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The object of research is the process of determining the
main indicators of the functioning of a manufacturing enter-
prise using the method of system dynamics. Any enterprise
for the production and sale of products is a complex socio-
economic system that is closely related to the external en-
vironment through input and output channels. The external
environment determines the conditions for the functioning of
the enterprise and can be described by a set of a large number
of different parameters, the values of which will dynamically
change and are fundamentally indeterminate.

Coordination and control over material and financial flows
at a manufacturing enterprise is often a separate problem. The
interaction of financial resources and material flows, which are
selected by the enterprise as the main ones in accordance with
market requirements and the specifics of the activity, must be
coordinated accordingly to achieve a more efficient operation
of the enterprise. Therefore, the task of the presented study is
to develop a model of material and financial flows of a produc-
tion enterprise with its further software implementation. The
purpose of the software implementation is to further conduct
experiments with the model to determine the main indicators
of the production enterprise, depending on changes in the
functioning parameters due to the external environment.

All the variety of modeling methods considered in mod-
eling theory can be conditionally divided into two groups:
analytical and simulation modeling. To solve the problem of
this study, simulation modeling was used, which provides for
the construction of a model with characteristics adequate to
the original on the basis of a certain information principle.

In the course of the research, a model of material and finan-
cial flows of a production enterprise was built. The mathematical
model of flows was developed using the system dynamics me-
thod by J. Forrester. An automated system was also developed,
which is a software implementation of the proposed model.

The automated system of industrial dynamics of a pro-
duction enterprise developed in the study will significantly
increase the efficiency and scientific validity of decisions re-
garding the management of material and financial resources.

Keywords: industrial dynamics, material flows, financial
flows, automated system, activity diagram.
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Planning and organizing the functioning of health care
institutions is a priority area of activity of their founders. The
purpose of such management activities is to ensure the timeli-
ness, quality and completeness of medical services provided
to the clients of the institution. At the same time, an impor-
tant step is to predict the needs for medical services in future
periods of time. Forecasting should be carried out taking
into account the socio-demographic, medical and behavioral
characteristics of persons — potential consumers of medical
services and the characteristics of the population structure of
the territory in which the medical institution operates. Thus,
the object of research is the processes that arise during the
analysis of operational and retrospective statistical, medical
and social, expert and other data to determine the forecast
values of the levels of demand for certain medical services.
The results of the analysis should become the basis for making
management decisions on planning and organizing the activi-
ties of health care institutions in future periods.

In the course of the research, a systematic approach,
methods of mathematical modeling and other general scien-
tific methods were used.

The research result is a developed method for forecasting
the demand for medical services in future periods of time.

The method consists in the implementation of four sequen-
tial stages of the analysis of the initial data. In this case, it
becomes necessary to solve the problems of clustering, clas-
sification, identification and forecasting. The accuracy of the
predicted values depends on the choice of methods and algo-
rithms for solving the problems posed and on the complete-
ness of the initial data. As a result of applying the method, it
is possible to obtain:

— adivision of persons — potential consumers of medical
services into groups in accordance with their socio-demo-
graphic portraits, medical data and behavioral characteristics;

— relationship between the number of educated groups
and the demand for various medical services;

— predicted values of the number of groups, as well as the
demand for medical services.

The results can serve as a basis for making managerial
decisions on organizing the activities of medical institutions
in future periods of time.

Keywords: demand for medical services, clustering, struc-
tural and parametric identification, healthcare institutions.
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This study investigates variants in transportation main-
tenance of projects. The study subject is the mathematical
notation of the dependence of costs incurred during the
transportation maintenance of a project on the characteristics
of maintenance options. Most projects involve a transporta-
tion component, which relates to the need to deliver raw
materials, materials, equipment, manpower to the location
of the product project (for example, construction projects,
infrastructure projects). This study aims to identify variants
in the transportation maintenance of projects, to establish
mathematical dependences of transportation costs depending
on the characteristics of vehicles and the conditions for their
use in projects. The characteristics of the vehicles and the

conditions of their operation in the projects form the essence
of a specific variant of the transportation maintenance of
a project. Each alternative transportation maintenance op-
tion affects the project, first of all, at the cost level. Therefore,
the optimal transportation maintenance variant for a project
should be selected considering the impact of options on pro-
ject costs. In this study, the basis for modeling the cost of
a project’s transportation maintenance is the project’s net-
work schedule and an analysis of its activities in terms of
the need for transportation maintenance. Mathematical ex-
pressions for the volume of transportation operations and
the required number of vehicles of different types have been
consistently derived. Cost dependences for three variants
of vehicle utilization (rent, service, acquisition) have been
derived, based on vehicle characteristics, for three levels
of project consideration: certain operations, a certain time
span, the project in general. The resulting formalization of
transportation maintenance costs makes it possible to vary
the characteristics of vehicles and the conditions for their
use in a project during the decision-making phase of choosing
the transportation maintenance option for a project, or their
combination. The reported results underlie further develop-
ment of the model for optimizing parameters and choosing
the transportation maintenance variant of projects.
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The object of this study is the flow of funds received dur-
ing the life cycle of the project of an eco-logistics system as
a modern transformational model of the logistics system,
which makes it possible to achieve the environmental goals
within the concept of sustainable development. Changing the
worldview of mankind requires the application of contem-
porary approaches for managing the projects of eco-logistics
systems that meet the requirements for reducing the eco-
destructive impact on the environment.

The need to take into consideration and eliminate the
negative consequences of the functioning of the eco-logistics
system has led to the need to prolong the life cycle of the pro-
ject through the introduction of additional environmentally-
oriented phases: regenerative and revitalization. Changing
the composition of a life cycle affects the cash flows generated
throughout the life cycle of the project that are dependent
on the factors of the internal environment and the external
environment. One of the most complicated issues in assessing
the effectiveness of the project of the eco-logistics system is
the modeling of cash flows at different stages of the project.

The project management methodology has been applied to
determine the cash flow generated during the project lifecycle.
The reported results reflect the interrelation between the time
and monetary parameters of the project of the eco-logistics
system. The existence of a given interdependence has made it
possible to develop a mechanism for modeling the cash flows
of the project, taking into consideration two variants for de-
termining the duration of its life cycle (strictly and broadly
defined). Depending on the possibility to influence the dura-
tion of the project life cycle, it is envisaged to apply situational
or compensatory changes in the duration of time stages, which
affects the value of the project’s cash flows. The application of
the estimation formulae given in this work makes it possible to
model cash flows for stages, time intervals, and the entire life
cycle of the project of the eco-logistics system. The proposed
mechanism of cash flow modeling could be applied in assess-
ing the effectiveness of the project of the eco-logistics system.

Keywords: cco-logistics system, project lifecycle, project
time and money parameters, cash flow.
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In the field of NLP (Natural Language Processing) re-
search, the use of a neural network has become important.
The neural network is widely used in the semantic analysis
of texts in different languages. In connection with the actua-
lization of the processing of big data in the Kazakh language,
aneural network was built for deep learning. In this study, the

object is the learning process of a deep neural network, which
evaluates the algorithm for constructing an LDA model. One
of the most problematic places is determining the correct
arguments, which, when compiling the model, will give an
estimate of the algorithm’s performance. During the research,
the compile () method from the Keras modular library was
used, the main arguments of which are the loss function, op-
timizers, and metrics. The neural network is implemented in
the Python programming language. The main arguments of
the neural network deep learning compiler for evaluating the
LDA model is the selection of arguments to obtain the correct
evaluation of the algorithm of the constructed model using
deep learning of the neural network. A corpus of text in the
Kazakh language with no more than 8000 words is presented
as learning data. Using the above methods, an experiment
was carried out on the selection of arguments for the model
compiler when learning a text corpus in the Kazakh language.
As a result, the optimizer — SGD, the loss function — binary
crossentropy, and the estimation metric — ‘cosine_proximity’
were chosen as the optimal arguments, which, as a result
of learning, showed a tendency to 0 loss (errors)=0.1984,
and cosine_proximity (learning accuracy)=0.2239, which
is considered acceptable learning measures. The results
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indicate the correct choice of compilation arguments. These
arguments can be applied when conducting deep learning of
a neural network, where the sample data is a pair of «topic
and keywords».

Keywords: assessment metric, learning quality, optimiza-
tion algorithms, entropy error, neural network.
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The object of research is multi-agent systems based on
Deep Reinforcement Learning algorithms and analysis of
ways to establish interaction within the system, based on
intelligent agents. Also, part of the material in this paper
covers ways to organize the management and administration
of agents at the meta-level: external controllers and tools to
optimize their work, describing architectural solutions that
should accelerate agents’ training. The studied full-fledged
multi-agent system would be flexible to expansion and would
give effective acceleration in agent training and problem-
solving quality.

In this paper, the following neural network models were
considered: DQN, DDQN, PPO, TD (methods based on
Q-Learning), an approach using a neural network with
Monte-Carlo tree search. The presented models were tested
on a Sudoku problem with a dataset of 5039 combinations,
dimensions 2x2, 4x4, and 9x9. Several sets of agent rewards
were used. The presentation of data during the learning
and problem-solving process was described. Also was built
a multi-agent system based on the model using a Monte-
Carlo tree search.

