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Some Practical Applications of Cognitive Info-communication

G. L. Kovacs
Computer and Automation Research Institute,
Hungarian Academy of Sciences
Budapest, Hungary
e-mail: gyorgy.kovacs@sztaki.hu

Abstract*

Some tools and methods of Cognitive Info-
communication can be applied in waste material
management, where the goal is to minimize real
waste, applying re-use and re-make instead of re-
cycle. Examples are given to show some problems
and solutions, such as car sheet-metal parts, and
orthosis as a medical application. 3D modeling and
visualization assist the processes, as for example to
support human decision making, and to create the
tool paths to control Incremental Sheet Forming
robots used to re-shape damaged or new parts

1. Introduction

It is clear that the world is running out of energy, raw
materials and water, and we will soon have shortages.
The “soon” as time span may mean anything from 10-20
to 100 years, i.e. a short period in history. Sustainable
development (or more often used the more modest, less
positive expression sustainability) has to save as much
materials, energy and water as possible.

This study deals with the “last” phases of Product Life-
Cycle Management (PLCM), see a little later on.. and
material and energy saving are in focus. Material saving
results in energy and water saving as well in most cases,
as the production of new material needs more energy and
water consumption, too.

PLCM starts with the idea of a product, and lasts until
complete dismissal. It has several steps and phases as
detailed design, assembly design, etc., which are
followed by part manufacturing, assembly, testing,
diagnostics and operation, advertisement, service,
maintenance, etc. Then finally disassembly and dismissal
arrive, but dismissal can be substituted by re-cycling (e.g.
melting the metals) or re-use (application of used parts).

As a particular example in our study we examine the re-
use possibilities (re-shape or re-make are often used with
the same meaning) of damaged car body parts using 3D
modeling and visualizations methods for finding buckles
and fixing them by applying Incremental Sheet Forming.
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We deal with several different, but corresponding issues,
including cognitive info-communications.

To assist the reader in orientation a short explanation is
given on the structure of the paper and on the
relationships between the main issues:

First some of the last steps of PLCM, namely
dismantling/disassembly ~ and  reuse/recycling  are
discussed as important actors of sustainability.
Dismantling is followed by tests to decide the worthiness
of re-shaping (re-forming) of certain sheet-metal parts
(e.g. car body parts). The decision making between any
two steps of the procedure is rather sophisticated, both
computer and human knowledge are taken into account,
supported by data- and knowledge bases distributed
worldwide, communicated via networks. Due to the
human knowledge and the human’s role decision making
is done using cognition (cognitive behaviour). The
decision making process is supported by 3D
visualisation, too.

The sheet-metal parts are separated into two categories:
repairable and non-repairable. All second type pieces are
sent to a shredder for re-cycling, the rest is repaired for
re-use by a robotic set-up, using ISF technology. The
robot and the technology are modelled and simulated by
specific tools of the VirCA system, which assist in 3D
operations of any model and of any real robot as well.

Finally the KILT model and the TYPUS metrics are
introduced to calculate the economic value/loss of the
planned and executed repair activities and other PLC
steps.

2. The main goal: to save natural resources

Material, water and energy shortages are the driving
forces to deal with the recent topics, however now we
underline that this study is born from the EU Directive
2000/53/EC according to which by 2015, the portion of
each vehicle that should be recycled or reused has to
increase to 95%, in other words only 5 percent may be
lost. To avoid being too abstract in the following we use
management of worn-out or crashed cars as an example.

3. EOL Cars: Ruse of sheet-metal parts

Dis-disassembly of end of life cars (EOL cars) should
have the following main steps ([1], [2], [3])
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3.1. Take special care of dangerous materials (oils, acids,
lead in the battery, etc.). It is obligatory to start by taking
them out,

3.2. Then a decision is needed whether to continue
disassembly or not.

If we continued, all parts should be examined and
classified as useful (very good, good, wrong and
repairable) or useless (wrong and not repairable). This
examination can be done either before or after taking the
part apart. Classification should be continued until the
last part has been dealt with, taking into account
economic questions, too, as for example the market is full
of a certain part or it is missing.

As disassembly is not a direct reverse assembly due to
the fact that vehicles are used in a harsh environment,
making smaller/bigger damages through everyday use,
most external parts (e.g. screws and welds) become rusty,
dirty and distorted.

This generally causes more complicated tools to use for
disassembly than for assembly. It is true for the software
support and for the hardware equipment as well.

In this study we deal only with a very restricted part of
EOL cars, namely with sheet metal parts.

3.3. The first (mean: the next one) decision is whether to
or not to disassemble the sheet metal parts. If a set of
thickness measurements, or a visual examination say that
the thickness is far from the requested value, or it is too
much, or it is too rusty, it is better to finish the procedure
and send the parts to the shredder.

If the thickness is acceptable and there are no specific
visual problems

3.4. We have to examine the level of distortions and of all
other damages and can decide to start or not to start de-
welding. . De-welding means to cut (or de-weld) all
welds and gain the original sheet metal parts, such as
doors, wings, hood, etc.

Now we have a set of damaged metal parts.

3.5. We wish to re-gain the original shape of the damaged
parts with a robotic ISF (Incremental Sheet Forming)
system [in: Proc. NEW PROLAMAT Springer IFIP
AICT 411 (pp. 239-253.

4]. The system needs digital input, and processing often
needs human intervention/assistance. The main task of
our recent work is the re-use (re-shape) of the sheet-metal
parts, and this re-use can be reached — among others - in
the way given in the following parts of this paper.

4. Human and Machine Decision Making

One can see from the previous descriptions that there are
several automatic, semi-automatic and human decision
points in the process. Most of the decisions must be
supported by sophisticated sensory measurements
(mainly computer vision, laser scanning) and by
sophisticated software packages, and data- and
knowledge bases, which are working on networks, and

have intelligent solutions. do?” are decided, while the
“why to do ?” was decided earlier.

The above discussed problems and possibilities
altogether (intelligent human and computer decisions,
intelligent sensors and problem solving, robotics, robot-
human co-operation, all on networks, etc.) led us towards
a relatively new domain, called Cognitive Info-
communications (CoglnfoCom, [5]).

CogInfoCom proposes a new and unified conceptual
approach in which the process of merging is derived from
the theoretically unified concept of different levels of
cognitive capabilities co-existing in the information space
(irrespective of whether they are natural or artificial
capabilities, and whether they are individual capabilities
or capabilities which emerge from a cloud of artificial
and/or biological components). This derivation extends to
various aspects of the merging, such as interactions and
communication, as well as increasingly flexible
interfacing between networks of living beings and
artificial cognitive systems etc.

Cognitive Info-communications deals with the link
between the research areas of info-communications and
the cognitive sciences, necessary due to human
involvement. CoglnfoCom contacts the various
engineering applications which have emerged as the
synergic combination of these sciences.

The primary goal of CogIinfoCom is to provide a
systematic view of how cognitive processes can co-
evolve with info-communications devices so that the
capabilities of the human brain may not only be extended
through these devices, irrespective of geographical
distance, but may also interact with the capabilities of
any artificially cognitive system. This merging and
extension of cognitive capabilities is targeted towards
engineering applications in which artificial and/or natural
cognitive systems are enabled to work together more
effectively.

The task of re-shaping sheet-metal parts of EOV (End of
Life Vehicle) sounds technically simple, but as analysed
it is very complex.

Now let us repeat the main steps with the decision points
of sheet metal parts of worn out vehicles:

- dismantling,

- sheet metal parts’ selection,

- repair (re-make, re-shape) by ISF with human

assistance.

If we study the complete process several computer-,
human- and joint decisions are necessary, and human
assistance is needed during some technological steps,
using several networked programs and data/knowledge
sources all the time. Even the technology (ISF) may need
human interventions. This set of computer technologies
plus the human involvement directly leads to the field of
CoglnfoCom.

Some Practical Applications of Cognitive Info-communication
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5. A proper vision for the human - 3D

The rapid development of graphical modelling tools
made the accurate modelling of complex systems
possible. More advanced models require more
sophisticated rendering techniques, as well. Three-
dimensional visualization can supply the most realistic
feeling in a virtual environment.

As a consequence of the advanced 3D technology
considering both input and output devices, there is higher
need for creating 3D models.

Based on the latest research results of cognitive
informatics [6] new communication methods between
intelligent control systems or robots and human beings
have been developed. Using these methods on the one
hand we can control real robots via their virtual models
applying motion sensors and other intelligent control
devices, like voice recognition systems.

3D rendering today is available not only for special
devices but for TV sets, for desktop and notebook
computers, too. There are several methods of 3D
representation, so let us have a brief look at some wide-
spread techniques, especially at those that we used in our
research. For details see [6] and [7].

Viewing side-by-side images on active or passive
monitors [8] requires special software that puts the
images together and either filters the image to the left and
right eye, or controls the active 3D glasses that separate
the images and cause 3D feeling.

6. The targets of our experiments

In our research we have applied 3D visualization of our
industrial robot and its environment that performs
Incremental Sheet Forming. After completing the 3D
models we have connected them to the real processes in
order to control them interactively.

Incremental Sheet Forming (ISF) is a relatively cheap
and fast 3D shaping procedure of metal or polymer sheets
to make one-of-a-kind production, or rapid prototyping.
These applications would be very expensive with the
traditional pressing die-sheet-die structure, as die
production takes a lot of time and energy.

ISF is based on a series of local plastic deformations,
created by a round or flat forming tool with a spherical
head which is mounted on a CNC machine or on an
industrial robot. In recent years the process has been
tested also on (heated) polymer sheets. In all cases the
starting point of the process is the 3D CAD model of the
requested sheet part, from which the tool path calculation
(for manufacturing) is done by a CAM program. The
CAD model may be the result of the “original” design, or
may be acquired by scanning the part.

ISF doesn’t require special, complicated, expensive
equipment, because a simple tool moves over the surface
of the sheet causing a highly limited deformation.
Consequently a broad range of 3D profiles can be shaped
by moving the tool along a properly calculated track. The

advantage of ISF is the possibility of forming sheet
material without dedicated dies, and to avoid huge
pressing machines. This is particularly profitable for
small batch or customized production [9].

Incremental Sheet Forming (ISF) can be divided into two
groups, depending on the number of contact points
between sheet, tool and die. We speak about Single Point
Incremental Forming (SPIF) when one side of the part is
supported by a faceplate (see fig.1.).

Fig. 1. Single Point Incremental Sheet Forming

Fig. 2. Two Point Incremental Forming

The term Two Point Incremental Forming (TPIF) is used
when a partial or full die is applied (see fig. 2). It is worth
mentioning that a new and flexible variant with two
synchronized forming tools can make almost arbitrary
free form surfaces.

Thermoplastic materials can indeed be manufactured
with ISF. Publications like dealing with the local heating
of sheet metal parts in ISF, but none of them considers
the possible application of it on thermoplastic materials.
In [10] some preliminary experiments have been
presented of SPIF of Polyethylene (PE) Sheets, but the
optimization of the process still needs further research.

The automotive, aeronautic and space industry [12] are
interested in this new sheet forming technique, and
experimental applications in medical aid manufacturing
are also promising [12].

In the our robot laboratory of the Computer and (MTA
SZTAKI) an industrial robot (Fanuc S-430iF) has been
set up, which has 6 degrees of freedom. It is able to lift
up 130 kg, and has a ~2.5 meters horizontal reach. With
this industrial robot we made several experiments in ISF
(see fig. 3) forming truncated or complete pyramids,
cones and similar objects, in order to establish the
optimal process parameters (like forming speed and
force).
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6.1 Repairing car body parts

Generally the most complicated decision in the case of
sheet-metal parts is to assess the shape/form of all
objects. There are many fields of this decision making
process, and the most advanced possibility is 3D
modelling and visualization to assist human decision. In
several cases it is enough to have a look at the sheet-
metal part to decide if it is worth repairing it.

- sl

Fig. 3. Incremental Sheet Forming using robot

It is often hard to see whether there is an inadequacy or
not (see fig.4). In this case 3D scanning and then a look
at the 3D model can surely help.

Fig. 4. Car body part

It is clear that human visual examination of 3D models of
sheet metal parts of EOL vehicles is only a very small
segment in the LCM of the given parts, however it may
still be a very helpful and important step in the decision
making, thus we have to deal with this problem as well.

There is another important area where the ISF technology
could be successfully used, namely in medical
applications. These applications need a lot of intuition in
problem definition, understanding and representation
from both the medical and information technology
experts. In the first joint efforts they have to learn a
“common language”.

6.2 A Medical application

In this study we shall speak only about spinal orthoses
(see fig. 5), as physically such a piece of plastic or metal-

sheet looks similar to a car body part sheet-metal, thus we
hope that similar technologies can be used for design,
measurements and manufacturing.

Fig.6 shows an experimental set-up consisting of a robot
and a 2.5D milling machine to make ISF of polymer
sheets. ISF of polymer sheets with heating the sheet from
one side (small robot) and forming it with an appropriate
tool from the other side (milling machine) is an
experimental set-up to gain appropriate knowledge about
the technology and its parameters and the used materials.

Fig. 6.
The processes in this setup can be started and monitored

Set-up with small robot and milling machine

even in a 3D virtual world. Optical and other
measurements for sheet thinning and thermal behavior
are in process.

The goal of this research is to be involved in the medical
applications of ISF, namely Orthosis design,
manufacturing and repair according to the customer’s and
doctor’s requests. It can be seen in fig.6. that the recent
experiments allow a maximum size of 15 cm x15 c¢cm for
the sheet.

For a real, spinal orthosis we shall need a workspace of at
least 100 cm X 50 cm X 30 cm, which can be managed
easily, just the fixing and the machines should be
substituted by bigger, more powerful ones. Wikipedia
explains orthisis using professional sources - it is no
shame to cite - and simplifies the text sometimes, what is
an advantage for the recent study. An orthosis is "an
externally applied device used to modify the structural
and functional characteristics of the neuromuscular and
skeletal system" [13] An orthosis may be used to assist in
several ways, all worth to studying, but here we mention
only those, which may relate to spinal orthosis, i.e.:

Some Practical Applications of Cognitive Info-communication

4



- To restrict movement in a given direction or to
assist movement generally

- To reduce weight bearing forces for a particular
purpose

- To otherwise correct the shape and/or function
of the body, to provide easier movement
capability or reduce pain

Orthotics combines knowledge of anatomy and
physiology,  pathophysiology,  biomechanics and
engineering. Patients benefiting from an orthosis may
have a condition such as spinal bifida or cerebral palsy,
or have experienced a spinal cord injury or stroke.
Equally, orthoses are sometimes used prophylactically or
to optimise performance in sport.

Orthoses were traditionally made by following a tracing
of the extremity with measurements to assist in creating a
well fitted device. Later the advent of plastics as a
material of choice for construction necessitated the idea
of creating a plaster of Paris mold of the body part in
question. This method is still extensively used in the
industry. Currently CAD/CAM, CNC machines and even
3D printing are involved in orthotic manufacture.

Orthoses are made from various types of materials
including thermoplastics, carbon fibre, metals, elastic,
fabric or a combination of similar materials. There are
several applications of orthoses, as for example for limb,
foot, ankle, knee,, etc. but now we deal only with Spinal
orthoses. We plan to use the ISF technology for creation
and repair of plastics orthoses.

Scoliosis, a condition describing an abnormal curvature
of the spine, may in certain cases be treated with spinal
orthoses. As this condition develops most commonly in
adolescent females who are undergoing their pubertal
growth spurt, compliance with wearing is these orthoses
is hampered by the concern these individuals have about
changes in appearance and restriction caused by wearing
orthoses.

There are a number of spinal orthotic designs common to
assist individuals with pathologies of the neck and back.
A thoracolumbar spinal orthosis (TLSO) is a plastic body
jacket to immobilize the thoracolumbar spine, although
that term describes any type of orthosis that encumbers
the trunk, ranging from soft corsets to metal braces to
strap and pad designs that affect pathologies ranging
from back pain to scoliosis to fracture. TLSOs may also
be used in the treatment of stable spinal fractures.

Without going into any medical or information
technology details we can see that there are different kind
problem statements, solution possibilities and necessary
decisions on both professional sides. For example we
should decide whether to make a new orthosis from a
piece of new sheet material, or use an old one, and apply
re-make (re-shape) technology. If the decision is re-shape
an existing orthosis for patient B one has to decide:
reshape and old piece of the patient B, or re-shape an old
orhosis of any patient A for patient B.

In every decision there are several points to see and to
evaluate, thus all decisions are rather complex: medical
and computer science knowledge, measurement and
programming capabilities, material science knowledge
and lots of other things are needed. Human participation
and equilibrium of human and machine intelligence are
equally necessary.

At the same time accumulated experiences and data and
knowledge sources — residing in several computers of the
world — have to be present and assist the designer,
operator, etc. - through sophisticated networks of
different computers. The reader may understand already
that he authors intention is to show the way to Cognitive
Info-communication due to the several human and
machine- players of the game, with a huge number of
relationships — but still all have to be managed and used.

7. 3D Modelling and Simulation

We have developed the 3D models of the components
(robots, machines, and their environment) of the
examined processes, and after that we have tested
them in the course of execution. The basis of our tests
is a 3D virtual environment (VirCA [Orthosis:
http://en.wikipedia.org/wiki/Orthotics

147), with which we made our models alive in the cyber
space.

7.1 Creation of 3D Models

We have created the 3D models of our system and its
environment (see Fig.7) using 3D designer programs,
mainly Google SketchUp 8 [15]. Some of the original 3D
visual components have been created in other graphic
modeler programs (e.g. SolidWorks, Solid Edge) using
different file formats (e.g. STEP, DAE) that have been
imported to Google SketchUp. In some cases Autodesk
3ds Max has been used for transforming original files to
3DS format that has been imported to Google SketchUp,
too.

Model of Fanuc robot and its environment.

Fig. 7.

First we tried to create the 3D models of the above
mentioned car body parts by using a Kinect sensor [17]
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and applying the free, non-commercial software,
ReconstructMe [18]. The first trials were promising, but
the models were not detailed enough, and due to the non-
commercial version disturbing additional spheres were
added intentionally by the software (see Fig. 8) as
disturbances

Therefore in order to avoid the spheres we are going to
use the commercial version of ReconstructMe, and
another input device, called carmine [19] in order to
improve the details of the scanned models.

7.2 Virtual Collaboration Arena

The Cognitive Informatics Laboratory of SZTAKI
developed a Virtual Collaboration Arena (VirCA)
[14 & 20], that has been used for the modeling and
control of our applications [21].

S ——
PR - . ‘

A5 AT

Fig. 8. Scanned car body part

VirCA is a component based, distributed, interactive
virtual reality manager system for connecting, as well as
displaying and manipulating virtual and real objects,
realizing collaboration that way. VirCA handles real,
physical as well as virtual spaces in order to realize
distributed, interactive collaboration.

The innovation of the VirCA system on the other hand is
the connection of virtual and real physical devices. The
user can see and manipulate the different, usually distant
devices together. With the help of the virtual objects, the
cooperation of such real devices far from each other can
be tested without the development of a simulator.

7.3 Applications of the 3D Models

Since the graphic engine of VirCA is Ogre [16], therefore
the visual components of all models have been supplied
in Ogre (mesh and material files) format. The mesh and
material files have been exported from Google SketchUp,
using “SketchUp to Ogre Exporter” plug-in.

Using ReconstructMe we can digitalize the damaged car
body part and save it in STL format, from which we can
create the 3D models for better (stereoscopic 3D)
visualization, as well as for the CAD application
(SolidWorks) in which we can manually reshape the
model of the damaged parts.

Using an add-in software of SolidWorks, called
SolidCAM we can generate the tool path for the ISF
application from the reshaped 3D model of the damaged
part. In this way using ISF we can either reshape the real
damaged part or remake the part from new sheet metal.

As most real sheet-metal parts of cars are larger than
50cm x 50cm we work on a larger fixing equipment.

Fig .9 presents a general view of the different graphic
formats of the 3D models and their connection to the
VirCA system and to the ISF application.

Google Solid
SketchUp Works I;Ieconstruct
e
[OGRE | [STL |
3D Model
VirCA ISF—

Fig. 9. Fanuc robot in VirCA

7.4 Operation of the 3D models

The VirCA environment allows us to be in a virtual
environment and interact with it knowing that all the
actions will be also done in the real environment. This
way several parameters, as well as the model of the
industrial process can be examined both in the virtual and
in the real system .

A special web based tool [22] supports the connection of
the different programs with the proper interfaces, and
activates the whole system via the Internet. It controls the
states and connections of all the affected components,
even though they might be

8.Value Calculations in PLCM

When we deal with dismantling of EOL vehicles, and
take a set of rather important questions under
examination we should not forget about costs. It may
easily happen that a part is pushed through our suggested
long and sometimes complicated decision process and
then a re-make or re-use process is done using human and
machine resources, and finally the value chain results in
financial losses. And this is a simplified value chain as
costs are calculated from human and machine resources,
energy, paint, and some additional costs. available from
the different parts of the world.

Finally the calculation is something like this: “I do the
repair if | can sell the repaired part for more than the
costs of the given part + repair works + energy, materials,
etc.” However this calculation does not correspond to the
requests of sustainability, of energy and water saving i.e.
of our future. In the future we have to take into
consideration the “footprint” and “side effects”, too.

Some Practical Applications of Cognitive Info-communication
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These mean that the environment may be damaged by
some works, or some extra water or energy are needed,
which are not taken into account, however they are
contributing to a general water and energy shortage.

In this last part of our study a calculation method and
some further ideas are presented to estimate the product
values at each level of the PLCM for any kind of firms,
SMEs in production, service, etc.

These calculations might help to evaluate re-cycling, re-
use and/or dismissal of products, used parts and group of
used parts. This will be a rather sophisticated numerical
evaluation method in the future to assist decisions for
programs and for the human. However these are only
ideas today, as no precise calculations are supported, just
some trends and directions can be concluded based on
them.

Numerical comparisons are foreseen based on the
TYPUS metrics and KILT model (for details see [23],
[24], [25]) are given below to make go/no go decisions
easy, and often give answers to the question: worthwhile?

8.1 The TYPUS metrics

TYPUS metrics means Tangibles Yield per Unit of
Service. It is measured in money — on ecological basis. It
reflects the total energy and material consumption of (all)
extended products of a given unit, e. g. of an enterprise of
any kind.

The metrics assumes several important aspects, and it is
open for further points of view.:

- to define a scale for measuring the life-cycle
function supplied by the artefact,
- to record the material and energy provisions
during the manufacturing phase,
- to record the material and energy provisions
during the operation service,
- to evaluate the material and energy recovery at
dismissal, reuse and recycling.
To demonstrate the difference between tangibles (for
example a piece of metal) and intangibles (defined by the
shape and function, for example a spoon made from the
metal), there are some simple provisions.

Provision of tangibles:
- Extended warranties (supply maintenance) and

- Temporary allocation of artefacts (leased
commodities)
Provision of intangibles:
- Temporary use of artefacts (shared

commodities) and
- Dematerialized assignments (function delivery)

TYPUS, tangibles vyield per unit service: the
measurement plot covers the materials supply chain, from
procurement, to recovery, so that every enjoyed product-
service has associated eco-figures, assembling the
resources consumption and the induced falls-off requiring
remediation. The results are expressed in money,

resorting to the arbitrariness of establishing stock-
replacing prospects. The point is left open, but it needs to
be detailed, to provide quantitative (legal metrology
driven) assessment of the “deposit-refund” balance.

The metrics is an effective standard aiming at natural
capital intensive exploitation. The supply chain lifecycle
visibility needs monitoring and recording of the joint
economic/ecologic issues, giving quantitative assessment
of all input/output materials and energy flows.

When a metrics, such as TYPUS, is adopted,
conservative behaviors are quickly fostered. The ecologic
bent of the taxing systems becomes enabling spur, to turn
the “knowledge” paradigms towards environmental
friendly goals. The TYPUS, tangibles yield per unit
service, metrics can, of course, take other forms. The
objective is to look after capital conservative
arrangements, notably, as for the natural assets. In
different words, the objective is saving the wealth (the
capital), and to tax the consumption (the imbalance of the
natural resources).

8.2 The KILT model

KILT is an arbitrarily and at the same time properly
chosen implementation of TYPUS, we could imagine
other realizations as well. However the recently given
definition seems to be the best to be used for the
requested goals.

The refunding needs synthetic models describing the
manufacture processes. With earlier models the delivered
quantities (all outputs), Q, which are assumed to depend
on the contributed financial ( I ) and human ( L)
capitals only.

Q=f(,L)

Linear input/output models are assumed for instant
marginal description of the quantities, or for related
increments around an optimal setting. Enhanced models
are in use, to include market entry thresholds (Imin and
Lmin), or saturations (Imax and Lmax).

Similarly, instead of bi-linear dependence, close to steady
state, the lack of symmetry could have resort to
modulating exponentials.

The know-how (K) innovation and the tangibles (T)
bookkeeping have non negligible effects. (Remember: |
and L are financial and human capitals) The modified —
and stronger, more closed to real life — relationships
become:

Q=f(K LLT)

Qo=0KILT; or, incrementally

dQ=oKILT — (kK + il + IL +1T)

The value of dQ (delta Q) corresponds to the value of
change between any two life-cycle phases pl and p2.

The calculation of dQ means a kind of multiplication of
the four basic values K, I, L and T. If any of them has a
value zero or close to zero, the yield will be close to zero

5™ All-Russian Conference "Information Technologies for Intelligent Decision Making Support", May 16 - 19, Ufa, Russia, 2017

7



as well. There is a lot to think about the applied values
and dimensions and on the necessary balance.

9. Conclusions

All the fields of the presented and related research are (or
can be) directly connected to Cognitive Info-
Communication. See [26] in addition.

Some of these relationships were explained earlier in this
paper, others are only mentioned without going into
explanations. A short list is given, as examples:

- 3D modelling, - scanning car body parts,

- computer networks with distributed programs,

- knowledge assisting several programs in solving

problems of all kind,

- using intelligent decision support, etc.
Vehicle dismantling (including re-use with or without
repair and re-cycling) is very important because of
energy, water and material shortage on the earth. Due to
the complexity of the tasks and decisions as well as to the
high level of computer/numan cooperation new methods
should be used, as e.g. the above mentioned Cognitive
Info-Communications. To calculate values and compare
them at any level of the Product Life-Cycle Management
(PLCM) at any detail the TYPUS metrics and the KILT
model were discussed and suggested as possible, but not

yet enough elaborated tools and means.
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Abstract!

The article deals with modern and previously
proven in practice means to verify the structure of
the documents to the appropriate document
description scheme. The problem of using schemes
for validating (validating) XML documents in the
model of a situationally-oriented database (SODB)
with the help of an XML-based document structure.
As a result, the ability to work with third-party
SODB extends, XML documents stored on third-
party services are downloaded and used in a web
application with a preliminary validation check.
Thus, the dynamic model is expanded with
specifications for connecting circuits to monitor the
data being downloaded. As a result, the SODB
allows not only to process data, but also to control
the data downloaded by users or from third-party
RESTful-services. The obtained results are
discussed on the example of the XML file of the
information system about dissertational councils.

1. Introduction

At the current stage of designing SODB [1-3], in
addition to data processing, the task of monitoring
downloaded data from users arises. Users regularly
upload XML documents to the information system for
their processing and if the data generated in the system is
not required to be checked, a validation scheme is
required for the user data.

XML validation is a task that can be solved using
schemas that specify the structure of a document. The
document schema is also presented in the form of an

Proceedings of the 5™ All-Russian Conference
"Information Technologies for Intelligent Decision
Making Support", May 16 - 19, Ufa, Russia, 2017

XML document and currently their wversions are
sufficiently developed, standardized. Inside the schema
of the document, there are rules for matching with which
the received data is checked. From the history it is known
that the first scheme for determining the document
structure was the DTD (DTD schema language), it does
not have the form of XML and, in comparison with other
languages, has more modest capabilities, does not work
with namespaces. The second popular scheme is XML
Schema recommended by W3C [4-7, 22-24]. A
distinctive feature of the scheme is the use of element
types and the orientation to use in document-oriented
systems intended primarily for processing XML
documents. However, XML Schema [16-21] is difficult
to learn, which is its drawback. Another popular scheme
in recent times is the Relax NG [24], which is closer to
the DTD, but with more possibilities for specifying
circuits. The Relax NG scheme differs from XML
Schema in a compact description of the structure of
documents. Currently, for SODB (SODB - Situation-
oriented databases), a means of specifying a scheme for
checking documents is required. For this, an example is
considered in the article, where users send a file about the
composition of the dissertational council and it needs to
be checked by the scheme for correctness. The file can be
stored both on the remote server and can be downloaded
via the file selection dialog to the database server.

2. Document Validation Schemes

XML Schema and Relax NG. Currently, three data
validation schemes for DTD, XML Schema, Relax NG
have been distributed. The motivation to create an
alternative scheme is the simplicity and beauty of the
description of the data validation scheme. Relax NG
(Regular Language for XML) has been adapted for use
with XML thanks to mathematical support, which is
based on regular expressions [18]. The mathematical
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concept of "hedging" by the author Murata Makoto,
which adapted his mathematical concept [24] to
application in XML, also adapted the algorithm of finite
state machines and another important merit was the
development of an application for XML validation that
can be used on Mobile devices.

version = "1.0" encoding = "utf-8"

xs:schema xmins:xs =
"http://www.w3.0rg/2001/XMLS chema"
elementFormDefault = "qualified"
attribute FormDefault = "qualified"
I xs:element name ="spec"

U xs:co mplexType mixed = "true"
xs:attribute name ="id"
type = "xs:string"
use = "required"
name = "otras"
type = "xs:string"
use = "required"
name = "spcz"
type = "xs:string"
use = "required"

xs:attribute

xs:attribute

M xs:element name = "member"

L xs:complexType mixed = "false"
xs:attribute name ="id"

type = "xs:string"

use = "required"

name = "spec"

type = "xs:string"

use = "required"

name = "role"

type = "xs:string"

use = "required"

— xs:element name = "pers"

Lxs_;go_mmgxﬂp_e mixed = "true"
L xs.sequence

I~ xs:element name = "gen"

type = "xs:string"

] xs:element name = "fam"
minOccurs ="2"
maxOccurs ="2"

xs:complexType mixed = "true"
Lxs_;annib_gne name = "case"
type = "xs:string"
use = "required"
M~ xs:element name = "im"
type = "xs:string"

- xs:element name = "ot"
type = "xs:string"

xs:attribute

xs:attribute

Fig 1. A fragment of the graphical and syntactic XML
representation of the XML Schema element of the
specialty and its key attributes

Two syntaxes have been developed: compact and
extended XML, a more compact syntax is better because
of its small volume, since there is no need to build a
dictionary with bulky expressions and reserved words.
The compact syntax is currently supported by browsers
and editors with syntax highlighting. The main advantage
of XML syntax Relax NG is the generation of
documentation from it, that is, from its source code,
which is structured and commented. Such a program code
was suggested by Donald Knuth [24] the term "literate
programming”, where each program is regarded as a
literary work, from its point of view the best way to
document programs is to design them in the form of
literary works. As you can see in the graphical diagram,
the required value is "required" for the "use" attribute.

The name of the attribute is specified in the "name"

parameter.

@;ion: "1.0" encoding = "utf-8"
grammar ns="" xmIns="http://relaxng.org/ns/
structure/1.0"

datatypeLibrary="http://lwww.w3.org/
2001/XMLSchema-datatypes”
start
element name = "Sovety"
element name ="sovet"
}— attribute name ="id"
Lw type ="NCName"
— attribute name ="org"

Lm type = "NCName"

—

\— attribute name ="url"

data type ="anyURI"
— attribute name ="est"

text

— oneOrMore
element name ="spec"
attribute name ="id"
data type ="NMTOKEN"

attribute name ="otras"
data type ="NCName"
attribute name ="spcz"
text
—— oneOrMore
element name = "member"
attribute name ="id"
data type ="NCName"
attribute name ="role"
attribute name ="spec"
data type ="NMTOKEN"

— oneOrMore
Lel_emem name = "pers"
I— attribute name = "born"
M atfribute name ="id"
data type ="NCName"
M element name ="gen"
data type ="NCName"
M oneQrMore
ngmgm name = "fam"
attribute name ="case"
data type ="NCName"
data type ="NCName"
M element name ="im"
attribute name ="case"
data type ="NCName"
— element name ="ot"
attribute name ="case"
data type = "NCName"

Fig 2. Fragment of graphical and syntactic
representations of the Relax NG schema for the
element of the specialty and its key attributes

As you can see in the graphical diagram, the required
value is "required" for the "use" attribute. The name of
the attribute is specified in the "name" parameter. Also,
strict typing is introduced when each attribute has a type
(in our example, a string string).
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The Relax NG schema has the same view as XML, but in
addition the reduced syntax of the schema definition is
used, since Relax NG differs from XML Schema in a
simpler way (Figure 3), the additional syntax of the Relax
NG scheme is the compact syntax Relax NG, visually it
Seems to be similar to JSON syntax, which is more
economical in writing a schema. Unfortunately, now on
the PHP platform there is no possibility of validating
documents with the help of compact syntax, so you can
implement this additional tool only in the dynamic
database model language, but you will not have to use it,
as the corresponding functionality will not be available in
the PHP interpreter.

DTD. The first diagram for describing documents is DTD
(Figure 3), it is considered obsolete, but it is nevertheless
used for document verification. In the document to be
checked, the scheme with the place of its storage must be
specified during the check, otherwise the document can
not be recognized as valid (valid). Errors for the board
file that arise when the schema is validated are displayed
when opened in the browser on the screen, if you specify
the specification and location of the schema on the hard
disk of the computer or the URL of the url.

(dtd) <?xml version="1.0" encoding="UTF-8"?>
M——<IELEMENT spec (#PCDATA)>
L <IATTLIST spec
id CDATA #REQUIRED
otras CDATA #REQUIRED

spcz CDATA #REQUIRED
>

M——<!ELEMENT member EMPTY>
<IATTLIST member
id CDATA #REQUIRED
Espec CDATA #REQUIRED
role CDATA #REQUIRED
<IELEMENT pers (#PCDATA | gen | fam |
l___im | ot | degree | status | honor | affiliation |

office | address | phone | email | rinc |
Scopus | wos)*>

L <IATTLIST pers
tid CDATA #REQUIRED
born CDATA #REQUIRED

—<IELEMENT gen (#PCDATA)>
—<IELEMENT fam (#PCDATA)>
<IATTLIST fam

§ Lcase CDATA #REQUIRED
—<IELEMENT im (#PCDATA)>
—<IELEMENT ot (#PCDATA)>
—<IELEMENT degree EMPTY>

Fig 3. A fragment of the graphical and syntactic views
of the DTD schema for the specialty element and its
key attributes

3. Schemes of Documents Validation

Validation of documents in the SODB. Data processing
in DOM objects of SODB uses XML-data, processing,
during which new documents are generated in the SODB,

is maintained with a document that is correct and
contains no errors. Thus, documents created on the basis
of XML data within the system are not required to be
checked and data schemes are not used for this. In those
conditions, when documents are downloaded to the
system from outside, the task of validation becomes
valid. Such conditions require the SODB to provide a
dynamic model for verifying documents for correctness
on the basis of a data description scheme. The model can
use several modern schemes for describing data
structures, such as Relax NG, XML Schema. In other
words, a collection of data schemas is formed on the
server, which is a repository similar to the XML data
store [6-12], which consists only of a large number of
schema documents. Schemas also help the user to
identify errors in documents that he provides for
processing in the SODB application, after completing the
validation procedure, the user makes changes to the
document and sends it back to the system. Figure 4 shows
a fragment of the model with a given schema for
checking the document loaded into the DOM object. To
specify a schema, use the xsdPath attribute, which
specifies the path to the document from the schema
collection, in this case schema.xsd. For the xsd schema
building, the model uses the xsdPath attribute of the PHP
extension to work with the XML Schema. The xsd
schema is associated with the file for validation and has a
representation in the form of text in the XML language,
as well as in a diagram (Figure 4).

B Sovet

Sovetinfo

UpldSovet

Button
caption = "Upload Sovet file"
BB UpldSovet

Sovet type="XML"
path="http://gusar.servepics.com/artem/
disdocs/XML/"

UpldSovet

BiX UpldSovet srcDoc = "Sovet"
xsdPath ="XSD/schema.xsd"

ErrCode value ="xsdValid"

X9 CheckLoad type ="errTest'
ERRs ="xsdValid"
targ = "dom:Info#/DissInfo"

metlnfo
Button
caption = "Information about sovet"

> UpldEr

UpldEr
ErrCode value ="xsdUnValid"

CheckLoad type ="errTest"
targ = "dom:Info#/DissInfo"

Fig 4. Syntax diagram the state of the DOM object
load model from a third-party XML service using an
XML Schema data schema for validating the content
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This figure shows a syntax diagram, consisting of three
states inside the submodel "Sovet". The first state
involves downloading a file with information about the
board. In this state, there is a transition to a situation, the
task of which is to download information about the
advice, the transition to it is carried out using the button
"Download the file of the council." The "Upload Advice
File" state (UpldSovet) allows you to upload to the XML
directory on a server with preliminary control the XML
Schema schema. This schema is specified in the source
element of the DOM object UpldSovet. If no errors
occur, no transition to other states occurs, and the further
processing of the XML file of the board continues in the
current state [6-12]. If the document contains errors
during the check, the transition is triggered and a variable
is created - the global array with an error, then the
transition to the "UpldErr" state where all errors are
processed. When errors occur, a CheckLoad element with
the errTest type is created to print the result of the scan to
the DOM object, which is specified in the targ = "dom:
Info # / DissInfo" attribute. The targ element specifies the
predefined object in which the result is written, in this
DOM object (Figure 4) "DissInfo" indicates the path for
saving temporary files. Processing of XML Schema,

Relax NG and DTD errors. When errors occur during
the interpretation of the dynamic model when the
document is validated, the interpreter uses the php
extension to output errors called lib_xml. The procedure
in this case is the same if the relaxNGPath attribute is
found in the model, then error output is turned on, then
the DOM object, the loaded memory, is associated with
the scheme located along the path specified in the
relaxNGPath attribute. When the schema detects errors in
the document, a global array is created, into which the
element name, error code, and message are written. Then,
users are displayed a global array of errors so that they
can make changes to the document in accordance with
the schema. The lib_xml extension works for both XML
Schema and Relax NG. From the error log, which is
displayed on the screen, the user can understand in which
line of the document an error occurred. Of course, after
the error log was generated and it turned out that the
document is incorrect, it can not be used on the system,
so until the errors are corrected the document will not be
loaded and used in the processing of data in DPO-objects.
The only difference between DTDs and XML Schema
and Relax NG schemas is a prerequisite for the DTD
schema to be prescribed in the XML document, ie, a
reference to the schema in the document header. For
correct validation, this should be the path to the resource
on the database server or the external Restful resource.

Implementation of validation functionality in the SODB
interpreter. The functional component is implemented
using the capabilities of PHP, so the interpreter of the
dynamic model of the RDBMS uses the capabilities and
functions of validating the PHP interpreter for working
with XML. PHP already implements the schemaValidate
() function to perform validation using the XML Schema
schema, and another relaxNGValidate () function is

implemented to use Relax NG schemes. For the DTD, the
basic function of validate () remained. These three
functions also involve the PHP interpreter. After the
document is sent via the XML upload form in the POST
array, the interpreter parses the model in search of the
elements with the attributes xsdPath, relaxNGPath,
dtdPath, which were entered in the model to specify the
path to the storage location of the schemas with the
document dictionaries. Each attribute has its own handler,
where after detection of the attribute, error control is
enabled based on the built-in library lib_xml, the user
document that you want to check is already loaded into
the DOM object and the schema is applied to the path
specified in xsdPath using the three functions considered,
and All errors that occur during the test are displayed on
the user's screen after a global error array has been
created and information about the situation and an error
message are recorded in it.

4. Conclusion

The article considers the task of validating user
documents in SODB, which they load into the system.
The interpreter modules for the organization of validation
of user documents have been developed, using the
extensions Relax NG, XML Schema, DTD. Due to the
developed software, validation is specified in a
declarative form in the SODB model, as well as the
implementation of error control during validation using
the lib_xml PHP extension. To solve the validation
problem, linguistic bases for embedding in the model
were developed, the corresponding functionality for
processing elements of the sources of document
validation schemes was introduced into the interpreter of
dynamic models.
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1

AHHOTAIUSA
B cratbe paccMOTpeH MOAXOX, OCHOBAHHBIM Ha
NPUMEHCHUN CEMaHTHYECKOTO  MOJCIHPOBAaHUS,

KOTOPBIN UCIIONB3YETCS B HCCIIENOBAHUSIX TPOOIIEM
JHEPreTUYECKON  0e30MacHOCTH. O6o3HaueHa
OCHOBHAas MpoOJieMa WHTETPAIUH ITUX MOJCICH.
[Ipennoxxen (dbpakTanbHBIH MOIXOI K
CEMAHTHUYCCKOMY  MOJICIMPOBAHUIO,  KOTOPBIA
3aKJIF0YAETCS BO B3aMMOJCHCTBUU (PpaKTaIbHBIX
CTpaTH(GUIMPOBAHHBIX MOJEICH CHTYallMOHHOTO

VOpaBICHUS W  HWHTETPAlMA  CEMAHTHYCCKHUX
MOJIENIEH.
1. BBenenne
B  nabopatopum  mHOOPMAIMOHHBIX  TEXHOJOTHHA

Wuctutyra cucrem sHepretuku um JILLA. MenenTtheBa
CO PAH Opm1 mpemiokeH (paKTalbHBIA MOIXOA K
cTpykrypupoBanuto 3HaHui [1]. [Togxon 3akmtouaeTcst B
MIOCTPOCHUHU (bpakTanpHON CTpaTU(HULIUPOBAHHOM
MOJeNU CTpYKTypupoBaHua 3HaHui (PC-monenn),
KOTOpasi OCHOBaHa Ha MpPEJCTaBICHHU pasHBIX (opm
(BUIOB) 3HaHMH Kak MH(POPMAIMOHHBIX OOBEKTOB
paccioeHHoro (CTpaTUGUIMPOBAHHOTO) IPOCTPAHCTBA
[2, 3]. B mHacrosmmee BpeMs (QpaKTalbHBIA ITOIXOX
AKTHBHO MIPUMEHSIETCS pu MIOCTPOCHHUU
OHTOJIOTMYECKOTO TPOCTPAHCTBA 3HAHWI B IHEPreTHKE

[4].

B kadectBe MHTErpupylomed uaew Uil HPUMEHEHUS
(pakTadbHOTO MOAXOA BO BCEX BHJIAX CEMAHTHUECKOTO
MOJICIUPOBAHHSA HpeIoKEHO HCTIONB30BaTh
KOHICIIIUIO CUTYAIIMOHHOTO  YIIpaBJICHUA, PA3BUTHUEC
KOTOPOH U LeJeil CTpaTerudyeckoro yIpaBlIeHUs B
9HEPreTHKE PaccMOTPEHO B [5, 6].

2. CutyanlmoHHoOe ynpaBJieHHe U
CEMaHTHYeCKOe MO/IeIHPOBAHHE

B [7] ucnosnb3yercs uaes CUTYalHOHHOTO YIpaBlCHHS,
CyTh KOTOPOH 3aKII0YaeTcsi B BBHIOOPE YIPaBICHUYECKUX
pelleHHH C  Y4eTOM CJIOXKMBILEHCS CUTyalluud U3
HEKOTOpOTro Habopa JIOITYCTUMBIX (THUTIOBBIX,
CTaHOApTHBIX)  yOpaBIAOmMX  Bo3aeWcTBuil. [lox
Tekymeil curyanmein C TpM 3TOM  TIOHMMAaeTcCs

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJIOIMH MHTEVIEKTYAJbHOM
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

COBOKYITHOCTh TEKYLIETO COCTOSHHSI OOBEKTa (BEKTOp
cocTosiHMss X) W €ro BHeHmIHEH cpeabl (BEKTOP
Bosmytuenuit F). Torna C = < X, F >. BoauTcs Takxe
nmoHsATHe monHO# cutyammn S = < C, G >, tme C —
Tekymas cutyanus, G — menb ynpasieHus. B cBoro
oyepensp, Leb ynpabieHus G MoxeT OBITh pelCTaBlIeHa
B BUJIE LIeJIeBOil cutyaru G , K KOTOPOH JOKHA OBITh
NpHBEACHa HMMEIOIIascs TeKylwas curyamus. Torma S
=<C, Gg >. Ilomaras, uro Ttekymas curyamus C
NPUHAJIEKUT HEeKoTopoMmy Kkiaccy Q°, a 1eneBas
(3amanHast) curyanus Gg — kimaccy Q’°, WIIeTCs Takoe
ympaBieHne (BEKTOp YIpaBistomux BosxaericTuit U),
KOTOpO€  NPUHAMICKHT  MHOXKECTBY  JIOMYCTHMBIX
ynpaeieHuit QU n obecrieunBaer Tpedyemoe
npeoOpa3oBaHUe OJHOTO KIIACCa CUTYaLlUid B APYTOM:

CEQI UeQ, Gg EQ".

Takum 00pa3oM, CUTyallUOHHOE YIPaBIEHUE BHICTYIAET
Kak oToOpaskeHue:

(Q\QY)—»UeQ,

COIIOCTABIISIIOIIEE [Iape «TEKyIlas CHUTyamus - LejeBas
cutyanus» Tpebyemblii pesynsTat — ynpasienue U [7].

Jpyrumu ciioBaMu, IpU CUTYallUOHHOM YIPAaBJIEHUU
mpobyiieMa  BbIOOpa  YOPaBISIONIMX  BO3JEHCTBUI
CBOJMTCSI K a/ICKBAaTHOH OIIGHKE COCTOsIHMSI OObeKTa U
cpeabl (4TO YCIOXHSETCS IIPpU HaIM4YMKM  (DAKTOPOB
HEOIPE/ICICHHOCTH), OTHECCHHIO  COOTBETCTBYIOLICH
TeKylleld CHTyallud K OJHOMY W3 THIIOBBIX KJIACCOB H
BBIOOPY TAKOTO yIpaBlieHUs (M3 OMpeeNieHHOro Habopa
ANbTEPHATHB), KOTOPOE MPHBOJUT K JOCTHIKCHHUIO
MOCTaBJICHHOH LeNu ynpaBieHUs (LEJIeBOH CHUTYalLlH)
[8]. Ucxoms u3 3TOrO, aBTOp MpEUIaraeT B KadecTBE
OCHOBHBIX METOAOB CUTYAIITMOHHOT'O YIIPAaBJICHUA MCTO/IbI
CUTYaI[HOHHOTO aHajmu3a u CUTYal[HIOHHOTO
MO/JICTIMPOBAHMs, OCHOBaHHBbIE, B CBOIO OdYepelb, Ha
CEeMaHTHYECKOM MOJICIIUPOBAHHH.

Ilon cemanmuueckoii mooenvio B 0OOOIIEHHOM BHIE
MOHMMAeTcs: MHGOPMAIMOHHAS MOJENb, OTPaKAIOIIas
MOHATHSL TPEIMETHONH 00JIaCTH M OTHOMICHHS MEXIY
HuMH [9]. ABTOp paccMaTpUBaeT CEMaHTHUECKOE
MOJICTIMPOBaHWE  HA  INIPUMEpPe  OHTOJOTIMYECKHX,
KOTHUTHBHBIX, COOBITHHHBIX M BEPOSITHOCTHBIX MOAEIEH
[10].

Bcepoccuiickas koHdepenims "MHPpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIbHOH TTOAIEPKKH MPUHATHS perennii”,16-19 mas, Yda, Poccus, 2017



Ion oumonocuueckum mooerupoganuem TOHUMACTCS
MOCTPOCHHE OHTOJIOTHl, Kak B TrpadUueckoM, TaKk u
(dhopmanuzoBaHHOM Buae. OHTOJIOTHH OMPEACISIOT Kak
0a3y 3HaHMH  CHOENMATBHOrO  BHAA, WM  Kak
«CHCUU(PHUKAUIO  KOHIENTyaTH3alui»  MPEIMETHOM
obmacTn [11]. [locnemnee  O3HAwaeT  IpoIEcC
kinaccuukanuu  0a30BBIX ~ TEPMHHOB  MIPEAMETHOU
o0JacTd ¢ ONpEACICHUEM  OCHOBHBIX  TOHSITHA
(KOHIICTITOB) M YCTAHOBJICHUEM CBS3eH MEXay HUMU. B
CBOIO Ouepe/b, MPOIECC CHeNU(UKAIUN 3aKITFOYACTCS B
OTHCAHUH OHTOJIOTHH B TpapUueCKOM BHIC («ICTKHEY,
WIA SBPUCTUYCCKUEC OHTOJOTMH) WJIM HAa OJHOM U3
¢dopmameHbIX s3eIKOB (XML, RDFS, OWL wu mp.)
(«TspKenBIe», WM JIOTHYECKHEe OHTONOTHH). st paboTs
C 9KCHEepPTaMH KOJUICKTHB, IMPEICTABISEMbIl aBTOPOM,
UCTONb3yeT rpaduueckoe MpeacTaBIeHHe OHTOJOTUH;

JUIl  XpaHEHWs ~ OHTOJOTHIl  HCHOmB3yeTcs  HX
npencrasieHne Ha s3pike XML.

Ilox xoenumusuviM — MoOenuposanuem  NOHUMACTCS
MIOCTPOCHHE KOTHUTHMBHBIX MOJeNel, WM, HHaye,
KOTHUTUBHBIX KapT (OPHEHTHPOBAaHHBIX TrpadoB), B
KOTOPBIX ~ BEpUIMHBI ~ COOTBETCTBYIOT  (hakTropam
(KoHLENTaM), a AYrd — CBA3IM MEXIy (akropamu,

(TTOJIOKUTENBHBIM MM OTPUIATENHHBIM), B 3aBUCHMOCTH
OT XapakTepa HNPUYUHHO-CJICACTBEHHOTO OTHOLICHUS. B
MIPOCTEHIIIEM CITydae Beca CBA3EH MOTYT UMETh 3HAYCHUS
+1 wmm —1 nubo NPWHUMATH HEYCTKHE 3HAYCHUS U3
orpe3ka [—1, 1] waM HEKOTOPOW JIMHIBUCTHYECKOM
IIKajJgbl, YTO B HaWOOJBIIEH CTENEHH COOTBETCTBYET
KauecTBeHHOMY aHanu3y [12].

IMon  cobwvimuiineiv  moderuposanuem  TOHUMACTCS
IIOCTPOCHHE TIOBEICHYECKUX MOJeJei, mnpuyeM B
KauecTBe OOBEKTOB MOJEITUPOBAHUS MOTYT BBICTYNaTh
KaK JIIOAW, TaK W TeXHWYeckue 0OBeKThl. CyIIHOCTh
COOBITHITHOTO METOAa MOJICIMPOBAHUS 3aKITIOYaeTCs B
OTCJIIC)KMBAHHHM HAa  MOJIEHM  HOCJIEIOBATEIHLHOCTH
COOBITHIT B TOM K€ TIOPSIIKE, B KAKOM OHH IPOUCXOIHIA
Obl B pealbHOH CcHCTEMe. 3a/JaBacMble MOJICIBIO
MOCTICTOBATEIEHOCTH PEATU3AIH COOBITHI — IICTIOUKH
COOBITHIT — OMHCHIBAIOT CICHAPUH PEAKIH CHCTEMBI Ha
BO3HHUKHOBEHUE HHHUITUHPYIOMIETO COOBITHS, CTOSIIETO B
Hayane Ienouku. B pesynpTate coOOBITHHHAS MOIETH
MO3BOJISIET  TOJMYYUTh MHOMXECTBO  aJIbTEPHATHUBHBIX
CIIEHApUEB Pa3BUTHsI 33JJaHHON CUTYyallUu B CUCTEME, YTO
u SIBJISIETCS OCHOBHOM LEJbI0 COOBITUIHHOTO
Mmozenuposanust [13].

BaitecoBckoil ceTpio sBNseTCA Trpadudeckas MOJENb,
oToOpakaromas BEPOSITHOCTHBIE 3aBUCHMOCTH
MHOXKECTBa II€PEMEHHBIX, M II03BOJIIIONIAs MPOBOJHUTH
BEPOSITHOCTHBIH BBIBOJ C MOMOIIBIO 3THX NEPEMEHHBIX.
[Mocnemaue myOIUKauu B 3TOW 00JacTH, O0BETUHIIIH B
cebe  pe3ynbTaThl  HMCCIEAOBAHWH,  BBINOJHEHHBIX
npenmymiecTBeHHO B 1980-e roxpr XX Beka [14].

Mertoanka COBMECTHOI'O HCITOJIb30BaHUS
OHTOJIOTMYECKOr0, KOTHUTHBHOIO H  COOBITHHHOIO
MOJICITUPOBAHUS B HCCIIEIOBAHUIX 9b c
HCTOJIB30BAHUEM  HHCTPYMEHTAJBHBIX  CPEACTB  HX

MOAACPKKN BKIIOYAET B cebs  oram nepexoja otT

KOTHUTUBHBIX KapT K COOBITHHHBIM MOJENISAM B BHUIE
cobprTritHbIX KapT [13]. lo HacTosiero BpeMeHH 3TOT
MepexoJi OCYUIECTBISUICS. BPYYHYIO C  [OMOIIBIO
9KCIIEPTA, YTO 3aHHUMAJIO JIOBOJILHO MHOTO BPEMEHHU U HE
MO3BOJISIIO OMEPATHBHO MEPEHTH K KOJIWYECTBEHHOMY
aHaJ M3y TIOJIyYCHHBIX pPE3YJIbTATOB M IPOBEICHHUIO
BBIUUCITUTEIBHBIX YKCIICPUMCHTOB.

@dpakTaJbHbII MOAX0/1

OC-mozensb omnpenensercs KaK COBOKYIIHOCTh
HelepeceKalomuxcsl c1oeB (MHGOPMAMOHHBIX MHUPOB),
U uX oToOpakeHHH B MH(MOPMAIIIOHHOM IIPOCTPAHCTBE.
Kaxnomy ypoBHIO COOTBETCTBYET CBOM clIoM (cTparta)

3TOr0  TPOCTPAHCTBA, W,  CIIEAOBATENILHO,  CBOM
nH(pOpMaMOHHBIH MHUp; MIOCIIEI0BATEILHOCTD
oToOparkeHUH OTpaxaeT TIpoIecc MIO3HAHMU.

I'padpmueckn ®C-momens ymoOHO u300pakaTb B BHJE
COBOKYITHOCTH BJIO)KEHHBIX C(EpHUECKUX 000JI0UeK.
WudpopmannoHHBId 00BEKT, 0003HAYaEeMBIH YCIIOBHO
TOYKOM Ha OZHOHU M3 cdep, B CBOIO OYEPe/lb, MOXKET OBITh
paccioeH MpU HEOOXOTUMOCTH 0oJjiee NeTaJbHOTO €ro
paccMoTpeHHs (B OJHOM CiIy4ae MOXET OBITh yIOOHO
paccMmarpuBarth CI0XHBIH 0OBEKT KaK TOUYKY, & B IPyroM
- mepedtm K Oosiee JAETANbHOMY PAacCMOTPEHHUIO
BBIOPAaHHOTO OOBEKTa MPU COXPAHEHUH «TOYECYHOTOY
NPEICTaBICHUS APYTHX).

Taxkum o0pazom, MBI MOXeM  paboTatb c
pasHoOMacITabHBIMH O0BEKTAaMH, WUCTONB3Ys OTHH U TE
K€ METOMBI, COXpaHss MpU OTOOpakeHUH (Tepexoie OT
CJIOS K CJIOK0) HHBAapHAaHT 00BEKTa — €TO CYIICCTBYIOIIHE
CBOMCTBA.

[Mockonbky 3HaHHMA  JIOOOTO  HCCielOBaTeNss  HE
BCCOOBEMJTIONIH, KaXIbli MPAKTHYSCKH pabdoTaeT co
cBOMM  «(DpakTaioM» 3HAHWUH - «BBIPE3KOW» W3

MH(OPMALIMOHHOTO NPOCTPAHCTBA, KOTOPYID MOXKHO
NpPEe/ICTaBUTh B BHAE KOHyCa WIM TNUPAMHIbI, YTO
COOTBETCTBYET, HAIPUMED, BBIACICHHIO JUCLUILIMH NPU
u3ydeHnH peanbHoro mupa (puc. 1). Torma Hama chepa
OKa3bIBaeTCs COCTOSINEH M3 MHOXKECTBA «KOHYCOBY», UTO
corjlacyercsi, HalpuMep, C «IHpaMHAaMu 3HAHUI» B
KOTHHUTOJIOTUH, nipeutoxkenHbiMu T.A. T'aBpusosoii [16].

MaremaTtnueckoe onucanue DOC-molenu NPUBEIEHO B
[1,2].

Wnes npumeHenus (HpakTaabHOTO 1M0IX0/1a 00YCIIOBIEHA
T€M, YTO DOKCIepTaM MPUXOAMTHCS paboTaTh C
CEMAHTHYECKUMH MOJeNsIMH OoJbIIoil  pa3MepHOCTH
(BKITIOYAIOMMX OOJBIIOE KOJUYECTBO KOHIENTOB U
CBs3ei), KOTOpBIE MPW TOJHOM WX MPEACTaBICHUU
Heyo00HbI 1yt Bocupusitus. [Ipumenenne ¢gpakransHOro
MOAXOAa  MO3BOJIIET  OCYIIECTBIATH  PACCIOCHHE
(meranMzanuio) W/WIM arperupoBaHHE KOHILENTOB C
COXpaHEHHEM BHYTPEHHEH CTPYKTYpBI CBSI3el M CMBICIIA
n obecreynBaeT BO3MOXHOCTh pa3zHOMacIITaOHOTO
MPE/ICTABIICHUS CEMAHTHYECKUX MOJIEIICH.

Komnnekrusom, KOTOPBII TIPEACTaBISAET aBToD,
MPEUIO’KEeHa JIBYXYPOBHEBAs TEXHOJIOTHS MOICPKKH
npuHATHS pemeHuil [17], wmcnonp3yromias pasiHdHBIC
BUIBI CEMaHTHYECKOTO MOZEIMPOBaHUS

(DpaKTaHBHBIﬁ TIoaAX0 K CEMaAaHTHYECKOMY MOJICIIMPOBAHUIO
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(oHTONMOTHYECKOE,  KOTHUTHBHOE, COOBITUHHOE H
BEPOSATHOCTHOE). B CBSI3M C 3TUM aBTOp Mpemaraet

pacmmpuTh  00JIacTh  NPUMEHEHHs  (QpaKTaIbHOTO
MOJX0JAa W WCIOJb30BaTh €ro HE TOIBKO MpHU
MOCTPOCHHUHU COBOKYITHOCTH B3aUMOCBSI3aHHBIX

OHTOJIOTHYECKHUX M KOTHUTHBHBIX MOJIETIEH B SHEPTETHKE,
a pacHMpUTh 00JacTh NMPUMEHEHUs 3TOro MOAXOJa Ha
ocTalbHBlE CEMaHTHYecKue Mojenun. B kadecTBe
HHTETpUpyIoOe UAen NpearaeTcs HCHOIb30BaTh
KOHIIETIIUIO CUTYallUOHHOT'O YIPABJIECHHUS, U3JT0XKEHHYIO
Boite [8]. Bosee moapoOHO MpUMEHEHHE CUTYalHOHHOTO
yIpaBIICHHUS B dHEPreTHKE paccMoTpeHo B [18].

A
n
o

Puc. 1. ®pakranbHas crpatupuuuposannas (®C)
i
Mojeb. Si - cjon (crparsl) ®C-mopenn, ' -
0TOOpAKeHUsI U3 i-T0 CJIOS B j-bIid.
B [19] paccmaTpuBamach BO3MOKHOCTH WHTETPAIHH
CEeMaHTHYECKUX MoJenen c HCIIOJIb30BaHUEM

(pakTagbHOTO CTPATU(GHUIIMPOBAHHOTO TOAXO0/A.

OTOT MOJAXOA pacCMaTPUBAET MOAEIMPOBaHUE yrpo3 Ob
B MH(OPMALMOHHOM IPOCTPAHCTBE 00 IHEPreTHUECKHX
CHUCTeMaxX, I/¢ B KadecTBE CIIOEB pPAacCMaTPUBAIOTCS
MOJIeNY,  OINHUCHIBAIOIIME  yrpo3bl  Ob:  KaxIbId
MOCNEAYOMUNA  cloil  OoJiee  JeTalbHO  OMHCHIBAET
HEKOTOPYIO YIrpo3y C TIOMOLIbI0 OTOOpaKeHHH U3
JM000T0 €JI0S1 B KAXK/IBIH, HAYMHAS OT OHTOJIOIHMYECKOTO
ONMCAaHUsT  TNpPEAMETHOW oOJlacTH W 3aKaH4YMBas
JIeTanbHBIMM MaTeMaTHUECKUMH MoJensiMu. B Takom
cillyyaeé  MOXKHO  TPEJCTaBUTh  HWH(OPMAIMOHHOE
npocTpaHcTBO 3HaHui D 06 yrposax Ob kak:

D={D,,D-,Dg,Dg, Dy},

rae Do — cioii oHTOJIOT A,
D¢ — c10# KOTHUTHBHBIX MOJEEH;

Dg — ci1oii COOBITUIMHBIX MOJIEIIEH;

Dg — cnoii BepostHocTHBIX Moaeneit (BCII-monerneii);
Dy — cmoii MaTeMaTHYECKUX MOJIEIIEH.

B cBoro ouepenp, cioil OHTOJOTUN MOXKHO IPENCTaBUTh
Kak:

Dy, = {D;}u{Ds}u {D.},

rae Dy — croit metaonTtonoruit; Dp — croi mpeaMeTHBIX
onromoruit; Ds — cnodi  oHTONOTMIT  COOBITHIA,
PaCIIUPSIONIMX POCTPAHCTBO 3HaHUH 00 00BekTax TOK
(OHTOJOTMH COOBITHH M WX MPUMEHCHHC B OMHMCAHHSIX
yrpo3 Db ommcanst B [20]).

ITomumo (dhopmarbHOTO OIMCAaHUSA WHTETPalluu
CEMAaHTHYECKOTO MOJICIHPOBAHUS, MIPUBEICHHOTO BHIIIE,
UIA  nanbHedmelr paboThl € OSTHMH MOACTSIMH |
ABTOMATH3AIMN TIEPEXO0B OT OJHOTO BHAA K IPYTOMY
aBTOp TMpeJJlaracT BBECTH B (PPaKTAIBHOW MOMACTH

MeTaypOBHH, Oasupyromuecs Ha MIPUMEHEHUU
KOHIEMIMHN CUTYallMOHHOTO YIIPaBICHUSI.
B kadecTBe  OCHOBHBIX  CJIO€B  Ipejjaraercs

HCII0JIb30BAaTh:

e C — cnoit uCXOQHBIX CUTYyaLuii;

e G — cI0i1 IeNeBhIX CUTYalUH;

e E — cmoii cienapues OkC;

e U — cIoit ynpaBisronix Bo3IeHCTBHML;
e P — croit mepexoqHbIX CUTYaIni.

Puc. 2 wimrocTpupyeT B3aWMHBIC OTOOpPaXKCHHS CIIOCB
(pakTanbHOM MOJENM, OCHOBAaHHOW HAa NPUMEHEHHUHU
KOHLICNIIMK CHUTYallUOHHOTO yIpaBlieHUs (cieBa), U
CJIOEB GbpakTanbHOW  MOAENM  CEMaHTHYECKOTO
MOJIETTUPOBaHUS (CIIpaBa).

Hcnonb3oBaHuEe IpEIaraéMoro MOAXOAa I03BOJIAET
oToOpakaTh pPAa3NUYHBIE CHUTyallud W CLEHapuu C
MOMOIIBIO CEMAaHTUYECKUX MOJENEH. Taxoe
oToOpakeHHe  MO3BOJUT  TEpedTH K  eAWHOH
KJaccu(UKauy KOHLENTOB JUIS pa3IndHbIX MOJIENeH, u,
Kak UTOT, aBTOMAaTH3UPOBATh HUHTETPaLUIo
CEMAaHTUYECKUX MOJENEH U Mepexol K MaTeMAaTHYEeCKUM
MOJIENISAM.

3akJjaro4eHue.

B CTaThe OIIMCAaHBbI IoaAX04bI, TIPUMEHACMBIC B
WCCIIEeIOBaHUSIX JdHepreTudeckoil 6ezomacHocTu Poccum
U €€ peruoHoB. PaccMOTpeHbl pa3iauuyHbIE  BUJBL
CEMaHTHUYECKUX Mogeneil. B kauecTBe MHTErpupyromei
UAeH A7 IPUMEHEHUS (PPaKTaAIBHOTO MOJX0/a BO BCEX
BUJAX CEMAHTHUYECKOTO MOJAEIHPOBAHUS MPEIJIOKEHO
UCTIOJIb30BaTh KOHIEMIUIO CUTYAl[MOHHOTO YIpPaBIECHUS.
OTtobpaxeHa B3aMMOCBSI3b (pakTambHBIX
CTpaTu(UIUPOBAHHBIX Mozenen CUTYaIL[IOHHOT O
YIpaBJIEHUS U CEMAHTUYECKOTO MOJAEIUPOBAHMUS.
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Do - cnoit oHTONOMIA

CnoWi ucxogHbIX cuTyauuin — C

Cnoli uenesbix cuTyaumii — G

Cnoli cueHapmes 3kC — E

Cnoli ynpasnstowmx sosgeicteuii — U

D¢ - CNOI KOTHUTUBHBIX
mogzenen

D¢ - Cnoit coBbITUIMHBIX
mogaenen

Ds - cnoi BCA-moaenei

D - CNo MaTemMaTUyeckmx

Cnoii nepexofHbIx cuTyauuii — P

mogaenem

Puc. 2. B3aumnoe orodpaxkenue cioeB ®C-mMoeu, 0CHOBAHHOI HA MPUMeHEeHNH KOHIENIUH CUTYaHOHHOTO
ynpasJienus (cjaeBa) u cjioeB @C- Moge 1y ceMAaHTHYECKOT0 MOJdeTUPOBaHuUs (CIIpaBa).

BaarogapHoctu

Pabora BBIMONHSETCS TpPH YACTHYHOW (HUHAHCOBOU
monaepxxke rpanToB PODU Nel7-07- 01341, Nel5-07-
01284, Ne16-07-00474.
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I/IHTCJIJIEKTyaJIbeIﬁ METOA U AJITOPUTM COMMOCTABJICHUA
yqeﬁnblx AUCHUILIMH HA OCHOBEC BCKTOPHOI'O ITPEACTABJICHUSA
TEKCTOB

J1.C. botoB
NHcTuTyT MHGOPMAIIMOHHBIX TEXHOJIOTUI
YensOUHCKUI rOCy1apCTBEHHBI YHUBEPCUTET
Yenabunck, Poccus
e-mail: dmbotov@gmail.com

AHHOTaumll

B CTAaTbhbC OIIUCBIBACTCA MCTO/ I/IHTeJ'IJIeKTyaJ'ILHOFO
aHaJInu3a U aHFOpI/ITM COITIOCTABJICHUA nporpaMM
y‘-ICGHI)IX JUCHUIIZIMH Ha OCHOBEC HCIOJIb30BAHUA
Ioaxoa0B BCKTOpHOFO HpeZ[CTaBJ'IeHI/Iﬂ TEKCTOB C
MIOMOIIBI0 MOJEIH paragraph2vec, 4ro B OTIMYHE
oT OITMCAHHBIX paHee moaAXo40B ITO3BOJISIET
HpOBOZ[I/ITB CeMaHTI/I‘IeCKI/Iﬁ aHaJInu3 663
HGO6X0,I[I/IMOCTI/I prZ[O@MKOFO OHTOJIOT'MYECKOT'O
MOJCIUPOBAHU IPEAMETHBIX obnacTeit
o0pa3oBaTeNbHBIX NPOrpaMM, ONHMCAaHUS IPaBUII
JIOTHYCCKOI'O BbBIBOJ1a 1501051 HUCIIOJIB30BAHUA
JKCIEPTHBIX OLEHOK. IIpuBopsrcs pe3ynbrarhbl
3KCHepHMCHTa 110 OILICHKC KadyeCTBa
npe,unomeHHoro MeToaa JUJIA KJ'IaCCI/I(l)I/IKaHI/II/I
y‘le6HBIX JUCHUITIIINH Ha HpCZ[CTaBI/ITe.HBHOM
KOpITyce TEKCTOB pab0dnX MPOTrpamMM JUCIUTLINH.

1. BBenenue

B coBpeMeHHOM 00pa30BaHHUU B YCIOBHUSIX MOCTOSIHHOTO
HU3MEHEHHsT 00pa30BATENbHBIX CTAHIAPTOB, IOSIBICHUS
podeCCHOHANBHBIX CTAHIAPTOB, BO3PACTAHHS O00BEMOB
y4eOHO-METOIMIECKOM JTOKYMEHTAIlUd | W3MECHEHHS
TpeOoBaHUi K ee 0POPMIICHUIO BCE OO0Jiee TPYAOSMKHM
CTAHOBHUTCA TpoIlecc pa3paboTku 00pa3oBaTeIbHBIX
mnmporpaMm " OTACJIBHBIX y‘-Ie6HI)IX JUCHUIINIMH U
MOJyJICH.

Kpome Toro B3pbIBHOI pocT 00BeMOB 00pa30BaTEILHOIO
KOHTEHTa B VHTEpHeT, CTPEMHTEIBHOTO pPa3BUTHS
MaccoBeix oHNaiiH kypcoB (MOOC) wm TexHOMOTHIA
JUCTaHIMOHHOTO 00pa30BaHMs NPUBOIUT K YBEIHYCHUIO
KOHKYPEHIIMM Ha pbIHKE 00pa3oBaTeNIbHBIX YCIYr H
MOBBIIIAET TPEOOBaHMS K KadeCTBY M aKTyaJlbHOCTH
coJiep)KaHnsl 00pa30BaTENbHBIX IPOTPaMM.

Bce »oatm
YBEIUYEHUS

(dakTopbl TPHUBOIAT K

Harpy3ku Ha

CYLIECTBEHHOMY
npodeccopcko-

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

0. J. Knennn
NHcTuTyT MHGOPMAITMOHHBIX TEXHOJIOTHI
YenstOuHCKUI rocy1apCTBEHHBIN YHUBEPCUTET
Yenabunck, Poccus
e-mail: jklen@yandex.ru

MPETo/IaBaTeNbCKUIl COCTaB B 3ajadax pa3paboTKH u
aKTyaau3anuy 00pa3oBaTeNbHBIX IPOTPAMM H KypPCOB.

C yd4eToM NpHMEHEHHS KOMIIETEHTHOCTHOTO ITOIXO7a,
KaKk OCHOBHOrO Jyisi ()OPMHPOBaHUS 00pa30BaTEIbHBIX
nporpamM, KpaiHe Ba)KHBIM CTAHOBHUTCS aHajIW3 HE
TOJIBKO CTPYKTYpbI y4eOHOH IUCLUILIMHBI, HO W IlieJen
Kypca W pe3yJbTaToB OOydeHHs B HX YBS3KE C
TpeOoBaHUSIMH 00pa30BaTENbHBIX U MPO(ECCHOHATBHBIX
CTaH/IAPTOB, a TAKXKE Y4eT TpeOOBAaHMI PBIHKA TPYyAa UL
npodecCHOHANBHBIX JUCHUIUIMH W HalpaBJIEHHOCTH
(mpodust) 06pazoBaTETHHOM MPOTPAMMEL.

U xorsa CCTOAHS YBCIIMYMBANOTCA TCEMIIbI BHCAPCHUA

CPEACTB  aBTOMATH3alMK  y4eOHOro  mporecca B
00pazoBaTebHbIC OpraHH3aIiH, MOCTOSTHHO
YCIOKHICTC  (PYHKIHOHATBHOCTh  HMH(DOPMAITMOHHBIX

CHCTEM, IIO3BOJSIOIIMX B TOM 4YHCIE pa3pabaTeiBaTh
ydeOHble MJaHbl, pabouyue NPOrpaMMbl AUCIUILUINH H
IIpoYre BHUIBI y4eOHO-METOIMUECKOW JOKYMEHTAIUY, Ha
CeTONHAIIHMN JeHb Ha pBIHKE MOJOOHOTO poja
IIPOrPaMMHOTO obecrieueHus OTCYTCTBYIOT
JIeUCTBUTENBHO 3((hEeKTHBHBIE CPEICTBA, IO3BOJIIONINE
HE3aBHCHMO OT NPEIMETHOH 001acTH HalpaBlIeHUS

MOATOTOBKA  TPOBOAWTH  CPABHUTEJNBHBIH  aHAIIN3
COJIepKaHMs, Ueled ¥ pe3yabTaToB  OOydeHus
00pa3oBaTeNbHBIX MNPOTPaMM M KYpCOB C IENbI0 HX
JanbHeHmen aKTyanu3anuu | (dbopmupoBaHus
KOHKPETHBIX peKOMeH Al o COJIEPIKaHUIO

o0pa3oBaHUs I MpenojgaBaTese ¢ y4eToM MOCIeIHUX
TpeboBaHMi 00pa3oBaTeNbHBIX CTAHAAPTOB, Pa3BUTHS
9KOHOMHKH, HAYKH M TEXHHUKH, U3MEHEHUS TpeOOBaHMI
Ha pbIHKE TpyAa.

JlaHHOEe wucclenoBaHME IOCBAIICHO PELICHUIO 33Ja4d
MHTEJIEKTyaIbHON MO IIEPKKH mpouecca
COIOCTABJIEHUS y4eOHBIX ANUCHMIUIMH 00pa30BaTENbHBIX
MpOTpaMM BBICHIEr0 OOpa3oBaHUS C LEIbIO CHIDKCHHUS
TPYIOEMKOCTH pa3pabOTKM HOBBIX M aKTyalHM3ally
CYIIECTBYIOIMX Y4YEOHBIX AWMCIMIUIMH W IOBBIIICHUS
Ka4ecTBa 00pa30BaTEIbHOIO KOHTEHTA.

I/IHTeHHeKTyaHLHBIﬁ METOA U aJITOPUTM COITOCTABJIICHUA y’{eGHBIX JUCHHUIUIMH Ha OCHOBE BEKTOPHOI'O NIPEACTABJICHUS TEKCTOB

20


mailto:dmbotov@gmail.com
mailto:jklen@yandex.ru

2. O030p MeTO0B HHTENIEKTYAJIBbHOTO
aHa/IM3a 00pa3oBaTeJbHBIX MPOrpaMMm

CpaBHHTeJ'ILHI:Iﬁ aHaJIn3 OGpa?,OBaTeJ'H;HLIX InporpamMm ¢
HCJIbI0 OoNpeACIiCHUA COIMOCTAaBUMOCTU O6pa3OBaHI/IH u

TIPUHSATHUSL PpeleHui npu TUTAHUPOBAHHUU
00pa30BaTeNbHBIX porpamMmm u yIpaBJICHUS
00pa30BaTeNFHBIMU  TPACKTOPHUSIMHU TPEACTABICH B
paboTtax M.b. I'y3zauposa, H.U. FOcynosoi,

O.H. Cmerannnoit, M.M. I'asnoBoir, C.B. Tapxosna,
A.C. Tupckoit, JI.C. JIucunpiaoit u apyrux [1,2,3,4,5,6,
7].

Tak B pabore O.H.Cwmeranumno#t [5] paccmarpusaercs
mpobieMa yrpasiieHIsI 00pa30BaTeNbHBIM MapIIpyTOM B
YCIOBUSIX OpPraHU3alMd W Pa3sBUTHS aKaJeMHICCKOU
MoOWIbHOCTH. JInsl pemieHuss mpoOsieMbl NpeUIoKeHa
MOJIETIb YIPaBJIEHUs M CHCTEMa IIOJAEPKKU IPUHITUS
pELICHUI C WCIIOJIb30BAHMEM KOMILIEKCA JIUCKPETHO-
COOBITHMHHBIX MOAENEH Ul CUTYallMOHHOTO YIPaBICHUS
W KOMIUIEKCA  KOHIENTYaJIbHBIX  OHTOJOTHYECKHX
MoJened M METOJOB HMHXXEHEpUHM 3HAHWUH IS
obecrieuennss MHGOPMAMOHHOW ToagepXku. CTeneHb
CXOKECTH POCCHHCKHX u MEXIYHApOIHBIX
00pa3oBaTeNbHBIX MPOrpPaMM IIyTEM COINOCTAaBICHUS
TEPMHUHOB (KJIFOUEBBIX CJIOB), (OPMYIHUPOBOK 3HAHUIA,
YMEHUI, HaBBIKOB, KOMIIETEHIMM M HAUMEHOBAaHUH
JUCLUILIMH Y4eOHBIX MIAHOB.

B pabore E.A.UYepnuxoBoit [8] mnpemmaraercs s
COMOCTAaBJICHUsT 00pa30BaTEeIbHBIX KYPCOB HCIIOJIb30BAThH
OHTOJIOTHYECKUEC MOJCIH, U OIPEACISIIOTCS MEPHI
CEMAHTHUYECKO#M OJM30CTH KYypCOB Ha OCHOBE aHAJIn3a
KIIFOYEBBIX CJIOB COACPIKAHUA AUCHUIUIMH U PE3YJIbLTAaTOB
00ydeHHs ¢ TOMOIIBI0 TaKCOHOMHH O0pa30BaTEIbHBIX
Hejei.

Takke OHTOJOTHYECKIE MOICIH MPUMEHSIOTCS B paboTte
A.1O. YxBa [9] I aJalTUBHOTO oucKa
00pa30BaTENBFHBIX PECYPCOB C IMOMOIIBI0 PACCYKICHHUN
IO TIpeLeICHTaM.

dopmanu3oBaHHAas MOJENb COCTaBICHHS y4eOHOro
IUIAHA HAa  OCHOBE  MOJYJIbHO-KOMIIETEHTHOCTHOTO
nozxo/a mpeacrasiena B pabore .M. Xapuronosa [10].
Jlnst mocTpoeHus y4eOHOTo IIaHa MCHOJIB3YIOTCS METOJ
9KCTIEPTHBIX OLEHOK M METOJ KOHTCHT-aHamu3a. A Juis
OIpe/ieNiCHUs] 3HAYMMOCTH JAUCLMIUIMH (Moxyuneit) ¢
y4eToM MOTpeOHOCTeH phIHKAa Tpylna HCIONB3yeTcs
METO/I JIATEHTHO-CEMAaHTHYECKOTO aHAJIM3A.

MeToJ; 3KCHEPTHBIX OLEHOK M KOTHUTHBHBIE KapThl
ucnone3yrorcs B pabore W.B. Cubukmuoit [11] mis
OTpENeICHUsT TEePEYHs TUCIHIUIHH, (HOPMUPYIOIIUX
oTpe/ieICHHY 0 KOMITETEHIIHIO 00pa3oBaTesbHO
mporpaMmbl. Il TOJyYEHHE IEPEYHS 3HAYMMBIX
MUCHMIUIMH W TEPEYHS  KOMIICTCHIMH  CTPOUTCS
JIMHTBUCTHYCCKHIA kinaccudukarop Ha OCHOBE
CHHTAKCHYECKHX MPABHJI H HEYECTKUX MHOXKECTB.

B pabore A.C.TIupcko#t, JI.C. Jlucunpiroit [7]
paccMaTpuBaeTcs MOJENb yIpaBlIeHUs
00pa3oBaTeNbHBIMH TPACKTOPHSIMHU CTYACHTOB Ha OCHOBE
pE3yIbTaTOB OCBOCHUS KOMIIETEHIMII 00pa3oBaTeIbHBIX

CTaH/IaPTOB C Y4YETOM MPHUHIHUIIA MEXIUCIUIMHAPHOCTH
obyuennsa. Jlng  opmanmmzanmm  0Opa3zoBaTENLHOM
TPaeKTOPUHU HCHONb3yeTcss TpadoBas MoJenb B BHJC
mraH-rpada.

AJropuT™M ABTOMAaTHU3UPOBAHHOTO COCTaBJICHUS
ydgeOHOTO IUTaHa 00pa30BaTeNFHOW IIPOrpaMMBI  Ha
OCHOBE KOMIIETEHTHOCTHOTO TMOAXOAa NpEAJoXKeH B
pabore C.C.KoroBa [12]. B pabore mnpumensercs
rpadgoBas Momenb CTPYKTYPHO-JIOTHUYECKHX  CBs3ei
JHCIMIUIAH, PACCMOTPEHBI PAa3UYHbIC AIBPHCTUYCCKHE

ITOpUTMBl  (OpMUpOBaHUsT  y4yeOHOrO  IUIaHa C
UCTIOJIb30BaHUEM HKCIEPTHBIX OLIEHOK.
CrouTr  OTMETUTH, 9YTO  OCHOBHAsA  CIOXHOCTh

HCTIONB30BaHUsl PACCMOTPEHHBIX MOAXOI0B HA IPAKTUKE
3aKJII0YAETCS B HeoOxoanmMocTn MPHBIICYEHHS
MPEJCTaBUTENILHOIO COCTaBa JKCIEPTOB IJIsI METOJOB C
HCTIONIb30BAaHUEM OHKCIIEPTHBIX OLEHOK, (hOPMHPOBAHUS
OHTOJIOTHUECKUX MOJIEJICH, MpaBHi W/WIH HPENeICHTOB
JUISL KaKI0W W3 MpeIMETHBIX 00JjacTel HarpaBiIeHHH
MOATOTOBKH 00pa30BaTEIbHBIX IPOTPaMM.

IIpsiMoe comocTaBieHHE KIIOYEBBIX CIOB WM Ha3BaHMH
JUCHMIUIMH, TeM M pa3JesioB IOKa3bIBaeT HHU3KOE
Ka4yeCTBO COIOCTaBJICHHs 00pa30BaTENbHBIX MIPOrPaMM U
KypCOB, YUYHUTBHIBas HMMEIOIIHECS Pa3IW4usi B IOAXOJax
pa3HBIX 00pa30BaTEIbHBIX OPraHU3alMi K Pa3JeNICHUIO
porpamMm Ha JVCIUTUTAHBI u MOJYIH,
CTPYKTYpHpOBaHHE  pa3lelioB W TeM  BHYTpPH
JUCLUIUIMHBL, (QOPMYNIHUPOBAHUE PE3yIbTATOB OOYyUCHHS
no aucnuiuimHaM. Bee eme Oonee oTsromaercs TeMm

(axTom, 4TO B MTOCTIeTHUX U3MEHEHUAX
00pa30BaTeNbHBIX CTAHAAPTOB TPETHETO IOKOJECHUS
(®I'OC  BO)  npakTHueckd  OTCYTCTBYIOT  (3a

WCKITIOYEHUEM TPEX-4eThIPeX 00s13aTebHBIX TUCITUILINH)
TpeOOBaHUS K HAJIMYMIO U COJACPKAHHIO OMPEICICHHBIX
JMUCIUIUINH, WX  CTPYKType M  pachupeaeieHuro
KOMIICTECHITHH I10 TUCIHIIIINHAM.

3. Mertoa conocraBiieHUs] y4eOHBIX
AUCHHUILUINH 00pa30BaTeJbHBIX IPOrpaMM

B nocineHee BpeMst GOJIbLIYIO MOMYISIPHOCTD U HIMPOKOE
MPUMEHCHUE TOJIYYWJIN MOJCIIN BEKTOPHBIX BJIOJKEHUH
(word  embedding), B  wacTHOCTH,  CO3JaHHAas
cotpyaHukamMu Kommnanuu Google moxens word2vec,
UCIIONB3YIOIIasl [BYXCIOWHbIE HEHPOHHBIE CETH Ui
OBICTPOrO U Ka4ECTBEHHOTO OCYIIECCTBICHHUS OTPaXKEHUSI
CII0B (WU JTFOOBIX IPYTUX TOKEHOB, YHOTPEOIMIOMIUXCS B
HOCIIEIOBATEILHOCTH) B X BEKTOPHOE IPECTABICHUE.
OCHOBHO# Hjiee JaHHOW MOJIENu OBUIO COMOCTAaBJICHUE
CIIOB c KOHTEKCTaMU ux yIOTPEOICHHS,
OPUEHTHUPYIOIIEECS Ha CONOCTABIEHHE KOCHHYCHOM
OJM30CTH BEKTOPOB CJIOB KOJMYECTBY MX OOIIHX
KOHTEKCTOB YIIOTPEOICHHUSI.

Mogens 1OKa3bIBa€T BBICOKHME pPE3yibTaThl Kak B
KauecTBEe, TaK U B CKOPOCTH pabOTHI, UMEs, MPH ITOM,
MOJIHYIO SI3bIKOBYIO HE3aBUCUMOCTh. Ha TaHHBII MOMEHT,
MOMyJIIpHOCTE  WOrd2vec ocobeHHa 3aMeTHa Ha
COPEBHOBaHHSX 10 aHANM3y f3bIKa, Takux kak Dialog,
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OOJILIITUHCTBO Y4aCTHHUKOB KOTOPOTO MNPUMEHAOT OTY
MOJCJIb B aHAJIM3C JaHHBIX.

IMo3ke, B KadecTBe pacimupeHust wumeir word2vec,
OpPUTHHAJIBHBIMA aBTOpaMH MOJENH ObUla BBINTyIICHA
Mmozens paragraph2vec, dQokycupyromasics yxe Ha
COIIOCTABJICHUE LEIBIX HOKYMEHTOB M OTPAKCHHUH UX B
BEKTOPHOE MPOCTPAHCTBO.

B gpamHOM paszene oOmHCaH METOJ| CONOCTABJICHUS
y4eOHBIX JUCHUIUIMH pa3IMYHBIX 00pa3oBaTeNbHbBIX
IpOrpamMm, KOTOPBIi UCIIOJIb3yET COBPEMEHHBIE MOIAXO b
BEKTOPHOI'O TPEJCTaBJICHHUS TEKCTOB C  IOMOIIBIO
Mozenu paragraph2vec, 4To B OTIMYHE OT OMHMCAHHBIX
paHee IOIXOJOB IT03BOJISICT IPOBOAUTH CONOCTAaBIICHHE
6e3 HEeoOXOIUMOCTH TPYAOEMKOTO OHTOJOTHIECKOTO

MOJCIUPOBAHUS HpeIMETHBIX obnacreit
00pa30oBaTeNBHBIX MMPOTpaMM W IOCTPOCHHUS 0a3 3HAHWH,
06e3  HEOOXOOMMOCTH  ONHMCAaHUSI  JBPUCTHUCCKHUX

AJITOPUTMOB, IMPABUJI JIOTUICCKOI'O BbIBOJA, a TAKIKC 0e3
HCIOJIb30BaHUA IKCIICPTHBIX OLICHOK.

Meton NO3BONAET pellaTh 3aJa4d  CEMaHTHYECKOTO
aHam3a yueOHBIX JUCLUIUINH, BKJIIOYAs
nH(pOpMaLMOHHBIH TIOUCK c PaHXUpPOBaHUEM
CEeMaHTU4YeCKH  ONM3KMX  NpOrpaMM  JIUCLUILUINMH,
KIacCU(pUKAIMI0O 10  pasiM4YHBIM  TpH3HAaKaM W
KJIACTEPH3ALHUIO YICOHBIX AUCIMIUINH.

3.1. Moaeab yueOHOM TMCUMILIHHBI

B pesymbrare mpoOBEAEHHOTO paHEe aHAIW3a OIMCAHUS
0o0pa3oBaTeNbHBIX KypcOB Ha  CaWTax  BEAYIIUX
POCCHICKHX M 3apyOe)KHBIX YHHBEPCHTETOB, a TaKXKe
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TpeboBanuii K odopmiieHHI0O paboumx TporpamMm
JTUCHIHIUIMH, YCTaHOBJICHHBIX MuHOOpHayku P®, Ovimm
OTIpeNeIeHl  OCHOBHBIE  DJIEMEHTHI,  OIMCHIBAIOIINE
y4eOHYIO TUCITUIUTAHY WK MOIyIb [13].

Jns dopmanuzanyu onucaHUs y4eOHOH TUCTIHTUIHHEBI
(Momyms) OpLTa oCcTpoeHa KOHIICTITYaIbHAs
OHTOJIOTHYECKAs MOJICIIb, MMPEICTABICHHAS HA PUCYHKE 1.
Ha Heil oTpakeHbl Haubojee Ba)KHBIC C TOYKU 3PCHHS
dhopMupoBaHus 00pa30BaTEIBHBIX MPOrPAMM KOHIICTITHI,
KOTOPBIC MPHCYTCTBYIOT BO BCEX pabOYMX Mporpammax
muciuiuiiH.  KOHIIENTB MOXHO pa3feiuTh Ha TpH
YCIIOBHBIC YaCTH:

1. OOpa3oBaTenpHBIE LM W 3agadd  Kypca,
KOMIICTEHIINM ~ 00pa30BaTeNbHONH INPOTpaMMBbl U
pe3ynbTaThl 00YIEHUsS 10 TUCIUIUINHE (KaK IIPaBUIIO,
OIMCHIBAIOTCSI B BUJIE 3HAHHH/yMEHHI/HABBIKOB).

CTpykTypa AUCIMIUIMHBL: OMHCAHUE PAa3JeliOB, TEM
Kypca, COICp)KaHHS JICKIIMOHHBIX M MPAKTUYCCKUX
3aHATUH, 3aJaHuil HAa CaMOCTOSATENbHYIO padoTy
00yJaroIuXcsI.

Onuncanne ¢GOpPMBI TPOMEXYTOUYHOH aTTECTAIWH,
OLICHOYHBIC CPEJICTBa C NpPUMEpPaMH 3aJaHUd |
MIPUBA3KON K IIPOBEPSEMBIM pe3ybTaTaM 00ydeHusl.

