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The object of this study is the process of estimation and control
of an IT project.

During the study, the problem of increasing the accuracy of esti-
mating the efforts of an IT project to build an information system (IS)
was solved. Research in this area is aimed at simplifying the original
assessment methods or at applying elements of artificial intelligence
to these methods. The task of the impact of the features of IS develop-
ment methodology on effort assessment remains unexplored.

During the study, the method of functional point analysis was
modified. The proposed modification makes it possible to increase
the accuracy of estimating efforts to build an IS under the conditions
of re-using its individual functions. These conditions allow the con-
struction of new system functions by reusing a previously developed
function of the same system.

The developed method was tested during the evaluation of ef-
forts of an IT project to form the functional task “Forming and ex-
ecuting an individual plan for a research and teaching staff member
of the department.” The option of re-using one of the functions of a
task during the construction of two other functions of the same task
is considered. For this option, the estimate was 72 function points
(the estimate using the standard method was 144 function points).

The use of the results allows us to increase the accuracy in assess-
ing the efforts of IT projects to construct IS under the conditions of
applying the methodology of reuse of previously developed system
elements. This, in turn, makes it possible to improve the accuracy of
estimating time costs, personnel requirements, and financial costs for
the implementation of IT projects for constructing IS.

The results obtained are used to solve the task of estimating ef-
forts during the planning of IT projects for developing information
systems and their software.

Keywords: IT project, effort, parametric estimation, functional
point, information system, re-use.
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The object of research is the implementation of relations be-
tween software classes. It is shown that when implementing the
aggregation relationship between classes, errors may occur if more
than one client class is found. Class interaction errors can be caused
by management of resource class attributes by one of the client
classes in a way that is unacceptable to another client class due to
invalid attribute values, state changes, method blocking, etc. To solve
the problem, a special organization of the queue for client classes is
proposed. A feature of the queue is the use of models of client classes
and resource class. The model of a resource class provides an idea
about its resources (attributes and methods) and how they are used.
The client class model shows how much of these resources will be
used by the client and how this will be done. This organization of
the queue makes it possible to provide resources to the next client
class only after checking its compatibility with active client classes.
In general, client classes have different types, and this complicates
the organization of the queue. Therefore, it is proposed to make them
derived from the base class, which defines the interface for the queue.
Similarly, the problem of the interaction of the class-resource with
the queue is solved. The proposed base class for the resource class
also provides the necessary queue interface.

Software was developed that automates the process of convert-
ing classes: analysis of a resource class, determination of resource
needs from client classes, construction of base classes. After the
conversion is completed, the queue functions are supported. The
study results verification showed a reduction in the time for convert-
ing classes by about three times, and the waiting time for access to
resources during the work of the queue — at least two times.

Keywords: aggregation relationship, class-client, class-resource,
mathematical model, queue of class objects, class conversion, software.
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The object of this study is the background substrate of astro-
nomical frames. To detect and compare the image of an object in a
frame with its real image from astronomical catalogs, it is necessary
to uniformly distribute the brightness of the background image sub-

strate. Most often, the background alignment of astronomical frames
is performed using the hardware calibration method applying the
construction of service frames. However, it does not make it possible
to eliminate the background from temporary stray light. Therefore,
to solve this problem, a procedure has been proposed for brightness
alignment of the background frame using high-pass filtering.

For high-pass filtering of images, three high-pass filters were con-
sidered — an ideal filter, a Butterworth filter, and a Gaussian filter. To
remove coarse-grained image components from the image, a high-pass
filter was used, which attenuates low-frequency harmonics of the im-
age spectrum while simultaneously passing high-frequency harmonics.

Applying the devised procedure for brightness alignment of the
background substrate of the frame has made it possible to increase
the signal-to-noise ratio and reduce the dynamic range of the back-
ground substrate of the image. The study showed that when assess-
ing brightness and identifying frames, the fitting provides better ac-
curacy of reference to the starry sky. Also, the standard deviation of
frame identification errors in this case is 5-7 times less than without
using the devised procedure.

The devised procedure for brightness alignment of the back-
ground frame substrate was tested in practice within the framework
of the CoLiTec project. It was implemented at the stage of intra-
frame processing in the Lemur software for automated detection of
new objects and tracking of known objects.

Keywords: brightness equalization, high-pass filtering, ideal
filter, Butterworth filter, Gaussian filter.
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The object of this study is to predict of human thermophysiolog-
ical state in hot environment to prevent heat stress or heat stroke.
A key issue is the need to design effective tools for heat stroke risk
assessment taking into account environmental conditions, physical
activity, characteristics of human clothing and protective equipment.

A mobile application has been developed, which, unlike existing
analogs, provides users with data on the safe time of human under
selected environmental conditions. The mobile application uses the
method of mathematical modeling to predict important indicators of
human thermophysiological state: body temperature, sweat evapora-
tion, body water loss. The mathematical model takes into account
the generation of metabolic heat, the transfer of heat inside the body,
and the heat exchange of a human with the environment.

This paper reports the results of using a mobile application for
predicting human thermal responses under hot environmental condi-
tions. With the help of the application, it was possible to determine
the time of a human'’s safe stay depending on the intensity of his/her
activity and the characteristics of his/her clothing. It is shown that
walking at a speed of 6 km/h in a military uniform is safe for 1 hour
at an air temperature of 36 °C. Running at a speed of 8 km/h under
such conditions becomes risky already after 15 minutes due to over-
heating of the human body.

The developed information technology is designed to warn about
heat stress or heat stroke of people who are under hot conditions in
order to preserve their health and work capacity. The received pre-
dicting data should be considered as one of the theoretical measures
to prevent human heat stress under hot environmental conditions.