According to the study results, it was revealed that
for tasks in a complex environment, the models based on
Q-Learning are practically ineffective (plots support the
statement). The training process for these models is quite
demanding on the characteristics of the workstation hard-
ware. It was also determined that the Monte-Carlo tree
search method does a good job. Even with a small num-
ber of iterations, it shows results better than other Deep
Learning methods (45-50 % accuracy for 9x9). However,
a significant drawback is a complexity of training the model,
and the hardware requirements are too large for this kind
of research.

Keywords: DON, DDQN, TD, PPO, neural network, deep
learning, reinforcement learning, multi-agent system, MCTS,
Q-Learning.
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The object of research is the processes of integrated risk
management of stakeholders of scientific projects, including
the project team, the main executors of the project (scientists)
and other stakeholders, in conditions of uncertainty and be-
havioral economics. Today, scientists work in difficult condi-
tions of uncertainty about the prospects for the development
of science, technology and engineering. Therefore, it can lead
to personnel risks, conflicts and behavioral economics and
have a negative impact on the planning and implementation
of scientific projects. The main hypothesis of the study is the
assumption that the success of scientific projects depends on
the effective management of their stakeholders in order to
achieve their goals. It is necessary to systematically approach
the analysis of stakeholders of scientific projects, the use of
integrated risk management of stakeholders of scientific pro-
jects in conditions of uncertainty and behavioral economics.
Based on the analysis of risk management methods in diffe-
rent areas of activity and taking into account the conceptual
model of integrated risk management of scientific projects,
a method of integrated risk management of stakeholders of
scientific projects in uncertainty and behavioral economics
was proposed. For the practical application of the developed
models and methods of integrated risk management of stake-
holders of scientific projects in conditions of uncertainty and
behavioral economics, the scientific project was considered.
Their use, even at the stage of initiating scientific projects, al-
lowed the project manager and his/her team to calculate the
indicator of «toxicity» for each alternative stakeholders and

compare them with each other. It is based on data obtained
in the process of assessing personnel risks, conflicts and fac-
tors of behavioral economics, which was conducted using the
method of expert assessments. The indicator of «toxicity» is
limited and should be close to zero. An example of choosing
a stakeholder for the supply of stationery is considered. This
result allowed to increase the efficiency of inclusion of stake-
holders in the participants of the scientific project.

Keywords: scientific project, method of integrated risk
management, increasing the efficiency of stakeholder ma-
nagement, «toxicity» indicator.
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The object of research is an algorithm for the classifica-
tion of large data based on the hierarchical clustering algo-
rithm. The nonlinear complexity of the clustering algorithm
does not allow for data samples of 5-10 thousand and above.
To classify data, it is necessary to pre-group them. Therefore,
the subject of research is the data segmentation algorithm
based on piecewise linear approximation.

In the course of the study, let’s use hierarchical clustering
algorithms, the method of piecewise linear approximation of
the cumulative histogram, calculated by a special procedure,
and the procedure for searching for segmentation thresholds.

The computational complexity of the classical hierarchi-
cal algorithm reaches the value of O(N®), and certain steps
to limit the search can achieve the value of O(N?), which is
confirmed by experiments to study the dependence of the
hierarchical tree on the initial sample. An approximate ap-
proach to key clustering with partitioning of a set of basic
keys is implemented. To reduce further the complexity of
the hierarchical clustering algorithm, a decomposition ap-
proach based on splitting the initial sample of large data
into a number of subsets is proposed. In this article to use
the hierarchical clustering algorithm for big data classifica-
tion the preliminary decomposition method is proposed. It is
based on multilevel segmentation of cumulative or ordinary
histograms obtained for every feature coordinate characte-
rizing object of data. Thresholds of multilevel segmentation
are obtained by piecewise linear approximation of histogram
functions. Build hypercubes of data are being accepted as
objects for three stages clustering algorithm.

Powerful tool for data classification is obtained, the use
of which allows carrying out many experiments with data of

various types to identify patterns among the data features.
Its application is intended for the processing of patient data,
molecular structures, economic problems for making optimal
treatment decisions, diagnostics and modeling. Thanks to
this approach, data classification can be performed online to
obtain the results of direct analysis when data is received, for
example, from spacecraft.

Keywords: cumulative histogram, multilevel segmenta-
tion, piecewise linear approximation, hierarchical clustering,
decomposition of data space.
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The work is a continuation of a number of author’s studies
devoted to the accuracy of determining the coordinates of an
abstract object in technological space. So, since any object is
in two coordinate systems, there is a problem of compatibility
of these systems. It is this compatibility of coordinate systems
that causes stability of motion and location of an abstract ob-
ject in space. Now the stability of the movement or location
of an object in space is taken as its frame of reference, that is,
the zero point of any device or object. This is especially true
for machine tools with numerical control (CNC). In order to
solve the problem of compatibility of the coordinate system
of the machine and the part, it is necessary to create a basic
theory of coordinates, which will solve the problems of coor-
dinating coordinate systems. The presence of an imaginary
coordinate system in the CNC memory and the process of
its implementation in a real machine coordinate system are
shown. There is a need to investigate the physical and math-
ematical properties of a point, a dash, an error field structure
and the relationship between all these field elements. The
research proposed by the authors is devoted to the interpre-
tation of ordinary natural phenomena by the physicochemi-
cal laws of interaction between abstract entities. Thus, the
object of research is the relationship between imaginary and
real coordinates. One of the most problematic places is the
spatial reference of abstract space, that is, functional move-
ment or stationary state. Analytical studies based on field
affine transformations are used in this research. As a result,
the possibility of creating a theory of coordinates of abstract
objects in general, regardless of their physicochemical and
medico-biological properties, has been theoretically substan-
tiated. So, if to consider the processes of interaction between
abstract objects, then it is possible to state the fact that such
interaction has a very specific character. As a result, let’s
obtain a lot of sciences that give a similar description of the
processes around us and their branches. It should be empha-

sized that there is a fairly clear distinction between the main
scientific areas at the initial stage. The research carried out
is useful in the development of metrological instruments and
standard measuring instruments in assessing their stability.

Keywords: theory of coordinates, abstract object, zone of
presence, technological object.
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The object of research is the control system of an auto-
nomous mobile robot equipped with an anthropomorphic
manipulator with four degrees of mobility. When a mobile
robot of variable configuration moves along a given route,
the control system must ensure a minimum deviation of the
center of mass of the platform from a given trajectory. In
this case, the control moments are directed along the axes
of the coordinate system associated with the platform of the
autonomous mobile robot. With relative movements of the
manipulator, the tensor of inertia of the system of bodies in
the coordinate system associated with the platform becomes
off-diagonal and non-stationary, which determines the in-
terconnection of control channels. The number of control
actions: when moving the trajectory — four (for each wheel),
when the manipulator is working — four (for each generalized
coordinate). Thus, the control system is multidimensional,
the connection between control channels is carried out due
to the physical properties of the control object.

The paper presents the results of the first stages of the
development of a multi-connected control system: study of
separate control channels, synthesis of a separate controller,
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adjustments of the controller and analysis of the quality of
the created control system. The research is carried out using
matrix transfer functions; Besekersky formulas are applied
to determine the parameters of the desired transfer function.
During the analysis, logarithmic and amplitude frequency
characteristics were constructed for each separate channel,
a block diagram was chosen, and a transfer function was
compiled. The quality assessment of the synthesized separate
channel is carried out according to the following criteria:
accuracy, speed, oscillation, transient time, overshoot, ampli-
tude and phase distortions, stability margins. The properties
of the synthesized separate channel in terms of accuracy,
speed and oscillation correspond to the conditions.

Further research and synthesis of multi-connected con-
trol systems of a mobile robot with a manipulator will
increase its survivability and efficiency in autonomous opera-
tion. Since a mobile robot with a manipulator is an example
of an «autonomous mobile robot of variable configuration»
object class, the results obtained can be applied to all objects
of this class.

Keywords: autonomous mobile robot of variable configu-
ration, anthropomorphic manipulator, four degrees of mobi-
lity, separate channel.
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The object of research is the operational condition of the
ship and its changes that occur in the process of transporta-
tion of oversized and heavy cargo under the influence of mul-
tiple accidental events. A significant problem is the negative
impact of the system of factors on seaworthiness and techni-
cal condition of the ship, the integrity of the cargo. Therefore,
ensuring the safety of the ship, its functional reliability as
a technical object is among the priorities which are extremely
relevant in the process of transportation of oversized and
heavy cargo.

In the course of the research the identification of the basic
conditions of the surveyed ship in the process of operation
was carried out. The ship in the process of transportation is
defined as an aggregate of two objects — «ship — cargo». The
decomposition of the stated condition into two variants «in
norm» and <having problems», with three components: «sea-
worthiness of the ship», «technical condition of the ship»,
and «cargo and lashing systems». Six main operational condi-
tions of the ship in the process of transportation of oversized
and heavy cargo were established. The model of changes in
the operational condition of the ship during the transporta-
tion of oversized and heavy cargo has been developed. This
model enables to establish the relationship between these
conditions, which are identified and formalized in the form
of a single-ordered Markov process model. The process is
considered as a process with a discrete time and the presence
of a rotational condition with the absence of the property of
ergodicity. Experimental investigations were carried out for
various initial conditions and the most probable changes in
the operational condition of the ship were determined for
a specified number of hourly periods.