Ha mpaktuke mpernojaBatenb Ipu pa3paboTKe HOBOTO
Kypca WIH akKTyaJu3allud CYIIECTBYIOIEro Kypca B
NepByI0  oOdepelb  aHAIM3UpPyeT  IepBBIE  JIBE
COCTaBIIAIONINE ONUCAHUS JUCLIUIUINH.
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Puc. 1. OnTOoN0THYECKOE TPeACTABICHHE Y4eOHOH NUCIHUTIMHBI (MOLYJI5)
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3.2. BekTOpHOE nMpeacTaB/IeHHe TEKCTOB

B mnocnenHue HECKONBKO JIET HaOMParOT MOMYJISIPHOCTH
HelpoceTeBble MOJENH S3bIKa, KOTOpPBIE ITOKA3bIBAIOT
nepeioBble  pe3yiabTaThl B 3ajJadax  OIpelesIeHUs
ceMaHTU4ecKoi Omm3octu [14,15], B TOM uwmcne u it
PYCCKOTO $I3bIKa, KaK 3TO [OKa3aHO B padOTax IO OLCHKE
METOJIOB OIpEEICHUs] CEMaHTHYEeCKOW OJHM30CTH CIOB
RUSSE [16]. HeiipocereBsle Momendn Takue Kak
WOrd2vec OCHOBBIBAIOTCS Ha TUCTPHOYTHBHOM THIIOTE3E
MMOHUMaHHUA CMBICTIa TEKCTa M TIOAXOJE BEKTOPHOTO
MIPeCTaBICHUS CJIOB (word embedding) c
HCTIOIE30BaHUEM HEMPOHHBIX ceTeid [15].

B  namHOi paboTe mpemmaraeTcsi — HCIOJB30BATH
HelipoceTeByl0 Mojenb paragraph2vec [17], kortopas
o0yJaeTcss Ha TEKCTax BXOJHOTO KOpIlyca, Ipeodpasyro
HX B BEKTOpHbIE TNPEACTaBICHHUA B N-MEPHOM
IpocTpaHcTBE. A 3aTeM  MO3BOJSIET  ONpenenaTh
CCMaHTUYCCKYIO 6HI/ISOCTL WJIN CBA3aHHOCTH JJI1 HOBBIX
TEKCTOB IIyTEM CPaBHEHHUSI BEKTOPOB 00y4EeHHOI Mozenu
(HampuMep, IO KOCHHYCHOM Mepe OJII30CTH).

CyliecTByeT 3HAYUTEIbHOE KOJIMYECTBO IMyOIMKAIH,
UCTIONB3YIOMIKUX paragraph2vec kak asst 6oniee 06a30BBIX
BAPUAHTOB KCIOJB30BAHUS BEKTOPHBIX MOJeIed —
reHepalud HabOpOB MapaMeTpOB JJIsl UCIOJb30BAaHHS B
3aja4ax KiaccupuKanuu (HanpuMep, 3aJauyd aHain3a
TOHAJBHOCTH), TaKk U OoJice cCHelU(DUICCKUX CIydacB
UCIIOJIb30BAHMSI.

Tak B pabore [18] aBTOpBI MpPEACTABIAIOT BapHAHT
ucnonb3oBanus paragraph2vec B ceszke ¢ Wikipedia B
KauecTBe 0a3bl 3HAHWH U peanu3aldi UMEHOBAHHOTO
CBSI3bIBaHMSA OOBEKTOB. [IpWM HaIWYMK  YHOMHHAHWI
MMEHOBAHHBIX CYIIHOCTEH, KOHTEKCTOB YITOTPEOICHUS
9THX YIIOMHHAHWN M HEKOTOPOTO Habopa KaHIHIaTOB,
obydyenHass wa 0Oasze Wikipedia momens renepupyer
BEKTOpa JJII KOHTEKCTOB M HWIIET Hauboliee ONM3KUMA K
HUM BEeKTOp cpenu kanaunatos-crateir Wikipedia.

Jpyrasg rpynmna ucciefoBaTesne, MoJl PYKOBOACTBOM
Hashimoto [19] mpumenuna paragraph2vec B 3amade
TEMaTHYECKOT0 MOJAETHPOBAHUSA. ABTOPH  00ydYaroT
Mozenb Ha 0as3e HcclelyeMoro Kopmyca, a 3aTeM
OCYIIECTBIISIOT KJIaCTEPU3ALIHIO. Ucxons u3
MPEIONI0KEHUI, YTO KIACTEPHl SBILIIOTCS TEMaMH,
aBTOPBI HCHONB3YIOT MOJIENb Ui TEHEepalHd CIOB JUIS
KaXI0M TeMBI U CPaBHUBAIOT Pe3yJbTaThl C JIATCHTHBIM

pa3MeIeHneM Hupuxie (LDA). Hcxomnoe
MPEANOI0KEHHE O TOM, YTO KJIacTepa BEKTOPOB TEKCTOB
COOTBETCTBYIOT TeMaM TpeOyeT  JIOMOJHUTEIHHBIX

MIPOBEPOK. B YacTHOCTH, TpEICTaBICHHBIE aBTOpPaMH
HaObOpsl TEM M CIOB HE CPaBHUMBI IO KAa4e€CTBY C
TpaauuoHHBIM LDA.

Eme onHO wucciienoBaHWe Npeiaraioliee CpaBHCHHUE
paragraph2vec ¢ LDA mpencrasieno B [20]. 3mecs,
aBTOPBI MOKA3bIBAIOT MOTEHIMAT MOZEIH, O0yYeHHON Ha
Wikipedia u wucmons3yemMoi Uil BBISBICHHS TPYIII
CTaTed  SHIMKIONEIWM,  IOKa3blBasg  JIOCTATOYHO
KayeCTBEHHBIE pPe3yJbTaThl B 3ajadye IOHMCKa Hauboiee
OJM3KHUX KOHLIENTOB CTATEH.

B 3agasax anaimm3a 00pa30BaTeNbHOrO  KOHTCHTA
BCKTODHOE  MPEIACTABICHHE  TEKCTOB  paHee  He
npuMeHsutock. XoTs B obnactu Educational Data Mining
HaXOASAT IIMPOKOE MPHMEHEHHE METOABI M AITOPUTMEL
MaImuHHOTO o0ydeHwus. bonee moxpoOHas wHpOpManus
npe/craBieHa B o63opax [14,21].

ABTOpaMH JaHHOTO WCCIICMOBAHUS  BBICKA3bIBACTCS
THI0TE3a, YTO METOAbl Ha OCHOBE HEWPOCETEBBIX
MoJIenel si3pika (¢ momorsio Word2vec u paragraph2vec)
MOTYT MOKa3aTh JydYiliee KaueCTBO MOJICTUPOBAHUSI H
OLICHKH CEMaHTHKH B 3a/1a4aX COIOCTABJICHHS Y4COHBIX
JUCUMIUIAH TPUA TPOCTOTE OOYYCHHS] CaMOW MOJCIH.
[p¥ 5TOM CTOWT Y4ECTh OJMH M3 OCHOBHBIX HEIOCTATKOB
HEHpoceTeBBIX Mojeneil (B OTIMYWe, Hampumep, OT
METOIOB BEPOSTHOCTHOTO TEMaTHYECKOTO
MOJICIIUPOBAHUS)  —  OTCYTCTBHE  BO3MOXKHOCTH
HHTEPIPETHPOBATh OTIEIbHBIC NPU3HAKA MONYICHHBIX
Ha BBIXOJIe HEHPOHHON CETH BEKTOPOB.

3.3. AJIrOpUTM CONOCTABJIEHUS COEPKAHUSA
Y4eOHBIX M CUUILIHH

Ha pucyske 2 mpencraBieHa oOOOWIEHHass cxeMma
AITOPUTMA  COMOCTAaBJICHHWS  y4eOHBIX KYpcoB C
UCIIONB30BaHMEM Mojenu paragraph2vec, oGydenHoit Ha
KOpILyce TEKCTOB pabOUYMX MPOrpaMM JUCLUIIIHH.

Ha mepBom mare  ajgropurMa  MpeayCMOTpEHA
npeBapuTeIbHas 00paboTKa TOKYMEHTOB, BKIIIOUAIOIIAs
BBIOOp U3 TEKCTOB JOKYMCHTOB HamOOIee Ba)KHBIX
(parMeHTOB — meneil W 3aja4 Kypca, pe3yJbTaToOB
00yueHHUs] M KOMIICTCHIINH, CTPYKTYPBI Kypca, BKIIOUast
OIMHCaHWsI TeM W pa3ienoB Kypca. IIpemBapurenbHast
obpaboTka 3aBeplIaeTCs neMMaTH3aImei "
0TOpachIBaHHUEM CTOII-CIIOB.

IMocne  obyuenust  mogenu  paragraph2vec  Ha
MOJITOTOBJICHHOM KOPITyCE TMOSIBISIETCS BO3MOXHOCTh
reHepaIMi BEKTOPOB JOKYMEHTOB JUIsi HOBBIX, paHee
HEM3BECTHBIX MOjIeNn paragraph2vec pabouux mporpamMm
JUACIUILIHH.

B nanpHeiimeM MOXHO J00aBUTh K TMOIYYE€HHBIM
BEKTOpaM HOBBIX JOKYMEHTOB M BEKTOpaM JIOKYMEHTOB
13 KOpITyca JOTIONHUTENbHBIE IPU3HAKH, KOTOPBIE MOTYT
YIIYUIINTh Ka4eCTBO COIMOCTABJICHUS pabodnx MporpamMm
M yd4ecTh JOINOJHUTEJbHbIE (AKTOPBI ISl OTIEIbHBIX
3agad B mporecce (OPMUPOBAHUS MW AKTyaIM3alnU
o0pa3oBaTeNbHBIX  NporpaMMm. JlaHHBIE — NIpU3HAKH
CO3JafOTCSl M OTOMpAroTCs  3KCIepTaMH B XOje
TPAaAWIMOHHOTO JJIsI MAaIIMHHOrO OOydYeHHs Iporecca
Feature Engineering. Hanpumep, Takumu mnpu3Hakamu
MOTYT OBITH  HaIlpaBIE€HHE IIOATOTOBKH, 00BeM
JUCHHIUIMHBI B 3a4eTHBIX €IWHHIAX, pacIperelcHie
9acoB, TEPHOA OCBOCHHUS IHCIUIUIMHBI (CeMecTp) IO
y4ueOHOMY TUTaHy, popma aTTecTarus u T.1.

Bcepoccuiickas koHdepenims "MHPpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIbHOH TTOAIEPKKH MPUHATHS perennii”,16-19 mas, Yda, Poccus, 2017
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Kiactepuzanus, knaccuuKanus wiu
MIOUCK C paHXHPOBaAHUEM
JIOKyMEHTOB B 32aBUCUMOCTH OT
3aJa4M COIOCTABIICHUS HA OCHOBE
MOy Y€HHBIX BEKTOPOB

IIpencrapneHue pe3ynbTaToB
COTIOCTABIICHUS C OIICHKOM KadecTBa

Konen

Puc. 2. Aaropurm conocrapjieHusi y4eOHbIX
AMCLHMILIMH ¢ HCIOJb30BaHueM paragraph2vec

IMocnennue srtambl 000OIIEHHOTO AJITOPUTMa MOTYT
BapbUpPOBAThCS B 3aBHCUMOCTH OT KOHKPETHBIX 3aJad
aHaM3a 00pa3oBaTeNbHBIX MPOTPaMM. Eciu
HeoOxomuMo  momoOparh  Hamboiee  CEeMaHTHYECKH
Onu3KKe yueOHble AMCIMIUIMHBI K 33[JaHHON, TO MOXHO
MPUMEHSTh aJTOPUTMBI HMH(GOPMAIMIOHHOTO TOHCKA C
paHXHpOBaHUEM pe3yJbTaToB o CTENeHU
CEeMaHTHYECKOW OJIM30CTH BEKTOPOB JOKYMEHTOB (Kak
NPaBWJIO HCIIOJIB3YETCsl KOCHMHYCHash Mepa Onm30cTH).

MOo>kHO TIpOBECTH KIIacCH(UKAINIO yIEOHBIX TUCIUIIIINH
M0 OmpeneieHHBIM O00JacTsIM 3HaHWUH, HaNpaBICHUI
MOATOTOBKH, LHWKIAM AWCHUIUINH, TpPEIBAPUTEIHHO
00y9uB KiTaccHUKaTOp Ha 0Oydaromen BEIOOpKeE.

4. JKcnepuMeHT

Ilo mpuumHE OTCYTCTBHS OTKPBITBIX TPEHHPOBOUYHBIX
KOPILyCOB 00pa30BaTeNbHBIX MPOTPaMM Ha PYCCKOM HIIH
AHTJIMHCKOM SI3bIKaX B JIAHHOM HCCIENOBaHMUU JJId

aHaM3a NPUMEHUMOCTH paragraph2vec B
paccmarpuBacMOW 3ajadye  COIOCTaBJICHHS  y4eOHBIX
JUCLUMIUIMH,  aBTOPHl  BOCIOJIB30BAIUCH  TEKYLIMM
BapUAaHTOM  CO3/[aBa€MOr0  COOCTBEHHBIMH  CHJIAMHU

KOpITyca pabo4mx MporpaMM TUCIUIUIHH.

Ha paHHBII MOMEHT, SKCIEPUMEHTAIBHBIA KOPILYC
COJZICPKUT OoJiee CTa Pa3TMYHBIX YYEOHBIX IUCIIUILUIMH,
KOTOpBIE MOTYT OBITh pa3[eleHbl Ha CEMb TpPYyNI B
COOTBETCTBUH c MpEeIMETHON 00acThio:
nH(pOpMaMOHHbBIE TEXHOJIOTHH, SKOHOMUKA, MaTeMaTHKa
U CTAaTUCTHKA, JIMHTBUCTHKA, HCTOPHSA, MEIULIMHA, H
mpaBo. B kaxmoit rpymme umeercs oT 3 10 5 MEHbIIUX

KaTeropui, COOTBETCTBYIOIIUX KOHKPETHBIM
JUCHMIUIMHAM, KaXIas M3 KOTOPBIX coaepxur 4
JIOKyMEHTA, IIPEACTaBIAOIINX KaXIbIi

oOpa3oBaTenpHbIN Kypc. IIpuMep Takux kaTeropuil s
obiacTn MaTeMaTWKa M CTAaTHCTHKA: MaTeMaTHYeCKHH
aHanm3, anredpa M TeOMEeTpHsl, TEOPHs BEPOATHOCTEH n
MaTeMaTH4eCcKasi CTATUCTUKA, METO/IbI ONITUMH3ALIHH.

B paMkax 9SKCHepUMEHTa OICHHBAETCA KadeCTBO
KITACCH(UKAIINHN TIPOTPaMM YUeOHBIX MUCIUIUIMH B JBYX
3aj1auax; KJIacCH(DUKAIUK MO MpeaMETHBIM o0macTsMm (7
KJIaCCOB) M KJIacCH(PHUKAIMKM 10 KAaTErOpUsAM B paMKax
npeaMeTHBIX obacTeii (26 kimaccos).

B kauectBe peanmmsarmu paragraph2vec ucnoss3yercs
doc2vec u3 Oubnmorekm Qgensim. OGyuaercs Momenb
distributed bag of words, koropas, cormacHo oueHkam,
npuBeficHHBIM B paborte [17], mokaspiBaeT ydiine
pe3yibTaThl, 4eM anbTepHaTHBHas Mojenb distributed
Memory, Ha OOJIBITMHCTBE HA0OPOB TaHHBIX.

OoOyuaromass BeIOOpKa Juisi Mojenu paragraph2vec u
MOCJIEIYIONIEro 00yUYeHHUs KIacCH(PUKATOPOB COCTABIISIET
75% ot kopmyca, a TecToBas BBIOOpPKa, IO KOTOPOH
MPOU3BOIUTCS OlIeHKa Ka4ecTBa, COCTaBJIsIeT
octapmuecs 25% kopmyca. Takke Tpu  OICHKE
MPUMEHSETCS] CTaHJapTHASI METO/IMKA KPOCC-BaInAAIIH.

B cpaBHeHMM y4YacCTBYHOT MOIYJSPHBIE aJTOPUTMBI
KIacCupUKalMU: JIOTUCTUYECKass perpeccus, sSupport
vector knaccugurarop, K-OmmkalInmx cocelei, IepeBo
NPUHATHS PENICHHA ¥ pPa3JIMYHbICe aHCaMOIK JIECOB
JIEPEBLEB MPUHSTHS PEIICHUI.

Pe3ynbTaThl OLIGHKM OCHOBHBIX IIOKa3aTeneil KavecTBa
paboTsl  KIaccu(UKATOPOB TOYHOCTB  (precision),
nonHoTa (recall) u F-mepa, npencraenens B Tabnuue 1.

HHTeJ'IJ'IeKTyaJ'[LHBIﬁ METOA U aJITOPUTM COITOCTABJIICHUA y’{e6HBIX JUCHHUIUIMH Ha OCHOBE BEKTOPHOI'O NIPEACTABJICHUS TEKCTOB

24



Ta6auua 1. Pe3yibTaThl IKCIIEPUMEHTA MO KJIaccuPUKAIIME PabouuX MPOrpamMM JHCHUILTHH

Krnaccudukanms no kareropusiM 0;M3KHX Knaccudukanms aucuuIuims mo
JCTIATUIAH B paMKaX MPeIMETHON O00JIaCcTH MIPEIMETHBIM 00JIaCTsIM

Precision Recall F-mepa Precision Recall F-mepa
Logistic Regression 0.83 0.88 0.85 0.97 0.96 0.96
Extra-trees 0.77 0.85 0.79 0.97 0.96 0.96
Random Forest 0.72 0.81 0.75 0.97 0.96 0.96
Decision Tree 0.26 0.35 0.28 0.69 0.65 0.65
k-nearest neighbors 0.77 0.85 0.79 0.97 0.96 0.96
C-Support Vectors 0.84 0.88 0.85 0.97 0.96 0.96

Kak u oxunmanoch, pe3yiabTaTbl KiIacCH(UKAIMU MO
MPEAMETHBIM ~ O0JIaCTSIM ~ TPEBHILAIOT  AHAJOTWYHBIC
MoKasaTead Ui  OTAENBHBIX AWCHUIUIMH  BHYTpPHU
kareropudi. OpHaKo, Kak BHIHO H3 IPHUBEICHHBIX
Iokasarteseil, Bce 6a30Bble aJTOPUTMBI, 32 UCKITIOUCHHEM
JepeBa  MPUHATHS  pPELICEHWH  IOKa3ajdd  BBICOKHE
pe3yIbTaThI B obenx BBIOpaHHBIX 3aJadax
knaccudukanuu. OTo 03HaYAET, YTO Ja)Ke B MPOCTEHIIIEM
BapHUaHTe IPUMEHEHUS 0e3 J00aBIeHUs
JOIIOJTHATENBHBIX IIPH3HAKOB K BeKTOpam, paragraph2vec
XOpOIIO TMOAXOJUT [UIA CEMAaHTHYECKOTO aHalW3a
MpOrpamMM y4eOHbIX JTUCIIUILIIHH.

5. 3akiarouenne

OCHOBHBI@ peByJ’ILTaTBI HpOBe,Z[eHHOFO HCCIICJ0BaAHUA:

[ ] HpennomeH METOA4 H aJ'Il"OpI/ITM COITIOCTABJICHUA
y‘IC6HBIX JAUCHUIINIMH Ha OCHOBE MHCHOJB30BaHHUA

METOAAa BCKTOPHOT'O MPECIACTABJICHUA TCKCTOB IIYTEM
obyuenust Mmozenu paragraph2vec.

o [IposeneH 9KCIEPUMEHT c peanu3aruen
MIPEVIOKEHHOTO METo/a Ui 3a7ay KiacCH(UKAIIUH
y4eOHBIX JIACUUTUTAH Ha COCTaBJICHHOM

MPEJCTaBUTEIFHOM TEKCTOBOM KopIyce padbodnx
IIPOrpaMM JUCLMILIUH.

e PesynprarThl 3KCIEPUMEHTA TMO3BOJSIOT CIEIATh
BBIBOJI O IPUMEHMMOCTH Mojienu paragraph2vec s
OLIEHKH  CEMaHTHYECKOW  OJIM30CTH  MpOrpamm
yueOHbIX auciuminH. Jlydiiie nokazatenu F-meps
(0.85) moxkazan kmaccuukaTOp Ha  OCHOBE
anroputma C-Support Vectors.

Hanpanenus nanpHeuiero uccie0BaHus:

e OrueHKa NPUMEHUMOCTH IMPEIOKEHHOIO METoaa B
3a/1a9ax WH(POPMAIIMOHHOTO TOMCKa u
KITacCU(pUKAIUN YIeOHBIX NUCIUIUIMH B CPAaBHEHUU
C JIPYTHMH MOJIXOJaMHU K 00pabOTKe €CTECTBEHHOTO
s3pIka  (Hampumep, B3BemieHHelid 1F-IDF, LSA,
pLSA, LDA, wu3BlIcYeHHE KJIIOUYEBBIX  CIIOB,
WOord2vec B coueTaHHH C KJIFOUEBBIMU CIIOBAMH).

e  3BieueHne NOTIONHUTENBHBIX KOJIHYECTBEHHBIX |
cemaHThueckux npusnakos (Feature Engineering) us
MporpaMM y4eOHBIX JUCIUIUINH U yYeOHBIX TUIAHOB
JUISL aHAlM3a WX BIWSHUS Ha KaueCTBO pEUICHHS
3aau HHTEIUICKTYalbHO MOJIIEPKKH
(dhopMupoBaHUs 00pa30BATENBHBIX MPOTPAMM.

e Omnpenenenue yIOOHBIX JUIs KOHEYHBIX
HoJb30BaTeeit croco0oB BU3YyaJIU3aIUH
PE3YJIbTaTOB COMOCTABICHHS YUEOHBIX TUCIUILINH U
00pa3oBaTENbHBIX MIPOTPAMM.

e [IpuMeHeHHE BEKTOPHOTO IIPEACTABICHUS TEKCTOB
TSt COIIOCTABIICHNUS TpeboBaHMI
NPOoeCCHOHANBHBIX CTaHIAPTOB, BAaKAHCHH pBIHKA
TpyZla M Pe3yJbTaTOB OCBOEHHs 00pa30BaTENIbHBIX
nmporpaMMm B 3ajade (OPMUPOBAHUS AKTYaJIbHBIX
pe3ynbTatoB  0o0y4eHHss N0 NpodecCHOHaTbHBIM
JUCHUIUINHAM.
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AHHOTaIlI/[SIl

PaboTta mocBsmieHa pPacCMOTPEHHUIO SIBICHUS
MH()OPMALMOHHON  Teperpy3KH  MOJIb30BaTENICH
uHTepHeT-QpopyMOB. B crarbe paccmaTpuBaroTCs
OCHOBHBIE NOJXOJBl K OOpnr0Oe ¢ meperpyskoi u
IpeylaraeTcss MeTOA W alTOpUTM CTPYKTYpHO-
CEeMaHTHUYEeCKOro aHanusza (opyma, Ul BbIACICHUs
MOATEM C IIeNIBI0 MOBBIIICHUS KauyecTBa ITOMCKa
nH(pOpMAaLIH. Taxokxe 9KCTIEPUMEHTAIILHO
MoKa3piBaeTcss  A(PQPEKTUBHOCTP  IPUMEHEHUS
MPETIOKEHHOTO MEeTOoAa Il IOMCKAa TEKCTOBOM
uHGOpMaMK B CPAaBHEHHH C KIACCHYECKUMHU
MOAXOAAMH.

1. BBenenue

3a mocnenHee BpeMsi, OBICTPOE pa3BUTHE TEXHOJIOTHUI
J0CTyna K CE€TH HMHTCPHET, NPUBEJIIO K 3HAYUTCIBHOMY
YBEIMUEHUIO KOJIMYECTBA IIOJb30BAaTEIeH WHTEPHET-
cepBuCcOB. BMmecTe ¢ 3TuUM, YBEIHYMBAIOTCS OOBEMBI
nHdopmalnK, KOTOPYIO, C OJHOW CTOPOHBI, 3TH
MOJb30BaTENM CO3JAl0T, a C JPyrod — C KOTOpOH
TMOJIB30BATC/ISIM TMPUXOJUTCA CTAJIKUBATHCA U pa6OTaTL.
ITon paboroii, B maHHOM ciydae, TOHUMAaeTcs JroOas
JIeSITENIFHOCTD, CBs3aHHAs ¢ 00paboTkoi MH(bOpManuy,
9TO BKJIIOYAET, HANpUMEP, B TOM UHUCIE EKEIHEBHOE
YTEHUE HOBOCTHBIX calToB. [IpH 3TOM, CyIIeCTBYIOLIMHA
0o0beM HMH(MOPMALMM W CKOPOCTH €ro pocTa, JaBHO
IIPEBBICUIIN (l)I/I3I/I‘IeCKI/Ie BO3MOXXHOCTHU YCJIOBCKA, OJIA UX
BocrpusiTus. Takoi nepen30obITOK UHGOPMALUKM BEAET K

TPYJHOCTAM  IOHMMAHHS  DPa3JIM4YHBIX  BOIIPOCOB
TPYIHOCTSAM  IIPUHATUSL ~ TPABUIbHBIX  PELICHUM.
IMono6xoe SIBIICHUE HIPUHSTO Ha3bIBaTh

ungopmayuonnou nepezpysxoii [1]. Cam >T0T TEepMHUH
ObLT BIEpBbIe BBeeH B 60-X rojax JBaanaToro Bexa [2],
a C TOSBJICHUEM BCEMHUPHOW CETH yKazaHHas mpoOiema
crama emg Ooyiee aKTyalbHa, M celvac MOJb30BATEIH
CTAJIKABAIOTCS C TMEPerpy3kod KaKIplid JIeHb MpH

Tpyasl nATOH Beepoccuiickoi KoH(pepeHunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
NOJ/IePKKM NMPUHATHUS pemrenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

WCIIOJIb30BAaHUM COBEPUIEHHO pa3HbIX CEPBUCOB — OT
HOBOCTHBIX CaliTOB JJO OHJIalHH-KUHOTEATPOB.

2. Nudopmanuonnas
noJib3oBareJieit popymoB

WudopmanmonHas neperpyska siBisieTcsi npo0iemMoit
W TPU KCIOJBb30BAaHUU PA3IMYHBIX CPEICTB MacCOBOH
KOMMYHUKAallMd ¥ COTPYAHHYECTBA B HWHTEpPHETE.
MuniavoHsl JOAE€M MO BCEMY MHPY HCIOIB3YIOT
pas3NMuHbIe CPECTBA, TaKHe KaK OHJIAaiH-4aThl, (JOPYMBI,
CIHMCKH  PAcChUIKM, Oioru © T.JO. i oOMeHa
undopmanueii, 00ydeHus, co3aanus MPohecCUOHATHHBIX
coo0iiecTB U mpocto obienus. Y koHeuHo, B mpolecce
KOMMYHHUKAIIMA ~ CO3/1a€TCSl  OTPOMHOE  KOJIMYECTBO
TEKCTOBBIX COOOIICHUH, YTO OCOOEHHO 3aMETHO Ha
npumepe GopyMoB, rlie COOOIIEHUST OCTAIOTCS HA JOJIT0e
BpeMsi, a JHCKYCCMM MOTYT BECTHCh TOJaMHu.
HaxoruienHast Ha (opymax 3a J0Jroe BpeMsl TEKCTOBas
uHdopmanus, B CBOIO ouepenb NPUBOIAUT K IhdexTy
nH(pOpMalMOHHON Teperpy3kH, H3-3a 4Yero CTpajaet
3¢ dekTUBHOCTh (hOpyMa, KaKk CPeJCTBa KOMMYHHKAIIUU
[3]. DOro wMoxer TPOSBIATHCS, HAampUMep, Kak
HECMOCOOHOCTh MOJIb30BATENSI HAWTH OTBET HA BONPOC B
OTPOMHOM KOJIMYECTBE CYIIECTBYIOIIMX COOOINEHUN U
CO3/JaHMEe UM HOBOTO BOINpPOCA, YTO B CBOIO OYEpeb
TOJIBKO YBEIUUUBACT HHPOPMAIIMOHHBIN LIYM.

neperpyska

CambiMu pacnpoCcTpaHEHHBIMH u LIUPOKO
MPUMEHUMBIMH CpeICTBaMHU CHIDKEHHS
HHQOPMALIMOHHOW  MEeperpy3kd  MOXHO  Ha3BaTh

PEKOMECHAATCIBHBIE W TIOUCKOBBIE CUCTEMBI, KOTOPLIC
9acTO MOT'YT UCTIOJIb30BATHECA COBMECTHO.

Knaccrnueckoit 3amaueii cucreM HH(GOPMAIIMOHHOTO
moucka  (UII) ABJISIETCS MOUCK  JIOKYMEHTOB,
YAOBJIETBOPSIOIINX 3aMIPOCy OT MOJb30BATENA, B paMKax
HEKOTOPO#l CTATHYECKOH KOJUICKLUUH JOKyMEHTOB [4].
IIpu »TOM mnoapa3zymeBaeTcs, 4YTO 3alpoc SBISAETCA
HEKMM OTpaXeHHeM HWH(OpManMOHHON mOTpeOHOCTH
HOJIb30BATENS.

3anauell ke PEKOMEHAATENbHOM CHUCTEMBI SIBISIETCS
chopMUpOBaTh U MPEATOKUTH IOIB30BATENO YCIYTH,
TOBAapHl WM JAPYTHE 3JEMEHTH (HampuMmep, HOBOCTH),
KOTOpBIE MOTYT OBITh MM IOJIE3HBl WM HHTEPECHBI B
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Oymymiem, T.e. «obierdars npodiaemy Beioopay [5]. Ipu
3TOM  CIMCOK  peKoMeHmanuii  Qopmupyercs  Ha
OCHOBAaHMM T[OBEIEHMSA TEKYLIEr0 II0Jb30BaTels B
CHCTEME W  TOBEIEHWsS  II0Jb30BaTeled, KOTOpbIE
SBIAIOTCA CXOXKMMH C  JAHHBIM 10  KaKUM-Iu0o
KkputepusaM. Hanpumep, peKoMeHaanuu GUILMOB MOTYT
(GOpPMHUPOBATECA HA OCHOBAHMH MPEIBITYIINX OIEHOK
MoNB30BaTENs,  WJIM  HA  OCHOBAaHMH  OLIEHOK
MOJIL30BATENEH, KOTOPHIM TOHPABUIINCH TE K€ (DUILMBI,
YTO M TEKYIIEMY MOJIL30BATEIO.

MOKHO TOABITOKHUTH, YTO W PEKOMEHJATENbLHBIE U
TIOUCKOBBIE CUCTEMBI, TaK WIM MHa4ye MBITAIOTCS HAUTH U
HPEIUIOKHUTD T0JIB30BATEIII0 UH(OPMALHIO,
pelleBaHTHYIO ero HH(OPMAIOHHOH MOTPeOHOCTH.
TosbKO B Cllydae IIOMCKOBBIX CHCTEM, HHOPMaLMOHHAS
MOTPeOHOCTH SBHO cnenuUIUpyeTcs camMuM
HoJib30BaTeNieM B BUAE 3ampoca, a B Clydae
PEKOMEHIATENBHBIX — WH(OpPMAalMOHHAs TOTPEOHOCTH
nojp3oBarens  (GOPMyJNUpyeTcss HESIBHO M caMoOM
CUCTEMOM Ha OCHOBaHMM IPEABIAYLIEH aKTHUBHOCTH
H0JIB30BATEs.

3. Ctpykrypa popymoB

dopym mnpencraBiser co0OOW JepeBO, BEPIINHOIM
KOTOPOro SBJSIETCS KOpHEBas CTpaHMIa, Ha KOTOpOH
pacrionararoTcst pa3zieinsl (Wim cexuun). Pasnensl, B cBoOIO
ouepenp, CoAep)KaT TeMbl (WIM TONHKH), KaKIBIA M3
KOTOPBIX COCTOMT M3 KOPHEBOH 3alHCH U KOMMEHTapHeB
K Hedl. KoMMeHTapuu npencTaBisioTes B BUIE AepeBa (B
SIBHOM WJIM CKPBITOM BHJIE) H COOTBETCTBEHHO 00pa3yioT
BeTBH 0OCyxneHus. HarmsmgHo 3To TOKa3aHO Ha
pucyHke 1. Ora cTpykTypa Gopmupyercs MoiepaTopamMmu
1 aIMUHHCTPATOPHI (hopyMma,

. Main Forum Page

(O Comment

Sub-Topic 2 (Q Comment

O Comment

Puc 1. Crpykrypa dopyma

OCHOBHOW CIIOKHOCTBIO TIpH paboTe ¢ (opymamu,
SIBIISIETCSI OOJIBIIOE KOJIMYECTBO TEM Ha (hOpyMax, Kakaas
HX KOTOPBIX XapaKTePH3yeTCs MOJUTEMaTHYHOCTHIO [6],
3TO O3HAYaeT, 4TO OJHa TeMa Ha (opyme, MOXKET
coJiep)kaTh cpa3y HECKOJBbKO OOCY)XIEeHWH (moareM) Ha

ONM3KUE WIIH OaJICKUE TEMATUKH, I10 CPAaBHCHHUIO C

HayalbHOM, B  pe3ynpTaTe  IOJb30BaTEIb WU
CTaJKUBACTCA c HEOOXOANMOCTBIO n3y4atb
HEpENEeBAHTHBIH ~ €ro  [easiM  KOHTEHT,  4YTOOBI
CaMOCTOATENIbHO BBIWICHHTh W3 TEMbl HEOOIBIIOH
KyCOU€K, MHTEpPECHBI UMEHHO eMy. u ke, pucKyeT He
HaWTH  WIM  TPOIYCTUTh  HEOOXOAMMYIO €My
ndopmanmio, uW3-3a  TOro, UYTO  OOCYXIEHHE

COZCPIKAJIIOCH B TEMEC, HA HepBLIﬁ B3IJISI HE CBSI3aHHOM C
€ro ucJsiMu.

4. CymecTByromue NOJXO0/bI K
OpraHu3anyy MOUCKa HAa hopyme

B Teopunm wH(pOPMAIIMOHHOTO TIIOWCKA TIPHUHSITO
BBIJICNIATh BEPTUKAIBHBIE U TOPH30HTAIBHEBIC TONCKOBBIE
cuctembl [7]. BepTUKaIbHBIMU SBISIIOTCS CHCTEMBI,
COCPEIOTOYCHHEIC Ha MTOUCKE TEMaTHYCCKOU
HHpOpMAIMU WIM HWHPOPMAIMKM W3  KOHKPETHBIX
HUCTOYHMKOB,  HAmpUMEp, TMOWCK IO  IaTCHTaM.
['opU30HTANBHBIME ~ HJIH  MOHCKOBBIMH  CHCTEMaMU
O0IIer0  Ha3HAYCHUS  HA3BIBAIOTCS  CHCTEMBI, HE
JIeNAloMue aKIeHTa Ha TeMaThKe WHQOpMaluu W
TTO3BOJISFOIINE HCKATh 1o Pa3HOPOIHBIM u
pasHOQOpPMATHBIM JOKyMEHTaM, K TaKUM CHCTEMaM
OTHOCATCS cHCTeMBI BeO-orcka — Google, Yandex u T.1.

Ecmu paccMaTpuBaTh BO3MOXKHOCTH TIOHMCKAa IO
dbopymam ropusoHTaNbHBIX cucteM WII, To oHu
OTPaHUYMBAIOTCS paccMOTpeHreM (opyMa Kak Habopa
BEO-CTpaHUIl M3-32 YEro KAauyeCTBO IMOHCKa HE BCerjaa
SIBIISICTCS  YIOBJICTBOPUTEIbHBIM. OMHAKO O€3yCIOBHBIM
Ba)XXKHBIM IUIFOCOM IMOJOOHBIX CHCTEM, SBJISICTCS TO, YTO
HX  BO3MOXKHOCTH IIOMCKa HE  OTPaHUYHMBAIOTCS
KOHKPETHBIM (OPYMOM.

Ecmu sxe paccMaTpuBaTh MMEHHO CHCTEMEI ITOWCKA T10

dbopymam, TO abcomoTHOEe OONBIIMHCTBO U3 HUX,
paccMarpuBaroT  (GOpyM  Kak  HabOp  OTHENBHBIX
HE3aBHCUMBIX  COOOIICHWH, M  HWHACKCHPYIOT 3TH

cooOmennst Kak IOKyMeHT. HeGousblioe 4mcio cucrem
OOBEMUHAIOT BCE COOOIICHUS TEMbl B OTACIBHBIH
JOKYMEHT W HCIONB3YIOT TPH HHICKCHPOBAHUH €TO.
[pryem, yamie BCEro Jis PAHKHUPOBAHHUS PE3YIbTATOB
HCIIONTB3YETCS TOJIBKO TEKCT COOOIICHHS HITH TEMBI.

OmHako y OTHX TIOOXOJOB €CTh CYIIECTBEHHBIC
MHHYCBI. MHHYCOM IIEpPBOTO MOAXOAA SIBISIETCS TO, YTO
cooOmennss Ha (opyMe CyHIECTBYIOT B KOHTEKCTE
IHUCKYCCHH U MO OTHEIBHOCTH YacTO HECYT CIHMIIKOM
Mano WHGOPMALMK Ul KAa4EeCTBEHHOW OLCHKH U3
PENeBaHTHOCTH [IOMCKOBOMY 3aIpocy. A MHHYC BTOPOTO
HOIXO/la BBITEKAET W3 MOJUTEMAaTHIHOCTH (Popyma —
OJIHA TeMa COJEPKUT HECKONIBKO OOCYKICHHUH, YacTo
MaJio CBSI3aHHBIX IPYT C APYTOM.

CymectBytor paboTel W 10 0Ooyiee  CIOXKHBIM
mojxoaaM B 06JacTu momcka mo ¢popymam. Hampumep
MOKHO BBIZIENUTH pabory yuuBepcurera UTMO [8] B
KOTOpO# TIpe/iaraeTcsi MOIX0/ K BhIIEICHUIO Hanboee
PEJIEBAaHTHBIX COOOIICHHUH ¢ TOMOIIBIO JOMOTHUTEIBHBIX
NPHU3HAKOB, TAKMX KAK PEMyTALHs aBTOPa U TOHAIBHOCTb
OTBETOB.

MeTO)IBI 1 aJITOPUTMBI CTPYKTYPHO-CEMAHTHYECKOI'0 aHaIM3a I/IHTepHCT-CbOpyMOB JUIA TTOBBIIIICHUS Ka4€CTBa ITIOUCKa TEKCTOBOH I/IHq)OpMaLU/H/I
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5. CTpPYKTYpHO-CeMaHTHYeCKHIl aHaIu3
AJISl U3BJIeYEHH S MOATEM

Jdnst BeIgeneHuss M3 TeMbl Ha (opyme OTAEIBHBIX
MOJITEM, KOTOpBIE SIBJISTIOTCS TPYNIIAMU CEMaHTHYECKU U
CTPYKTYPHO CBSI3aHHBIX MEXIY c0o00l COOOLICHUH HaMu
BBOJUTCSI M€pa CTPYKTypHO-CEMaHTHYECKOH OJIM30CTH,
KOTOpasi KOMOMHUPYET NMPHU3HAKH, NOJTYYSHHBIE U3 TEKCTa
cooOIIeHHs, U TPHU3HAKH, MOIYYEHHBIE U3 CTPYKTYpPHI
dopyma. Mepa ceMaHTHUECKOW OIU30OCTH IIOCTOB
MIOKA3bIBAaET, HACKOJIBKO TECHO CBS3aHBI /1B COOOIICHUS
MEXIy CO00H Mo CMBICIY. MBI HCHONB3yeM 3Ty Mepy
9T00BI yOpaTh cmaM M Jpyrue HeKelaTelbHBIC
COOOIIIEHHS U AJIS BBIJICNICHUS TTOTEM.

Jis  OmEeHKM CeMaHTHYeCKOH ONM30CTH  IBYX
coOOIIeHHH  MOXHO  HCIOJIb30BaTh ~ MHOXKECTBO
MOJXOZ0B, OJHAKO OOJBIIMHCTBO CIIOCOOOB  ILIOXO
paboTaroT ¢ KOPOTKUMH COOOLIEHUSMH (TaKMMH Kak
HampuMmep, TBUTHI MJIM KOMMEHTapuu Ha (dopyme).
Kpome Ttoro, 4actp MeTOHOB, TPEOYIOT IOATOTOBKH
oHTOJIoTHH (HampuMmep, Mepbl Pesnuka wnu Jluna), uto
SIBIISIETCSI IOBOJIBHO TPYJOEMKOH 3aJauei.

ITosTOMy U191 OLEHKHM CEMaHTHYECKOH OIHM30CcTH
MEXAY COOOIICHMSMH MBI IIPEUIaracéM HCIOJIb30BATh
Meronsl Word2vec wmm  Explicit Semantic  Analysis
(ESA). D10 cmocoObl, OCHOBaHHBIE HA BEKTOPHOM
NPEACTaBICHUM TEPMUHOB, MJIsI OOYyYeHHs KOTOPBIX
TpeOyeTcsi Hepa3MeueHHbIH Kopmyc. Yame Bcero B
KayecTBEe TaKOI'0 KOpIyca HCIHOJIb3yeTcsi Habop crarei
BUKHUIIEJIMM, 4YTO JIENAeT MX YHUBEPCAJbHBIMU IS
pa3MuHBIX S3BIKOB. Kpome TOro, 3Tm METOABI XOpPOIIO
ce0si TOKa3bIBAIOT B 3aJadax CPaBHEHHS KOPOTKHX
JIOKyMEHTOB, pPa3MEpOM B HECKOJIbKO CIIOB WIJIH
npeanoxenuii [9], [10].

5.1 AuaropuTt™m u3BJIeYeHHS NOATEM Ha

OCHOBAHHUH CTPYKTYPHO-CEMAaHTHYECKOi
0JIN30CTH

B Hamreit paboTe MBI OyZeM paccMaTpUBaTh ATOPUTM
TS tdhopymoB c JIPEBOBUIHOM CTPYKTYpOH

MIPE/CTaBICHUS COOOIIEHUH, 3TO O3HAYAET, YTO KaXK10€
cooOmieHne (KpoMe KOPHEBOTO) HMEET POJHUTEIILCKOE
coo0IIeHne, OTBETOM Ha KOTOpOE, OHO SBJSETCA U 3Ta
JIMAJIoroBas CBs3b BHUJIHA SBHO. B ciydae ¢ JIMHEHHBIM
IpeacTaBiIeHreM (popyMa, HeOOXOIUMO MPEIBAPUTEIHHO
BOCCTAHOBHUTH CKPBITYIO JAHANOTOBYIO CTPYKTYpYy IO
KOCBEHHBIM TIPH3HAKaM (IO TeraM, TekeTy u T.1.) [11].
AJITOpUTM TIPEJICTABIIEH B MICEBJOKO/IE.

function process_comment (current) {
for (child in current.children) {
if (sim(child, current) < thres)
process_comment (child)
else
if (value (child) >
value thres)
create_new_topic(child)
else
remove (child)

OmucanHas (QYHKIUS PEKypPCUBHO TPHMEHSETCS K
KOKJIOMY Y37y B JIepeBe COOOIICHWH TEeMbl HAYMHAS C
pomutenbckoro. Ha ocHoOBaHWMM — ONM30CTH  MEXIY
BBEIOpaHHBIM COOOIIEHNEM W JTOYEPHUMH K IIPHUHUMAETCS
pemeHre 00 WCKIIOYCHHWH, W3 JepeBa COOOIICHHHA
HEpeNeBaHTHBIX 4YacTeld. B 3ToM ciydae uckioyaeTcs
BCS BETKa, KOTOpPAask HAUMHACTCSA C JOYCPHETO 3JICMCHTA,
KOTOPBIi OyJIET OIICHEH KaK HePEJICBAHTHBIN OCTaIbHOMY
obcyxnenuto. IIpy  3TOM  UCKIIOYEHHE  MOXKET
MPOUCXOJUTh KaK C MEPECHOCOM BETKU B HOBYIO TEMY
(MeTo EKOMIIO3HUITHS TEMbl Ha HECKOJIbKO), TaK U 0e3
HEero (METO/ CKPBITHE HePEJICBAHTHBIX TIOCTOB).

Pemenue 06 nckimroueHnn coodmieHns (QyHKII sim)
W3 JepeBa INPUHAMACTCS Ha OCHOBAaHWH TIPH3HAKOB,
KOTOpPBIE MOKHO Pa3/IeNNTh Ha ABE TPYIIIIBL:

1) nmpusHakK OGIM30CTH MEXIY COOOIICHHMSIMI:
CEeMaHTHYECKass OJIM30CTh MEXIy aHAIH3HPYEMBIM
coobmennem (CURRENT) u ero pogurernem (PARENT),
cpenusist 6nmmsocte Mexay PARENT u ngodepHuMH K
CURRENT, 6mmsoctes Mexagy CURRENT u apyrumun
nouepHuMu  coobmeHusimMu  PARENT, komudectBoM
MOJIb30BaTeJe, KOTOpPhIe YYacTBYIOT B OCHOBHOM
obcyxnenuu u B fouepaeM k CURRENT u 1.71.;

2) TOpu3HAaKH COOOIICHUs: o0O0liee KOJIUYECTBO
nmerei CURRENT, rnyOune mommepeBa OOCYXKICHHUS,
koTopoe HaunHaetrcsa ¢ CURRENT u T.4.

Pemenne o co3maHWM HOBOH TEMBI WIH IPOCTOM
monHoM ynaneHun BeTkM CURRENT (pynkmus value)
MIPUHUMAETCS] HA OCHOBAaHUH OLEHKH TOJBKO MPH3HAKOB
COOOIICHHS.

OO0e OIICHKH BBIJIAIOT HEKOE YHUCJIICHHOE 3HAYCHHE,
KOTOpPOE CPaBHUBAETCSl C MOPOTOBBIM JJISl JAHHOTO THUIA
omneHkH, [loporoBeie  OIEHKM  BBIYHCISIOTCS — Ha
OCHOBAHUHU CPEIHUX WM MEIHAHHBIX 3HAYCHHH Cpean
BCeX COOOIIEHWH B TEME WM BCEX COOOIIEHUH B
KOHKPETHOH ITO/IBETKE.

6. DkcnepuMeHTAIBLHAS OI[EeHKA NMOMCKA

Ham oSkcrmepuMeHT MPOBONWICS HA  MaccuBe
komMeHTapue u3 livejournal. Hamu Obutk 3arpyskeHbl
KOMMEHTaPHUH K 3aIUCSM 110 Tery «(pypuieT» U3 KypHaia
tema.livejournal.com. Bcero 98 szammceii ¢ Goice yem

489,000 KOMMEHTapHUsIMHU. OTIMYUTENBHON
0COOEHHOCTBIO 3THX 3alUCE M KOMMEHTApHEB K HUM
SIBJSIETCSL  IPKO  BBIP@KEHHAS IMOJMTEMAaTHYHOCTH —

KaX/1asl 3aluch COACP)KUT KOMMEHTApUH TI0 COBEPIIEHHO
Pa3IUYHBIM TeMaTHKaM, OT MEIUIMHBI U 00pa30BaHUs 10
oOcyxneHus: (GUIBMOB M My3BIKH. Bce KoOMMeHTapuu
M3HAa4YaJIbHO MMEJH APEBOBHIHOE NPEICTABICHUE — T.C.
o0mas CTpyKTypa AWMCKYyCCHM ObUIa IIpeJCTaBlIeHa B
SIBHOM BHJIE.

B oskcnepuMeHTe CpaBHHMBAlIOCh [JBE CUCTEMBI —
nepBasi CHUCTEMa IIpeAcTaBisula coOOW  KIacCHYECKUH
MOUCK 110 (hOpyMy, IPH KOTOPOM B KauecTBE JOKYMEHTOB
WHICKCUPYIOTCS OTACNbHBIC COOONICHMS, a BTOpas —
CHCTEMY B KOTOPOW B HMHAEKC B Ka4yeCTBE JOKYMEHTOB
TIOTIAAAJIH TTOITEMEI.

Pabora BTOpOW CHCTEMBI OTJIMYAETCS  TOJBKO
JIOTIOTHUTEIBHBIM IIaroM IMpenoO0paboTKH, Ha KOTOPOM
ObuT mO0aBiIeH 3Tam BBIJACNCHHS ITOATEM, C IOMOIIBIO
MPeJCTaBIEHHOIO anropuT™Ma Ha OCHOBAaHUU
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CTPYKTYpHO-CEMaHTH4YECKOT0  aHanmu3a.  OcrajbHbIE
nmapamMeTppl W JTambl 00pabOTKH TEKCTOB, BKIIOYAs
yIaleHue CTOI-CIOB, JIEMMAaTH3alMl0 W T.JA. OBbLIH
OOWHAKOBBI JUI1 IBYX CHCTeM. B kauectBe (hOpMyIIbI
pamKUpOBaHMSA HWCHOIB30Bajack Qopmyna BM-25 ¢
pekoMerayembivMu Kodddunnentamu (K;=2.0, b=0.75).

OueHka  pe3yjibTaToB  IIOMCKAa  JBYX  CHCTEM
OCYLIECTBIUIaCh 1O  CTaHAAPTHBIM /I IIOHMCKa
merpukam Mean Average Precision (MAP) [12] u
Normalized Discounted Cumulative Gain (NDCG) [13].

CpaBHHTENBHBIE PE3YJIbTAThl KAauecTBa IOHCKA JIBYX
CHUCTEeM IIpPEJCTaBICHBI Ha pUCyHKax Hike. Ha rpadukax
BUIIHO, YTO IO 0OEMM METpPHKaM, IIOMCK OCHOBHBIH Ha
HOATEMAX OKa3bIBAaeTCs OoJiee Ka4eCTBEHHBIM.

s sub-tppics
< I

MAP o4+ - - 3 =

messages

N
MAP@N
Puc. 1 'paguk MAP@N aByx cucrem

o

sub-topic |~

NDCG e\ 2T |_messages

s
NDCG@N
Puc. 2 T'padpux NDCG@N aByx cucrem

7. 3akja0ueHue

[Momne3oBaren (HOPYMOB CEroIHS CTAIKHBAKOTCS C
nH(pOpPMAMOHHON Neperpy3Kod Takke 4YacTo, Kak |
MIOJIb30BATENN JPYTUX CHUCTEM, IIPH 3TOM HHCTPYMEHTHI
Juisl GOpBOBI C HEeH HEJOCTaTOYHO Pa3BUTHI M HE BCETZa
YUUTHIBAIOT 0COOEHHOCTH (hopyma.

MpI npeiaraeM METOJ M ATOPUTM, OCHOBAHHEIN Ha
CEMaHTHYECKOM Ipe/ICTaBICHIH TeM (opyMa Kak Habopa
OTACJIBbHBIX IIOATEM. B IIPOBCACHHOM HaMH
OKCIICPUMEHTE TTOKa3aHO, 4YTO HO}IO6HBIﬁ IIoaAX0oa MOXKET
MTOBBICUTh Ka4eCTBO ITOMCKAa TEKCTOBON MH(OPMAIUHN Ha
(dhopyme B cpaBHEHUH C TPAAUIIMOHHBIMU METOJAMH

Kpome Ttoro, mel Hazeemcsi, 4YTO NPEAJIOKECHHBIN
HaMU TIOJXO K MpeAcTaBlIeHnIo ¢popyma B BUae Habopa
MOATEM, KaK CBA3aHHBIX AUCKYCCHH ITOMOXKET YBEIHIUTH
3G PEKTHBHOCTh W JAPYTHX BHIOB CHCTEM 00pabOTKH
nHpopManuu Ha (opyMe, W CIPABHUTHCSA C MPOOIIeMO
HHPOPMAIMOHHON TIEpETPY3KH.
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NuTennexkryajabHas 00padoTKa TEKCTA ¢ MOMOUIbIO
onoamorexu Gensim

A.A. UGatynnux
DakynbTET MaTEeMaTUKH U HHHOPMAITMOHHBIX
TEXHOJIOTHI
Crepauramakckuii ¢punuan bamkupckoro
roCyJapCTBEHHOTO YHUBEPCUTETA
Crepnuramak, Poccust
e-mail: ktd.iamlion12@gmail.com

AHHOTaIII/Iﬂl
OJIHa U3 3ala4 HCKYCCTBCHHOI'O MHTCIIJICKTA —
00paboTKa €CTECTBEHHOI'O sI3bIKa. MaTeMaTHUeCKUe
MOJ€JIM HC MOTYT pa60TaTb C «CBIPBIM» TEKCTOM —
JJIS1 9TOTO CJIOBA JOJI2KHBI 61)ITI:- HpeﬂCTaBHeHLI B BUIC

yucen. Ha  ceromHsiiHui  J€Hb  CyLIECTBYET
MHOXXECTBO  QITOPHTMOB  O0pa0OTKH  TeKCTa.
Hawnbonee momysisspHBIM SIBIISICTCS. HAOOP aJIrOPUTMOB
Word2Vec  —  HWHCTpPyMEHT, pa3paboTaHHEIH

kommaHueir Google W peanmn3oBaHHBIE B BHIC
oubmmorekn Gensim. OH TO3BOISIET OOYYUTH
HEWPOHHYIO CETh TaK, YTOOBI OHA MOTJIA MPEACTABUTH
CIIOBa B BHJE BEKTOPOB, IIPU 3TOM OJM3KHE II0
CMBICITy clloBa OymyT OJNM3KM B TPOCTpPAaHCTBE. B
CTaThbe OINMCAHBl NPUHIUIBI O00pPabOTKH TEKCTa C
nomotplo 6ubnmorekn Gensim Ha s3bike Python u
pUMeEpBI paboThI ¢ 00YICHHBIMU MOJICTISIMH.

1. BBenenue

Python — BEICOKOYPOBHEBBII S3BIK IPOTPAMMHPOBAHHS, C
yno009nTaeMbIM CHUHTaKCHCOM, Ha KOTOPOM
peaTn30BaHO MHOXKECTBO OMOIMOTEK, TpEeTHA3HAYCHHBIX
U1 yAOOHOW pa®OTBHl C aITOPHUTMAMH MAIIHHHOTO
oOyuenns. OJHa W3 TaKuX OWONHMOTEK HAa3BIBACTCS
Gensim, KOoTopasi TO3BOJISACT «0e3 JIMIIHUX BHKCHUI»
MTOCTPOUTH CEMaHTHUYECKUe MOJIeNH CaMBIMHU
3(G(QEKTUBHBIMU ~ AJITOPUTMAaMH. ABTOpaMHM JIaHHOTO
npoekra sBisitorcsi Pagum  Pexepnm  (opur. Radim
Rehtfek) u Iletp Comka (opur. Petr Sojka).
IMosBuBmMCH Ha cBeT B 2008 roay B Bue KOJUIEKIWU
ckpuntoB  Python  gms  Yemickoil  3neKTpoHHOU
MareMaTudeckoil OuoOaumorexu, GeNnsim, mo MHEHUIO
aBTopa, SBISACTCS HA CETONHSIIHWA JEHb CaMOWM
CKPEIKOW», dPPEKTUBHON W JIETKOH B HCIIOJNBE30BAHUH
OMOJIMOTEKON ANl peanu3alii  HEKOHTPOJUPYEMBIX
CEMaHTHUYECKUX MOJIeNel 3 00BIYHOrO TeKcTa [1].

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManMoOHHbIE TEXHOJOTMH MHTEVIEKTYAJbHOM
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

A.P. Hadukosa
dakynbTeT MAaTEeMaTUKH U HHPOPMAITMOHHBIX
TEXHOJIOTHI
Crepauramakckuii ¢punman bamkupckoro
roCyJapCTBEHHOI0 YHUBEPCUTETA
Crepnuramak, Poccus
e-mail: albinabikbaeva@gmail.com

WHctpyMeHT nproOpen MIHPOKYIO MOMYJISPHOCTh CPEIn
coo0IiecTBa, HampuMep Ha HHTepHeT-mUomanke Kaggle
(https://www.kaggle.com), riae npoBOASTCS KOHKYPCHI IO
MAaIIMHHOMY 00YYEHHIO, U COJIEPIKATCS CTaThH MO padboTe
¢ oubmoTeKoit [2].

Gensim CO3IaH IUTS 00paboTku CBIPOTO,
HECTPYKTYPUPOBAHHOTO  TEKCTa, WM  «OOBIYHOTO
Tekcta». AnroputMbl B Gensim, Takue kak JlareHTHO-

CeMaHTHYeCKUM  aHanu3, JlareHTHOe  pa3sMeleHue
Hupuxne wu ChoyyaiiHple TPOEKIIMHU  PaCKPBIBAIOT
CEMaHTHYECKYIO CTPYKTYpY JIOKYMEHTa IIyTEM

CTATHCTUYECKOIO HM3Y4YCHHsS COBIAJCHUI Ha 00pasnax
CIIOB B CBOJE Y4YeOHBIX NOKYMEHTOB (Kopmycax). OTH
QITOPUTMBI ~ HEKOHTPOJHPYEMBI,  YTO  O3HAYaceT
YeJIOBEYECKOE «HEBMENIATEIbCTBO». JlaHHOE CBOICTBO
SBISCTCS OYECHb BAXHBIM NP paboTe ¢ KOpIycaMH
TexcToB [3].

bubnuoteka HCIOJB3YET TpU OCHOBHBIX TIOHATHA:
KOpIlyc, BEKTOp W Mozenb. Koprmyca — IDOKyMEHTH,
MIPEJCTaBICHHBIE HAa E€CTECTBEHHOM S3bIKE, MX MOXHO
HaiiTu Ha calite HauuoHambHOrO KOpIyca pyCCKOIO
s3bIka [4]. BexTop — B peaqbHOM BHIE TO XK€, YTO H
MaTpuIla, 1 obnagaeT TeMu ke cBoiictBamu. Monens —
00BEKT KJlacca, B PEAIbHOM BHAE CIIOBApbh, COCTOSIINI
U3 KOpTEXEW BHJA «CIOBO». «BEKTOp» [mpuM. s
anroput™ma Word2Vec].

2. YcTaHOBKA M MOJATOTOBKA K padoTe

Tak kak Gensim — OubmHoTeKa /s s1361ka Python, To ee
YCTaHOBKAa MPOM3BOJUTCS C IMOMOINBI0 KOMAaHIB pPip
install - - upgrade gensim. I paGoTH ¢
6mbmmorekoii Gensim Taxke TpeOyeTcs YCTaHOBHUTH
NumPy u SciPy — 6ubmmorexu s3pika Python, koTopsie
0OBIYHO YCTAHABJIMBAIOTCS BMECTE C HHTEPIPETATOPOM
S3bIKa, BCE 3aBUCUT OT JUCTpHOBIOTOpa. Takxke
UCTIONB3YIOTCs OubmmoTexu logging u bz2.

[epen HavasoM HEOOXOIMMO BBECTH KOMAH/Y:
import gensim

ITocie wero, MokeT OBITH ocyliecTBIeHa paboTa C
OHOIHOTEKOI.
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PaccmoTpuM mpuMeps! paboTHI C aITOPUTMaMH.
3. Ilpumepbl paGoThI ¢ AJITOPUTMAMHU

3.1. Word2Vec

Word2Vec (cokp. W2V) — rpymma He#poceTeBbIX
MOJIeNIeH IS CO3J]aHusI BEKTOPHOTO MPEICTABICHHS CIIOB
[5]. Beut paspaboran komanzoi kommanuu Google,
Bo3rnaBisgeMoi ToMacoM MHUKOJIOBBIM.

B ocHoBe anropuTMa JIEKHT IBYXCIOitHas HEHpOHHas
ceth, oOydaeMas CKOHCTPYHPOBATh JIMHIBUCTHYECKOE
3HaYCHUE CJIOB, MPOIIE TOBOPS — CMBICIOBOE 3HAUYCHUE.
Ha Bxox mopnarorcs OoibliMe KOpIyca TEKCTOB, H
CO3/1aeTCsI BEKTOPHOE IPOCTPAHCTBO, OOBIYHO OOJIBIION
Pa3MEepHOCTH, MPUYEM KaXXIOMY YHUKAaJIbHOMY CIIOBY B
KOpITyce IPUCBAHBACTCSl COOTBETCTBYIOIIMI BEKTOp B
NPOCTpaHCTBE.  BeKTophI-CllOBa  PACHONIOKEHBI B
BEKTOPHOM TIPOCTPAHCTBE TaKMM 00pa3oM, 4TO CIIOBa,
KOTOpBIE HMMEIOT OOIMe KOHTEKCTI B  KOpIIyce,
pAacIoI0oKEHbl B HEMOCPEICTBEHHOW OJIM30CTH JPYr OT
npyra B mpoctpaHcTBe. Word2Vec wumeer OoJbliue

MPEUMYIIECTBA nepen JPYTUMHA MOJ00HBIMHU
AITOPUTMAMHM, HAlpuUMep, JAaTEeHTHO-CEMaHTHYECKHI
anamus [5].

OcHOBHast muaes anroputMa Oa3upyeTcss Ha CTapoM
m3peueHnn JxoHa Pymepra «cimoBa CO  CXOXKHMH
3HAYCHUSAMH Pa3JeNOT CXOXHH KOHTeKcT». OmHaKo,
ecan A0 mosineHuss W2V ceMaHTHYECKHME MOJENTH
CTPOUIIUCH HyTéM COCTaBJICHUSA MaTpullbl, 3HAYCHUAMU
JJIEMEHTOB KOTOPOW SIBIISUIMCH KOJMYECTBA COCEIHUX
cloB, mocie 4ero mpumensiiu SVD-pasznoxenue, To B
W2V wucnonsdyercss uHOW mnoxaxon. Kaxaomy cioBy
QNrOpUTM  MpEICKa3blBaeT  CJIOBa, KOTOpBIE  €ro
OKpYXaroT, 100 HAo0OpPOT, TO €CTh YTaJbIBacTCA
LEHTPAIFHOE CIIOBO, HCXOMS U3 KOHTEKCTA.

[Tpumep pabOTHI anropuT™Ma NpeACTaBIeH Ha puc. 1.

NN

The quick brown fox Jumps over the lazy dog
NP ACRAILBANTIN IPDCACKEIMBAOTON
MDMTORL THME CHOR KOMTRAL T CAORS

The quick brown fox Jumps over the lazy dog

NPEaceAsaeTCr
UENTDAARHOS CNOA0

Puc. 1. Cxema padorsl asropurma W2V

®dopmanm3oBaHHas 3a1a4a GOPMYIHPYETCs CIIEITYIONINM
oOpazoM: MO Kopmycy JOKyMeHTOB T Heobxoanmo
MIOCTPOUTH BEKTOPA CJIOB IS clIoBapsi V TakuM o0pa3om,
9TOOBI MaKCHMH3HPOBATH BEPOSITHOCTH «IOSBICHUS Ha

ceT» Kopryca T. JIpyrumu cioBamu:
0’ =arg maxy P(T, 6) 1)

0'- P(T,0)-

BEPOSATHOCTH MOsIBIICHHUA Kopiryca T mpu BekTopax 6 .

rae KOOpAWHATBI  BEKTOPOB  CJIOB,

UT0oOB! HATPEHUPOBATH MOJIETh HAa 00yJaroIIeM KopITyce,
TpebyeTcsi BCero IHIb 33aTh KOHCTPYKTOP Kiacca,
MOCJIE Yero MPOU3BECTH 00yUeHue:

model Word2Vec (sentences, size=100,
window=5, min count=5, workers=4), rae
mapameTp sentences — KOpPHYC TEKCTOB, size —
KOJIMYECTBO  CJOEB  HEMPOHHOM  ceTH, KOTOpOE
COOTBETCTBYET «CTETEHSIM» CBOOOJBI, MO YMOTYAHUIO
3HaueHue paBHO 100. bonbumiee 3HaueHue pasmepa
TpeOyeT OONBIIOrO KOpImyca TEKCTOB, HO MOXET
HNOBIUATh HAa TOYHOCTH Mozenu. Ilapamerp window
OompeZieTsieT IMHWPHHY OKHA, aHaJOTMYHO Merony k
Oommkaiimmx coceneit. Ha puc. | mmpuHa okHa paBHa 2,
TO €CTh LICHTPAIBHOE CI0BO fOX M €ro «coceam» - cieBa
quick brown u cmpaBa jumps over. Min count -
rapaMeTp, KOTOPBIil HTHOPUPYET CJIOBO, €CIIH €ro olIee
MOSIBJICHHE B JIOKyMEHTaX MEHBIIE 33JaHHOTO 3HAYCHHS.
Pexomennmyercs, d9TOOBI BCE CJOBa BCTPEUAINCH B
kopmyce xoTsi Obl 10 pa3, HWCKIIOYEHHE COCTaBIISIOT
TOJIBKO CTOII-CJIOBA, TO €CTh TE CIIOBA, KOTOPHIE HE HECYT

HUKAaKOH CMBICIIOBOH HarpysKH, HanpuMep,
MECTOMMEHHUS.

Cnenyromuii mapameTp workers  oOTBe4aeT 3a
pacnapajulelMBaHAe  BBIYMCICHWH OIS YBEJIHUUCHHSA

CKOpPOCTH TpH 00yueHuHn wmozeieid. [lo ymordaHuro
YCTaHOBIICHO 3HA4YCHHE, paBHOE |, KOTOpOe O3Ha4aerT,
YTO pacmapaiefuBaHie He OyaeT mpoussBeneHo. Jis
NapajuleNIbHBIX BBIYMCICHHH TpeOyeTcs, 4ToObl ObLI
ycranoBien Cython — Ge3 HEro MCIOJIb30BaHUE PYTUX
sep Oy/leT HEBO3MOXKHO H3-3a INIOOATBHOM OJIOKHPOBKH
untepnperaropa B Python [6]. Tlomnbli crucok
rapaMeTpoB MOXKHO MPOYHMTaTh HAa OQHULMAILHOM caiiTe
6ubmuorekw, B pazaene Tutorial [7].

CoxpaHeHWe ®  3arpy3ka  OOYYEHHOH  MOJIENIH
OCYILECTBIISIIOTCS c IIOMOIIIb METOJI0B
save (<uma_danna>) u load (<umsa_danna>) .
ITpumep:

model.save (fname)

model = Word2Vec.load (fname)

#fname — nepemenHas c uMeHeM ¢aiina

Kak rosopunocy panee, momens W2V — cnoBaps,
3JIEMEHTaMH  KOTOPOIO  SBJISIOTCS  KOPTEXH  BHIA
<KJIOY> :<3HaUeHMue>, TrIe <KJOY> - CJOBO,

<3HauyeHye> - BeKTop oubnuorexu NumPy, To e, 4To
W BemlecTBeHHas Marpuma. [lostomy mist paboTel ¢
MOJIeNBI0  TMOTpedyeTcs  3HAYUTENbHOE  KOJIHUYECTBO
MaMITH.

OICHKY MOJEIM MOXHO MPOHM3BECTH C IOMOIIBIO
ucIbITaTeNbHOTO Habopa ot (Google, Toe coaepKuTcs
okosio 20000 CHHTaKCHYECKHX M CEMAHTHYECKUX
TEKCTOBBIX IPUMEPOB, COOTBETCTBYIONIMX 3aJaue «A
otHOocuTcs K B, xak C k D»[8].

Merox most similar mo3BosfeT Haiitu Hamboiee
MOXOKME IO CMBICIY CJIOBA, IIPU 3TOM B KauecTBE
MapaMeTpOB MOKHO IE€pPelaTh CIHCOK IOJOXKHUTEIBHBIX
CJIOB, BEKTOpPA KOTOPBIX OyAyT CyMMHPOBATBCS, U TaKOH
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K€ CITUCOK OTPHUIATENBHBIX CJIOB, CyMMa KOTOPBIX OyneT
BbIUTEHA U3 TMepBod. Ha mpakTuke 53TO MOXKHO
MPEACTaBUTh B BHUJAC BBIPOKCHHUS: <(OKSHIIMHA» +
«KOpONB» - «MyxkdnHay. CuuTaercs, 4To B HIcajle y
MOTOOHOTO BBIPAKEHUSI OTBETOM JOJDKHO OBITH CIIOBO
«KOPOJIEBay, HE3aBUCHMO OT S3BIKA.

CymectByer mnpoekT RusVectores [9] oT kommanuu
Mail.ru, rae ecth BO3MOXHOCTH OMPOOOBATH OOYUCHHBIE
MOJEIH JJis pycckoro sizbika. [IpeacraBneHHbIe Ha caiiTe
MoJienu ObUTA 00YYCHBI Ha Pa3HBIX TEKCTOBBIX KOPITyCax,
IpU 3TOM BCE CJOBa OBUTM IMOMEYCHBI HAYaTbHBIMH
yacTsiMi peud. llpuMep mpoekTa ¢ HUCHOJIb30BAHUEM
Mozaenu oT RusVectores MOXXHO MOCMOTPETh B CTaThe
«ITMPOKKH B TUCTPHOYTHBHOM cemanTHke» [10].

3.2. Doc2Vec

[Ipensinymas Monens  IMMO3BOJISIET  BEKTOPHU30BATH
OTIENFHBIC CJIOBa B MPOCTPAHCTBE, HO IS PaOOTHI C
IOKYMEHTaMH TpeOYIOTCS JT00aBOYHBIC aJTOPUTMEL.
[Ipennoxennas TomacoM MukonoBbM Mozens Doc2Vec
MMO3BOJISICT PaboOTaTh HE C OJHHUM CJIOBOM, a C IICJIBIM
TEKCTOBBIM JIOKYMEHTOM.

Doc2Vec (takxke wu3BecTHbBI Kak Paragraph2Vec)
n3Mmensier anroput™M Word2Vec Ha HEKOHTpOJIMpyeMoe
M3YYCHHE HEMPEPBIBHBIX MPECTABICHUN I OOJBIINX
OJIOKOB TEKCTa, TaKUX KakK IMPEUIOKEeHUs, maparpadpl
WK LIeJbIE IOKYMEHTBI.

Iockonbky knacc Doc2Vec pacmupsieT HCXOIHBIN Kilacce
Word2Vec, MHOrue maOgoOHBI HCIIOIB30BAHHUS CXOXKH.
MOXXHO JIETKO HACTPOMTH pa3Mep IPEICTaBICHHS,
pa3Mep CKOJB3SIIEro OKHA, 3HaUeHHe mapamerpa workers
WIM 3Ha4deHHe Io00ro Apyroro mapamerpa, KOTOpPOE
MOXXHO HW3MEHUTh C nomoublo Mmozaenn Word2Vec.
EAVHCTBEHHBIM HCKJIIOUYEHHEM K3 OSTOr0 IpaBmia
SBIIOTCSL  MApaMeTpsl, OTHOCSIIHMEeCS K  METOIy
0o0yueHHs, HCIOIB3yeMOro MoJenbio. B apxuTexType
Word2Vec umerotcs 1Ba aaroputMa - «HEMpPepbIBHBIH
MemIok cioBy» (cbow) u «skip-gramy (Sg). B apxurekrype
Doc2Vec COOTBETCTBYIOIIMMH aJTOPUTMaMHM SIBIISIOTCS
«pactipeneneHHass mamaTb» (dm) M «pacmpeneneHHbIH

Maker CIIOB» (dbow). Iockoapky MOJIEITh
pachpesie/ieHHO# mamsiTh B JOKyMEHTE 3aMETHO
yIIydIuiaachk, 9TOT  alrOPUTM  HCIOJNB3YETCS IO

yMomuaHuro npu 3amycke Doc2Vec [11].

Bxonanbie nanHble B Doc2Vec co3aroTcss ¢ MOMOIIBIO
uteparopa o0BekTOB LabeledSentence. Kaxapiid
TaKO# 0OBEKT MPEICTABIET COO0I OHO MPEIOKEHUE H
COCTOHMT M3 JBYX MPOCTHIX CIIUCKOB: CIUCKA CIIOB H
CITHCKA METOK.

Hampumep:

sentence =

LabeledSentence (words=[u'some',
u'words', u'here'],
labels=[u'SENT 1'])

3arem AJIrOpUTM IpoxXoauT quepes UTepaTop
HpeﬂHO)KeHI/Iﬁ JABAX/Ibl: OAWH pa3 I CO3J1aHus CJI0Baps

d  OOWH pa3 uIg OOydeHHWs MOICIH, HIyUCHHS
BEKTOPHOTO MPEACTABICHUS U Ka)KIOTO CJIOBAa M UL
KOKI0W MeTKkH B Habope maHHbIX. Doc2Vec wusydaer
MPE/ICTABICHUS JUISl CJIOB M METOK OJTHOBPEMEHHO.

B Tekymel peanuzanuu Bce BEKTOPHl METOK XPaHATCS
ormensHO B O3Y. B cimydyae ¢ yHHKanbHOW METKOM st
Ka&)XJOro TPEIIOKEHHUs 3TO IPUBOJAUT K JIMHEHHOMY
POCTY MCIIONIb30BaHMS MAMSTH C Pa3MEpOM KOpITyca, 4To
MOXeT OBITh NMPOOJIEMOi, B 3aBUCHUMOCTH OT pa3Mepa
KopIyca u o0beMa JOCTYITHOW MaMsTH Ha KOMIbIOTEpE.
Hanpumep, MOXHO yCHENTHO 3aIlyCTUTh HaJl KOJUICKIHEH
n3 Oosiee 4eM 2 MHJUIMOHOB NPEIJIOKEHHH 0e3 KaKhx-
mbo mpobmem. OmHAKO, €CIHM TOMBITATHECS 3aITyCTUTH
ero Ha JaHHBIX Ooibie B 20 pa3, HA KOMIIBIOTEPE MOXKET
3aKOHYHNTHCS 03y, MOCKOJNBKY  UIA KaXKJI0TO
MPEATI0KEHNS Hy>KHO OyZIeT CO3/1aTh HOBBII BEKTOD.

Hcnone3oBanme i Doc2Vec Takoe ke, Kak IS
Word2Vec. MoxHO coxpaHsth U 3arpyxkarb Gensim
sk3eMmApel  Doc2Vec  oObMHBIMH  crocoOamu:
HarpsMyio ¢ (aimom ¢opmara .pkl u3 Python wumm ¢
HCTIOJIb30BaHUEM ONTUMHU3UPOBAHHBIX METOZOB
Doc2Vec.save () uDoc2Vec.load ():

model = Doc2Vec (sentences)

# store the model to mmap-able files
model.save ('/tmp/my model.doc2vec')

# load the model back

#model loaded =
Doc2Vec.load('/tmp/my model.doc2vec')

Bcnomorarensanie GbyHKIIH, TaKue KaK
model.most similar(),
model.doesnt match (),
model.similarity () TaKxKe CYILLIECTBYIOT.

BekTopbl MCXOIHBIX CIOB M METOK TaKXe JOCTYIHbI
HHIUBUIYalbHO 4epe3 model ['word'], uiam Bce
cpa3y uepe3z model.synO.

['maBHOE, METKM JEHCTBYIOT TaK ke, Kak ClioBa B
Doc2Vec. Takum 00pazoM, 4TOOBI MOJIYYHUTh Camble

noxoXxue cinoBa /|  TPEAIOKEHHST K  MEPBOMY
IIPEIIIOKEHUI0 (mammpumep, SENT_0), HYKHO
MPOTNCATH:

print (model.most similar (&quot;SENT 0O&
quot;))

3.3. Cymmapu3anus TeKcTa

ABTOMaTHYECKOE CYMMHPOBaHME — 3TO TIPOIECC
COKpAIlleHUs] TEKCTOBOI'O JOKYMEHTa C MOMOILBIO
KOMITBIOTEPHOH IIPOrpaMMBbl, YTOOBI CO3/aTh CBOJKY, B
KOTOpOH  COXpaHSIOTCS Hambojiee BaKHbIE TOUYKH
UCXOJHOTO JOKYMEHTa. TEeXHOJOTHH, KOTOpbIE MOTYT
COCTaBJIATh COIVIACOBAHHOE PE3IOME, YUHUTBHIBAIOT TaKHe
NepeMeHHbIe, KaK JUTMHA, CTHIIb TICbMa U CHHTAKCHC.

ABTOMaTHYECKasi CyMMapHu3alysl JaHHBIX SBISETCS
9acThI0 MAIIMHHOTO OOY4YeHHWS W WHTEIUIEKTYyalbHOTO
aHanmm3a AaHHBIX. OCHOBHAsE wWaesl CyMMapu3alul —
HalTH pENpe3cHTATUBHOE IIOJMHOYKECTBO  JIaHHBIX,
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KOTOpOE COIEPKUT HWHPOpMaIuio Bcero Habopa.
TexHOMOTHH CYMMHPOBaHHSI HCIOIB3YIOTCS BO MHOTHX
oTpacisix mpoMbinuieHHOCTH. [IpuMepom ncnonb3oBaHus
TEXHOJIOTUH YIUIOTHEHUSI MOTYT CIIYy>KHUThb ITIOMCKOBBIE
cucreMs, Takue Kak Google. [lpyrme mnpumeps
BKITIOYAIOT 0000OLICHNE JOKYMEHTOB, CBOAKY KOJUICKIINU
n3obpaxennii u Buaeo. Cymmapuzanus IOKyMEHTa
IIBITAETCS aBTOMAaTHUUECKH CO3JIaTh pPENpEe3CHTaTHBHOE
pe3roMe WK pe3toMe BCero JOKyMeHTa, Haiiisg Hanbosee
nH}opMaTuBHEBIE TPE/TI0KEHHS. AHaNOrn4HBIM
o0pa3oM, TpH CYMMHpPOBaHMH H300pakeHHH CHCTEMa
HaXOJHUT HamboJiee MPEACTaBUTENILHBIE W BaKHbIE (MU
CyImlecTBeHHBIE) W300pakeHHs. TOYHO Takke B
BHICOPOJINKAX MOTPEOUTENeH XOTEIOCh OBl YHAIHThH
CKyYHbIC WJIM TOBTOPSIOIINECS CLEHBI U N3BJIEYb M3 HUX
ropaszo 6ojee KOPOTKYIO U KPaTKyIO BEPCHIO BHIEO. ITO
TaKKe BaXHO U JUIA BUACOHAOIIONCHUS, IZE€ MOXKHO
3aX0TE€Th W3BIEYb TOJBKO BAXKHBIE COOBITHS B
3allMCaHHOM BHJACO, TaK KakK OojblIasg 4YacThb BHUIICO
MOXET 6I)ITI) HeHHTepeCHOﬁ, U HUYCTO HC MNPOUCXOIUT.
I[lo wmepe pocra mpoOieMbl  HUHPOPMAUOHHOU
MEPerpy3Kd W 10 Mepe YBEIUYCHUS O0beMa JaHHBIX
MHTEpEC K aBTOMAaTHUECKOM CBOJAKE TaK)ke BO3pacTaer.
Kax  mpaBmmo, cymecTtByer JBa  moaxoga K
aBTOMAaTHUECKOMY  OOOONICHMIO:  W3BJIICYEHHE U
abcTpakimsa. MeToasl M3BIECYEHUsI PabOTaIOT, BBIOMpas
MOJIMHOXECTBO ~ CYIIECTBYIOIIMX  CJIOB, (pa3 wm
MIPEATIOKEHNH B HCXOTHOM TEKCTe Ul (hOPMHPOBAHUS
cBoaku. Hampotus, aOCTpakTHBIE METOABI CO3AIOT
BHYTPEHHEE CEMaHTHYeCKO€ IpEJCTaBICHHE, a 3aTeM
HUCHOJIB3YIOT TCXHOJIOTUU TCEHEpAlUU €CTCCTBCHHOI'O
sA3bIKa IJIs1 CO3JIaHus CBOAKHU, KOTOpast 6J'II/I)Ke K TOMY, 4TO
MOXET CO3JaTh 4YelIOBEK. Takoe pe3loMe MOXKET
coJiepKaTh CJIOBa, SIBHO HE yKa3aHHbIE B OpHUTHHAJE.
UccnenoBanne abCTpakTHBIX METOJIOB SIBISIETCSI BCE
Ooyiee BaXHOM M aKTMBHOW OO0JACTHIO HCCJIEIOBAHUM,
OJTHAKO W3-3a CJIOXKHOCTH OTPaHWYEHHH, MCCIICAOBAHUS
JIO HAaCTOSIIIEr0 BPEMEHH OBUIN COCPEIOTOYEHBI TTIaBHBIM
oOpazoM Ha JOOBIBAIOIIMX MeToMaXx. B HekoTophIx
JIOMCHaX TIPWIOKEHWH OoJjiee  CIOXXKHOW  sIBISICTCS
cyMMapH3anusl.

CymmMmapusanust B Gensim OcCHOBaHa Ha IOMYJISIPHOM
anroput™e «TextRank», 1 HenaBHO ObLIa mpejacTaBiIeHa
NpeCTaBUTEISIMU WHKEHEPHOTO ¢axynbrera
yHHuBepcureTa B bysnoc-Aiipece.

Monynb Gensim.Summarization aBTOMATHUYECKH
CyMMHpPYET JaHHbBI TEeKCT, W3BJeKas OJHO WU
HECKOJIbKO  Ba)KHBIX  IPEMJIOKEHHH U3  TEKCTa.
AHAJOTUYHBEIM 00pa3oM OH MOXKET TaKKe W3BICKATh
KITFOYEBEIC CIIOBA.

PaccMoTpuM Hcnonb30BaHHEe MOIYJS CyMMapu3alud Ha
HEOOJIBIIOM TMpHUMepe. DTOT CYMMapH3aTop OCHOBaH Ha
anroputme «TextRank», npencraBienHom B ctathe Pana
Muxamnues. AnroputMm OBIIT BITOCJIEICTBUU
ycoBepmieHcTBoBaH Denepuko bappuocom B crathe
«Bapuwanmn  ¢yHknmun  momobms  TextRank s
aBTOMAaTHYECKOro  cymMmupoBanusi»  [12],  BBeas
«perTuHTOBYIO (hyHKIIHIO BM25%.

[Mpumedanue: cymmapuszarus Gensim Tmoka paboraer
TOJIBKO C QHTJIOSI3BIYHBIM TeKCTOM [13].

OcHoBHy0 Hneto anropurma TextRank mMoxxHO omucarts
B Tpu miara [14]:

1. moctpoenme Trpada Ha  OCHOBE TEKCTa Ha
€CTECTBEHHOM SI3BIKE;

2. mpubnmxenHoe Beruncnenue PageRank [15] mns
MOCTPOEHHOTO Tpada;

3. IpUMEHEHHE MOJYYEHHBIX BECOB [UIS H3BJICYCHUS
CBEJICHUH U3 TEKCTA.

Jns  Havasa  HY)XHO  HMIIOPTHPOBaTh  (DYHKIHIO

CyMMapH3alyH.

[Tompobyem cymmapmusupoBats HebOonbmmoil Tekcr. Ha
CaMOM JIeJI€ TEKCT CIIMIIKOM MaJl, HO €r0 JOCTaTOYHO JJIS
WIDTIoCTpayy. VICXOIHbIH TEKCT MpeacTaBlIeH Ha pHC. 2.

Neo Tind ell targeted by

Puc. 2. UcX0oaHBIH TEKCT

s cymMMapu3aiiy 3Toro TeKcTa Heo0X0oIuMo IepenaThb
HeoOpaboTaHHBIE CTPOKH (YHKIHH CyMMapHu3anumd. B
pe3ysibTaTe MBI NOJYYHM C)KAaTyl0 BEPCHIO, B KOTOPOH
Oyzmer oroOpaxxeHa CyTh BXOJHOIO TeKCTa. B Hamem
IpUMepe BBIXOJAHBIMH JaHHBIMH Oyrmer 2 u 3
NPe/II0KEHHS.

MOXHO HACTPOUTh IapaMeTpPbl BBIXOJHOTO TEKCTA,
HCTIONB3YS TMapaMeTpsl PYHKIUN CyMMapHu3aluu ratio
mwm word count. HMcnons3ys mapamerp ratio, Ml
yKa3blBa€M, Kakas 4YacTb MNPEIJIOKEHUH B HCXOAHOM
TEKCTe JOJDKHa OBITH BO3BpalleHa B  KAadecTBE
pesynbrara. Huke Mbl yKa3bplBaeM, 4YTO XOTHM HOJYyYUTh
50% ucxomgHOTO TeKcTa (110 yMordanuto 20%):

summarize (text,ratio=0.5)

Hcnone3ys mapamerp word count, MBI yKa3bIBaeM
MaKCHUMaJbHOE KOJMYECTBO CJIOB, KOTOPHIE XOTUM HAWUTH
B BBIXOJHBIX JaHHBIX. Huke MBI ykazajau, 9TO XOTHUM
HaiTh He Ooiee 50 cioB.

summarize (text, word count=50)

Kax ynomunanoch paHee, MOAyJIb CyMMapHU3alMK TaKkKe
HOAJEPKUBACT U3BJICUCHUE KJIFOUEBBIX CJIOB.
HM3BredeHne KIIOUEBOrO CJOBa paboOTaeT Tak e, Kak
cymmapuzauust  (TO  €CThb  M3BJICUYEHHME  TJIABHBIX
MPEJIOKEHHH), MOCKOIbKY alIrOPUTM MBITAETCA HaTh
CJI0Ba, KOTOpBIE BAYKHBI WU KaxyTcst
pEenpe3eHTaTUBHBIMU Ul BCETO TEKCTa. DTH KIIHOYEBHIE
CJI0Ba HE BCEr/a SBISIIOTCS OTACIBHBIMM CllOoBaMu. B
Clydae MHOTOCJIOBHBIX KIIIOUEBBIX CJIOB OHH, Kak
[IPaBWJIO, BCE CYIECTBUTENbHBIC. J{JIs BEIBOJIA KIIOYEBBIX
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CIIOB HAa J3KpaH
keywords (text).

TpeOyeTcsi  BBI3BATh  (PYHKITHIO

4, 3akiroueHue

Takum o6pa3om, B 1aHHOU paborTe:

® ONHCaHbl MPUHIUIBI UHTCIUICKTYAIBHOW 00paboTKU
TEKCTa € NOMOLILI OuOmuorekn Gensim Ha SA3BIKE
Python;

® IIPEICTABICHBI IPIMEPHI padOTHI C aJTOPUTMAaMHU.
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AHHOTaumll

B naHHOW cTaTbe paccMaTpUBAIOTCS BOIPOCHL
JIOATBHOCTH KJIMCHTOB M CEMAaHTHYECKOTO aHalu3a
X OT3BIBOB B OaHKOBCKOW cdepe. B Hacrosmee
BpeMsi  OHM3HECY  HEDOCTaTOYHO  OKa3bIBaTh
YIOBJIETBOPUTENBHBIE ~ YCIYTH:  HKOHOMHYECKH
BBITOZHO  ()OPMHPOBATh  JIOSIIBHOCT  CBOHMX
notpedurenei. I[Ipemmaraemerii crmoco0 pemeHHs
poOIIeMbI yIpaBJICHUS JIOATBHOCTBIO
CEMAaHTHYECKUH  aHaIW3  OT3BIBOB  KJIMEHTOB
HECKOJBKUX POCCHHMCKHX OaHKOB, Ha OCHOBE
KOTOPOTO BBEIpabaTBHIBAIOTCS PEKOMEHJAIMU 10
YIPaBJICHUIO JIOSIIBHOCTBIO KIIMEHTOB.

1. BBenenue

OmHMM W3 OCHOBHBIX  CTEHKXONJEPOB  KOMIAHUH
SIBJISICTCSI KJIMEHT, IUIS KOTOPOTO CO3[aeTcsi 100aBoYHas
croumoctb. [10 CTaTHCTHKE 3aTparThl Ha MPHBICYCHHE
HOBOTO KJIHMEHTa OOXOISITCS B 5 pa3 BBIIC 3aTpar II0
YIOEPXKAHUIO  CYLIECTBYIOIIEr0, a TaKkkKe HMEHHO
HOCTOSIHHBIE KJIMEHTBI MPUHOCSIT KOMIAHHH OOJIBIIYIO
gacth npubbutn. Takum  00pa3oM, HKOHOMHYECKH
BBITOTHO (bopmupoBatsb JIOSUTHHOCTD CBOHX
notpebuteneii. M3ydeHWro  BOMPOCOB  JIOSUIBHOCTH
KJIMEHTOB TOCBSIIEHO MHOrO Jsureparypsr [1-10].
V3HATh CTENEeHb MPUBEPKEHHOCTH KIHEHTOB KOMITAHUH
MO3BOJISFOT UX OT3bIBBL

OT3BIBBI U OOCYXIEHHS  KJIHMEHTOB  Pa3lUYHBIX
opraHuzanuii B cetn VIHTepHET cTaHOBSITCS Bce Oolee
LEHHBIM MH(POPMAIIMOHHBIM HCTOYHUKOM JIJIsI KOMITAaHHH.
MsueHnne kiaueHTOB B MHTepHere mpencraBisieT coOol
OONBIION  MAaccHB  HECTPYKTYPHPOBAHHBIX JIAHHBIX,
KOTOpBIE MOTYT OBITh MCHOJIB30BAaHBI ISl ONPEICIICHHS
KJIMEHTCKOH JosibHOCTH. CeMmaHTHueckuil aHanmn3 [12—
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14] no3BossieT 006pabOTaTh TEKCT OT3BIBOB M MOIYyYHUTH
LCHHYI0 HH)OPMALIUIO U3 CHIPHIX JaHHBIX.

JlaHHasi CTaThsl INOCBAIIEHA CEMAHTHYECKOMY AaHAIU3Y
OT3BIBOB KJIMEHTOB C IIEJIbI0 BBIPAOOTKH OOOCHOBaHHBIX
PEKOMEHJAIUH 10 YIPABICHUIO JIOSIBHOCTBIO.