Keywords: model, physical activity, heat stress, extreme envi-
ronment, condition, health risk.
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The object of this study is the composition, content, and features

of analytical and applied tasks that must be solved in the process of
creating a multimedia training course for user self-development. In
the context of this work, the problem of the lack of a clear defini-
tion of the content-element composition of analytical and applied
tasks, which must be solved during the creation of such a course,
was solved.



An analysis of research into various aspects of the creation of
multimedia publications, complexes, courses for self-education and
self-development of users in various fields is provided. The systemati-
zation and determination of the content and features of analytical and
applied tasks were carried out, which should be resolved during the
development of the course. Keyword research is based on the analysis
of user searches. As a result, “succulent species” (1-10k /month) and
“breeding succulents” (100—1k/month) were added as course topics.
In order to identify positive practices and bring them to the course,
the functionality of analogs was investigated. The development of
the technical task makes it possible to determine the elemental and
content composition, structural and technological aspects of the
course. The choice of the most appropriate software environment for
the development of a multimedia educational course was substanti-
ated (through the prism of the analysis of the functionality required
for this purpose). An appropriate stylistic direction for the imple-
mentation of the design of the course interface has been determined.
Page prototypes were created. The implementation of the course and
its interactive components (advice, exercises, tests, games) was carried
out in the selected Adobe Captivate environment.

The solution of each task is illustrated by an example. To dem-
onstrate the creation of a multimedia course, self-development of the
user in matters of caring for succulents was chosen. The developed
publication is used in the educational discipline “Technologies of
electronic publishing” as an illustrative example of creating a course.

Keywords: multimedia training course, search queries, technical
task, succulents, Adobe Captivate.
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In the modern world, where efficiency, stability, and precision
play a crucial role, the development and application of optimal con-



trol strategies in oscillatory systems hold significant importance. The
issues related to the numerical solution of control problems associ-
ated with damping oscillatory systems consisting of two objects are
considered. To numerically solve the discussed problem, the gradient
projection method, based on the formula for the first variation of
the functional, and the method of successive approximations, associ-
ated with the linearity of boundary problems describing oscillatory

processes, are applied. The oscillations of one object are described
by a wave equation with first-order boundary conditions, while a
second-order ordinary differential equation models the oscillations of
the other object. Furthermore, the original and the adjoint boundary
value problems are solved using direct methods at each iteration step.
An algorithm for the numerical solution of the problem is proposed,
and based on this algorithm, a software code for implementation is de-
veloped. The numerical results obtained in the study demonstrate that
there is convergence in terms of functionality, and the approximately
optimal controls found in this process are minimizing sequences in
the control space. The mechanism of controlling and regulating the
operation of the system according to its input constraints is provided
by observed feedback, allowing systems with limited excitation to
maintain stability and optimal functioning in conditions of changing
external or internal circumstances. The obtained results can also be
used to forecast the system’s behavior in the future, resource planning,
prevention of emergencies, or optimization of production processes.

Keywords: system oscillations, control problem, method of
straight lines, functional convergence.

References

1. Gabasov, R. (1973). Special optimal controls. Moscow: Nauka, 256.

2. Akan, M., Gegici, E. (2023). An application of optimal control in
medical systems: optimal investment strategy in doctors. Network
Modeling Analysis in Health Informatics and Bioinformatics, 12 (1).
https://doi.org/10.1007 /s13721-022-00408-9

3. Kononenko, V. O. (1964). Oscillatory systems with limited excita-
tion. Moscow: Nauka.

4. Butkovsky, G. (1969). Distributed Control Systems. American Else-
vier Publishing Company, 446.

5. Egorov, A. L, Znamenskaya, L. N. (2012). Boundary observability
of elastic vibrations in a system of sequentially connected strings.
Computational Mathematics and Mathematical Physics, 52 (9),
1233-1238. https://doi.org/10.1134,/50965542512070056

6. Znamenskaya, L. N. (2007). Two-end observability of elastic vibra-
tions in distributed and lumped parameter systems. Computational
Mathematics and Mathematical Physics, 47 (6), 900-914. https://
doi.org/10.1134,/50965542507060024

7. Egorov, A. 1., Znamenskaya, L. N. (2010). Observability of elastic oscil-
lations of the network with distributed and concentrated parameters
on free boundaries. Trudy Inst. Mat. i Mekh. UrO RAN, 16 (5), 76-81.

8. Egorov, A. L., Znamenskaya, L. N. (2009). Controllability of vibra-
tions of a net of coupled objects with distributed and lumped pa-
rameters. Computational Mathematics and Mathematical Physics,
49 (5), 786-796. https://doi.org/10.1134,/50965542509050054

9. Egorov, A. L. (1965). Optimal processes in systems containing distrib-
uted parameter plants. Avtomatika i Telemekhanika, 26 (6), 977-994.

10. Sakawa, Y. (1964). Solution of an optimal control problem in a
distributed-parameter system. IEEE Transactions on Automatic
Control, 9 (4), 420-426. https://doi.org/10.1109 /tac.1964.1105753

11. Mamtiyev, K., Aliyeva, T., Rzayeva, U. (2021). Analysis of one class
of optimal control problems for distributed-parameter systems.
Eastern-European Journal of Enterprise Technologies, 5 (4 (113)),
26-33. https://doi.org/10.15587/1729-4061.2021.241232

12. Henrion, D., Kruzik, M., Weisser, T. (2019). Optimal control prob-
lems with oscillations, concentrations and discontinuities. Automati-
ca, 103, 159-165. https://doi.org/10.1016 /j.automatica.2019.01.030

13. Liu, X, Wang, S., Zeng, L., Yuan, S., Hao, Z., Ly, X. (2023). An Adap-
tive Additional Control Strategy for Suppressing Low-Frequency
Grid Oscillations in Doubly-Fed Wind Farms, 57 (9), 1156—1164.
https://doi.org/10.16183/j.cnki.jsjtu.2022.135