The proposed process model enables experimental inves-
tigations for various initial conditions and identification of
the most probable changes in the ship’s operational condition
through a specified number of hours. It allows to estimate
risks and make decisions on support of ship’s operational
condition during transportation of oversized and heavy cargo
as a theoretical basis.

Keywords: ship’s operational condition, transportation
of oversized and heavy cargoes, Markov process, control ac-
tions.
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PO3POBKA ABTOMATH30BAHOI CHCTEMM NMPOMUCNOBOT AMHAMIKK  cropinku 6-13

Conoposuuk I. B, Kosanenxo K. A.

OO0’€KTOM JIOCIIJIZKEHHSI € TTPOTIEC BU3HAYEHHSI OCHOBHUX MOKA3HUKIB (DYHKITIOHYBAHHS BUPOOHUYOTO TIPUEMCTBA 3 BAKOPUCTAHHSIM CHCTEM-
HOI inHaMiKK. By/ib-s1Ke MiAnpreMeTBo 3 BUPOOHKIITBA Ta peasisallii POILYKIIii € CKIaIHOIO COIaTbHO-eKOHOMIYHOIO CHCTEMOIO, SIKa TICHO OB si3a-
Ha 3 30BHIIIHIM CePeIOBUIIEM Yepe3 BXi/IHI Ta BUXi/IHI KaHa/I. 30BHIIIHE CePeIOBUIIEC BUBHAYAE YMOBU (DYHKILIOHYBAHHS MTi/[IIPUEMCTBA Ta MOKE
GyTH OMIICAHO CYKYITHICTIO BEJIMKOI KITBKOCTI PI3HIIX MTapaMeTPiB, 3HAYEHHS SKIX AMHAMIYHO 3MIHIOIOTHCSI TA € TIPUHITUIIOBO HIeTePMiHOBAHIMIL.

Oxpemoro PoOJIEMOI0 HaituacTilie cTag KOOPANHAILLS Ta KOHTPOJIb 32 MaTepiaibHUMU Ta (hiHAHCOBMMHU TIOTOKAMU HA BUPOOHIUOMY ITijl-
TpreMCTBI. B3aemosist (hiHaHCOBMX KOIITIB Ta MaTePiabHIIX MOTOKIB, sIKi 0OpaHi MAPUEMCTBOM Y SIKOCTI OCHOBHHUX 32 PHHKOBIMI BUMOTAMU
Ta crenuikoIo AisIbHOCTI, TOBUHHA Oy CKOOPAMHOBAHA HAJIEKHIM YHMHOM JIJISA IOCSATHEHHS GLIbIn eheKTUBHOI poboTH mignpuemcrsa. Tomy
3a71a4eIO TIPECTABICHOTO JOCIIZKCHHS € Po3poOKa Moziesli MaTepiaabHux Ta (piHAHCOBUX NOTOKIB BUPOGHUYOTO MiIIPUEMCTBA 3 TOAAJIBIIOIO il
TporpaMHoIo peasisamieio. [Ipn3nauenns mporpaMHoi peastisaliii mosrae B poBeIeHHI eKCIIEPUMEHTIB 3 MOJIEJIITIO IS BU3HAYEHHST OCHOBHUX
MOKA3HUKIB pOOGOTU BUPOOHIIOTO MIMPUEMCTBA 3AJIEKHO Bi/l 3MiHM TapaMeTpiB (hyHKI[IOHYBaHHs, 00YMOBJICHUX 30BHINIHIM CEPEIOBHIIEM.

Bce pisHoMaHiTTSI c1Ioc06iB MOZIETIOBAHHSI, PO3TJISTHYTOTO TEOPIEI0 MO/IETIOBAHHSI, MOKHA YMOBHO PO3/IIJINTHI Ha Bi TPYIIN: aHATITHYHE Ta
imitamiitne. [lyis1 pitenss 3a1a4i JaHOTO AOC/IPKEHHsI 3aCTOCOBAHO iMiTalliiiie MozielioBaH s, siKe Tiepedadac moOyA0BY MOJIEII 3 XapaKTeprc-
THKaMU, aICKBATHUME OPUTiHAY, Ha OCHOBI TIEBHOTO iH(MOpManiitHoro npusimity. B xozi nocrimkenns 6ya0 nobya0BaHO MOIETb MaTepiaib-
HUX Ta (DiHAHCOBHX TOTOKIB BUPOOHUYOTO THATPUEMCTBA. MaTeMaTiIHy MOJIENb TIOTOKIB 6yJI0 pPO3pOGIEHO 3a IOTTOMOTOI0 METOLY CHCTEMHOI
nunamiku [Ix. Doppecrepa. Takoxk 6y10 po3pobIeHO aBTOMATU30BAHY CHCTEMY, IO € IIPOTPAMHOI0 PEATI3AIIE0 3aIIPOIIOHOBAHOI MOJIEIII.

Po3pobJiena B I0CTiPKeHHI aBTOMATH30BaHa CHCTEMa TIPOMHUCIIOBOT IMHAMIKH BUPOOGHIIOTO THATPUEMCTBA JIO3BOJIUTH CYTTEBO T IBUTIIU-
TH e)eKTUBHICTb Ta HAYKOBY 0OIPYHTOBAHICTH PillleHb CTOCOBHO YIIPABJIIHHSA MaTepiabHUMU Ta (hiIHAHCOBUMU PECYPCaMH.

Kmiouosi cnoBa: pomMuC/IOBa IMHAMIKA, MaTepiasbHi TOTOKM, (DIHAHCOBI IIOTOKH, ABTOMATH30BAHA CUCTEMA, Jliarpama JiisiJIbHOCTI.

DOI: 10.15587/2706-5448.2020.218286
PO3POBKA ENEMEHTIB KOHUEMI BUSHAYEHHA MAHEYTHLO'O MOMUTY HA MEJWYHI NOC/YTH HA OCHOBI PE3YNLTATIB
RAHATI3Y JAHKX PI3HOi MPHPOAM cropinxkn 14-18

Myneca 0. H0., Cuumox B. E., Mensuux 0. 0., Hazapoz B. C.

[TnamyBanus Ta opramizailist (GyHKIIIOHYBAHHS 3aKJIaJ[iB OXOPOHU 3/I0POB’Sl — MIPIOPUTETHUI HATIPSIM JIisITBHOCTI X 3aCHOBHUKIB. MeToio
TaKOl yIPABJIIHCHKOIL IisJIBHOCTI € 3a0€3eUeHHsT CBOEUYACHOCTI, AKOCTI Ta MOBHOTU MEIMYHUX MOCJIYT, SIKi HA[AI0ThCS KITIEHTAM 3aKJaLy. Bak-
JIMBUM €TarioM, TIPH I[bOMY, € POTHO3YBAHHI MTOTPed B MEANYHUX TTOCAYTax y MaiiOyTHi mepiozn yacy. IIporHo3yBamis Mae BUKOHYBATHCS
3 ypaxyBaHHsIM COLia/bHO-AeMorpapiuHnX, MEANYHUX Ta MOBEAIHKOBUX 0COOMMBOCTEN 0CI6 — MOTEHIIHHUX CIIOKUBAYIB MEANUHUX TIOCIIYT,
i 0cOOIMBOCTEl CTPYKTYPH HACETEeHHS TePUTOPIl, Ha AKIN (HyHKIIOHY€e MennuHmii 3akaan. TakuM YMHOM, 06’ €KTOM JOCIIIZKEHHS € TIPOIECH,
AKI BUHHKAIOTH y XOJIi aHali3y OINEPAaTHBHUX Ta PETPOCHEKTUBHUX CTATHCTHYHUX, MEIUKO-COIIAIbHUX, EKCIIEPTHUX Ta IHIINX TAHUX /IS
BHU3HAYEHHA MPOTHO3HUX 3HaYeHb PiBHIB MONUTY Ha OKpeMi MeinyHi mocayru. PesynsraTn ananisy MaioTh cTaTy MiJATPYHTAM JJIA NIPUHHATTA
YIPABJIIHCHKUX PIllIEHb MO0 TIAHYBAHHS Ta OpraHisaitii AisiIbHOCTI 3aKIa/liB OXOPOHHU 3/I0POB’st B MaiiOyTHi mepiom yacy.

V xozi gocipkents 6yB BAKOPUCTAHUIT CUCTeMHIH MHIXi/, METOM MAaTeMaTHYHOTO MOJIEIIOBAHHST Ta IHII 3araJbHOHAYKOBI METO/M.

PesysisraToM BUKOHAHOTO JIOCI/UKEHHS € PO3POOJICHUN METO/I TIPOTHO3YBAHHsI TIOMUTY Ha MEMYHI MOCAYTH B MaiiOyTHI 1iepioan yacy.
Merto/1 oJisitae B peasiisailii 4oTHpboX MOC/II0OBHUX eTariB aHali3y NoYyaTKOBUX AaHuX. [Ipu 1iboMy BUHHKAE HEOOXIIHICTh PO3B’sI3aHHS 3a/a4
KJacrepusaitii, kiracudikarii, izenrudikanii ta nporsodysants. ToOUHICTH OTPUMAHUX TPOTHO3HUX 3HAYEHD 3AJIEKUTH B/l BHOOPY METO/IB Ta
AITOPUTMIB PO3B'SI3AMHHSI TIOCTABJIEHNX 3a/[ad T Bi/l MTOBHOTH BXi/IHNX AAaHUX. B pe3yssrati 3acToCyBaHHs MeTOLy GYAYTh OTPIMATI:

— pO36UTTA 0Ci6 — MOTEHIIHHUX CIIOKUBAYIB MEIMYHUX TTOCTYT Ha TPYIIH, BIAMOBIAHO 0 iX coliaibHO-geMorpadiuHiX MOPTPETiB, Me-
JIMYHUX IAHUX Ta MOBEAIHKOBUX 0COOMMBOCTEN;

— 3aJIEKHOCTI MiK YMCEJBHICTIO YTBOPEHUX I'PYTI Ta MOMUTOM Ha Pi3Hi MEIMYHI TOCTYTH;

— IPOTHO3HI 3HAYEHHS YHCEIBHOCTI IPYIL, a TAKOK IOMUTY Ha MEIUYHI IOCIIYTH.

