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The object of this study is the process of removing cloudiness
on optical space images. Solving the cloudiness removal task is an
important stage in processing data from the Earth remote prob-
ing (ERP) aimed at reconstructing the information hidden by these
atmospheric disturbances. The analyzed shortcomings in the fusion
of purely optical data led to the conclusion that the best solution
to the cloudiness removal problem is a combination of optical and
radar data. Compared to conventional methods of image processing,
neural networks could provide more efficient and better performance
indicators due to the ability to adapt to different conditions and
types of images. As a result, a generative adversarial network (GAN)
model with cyclic-sequential 7-ResNeXt block architecture was con-
structed for cloud removal in optical space imagery using synthetic
aperture radar (SAR) imagery. The model built generates fewer ar-
tifacts when transforming the image compared to other models that
process multi-temporal images.

The experimental results on the SEN12MS-CR data set demon-
strate the ability of the constructed model to remove dense clouds
from simultaneous Sentinel-2 space images. This is confirmed by the
pixel reconstruction of all multispectral channels with an average
RMSE value of 2.4 %. To increase the informativeness of the neural
network during model training, a SAR image with a C-band signal is
used, which has a longer wavelength and thereby provides medium-
resolution data about the geometric structure of the Earth’s surface.
Applying this model could make it possible to improve the situation-
al awareness at all levels of control over the Armed Forces (AF) of
Ukraine through the use of current space observations of the Earth
from various ERP systems.
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The object of this research is to develop a data-efficient pipe-
line for the detection of atrial septal defects (ASDs) using echo-
cardiographic images. ASDs are common congenital heart defects
that can lead to serious health issues if not diagnosed early. Rising
mortality rates due to undetected ASDs highlight the urgent need
for improved diagnostic methods. To address the problem of limited
annotated medical data hindering accurate detection models, this
study fine-tuned the SegFormer model for precise segmentation

of cardiac structures in echocardiography images, focusing on the
four-chamber heart view essential for ASD detection. By integrat-
ing SegFormer with the YOLOv7 detection model, known for real-
time object detection, the ASD regions within the segmented heart
structures were accurately identified. This cross-referencing ensures
anatomically accurate diagnoses and reduces false positives. The
study results demonstrate that despite limited data, the integrated
method achieves high accuracy and speed, outperforming traditional
models. This improvement is explained by the synergy between Seg-
Former’s transformer-based segmentation and YOLOV7’s efficient
detection capabilities. The distinctive feature of our approach is the
successful integration of these models in a data-efficient manner,
enabling effective ASD detection even with scarce data. The scope
of practical use includes deployment in clinical settings with limited
resources, requiring only echocardiographic equipment and basic
computational resources. By providing clinicians with a reliable
tool for ASD detection, the study supports timely interventions in
pediatric cardiology, ultimately improving patient outcomes and
enhancing care consistency.

Keywords: deep learning, SegFormer, echocardiography, image
segmentation, YOLOv7, data augmentation.
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The object of the research is the application of deep learning al-
gorithms using an improved mathematical lossless image compression
method for recognizing and identifying dead trees in aerospace images.

The main problem that has been solved is the archiving of images
due to their large volume on disk and the possibility of their further
processing by deep learning methods such as convolutional and cap-
sule neural networks, which have shown high efficiency and accuracy
in image recognition and classification tasks using the proposed new
image compression method.

The article presents a comparative analysis of the performance of
three YOLO (You Only Look Once) models with different types of
architectures, such as YOLOv5, YOLOv7 and YOLOVS, to assess the
effectiveness of their work for the task of recognizing aerospace tree
images obtained from satellites, drones, and aircrafts.

Comprehensive analysis of YOLO models presents that model
YOLO v8 turned out to be most effective with a positive accuracy
of 88.2 %, a recall of 77.4 %, and a mAP50 score of 87.2 %. More-
over, the average detection time was only 0.052 seconds for each
image, even though the model size remains very small — 21.5 MB.
These results suggest a much better usage of time and precise



identification of dead trees, and classified targets with high ef-

ficiency.

From the research, there is significant prospects of global forest

management especially on forest reduction and protection of eco-

systems through accurate assessment on the health of forestry. The

proposed approach is universal and can be used in real life conditions,

providing a good compromise of the speed, accuracy and resources

required for forest monitoring and management.

Keywords: YOLO model, image compression, computer vision,

forest management, deep learning.
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The object of this study is the analysis of questionnaire data
using ontological modeling. The task relates to the fact that con-
ventional methods for processing questionnaire data are often insuf-
ficiently effective when working with large volumes of information
and do not make it possible to automate many analysis processes.

As aresult of the study, an ontology was designed that structures
and analyzes questionnaire data, which allows for a more accurate
identification of hidden relationships between variables. Using these
theoretical provisions, an information system for assessing the qual-
ity of assimilation of preschool children’s competencies was built.

150 children from various preschool organizations were involved in
the study as respondents. The data integration method proposed in
this paper significantly facilitated the process of data analysis both
for a group and for an individual respondent.

The key difference of the proposed methodology is the automa-
tion of routine data analysis operations based on the ontological
structure, which significantly simplifies the processing of large vol-
umes of information. This makes it possible to solve the problem of
limitations in conventional analysis methods and makes data analy-
sis more scalable and reproducible.

The practical application of the results is possible in market-
ing for analyzing customer satisfaction, market segmentation,
and evaluating the effectiveness of advertising campaigns. In the
educational domain, the ontology could be used to evaluate the
quality of programs and analyze respondents’ opinions, and in
sociology — to analyze public opinion and conduct research on
social phenomena.

Thus, the proposed ontology provides an effective tool for ana-
lyzing large volumes of questionnaire data, allowing organizations to
make more informed decisions and improve their efficiency.

Keywords: ontological modeling, questionnaire data, data inte-
gration, automation of decision-making systems, questionnaire data
analysis, preschool education.
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The object of the study is context-aware phrase representations.
The growing need to automate candidate recruitment and job rec-
ommendation processes has paved the way for the utilization of text
embeddings. These embeddings involve translating the semantic
essence of text into a continuous, high-dimensional vector space.
By learning context-aware rich and meaningful representations of
phrases within the human resource domain, the efficacy of similarity
searches and matching procedures is enhanced, which contributes

to a more streamlined and effective recruitment process. However,
existing approaches do not take into account the context when mod-
eling phrases. This necessitates the improvement of information
technology analysis in this area. In this paper, it is proposed to mark
the beginning and end of phrases in the text using special tokens.
This made it possible to reduce the requirements for computing
power by calculating all phrase representations present in the text
simultaneously. The effectiveness of the improvement was tested
on a new dataset to compare and evaluate the models in the task of
modeling phrases in the field of human resources management. The
proposed approach to modeling phrase representations with regard
to context in the field of human resources management leads to
an improvement in computational efficiency by up to 50 % and an
increase in accuracy by up to 10 %. The architecture of the machine
learning model for creating context-aware phrase representations is
developed, which is characterized by the presence of blocks for tak-
ing into account phrase boundaries. Experiments and comparisons
with existing approaches have confirmed the effectiveness of the
proposed solution. In practice, the proposed information analysis
technology can be used to automate the process of identifying and
normalizing candidates’ skills in online recruiting

Keywords: natural language processing, large language models,
text embeddings, information retrieval
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The design and operation of modern dispatch control systems
for pumping units involves comprehensive solution to separate engi-
neering, technical, and scientific problems.