14. Papadopoulos, A., Gavalas, 1., Chasalevris, A. (2023). Controlling bi-
furcations in high-speed rotors utilizing active gas foil bearings. Bul-
letin of the Polish Academy of Sciences Technical Sciences. https://
doi.org/10.24425 /bpasts.2023.146796

15. Arroyo, J., Spiessens, E, Helsen, L. (2022). Comparison of Optimal
Control Techniques for Building Energy Management. Frontiers in
Built Environment, 8. https://doi.org/10.3389 /fbuil.2022.849754

16. Manuel V,, C., Francisco, M. (2021). A Powerful Tool for Optimal
Control of Energy Systems in Sustainable Buildings: Distortion
Power Bivector. Energies, 14 (8), 2177. https://doi.org/10.3390/
en14082177

17. Semaan, R., Oswald, P, Cornejo Maceda, G. Y., Noack, B. R. (2023).
Aerodynamic optimization of a generic light truck under unsteady
conditions using gradient-enriched machine learning control. Ex-
periments in Fluids, 64 (3). https://doi.org/10.1007 /s00348-023-
03587-x

18. Sowa, S. W, Baldea, M., Contreras, L. M. (2014). Optimizing Me-
tabolite Production Using Periodic Oscillations. PLoS Computa-
tional Biology, 10 (6), e1003658. https://doi.org/10.1371 /journal.
pcbi 1003658

DOI: 10.15587,/1729-4061.2024.300647
DETERMINING THE FUNCTIONING EFFICIENCY OF
A FIRE SAFETY SUBSYSTEM WHEN OPERATING
THE HYDROGEN STORAGE AND SUPPLY

SYSTEM (p. 75-84)

Yuriy Abramov
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0001-7901-3768

Oleksii Basmanov
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-6434-6575

Valentina Krivtsova
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-8254-5594

Andriy Mikhayluk
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0002-4116-164X

Yevhen Makarov
National University of Civil Defence of Ukraine, Kharkiv, Ukraine
ORCID: https://orcid.org/0000-0003-0785-3041

The object of research is the fire safety subsystem of hydrogen
storage and supply systems. The subject of the study is the efficiency
index of the fire safety subsystem of hydrogen storage and supply
systems for different modes of its operation. As such an efficiency
indicator, the conditional probability that the fire safety subsystem
correctly recognizes the actual state of the hydrogen storage and
supply system is used. The fire safety subsystem functions under
the control mode and under the test mode. Mathematical models of
the operation of the fire safety subsystem were built for such modes,
based on the use of graph theory. The weight matrices of these graphs
include the completeness of control or testing and the intensity of
transition of the fire safety subsystem from one state to another.
Determination of the effectiveness of such a subsystem — reliability
of functioning — is carried out using Kolmogorov’s equations. It is
shown that during the testing of hydrogen storage and supply sys-
tem, the probability of its being in a fire-safe state has a maximum.



It is shown that with values of completeness of control (testing)
that do not differ from 1.0, the effectiveness of the functioning of
the fire safety subsystem is invariant with respect to the mode of its
functioning. With values of completeness of control (testing), which
are significantly different from 1.0, the functioning of the fire safety
subsystem under the testing mode is more effective.

The identified features of the functioning of the fire safety sub-
system make it possible in practice to implement an optimal or adap-
tive algorithm for the functioning of such subsystems. For example,
with the appropriate selection of testing parameters, the fire safety
subsystem provides determination of the location of the hydrogen
storage and supply system with maximum probability.

Keywords: hydrogen systems, evaluation efficiency, fire safety,
Kolmogorov equation, graph theory.
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OIIHIOBAHHS 3YCUJIb IT-IIPOEKTY CTBOPEHHYI IH®OPMAIIIHOI CUCTEMH B YMOBAX
PE-BUKOPUCTAHHS if ®YHKIIIA (c. 6-19)

B. M. JleBukin, M. B. €Bnanos, O. €. Heymuakina, 1. B. JleBukin, A. B. Hakoneunnii

OG’eKT HOCTIKEH ST — TIPOLEC OLiHIOBaHHA i KOHTpoJo IT-1poeKTy.

ITij vac roc/ripKeHHsT BUPIITyBaiacst mpobeMa M BUIIEHHST TOYHOCTI OIlHIOBaHHsI 3ychiib I T-IpoekTy cTBOpeHHs iH(hOpMaIiiitHoi cucre-
mu (IC). Hocaiprenns B 11iii raysi cripsgMoBaHi Ha CIIPOILIEHHS MOXIHIX METOAIB OIIiHIOBaHHs a00 K Ha 3aCTOCYBAHHsI B [IUX METO/AX eJIeMeH-
TiB IITYYHOrO iHTesTeKTY. [[NTaHHSI IIPO BIUIMB HA OI[HIOBAHHS 3YCHIIb OCOOIMBOCTEH MeTO1010Tii po3pobkn [C 3aIMIIAEThCS HEOCIIPKEHUM.

B pesyapraTi gocmimpkents MoaudikoBaHO METO/ aHAI3y (DYHKI[IOHATHHIX TOUOK. 3apPOIIOHOBaHA MOAMGbIKAIlisl TO3BOJISIE MTiBUIUTH
TOYHICTB OIiHIOBAHHSI 3YCHJIb, CIIPSIMOBAaHNX Ha cTBopeHHs [C B yMOBax pe-BUKOpUCTaHHs ii okpemux (dyHKiiit. [1i yMOBI 103BOJISIOTH CTBO-
proBaTi HOBi (DYHKIIT cHCTEMU TIIAXOM GAaraTOKpaTHOrO BUKOPUCTAHHS paHiiie po3podenol (hyHKIiT Tiel sk cucTemMu.

