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Graph Clustering Methods in Distributed
Socio-Technical Systems

Zeljko Stojanov’

"University of Novi Sad, Technical Faculty "Mihajlo Pupin", Zrenjanin, Serbia

Abstract

Socio-technical systems are characterized by dynamic relations between human actors, organizations, and
technical components, requiring sophisticated mathematical and engineering methods for their modelling,
analysis, and optimization. Graphs have been recognized as an efficient and powerful abstraction for
modelling and analysing these systems, while graph clustering plays an important role in analysing
and optimizing their structure and characteristics. A method for graph clustering based on attribute
similarity of neighbouring nodes is introduced in this paper. The method contains two algorithms, the
first one for checking similarity between neighbouring nodes and the second one for merging similar
neighbouring nodes into clusters. The implementation of the method for determining the minimal
number of air pollution measurement stations dispersed in urban city environments is presented to
illustrate a possible scenario of use. Implementation is based on simulation of the method in a simulation
environment that creates initial scenarios with measurement stations presented as graph nodes, create
data sets for measurement stations, and calculates the minimal number of measurement stations by using
the presented graph clustering method.

Keywords

graph clustering, similarity measure, socio-technical systems, air pollution measurement

1. Introduction

Socio-technical systems (STS) are complex and dynamic systems characterized by relationships
and interplay between humans, organizational structures, and technical elements, aimed at
achieving specific objectives and behaviours [1, 2, 3]. In general, these systems have complex
topologies and very heterogeneous structures [4], the understanding of which requires dual
focus and diverse and broad knowledge of both technical and social disciplines [5, 6]. These
systems emerge in diverse domains such as healthcare, education, transportation, logistics,
social networks, cyber security, and collaborative software development. Modelling such
systems includes capturing their structural and behavioural aspects. Graph-based models have
emerged and are accepted as a powerful abstraction for representing complex networks in STSs
[7, 8, 9], where nodes denote both human and technical entities, while edges denote interactions
or relations between them. Graph-based models can effectively represent the complexity of
systems, enabling easy and efficient analysis by applying various mathematical methods [10].
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Clusters in the context of graphs are sets of nodes that have stronger relationships with
each other within a cluster than with nodes in other clusters [11, 12]. Within the context of
complex STSs, graph clustering methods play a crucial role in uncovering the latent structures
of socio-technical networks and in grouping existing entities into specific clusters to improve
system performance and scalability, and to enhance resilience [11, 13]. Graph clustering enables
detection of functional or social communities and groups, communication bottlenecks and
potential structural vulnerabilities. The flexibility of graph clustering methods enables their
adaptation to weighted, directed, dynamic, or multilayer networks, making them suitable for
analysing a wide range of STSs [14, 15].

The objective of the presented research is to present a method for graph clustering by checking
similarity between neighbouring nodes in a sequence of discrete time moments (observations).
The nodes that satisfy the similarity criteria for observed period are merged into clusters, leading
to the minimal graph structure derived from the initial graph. For the validation of the method, a
simulation environment that generates simulation scenarios with initial graphs and air pollution
datasets is created. The implementation of the proposed graph clustering method in the case of
determining minimal number of air pollution measurement stations in urban environments is
presented for the city of Zrenjanin in Serbia.

2. Graph Clustering in Socio-Technical Systems

Clustering is a process of grouping data in an unsupervised manner based on a similarity
measure by analysing underlying structure of complex data in a given heterogeneous context
[16, 17, 18]. The result of clustering are clusters in which are highly correlated data. Graph
clustering relates to grouping nodes in clusters by considering some similarity measure for
nodes and edges in the graph [11]. Since the field of graph clustering is very attractive for
modern socio-technical systems and new methods and algorithms are emerging [19], the aim
of this review is only to gain insight into the field, and not to provide a complete overview of
existing methods.

In general, there are two approaches to graph clustering: (1) Classifying nodes into clusters
based on the node similarity measures for all nodes in the graph, and (2) Computing a fitness
measure over the set of possible clusters to inform the decision on how good or useful clustering
is.

For this research, the first group of approaches is of interest because the method proposed in
the next section can be classified as node similarity-based clustering method. For this group of
methods, the need for grouping nodes in the same cluster is directly related to their similarity.
Instead of a similarity measure, a distance measure can be used, which suggests where the
cluster boundary should be located, so that including more outside nodes would not drastically
increase the intra-cluster distances [11]. Choosing the most suitable similarity or distance
measure depends on the implementation domain and stated clustering task, and for that purpose
may be used node or edge properties. A variety of graph clustering methods based on similarity
measures have been proposed, like a graph-theoretic clustering method based on the Highly
Connected Subgraphs (HCS) algorithm that identifies clusters as highly connected subgraphs
[20], a new clustering algorithm based on graph connectivity that builds a similarity graph from



data and identifies clusters as connected subgraphs [21], a multi-similarity spectral clustering
method for community detection in dynamic networks that creates similarity matrices per time
slice based on attributes and topology of the network [22], and a spectral clustering method
based on local similarity derived from shared neighbours [23].

Insight into recent literature revealed the use of graph clustering in a variety of domains,
such as the reengineering of software architecture [24], software defect prediction [25], smart
city resource management [26], cyber-physical power grids [27], or community detection in
social networks [28]. Due to the importance of graph clustering in many scientific fields, and its
use in a large variety of human life domains, some recent review articles present more detailed
reviews of graph clustering methods, such as a review of novel clustering methods [17], a review
of fast clustering methods [18], or a review of attributed graphs in which both nodes and edges
have attributes describing them [29].

3. Experience

This paper presents a method for minimizing the number of nodes in a graph by merging
neighbouring nodes that possess similar characteristics, and model implementation in a simula-
tion environment for minimizing the number of air pollution measurement stations in urban
environment. The model involves comparing a predefined set of attributes among adjacent
nodes, and when the similarity between them exceeds a specified threshold, the nodes are
assigned to the same cluster.

In this section, a graph clustering method and its implementation in a study aimed at deter-
mining the minimal number of air pollution measurement stations in urban environments [30]
are described. The focus on the article [30] is on detailed presentation of the the implementation
of the method in case of the city of Zrenjanin in Serbia, while the focus of this paper is on a
detailed presentation of the graph clustering method, especially on algorithms for checking
node similarity and merging similar nodes into clusters.

3.1. A Method for Graph Clustering Based on Attribute Similarity of
Neighbouring Nodes

The method constructs a clustered graph by determining similarity between neighbouring
vertices (nodes) in an unweighted and undirected graph defined as G = (V, E'), where V is a
set of M vertices and E is a set of edges.

To simplify comparison and merging of neighbouring nodes, a graph is presented as a
set of adjacency lists associated to nodes. Adjacency list for node v is defined as Adj(v) =
{ue V|{v,u} € E}.

Description of the method assumes setting up the basis of the scenario for presenting and
manipulating unweighted and undirected graph in N observations in discrete time moments
(observations). These basis includes:

 The graph contains M nodes v;, where i =1, ..., M.

« Each node v; is presented with a set of K attributes ap, where h = 1, ..., K. The values
of each attribute aj, are in the set [miny, mazp].
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« For each node, N observations in discrete time moments of each attribute are considered,
so we have ay;,, where p = 1,..., N. The naming convention is that for each attribute,
the attribute index is first listed, then the node index, and finally the observation index.

The method execution is divided in two phases. In the first phase, similarity between
neighbouring nodes is checked and a similarity matrix .S is constructed for the graph. In the
second phase, merging of similar nodes into clusters is based on values in the similarity matrix
S and node similarity threshold 7.

3.1.1. Checking the Similarity of Nodes

The similarity check is based on comparing the corresponding attributes of all nodes (e.g., the
h—th attributes of nodes are compared with each other). For this similarity check, the similarity
threshold of the h—th attribute is defined as 7}. The corresponding attributes are similar if
their absolute difference is less than T},

For each individual observation of the graph at a discrete observation moment p, a threshold
of nodes similarity K is defined based on the number of similar attributes, where 1 < Kp < K.
Nodes are similar if they have at least K similar attributes at the observed moment p.

To observe the similarity of nodes at the level of a selected observation moment p, a notation
for the similarity of nodes i and j at the observation moment 0s;;, (observation similarity) is
introduced. The total similarity of two nodes after comparing in all observation moments is the
value s;; and it is entered into the similarity matrix S of the graph G. Pseudo algorithm for
creating the similarity matrix S for graph G is presented in Algorithm 1.

By executing Algorithm 1, an absolute similarity matrix S for the graph G is constructed.
Each element s;; of the matrix S belongs to the set {0, 1, ..., N'}. The higher the value of s;;,
the more similar the nodes v; and v; are.

3.1.2. Merging Similar Nodes into Clusters

Merging similar neighbouring nodes in a cluster is based on checking how values from absolute

similarity matrix S relate to the overall similarity threshold 7T'. To simplify notation and further

calculations, the following terms are introduced:

sig

A

» Relative threshold 7 = % where 7 € [0, 1]. The greater the similarity of nodes, the closer
the 7 value is to 1.

« Relative similarity matrix RS with elements o;; € [0, 1], which are calculated as 0;; =

Further, for the algorithm of merging similar neighbouring nodes into a cluster based on
attribute similarity, it is necessary to introduce the concept of one-dimensional normalized
attributes value A; for each node v;. For this purpose, a maximum value Aj; = max, Ay, is
introduced for each attribute aj, for node v; for all N observations.

Further, normalized maxim value for each attribute a;, for node v; is defined as

_ _Ap
norAp; = TR

11



Algorithm 1 Create the similarity matrix S for graph G

Input: G — Initial graph
Input: M — Number of nodes
Input: K — Number of node attributes
Input: 7, — Similarity threshold of the h/th attribute
Input: K7 — Number of similar attributes for two nodes
Input: N — Number of observations
Output: S — Similarity matrix for graph G
{Check all nodes in graph G}
fori=1to M do
for j =1to M do
Sij < 0
{Check all N observations}
forp=1to N do
0S8 jp < 0
{Check all K attributes of observed nodes}
forh=1to K do
if |ah7i7p - ah’j’p| < Ty, then
08;jp < 0Sijp+1
end if
end for
{Update the value for observed nodes in similarity matrix}
if 0s; j,, > K7 then
8ij < 855 + 1
end if
end for
end for
end for

Finally, one-dimensional normalized attributes value is determined as a function A : V' — [0, 1].
For a node v; it is defined as

1
Av) = e > norAp.
Based on the the values A(v;) for initial set of nodes V, an ordered list of nodes is created
V = (61)@25 "’aEM)a A(Ez) Z A(@H,l)

Since the list of nodes V' contains initial set of nodes but in new order (with decreasing A(v;)
values), new adjacency lists are created to reflect new ordering of nodes. New adjacency lists
are Adj(v;),i =1,..., M.

Created list of nodes V' and adjacency lists Adj(7;) are used in the algorithm for merging
nodes into clusters by starting from the node with the highest A(v;), which is 7;. Algorithm
for merging similar neighbouring nodes in clusters is presented in Algorithm 2.

12



For storing information about clustered graph after merging nodes into clusters, an empty
Clustered Graph set CG = {} is created. The elements of the set CG will be calculated as
ordered pairs in the form (C, Adj(C)), where C denotes a cluster in the clustered graph, while
Adj(C) denotes edges from the cluster C' to neighbouring clusters.

Algorithm 2 Create clustered graph by merging similar neighbouring nodes

Input: V = {v1,7s, ...,V }, Adj(T;) — List of nodes and their adjacency lists
Input: RS = [0; j] — Relative similarity matrix
Input: 7 — Relative nodes similarity threshold
Output: CG — Clustered graph
CG+ 0
Active + 71
{Pass through the list of nodes starting from the node with the highest A(v;)}
while NEXT(Active) exists do
C(Active) +— {Active}
for eachv; € V' \ {Active} do
Remove Active from Adj(v;)
end for
{Check a list of adjacent nodes for the active node}
for all u € Adj(Active) do
if O Activeu = T then
{Add adjacency list of node u to the adjacency list of the active node}
Adj(Active) < Adj(Active) U Adj(u)
{Add node u to the cluster of the active node}
C(Active) < C(Active) U {u}

Remove u from V'
for eachv; € V' \ {Active} do
Remove u from Adj(7;)
end for
end if
end for
{Add the cluster of the active node to the clustered graph}
CG + CGU{(C(Active), Adj(Active))}
temp < Active
Active <+ NEXT(Active)
Delete temp
end while

3.2. Method Implementation

Presented graph clustering method is implemented in a study aimed at determining the min-
imum number of air pollution measurement stations in urban city environment [30]. The
implementation assumes covering the entire urban area of the city with a large number of
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Figure 1: Sample graph with measurement stations for air pollution monitoring in urban settings

densely distributed air pollution measurement stations. The measurement stations are repre-
sented as nodes in a graph, each one covering a square region. The edges are constructed to
connect neighbouring measurement stations (square regions). A typical scenario for creating a
graph with nodes representing air pollution measurement stations placed in the city of Zrenjanin
is presented in Figure 1. For the presented scenario measuring stations are 1000 meters apart.

The scenario for distributing measurement stations in the city area assumes considering the
zone types in the city. Measurement stations in residential zones are marked with green circles,
in commercial zones with yellow circles, and in industrial zones with red circles (see Figure 1).
This fact does not affect the graph construction, but it affects the construction of air pollution
data sets for specific zones.

The scenario for monitoring air pollution in the city includes the following pollutants:
Nitrogen Dioxide (NO;), Carbon Monoxide (CO), Sulfur Dioxide (SO,), and Particulate Matter
(PM10 and PM2.5). Typical values for residential, commercial and industrial zones in a city,
taken from leading international air pollution monitoring organizations (European Environment
Agency, World Health Organization) and the World Air Quality Index project are shown in
Table 1. These values are used to generate random datasets for the measurement stations in
corresponding zones.

3.2.1. Simulation Environment

Method implementation includes the design of a simulation environment for creating scenarios
with measurement stations spread over the city area, and data sets for measurement stations
based on their locations in different city zones. A simulation environment is created as a
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Table 1

Typical values of air pollutants in different city zones used in creating random datasets for measurement

stations in the simulation scenarios

NO, CO SO, PM10 PM2.5
(ng/m®) | (ppm) (g/m?) | (ug/m’) | (ug/m?)
Range for residential zones 0-40 0-3 0-10 0-50 0-30
Range for commercial zones 20-60 2-4 4-20 30-70 20-50
Range for industrial zones 40-200 4-50 20-200 100-500 40-150
Average for residential zones | 20 1.50 5 25 15
Average for commercial zones | 40 3 12 50 35
Average for industrial zones 120 27 110 300 95
Max value for all zones 200 50 200 500 150
Min value for all zones 0 0 0 0 0

software solution implemented with Jakarta EE platform technologies [31]. The simulation
environment enables the creation of the initial graph scenarios and datasets for measurement
stations, and implementation of the presented graph clustering method for determining the
minimal number of measurement stations that cover the whole city area. Datasets are created
as MS Excel files by using Apache POI library [32], which is typical format for air pollution
datasets. Data management and exchange between JEE software components is done by using
XML [33]. The architecture of the created simulation environment is presented in Figure 2.

The two main modules of the simulation environments are Scenario Generator and Scenario
Optimizer. The first one is used for generating scenarios for the simulation, while the second one
analyses created initial scenario and calculates the minimal number of measurement stations
for the city area by implementing the proposed graph clustering method. The Utility module
contains auxiliary functionalities that enable the implementation of scenario creation and
manipulation functionalities (graph manipulation utility, data processing utility, and method
utility).

Scenario Generator uses external data, including local area maps, information about a city
(spread of residential, commercial, and industrial zones), and typical values for air pollution in
urban city areas for creating a scenario.

The measurement stations that remain in the graph actually represent clusters that include
neighbouring measurement stations with similar characteristics of measured values. Each
cluster is represented by one measuring station that has the most critical measured pollutant
values. Each cluster is represented by one measuring station that has the most critical measured
pollutant values.

3.2.2. Method Adaptation

Measurement stations distributed in the city area are treated as nodes in the graph. For each
node, the attributes are measured values for five pollutants: Nitrogen Dioxide (NO;), Carbon
Monoxide (CO), Sulfur Dioxide (SO,), and Particulate Matter (PM10 and PM2.5).

A unit measurement at a measuring station ¢ is labelled as 1724,;,. Unit measurement my,;, cor-
responds to node attribute aj;, in the presented clustering method. For the unit of measurement
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Figure 2: Simulation environment architecture

Mp;p the indexes are:

« h=1,..., K — index representing measurement values for pollutants at each node.

« 2 =1,..., M - index representing the node in the set of nodes in the graph.

« p = 1,..., N — index representing the ordinal number of a measurement in a set all
measurements.

Checking the similarity of two measured values (the same air pollutant at two neighbouring
measurement stations), the similarity thresholds 7}, are defined for each measured value (node
attribute). For each discrete time moment, for all measurement values, the overall similarity
threshold K7 is set (how many measured values should be similar on neighbouring nodes),
where 1 < K7 < K. The similarity checks for two measured values h of two neighbouring
nodes ¢ and j at time p is calculated as

|Mhip — Mmpjp| < Th x Rangey,, where Range;, = max), —miny, .

If at least K7 measured values of two neighbouring measurement stations at a given point
p are similar (satisfy the similarity threshold for that value), overall similarity for these two
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measurement stations in the similarity matrix S is increased by 1 (s;; = s;; + 1). Values T},
Rangeyp, maxy, and miny, are taken from Table 1 for all measured air pollutants.

After checking the similarity between neighbouring nodes for all N measurements (time
moments), the similarity matrix S contains similarity measures for all neighbouring nodes in
the range from 0 to N. For non-neighboring nodes similarity value is 0. Further, the relative
similarity matrix S with elements o;; and the relative threshold 7 = % are calculated.

The following values were set in the simulation environment to check their influence on the

similarity level between neighbouring nodes:

« Distance between measurement stations: Dist € {500m, 1000m}

« Total number of measurements at each measurement station (simulation of one measure-
ment per day) N = 60.

« Ty, € {10%,20%}. Threshold T}, is the same for all pollutants to simplify the simulation.

Kre{K—-1,K},where K =5

7€ {0.8,0.9,1.0}

3.2.3. Results

Simulation was performed for two global scenarios. The first one has a 500m distance between
measurement stations and 92 measurement stations, while the second one has a 1000m distance
between measurement stations and 30 dispersed measurement stations. The total number of
measurements N in both cases is 60. With proposed variations of parameters 7}, K7 and 7,
12 different sub-scenarios can be identified for both global scenarios, and for each scenario 10
simulations with 10 different datasets were performed.

The construction of a graph with a minimum number of measurement stations by clustering
the initial graph is shown in Figure 3. For illustration, an example scenario with 30 measuring
stations with the distance of 500m, 7, = 20, K7 = K — 1, and 7 = 0.8 is shown. The
resulting minimal graph contains 7 nodes representing the 7 resulting clusters, and represents
the scenario with the highest minimization of 77%.

As a result of 10 simulations , the average number for the minimal number of measurement
stations is rounded to an integer value. After this initial simulation (the 1st phase minimization),
the five control simulations were performed (the 2nd phase minimization) with five created
minimal graphs and five new datasets for air pollutants. The results of minimizing the number
of measuring stations in percentages for scenarios with 1000m and 500m distances between
measuring stations are shown in Tables 2 and 3 respectively. For labelling different scenarios in
Tables the following format is used: (Dist, Ty, K7, 7).

The results obtained from the simulation indicate the following:

« Greater minimization of the number of measurement stations is obtained when the initial
number of stations is 30, i.e., when the initial distance between the measurement stations
is larger. This means that increasing the initial number of measurement stations will not
lead to a more efficient minimization of the number of stations.

« Simulation results after the control simulations for all scenarios are, in the majority of
cases, the same or slightly different than the results after the initial simulation (insignifi-
cant minimization of the graph). These results confirm the correctness and efficiency of
the presented graph clustering method.
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graph

3.3. Discussion

The main advantages of the presented graph clustering method and presented simulation
environment are their adaptability and extensibility.

Method adaptability is reflected in the selection of simulation parameters in the method, such
as thresholds for determining the similarity of neighbouring nodes (attribute-related thresholds
and node-related thresholds ), the number of attributes per node, and the number of time points
for observing nodes. In addition, different application scenarios may require adaptation of the
similarity checking method at the level of individual or all node attributes, but also at the level
of the nodes themselves (e.g., if we consider different social networks, professional or expert
networks, distributed algorithms for complex engineering or scientific calculations, urban traffic
and logistic networks).

Method extensibility is reflected in the addition of new variables that can affect nodes’ attributes
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Table 2
Minimization in percentage of initial graphs with measurement stations distance of 1000m

Scenario 1st phase Minimization [%] | 2nd phase Minimization [%]
S(1000,10,K-1,0.8) 70 70
S(1000,10,K-1,0.9) 53 57
S(1000,10,K-1,1.0) 3 3
S(1000,10,K,0.8) 60 60
5(1000,10,K,0.9) 43 43
S(1000,10,K,1.0) 0 0
$(1000,20,K-1,0.8) 77 77
5(1000,20,K-1,0.9) 63 63
$(1000,20,K-1,1.0) 10 10
5(1000,20,K,0.8) 53 57
5(1000,20,K,0.9) 47 47
5(1000,20,K,1.0) 3 3
Table 3
Minimization in percentage of initial graphs with measurement stations distance of 500m

Scenario 1st phase Minimization [%] | 2nd phase Minimization [%]
S(500,10,K-1,0.8) 66 67
5(500,10,K-1,0.9) 48 48
$(500,10,K-1,1.0) 2 2
5(500,10,K,0.8) 51 51
$(500,10,K,0.9) 34 34
S(500,10,K,1.0) 0 0
S(500,20,K-1,0.8) 68 70
S(500,20,K-1,0.9) 55 55
S(500,20,K-1,1.0) 8 8
5(500,20,K,0.8) 54 54
$(500,20,K,0.9) 38 38
5(500,20,K,1.0) 4 4

in a way that nodes mutually affect each other, leading to the use of directed and weighted
graphs (for example, modelling weather conditions in the presented implementation of the
clustering method, where wind direction may influence air pollutants in different city zones).

Simulation environment extensibility relates to enabling the support for importing datasets
from other sources and in other formats such as XML or JSON, which are commonly used in
distributed software systems. This would enable testing the presented method with different
datasets and potentially improving its characteristics.

And finally, the use of simulation environments for testing and fine-tuning specific methods
is cost and time-effective, especially in the case of their implementation in complex distributed
environments. In the presented implementation scenario, it is easier and cheaper to simulate and
test measurements of air pollutants in the simulation environment than to install and maintain
a set of measurement stations over a long time period to achieve the optimal or minimal number
of measurement stations.
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4. Conclusions

This paper presents a novel method for graph clustering based on node attribute similarity, to-
gether with a simulation environment for validating the method. In addition, method adaptation
and implementation for determining the minimal number of air pollution measurement stations
in urban settings is presented. Despite the stated advantages and benefits of the presented
method and simulation environment, several future research directions are interesting for
additional validation and improvements of the presented method.

The first research direction relates to comparing the proposed clustering method with other
graph clustering methods on the same datasets. These comparisons will enable positioning
this method in the area of graph clustering methods and help in finding potential method
improvements.

The second research direction relates to developing more specific similarity measures based
on the probability of potential states of nodes and their attributes over a long period, the
semantics of the data stored in node attributes, or the correlation among data in node attributes.

And finally, the development and improvement of the simulation environment, and its evolu-
tion to a real system used in specific socio-technical systems (social networks, recommendation
systems, logistics and transportation, natural eco systems), is an attractive direction, leading to
empirical testing of the correctness and usability of the proposed method.
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Abstract

The paper discusses promising approaches to enhancing the efficiency of vertically integrated business entities
through deliberate and systematic enhancement of the complexity of components and the internal structure of
information control systems, ensuring the required viability level of these entities. This direction is based on
the methodology of complexity control, developed by the authors, and forms the foundation of a
methodological approach that describes the systematic and evolutionary replacement of operators and
technologists as decision-makers with functionally equivalent software and hardware control systems used in
existing and future production facilities.

Keywords
control object, «black box», integrated control system, human factor, viability, complexity control

1. Introduction

A manufacturing company is a complex economic activity object (EAQO), consisting of a set of
interrelated control objects (CO) and control subjects (CS), united in physical, territorial or functional-
logical domains [1-3]. The vitality and viability of CO and EAO as a whole is ensured by material-
energy and organizational-information components based on vertical and horizontal flows of resources,
including material, information, energy and financial, with multiple feedbacks [4]. Coordination of the
work of thesecomponentsis carried outby the organizational and management apparatusthat processes
internal and external information flows to form control actions. To support the persons who make,
justify and implement decisions (DM, PJD, PID), multilevel integrated information and management
systems (IIMS) are developed, partially or fully automating their activities.

In accordance with the principle ofnecessary diversity, the complexity of an IIMS should correspond
to the complexity of EAO, which requires the construction of multidimensional quantitative -qualitative
models, including digital twins (DTs) [4]. However, the synthesis of adequate DTs, taking into account
all functionality and external influences, is often impossible due to limitations of tools, methodological
approaches and resources. Additional complexity is introduced by the presence of legacy operational-
technological and information technology (OT/IT) systems that provide local automation [2,3].

The current level of technology does not allow to fully formalize the management processes, which
necessitates the involvement of cognitive abilities of the DM [5-6], [7]. Their participation is most
significantunderconditions of uncertainty, multicriteria, incomplete dataand insufficient formalization
of the subject area. However, erroneous decisions of operators can lead to a decrease in efficiency or
accidents, which actualizes the task of minimizing the human factor.

It is proposed to consider its viability (VAb) — the ability to maintain key production and business
indicators (marginality, resource intensity, turnover of funds, etc.) at a given life cycle (LC) interval —
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as an integral characteristic of EAO stability (three-component human-machine structure of DM «
IIMS < EAO) [4],[14],[13],[15], [17]. At present, there is no generally accepted formalization of
VA, which makes it urgent to develop a methodology for the distribution of control functions between
DM and OT/IT systems in the evolutionary development of the EAO < IIMS complex.

2. Hierarchy and components of IIMS for complex EAO

Itisnoted in [5, 6,8, 10, 11] that the information circulating in the EAO structure and processed by
IIMS means can be considered as one of the main types of their resources, allowing in some situations
to compensate forthe lack of other types of resources. The generally accepted methods of improving
the quality of control of EAO and its individual CO as components imply providing them with the
necessary sources of quantitative data on the current physical state (Controlled Variable (CV)), acting
disturbances (Disturbance Variable (DV)) and required control actions (Manipulated Variable (MV)
[1-3,9-11]. At the same time, on the basis of quantitative assessment of vectors CV,DV, MV, using the
appropriate mathematical tools, multifactor DT-models of individual CO, technological lines and
production domains canbe formed and integrated, forming generalized DT [7]. The analysis shows that
the more detailed the DTs created for individual CO, as well as for EAO and the corresponding I[IMS,
the more accurately DTs describe and predict their functioning, and the more efficient and stable the
control algorithms work, theless costlyand more safe, qualitative and productive will be the functioning
of EAO as a whole.

Fig. 1 shows how within the production domain, initially described by the conceptual model as a
«Black-Box» (BB) with a set of CO as «nested» functional technological units, quantitative and/or
qualitative CV, DV, MV are consistently identified. It is also shown how DT are sequentially (on the
basis of incoming information and knowledge of expertsand DM) detailed and complicated, which
allows the initially opaque BB to «brighten» (formally describe) in terms of understanding the work of
its internal mechanisms [4,7,10,11].

Forthe BB components «brightened» by means of the existing formal methodsthe necessary models
and algorithms are created, on the basis of which OT/IT subsystems are formed as components of IIMS
[1], which, in its turn, provides individual CO or entire technological lines (domains) with continuous
accident-free operation in automatic (automated) mode with the required performance quality
indicators. Asaresult, there is an evolutionary replacement of human factor in individual [IMS circuits,
and the very principleunderlying this approach canbe formulated as «manage better than thebest DMy.

In order to develop a methodological basis for correct decomposition of complex CO and
technological lines (domains) when building DT and creating [IMS components for processing
information flows during the evolutionary replacement of DM, let us consider the existing ways of
building the EAO management space in the form of hierarchically related functional subsystems.

External

e ——.

__/~ -Links identified;
- Links unidentified
- PE Functional Nodes;
- ICS Functional Nodes

Production domain

0o

Figure 1: EAO as a «black box», consistently «brightened» by means of complex predictive modeling
tools
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As an example, Fig. 2 presents a generalized (typical) structure of multilevel [IMS recommended
by international standards [2-3], showing the location and rough estimation? of the degree of DM
involvement in management tasks for a large EAO.
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Figure 2: Hierarchical structure of 1IMS of a large EAO and proposed criteria for its decomposition by
time horizon and management levels

It should be noted that historically the maintenance of EAO in a viable state has been dealt with by
ateam of DMs of various specializations by processing and analyzing incoming data and information,
as well as solving management tasks at all L1...L5 - levels on the basis of acquired knowledge and
skills. For example, for L1...L.2 - it is maintenance of physical indicators for CO (temperatures, flow
rates, pressures, concentrations, etc.) in the established ranges; for L3...L.4 - ensuring uniform
production utilization by planning the use of its resources and selecting the required indicators of its
management, etc.

Summarizing the above, we note that when choosing the place of OT/IT-components to replace DM
in the space of control tasks of complex EAQ, itis advisable to follow at least two principles: firstly,
the quality of information flows processing should be improved due to the creation and use of adequate
DT and control models on their basis; secondly, DM should be maximally relieved of the func tions of
routine processing ofthe most saturated information flowsandregulation by a set of secondary auxiliary
subsystems and technological indicators.

3. Methodological approaches to increasing «transparency» of information
flow management processes in EAO and IIMS

The development of approaches to increase the "transparency" ("brightening") of the structure of
information flow management processes in EAO, which will allow for the formal consideration
(describe) external and internal perturbations, will expand the methodological basis for building the
IIMS architecture.

Fig. 3 summarizes graphically the information spaces of the three main components of the EAO:

1) «Production domainy, consisting of a group of CO1...COn;

% The proposed assessment of the degree of DM participation is not exhaustive, but only indicative of the current
state of the art for best manufacturing practices
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2) «External Environment» as a host of factors, poorly predictable but significant to the effective
operation of EAO and its VAb as a whole;

3) «DM» as a set of expert analysts (operators), in specific subject areas, capable of maintaining
EAO in VAD state by purposefully compensating (situationally parrying) sets of both external and
internal perturbations [5, 6, 10].

In addition, there is a "correction mechanism" by means of which the real production and
technological data formed (generated) by CO are compared with the data obtained using Predictive
Modeling (PM) tools based on the created DT. Based on the fact of comparison of real and synthesized
data, adjustments of characteristics of intermediate DT components are developed for each CO for the
purpose of their parametric and structural adaptation and subsequent use in the proactive control of
EAO [10].

One of the traditional ways of quantitative assessment of interrelationships of material, energy and
information resources and flows within a weakly formalized EAO, aimed at increasing the
"transparency" (degree of formal description)of the processes under study, are approaches and methods
based on Simulation-stochastic modeling (SSM).

Forexample, with the help of SSM methods forreal technological parametersCV, MV, as indicators
of CO and technological lines operation, it is possible in practice to construct response functions in the
form of one or a set of analytical polynomials [7, 9]. With the use of these polynomials, it is possible to
quantitatively evaluate the relationship between material and information resources and flows for
various perturbing influence scenarios with respect to the EAO structure. When applying agent-based
logical-dynamic models (LDM), these polynomial dependencies can be replaced by already
approximated areas of attainability (A-of-A), the analysis of which allows to identify and predict more
complex regularities associated with production activities [7, 10]. At the subsequent steps of EAO and
IIMS research, for example, during DT synthesis, the obtained polynomials and A -of-A can be used in
the constructionand adaptation of DT in the process of functioning of the specified objectsand systems.

DM @ @

DT and PU, components DT and PU, components Corfection =y -
PR 9SES00 @ AAA, @
=03 =03

CORRECTION
MECHANISM

. PRODUCTION DOMAIN

EXTERNAL ENVIRONMENT

- FPA methods 7777] - SSM methods - - - Simulation data; —— Real-time data

Figure 4: Formation of DT part of EAO by combining SSM and FPM

The analysis shows that one of the most effective approaches to the extraction of expert knowledge
and its subsequent representation in a formalized form is the Fuzzy possibility approach (FPA) and the
corresponding Fuzzy possibility models (FPM) [9]. Using FPA, it is possible to transform qualitative
knowledge of experts (operators-technologists) about internal and external causal relationships in EAO
and/or external influenceson them into quantitative estimates (e.g., by standard defuzzification means).
In this case, the declarative and procedural knowledge of the expert about EAO and IIMS processed by
FPA methods, for example, information about DM skills and abilities related to monitoring and control
of their components, are also formalized by analytical polynomial(s) reflecting the estimation of real
CV, DV when choosing the best MV values. In general, the response functions constructed by the FPA
method allow us to obtain quantitative estimates of information flows and processes occurring both in
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the internal EAO and IIMS circuits (estimation of MV — CV influence) and outside them (estimation
of DV — CV influence).

Below (see Table 1), the calculation models used and the proposed generalized interpretations of the
results obtained with their help by SSM and FPM? are presented for analysis in a summarized form.
The analysis shows that the proposed combined application of SSM and FPM? techniques in the
processing and analysis of real technological data allows to formally describe and link the structures of
physical (material) and information flows CO;...CO, EAQO, to reveal and practically use the declarative
and procedural knowledge of DM about the ways and methods of maintaining the required level of
VADb EAO [9,10].

Table 1
Analysis of combined application of SSM and FPM techniques
Methodology
Charac T Description
teristic| 7 P¢
Calculated value of the output variable with signiﬁcant coefﬁcients of the approximating polynomial:
8
g (k) — () (k)
g b+Zb x+Zb]ux1x+
> j<u<n
g (k) °
a % +b, X x2 Xy
3 ) is formed according to the calculation matrix vxm T = 1,m,
:§ where m = n + p; p — the number of nonlinear coefﬁc1ents;
) Significance of the coefficients is determined by Student's #-test:
g t= Sb—'", where s, - coefficient determination error
bm
,E Estimated Value of fuzzy output variable with significant coefficients of approximating polynomial:
= n
Ei 50 = (04 K)o
E b0+2b +iju,u
G j<u<n
s | = NG o
§ A b 12.7m x1 x2 Xy
= Nxm'
The model is built based on the formed fuzzy model 51gn1ﬁcance and validity criteria, and a set of
polynomial expansion terms approximating the DM implicit knowledge of the EAO component control.
£ y = f(x,by,by, ..., by, by, ...) — coefficients reflecting the specifics of mathematical formalization of the
:‘; E EAO component under study, where x = (xy, x5, ..., %, ),7 = 1,m — real variables specifying the factor
S n space of CO operation as a component of EAO.
%’ 2 The approach is to use real process data procedurally.
s g .
'g = y= f(f(,bo, by, ...,b,, by, ) — coefficients reflecting a quantitative assessment of the DM's
L s knowledge, experience and intuition in relation to the job, where X = (¥4, %5, ..., %,. ), 7 = 1,m — fuzzy
g = variables specifying the factor space of EAO operation based on DM declarative knowledge.
A= The approach is to use the declarative knowledge of the expert.

As a result, the combination of these techniques results in a structurally and quantitatively
maximized "clarified" DT component. It should be noted that the DT synthesized in this way will cover
all three participants of economic activity, which is practically unattainable when applying SSM and
FPM methods separately.

In general, considering the processes of complex predictive modeling (including SSM and FPM) as
controlled processes, it is possible to approach the solution of all major problems of evolutionary
redistribution of functions in the studied automated (human-machine) EAO control systems at the
constructive level. For this purpose, the works[7, 10] proposed specific ways to realize the concept of
complexity management based on the system-cybernetic methodology, which implies the use of
combined models, methods and algorithms for narrowing the diversity of the extemal environment and

3 For a real object, the set of “input” variables x and the set of «output» variables y can be either CV or MV,
depending on the problem statement; the set DV can be mapped as x only.
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expanding the diversity of the controlling side on the basis of proactive control of the structural
dynamics of the considered man-machine systems [9, 10, 12].

4. Evolution of DM tasks in the creation of model-centered IIMS components

The analysis has shown that the creation of Advanced Process Control (APC) and Real Time
Optimizer (RTO) on Real EAO is evolutionary, as a targeted request from business users emerges to
improve the efficiency of individual CO and/or process lines [2, 3, 9, 10]. However, in practice, the
formation of plans for their implementation is often spontaneous, without a deep methodological
justification of the sequence of implementations, component composition of APC/RTO, and extensive
coverage of technological objects.

The obligatory technical condition of APC creation is the readiness of components of information
CV/DV/MV -flows of L1-level to be included into control models of L2-level, which is actually one of
the stages of "brightening" CO as BB and redistribution of control functions between DM and IIMS.
The condition of RTO creation is the presence of a group of n CO in the technological line, controlled
by their own APCs, the operation of which should be determined by a single production and economic
target function. For industrial EAOs, such targets include, for example, maximum productivity,
production margin, minimum energy consumption, etc., as well as their combinations.

Fig. 4 presents a generalized map of the evolutionary transformation (or, in other words,
development management) of different types of IIMSs depending on the complexity of DT and control
models, the saturation of information flows handled by automatic OT/IT subsystems, and the number
of EAO components covered.
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BUSINESS BUSINESS BUSINESS
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Figure 4: Types of IIMS, structures of their construction, management tasks to be solved, place and
role of DM

Fig. 5 shows the qualitative graphs obtained in [9] and reflecting the influence of typical modes of
IIMS operation, which are at different stages of evolutionary complexity, on the cost of products:

1) theupper graph shows the modes of CO operation when maintaining the target "Process Indicator",
characteristic of the modes "Manual," "Automated," "Automatic, APC," and "Automatic, RTO/DSS."

2) the lower graph shows the specific Cost levels that correspond to the CO operating modes displayed
in the upper graph.

Both graphs together illustrate how the dynamics of the evolutionary increase in [IMS complexity
from "Automated" to "Automatic, RTO/DSS" increases the so-called "Cost margin".
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Figure 5: APC (L2) and RTO (L3) are cost management tools as a factor of VAb

The presented correspondence between the IIMS complexity category and the "Cost margin" for a
CO (in real production - a group of n CO) implies the possibility to keep its level consistently minimal
for the longest possible period of time. This possibility is provided by the [IMS < CO complex, which
automatically reconfigures the operating modes of CO, _,to keep Cost at the lowest possible levels
following changes in the external conditions for EAO by means of RTO/DSS + APC as tools.

The graphs presented in Fig. 5 show that managing the evolutionary increase in complexity of the
[IMS < CO complex allows for the eventual effective implementation of measures to maintain EAO
key performance indicators (e.g., Cost) at the required target level. In this case, the generalized EAO
performance indicator, as which we consider the VAb indicator, also becomes manageable, since the
Cost indicator will be a component of it.

5. Conclusions

The paper presents the results of further development of the complexity management methodology.
As promising approaches to solving the problems of multistage redistribution of DM functions of
prospective automated control systems for complex technical objects, itis proposed to use the full range
of classical and complex predictive modeling. This approach will allow not only to describe at the
constructive level difficult to formalize processes of operator control of technological processes, but
also to relate the generalized indicator of VAb of EAO and its IIMS to the private performance
indicators on the basis of the original fuzzy-possibility convolution [12]. The obtained results can be
used in the creation and modernization of advanced monitoring and control systems of complex agro-
biotechnical objects. First of all, when redistributing the functions between the agronomist and I[IMS.
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Abstract

Program development is often associated with incremental expansion of functionality.
Increased reliability and quality in this case can be achieved by minimizing changes to
already written code. For instrumental support of evolutionary development, a procedural-
parametric paradigm is proposed, expanding the capabilities of the procedural approach. It
provides painless extension of both data and functions, using static typing instead of type
dereferencing. The work examines the inclusion of procedural-parametric mechanisms in the
C language. Additional syntactic structures are proposed that are aimed at supporting the
approach. These include: parametric generalizations, specializations of generalizations,
generalizing functions, specialization handlers. Their capabilities are being considered.
Situations are described in which it is possible to increase the reliability of a program through
the use of procedural-parametric polymorphism.

Keywords
programming language, compilation, procedural-parametric programming, polymorphism,
evolutionary software development, software reliability

1. Introduction

When developing software systems, various quality criteria must be taken into account. Extending
a program without changing previously written code is one of them. It is determined both by
incomplete knowledge of the final functionality of programs during its creation and initial operation,
and by the need to speed up the product's entry into the market by implementing only a basic set of
functions with its subsequent expansion. In such situations, adding new programming constructs,
accompanied by changing the code, often leads to errors and unpredictable behavior.

Program extension is largely achieved by dynamically linking objects at runtime. This provides
flexible changes to the program structure and allows the use of alternative program objects during
calculations. In this case, both explicit and implicit analysis of connected alternatives can be used.
The latter defines dynamic polymorphism. It differs from static polymorphism, in which the
identification of alternatives is done at compile time.

Initially, the implementation of dynamic polymorphism was proposed for the object-oriented (OO)
paradigm. In OO languages with static typing, the key solution was the joint use of inheritance and
virtualization mechanisms. Inheritance ensured that the interfaces of parent and child classes were
identical, and virtualization made it possible to override methods in child classes. Examples include
the languages C++ [1], Java [2] and others.

Support for dynamic polymorphism, based on different principles, began to be included in
procedural languages. The Go [3] language implements an interface mechanism that allows you to use
functions associated with data structures as alternative handlers. A similar mechanism based on traits
is implemented in the Rust [4] programming language. However, the approaches presented above do
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not directly support the evolutionary expansion of programs in the case of multiple polymorphism
associated with the implementation of multimethods. Achieving the required effect is possible only by
writing additional code that forms the necessary relationships and is not related to the calculations
determined by the problem being solved.

To provide instrumental support for evolutionarily extensible multiple polymorphism, a
procedural-parametric (PP) programming paradigm was proposed [5], which made it possible to
expand the capabilities of the procedural approach. The solution proposed in it is based on a
parametric mechanism for forming relationships between data and the procedures that process them,
which can be implemented in various ways [6]. This allows for painless extension of both data and
functions in statically typed programming languages. To test the idea, the O2M language was
developed, which extends the Oberon-2 [7] programming language. Experiments carried out on its
basis made it possible to analyze the capabilities of procedural-parametric programming (PPP). It was
shown that the approach can be quite painlessly integrated into existing procedural and functional
programming languages, and used in the development of new languages. It is shown that the PP
paradigm provides a more flexible evolutionary extension of programs compared to other methods for
supporting dynamic polymorphism [8].

Currently, work is underway to include PPP mechanisms in the C programming language, which is
one of the five most popular languages according to various ratings. The language is flexible and
relatively simple, being widely used in subject areas where the OO approach is not effective. At the
same time, many solutions used when developing programs in the C language can lead to errors due
to the lack of control over a number of situations during compilation.

This situation often arises because the language supports arbitrary type conversions, often
involving dereferencing. Although this often allows for high performance, this approach greatly
reduces the reliability of programs. Another problem is that the language does not have a strict
relationship between alternative data and their identifying characteristics, which can be arbitrarily
entered and used by the programmer. This also leads to errors during program development, which are
detected only during execution.

Many of these problems are effectively solved in OO programming languages through the use of
OO polymorphism, as well as in the Go and Rust languages. The PP paradigm, along with solving
these problems, also allows us to effectively support the evolutionary expansion of multimethods. The
basic concepts of the procedural-parametric paradigm, as well as the syntax and semantics of PP
mechanisms integrated with the C programming language are presented in [9]. The following
describes its main features and also demonstrates how its implementation in the C programming
language can improve the reliability of the programs being developed.

2. Basic concepts of the procedural-parametric paradigm

When describing the features of the procedural-parametric paradigm, the following concepts are
used:
®  basis of specialization;
generalization specialization;
parametric generalization;
instance of a parametric generalization or specialized variable;
generalizing function;
parametric specialization handler or specialized function;
call to a parametric function.

2.1. Basis of specialization

The basis of specialization is understood as any atomic or composite named type, including a
previously formed parametric generalization, which in essence is also a composite type. The concept
of a basis for specialization does not impose restrictions on the independent use of types in a program
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and is introduced only for terminological connection with other concepts. Examples of structures used
further as the basis of specializations include the rectangle, triangle, and circle:

typedef struct Rectangle {int x, y;} Rectangle;

typedef struct Triangle {int a, b, c;} Triangle;

typedef struct Circle {int r;} Circle;

Using typedef is not mandatory and was introduced for a more compact presentation of
structures in the course of further presentation.

2.2. Generalization specialization

By specialization of a generalization (or «specialization») we mean any of the bases of
specialization included as a component in a parametric generalization. Specialization specifies one of
the alternatives to generalization. It is semantically close to the alternative field within a union in the
C programming language.

2.3. Parametric generalization

A parametric generalization (or «generalization») contains zero to several specializations. It can be
extended by new specializations in different compilation units, which distinguishes it from the C
language unification. In the proposed C language extension, it is a modification of the structure and is
also called a generalized structure, the syntax of which can be described as follows:

GeneralizedStructure = Structure "<" ListOfSpecializations ">" ["const"]

| "<" [TraitPattern] ">".

Feature pattern = ":".

ListOfSpecializations = ListOfSpecializationsByType | ListOfSpecializations ByAttribute.

ListOfSpecializationsByType = TypeName ";" {TypeName ";"}.