The object of research is information processes enabling the
operational modes of electrically driven pumping units at water
pumping stations.

This paper solves the scientific and technical task related to de-
veloping topology, hardware, and software tools, control algorithms,
dispatch interface, and researching the modes of operation of pump-
ing units in dispatch control systems at water pumping stations.

Algorithms for controlling pumping units have been implement-
ed, the advantage of which is the possibility of automated calculation
of parameters for technological PID-controllers, taking into account
the current electrical parameters of the frequency-controlled electric
drive of pumping units and operating conditions.

The WEB-oriented dispatch interface of the SCADA-based
pumping unit control system was designed and tested, which enables
control process in real time.

Features of the developed dispatch control system are improved
topology, expanded functionality, energy-saving control modes, and
the possibility of further modernization based on the principles of
standardization and unification of hardware and software tools and
design procedures.

The developed dispatch control system for pumping units at
water pumping stations has been implemented and is successfully
operated at an industrial water supply enterprise.



The results provided for an increase in technical and economic

indicators during the operation of technological equipment due to

the efficiency of control and management procedures, energy-saving

operational modes of the frequency-controlled electric drive of

pumping units.

Keywords: water supply, topology, pump unit, PLC, SCADA,

TIA Portal, Sinamics, PID.
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The object of the study is effective well cleaning during drilling.
The subject of the study is the development of a machine learning
model based on a neural network for predicting the optimal mini-
mum drilling fluid flow rate. The challenge is the need to improve
well cleaning efficiency to prevent stuck pipes and the associated
downtime and costs.

During the study, a neural network model was developed and
tested to predict the minimum flow rate for cleaning wells. The mod-
el was trained and tested on data showing its high accuracy and reli-
ability. The mean square error (MSE) reached 0.019169 for LSTM

and 0.0828 for GRU, indicating the accuracy of the predictions. Neu-
ral network architectures such as Long-Short Term Memory (LSTM)
and Gated Recurrent Unit (GRU) were used to efficiently process
time series of data and consider long-term dependencies.

The results are explained using advanced neural network archi-
tectures and machine learning algorithms, which made it possible
to achieve good accuracy of predictions. These architectures enable
efficient model training on large amounts of data, allowing complex
dependencies and influencing factors to be considered.

Distinctive features of the results include good accuracy of pre-
dictions and the ability to use the model in real-world conditions.
The model demonstrates good performance and reliability in predict-
ing the minimum flow rate.

The results of the study can be used to optimize the processes
of well drilling. Practical applications include using the model to
predict the optimal minimum flow rate in various conditions, which
will reduce the risks of stuck pipes and increase the efficiency of
drilling operations. The model can be integrated into existing moni-
toring and control systems for drilling processes to improve their
performance.

Keywords: well drilling, hole cleaning, pipe sticking prevention,
neural network, machine learning, minimum flow rate.
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The object of this researching is the process of maneuvering a
sea-based vehicle under compressed conditions, which requires one
hundred percent reserve of thrusters (THRs) of various modifica-
tions and locations. The main problem is the provision of energy-
efficient control over the ship’s motion at low speed in the horizontal
plane using a high-level predictive controller. The hierarchy of the
motion control system (MCS) is usually divided into several levels
with the help of a high-level motion controller and the THR motor
control distribution algorithm. This allows for a modular software
structure where a high-level controller (HLC) can be designed
without using comprehensive information about the THR motors.
However, for a certain reference of THR configurations, such a de-
coupling can lead to reduced control performance due to the limita-
tions of HLC regarding the physical constraints of the vessel and the
behavior of MCS.

The main results of the researching are methods to improve
control performance using a nonlinear model predictive con-
trol (MPC) as a basis for the designed motion controllers due
to its optimized solution and ability to consider constraints. A
decoupled system was implemented for two simple motor tasks
showing dissociation problems. The shortcomings were elimi-
nated through the development of a nonlinear MPC controller,
which combines the motion controller and the distribution of
control over THR motors. To preserve the discrete modularity of
the control system and achieve adequate performance, a nonlinear
MPC controller with time-varying constraints was designed. This
has made it possible to take into account the current limitations
of the THR control system, increase the accuracy of control, and
reduce the response time of the system by 10 %.

Keywords: propulsion system, predictive control, distributed
system, high-level controller.
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This study focuses on developing a mathematical model for pre-
cise control and stabilization of unmanned aerial vehicles (UAVs)
in various spatial conditions. Addressing the problem of achieving
precise control and stability, the proposed solution designs a control
system based on a linear-quadratic controller (LQR) and simulates
it using a proportional-derivative (PD) controller implemented in
Matlab/Simulink. The results demonstrate high precision and sta-
bility in controlling the UAV motion parameters — roll, pitch, yaw,
and altitude. This important level of performance is achieved due
to the adaptivity of the LQR-based control system, which optimizes
control actions according to the unsteady dynamics of the UAV.
The integration of the PD controller improves responsiveness and
stability, providing precise motion control over a range of spatial
states. These features effectively solve the problem by handling the
complex dynamics of the UAV and providing precise control. The
results are explained by the ability of the LQR to provide optimal
control laws that minimize deviations using a quadratic cost func-
tion, while the PD controller quickly corrects errors and responds
to disturbances. The benefits of this approach include a significant
reduction in control errors by about 25-30 %, increased response
speed to external disturbances, and reduced computational latency
due to efficient processing compared to more resource-intensive
methods such as model predictive control. The developed math-
ematical model can be applied in practice in conditions requiring
robust real-time control and adaptation to dynamic changes in
the environment. It is especially suitable for industries such as
logistics, surveillance, and environmental monitoring, providing
an effective and optimal solution for stabilizing and controlling the
motion of UAVs in various spatial states. This approach improves
the performance of UAVs and expands their capabilities in various
operating conditions.