OTrpuMani pe3yasraTii MOKYTh OYTH OCHOBOIO IS TPUITHATTSI YIIPABATHCHKUX PIllleHb MO0 OPraHisailil AisIbHOCTI MeIMYHUX 3aKJIaliB
y MailGyTHI iepiou yacy.

Kmiovosi cnoBa: TonuT Ha MeNYHI TOCTYTH, KJIAaCTePU3aIlis, CTPyKTYpHa Ta apaMeTpuyHa ifienTndikailis, 3akaagin OXOPOHNU 310POB’A.

SYSTEMS AND CONTROL PROCESSES
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MOJENOBAHHA BHTPAT HA TPAHCMOPTHE 3ABE3NEYEHHA NMPOEKTIB cropinku 19-25

Pycanosa C. C.

OG6’ eKTOM JIOCIDKEHHS € BapiaHTH TPaHCIIOPTHOTO 3a0e3eder st TpoeKTiB. [IpeMer A0CaiKeH s — MaTeMaTHIHIIT OIIC 3a/IesKHOCTI
BUTPAT HA TPAHCIOPTHE 3a0e3MCUCHHsI IPOCKTY BiJl XapaKTePUCTUK BapiaHTis 3abe3neuenns. [Ipaktudna GiabiiicTs MPOEKTiB nepenbauae
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TPAHCIIOPTHY CKJIAJIOBY, KA MOB’sI3aHa 3 HEOOXIHICTIO I0CTABKY CUPOBUHM, MaTepiasiB, 0OIaIHAHHSI, TPYIOBUX PECYPCIB 110 MICIIsE PO3TalLy-
BaHHsI POLYKTY TPOEKTY (HAPUKIA/L, TIPOEKTH Oy BHUIITBA, iHGpacTpyKTypHi mpoekTn). Jlame 1oc/Ii/pKeHHs opieHToBaHe Ha i1eHThn(hika-
110 Ta OTUC BapiaHTiB TPAHCIOPTHOTO 3a0e3IeUeHH s TIPOEKTIB, (GPOPMYBAHHS MaTEMATUYHUX 3aJI€KHOCTEN BUTPAT HA TPAHCIOPTHE 3a0e3tie-
YeHHs1 B 3aJIEKHOCTI BiJ| XapaKTEPUCTUK TPAHCIIOPTHUX 3aCO0IB i yMOB IX BUKOPUCTAHHS B IPOEKTI. XapaKTePUCTHKU TPAHCIIOPTHUX 3aC00iB
Ta YMOBH iX po6OTH B MPOEKTI (GOPMYIOTH CYyTHICTH KOHKPETHOTO BapiaHTy TPAHCIIOPTHOTO 3abe3reueHHst IPoeKTy. KoxkeH asbrepHaTHBHITH
BapiaHT TPAHCIIOPTHOTO 3a0€3IeUEHHST BILIMBAE HA IIPOEKT, MIEPII 3 BCE, Ha piBHi BuTpat. ToMy BUGIP ONTHUMATEHOTO BapiaHTy TPAHCIIOPTHOTO
3a6e3MeveH st IPOEKTY TTOBIHEH 3/iIICHIOBATICS 3 YPAaXyBaHHSIM BILTHBY BapiaHTiB HA BUTPATH 110 TPOEKTY. B ranomy mocatipkenni 0cCHOBOIO
JUUIST MOJIEJTFOBAHHST BUTPAT Ha TPAHCTIOPTHE 3a0e3MeUeHHS TIPOEKTY € MepesKeBHi rpadik MPOeKTy Ta aHaIi3 fioro pobiT 3 TOUKY 30py HEOOXi/-
HOCTI B TpaHCIOPTHOMY 3abesiedenti. IociifoBHO OTpUMaHi MaTeMaTHYHI BUPa3u ist 06CATiB TPAHCIOPTHOI POOOTH Ta HEOOXIAHOI KilbKO-
CTi TpaHCIOPTHHUX 3ac00iB PI3HOrO BUY. 3aJIe;KHOCTI BUTPAT Ik TPHOX BapiaHTiB BUKOPUCTAHHS TPAHCTIOPTHHUX 3ac00iB (OPEH/IH, TTOCTYTH,
npuabaHHs) 3 yPaXyBaHHAM XapaKTEPUCTUK TPAHCIOPTHUX 3aCO0IB OTPUMAHI sl TPOX PIBHIB PO3IJISALY MPOEKTY: MEBHUX POOIT, EBHOTO
TIPOMIKKY 9acy, TpoeKTy B 1fisiomy. OTprMana (hopMatizaliisi BUTPAT Ha TPAHCIIOPTHE 3a0e3MeUeHHsI [03BOJISIE BAPIIOBATH XapAKTEPUCTHKAMI
TPAHCIOPTHUX 3ac06iB Ta yMOBaMI iX BUKOPHCTAHHS B TIPOEKTI HA eTall MPUIHATTS PillleHb 110 BUOOPY BapiaHTy TPAHCIIOPTHOTO 3a6e3IeyeH-
Ha 1poekTy. OTpuMaHi pesyasTaTn € 6asor s TMOAANBIIOI PO3POOKU MOZIEi 3 ONTUMI3aIli mapaMeTpiB i BUOOPY BapiaHTy TPaHCIIOPTHOTO
3a6e3meyeHHsI IPOEKTIB.

Kmovoei croBa: yMOBY BUKOPUCTAHHS TPAHCIIOPTHUX 3ac00iB, CITKOBUI rpadik MPOEKTY, 3a/eKHOCTI BUTPAT, XapPAKTEPUCTUKI TPaH-
CTIOPTHNUX 3aC00iB.

DOI: 10.15587/2706-5448.2020.220364
PO3POEKA MOJENI I'POLIOBKMX NOTOKIB NMPOEKTY EKOMOrICTHYHOI CHCTEMM  cropinxkn 26-33

KoeTyn T. A., CMpxoBceka B.

OO6’€KTOM JIOCTIKEHHSI € TOTOKU POIIOBHUX KOIITIB, IO OTPUMYIOTHCS HA TPOTSI3i JKUTTEBOTO IIUKITY POEKTY €KOJIOTICTUYHOI CHCTEMHU
SIK Cy9acHOi TpaHchopMaIiiiinoi MoJieJIi JIOTICTUYHOT CUCTEMHU, 10 J03BOJISIE IOCATTU eKOJOTTUHIX IIJIeH KOHI[ETIIlii CTaIoro PO3BUTKY. 3MiHA
CBITOTISIY JTIOACTBA MOTPeOYE 3aCTOCYBAHHS CYyYaCHUX THAXO/IB 10 YIIPABIIHHS MTPOEKTAMH €KOJOTICTUYHUX CHCTEM, IO Bi/INOBIAI0Th BU-
MOTaM 3MEHIIeHHS eKO/IeCTPYKTHBHOTO BILJIMBY Ha JOBKIJIJIS.

HeoOxizuicTs BpaXyBaHHs Ta JKBifalii HeraTiBHUX HACII/AKIB (QyHKIIOHYBAHHS €KOJIOTICTUYHOI CHCTEMU MIPU3BeJIa 0 MoTpebu Io-
JIOBKEHHS KUTTEBOTO MKy TPOEKTY 32 PaXyHOK BBE/ICHHS /[OZIATKOBUX €KOJIOTO-OPiEHTOBAHNX (ha3: pereHepaTHBHOI Ta peBiTami3aliiiHoi.
3MiHa CKJIa/ly JKUTTEBOTO IINKJIY BIIMBAE HA IPOIIOBI IOTOKH, 1110 (DOPMYIOTBCS HA IIPOTS31 BCHOTO JKUTTEBOTO IIUKJLY IIPOEKTY Ta 3HAXO/SATHCS
B 3aJIEKHOCTI Bil (DAaKTOPiB BHYTPIIIHBOTrO CEPEAOBHUINA Ta 30BHINIHBOTO OTOYEHHsT. OHIM 3 HAUTIPOOIEMHITITIX MiCI[b B OIIHIl e(heKTHBHOCTI
MIPOEKTY eKOJIOTICTUYHOI CUCTEMH € MOJIETIOBAHHS MOTOKIB TPOIITOBUX KOMITIB HA Pi3HUX eTanax MpoeKTy.

