’€KTY MOHITOPUHTY 3a 4 PIBHAME Ta 3 3HAKOBUM TIOMIISM;

— BUSIBJICHHS 00’€KTY MOHITOPHHTY B CKJIa/i IPYNIOBOr0 06’ €KTY MOHITOPUHTY.

3acTocyBaHHsI 3aMPOIIOHOBAHOTO MiAXOAY 00poOKY iH(MOpMAIii PajioMOHITOPUHTY Ta MOHITOPUHTY 3 BUKOPHCTAHHSAM OE3MJIOTHUX
JITAIBHUX anapariB/3aco6iB IUCTAHIIHHOrO 30HAYBaH s 3eMJI 03BOJISIE He MeHIe Hixk y 1,3 pasu cKOpoTUTH 4ac, HeoOXiAHuil 1ist jie-
mudpyBaHHs aePOKOCMIUHUX 3HIMKIB. [IpH IIbOMY TOUHICTH BUSHAYEHHST KOOPAMHAT Oyie 0OMEKYBATUCH PO3IIJIBHOK 3IATHICTIO arapaTypu
6e3IMTOTHIX JTATbHIX AlapaTis/3acobiB AMCTAHIIHHOTO 30HIyBAHHS 3eMJIi Ta CTAHOBUTD MOPSAKY 0,5 M.

Ki0uoBi ci0Ba: KOMIUIEKCHUIT MOHITOPUHT, 06'€KTH MOHITOPUHTY, allpiopHa HeBU3HAYEHICTh, AUCTAHIIIHE 30HyBaHHs 3eMJri, Gesri-
JIOTHI JIiITAJIbHI anlapaTu.
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PO3POBKA OBYUCJIIOBAJILHOTO METO/IY V3TOIKEHOT MIJIBTPAIIT 3 AHAJIITUYHO 3AJJAHUM IIPO®DLIEM
3MAIIIEHOI'O HU®POBOI'0O 30BPAYKEHH!I (c. 24-32)

C. B. Xznamos, B. II. Baacenko, B. €. Caanesuy, O. B. Bproxoseupkuii, T. O. Tpynosa, B. ®. Yeaombitsko, I. C. Tabakosa

P03p06iieHO 06UUCTIOBATILHUIT METO/ Y3TOIKEHOI (inbTpallii 3 aHAITHYHO 3a1aHuM TpodiieM 3MaeHoro udpPoBOTo 300pakKeHH
00’€KTIB, 10 JOCI/PKYIOThCsSI, Ha 1ndpoBux Kagpax. [TogibHi «3MamieHi» 00’'€KTH MOKYTh OYTH HACTIZAKOM MUMOBIJIBHOTO 3CYBY HEPYXOMOI
KaMepH, HEPABUJILHOTO BUGOPY PEKUMY BeJleHHsT Tesieckomna (1060Be BefieHHs abo BeleHHs 06’ekTa) a6o 36010 1060BOTO BEIEHHSL.

Januii 06unc/oBaabHUIT METO/ 3ACHOBAHUIT HA aHAMITHYHOMY BUOOPI THIIOBOI (hopmu 300pakeHHs 06'€KTIB, a TaKOK Ha BUOOPI ciie-
miaJIbHUX MapaMeTpiB repegaBaibHol GYHKILT y3ro/pKeHoro (hiibrpa Ajst 3MaIieHoro mudpoBoro 300paskeH s, 110 J03BOJISE BUKOHATH OIliH-
Ky HEOOXIJIHUX TIapaMeTPiB 3MAIIEHOTO 1I(POBOTrO 300PaKEHHSL.