ListOfSpecializationsByAttribute = Feature {"," Feature} ":" Type ";"

{Attribute {"," Attribute} ":" Type ";"}.
Feature = identifier.
Type = TypeName | DescriptionOfUnnamedType.
As with the declaration of regular structures, generic structures can also be used in the declaration
of typedef.
The generalization additionally contains a list of specializations. Uniqueness is determined by a
feature that can only be specified by type. In this case, all specializations must be of different types. It
is also possible to specify a characteristic with a special identifier, which allows you to have similar
specializations. Qualifier const prohibits expansion of a generalization by using it as an ordinary
union. For example, you can create a generic that specifies the days of the week:
struct WeekDay {
int week number;

<
Monday, Tuesday, Wednesday, Thursday,
Friday, Saturday, Sunday: void;

> const;

Using the void type simulates an enumeration. The specialization attributes that precede the type
allow you to specify only seven alternatives, each of which can have its own specialization handler
associated with it. A common field in the main structure specifies the week number of the year.

In the absence of the const qualifier you can simulate an evolutionarily extensible enum type.
The appearance of new specializations in the program may not occur immediately, but during the
process of its development. In such cases, it is possible to evolutionarily expand the set of
specializations. Suppose that at the first stage it is necessary to form a generalization specialization for
a rectangle. This can be done by creating the following initial generalized structure:

typedef struct Figure{}<Rectangle;> Figure;

It is allowed to use the first part of the generalized structure without specifying fields, which
indicates the absence of common data for all generated generalizations.
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Subsequent expansion of generalization can be carried out either through single or group inclusion
of new specializations. The description of their connection is carried out in accordance with the
following syntax rules:

AddingSpecializations = LinkToGeneralizedStructure "+" "<" ListOfSpecializations ">".

Then adding a triangle and a circle might look like this:

Figure + <Triangle; Circle;>;

It is possible that the initial generalization is created empty. In this case, when specifying
characteristics of specializations by types, their list will be absent, and its filling will begin with the
addition of specializations. For the current example, the initial formation of a rectangle specialization
could be implemented as follows:

typedef struct Figure {}<> Figure; // There are no specializations

Figure + <Rectangle;>; // Including the rectangle in the generalization

Using additional features of specializations to identify allows you to reuse the same type. We use a
rectangle to define a rhombus through its diagonals, and to define a segment through its length we use
a circle. In this case, with an empty set of specializations, the generalization will look like this:

typedef struct Figure2 {}<> Figure2;

The extension of the generalization can be described as follows:

// Add a rectangle, rhombus, segment

Figure2 + <rect, rhomb: Rectangle; section: Circle;>;

//Add triangle and circle

Figure2 + <trian: Triangle; circ: Circle;>;

At the first stage, generalization Figure2 expanded by a rectangle, a rhombus and a segment of
the specified length. The following description adds a triangle and a circle. Generalization extensions
can be implemented in different compilation units, each of which will only have its own
specializations visible.

2.4. Instances of parametric generalizations

Instances of parametric generalizations are variables formed on the basis of specializations
(specialized variables). For each of these variables, the type of specialization is specified. During their
description, initial initialization is allowed. It is possible to form both scalar specialized variables and
arrays of various dimensions. In addition, you can specify a description of pointers to specialized
variables, as well as create arrays of such pointers. Pointers to specializations can only refer to the
corresponding specialized variables, in contrast to pointers to generalizations, which can refer to any
specializations formed from the corresponding generalization.

DescriptionOfSpecializedVariable = LinkToGeneralizedStructure "." [TypeName | Sign |

ListOfSpecializedVariables.

ListOfSpecializedVariables = SpecializedVariable {"," SpecializedVariable}.

SpecializedVariable = {"*"} SpecializedVariableName {"[" Dimension "]"} ["="Initializer].

LinkToGeneralizedStructure = struct GeneralizedStructureName | NameTypedef.

The dimension of the array is specified similarly to the description of the dimension of arrays for
ordinary C language variables. Initialization is determined depending on the dimension and type of
the variable being formed.

Pointers to generics can refer to any specialization of a given generic, indicating the possibility of
dereferencing. The corresponding actions can be carried out during the initial initialization or during
the assignment operation.

DescriptionofPointersToGeneralizations = TypeGeneralization ListOfGeneralizedPointers.

ListOfGeneralizedPointers = GeneralizedPointer {"," GeneralizedPointery}.

GeneralizedPointer = "*"{"*"} GeneralizedPointerName {"[" Dimension "]"}["=""Initializer].

Like any C language variables, generic and specialized variables can be global, static, local, or
dynamic. Their values can be used as actual parameters when calling functions. As an example, the
following options for creating specialized variables and generic pointers can be given:

Figure.Triangle t1 = {}<{3,4,5}>, t2;

Figure.Circle cl = {}<{10}>, *pcl = &cl, c[10];

Figure2.rect rl, r2[3] = {{}<{1,2}>,{}<{3,4}>,{}<{5,6}>},



3 = <{7,4}>, prl = &rl;
Figure *pfl = &tl, **ppfl = &pfl;
// Only the week number changes:
struct WeekDay.Monday monday = {35}<>;
Features of initializing specializations include specifying the described values inside angle
brackets. However, for structure values, you also need to specify additional curly braces, which are
not needed if the specialization is a scalar.

2.5. Operations on specialized variables

Over specialized variables, as well as over specialized and generalized pointers, access operations
to individual fields for reading data and assignment are possible. It is possible to manipulate
individual fields of both the structural part and the specialization. In this case, for the fields of the
structural part of a specialized variable, the dot «.» acts as a separator, as usual. The generic part field
is identified by the sign «@», which may follow the dot «.» or the arrow «->». For example:

tl.@a = 5;
t2 =
pfl = pcl;

monday.week number = 24; // Monday of 24th week

In cases where specialization fields are structures, they are accessed by indicating the field name,
preceded by a dot. The structural part of a specialized variable is accessed in the same way as a
regular structural variable.

2.6. Generalized parametric functions

Generic functions provide support for procedural-parametric polymorphism. Their signatures
define a common interface for parametric specialization handlers. Each generalization function has
from one to several generalized formal parameters. They are pointers to generalizations. When such a
function is called, references to specialized variables are passed into it, combinations of which
determine a specific specialization handler. The generalizing parametric function is described by the
following syntax rules:

GeneralizingFunction = ReturnParameterType NameOfFunction

"<" ListOfGeneralizedParameters ">" "(" [ListOfFormalParameters] ")"
BodyOfGeneralizingFunction.

ListOfGeneralizedParameters = GeneralizedParameter {"," GeneralizedParameter }.

BodyOfGeneralizingFunction = EmptyBody | DefaultHandler.

EmptyBody = "=""0".

GeneralizedParameter = GeneralizationType "*" GeneralizationName.

For example, a general function for printing a geometric figure can be represented as follows:

void PrintFigure<Figure *f>() = 0;

Generalized parameters are specified in angle brackets (unlike other parameters, which, as usual,
are placed in parentheses when present). The absence of a body in this case indicates that it is
necessary to write specialization handlers for all specific figures represented by a parametric
generalization. Instead, a default handler can be specified, which is called in cases where the
substituted combination of specializations does not have its own handler implemented. An example of
the simplest version of such a handler is a call to the program interrupt function:

void PrintFigure<Figure *f>() {

printf("Incorrect Figure!!!\n");
exit(-1);

o

2.7. Parametric specialization handlers
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Parametric specialization handlers (or specialized functions) are called when a generic function is
called. They provide direct manipulation of specific specializations included in parametric
generalizations.

SpecializedFunction = ReturnParameterType NameOfFunction

"<" ListOfSpecializations ">" "(" ListOfFormalParameters ")"
BodySpecializedFunction.

ListOfSpecializations = SpecializedParameter {"," SpecializedParameter }.

SpecializedParameter = SpecializationType "*" SpecializationName.

The handler is selected depending on the values of the parametric arguments substituted instead of
the formal parameters. They can be located in different compilation units, being added, for example,
as the next specialization is created. For a general shape printing function, specialized functions might
look like this:

// Output rectangle parameters

void PrintFigure<Figure.Rectangle *r>() {

printf("Rectangle: x = %d, y = %d\n", r->@x, r->Q@y);
¥

// Output triangle parameters
void PrintFigure<Figure.Triangle *t>() {

printf("Triangle: a = %d, b = %d, ¢ = %d\n", t->@a, t->@b, t->@c);
}

// Output circle parameters

void PrintFigure<Figure.Circle *c>() {
printf("Circle: r = %d\n", c->@r);

}

2.8. Calls of parametric functions

A function call essentially launches a handler for a specific combination of specializations. It
differs from a regular function call only in the presence of a list of additional actual parameters
indicating specializations by which a handler is automatically selected, which defines dynamic
polymorphism. Calling a parametric function has the following syntax:

CallParametricFunction = NameFunction "<"ListOfPointersToSpecializations">"

"(" [ListOfActualParameters] ")".

Examples include calling the print shape function for the various specialized variables described

earlier:

PrintFigure<&tl>(); // Print triangle t1

PrintFigure<&cl>(); // Print circle cl

PrintFigure<pcl>(); // Print circle cl via pointer pcl
PrintFigure<&c[5]>(); // Print circle c[5]

PrintFigure<c+5>(); // Print circle c[5] via offset
PrintFigure<pfl>(); // print triangle tl via generalized pointer pfl
PrintFigure<*ppfl>(); // print triangle tl1 via pointer to pointer *ppfl

3. Improving code usability using the procedural-parametric
paradigm

The implementation of procedural-parametric polymorphism in the C programming language
allows you to take a different look at code development in the following situations, when poorly
controlled code is generated in the C language:

¢ adding new alternatives leads to modification of generalizations containing these alternatives,

their attributes, as well as functions that process them, which can lead to incorrect modifications of

already written code;
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e attributes of alternatives, which are essentially their keys, are not directly related to the
alternatives themselves, which is a source of potential errors when a handler for a particular
alternative may be accidentally bound to another attribute;

e  when connecting alternatives to a common pointer, types are often dereferenced (use of the
void* pointer), which is very often a source of errors;

® type dereferencing is also often used when passing alternatives to functions, which requires
type recovery within these functions and is not always done correctly.

3.1. Adding specializations instead of modifying unions

Using existing C language constructs often involves directly constructing monolithic
generalizations based on structures and unions. For example, to create a generalization based on a
rectangle and a triangle, you can form a structure in which the union contains alternative
specializations, and an additional feature of the specializations is specified by the enumeration:

// Key values for each of the shapes

typedef enum Key {

RECTANGLE, TRIANGLE}

Key;

// Generalized figure

typedef struct Figure {

Key k; // key

union { // Alternatives to use
Rectangle r;
Triangle t;

b

} Figure;

Processing such a structure, for example printing its contents, is often done using a centralized
print function:

void PrintFigure(Figure *f) {

switch(f->k) {
case RECTANGLE:
printf("Rectangle: x = %d, y = %d\n", r->x, r-»y);
break;
case TRIANGLE:
printf("Triangle: a = %d, b = %d, = %d\n", t->.@a, t-@b, t->@c);
break;
default:
printf("Incorrect Figure!!!\n");
}

}

In this case, the source of potential errors can be both the use of the wrong handlers with signs of
specialization, and the fact that a number of handlers may simply not be taken into account and not
added. The likelihood of errors increases with the number of generalization handlers.

The inclusion of new specializations, for example, a circle, is associated with the need to change
both the keys that define the characteristics of the figure and the generalization itself, which includes
the new specialization.

typedef struct Circle{int r;} Circle;

// Key values for each of the shapes

typedef enum Key {

RECTANGLE, TRIANGLE, CIRCLE

} Key;

// Generalized figure

typedef struct Figure {

Key k; // key

union { // Alternatives to use
Rectangle r;
Triangle t;
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Circle c;
b

} Figure;

All handlers for the modified generalization should also change, which can be seen in the example
of the same function for displaying information about a figure:

void PrintFigure(Figure *f) {

switch(f->k) {
case RECTANGLE:
printf("Rectangle: x = %d, y = %d\n", r->x, r->y);
break;
case TRIANGLE:
printf("Triangle: a = %d, b = %d, ¢ = %d\n", t->@a, t->@b, t->@c);
break;
case CIRCLE:
printf("Circle: r = %d\n", c->@r);
break;
default:
printf("Incorrect Figure!!!\n");
}

}

The above examples demonstrating the addition of new specializations and their handlers in the
case of the PP paradigm demonstrate the possibilities of evolutionary expansion of generalizations,
generalization handlers and specializations. The direct connection between traits and specializations
makes it possible to get rid of centralized processors through the use of PP polymorphism.

3.2. Using instead of dereferenced pointers

The previous solution can also be used in situations where instead of unions, separate structures
are used, connected to a common point through pointer dereferencing. This technique is often used to
evolve data in the C language. For example, adding new specializations can be achieved by forming
them independently of the generalization, or by ignoring the generalization altogether as a specially
formed entity. In each specialization, you can put its attribute field in first place and then place the
necessary data:

typedef struct FigRectangle {Key k; Rectangle r;} FigRectangle;

typedef struct FigTriangle {Key k; Triangle t;} FigTriangle;

typedef struct FigCircle {Key k; Circle c;} FigCircle;

Connecting any variable of one of the specified types can be done through a pointer to void* with
subsequent verification of the key by casting to any of the types.

void PrintFigure(void *f) {

if((FigRectangle*) f->k==RECTANGLE) {
printf("Rectangle: x = %d, y = %d\n",
(FigRectangle*)f->r.x, (FigRectangle*)f->r.y);
} else if((FigTriangle*)f->k==TRIANGLE) {
printf("Triangle: a = %d, b = %d, c = %d",
(FigTriangle*)f->t.a, (FigTriangle*)f->t.b,
(FigTriangle*)f->t.c);
} else if((FigCircle*)f->k==CIRCLE) {
printf("Circle: r = %d\n", (FigCircle*)f->c.r);
} else {
printf("Incorrect Figure!!!\n");
}

}

This reduces the reliability of the program. Instead of a dereferenced PP pointer, the solution
provides a pointer to a generic figure and then detects the specialization both by securely checking its
type and using PP polymorphism. The correct connection to these pointers is checked during program
compilation, which increases reliability.
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3.3. Formation of wrappers around unreliable structures

The use of pointers to void, uncontrolled casting, and type dereferences are common in various
libraries written in C. An example is the POSIX Threads library. In particular, a similar approach is
used in functions such as thread creation pthread create and its joining pthread join:

int pthread create(pthread t *thread, const pthread attr t *attr,

void *(*start routine) (void *),void *arg);

int pthread join(pthread t thread, void **retval);

Because of this, when using the thread function, you often have to perform unsafe data type
conversions. Overcoming these shortcomings in the case of OO programming is carried out by
forming a abstract wrapper, which allows you to get rid of the direct use of unreliable constructs.

class Thread {

public:

virtual ~Thread () {}
virtual void run () = 0;
int start () {
return pthread create(
& ThreadId, nullptr,Thread::thread func, this );
}

int wait () {
return pthread join( ThreadId, nullptr );
}

protected:
pthread t ThreadId;
static void* thread func(void* d) {
(static cast <Thread*>(d))->run();
return nullptr;
}
b
Based on this wrapper, you can create specific threads that solve various tasks. For example, let's
create a class that calculates the perimeter of a rectangle:
class ThreadRect : public Thread {
public:
ThreadRect (int xx, int yy): x{xx}, y{yy} {}
virtual void run () {p = double(2*(x+y));}
void print(const char* str) {
std::cout << "Perimeter of " << str << " =" << p << "\n";
}
protected:
int x;
int y;
double p;
b
Using this and other similar classes allows you to create many threads without directly using the
functions of the POSIX Threads library:
int main () {
ThreadRect threadl{3, 5};
ThreadRect thread2{13, 15};
ThreadRect thread3{4, 10};
threadl.start(); thread2.start(); thread3.start();
threadl.wait(); thread2.wait(); thread3.wait();
threadl.print("Threadl");
thread2.print("Thread2");
thread3.print("Thread3");
return EXIT SUCCESS;
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A similar opportunity appears in the case of PP programming. One possible approach is to create a
generic structure in which specializations can be used to pass arguments to the generated thread and
return results from it.

typedef struct ThreadData {pthread t threadId;}<> ThreadData;

To work with this structure, you can create a generic function that creates a thread:

void RunThread <ThreadData* d>() = 0;

The thread function will run the specializations handlers of this generalized function:

void* ThreadFunc(void* d) {

RunThread<(Thread*) d>();
return NULL;

}

This function will be run from a function that is a wrapper over the thread creation function:

int StartThread(ThreadData* td) {

return pthread create(td->threadId, NULL, ThreadFunc, td);
}

You can also create a corresponding wrapper to merge threads:
int WaitThread(ThreadData* td) {

return pthread join(td->threadId, NULL);
}

These functions can be used to describe different threads as specializations of the RunThread
generalization. Let's look at the example of calculating the perimeter of a rectangle, the structure of
which was determined earlier.

Typedef struct Rectangle{int x, y;} Rectangle;

typedef struct RectPerimeter {Rectangle r; double p;} RectPerimeter;

ThreadData + <RectPerimeter;>;

We define the specialization handler that calculates the perimeter as follows:

void RunThread<ThreadData.RectPerimeter *rp>() {

rp->p = (double) ((rp->r.x+rp.r->y)*2);

We will also define a function that displays the perimeter of the rectangle, which it takes from the
RectPerimeter structure:
void PrintRectPerimeter(RectPerimeter* rp, const char* str) {
printf("Perimeter of %s = %f\n", str, rp->p);
}

As an example, here is a main function that starts multiple threads that hide the features of the
POSIX Thread library as well as an OO program:

int main () {
ThreadData<RectPerimeter> threadl
ThreadData<RectPerimeter> thread2 {0}<{7,4,0.0}>;
ThreadData<RectPerimeter> thread3 {0}<{6,8,0.0}>;
StartThread(&threadl); StartThread(&thread2); StartThread(&thread3);
WaitThread(&threadl); WaitThread(&thread2) WaitThread(&thread3);
PrintRectPerimeter (&(treadl.@), "Threadl")
PrintRectPerimeter (&(tread2.@), "Thread2")
PrintRectPerimeter (&(tread3.@), "Thread3")
return 0;

{0}<{3,5,0.0}>;

’
.
’
’
.

’

4. Conclusion

The proposed extension of the programming language with constructs that provide instrumental
support for the procedural-parametric programming paradigm allows the development of more
reliable and evolutionarily extensible programs. This ensures the addition of new alternative data, as
well as functions that make it possible to painlessly use multiple polymorphism for previously written
code. This changes made, implemented in the C programming language within the Linux operating
system. The project is being developed under an open source license. The reference to repository
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is [10]. The extension is implemented using the clang [11] family of compilers, which allows you to
change both the parser and the abstract syntax tree, adapting them to new constructions.
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Abstract

This paper proposes a control strategy for a group of autonomous mobile robots to build a stable geometric
formation. The main advantage of this approach is its high resistance to robot failures, which allows
the formation to be maintained, as well as the absence of the need to predefine the connection graph
between them.
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1. Introduction

Modern trends in robotics development have made it possible to apply robotic systems in a wide
range of practical tasks [1, 2]. At the same time, their production technology cost reduction, as
well as the improvement of hardware and software components, has made it possible to use
coordinated groups of autonomous mobile robots (AMRs) on a massive scale to solve such tasks.
When organizing group control, particular attention is paid to achieving and maintaining a
given geometric formation by the robots [3].

The currently existing approaches to building formations can be divided into three main cate-
gories [4]: "leader-follower", virtual structure, and behavioral approaches (behavioral structure).
According to the first approach [5, 6], one or more leaders are chosen among the agents of the
group, relative to which the other robots (followers) try to occupy the desired assigned position.
Despite its high popularity, mainly due to its simplicity of implementation, this approach has a
number of disadvantages. The main one is the low resistance to the failure of individual robots.
Thus, if one of the leaders breaks down, the formation may split into independent groups that
are unable to solve the task. In addition, it has a fairly high degree of centralization, since
follower robots often do not have mechanisms for solving practical tasks, but only maintain
a predetermined formation. These disadvantages are partially compensated for by using the
virtual structure method [7, 8]. In this case, each robot is assigned to a virtual leader, a position
in the formation that the robot must occupy. At the same time, the movement of the virtual
formation can be set either centrally or decentrally during collective decision-making, or even,
in rare cases, individually by each robot. Obviously, the decentralized option is of the greatest
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interest, but its application is associated with a significant increase in the computational load
and communications within the group, which can be critical when robots solve a number of
practical tasks.

This paper proposes an approach to formation building based on the behavioral structure
method [9]. According to this approach, each robot adjusts its position relative to the current
coordinates of the other group members, which ultimately allows the desired formation to
be achieved. One of the main advantages of behavioral structure is the ability to organize
independent control loops (behaviors) aimed at the parallel solution of several subtasks by
robots. In addition, this approach allows for complete decentralization while maintaining
the coordination of the entire group’s actions. Currently, behavioral methods of formation
organization are widely used in the work of scientists around the world [1, 10, 11]. However,
many of them are designed in such a way that each robot is given a list of neighbors in advance,
relative to which its position in the formation is determined. As in the case of the "leader-
follower" approach, this can lead to incorrect formations in the event of the failure of several
AMRs. The proposed control strategy eliminates this drawback.

2. Formation controll

The paper considers a strategy for controlling a group of AMRs, which are described by the
following system of differential equations:

{ q;(t) = vi(t),
0 (t) = wi(t), 1)

XS G, HU’LH S Umax Hqu S Umaxy

where ¢; € RP, v; € RP, and u; € RP are the coordinate, velocity, and control vectors of the
i-th robot; p is the dimension of the search space (in this work, p = 2 is assumed); vy,4, and
Umaq are the velocity and control constraints; G is the set of available AMRs. Let the velocity
and control at the initial time (¢ = 0) be equal to zero, and the coordinates be randomly assigned
in some neighborhood of a given point gq.

According to the proposed approach, the control of each robot is specified by a linear combi-
nation of forces, which are responsible for individual behaviors.

U = chFikv ()

keB

where ¢; € R are controllable weight coeflicients, B is the set of behaviors available to the
robot.
The simplest formation that can be obtained is specified as follows:

Ff = =3 (905 (lagl) s i3 @
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(a) "Blob" formation (b) "Line" formation (c) "Triangle" formation

Figure 1: Visualization of the proposed formations.

where ¢;; = ¢; — q;; V, is the gradient with respect to the vector ¢;; df} > ( determines the
desired distance between agents; o, § € R are control parameters. Here, each robot tries to
maintain a given distance from every other robot in the group, that leads to a circular formation.
Its distinctive features are compactness and flexibility when robots pass through narrow areas.
The “line” formation is achieved through the use of a neighbor selection mechanic. Each AMR
selects its neighborhood V;, which includes one robot closest to the center of mass of the group
and one in the opposite direction. At the same time, the second neighbor may be empty, which
is typical for robots at the edges of the line. The function that determines this behavior is
defined as:

Ff = aytan (0; — Ooppeet) — az > (Vo U5 (laiil) (5)

JEN;

where 0; is the angle between the main normal to the vector emanating from the robot to the
center of mass of the group and the vector defining the desired movement direction; aj, as € R
are control parameters. When 0, ts.¢ = 0, the robots line up perpendicular to the desired
movement direction, which can be obtained, for example, from other behaviors of the agent.
Changing this parameter allows the group to be oriented at any angle to the movement vector.
For example, when 6, fse+ = /2, the group is lined up in a column.

Another way to apply the neighbor selection mechanic is to organize a triangular formation.
In this case, the two nearest AMRs in the direction of the center of mass of the group are selected
as neighbors, and the agent’s behavior consists of two ideas: maintaining a given distance from
neighbors and adjusting its position so that the angle 6 between the vectors directed at the
neighbors is equal to 600. Thus, the behavior for maintaining the formation is as follows:

F! = agtan(r — 30) (- )= — a0 37 (V4,U5 (lais 1) - ©)
JEN;

where a3, ay € RT are control parameters; [ is the operator for rounding to the nearest integer.
Examples of the above formations for a group of six AMRs are shown in Figure 1.



3. Conclusion

The proposed approaches to formation building based on the behavioral structure method have
two important features. First, the control strategy is completely decentralized and does not
require additional prior knowledge. Therefore, the failure of one or more robots does not lead to
the loss of the formation, but causes its restructuring without involving additional calculations or
planners. Second, the approach works correctly in the case of restrictions on the communication
range, causing incomplete information about the coordinates of the group agents. Currently,
work is underway to find behaviors for organizing a wider range of formations, as well as
to develop a mechanism for individual decision-making on whether to change the formation
during the task solution process, depending on its current conditions and environmental events.
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Personal experience in the onboarding process: A reflective
analysis through autoethnography
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Abstract

This paper investigates an onboarding process from the perspective of a new employee, using
an autoethnographic approach. Through daily reflection, notes and analysis of personal
experience during the period of adaptation in a software company, the first author has
identified the key steps, entities and relationships that shape the process of integration into
the company's work environment. This study offers a structured representation of onboarding
through two visual models: initial and final that show how elements such as mentoring,
access to resources and reflection complement each other in adaptation. The reflection not
only contributed to the first author's professional development but also provided insights that
are very useful for designing an effective onboarding process.

Keywords
Onboarding process, IT Company, Personal experience, Reflection, Autoethnography

1. Introduction

Onboarding represents a key process in the integration of new employees in the company, which
includes not only the transfer of technical knowledge but also socialization in the organizational
culture. Contemporary research points out that a quality onboarding process significantly affects
employee retention. A study from 2025 shows that a well-structured onboarding program, which
includes a welcome from managers and colleagues, positively affects the identification of employees
with the organization and reduces the intention to leave the position and the job [1]. In the context of
digital transformation and remote work, companies are faced with challenges in adapting the
onboarding process. A qualitative study conducted in a higher education institution in the Netherlands
during the COVID-19 pandemic identified four key factors influencing the adjustment of new
employees: relationship building, responsibility for adjustment, managing well-being and sense of
belonging, information seeking [2].

Autoethnography is a qualitative research method that combines autobiographical storytelling with
ethnographic analysis to explore the cultural and social dimensions of personal experience [3]. This
method allows researchers to provide a deeper understanding of organizational phenomena through
introspective analysis through their own experience [4]. In the contemporary work environment,
autoethnography has been used to examine how individuals navigate inclusion and collaboration,
particularly as it relates to virtual or hybrid organizational environments. This approach allows
researchers to uncover the emotional and cultural dynamics related to power within an organization
through first-person and reflective perspective [3]. Also, works from the field of autoethnography
methodology emphasize the importance of ethical aspects of research, especially in situations where
the personal narrative includes other actors from the organizational context [5, 6].

Reflection is a key component of professional development that allows individuals to analyze their
own actions and experiences with the aim of improving everyday practice [7]. In a business and
organizational environment, reflection allows employees to better understand their roles, identify
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challenges and develop strategies to overcome obstacles [8]. Reflective practice is increasingly used
in technical fields such as software engineering. Barr et al. [9] analyzed the longitudinal development
of reflective skills in students in a work-based software engineering program and indicated clear
patterns of progress through academic and professional experience.

The aim of this paper is to present the onboarding process through the first author's personal
experience and reflection and how specific elements of the new employee integration model are
developed through it.

Based on this aim, autoethnographic method was selected as a valid approach for analyzing
professional practice. Autoethnography allows deep interpretation of individual experience and
supports the structured development of a general onboarding model.

2. Methodology

In this work, a qualitative methodology that relies on an autoethnographic approach was applied,
which allows the researcher to use his own experience as a source of data for understanding and
modeling the onboarding process. Autoethnography is at the crossroads between autobiography and
enography because it interprets the researcher's personal narratives in a broader cultural and
organizational context [10].

This approach is particularly suitable in situations where the first author is a direct participant in
the process, and the goal is to discover patterns and meanings through reflective practice [3, 4].
According to Ellis [11] and Given [10], autoethnography often includes taking reflective notes that
simultaneously represent data and the basis for analysis.

In this research, the onboarding process was documented through daily reflections, notes, internal
documentation, and procedural monitoring, and data collection was conducted during the onboarding
process, followed by analysis and model development. Analysis process didn’t use formal thematic
coding, but it was conducted through iterative reflection and categorization. Written and digital notes
were reviewed and grouped according to concepts. Entities, (e.g. Mentor, Manager, Resources) and
other key steps were identified through process and visually represented.

3. Description of Experience

The experience that served as the basis for reflective analysis was gained in a software company
that develops integration solutions in software tools, electronic stores, in tools related to bookkeeping,
design, music, communication, etc. The company specializes in the implementation of soft and hard
integrations that are designed to connect with different platforms, applications, and tools that clients
use in their business processes.

The first author's work was focused on soft integrations, which were realized using software
integration solutions developed within the company. Unlike complex hard integrations that include
deeper changes in existing systems, development of new functionalities within existing and new
integrations, inclusion of hardware components, soft integrations imply faster and more flexible
connection of systems/software, most often available via API. The use of documentation and existing
API interfaces enables a simple implementation that does not require complex technical interventions
or changes in the infrastructure.

During the period of one year and ten months, when the first author worked as an Integration
Specialist, the emphasis was on understanding client requirements, analyzing technical
documentation, configuring connections, developing integrations, as well as testing functionality after
implementation. The role of a mentor, cooperation with the team and constant exchange of knowledge
contributed to the development of professional and social skills, but also to a deeper understanding of
the process of inclusion in team dynamics through daily work.

This kind of work environment represented a context for considering and recording the process of
personal and professional inclusion in the new work environment, as well as reflecting on the
importance of defining goals, mentoring and informal learning within the onboarding phase.



4. Reflective Analysis and Model Development

During onboarding process, first author was engaged with various internal company materials such
as documentation, internal tutorials, internal software and other onboarding resources that was granted
in period. Also, daily communication with a mentor and attendance at team meetings as a
participant/observer occurred. Reflections included technical insights and emotional reactions such as
confusion, huge burst moments of clarity and motivation and questions about environment,
integrations, APIs, etc. Through whole process of communication and working, first author was
thinking about gained experiences, about progress, potential challenges, ignorance and based on that,
notes were created both in paper form and in digital form. The notes that were created during that
period and the reflections that accompanied first author, represents the basis for the analysis. Notes
were recorded on daily basis, both on separate papers, notebooks, and digital tool (MS Word) usually
during meeting with Mentor and while working and studying processes of creating integration. Figure
1 shows authentic note of the onboarding process that was illustrated during period of integrating into
company. This reflects mapping daily mentor and weekly team meetings, internal software and
documentation usage, resource access. These notes were base ground for creating initial onboarding
model. The identification of entities and steps is based on the analysis of daily activities and reflective
observations during the process. Entities are identified as functional components in onboarding while
steps are derived from the logical flow of recorded events.

\J \O=O —
TV TO NS Ve
DO“ \7& = 7 CoMfY /

A
r//h/ft”Fc /|
== \/},{’j 77)/4& /
FDFE ™\
’U’L/c/gn/ /

vie \ | | Mﬁ” "
W\ | N [ Terr
\ 5/JF77/£)LC\ @HL \ L@WMK ‘,«“
Peotec —1

”\\L‘

N )i@/mumodq
f/zﬂ’r'm%& ‘\ F97

\

e ol o,
o | irEeedrep
| /m \

Figure 1: Example of written notes during integrating into company

Based on notes, first author developed a structured initial onboarding model that is shown in
Figure 2. This model visualize the most essential entities and relationships between them such as
mentor, team, resources, method, learning goal, etc. The main focus of the model version was to
interpret personal logic that was gained through experimental learning into visual representation. It
emerged from introspective practice of writing and recording daily activities and personal insights
(reflection) and serves as first semantic representation of the onboarding process from participant’s
perspective.
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In this model, onboarding process begins with assignment of a role and access to resources that is
followed by mentoring and task involvement. This model captures flow of communication, learning
and reflection.

After that notes were categorized, grouped, this part is about organizing with aim of creating a
structure for further development of model. Through data organization and analysis process, new
procedures/steps, processes and entities were detected. After reorganizing data, initial semantic
visualization of the entities and their mutual relations was created. Figure 3 presents the result of
analytical effort, a final onboarding model. This model introduced more refined visual representation
with better and clearer picture with expanded entities such as “Manager* and “Learning objectives®,
and semantic text between entities. Existing ones were linked with semantically more precise
relationships and entities such as “Learning objectives® instead of “Learning goal. This model still
relies on first author’s experience but with this version, it moves toward systematical generalization
and usability in different aspects of process. The model shows how onboarding begins, i.e. by
communicating with the manager, it then includes intensive communication with the mentor, use of
resources and work methods, setting learning goals, as well as evaluation after the completion of a
specific task or project. This ensures a clear flow of entry into the organization until full integration
into the company's team.

New Employee

Methods

Learning goal Project/Task

Resources Skills Evaluation

Integrated into

company

Mentor | -

Figure 2: Initial Onboarding model created based on written notes
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Figure 3: Final onboarding model

Figure 4 and represents the autoethnographic basis of the onboarding process model. It includes
core elements that are based on personal experience and introspection, such as daily communication
with the mentor and team, use of internal documentation and tutorials and interaction with internal
software, but also the process of constructing and developing onboarding model. Through mentioned
daily activities, the first author engaged in continuous reflection based on the emotional-cognitive
process of personal learning and adaptation. Feelings such as confusion, motivation and moments of
complete clarity emerged through continuous questioning such as: (1) "Will | succeed?" (2) "Do |
understand this type of integration?" (3) "What specifically should | focus on?", etc.). These
reflections were systematically documented in both physical and digital format, capturing personal
insights, project goals and critical practical knowledge specific to the use of the software. This
documenting process enabled the construction of an initial personal onboarding model that was
directly derived from reflective note analysis.
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5. Discussion

Reflection is a key element in a person's professional development process, especially during the
onboarding period. Through continuous note-taking (paper and digital format) and analysis of his own
experience, first author had the opportunity to identify certain patterns of behavior, challenges and
success that shaped inclusion in the company. From the introspective analysis, it is possible to
recognize reactions to specific situations, which contributes to a deeper understanding of the culture
within the company and first author's role within the team. As Schon [12] points out, reflection allows
professionals to learn from their experiences, which is important for adaptation in a new work
environment.

Using an autoethnographic approach made it possible to analyze and model the onboarding
process through personal experience. This approach provided an authentic insight into the
organization's processes, but it also carries its own challenges related to subjectivity. According to
Ellis [11], autoethnography allows the researcher to connect personal experience with broader
cultural, political and social meanings, thereby enriching the understanding of organizational
phenomena.

The developed onboarding model is based on personal experience and analysis and can serve as a
basis for improving existing practices in organizations that strive for more effective inclusion of new
team members in the company. The model identifies the key entities and steps that shape the
onboarding experience itself, providing a structure for effective onboarding of new hires. This
structure can be especially useful for HR experts, mentors and managers in the IT sector where the
speed and efficiency of the onboarding process is essential to the company.
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5.1. Validity

In qualitative research, validity is often evaluated through the concept of trustworthiness, which
includes four key criteria according to the authors of Lincoln & Guba [13] and Shenton [14]: (1)
Credibility (2) Transferability (3) Dependability (4) Confirmability.

Credibility is achieved through detailed documentation of reflective notes and a transparent
presentation of the analysis process and daily observations recorded during work in the company.
These notes include technical and emotional reflections with certain questions that was in authors’
mind, and they are shown in Figure 1 as evidence of an authentic documenting process.

Transferability is enabled through a detailed presentation of the work context. The first author
worked as an Integration Specialist in a software company dealing with integrations. Given the
ubiquity of very similar positions in the IT industry, the model has the potential to be adapted and
applied in similar company structures.

Dependability is ensured through the description of the iterative process of reflection and
categorization where, after writing notes, data organization, entity identification and model
development were done. Although no thematic coding was used, the analytical procedure was
documented and presented in Figure 2 and Figure 3.

Confirmability was achieved through the use of authentic written and digital notes that served as
the basis for the creation of the model. One of the notes is presented in Figure 1 and further explained
in the section “Reflective Analysis and Model Evolution”. Visual models represent the result of the
analysis of the notes, which confirms the high transparency of the process.

6. Conclusion

Through an autoethnographic approach, the paper provided a detailed and deep insight into the
onboarding process from the perspective of a new employee in the IT sector. With the help of
reflection and analysis of personal notes, daily activities and interactions with the mentor and the
team, key entities and steps that form the basis for the onboarding process were identified. Based on
that, an initial and final model was developed that shows the structure and flow of successful
integration of an employee into the organization.

The developed models can serve as a tool for HR experts, mentors, and managers in companies
who want to systematize the onboarding process.

Future research can be directed in several directions, such as the improvement of the existing
model based on the comparative analysis of a large number of onboarding experiences in different
organizations, the theoretical validation of the model through white and gray literature, the
development of a software tool that would implement the model in digital form and thus enable its
application as part of the internal human resource management system.
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AHHOTauuA

Jost perieHus 3a1a4 ¢ MOMOIIBIO TITyOOKMX HEHPOHHBIX CeTeH B CITydae OOJIBIIOT0 KOJIMYeCTBa
JAHHBIX MOJKET IPUMEHATBhCS paclpeeleHHoe TIyOokoe oOydeHue. s HEKOTOPBIX
pacnpeneNieHHbIX CUCTEM KOJINYECTBO BBIYMCIMTEIBHBIX Y3JI0B MOXKET OBITh HE ONpeeIeHO
WJIM MU3MEHATHCS OUHAMHYeckd. HeoOXoanMo HaWTH Takwe THmeprnapaMeTpsl, I KOTOPIX
IIPY pa3HOM KOJIMYECTBE Y3JI0B METPUKHU KauecTBA MOJIeJIeil He CHIIBHO U3MEHsUTUCh. B cTaTthe
paccMaTpHuBaeTCsl paclpeesieHHOe IIyOokoe OO0ydeHHE C MapaMeTpUUECKHUM CEpBEPOM U
CHHXPOHHOW arperammen pe3ynpTaToB. C umcmonb3oBaHneM apxuTeKTypbl ResNet-18 nHa
Habope pmanHbIx CIFAR-10 6buta npoBefeHa cepust SKCIHEPUMEHTOB, B KOTOPBIX
BapbUPOBAIUCH YHCIO KIHEHTOB, CKOPOCTh OOydeHHs U pasMep Oarua. IlpumeHnsnachk
CTpaTerus 4YacTOH arperanyy, NMpH KOTOpPOH OOHOBJICHHS MOZENeH CHHXPOHH3HPOBAINCH
rociie 00paboTKH KaXKIOTO JIOKATBHOTO 0aTda JaHHbIX. Ha 0OCHOBE MOTydYeHHBIX pe3yIbTaToB
ObUIO TOATBEP)KAECHO Mojbopa Takoro HaOopa THIEpHapaMEeTpPOB PpaclpeesICeHHOTO
o0yd4eHws1, Ipy KOTOPOM 3HAUCHUS TOYHOCTH KJIACCHU(PHUKAINH cIa00 3aBHCAT OT KOJIMIECTBA
y310B. Ha ocHOBe aHanm3a MOTyYEHHBIX PE3YNbTATOB IIPOJEMOHCTPHPOBAHO, UTO BPEMS
pacnpenieieHHOr0 O00ydYeHMsl Ui HEKOTOPBIX Ha0opax THUIEpPIapaMeTpOB MOXET OBITh
MEHBIIIE, YeM JIOKaJIbHOE ITy0oKoe oOydeHne. A 3HaUeHHE pa3Mepa 6aTda CHIBHO BIUSIET HE
TOJBKO Ha TOYHOCTH KITACCU(UKAINN, HO ¥ Ha BPEMs PacIIpeAeIEHHOTO 00yYEeHHUS.

Kntouesble cnoBa

I'mybokoe oOydenue, PacnpenenenHoe oOyueHuwe, PacnpeneneHHas BbIYHCIHTENbHAS
cucteMa, MeTol CHHXPOHHOW arperamuy pe3yiabTaToB, Kimaccubukanus w300paKeHHI,
Habop runepnapamerpos

1. BeBepgeHue

B nmocieame ro1p Bo3pacTaromnie KOJINYeCTBO JAaHHBIX B COYETAHUH C OTPAHUYEHUSMH T10 TTAMSTH
M BBIYUCIHUTEIBHBIMA MOIITHOCTSMH CTHMYJIMPOBAJIH Pa3paOOTKy HOBBIX IOAXOJ0B K MaIIMHHOMY
o0yuenuto [1]. OnHUM U3 pelIeHuil B 3TOH 00acTu crajo pacnpezaeicHHoe oOyudenue (Distributed
Learning) — mapaaurma, npezroaraionas pa3feicHue BEYUCIUTEIBHON Harpy3KH MO 0OyYeHHIO
MOJIEJIN MEX/Ty HECKOJIbKIMHU B3aMMOCBSI3aHHBIMU BBIYMCIUTEILHBIMY y3/1aMu [2].

B pamkax pacnpeeneHHOro o0y4eHus CyIIeCTBYET MHOYKECTBO CTPATETUH M apXUTEKTYP, KaKast
M3 KOTOPBIX 00JIaJiaeT CBOMMHU 0COOEHHOCTSAMHU. OJHUM M3 TaKUX TOJXOIOB SIBISETCS JIOKAJIbHOE
obyuenne (Local Training), rae Kaxaplid y3e1 BBIOJHIET HECKOJIBKO UTepaunii 00yueHHs Ha CBOUX
JIOKAJTbHBIX JTAHHBIX, MPEXKJIE YeM CHHXPOHU3UPOBATH PE3YIbTAThI C OCTAILHON ccTeMOil [3].
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B pamxax ogHOTO payHma oOy4eHHs y37bl (KIMEHTHI) OOHOBISIOT JIOKAJThHBIE KOMUH TII00aThHON
MOJIEJIN, TIOCJIE Yero OTMHPABISIOT Pe3yibTaThl (HalpuMmep, TpajueHThl MU Beca) Ha CepBep Ul
arperauuu. OOHOBJIEHUE TTI00aTBHON MOAETH MOKET IPOUCXOIUTH KaK CHHXPOHHO, TaK U ACHHXPOHHO
[4]. Hannas pabota (okycupyercs Ha CHHXPOHHOM TMOIXOZE, MPH KOTOPOM CEpBEP OXKHIAeT
OOHOBIIEHUI OT BCEX BBIOPAHHBIX YYaCTHHUKOB payHZId, NMPEXJe YeM BBIUHUCIUTH HOBYIO BEPCHIO
rno0ankHOW MOJENM M paszociarh ee o0paTHO KimeHTaM [5]. B MpOTHBOMONIOKHOCTH 3TOMY,
ACMHXPOHHBIN TIOJTXOJ TIO3BOJIAET y3JIaM OOHOBIISTE TII00ABHYIO MOJIENTh HE3aBUCUMO JPYT OT ApyTa.
D¢ PEeKTHBHOCTS M CKOPOCTh CXOAMMOCTH TaKOW CHCTEMBI 3aBHCIT OT MHOXKeCTBa (haKTOPOB, OTHAKO
OJTHUM 13 HanOoJiee KPUTUUHBIX SIBIISAETCS CTpaTerHsi 0TOOpa KIIMEHTOB AJISl yUacTUs B KaXKJIOM payHIe
oOydeHnus [6].

[IpoGiema oTGOpa KIMEHTOB SBISETCS MHOTOACHeKTHOH. [IpobmeMy MOXXHO pa3fenuTh Ha 1Ba
B3aMMOCBSI3aHHBIX HAINpPaBJICHUS: KauyeCTBEHHOE, HalpaBJICHHOE Ha BHIOOp HamboJiee «IOJE3HBIX)
KIMEHTOB C TOYKH 3pEHHS WX BKJIana B MOJAEJb, U KOJMYECTBEHHOE, CBS3aHHOE C ONpeAcICHUEM
ONITHMAIBHOTO YHCJIa YYACTHUKOB B payHe [7]. MHOTOYHCIIeHHBIE CCIIeTOBAHMUS TIOTBEPKAAIOT, UTO
yBeIMUYEHNE YUCIIa KIMEHTOB, YIaCTBYIOIINX B arperamny, Kak MPaBHiI0, TIOJOKUTEIHFHO CKa3bIBACTCS
Ha ckopoctH cxoaumocTH [8]. Tem He MeHee, 3TOT 3(dekT HemuHEeH M MOMYHMHSETCS 3aKOHY
yOBIBatOIICH MPeIeIbHON MOJE3HOCTH: MPUPOCT MPOU3BOAUTEIBHOCTH 3HAYUTEIBHO CHIKAESTCS ITOCTIC
MOCTHIKEHHS  OMNPENENICHHOTO TIopora y4YaCTHHKOB, Kak OBLIO  TMPOJEMOHCTPUPOBAHO B
OCHOBOIIONIAraroIux paborax B 3Toil obmactu [9]. Takum oOpa3om, ompeaeneHue ONTHMAIbHOTO
KOJIMYECTBA KIIMCHTOB ABJISACTCA HCTpHBHaHBHOﬁ 321[[3‘-161\/'1, IMOCKOJIBKY OHO 3aBUCHUT OT XapPaKTCPUCTUK
Habopa JaHHBIX, APXUTEKTYPHI U TuneprnapaMetpoB mozaenu [10].

OcHOBHas TIeNTb HACTOSIIEH PabOThl — MOAOOp THUIEPHapaMeTPOB IS PA3IMYHOTO KOJIUYECTBA
KJIIMEHTOB B pACIpPENEIEHHOM CHUCTEME C CHUHXPOHHOW arperauued. JlIs OLEHKM U CpaBHEHMS
pe3ynbTaToB ObLIa BRIOpaHA ATAIOHHAS 3a/adya KIACCU(PHUKAINN H300PKEHUA C HCIIOIE30BAHUEM
apxutekTypsl ResNet-18 [11]. UroObl oOecriednTh BBICOKYIO CKOPOCTH HTEpaIil MCCIETOBAHUS
ucnoip3oBaycs Haoop ganubix CIFAR-10 [12].