3aCcTOCOBAHO IHCTPYMEHTAPIiit METO0JIOTT YIIPABJIHHS IIPOEKTAMU /IIsI BU3HAYEHHS TPOIIOBUX ITOTOKIB, 1[0 T€HEPYIOThCSI HA IPOTSI31 JKUT-
TEBOTO MUKJTY TTPoeKTY. OTPIMaHi pe3yJIbraTi BiToOPakaioTh 3aI€KHICTh MisK 4aCOBIUMI Ta TPOIIIOBUMH ITAPAMETPAMU TIPOEKTY €KOTIOTICTUYHOT
cucremu. HasgBHICTD IaHOT 3a71€5KHOCTI 7103BOJINIIA PO3POOUTH MEXaHI3M MOJIEIFOBAHHSI IPOIIOBUX TIOTOKIB IIPOEKTY, 1[0 BPAXOBYE /IBA BapiaHTU
BU3HAYEHHST TPUBAJIOCTI HOTO JKUTTEBOTO MUKy (CTPOTO Ta HECTPOTO BU3HAUEHY). B 3ajesKHOCTI Bifi MOKJINBOCTI BIUVIMBATH Ha TPUBAJIICTD
JKUTTEBOTO IIUKJIY TPOEKTY MependavaeThes 3aCTOCYBAHHSI CUTYaTUBHIX a00 KOMIIEHCAIIITHUX 3MiH TPHBAJIOCTI YACOBHUX ETAITIB, I1[0 BITNBAE Ha
3HAYEHHSI TOTOKIB IPOMIOBUX KOIITIB POEKTY. 3aCTOCYBAHHS IPEACTABJICHIX B POOOTI PO3PaXyHKOBHX (hOPMYJI IO3BOJISIE MOJIETIOBATH TOTOKU
TPOIIOBUX KOIITIB /7S €TalliB, YaCOBUX iHTEPBAIB Ta BCHOTO KUTTEBOTO IIUKJTY TIPOEKTY €KOJIOTiCTHYHOI CHCTeMN. 3allpOTIOHOBAHIIT MeXaHi3M
MOJIEJIIOBAHHS IPOMIOBUX MOTOKIB MOKe OyTH 3aCTOCOBaHUIT IIpK OIiHI ePEKTUBHOCTI MPOEKTY €KOJIOTICTUYHOT CHCTEMH.

Kmouosi croBa: exoJIoTicTHYHA CHCTEMA, JKUTTEBUI ITUKJI TIPOEKTY, YACOBI Ta TPOIIOBI TapaMeTPH IIPOEKTY, TTOTIK TPOIIOBUX KOIITIiB.
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BIUTHB METOAY KOMNINALI HA BUSHAYEHHA TOYHOCTI BTPATH NOMMNKK B HABYAHHI HEHPOHHOI
MEPEMAI cropinku 34-37

Axanona A, Kanpapoea M.

B o6macti gocrimxkenns NLP (Natural Language Processing) BaJIMBUM CTaJo 3aCTOCYBaHHsI HEPOHHOI Mepeski. Heliponna mepexka
MIHPOKO 3ACTOCOBYETHCS B CEMAHTUYHOMY aHaJi31 TEKCTIB Ha PI3HIX MOBax. Y 3B’sI3KY 3 aKTyaisarieio 0OpoOKH BEMKIX TAHNX Ka3aXChKOIO
MOBOIO OyJ1a MobyI0BaHa HelipOHHA MePesKa JIJIsk TIPOBEIEHHS TIMOOKOTO HaBYaHHsL. B TaHOMY I0CTiKeHHT 06’ €KTOM € IPOLIeC HABYAHHS T -
60KO0i HEHPOHHOT Mepeski, ika 1ae omiHKy anaroputmy mobyaosr LDA monemi. Onanm 3 HaitOimbin Tpo6IeMHIX MiCIlb € BUSHAUEHHST TPABUITb-
HUX apryMEeHTIB, IKi MPU KOMIILIAIIT Mojesi AaayTh OI[iHKY po6oTH aaroputMmy. B xozi mociiskents: BUKOprCTOBYBaBcs Meto compile ()
3 MOy IbHOI GiGmioTexn Keras, 0CHOBHUMM apryMeHTaMu SIKOTO € (DYHKILis BTpat, ontuMizatopu, MeTpuku. HeiiponHa Mepeska peasnizoBaHa
Ha MOBI iporpamyBarHst Python. OcHOBHUME apryMeHTaMu KOMITJIATOpA IIKOOKOTO HaBYaHHs HEHPOHHOT Mepeski st ominku Mogesi LDA
€ miaGip apryMeHTiB Jis OTPUMAHHS PABUIBHOI OIIHKU aJrOPUTMY TT0OYA0BAHOI MO 3a JOMOMOTOI0 IIKOOKOTO HaBYAHHS HEHPOHHOT
MepesKi. Y SKOCTI JaHNX, M0 HABYAIOTHCS, TIPEICTABIEHUN KOPITYC TEKCTY Ka3axChKOI MOBOIO 3 He Gimbmr 8000 cioBamu. I3 3acTocyBaHHAM
BUIIE TIEPEPAXOBAHUX METO/IIB OYB MPOBEIEHUT eKCTIEPUMEHT 3 BUOOPKI apIyMEHTIB ISl KOMITLISITOPA MOJIEI TIPU HABYAHHI KOPITYCY TEKCTY
Ka3aXChKOIO MOBOIO. B pesyJibrari ontuMasbHuMu aprymMenTamu Oy o6pati ontumizatop — SGD, ¢yHkiist Brpar — binary _crossentropy ta
MEeTPHKA OIIHKK — ‘cosine _proximity’, siki B pe3yJisraTi HaBYaHHst mokazasau nparters 10 0 loss (momuikin)=0,1984, i cosine _proximity (Tou-
HicTh HapuyanHs)=0,2239, 1m0 BBA)KAETHCS AOIYCTUMUMH 3aXoAaMu HaBuaHHs. OTpUMaHi pe3ysibraTu BKas3ylOTh Ha MpaBUIbHUIT BUOIP
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apryMeHTIB KOMIIAIi. /laHi apryMeHTH MOJKHA 3aCTOCOBYBATH MIPH TIPOBE/ICHHI TIIMOOKOTO HABYAHHS HEHPOHHOI MEpesKi, /e TaHUMU BU-
6ipKM BUCTYTIAE MTAPa «TeMa Ta KII0YOBI CJI0Ba>.
Kmo4ogi cnoBa: MeTpuKa OIIHKY, SIKICTh HABYAHHS, aJITOPUTMU ONITUMIi3allii, eHTpOIIiiTHA TOMUJIKA, HEIpPOHHA Mepeska.

DOI: 10.15587/2706-5448.2020.218427
BHKOPHCTAHHA WITYYHUX HEAPOHHUX MEPEM TA METORY MOHTE-KAP/IO B MY/IETHATEHTHHX CHCTEMAX JUTA
BHPIWUEHHA 3AJHAYI CYAOKY cropiHku 38-41

Nonoawx K. 0., Apemenxo B. C.

O06’eKTOM OCTIKEHHS B IaHiil poOOTI € MyJIBTHATEHTHI CUCTEMH, 32CHOBaHI Ha aropuTMax [IMOMHHOTO HABYAHHS 3 TAKPIIVIEHHSIM Ta
aHaJisi croco6iB BCTAaHOBJIEHHST B3a€MO/Iii B CHCTeMi Ha OCHOBI iHTesekTyaibHuX arenTis. Kpim Toro, yactina mMarepiany B 11iii po6oTi 0xXo-
IUII0€ CIIOCOOHM OpTraHizallii YIpaB/iHHA Ta aIMiHICTPYBAHHSI ar€HTIB HAa METAapiBHI: 30BHINIHI KOHTPOJIEPU Ta IHCTPYMEHTH JIJIs ONTHMI3allii
iX pobOTH, OMUCYIOUH MTPU IIBOMY apXiTeKTypHi PillleHHsI, SIKi MOBUHHI TIPUCKOPUTH HaBYaHHs arenTiB. Jloc/Ii/KyBaHa IIOBHOI[IHHA MYJIBTH-
areHTHa crcTeMa Oy/e CIPUIHATINBOIO 10 PO3UINPEHHST Ta AaCTh epeKTUBHE PUCKOPEHHS Y HABYAHHI areHTiB Ta SIKOCTI BUPIIIIEHHS 3a/a4.

B paniii po6oti 6y posrusinyTi HacTynHi Mojesi Heiiponnux Mepesk: DQN, DDQN, PPO, TD (Meto/n, 110 6a3yioThest Ha BAKOPUCTaHH]
Q-Learning) Ta mijxijx 3 BUKOpUCTaHHIM HeHpoHHOI Mepeski 3 onrykom Momnre-Kapiio no gepesy. [lani Mozesi 6yio nepesipeno Ha 3azadi
cy0Ky 3 HabopoM naHux poamipom 5039 komGinamiii, posmipHocTi 2X2, 4X4 Ta 9x9. Bysio BUKOPHCTAHO [€KiibKa HAGOPIB HArOPOIL ISt
arenTiB. Omicano crmoci6 MpeICTABIEH S TAHUX ITi/T Yac TPOIeCy HABYAHHS Ta BUPIiIeHHs 3a1a4i. Takok 6yJ0 moOyIoBaHO MyJIBTHATEHTHY
CHCTEeMY Ha OCHOBI MOJieJIi 3 BUKOpHCTaHHAM Tto1yKy MonTe-KapJio 1o sepesy.

