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Processes that involve jump-like changes are observed
in mechanics (the movement of a spring under an impact;
clockwork), in radio engineering (pulse generation), in bio-
logy (heart function, cell division). Therefore, high-quality
research of pulse systems is a relevant task in the modern
theory of mathematical modeling.

This paper considers the issue related to the existence of
bounded solutions along the entire real axis (semi-axis) of
the weakly nonlinear systems of differential equations with
pulse perturbation at fixed time moments.

A concept of the regular and weakly regular system of
equations for the class of the weakly nonlinear pulse systems
of differential equations has been introduced.

Sufficient conditions for the existence of a bounded solu-
tion to the heterogeneous system of differential equations
have been established for the case of poorly regularity of the
corresponding homogeneous system of equations.

The conditions for the existence of singleness of the
bounded solution along the entire axis have been defined for
the weakly nonlinear pulse systems. The results were applied
to study bounded solutions to the systems with pulse action
of a more general form.

The established conditions make it possible to use the
classical methods of differential equations to obtain state-
ments about solvability and the continuous dependence of
solutions on the parameters of a pulse system.

It has been shown that classical qualitative methods for
studying differential equations are mainly naturally trans-
ferred to dynamic systems with discontinuous trajectories.
However, the presence of a pulse action gives rise to a series
of new specific problems.

The theory of systems with pulse influence has a wide range
of applications. Such systems arise when studying pulsed auto-
matic control systems, in the mathematical modeling of various
mechanical, physical, biological, and other processes.

Keywords: differential equations, pulse system, bounded
solutions, Green-Samoilenko function, regular solutions.
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The necessity of studying the influence of the transforma-
tion of the frequency mismatch function of a coherent bundle
of radio pulses on the quality of solving the radar frequency
resolution problem is substantiated. This solution deter-
mines the effectiveness of radar observation of high-speed
and maneuvering individual and group aerodynamic objects.
The method is based on explicit expressions for calculating

the normalized frequency mismatch function of a coherent
bundle of radio pulses, taking into account its transforma-
tion due to the radial motion of high-speed and maneuvering
individual and group aerodynamic objects. The estimation of
the potential frequency resolution of bundles with different
numbers of radio pulses with typical parameters for a cohe-
rent pulse radar is carried out. Possible values of frequency
resolution under the additive effect of uncorrelated internal
noise of the radar receiver and the multiplicative effect of cor-
related phase fluctuations of the radar signal are estimated.
With an insignificant multiplicative effect of correlated phase
fluctuations, a twofold increase in the number of radio pulses
in a bundle provides an improvement in the frequency reso-
lution (reduction of the width of the normalized frequency
mismatch function) by 100 %. With the predominant mul-
tiplicative effect of these fluctuations, a twofold increase in
the number of radio pulses results in an improvement in the
frequency resolution by about 40 %. The developed method
is of great theoretical and practical importance for the further
development of the radar theory of high-speed and maneu-
vering individual and group aerodynamic objects.

Keywords: coherent bundle of radio pulses, resolution,
mismatch function, phase fluctuations.
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This paper reports a study that has established the
possibility of improving the effectiveness of the method of
figurative transformations in order to minimize symmetrical
Boolean functions in the main and polynomial bases. Pro-
spective reserves in the analytical method were identified,
such as simplification of polynomial function conjuncterms
using the created equivalent transformations based on the
method of inserting the same conjuncterms followed by the
operation of super-gluing the variables.

The method of figurative transformations was extended to
the process of minimizing the symmetrical Boolean functions
with the help of algebra in terms of rules for simplifying the
functions of the main and polynomial bases and developed
equivalent transformations of conjuncterms. It was estab-
lished that the simplification of symmetric Boolean functions
by the method of figurative transformations is based on
a flowchart with repetition, which is the actual truth table of
the assigned function. This is a sufficient resource to minimize
symmetrical Boolean functions that makes it possible to do
without auxiliary objects, such as Karnaugh maps, cubes, etc.

The perfect normal form of symmetrical functions can
be represented by binary matrices that would represent the
terms of symmetrical Boolean functions and the OR or XOR
operation for them.

The experimental study has confirmed that the method of
figurative transformations that employs the 2-(n, b)-design, and
2-(n, x/b)-design combinatorial systems improves the efficien-
cy of minimizing symmetrical Boolean functions. Compared
to analogs, this makes it possible to enhance the productivity
of minimizing symmetrical Boolean functions by 100-200 %.

There are grounds to assert the possibility of improving
the effectiveness of minimizing symmetrical Boolean functions
in the main and polynomial bases by the method of figurative



transformations. This is ensured, in particular, by using the
developed equivalent transformations of polynomial function
conjuncterms based on the method of inserting similar conjunc-
terms followed by the operation of super-gluing the variables.
Keywords: minimization of symmetric Boolean func-
tions by the method of figurative transformations, singular
function, main basis.
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This paper reports the construction of cubature formulas
for a finite element in the form of a bipyramid, which have
a second algebraic order of accuracy. The proposed formulas
explicitly take into consideration the parameter of bipyramid
deformation, which is important when using irregular grids.
The cubature formulas were constructed by applying two
schemes for the location of interpolation nodes along the
polyhedron axes: symmetrical and asymmetrical. The inter-
vals of change in the elongation (compression) parameter



of a bipyramid semi-axis have been determined, within which
interpolation nodes of the constructed formulas belong to the
integration region, while the weight coefficients are positive,
which warrants the stability of calculations based on these
cubature formulas. If the deformation parameter of the bipyr-
amid is equal to unity, then both cubature formulas hold for
the octahedron and have a third algebraic order of accuracy.

The resulting formulas make it possible to find elements
of the local stiffness matrix on a finite element in the form of
a bipyramid. When calculating with a finite number of digits,
a rounding error occurs, which has the same order for each of
the two cubature formulas.

The intervals of change in the elongation (compression)
parameter of the bipyramid semi-axis have been determined,
which meet the requirements, which are employed in the
ANSYS software package, for deviations in the volume of the
bipyramid from the volume of the octahedron.