Keywords: unmanned aerial vehicle, mathematical model,
linear-quadratic regulator, proportional-derivative, control and
stability.
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BUJOAJEHHA XMAPHOCTI HA OIITUYHUX KOCMIYHUX 3HIMKAX 3A I0OIIOMOI'OIO MOZIEJII
TEHEPATUBHUX 3MATAJIbHUX MEPEJK 3 BUKOPUCTAHHAM SAR-3HIMKIB (c. 6-12)

M. II. Pomanuyk, A. A. 3aBaga, O. M. Haymuak, JI. M. Haymuax, I. I'. Komesa

OG’€KTOM TaHOTO JOCTIUKEHHS € TPOIeC BUAAJIEHHS XMapPHOCTI HA ONTUYHAX KOCMIYHMX 3HIMKaxX. PO3B'I3aHHS 3aBIaHHS BUIATECHHS
XMapHOCTI € BasKJIMBUM eTarioM 00poOKH JaHuX AucTaHiiiinoro sonaysania 3emui (J133), cipsMoBaHuM Ha PEKOHCTPYKIIiO iHdopMariii,
MPUXOBAHOI MU aTMochepHnME 30yperHsiMu. [IpoanasizoBani HeOMIKI 3IUTTSI CYTO ONTHYHUX JTAHNX TIPU3BEJN 10 BICHOBKY, IO Hafi-
KpaliuM BUPINICHHAM MPoOJeMI BUAAJICHHS XMAPHOCTI € TTOEAHAHHA ONTUYHUX Ta PaAioJoKaliinux ganux. ITopiBHAHO 3 TpaaumiiHuMn
MeTosaMi 06po6KH 306paskeHb GLbI eeKTUBHO i Kpallli MOKa3HIUKI BUKOHAHHS 3aB/IaHHsT 3a0e31eyaTh HeHPOHHI Mepesi 32 PaXyHOK MOXK-
JIMBOCTI aJIalTyBaTUCS JI0 PI3HUX YMOB Ta TUTIB 300pakennb. B pesyssrari GyJia po3podiiena MoJIesb reHepaTnBHO-3Maraabuol mepeski (GAN)
3 apxXiTeKTypolo LUKJIiuHO-1ocai1oBHOro 7-ResNeXt GJIOUHOTO JI/IA BUIAJICHHS XMap Ha ONTHYHUX KOCMIYHUX 3HIMKAX 3 BUKOPUCTAHHIM
300paskeHHs pajgapa 3 cuHTe30BaHoIo aneprypoio (SAR). Pospobiena Mojesb cTBOPIOE MeHIe apTedakTiB pU IePeTBOPEHH] 3HIMKY B TI0-
PIBHSIHHI 3 IHIIUMU MOJIE, 10 0OPOOIAIOTh MyIETUYACOBI 3HIMKH.

Otpumani pesyasrati ekcriepumenty Ha Habopi ganux SEN12MS-CR aeMOHCTPYIOTh 37aTHICTh PO3POOICHOT MOJIENI BUIAJISATH IyCTi
XMapy 3 OJJHOYACOBHUX KOCMIYHMX 3HIMKIB Sentinel-2. Ile miATBep/KYETHCS PEKOHCTPYKINEIO MIKCENIB BCIX 6araTOCIEeKTpaIbHUX KaHATIB
3 cepennim 3HavernssiM RMSE 2.4 %. s nigsuinents indopMaTHBHOCTI HEHPOHHOI MepeKi ITi/l Yac HaBYAHHs MOJIEJi BUKOPHCTOBYETHCS
SAR-31iMOK 3 curianoM C-zianasomy, skuii Mae OiIbIITy ZOBKUHY XBUJIb | THM CAMUM HaJla€ ati cepeiHboi pO3Pi3HEHHOCTI TIPO TeOMeTpuY-
HY CTPYKTYPY 3eMHOI [OBepxHi. BUKopucrants ganoi Mojiesii 1acTh MOKJIUBICTD MiIBUIUTH CUTYAIiHY 06i3HAHICTD BCIX PIBHIB yIIPaBJIiHHS
36poiinux Cusr Ykpainu 3a paxyHOK BUKOPUCTAHHS aKTyaJbHUX KOCMIYHUX CIIOCTEPEKeHb 3eMi Bijt pistux cucrem /133.

Kimo4oBi cioBa: gucTanifiiine 30H1yBaHHsI, PEKOHCTPYKIIisT 300paskeHb, BUAAIEHHS XMap, TeHePaTHBHA 3MaraibHa MepesKa.
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PO3POBKA EOEKTUBHUX HABYAJIbHUX METO/IIB JJ11 BUABJEHHS TA CETMEHTAIIIE MOJIEJIEI IIPU
AHAJI3I IE@EKTY MIXKITIEPECEP/THOI ITEPETOPO/IU (c. 13-23)

Sabina Rakhmetulayeva, Baubek Ukibassov, Zhandos Zhanabekov, Bolshibayeva Aigerim