3a pesyssraTaMu J0CHpKeH st 0yJI0 BUSBJIEHO, M0 /IS 3ajlad B KOMIUIEKCHOMY IIPOCTOPI, Mozei, Kotpi Gasyiorbest Ha Q-Learning,
€ MPaKTUYIHO He eheKTUBHUMNU (TBep/IKeHHS TiAKpinseni rpadikammu). [Ipoitec HaByamus 1ux Mojesiell € 10CUTh BUMOTJIMBIM JI0 XapakTe-
PUCTHK anapatHoro 3abesmedeHtst po60uoi crantii. Takok GyJ10 BUSBJIEHO, 110 METO/I Ha OCHOBI oty Ky MoHTe-KapJio 4y10B0 ClIpaBaseThest
3 3amadero. HaBiTh mpu Mastiil KiIbKOCTI iTepariil BiH MoKa3ye pe3y IbTati, Kpai 3a inmm Metoan [nbunnoro napyanmst (tounicts 45—50 %
st 9x9). [Ipote CyTTEBIM HEIOIKOM € CKJIA/[HICTh HABYAHHS MOJIEJI], @ BUMOTH JIO allapaTHOro 3a6e3eUeHHs € 3aHA/TO BEJUKUMU B PAMKax
JOCJTIJIKEHHS TAKOTO POLY.

Kmouozi cnosa: DOQN, DDQN, TD, PPO, Heiiponna Mepeska, TIHONHHE HaBYaHHS, HABYAHHS 3 T AKPITJICHHSIM, MyJBTHATEHTHA CUCTEMa,
MCTS, Q-Learning.

DOI: 10.15587/2706-5448.2020.220298
3ACTOCYBAHHA MOJENEH TA METO/IB INTEFPOBAHOr'0 MPOTHPH3MKOBOr0 YNIPAB/IIHHA CTEHKXONAEPAMM HAYKOBHX
NMPOEKTIB B YMOBAX HEBU3HAYEHOCTI TA NOBEAIHKOBOT EKOHOMIKM  cropinxu 42-46

Beppiit [I. I, fanuenxo 0. B., Cemxo 1. B.

OO6’€KTOM JIOCITIIKEHHST € TIPOIECH IHTErPOBAHOTO TIPOTHPHIBMKOBOTO YIIPABJIHHS CTEHKXOIIEPAMI HAYKOBIX MPOEKTIB, 30KpeMa KO-
MaH/IOI0 TIPOEKTY, OCHOBHUMH BHKOHABIIIMU IIPOEKTY (HAYKOBI[IMHU) Ta iHIIMMU 3al[iKaBJICHUMU CTOPOHAMU, B YMOBaX HEBU3HAYCHOCTI
Ta MOBEIHKOBOI eKOHOMIKH. ChOTo/iHI HAYKOBIII MPAIIOOTh B CKJIAJHNX YMOBAX HEBU3HAUEHOCTI MEPCHEKTUB PO3BUTKY HAYKH, TEXHIKN
Ta TexHoJoriit. Tomy 11e MOke TPU3BOIUTH JI0 BUHUKHEHHST KAJPOBUX PU3NKiB, KOHDIIIKTIB Ta (GaKTOPIB MOBEIiIHKOBOI €EKOHOMIKU Ta MAaTH
HeraTMBHUI BIIMB HA IJIAHYBAHHS Ta peaslizallito HayKoBUX NPoeKTiB. OCHOBHOIO rill0Te3010 JOCiIPKEHHS € IPUITYIIEHHS TOTO, 1[0 YCIIiII-
HICTH peaisalii HayKOBHX ITPOEKTiB 3a/eKNTh BiJl e)eKTUBHOTO YHPABIIHHS iX CTEHKXOIepaMn 3 MeTOIO JIOCATHEHH HIUMU TTOCTaBIeHIX
wisteit. HeobXigHo cueTeMHO MiZXOAMTH JI0 aHAMI3y 3allikaBJeHUX CTOPIH HAYKOBUX MPOEKTIB, 3aCTOCYBAHHS IHTEIPOBAHOTO IIPOTHPU3HKO-
BOTO YTIPaBJIiHHS CTEHKXOJZIepaMI HAYKOBUX ITPOEKTIB B YMOBAaX HEBU3HAYECHOCTI Ta TIOBEIIHKOBOI ekoHOMIkH. Ha mizcrasi anamnisy Meto/iB
MIPOTHPU3NKOBOTO YIIPABJIHHA B PisHUX chepax [ifabHOCTI Ta 3 ypaxyBaHHSM KOHIENITYAJIbHOI MOJIeJIi IHTErPOBAHOTO IIPOTHPU3UKOBOTO
YIPaBJIiHHS HAYKOBUMU IIPOEKTaMU OyB 3aIIPOIIOHOBAHII METOJI IHTErPOBAHOTO TPOTUPUZUKOBOTO YIPABJIIHHS CTEHKXO/IIePaMU HAYKOBUX
MIPOEKTIB B YMOBaX HEBU3HAYEHOCTI Ta MOBEAIHKOBOI €KOHOMIKM. JlJIsT IPAKTIIHOTO 3aCTOCYBAHHST PO3POOIEHITX MOJIENEl Ta METO/IB iHTe-
IPOBAHOTO MIPOTUPUBMKOBOTO YIIPABJIIHHS CTEHKXOJIIEPAMI HAYKOBHX IIPOEKTIB B YMOBAaX HEBU3HAYEHOCTI Ta MOBEIHKOBOI €KOHOMIKY OYB
PO3TIIAHYTHIT HAYKOBUH TIPOEKT. IX 3acTOCYBaHHA, Te Ha eTaTl iHiIiarii HayKOBIX ITPOEKTIB, I03BOIMIO KePIBHUKY MPOEKTY Ta HOTO KOMaHIi
po3paxyBaTH MOKa3HUK «TOKCUYHOCTI» /sl KOJKHOT aJlbrepHaTHBU CTEHKXOJIIEPIB Ta IOPIBHATH 1X MK co0010. Bil rpyHTY€eThCS Ha JaHuX,
110 OTPUMAaHI B IIPOIlECi OIIHKM KaJpOBUX PU3MKIB, KOHQIIIKTIB Ta (HakTOPiB MOBEIIHKOBOI €KOHOMIKH, SIKA TIPOBO/IIJIACS 3a JOIOMOI0I0
METO/Y eKCIIEPTHUX OI[iHOK. [IOKa3HUK «TOKCHYHOCTI» Ma€ 0OMEKEHHsI Ta TOBIHEH HAOMIKATHCS 10 HyJIs. PO3TUISTHYTO MPUKIAL 0OpaHHs
CTEIKXO0JI/Iepa 3 MOCTAaYaHHs KaHIeJIPChKIX ToBapiB. lleil pe3yabraT M03BOJIUB MiABUIIUTUH e(DEeKTUBHICTh BKJIIOUEHHS CTEHKXOJIEPIB /10
YUYACHUKIB HAYKOBOTO MTPOEKTY.

Kmovosi cnoBa: HayKOBHIT TPOEKT, METO/] iIHTETPOBAHOTO TIPOTUPU3UKOBOTO YIIPABIIHHS, TiIBUIIEHHST e(DEKTHBHOCTI YIIPABIIHHS CTEHK-
XOJIZIEPaMHU, TIOKa3HUK «TOKCUYHOCTI».

DOI: 10.15587/2706-5448.2020.220428

NMOMEPEAHA KNACHPIKALIA JAHKX 3A IONMOMOr0l0 BATATOPIBHEBOI CEFTMEHTALI FICTOIPAM A KNACTEPH3ALIT
TFIMEPKYBIB cropinku 47-55

Mensuux P. A., Tyummmuskuii P. B, Ksit P. I, Cano T. M.

OG’'eKTOM JIOCTIUKEHHS € alropuT™M KJiacudikallii faHuX BeJMKUX PO3MIpIB, 10 6a3yeThCst Ha aJropuTMi i€papXiuHol KiaacTepusartii.
Heuniniiina cxkiaiHicTh aIropuTMy KJIacTepusailil He J[03BOJISIE IX BUKOPUCTAHHS st BUOIPOK Hanux po3mipamu 5—10 tucsy i Bume. Just
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kaacudikaiii gaHux HeoOXinHe X TonepeHe rpymyBaHHsa. ToMy IPEAMETOM AOCIIKEHHS BUCTYNAE aITOPUTM CETMEHTYBAHHS JaHUX Ha
OCHOBI KyCKOBO-JIIHIITHOI alfpoKCHMAaItii.

¥ npotieci g0CiIKEHHS BUKOPUCTOBYBAJIMCS aJITOPUTMU 1€PAPXiUHOI KylacTepusallii, MeTo/1 KyCKOBO-JIiHIHOT allpOKCUMAIlil KyMYJISTHB-
HOI TicTorpamu, 06YMCIEeHOT 3a CIEIaTbHOIO MPOIEAYPOIO, Ta IPOLELYPHU MONTYKY MOPOTIB CErMEHTYBAHHSI.