Among the constructed cubature formulas for a bipyramid,
the optimal formula in terms of the accuracy of calculations
has been chosen, derived from applying a symmetrical scheme
of the arrangement of nodes relative to the center of the bi-
pyramid. This formula is invariant in relation to any affinity
transformations of the local bipyramid coordinate system. The
constructed cubature formulas could be included in libraries
of methods for approximate integration used by those software
suites that implement the finite element method.

Keywords: bipyramid, octahedron, stiffness matrix, cu-
bature formula, interpolation nodes, weight coefficients.
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The problem of numerical determination of Lyapunov-
stable (exponential stability) solutions of the Saint-Venant
equations system has remained open until now. The authors
of this paper previously proposed an implicit upwind diffe-
rence splitting scheme, but its practical applicability was not
indicated there. In this paper, the problem is solved success-
fully, namely, an algorithm for calculating Lyapunov-stable



solutions of the Saint-Venant equations system is developed
and implemented using an upwind implicit difference split-
ting scheme on the example of the Big Almaty Canal (herein-
after BAC). As a result of the proposed algorithm application,
it was established that:

1) we were able to perform a computational calculation
of the numerical determination problem of the water level
and velocity on a part of the BAC (10,000 meters) located in
the Almaty region;

2) the numerical values of the water level height and ho-
rizontal velocity are consistent with the actual measurements
of the parameters of the water flow in the BAC;

3) the proposed computational algorithm is stable;

4) the numerical stationary solution of the system of
Saint-Venant equations on the example of the BAC is Lyapu-
nov-stable (exponentially stable);

5) the obtained results (according to the BAC) show the
efficiency of the developed algorithm based on an implicit
upwind difference scheme according to the calculated time.

Since we managed to increase the values of the difference
grid time step up to 0.8 for calculating the numerical solution
according to the proposed implicit scheme.

Keywords: Saint-Venant equations, hyperbolic system,
implicit scheme, upwind difference scheme, stability.
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The methods for identification of near-duplicates in
electronic scientific papers, which include the content of the
same type, for example, text data, mathematical formulas, nu-
merical data, etc. were described. For text data, the method
of locally sensitive hashing with the finding of Hamming dis-
tance between the elements of indices of electronic scientific
papers was formalized. If Hamming distance exceeds a fixed
numerical threshold, a scientific paper contains a near-du-
plicate. For numerical data, sub-sequences for each scientific
work are formed and the proximity between the papers is
determined as the Euclidian distance between the vectors
consisting of the numbers of these sub-sequences. To compare
mathematical formulas, the method for comparing the sample
of formulas is used and the names of variables are compared.
To identify near-duplicates in graphic information, two di-
rections are separated: finding key points in the image and
applying locally sensitive hashing for individual pixels of the
image. Since scientific papers often include such objects as
schemes and diagrams, subscriptions to them are examined
separately using the methods for comparing text information.
The combined method for identification of near-duplicates in
electronic scientific papers, which combines the methods for
identification of near-duplicates of various types of data, was

proposed. To implement the combined method for the iden-
tification of near-duplicates in electronic scientific papers, an
information-analytical system that processes scientific mate-
rials depending on the content type was devised. This makes
it possible to qualitatively identify near-duplicates and as
widely as possible identify possible abuses and plagiarism in
electronic scientific papers: scientific articles, dissertations,
monographs, conference materials, etc.

Keywords: near-duplicate, electronic scientific paper,
antiplagiarism system, locally sensitive hashing.
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The rapid growth and emergence of breakthrough tech-
nologies in the information and communication field re-
quires annual adjustment and modernization of curricula
for specialization disciplines in accordance with the current
market requirements. A method of prompt response of the
educational environment to the requirements of the external
environment, based on the creation of a pool of demanded
learning outcomes, is proposed. The object of the research is
the process of formation of the required content of special-
ization disciplines.

A formalized method for forming the content of educa-
tional disciplines of specialization of maximum utility for
implementation in the professional field is described based on
expert assessments of representatives of the job market. An
algorithm for finding a set of learning outcomes for the iden-
tified conditions was devised. A software tool that includes
a database and two components: a web interface for collect-
ing and primary processing of information and a C** program
module for automating the main algorithm was developed.
The result of the software tool is a pool of learning outcomes
recommended for implementation in the content of the edu-
cational program.

The results of an experimental study based on test data,
which proved the accuracy of the calculations of the software
component, were presented. Verification of data in the area of
web technologies and web programming made it possible to
identify a list of learning outcomes for implementation in the
educational program «Information Systems». The algorithm
developed as a result of research can be used to form the
demanded content of elements of educational programs in
any industry. It is supposed to develop the proposed method
when creating interactive training programs on the techno-
logical processes of aircraft repair at the enterprises of the
aviation industry.

Keywords: learning outcome, discipline content, educa-
tional programs of higher education, automated method.
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Paradigms and graphical-analytical tools for building
simulation tools and forming the architecture of a combined
approach to studying the dynamic properties of systems with
parallelism are described. An extension of the formal lan-
guage of Petri nets is presented, which has greater modeling
power than WF nets. The properties of hierarchical Petri
nets are used to synthesize a holistic model.

Discrete-event modeling and modeling of dynamic sys-
tems, which allow reflecting the quantitative and qualitative
characteristics of the elements of the systems under study,
served as the basis for the combined approach to the simula-
tion of systems with parallelism. On their basis, graphic-ana-
lytical tools are proposed that provide the ability to describe
the modeled system, adhering to the principle of structural
similarity. They have dynamic simulations that make it easy
to visually analyze and correct the model. Also, the proposed
toolkit provides for the analysis of the dynamic properties
of the model, which makes it possible to identify accumu-
lated phenomena that can lead to unpredictability of the
system’s functioning.

