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This article examines the problems of the development of
united territorial communities, in particular, unemployment
and economic problems. The object of the research is the im-
provement of territorial communities on the example of the
Lviv region (Ukraine). One of the most problematic areas is
the fact that communities, in most cases, do not have enough
funds to solve economic and other problems.

The study uses the idea of the need to create self-

sufficient communities with a sufficient number of financial

instruments for their own development. The mathematical
model of the decision support system for the development of
territorial communities using the agro-industrial sector is al-
so considered. An important step in building a mathematical
model of the agro-industrial complex is taking into account
the specifics of agriculture. The paper considers a math-
ematical model of linear and multifactorial regression, which
describes the relationship between the amount of resources
expended and the volume of output. Since the processes in
the economy and production processes in agriculture are
complex, it is difficult to describe them using only linear

deterministic models. A common case is when task variables

take some discrete values or values from a specific one. This

situation makes the search difficult. To build a mathematical

model for the development of territorial communities and
study the fact that the development of agro-industry will
improve the overall economic situation of the territorial
community, correlation and regression analysis, the Farrar-
Glauber method and the method of least squares are used.
Thanks to the listed instruments, the statement is formed
that the regulation of key factors of economic indicators of
the agricultural sector can positively affect the growth of the
economic component of territorial communities. The created
mathematical model clearly forms the conclusion that agri-
culture in local communities can become an economic engine
of community development, taking into account regional

conditions.

Keywords: territorial community, mathematical model
of the agro-industrial complex, decision support systems,
correlation-regression analysis.
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The object of research is an approach of functionality
extension for simulation toolkits based on iFogSim. It is as-
sumed by the native approach that enhancement of functio-
nalities should be achieved by inheriting the fog device class
and defining new features in its body. However, this approach
makes it impossible to use inherited simulators together and
significantly decreases flexibility even when utilizing a single
simulator. Another problem related exclusively to iFogSim
is a specific communication scheme between application mo-
dules, which results in data routing limitations in fog archi-
tectures and odd data streams taken into account.

This paper introduces an alternative extension approach
incorporating a peculiar inheritance scheme which tries to
reconsider the standard approach from a behavioral design
patterns point of view. The key feature of the suggested
approach is an extraction of fog device features from the na-
tive class into separate behavioral classes. Meanwhile, the
designed inheritance scheme allows to flexibly override and
combine behaviors. According to the approach principles the
developed simulator extends iFogSim with application mo-
dules addressing capabilities solving limitations, along with
implementing users’ mobility and dynamic wireless connec-
tivity as it is done in MobFogSim. With the aim to check its
correctness, the designed toolkit was validated with the stan-
dard for iFogSim case study of «<EEG Tractor Beam game»
application. The validation included four scenarios. In the
first two scenarios the features of users’ mobility and dynamic
base station connectivity were validated. And in the next
scenarios that utilized address routing the obtained delay
and network usage values were compared with theoretically
calculated ones. The validation results indicated the correct
simulator behavior, and introduced functionalities extension
approach, being more complex in comparison with the inative
one, can significantly improve flexibility of the simulator.

Keywords: iFogSim extension, address routing, MobFog-
Sim, fog computing simulation, behavioral design patterns.

References

1. Calheiros, R., Ranjan, R., De Rose, C., Buyya, R. (2009). Cloud-
Sim: A Novel Framework for Modeling and Simulation of Cloud
Computing Infrastructures and Services. Eprint. Available at:
https://arxiv.org/abs/0903.2525

2. Gupta, H., Vahid Dastjerdi, A., Ghosh, S. K., Buyya, R. (2017).
iFogSim: A toolkit for modeling and simulation of resource
management techniques in the Internet of Things, Edge and Fog
computing environments. Software: Practice and Experience,
47 (9), 1275-1296. doi: http://doi.org/10.1002/spe.2509

3. Puliafito, C., Gongalves, D. M., Lopes, M. M., Martins, L. L., Ma-
deira, E., Mingozzi, E. et. al. (2020). MobFogSim: Simulation of
mobility and migration for fog computing. Simulation Modelling
Practice and Theory, 101, 102062. doi: http://doi.org/10.1016/
j.simpat.2019.102062

4. Bittencourt, L. F, Diaz-Montes, J., Buyya, R., Rana, O. E, Para-
shar, M. (2017). Mobility-Aware Application Scheduling in Fog
Computing. [EEE Cloud Computing, 4 (2), 26—-35. doi: http://
doi.org/10.1109/mcc.2017.27

5. Mehran, N., Kimovski, D., Prodan, R. (2019). MAPO: A Multi-
Objective Model for ToT Application Placement in a Fog En-
vironment. Proceedings. 9th International Conference on the In-
ternet of Things. doi: http://doi.org/10.1145/3365871.3365892

6. Salama, M., El-khatib, Y., Blair, G. (2019). ToTNetSim: A Model-
ling and Simulation Platform for End-to-End IoT Services and
Networking. Proceedings. 12th IEEE/ACM International Confe-
rence on Utility and Cloud Computing, 251-261. doi: http://doi.org/
10.1145/3344341.3368820

7. Puliafito, C., Vallati, C., Mingozzi, E., Merlino, G., Longo, F,
Puliafito, A. (2019). Container Migration in the Fog: A Perfor-
mance Evaluation. Sensors, 19 (7), 1488. doi: http://doi.org/
10.3390/s19071488

8. Brief introduction to Design Patterns. Kariera Future Processing.
Available at: https://kariera.future-processing.pl/blog/design-
patterns/

9. Weisfeld, M. (2005). Encapsulation vs. Inheritance. Developer.
com. Available at: https://www.developer.com/design/encapsu-
lation-vs-inheritance/

10. Assassindidek/altmobfogsim: Extension Approach for iFogSim Based
Simulators. Available at: https://github.com/assassindidek /alt-
mobfogsim

DOI: 10.15587/2706-5448.2021.233534

COMPARATIVE ANALYSIS OF APPROACHES TO SOURCE
CODE VULNERABILITY DETECTION BASED ON DEEP
LEARNING METHODS

pages 19-23

Yevhenii Kubiuk, Department of System Design, National
Technical University of Ukraine <Igor Sikorsky Kyiv Polytech-
nic Institute», Kyiv, Ukraine, e-mail: eugen.kubiuk@gmail.com,

ORCID: http.//orcid.org/0000-0002-7086-0976

Gennadiy Kyselov, PhD, Department of System Design, Na-
tional Technical University of Ukraine <Igor Sikorsky Kyiv Poly-
technic Institute», Kyiv, Ukraine, e-mail: g.kyseloo@gmail.com,
ORCID: https://orcid.org/0000-0003-2682-3593

The object of research of this work is the methods of deep
learning for source code vulnerability detection. One of the
most problematic areas is the use of only one approach in the
code analysis process: the approach based on the AST (ab-
stract syntax tree) or the approach based on the program
dependence graph (PDG).

In this paper, a comparative analysis of two approaches
for source code vulnerability detection was conducted: ap-
proaches based on AST and approaches based on the PDG.

In this paper, various topologies of neural networks were
analyzed. They are used in approaches based on the AST
and PDG. As the result of the comparison, the advantages
and disadvantages of each approach were determined, and
the results were summarized in the corresponding compari-
son tables. As a result of the analysis, it was determined that
the use of BLSTM (Bidirectional Long Short Term Memory)
and BGRU (Bidirectional Gated Linear Unit) gives the best
result in terms of problems of source code vulnerability detec-
tion. As the analysis showed, the most effective approach for
source code vulnerability detection systems is a method that
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uses an intermediate representation of the code, which allows
getting a language-independent tool.

Also, in this work, our own algorithm for the source code
analysis system is proposed, which is able to perform the fol-
lowing operations: predict the source code vulnerability, clas-
sify the source code vulnerability, and generate a correspond-
ing patch for the found vulnerability. A detailed analysis of
the proposed system’s unresolved issues is provided, which
is planned to investigate in future researches. The proposed
system could help speed up the software development process
as well as reduce the number of software code vulnerabilities.
Software developers, as well as specialists in the field of cy-
bersecurity, can be stakeholders of the proposed system.