O6uncmoBaibia CKIAHICTh KIACHYHOTO i€papXiunoro aaroputmy pocarae smadenns O(N®), a meBHi KpoKH 3 0O6MeKeHHS MOMIYKY
MOKYTH ftocsirati sHaverns O(N?), mo 6y0 TATBEpKEHO eKcrepuMeHTaMi 3 BUBYEHHS 3a/1e5KHOCTi iepapXiuHoTo fiepeBa Biji BUXiZHOT
BuGipku. PeasizoBano HaOJVIKeHWIT THAXIA M0 KiaacTepusallil KIodiB 3 po3bUBKoio HabGopy GazoBux Kiodis. 11106 1me Gijbiie 3HU3UTH
CKJIQIHICTD aJITOPUTMY i€papXiuHoi KJaacTepusartii, 3aIipOIIOHOBAHO I/XI/l ICKOMITO3HILiT, 3aCHOBAHMIi HA MOALT BUXiAHOI BUOIPKU BEJIUKUX
JaHNX HA KiIbKa MAMHOKIH. Y TaHiil poOOTI /ISt BUKOPICTAHHS aITOPUTMY i€papXiuHoi kiactepusaril /st Kiaacndikariii BeIUKNX TaHUX
3alPOIIOHOBAHO METOJ TolepeAnboi aekommnosuitii. [leil Meton 3acHoBano Ha GaraTopiBHEBIH cerMeHTallii KyMyJATUBHUX ab0 3BUYAlHUX
ricrorpam, OTPUMAHKX JIJIsT KOKHOI KOOPAMHATH O3HAKH, 110 XapakTepuaye 06'eKT aanux. KyCcKoBo-iHIHHOIO arpOKCUMAIIIEI0 MiCTOrpaMHIX
(ynkuiii orpumani moporu GararopiBHeBoi cermenTartii. IToGynoBani rinepky6u gaHuX TPUIMAIOTBCST SIK 00’ €KTH 1 TPHOXETAITHOTO aJIr0-
PUTMY KJacTepu3arii.

OTpuMaHO TOTYKHUI IHCTPYMEHT Kiacudikarii JaHuX, BAKOPUCTAHHS SKOTO JO3BOJISIE POBOANTH 0Arato eKCHEePUMEHTIB 3 TaHUMU
PISHUX TUINB [JIsI BUSIBJICHHs 3aKOHOMipHOCTeil cepes 03HAK JaHuX. Moro 3actocyBaHHs NPU3HAYEHO IS ONPANIOBAHHS AAHIX XBOPUX,
MOJIEKYJISIPHUX CTPYKTYP, €KOHOMIYHUX 33/1a4 JIUIs IPUUHSATTS] ONTUMAJIBHUX PillleHb JIKYBAaHHS, [IarHOCTHKU Ta MOJIETIOBAHHS. 3aBJIsSKI
MBOMY THAXOAY Kacu(piKaliio AaHuX MOKHA 3/IICHIOBATH B OHJIAH PEXKUMI ST OTPUMAHHSI PE3yJIbTaTiB Ge31mocepesiHboro anasisy mpu
HAJIXO/I)KEHHI JIaHUX, HAIIPUKJIAJL, 3 KOCMIYHUX allaparis.

KmovoEi cnosa: KyMyJIATHBHA ricTOrpama, GaraTopiBHEBa CErMEHTaIlist, KyCKOBO-JTiHIHA allpOKCUMAIlist, iepapXiuyHa KJacTepusaris, pos-
KJIaJl TIPOCTOPY JIaHUX.
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OBI'PYHTYBAHHA 3ACAJ TEOPIi KOOPAMHAT HA BA3I MPHHLUMIY J'AJIAMEEPA TA MANMX NEPEMIWEHL cropinkn 56-59

Cxmpox B. I, Isanenxo P. 0.

Po6oTa € NpooBKEHHAM HU3KU aBTOPCHKUX JIOCII/IKEHD, IPUCBIYEHIX TOYHOCTI BU3HAYEHHST KOOPAMHAT aGCTPAKTHOTO 06’€KTa Y TeX-
HostoriuroMy 1ipoctopi. OTske, OCKinbKku Gyab-sAKUil 00'€KT 3HAXOANUTBCS Y BOX KOOPAMHATHUX CHCTEMaX, TO iCHy€e mpobiema cyMicHOCTI
X cucteM. CaMe Taka CyMiCHICTh KOOPAMHATHIX CUCTEM BUKJIMKAE CTaGlIBHICTD PYXY Ta PO3TAITyBaHHsI aGCTPAKTHOTO 00’€KTY Y TPOCTOPI.
Hapasi crabisibHicTh pyxy abo posraiiyBaHHs: 00’€KTy B IIPOCTOPI MPUAMAETHCS 3a I0r0 CHCTEMY BiIUIKY, TOOTO HyJIb BIIIIKY OY/Ib-SIKOTO
npusasy abo 06’ekry. OcobIMBO 1€ CTOCYETHCST BEPCTATIB 3 YHCJAOBUM mporpaMunm yipasaiaasm (UITY). s Toro, mob BUPIIATH 3a1a4y
CYMICHOCTI CHCTEMU KOOPJIMHAT BepcTara Ta JeTali HeoOXiJHO CTBOPUTH (Ga3oBy TEOPi0 KOOPIAMHAT, sIKAa J03BOJIUTH BUPIIIUTH TPOOIEMU
Y3rO/DKeHHsI KOOpANHATHNX crcTeM. [TokazaHo HassBHICTD ysIBHOI KoopanHaTHOI cuctemu y mam’siti UITY rta mportec i peasisarnii B peasbHiit
cucTeMi KoopauHat Beperara. € HeoOXiHICTD A0CTIANTH (Di3UKO-MaTeMaTHYHI BJJACTHBOCTI KPAIIKK, PUCKH, TI0JBOBOI CTPYKTYPH MOXUOKH Ta
3B’S130K MiXK BCiMa IIMIMU TI0JIbOBUMU €JIeMEHTaMU. 3alIPOIIOHOBAHE aBTOPAMU JIOCJI/IKEHHS IIPUCBSIYEHO IHTepIIpeTallii 3BUYailHIX IIPUPOJI-
HUX ABUIL (DIBUKO-XIMIYHUMHU 3aKOHAMU B3aEMOIiT Misk aGCTPAaKTHUMU CYTHOCTSIMU. TAKUM 4iHOM, 00’€KTOM JOCHIUKEHHST € 3BSI30K YSIBHUX
Ta peanbHUX KoopauHat. OHIM 3 HANOLIbII MPOGIEMHUX MICIlb € TIPOCTOPOBA IPUB’sI3Ka aGCTPAKTHOTO TIPOCTOPY, TOOTO HYHKIIOHATIBHOTO
pyxy ab0 HEPYXOMOTo CTaHy. Y XOJi JOC/Ti/UKeHb BUKOPICTOBYBAIICH AHAITHYHI OCJI/PKEHHS HA OCHOBI 10/IbOBIX a(biHHUX II€PETBOPEHB.
SIK HAcHioK, TEOPETHYHO OOIPYHTOBAHO MOKJIMBICTH CTBOPEHHST TeOpil KoopauHaT aGCTpakTHUX 00'€KTIB B3araji Hesaje)kHO Bijl ix ¢isu-
KO-XIMIYHUX Ta MeUKOOi0M0TiuHMX BacTuBOCTEH. OTKe, AKINO PO3IIAHEMO MTPOIECH B3aEMOJIIT MiK abCTpakTHUMU 00’€KTaMu, TO MOKEMO
KOHCTATyBaTH TO¥ (haKT, 0 TaKa B3a€MOJIist Ma€ iysKe crenudivnmii xapakrep. STk HacIi10K, OTpIMY€EMO Ge3JIid HayK, siki Ial0Th CIIOpi/iHe-
HUI OIUC OTOYYIOUMX HAC MPOIECiB Ta iX Biaramyxenb. [Ipu 1boMy HEOOXIHO MIAKPECTUTH, [0 MiXK OCHOBHUME HAYKOBUMU HAMPSMKAMU
iCHYE IOCUTD YiTKe PO3MEKyBaHHS HA IEPBUHHOMY eTarri. [IpoBeeH] TOCTI/UKEHHS € KOPUCHUMU P PO3POOIT METPOJIOTIYHIX MPUIA/IIB Ta
TUTIOBUX BUMIPIOBAJILHUX MPUJIAIB MPU OLIHIL iX cTabiabHOCTI pOOOTH.

Kmow4oei cnoBa: Teopist KOOPAMHAT, aOCTPAKTHUIA 00’€KT, 30HA TPUCYTHOCTI, TEXHOJIOTTUHUIT 06’ €KT, 30HA TIPUCYTHOCTI.
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AHAJTI3 CENAPATHMX KAHAMIB Y BEATATO3B AI3HIA CHCTEMI KEPYBAHHA  cropinxu 60-65

Awenxosa H. C.