A conceptual model for the synthesis and analysis of
systems with parallelism is proposed, which provides for the
construction of the components of the model based on the
architecture. Their step-by-step analysis and the formation
of an integral model of the software system are carried out
using a network representation, according to the matrix de-
scription of which invariants are calculated. The analysis of
invariants allows one to obtain the dynamic properties of the
model and determine the localization of structures that lead
to critical situations when they are detected.

The architecture of the combined approach to the simu-
lation of systems with parallelism is built, which provides the
study of their dynamic properties to improve the reliability
of the functioning of software systems.

Keywords: architecture of the combined approach, for-
mal languages of Petri nets, dynamic modeling tools.
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3HAXO/I’KEHHSI YMOB ICHYBAHHSI OBMEKEHHX PO3B’SI3KIB CJIABO HEJIIHITHUX IMITYJIbCHUX
CHCTEM (c. 6-12)

®. A. Acpopos, O. B. Ileperyna, B. B. CoGuyk, A. B. Cykperna

TTportecu i3 cKauKOMOAIGHUME 3MIHAME CIIOCTEPITAOTHCS Y MeXaHill (PyX MPYKUHH MPU YAAPHOMY BIUIMBI, po6OTa rOAMHHUKOBOTO
MexaHizMy), B pajiorexniii (renepariis immyJbeis), B Giosorii (po6oTa cepiist, moisn kit ). ToMy sKicHe JOCHIKeHHS IMITYIbCHIX CHCTEM
€ aKTYaJIbHOIO 33/1aU€l0 B CYYACHIH Teopil MaTeMaTHIHOTO MOIETIOBAHHS.

Jlocaipkyerbest mpobyiemMa icHyBaH s 0OMesKeHUX PO3B’I3KiB Ha Beiii ailicHiii oci (Ha miBoci) ciabo HemiHiiHUX cucreM udepeHIiitnmx
PIBHSHB 3 IMITyIbCHUME 30ypeHHAME Y (DIKCOBaHI MOMEHTH Yacy.

BBezieHo moHsATTs peryJsipHoi i c1abo peryJisipHol CHCTEMU PiBHSHD ISt KJacy ¢Jab0 HeJiHIHHUX IMITYJIbCHUX cucTeM AnepeHTinamx
piBHsiHb. OTprUMaHi JoCTaTHI YMOBHU iCHYBaHHA 00MEKEHOTO PO3B’SI3KY JI/I HEOAHOPIAHOT cucTeMu udepeHIiiiHuX piBHAHD Y BUTIAAKY Cl1a60
PETYIISIPHOCTI BiAOBIAHOI OZAHOPIAHOI CHCTEMN PiBHSHD. BeTaHOBIEHO YMOBH iCHYBaHHS €AMHOCTI 0OMEKEHOTO PO3B’SI3KY Ha BCiil oci st
cnabo HeMiHiHuX iMIyabcHux cucreM. OTpUMaHi pe3yJbraTii 3aCTOCOBaHi [0 JAOCIKEHHA 00MeKeHNX PO3B’SI3KIB CHCTEM 3 IMITYJIbCHOIO
ai€to 6ibin 3aranpHOro BUM/IsiLy. OTpHMaHi yMOBHU /I03BOJISIIOTH 3aCTOCYBATH KJIACHYHI METOAN AudepEHIaTbHIX PIBHSIHD IS OfleP/KAHHS
TBEP/UKEHDb TIPO PO3B’SI3HICTHh Ta HEMEPEPBHY 3aJE€KHICTh PO3B’SI3KIB BiJl MapaMeTpiB iMIYJIbCHOI cucTeMu. [lokaszano, 1o KiacmuHi sKicHi
METO/IM JIOCJIJIKeHHS (epeHIialbHUX PiBHAHb B OCHOBHOMY IPMPO/IHUM YMHOM IIEPEHOCSATHCS HA AMHAMIYHI CUCTEMU 3 PO3PUBHUMUI
TpaekTopisiMu. PazoM 3 TIM, HasABHICTD IMITYJIbCHOI /1ii HOPOIKYE PsI/l HOBUX crenn(iuHmX 3a1ad.

Teopis cucrem 3 iMITyJIbCHUM BIUIMBOM Ma€ IIMPOKE KOJIO 3aCTOCYBaHb. Taki cMCTeMM BUHUKAIOTh IIPH BUBYEHI IMITyJIbCHUX CHCTEM
ABTOMATUYHOTO PETYJTIOBAHHS, TPU MATEMATHIHOMY MOJIEJIOBaHHI PISHOMAHITHUX MeXaHIuHNX, (Di3nuHuX, GiOTOTIYHNX Ta IHITUX MPOIECIB.

Kimouogi cioBa: jindepenitianbhi piBHSHHSI, IMITyJIbCHa crcTeMa, oOMeskeHi po3s’sisku, pyHkitis [pina-CaMoiiienka, peryisipHi po3s’sa3Ki.
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PO3POBKA METO/1Y OIIIHIOBAHHS BILINBY TPAHC®OPMAIIIl HOPMOBAHOI YACTOTHOI ®YHKIIII
PO3Y3TO’KEHHSI KOTEPEHTHOI ITAUKU PAJIIOIMITYJIbCIB HA AKICTh PAZIOJIOKAIIIITHOIO PO3AIJIEHHS 3A
YACTOTOIO (c. 13-22)

C. II. €Bcees, O. JI. Kysuenos, O. B. Becosa, /1. JI. Kupnuenko, O. B. JIykauyk, C. B. Minescokuii, C. C. Iloracii, 1. I. I'ycapoga,
A. O. Tonockokosa, B. A. Co6uenko