HpOBC}Iﬂ CCPUIO KOHTPOJIMPYEMBIX SKCIICPUMEHTOB C BAPbUPOBAHUEM YHUCJIa KIIMCHTOB 1 KITFOYEBBIX
rUIneprnapaMeTpoB, JaHHOE HCCIIEIOBAaHHE pellaeT CIeAYIoUIe 3agadd: 1) OLEHUTh 3aBHCHMOCTH
CKOpPOCTHU CXOAUMOCTH OT YHCJIa aKTUBHBIX KIIMCHTOB, 2) MMpEAOCTAaBUTH ITPAKTUUCCKUC PEKOMEHAAIIUN
THIIEPIIapaMeTPOB PACIPEACICHHOTO 00YUYECHHUs sl PACIPEIeNICHHBIX CUCTEM C PAa3JINYHBIM YHCIIOM
BBIYHCIIUTEIHHBIX Y3JIOB.

2. Matepuannbl U metoabl

B kadecTBe 1i1y00KOM HEHPOHHOW CETH MCIIONIb30Baach apxutekTypa ResNet-18, koTopas 10 cux
MOp MCTONB3YEeTCS B HEKOTOPBIX 33jadax Kiaccupukanuu u3odpakenuii [11]. B kauectBe MerTozna
pacnpezienieHHOro 00y4YeHus: ObLT BEIOpaH TOJXO/ C pa3/eIeHHEM 10 JTaHHBIM U C TTapaMeTPUIECKIM
cepBepoM (TII00aTBHON MOJIENBI0), & TAKXKE C CHHXPOHHOW arperamueid pe3ynbTatoB. JlokambHBIE
MOJIETH WHHUIMAIM3UPOBAINCH ITyTeM KOIMPOBAaHUS BECOB Tio0anbHON Mojenu. Mcmomb3oBaics
natacer CIFAR-10 (60 Toic. nBeTHBIX M300paskeHuit 32x32), pa3neneHnslii Ha oOyuatormii (80%, 40
ThIC. M300paxeHnit), BamugaunoHHeld (10%, 5 Teic. m3o0paxkenuit) u tectoBeld (10%, 5 ThHIC.
n3zobpaxxennii) Habopwl. PazneneHne natacera Ha HAOOPHI MPOUCXOMUIIO C COXPAaHEHHWEM OalaHCOB
knaccos [12]. [IpuMeHsiiach cTaHaapTHas HopMain3aius 1o 3 kanajgam RGB-u3o0pakeHus.

KintoueBoit 0coOEHHOCTBIO METOAA PACHpPENENeHHOro OOydYeHHs SIBISIETCS JTMHAMUYECKOe
pacmpezienieHie JaHHBIX: B Hadale KaXJOoH 3MoXu OOy4YeHHs I KaKIOTO KIHEHTa CIydalHBIM
00pa30oM BEIOMpAJICS JIOKaIbHBIH HaO0p naHHbIX pazMepoM N/K (N — o01iiee KoIM4ecTBO U300pakeHUI
B oOyuatorem Habope, K — konmuecTBO KineHTOB) [5]. DTO M0O3BONIMIO OOecreYnBaTh N3MEHEHHE
COCTaBa JaHHBIX y KaXI0T0 KIMEHTa OT OJHOU 3II0XH pacIpeeseHHOro 00y4eHus K APYroil.

Pacnpenenennoe oOydenune mnpoBoawinoch B Teuenue 100 smox. Kaxkpgas smoxa BKIrodaia
pacnpezieieHie JaHHBIX, JIOKaJbHOe oOydeHne (TpAMOM MPOXOJ, BBIYHCICHHE MOTeph, OOPAaTHBIN
MPOXOJ, Iar ONTHMHU3aTOpa) Ha OaTdyax JaHHBIX, OLEHKY Ha BaIMIAlMHd M CUHXPOHHYIO arperaiuio
OOHOBJIEHUH JIOKAIBHBIX MOJIENEH.
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2.1. JloKanbHaA CMHXPOHHAA arperauus

B wucciaenoBaHuM TpUMEHSIACh METOZOJIOTHSl pacIpelesieHHOT0 OOYYEeHHS C HWHTCHCHUBHBIM
nH(pOpMaMOHHEIM OOMEHOM, IPU KOTOPOH arperanus riio0aJbHOW MOJETH MPOU3BOIMIACH MOCIE
KaXI0T0 IUKIIa 00yJeHus JIOKaIbHBIX MOJIeJIei Ha OJTHOM OaTde JaHHBIX. DTO 00eCTIeunBaIo OBICTPYIO
aJanTanuio TI00aJbHONH MOJAEIM K M3MEHEHHMSM Ha JIOKAaJbHBIX KIMeHTax. Mcmonbp3oBajcs METOox
ycpennenus coctosiauii (State Dict Averaging) [5]. LienTpanbHblii cepBep coOupan 0OHOBIEHHEBIE Beca
OT KJIHMEHTOB, BBIYHCIIUT IIOIEMEHTHOE CpefHee apu(pMETHYecKoe IapaMeTpoB M  OOHOBIISLI
II00aIBHYI0 MOJIENH 110 (popmyte:

WD _ lz WD, (1)
N k,i

2

(t+1) . . .
rac Wk,i — 1-U MapaMeTp JIOKAJIbHOU MOJCIIN KIIMCHTA k mocJIC payHaa o6yqu1/I$[ t, N — KoJIM4eCcTBO

)

t+1 . . .
KIIMCHTOB, m( — COOTBETCTBYIOLIUI MapaMeTp 0OHOBICHHON I7I00aTbHON MOJIEIH.

2.2. OnpepaeneHue 3noxu obyuyeHMA U MEeTPUKU OLLEHKU

"O6mas 3moxa" ompeneNnsiach Kak 3aBepiieHre KaKI0H JIOKAThbHONH MOIENBI0 TOJHOTO MPOXoaa
10 BCEMY BBIJICIIEHHOMY € JIOKalbHOMY Ha0Opy AaHHbIX. OlleHKa MPOM3BOJUTEIBHOCTH II100aIbHOM
MOJIEJIN TIPOU3BOIMIIACK TI0 3aBEPIICHUN KaKI0H "o01ei snoxu".

OtcnexuBasiach TOUHOCTh (Accuracy) kak (KommdectBo BepHbIX mpenckaszanuii) / (OOmee
KOJIMYECTBO Tpeckazannii). Micnomp3oBanacek ¢pynkmus nmoreps Cross-Entropy Loss [13].

Mertpuxku:

e Global accuracy (To9HOCTh Ha BaNIHUJAIMH B KOHIIE KaXI0H AMIOXH 00yYeHHUs TII00ambHON
MOJICIIN).
e Test accuracy (MTOroBast TOYHOCTh Ha TECTE III00ATHLHON MOJICIIHN).
Tarxoke n3MepsuIoCch BpeMsl BHIIIOIHEHUS OTHON MOIHON T7I00aIbHOM SIIOXH.

3. DKcnepuMeHTbl U pe3ynbTaThl

OKCIEpUMEHTBl 110  paclpeleiecHHOMY OOyYeHHI0 JUIsi MHOTOKIJIACCOBOW  KilacCH(UKAIMN
n300pakeHni NpOBOAMIMCE ¢ ucnojib3oBanueM PyTorch na ycrpoiictee ¢ CUDA: mponeccop Intel
Core 19-13900K, 32 I'b DDR5 RAM, NVIDIA GeForce RTX 3090 Ti, 512 I'b SSD. Cxema
SKCIIEpPUMEHTA BKJIIOYANa MMapaMeTpUUecKuil cepep (rinobaibHas MOJENb) U HECKOJIBKO KIHEHTOB-
y370B (JIOKaJbHBIE MOJIEIIH).

st uccnenoBaHus BIAMSHUS THIEPIapaMeTPOB paclpeleIeHHOTO 00ydeHHs MPOBOAMIACH CEpHsl
skcriepuMenToB (Tabmuma 1). BapsupoBanucs:

e NUM CLIENTS (K): 1, 2,4, 6,8, 10, 15, 20, 30, 40. Brusier Ha 00beM JaHHBIX Ha KIIMEHTE U
KOJIMYECTBO JIOKAJIHHBIX OOHOBIICHUH /IS arperarim.

o LEARNING RATE (LR): 0.1, 0.01. KoadpdunueHnt oOyueHunss KOHTPOIUPYET pa3Mep miara
pyu OOHOBJIEHUH BECOB.

e BATCH SIZE: 1024, 256, 64. Biuser Ha TOYHOCTh OLEHKM TPAaJUEHTAa U HCIIOJIb30BaHUE
MaMsITH.

N3meHeHune 3TUX mapaMeTpoB MO3BOJWIO HCCIEN0BATh TUHAMHKY PAcIpelelIeHHOTO O0ydYeHHs C
CHUHXPOHHOM arperauyeil 1 BIMsSHUE Ha Ka4yecTBO 00yUeHHsT MOZCIIH.

OCHOBHBIM TOKa3aTeneM KauyecTBa OOydeHHs siBisercss mToroBas TouyHocTh (Test Accuracy)
rio0abHOW MOJIETH, U3MEPEHHAs Ha OTIIOKEHHOM TECTOBOM HAa0Ope NaHHBIX mociie 3aBepiieHus 100
3M0X 00yueHus. Pe3ynbraTel A BCeX MCCIETOBAaHHBIX KOMOMHALMI THIEpHapaMeTpoB CBEIEHBI B
Tabmumy 1.

Tabnuua 1
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TouHocTb (Test accuracy) rnobanbHOM Mofenn Ha TecToBOmM Habope AaHHbIX B 3aBUCMMOCTU OT
KonmyecTBa KameHToB (K), ckopoctn obyyeHua (LR) u pasmepa 6aTua (B)

Kon-80 LR=0.1, lR=0.1, LR=01, IR = LR=0.001, LR =0.001,
KNMEHTOB B=64 B =256 B=1024  0.001, B = 256 B = 1024
(K) B =64
1 0.7252 0.7280 0.7050 0.6636 0.5474 0.4958
2 0.7288 0.7400 0.7040 0.6204 0.5278 0.4818
4 0.7226 0.7180 0.6752 0.5886 0.5102 0.4742
6 0.7288 0.7122 0.6602 0.5724 0.4972 0.4600
8 0.7218 0.7058 0.6432 0.5560 0.4848 0.4636
10 0.7180 0.6778 0.6610 0.5450 0.5022 0.4472
15 0.7152 0.6788 0.5818 0.5350 0.5042 0.4548
20 0.7090 0.6688 0.5444 0.5330 0.4806 0.3910
30 0.6970 0.6486 0.5912 0.5398 0.4840 0.3830
40 0.6814 0.6324 0.0998 0.5286 0.4624 0.1022
Mar. 0.7148 0.6910 0.5866 0.5682 0.5001 0.4154
oXungaHue
Qucnepcus  0.0002 0.0014 0.0305 0.0016 0.0006 0.0152

DKCTIepUMEHTHI TPOBOIMIHCH C PA3IMIHBIM YHCIIOM Y3JI0B (KJIINEHTOB) B pacpeAeIeHHON CHCTEME.
OnHOl U3 1eNnel JaHHOW CEepUM SKCIICPHMEHTOB SBIISJIACh MPOBEPKAa BO3MOMHOCTH TOA00pa TaKUX
rUIeprnapaMeTpoB, 4ToObl TOYHOCTh (accuracy) Ha BaJIMJIAIMOHHOM M TECTOBOW BBIOOPKE HE CHIIBLHO
3aBHIceNa OT KOJMYECTBA Y3JIOB U ObLIa HA IOCTATOYHO BEICOKOM YPOBHE.

beumm mocTpoeHsl TpaduKu TWHAMUKKA TOYHOCTH Ha BaJHIAlMOHHOM HaOOpe s pa3sU9HBIX
Habopos runepnapameTpoB (Pucynok 1).

LR = 0.1, Batch = 64 LR = 0.001, Batch = 64
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PucyHoK 1: [lnHaMmmKa TOYHOCTM Ha BanuAaumoHHOM Habope gaHHbIX (%) nocne 100 anox oby4yeHus
B 3aBMCMMOCTU OT uncna KnneHTtos (K), ckopocTn obyueHus (LR) u pasmepa naketa (Batch Size)

B tabnuue 1 1 Ha pucyHke 1BUAHO, YTO IPH UCIIONB30BaHUU Habopa runepnapameTpoB LR=0.1 u
Batch Size=64 touHoCTH (accuracy) Ha BaJMIAIllMOHHOM HaOOpe MAaHHBIX JOCTATOYHO BBICOKA U
3HAYEHUS IS Pa3HBIX KOJUYECTB Y3JI0B HE CHIIHPHO Pa3IMYaroTCs.

VYMeHblIeHne mapaMeTpa ckopocTn oOyueHus LR yxyamaer pesymnbTaTel AJsl BCEX BapHaHTOB
KoMOuHauuii 3HaueHnit napametpoB Batch Size u xonmuecta y3noB K. IIpu 3ToM cnemyer 3aMeTUTB,
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9TO ISl OOJBINMX PACIPENEICHHBIX CHCTEM (C OONBITUM KOJHMYECTBOM Y3JIOB) TOYHOCTH MaaaeT
CHIIbHEE.

Hecmotpst Ha TO, uTO JNydmme pe3ynbTaThl MO To4HOCTU accuracy=0.74 (Tabmuua 1) Obutn
TOCTUTHYTHI Ha Apyrom Habope mapametpoB LR=0.1, Batch Size=256, K=2, nucnepcus 3nadeHuit mo
TOYHOCTH B 3aBHCHMOCTH OT YHCJIa Y37I0B Oblia BbImIe, ueM s Habopa LR=0.1 u Batch Size=64.

[Ipu 3TOM MaTeMaTHUECKOE OXHIaHue TOUHOCTH it Habopa LR=0.1 u Batch Size=64 Briie, uem
MaTreMaTHdeckoe okumanue s Habopa LR=0.1, Batch Size=256.

CrnenoBaTenpHO, CIEMyeT 3aMETUTh, YTO C POCTOM dHucia y3imoB K o0beM nokamsHOro Habopa
naaHeix (N/K) y KakOoro KJIMEHTa MPOMOPIHMOHATIBHO yMEHBIIACTCA. DTO MPHUBOAUT K TOMY, YTO
JIOKaJIbHbIE OOHOBJICHNSI, BBIYUCICHHBIC Ha MAJIBIX U OTEHIUAIBHO HEPENpPe3eHTaTUBHBIX BRIOOPKAX,
CTaHOBATCS Oonee «IIyMHBIMI». OTHAKO IaHHBIM HEJTOCTaTOK OyJeT HUBEIHpPOBaH B CIydae
(UKCUPOBAHHOTO pa3Mepa JOKaJIbHOTO HaOopa NaHHBIX, a TAKXKE MPH OOJIBLINX JaTaceTax.

Ha ocHoBe aHanm3a MTUHAMUKH TOYHOCTH MOXKHO CIENaTh BBIBOZ, YTO U paclpeiesieHHOH
CUCTEMBI C OOJBIIUM KOJWYECTBOM Y3JIOB W/WIH C HEMOCTOSHHBIM KOJHYECTBOM Y3JIOB HY)KHO
WCIIONTF30BATh BHICOKHME 3HAUEHIS CKOPOCTH 00y4ueHns 1 HeOobInoi pasmep Batch Size.

ITomumo TOYHOCTH, Ba’)KHBIM aCIICKTOM IPOHU3BOAUTECIHLHOCTU pacnpe,ueneHHof/'I CHUCTEMBI ABIACTCA
oO1iee Bpems, HeoOXOAMMOE JIJIs 00YUYCHHUS MOJICNU. BbIjIo n3MepeHo nmoHoe BpeMst BoinoHeHus 100
AMOX /IS pa3TUYHBIX KOMOWHAIWA runepnapameTpoB (PucyHok 2).

LR = 0.1, Batch Size = 64 LR = 0.001, Batch Size = 64
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PucyHoK 2: Obuiee Bpema obydyeHus (B cekyHgax) 3a 100 anox B 3aBMCMMOCTM OT KOJIMYECTBA
knmeHToB (K), ckopocTn obyueHusa (LR) u Batch Size

CoBMeCTHBIH aHAJTN3 BPEMEHH ¥ TOYHOCTH IIOKA3bIBAET, YTO HE CYIIECTBYET EAMHCTBEHHOTO Habopa
runepnapaMeTpoB. Beibop momxeH ObITh KOMIPOMHCCOM MEXIY CKOPOCTBIO U KAYeCTBOM:

e lcnonws3oBanue Manbix Oaruelr (B=64) sBusiercss BhIYHMCIUTENHHO HEd(D(HEKTHBHBEIM B
HCCIIeyeMOI apXUTEKType, TaKk Kak yBesJndeHue K mpuBoauT K pocTy BpEMEHHBIX 3aTpar
0e3 rapaHTUPOBAHHOTO YIYYIIEHHS TOYHOCTH.

e Ucnonw3oBanue cpennux Oarueit (B=256) nemoHcTpupyer Haubonee cOaTaHCHPOBAHHOE
TIOBE/ICHNE, TTO3BOJISIS HAWTH KOMIIPOMICC MEXKIY YCKOPEHHEM U HTOTOBON TOYHOCTHIO TIPH
K B nnanazone 4-15.

e Ucnons3oBanme Oonpmux Oatueit (B=1024) obecrednBaeT MaKCHMaJbHOE YCKOpPEHHE,
OJTHAKO COIPSDKEH C PHCKOM Jerpajaliii TOYHOCTH M HECTaOMIBHOCTH OOYYEHHUs NpH
OOJIBIIIOM YHCIIe KITMEHTOB.

CTOUT OTMETHUTB, YTO BpeMsi OOYUCHUS JUIsl HEKOTOPHIX HAOOPOB T'HIIEPIIapaMEeTPOB MEHBIIE IS
15-20 y3n0B, uem g 1 y3na. 3mech MOXKHO TOBOPUTH O JOCTaTOYHO 3(PQEKTUBHOM pa3dueHun
nataceta CIFAR Ha gacTu MEeXITy y3JIaMHu.
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AHanu3 pe3ysbTaToOB MO M3MEPEHHIO BPEMEHH PACHPEAEICHHOI0 OOy4eHHs MO3BOJISIET CHOENIATh
BBIBOJ] O 3HAYUMOCTH BbIOOpa runepnapamerpa Batch Size u pazmepa nokanbHOro HabOpa AaHHBIX LIS
YMEHBIICHUS BpEMEHH pacIpeelieHHOTO 00yUeHHS.

4. 3aKknwuyeHue

B pabore mpoBeneHo nccieoOBaHNE BIUSHUS TUIIEPIIAPAMETPOB CKOPOCTH OOyUYEHHS M pa3Mepa
0aTua JUI PacIpeleICHHOM CHCTEMBI C Pa3jIMYHBIM KOJMYECTBOM Y3JIOB(KIUCHTOB). BbLn HaiimeH
Ha0oOp THUIEpNapaMeTpoB, MPU KOTOPOM 3HAUEHHUS TOYHOCTH JIOCTATOYHO BBICOKUE JJIS Pa3HOTO
KOJIMYECTBA Y3JIOB B pacmpernelieHHoW cucteme. [loATBEpKIEHO NpEANoiIoKeHHe, YTO BpeMs
pacnpezneneHHOro 00y4deHusl MOXKeT ObITh MEHBIIIE, YeM MPH JIOKATFHOM TITyOOKOM 00yUeHUH Jake Ha
J0CTaTOYHO HeOombiioM natacere. [Ipu 3ToM pasMep 0Oarua CHIIBHO BIUSIET KaK Ha TOYHOCTh
pacnpezeneHHOro o0ydeHus], Tak U Ha ero CKOpPOCTh. llepCrieKTHBHBIM HaNpaBIeHUEM JaTbHEHIIINX
WCCIIETIOBAHUN  SIBJSIFOTCSI  METOMBI  PACIIPENEICHHOTO OOy4YeHHs C OrpaHWYeHUSMH Ha
pacnpocTpaHeHue JaHHBIX U HecOanaHcupoBaHHbIMH (non-11D) naHHbIMH.

duHaHcoBas mojep:kka: Pabora BeImonHeHa B paMKax rocyaapctBenHoro 3amanust UIIIIN PAH,
yTBepkAeHHOr0 MuHoOpHayku Poccun.
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Co3paHMe UCKYCCTBEHHbIX HEMPOHHbIX ceTer Ana pabotbl B
pacnpeaeneHHbIX BbIYUCAUTENbHDbIX cpegax

o 1 1 1
Hukonaii Bepmkos °, Haranbs KyuykoBa ™ u Biajaucias JlyneHko

! Cesepo-Kasrasckuii pedepanvuoiii ynusepcumem, yiu. Iyvukuna, 1, 2. Cmasponoaw, 355017, Poccus

AHHOTauuA

B cratbe paccMaTpuBaloTCs acreKkTbl O0yYeHHUS M MIPUMEHEHHS 110 Ha3HAYEHUI0 MOIYJIbHBIX
HMCKYCCTBEHHBIX HEHPOHHBIX ceTell ¢ IMeJIbl0 WX KCIIOJB30BaHUS B PaCHpeIeTICHHBIX
BBIYHCIIMTENBHBIX cpefax. Jiis JOCTH)KEHUS TIOCTABJICHHOW IENH TpeiaracTcs MeTO.
MPOEKTUPOBAHUS BXOAHON MH(POpPMAIMKA HA MPOCTPAHCTBO OPTOTOHAJBHBIX MOJIMHOMOB C
[ENBI0 TIOMYYECHHUS IMOANPOCTPAHCTB, MMEIONIMX MEHBIIYI0 Pa3MEPHOCTh W ITO3BOJISIONIHX
OCYIIECTBIIATh Pa3AeibHyl0 00paboTKy C IMOMOIIBIO MOIYJICH, PACITONIOKEHHBIX Ha Pa3HBIX
BBIYMCIMTENBHBIX y37laX pachnpeaeieHHod cpenbl. [lpemmaraemblii  moaxon HMMeeT
MPEHMYIIECTBO Iepell METOJOM ITOCIOWHOTO pasleliecHuss B o0beMax HWHGOpMAIVH,
mepeaBaeMod  MEXKIy MOAYJISIMH HM B THOKOCTH  BBIYHCICHHH, IIO3BOJISIOIICH
ONTUMU3UPOBATH COOTHOIIEHHUE «O0BEM BBIYHCIUTEIBHBIX PECYPCOB/KAYECTBOY.

KnioueBble cnosa

UckyccTBeHHBIE HEHPOHHBIE CETH, ONTHMH3AIMS HEHPOHHBIX CETEH, OpPTOTOHAIBHBIE
npeo6pa3OBaH1/1$1, MOJYJIbHBIC HeﬁpOHHLIe CETHU, MOAYJIBbHOC 06yquI/Ie, pacnopeaciCHHbIC
BBIYHCIICHUA.

1. BeBegeHue

PacnipesienieHHble  BBIYMCIICHHSI CTaHOBSTCS Bce Ooliee BAKHOW YAacThIO  COBPEMEHHBIX
WHTEJUIEKTYaNbHBIX TEXHHUECKUX CHUCTEM TaKUX KaK TyMaHHbIE W TepHU(epHiiHbIE BBIYHCICHUS
WHTEpHETA BEILEH, ynpaBlieHHe rPyNIol OeCIMIOTHBIX YCTPOWCTB, IPYNIION CITyTHUKOB Ha OpOHTE U
T.1. Ilpu 5TOM BCe Oouibllle 3a7ad TaKMX KaK KOMIIBIOTEPHOE 3pEHHE M paclio3HaBaHHE OOBEKTOB,
paboTaromux B KOHTYpE VYIpaBIeHHS OO0bEKTaMH, TpPeOYIOT HCIOIB30BAaHUS HMCKYCCTBEHHBIX
Heiiponnsix cereir (MHC). BricokoTounsie Mogenn MHC umeroT 3HaunTenbHbIE 00BEMBI H TPEOYIOT
OOJIBIINX BBIYMCIHUTENIBHBIX pecypcoB. IIpy HaMMUMM BBIYMCIMTENBHBIX Y3J0B BBHICOKOM MOIIHOCTH
npobaem ¢ ucnonb3zopanueM MHC HeT, BEIYMCIUTENBHBIX PECYpcoB JOCTaTouyHO. OIHAKO CMelIeHue
aKlleHTa Ha pachpeiefieHHble BbIUMCIEHUs dYacto Tpedyer pasmemienuss MHC nHa y3max,
BBIYMCIUTEIbHAS MOIIHOCTh KOTOPBIX OTpaHWYeHa. B CBSA3M C 3TUM Ui MOAJEpX aHUS MOACIH
BbicokoTouHON MTHC TpebyeTtcs 1cmonb30BaTh HECKOJIBKO BEIYNCIUTEIBHBIX Y3JI0B OJJHOBPEMEHHO.

st pemenust moAoOHOW TPoOJIeMBl HAMOOJEE YacTO HWCIOJIB3YIOT MOJICTH PACIPEICIICHHOTO
nporpammupoBanus, Hanpumep, MapReduce [1]. Takoit moaxon no3sossier pasaenuts MHC Ha crion
(mo TeM WM WHBIM IPHU3HAKaM) W BBHIMOJHATH OJUH WMJIM HECKOJBKO CJIOEB HA OTIEIBHOM Y3
pacnpenesieHHbIX BhlunclieHnit [2, 3]. 3HAYUTENbHBIM HEJOCTAaTKOM JTOTO IOIXOJA SBISETCS
OoJbliasi Harpy3Ka Ha KaHaJbl Niepe/iadd JaHHBIX, T.K. 00beM HH(OpMAIHH, TepeaBacMbli MEXTY
CJIOSIMH, OYCHB BEJIUK. J[pyrum, Takxke 3HAYUTEIbHBIM HEJOCTATKOM, SIBJISIETCS OTCYTCTBUE THOKOCTH,
T.e. mpucnocabmuBaemoctn MHC, K HeompemeneHHOCTSM B  HAaIWMYWKM  HEOOXOIUMBIX
BBIUHCIIUTENBHBIX pecypcoB. Hampumep, B cpene TyMaHHBIX BBIYHCIEHHH HET JOCTATOYHOTO
KOJINYECTBAa CBOOOIHBIX Y3JI0B, TIOJIOMKA HJIH MOTEPSI HECKOJIBKUX OECITMIIOTHBIX YCTPOMCTB B TPYIIIE
MOJKET MPHUBECTH K OTCYTCTBHIO BO3MOXXHOCTU ucnonb3oBanua MHC. B stom ciydae morpelyercs
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pe3epBUpPOBaHIE BEIYHCIUTEIHHBIX MOIIHOCTEN, UTO, B CBOIO OUEPE/Ib, MPUBOIUT K HEd(PPEeKTHBHOMY
WCTIONBb30BAaHHIO BBHIYMCIUTEBHBIX Y3JI0B pacnpeneneHHoi cpensl. [lpennaraemplii MeTo obnanaer
CBOWCTBOM DBJIACTHYHOCTH, T.e. MPHU OTCYTCTBHM CBOOOAHBIX BBIUMCIUTENBbHBIX y3m0B NMHC B
COCTOSIHMH BBITIONIHATH CBOM (PYHKIMH C TIOMOINBIO TAaKOTO KOJHWYECTBA MOJYJEH, CKOIBKO
CBOOO/HBIX BBIYMCIUTEIHHBIX Y3JIOB UMEETCS B HAJIMYUHU, XOTS M C HECKOJIHKO HU3KUM KAaueCTBOM,
npu 3TOM He TpebyeT mnepeoOydeHus. [Ipm OCBOOOKICHMM BBIYMCIUTENBHBIX MOIIHOCTEH B
pacnpezieleHHON cpefie KOJMYEeCTBO MOMYJIEeH MOXKET YBEIMYMBATHCS, MOBBIMIAS KadecTBO PaOOTHI
HHC.

2. Peanusauua mogynbHbix UHC

Teopernueckoii ocHoBoit MHC cumraercs mokazarenscTBO TeopeMbl KommMoropora-ApHombia,
KOTOpas TMOKa3aja BO3MOXXHOCTb IIPEICTABJICHUS HENPEPHIBHOW NEHCTBUTENBHONH (GYHKUUH N
nepeMeHHBIX f (X1, Xy, ..., Xy ) B BUIE CYNEPIO3UINH (HYHKIMH MEHBIIETO YHCIa IEPEMEHHBIX.

B cBoeii pabore A.H. I'opbanp nenaer BbBOA [4] 0 TOM, YTO HECMOTpS Ha TO, YTO Teopema
KonmoropoBa-ApHonbJa TOBOPUT O TOYHOM IMPEJACTABICHUU (PYHKIMHA MHOTUX TEPEMEHHBIX B
KJIacce HENPEephIBHBIX (DYHKLUI, NPaKTUUIECKOE BBIYMCICHUE OOJIBIIMHCTBA (DYHKIMHA MPOU3BOAUTCS
NPUOMKEHHO JlaXke MPH HAJIMYUM TOUHBIX (GOpPMYI. A MomoOHOE pelieHHe YKe JISKUT B MIIOCKOCTH
npubmwkenust  GyHkumu [ (xq4,%3,...,X,) Ha 3aMKHYTOM OTpaHMYCHHOM MHOXecTBe Q
TTOCIIEI0BATENBEHOCTRIO TTOIMHOMOB (TeopeMsl Beiiepmtpacca, CtoyHa).

N3 0600menus 'opbanem Teopembl CTOyHa CleAyeT, YTO JO0as HETMHEHHOCTH 00NamaeT
YHUBEPCAIBHBIMU aINMpPOKCUMAIIMOHHBIMA CBOWCTBaMH, T.€. M3 MHOIOWIEHa P cTeneHH m > 1 u
MHOTOWICHOB MEPBOW CTEMEHHU C IMMOMOIIBIO ONepanuii Cynepro3Uiy, CIOKEHHSI H YMHOXKEHHs Ha
YHCII0 MOXHO MONYYHTh BCE BJIEMEHTHI mpoctpaHcTBa C[Xq,X,, ..., x,]. Takum oOpasom, eciu
cymectBytor UHC Sy, S,,..., Sk, KOTOpbIE BBIYUCIAIOT QYHKIMHU Y4, Vs, ..., Vg OT BEKTOPa BXOIHBIX
CUTHAJIOB X, TO C ToMomlpio omepatopa f(wg + wyyq + -+ WiY,) MOXKHO TOIYYUTh PE3yNIbTAT
anmnpoKCUMAalLKH € 3aJlaHHOM TOYHOCTHIO. B cooTBeTcTBUM ¢ Teopemoit CtoyHa-I"opOaHs MHOXECTBO
(yHKIMA, BBYUCIMMBIX HEWPOHHBIMH CETSIMH C 3aJlaHHOW HENpEephIBHOW  HEIWHEHHON
XapakTepucTUIecKol (yHKIMEH, MIOTHO B MPOCTPAHCTBE HEMPEPHIBHBIX (YHKIMH OT BXOTHBIX
curraios [4].

[IpubnmkeHHOE pelIeHne MCXOAHOW 3aJa4d MOXKHO HOJIYYHUTh B BHIE PA3NIOKEHHs X II0
HEKOTOPOMY MHOKECTBY 6a3HCHBIX d1eMenToB {u; ()15,

X = iy au(t) 1)
baszucublie ¢pyHkunu B (2) MOTYT OBITH 3a/laHbl AHAJTMTUYECKH, AITOPUTMHUUYECKH MJIM YUCIIEHHO.
OnHuMH W3 TEpBBIX, KTO MPEIUIOKWI HCIOJIb30BaTh OPTOTOHAJbHBIE IPeoOpa3oBaHUA IS
BBIJICTICHUS TIPU3HAKOB, siBsiforcst H. Axmen u K.P. Pao [5]. Mcronb3ys cTaHmapTHYIO apXUTEKTypy
WHC aBtopel [5] moka3anM, dYTO C [OMOIIBIO, HANpUMEpP, JUCKPETHOIO KOCHHYCHOT'O
npeobOpaszoBanus (JKII) MOXHO CHM3UTH Pa3MEpHOCTH KIIaCCU(PHKATOpa M300pa)KEHHid, YTO CTaJo
nepBbiM mrarom B ontumuzaimu WMHC, ucnonb3yss npuOnImKeHHOE MpeACTaBICHUE BXOIHOTO
CUTHAaJA.

2.1. MpeobpasoBaHue @Pypbe Kak cnocobd npubankeHHoro
npepacrasneHna exogHoro curdHana UHC

Hawnbonee n3BecCTHBIM U MIMPOKO HCIIOJIB3YEMBIM OIIEPATOPOM B TEOPHUH Tepenadn HHPOpMAIIH
sBisiercs npeoOpazoBanue Dypoe [6]. Ilockonbky BxomueimMu 3HaueHusMu HWHC sBistores
JTUCKPETHBIC 3HAYCHMSI, TO MOYKHO HCIIOIH30BaTh AUCKpEeTHOE TIpeodpazoanmne dypoe (AI1D):

n
_2mjwi
Ax(t) = F(w) = ine n
i=0

3neck x € LY(R) — Bxonuble 3HaueHus omepatopa A, w = 2mf — Kkpyropas uactora. Jlis

(GyHKLUH, MHTErpUPYEMBIX C KBagpaToM Ha R, MOXHO OIpeAeiauTh TMiIbOepTOBO IMPOCTPAHCTBO
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¢ynkmuit L?(R), Ha xoTopoM mpeobpasoBanne Dypbe MOXKET OBITH OMPEAENeHO KaK OIepaTop
A:L*(R) - L*(R).

Koabdunuent pasnokenus a; u3 Boipakenus (1) npeacrasisier co00it mpoekimo GyHKIMA Ha i-
TYIO OPTOTOHAIBHYIO (BYHKIIMIO BBIOpaHHOTO Gasmca Ha BceM mpomexytke [0, T]. Bocmonbsyemes
MOHSATHEM TOYHOCTH MNPUOMMKEHHsI AN 3aMKHYTBIX CHUCTEM OpPTOrOHANBHBIX (yHkuuii [7]. Ha
ocHoBaHUM paBeHcTBa [lapceBans:

— ['© 2 _ yo 2
B =Y20X[ = Xn=0an (2)
Tormga OTHOCHTENBHYIO HHTETPAIEHYIO TOYHOCTD MPHOIIKEHHUS ¢ yaeToM (4) MOXKHO OLIEHUTH KaK
Yk a2  a% a2 a? B B B
y==20=0m =0 Ly L2y d (3)
B B B B B B B

W3 cBoiicTB nmpeobpazoBanust @ypbe H3BECTHO, YTO YEM BBIIIE CTETEHb MIAAKOCTH GyHKIuH X (t),
TeM ObICcTpee yObIBaeT ee npeodpazoBanue ®ypoe F(w). CreaoBarenbHO, YaCTHYHBIC CYMMBI M3 psijia
(2) Oyayr yObiBath. Torma wuHTErpajgbHas TOYHOCTb NpuOMMKeHHs (3) HE OydeT 3HAYHUTEIHHO
yObIBaTh TIpH OTOpAaCHIBAaHWM IIOCIEIHUX YIEHOB psAfa, a YacTHYHBIE CyMMBI KO3(HIMEHTOB
YMEHBILAIOTCS 10 MEPE POCTa HOMEPOB TAPMOHUK. TakuM oOpa3oM, pa3JelB CIIEKTP Ha JBE PaBHbIC
YacTH, MONYYHM CIEAYIOIINE 3HAYCHHS WHTErPAbHOM TOYHOCTH TMPHONMKEHUS ISl KaXIOH
TIOJIOBHHBI CIIEKTpa:

k/z

PIRENE]
y, = Zen (4)

er(l=k/2+1 ai
Vo= —F— (®)
[TockosbpKy yacTHYHas CymMMa B BbIpaxkeHuH (5) OyaeT MeHblie, yeM B BbIpakeHHu (4), TO
touHocTh npubmmkernss UHC, o0y4ueHHO# mepBoil 4acThi0 clieKTpa OyJeT BhIlIe, 9eM BTOpoid. B
JanpHeWeM 3To OyJOeT MOKa3aHO SKCIepUMEHTalbHO. B 3aBucMMocTH OT pemiaeMol 3amaud,
KOJINYECTBO 4YacTel, Ha KOTOPbIE JEIHMTCS CIEKTP BXOJHOH (DYHKIIMH, MOXET OBbITh pPa3IHYHBIM.
Kpome Toro, wactu cniektpa He 00s3aTeNbHO JOJDKHBI OBITH OJMHAKOBHL. ECIM MMeeTcss HeCKOIBKO
BBIYUCIUTEIBHBIX Y3JI0B IMOBBILICHHONW MOIIHOCTH, AJISl HUX MOXET OBITh BBbIAEICHBI OONbIIAs 4acTbh
CIIEKTpa C UCIOJIb30BaHueM Ooiiee oobemuoi MTHC.
[IpeobpazoBanre Dypbe sBisieTcs 3QHEKTUBHBIM HHCTPYMEHTOM HCCIIEAOBAaHHUS (DYHKIMHA, HO
UMEET CYLIECTBEHHbIH HEIOCTATOK: MMEs BBICOKYIO CTENEeHb YaCTOTHOW JIOKaIM3alUuH 00JazaeT
OuYeHb cIabol BpeMeHHO! (IIPOCTPaHCTBEHHOM ) JIOKAIM3AIHEH.

2.2. Ucnonb3oBaHue BeiiBneT-npeobpasoBaHMa ANA  CO3[aHMUA
MOAY/bHOM CTPYKTYPbl BXOAHOro curHana MHC

Ecnu xe BMecTo Dyphe-1og00HbIX peodpa3oBaHuii HCIIOIB30BaTh BeiBIeT-npeodpazoBanue [8],
TO MOXHO COBMECTHTH OIEpallid TeHeparuyd W OoTOOpa MPHU3HAKOB M IONYyYHUTh BBIMTPHIIT B
KOJIMYECTBE 3HAUYMMBIX MMPU3HAKOB 0€3 MPOBEICHHS JOIOIHUTEIBHBIX HccaenoBanmii [9]. BeiiBieTs
B 00II[EM BHJIE TIPEACTABIISAIOT CO00H crcTeMy QYHKIUI BHIa

Pap(x) = V29 (2°x — b) (6)

Ecmu V, — npoctpancTBo, nopoxkaeHHoe cucteMor GyHKIui (6), TO UMEIOT MECTO CIIEAYIOIINE
Brirouenus [9] V, c V; € - c V,. T.e. nonyuaercsi cucTeMa BIOXEHHBIX MOINPOCTpPaHCTB V; C
L?>(R), B KakJOM M3 KOTOPHIX BBIAEIEH OPTOHOPMHPOBAHHBINA Oa3uc {‘Pi,b (x)}. [Tonyuennas
MOCJIE/IOBATENILHOCTh TOJNPOCTPAHCTB MOXKET OBITh HCIIOJIb30BaHA JUIsl TOTO, YTOOBI TEPEHTH OT

nekoTopoit gpynkuun f(x) u3z L>(R) K ee NPUOIMKEHUIO ¢ MOMOMIBIO ONEPATOPa OPTOTOHAILHOIO
MPOEKTHUPOBAHMSL:

PP (R) = Vo Ba(F) = ) (f 00 Pa(9)
bez
[Mpoexuuu P; sBnstorcst npubmmkeHusmu f(x) Bce Oojiee TOUHBIMU ¢ pocToM i. Bo3Bpamiasich k

HEHPOHHBIM CETSIM, MOYKHO IIPOBECTH CJICAYIOIIYIO aHanorui. Habop BXOMHBIX BEKTOPOB { fi (xj)} B
npoctpanctse L?(R) MoskeT ObITh CIIPOEKTHPOBaH Ha HabOp MOANPOCTpaHCTB Vy C V; C - C V, Tak,
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YTO KaXkgash MpoeKnus P; sgBisercss NpHONMKEHWEM BXOTHBIX IaHHBIX. BBIMTOTHUB o00ydeHne
HEHPOHHOW CETH Ha MPOCKIUU Py MOIyYHMM MaKCUMAaJIbHO TIpyOOe NPHUOIIKEHUE O0XKHIACMOT0
pesynbrata. OpHaKO, 3a CYET JACUMMAIMM 3TO OyJeT caMOe «KOPOTKOE» MPUONIMKCHHE U IS
(hYHKITHOHUPOBAHUS MOTPEOYETCS MUHUMYM BBIYHCIUTEIBLHBIX PECYPCOB.

Illupoxo m3BecTHHIH BeitBmer Xaapa [5, 10, 11] mo3sonser pas6uts npoctpanctso L?(R) Ha 2
nmoarpoctpancTBa Vg u V;. Ucnone3ys noamnpoctpadctBo V) B kadecTBe 6a30BOTO, MOYKHO TIOTYYIHTH
MonyibHyto apxutekrypy MHC, koTopas mo3BOSUT Al MaJlOMOIIHBIX YCTPOHCTB HCIONB30BaTh
0a3oBblii Moaynb [11] u, TakuM oOpa3oM, mony4uTh ontumuzupoBanHyro MHC mns manomorrHoro
ycTpoiicTBa. DakTHUECKH BEHBIET Xaapa BEHIMONHIET pa3OneHne MpocTpaHcTBa KO GHUIIMEHTOB Ha
nBe paBuble 4yactu [10]. Brnaromapsi 3ToMy BO3MOXKHO pELICHHE 3a1ayM, KOTAa Oa30BBIA MOMIYIb
MO3BOJIMT pewnTh 3afady npumeHeHuss MHC mo Ha3HaYeHHIO Ha YCTPOWCTBaxX C HEBBICOKOM
BBIUUCIUTEIBHON MOIIHOCTBIO C HE3HAYUTEIBHOM IOTEped TOYHOCTH M 0€3 IOMOJIHUTEIBHOTO
oOyd4eHus. Pemienne 3agaun pacnpeeseHHbIX BIYUCICHUI TpeOyeT pasMelieHnsl MOgylIel Ha y3iax
BBIUMCIIMTEIbHOMN CCTHU, IPHUYEM B YCJIOBUAX BBICOKOM HCOIMPECACICHHOCTHU HAJTNYHA BBIYHMCIIMTEILHOM
MOIITHOCTH H3HAYAJIBHO MOXKET OBITh MCIIOJBb30BaH 0a30BbII MOIYJb, a IO MEpe OCBOOOKICHHS
BBIYUCIUTEBHBIX Y3JI0B HA HUX MOTYT Pa3MeIlaThCsl AOTONHUTEIbHbIE MOIYIIH, [TOBBIILIAS KAaYeCTBO
pa6otsr MHC.

IIpy nmpakTUYECKOM MIPUMEHEHUH NPEUIATa€MbIX TEOPETUUECKUX MTOJIOKEHUN HY»KHO yYUTBIBATh,
9T0 NOJOOHOE NpeoOpa3oBaHME MOXKHO BBINOJHUTH €HIe pa3 Uil  KaXAOH IOJOBHHBEI
ko3¢ ¢uImeHToB. B 3TOM cirydae momyduTcs pa3OuTh BCe IPOCTPAHCTBO Ha 4 4acTw U c(hopMHPOBATH
4-XMOIYIBHYIO CTPYKTYpPY M JABYXYPOBHEBBIH BEHBIET-CIIEKTp, U T.A. Kpome BeliBneroB Xaapa s
pelieHusi MOA0OHOM 3amadd MOTYT OBITh HCIIOJNB30BaHbl BeiBieThl JloGemu [12], oOydvenue
moayiapHbIX MTHC MOXeT BeCcTHCh OJHOBPEMEHHO HAa HECKOJIBKMX YPOBHSX BeilBier-criekTpa. B
3aBUCUMOCTH OT COCTaBa W pa3Mepa MPU3HAKOB HAWIYUYIINH pe3yabTaT OOYYECHHSI MOXKET OBITh
MOJTy4eH Ha JIF000M ypOBHE BEHBIIET-CIIEKTPA.

2.3. BapuaHThbl peanusauuu napannenbHbIX
BbicOKonpoussoautenbHbix UHC

[Ipaktnueckas peanmzanus MonyiabHbIXx MHC ocymecTBisiiace ¢ MOMOIIBIO  OMOIMOTEKH
PyTorch [13] ¢ ucnons3oBanuem cera MNIST [14].

[Ipu moctpoennn monynsHeIx MHC paccmarpuBaiuce 2 OCHOBHBIX BapuaHTa: 1. B HaJHM4uuU
nuMmeeTcsi | BBIYMCIUTENBHBIA Y3€1 M Ha HEro MOXET OBITh MOMEIIEHO CTOJBKO MOZYJEH, CKOJIBKO
MO3BOJIIET €r0 BBIYMCIUTEIbHASI MOIIHOCTD; 2. B HAJIMYMM UMEIOTCS HECKOIBKO BBIUMCIUTEIHHBIX
y3JI0B, TPM 3TOM TOYHOE KOJMYECTBO Y3JIOB W HUX BBIYHCIUTEIbHBIE BO3MOXKHOCTH 3apaHee
HEU3BECTHBI.

3amadya ONTUMM3ALMU BO3MOKHOCTEH OJHOTO BBIYHCIHMTENBHOTO y3ia (BapuanT 1) pemaercs
MMyTeM pa3MemeHUs MaKCUMallbHO BO3MOXKHOTO KOJMYECTBA MOIYyJeHl C ydYeToM ero
BBIYMCITUTEILHBIX BO3MOXKHOCTEH. B KkauecTBe mepBoro mpumMepa mHpeacTaBisieTcs 4-XxMOAyJbHas
HNHC, nocrpoennas ¢ nomompto JKII. JKII Bemonngercs B 1-m cioe npamocssaznoit UHC, npu
3TOM Beca MEPBOTrO CJOA YCTAHOBJIEHBI C TOMOIIBIO BBIpAKEHUS () M 3alpelieHo MX W3MEHEHHeE.
[ony4yennsie xodd¢unmentsr JKII paznenensl Ha 4 paBHBIX 4YacTH M oOpadarbIBarOTCs 4-Ms
OTJIENBHBIMA MOJIYJISIMH. Moaynu mnpeactaBisioT coboii moHonutHyro WHC, pasmep xotopoit
yMmeHbIleH B 4 pasa. Pesymprarel 00paboTKM BceX MOAYNEH TOCTYMAlOT Ha BXOJ TOCIEIHETO
oobenunstoniero cios. MHC Obuia oOyuena Ha cere MNIST 1m0 joctwkeHus KadecTsa
pacnio3HaBaHus 98%.