MeTo10 1BOTO JOCTIZKEHHsT € Po3poOKa e(heKTUBHOTO KOHBEEpa JIst BUsBJIEHHS HedeKTiB Mikiepeacepanoi neperopoaku (JIMIT) 3a
JIOTIOMOTOI0 exoKapaiorpadiunmux 306paskenn. JIMII — 1e nommpeni BpozKeHi Bagyu ceplist, IKi MOKYTb NPU3BECTH 10 CEPHO3HUX TIPOOIIeM
31 37I0POB’sIM, SKIIO iX He AiarHoCcTyBaTH BYACHO. 3POCTaloui MOKA3HUKU CMEPTHOCTI BHACTiAOK HeBuABaennx /I MII minkpecsioioTs Haraabimy
HOTpC6y y BIOCKOHAJIeHHI MeTo/tiB AiarHoctuk. 11106 BupinmTi npo6J1eMy 00MEeKEHNX aHOTOBAaHUX MEJMYHUX JIAHUX, SIKi IEPEITKO/KAIOThH
TOYHUM MOJIEJISIM BUSIBJIEHHSI, Y 1[bOMY [OCJi/KeHHI OyJI0 HAMAIITOBAHO MOziesib SegFormer /7ist TOYHOT cerMeHTallii cepieBux CTPyKTYp Ha
exokapiorpahiyHuX 300paKEHHSX, 30CEPEANBIINCH HA YOTUPUKAMEPHOMY BUTJISI cepiisd, HeoOXignomy muist Busisiaenus IMII. 3asasaku
inrerpanii SegFormer 3 mogesnio BusiBaenns YOLOV7, BifomMoio i BUsBJIeHHs 00'€KTiB y peaibHoMy yaci, obmacti JIMII y cermenToBanux
CTpPYKTYypax cepiist Oy Touro izentrdikosani. Ile mepexpecte nocusanms 3abesnedye aHaTOMIYHO TOYHI JIarHO31 Ta 3MEHIIY€E TIOMUIKOBI
CIIPAIbOBYBaHHsI. Pe3ysIbraT I0CTiPKEHHST JIEMOHCTPYIOT, 1110, HE3BAKAIOUK Ha 0OMEKeHI JlaHi, iIHTerpoBaHiil METO/I I0CSTAE BUCOKOI TOY-
HOCTI Ta MIBUKOCTI, TIepeBepITyIoYn TPaAUIiiiHi Mozeri. [le mokpalens noscHIOEThCS CHHEPTIEI0 MiXK TPAaHC(HOPMATOPHOIO CETMEHTAITI €10
SegFormer i edpextuBauMm MoxkauBocTaMn BusBaenas YOLOvV7. Biaminnoto prcoio HAaImoro miiXoy € yCIiliHa inTerparis iux Mojesei y
c110ci6, epeKTUBHUIT U1 TaHKX, 10 103BoJAE edekTuBHO BusBaaTn [IMII naBith 3a oOmexenux ganux. Chepa NpakTHIHOTO BUKOPUCTAHHSA
BKJIIOYAE PO3TOPTAHHS B KJIIHIYHIX YMOBAX 3 OOMEKEHIMI PECYPCaMu, IO BIMArae JInlie exoKapaiorpabiyHoro obiaiHanHst Ta OCHOBHIX
obuncoBanbHUX pecypcis. Hagawoun kiaiHinmeram HagiiiHuil iHcTpyMenT atst BusiBaeHns JIMII, nocipkeHHs MATPUMY€E CBOEUaCHe BTPY-
YAHHS B MeiaTPUYHY Kap/ioJIoriio, B KIHIIEBOMY MiZICYMKY MOKPAILYIOYN Pe3yJIbTaTH MAIi€HTIB i TiBUILYIOUN TIOCTiIOBHICTD JIKYBAHHS.

Kiouosi cioBa: rimboke napyantst, SegFormer, exokapauiorpadist, cermenrartist 3o6paxkerntst, YOLOV7, 36i/bIeHHsT TaHIX.
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MOPIBHAHHS MOJIEJEM INIMBOKOTO HABYAHHA /1711 BUSIBJIEHHS XBOPUX JIEPEB 3A JIOIIOMOTOIO
AJITOPUTMY CTUCHEHHS 3OBPAKEHD (c. 24-35)

Asiya Sarinova, Leila Rzayeva, Gulnara Abitova, Alimzhan Yessenov, Ansar Sansyzbayev, Yerassyl Omirtay

O06'eKTOM JIOCIIJIKEHH ST € 3aCTOCYBAHHSI AITOPUTMIB IIIMOOKOT0 HABYAHHS 3 BUKOPUCTAHHSM yJIOCKOHAICHOTO MATEMATHYHOTO METO/LY

CTUCHEHHS 300pakeHb 6e3 BTpaT [UIs po3MisHaBaHHs Ta igeHTndikanii 3arubamx 1epeB Ha aePOKOCMIYHIX 3HIMKaX.




OcHoBHOW IPo6IeMOI0, siKa OyJia BUpIllleHa, € apXiByBaHHs 300pakeHb uepes iX BeJMKUiA 06’'eéM Ha AMCKY Ta MOKJIUBICTD iX MOAAIBIIOL
06po6KK MeToaMu TIIMGOKOTO HABYAHHS, TAKMUME sIK 3TOPTKOBI Ta KarcyJbHi HEHPOHHI MepesxKi, siKi MOKa3alu BUCOKY eeKTUBHICTb Ta
TOYHICTH ¥ 3aBAAHHSX PO3IMi3HABAHHS Ta Kaacubikarrii 306pakeHp 3a IOMOMOTOIO 3aIIPOTIOHOBAHOTO HOBOTO METOY CTUCHEHHST 300paKeHb.

¥ crarri npezicTaBieHuil MOPiBHAIBHII aHAJI3 TPOYKTUBHOCTI TppoX Mozeseit YOLO (Bu nuBurecs e pas) 3 pisHUME THIIAME ap-
xitektyp, Takux Sk YOLOvS5, YOLOv7 i YOLOVS, i otinku epeKTUBHOCTI iX poOOTH B 3aBAaHHi PO3ITi3HABAHHS a6POKOCMIYHIX 300pakeHb
JIEPEB, OTPUMAHMX i3 CYIYTHUKIB, OE3MIJIOTHUX JITAIbHUX allapaTis i JiTakis.

Beebiunmii anasniz mogeneit YOLO nokasas, mo Mogenb YOLO v8 BusiBuiiacs Hait6iibin e(heKTUBHOIO 3 MO3UTUBHOI TOUHICTIO 88,2 %,
vyiinicTio 77,4 % i onirkoio mAPS50 B 87,2 %. Binbiite Toro, cepenniii yac BusiBernst cranoBus Jjuiie 0,052 cekyH/M 71T KOKHOTO 300paskeH-
H$, HE3BAKAIOUH HA Te, 110 PO3MID MO 3amumaeTbest ayske maium — 21,5 MB. I1i pesysibratu ¢Big4aTh 1po HaGaraTo Kpaiie BUKOPUCTAHHS
yacy Ta TOUHY ifieHTUGhIKAIiI0 MEPTBUX JIEPEB, & TAKOXK PO BIUCOKY e(DEeKTUBHICTD KIacudikaliii misei.

PesybraTit IOCIIZKEHHS CBiIYaTh PO 3HAYHI MEPCTIIEKTUBY TI0GATBHOTO YIIPABJIIHHS JicaMu, 0COOMMBO B 00JIaCTi CKOPOYEHHS JIICIB i
3aXMCTY €KOCHUCTEM, 3aB/ISIKU TOYHIIT OIiHIl CTaHY JIiCOBOTO rOCIIOIAPCTBA. 3alIPOIIOHOBAHNIL Ti/IXi/l € YHIBEPCAJIBHUM 1 MOXe 6yT14 BUKOPUC-
TaHUil B peaJIbHIX YMOBaX, 3a0€31e4y0ur ONTUMaJIbHe CIIiBBIIHONICHHS IBUAKOCTI, TOYHOCTI 1 pecypciB, HEOOXIHUX JIsl MOHITOPHHTY JIiCIB
i yIpaBIiHHSA HUMU.