OO6TpyHTOBaHO HEOOXIHICTD TOCTIUKEHHS BILTMBY TpaHchOpMaIii 4acTOTHOT (DYHKILT PO3Yy3TO/KEHHST KOTEPEHTHOT TTAYKK PalioiMITyJIb-
CiB Ha SIKICTb BUPIIIEHHS 3aBAAHHS PAIi0JIOKAIIITHOTO PO3IieH s 3a 4acToTolo. [le pintenis Buznavyae epeKTHBHICTD Pali0JIOKATITHOTO CITIO-
CTEPEKEHHs BUCOKOMIBUIKICHUX Ta MAHEBPYIOUHNX TTOOMHOKUX 1 TPYHOBUX aePOANHAMIYHUX 00'€KTIB. 3arpOIOHOBAHO METO/I OIliHIOBAHHS
BIUIUBY TpaHcdopMailii HOpMOBAHOI YacTOTHOI (DYHKIIII PO3Y3TO/KEHHs KOTEPEHTHOI TMaYKi PAioiMITyIbCiB HA SKICTHh Pa/ioJOKAIiITHOTO
posfisienHs 3a yacToToo. OCHOBY METO/Iy CKJIA/IAl0Th OTPUMAaHI B SBHOMY BUTJIS/II BUPA3H /I PO3PAXyHKY HOPMOBAHOI 4acTOTHOI (hyHKILiT
PO3Y3TO/PKEHHST KOTEPEHTHOI TTaYKi PaioiMITyJIbCIB i3 BpaxyBaHHSM ii TpaHcgopmallii BHACTIIOK PaiaibHOTO PYXy BHUCOKOMIBHU/KICHUX
Ta MaHEBPYIOUYMX MOOIMHOKHX i TPYIOBUX aepoarHaMidHuX 00’ekTiB. [[poBeIeHO OIIHIOBAHHS MOTEHIIHHOI MipH PO3AIIBHOI 37aTHOCTI 3a
YaCTOTOIO MAYOK 3 PI3HOIO KiTbKICTIO Pa/iioiMITyJIbCiB 3 THIIOBHMHU IapaMeTpaMu /sl KOT€PEHTHO-IMITYJIbCHOTO pajtiosiokaTopy. OriHeHo
MOXKJINBI 3HAYEHHS Mipy PO3/IIIBbHOI 3/[aTHOCTI 32 YaCTOTOIO 32 YMOBOIO a/[HTHBHOTO BIUINBY HEKOPEIbOBAHOTO BHYTPIITHBOTO IIYMY NPH-
IMaJIBHOTO TIPHCTPOIO PaJIioJI0KATOPY Ta MYJBTHUIUIIKATHBHOTO BILIMBY KOPeJbOBaHMX (hazoBUX (hJIyKTyalliil pajlioJOKaIiiiHOTO CUTHAITY.
3a YMOBM HECYTTEBOTO MYJBTHILIKATUBHOTO BIIMBY KOPEJAbOBaHUX (hasoBUX (DJIyKTyalliil 301/IbIIEHHsT KIIBKOCTI PaioiMITy JIbCiB TTauKu
yBiui 3a0e31euye MoKpaleH s Mipy PO3/AiIbHOI 3[aTHOCTI 32 YaCTOTOIO (3MEHIIEHH MUPUHA HOPMOBAHOI 4acTOTHOT (DYHKIIIT PO3Y3rojisKeH-
Hst) Ha 100 %. IIpu nepeBasKHOMY MYJIBTUILIIKATUBHOMY BILIUBI X UIyKTyaliii 30i/1bIeH s KIIbKOCTI pajlioiMITy IbCiB y/ABIUl BUKIMKAE 110
KpaIlleHHsT Mipi PO3/iIBHOI 3/ATHOCTI 32 YacTOTOI0 MpuGm3HO Ha 40 %. Po3pob.iennii MeTo/I Ma€ Bak/IMBe TEOPETHYHE Ta TIPAKTUYHE 3HAYEH-
HsI JIUIS TIO/IAJIBIIIOTO PO3BUTKY TEOPil paiioJoKallii BUCOKOIBUAKICHUX Ta MAHEBPYIOUNX MTOOJMHOKUX i TPYTIOBUX aePOAMHAMIYHIX 00’ €KTiB.

KorouoBi ciroBa: korepeHTHa MayKa paioiMITyJIbCiB, Mipa po3/IiJibHOI 31aTHOCTI, (DyHKITisI po3y3rojsKentst, (ha3osi duykryartii.
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BIIPOBAJ[KEHHS METO/1Y OBPA3HUX IIEPETBOPEHD /111 MIHIMI3AL[Ii CAMETPUYHUX BYJIEBUX
OYHKIII (c. 23-39)

M. T. Coaomko, II. O. Tanees, JI. B. 3youk, C. M. Baouy, I0. A. Maxa, O. II. BoiiroBuu

TIpoBeieHUMU JIOCTIZKEHHSIMU BCTAHOBJIEHA MOKJIMBICTD 301IbIIeH s e(heKTHBHOCTI METOLY OOpasHuX MepeTBOPEHb IS MiHiMizaril
cuMeTpuuHUX GysieBuX (hYHKIL B OCHOBHOMY Ta MOJIHOMHOMY (Gasricax. BUsBIEHO MepCIeKTUBHI pe3epBH aHAI THYHOTO METO/LY, SIK TO CIIPO-
MIEHHST KOH IOHKTEPMiB MOJIHOMHUX (DYHKIIII 32 I0ITOMOTOI0 CTBOPEHNX PIBHOCUJIBHUX MEPETBOPEHD HA OCHOBI METO/Y BCTABKH O/THAKOBUX
KOH IOHKTEPMiB 3 HACTYITHOIO OTI€PAIli€I0 CYTIeP-CKICIOBAHHS 3MiHHIX.