Tabnuuya 1
MokasaTtenn MHC npu NnogKAo4EeHUM HECKONIBKUX MOoAy el

1 mogynb 2 moayna 3 moayna 4 moayna

KauecTBo pacnosHasaHua, % 78.8 94 97.2 98
CpegHee Bpema 1 umkna, ¢ 0.01 0.02 0.02 0.03



Tabnuna 1 WUTFOCTPUPYET Ka4ecTBO PACMO3HABAHUS ITU(PP TP MOAKIIOYCHUH JOTOTHHTEIEHBIX
Moaysed. Eciim B paboTy BKJIIOYEHBI HE BCE MOJYJH, TO BMECTO OTCYTCTBYIOIIMX JIaHHBIX Ha
COOTBETCTBYIOIIHMI BXOJ] OOBEIUHSIONICTO CJIOS TOJAaeTCs HyJIeBoW TeH3op. Tak, 3 MOAysis JaroT
BIIOJIHE TIPHUEMJIEMBIH 10 KadecTBy pe3yiapTar u Oomee 3((EeKTHBHOE WCIOIH30BAHNE
BBIYUCITUTEIHHBIX BO3MOXKHOCTEH y3I1a B IDIaHE €0 OBICTPOICHCTBHSI.

AHAJOTMYHBINA 3KCIIEPUMEHT OBLT MPOBENICH C MCIIOJIb30BAHUEM BEUBIIET-IIPeoOpa3oBaHust Xaapa.
IlepBblii CiI0i1 ABISIETCS CBEPTOUHBIM, B SAPO KOTOPOTO 3aHECEHBI 3HaueHus GmibTpa [15]. 3HaueHms

sapa Takke 3auKCHpOBaHBI — WX u3MeHeHme 3amperieHo. [loxasatenrm WMHC ¢ BetliBier-
MpeoOpa3oBaHUEM MPUBEACHBI B TAOIUIIE 2.
Tabnuua 2

Mokasatenn MHC npu nogKNtoueHUM HECKOIbKMX MOAYNElN C BelBeT-npecbpasoBaHmem

1 moaynb 2 moayna 3 moayna 4 moayna

KauvectBo pacnosHaBaHus, % 88.1 96.4 97 98.2
CpegHee Bpema 1 umkna, ¢ 0.01 0.02 0.02 0.02

W3 Ttabmumbl 2 BHAHO, YTO TMPH MCIOJB30BAHMU BEUBJIET-MPEOOPa30OBaHUS KaueCTBO
pacro3HaBaHusi MOLYyJIEH HECKOIBKO BBILIE.

2-i1 BapuaHT TpeOyeT HECKOJIBKO HHOTO Mmoaxoja. llempio mpoBOAMMOro 3KCIIepHMEHTa OBLIO
CpaBHEHHUE BPEMEHHBIX XapakTepucTuk monayiabHoit MHC ¢ moHonmutHOU. {ucTpuOyTHBHBIN MaKeT,
BruroueHHBIN B PyTorch [11] mo3BomnseT pacnapasiennBaTh BEIYACICHAS IO TPOIIECCaM M KilacTepam
MamwHEL. /)1 3TOTO OH HCIONB3YeT CEMaHTHKY TMepeavyn COOOIEHHM, TO3BOIISS KaXIOMy MPOIECCY
nepenaBaTh JaHHbIE JIIOOOMY npyromy mporeccy. I[lomaepxka mapauieqbHBIX BBIYHCICHHN
OCYIIECTBISETCS TOJBKO MO yrpaBienneM LinUX-momo0HEIX onmepalioHHbIX cucteM. [Ipu pabdore ¢
OokeHIOM «Ql00» BCS BBIYHMCIUTEIbHAS Cpela paslessieTcss Ha MPOIECChl C BO3MOMXKHOCTBIO
YCTaHOBUTH HEOOXOIUMOE KOJIMYECTBO MIOTOKOB B KaXKJIOM Ipoliecce. T.e. Kax bl MPoLece SBISIeTCS
BUPTYAJIBHON BBIYHUCIUTENBHON CPEIOM, B KOTOPOM BBIIIOJIHAETCS YKa3aHHBIA OTPE30K KOJA.

Hns paznenenuss MHC Ha npoliecchl UCHOB30BAJICS CIEIYOUIUN TOIXO/;

1. B mepBoM croe BBIIONHSETCS BeHBiIEeT-IpeoOpa3oBaHWe IIyTEM TMOMEUICHHS B  SIPO
CBEPTOYHOTO cJI0s pribTpa 13 OaHka QUIILTPOB, MOJIYYEHHOTO ¢ OMOIIbI0 OubmroTekn PyWavelets
[15]. DkcnepuMeHT MPOBOMMIICS C HCIOJIb30BaHWEM BeliBieTa Xaapa ¢ pasmepoM ¢uiibTpa 2x2.
BeiiBneT-mipeoOpazoBaHue BBHITIOMHAETCS B OTIEITHBHOM MOIYJIE.

2. [lony4eHHbIi pe3ysbTaT B BUJIE JBYX WM 00JIee MOCIEI0BATSILHOCTEH ¢ pa3MEPHOCThIO B 2
pasa MeHbIeH, yem ucxoaHsii curnan noctymaetr Ha 2 MHC. Kaxmas MHC BreimonHsSETCS B CBOEM
npouecce pazMepoMm 16 mnorokoB. Ilepemaua nanueix Ha Bxoasl MHC u ux cuHXpoHU3auus
OCYLIECTBIISIIOTCS CEPBEPOM JAHHBIX, KOTOPBIN BBIIOJIHAETCS B OTACIBHOM IPOLECCE.

3. Pesynbrarel 00paboTku MonaynbHbix WHC mnepenaroTcss B OOBEAUHSIIOMIMN CIIOH, TakKkKe
BEITIONHSIONIMKCS B OTAEIBHOM Tporecce. B mpormecce o00y4eHHs HCIONB3YETCS BEpCHUs
ONTUMHU3aTOPa, KOTOPas TIO3BOJISIET OCYIIECTBIATH 00ydYeHue pacrpenenenasix MHC.

Bpemennsie xapakTepucTHKH MOHOJIUTHOM 1 2-xmonayiasHo MHC npencrasnens! B Tabnmme 3.
Tabnuua 3
BpemeHHble NoKas3aTenn MOHONMUTHOM U moayabHol MHC

Makc. MWuH. CpepnHee
MoHonutHaa UHC, Bpemsa BbiNOAHEHUA, € 0.536 0.128 0.202
MogynbHaa MHC, BpemaA BbINOAHEHHNA, C 1.416 0.065 0.12

W3 Tabmuret 3 BUIHO sIBHOE TpenMytiiecTBo MoayinbHOU MHC no BpeMeHU BBITIONHEHUS, TIPH TOM,
4To y Hee Ha 2 cnosg Oousblie (BeWBieT-mpeoOpa3zoBaHue u oObeauHsomuii). IlpeBbrnuenue
MaKCHUMaJbHOTO BpeMEeHM BbIMONHEHHs MonynbHoi MHC oOwscHsercs TeM, 4YTo MOAyJIbHas
apxuTeKTypa paOoTaeT IOJ YNpaBlIEHUEM CEepBepa IaHHBIX, KOTOPBIM YIpaBiseT 3allyCKOM H
3aBepIICHHEM MOAYJICH, U epeaaueit JaHHBIX 111 00pabOTKH.

Takum 00pa3oM, BO3MOXKHOCTH TOCTPOCHHUS MapaJUICNbHBIX apXUTEKTyp MJS BBIMOJHEHUS
pacnpenielieHHOI 00pabOTKM  JaHHBIX HCKYCCTBEHHBIMH HEMPOHHBIMH CETSAMH  II03BOJISET
poeKTHpoBaTh BbICOKOTO4YHble MHC Ha BBIYMCINTENBHBIX Y371aX B pPacIpelesieHHBIX Cpelax,
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CO3/1aBaTh MOIYJIBbHBIE CTPYKTYPBI, KOTOPBIE MPEBOCXOAAT MO CKOPOCTH OOpaObOTKH MOHOJUTHEIE
CTPYKTYpBI, a TakKe¢ HUMCIOT BO3MOXHOCTh aJaNTHPOBAThCI K HMCIONIUMCS  CBOOOIHBIM
BBIYUCIUTEIBLHBIM PECypCaM.

3. bnaropapHocTu

Hccnenoanue BBIIOTHEHO 3a cyeT rpaHta Poccuiickoro Hayunoro ¢onma Ne 24-21-00149,
https://rscf.ru/project/24-21-00149/.
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Ontmunsauma GyHKLMOHMPOBAHUA OAHOM LEeNU NOCTAaBOK Ha
OCHOBE 3BPUCTUYECKOro Noaxoaa

Aunexcanpa Buxapesa ! Nnna Tpodumona !

YCanxm-ITemep6ypeckuii 2ocyoapcmeennviii ynusepcumem, Yuusepcumemckas nab., 7--9, Canxm-Ilemep6ype,
199034, Poccuiickas @edepayus

AHHOTauuA

B nanHoii paboTe paccMOTpeHa 3aqaya ONTHMH3aLUUK (HYHKIMOHHUPOBAHHUS LEMH MOCTaBOK,
COCTOSIIEH M3 IMOCTABIINKA, IIPOU3BOTUTENS, JUCTPUOBIOTOPA W PO3HUYHOTO MPOJABIA, HA
OCHOBe ajropurMma moucka mo aepeBy Monte-Kapimo (MCTS). Pa3paborka 3¢ heKTHBHBIX
METOJOB ONTUMH3AIMU JIOTHCTUYECKHX LIEMed SBISETCS aKTyalbHOW 3aaadyeil, MOCKOJIBbKY
MO3BOJIIET MHUHUMH3HUPOBATh 3aTPaThl M PErYJIHUPYET MPOLECC B3aUMOJCHCTBHA MEKIY
yYacTHHKAaMH LIEMM HAa pa3HbIX JTamax. B pamkax ucciemoBaHus ObUT MPOBEAEH aHAIN3
CYILECTBYIOIIUX MTOXO0/I0B, BBISBICHBI UX MPEUMYIIECTBA H OTPAHUYCHHUS.

B pabote paspaborana MoJiesb Ha OCHOBE aJiTOPUTMa HOKCKa 110 iepeBy MoHTte-Kapio, ona
HCCIICIOBaHA U aJaliTAPOBaHA JJIsl PEIICHUs TOCTABICHHOM 3a1aun. OHa MoKa3aia BBICOKYIO
aAalTUBHOCTh U (P (PEKTHBHOCTh TMPH PEIICHUU 3a/1a4 YIPABICHHUS 3alacaMyd B YCIOBHAX
OTPaHMYCHHBIX TAHHBIX ¥ BBIYUCIHTEIBHBIX pecypcoB. [IpoBenéHHBIC IKCIICPUMEHTAIBHEIC
HCCIICIOBAHUS,, Ha OCHOBE YHCICHHOW peaan3allid JaHHOH MOJEIH, MOATBEPIWIN €
MOTEHIMAT B CHIDKCHUH 3aTPAT, NOBBIIICHUH TOYHOCTH IPOTHO3UPOBAHHS M MHUHHUMH3AINH
HEeraTUBHBIX 3(dekToB, Hanpumep, 3¢ dekra KHyTa.

KnioueBble cnosa
Mogenb menu MOCTaBOK, METOJ IMoWcKa 1Mo jaepeBy Monrte-Kapmno, ontumuzamus paGoTsl
JIOTUCTHYECKON e

1. BeBepgeHue

CoBpeMeHHBIE LENMH MOCTABOK IMPEACTABISIOT COOOM CIIOKHbIE MHOIOYPOBHEBBIE CHCTEMBI, B
paboTe KOTOPHIX HEOOXOJNMO YYUTHIBATH MHOXKECTBO (PAKTOPOB, TAKUX KaK CTOXACTHYECKHM CIIPOC,
HEONPEIECICHHOCTh BPEMEHH BBINOJHEHUS 3aKa30B W B3aUMOJEHCTBHE MEXKIY YYaCTHUKAMH.
DddeKTUBHOE yIpaBieHUE 3alacaMd B TaKUX YCIOBHMSX SIBJISETCS OJHOM M3 KJIFOUEBBIX 3a1ad,
MOCKOJIBKY OHO HAIPSIMYIO BIMSET Ha U3JIEPIKKH, YPOBEHD OOCIYKUBAHHS KIIMEHTOB U YCTOMYHBOCTH
GbyHKIIMOHUpOBaHKs Beel 1iend. OCOOEHHO aKTyalbHOHM SIBISETCS 3ajiadya ONTHMH3AIUH PabOThI
MHOTOCJIOMHBIX JIOTHCTHYECKUX CHCTEM, BKIIFOUAIOIINX HECKOIBKO 311IeI0H0B moctaBok [1]-[3].

HecmoTps Ha cCymiecTByIOIIME MMOAXOABI K PEHIEHHIO TOJOOHBIX 3a1ady, MHOIME M3 HHX
CTAJIKUBAIOTCS C OTPAHUYEHHSIMH 110 TOYHOCTH, BBIYHUCIMTEIBHON CIOKHOCTH WM HEIOCTATOYHOM
aJIANITUBHOCTBIO K JMHAMUYECKHM YCIIOBUSAM. B CBSA3M ¢ 3TUM BO3HUKAET HEOOXOIMMOCTh Pa3pabOTKH
HOBBIX METOJOB M alrOPHTMOB, CIIOCOOHBIX 3()(EKTHBHO HAXOIUTh ONTUMAJbHBIE PEUICHHS B
YCJIOBHSIX BBICOKOM CIIOKHOCTH M HEOPE/ICICHHOCTH.

Hcronp30BaHue IBPUCTUYECKMX IMOAXOMOB  TO3BOJISET 3HAYMTENLHO IOBBICUTH KAuyeCTBO
pELIEHNI U CHU3UTH 3aTPaThl BPEMEHH HA WX MOJyYeHHe. BHeApEHNe TaKuX MMOIXO00B B YIIPABIICHHE
JIOTUCTUYECKUMH CHCTEMaMH CIIOCOOCTBYET MOBBIMICHUIO UX 3()(MEKTUBHOCTH, CHUKEHHIO H3JEPIKEK
1 yIYYIICHUIO YPOBHS 00CITYKUBAHUS KIIHCHTOB.

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia

EMAIL: isolovyeva@mail.ru (A. 1); st087955@student.spbu.ru (A. 2)

ORCID: 0000-0002-0548-9330 (A. 1)

@ @ © 2025 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2025 Workshop Proceedings
DOI: 10.47350/ICCS-DE.2025.08

67



Takum 00pa3zoM, MPUMEHEHUE METOJOB ONTHMH3AIUN B PA0OTE MHOTOCIOWHBIX JIOTUCTHYCCKHX
CHCTEM SIBISIETCS aKTyalbHOW 3ajadyeil, KOTopas CYIIECTBEHHO TMOBBIIACT 3((EKTUBHOCTD
COBPEMEHHBIX OW3HEC-POIIECCOB M O0ECleYnBacT KOHKYPEHTHBIE NpPEUMYILECTBa Ha phIHKE. B
nocjeiHee BpeMst MpoolieMy ONTHMHU3AINH [IENeH MMOCTaBOK BCE Yallle PEeNIaloT ¢ IOMOIIbI0 METOJIOB
HCKYCCTBEHHOTO WHTEIUIEKTa. B 4acTHOCTH, OOJNbINOE KOJIMYECTBO HAYYHBIX HCCIICOBAHUMA
MOCBALICHO NPUMEHEHUIO MAIIMHHOTO OOy4YeHHs, HEHpOCeTeBBIX MOAETIeH M IBPHUCTUYECKUX
QIITOPUTMOB JUIS PEIICHUS 3ajad yhpaBieHus 3arnacaMd u Jjoructuku [4]-[7]. OmHako, Takue
MOJIXO/IbI TPeOYIOT 3HAYMTENBHBIX 3aTpaT BPEMEHHM Ha OOydeHHE MoJeliell M Haludusl OOJBIIOro
o0beMa JaHHBIX. B maHHON paboTe MpeasioKeHO HCMOJb30BaTh AIBTEPHATUBHBIA MOJXOI: METOX
noucka mo aepeBy Monre-Kapno (Monte Carlo Tree Search, MCTS), koTopslii He HyXaaeTcs B
O0oipmMX 00BEMaxX TOYHBIX JMAaHHBIX JUI OOydeHus. OTOT ajroOpuTM CIIOCOOeH OBICTPO
aJanTHPOBaThC K Pa3IMUHBIM YCIOBUSM H  O(PQPEKTHBHO HAXOIWUTh pELICHUS JAaxe IMpu
OrpaHUYEHHBIX pecypcax U JaHHBIX.

B ocnoBe MCTS unexur wuaes TMOCIENOBATENLHOTO IOCTPOCHUS JIepeBa peIleHUHd ¢
WCTIOb30BAaHUEM CITyYaWHBIX CHMYJSIMNA IS OUNEHKH MEPCIEKTHBHOCTH Pa3MYHBIX BapHAHTOB.
Takoi METOJ MO3BOJIACT HAXOAUTH CTPATCTHU YIPABJICHHA 3allacaMu, KOTOPBLIC HpI/I6HI/DKaIOTC$I K
OIITUMAJIbHBIM, MUHHUMU3UPYS 3aTPAThl HA JIOTUCTUYCCKUC OIICpaAI[UH.

Oco6ennocts mpumenenuss MCTS 3akmiouaercs B ero cnocoOHoctr 3¢ddexTnBHO paboTarh C
6OHI>HH/IMI/I MMpOCTpaHCTBaMH pCIHCHI/Iﬁ U IMHAMUYCCKUMH YCIOBHUAMH, YTO OCO6€HHO BaXXHO IIpH
MOACIIUPOBAHNUU  CJIIOKHBIX JIOTUCTUYCCKUX HCHCI\/'I. Taxxxe B COBPCMCHHBIX HCCJICAOBAHUAX
ormevaercs, uro wuHrerpais MCTS ¢ meromamu riaybokoro obOyuenusi (Deep Learning)
3HAYUTEJILHO TIOBBINIAET TOYHOCTH IMPOTHO30B W Ka4deCcTBO mNpuHMMaeMbix pemeruii [8], [9].
I'myGokue HelpoceTeBbie MOJENH TO3BOJSIOT MPEICKA3bIBaTh BEPOSTHOCTH BO3ZHHUKHOBCHHS
Pa3IMYHBIX CIICHAPUEB W OICHHBATH TEKYIIHME COCTOSHHS CHUCTEMBI, YTO CIOCOOCTByeT Oonee
TOYHOMY YITPABIICHUIO 3allaCaMy W CHIDKEHUIO HETAaTHBHBIX 3P (EKTOB, TakuX Kak 3¢(dexr kayTa —
CUTyalusa, Koraga HCIPAaBWJIBHBIC WM 3alla3JbIBAOIINE PCEIICHHUSA BbISBIBAIOT LEMHYIO PCEaKIUIO
YBCJIMYCHUA 3aTpaT.

Takum oOpasoMm, wucronszoBanue MCTS OTKpbIBAET HOBBIE BO3MOXKHOCTH JUIS TTOBBIIICHHS
Bq](i)eKTI/IBHOCTI/I ypaBJICHUA LCIIAMH MOCTAaBOK. Ot noaAXoAbl ITO3BOJIAKOT HE TOJBKO HAXOAUTH
OINITUMAJIbHBIC CTpPATEruv, HO M 6LICTpO aalTUPOBATHECA K HU3MCHAIOMMUMCA YCIIOBUAM PBIHKA U
BHYTPEHHHUM OCOOCHHOCTSIM JIOTUCTHYECKUX CUCTEM.

2. MaTtemaTtunuyecKkaa moaenb Lenm nocTaBok

MBI pacCMOTPUM TOCJIEIOBATEIFHYI0 MHOTO3BEHHYIO IIE€MIb IIOCTABOK, C YETHIPHMS DIIEJIOHAMH:
PO3HUUHBIN MPOJABEL, JUCTPUOLIOTOP, MPOU3BOAUTENNb M MOCTABIIUK (cM. Puc. 1), ¢ uHaekcamu
i =1,..,4coorBercTBeHHO0. B kaxnom mnepuonge t =1,..,T pO3HUYHBIA MNPOAABEL] MOTy4YaeT
uHopmanuio 0 BenuuuHe D; OT BHEIIHEr0 KIHEeHTa (CTOXAaCTHYECKHH CIpOC), MOCIE Yero
MOTIOJIHSIET CBOM 3alachl, pa3Melias 3aka3 y JUCTpUObIoTOpa. JIMCTpHOBIOTOp MPUHUMAET PELICHHE
00 00beMe 3armacoB, KOTOPBIA HEOOXOAUM €My U, COOTBETCTBEHHO, pa3MelacT HeoOX0AMMBIH 3aKa3 y

ORDY ORDYYUT ORDY ORDSYT ORDYY ORDSYT ORDYY ORDSYT

PO3HWYHBIA
npoaasey,

AncTpubeloTop

MNMpounasognTens MocTaswunK

—

DELSYT DEL', DELSYT DEL, DELSYT DELI, DELQYT DEL!},

PucyHok 1: CTpyKTypa Lenu NocTaBokK
IIPOU3BOJIUTEIIA, KOTOpBIﬁ, B CBOIO O4YCpPEAb, ACJIACT 3aKa3 y IOCTaBIIWKA. HpeﬂnonaraeTcsl, qTo
HOCJ'IG,I[HI/Iﬁ [IOJIy4aceT MOIIOJIHCHHA OT BHCHIHCTO HCTOYHMKA C HCOI'PAHUYCHHLIM 3aIlaCoOM. I[J'ISI
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YIpOIeHUs 0003HaYCHUH MBI HHICKCHPYEM BHEIIHUN HCTOYHMK Kak { = 5, a BHEIIHEro KJIMEHTa KaK
i=0.

B kaxmoMm mepuose KakIpld YYacTHHUK peEIlacT, pa3MeliaTh M 3aKa3 U B KakOM oObeMe y
COOTBETCTBYIOIIETO BBIMIECTOSIIETO yYaCTHHKA, KOTOPHIH B CBOIO OYepelh OO05I3aH BBIOJHUTH
moctynuBImMK 3aka3. JlroOoi 3aka3, KOTOPBIA HE MOXET OBITh BBHIIIONHEH HEMEJICHHO,
OTKJIaJpIBaeTCs. Takum 00pa3oM, Mbl MOXKEM PacCMOTPETh 4 BapuaHTa Pa3BUTHs COOBITHUH, YTOOBI
ONpPENCTUTh pa3Mep OTIPABICHHONH MOCTABKH OJHOTO OIPENEICHHOTO CyObeKTa [ B HEKOTOPBIN
BPEMEHHOH POMEXYTOK ¢!

(ORD{FJ, INVj¢ 20 N INV; ¢+ DELY 20RD{Y (1)
DELOUT [INVi,t]++DEL{}§, INV; 20 n INVj+ DEL{Y <ORD]Y
Lt ) [iNvi] +ORDIY, INVi; <0 n DEL!N 20RDIN+[INV;,]”
DEL{Y, INVj <0 nDEL{Y <ORD{N+[INV; |
Bynem cumtath, uto [x]T = max(0,x), a [x]” = |min(0, x)|.

U3-3a mepeMEeHHBIX BPEMEHHBIX 3aJICpiKEK, IMOCTAaBKU HE 00s3aTeNbHO MPUOBIBAIOT HEMEJICHHO.
Msl mpenmosiaraeM, 4TO Kak BpPEeMEHHBIE 3aJepX Ku Ly, Tak u cmopoc D; B KaXIOM MepHoie
t ABIAIOTCS HE3aBUCUMBIMH M PAaBHOMEPHO PACHPEACICHHBIMH CO CIEAYIOIIUMH (DYHKIMAMU
BEPOSITHOCTHOTO PACIPEACICHUS:

1 (2)
—_—, l,€{0; 1;...;
PLo=l) =1 a+1’ 1€t a}
0, lt¢{0; 1;...; a}
1

PDi=dy) =<3T+1’ th{O; 1;...; T}
0, de € {0;1; ...; T}

B (2) mpumsTO, UTO BpeMst OnepekeHust HH)OPMAIIMK PaBHO €IWHHUIIE, T.€. 3aKa3bl, pa3MEIEHHbIE
CyOBEKTOM, TIOCTYNAlOT K IIOCTABIIMKY BHIIE [0 [ENOYKEe C 3aJepKKOW B OIUH TEPHOJ.
CrnenoBartensHO,

ORDY’T = ORD{Y, (,,; Vi=1,....,4t = 1,...,T (3)

[TockoabKy BpeMs BBINIOJIHEHHS 3aKa30B SIBIISIETCS CTOXAaCTUYECKMM M Bapbupyrorcs ot 0 1o 4,
BO3MOJKHO, YTO HECKOJIBKO TIOCTABOK MOCTYIIST OJHOBPEMEHHO K OJHOMY M TOMY JK€ YYacCTHHKY.
Takum 00pa3oM, BXOJSIINE ITOCTABKH DELIi}\tI yJacTHHKa | B MEPHOJ t ONpeessoTes ClIeay oM
oOpa3zom:

IN _ OUT — [l —
DELi; = Xy DELiy ¢ ] = {]|1 = lt-i} (4)
OG6o3Ha4YMM MHBEHTAPU3ALMOHHBIC 3aTPATH: IYCTh C;, — 3aTPaThl HA XPAHCHUE CIHHHIIBI
IIPOJYKIUH CyOBEKTOM [ 3a OIMH IEPHOJ U C; _ — COOTBETCTBYIOIIHE 3aTPATh HA HEBBINOJIHCHHBII

3aKas. O6I].IeI>i LCJIIBIO YUYACTHUKOB SBJIACTCA MUHUMH3ALUA O6H.II/IX 3aTpaT Ha HCIOYKY IIOCTABOK B
TEYCHUC I'OPHU30HTA IUIAaHUPOBAHUA T, T.€C. MUHUMU3AIIUA

T 4
Z Z cit [INVie]" +c;[INV; ]

t=1i=1

(5)

+ —
B (5) [INVi’t] — KOJIM4ECTBO TOBApOB, XPAHALIUXCA B MOMEHT BPEMEHU ¢ y -TO YYaCTHHUKA, [INVi,t]
— HeXBaTKa TOBapOB B MOMEHT BpeMEHH t CyObeKTa 1Mol HHAEKCOM i.

3. MapkKoBcKue npouecchbl

dopmanbHO, MapKOBCKU# mpoliece MPUHATHS pelieHnil mpeactasisier coboir Bekrop (S,A,p,r),
rae S — 3T0 HabOp COCTOSHHN S, ONHMCHIBAIOLIIMX OKpPYXKAaIOIIylo cpeay, a A — 3T1o Habop
BO3MOXHBIX JeiicTBuil a. Korna aeiictBue aEA BriOMpaeTcsi B MOMEHT BpeMeHH i, cpena nepexonuT
U3 COCTOSIHMSI S B MOMEHT BpeMeHHM t B cocTosiHHE S' B MOMEHT BpeMeHH t +1 ¢ BeposATHOCTbHIO
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mepexona P(s']s,a). Iocneauuii kommoneHT r(S'|s,a) — 3TO (YHKIMSA BO3HArpakacHHsA. B Hamem
cllyyae 3TO CyMMa 3aTpaT Ha XpaHEHHME 3alacoB W 3aTpaT Ha HEBBIMOJHEHHBIC 3aKas3bl, MOCIE
BBIMIOJIHEHHST JICHCTBHSA @ B COCTOSHUM S B MOMEHT BpeMeHHM t W MOCIEAYIOUIMM IMEPEX0I0M B
COCTOsSIHHE S' B MOMEHT BpeMenu t +1.

[IpaBuiIo IpUHATHS PEMICHUS 0y — 3TO OTOOpPaKCHHE COCTOSHUHN B IEHCTBHUSA, T.€. Oy ONPEACIIICT
JeicTBUe aEA, KOTOPOE JOJKHO OBITh IMPUHSATO B COCTOSIHUM S' B MOMEHT Bpemenu t. Bosee Toro,
MOJIUTUKA T = (01,0,,...,01.1 ) TPEACTABISICT COOOH MOCIEAOBATEIBHOCT TAKUX MPABHII MPHHATHS
pelICHUI Ha TOPU30HTE TIAHUPOBAHHMS T, €TI0 KOTOPOH SIBISICTCSI MUHMMH3AIINS OOIIHMX 3aTpaT Ha
3amachl B [IEMH IIOCTABOK Ha TOPU30HTE IJIAHUPOBAHMS.

Hcxonms M3 BCEro BBIIIECKA3aHHOTO, OMPEICTUM MEPEMEHHBIC, MOAXOSNNE TaHHOW CTPYKTYype
ey MocTaBoK. IlepeMeHHass COCTOSHHS S, MPEACTABISONIAas BCIO IEMOYKY IMMOCTABOK, 3371aeTCs
MaTpurieii (6):

[INV,, + DELY; — ORD{} INV,; + DEL, — ORD4Y] (6)
DELY., B DELY 41
DELY}+ DEL{},
DELY}+3 DEL{} 15
DELY N DEL, 4
ORD{" ORD; |

Xors MCTS MoOXeT CHpaBHTBCA C YpPE3BBIYAWHO OONBIIMMH TPOCTPAHCTBAMH COCTOSIHHU,
Oonplive TPOCTpaHCTBA JEHCTBUME dYacTo He mnoamaroTcs oOpaborke. [loaToMy Ham HYXHO
COKpAIIIEeHHOE TPOCTPAHCTBO JEHCTBHI BMECTO MPOCTPAHCTBA JEHCTBHM, BKIIOYAIOIIETO BCE
BO3MOKHBIE BEKTOpBI AcUCTBUH. CpeNCTBOM IOCTWKEHHS JTOM LENN SBISETCS TaK Ha3bIBAEMOE
«x +y mpaBwio». OHO TIJIACHT, YTO KaXIbld 3aKa3, pa3MEIIEHHbIM CYOBEKTOM i, COCTOMT W3
3aKa3a X, TOJIbKO YTO MOJIyYeHHOTO OT CyObekTa [ — 1 MmIoc JOMOJHHUTENbHOE 3HAUCHHE Y, KOTOPOe
JOJDKHO OBITH OTpENeNneHO UIS KaXAoro cyObekTa W BpeMeHH oTnaenbHo. Cremys Hammm

0003HAaYEHUSAM ¥ TPUHHUMAS «X + ) TPaBHIIO», MBI ONpEIeNsseM TOPSI0K ORD{?tUT pa3MenieHo
CyOBEKTOM i B MOMEHT BPEMEHH t CIICAYIOIIMM 00pa3oM: ORthUT = ORDL-I,Q' + y; +. CnenopatensHo,

HAOOP JTOCTYMHBIX JCHCTBUI B COCTOSIHUK S B MOMEHT BpeMeHH t 3amuiieM B Buze (7):
. 7
As ={a =YY YarllVie €{-3 =25 .5 4 5}/\3’i,t = _ORDiI,IX vi}. 7

Mocne nefictus a € Ag, OKpyKaiolas cpeia MepPeXOIUT U3 COCTOSHHUS S B COCTOSHHE S C
BepoATHOCTBIO P(s'|s,a). Takum o6pa3’oM, TOCTEIYIONmee COCTOSHHE S’ 3aBUCHT HE TONBKO OT
NEeUCTBUS A, HO U OT (PYHKLMH BEPOSTHOCTH P U, CIEIOBATENbHO, KaK OT CHPOCa KIMEHTOB, TaK U OT
BPEMEHHU BBINONHEHUs 3aka3a. CieoBaTeNbHO, CyMMapHOE OKUJAEMOE€ BO3HArpaXKIeHUe
ornpenenseTcs no Gopmyie:

4

DO V] + [NV ] p(s'ls, @), (®)

SIeS i=1
Baxuno OTMETUTH, YTO B HAIEM CJIydac BO3HArpaXXJI€HUEC Ha CaMOM JI€JI€ O3HA4Ya€T 3aTparThl. I1o »Tont

[IPUYMHE MBI CTPEMHUMCS HAWTH TOJMUTHKY, KOTOpas MHHHMHU3HPYET CYMMY OXHJa€MBIX
BO3HArpakICHUI 32 TOPU30HT IUIAHUPOBAHUSI.

4. Anroputm noucka no aepesy MoHTte-Kapno

JanHplii MeTOn uccienoBanus, npemiokeHHbdl [lpeiiiom u Kpammom [10] B 2022 ropmy,
MPOAEMOHCTPUPOBAJl BHICOKHE MOKa3zaTeau 3()(EKTUBHOCTH M JOCTHUT 3HAYUTEIBHBIX PE3yJIbTaTOB B
pelIeHNr TOCTaBIEHHBIX 3afad. OgHaKo, HECMOTPS Ha €ro MEePCIEeKTHBHOCTh M TOJOKUTENbHBIE
pe3ynbTaThl, TaHHBIA MOAXO0 HE MOJyYMJI IIMPOKOTO PACIpPOCTPaHEHH B HAYYHON M MPAKTHUECKON
cpene. OpHako, NOKaXeM, YTO HCIONIb30BaHUE JaHHOIO TIOAXOJa HUMEET 3HAaYUTEIbHBIN
MPaKTUYECKUH MNOTEHUUAN Uil pa3paboTKu 3(PQEKTHBHBIX pELIeHWd B 001acTH ONTHMHU3ALUH
LIENI0YEK [TOCTABOK U YIPABJICHU 3a1lacaMH.
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BazoBas Bepcuss MCTS ocHoBaHa Ha d4eThipex Imarax (cMm. Puc. 2), KOTOpBIE BBITOJIHSIOTCS
MOCJICZIOBATEIBHO B KaXIOW urepanud. BbeiOOp: HauMHAas ¢ KOPHEBOTO Y3Jia, MOJIMTHKA BHIOOpA
MMOTOMKOB PEKYPCHBHO TPUMEHSETCS JUIS CITycKa IO JIEPEeBY A0 TeX IMOp, IMOKa He OyJIeT HOCTHTHYT
CaMblil CPOUYHBIN pacIIUPsAEMBbIi y3ea. Y3el paclupseMblid, €ClIM OH NPEICTaBISET HETEPMUHAIBHOE
COCTOSIHHE€ U UMEET He TOCENIEHHBIX (T.e. Hepa3BEepHYTHIX) MOTOMKOB. B KOHTEKCTe Hamiei 3amadm,
€CJI TEKYIIlee COCTOSIHUE S HAXOAMUTCS B HA0OPE pacIIUpsIeMbIX COCTOSIHHI, MBI BEIOUpaeM JeHCTBHE,
KOTOPOE€ MHUHUMU3UPYET KPUTEPUI BHIOOPA, KOTOPBIH MBI MOKEM BBIPA3UTh C TIOMOIIBIO CICAYIOIICH

(hopMyITBIL:

c logN(s)
Q(s,0) ~ € [y
rie C > 0- xoHcranta wuccienoBanus, N(S, a) - oOlee KONMWYECTBO CHMYJISIHMA, B KOTOPBIX
neiicTBUE a OBUIO BEIOPAHO B COCTOSIHUM S, a N (S) - 00liee KOINYeCTBO CUMYIISALIUH, 3ayICHHBIX W3
COCTOSIHUS S. B IpOTHUBHOM ciTydae MBI IepexouM K mary pacmmpenus. Llar Beioopa npuMeHsieTcs
PEKYPCHBHO 0 TeX IIOp, MOKa He OyAET TOCTHIHYTO COCTOSIHUE, KOTOPOE eIlle He OBUIO PaCcIIHPEHO.
Pacmmpenue: B JepeBo momcka MOOABISIOTCS JOYEPHUE Y3JIbI B COOTBETCTBUM C JOCTYIMHBIMH
JEUCTBUSMH.

MopenupoBanue: HayWHas C HEPAa3BEPHYTOTO COCTOSHHMS, 3aIlyCKAeTCs MOJCIHPOBAHME JUIS
PEeKypCcHBHOTO 00X0/1a IepeBa 10 TeX Mop, IMoKa He OyJeT MOCTUTHyTa riiyonHa h. MoaenupoBaHue
BBITIOJIHSIETCSI B COOTBETCTBUU C TOJHUTHUKOW Pa3BEPTHIBAHUS Trojout, KOTOPAs B HAlleM Ciydae
MOJTHOCTBIO CiTydaifHa. DTO IMO3BOJISIET HAM PAacCUUTaTh 3aTpaThl 7(S,a,s’), a TakkKe CyMMYy § 3THUX
3aTpar Ha IyTH U3 COCTOSHHSA B MOMEHT BPEMEHH ¢t B COCTOSIHIE B MOMEHT BpeMeHH t + h.
O6patHoe pacrpocTpaHEHUE: OIIEHOYHOE 3HaYeHUE PACIPOCTPAHSETCS B OOpaTHOM HAIlPaBICHUU OT
MOCJICHET0 BEIOPAHHOTO y3J1a K KOPHEBOMY Y371y JepeBa noucka. @ynkuus 3arpar Q (s, a)

Beibop Pacwwnpenve Cumynauma O6partHoe pacnpocrpaHeHne

PucyHok 2: OgHa utepauma anroputma MCTS
OOHOBJISIETCS U3 COCTOsIHHUA, HCIAaBHO ILO6&BJ'I€HHOFO Ha mare pacluimpeHus, O6paTHO B KOPHEBOC
COCTOSIHF€ B MOMEHT BPEMEHH t ITyTeM 00paTHOTO PacIpPOCTPAHEHUS §.

5. Pe3ynbTaTbl YACIEHHOW peannsauum

B xonme uccrnenoBaHust ObUIO NpoBeAeHO H3ydeHue BiusiHUs napamerpa C B ¢opmyne (9) Ha
pacrpeneneHle TOCELICHUH IOYEepHUX y370B B AepeBe mnoucka. [lpm 3Hauenusx €, MEHBLIMX
€IMHUIBI, AITOPUTM NPEUMYLIECTBEHHO (OKYCHUpPOBAJCSl Ha MEPBOM HAWJICHHOM BapHaHTE C
VAOBJIETBOPUTENBHBIMU PE3yNbTaTaMH, YTO OTPAaHHYHMBAJIO TOJHOTY HCCIIEJOBaHUS TMPOCTPAHCTBA
pemiennii. B To ke Bpems mnpu yBennueHWH 3HaueHHs C HaOmomaiochk Ooiiee paBHOMEPHOE
pacrmpeneneHie MOCEemEeHNH MeXIy JOYEPHUMH Yy3JIaMH, YTO CIIOCOOCTBOBajio Oojiee TIyOOKOMY M
BCECTOPOHHEMY aHaJIN3y BO3MOXHBIX JICHCTBHH.

Mpl cpaBHHBaeM pe3yibTaThl, MOJXy4YeHHble ¢ momolneio mnoxxoaa MCTS, ¢ pesynsratamu w3
crared [11]. Inst BOBMOXXHOCTH CpaBHEHHs YHCICHHBIX peanu3auuii, mpumeHnM MCTS k geTbipem
TecToBbIM 3amayam TP1,...,TP4 crateu [11]. Bce uccnenoBaHus HMCHONB3YIOT TaKUe HadallbHbIC
HACTPOMKH: YPOBHH 3aI1acOB N3HAYAIBGHO PaBHbI 12 eMHUIAM Ha yJacTHHKA [enouku. Kaknoe 3BeHO
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pa3sMecTUIO «IIpeJBapUTEIbHbIM 3aka3» Ha 4 EIUHHUILBI y COOTBETCTBYIOLIETO BBIIIECTOSAIIETO
cyOBbeKTa 10 (aKTUYEeCKOro pa3MeIeHHs] IEPBOrO «PeajbHOro» 3aKka3a B MOMEHT BpeMeHHU. M3-3a
BpEMEHHU MOoAa4M HWHGOPMAIMK 3TH NpPEABApPHUTENbHBIC 3aKa3bl MPUHUMAIOTCS B MEPBOM IMEPHOIE.
3areM COOTBETCTBYIOIIME KOJIMYECTBA IOMELIAIOTCS B TPAH3UT U NPUOYAYT B MOMEHT BPEMEHU t =
2. Kpome Toro, 4 enuHMIbl HaxomATCS B IYTH K KaKIOMY CyObEKTY M HPUOBIBAIOT B MOMEHT
Bpemenu t = 1.

Tabnuua 1
Mony4yeHHble 3aTpaTbl NPK PA3INYHbLIX NOAX04AX
TP1 TP2 TP3 TP4
leHeTMYecKni 2555 3109 4156 4330
anroputm (GA)
O6yueHue c 2417 3169 4038 4205
noAKpensieHnem
(RL)
MCTS 2144 1842 2677 2317

Metonq MCTS moka3slBaeT Jydllne pe3yibTaThl [0 CPaBHEHHIO C JPYTHMH METOIAMH BO BCEX
TECTOBBIX 3a/1auaxX. JTO HEyAUBHUTEIHHO, TOCKONBKY MCTS 00HOBISIET cTpaTernto 3aKa30B Ha OCHOBE
rH(GOpPMAIMK O HECKOJBKUX OJIMKAMIIUX 3Tarax, Torgaa Kak moaxoasl GA u RL ucnonb3yroT ToIbKo
CTpaTeruy 3aKa3oB Ha OJUH OJFKAWIIMIA dTall.

6. 3aKnwouyeHue

Merton moucka o aepeBy Monre-Kapito mokasan BEICOKYIO 3 (QEeKTUBHOCTB NTPH PEIICHUH 3a1a49H
yIpaBiicHHUs 3amacaMi B MHOTOYPOBHEBOM LEMOYKE MOCTABOK. AJITOPUTM YCHEIIHO OalaHCHPYET
MEX]y UCCIIEIOBAHUEM HOBBIX BAPUAHTOB M MCIIOJIB30BAHUEM YXKE M3BECTHBIX YCIEIIHBIX CTPAaTEeTHH,
9TO CIIOCOOCTBYET CHIDKEHHIO JIOTHCTHYECKMX HW3AEpKeK. Peanmmsamms [TaHHOTO —airopuTMa
MO3BOJISIET ABTOMATH3MPOBATh IPOIECC MPHUHATUS pelmeHui 1Mo (OPMHUPOBAHHIO 3aKa30B U
YIPaBICHHIO MMH, YTO CIOCOOCTBYET CHIDKEHHIO 3(PQPeKTa KHyTa U yIYYIICHHIO CTaOWIBHOCTH
pabotsl soructuueckoil menu. Ilpum TecTmpoBaHWM pabOTHI ANTOPUTMA YIadoCh BBIICHUTH, YTO
napaMeTpsl aITOPUTMA, TaKHe KaK KOJNMYECTBO HrTepanuii M kodduument wuccnenoBanus C
CYIIECTBEHHO BIIHSIFOT HA KAYECTBO U CKOPOCThH TIOMCKA ONITUMANTBHBIX PEHICHUH.
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OueHka  3¢PeKTUBHOCTU  YMNpaBAE€HUA  BbIYUCIEHUAMM
AUCNeTYepoM HayuHbIX paboumnx npoueccos

Muxan BockoOOMHUKOB, Ajickcan ip MEOKTUCTOB

Hnemumym ounamuru cucmem u meopuu ynpaeienus um. B.M. Mampocosea CO PAH, ya. Jlepmonmosa, 0. 134,
664033, Upxymck, Poccus

AHHOTauuAa

PaccmatpuBaetcst npo6iema HOBBIIIEHUS 3((GEKTUBHOCTH YIPABJICHUS BBIUMCICHUSIMU MPU
BBIIOJIHEHUM HAy4YHBIX IPUWIOKEHUM B IE€TEPOr€HHOM pacHpeelICeHHOM BBIYMCIUTEIbHON
cpele, CXeMbl PeLIeHHs 337ad B KOTOPBIX PEaTN3yIOTCA HayYHBIMH PaOOYHMMH IPOLIECCAMH.
OpmHUM U3 KITIOYEBBIX (DAKTOPOB, BIMSIONIMX HA BPEMs BBIIOJHEHHS PaOOYMX IMPOLECCOB,
ABIIIETCS] BpEMs, 3aTpauuBacMoe Ha Iepejady JaHHbIX MEXIY UX MOAYJISIMU. B U3BECTHBIX
CHCTeMax yIpaBJeHHUs pabOUNMHU NTPOIecCaMH Iepeiada JaHHBIX MEXKIy MOAYJISIMH 3a4acTyI0
OCYLIECTBIISIETCSL 4YE€pe3 LEHTPaJbHBIM y3€J], YTO YBEIUYMBAET BPEMS BBIIOJIHEHMS STHX
nporeccoB. B pabore mpemyiosKeHbI CpeicTBa YHPABJICHHS BBIUMCICHUSMH C Y4ETOM
CTPYKTYpHI pabodero mporecca U nepeaadr JaHHBIX HAIPSIMYI0 MeXIy y3iamu. Paspaboran
IBPUCTUUECKUII aITOPUTM Ha3HAa4YeHMA Y37I0B JUIS 3aIllycka MOAyJel pabouero mporecca Ha
OCHOBE OIICHKM BPEMEHH MX BBIIIOJHEHUS U pa3Mepa JaHHBIX, IEPENaBaCMbIX MEXIY HUMH.
Pe3ynbraThl 3KCIIEPMMEHTOB [10Ka3bIBAIOT CYLIECTBEHHOE COKPAILEHNE BPEMEHU BbIIOJIHEHUS
psila M3BECTHBIX HAYYHBIX pabOUYMX IPOLECCOB IMPU HCIIOIB30BAaHUHM JAHHOTO aJTOPHTMAa
OTHOCHUTEIBHO IPUMECHEHHSI JITOPUTMOB 1o100HOoT0 Ha3HaueHus B cuctemMe HTCondor.