Keywords: AST-based approaches, program dependence
graph-based approaches, code analysis.
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The object of research is the processes of error correction
transformation of information in automated systems. The re-
search is aimed at reducing the complexity of decoding cyclic
codes by combining modern mathematical models and practi-
cal tools. The main prerequisite for the complication of compu-
tations in deterministic linear error-correcting codes is the use
of the algebraic representation as the main mathematical appa-
ratus for these types of codes. Despite the universalism of the
algebraic approach, its main drawback is the impossibility of
taking into account the characteristic features of all subclasses
of linear codes. In particular, the cyclic property is not taken
into account at all for cyclic codes. Taking this property into
account, one can go to a fundamentally different mathematical
representation of cyclic codes — the theory of linear automata
in Galois fields (linear finite-state machine).

For the automaton representation of cyclic codes, it is
proved that the problem of syndromic decoding of these codes
in the general case is an NP-complete problem. However, if to
use the proposed hierarchical approach to problems of comple-
xity, then on its basis it is possible to carry out a more accurate
analysis of the growth of computational complexity. Correc-
tion of single errors during one time interval (one iteration) of
decoding has a linear decoding complexity on the length of the
codeword, and error correction during m iterations of permuta-
tions of codeword bits has a polynomial complexity. According
to three subclasses of cyclic codes, depending on the com-
plexity of their decoding: easy decoding (linear complexity),
iteratively decoded (polynomial complexity), complicate de-
coding (exponential complexity). Practical ways to reduce
the complexity of computations are considered: alternate use
of probabilistic and deterministic linear codes, simplification
of software and hardware implementation by increasing the
decoding time, use of interleaving. A method of interleaving
is proposed, which makes it possible to simultaneously gene-
rate the burst errors and replace them with single errors. The
mathematical apparatus of linear automata allows solving to-
gether the indicated problems of error correction coding.

Keywords: cyclic codes, NP-completeness, computational
complexity, cyclic permutation, iterative decoding.
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The object of research is the professional activity of an air
traffic controller of the airport traffic control tower (hence-
forth Tower controller). The subject of research is the regu-
larities revealing in this specialist activity in the performance
of its work responsibility for the trainee reference model
formation in the intelligent training system «ATC of Tower».
One of the most problematic areas is the lack of training
systems that would allow for independent training of these
aviation specialists, whose knowledge assessment would be
automatic and objective.

The study used methods of analysis, combined timing,
synthesis, statistical analysis and probabilistic modelling.
The approach to data collection and analysis proposed as
part of study made it possible to obtain an information flows
circulation model at the Tower controller workplace and
formalize the time characteristics of technological operations
performed by it during the aircraft landing procedure. This is
fundamentally important for the development of the trainee
reference model of the intellectual training system, as well as
for the implementation of the training mode and automatic
objective assessment of the student’s knowledge and skills.

The approbation obtained results of this approach of data
collection and analysis make it possible to consider it an effec-
tive tool for obtaining objective information about the sub-
ject area of the Tower controller’s professional activity, which
is a complex continuous-discrete stochastic dynamic control
system with a mixed structure. In contrast to the formation
of reference models existing approaches, the approach to
collecting and analysing data proposed in the work makes it
possible to develop a trainee reference model that more fully
describes the Tower controller’s activities. Also, the proposed
model reflects the order of actions, and when interacting
with the trainee current model, it allows to implement objec-
tive (without an instructor) automatic assessment.

Keywords: information flows circulation model, time cha-
racteristics of technological operations, Tower controller.
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The object of the study is the effect of the downtime of
vehicles at stopping points on the duration of the route bet-
ween passengers within the transport hub. As a controllable
parameter that determines the conditions for synchronizing
the presence of vehicles at stopping points and reproduces
the characteristic effect on the weighted average time spent
by passengers in transport hubs, the time of additional service
downtime of vehicles is allocated. The simulation modeling
and processing of the results obtained made it possible to
establish the characteristic patterns of changes in the time

spent by passengers in transport hubs for two types of routes
with different volumes of passenger arrivals, the proportion
of inter-route transfers and the interval of movement. It was
found that for routes with scheduled arrivals more than 40
passengers and the specific gravity of inter-route transfers
up to 45 %, the introduction of additional service downtime
does not allow a positive effect on the duration of the stay of
passengers in transport hubs. The implementation of service
downtime is advisable for routes with an average volume
of regular arrivals of passengers (up to 40 passengers) and
a specific weight of inter-route transfers of more than 45 %.
For such conditions, the regularities are described by a third-
degree polynomial with the available characteristic period,
which minimizes the function of the time spent by passen-
gers. On the basis of the conducted experimental studies, it
has been established that for routes with a specific gravity of
a change from 45 % to 59 %, it is advisable to have a service
downtime in the range of 1 minute up to 3 minutes, and
for routes with a transfer rate of more than 59 % — within
2 minutes up to 5 minutes. The use of service downtime will
increase the effectiveness of the synchronization of inter-
route transfers in conditions of stochastic traffic and reduce
the time spent by passengers in the transport interchange
hub by 0.9-3.9 minutes (14-38 %) in comparison with the
existing organization of interaction between the subjects of
the route flow.

Keywords: urban passenger transport, stopping point, ser-
vice downtime, inter-route transfer.
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The object of research is the risks arising at the stage of cul-
tivation of biological agents in fermentation equipment. The
starting point of the life cycle of equipment, including fermen-
ters, is the terms of reference, which defines all the necessary
requirements that must be taken into account in the design,
manufacture, installation and qualification. One of the most
important and important stages of the equipment life cycle is
the formation of a holistic and complete technical specifica-
tion, which would allow taking into account all critical process
parameters already at the stage of developing the design of the
fermenter in accordance with the requirements of good manu-
facturing practice. It is important to note that the regulatory
documents of the pharmaceutical industry (good manufactur-
ing practices, good engineering practices, etc.) do not form spe-
cific requirements for equipment and processes, but only define
general approaches to ensuring the quality system.

The study used the principles of risk management, which
are advisable to use throughout the entire life cycle of the
equipment. The analysis of the stages of sanitary preparation
(washing, disinfection and rinsing), sterilization of the fermen-
ter and the cultivation process made it possible to determine
the risks arising at the corresponding stages of production and
ways to solve them. The approach to the analysis of critical pa-
rameters proposed in this work can be used to improve the de-

velopment of technical specifications for a fermenter. Thanks
to this, at the initial stages, a comprehensive approach to risk
management is provided, which in turn will prevent the nega-
tive impact of external factors on the final product. Another
aspect of using the research results is the possibility of forming
fermenter validation protocols. The results obtained in this
work can also be used in the development and scaling of the
cultivation process for the production of active pharmaceutical
ingredients in biopharmaceutical production.

Keywords: fermenter design, cultivation of biological
agents, active ingredient, pharmaceutical substance, good
manufacturing practice.
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The object of research is a complex transport scheme
using the example of the city of Kyiv (Ukraine). The com-
prehensive transport scheme of the city of Kyiv provides for
a variant design of the city’s transport system. In transport
planning and design, for a qualitative assessment of planning
decisions, predictive transport models of cities are most of-
ten used, which describe the macroscopic parameters of the
traffic flow. The proposed options were tested on a transport
model. The main task of this model is the modeling of trans-
port correspondence, where the volume of traffic by public
transport is about 80-90 % of the total volume of traffic. For
this, a model was developed, with the help of which the level
of loading of the main network, the volume of transport work,
and the total number of passengers carried by public trans-
port were analyzed. When choosing the optimal option, let’s
took into account such parameters as the average speed of the
traffic flow, general transport delays, and the total number
of passengers transported by public transport. As well as the
average distance of travel, the average time for the implementa-
tion of transport correspondence on public transport, the cost
of unproductive loss of time by residents of the city, and so on.