[MomupeHHst MeTOLY 0OPa3HUX MEPETBOPEHb HA MPOLeC MiHiMizanil cumerpuunux OyseBux GYHKIL 31ifICHEHO 3a OMOMOTO anrebpu
y YaCTHHI TPaBUJI CIPOIEHHs (DYHKIH OCHOBHOTO Ta MOJIHOMHOTO 6a3KciB Ta po3pobJeHnX PIBHOCHILHUX TEPETBOPEHb KOH IOHKTEPMIB.
BeTaHoBJIEHO, IO CIIPOIIEHHST CUMETPHYHIX OyJIeBUX (DYHKIIIN METOAOM 06PasHUX [EPETBOPEHD IPYHTYETHCS HA GJIOK-CXEMi 3 TOBTOPEHHSIM,
SKOIO € BJIacHe Tab M1 icTHHHOCTI 3aanoi GyHKiii. [le € moctaTHiM pecypcoM s MiHiMizallii cuMeTpuaHuX OyneBux (QyHKILH Ta 103BOJISIE
obxoauTuCh 6e3 JoNoMiKHIX 00’€KTiB, sk To Kaptn KapHo, ky6u Ta iH.



Jlockonany HopMasbHy GOpMy CUMETPHYHIX (DYHKINH MOJKHA TTOfaTH GiIHAPHUME MATPUIISIMIL, SIKi GY/IyTh MPEACTABIISITH TEPMI CHMe-
TpuuHnx Oysesux Gyl ta oneparnio OR a6o XOR st Hux.

EkcrieprMeHTaIbHIME JOC/IIPKEHHSIMN TTHATBEPIKEHO, TII0 MeTO/I 00Pa3HIX MEePETBOPEHD, SIKUil BUKOPHCTOBYE KOMOIHATOPHI CHCTEMI
2-(n, b)-design Ta 2-(n, x/b)-design, nigsuutye edexTusHicTs MiniMisanii cuMeTpraHIX OyseBUX GYHKIN. Y OPIBHSIHHI 3 aHATIOTaMU T1€ 1a€
3MOTY IBUIIUTH MPOAYKTHBHICTH MiHiMIi3aIii ciMeTpranmx OysneBnx dyukmiit na 100-200 %.

€ mizcTaBy CTBEpPUKYBATH TIPO MOKJIMBICTD 301/bleHHs eeKTUBHOCTI MiHiMizallil cuMeTpudHux OyJeBux (GYHKIINH B OCHOBHOMY Ta
MoJIIHOMHOMY 6asrcax MeTo/loM 00pasHuX reperBopenb. [le 3a0esmeuyeTbest, 30KpemMa, MIISIXOM BUKOPUCTAHHS PO3POOJIEHNX PIBHOCHIBHUX
TIepeTBOPEHb KOH TOHKTEPMiB TOJIHOMHMX (DYHKIIIN Ha OCHOBI METOY BCTaBKU OIHAKOBUX KOH IOHKTEPMIB 3 HACTYITHOIO OMEPAIli€o Cymep-
CKJICIOBAHHS 3MiHHUX.

Kiouosi cioBa: Minimizanist cumerpuanux GyaeBux (GhyHKI METOOM 0Opa3HKX TIEPETBOPEHb, CUHTYJIsIpHA (DYHKILSA, OCHOBHUI Hasuc.
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MMOBYIOBA KYBATYPHUX ®OPMY.JI TUITY CTEKJIOBA JIJISI CKIHUEHHOTO EJIEMEHTA B BUIJISI/I
BITIIPAMI/TU (c. 40—46)

A. II. Moraiino, I. . Tyayyenko

B poGoti nobyposani KydaTypHi hopMysIi UIs CKIHYEHHOTO eIeMeHTa B BULJIsIL OiripaMizu, siki MaioTh Apyruii aareOpaianuii Hopsiiok
TOYHOCTI. 3anpornonosani GopMyJIH IBHO BPaXOBYIOTh IapameTp Aedopmaliii Ginipamian, 10 BaK/JIMBO IIPH BUKOPUCTAHHI HEPiIBHOMIPHUX
citok. KybarypHi (opMysin oTpuMaHi pu 3aCTOCYBaHHI IBOX CXEM PO3TallyBaHHs By3JIiB IHTEPIOJSIIT HA OCsIX GaraTOrpaHHUKA: CUMETPIY-
HOI Ta HecMMeTpUYHOI. BusHaueHo TPOMIKKK 3MiHK MapaMeTpa BUAOBKeHHsT (CTHCHEHHS) TiBOCI OimipaMian, Ha SKUX BY3JIU iHTEPIOJISILi
oGy oBaHux (hopmyJ1 HaIeKaTh obuacTi IHTEerpyBaHHs, a BaroBi KoeillieHTH € JI0JIATHIIMY, 110 TaPaHTY€ CTIKiCTh 06UYNCIIeHb 32 JTaHUMU
kybarypuumu opmyamu. SIkio mapamerp gaedopmaitii Giripamiiu J0piBHIOE OJAMHHIL, TOi 0OM/IBI KyOaTypHi (hOPMYJIHN € CIIPaBeTTUBUMU
JUIST OKTaeJIpa Ta MAloTh TPETiil anreGpaluHuii TOPsI0K TOYHOCTI.

Otpumani GopMysn 03BOJSAOTh 3HAXOAUTH €JIEMEHTH JIOKATbHOI MATPUIL KOPCTKOCTI HA CKiHYEHHOMY esteMeHTi B (hopmi Girmipamim.
[Ipu pospaxyHKax 3i CKIHUEHHOIO KiJIbKICTIO PO3PsI/IiB BUHUKAE TOXMOKA OKPYTJIEHD, SIKa Ma€ OJIHAKOBHH TTOPSIIOK /Ul KOSKHOI 3 IBOX KyOa-
TYPHUX (DOPMYJL.

3HaiizleHo iHTepBaIn 3MiHN TapaMeTpa BUAOBKEHH s (CTHCHEHHsT ) TiBOCi Gimtipamizim, siki BiITOBIAI0TH BUMOTaM 1010 BiAX1UJIeHb 00'eMy
Ginipamian Biz 06'eMy oKkTaepa, AKi BAKOPUCTOBYE Mporpamuuii komiieke ANSYS.