Kniouesblie cnosa
Hayunbie npunoxenus, pabo4ne mporecchl, HA3HAYCHUE Y3JI0B, Iiepeiaya JaHHbBIX

1. BeepeHue

VYnpaBieHue BbIUUCICHUSAMH (IUIAHUPOBAHME BBIUMCICHUIl M Ha3HAYEHUE PECYPCOB) SIBIAETCS
Ype3BbIYAHO aKTyaJIbHOW NpOoOJeMON IpU MpOBEAEHUM KPYMHOMACIITAOHBIX SKCIEPHUMEHTOB B
TeTepOTeHHON pacnupeneneHnol BeraucautenbHol cpene (I'PBC). Kak mpaBuiio, B COBpEMEHHBIX
Hay4HbBIX IPUIOKEHHUX IUIAH PEIICHN 3aJaull pealnu3yercst HayuyHbsIM padounM npoueccom (HPIT) —
MH()OPMAITMOHHO-BBIYUCIUTETFHON  CTPYKTYpOH, OIpenensomeil OW3Hec-JOTHKY IMPeAMETHOM
obJylacTy, pacdeTHbIC AaHHBIC, HAOOp HCIONb3YEMbIX MPUKIATHBIX MOXYJICH M BBIYMCIUTEIbHbIC
pecypcsl, TpeOyemble i npoBelneHus skcrnepuMeHToB. HPII Moker ObIThb aOCTpakTHBIM HIIH
KOHKpeTHBIM. AOctpakTHbii HPII ommceiBaeT cxemy pemieHus 3aiadn 0e3 MPUBSA3KH €€ Olepamuii K
KOHKpeTHOMY mporpamMmMHoMy obecrnedenuto (I10) n BerucianrensHBIM pecypcaMm. B KoHKpeTHOM
HPII onepaunu cxembl pelieHUs 3aJa4i CBA3BIBAIOTCS C onpeneneHHbM 110, KoTopoe BBIMONHIETCS
HAa 3aJJaHHBIX pecypcax.

Kax npasuno, npu noctpoenun HPIT ucnonp3yroT npoueaypHyO WM HEMPOLIETYPHYIO IOCTAHOBKY
3agaun. B paMkax mporenypHOH MOCTaHOBKM 3a1adu (OpMHUpPYETCs MOCIENOBATEIbHOCTD ONEPALid
HPII, a 3arem ocymecTBisiercss HHGOPMALXOHHOE INIAHUPOBAHNE BXOJHBIX M BBIXOJHBIX TaPaMETPOB.
[Ipu HempornexypHO MOCTAaHOBKE 3a/la4d 33Jaf0TCsl UCXOJHBIE (BXOJHBIC) U IIENIEBBIC (BBIXOIHBIC)
mapamerpel HPIL. [lamee Ha BBMHCIMTENBHON MONENHM WpPEeOMETHON oOmacté (ONMMCaHUH ee
MapaMeTpoB, BBIYMCIUTEIBHBIX ONEpaluid, omnepauuii oO0paOOTKHM MNAaHHBIX, OTHOILUCHUN MEXIy
napamMeTpaMu M OlepalisiMi ) OCYILECTBIISIETCS] aBTOMATHYECKOE [UIAaHUPOBaHUE MOCIIE0BATEIbHOCTH
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oneparuii HPII, HeoOXoauMbIX [UIs pelieHus TOCTaBICHHON 3anaun. B cucremax ynpasienus HPII
(CY HPII) aBTOMaTHyeckoe MIaHNPOBaHUE BBHIUMCICHUN OCYIIECTBIISICTCS OJHUM U3 €€ KOMIIOHEHTOB
(Hanpumep, MIIAHUPOBIIMKOM BBIYMCIIECHUI).

CVY HPII — ato nporpaMMHO€E CpeACTBO, MO3BOJIAIOIIEE YACTUYHO aBTOMAaTHU3UPOBATh MPOLECCHI
cozmanus W BeimonHenusi HPII, a takxke ynpaBieHHsS UM B COOTBETCTBHU C €ro MH(OPMAIHOHHO-
BhIUMCIUTENbHON cTpykTypoil. B CVY HPII pabGounit mpomecc 3adacTyio 3amaeTcs B BUJE
OpPHEHTUPOBAHHOTO anKnndeckoro rpada (anrn. Directed Acyclic Graph, DAG). I1pu 5ToM BepIIHHEL
DAG cootserctBytot oneparusm HPII, peannsyeMbiM B ganbHeHeM NIpUKIaAHBIMU MOIYJISIMH W
cepBUCaMH, a peOpa — TOTOKAM JaHHBIX MEXKAy HUMH. Ha mpakThke XOpOIIO HW3BECTHBI,
MOICP>KUBAIOTCS, PA3BUBAIOTCS U MIMPOKO ucmnonb3ytores ciaenyromue CY HPIT: UNICORE [1],
Galaxy [2], Pegasus [3], DAGMan [4], Workflow-as-a-Service Cloud Platform [5], Apache Airflow
[6], HyperFlow [7] u Orlando Tools [8].

MertanmnanupoBumk DAGMan ocyriecTBiIsieT MOCTPOSHHE IJIaHa pPElIeHHs 3aJjadyd Ha OCHOBE
onucanus HPII B popme DAG. B kauecTBe cuctemsl ynpasieHus npoxoxaeHueM 3aganuii (CYII3)
Ha BbIUUCIUTENbHOM KiacTepe Beictynaer HTCondor. ¥3nsl knacrepa HTCondor nojpa3zaensrores mo
CII/IYIOIIUM POJISIM: y3el Submit, ¢ KOTOPOTO MPOUCXOIUT OTHPABKa 3aJaHUi M UCXOJHBIX JaHHBIX,
y3en Execute, nmpelHa3HAYEHHBIM I BBIIOJHEHUS 3aJaHui, W y3en Master, KOOpAUHUPYOIUI
paboty Bcex y3nmoB kiactepa. llepem 3amyckoM KakJOro TNPHKIAAHOTO MOJIYJSl MPOHCXOAUT
nepeMeneHre ero BXOIHBIX JaHHBIX ¢ y3ima Submit Ha y3en Execute. [Tocne 3aBepiiieHuUs BHITIOTHEHUSI
MIPUKIIaIHOTO MOJIYJIS €T0 BBIXOJHBIC JaHHBIC ITepeMeIatoTcs 00paTHO Ha y3en Submit. Kak mpasuiio,
HPII nmeroT crnoxxHyro CTPYKTYpPY, COCTOSIIYIO U3 OOIBIIOr0 YHCIa ONepaInii, SK3eMILISI Pl KOTOPHIX
MOTYT BBINONHATHCS MTOCIEA0BATENFHO U MapajUIebHO. B CBSA3M € 3TUM YHCIIO TIEPECHUIOK TaHHBIX B
XyIIIeM ciy4yae paBHseTcs N * 2m, rae n — yucio onepaunid HPIL, m — uucio BBMMCIATENHHBIX
y310B. [Ipu Gonbmx o0beMax MepechlIaeMbIX JAHHBIX 3TO MOXET MPHUBOJUTH K CYNICCTBEHHOMY
yBeIMUeHHUI0 BpeMeHH BoimonHeHus: HPII 1 BbIaucinTenbHOTO SKCIIEPUMEHTA B IIEJTOM.

B pabote mpemiokeHb! CpeACTBa YIPABICHHUS BBIYMCICHUSIMU C Y4E€TOM CTPYKTYphl pabodero
mpolecca M MepeJaud AaHHBIX HAIPAMYIO MEXIy y3jlaMH, 0OecledMBarolue COKpaIlleHUE BpeMs
MPOBECHUS SKCIIEPUMEHTOB B cpaBHeHnr ¢ DAGMan u HTCondor.

2. YnpasneHue BbluncneHnamm aucnetrdepom HPM

B cocraB mncTpymMeHTanpHOrOo KoMmiuiekca FDE-SWFs [9] Bxomut mucnerdep HPII, xotopsrit
OCYIIECTBIISIET YTIPABJICHNE BHIYMCIUTENBHBIME MTPOIIECCAMU M CPEOi MX BBHITOJHEHUS. B kadecTBe
CVYII3 B mgmcmeruepe HPII wucmomp3yercs HTCondor. Cxema ympaBieHHs BBIYMCICHUSIMHA
mpenctasieHa Ha puc. 1. B HPCondor mcmonb3yercst meHTpanm30BaHHBIA MEXaHU3M Iepeadn
nanHbIX. [Ipu 3anmycke HPII Ha BBIYMCIMTENBHBIX y371aX CO3JAIOTCS BPEMEHHBIC MAlKH, B KOTOPBIE
TepeMeIIarTCs TaHHbIe U MOIYIIN. 3a/laHue BBHIMTONHSAETCS OT UMEHH Toiib3oBarens nobody. laHHbIH
[0JIb30BATENb HE UMEET Pa3pelICHU Ha BBINOJIHEHUE MOAYJIEH BHE CO3JaHHOW BPEMEHHOW NAllKU U
KOMaH/J Ha TepeMelIeHHe NaHHBIX MEXIy BBIYHCIUTEIbHBIMH y3lamMu. OpraHu3anus MpsIMOTo
TIepeMeIeHNS JAHHBIX MEX/Ty BRIYHCIUTEIFHBIMU Y3JIaAMH U BHITOTHEHUS HA HUX MOJYJICH BKITIOYAeT
CIICYIOIINE TAITBI:

1) 3amanme momb3oBarens st kaxnporo cinota HTCondor (cmot mpeacraBisier co00i eTUHUITY

MIPENICTABICHUS PECYPCOB BRIYMCIUTEIEHOTO Y371a) C pa3pelIeHueM Ha YTCHHE/3aMHCh B MTalKN
BHE BpPEMEHHOW Mamku, co3naBaeMoi B omeparnuoHHONH cucteme (OC) mpu BBITOJHEHUH
3a/IaHus;
2) NJIaHUPOBAHHE OUYEPEAHOCTH BHIOJIHEHUS MOJYJIEH ISt 0OecrieueHns MUHIMH3AIUY BpeMEH!
BemonHerust HPII ¢ yyerom mepeMernieHns JaHHBIX MEXITy Y3JIaMH;

3) rTeHepamms CKPHUITOB-000JOYEK, B KOTOPHIX MPONHCHIBAIOTCS KOMAH[BI JJISI BBITTONHEHHS
MOJIyJIeH U Tiepeiadyr TaHHBIX MEXIy BRIYUCIUTENFHBIMA y31aMu B cooTBeTcTBUU ¢ HPII;

4) ¢dopmupoBaHUe MACOPTOB 3alaHUI, B KOTOPHIX B KAueCTBE WCIOIHSAEMBIX MOMIYJen
YKa3bIBaIOTCS CKPUIITHI-O0OJIOYKHY U aJIpeca BEIYUCIUTENLHBIX y3JI0B.

Ha puc. 2 nokazana cxema paboThl MEXaHH3Ma Tepeiadn JaHHBIX Yepe3 EHTPAIBHBIN y3ea. MoXHO
3aMeTUTh, YTO TPH 3alyCKe W 3aBEpIICHWH BBITIONHEHHUS KAXKAOTOo MpukiagHoro momayis HPIT
MPOUCXOJUT Tiepeaada BXOJIHBIX M BBIXOJHBIX JaHHBIX MEXKAY BBIUMCIUTEIHHBIMUA Yy3JIaMH H

75



HCHTPAJIbHBIM Y3JIOM. Ha puc. 2 H306pa>KeHa cxXxeMma pa60TI:I MEXaHHn3Ma MEPEMCIICHUS JaHHBIX UCPE3

LIEHTPaIbHBIN y3€eIl.
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PucyHoK 1: Cxema B3anmogenictama gucnetdyepa HPM c DAGMan 1 HTCondor
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PUCYHOK 2: MexaHW3M nepeaaym AaHHbIX Yepes LLeHTPabHbIN y3en

Ha puc. 3 npuBeaena cxema pabOThl ME€XaHHU3Ma IEpeladyd JAHHBIX MEXIY BBIYMCIMTEIbHBIMU
y37IamMu Ha OCHOBe nH(opmMaiuu o cTpykrype HPIL.
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PucyHoK 3: MexaH13Mm NpAMON nepegaym AaHHbIX MeXAY BblYUCAUTENbHBbIMM Y31aMM

4. lNocTtaHOBKa 3aga4u

[lycte umerorcss m y3moB I'PBC (Bxirouas meHTpaimbHBIA y3€l), Ha KOTOPBIX JOJDKHBI OBITH
BhINOJIHEeHBI 1 ortepanuii HPII, rae b — uHaeke ocHOBHOTO y3i1a. BBenem cienyromye 0003HauYSHUS:

t;; — BpeMsi BBINIOJTHEHUS -1 onepanyu Ha [-M y31ne, i € 1,n,l € 1,m;

P — Oynesa Marpuiia pasMEpHOCTH N X M, JJIEMEHT MATpUlbl p;; = 1 o3Hadaer, 4ro i-f
orieparys 3aBUCHT I10 BXOAY OT j-i omepauuu (j-s omeparus MpealiecTBYeT i-ii Olepann),
i,j €1,n;

D — marpuiia pa3MepHOCTH M X M, OTpakarolias OIeHKH pa3MepoB TepelaBacMbIX JAHHBIX
MEXY y3JIaMH, 3JIeMEHT MaTpuIbl dj,- > 0 IOKa3bIBaeT pa3Mep JIAaHHBIX, TIepeIaBaeMBbIX MEKITY
[-M ¥ r-M y3namu, 7,1 € 1,m;

X — OyJieBa MaTpuIla pa3MepHOCTH M X M, SJIEMEHT KOTOPOH X;; IIOKA3bIBAET, UTO i-sI ONIepaIIHs
BBITIOJTHSACTCS Ha [-M y3IIe;

Matpuiia W pasMepHOCTH m X m NPeNoCTaBseT WH(GOPMAITUIO O MPOITYCKHON CITOCOOHOCTH
WHTEPKOHHEKTa MEXAY Y3JaMH, JJIEMEHT MaTpulbl Wy = 0 ZeMOHCTPUpPYET HPOIYCKHYIO
COCOOHOCTD MHTEPKOHHEKTa MEXIY /-M U r-M y3IIaMH;

0 <w;- (£)<I — KO3PDHUIHMEHT CHUKEHHS TIPOIYCKHOM CIIOCOOHOCTH HHTEPKOHHEKTA B MOMEHT
BpEMEHH ¢t MKy /-M U 7-M y3IIaMH;

rae Tjr (Tj;) — OLIEHKa BPEMEHM, MPOIICAIIEr0 ¢ Hayaga 00pabOTKH CXEMBI [0 3aBEPIICHHUS
onepanuu 0; (0;) Ha r-M (I-m) y3ie;

qir — OLICHKa BPEMEHH HaXOXJICHUSI MOJIYJIS, PEaTM3YIOIIEeTo ONEpanuio 0; (B TO BpeMsl, Korjaa
BCE JJaHHbBIE, HEOOXOJMMBIE JUIS €TO BBIITOJHEHHS, TOTOBBI) B OUEpPEIH 7-T0 y3Ja.
N; — Tabnuma omneparnuii, KOTOpbIE Ha3HAYEHBI Ha [-i y3ell.

Martpuria X 10KHA YIOBIETBOPSATH clemxyromuM ycmosusiM (1) u (2):

Vi VIR Vi 11 (s Axg) = 0, ()
Vi A2 X = 0. 2

B ciyuae Bemonnenust HPII cpencreamu CYII3 HTCondor, rae BeiO0p U Ha3HAYEHUE Y3JIOB IS
3aIycKa OIepaliii OCyIECTBISIETCS TIIaBHBIM MEHEIPKEPOM 3TOM CUCTEMBI, 8 OOMEH JaHHBIMU MEXILY
y3JaMH OCYIIECTBISAETCS 4Yepe3 IEHTpalbHbii y3en, ounenka C(X) Bpemenn Boimmondenuss HPIT B
ACHHXPOHHOM PEXHME 110 TOTOBHOCTH JJAaHHBIX ONpPENeIIIeTCs CIEAYIOIIM 00pa3oM:

cX) = max 7y, (3)
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dry dry
Tu = qut ity t VjEl,n:pi?l%?%ij,rel,_m (Tjr + wrp (EO)Wrp + wbz(t)sz)' “4)
OOMeH NaHHBIMH MEXAY Yy3JaMH 4epe3 LEHTPAIbHBIA y3el CYIIECTBEHHO YBEJIMYMBacT olliee
BpeMs BommonHenuss HPIIL Iloatomy B mucneruepe HPII peann3oBaH NOMOJHUTENBHBIA MEXaHU3M
Iepeaauu JaHHBIX HAIPSMYIO € y371a BBIITOJIHEHHUS IPEAIIESCTBYIOEN Oepallii Ha Y3€Jl BBIIOJIHEHUS
HOCIIEAYIOUIEH olepanuu. B 3ToM cirydae, eciii OIepaluy BBIIOIHAIOTCA Ha OJHOM Y3JIe, TO pa3Mmep
HepeaBaeMbiX JaHHBIX MEXKIYy HHUMH CUMTAETCs paBHbIM Hymo. Torma ouenka Y(X) BpemeHu
BoinnoniHeHKsT HPII B aCHHXpOHHOM peXuMe IO TOTOBHOCTH JIAHHBIX ¢ MoMoulpto pucnerdepa HPII
OIIpeIeNIAeTCs CIEAYIOIIM 00pa3oM:

Y(X) = maxty, (5)
S
Ty =qutity+ Vjeﬁ%agil,iij (Tjr + m), ©)
_(dy, ecmul#r,
5= {O Y IPOTHUBHOM CJIy4ae. 7)
B (5)-(7) Y (X) siBisieTcs 1eseBoii GpyHKIuen, KOTOpyro TpeOyeTcss MUHUMU3UPOBATH:
Y(X) ! min. (8)

Xl
B o6mem ciyuae 3anava (8) sBisiercs NP-tpyanoit 3agageii [10], onTuManbHOE peLICHHE KOTOPOH
CIIO)KHO TIOIYYHThH 32 BpEMs, MPUEMIIEMOE I YIPABICHHS BBHIYMCICHUAMU B PEATbHOM BpPEMEHH.
ITosTOMY B cTaThe IpeIaraeTcsi IBPUCTUUECKUI AITOPUTM PELUEHUS 3TOM 3aJauH.

5. Anroputm HasHa4vyeHuUA onepau,uﬁ Ha BblHUC/IUTENIbHDbIE Y3/1bl

CyTp anmropuTMa A Ha3HAYEHHUS ONEpaldid Ha BBIYUCIUTEIBHBIC Y3JIBI COCTOWT B CIEAYIOIIEM:
KKIOMY y3IIy BEIYUCIUTEIHHON MOIEIM HA3HAYAIOTCS TAKKE ONEPAIlH U3 OUEPEH OTIepalrid, 4TOOBI
obmee Bpems BeimoiaHeHHs HPII Opu10 MuHUMATRHBIM. JIJIS 3TOTO BBITIOJNHAETCS OICHKAa BPEMEHHU
BBITIOJTHEHHSI OTIEpaIli Ha KaXXIOM Y3JIe C YIETOM OIEHOK pa3Mepa IepelaBaeMbIX JaHHBIX MEXIY
oTIepalusIMH U CKOPOCTHIO Iepeaadn JaHHbIX Mexay y3namu ['PBC. Ilpu aToM ecni Ha odepesHoM
mare paboTHI aNrOprUTMa OTHOMY M TOMY )K€ Y3y Ha3Ha4daroTcs ABe U 00JIee Orepannu, TO BRIONpaeTcs
Ta Omepanws, KOTopas MPeIIecTBYeT O0obpIeMy druciy omeparuii HPII.

Anroputm A. HazHauyeHue onepanuii HA BbIYUCJIANTEIbHbIE Y3JIbI
Imputs: P 7,D, 0, nmq, W, ®
Outputs: nodes

1 t=0

2 freeNodelist = Array()

3 for k=1, mstep1do

4 freeNodelist[k] = True

5  knownParams = get_known_params(0)

6 readyOperations = get_ready_operations(0)

7  subOperlList= get_subsequent_operations(P)

8 nodeTime = Array()

9  while length(readyOperations) > 0 do

10 operation = getOperation(readyOperations)
11 currNodes = Array()

12 times = Array()

13 for lin freeNodelList do

14 for rin freeNodelList do

15 for i = 1,nstep 1do

16 if p[i] == 1 and use[i] == 1 then

17 times. add(calcExecTimes(operation, T,D, W, w,nodeTime))
18 end if
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19 end do

20 end do
21 end do
22 currNodes = get_curr_nodes(times)

23 k = getNodeMinTimes(times)
24 if length(currNodes[k]) == 1 then

25 currOperation = currNodes|[k]

26 nodeTime[k] = get_operation_time(currOperation, T, D)
27 readyOperation.remove(currOperation)

28 nodes. add(currOperation)

29 freeNodelist[k] = False

30 else if length(currNodes[k]) > 1 then

31 currOperation = get_suitable_operation(currNodes|k], subOperList)
32 nodeTime[k] = set_operation_to_node(currOperation,T,D,W, w)
33 nodes. add(currOperation)

34 readyOperation.remove(currOperation)

35 freeNodelist[k] = False

36 end if

37 do

38 countExecutedOper = get_executed_operation(nodes)
39 if countExecutedOper == n then

40 exit

41 t = getTimeShift(freeNodelList,nodeTime)

42 for k = 1,m step 1do

43 if nodeTime[k] == t then

44 operation = get_operation_from_node(nodes[k])
45 freeNodelist[k] = True

46 knownParams = knownParams.union(operation)
47 end if

48 end do

49 readyOperations = get_ready_operations(0)

50 while length(readyOperations) ==

51 enddo

6. BbluMCAUTENDbHDIN 3KCNEePUMEHT

st meMOHCTpaluM COKpaIleHWsT BPEeMEHHM BBITONHEHHsS BhuucicHwid B [PBC ¢ momomisio
pa3paboTaHHBIX cpeacTB Obun BeIOpaHbl aBa m3BecTHBIX HPII — Epigenomics u CyberShake [11],
CTPYKTypa KOTOPBIX IIPUBEACHA Ha pHC. 4.

B pamkax »skcmepuMeHTa peanu3oBaHbl Tpu cxembl BbinonHeHus HPII non ymnpaBieHuem
HTCondor:

1) c meHTpanM30BaHHON Mepefadeil JaHHbBIX;

2) ¢ IOMOIIBIO MEXaHW3Ma MPSIMOH Iepeiayn JaHHbBIX;

3) C yd4eTroM CTPYKTYpbI U UCIIOJIb30BAHUEM MEXaHU3Ma IPsIMOH IepeJadyl JaHHbIX.

BrruucnuTenpHas cpena BKIKOYAET YETHIPE y31a co cneayomuMu xapakrepuctukamu: 1 CPU, 2 T'b
mamsiTH, xectkuii quck pasmepom 30 I'B, mpomycknas criocobHocTH cetn — 5 1'6mut/c. Pacrimcanus
BpeMeHH BBIOIHEHHs Moayiieil Epigenomics u CyberShake npuBeneHsl cOOTBETCTBEHHO Ha puC. 5 U
6. OdeBHIHO, YTO IPH NEpexofe OT cxeMbl 1 k cxemam 2 u 3 pacnucanue BbinomHeHus HPII
CTaHOBHTCSI Bce OoJiee IUIOTHBIM, 33/IEPXKKH Ha Iepefady JaHHbIX CTaHOBSTCS Kopoue. [uarpamma
BpemeHH BoinonHeHusa Epigenomics u CyberShake ans Tpex cxem gaHa Ha puc. 7.

B cnyuae BemmonHenust Epigenomics cxeMbl 2 ¥ 3 moka3ayid MPEUMYIIECTBO IO COKPAILECHHIO
BpPEMEHH BBIYMCICHUHM B CpaBHEHHH cO cxeMoil 1 Gonee uem Ha 32% u 40% coorBercTBeHHO. s
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CyberShake 3T0 npenmyIecTBo oka3anoch ele cyiecTBeHHee. CxeMbl 2 U 3 MO3BOJIMIN COKPAaTUTh
BpeMs BBIUKMCIICHUN B cpaBHEHHH co cxeMoil 1 Oomnee yeM Ha 47% u 53% COOTBETCTBEHHO.

ey

a) 6)
PucyHoK 4: HPM: Epigenomics (a) n CyberShake (6)
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PuUCyHOK 5: PacnvcaHua BpemeHu BbINoJIHEHMA Moaynel Epigenomics
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PuUcyHOK 6: PacnucaHus Bpemenn BbinonHeHnsa moaynein CyberShake

, 500 458 464

[

Epigenomics CyberShake

HCxemal ®Cxema2 ®(Cxema3

PucyHoK 7: lnarpamma BpemeHu BbinosHeHua HPI

7. 3aKknwuyeHue

[IpennosxeHbl HOBBIE CPEACTBA yIpaBJIeHUs IS KiacTepa, GyHKIHOHUPYIOLIETO oA YyIPaBIeHUEM
DAGMan u HTCondor. DxcnepuMeHTalbHBIE HCCIEIOBAHMS IIOKa3ald, YTO JaHHBIE CPEICTBa
o0ecreunBaloT CYIIECTBEHHOE COKpallleHHe BpEeMEHM BbluMcieHuil mnpu BbmonHeHnn HPII B
CpPaBHEHHH C TPAAWLMOHHOM cxXeMoH ympasieHus, ucnoibdyemod B DAGMan u HTCondor. Oto
COKpalleHue aocturaercs Omaronaps ydery crpykrypsl HPII m moanmepxke MexaHu3ma MpsIMOM
nepeJadn JaHHBIX MEXy y3JIaMH KJlacTepa.
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8. bnaropgapHoctun

HccnenoBanue BBHINMONHEHO MpU MoJjepKke MHUHHCTEPCTBa HAayKH M BBICHIEro 00pa3oBaHHSA
Poccuiickoii ®enepanmn, mpoekt Ne FWEW-2021-0005 «Texnomorun pa3pabOTKH M aHaIM3a
MIPEeIMETHO-OPUEHTUPOBAHHBIX ~ WMHTEIUIEKTYAIbHBIX  CHUCTEM  TPYIIOBOTO  YOpaBiIeHUS B
HEeJeTepPMUHHUPOBAHHBIX pacnpeieieHHbIX cpeaax» (per. Ne 121032400051-9).
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UHTerpMpoBaHHaa cCUCTEMa COMNPOBOXKAEHUA WMHBEHTApPU3aLUuU
necos

Wean Anapeesny JInoMu0B 12

! Upxymexuii Tocyoapcmeennviii ynueepcumem nymeii u coobujenus, Poccus, 664074, 2. Upkymck, ya.
Yepnviuesckozo, 15

2 @unuan D@IBY Pocnecungope “Ilpubaiikannecnpoexm”, Poccus, 664040, 2. Hpxymck, yr. Posbt
Jlrokcembype, 150

AHHOTauuA

B ycmoBusx pacrymiel CIOKHOCTH WH(POPMAIIMOHHBIX CHCTEM 3((EKTHBHOE YIPaBICHUE
JaHHBIMH TpeOyeT YETKOro ydu€Ta WX MNPOUCXOXKICHHUS W B3auMocBszed. Mudopmanms
cerofHs GoOpMHpYeTCS Kak pe3ylbTaT B3aUMOJEHCTBUS MHOXKECTBA Pa3pO3HEHHBIX
HWCTOYHHUKOB M CEPBHUCOB. B pamMKax AaHHOTO KCCIENOBaHUS pacCMaTpUBAETCS NMPUMEHEHUE
MOJIENT! HAIIPaBIEHHOTO alUKIMYECKOTO rpada Il OMMCAHUS M OTCICKUBAHUS IPOIECCOB
00paboTku W TpaHCHOpPMALIUM JAaHHBIX B 3a/JadaX HHBEHTApHU3AllMU JIECHBIX PECYPCOB.
[IpennoxxeH MoAXox K TOCTPOEHUIO CHUCTEMBI CONPOBOXKJECHUS WHBEHTApHU3allMU JIECOB,
OCHOBaHHBII Ha y4€Te NPOMCXOXKAEHHUS MJAHHBIX, YTO [O3BOJIIET HMHTEIPUPOBATDH
CYIIECTBYIOIINE pa3pO3HEHHBIE 0a3bl MAaHHBIX W IIOBBICHTH IIPO3PAYHOCTH BCEX HTAIlOB
pabotsl ¢ uHGOpManued. Takoil MoAX0 HE TOJBKO OOJerdaeT KOHTPOJIb HaJl KaueCTBOM
JAaHHBIX, HO ¥ cO37aéT OCHOBY JIJISl MacIITAOUpyeMOoi U(POBOI cpelibl JISCHOTO XO03SICTBA.

KnioueBble cnosa
Cucrtemsbl yue€Ta NpOUCXOXIACHHSA HNAaHHbIX, MHTCTpAlUsd AAaHHBIX, WHBCHTapu3alllsd JIECOB,
I/IH(l)OpMaLII/IOHHI)IC CHUCTCMbI

1. BeBegeHue

Jleca ABNSAIOTCS HEOTHEMJIEMOM YaCThIO MPUPOAHBIX IKOCHCTEM, 3aHUMAIOT 3HAYUTEIHHYIO YacTh
CYIIH W HWTPAIOT KIIOYEBYIO POJIb B TOJAJEPKAHWUHM JKOJIOTHueckoro OanaHca. OHH BBITONHSIOT
Ba)XHEHIIME SKOHOMHMYECKHE, KIMMATHUECKHE M COLMajbHbIE (YHKLUWH, YTO NEJIAeT 3aJady HX
YCTOHYMBOTO YIIPABIECHUS KPUTUIECKH 3HAUNMBIMHU.

B pamkax jecHOro X03siicTBa OJHOW M3 KIIFOYEBBIX (PYHKIHMA SBISAETCS WHBEHTAPU3AIMS JTECHBIX
pecypcoB. OpHako e€¢ peanu3aunusi CTAJKUBACTCS C PSAAOM YCTOHYMBBIX CHCTEMHBIX HpOOJIEM.
Haubonee octpo crosiT BONpOCH!, CBsI3aHHBIE ¢ MH)OPMALMOHHBIM 00ECIEYeHHEM: BEIOMCTBEHHAS
¢parmeHTanus, 3ajJepKKa B OOHOBIICHHM JIaHHBIX, HECOTJIACOBAaHHOCTh (opMaToB © crabas
MHTErpalysl CyIECTBYIOIMX MPOrpaMMHBIX pemeHui [1,2]. YuurteiBas mMacmTaObl U pasHOOOpazue
JIECHBIX JKOCHCTEM, a TaKK€ TEXHHYECKYIO CJIOXHOCTb cOOpa TEpPBHUYHBIX JAHHBIX, aKTyaJbHOU
3ajaueil CTaHOBHUTCS OpraHu3anus dPQPeKTHBHOW IH(POBOI Cpeabl CONMPOBOXKACHUS IPOIECCOB
y4yéTa U aHaIu3a.

CymiecTByomye TrocyJapCTBEHHBIE M KOMMEpPYECKHE CHUCTEMBI B OTpacid, Kak IpaBuio,
(YHKUMOHUPYIOT H30JIMPOBAHHO, HE IMpeAyCcMaTpuBalOT OOMEHa JaHHBIMH MEXOy co0oil u
MIPEIBABISIOT KECTKHE TPeOOBaHMSA K CTPYKTYpe BXOIHBIX JaHHBIX. Kpome TOro, mMamo BHMMaHUS
yzensercs nepBuuHoOi 00paboTke MHGOpMAIMKM W KOHTPOJIO KayecTBa JAHHBIX, YTO 3aTPyIHSET
aBTOMATHU3ALUIO IPOLIECCOB M CHUKAET JOCTOBEPHOCTh MOIYYaeMbIX PE3YIIbTATOB.

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
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Takum oOpa3zoMm, mpoOiema HE CBOAWTCI K HEOOXOAMMOCTH CO3IaHHUS HOBBIX METOIIOB
WHBEHTApU3allik, a 3aKII4YaeTcs B OOCECICUCHUM B3aMMOJCWUCTBUS MEXKAY CYIICCTBYIOIIUMU
peuIeHUsMHU ¥ (HOPMHUPOBAHUH €IUHOM TU(DPOBOI CPElbl COMPOBOKICHUS.

Lenr wHacrosmed paboOThl TOKa3aTh, Kakas WHTETPUPOBAHHAS CHUCTEMa COMIPOBOXKICHHUS
WHBEHTApU3allii JIECOB CIIOCOOHA PEUINTh ONFCAaHHBIE NPOOJIEMBI, CBSI3aHHBIE C (pparMeHTaIen
JMAHHBIX, Pa3IU4uIX Mexay (opmMaraMu M HHU3KAM YPOBHEM MHTETIPAIlMHM CYIIECTBYOLIUX
MPOTPAMMHBIX PEIISHUM.

2. Cuctema MHTErpauum U yyetTa NPOUCXOXKAEHUA AaHHbIX

BemoMcTBeHHBIE CHCTEMBI BBICTYHNAIOT B pasHbIX pOJIIX B paMKax eIMHOrO Ipolecca
HOJIep)KaHUK  00IIero WHPOpPMAnMOHHOTO IoMs. be3 4€Tko 3ajaHHOW WHTErpaliOHHOW CXEMBI
MPOUCXOJUT HMCKAKEHHE NAHHBIX, MOTepsi WHPOpMaluH, AyOIMpOBaHUE WM 3aJEepKKa — Kak
CIIEZICTBUE, HAPYIIAETCS JIOTHKa KOMMYHHKAIIUH.

B paborax [3,4] BBITONHSIIOCH MOJENMPOBAHWE W aHAIM3 TIpOIlecca WHTErpanuu. B mepBoM
OpuONMKEHUH  3ajladya  HWHTETpaluy  3aKiouyaeTcss B cOope uWHopManmuu W3 PasHOPOIHBIX
HCTOYHHUKOB, €€ MPeoOpa3oBaHuy U coxpaHeHud. st popManm3amnmuy 3TOro Mporecca HCrob3yeTcst
CclIeTytomIas MaTeMaTH4ecKast 3aIHCh:

(DS, Map(DS*,DS"),DST) (1)

rae

e DSL={D;,2)]i=1,..,N} — MHOXKECTBO HCXOAHHIX HAOOPOB NAHHEIX, X; — CXeMa

JAHHBIX JUIS {-T0 BXOJHOTO Habopa, D; — MHOKECTBO 3HAYCHMIA;

e DS!'=(D, X)) — BEIXOAHO} HAGOP MHTEIPHPOBAHHBIX JNAHHEIX, Tie X, — BBIXOJHAS CXEMA,

a D; MHOXKeCTBO 3HaUCHHI BBIXOIHOTO Habopa;

) Map(DS L ps! ) — oToOpakeHHE JIOKaJbHBIX BXOJIHBIX TAHHBIX B IJI00AJIBHBIA BBIXOIHOM

Habop.

Uctopnueckn ETL-mogxon mnpuMeHsuics B cUcTeMax OW3HEC-aHAJUTHUKU JUIsL  3allOJHEHUS
XpaHuwiui ¥ BUTpUH. Clieuaiu3upoBaHHbIE WHCTPYMEHTHI ISl PaOdOTHl ¢ TAaHHBIMHU Pa3HOPOAHOM
CTPYKTYpbl W TpOLECC BKJIIOYAET COMOCTABICHUE W WMHTETPALMI0 CXeM, TpaHCHOpMAaIHIo,
paspelieHne 1 CIusHUE CyIHOCTeH [5-7].

B stom orHomenun ETL-moaxon MoXeT CIyXHTh OCHOBOH uis (opMmMaiu3aluy mpolecca
uHTerpanyu AanHbeiX. OH yYHUBepcalleH Ui 33j1a4 W3 Pa3HbIX MpenMeTHhIX obmnacteit [8-10]. Ilpu
HAJIMYUN Pa3HOPOJHBIX, HO CBSI3aHHBIX MEXIy co0OW MO CMBICIy HAaOOpOB JIaHHBIX, BO3HUKAET
HEOOXOIUMOCTh B MEXaHU3ME X O0bEANHEHHS U LIEHTPAIM30BAHHOM XPaHEHHH.

B necHoli chepe 370 MoxeT OBITH TpENCTaBICH Kak IMKI: cOop, mepernada, oOpaboTka H
uHTepnpetanus uHpopManuu [11]. DTOT MUKIT MOXKHO pacmpe/ieliuTh BO BPEMEHH, YTO TPUBOJIUT K
(hOpPMHUPOBAHUIO LIMKIMYECKON MOJIENIN C [IaroM M.

((Diglrtlgrmediate' iEthlgnnediate> = Extract ((Ds(ggrce’ s((:tl)rce )

(Dt(r:llzsfonned' Zt(rzzsformed> = Transform (<Di(nrtl<2rmediate' Zi(nrtle)rmediate)) 3)
(DG Zre) = Update, g (DGt 2o ), DS oo Zostormed))

(T2, 580y = Update o, (Do Zheed, (D meds Enormea))

C mpaKkTHYecKO# TOUKH 3pEHUs, TaHHAs MOJAEIb MOXKET OBITh HCIIOJIB30BaHA I MOJIEINPOBAHHMS
TpeOOBaHUI K NMPOTrpaMMHBIM aJTOpPUTMaM M WX pealn3alvd. BakHbIM aclekToM 3TOW MOIEeH
SIBIIACTCSl OTPAKEHUE TIOITATHOTO BHEAPEHMSI CHCTEMBI HHTETPAlMM W PABHOMEPHOCTH CaMOTO
nporecca uHTerpauuu ganHbix (PucyHok 1).
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PucyHok 1: Cxema nHterpaumm ETL

Kaxxnprii mar N-M0OXHO MpeCTaBUTh MOKHO TPEACTaBHUTh, KaK OMPEACTICHHYI0 BEPCUIO JaHHBIX
Ha mar N. B cnenuduke Takod mpeaMeTHON 007acTH, KaK JICCHOE XO3SHWCTBO, HCTOUYHUKH JAaHHBIX
MOTYT OBITh HE3aBUCHUMBIMH, Pa3BUBATHCS ACHHXPOHHO, HCIONB30BaTh pa3HbIE BEPCHUU CXEM (B
npenenax caMux ceds jke) OJHOMOMEHTHO U JIOKAIBHYI0 TEPMUHOJIOTHIO. MIMeeTcst TeCHHXPOHU3AITHS
MO0 BpeMEHHU OOHOBJICHUS, ITOTHOTE M KayecTBY JaHHBIX. CaMy JaHHBIE MOTYT OBITH CETMEHTUPOBAHBI
Ha OCHOBE OPraHU3aLOHHBIX U TEPPUTOPHATIBHBIX (PaKTOPOB.

BepcruonnpoBanue JaHHBIX MOXKHO ITPOBOJUTH BO BPEMEHH. VX XpaHeHHE MOKHO OPraHU30BaTh B
TaKylo CTPYKTYpY KaK HalpaBJICHHBIA anMKINYHBIN Tpad. OH mo3BoissieT 0003HaUYaTh 3aBUCUMOCTH
MEXIy AaHHBIMH, U IIO3BOJISIET CTPOUTH Ha CBOEH OCHOBE MHCTPYMEHTHI TPACCUPOBKH M3MEHEHUH B
TaHHBIX (BEIEHWE TMOCIeNOBaTeIbHOCTH MPEeo0pa3oBaHUil BIEpel W Has3am), COOPKH IJaHHBIX
(MHTETrpaluy, KOMIWIALMN) U pacTipeieleHNs JaHHbIX 0 y3J1aM XpaHEeHHS:

Branch = {by, by, ..., bp,}
by; € Branch

Relation,,,, = {r/"*?~ "D i i j e I;¢ € N}

.(l.)bi't)_)(bbi't-'-l).(D.(l?bi't)_)(bbilt-'-l) Zgl?birt)_)(bbirt"'l))
\Yy 1

(4)

Tij

Relation = U Relation,,
bEB

IZie T - CyIIHOCTb cofieprkaluasi HHGopMaluio o npeoOpa3oBaHUU HaboOpa i B j.

TakuM o6pa3zom, cucTemMa XpaHEHHS OpPHUEHTHPOBAHA HE HAa XpaHEHHE JaHHBIX B KOHKPETHOU
CXeMe, a XpaHeHHe M OpraHu3alu HH()OPMALMOHHBIX NOTOKOB B BETBHU, COAEPIKAIINE HUCTOPUIO
n3MeHeHuil. Bepmmuamu rpada sABISeTCS OTHOLIEHHE MEXIY [BYMs HaO0OpaMH JaHHBIX

(D(bbiut)—’(bbi:t“'l) Z(bbi't)_’(bbi' (bpit)=(bpi,t+1)
i,j rH0Lg J

t+1) .
) » a peOpaMu TUIl onepanui P HaJl OTHOIICHHUEM T;

(b,t) » (b,t+1) — Commit
(b, t) = (byew, 0) — Create

P = (b1, t1), (b, t3) = (b3, t3) — Merge ©)
2 = (byew, 0) — Stage

Mogens ynpaBieHusl, ONMCaHHAs B JaHHOM maparpade, BIOXHOBJIEHA KaK CHCTEMaMH YydeTa
MPOUCXOXKICHHEM JIAHHBIX, TAK U CUCTEMaMH KOHTPOJIISl BEPCUH MCXOJIHOTO KOjla. XOTh M caMa ujes
CHCTEM KOHTPOJII BEPCHIl HMCXOAHOTO KO/AAa HMEeT JOBOJBHO JOJITYIH0 MCTOPUIO, HMEHHO
pacnpeniesieHHas cucteMa yrpasieHus BepcusiMu Git B HACTOSIIMIT MOMEHT SIBIISICTCS! TIPAKTUUECKH
TEXHOJIOTUYECKHUM cTaHaapToMm [ 12-14].

[pemtoskeHHast aBTOPOM aJIanTallvsl OTOABHUTAET BOMPOC WACHTH(PHKAIMY U3MEHEHUH Ha BTOPOM
IUIaH U OCHOBHOHM CBOEH 3amauell paccMOTpeTh NPOLECC YNpaBjieHUs yuyera JaHHbIMU. Llenb -
ynpaBiieHHeM aOCTpakTHBIMM OTHOIICHUSIMH MEXIy Ha0OpaMu JaHHbIX. [JIaBHBIM KauecTBOM
JTAHHOTO OTHOILICHHUS SABJISAETCS €ro NMpsiMasi CBsI3b C MPOLECCOM M3MEHEHUH B JAHHBIX, MPOXOASIINM
€CTECTBEHHBIM 00pa3oM B YK€ NMPOHCXOIAIINX ITPOM3BOACTBEHHBIX Mpolieccax. JJaHHOe OTHOIIeHUE
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MOJKET HE UMETh CEMAHTHUYECKOW CBS3U (MM HE HMETh YETKO C(HOPMYITHPOBAHHOI CBSI3H), HO MOXKET
CJIy’)KMTh YKa3aHUEM Ha TO, UTO JaHHAsI CBSI3b MPUCYTCTBYET.

Tak e, HpeIoKEHHAs MOJEIb YIPABJICHUS MPOUCXOXKICHUEM JaHHBIX, UMEET CXOXKECTh C
opraHu3aluel mpollecca nHTEerpanueil B repmuaax ETL. I'padoBas Monens n3MeHEHHH, Iekaias B
OCHOBE JTAaHHOW MOJICJH, MO3BOJICT KaK BBITIONHATH JCKOMIIO3UIIHIO 33J1a4, TaK U OPraHH30BLIBAThH
yhpaBlieHHE CaMUM MPOLECCOM M3MeHEHHs1. Torna npoiecc MOKHO OpraHu30BaTh B TPH dTama:

1. IIpemocraBiueHue HEOOXOIUMOTO CerMeHTa HHPOPMAIIUN TS PEIaKTHPOBAHUS U3 HEKOTOPOM

cpenbl (MOIb30BATENILCKOM WK IPOrpaMMHoit) (Stage -> Extract);

2. OckujaHuE BBIMOJHEHUS CPEIO BCeX HEOOXOAUMBIX M3MEHEHUHN Haj AaHHbIME (Commit ->

Transform),

3. Brmonaenue oneparuu ciusiaust (Merge -> Load) ¢ cHCTeMHO BETBbBIO.

3. PaspaboTaHHaA MHTErpMpoBaHHaA cucTema

Ha ocHoBe pa3paboranHOH Mojenu Oblla co3/[aHa CHUCTEMa WHTETPUPOBAHHOW 0OpabOTKH
uHdopmanuu o Jecax M JecHbIX pecypcax — Jlec-Sense. Llenbro cucTeMmbl SBISETCS YyIpaBlIeHHE
mporieccamu  cbopa, 00pabOTKM W HWHTETpalli JaHHBIX O JecHOM (oHIe, OOHOBISIEMBIX H
penaKTUPYEMBIX NaPaJIICIBHO.