2. AHaJIU3 BONPOCOB MOBBIIIEHUS
JIOSUIbHOCTH KJIMEHTOB

I[J'IH TOTO, 4TOOBI TOBOpUTL O TOM, KaK KOMIIAHUH
CJICAYCT BSaHMOI[efICTBOBaTL C KIHWCHTaMH, YTOOBI
CO3aaTb M3 HHUX JOAJIBHBIX HOTpe6PITeJ'IeI>i, CJICAYyCT
OCTAHOBHUTHLCA HA TOM, UTO KC TAaKOC JIOAJIbHOCTh U KaKHC
Y 3TOI'0 MOHATHSA T'PaHULIBIL.

Ilon JIOSUIBHOCTBEO notpeduTenei MOHUMAIOT
MPUBEPKEHHOCTh  KJIMEHTOB  KaKOMY-JIHOO  OpeHmy,
KOMIIAHUU. OTO TO3BOJSET TOTPEOUTENSIM CHHU3UTH
PHUCKH [0 TaKUM MapaMeTpaM, Kak (hyHKIHOHAILHOCTb,
0e30MacHOCTh, TICHXOJOTHYCCKHA W (DUHAHCOBBIN

acrekTsl [2].

OueHb BaXHO TMOHATH IICHXOJOTHYECKHE ACHEKTHI
JOSUTBHOCTH. Beib IMOYTH Bcerna KIMEHTHI CTAHOBSTCS
JOSUTHHBIME  H3-32 OIPEIEICHHBIX MBICICH, HIeH N
accolManui, KOTOphle y HHX  BO3HHKAIOT  OT
NOTPEOICHUsT TPOAYKTa WIIH YCIyrH KoMmaHud. UM ¢
NICHXOJOTHYECKOW  TOYKM  3pEHHS  JIOSUTBHOCTh
XapaKTEepU3yeTCs] SMOIMOHATBHON MPHUBA3aHHOCTHIO U
YOBJIETBOPEHHOCTHIO OpeHoM, panoOHATBHBIM
MOHAMaHWEM KJIHEHTA BBITON OT  HCIOJB30BaHUS
JaHHOrO TPOAYKTa, Oe3pa3inuyuMeM KIHEHTa K OpeHmam
KOHKYpeHTOB [3].

JIOSIIBHOCTE KJIMEHTAa TOBOPHUT O TOM, YTO JUIsS KJIMEHTA
JAHHBIA OpeHJ SBISCTCS YEM-TO OOJBIIUM, 4eM Habop
(hYHKIIMOHATTBHBIX XapaKTEPUCTHK, (dbopmupyercs
sMonuoHanbHast cBs3b  [4].  KiroueBbiM  dakropom
(hopMHUpPOBaHHUS JIOSUTGHOCTH SIBIISICTCS JKHBOE OOIICHHE.
Cormaco JI. Aaxepy cCymecTByeT IISITh OTaloB
(hOpMHUPOBAHHUS JIOSUTEHOCTH:
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Ne | Oran XapakTepucTUKU
1 | Horenumanpueii | Opranuzamnus Jmb0 OpeHa
MOKyTIaTeIb MaJIO3HAKOMBI KIIHEHTY
2 | CoyvaifHbIi Ennanauerii OIIBIT
KITMEHT pUOOpEeTeHNsT ToBapa WA
MOJTYYCHHS YCIIyTH
3 | Kinent Perymsapuo npuodperaeT
TOBapel JHOO  TONB3yeTcs
ycinyramu opranuzanuu. Ho
TaKkKe MOXKeT oOpamaTtbcs B
aHAJIOTMYHBIE KOMIIAaHUU
4 | IocTostHHBIN B  ocHOBHOM  moib3yercs
KIIMEHT ycIyramu JaHHOI
OpraHu3alliy,  HCIBITHIBAET
JoBepHE€ K  OKa3bIBa€MbIM
yciIyram u MHEHHIO
COTPYIHHUKOB
5 | IlpuBepxkenen ITonHOCTBIO JIOSTTbHBIN
KIIHEHT
[Iporpamma  nOsIBHOCTH MPE/ICTABISIET coboit

COBOKYITHOCTb MCpP, KOTOPBIC TIO3BOJIAIOT KOMIIAHHUH
I[O6I/ITLC$I PACIIOJIOKEHUA  CBOUX HOTp€6I/IT€H€I>'I u
NpeAOCTaBJIATE UM Ka4YCCTBCHHBIC YCIYTH.

Co3mannme  yCHEmIHOM ~ OPOrpaMMbI  JIOSUIBHOCTH
HAYMHACTCSA C OMNPEICICHHS HYETKHX IIeNiel, KOTOpbIe
Heobxomumo moctuub. Kypuam Harvard Business
Review BbImensieT OCHOBHBIC IelM, HA JOCTHKCHHUC
KOTOPBIX HAMPABICHBI IPOTPAMMBI JIOSUITBHOCTH [5]:

e ViepxaHHE CBOUX KIHEHTOB. B HEKOTOpPBIX
CIydasX  IpOrpamMMbl  JIOSJIBHOCTH  MOTYT
C03/1aBaTh Gapbepsl, MPEMATCTBYIOIINE
KIIMEHTaM MEePEXOJUTh K APYTUM KOMIIAHUSM.

o Jlomyuenwe Oompmed pomu OropkeTa. ITO
03HAYaeT, YTO MPOTrpaMMa JIOSIBHOCTH MOXET
MPUBECTH K KOHCOJHMIMPOBAHHBIM MOKYIKaM,
4To0Bl KaK MOMHO OOJbIIE MNPOAYKTOB U
CONYTCTBYIOIIUX UM YCIyr TNPHOOpETaIoch
MOKYIATESIMA B KOHKPETHON KOMITAHHH.

e JlomyueHne TOHMMaHHA TOTPEOUTETHCKOTO
MOBEACHUS U NIPEAIIOUYTEHUI KIUEHTOB.

o H06y>1<z[eHHe KIIMCHTOB K JOIIOJHUTCIbHBIM
TIOKYIIKaM.

e [lonnManue TOro, HAacKOJIBKO 3(PQEKTUBHEI
MapKETHHTOBBIE IPOTPAMMBI.

e  ViyudmeHue B3aMMOJEHCTBHA C KIIMEHTAMU, YTO
mo3Boisier chenath cucreMa CRM (Customer
relationship management).

e OO0ecrieueHue
0o0CIy)XMBaHUS IS
KJIUCHTOB.

nudhepeHIMPOBAHHOTO
Hanbojee  JIOSJIbHBIX

e [IpuBredeHue HOBBIX MOTPEOUTETICH.

JIis  TIOBBIIICHHS — MPUBEPIKEHHOCTH
KOMIIAaHUH HEOOXOIHUMO:

noTpeouTenei

e BriOpate Hambonee NOAXONAMHUN  CIIOCOO
YIPaBICHUSI IPEAAHHOCTHIO MTOTPEOUTENEH;

e [IpoBecTr aHANMN3 OTAENBHBIX IPYII KIHEHTOB C
TOYKH 3PEHUS UX NPUBEPKCHHOCTH KOMITaHNH;

e [lpoBecTn aHanu3 MOTHBOB IOTPEOHTEINS, IO
KOTOpBIM OH oOpamaercs K KOMIAaHUH
(YIOBIETBOPEHHOCTh TOBApaMH U YCIyrami,
ynoOHOEe pAacIOJIOKEHHE TOYEeK TNPOJaX |
oducoB, a TaKKe UYEM MOTHBHPOBAHEI
MOBTOPHBIE MTOKYTIKH);

e Ha ocHOBe aHanM3a OIpEICIUTh IIECHBI Ha
MPOIYKIIUIO, Pa3Mepbl CKHIOK U T.[I.;

e  Buenputs cUcTeMy yIpaBJICHUsI
B3aUMOOTHOILCHUSAMH C KIHUCHTAMH, KOTOpas
MO3BOJISIET KOHCOJNUAUPOBATH HHPOPMAIHMIO |
AcJaTh BBIBO/JIbI (6] MIPUBCPIKECHHOCTHU
noTpeOUTeNeH KakoMy-I1b0 OpeHIy.

VYcnemHas — eSATENbHOCTh  KOMIAHMM — 3aBHCHUT  OT
npuMeHseMoil  Ou3Hec-mMomend.  ABTOpaMH — KHUTH
«buzHec-moznenu. 55 nyummx mAGIOHOBY» NPUBOISTCS
55 mabioHOB, HA KOTOPBIX CTPOSIT CBOIO NESTENBHOCTD
Han0oJiee yCIenIHble COBPEMEHHbIC KOMITaHUH [6].

Cpem/I BBIZICJICHHBIX aBTOPAMU 1a0JIOHOB CYLICCTBYIOT
6H3H€C'MO,Z[€J'II/I, B OCHOBC KOTOPBIX JIC)KUT JOSAIBbHOCTDH
KIIMCHTOB K KOMIIaHWH:

e JlosnbHOCTH KJIMEHTOB: CTUMYJIUPOBAHUE
npegaHHocTH. B 3Toll  Moaenu  KIMEHThI
YACPKUBAIOTCA, a JIOSJIBHOCTH YBCIMYUBACTCSA
3a cyeT IIPEIOCTABIICHUS CTOMMOCTH,

MPEBOCXOIAIIICH 0a30BbIC TOBAPHI U YCIYTH.

o HpI/IBSBI)IBaHI/Ie KIIMEHTOB: TMPUHYXJICHUE K
JIOAJIBHOCTHU 3a CYET BBICOKHUX PpacxXxoI0B Ha
CMCHY NOCTaBLIUKA. B ocHoBe »TOro mabiaoHa
JIC)KUT MHCEHHE, YTO YACPKATH HMCHOHINXCI
KIIMCHTOB JACLICBJIC, YCM IIPHBJICYb HOBLIX.

e «bpurBa wu ne3Bue». bazoBelil TpOAYKT
npeaiaraeTcs MO HU3KOW IIeHe WM BooOIIe
OecrulaTHO. A KOMITIEKTYIOIHE/aKCeccyapsl —
10 BBICOKO.

3. UHcTpyMeHTAIbHBIE CPeICTBA OLEHKH
JIOSIJILHOCTH KJIMEHTOB

CYIHCCTByIOT OIPCACIICHHbIC MCTO/JbI, TO3BOJIAIOIINC
OLCHUTH CTCIICHb IMPUBCPIKECHHOCTH KJIMCHTOB K
KOMIIaHHWH.

OmarM U3 cnocoOOB BBISBICHHS 3HAYECHHS (DaKTOPOB,
BIHUAKOIINX Ha JOSJIbHOCTH l'IOTpe6I/ITeJ'IeI\/’I, ABJIIACTCA
pacueT MHIEKCca yIOBICTBOPEHHOCTH moTpeduTens - CSI
(Customer Satisfaction Index) [7]. Kaxmsiit ¢axrop
MMEET CBOW YpPOBEHb VYAOBJIETBOPEHHOCTH MO S5-TH
GaypHOM mIKaie, rae 3HadeHue | o3HavaeT, 9To (akTop
HE B)XEH JJISl KIIMEHTA, 5 — OYeHb BaXKEH.
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dopmyna, 10
clenyromas:

KOTOPOH  pacCUMTHIBAaeTCA HWHIEKC,

CSI = sum Wj (Pij - Eij),

I'me Wj — BecoBoii daxrop arpudyra, Pij - cozmanHOe
BOCTIPHSITHE CTUMYJIA i IO OTHOIIEHHUIO K aTpuOyTy j; Eij
- OXHITaeMbBIl yYpOBeHb IS aTpuUOyTa j, KOTOPBIH
SIBJISIETCSI HOPMaTHBOM CTUMYIIa |.

Yucteiii uaeke nopaepkku NPS mokaspiBaeT pasHHUIY
MEXJy KOJIMYECTBOM JIFOJIEH, FOTOBBIX PACIPOCTPAHSTh
MO3UTHBHBIE OT3BIBBI HA PBIHKE, U KOJIMYECTBOM T€X, KTO
JIaeT HEraTHBHBIC OT3BIBBI I1OCIIE 00CITYKHBaHHS:

NPS = Jlons npoMoyTepos - J[oJ1s 1eTpakTOpoB

ITo cratucTHKE KIMEHTY A HPUHATHS pELICHUs 00
oOpameHNH B JaHHYI0O KOMIIAHHIO  HEOOXOIUMO
MONMYYUTh 5-6 TMO3UTHBHBIX peKoMeHmarmid. [Ipu 3Tom
OHA HeTaTWBHAas PEKOMEHJAIWs paBHa IO CHIe 5
ITO3UTHUBHBEIM [7].

B Poccuiickoit ®enepamun it auddepeHnnaim
JIOXOJ/IOB HAceleHHs HPUMEHSETCS NEeUWIbHBIN aHau3.
3a pyOekoM IaHHBI aHaIW3 MO3BOJISET ONpPEICIHUTh
peHTa0eNbHOCTh M aCMeKThl  MPOAaX HPOIYKIHH
CerMEHTHPOBAaHHBIM MOKyNaTeIssM. AHaJIN3 BBIICISIET
NPOLIEHT CaMbIX aKTHBHBIX IOKymHareseil, KOTOpbIe
MPUHOCAT (aKTUUECKYIO MPHOBLIL KoMmanuu [8].

RFM (Recency Frequency Monetary) aHamu3 sBIseTCS
JY4IIMM HMHCTPYMEHTOM MJIsl NPEACKa3aHHs OymyIIux
MOKyTIaTeNIed, KOTOpble NPUHECYT OCHOBHYIO INPHUOBLIL
xomnanuu [8]. Recency — 3To mpoMeXyTOK BpEeMEHH C
MOMEHTa TOCIIEeIHETO NEHCTBHS KIMEHTa (KakK MOKYIIKH,
TaK W, HampuMmep, oTBeTa Ha mmceMo) [9]. Frequency —
gacToTa IMOKYIOK, COBEpIIaeMbIX KiHeHToM. Monetary —
KOJINYECTBO 3aTPAYMBAEMBIX CPE/ICTB.

Meton pasziencHus MOTPEOHOCTEH 3aKiIoyacTcs B
OTpENeIeHNH JIOSIIBHOCTH KIMEHTa B  YHCIEHHOM
3HaueHnu. Hanpumep, ecnu 4enoBek mpuoOpesn Hy>KHBIN
eMy ToBap 8 pa3 u3 10, TO 3TO O3HAyaeT, 4TO
opranmzanys yaosiersopseT 80% ero norpedHOCTEM.

KonBepcuonnas wmoxens [10], mpemnoxxenHas SHom
Xodwmeiipom u Byruem Paiicom, moka3pIBaeT CTENeHb
YIIOBIIETBOPEHHOCTH  OpEHJOM, BaXXHOCTh  BBIOOpA
OpeHna, anbTepHATUBHI BEIOOPA U KOJICOAHUS.

Meroauka ANA [10], pa3spaGoTaHHas CrelnUaIMCTaMU
aBuakomiannn ANA. B maHHOW METOAMKE BBIIEISIOTCS
4 OCHOBHBIX KJIMEHTCKHUX CETMEHTA:

e KimeHTb, y KOTOPHIX HET BO3MOXXHOCTH
BBIOOpa, OHHM  BBIHYXICHB  IPHOOpETaTh
MPOAYKT UM YCITYT'H TOJBKO Yy 3TOH KOMIIAHUH;

e KimeHTsl, KOTOpble HE  YJIOBIETBOPEHBI
00ITy>KUBaHUEM HJIM IPOTYKIHEH;

e  KimeHThI, KOTOpbIE HE ONMpPEIEIUINCH B BHIOOPE
OpeHna;

o IlocTostHHEIE KIIMCHTBI,

CoryacHO JaHHOW METOAWKE HEOOXOJUMO TPHUBJICKATh
ITOCTOSIHHBIX norpeouTeseh 3 cerMeHTa
HEOIPEICITUBIINXCS KIHCHTOB.

4. MeToabl CEMAHTHYECKOI0 aHAJIHN3Aa TEKCTAa

HHTennekTyansHbIN aHanu3 Tekcra — 1ext Mining — sto
HalpaBJICHHE B WCKYCCTBCHHOM HHTEJUICKTE, LEJIbIO
KOTOPOro SBISIETCS BBIACICHHE 3HAHUI H3 TEKCTa.
Metonst AT cxoxu ¢ MeTOJaMU HMHTEJIEKTYyalbHOTO
aHaIM3a JaHHBIX, HO HMEET JIeJI0 C KOPIIyCaMH TEKCTOB, a
He C XpaHWIMIIaMu U Ga3amu manHbiX. Kopmyc Tekcra
Npe/ACTaBIsieT coboil momoOpaHHyl0 u 00paboTaHHYIO
JUTSL ICCIIEIOBAHUST COBOKYITHOCTD TEKCTOB.

AKTyaJ'II)HOCTI) MPpUMCHCHUA HWHTCJJICKTYaJIbHOI'O
AaHaJIM3a TEKCTA 3aKITIOYACTCA B CICAYIOIIEM!

o  TlocTosHHBIHI
JaHHBIX;

pPOCT  HECTPYKTYPHPOBAHHBIX

e AHanmu3 OT3BIBOB KIHEHTOB M BBIJCICHHUE
3HaHMWH W3 HECTPYKTYPUPOBAaHHOI MH(OpMaLUH
JIaeT KOHKYPEHTHOE IPEUMYIIECTBO;

e Pemenusd 10 aHanu3y TEKCTOB IO3BOJIAIOT
MOJYYUTh OOJIbILIE 3HAHUN:

e bomee riyOokoe
MOJIOKEHUS OM3HECa;

IIOHUMAaHHC TCKYLIETO

e  COKpaTHUTh PUCKH U PACTOYCHHE PECYPCOB;
e  VIy4miuTh NPUHATHE PEIICHUI B KOMIAHUH.

W3HavanpHO TeKcT HeoOXomumo  oOpaboTath U
MOJTOTOBUTH K MOCIICAYIOUIEMY aHATIH3Y 10 H3BICYCHUIO
HeHHOM wHpopManuu. [ng 3Tol meanm HEoOXOIUMBI
CIIEIYIOIINEe METOIBI IS MHTEJUICKTYaJIbHOTO aHaln3a
TEKCTa:

e Tokenmzaumss — pa3OmeHHe TEKCTa Ha
OT/EJbHBIE CI0BA IS JaJIbHEHINET0 aHaIHu3a;

e Vnpamenme cron-ciioB. Iloxg  crom-ciioBamu
MMOHUMAFOTCS JIFOOBIE CJIOBA, KOTOPHIC HE HECYT

CMBICIIOBOM ~ HAarpy3KH: IPEAJOTH, COO3BL,
MECTOMMEHHUS U T.[1.;
e POS-terrupoBanume  —  MOP(OJIOTHUCSCKHUHA

aHaJIn3, KOTOpHﬁ BKJIIIOYaACT B cebs
OIPCACIICHUE YaCTU pPEYU KAXKIAOTO CJI0OBa H
IMMPpUBCJICHUE CJIOBA K €I0 HavaJIbHOI Q)OpMG;

L4 CTeMMUHT — OIPCACIICHNUC OCHOBBI CJIOB;

e JlemMaruzamus — ONpeAeICHHE HadaIbHOU

(hOpPMBI KQXKIOTO CIIOBA;

e  UYacToTHbBI{ aHANNU3 — aHaJIU3, B X0JIe KOTOPOTO
MOJCUYUTHIBAETCS, HACKOJBKO 4YacTO B KOpITyce
TEKCTOB BCTPEYAETCA TO MM MHOE CJIOBO WIU

¢bpasa;

e Tlocrpoerne N-rpamm — BhiieneHue ¢pas mo 2
u OoJee CIO0B.
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Onnum u3 HAIpaBJICHUH CEMaHTHYEeCKOTO
MHTEJJIEKTYaJlbHOIO aHallM3a TEeKCTa SIBIISICTCS aHau3
ToHABHOCTH (Sentimental Analysis). Beimensior Tpu
OCHOBHBIX METO/Ia OMPE/ICICHHUS TOHAIBHOCTH TEKCTA:

e  CTaTHCTHYECKUIL. B AaHHOM ciIydae
MPOUCXOMUT OOydeHHE MOZCTH Ha 3apaHee
pa3MeueHHBIX 1O TOHAJIBHOCTH  KOpIycax
TekctoB. Ilar mo pydyHOMY OMNpeAeseHUI0
TOHAJLHOCTH  SBIsSETCS 0a30BBIM, T.K. B
ManbHEHIIeM Ha 3THX TEKCTaX  MOJCIb
oOyuaeTcss W 3aTeM MOJEIb  ONpeaeisIeT
TOHAJIBHOCTH HOBBIX ()pa3 U TEKCTOB.

e MeToag moucka JIEKCMYECKOW TOHAJIBHOCTH B
TEKCTe, OCHOBAaHHBIN Ha CIIOBapsAX M MpaBUIIAX.
CrnoBapu COCTOAT W3 3apaHee ONpPEAETCHHBIX
MTO3UTHUBHBIX M HETATUBHBIX CIIOB U BBIPAYKCHHH.

e (CMmewaHHBIA METOJ, KOTOPBIM MpencTaBIsET
c000ii KOMOMHAIIXIO MIEPBBIX IBYX METOJIOB.

IIpyu mnpuMeHeHUH CTAaTUCTUYECKOIO METOJa IIpHU
00y4eHUH MOJIENU BBIICISIOTCS CIEAYIOIUE METObI
UHTEJUIEKTYaJIbHOTO aHAJIN3A:

e JlepeBbs pelICHUN;
e  HauBHbIii OaiiecOBCKHUI Ki1acCU(PUKATOD;
e K-Ommxalmmx cocenei.

5. [IporpammHoe oGecrieyeHne

PrrHOK MIPOTPaMMHOTO obecrieueHUs o
WHTEJUICKTyaJbHOMY  aHaJIH3y TEKCTa  JOCTaTOYHO
OOImMpPHBI W BKIIOYaeT B ceds KaK IUIATHOE, TaKk W
o6ecrutatHoe  [10, kotopoe 1O  (QYHKIMOHATHHBIM
BO3MOXHOCTSIM HE YCTYMaeT MpompuerapHoMy. Taxxke
BHajenplpl  TuiatHoro I1O  MoryT mpenocTaBisTh
CTy/ieHueCcKHre/00pa3oBaTebHbIe JUTICH3UU JUTSt
BBITIOJTHEHUSI PAOOTHI.

Bri6op mporpammsl ocymiecTBisics B 2 sTtama. Ha 1
JTane MpOorpaMMbl A HHTEIUIEKTYyaJbHOTO aHaln3a
TEKCTa OLICHUBAJIICH 110 CIEAYIOINM KPUTEPHSIM:

e Hammume wmonyneit UAT (Momyms aHammsa
TEKCTOBOH WH(pOpPMANUK BXOIUT B TPOTPAMMEI
HWHTEIUIEKTYalIbHOTO aHAIN3a JaHHBIX ),

e becrmmatnoe IIO mubo ecTh BO3MOXKHOCTH
HCTIONB30BaHus demo-BepCHH.

e IIporpammsl, NIPENOCTABIIAIONIHE
CTYyJIEHYECKYI0/00pa30BaTEeIbHYIO JTUIEH3HUIO;

e Ilonneprxkka pyccKOro si3bIKa.

B wnrore 65u1a BEIOpana mporpamma RapidMiner. Oto 10
siBJIsieTCs OeCIUIaTHBIM M M0 (YHKIMOHAY HE yCTymaer
TUIATHBIM aHAJIOTaM.

Jons Ha peiHKe ananmutnueckoro I1O y RapidMiner
cocraBiusier 1,6%, 3aHMMaer maToe MecTo mociie SAS,
IBM, SAP wu Oracle, mporpammoii noss3yrorcs 606
KOMITaHHH 110 BCEMY MUPY.

6. Pe3yibTaThl

Nznauanpao Obut0 cobpano 2 000 or3eiBoB COepOanka
Uit OOy4eHHs  MOIENM B  COOTBETCTBHHM  CO
cratuctnyeckuM  MeromoM; 328 or3eiBoB AO Kb
Monyns0ank 3a mepuon ot 1 kBaprama 2015 mo 4
kBapTai 2016. OT3s1BEI GBUTH cOOpaHbl B popmare .XISX.

Mopens st onpeneNeHis TOHAIBHOCTH B IPOTpaMme
RapidMiner BBIMIAAMT CIEAYIOIIAM 00pa3oM:

et b L o-bea -t A Gabee

-

ot fomet 11 e ree Hersemrte

Arve, ——

o~

Puc. 1. Moaean onpeneneHusi TOHAJILHOCTH TEKCTA
OT3bIBOB

N3HayanpHO MoJenb oOydaeTcs Ha oT3biBax COepOaHka.
ToHanmbHOCTH OT3BIBOB Uit OOYYEHHS HPOCTABISETCS

BPYUHYIO.

Mogeb oby4aeTcst Ha Tpex MeTo/1axX
MHTEIUICKTYaIbHOTO aHaln3a TeKcTa: J[epeBbsl pelieHui,
HAMBHBIN OaifleCOBCKHUIT Kilaccu(UKAaTOp U K-OJIMKaUIIero
cocea. B cooTBeTCTBUY C IOJIYyYEHHBIMU PE3yJIbTaTaAMHU
HauOOoNbIIEeH TOYHOCTBIO O0NazaeT MojeNb, 00yueHHas
Ha HaUBHOM 0OaliecoBckOM Kiaccudurarope (92.59%).

[Mocne mpuMeHeHHS TaHHOW MonaenH K (aiiry OT3BIBOB
AO Kb MonynsbaHk OBUTH TIONYYECHBI CIEIYIOLIHE
Pe3yJIbTaThI:

40
30
20
10

0

Q"%\V Q@‘V Q@ﬂ\: Q"Qy Q"Q}V Q"Q’g\: Q‘é\: Q"Q"\.A
% > ¢ ¢ %) > ¢ ¢
> Q' Qg; Q Q‘Q?

2 Q Q
N \\% \\\% \Q% N \\Q~ N $%

M Positive M Negative

Puc. 2. Pacnipeaenenne HeraTUBHBIX M MO3UTHBHBIX
ot361B0B AO Kb Moayab6ank

CrneayromuM maromM ObIJIO OIpeneseHre TOHATBHOCTH
OT3BIBOB OAHKOB, KOTOPBIC ABJSIFOTCS JIMACPAMH OTPACIIH
B cdepe obOciyxuBanuss Majgoro OusHeca. B
COOTBETCTBHHM C  HCCIEJOBAHUEM  aHAIMTHYECKOTO
arenrctBa Markswebb 3a IV kBapran 2016 ronma
muepaMu OAHKOBCKOH OTpaciu Jis Majnoro Ou3Heca
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sBISIIOTCSl OaHk ABanrapn, YBPuP, Tunekodd bank,
BTB24 u Paitddaiizendank.

3arem ObLT TOCTpOeH rpaduk cpaBHEHHS TUHAMUKHA NPS
IUIA  yKa3aHHBIX OaHkoB, a Take g1 AO Kb
Moaynp0aHK:
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Puc. 3. CpaBHenne nunamuku NPS AO Kb
Monayab6aHka c JuaepaMu oTpaciu

W3 rtpaduka BHAHO, YTO CaMble BBICOKHE 3HAUYCHHUS
nagekca NPS y AO Kb Monynsbanka u y OaHka
Tunekod@. [Ipornos Ha 2017 mis yka3aHHBIX OaHKOB C
JIOBEPUTEIIBHBIM HAHTEPBAJIOM 95% BBITJIAIUT
CIIEAYIONINM 00pa3oM:

120
100

e 3HAYEHNA

MporHos
—— lNpuBA3Ka HU3KOWN BEPOATHOCTU

—— MpuBA3Ka BbICOKOI BEPOATHOCTU

Puc. 4. IIpornos pas AO Kb Moayas6ank

@ 3HaYEeHUA

MporHos
——— lNpunBA3Ka HN3KOWN BEPOATHOCTH

—— punBA3Ka BbICOKOWN BEPOATHOCTU

Puc. 5. IIporuo3 nis 6anka Tunskodd

Ha ocHoBanuu onenku aguHamuku NPS u mpornosa ams
yKa3aHHBIX OaHKOB OBLIM BBIPAOOTAHBI PEKOMEHIAIHH
IJIT  TOBBIIIEHHS JostabHOCTH KimeHToB AO Bb
Monyns0aHK. Jnst BEIPaOOTKH peKoMeHAaunn
HEOOXOIMMO BBIJEIAT TPYIIIBI KIINEHTOB, HATIPAMED:

HUIT mmz O00;

[MonyyaroT TMOCTOSIHHBIN JOXOA WM JIOXOJ
HECTaOUJIbHBI;

TTo OKBD/I;

Hauunaromuii Ou3Hec Wi pa3BUBAIOIIUICS.

Jannyro wuHpOpMaIuio MOxHO moayuuth u3 CRM
(Customer Relationship Management) cuctembl, KOTopas
YIpaBisieT B3aMMOOTHOIICHHUSIMU C KIIMEHTaMH.

Jnst

IOBBIIICHUA JIOAJIBHOCTHU rpynn KIIMCHTOB

MNPUMEHHUMBI PAa3JIMYHBIC PEKOMCEHAAIUU. BO'HepBHX,
MNpeAJIOKCHUC YCIayr, KOTOPbIMU MOXET
BOCIIOJIb30BaThCS MaJlblii OU3HEC:

Benenne Oyxrantepckoro ydera ¢ pasiMdHBIMU
yenoBusiMu aiist UIIT u OO0, 1.x. B OOO MoryT
OBITH COTPYIOHMKH, IS KOTOPBIX HEOOXOIUMO
TaKXKe PacCYUTHIBATh U HAYUCIATH 3apabOTHYIO
IUIaTy.

IIpenocrasienue 0GaHKOBCKHX rapasTui
HauMHawIeMy OusHecy. baHkoBckas rapaHTHs
oOsi3aTenbHA TIPH Y4acTHHM Majloro Ou3Heca B
TOC3aKyIKaX, a TAK)Ke NPHU 3aKITFOUYCHUH CIIEIOK
C YacTHBIMH KOMIIAaHMSMH. OTO IO3BOJISET
MOATBEPUTh CBOIO IIJIATEKECIIOCOOHOCTh U
HAaJIe)KHOCTb.

IIpennosxkeHre yciayr Mo CEerMEHTaM Majoro
ouzHeca no OKBDO/I, Hampumep, IS
PO3HHUYHBIX MarasvuHOB IIpEjIaratoTca KacCChbl
JUTA OIUIATHI TOBapa, a AJIsl MHTEPHET-Mara3nHoB
— oIulaTa Ha caiTe, T.€. UHTEPHET-9KBAUPUHT.

HpennomeHHe OTKPBIBATH JCIIO3UT n
YBEIWYMBATh HAKOIICHUS,

CeMaHTHYCCKHI aHaATH3 I/IHq)OpMaLII/H/I JUI IPUHATHA peIHeHPII)‘I TIpH yIIpaBJICHUH JOSUIBHOCTBIO KIIMEHTOB B GaHKOBCKOM cc[)epe
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e IlpemnoxeHue oBepapadra KIHEHTAM  CO
cTabWiabHBIM ~ f0XonoM. [l  KiMeHTa 3TO
ymoOHO TeM, 4YTO OH MOXeT Bcerjaa

BOCIIOJIB30BATLCS JeHbraMy OaHKa, €CJIM Ha €ro
cYeT emé He TOCTYITIII JOXOI.

Bo-BTOpBIX, oOyueHme OM3HEC-aCCUCTEHTOB u
KJIMEHTCKUX MEHEDKepOB MpaBwiaM  oOImeHus ¢
KJIMEHTaMH M OIEPaTHBHOTO PEUICHUs 3axad. A Takxke
00ydYeHHe BCEX COTPYAHUKOB, 4TOOBI OBLIO MOHUMAHHE,
4TO paboTa Ka)<10ro BIMSET Ha KIIMEHTCKOE BOCHPUSITHE
OaHKa.

7. 3akiaouenue

B naHHO# cratbe paccMOTpEHBI BONPOCHI JIOSIIBHOCTH
KIMEHTOB M CEMAaHTHYECKHH aHalIW3 WUX OT3HIBOB.
Bribpano mporpamMMHOe oOecmeueHHe UL aHaIH3a,
NPOM3BEACH AaHAJIN3 TOHAIBHOCTH TEKCTa OT3HIBOB
xiuerToB AO Kb Monyns0ank. Ha ocHOBe moirydeHHBIX
pesynbratoB paccuntaH uHAekC NPS mns ykazaHHOTO
0aHKa M NPUBEJCHO CpaBHEHUE IMHAMHMKHM HHJEKCA CO
3HAUEHHUSMH HWHJEKCOB OaHKOB, KOTOpbIE SBIISIFOTCS
IMAepaMH OTpacid B OOCIYXHMBaHUM MaJloro Ou3Heca.
Ha ocHOBe mONy4eHHBIX pE3yIbTATOB BBIPAOOTAHBI
PEKOMEHIALUH TI0 YIPABJICHHIO JIOSIIBHOCTHIO KIIMEHTOB
B OaHKOBCKOI cdepe.

BaarogapHoctu
HccenenoBanus yacTUYHO noaepxkansl rpanramu POOU
16-07-00239, 16-07-00773, 15-07-01565.
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Abstract

The paper is written to review the work already done
on emotion and sentiment analysis in text written in
Russian language and to view the scope further exist
in this field. Sentiment analysis is a topic of growing
interest. It is because of abundant amount of data
available online and offline in different languages.
In languages like English, German and Spanish a lot
of work has already been done whereas the interest
in analyzing Sentiment from Russian Text started
only during the last decade. This paper aims to
study the work already done and to conclude by
giving direction to further explore the field of
sentiment analysis from Text written in Russian
language.

1. Introduction

Natural Language Processing is one of the most pursued
research topics in recent times. Many researchers and
companies have explored the area of opinion
identification and its analysis. With the increase in the
number of Internet users, there is a proliferation of
opinions available on the web. Not just to read opinions
from web but also to post more opinions through
mechanisms such as product review sites, news group
message boards, personal blogs and social sites. This
phenomenon has a huge impact on various applications
such as product review summarization and the public
opinion monitoring systems.

Text is the primary medium of representing information
by instant messages, e-mails, news articles, weblogs and
printed materials. There is an urgency to develop
technologies to help us arrange and manage the resulting
information overload. Expert systems have enjoyed some
success in assisting information retrieval, data mining
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and natural language processing (NLP) systems. There is
growing necessity of sentiment analysis systems that can
automatically process the sentimental information
available in online electronic text. The necessity is the
driving force for massive research effort on Sentiment
Analysis.

Sentiment analysis defines as the application of
computational linguistics and natural language processing
to identify and extract sentiment information from text. It
also refers as emotion analysis and opinion mining which
is a step by step procedure involving many tasks. An
important among them is the classification of a document
based on its polarity at word, feature or sentence level.
This classification is then used to identify the sentiment
in the text document as positive, negative or neutral.
Sentiment analysis is highly dependent upon the
characteristics of the target language and a language is
influenced by the culture, values, and religious tidings of
its native speakers. That is why the techniques applied for
analysis of sentiment from text in one language cannot be
applied same way on other language.

2. Importance of Sentiment Analysis

The World Wide Web has become a platform where
users do not only gather but also share information. This
information can be objective or subjective. Objective
pieces of information are factual explanations or
descriptions, such as the description of scientific
phenomena on wikis for example. Subjective information
includes opinions and evaluations, e.g. in product reviews
on an online retailer website, as well as feelings and
emotions, for example in blog-entries recounting a
particular event or experience. The resulting phenomenon
of “big data”, i.e. of very large quantities of data
collections that cannot be managed and analyzed
manually anymore, has led to the fast emergence and
development of new NLP tasks, among which sentiment
analysis resides.

In an industrial or commercial context for example,
companies are interested in knowing as much and as fast
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as possible about how popular their products are. Online
reviews and customer e-mails, but also people expressing
themselves on social media platforms, constitute a very
large source of raw information. Sentiment analysis tools
allow to quickly and automatically analyzed and
synthesize this data: they assess whether the opinions
expressed in a collection of texts (e.g. reviews or articles)
are positive or negative, and deduct the dominant opinion
that is being expressed. This allows the concerned
companies to rapidly respond to their customers’feedback
and demands. Sentiment analysis is also increasingly
used with similar aims in the domain of reputation

analysis, for example in the context of electoral
campaigns.
Besides its applicability, sentiment analysis is a

fascinating topic also from a purely NLP-research
perspective. A sentiment analysis system is based not
only on thorough syntactic and grammatical knowledge,
but also on semantic knowledge. Indeed, semantic
knowledge is necessary in order to assess whether a
proposition is polar, i.e. positive or negative, neutral (not
polar) or ambivalent (bi-polar, i.e. both negative and
positive). Basic or prior semantic knowledge is induced
to the system via a so-called polarity lexicon. A polarity
lexicon consists of an extensive list of lemmas, i.e. words
in their base form, which are marked with both their
polarity (or valence) and word class. This list enables the
system to identify a word in a text as polar or neutral.

3. Related Work

The development of the General Inquirer System (1966)
(Stone, 1966) by Philip Stones in Harvard was probably
the first milestone to identify textual sentiment. They
called it a content analysis research problem in the
behavioral science. The aim was to gain understanding of
the psychological forces and perceived demands of the
situation that were in effect when the document was
written. The system usually counts the positive or
negative emotion instances.

After the General Inquirer the community took a long
break to start the current trend of sentiment analysis
research. Jaynce Wiebe, Peter Turney and Vasileios
Hatzivassiloglou are the pioneers who started the initial
experimentations during early 90’s. Jaynce Wiebe in
1990 (Wiebe, 1990) defines the term “Subjectivity” for
Information Retrieval research but the term is now
widely used by the sentiment research community. Any
piece of text with sentiment relatedness is known as
subjective whereas any piece of text that has no sentiment
but factual statements is called objective. Later on in the
year of 1997 Hatzivassiloglou (Hatzivassiloglou et. al.,
1997) identified the semantic orientation of adjectives.
This is the first research attempt that proves the
effectiveness of empirical methods of building sentiment
lexicon.

After a few years Peter Turney (Turney, 2002) came up
with his revolutionary approach of Thumbs Up and
Thumbs Down for positive and negative review

classification. Problem definition and formalization are
one of the crucial steps of any scientific research. A nice
architecture for the development of subjectivity lexicon
from English to Romanian, a resource scarce language,
has been proposed by (Wiebe and Mihalcea, 2007). The
authors started with a small set of seed words for four
POS categories - noun, verb, adverb and adjective. The
list is incremented through bootstrapping using online
dictionary and a small set of manually annotated corpora.
The Subjectivity lexicon for English is one of the widely
used English sentiment lexicon mainly developed from
news corpora.

Pang (et. al., 2002) has suggested the building of
sentiment lexicon manually for a domain. They involved
two annotators independently to choose good indicator
words for positive and negative sentiments in movie
reviews. (Denecke, 2009) reported an interesting study on
multiple domains to demonstrate the usefulness of the
prior polarity scores from the SentiWordNet. The author
proposed one rule-based and another machine learning
based method. The positivity, negativity and the
objectivity scores have been used from the
SentiWordNet. (Mohammad et. al., 2009) proposed an
automatic technique to increase the coverage of sentiment
lexicon. The reported evaluation results show that the
generated lexicon has high-coverage compared to
SentiWordNet. The proposed technique captures both the
individual words and multi-word expressions, using only
a Roget-like thesaurus and a list of affixes and many
more.

In Russia, studies devoted to sentiment analysis from
Text written in Russian Language before 2011 are not
very numerous. In (Ermakov, 2009) a sentiment analysis
system extracting opinions about cars from a Russian
blog community is presented. The approach is based on
the detailed description of knowledge about car trade
marks, their details and characteristics, semantic patterns
of sentiment expressions.

Internationally Sentiment Analysis from Text written in
Russian Language appears as a part of multilingual
experiments. (Zagibalov et al., 2010) compares corpus of
reviews related to the same books in English and in
Russian Language. These corpora allowed authors to
study specific ways of sentiment expression in Russian
and English. In (Steinberger et al., 2011) construction of
general sentiment vocabularies for several languages is
described. They create two source sentiment
vocabularies: English (2400 entries) and Spanish (1737
entries). Both lists are translated by Google translator to
the target language. Only the overlapping entries from
each translation are taken into further consideration. The
set of target languages comprises six languages including
Russian.

Chetviorkin and Loukachevitch (2012), describes the
generation of the Russian sentiment vocabulary for the
generalized domain of products and services. They
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constructed a new model based on multiple features for
domain-specific sentiment vocabulary extraction, then
applied this model to several domains, and at last
combined these domain-specific vocabularies to generate
Russian sentiment vocabulary for products and services.

4. Recent Work

4.1 Adapting the PULS Event Extraction Framework
to Analyze Russian Text

A plugin component is proposed to extend the PULS
information extraction framework to analyze Russian-
language text. PULS is a comprehensive framework for
Information Extraction (IE) that is used for analysis of
news in several scenarios from English-language text and
is primarily monolingual. The main objective is to
explore whether the base framework can be extended to
cover additional languages with limited effort.

Technique Used: A rule-based Information and a
relevance classifier that determines the relevance

Module Produced: Lower level morphological analysis,
syntactic analysis and semantic analysis.

Data Set Used:

http://news.yandex.ru/people
http://dictum.ru/en/object-extraction/blog
http://www.rco.ru/eng/product.asp.

4.2 An Approach to Semantic Natural
Processing of Russian Texts

Language

The article contains results of the first stage of a research
and development project aimed at creating a new
generation of intellectual systems for semantic text
analysis. Described are the main principles, system
architecture, and task list. The features cloud and cluster
architecture realization are regarded as well.

Technigque Used: Theoretical Approach

Module Produced: Proposed Division of algorithms and
data. Open algorithm standards and data formats Pipeline
architecture.

Data Set Used:
AOT,RCO, DICTUM, GATE, UIMA , OpenNLP.
4.3 Semantic Analysis Based on Linguistic

and Ontological Resources

It is a recently launched project which aims to develop an
advanced converter of natural language text to semantic
structures. It enriches the ETAP-3 linguistic processor,
developed by the Institute for Information Transmission
Problems, Russian Academy of Sciences, with a new
module — that of semantic analysis. The importance of
this module is that it also uses the extra linguistic
ontology knowledge and contextual information’s
alongwith the linguistic knowledge in the grammar and
combinational dictionary. A small ontology is developed

that serves as semantic meta language for semantic
structures.

Technique Used: Rule Based Technique, Rules of

Inference

Module Produced: Extra linguistic combinatorial
dictionary and fact repository for contextual information.

Data Set Used:

ETAP linguistic processor

4.4 Classification of Emotion Words in

Russian and Romanian Languages

The machine learning techniques are used to study the
affective words in Russian and Romanian languages. The
words are tags in two primary classes based on emotions
as positive or negative and then in six secondary classes
represented by the sentiment of anger, disgust, fear,
sadness, joy and surprise. The word spellings are used
with the hypothesis that sounds represents the emotions
and for every emotion there are several classes of words
that share common phonological features.

Technique Used: probability based, prototype-based,
decision-based and PART optimization
(Support Vector Machines) For binary classification,
For multi-class classification, Precision(P), Recall(R),
and the balanced Fscore (F).

Module Produced: Multiclass classification and Binary
class classification

Data Set Used:

http://wordnet.princeton.edu/
http://thesaurus.reference.com/
http://wndomains.itc.it.
http://dexoline.ro

English Word Affect

4.5 Semantic Parser for Sentiment Analysis and the
Emotional Computer Agents

The study aims to develop a semantic parser that can
construct a standalone semantic representation, suitable
for further processing of text. This approach engages
theoretical linguistic concepts by explicitly using the
semantic markers and valencies within semantic
representation. The separation of syntactic and semantic
levels of representation are done by changing the
semantic representation of a concept, depending upon the
prevail situation. It can be served further for processing
the incoming text.

Technique Used: Rule-based parser

Module Produced: Syntactic trees and a Semantic
representation

Data Set Used:

An unannotated corpus
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4.6 Unsupervised Parsing of the Russian Sentence

A statistical approach to the raw text parsing is described.
A parsing algorithm builds a projective dependency tree
in quadratic time after training on an unannotated corpus.
The algorithm searches the dependency tree in the bottom
up approach and establishes local links. After analyzing
all the sentences from text, their weights are improved
and again the analysis is carried out in an iterative way. It
is assumed that the directed tree gives better results than
an undirected tree.

Technique Used: A statistical approach, A parsing
algorithm.

Module Produced: Automatic syntactic marking of
unannotated corpus

Data Set Used:

http://www.lib.ru of about 2 Gbytes .Short stories by A.P.
Chekhov about 1 Mb

4.7 Methods for Semantic Role Labeling of Russian
Texts

The study includes two methods for semantic role
labeling. One method use the heuristics approach and the
integer linear programing for assignment of role with the
use of semantic dictionary containing information about
predicate, syntax and role.. The other method is based on
data-driven semantic-syntactic parsing that performs the
data-driven parsing .It is observed that overall the
dictionary-based parser and the data-driven semantic-
syntactic parser showed close performance.

Used: and linear

Technique Heuristics

programming

Integer

Module Produced: Syntactic tree, the dictionary-based
parser and the data-driven semantic-syntactic parse

Data Set Used:

Rich inventory of universal roles taken from SynTagRus

4.8 Information Extraction Based on Deep Syntactic
Semantic Analysis

This paper present the results of the techniques used for
Information Extraction in FactRuEval-2016, which is a
competition aim to improve the technology used for
information extraction from Russian Text .The system
used in the competition is based on ABBY Compreno
Technology, in which deep syntactic —semantic analysis
is used to reduce unnecessary rules for inference . The
evaluation was conducted on FactRuEval dataset. It is an
open evaluation of Information Extraction system
available online. The result of the competition shows
overall good performance.

Technique Used: Rule-based approach to Information
Extraction .

Module Produced: Deep syntactic-semantic analysis
Data Set Used:

FactRuEval dataset, Opencorpora.org (Bocharov et al.).

4.9 Applying of Sentiment Analysis for Texts in Russian
Based on Machine Learning Approach

This paper studies the complexities in Russian Language
compare to other languages. Russian is different from
other languages as it has endings of words depending
upon the declination, tenses and grammatical gender.
Similarly the words that seem completely different may
be synonyms and have equal emotional values. In this
study the words caring similar emotions are grouped into
a single term using lemmatization and the results of
Russian and English languages are compared on the
application of data mining algorithms. The classification
of Russian words using lemmatization yields better
results than using lemmatization in English language

Technique Used: Machine Learning (Naive Bayesian
classifier, Bagging, Support Vector Machine.)

Module Produced: Lemmatization and Synonyms
libraries. Sentiment Classifier Comparing English-
Russian Dataset
Data Set Used:

Customer Reviews, http://banki.ru.
4.10 Evaluating Sentiment Analysis Systems in Russian

This paper is written in the proceedings of the
Information Retrieval Seminar (ROMIP), which is an
annual TREC competition in Russian language. It
describes several training tasks and tests for sentiment
classification from newswire and blogs. The main tasks
in this competition were the sentiment classification from
reviews, sentiment classification of opinionated
quotations and query based retrieval of blog posts. It is
observed that the user review classification tasks gives
better results when available data is used for training a
classifier.

Technique Used: SVM
Knowledge Based Learning

machine learning

Module Produced: Evaluation of Sentiment Analysis
Systems in Competition, ROMIP 2011

Data Set Used:

Imhonet service (imhonet.ru), (http://market.yandex.ru/).
(http://blog.yandex.ru).

4.11 Creating a General Russian Sentiment Lexicon

The paper describes the most recently created sentiment lexicon
for Russian language called RuSentiLex. It was created by
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gathering words from Russian dictionaries, vocabularies and
from Twitter blogs. The words with different sentiment
orientations are linked to appropriate thesaurus of Russian
language called RuThes. All lexicon entries are considered to
generate from three sources of sentiments (opinion, sentiment
or fact) and in four categories (positive, negative, neutral,
positive/negative) of sentiments. These lexicons are used by the
participants of SentiRuEval-2016. RuSentiLex is a big
collection having more than ten thousand lexicon words and
phrases

Technique Used: Support Vector Machine, RuSentilLex
(Manually Generated Lexicon), Automatically generated
Pattern Connotation Lexicon .

Module Produced: Evaluation of Manually created
general Russian Sentiment Lexicon — RuSentiLex
Competition SentiRuEval-2016.

Data Set Used:

http://www.labinform.ru/pub/rusentilex/index.htm.

NRC Emotion Lexicon translated in Russian via Google
Translate (NRC).
http://www.labinform.ru/pub/ruthes/index.html

4.12 Extraction of Russian Sentiment Lexicon for
Product Meta-Domain

In this paper a different approach for construction of
sentiment lexicon in Russian language is studied. A set
of statistical algorithms are wused to discriminate
sentiments within a specific domain. The model is trained
on movie review and then tested on other domains. After
testing the model, the lexicons from five different
domains are collected together to create a general lexicon
for product meta domain.

Technique Used: Supervised machine learning
algorithms, Wekal data mining tool, Logistic Regression,
LogitBoost and Random Forest.

Module Produced: Set of statistical features and
algorithm combinations for discriminating sentiment
words in a specific domain (domain - meta-domain of
products and services,)

Data Set Used:

http://www.cs.waikato.ac.nz/ml/weka/

Review data collections in the book and digital camera
domains are obtained from Russian Seminar of
Information Retrieval Methods (www.romip.ru)

5. Discussion

The extraction of sentiments from text written in Russian
language has been observed over the recent decade.
Most of the researchers are using Rule based techniques
for identification and classification of sentiments from
Russian language. The rule based techniques are
necessary to create a good grammar that can be further
used to develop stemmer, semantic and syntax analysers.

An important achievement during recent years is the
organization of competitions within and outside the
Russia for classification and identification of sentiments
from text written in Russian language. During these
competition lexicon sources are created or extended.
Among these lexicon sources, RuSentiLex is an
important and recent effort. The text used for sentiment
classification in most cases is from some formal source
such as books, customer reviews, reports. The trend to
work with dynamic text from online blogs and public
tweets is relatively small.

6. Future Work

Despite the progress of sentiment analysis from the text
written in Russian language it is still observable that there
exists a gap between these researches. Researchers are
more interested to start their work from scratch than
using knowledge from previous studies. The research in a
more systemic way including contributions of previous
work can be more effective and efficient. The lexicon
resources created contains formal words used in the
language. The words deviation or the word sense changed
by the way they are used in society, culture or religious
dialogues may be included to make a wider lexicon
collection. The concept of word sense is very interesting.
However it has its own limitation. The emotions can be
grouped into more classes. Each emotional class may
have some similarities with others but its own identity on
summarizing the text is very important. The work is
mostly about either creating lexicons or identification of
Sentiments from text. An inclusion of sentiment
summarization task after identification can result into a
summarize text showing the emotional contents.
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APXUTEKTYpPa CUCTEMbI AHAJIN3Aa TPEXMEPHBIX CLEeH
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AHHOTaIII/Iﬂl
PaCCManI/IBaeTCﬂ 3aga4dya pa3p860TKI/I APXUTCKTYPhI
MMpOorpaMMHOI'0 KOMIUICKCa Jid aHajn3a MOHeﬂeﬁ
TpeXMepHLIX CIICH ¢ OJMHAMHUYCCKUMMU O6’beKTaMI/I,
rae BI/IZ[eOI/IH(l)OpMaL[I/Iﬂ, O COCTOSIHHUU B TPEXMCPHOM
MNPpOCTPAHCTBE JUHAMHUYECKNX O6’BCKTOB,
(ukcupyercs OTrpaHUYEHHBIM HabopoM
BHUACOCCHCOPOB, PA3MCUICHHBIX T10 3aHaHHOI7[ CXEME.

1. BBenenue

3agaya  pa3pabOTKM  apXUTEKTYpbl  HPOrPaMMHOTO
KOMIUIEKCa JUIS aHalli3a MOJeNiell TPEeXMEpHBIX CIEH C
MUHAMUYCCKHMHU OO0BEKTaMH, IJie BUACOMH(DOpPMAIHS, O
COCTOSTHMM B TPEXMEPHOM MPOCTPAHCTBE AMHAMUYECKHX
00beKTOB, (UKCUpYyeTCs OrpaHHYEHHBIM  HAOOpOM
BUJ/ICOCEHCOPOB, pa3MELICHHBIX [0 3aJaHHOH CXeMe
sBisiercst  aktyanbHOH [1-3].  CroXHOCTH  pelieHus,
paccMaTpUBaeMOW 3aiadM, CBs3aHa C HEOOXOAWMOCTBHIO
peanu3anim ANTOPUTMOB 00paboTku HaOOpOB
n300paXeHHH B pealbHOM  MaciuTabe BpEMEHH,
MOCTYMAIOMIMX OT BHJEOCEHCOpoB. Tak e Tpedyercs
pa3pabotka 3PQPEKTHBHON MPOTPAMMHON  CHCTEMBI
cObopa, mepemaud M pealM3alUd  AITOPUTMOB
BOCCTAHOBJIEHUS TPEXMEPHOU MOJENH IS JalibHEeHIIero
aHajM3a, MOJyYeHHOW HH(MOpPMALMM O COCTOSHHHU
JUHAMHYECKOTO 00beKTa [4-6].

2. IlocTpoenne 06 beMHOI MoaeH
JTHUHAMHYECKOIr0 00hLEeKTAa

IMpouecc moctpoeHns 0OBEMHONH MOIENH OOBEKTOB M3
3aaHHOTO  Habopa  BHJICONOTOKOB  COCTOMT U3
MIOCTIEIOBATENBHOCTH ~ ONEpaluif, KOTOpble TpeOyIoT
OONBIINX BBIYUCIUTENBHBIX pecypcoB [7]. Hampumep,
HIPUMEHSIS adduHHBIE u NIEPCIEKTUBHBIE
mpeoOpa3oBaHUs, MOXKHO TIOJNYYUTh HEUCKAKEHHYIO
MIPOEKINIO 00BEKTa Ha IUIOCKOCTH Kamepsl. COBMECTHO ¢
QITOPUTMOM, KOTOPBIA MOJET OIICHHWBATh ITOJIOKEHHE
N3BECTHOTO TPEXMEPHOTO OOBEKTa, MOXKHO HaWTH
MEpCIIEKTHBHOE ~ MacIliTabupoBaHHE  JAWHAMHUYECKOTO

Tpyasl nATOi Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

C.C. Banees
DakynbTeT HHPOPMATHKU U POOOTOTEXHUKHU
Y dbumckuii rocyaapcTBEHHBIN aBUAITMOHHBIN

TEXHUYCCKUN YHUBCPCUTET

Ya, Poccus
e-mail: vss2000@mail.ru

o0BeKTa u, CJIEIOBATEILHO, BBIYKCIIUTE ero
NpUONM3NUTENIFHOE  MPEICTAaBICHHE B  BHPTYAJBHOM
TPEXMEPHOM IIPOCTPAHCTBE. DTH BBIYUCICHHUS HE OyIyT
0c000 TOYHBIMH, OIHAKO OHM TMOMOTYT HaWTH
HEOOXOMUMBIC TOYKH, C MOMOIIBI0 KOTOPHIX MOXHO
peanu3oBaTth 0OBEMHYIO U BPEMEHHYIO CUHXPOHHU3AIHIO.
3a cyeT HaXOXKJIEHHUS COOTBETCTBUS MEXIy TOUYKAMH Ha
TPEXMEPHOM OOBEKTE, KOTOPBIE OMPEIEICHbI OJHUM M3
BHACOCEPCOPOB, M TEMH K€ TOYKAMH Ha JAPYroM
M300paKeHUH C JAPYroro BHACOCEHCOpa, a TaKXKe,
3apaHee W3BECTHOTO 0a30BOrO pa3ieieHUs MEKIY
BHACOCCHCOpAMH, MOXKHO ONpEAETNTh TPEeXMEpHOe
pAacCIIOJIOKeHHE TOYEK, W COOTBETCTBEHHO KOODPIUHATHI
JMUHAMUYECKOT'0 00BEKTa B IeJIoM [8].

JanHast npoleypa BBIIOIHIETCS B HECKOIBKO 3TaIlOB:

l.y[[aJ'IHIOTCH paauajbHBIC nu TaHI'CHIIKMAJIbHBIC
HCKa)XXEHUS OT 00BEKTHUBA BHEOCEHCOPA, YTO MO3BOJIAET
MOJIyYUTh HEUCKAXKEHHOE N300paskeHHe.

2.Peanmmsyercsa mpouenypa yTOYHEHHS Ui paccdeTa
YIJIOB W PACCTOSHUS MEXIY BHICOCEHCOpPAMHU A
MOJTYYCHHS] KOMIUIAaHAPHBIX N300pakeHHH.

3.Peamm3yercss  mpomenypa = TOJydeHHS  KapThl

HECOOTBETCTBUH, I/l HECOOTBETCTBUS - 3TO DPA3IMUMA
MEXAY  M300paskKeHUSIMH C  OBYX  3aJaHHBIX
BHUJICOCEHCOPOB.

4.PeanusyeTcs mpolietypa rnepenpoeupoBanus, Ha 6aze
aNropuT™Ma TPHUAHTYJISALWH. Pa3BepThiBaeTcss  KapTa
HECOOTBETCTBUH M B pe3ylibTaTe IOJydaeTcs KapTa
ITyOUHEI.

BaxxHoil 3ajauell IpU BOCCTAHOBJIEHUU TPEXMEPHBIX
MoJjenei SABJISIETCSI peanu3ays aNrOpUTMOB
OlpeJiesIeHUsl TIyOWHBI TPEXMEpHBIX OOBEKTOB B
aHAIM3UPYEMOM TPEXMEPHOM IpocTpaHcTBe. CI0XKHOCTh
pelleHus 53TOM 3aJadd  OMNpENeNAeTCs MHOXECTBOM
TEXHUYECKHUX XapaKTEPUCTHK BUIEOCEHCOPOB.

ApaneKTypa CHUCTEMBI aHaJIN3a TPEXMEPHBIX CIICH
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Puc. 1. 3aBHCHMOCTE KAPTHI HECOOTBETCTBHS OT
paccTosinus 10 00beKTa

U3 pucynka 1 BuaHO, 9TO TiyOMHAa W300paKeHHUS
00paTHO MPOTOPIIMOHANEHA CMEIICHUIO OJTHOW M TOM ke
TOYKH Ha JABYX M300paXEHUSAX, TO €CThb OYECBHAHA
HENMHEHHAs CBsI3b MEXIY 3THMH JBYMS 3JCMEHTaMH.
Korma cmemenne 6mm3ko k 0, To HEOONBIINE pa3INInsI
NPUBOIST K OOJBIIUM pa3nuuusM Tiayounsl. Kornma
CMEILICHUE BEJIUKO, TO HeOOJbLIME pa3iuyus HE Ha
MHOTO M3MEHSIOT TINyOMHY. 3a CHeT BO3MOXKHOCTH
NepeMeIIeHHsT BHICOCEHCOPOB MOXKHO PEryJIMpOBaTh
JaHHYIO BCJIWYUHY, 4YTO ABJACTCA MNPECUMYIICCTBOM
JAHHOTO  pEWIeHWs Iepei  JAPYTMMH  CHCTEMaMH
CTEpPEO3PEHMs, U1 KOTOPBIX XapaKTepHO BBICOKOE
paspemeHne TIyOuHBI TOJBKO B CIydae OIHM3IeKallux
0OBEKTOB.

IIpu  ¢poHTANPHO  TMApaUIENBHO  PACHOJOKECHHU
BH/IEOCECOPOB HECIIOKHO HAWTH PACCTOSTHHUE A0 OOBEKTa,
HO BHJICOCCHCOPHI HUKOIJIa HE BBIPABHUBAIOTCS TOYHO
(bpoHTATBHO napajiesbHO. Hanee TpebyroTCs
MaTeMaTUuecKhe pacyérbl MPOEKIMH H300paKeHUs |
KapThl HCKaKEHHH, KOTOpbIE BHOCST IONpPaBKH B 00a
n300pakeHus U1 TOJTYYEeHHS TOYHOrO (HPOHTAIBHO
napajuleNlbHOro  pacrnojioxkenus. Ilpu  pa3paborke
CHCTeMbl HEOOXOJMMO 00ECHEeYHTh yCIOBHS, TaK YTOOBI
BH/ICOCEHCOPB Pa3sMECTHINCh MapaulenbHo. B sTom
cllydae yNpOINAIOTCS MaTeMaTHYeCKHe BBIYHMCICHHS,
WHAa4Ye  BBIXOJHOE  M300paKeHWE  MOXET  OBITh
nckakeHHbIM. Ellle ognH mapamerp oT KOTOpOro 3aBUCHT
Ka4yeCTBO CTepeon300pakeHHs - 3TO CHUHXPOHHU3AIUs
Kamep 10 BPEMEHH, KOTOPBI MMeeT OOJIbIIoe 3HAUCHHE
Opu  JABHXKEHUH oObekTa  HaOIIO/CHHS WIIN
BHJIEOCEHCOPA.

DOnunossipHasi TEOMETPHUS MO3BOJISIET PENIUTh 3ajady
HaXO0XJACHHUS CTepeomnapbl U MPOBEPKH HA COOTBETCTBUE
crepeomnapbl. [103TOMy BCe TOUKH B CTEPEON300paKCHUH
pPAacIONIOKEHBl Ha SIHIOJISAPHOM IUIOCKOCTH, KOTOpas
nepecekaer 00a W300pakeHUs. YUHTBHIBasS MapaMeTphI
pPACIOJIOKEHUSI  BHJIEOCEHCOPOB  OTHOCHUTEIBHO  JIPYyT
Jpyra MOXHO COKpaTHThb TIOMCK CTepomapbl OT
JIBYMEPHOTO MOKCKa B OAHOMEPHBIH, TaK Kak cTepeonapa
TOYKH OyZEeT HaXOIWUTHCS Ha DIUIOJSIPHON JIMHWH, 3TO
COOTBETCTBEHHO YMEHBIIAET BpeMs TIOUCKA Taphl M
BO3MOYKHOCTB OIIIMOKH.

I'maBHO# 0COOEHHOCTBIO u
JUHAMHYECKUX  BHIEGOCCHCOPOB
n300paxkeHue, TTOJTYICHHOE oT
BHJIEOCEHCOPA UJICHTHYHO c
HOJIy4eHHOTO OT BTOPOrO  BHJACOCEHcopa. Takum
o0pa3oM,  QITOPHTMBI, IPHMEHSAEMBle K  IBYM
CTaTHYECKUM BHIECOCEHCOPaM IPHUMEHHUMBI JUISl OJHOTO
JBIDKYIIErocs BuUjaeoceHcopa. Jlns pemeHus 3amadu
PEKOHCTPYKIIMU TPaeKTOpHUU BUJICOCEHCOPA u
0000mmeHnss 00BEMHOM CTPYKTYphl MOMELICHUS MpH
JIBIDKCHUM KaMepbl B IOMEIICHUH MOXKHO BBIYHCIHTH
COOTBETCTBHS MEXIYy TOYKAMH CIEAYIOIIUMHU JIpYyr 3a
IpYroM KaMmepamu

NPEUMYILIECTBOM
SBIAETCSL  TO, 4YTO
JBIDKYLIETOCS
n300paKeHIEM

3. Oco0eHHOCTH MAIIIUHHOTO 00y4YeHHs 1JIs1
peleHus 3a1a4M MOCTPOeHUsI 00bLEMHOM
MO

[Ipobnema MmammHHOTO OOy4YCHHS UII JaHHOM 3amaud
3aKIIo4YaeTcss B cOope M OOy4YeHHH METOK, KOTOpBIE
0003HAUalOT HaJIMYME dYenoBeKa (WIM HECKOJIBKUX
JIOZICH) Ha CILIEHE WM €T0 ONPENEICHHOE ABMKEHHE, U
HaoOOpoT - oTcyrcTBHe. Hanuyume denoBeka Ha
N300paKEHUH MOXKET OBITh MPEACTABICHO TOYKOH
(HECKONIBKMMHU THKCEISIMHM) MM K€ YacThio (JacTsIMM)
ero Tena. HeonpezeneHHOCTh B pelllcHUE 3a7a4d BHOCUT
MEepeKpBhITHE YacTeil Telaa JAPYrMM 4EJIOBEKOM HIIU
IpyruMm oowsekToM. [loaTomy cienyer pa3nensiTh ypOBHH
pelIeHUsT TaHHOW 3aJadyl B 3aBHCHMOCTH OT TpeOyeMoi
MH()OPMATUBHOCTH.

B cBs3u ¢ 3TUM BO3HHKAET 3ajja4a: BBIICICHHS MTOJIE3HON
nH(pOpMaIUK U y4eTa APYTUX JaHHBIX, KOTOPBIE BIHSIOT
Ha BXOIHBIE JaHHbIC, TAKUE KaK Pa3IM4YHBIC UCTOYHUKU
CBETa, pasJIMYHbIE MO3bI JIOACH, HANPABICHHE H pa3Mep
TEHH, HaJIn4ne Jronen c OTpaHUYEHHBIMHU
BO3MOXHOCTSIMH. MeETOABI W aJNrOpuUTMBI, KOTOPHIE
3(EeKTUBHBI NIPH ONpPEJENEHHBIX YCIOBHUAX MOTYT BECTH
cebg coBceM MHAade B JIPYroM IMOMELICHHWH TPH JPYTUX
YCIIOBUSIX.

[TonydyenHnass oObeMHass MOJENb Ha MPAKTHKE HE OyIeT
MOJTHOHM, TO €CTh OYIOYT MyCThIE 30HBI M3-3a CIOXHOCTH
BOCCTAaHOBJICHHsI 00BeMa OOBEKTa, TpPaeKTOPHI ero
IBIDKCHUSI W TEPEKPBITHS YYaCTKOB OIHOTO OOBEKTa
JIPYTAM OOBEKTOM.

Jis obydenus, mHOTIA, TpeOyeTcs: pa3OUTh MOTyICHHBIC
JJaHHbIE ~ Ha  TOJMHOXECTBA, JUIsl  BBINIOJIHEHUS
HECKOJIbKUX COT€H WJIM ThICSY IMKJIOB OOydYeHHUs, U B
KOHIIE o0yueHHs rnojyvaercs OKOHYaTeJIbHBIN
yCpeAHEHHBIM  pe3ynbTaT. JlaHHas — mepekpecTHas
MpOBEpKa IMMOMOTAaeT MOATOTOBHTh KIIACCU(PUKATOP K
HOBBIM JISI HETrO HaOOpaMm BXO/HBIX JaHHBIX.

Kak m3BecTHO, OCHOBHAs 3ajauya MAIIMHHOTO OOy4YeHHUs
— 3TO NOCTpPOCHHE (YHKIHMH, KOTOpas W3 BXOJIHBIX
JIAHHBIX TIOJlyYUT TpeOyeMble BBIXOJHbIC 3HAYCHUSL.
MoryT BO3HHMKaTh MPOOJIEMBI, CBI3aHHbIE C perpeccueii u
IIPOrHO3UPOBAaHUEM, TaK KaK IEPEKpBbITUs, IIyM,
CJIOKHBIH (DOH BHOCSIT HEOPE/ICIICHHOCTh M Ha TPaKTHKE
MOJNY4YEHHBIE JIaHHBIE HE BCErJa COBNANAlT €
TEOPETUYECKUM.

Bcepoccuiickas koHdepentms "MHpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIBHOH TTOAIEPKKH MPUHATHS pemennii”,16-19 mas, Yda, Poccus, 2017



Hampumep, mnpu  TOCTpOGHHHM  CKEIETHOM WA
JIPEBOBUIHOW MOJETH YEJIOBEKa M OIPEICICHUH €ro
MO3BI, HANPABIICHHS €r0 IBIKCHHSA, MOXHO BBIIEIATH
CyCTaBBl, OTAENBbHBIC YYAaCTKA Tella W HAa HX OCHOBE
cTtpouth oOmyro Momems. Ho, mpu cMeHe OmexXIbl,
W3MEHCHHH WCTOYHHMKAa CBeTa, (oHA, MOABICHUH
MEPEKPBITHI BO3HUKAIOT OIMUOKH PAa3IMIHOTO POJIA.

Puc. 2. [Ipoekuun Ha ABe NMJIOCKOCTH

Ha pucyske 2 moka3aHa TpOCKIHS HA JBE Pa3INYHEIC
IJIOCKOCTH, B TEPBOM CIydae €CTh MEPEKPBITUS MEXKIY
YacTSIMH Tella OJHOTO OOBEKTa, BO BTOPOM OOBEKTHI
MEePEeKPHIBAIOT JAPYT Jpyra, 4To eme Ooyiee YCIOXKHSET
3a/1aqy BOCCTAHOBJICHUS TPEXMEPHOU CIICHBI.

B mpomecce anammza oOrpoMHOro o0beMa JIaHHBIX
TpeOyercss BbLACHATH MeTKH. (O0OpaboTka OOJBIIOrO
KOJINYECTBA W300paKEHHUH MOAPa3yMeEBaeT OIpeeliCHIe
00BEKTa Ha CIICHE, €ro JICHCTBUI U HAIIPABICHHS, TO €CTh
BEIICICHHE  METOK Ha  KaXIOM  H300pakeHUH.
CyIecTByeT MHOXKECTBO HHCTPYMEHTOB U CITOCOOOB LIS
BEIJICNICHUS] O0BEKTa Ha CIICHE M €ro KIacCH()UKAIUH.
Hanpumep, wmeron SIFT (Scale Invariant Feature
Transform), HCTIOIb3YEMBIH JUIst BBIJICJTICHUS
0CcOoOeHHOCTEH Ha M300pakeHHH U UX Jeckpuntopon. C
NOMOIIBIO 3TOr0  ME€TOJAa BBIIIOJHAIOTCA  OIEpalun
MacuTabupoBaHus, BpaIlEHUs u PEryJINPOBKH
THCTOTPaMM U ONpeJieNieHHsT BEKTOPOB OCOOEHHOCTEH
00BekTa. JlaHHBIE BEKTOpa CBS3aHBI HEMOCPEICTBEHHO C
00bEKTOM HAOJIIO/ICHHS U €T0 JeHCTBUEM.

HpezmaraeTCﬂ HCIIOJIb30BaTh CBEPTOYHBIC HCﬁpOHHHe
CCTH, MCHOJIB3YEMBIC JId ONPCACIICHHSA MO3bl YCJIOBCKA,
€ro HeﬁCTBHﬁ 1 IOCTPOCHUS €TI0 ,Z[peBOBH,HHOﬁ MOACIIN.

W3BeCTHO, YTO TE€OMETPUYECKHE OTPAHUYECHUS MEXKAY
YacTSIMH TeJla, KOTOPBIe BaXKHBI JIJISI TIOCTPOCHUST 00IIei
MOJIETTH OOBIYHO HE YUUTHIBAIOTCS B MpOIIecce 00ydeHUs
CBEpTOYHBIX HEHWpPOHHBIX ceTed. B mocneacTBuu 3TO
MOXET TMPUBECTH K OMMOOYHBIM pe3yjbTaTaM B BHUIE
"KpuBOH" MOJENM WIM CIIO)KHOW TII03BI YEJIOBEKa.

Hanpumep, npu cOmpoBOKACHNHN Y€IOBEKA U BBIACICHIH
€ro 4YacTH Teja Ha U300pakeHHH MOTYT OBITh
oOHapy’KeHBI TaKWe K€ YacTH Tejla JIPYTHX JIofei. Jrta
mpobjemMa MOXKeT OBITH pelieHa ITyTeM PacCMOTPEHHUS
0o0IIeil COIrIacOBAaHHOCTM YacTell Tella Ha JTare
00y4YeHHS: JIIOTU, TOSBIIOIINECS B H300paKeHUH U HE
HMCIOIIUE  TOJIHYH  JPCBOBHIHYIHO  MOJENb,  HE
YYUTBIBAIOTCS NP MOCTPOSCHUH MOJICITH.

,Z[J'IH OLOCHKH II03bI 4YCJIOBCKAa MOXKHO HCIIOJb30BaTh
KOMGI/IHaHI/HO CBCPTOYHBIX HeﬁpOHHLIX ceTeﬁ,
MapKOBCKOFO cnyqaﬁHoro nojiga U MPOCTPAHCTBEHHBIX
TucTorpaMmMam O pasMCUICHUN YyacTeil Teaa yeoBeKa.

4. ApXUTeKTypa CHCTeMbl aHAJIN3a
TPeXMepPHbIX CLEeH

B pamkax paccMmarpuBaeMoil 3ajayd Ha HayaJlbHOM
JTanme  WCCJICAOBAHMN  BO3MOXKHO  HCIIOJB30BAHHE
urposoro koutposuepa Kinect or kommnanun Microsoft
st OBICTPOTO  HONydYeHHs  OOBEMHOW — MOIen
IUHAMUAYECKOro O00BEKTa. IJTO BO3MOXKHO OJaromaps
Hannunio Ha Kinect aByx ceHCOpOB IiTyOHMHBI M LBETHOMN
Bugeokamepsi [9].

P OPMLL S

AN KOOSR

AETrBouESE TIEECHESS

Srm ymsn 9
SOIMDESI DT
—~—_—
v _, |Temaumma |
Permapamis 2 ;
CEHCEES E v
PamparEmsEE: PemoparEs
ssrmceez (CUDA) 060 B0

Puc. 3. ApxureKkTypa NnporpaMMHOro KoOMILIeKca

Ha  pucynke 3 mpeacTaBieHa  apXHTEKTypa
NPOrPaMMHOIO KOMIUIEKCAa [UIsl pacHo3HaBaHUs 1103
4eJoBeka, KOTopas COCTOMT M3 IByX 4vacteil. Yacth
ABTOHOMHBIX BBIYMCIICHHH COCTOMT W3 0a3bl JaHHBIX
BO3MOXXHBIX U OOYYEHHBIX 103, & TaK K€ MOAYJS IS
paboTel ¢  gaHHOW  Oaszoi. Jlmsg  yBenamuceHHS
MPOU3BOJIUTENBHOCTH CHCTEMbl YacTh BBIYMCICHUH B
peajbHOM Macirade BpPEMEHHU MpeArnoaraer
UCIIONIb30BAaHUE  alroputMa  Kiaccupukaumd ¢
nporpamMMHo-anmapaTHoi apxutekrypoit CUDA.

4. Jakaouenue

Takum oOpa3oMm, paccMaTpuBaeMblii  HPOIPaMMHO-
anmapaTHeId  KOMIUIEKC, Onarojaps  IPUMEHEHHIO
METOZI0B KOMIBIOTEPHOTO 3pEHHS C aIrOpUTMaAMU

HCKYCCTBEHHOT'O MHTEJUIEKTa, M03BOJIsIET 3(P(PEKTUBHO U
OCYILIECTBIISITh Tpoliecc cOopa, mepenadyd U oOpabOTKH
BUACOMH(pOPMAITHHL. Paccmotpenst 0COOCHHOCTH

Apxm‘ek‘rypa CHUCTEMBI aHaJIN3a TPEXMEPHBIX CIICH
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APXUTEKTYPHI MIPOTPaMMHOTO KOMITJIEKCa,
TTO3BOJISFOIIETO peann3oBaTh paccMarpuBaeMbIe
ITOPUTMBI TOCTPOCHUS MOJIEIIei B peaJIbHOM BPEMEHH.
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APXHTEKTYPA reTePOreHHOM BbIYUCIUTEIHLHON CHCTEMBI J1IJIA
MOJIeJTUPOBAHMSI COCTOSTHHUSA CJIOKHOIO TMHAMHYECKOIO0
00BeKTAa

A.N. 3aruroBa
dakynbTeT HHHOPMATHKH U POOOTOTEXHUKH
Y bumckmii
rOCyJIapCTBEHHBIN aBUAIIMOHHBIA TEXHUYECKUM
YHUBEPCUTET
Ya, Poccus
e-mail: zagitova92@mail.ru

AHHOTaumll
3anaya pa3zpaboTku CIIEIUATM3UPOBAHHOTO
BBIYUCIUTECIIBHOIO MPOTPpaMMHOI'0 KOMIUIEKCA JIsA
peLICHUsI 3a/1a4d MOJICTTMPOBAHUS C COOIIOICHHEM
TpeOOBaHUil peaqbHOTO BPEMEHU XapaKTePUCTUK

CJIOKHOTO  TMHAMHYECKOTO OO0BEKTa, SIBIISIETCS
akTyanpHOH.  PaccmarpuBaercst — apXuTekTypa
THOPUIHOTO BBIYHCIIUTEIILHOTO KOMIIJIEKCa,
BKJIFOYAOLIETO pas3iudHbIe MPOTPaMMHO-

anmapatHele Moaynud. O6beaMHEHNE Pa3HOPOIHBIX
BBIUHCIUTENEH B eIUHYIO cucreMy Hu
HCIIOJIb30BaHNE OOJAYHBIX TEXHOJOTHH IMO3BOJISIET
MOBBICUTH CKOPOCTh PAacdeToB 3a CYET NMPUMEHEHHS
TEXHOJIOTHH MapauieIbHOTO HMPOTPaMMHUPOBAHUS B
cucreMax C oOmEed W pa3feneHHON NaMsThIo,
paboTBl  HEWPONpOIIECCOPOB W NPUMEHEHUS
Pa3IMYHbBIX 00JaYHBIX CEPBUCOB.

1. BBenenue

K MOJEISIM  peallbHOTO
muHammdeckux  00sekToB  (CO), TpempsBIsSIOTCS
KECTKHE TpeOOBaHUS IO TOYHOCTH M  CKOPOCTH
BbrurciaeHuil. C pa3BUTHEM HEWPOCETEBBIX TEXHOJOTUH
crana BO3MOYHA peanuzanus THOPUIHBIX
BBIUMCIIUTEIBHBIX MOJeNicii Ha 0a3e TIeTepOreHHbBIX
BBIUMCIIUTEIBHBIX CHUCTeM. TakuM 00pa3oMm, 3amada
pa3paboTKH  CICHUATU3UPOBAHHOTO  MPOTPAMMHOTO
KOMILIEKCa I MOJCIIMPOBAHKS B PEaJbHOM BpPEMCHU
XapaKTepUCTHK CIIOKHOTO JTHHAMHYECKOTO OOBEKTa
SIBJISCTCS aKTyaJbpHOH [1-6].

BpEMCHHA CJIOKHBIX

ObGecrieunth  TpeOyemble KadecTBa HMMHTALMOHHON
MOZEIU CIo0, HaIpumep, aBHALIMOHHOI'O
razorypounHoro apurartens (I'T/]), MokHO Ha OCHOBe
Pa3TMYHBIX BEIYUCIUTEIBHBIX TEXHOJIOTHHA:

Tpyasl NATOH BecepoccHiickoi KoOHpepeHnn
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATHS pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

C.C. BaneeB
®dakynbTeT HHHOPMATHKU U POOOTOTEXHUKH
Y bumckwmii
roCyJ1IapCTBEHHbBIN aBUAIIMOHHBIA TEXHUYECKUM
YHUBEPCUTET
Ya, Poccus
e-mail: vss2000@mail.ru

1) BrimonHeHNEeM anropuTMOB BBIYMCIICHUS TAapaMETPOB
MOJIETIH Ha BEICOKOIIPOU3BOIUTENBHBIX BEIYUCINTEIBHBIX
ycTpoiicTBax (cymepkoMmmbioTepax). OgHako B ciydae,
ecnu Moziesib I'T/] BeImosiHsIETCSE HA OOPTOBOH 1M(BPOBOI
BeruncnautensHoit  mamwuuae (BLIBM)  nertarenpHOTrO
anmnapara, HarnpuMep, Ipy UJISHTU(QHUKAIUMH MapaMeTpoB
MOJIEIM BO BpeMsl JIETHBIX MCIBITAaHUH OIBITHBIX
00pa3loB JBHUrarteneil, JaHHOE PELICHUE MOXXET OBbITh
HENIPUMEHAMO U3-32 OTPaHMYCHHBIX BO3MOXKHOCTEH

BIIBM. [lnga  ycHnemHoM  peanu3alMd  JIaHHOTO
MIPOTPaMMHO-aIIIIAPaTHOTO pemeHus Tpedyercs
pacmapaeiBaHue aJITOPUTMOB BBIYHCIIEHUS

[apaMeTpoB MOJETH C HCIONB30BAHHEM TEXHOJOTHU
MapajuleIbHOTO  MPOTPaMMMpPOBAHUS  JUII  CHUCTEM C
o0mreit maMsaTeio (Hapumep, OpenMP).

2) DBroimonHeHweM ~— MOJENM B pacHpelesIeHHOM
BBIYHMCIUTENLHON cHcTeMe Ha 0a3e BBIYHCIUTENLHOMN
CHCTEMBI, COJAepKallell OJHOPOJIHBIE KOMIBIOTEPHI -
Kjgactepe. B a3ToM ciyuae Monenb JODKHA OBITh
peanu3oBaHa B BHAE MapayIeIbHOW IPOrpaMMBlI C
WCTIONB30BAaHUEM TEXHOJOTHH Tepeladd COOOMCHHUI
(manpumep, MPI) niist oOMeHa JaHHBIMH MEKAY Y3JIaMu
BEIYUCITUTENBFHONH ceTd. (OOecredeHne BBITOTHEHUS
TpeOOBaHUI peaTbHOTO BPEMEHH IIPH STOM 3aTPYIHACTCS
M3-32 BO3MOXKHBIX 33JIep’KEK MpH Mepejadye JaHHbIX, a
TaKKe  TOBBINIACTCS BEPOATHOCTH cOOEB B padoTe
CHCTEMBI  IPONOPLMOHATBHO UYHCIY KOMIIBIOTEPOB,
BXOJSIIHNX B HEE.

3) MUcnomb3oBaHuWe  HEHpOCETEeBOro  Moaxoja |
CIICIHATI3UPOBAHHOTO MPOTPaMMHO-AIIaPaTHOTO
KOMILIEKCa Ha ero OCHOBE IUISl BBIYHCIICHHS OTACIBHBIX
610xoB quHaMuueckoi monenun CJO [7]

B kauectBe ammaparHoW 0a3sl Uil HEHPOCETEBBHIX

BBIYMCJICHMA  MOTYT  OBITh  HCIIONb30BaHBl  Kak
CIIeLHAT3UPOBAaHHBIC HEUPOYHIIBI (mampumep,
NeuroMatrix), Tak u rpadpuueckue yckopurenun NVIDIA,
NO/ACPKUBAKOLINC ApXUTEKTYpy  HapalieibHbIX

Belunciienuii CUDA.

Apxm‘ek'rypa reTeporeHHoﬁ BBIYUCIIATEIIBHON CUCTEMBI JIJIS MOJCITMPOBAHUA COCTOSIHUSA CJIO)KHOTO TUHAMHUYECKOI'o o0beKTa
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Peanmzanus HEeHPOHHON CETH C COYETAHUEM TEXHOJIOTHH
CUDA wu OpenMP u mapamienn3ma HeHTPaIbHBIX
MIPOIIECCOPOB HAa YPOBHE S3BIKA HPOTPAMMHUPOBAHHSA U
MIpOTpaMMHO-alNIapaTHOTO HMHTepdeiica co3maeT erme
OJIMH YPOBEHb MIPHUPOCTA TPOU3BOAUTECIEHOCTH.

Takum oOpa3oM, pUMeHEHHEe KOMOMHAIINHN OIMCAaHHBIX
BBILIIE NMPOTPAMMHBIX U aNlapaTHBIX PEIICHUH SBISETCS
MEPCIIEKTUBHBIM ISl TTOBBIIICHUS] MPOU3BOAUTEILHOCTH
nporpammuoit mozenu CZ1O.

2. ApXuTeKTypa ruOpHIHOro
BBIYHCIUTEIBHOT0 KOMILIEKCA
MoaeaupoBanmsi I'T /]

IIpennaraercs apXUTEKTypa ruOpUIHON
BBIYMCIIUTENILHOM CHCTEMBI, BKJIOHaromed B cels
KJIacTep, COCTOSIIUM U3 MHOTOSAEPHBIX MEPCOHAIBHBIX
KOMITBIOTEPOB, HEHPOCETEBOTO BBIYMCIUTENSI U JAOCTYTIA
K oOmaunsiM cepBucaM. OObeaWHEHHE Pa3HOPOIHBIX
BBIYHCIIATENCH B €IMHYIO CHCTEMY IMO3BOJISIET HOBBICHTH
CKOPOCTh pacyeToB 3a CUYET NPHMEHEHHS TEXHOJOTHH
[apajuleIbHOTO  NIPOTPAMMHPOBAHMS B CHCTEMax C

oOmeif W  pasfeNeHHOM  HaMAThi0O W PabOTHI
Heliponporieccopos [8].
OO0navysoe
P
RAMHBEIX
sogean CAY I'T Moxean I'T1 ﬂ
ofven Jaunuan
- - Master
MPL NG
MPI Odyueanas
y MPl .'“” *  HelpoHHan ceTh

Worker 1 Worker 2 Worker 3 Worker 4 Helipokouusiorep

Puc.1. AnapaTHo-nporpaMMHasi apXuTeKTypa
BBIYHCIUTEIBHOT0 KOMILIEKCA

A npumeHeHwe O0O0NAYHOrO  XpaHWIMINA JAaHHBIX
MIO3BOJISIET O0ECIICUNTh aKTYaJIbHYI0 HH(OPMALMIO O
pe3ynbrarax ucneitanuid C10.

Ha pucynke 1 mpencraBieHa ammapaTHO-TIpOrpaMMHas
ApXUTEKTypa BBIUUCIUTENBHOTO KoMIulekca, rae CAY
I'TJT, — cucrema aBTOMAaTU4ECKOrO  YIPAaBIECHUS
ra30TypOMHHBIM JIBUTATENIEM.

Kak u3BecTHO, aBUAITMOHHBIN Ta30TypOUHHBIN JBUTATEITH
MpeACTaBIseT CcOO0OW HETWHEHHBIH HEeCTalMOHAPHBIN
MHOTOMEPHBI ¥ MHOTOCBSI3HBIA OOBEKT, MMOITOMY LIS
3¢ PEKTUBHOTO yIpaBJIEeHUsS um HeoOXoanMOo
WCIIOJIb30BaTh HEJIMHEHHOE ONTHMAJILHOE MHOTOCBSI3HOE
yOpaBlieHWE, NpUYEM B  aJrOpUTME  YIPaBJICHUS
HEJIMHEWHas MOJeNb JBUTaTelsl W OrpaHUYEHHUs Ha
CKOPOCTh JBM)KEHUS HCIIOJIHUTENBHBIX MEXaHU3MOB U

BEJIMYMHY  YIPABJSIOIIMX  BO3ACHCTBUH  JOJDKHBI
IIPUCYTCTBOBAaTh B SIBHOM BHJE. be3 3TOro HEBO3MOXKHO
obecrieuynTh  MpeJeNbHBIE ~ 3HAUYEHHS  HEKOTOPBIX

JBUTATENbHBIX M OKCIUTyaTal[MOHHBIX  [apaMeTpoOB
(OBICTpOACHCTBHE TEPEXOMHBIX TIPOIECCOB, YICIbHBIH
pacxoa TOIJMBa, pecypc M T.J.) W MaKCHMAIbHO
UCIIOJIb30BaTh CBOHCTBA IBUTATEIIS.

B xone xommbroTepHoro moaenuposanus I T/] TpebyeTcs
ONpeZieTIeHHEe 3HAYCHHWH MapaMeTpoB paboOTBI  €ro
arperaToB Ha OCHOBE HX M3BECTHBIX XapaKTEPHUCTUK,
MOCTPOCHHBIX HAa OCHOBE SKCIEPUMEHTANbHBIX JaHHBIX
JIETHBIX MCTBITAaHUH ONBITHO-KOHCTPYKTOPCKOro oOpasua
JIBUTATENIl WIM TIOJNyHATYypHBIX MCIBITAHUH arperaros.
Jna 3a/1aHus XapaKTePUCTUK arperaToB B
MaTeMaTHYECKUX MOJIENAX I'TH HCIIONb3YETCs
NPEUMYIIECTBEHHO  TaOMMYHOE  IPEACTAaBICHHE  C
UCTIONB30BAHUEM  HMHTEPHOIALMHM  MEXIy  TOYKAMHU
JAHHBIX W OKCTPANOJSIHMH TPH BBIXOZE 3a 00JAacTh
SKCIEPUMEHTAIBHBIX  JaHHBIX. Hengocratkom  3TOrO
cnoco0a sBIsIeTCSl OOJbIIas MOTPEIIHOCTh ONpeAeICHUS
mapaMeTpoB 31 HEOOXOMMOCTb peanuzanuu
HUHTEPIOJSALMY B IporpaMMHoil moaenu I'T /1.