Based on the results of transport modeling, the optimal
option for the development of the city’s transport system was
selected, which provides for the completion of the construc-
tion of existing road transport infrastructure facilities, the
construction and development of the backbone network,
systems outside the street rail transport, and optimization of
the public transport route network. The complex transport
scheme of the city of Kyiv, which was created using modern
technologies in the field of transport modeling, allows to ana-
lyze and determine the effectiveness of the implementation of
various measures for the development of the city’s transport
infrastructure. Transport modeling has shown the feasibility
of providing initial data for the feasibility study of investment
projects, the arrangement of road transport infrastructure fa-
cilities, the improvement of traffic management schemes, the
arrangement of new public transport routes.

Keywords: macromodeling of traffic flows, transport mo-
del, transport planning, backbone network, transport infra-
structure.
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The object of the study is the production and techno-
logical processes of international road transport (PTP IRT)
according to the innovative approach and the conceptual
idea of technical and technological energy saving in motor
transport. Predictive assumptions about the development
of the object of study — the realization of the possibilities of
operational-simulation and technical-evolutionary method of
complex analysis of transport energy efficiency of road trains
and production and technological processes of international
road transport in the practice of international road transport.

In the course of the research the operational-simulation
and technical-evolutionary method of complex analysis of
transport energy efficiency of road trains and production-
technological processes of international road transportations
was considered. As an example, the influence of changes in
such a design parameter of the road train as the gear ratio of
the main transmission of the tractor on its transport energy
efficiency, as well as fuel and energy consumption of the road
train DAF FT95.360 (Netherlands) in the test trunk opera-
tion (at og=0). It is established that when the value of the
gear ratio of the main transmission (U,) increases, the value
of the energy efficiency indicator (P,) varies from 0.55 to
0.58. The greatest value of energy efficiency is at U,=2.846.
It is determined that when the value of the gear ratio of the
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main transmission (U,) increases, the value of the energy con-
sumption indicator (A.) increases, and the minimum value of
3.2 MJ acquires the value of the gear ratio of the main trans-
mission — 2.846. It was found that when the value of the gear
ratio of the main gear (U,) increases the fuel consumption (Q.)
increases and acquires a maximum value of 3496.84 g with the
value of the gear ratio of the main gear — 4.39. The minimum
value of fuel consumption of 1684.2 g is achieved when the
value of the gear ratio of the main transmission 2.846.

The results of the study can be used to implement sys-
temic and conceptual innovation management in the field of
international road transport.

Keywords: conceptual idea, simulation analysis, road
transport of international road transport, structure of motor
transport, design and road factors.
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MATEMATHYHE MOJE/NIOBAHHA TA AHANI3 PO3BUTKY TEPHTOPIAJIBHUX TPOMAJL  cropinxku 6-12

Biryu P. P, liureuu B. B., Onexcis H. T.

B maniii po6oTi po3riIsiHyTO TPOdIeMH PO3BUTKY 06 €IHAHNX TEPUTOPIAIbLHUX TPOMaL, 30KpeMa (6e3pobiTTst Ta eKOHOMIYHI PoGIeMH.
OG6’exTOM nOCIiKEH s € GaaroycTpiii TeputopiaibHUX rpoMaj Ha npukJiaai JIbeisebkoi obmacti (Yipaina). Oamum 3 HalGibIn npo6aeMHIX
MicIlb € TOiT (hakT, 10 rpoMaaM, y GiIbIIOCTi BUIIAJIKIB, HE BIUCTAYAE KOIITIB HA BUPIMIEHHS €KOHOMIYHIX Ta IHIIUX TPOOJIEM.

B xozi mocifKentst BUKOPUCTOBYEThCS iftest PO MOTpeby CTBOPEHHsI CaMOIOCTATHIX MPOMajl 3 JOCTATHHOIO KiIbKICTIO (hiHAHCOBMX
IHCTPYMEHTIB /IS BJIACHOTO PO3BUTKY. Tako)k pO3IVIAfA€TbCS MaTeMaTUYHA MOJEJb CUCTEMH IJTPUMKU MPHUIHATTS pPillleHb PO3BUTKY
TEPUTOPIAIBHIX TPOMA/], BUKOPHCTOBYIOYN arpPOMPOMICIOBHIN CEKTOp. BakmBUM KPOKOM MpH TTOGYI0BI MaTeMATHYHOI MOJIETI arporpo-
MIUCJIOBOTO KOMILIEKCY € BPaXyBaHHs CIenudiKu MisIbHOCTI CiIbCHKOTO TOCHOAapcTBa. Y POGOTI PO3IISANAETHCS MATEMATHYHA MOJE/b
M6y HiTHOT 6GaratohakTOpHOI perpecii, sika ONUCy€ 3aTEKHICTh MisK BEMINHOIO 3aTPAUYEHHUX PECYPCIB Ta 00CATOM TPOYKILii, 110 BUITyCKa-
erbest. OCKIIbKY IPOIec eKOHOMIKK Ta BUPOOHUYI MPOIECH CLIIbChKOTO TOCMOAAPCTBA CKAA/HI, TO i iXHii ONUC CKJIaAHO MPOBECTH, BUKO-
PUCTOBYIOUY TLIBKU JIiHIiHI geTepminoBani Mozesni. [TomMpeHnM € BUTIAIOK, KOJIM 3MiHHI 3a/1au MPUIMAIOTh JIesIKi [MCKPETHI 3HAUEHHST 200
3HAYEHHS 3 MEBHOTO MPOMIKKY. Taka cuTyartist 3abe3reuye CKIaAHICTh TOMyKy. [[J1st To6yI0BH MaTeMaTHIHOI MOZIETTi PO3BUTKY TEPHTOPI-
aJIBHUX TPOMAJ] Ta JOCII/PKEHHS TOro (akTy, 110 PO3BUTOK arpoIPOMUCIOBOCTI IOKPAIINTD 3arajlbHUIl eKOHOMIYHMIT CTaH TePUTOPiaIbHOI
TPOMajIN BHKOPUCTOBYIOTBCSI KOPETSIIHHO-perpeciiinmii anasis, aaroputm Mappapa-Iimobepa ta MeTos HafMEHIINX KBAApaTiB. 3aBIsSKH
repesiiveHrM iHCTpyMeHTaM (DOPMYETLCS TBEP/PKEHHS, 110 PEryJII0BaHHS KIIOYOBUX (aKTOPiB eKOHOMIYHUX MOKA3HUKIB arpapHOTO CEKTOPY
MO’Ke TO3UTHBHO BIUIMHYTH Ha 3POCTAHHSI €KOHOMIUHOI CKJIa/10BOI TepuTopianbHuX rpoMai. CTBOpeHa MateMaTHYHa MOJIeJIb YiTKO (hopmye
BHCHOBOK TIPO Te€, IO CiJIbCbKE TOCHOAPCTBO B MiCI[EBUX IPOMA/[AX MOKE CTaT! eKOHOMIUHIM PYIIiEM PO3BUTKY IPOMa/, 3BaKaiodn Ha pe-
rioHa/IbHI YMOBH.

KoouoBi ciioBa: TeputopiasbHa rpoMajia, MaTeMaTHYHA MOJIENTb ArPOTTPOMUCIIOBOTO KOMIIJIEKCY, CHCTEMU T /ITPUMKH TIPHITHSITTST PillleHb,
KOPEJISAIITHO-perpeciituuii anasis.

DOI: 10.15587/2706-5448.2021.232810
PO3POBKA NMIAX0AY A0 POSWMPEHHA GYHKIIOHANEHMX MOMHBOCTEX TA PEANIBALIA AAPECHOI MAPIUPYTH3ALI NA
CHMYNATOPIB HA OCHOBI IFOGSIM  cropinkx 13-18

Bopucoe P. 0.