Po3pobuieHuit METO/ IPOIIIOB TIEPEBIPKY T1i/ Yac OIiHIOBaHHs 3ycuab [ T-poekTy cTBOpeHHs (yHKIiOHANbHOI 3anaui «Dopmysanus i
BeJICHHSI IHANBI[yaJbHOTO MJTaHy HayKOBO-TIEAArOTIYHOTO CIiBPOOITHIKA Kadepu». Po3ristiyTo BapiaHT pe-BUKOPUCTAHHS OJHIET 3 (hYHKITII
3a/aui i/ yac cTBOPEHHs ABOX iHMNX (GyHKIiI i€l k 3axaui. /{ys nanoro BapianTy oliHKa ckiana 72 GyHKIIOHATBHUX TOYKH (OIIHKA 3 BH-
KOPHCTAaHHSM CTAHAAPTHOTO MeTO/y ckasia 144 GyHKIIOHATBHUX TOYKH ).

Buxopucranus oTpuMaHuX pe3yJibTaTiB JOCI/KEHHS 103BOJIAE 3HAYHO IIBUIUTH TOYHICTD OLiHIOBaHHS 3ycuiib I'T-11poekTiB cTBOpeH-
1s1 IC B yMOBax 3aCTOCYBAaHHST METOZIOJIOTIT 6AraTOKPATHOTO BUKOPUCTAHHS paHilie po3pobJeHnX eTeMeHTiB cicTeMi. e 103BoJIsIE, B CBOIO
4epry, MiZIBUIIMTH TOYHICTD OIIHIOBAHHS BUTPAT Yacy, HoTped B mepconali ta hinancoBux Butpar Ha BukoHanus 1 T-mpoexris crBopenns 1C.

OtpuMani pe3yJIbTaTH BUKOPUCTOBYIOTCS IS BUPINIEHHS 33/1a4i OI[IHIOBAHHS 3yCHJIb TMi/] yac TranyBanns [ T-npoektis ctBopenns [C
Ta iX IPOrpaMHOro 3a6€3IeYEHHS.

Krouosi cioBa: ['T-mipoekr, 3ycuiisi, mapameTprdHe OIiHIOBaHHS, (DYHKITIOHATbHA TOYKA, iH(hOpMaIliiiHa cucremMa, pe-BUKOPUCTAHHS.
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PEAJII3AIIIA B3AEMO/IIT KJIACIB B YMOBAX ATPETAIIIT (c. 20-30)

0. b. Kynrypues, H. O. KomueBa

OG6’eKTOM JIOCTIUKEH ST € peastizallis BiIHONIEeHb MK HporpaMHUMHU Kjacamu. [lokaszaro, 1o mpu peasisallii BiHOIIEHHsT arperaitii Mix
KJIaCaMU MOSKYTh BUHMKHYTH HOMUJIKH, SIKIIO KJIACIB-KJIIEHTIB BUSIBIISETHCS Oliblite 0H0ro. IIoMuIkn B3aeMO/Iil KJIaciB MOKYTh OyTH BUKJINKAH]
YIpPaBJIiHHAM aTpubyTaMil KJIacy-pecypey OAHUM i3 KJIACIB-KJIIEHTIB TAKUM YHHOM, 10 € HENPUIHATHUM JUIsi IHIIOr0 KJIACy-KJIEHTY depes
HEIPUILYCTHMI 3Ha4YeHHs1 aTpUOYTiB, 3MiHM IX cTamy, GJI0KyBaHHsI METO/IB TOIO. [[71s1 BUpiIeH s poGJeM 3aIIpOIIOHOBAHA ClIellialbHa OpraHisaltist
Yyepru Uit KaaciB-kaienTis. OcobIMBICTIO Yepri € 3acTOCYBaHHs B Hill Mojiesieil KiiaciB-KJIieHTiB Ta Kaacy-pecypey. Mogesb Kiacy-pecypey lae
VSBJICHHS TIPO HOTO pecypen (aTpuby T Ta METOII) Ta CIOCO0OU IX BUKOpHCTaHHst. MOIesb KJIacy-KIEHTY TIOKA3Y€, AKY YaCTUHY 1IUX Pecypcis Oye
BIUKOPHCTOBYBATH KJIEHT i SIK Ile BUKOHYBAaTHMeThCs. Taka opramizarisi 9eprH J03BOJISE Ha/[aBaT! PECYPCH YeProBOMY KJIACy-KJIEHTY TLIbKH MTiCTs
1epeBipKU H0ro CyMiCHOCTI 3 aKTUBHUMU KJIacaMU-KJIi€HTaMU. Y 3araJlbHOMY BUIIA/IKY KJIaCH-KJIEHTU MAIOTh Pi3HII TUIL, 1110 YCKJIQIHIOE OpraHi3aliiio
yeprit. ToMy 3amporoHOBaHO 3pOOKHTH TX TOXIHUME Bi/l Ga30BOTO KJIacy, SIKUii BU3Hayae inTepdeic st 4epri. AHAIOTTYHO BUPIIIEHO TpobaeMy
B3aEMOJIIl KJIACy-pecypey 3 4epro. 3anpornoHoBaHuil GasoBuil Kiac Uit KJIacy-pecypey Takox sabesredye HeoOXimHuil intepdeiic 3 yepromo.