Cepen mobynoBannx KyGatypuux (hopmys s Gimipamizn 0OpaHO ONTHMAIbHY 32 TOUHICTIO 004nCIeHb (HOPMYIy, sIKa OTPUMAHA TPU
3aCTOCYBaHHI CUMETPUYHOT CXeMK PO3TalllyBaHHsI BY3JIiB BiiHOCHO IeHTpa Ginipamian. Jana popmyia € iHBapiaHTHOIO BiIHOCHO OY/Ib-AKHX
adiHHUX EPETBOPEHD JOKATBHOI CHCTEeME KOOpauHaT Oirmipamiau. [To6yaoBani KybaTypHi hopMmyau MOKYTh OyTH BKJIIOUYEH] 110 6ibmioTex
METO/IiB HabJIIKEHOTO IHTETPYBAHHS TPOTPAMHIX KOMILTEKCIB, 0 PEATi3yI0Th METOM CKIHIEHHIX €JTeMEHTIB.

KiouoBi cioBa: Ginipamina, okTaeap, MaTpuis KOPCTKOCTI, KybarypHa (hopmyJia, Bys/iu iHTepIosllii, Barosi koedirieHTu.
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PO3POBKA AJITOPUTMY PO3PAXYHKY CTIMKUX PO3B’SI3KIB PIBHAHHS CEH-BEHAHA 3A JIOIIOMOTOIO
MPOTUIIOTOKOBOI HEABHOT PI3HUIIEBOT CXEMU (c. 47-56)

Rakhmatillo Aloev, Abdumauvlen Berdyshev, Aziza Akbarova, Zharasbek Baishemirov

TIpo6aiema yrcebHOTO BU3HAYEHHS CTIHKKX 3a JIAmyHOBUM (eKCHOHEHIiaIbHa CTiiiKicTh) po3s’s3Kis cuctemu pisusaub Cen-Benana mpoci
3aJIMIIazIacs BiIKPUTO. ABTOpaMH Tii€i cTaTTi paHime Gysa 3aIipONOHOBaHA HESIBHA MTPOTUIIOTOKOBA PI3HUIIEBA CXEMa POZIIEIJIEHHS, TTPOTe
He OyJia BKazaHa i IpakTHYHA 3aCTOCOBHICTB. Y aHiil poboTi 1151 pobieMa BUpillieHa YCIIIHO, a caMe POo3pOOJIeHNI, a TaKOK peasisoBaHui
AJITOPUTM PO3PAXyYHKY CTillknXx 3a JIsiyHoBUM po3B’si3kiB cuctemu piBHsiHb CeH-Benana 3a 10110MOT0I0 IIPOTUIIOTOKOBOI HESIBHOI Pi3HUIIEBOT
CXeMU po3IIeTvIeH s Ha npukiami Bemmkoro Ammarnmcsroro kanany (nami BAK). B pesysbsrati 3acTocyBanis 3arrporoHoBanoTO aJITOPUTMY
6yJI0 BCTAHOBJIEHO, I1[0:

1) Bmasocst mpoBecTH OOYNCITIOBATBHIN PO3PAXYHOK 33/1a4i YICETBHOTO BUSHAYEHHsI PiBHS 1 mBHAKoCTI Bozw Ha wacTiai BAK (10000 met-
PiB), PO3TAIIOBAHOIO B AJIMATHHCBKIiT 06acti;

2) umcesbHI 3HAUEHHSI BUCOTH PiBHS i TOPU30OHTAJIBHOI MIBU/KOCTI BOIM Y3TO/UKYIOThCS 3 (DAKTUYHUMU BUMipaMK I1apaMeTpiB BOIHOTO
moToky B BAK;

3) 3anponoHOBaHNil OOUUCTIOBATILHUI AITOPUTM CTIHKHIL;

4) uncesbHe cTaiionapHe pimenns cuctemu pisHanb Can-Benana na npukmazni BAK crifike 3a JIsmyHoBnM (eKCIOHEHITIambHO CTilTKe);

5) orpumani pesysbsrati (o BAK) 3a po3paxyHKOBUM 4acoM 110Ka3yloTh e(heKTUBHICTh PO3POOJIEHOr0 aJlrOPUTMY Ha OCHOBI HEsSBHOL
MPOTHIIOTOKOBOI PI3HUIIEBOI CXEMH, OCKIJIbKH, 3HAYEHHS KPOKY PI3HUIIEBOI CITKH 32 4acoM Basiocs 36iabimmtn 10 0,8 115t po3paxyHKy -
CeJIHOTO PIlIeHHs 32 3aIIPOIOHOBAHOIO HESBHOIO CXEMOIO.

Kuouosi cioBa: piBusinis Cen-Benana, rinepbosivuna cucreMa, HesiBHA €XeMa, IPOTUIIOTOKOBA PI3HUIEBA CXeMa, CTIHKICTb.
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PO3POBKA KOMBIHOBAHOT'O METO/IY IZIEHTU®IKALIT HEHOBHUX YBJIKATIB B ETJEKTPOHHUX HAYKOBHX
TIPAIISIX (c. 57-63)

II. I1. Jlisynos, A. O. Binomuuskuii, O. 10. Kyuancokuii, 0. B. Angpamxo, C. B. Bitomunska, O. O. Cep6in
Omnmcano metoau izenTudikarii HemoBHUX AyOMIKATIB y €IeKTPOHHUX HAYKOBHX MPAIAX, AKI BKIIOYAIOTh KOHTCHT OJ[HOTO THILY, HAIIPUKJIAJI,

TEKCTOBI /IaHi, MaTeMaTHuHi (GOPMYJIH, YICa0BI faHi Tommo. /I TekcToBUX AanuX (HopMaTi3oBaHO METO JOKAIbHO-UYTANBOTO TellyBaHHS:
3i 3HAXO/UKEeHHsM Bifictani [eminra Mik eeMeHTaMU iHIEKCIB eJIEKTPOHHIX HAYKOBWX TIpallb. B pasi, akmio Bizctanb leminra mepeBuiye