O06’eKTOM TOCTIKEHHS € TiXi 10 Po3MUpeHHs (DYHKIIOHATLHUX MOKIMBOCTEN /st CUMYJIATOPIB Ha 0cHOBI iFogSim. ITpumnyckaeTses,
110 THUTTOBUM TTi/IXOIOM /IS PO3IIMPEHHS € HAaCJi/[yBaHHS KJIacy TYMaHHOTO TIPHCTPOIO Ta BU3HAYEHHS HOBUX BIACTHBOCTEH y TiJsi Kiacy.
Opnak Takuii miaxig poOuTh HEMOKIMBUM MOEAHAHH (DYHKILH i3 ACKIIbKOX CUMYIATOPIB Ta 3HAYHO 3MEHIILYE THYUYKICTh, HABITH Y BULIAJKY
BUKOPHCTAHHST OJIHOTO CUMYJIsiTOpa. [HII0I0 Ipo61eMoio, XapakTepHoto /s iFogSim, € ocobimBa cxeMa KOMYHIKaIlii Misk MOLYJISIMU JOJIATKY,
sIKa MPU3BOUTD 10 OOMEKEeHb B MApIIIPYTH3AIlii 33j1a4 B TYMaHHUX apXiTEeKTypax Ta BpaXoBy€e HebGakaHi IIOTOKH AHNX.

VY po6ori onucaHo aabrepHATUBHUNA MH/IXI/ 10 PO3MUPEHHs (DYHKIIOHAIBHUX MOKINBOCTEH, SIKM MOJISTAE Y BUKOPUCTAHHI 0COOINBOT
CXeMHU HACJITyBaHHS Ta HAMATAETHCST IEPEOCMUCIUTH CTAHAAPTHUI T/XI/ 3 TOUKM 30pY TOBEAIHKOBUX MAabI0HIB TpoekTyBants. KiodoBnm
y 3ampOMOHOBAHOMY IIAXO/I € BUHECEHHs (DYHKIIIIT TYMAHHOTO MPUCTPOIO 0 OKPEMUX MOBEIIHKOBUX KJACiB, a po3pobJeHa cxema HacJi-
JYBAHHS ¥ CBOIO YEPTY J03BOJISIE THYYKO MEPEBU3HAYATH Ta MOEAHYBATH MOBEMIHKN MiXK c00010. 3TifHO i3 cHOPMYIBOBAHUME JI7IST TAHOTO
MIAXO/Y TIPUHITUIIAME PO3POOIEHIN CUMYJISITOP PO3IIMPIOE MOKINBOCTI iFOgSim aapecHor0 MapIIpyTU3AIEo /sl MOA0JAHHS 0OMEKEHD,
a TaKOK peasizye nepeMinieHHs KOPUCTYBAviB Ta IXHE ANHAMIUHE THAKIIOUYEHHS 10 Mepeski, sk 1e 3podaero B MobFogSim. 3 metoro nepe-
BIPKH TIPaBUIILHOCTI (DYHKITIOHYBAHHS PO3POOJIEHOI0 CUMYJISITOPA POBEIEHO HOTO BaJialliio 3 BAKOPUCTAHHIAM CTaHAapTHOTO /st iFogSim
Jo/IaTKy 3 esiekTpoeniiedasnorpadivHuM faTdyukoM. Bamigais ckiajanacs 3 4oTUPbOX ClieHapiiB. B mepiiux 1BoX 1epeBipeHo KOPeKTHICTb
(yHKII epeMileH s Ta IMHAMIYHOTO MEePEeKTIOUeHHsT KOPUCTYBaYiB Misk 6a30BUMM CTAHINSIMI. A B TPETHOMY Ta YETBEPTOMY CII€HAPIisAX
3aCTOCOBAHO a/[PECHY MapIIPYTU3AIi0 Ta IIOPIBHSAHO OTPHMaHI 3HAUCHHS 3aTPUMKH Ta MEPEKeBOT0 HABAHTAKEHH: 3 PO3PAXOBAHNMI Teope-
tuaro. OTpUMaHi pe3yJIsTaTi BaJiIallii miATBepAnIN KOPEKTHICTH POOOTH CUMYJISITOPA, & 3alIPOIIOHOBAHMI TT/IXI/I 10 PO3ITUPEHH (DYHKITIO-
HAJIBHUX MOKJIMBOCTEN, X0Y i € CKJIQIHIIINM, 03BOJISE 3HAYHO OKPAIIUTH FHYYKICTh BUKOPUCTAHHS CUMYJIATOPA.

Kmouosi ciioBa: posumpentst iFogSim, agpecta mapipytusaris, MobFogSim, cumyJisiis TyMaHHUX 0GUNCIIEHb, TOBEIIHKOBI MTab10H1
TIPOEKTYBAHHS.

DOI: 10.15587/2706-5448.2021.233534
MOPIBHANLHWIA AHANIZ METO/IB NOWYKY BPANMHBOr0 MPOrPAMHOrD KOAY HA OCHOBI METOAIB I/TME0KOr0
HABYAHHA cropinku 19-23

Ky6'vox E. 0., Kucensos I 1.

OO6’eKTOM IIOCIIIZKEHHS IaHOT POOOTH € METOAN TJIMOOKOr0 HABYAHHS B 3a/@yaX IOIIYKY BPA3JMBOCTEN POrpaMHOTO Komxy. OmHuM
3 Ha6iTbIT TPOGJIEMHIX MICIIh € BUKOPUCTAHHS JIMIIE OHOTO MiXOMY B MpOIeci aHamsy Komy: miaxony Ha ocHoBi AST (abstract syntax
tree) abo 1minxo/ay Ha 0cHOBI Tpada samexnocreil mporpamu. Y mamiil po6oti 6yJIo MpoBeseHo NOPIBHAIBHUAN aHali3 ABOX MIXOAIB aHaIi3y
MPOrPaMHOro KOMy: miaxozis Ha ocHoBi AST (abstract syntax tree) i mizxonis Ha 0CHOBI rpada 3ame;KHOCTEN Iporpamu.
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B pamkax sanoi po6oTu Gy npoaHaiizoBaHi pisHi TOMOMOTIT HEHPOHHIX MEPEK, SKI 3aCTOCOBYIOThCS B Miaxoaax Ha ocHoBi AST i miaxo-
JIiB Ha 0CHOBI Tpada 3aseskHocTeil mporpamMu. B xoi mopiBHsHHs Oy/iM BU3HAYEH] [IepeBary Ta HeA0K KOKHOTO 3 MIXO/IB, TAKOK Pe3yJib-
Tatu OyJiM 3BeIeH] 10 BIANOBIAHMX TabJIuIb NMOPiBHAHD. B pesysbsrari ananizy 6yso BusnadeHo, mo sukopucranisa BLSTM (Bidirectional
Long Short Term Memory) i BGRU (Bidirectional Gated Linear Unit) gae naiikpanmii pesysisrat B 3ala4ax HOIIYKY BPasJinBOCTeH B po-
rpaMHOMY Kozii. SIK TI0Ka3aB npoBejeHui anasis, HalGiIbII eheKTUBHIM MiAXO0ZA0M 0 MOOYI0BU CHCTEM BUSIBJIEHHS BPa3JIMBOCTEl € METO/,
B SIKOMY BUKOPHCTOBYETBCS ITPOMIXKHE TTPEICTABJIEHHS KO/LY, 110 /03BOJISIE OTPUMATH HE3aJIeKHUIT BiJi MOBH ITPOTPAMYBaHHS iIHCTPYMEHT.