[Mpennaraercs A HaXOXKJICHUS IapaMETPOB pPabOTHI
arperaTtoB JABUIaTessl UCIIOJIB30BATh AlIIPOKCUMALIAIO UX
XapaKTEPUCTUK C MOMOLIbI0 UCKYCCTBEHHOW HEHPOHHOM
CeTH, MpPEIBApUTEIHLHO 00yUCHHON Ha HAaOOpe 3HAYCHMI
[apaMeTpOB arperaTroB, IIOJYYEHHBIX B pe3yJbTaTe
JIETHBIX WM CTEHIOBBIX HCHBITAaHUNA. WHTEepnoasiuus u
SKCTPANOJSALUs XapaKTEPUCTUK arperaroB CpelCcTBaMU
sI3pIKa MPOrPaMMUPOBAHUSL B HPOTPAMMHBIX MOZEIAX
I'TH sBaserca TpydOEMKOW 3ajadyeid C  BBICOKOM
BBIYMCIUTENILHON  HAarpy3kod Ha  BBIYMCIUTENBHOE
YCTPOMCTBO MU ceThb. JlaHHBIM TOAXOA IO3BOJAET
COKpaTUTh BpeMs U  TPYIOEMKOCTb  pa3paboTKu
nporpaMMHoil mogenu I'T/l, MOBBICUTB CKOPOCTh €€
BBITIOJTHEHUsI W 00ecmednTh KpOCCIUaTHOPMEHHOCTh
IIPOrPaMMHOH peanu3alyi.
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Puc.2. XapakTepucTuKka KOMIIpeccopa HU3KOIo

JaBJIeHUS
PaccmoTpum pelieHue 3a7a4u HelpoceTeBOi
anmpoOKCUMAIIUN XapaKTEPUCTUKH KOMITpeccopa HU3KOTO
JIaBJICHUS TypOOPEaKTUBHOTO JIBYXKOHTYPHOTO

ABUAITMOHHOI'O ABUTATEJISI, KOTOpAs SBJIACTCA (I)yHKHHCﬁ
JABYX NEPEMCHHBIX:
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Tknd = f(Gv_pr_kndvnpr_knd)’ 1) o [ |
freign——»fu_
€ - 7y, CTCICHD IOBBIMICHUS NaBICHHs BO3IyXa B
xackane Huskoro nasnenus (KHI), Gy pr knd -
NIpUBEACHHBIN pacxon Bo3ayxa uepes KH/I, Npr_knd

npuBeAeHHas yacTtoTa Bpamenuss KH/L,

tprod2
u 3aJaHa B TaOJIUIHOM BUIC Ha60pOM tn.l_
OKCIICPUMECHTAJIbHO TMOJTYUYCHHBIX 3HaYCHUH B p :
NIPUBENICHHBIX KOOpAMHATaX (pHc. 2). m: i3
i |
Z
3. HeiipoceTeBasi annmpoKcUMAanus :—dq
pro

XapPaKTePUCTUKHU KOMIIPECCOPA HU3KOT0
JaBJICHUS

B 5 XOJIe  YHMCIEHHOIO  OJKCIEpUMEHTa  IMOCTPOEHA pd{1.1} prods
HEHpPOHHAS CETh C UCIIONB30BaHINEM HHCTPYMEHTAIBEHOTO — Mus
cpenctBa NNTool martemarmueckoro makera MatLab.
BxoaHbIMM  TIEpEMEHHBIMM  JUIi HEMpPOHHOM  CceTH
ABIAIOTCS 3HAYCHUS YACTOTHI BPAIICHHA n,. g U

tprodt

NpUBEACHHOIO pacxona Bo3ayxa uepes KHJ -

Gy _pr_knd>  BBIXOZHOH  (LeneBOl)  MEPEMEHHOM P
SBJISICTCS CTETICHb MOBBILICHNUS TaBiIeHus Bo3nyxa B KH/] tprod?
*
n
Zknd * 2
P
Heiiponnas ceth (HC) Obuta 0oOydeHa Ha Habope u3 63 tp: i
TOYEK C MHCIOJB30BAHHEM  alropuTMa  oOyueHHA —
JleBenOepra-MapkBapara. B kauectBe — kpuTepus o
ONTHMAJBHOCTH OblIa 3aJaHa CPEHEKBAJPATHYECKOES WA 1HE.Y |
OTKJIOHCHHUE pe3yIbTaToB anmpOKCHMAIINH dotpradd

xapakTepuctukn HC OT 3KCIIepHMEHTaIbHBIX JAHHBIX,
paBHOE 0,5.10_6.

Puc.4. Ctpykrypa BHyTpenHero cjioss HC

izl 1}

Ha puc. 5 npuBenena ctpykrypa Bbixoanoro ciost HC.

OntumanbHas  CTPYKTypa CeTH, O0OecredHBaromas
JIOCTHKEHHUE 33JaHHON TOYHOCTH 3a NPHEMIIEMOE BpeMs
oOyueHHs TpencraBisier coboit nByxcnoitayto HC ¢
IpSIMBIM ~ PAacIIPOCTPAaHEHHEM CHTHaJAa M 0OpaT-HBIM
pacnpocTpaHeHHueM OIMHUOKU ¢ 9 HEeHpOHAMU B CKPHITOM
cnoe. Ctpykrypa HC npuBenena Ha puc. 3.
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Input  Process Input 1 Layer 1 a1} Puc.5. Crpykrypa BbixoaHoro ciaosa HC

l2f2.1]

I'paduik CcpaBHEHHUS PE3YJIBTATOB 3amMyCcKa OOYy4YEeHHOU

Layer2 HEWpPOHHOM CETM U UEJEBbIX 3HAYEHUW BBIXOJHOU
MIepEeMEHHOM TpeicTaBiieH Ha puc. 6. M3 rpaduka BUIHO,
4TO  JOCTUTHYTa  YAOBJIETBOPUTEIbHAas  TOYHOCTb

{1} Process Qutput 1 Output anIpOKCHMAIIUH.

Puc.3. O6masn crpykrypa HC

Ha puc. 4 npuBeneHa [eTanu3upoBaHHAs CXeMa
BHyTpeHHero cnos HC, conepxkaiero 9 HelipoHOB.

ApaneKTypa reTeporeHHoﬁ BBIYUCIIATEIIBHON CUCTEMBI JIJIS MOJCIIMPOBAHU COCTOSIHUS CJIO)KHOTO TUHAMHUYECKOI'o 00BEKTa
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Puc.6. Pe3yabTaThl aHAIM3a TOYHOCTH
annpoKCcUMAanun

Jnga  BH3yallbHOrO  MHpPEACTAaBIECHHS  PE3yJIbTaTOB
annpokcumauun xapakrepuctuku KHJ[ ¢ nomomibro
HEUpOHHOH ceTH cpexnctBamm mnakera Matlab Osum
MIOCTPOCHBI MTOBEPXHOCTH XapaKTEPUCTHKHU KOMIIpeccopa
10 TOYHBIM 3HAYEHUSAM IKCIIEPUMEHTAIBHBIX TaHHBIX, MO
3HAUEHUM, alllIPOKCHUMUPOBAHHBIM HEMPOHHOM CETHIO, a
TaKKe pazHUIa MEKIy HUMU (puc.7).

Puc.7. XapakrepucTuka KoMipeccopa HU3K0ro
AaBJIeHHUs] B TPEXMEPHOM NMPOCTPaHCTBe (TOYHASI
aNnpoKCMMHMPOBAHHASA)

CpencrBa makera NNTool mno3BoisSIOT  COXpaHSTH
00y4YeHHYI0O HEWpOHHYIO CceTh B .mat-aiime u B
JanbHEMIIEM MMIIOPTUPOBAaTh €€ B IPOrpaMMbl Ha
s3pikax C++ u C#.

4. 3ak/a104eHHe
Hcnonp3oBanue 00y4eHHONH HEHMPOHHOW CETH MO3BOJISET

3HAYUTEIBHO COKpaTHUTh Bpemsi oTpeeTIeHUs
apaMeTpoB KOMIIpeccopa B paboraromieit

nMuTarmonHoit Monenu I'TJ[ M coxpaHUTh TpeOyemyro
TOYHOCTh ~ BBIYMCICHHS  XapaKTEPUCTHUK  pabOThI
KOMIIPECCOpa, INpPH YCIOBUM, 4YTO BBIYHCICHHUS 3TOH
HelpoceTeBO Mojenu OymyT BBIIONHATHCS Ha 0Oase
HEHPOKOMBIOTEpA.
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OpraHu3sanusa UHTE/IJIEKTYa/IbHOU NOAAEePKKHU NPUHATUA
pellieHUH IPU NPOEKTUPOBAHUU
TPAHCIOPTHO-NIepecaj04HOro y3Jja

A.A. JIlutBUHOBa
HNHCTUTYT aBUaLIMOHHON TEXHUKHU
Camapckuii YHUBEpPCUTET
Cawmapa, Poccus
e-mail: a.litvinova95@mail.ru

AHHOTAUMS'
OOBEKTOM HCCIIEJOBAaHUS SBISIETCA TPAHCIOPTHO-
nepecaiouHbIH y3ed, HEOOXOIUMBIT TUTSt
ONTHUMU3AINU MPOLIECCOB MacCaKUPCKUX
TMCPEBO30K. B Ka4yeCTBEC METOoaa IPUHATUA
YIOPaBACHYECKUX  pEIICHUHA Al CO3JMaHUs
TPaHCIOPTHO-IEPECaT0UHOTO y3na

paccMaTpuBaeTcs HMHTALHMOHHOS MOJACIUPOBAHUE.
[puBonmsaTcs  pa3inuyHble  BO3MOXXHOCTH  IIPH
pa3paboTke Mojeneil B cpeie HMHTALHOHHOTO
MozemupoBanus AnyLogic. s MonenupoBaHHs
00I1IECTBEHHOTO TpaHcIopTa MIPUMEHSETCS
nporpaMMa MHKPOCKOIIUYECKOTO MOJAEIUPOBAHUS
SUMO. Kaxaplii  TpaHCIOPTHO-IIEpECaTOUHBIN
y3eJl UMEeT YHUKAIbHYIO IUITaHHUPOBKY U Tpedyer
MOCTPOCHHSI OTIEIbHON MOJENH, YTO TPEIIIOKEHO
crenatb B ropome Camapa, Ha NepeceYeHHH
npocriekta Kapna Mapkca ¢ KeJIe3HOIOPOKHBIMU
nyTamMud B padioHe miatdopmbl  «JlauHasy.
MopnemupoBanne B mporpammax  SUMO u
AnyLogiC mno3BomHT pa3paboTaTh ONTHMAIBLHOE
pelLIeHue TS yAy4dIIeHNs] KayecTBa 00CIyKUBAHHS
HACEJICHUS U pabOoThI OOIIECTBEHHOTO TPAHCTIOPTA.

1. BBenenue

B coBpeMeHHBIX yCIIOBHSAX B CBSI3U C POCTOM KOJIMYECTBa
KUTENEH, TOPOJICKOMN arJoMeparyy, YpOBHS
aBTOMOOMNM3AalMM WM TIOABIKHOCTH  HAacCeJIeHHS,
CYIIECTBYIOIINE OOBEKTHI TPAHCIOPTHOW CHUCTEMBI HE
CHpaBJIsIeTCs ¢ Harpy3kaMmu. B cBs3u ¢ 3TuM nosiBiseTcs
HEO0OX0MMOCTh pa3BHUTHS TPaHCIIOPTHOH
nH(pacTpyKTypHl, T1e NPUOPUTETHON 3a/1aueil SIBISETCS
IrPaMOTHO CIUIAHUPOBAHHOE MEPECCUCHUE pPa3IUIHbIX
BUJIOB TPAHCHOPTA M PEKOHCTPYKLUS IUIAHUPOBOYHBIX
peleHui MACCAXKUPCKUX TEPMHHAJIOB. Just
ONTHUMU3AINH IIEPEBO30YHOIO IMpoIecca M YyIydIICHHUS
TPaHCHOPTHOM JOCTYITHOCTH HE00X0IMMO

Tpyasl NATOH BecepoccHiickoi KoOHpepeHnn
"UHpopManuoOHHbIE TEXHOJOTMH MHTEVIEKTYAJbHOM
MOA/IeP:KKM NMPUHATHSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

O.H. Canpeikun
NHCTUTYT aBUaLIMOHHON TEXHUKHU
Camapckuii YHUBEpPCUTET
Camapa, Poccus
e-mail:saprykinon@gmail.com

CTPOUTENBCTBO HOBBIX M ONTHUMH3AIMSA CYIIECTBYIOIINX
TPaHCIIOPTHO-TIEPECAAOYHBIX  y3JIOB, KaK KIIFOYEBBIX
3JIEMEHTOB TPAHCIIOPTHOH MH(PPACTPYKTYPHI.

TpancnopTHO-TIEpeCcaI0UHbII y3ena (TI1Y) —
NACCaXKUPCKUN KOMILJIEKC, y310BOH 3JIEMEHT
IUTAHUPOBOYHON  CTPYKTYpHl TOpOAa  TPAaHCIOPTHO-
OOIIECTBEHHOTO  Ha3HadeHHs, (QOpMHUpYyeTCS  IpHU
B3aUMOJICHCTBUM JIBYX M Oojiee BUJIOB OOLIECTBEHHOI'O
TOPOJICKOTO TpaHCIIOPTa, ISt obecrieueHus

KOM(OPTHOTO MEePecagovyHOro MpoIiecca U ONTUMHU3AINH
nepeBo3ku [1].

IIpu mpoektupoBanmu TIIY HEoOXOAMMO paccMOTPEThH
(haxTopsI, BIUsONIME HA ero padoty [2]:

L4 MPUCYTCTBUC PA3JIMYHBIX I'PYNIT HACCIICHHU A,

CTOXAaCTHUYCCKOC MMOBCACHUEC IICIICXO0B,
HCIITAaTHBIC CUTYalluH,

o HEPABHOMECPHOCTD MACCaAXKUPOIIOTOKA.

OneHuTs BIMSHHE JTHX (AKTOPOB B  peaJbHO
nencryromeM TIIY, kak npaBuio, 3aTpyIHUTENBHO, TaK
KaK Ui CO3JaHMs MPOTOTHIA TPEOYIOTCS 3HAUMTEIbHBIC
(huHaHCOBBIE 3aTpaThl. HO 3TO MOXHO caenaTh, co3/aB
UMHUTAUOHHYIO MOJIENb, KOTOpas MO3BOJIHUT
MHHAMH3HUPOBATh IPOM3BOACTBEHHBIE W (HHAHCOBBIC
PHUCKH.

B nmamHOM paboTre mpendmonaraeTcss  yiydlIEHHE
TpaHCIIOPTHOW uHppacTpykTypsl B ropoxe Camapa,
IyTEM pEIleHHUs CIEeIYIOMNX 3a1a4:

®  MOJEIMPOBAHMUE TPAHCIOPTHO-NIEPECANOUYHOIO Y3ia,
JUIS  yIydlEeHUs TPaHCHOPTHOM JOCTYHNHOCTH U

6€30MacHOCTH TTACCaXKHUPOB;

MOACINPOBAHUE TPAHCIIOPTHBIX IIOTOKOB,
O6H.ICCTBGHHOFO TpaHCIIOpTa, IA ONTHMH3AIUN
NEPEBO30YHOTO IMpouecca.

O0venuuuB MoxenupoBanue TIIY u oOmecTBeHHOTO
TPAHCIOPTa HEOOXOMMO PEIIUTh KOMIUICKCHYIO 33a1a4y,
KOTOpass  COCTOMT B  pa3paboTKe  ONTUMAIBHOTO
Mapmpyta OOMIECTBEHHOI'O TPAHCIOPTa MPOXOJAIICTO

OpraHmaunﬂ I/IHTCHJTGKTyaJTBHOﬁ TIOAACPIKKH IIPUHATHA pemeHni’I TIpU NPOCKTUPOBAHUH TPAHCIIOPTHO-TIEPECATOIHOIO y3Jia
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yepe3 TIIY. B  kauectBe MeroAa  NPUHATHSI
YIPABJICHYECKUX PEIICHUN U1 pa3BUTHS TPaHCIOPTHOM
HHPPACTPYKTYPHI MIPUMEHSIETCS MMUTANOHHOE
MOJICITPOBAHHE.

IIponeccel MonenupoBaHHsA TPAHCIOPTHBIX IIOTOKOB
HHTEPECYIOT  JIIOACH  HAa  MPOTSHKEHUHM  MHOTHUX
necstunetudl. K HacrosdimieMy BpeMeHH H3aHO MHOTO
pador, OMHCBIBAIOLIUX pa3iIu4HbIe METObI
MOJIEIUPOBaHMs TPaHCIOPTHBIX NOTOKOB. K mpumepy,
JaHHas mpobiema jaetaidbHO m3ydeHa B.U. IlIBenoBbIM.
B ero cratee «MopenpoBaHue TPaHCHOPTHBIX IOTOKOB
B KpymHOM ropoje» [3], mpencrapieHa KOMILIEKCHAs
MOJIENb TPAHCIIOPTHOM CHUCTEMBI, MTPEeJHA3HAYCHHAS IS
MIPOTHO3UPOBAHMS TPAHCIOPTHBIX M MACCaXUPCKUX
MOTOKOB. VICXOOHBIMM HAaHHBIMH SBIIIOTCS JAHHBIE
MOJABWKHOCTH HaceneHusa. IIporros mnepenBukeHUi
OCYILIECTBIIETCS IIyTeM pacueta MaTpHI
KOPpPECIIOHIEHUMH Mexay pailloHamMmu ropoxa. [lpu
pacdyere KOPPECHOHACHLUN MCIONb3YETCs KpUTepUui
OIIGHKH IyTeH, Ha OCHOBAaHHMM KOTOPOTO MOJb30BATEINb
OLICHUBACT AJIBTCPHATUBHBIC IyTH nu CHOCO6I>I
nepeaBuxkeHus. s MoaenupoBaHus 3arpy3Kd yJIWYHO-
JIOPO’KHOM CeTH MpHUMEHSEeTCd METOJ] PaBHOBECHOTO
pacnpeneneHus oTOKOB.

OcBemasi JaHHYIO NMPOOIEMy, MOXHO OTMETHTH PaOOTHI
M.P. SlkumoBa,  KOTOpBI  paccMaTpuUBacT  METOJ
MMHTAIMOHHOTO MOJIETTUPOBAHNUS TPaHCTIOPTHBIX
mporeccoB. B ero craTeIx MOAPOOHO H3I0XKEHBI
NTOPUTMBI ~ pacdyeTa, MOAXOABI M METOAbl ydeTa
TEXHUYECKHUX XapaKTepUCTUK aBTOMOOMIIEH U
TPAHCHOPTHOTO MOTOKAa B Ipollecce HMMHUTALMOHHOTO
MojenupoBanusi. [IpuBoasTcst crnocoObl HaOIIONEHUS U
ydera NCUXO(QHU3HOIOTHYECKUX MapaMeTpOB IMOBEACHUS
BOJAWTENEH MpPU JBMXEHUU B TOPOACKOM TPAaHCIIOPTHOM
motoke. JlaHbBI TpakTHUECKHE PEKOMEHIAUWH IO
NIPUMEHEHNIO PE3yJbTaTOB PACUeTOB, MOJIXOJOB U
METO/I0B HaOJIOeHHs B TMpolLecce HMHUTAIMOHHOTO
MojenupoBanus [4].

2. UMmuTaunoHHOE MO/IeJIMPOBaHHE

Mogens — 3TO CIeMUaNbHO CO3JAaHHBIA MCKYCCTBEHHBIH
0OBEKT, Ha KOTOPOM BOCHIPOM3BOMISITCS ONpEACICHHEIC
XapaKTePUCTUKU HCCIIENYeMOro OO0BEeKTa C IENbI0 €ro
1/13y11eH1/151. Hpouecc CO3JaHUA MOJCJIMW HA3bIBACTCA
MojJenupoBanveM. ['naBHas 3ajgadya Bcex Mojened —
HCCIIeI0OBaTh OOBEKT B OyayIeM, KOT/Ia MOACIHPYEMOTrO
00BeKTa ele HeT, Ju00 CO31aTh YCIOBHS, B KOTOPBIX
9TOT 00BEKT etite He ObLT [5].

HMuTanmoHHOE MOAEIMPOBAHUE MO3BOJSET CO3JATh
MOJeNb, KOTOpas MAaKCHUMalbHO TOYHO OIMCHIBAET
IOpOLECChl, MPOXOAAIINEe B  pEalbHOM  CHCTEME.
CMOJenpoBaB pa3IM4HbIE BEPOSITHOCTHBIE COOBITHS
(YHKIIMOHHPOBaHUS TITY MOXKHO IIPOBOJUTH
UCTIBITAaHUS C €Ile HE IIOCTPOCHHBIM  OOBEKTOM.
Hanpumep, nposepka pabotsl nmpoektupyemoro TIIY B
Pa3IMYHBIX HEIITATHBIX CUTYAIUIX, OIIEHKA MTPOMYCKHOM
crocobnoctu TIIY. Ilocne mpoBeneHHs SKCIIEPHUMEHTOB
Ha/l TPOCKTHPYEMBIM OOBEKTOM BO3MOXKHO BBISBIICHHE
psina Hed(h(HEeKTUBHBIX MIPOSKTHHIX PEIICHUH.

IIpoBenenre MCHBITAHUI HAJ UMHUTAIIMOHHOW MOJIEIBIO
HMeeT pst mpeumMytnecTs [6]:

e BpemMs (MHHUMalbHas 3aTpara BpPEMEHH Ha
MIPOBEJCHUE YKCIIEPUMEHTOB C MOJIETIBIO);

e  CTOMMOCTH (MHHHMAaJbHBIC 3aTpPaThl, COCTOSAIIUE M3
croumoct [10 u paboTsr);

® TOYHOCTh (MPOLECCHI CHUCTEMBI OMHCHIBAIOTCS B
€CTECTBECHHOM BH/IC);

®  HaITSIHOCTD (BO3MOXHOCTB BU3YaJIbHOTO
BOCIIPUSITHSL ~Hpoliecca pabOThl  MOJEIUPYEMOM
CHCTEMBI);

®  TIOBTOPSIEMOCTH (BO3MOHOCTB MIPOBECHUS

HEOTPAaHNYEHHOI'O KOJIMYECTBA I/ICHLITaHI/II‘/’I);

e  YHHUBEPCAIBHOCTH(BO3MOKHOCTB
MOJIETTMPOBAHHMS BO BCEX 00JIACTSAX).

HCIIOJIB30BaHUA

3. Moaeauposanue B AnyLogic u SUMO

IIpn MOJIENAPOBAaHIH B IpodeCcCHOHATEHOM
HHCTPYMEHTE HMUTALHOHHOTO MOJENUPOBAHUSA
AnyLogiC  MOXHO  TpOAHATM3UPOBATH  IUIOIIAMb
MOJEGIUPYEMOr0 OOBEKTa, ONPEeNEeTIUTh YYacTKH C
HaunOoJbIIeH KOHIIEHTpAIeH Tro/ieH, C TOMOIIBIO KapThl
IUIOTHOCTH  IACCAKUPOINOTOKA, M300pakKeHHOH  Ha
pucyske 1.

Ha xapre mMjaoOTHOCTM MacCa)KUPOIMOTOKAa C TOMOIIBIO
[[BETOBOW HHIWKAIIMH OTPaKaeTcs KOIUIECTBO JIFOICH,
HaXOIAIIMXCS B 3aJaHHOM  KBaIpaTHOM  MeETpe
uccreayeMoit miomau [2].

I o t .,,\é\ . | -‘

Puc. 1. Kapra niotHoctH [2]

I/IMI/ITaHI/IOHHoe MOACINPOBAHUE TIO3BOJIACT HPOBECPUTH
paboTy MPOEKTUPYEeMOTro OOBEKTa MPH HEIITATHBIX U
CIy4YalHbIX cuUTyauusx. MoeaupoBaHue Ype3BbIYaHHBIX
curyaruii (UYC) mo3Bomsier 0e300J€3HEHHO OICHHUTH BCE
BO3MOXHbIE€ BAPUAHTBI Pa3BUTHUS CUTYalLlUU MPU OMIACHOM

SABJICHUM,  KaTacTpode, aBapum  Ha  ydacTKax
HanOOJIBLIETrO CKOIUICHHS JIroAei [6].

B  pesymprare  MoxenupoBanus ~UC  BO3MOXKEH
CIEAYIOIINI NepeueHb pelIeHui:

e  pa3zpaboTka clieHapHeB u OTITUMHU3ATIHS

TeNIeX0HbIX TOTOKOB Tipu YC;
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OLIEHKA MPOIMYCKHOW CIIOCOOHOCTH MPOEKTHPYEMOTO
00BEKTa;

PEKOHCTPYKIHS CYLIECTBYIOIIETO IUTAHUPOBOYHOTO
penienus ¢ yaetoMm mogenupoBanus UC.

Ipu  momenupoBanuun B SUMO  ropojckoro
[AaCCAKUPCKOTO TPAHCIOPTA 3aJAl0TCS MapIIpyThl H
pacrucaHue IBIKECHHs 0OLIECTBEHHOT'O TPAHCIIOPTA.

HcxoaupivMu JAHHBIMU ISt MO/ICIIUPOBAHUSI
OOLIECTBEHHOT0  TPAHCIOPTA  ABISIIOTCS — J@HHBIC O
3arpy»KEHHOCTH  TPAaHCIOPTHO-MEPECATOYHOr0  y3IIa,
HOJIBHXKHOCTH HAaCeJICHUS, T.€. KOJIMYECTBE
Hepe/IBIKEHUIA, COBEpPLIAEMBIX KUTEISIMHU, c
Pa3IMYHBIMH LESIMH B TEUCHHE KaKOro-IubO BpeMEHH
(menb, wmemens, rom) [7]. Tarxke HEOOXOAMMO 3HATH
pasMelieHrne B IUICHE ropofa OOBCKTOB MOCEIICHHS
(Mecto paboOTH, y4eOBI, OOBEKTHI Pa3BICKATEIHLHOTO
xapakTepa u T.1.) [3].

4. Camapa
B ropone Camapa IuUTaHUpyeTCS  CTPOUTENBCTBO
maructpanu  «lleHTpanbHON», 4YTO MOJpa3yMeBaeT

pekoHcTpyKIMio mpocrnekta Kapina Mapkca, a UMEHHO
Y4acTOK OT TmepeceueHHs ¢ mnpocrnektomM Kuposa 1o
rpanuisl Camapel.

CTpOUTENHCTBO MaruCTPAJIH SBJISACTCS OJHOM U3 TJIaBHBIX
3a[ad AJs ropojia, Tak Kak Tpacca MPOXOAUT ITOYTH depes
BECh TOpPOI M SBISICTCSA BBIC3NOM W3 HEro. B mepByro
ouepens IS CTPOUTENBCTBA MArdCTpalil MOTpedyeTcs
pacumCTKa BCEX PaCIIOIOKEHHBIX HA JaHHOU TEPPUTOPUH
00BEKTOB 31 epeyCTPOHCTBO HWH)XEHEPHBIX
KOMMYHHKaIH.

ABTOMOOMJIBHAS JOpOra Ha YyYacTKe OT MPOCIEKTa
KupoBa 110 >xene3HomopoxHOH 1athopmel  «JlauHas

Oymer WMeTh [BE pa3[enbHBIE II0 HAMpPaBICHUAM
JBIDKEHUS TIPOE3KME YacTH, KOTOPHIE IPEAyCMaTPHUBAIOT
pa3MeIeHne BBIACICHHOW TIIOJIOCH IS ABYDKCHHSA
0O0IIECTBEHHOTO TPAHCIIOPTA MUPUHOHN 4M. U IBYX MOJIOC
JUIA OOIIEeTo IMONB30BAHMS MIMPHHON 3M C JOCTYIIOM K
napkoBOoyHOW mosioce. IlosTomMy, AIs MUHUMU3ALUU
KOH(IMKTHBIX CHUTYallMii Ha JOpPOTe, MOJIOCY JIBMKEHHUS
00I1IECTBEHHOTO TpaHCHOpTa MIPETYCMOTPEHO
pa3MecTuTh CJeBa, C BO3MOXKHOW IepecTpOHKod Mox
penbCOBBIT  TpaHCHOPT. (OCTaHOBKH — OOINECTBECHHOTO

TpaHCIIOpTa  MPEAYCMOTPEHO  pasMETUTh  MEXAY
MoJI0CaMu JIBUDKCHHSI. Tarxoke IUIAaHUPYETCS
O6maroycTpoWicTBO  Tpacchl  NyTeM  pa3MELICHUs
BEJIOCHUTICITHBIX JIOPOJKEK, TPOTYyapoB, TI0JI0C
HaCa)XICHUSI.

Ocoboe  BHHMaHME MOXXHO  yIOCNUTh  y4acTKy
nepeceueHust npocnekra Kapma Mapkeca ¢ nyTsmu
KyiiObineBcKoi  kene3HoN  Hopord  (PUCYHOK — 2).

IInanupyercs IByXypOBHEBas pa3Bsi3Ka, I/Ic HA HUXKHEM
ypOBHE OyZeT 3allyIlleH OCHOBHOI IIOTOK TpaHCIOPTA 110
IIyTENIPOBOJY TOHHEIBHOIO THUIA, a HAa BEPXHEM
miatdpopma [lauHas u  oOyCTpPOHCTBO KOmbIa AJIA
[ObE3/1a TPAHCIIOPTa K Hell. Takke Ha BEpXHEM YpOBHE

IUTAHUPYETCS ~ OOYCTPOWTh  KOHEYHBIE  OCTaHOBKHU
00IecTBEHHOTO TpaHcmopTa [8].
JlaHHbIH Y4acTOK CTBIKOBKH Ha3eMHOTO H

JKEJIE3HOIOPOKHOTO OOIIECTBEHHOTO TPAHCIIOPTa OYCHb
MEpPCTIEKTUBHBIN JUIS Pa3MEICHUS] Ha HEM TPaHCIIOPTHO-
nepecagovHoro ysna. [1osToMy ObIIO MPUHATO pelIeHHe

pa3pa60TaTL HMHUTAIUOHHYIO MOACIIb JaHHOT'O
TPaHCIIOPTHOI'O o0bekTa B podecCHOHANTEHOM
HHCTPYMEHTC UMHUTALTUOHHOT'O MOACIMPOBaHUA
AnyLogic.

AN\\SER \\N

Puc. 2. ITepeceuenne npocuexra Kapiaa Mapkca ¢ 5KeJ1e3HOAOPOKHBIME My TAMM
B paiione miaardopmel «Jaunas» [8]

OpraHu3anys HHTEIUIEKTya IbHON MOJUIEPXKKH IIPUHATHS PEIICHUH NPH MPOCKTHPOBAHUY TPAHCIIOPTHO-TIEPECATOYHOTO y3IIa
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ITomumo monenuposanust TIIY, Ha NaHHBIE MOMEHT B
mporpamMme MHKPOCKOIINIECKOTO MOJICTAPOBAHHS
SUMO wmopenupyercst o0OuiecTBeHHbIH TpaHncnopt. s
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5. 3akaouenue

TakuMm 00pa3oMm, B HACTOSINEE BPEMs MOJCIUPOBAHHE
SIBJISIETCS. HEOTHEMJIEMOW YacThlO TPH PEIICHUH 33134
aHaIn3a CIIOKHBIX MPOLIECCOB. Co3aHHas
HMHUTAIMOHHAS MOJCHIH ITO3BOJIUT OILCHHUTH, KaK BIUSCT
Bo3BeneHue TIIY Ha TpaHCHOPTHBIE MOTOKH B TOpOJE,
Kakoii o0beM HaceneHHs OygeT TPOXOIUTH dYepes
TPaHCIOPTHBIN 00BEKT H Kakue MapIIpyThl
OOIIIECTBEHHOTO TPAaHCIOPTa HEOOXOIMMO TIPOBECTH
4yepe3 Hero.
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1
AHHOTAUA

B cratee pa3paboTaHa cucTeMa yIpaBICHUS

JaBJICHHUEM B KOH,Z[@HC&TOPG'I/ICHapI/ITCJIC 10

MaTeMaTHYecKOi MoJenn OOBeKTa YIpaBJICHUSL.
[pennaraercs MCMONB30BaHHE TAaKOW MOJIETH IS
YIpPABJICHUS] HHEPUUOHHBIMH TEXHOJOTMYSCKUMH
napamerpaMu. JlaHHas CUCTeMa MO3BOJIACT TOYHO
peryiupoBaTh WHEPLMOHHBIE NapaMeTphl, IyTeM
MPOTHO3UPOBaHKs OyIyIIEro COCTOSHUS OObeKTa
YIIPaBJICHUSI 10 €r0 MaTeMaTHUECKOH MOJIEIH.

B o510l cucteme Tekymiee coOCTOSHHE OOBEKTa
yIOpaBJIeHUs] MOJAECTCs Ha HEUETKHH perynarop, a
TOT B CBOIO OYEpeb, MOAOWPAET YIPABIISIOLINC
Bo3aericTBusA. CocTossHHE OOBEKTa YIIPaBICHUS
mepegaeTcss Ha  MOJENb, OHAa IPOTHO3UPYET
W3MEHCHHE TlapamMeTrpa W ToJaeT ero Oymymiee
3HaYeHWE HA  HEYCTKHHA  pEeryisiTop  Uis
KOPPEKTHPOBKH YIPABIISIONINX BO3ICHCTBUH.

1. BBenenue

Heuerkuit perymsarop (HP) akxtuBHO ucmombp3yercss s
yIpaBJeHUs] TEXHOJIOTHUECKMMHU Tiporieccamu [6, 8-15].
[upokoe pacnpoCTpaHEHHE IONYYMIO HCIIOIB30BAHHE
HP B pasnuubbix cucTemax ympasieHust [16-17].
IIpennaraercs  ucnons3zoBanue HP B cucreme
yIpaBieHUS WHEPIMOHHBIM napaMeTpoM o
MaTemaruuecko mogenu OVY. Takas cucrema MOXeT
NPUMEHATBCS AL YIpaBJeHWS  JaBlIeHHEM B
KOoHJeHcaTope-ucnapurene.  KonpaeHcaTtop-ucnapurensb
npeAcTaBsieT co0oi KoXyXoTpyOHbI ammapar. B ero
MEXTPYOHOM NPOCTPAHCTBE KHIUT (pEoH, a B TPyOKax
KOHJIEHCHpYeTCsl  ra3oo0pasHblii  xjop. OCHOBHBIM

Tpyasl NATOH BeepoccHiickoi KoOHpepeHnn
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOJ/IePKKM NMPUHATHUS pemrenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

PEerylIupyeMbIM HMHEPIIMOHHBIM MapaMeTpoM OOBEeKTa
yrnpaBJC€HUA  ABJACTCA  JaBJICHUC B KoHACHCATOpEC-
UCTapHUTeie. 3aMEeTUM, 4YTO €ro HHEPIUOHHOCTh MpPHU
pocTe 00yCIOBIICHa HEOOXOIUMOCTBHIO CYIIECTBEHHOTO
YBEJIMYCHHUS MACChI T'a3a, KOTOPOe TPEOYeT IUTEIILHOTO
BpeMeHH wucmapeHus ¢peona. M3-3a HeToyHOCTEH
pEeTyIUpOBaHWS MJABICHHUA B ammapare He yaaercs
IOOUTBCS TpeOyeMoW TeMIepaTyphl JKHAKOTO XJIOpa.
BHenpenne cHCTEMBI YIpaBICHHS TIO3BOIUT CTPOTO
peTyIUpOBaTh NABJICHUE B ammapare B JIFOOOW MOMEHT
BpemeHH. CymIecTByIoIIee pPEryJIHpOBaHUE IaBICHUS
OCHOBAHO Ha Mepeaye yMpaBIIIONIEr0 BO3ACHCTBHS Ha
O00BEKT yMpaBlIEHUS] C HCIOJHUTEIBHOIO YCTpOicTBa
(knamana). JlanHas cucteMa He BCET/Ia MO3BOJISIET CTPOTO
peryaupoBaTh mapaMeTphl ammapara. lIpeamaraeTcs
HCTIOJIb30BAHUE CHUCTEMBI C OOpaTHOW CBA3bIO, MpPHU
KOTOPOH TEKyIlee COCTOSHHE OOBEKTa YIpPAaBICHHS, a
TaKKe IMPOMOJECIUPOBAHHOE  OyAymiee  COCTOSHHE
nmaBieHus o moxenu OY Oyayt momaBathes Ha HP mis
(hopMUpPOBaHHUS YIIPABISIOMIAX BO3ICHCTBUIA.

2. Onucanue KOHACHCATOPA-UCIIAPUTEISA

KonneHcarop-ricapurens SBISI€TCSI COCTABHOM YacThIO
(hpeoHOBOI KOMIIPECCOPHOM YCTaHOBKH. On
IpefHa3Ha4YeH Ul KOHJEHCAIMU ra3000pa3HOro Xjopa.
Vcnapurens-KoHAEHCATOP MPEACTABISET coboit
KOKyXOTPYOHBII ammapar, COCTOSIIIHI U3 KOXyXa,
TPYOHBIX PEUIeTOK M TpyOHOTrOo my4ka. B mexTpyOHOM
MPOCTPAHCTBE KWIIUT KUAKUH ¢peoH. B  Tpybxax
KOHJICHCHPYETCs Ta3000pa3HBbIi XJI0P.

YpoBeHb KUAKOTO (pEeOHa B KOHACHCATOpPE-UCIIAPHUTEIEC
MOJJEP>KUBAETCS KJIAIAHOM 3a CUET IMOAAYU >KUAKOTO
(hpeoHa OT MePeOXIIAUTEIIS.

JaBnenue ¢peona perynupyercst KJIaraHoM,

YCTaHOBJICHHBIM Ha BCAaC€ KOMIIpECcopa.

Pa3pa6o1‘1<a CUCTEMBI YIIPaBJICHUSA HHEPIIUOHHBIM TEXHOJIOTMYECCKUM MMapaMeTpoOM o GCSLIHepLU/IOHHOﬁ MOICIH
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Mecto KOHAEHCATOpPA-UCTIAPUTENST B TEXHOJOTHMYECKOU
cXeMe KOMIIPECCOPHOH YCTAaHOBKH TIPEICTABIICHO Ha
pucyHke 1.

JlaBieHHe B KOHICHCATOPE-HCIIAPUTENIE pEryIupyeTcs
UL W3MEHEHHWS  TeMIlepaTypbl  KOHACHCHPYEMOIO
mpoxykra (xiopa). M3-3a HETOYHOCTEH perymupoBaHUS
JIaBJICHNUS], 3a4acTyl0 HE yJaeTcs MOJy4aTh CHKMKCHHBIN
XJIOp 33/laHHO# TeMIepaTypsl, IOTOMY YTO W3MEHSETCS
TeMIIepaTypa KUIeHHs: ppeoHa.

JIns peanu3aiy BBIIICONMCAHHON CUCTEMBI YIIPABICHUS
paspaboTraeM HEYETKMH pEryiasTop Uil YHpaBJICHHS
KOHJIEHCAaTOpOM-UCTIapuTeaeM u Moaens OV,

leawamen

1t

Tl et

Puc. 1. TexHosoruueckasi cxeMa KOMIpPeCCOPHOM
YCTAaHOBKH

3. KonunentyaabHas mogeanr HP

Perynupyembimu napamerpamu HP saBnstoTcs creneHu
oTKkpeITus KiamaHoB LV-750 u PV-749, xotopsie
OTBEYAIOT COOTBETCTBEHHO 3a YPOBEHb U JABJIICHUE B
KOHJIEHCATOpe-ucnapurese.

PazpaboTaem perymsaTop st STHX MepEeMEHHBIX.

Ha Bxos HEYeTKOro perynsTopa 1moJaroTcs:

1 Temmeparypa xiopa T, umymero B ammapat, [-16+16]
°oC:

2 ypoBHs (peona L B konnencatope [0+100] %;

3 naBieHME B KOHAEHcaTope-ucnapureie, [0+2] KFC/CMZ;

4 naBieHue B KOHACHCATOPE-UCIapUTeIIe Yepes 3alaHHoe
. 2
KOJIMUeCTBO TO4eK, [0+2] kre/Cm”.

BBIXOZHBIMEH  TNIEpPEMEHHBIMHM  PEryJIaTopa  SBISIOTCA
CTeTIeHH OTKpHITUS KiamaHoB LV-750 u PV-749 B
IPOLIEHTaX, C IOMOIIBIO MEPBOrO  OCYLIECTBIISETCS
perynupoBaHuEe YpOBHS (peoHa B KOHZAEHCATOpe-
HCTapuTene, a BTOPOil peryaupyer 1aBICHUE B HEM.

Ha pucynke 2 mpencraBineHa KOHLENTyaslbHash MOJENb
HEYETKOTO perynsaTopa JUIsSt yIpaBJIeHUS
PETYIHMPYIONINMH KJIallaHaMH.

PV-749

HP

LV-750

Ps

Puc. 2. KonuenryajbHasi MojieJIb HEYETKOI0
peryJasitopa

T — BXomHas NepeMeHHas TeMIeparypsl Xxjiopa; L —
BXOIHAs IIepeMeHHas ypoBHSI ¢(peoHa P — Texymiee
JaBJIeHHEe B ammapare ; PS — MozmenupyeMoe 3HaueHHE
JIaBJICHUS;

PV-749 — BoixonHas nepeMeHHas, XapaKTepu3yromias
CTENEHb OTKPBITHS ~KJamaHa Juisl  peryjIupoBaHuUs
JIaBJICHUS B armnapare,

LV-750 — BhIXomHas MepeMEHHAs, XapaKTepH3yromas
CTCTICHb OTKPLITUA KJlallaHa [JIs PETYJIUPOBAHUSA YPOBHS
(peona B anmapare

4. MaremaTtnueckasa moaejib HP

ypaBHeHI/Iﬂ JUISA OIIpEAC/ICHUA napamMeTpoB
KOHACHCATOpa-UCHTAPpUTCIIA HPCACTABICHBI HA PUCYHKC 3.

dL(p) = LfI(p) -

(Gf - al) -
—— — Visp(p)
Vi Sp(E

Visp(p) - pof(p.p,) * Cisp + (Tatm - py) - Tp + (p, - p,) - alfa - S1

dTi(p) : .
Cpf(p.0) + Cp

Py Cpf(p.0) + Tl - Cpfg(TM) - GI - al - pof (TA.PM1) + p,- Cp

)
Cpf(p,Gf - al - pof (Tf1,Pf1)) + Cp 3

(P, + 101325) - (100 - p, ) )
dP(p) — = - p, ~ 101325

Gf - al) x
100 - [p, + LOI(p) s AI Visp(p)
! Vi

Visp) - pof (p3,p,) - 1000
R (273154 py) - ————————— (p, + 10132} - T1(p) ”
R (py-PR) — K2
Vi 2348+ p, L 100

Py~ P3) - alfa- S1 + Geond(p) (‘cumlh[;\l' Vhg(p) - (p, - Thi

dTh(p) :

(Ph + 101325) - Vh Vh - Vhe(p)

Cpgh «
R+ (273154 p,)

Puc. 3. MaremaTuueckasi MoIeJIb KOHIEHCATOPA-
HCIAPUTeJIs

B stux ypaBHenusx [1-5, 7]

dL(p) — ypoBeHb %uakoro ppeoHa B KOHIEHCATOPE-
ucnapurene, %;

e dTf(p) — Temmeparypa ¢peoHa B KOHIEHCAaTOpe-
ucnapurene,°C;

e dP(p) — naBneHue mapoB (peoHa B KOHACHCATOpE-
ucnapurene, Ila;

e dTf(p) — rtemmeparypa xjopa B KOHICHCAaTOpe-
ucnapureie,°C;
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Gf — Pacxox xumkoro (peoHa Ha KOHIEHCATOP-
ncnapurenb, M3/C;

al — CreneHp OTKpPHITHA KIanaHa Ha [OJAdy
KUAKoTO QpeoHa, %;

a2 — CreneHp OTKPBITHS KJIallaHa Ha BBIXOJ MapoB
(peona, %;

Gp — Pacxoj ra3o00pa3Horo xjopa Ha KOHICHCATOP-
ucnapuTeib, M3/C;

R - VYHuBepcampHas Tra3oBas  IOCTOSIHHas,
Jix/(mois-K);
Vf - OO6beM  MEXTpyOHOrO  HPOCTpaHCTBA

KOHJEHCAaTOpa-ucnapures, M3;

k1l — Koappumment nuddysun dppeona;

Mf — Momnsipaas Mmacca GppeoHa, Kr/MOJIb;

bf — Koaddumment cxartus ppeona;

Cisp — Terutora koHaeHcamu xjuopa, JHK/Kr;

Tfl — Temmneparypa xuakoro (peoHa Ha BXOa B
KOHJICHCTaop-ucrapuTeib,°C;

Pfl — JlaBnenwe >uakoro (¢peoHa Ha BXOA B
KOHJIEHCaTop-ucnapurels, Ila;
Pf2 -  JlaBmenwe mapoB  (¢peoHa  mepen

Kommpeccopowm, Ila;
Cp — TemnoemkocTh cTeHOK anmapara, J[x/(kr-K);

k2 — TIponyckHast cocoOHOCTH ITYIIEpa GpeoHa u3
anmnapara;

Tatm — Temmneparypa okpy»aromero Bo3ayxa,°C;
Tp — Terutonorepu mpu nepenazne B 1 °C, Jx/( K);

S1 — Inomans Teronepenadn ot GpeoHa K Xjiopy,
M2;

alfa -
T/ (M2-K);

Koaddunuenr TETJIONPOBOAHOCTH,

Thl — Temmneparypa xiopa Ha Bxoj B ammapat,’C;
Vh — O6bem BHYTPUTPYGHOTO IpOCcTpancTBa, %;
Ph — JlaBnenue xmopa B cucteme, [la;

k3 — Koaddunuent nuddysuu xmopa;

Conc — Konuenrpanus xjopa B xjoprase, %;

Mh — MomnsipHast Macca XJ10pa, Kr/MOJb.

4.Cucrema ynpasJieHHs 1aBJIeHHUEM MIApOB
(peona B koHAEHCaTOpE-UCTIAPUTEIE

PaccMOoTpuM 3aMKHYTYIO CUCTEMY ympaBieHus. B atoit

CUCTEME

TEKYyLIEC COCTOsIHUC 00BEKTa ypaBJieHUA

[O/IaeTCsl Ha HEYETKUH pEeryjasTtop, a TOT B CBOIO
odepenp, MOAOMpPAET YIpABISIONUEC BO3ACHCTBUSL. B
JTAHHOM CITy4ae — 3TO CTEICHU OTKPBITUS apMaTyphl

(pucyHok  4).

CocrosiHMe  O0BEKTa  yHpaBIICHHS

NepeaacTCa Ha MaTEMATHYCCKY0O MOJCJ/Ib amrapara, OHa
IIPOTHO3UPYET HU3MCHCHHC JABJICHUA W 1O0HACT €TI0

Oynymiee

3HaYCHWE Ha HEYSTKHH pPEryiasaTop UL

KOPPEKTUPOBKH YIPABIISIOIINX BO3ACHCTBUM.

Lo

PV-749(t) 1

P(t)

HP oy

LV-750(t)

T

P

P'(®
Monens

PV-749(1)
LV-750(t)

Puc. 4. 3aMKHyTaﬂ CUCTEMaA yIIPpaBJCHUS C HEYETKUM

peryJsiropom

3akjaueHue

[ ] Pa3pa60TaHa MareMaTnu4dcCKast MOACJIb
KOH,I[GHCEITOpa'I/ICHapI/ITeJ'IH. MOZ[GJ'IL OIIUCBIBACT
KIIFOYCBEIC Hpoueccm B ar[napaTe: I/ICHapeHI/Ie

(peoHa, KOHAEHCALUS XJOPa, M3MEHEHHE YPOBHS
(peoHa U MaBieHUS B ammapare. B ocHOBy Mojenu
HOJIOKEHBI ypaBHEHHS, XapakTepu3yIolIe
BBIIICONUCAHHBIE  IPOLIECCHl, YTO  IO3BOJSAET
UCTIONIB30BaTh €€ Ul MPOCKTHPOBAHUS U pacdera
amnmapaTtoB  TEIUIONIEpPEHOca  4Yepe3  CTEHKYy ¢
(a3oBbIMHU nepexoaaMu TEIUIOHOCHUTENEH
Pa3IMYHBIX XapaKTEPHCTHUK.

Pazpaborana cucrema ynpaBieHHsS IaBJICHHEM B
KOHJICHCaTOpe-nCIapuTesie 10  MaTeMaTH4ecKon
Mojenn o0bekTa ynpasieHus. HedeTkuil perynsrop
MOJKET HCIIOJb30BaThCSl B CHCTEME YIPaBICHUS
WHEPUMOHHBIM TEXHOJOTHYECKHM MapaMeTpoM II0
0e3bIpHEITMOHHON MOJIEINH.
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AHHOTauml1
PaCCMOTpeHa 3aga4dya CUHTE3a HCYECTKOI'O
perymiaropa s aJJalITUBHOTO IUPPOBOTO
yIIpaBJIEHUsA MIOJIO)KEHHUEM U CKOPOCTBIO
MEPEMCUICHUA KapeTKu J1a3MOTpOHa

TEXHOJIOTUYECKOI'0 000PYA0OBaHUS IIEKTPOAYTOBOTO
I1a3MeHHoro HaHeceHus mokpeituit (TO OITHIT)

OTHOCHTEJILHO o0OpabaTbiBaeMoi JieTalu.
[peqnmaraeTcss HCMOIB30BATH  HECHMMETPHUHYIO
0azy mpaBWI, YCIOBHO COCTOSIICH W3 JABYX
HOJICHCTEM,  OTIMYAOIIUXCS [0  IPHHIHILY

(opMHpOBaHUS  YNPaBISIONIETO BO3/ICHCTBHS B
3aBUCHUMOCTH OT JWHAaMHKH JIBIDKCHHS KapeTKd
miazmorpona TO OJIIHII. Tak, B HampaBieHue
JBIDKCHUS] KapeTKH, KOT/la HAHOCHUTCS HaIbUIIEMBIH

cion HOKPBITHS, [IPUMEHSETCA uQpoBkIe
QITOPUTMBl  ONTUMAJBHOLO M AJAalTHBHOIO
yIpaBJIeHUs, a JUISL [IPOTUBOIOJIOKHOTO
HaIpaBJICHUS IIPUHLINIL u AJITOPUTMBI

CTapTCTOIHOTO ONTHUMAaJbHOTO YIpPaBIEHUS IO
OpIcTponeiicTBUIO. JINsl OIIEHKH BEKTOpa BXOIHOU

MEepeMEHHOW  peryisitopa WiIM  OWMOKM IO
TIOJIO’KEHUIO MPUMEHSIETCS HecTallMOHAPHBIN
¢uneTp  Kamemana, it uneHTHQUKamUM — —

aJanTUBHAsS MOJENb, WIN IHKIMYECKHH (QUIBTP
Kanpmana. DTo mo3BOMSACT H30EXKATh COCTOSHHS
K0J1€0aTeNbHOCTH MTOJIOKECHHUS KapeTKH
MIa3MOTPOHA  BO  BCeX  peXmMax  paboThl
anekTponpruBoaoB TO DITHII. Pe3ynbTaTsl omeHKH
n wmonenmupoBanus anantuBHo CAY Ha 06ase
HEYETKOW JIOTMKH IOKa3hIBAaIOT BBICOKOE KadeCTBO

Tpyabl NATOH BCePOCCHIICKONH KOHpepeHIun
"NHdopManoHHbIE TEXHOJOIMH HHTEVIEKTYaIbHOMI
NOJ/IEPKKH NPHHATHUS pemenuii’, 16 - 19 masn, Ya,
Poccus, 2017

MePEXOJHBIX MPOLECCOB, KaK MO OBICTPOACHCTBUIO,
TaK M 10 TOYHOCTH IO3UIIMOHUPOBAHUS, UTO
TI03BOJISIET PEKOMEHAOBATh TIpeasaraeMbie
TIPUHIMIBL  CHHTE3a HEYETKUX PETYJISTOPOB I
YIpaBIeHHUS APYTUMH OOBEKTAMM, IO HPUHIUITY
JNEHCTBHS  CXOXKHMH  C  PacCMaTpUBAEMBIMH
MIPUBOJAMH.

1. Beegenue

MHorue KiIacCHYecKne PETyJSATOPHl HE MAAIOT BIIOTHE
ONTHMAJIBHOE PEIICHHE 3aJ[aud aallTHBHOTO YIIPABICHUS
CIIO)KHBIMH MHOTOCBSI3HBIMU 3JIeKTponpuBogamMu (MOII)
TO BITHII, nockonpKy HE MPEJOCTaBIAIOT BO3MOXKHOCTH
CO3/1aHMs aHAINTHYECKUX (YHKIMN IJIS1 MHOTOCBS3HBIX
BEKTOPOB  YIPABJAIOIIMX BO3JACHCTBUII IIpU  BCEX
BO3MOXKHBIX COCTOSIHMAX OOBEKTOB YIPABIEHHUS, UYTO
0COOCHHO KPUTHYHO TIPU M3MEHEHUSX HaIpaBJICHHS
JIBIDKCHUS] TIPUBOAOB. B Takmx ciydasx parroHaiIbHO
npuberath K MHTEJUIEKTYaJIbHBIM aITOPUTMaM Ha OCHOBE
ITOPUTMOB ~ HEYETKOH JIOTMKM M  HCKYCCTBEHHBIX
HEWPOHHBIX CeTei, KOTOphle B OOILIEM ONpeleseHNH
00J1a7a10T CIIOCOOHOCTHIO K MOHUMAHHIO U 0OYy4EeHHUIO B
OTHOWICHUH OOBEKTa YNpAaBICHHS, YCIOBUH DPabOTHI H
BO3MYIIIEHHUIT BHEIIHeH cpeant [1].

Heiiponnsle ceTu mnpeacTaBisaoT coboil oOydaemsble
JUHAMHUYCCKUE CHUCTEMBI YIIPABJICHUA, OLCHUBAIOIINC
XapaKTCPpUCTUKU BXOO-BBIXOX. Heuerkne CHCTEMBbI
npeoOpa3yloT HAOOpBl CTPYKTYPHUPOBAHHBIX IAHHBIX MO
00bEeKTy ymnpaBlieHHs B TpeOyeMmble YIpaBISIOLINE
Bo3/eiicTBYsI. HelipoHHbIE M HEYeTKHE CHUCTEMBI UMEIOT
NPUHIUIHAIEHOE NTPEUMYILECTBO Mepe]] KIIaCCHYeCKUMU
CHCTEMaMH aBTOMAaTHYeCKOr0 YNpaBIEHWs: Uil HX
peanu3alii COBEpIIEHHO He TpeOyeTcs anpuopHas
MaTeMaTHIecKas MoJIeib 00beKTa yrpaBieHus [2].

Brusaue neuetkoro peryiadATopa Ha IMOBBIMICHUEC TOYHOCTH ITO3UIITUOHUPOBAHUA 1 GBICTPO,HSIZCTBI/ISI CHUCTCM aJaTUBHOT'O YIIPABJICHUA
MHOTI'OCBA3HBIMH IPUBOJAMHU
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JloKka3aHO, YTO OJHMUM M3 HEIOCTATKOB aAJTOPHTMOB
HEWPOHHOTO YNPABICHUS SBISETCS HEOOXOIUMOCTh
MIPEIBAPUTEIILHOTO O0y4YeHUSI M 0OOCHOBAHHBINH BBIOOD
CTPYKTYpBl MOAENH M MapameTpoB oOyueHms. Kax
IIPAaBHJIO, 3aTpaThl BPEMEHM Ha BBIYUCIEHHE HEHpO-
CETEBOT0 AJITOPUTMA YNPABICHUS JOCTATOYHO BENHKH,
OJIHaKO aJrOPUTM IOKAa3bIBAET JIyUIINE XapaKTepUCTUKU
CIeXEeHUs Jake IMPU HAJIMYUU BHEIIHUX BO3MYIIAIONIUX
Bo3gelcTBuil Ha CAY. Pasymeercsd, s HEUETKOTro
peryiaropa Takke UMeeTcs psil (akTOpoB W BEIUYUH,
KOTOpBIE  TpPEeOYIOT  IpEeIBapUTENLHOTO  BHIOOpA,
HEKOTOpbIe B3aHMMOCBS3aHHBIC NapaMeTpbl MOTYT OBITh
OTIPEIETICHBI TOJIBKO 3BPUCTHUECKN HIIM METOAOM Ipod 1
ommbok. TeM He MeHee, CyMMapHbBIE 3aTpaThl BPEMEHHU
Ha BBIYHCIIEHHE HEYETKOrO AalfOPUTMa MUHHMMANBHEL,
MOCKONBKY B OTHX  aQJIrOPUTMaX B  OCHOBHOM
HCTIONB3YIOTCS  JIOTMYECKHE ONEpPalud W ONepalyu
cpaBHEHMs. Takke HEUETKUH PEryssTOp IEMOHCTPUPYET
Jy4IIyl0 YCTOWYMBOCTh K HW3MCHEHUSAM IapaMeTpoB
00BEKTOB, 0OeceunBas Masbie (UIYKTYAI[HH Ha BBIXOJIC.

JlelCTBUTENBHO, OJHMM U3 IIyT€d COBEPUICHCTBOBAHUS
xapaktepuctuk MOII OJIIHII saBnsieTcs npuMeHEHUE
aJanNTUBHBIX METOMOB M QJTOPUTMOB, OCHOBAaHHBIX Ha
TEOPHUM HEYETKOM JIOTMKM M TEOpUHM  YIPaBICHUs
CJIO’KHBIMH 00BEKTaMH, pean3yeMbIxX Ha
MIPOrpaMMHPYEMBIX JIOTHYECKUX KOHTpOJLIEpax.
Pa3paboTka u BHeApeHHWE TaKMX METOJOB B BHIC
MPOTPaMMHOT0 00ECIEUEHNs, HHCTAUIMPYEMOTO Ha BCEX
ypoBHsX CAY, BKIII0O4asi KOHTPOJUIEPHI, HAIIPABJICHHbIE HA
TIOBBIIICHUE OBICTPOACHCTBHS M TOYHOCTH BCEX CUCTEM
ynpasieHus. [lonBoas HTOr, MOXHO 3aKIIOUUTh, YTO
pEeIIUTh MOCTaBIEHHYIO 3afady ympasieHus MOII B
IIOJIHOM Mepe TO3BOJIUT U AJITOPUTM HEUPOHHOU CETH U

aNroOpuTM  HEYeTKOW  JoTWku.  (DakTHUecKu  He
CYIIECTBYET MOAPOOHBIX PEKOMEHIAINN 110 BEIOOPY TOTO
WIA WHOTO Ccroco0a HMHTEIICKTYaJlbHOTO YIIPaBICHHUS,
MIOSTOMY B TIOJIB3Y OOINBIIEH MPOCTOTHI HO MPHUHIUIIAM
opraHm3anmi W  (QYHKIHOHUPOBAHUIO,  MEHBIICH
BBIYUCITUTEIFHON CIIOKHOCTH MPHOPUTET B PEAM3AINN B
JTAHHOM CJIy4ae OTBOJUTCS AJITOPUTMY HEUYETKOH JIOTHKH.

2. CunTe3 HeueTKOro peryastopa MIII
CreneHb CIOXHOCTH CHHTE3a HEYETKOTO pEryJsiTopa
OTIpeJIeTsIeTCsl CTAOMIBHOCTBIO M INHAMUKOW JIBYKCHHUS
MDOII u cTeneHplo AeTePMUHHPOBAHHOCTH OKpPY>Karolen
cpensl, rae paboraer TO OIIHII. 3amava ympaBieHHS
nmewkeHussMa MOII B sToM ciydae TpeOyeT AeTanbHOM
«IIOTOYEYHOI» HH(pOpMAIHA 000 BCEX T€OMETPHUYECKIX
XapaKTEePUCTHKAX MHOTOCBSI3HBIX IBIKCHHH IPHBOJIOB
OTHOCUTEJIbHO BpAallAIOLICHCs AeTanu HanblIeHus. B
HACTOsIIIeE BpEMs 3Ta 33Jada pEIIeHa C MOMOIIBIO
pa3pabOTaHHBIX aBTOPaMH CHCTEM 0€31aTYMKOBOTO
Y1ipaBJICHUSA MHOT'OCBA3HBIMU BCHTUJIBHBIMH JABUTATCIIAMUA
Ha 0a3e MHOTOCBSI3HBIX PETYJIATOPOB HEUETKOM JIOTHKH U
CHCTEM TEXHUYECKOTO 3PEHHUSI.

Llenbro cHHTE3a MHOT'OCBSI3HBIX U(POBBIX PETYISTOPOB
C HEYETKOW JIOTMKOW SIBJISETCS OOECIeYeHHE BBICOKOTO
OBICTPONEHCTBYUS M TOYHOCTH YIPABICHUS B aITOPHTMAX
HNO3ULMOHUPOBAaHUS W MPOrPaMMHOIO JBH)KEHUS C
3aJaHHOM CKOPOCTBIO WIIM YCKOPEHHEM MHOTOCBS3HBIX
00BEKTOB ympaBieHus. YmupomenHas cxema CAY
3JIEKTPOIIPUBOJOM C HEYeTKHMM perymstopom (HP)
Npe/ICTaBJIeHa B BUjie PYHKIMOHAIBHOM cxeMbl (puc. 1).

Ha Bxox HP (puc. 1) momatorcst ommbka IO CKOpOCTH
e((o) U IPOMHTETPUPOBAHHOE 3HAYEHHE OIINOKH é((o) .

UEX(@)2 e(w) e A, Y, U(o) | U
! i> > ) I) > UBLIX((D)
A Lde(w) le | B® |4, |BOIP |y, | B] m(e): m | o |24 >
A YU N S S T S
Iou(e) nE) wA) p42) (Yl p(Yz) 1
| HP|
_______________________ K
ue)  ue) >

Puc. 1. ®ynkunoHajibHas cxemMa aganTuBHoii CAY ¢ HeUeTKUM pPeryJsiropom

bnox ¢azsudukamnum (D) mpeodpazyer e(o)) u e'((;)) B
COOTBETCTBUM (YHKIMSAMHU TPHHAJICIKHOCTH p(e) u
u(é) K TepM-MHOXECTBaM A(e) u A(é). [Hanee B Onoke
¢dopmupoBanus normdeckoro pemenus (B®JIP) tepwm-
MHOYeCTBa A(e) u A(é) B IpeoOpa3yroTCsl BBIXOIHBIC
TEPM-MHOXKECTBA Y(e) H Y(é). 31ecy I BXOJHBIX

TIEPEMEHHBIX OBUTH HCITOJL30BaHbI KyCO‘{HO-HI/IHeﬁHBIe
(GYHKIMM PUHAUIC)KHOCTH: TPEYToJbHbIC, JUHEHHbIE S
u Z obpasusie. B Omoke nedazsudpukarmum (b)) »tn
TIEPEMEHHBIC HCIIOJB3YIOTCA [UIA TIOJIYYCHUSA HYXKHBIX
KOJMYECTBEHHBIX 3HAYCHUH BBIXOOHBIX TICPEMEHHBIX

neuerkoro peryistopa U* (o) u o (e). O6a curnana

SIBIISTIOTCS 3aJTaHIEM JJIs IpeoOpazoBaterst yactoTsl (I[1TH)
BEHTIIBHOTO 3JICKTPOTIPHBOAA.

Ha Bxon CAY ¢ HP nocrynaer U (co) U CPaBHUBAETCH
C MPUXOJAIINM TI0 OOPaTHOM CBSI3M CUTHAIIOM O TEKYIIEM
cocrosHuu Bana OIT U . (u)) Ionmyuennas omubka e((o)
INPUXOIUT HAa OJUH U3 BXOJIOB HEUETKOIO PETYNIATOPA, a
Ha BTOPOH €ro BXOJ MOCTYHAaeT NPOM3BOJHAA CHUTHAJA
OLIHMOKH e'((o). Ha Bwixone HP ¢dopmupyrorcst curnasst
ynpasieHus 1 npeobpazosarens gactotsl (ITH). [pm
BHIOOpE AJITOPUTMOB HWHTEIJIEKTYaJbHOTO YIIPABICHUS
JUISl MHOTOCBSI3HBIX 3seKkTpornpuBosioB (MOII) B o6beme
KJIaCCHMYECKOW TeopuH ObUI NPOBEJEH CPAaBHUTEIBHBIN
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ananmm3, rae CAY ¢ perynstopaMy Ha OCHOBE HEHPOHHBIX
cereii cpaBHUBAIOTCS CAY ¢ HEUETKUMH PETYIISTOPAMH.

Hasnauenne amantuBHoro HP coctout B momaBieHUH
YIPYTUX KONeOaHUH B MEXaHM3Max 3JIEKTPONPHBOJA BO
BpEMs Pa3roHa U TOPMOKEHHUS, YTO ITO3BOJISAET MOBBICHTH
IOOpPOTHOCTE KOHTYypa ymnpaBieHus CAY, a 3HaYUT H
TOYHOCTh CJIEKEHHUs NpUMEpHO B 5 u Oojee pa3 mo
CPaBHEHHUIO C ee 3HaYeHUEM, JIOCTUraeMbIM B pamkax [11
perymsitopa [3]. Ilpu pasroHe ¢ MHHHUMAIbHOU
CKOPOCTBIO TOsABIsieTCst mepeperynupoBanne ¢ [N
peryjiaTopoM, B HEYETKOM pEryJsiTOpe CKOPOCTH
nepeperyIupoBaHnue OTCYTCTBYET U BPEMsI MEPEXOTHOTO
mpornecca MEHbIe. BpeMs BOCCTAHOBIEHHS CKOPOCTH
mociue TOopMokeHHS W pasroHa B CAY ¢ HedeTKHM
PETYIATOPOM IIOYTH B /ABA Pa3a MEHBINE, YEM B CHCTEME
ympasnernst ¢ kimaccmdeckum [IU  perymstopom  [4].
IlepexonHbIe XapaKTEPUCTHKN Pa3TOHA 3JIEKTPOIPHBOAA
¢ HeuerkuM perynstopoM (1) u I[N perymaropom (2) B
nuana3zone BpeMenu 0+ 0,5 cek. nmpuBeaeHsbI Ha puc. 2.

o, paz[/cA
314t [l
e
250
|
200
157“[/
100 /
50
0 05 1 15 to

Puc. 2. [lepexonHple XapaKTepUCTUKHU Pa3roHa
3J1eKTPONIPUBOAA

IIpu omumcanum 6a3bpl MpaBWI AITOPUTMOB YIPABICHUS
HP xaxxnoMmy TepMy OTAEIBHOW BXOJHOW INEPEMEHHOM
COOTBETCTBYET CBOSl  (DYHKIMS  IPUHAJUICKHOCTH,
KOTOpas MpEACTaBIsIeT CTENeHb IPHHAICKHOCTH
KaXIOT0 WIeHa MPOCTPAHCTBA BBIXOJHBIX NEPEMEHHBIX
HP 3anannomy Heuérkomy mMHOkecTBY. [lpu cunreze HP
IpUHATA TpeyrombHas ()OpMa ILEHTPAITBHBIX TEPMOB H
TparenueBuAHAs OIS TPaHMYIHBIX. JlJI1 BXOJHBIX CUTHAJIOB
HP Obumn ucnonb30BaHbl KyCOYHO-IMHEHHBIE (YHKIHH
NIPUHAJIS)KHOCTH: TPEYTOJIbHBIE, JINHEWHbIE S-00pa3Hble
U JIMHEHHbIe Z-00pa3HbIe.

OCHOBY cHHTE3a HEYETKHX aJTOPUTMOB ympasieHus HP
cocTaBisieT 0a3a 3HaHW, popMupyemMast B BHIEC HEUETKUX
MIPEeJUKATHRIX TpaBmil. Vcxoas w3 00O3HAUEHHOW Ienn
cunre3a HP, B xauecTBe ympasnseMbIx koopauaat MOII
LIENIECO00Pa3HO OMPENEIUTh BCE BEJIMYUHBI OIMHOOK MO

MO3ULIMOHUPOBAHHUIO, CKOPOCTH Pa3rOHa M TOPMOKEHHH,
KOTOPBIE COBMECTHO B JUHAMHUKE KOOPJIUHAT, CKOPOCTHU H
YCKOpPEHHsI UCTIONHUTENbHBIX MexaHn3MoB MOII BHecer
B anropuTMmbl ynpaBieHuss HP HekoTopelii 3ieMeHT
Mpe/CKa3aHus MOBEJCHUS 00BEKTOB perynupoBanus. [1o
npuHIuy nevicteus HP momken ¢popMupoBaTs CHIIOBOM
npeoOpazoBarens cooTBercTBytomero DIl ¢ anropurmamu
ynpasneHus. IIpeanonaras BO3MOXXHOCTh MPaKTUYECKOM
peammzaiun CAY cuioBBIMH TpeoOpazoBaTensiMu  Ha
6a3e MHUKPOKOHTPOIIEPOB, pAlMOHAJIBHO IepeiiTu Ha
U3MEHEHHEe aJeKBaTHON CKBAXXHOCTH HMIIYJIBCOB MpHU
[MNM-ynpaBiaeHuH.

3. 3ak/0ueHmne

IIpoBeneHo wuccnenoBaHMe — IOKa3zaTeled — KayecTBa
MEPEXOIHBIX MPOIECCOB B afanTUBHLIX CAY ¢ HEUeTKHM
perynstopom u B agantuBHBIX CAY ¢ ximaccuueckum 11
PETYIATOPOM.

CpaBHUTENBHBIN aHANIN3 IOKA3bIBAET, YTO aJalTHBHAS
CAY ¢ HEYeTKuM peryjasTopoM IO AUHAMUYECKUM
MokaszaresiM IpeBocxonuT anantuBHyro CAY c¢ 1IN
perynsatopoMm. llpu pasroHe U TOPMOXKEHHUH BpeMs
MEPEeXOAHBIX MPOLECCOB YMEHbIIaeTcs B TpH pasa (¢ 0,3
cexkyHbl 10 0,1 cexyHbI).

Ilo moxa3zatento «mepeperyIMpoBaHUE» aJaNTHBHAL
CAY c¢ HP npesocxoautr amantuBHyro CAY c¢ IIU
perymsaropom. Ilokazatens mepeperynupoBaHus oT 2 %
CHIKAETCS JI0 HyJSl Y aAaNTHBHON CHCTEMBI YIIPaBICHUS
C HEUYETKHUM PETYIATOpOoM 3iekTponpusoaa TO SITHII.

BaarogapHocTn

Pabora BemomHeHa npW momnepkke Tpanta POOU
Ne 16-08-00942.
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Brusaue neuetkoro peryiadATopa Ha IMOBBIMICHUEC TOYHOCTH ITO3UIITUOHUPOBAHUA 1 GBICTPO,HefICTBI/ISI CHUCTCM aJaTUBHOT'O YIIPABJICHUA
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K o0beKTHBAMM OPTraHU3AIMH KAK OTKPBLITOU, THOKOM
CUCTEMbI
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MOCKOBCKUI UHCTUTYT rOCYJapCTBEHHOTO U KOPIOPATUBHOIO YIIPABICHUS
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e-mail: grafit-basis@yandex.ru

1
AHHOTANUA
B nmoxmame ompenenstoTcss OCHOBHBIE MPOOIEMBI

[IEJIOCTHOTO ~ MOJCTMPOBAHMS  OpraHM3aluid |
IpeIaraTcs HEKOTOPbIE peLICHUS Ha
Ka4eCTBEHHOM YpOBHE (dopmanmzanuy.

OO6cyxnaroTcss BO3MOXKHBIE (HOPMBI TpadyIIecKoro
NpeCTaBICHHUS MOJICICH.

1. BBenenue

Pa3zpaboTka M IOKyMEHTHpOBaHHE NPO(EeCCHOHAIBLHOTO
(B wactHOCTH, 00pa30oBaTENBHOTO) KOHTEHTa TpeldyeT
aJeKBaTHbIX  Moaenedl  npeameruk. Ilpu  arom
¢ deKTHBHAS TMOANCPKKA OpraHU3allMd U  BEJCHUS
KOHTEHTa MpEAINoJaraeT eIWHYI0 CHCTEMHYIO OCHOBY
Mojenell, WHBapHAaHTHBIX K IpeaMery. Takas OCHOBa
obcyxnmanace B [1].

JI1060#1 KOHTEHT OOBEKTHBHO CYIIECTBYET B SI3BIKOBOM
cpene HOCHUTENeH HEKOEro Oasuca  S3BIKOB
MPeICTaBICHAS TPEAMETHK (MpOOJIEeMHBIX oOmacTeit).
Ora cpena M.0. CTpYKTypHpOBaHa Ha OJIHY M Ooiee
opraHuzanui (COIMOTEeXHUUECKHUX, 9PraTu4ecKux
cucteM). JKu3HEHHBIM UK KOHTEHTa Pealn3yercsl BO
B3aUMO/JICHCTBUU HEKOTOPOU COBOKYITHOCTH
OpraHM3alii, K MJEATENbHOCTH KOTOPBIX OH HMEeT
OTHOIICHHE.

CeMmaHTHKa OpraHM3alliM pPacKpbIBalach paHee. ABTOp
T1oJIaraeT ONpaBJaHHBIM OCHOBBIBATHCS Ha PE3yJIbTaTax
VYcoBa, npeaBapuTenbHO U310KeHHBIX B [2]; [3]. Ucxons
13 HUX, KOHLENTyaIbHast MOJIeNIb KOHTEHTa NUMEET CMBICI
NIPE/ACTAaBICHNSI ~ CEMAaHTHUKH  oOpraHm3amum B eé
npeaMeTuke  (YCTaBHOM/(aKTHYECKOH —JIEATEIEHOCTH).
DTOT CMBIC]I HHBAPUAHTEH K KOHKPETHO Npe/IMEeTHKE.

D¢ dexTuBHOCTH pPabOTHl € MOJEISIMU Takke M.0.
MOBBIIIEHA UX TrpadUYecKUM IPEACTaBICHUEM IIO
BEIOOpY TmoJB30BaTens. Panee B [4] ObUIM IpeaCTaBICHBI
IIpUMeEpHI Mojenel B rpadu4ecKoil 3amucu Uit ypOBHS
CeTH U OTHENBbHO B3ATON NPOAYKIHH; OpPraHU3aLUsI
BTOpOil 0OCyXpanach mpeaBapuTeNbHO B [5], a oba
ypoBHA B obmeMm — B [6, m1. 4.2, 4.3]. IIpu sToM He

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

PaCKpHIBAJIOCH MOJICITUPOBAaHHE BO BCEM 00BEME, TIC
MPOLIECCHI BBICTYMAIOT JIMIIb YaCThIO.

B nmanHOW cratbe OyAeT NpEANpHHSTA IOMBITKA
PacKpBITHS COJEPIKAaHN MOJIENH B LIEJIOM U OIIpEeesIeHbI
enecoodpasHble pereHus o rpadguyeckomy
MOJEJIUPOBAHUIO, CIEAYIOIIUE U3 PE3yIbTaTOB.

Hamee ¢ yu€rom [1] OymeM TOBOPUTH O MpeOnucauusx,
MOApa3eNIAeMbIX ~Ha  OIEpaTopel  IpeoOpa3oBaHMSA
IpeAMETOB Tpyda (B YacTHOCTH, WH(OPMAaNMOHHBIX,
JAHHBIX) W Ha OUpekmuebl Pa3MEIICHUs] MPEAMETOB Y
WCTIOJTHHUTEIIS.

2. O01Me mo10KeHus

VHBapuaHTHON  OCHOBOM  MOJAEIMPOBAHUSA,  CIELys
3BepeBy, aBTOp IOJNaraeT IIOHATHS, CBSI3bIBaEMbIC
OTHOIIEHUAMHU. MOXKHO OINpENEIuTh CIEAYIOIIUE poda
opzanusayuu mooeneil Kak CUCTEM:

L4 1 — moHsaTHE Kak OJICMCHT, OTHOIICHUC KAaK CBA3b,
o 2 — IOHATHE KaK CBs3b, OTHOIICHHUEC KaK 3JICMCHT.

Uro, TO MHEHHWIO aBTOpa, BIOJHE WLTIOCTPUPYETCS
CIICTYIOIIIHIM:

«... Cyujecmeyiom 08e OCHOGHbIE MOYKU 3PEHUs., pA3iu-
yaowuecs ... N0 Momy, 4mo Cuumams 00jee 8ANCHbIM!
sewyu U OMHOweHUss Mexcoy Humu.» [7, c. 45]

- TA€ «BELIM» HAJ0 MOHMMATh B CMBICJIEC MHOHITUH B
CEMHUOTHKE 3BEpeBa.

O4eBUIHO, BO3MOXHO J1aTh OOOOMIAIOINIYI0 MOJENb, U3
KOTOpoil 00a poja MOJDKHBI CJIEJOBAaTh KaK YacTHBIE
citydad (YTO BBIXOJMT 32 PaMKH JaHHOM CTaTbH).

JlesITeIbHOCTh PacKphIBAaeTCA B OOIEM MOAEIBIO TpyAa
yepe3 JIKOHOMHYECKHe Kareropwmd. UTo IOKa3aHO Ha
cxeMe (cM. Puc. 1) BMecTe co cxxaToil MOJIENBI0 OpraHu-
3allMd KOHCTPYKTUBHO, Kak Ipoluecca. ['ne copepxanue
nepeaay packpeiBaeTcs (TpyIIIaMu), KaK IMPHHATO JUIS
KPUTHYECKHX opraHu3auui B [8, 1. 2, ¢. 69]

Otnomenus KL B menaom, Kak pe3ynabTaT NPsSMOrO
MIPOM3BEICHUST KATErOpHUH, pa3BUTHI YXKE IS CKOJb-
HUOYIb cephE3HON mpenMeTuku, mnpobnemsl. [TodTomy
OHHM PACKPBIBAIOTCS IO YaCTsIM, dYepe3 pa3IuyHbIe
npoekiuy. OgHa U3 BO3MOXKHBIX - MOJIENb OPTCHUCTEMBI
KaK MPEeANpUsiTUs 10 Y COBY.

Bcepoccuiickas koHdepentms "MHpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIBHOH TTOAIEPKKH MPUHATHS pemennii”,16-19 mas, Yda, Poccus, 2017
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Cocrae OT no
nepapxuieckon ae-
Kkomnosnummn
(CnpaBoyHuKy
Mpenmetos)

“Cocrasbl 1 CBSI3M ONpepensioTes B
s3bIkoBoit cpeae XKL Ha eé BHew -
Hem Gaavce (ocBanBaioTcsi 06Cy6b-
©KTOM Ha ero BHyTpeHHeM Gaaunce)
Ha 6ase 3BECTHBIX B A3bIKOBOM
i cpefe MCNONHUTENS! (OCBOGHHBIX UM |
i KaKk CyGbeKTOM) COCTaBa 1 CBOIICTB |
{ npenmeTVik, cnocoBos, kak 06bekTy
C OAHMMY KauecTBamm NpUAATL ApY
r1ie HeKOTOPLIMI CPeACTBaMM

MM AGHHOTO MHAEKC).

XKapiios BH., 2017

Puc. 1. Moaean cpeas! 2KII opranuzanun

IlepBuuHbIM  mOApa3ieICHUEM  IPOEKLUH  MOXKET
CIlyX)UTb POJl OpraHM3allMu Mojeneil. JTomy B rpad-
MOJIEIISIX TPOIIECCOB COOTBETCTBYIOT CIIydaW MoAenel
pona «rexHomormueckoii cxemsl» (1-ro) m «cereBoro
rpaduka» (2-ro). Oba paccMOTpeHHI B [9], OMHAKO K.-TI.
PEe3yNbTaThl CHCTEMAaTHIECKOTO CPaBHUTEIBHOTO aHAIN3a
3THX PONOB ABTOPY HE M3BECTHBL. ~ABTOp IOJaraer
KOPPEKTHBIM TaK)KE CUUTATh MX 33 «IIPOCKIIUI POJIOB.

[Janee ciemyeT BBIOEIMTH Oa3HUCHBIC OTHOIICHHSA. UTo
caenaHo B [1, . 2.1]. U onpenenuts coodpasHbie Gopmbl
UX TPEJICTABICHHS.

I'maBHOE — uTO Takas MOJEJb JOJIKHA ONKCHIBATh U 3a-
KOHOMEPHOCTHU MMOCTPOCHUSA YaCTHBIX Mo,ueneﬁ 1A KOH-
KpeTHBIX ycnoBuil. [Ipeamonaraercs, 4To 310 obecneuu-
BaeTCsl YIOTPEOIICHHEM METasI3bIKa IS OMIPEeIICHHS 10-
HATUHN, OTHOLIEHUH, CUCTEMUPYEMBIX B CTPYKTYpPBbI, OIH-
CBIBAIOIIHE TOT WITH HHOW MPEMET, €TO YaCTh/aCIIeKT.

JlaHHas Momenb UL OTPaKCHUS NeTalU3alMH IPEICTa-
BJICHHU O MPEeIMETHKE IOJDKHA PACKPHIBATHECSA MO CBOMM
cocraBronM. [Ipu 3TOM mpencraBieHHe O BHEUTHEH
cpele OTpakaeTcsd BbIJCJIEHUEM €€ MOAKAaTeropuil u
onpeeieHueM COOTBETCTBYIOIINX OTHOIICHHH.
3aMeTuM, 4TO B MOJICITH MOXHO €IHHOOOPA3HO OTPa3UTh
1 JI00ble BHENIHHE MPOooOpasbl, B T.4. HE SBISIONIAECS
BHEUTHUMH OPTaHU3alUsIMU; CIEAYET JIUIIb OTHECTH HUX
posn, acnekTel orHowmeHusi k JKII paccmarpuBaemoit
OpraHu3alu K COOTBETCTBYIOIIMM KaTErOPHSIM.

3. BasucHbIe OTHOLIEHUS

IIpexxne Bcero  ompenenuM, Kak  MOJAETUPYETCS
MOCTpOeHHE CUCTEMBIL. CHCTEMHO-JIOTUYHO ONPEIENIUTh
OTHOIICHHWS COCTaBa M B3aWMOCBS3HM. 3a 0a3HCHOE
IIpUMEM OTHOLICHHE azpeayuu IPeIMETa IIOCTPOCHUs
W3 HAJIMYHOIO COCTaBa JPYTHX IMPEAMETOB, MOTYIIMX
CIy’)KUTh arperatamMu. /[l OTHOIIEHWN arperauuu

€CTECTBEHHBIM IPEACTaBICHUEM JOJDKHBI CIIYy>KUTh Aepe-
Bbd. T.K. arperanus U IpeAMETOB, U CPEICTB, U MpoIiec-
COB TpyZla HepapXu4yHa. B To e BpeMs CHCTeMHpOBaHNE
HE CBOJWTCS TOJBKO K OpPraHU3alUU cocTaBa. MeExmy
arperupoBaHHBIMHU peAMeTaMu BO3HUKAIOT
3aeucumocmu, ONPEACIAIONINE U TOPAIOK arperanuu (1
Jie3arperanyn), ¥ CBOWCTBa 0Opasylomerocs IpenMera
Kak [enoro  (3MepIKeHTHOCTb, CHHEPIHIO). OTH
3aBHCUMOCTH  MOXHO  MOJEIHUPOBaTh  CBS3AMHU-
«IpOIIMBKaMM» Ha JepeBe arperanuu. T.0. oOpasyercs
MHOTOCBSI3HBIN Tpad (MJIEKCHBIM, B Ipezese — MOJHBIN),
B KOTOPOM BBIJIEIISIETCS] OCTOBHOE IEPEBO COCTABA.

YkazaHHbIE OTHOILIEHHMS JAIOT OCHOBY MH(OIIpeacTaBe-
HHS IIpoLiecca U pe3yibTaTa aHaJIM3a/CHHTE3a IpeaMeTa.
[IpuHIMNHANBHO, YTO Ka)KIOW KaTErOPHH JOJKHO COOT-
BETCTBOBAaTh eAnHOE AepeBo CrpaBoYHUKA, €CIIU MOJEIND
CUMTAETCA JIOTUYECKU 3aBeplIEHHON. UTO COOTBETCTBYET
OpPraHU30BAHHOCTU BCEX MOHATUI B €IMHYIO HEPapXHIO.
Crnenyer roBOpUTh O COAEPAKATEIBHOW JEKOMIO3HUIHU B
JBa sTamna (ypoBHS): YKPYIMHEHHO M JeTaibHO. [lepBbiid
JIOJDKEH OTIPENIeNAThCS MIPEeIMETHO-HE3aBUCHMbIM OJpa-
3/IeJIeHueM KaTeTOpHH Ha WHBApHAHTHBIE MOJIKAaTETOPHH
BBICIINX YyPOBHEH, MCXOAS M3 CHCTEMHOTO TMpelCcTa-
BIIcHUs. BTOpOH [OJDKEH ONpeleNsThesl OTPAKAIOUIUMU
MPEIMETHYIO CrIen(UKY BapHaHTaMH (10 «H/HITH»):

L4 TUPAKUPOBAHUCM CyIlIHOCTCfI KaK 3K3EMILUISPOB

NOAKATErOpHOI'0 TUIIA,

JMABHEHINCH TEKOMITO3UIMEed MOoaKaTeropuii (B
Teprpa)0OBOM CMBICIIE — JIHCTOB PE3YJIETUPYIOIIETO
JiepeBa 110 epBoMYy).

PesynbraTaM qeKOMITO3UIHY 1.0. HA3HAYEHBI MOJICIBHEIC
aTpuOyThl, TPEICTABISIIONINE TIPEJMETHBIE CBOHCTBA
THTIOB/9K3EMILISPOB.

K OGBGKTI/IBaHI/II/I OpraHu3aluy KaKk OTKpBITOﬁ, THOKOI CHCTEMBI

68



JlepeBpst kareropuii 00pa3yrOT <«JieC», KOTOPBIA U
SIBJISIETCSI COOCTBEHHO KOHTEHTOM, «TBOPYECKOW 0a30ii» B
MIPeIMETHKE B TaKKe — TPEAMETOM pa3pabOTKU U JTOKY-
MeHTHpOBaHUA B cpexe momnepxkku KL xkonTenra (uH-
(opMarnoHHOH Mo AepKKH peaMetuku, XKL m3memnmit).

[IpaxTraecku ciexyer JIOITyCKaTh COCTOSTHUS
JIOTHUECKOW He3aBepIIEHHOCTH Mojenu. B atoMm ciyuae
KaTeropusi Takke He 00s3aHa MOJEIUPOBATHCS €IMHBIM
nepeBoM. EE€ comepkaHuMe MOMXKET OMUCBHIBATBCA TAKKE
KaKk «JIec» OTHENbHBIX Hepapxuid. 13 KOTOpBIX OIHY
OIpaBJaHHO NMPUHUMATH 3a INIaBHYI0. B TakoMm cTpoeHnn
oTpaxkaeTcs INpenMeTHas creuuduka, HO HE BIOJIHE
0000mmEHHas CyOBEKTOM MOICTHPOBAHUS.

Kpowme Toro, ciienyer pa3nu4aTh npoekmuyio (INIaHOBYIO,
HOPMATHBHYI0) MoOJAeIh Kak Oojee WIM MEHee
uAeadbHyl0 H peanvHylo  ((PaKTHUECKyl0) Kak eé
peanu3aliio B KOHKPETHBIX ycioBUsX. DaxTnueckas
MOJENIb MOXKET NMOHMMAThCA KaK MPOEKTHas, HO 10 TeM
I WHBIM MO3ULUAM YKOMIUICKTOBaHHAsA € OTKJIOHE-
HUSIMU 110 KOJIMYEeCTBY (HeIo/mepe) W/Wiu 10 KadeCcTBY
(a3 dexruBHOCTH/ HanSKHOCTH). OTKIOHCHHUS  peau-
3al[MM OT NPOEKTa MOTYT IIOHMMAThCs Kak (hakTopbl
BJIUSIHUA Ha CUCTCMHOE HAa3HAYCHUC B MOTHUBUPYIOLICM,
THTHEHUYECKOM HIIM HEHTPaTbHOM CMBICTIaX.

B mo6om ciydae CyIIecTByeT IOJIHas COBOKYIHOCTh
MOJENBHBIX CYIIHOCTEH, «000OmEHHAsS TBOpUYECKas
0aza», HOPMAaTHUBHO 3aKpemuisieMas B KOHKPETHOH
SI3BIKOBOM cpere.

3.1. O0beKT Tpyaa

Cocras kareropun OT packpbIBaeT AE€peBO JETAINPOB-
KM mpeamera (u3aenus, npoaykra). Cpenu BzauMocBs3el
BaXKHBI OTHOIICHHUS T.H. «COOHpaeMOCTH/pa3doupacMoc-
TH», ONpEAETAIoMNe MOPSAOK MOCTPOSHUS U caMy BO3-
MOXXHOCTB ITOCTPOUTDH OT u3 JaHHBIX KOMINICKTYIONIUX.

Pacnpoctpanénnsle monaxoasl k packpeituio OT He
Bcerma cuctemuel. Tak, B crathe [10] mpemmoskeHo
HEKOTOPOE pEIIEHWE 110 YNpPABICHUIO «TBOPYECKOH
0a30i» B «MEWHCTPUMHOI» CBSI3KE Cpell IPOTrpaMMHON
MOJJIEP)KKH  OPTAEATEIBHOCTH (OOBIYHO BKITIOYAIOLIEH
PLM, ERP, MES). 3amernMm, BO-TIEpBEIX, YTO TaKOe
MOJIpa3/ieieHue Ccpell IOBOJBHO YCIOBHO. A Ha 3TOM
MarepHrase MOXKHO MPEAIOoNI0okKuTh, mouemy. V6o B [10]
[I0Ka3aHo, 4TO paboTaTh HAJ0 C Pa3HBIMH BpojAe OBl
MoOZenIMHU («CTPYKTypamm») mpenmera Tpyna. Ho Ha
JieNie OHM JIOJDKHBI TIOHHMATBHCS KaK pa3Hble MPOEKIUH
€IUHONM MoJenu. Brirouaromeil copepxkaHue U UL
pasubix ostamoB JKI[ mpeamera (3aech pa3paboTka U
n3rotoBiieHne). Y 11t pa3HBIX UCTIOMHUTEINEH DIIEMEHTOB
KLl (3mech  «OCHOBHOTO» M «allbTEPHATHBHOIO»
npousBojuteneid). OtTcioma, BO-BTOPBIX, BO3MOXKHO
peleHne enHOM (MHTErpUPOBaHHOM) TOAJEPIKKH.

WNuBapuantom OT Torma cienyer cuutaTh MOJHYIO
CTPYKTYPY H3JEHs, BKIIOYasi BPEMEHHEIC, JHHAMHYHBIC
(oGecneunBaromue, pacxoaHble) djeMeHThl. B Poccum
KaK NIPUHUMAEMOH SI3bIKOBOM cpezie Al €€ ONpeneacHus
HOpPMAaTUBHO  3a/JlaHa  MOJIeNb  €JUHOW  CHCTEMBI
KOHCTpYKTOpcKo# nokymenramwn (ECKJ).