Kimouosi caosa: mozesib YOLO, cTucHenHs 306pakeHHs, KOMITIOTepHUI 31p, yIIPaBIIiHHsI JlicaMu, IIMO0Ke HaBYaHHSI.
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OHTOJIOTTYHE MOJIEJTIOBAHHS JIJII ABTOMATHU3AIIIT OBPOBKU AHKETHUX JIAHUX (c. 36-52)

Kainizhamal Iklassova, Aliya Aitymova, Oxana Kopnova, Anna Shaporeva, Gulmira Abildinova, Zhanat Nurbekova, Leila Almagambetova,
Alexey Gorokhov, Zhanat Aitymov

OO6’eKTOM JIOCTIKEHHSI € aHaMi3 aHKETHIX JAHNX i3 3aCTOCYBAHHSIM OHTOJIOTIYHOTO MozeioBatHs. [1pobieMa mosisirae B TOMY, 1110 Tpa-
JMITHL MeTOAM 06POOKM aHKETHUX TAHMX YACTO BUABJSAIOTHCS HEAOCTATHHO eDEKTHBHUMU IPU PoOOTI 3 Bemknmu oOcsaramu indopmaitii ta
He JI03BOJISIIOTh aBTOMATU3YBaTH 6arato mpoIeciB aHaIi3y.

¥ pesyuibrati 10CIiKEHHS po3p0o6JIEHO OHTOJIOTIIO, SIKa CTPYKTYPYE Ta aHaTi3y€ AaHi AaHKETHUX OIUTYBAHb, 110 3abe3medye GiIbIr TouHe
BUSIBJICHHS [IPMXOBAHNX B3a€MO3B'I3KIB MK 3MiHHMME. BUKOPUCTOBYIOUHM I1i TEOPETUYHI MOJIOKEHHsT, OYJI0 CTBOPEHO iHbOpMAIiiiHy cuc-
TeMY OIIHKHU SIKOCTI 3aCBOEHHS KOMIIETEHIii AiTell JOMKIIbHOro BiKy. SIK pecrnonaenTis 6y/o gociaskeno 150 aireii i3 pisHUX AONIKIIBHUX
3aKJIa/liB. 3arpoOIIOHOBAHUIT Y CTATTI METOJ| iHTerparii JaHNX CYTTEBO IMOJIETTINB MPOIeC aHAMI3y JAaHUX SIK MO TPynax, Tak i M0 OKpeMHUX
PECIIOH/ICHTAX.

KiiouoBoI0 BiZIMIHHICTIO 3aIIpOIIOHOBAHOI METOIMKN € aBTOMATH3allisl PYTUHHUX OIepaliiii aHamidy AaHUX HAa OCHOBI OHTOJOTIYHOL
CTPYKTYPH, 1[0 3HAYHO CIIPOILYE 0OPOOKY Besmkux oOcsris indopmartii. Ile 1o3Bossie Bupimutu npodaemy 0OMeKEHb TPAUITIHHUX METOIIB
aHaJi3y Ta poOUTh aHaMi3 JaHux GiIbI MaciITabOBaHNUM 1 BIATBOPIOBAHKM.

[TpaxTrune 3acTOoCyBaHHS Pe3yJBTaTiB MOXKJINBE B MAapKETHHTY JIJIs1 aHATI3Y 3a7I0BOJICHOCTI KJIIEHTIB, CETMEHTAIlil PUHKY Ta OILIHKH
eeKTUBHOCTI peKJaMHKUX KaMIlaHiid. Y ocBiTHIN cdepi oHTOMOrIS MOKe OYTH BUKOPHCTAaHA I OI[IHKK SIKOCTI TIPOTPaM Ta aHasi3y JAyMOK
PECTIOH/IEHTIB, a B COTIOJIOTIi — /IJIsT aHaJIi3y TPOMAJICHKOI [YMKH Ta TIPOBEIEHHS AOCTIPKEHD COTaTbHIX SIBUTIL.

TakuM YMHOM, 3aIIPOIIOHOBAHA OHTOJIOTIS Hatae ePEeKTUBHUIT IHCTPYMEHT [/ aHATI3Y BEJMKUX OOCSTIB aHKETHUX JaHUX, 110 T03BOJISIE
opramizanisiM yxBasioBaTy GiIbI OOTPYHTOBaHI PillIeHHsT Ta MBUILYBaTH CBOIO e(heKTUBHICTD.

Kmo4oBi cioBa: oHTOJIOTIYHE MOJICIOBAHH, aHKETHI /IaHi, iIHTeTpais JaHiX, aBTOMATH3AI[isl CUCTEM YXBAJICHHS PIllleHb, aHAMI3 aHKeT-

HUX JaHUX, JOIIKIJIbHA OCBITAa.
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BJIOCKOHAJIEHHSA IH®OPMAIIAHOI TEXHOJIOTTI AHAJII3Y KOHTEKCTHO-OCBIYEHUX ITOJAHD ®PA3 B
TAJY3I YIIPABJIHHSA IEPCOHAJIOM (c. 53-60)

M. IO. Bouaposa, €. B. Maiaxos

OG6’'eKTOM JIOCIIIIKEHHST € KOHTEKCTHO-OCBIueHi moantst (pas. 3pocraioya nmorpeba B aBTOMATH3AI1 TIPOLECIB 1MAO0PY KaHIUAATIB Ta
PEKOMeH ANl BaKaHCIH BIIKpUIIa IJISAX VISl BUKOPUCTAHHS BEKTOPHOTO MPECTaBJIeHHS TeKCTy. [1i BOyI0ByBaHHS BKIIOYAIOTH y cebe mepe-
KJIaJl CEMAHTUYHOI CyTi TEKCTY B HEMIEPEPBHUIA BUCOKO-BUMIPHUI BEKTOPHUI IIPoCTip. JIOCTiZKeHHSI KOHTEKCTHO-OCBIUEHHX, 6araTO3HAYHUX
npeicraBiaeHb Gpas y cepi ynpaBaiHHs MepCOHAIOM HiABHINLYE eHEKTHBHICTD NOIIYKY HOAIOHOCTI Ta IPOIEAYP BiAMOBIHOCTI, 110 CTIPUsIE
edeKTUBHOMY TIPOIleCy MiAGOPy IepcoHaty. AJie icHyoul miaXoam He BpaXOBYIOTh KOHTEKCT IpU MoziesiioBanHi dpas. [le 06ymMoBItoe HeoOXia-
HiCTb BAOCKOHAIEHHs iH(opMaltiiiHoi TexHoorii ananisy y wiit cdepi. B naniii po6oTi sanponoHoBano MapKyBaHHs I0YaTKIB Ta KiHIB (dpa3
B TEKCTi 3 BUKOPUCTAHHS CIEIiaMbHIX TOKeHiB. Ile T03BOIMIO 3HU3UTH BIMOTH [0 OOYHMCIIOBAIBHIX MOTYKHOCTEN IUISXOM PO3PaxyHKY
BCIX 11071aHb (ppas3, HATBHUX B TEKCTi oHOUacHO. EpexTuBHICTh BAOCKOHATIEHHS (yJia epeBipeHa Ha HOBOMY HaGOPi TaHUX JIJIsk IOPiBHAHHS
Ta OIIHIOBAHHS MOJiesiell y 3aBAaniti MOJIeIOBaHHs (pa3 B ramy3i yIpaBiiHHs TTepcoHaJIoM. 3allPONOHOBAHUIN MiXi/ 0 MOJIETIOBAHHS 1TO-
naHb Gpas 3 ypaxyBaHHIM KOHTEKCTY B TATy3i 3 YIIPABIIHHAM TI€PCOHATIOM MPU3BOAUT 10 TIOKPAIEHHS 00UMCIIOBATBHOI e(DEKTUBHOCTI Ha
110 50 % Ta nigBunienHs Tounocti Ha 10 10 %. PospobieHo apXiTeKTypy Mojesi MAIIHHHOTO HABYAHHS [/Isl CTBOPEHHST TT0/IaHb (pas 3 ypaxy-