Takosk, B paMKax TaHoi poOOTH OyB 3arPOMOHOBAHUI BIACHUIT aIrOPUTM POGOTH CHCTEMH aHA3y MPOTPAMHOTO KOy, sIKa 3[aTHA
BHUKOHYBAaTU IIPOTHO3YBaHHS ypa3MBOCTI KOy, Kiacudikallilo ypasanBOCTi KO/Y, a TAKOXX TeHepalliio Bi/IIOBI/IHOrO maTya /I 3HalieHOol
ypasauBocti. [lana cucremMa Ma€ psijt BIAKPUTHX, U1t MAHOYTHIX TOCTIKEHb, TTHTAHb, ICTATBHII aHAJI3 IKUX PEICTABICHUN B laHiil poOOTi.
3amporonoBaHa cucreMa Moryia 6 JOTOMOITH TPUCKOPUTH PO3POOKY MPOTPAMHOTO 3a0e3MeUeHHs, a TaKOK 3MEHIINTH KiJIbKICTh BPasJii-
BOCTEH MPOrPaMHOTO KOAY. 3alliKaBJIEHO CTOPOHOK TAKOTO IHCTPYMEHTY MOXKYTh BUCTYNATH PO3POOHMKH TIPOTPAMHOTO 3a0e3MedYeHHs,
a Takok (axisili 3 obmacti kibepOesneku.

Kmioyosi cioBa: nizxoaun Ha ocHoBi AST, mizixoau Ha ocHOBI rpada 3aeskHoCTell IporpaMu, aHai3 KOJLy.
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CNPOLLEHHA OBYUCNEHL B 3ABAJIOCTIHKOMY KOAYBAHHI  cropinxu 24-28

Cemepenxo B. I, Boiinanosuu 0. H0.

OG6’ €KTOM JIOCIIIIZKEHHS € MIPOIECH 3aBafl0CTIHKOrO IIepeTBOPEHHs iH(opMallil B aBToMaTU30BaHKUX cucteMax. J[ociisKeH s HalpaBaeHe
Ha 3MEHIIEHHS CKJIaJHOCTI JEKOlyBaHHsI IIUKJIIYHUX KOIB 3a JI0MOMOTOI0 06 €/IHAHHS CYyYacHMX MaTeMaTHYHUX MOJesIeil Ta TIPAaKTHIHUX
3ac06iB. OCHOBHOIO IIEPELYMOBOIO YCKIAAHEHHsT 00UKCIeHD B IeTePMiHOBAHUX JIHIHHIX 3aBaJOCTIKIX KOJAX €TI0 BUKOPUCTAHHS ajrebpa-
TYHOTO MPEICTABJIECHHS SIK OCHOBHOTO MATEMATHYHOTO allapary IS [UX TUIIB KOAiB. HesBakaoun Ha yHIBepcasiaM anre6paidHoro migxomy,
HOro OCHOBHMM HEJI0JIIKOM € HeMOKJIMBICTD BpaxyBaHHsI XapaKTEPHUX 0COOJIMBOCTEN BCIX MiAKIACIB JIHITHUX KOAIB. 30KpeMa, JIst IIUKJIiY-
HUX KOJIIB 30BCIM He BPaX0OBY€ETLCS BJIACTUBICTD HuKIiyHOCTI. [Ipy BpaxyBaHHi BKa3aHoI BJIACTUBOCTI MOKHA IIepeiiTU 10 IPUHIUIIOBO 1HIIOTO
MaTeMaTHYHOTO TIPE/ICTABIECHHS IUKJIIYHNX KO/iB — Teopii JiHIITHNX aBTOMATIB B TOJAX [asya (JHITHIX TOCTIIOBHICHIX CXeM).

JlJ1s1 aBTOMATHOTO IIpe/ICTaBICHHS IINKJIIUHIX KO/IB I0BE/ICHO, 1110 3a/[a4a CHHPOMHOTO JIeKOlyBaHHS IIUX KOJIB B 3araJbHOMY BUIAJIKY
e NP-noBHoI0 3aagero. OHak, SIKIO BUKOPUCTATH 3aIIPOTIOHOBAHUN i€papXiuHuil MiAXI/ 10 3a/1a9 CKIAJAHOCTI, TOAI Ha OTO OCHOBI MOKHA
3IHCHUTH GLTBIN TOYHWI aHasIi3 3pOCTaHHs CKIQJHOCTI 064YncIeHb. BUunpaBaeHHs MOOANHOKKMX TIOMUJIOK TIPOTSITOM OHOTO 4acOBOTO iHTEp-
Basty (0ziHOI iTepaltii) eKoyBaHHs Ma€ JIHIIHY CKIaHICTD IeKOyBaHH Bijl JOB)KUHU KOJJOBOTO CJIOBA, & BUIIPABJICHHS IOMUJIOK IIPOTATOM
m iTepalliil TepecTaHOBOK PO3PSI/IiB KOZOBOTO CJIOBA — IMOJIIHOMIATBbHY CKJIQMHICTh. BiAmoBiqHO BHUIiMEH] TPH MiAKIACH IUKIIYHUX KOJIB
B 3JIESKHOCTI BiJl CKJIQJIHOCTI X IEKO/[yBAHHS: JIETKOEKOI0BaHi (JIiHIHOT CKJIQJIHOCTI ), iTEPaTUBHO JIeKOI0BaHi (MOJIHOMIAILHOT CKIAIHOCTI ),
CKJIQIHO/IEKO/I0BaH] (EKCIIOHEHIAMBHOI CKIAHOCTI). PO3IJIsTHYTI TIPaKTHYHI CrI0cOOM 3MEHIIEHHs CKIAJHOCTI OOYMCIICHD: T0YeproBe BHU-
KOPHUCTaHHsI HMOBIPHICHUX Ta JeTepMiHOBaHUX JIHIHHUX KO/IB, CIPOIIEHHST POrpaMHO-aliapaTHOI peasizallii 3a paxXyHOK 301IbIIEHHS Jacy
JIEKO/LyBaHHs1, BAKOPHCTaHHsI IePEeMesKyBaHHs. 3arPOIOHOBAHO CIIOCIO MepeMexyBaHHsl, SIKIH 03BOJISIE OJIHOYACHO K (HOPMYBATU TIAKETU
TIOMMJIOK, TaK i 3aMiHATH iX TIOOAMHOKNMHI MOMUJIKaMU. MaTeMaTHUHUi anmapaT JiHifHIX aBTOMATIB I03BOJISIE PO3B’sI3yBaTH PAa30M BKa3aHi
3a/1a4i 3aBa/IOCTIMIKOTO KO/IyBaHHSI.

Kouosi cioBa: nmktivni kKoau, NP-oBHOTA 3a1a4, CKIaAHICTh OOYKMCIEHD, IINKIIYHA IEPECTAHOBKA, iITEPATHBHE M€K0y BaHHSI.

SYSTEMS AND CONTROL PROCESSES
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BMABNMEHHA 3AKOHOMIPHOCTEjH MPODECIHHOI AIANBLHOCTI AMCNETYEPA AEPO/IPOMHOI AMCNETYEPCLKOI
BHIUKK cropinxu 29-40

Iaxyma 1. M., [imiTpiee 0. M., Naepunenxo 0. C., Copoxa M. 10.

O6’exToM Jrocipkents € npodeciiina IisIbHICTb AUCIeTdepa aepoAPOMHOI ANCTETYePChKOi BUIIKK. [IpeiMeToM IOCIIi/KeHHS € BU-
SIBJIEHHS 3aKOHOMIPHOCTEH Ais/IbHOCTI JaHOTO (haxiBIg IPU BUKOHAHHI CBOIX CJIy:KO0BUX OOOB'SI3KIB Jist (POPMYBaHHS €TaJOHHOI MOzei
cy0’eKTa HABYAHHS IHTEIEKTYaIbHOI HaBYAIbHOI cucTeMu «/luctieruep Towers. OHUM i3 HAOLIBII IPOOGJIEMHIX MICITb € BiZICYTHICT CHCTEM
HaBYaHHsI, sSIKi J03BOJIMIN 6 31IHCHIOBATH CAMOCTIIHY MITOTOBKY AaHUX aBialifinux (axiBIliB, OMIHIOBAHHS 3HAHb SKUX OYJI0 O aBTOMATHY-
HUM Ta 00’€KTHBHIM.