CrBopero mporpamMue 3a0e3MedeHHs], sike aBTOMATU3YE TIPOIEC TTEPETBOPEHHS KJIACIB: aHaIi3 KJIacy-pecypcy, BU3HAYeHHsS MOTPed
pecypciB 3 GOKy KaaciB-KJIieHTiB, cTBOpeHHs (GazoBux kiacis. ITic/is 3aBepieH st epeTBOPEHHs MATPUMYEThCS (DYHKIIOHYBAHHS YEPIu.
Amnpobartist pe3ysIbTaTiB IOCTIKEHHS TOKA3aTa CKOPOUYEHHSI Jacy Ha MePETBOPEHHS KIaciB OJII3bKO TPHOX PasiB, a OUiKyBAHHS JOCTYILY /10
pecypciB, B ipotieci poboTH Yepru — sk MiHIMyM y JiBa pasu.

KiouoBi ciioBa: BifiHOIIEHHsI arperaitii, KJac-KJIiEHT, KIac-pecype, MaTeMaTHuHa MOJIeJIb, Yepra 00’€KTiB KJIacy, mepeTBOPEHHs KJIacis,
nporpamue 3abe3reyeHHsl.
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PO3POBKA ITPOIIEAYPU BUPIBHIOBAHHA SICKPABOCTI ®OHY ACTPOHOMIYHUX KA/IPIB
BICOKOYACTOTHOIO ®IJIBTPALIEIO IJI HNIZIBUIITEHHA TOYHOCTI OIIIHKU BJIMCKY OB’E€KTIB (c. 31-38)

B. II. Baacenko, C. B. Xinamos, B. €. CaBaneBuu

O6'exToM mOCIIKEeHHST € (hOHOBA MIJIKIa/IKa aCTPOHOMIYHIX Ka/APiB. J[JIst BUSIBJICHHST Ta 3icTaBIeHHs 300pakernHs 00'ekTa Ha Kajpi 3 fioro
PpeaTbHUM 300PaKEHHSIM 3 ACTPOHOMIUHIX KATaJIOTiB HEOOXIIHO BUKOHATH PIBHOMIPHUI PO3IIOALI SICKPABOCTI (DOHOBOIT TH/KIAIKI 300PaKCHHSI.
Haituacrime BupiBHIOBaHHST (DOHY aCTPOHOMIUHMX KaJPiB 3MIHCHIOETHCS METOAOM alapaTHOTO KasiOpyBaHHs 3a JOMOMOTOI0 (hopMyBaHHsI
CJ1y>1<6OBMx kazpiB. OjHAK BOHO HE I03BOJISIE YCYHYTH (DOH Biji THMYACOBOIO MApasuTHOTO OCBITJIEHHS. ToMy JUIst BUpilIeHHs i€l npobeMu
GyJ1a 3arpoTIOHOBaHa MTPOIIE/LyPa BUPIBHIOBAHHST SICKPABOCTI (DOHOBOI MIIKIAIKN KaJpy 3a JOTIOMOTOI0 BUCOKOYACTOTHOI (DiTbTpartii.

Jlia BucokoyacToTHOI (hibTpaliii 300pasketb PoO3LIAAaINCa TP (DIIBTPU BUCOKMX YacTOT: igeanbHuil (iasrp, dinsrp Barrepsopra i
diswrp Tayca. [luist BugaseHns i3 300paskeHHs BEIMKOCTPYKTYPHUX CKJIQJ0OBUX 300paskeHHsT BUKOPUCTOBYBABCS BUCOKOYACTOTHUIA (hisbTp,
SIKHI OCTAbJII0€ HU3bKOYACTOTHI TADMOHIKHU CIIEKTPY 300pasKeHHSI, OJIHOYACHO MPOITYCKAIOYM BUCOKOYACTOTHI TAPMOHIKL.



Bukopucrants po3po6ieHol Mpoleypu BUPIBHIOBAHHS SICKPABOCTI (DOHOBOI MiAKIAAKM Kaipy AO3BOJIIJIO IABUIIUTU BiJHOIIEHHS
CHUTHAJ/IIYM 1 3MEHIIUTH AMHAMIYHUN Jiarma3on (GoHOBOI MigKIaaK 300paxkents. JocmiKenHs moKasaio, Mo TP OIiHIl OJIMCKy Ta
OTOTOKHEHHI KaApiB (BITHHT Aa€ HaliKpally TOYHICTh MPUB'SI3KU 10 30pstHOrO Heba. Takok CepelHbOKBAAPATUYHE BiIIXUJICHHS TTOMUJIOK
OTOTOXKHEHHS KaJ[PiB Y IbOMY BUTIAIKY Y 5—7 pasiB MeHIIe, HiXk 6€3 3acTOCYBaHHs po3poOJIeHOT TTPOIIE/LYPHL.

Po3pobuieHa miporiesypa BUpiBHIOBaHHs (HOHOBOI migKianKku Kaapy OyJa anpoboBaHa Ha mpakTulli B pamkax npoekty CoLiTec. Bona
GyJTa BIPOBaKeHa Ha eTari BHYTPIITHOKaApoBOi 060poOKM y mporpamie 3abesmedernst Lemur /st aBTOMATH30BAHOTO BUSIBIEHTIST HOBHUX Ta
CYIIPOBOJLY BiJOMUX 06'€KTIB.

KrouoBi ciroBa: BIPiBHIOBAHHSI SICKPABOCTI, BUCOKOYACTOTHA (hisbrpartis, ineanpunit ¢insrp, diasrp BarrepBopra, dinsrp layca.
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BHUKOPHCTAHHSA MOBLIIbHOI'O 3ACTOCYHKY [IJISI IPOTHO3YBAHHA TEILUIOBUX PEAKIIINA JTIOAUHI B
CIIEKOTHUX YMOBAX CEPEJOBHIIIA (c. 39-47)

I.J1. €pmaxosa, A. 10. Hikonaenko, O. B. Ipunaiok, IO. II. Tageesa, II. M. KpaBuenko

OO6’eKTOM JIOCTIIKEHHS € IPOTHO3YBAaHHA TePMOQI3i0J0TIYHOTO CTaHy JIIOJANHU 32 CIIEKOTHUX YMOB CEPEIOBMINA /IS TOTEPEe/KEHHS
TEIIOBOTO cTpecy abo TemnoBoro yaapy. KimodoBoio mpobieMoo € HeoOXifHICTh CTBOPeHHs eeKTUBHUX IHCTPYMEHTIB /IS OIiHIOBAHHS
PH3HKIB TEIJIOBOTO y/apy 3 ypaXyBaHHSIM YMOB HABKOJIMIIHBOTO CepeoBHINa, (hisMuHOI aKTUBHOCTI, XapaKTEPUCTUK OJIATY Ta 3aXUCHOTO
CTIOPSI/KEHHS JIIOAWHU.