BaHHSIM KOHTEKCTY, SIKa BIIPI3HSIETHCS HasgBHICTIO GJIOKIB [1st BpaxyBanHst Mexx (Gpas. [IpoBe/ieHi ekcriepuMeHTH Ta TIOPIBHIHHS 3 iICHYIOUUMI
MiXOMAMU MiATBepAnIN eeKTUBHICTH 3aNIPOIIOHOBAHOTO piienHs. Ha mpakruili 3anpornonoBana ingopmaliiiiHa TeXHOJIOTIsI aHai3y MOKe
OyTH BUKOPHCTAHA JIJIsi aBTOMATH3aIlii TIPoTlecy BUIJIEHHs Ta HOpMaJlizallii HABMYOK KaH/W/IaTiB B OHJIAlH PEKPYTHHTY.

Komo4oBi ciioBa: onpaiiioBaHHst IPUPO/HOI MOBH, BeJIMKI MOBHI MOJIeJIi, TIO/IaHHS TEKCTY, YIIPABJIiHHS IIE€PCOHAJIOM.
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OPTAHI3AIIII ABTOMATU30BAHOI CUCTEMU JUCITETYEPCHKOTO KEPYBAHHS HACOCHUMUA
ATPETATAMU BOJAOHANIPHUX CTAHIIIA (c. 61-75)

JI. M. 3amixoBcbkwmii, M. 5. Hukonaituyk, 1. T. JleBunbkuii

CTBOpPEHHSI i eKCIUTyaTallist Cy4acHUX CUCTEM [HMCIIETUYEPCHKOrO KePYBaHH HACOCHUMU arperataMu epenbayac KOMILIEKCHE BUPILICHHS
OKPEMHUX IHKEHEPHO-TEXHIYHUX | HAYKOBUX 3371a4.

OG6’exTOM JI0CIIIKEHD € iH(pOopMaiiini Impoiecn mpu 3a0e3IeueHHi PesKUMIB pOOOTH eJIeKTPOIPUBOHIX HACOCHUX arperaTis BOJOHAIIp-
HUX CTaHIIN.

B po6orti Bupiny€eThesi HayKOBO-TeXHiuHA 11pobieMa po3poOIeHHs TOMOJIOT], anapaTHO-TIPOrPaMHKIX 3ac00iB, aIrOPUTMIB KepyBaHHsl,
JIUCTIETYEPCHKOTO iHTepdeiicy Ta MOCHIKEHHST PEKUMIB POOOTU HACOCHUX arperaTiB B CUCTEMAaX JAUCIETIEPCHKOTO KEPYBAHHS BOJIOHAITIPHI-
MU CTaHI[ISIMU.

PeastizoBaHo aJiIrOPUTMHU KEPYBaHHS HACOCHUMI arperataMi, IepeBaroio KX € MOKJINBICTb aBTOMATH30BAHOTO PO3PAXYHKY [TapaMeTpin
TexHosoriyHnx PID-perysiaTopiB 3 ypaxyBaHHSM IOTOYHUX €JIEKTPUYHUX ITapaMeTpPiB YacTOTHO-KEPOBAHOTO eJIEKTPONPUBO/Y HACOCHUX
arperaTiB Ta yMOB eKCILTyaTaltii.

Po3pobaeno Ta anpobosano WEB-opieHTOBaHWI aucreTdepebKuii iHTepdeiic cucteMn KepyBaHHsS HACOCHUME arperaramu Ha 0asi
SCADA, 110 3a6esreuye mporec KepyBaHHs B PeKUMI peaibHOTO dacy.

OcobmBoCTSIME PO3POOJIEHOT CHCTEMH ANCIETIEPCHKOTO KEPYBAHHS € YIOCKOHAIEHA TOTOJIOTIs, po3inpeHa (hyHKI[OHAIbHICTD, eHep-
TOOMIA/IHI PEKUMK KEPYBAHHS Ta MOMKJIMBICTD MOJAJIBIIO] MOJIEPHI3AIl] HA OCHOBI NMPUHIIUIIB CTAaHAAPTU3AIll Ta yHidikalii anapaTHO-TIPo-
IpaMHIX 3aC00iB 1 TIPOEKTHHX TIPOIIELYP.

Po3pobiieHa cucteMa UCIeTYepChbKOro KEPYBAHHST HACOCHUMU arperaTtamMu BOAOHANIPHUX CTaHIliil peasi3oBaHa 1 yCIIiIIHO eKCILIYaTy€eTh-
cs1 Ha TIPOMUCJIOBOMY T ITTPHEMCTBI BOI03a0e3meueHHsI.

Otrpumani pesysbraTu 3a6e3MedIn TiABUIIEHHS TEXHIKO-eKOHOMIYHUX MOKA3HUKIB MPU eKCIUIyaTallii TeXHOJIOTIYHOT0 00Ia/[HAHHST 32
PaxyHOK OIMEePATUBHOCTI TPOIEAYP KOHTPOJIIO Ta KEPYBaHHsI, EHEPrOOIIAJHUX PEKUMIB POOOTH YACTOTHO-KEPOBAHOTO EJIEKTPOTIPUBO/LY Ha-
COCHWX arperaTis.