Takosk BU3HAYEHHST KiTBKOCTI Tayccian 300pakeHHsi 06’€KTa T03BOJISIE BUKOHATH HAHOIIBII TOUHY OIMIHKY MOYaTKOBOTO HAGIIIKEHHS
napamerpis ix ¢opmu. TakuM 4nHOM, y3rojuKeHa (hiibrpailis 103B0JSE BUALIATA 00’ €KTH, 110 JOCAIKYIOThCS, 31 3MaIleHUM 300PaskeHHIM
THIOBOI (hOPMU Ha TJ1i IIYMY THAKTALKI. BIKOPUCTAHHS 0OUNCIIOBAIBHOTO METOAY Y3TOIKEHOT (iIbTpartii 03BOISIE MOKPAIUTH CeTMEHTa-
110 306pakeHHs OMOPHUX 00’€KTIB Ha Kajpi i CKOPOTUTH KiJIbKICTh MOMUJIKOBUX BUSABJIEHD.



Po3pobiiennii 06urCTIOBaIbHIIT METO/ Y3ro/pKeHol (DibTpallii 3 aHaITHYHO 3a/aHuM TIpodiieM 3MaleHoro nudpoBoro 306paKeHHst
00’€KTIB, 10 TOCHILKYIOThCS, Ha Kaapax OyB anpoboBaHuii HA TPAKTUIl B paMKax jgociimkensb mpoekty CoLiTec. Bin GyB BIpoBajuKeHwit
B GJI0II BHYTPINIHBOKAIPOBOI 06POGKM MPOrPaMHOTO KOMILIEKCY OTEPATUBHOTO aBTOMATH30BAHOTO BUSIBJIEHHS HOBHX 1 CYNPOBO/Y BiZIOMUX
006’ekTiB 3i cabkum Gimckom Lemur. 3aBsiku BUKOPUCTAHHIO TPOrPAMHOTO KOMILIEKCY Lemur Ta BIPOBA/KEHOTO B HBOTO 3aIIPOTIOHOBAHOTO
064NCIIOBATEHOTO MeTOAy OyJ10 yemimHo 06pobreno ta ototosxkueno noraa 500 000 BuMiproBanb pisHUX 06 €KTIB, MO TOCTIKYIOThCS.

KiouoBi caoBa: ysrojskenuii gpinsrp, nepenarna dynkiiis, MHK-ominka, raycciana, 06po6ka 306paskeHHsl.

DOI: 10.15587/1729-4061.2022.265770
VIOCKOHAJIEHHA METO/IIB OIMACY TPbOXBYHKEPHOTO 3BIPHOTO KOHBEMEPA (c. 33-41)