WuTerpupoBanHy0 cucTeMa BKIIIOYAET CIIETYIONIIE OACUCTEMBI:

[Moacucremy 00paboTKH 1eCOyCTPOUTETHHON HHPOPMAITUH;

4. Tloncucremy ympaBieHus: 6a3aMu JaHHBIX;

5. Tloncucremy ynpaBieHUs: BEPCUSIMU TaHHBIX;

6. Tlomcucremy BU3yanuzauuu nHGOPMALIUH.

HaunOonee Ba)XHBIM KOMIIOHEHTOM CHCTEMBI SBISIETCS MOJCHCTEMa ympasiieHHs BepcusMu. OHa
Obula pa3paboTaHa B paMKax KOHKPETHBIX IIPOM3BOJACTBEHHBIX 3afad Kak HE3aBUCHMAas, HO
WHTErpupyemMasi cucrema. Jloruuecku nHpopManus B Hell pa3zieieHa Ha MOJENb CYyIHOCTH, MOACIb
Bepcuii u mozens apredaktoB (Pucynox 3.3). Kaxkmas Bepcus maeHTHOUIUPYETCS XIII-CYMMOH
CBOETrO COAEP)KUMOro (apTe(akToB), UMEET yKa3aHHE HA aBTOpPa M3MEHEHHMH (MM I10JIb30BaTEINs,
pabodeii rpynIbl 1 KOMIOBIOTEPA), BpeMSI BHECEHNE N3MEHEHUI

Kaxnas BeTBb JiepeBa M3MEHEHHUH NIPEJCTABIISAET COOOH HAOOP “cienKkoB” pabouero MpoCTpaHCTBA
oreparopa Ha OIpEJeNICHHbII MOMEHT BPEMEHH. DTO MOXKET OBITh pe3yJbTaT MPOCKTUPOBAHUS WIIH
pabotsl cniermanuctoB [MC. Paboyee mpocTpaHCTBO MOXKET OBITH pa3elieHO H XPAaHUTHCS Ha Pa3HBIX
KOMIIBIOTEpax, TP OTOM COXpaHss HACHTHUYHBIH Habop Berok (Pucynok 2). Takod momxox
MO3BOJISIET BECTU UCTOPHIO U3MEHEHHH M0 KaXKIOMY U3 yYaCTKOB Ha PAa3HBIX KOMIBIOTEPAX.
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PUcyHOK 2: CueHapuit ICNoNb30BaHUA cucTembl Jlec-Sense

ANTOpUTM CLIEHapHH UCIIOTIB30BAHMS CUCTEMBI CIIECAYIOLIHI:

Orneparop BbIIOIHSACT Staging onepanuro A1t CBOEro padoyero mpoCTpaHCTBaA.

7. Cucrema BbinonHser omnepauuio pull tree u cpaBHMBaeT JOKanbHBIN rpad H3MEHEHHIH
TOJIB30BATEINS C CHCTEMHBIM.

8. Ecim Bce KOppeKTHO, Omeparopy oOmeparopy Npeiaraercsi HpeaocTaBUTh HH(OpMAIHIO
(TekcToBOE COOOIIEHNE) O CYIIHOCTH BHOCMBIX M3MEHEHHH, MOKHO OCTaBHUTh ITyCTHIM.

9. Tlocrne 3TOro cUcTeMa BBITIOIHSET onepauyd Commit u push.

10. Ecnu rpadbl He coBIaaaloT, BETBU MOJIb30BATENsl NPUHUMAIOTCS KaK MOBPEXKIECHHbBIE WM
CKOMIIPOMETHPOBAHHBIE U 3aMEHSIOTCS] CHCTEMHBIMH.

11. Omepatopy NpemAOCTaBIAETCS BO3MOXHOCTh TNPHHATH pEIICHHE, MPOJOJDKUTh BHECEHHE
WM3MEHEHUI WU MPOBECTH aHAJIU3 JAHHBIX Ha MPeIMET

Takum 00pa3oM BBIMONHICTCS CHHXPOHHW3ANWS UMb rpada H3MEHEHHH C CHCTEMHBIM

peno3uTopreM, a caMH JaHHBIE MOXHO 3arpy3uTh TOJBKO TNpu Heobxomumoctu. [ms storo
WCTIONIB3YETCSI MEXaHW3M CHHXPOHHU3aIuu perno3utopueB. OH OOHOBISET CUCTEMHYIO 0a3bl C
BEPCHUSAMH, XpaHAIUXCA y UcHonHuTelei. CUCTEMHOE XpaHWIHIIE B 3TOM Ciydae sBisdercs 0a3ou
JaHHBIX BCEX W3MEHEHUI MO HWCITOJTHHUTEIISIM. HCCMOTpH Ha TO, 4YTO CaMH PEIO3UTOPUU MOTYT
XPaHUTHCS W30JIUPOBAHHO JPYr OT Apyra, HO (PYHKIHOHHPYIOT OHM B paMKaxX JIOTUKH €IUHON
CUCTEMBI KOHTPOJS BepCU. DTO TO3BOJSET JNAaHHBIE OOBEIMHATH WM HA00OPOT CErMEHTHPOBATH.
Takum 00pa3om, oriepaTop MOXKET YBHIETh PE3yJIbTaT CBOCH padOThl B MOJICUCTEME BH3YyaIH3aIUH.
Jannas moacucrema peaausoBana Ha 6asze Web-T'UIC. (PucyHok 3)
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PucyHok 3: UHTepdelic cuctemsl Jlec-Sense

Baxxnoit mpobnemoii mpu paboTe ¢ JaHHBIMA HHBEHTAPH3AIMH JIECOB, SBISIETCS MPOBEPKa HX
JOCTOBEPHOCTH. DTO MOXKET BKIIOYaTh B ceOsl CleAylolmue BUABI Pa0OT: Takcauusi JIECOB,
MMPOCKTUPOBAHUEC JICCHUYCCTB, IPOCKTUPOBAHUC LICJIICBOI'0 HA3HAUCHUA U 00060 3alllUTHBIX Y4aCTKOB
(IH u O3Y), Hay49HO-HCCIIEeI0BATETHCKUE PAOOTHI.

Bonpmioii mHTEpEC mpH aHaIM3€e NPEACTABISET BO3MOXKHOCTH PACCMOTPEHHS BCEX BHIOB
apTedakTOB WM THIIOB BETBEW, KOTOPBIE €CTh B cucreMe. J{is aHanmm3a B 3TOM Kitoue TpedyeTcs
paccMoTpeTh BO3MOXKHOCTh CO3AaHUSl HamOoyiee OOLIero XpaHWJIHINA, CTPYKTypa KOTOPOTrO Obl
OIIpEIeIIsIach U3 CYLIECTBYIOIIUX B CUCTEME JaHHbIX.

CucremMa ydeta IpOHCXOXKICHHUS TTO3BOJISIET TPeo0pa3oBaTh pa3HOPOAHYIO HHPOPMAIHIO O Jiecax
W JIECHBIX pecypcax B YHU(QHIMPOBaHHBIA (opMaT — KBapTaJbHYIO ceTh. [lOCKOJBKY AaHHas
nHGOpPMaLMsl OCHOBaHA HAa PEAIBHBIX AaHHBIX, LEJIECOO0Pa3HO PACCMOTPETh BO3MOMKHOCTH €€
COTIOCTABJICHHSI [Tl OLCHKH JOCTOBEPHOCTH H BBIABICHUS CTATHCTHYCCKUX 3aKOHOMEPHOCTEH.

[
[ ry—

EE

compnns

Tyoarr
assAneal

PUCYHOK 4: pad n3meHeHUM 1 BUPTYyasbHbIA rpad M3MeHEeHU NOKBAPTaIbHO

Ha ocHoBe aHanm3a CBSI3aHHOW JUTEPATYPHI KACAIOIIETOCS aHAJIN3a KaK JIECHOM PacTUTENbHOCTH,
aHanM3a KIUMaTHYECKUX W3MEPEHUU, MOKHO BBIICIHUTH CICAYIOMHWNA THIIOBOW AJITOPUTM OICHKH
JIOCTOBEPHOCTH JIAHHBIX JISCHOTO y4YeTa MPUMEHHUTEIBHO K BO3MOXHOCTSM pa3pabOTaHHON CHCTEMBI
[15-19]:

Breibop oTanmoHHBIX y4yacTkoB: OmpenemsiroTcss YYacTKH € JOCTOBEpHOW wuH(popMmarmeH,

MOATBEPKACHHON AKCIIEPTHBIM ITyTeM. B KauecTBe 3TalOHHBIX MOTYT UCIOIB30BaThCS YUACTKU C

3apaHee 3aJI0’)KEHHBIMU TPOOHBIMH TUIOIIA ISIMHU.

12. MopenupoBanue pacrpenenieHus: Ha OCHOBE JaHHBIX OTAJIOHHBIX YYaCTKOB CTPOHUTCS

CTaTHCTHUYECKass MOJAETh pacmpeieneHus. BoO3MOXHBI Kak TapaMeTpudeckue, TaKk |

HemapaMeTpuueckue Mnoaxoisl. B paMmkax mnapaMeTpuueckoro mOIX0Ja MOXKHO IPUMEHUTh

3aKOHBI pacmpesenenus (Hampumep, HopMainbHoe, Ilyaccona), mogbupas mapaMeTphsl Ha OCHOBE

JMaHHBIX ATAJIOHHOTO ydacTka. HemapameTpwyeckuil MOAXOJl MOXET BKIIIOYAaTh HCIOIh30BAHHE

METOIOB OIIEHKH TIOTHOCTH BepositHocTH (KDE).
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13. Bribop yuacTtka ais ananuza: BeiOupaeTcs y9acTok, JaHHBIE KOTOPOTO HYKJAIOTCS B OIICHKE
JIOCTOBEPHOCTH. J{aHHBIN y4acTOK MOXKET COACPKAaTh aHOMAIMH WJIH HEJAOCTOBEPHBIEC TIaHHBIC.

14. BeluuciieHue IUIOTHOCTHM pacnpezesieHus: Vcnonb3ysi MOCTPOCHHYIO Ha Imare 2 MOJEIb,
BBIUUCIISIETCS TUIOTHOCTh paclpeieNieHus JJIsl TaHHBIX BHIOPAHHOTO yYacTKa.

15. TlocTtpoenmne Tabmumbl mMpaBAomogoOus: Jlmsd kakmoro Habopa TAaHHBIX Ha BBIOPAaHHOM
y4acTKe CTPOMTCS TaOJIMIa MPaBAONOA00Hs, OTPAKAIOIIAS BEPOSITHOCTh MPHHAIIICKHOCTH ITHX
JTAHHBIX K MOJICJIU, IOCTPOCHHOW HA OCHOBE STAJIOHHBIX YYaCTKOB.

16. OmeHka XO3SMCTBEHHOM Ba)KHOCTH M ONpeaeiacHHe PHUCKOB: OmpeaeiseTcss XO3sAHCTBCHHAS
BRXHOCTh KBapTajia (3alIUTHBIC Jieca, Jieca C PEAKHMMH TOPOJIaMHU) W OLICHUBAIOTCS PHUCKH,
CBSI3aHHBIC C HEIOCTOBEPHBIMY JJAHHBIMU JIECHOTO yUeTa.

17. TlocTpoeHune MaTpHIIBI IPHHATHS perieHuii: Ha ocHOBe TaOIUITEl MpaBIONOI00HS W OICHKH
PUCKOB CTPOMTCSA MaTpulla NPHUHATHS PEIICHUH, KOTOpas TO3BOJMT BBIOpATh ONTHMAJILHBIN
BapHaHT JCHCTBUN B 3aBUCUMOCTH OT YPOBHS JOCTOBEPHOCTH JTAHHBIX.
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4. 3aknuyeHue.

B nammoit pabore ObIa paccMOTpeHa 3a7ada CO3/JaHHsS] WHTETPUPOBAHHOW CHCTEMBI
COTIPOBOX/ICHUSI WHBEHTAapHU3allUM JIeCOB. B KadecTBe OCHOBBI CHCTEMBI ydeTa IMPOUCXOKICHUS
JaHHBIX ObUIa MpPEIJIOKEHa MOJETbh HANpaBIEHHOTO aluKIMYHOrO rpada. KoHKpeTHbIM
MPaKTUYeCKUM pElICHHEM cTaj pa3paboTaHHBI NpOTOTUN TeonMH(pOpMaIMOHHOW cuctembl Jlec-
Sense. Cucrema ucnomnb3yeT rpad U3MEHEHMH Kak AJIs aHaJ|3a XO0Aa BBIOJIHEHUs padoT, Tak W Ui
peaM3allid  MEXaHU3Ma CHHXPOHM3allMM M3MEHEHMH MEXIy HCIHOIHHUTEISIMA. bBBUTO Takxke
MMOKAa3aHO, KaK JAHHYIO CHCTEMY MOKHO PacIIMPHUTh JUIS pealn3ali MeXaHu3Ma KOHTPOJIS KadecTBa
JNaHHBIX. JlanpHelme ucciegoBaHus MOTYT OBITH CBSI3aHBI ¢ 0Oosiee JeTalbHBIM M3YYEHHEM BHIOB
JaHHBIX, UX OPTaHU3ALMHU B BETBAX rpada U BBISIBICHUEM POOJIeM, BOSHUKAIOMIMX MPU MX CIUSIHUU.
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MpobnemHO-OpMEHTUPOBAHHAA cpepa ANA CO34aHUA CUCTEM
NoAAEPKU NPUHATUA peLleHUn Ha OCHOoBe Tabauy, peweHnn
Huxkura I[OpOI[HLIXI " Anekcasjp IOpI/IHI

L Unemumym Oumamuxu cucmem u meopuu ynpaénenus umenu B.M. Mampocosa CO PAH,
y. Jlepmonmosa, 134, Hpkymck, 664033, Poccus

AHHOTaumA
B pabGorte omnuceBaeTcs NpoOIEMHO-OPHEHTHPOBAHHAS Ccpela THMa MporpaMMa-
000J104Ka - iDSS.Desktop, oOecrieunBaromas BO3MOJKHOCTH CO3IaHus

MHTEIUIEKTYaIbHBIX CHUCTEM MOMJEPKKU NPHHATHS PEIICHHH AMarHOCTUYECKOTO THIIA.
Hnst GopMHpOBaHUS pEHICHWH W XpaHCHUS 3HAHWK HCHONB3YIOTCS (OPMAaIH3MEI
JIOTMYECKUX MPaBWI M NPELEICHTOB, NpeICTaBICHHbIE B (opMme TaOnuL peLieHui.
[lpuBeneHo omnmcaHWe MPOTPAMMHOW CHCTEMBI, BKJIIOYAs: OCHOBHBIE (DYHKIH;
ApXUTEKTYPY; CTPYKTYPY HCIIOIb3yEMBIX JIOTMYECKUX MPaBUI; CHOCO0B! (hOPMHUPOBAHUS
0a3 3Hanui. [IpencraBneH WILTFOCTPaTUBHBIN npuMep ucnonb3oBanus iDSS.Desktop mpu
co3ganuu npotortuna npuioxkenuss AsuaTexIlom.Tepmunan st norucka U yCcTpaHEHUs
HEeHCIpaBHOCTEHN rpakJaHCKUX BO3AYIIHBIX Cy0B Ha npumepe Cessna 182T.

Kniouesble cnosa

[IporpamMma-o000J0UKa, HHTEIUICKTyaJlbHAsE CHUCTEMa, JIMATHOCTHPOBAHUE AaBHAITHOHHBIX
CUCTEeM U KOMIUIEKCOB, TaONuIla pelieHuid, Jjorudeckue mnpasuia, iDSS.Desktop,
AsuaTexIlom.Tepmunai, Cessna

1. BeegeHue

OnHuM U3 QakTOpoB, BIUAIOMMX Ha 3(PPEKTUBHOCTD PELICHUS 3aad TEXHUUECKOW JAUarHOCTHKU
IpH TOMOIIM MPOTPAMMHBIX CHCTEM, SBJSIETCS CTEIeHb BOBJICYCHHOCTH CIEIHAUCTOB-
MIPEIMETHUKOB B MPOLECC WX CO3JaHMs WIM HACTPOMKHM (amamTali) MOJI YCJIOBHS KOHKPETHOM
mpoOiiemsl. B kadecTBe crioco0a MOBBIIICHUS BOBJICYCHHOCTH MOXET OBITh PACCMOTPEHO CO3JaHHE
NPOTPaMMHBIX PpEIIEHHH B COOTBETCTBHM C HACSIMH HampasieHus, u3BectHoro kak End-User
Development (EUD) [1-2], uw ero pa3HOBHIHOCTEW: TIPOTPAMMHPOBAHHUSI JUII KOHEYHBIX
nonb3oBareneit  (End-User Programming) u  paspaboTku  (BKIrodass MOJETHPOBAHUE H
MIPOCKTUPOBAHKE) I KOHEUHBIX Tosik3oBareneit (End-User Software Engineering). EUD npennaraer
CIIENYIOIIME OCHOBHBIE CIOCOOBI pealM3alMyd HWAed B paMKax aBTOMATW3allMM pa3padOTKu
WHTEIJUIEKTYaIbHBIX CHCTEM:!

®  CO3/aHME MHCTPYMEHTAIBHBIX CpPEACTB KOMIIOHEHTHOW COOPKH, B TOM YHCJIE Ha OCHOBE

00JJagHBIX CEPBUCOB U MX KOMMO3UIHH [3-4];

e  CO3JlaHWE CIECNUANTM3WPOBAHHBIX M MPOOIEMHO/TPEIMETHO-OPUEHTUPOBAHHBIX SI3BIKOB LIS

OTIMCAHM JIOTUKH MHTEJUIEKTYaJIbHBIX CHCTEM [5-6];

®  CO3/laHWE CpPEJCTB MPOTPaMMHPOBAHMSA, B TOM UHCIIE OCHOBAHHBIX Ha MPHUHIIHAIAX

UHTEJUICKTYaIIbHOTO HHTepdeiica, madioHax, MacTepax U MOJAEIBHBIX TpaHchopManusx [6-8];

e  Co3JaHue M1a0JIOHOB MPOSKTUPOBAHUS M OHTOJIOTHIA [5, 9];
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®  CO3JIaHKME METOJIOB, 00ECIICUNBAIONINX UCTIOJIB30BAHUE PA3TUYHBIX UCTOYHUKOB HH(MOPMAIUH

(2TIeKTpOHHBIX TAOJIMIl, TEKCTOB, 0a3 MaHHBIX, KOHIECNITYaJIbHBIX MOZENEH) B KOHTEKCTE

napagurMel OOJIBIIUX NaHHBIX [7, 9, 10].

Peamuzys psin manpasnenwnii EUD, aBTopamu Oblta mpeioxkeHa TexHoyorus [6, 11] moctpoenus
MPOTOTHUITOB 0a3 3HAHWI WHTEIUICKTYAIBHBIX CHCTEM Ha OCHOBE MOJCIBHBIX TpaHCchopmanuit
KOHIICTITYJIbHBIX (MH(QOPMAIMOHHBIX) Mojenei. B manHON paboTe MpeacTaBiIeHO MPOTPaMMHOE
WHCTPYMEHTAIBHOE CPEJICTBO TEXHOJIOTHM — NpOOJIeMHO-OpUeHTHpoBaHHas cpena iDSS.Desktop
THIIA TIPOTPaMMa-00010YKa ISl TOCTPOCHHSI HACTOJBHBIX HHTEIUICKTYaJIbHBIX CHCTEM TOICPKKH
MPUHATUS PEIICHUH IUarHocTHYeckoro tuma [12], ocHOBaHHas Ha CIIOCOOE MOMAETHPOBAHHS W
WCIIOJIL30BaHUS TIPEJIMETHBIX 3HAHUN B QopmMe Tabmuil pemennid. Beibop GopMbl TabmuIl penieHui
[13] oOycrmoBiieH WX HAINSATHOCTBIO, a TMPH HAIUYUKM COOTBETCTBYIOIIETO WHCTPYMEHTApHS
(mammpumep, «CUMIIP-2015» [14], «[TPOBA3» [15] u np.) U HpOCTOTONH HCIOJIB30BAHUS, YTO
BBITOJHO WX OTJIMYAeT OT BU3YAIBHBIX MPEIMETHO/TMPOOIEMHO-OPUEHTUPOBAHHBIX SI3BIKOB. Takxke
HEOO0XOJUMO OTMETHTh MHEPCHEKTHUBHOCTh KCIOJL30BAHUS TAOJMI[ PEIICHUHN Ui MOCTPOSHUs 0a3
3HaHUN MHTEJUIEKTYyalIbHBIX aCCUCTEHTOB W 4aT-00ToB [16]. Takum 0Opa3om, OCHOBHOE Ha3HAYEHUE
iDSS.Desktop — co3naHue WHTEINCKTYalIbHBIX CHUCTEM, PEATU3YIOIIUX TOUCK PEUICHHS Ha OCHOBE
JIOTUYECKUX TIPaBWII (TIPOAYKINI), KOTOpPHIE, B CBOIO OYEpeNlb, OMHMCHIBAIOT B3aMMOCBSI3H MEXIY
BHCIIHUMHU TPOSIBJICHUSIMU HEUCIPABHOCTEH W MPUYMHAMH WX BO3HHUKHOBEHHUS, NPUYMHAMH U
MepompuATUsIMHU  (OrlepanusaMu, paboTamMH) IO WX JIOKANM3allH, a TaKke MPereleHTHl,
(uKcupyroIIye Mo100HbIE HEUCTIPABHOCTH B TIPOIILIOM.

2. NMpobnemHO-OpUEeHTUPOBAHHAA cpeaa
2.1. WUcnonb3lyemasn cneymanmsauma Tabauy peweHumi

Tabnuibl pemeHuil OTHOCATCS K HM3BECTHBIM CIIOCO0AM TPEACTABICHUS NPEAMETHBIX 3HAHHA,
KOTOpBIA, B TOM YHCIE, IMOJIB3YETCS MOIMYJISIPHOCTBIO y CHEIHATHUCTOB-IIPEIMETHHKOB Onaromaps
cBOel mpocToTe U HarnsaHocTH. [Ipu 3ToM nmpuMmeHsieTcs Kak ux kiaccudeckas Gopma [13, 17], Tak u
ee Moaudukanuu, Hanpumep, eXtended Tabular Trees (XTT2) [18]. B manHo#i paboTe UCIONB3yeTCs
Moaudukanus u3 [19], obecreunBaromas:

e  BBIJENIEHNE 3aBUCUMBIX CTOJIOIIOB CHMBOJIOM «#»;

e  BO3MOXHOCTH 3aJlaHHsS OJHOYPOBHEBOW HEpapXuWU B YCIOBHAX «IUIOCKUX» CSV-rabmun

IyTeM YKa3aHWs COCTABHBIX MMEH CTOJIOIOB, BKJFOYAIOIIMX HMMS CYIIHOCTH (MJIM UMS Klacca

CYLTHOCTEH) 1 HaUMEHOBaHHE €€ CBOMCTBA, C MOMOIIIBIO Pa3JICIIUTENS «:);

®  KCMOJIb30BaHME TPOM3BOJIGHBIX 3HAUYCHUH B KadecTBE 3HAYCHUH SYEeK, a HE TOJBKO

YKa3bIBAIOIINX Ha HAJMYWE WM OTCYTCTBHE OIMPEIEIIEHHOTO CBOHCTBA (KOMIIOHEHTA) B CTPYKTYpe

npaswia (na/aer wim 0/1).

2.2. OcHoBHble QYHKLMU, AapXUTEKTYpa U 0COBEeHHOCTU peannsauum

[IpobneMHO-OpHEeHTHPOBaHHAS CpEAa Peann3yeT CIeAYIONe OCHOBHbBIE (DYHKIHU:
e  BBoj nHpopmarmy B TaOJIHUIIEI pENICHUH ONPeIeIEHHON CTPYKTYPHI, B 4aCTHOCTH O:
a. TIPOABJIICHUAX HeHCHpaBHOCTefI 1 BO3MOYKHBIX OTKa3aBIIMX CUCTEMaAx,
b. TpOSBIIEHUSX HEHCIPABHOCTEH M MEPOIPHSATHAX (OTIEpaInsiX);
C. TPOU3OILIEAIINX paHee OTKa3ax (OIBIT IKCILTyaTallun).
[owuck perieHst HA OCHOBE JIOTHYECKUX MTPABHIL.
[Touck perreHus Mo npereIeHTaMm.
®opmHupoBaHHUE ¥ KOHTPOJIb IJIaHA YCTPAHEHUST HEUCIIPABHOCTH (0TKAa3a).
DOopMHUPOBaAHUE CIIENUATIU3UPOBAHHBIX OTUETOB.
ApxuTekTypa, oOecreurBaromas pealu3aluio yKa3aHHBIX (QYHKIUH, BKIIIOYAET CIEIYIOIINe
MOJTYJIH:
®  [OJCHCTEMY YIPAaBJICHUs JaHHBIMU, PCATU3YIOIIYIO B3aUMOJICHCTBHE ¢ Ta0JIUIIaMK PELICHUN
(mocTyn Kk HMUM B TIpoIlecC€ WX WHTEPNPETAIMH W IOWICKAa PemieHHs) M KOH(PUTYpalluOHHBIMH
¢aitnamu;
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e [QoAcHCTeMy TreHepauuu Tpaduyeckoro wuHTepdeiica monp3oBatens, (OPMHUPYIOILYIO

OTJICTIbHBIC DJIEMCHTBI YIPABICHUSA JUIS BBOAAa HWHGOPMAIMM O BHEHNIHHX MPOSBICHUIX

HEUCIPABHOCTH (0TKa3a), a TAK)KE 0TOOpaKCHHUS PE3yJIbTaTOR;

®  TMOJCHCTEMY TOAJICPKKH IMOWCKA U YCTPAHECHUS HEUCIPABHOCTEH, BKIIIOYAs MOIYIH IS

MIOMCKA PEIICHUs] Ha OCHOBE JIOTUYECKUX TIPABUII U MPELEACHTOB;

®  pEAaKTOp Ta0JIUI| pEHICHUH;

e  MOJIyJb F€HEpali OTYETOB IO paboTaMm.

[IporpammMHas peanu3aimsi ocyliecTBlieHa B cpene Lazarus, aisi XpaHEeHUs JaHHBIX W 3HAHWUH B
(dopme Tabnun pemiennit ucnomnb3yercs popmar CSV.

2.3. CrpyKTypa Tabnuy peweHunit n cnocobbl nx popmupoBaHma

iDSS.Desktop npeamnonaraeT HCHONb30BaHKUE TAOIUI] PELLICHUH, ONMCHIBAIOIINX

®  3aBHUCHMOCTHU MEXAY BHELIHUMH IPOSIBICHUIMHU HEUCIIPABHOCTHU (OTKAa3a) U ONpeeICHHBIMU

CHCTEMaMH — TIpaBHJia TUIA IIPOSIBICHUE-CUCTEMAy;

®  [OCIEAOBATENbHOCTH omepauuii (paboT) MO yCTpaHEHHIO HEUcCHpaBHOCTEH (OTKa30B) —

TIpaBuiIa THITA «paboTa-padoTay;

e  3aUKCUPOBaHHbBIC paHEEC HEUCIPABHOCTH (TIPEICICHTHI).

IIpu sTOM cpema obecrmiednBaeT HHTEPIIPETAIHMIO TAOJIUI] ¢ TPOU3BOJBLHBEIM HAOOpOM IOJICH,
yIIOBIIETBOPSIOUINX CIEAYIOIIMM OTPaHHYCHHUSIM:

e  0o0s3aTeNbHOE HANIMYME TIOJNIEH C TPU3HAKOM-CHMBOJIOM «#», 0003HAuYalomUM MOJIs

(cBoiicTBa), (hopMHUpyIONIHE KOHCEKBEHT (IEHCTBHE) JIOTWYSCKUX TPABHI M YaCTh «PEIICHUE)

MIPELEICHTOB;

e  COBMaJEHUE XOTA OBl YacTH MOJEH aHTeueAeHTa (YCJIOBHS) JIOTHUYECKUX IMPaBHI U HacCTH

«onucaHue NpoOIeMbD» TMpeleAeHTa, YTO HEOOXOAUMO Ul TIOMCKA PEIeHUs 10 OJHMHAKOBOMY

Ha0Opy BHELIHUX MPOSBICHUH WM AUATHOCTUYECKUX NPU3HAKOB, POPMUPYIOIINX KOHTEKCT;

e  00s3aTelbHOE HaJIM4Ke MOJICH: «Pabota::HaumeHnosanue»/«HanumeHoBaHue,

«Pabora::Pesynbramy/«Pesynsrarty, «#Pabota::HanMeHoBanmne»/«#HanumeHnoBanne» B CTPYKType

npaBmI  «paboTa-paboTa», COCTaB OCTAILHBIX IOJICH, OOpa3yIOIMMX KOHTEKCT TPUMEHEHHS

MpaBua, BAPHATUBCH.

Jist HaroJTHEeHUs! TaOJHII PEelIeHUI JaHHBIMU M 3HAHHSMH HCIIOJIb30BANCH CIIEYIONINE CIIOCOOBI:

1. Hcnonp3oBanue TabmiaHoro pepakropa Microsoft Excel, crmoco6 xapakrepusyercst 601bpIuM

KOJIMYECTBOM OIIMOOK, OOYCIIOBIICHHBIX PYYHBIM BBOJIOM JIAHHBIX.

2. Hcnonb3oBaHHe perakTopa NpoAyKUHMOHHBIX 0a3 3HaHui Personal Knowledge Base Designer

(PKBD) [20], moaaep KuBaroiero mpuHINITB MOACIFHO-OPUECHTHPOBAHHOM pazpaborku. Crocod

oOmagaer OonpIIel TPYJOEMKOCTBIO B 4YacTH (OpMalM3allMdl Pa3BETBICHHBIX CLEHAPHUEB

onepaui.

3. Hcnonb3zoBaHue BCTPOEHHOTO penakTopa TabIUI] peLIeHH. Bnaronaps

CTIeIUATN3UPOBAHHBIM (QYHKIUSAM (KOPPEKIHs TaHHBIX, TMPOBEPKa IEIOCTHOCTH, KOMHUPOBAHUE,

BBOJ J@HHBIX VIS NPOAOJDKEHHUS LETIOYKH NPaBUil, 0TOOpaXKeHNE LETIOUKH MPaBuil, OTOOpakeHe

CIIEYIOIETO MPaBHia) CIOCco0 XapaKTepU3yeTcss MEHBIINM KOJMYECTBOM OIIHOOK.

4. Hcnonnr3oBaHne BeO-OPHEHTHPOBAHHOW mporpaMMHO# cuctembl Knowledge Modeling

System (KMS) [21], a uMeHHO, pefjakTopa JuarpamMmm Mepexoi0B COCTOSHUIM.

Ha ocHoBe ombiTa IpUMEHEHHUs pa3HbIX CIIOCOO0OB OBbLI CAENAH BBIBOJ, YTO HcIob3oBaHne KMS
MEPCIEKTUBHO MPU HEOOXOIUMOCTH MOJEIHPOBAHUS CLEHApUEB (LETOYEK MPAaBMIl), OIMHCHIBAIOLINX
Pa3BETBIICHHBIE IIOCJIEA0BATEIBHOCTHU OIIEPALIMA CO CIOXKHBIMU YCIOBUSIMH IIEPEXOJIOB.

3. UnnocTpaTUBHbIM Nnpumep NpUMMeHeHUn

OnHUM ¥3 TpPUMEpPOB MPHMEHEHWS H anpoOald WHCTPYMEHTAILHOW CpeNbl  SIBISIETCS
BBINOJIHEHUE paboT 1o npoekty donna noanepxku nHHoBanwi (3asBka C1M-301071) u komnanuu
AJIbBTANP-UN uens xoToporo — paspaboTka mportoTuma nporpammbl «ABmaTlexIlom» [22] mns
00y4YeHUs] W HUHTEIUIEKTYaJIbHONH NOANEPKKH HPUHATHSA OIEPAaTHBHBIX PEIIEHUH TEXHUKOM IIpH
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JTUArHOCTUPOBAaHUH U 00CTyXUBaHUH Bo3ayImHOTO cynHa. C momombto iDSS.Desktop Obut cozman
HacTonbHEI  BapuaHT cuctembl ABualexllom —  ABumaTexlIlom.Tepmumuan. Ilpm 3TOM
paccMaTpUBaIMCh HECKOJIBKO LENEeBBIX THUIOB BO3AyIIHbIX cynoB: Cyxoit Cynepmxer (RRJ-95) u
Cessna 182T.

B xadecTBe MCXOMHBIX JaHHBIX MCHOJIH30BAINCH TEXHUYECKHE PYKOBOJCTBA MO JKCIUTyaTallMHd H
MIOUCKY U YCTpPaHEHHWIO HeucmnpaBHOCTeH [23, 24]. Ins cucremMbl KOHAMIIMOHUPOBAHHS BO3ayXa
Cessna 182T pa3paboTaHHBIH cerMeHT 0a3bl 3HAHHMH coaepkan 23 3amuch B TaOIHIE pEIICHHH
«TIpOsIBIICHHE-CHCTEMa» M 52 — «paboTa-pabota». [Ipu pemenun momoOHoW 3amaum it Cyxoit
CynepmkeT Ui cuCTeM KOHIWIMOHWPOBAHUSA BO3AyXa M IIEKTPOCHAOKEHHS CErMEHTHI COCTABHIIU
178, 687 u 173, 828 3ammcell COOTBETCTBEHHO.

Ha pucynke 1 npuBeaeHsl mpuMepsl SKpaHHBIX (DOPM CPeAbl/TTPOTOTHIIA TIPUIIOKEHHS, & UMEHHO:
(1) ocHOBHOII 3KpaH C BBEICHHBIMH BHEITHUMU MPOSBICHUSAMH HEUCIPABHOCTH (MCXOAHBIC JaHHBIE)
W pe3yJbTaTaMd TIOWCKAa NPWYMH HEUCIPABHOCTH HAa OCHOBE JIOTMYECKHX MpPaBHI (COTJIACHO
JOKYMEHTaluu) B GopMe BO3MOXKHBIX MPUYUH U MEPEUHS MEPONIPHUATHIA; (2) BCTPOSHHBIH PEOaKkTop
TaOMNHII pereHuit; (3) menovyka BBIIOJIHEHHST MEPOTIPUATH (OTiepartuii).

¥ iDSS.Desktop :: AemaTexMom.Tepmunan m - O X
Pabora c aaHHbIMK  Beibop pexwvma pabotel  flononHenus O nporpamme
www.knowledge-core.ru ,L M paboThi: NOKANLHBIA L-
a0 MNoaks K CepBHCy A oTCyTCTBYET
AsuaTexMNMom.Tepmunan
. F10| & [BC
iDSS.Desktop v.2.2024.0128.10 I LE IS8 =+
WoxoaHele aaHHbie: Paborer:
Cessna182T[ru] ~ | | CUCTEMA KOHAWLUWOHWUPOBAHWA BO3/1YXA v O6wmit cnncok (7)  MocnenosatensHOCTs BLINOAHEHUS
HewmcnpasHocTe: ~ N Haumenosanve
v Mpwu3snak-1: | NOYTA HET XNAJIATEHTA v 1 HemeanenHo ocraHoenTs KOMNpeccop
Mpusnak-2: | - 2 MNpoeepuTh repMeTHYHOCTL
v J\aBneHve BcacbiBaHUA: | CUNBHO HXE HOPMbI v 3 Paarpyauts cuctemy
4 YcTpaHuTs yTeuky (1
Aasnenne Ha Bbixoge: | (1% P TS
5 Mpu HeobXOAMMOCTH 3aMEHWTL HOCHTENb/OCYLIMTENb
Q). Nowucxk npuunn Hencnpasnoctn | ® |6 lpoeepuTs ypoBeHs Macna
7 W3Bneub u noasapaavTe cuctemy
Bo3moxHbie NpuumrHbI:
CornacHo pokymenTaumm (3) Mo npeueaentam (0)
N Mpuuxa llokymenTaums O6wwmii cnucok (7)  MocneaosaTtenbHOCTL BLINOAHEHNA
1 Cepuesuan yTeuka xnaparesta 21-50-00-103 N HavMeHoBaHWe Pe3synstar
1 [ HemeaneHHO OCTAHOBMTL KOMNpeccop) ~ | Beinoanexo
2 BHYTDEHHAA HEMCNPABHOCTL B KOMNPECCOPe MK 21-50-00-105
NoBPeX/AeHHaA NPOKNAKa U KNanaH 2 MpoBepuTs repMeTHYHOCTE Buinonueno
; X _ 3 Pazrpysunts cucremy BrinonxeHo
'& iDSS.Desktop :: AsnaTexlom.Tepmunan :: Peaaktop Tabnuu pewenwii 1
4 YcrpauuTe yreuky (u) Beinonuexo
Penaktop Tabanu peweHwit T
. BeinonxeHo
5 | Mpu HeoBXOAMMOCTH 3aMeHNTL HOCUTeAL/OCYLIMTENL
Pabota
ID [
Npu3nax-1 MNpushax-2 Cucrema JloxymenTauma H{ & NpoeepuTs ypoBeHs Macia | Beinonnero
. . . ‘ W3Bneus u Noa3apaanTL cuctemy
¥ 9 Heaocratounce = CHCTEMA paboTLI BLINONHEHL], HAXMUTE CIOAA, YTODLI CO34aTh NpeLeaeHT
@ HEWCMPABHBIA = PP
41 R oxnaxaerme. Ha KOHAWLIMOHUPOBAHWA 21-50-00-105 Pa3rpyuTs cucTemy BoinoAneno -
o CMOTPOBOM CTexne BO3/YXA Ll siens
HEMCNPABHBIA H SHCRMA C o
P enocTaTouroe KOHAMLIAOHHPOBAHUA 51.50-00-105 HATH M NPOBEPHTD [ TPEMOHTMPOBATS MM
KOMMPECCOP oxnaxaeHme o5 KoMnpeccop 3JAMEHUTE KOMNpPECcop
ALYXA
. 5 CHCTEMA
43 HEWCNPABHBIA Heaocratounoe KOHAWLIVMOHUPOBAHUA 31-50-00-105 OTPEMOHTHPOBATE MAK B MposepeTe yposetn
KOMMPECCOP oxnaxaeHHe 33MEHITE KOMMPECCOp macra
BO3AYXA o
Mpuumne [23]  Paboter [52]  MpeuenewTs: [2]
m Orobpaxars | 10 | sanucelt va skpave |4 P Mepeituk | 10 | samen T |6 3|l¢ C b3 Pa +

PUCYHOK 1: 9KpaHHble popMbl cpeabl/npoToTUMNa NPUIOKEHUA

4. 3aknwuyeHue

B pabore paccmarpuBaercsi TpOOJEMHO-OPHEHTHPOBAaHHAs ~ WHCTPyMEHTAlbHAs  cpena
iDSS.Desktop  Tuma  «oOonoyka»,  TpenHa3HadeHHas  JJII  T[OCTPOCHUS  HACTOJBHBIX
MHTEIUIEKTYaJIbHBIX ~ JMArHOCTMYECKMX CHUCTeM IOJICPXKKH TmpuHATHA  pemenuid. Cpena
nojepxkuBaer npuHmunel EUD, peamuszyemble dYepe3 HMHTEpIpeTalnio TaONHIl pElICHUH |
TeHepaluio 3JIEMEHTOB uHTepdeiica moip3oBarens. s peqakTHPOBaHHS TAaOIHIl PEIICHUH MOTYT
OBITh MCIIOJIb30BaHbI KaK TaOJUUYHBIC PelakTopbl, B uacTHOCTH, Microsoft Excel u LibreOffice Calc, a



Takke aBTopckui mHcTpyMeHTapuid: PKBD, KMS u BcTpoenHsIi pegakTop. s moncka pemeHuit
HCTOJB3YIOTCS MEXaHU3MBI JIOTHYECKOTO BBIBOJIA HA OCHOBE MPOAYKLUI U TpeneneHToB. [IpuBenen
OJIMH M3 TIPUMEPOB arpodalyy B paMKax mpoekTa pa3pabotka mporpammbl «ABuaTexIlom» [22], B
paMKax KOTOpPOro IporpamMma I0Ka3ajia CBO IePCIEKTUBHOCTb.

5. bnaropgapHoctu

Pabora BhIMOMHEHAa B paMkax rociamanuss MunoOpHayku Poccum mo mpoekry «MeTonpl H
TEXHOJIOTHH OO0JauYHON CepBUC-OPUEHTUPOBAHHON 1H(POBOH IIaTGopMbl cOOpa, XpaHCHUS H
00paboTku OoybIIMX O00BEMOB pa3sHOMOPMATHBIX MEXKIUCUUIUIMHAPHBIX JTAHHBIX W 3HAHWH,
OCHOBaHHbIE€ Ha NPUMEHEHHU MCKYCCTBEHHOI'O MHTEJUIEKTa, MOJEIbHO-YIPABISIEMOro IOAXOAa M
MaIuHHOTO 00yueHus» (Ne roc. peructpanun: 121030500071-2).
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MeTtoauka popmupoBaHUA UCXOAHDbIX AAHHbIX ANA aITOPUTMOB
MaWKHHOTO o0byyeHna npu wAEHTUPUKALUUU 3S/1€eMEHTOB
naHpgwadra

Bukrop Mouanos, T Ombra ['puropseBa !

1 .
Boenno-xocmuueckas axademus umenu A.@.Mooicatickoeo, e. Cankm-Ilemep6ype, 197198, Poccus

AHHOTauuA

[pencraBiieH TUIOBON COCTAaB MCXOHBIX AaHHBIX JJIsI aITOPUTMOB MAIIMHHOTO OOY4YECHUs B
YacTH OOYYaroIUX W KOHTPOJBHBIX BBIOOpPOK. IlpemnokeHa MeToaMka OOOCHOBAHHOTO
(hopMHpOBaHUS HUCXOMHBIX TAHHBIX M MpHUMEp €€ MpaKTHYeCKo# peanu3anuu. B kauectBe
HCTOYHMKA HCXOJHBIX JAHHBIX MPHHATHI MATEPHAIbl OTEYSCTBEHHOW MYJIbTHUCICKTPAIbHON
KOCMHYeCKol cheMKH. [IpuBeieH mpuMep aBTOMATH3UPOBAHHON HMACHTU(PUKAIIMU 3JIEMEHTOB
naHamadTa ¥ YMCIOBBIC 3HAYCHHUS MMOKa3aTeNell kKauecTBa pe3yibTaToB 00pabOTKH.

Kniouesble cnosa
MynbpTHCIIEKTpaJIbHAs KOCMHYeCcKas ChEMKa, oOydaromias H KOHTpPOJIbHAs BBIOOPKH,
CEeMaHTHYECKasl CETMEHTAlUs, KadeCTBO Pe3yIbTaTOB 00paboTKH, IUppoBas kapTa

1. BeepeHue

Pa3Butre MeTOM0B aBTOMATH3MPOBAHHOW OOpPabOTKM MAHHBIX IUCTAHIIMOHHOTO 30HIUPOBAHUS
3eMiM ABJSIETCS OOHUM W3 OCHOBHBIX HalpaBJICHUH COBEPIICHCTBOBAHUSI HOBBIX MH()OPMAIIMOHHBIX
TEXHOJIOTHH, O0ECIIeUrBaIOIINX OINEPAaTUBHOE DEIICHHE aKTyaJbHBIX NpaKTHUeCKUX 3amad. Yacto
BO3HHKAaeT HEOOXOAMMOCTh HJICHTU(UKAIMA WJIM CEMAaHTHYECKOH CEerMeHTalui dJIEMEHTOB
naHmmapTa ¢ TOCHEAYIOIIMM TPEICTaBlICHHEM pe3yiabTaToB paboT B BWjae IUPPOBBIX
Tonorpau4eckux KapT MECTHOCTH. ABTOMAaTHU3MpOBaHHAs 00pabOTKa MaTEpHaJOB KOCMHYECKON
CBhEMKHU OCYIIECTBIISIETCS, KaK MPAaBHUIIO, HA OCHOBE aJITOPUTMOB MAalIMHHOTO O0YYEHHsI, B TOM YHCIIE C
WCIIOJIb30BaHHEM HEMPOCETEBBIX TEXHOJOTMHA. YCHemHas SKCIUTyaTalus aJrOPUTMOB BO MHOTOM
3aBUCUT OT MCXOAHbIX JaHHbIX (M), B cocTaB KOTOpBIX BXOJST, B YAaCTHOCTH, OOydYaroliue u
KOHTpOJIbHBIE BBIOOpKH. Bmecte ¢ Tem WJI wacto GopMupyroTcs M3 HENPOBEPEHHBIX MCTOUYHHKOB.
Kpome Toro, mHorzma cumtaercs, 4to pacmupeHue oobéma W]l MOXeT MpUBECTH K IOBBILICHHIO
Ka4yecTBa Pe3yJbTaToB 00pabOTKN MaTepHaioB ChEMKH. Takke He BCEr/ia OCYILIECTBIISIETCS KOHTPOJIb
JOCTOBEPHOCTH JAHHBIX, BXOIAIIMX KaK B 00ydaromiie, Tak 1 B KOHTposbHbIEe BbIOOpKHU. [lokazarenn
KadecTBa pe3yJIbTaTOB JKCIUIyaTalliM HEHPOHHBIX CETeld YacTO OMNpPEAESIOTCS aBTOMATHYECKH Ha
OCHOBE 3aJI0KEHHBIX B MPOTpaMMHBIE MOIYJIH aJTOpPUTMOB pacdera oOOOIIEHHBIX MOKa3aTeneil. B
JaHHOW paboTe MpeasioKeHa METOAMKA, ONMpAoUIascs KaK Ha MPOBEAEHHBIE TEOPETHUECKHE
UCCIIEIOBaHUS, TaK M Ha ONBIT peIIeHUs MNPaKTHYeCKUX 3agady oO0pabOTKM MaTepHaloB
MYJIBTHCIIEKTPAJIBHOM a’pOKOCMUYECKON ChbEMKHU. IIpencraBiieHa CTpyKTypa M OCHOBHBIE ATallbl
NPUMEHEHUS] METOAMKH, anpoOWpOBaHHOM NpW HACHTH(PHKALMU COCTOSHHS JIECHBIX MAaCCHBOB.
OO0pabaTpIBINCH MaTepHUalbl OTEYECTBEHHOM KOCMHUYECKOW CBHEMKH, BBIIIOIHEHHON C IOMOIIBIO
KocMuueckoro ammapata «Karorryc-By. O6ecrieueno Gopmuposanue M/, KoTopble MCTIOIB30BATUCH
JUTSI CEMaHTUIECKON CETMEHTAINH 3JIeMEHTOB JaHamadTa. Pe3ynpraTel ceMaHTHUECKOM cerMeHTalnn
npeAcTaBiIeHbl B BUEe GpparmenTa nudpoBoii Tornorpapuueckon KapThl.