Kumouosi caoBa: Bojozabesnedenns, Tornonoris, nHacocuuit arperat, PLC, SCADA, TIA Portal, Sinamics, PID.
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PO3POBKA MOJIEJII HEIPOMEPEXKI JIJIS1 IPOTHO3YBAHHS OIITUMAJIbHOI MIHIMAJIBHOI INBU/IKOCTI
I EOEKTHBHOI'O OYHNIIEHHA CBEP/IJIOBUHU (c. 76-89)

Dinara Delikesheva, Erbol Essembayev, Aizada Sharaouva, Jamilyam Ismailova, Nurlan Zaripov

O06’ektoM foCiKeHH S € eeKTUBHE OUMIEHHS CBEPJIOBUH i yac Oypints. IIpeaMeToM 10C/isKeHH s € Po3po6Ka MOJIe MAIIMHHOTO
HABYAHHS HA OCHOBI HEHPOHHOT MePEsKi /75T IPOTHO3YBAHHSI ONTHMATBHOI MiHiMaIbHOI BUTpaTn 6ypoBoro posuniy. [Ipobiema mossirae B He-
06xizHOCTI MOKpamuTh ehEeKTUBHICTH OUMINEHHsT CBEP/VIOBHH, 11[00 3a1106irTH 3aCTPsATaHHIO TPYO i MOB'SI3aHIM 3 TIUM IIPOCTOSM 1 BUTPATAM.

[Tix yac pocaimkents Gyiga po3pobiieHa Ta MPOTECTOBAHA MOJETb HEHPOHHOI MepeKi I TIPOTHO3YBaH I MiHIMaJbHOTO Ae6iTy st
ouMIeHHs cBep/IoBrH. Mojiesb OyJia HaBYeHa Ta IPOTeCTOBaHa Ha TaHKX, SKi TOKa3yI0Th ii BUCOKY TOUHICTD i HajiitHicTh. Cepes KBajgpa-
TruHa nommika gocsriaa 0,019169 nus LSTM i 0,0828 st KOHTPOJIbOBAHOTO PEKYPEHTHOTO GJI0KA, 1110 BKa3y€ Ha TOUHICTb MPOTHO3iB. [is
edekTHBHOI 06POOKH YACOBUX PSIIIB TaHNUX i BPAXYBaHHS JOBFOCTPOKOBHUX 3aJI€KHOCTEN BUKOPHUCTOBYBAIIICS TaKi apXiTeKTYpH HEIPOHHUX
MepesK, SIK JIOBIOCTPOKOBA TaM’sITh i KOHTPOJIbOBAHMN PEKyPEHTHUIT GJIOK.

PesysbraTit TOSICHIOIOTBCS 3a JI0OTTIOMOTOI0 TIEPEI0BUX apXiTeKTyp HEHPOHHOI Mepeski Ta aJropuTMiB MAIIMHHOTO HABYAHHS, 1110 JI03BOJIN-
JIO TOCSTTH BUCOKOI TOUHOCTI porHo3is. I1i apxiTekTypn 3a0e3meuyroTh eheKTHBHE HABYaHHSA MOENI Ha BETMKHMX 00CSATax JAHUX, TO3BOJIS-
104N BPAXOBYBATH CKJIA/IHI 3aJI€KHOCTI Ta (DaKTOPU BILINBY.

Bigminnumu pricaMu pe3yJIbTaTiB € XOPoIlia TOUYHICTh TTPOTHO3iB i MOXKJIMBICTD BUKOPUCTAHHS MOJIENi B peaJbHIX yMoBaX. Mojers e-
MOHCTPYE XOPOIILy ITPOAYKTUBHICTD 1 HAIIHICTD Y IPOTHO3YBaHHI MiHIMAaJIbHOI BUTPATH.

PesyuibraTu I0CAIKEHHSA MOKYTh OYTH BUKOPUCTaHI JIst ONTHMIzalil npoiecis OypiHHs cBepaaoBuH. [IpakTudni 3acTocyBaHHsA BKJIIO-
YaloTh BUKOPHCTAHHS MOJIEJI /IS TPOTHO3YBaHHS ONTHMAIbHOI MiHIMATbHOI ITBUIKOCTI TOTOKY B PI3HUX YMOBAX, IO 3MEHIINTD PU3UKH 3a-
crpsiranis TpyO 1 miABUIUTH eeKTUBHICTS OYPOBUX podiT. Moziesb Moske Oy TH IHTErpOBaHA B iCHYIOUl CHCTEMU MOHITOPHHTY Ta YIPABJIiHHS
nporiecaMu OypiHHs IS MABUIEHHST X MTPOLYKTUBHOCTI.

K04oBi ci1oBa: OypiHHS CBEPIJIOBUH, OUMIIEHHS CBEPIOBUH, 3alI00IiTaHHs 3aCTPATaHHIO TPYO, HEIIPOHHA Mepeska, MallMHHE HABYAHHS,
MiHIMaJIbHUIL 1e6iT.




DOI: 10.15587/1729-4061.2024.313627
PO3POBKA CUCTEMU ITIPOTHO30BAHOI'O YIIPABJIIHHA TA KOHTPOJIIO KOMBIHOBAHUM
IMPOITIYJIbCUBHUM KOMIIVIEKCOM (c. 90-102)

B. B. Bynamko, A. K. Cananep, C. I'. Xuionin, B. M. Borau

OO6’eKTOM JIOCIIIZKEHHS € MPOIIEC MAHEBPYBAHHS TPAHCIIOPTHOTO 3aC00Y MOPCHKOrO GazyBaHHsI B CTHCHYTHX YMOBAX, 1[0 BUMArae CTo-
BIZICOTKOBOTO pesepByBaHtst mijgpysmoiounx npuctpois (I11T) pisuux moaudikartiii Ta posramrysanis. OCHOBHOIO MPOGJIEMOTO 3aJUIIAETHCS
3abe3neueHHs eHeproeeKTHBHOTO YIPABIIHHS PYXOM CyJIHAa HA HU3bKIll MBUIKOCTI B TOPU3OHTAIBHIN TLIOMIMHI i3 BUKOPUCTAHHIM KOHTP-
oJiepa TIPOTHO30BAHOTO YIPaBIiHHS BUCOKOTO piBH:. lepapxist cucremu kepyBanus pyxom (CKP) 3azuuaiil posmisena na Kisibka piBHIB 32
JIOTIOMOTOIO BHCOKOPIBHEBOTO KOHTPOJIEpA PYXy Ta alrOpuUTMYy posnoainy ynpasminnsg asurynamu III1. Ile mo3Bossie ctBOpuTH MOLYJIBHY
KOHCTPYKIIIIO IIPOrpaMHOro 3abesieuents, ae Konrposep sucokoro pisas (HLC) MokHa cripoektyBatn 6e3 BAKOPUCTAHHA BUYEPITHOI iH(OpP-
Martii ipo asurynn I Oxnax st neBroro Habopy koudiryparitiii TITT Take Big'eqHants MoKe TIPU3BECTH 10 3HUKEHHS TIPOLYKTHUBHOCTI
KepyBaHHs yepe3 oOMeskeHicTb gannx KBP mozno disnunnx obmexenb cynana ta noseninky CKP.