(ikcoBaHul YMCTOBUI NOPIT, HAYKOBA IPallsd MiCTUTH HENOBHUIT AyOikat. JIJist yncaoBuX ganux GopMyOThCA MiAITOCTIAOBHOCTI JJIst KOKHOT
HaYKOBOI IPaIli Ta BUSHAYAETHCsT OIU3bKICTh MK NPAISIMU 5K BiJicTaHb EBKIIiIAa MiK BEKTOPAMU, 1O CKJIAAAIOTHCS 3 YUCE TaHUX TT/TIOCTI-
JoBHOCTEH. /1151 OPiBHAHHS MaTeMaTHYHIX (DOPMYJI BUKOPUCTOBYETLCSI METOJL TOPiBHAHHS 3pa3KiB (hOPMYJI Ta TIOPIBHIOIOTHCS HalIMEHyBaH-
us 3minaux. /[y inentudikaitii HerroBHUX LLy6JliKaTiB y rpadiuniil indopmarii BUISETbCS BA HAIPSIMKI: 3HAXO/IKEHHS KJII0YOBUX TOYOK
Ha PUCYHKY Ta 3aCTOCYBAHHS JIOKAJIbHO-IYTJINBOTO TEITyBAHHS /TSI OKPEMUX TTiKcesiB pucyHka. OCKiTbKI HAYKOBI MPAIll 9aCcTO BKIIOYAIOTH
Taki 00'€KTH K CXeMU Ta Jiarpamu, TO TAMKUCH A0 HUX JOCAIKYIOTbCS OKPEMO 3 BUKOPUCTAHHAM METOJIIB MOPIBHAHHS TeKCTOBOI iHdOp-
Martii. 3anponoHoBaHo KOMOIHOBaHMN MeTon izeHTHdIKaNii HEMOBHUX MyOJMIKaTIB y €eKTPOHHMX HAYKOBUX MPAISX, MO TOEAHYE B cOOi
MeTozu ienTrdikaitii HemoBHUX AyOMKaTIB Janux pistux tumis. s peasizaiii kombinoBanoro Metoy izentudikartii nermosuux ayoikaris
Y €JIEKTPOHHUX HAYKOBUX MPAISIX PO3POOIEHO iHHOPMAIIHHO-aHATITUYHY CHCTEMY, 110 OIPAIbOBYE HAYKOBI MaTepiain 3aJe;KHO Bijl THITY
konrenty. e mo3Bosisie sikicHo imeHTH(hIKYBaTH HEMOBHI AyOIiKATH 1 MAKCUMAJIBHO ITMHPOKO BUSIBUTH MOJKJIMBI 3JI0BXKUBAHHS Ta Ijrariat
Y eJIEKTPOHHUX HAYKOBUX IPAISIX: HAYKOBUX CTATTAX, AUCEPTAliiHNX poboTax, MoHOrpadistx, MaTepianax KoHdepeHIiil Too.

KiiouoBi cioBa: nernosnuii y6/rikat, eJIeKTpOHHA HAYKOBA MPAllst, CHCTEMa aHTUIIIATIAT, JIOKATbHO-4y TINBE Tely BAHHSI.
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PO3POBKA ABTOMATHU30BAHOI'O METOIY ®OPMYBAHHSA 3MICTY HABYAJIbHUX JUCIHMILIIH CIIELIIAJII3 AL
MAKCUMAJIBHOI KOPUCHOCTI JIJISI PEAJI3AIIIL B IPO®ECIIHINA CDEPI (c. 64-73)

H. B. Acranenko, K. T. Komexos, I. B. Ilonomapsos, B. K. Ceiinaxmeros, 1. O. ®enopos, /1. B. 3yes

CrpiMKe 3pocTanHsl Ta BAHUKHEHHS TPOPUBHIX TEXHOJIOTIH B iH(OKOMYHIKaIiiiHiiT 001aCTi BUMArae mopivHoro KoperyBaHHsI Ta MOjiep-
Hizanii HaBYaIbHUX TJIAHIB 3 IMCIUILIIH Clieriaisantii BIAMOBIIHO 10 aKTyaJbHUX BUMOT PUHKY. [IponoHyeThest crnocib onepaTuBHOTO peary-
BaHHsI OCBITHBOTO CEPEIOBUIIA T1i/[ BUMOTH 30BHIITHBOTO CEPEIOBHIIA, 3ACHOBAHUIT HA CTBOPEHHI Iy Iy 3aTpeOyBaHUX PE3YJIBTATIB HABYAHHS.
OG6’exTOM JI0CIIKEHHS € Tpoliec (hopMyBaHHs 3aTPeOYBAHOTO 3MICTY AMCIUIIIH CeIiai3aIii.

Ornucano dhopmasizoBanuii MetTo/; GOPMYBaHHSI 3MIiCTy HABYAILHUX AUCIIUILIH CIeliasisalii MaKCUMaIbHOI KOPUCHOCTI JIJIs Peasri3artii
B mipoceciiiniii cepi Ha migcTaBi eKCHEPTHUX OIHOK IPEACTABHUKIB PUHKY Hpaiti. Po3po6eHo anropuTm /Uit 3HaX0/pKeHHsT Oe3urivi pe-
3yJIBTATIB HABUAHHS 32 BUSBJIEHUX YMOB. AJITOPUTM 3aCHOBAHUI Ha OIHIN eDeKTHBHOCTI pe3yJIbTaTiB HaBuaHHs. PearizoBano mporpaMHuuii
3aci6, mo BKIOUaE Gasy AaHuX i ABa KOMIOHEHTH: web-iHTepdeiic 1 360py Ta mepBuHHOI 06poOKHU iHdOpMallii Ta mporpaMHuil MOZLYJIb
na C* s aBromarmsariii 0ocHOBHOTO anroputmy. IlizcyMrkoM po6GOTH TPOTPAMHOTO 3ac00Y € TIyJI pe3y/IbTaTiB HABYAHHSI, PEKOMEHIOBAHITH
JUISL BIIPOBAQ/I)KEHHA B 3MICT OCBITHbBOI IIPOTPaMHU.