OG6’e€KTOM JIOCI/KEHHSI € CHCTEMA KePYBaHHsI aBTOHOMHOTO MOOIJILHOTO po60Ta, OCHALIEHOTO aHTPOIIOMOP(GHIM MaHIIy ISITOPOM 3 40-
TUPMa CTyTeHsMI pyXxanBocti. [Ipu nepemimenti Mo6ibHOTO poboTa 3MiHIOBaHOT KOHMITyparlil 1o 3a[aHOMy MapIIpyTy CUCTeMa KepyBaHHs
Mae 3a0e31eunTH MiHiMasIbHe BIAXUICHHA HeHTPY Mac maTgopMu Bijl 3a7anoi TpackTopii. [Ipu boMy Kepyioui MOMEHTH HallpaBJIeHi B3JI0BIK
oceil CHCTeMI KOOPAMHAT, 3B’s13aHiil 3 IIATGOPMOI0 aBTOHOMHOTO MOOIIBHOTO poboTa. IIpH BifHOCHNX pyXaxX MaHiMmyssITopa TEH30p iHepIi
CHCTEMM TiJI B CHCTeMi KOOPAMHAT, IOB'A3aHiil 3 muaTdopmoio, HabyBae HeAiaroHaIbHOCTI Ta HeCTallioHapHOCT, 1110 00YMOBJIIOE B3a€MO3B s~
30K KaHAIiB KepyBaHHs. KiIbKICTh KepyOUunX BIUIMBIB: IIiJ] Yac TePeMilleHHsT TPAEKTOPIEI — YOTUPH (Ha KOKHE KOJIECO), M yac poboTu
MaHiIyIsITOpa — YoTUpH (Ha KOKHY y3araabHeHy KOOpAnHaTy). TakiMm 4uHOM, crncTeMa KepyBaHHs 6araToBUMIipHA, 3B'sI30K MK KaHATaMu
KepPYBaHHs 3/[IIICHIOETHCS 32 PaXyHOK (DI3UYHUX BIACTUBOCTEN 00 €KTY KepyBaHHSL.

V po6oTi npejcTaBICHO Pe3y IbTaTi HEPIINX eTaMiB Po3poOKH 6AraTo3s sI3HOI CHCTEMU KEPYBAHHSL: JOCII/PKCHHS CElapaTHUX KaHAJIiB
KepyBaHHsI, CHHTE3 CellapaTHOTO PeryJIsITopa, KOPeryBaHHs PeTyJIsATopa Ta aHali3 IKOCTi CTBOPEHOI cHCTeMu KepyBaHHs. JloCizKeH s Ipo-
BOJIMJIVCh i3 BUKOPHCTAHHSIM MATPUYHUX TIePeaTOuHuX (DYHKILI; /7151 BUBHAYEHHST TapaMeTpiB OaxkaHol nepeaBaibHoi (DyHKIT 3aCTOCOBAHO
dopmyan Becexepebkoro. Tlix yac ananisy isi KOXKHOTO CeMapaTHOr0 KaHary moOyoBaHO JorapudMivHi Ta aMIITYAHI YacTOTHI XapaKkTe-
PUCTHKH, 0OPAHO CTPYKTYPHY CXeMy, CKJIajleHo nepenatouny dyHkiiro. OmiHka sKOCTI CHHTE30BAHOTO CEMApaTHOTO KaHAIY MPOBEIEHA 32
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HACTYNHUMU KPUTEPISIMIL: TOUHICTD, IIBUJIKO/Lis1, KOJMBAJIBHICTD, 4ac MEePEXiIHOTO MPOIIeCy, epeperyIioBaH s, aMILITY/IHi Ta (ha30Bi BUKPU-
BJICHHS, 3ATTaCH CTiHKOCTI. BiracTnBOCTI cHTE30BaHOTO CEMapaTHOTO KaHary 110 TOYHOCTI, MIBUAKO/II I KOJMBAJIbHOCTI BiIMOBIAAIOTH YMOBaM.
[Momampiti JOCTiKEHHS Ta CUHTe3 GaraTo3B’sI3HOI CHCTEMH KePYyBaHHSI MOGIIBHOTO poboTa 3 MAHIIYJISATOPOM J03BOJUTD THABUIIUTH
HOTO KUBYYICTh 1 €(EKTUBHICTh 3a YMOB aBTOHOMHOI po6oTH. OCKITbKI MOGIIBHUIT POOOT 3 MaHIMyIATOPOM € TIPUKIAIOM KJIacy 00'€KTiB
«aBTOHOMHMIT MOOLIbHUIT POOOT 3MiHIOBaHOI KOHDIrypailii», To OTpuMaHi pe3yJIbraTu MOKHA 3aCTOCOBYBATH JI0 BCIX 00’€KTIB 1LOTO KJacy.
Kmovoei cnoBa: aBTOHOMHUIT MOGIIBHUIA POGOT 3MiIHIOBaHOT KOH(ITYpaILii, aHTPOOMOPGHUI MAHITTYJIATOD, YOTUPH CTYIIEHS PYXJIUBOCTI,
ceTrapaTHUI KaHaJl.
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MOJENIOBAHHA 3MIHH EKCIUTYATALII{HOrO0 CTAHY CYZTHA B MPOLECI TPAHCIIOPTYBAHHA HETABAPHTHMX
I BEIHKOBAT'OBUX BAHTAMIB cropinku 66-70

Oumugenxo C. 11, Mensuux 0. M.

OG’'e€KTOM IOCTIIKEH S € eKCIUTyaTalliiiHuii cTal cyaHa Ta oro 3MiHH, SIKi BUHMKAIOTH B IIPOIECi TPaHCHOPTYBaHHSA HerabapuTHUX
i BeJIMKOBArOBUX BAHTAKIB IT1/I BILITBOM MHOKMHU BUIA/KOBUX TO/[ii1. 3HAYHOIO TPOOJIEMOIO € HEeTaTUBHUIT BIJIMB CHCTEMH YMHHUKIB HA MO-
pexijiHe Ta TeXHIYHUI cTaH cy/Ha, IigicHicTh BanTaxy. Tomy 3abesnedennst 6e3nekn cyana, Horo GpyHKIoHaIbHOT HafiHHOCTI SIK TeXHIYHOTO
00’eKTa € cepell IPIOPUTETIB, sIKi € BKPail BasKJIMBUMU B IIPOIIECT TPAHCIIOPTYBAHHsI HErabapUTHUX | BEIMKOBATOBUX BAHTAKIB.

B xoxi nocmimpkenns BukoHana izienTHdikaiis OCHOBHIX CTaHIiB IOCJII/IKYBAHOTO Cy/iHa B Ipolieci ekcruryataitii. CyzHo y mporieci TpaH-
CIIOPTYBAHHS MPEJICTABIIEHO SIK CYKYITHICTD BOX 00’€KTIB — «CyIIHO — BaHTaXK». 3alPOBA/KEHO JEKOMITO3HIII0 3a3HAYEHOTO CTaHy Ha /[Ba
BapiaHTH «B HOPMi» Ta «HasIBHICTh MPOOJIEM», 32 TPhOMA KOMIIOHEHTAMU: «MOPEXi/IHI IKOCTI Cy/[HA», «TeXHIUHMUIT CTaH CyJHa», «<BAHTAX Ta
CHICTEMI KPITIeHHsI». BCTaHOBIIEHO MIiCTh OCHOBHUX €KCILUIYaTAI[IHHUX CTaHIB CY/HA B IPOTIECI TPAHCTIOPTYBAHHS HeraOapUTHUX i BEJTMKOBa-
roBux BaHTaxis. Po3po6iieHo iMiTauiiiny MOje/Ib 3MiH eKCIULyaTaliiiHoro cTay cy/iHa B IIPOLECi TPAHCIOPTYBAHHs HerabapUTHHX i BEJMKO-
BaroBuX BaHTaXiB. /laHa Mo/ieJsib 103BOJISIE BCTAHOBUTH B3a€EMO3B'SI30K JIAHNX CTAHIB, SKUI ifenTndikoBanmii Ta (popMasizoBanmii y BUTIISI
MO/IeJTi OJIHOPITHOTO MapKiBChKOTO mpotiecy. [laHuii poriec PO3IIsIHYTO SIK MPOTIEC 3 TUCKPETHUM YACOM 1 HAsIBHICTIO GE3II0BOPOTHOTO CTaHY
3 Biicy THiCTIO BJracTuBOCTI eprognarocTi. [TpoBeieHo eKcriepuMeHTabHI IOCIIDKEHHS JIUIsl PI3HUX MOYaTKOBUX YMOB i BU3HAYEHO HAWOGITBIT
IMOBIpHi 3MiHU B €KCILJIyaTAIliiTHOMY CTaHi Cy/Ha Yepe3 3a/laHe YICJI0 YaCOBUX KPOKIB.

3alpoIIOHOBAHA MOJIEJIb 1IPOIIECY JI03BOJISIE 3/LIHICHIOBATH €KCIEPUMEHTAJIbHI JOCJI/UKEHHS Uit PI3HUX II0YaTKOBUX YMOB i BU3HAYaTH
Haii6iIbIT UMOBIPHI 3MIHK B €KCILIyaTallilHOMY CTaHi Cy/IHa Yepes 3a[aHe YKo YacoBUX KpokiB. [le Ha/iae MOKIMBICTD JUIsT OIIHKY PUBHKIB
i IPUIAHATTS pillieHb MI0/I0 MiATPUMKHU eKCIUTyaTalliiiHOTo CTaHy Cy/Ha B IIPOIECi TPAHCIIOPTYBaHHs HerabapuTHUX 1 BEJIMKOBArOBUX BaHTaKIB
Y BUTJISA/II TEOPETUYHOI OCHOBH.

Kmouosi cnosa: ekcruryataiiiiHuii cTai cyHa, TPaHCIIOPTYBaHHSA HerabapUTHUX | BEJMKOBArOBUX BaHTaKiB, MaPKiBCbKI TIPOIECH, YII-
paBJIsiioui Aii.
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