OTKIIOHEHNSI KOMIUIEKTAIIUN U3JENNS MOTYT OIIPENeNIiTh
peam3yeMoCTh TeX I MHBIX MOKa3aTenel Ha3HaYeHHS
npeamera. T.e. pe3yIbTaTHBHOCTH TPYAA.

3.2. CpeacrBa Tpyaa

CocTaB [JaHHOHW KaTeropuM pacKPBIBACTCS AEPEBOM
OPTIUTATHON CTPYKTYpPHI IPOU3BOACTBEHHBIX MOIIHOCTEH
(ITM). Arperauust ompeaensercss 3aKOHOMEPHOCTSIMHU
JIeTIETUPOBAHUS/COBMEIIICHNST KBAUTUPHUKALNKA CyObEeKTOB
(pyHKUMH MHCTPYMEHTOB), YCTAaHABIMBAEMBIMH IIpU
aHanuze/cuHTe3e [IM 1i1sl KOHKPETHBIX UCIIOMHUTENCH U
000011aeMBIMH Ha UCTIOJTHUTEIILCKUE THITHI.

IIpynuunuansHo, uro uHBapua"toM IIM sBusercs
0000ImIEHHasT OpriuTaTHas CIPYKTypa (CHcCTeMa «Tpy-
noBbix mosurmity (TII) kak sk3eMruisipoB PM mpHHSATHIX
THUTIOB TI0 OJDKHOCTH/Tpodeccun). [Ipuanmas e€ cocra
Ha OCHOBE CEMAaHTHYECKOM MOJIEITH TPEANPHATHS II0
VYcoBy (B yacTH MMEHHO THIOB (DYHKIIHOHAJIBHBIX IOA-
CHCTEM, a HE JJIEMEHTOB «JIOTHYECKOTO SIIpa») € YIETOM
Cpenbl, MBI MOXXEM ONPENSNIUTh YKPYNHEHHOE NEPEBO
PM. Ilpu panbHeWINEd [OEKOMIO3ULUM B CpPEICTBA
BKJIFOYAeTCsl CyOBeKT (00bEKTUBHPOBAHHBIN 10 3BEPEBY)
1 UHCTpYMEHT. OTJenbHbIe CyOBeKThl M.O. 00BEKTUBHPO-
BaHBI U UCKYCCTBEHHBIM MHTEIUIEKTOM. B m060M ciydae
CyOBEKTHl U HMHCTPYMEHTHI B COBOKYITHOCTH OOpasyloT
spraruueckue noacucreMbl TII. MuBapuantom PM BbI-
CTymaeT MaTepHAIbHO-MH(POPMAIOHHAs CHUCTEMa CO-
rimacHo [11] (packpsiBacMast B mpoOIIieMoIorudeckoM Oa-
3uce). B Poccun s onpeneneHus moIHOrO MHOMKECTBA
TnoB no3uiuii (PM) oOb9HO IpHHSTA MOAETH €AUHOTO
tapudHO-KBamHpuKannoHHoro crpaounnka (ETKC).

Packpeitre coctaBa [IM 00BIYHO BIOJIHE MPOU3BOJIBHO U
Ompenensercss PaslIu4YHbIMH «TEOPHSIMH OpraHU3anun/
ynpasieHus». Ha 6a3e ke cemmozenu YcoBa M.0. JaH H
4E€TKUI nopsiiok passutus IIM npu HapacTaHuu cocrasa.

e  MuHMUManbHBIA Ccloy4all — OJHOMECTHAas OpraHu-
3anus; Bce GyHKIMH, Kak 06wue (KOPHEBOTO Kiacca
npennpusTaid mo [2, Puc.1]), Tak u cneyuguueckue
(mocnenyomuX KJIACCOB) COBMEIIAIOTCS  OJHUM
cyopekrom. [lo cyrn, B oOmmx (yHKOUSIX HAIO
BBIJICTTUTH MOAKIIACCH 83AUMOOEICIEUs CO CPENOH 1
YnpasneHus. opraHuzanuei (peanuzanun
«IOTHYECKOTO SIPa» CEMMOJIENTH Y COBa).

e «CemeiiHass» - MHOTOMECTHAs, C HeBbLOECIEHHbIM
yIpaBJeHUEM U B3auMojeicTBueM (00mme QyHKINN
pacripeziesieHbl 0 UCIOMHUTEISIM CHelU(pUUECKHX);
BO3MOXHO  coemeujenue  CeUQpyHKUUH  noauoe
(momopraHm3alys OJHOMECTHasT WIM W3  psija
MMOJTHOCOBMEMIEHHBIX PM) w/mnm uacmuynoe (ecnu
Kjacc ~ ompexenser  Oojee  OJHOTO  THIA
crenuduyeckux TmojacucTeM, TO oaMH TUn PM
MOJKET COBMeEIIATh (PYHKIMU JBYX U Oojee U3 HHX),
a Takxke epynnupogka PM  «HampaBICHUYECKOTO»
Tuna (1o onpeAenéHHON MoA00IaCTH JeSITeIBHOCTH)
WIN «IIPOIYKTOBOTO» (M0 ONpeNesi€HHOMY THITY
pesynbraTta), M.0. TUHAMHYECKOE.

e «KomaHmHas» — MHOTOMECTHAs, C GblOEIEHHbIM
ynpaBieHHeM ((QYHKIMH KOTOPOTO pPean30BaHbl Ha

Bcepoccuiickas koHdepentms "MHpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIBHOH TTOAIEPKKH MPUHATHS pemennii”,16-19 mas, Yda, Poccus, 2017



PMY, ¢ noiHBIM HIHM YaCTUYHBIM COBMEIICHHEM 10
THTIaM); OCTAITBHOE KaK B «CEMEHHOMY.

«ArmmapaTHas» - MHOTOMECTHAs, C BBIICICHHBIM
B3aMMOJICHCTBUEM; OCTATLHOE KaK B «CEMCHHOM.

e Pa3BépHyTass — MHOTOMECTHAs, C BBIICICHHEM
cnendyHKIwiA, 0e3 COBMEIICHHUS YIPAaBICHHUS CO
B3aUMOJICHCTBUEM,;

MakcuManbHblid Cllydall — pa3eéphymas Tak, 4TO
Ha KXyl (YHKIMIO NPUXOAWUTCS JABa M Ooiee
CcyOBeKTOB Tpyda (Ha pasHoTHIHBIX PM, Hamp.
BE/IYILETO ¥ PSIJOBOTO HCIOJIHUTENEH).

OyHKIIUM ~ YOpPaBICHUS MOTYT  MOJPA3JCIAThCS B
MPOCTPaHCTBE (TEPPUTOPHAIBHO), BO BpeMeHH (10
stanam JKII), B nBmwkeHHH (IO BHIAM JCATEIHHOCTH);
TEM CcaMbiM  OOpa3yloTCsl  pa3jM4HbIE  BapUAHTHI
MOCTPOEHHS OPTIITATHON CTPYKTYPHI.

Kommnekranus cpeacTs Tpya UMEET CMBICH JOCTYITHOC-
TH CyOBEKTOB/MHCTPYMEHTOB JAHHOTO MpoQuisi BooOIIe
U Ha MOMEHT NOTpeOHOCTH B HHX I ydactust B KL
konkpetHoro OT. W orpaxaercss 3aMeIEHHOCTHIO/
BAKaHTHOCTbI0O PM B 4YacTu KagpoB (GKHUBOIO TPYAa» U
00€eCIIeueHHOCTBIO B YaCTH HHCTPYMEHTOB M MAIlIHH.

CrnenyeT oco00 BBIIENUTh WHCTPYMEHTapui Tpyaa Hal
camoii oprarm3anueif. OOBIYHO HA3BIBACMBI «CHCTEMa
«[Ipeanpuarue»/maardpopmMa aBTOMATHU3ALNN YIIPaBIe-
Husi[ OmzHec-miporieccaMu|». bornee ke TOYHBIM Tpen-
CTaBIsIETCSI HANMEHOBAHNE MHTETPUPOBAHHON aBTOMATH-
3upoBaHHOH wHpopMmanmonHoi cuctemsl (MAUC),
npuHATOE, B yacTHOCTH, Yy Kymberu B [12]. 3amerum
3[1eCh, YTO MOXXHO TOBOPUTH M 00 «HHTErpUpYIOIIEH
AUC», HNAHNC-000mouke yHpaBI€HUS OCTAIHHBIMU
HHCTPYMEHTAMHU U TPYAOM CyOBeKkTOB. OCHOBHI (PyHKITH-
OHHMPOBAHUS TaKOH 00OJOYKH M HEKOTOpHIE pean3aun
«YBII-mnatdopm» obcyxnamucs B [5, Pa3z. 1].

3.3. Ilpoueccsl Tpyaa

CocraB I[aHHOﬁ KaTeropun pacKpbIBacTCsa ACPEBOM J[iC-
KOMITIO3HUIINHU pa60T, OHepaHHOHHOﬁ HOMCHKJIATYPbI TCX-
HOJIOTHH. Arperaunﬂ OIMpCALIACTCd 3aKOHOMEPHOCTAMUA
nepeaciia HMCXOAHBIX  IMPOAYKTOB B PE3YJbTATHBIC,
YCTaHaBJIMBACMbIMHU IIPpH aHallu3e/CUHTE3€ TEXHOJIOTHI.

[MpuHnMnuanbHO, YTO  MHBApPUAHTOM  TEXHOJOTHH
siBisiercst 0000mEnHbIi XKL, [IpuanMas ero coctaB mo
YcoBy, MBI MOXEM OIPEIEIIUTh YKPYIHEHHOE JIEPEBO
pabot. Jlucter xotoporo (crazuu XKII) mexommosupy-
foTcs panee. [Ipu 3TOM onpenemnsroTcs TEXHOIOTHIECKHe
Mepexoabl KaKk cllaraeMble Texomeparuii (pador). Oxgux
TEXIEePEX0J] MOKET BXOAWUTH B PA3IMYHBIC TEXOTEPAIlNH,
a TaKKe MMETh BApUAHTHI peaIn3alyi.

WNuBapuanrom IIT ciexyer cumrate 0000MEHHYIO
TEXHOJIOTHIO, OIPEIEISIONIyl0 BCE BO3MOXKHBIC IYTH
MOJYYCHHs] LEJIEBBIX IIPOAYKTOB B 3aBHCHMOCTH OT
HCXOJHBIX M OT HUINYHBIX cpencTB Tpyaa. B Poccun s
HOPMAaTHBHOT'O 3aKpEIJIEHUs TIOJIHOH COBOKYITHOCTH
pabor Haumbosiee pacmpocTpaHeHa QopMa eIUHBIX
rocynapctBeHHbIX HOpM (EI'H) o mpenmeTrnxam.

Taxoke 1.0. onpenenéH MHBAPUAHT WUCTIOTHEHUS paOOTHI.

CortacHo TEOPETUIECKOM nH(pOpMATHKE, OH
MOJETUPYETCSI CXEMOW KOCBEHHOTO oOpameHus. Jlist
HUCKYCCTBEHHO  OOBEKTUBHUPYEMBIX  CYOBEKTOB  €ro

peanu3anuen BEICTYNAeT KOMaHAHbIN LIHUKIL.

CormacHo VYcoBy, cpemm pabOT TakKe BBIIEIAIOTCS
0OIIECUCTEMHBIE, CITyXKalllie CHUCTEMHPOBAHUIO APYTUX
pabot B TexHosoruu. OHHU ONPEIEISIOTCS VISl 3aJaHHOU
Mojenu ucnoiHutens. OH ke MPeUIoKUI MOAETH «IIo-
HATHSA-OTHOLICHUS JJIsl TEXHOJIOTHH (B CTaHIapTe MOJie-
mupoBanuss ERD) wm ykasanm npuHOUIBI OTOOpaskeHHs
texnpoueccos  Ha  IIM, KpUTEpUU  TPOBEPKU
KOPPEKTHOCTH ONHCAHUS TEXHOJIOTHH (PEaN30BaHHEIC B
pa3paborkax UANC-060mouek «AJIEKCYC).

Komriekranust mpoLeccoB Tpyna UMeeT CMbICI 00pa3o-
BaHHOCTH (C(OPMHUPOBAHHOCTH) MOJEIEH paboT B IeTIOM
JUISL SI3BIKOBOM Cpelbl M OCBOSHHOCTH (3aIpOrpaMMHpO-
BaHHOCTH) MOJIeJIeH JUIsl KOHKPETHOTO HCIIOJHUTEIIS.

4. HagcTpoe4yHble OTHOIIEHUS

Kak YK€ YKa3bIBaJIOCh, TOIMOJOTUYCCKH IMOHUMAIOTCA KaK

«IIPOILKBKU 0a3uCHBIX JIEPEBBEB. Moryt
YCTaHaBJIMBAThC BHYTPH KAaTErOpHUHM W/HIM MEXIY
kateropusimu.  I[IpennasHadeHsl it (OPMHUPOBAHUS

LIEJTOCTHOM, CUCTEMHO 000OCHOBAHHON MOJIEIIH.

OnHUM ¥3 OCHOBHBIX THIIOB SBISIETCS OOBEAMHEHHE
CYIIHOCTEH IO HAa3HAYEHHIO B OpPraHM3aldio, B T.d.
BUPTyasIbHyI0. OOBIYHO OpraHu3anuy GOPMHUPYIOTCS II0
OHOMY M3 ABYX HOAXOJOB: IPOCKTHO HJIHM MO33JavHO;
TaKKe MOKHO OIPENENUTh PEIMETHYIO OpPraHU3aHIoO.

[MpubnmKeHrneM K MOJENH OpPTraHH3alHd MOXHO B3STh
npunsaTyio B [13]. T'me cxema ONMHCHIBAET OCHOBHBIC
OOBEKTHI U OTHOIICHHS B MH(POPMAIHOHHON YacTH WHBA-
PHAHTHO K TPEMETHKE, CIAEAYsI 03aIaYHOMY TTOIXOY.

JpyruM  THOOM  SIBJSIFOTCSL  OTHOLIGHUSI  IOPSIIKA
3aaerictBoBanus cymiHocted B XKII. Tlo kareropusim oHu
MMEIOT Pa3iMyMsi CMbICTA: Ui NpPEAMETa 3TO IMOPSI0K
pa30opKU/COOPKH,  ONpeNesieMbId W3 YCIIOBHH
«coOMpaeMoCTH»; AJISI CPENICTB MOPSIOK HA3HAUCHHS Ha
paboTHI; Ul TPOIECCOB TEXHOJIOTMYECKHE MapIIPYTHI.
Bo3MOXHBI BapHaHTHI 33J1€iICTBOBaHNSI.

CrenyomuM BaKHBIM THIIOM HYKHO CYHTAaTh OTHO-
IIEHUS] TOKyMEHTHpOoBaHUs. OHH OOBENUHSIOT MOHATHS
U OTHOIIGHUS MOJEIMPOBAHUS B  IPEICTABICHUSA
(BXOJHBIE, TPOMEIKYTOUHBIE, BEIXOAHBIE (POPMBI).

Kak mprMmep KOMIIJIEKCHOTO OTHOIIEHUS MOKHO JaTh
CcXeMy TOCTpoeHusi opraHmzammu (cMm. Puc. 2) mist
KOHKPETHOTO CIIydas ¢ BBIICICHHEM OOmuX (YHKIHI B
SBHYI0 MojacucTeMy ympasieHus. ColepxkaHue 3TUX
(yHKIMIA YyKpYIHEHHO pacKpsITo Ha Oase [2], [3].

KiroueBbim otHOomenuem XK1 sBasercs mexnonozus.
INonnmaemas kak MOJENb MOJyYEHHUS HEKHX PE3yJbTaT-
HbIX 1T U3 naHHBIX MCXOAHBIX HEKOTOPBIMHU CIIOCOOaMHU
Ha Hekux [IM. bonbiee nim meHblee abcTparupoBaHue
npeaMeToB/criocoGoB/cpeicTB HaéT Gojiee WM MeEHee
oOmme (MHBapHaHTHBIE K OPTaHW3aIUH) TEXHOJIOTHH.

K 06BeKTHBaHI/II/I OpraHu3aluy KaKk OTKpBITOﬁ, THOKOI CHCTEMBI
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Puc. 2. Onpeaesnenue oprecucteMbl KaK HOCUTEIS KI104YeBbIX oTHOIeHui 7KL

Jlyisi KOMIUTIEKCHOTO OMHCaHHs JeaTelbHOCTH B Poccuu
HOPMATHBHO MPUHSITHI MPEXKE BCEro S3bIKH U MOJEIH
6n0k-cxeM anroputmoB, nporpamm u cuctem (BCAIIC)
mo T'OCT 19.701-90 wu  eauHOH  CHCTEMBI
texnonoruueckoit gokymenrarwu (ECT) mo T'OCT 3.*.

OcCHOBBI (hopMaHM3alUy TEXHOJOTHH MPEJCTABICHBI Ha
cxemHoM ormcanuu XKII kak Texmporecca (cm. Puc. 3).

DseMeHThl MoJeel (opMaIn30BaHbl Kak IMOHATHS, 110
HEOOXOAMMOCTH MMOBTOPHO HMCIOJIb3YyeMbIC B MOJEIBHOI
CTPYKTYpe (Ha 4YTO YKa3bIBAeTCS CCBUIOYHBIM (OpMATH-
pOBaHHEM IOBTOPHBIX BXOXKACHMII MMEH Ha cxeme). [lo
CXeMe OpraHu3aliH CcpeAbl M.0. «BH3yaIbHO-PEKYp-
CHBHO» ONpeJIeIeHbI Yepe3 COOCTBEHHO OpraHHU3alHIO.

B nannom ciydae ynotpe6sén s3pik [PAOUT-Tex (I'T)
JUISL OIIUCAHMS TEXHOJIOTUH KaK CeTeil OnepnpoayKIui.

ITo cooepircanuro 3ametum, uro ommcan XL s koH-
KPETHOM opraHu3anuoHHoi mnoxacuctemsl (IIpousson-
cTBO). B 1O %€ Bpems cemantuka XKL B memom mo3Bos-
€T 0000IIUTh MO/ICSIb Ha a0CTPAKTHYIO MOJICHCTEMY JIFO-
60if opranmzanun. {1 0OpaTHOI KOHKpETH3aIMK JJ0CTa-
TOYHO ONPEAEINUTh AaJEKBATHBIM TMOACHCTEME CMBICH
npoxykros XII, a orcioma u CTHIKOB CXeMbl (F€HOPOB/
areHopoB TII) u onepanumii/nepenad Ha TeXMapIIPyTax.

Takxe y4HUTBHIBAIOTCSI HEKOTOpbIE CYLIECTBEHHBIE ONpe-
nenenust rnpoueccoB HTT, eciu umeTs B BUAY, YTO:

e HayyHas KOMMYyHHKanus 10 [mimspeBckomy (B
cMbicie [14, ¢.51-57]) ocyluecTBiseTcss MO TOBOAY
KOHKPETHBIX IPOAYyKTOB cucteMHoro JKI[ Toro wiun
WHOTO dTana (KaK ¥ yueOHas1, ¥ JIeoBas);

e  JTamlbl «IKOJBHOTO M300perarenscTBa» 1Mo Crous-
poBy B [15] cyTb BapuaHThI cTajuil OOJMBIIHHCTBA
stanoB cuctemuoro JKII, HauuHas ¢ 1-ro.

Cemantuka [IT-cxeM B  OCHOBE  COOTBETCTBYET
n3BecTHeIM HoTanusiMm DFD u IDEFO, HO yrouHeHa B
HEKOTOPBIX ~acClleKTaX. B  4acTHOCTH, OIpenesneHo
COJIepXKaHNe CBs3ei (AyT), BBINENEHBI THIBI OIepanuit
(BepmmH) mepenadn (B IPOCTPAHCTBE/BpEMEHH) U
npeoOpa3oBaHus (I[EIEBOT0/PEIIAIONIETO).

ITpy >TOM OTHOIIEHMS MOPSIKA MPOIECCOB PA3IUIHOTO
pozna rpaduyecKn ONPEAEISIOTCS, 10 CYTH, aHAJOTHIHO
[16, Puc. 15.1]. U pa3pemiatorcsi CUCTEMHBIMH HPOILIEC-
camu (peanm3aiy MOJIEIH JUIsl KOHKPETHBIX YCIIOBHI), B
pe3yJbTaTe 4ero CHUMaeTcs ¥ BapUaTUBHOCTD, IJaHHAs Ha
9TOM cxeMe (Kak OOOOWIEHHOHM I HEKOTOPBIX COueTa-
HU# ycnoBuif). CucTeMHbIe MpoIecchl M.0. 3a/1aHbl aHa-
JIOTUYHO, OTJINYasACh TOJBKO TEM, UTO UMCIOT MPECIAMETOM
TpyAa [pyrue Tmporecchl (WX COCTOSHHSA COOOpa3HO
npuHAThIM MogessiM XK1 nporecca o dazam).

3nech CHUCTEMHBIMU SIBIISIFOTCS MPOLECCHI-
Moaupukaropsl popoB «CyTh nmena u3» (oOpazoBaHus
KOJa TEXOIEPAalUy Ha UCIIOJIHUTENA IOAPa3yMEBaeMOro
tuna) u «McrnonHuTens M3» (Ha3HAUEHMs OlNlepaluy Ha
9K3eMIULIp  ucrnonHuTens). OHM M ONpEeAeNsoT
IIPOUCXOXKICHUE HaIOJIHEHUSA BUJIOB CcBsi3el,
Ha3eiBaeMbIX B IDEF0 «ympaBrneHue» u «MeXaHU3MBD».

Ilo npeocmasnenuro 3aMeTuM, 4TO MOJENb IOCTPOECHA
Ha OCHOBE MOJeNel OpraHu3aluy Takke Mo YcoBy (B
AHAJIOTMYHOM OpraHu3alluy, O3TOMY MapLIPyThl CXEMBbI
TII HampasJICHBI IIPOTHUBOIIOJIOXHO TPAAUINOHHOMY, KaK

Bcepoccuiickas koHdepentms "MHpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIBHOH TTOAIEPKKH MPUHATHS pemennii”,16-19 mas, Yda, Poccus, 2017
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U Ha OPUTMHAJBHBIX CXeMax YCOBa, MPEACTaBIEHHBIX
aBTopoM B [17, Puc.1]).

B rpaduueckuii cHHTaKCHC A7 aAEKBATHOTO OTPaXXKCHUS
CEMaHTHUKH JESTEIbHOCTH BBOIATCA OCH OIIEPATOPOB
TEXHOJIOTHYECKOH CXEMBI (B T.4. BEPIIMH-«OIIOKOBY):
TOPU30HTAJbHAS — PeaIN3alny (Ha3HAYCHUS onepaTopa
Ha OCHOBE TEKYILIEro COJepKaHHs); BEpTHKaJIbHAS —
Moaudukanuy (Colep)kaHMsl omeparopa IOJ MeHs-
Iolleecss Ha3HaueHue). Takke omeparopsl MoJpa3aens-
I0TCS Ha mpeoOpasyromue (TMPeaCTaBISIOTCS BEPIIH-
HaMH) U MepeMeniaonye (onpeaesssoTcs Hajl IyraMu).

I[lpu wuckiIrOUeHUH OCH MOAUGUKAIMH IOJydYaeTCs
CHHTAKCHC, Mo a00HBIIH JIIJI-s361KaM, HO c
OTIpeIeIEHHBIMU OTJINIHSAMU:

e  omepaTopbl EpeMEIIeHIs OIPEACTNMbI HaJ IBYMS U
Oonee ayraMu, 3a7aBas TEM CaMbIM UX TPYMITHPOBKY
IO K.-JI. OOIIMM CBOWCTBAM W HATJISIIHO MPECTABIISAL
9TO Ha CXEME;

e  BHEIIHHE CYITHOCTH OTIPENICIISIOTCS KaK

TEHOPBI/areHOPHI HATIOTHEHNUS JIYT.

[pu BrIIFOYCHHUH OCH MOAM(UKAIMN CHHTAKCUC TOJJO0CH
yxe @M-s1361KaM, HO C OTJINYUSAMH

® CMBICT «YIpPaBICHUA» M «MEXaHU3MOBY» OIpese-
JIieTCs ABHO, a UX UCTOYHUKH — CUCTEMHO-JIOTUYHO
(a He kak Mpou3BONbHBIE BepUIMHE DM-cxeM)

e lcnons3yrorcs OTHOILIEHUS KaTeropu3aliu

(mounmaemsie kak B IDEF1X).

[ Kapmios B, 2014-16
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3biBaeMan Boix000M [00HBIX ,

abcheKTMBHOCTL TPYAa (3n€ch — No Beemy HKLY).
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-1a - «Ha noacTynax k Teme»
+16 - naenr; «M
2 — MpoexTuposanne
+2a - «KowcTpypoBaue»; «Mopenvposanme..»

mopene»

~2naeHas (nepsas) — MIHGMANLHO (IO HAMBONEe HEOBXOANMBINI BLINOT

BvcHT o HOPMI Ha pasmepbi AeTa-
e u 0GpaBaTLIBAEMBIX YHACTKOB U OT XapakTepa
npeoGpasosanwii/ nepead peaMeTos Tpyaa.

26 - «Coananue onkITHOro 0BpasLa» (Kak edUHUYHO20)
3 — Mnanwposanve

+3HaKn (7060l OBPA3OBATENEHO, 1 M.6. SHAMMMbIE HayHO/MPaKTHIECKH) - «TaBMKM,

HaNNCaHHBIE TOHUAPaMY: HVYHO, 10 MHATPEBOBaHMSM).

— no mepe.
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4 — Peanu3auys (Bbinyck)
+4a,6 - «Co3akue ONbITHOTO 0Bpasuia» (Kak edUHUYHOZO0)

saeman Koagpapuuiienmom Merions3oeanus, xa-
Tpyna
"

Hocme

3ananHLi
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K cicTeMe (1, BoAMOK -

5
+5a,6 - Ans npocheccvionantHoro KL (npuknaaHoro)
+56 — Ans «gepmuKanbHo paseépmuieaemozon WL>
Cmaduu panee 8nN0TH 10 OTAENLHBIXTO.

B npaKTUke MaTepuansHoro Npou3soacTea Kif aa-
BUGHT OT 1OEKITIHEIX HOPI AETANeN W 3ATOTOBOK
W 0T xapakTepa npeoGpasoBaHii/ nepena| npea-
weTos Tpyaa. Pasen 100% npn

Puc. 3. Onpeesienne TeXHOJOTHM KaK HOCUTEJIS1 K04eBbIX oTHOIeHui YKL (mpumep)

IMpoumeccsl moboro conepxkanuss (M OCHOBHBIE, U
MOTU(PHUKATOPHI) PacKpBIBArOTCS eIMHO00pa3HO
MOJIETSIMU ~ «TIOCJIEIOBATEIIHON» — aJITOPUTMUKH.  Jliist
IIPE/ACTaBICHUS pe3yJbTaToB PacKpbITHA n3
cooOpakeHHI  HArJISAHOCTH — NPEIIaraloTcst — Takke
rpaduueckue ¢opmel. Ilpexne Bcero sizpik [PADUT-
ITpo, OCHOBHBIE pEIIeHHUS [0 KOTOPOMY MPEICTaBICHBI B

[18], [19], [4]..[6] (kaK «13bIKa CXEM TPOLIELYPY).

VYnorpebnstorcss snemenTsl  PBH®-rpadur-sa3pika 11
OTIpeJieTICHUs! TTOICTAHOBOK pa3ianyHOro poxaa. Tak, ycra-
HaBJIMBAETCS MOPAIOK BXOXKICHUS OTHUX MOHITHH MOJIe-
ne B apyrue. OmnpenensioTcsl MOBTOPHBIE BXOXKICHUS
KaK TEKCTa, TaK U rpayKu cXeM. JTO I03BOJIAET COKpa-

THTh 00BEM TipejcTaBinenuii. [Ipy 3TOM MOBTOpHI 3a1a-
10TCst €3 aIrOPUTMHYECKOTO 3alMKIMBAHUSA, T.€. MPE.-
CTaBJICHHE HE BIMSET HA COJEPIKaHUE (CaMH MOJIEIbHBIC
cTpykTypbl). TeM cambIM, B YaCTHOCTH, HCKJIIOYAIOTCS
[peICTaBUTENbHbIE HAPYIIEHHS CMBICIA B CETAX OIep-
HPOJYKIIUiA, T/I€ HENOIyCTHMbI KOHTYPBI (& MOSBIISIOILH-
ecsl pa3MBIKAIOTCs 110 comepskanuio, cM [20, ¢. 230]).

JlaHHBIE MOJENIN B COBOKYIHOCTH IIPEICTABIISIIOT TaKKe
npwioxkeHuss  nonoxkennid TU 3BepeBa W ceMaHTH-
YECKOI'0 MOJEIMPOBAHUS NPEAIPUATHH 10 YCOBY H
CeBepHHY K OIMCAHUIO OpTaHU3aIMil Ha CXeMHOI Oase.

K OGBGKTI/IBaHI/II/I OpraHu3aluy KaKk OTKpBITOﬁ, THOKOI CHCTEMBI
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5. BeIBOABI

Mojens opraHu3aIliid MOXKET CTPOUTHCS KaK CTPYKTypa
IOHATHUSA-OTHOUICHUS», KaK M IS JI000H CHCTEMBI.
[IpennoxxeHpl ceMaHTHKa TAaKOM MOJEIU U CHUHTAKCHUC
IUTA e€ BBIpaXCHUS Ha CXEMHOU OCHOBE.

OCHOBBIBasACh HA CEMAaHTHIECKOW MOJEIH OpPTaHHU3aINH,
MOYKHO BBIJICIIUTE 0a30BbIE THITBI OHATHI W OTHOIICHHH,
MHBapUaHTHbIE K KOHKPETHBIM IpeaMeTukaM. YTo
caenano g XKL opranuzanuu.

HarnsgHocts uHQomNpencraBieHuid aast Mozeneld Ha
CXEMHOM OCHOBE JOJDKHA oOierdatb YBSI3KH MpU
ynpasiaeHuu opranusauueil. Ilpennaraemas I'T-HoTanus
MO3BOJISIET HArJIHEE TPEACTAaBUTh IOTPEOHOCTH U
BO3MOYKHOCTH HCIIONIHEHHsS] TEXHOJOTHMHM NpU TOH WIH
HHOM OpraHM3alud JedaTeldbHOCTH. B dacTHOCTH,
pacnapauIeIMBaeMOCTh HCIIOJIHEHNS B 3aBUCHMOCTH OT
Hann4HbIX [IM.
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IIpuMmeHeHHe MAaTEMATHYECKOr0 MOACJTUPOBAHUS JJIS BHIOOpA
WHBECTUIHOHHOU MPOTrPAMMBbI NPEANPUSTHS

E.H. Ko3una
®akynbTeT MaTeMaTuK, MEXaHUKU U KOMIIBIO-
TEPHBIX HAYK
HOxHO-Y panbckuii rocyaapcTBEHHBIA YHUBEP-
CHUTET
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Annotanus’

B cratee mpexacTaBieHBl TPH  OKOHOMHKO-
MaTeMaTHYeckue MOAENu Uil (pOpMHUPOBaHMS HH-
BECTHLMOHHON mporpaMmbl npeanpustus: (1) Ha
OCHOBE TPHHIHUIIA TapaHTHPOBAHHOIO pe3yJIbTaTa;
(2) Ha ocHOBe mMpUHIMIIA MaKCUMHU3ALUH OXHUIae-
MOT0 IMCKOHTHPOBAHHOTO JOXOJAa IPH 33aTaHHOM
OTpaHUYEHUM CBEpXy Ha ero aucrnepcuio; (3) Ha
OCHOBC MNpHUHIOHIIA MAaKCUMHU3AlUU OXUIAAEMOI'0 B
JAUCKOHTHUPOBAHHOI'O0 J0XO0Ja MHOpU OrpaHUYCHHUU
CBEpPXY BEPOSATHOCTU €ro HepocTwxkumoctH. Ilo-
CJIC/IHUE MOJIENIM JIAIOT CPEJHHME OLEHKH JOXOJHO-
CTH B YCJIOBHSAX PUCKa M HEONpeAeleHHOCTH. Pe-
IICHUS MPEUIOKEHHBIX 3a7a4 MO3BOJIAIOT JaTh CH-
CTEMHYIO OLICHKY WHBECTUIIMOHHOW NPHBIICKATEIb-
HOCTH NPEeIIPHATHS

1.BBenenue

Jis peanu3anuy CTpAaTErMYEeCKUX LENed MpearpusiTHs
HeoOxoanMo 3¢ dexTHBHOE yIIpaBIeHHE er0 WHBECTHIH-
OHHOM mestensHOCTRIO [3,5]: Hambomee addexTuBHAsS
peanu3anys BO3MOXKHBIX TPOEKTOB, KOTOPBIE TPUHOCHIIH
OBl ¢ MHHUMAJIBHBIM PHUCKOM MAaKCHMAaJbHBIH (PHHAHCO-
BBI pe3ysbTaT B YCJIOBHUAX OTPAHHYEHHOCTH HHBECTHU-
IUOHHBIX PECYpPCOB M HEOMNPEEeNCHHOCTH MX O0BEMOB.
Breibop onTHManbHOM HMHBECTHIMOHHOM IPOTPaMMBI
NPEATNIPUSATHS  PAa3yMHO OCYIIECTBISITH M3 MHOXKECTBE
3G QEKTUBHBIX MHBECTUIIMOHHBIX MPOTPAaMM, Kaxias W3
koTopbIx: (1) oOecreynBaeT MaKCUMANBHBIA 0XKHIASMBII
YUCTBIN auckoHTHpoBaHHbIHOX0A (UJ) Anst Hexoro-
pOTO ypOBHSI PHCKa BO3MOXKHOCTH BBITIOJIHUMOCTH IIPO-
rpammebl; (2) obecrieyrBaeT MHHHUMAIBHBIA PHUCK BO3-
MOJKHOCTH BBIIIOJIHUTH MIPOTPaMMy U HEKOTOPOTO 3Ha-
yeHus oxugaemoro4/[Jl. B kauectBe mMepbl pucka, Hc-
nosib3yercst mubo aucnepcus Y/, mo aHamoruu ¢ moju-
xomoM Mapkosuia-Tobuna [1,2] mpu dopmupoBanus
noptdens MeHHBIX OyMar, JIN00 BEPOSTHOCTh HE JTOCTH-
’KUMOCTH KenaeMoro cpeasero 3Hauenus Y171 [3].

Tpyasl nATOH Beepoccuiickoi KoH(pepeHunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
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TEPHBIX HAYK
HOxHO-Y panbckuil rocyaapcTBEHHBIH YHUBEP-
CHUTET
Yensounck, Poccust
e-mail: paniukovav@susu.ac.ru

2. O01Iag MOCTAHOBKA 3a1a49H

B kadecTBe OCHOBHOTO KPHUTEpHs, B COOTBETCTBUU C KO-
TOpPBIM Oy1IeT (HOPMHPOBATHCS ONTUMANIbHAS WHBECTUIIU-
OHHasl TporpaMMa NpPeAnpusTUs, OyJeT HCIOJIb30BaH
YUCTBIM TUCKOHTHUPOBAHHBIN J0XO0J MO WHBECTUIMOHHOM
nporpamme B nesom [6, 8].

Ilycts Pzipl, p2,...,pn} — MHOXXECTBO M3 N UHBECTHU-

HUOHHBIX MPOCKTOB, KOTOPLIC MOT'YT OBITH BKJIFOUCHBI B
COCTaB HHBeCTHHHOHHOﬁ IporpaMMbl.

M — FOPU3OHT IUIAHUPOBAHHUSI (YKUCIIO PACYETHBIX MIEPUO-
JIOB).

L={l,....Jn}
peaiu3alii WHBECTHLMOHHBIX MPOEKTOB (B pacdyeTHHIX
nepruoax).

MHO>XECTBO HpOZLOHX(HTeﬂbHOCTeﬁ

R={r0,r1,...,rm_1} — (uKcupoBaHHBIE (UHAHCOBBIC pe-

CYPCHI IPEANPHUSATHS 110 PACYETHBIM IIEPHOIAM.

Ka)KZ[BIf/‘I N3 MHBCCTULIUMOHHBIX IPOCKTOB pj MOKET OBITh

OXapaKTEpHU30BaH JABYMs MIOKA3aTCIIAMM:

C js — BEIMYMHA YMCTOrO AUCKOHTHPOBAHHOIO 10XOJa,
IPUBE/ICHHOIO0 K MOMEHTY Havalla peanusauud Pj - ro

IMIPOCKTa, €CJIN OH ObLII HAYAT B nepuon S.

ljsi — MNOTPEOHOCTH B (PMHAHCHPOBAHMHM |-TO WHBE-

CTHI[HOHHOTO MTPOEKTa B i-i pacyeTHbIi mepuoj OT Havya-
Jla peaju3alud WHBECTULUUOHHOM Hporpammbl, IHpu
YCJIOBUH, UTO OH Oy/IeT HA4aT B MEPHOJ S.

Ilokazarenn 1OXOMOB U PacXolOB SIBISIFOTCS IPOTHO3HU-
PYEeMBIMH BENWYMHAMH M 3aBUCAT OT psAna (paxTopos.

[ostomy uenecoobpasuo cunrars Cjs u | jsi ClIyuaii-
HBIMH BeMWYMHAMHU. Ha OCHOBE peTpOCIIEKTUBHOTO aHa-

nM3a JUIs K&KIOTO MPOEKTa Pj Uis BCEX NEPUONIOB |,
TMOJIYY€HBI HHTEPBAJIBHBIC OIICHKHU YHUCTOI'0 AUCKOHTHUPO-
BaHHOI'O J0XOJa [Q

i ;Ejs} , IoTpebHoCTeH [l joi ;Tjsi] ,

1 (MHAHCOBBIX PECYPCOB MPENPHATHS l':i i J

an/IMeHeHI/Ie MaTeMaTH4YC€CKOI'o0 MOACIIMPOBAHUSA 1A BBI60pa I/IHBCCTI/II_H/IOHHOﬁ TIporpaMMbl ONPpEANPUATHSL



Beeznem OyineBbl nepemennbie: xjs =1, ecnu pj npoext

Ha4YMHAETCs B mepHoA S. xjs =1, xjs=0, ecan nasano

peanusauMu  Pj TPOEKTa OTIMYAETCH OT PACYETHOrO

neprosa S.

ITox peanu3yeMbIM IMOAMHOXKECTBOM HHBECTHLIMOHHBIX
MIPOEKTOB W3 3alaHHOTO MHOXecTBa P OyzeM moHMMAarth
TaKoe MOAMHOXECTBO IMPOEKTOB, KOTOPOE MOXET OBITh
poQUHAHCUPOBAHO B paMKax JOCTYIHBIX (PMHAHCOBBIX
pecypcoB 1o nepuojaam ¢GuHaHcupoBanus. [log unucTeiM
JMCKOHTUPOBAHHBIM JIOXOAOM HMHBECTUIIMOHHOH MpO-
rpaMMBbI OyJieM NOHHUMATh CYMMY YHCTBIX AUCKOHTH-

POBAaHHBIX JOXOJOB NPOCKTOB, BKIIOYCHHBIX B MHBECTH-
IUOHHYIO Tporpammy [4]. TTockonbpKy peann3aius WHBeE-
CTUIIMOHHOTO MPOEKTA Pj MOXET HAYaThCs HE TMO3KE

9€M B IIEPHOL m—|J , TO OJOJDKHO BBIIIOJIHATBECS CIIEAY-

IOIIIEE YCIIOBHE:
m—I;
2 Xjs <1 j=12,....n D
s=0
VYcnoBue peann3zyeMOCTH WHBECTHUIMOHHOM IpPOrpamMMbl
MOJKET OBITH 3aIIMCAaHO B BUIE:

Z Z I xjs ; 1=071,.. (2)
j=1s=0
OnpenenuM YUCTBIM AUCKOHTHUpPOBaHHBIA noxon (Y1)
HMHBECTUIIMOHHON MporpaMMsl. PaccMOTpUM HMHBECTHIIU-
OHHBIA NPOEKT Pj, KOTOPbI MOXKET ObITh BKIIOYEH B

WHBECTHIIHOHHYIO0 Tporpammy. C yuetom (1) Y/ ot
BKIIIOUYCHHS B TIPOTpaMMy HHBECTHIMOHHOTO IIPOEKTa
Pj paBeH

m—IJ
C j= Z C jsx js-
=0 ®
YJI/1 Bceil ”HBECTULIMOHHOM IPOrPaMMBbl paBeH
n m-l;
C Z Z C]stS (4)
j=1s=0

3. MakcuMHHHAas cTpaTerus

IIpumeHeHre OCTOPOKHON CTpaTEruy, HalpaBICHHONW Ha
MOJy4YEeHHEe MaKCUMaJIbHOrO TapaHTupoBaHHOro YJIJI
CBOAMTCSA K PELICHUIO 331a41
n m-l;
C=3% Y C:Xij— max
= =js™]
j=1s=0 xeD (5)

e X={rjs;s=01,....m-1j; j=12,...1

MHOKecTBO D YAOBJICTBOPACT OTPaHUYCHUAM
i

ZZI
j=1s=0

JIOTTYCTUMOE

s<r; i=012,....m-1, (6)
m-I;
zxjs Sl j=l,2,...,n, (7)
s=0
xjseld) j=12,...
lapaHTHPOBAHHOCTh ONTHMAJIBHOTO 3HAYCHHUS 3aJ1aud
(5)-(8) obycnopneHa HpUMEHEHHEM HHXK HHX OLCHOK

N s=0L,...,m-Ij. (8)

Cis Y1 u 06beMOB (hHHAHCHPOBAHHUS [ TIO pacyer-

HbIM ICpUOoJaM M BCPXHUX OLCHOK TjSi HOTpC6HOCTCﬁ

(huHAHCHPOBAHHS.

3amaua (5)-(8) mpexacrarmser 3amady OyiaeBa JHHCHHOTO
MIPOrpaMMHPOBAHMUS C HEOTPULATENBHOM MaTpuLeil
YCIIOBHH, TI03TOMY MOXET OBITh PEIICHA IICEBIONOIMHO-
MHaJIbHBIM JITOPUTMOM Ha OCHOBE AMHAMUYECKOTO IIPO-
TpaMMHUPOBaHUSL.

4.1TocTpoerue 3¢ peKTUBHBIX HHBECTHIIMOH-
HBIX POrPAMM B YCJIOBHSAX PUCKA

Bynem wuckaTh ONTHMAalbHYI0 WHBECTHIHOHHYIO IIPO-
rpaMMy NPEINPHUATHS B MHOXeCTBE 3¢ (DEKTHBHBIX HHBE-
CTHILMOHHBIX TporpamMM (T.e. B MHOXkecTtBe Ilapero B
MIPOCTPAHCTBE KpUTEepHeB «puck»-«4J1J1»). Ucmoms3oBa-
HHE HMHTEIUIEKTYAJIbHBIX CHCTEM IIOJACPKKH IPHUHITHSA
pelIeHni MO3BOJIUT Ha OCHOBE BBISBIEHHON CHUCTEMBI
MPENOYTEeHUH JHIla MPUHUMAIOIIETO pelleHHe BhIOpaTh
HanOoJsee MOIXOASIYI0 HHBECTUIIMOHHYIO IPOrpaMMy.

4.1 Ucnoan3oBanue gucnepcun Y1/ B kaue-
CTBe MephbI PUCKA

B kadectBe 0K AAaCMOT0 YUCTOTO AUCKOHTUPOBAHHOT'O
J0xo4aa PIHBeCTPI].[PIOHHOﬁ nporpamMmbl 6yz[eM HCIIOJIB30-

BaTb €ro MaTcMaTU4CCKOC OKUAAHUEC, a B KAYECTBE MCPLI
PUCKa — JUCTICPCHIO.

[lonarasi, 4TO 4YMCTBIH AUCKOHTHUPOBAHHBIA JOXOJA OT
K&XJI0T0 MPOCKTa  Pj € P paBHOMepHO pacmpenieneH B

HWHTEpBAJIE I:CJS,CJ‘S]Z[IM JIF060T0 s:O,l,...,m—lj,

HaxXoauM MAaTeMAaTHYCCKOC OXHUIAHHUC YHCTOI'0O AMCKOH-
TUPOBAHHOTO 10X04a

n m-l; n m—Ij
=E;>" > Cioxjs(=) st ECs)-
j=1 s=0 j=1 s=

3y I,

j=1 s=0

VYuuteiBag OyneB xapakTep NMEPeMEHHBIX X U HE3aBUCH-
MOCTb MEX/1y YUCTBIMU JUCKOHTUPOBAHHBIMH JOXOJaMU
OT Pa3/IM4HbIX IIPOEKTOB, HAXOAUM JUCIEPCHUIO YUCTOTO
JIUCKOHTUPOBAHHOTO 10X0/1a

n m-1; mfl-

n
DKI=DIY. Y Cpr (-3 s DE)-
j=1 s=0 j=1 s=0

— 2
m—I; . _Ci
Z”: i (9 js C JSJ
- N T
is
j=1s=0 12
Takum o6pa3om, nocrpoeHne 3hPEeKTHBHON HMHBECTHUIIH-
OHHOH MPOTPaMMBI B YCIIOBHAX PHCKA CBEJICHO K 3a/1a4aM

n Mi(C i +Cj
ECH=3" S 2R e
=1 5=0 2 xeD:D{C(x)}<d

©)
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D{C(x)}zzn: | x| min

(10)

rae X:{xjs;S:O,l,...,m—Ij;j:1,2,...,d JIOITYCTUMOC

MHOkecTBO D ynosnerBopsier orpannucuHusMm (6)-(8), d u
€ — JIONYCTUMbIE YPOBHH JUCIEPCHU M MaTEMAaTHUECKO-
r0 OXKHUIAHHSA COOTBETCTBEHHO.

3amaun (9) u (10), kak u 3amada (5)-(8), mpencraBiasroT
3aja4n OyneBa JIMHEWHOrO MPOrPaMMHUPOBAHHS C HEOT-
PUIIATEIEHOW MAaTpPHUICH YCIOBUi, MO3TOMY MOTYT OBITH
pEIICHBI TICEBIOMOJMHOMHUATBHBIM aJIrOPUTMOM Ha OC-
HOBE JMHAMHUYCCKOTO MPOTPAMMUPOBAHHUS.

4.2. Ncnojib30BaHHE BEPOSITHOCTH HEI0CTH-
JKUMOCTH 3a1aHHoro YJI/I B kauyecTBe Mepbl
pucka

ITIycte C — 3anmannsii yposens YJIJI. PaccMoTpum Be-
POSITHOCTb OCTHKEHUS 3aJaHHOTO YPOBHs

m—l;

I
n
PLX)=CJ=P|>" > Cjxjs>C. (11)
j=1 s=0
C HCJIbIO MCIIOJIB30BaHUA METOAOB IIPUBCIACHUA 3a7ad C

BCPOATHOCTHBIMH KPUTCPHUAMU K ACTCPMUHUPOBAHHOMY
BUAY BBCIEM B paCCMOTPCHUC COOBITHS

m—I;
J n
Ej: ZstxJ's=yj. i=12,...n, Zyj >C,
s=0 i

COCTOSILIME B TOM, YTO JIOXO/ OT Npoekra Pj Oyaer He

MEHbIIIe BENYUHbL Y. YunTsiBas (7) u (8), umeem

mI mIJ

xJSP{CJs 2Yj } st

s=0 s=0

o -

Orcroga, yuuthiBasi He3aBucuMocTb YJIJI pasinuyHbIX
IIPOEKTOB, IMEEM

B nanpHeiiiem BMecTO 3aJayd MakCUMHU3aLUU BEPOAT-
HOCTH P{0}6yaeM paccmarpuBaTh 3aa4y MaKCUMU3ALUA
ee jorapudma, T.K. B CHITy MOHOTOHHOCTH JIOTapU(PMHU-
YecKOH (DYHKIMU ONTUMANbHBIC PEmIeHUs 00euX 3amad
coBmagaT. Umeem

4 12 xeD:E{C(x)}>e

InPC(x)>C}= 3 In s = =
j=1 s=0 Cis —st
n M-l Ejsfyj' n M-l Yj*EJs
=3 X |xgN=——"—2% I |xp5=
j=15=0 Cis-Cj ) jors=0l ~ Cis-Cj

3/IeCh BTOPOE PaBEHCTBO ecTh ciencteue (7) u (8), mo-
CJIC/IHEE PABEHCTBO SIBIIACTCS CJIEACTBUEM IPHOJIMIKEH-
woro pasencrsa Infl-¢)=—¢ .

C opyroii CTOpOHBI

InPC(x)>C}=InfL— {C(x)<C}j__ (x)<C}
CJICA0BATCIILHO,
m-1. i _6 .
PCi<Clz £ |xsd —F | (2
j=1s=0 is-Cis

[TonmydeHHOE paBEHCTBO OMpEIENAET BEPOSTHOCTH HEMIO-
CTIDKUMOCTH WHBECTHUIIMOHHON MpPOTpaMMOM 3aJaHHOTO
3HaueHus: YJ1J1 u B manbHEHIIEM HCHONb3yeTCs B Kade-
CTBE MEpPHI pUCKA.

BBemem  meTrepMUHHpOBAaHHBIC

j=12,...n, i=012,...

NICPEMCHHBIC YA ji o

Mm—-1 u paccMOoTpuUM cOOBITHS

n
Aji :{| jsi SZji} u Bi=1>7Zj<p Cobpitne  Ajj co-
i=1

CTOMT B TOM, YTO B PacUYCTHBINA MEPHOM | pecypchl, Tpe-
OyeMble TMPOEKTY j, HAYATOMY B JIO0ON pacyeTHBIH me-
puon s<m-Ij, ne npeBocxonst 3nauenus Zji . CoObl-
tHe B;j cocronT B TOM, YTO pecypchl, TpeOyemble BCeM
BBITIOJHAEMbBIM B PACUETHBIN MEPHOJ | TPOEKTaM He Tpe-
BOCXO/IUT BEJIWYMHBI Ij. BeposSTHOCTH BBEAEGHHBIX COObI-
TUI PaBHBI

I Zzll
o = jsi =

: ZZJI<r =—r]
I jsi _ljsi i=1 i-T;

(UKCHPOBaHHBIMM, HalaeM

z
Pl i < 2ji =

Cuuras MEPEMCHHBIC Zji

BEPOATHOCTH BBITIOHEHHS YCIIOBHM PEATU3YEMOCTH HH-
BECTHIIHOHHON mporpaMmel. [ JIF06OTO pacueTHOro
nepuona i =0, 1,2,...,m—1 umeem

ri(x)= i ilesinsén =P

j=1s=0
n m-1I;
=11 sePljsi<zji)

j=1s=0
Jlorapudmupys paseHncTBo (13) u yuutsiBas

InPlr; (x)<rj j= Pl (x)> 1],

n
2Zji<n =
j=1
‘ (13)

Visi—2
ji}g —Plijsi > zjif= uv

InP!1 ;i <2z
Si
{J Ui =1

an/IMeHeHI/Ie MaTeMaTH4YC€CKOI'o0 MOACIIMPOBAHUSA 1A BBIGOpa I/IHBCCTI/ILH/IOHHOI\;I TIporpaMMbl ONPpEANPUATHSL



_ n

ri— szi
n n -1

InP > ZjiSri E—P{szbn}:_—

j=1 j=t ri-r;
a Taxoke ycroBust (7) u (8) momyanm
% -
Zji—n n m-I Tici_7::
= J ljsi—z
Pli)> )= 12—+ 3 5 =L )
-r; jo1s=0  ljsi=ljs

i=012,....m-1.

PaBenctBo (14) ompezenser BEpOSTHOCTh HPEBBINICHHS
WHBECTHUIUOHHOW MPOTPAMMOM MPEIIPUITUS TPEOYEMBIX
pecypcoB mo pacuetHom nepuoay i =0,1,2, ... ,m—1.

Takum 00pazoM, eciM « — JOIYCTUMBIH PHUCK HENO-
CTHKMMOCTH HMHBECTULMOHHON NpOrpaMMoON 3aJaHHOIO
3HaueHuss Y[, Bj— IOMyCTUMBIA PUCK IPEBBILICHUS
WHBECTUIIMOHHON MpOoTrpaMMoOl Npeanpusatus, Tpedye-
MBIX peCypcoB mo pacuetHoM mepuony i =0, 1,2, ...,m
— 1.To 3amauy HaX0XIE€HU MaKCHUMAJIBHOTO 0JKUAaEMOT0
JI0X0Ja MOKHO NPEACTaBUTh B CIEAYIOLIEM BUIE:

n

Clx,y,z)= Y yj—>max, (15)
j=1 X,Y,Z
m—IJ.
_2stst=ij j=12,...,n (16)
j=1 ’
n m lJ Y‘*Ejs
SOY Xy | (17)
j=1s=0 Cis-Cis
% -
Zji—n n m-I Tici _7::
=1 ] ljsi—z
L S o F e Ll L P IGT)
fi-r;  jZ1s=0 Ljsi—1isi

xjszji<ljsi, j=12,...,n; s=01...,m-1j, (19)

m—I;

J
> X <1 j=12,....n, (20)
s=0

xjgel j=12,..m s=0L...m-lj. (21)

4. 3akaoueHue

e PaccMOTpeHHBI MOJENM ONTHMAalbHOM HMHBECTHIIM-
OHHOM IpOrpamMMbI C (PUKCHPOBAHHBIMH OO0BEMaMHU
(hMHAHCHUPOBAHMS MO3BOJIAIOT (OPMHPOBATH ONTH-
ManbHble 10 [lapeTo MHBECTHUIIMOHHBIC MPOTPaMMBI
IpH  W3BECTHOM  paclpefesieHNH  (UHAHCOBBIX
CPEZCTB IO MEPHOIaM.

L4 HpeﬂCTaBHeHHH MO,HI/I(i)I/IKaIII/II/I ,HaHHOﬁ MOACIIN,
YUYHUTBIBAONIUE HEONPECACTICHHOCTD (I)I/IHaHCOBI)IX pe-
CYpPCOB I MOAACPIKKN HHBECCTUIIMOHHBIX IMTPOCKTOB.

e PemeHus mpeACTaBICHHBIX 331ad AIOT CUCTEMHYIO
OLICHKY HHBECTHLMOHHON INPUBIICKATEIBHOCTH MO-
JETAPYEMOTo MPEANPUATHS U MOTYT OBITh HCIOJIb-
30BaHbI B MHTEJUICKTYAJIBHBIX CHCTEMax MOINCPIKKH
BEIOOpa (P (PEKTHBHOTO MOPTQENSI ¢ YIeTOM CKIIOH-
HOCTH K PUCKY JIMIa IPHHUMAIOLIETO PEIICHHE.

L4 HOJ'Iy‘{eHHI)Ie TCOPCTUYCCKUEC U TIPAKTHUYCCKHUE PE-
3YyJbTAaTbl MOT'YT OBLITh HCITOIL30BaHBI B BUAC MCTO-
JAWKU Ha OpEATNPUATHUAX.

e [lpuMeHeHHE UCMOJIB30BAHHBIX B HCCIIEJAO0BAHUU
YHUBEPCAJIbHBIX MPOTPAMMHBIX CPEACTB, TAKHX Kak
MS Excel, Cplex u T.1. He IO3BOJSAIOT pelIaTh 3a1a-
gn OonpmIof pasmepHocTH. HampaBneHnue nampHei-
IIET0 MCCIIEAOBAHUS — IOCTPOEHHE MPOrPaMMHOTO
o0ecreueHns, MO3BOIIIOIIETO 3a CUET ydeTa CIIeIH-
(¢uKN 3amaud pemath 3aJadu OONBIION pa3MepHO-
CTH.
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AHHOTaumll
PaccmotpeHo OHTOJIOTHYECKOE OIucaHue
TEXHOJIOTUUECKHUX MPOLIECCOB MepepaboTKU MEIHO-
KOITYEJaHHbIX pyL. ITocTpoena cucrema
pelIalIMX TMpaBWi, [O3BOJIAIONIAs BHIOMpATh
TEXHOJIOTHUECKYI0 CXeMy IepepaboTKH u  ee
OCHOBHBIC  TIAapaMeTpel B  3aBUCHMOCTH  OT
MPOMBIIIICHHOTO COPTa, TEXHOJOTHYECKOTO THIIA,
MHHEPAJIOTHYECKOTO THUMA PYAHOTO CBHIPbS |
coJiepkaHMsi B HEM 0a30BBIX W BPEIHBIX
KoMITOHeHTOB. [IpaBuia BBIBOJA VIS ONIPEAEICHUS

COCTaBa, KOJU4YECTBA MW PCXKHUMA MNPHUMCHCHUA
pcarcHToB B  HPOLECCCE Hepepa60TKH MCIHO-
KOJYCJaHHOT'O ChIpbA IMOCTPOCHBI B

HEYETKOJIOTHUSCKOM nmapaagurme.

1. BBenenue

HBETHLIC METaJUIbl, B IEPBYIO OUYEPEAb — MCJIb U ITUHK,
BOCTpe6OBaHI)I MMPaKTUYCCKU BO BCEX OoTpacidax
MPOMBIINIIICHHOCTH.

OCHOBHBEIMH HpO6J'I€MaMI/I JJIsA HpOHSBOHHTeHeﬁ MEIU U
IIUHKA ABJIAIOTCA:

° HUCTOIMCHHUEC MCEIHO-KOIYCIaHHBIX MGCTOpO)K,HeHI/Iﬁ
FOxHoro Vpaﬂa C BBICOKHMM COACPKAHWEM LEHHBIX
KOMIIOHCHTOB M, KaK CJICACTBUC, HGO6XOHI/IMOCTL
BOBJICUCHMUS B IIPOU3BOACTBO 6621HBIX,
HCKOHUIIUOHHBIX PYA U TEXHOTCHHBIX MCTOYHHWKOB

MUHEPAIBHOTO ChIPbS;

Tpyasl NATOH BecepoccHiickoi KoOHpepeHnn
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATHSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

HaJIMYHUC TOKCHYHBIX KOMIIOHCHTOB B OTXOJaX H,
KaK CJCACTBHUC, BO3pACTAOMINC 3aTpaTbl HA HX
CKJIIaAUPOBAHUEC B XBOCTOXPAHWIHMIIAX HIIH
3aXOPOHCHUEC B XUMHUYCCKU CBA3AHHOM BHAC C
CO6J'IIO,Z[€HI/IGM OKOJIOTMYCCKUX HOPM.

[lepepabaTbiBaroiue TMPSANPHUATHAS  JOJDKHBI  UMETh
BO3MOHOCTh HACTPOMKH TEXHOJOTHYECKUX IMPOLIECCOB
C YYETOM XapaKTepUCTHUK TOCTYMAIOIIETO  CHIPHS.
OnepaTiBHBINA BHIOOp HauOoOJee MPUEMIIEMOTO BapHUaHTa
TEXHOJIOTHYECKONU CXEMBI TepepaboTKU PYTHOTO CHIPBS
BO3MOXEH MPU HATMYHKM aBTOMATU3UPOBAHHON CHCTEMBI
TEXHOJIOTHYECKOW MOAroToBKH npom3BoacTea (ACTIII).

Baxneitmum snementom ACTIIII sBisercs cucrema
nouepxxkn npuHsaTaa pemennit (CIIIIP), mo3Bomnsromas
OIICHUTh BO3MOJXKHBIC BAapUAHTHI TEXHOJOTHYECKOTO
mporiecca mepepadoTKH MUHEPATBHOTO CHIPHSI.

MeTomosIoruuecKkomn OCHOBOM CIIITP SIBJISTIOTCSI
TEeOpeTHYEeCKHe pa3paboTKu B mpeaMeTHoH obmactu [1,

2].

[puniunel  GpopManu3auu 3HAHWUA ©  METOJO0JOTHU
paboThl ¢ (HOPMATU30BAHHBIMU 3HAHUSIMH H3JI0KEHBI B

[3, 4].

MeTomonorusi  OHTOJOTMYECKOro  MOAXOoJa  JUis
noctpoenust CIIIIP usnoxena B [5].
MeTomonorus  MHOTOKPHTEpPHAbHOTO  BbIOOpa B

YCIOBUAX HCONPEACICHHOCTHU U3JI0KEHA B [6]

B ny6mukanusax [7, 8] ObulM paccMOTPEHBI CHCTEMbI
MOJJIEP)KKA  TIPHUHATHSL PEUIEHUH Ul  OINpelelIeHus
HauOojee I1enecooOpa3Horo I 3aJaHHBIX  yCIOBHUI
TEXHOJIOTHYECKOT'0 MPOIIecca.

B naHHOW myOnMKamuy paccMaTpUBAIOTCS ANTOPHTMEI
BbIOOpa  Hambomee  IIeTIeCOOOPa3HBIX  IapaMeTpoB
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TEXHOJIOTHYECKHX MPOLIECCOB. BBUIY TOrO, 4YTO MHOTHE
(hakTOPBI, BIUSIONIME HA TPOIECCHI EPepadOTKH MEITHO-
KOJTYEaHHbIX PYI, MJIOXO MOAAITCs (opMann3aiuy,
npaBuiia BBIBOJIA B HEKOTOPBIX ciryyasix
c(hOopMyIHPOBaHbI B HEYETKOJIOTHYECKOM Mapaurme.

2. lleab padoTsl

[Ipencranenne anropurma ¢(ynxmronnposanus CIIITP
JUIl PallOHAJIBHOTO BBIOOPA TEXHOJIOTMYECKOH CXEMBI
nepepabOTKU METHO-KOIUEAaHHOTO ChIPBSI.

3. Aaroput™m ¢pynkunonupoanus CIITIP

IIpencraBuM 3amauy BbIOOpa TEXHOJIOTMYECKON CXEMBI
nepepaboTKu MeTHO-KOTUeTaHHBIX pya B
¢dopMannzoBaHHOM  BHJIe. B KadecTBE  OCHOBBI
bopmanuzanuy IpruMeM OHTOJIOTHYECKHit moaxo [3].

PaccMoTpuM oHTONIOTHIO
Onto = (C,Pr,V,I,R,A,D)
3nech:
e ( — MHOXECTBO KJIaCCOB;
e R — MHOXECTBO OTHOIICHHU;
e Pr — cBoiicTBa KJIacCOB;
e |/ — 3HaueHHUs CBOICTB;
e | — MHOXECTBO SK3EMIUIIPOB KJlacca;
e A — MHOXECTBO aKCHOM;
e D — MHOXECTBO aJITOPUTMOB BEIBOJIA.
B Hamrem ciydae paccMaTpHBArOTCS KIIACCHI:

e (,— pyJaHBIH MOTOK (HCXOIHOE PYIHOE CHIPbE);

C, — pyJAHOE CBIPbE B Mpoliecce nepepadboTKy;
e  (;,— TOBapHas NPOIYKIIHUS;

e (,— OTXOJBI IPOU3BOJICTBA;

e (i — TEXHOJIOTUYECKHUH MpoIiecc;

e (;, — TEXHOJIOTUYECKas OmepaIus;

e (, — HOpPMAaTHBBHL.

Knacc C, umeer cnenytomnirie CBOMCTBA!

e /nd Sort — TPOMBIIUICHHBIH COPT PYABI
(paccmarpuBaroTcs 2 copra);

e Tech Type — TeXHOJOTUYECKHH THIl PY/bI
(paccmarpuBatoTcs 2 TUIA);

e Char Ore — Xapakrep OpYAHEHHS

(paccmarpuBatoTcst 3 BapHaHTa);

e Min Type — MHUHEpaIOTHIECKUNA (TIPUPOTHBIIN)
TuI (paccMarpuBaercsi 6 TUIOB).

e PCu— conepxaHne MeIH (B IPOIIEHTAX);

PZn— coneprxaHue MHKA (B MPOLEHTAX);

e PS— copmepxaHue cephl (B MPOLCHTAX);

e  PAs— conepkaHHE MBIIIBSKA (B TPOLICHTAX).
Knaccewt G, C;, C, umeror cBoiictBa PCu, PZn, PS, Pas.
Krnacc C; umeer cnenyromue cBONCTBA;

e Proc Type — THI TEXHOJIOTHUECKOTO TIpoLecca
(paccMarpuBaroTcs 3 THMA);

e  Proc Chain — MOCJIeJ0BATEIbHOCTD
TEXHOJIOTUYECKUX  omepauuid  (COUCOK U3
9K3eMIUIIPOB Kiacca ().

Knacc C; nmeet cBoiicTBa:

e Op Type — tun omnepanuu (paccMaTpUBAIOTCS
2 THma);

Op_Equip —o0bopynoBanue aisi IPOBEICHUS
TEXHOJIOTUUECKOH onepanuy,

e Op Res — MarepualbHBIE pECypCHl Ui
npoBeleHUst  omepanuu  (BOja,  PEarcHTBI,
pacxogHbIe MaTepHalibl) Ha TOHHY
nepepadaThIBAEMOTO CHIPHS;

e [Fn Res — »HepreTHUECKUE pecypchl Ui
NpOBEACHUS  omepaluu  (2JIEKTPOIHEPIHus,
TETIOBas SHEPTHs) Ha TOHHY
nepepabaThIBAEMOTO CHIPHS;

e Op Mode — pexuM TIpOBElEHHS ONEpaLUH

(cnmcox: Temmnepatypa, naBienue, pH, pabouuii
00beM, IUIOTHOCTH MYJNbIIBI, CKOPOCTb IOJAYH
BO31lyXa, CKOPOCTb HepeMeIInBaHus,
JUTUTEITLHOCTD LMK (QIIOTALNH).

Knacc €, umeer cBoiicTBa:

e NormCu Raw — MHMHHUMAaJbHOE COJAEpKaHUE
MEJIH B PYTHOM CBIPbC;

e NormZn Raw — MUHUMalIbHOE coOJiepKaHue
LMHKa B PYJHOM CBIPbE;

e NormCu Prod — wmMuHUMAIbHOE COJCP)KAHHE
MEIH B TOBapHOW MPOAYKIHUH (METHOM
KOHIICHTpATe);

o NormZn_ Prod — wmuHUManbHOE COIEp)KAHHE
MeIH B TOBapHOW NPONYKIHH (IIHHKOBOM
KOHIICHTpATe);

e NormS Prod — wmaxkcuMaibHOE COJEpIKaHUE

cepsl B TOBAPHOU NMPOAYKIINH;

e NormAs Prod — wmakcumalibHOE COJEpIKaHUE
MBIIIBSKA B TOBapHOH NPOIYKIMH (MEIHOM
KOHIIEHTpATe);

e NormCu_Waste — MaKCUMalNbHOE CO/ICPKaHHUE
MeJI1 B OTXOMaX;

e  NormZn_ Waste — MakcUMalbHOE COACpKAHUE
LUHKA B OTXOJaX.

PaccmoTpum 3HaueHus cBoicTB Kiacca (.
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Ind Sort 0 (memucteiii komuenaH), |
(MEIUCTO-IIMHKOBHUCTHIA KOMYEAH);

Tech_Type — 0 (menmmas pyma), | (MemHo-
LIUHKOBAs PyAa).

e CharOre — 0 (cruomHoW — Ttmm), |
(BKparieHHbIi), 2 (IpOXUIKOBO-
BKparuIeHHbIH);

Min_Type — 0 (nUpHUT-XaTbKOIMUPUTOBEIH), 1
(XaJIbKOITMPHUT-TIMPUTOBBIN ), 2 (uput—
XaJbKOIHUPHUT-C(HANECPUTOBBIN), 3 (XaJILKOITUPHUT-
chanepuT-nMpUTOBBIA), 4  (XaJIBKOIUPUT-
ONEKIIOBOPYOHO-TIMPUTOBEIN), 5  (cdanmeput-
XaIbKOTIHPHUT-OJICKIOBOPYIHO -TTMPUTOBBIN )

3HaueHust cBoictB PCu, PZn, PS, Pas (mia xnaccoB C,,
C,, C;, C,) OTIpEIENIOTCS TI0 Pe3yIbTaTaM aHATH30B.

3HayeHus CBOMCTB Kiacca Cs:

o Proc Type — 0 (cemextuBHas ¢iortanms), |
(KOMIIEKTUBHO-CENICKTUBHAS ~ (uoTarus), 2
(koMOUHUpPOBaHHASL KOJUIEKTHBHO-CEIEKTHBHAS

(bJ'IOTaHI/ISI C ABTOKJIaBHbBIM BI)IU_ICJ'Ia’-II/IBaHI/IeM);

Proc_Chain — crimcok oriepanuii onpenensieTcs
B mporecce MIPOEKTUPOBAHHUSI
TEXHOJIOTHYECKOT0 Mpolecca.

3HayeHus CBOMCTB Kiacca Cy:

e Op Type — 0 (omepamust OCYIIECTBISET
MexaHudeckoe Bo3jeiictBue), | (omepauus
OCYIIECTBIIACT (M3UKO-XHUMHUYECKOE
BO3JICHCTBUE);

e Op FEquip — crucok o0OOpyIOBaHUS IS

MIPOBEACHUA OICpaU,

Op_Res — cnucok MarepualbHBIX pPEecypcoB
JUIS TIPOBEJICHHS OTIepalllu;

e [En Res — CIINCOK JHEPTETHYECKUX PECYPCOB
JUIS TIPOBEJICHHS OTIepallu;
e Op_Mode — CITUCOK napameTpos,
HOPMHPYEMBIX NPH IIPOBEACHUH OTIEPAIUH.
3HayeHHs  CBOMCTB  Kkjacca  (;,  ONpedersroTCs
HOPMATHBHBIMH  JOKYMEHTaMH  (TOCYJapCTBEHHBIMU
CTaHJapTaMH, TEXHUYECKUMH YCIIOBHSIMH, CTaHIAapTaMu
NpEeaNpusATHa,  COIVIAIIEHHSIMH C  HOTpEeOHTeIsIMU
TIPOAYKITUH).

Jis aHanM3a XapakTEpPUCTHK PYJHOTO CHIPbSl HaijaeM
3Ha4YeHUE NPEIUKATOB:

P, = (PCu = NormCu_Raw);
P, = (PZn = NormZn_Raw);
P =FVE

Ecnu mpenuxar P; DpUHHMMAET 3HAUYEHHE <JI0XKbY,
PYAHOE CBIpbE IPHU3HAECTCS HEKOHIMIMOHHBIM. BnIOOp
crnocoba  paboThl €  HEKOHIWLIMOHHBIM  CHIPhEM
paccmoTper B [8]. Ecim mpenukaT IpHHAN 3HaueHUE

«UCTHHA»,  ChIPbE  TPH3HACTCS  KOHAMIHOHHBIM,
MIPOJIOIHKAETCS BEIOOP TEXHOJIOTHH €T0 MepepabOTKH.

HaxonsTcs 3HaYeHUS IPEaNKATOB:

Q, = (Ind_Sort = 0)A(Tech_Type =
0)A(Char_Ore = 0O)A(Min_Type = 0);
Q, = (Ind_Sort = 0)A(Tech_Type =
0)A(Charyre = DA(Mingy,e = 1);
Q, = (Ind_Sort = 0)A(Tech_Type =
0)A(Chargye = 2N(Mingy,, = 1);
Q, = (Ind_Sort = 1)A(Tech_Type =
DA(Charg,e = OA(Mingy,, = 2);
Qs = (Ind_Sort = 1)A(Tech_Type =
DA(Charg,, = DA(Ming,,, = 3);
Q, = (Ind_Sort = 1)A(Tech_Type =
DA(Charg,, = 2)AN(Mingy,, = 3);

Q, = (Ind_Sort = 0)A(Tech_Type =
0)A(Chargre = OA(Mingy,, = 4);

Q, = (Ind_Sort = 1)A(Tech_Type =
DA(Charg,, = 0)A(Ming,,, = 5).

ITpn paccmaTpuBaeMbIX B HACTOSIIEE BPEMS PYIHBIX
NOTOKAX 3HaueHUe T (HCTHUHA» )MOXKET NPUHATH TOJBKO
OIIMH M3 pacCMaTpUBaEMbIX NpeaukatoB. Ecimu 3HaueHne

BCceX mpenukaTtoB F  («IOXb»), paccMaTpHBAIOTCS
UCKa)KEHHBIC TaHHBIE.
B 3aBucmMocTM  OT  3HA4eHUS  PACCMOTPEHHBIX

MPEeINKaTOB, OMpenessieTcs crnocod nepepaboTKu:
e Q,=T-> Proc_Type =1,
Q,=T— Proc_ Type = 0,
Q; =T— Proc_Type = 0,
Q,=T — Proc_ Type = 1,
Q;=T— Proc Type =1,
Q,=T— Proc_Type =1;
Q,=T — Proc_Type = 2;
Q, =T — Proc_Type = 2.

B  cmywae, korma (Q,VQ,VQ,VQIANP=T,
MIPOEKTUPYIOTCS MIPOLIECCHI U3BICUECHNS MEAU U LINHKA.

[TapameTtpsl mporeccoB CENEKTUBHOM M KOJIJIEKTHBHO-
CEJICKTUBHON  (pIIOTAaIM  OTIPENeNIAIOTCS Ha OCHOBE
CTaTUCTUYECKUX 3aBUCUMOCTEH.

I[lpu  mpoBeneHmum  mpomecca  KOMOWHHPOBAHHOU
KOJUICKTHBHO-CEJICKTUBHOW (PIIOTAIlMM C aBTOKJIABHBIM
BBIIENIAYHBAHUCM BO3HUKACT CUTYyAaIHS
HEOIPECIICHHOCTH MPH Ha3HAYCHUU TEMIICPaTyphl IS
aBTOKJIABHOTO BBINIEIAYUBaHusl. [IpW JOMyCTHMOCTH
TeMmrieparypaoro pexkuma ot 160 g0 190 rpamycos
Llenbcusi  OTCYTCTBYIOT JOCTOBEPHO YCTaHOBJICHHBIE
CTaTUCTHYCCKUE 3aBHCHUMOCTH, TMO3BOJISIOIIIUE
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MIPOTHO3UPOBATH 3aBHCHMOCTh pe3ynbpTara oT
TEXHOJIOTHYECKOTO PEKHMA.
B »mmx  ycnmoBmsAX — HCHONB3YyeTCs — NpoLEdypa

MHOTOKPUTEPHAIFHOTO BBIOOpa. /lMama3oH JOIMyCTHMBIX
TeMIepaTyp mojpasnensercs Ha 3 uHTepBana — ot 160
mo 170, ot 170 mo 180, or 180 mo 190 rpagycos
Llenscust.

Jna  guama3zoHOB BBICTPANBAIOTCA OTHOIIICHUS
NPEANOYTEHHUs, W HAXOIUTCs Hauboiee MNpUeMIIEMbINH
KOMIIDPOMUCCHBIII ~ BapuaHT B  COOTBETCTBHM  C
nponenypoir Caatu. Mcnonb3yroTcs TpH KpUTepus —
9KOJIOTHUECKU, YKOHOMUYECKHH, TEXHOIOTUYECKUI.

Jnst  oueHKM — KadecTBa  IOJIy4YaeMoOM
TIPOAYKITUH CTPOSTCSA NPEINKATHL:

e R,=(PCu = NormCu_Prod);
e R,=(PZn = NormZn_Prod);
e R,=(PS < NormS_Prod);

e R,=(PAs < NormAs_Prod),
e R,= (PCu < NormCu_Waste);
e R,=(PZn < NormZn_Waste)

TOBapHOH

[Ipenukat R, CTpOUTCS B TOM cilydae, KOTAa U3BIEKACTCS
LIMHK.

B ciydae 3HaueHUS «I0XKb» A MpenukaToB R, wiu R,
MOHIDKAETCSl  COPTHOCTh  mpoxaykuuu  (megHoro /
LMHKOBOTO)  KOHLIEHTpaTa C  COOTBETCTBYIOIIHUM
MIOHMKEHNEM LIEHBl WM KOHIIEHTpAT OTIpaBiIIeTCS Ha
JI0paboTKy THAPOMETAULypIrHIeCKUMH CIIOCOOAMH.

B ciyuae 3HaueHUs «JI0Kb» s peaukaTtoB R; win R,
UCTIONIb30BAaHNE KOHIIGHTpaTa HEBO3MOXKHO BBHY €ro
HECOOTBETCTBHUS HOpMaM OXPpaHsI Tpyra W
9KOJIOTHYECKHM HopMmaM. KoHIleHTpaT oTmpaBisieTcss Ha
JIOpabOTKY THIPOMETAIUTYPTHIECKIMH CIIOCOOaMH.

B ciyuae 3HaueHMsI «JI03Kb» I NpeaukaToB R, win R,

OTXOJBI OTITIPABIISIOTCS Ha nopaboTKy
THIPOMETAITYPIrHYECKUMH CIIOCOOaMH.
4. 3aka104eHue
Ha OCHOBE OHTOJIOTMYECKOH napaaurmsl
(hopMaTn30BaHEI 3HAHUS, HE0OXO0TUMBIE JUIs
NIPOEKTUPOBAHKUS  TEXHOJIOTMYECKHX  IIETIOYeK  JUIs
nepepabOTKH METHO-KOUEIaHHBIX PYA:

e  cdopMmyarpoBaHa cucrema MIPENKATOB,

XapaKTepU3yIOIUX COOTHOIIEHUS MapaMeTpoB
PYJHOTO CBHIPbS;

® TIOCTPOGHA CHCTeMa TPaBHJI  JIOTHYECKOTO
BBIBOJIa JUIS ONPENCIICHUS TEXHOJIOTHUECKOH
CXEMBI;

e  BBIABJICHHI IUIOXO (popMann3yemsble IPOLECCH H
UL HUX [PENJIOKEH  HEUYETKOJIOTHMYECKUH
AITOPUTM IPOEKTUPOBAHUS;
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HayuHble ny0JIMKAIIMOHHBIE KOJJIA00PAlUU C TOYKH 3PEHUs
Teopuu rpagoB U HEYETKUX MHOKECTB
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HNHCTUTYT S3HEPreTUKN ¥ aBTOMATU3UPOBAHHBIX
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MarHuToropcKkui rocyapCTBEHHbIN
TexHu4eckul yuusepcutet um. I'.11. Hocosa
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.51 ApedbeBa
NHCTUTYT HEPTeTUKU U aBTOMATU3UPOBAHHBIX
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MarsuToropckuii rocy1apCTBEHHbIN
TexHuueckuii ynusepcutet um. I'.1. Hocosa
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E.A. Unbuna
WMHCTUTYT 2HEPT€TUKU U aBTOMATU3UPOBAHHBIX CUCTEM
MarsuToropckuii rocyaapcTBEHHbIN TeXHUYeCKUi yHuBepeureT uM. I'.M. HocoBa
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e-mail: dar_nas@mail.ru

AnHOTAIMS

B craree mpuBeseHa W IpOaHAIM3MPOBaHA
npobJeMa mpencTaBIeHUs HHPOPMAUH 00 OICHKE
MyOJIMKAMOHHOM AKTHBHOCTH Hay4HO-
MeJarorndecknx pabOTHUKOB By3a. BBIMOIHEHO
COIIOCTABJIECHUE  CTPYKTYpHl  ITyOJIMKaIMOHHOM
HAYJIHOI KoJU1a0OopaIuu u CBOWCTB
nH(opMaMOHHO CTPYKTYpsl B BHae TIpada. B
pe3ynbTare aHam3a OIIpe/IeIIeHO, 4TO
MyOJMKalMOHHbIE KOJUIA00palH ¢ IPUCYIIUMH UM
CBOMCTBAMH MOT'YT OBITh IPEICTaBJICHbl B BH[E
OPHEHTHPOBAHHOTO nicesnorpada, KOTOPBIi
ABIsIETCS Takxke MyssTrpagoM. Bcee cBoiicTtBa
MyJbTHIICEBIOOprpada mepeHocsiTcs Ha rpad,
oTOOpaXalomuii HaydHble Koiutaboparuu. Taxke
pPaccCMOTPEHO TIOHATHE JIOXKHOW KoJuIaboparmyy,
NpUBEJICHBl TPU3HAKW [UIi €€  OINpeJeNeHus,
chopMyIMpOBaHbEl  TepMbl M c(HOpPMHpPOBaHA
CTPYKTypa JIMHI'BUCTHYECKOW mnepemMeHHOM. Ha
OCHOBE JIMHTBUCTUYECKOM IEPEMEHHOM U TEPMOB,
ObLTa IOCTPOCHA PYHKITUS PUHAICKHOCTH.

1. BBenenue

B HaCcTOosAIECC BpEMA B II0Ka3aTeCIIsaX OLICHKH
JACATCIBPHOCTU BBICIIIHX y‘Ie6HBIX 3aBCJIGHI/Iﬁ
HCHOJIb3YHOTCA IIoKa3aTein Hy6J'II/IKaIII/IOHHOI71

AKTUBHOCTU HAYYHO-IEAArOru4eCKux paGOTHI/IKOB. I[J'IS[
00BEKTUBHOM OLICHKH PE3YJIbTATOB Hay4HO-
HCCHCHOB&TCHBCKOﬁ ACATCIIBHOCTU BY30B TMOSBJIACTCA

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

HEOOXO/MMOCTh yueTa IoKa3arelei IyOJIMKalMOHHON
aktuBHocTH (IIITA) ® co3manus WHOOPMALMOHHBIX
chUcTeM JJIsL  XpaHeHHs UM 00pabOTKUM  CJOXKHO-
CTpYKTypHupoBaHHOW wuHpopMmaimu. B paborax [1-3]
IIPUBEIECHBI pe3yJbTaThl HCCIIENOBAHUsA [ITA
npodeccopcko-TipenonaBaTensckoro cocraa PI'BOY
BO «MarHutoropckuii rocy1apcTBEHHbIH TEXHUYECKUN
yauBepcurer uM. .. HocoBay (MI'TY), B xoTtopom
HacuuTbiBaeTcsi okoso 1000 cOTpylIHUKOB, 3a YETbIpe
roga  (QYHKIMOHUPOBAHUS  PEHTHHTOBOM  CHCTEMBI.
Pacmupenne  Habopa — mokaszaTened — peHTHHTOBOM
CHUCTeMBI B 00OjacTu MyOJMKAI[MOHHONW aKTHBHOCTH U
YCIOKHEHHE METOAMK MX pacueTa NMPHUBENIO K CO3JaHHIO
MIPOrPaMMHOTO MOJYJISI, UIsl KOTOPOTO TpebyeTcst BEIOOD
BUJIa M pa3paboTka MHOOPMALMOHHOW CTPYKTYpPBI JIs

XpaHEHUsI uHpOpMaIUU o MyOIUKAIMOHHBIX
KoJumaboparusx.
B KoHTekcTe  CTaThM, HaydyHas  KoJulaboparus

MOJIpa3yMeBaeT B3aMMOJICUCTBHE JIBYX U 00jiee HAydHO-
neparormdecknx pabotHukoB (HIIP), sBusrommuxcs
4acThO OOIIEro HAYYHOTO HCCie[OoBaHUs (ydacTHe B
KOHKypCax, MpEACTaBlICHHE M MYyOIUKAILUS JIOKIAO0B,
perucTpanus nporpaMm u T.1.).

2. Buapl rpa¢oB U HX CBSI3b €
Ny0JMKAIMOHHBIMHU KOJLJIA00paAlUAMU

B Teopuu rpadoB npeanaraeTcsi OCHOBHOE ONpe/iesIeHHe.
Df1: I'padhom G naswiBaetcs mapa G = {V, E}, rne V —
MHOXKECTBO BeplIHH, E — MHOXecTBO pebep (0Tpe3KoB),
COeMMHSIONIMX BepiHbl rpada. Ecian pebpo e
COEIMHSET B BEPLIMHBI Vi U Vo, TO UX 0003HAYAIOT
mapoit (Vy, Vy).

Eciu B kauecTBe MHOXKeCTBa V' BBIOpaTh MHOXECTBO
aBTOPOB  HAy4YHBIX MyONMKaMidi W B  KAuecTBe
COCMHCHHUSI MEXKIY aBTOPAMH HAIMYHME [UTHPYHOIIHX

HaquLle ﬂyGHI/IKaHI/IOHHHC Konna6opaunu C TOYKH 3p€HHUS TCOPUH l"pa(beB 1 HCUYECTKHUX MHOXECTB

82


mailto:Logunova66@mail.ru
mailto:arefewa.daria@rambler.ru
mailto:dar_nas@mail.ru

CCBUIOK, TO monyuuMm Tpad cormacao Dfl. B Teopum
rpagoB  BBOmuTCS  Knmaccudukamus — rpadoB B
3aBUCHMOCTH OT KOJHMYECTB U BHIOB pedep MEKAY ABYMS
BepmuHaMu (pucyHok 1). B Ttabmume 1 mpuBemeHo

COIIOCTaBJIeHHE BHAOB TIpadoB M CBOICTBA CCBUIOK
MEXIy aBTOpaMH KOJIa0Opaluy JUIsl ONpeAeeHHs Buia
rpada U onucaHus B3aUMOJECHCTBUS MEXIY aBTOpaMH
HAYYHOI ITyOIMKanny.

Tpader

4
( OpuenTtipor ax-mmffx] (Heopnemmosaﬁmlﬁj [ MyvasTirpad

Tabmmma 1 — ConocTaBiieHHe BHIOB TpadoB U CBOHCTBA

IIceemorpad

Puc. 1. Buasi rpados

CCBUIOK MEXKIY aBTOpPaMH KOJUTaboparyn

CBOWCTBO CCHUIKH B

No Bun rpada Ty OJIMKaMOHHO M
KoyuTaboparmn
1| 'padom c JJist cCBUTOK B
HalpaBJICHHBIMU MyOJIMKalui BBOAUM
peOpaMu Ha3bIBaeTC HaIpaBJICHUE: aBTOP
OpUEHMUPOBAHHBIM paccMaTpuBaeMoii CTaTbu

i opepagom [4, 5]

— Hayayo pebpa, aBTop
LUTUPYEMOU CTaTbU —
KOHeI[ pedpa.

2 | I'pad, umeromumii
pedpa, KoTophie
COCIIMHSIOT BEPLIMHY
camy ¢ co0oif,
Ha3bIBACTCS
ncegdozpagpom [4, 5]

Bepmmna nmeer
coeIMHEHUE cama ¢ Co0oi,
€CIIK aBTOpaMu ObLIO
BBIIIOJIHEHO
CaMOIMTHPOBAHHE.

3 | I'pad, mmerormmit
HECKOJIEKO pebep
MEXIY IBYMsI
BEPLIMHAMH,
Ha3bIBAETCSI
mynomuzpagom [4, 5]

ABTOpamMu OJHOM CTaTbU
JIOITyCKAETCs HECKOIBKO
OUTHPOBaHUI Ha pabOTHI
JPYToro aBTopa.

4 | T'pad, conepxarnimii
POBHO OJIHY
KOMITOHEHTY
CBSI3HOCTH, HA3bIBAETCS
cesznvim [4, 5]

5| Komnonenma
cessHocmu epagpa —
HEKOTOPOE MHOYKECTBO
BepIIMH rpada Takoe,
YTO JUIS1 JIFOOBIX JIBYX
BEPIUINH U3 3TOTO
MHOXECTBa
CYIIECTBYET IyTh U3
0JIHO# B sipyryio [4, 5]

B rpad Bxonst Bce
aBTOPBI, paccMaTpUBaEMOM
IPYIIIBI U M@Ky HUIMH He
00s13aTeNBHO MOT'YT OBITh
LUTHPOBAHMSL.

6 | depeso — 310 rpad,
o0magaromui
CBOMCTBAMH CBSI3HOCTH
U alUKIngHOCTH [4, 5]

He Bce aBTOpHI,
IPpEACTABIICHHBIC B
MHOKECTBE BEPIINUH,
HUMEIOT LUTHPOBAHUE U
MOTYT BO3HHMKATh IUKJIBI
IIPY IUTHPOBaHUU PadOT
Pa3HBIX aBTOPOB.

O06o0mast cBeneHHs, NpEACTaBICHHBIE B Tabimme 1,
MO>KHO YTBEP)KAATb, 4TO MyOJIMKalMOHHYIO
KOJUTabOpalMio MOXKHO MPEACTaBHTH B Buae rpada &,
KOTOpBI  sBIsieTcs  oprpadoM, MyIbTHTpadoM U
nceorpadgom. B rpade & cymiecTBYIOT KOMITOHEHTHI
cesizHOCTH, ['pad & He SIBISETCSI IEPEBOM.

Ha pumc. 2 npuBeneH ¢parmeHnt rpada
HpeCTaBIeHHS TyOIMKAOHHON aKTHBHOCTH.

ISt

V2

Puc. 2. ®parment rpada /st 3aMKHYTOM I'pynnbl U3
Tpex aBTOPOB

[Ipu opranm3anuu XpaHeHHs rpada B BHIE MaTPHUIIBI
CMEXXHOCTH BEpIIMH OyAeT TMoNlydeHa KBaJpaTHas
HECUMMETpUYHAsT MaTpULd C HEHYJIEBBIMHU 3JIEMEHTaMHU
Ha TJaBHOW AuaroHanu. Kaxnaplii 3JeMeHT MaTpHIbI
MpeACTaBJIeH B BHUAE CTPYKTYPhl, KOTOpPas COHEPKHUT
MoJie KpPaTHOCTH pebpa W OJAHOMEPHBI MAacCHB CO
CTPYKTYPUPOBAaHHBIMU  3JIEMEHTaMH. Ha  ocHoBe
3JIEMEHTOB  MacCHBa  OINPEACNAIOTCS  UCTUHHOCTD
MPU3HAKOB JIOKHBIX KOJUTabopanui, MPUBEACHHBIX B
pab6ore [6].