P03p06JieHO MOOLIBHII 3aCTOCYHOK, SIKUIT, HA BIIMIHY Bi/l HABHUX aHAJIOTIB, HA/IAE KOPUCTYBAYaM JaHi 1po Ge3nevHuil yac nepedyBaHHs
JIO/INHE 32 BUGPAHUX YMOB cepefoBuiina. MobiibHIiT 3aCTOCYHOK BUKOPUCTOBY€E METO/l MATEMATHYHOTO MOJIETIOBAHHSI LIS TPOTHO3YBAHHS
BaKJIMBUX [N0OKa3HUKIB TepMOQi3i0J0ri4HOr0 CTaHY JIIO/IMHN: TeMIIePaTypa TiJia, BUIIAaPOBYBAaHHS IIOTY, BTPATH BO/IM OpraHizaMoM. MaremaTnyHa
MO/IEJTh BPAXOBYE YTBOPEHHS MeTaGOIIYHOTO TETIa, epeauy Teria BCepPe/IiHi Tila Ta TemT000MiH JIOINHN 3 CEPEOBUIIIEM.

B poboTi HaBeIeHO Pe3yJIbTaTi BUKOPUCTaHHST MOOIIBHOTO 3aCTOCYHKY JIJIs1 MPOTHO3YBAaHHS TEILIOBUX PEAKILil JIONHN 32 CIIEKOTHUX YMOB
cepeloBHIIa. 3a 0MIOMOTOI0 3aCTOCYHKY BIATOCh BUSHAYNTH Yac Ge3MeqHoro mepeGyBaHHs JIOMHN 3aT€KHO Bi/l IHTEHCHBHOCTI il isTbHOCTI
Ta xapakrepuctuk ozsry. [lokasaHo, 1mo 3a temneparypu nositps 36 °C xonp6a 3i mBukicTio 6 kKM/roz1 y BilichbKOBiil hopmi € Ge3rnedHon
nporsirom 1 rogunn. Bir 3i mBuakicTio 8 KM/TO/l 32 TAKMX YMOB CTa€ PU3MKOBAHUM BiKe TMicJisi 15 XBUJIMH Yepe3 MeperpiBaHHs OpraHiamy
JIOJIMHUL.

Pospobaiena indopmartiiina TeXHOIOTIS TTOKJINKaHA TTOMEPENTH PO TETIOBHUIT cTpec abo TEIIOBUIT yaap JMofeH, ki mepebyBaioTh 3a
CIIEKOTHUX YMOB 3 METOI0 30epesKeHHsI IXHBOTO 3/10pOB’st Ta mparesfarHocti. OTpuMaHi faHi MPOrHO3YBaHHS CJIiJl PO3IJISAATH SIK OIMH 3
TEOPETHYHNX 3aXO0/IiB 3aM00IraHH TEIIOBOTO CTPECY JIOANHMU 32 CIIEKOTHUX YMOB CEPEIOBHUIIA.

KiouoBi citoBa: Mojiesib, (hisndHa aKTUBHICTH, TETJIOBUI CTPEC, EKCTPEMAJIbHI YMOBU CEPEIOBUINA, PUSUKU 3JI0POB’sI.
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PO3POBKA MYJBTUMEIITHOTO HABYAJIBHOTO KYPCY JIJI1 CAMOPO3BUTKY KOPUCTYBAYA (c. 48-63)

I. O. Xopomescoka, O. I. Xopouiescokuii, €. M. IpaGoBcbkuii, B. A. JIyk’sanosa, 1. O. Kuriosa

OO6’e€KTOM NOCTIIFKEHHST € CKJIaJl, BMICT Ta 0COOIMBOCTI aHATITHYHUX TA PUKJIAIHUX 3aB/IaHb, IKi HEOOXIIHO BUPIIIUTH B IIPOIIECI CTBOPEHHS
MYJIBTUME/ITHOTO HaBYAIBHOTO KYPCY /Il CAMOPO3BUTKY KOPUCTYBaya. B KoHTeKeTi 1aHoi poboTH BHpilyBaiach mpobieMa BiIcyTHOCTI YiTKOTO
BU3HAUCHHS 3MiCTOBHO-EJIEMEHTHOI'O CKJIa/ly aHAJITHUHUX Ta IIPUKJIAIHUX 3aB/IaHb, SAKi HeOOXiTHO BUPILIYBATH IIi/] YaC CTBOPEHHS TAKOTO KypCy.