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
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[IpoBeneHO mpeaBapUTEIIBEHOES OIICHMBAHUE IIOKA3aTeleii KadyecTBa Pe3ybTaTOB O00paldOTKU M
HAMEUYCHBI TMYTH WX YiydineHus. Pa3paboTaHHas MeETOJMKA HANpaBJicHA Ha COBEPIICHCTBOBAHUE
TEXHOJIOTHA HWCKYyCCTBEHHOTO  WHTEIUIEKTa, WMEeT BaXHOE 3HadYeHWe Tmpu  00paboTke
MPOCTPAHCTBEHHBIX MAaHHBIX W PEMIEHUH 337ad WH(GOPMAIMOHHOTO OO0ECTeYeHns B Pa3INIHBIX
00JacTSIX MPaKTUIECKON IEATEITHbHOCTH.

2. OcHOBHaA YacTb

2.1. MeToguueckuii annapart

CrpykrypHas cxema meroauku (opmupoBanus W] mwis cBéprounoit ueiiponnoit cetu (CNN)
MpuBe/ieHa Ha pUCyHKe 1.

/ 1. Bbi6Op MaTepranos ChEMKM M CLEHBI /

2. GopmupoBaHKe UCXOAHBIX AaHHbIX (M), ¢ | 7. Yrounenne cocrasa Wl
06YYaIoLLMX N KOHTPO/IbHBIX BLIGOPOK . y
A A

3. OueHViBaHWe penpe3eHTaTMBHOCTH
06Y4atOLLMX M KOHTPOIbHBIX BbIGOPOK

4, ®OPMUPOBaHHE AaHHbIX 1A NPeABapUTENLHOTO 8. Heuetkaa knacrepusauua Ui

oueHWBaHKA MHGOpMaTUBHOCTH U], A

5. NpeasaputebHOe oLeHMBaHNe
nHbopmatusHocTu U

/ 6. MpeacTaBneHne UCXOAHbIX JaHHbIX Ana CNN /

PucyHoOK 1: CTpyKTypHas cxema MeTOAMKN

Ha stame 1 omepatop ocymiecTBisieT BEIOOp CIICHBI U €€ ()parMeHTa B MPe/Ieiax yCIOBHOIO Kaapa
MaTepragoB ChEMKH C YUY&€TOM COJCpKaHHMS TPUKIATHON 3amaun. DparMeHT CIEHBI COACPKUT
MPEUMYIIECTBEHHO UACHTU(PHIIMPYEMbIE DIIEMEHTHI JTaHamadra.

Ha srtamne 2 onepatop Beioupaet MJI. CocraB UJI mist 1ByX 3ieMeHTOB jaHadra mpuBeaIeH Ha
pucynke 2. VcxomHple NaHHBIC MPEJCTABIAIOTCS B BUJEC PE3YJIBTATOB HM3MEPEHHs CIIEKTPAIBbHBIX
OTpaKaTeJIbHBIX XapaKTEPUCTHK DIIEMEHTOB JaHImadTa, HWMEIOIIUX CTPOTYI TeorpaduvecKyro
MIPHUBSI3KY.

WcxopHble aaHHble

CueHa, YacTs YCNOBHOD Kaapa — TEPPHUTODKA, | 3nemeHT nanawagra 1 I

Ha HOTOPOH PELIAETCA 33343 MAEHTHdHKALMK
3NEMEHTOR NAHAWAGTA C UIBECTHBIMM
CBOMCTBAMM, BbIGMPAETCA ONEpaTopom

A
s I\

PparmenT cyeHsbl, BeIBpaHHbIi O6y4aowan KoHTponbHan

] 1
1 I
1 1
1 1
1 I
1 I
1 I
1 1
1 1
1 1
1 1
1 ONEepaTopom, M EMELLAIOLLMIA BbiGopHa 1 enibopka 1
I TONBKO MAEHTHGUUMPYEMBIE
1 ]
1 I
1 I
1 1
1 1
1 I
1 I
1 1
1 1
1 1
1 1
1 1
-

INEMEHTBI naH,u,u.:a@Ta < O6yvatowan KoHTponbHas
H3IBECTHRIMHM CBOMCTBAMMA
sbibopKa 2 sbibopka 2

\ J
Y

JnemeHT naHawadrta 2 I

PucyHok 2: CoctaB MCXOAHbIX AaHHbIX
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Ha »tame 3 ocymectBisercs olleHUBaHWE penpe3eHTaTuBHOCTH WM/, BriOOpku cumTaroTcs
PEIIPe3eHTATUBHBIMH, €CJIM WX CTATHCTHYECKHE XapaKTePHCTHKH B YacTH CpPEIHHX 3HAUYCHHH,
JMCHEPCHU M CPEJHEKBAJPATHYHOTO OTKIOHEHHUS OTJIMYAIOTCS OT XapaKTePHCTHK T'€HEPabHOM
COBOKYITHOCTH B Mpenenax cueHbl He Oonee uyeM Ha 5%. Ilpu HEBBIOTHEHUH 3TOTO YCIOBUS
IPON3BOJUTCS YTOUHEHHE COCTAaBA NCXOHBIX JTAHHBIX.

Ha sramax 4 m 5 ocymiectBisercss (GopMHupoOBaHHE TaHHBIX M IPEABAPUTEIHHOE OICHUBAHUE
MoKa3aTelell KauecTBa pEHICHUS 3aJaud HICHTU(HUKAIMK 53JeMeHToB saHamadra. Ha ocHoBe
pe3yabpTaToB pacyeTa HHPOPMATHBHBIX HMHICKCOB WIIM OLIEHUBAEMBIX IMAPAMETPOB VIS TPaAULIMOHHBIX
QITOPUTMOB HJICHTU(PHKAIIMN CTPOSITCS THCTOTPAMMBI M C YYETOM IUIAHHPYEMOTO pa3MelIeHUs
THIIepIapaMeTpa OCYIIECTBIIETCS pacdeT 0a30BBIX W 0OOOIIECHHBIX MMOKa3aTeel KauyecTBa PEeLICHUS
3a7a49u UACHTU(GHUKAIIMK 37IeMeHTOB JaHmadra [1].

[Ipu HeBbIONHEHWU TpeOOBaHWN TO WHGPOPMATUBHOCTH HA dTane 8 BBINONHSACTCA ONepanus
KOppeKTHPOBKHU W] ¢ MOMOIIBI0 MaTeMaTHIECKOro anmapara Heuétkoii kiactepusanuu (FCM) [2].

2.2. T[pumep peanusaumum mMeToaUKU

Metoauka anpoOupoBaHa Ha npumepe GopmupoBanus M/ 1 naeHTHPHUKAIUU TPEX 3JIEMEHTOB
nanmmadTa B Ipelerax CLEHbl, NPUBEJCHHOW Ha pucyHKe 3. PaccmaTpuBaroTcs MaTepHaibl

MYJBTUCIEKTPAIILHOW KOCMHYECKON CHEMKH, BBINOJHEHHOW C MOMOLIBIO KOCMHYECKOrO ammapaTa
«Kanomyc-B» KV5_20109_19337_03_KANOPUS_20220812_081812_081849.SCN12.MS.L2.

P A
.

”
P
1
b
B
1
b
11
P
P
B
!

IVTTVVID
SPTDIVDTS

Bl

R I

A -;{,.,,,L ;

S

d) €) 9)
PucyHok 3 Mpumep GopMMpPOBaHMA UCXOAHbIX AAHHbBIX U pe3ybTaTbl UAEHTUPUKALMM I/1EMEHTOB
naHpwadTa: a) YacTb YC/NOBHOrO Kagpa MmaTepuanoB CbEMKM; b) cueHa; c) ucxogHble AaHHble,
cbopmnpoBaHHble onepaTopom; d) pe3ynbTaTbl Ha3eMHbIX 06CNefOBaHMI A/ CEMAHTUYECKOrO
onucaHusa 3/1EMEeHTOB  JlaHAWadTa; e) pesynbTaTtbl naeHTudrKaumm 3/1IEMEHTOB
naHawadta;g) pparmeHT Tonorpaduyeckon KapTbl cueHbl. Ludpamu Ha pucyHKe 0603HaYeHbl
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371eMeHTbl faHawadTa € YyCNOBHBIMM HauMeHoBaHUAMMK: 1 - pegKosiecbe; 2 - MOLWHBIA fec; 3 -
nonsHa.

Ha osrame 3 nmpoBemeHa mpoBepka penpe3eHtatuBHoctd MJI, koropas moxaszana
VIIOBICTBOPHUTENLHBIC pE3yJbTaThl. [Ipy 3TOM pasMep KaKAOH BBIOOPKHM HMCXOJHBIX JIAHHBIX
cocrtapysieT 80 eauHMUI (TUKCEIEeH ).

Ha »oramax 4 wu 5 mnpoBeAeHO mNOpeaBapUTENbHOE OICHUBAHUME KadecTBa Pe3yJIbTaTOB
UACHTHU(HUKAIUH IeMeHTOB Nanamadra. [JJis 3TOro mocTpoeHbl TUCTOTPAMMBI, TIPE/ICTABICHHBIC Ha
pUCcyHKe 4, OTpaxalollue pa3MelleHHe IUKCeNlell M3 cocTaBa WCXOJHBIX B 3aBUCHMOCTH OT
cnekrpansHoro uHaekca NDVI [3], xapakTepu3yroniero cocTossHUEe PacTUTEIBHOCTH.

60 MpensaputencHblie AaHHbIE 57 80 YTOYHEHHbIE AaHHble Nocae NPUMeHeHuA
FCM o
70
50 46
38 60
40 . "
38
30 40
20 19 16 30
15
10 12 20 158
10 6 6 7 10 1
5 10 5 ; 6 5
I 2 1
0 l o 0 [ — |
0,2 0,3 0,4 0,5 0,6 0.2 03 04 0,5 06
B Peakonecbe M MoulHbINM nec MonaHa M Peakonecbe FCM B MolwHbiii nec FCM MNonana FCM

PUCYHOK 4 [1cTorpammbl Ans pacyeTa 6a30Bbix NOKa3aTeieil KayecTBa pesynbTaToB MAEHTUOUKALMM
3/1eMEHTOB NlaHAawadTa: cnesa — Ha OCHOBE NpeABapUTENbHOTO GOPMUPOBAHMUA UCXOAHBIX AAHHbIX;
cnpaea — noc/ie NPUMeHeHNa MmaTeMaTUUYeCcKoro annapata He4YéTkol Kknactepusaumm (FCM). Mo ocu
abcumcc oTNOXeHbl 3HayeHMa uHAekca NDVI, nmo ocu opaMHaT — KO/MYECTBO NUKcenew,
XapPaKTePU3YIOLIMXCA COOTBETCTBYIOWMM 3Ha4yeHMeM WHAeKca. KpacHolt nuMHuelr 0603HayYeHo
3HayeHwue rnepnapameTpa, HasHayaemoe onepaTopom.

B xome anamm3a rucTorpaMM TONY4YEHBI MPEIBAPHUTEIbHBIE OIEHKA 0a30BBIX M OOOOIIEHHBIX
MOKa3aTeNiell KauecTBa pe3ysIbTaToB WaeHTH(HUKaK. 3HAYeHHs TToKa3aTelell MpUBEICHBI B TaOIuUIle
1. AHamu3 >THUX MoOKa3areyedl MO3BOJIMI CHENIaTh BBIBOJ O HEOOXOAMMOCTH IIOBBIIIEHHS KadecTBa
pe3ynbTaToOB WACHTU(UKAIINN 3JIEMEHTOB JaHAmadTa myTéM YTOYHEHHS COCTaBa MCXOIHBIX JaHHBIX
HAa OCHOBE IIPUMEHEHWS MaTEeMaTHYeCKOro ammapara HEeu€TKOM Kiactepu3anuu. Pe3ynbrarsl
yrouHenus ]I oToOpakeHbl Ha PUCYHKE 5.

M3MeHeHWe KONMYEeCTBEHHOrO COCTaBa UCXOAHbIX
[AaHHbIX B pe3y/ibTaTe NPUMEHEHUA MAaTEMATUYECKOTO
annaparta FCM

100
) I I I
0

Pepkonecbe MoLwHbIN nec MonaHa

W o gaHHbIM onepatopa M FCM
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PUCYHOK 5 Pe3ynbTaTbl YTOYHEHMA COCTaBa WMCXOAHbIX AaHHbIX MocAe NPUMEHEHUA anropuTma
HeYéTKoM Knacrepmsauunu (FCM).

B pe3ynbTare yrouyHeHHs COCTaBa MCXOIHBIX JaHHBIX YIYUIIUIUCH MPEIBAPUTCIbHBIC 3HAUCHUS
0000IIEHHBIX TIOKa3aTelleil KauecTBa pe3yNbTaTOB HACHTH(PHUKAIMK pPacCMATPUBACMBIX 3JIEMEHTOB
nanamadTa.

Tabnuua 1

MokasaTenu npeaBapuTeNbHOrO OLLEHMBAHUA KayecTBa pes3ynbTaToB WUAEHTUDUKALUKM 3/1eMeHTOB
naHawadTa C yCNOBHbIMM HAaUMEHOBAHUAMM «NOMAHA» - KMOLLHbIA /IEC» Ha OCHOBE WMCXOAHbIX
OaHHbIX, CPOPMUPOBaHHbIX OMNepaTopoMm M Nocsie NPMMEHeHUA MmaTemaTmyeckoro annapata FCM

TP FP TN FN OA
Ornepatop 54 7 73 26 0,79
FCM 54 1 62 16 0,87

B Tabnnue npuHATH ciaeayronme 0003HaueHus:

TP (True Positive) - KOIMYECTBO MNHKCEJIEH, MPEACTABISIONUX ICHCTBUTEIBLHO
IIOJISTHY»,

FP (False Positive) - koqiuecTBO MUKCENCH, MPEACTABISIONIMX OIHO0YHO IIOJISTHY;

TN (True Negative) - KOJIMYECTBO WHKCEICH, MNPEACTABISIONIMX JCHCTBUTEIBHO

«MOIIHBIH JIECH;

FN (False Negative) - konu4ecTBO MUKCENEH, MPEACTABISIONIMX OMIMOOYHO «MOIIHBIH
necy;

OA (Overall Accuracy) — o0000ImICHHBIH TIOKa3aTelb, KadyecTBa pPe3y/IbTaTOB
UICHTU(DUKAIINH, PACCUUTHIBACMBIH 110 hopmye:

(TP+TN) (1)

0A = .
(TP + FP + TN + FN)

3. 3aknoueHue

PazpaGorannass meTtoanka NO3BOJIIET C(HOPMHUPOBATH HMCXOIHBIE MaHHBIE ISl aJrOPUTMOB
MAIIMHHOTO O0O0yuYeHHs ¢ oO0eclieYeHHUEeM: pEeNpe3eHTATUBHOCTH 00BbEMa HWCXOJHBIX JaHHBIX;
BO3MOXHOCTH TPEBAPUTEIHHOTO OIIEHMBAHUSI KayecTBA PE3YJIbTATOB HMICHTU(PHUKAINK 3IEMEHTOB
nasgmagdTa Ha OCHOBE C(HOPMHUPOBAHHBIX BBIOOPOK; BO3MOKHOCTH YTOYHEHHSI COCTaBa MCXOIHBIX
JaHHBIX.

4, Cnucok nutepartypbl
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UccnepoBaHne BAUAHUA T[PO30BbIX ABNIEHUA Ha JNeCHble

noXXapbl Ha OCHOBE meToA40B MAalUMHHOIO OGVHEHMR
[Omus IlecToBa 1’2, Onbra Hukomaiayk 1’2, Sna BeTBI/ILIKasI1

! HUpkymcexuii eocyoapemeennwiii ynusepcumem, Poccus, 66400, 2. HUpxymck, yr. Kapna Mapxca 1
Hucmumym oOunamuku cucmem u meopuu ynpaeienusi um. B.M. Mampocosa Cubupcroco omoenenus
Poccuiickoii akaoemuu nayk, Poccus, 664033, e. Upxkymck, ya. Jlepmonmosa, 134

AHHOTauuA

HccnenoBanue MOCBSAIIEHO aHATN3Y BIMSHHSA T'PO3OBBHIX SBJICHHWI Ha PHCK BOSHUKHOBEHUS
JIECHBIX II0KapoB C JHCIONb30BAHHEM METOAOB MamMHHOrO o00ydenus. IIpoBenmeHo
COIIOCTaBJICHHE JIAHHBIX O TPO3ax W JIECHBIX Nokapax B VpkyTckoil obnactu 3a mepuox c
2011 mo 2023 rox ¢ mpuMeHeHHeM anroputMa ompkaiimero cocena KD Tree. ITokazaHo, uto
BKJIIOYCHUE T'PO3OBBIX MPH3HAKOB HE3HAYUTENIBHO YIy4YINAeT TOYHOCTH MPOTHO3UPOBAHHS
pHCKa, OJHAKO BEAYIIYIO POJIb WIPAIOT IOTOJHBIE YCIOBHS, IPEALISCTBYIOIINE IpO3eE.
[Nony4yeHHBIE pe3ysbTaThl MOTYT OBITH HCIIOJB30BAaHBI JJIsI COBEPLICHCTBOBAHMS MOJEIEH
HPOTHO3UPOBAHUS H IIPEAYNPEIKICHUS JICCHBIX [I0KapOB.

Kniouesble cnosa

Puck JeCHBIX II0XKapoB, CyXHe TIPO3BI, TIPO30BBIC MOXKApBl, MAIIMHHOE OOYUYEHUE,
nporuHosupoBane noxapos, KD Tree, AutoGluon

1. BeBepgeHue

JlecHple TIOKapbl OCTAIOTCS  CEPHbE3HOM  HKOJOTMYECKOH MpOOJIeMOH, MpeCTaBIISIIOIEH
3HAYUTENBHBIA PUCK JJIS1 IPUPOAHBIX SKOCHCTEM M XO3IHCTBEHHON AESITENHHOCTH deioBeka. Cpean
MPUYMH BO3HUKHOBEHMS IOKapOB, OCOOYIO POJIb UTPAlOT MOJHHEBBIC Pa3pslbl, BBHI3BIBAIOLINE 10
10% necupix moxkapoB B Poccum [1]. C pocTtom TemmepaTypbl M H3MEHEHHMEM IHUPKYISLNN
aTMocdepsl, COTNIACHO MPOTHO3aM, KOJIMYECTBO TPO30BBIX SBJIICHUH W CBSI3aHHBIX C HUMH MOKapOB B
Oommwxkaiimue roael Oyner pactu [2, 3]. Llenbio uccnenoBaHus sSBISETCS OLEHKA BIMSHHUS TPO30BBIX
MPU3HAKOB HA TOYHOCTb MOJENH NPOTHO3UPOBAHUS PHCKAa BO3HUKHOBEHMS JIECHBIX MOXAapOB C
MOMOIIBI0 MATMHHOT'O 00YYEHHSI.

2. MeTtogonorusa uccnepoBaHua U npeasaputenbHan 06paboTka AaHHbIX

B unccnenoBanum coOpanbl u 00pabOTaHBI NaHHBIE O JIECHBIX MOXKapax W rposax B MpkyTckoit
obnactu 3a mepuoxa ¢ 2011 mo 2023 rox. Mcxonnblii HabOp MaHHBIX IS MCCIEIOBAHUS CONEPIKUT
3anucd O rpo3ax, moiyueHHbix u3 apxuBa NASA GHRC (WWLLN) [4], o necHbIXx moxapax,
npepocraBienabix MKW PAH [5] u ¢usuko-reorpaduyeckux (HakTopoB TEPPUTOPHHU, BKIIOYAS:
Tonorpaduyeckre (BHICOTA, KPYTHU3HA W OPUCHTAIWS HAKIIOHA), XapPaKTEPUCTHKU PACTUTEIHLHOTO
nokpoga [6] u mereoposnornueckue dakropsr [7, 8].

Ha atame 0o0paboTKM JaHHBIX MPOBEACHA IMPOCTPAHCTBEHHO-BpEMEHHAs (PHIIbTpAIUs JaHHBIX O
Mo’kapax, reHepals «He MOKaPHBIX» COOBITHI B PABHOM COOTHOIICHUU C 00pa3llaMH «II0KapHBIX)
COOBITHM, ¥ UX arperupoBaHKE C METEOPOJIOTHYECKUMH MOKa3aTesIMH 3a mepuojsl 3, 7 u 14 gHei.
B pesyinbTaTe ObLI MONTy4eH HA0OP JaHHBIX O COOBITHSAX C YUE€TOM ITPOCTPAHCTBEHHBIX XapaKTEPUCTHK
TEPPUTOPUU U METEOPOJOTMUYECKUX MOKa3aTelei, TakuX Kak CyMMma OCaJKOB, MaKCHUMAaJbHbIE U
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MUHHMMAJbHBIE TEMIEPAaTyphl BO3yXa, CPEAHUE MOKA3aTeNd CKOPOCTH BETPa, BIAKHOCTH BO3AYXa,
MIOYBBI M KOJIMYECTBO 3aCyIUIMBBIX THEH.

Jis mpoCTpaHCTBEHHO-BPEMEHHOTO COTOCTABICHUSI COOBITHH TOXKapOB M TPO3 HCIIOIB30BAJICS
anroput™m Ommkaiimero cocega KD Tree. KD Tree mpeacraBmsier co0oil CTPYKTYpy HaHHBIX,
OCHOBaHHYI0O Ha MHOTOMEpPHOM OwWHapHOM xaepeBe, 3(h(eKTHBHO pabOTaIONIyI0 MIPH ITOUCKE
Ommkalliux coceledl B MPOCTPAHCTBAX C YMEPEHHBIM YHMCIIOM H3MEPEHHH M MPH WCIONb30BaHHUU
CTaHJIAPTHBIX €BKIUIOBBIX METPUK. B pesynbraTe mpoBenéHHBIX 3KCIIEpUMEHTOB, anroputM KD Tree
IIPOAEMOHCTPUPOBAII BBICOKYIO CKOPOCTb PaOOThl M TOYHOCTh AJISI PELICHUS 3aa4yd CONOCTaBJICHUS
COOBITHIA MOKapOB U IPo3 B TPEXMEPHOM NPOCTPAHCTBE, HA OCHOBE reorpauueckux KOOPAMHAT U
J1aThl COOBITHH.

B nanHOM HccienoBaHMM TpO3a CUMTAETCS MPUYMHOW I0XKAapa, €CIM BBIMOJIHSIIOTCS YCIOBUS:
HaJIMYKe CyXxo rpo3sbl (mpu ocaakax menee, 4eM 0,5 MM), JUCTaHIMS 10 MOXapa MeHee 15 KM win
MIPUHAJIEKHOCTh K OJHOM sAueiike peryispHoil ceTku 0,25°, BpeMEHHON NepHoj| MeXay Ipo3oil u
MoKapoM MeHee 7 AHeH 1 HaJauyue Kak MUHUMYM 3-X 3aCyNUTUBBIX JHEH 10 mmoKapa.

Paznuunble MccnenoBaHus MOATBEPKIAIOT, YTO OOJBIIMHCTBO MOKAPOB, BHI3BAHHBIX MOJHHAMH,
BO3HUKAET B TeUeHHUE NMepBhIX 2—4 NHEH mocie rpo30Boro paspsaaa u Ha paccrosHuu 10 20 kM [2]. B
JaHHOW paboTe Takke ObLJIO YCTAHOBIEHO, YTO OOJBITMHCTBO MOXKAPOB BO3HHUKAIOT B MEPBBIC 3 JHS
[ocjae TPO3bl, OCOOCHHO 4YacTO — HEMOCPEICTBEHHO B JeHb Ipo3bl. Hambosbliee komudyecTBoO
MOKapoB OT Tpo3bl Bo3HUKAaeT B mpenenax S5—10 kM. CormacHo crathe [2], MakcHUMallbHas
BEPOSITHOCTh BO3TOpaHUS HAaONIONAeTCs IMPH YCIOBHH, €CJIM Tpo3e NpeAllecTBOBal MepHoi 0e3
3HAYUTENIBHBIX OCAJKOB, YTO MOATBEPKAAET BaAXKHOCTHh Y4€Ta 3aCyLUIMBBIX AHEH Iepen Ipo3oil mpu
MIPOTHO3UPOBAHUH PHCKA HOXKAPOB.

PesynpTarhl aHanmM3a mokasai, YTO B CPEJHEM YHCIIO IPO30BBIX MOXKAPOB COCTaBIsIET 10 6% oT
00I1Iero 4ncia BO3ropaHuil, B ONpeAeIeHHbIE TObl ITOT IPOLEHT yBeanunBaeTcs 10 8-9%. PucyHok
OTpaXkaeT CTaTUCTUKY I'PO30BBIX MOKapOB Ha TeppuTopuu Mpkyrckoit obsactu 3a 2013 r. (puc. 1).

JlecHble noXapbl, Bbl3BaHHbIE rpo3amun
Pacnpepenenme KONMHECTBA IPO30BLIX NOXAPOB NO BPEMEHHOR PA3HULE C FPO3OV B AHAX Moxapsi no rogam f1.o~a9~
Ot rposs
Apyrve
Year of Date

<@E3____~)>

«m)» -@=
Show history

Pacnpeaenenie KONUIECTBA FPO30BbIX NOXAPOB N0 ANCTAHLWH R0 TPO3 B KM

Pacnpegenenue THNa PACTUTENBHOCTH NOXAPOB

AMCTaHUUS ANS NOXAPOS
(All)
Apyrue
® O7rpo3s

Kon-s0 nomapos

Pasnmua (anu)

ANA NOXapos
(Al1)

Apyrue

® Ot rposu

Thn pacTuTensHoCTH

* 31,96%

21,78%
17,02%

8,78%

Koneo nomapos

6.17%  446%  4,28%  4,07%
= —_—

1,50%
— o

M kycr

Pacnpepenenme TNa pacTUTENLHOCTH rPO30BLIX NOKAPOB W Nvcreennwi nec

27,91% 27.14%

16,52%

Xen-so naxapos

755%  7,30%  679% 4099
4 1.79%

PUCYHOK 1: Busyanusaumm pacnpegeneHuii u KapTMpoBaHWe NoXapos, B TOM YMcae OT rpo3

HccnenoBanne MpOCTPaHCTBEHHOTO PACIIPENENCHUS CYXUX Tpo3 MO Tepputopuu Mpkyrckoin
00JIaCTH MOKa3all, YTO MOJHHUEBBIC Pa3psiibl paclpeelstoTcs HEPaBHOMEPHO W CKOHIIEHTPHPOBAHBI
MPEUMYIIIECTBEHHO B IIEHTPAILHOMN U I0)KHOM 9acTsAX peruoHa. MakcuMalbHast TUIOTHOCTh CYXUX TPO3
HaOIrolaeTes B palioHe, MpHiIeTrarwieM K o3epy balikan, a takke Bmoib pek Anrapa u JleHa, 4to
00yCIIOBIIGHO OCOOEHHOCTSIMU MECTHOTO pelibeha U MUKPOKJIMMAaTa ITHX Tepputopuii. Pembed, B
YaCTHOCTH, HaJW4KMe BO3BBINICHHOCTEH W TOPHBIX CHCTEM, Takux Kak Bocrtounbiii CasH wu
[Mpubaiikanpe, cHocoOCTBYeT (QOPMHUPOBAHHIO KOHBEKTUBHBIX OOJAKOB U, CJEIOBATEIBHO,
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YBEIUYMBACT BEPOSATHOCTh CyXHX T'PO3 M CBS3aHHBIX C HUMHU MOXapoB. B ceBepHOl vacTu obnactu
4acToTa CyXHMX TIpO3 3aMETHO CHIDKAETCSH, YTO CBS3aHO C KIMMATUYECKUMH OCOOCHHOCTSMHU 3TOU
TeppUTOPUH — OoJice MPOXJIAIHBIMU U BIAXKHBIMU YCIIOBUSMU, MEHEE CITOCOOCTBYIOIIMMU Pa3BUTHIO
3acyX W 00pa3oBaHUIO CYXHMX I'p03. PHCYHOK TO3BOJIIET O3HAKOMHUTHCS C KapTHPOBAHHUEM CYXHX
rpo3 (puc. 2).

PucyHoK 2: KapTnpoBaHue cyxux rpos 3a 2014 rop,

3. Pe3ynbTtaTtbl MOAENUPOBAHMNA U AaHAZIU3 BAaXKHOCTU NMPU3HAKOB

JInst moCTpoeHMsi Mojeliel KiacCu(pHKAlUK PUCKA BO3HHUKHOBCHHUS JICCHBIX T0AapoB ObLia
UCIIONIb30BaHA JIOTUCTUYECKAsl PerpeccHst Kak 0a3oBast MOJeNb. TOYHOCTh IaHHOW MOJIETH COCTaBUIIA
0,92. 3arem Obuta TpUMeHeHa OMOIMOTEKa aBTOMATHYECKOro MalmHHOro oOyuenus AutoGluon,
MO3BOJISIIONIAsl ABTOMATHYECKH MOAOHpaTh THIIEPHApaMETPbl MOJEIe MAIIHHHOTO O0yYeHwUs,
00ydaTh UX, B TOM YHCIIC aHCAMOJIM U J€PEBbs PEIICHUI, U BBISIBISTH HANOOJIEEe TPOM3BOAUTEIBHYIO.
B mporecce aBToMatHyeckoro mogbopa moxeneir AutoGluon wucmonb3oBaiuch Mojend Random
Forest, LightGBM, ExtraTrees, CatBoost, rme wnambonee »>¢hGheKTHBHON OKa3anach MOJIETb
cnyqaiitHoro jneca (Random Forest [9]), oOydeHHas Ha METEOPOJOTMYECKUX IIOKA3aTelsx,
arperupoBaHHbIX 3a IMOCICIHNUE TPU JHA mepea nokapoM. D(HEeKTHBHOCTh MOJENei U3MepsIach Ha
OCHOBe MeTpuKku TouHOocTH f1-SCOre Ha TectoBOM BBIOOpKE, KOTOpas coctaBisieT 20% OT MCXOIHOTO
Habopa JTaHHBIX.

Ha nepBom stare Mojenb o0ydanachk 0e3 rpo30BbIX MpU3HaKoB. Hanboibiee 3HaYeHNE METPUKH
fl Ha TecToBOil BBHIOOpPKE OBUIO TOJNY4EHO TIPH HCIOJB30BAaHMU IIOTOJHBIX IPU3HAKOB,
arpernpoBaHHbIX 3a mocaeaaue 3 aus, uyTo cocrasmuio 0,93. Ilpyu yBenudeHnn meproia arperayu 10
7 u 14 nHeii HaOMIOAATOCH MOCIIEA0BATEILHOEC CHIDKCHUE TOYHOCTH, Ha TECTOBOW BBIOOPKE 3HAYCHUE
yMeHbIMI0Ch 10 0,92.
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Ha BTOpOM 3Tame Mojiens Oblla 00y4eHa C YYETOM T'PO30BBIX SIBICHHMHA U MPOBEJCHO CPAaBHCHHUE
MoOJIeJIel ¢ LeJblI0 MOHUMAaHUs, Kak Hamuuue (HakTopoB O Ipo3ax BIMsSET HAa TOYHOCTH MOJCIH.
MakcumanbHoe 3HaueHue f1 BHOBB ObLIO MOJTyYeHO TPH 3-THEBHOM arperaiuu u coctasuwio 0,94 Ha
TecTOBO# BBIOOpKE st Momenin Random Forest. Ognako ¢ yBelTUUeHHEM BPEMEHHOTO MHTEpBaja 110
7 n 14 mHEeWl MeTpHKa TOYHOCTH CHIDKANACh aHAJIOTHYHBIM 00pa3oM, Kak W Mpu o0ydeHMH Oe3
rpo3oBbIx Npu3HakoB: A0 0,938 mpu yuyere unrepsana 7 aueit u 0,935 — 14 gueii. OcranbHbie MOAETH
MOKa3ain MeHee TouHbli pe3ynbrar: LightGBM — 0,938, ExtraTrees — 0,912, CatBoost — 0,931.

Heo0xomuMo OTMETUTh, YTO TMpPH JOOABICHWU TIPO30BBIX IPH3HAKOB KadyecTBO MOJEIU
yayunrwioch Ha 0,01 mo merpuke fl Ha TecToBOil BHIOOpPKE. DTO TOBOPUT O TOM, YTO T'PO30BBIC
MPU3HAKU UMEIOT MOJIOKUTEIbHOE, HO HE pellatoliee BIUsIHIE Ha TOYHOCTh TPOTHO3UPOBAHMSL.

IMo BaxkHOCTH HaUOOJIBIIIEE BIMSIHUE OKA3aJH MPU3HAKK: 3aCYIIUIMBEIC THH, TEMIIepaTypa Bo3Iyxa
3a mocnenHue 3-7 QHEW OO0 Mmokapa, BIAKHOCTh BO3AyXa W MouBHl (3 M 7 AHEH) M Hamuuue CyXoiu
rpo3bl HMEET 3HAUYMMYIO, HO HE BEAYIIyI0 poyib. Hu3kas 3HAYMMOCTh OMHApHOTO MPH3HAKA TPO3BI
OOBSICHSIETCA TEM, 4YTO MOJENb IIONyYaeT AaHaJOTHYHYI HWHQOpMalHMi u3 Ooee MeTalbHBIX
MOTOJHBIX MPHU3HAKOB, TAKUX KaK JHHU 3aCyXW M TeMIeparypa Bo3ayxa. TakuMm oOpa3om, cam (akT
CyXOW rpo3bl MeHee MH(OPMATHUBEH, YE€M YCJIOBHUS, MPH KOTOPHIX OHA BO3HMKIA. AHammu3 SHAP
BBISIBHJI, YTO 30HBI 32 BETPOM (HM3Kasl BETPOBast SKCIO3UIUS) HA KPYTHIX CKIOHAX CO3JAI0T JIOKAJIbHO
Ooyiee cyxue YCIOBHS, TOBBIMIAIOIIUE BEPOSTHOCTh BO3HUKHOBCHHS TPO30OBBIX MOXKAPOB BO BCEX
paccMOTpeHHBIX Tieproaax. Jambop, ¢ pe3ynbraTaMu UCCIeIOBaHUS BIUSAHUS TPO30BBIX PU3HAKOB
Ha MIPOTHO3UPOBAHHKE MOKapa MpeacTaBiieH Ha pucyHke (puc. 3).

PesynbTaTbl NCCNepoBaHWa BNINSHWA rPO30BLIX NPU3HAKOB Ha NPOrHO3MpoBaHWe noxapa

- 3uauenne npraHaKa r
BnusHUe 3Ha4eHNil NPpU3HaKoB po3oswe
nPH3HaKK
0.94317 M Crpozoit

0.93779 - Bearpoa

To4HOCTE MOgENW

Feature &
—_

093837 ———0.93574

Cymma ocanxos 34

TOUHOCTE MORENN

0.92751
0.92227

14 gHed
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PMCVHOK 3: BM3yaﬂM3aLI,MVI Ba*XHOCTU NPU3HAKOB U TOYHOCTUN NPOrHO3MPOBaHNA PUCKa NOXKapoB
4. 3aKknwuyeHue

IIpoBenénHoe wcclieloBaHUE MOAYEPKUBAET CJOXKHOCTh CBSI3M TI'PO30BOM aKTUBHOCTH C
BO3HHMKHOBCHHUEM JICCHBIX ITOXKApPOB. HGCMOTpH Ha MHTYUTUBHYIO 3HAYUMOCTb MOJIHUH KaK ITPUYHHBI
BO3TOpaHMii, HAaUOOJBIIYI POJIb WUTPAIOT WMEHHO IOTOJHBIC YCIIOBUS, MPEANISCTBYIOIIUE TPO3E.
Baxxabim HaIrpaBJICHUEM I[EUIBHCf/iHH/IX I/ICC.HC,ZIOBaHI/Iﬁ MOXET CTaTb HWHTCrpanusa JaHHBIX O
JUIATETPHOCTH W MOIIHOCTH pa3psija MOJHHH, a Takke HX JeTaJbHOTO IMPOCTPAHCTBEHHOTO
pactpenenerus. OTAENbHOIO BHUMAHUS 3aCITy>KUBACT UCCICIOBAHUE BO3MOXKHOCTH BO3HUKHOBEHUS
BTOPHYHON TPO30BOI aKTHBHOCTH HAJ| OYaraMi KPYIHbBIX mokapoB. CoriacHo uccienoBaHuio [2],
TaK¥e MapaMeTpbl MOTYT 3HAUYNUTENIBHO MMOBBICUTH Ka4€CTBO MPOTHO3UPOBAHMS.

Pesynprartel  wmccnemoBaHMs ~ MOTYT  OOECHEYHTh  pa3pa0OTKy  KOMIDIEKCHBIX — MOJCICH,
YUUTHIBAOIINX JHHAMUYECKOE B3aMMOJICHCTBHE MEXIY IMOKapOM M aTMOC(HEPHBIMH SBJICHUSMU, U
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CYIIECTBEHHO IMOBBICHTH 3PPEKTUBHOCTH MPOTHOZUPOBAHMS U TPEAYIPEKICHIS JECHBIX MOXKapOB B
YCIIOBUSAX U3MEHSIOMIETOCS KIUMAaTa.

5. bnaropgapHoctu

Pabora BeimonHeHna B pamkax rpanta No 075-15-2024-533 MuHuctepcTBa HAyKd W BBICILIETO
oOpa3oBanus P® Ha BEITOIHEHHE KPYHMHOTO HAYYHOTO MPOEKTa MO MPUOPUTETHBIM HAIPaBICHUSIM
HAYYHO-TEXHOJIOTHYECKOro pa3BuTUsl (mpoekT «DyHoameHTalnpHble HccienoBaHusi balikanbckoit
MOPUPOAHON TEPPUTOPUHM HA OCHOBE CHCTEMBl B3aMMOCBSI3aHHBIX Oa30BBIX METOJIOB, MOJENEH,
HEHPOHHBIX ceTell 1 uPOBO MIaTGOPMBI IKOJIOTHIECKOTO MOHUTOPHHTA OKPYKAIOIIEH CPEIB»).
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Pa3paboTka npenpoueccopa sisbika
nporpammupoBaHus python ansa pacnpeageneHHoi
00padoOTKM AAHHbIX

B.C. Cumonos’!, M.C. Xaitpernunos"?

"Hosocubupckuii zocydapcmeennuiil mexnuueckuti ynusepcumem (Hosocubupck, Poccus)

?Hncmumym evbiuuciumenvHoll Mamemamuku u mamemamuueckoil zeofusuxu CO PAH (Hosocubupck, Poccus)

AHHOTauuA

ITocranoBka mpoGuemsl.  [losBieHNMe mapagurM pacrpegesleHHbIX BBIYNCIEHNUI I0Tpe6oBaio
9BOJIIOLIUM METONOB paspabOoTKyM IPOrpaMMHOrO ofecrieueHysi, 0ojiee TOro, BO3HMKIA
Heo0XoaAMMOCTh 3¢ PEKTMBHOrO IpeoOdpa3soBaHMsl TPAAULIVIOHHO IIOCIENOBATENbHBIX IIPUIIOKEHMIT
B paclapajieinBaeMble ¥ MacIITa0MpyeMble apXUTEKTypbl. OTO IpeoOpa3oBaHMe SIBIISETCS
KJIIOUEBBIM B JICIIONIb30BAHNUM BBIUMCIMUTEIbLHONM MOIIHOCTMA COBPEMEHHBIX MHOTOSJEPHBIX U
pacmpeneneHHbBIX cucreM. Python, ¢ ero oOIIMPHOI 3KOCHCTEMON M IIPOCTOTON, CTAHOBUTCS
MOILHBIM SI3bIKOM, KOTOPBIII 00JIeryaeT 9ToT Iepexof. Pesynbrarel. B 3701 cTaThe paccMaTpUBAIOTCS
METOJOJNIOIMM ¥ paspaboTka MHCTpyMeHTa Ipempoueccopa Python, mnpenHasHayeHHoOro s
npeo6pa3oBaHIsI IOCIET0BATENbHBIX IPIIIOXKEHMS B POPMBI, TIOAXOMSIINE TSI KPYITHOMACIITAOHBIX
BBIUMCIUTENIbHBIX cpef. [IpakTiueckas 3HaUMMOCTb. Birarogapst mogpo6HOMy aHAIN3Y U BHEAPEHIIO
MBI JeMOHCTPUPYEM MCIIO0Nb30BaHMe GyHKumit Spark 1 CTOpOHHMX OUOIMOTEK [T ABTOMATU3ALINN
3TOTO IIepexoja, UTo AejaeT paclpeeeHHbIe BBIYMCIeHN 6oee JOCTYIIHBIMMY I G0JIee IIMPOKOTo
Kpyra IpUIOKeHUil 1 pa3paboTunkoB. lIpemporieccop BkiIouaeT B ce6Gs HaGOp IpaBIL, KOTOpbIE
OIpeeNA0oT pasinyHble MIAGIOHBI BBOJA Koja (HAmpuUMep, LMKINYECKNUI IIePEXOf 1O CIVICKY) 1
npeobpasyioT KOJ, NPUIOAHBII I ILUIaT(GOpM IapayjielbHOil 00paboTKM JaHHBIX. Pe3ynbrarhl.
B manHOIl cTaThe IpeicTaBieH Iperpoueccop Python, mpemnasHaueHHBINI 1y aBTOMAaTM3aLUU
peoOpa3oBaHMs M3 IIOCIENOBATEIBHBIX IPMIOKeHMIT Ha Python B Te, KOTOpBIE MCIIOJNB3YIOT
BO3MO’KHOCTM PacpeeJe€HHbIX BIUMCINTENbHBIX CPeI.

Kniouesble cnosa

q)OpMaJII)HI)Ie A3BIKM, pAaCIIPpENETIEHHbBIE BbIUMICIIEHIS, IIapAJIJIEJIBHOE IIPOTPAaMMMPOBAHNE, pythOl’l,

BBeneHnne

B o6nactu pa3pabGoTKM MPOrpaMMHOTO ofecIedeHMsl Iepexof OT II0CJIeI0BATENIbHBIX
MY OOHOIIOTOYHBIX IPIJIOKEHUN K IPIJIOKEHMSIM, MCIOJb3YVIOIIUM paclpefeleHHble
BBIUMCIINTEIbHBIE PECYPCHI, TAKMM KaK MHOTOIIOTOYHbIE, ITapajijiebHble MM OOJauHbIe
Cpenbl, CONPSUKEH C psigoM TpymHocreil. Tem He meHee, 970 HeoOXOmMMasi SBOJIOLINA,
MO3BOJIAIONIAS CIIPABIATHCA C PACTYIMMMU O0beMaMM JAHHBIX ¥ BBIUMCINTEIbHBIMU
TpeOOBaHMSIMI COBPEMEHHBIX NpuiiokeHuit. IlocireqoBarenbHble MPIIIOKEHUT paboTaOT
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IIO3TAITHO, BHIIIOJNHASI OJHY OIlepalyIo 3a pas. ITOT IOAXOM, HECMOTPS Ha CBOIO IPOCTOTY,
CTaHOBUTS BCe 00JIee HealeKBATHBIM IJISI PellleHys 3aad, TpeOyoImnx 00paboTK GOMBIINX
HabOpOB JaHHBIX IV BHIITOJHEHNE CIOKHBIX BBIUMCIECHNUIT B pa3yMHble cpokn [1].

MapReduce - monynsgpHas Momels A1 pa3paboTKM pacipeneneHHbIX IpuiokeHuii. OHa
OTJIYaeTCs Pa3HOOOPasmeM U BBICOKOI 3P PEKTUBHOCTHIO PabOTHI C TAKMMU Pealn3alusiMi
[2,3,4,5]. Ilepexon k mapagurMam pacrpenesieHHbBIX BbIUMCIIEHNI, TAKMM KaK IapajielbHast
00paboTka 1 0OJauHble BBIUNMCIEHNS, MOKET 3HAUNTENBHO COKPATUTH BPEMS BBIIIOTHEHIS
3a cyeT pasfesleHMs 3amad Ha Oosee Meskue OJOKM, KOTOpBIE MOTYT BBIIIOJHATHCS
OJHOBPEMEHHO.

PacnpeneneHHble BBIUMCICHNMSA OXBATBIBAIOT I(EJIBIIA PIN apXUTEKTyp, BKJIIOUasd
napajurenbHble, TPUA-, obJIauHble U paclpefeiieHHble Borumcienus. Kakpmas mapamgurma
obaiaeT YHUKAJIBHBIMU IIPEMMYILECTBAMU B 00pabOTKe OOIIMPHBIX BBHIUMCIECHUIT U
GospLnx HAGOPOB HAHHBIX HA HECKOJIBKUX BHIUMCINTEIHHBIX MOIYJIAX.

Ponxs Python B mapayurenpHBIX M pacIpefeseHHBIX BBIUNCICHNSIX OIPeNeNsIeTcs ero
6oraTeiM HabopoM OmbnMoTEK U PpeiiMBOPKOB, Takux Kak PySpark, murepdeiic nepemaun
cooburennit (MPI) mns Python (mpidpy), Dask u Joblib. 3tu mHCTpyMeHTHI aGCTpaKTHBI
CJIO’KHOCTD B3aMIMO/EIICTBIIA U YIIpaBIeHMs poueccamy aejaet Python npeansHbIM S3b1KOM
IUIs pa3paboTKM MacIITabMpPyeMBbIX IIPIIIOKEHIIL.