O. M. Iirnacruii, C. M. YepusiBcbka

OG6’e€KTOM ILOTO AOCITI/UKEHHS BUCTYIIAE GaraToCeKIiHHUIA TPAaHCITIOPTHIH KOHBeep. Bupinyerbes akTyanbHa mpobjiemMa KepyBaHHsI 10-
TOKOBHUMM TapaMeTpamMu 6araToceKiiiiHoi TpaHCIOPTHOI CHCTEME KOHBEEPHOTO THITY i3 3alaHUM KpUTEpieM SKocTi kepyBattst. CuHTe30BaHi
AJITOPUTMU ONTUMAJIBHOTO YIIPABJIHHS TTOTOKOM MaTepiay, [0 HaAXOAUTh 3 BXIIHUX aKyMYJIOIOUNX OyHKEPIB B 30ipHY CEKIit0 KOHBEEPa,
1110 320€3MeYyIoTh HAOBHEHHST HAKOMMYYBAIbHOTO pe3epByapa 3a MiHIMaIbHII Yac. 3HalIeH0 AOMyCTUMe KepyBaHHs TTOTOKOM MaTepiamry
3 aKyMYJIFOI0YNX OYHKEPIB, 110 03BOJISIOTH HATOBHUTU HAKOIINYYBAJILHUIL pe3epByap 3 ypaxyBaHHSIM 33]IaHOTO PO3IO/ILIY MaTePiany B3IOBK
cekIrii 30ipHOTO KOHBEEpPA B MOYATKOBHIT 1 KiHI[EBII MOMEHTH Yacy 3allOBHEHHsSI IPU MiHIMaJbHIX BUTpaTax eHepropecypciB. Cnnres ai-
TOPUTMIB OTITUMAIBHOTO YIIPABJIiHHSI MOTOKOM MaTepialy 3 aKyMyJIiol0unX GYHKEPIB CTaB MOKJIUBHUM Y 3B’SI3KY 3 BUSHAUEHHSIM 3aBIaHHS
ONITUMAJIBHOTO YIPABIiHHS AndepeHIiaTbHNX 3B’13KiB, 3aCHOBAHNX HA aHAJIITHYHIN PO3MO/ITEH I MOJIe/Ii CeKIlil TPAHCIIOPTHOTO KOHBEEpPA.
BiaMiHHUMI prcaMu OTPUMAHUX PE3YJIBTATIB € Te, 10 JOMYCTUMI YIPABIIHHS MIiCTSTh OOMEKEHHST Ha BEJTNYMHY IPAHUYHO TOMYCTHMOTO
HABaHTAKEHHsI MaTepialy Ha KOHBEEPHY CTPIUKY Ta BPAXOBYIOTbH I0OYATKOBHIA 1 KiHIIEBUIT PO3MOJLI MaTepiasy B3IOBK CEKIIii 36ipHOr0O KOH-
Beepa. OcoOMMBICTIO OTPUMAHNX PE3YJIBTATIB CJIiJI HA3BATH BPaXyBaHHs 3MIiHHOI TPAHCIIOPTHOT 3aTPUMKH MO/ YIPABJIIHHS TPAHCIIOPTHIM
kouBeepoM. Cdheporo 3aCTOCYBaHHS OJIEPIKAHIX PE3YJIBTATIB € TIPHUYOL00YBHA IIPOMUCIOBICTL. Po3pobJieHi Mojesi I03BOJISATh CHHTE3YBaTU
ITOPUTMHU OIITUMAJIBHOTO KePyBaHHs IOTOKOBUMH [apaMeTPaMy TPAHCIIOPTHOI CHCTeMH TiPHUY0A00YBHOTO MHMPUEMCTBA 3 YPaXyBaHHIM
TPAHCIIOPTHOI 3aTPUMKH HAJXO/KEHHS MaTepiaTy Ha BUXOJIi CEKIlii KOHBeepa. YMOBOIO TIPAKTUYHOTO BUKOPUCTAHHS OTPUMAHNX Pe3yJIbTaTiB
€ HAsIBHICTb y CEKIifAX TPAHCIOPTHOIO KOHBEEPA BUMIPIOBAJILHUX JAaTUMKIB, 1[0 BU3HAYAIOTh LIBUJKICTL CTPIUKU Ta KIJIbKICTb Marepiasy
B aKyMyJIIOI0YNX GYHKepax.

Kumouosi ciosa: PiKh-mozienn, kepyBatHst HMBUAKICTIO, TPAHCIIOPTHA 3aTPUMKa, aKyMYJIIOI0YHI OyHKep, KpUuTepii mogaiGHoCTi.

DOI: 10.15587/1729-4061.2022.263270
PEAJII3AIIISI MOJIEJIEIT MAIIIMHHOTO HABYAHHS /1711 BU3HAYEHHS BIJIITOBITHOI MO/IEJII IIEPE/IBAYEHHST
®OYHKIII BUIKIB (c. 42-49)

Yekaterina Golenko, Aisulu Ismailova, Anargul Shaushenova, Zhazira Mutalova, Damir Dossalyanov, Aliya Ainagulova,
Akgul Naizagarayeva