HaBeneno amamis pociifizkeHb, TPUCBAYEHNX PI3HNM aclleKTaM CTBOPEHHS MYJIBTUMEIHHWX BHaHb, KOMILIEKCIB, KypcCiB A7
CaMOHABYAHHsI i CAMOPO3BUTKY KOPHCTYBadiB 3a pisHUMHU chepamu. 3AiliCHEHO CHCTEeMATH3AIli0 Ta BU3HAYECHHS 3MICTy i ocobauBocTeil
AHAJTITUYHUX Ta MPUKJIQJHIX 3aBaHb, 1O JAOIIbHO BUPIIIUTH i/ Yac po3poOku Kypcy. JLociDKeH s KITIOYOBHX CJIiB 6a3y€eThesl Ha aHai3i
MOIITYKOBUX 3AIUTIB KOpUCTYBauiB. SIK pesysbrat, «cykysientu Bupu» (1-10 tuc./mic.) i «cykysnentu poamuoxkenus» (100—1 tuc./wmic.)
JIOJIAHO SIK TEMH KYPCY. 3 METOTO BUSIBJICHHS TO3UTHBHUX MPAKTHK i IPUBHECEHHSI iX /10 KyPCY AOCIUKY€EThCs (hyHKITIoHAM aHamoTiB. Po3pobka
TEXHIYHOTO 3aBAaHHs 03BOJISIE BUSHAYNTH eJIeMEHTHO-3MICTOBHUIA CKJIaJ, CTPYKTYPHI 1 TexHosoriuni aciekt Kypey. O6rpynrosano Bubip
HalIOMiTBHIIIOTO MPOTPAMHOTO CEPENOBHUIIA VISt PO3POOKU MYJIBTHME/IIIHOTO HABYAIBHOTO KypCy (4epe3 MPU3My aHamTi3y MOTPIGHOTO AIs
1boro yukitionany). BusnaueHo IOIITbHIIT CTUTICTUYHITI HATIPSIM [IJTs1 peastizailii qusaitny inrepdeiicy kypcy. CTBOpEHO IIPOTOTUITN CTOPi-
HOK. Peastizanist Kypcy i HOro iHTEpaKTMBHUX CKJIaZ0BHX (1IOPajl, BIPAB, TECTIB, IPN ) 371iIiCHIOEThCs B 0Gpanomy cepenosuiti Adobe Captivate.

Bupiterns KoxKHOTO i3 3aB1aHb TPOLIIOCTPOBAHO MPUKIaAoM. /st IeMOoHCTpaIlil CTBOPEHHST MYJBTUMEAIITHOr0 Kypey 06paHo caMopos-
BUTOK KOPHCTYBA4a B IIUTAHHIX JOMJISAY 34 CyKyJeHTaMu. Po3pobiieHe BUAHHSI BUKOPUCTOBYETHCS B HABYAIbHIT nciniring « Texuosorii
€JIEKTPOHHOTO BU/IAaBHUIITBA»> K HATJISAHUI IPUKJIAJ CTBOPEHHS KYPCY.

KiouoBi cioBa: MysisruMe/iiiiHUi HaBYAIbHIH KYPC, IIOUTYKOBI 3a11TH, TexHiuHe 3aBaannsi, cykyJentn, Adobe Captivate.
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IMOHIVK TA PEAJI3AIIA YN CEJbHOTI'O PINIEHHA 3AJAYI OIITUMAJIbBHOTO YIIPABJIIHHA
KOJIMBAHHAMHI B CUCTEMI 3B'A3AHIX OB'EKTIB (c. 64-74)

Kamil Mamtiyev, Ulviyya Rzayeva
V cyuyacHoMy CBiTi, /¢ epEeKTUBHICTD, CTAGIIBHICTD 1 TOYHICTD BiIrpalOTh BUPIMIAIBHY POJIib, PO3POOKA Ta 3aCTOCYBAHHS ONTUMAIbHIX

CTpaTeI‘iﬁ praBJIiHHH KOJINBAJIBHUMH CHUCTEMaMU MalOTh BeJIMKe 3HaYeHHs. Po3Tiis/ialoThest IIATAaHHA, MOB's13aHi 3 YNCETTHHUM BI/IpiIHeHHHM
3ajla4 praB]IiHH}I, 1OB'sI3aHUX 13 Z[eMH(i)yBaHHHM KOJIMBaJIbHUX CHUCTEM, IO CKJIAJAI0TbCA 3 ABOX 00'eKTiB. ﬂ]I}I YUCEeJIbHOIO BI/IpiH_IeHHH



00TOBOPIOBAHOT 331241 3aCTOCOBYIOTHCSI METOJL TIPOEKINT rpajicHTa, 3acHOBaHUil Ha (hOpMyIIi [7ist TIepInoi Bapiaitii (GyHKIIOHATY, Ta METO/
MOCJIIOBHUX HaOJIMKeHb, MOB'I3aHMi 3 JIHIHHICTIO KpalloBUX 3ajad, 10 ONUCYIOTh KOJMBaJIbHI mporecu. KosmBamnns ogHoro o6'exra
OIMCYIOThCsT XBUJIbOBUM PIBHSHHSIM 13 TPAHMYHMMM YMOBAMU TIEPHIOTO MOPSI/IKY, KOJIUBAHHS THIIOTO 06'€KTa MOJETIOITHCS 3BUYaliHIM
MbepeHIiiaTbHuM PIBHIHHAM JIpyroro mopsiky. Kpim Toro, BuxizHa Ta criosyuyeHa KpaiioBi 3afadi BUPINIYIOTbCS MPSIMUME METO/IaMU Ha
KOKHOMY KpOIIi iTepaltii. 3alpomnoHOBaHO aJITOPUTM YHCEIBLHOTO PO3B'sI3aHHS 3ajladi Ta Ha 1i0ro OCHOBI PO3POOGJIEHO MPOTPAMHUIT KO ISt
peamizaiii. YuceapHi pesysbratd, OTPUMaHi B XOAi JAOCHTIKEHHSI, IeMOHCTPYIOTh HasBHICTh 301KHOCTI 3 TOUYKH 30py (DYHKIIOHATBHOCTI,
i 3Haiizieni B 1bOMY mporieci HaGJIMKEHO ONTHMAJbHI 3acO0U YIPABJIIHHA € MiHIMI3yIOUMME MOCTIZIOBHOCTSME B IPOCTOPI YIIPABJIIHHSL.
MexaHi3M YIIPaBIIiHHI | PETYTIOBAHHS POOOTH CHCTEMH 32 BXITHUMI OOMEKEHHSIMI 320€3MeUyETHCS CIIOCTEPERYBAHNM 3BOPOTHIM 3B'SI3KOM,
IO I03BOJISIE CUCTEMaM 3 OOMEKEHUM 30yJKeHHAM 30epiratu CTiiKicTh i onTumasbie (HYHKIIOHYBAHHS B YMOBaX 3MiHU 30BHIIIHIX a6o
BHyTpimHiX o6ctaBun. OTpUMaHi pe3ysbTaTh TaKoK MOKYTh OyTH BUKOPHMCTaHI /IS TIPOTHO3YBAHHS TMOBEAIHKN CHCTEMH B MalGyTHBOMY,
MJTaHyBaH s pecypeis, 3anobiranis apapiiiHux cuTyariil uu onruMisaitii BUPOOHUYMX MPOIIECIB.
Ki1040Bi c10Ba: KOJMBAHHS CHCTEMH, 33/[a9a YIPABITIHHS, METO/] IPSIMIX, (DYHKIIOHATbHA 301KHICT.
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BU3HAYEHHSA EQ@EKTUBHOCTI ®YHKIIOHYBAHHS IIIJICUCTEMHU IIOKEKHOI BE3IIEKH ITPU
EKCILIVATAIIL CHCTEMH 3BEPITAHHA TA IIOJAYI BOTHIO (c. 75-84)