¥V nmocmizkeHHI BHKOPHCTOBYBAJIVICS METO/N aHATI3Y, KOMOIHOBAHOTO XPOHOMETPAKY, CHHTESY, CTATHCTUYHOTO aHAI3y Ta HMOBIPHICHOTO
MOJIEJTIOBAHHST. 3allPOIIOHOBAHMI Y XO/Ii AOCIKEHHS TiXij 0 360py Ta aHajli3y AaHUX J03BOJMB OTPUMATH MOZENb IUPKYJIALi iHdopma-
HIHHUX TTOTOKIB Ha POGOYOMY MICIli AMCIIETYEPA AePOAPOMHOI ANCTIETYEPCHKOT BUIIKH Ta (hOPMATTi3yBATH YaCOBI XapaKTEPUCTUKHI TEXHOJIOTIY-
HUX OIepaltiil, BUKOHYBaHUX M ITi/l Yac 3/[iiICHEHHST TPOIELYPH TTOCAIKK MOBITPSHUX cyzeH. Ile € hyHaIaMeHTaIbHO BasKIUBUM JIJIsE PO3POOKU
eTaJIOHHOI MOJeJIi cy6’eKTa HABYAHHS IHTeJIeKTYaJbHOI HaBYAJIbHOI CUCTEMH, a TaKOK JUUIS peaslisallii pe)kMy HaBYaHHS I aBTOMAaTHUHOTO
06’€KTUBHOTO OTIiHIOBAHHSI 3HAHB Ta HABIYOK TOTO, XTO HABYAETHCSI.

Orpumani pesysbratu anpobaiiii gaHoro migxoay 360py Ta aHANI3y NAHUX [03BOJISIIOTH BBAXKATH HOTO eDEKTUBHUM IHCTPYMEHTOM
orpumantst 00’ekTuBHOI iH(opMalii 1po npeamMeTHy 06JacTh IPOheciitnol AisIbHOCTI AnucIeTYepa aepoPOMHOI JAUCHETIEPCHKOT BUIIKH,
sIKa € CKJIAIHOI0 Ge3MepepBHO-AMCKPETHOIO CTOXACTUYHOIO IMHAMIYHOIO CHCTEMOIO YIPaBJIiHHS 31 3MiliaHoo cTpykTyporo. Ha BiaMiny Bix
ICHYIOUHX ITi/IX0/IiB 710 (hOPMyBaHHS €TAIOHHUX MOJIeJIei], 3aITPOTIOHOBAHUIT B po6oTi TiAXizn 10 360py Ta aHaJi3y JaHUX J03BOJIIE po3pobuTH
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€TaJIOHHY MOJIeJb Cy0’'€KTa HaBYAHHS, sSIKa OLIBII MOBHO ONUCYE Jis/IbHICTD aBiaguceryepa. Takoxk 3alPONOHOBAHA MOJEJb Bi/II3EPKATIOE
MOPSIIOK [, a TPU B3aEMO/IIi 3 TIOTOYHOIO MOJIEJTIO cy0'eKTa HaBYaHHs [I03BOJIsIE peasisyBar 00’ ektuBHe (6e3 iHCTPyKTOpa) aBTOMaTHYHEe
OI[IHIOBAHHSI.

KimouoBi cioBa: Mojiesb MpKyJIsiii iHopMariiiHiX MOTOKIB, 4acOBI XapaKTEPUCTUKN TEXHOJIOTIYHNX OTIepalliil, IUCIeTIep aepoipOM-
HOI INCTIeTYePCHKOI BUIIKN.

DOI: 10.15587/2706-5448.2021.231465
BIUIMB CEPBICHOI'O NTPOCTO0 ABTOEYCIB Y TPAHCNOPTHO-NEPECAZK0YHOMY BY3MY HA TPHBAJICTh MIN{MAPIUPYTHOI
NMEPECAJIKK MMACAMMPIB cropinku 41-45

Mapkesuu A. I, Boosuuenxo B. 0., Isanoz 1. E.

OO6’eKTOM JOCITIIZKEHHsT BUCTYIIAE BIUIUB YACy MPOCTOR TPAHCIOPTHUX 3aCO0IB y 3YNUHHUX IYHKTAX HAa TPUBAJTICTH MIKMApPIIPYTHOT
Tiepecasiki MacaskupiB B MesKaxX TPAHCIIOPTHO-TIEpecaj0qHoro By3a. B SKocTi kepoBaHOTO mapameTpy, M0 BU3HAYAE€ YMOBU CHHXPOHi3aiil
nepebyBaHHs TPAHCIIOPTHUX 3aC00iB B 3yMIHHUX ITYHKTAX Ta Bi/ITBOPIOE XapaKTEPUCTHYHII BILIMB HA CEPEHBO3BAKEHNUIT YaC 3HAXOKEHHS
MaCaKMUPIB B TPAHCIIOPTHO-TIEPECAIOUHOMY BY3JIy, BUJICHO Yac J0/ATKOBOTO CEPBICHOTO IPOCTOIO TPAHCIOPTHUX 3acobiB. IIpoBeseHe imita-
1iiiHe MOJIETIOBAHHS Ta 00POOKA OTPUMAHIIX PE3YJIBTATIB [03BOINIIN BCTAHOBUTU XaPAKTEPUCTHYHI 3aKOHOMIPHOCTI 3MiHI 9acy 3HAXO/KEH-
HS1 TACAKKPIB B TPAHCIIOPTHO-TIEPECALOUHOMY BY3JIY JIJIsE IBOX THIIB MAPIIPYTIB 3 PI3HUM 00CSTOM PEHCOBOrO PUOYTTS MACaKUPIB, MUTOMOT
Barm MiXKMapIIpyTHIX MEePECaIOK Ta iHTepBaTy pyxy. BeranoBieHo, mo /ist MapIpyTiB 3 peiicoBiM mpuOyTTsIM TToHaz 40 mac. ta muToMoro
Baroio MiKMapIIpyTHUX HEPecajiok 10 45 % BIPOBA/KEHHS [0[ATKOBOIO CEPBICHOTO MPOCTOIO HE J03BOJISIE MO3UTUBHO BIUIMHYTH HA TPHU-
BaJICTh 3HAXO/KEHHS TTACAKUPIB B TPAHCIOPTHO-TIEPECAOYHOMY BY3JIy. BIIPOBasKEeHHST CEPBICHOTO MPOCTOIO € JAOTIIBHUM /TSI MApIIPYTiB
3 cepeHiM 06CSITOM pelicoBoro mpubyTTst macaxkupis (10 40 mac.) Ta MITOMOIO Baroio MiKMapIIPyTHUX Tepecaiok moHax 45 %. Jlist Takux
YMOB 3aKOHOMIPHOCTI OIHMCYIOTHCST OJIHOMOM TPETHOTO CTYTIEHsI 3 HASBHUM XapaKTEePHUM MePioIoM, 1110 3abesiedye MiHiMizalio GyHKitii
vacy mepebyBanHst maca:xkupis. Ha 0CHOBI MPOBEEHNX €KCIIEPUMEHTATBHUX TOCIIZKEHb BCTAHOBJIEHO, IO /IJIsI MAPIIPYTIB 3 MITOMOIO BAarOI0
nepecagiku BiJ 45 % 10 59 % jo1iibHUM € cepBicHuUil TpocTiit B Mexkax Biz 1 XB. 10 3 XB., a /Il MapIIPYTIB 3 MUTOMOIO BAaroio Mepecajiku
moHaz 59 % — B MeKax BiJ| 2 XB. 10 5 XB. 3aCTOCYBAHHS CEPBICHOTO MPOCTOIO JIO3BOJNTD Mi/[BUIIUTH PE3yJIBTATUBHICTh CHHXPOHI3aIlii Mixk-
MapIIPYTHOI I1epeca/iIki B yMOBaX CTOXaCTUYHOCTI PyXY Ta CKOPOTH 4Yac 3HAXOJKEHHS MACAKUPIiB B TPAHCIIOPTHO-IIEPECa04HOMY BY3Jy Ha
0,9-3,9 xB. (14-38 %) y MOPiBHSAHHI 3 ICHYIOUOIO OPraHi3aIlicio B3aeMOil cy6 €KTiB MapIIpyTHOTO MOTOKY.