Tlepenbauentst hyHKITIN GIIKIB € BasKIMBOIO YACTMHOW AHOTAIlIl TEHOMA, sIKa MOJKE IOTIOMOTTH Y BUPIIIEHHI MPOKOTO CHEKTPY 6iooriv-
HUX 3aBJaib. [crye Gesniu MeToAiB nepeabadents GyHKIin 6inkis. OnHak, 3a BUHATKOM MOCJIIOBHOCTI, GIJIbIIICTD 03HAK BasKKO OTPUMATH
ab0 BOHU HEJOCTYIIHI JIJIst 6arathox OLIKIB, M0 00MEKY€E 00JacTh IXHBOTO 3acTocyBaHHs. KpiM Toro, eheKTUBHICTD METOMIIB TepenGayeHHs
03HAaK Ha OCHOBI TTOCJIOBHOCTEl 4acTO HIKYA, HisK Yy METO/IB, MO BKJIOYAIOTH JAEKIIbKA O3HAK, a TepefbadenHs 03HaK GiTKIB MOXKe 3a-
itmatn Garato yacy. OcraHHi ZOCSTHEHHsI B Iiil 06J1acTi IOB’sI3aHi 3 PO3BUTKOM MAIIMHHOTO HABYAHHS, 10 JIEMOHCTPYE BEJUKHUIl TIPOrpec
y BUpilIeHHI 3a/1a4i nepeabadeH s dyHKIii 6inkiB. OfHaK CbOTOHI OLIBITICTD OIIKOBUX TTOCAIZIOBHOCTEH MAIOTh CTaTyC «HEeXapaKTepHUX»
ab0 «IIPHUITYCTHMUX>.

Heo0bxianicTb otinku Tounocti igentndikanii GpyHkiiii GiIkiB € akTyaibHUM 3aBJaHHAM METO/IB MAIIMHHOTO HABYAHHSL, 1110 BUKOPUCTO-
BYIOThCS JUIsI Tiepeibaderst hyHkitii 6iikis. B gamomy pocikernni orinioBasacst eheKTUBHICTD BOX MOIMYJISIPHAX aITOPUTMIB Tiepebaden-
nst Gyukiiin (ProtCNN i BILSTM) 3 1BOX TOUOK 30Dy, Ta GyJIM ONucaHi IpoIeAypu moOyI0BY IIUX MOJEeii.

B pesyabrati ocaipkenns cimeiicts Pfam, ProtCNN gocsirae tounocti 0,988 %, a aBonanpasiera LSTM mae tounicts 0,9506 %. Buko-
pucTants Habopy AaHux Pfam 103BOJIIIIO MABUINUTY TOUHICTH Kaacudikailil 3a paXyHOK BEJIMKOTO HAOOpY HaBYaIbHKUX AaHuX. [Ipu Beanko-
My 00CsI31 HABUAIBHUX JIAHUX SIKICTD HepeadadeHHs 3011bIIyEThCs.

JlocnizzkenHs 1MoKa3alio, 1o alrOPUTMHU MAIIMHHOTO HABYAHHS MOXKYTh BUKOPUCTOBYBATHUCS B IKOCTI e)eKTUBHOTO iHCTPYMEHTY /LIS T10-
6y noBU Moziesiel TPOrHo3yBaHHs DYHKILH GinkiB, 30kpeMa, Mepeska CNN Mozke 6y TH a[alTOBaHa B IKOCTI TOYHOTO IHCTPYMEHTY JJIsT AHOTAII|
ymkmiit 6i7KiB 3a HASTBHOCTI BETMKUX HAOOPIB TAHNX.

KimouoBi cioBa: nepeaGadenss GyHkiiii 6iikis, kaacudikaiiis, neiiponni mepeski, ProtCNN, aBoHanpasjiena 10Bra KOpOTKOCTPOKOBa
nam’sith (BiLSTM).