3. OnpenesieHue JOKHBIX KoJIadopanmii ¢
MOMOIIBI0 HeYeTKUX MHOKECTB

Jnst  ompeneneHus JIOKHOCTH —Kojutabopamuu — Oblia
BBEJIEHA CJIOXHOCTPYKTYpUPOBAHHAS JIMHTBUCTHYECKAS
nepemMeHHass W TepMbl. CTpyKTypa JHHTBHCTHYECKOU
MEPEMEHHOM MMPUBECHA HA PUCYHKE 3.
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TepMsl 1151 opeaeIeHUs

JIO>KHOCTH KOJITabopanuu 2 3
- 1 4
> bnuska k bnuska
HctunHas . N JloxHast
HMCTHHHOM JIOKHOU
G 1 2-3 4-5 >5
M 1 <=5 6-10 >10
Collaboration IF >05 0.4-0.5 0.2-0.3 <0.1
First 75 % 50-75% 10 —50 % <10%
United 75 % 50-75% 10 -50 % <10%

KoMIoHeHTBI
JInHrBHCTHYECKas o
JINHTBUCTHYECKOH
nepeMeHHas .
MepeMEHHOI

3HaucHre KOMIIOHEHTOB

Puc. 3. CTpykTypa JUHTBHCTHYECKOI MepeMeHHOii 1J1s1 onpeaeIeHus JOKHbIX KOJL1adopanuii

I'me G — xommyectBo komoB 'PHTU, M — konmuecTBO
coaBTOpOoB craTbu, |F — 3HaueHume wuMmakT-akToOpa
KypHanma, First — komuuecTBo paboT, B KOTOPBIX
BBHIOpaHHBI aBTOP YKa3aH HAa TMEPBOM MECTE B CITHCKE
COaBTOPOB, United — KOJIMYECTBO crareii,
MIOATOTOBJICHHBIX B €TMHOABTOPCTBE.

Kaxmoii KOMIOHEHTE JMHTBUCTUYECKOW MEPEeMEHHON
comocTaBieHa 0a3oBas 4HCJICHHAas IiepeMeHHas. Ha

pucynke 4  TOKazaHa  CTPYKTypa OIHOH  ©3
JIUHTBUCTHYCCKUX KOMIIOHCHT M, COOTBETCTBYIOIAsA
0a30B0i1 YUCIIOBOH TIepeMEeHHOM. BBeieHbI 0003HAYCHUS:
Mg — ©0a3oBas uHcIeHHass TepeMeHHas, KoTopas
cooTBeTcTBYeT nUHrBHCTHYeCKOM M; Mimin, Mamin
HWOKHSIS TpaHulia 6a30Boi nepeMeHHON; Momax, Mamax —
BEpXHsIs rpaHuIa 6a30BOM MEpEeMEHHO.

A
| 2 ¥ Y X
2 3

1 4

bauska x bin3ska x

Hctnnnas " N JloxxHas
WCTAHHON JIOKHOM
MB
Maimin M2max M3min M3max

Puc. 4. Ctpykrypa koMnoHeHTsl M TuHrBucTHYecKoii mepemenHoii Collaboration

3aka04YeHue

1. BemonHeH BbIOOp MHOXECTB JUIS  ONHCAHHSA
MyOMUKaIMOHHBIX KoJutabopanuii B Buume rpada. B

KauecTBE BEpIIMH rpada ONpPEeAENIeHO MHOXECTBO
aBTOPOB HAy4YHBIX IyOJMKamMi, a B KadecTBe pebdep —

HaquLle ﬂyGHI/IKaHI/IOHHHC Konna6opaunu C TOYKH 3p€HHUS TCOPUH rpa(bos 1 HCUYECTKHUX MHOXECTB



HaJINYHE
HM3JaHHM.

IUTUPOBAHUN IMyOJMKAIMH B  HCXOJTHOM

2. IIpoBeneHo comocTaBiIeHHE BUIOB TpadoB U CBOICTB
MHOXKECTB, BBEICHHBIX M mocTpoeHus rpada. Ilo
pesynbTaTaM aHalh3a ONPEACNICHO, 4YTO Tpad HaydHOH

Ty OTMKAaIInOHHOM Koyumaboparuu SIBIISIETCS
MICEBIOMYIIBTHOPTpad oM.

3. VYuuThiBas BUA ToJdy4aemoro rpada, Marpuia
MHIUIEHTHOCTH SABIIIETCS HECHUMMETPUYHOM c
HEHYJICBBIMH JHArOHALHBIMU 3JICMCHTAMHU.

4. CodopmupoBaHa  CTPYKTypa  JIMHTBHCTHYCCKOM
MEepeMEHHON ©  ompeneineHa 0a3oBas  YHCICHHAsS

NIepeEMEHHAsT OJHON W3 KOMIIOHEHTOB JIMHIBUCTHYECKOM
[IEPEMEHHOM.
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Pa3pemieHue KOHQJIUKTHOA CUTYAIUU B pacnpeaea¢HHOU
AMHAMUYECKON CUCTEME HA OCHOBE MHOTOAr€HTHOI0 MOAX0/1A

1O.B. 3uranrupona
DakynpTeT HHPOPMATHKU U POOOTOTEXHUKHU
Y dbumckuii rocyaapCcTBEHHBIN aBUAITMOHHBIN
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AHHoTanus"
PaccmartpuBaroTcsi pacrpee/iéHHble TUHAMHYCCKHE
CHCTEMBI, KOTOpbIE bopmupyroTCs npu
B3aUMOJACHCTBUM ~ OOPTOBBIX  BBIYHMCIIUTCIIBHBIX
KOMIIJICKCOB YIIPaBIIseMBIX JMHAMHYECKUX
00BEKTOB B KOH(IUKTHBIX CHUTYAIIX (Ha pUMepe
cHCTEM HpeaynpexICHUs CTOJIKHOBEHHI
BO3IYWIHBIX  CynoB). OOCYXIaroTcs  BOIPOCHI
obecrieueHuss  3(PPEKTHBHOTO  B3aUMOJCHCTBHS
CHCTEM TMpH pEUICHUH COBMECTHBIX  33/1ad.
[Ipennaraercs paccMaTpuBaTh IaHHYIO 3ajady c
TOYKHU 3pCHUSI MHOTOar¢HTHOTO MOAXO0/a.

KutoueBble cJji0Ba: ynpaBisieMblil TUHAMUUYECKHM
00BEKT, pacrpeienéHHas AWHAMUYECKAs CHCTEMa,
6opToBoOi BBIYHCITATEIbHBINA KOMILIEKC,
MHOTOAreHTHasl CHCTeMa, KOH(JIMKTHAs CHUTYyaIus,
BO3JLyIIIHOE CY/IHO.

1. BBenenue

PaccmarpuBaroTcst  pacnpezneséHHble  AMHAMHYECKUE
cUCTEeMBl, (opMmupylomuecs IpU  B3aUMOACHCTBUH
OOPTOBBIX BBIYHCIHTEIBHBIX KOMIUIEKCOB YIPaBISEMBIX
TUHAMHUYECKHX OOBEKTOB TIPU PEIIEHHH HEKOTOPBIX
COBMECTHBIX 3a/1a4.

B xagectBe Takmx OOBEKTOB MOTYT BBICTYHATh
000COOJICHHBIE ~ CIIOXKHBIE ~ TEXHHYECKHE  CHCTEMBI,
HMEIOIIUE CPEACTBAa  B3aHUMOACHUCTBUS C  APYTHMH

MoZI0OHBIMU UM cucTeMaMmu. [Ipu 3ToM Tpenmnosnaraercs,
YTO OHM CHOCOOHBI HE3aBHCHUMO OT JpPYrUX OOBEKTOB
NU3MEHATh CBOE NPOCTPAHCTBEHHOE IIOJIOKEHHE, YTO B
psAme ciaydae MOXET TPHUBECTH K BO3HHKHOBEHHIO

KOH(MJIUKTHBIX CHUTyalluii: B YaCTHOCTH, K Yyrpose
CTONIKHOBEHHUs. Jlajjee B  KauyecTBE  YHPaBIIsSEMBIX
JUHAMUYECKHMX  OOBEKTOB  OymeM  paccMaTrpuBaTh

BosnymHeie cyaa (BC), a B kauecTBe COBMECTHOM 3a1auu
— 3a/1a4y TPEAYIPESIKICHHUS CTOIKHOBEHHIMA.
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"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
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[Iponecc paspelieHus: JaHHOW KOH(JIMKTHOW CUTYaIlMu
MPEJCTaBIsIeT COOOM Mpolece MPUHATHSA PEIICHUS Ha
OCHOBE HM3BECTHOTO Ha0opa [aHHBIX: MPEXAE BCEro,
JAHHBIX O TEOMETPHYECKO KoHpuUrypauum Mopenu

KOH(I)J'II/IKTHOIZ CUTyaluu n JUHAMHUYCCKHX
XapaKTCPpUCTHUKAX YIIpaBJIsACMbIX JUHAMHUYCCKHNX
O6LCKTOB, YHaCTBYIOMINX B peHICHNH 3aJa4n

MPEOTOTICHHT KOH(IMKTHOM CHTyalnuu. IIpW perreHuu
3a/1a4¥ IPUHATHS PEIICHAH HEOOXOIMMO HCIIOIB30BaHIE
3HAYMTEIBHBIX BBIIHCITUTEIBHBIX pecypcoB
CIICHHUAJIU3UPOBAHHBIX 60pTOBI)IX BBIYHCJIIUTCIIbHBIX
KOMIUIEKCOB, BKJIIOUAIOIUX B ce0sS Kak ammapaTHble
cpencrsa cbopa JAHHBIX u obecrieueHus
B3aUMOJIEHCTBUSL CHCTEM, TaK M COOTBETCTBYIOIIEE
MpOrpaMMHOE 00ECIIeUCHHE.

2. AKTyaJIbHOCTB BOIIpOCa

Ob6ecrieueHue 3¢ GEeKTUBHOTO B3aMMOICHCTBHS
YIPaBISIEMBIX JITHAMHYECKUX 00BEKTOB npu
paspelieHnd KOH(IUKTHBIX CHUTyaluil W, B YaCTHOCTH,
BO3JyIIHBIX CYIOB B MPOILECCEe MNPEAYNPERIACHUS
CTOJIKHOBEHHMH  TPEJCTaBIsIET COOOH  aKTyalbHYIO
HAYYHO-TEXHHYECKYIO 3a[auy, TaKk KaK BO3HHKHOBEHHE
omurOOK B 3TUX TPOIECCaX MOXKET IOBJIEYh TUOENb
JOJeH.

ITo manneiM @enepanbHON CIyXOBI TOCYZApPCTBEHHOMN
cratucTuky [1], a Takke 10 AaHHBIM Ga3bl ABHAIHOHHBIX
npoucirecteuii Aviation Safety Network [2], mecmotps
Ha CYIIECTBOBAaHUE PEIICHUMN, TMO3BOJIIIONINX H30€XKaTh
MOJ0OHBIX CHUTyalwii (HanmpuMep, OOPTOBBIX CHCTEM
MIPEIYIPEXKACHUS CTOIKHOBCHHI), €XETOJHO B MHpE
npoucxoaur okono 30-40 mpoucmiecTBuii, B KOTOPBIX B
cpenueM morubaet 1000 denoBek, U ¢ KaXKIbIM FOJOM UX
KOJIMYeCTBO Bo3pacrtaeT. [Ipu 3TOM, coriacHo TeM xe
HMCTOYHUKAM, TMpoLeHT cToikHoBeHuit BC B Bo3gyxe
mocturaet 10-12% or oOmiero 4ymciaa aBHAIMOHHBIX
IIPOUCIIECTBUM.

OpHOM W3 OCHOBHBIX HMPHUYHH CTOJIKHOBEHHH CaMOJIETOB
B BO3JyXE MOXXHO Ha3BaTb HECOBEPIUIEHCTBO IPOLIECCOB
B3aUMOJEICTBUS M COIVIACOBaHUS MEXKIY CHUCTEMaMH
NPEAYNPEXJAECHHS CTOJKHOBEHHM (3TO CTANo MPUYMHON
katactpodsl Hax bogeHckum o3epom [3]).
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OmHako wW3BECTHBIE PAOOTHI MO COBEPIICHCTBOBAHUIO
JaHHBIX CHCTeM M e airOpuTMOB, B OCHOBHOM
HalpaBJIieHsl ~ Ha  pemieHue  3ajad  BBIPabOTKH
YIPABJIAIOIINX BO3JECHCTBUIL npu paspelieHun
KOHQIUKTHBIX cuTyauuid [4] u 3amad IUIaHUPOBAaHMS
Tpaekropuii ManeBpupoBanus [5]. PaGotel ke ™m0
N3y4YCHUIO B3aHMOJICHCTBHS CHUCTEM TPH COTIIACOBAaHUU
pemieHuit  (mpekae  BCero, € TOYKH  3pEHHMS
MHOT'0areHTHOTO T10X0/a) ONMCHIBAIOT B3aMMOJICHCTBHE
a0CTpaKTHBIX OOBEKTOB M HE YUYUTHIBAIOT CHELU(PUKY
npeaMeTHOM obactH [6].

3. Cucrema pa3penieHusi KOHPIUKTHBIX
CUTYaIUil MEKIYy TMHAMUYECKUMH
o0bekTamMm

Jis paspemieHnst KOHQIUKTHBIX cUTyauuid mexnay BC
HCHOJIB3YIOTCS TaK Ha3bIBa€MbIE Cucremst
NPEAYNPEXKICHUS CTOJKHOBEHUI CaMOJIETOB B BO3IYyXE
(Traffic Alert and Collision Avoidance System, TCAS).
DTH  CHCTEMBI  MPEACTAaBISAIOT  co00il  OOpPTOBBIC
BEIYUCITUTENIFHBIE KOMIUICKCHL (OOPTOBBIE CHCTEMBI),
KOTOpBIE  MO3BOJISIIOT ~ HaOMoaTh 32  OJMMDKHUAM
BO3IyLIHBIM TpocTpancTBoM BC, wnaeHTHOUUMpPOBATH
HaJIMYMe JIPYrux oOBEKTOB B ATOI 30HE, aHAIN3UPOBATH
nHpopManuo O B3aMMHOM pPaclOjOKEHHU, U B Clydae
OoOHapyXeHHs  Yrpo3bl  CTOJKHOBEHUs,  BbIIaBaTh
npeaynpexaenue nwiotam [7].  Ecnim  aucraHims
nponéra (paccrossare Mexay BC B Toduke HanOOmbIIero
COMMKEHUST) OKa3bIBaETCs MEHbLIE HUHTEpBaJa
6e30macHoTro SLIEJIOHUPOBAHUS [8], cucrema
NpPEAYNPEXACHUS  CTOJKHOBEHUH IPOCUUTHIBAET U
BBIAAET MUJIOTaM PEKOMEHAALMIO 110 MAaHEBPUPOBAHHUIO.

boproBass  cucrema  TCAS  ana  paspemieHus
KOH(JIMKTHBIX cuTyaiuii mexnay BC umeer crpykrypy,
MIPEJCTAaBICHHYI0 Ha pHUCyHKe 1, W BKIIOUaeT B cebd

BBIYMCIIUTEIbHBIN 0J10K u COOTBETCTBYIOIIEE
mporpaMMHOe obecrieueHne (B TOM ducie 06asy
JAHHBIX/3HAHU), OJOK WHAMKANKWK BBIPAOOTAHHBIX

peleHnii (IUCIUIel, 3BYKOBOE OITOBEIICHUE), a TakKke
0ok cOopa HaHHBIX (AaHTEHHBI W CEHCOPHI) U OJIOK
nepenauu qanHeiX (Tpancnongep ADS-B).

Bsammoneiicteue TCAS npu pa3penieHAN KOHQIHKTHOM
CUTYaIliH OCYIIECTBISCTCA C IMMOMOIIBIO CIIEIHAIBEHOTO
000pyIOBaHUS — MPUEMOOTBETINKA, WM TPAHCIIOHIEPA
(anrm. transponder, ot transmitter-responder). ITporiecc
B3aUMOJICHCTBUSL CHUCTEM, a TaKXKe IPOTOKOJIbI U
(dbopmatel COOOIICHHUH MOAPOOHO pacCMaTPUBAIKNCh B
npeapLLynmx padorax [9, 10].

4. Kpurepun BbI00pa pelieHui

Kak wu3BecTHO, B HacTosllee BPEMsS COIIACOBAaHHE
peLIeHui MpeACcTaBsieT cO00H MPOCTOe MOATBEPIKACHHE
MOJyYeHHs] COOOMIEHHS CO CIIEHapHeM pa3peleHust
KOH()JIMKTHOH CHUTyallMd, IIpU 3TOM HCIIOJb3YeTcs
MIPaBUJIO IEPBOTO BBHIPAOOTAHHOTO PEIICHUS: B KayecTBE
oOmero  BbIOMpaeTcsi  CLEHApHH, KOTOPBIA  ObLI
BelpaboTaH panbme. (B ciaywae onmHOBpeMeHHOH
BBIPaOOTKH JEHCTBYET TaK Ha3bIBAEMOE IIPABUIIO ajpeca

TpaHCTIOHIEpa»: BBIOMpAETCs ClieHApHi, BHIPAOOTAHHBIN
CHUCTEMOH ¢ 60Jiee BEICOKHM aJpecoM TPaHCIIOHEpa. )

Takum  00pa3oM, B  H3BECTHBIX  pealu3alUsIx
paccMaTpHBaeMbIX CHCTEM B KayeCTBE pELICHHs
BbIOMpaeTcst  robast  crparerus, oOecrednBaromas

JUCTAaHIMIO TIPONETa HE Xy)XKEe MHTEepBajga O€30I1acHOTO
smenoHupoBanus. Ilpu 3TOM B KadecTBe KpuUTepus
BHIOOpa pELIEHHs BBICTYIIaeT BpEMsl €ro BHIPAOOTKH.
OpHako TakoW MOAXOJ HE TapaHTHUPYET ONTHMAJIbHOCTh
mo apyruM  kpurepusm. Hampumep, cueHapuii,
BBIPaOOTaHHBII paHbIlle, MOXKET MpeAroaraTk Oobliee
OTKJIOHEHHE OT HCXOJHOW TPAeKTOPHUH, UTO XYK€ U C
TOYKH 3PEHUS KOJIMYECTBA 3aTPAYNBAEMbIX PECYPCOB, TaK
U C TOYKH 3pEHHS BO3MOXHOCTH BO3HHUKHOBCHHS
BTOPHUYHBIX (HABEAEHHBIX) KOH(QIMKTHBIX CHTYaLIi.

JlaHHble 0 cobcTBeHHOM

cocToAHuW, o coctoAHun  CoobiieHus Coobuierns
BHeLIHel cpefbl C Nepegayen C 3anpocom
LaHHbIX [aHHbIX
............................................................. .
bnok bnok

c60pa OaHHbIX nepefayn naHHbIX

BbluncnurenbHblin 6N1oK
(MporpammHoe
obecneyeHune)

Bbnok
NHAKKaunn

OTobpaxeHne
pekomeHaauniA
Ha gucnnee

Puc. 1. Ctpykrypa 60pTOBOii CHCTEMBI
npeaynpe:KIeHns: CTOJKHOBEHHU

B sTOM ciiyuae, ecnu B ka4ecTBE KPUTEPUS ONTUMH3ALNN
BEIOpaTh  HEKOTOPBI  KpuTepwii  3PPEKTHBHOCTH
MpEeAIaraéMoro CIeHapHs pa3pelleHHus KOH(IMKTHON
CUTYyallUH, TO IPOLECC COrTIACOBAHMSI HE MOXKET COCTOATh
B NPHUHATHU NEPBOTO BBIpaboTaHHOTO pemieHus. (lanee
OyaeM cuMTaTh, 9TO TaKOW KPUTEPHH M3BECTEH U 3aJ1aH.)
Takum o0pa3zom, 37eCh BO3HHKAET HEOOXOAWMOCTH Tak
N3MEHHUTH MPOIETYPHI oOmeHa COOOIIECHUIMHA
(TIpoTOKOIT), YTOOBI CTANO0 BO3MOXKHBIM pEIICHHUE 3aJaun
ONTUMU3ALMNY PEKOMEHJAIHH.

HeobxonnMo moHMMAaTh, YTO BKIIOUYEHHE B CTPYKTYPY
JIajora JOTNOJHUTEIbHBIX UTEpaluidi BieuéT 3a coboi
YBEIMYCHUE BpEMEHH TPUHSATHS pemieHus,
clle/loBaTeNlbHO, B psne ciydaeB npumeneHue 1CAS,
MIOCTPOEHHOW B CTPOTOM COOTBETCTBUH C KOHIIEHIMEH
OINITUMAJIBHOCTH, HE XejaTelbHo. Hampumep, B cirydae
BHE3aITHOT0 OOHAPYKEHUsI YTPO3bl CTOJIKHOBEHHUSI.
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ITosromy  mpemiaraercss  peanmsamuss TCAS B
COOTBETCTBHH C KOHIICTIIHEH aJalTHBHOTO TOBEICHHS,
9TO O3HAYAET, YTO TPABUIO BBIOOpA PEIICHHS MOXET
H3MEHSTBCS TIPH U3MCHCHUH CUTYAIlHH.

CrnenoBarenpHo, amroputMamu 1CAS nmomxHa OBITH
MpeAyCMOTPEHa BO3MOXKHOCTh B 3aBUCHUMOCTH  OT
TEKyIIEH CHUTyallMd W3MCHATh KPUTCPHHA  ITOHMCKa
peuieHus: 70O HKCIOJB30BAaTh KPHUTEPUH BPEMCHH
BBIPAOOTKU  pelieHus, Jubo KpUTEpHil  ero
3¢ EKTUBHOCTH.

CyTh mpeiaraeMblXx HM3MEHEHHMH 3aKiro4aercs BO
BBEJICHUM B TMPOLECC pPa3pelICHUS  KOHQIMKTHOM
CHUTyaIllid JTala ONTHMH3AIUN PEKOMEHIAUWNH W
COOTBETCTBYIOIIEH JOMOIHUTEIBHON KOOPAHMHALINY.

B »TOM chnywae Tmocie  BBIpaOOTKH
IIpeABaPUTEIHHON PEKOMEHIANH cucrema
MIPeAYTPERICHHS CTOJIKHOBEHHUH OTIpAaBIISET
KOOPJMHAIIMOHHBIN 3aIpoc, COAepXKaIIni WHPOPMAIHIO
00 3TOM pekoMmeHmanmu, Apyroii cucreme. Ilocime eé
MOJYy4YCHUA BTOpass CUCTEMa OTIIPABJIACT aHaJOTUYHBIA
3anpoc MEpBOM, IOCIE Yero IPOUCXOAMUT pelleHHe
ONTHMU3AIIMOHHON 3aJa4yll B COOTBETCTBHE C 3apaHee
ornpeaenéHHbIM KputepreM 3¢ dekTuBHOCTH. B mponecce
paspemeHns] KOH(MIMKTHON CHUTyallud MEXIy HIByMs
BO3AYLIIHBIMH CyJaM{ JaHHas 3ajada (aKTHIECKH
CBOJWTCS K CPaBHEHHWIO JBYX CIICHApHEB MU BBIOOPY

HEKOTOpOM

pelieHre, TO  COIJacOBaHHE MOJYYSHHBIX  JBYyMs
CHCTEeMaMH pe3yJIbTaTOB BO3MOIKHO 10 TIPABHJIYy NEPBOTO
BBIPAOOTAHHOTO PEIICHMS.

5. MHoOroareHTHasi cuicreMa

B pabote paccmarpuBaeTcs peanu3aiis B3aHMOICHCTBHS
CHCTEM TpeaynpexaeHus cToakHoBeHU TCAS ¢ Toukn
3pEHUS] MHOTOAr€HTHOTO noaxoxaa. IIpyu 3ToM anroputmsl

B3aUMOJCHUCTBUS arcHToB, BO-TICPBbIX, JOJIKHBI
BKJIOYATh peUICHUC 3aJa4yu OIITUMU3alIUN
peKOMeHZ[aIII/Iﬁ 10 HEKOTOpPOMY KPpUTCPUIO u

COOTBETCTBYIOIIEH JIOMOJHUTENLHON KOOpAWHALMM, a
BO-BTOPBIX, JIOJDKHBI TpEIyCMaTpuBaTh BO3MOXHOCTh
W3MEHEHHSI KPUTEPHEB MOKCKA ONTUMAJIBHOTO PEICHUS
B 3aBUCHMOCTH OT TEKyLIEH CHTyallMH: HCIOJIb30BATH
00 KpUTepWil, YYHUTHIBAIOUNIMA BpeMs BBIPAOOTKH
pemeHns, 0O KpUTEPHUH,  YUUTHIBAIOLIUHN
3G GEKTHBHOCTG pemieHus (CIeHapus) IO 3aJaHHBIM
MOKA3aTEeIIsAM.

Takum oOpa3zom, B paboTe mpemnaraeTcs HepedTd OT
KECTKUX MPOrPAMMHBIX aJTOPUTMOB K MHOTOAreHTHOMY
B3aumozeiicteuro  [10, 11]. Torma paccmatpuBaeMbie
CHCTEMBI MOKHO NPEACTaBUTh B BHUIIC
MHTEJJIEKTyaIbHBIX areHTOB, OPHUHUMAIOIINX
COBMECTHBIE PELICHHS, & CAMH CHCTEMbI O0BEMHSIOTCS B
Oonee CIIOKHYIO CTPYKTYPY — MHOTOAareHTHYIO CHCTEMY
(puc. 2). Tlpu sTOoM (GdOpMHUpYETCST HOBBI YPOBEHBb

Hamry4miero. IlockombKy CpaBHEHHE MpPEICTaBISAET pCLICHHs] COBMECTHOM 3a/1a4 — yPOBEHb KOOPIHHALIMH.
coboif IpocTylo 3ajady, HMEIOIIYI0 €JUHCTBEHHOE
e |
| .
| YpoBeHb KoopAnHaun MHOroareHTHOW CUCTeMbI :
1

i TCAS

i TCAS

Puc. 2. CTpyKkTypa MHOTOAareHTHOIi CHCTEMbI

6. 3ak0ueHue

B pabGote paccMOTpeHBI OOpPTOBBIC BBIYHCIHTEIBHBIC
KOMIUIEKCHl pa3pelicHuss KOH(QIMKTHBIX CUTyaIlMid Ha
IIpUMEpPE CHUCTEM MPEAYNPEKIEHUS CTOJIKHOBEHUH,
Mmoka3aHa WX CTpykTypa. OOCYXIaIUCh OCHOBHEIC
KpUTEpUH, KOTOpPHIE BO3MOXHO HCIIOJIb30BATh MPHU
BBIPAOOTKE pEIICHUH A paspemeHuss KOH(IMKTHBIX
CUTyallMi, a TaK)Xe BOMPOCHI B3aMMOJEUCTBUS CHUCTEM

MIpY UX coriacoBaHuu. Takke ObLIa MOKa3aHa CTPYKTypa
cUCTeMBl, (OPMHUPYIOIIEHCS B  MOMEHT  TakKoro
B3aMMOJIEUCTBHS BBIYMCIUTEIBHBIX KOMIIJIEKCOB B BHJIE
MHOTOAreHTHOM CHCTEMBI.
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AHHOTaumll
Cratbs MOCBSIIEHA CTPYKTYpHO-
napaMeTpU4ecKOMy CHHTE3y CETELEHTPUUECKOM
CUCTCMBI praBJ’IeHI/I)I TpaHCHOpTHI)IMI/I

IpoueccaMu Ha OCHOBE TEOPHH NATTEPHOB H
aTpHOyTHO-OPHEHTHPOBAHHBIX MOJENEH KI1accoB
npeaMeTHOH obOmactu. Pa3paboTaHsl HaTTEpHEI
CHHTE3a CHCTEMBI YIpaBleHHS, GOpPMUPYyEeMOH Ha

OCHOBE  TEOMH(OPMAIIMOHHOHW  CHCTEMBI  C
9JIEKTPOHHOHU KapToil ypOaHH3UPOBaHHON
TEPPUTOPUH. OnucaHsbl MaTTEPHEI,
obecrieunBarone  (GOpMUpOBaHHE aTPUOYTHBIX,
TOIIOJIOTUYCCKUX, 3HAKOBBIX H (I)yHKHI/IOHaJ'H)HI)IX
30H yIIpaBIIEHUS. ITocTpoena Hepapxus
APXUTCKTYPHbIX YPOBHEM CHCTEMbI, OIIKMCAaHA

CTPYKTYpa BBaHMOHCﬁCTBHH KOMIIOHCHTOB 1 06H.[a$[
CXeMa CUCTCMBI YIIPABJICHUS.

1. BBenenue

3amaua CTPYKTYPHO-TIAPAMETPHUUIECKOTO CHUHTE3a
CHCTEMBI  YIPABJIEHHUS TPAHCIOPTHBIMH IPOIECCAMHU
MOTpeOyeT BBLIMOJIHEHUS JEKOMIO3UIUK  TIPEAMETHOMN
obacTh Ha KIacChl OOBEKTOB W OINpEIENICHUS
peryiaMeHTa OTHOIIEHHH, BIUSHHUSA aTpUOyTOB OOBEKTOB
Pas3MYHBIX KJIACCOB, COMOMAYMHEHHOCTH OOBEKTOB W
KJIaCCOB, JUISi Y€ro PEe30HHO HCIOJIb30BaTh aTpuOyTHO-
OpPHEHTHPOBAHHBIE MOJENIHU, MOCTPOCHHBIE HA OCHOBE
00BEKTHO-OPUEHTHPOBAHHBIX M TE€OUH()OPMAIUOHHBIX
texnouoruii [1,2,3].

Teopus marrepHOB o00ONagaeT OONBIION THOKOCTEIO,
rIyOMHON MaTeMaTH4ecKuX W (miocohckux uaed u
MOXET OBITh HCIIOJIb30BaHA B Pa3IMYHBIX O00JACTIX
3HaHuid [4,5]. TlpuBieKkaTeibHO e€¢ HCHOJIB30BAHUE VIS
CHHTE3a  30HAIBHOM  CETEHEHTPHYECKOH  CHCTEMBI
VIIpaBJICHHUS TPAHCIIOPTHBIMH TIporieccamu [6,7,8].
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2. HaTTepHLI CHHTE3a CUCTEMBI YIIpaBJICHUSA

ITon maTTepHOM MPOEKTUPOBAaHUS OylIeM IOHUMATh
ONMCAaHUE B3aUMOJACHCTBUS OOBEKTOB M  KIACCOB,
aJanTUPOBAaHHBIX  JUIA  pemIeHus oO0med  3amadu
MNPOSKTUPOBAHHUS B KOHKpETHOM KoHTekcTe [4,5,9].

2.1. IlaTTepHbl ATPUOYTHOT0 30HHUPOBAHUSA

Kaxxnpiii knacc 00BbEKTOB, HAMOIHAIOIIUX TPAHCIIOPTHYIO
unpactpykrypy (TpH), npeacrapisercs B Buae Habopa

aTpuOyTOB,  ONMCBHIBAIOIIMX  Pa3jMYHbIE  ACIEKTHI
00BeKTa: CTPYKTYpHBIE, napaMeTpHuecKue,
(hyHKIIMOHATIBHEIE.

MaTTepHbI TUNM3auun aTpMbyTOB

Cemanmuueckuii ampudym. Ilartepn «Cemanmuueckuti
ampubym» OIKCBIBAET XapaKTepUCTUKy oObekra TpMU,

OTHOCSIIYIOCSI K  CYIIHOCTM  Kjacca  OOBbeKTa.
CemaHTHYeCcKHEe  aTpUOYTHI  ONHCHIBAIOT  «CMBICT»
oowexTa TpU.

Hanpumep, tan typeTZ eN= {L 2, ..., n} JIOPOKHOTO
3naka, onpezneneHusiii [OCT P 52290-2004, sBisercs

TZ _TZ
CeMaHTHYECKHM aTpruOyTOoM 00beKToB Kiacca i~ €T .
JlauHBI aTpuOyT OmpenemnseT «CYUIHOCTH» 3HaKa M €ro

ynpasistomiee Bo3aericteue U .

Temamuueckuii ampudym. Ilarrepn «Temamuueckuil
ampubym> NpeaHa3HA4YeH I OCYILECTBICHHS NPUBSI3KU
00BEKTOB KJIaCCOB, HATOJTHSAIONTNX TpH, K
TEMaTU4YECKOMY CJIOK0 JJIEKTPOHHOM KapThl. IlaTTepH
OTIMCHIBAET aTPUOYT, OMPENSISAIONINI MPUHAAIE)KHOCTh
obrexTa TpW TemaTHdecKoMy CIIOI0 3JIEKTPOHHON
KapTbl. ATpuOyT HE ONHMCHIBaeT IPOCTPAHCTBEHHOE
pacnonoxxenne oonvexra TpH.

Hampumep, 0OBEKTHI  KiaccoB
«Hopooichuiii_3Hax» IIPUBSA3aHbL
aTpuOyTOM K CJIOIO 3JIEKTPOHHOH KapTel «Onopui»,
coJiepKallliM ~ MH(QOPMAIMI0O O  IPOCTPAHCTBEHHOM
pacIoyoXeHUN TOYeK JucioKanuu o0bekToB TpU,
MOHTHPYEMBIX Ha KpOHIITEHHAX, KOHCOJIAIX,
HE3aBUCHMBIX, CBETOBBIX OITOPaX M OMOPAX-PACTIKKAX.

«Ceéemogop» u
TEeMaTHYECKUM

CprKTypHo-napameTpnquKnﬁ CHHTE3 FCOHH(i)OpMaHHOHHOﬁ CHUCTEMBI 30HAJIBHOT'O YIIPaBJICHUS TPAHCIIOPTHBIMH ITPOILIECCAMH HAa OCHOBE IATTEPHOB



Jpyroii mpuMep: CUTHaIbHBIE CTOJIOWKH, HOPOXKHBIE U
MIEIIEX0/THBIe OTPAXKICHHS MPUBS3aHBI K TEMAaTHIECKOMY
cinoro  «Oepadicoenusy, KOTOPBIA 0000IIaeT WX IO
(yHKIMOHAJIPHOMY Ha3HAYCHHWIO (HANPABIAIONIHE U
orpakaaromire QyHKINN).

IlIpocmpancmeennwlii ampuoym. [TaTTepn
«Ipocmpancmeennulii ampubymy OIHCBIBAET
pacrionoxxenune obObekra TpW B mpoctpaHcTBE C

UCIIONIb30BAaHUEM OJHOM M3 OOIICHPUHATBIX CHUCTEM
koopauHat, Harpumep WGS-84, HO He omuchIBaeT ero
NIPUHA/JIEKHOCTD TEMAaTHYECKOMY CIIOIO.

npencraBieHusi oObekta Tpll Ha 2IEKTPOHHOH KapTe.
Ecmm nmawHbBId  aTpuOyT yKazaH, TO OTOOpakeHHE
MIPOMCXOIHUT B COOTBETCTBHUH C ONMMMCAHHBIM METOJIOM ISt
obwekroB kmacca Algorithm = A_CustomRenderer, eciu
aTpuOyT HE YKa3aH, TO B COOTBETCTBHH C OOIICIPUHSTHIM
npencraenenuem Algorithm = A_BaseRenderer (puc. 1).

Hanpumep, mi1st 3aa4, TpeOYIONMMX BU3yaTH3aI[MH TUIIOB
JIOPOKHOU pasmerku, npumensiercss A_CustomRenderer
= A_RoadMarkingRenderer, mpeacTaBisiOUMi JTHHHIO
JIOPOXKHON pPa3METKH H300paKeHUEM, OIPEIeICHHbIM
I'OCT P 52290-2004. [y 3amgad, HE TPEOYIOMHUX TOYHOM

Ampuéym  eusyanuzayuu.  Tlatrepn  «Ampubym ~ BUSyaIU3aluH, TTHHMS AOpOKHOM —  pasMCTKH
BUBYANUAYUL» OIHCHIBAET c1ocob 6a30BOr0 IIPEACTABIIACTCS JIOMAHOU JTUHUEH €AUHUYHOU TOIIUHEI.
«interface» BaseRenderer RendererContainer
ILayerRenderer <- — t+IsEnabled -Renderers
+Render () HRender () HGetCustomRenderer ()
HRegisterRenderer ()
CustomRenderer 1
+LayerAlias
+IsEnabled 1+
HRender () h
RoadMarkingRenderer RoadSignRenderer RoadFenceRenderer

Puc. 1. lnarpamma peaau3anuy naTrepHa
«ATpUOYT BU3yaTU3aALUM»

MNaTTepHbI (hopmupoBaHusa Habopa aTpubyToB

TI'enepamop  ampudymoe. llarrepn  «l enepamop
ampubymose» TipefiHa3HadeH 11l GopMHUpOBaHUS Habopa
aTpuOyToOB, TPeOyeMbIX KaKOMYy-THOO MPUMEHSIEMOMY
METOJY B CpeJie CHHTE3UPYEMOIl CHCTEMBI.

Hampumep, cyiiecTByIOT pa3indHble ClIOCOOBI OMTUCAHMS
€OCTaBa TPAHCIIOPTHOIO MOTOKA S = {Si } , BBIIBHHYTHIC B

HOPMATHBHO-TIPABOBBIX HJIA OTPACIEBBIX METOIMYECKUX
nokymeHtax. Jlis ¢opmupoBaHusi Habopa aTpuOyTOB,
OIMUCHIBAIONINX COCTaB TpaHcmoptHoro motoka (Tpll) B
COOTBETCTBHH C MIPUMEHIEMBIM CIIOCOOOM, HCIIONIb3YeTCs
peamusanus narrepHa «l enepamop ampubymogy». ns
Kaxaoro crocoba onucanus cocrasa Tpll hopmupyercs

Habop TWIOB TPAHCHOPTHBIX CPEACTB Types Hu
K03(h(pUIMEHTH IPUBEACHUS K JIETKOBOMY aBTOMOOHIIIO
s .

k. Takoit crmoco6 mHO3BONSIET  €OUHOOOPA3HO

WCTOJB30BaTh B CHUCTEME JaHHble O coctaBe Tpll,
MIOJTy9YeHHBIE U 00paboTaHHBIE PA3THYHBIMH CIIOCOOaMH.

Ampuéymnoiii  unemp. Ilatrepn  «Ampubymmuoiii
@urbmp» TpenHa3sHaYeH Uil oTOOpa  aTpHOYTOB,
TpeOyeMbIX ISl BBINOJHEHHsS KakKoW-THOO0 omnepanuu.
Jlist peanu3anuy NaTTepHa ONMCHIBAIOTCS OrPaHUYCHHMS
Ha 3Ha4YCHUS aTpHOyTa: «BXOJIUT B HAOOP», «CONIEPKHUTY,
«paBHOY, «OOJIBILIEY, «MEHbIIE», «He» (oTpuuaHue). Ha
OAMH aTpuOyT MOXKET OBITh HaO)KeHa KOMOWHAIUS

orpannyenuii. Hampumep, mis GpopMupoBaHHs NpaBHII
pUopuTETa pu mpoesze HeperyIupyeMbIX
nepekpectkoB  (Algorithm = A_MainRoad), Ttpebyercs
MOJY4UTh MHGOPMAIMIO O TOM, Kakas Jopora SBISeTCs
[JIaBHOM, a Kakas — BTopocTeneHHou. [{ns 3Toro
dbopmupyercsi aTpuOyTHBIA  (QUIBTP, ITO3BOJISIOIIUI
MOJIY4UTh UH(OPMALUIO O CYHIECTBYIOIIMX JOPOMKHBIX
3HaKaxX I[pUOPUTETa U 30HE uX JelcTBus. Jpyrum
MPUMEPOM MOJKET BBICTYIIUTHh 3amada (HOPMHUpPOBAHUS
MeCT KOHUEHTpaLuu JIOPO’KHO-TPAHCIIOPTHBIX
npoucmectsuii (ATII) — «owyaros aBapuitHocTH». Metox
noucka ouaros aBapuiinoctu Algorithm= A_FireCenter
3aIpamnBaeT aTpuOyThHI JTII, OIHCBHIBAIOIIINE
IIPOCTPAHCTBEHHYIO U BpeMEHHY0 npuBssky JTIIL

2.2. TIaTTepHbI TONMOJIOTHYECKOT0

30HUPOBAHNSA
[TaTTepHbI TOMOJIOTUIECKOTO 30HUPOBAHUS
MpeIHa3HaYeHbl JJI1 WHKAICYJSIUNA TPOCTPAHCTBEHHBIX
byHKINH, obecreunBaronIx JIACIIOKAIIAIO u
MIPOCTPAHCTBEHHBIN aHaIN3 00bekTOB TpH.
Peanuzanuss  KaxXgoro marrepHa  TONOJOTMYECKOTO
30HHPOBAHMSA  BKIIOYaeT B  cebs  cieayromuiue
WHCTPYMEHTBI:

e  co3JaHue 00BeKTa — HHCTPYMEHT,

obecrieunBaONMi KOMITJIEKC MEPONPHATHH I10
quciaokanun obbekra TpH Ha 3IeKTpOHHYIO

Bcepoccuiickas koHdepentms "MHpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIBHOH TTOAIEPKKH MPUHATHS pemennii”,16-19 mas, Yda, Poccus, 2017



KapTy: yKa3aHHE CEMaHTHYECKHX aTpuOyTOB
obbekta TpU (cymHOCTh 0OBEKTa), yKa3zaHUE
TEeMaTHIECKOTO arpubyTa oOBekTa
(TeMaTHYeCKMiA  CIOW  KapTH), yKa3aHHE
MIPOCTPAHCTBEHHOTO aTprlyTa (pacroioxeHme);

®  peNaKTUPOBAHHUE IIPOCTPAHCTBEHHOI'O aTpHOyTa
—  HMHCTPYMEHT, MO3BOJSAIOIINA  H3MEHSThH
MPOCTPAHCTBEHHOE MPEICTaBICHHE 00BEKTA;

e  peNaKTUPOBaHUE CIOco0a BU3yalH3alUUd —
WHCTPYMEHT, IO3BOJIIIOIIMN OIHUCAaTh CHOCO0

BU3yaIH3aIN o0bekTa Algorithm=
A_CustomRenderer wu  3amate  aTpuOyT
BU3YaITH3aI[HN;

e  ynancHue 0o0BbeKTa - HHCTPYMEHT,

obecrieunBarONIMii yAajJeHHe BCEX CO3JIaHHBIX
aTpUOYTOB: CEMAaHTHUYCCKUX, TEMATHUYECKOTO MU
TOTOJIOTUYECKOTO.

O6vexkm-mouka. Ilattepa «Ob6vexm-mouka» ONICHIBACT

HHCTPYMEHTBI  30HHpOBaHus 00bekToB TpU, dbe
MPOCTPAaHCTBEHHOE  PACIOJOXKEHHE  MOXKET  OBbITh
MIpeCTaBIeHO TOYKOW coord e Z¥2 | rne 7%

MHOXXECTBO BEKTOpPOB pazMepoM 2. OOBeKT-TOuKa
npencraBisier 00bekT Tpl, KOTOpEI B TeOMETPUYECKOM
CMBICIIE  XapaKTepU3yeTCs CBOMM IIOJIOKEHHEM B
IPOCTPAaHCTBE, HO He pa3MepaMu. B kauecTBe oObekTa-
TOYKM B CHHTE3HPYEMOHW CHCTEME BBICTYNAIOT Y3JIBI
rpapa  ymuuano-nopoxkHoit cetm  (YJC), omopsi
JIOPOXKHBIX 3HAKOB M CBETO(OPOB, KaMephl (HKCAIHH
NIPaBOHAPYIICHUH, HHIMICHTHI, IPUIOPOKHBIE OOBEKTHI.

WucrpymeHT, TIO3BOJIIOIIN U3MCHATh
MIPOCTPAHCTBEHHOE  IIPEACTAaBICHHE  OOBEKTa-TOUKH,
peann3yeT TOJIbKO (QYHKIHIO epEMEIICHNS TOUKH.

Oovexm-nunusn. Ilatrepn «O0vexm-aunus» OMHUCHIBAET

HHCTPYMEHTHl  30HHpOBaHHS 00BekTOoB TplM, ube

MIPOCTPAHCTBEHHOE  PACIHOJIOXKEHHE  MOXET  OBITh

NpEACTaBJICHO  JIMHWUEH WM  JIOMaHOM  JIMHHMEH
2xk

coord €z?%, e Z MHOXKECTBO  MAaTpHI]

pasmepoM 2xK. OObekT-nuHUA (B TEOMETPUYECKOM
CMBICJIE) — 3TO KpHUBasi B IPOCTPAHCTBE, SBIAIOIIAACS
OCHOBHBIM  0asucoM  Juii  OoOO3HaueHHs  IyTe
IepeMeIieHnss ¥ TPOTSDKEHHBIX o0bektoB TpUd B
npoctpaHcTBe. B kadecTBe 00BEKTa-IMHUM B CHCTEME
BeicTymator nyru rpada YJC, ceuenus ydactka Y/JC,
JIMHUY JOPOKHOM Pa3METKH, OTpaskaACHHS.

HuctpymeHT, TIO3BOJIAIOIIN I U3MEHSTH
MIPOCTPAHCTBEHHOE  TPEJCTAaBIICHWE  OOBEKTa-JTHMHUH,
peanm3yeT (QYHKIMH TEpEeMENIeHHs] IO JJICKTPOHHON
KapTe ®  TOBOPOTa  OOBEKTa-IMHWUU,  TIO3BOJISET
peNaKTUPOBATh KAXJIOH TOYKY, COCTABJISIFOULYIO JIMHMIO,
B OTJEJIBHOCTH OT OCTAJIbHBIX.

Oo0veKkm-nonuzon. ITatTepn «Obvexm-nonucon»
OIMCHIBAET WHCTPYMEHTHI 30HHMpOBaHUs 00bekToB TpH,
Ybe IPOCTPAHCTBEHHOE pACIOJIOKEHHE MOXET OBITh
MIPE/ICTAaBICHO KOOPAWHATAMH BEPLIMH MHOTOYTOJBHHKA

Z 2xk , Z 2xk

coord € rue MHOXECTBO MAaTPHI]
pasmepom 2xK, mepas W mociemHAs KOOPAUHATHI
comagaoT. OOBEKT-MOMUTOH — aOCTpakius Ui
o0o3HaueHna 00bekToB Tpl, MMEIOIUX MPOTKEHHOCTH
B IByMEPHOM IpocTparcTBe. OOmacTh, MpencTaBlieHHAS
00BEKTOM-TIOJTATOHOM, ~ MOXET  HUMETh  OTBEpCTHS
(TycToTHI) 7 COCTOSITh u3 HECKOJIBKUX
HeTlepeceKaommxcss 4JacTte. B kadectBe 00BeKTa-
MOJIMTOHA B CHCTeMe BbIcTymawT ydactku YJIC m ux
MPOU3BOTHBIC, HATIPUMED, MAaTUCTPAITH.

Wucrpymenr, TIO3BOJIS 0TI HU3MEHSATh
MPOCTPAaHCTBEHHOE IIPEACTaBIICHUE OOBEKTa-NOJIUIOHa,
peanuzyer (QYHKUMHM IEpEeMEUICHHs] 10 3JIEKTPOHHOU
KapTeé M IOBOPOTAa OOBEKTA-NIOJHUIOHA, IO3BOJISET
pEeOaKTUPOBAaTh  KaKIOW  TOYKY,  COCTABIIIOLIYIO
HOJINTOH, B OTHEIBHOCTH OT OCTAJBHBIX, IO3BOJACT
OOABIIATE B IIONUTOH OTBEPCTHS WIN (HOPMHUPOBATH
TIOJIUTOH U3 HEeTIePeCEKAOIINXCs YacTeH.

2.3. HaTTepHI)I 3HAKOBOI'0 30HUPOBAHUSA

ITaTTepHBI 3HAKOBOTO 30HUPOBAHMS OMHCHIBAIOT BIMSHHE
00BeKTOB, nponeccos U sBiaeHuit TpU Ha Tpll, mpu sToM
BIIMSIHUE PAcCMaTPUBAETCS C TOYKM 3PEHUS 3HAKOBOM
OJJHOPOJHOCTH OOBEKTOB KJIACCOB MPEAMETHOH 00JacTH
«Y1npaBieHUe TPAaHCIIOPTHBIMU IIPOLIECCAMMU.

Kamepa  ¢uxcayuu  npaeonapywienuil.
«Kamepa ¢urcayuu npasonapyuienuii»  ONpeAesseT
MIPOCTPAHCTBEHHBIH (TOYeUHBIIT) 00BEKT TpH,
00NaJaloUi MOJOKUTEIBHEIM BIIHSHHEM Ha HWHICKC
spdexTHBHOCTH  ynpaBieHus.  Pamuyc — BIHMSHHS
ompenensiercs pabodeil 00MacTPIO IUCIOLUPOBAHHOMN
Kamepbl. MOIIHOCTD BIMSHHSA KaMep (UKCcaly 3aBUCHT
OT THNa (PUKCUPYEMOT0 HapyIICHHS.

ITarTepn

Ouaz asapuiinocmu. Odvar aBapuiHOCTH Ha TEPETOHE
WIH TepeKpecTKe B  JOJITOCPOYHOM  IEPCIEKTHBE
NPUBOAUT K  YXYIOIIEHHIO JOPOXKHOW  CHUTYaIlHH.
CBOeBpeMEHHbIE  KOHTPMEPHI ~ IO3BOJT  CHHU3HTH
MOUIHOCTh BIMSHMS ouara asapuitHoctu Ha Tpll.
[Marrepn «Ouae asaputinocmuy onpezeser
MIPOCTPAHCTBEHHBIH (TOYeUHBIIT) 00BEKT TpH,
o0yafaomuil  OTPULATEIBHBIM BIMSHUEM Ha WHIEKC
a¢dexTuBHOCTH YympaBieHus. Paawyc BiaMsHMA ouara
ABapUHHOCTH OIPEJENAETCS €ro PacIOIOKEHUEM: IS
MIepeKpecTKa — 3TO 30HA ITEPEKPECTKa, JJSI MeperoHa —
30Ha ¢ paguycom 50 m.

Pemonm  oopocu. Ilattepn  «Pemoum  dopozu»
OTIpeJIeNIIeT  MPOCTPAHCTBEHHBIH  (ITOJIUTOHAIHHBIN)
obwexkt TpU, obmajaromwuii OTPUIATENLHBIM BIUSTHUEM
Ha wWHIEKC J(PGEeKTHBHOCTH YIpaBiieHUs. Paaumyc
BITUSTHUS onpenesieTcs MIPOCTPAHCTBEHHBIM
npeJcTaBICHUEM «Pemonma 0opoeuy — NOJTUTOHOM.

2.4. TlaTTepHbl PYHKIHNOHAIBLHOTO
30HUPOBAHMSA

IlaTTepHbl  ynpaBieHUs TPAHCHOPTHBIM IIPOLIECCOM,
[IpeHa3HauCHHbIE MJI PELIEHUs 3a7ad MOHMTOPHUHIA,

CprKTypHo-napaMeTquecxuﬁ CHHTE3 reouH(i)opMaunox—moﬁ CHUCTEMBI 30HAJIBHOT'O YIIPaBJICHUS TPAHCIIOPTHBIMH ITPOILIECCAMH HAa OCHOBE IATTEPHOB



YIpaBJICHUS MIEPEBO3KAMH, TPAHCIOPTHBIMU IIOTOKAMHU H
obecneuenus 0€30I1aCHOCTH.

Monumopune. 3amaul MOHHTOPUHIA CTaTHYECKUX H
JUHAMHYECKUX XapaKTEePHCTHK OOBEKTOB, IPOLECCOB U
spineHuid  TpW pemarorcs ¢ MOMOLIBIO HATTEpHA
«Monumopune», peanu3yIomero Algorithm =
A_Monitoring u cHaGKEHHOTO TPaBHJIAMHE TI0 TIepeaaue
NOJyYeHHBIX JAHHBIX B XpaHWIHUILE, Hampumep, 0azy
maHebIX.  [IpaBmma  gopMupyroTcs AN KaXIou
HOJTy4aeMOl XapaKTePUCTHKU TaAKUM 00pa3oM, YTO OIHA
U Ta K€ XapaKTEePUCTHKAa MOXET OBITh MpelcTaBlIcHa
HECKOJIBKUMH aTpuOyTaMu, XpaHAIMMUCS B Pa3INIHBIX
Tabnuuax 6a3bl JaHHBIX.

Ampubym-cmamyc.  llattepn  «Ampubym-cmamycy
ompenensier  aTpuOyT,  OOO3HAYAMOIIMKA  TEKyllee
COCTOSIHME CBSI3aHHOTO C arpubyrom oOwexra TpU:

ycranoBieH Ju oObekr Ha YJIC (cymecrtByer),
TpeOyeTcsi yCTaHOBHTH JaHHBIH OOBEKT (YyCTAaHOBHTH),
Tpebyercs JEMOHTHPOBATh JaHHBIN 00BEKT
(IeMOHTHPOBATE).

ATpuOyT-cTaTyC NPHCOECOUHSACTCS KO BCEM OOBEKTaM
TpH, Hamuume KOTOPBIX MWJIM OTCYTCTBHE MOXET
NIPUBECTH K BBIPAOOTKE YIPABIAIOIINX BO3JCHCTBHH.
Hanpumep, noposxHble 3HakH, ycTaHOBJIeHHbIe Ha Y /[C,
MIOMEYAIOTCsl CTaTyCOM «CyIuecTByeT». IIpu pazpabotke
HEOOXOIUMOH M JOCTaTOYHON AMCIOKAIMHM JOPOXKHBIX
3HAKOB, CYIIECTBYIOLIHE JOPOXKHbIE 3HAKH MOTYT OBITh

IIOMEYEHbl CTAaTyCOM <«IEMOHTHPOBATb», €CIH UX
pacroyio)keHHe  WIM  yIpaBisiolee  BO3ICHCTBUE
HeKoppekTHo. [IpoekTupyemble  HOpOXXKHBIE  3HAKH

MIOMCYAKOTCA CTATyCOM «YCTaHOBHTL».'TaKOC OIIMCaHUC
COCTOSIHUI 0OBEKTOB TpI/I TO3BOJIACT pCHIATh KakK 3a1avuu
yipaBJiCHUA (HyTeM HU3MCHCHUA ﬂHCHOKaHHHL TaK H
3ala4y UHBCHTApU3allu1u U O6CJ'Iy)KI/IBaHI/I$I.

Ikcnepmuasn oucnokayus TCO11. [TarTepu
MMO3BOJSIET ~ OCYIIECTBIIATH  MOIJACPKKY  IPUHITHS
peIlICHWI 10  JUCIOKAIMKA TEXHHYECKHUX  CPEICTB
OpTaHM3aIlMA  JTOPOKHOTO  JBIDKEHUS (Tconan),
MPOCMATPHUBasi OIHCAHHUA MpPELEACHTOB (IaTTEpHOB)

pELICHHS aHAJOTHYHBIX 33a1a4 B 6a3e AaHHbIX. [yt 9TOr0
tdopmupyercst otmenpHas 6a3a maHHbIX «IIperieneHTHI,
COCTOSIIIAsT U3 OINMCAHMI MPEHEACHTOB, OTPAKAIOIIUX
XapaKTepHble CBOWCTBAa 3aflayd IMOKMCKA PCIICHUS.
[IpuHsTHE pEIICHUS] CBOAUTCA K  COMOCTaBICHHUIO
NATTEPHOB C OMHCAHHEM TEKYIIeH CHUTyalldH MOHCKa
perenus [10].

3nax  mapwipymnozo opuenmupoganus. JlopoxxHbIe
3HAKU MapIIpyTHOTO OpPHEHTHPOBAHUS MOTYT
WCHOJB30BaThes I KaHanusuposanus Tpll. Ilatrepn
3HaKa MapIIPYTHOTO OPHUCHTHPOBAHMSA OIMCBHIBAET €TI0
HOpPMaTHBHBIC pa3sMepsl M TpaBuiaa (OPMHUPOBAHUS
COZIEP>KHMOTO.

Hoposcuolii  3nHaKk  nepemeHHOIl uHngpopmayuu.
D¢ dexTuBHBIME cpeicTBaMu  Bo3zaedcTBus Ha  Tpll
SBJSIFOTCSL  yNpaBisieMble IOPOKHBIE 3HAKM M TadJo
nepemeHHo# nHdopmanuu. s GpopmupoBanus Mozenu
VIPaBICHUS TakUM 3HAKOM HCIOJIB3YETCSl MaTTEepH

«opooicHblii  3HaK ~ nepemeHHOU — UHpopmayuuy,
OIIMCHIBAIONINN BCE BO3MOXKHBIC M300paXKECHUsI, KOTOPBIE
3HaK  MOXET  BHU3YaJIW3UPOBaTh, W  IPOTpPaMMy

YIIPaBIECHUS 3HAKOM (QITOPUTMBI CMEHBI H300pa)KEeHHH).

3. ApXHTEeKTYpPHbIe NATTePHBI CUCTEMbI

CuHTre3npyemasi CUCTEMa YNPaBICHUS TPAHCIIOPTHBIMHU
IpoLeCCcaMy MPEACTAaBISIET COO0 MHOTOYPOBHEBYIO CETh
B3aUMOJICHCTBYIOIIMX JAPYr C JPYrOM IIOACUCTEM,
o0ecreunBaroIIIX pa3IHyHbIe HaIpaBICHUSI
(hyHKIIMOHMPOBAHUS CUCTEMEI (pHC.2).

Cucrema Cucrema Cucrema
opraHMBauMmu uHbOPMMPOBaHMST
TPaHCHOPTHEX CPeACTB OBIDKEHMST YYaCTHUMKOB IBIMXEHMST

h
.
.
h
.
.
.
.
h
.
H IIapKOBKM
.
.
.
'
.
.
.
.

Cepeep
CHUCTEeMs!
NapKOBKMU

Cepsep
CHUCTEMEl yNpaBJIEHUST
ABMXeHneM

Cepsep
cucTeMs
nHOOpMMPOBaHMST

HeTeKxTops
TpaHcnopTa

JeTexTops!
TpaHcnopTa

JeTexTops!
TpaHCnopTa

Bass JaHHBIX

JICTOUHMKM OaHHBIX

Puc. 2. Uepapxusi apXuTeKTYPHBIX YPOBHEH CHCTeMBbI
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CTpyKTypHBIE DJJIEMEHTBHl CHUCTEMBI OPraHU3YIOTCS B
OTZHEJIbHBIE YPOBHHM C B3aUMOCBS3aHHBIMH (DYHKLSIMH
clenyromyM  obpa3oM:  Ha ~ HWJKHEM  ypOBHE
pactonararoTcsi CIy>)kOpl 00IIero Ha3HaueHHs, Ha Oojee
BBICOKHX — CITYXOBI, oOecIieanBaromniie ON3HEC-JIOTHKY H
HpeICTaBICHNE TT0JIb30BATEIIO.

VYpoBeHb ~ NpeACTaBIEHUS  OXBaTBIBa€T  CPEICTBA
oOecrieueHHss  B3aMMOJCWCTBHMS  IIOJIB30OBaTeNsl  C
CUCTEMOH. K ¢yHkumsm  BepxHero  ypoBHs

NIPE/ICTAaBICHUS] OTHOCHTCSI OTOOpaXKeHue HH(POPMAIMU U
HHTEpIpeTanuss BBOJUMBIX MOJb30BATENEM KOMAaHJ,
KOTOpBIE ITPeoOpa3yloTCs AJIsl BHIOJIHEHHS ONepanuii ¢
NpUBJICYCHNEM OW3HEC-IOTHKH. VICTOYHHMK  JaHHBIX
MIPEACTABISIET CEPBUCHI, obecrieunBaroIye
B3aUMOJICHCTBHE CO CTOPOHHUMH CHCTEMaMH, HallpIMeED,
C LIENBIO TTOJTyYECHUS! JAHHBIX.

Ilpn cuHTE3e CHCTEMBI YNpPaBICHUS TPAHCIIOPTHBIMU
mporeccaMu YUUTBIBACTCS TEPPUTOPHAIIBHAS
pacnpesielleHHOCTh MICTOUHUKOB U 0a3 JaHHBIX: JaHHBIE,
KOTOpBIE cUCTeMa  HCHOJb3yeT B nporecce
(YHKIIMOHMPOBAHUS, MOTYT XPaHUTHCS HE TOJBKO B
0azax NaHHBIX CaMoOil CHUCTEMBbI, HO M B 0a3ax IaHHBIX
00CITy)KHMBaIOIIUX  TPAHCHOPTHYIO  MH(PACTPYKTYpY
opranmzarid. OnucaHHas TPEXypOBHEBAs apXHUTEKTypa
SIBISIETCSI OCHOBHOW KOHLETIIUEH CO3JAaHUS CHUCTEMBI
YIpaBiICHUS] TPAHCIOPTHBIMH TIpOIecCaMH, T.K. TpH
TakOW  CTpyKType Jrobas  OpraHu3anust  MOXET
HMHTETPUPOBATHCS B CHHTE3HPYEMYIO CHCTEMY CO CBOEH

CYIIECTBYIOIIEeH 0a30if MaHHBIX WIA TPAHCIIOPTHOM
(mOpoXKHOI) reonH()OpMATMOHHON CHUCTEMOH,
comepkaimeit cBeieHuss 00 0OBEKTax, mporeccax |
sBiieHusix TpU .

[IpenmymiecTBa TpeXypOBHEBOW apXUTEKTYphl B 3adaue
YIPaBJICHUS] TPAHCIIOPTHBIMHU HPOLIECCaMH 3aKITIOYAIOTCS
B [9]: HamexHOCTH cHCTEMBI (32 CYET BO3MOKHOCTH
BKIIOUCHHS B  KOHOUIYpAUUIO  PE3CPBUPYIOLINX
cepBepoB), TMOKOCTH HACTPOMKM W Moaudukanuu 0Oe3
u3MeHeHHsT QYHKIIMOHUPOBAHUS BCEH CHCTEMBI B IIEJIOM,
cBoOONe BBIOOpa MPOrPAMMHOTO OOCCIICUYCHUS IS
peaNn3aliy CHCTEMBI, OACUCTEM, MOAYICH.

JeueHTpanu3oBaHHBIA MOAXON K CHHTE3Y CHCTEMBI
MO3BOJSIET ~ aNanTHPOBaThC K CHENH(DUISCKAM
TpeOOBaHUSAM  TIPU  YIPABICHHH  TPAHCIIOPTHBIMH
mporieccaMy, KOTJa Ui PEIIeHHs BO3HHUKAIOIIUX 3ajad
TpeOyercss (GopMHUPOBaTH pa3IHYHBIE KOH(QUTYpAITUH
MTOJICHCTEM M 00€CIICINBATh MX B3aHMOJCHCTBHS.

I'ubpuanHoCTh " MHOTO()YHKIIMOHAJIBHOCTh
CHHTE3HPYEeMOl  CHUCTEeMBl  TpeOyeT  OIpeeeHUs
MeXaHU3Ma B3aHMMOAEHCTBHS HECKOJIBKUX Pa3HOPOIHBIX
MOJICCTEM, HX HHTErpallil B €IUHOE IPOCTPAHCTBO
JIaHHbIX U QyHKImoHamoB [11].

Wnterpupytomeit cpemoil  (MHTErpaTopoM) SIBISCTCS
cepBep IPWIOKECHHH, TPENOCTABISIONINNA  CEPBUCHI
CHCTEMBI ¥ OTIPENeIIOMUI HHTEPGEHCH TOCTYIAa K HUM

(puc. 3).

MouuTOPMHT
xapakTepucTuk TpH

Ynpaeneunne
o6sekTamMn TpH

O6ecnieueHne
6esonacHoCTM

Opraumsaumnust
IIepeBOBOK

Cepeep
NPUIIOXKE HUI

Cepeep
6as JaHHHX

BL
«TCconom»

«OB6BeKTHI»

«MHUMOEeHTH>»

Puc. 3. CTpyKTypa B3auMOEHCTBHS KOMIIOHEHTOB CHCTEMbI

OcHOBHBIE  (YHKIIMH,  BBIIOJHAEMBIE  CEPBEPOM
HIPWIOKEHUM:
e MpoOBEepKa W  pasTpaHHYEHHE TIpaB  JOCTyIa

MMOJIB30BATEJICH M TTOJICCTEM K JaHHBIM;

e CBA3b 0a3 JaHHBIX C OCTAJbHBIMH KOMIIOHEHTaMH
CHCTEMBI;

L4 CHUHXpOHHM3alUsA JaHHBIX Yy BCEX MNOAKIHOYCHHBIX
KJIHMCHTOB,

e  OpraHu3alMsg MHOIOIOJIB30BATEILCKOTO JOCTyNa K
JIAHHBIM C pa3pernieHrneM KOH(IUKTOB.

CucreMbl YIIpaBJIeHUS 6azamu JTaHHBIX co
CTaHAApTHHIMU HWHTep(ericaMu JI0CTyIMa, K KOTOPBIM
o0OpamaroTcs KIMEHTCKUE MPHIOKCHUS, OOBCIHHEHBI
gepe3 cepBep 0a3 JaHHBIX. Takas OpraHu3aIysl JOCTYIa
K JaHHBIM TI0O3BOJIAET AaBTOMATHYECKH OTOOpakarh
W3MEHEHUs, MPOU3BEJCHHbIE B OJHOM M3 KIHEHTCKUX
NPWIOKEHUH, B JPYyruxX. 3a pelieHue KOH(MIMKTOB

CprKTypHo-napaMeTquecxuﬁ CHHTE3 FeOHHq}OpMaHHOHHOﬁ CHUCTEMBI 30HAJIBHOT'O YIIPaBJICHUS TPAHCIIOPTHBIMH ITPOILIECCAMH HAa OCHOBE IATTEPHOB



KOHKYPHPYIOIIUX H3MECHEHUH B TaHHBIX HAa 3TOM ypOBHE VOpaBJIEHUS TO3BOJSET OPraHM30BaTh ONTHMAIBHOE
OTBEYaeT cepBep 0a3 JaHHBIX. yIOpaBiIeHHE C aJanTanuedl K U3MEHSIOIUMCS BHEITHUM

B cunTesmpyemoii cucreme (puc. 4) 3HaHHE TEKyIIEH
uHGOpPMALMK O JUHAMHYECKOM COCTOSHHMH  30HEI

YCIIOBUSM W TIPUHUMATH CBOEBPEMEHHBIE PEHICHUS TPH
BO3HMKHOBEHHUH HEIMITAaTHBIX cutyanuit Ha Y [C.

IAnropuTM AJII'OPUTM;

AnropurM.3Banyck () ;

AnropuTM = AHanmsaTop.CospaTeO6mexkTANTopMTMA () ;

30Ha yopaBJIeHUsT

#CocTosiune

+CoopMmpoBaTE BOSBmencTBME ()

|
N/

«interface»
IAnropuTM

/| +8anycx ()

-
-
-
-

- |

JlokaneHOE ynpasJiIeHMe KoopnuMHMPOBaHHOE yIpaBJIeHue CucreMHoOe ynpaejieHue

+3anyck () +3anyck ()

+3anyck ()

Puc. 4. ):[narpaMMa peanqu3alvui NaTrepHa yInpaBJd€eHUs TPAHCIIOPTHLIMH IIpoHecCaMu

4. 3akaoueHue

e Pa3paboTaHbl TNATTEpPHBl CHHTE3a CHCTEMBI
ynpaBieHusi, obecneunBatomue GopMupoBaHne
aTpUOYTHBIX, TOMIOJIOTHYECKHUX, 3HAKOBBIX H
(YHKIIMOHATBHBIX 30H yIpaBIeHUSI B
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AnHOTAIMS

B pabote mpencTaBiaeHO omMcaHWE MPOTPAMMHOTO
obecrieueHnst IS MOJEPKKH TPUHATHS PEIICHUI
0 CTPYKType IIMXTOBBIX MAaTEpHaJOB IS AYTOBOI
CTaJICIUIABIIIBHOM TIeYn. ITporpammHuoe
obecrieueHne BXOMUT B TOJICHCTEMY ITOATOTOBKH
uHopManuu A pelleHHs 3aJadd o BbIOOpE
CTPYKTYPBI HIMXTOBBIX MaTepHaoB B
aBTOMAaTU3UPOBAHHOM CHUCTEME TEXHOJIOTUYECKOM
noarotoBku npoussoactsa (ACTIIII). Pazpaborka
nporpaMmmHoro  obecnedenuss  jua  ACTIIIL
MO3BOJIMJIA  TPaHC(HOPMHUPOBATh  TPAAMLIHOHHYIO
TEXHOJIOTHIO TIPUHATHS PEIICHHH O CTPYKType
IMIMXTOBBIX MaTepualioB, IOCKOJbKY IOSBUIIACH
BO3MOXKHOCTb B MHTEPaKTHBHOM PEKHUME H3MEHSATh
napaMeTpsl 3a7add 110 ONPENENICHUIO CTPYKTYPHI
MINXTOBBIX MaTepHaloB. [TporpammHuoe
obecrieueHne pa3pabOTaHO C MLENBI0 MOBBIIICHUS
3¢ GEKTHBHOCTH O NPUHATHH PELICHUH KacaTelbHO
CTPYKTYPbl ~ IIHUXTOBBIX  MAaTEpUAIOB M  JUIA
oOecrieyeHNs 3aJaHHBIX TPEeOOBAHUH 3aKa3YHKOB
Ha TM0JTy4aeMylo MapKy CTaJlu.

1. BBenenue

B pesynbrare CIUIOIIHOTO MOHUTOPWHTA TapameTpoB
IJIaBKU B JyroBoi crajemnaBwibHoW neun (JACIID),
aBTopamMu padoThl [1] BBISBICHBI 3aBUCHMOCTH MEXIY
CTPYKTYpOH IIHMXTOBBIX MaTEpHalioB, IOAABAEMBIX B
JCII © nOpoUEHTHBIM  COJIEpP)KaHUEM  OCTAaTOYHBIX

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

anemenToB B crtamu (Ni, Cr, Cu) [2]. Ananus
B3aUMOCBsI3e MEXIy CTpykTypod momaBaembix B JICII
IIMXTOBBIX MATEpUAIIOB M MOJIy4aeMOH NpORyKIHen
MO3BOJIMI ~ IOCTPOUTH  MaTeMAaTHYECKyl0  MOJelb
U3MEHEHHS CTPYKTYpbl IIMUXTOBBIX MAaTepHAJIOB U
MPOTHO3UPOBaHM Hanbojiee BEPOSITHOTO €€ COCTaBa Ha
OCHOBE UMEIOIIUXCS JAaHHBIX [3].

MatemaTtnueckass MOAelb (OPMHPOBAHUS OCTATOYHBIX
3JIEMEHTOB COCTOWT W3 JIBYX IIOCIIEIOBATEIbHBIX 3a/1a4
MHOTOKpPUTEpHAJIbHON onTuMm3anud. B mepBoil 3amade
HEOOXOIUMO ONPEACIHTh MAacCy METALUTHYECKOTO JIOMA,
nonaBaemoro B JICII, mpu koTopoil OyaeTr MOCTUTHYTO
MUHUMAaJbHOE 3HAYCHUE JJISl TPOIIEHTHOTO COJEpPKAHU
XpoMa, HUKEIS W MeAd B paciulaBe NpH HATHIUH
OTpaHMYEHUN HA CyMMapHYI0 Maccy JiomMa W 4yryHa,
OTIPEJICNICHHYI0 TPOU3BOACTBEHHBIMU BO3MOYKHOCTSIMHU
JCII. Bo Bropoif 3amaue HEOOXOIUMO ONPEHETUTH
MAacCCOBYIO CTPYKTYPY METAJUIMYECKOr0 JIOMa, Macca
KOTOpOro ObLTa BBIYHCIICHA B MIepBOii 3amade. [Ipu sTom,
MaccoBasi CTPYKTypa MOJDKHA TII03BOJIATH TOJIYYHTH
MUHHMAJIBHOE CONICPYKAHHUE XPOMa, HUKENS U MU TpHU
HaJIMYUU OTPAHMYEHUN HAa MCXOJIHBIM M IOJIy4aeMblil
XUMHUYECKHA COCTaB cTaiu [4].

Taxum 06p3.30M, I pCIICHUA 3aaadyyd COTJIaCHO €€

MIOCTAHOBKE, HEOOXOJMMO HCIOJB30BaTh  CIIOKHBIE
METOAbI ONTUMH3AIINHU, KOTOpBIe UMCHOT HECKOJIBKO
Ba)KHBIX 0COOEHHOCTEH, CJIOKHO MOAJAIOIIXCS
HEaBTOMATH3UPOBAHHOMY pacdery, KakK 3aJa4a
MHOTOKPUTEPHATBHON ONTUMU3AIUH.

2. MeToanl

[IpenmnpoektHoe o0clie10BaHKe npotecca

(hopMHpOBaHUS CTPYKTYpPbI IIUXTOBBIX MaTepHajioB [5]
MIO3BOJIMJIO TOCTPOUTH MOJIENb JIBMDKCHHSI MaTepHaIbHBIX
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MOTOKOB OpyU  BBIIUIABKE CTald B YCJIOBHSX
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«MarHuTOoropcKuii  METaJUTypTUYeCKUi  KOMOHMHATY»
(OAO «MMK»), koTOpas IpecTaBIeHa Ha pUCYHKE 1.
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Puc. 1. Moaenb ABH:KeHHS] MATePHAJIbHBIX IOTOKOB NPH BbhlIVIaBKe cTayuu B yejaopusax JCIII OAO «MMK»

Ha pucynke mnoTpeOutenu H300pakeHbl B BHUJE
KBaJpaTHBIX OJIOKOB, a TMOTpPeOIsIeMbIE MaTepHAIIbI
0TOOpaKeHBI B KPYroBBIX Ookax. Ha pUCyHKe BBEICHBI
0003HauCHHMS, TIPEACTaBICHHBIC B Ta0muIax 1-3.

Tadiuna 1. Ilorpeduresn, NpHHATBIE B MOJEIH
ABHMKEHUSI MATepPHATbHBIX IOTOKOB
Yenosnoe
0bo03HaueHue Pacwugposka
nompebumesis
Ry JIByXBaHHBIH cTanemniaBuibHbIN
arperar
R, JlyroBas crajienyiaBuiIbHAs 11€4b
Rs Arperat «Ileus-KoBwm» 1, arperat
«Ileup-KoBu» 3
R4 Arperat «Ileus-KoBm» 2, yctaHoBKa
YCpEeIHUTENILHOM NPOYBKU CTAJIN
Rs MarmHa HeTIpepbIBHOTO JIUThS
3aroTOBOK |, MalIMHA HENPEPHIBHOTO
JINTHS 3aTOTOBOK 2
Rs MaruHa HEePEePHIBHOTO JINTHS
3aroTOBOK 5
S, MHuKcepHOe OTACICHHE
S, KonpoBsbrii 1iex
S; J1Bop MeTaiuioB
S, JBop ceiyunx, [10C
Ta6auua 2. Martepuajbl, NPUHATBIE B MOJEIH
JABUKEeHUS] MATEPUATbHBIX OTOKOB
Yenosnoe
obo3navenue Pacwugpposra
Mamepuanos
M, Kunkuit uyryn
M, MeTtanmaeckuii oM,
IbTEPHATHBHBIC MATEPHAJIBI

Yenosnoe

0003HayeHue Pacwugposka
MaAmepuanos

M; Cerinyuue, peppocriiaBbl
M, [{BeTHBIE METAILIIBI

M;s Kunkuit Mmetann

Mg Kunkas crans

M- CopToBas 3aroToBKa

Mg Cnsi6

Tadauua 3. Cnoco0bl nepeABMKeHNsS] MaTepPHAJIBHBIX
TMOTOKOB B MOJIEJIH

Yenosnoe

obosnauenue Pacuughposka cnocoba
cnocoba

T, UyryHOBO3HBIE KOBIIU

T, CoBkH

Ts Mynba0BbIE COCTaBbI

T, Komngeitep

Ts ABTOTpaHCIIOPT

Te K/n Tpancnopr

T, Cranepas3IMBOYHBIN KOBIII
PazpabotanHass MOJeab  JBHXKCHHS  MaTepHabHBIX
MOTOKOB TPHU BBIIUIABKE CTAIH IMO3BOJIMIA OMPEICIUThH
KOHIICTITYaTbHYIO cXeMmy padoTsI CHUCTEMBI
HMHTEJUICKTYa IbHOM IO ITICPIKKH mporecca

(hopMHpOBaHUS CTPYKTYpBI MIUXTOBBIX MaTepuaion JCIT
[6], cTpykTypa KOTOpOI IpecTaBlIeHa HA PUCYHKE 2.

CxeMa COCTOUT W3 MATU MOACUCTEM B 3aBUCHMOCTH OT
Ha3Ha4YeHUs. ABTOpaMH pa3paboOTaHO TMPOrpaMMHOE
obecrieyeHne U1 TOJJEPKKHA TPHHATHS PEmICHHH O
CTPYKTYpPE IMIUXTOBBIX MaTEPHAJIOB, BEIICTICHHOE B PAMKY
Ha PUCYHKE 2.
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Puc. 2. KonnenryajibHas cxeMa CHCTEMbl HHTEJUICKTYATbHOMH MOIePKKH npouecca GopMHPOBAHUS CTPYKTYPHBI
HUXTOBBIX MaTepuanos JICII

B xome mpeampoekTHOro oOCIeIOBaHHSA —TIIpolecca
(opMHUpOBaHHS CTPYKTYPHl IMUXTOBBIX MAaTEPHANOB,
BBIJICJICHBI TOJICICTEMBI M B3aUMOCBS3M MEXKIY HUMH.
ACTHII BxmrowaeT B ce0F TpPH  IMMOJCUCTEMBI:
WHPOPMALMOHHOE, MaTeMaTHYeCKOe U MPOTPaMMHOE
obecrieueHns Tmporiecca (POPMHUPOBAHUS  CTPYKTYPHI
IMXTOBBIX MaTepuanon J[CIIL.

B wundopmanmonnoe obecrneuenue ACTIIIT Bxomst
TEXHOJIOTUYECKOe MHChbMO, 0a3a MEePBUYHBIX JTAHHBIX O

pabore  JICII, pe3ymbraThl  3KCICPUMECHTAIBHOTO
HCCIIEIOBAaHUS TEXHOJIOTUYECKUX MapaMeTpOB IIABKU B
JCII " cTparerus IIOCTAHOBKH 3aJ1a9u

MHOTOKPUTEPHAIHHON ONTHMH3ALNN COCTaBa ITUXTOBBIX
marepuanos 1y JCII.

B wmaremarnyeckoe obOecrneuenue ACTIIIT BxiIro4eHbI
MOJICICTEMBl  PEIICHUS MHOTOKPUTCPHANBHBIX 3a1ad
ONTUMU3AINKA TpPeMs Ppa3IHYHBIMH MeToJaMu (METO.
YCTYNOK, METOJ] CBEPTKM W METOJl OTrpaHUYCHHN),
MOJICUCTEMA TIEPEOTPE/ICNICHNUsT MHOTOKPUTEpUATbHON
3ala4  ONTHMHU3AIMHU B  OJHOKPUTEPUANBHYIO B
3aBUCHMOCTH OT BBIOPAHHOTO crmoco0a pelieHus,
MOJICUCTEMA PEIICHUs OJAHOKPUTEpUATBHOW  3aJadu
ONTHUMH3AIMK W TOJCUCTEMA IOCTPOCHHUS HadalbHBIX
YCIIOBUH s BTOpOH qacTu 3a7auu
MHOTOKPUTEPHATHHOH ONTUMH3AlMA HAa OCHOBAaHHU
pe3yIbTaTOB, TOJMYYCHHBIX B TMEPBOH dYacTH 3aJadyd
MHOTOKPUTEPUAILHOMN onTuMu3anuu [7].

B mporpammuoe oOecrmedeHne BXOIAT: (ailm ¢
HUCXOMHBIMH  JaHHBIMH, O(QOPMICHHBIMH  COTJIACHO
TpeboBaHUAM PAOOTHI MPOTPAMMHOTO MPOYKTA, CUCTEMA
pelleHus  MOCJeNOBaTeIbHOW  MHOTOKPUTEpPUATILHOM
3ala4l  ONTHUMHU3AIMd W CHCTEMa  BH3YyalW3aIlluu
MOJIYICHHOTO PEIIEHUSI TI0 KKJIOW |3 3a1a4 | 10
KKJOMY U3 METOJIOB pelieHus 3aaad [8].

[IporpammHOe obecreueHue pa3paboOTaHO C  YYETOM

OLIGHKM  JOCTOMHCTB ¥  HEJOCTaTKOB  THUIOBBIX
MIPOTrPaMMHBIX MIPOJIyKTOB ULt pemeHns
B3aMMOCBSI3aHHBIX 3aga4 MHOTOKPUTEPHAITBLHOM
ONITHMU3ALIHH.

[TporpammHOE oOOecHeYeHNE COCTOUT W3 HECKOJIBKUX
moayne. Ha pucynke 3 mpencraBieHa  cxema
MPOTPAaMMHOTO TIPOAYKTA.

Cxema OpraHHM30BBIBAE€T PAaOOTy HECKOJIBKO OCHOBHBIX
MOJyJ€H B 3aBUCUMOCTH OT BBINOJHSAEMBIX UMM 3a]au:
MOJyNb TOJYYeHHWS JaHHBIX; MOXIYIb 00pabOTKH
JIaHHBIX; MOJYJb PELICHHUsS OJHOKPUTEPUAIBHOM 3aJadu
CUMILIEKC-METOJIOM; MOJyJIb npeoOpa3oBaHuUs
MHOTOKPUTEPUAIIBHON 3alayd ONTHUMM3AaluU; OCHOBHOM
Moyns padotsr I10.

MO}IyJ'H) TMOJYUYCHUA HOAaHHBIX OTBEYACT 3a MPaBUJIIBHOC
pacno3HaBaHNUC BBCACHHBIX WJIH 3arpy>KCHHBIX JaHHbIX.

Monyns 00paOOTKH HaHHBIX — SBIACTCS  MOJIYJEM,
MPUBOAALIAM TONYYCHHBIC NaHHBIE K KaHOHHYCCKOMY
BUAY, KOTOPBIH HCHOJB3YeTCS MpPH pEIICHUH 3aaadd
CHMILIEKC-METOIOM.

Mopyabp  pelleHHs — 3aJaddl  CHMILIEKC
MpeAcTaBIsieT coboit  kimace s
JIMHEMHOrO0  NpOrpaMMHUpPOBaHUS,

KaHOHHYECKOMY BHUJY.

METOJIOM
peuieHus  3amady
NPUBEICHHBIX K

Monyns mpeoOpa3oBaHUsI MHOTOKPHUTEPHAIBHON 3a/1aun
ONTUMH3AIMU K OJHOKPUTEPUAIFHONW BKIIOYaeT B cels
(yHKIMM U pemieHHs 3aJjadyd C IOMOIIbI0 MeToja
CBEPTKH, METO/a YCTYNOK M METoJa OrpaHWYeHHH, a
Takke (QYHKIMM JUIA pacdeTa IEeJIeBOr0 KopTexka M
obecrieueHnst KOPPEKTHOM 3arpy3KH JaHHBIX.

OcHoBHOI Moayns padotel 111 opraHu3yeT KOpPEeKTHYIO
paboTy Bcex MoOIyned, KpoMe 3TOTO0 OCYIIECTBISIET
MIOCTPOCHHWE  TIOJIb30BATEIBCKOTO  HMHTEPAKTUBHOTO
uHTepdeiica. HHTepdeiicHpIe pemeHHst MO3BONSIOT
MOJTBb30BATEN0 OCYLIECTBIIATh NTOCTPOCHUE OHarpaMM U
rpauKoB, KOTOPBIE, HAIPUMED, MOKA3BIBAIOT AWHAMHUKY
W3MEHEHHS PaCUeTHBIX BEJIMYMH B 3aBHCHMOCTH OT IIIara
pemeHus.

Pe3yHLTaTI)I, MOJYYCHHBIE € MOMOLIBIO IMPOTPaMMHOI0
06€CHC‘IGHI/IH, MokKazajii, 4YTO peaJrM30BaHHBIC TpU
CTaHJAPTHBIX METOAAa PCIICHUSI MHOTOKPUTCPUAIBbHBIX
3a1a4 OIITUMHU3AIINH HC BCCrjaa SIBJIIFOTCS
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Puc. 3. DyHKIHOHAJIBLHAS CXeMa NPOrpaMMHOI0 MPOIYKTa

3. 3akiaouenmne

1. ®ukcupoBaHHe B peaJbHOM BPEMEHH IIapaMeTpOB
IUTaBKH TO3BONWIO copMupoBaTh 0a3zy MaHHBIX I
CTaTUCTUYECKOTO  HCCIEOBAHUS,  YTO  CHEJIAJI0
BO3MOXKHBIM IIOCTPOEHHE MaTEeMaTUYECKOdl Mojenu
(OpPMHPOBaHUS OCTATOYHBIX JJIEMEHTOB B TOTOBOM
CTaly, COCTOsAMed M3 JBYX IOCIEA0OBaTEIbHBIX
B3aMMOCBSI3aHHBIX 3aga4 MHOTOKpPHUTEPHUAIBbHOMN
ONTUMU3ALNH.

2. [peanpoexTHOE obcnenoBanue nporecca
(GOpMHUpPOBaHUS  CTPYKTYpbl IIMXTOBBIX MaTEPHAIIOB
c/ienano BO3MOXHBIM IOCTPOCHHE MOJEIH JBIIKSHHUS
MaTepHalbHBIX TOTOKOB B ycnoBusax OCIIL[ OAO
«MMKp.

3. Ha ocHOBe MOJeny IBMKEHUSI MaTepPHUaIbHBIX TIOTOKOB
pa3paboTaHa  KOHIENTyaJlbHas  CXeMa  CHCTEMbI
MHTEJIEKTya bHON MO JICPKKH nporecca
(hopMHpOBaHUS CTPYKTYPHI IIMXTOBBIX MAaTEPHAIOB IS
JCII. OmpeneneHo MeCTO MPOTPAMMHOTO OOecIeUeHHs
Juist popMHUPOBaHMS CTPYKTYPHI IIMXTOBBIX MaTepHaIOB
B UHTEJIEKTYaNbHOI cCUCTEME.

4.  ChopoektupoBaHa  oOmas  cxema  pEIICHHS
MHOFOKpHTepHaJ’IBHOﬁ 3aJa4u OoNTUMHU3AIMH, KOTOpas
YCJIOBHO COCTOMT W3 HECKOJBKHX OJIOKOB, B TOM YHCIIE
Onoka, Tae MPOM3BOAMTCS peUIeHHe 3aja4yu. PemeHne
3aJaul  ONpENeNIeHO TPEeMs METOJAMH:  METOJIOM
OTpaHUYEHUM, METOAOM YCTYIOK M METOAOM CBEPTKHU.
Hawubonee 3¢ hekTUBHO 3apeKOMEHIOBAT METOI CBEPTKH,
KOTOPBII TaK:Ke C TOYKU 3PCHHS JKCIepTa JaeT Ooee
TOYHBIC PE3YJbTATHL.
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AHHOTAIMS

B naHHOIl cTathe paccMOTpeHa TEXHOJOTHS
aJlanTanuyd METoJa ONPENCNCHUS XapaKTePHCTHK
B3pbIBA Ta30-BO3JYLIHOW CMECH JUIs pPELICHUS
3aJa4 TPEXMEPHOIO0 MOJICIIUPOBAHKUS B CHCTEMax
NONJEPKKM IpUHATUA peweHuil. IIpuBeneHsl
OCHOBHbIE IPUYMHBI TNPUMEHEHHS TPEXMEPHOTO
MO/ICJIMPOBAHUS B CHCTEMaX IMOJICPIKKH HPUHSTHS
pELICHU, OmMCaHbl MPOOJIEMBI, BCTPEYAIOIIUECS
npu pa3paboTke MOJOOHBIX CHCTEM, H CIOCOOBI X
pelIeHus, ONMcaH NpUMep MOJEIUPOBAHUS B3pPhIBA
ra30-BO3AYIIHOM cMecu Ha OCHOBE
a/1IalITUPOBAHHOIN METOIMKH.

1. BBenenue

B mHacrosimiee BpeMsi nH(OpMaIMOHHBIE TEXHOJIOTHU
SIBIIIOTCSL ~ OCHOBHBIM ~ 3B€HOM  NIpHU  HPHUHATUH
YIPAaBJICHYECKOIO PEIICHUS B CIOXKHBIX YCIOBHAX U
SIBJISIFOTCSL. MHCTPYMEHTOM JUISl TOJIY4YEHMs IOJIHOIO U
OOBEKTHBHOTO aHaJM3a CHUTyauuu. VIHpopMmannoHHBIE
TEXHOJIOTUH NOJJECPHKKU NPUHATHUS PELIEHUN BBICTYIIAIOT
B poiu O0OBEKTa YNpaBIEHUS W BBIYUCIUTEIBHON
CUCTEMBI, BXOJHBIE MapaMeTpbl JUId KOTOPOH 3ajaer
9KCTIepT. B cBsA3M ¢ 3THM, YeM QyHKIMOHAIIBHEE CHUCTEMa
NPUHATHS PEelIeHUui n OoJbIlle HMCXOMHBIX AAaHHBIX O
CII0’KHOM CUTYyalluM, TEM BBILIE BEPOATHOCTH MOTYyUYCHHUS
aJCKBaTHBIX  PE3yJbTATOB, ux HHTEPIIPETALNH,

Tpyasl nATOH BeepoccHiickoi KoHpepeHnn
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATHSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

COOTBETCTBEHHO s dexTuBHEE

peleHue.

yIpaBIeHIecKoe

[ToBeIIEHHBI WHTEpPEC K CHUCTEMaM  IOANCPIKKH
NPUHATHS PENICHUH NMPU PEIICHUH NMPUKIAJHbBIX 3a/1ad C
MOAJEPKKON TPEXMEPHOU BU3yaJlu3aluen
MPOCTPAHCTBEHHBIX JAaHHBIX CBSI3aH C BO3MOXKHOCTBIO
MOJYYCHHSI HAIJISAHOTO TPENCTABICHUS PE3YNbTaToB, B
TOM 4YHCJIE W PE3YJIBTaTOB T'€OMOJICIMPOBAHMS, B BHIE
yI0OHOM ¥ TOHSATHOM JAJIS JTFOOOTO YPOBHS MOJITOTOBKH
CHENHANNCTOB, IPUHUMAIOIINX PEIICHHS.