10. O. A6pamos, O. €. Bacmanos, B. I. Kpusiosa, A. O. Muxaiimok, €. O. Makapos

OO6’eKTOM JOCHIKEHHS € MiCKCTeMa MOKEKHOT Oe3eKn cucTeM 30epirantst Ta nogadi BoAHIO. [IpeMeTOM JOCTIIKEHHS € OKA3HUK
e(eKTUBHOCTI MiICKCTEeMH TIOJKEKHOT Ge3IeKn crcTeM 30epiraiHst Ta mojiadi BOAHIO AU PIsHUX peskuMiB 1i pyHKiionyBanis. B sikocTi Takoro
MOKAa3HUKA e(DEKTUBHOCTI BUKOPUCTOBYETHCSI YMOBHA HMOBIPHICTb TOTO, 10 MiJICKCTEMA MOKEKHOI Ge31eKu BIpHO po3ii3Hae AiiicHuii cran
cuctemu 30epirains Ta mojiadi BozaHio. Ilizcucrema noskeskHoi 6esneku (GyHKIHOHYE B pe;KUMI KOHTPOJIIO Ta B PeXKUMI TecTyBaHHsL. J[J1s Taknux
pexuMiB 1106yu03aﬁi MaTeMaTHuHi Mojesli (hyHKIIOHYBaHHS IHICUCTEMH TTOKEKHOT 6e31eKn, B OCHOBI AKX JIEKUTH BUKOPUCTAHHST TEOPii
rpadis. Barosi marpurii 1ux rpadis BKIIOYAIOTH TIOBHOTY KOHTPOJIO ab0 TECTyBaHHs Ta IHTEHCHBHOCTI TEPEXO/Y TACHCTEMU TTOKEKHOT
6e3MeKu BiJl OHOTO 10 iHIIOro crany. Busnadenus eeKTUBHOCTI TaKOI MiACKCTEME — AOCTOBIPHOCTI (DYHKIIOHYBAHHA 3AIHCHIOETbCS 13 BU-
KopucTantsiM piBHsiHb Kosimoroposa. TTokasaro, 1o npu TectyBanHi cucreM 36epiranis Ta mojiadi BOAHIO U1k HMOBIPHOCTI i1 3HAXO/KEHHS B
MOsKeR0OE3MEYHOMY CTaHi Ma€ Miciie MakcuMyM. [IoKasaHo, 110 1PU BeIMYNHAX TIOBHOTH KOHTPOJIIO (TECTYBaHHsI), SIKi He BiIPI3HSIOTHCS Bl
1,0, edexTnBHICTD DYHKITOHYBAHHS MICHCTEMN TOKEXKHOI O€3IEKH € IHBAPIaHTHOIO BIAHOCHO peskuMy ii dymHkiionysanms. [Ipu Beamannax
MOBHOTU KOHTPOJIIO (TeCTyBaHHA), sIKi CyTTEBO BifpisHsioThes Bia 1,0, 6inbir edhexkTuBHUM € (DYHKIIIOHYBAHHA MIICUCTEMU TTOKEKHOT Ge3-
TIEKU B PEXKIMI TECTYBaHHSI.

Busisiieni oco6BoCTi (hyHKIIOHYBaHHSI ACKHCTEMH MOKEKHOT 6e3MeKH J03BOJISAIOTh Ha IIPAKTHUIL peanisyBaTn ONTHMAIbHIA abo ajarn-
TUBHUI anropuT™ (HYHKIIOHYBaHHS TakuX mizcucteM. Harmpukaaz, mpu BigmoBiiHOMy BUOOPI MapaMeTpiB TeCTyBaHHS TACUCTEMA TTIOKEKHOT
Gesrex 3abe3Teyye BU3HAYEHHsI 3HAXO/UKEHHST CHCTEMNU 30€piraHHst Ta Mojiadi BOIHIO i3 MAKCUMATBHOIO IIMOBIPHICTIO.

Ki040Bi ciioBa: BoiHeBi cuctemu, eheKTUBHICTD OIIHKHY, TTOkKeKHA Oesneka, piBHsaHHA KoaMoroposa, Teopist rpadis.