DOI: 10.15587/1729-4061.2022.266262
PO3POBKA MATEMATUYHUX MOJIEJIEIT IPOEKTHO-BEKTOPHOTO ITPOCTOPY OCBITHHOTO
CEPEJIOBHIIIA (c. 50-61)

A. O. Binomunpkuii, C. B. Iromopa, O. 10. Kyuanceknii, O. O. Cep6in, M. 1. Ilromiopa, C. B. Bitomuuska, Adil Faizullin

Ha ocHOBI aHasizy HayKOBUX PO3POOOK y Taxy3i 3aCTOCYBaHHs METOIOJIOTII YIIPABJIHHSI POEKTAMU ISl YIPABJIIHHS OCBITHIM cepeno-
BUIIEM OOTPYHTOBAHO 3aCTOCYBAHHS BEKTOPHOI TTAPaUTMI 0 TIOOYIOBH METOOJIOTIT YIIPABIIHHS TPOEKTAMI B aKa[IEMITHOMY CEPETOBHIII.
3alpoNoHOBAHO METOOJIONTYHY KOHIIEIII0 IIPOEKTHOTO YIIPABJiHHSI B OCBITHHOMY CEPEIOBHUII Ta CTBOPEHO KOHIENTYAJIbHY OCHOBY Me-
TOZOJIOTIT MPOEKTHO-BEKTOPHOTO YIIPABJIIHHSI OCBITHIM cepefoBHIeM. Po3po6IeHO TeOpeTHYHI 3acay TPOEKTHO-BEKTOPHOTO YIPABJiHHS
ocBiTHIMU cepeoBuiiiami. Po3po6iieHo MaTeMaTHYHy MOZeIb YIPaBJiHHS MPOEKTaMK B OCBITHIX CepeloBUINAX, OPUTIHAJIBHICTD SKOI



3a0€e31eUy€EThCS 3a PaXyHOK MPEJCTaBIeHHsI CYyTHOCTEH MPOEKTIB, MPOAYKTIB, IHCTPYMEHTIB Ta cy0'€KTiB OCBITHIX CepeOBMIN Y BUIJIALL
00’€KTIB ITPOEKTHO-BEKTOPHOTO MTPOCTOPY, 110 MEPEMIIyIOThCS 3 BUXIHOI TOUYKK (TIPOEKT BUHUKHEHHsI) 10 HOTo 3aBepiieHHs. Beexeno ta
BUKOPHCTAHO B MaTeMaTUYHiiT MOZeJIi TIOHATTSI TIOTEHIIHHOTO pyxXy 06'€KTiB y 1poekTHO-BekTopHoMy Tpoctopi (ITBIT). [lano BusHaueHHs
HeBUMYIIEHOTo onopy TIBII, 15KepesioM sIKOTO € 3aKOHOMIPHICTh BIIUBY 3HAUHOI KIJIbKOCTI 06’€KTIB Ta cy(’€KTiB MPOEKTHO-BEKTOPHOTO TPO-
CTOPY OIMH Ha OJHOTO, TIPUCYTHS y OIIBIIOCTI IPOEKTIB OCBITHIX CEPENOBHII Ta MEPEIIKO/UKAE iX peasizalil. 3arpomoHOBaHa METOIOIOTIS
CTBOPIOE CYYacHy HayKOBO-METOAMYHY Gady /Uit MOOYI0BU CHCTEM YIIPaBJIiHHS POEKTaMK B OCBITHIX opramizaiisx. [IpakTuuna peasisaitis
Pe3yJIBTATIB OCII/IKEHHS CTBOPIOE MiATPYHTS /IS Ii/IBUIIEHHST e()eKTUBHOCTI Ta SIKOCTI /IiS/IBHOCTI OCBITHIX OpraHisaiiiii 3a paxyHOK 4iTKOI
opramisaiii ypaBriHCbKUX MTPOIELYP.
Kmo4oBi ciioBa: 1poeKTHO-BEKTOPHA METO/I0JIOTs, IIPOEKTHO-BEKTOPHUIL ITPOCTIP, YIIPABJIIHHS IIPOEKTaMHU, OCBITHE Ccepe/IoBHIILE.