KurouoBi ciioBa: MiChKUiT MACAKUPCHKUN TPAHCTIOPT, 3yMTUHHWIA TTYHKT, CEPBICHUIT TPOCTIit, MisKMapIIpyTHA MEPecaKa.

DOI: 10.15587/2706-5448.2021.233536
OLIHKA PH3HKIB NTPY PO3POBLI TEXHIYHOr0 3ABAAHHA ANA NMPOEKTYBAHHA $EPMEHTALIHOr0 OBNMARHAHHA
BIJIMOBIAHO A0 BUMOr' HANEMHOI BUPOBHHYOT MPAKTUKEM  cropinxu 46-50

Cememiox C. M, Mosopgaunceskuii B. M.

OG’'€KTOM JIOCTIIKEHHS € PU3MKH, 110 BUHUKAIOTh Ha CTaiil KyJbTUBYBaHHA OIOJOTIYHUX areHTiB y (epMeHTaliiHoMy OOJafHaHHI.
BianpaBHoio TOYKOIO JKUTTEBOTO IMKJIY OOJA[HAHHS, B TOMY YMCJi i (hepMEHTEPIB, € TEXHIUHE 3aBAAHHI, JI¢ BU3HAYAIOTHCS BCi HEOOXiHi
BUMOTH, 1[0 TOBMHHI O6yTH BpaxoBaHi I1ijl Yac IPOEKTYBAHHsI, BUTOTOBJIEHHST, MOHTaXKY Ta KBasidikaitii. OQHuM 3 HaiiGiIbII BUBHAYAIBHUX Ta
BaKJIMBUX €TAIB JKUTTEBOTO UKy 00JMaHaHHsT € GOPMYBAHHS IiTICHOTO Ta MOBHOTO TEXHIYHOTO 3aBIaHH, ke O 03BOJINIO BPaXOBYBaTH
BCI KPUTHYHI TapaMeTpu TIpolecy Bike Ha eTari po3poOKu ausaliny (hepmeHTepa y BiAMOBIAHOCTI i3 BUMOraMy HaJIEKHOI BUPOOHUIOT IIpaK-
TUKU. Bask/IMBO 3a3HAYUTH, 1[0 HOPMATUBHA TOKyMEHTAllis (hapManeBTHYHOI Taty3i (HajJekHa BUPOOHUYA TIPAKTUKA, HAJIEXKHA 1HKEHEPHA
MPaKTHKa Ta iH.) He GOPMYIOTh KOHKPETHIX BUMOT /10 OOJTATHAHHS Ta MPOIIECB, & JIMIIe BU3HAYAIOTh 3arajibHi MIXOAN 0 3a0e3IeYeH s
CUCTEMU SIKOCTI.

B xozi nocaiskeHHS BUKOPUCTOBYBAINCH IIPUHITAIIN YIIPABIiHHS PU3UKAMH, SIKI IOIITBHO BUKOPUCTOBYBATH IIPOTSTOM BChOTO JKUTTEBOTO
Ky obmaaHanis. [IpoBeaenuii anasis craziii caHiTapHol MATOTOBKU (MUTTS, Je3iH(eKIlis Ta OmoicKyBaHHs ), cTepuisaiii (hepMenTepa Ta
MPOLIECY KYJIBTUBYBAHHS JI03BOJIMB BUSHAUKMTH PUUKH, 110 BAHUKAIOTh HA BI/[IIOBIIHUX eTanax BUPOOHUIITBA Ta IIUISAXH 1X BUPIIIEHHs. 3apo-
MOHOBAaHWH B pOOOTI Ti/IXijl aHAII3y KPUTHYHKX MapaMeTpiB Moke OyTH BUKOPUCTAHMIT ISl BIOCKOHAJIEHHST PO3POOKH TEXHIYHOTO 3aBaHHs
Ha (hepMeHTep. 3aBAKH [[HOMY Ha MOYATKOBUX €Talax 3a0e3MevyEThCs KOMIUIEKCHIHN TT/IXI/I 3 YIIPABJIiHHSI PUSHKAMI, 1110 B CBOIO Y€PTY 103BO-
JIUTD MOIEPeAANTH HeTaTUBHUX BIIJIMB 30BHINHIX (pakTopiB Ha KiHmeBnii npoaykTt. Ille ogHnM actiekToM BUKOPHUCTAHHS Pe3yIbTaTiB JOCTIPKeH-
Hs1 € (hopMyBaHHs IPOTOKOJIB Basifaiii pepmentepa. OTpuMani B 1aniil poboTi pe3yisraT TaKOK MOKYTh OYyTH BUKOPHUCTaHI TIPU PO3POOIL
Ta MacuITaGyBaHHsI MPOIIECY KYJIBTHBYBAHHSI BUPOOHUIITBA aKTUBHUX (DAPMALEBTUYHUX IHIPEIIEHTIB B 6iohapMalieBTHYIHOMY BUPOOHUIITBI.

KiiouoBi cioBa: usaiin hepMenTepy, KyJIbTHBYBaHHsI GIOJIOTYHUX areHTiB, akTHBHUIN (hapMalleBTHYHUIT iHrpemienT, (hapmMareBTiIHa
cyOcTaHIlig, HajlesKHa BUPOOHNYA PAKTHKA.

DOI: 10.15587/2706-5448.2021.235469
TPAHCNOPTHE MOJAENOBAHHA NMPH PO3POBLI KOMI/IEKCHOI CXEMH TPAHCIOPTY HA NMPHKNAMI MICTA
KHEBA (YKPAIHA) cropinku 51-54

Fymemox 0. B, lllanosanos 0. 0.
OG6’€KTOM JIOCTIKEHHST € KOMILIEKCHA cXeMa TPaHCIopTy Ha mpukiaai micta Kuesa (Ykpaina). Kommiekcna cxema Tpancriopry micra

Kuesa mepenbavae BapianTHe MPOEKTYBaHHS TPAHCIOPTHOI cHCTeMU MicTa. B TpaHCIopTHOMY IUTaHyBaHHI Ta TPOEKTYBAHHI IS sIKiCHOT
OIIHKY IJIAHYBAJIbHUX PillleHb HallyacTille BUKOPUCTOBYIOTH IIPOTHO3HI TPAHCIIOPTHI MO MICT, SIKi OIUCYIOTh MAKPOCKOIIIYHI ITapaMeTpu
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TPAHCIIOPTHOTO MOTOKY. 3aIPOIIOHOBaHI BapianTu OyJii anpoboBaHi Ha TPAHCIOPTHIN Mozesi. OCHOBHUM 3aBIAHHSM €T MOJIE € MOJETIO-
BAHISI TPAHCIIOPTHUX KOPECTIOH/IEHITiH, /ie 06’€M MepeBe3enb Ha TPOMAICHKOMY TpaHcopTi ckiaamgae 6m3pko 80—90 % Bix 3arambnoro o6’emy
TPAHCIOPTHOTO PYXY. [lJIst 11b0TO 6YJI0 PO3POGIEHO MOJIEIb, 3a JIOTIOMOTOI0 SIKOT TPOAHAII30BAaHO PiBEHb 3aBAHTAKEHHS MATICTPATBHOI MEPEKI,
06’eMn TPAHCTIOPTHOT POGOTH, 3aTATbHY KiTBKICTb TePEBE3EHNX MACAKUPIB TPOMA/ICBKIM TpaHCcopToM. IIpn Bubopi onTnMasbHOTO BapiaH-
Ty 10 yBaru GpasIiics Taki mapamMeTpaMil, SIK CepPeHst MBUIKICTb PyXy TPAHCIIOPTHOTO MOTOKY, 3arajibHi TPAHCIOPTHI 3aTPUMKH, 3arajbHa
KIJIbKICTD TIepeBEe3eHNX MAaCaKUPiB TPOMACHKUM TPAHCIIOPTOM. A TaKOK CEPEHsI TATbHICTD MOT3IKHU, CepeIHill yac peasisallii TpaHCIIOPTHOT
KOPECTIOH/IEHTIii Ha TPOMa/IChKOMY TPAHCIIOPTi, BapPTiCTh HEMPOAYKTUBHUX BTPAT Yacy MeIIKaHI[SIMI MiCTa Ta iHIIe.