Ha  mpoTsokeHMM ~ J0OATOTO  BPEMEHH, 3a1a4n
MOJCIUPOBaHUsS B reonH(OPMAIIMOHHBIX CHCTEMaX
pelanuchr B JIBYMEPHOH IUIOCKOCTH, HO B CBSI3U C
pa3BUTHEM amMmapaTHOTO W MPOTPAMMHOI0 OOeCTieueHusl,
MOSIBHJIACH BO3MOXKHOCTBH TIepexolla K TPEXMEPHOMY
MPEJCTAaBICHAIO TIPH PEIICHUHM ONpPEACNEHHOTO KpyTra
3aja4, HAIpuUMep, MPH MOJCIUPOBAHHH B3phIBa Ia30-
BO3AyIIHOW cMmecd. [lpm »dToM, B KapTorpaduu
TpPEeXMEpHOE TPEIICTaBlICHIEe 00BEKTOB MPUMEHSIETCS KaK
Ipy  KPYMHOMAacHTaOHOM MOJETUPOBaHUM  (TOpoJa,
palioHbl, TMQPPOBBIE MOJEIM MECTHOCTH), TaK W TpHU
MOJIETUPOBAaHUU  SIBIEHUH W  TporieccoB  (0030p
BHIUMOCTH, pacdeT WHCOMAUMU u apyroe). llpum
pelIeHnn 3ajJa4 MOJCIMPOBAHUS, B TOM YHCJIE B3phIBa
ra30-BO3JYIIHON CMECH, MPHUXOJMUTCS CTAIKUBATHCS C
TeM, 4YTO OOJBIIMHCTBO  METOJOB  OIpEICICHHS
XapaKTePUCTHK B3pblBa HM3HAYAIBHO pPACCYHTAHBI Ha
MPUMEHEHHE B IBYMEPHOM IIPOCTPAHCTBE Ha MIOCKOCTH.
B cBs3m ¢ 93THM, aKTyaldbHBEIM CTaHOBUTCS 3ajaya
aJanTalMyd CYIICCTBYIONICH METOAMKH pacdera JUis
3aJ1a4 TPEXMEPHOro MOIETUPOBAHUSI.
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2. MeToabl onpe/esieHUsl XapaKTePUCTHK
B3pPbIBA ra30-BO3AYIIHON cCMecH

Cy1ecTByIoT pa3iIuyHbIe METO/IbI pacueToB
ONpENeNeHUs] XapaKTePUCTUK B3pbIBA TIa30-BO3YIIHOM
cMecH, AT KOTOPBIX OCHOBHBIMU NTapaMeTpaMu pacueToB
SIBIIICTCA  PAcCTOSIHME PACIPOCTPAaHEHUs BO3IYIIHOM
yIapHOU BOJIHBI M PacyeT BO3MOXKHBIX kepTB[2].

AHanu3 METOJIMK  MOJICNIMPOBaHMS  B3pbIBA  TIa3o-
BO3JYIIHOM cMecu Mokazai, uro «MeToauka OLEHKHU
MIOCJIEACTBUI aBApUNHBIX B3PBIBOB TOIUIMBHO-
Bo3aymHEIX cmeceit (P 03-409-01)»(mamee meronnka
P 03-409-01)[1]sBastercs Hambojiee IOJHOH, TaK Kak
YYUTBIBaCT MHOKECTBO (haKTOPOB (B TOM YHCIE (DaKTOPHI
BHEIIHEH Cpenbl), pealn3yeT pa3IndHble CICHApHH
pasBUTHSL  COOBITHI, y4YUTHIBACT  JIONIOJHUTEIbHBIC
XapaKTepUCTUKU  B3pbIBa  (HampUMep, IapaMeTpsl
najaromei BOJHBI, OTPAXXCHUS BOJHBI W Apyroe), a
TAKKE TIO3BOJIACT BBINNOJHUTL BEPOATHOCTHYIO OLICHKY
TIOBPEKIACHUA 3}18.HI/II>1 ¥ THOEJIN KUBBIX CYIIECTB.

JlaHHas MeToIMKa YYMTBIBa€T TaKUE IapaMeTphl Kak:
XapaKTepUCTHKAa TOPIOYET0  BEIIECTBA,  ArperaTtHoe
COCTOSIHHE TOPIOYETO BEIIECTBA, CPEAHSS KOHLEHTPALUs
TOPIOYEr0 BEHIECTBA B CMECH, CTEXHOMETpUYECKas
KOHIIEHTpalus, Macca TOpIOYero BEIIEeCTBA, YyAEIbHAs
TEIUIOTa CropaHust ¥ HHopMamus 00 OKpy’KaromeMm
mpoctpancTtBe. Meronuka PJ[ 03-409-01 rubkas wu
IpUMEHNMas AN I[IUPOKOro CIEKTpa CUTyaIlluH Ui
B3pPbIBA I'a30-BO3YIIHOW U TOIIMBHO-BO3JYIIHOM CMECH

(TBC), HO e€ HemocTaTKOM SBISETCS HW3HAYaIbHAS
HATPABJICHHOCTh HA MPUMCHCHHE B JIBYXMEPHBIX
MIPOCKITHSIX.

3. AnanTauusi MeTo/1a onpeaeaeHust
XapaKTePUCTHK B3PbIBa ra30-BO31yLIHOM
CMeCH LISl peLlieHHs 32/1a4 TPeXMEPHOro
MO/IeJINPOBAHUSA

TpexmepHOe MOJEIUPOBAHHE — 3TO IPOLECC CO3IAHUS
TPEeXMEpHOH MOJeNN O0OBEKTa, KOTOPHIA IO3BOJISAET
YBEJINYUTH IOHUMAaHHE peanbHbIx 00bekToB[4]. C Toukn
3peHus KapTorpaduu U MOJASTUPOBAHUS SIBICHUI, TaKUX
KaK B3pbIB ra30-BO3YIIHON CMeCH, TpexMepHast MOJENIb
TEPPUTOPUU  TIO3BOJIAET  JIUIY, [PHUHHUMAIOIIEMY
peneHne, ObIcTpee COPHEHTHPOBATHCS HA MECTHOCTH U
MOHATH MacmTabbl mpouciiecTBus. He cmoTps Ha
MIOJIOKUTEIBbHBINH 3()(PEKT 0T NPUMEHEHUS TPEXMEPHOTO
MOJENUPOBaHUsl B CHCT€MaX NOJAEPKKH MPUHATHS
pellleHH,  CYIIECTBYIOT  OTpPaHHYEHHUs,  KOTOpBIE
HEOOXOIMMO  y4ecTb  IpH  peayM3ali  3ajad
TPEXMEPHOTO MOJICIUPOBAHMS TIPOIECCOB U SIBICHHI.
OmHUM U3 TaKUX OTPaHWYCHHUH SBISIETCS HEOOXOIMMOCTD
MIPOU3BEACHUS PACUETOB Ha amlapaTHBIX CpeACcTBaxX
CHOCOOHBIX MPOM3BECTH MAaTeMAaTHIECKHE pacueTsl U 0e3
HCKa)XEHUI BU3yaJM3UPOBATH TPEXMEPHYIO MOJETHh H
pe3ynpTaT  pacuéTa B aJIeKBaTHBIX  BPEMEHHBIX
Juana3oHax.

OCHOBHBIM MOMEHTOM, BHOCSILIMM TPYAHOCTH Iepexoja
or gaByxmepHod mpoekmumu (X,Y) K TpeXMEpHO,

SIBJISIETCSl TIOSIBJICHUE TpEeThel KoopnuHatel Z. B ciyuae
MOJICIUPOBAHMS  B3pbIBAa  T'a30-BO3AYNIHOH  CMECHB
TPEXMEPHOM MIPOCTPAHCTBE HE00X0TUMO
npeoOpa3oBaHUE IUIOCKOW OKPYKHOCTH B TPEXMEPHYIO
cpepy (c Z-xoopmunHaroir). B cBamm ¢ TeMm, dUTO
TpexXMepHasi MOJIeNb O0BEKTa, Ha KOTOPOM IMPOUCXOIHUT
MOJICIMPOBAHKE  B3phIBA  Tra30-BO3AYIIHOW  CMECH,
CONICPKHUT OOBEKTHI KaPTHI, BBHIMOJHCHHBIC TaKXKE B
TpeXMepHOM mpocTpaHcTBe [3], TO Ui TOBBIIECHHS
TOYHOCTH peleHust 3amaun TPEXMEPHOTO
MOJICIUPOBAHMS, B PACUCTHYIO MOJCIb BKJIFOUCHO
BIHMSIHAC CTOPOHHUX OOBEKTOB HA paclpOCTpaHCHHE
B3pBIBHOW BONHBEL. C ydeTOM BBINICYKA3aHHBIX NPHYHUH,
metomguka PJ] 03-409-01 apmamTmpoBaHa CIIEAYIOMINM
obpazom.

HcxomuplMM  JaHHBIMM A1 PAcyeTHOW  MOJAEIH
OTIPEZICTICHUSI XapaKTEPUCTUK B3pPbIBA Ta30-BO3IYIIHON
CMECH SBIISIIOTCS CIIEAYIOIHE OKa3aTelH:
e  XapaKkTepHCTHKa roprouero Bemiectsa TBC;
arperaTtHoe coctostaue TBC;

CpemHsisl KOHIIEHTpAllMsl TOPIOYEro BEIIECTBA B
obmnake TBC C,;

CTEXHOMETpPUICCKas KOHIICHTPAIUs
BemiecTBa ¢ Bo3ayxom Ccr;

TOproYero

Macca roprovero BelecTsa B obiake M,
yJenbHasl TEIUIOTa CrOPaHUsi TOPIOYETro BELeCTBa ¢,

e uHboOpMaLHst 00 OKPYKarOLIEM IPOCTPAHCTBE.

[lepBpIM 3TamoM pacyeTa SIBISCTCS — ONPEACIICHHUE
s dextuBHOTO 3HEpro3amnaca TBCmo gpopmyre:

E= qur npu Cr < CCT (1)

5010%¢

E= qur CCT/CT npu Cr > CCT (2)

rane E- sboexrtusnbiii sueprozanac TBC (IIx); M,.-
Macca TOPIOYEro BEIIeCTBa, COJEPKAlIerocsi B oOnake
TBC (kr); q,- yaenpHas Teruiora cropanus rasa (Jx/kr);
C,- KOHIIEHTpAIMs roprodvero BemecTBa B obmake TBC
(KF/MS); CTEXHOMETpPUYCCKass  KOHICHTPALHUs
BEIIIECTBA B CMECH C BO3IYXOM (KF/MS).

Cer-

IIpm sTOoM, B pacuere mnapaMeTpoB B3pbIBa 00JaKa,

JeXalmlero  Ha  TIOBEPXHOCTH  3eMJIM,  BEJIHYMHA
3¢ exTUBHOTO YHEpro3anaca yaBanuBaeTCs.
ITocne NI0JIy4EHHUS 3HAYEHUs 3¢ eKTUBHOTO
sHepro3amnaca TBC HE00X0IUMO paccuuTarh
Oe3pazMepHOe JaBlICHUE U UMITYJIEC BOJHBI JaBICHUS !
P, = AP/P, 3)
— 2/3 1/3
ul = I,(R)*? E3/C,, 4
rne P,- OespasmepHoe paBieHue; AP- u30bITOYHOE

nasnenue (Ila);P,- armocdepHoe paBnenue (Ila);l-
umnynec BonHbl naBieHus (Ila'c);l,- ©Oe3pasmepHsIit

AnanTanys METoza ONpeAeIcHHs XapaKTePUCTHK B3phIBa ra30-BO3AYIIHON CMECH A PELICHUS 3a/1ad TPEXMEPHOTO MOJCIUPOBAHUS B CHCTEMaX
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uMITyJIbe ¢asel cxatus;C,- CKOPOCTh 3BYyKa B BO3IYyXeE
(m/c).

Hanee pacueTsl
HalpaBICHUSIM:

OCYHIECTBIIAIOTCA J(e] ABYM

e rnedumarpanus (HOpMaTbHOE TOPEHHE) — CKOPOCTh
nepen ¥ 3a ppoHTOM TO3BYKOBas;

o ACTOHAIUA — CKOPOCTh (l)pOHTa o razy mepea HUM
CBCPX3BYKOBas, a Mo3aaun — J03BYKOBasdl.

JleroHanuu, B CBOIO oOuYepenb, IOAPA3JCIACTCA Ha
JeToHanuio obnaka razosoit TBC, pacuer npouzBoauTcs
IO CIISAYIONIMM (HOpMYIIaM:

In(P,) = —1.124 — 1.66 In(R,.) + 0.26(In(R,))? (5)
In(l,) = —3.4217 — 0.898In(R,) — 0.0096(In(R,))2(6)

rae R,- Oe3pa3sMepHOE paccTOsIHAE OT IIGHTpa oOaka
TBC.

Bropoii ciryuaii, neronanuu obiaka rereporeHHoit TBC,
pacueT mpou3BOIUTCS 1O HOopMyTTaMm:

P, = 0.125/R, + 0.137/R2 + 0.023/R3  (7)

I, = 0.022/R, (8)

nin
P, =0.125/1+ 0.137/2% + 0.023/A° 9)
L, = 0.022/2 (10)

rae - mapaMeTpUYecKoe PacCTOsIHHUE.

B ciydae nedarpalliOHHOTO B3PBIBHOTO TPEBPAIICHHUS
obmaka TBC kx mapamerpam, BIHSIOIIAM Ha BEIUYUHBI
I/I36I)ITO‘IHOFO JaBJICHUS W HUMITYyJIbCa MOJ0KUTENBLHOM
¢baspl, J00ABISIOTCS CKOPOCTh  BHAMMOTO  (DpOHTA
wiamend (V) © CTeNneHb pACIIUPEHUS TMPOIAYKTOB
cropanus (). J{is ra30BbIX cMecel MpUHUMAeTCst o = 7,
Juisl reteporeHHsix o = 4. Jlus pacdera mapaMeTpoB
yAapHOW BOJHBI TOpU  JAeduarpalu TeTepOreHHbIX
00s1ak0B BenuuuHa 3(PPEKTUBHOTO dHEprosamaca cMecu
JIOMHOXaeTcs Ha Kodddurment (o — 1) /0.

Torma ©Oe3pa3mepHble naBineHne P u uMIynsc ¢assl
cxarus | OIIPEACIIAIOTCS IO COOTHOIICHUAM:
P, = (V;/C,)*((0 — 1)/0)(0.83/R, — 0.14/R7) (11)

L =./C)((c—1)/a)(1—0.4(c — 1)
V./aC,)(0.06/R, + 0.01/R% — 0.0025/R3) (12)
1€ 0- CTCIICHb pacmMpeHursa NpOAYKTOB CropaHus.

ITocne OIIpEACIICHUA 663pa3M€pHOFO pacCTosIHUA
H€O6XO,HI/IMO OIpPCACIINTL PACCTOAHUC R or HEeHTpa
B3pbIBa:

R = Ry(E/P)'?, (13)

rae R- paccrosinue ot nentpa oonaka TBC (m).
CoOTHOIIEHNSI TaKkKe MOTYT OBITh 3alHCaHbl C
(YHKIHAMHU apTyMeHTa A

R = (AE'/3)/100. (14)

Ipu npuasTeix B Metoauke PJT 03-409-01 nomymeHusix
MEXIy R, ¥ A CyIIeCTBYeT TpOCTast CBSI3b:

R, = 2/2.15 (15)

Ha ocHOBe paccunTaHHBIX XapaKTEPUCTHUK B3pHIBA ra3o-
BO3JYLIHOM CMECU M TPEXMEPHOW MOJIEIHU TEPPUTOPUH,
(opmHpyeTcsl CIUCOK TOYEK MOJENIM B3pbhIBa Ta30-
BO3AYIIHOM CMeCU B TPEXMEPHOM IpocTpaHcTBe. Pacuer
TOYEK MOJETH 30H MOpPaXEHUS MPOU3BOIAUTCA C
MOMOIIBIO ONpeAeNeHuss TOYKM Ha cdepe, pamuyc
KOTOPOH paBeH pacCTOSHUIO YJaJCHUs paclpoCTpaHEHUs
B3pPBIBHOM yapHOU BOJIHBI OT LIEHTPA B3phIBA:

X =RcosBcosp;y=RcosfOsing;z=Rsin6, (16)

rae —90° < 6 <90° 0 < ¢ < 360°
Ha pucynke 1 mpezncraBieHo, HariasmHOE OTOOpaKeHHE
yrII0B 6 U .

Puc. 1. Harasignoe orodpaskenue yrioB 0 u ¢

4. llpumep MoaeIMPOBAHUSA B3PbIBA ra3o-
BO31YIIHOM CMeCH HA OCHOBE
aJanTUPOBAHHON METOAMKH

Bo BpeMmst MpOrpaMMHOTO MOJIEIMPOBAHUS B3PhIBA Ta30-
BO3JyIIIHOW CMECH B TPEXMEPHOM IPOCTPAHCTBE
MPOBEPSIETCS, BCTPEYAET JIM B3PhIBHAS yJapHas BOJIHA HA
CBOGM  INyTH  MPEISTCTBUS, €Clii  pe3yJsbTar
MOJIOKUTEJIBHBIN, TO MpOrpamMMa OmpejeNseT OOBEeKT
CTaBIIMI  NOPENSATCTBHEM, W  YMEHBIIACT paanyc
MOpaXeHUsI B paccMaTpUBaeMoOM HarpapieHuH. Takxke B
npolecce CO3JaHusl MOJENH B3pbIBa Tra30-BO3IYILIHOW
CMECH, TOYKH MOJIENIM 30H TIIOPaXEHHs, HMEIOLIHe
OKOHYATEJILHOEC 3HAYCHUE PACCTOSHHSA, JOOaBISIOTCS B
o0mmMii MaccWB TOYEK (CIUCOK), HA OCHOBE KOTOPOTO
dhopMupyercst TpexMepHas Mojaeib (cdepa) B3phiBa razo-
BO3JLyIIIHOW CMECH C YYETOM BCTPEYAIOUIUXCS OOBEKTOB,
PACIIOJIOKEHHBIX ~HAa  TEPPUTOPUU  MOJCIUPOBAHHUS
(pucyHOK 2).

Bcepoccuiickas koHdepentms "MHpOpMAIMOHHEIE TEXHOIOTHN HHTEIUICKTYaIBHOH TTOAIEPKKH MPUHATHS pemennii”,16-19 mas, Yda, Poccus, 2017
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Puc. 2. Ilpumep Moe1upoBaHus B3pbIBa ra3o-
BO3YIIHOI cMecH

4. 3akaoueHue

AZIlanTUPOBAaHHBIM METOJ OINPENEIICHUS XapaKTEPUCTHUK
B3pBIBa Ta30-BO3MYLIHOM CMECH A peIleHHs 3agad
TPEXMEPHOTO MOJEIUPOBAHKS TO3BOJII ONpPENCITUTh
Croco®d TMOCTPOEHHWS B TPEXMEPHOM IIPOCTPAHCTBE
MOJENH B3pbIBa TIa30-BO3AYIIHOH CMECH C Y4eTOM
rapaMeTpoB BHEIIHEH cpenbl (IOTrOXHBIE  YCIIOBHS,
HaIM4YME TIPENMATCTBHM Ha TMyTH paclpoCTpaHEHUS
B3pHIBA).
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YacTHYHO TMoOJjiepXaHbl rpaHTom 15-08-01758 — A
«MeTOoI0IOTHYeCKre U METOIMYECKHEe OCHOBBI aHAIH3a
TEXHOTCHHOI 6€3011aCHOCTH B YCIIOBHSX
HEOMPEIEICHHOCTH COCTOSHUS OOBEKTOB YIIPABICHHUSY.
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Abstract

A methodological approach to the evaluation of the
communication networks equipment conformity to
the information security requirements has been
developed on the basis of ISO 15408 procedures.
The results of the group synthesis of Security
Functional Requirements to communication
systems have been presented. It is substantiated that
the results of the group synthesis can provide the
foundation for the potential set of Protection
Profiles related to the communication networks
equipment. A conceptual model for the certification
testing of communication systems equipment has
been developed according to the information
security requirements. It is demonstrated that the
proposed models ensure determinancy of the
certification  testing, and repeatability and
reproducibility of audits. The issues of minimizing
time required for certification testing of the
communication networks equipment have been
examined.

1. Introduction

The growth in information security threats related to the
vulnerabilities in  communication networks (CN)
equipment software determines the need for improving
the quality of the CN equipment conformity evaluation,
including information security. It should be noted that by
the time the requirements for the said equipment have not
been clearly specified [1]. For example, according to the

Proceedings of the 5™ All-Russian Conference
"Information Technologies for Intelligent Decision
Making Support™, May 16 - 19, Ufa, Russia, 2017

industry standards of OJSC FGC UES2, which set
requirements  for  high-frequency  communications
through power lines, this equipment must comply with
the evaluation assurance level, EAL, 4 under GOST R
ISO/IEC 15408 [2, 3], however sets of security functional
requirements (SFR) have not been set. Thus, it is highly
relevant now to provide the methodological support for
the analysis and synthesis of SFR sets to the CN
equipment as well as evaluate the CN equipment
conformity to these requirements is. This paper presents
methods which can be used by experts in testing
laboratories while evaluating the CN equipment
conformity to the information security requirements.

2. Setting Information Security
Requirements

Considering the specificities of the national certification
system associated with the wuse of ISO 15408
metastandard the decision has been made within the
framework of this paper to use the Common Criteria for
establishing sets of SFRs to the CN equipment [4, 5, 6,
7]. The following environment security aspects are
described together with the specification of the CN
equipment environment security:

e  Security propositions with the security aspects
of the environment where the CN equipment

will be or expected to be used;

e Information security threats, including all threats
to assets which are to be protected by the CN

equipment or its environment;

2 STO-56947007-33.060.40.177-2014. Technical
requirements to the equipment of high frequency
communication through power lines.

5th All-Russian Conference "Information Technologies for Intelligent Decision Making Support”, May 16 - 19, Ufa, Russia, 2017
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Enterprise’s  security  policy  with  the
identification and, if applicable, clarification of
all the items provided in the enterprise’s security
policy or rules applying to the CN equipment.

Security objectives reflect the intention to counter all the
identified threats to the information security and to cover
all the security propositions and the enterprise’s security
policy. When specifying security requirements to the CN
equipment it is necessary to set SFR (for example,
requirements to identification/authentication or access
control) and assurance requirements which shall be met
by the CN equipment and its development process. Sets
of SFRs and assurance requirements shall be selected
from requirements catalogues provided in parts 2 and 3 of
the Common Criteria standard [8]. In order to meet the
identified sets of SFRs and assurance requirements, the
lists of security functions of the CN equipment and
measures for its development are prepared. All the
identified sets (aspects of security environment,
objectives, requirements, and measures) should be
mutually consistent — this information and necessary
clarifications are generally provided in the security target.

Table 1. Security functional requirements to the
communication system equipment

NOtatio%i%% 150 Description acc. to ISO 15408

FAU_GEN.1 Audit data generation

FAU_SAR.1 Audit review

FDP_ACC.1 Limited access control

FDP_ACF.1 Access control based on security
attributes

FIA_ALF.1 Authentication failures processing

FIA_ATD.1 User attributes determination

FIA_SOS.1 Secrets verification

FIA_UAU.2 Authentication before any user actions

FIA_UAU.6 Re-authentication

FIA_UID.2 Identification before any user actions

FMT_MOF.1 Control  over security functions
execution mode

FMT_MTD.1 Control over security functions data of
the CN equipment

FMT_SMF.1 Control function specification

FMT_SMR.1 Security roles

FMT_MSA.1 Security attributes control

FMT_MSA.3 Static attributes initialization

FPT_STM.1 Reliable time marks

FPT_TST.1 Self-tests of the CN equipment
security functions

The analysis performed within the framework of this
study allowed us to establish a set of SFRs which are
reasonable to apply to the CN equipment (Table 1).

3. Protection System Model for
Communication Networks Equipment

The protection system (PS) model for the CN equipment
has been developed on the basis of Common Criteria
principles. We will treat the protection system model for
the CN equipment as a set of targets of evaluation (TOE)
{TOE,, TOE,,..TOE,}, where w € N is an amount of
targets of evaluation.

Every target of evaluation TOE; has a set of security
functions {SF{, SF}, ..., SF{ }, where k; is a number of
security functions of the target of evaluation TOE;,
i =1,2,...,w. The security function means a part or parts
of the CN equipment (TOE) used to follow a subset of
interconnected security policy rules. Examples of the
security functions include access control functions,
memory clearing functions, events logging, and
identification and authentication functions. We denote a
set of security functions TOE; as TSF;, i =1,2,...,w.
Each set of security functions TSF; is interconnected with
many interfaces to the security function of the CN
equipment ITSF; = {IF},IF}, .., IF.}, where z is a
number of interfaces to the security functions TOE; (for
example, graphic interface or external network interface).
Interfaces can be assigned to the security functions either
at a physical (or example, external network interface), or
logical level (for example, command level interface).
Each interface IFi € ITSF; is aligned with a set of
V(IF}) values which it can receive at the input of any
external subject or target.

Since the security functions of the CN equipment and
interfaces to them are unique, then a set of SSF =
{SFl:j=12..k, i=12,..,w} and  ISSF =
{IF?:f =12,..,25,9 = 1,2,..,w} does not contain
regular elements and, therefore, sets of security functions
of the CN equipment and interfaces to them can be
represented as a set of SSF = {SF,,SF,,...,SE,} and
ISSF = {IF,,IF,, ..., IF,} respectively, where m = k; +
k,+-+k, b=z +2z,+ -+ 2z,. Thus, a conceptual
model for the CN equipment PS can be described as a
tuple (SSF, ISSF).

4. Certification Testing Model

The certification testing of the CN equipment the PS of
which is described as a tuple (SSF, ISSF) is performed to
detect whether it conforms to the set of
SSR = {SR;,SR,, ... SR} information security
requirements which are specified in the notation of ISO
15408, where n € N is a number of requirements. In the
certification testing, functional testing is performed
during the evaluator’s activity ATE IND.2.2E. The
evaluator’s steps during this activity are shown below:

Methodological issues related to the evaluation of the communication networks equipment conformity to the information security requirements
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Evaluation step ATE_IND.2-4: the evaluator shall
determine a tested subset of the CN equipment
security functions;

Evaluation step ATE_IND.2-5:; the evaluator shall
develop testing documents for a tested subset of the
security functions, which details are sufficient for
testing reproducibility;

Evaluation step ATE_IND.2-6: the evaluator shall
conduct testing;

Evaluation step ATE_IND.2-7: the evaluator shall
record necessary information on tests which
constitute a subset of tests;

Evaluation step ATE_IND.2-8: the evaluator shall
make sure whether all actual testing results conform
to the expected results.

The functional testing of the CN equipment PS is
provided for a set of SSF; during the evaluation step
ATE_IND.2-4 a testing laboratory expert shall identify a
set of SSF.

A set of tests ST = {st;, st,, ..., st,,} is performed for
testing (evaluation step ATE_IND.2-5) where st; is
intended to check whether SR; [9] is met. Each test
st; € ST is described as:

A sequence of actions;

A set of interfaces to security functions S(st;) =
{si s}, ..., sk} S ISSF (c; is a number of interfaces
used during st; testing) used during testing;

Set of values transferred to interfaces during testing
P; = {(hbhz; ---,hci)} = V(S{) X V(sé) X X
v(sé):

e  Expected results (approval criterion).

The sequence of actions determines a set of steps
performed by the expert of the testing laboratory to reset
the CN equipment PS for testing and generation of the
input sequence transferred to the CN equipment input
(evaluation step ATE_IND.2-6). Testing results are
recorded with the use of different testing software
(evaluation step ATE_IND.2-7). Approval criterion
should contain model results of testing. During testing of
each tuple of B; set, a necessary sequence of actions is
performed, actual results are compared with expected
ones (evaluation step ATE_IND.2-8). Based on the
comparison results a decision on successful or failed test
is made.

Let us introduce the following definitions.

Definition 1. We define the logical function Fgp: ST —
{0,1} as a predicate for successful testing st; € ST

For(st;) = {

1, V(hy, hy, ..., he,) € B test st; is successful;

0, otherwise.

Definition 2. We define the matrix R = (r; ;) € {0,1}™™
as a matrix for security requirements covered by the CN
equipment security functions:

1, SR; is covered by the security fucntion SF;;
ri,j =
0, otherwise.

Definition 3. We define the logical function Fz: SSR —
{0,1} as a predicate for reporting SR; € SSR requirement
fulfilment for the CN equipment;

m

Fr(SR;) = \/ Tijo

j=1

When analyzing the reports on requirements fulfilment,
the testing laboratory expert should examine documents
on the CN equipment submitted for testing to check
whether they contain appropriate logical substantiation of
that a set of security functions SSF is suitable for meeting
each security requirement SR;.

Thus, the conceptual module for the CN equipment
certification testing is characterized by a tuple
(SSF, ISSF, SSR, ST, Fg, Fsr).  The  CN  equipment
certification testing is described below.

1. At the stage of source data analysis the source
information on the certification target is collected.
The documents on the CN equipment, provided by the
designer for certification, are examined together with
the requirements of regulatory and guidance
documents. The logical and physical structure of the
CN equipment is analyzed to define the information
protection  subsystem, security functions and
interfaces to security functions. As a result, experts
develop a model for the CN equipment PS, which is
described by a tuple (SSF,ISSF), and a set of tested
security functions (evaluation step ATE_IND.2-4).

. When constructing a matrix for security requirements
covering, the laboratory experts analyze the CN
equipment PS and establish a link between the
security requirements and the functions, which
ensure the fulfillment of such requirements. As a
result, the matrix R = (r; ;) € {0,1}™™ is buiilt.

. The documents on the CN equipment PS are analyzed
and it is checked whether such documents specify a
fact of fulfilling any security requirement. As a result,
a tuple of values of the predicate for fulfilling
requirements (Fr(SR,), ..., Fr(SR,,)) is built.

. Based on the model for the CN equipment PS, the
laboratory experts develop a set of tests which will be
used during certification testing (evaluation step
ATE_IND.2-5).

. During testing the experts use developed testing
procedures to make an effect on the identified
interfaces to the CN equipment security functions to
receive response (evaluation step ATE_IND.2-6).
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6. The expert shall record the following information in
the report (step ATE_IND.2-7):

Identification information on the fulfillment of
the tested security functions;

Instructions on connection and setting of all
necessary testing equipment, as required for a
certain test;

Instructions on establishing all
conditions for testing;

preliminary

Instructions on activating security functions;

Instructions on supervising security functions
fulfillment;

Description of all the expected results and
necessary analysis with respect to the supervised
fulfillment procedure to compare with expected
results;

e Instructions on testing completion.

e Actual testing results.

The laboratory expert compares actual testing results with
reference values specified in the testing procedure
(evaluation step ATE_IND.2-8). As a result, a tuple of

values of the successful testing predicate
(Fgr(sty), ..., Fsr(st,,)) is built.
7. Analysis of the testing results includes the overview

of the testing results by laboratory experts and group
managers. As to the CN equipment, the conformity to
a set of SSRs is declared, if Vi € {1, ...,n} Fr(SR;) =
1, Fer(st) = 1.

. Following the certification testing results a technical
statement on the evaluation and engineering opinion
with a decision on the CN equipment
conformity/inconformity to the set requirements are
prepared.

5. Minimizing Time for Certification Testing

We will evaluate the time for certification testing
according to the model developed. In general, it can be
shown that the time for certification testing increases
exponentially depending on the number of interfaces to
security functions of the CN equipment. It is necessary to
perform certification testing of the CN equipment (PS
whereof is described by the tuple (SSF,ISSF)) for
compliance with a set of SSR = {SR,,SR,,...SR,}
information security requirements using a set of tests
ST = {st,, st,, ..., St} (test st; is designed for checking
whether the requirements SR; are fulfilled), i € N is a
number of requirements. When testing each tuple of the

set Bi = {(ha, hyy o he))} = V(si) x V(sh) X ...
V(séi) necessary sequence of actions is performed, where
S(st;) = {si,s},..,sL} S ISSF (c; is a number of
interfaces used for the test st;).

The testing time can be estimated as follows:

n n

Dtiml= )

i=1 i=1
~n-t-MS

AS _
I =
i=1

G n
| V)l <) oo my
j=1

where n is a number of tests, t; is testing time st; for one
set of input data, c; is a number of interfaces to security

functions used for performing the test st;, M;=
max(|V(sp)], [V(s2)l, - [V (se)]). M =
max(M,, M,, ... M), ¢ = max(cy, Cy, ... Cp), t=

max(ty, ty, ... t,).

The testing time can be reduced primarily by decreasing
the power of the checked set of values, transferred to
interfaces to security functions during testing (random
control) [9]. We will list key methods for random control
used today when testing software which can be
considered reasonable for the CN equipment certification
testing.

1. Testing with the use of random values of input data.
Values of the components x; of the input tuple
X = (x4, x5, ..., xg) are generated at random within the
tolerance range D,fi. Testing is completed, once an

acceptable value space is covered.

. Testing with breaking down the tolerance range into
equivalent subsets. Tolerance ranges D,’ji of the input

tuple are broken down into subsets D,fij, values of
which are considered equivalent in the context of
functional features of the tested software. When

testing, one component of the subset D,fij is

transferred to the software input as a component of
the tuple.

. Testing thresholds. When using this method,
thresholds of the tolerance region ch’i of the input
tuple are tested firstly.

. Testing on the basis of risk analysis. Most critical
functions or requirements are tested. Prioritization is
performed with the use of risks analysis tool.

. Testing on the basis of covering sets. When using
covering sets of the depth t input tuples which cover
all possible values of subtuples from t components are
generated.

It should be noted that methods 2-3 are more oriented at
software testing, and random testing can successfully be
used both for software and certification [10]. Risk
analysis based testing is studied in details by Russian and
foreign scientists, however, necessary repeatability and
reproducibility of the CN equipment certification restricts
random selection. Considering these features it is
reasonable to use covering sets to minimize time for
testing. The covering set of the h depth for st; € ST test
will be matrix [9, 11, 12] consisting of ¢; columns with j-

column including values out of the V(scjj) set values

transferred to the interface during testing, and any
combination of possible values of h factors is present at
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least in one line. In general, h-factor testing of n input
data taking v values will require the number of tests in
proportion to v* -logn. It should be noted that plotting
covering sets is NP-difficult task. For example, h = 2
(two-factor testing) based on known estimates of the
minimum covering sets size, the following estimate of the
tuple power of B; € V(si) x V(si) X .. x V(sZ,) values
received at the input by interfaces to security functions,
which are used for testing, can be calculated:

8| ~ M;* - logc,

where ¢; is a number of interfaces to security functions
used during testing st;,
M; = max(|V(s{)|, |V(s§)|, |V(scli)|), {s{,sé, ...,séi} is
a set of interfaces to security functions used for testing.

Then, the testing time can be estimated as follows:

n

T zZti-Miz-logci ~n-t-M?-logc,

i=1
where n is a number of tests, t; is time for the test st; for
one input data set, c; is a number of interfaces to security
functions used during testing st;,
M; = max(|V(s{)|, |V(s§)|, |V(scli)|), {s{,sé, ...,séi} is
a set of interfaces to security functions used during
testing, M = max(M,, M5, ... M,,), ¢ = max(cy, Cy, ... C),
t = max(ty, ty, ... ty).

It should be noted that the use of covering sets can reduce
the testing time, as the size of the covering set increases
logarithmically depending on the number of interfaces to
security functions. Thus, repeatability and reproducibility
of testing is ensured [11, 13].

6. Conclusions
The following main testing results have been obtained.

1. Synthesis of the FSRs set which can be used for
establishing information security requirements for the
CN equipment, for example, within the framework of
testing, has been performed. A FSR set has been built
with regard to the latest regulatory base profiles
related to the methods of ISO 15408 metastandard.
The synthesized FSR set can be used as a basis for the

CN equipment protection profiles.

A PS model and certification testing model for the
CN equipment developed with regard to 1SO 15408
metastandard, which ensure the determinancy of
testing and repeatability and reproducibility, have
been proposed.

The issues of minimizing time for certification testing
have been examined. It has been assumed that the
testing time can be reduced by the use of covering
testing sets, with repeatability and reproducibility
ensured.
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Abstract

The article describes the results of the study into
current tendencies in some foreign systems of
evaluating compliance of IT-products with
information safety requirements, which is based on
the Common Criteria methodology. It forecasts
changes in certification systems, which adhere to
the Common Criteria methodology. These forecasts
may be interesting to the Russian specialists in
certification of information security tools and
information security standardization.

1. Introduction

In the last few years, the ISO/IEC 15408 based regulatory
and methodological approach, which is known as a
Common Criteria (CC) methodology, has gained
popularity in the technical control of the information
security industry in Russia [1-6]. The development of
over ten packages of laws and regulations, some of which
have been tested in the process of information security
tools (IST) certification, have been initiated in Russia in
that respect [7, 8].

However, the CC methodology was generated back in the
mid-1990s of the past century [9, 10], and the
international community is planning to make
fundamental changes in CC this year [11]. This work is
devoted to analysis of international tendencies related to
fundamental changes in CC.

Proceedings of the 5™ All-Russian Conference
"Information Technologies for Intelligent Decision
Making Support™, May 16 - 19, Ufa, Russia, 2017

2. Common Criteria Basis

The CC methodology is used to set information security
requirements for various information technology products
(IT-products) and evaluate their compliance. There are
two segments of CC-related regulatory documents:

Common Criteria working documents (Common

Criteria for Information Technology Security
Evaluation, CC) and Common Evaluation
Methodology (Common Methodology  for

Information Technology Security Evaluation, CEM)
developed by the participants of Common Criteria
Recognition Arrangement, CCRA,;

Series of international standards, mainly, these are
ISO/IEC 15408 and ISO/IEC 18045 standards,
developed and supported by the Technical
Committee (TC) for Standardization ISO/IEC JTC
1/SC 27 (IT Security Techniques).

Traditionally, the first segment of the working documents
is more dynamic in comparison with the standards that
reflect one of the versions of the working documents.

Although Russia is not a CCRA member, the Russian
Technical Commission 362 (Information Security)
harmonizes and uses international standards in IST
certification. It should be reminded that the Russian
regulatory base interprets an IT-product, with claimed
information security mechanisms, as IST.

IST certification with respect to the CC methodology has
certain specifics, for instance:

e Tests are held for compliance with the Security
Target (ST) document, which is rigidly structured
and includes two classes of requirements: security
functional requirements (SFR) and assurance

measures - security assurance requirements (SAR);
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Security targets can be developed using standard sets
of requirements — Protection Profiles (PP), which
specify SFR (reflect a certain class of IST) and SAR
(reflect the assurance level of the lifecycle of IST of
this class — set as an evaluation assurance level
ranging from 1 to 7).

3. Certification Problems with respect to
Common Criteria

In 2016 the Technical Committee ISO/IEC JTC 1/SC 27
jointly with the CCRA participants proceeded to creating
fundamentally new versions of CC and CEM documents,
and relevant international standards. Aside from the
dynamic nature of the information security industry, that
was basically inspired by the initiatives of certain foreign
national certification systems (CCRA participants),
which are related to making significant changes in the
operating procedures on evaluating conformance of the
IT-items to the information security requirements.
According to the latest conferences on the topic [11, 12],
we can identify the following targets of the proposed
fundamental changes:

Ensuring test repeatability and reproducibility;

Enhancing the efficiency of the conformance
evaluation;

Ensuring uniform nature of the assurance measures;

e Increasing awareness of the interested parties.

4. Ensuring Test Repeatability and
Reproducibility

Since 2015 the international community has been
working on changing the CC methodology to cut down
the time on certification testing, ensuring repeatability
and reproducibility of the results. This is caused by the
fact that the experience of certain foreign certification
systems showed inefficiency of the use of evaluation
assurance levels (EAL), and certification for compliance
with the security target, which do not claim compliance
with any of the available (approved) protection profiles,
for instance:

e Certification for the most widely-spread EALs (3
and 4) takes on average from a year and a half to two
years, which is unacceptable due to the dynamic

nature of the IT-technologies;

Certification according to ST requirements, which do
not claim compliance with any of the approved PP,
requires the testing laboratories to develop unique
test procedures for the cases where various
laboratories can obtain different results.

To solve the above problems, certain foreign certification
systems, at the initiative of the USA, suggested the
solution consisting in certification of IT products only for
compliance with the so-called Collaborative Protection
Profile and abandonment of 1T-product certification for
compliance with ST, which do not claim any compliance

with any of the approved PP. Let us state the main
specifics of the Collaborative PP:

e Abandonment of the “evaluation assurance level”
concept with significantly more lenient assurance

requirements;

Ban on supplementing/ strengthening the list of

safety requirements that are specified in the
Collaborative PP;
e Creating standard test procedures for every

Collaborative PP.

Despite the fact that the new version of the CCRA
Agreement allows the use of assurance level up to EAL
4, all the Collaborative PPs that have been created to date
use requirements that do not exceed the requirements of
the lowest evaluation assurance level — EAL 1, i.e.:
requirements for ST (ASE), independent compliance

testing (ATE_IND.1), vulnerability review
(AVA_VAN.1), basic ~ functional  specification
(ADV_FSP.1), operations manual (AGD_OPE.1),

preparatory procedures (AGD_PRE.1l), OO marking
(ALC_CMC.1) and coverage of the OO configuration
management system (ALC_CMS.1).

It should be noted that the new approach is not used
universally, because no Collaborative PP has been
developed for all critical technologies from the point of
view of the information security, and there are areas that
require enhanced assurance to the certified IT-products.

To solve the last of the above problems, some of
European countries suggest 2 parallel CC certifications,
with issuance of 2 separate -certificates, i.e.: for
compliance with the requirements of Collaborative PP
and for compliance with a single ST, which would
contain additional requirements [11]. The second
certification is going to be carried out within the

framework of SOG-IS MRA (European Mutual
Recognition Agreement of IT Security Evaluation
Certificates of Senior Officials Group Information
Systems Security).

5. Enhancing the Efficiency of the
Conformance Evaluation

The main information security factor for modern
information systems are vulnerabilities, therefore

enhancing the efficiency of tests to identify defects and
vulnerabilities is a burning issue now [13, 14].

Unfortunately, the latest versions of CC documents have
less stringent requirements for vulnerability identification
methods, which raises concerns of the international
community [15].

For instance, the latest Collaborative PP suggests that the
analysis of vulnerabilities should only be performed by
the testing laboratories and exclusively based on the
study of the open information sources. Moreover, it
considers only the wvulnerabilities of the safety
architecture, and there are no requirements for the use of
static or dynamic analysis of the source texts etc.
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Moreover, the list of the assurance requirements specified
by the CC methodology contains almost no requirements
related to the life cycle of so-called safe software, i.e.
software with the minimum number of employed
vulnerabilities.

Let us note the main propositions expressed by the
foreign specialists at the relevant conferences:

1. Expansion of the current SAR list, which performance
ensures that the developer designs IT products with a
minimum number of the used vulnerabilities and
generates the environment that ensures quick
elimination of the vulnerabilities identified during the
use of the certified products [16, 17]. Let us note that
such approach has been taken into account during
development of the national standard GOST R
“Information Protection. Secure Software
Development. General Requirements” [18-20].

Specification of actions of the testing laboratories
during analysis of wvulnerabilities to increase its
efficiency and determinacy, as in:

Using special tools for identifying a wide range
of vulnerabilities [21, 22];

Identifying minimum list of analysed open bases
and security bulletins [23];

Identifying the list of penetration testing tools
[24].

6. Ensuring Uniform Nature of Assurance
Measures

As for the assurance requirements, the foreign specialists
note that the assurance requirements are set for a specific
version of the IT-product, not the processes implemented
by the developer of the IT-product (within the framework
of the management system).

Therefore, the certification leads to hardly any
improvements in the processes of the development
lifecycle.

The proposition as such consists in specification of the
assurance requirement wording to focus them only on the
developer’s processes, rather than the measures used to
develop a specific IT-product submitted for certification.
Such approach, for instance, will allow significantly
cutting down expenses of the developers of the
upgradable and multi-version items.

7. Increasing Awareness of the Interested
Parties

The last group of propositions expressed by the
international specialists in IT-product certification is
aimed at enhanced support for the end users of certified
products, and consists in:

e The certification systems should publish more
detailed technical reports: end users (system
integrators) should understand what has been tested

and the scope of the test;

The developer, testing laboratory and certification
body should jointly develop a certified IT-product
installation and use guide containing detailed
descriptions of the work with certified security
functions.

8. Conclusions

The following conclusions can be made on the analysis of
the CC documents:

1. Despite the initiative on abandoning evaluation
assurance levels new versions of the documents shall
still have evaluation assurance levels system for
cases, where high assurance requirements are laid to

the product.

. The security functional requirements list will be
supplemented with up-to-date requirements related to
new security mechanisms (for instance, virtualization
environment and cloud computations).

. Measures aimed at developing safe software are going
to be integrated in evaluation assurance levels to
minimize vulnerabilities and to unify the specified
measures.

. The evaluator’s actions (experts of the testing
laboratories) will be updated with instructions on
analysis of vulnerabilities in certified 1T-products.

. Any actions aimed to keep the end users informed
will be appreciated, for instance, publishing by
certification systems of detailed technical reports on
evaluation and guides on safe setting up of certified
IT-products.

These conclusions can be useful for generation and
upgrading regulatory and methodological bases of the
mandatory IST certification systems in our country and
throughout the Eurasian Economic Union.
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1
AHHOTAUA

B cratbe ommcaHBl apxXWTEKTypa W (QYHKIUH

pa3paboTaHHO NIPOTrpaMMHOMN CUCTEMBI,

NpefHa3sHAYeHHOH JUIS TOAJECPKKA  HPUHATHS
pelieHuil B mpolecce MPOU3BOACTBA IO AelaM 00

AIMHUHUCTPATUBHBIX IMpaBOHAPYIICHUAX.
Hcmnons3oBana MaTeMaTHIecKas MO/IETTh
NONJEPKKH IPUHATHA PELICHUNA Ha OCHOBE
texnomorun  Case-based  reasoning  ToOHCKa
OIMCAHUs. TIPEIEEeHTOB (IIATTEPHOB) pEIICHUSL
AQHANIOTMYHBIX ~ 3a7a4 B 0a3ax  3HaHWL.
Paspaboranuas cucTeMa obecrieunBaeT

aBTOMATH3anMI0 cOOpa, TUIAHWPOBAHUS M aHAJIN3a
uHpOpManMK,  HCHOJB3YyeMOM B Iporecce
MPOM3BOJICTBA IO JAelTaM 00 aJIMHHUCTPAaTHBHBIX
MIPaBOHAPYIIICHUAX.

1. BBenenue

B Hacrosmiee Bpems IPOCIEKHUBACTCS TEHICHLMS
€XKEroIHOT0 YBEJIMUYEHUS YUCIa IPaBOHapyuieHuil B PO.
Ilo craructuke, npenocTaBlIeHHOW MUHUCTEPCTBOM
IOCTULIUY, KaXIbId IOJ B HAUIEl CTpaHE COBEPUIAKOTCS
6osee 12 THICAY aJIMUHUCTPATUBHBIX
npaBoHapyirenuii [1]. MMeHHo mnostomy mpobnema
MIPaBOHAPYUIEHUH M OTBETCTBEHHOCTH 332 HUX SIBISETCA
ocTpoii TpoOJIEeMOH Ha JaHHBII MOMEHT, Kak B
IOPUINYECKOM HayKe, TaK U B IOPUIMUYECKON IIPAKTHUKE.

IMpousBoxcTBO mO jeaM 00  aJIMHHUCTPATHUBHBIX
IIPaBOHAPYIICHUAX TPEACTaBIIET COOOW OAMH M3 BHJIOB
aJMUHUCTPATUBHO-IOPUCAUKIIMOHHOTO  IIPOU3BOJICTBA.
3agayaMu 3TOro MPOU3BOCTBA SABJISIOTCS BCECTOPOHHEE,
MOJTHOe, OOBEKTHBHOE M CBOEBPEMEHHOE BBIICHEHHE
OOCTOSITENILCTB  KaXJOTO JieNa, pa3pelicHue €ro B
COOTBETCTBHUM C 3aKOHOM, OOECIEYECHHE HCIOIHEHHUS
BBIHECCHHOI'O IIOCTAHOBJICHMS, a TAaKXKe BbIBICHUC
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NPUYUH ¥ YCJIOBHH, CIOCOOCTBOBABIIMX COBEPLICHUIO
aIMHHICTPATHBHBIX PaBOHAPYICHU [2].

Kpome Toro, mpu aiMHHHCTPATHBHOM TMPOH3BOICTBE
ONPEIIEIAIOTCS ~ MOPSAOK  PacCMOTpeHHs jgel o0
aMUHUCTPATHBHBIX [PaBOHAPYIICHUSIX, "
HOITOTOBHUTENBHBIX Mep, IPOLEAypa OINPOTECTOBAHMSI
HOCTAHOBJICHHH 110 aIMUHUCTPATHBHBIM [EJaM, a TaKkkKe
HOPSIIOK HCIIONHEHHSI MOCTAHOBICHHH O HAJOKECHHUU
aJIMHHHUCTPATHBHBIX B3bICKaHHH [3].

2. [locTanoBKka 3aaa4u

HpI/I BECICHUU AIMUHUCTPATUBHOTO IIpoOU3BOACTBA
YIOJIHOMOYCHHBIC Opraxsl, BBIIIOJIHAKOIIINEC CBOHU
00s13aHHOCTH B obnacTu yuera nen o

AIMUHUCTPATUBHBIM IIPABOHAPYUICHUAM, CTAJKHUBAIOTCHA
¢ psioM mpobiieM TakuX, Kak [4]:

o TPYAHOCTH, BO3HHKAKOMINUEC OTCJIC)KUBAaHUNU

IPOLECCYyaIbHBIX CPOKOB,

pu

®  BBICOKAs HArpy3Ka Ha CIEHHUAIHUCTOB, CBS3aHHAS C
0OJIBIINM 00BEMOM IET,

®  IIPUHATHE peleHuni o Jienam 00
aJMUHHUCTPATUBHBIX IIPABOHAPYIUEHUSIX HAa OCHOBE
OIIbITA JIULA, KOTOPOE IIPUHUMAET JaHHOE PEIICHUE,

e OTCyTCTBHE eIWHON 0a3bl MO JefaM Jake B paMKax
OJIHOW OpraHu3aIuy;

e (dopMupoBaHre  MEPBUYHOM
«PYUIHOMY PEKUME.

JOKyMEHTalun B

Jns  pemeHus  nmpobieM, — BO3HMKAIOIIUX  IpH
aJIMUHHCTPATUBHOM IIPOM3BOJCTBE, OBbLIa IOCTABIECHA
3aja4a CO3JIaHus ABTOMAaTH3UPOBaHHON
nHpOpMaMOHHON cHCTEMBI I ydera Jel 10
a/IMUHUCTPATUBHBIM IIPAaBOHAPYIICHHSIM.

PaszpabarsiBaemMas ~ cuctemMa — NpeJHAa3HAue€Ha Ui

BBITIOJTHEHUA CICAYIOMUX 3a1a4:

e  aBTOMAaTW3alldd ydyeTa Je] 10 aJMUHUCTPATUBHBIM
NIPaBOHAPYLLIEHUSM;
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HCKITIOYEHHE TPOIECCYIBHBIX HAPYIICHHH;

®  yMEHBIICHHE BpEeMEHH (OPMHUPOBAHUS TOKYMEHTOB,

HCO6XOHI/IMBIX JJIsA AIMUHHUCTPATUBHOT'O
COKpAIIICHHE HAarpy3Kd Ha CHEHAINCTOB, KOTOPHIC
TIPOU3BOJICTBA.
BEAYT aAMUHHUCTPATUBHOC ITPOU3BOACTBO,
e  yBeIMYEHHE TOYHOCTH PEIICHHUU, TPUHUMAEMBIX IO
JenaM 00 aMUHUCTPATUBHBIX PABOHAPYILICHUAX
—— —  YNPEBJICHHE
<> - jannne
[Momencrema Cnpasonasg
VIPHEITEHHA OICHCTEM
hattner Moncnerema [Momenerema pabors ¢
(pRIRTpELEE 1 P
D30 TAHHBIX
IACER TN
[MoncweTema (hopampoRaHIg <
JOEYMCHTOR bia <——
TTEHHBIN
[TosieneTema KOHTPOOE HPHISCCYaLHRIY
CPOKIE
- - [MomencTema
[Momencrema RSAMMOUIEHCTRUA ¢ CaifTonm RISV AT
BRICIIEN APOHTPE#HOIT OV

Puc. 1. CTpyKkTypHas cxeMa CUCTeMbl

3. ApXUTeKTypa CHCTeMbI

PazpaboTannas aBTOMATU3UPOBaHHAS cucrema
MPEI0CTaBIISIET BO3MOKHOCTD BEJCHUS 0a3bl JAHHBIX JEI
10 aJIMUHUCTPATUBHBIM IPABOHAPYIICHUSAM, IIOUCKA AEI
II0 KapTOTEKe, KOHTPOJIb IIPOLECCYalbHBIX CpPOKOB,

dbopmupoBaHus  KaleHmaps  3agad  JUIs  KakIO0ro
MOJIL30BAaTEIS i dhopmupoBaHus JIOKyMEHTOB,
HEOOXONUMBIX  JUIS  BEICHHUSA  AJMUHUCTPATUBHOTO
MIPOU3BOJICTBA.

JIist TOCTIDKEHUS! TTOCTaBICHHON 1€ Oblila COCTaBlIeHA
CTPYKTypHasi CXeMa, NpEICTaBIEeHHAas Ha pHUCYHKe 1.
Cuctema ydera Obla paszeneHa o (QyHKIHOHAIHLHOMY
MIPU3HAKY Ha CIIEAYIOIINE TOICUCTEMBI!

1.

IToncucrema yIpaBIeHUs, OTBEYAIOIIAs
B3aMMO/IeHICTBHE TIOACUCTEM MEXy COOOM;

3a

Iloncucrema  ¢umpTpaud ¥ TOWUCKa  Jel,
TIO3BOJISTIONIAsT UCKATh Jiesia 00 aJMHHUCTPATHBHBIX
MIPAaBOHAPYIIEHUSX 110 PA3IMIHBIM KPUTEPHSIM,;

Ioncucrema (hopmupoBaHus
MPEI0CTABIISIOIIAS BO3MOXKHOCTb
JOKYMEHTBI, ~ HE00XOIUMBbIe
MIPOU3BOJICTBA, B BUE (Daiiios,;

JIOKYMEHTOB,
COXpaHSTh
aIMUHUCTPATUBHOTO

HOHCI/ICTGMa KOHTPOJIA IMPOUECCYATbHBIX CPOKOB;

[Moacucrema B3aUMOJEHCTBUS C CAWTOM NPaBOCYIUS
JJIA KOHTPOJISI MCIIOJIHEHHS, IIO3BOJIAIONIAs BECTH
HMCIIOJIHUTEIIBHOE IIPOU3BOJCTBO,

IToacucrema paboTsI c 6azoii JIaHHBIX,

00eCreunBaroIas XpaHEHUE, MOTU(PHKAIMIO TaHHBIX,
HEOOXOAUMBIX 11 QYHKIIHOHUPOBAHUS CUCTEMBI,

7. ToxcucTeMa BU3yanH3aLHL.

B mnpomecce cozmaHms aBTOMAaTH3MPOBAHHOW CHCTEMBI
yuera 00 aJMHHUCTPATHBHBIX NPaBOHAPYIICHHUSAX OblLTa
MIOCTPOEHA AMarpaMma MCIIOJIb30BAHMS, NPECTaBlICHHA
Ha pucyHke 2. [laHHas IuarpamMma IOKa3bIBaeT, KaKue
BO3MOXXHOCTH HWMEIOT TI0JIb30BATENN C PAa3IMYHBIMU
npaBaMH TpH  pabore C pa3pabOTaHHON CHCTEMOH.
[Tonp30BaTeny MOTyT UMETh OJIHY M3 CIEIYIOIIUX POJIEH:
aIMHUHHUCTPATOP, HAYAJIHUK OT/AENA, CIIEIIHAIINCT.

OYHKIIMOHAN, TIPEIOCTABICHHBIH «AIMHHUCTPATOPY»,
BKJIIOUaeT paboTy C MOIb30BATENSIMU U C IMIA0JIOHAMH
JIOKYMEHTOB, HEOOXOIMMBIX Ui aJAMUHUCTPATHBHOTO
MIPOM3BOJICTBA.

B ¢yskmmn  «Crenmpanucta»  BXOAAT — yIpaBJICHHE
KaJleH/1apeM 3ajad, paboTa ¢ y4acTHHKaMHM IIpolecca U
pabora ¢  gemaMu, — BKJIIOHamomas — CO3JaHue,

PCAAKTUPOBAHUC U ITOUCK ACJI 10 3aIaHHOMY KPUTECPHUIO.

Ionw3oBarens ¢ ponblo «HavanbHHMK oTAena», Kpome
paboTBl C menaMu W YIpPaBICHHS KaJleHIApeM, UMeEeT
BO3MOKHOCTh YZAJEHHUS Jeia, (POPMHUPOBAHUS OTUETOB,
NPUHATHS PEUICHHS 10 JeNly, a TakXkKe pachpeieiicHHue
3a/1a4 10 CTIeIHAINCTAM.

IIpu pa3paboTke cucTEeMbl ydeTa Jien OBLIM OMHCAHBI
ANTOPUTMBI, OUH U3 KOTOPHIX - aJTOPUTM COCTaBIICHHUS
NpOTOKOJIA 00 aJMHHUCTPATHBHOM IpaBOHAPYIICHHH,
IpEeJCTaBICHHbIH Ha pucyHke 3. JlaHHBIM aaropuT™m
OIKCBIBAET MOCE0BATENBHOCTh JeficTBuit B
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116



3aBUCUMOCTH  OT  TNPHUOBITUS  WIW  HETPUOBITUS
MPaBOHAPYIIUTENS. W IOTEPHEBIIETO B OIPEACICHHYIO
JIaTy ¥ BpeMs 10 YKa3aHHOMY aJpecy AJisi COCTaBIICHHs
npoTokona 06 AIl

B cnywae, xorga mnpaBOHapyLIMTENb W IOTEPIIEBIIUI
NpUOBIIM, BHOCSTCS CBEOCHUS O NPHOBIBIINX JIHIAX,

Haxarwon otaers

<<Exiend>>

NpocvoTp copasomos
mpOp LN e

(buKCcHpyeTCsl HOMEpP MPOTOKOJA U BBOJISATCS CBENCHHUS O
BpYYCHHH KOIUH IPOTOKOIa. MHade GopMHUpYyeTCst akT o
HENPUOBITHH KaXJIOMY YYaCTHHKY M  OTIPABJISOTCS
KOMUH IPOTOKOJIA C CONPOBOJUTEIBHBIMU MHCHMAMH.
Ecnu  paccnemoBaHwe 10 i€y He TMPOBOJIHIOCE,
MIPOMCXOTUT TIPUCBOCHIE HOMepa feny [5].

«Enemn

lmnm
m

<<Extons>>

c<Extong>> -

/.
&

<<Ennn:>)

Puc. 2. lnarpaMmma BapMaHTOB HCII0JIb30BAHUS CUCTEMbI

4. lloanep:kka NPUHATHSA pPellIeHUSA

IMpu pa3paboTke CHUCTEMBI ydeTa Jiell MaTeMaTHIecKas
MOJICTIb TTOIIEPKKU TIPHHSTHS PEIICHUI pealn30BaHa Ha
ocHoBe TtexHosorun Case-based reasoning momcka
OIMHMCAHUSI MPELE/ICHTOB PEIICHHUs aHAJIOTUYHBIX 33]a4 B
0a3ax 3HAHWM.

Ipenenentuniii  moaxon  (Case-based  reasoning)
npejcTaBisieT coboi mporece (METOMOIOTHIO) PELIEHH s
HOBOW 3amaun (MpoOIEMBbI) C TMOMOIIBI0 MOBTOPHOTO
HCTIONB30BAaHUSl W ajanTanuu (IpH HEOOXOTUMOCTH)
peIeHui, KOTopble OBUTH paHee MOTyYSHBI IPU PEIICHUH
mo00HBIX 3a1a4 [6,7].

Ipenenerrom SIBIIETCS CTPYKTYPHPOBaHHOE
NpelCcTaBlIeHIE HAKOIUICHHOTO OMbITa B BUJC JAHHBIX U
3HAHWH, KOTOPBIH B  MOCICAYIOIIEM  I[O3BOJSIET
BBINIOJIHATh €r0 aBTOMAaTH3WPOBaHHYI 00paboOTKy mNpHu
MOMOIIH CIICLMATM3UPOBAHHBIX HPOrPaMMHBIX
cucrem [6].

[IpeneneHT OOBIYHO ONMCHIBACTCS B BHJAE MaTTEpPHA
MIPOEKTHPOBAaHUS WIM (peiimMa, KOTOPBIA sBISETCA
CTPYKTYpOHM, OTpa)kalolllel HEKOTOpble XapaKTepHbIC
CBOMCTBa 3aJjauyd INOUCKa pelieHus. [larTepHbl uMeErOT
CIOTOBYIO  CTPYKTYpY M  KIacCHQUIMPYIOTCA IO

OPHIOKEHUSIM, CTENIeHH OOOOLICHUST  OIKCHIBAEMBIX
pelieHuit u rpymmnam 3aaa4 [7,8].

5. DyHKIHU CHCTEMbI

PazpaboranHas cucremMa obecneyrBaeT aBTOMAaTH3AINIO
cOopa, TIAHUPOBAaHWS W  aHaIM3a  HMHGOPMAIWH,
UCTIONb3YEMOI B TIpoliecce MPOM3BOACTBA MO jenam 00
aIMHUHUCTPATUBHBIX MPAaBOHApYIICHUSIX, U oOnajgaer
CJIE/IYIOLIMMHU OCHOBHBIMH (DYHKLIUSIMU:

e  BeJCHME KapTOTEKH JeJ [0 MPaBOHAPYIICHUSM;

aHaJU3 CBEJICHUH 00 yJacTHHUKAX Jeja,;

MIPUHSTHE peteHni o Jienam 00
aIMHUHHUCTPATHBHBIX TPABOHAPYIICHUSX Ha OCHOBE
OIbITA JIMIA, KOTOPOE MPUHUMAET JAHHOE PELICHHUE;

(opMHpOBaHHE JIOKYMEHTOB, HEOOXOJIUMBIX IS
aJIMUHUCTPATUBHOTO MPOU3BOJCTBA, MO Pa3IUYHBIM
KPHUTEPUSIM;

(dopMupoBaHHE KalleHJaps 3aiad ¥ KOHTPOJBHBIX
Jaar 1o Jienam 00 aIMUHUCTPATUBHBIX
NIpaBOHAPYILLIEHUSX;

KOHTpPOJIb IPOLECCYalbHBIX CPOKOB IO AeidaM 00
aJIMUHUCTPATHUBHBIX MPABOHAPYIICHISX.
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Puc. 3. Airopurm cocraBjieHus POTOKOJIA 00 A AMMHUCTPATUBHOM NPABOHAPYLIEHUH

6. 3akiIrouenune

Pa3zpaboTana aBTOMaTHU3MpOBaHHAS CHUCTEMa OIS ydeTa
aJIMUHHCTPATHUBHBIX MIPaBOHAPYIICHUH, KOTOpast
MO3BOJINT TOBBICUTH 3(PHEKTUBHOCTD  JCATEIHLHOCTH
OpraHoB, YTIOTHOMOYEHHBIX BO30YyKAaTh u
paccMmarpuBaTth nena 00 aJIMUHUCTPATUBHBIX
IIPaBOHAPYIICHUSAX, & IMEHHO:

e  YMEHBIIUTh Harpy3Ky Ha CIIELIUAJIMCTOB, COKPaTUTh

BpeMsi GOPMHUPOBAHUS OTUYETHOCTH;
HCKIIIOUYUTH MpolLecCyalbHble HAPYIICHUS;

MOBBICUTL TOYHOCTb HNPUHUMACMbIX peI.HeHI/Iﬁ 1o
Jc€j1aM 00 AIMUHUCTPATUBHBIX IPABOHAPYIICHUAX

(I)OpMI/IpOBaTB JAOKYMCEHTBI U1 aAMHUHUCTPATUBHOI'O
MMpOU3BOJACTBA.
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Oo0s1aunasi reonH(pOPMAIMOHHASI CUCTEMA MOAEPKKH
NPUHSTHA PELIeHUH 10 YIIPABJIEHUIO TPAHCIIOPTHOM

HH(PPACTPYKTYpOil ropoaa

H.A. Octpornazos
kadenpa UHPOPMAIIMOHHBIX CUCTEM U
TEXHOJIOTHI
denepanbHOE TOCYAApPCTBEHHOE aBTOHOMHOE
00pa3oBaTebHOE YUPEKICHUE BBICIIETO
obpazoBanus «CamMapcKuil HallMOHATbHBIN
UCCIIeIOBATENbCKUI YHUBEPCUTET UMEHU
akagemuka C.I1. Koponepa»
(Camapckuii yHUBEPCUTET)
Camapa, Poccus
e-mail: nickitaost@gmail.com

1
AHHOTAUA

I/ICCHe,I[OBaHLI KOHICHINKU IOCTPOCHUSA U CTPYKTypa

COBPCMCHHBIX HUHTCJUJICKTYaJIbHBIX TPaHCIIOPTHBIX

reonH()OpPMaMOHHBIX BeO-OPHEHTUPOBAHHBIX CHCTEM;
pa3paboTaHa  apXuTeKTypa  BeO-OpHEHTHPOBAHHOM
CHCTEMBl  [IHUCJIOKAallM  OOBEKTOB  TPAHCIIOPTHOM
MHQPACTPYKTYpHl ¥ METOIBl CTPYKTYPHOIO CHHTE3a
TaKOH CHCTEMBI; Pa3pa0OTaHBl aNTOPUTMBI IOIYYCHUS,
00paboTkH, BH3YaJIM3aIHN aTpuOyTUBHOU u
HPOCTPaHCTBEHHO-OPUCHTUPOBAHHON HH(OPMALIUH.

1. Beenenue

PazButnie VIHTEpHET-TEXHOJOTMH C KaXAbIM TOJ0M
YBEIUYUBAET CBOU TeMIIbl. [1OSBISIOTCSI HOBBIE METOIbI
XpaHeHwus, nepeaadu u 00paboTKN  JTaHHBIX,
pacrpeieleHHbIX TEePPUTOPUAIBHO MEXAY pPa3IMIHBIMH
pecypcamu. B Hacrosmiee BpeMs ceTb MIHTEpHET MpodHO
3aHsula CBOE MecTo B obOyactH HMH(GOPMAMOHHOTO
0oOMeHa 1 OXBaThIBAET BCE HOBBIC 00JIACTH IEATEIHLHOCTH.
O4eBuIHO, YTO COBpPEMEHHbIE Be0-TEXHOJIOTHH
MO3BOJISTIOT ITO-HOBOMY B3TJISIHYTh Ha 3a[auil peann3aliiu
TEXHOJIOTHYECKIX perieHui IS paboTs! c
TeOoNpPOCTPAHCTBEHHBIMU JAHHBIMH.

Ha ceromusmHuii  1g€Hb  OCTPO  CTOUT  BOIPOC
o0ecriedeHns1 OTEePaTUBHOIO JOCTyHa K HH(opMaImu 00
00BeKTax TpancnopTHOU nHdppacTpykryps! (TpH) ropona
JUISL aHallM3a WX COCTOSIHWS W TIPUHATHS peuieHust 00
ONTUMAIIBHOM " 6e30mmacHOM yIIpaBJIeHIH
nHppacTpykrypoil. OO0bekThl TpH sBISIOTCS BaXHOH
COCTaBIISIIONICH TPAHCIOPTHOTO KOMIUIEKCA JIFO0O0TO

Tpyab! NATOH BCepOCCHIICKOH KOH(pepeHIun
"HHpopManuoHHbIe TEXHOJOTHH HHTEIEKTYAIbHON
NOIEPKKM NMPUHATHUS pemieHuii’’, 16 - 19 masn, Yoa,
Poccnst, 2017

T.1. MuxeeBa
kadepa opraHu3alyy U yIpaBlIeHUs
MepPEeBO3KaMH Ha TPAHCIIOPTE
benepanbHOE TOCYAApCTBEHHOE aBTOHOMHOE
00pa3oBaTeNbHOE YUPEKICHUE BBICIIETO
obpazoBanus «CamMapCcKuii HallMOHATbHBIN
HCCIIEeIOBATEeNbCKUI YHUBEPCUTET UMEHU
akagemuka C.I1. Koposiea»
(Camapckuii yHUBEPCUTET)
Camapa, Poccus
e-mail: mikheevati@its-spc.ru

MeraroJica 1 odecreunBaroT ero GpyHkipornposanue. K
oobexktaMm TpH OTHOCATCS: TpaHCIIOPTHBIE CPENCTBA,
obecrieunBaroIye TPaHCIIOPTHOE o0CIy)XUBaHUE
HaCceJEHHs U NEPEBO3KY TPY30B; YIHMYHO-IOPOKHAS CETh;
TEXHHYECKHE  CPEACTBA  OPraHM3alMd  JIOPOXKHOTO
memwkenns (TCOAJ) — mopoxHBIE — OTpaKACHUS,
JIOPO’KHAS pa3METKa, TOPOKHBIE 3HAKH, CBETO(OPHI.

JluHaMu4HOE pPa3BUTHE CYOBEKTOB CTpaHbI HEM30€XHO
NPUBOIMT K WX TEPPUTOPUATBHOMY PacHIMPEHHIO.
[TpoucxomuT CyIIECTBEHHOE YBEJIMUYCHHE KOJIMYECTBA
o0bpekToB TpHM. Bo3HHKaeT TOTpPEOHOCTH B OICHKE
TEKYIET0 COCTOSHHS M pacrojioxkeHus o0bexToB TpH
JUISL OTIEpaTHBHOTO NPHHATHS pEUIeHHs o0 yIpaBieHHs
TpaHCIOPTHOM cucteMoil B nenoM. OT ypoBHS pa3BUTHUS
TPaHCIIOPTHONH CHCTEMBI, OIIEPaTUBHOCTH aHalM3a W
0o0paboTkn maHHEIX 00 oObekrtax TpM 3aBucur
3¢ QEKTUBHOCTh NPUHATHSA PEUICHUsT 00 SKCIUTyaTaluu
TPaHCIIOPTHOH HMHQPACTPYKTYypHl, YTO, B KOHEYHOM
WTOTE, OKa3blBaeT BIMSHME Ha 0E30IaCHOCTb W
SKOHOMHYECKYIO COCTaBIIIONIYIO yIpaBlieHHS. Tak Wian
WHa4Ye 3ajada IPUHATHS pEIIeHHs 00 yIpaBIeHHH
TPaHCIIOPTHOH HMH(QPACTPYKTYPOH CBOIMTCS K aHAIU3Y
OonpIIOro  MaccuBa Kak ~ aTpuOyTMBHOM Tak U
npocTpaHcTBeHHOH HH(popmammu. HeobxomuMo umeTsh
IIpeCTaBIEeHUE 00 aKTyaJlbHOM B3aUMHOM
pacIloJOXEHUH W COCTOSIHUM 00BekToB TpW s
JaJbHEHIIero PUHATHS peleHus 00 yIpaBieHUH.

[IpoOmemoii, BO3HMKAIOMIEH NPH OLEHKE COCTOSHHMS
TPaHCIIOPTHON MH(PACTPYKTYPHI, SBISIOTCS yCTapeBIIHe
METO/Ibl HAKOIUIEHHS, 00pabOTKH, BU3YyaJIH3allMN JaHHbBIX
00 oOwexkrax TpHM. DBonbmMHCTBO MYHMIMIIAIBHBIX
OpraHu3alMii  OCYLIECTBISIIOT ~ aHAIM3  COCTOSIHUSA
00BEKTOB TpH, PYKOBOJCTBYSIC OyMakKHBIMH
HOCHUTEJISIMH: KapThl, OTYETHI, BEJOMOCTH, Tabmuupl. B
TaKMX YCIIOBHSIX JIMIO, NpPUHMAMAIoLlee pelieHne o0
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YIIPaBIEHUH, ONUPACTCS HA YCTAPEBIIYIO HMH(OPMALHIO.
OmpeneneHue B3aMMHOTO PACHONIOKCHUS,, MOHUTOPHHT
COCTOSIHUS, [IIOCTYNl K aTpuOyTuBHOW MH(MOpMAaImm
o0pexToB TpW, mpm Takol opraHu3ammud PadOTHI,
MPEACTABIACTCA CIOKHBIM M TPYIOSMKHM IIPOIIECCOM,
T.K. IUIOTHOCTb M OOBEMBI WH(POPMALIHU JOCTATOUHO
BBICOKM M WX py4dHoH o00paboTku. [losBusercs
HEOOXOMMOCTH B pa3pabOTKe HOBBIX METOJOB U CPEACTB
JUIL ydeTa, OIEPAaTHBHOTO [OCTyNa K aTpUOyTHBHBIM
JAaHHBIM W OIIGHKH cocTosHus oO0bekroB TpU. [lns
o0ecrieyeHnsl OTMEPATUBHOIO JOCTyNa K WH(POPMAIUH O
B3aMHOM DACIIOJIOKEHUN M COCTOSHHH 00BexToB TpU
HeoOxonmumo HCTIONIb30BAaTh COBPEMCHHBIE
uH(OpManMOHHEIE TeXHOMOTHH. OTHUM W3 BO3MOKHBIX
BapUAHTOB PEUICHUs 3a/ad XpaHEHMs, BU3YyaIH3aLUH U
moctyna K wmHpopMmanuu 00 oObektax TpU sBnsercs
pa3paboTka WHTETPUPOBAHHOW CHCTEMBI, COCTUHSIONICH
BO3MO)KHOCTH MHTEIUICKTYaIbHBIX TPAHCIIOPTHBIX CHCTEM
(HUTC), reOMH(QOPMAIIMOHHBIX ~ TEXHOJOTUH o
o0ecrieueHNIo XpaHCHUS " BU3YyaJIU3aLUH
MPOCTPAaHCTBEHHBIX JAaHHBIX, H COBPEMEHHBIX MHTEpHET-
TEXHOJIOTHH, IPEAOCTaBIMIOINX WHCTPYMEHTH UL
YIAJICHHOTO JOCTYTA K HH(POPMaIMOHHBIM PECypcaMm.

2. PazpaboTka MeTO10B CTPYKTYPHOIO
CHHTe32 Be0-OPHMEeHTHPOBAHHOM
reouH(OPMANMOHHON CHUCTEMBI MOIEPKKH
NPUHATHA pemenm‘fl 10 YIIPABJICHUIO
TPAHCHOPTHON MHPPACTPYKTYPOii ropoaa
O0nekThl UTC rpynmupyroTes CaeayronmmM o0pasom:
1.BcioMorarenbHble «€000BEKTh» — YBEIHMUHBAIOLINE
HAaIJLITHOCTh  KapThl, HO  HEMOCPEICTBEHHO  HE
3aJIeiCTBOBaHHbIE B paboTe KaKUX-JIMOO alrOpUTMOB HIIH
nHpopManmonnbix moacucremax HWTC. K Takum
00bEKTaM OTHOCATCS JKWIblE  KBapTaibl, pejbed
MECTHOCTH, BOJIOEMBI, PACTUTEIILHOCTD U T.II.

2.basoBble 00bekTHI MpeaMeTHOM obmactu (ITpO).

» OO0bBeKThI, onuckiBarolme 00bekThl TpH ropoa.

» OOBEKTHI-COOBITUS U BCIIOMOTaTE/IbHBIE OOBEKTHI
MOJCUCTEM:  JIOPOKHO-TPAHCIIOPTHBIE  NPOUCIIECTBHSA
(ATII), ouar aBapuitHOCTH, BCKPBITHE IOPOKHOTO
MOJIOTHA, TOPOXKHBIN MAaTPYJIb U T.1.

WHuTemnexTyanbHele 00BEKTH, OONafarouie 3HAHWUAMH,
AQHAJTITUYECKUMH CIIOCOOHOCTAMH (TIpaBHJIAMH BBIBOAA,
METOJIaMHU-aJITOPUTMAMH).

SAnpom UTC sBnsercst KOMIUIEKC IPOTPAMMHBIX CPE/ICTB,
CITy>KaIlliX OCHOBOHM U MOCTPOEHHUS MOACUCTEM. Smpo
BKJTIOYAET CIEIYIOINE KOMIIOHEHTHI:

» eIMHOe XPaHWIMIIE CEMaHTHUYECKHX JaHHBIX Ha
ocuoBe CYBJI MS SQL Server;

» oumbpoBaHHas ~ Kapra ropoja Ha  0ase
reonHopmarmmonHoir cuctembl (I'MC) Maplnfo. Ha
KapTy HaHeceHBl 00beKThI (Monenn Y [C, TpaHCIOpTHOTO
notoka (TII), TCOAZ wu npyrue BcHOMOTaTeIbHBIC
0OBEKTHI);

» cucTeMa IeHepalluy OTYCTOR,;

» cucrema 00pabOTKU TaHHBIX;

» cepBep NPHI0KEHHH.

CepBep mNpWIOXKEHHH - 3TO MHOTOKOMIIOHEHTHAs
cuctema, peamuszoBaHHas kak Habop COM-00BEKTOB.
OcuoBHBIe COM-00BEKTH OH3HEC-YPOBHS CHCTEMBI:

» KOMIIOHEHTBI, OTBEUAOIIHE 3a
(YHKIMOHUpPOBaHWE BCeW CHUCTEMBL.  [IpminoskeHus-
KIIMEHTBHI UMEIOT JIOCTYII TONBKO K MHTEpdeHcy cepsepa,
1.e. mpsamoit poctyn k BJl m T'MC meBo3moxkeH. Cam
cepBep HE MMEET MPSIMOTO AOCTYyIa K YPOBHIO XPAHEHUS
nmaaHbIx, B3ammozeiictBys ¢ CYBJ/TUC mocpenctBoM
MIPOMEXYTOUHBIX HHTep¢eiicoB. Takas opraHu3anms
CHCTEMBI  TIO3BOJSIET  MOJHOLCHHO  HCIOJIb30BATh
MIPEUMYIIECTBO MHOTOYPOBHEBOH apXUTEKTYPBI;

» KOMIIOHEHT, npenocTasistomumii foctyn k CYB/I;

» KOMIIOHEHT, npeaocTasistommii foctyn k I'UC.
Cucrema 00pabOTKM MaHHBIX BKIIIOYaeT B ce0s psin
MOJICUCTEM,  PEHIAOIMMX  3afa4d  JKCHEPTH3Bl U
MOJIEITPOBAHM:

» TOACHCTEeMBI cOOpa, XPaHEeHHs, peIaKTHPOBAHHS U
o0paboTtku nHpopManuy, kacarmeiics YC u 00beKToB
Ha Hel («[lacmoptuzanms noporm», «PeecTp HOPOXKHBIX
3HaKoB», «Peectp cBeTodopHBIX 00BEKTOB», «Peectp
KEJTIE3HOJOPOXKHBIX TIEPEE3TOBY);

» moxacucTeMa cbopa, XpaHEeHHs, PEAAKTUPOBAHUS U
00paboTku omepaTiBHOM WHPOopManuu («MOHHUTOPHUHT
ornepaTuBHON nH(popMmanum», «KOHTPOIb 3a COCTOSHUEM
YIAC», «Yuer u anamus ATII»);

» mojcHuCTeMa T'eHepalud CBOAHBIX oT4eToB (XML
mabJIOHBI OTYETOB);

» okcneptHas cucrema guciokauuun TCOJJ] Ha
YAC ropona;

» cucteMa MOJCTHPOBAHUS  KOOPJMHHPOBAHHOTO
YIIpaBIICHUS;

» cucrema MOJIETTHPOBAHHUS
TPAHCIIOPTHBIX TIOTOKOB.

Ha ocnoBe m3yuennoii crpykrypsl UTC paspaboTaHsr
TEXHOJIOTHHM B3aMMOJECWCTBHS M HWHTErpamum BeO-
opuentupoBanHoi 'MC u UTC.

[Ipn mocTpoeHHH KOMIUIEKCHBIX BE0O-OPHEHTHPOBAHHBIX
IT'MC Bo3HmkaeT mpobinemMa co3gaHus  Hambolee
3¢ PEeKTUBHOM ApXHUTEKTYPBI, KOTOpast ~ JIOJDKHA
o0ecreunTh NPOU3BOIUTEIFHOCTD, MacITaOUPyeMOCTh 1
HaJIS)KHOCTD pelleHus. B MmmpokoM cMmbIciie mocTpoeHune
apXUTEKTYpbl ~ CBOOUTCS K  BBIOOpDY  OCHOBHBIX
COCTaBJIAIOMMX cHcTeMbl: OaszoBoil I MC-texHoioruu,
CPe/CTBA XpaHEHWs NPOCTPAHCTBEHHBIX JaHHBIX. B
Y3KOM  CMBICIE — O3TO NpUMEHEHHWe Haumboiee
(G (QEKTUBHBIX apXUTEKTYPHBIX pEUICEHHH Ha KaXIOM
ypoBHe mnpoektupyemoil I'MIC, rue neHTpanbHOE MECTO
3aHMMAIOT CPE/ICTBA Web-IyOInKammy.

B ocHoBe BeO-opueHTHpoBaHHOW [UC mucrokarmm

pacopeaciacHus

O00BEKTOB  TPAHCIIOPTHOW  HMHQPACTPYKTYpPHI  JIEKHT
MHOTOYpOBHEBasl ~ apXUTEKTypa. YCIOBHO, CHCTEMa
JISTIUTCST Ha JIBE YacTH — KIMEHTCKas W CepBepHast.

Kaxnas dyacte uMeeT Ooiiee CIIOKHYIO OpPTaHH3ALMIO H,
OCTaBasChb B paMKaX apXUTEKTYpbl CHUCTEMBI B LEJIOM,
MoJpa3/ieNsaeTcsl Ha HEeCKOJIbKO ypoBHed. Ha pucynke 1
IIPEJCTaBICHA APXUTEKTYPa CUCTEMBI.

O6naunas reonH($OpMATHOHHAS CHCTEMA TIOICPXKKH IPUHSATHS PeLICHU [0 yIpaBIeHHIO TPAaHCIOPTHOH HHBPACTPYKTypoi ropona



Takum oOpa3om, ocHOBOH BeO-opueHTHpoBanHOTO ['MC

nuciokanuu  00bekToB  TpU  sBHsieTcsl  Tpex3BeHHas
Knwenrcran vacrs

Vikrepuar

R

KIIMECHT-CEepPBEpHAst apXUTEKTypa.

CepaepHar wacTe

Cepeep ITSGIS

anepnev

Cepsop NpunoseMn

Mmepnev
= leo-cepeep

Puc. 1. Apxutektypa Bed-opuentupoBannoiit FTMC

B cocTaB Tpex3BEeHHON apXUTEKTYpPhI CHCTEMBI BXOJIAT:

> cepBepHas 4acTb — COCTOMT H3 cepBepa
npuioxenus, cepsepa UTC u reocepsepa;

» KIHCHTCKas 4acTb — BeO-Opay3ep Ha passIMYHBIX
YCTPOWCTBaX (MEPCOHANBHBIA KOMITBIOTED, IUIAHIIET WIN
cMapTQOH).

CepBep TpPUIOKCHUS B3aHMOJICHCTBYET C CEPBEPOM
HUTC, TreocepepoM u  00pabaThIBaeT  3amlpoCHI,
MIPUXOJISIINE U3 Cpelpl BeO-Opaysepa.

[IpumeHeHne Takoro mojxoJa K OpraHM3alHMd BeO-
OpUEHTUPOBAHHOU rucC obecreunBaeT
LCHTPaIN30BaHHOE XPAaHEHUE, aHATIN3 U TPEIOCTABICHHIE
NIPOCTPAHCTBCHHBIX JAHHBIX B CETH VIHTepHET [uIst
yOAJCHHBIX  TIOJIB30BaTENCH,  pelIalomuX  334a4u
CIPaBOYHO-MH(POPMAIIMOHHOTO, CIpPaBOYHO-
AQHAIMTHYECKOTO KapTorpaduieckoro o0OCITyKHBaHMS,
BU3YyaJIbHO-KapTOrpaHIecKoro TPE/ICTABICHHS
IU(POBEIX T'€OJaHHBIX B HMHTEpEcax paclpOCTPaHEHUs.
[NocTaBuMKN TeOaHHBIX B3aWMOAEHCTBYIOT C €IMHBIM
XpaHWIMIIEM TPOCTPAHCTBEHHBIX W  aTPUOYTHBHBIX
nanHblx. CepBep npuioxkeHust reomoprana HWTC
OTBEYAeT 3a JOCTAaBKY IPOCTPAHCTBEHHBIX J@HHBIX W
ABJIAETCS CBSA3YIOLIMM 3BEHOM MEXIY HOJIb30BATEISIMU U
cepBepoM reoganHeix UTC. s paboThl ¢ reomopTanoM
MOJIb30BATENI0 He TpeOyeTcs YCTaHOBKA CHELHaIbHOTO
MIPOTpaMMHOTO obecreyeHnss Ha pabodylo MalluHY,
JOCTaTOYHO HMEIOUIErocsl  CTaHIapTHOTO  Opaysepa.
PaboTa c reolaHHBIME OCYIIECTBIISIETCS B OKHE Opaysepa.
I[Ipu mnpoextupoBanuu BebO-opueHTHpoBaHHOW [UC
JICIIOKaMi OOBEKTOB TPAHCHOPTHOH HMH(PACTPYKTYPHI
1es1ecoo0pa3Ho MUCII0Ib30BaTh NATTEPHBI:

» CTPYKTYPHBIH ATTEPH NIPOEKTUPOBAHUS — PrOXY;

» mabinoH npoekTuposanus — MVC;

» TaTTepH NPOEKTHPOBAHMS IMOBEAEHMS KIAcCOB —
Mediator.

Konnemust BeG-opuenTHpoBanHord [MC  muciokarmm
00BEKTOB TPaHCHOPTHOU nH}ppacTpyKTypbl
NpegycMaTpuBaeT Haau4yhe CETH OJHOTHUIIHBIX Y3IIOB,
MEXIy KOTOPBIMH OCYLIECTBIAETCS CHHXPOHU3ALMsA

MCTaJaHHBIX KaTaJiora I/IH(I)OpMa].[I/IOHHLIX peCypcCoB.
Ka)KZ[LIfI y3€J COCTOUT U3 CIACAYIOIINX 3JICMCHTOB:

» oIuH WIH HECKOJIBKO XPpaHWIHI
NIPOCTPAHCTBCHHBIX ~ W aTpUOYTHUBHBIX  JIAHHBIX,
KapTorpagudeckux HabopoB, SIEKTPOHHBIX KapT;

» BeO-cepBep,  OCYHICCTBIIIOIIMH  JOCTYN K
NIPOCTPAaHCTBCHHBIM ~ JaHHBIM B  COOTBETCTBHH C
OTpPAaCJICBBIMH CTaHIapTaMHU;

» TnporpaMMHOE OOecIlieYeHHe, OCYIIECTBIIOICE
TIOJIJICPKKY PACIIPEIEIICHHOTO KaTajlora reopecypcoB U
€r0 CHHXPOHH3AIHIO C JPYTHMH y3JIaMU CHCTEMBI.

V31 Be6-opreHTHpoBaHHO# [MIC MOryT pacmonaraTbes
B pa3sHbIX OPraHM3aLMAX M JaXKEe ropojax, KaKAbH u3
HHUX MOIEP)KUBACT COOCTBEHHBII Habop
nH(pOpPMAMOHHBIX PECYPCOB.

Heorremnemoit wacteto BeO-opueHTHpOoBaHHON [C
SIBISIETCST  T€OMH(OPMAIIMOHHBI KOMIIOHEHT CHCTEMBI.
[lo cyrm Be6-TUC — 10 HanmcTpoiika Hax
pacupenenennost  [MC,  koTopas  obOecrednBaeT
OTIEPaTHBHBIM JOCTYH K TEOJaHHBIM, TI'eoCepBHCaM U
(YHKIMAM KaTaJlOTH3allMH, pa3jeleHue IpaB JOCTYIA.
Baxwneiimet ¢pynkiueir Be6-I'MC sBiseTcs mocTpoeHue
nHTep(deiicoB  monp3oBaressi K - KapTorpauyeckou
nHpopManUK IO TEeMaTHYECKUM CJOSIM, COAEp KalluM
pasinyHble  KaTeropuu  OOBEKTOB  TPAHCIIOPTHOU
HHPPACTPYKTYPHL.

B cBsa3u ¢ tem, yro T'MC, kak mpaBuiio, COCTOST W3
Pa3IMIHBIX TIOJICUCTEM, KOTOPBIH MOTyT
B3aUMOJICHCTBOBATH YT C APYTOM, AJISI OPTaHU3ALNH UX

MPaBWIBHOM pabOTHl  IeecooOpa3HO  UCIONL30BATh
mabnon  npoektupoBanusi MVC  (Model-View-
Controller).