TTpeacrasieni pe3ysbraT eKCIepUMEHTATILHOTO JOCI/UKEHHS 32 TECTOBUME JIAHUMU, sIKi TTATBEPIIN TOYHICTD 0GYUCIEHD TIPOTPaM-
HOTO KOMIOHeHTa. Bepudikaiiisi qanux y HanpsiMKy web-texnosoriit Ta web-nporpamyBaiHsi 103BOJIIIa BUSBHUTH CIHCOK PE3YJIBTATIB
HABYAHHS JIUIsI BIPOBA/UKEHHS B OCBITHIO mporpamy «Iudopmartiiini cucremu». Po3polbieHuii B pesysibrari A0CHIZKEHHS alTOPUTM MOKE
OyTH BUKOpUCTaHU Uist (hOPMyBaHHS 3aTpeOyBaHOTO 3MICTY eJIeMEeHTIB OCBITHIX mporpam B Oyib-skiil ramysi. IlepenbadaeTbest pO3BUTOK
3aIPOIIOHOBAHOIO METO/LY IIPU CTBOPEHHI IHTEPAKTUBHUX HABUAJIbHUX [IPOTPAM 32 TEXHOJIOITUHUMHU IPOLleCaMU PEMOHTY aBialliliHOT TEXHIKK1
Ha MATPUEMCTBAX aBialiifHol ramysi.

Kuro4oBi ciioBa: pesyJsibraT HaBYaHHsI, 3MICT JAUCIUILIIH, OCBITHI IIPOrPAMU BUIIIOI OCBITH, aBTOMATH30BAHMIT METO/I.
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PO3POBKA APXITEKTYPU KOMBIHOBAHOTO IIZIXO/AY A0 IMITAIIIAHOTO MOJIEJTIOBAHHS CUCTEM
3 MAPAJIEJIISMOM (c. 74-82)

0. O. CynpyHeHko

Onucani napagurmu i rpadoaHaiTHUHUI iHCTPYMeHTAPill [uist 100y 0B1 3ac00iB iMiTalliiiHOro MOeTIOBaH s Ta (hOPMYBAHHST apXiTeK-
TYpu KOMOIHOBAHOTO T1i/1X0/1y BUBYEHHSI ANHAMIYHUX BJIACTUBOCTEN cucTeM 3 TapasiesizmoM. [Ipe/crasiene posimpents (hopManbHOI MOBI
Mmepex ITerpi, sike Mae Gisbiy OTYKHICTH MozeoBans Hixk W F-mepexi. BractuBocti iepapxiunux Mepesx [TeTpi BHKOPUCTOBYIOTHCS J1JIst
CHUHTE3Y IIJIICHOI MOJIeJIi.

TliarpyHTsM 71t KOMGIHOBAHOTO MIAXOAY MO IMITAITHOTO MOEIIOBAHHS CHCTEM 3 TAPAJTETI3MOM BHCTYIIMIN ANCKPETHO-TIOTIEBE MO-
JETIOBAHHS Ta MOJIETIOBAHHS ANHAMIYHUX CHCTEM, sIKi J03BOJSAIOTH BifoOpakaT KiJbKICHI Ta SIKiCHI XapaKTepUCTUKN €JIeMEeHTIB B OAHIN
mozieti. Ha iX 0CHOBI 3anpornoHoBaHo rpadoaHaTiTHYHI IHCTPYMEHTAIbHI 3aC00H, SIKi HAAIOTh MOKJIHMBICTD OIMCY MOJEIbOBAHOI CUCTEMU,
JNOTPUMYIOUUCH IPUHIIUITY CTPYKTYPHOI oibHocTi. BoHu MaoTh 3aco6u AuHaMIiYHOT iMiTallii, 10 CIPOILYE BidyaJbHUI aHAM3 Ta KOPHUTY-
BaHHA Mojesi. Takoxk 3arpolloHOBaHUIl iHCTpyMeHTapiil nepenbavae aHami3 AMHAMIYHUX BJAACTUBOCTEH MOJEII, SAKUil J03BOJIAE BUABIATH
HAKOIIMYEH] SBUIIA, IO MOKYTh IPU3BECTH /10 HelepenbadyBaHoro (hyHKIIOHYBaHHST CHCTEMHU.

3amporoHOBAHO KOHIIENTYaIbHY MOJIEJb CUHTE3Y Ta aHAI3Y CHCTEM 3 TapaJesi3MoM, sika rnepegdadae mobyI0By CKIAJIOBUX MOJENI Ha
OCHOBI apxiTexTypHOro pimenns. Ix moerannuii anasis Ta popMyBanHs 1HiTicHOT MOzesI TporpaMHoi cheTeMn 3HHCHIOETHCS 3 BUKOPHCTaH-
HSIM MEPEKEBOTO MPEICTABICHHS, 32 MATPHYHIM OIIHICOM SKOTO PO3PAXOBYIOThCS iHBapiaHTN. AHaJII3 iHBAapiaHTIB Z03BOJISIE OTPUMATH JIUHA-
MIYHI BJIACTUBOCTI MOJIeJIi Ta BUSHAUUTHU JIOKAJI3ali0 KOHCTPYKIIiii, 110 IIPUBOJATD /10 KPUTUUHUX CUTYAIliil IpK iX BUABJICHHI.

TTo6GynoBaHo apXiTeKTypy KOMOIHOBAHOTO THAXO/LY 10 IMITAIIITHOTO MOIETIOBAHHST CUCTEM 3 MAPAJIETi3MOM, sIKa 3a0e31evye BUBYCHHST 1X
JMUHAMIYHIX BJIACTUBOCTEN JJIST MiZIBUIEHHS HAMIITHOCTI (DYHKI[IOHYBAHHS IPOrPAMHUX CUCTEM.

KiiouoBi cioBa: apxitekrypa KoMOiHOBaHOTO TAXO0/LY, (hopmasbHi MoBU Mepesk IleTpi, 3acobu IMHAMIYHOTO MOJIETIOBAHHSI.