OCHOBHUMU pe3yJIbTaTaMi JIOCTIPKEHHS € METO/IU TTIOKPAIeHHs IPOYKTUBHOCTI KepyBaHH: 3 BUKOPHCTAHHSAM HEJTiHITHOTO POrHO30-
Baroro kepysamst Mozesmo (MPC) sik ocHOBY 7151 po3po6IeHIX KOHTPOJIEPIB PYXy Yepes foro onTuMizoBane pillleH s Ta 31aTHiCTh Bpa-
XOByBaty 00MeskeHHs1. Bya peasizoBaHa BiZloKpeMIeHa CHCTEMA /ISt IBOX MPOCTUX PYXOBUX 3aBJaHb, 0 MOKa3yoOTh POOJIEeMH, TIOB A3aHi
3 po3’eHaHHAM. YCYHEeHHs He/[OJIKIB BiAOYI0Cs 3a paXyHOK po3pobiierts Hesiniiinoro kontposepa MPC, skuil o€aHye KOHTPOJIEp PyXy
Ta posnoziay ynpassinas asuryHamu [T {1 36epekeHHs BiIOKPEMIEHOT MOy IBHOCTI CUCTEMU KePyBaHHS Ta JOCSATHEHHS 11 aIeKBaTHOI
MPOAYKTUBHOCTI OyB po3pobienuii Hestiniitnuii kontposep MPC i3 sminHuMu B yaci o6MexerHsMu. e 103B0JIMIO BpaxyBaTH IOTOYHI 00-
MesKeHHsT cucteMn yrpasiinast [111, 36impmuTn TOYHICTD YIPABIIHHS Ta 3MEHIIINTH Yac BiATyKy cuctemn Ha 10 %.

Komo4oBi ciioBa: 1npoItyibCUBHUI KOMILIEKC, TPOTHO30BaHe YIIPABJIIHHS, PO3IO/IiJIeHa CHCTeMa, KOHTPOJIEp BUCOKOTO PiBHS.
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PO3POBKA MATEMATUYHOTO MOJIEJTIOBAHHS CUCTEMU KEPYBAHHS PYXOM MOBLIBHOTO POBOTA
(c. 103-111)

Zhanibek Issabekov, Aldabergen Bektilevov, Vinera Baiturganova, Makhabbat Zhamuratova, Perizat Rakhmetova

[le pocaikenns crnpsMoBaHe Ha po3poOKY MaTeMaTHYHOI MOZIeJI JJisi TOUHOTO KepyBaHHs Ta cTabiiizalii GesmiJIoTHIX JiTalbHUX ara-
paris (BIIJIA) y pisuux mpocTopoBUX yMoBax. Bupimiyioun mpo6aemMy HOCSTHEHHS TOYHOTO KepyBaHHs Ta CTabiibHOCTI, 3alpONoHOBaHe
PillICHHS TIPOEKTYE CHCTEMY KEePyBaHHs Ha OCHOBI JliHiITHO-KkBagpaTnyHoro koutposepa (JIKK) ta Mozesnioe itoro 3a 10oMoroo mporopiiiii-
no-noxiznoro (PD) konrposiepa, peanizosarioro B Matlab/Simulink. Pesysbratyt 1eMOHCTPYIOTH BUCOKY TOYHICTB i cTabiIbHICTD B yIIpaB-
sinni mapamerpamu pyxy BIIJIA — kpenowm, Tanraskem, Kypcom i Bucotoio. Ileil BaxgmBuil piBeHb MPOLYKTUBHOCTI JOCATAETHCS 3aBAAKN
afanTuBHOCTI cuctemMu KepyBanust Ha octoBi JIKK, sika ontumisye kepytoui fii BinnosiaHo no Hecrarionapuoi aunamiku BILJTA. [nTerpartis
konTposiepa PD mokpaiiye ayiiHicTs i cTabiibHicTh, 320€31edyioun TOYHUH KOHTPOJIb PYXy B ianaszoni mpocropoux cramis. 11i dymkiii
e(eKTUBHO BUPILIYIOTH PoGJIeMy, Kepyiour cKJIaaHoio quHaMikoio BIIJTA Ta 3abesneuyioun TouHe KepyBaHHsL. Pe3yssraTu MosiCHIOITHCS
sparnicTio JIKK sabesneuyBatit onTUMasibHi 3aKOHN KepyBaHH, K MIHIMIZYIOTb BIZIXUJIEHHS 3a 0TIOMOTOI0 KBaApaTnIHoi (GyHKILiT BAPTOCTI,
TofIi siK KoHTposep PD niBuako BUITpaBJIsie MOMIJIKK Ta pearye Ha nopytienHs. [lepeBarn nporo miaxoy BKIOYAOTh 3HAYHE 3MEHIIIEHHS 110-
MIJIOK KepyBaHHs1 pubusHo Ha 25-30 %, 36iIbIeHHs MBUAKOCTI PEaKIlii Ha 30BHINIHI EPEIIKOAN Ta 3MEHIIEHHST 3aTPUMKU OOUUCIEHHS
3aBIKH ebeKTHBHIN 06pOGII MOPIBHSIHO 3 GBI PECYPCHOMICTKIMI METOIAMH, TAKIIMI SIK TPOTHO3HE KepyBaHHst Moesno. Po3pobiera
MaTeMaTHYHA MOJZIeJb MOKe OYTH 3aCTOCOBAHA Ha MPAKTUIN B YMOBAX, 1[0 BUMAraloTh HAiIHOrO KOHTPOJIO B PEKUMI PEabHOTO 4yacy Ta
azianTaiii 10 JMHAMIYHUX 3MiH 30BHIIIHBOIO cepenoBuIna. Bit 0coOJMBO MAXOAUTD IS TAKUX Tajdy3eii, AK JOTiCTHKA, CIIOCTEPEsKEHH s Ta
MOHITOPUHT HABKOJIMIITHBOTO CEPEOBHUINa, 3abe31edyiour eheKTHBHE Ta ONITUMaJIbHE pillleHHst /ist crabisizanii ta konTpostio pyxy BITJTA B
PI3HUX TPOCTOPOBUX cTaHaX. Takwuii miaxin mokpairye xapakrepuctuku BIIJTA Ta po3mupioe ix MOKIUBOCTI B PI3HUX YMOBAX €KCILTyaTallii.

KiouoBi cioBa: GesmmiioTHWIT JHiTadbHUIT amapar, MaTeMaTHYHa MOJE/b, JIHIHO-KBaJAPaTUYHUI PEryJIsTOp, MPONOPIHiiHO-TIOXiAHA,

KepyBaHHs Ta CTiHKICTb.