Illabnon MVC mo3BojisieT  co3AaBaTh  CHUCTEMBI,

pa3IMYHBIC aCHEKTHl KOTOPBIX (JIOTMKa BBOJA, OW3HEC-
JIOTHKA ® JIOTHKAa WHTepdeiica) pa3fenceHbl, HO
JIOCTaTOYHO TECHO B3aMMOJEHCTBYIOT IPYr C IpYroM.
OTa cxeMa YKa3blBaeT pAaCIOJIOKEHUE KaKIOro BHIA
JOTUKK B cucTeme. [lomb3oBaTenbckuil  HHTEpQeiic
pacnonaraercss B npeAcTaBieHud. Jloruka BBona
pacnojaraercss B KOHTpoJulepe.  busHec-noruka
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HAaXOIUTCA B MOJENH. OJTO pa3feleHHe II03BOJIET
paboTaTh CO CIOXKHBIMH CTPYKTYpaMu IIpU CO3JaHHH
NPWIOKEHNUSA, TaK Kak O0ECIIeYMBACT OJHOBPEMCHHYIO
pealM3alMio  TOJIBKO OOHOrO acmekra. Hampumep,
Pa3paboTYNK MOXKET CKOHLICHTPHUPOBATHCA HA CO3JaHHU
NpeICTaBlIeHHs OTHENbHO OT Om3Hec-morumku. Ha
PHCYHKE 2 npencraBieHa JHarpamma
MOCJIEIOBATENIFHOCTH  (PYHKIMOHWPOBAaHUA  MIa0II0OHA
MVC B npoextupyeMoii MoIeNn BeO-OpHeHTHPOBAHHOM
ruc.

3agaya pa3paboTku Be0-OpHEHTUPOBAHHOI
ABTOMATHU3UPOBAHHOW  HMH(GOPMALMOHHOH  CHCTEMBI
OOAACPKKA TPHHSITHS PCIICHHH MO  YIPABICHHUIO

TPaHCIIOPTHON MH(PPACTPYKTYpOH ropoa.

1

Puc. 2. ilnarpamMmma nocjie10BaTeJIbHOCTH PAGOThI
madjaona MVC

Chucok HCIOJb3yEeMbIX HCTOYHHUKOB

1.  MuxeeBa T.M. «CtpykTypHO-ITapaMeTpUUeCcKuii
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Camapa: Camap. Hayu. nentp PAH, 2008. 380 c.

2. Octpornazo H.A., Umamyrmuao A.H.,
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Takum oOpa3zoM, B paboTe HccieJOBaHA KOHIEIIIHS
noctpoeHus coBpeMeHHbIXx UTC u Ha e€ ocHOBe pelieHa
nHpopMalNMOHHAs CHCTEMa JMCIOKalMH  OOBEKTOB
TPaHCIOPTHOU UHQPACTPYKTYPEI // W3Bectus
Camapckoro HaydHoro uneHtpa Poccuiickoil akamemuun
Hayk. Camapa: Camapckuii HayuHsiif nentp PAH, 2016,
T. 17, Ned (4). — C. 739-743.

3. HmamyrnnHoB AH., Cunopos AB,
Knrounnkos  B.A.  BeG-opueHnTtnpoBaHHas — MoOAENb
MHTEJUIEKTYalIbHOW TPAaHCIIOPTHOH TreoMH(OPMALMOHHON
cucrembl ITSGIS // UsBectust CamMapckoro HayqyHOTO
uentpa  Poccuiickoit  akamemunm  Hayk. Camapa:
Camapckuit Hayunslif nentp PAH, 2015, T. 17, Ne2 (5). —
C.1114-1118.

4. TonoBHuH OK,, MuxeeBa T.A.,
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ABHAIIMOHHOTO TEXHUYEeCKoro yHuBepcurera. — 2014. —
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5. Muxeesa T.M., TonoBuma O.K. IlatTepHs!
MOJJIEP)KKA ~ TPHUHATHS ~ PEIIeHWH 1O  JAMCIIOKAIMA
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ABTOMATH3UPOBAHHASA CUCTEeMA HH(OPMALMOHHOM
MOAACPKKHU MJIAHUPOBAHUS TYPUCTHYECKOT0 MAPILIPYTA

O.K. I'onoBHMH
dakynbTeT HHPOPMATHKU
Camapckuii HaIMOHAJIBHBIN MCCIIEA0BaTEIbCKUI
yHuBepcuteT umenu akaaemuka C.I1. Koponesa
Camapa, Poccust
e-mail: golovnin@ssau.ru

1
AHHOTAIUSA

Pa3zpaboTana  aBTOMaTM3UpOBaHHAs  CHCTEMA,

HpeﬂHa?;Ha‘-IeHHaH IS IIOBBIIIICHU A

3G GEKTUBHOCTH TpoIecca MOMICPKKH MPUHATHS
pelieHuil TMpH  [UTAaHUPOBAHHH TYPHCTUYECKOTO
nytemiecTBus. CucremMa pa3BepHyTa Ha OCHOBE
TeOMH(POPMAIMOHHON CIpaBOYHO cucTeMbl i-GIS
U HCIOJB3YeT MOIYyJbh (OPMHPOBAHHS MAHOPaM
WayMark i mOCTpOEHHS BHUPTYalbHBIX TYPOB.
Onucanbl  KOHICMIMS IOCTPOCHHS  CHUCTEMBI,
(dyHKUHOHATBHAS — cHeUU(PUKALUS, CTPYKTypHAs
OpraHu3aius, airopuTMbl  (YHKIIHOHUPOBAHUSL.
Pa3paboranHas cucTeMa obecrieynBaeT
(opMHpOBaHHE M BH3YaJIHM3aLHIO TYPUCTHYECKOTO
MapuIpyTa, HOCTPOSHHE KOTOPOTo OCYIIECTBISIETCS
Ha OCHOBE Pa3JIMuHbIX KPUTEPHUEB.

1. BBenenue

B Hactosmee Bpems aBTOMaTH3MPOBAHHBIE CHCTEMBI
MIOCTPOCHHS M BU3YaJH3allMH MapIIPYTOB MCHOJIB3YIOTCS
MIPaKTHYECKN B JIOOBIX cdepax. Hanbonee akryanbHbIM
HaMpaBIEHUEM  SBISETCA TypusM. ABTOMaTH3alMs
mpolecca TypU3Ma YK€ JIOCTUTIA HEBEPOSTHBIX BBICOT.
YenoBek u3 JI0O0OH TOYKM MHpa MOXKET CIUIAHHPOBATh

TYPUCTHUYECKYIO TIOE3/IKY 3apaHee, UCTIONB3YS
pa3Ho0Opa3HbIe HMHTEPHET-PECYPCHI, MPOTPaMMBI,
MOOMIbHBIE — mpuiokeHus.  IlocTOSHHO — BHOCSTCA
pa3IuYHbIe HOBOBBEJICHHS, KOTOpBbIE MEHSIOT

TYPUCTUYECKYIO0 MHIYCTPHUIO K JydmiemMy. MIHHOBanuu B
TypU3Me MPHHOCIT HOBBIE UAEH, YCIYTH U IMPOIYKTHI Ha
PBIHOK, UTO IIO3BOJIIET CEPBUCY U YPOBHIO IIPEAJIOKEHUS
HepeXoIuTh Ha OoJiee BRICOKYIO CTyNeHb pa3BuTHs [1].

OCHOBHBIE ~ yNy4llIEHUS MPOUCXOAAT Kak pa3 B
aBTOMAaTHU3MPOBAHHBIX CHCTEMaX, KOTOpPBIE HWIPaIOT
TJIABHYIO POJIb B OTpaciu TypusMa. HanbGonee 3HaumMble
MHHOBAIUH TI03BOJIVIIN co3narth MIPOTPaMMBl,
MO3BOJISIIOIIME TIPOCMATpUBaTh BHUPTYaJbHBIE Typhl Ha
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ITIaBHBIX TypHUCTHUeCKHX o00bekTax [2]. Tpexmeprbie
Typbl CTald OYEHb BOCTPEOOBAHBI B HAUIM [HH U

MIpOoAOJLKAOT AKTUBHO Pa3BUBATHCA. AKTyaJ'ILHOﬁ
BUOUTCA BO3MOXXHOCTb npeaACTaBUTh OCHOBHBEIC
A0CTONPUMECYATCIIBHOCTU TprICTPI‘ICCKOﬁ IIOC€3 KU,

BHPTYaJbHO MOOPOOHUTH IO 3alaM MY3eeB H BBHICTABOK.
Brarogapst momoOHBIM CHCTEMaM MOXKHO PEIIUTh, KaKOH
W3 TPEMJOKCHHBIX TYPOB XOYeTCs OOJbIIE BCEro
noceTuth BXUBYIO [3]. CTOHUT 3aMeTHTh, YTO aOCOTIOTHO
BCC aBTOMATH3UPOBAHHBIC CHCTEMbI IS TYPHUCTOB
BBITIONTHAIOT TJIABHYIO 3a7a4y — VIOBJIETBOPSIIOT HX

notpebHocTH. [lomoOHBIE CHCTEMBI ITOJDKHBI  OBITH
MaKCUMallbHO  YIOOOHBIMH W  TOJE3HBIMH  JUIA
IT0JIb30BAaTENICH.

2. IlocTanoBKa 3aa4u

MoOXHO TpencTaBUTh CTaHOAPTHYIO CHTYalHio, B
KOTOPOH TYpHCT OKa3ajcs B HE3HAKOMOM TOpOJE U Y
HETO0 ©CTh OTPaHWYCHHEIA 3amac BpeMeHH. B TeueHHn
ATOTO BPEMEHH YeJIOBEK XOTeN Obl MOCETUTh NHTEPECHBIE
MeCTa, IMOCMOTPETh JOCTONPHMEYATEeIbHOCTH TOpoja,
KOTOPBIX OTPOMHOE MHOXECTBO. B TakoMm ciydae
Xopomo ObUI0 OBl MPENOCTaBUTH TYPUCTY BBIOOP
OTIPEJICNICHHBIX MAapIIPYTOB, HAXOMANIUXCA PAIOM, H
MOKa3aTh, YTO PACIOJIOKEHO Ha KaxJoM H3 HuX. Ha
OCHOBAaHMW JTHX JAHHBIX YEJIOBEK MOT CaM pPEIIUTh,
KaKHe MEeCTa €My XOTeJIOCh OBbI TOCETHTb.

Takum o00pa3oMm, BO3HMKJIA II€lb CO3JaTh CHUCTEMY,
MIO3BOJISIOINYI0 SKOHOMUTH BPEMsI TYPHCTOB TIPH BBIOOpE
HEOOXOZMMOro Mapuipyra C IIOMOIIBIO IPOCMOTpa
BaXHOW WH(pOpMalUK, NaHOpaMHBIX (ororpaduii u
BHAECO(PParMEeHTOB 00 OCHOBHBIX 00BEKTaX Ha KapTe.

Cucrema paspabatbIBaeTCs JUTST BBITIOJTHEHUST
crieMyronux 3amad [4]:
e pealu3alUMU  IOCTPOSHUS ~ MapuipyTa B  BHJIE

BHPTYaJIBFHOTO Typa ¥ BU3YyalH3allly €ro Ha KapTe;

L4 IIOMCKa H BBIGOpa MapmpyToB IO OIIPEACIICHHbBIM

KPHUTEPHUSIM;
®  TIpeoCTaBICHUS BO3MOXKHOCTH pocMoTpa
¢dororpaduii W BupeoPparMeHTOB, COAEPIKALINX

Ba)XXKHYI0 HH(OpMALUIO 00 00BEKTaX MapIIpyTa.
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Puc. 1. CTpyKkTypHas cxeMa CUCTeMbl

3. ApXuTeKTypa CHCTeMbIl

Pazpaborannas ABTOMAaTU3MPOBAHHAS cucrema
MPEJIOCTABIISIET BO3MOXHOCTh IOCTPOCHUSI MapIupyTa B
BUJIe BUPTYaJbHOTO Typa M BU3yalM3allMy Ha KapTe JUis
MOJIb30BATENsl, MOWUCKA  HMHTEPECHBIX  MapLIPyTOB,
mpocMoTpy  (Qotorpadmit  m  BHACOPPArMEHTOB,
collepKamX BaxHYI0 wHpopManmuio 00 o0ObeKTax.
Cucrema oOecreynBaeT MPOCTOE  B3aHMOACHCTBHE
MOJIB30BATeN ¢ HEOOX0oIuMON MHQOpMaIueH, yro0CTBO
UCIIONB30BAaHM M TOMOIIb B BBIOOpE MapIIpyTOB Ha
OIpe/IeNICHHO MECTHOCTH.

Jlnst ocTIDKeHHs IOCTaBIeHHON 1ienu Obula COCTaBIICHA
CTPYKTypHasi cXema, NpeJICTaBleHHas Ha pUCYHKe 1.
Cucrema Obula pasneneHa 10 (QYHKIHOHAIBHOMY
NPU3HAKY Ha CJIEIYIOIINE MOJICUCTEMBI:

1. Moacucrema  ynpapieHus, OTBeuaroIast 3a

B3aHMOJICHCTBHE TIOACHCTEM MEXKITYy COOOM;

2. TlojcucTeMa TOMCKa — MapuIpyTa, —IO3BOJISIOMIAS
HCKaTh 3arpy’KeHHbIE MapuIpyThl B 0a3ze MaHHBIX IO

Pa3IU4HBIM KPUTEPUSIM,

IMoxcuctema  pabGotel ¢ ¢oTo BUJICO,
NPEeNOCTABIISIONIAs BO3MOHOCTb 3arpyxarb
BuieoparMeHThl, hoTorpadun, COXpaHsITh UX B 0aze
JIaHHBIX B BHJE (aiiios,;

u

Iloncucrema  HacTpoWKM — mapaMeTpoOB  KapTsl,
[I03BOJISAIOIIAsA M3MEHATh HapameTphbl NOATPYKEHHON
BUPTYaJIbHOU KapThl;

[Moncucrema pabGoOTBI C KapTOH, MO3BOJIAIOIIAS
BBICTpaMBaTh MapIIPYT Ha KapTe, MOAKIIYATh K
KOoOpJuHaTaMu (OTO M BUAEO N3 0a3bl JaHHBIX;

[Hoacucrema paboTh c 0azoit JIaHHBIX,

oOecrieunBaromas XpaHeHue, MOIU(PUKAINIO JaHHBIX,
HEOOXOIUMBIX T (YHKINOHUPOBAHUS CHCTEMBI;

7. HO,Z[CI/ICTeMa BU3YyaJIn3allHU.

B mponecce co3znaHus aBTOMAaTH3MPOBAaHHOW CHUCTEMBI
TMMOCTPOCHUA nu BU3YyaJiu3alluu TYPUCTUYCCKUX
reOBHICOMAapUIPyTOB  OblIa IOCTpPOEHA JuarpaMma
HCIIOJIb30BaHUA, IPEACTAaBJICHHAsA HAa PUCYHKE 2.

[JlaHHas nmarpamMma IIOKa3bIBacT, KaKHE€ BO3MOKHOCTH
MMEIOT TOJB30BAaTeNIM C Pa3IMYHBIMH TpaBaMu MpHU
pabore c paspabortaHHOW cucTteMoi. [lomp3oBarenn
MOTYT MMETh OJHY M3 CIeIyIomuX poseil: MeHemxkep,

TYPHCT.
[IpenocraBneHHbIi «MeHnemxepy» (hyHKIFOHAT
BKJIIOYAET pelaKkTHpPOBaHHE (allJIoB CHUCTEMBI, 3arpy3Ky
Buaeo ©u  (orto, (GopMHUpOBaHHE  OIpPEAETICHHBIX

MapIuipyToOB B CHCTEME, COXpaHEeHHE X B 0a3e JaHHBIX.

s «Typucta» HOCTyIeH (UILTP MOKWCKA, C MOMOIIBIO
KOTOPOTO MOKHO HaWTU MapLIPYThl, 3arpy>KE€HHbIC B
CHUCTEME. ((TypI/ICT» BBOIUT HGO6XOI[I/IMI:IC JAaHHBIC H
MOJy9aeT COOTBETCTBYIOIIUH  PE3ylbTaT, KOTOPHIH
oTtoOpakaeTcs Ha KapTe, I/Ie MOKHO IIPOCMOTPETH BHICO
1 (HoTO, IPUKPEIUICHHBIC K BRIOPaHHOMY MapIIpyTy U Ha
OCHOBAHUH TPEIOCTABICHHBIX JJAHHBIX CIIEIATh BBIOOD.

B cucreme wmcnonb3oBaiack  reoMH(OpManMoOHHAS
CIIpaBOYHas cucTeMa ITSGIS, cojepkaras
AIIEKTPOHHYIO KapTy ropoja, COOCTBEHHYIO
ABTOMATH3MPOBAHHYIO HH(MOPMAIMOHHYIO CHCTEMY U
06asy  JmaHHBIX, obecrieunBaromye paboty c
reo00BeKTaMU. OJEKTPOHHAS KapTa TIPEIOCTaBISET
TMOJIb30BATEIIO HATJISHYO WILTIOCTPALHIO
reorpaduueckux OOBEKTOB, M JaeT BO3MOXKHOCTh

yIpaBieHUs] UMHU: J00aBlieHHE, M3MEHEHHE, yJalleHue,
nepemenieHue, Macitabupopanue [5]. T'eomanHbie B

ABTOMaTI/BI/IpOBaHHaﬂ cucTeMa HHq)OpMaLIHOHHOﬁ MOAACPIKKU IIIAHUPOBAHUS TYPUCTHYECKOI'O MapuipyTa
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ITSGIS compoBOKAatOTCS CBSI3aHHBIMH ATPUOYTHBHBIMH 00BEKTOB PEATBHOTO MHUPA.
MaHHBIMH,  TPEACTABIAIOIMMA  COOOW  CEMaHTHKY

Puc. 2. ﬂnarpaMMa BapUAHTOB UCMOJIB30BAHUS CUCTEMbI

4. IllpumeHeHue MOIYJIsA KOMIIBIOTEPA;

IIpn  paspaboTke  aBTOMATH3HPOBAHHOW  CHCTEMBI ®  JCIOJB30BAaHHE B KAYECTBE HCTOUYHUKA T€OJaHHBIX
IIOCTPOCHHA n BU3yaJIM3alli1 TYpUCTHYICCKUX MHTEpHEeTa WM Kd3IIa Uil paboTel B aBTOHOMHOM
TCOBUICOMAPIIPYTOB HCITOJTE30BAJICS MOZYITb peKUME;

¢dopmupoBanust BugeomnaHopam WayMark (pucyhok 3). .
OYHKIMA JAHHOTO MOJYNS JIOCTATOHO OBIIMpHBIE H e  KOJMPOBAHHUE U 3AIIMCh BUJICO HA KECTKUH JUCK.

oun obecnieunsaet [6]: B mpenocraBieHHOM MOJIyJie IPOrpaMMHOE oOecrieueHre

o uremne mammex B Qopmare NMEA ¢GPS peanu3yeT KOAMUPOBAaHHE 3arpy’)kKeHHOTO BHAEO C

npuemHnKa, momcmoucHHoro k  USB  mopry UCTONBb30BaHUEeM  Kojeka X264  —  cBOOOAHOIA
KOMITBIOTEP; O6ubmuorexu A KOJIUPOBaHUsA BH/IEONIOTOKOB,
peanu3syomnei CTaHIapT cxKaTus H.264,

e BBIOOp KapTorpaduueckoro cepsuca (Google maps, obecreynBaroniel Kak BBICOKOE KayecTBO, TaK U
Bing maps, ArcGIS, OpenStreetMap, Sumexc  Bblcokmii KO3(Q(QMIMEHT CKaTus BHACO. B menmsx
KapThl); CHIDKEHHsS Harpy3KH Ha Tpoleccop [Uii BBIBOJA
BHACOU300paKCHHUN Ha JKpaH MIPUMEHSETCS

® TIOMCK M BBIOOp MapuIPyTOB IO OIPENEICHHBIM

KpoccruaTgopMeHHast OTKpBITas rpaguyeckas
KPHUTEPHSIM, p bop P pad

oubmorexka OpenGL [6].

3amuch GPS maHHBIX B (aiim Ha JKECTKHHA IHCK
w ayhAare - -~

Badn Fyvert Srepines cecieue cpeees

DO0C BE B P Onas DlE’SE’]E]EE]CQDEJ 'l')-.llllﬂﬁ

lur"mrmuuuﬂlwl'runn W)_'Mlll wiezor. — = KN a 8
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Puc. 3. UuTepdeiic WayMark npu nmocrpoeHnun mapupyra
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Mouxyne TO3BOJISET BBIIOJHATH ABTOMATH3UPOBAHHYIO
00paboTKy 3arpyXeHHbIX (ailJIoB 0OpHd  MOMOIIX
CIIELMATM3HPOBAHHBIX IPOIPAMMHBIX CHCTEM.

5. ®YHKIHMHU CHCTEMBI

Pa3pabotanHast cuctemMa oOecledrBaeT aBTOMATH3ALNIO
MOCTPOCHHS, BU3YAlIU3alUU ONPEICICHHOTO MapIIpyTa,
K KOTOpPOMY TPHBSI3aHbl BHACO3AMUCH U HU300paXKEHHUS,
MPEOCTABIIONINEG HEOOXomuMyro HH(oOpMaIum 00
0o0beKTax MapupyTa.

Ilpu  pa3paboTKe  ABTOMATHU3HPOBAHHOW  CHCTEMBI

HIPEIYyCMOTPEHO:

e obecneyeHue yaoOHOrO HOJIb30BATENILCKOTO
uHTepdeiica;

obecrieyeHre HaUBBICIIETO OBICTPOIEHCTBHS PabOTHI
CHCTEMBI;

e  XxpaHeHue 1 00paboTKa HEOOXOMMOM HH(DOPMALIIH;

L4 obOecricueHre HaZCKHOCTU U COXPAHHOCTH HaHHBIX

pu paboTe CHCTEMEI.

IIpumep naHopaMHON BHIIE03alUCH, IMOJYYEHHOH NpuU
MOMOIIM  pa3pabOTaHHOW CHUCTEMBI, NPHUBEICH Ha
pucyHke 4.

Takum oOpazoM, pa3paboTaHa aBTOMAaTHU3MPOBAHHAs
cucreMa MH(OOPMALMOHHOM MOJJIEPXKKH TUIAaHWPOBAHUS
TYPUCTHYECKOTO  MapuipyTa,  KOTOpas  IIO3BOJHT
COKOHOMHTH  BpeMsi  IOJb30BaTeNs IIpH  BBIOOpE
MapupyTa Onarogaps HpPeJOCTaBICHUIO TEKCTOBOM
nndopmanuy, BuaeopparMeHTOB U H300paXKEHUH O
TYPUCTHYECKUX  OOBEKTAaX,  pACHOJIOKEHHBIX  Ha

MapupyTe.

Puc. 4. [IpocMoTp naHopaMHO¥#i BUA€03aNUCH

6. 3akiaouenue

Pa3spaboTana cucreMa MOCTPOEHHUs W BU3yaIU3alMU
BUPTYaJIbHBIX TYPUCTUYECKUX MapIIpyTOB,
obeclieunBaroas:

L4 CO3JJaHNUEC T'COBHUACOMAPUIPYTOB HAa OCHOBC JIaHHBIX,

HOJIy4aeMbIX ¢ MOOWIBHOM JIabopaTopuy;
BU3YyaJIN3alMI0 MapIIPyTOB Ha IEKTPOHHOH KapTe;

MIPOCMOTpP TEKCTOBOH M MeauiHON uHpopManuu o
TYPUCTHYECKUX OOBEKTaX Ha MapUIpyTe;

MIPOCMOTP TTAaHOPaMHBIX ¢ororpaduit
BU/Ie0(hparMeHTOB Ha BEIOPAHHBIX MapLIpyTax.
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Konuenuust pazpadoTku cucTeMbl NOAACPKKA NPUHATHS
peuieHuii B cepe ynpapjieHnsi HHHOBAIMOHHBIM Pa3BUTHEM
peruoHa Ha 0a3e aJANTUBHO-UMHUTANUOHHOU MOJIEJIN

M.M. HuzamyTauHoB
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AHHOTaumll
B crarbe paccMmaTpuBaroTcs BOIIPOCHI
(hOpMUPOBAHUS CHCTEMBI TMOAACPKKH PUHATHS
peH.IeHI/Iﬁ B 06J'IaCTI/I Y1paBJaCeHUs WHHOBAIMOHHBIM
Ppa3BUTHCM PEruoHaJIbHbIX COUaJIbHO-
SKOHOMHYECKUX CUCTEM. HpezmoxceHa KOHOCNIA

pa3paboTKu  MOAOOHOW CHCTEMbI HAa OCHOBE
UCTIONIb30BaHHUS a/IalITUBHO-MMUTAI[HOHHOU
mojenu peruoHa. OmpeneseHbl ©  ONHCAHBI
(hYHKIIMOHATIHBIC 0J10KH, TIO3BOJISIIOIIUE
OpPraHU30BaTh Pa0OTy CUCTEMBI.

1. Beenenue

DddexrusHoe yrIpaBlieHUuE CTpaTerunueCcKuM
MHHOBAI[MOHHBIM  PA3BUTHEM CJIOKHBIX  COIMATBHO-

9KOHOMHYECKHUX CHCTEM B YCIOBHAX HECTAOMIBHOCTH
Kak BHEIIHEW, TaK U BHYTPEHHEH cpepl TpedyeT aHanm3a
MHOXKECTBa ~ IIapaMeTpOB M ydeTa  PasIMYHbIX
MIOCJIEICTBUH peanu3aluy TOTO WIM WHOTO CIEHapus
pa3BUTHSL. OtgenpHONl  3amadyeil  pPEruoHaJbHOTO
MEHEKMEHTA SIBJISICTCSI HCTIOJIb30BAHUE YIIPEXKIAIOIIETO
ynpaBieHus.  TpagWIMOHHAsT  CXeMa  yIpaBJICHHS
mpencTaBIsieT  coboil  B3ammopeicTBue — CyObBekTa
ynpaBieHus, oOBbeKTa yNpaBIeHUs M BIMSHHE HAa HUX
okpyxatouieii cpeabl. Ilpu 3TOM  ynpaBieHueckoe
BO3ZCHCTBHE CyOBEKTa Ha OOBEKT OCYIIECTBISETCS B
OTBET HAa IIPOM3OLICANINE W3MEHEHHS B ITOKa3aTelsixX
(yHKIMOHMPOBAaHUS  00BEKTa, HA  HECOOTBETCTBHE
peanbHbIX 3HAYEHUN HEKOTOPBIX MapaMeTpoB ILUIAHOBBIM
WM HOPMATHBHBIM 3HaueHWsM [1]. B Toxe Bpems, B
yCIOBUSX (PYHKIMOHUPOBAHMS CIIOXHBIX COIHAIBHO-
HSKOHOMHYECKHX CHUCTEM HEOOXOIMMO HE YCTPaHATh

Tpyasl NATOH BecepoccHiickoi KoOHpepeHnn
"UHpopManHoOHHbIE TEXHOJOTMH MHTEIEKTYAJbHOM
MOA/IeP:KKM NMPUHATHSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

B.B. Opemnukos
CekxTop ’KOHOMHKO-MaTeMaTUYECKOro

MOJCIIUPOBAHUS
HNHCTUTYT colMaibHO-?KOHOMHUYECKHUX

ucclieoBaHuii Y PUMCKOT0 Hay9HOTO LIEHTpa
Poccuiickoil akaiemMuun HayK
VYa, Poccus
e-mail: VOresh@mail.ru

IIOCIIC/ICTBUS OTpULIATENbHBIX OTKJIOHCHHUH, a
MpeJoTBpamaTe ux mnoseieHwue. s sTtoro Tpedyercs
YETKO€ I[OHUMAHHUE IMPOIECCOB MPOUCXOASAIIMX B
CHUCTEME U BO3MOXHOCTh aIcKBATHOI'O MPEJICTABICHUS O
COCTOSIHUM CHUCTeMBI B OyaymieM, TMpH yCIOBUH
peanu3ali HEKOTOpOro Habopa Bo3zaeicTeuit. Mcxonas
W3 3TOT0, AKTYyAJIM3UPYIOTCS 3aJaydl MPOTHO3HPOBAHMS,
IJJAHUPOBAHUSl PErMOHAIIBHOIO pPAa3BUTHUS, a TaKke
BEIPAOOTKM HAYYHO OOOCHOBAaHHBIX YIIPAaBICHUYCCKUX
pemieHuid. Bo3Hukaromue nOpu  3TOM  TPYIHOCTH,
CBsA3aHHBICE C MacmTaboM pemaeMbIX —3a1a4, He
MO3BOJSIFOT TPUHUMATH B3BEIICHHBIE pemIeHus 0e3
MPUMEHEHUS COBPEMEHHBIX WH(POPMAITHOHHBIX
TEXHOJIOTHH W WH(POPMAIUOHHBIX cucTeM. OIHUM U3
HamOojee TEePCIeKTUBHBIX HaMNpaBlIeHUH B JaHHOMN
007acTH Ha CETrOHSAIIHHUI [€Hb SBISETCS CO3JaHUE U
BHEJIPEHHWE CHUCTEM TNOJJEPKKW NPHUHATUS pELIEeHUN

(CIIIIP) [5].

Kak ormeuaercst B ureparypHbix ucrounukax [6] CIIIIP
MpEJCTaBIsET coboi KOMIIBIOTEPHYIO
ABTOMATH3MPOBAHHYIO CHCTEMY, LIeJIb PabOThl KOTOpPOH
3aKTI0YaeTcss B OKa3aHMM  IIOMOIIM  JIIOZSM,
npuHUMarmuM pemreHue (JITIP) B CIOXHBIX YCITOBHUAX
JUIL TIOTHOTO ¥ OOBEKTHBHOIO aHajlW3a IpeIMETHON
nestenbHOCTH. Takum oOpaszom, CIIIIP BosHuKIH B
pe3ynbTaTe CIUSHUS yIIpaBJIEHIECKUX
MHPOPMAIMOHHBIX CHCTEM U CHCTEM YIpaBJIeHUs 6a3aMu
nmanueix  [11].  JlaHHBIE CHCTEMBI  HAlDIA  CBOE
IpUMEHeHHe B OONBIIEH CTeNmeHH B  YIPaBICHUU
OpPTaHM3AIMSIMA W TPEANpPUATHAMH (B T.94. B paMKax
MIPOEKTHOTO YTPABIEHUS, NIPH CO3AAHUU CUTYAIIHOHHBIX
HeHTpoB ¥ T.4.). OJHAako Tpu pemieHuH 3ajgad
KOMIIIEKCHOTO Pa3BUTHUS U CTPATETNYECKOT0 YIPaBICHUS
TEPPUTOPUAIBHBIMU COLIUAJIBHO-9)KOHOMHYECKUMHU
cucreMaMl  (MyHUIMIQJIBHOTO W PETHOHAIBHOTO
yposaeii) npumenenuss CIIIIP He mony4mino momKHOTO
pacnpocTpaHeHus. Bo MHOroM, Ha Ham B3I, 9TO
CBA3aHO C OCOOCHHOCTAMH OOBEKTa YIpPABICHHUA W
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criemuUKON  pemaeMblx 3amad. B Toke Bpems
CIIOKMBILIMECS HA CETONHSIIHWN JAEHb TEHACHIWN B
o0macTn  TOCYAapCTBEHHOTO M MYHHIUIAIBHOTO
YIpaBICHUS] TAKOBBI, YTO B JaHHOW cdepe MpUMEHsIeTCs
BcE OoupIlle Pa3NIWYHBIX HHPOPMAMUOHHBIX CHCTEM.
Jlorn4HBIM IPOAOIKEHUEM JAaHHBIX TCHACHIUH SBISCTCS
co3aHue U BHeapeHue coorsercTByromux CIITIP.

Ha mnam B3rasng opranuzanusa NOAACPKKU TMPUHATUAL
peHIeHI/Iﬁ B obOmactu yIipaBJI€HUsA  PETUOHAIbHBIM
MHHOBAllMUOHHBIM Pa3BUTHEM JOJIDKHa peuiatb
cileayrmue 3aga4dr, COOTBETCTBYHOIIUMEC YKPYIITHCHHBIM
oTaram:

e (COop u HaKOIUICHHE MH(POPMAITHH;

e AHaIM3  PETPOCHEKTUBHOM,
MIPOTHO3HOM CUTYallUu;

TEeKyLIei u

e  DopMHpOBaHHE MPOTHO3a PA3BUTHS CHUTYaIlH B
PAa3JIMYHBIX YCIOBHSAX;

e  (dopMmupoBaHHE KOMIUIEKCa PEKOMEHIAIMH IO

YIY4IICHUIO CUTYyalUH UCXOAS u3
IIOCTABJICHHOM 3a/1a4yu.
VY4uThIBas cnenuduky o0beKTa yIpaBiIeHus,

0COOEHHOCTH ero (DYHKIMOHUPOBaHHS W pa3BUTHUS, a
TaKkke TpPUHHMas BO BHUMaHHWE LEIH U 3aJayH,
craBsauuecs nepex npennaraemoi CIIIIP, B xauectBe ee
spa B JTaHHOM ciydae [eecooopa3HpIM
MpeACTaBIIeTCA  BHIOpaTh HMMHTAIIMOHHYIO  MOJEINb,
0a3upyIONIyIocs Ha BO3MOXKHOCTH aJalTallii TOBEACHUS
Pa3TMIHBIX YKOHOMHUYECKHX areHTOB K M3MCHECHHUIO Kak
BHEIIHEH cpenpl, TaK W TOBEACHUIO IPYTUX arcHTOB.
Kpome Ttoro, cinemyer obpaTuTh BHUMaHHWE Ha TO, YTO
CYIIIECTBEHHOE BJIMSIHME OKAa3bIBAIOT M XapaKTEPUCTHKHU
CaMOTO paccMaTpUBA€MOI0 areHTa, MpaBuja MPUHSITHS
UM pElIeHUH, KOTOPhIE MOTYT OCHOBBIBATHCS HE TOJBHKO
Ha «COOCTBEHHOM OIIBITE€», HO W BKIIOYATh NpaBHiIa
BEISIBIICHHBIC TP aHANHW3E TOBEACHUS WHBIX arcHTOB.
Pemenunro I10TOOHBIX 3a1a4 CIOCOOCTBYET
HCIIOJI30BaHUE BO3MOJKHOCTEHN aJlalITUBHO-
HMUTAIMOHHOW MOJIEITH PErroHa, JIOTHYECKas CTPYKTypa
KOTOpOW BKJIIOYAET TPHU KIFOYEBBIX YPOBHS (YpOBEHb
9KOHOMHYECKUX areHToB (JA), YPOBEHb PETHOHAIBEHOTO
yIpaBIeHUS U yPOBEHb MAaKpPOCPEIbl) U MpeCcTaBlIeHa Ha
pucynke 1 [7].

CTpaTeI‘I/ISI MOBEACHUA DKOHOMHNYCCKOTO ar¢HTa B paMKax
JTAHHOI MOJeNu MpeaCcTaBIsAeT co00i Habop yCIOBHH H
COOTBETCTBYIOIIUX WM IPaBUJI MOBCACHUA. Tem cambiM
YUYUTBIBAETCS  CUTYAaLlMOHHBIA  XapakTep  IPUHATUSA
peLIeHHiA. Heo6xomumo OTMETUTH, 4TO
paccMaTpUBaIOTCS KaK «BHYTPEHHHE YCIOBUS» (B T. U.
COCTOSTHHE SKOHOMHYECKOTO areHTa, 00beM MMEIOIINXCS
3a1acoB, NOTPEOHOCTH 3KOHOMHYECKOTO areHTra), Tak U
«BHEIIHHE YCJIOBHUS» (B T. 9. BO3MOXKHOCTBH ITOJNYyYCHHS
pecypcoB OT JAPYI'MX OSKOHOMHYECKHX areHTOB W
BHEIITHENH Cp€abl, HU3MCHCHHUE MAKPOOKOHOMUYCCKUX
nokasareseit). M3MeHeHHe yCIOBUN CITOCOOHO MPUBECTH
HC TOJBKO K KOJIMYCCTBCHHBIM, HO U K Ka4YCCTBCHHBIM

U3MCHCHUAM B (l)yHKL[I/IOHI/IpOBaHI/II/I OKOHOMHUYCCKOI'O
arcHra.
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Puc. 1. Mepapxuyecku opranu3oBaHHast
KOMIOHEHTHAS CTPYKTYPa aganTHBHO-
HMMHUTAHOHHOHM MOJeJIN

[ToToku u 3amacel
MF=(St, FI)

bananc pecypcos

AZanTHBHO-MMHUTALMOHHAS MOJIENb TI03BOJISET MOJIy4YaTh
cOanaHCHPOBAaHHBbIE  IPOTHO3HO-IUIAHOBBIE  OLCHKU
HOoKa3aTelell pernoHanbHoro pa3putusa. OHAKO clexyeT
OTMETHTh, YTO caMma 1o cebe MOAeNb HE IO3BOJIET
pemuTh Bce 3amaun, crosmme nepex CIIIIP u tpebyer
JIOTIOJIHEHHSI KOMILIEKCOM (DYHKIIMOHAIBHBIX OJIOKOB.
CocraB M B3aMMOCBSI3b MEXAY OJOKaMM ONpEnessieTcs
WCXOAsl M3 TIOCTAaBICHHBIX 3aJad M oOmmeH JOoTruKu
(hopMUpOBaHHUs YIIPABICHYECKOTO pPelIeHus (puc. 2).

[lepBbIM 3Tamom sBiseTcss (GOpMUpPOBaHHE KOMILIEKCa
WCXONIHBIX NTAaHHBIX. BJIOK BBOMA JaHHBIX OOeCIeUMBacT
HATOJIHEHHE 0a3bl JAHHBIX Pa3IMIHON HH(pOpManHed o
COCTOSIHUM OOBEKTa yNpaBJIeHHS M BHEIIHEH cpensl. B
CBA3M C TE€M, YTO [aHHBIE JOJDKHBI OOHOBIATHCA B
CHCTEME TEePHOIMYECKH HEOOXOOMMBIM YCIOBHEM €€

(hyHKIIMOHMPOBAHUS SBJIETCS opraHuzanus
MOHHTOPHHTa. OJTO TIO3BOJSIET HE TOJNBKO HMETh
IPEACTaBICHUE O TEKYIIEM U  PETPOCHEKTUBHOM

COCTOSAHMU PpETHOHA, HO W OTCJICIKHUBATHL MOCICACTBUA
MMPpUHHUMACMbIX YIIPaBJICHYCCKUX pemeHHﬁ, a
COOTBETCTBCHHO pacuiunpsiTb n COBCPUICHCTBOBATH
HMCIOIHECCA 0a3bl paBuil 1 0a3bl IpeueaACHTOB.

Konuenuust pa3paboTKu CUCTEMbI MOAJIEPKKU MPUHATHUS PELICHUH B chepe ynpaBieHUs] ”HHOBAIIMOHHBIM Pa3BUTHEM PErMOHa Ha 0a3e aJanTHBHO-
WMHUTAIMOHHON MOJICITA
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Puc. 2. KonuenryauasHnas cxema CIIIIP B cdepe ynpasiieHusi HHHOBAllMOHHBIM Pa3BUTHEM peruoHa Ha 0ase
aJanTHBHO-MMHTALIMOHHON’ MoeIu

CrnenyeTr mNpUHMMArh BO BHHMaHHe MacIiTaOHOCTh
maHHOW pabOotel. ba3a gaHHBIX XpaHUT B cebe
nHpopmanuio 0 pernoHanIbHO COLIMAJIBHO-
SKOHOMHUYECKOH cHCTeMe, a Takke O 3HaYHUMBIX
XapaKTepuUCTUKax BHelIHel cpeabl. HeoOxonumo yuectsb
OTpakeHHE B HEW  pa3sHOpoAHON  mHpopMarmw,
OTHOCSIIEHCS K paslNYHBIM OOBEKTaM C YYETOM HX
n3MeHeHuss BO BpeMmeHH. (OOpaboTka  OTPOMHBIX
MaccuBOoB  uHpopMamuu  TpeOyeT  NpPUMEHEHHUs
COBPEMEHHBIX nH(pOpMaMOHHBIX TEXHOJIOTUI
00paboTKM JMaHHBIX M HMHTEJUIEKTYaJIHOTO aHanu3a. B
CBA3M C OTUM XpaHCHHE [JaHHBIX Ipenasaraercs
opranm3oBath Ha Oa3e koHueniuun OLAP (B Tom uncie
3a cYeT CBOWCTB MHOroMmMepHoi 06a3pl) m Data Mining.
Kak oTMewaroT »KcmepThl B JaHHOM oOjactu, mpu
nomom Data Mining MOXHO BBISIBUT CKPBITBIE

3aKOHOMEPHOCTH B OOJIbIIMX OOBeMax HHpOpPMaIU
[10].

Kpome Toro, O10k BBOJA CIYXHT Ui TOCTAaHOBKH
3aJ1a4M MOJIb30BATENIEM CUCTEMBI (JIMIIOM IPHHUMAIOIINM
pemienust). Ha pucyHke 2 paHHBIH 3Tan NpeACTaBIICH
O0mokoM  ¢opmupoBaHus 3amaHus. HeobOxommmocTh
moo0HOro OJIoKa OOyCIIOBIIEHA TEM, 4YTO C OJHOW
CTOPOHBI ~ pa3HOOOpasWeM IPaKkTHYECKUX 3a1ad U
Hanpasienuii npumenenus: CIIIP (maumHas ot aHanm3a
peTpocrieKTUBHOW  MHGOpPMAMKM M 3aKaH4YMBas
BBIPAOOTKOMN AIIbTEPHATUBHBIX pelieHni pu
IUIAHMPOBAHWW WHHOBAIMOHHOrOo passutus [8]), a ¢
JIPYrof CTOPOHBI — HEOOXOJMMOCTHIO BBOJIA HE TOJBKO
OTYETHBIX JaHHBIX, HO M OK30TCHHBIX IIapaMeTpOB

MOJICTIM, a TaKke BbIOOPOM CTpaTerud pa3BUTHS.
KoMIutekc 9K30reHHBIX TapaMeTpoB MOJEIH BKIIIOYACT B
ce0si CleHapHble MapaMeTpbl MaKpPOIKOHOMHUYECKOW
Cpeabl, ympaBiseMble NapaMeTpbl, a TaKKE HHBIE
[IOKa3aTelM, KOTOPbIe MCIONIb3YIOTCS B pacueTax, HO He
MOJICTIMPYIOTCSI B paMKaX caMoro MHCTpyMeHTapus. biok
(opMupoBaHUS ~ CcTpaTerMd  JOJDKEH  TIO3BOJIATH
(hopmupoBaTh 00111yI0 CTpaTeruio pa3BHUTHS
PETHOHAIBHONW CHCTEMBI M ONPEAEIATh Pl IapaMeTpoB
MOJIETIM IO TPOBEACHUs MOJEIBHOTO 3KCIEPHUMEHTa C
LETbI0 BHIOOpA MPUOPHUTETHOTO HAINPABJICHUS PA3BUTHS.
B wactHocTHM, MOTryT OBITH BBIJEJICHbl COLMAIBHO
OpPHEHTHPOBAaHHAs, WHBECTUIIMOHHO OpPWUEHTHUPOBaHHAS,
WHHOBAaHOHHAs [2], KOMIUICKCHAs W WHbBIE CTPATETHH.
Takum oOpa3om, OJOK BBOJAa JaHHBIX SIBISIETCS
uHTEepdeiicoM BBOJA CTaTHCTHUECKOW HH(MOpMAIHH,
YIPaBISIIOIIMX [TAPAMETPOB, CLIEHAPHBIX MapaMeTPOB.

COBOKYIIHOCTh YKa3aHHBIX JaHHBIX SIBJIETCS BXOJHOM
nHpOpManuei AN TpPeACTAaBICHHOW paHee agalTHBHO-
MMUTAIMOHHON MOJENN pEeTrHoHaIbHON cuctembl. B
paMKax JaHHOH cTaThl He OyldeM  TOApOOHO
OCTAHABJIMBAaThCSI HAa BHYTPEHHEM YCTPOMCTBE caMoOil
MOJIENIM U alTOPUTMAax pacuera MTOTOBBIX MOKa3aTelei.
OnHako ciueayeT OTMETUTh, UYTO  HWMHUTAIMOHHOE
MOJIETUPOBAaHUE  TOJIpa3yMeBaeT BO3MOXKHOCTh  HeE
TOJIBKO BBIOOpA TMPaBUJI MOBEACHHS U3 UMEIOIIEHCs 6a3bl
MpaBUJI, HO M KOPPEKTHPOBKY caMoi 3Toii 06a3pl. B
3aBUCUMOCTH OT MOCTaBiIeHHOW 3amaun AVM wMoxer
pemarh 3ajadd  Kak MPOTHO3UPOBaHUS (TOCTpOeHHE
MIPOrHo3a pa3BUTHUSA COLMAJIbHO-YKOHOMHYECKOM
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CHUCTEMBI oe3 3a1eiICTBOBAHMS
QITOPUTMOB), TaK MW  IUIAHKPOBAHUS
YIPABICHYCCKUX YCTAHOBOK).

YIPABISIFOLIMX
(c  ygerom

B Toxke BpeMs I[OCTaHOBKA 3aladdl OMpeAeCHHUS
MapaMeTpoB HMHHOBAIMOHHOTO pa3BHTHs perroHa [9]
HAKJIQIBIBACT  ONMpPENCICHHBIC  OCOOCHHOCTH  Ha
OpOIIEAYPy MPOBEICHHsT MOJEIBHBIX 3KCIIEPUMEHTOB. B
YACTHOCTH, HEOOXOAUMBIM  SIBISIETCS  OIpPEeIeHHE
HoKasarelisl  MHHOBALMOHHOTO  Pa3BUTHA  PErHOHA.
HccnenoBaTellsiMd  OTMEYAETCS, YTO IPU  PEIICHUU
JNAHHOM 3a]a4d MOTYT ObITh BBIIBUHYTHI CIEYIOII[HE
TpeboBanus [3]:

®  arpermpoBaHME MHOTUX KPUTEPHEB, MMEIOIINX
Pa3UYHYI0 PAa3MEPHOCTh M HANPaBJICHHOCTh

HW3MEHCHUM;

Y4Y€T BECOB KPUTEPUEB, T.€. HUX BAXKHOCTH B
HHTel’paJ’IBHOﬁ OLICHKE

dbopManu3anysi ~ HEUCTKUX  HOHATHA IS
obecrieueHus 3¢ heKTHBHOMN 00paboTKH
Ka4eCTBEHHOH MH(pOpMaIMU HapaBHE C YETKUMHU
KOJIMYCCTBCHHbBIMU JaHHBIMHU

NIpUBSI3Ka  UHTErPAIIBHOTO
LENEBBIM OpUEHTHPAM
pa3BUTHUS PETHOHA U T.JI.

HoKazaTens K
CTPaTEeruuecKoro

[Tomy4yeHHBIE TTPOTHO3HO-TUIAHOBEIE OIICHKH ITOCTYITAlOT
B OJOK aHamm3a W BEIABICHUSA mpoOmem. Ha manHOM
JTare OCYIICCTBIICTCS CTPYKTYPHBIH aHAIN3, aHAIN3
IUHAMUKHA W WHBIC TPOLEAYPHI, TTO3BOIIIONINE BHIIBUTH
KaK HETIOCPEICTBEHHO MPOOJIEMBI, TaK M MPEAITOCHUIKH
IUIsl UX BO3HUKHOBeHUs. [y 3Toro mpumensieTcst 6asza
MIPELEICHTOB, coJieprkaas UHPOPMALIUIO 0
BO3MOXHOCTH  TNPUMEHEHHsS  HAKOIUIEHHOTO  OTbBITa
pemieHus TpobsieM B MPOIECCE BHIPAOOTKH PEIIeHUs
HOBBIX 3a7ad.

OCHOBHBIM TOHSTHEM SBISIETCSI TIPELEIEHT 3TO
CTPYKTYPUPOBaHHOE  TIPEJCTABICHHE  HAKOIUICHHOTO
OIbITa B BHJE JIAaHHBIX M 3HaHMH, 00ecednBaloIiee ero
MOCJIEAYIONIYI0 aBTOMATH3MPOBAaHHYIO 0O0pabOTKy mpu
MIOMOIIN CTIEIMAIN3UPOBAHHBIX MPOTPAMMHBIX CHCTEM.
OO0mas cTpyKTypa HpeneZieHTa BKIIOYAeT Ba OCHOBHBIX
KOMIIOHEHTa — HIECHTHU(UIUPYIOMAs 4acTh (OMHCHIBAET
AMEIOIUICS OmbIT), oOydarmias 4YacTh (OMHCHIBAET
pEIIeHNs U UX XapaKTePUCTHKH).

Ha ocHOBe MpOrHO3HO-TITAHOBBIX OIIEHOK, BBISBICHHBIX
B XOJ€ aHaiu3a NpoOJieM pPa3BUTHS U HMEIOIINXCS
MIPELEICHTOB, CUCTEMa MOIACPKKH MPUHATHS PEIICHUN
¢dopMupyeT KOMIUIEKC aJbTEpPHAaTHBHBIX pEIICHMH,
KOTOpBIE JIOJDKHBI OBITh OIIGHEHBI 110 OIPEeNICHHBIM
KPUTEPHSIM.

OnHoil wu3 Hamboiiee BakHbIX cocraBustromux CIITP
sBIsIeTC  ONOK  (OpMUpOBaHHS pEIICHHU, B pamMKax

KOTOPOTo TIpeAIoaraercs OCYIECTBIISITH
KIacCU(UKAIIMI0 CUTyallud M COIOCTaBIICHHE C
nMeromeiicss  0a3oil  mpemeneHToB AN BBIOOpa

BO3MOXHBIX ITyTel pemenus. [Ipu atom npexncrasisercs

1enecooOpa3HbIM — HCIIOJIB30BaTh ~ METOABI  TEOPHH
HEYETKUX MHOXXeCTB. TakoM moaxoJ IaeT BO3MO>KHOCTh
OTCJIC)KMBATh IUIABHBIE M3MEHEHHS CBOWCTB OOBEKTA
yOpaBiIeHUs, a TakkKe 3aJChCTBOBATh KAaueCTBCHHEIC
XapakTepucTHKH. Kak  oTMeYaroT  HCclenoBaTelIH
HEYETKHE TepeMEHHBIC HAWIYYIIUM 00pa3oM ITOIXOMST
JUIS TUTAHUPOBaHUS (PAKTOPOB BO BPEMEHH, KOTJAa HUX
Oynyiias oneHka 3aTpyaueHa [4].

ITpym >TOM BaKHEHWIIMM 3TalOM SBISIETCS TOCTPOCHUE
(yHKIMA  TIPUHAUIEKHOCTH  MHOXECTB,  KOTOpBIE
ONUCHIBAIOT ~ CEMAaHTHKY  HCIIOJB3yeMbIX  0a30BBIX
3HAQUCHWH HEYETKHX M JIMHIBUCTHYECKUX IEPEMEHHBIX.
CymecTByeT HECKOJIBKO METOJIOB TIOCTPOCHHUS (YHKIIHN
npuHaanexxkHoctH. OpHako B ciaydae  pa3paboTKu
MHCTPYMEHTapusl TOAACPKKH TPHHATHS PpEIICHHH B
obmacTi  ympaBIECHUS  PETHOHANBHBIM  Pa3BUTHEM
HEOOXOAMMO YYWTHIBATh TaKWe OCOOEHHOCTH Kak
HallM4he pa3sHOPONHBIX HMCTOYHHUKOB  HMH(OpMAIHUU
(mpeanpusATus, HaceleHHe, OOIECTBEHHbBIE OPTaHU3AIUH,
OpraHbl rocy1apCTBEHHOI'O u MYHHUIHUIIAJIBHOTO
ymnpaBieHuss u T.1.). Kpome TOro, BbIOOp perieHHi
JOJIDKCH YUYUThIBATH cneun(bm(y WHHOBAIIMOHHOI'O
pas3sBUTHS.

3aBepIIaonM 3TAoM SBIsIeTCs (POPMHUPOBAHHE OTUETa
O pesylbTaTaX MOJEIMPOBaHUA U  IIPEUIaracMbIX
crocobax peuieHus BBISIBJICHHBIX npooJieM.
IlenecooOpa3HbIM 1pu 3TOM NIPEACTaBIIACTCS
WCTIONIb30BAaHUE TOTOBBIX MIA0IOHOB YHH(DHUIIMPOBAHHBIX
oryetoB. IlomoOHBIE  OTYETHI  MO3BONIAIOT  JIMILY
NPUHUMAIOLIEMY pellleHHe ObICTpee OPHEHTHUPOBATHCS B
[I0JIy4aeMbIX JAHHBIX.

Opnnako cnenyetr nmonumath, yto CIIIIP sBnsercs numib
MHCTPYMEHTOM, IO3BOJISIOLIUM IOATOTOBUTH DPEILIEHUE,
HO He moaMeHsieT coboi JITIP, Ha koTopoe Bozmaraercs
OTBETCTBEHHOCTb. B CBA3M C€ 3TUM INPOBOJUTCS
9KCIIEpTHasl OLICHKAa IIOJIyYeHHBIX JaHHbIX. B ciyyae
0I0OOpEeHUs TPEUIOKEHHOTO pEeIIeHHs, Ha €ro OCHOBE
pa3pabatbIBaeTCs MEpPOIPUSITHE (xoMIUIeKC
MEpPOTPUATHI), peadu3alus KOTOPOTO TPHUBOIAUT K
W3MEHEHUIO COCTOSIHMSL PErHoHajlbHOM cucTeMbl. B
ciydae HEOJOOpEHHUs, OCYHIECTBISCTCS KOPPEKTHPOBKA
MIOCTAaHOBKH 3a7a4yl ¥ OBTOpHBIH 3amyck CIIITP.

Cnenyer OTMETHTh, YTO I JIMIA TNPHHUMAOIIETO
pemieHns B paMKax €ro MpPaKTUYEeCKOHl esTeThbHOCTH
ucnions3oBanue CIIIP He nomwKHO OBITH CBA3aHO C
HEINOCPEACTBEHHON HACTPOMKON OTIENBHBIX apaMeTPOB
SKOHOMHUKO-MaTeMaTHUECKOW  MOJENH, MpPOBEACHUEM
MaTeMaTHYECKUX pacueToB 130 05 U3y4EeHUEM
0cOOCHHOCTE MaTeMaTH4YeCKOro armapara HEYeTKOH
noruky. B3auMonelcTBHe ¢ CHCTEMON OCYLIECTBISAETCA
gepe3 OJIOKH BBOZA U BBIBOAA HH(OPMALMH OCPEACTBOM
NpUBBIYHOTO HWHTepdeiica, a BcsS BHYTpeHHss pabora
CUCTEMBI CKPBITA OT II0JIb30BATEIS.

Kpome ykazaHHBIX (YHKIMOHAJIBHBIX OJOKOB U
aJaNTHBHO-MMUTAIIMOHHON MOJETH IJISI MCIIOIB30BAHUS
CIIITIP  motpebyerca  pa3paboTka  METOIMYECKOTO

Konuenuust pa3paboTKu CUCTEMbI MOAJIEPKKU MPUHATHUS PELICHUH B chepe ynpaBieHUs] ”HHOBAIIMOHHBIM Pa3BUTHEM PErMOHa Ha 0a3e aJanTHBHO-
WMHUTAIMOHHON MOJICITA
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obecrieueHus HCTIONIB30BAHUSA

BKJIFOYAOIIETO, B TOM YHCIIE:

e  Metoauky cbopa u 00pabOTKU JaHHBIX O COCTOSIHUU
pEeruoHaIbHON COLIMAJILHO-DKOHOMUYECKON
CHCTEMBI;

HHCTPYMEHTApHS,

Meroauky MIPOBEICHUS 9KCTIEPUMEHTA c
MMHTALMOHHON MOJIENBIO COLIMAJIBHO-
SKOHOMHUECKOTO Pa3BUTHUS PETHOHA;

Meroauky (dhopmupoBaHus YIIPaBJIECHYECKOTO
petieHus Ha 6a3e ucnonb3oanus CIITIP.

Takum oOpazom, mnpemnaraemass CIIIIP moxer crath
YHUBEpCAJIbHBIM CpeJICTBOM, obOecneunBatomum JIIIP
IOJIHOM u JIOCTOBEPHOU nHpopManmei o
PETPOCTIEKTHBHOM, TEKyIIEM H OyAymeM COCTOSHHHA
PETHOHANBHOM CHUCTEMBI, MO3BOJAIONUM TPOBOIUTH
aHAlM3 W BBIABIATH BO3MOXHBIE IYyTH pa3pelleHHs
CJIOKMBILHXCS IPOOIIEM.

2. 3axkiioueHune

B pe3ympraTe MpPOBENEHHOIO HCCIIEIOBAHUS

MOJTY4YEHBI CIIEAYIOIINE PE3YIbTATHI:

e Paszpaborana konrentyaigpHas cxema CIIIIP B
OGHaCTI/I yripaBJI€HUSA WHHOBAIIUOHHBIM pPa3BUTHEM

ObLIIN

peruoHa;

e OmnpeneneHo  MeCcTO  aJaNTUBHO-UMUTAIMOHHOMN
MoOIenu B pa3paboTaHHOW CXeMe W ITOKa3aHbI
BO3MOKHOCTH ee HCIIOJIB30BAHUS mpu
(opMUpOBaHMM  TMPOTHO3HO-TUIAHOBEIX  OIIGHOK
Pa3BUTHA PErHoOHa, a TaKKe OIeHKe 3 dekTuBHOCTH
IPUMEHECHUS AbTePHATHBHBIX YIPaBJISIOIINX
BO3JICHCTBHI;

Omnmcana mnporenypa (GOpMHUPOBAHHS pELICHHUA |
PacKphIThl Ha3HauYeHHsS (QYHKIMOHAIBHBIX OJOKOB,
KOTOpble 00eCIeYHBAaIOT BO3MOXHOCTh pPaOOTHI C

MOJIETTHHBIM KOMIIIEKCOM JUTST KOHEYHOT'O
MOJIF30BATE, obecrieunBast ynobHoe
UCIIONE30BAaHUE HMHCTPYMEHTapHs Ui JIMIA, He
SIBIISTFOIIETOCS CIEIHATHCTOM B obxactu

9KOHOMHKO-MATEMATHYCCKOT'O MOJACIINPOBAHUSA.
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IIporpaMmMHoOe o0ecnieyeHne AKTYapHbIX PACYeTOB B
100POBOJILHOM NMEHCMOHHOM CTPAXOBAHUHU

B.A. I'epmanoBa
®DakynpTeT UHPOPMATUKU U POOOTOTEXHUKHU
Y dbumckuii rocy1apCTBEeHHBI aBUAIIMOHHBIN
TEXHUYECKHIH YHUBEPCUTET
VYa, Poccus
hakimovalera@mail.ru

AHHOTaIlI/[Sll

B pabore paccMarpuBaroTcs JIOTOBOPBI
JI0OPOBOJILHOTO MEHCHOHHOTO CTpaxoBaHusl,
npeagaraeMble HEroCcyJapCTBEHHBIMU TMEHCHOHHBIMU
¢oummamu  (HII®D). Pazpaborano mporpamMmmHOE
obecrieueHne JUIs OUCHKU BEJIMYHMH MIPEMHUNA M NEHCHI
c yderoM pucka Ha 0Oase moxaxoma Asset-Liability
Management.

1. BBenenue

B CYHICCTBYIOIHNX OKOHOMHYCCKHX YCJIOBUAX
HCTOCYAApCTBEHHOC NEHCUOHHOC o0ecIeueHue SBIIETCS
OJHUM U3 [[eﬁCTBCHHLIX MCXaHU3MOB IIOBBIIICHUA
YPOBHA KU3HU IEHCUOHCPOB.

OcHOBHOM  3amaueil mpu  3aJaHUM  TapaMeTpoB
npemyiaraeMbix HII® NEHCHOHHBIX ~ CXE€M SBIsETCA
KOPPEKTHOE  OIPEIEIICHUE (c yderoM TPHATHIX
JOMyIICHUIT W OTrpaHWYEHUil) pa3MepoB IEHCHOHHBIX
B3HOCOB (TIpeMui) ¥  BBIJIAT, TMO3BOJLSIIONIMX B
HOCJIEAYIOLIEM BBITIOJIHUTD B3STHIC ¢donzoM
00s13aTeNbCTBA Mepe] BKIaINKAMU.

B paGore ocHOBHOE BHUMAaHHE YHEJIEHO CXeMaM C
YCTaHOBJICHHBIMU BBIIUIATaMH, JUIsL KOTOPBIX
HEOOXOIMMO HaWTH pa3Mep CTPaxoBoi mpeMun. B Takmx
CXEMaxX YPOBEHb IICHCHUH SIBISIETCS FapaHTUPOBAaHHBIM Ha
BECh IIEPUO/J] OCTABILEHCS KU3HU IICHCUOHEPA, B OTIIMYUE
OT CXEM C YCTAaHOBJICHHBIMU B3HOCaMH, B KOTOPBIX
BBIIUIATA IICHCUH IPOU3BOAUTCA JIMIIb B TEUEHUE
OINPENIENIEHHOTO CPOKa WJIM [0 HCYEPIaHUS CPEACTB
NIEHCUOHHOTO CYETa.

2. IlocTanoBKa 3a4a4u

Heobxoaumo paspaboTaTh mporpamMmHoe oOecHedyeHue,
NO3BOJISIIONEE NpU  3aJaHHOM ypoBHe pucka HIID
OLICHUBATh BEIMYMHY NPEMHU A OTAEIBHOTO JIUIIA,

Tpyas! NATOH MeKIYHAPOAHON KOH(epeHIuH
"HHpopManuoHHbIe TEXHOJOTHH HHTEIEKTYAIbHON
NO/IEPKKM NMPUHATHUS pemieHuii’’, 16 - 19 masn, Yda,

Poccnst, 2017

E.N. [Ipokynuna
dakynbTeT HHPOPMATUKH U POOOTOTEXHUKHU
Y bumckuii rocy1apCTBEeHHBI aBHAITMOHHBIN
TEXHUYECKUI YHUBEPCUTET
VYa, Poccus
preliv@gmail.com

JKEJAIOUIEr0 3aKIIOYUTh JIOTOBOP HEroCyJapCTBEHHOTO
IIEHCHOHHOI0 00€eCIIeYeH s.

Jns  pemeHns gaHHOW 3amaud  Obula  BBIOpaHa
MaTeMaTHdeckass Moaenb (yHKIuoHupoBaHus HIIO,
OIMCHIBAIOIIAS: TIPOIECCHl BHECEHUsI NMPEMHH, BBIIIIAT
(mpy  HACTYyIUIGHMM TIIEHCHM WJIHM B  pe3yibTare
HacJeJOBaHMA), U BEICHHE AKTUBHOW WHBECTHLHOHHOW
nesTenbHOCTH (9 (HEeKTHBHOE BIIOJKEHHE BCEX COOPaHHBIX
mpeMuid 3a roA B (MHAHCOBBIE AKTHBBI M pacdeT
MOJTYYCHHOTO  J0XO0Ja), OCHOBaHHas Ha MOAXOIE
ALM [1].

3. MaTeMaru4ueckasi MoaeJIb
¢yuxkunonuposanus HII® ¢ yuerom
HHBECTHPOBAHHA

Hcnonpsyemas MaTeMaTHYecKas MOJIEINb
¢byukionuposanus HIID [1] sBusiercst AUCKPETHOM, B
Hell Kak BpeMs t, Tak WM BO3pacT X, B KOTOPOM MOLYT
HAXOJIUTbCA YYACTHHKH CXEMBbI, IPUHUMAIOT IIEJbIe
HEeOoTpHUIlaTeIbHbIEe 3HAaUeHH (B roj1ax).

PaccmarpuBaercss cranuoHapHas momynsmus w3 N
yenoBeK. Kakaplii y4acTHMK BCTymaeT B IEHCHOHHYIO
cxeMmy B MOMeHT L =0 B Bo3pacte S, COTIIACHO KOTOPOH:

®  B3HOC KaX0ro yuactHuka C BHOCHTCS B Hauale
KaXJI0r0 roja JI0 HACTYIUICHHS TEHCHOHHOTO
BO3pacTa, JIM0O IO BBIOBITHA M3 CXeMBI (OymeM
CYMTATh, 4TO €JMHCTBEHHAS MpUYKHA

BEIOBITHS. — CMEPTH);

nonyueHHsle AeHsru HII® BkiagpiBaeT B akuu
U obnmuranmuu, 1O  KOTOPBIM  IOJIy4aeT
onpenenennsiit 1oxox (ly);

B BO3pacTe R nmer wHaumHaroTcs CXKECTOOHBIC
BBIILIATHI MOJKM3HEHHBIX IIEHCUI B pasMepe B,

B CIy4ae CMEPTH YYacTHHKA JO0 WM MOCIe
Ha3HAYEHHsI HETOCYJapCTBEHHOW NeHCHH (POH.
BBIIJTAYMBAECT IPABONPEEMHHUKAM YYaCTHHKA
OTIpEJICIIEHHYIO BBIKYITHYIO CyMMYy V.

[TporpamMHOe obecreueHne aKTyapHBIX PacdeTOB B JOOPOBOILHOM IIEHCHOHHOM CTPAXOBAaHUU
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HeoOxonuMo HaWTH BENTWYHMHY IMEHCHOHHOTO B3HOca C
MpU  3aJaHHOM 3HAYE€HWW TIEHCMM B W 3aJaHHOU
BepOSITHOCTH pa3zopenust HI1D:

P(U<0), t [0, ®—5],

rone U; — BenumymHa KamuTaja KOMIIAHMM B MOMEHT
BpeMeHH i,

® — MpeIeNbHBII BO3PACT 3aCTPAaXOBaHHOTO.

Bennunna kamurana kommanud U; B KaXABIiI MOMEHT
Bpemenn te[0, -S], ompexmensiercs clenyHOMMM
COOTHOLICHHUEM:

U= Up + CS + lia(1 =) Uy = B = V= Dy,

rae Uy, — BeInuMHA KamuTasna B MPeABIIYyIHil MOMEHT;
CS; — cymMapHble INIpeMUM, BHOCHMBIE B MOMEHT
BpeMenu t; l.; — JOXOA OT WHBECTULHH €IMHUIBI
BJIOXKEHMH B MOMEHT BpeMeHu t-1; Y — nons kanurana,

COCTaBJIAIONIAsl CTPaxOBOW pe3epB B MOMEHT BPEMEHH
t-1, By — cymMMapHble NEHCHOHHBIC BBIILJIATHI B MOMEHT
Bpemenn f; Vi — cymMMapHble BBIKYIIHBIE CYMMBI,
BBIIUIAYMBaeMble B MOMEHT BpeMeHnH t; Dy, — cymmapHsie
pacxo/bl (OH/Ia B MOMEHT BpeMeHH .

Hdna t = 0 kanuranm KOMIaHuu OyAET paBeH CyMMe
B3HOCOB BCEX Y4aCTHHKOB, T0 ecTh Uy = N-C.

I[anee paccMaTpuBacTCs BBIYHUCJICHUEC Ka)K,Z[OfI

COCTaBILIIONICH KanuTana GoHAA.

CyMMapHbIil B3HOC, BHOCHUMBIH B MOMEHT BpeMEHH {,

ompenensiercs B COOTBETCTBUA C (bopmynoit:
|
N¢ -C, O<t<t
CSt — t r :
0 t> t,

|
rae Nt — YHCJIO KUBBIX YYHACTHUKOB B MOMEHT BPEMCHU

t; 1:r — MOMEHT BBIXOJa Ha MEHCHIO.

Jloxon OT WMHBECTHUIIMN €IUHUITHI BIOKEHUH B MOMEHT
BpemeHH t—1:

lig =0l +@—0 1)1,

II€  Oly_1— JOJI BJIOXEHHUS B PUCKOBBIE aKTUBBI, I 1 U
lpt_1 — JOXOOHOCTH OT BIIOKEHHS B PHUCKOBBIE H

6e3pI/ICKOBLIe AKTHBBI COOTBECTCTBCHHO.

dopmupoBaHue WHBECTULMOHHBIX cTpaTteruu
YY9aCTHUKOB TIEHCHOHHBIX CXE€M OCYIIECTBISIETCS Ha
OCHOBE JIBYX MOJX0/0B: moaxoja «100 MuHyc Bo3pact» u
Maskuens (ta6. 1) [2].

TToaxon «100 mMuHYC BO3pacT» MpeamnojaraeT, 4to Npu
HWHBCCTUPOBAHUN TOJIBKO B aKIMUM U TOCYHApCTBCHHLIC
O6J'[I/IF8.I_[I/II/I J10JI1 UHBECTUPOBAHUA B aKIUH OIIPEACIIACTCA
kak 100 mmHYC CBO# BO3pacT (BO3pacT MHBECTOpPA) CO
3HakoM %. Takum o6pazom, Hampumep, 20-meTHUHA
JOIKEeH BIOXUTh okoyo 80% cBoux cOepexeHuit B
AKI1H.

Tab6auna 1. CTpykTypa HHBeCTHIIHOHHOTO OPT(eJst
no noaxoay Mankuens

Jonu aktuBoB (%) B noprdene B
Hanpasners 3aBUCHMOCTH OT BO3pacTa y4aCcTHUKa
MHBECTHPO- 60-
BaHUS 20- 30-40- 50- JICTHUE
JeTHUE | JIeTHUE | JICTHHE u
cTapiue
Axiun 70 60 50 30
Ob6muranmn 25 35 45 60
HanmarocTts 5 5 5 10

Mot kanuTana, COCTaBISAOLIAs CTPaXOBOM pe3epB B
MOMEHT BpeMeHH t—1, onpeensiercst B COOTBETCTBUU
¢ HOpMaTUBHbIM auana3oHoM Wucnekuuu HIID B
3aBUCHUMOCTH OT JONHM BIOXKEHHS B PUCKOBBIC
akTuBHI [1]:

0.05 0<04,<0.2
0.1, 02<0¢,<04
y=40.15, 0.4< 01 <0.6
0.2, 0.6<ay,<08
0.25, 0.8<ay.q <1

CyMMapHI:-Ie IICHCHUOHHBIC BBIIIJIATBI B MOMCHT

BpemeHu t:
0, O<t<t,
N{ -B-(l+m), t>t,

rae (1+7,) — KoddduuueHT MHAEKCAIMK NIEHCHH B

ronx t.

[Mpeamnosnaraercs, 4YTO JOXOIHOCTH PHUCKOBBIX U
0E3pHCKOBBIX aKTHBOB, a TaK)Ke HOpMa MHQIISALMN —
ciy4yaiiHble BEJIMYHHBI.

CyMMapHbIe BBIKYITHBIE CYMMBI, BBHITIAUMBAEMbIE B
MOMEHT BpeMeHU { HaxoaTcs o hopMmyIie:

d
Ny -V, 0<t<t
Vt: t 1t r

Ntd 'VZt!tr St<th/IV2t >0

rae Ntd — YHCJIO YYAaCTHUKOB, YMEPIIMX B MOMEHT
BpeMeHH 1; Vy; — BBIKyIIHas cymMMa HacleJHUKaM B

Cllyd4ae  CMEpTH
HErocyJ1apCTBEHHOM

t-1

Vy, = CZ(l— a+@-b)l): Vot — BBIKyIHas
i=0

CyMMa HacJleJHHKaM B CIlydae CMEpTH ydYacTHHKA

II0CJIE HAa3HA4YCHUA HeFOCyJIapCTBeHHOI‘/'I IIEHCHHU
t+n-1

Vy = B((L+ D 1+ m)™) ~(t-t)):; n -

i=t+1
KOJIMYCCTBO BhIILJIAT HACJICJHUKAM.

y4dyaCTHHUKaA a0 Ha3HA4YCHUA

IICHCHUH

Bcepoccuiickas koHpeperuus "MHPOpMaMOHHbIE TEXHOIOTUH UHTEIUICKTYaIbHOM MOICPKKH NpUHATHS perieHuid”,16-19 mas,Y da, Poceus, 2017

133




CymmapHsble pacxozp! (oHIa B MOMEHT BpeMeHH {:

a‘Ct +b- It—l‘Ut—ll It—l >0

Dt =
a-C, i1 <0.
roe @ — J0Msl OTYMCICHHHA Ha TOKPBITHE PAcXOIOB OT
B3HOCOB (5%); b — mons oTumcrneHuii Ha MOKPBITHE
pacxo0B OT HHBECTUIIMOHHOTO noxoaa (15%) [3].

4. Haxo:kaeHue 3aBUCUMOCTH BEPOSITHOCTH
pa3opeHus (pOHIA OT BeJUYUHBI
IMEHCHOHHOI'0 B3HOCA HA OCHOBE MeT0/Aa
Monre-Kapao

3amaroTcs  BXOAHBIC TapaMmeTpsl Mojaenn  (pasmep
NIEHCHOHHOH BHITUIATHI B, HCXOAHBIC MACCHUBBI JAHHBIX).

Ha  ocHOBe COOTBETCTBYIOUIMX BpPEMEHHBIX pSIOB
(hPMHAHCOBBIX MHCTPYMEHTOB CTPOSTCS MX IMITUPHYCCKHE
3aKOHBI PACHIPEICIICHHS.

Ha ocnose Ta6J'II/II_[I>I MNPOAOJLKUTCIBHOCTH  KU3HU
HaXOAUTCA 3daKOH paclupeACICHUA OCTATOYHOI'0 BPEMCHHU
JKU3HU 3aCTPAXOBAHHOTIO.

IIpn 3amaHHOM 3HaYeHWM IIEHCHOHHOro B3HOoca C,
KOTOPBIH MeHsieTcs oT 0 1o B ¢ marom AC:

e npoBouarcs K WUCHBITAHHM, KaXkI0€ W3 KOTOPBIX
COOTBETCTBYET (DYHKUMOHHMPOBaHUIO (OHAA IIpU
3aJaHHBIX ~ BXOAHBIX  IAPAMETPaX B  TEYEHHE
BpeMeHHoro nepuona [0, ®—s];

IPH 9TOM B KaXKAbIi MOMeHT BpeMenu t €[0, o—s-1]
TCHEPUPYIOTCA 3HAUCHMS IapaMeTpoB: HHQIANN

(1+m,), WHBECTHIMOHHOH joxomHoctn u

pasMepoB  BO3PACTHBIX ~ KOTOPT  YYaCTHHKOB
| d.

N,u N, ;

IIPOU3BOAUTCA paCUCT KallkuTalla (1)0H,I[a;

¢duKcupyercs pasopeHHe WINM HepazopeHne (oHIa
TIPU KaXkJIOM HCIIBITAaHUH,

L BBIYUCIISICTCS
¢doHma.

OLICHKa BEPOATHOCTU pPa3opCHUsd

i oneHkH ymcna urepanuii K ucmoiab3yeTcst mpaBuiIo
OCTAaHOBKH UMUTALIMOHHBIX SKCIIEPUMEHTOB:

re @ - YpOBEHb JOCTOBEPHOCTH; X, . KBaHTUJIb
2

1

CTaHAAPTHOTO HOPMAJIBHOI'O pacnpeAcJICHUs YpPOBHA
a. L2

1——, € — TOYHOCTb OICHKH BBIYHUCICHHHU, O -

JIUCIIEpCUsl CIly4aliHOM BEJIMUYUHBI 32 IEPHOL,.

5. [IporpammMHoe obecnieueHue 1
BBIYHCJIUTEIbHBIN IKCIEPUMEHT

PaspaboranHoe mporpaMMHOe OOecredeHHe MO3BOISET
NpU  3aJ@HHBIX  BXOAHBIX  [apameTpax  MOJENH
OTPEEATh BEPOSITHOCTh PA30pPEHUS I KaXJOro
3HAUEHHs TIEHCHMOHHOTO B3HOCA B COOTBETCTBHH C
Pa3TUYHBIMH CTPATETUSIMU MHBECTHPOBAHMS.

PaccMoTpuM pe3ynbTaThl IKCIIEPUMEHTOB, MPOBEIEHHBIX
c MTOMOIIBIO pa3paboTaHHOTO MPOrPaMMHOTO
obecrieueHusl.

BxonHble naHHbIE:
Tabmuua cMepTHOCTH HaceneHus Poccun g 2015 rona;

exxeMmecsuHble 3HaueHus poxoaHocTed IIMMDoB akuui u
o0Mranuii;

exemecsiunbie 3HaueHus: UIIL (c saBaps 2009 roga mo
stuBapb 2015 rona);

BO3pacT BCTYIJICHUS B NEHCHOHHYIO cxeMy S = 20 mner,
MIEHCUOHHBIN Bo3pacT R = 60 ner;

N = 100 y4acTHUKOB;

exeromHele TeHcun B pasmepe B=50000 pyO0.,
exeronneie B3HOCH C BapbupoBanuck ot 500 mo 6000
py0. ¢ marom 200 py6.;

JUIL  OLEHKM 4YHCIa HWTEpallii  ypOBEHb JIOBEPHS
pe3yabratam a=99,9%, a TOYHOCTH OIICHKH BBIYMCICHUI
£=10,05.

Ha puc.l npencraBneHa ¢opma BBoJa BXOJHBIX
rapamMeTpoB Uil pacyera BEPOSTHOCTH Pa3OpeHHs
¢doHma.

BxogHele napaMeTpei

BOSPACT BCTYMNEHWA B NEHCHOHHYD Nporpammy
520

NEHCHOHHBIA BOS0AcT
R &0

KONWYECTED YYaCTHUKOE
N 100

PasMED EXXEr0AHLN NEHCWIA (B pyGnmd)
B 50000

EKEr0OHEIE BSHOCE! (B pyEnmdg
C ot 500 Ar G000 war 200

PaccuMtate

Puc. 1. ®opma BBOAa BXOAHBIX IAHHBIX

Ha puc. 2. mperncraBieHa 3aBUCHMOCTb BEPOSITHOCTH
pasopeHus GoHa OT BEJIMYUHBI IIPEMUH TIPH PA3TUYHBIX
WHBECTHIOHHBIX CTPATETUsX.
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Puc. 2. 3aBHCHMOCTE BEPOSITHOCTH Pa30PEeHHs OT
NpeMHH

Hnst mogxona «100-Bo3pacT» peKOMEHIOBAHO 3HAYECHUE
npemun 5000 py6. B rog, s merona Mankuens — 4700
pyO. B TOJl TOJ IPU JOMYCTUMON BEPOATHOCTH PA30PEHUS
tdonma 5%.

AHanus YyBCTBUTEJIbHOCTU BeJINYUHDbI NPpeMUun K
UW3MEeHeHNI0 BXOAHbIX napamMmeTpoB Mmogesnun

[lpy mpoumx OAMHAKOBBIX BXOJHBIX MapaMmeTpax
M3MEHSUICSL BO3PAcT BXOXK/CHHUS B MEHCHOHHYIO CXEMY.
3aBUCUMOCTH NPEMHUH, IIPU 5% BEPOSITHOCTH pa3OpeHHUS,
OT BO3pacTa B KaXIOM OJKCIEpPUMEHTE OTpa)XKeHa B
tabnune 2. O4eBUIHO, YTO BO3PACT BCTYIUICHUS! CHIIBHO
BJIMSIET Ha pa3Mep MPEMUH.

Tabauna 2. 3aBucHMOCTH BeTH4YNHbI pemuu C ot
BO3pacTa S BXO:KIEHHS B IEHCHOHHYIO CXeMY

S 20 25 30 35 40 >40
C,
TBIC. 5 8 14 19 23 40
pyo.

Ha puc. 3., 4. npeacraBineHa 3aBUCUMOCTh BEPOSTHOCTH
pasopenuss GoHIA OT BEIMYUHBI IPEMHM IPH BO3pacTax
BXOXK/ICHHS B TICHCHOHHYIO cxemy 20 u 45 ner.

Puc. 3. 3aBUCHMOCTH BEpOSITHOCTH pPa3opeHus OT
NpeMHH NPH Bo3pacTe BXoxkIeHUs S =20

30 290X 2900 k%! )

Puc. 4. 3aBHCHMOCTH BepPOSTHOCTH Pa30pPeHHUsI OT
NpeMHUH NPH BO3pacTe BXOKIeHUS S = 45

I[lpy mnpounx OAMHAKOBBIX BXOJHBIX IapaMmeTpax
HU3MEHSUIOCh KOJIMYECTBO  YYAaCTHHKOB  II€HCHOHHOM
CXEMBl. 3aBHCHMOCTh MpeMuH, npu 5% BeposATHOCTH
pa3opeHus, OT KOJMYEeCTBa YYAaCTHHKOB B KaXJIOM
SKCIIEpUMEHTe OTpakeHa B Tabmuie 3. OueBUAHO, YTO
KOJIMYECTBO YYAaCTHHKOB MMEET HeOOJIbIIOe BIHMSHHE Ha
pa3Mmep IpeMuH.

Ta6auna 3. 3aBucumocTs pasmepa npemuu C ot
KOJINYeCcTBAa YYacTHUKOB N

N 50 100 200 1000 10000
C,
TBIC. 5,3 5 5 47 47
pyo.

Ha puc. 5. mpeacraBieHa 3aBUCHMOCTh BEPOSITHOCTH
pasopenust GOHIA OT BEIHYHHBI IPEMHH TIPU KOJIHYCCTBE
yuyactaukoB N = 10000.

Puc. 5. 3aBHCHMOCTH BEepPOSTHOCTH Pa30peHUs OT
npemuu npu N = 10000

6. 3akyeHue

e Ha OCHOBE CTOXaCTHYECKOM MOJICTIH
¢yakumonupoBanus HII® Owiio paspaboraHo
MporpaMMHOE  OOecrieueHue, IMO3BOJIIOIISE

OTIPENIeNIATh IPEMHIO JUT BEIOPAHHOTO JOTOBOpa

Bcepoccuiickas koHpeperuus "MHPOpMaMOHHbIE TEXHOIOTUH UHTEIUICKTYaIbHOM MOICPKKH NpUHATHS perieHuid”,16-19 mas,Y da, Poceus, 2017




e  100pOBOJIBHOTO MEHCHOHHOI'O CTPaxOBaHWS,
NIPY 3aJJaHHOM BEPOSITHOCTH pa3opeHust hoHxa.

e [IpoBeneHB BBIYMCIUTEIBHBIE SKCIIEPUMEHTHI,
pE3yNIbTaThl KOTOPHIX ITO3BOJIAIOT ONPENEIHTh
nmapaMeTpsl TICHCHOHHOW CXeMbl, Hamboiee
BIIMSIOIINE HA pa3Mep PEMHUH.

e [IpakTHyeckoe TpPUMEHEHHE Pa3padOTaHHOTO
IPOTPaMMHOI0 IPOJYKTa MOXKET IOBBICUTh
ypoBeHb (MHAHCOBOI'O MEHEPKMEHTa, UTO
MOJIOKUTENIFHO ~ OTpasuTCsl Ha  (UHAHCOBOM
YCTOMYMBOCTH CTPAaXOBOH KOMIIAHHH.

Cnucok ucnoJjib3yeMbIX HCTOYHMKOB
1. Prokudina E.I., Salikhova L.R. Estimation of Pension

Contributions Based on Dynamic Financial

Analysis. // Proc. of the 12th International Workshop
on Computer Science and Information Technologies
CSIT’2010°. Russia, Moscow - St.Petersburg, 2010.
Volume IV - P. 189-194.

Bponmreiin E.M., IlpymaunkoB B.b O moaxome
(OPMHPOBAHUIO JUHAMHYECKUX WHBECTHIIMOHHBIX
CTpaTeTMil TPyNI YYaCTHUKOB HETrOCYJapCTBEHHBIX
neHcroHHbIX Gounos (HIID) // VipasieHue puckoM.
2007. Ne 4. c. 51-61.

Hamorossrit konekc Poccuiickoit @enepannu (dacts
Bropasi) ot 05.08.2000 N 117-®3, crates 296
«OcobeHHOCTH oTIpeieIeHuUs pacxooB
HETOCYIapCTBCHHBIX TIEHCHOHHBIX ()OHIOBY.
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IHocTpoenue SCADA-CUCTEMBbI KAK YaCTH APXUTEKTYPbI
NpeAnpPUATHSA

H.B. 3yb6auposa
DakynpTeT HHPOPMATHKU U POOOTOTEXHUKHU
Y dbumckuii rocyaapCcTBEHHBIN aBUAITMOHHBIN
TEXHUYECKUA YHUBEPCUTET
Ya, Poccus
e-mail: sunnynatalia@mail.ru

Annotanus’
ApXUTEKTypa TPEATIPHATHS TPEACTABISIET COO00i
nporecc cOopa U pacrpocTpaHeHUst HHGOpMaIUH O
TOM, KaK OpraHM3alus HCIOJNB3YeT U JOJDKHA
UCIIONB30BaTh WH()OPMAIMOHHBIC TEXHOJOTHH B
CBOCH NIeATENHHOCTH.

IToctpoenne =~ SCADA-cucteMbl  Kak  4acTH
ApPXUTEKTYphl MPENNpPUATUS MO3BOJIUT OTOOpa3UThH
MECTO BHEIPSIEeMOM CHCTEMBI B Ipoleccax,
NPOTEKAMOIIMX B OPTraHHW3alllM, BBISIBUTH CHOCO0

UHTETpanuu JlaHHOU CUCTEMBI c yKe
(YHKIMOHUPYIOIUMHU B Opra”u3anuu
IPOrPaMMHBIMU ~ IPOAYKTAMM U OIPEIEIHUTH

ocHOBHOH coctaB SCADA-nakera ¢ TOUKH 3pEHHS
MPEABIBISEMBIX TpeboBaHM K ero
(hyHKITHOHATIBHBIM BO3MOXHOCTSIM.

1. BBenenue

B xone cBoero pa3Butus HHGOPMAIIMOHHBIC TEXHOJIOTHA
(UT) 3amstm  TWpoyHOE  MECTO B YIPaBICHUHU
npeanpustueM. Ha cerogHsiuiHUN J€Hb HEBO3MOXHO
noctnyb dpdHekTUBHOCTH Ou3Heca O0e3 mpumenenus UT,
o0ecreunBamIIMX aBTOMAaTH3aLUI0 OU3HEC-TIPOIECCOB
npeanpusitus. OqHuM U3 3)HEKTUBHBIX MHCTPYMEHTOB
OCYLIECTBJICHUSI ~ OPraHU3allMOHHBIX  WM3MCHEHUH B
KOMIIaHUAX C ucnoas3oBaHueM WT crana apxutekrypa
MPEANPUSITHSL.

ApXWUTEKTypa TPEONpHATHS  NpPEACTaBIsieT  coOoi
nporecc cOopa U pacrpocTpaHeHUs] HHYOPMALUU O TOM,
KaK OpTaHM3allis WCIOJIb3YyeT M JOJDKHA HCIOJIb30BATH
UT B cBoel AesITenbHOCTU. APXUTEKTypa MpennpHusITHs
mpeacTaBimsier  coboif  MH(GOPMAIMOHHYI0  OCHOBY
KOPIOPaTUBHONW CTPYKTYpbl KOMIIAHMU. YIIpaBJI€HUE
apxurexktypoir mpemnnpustus (Enterprise Architecture)
CO3/1aeT OCHOBY JUII CHHXPOHH3AIMH OOBEKTOB BHYTPH
IpeanpusaTHs M B TO e BpeMs o0eclednBaeT uX

Tpyasl nATOH Beepoccuiickoi KoH(pepenunu
"UHpopManuoOHHbIE TEXHOJOTHH HHTEUIEKTYAJIbHOU
MOA/IeP:KKM NMPUHATUSA pemenuii’’, 16 - 19 masn, Ya,
Poccus, 2017

B.B. MaptbiHoB
NHCTUTYT S5KOHOMHKH U YIIPaBICHUS
Y bumckuii rocyaapCcTBEHHBIN aBUAITMOHHBIN
TEXHUYECKUM YHUBEPCUTET
Ya, Poccus
e-mail: vitaliy.v.martynov@gmail.com

HENpephIBHOE HW3MEHEHHE I Leled ONTUMH3AIUU
On3Heca.

IIpumenenne Mozmenu 3axMaHa B IPOLECCE MOCTPOCHUS

ApXUTEKTYpbl MNPEANPUATUS II03BOJSIET PEaau30BaTh
CHCTEMHBIH TOAXOA B 00NacTH peuieHus 3agad
NPEANpUSATHS C TOYKH 3peHHs HH(OPMAIUOHHBIX

texHonoruil. Iloctpoenne SCADA-cucTeMbl Kak 4acTu
APXUTEKTYPHI MIPEANPHUATHS TTO3BOJIUT OTOOPA3UTh MECTO
BHEJPSEMOIl CHCTEMBI B IIpoleccax, MPOTEKAIInX B
OpTaHM3aIliM, BBIABUTH CIIOCOO WMHTETpallMd JaHHOH
CHCTEMBI C YX€ (PYHKIMOHHPYIOIIMMH B OpraHW3allnu
NPOTPaMMHBIMHU IIPOJIYKTAMH W OIPENENIUTh OCHOBHOM
cocrtaB SCADA-makeTa ¢ TOUKH 3peHUs NPEabIBISIEMbIX
TpeOOBaHUH K ero ()yHKIIMOHATIBHBIM BO3MOXKHOCTSIM.

2. [locTpoeHune apXuTeKTYpbl NpeANPUATHS
€ MCII0JIb30BAHUEM MOJ1eJIM 3axMaHa

B pesynbrare CpaBHHTENBHOTO aHallM3a MOJEINEH,
peaNM3ylomMX CHCTEMHBI IOIX0X B  mpomecce
MIOCTPOCHHS  APXUTEKTYPHl  HPENIPHUITHS, METOJ0M

aHanM3a uepapxui, ObUIO MPHUHSITO PEIIEHUE O TOM, UTO
MOjieNb 3aXMaHa SIBIISIETCSl HanboJee mpeanouTUTENLHOM
MOJIENIBIO TIOCTPOCHHS APXUTEKTYPHl MPEANPHUATHS IS
AO «bnarosenieHckuil apMaTypHBI