3a pesyJibrataMu TPAHCIIOPTHOTO MOJIETIOBaHHsL 6yJI0 0OPaHO ONTUMAIBHIN BapiaHT PO3BUTKY TPAHCIOPTHOI CHCTEMU MiCTa, SIKUH Tie-
penbayace 3aBepiieHtst Oy iBHUAIITBA ICHYI0UMX 00’€KTIB I0POKHBO-TPAHCTIOPTHOI iH(PAcTPYKTYpH, GYLIBHUIITBO Ta PO3BUTOK MATiCTPATLHOL
MepesKi, CHCTeMH 11032 BYJIMYHOTO PEiKOBOTO TPAHCIOPTY, ONTUMI3allio MapHIIPYTHOI Mepeski rpoMajicbKoro TpaHcropty. KommiekcHa cxema
TpaHcnopty Micta Knesa, sika cTBOpeHa 3 BUKOPUCTAHHIM CYYaCHUX TEXHOJIOTIN B Tasly3i TPAHCIIOPTHOTO MOJIETIOBAHHS, [03BOJISIE aHAJI3Y-
BaTU Ta BU3HAYATH ePeKTUBHICTD Peasi3allii pisHuX 3aX0/IiB TI0 PO3BUTKY TPAHCHOPTHOI indpacTpyKTypu Micta. TpancmopTie MoIe I0BaH s
110Ka3aJ10 JIOIIJIbHICTh TIPU HAJIAHHI BUXIJIHUX JAaHUX /IS TEXHIKO-€KOHOMiYHOTO o61‘pyﬁTyBanﬁﬂ IHBECTUIIIIHUX IPOEKTIB, BJIALITYBaHHI
00’€KTIB JI0POKHBO-TPAHCIIOPTHOI 1H(MPACTPYKTYPH, YAOCKOHATICHHI CXeM OpraHizailil [OpPOKHBOTO PyXy, BAAIITYBAHHI HOBUX MapIIpyTiB
IPOMa/ICBKOTO TPAHCIIOPTY.

KimouoBi c10Ba: MaKpOMO/IEJIIOBAHHS TPAHCIIOPTHUX MOTOKIB, TPAHCIIOPTHA MO/IE/Ib, TPAHCIIOPTHE IITAHYBAHHS, MaricTpajbHa MepesKa,
TpaHCIOPTHA iHDPACTPYKTYpA.

DOI: 10.15587/2706-5448.2021.235554
IMITALIIHE MOAEMOBAHHA TA AHAM3 TPAHCMOPTHOI EHEPTOEEKTHBHOCTI ABTONOI3/AIB TA MIMHAPORHHUX
ABTOMOBUTbHHUX NEPEBE3EHD cropinku 54-57

Xa6yrgixos P. A., Kocox T. 0.

O06’eKTOM JOCTIIKEHHsT € BUPOOHUYO-TEXHOJIOTTUHI TPOIeCH MIKHAPOAHUX aBTOMOOLIbHUX Tiepeseserb (BTII MAII) 3rixHo iHHOBa-
IIIHOTO TAXOMY Ta KOHIENTYaJTbHOI iflei TEXHIKO-TEXHOMOTIYHOTO eHepro30epekeHHs Ha aBTOTPaHCHOPTi. [IPOTHO3HI TIPUITYIIEHHS PO
POBBUTOK 00’EKTY JIOCTIZKEHHS — peaJiizalliss MOKIMBOCTEH onepaiiiiHo-CUMYIATHBHOTO Ta TEXHIKO-EBOJIONIHHOIr0 METOLY KOMILIEKCHOTO
aHaIi3y TPAHCTIOPTHOI eHeproeeKTUBHOCTI aBTONOI3/IB 1| BUPOOHNUO-TEXHOIOTIYHUX MIPOIECIB MIsKHAPOAHNX aBTOMOOITBHUX MEPEBE3EHb Y
MPaKTHI MIPKHAPOIHIX aBTOMOOIIBHIX TTePEBE3EHb.

Y xopi pocuiizkeHHsT PO3IJISAAABCs OlePALifHO-CUMYJIATUBHUN 1 TEXHIKO-eBOIOLINHUN METOJ KOMILIEKCHOIO aHaJli3y TPaHCIOPTHOI
eHeproeeKTUBHOCTI aBTONOI3/IB 1 BUPOOHIUYO-TEXHOJIOTTYHUX MPOIECiB MIZKHAPOAHUX aBTOMOOIIBHUX IepeBe3eHb. B sKocTi mpukiaLy
[IPOAHAII30BaHO BIUIMB 3MiHM TAaKOTO KOHCTPYKTMBHOIO HapaMeTpy aBTOIOI3/Y K IepeaTOYHe YICJIO0 FOJIOBHOI Tlepesiadi Taraya Ha ioro
TPAHCIIOPTHY eHeproeeKTUBHICTD, a TAKOK HA TIOKa3HUKHM BUTPAT MajmBa ta eHeprii aronoizxy DAF FT95.360 (Hixepianan) B TecToBii
MarictpasbHiii onepaitii (npu o,=0). BeranosseHo, 1o npu 36iablIeHH 3HAYCHHS TIEPeJaTouHOTo Yrca roioBHoi nepegadi (U,) 3HaueHHs
MoKa3HUKa eHepreTuuHoi edextusrocti (P,) BapitoeTbest B Meskax Bia 0,55 10 0,58. IIpu iboMy HaliGiIbIIOTO 3HAUEHHST TOKA3HUK EHEPreTd-
Hoi epextrBHOCTI HaGyBae npu U,=2,846. BusnaueHo, 1110 npu 36i1bIeHHI 3HAYEHHSI TTePeiaTOYHOT0 Yrcyia ro1oBHOI tepeaadi (U,) 3HaueHHs
nokasHuka Butpar eneprii (A.) 36iabinyerTbes, a MiniMaibHoro sHavenns 3,2 M/l nabysae pu 3HAYCHHI [IEPEAATOYHONO YKCA TOJOBHOI
nepezayi — 2,846. BusiBsieno, mo npu 30i/bIIeHHI 3HAYEHHSI TIEPEIaTOYHOTO Yncaa TosioBHOT nepeaadi (Uy) nokaszuuk surpar nanusa (Q.)
301/IbIITyEThCsT Ta HabyBae MaKCUMaJIbHOTO 3HaveHHsa 3496,84 r npu 3HaveHHi MepegatouHoro Yncia roJosHoi nepenaui — 4,39. Ipu mpomy
MiHiMa/IbHe 3HAYEHHS MOKA3HNKa BUTPAT mannBa 1684,2 T mocsraetbest Ipu 3HAYEHHI TIEPeIaTOYHOT0 YUCIa TOJMOBHOI repenadi 2,846.

PesyubraTi IOCHIKEHHST MOKYTh OYTH BUKOPUCTaHi JUis peasisaitii CHCTEMHOTO Ta KOHIENTYaJlbHO-IHHOBAI[IHHOTO MEeHEeKMEHTY
B c(epi MiZKHAPOJAHUX aBTOMOOLILHUX T1€PEBE3EHb.

K04oBi c10Ba: KOHIENTyalbHa 11651, CUMYJISITHBHII AHAII3, aBTOTIOI3IN MIKHAPOIHIX aBTOMOOIIBHIX TepPeBe3eHb, CTPYKTYPa aBTO-
TPAHCIIOPTY, KOHCTPYKTHUBHI Ta IOPOXKHI (hakTopu.
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