IlocmemoBaTesnbHbIe INPUIOKEHNA, OOBIUHO IIpefHa3HAUEHHbIE MJIsS OTHOIIOTOYHBIX
Cpell, He MCIOJB3yIOT MHOTOSI[lepHble COBpPEMEHHbIe IIPOLIECCOPBI MM BO3MOXKHOCTMU
pacrpefeNeHHBIX CHUCTEM, UYTO IPUBOOUT K Hed(h(PEeKTUBHBIM  BBIUMCICHIIM.
[Ipeobpa3oBaHne 9TUX MPUIOKEHNIT B TapAILIENbHYIO VN PaCIpeNeleHHYI0 apXUTEKTYPy
MO>KeT 3HaUNTEIbHO ITOBBICUTD IIPOM3BOANUTEIHHOCTD M MACIITA0MPYEMOCTb.

Pacnpenenennble BBIUMCIEHNUS OXBATHIBAIOT I(EJIBIII DPSIN  aApXUTEKTyp, BKIIOUAsT
napajuleIbHble, TpUA-, oblauHble U paclpeieieHHble BhIumcieHus. Kaxpmas mapagurma
o0ajjaeT YHMKAIBHBIMMU IPEUMYI[eCTBaMU B 00paboTke OOIIMPHBIX BBHIUMCIEHUII W
O0JBIINX HAOOPOB JaHHBIX Ha HECKOIBKIUX BBIUVCIUTEIBHBIX MOXYIISIX.

Posnp Python B mapasnnensHbIX M pacnpefeseHHBIX BBIUMCIEHUIX OIIPENeIieTcs ero
OoraTteIM HabopoM OmbimoTek U ppeliMBOPKOB, Takux Kak PySpark, uarepdeiic nmepenaun
coobienuit (MPI) mns Python (mpidpy), Dask u Joblib. 9tm mHCTpy™MeHTBI abCTpaKTHBI
CJIO’KHOCTD B3aMIMO/IEIICTBIIS U YIIPaBIeHN)s IIpolieccam fAeaeT Python npeansHbIM s13p1KOM
IS pa3paboTKy MacIITabypyeMBbIX IIPUIIOKEHMIL.

1. locTaHoBKa 3agaun

[Ipeo6pa3oBaHme MOCIENOBATENIBHOIO IIPIJIOKEHNSI B paclipelesieHHOe BBIUNCIUTENbHOE
NIPUIIOKEeHUE BPYUHYIO COIIPSDKEHO € IIPEONOJICHNEM PAa TPYIHOCTEIL:

1. CnoXHOCTh KOfa: IapajUlesIbHBIN MM pacIpefeeHHBIN KO CO3JaeT CJIOKHOCTH,
CBSI3aHHBIE C TAKMMIY IIpobIeMaMy, KaK CMHXPOHM3aNsI, COBMECTHOE JICIIOIb30BAHIIE
OAHHBIX U [1a0JI0HBI B3aMOIEIICTBI.

2. CnoXHOCTB OTJAAKM: OTJajKa IapaJuleIbHBIX M pacIpefeleHHBIX CUCTEM II0 CBOel
cyTu ABIAeTCs Goslee CIOKHOI 3aauell M3-3a IapauIeIbHbIX ONlepalyil 1 MpobieM ¢
CUHXpOHM3AIMe.
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3. 3HaHMe MHPPACTPYKTYPHI: PaspabOTUMKI JOJLKHBI IMETh ITyOOKOe IIpeICTaBIeHIIe O
I[eJIeBOII KPYITHOMACIITaOHOI BBIUMCINTEIBHOI cpefe.

4. OnruMusauys IpOM3BOAUTENIBHOCTU: IIPOCTOE IIpeoOpasoBaHMe pacIpesesleHHbIN
MIM  TapajjeNbHBINl  3allyCK IPWIOXKEHUs He TapaHTHpPyeT IIOBBILIEHN
IIPOM3BOAUTEIBHOCTH; TpeOyeTcs TIATeIbHAS OITIMI3ALA.

Ins pelreHus sTUX 3amay Mbl IIpefjaraeM Ipermpoiieccop Python, xoropslit mossosser
abCcTparupoBaThcsl OT CIIOKHOCTEN MpeoOpasoBaHMs IIOC/IEeNOBATEIHHOIO Koma B Qopmar,
MOIXOAIIUI AJI pacpefeseHHbIX BEIUMCIICHNIA.

2. CTpykTypa npenpoueccopa u peannsaumns

[Ipenporteccop aHAMM3UPYET IOCIENOBATENbHBIN KON Ha sA3bike Python, Haxomur
(dparmMeHThI, KOTOPBIE MOXKHO PACIIPENEeINTh I BBIIOIHSIET [IpeodpasoBaHye KOIa, BKII0YAst
COOTBETCTBYIOII[M1e OMOIMOTEK 11 BHOCS HEOOXOAMMbIe N3MEHEHNS.

2.1. O630p

IIpenporteccop Python, paspaborannsrit B aHHOI paboTe, peacTaBiIseT CO00I MHCTPYMEHT,
KOTOPBIII aHANM3UpyeT 1 Ipeobpasyer kox Python, HamvcaHHBI IS TOCIIEXOBATENBHOTO
BBIIIOJIHEHVSI, B (GOpPMy, KOTOpas MOKET OBITh BBIIOJIHEHA B IAPAJUIENBHON WJIN
pacnpenenenHoit cpefe. Ero 6asoBas apxurekTypa IokasaHa Ha pUCYHKe 1.

OH BKiIIOUaeT B ce0s1 GyHKLMM aHAIN3a KOJa, PACIIO3HABAHMS 00PA30B 1 aBTOMATIUECKOTO
npeoOpasoBanyst Koga. [Iperporeccop, pegHasHaueH JUis Ipeobpa3oBaHMsl BXOLHOTO KOfia
B 9¢eKTUBHBI KOJ B paMKax napagurmel MapReduce, mopnepsxusaemsrii miargpopmoit PyS-
park. KoHBeiiep BBIIIOJIHEHMSI COCTOUT U3 TPEX OCHOBHBIX MOMYJIEN, apXUTEKTYPa KOTOPHIX
Oymer omucaHa fajee.

AHanusaTtop mporpaMMm. [laHHBII HayaJbHBI 9Tal BKIOUAaeT B cebs pasbop
BXOJHOTO KOJa C IIOMOILIbI0 aOCTPAKTHOTO CUHTaKcuueckoro gepesa (AST) u BeimosnHeHue
CTaTMYECKOrO0 aHajmM3a IporpaMMmsbl. llesqb 3TOro srama - OIpPeNeNIUTh CErMEHTHI KOJa,
KOTOpBIe IOAXONAT M IepeBoma. I KaKOOro MAEHTU(UUMPOBAHHOIO CErMeHTa
aHAIM3aTOP IPOTPAMM BBIIIOJHSIET ABe KIIOUEBbIE 3aMaulL:

1. Cosmanme ommcaHMs IPOCTPAHCTBA IIOMCKA, MCIOJb3yS BBICOKOYPOBHEBOE
npomexxyrounoe npexacrasierne (IR). 9to ommcanme HampapisgeT MIPOLECC CUHTe3a
B CJIeAYIOIIeM MOAYJE , OIpeessas TpaHMIbl M MIpaBuIa OJd CO3AaHUA KOPPEKTHOM
CBOAKU IIPOTPaMMBL

2. T'enepaums yciosuit mposepku (VC), 4ToGBI rapaHTUPOBATH, UTO CBOAHAS MHPOPMALIST
0 CUHTe3MpPOBAaHHOI ITporpaMMe CEMaHTIUeCKN SKBUBAJIEHTHA MICXOJTHOMY BXOTHOMY
KOy, TeM CaMbIM rapaHTHUPYs IIPaBIIBHOCTS IIpoLiecca MpeodpasoBaHusl.

ITonck sxkBuBasenra. Ha sTom srame mpemnpoleccop CMHTE3UpPYeT CBOAKIU IIpOTpaMM
Ha OCHOBe IIpOCTpaHCTBa Ioucka u VC, mpegocTaBIsgeMbIX aHAIN3aTOpoM mporpamm [10].
JlaHHBIT MOMIYJb BOILIOLIAET OCHOBHYIO JIOTMKY MJIs IIpeoOpasoBaHMA BBICOKOYpPOBHEBOII
IIPOrPaMMHOIL JIOTUKIU B (OpMy, KOTOpas JIeTKO IIpeoOpasyeTcs B MCIIOIHAEMBI KOJ IS
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BepudMratop

. [eHepaTop Yenessix _
MCX0AHBIR CHpUNT }—p Napcep BEDaKEHMT leHepaTop KoJa Lenesoi cHpunT
A

v
CTaTHyeckHil .| TeHepaTop yCnoeuA
aHanu3aTop i BEPHgHRALKK

Figure 1: ApxutekTypa cuctembl.

mIaTopM IapajIesIbHbIX BBIUMCIEHNII. B HeM NCIIONb3yeTcs aJrOpMUTM IIOITAITHOTO
cuHTe3a A 5(deKTMBHONM HAaBUralMy B IIPOCTPAHCTBE IIONMCKA, TapaHTUPYIOLINI, UTO
IIpoIfecC IIOMCKAa KOPPEKTHBIX CBOJOK IIPOrpaMM OymeT OBICTPBIM M TOYHBIM.  Lleas
COCTOUT B TOM, YTOOBI CO3[ATh CBOJKY, OTPAKAOIIYIO CYTh OPUTMHAJA BBIUMCICHNS TaKUM
06pa3oM, 4ToOBI 00eCIIeUNTh MAaKCUMAIbHYI0 9 PEeKTMBHOCTD IIPY pa3BePThIBAHII B PAMKaX
mwrardopmer MapReduce.

Fenepammsa kxoma. Ilocie Toro, kKak HalfleHO M IIPOBEPEHO KpaTKOe OIIMCAHIe
IIOXOMSAIIEN IPOrpaMMBl, IIOCTeTHIM IIIaroM sBJISeTcs IpeoOpasoBaHMe 3TOr0 KPATKOTOo
ONMCAHMS B VICIIOJNHSAEMBINI KOA. OTOT MOAYJb JIETKO afalTUPyeTcs UM IOAAep KMBaeT
reHepamuio Koma I Tpex OCHOBHbIX Iutatgopm MapReduce: Spark, Hadoop. Takoe
pasHOOOpasme II03BOJIET IIPENPOLeCcCOPY OBITh YHUBEPCATbHBIM I IIPUMEHUMBIM B
PasIMYHBIX BBIUMCIUTENBHBIX cpefax. KpoMe TOro, STOT MOAYJIb OTBEUaeT 3a eHepaLIo
KOJa, KOTOPBIII OTCJIEXMBAeT CTATUCTUKY AAQHHBIX BO BpeMs BBINOJNHEHNS. ITa GyHKLMA
II03BOJIIET OCYILECTBIATh AUHAMUYECKMII BBIOOp MEXKAY pPasIMUHBIMU CTPATETUSIMU
BHe[peHMsI Ha OCHOBe II0KasaTesieil IIPOM3BOAUTEIBHOCTI B pealbHOM BpeMeHM, UTO elle
O0JIBIIIe ONITUMMSUPYET 3PPEKTUBHOCTD BBIIIOJIHEHNS IlepeBeleHHbIX IIporpaMM [6].

BMmecre atu Momyny o6pasyloT KOMILTEKCHBIN KOHBelep I CHCTeMBI IIpeIpoleccopa,
IpeJHA3HAUEHHBIN JUI1 ONTMMM3AIMI IIpoliecca IIepexofa OT BBICOKOYPOBHEBOTO KOIa
K sddexTMBHOMY, pacapauleNnBaeMOMy MCIOTHAEMOMY KOy, IIOAXOMAIIEMy I
pacIpeeleHHBIX 3a7au 06pabOTKY JaHHBIX. DTOT ITOAXOM JejlaeT yIop Ha aBTOMAaTHU3AI[IIO
B o0eclle4YeHUN CEeMaHTUYEeCKON SKBMBAJIEHTHOCTY 3a CUeT JCIIONb30BaHMS YCIOBUIL
IIPOBEPKY U HAIpaBjIeH Ha ONTMMM3ALMIO ITPOM3BOJUTEIBHOCTY BO BpPeMsl BBIIIOTHEHMS
IIyTeM aJalTUBHOIO BbIOOpA MeXKAY PasiIMUHBIMU CTPATETVSIMIU BBIIIOJHEHUS Ha OCHOBE
CTaTUCTUKM TEKyIUMX TaHHBIX.

2.2. Bocxoasinas Bepudunkauns

Bocxopsias Bepudukanus [11, 12] mpencrasaser co60i1 MEeTOLOIOIHIO, HAIPABIEHHYIO Ha
aHANM3 CEeMAHTUKM IIPOTPAMMHOIO KOAa MyTEéM ero IpeobOpasoBaHMSI B abOCTpaKTHBIE
cnequduUKanuyu BBICOKOTO YPOBHIL HaHHBII TOOXON 3aKJIOUaeTcs B TeHepaluu
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HOCTYCJ’[OBI/If/I AJId OTHOEJIBHBIX YYaCTKOB KOJa, (1)0pMaJII:-HO OIIMCBIBAKOIIMX WX BIVAHNE
Ha BBIXOOHBIE II€EPEMEHHBIE. PaSpa6aTBIBaeMLII7I A3BIK CI'IeLU/I(bI/IKaLII/H?I OPMEHTNPOBAH Ha
pPELIEHNE NBYX KIIOUEBbIX 3a1au:

1. ®opMupoBaHmUe IIPOCTBIX AOCTPAKILMiT, COBMECTMMBIX C I[eJIEBOVl IIpPeIMETHO-
opuentupoBanHoit 1rargopmoit (DSL). 310 o03Hauaer, uT0 OTOPACHIBAIOTCA
KOppeKTHbIe abCTpaKI(un, He ITOANAIIecs IIpeo0pa3oBaHNI0 B CMHTAKCIIC [{€JIEBOTO
a3pika. COOTBETCTBEHHO, SI3BIK CIIeLM(PUKALNMII JOMKEH M30eraTb KOHCTPYKLMIL, He
MMEOUINX IPSAMBIX aHaitoros B DSL.

2. Temepanmst comepsKaTeqbHBIX aOCTpaKUMII, IIOANEPKMBAIINNUX IIApajUIeIbHYI0
00paboTKy JaHHBIX. U3 paccMoTpeHUS MCKIIOUAIOTCI  CHELMpUKAIUN,
OpPMEHTPOBaHHBIE VICKIIOYNTEIBHO Ha II0CIe0BaTeIbHbIe BEIYMCICHA.

2.3. eHepaunsa kopa

[Ipenporteccop Takke BKJIIOUAET MEXAaHM3MBI IUISS BBHIOOPKM BXONHBIX MAaHHBIX U
IVHaMIUUECKOTO MEePeKITIoUeHNI MeKIy VICXOMHBIM KOJIOM M OITMMM3MPOBAHHON Bepcuel
Ha OCHOBe IT0Ka3aTeJell IPOU3BOAUTETbHOCTI.

910 00BsCHEHNE TTOAUEPKIBAET JIOTUKY IIPEIPOIleccopa U ero MOAX0Md K aBTOMATH3aL
ontuMmusanun kKomga Python mma pacmpemeneHHBIX BBIUNMCIUTENBHBIX Cpel, IPeSOCTABIASL
KakK 001t 0630p €ro BO3MOXXKHOCTEN, TaK 1 HEKOTOPOe IIpeACTaBIeHME O TEXHUUYECKNX
IeTajsX, CBASAHHBIX C ero paboroit. Ilpempoueccop He TOJIBKO YIIPOIIAET IMEPEXOL
OT aBTOHOMHOro Kojma Ha Python k onTmMmsmpoBaHHOI paclpefesleHHON BepCUM HO
TaKKe BKJIIOUaerT B ce0sa psan (QYHKIMOHAIBHBIX BO3MOMKHOCTEN, IIpegHA3HAUEHHBIX
IUIS TIOBBIIIEHMS IIPOM3BOAUTENBHOCTM MU OOeCIleUueHMs HAaIe)XHOCTM B PasIMUHBIX
BBIUMCJIUTEIbHBIX Cpeax.

IIpemmporeccop pasyMHO pacmpefenseT HaHHBIE IO y3jaM, IIpUHUMAs BO BHUMaHUE
pasMep, CIOKHOCTb ¥ BBIUMCINUTEJIbHBbIE TPeOOBAaHNUSA KaXKIOI 3a[auy, TEM CaMbIM CBOIS
K MUHUMYMY HaKJIaJHbIe PACXONbI ¥ MaKCUMAIbHO IOBbIIIAs 3¢PeKTUBHOCTh 00paboTKI
maHHbIX. Vcmosb3ys 6a30ByI0 apXUTEKTYPy paciipefesleHHbIX BBIUMCIUTENbHBIX IIATHOPM,
TaKMX Kak Spark, 3TOT MHCTpyMeHT peanu3syeT cTpaTeru obecrieueHns 0TKa30yCTOMUNBOCTI,
Takme Kak uHpopMauus o ImpoucxoxmgeHnu mis RDD, uTo I03BOJIS€T BBIUMCIEHUSM
KOPPEKTHO BOCCTAHABJIMBATHCSA IOCTIE COOEB. OTKa3bl Y3JI0B 0e3 CyIEeCTBEHHBIX IOTEPH
HPOI/IBBOJII/ITCJIBHOCTI/I.

3. Pe3ynbTartbl

B xauectBe mpuMepa TOro, Kak paboTaeT IIperpoIeccop, IpMBeAeM KOJ M3 JIMCTIHIOB
1 m 2. B mmcrunre 1 ¢pynkums select mpemHasHaueHa A ITOMCKA IIO CIMCKY 3aIncelt
(TpenrIosaraeTcs, UTO OHM XpaHATCS B IEpeMeHHO ¢ nMeHeM table) B momckax Tex 3ammceii,
IIepPBBIIT CTOJI6EL] KOTOPBIX COOTBETCTBYET yKasaHHOMY Kitouy. Korma HaitneHo coBmageHue,
3Ta 3ammch KO0ABIIAETCS B CIIMCOK Pe3yJIbTaTOB, KOTOPHI BO3BpAIl[aeTCs B KOHIlEe paGoThI
byHKIUM.
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Listing 1: Bei6op 3amucu n3 Tabamipbl.

def select(table, key):
result = []
for record in table:
if record.columns[0] == key:
result.append(record)
return result

B nmucrmHTe 2 puBeeH Ko IocyIe 3aIycKa IIpenpoleccopa. M remeps Koj cTasl IpUToeH
IUIs BeIIOTHeHUs Ha PySpark.

Listing 2: IIpegBapurensHo o6paboranublit kox aus PySpark.

def select(rdd, key):
result = rdd.flatMap (lambda data_index:
[data_index] if data_index.columns[0]
== key else [])

return result.collect ()

3.1. lNpousBoanTenbHOCTb

3necy onmcaH omuH U3 TectoB. CpemHee BpeMs 00pabOTKM KaKHoro ¢parMeHTa KO[a,
cocraBisoliee 7,3 MUHYTHI , B CPABHEHNUN CO 3HAUMTENHHO MEHBIINM CPEJHIM BpEMEHEM,
COCTaBISIOIMM 1,8 MUHYTBI, CBUIETENBCTBYET O HEPABHOMEPHOM pACIIPeNeIeHII BpEMEHN
KOMIWJIALIMK. IJTO yKasbIBaeT HA TO, UTO, XOTA MHOTUME KOMIIWJIAIIUU BBIMTOIHIIOTCI
DOBOJIBHO OBICTPO, HEKOTOPBIE U3 HUX 3aHUMAIOT HEIIPOIIOPLIMOHAIBHO GOJIBIIE BpEMEHTI,
BO3MOYKHO , 13-3a CJIO’KHBIX 3a/1au ONTUMU3AIUIN WIN IIPOBEPKU, KOTOPBIE MIPEMPOIECCOP
BBITIOJIHSET U1 OIIPeNEeI€HHBIX TECTOB.

3aknwueHue

PaspaGoTaHHBIil B 3TOM McClIefoBaHUM Iperpoieccop Python mpencrasmser co6oit
3HAUMTEJBHBIN IIar Ha IIyTM K TOMY, YTOOBI CHeJaTh paclpeneieHHble BbIUVCICHIS
foslee MOCTYIHBIMM MJIS IIMPOKOTO CIIEKTpa IPIJIOKEHMI. ABTOMATHM3UPYS IIPOLECC
npeobpa3oBaHMs, 9TOT MHCTPYMEHT He TOJBKO YIIPOIIAeT IIepPeXOf OT II0CJIeXOBATEIbHOI
apXUTEKTYphl K MMapaJIeJIbHON U pacIpefeseHHON, HO ¥ OTKPbIBAaeT HOBbIe BO3MOXKHOCTU
IJIS IOBBILIEHVS IIPOM3BOAMTEIBHOCTY M Maciutabupyemoctu. Ilo Mepe majpHeJIIIero
Pa3sBUTHSA KPYITHOMACIITAOHBIX BBIUNCIEHNIT TaKlie MHCTPYMEHTBI, KaK 3TOT IIPEeIpoIieccop,
OyayT UrpaTh pelIalollyi0 POJIb, II03BOJISIS IIPIIIOKEHNSIM JCIIOIb30BaTh BeCh ITOTEHIMAI
COBpEMEHHBIX BBIUNCINTENbHBIX MHPPACTPYKTYP.
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KoHcTpymnpoBaHue nporpaMmmHbIX MHTepdeiicos
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AHHOTauuA

Usyyarorcs mpoOieMbl MOBBIIICHHA IOJIE3HOCTH MPOTPAMMHBIX CHCTEM, CBA3aHHBIE C
paszpabotkoit  uHTepdeiicoB. Ilpenmaraerca MeTtoauka pa3paboTku  uHTepdelcos,
MPEOIOJICBAONIAs TH MPOOJIEMBI 32 CUCT MPEABAPUTEIHHOTO aHAIN3a OIEPAIIMOHHBIX
MapIIpyTOB NONb30BaTeNel pa3padaTeBaeMOil CHCTEMEI.

KntoueBble cnosa
H03a0mutH, abcTpakTHBIN WHTEep(EHc, KOHKPETHBIH HHTEep(eic, NesTeIbHOCT, MOJHOTA
MOJIJICPIKKH JIeATeIbHOCTH, UHTEP(EeHCHbIe CTAaHIAPTHL.

1. BeBepgeHue

WuTepdeiic mporpaMmMHON CHCTEMBbl — Ba)KHAsI COCTABIIAIOIIAS KadecTBa, KaK OCHOBBI OILIEHKH
MOJIE3HOCTH TPWIOKEHUs Uil Tonb3oBareds. B To ke Bpems, mpu paspaboTke uHTepdercam
JOJDKHOE BHUMaHME ynessieTcd He Bcerna. B pesynbTare B MPUHIMIE MOJIE3HBIE MPOrPaMMBl 4acTO
OKa3bIBAIOTCS HEYJOOHBIMH WM JaXe HE BOCTPeOOBAHHBIMHU IOJIb30BaTesiMU. MHTepdeiicHbie
OmMOKY CIUIOLIb M PAIOM «YKPAalLIaoT» HOMyJspHble Iporpammbl. [lonoxkeHue ycyryomsercss tem,
YTO peaNbHOE HCIOJIb30BaHHE TAKUX MPOTPaMM CO3AaeT MPEANOCHUTKA (JOPMHUPOBAHUS CTUXHUHBIX
CTaHAAPTOB, 3aKPEIUISIOMINX U THPAKUPYIOLINX HHTepEeCHbIE OLIMOKH.

CBezneHust 0 TOM, Kakas J0JIs TpyAO3aTpaT MpH CO3AaHUHM CHCTEMbI NMPUXOIUTCS Ha MHTEp(eEiic,
JOBOJIBHO pa3HOpedrBbl. ECTh MHEHHE, UTO B CpelHEM OHA COCTaBIIAET Oojiee MOJOBUHBI BPEMEHU
peanuzanmu npoekrta. [IpoBepuTh 3TO TPYAHO, B YACTHOCTH MOTOMY, YTO MPOJAYMaHHbIH HHTEpdeic
0OBIYHO TpeOyeT OONbIIEro BpEMEHHU, YeM HellpoayMaHHbIH. PazpaboTka nHTepdeiica, OCHOBAHHOI'O
MPUHILIMIIAX, KOTOpPBIE HE YIOBIETBOPSIOT IMOJH30BATENS, MOXKET YCIOXKHATH peanu3zanuio. s
pasHbIX MPUIOKEHUH pONb WHTEP(EUCHBIX XapaKTepUCTUK pas3liidyHa, a T[OTOMY pa3iiudHa
TPYAOEMKOCTb UHTEP(EHCHOH YacTH MpoeKTa.

B omHoit m3 HemMHormx KHHUT [1], mOCBSIIEHHBIX HHTepdeiicaM, MPUBOAATCS PEKOMEHIAUU U
npenocTepekeHnss, 000CHOBaHHBIE XOpomMM aHanmu3oM. OnHako aBTOp OOCYXIaeT JeUCTBHS
MOJIb30BaTEINIsl, HE CBA3bIBas HMHTepdelc ¢ (PyHKOMOHATBHOCTBIO M ApXUTEKTYpPOH, 4TO
OrpaHUYUTENbHO. MBI IpeasaraeM BOCIOJHUTH 3TOT NMpoOel, paccMaTpuBas MHTep(eichl B IBYX
acriektax. Bo-mepBbIX, 3T0 abCTpakTHOE YIpaBJCHUE TOBEJCHUEM IPHIIOKEHHUS, a BO-BTOPBIX —
oroOpakeHne aOCTPAKTHOTO YIPAaBJICHUS B KOHKpeTHbIe mHTep(eiicHbie popMbl. COOTBETCTBEHHO,
BBOJATCS TIOHATUSL aOCMPAKmMHO20 W KOHKpemHo2o unmepghelicoe M uX noaxomwl. llomHOTa
abctpaktHOro wuHTepdelica — 3TO COOTBETCTBHE (PYHKIMOHAJBHOCTH BCEM 3JEMEHTaM
NEeSTebHOCTH, aBTOMAaTHU3MPYEMOW TPWIOKEHHWEM, a TIIOJTHOTa KOHKPETHOro WHTepdeiica —
OTpaKCHHE B €ro 3JEMEHTaX BCEX acCIeKTOB a0CTPaKTHOrO MOBeAEHHUS B (opMax, OTBEYAIOLIMX
MOJIb30BATENILCKON NOTPEOHOCTH aBTOMAaTHU3UPYEMOM AESTEILHOCTH.

KitoueBpIM 1TOJI0’KEHUEM TIPEIaraeMoro MOJAX0Aa SBJISIETCS aHAIW3 BCEX BHJIOB JEATENHHOCTH
IOJIB30BATEN, HAa KOTOPBIE BIHUAET BKIIOUSHHE MPHIIOKEHNS B KAUeCTBE CPEACTBA WM HHCTPYMEHTA.

7th International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
EMAIL: iskopin@gmail.com
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Ienp aHanmm3a — ONpENENUTh MECTO pa3padaThiBAEMOr0 NPWIOKEHHS B KOHTEKCTE pabOThI
MOJIL30BaTENII M, B YaCTHOCTH, OOOCHOBAaTh HEOOXOIUMBIC 3JIEMEHTHI HHTepdelica W MOCTPOHTH
TUTIOBBIC CLICHAPUH B3aUMOJICHCTBHS C IPUIOKEHUEM. DTH CIICHAPUH PACCMATPUBAIOTCS KaK OCHOBA
oToOpakeHHs1 aOCTPaKTHOTO yTpaBiIeHHWS B KOHKpPETHHIH mHTepdeiic. B pesymprate paspaboTdamk
UMeeT BO3MOXKHOCTh OOOCHOBaTh HCIOJB30BAHHE AKTUBHBIX, ITACCHBHBIX U JIEKOPATUBHBIX
3JIEMEHTOB MHTepderica I TeX WU HHBIX IeNeH.

2. UHTepdeic KaK COCTaBNAIOLLAA KauecTBa NPUIOXKEHUA

OOBIYHBIE KPUTEPHU KauyecTBa IPOrPAMMHOTO M3IENHS CBSI3BIBAIOTCS, B MEPBYIO OYEpelb, C €T
(YHKIIMOHAIFHOCTBIO M TIPOM3BOANTEIBHOCTHIO. UTO jke Kacaercst MHTepdelica, TO, NpH3HABAS
CYLIECTBEHHBIN €ro BKJaJ B MOJE3HOCTh MPOrpaMMHON Pa3pabOTKH paBHBIM (YHKIHMOHAIBLHOCTH U
MPOU3BOIUTEIFHOCTH, YaCTO CYHTAIOT, YTO KayeCTBO, MPHUBHOCUMOE MHTEpdeicoM, rapanTHpyeTcs
UCIIONI30BAaHWEM TP €r0  pEAIN3allid  CIOXKMBIIMXCS ~ CTaHAAPTOB W Xopomio  cels
3apeKOMEHIOBABIINX OMOMMOTEK mojAepKku. [lpuumHbl ToMy cienyromme. Ecnm peanuzarmio
(YHKIMH CHCTEMBI MOXHO CIUIAHHPOBaTh M CHEUU(HUIMPOBATH HA MNPEANPOSKTHOH CTagUuH H
(uKkcUpoBaTh pe3yNbTAaThI 3TOM pPabOTHI B BHIE BIIOJHE MPOBEPsAEMBIX TpeOoBaHWil (BO BpeMeHa
COBETCKOI'O IpOrpaMMHUpPOBaHUA TaKUEC TpC6OBaHI/I5{ MMpEANUCHIBAJIOCH BKJIIOYAaTh B TCEXHHUYCCKHC
3aJaHus), TO, 3@ PEIKHUM HCKIIOYEHHEM, 3alUlaHUpOBaTh IMpoBepsieMble HHTEp(eHCHbIe
XapaKTepuCTUKH He yxaercs. IlpenmpoekTHble TpeOoOBaHMS K HMHTepdelicaM CBOAATCA K
YTBEPKACHUAM 00 MX COOTBETCTBHH XOPOIIIO 3apeKomeHdosasuium cedsi 00pas3nam, HTParoIIuM poilb
CTaHaapTa. qame BCETO NPOTpaMMHBIC IMPOCKTHI OPraHU3yIOTCA JIMIIb AJId NPCAOCTAaBICHUA HOBBIX
¢dbyHKIMil w/unmm Oosee MPOU3BOJUTENHHBIX BEPCHHA CYIIECTBYIOMMX cucTeM. HHTepdeiicHbie
MPOEKTHl CBOIATCS K TPEUIOKCHUIO CTAaHJAPTHBIX PEUICHUH W WX OMOJMOTEUHBIX pealH3alui,
KOTOpPBIE OTPayKaroT JOBOJBHO MPOU3BOJILHOE MHEHHE O CTaHIapTax 3JIEeMEHTOB UHTepdelica, HO HE
crennpUKy IPUITOKEHHH, IUTSI KOTOPBIX MPUMEHEHHE OMOIMOTEK ONpaBAaHO.

XapakTepHbIMH TIPUMEPAaMH TOJUICPKKH KOHCTPYMPOBAHUS HMHTEP(PEHCOB MOTYT CIIy)KHTh
OMOIMOTEKH, WCIONB30BaHHBIE JUIS Ppa3pabOTKM MHOTOYHMCICHHBIX WHTETPUPOBAHHBIX CPE
pa3pabotku, Tak HasbiBaeMbeix IDE-cuctem (Integrated development environment cm. [3]),
npeHa3HaYeHHbIX JUIS pa3pabOTIMKOB MPOrpaMMHOro odecriedeHus. CBoe Hayaio Bce OHU OepyT OT
Turbo Vision [4] u mociyiiHO HAcIEAyIT ero CpeicTBa CTaHAAPTH30BaHHOrO auanora. OIHAKO B
TaKOW cpejie Bce TPUIOKEHHsS CTAHOBATCS MOXOXHMH JPYr Ha JIpyra, WX CIenuQuKa TepseTcs.
BesycnoBHo, cTangapTH3anys 3JeMEHTOB WHTepdelica HyKHa, HO €€ pOJb JOJDKHA OTPaHUYHUBATHCS
paMKaMH OOBEKTHBHO OOYCIIOBICHHBIX 3PrOHOMHYECKHX M KOTHUTHBHBIX KPUTEPUEB, YUHUTHIBATH
CKJIaJIbIBAIOIECH 'y MOJab30BaTeNIel IMPUBBIYKU U MIPEATNIOUYTCHUSA. Tak ke HET COMHEHHS B TOM, 4TO
JOJIZKHBI OBITH BpraGOTaHBI yHI/I(I)I/IHI/IpOBaHHI)Ie ImpaBuJia KOMIIOHOBKHU 3JIEMCHTOB U TCXHOJIOTMYCCKU
BBIBEPEHHBIE TIPHEMBI Pa0OTHI IOJb30BaTeNsi B HWHTEPQEHCHON cpene, MOAOOHO TOMy, Kak
CTaH/IapPTH30BaHbI PACIIOJIOKEHUE KIIABHIII HA MUINYIIEH MAllMHKE U TpaBHiIa eyatanus "Beremnyro”.
Ho ynudukanus He JODKHA BCTYNaTh B MPOTHBOpEYHE ¢ TpeOOBaHWEM 00eCTeYnBaTh MaKCHMAIbHO
MOJIHYIO TOJJICP)KKY KOHKPETHOW MOJIb30BATENILCKOM JESTENLHOCTH, Ul KOTOPOH IpeaHa3HayeHa
MporpaMMHasi CUCTEMA.

Takoe monokeHWE JeNl HeJb3sl CUMTATh YAOBJICTBOPHUTENBHBIM. BOJBITMHCTBO WHTEP(EUCHBIX
pereHnii BecbMa HEOTHO3HAYHBI, BO MHOTHX CIIyJasX OIleHKa KauecTBa MHTepdeiica CyObeKTHBHA, O
MPUEMIIEMOCTH WJIM HENPUTOAHOCTH HMHTep(eiica yacTo yaaeTcss TOBOPUTH JIMIIL B IefoM, 0Oe3
000CHOBAaHHOTO YKa3aHUsI HA YETKHE KPUTEPUH.

HOTpe6I/ITeJIBCKaH LIEHHOCTH IPOrpaMMHOr0 IIPOAYKTa, €ro TIIOJIE3HOCTH C TOYKH 3pPCHUA
MPAaKTUYECKOTO UCIIOJIb30BAHNUS, CKIIA/IBIBACTCS U3 TPEX COCTABIISIOIINX:

*  (QYHKYUOHATLHOCMb — CIIOCOOHOCTH MPOTPaMMBbl BBHINOJIHATH TpeOyemble OT Hee (pyHKIuH
(Habop 3amad w3 O0JIACTH TPWIOKEHHs, PEUICHUI0 KOTOPBIX CIIOCOOCTBYET JaHHOE
IIpOrpaMMHOC U3ACINE, aJallTUBHOCTb MJId PEIICHUA HOBBIX 3aJad, YPOBCHbL aBTOMaTHU3aAIlUU
NESITeNbHOCTH  IIOJIb30BAaTeIsl MPH NPUMEHEHWHM NpOorpaMMbl W JApYrHe MOJOOHBIE
XapaKTEePUCTUKH);
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* 9pgexmuenocmv — CKOPOCTHBIC XapaKTEPUCTUKH W TPeOOBAHMS IAMSTH, CBSA3AHHBIC C
BBHITMOJIHEHUEM TPOrpaMMbl (OHHM B KOHEYHOM HTOTE OMPEACISIIOT T'PAaHHUIBI BO3MOYXKHOTO
MPaKTUYECKOTO UCIIOJIb30BAHNUS POTPaMMBI Ha JAaHHOM 000pyI0BaHUH );

* ummepghetic — CpEACTBA yOpaBieHUS pabOTOW TporpamMmbl, Ojaromaps KOTOPBIM
OCYIIECTBIISIETCS BKIIOYCHHUE €€ B YEIIOBEKO-MAIIMHHYIO CUCTEMY .

OTH COCTaBISIOIIME KAadyecTBa MPOTPAaMMHOrO oOecreueHHs He SBISIOTCS He3aBUCHMBIMU. K
pUMepy, KOTa IporpaMMa Mao MPUToIHa IS TPAKTHYECKUX el U3-3a HU3KOH 3(h(HEeKTUBHOCTH
(o HempuromHOoCTH BOOOINE 37€Ch PEYM HET, €CIM BBHIMOJHEHH (YHKIMOHAIBHBIE TPEOOBAHUS),
MpaBOMEpHAa TOCTaHOBKA 3aJayd pa3pa0OTKM HOBOM TpOrpaMMbl, s KOTOPOH YpOBEHb
3¢ pexTHBHOCTH  (QUKcHUpyeTcss Kak (QyHKIOHOHaNbHOE TpeOoBaHME. AHAIOTHYHAS —CUTYaLHs
BO3MOJKHA C MaJIO TIPHEMJIEMBIM HHTEp(ercoM.

OyHKIMOHATIBHAS COCTABILIIONIAs JOMHUHHUPYET B OICGHKE MPOrpaMMHOTO H3JACIHA: €Clii He
BBITIOJIHEHB! (YHKIMOHAIBHBIE TPeOOBaHUS, TO TOBOPUTH 00 >(PQPEeKTHBHOCTH M WHTEpdeiice He
npuxogurcs. QDyHKIMOHANbHBIE TpPeOOBAaHHMSA ECTECTBEHHO pPAacCMATPHBAaTh KaK  pErJIaMeHT,
GUKCHPYIONHH MOOenb 8bluUCAeHUll npocpayMmyl, a caMy (yHKIMOHAIBHOCTh OTOXKACCTBIATH C
Takoil Mojensio. B cBolo ouepenb, TpeOoBaHUS OSPPEKTHBHOCTH — 3TO OTpPaHWYCHUS Ha
JOMYyCTUMOCTD pealn3alud (QYHKIHMOHATFHON MOJEIHM Ha JaHHOM OOOPYAOBaHMH, a peaju3anus ec
eCThb OomobpadiceHue MoOenU GbIYUCTeHUll HA PeaTbHOe 000py0osanue, YAOBIETBOPSIOIIEE
TpeboBanusaM 3ddexktuBHOCTH. Hakonen, TpeOoBaHMs K HWHTepdeicy ecTh HE 4YTO HHOE, Kak
cheyugukayuu A3vika ynpasienus nosedenuem Mooeiu.

BakxHO OTMETHTH, YTO TOA SI3BIKOM 37IECh NMOHMMAETCSl MPOW3BOJIbHAS 3HAKOBAas CHCTEMa IS
nepenadd MHOOpPMAINH, BKIIOYAMONIass HE TOJBKO CHMBOJBHBIC ITOCIEIOBATEIBHOCTH, HO U
BU3yallbHbIE 00pasbl (IMMMKTOTpaMMbI M HMHBIE H300pakacMble 3HAKH), yKa3aHHE KapTHH U HUX
(parMeHToB C IMOMOIIBIO MPOTPAMMHO-AIIAPATHBIX CPEICTB, 3aJaHUE PACIBETKH H300pa)KEeHUI,
UCTIONIb30BAaHWE MEHIO, TPAHCHApaHTOB, Tabylo, oOpaMiIeHHI U Ap., a TaKkKe 3BYKOBHIE CHUTHAIBI H,
BO3MOYXHO, PEUYEBBIE CPEICTBa BBOJA/BHIBOMA. J[aHHBIN MepedeHb OTHOCHTCS K YPOBHIO YEJIOBEKO-
MallMHHOTO WHTepdeiica mporpamMMmHOW cucteMbl. Korga peus uAET O Tporpammax,
o0ecneynBarOIMX JOCTYI K BHEITHEMY OOOpYJOBaHHWIO, HAllpUMep, O JpaiBepax, poib s3bIKa
WUTPAIOT CHUTHAIBI-COOOIIEHUST OT W JUIS 3TOr0 OOOPYZOBaHHS, a TaKKe CHCTeMa NpephIBaHUM.
PaccmarpuBast MexMOyJIbHBIE HHTEPQECHI, M)KHO 3aMETUTh, YTO JJIsl OKPYKESHHUS, HCIIOIIB3YIOIIETO
MOJIyJb, NPEIOCTABIISIEMbIE MM CPEJICTBA SIBISIOTCS DPACIIMPEHUEM S3bIKa pPealM3ali CHCTEMBL.
Takum o0Opa3zoM, BCSAKHIA pa3, Korna pedb uiaet o0 nHrepdeiice, Hy’)KHO UMETh B BHIY TOT WJIM MHOMN
SI3BIK, TIPEIOCTABISIEMBId Ha YPOBEHb WCIOJIB30BAaHMS, W KaK CIEICTBHE, €CIH €CTh BO3MOXKHOCTD
BBIOMpATh SI3BIK, KPUTEPHEM BHIOOpA €ro CPEICTB JOJDKHBI OBITH TPEOOBaHUS CO CTOPOHBI
TMI0JTb30BATEIS.

Brinenenue Mozmenu BBIYMCICHHN, €€ OTOOpaKEHHS KaK peaiM3alid B TpPOrpaMMe U sI3bIKa
yIpaBlieHHsI TOBEJCHUEM MOJIENIN UMEET PsiJi MPUHIIMIIHATIBHBIX CIIEICTBHH.

1. Tlpu NpOEKTHPOBaHMHM MPOTPAMMHON CHUCTEMBI 3TH TPHU COCTABIISIOIINE DPA3rPaHUYUBAIOT
TpeOOBaHUs K MPOTPAMMHOMY H3JIEJIMIO, YTO CO3[aeT MPEANOCHUIKUA JUI HE3aBUCHMOTO
MOCTPOCHUST MOJICIH, TIOBBIIIEHUS () ()EKTUBHOCTH pealiu3aliy ¥ pa3paboTKH nHTepdeiica.

B peanbHOll mpakTHKe HE3aBHCUMOCTH YKA3aHHBIX COCTABIISIOMIMX OTHOCHUTENIBHA, MOCKOJIBKY
CBSI3M MEXIY HHMH CYLIECTBYIOT Ha YpPOBHE B3aMMOBIMSHHA. Tak, MOXHO 3aljlaHUPOBATh
BBIUUCIICHHS, KOTOPbIE HE pealu3yeMbl TMpH 33JaHHBIX TpeOoBaHMAX K 3(PQeKTuBHOCTH.
VYnpasisieMocTh MOBEIEHNEM MOJICTH TaKXKe HMEET CBOM IPEJIENbl: Helb3sl TOBOPUTH 00 uHTepdetice,
eciu He (UKCHPOBATh YINpaBisieMble OOBEKTHI, UX BO3MOXXHOE MOBEACHUE U T. 1., HENb3s CTPOHUTH
uHTEepdeiic 0e3 ydera npUEMIIEMbIX JUIS  (DYHKIIMOHHPOBAHHSI CHCTEMBI XapaKTEPUCTHK
sddexTrBHOCTH. TeM He MeHee NpU 3aJaHHOW (YHKIMOHAILHOCTH OTOOpaKEHHE MOJENU Ha
peabHyIO ONEPAIMOHHYIO CPEy MOXKHO PacCMaTpUBaTh KaK BHIOOD peann3alyi, yA0BICTBOPSIIOMICH
TpeboBaHusIM 3()(EKTUBHOCTH, a NPOEKTUPOBaHHME HHTep(deiica — Kak BBIOOp €ro S3bIKOBBIX
CpEe/CTB, aJICKBATHBIX HCIIOIH30BAHUIO MPOTPaMMBL. JTH JBE 33/ladyd HE TOJIBKO MOXHO, HO U
1esecoo0pa3Ho CTaBUTh KaK HE3aBUCHMBIC, B YACTHOCTH 110 TOW MPUYMHE, YTO JUIS HUX Pa3InYHBI
KPUTEPHU 0TOOPA MOAXOISIINX PEIICHHH.

2. SIBHOe pasrpaHMYEHHUE TPEX COCTABIIAIONINX KAauecTBa MO3BOJISECT CTABUTH 33729y pa3paboTKu

cepuil mporpamMmMm ¢ 0OMmIEHi MONEIBI0 BBIYUCICHUN, TPEIHA3HAYCHHBIX ISl Pa3IMIHOTO
MPUMEHEHHUSL.
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[lpumepamu  cepuif  Takoro poja SIBISIFOTCS  CHCTEMBI, YYMTHIBAIOIINE OCOOCHHOCTH
nepepabarbiBaeMoll MH(QOpMAMK JUIsl MOBBILIEHUS 3(PQPEKTUBHOCTH BbuucieHud. [lomp3oBarento
MpeNoCTaBIseTCs MPaBO BBHIOOpPa METOAA pEIICHHs 3aJaud, a KaKAbId M3 METONOB, €CIU HUX
O0COOCHHOCTH HE TIPOSIBIIIOTCS B YNPABICHUH, — 3TO BapHaHT peajM3allid OXHONH M TOH e
BBIYHCIIUTEIBHON MOJIENH (€CaH yKa3aHHOE YCJIIOBHE HE BBHINOJHSETCS, T.€. BBIOOP METO/A SBISETCS
YacThlO YMpPAaBIeHHS, TO MMEET MECTO MOJeNIb BBIYHMCICHUH, BKIIIOYamoIas ¢ ceOs BapHaHTHBIC
METOJIbl, a HE CEepHs NpOrpaMM-BapHaHTOB). B psme ciiydaeB BO3MOXKEH aBTOMATHUECKHH BBIOOD
MEeTOo/Ia Ha OCHOBE aHAJIM3a BXOMHBIX JaHHBIX, M TOTJa camMa Cepys IS TTOJIb30BaTeNs BEICTYIAeT KaK
eIMHas CUCTEMA.

Jpyroii mpuMep cepuiHOCTH Ha OCHOBE OOILIEH MOAETH BBIYHCICHUH — pa3IHMYHbIe TPOrPaMMEI,
UCTIONIb30BAaHNE KOTOPBIX CBSA3BIBACTCA C TPUMEHEHHEM OOOpYIOBaHHS C HECONOCTaBUMBIMU
UHTEPPEHCHBIMH BO3MOXKHOCTSIMH. BBIOOp BapHaHTa NporpaMMbl TaKUX CEpHH Ielecoo0pazHo
BO3JIaraTh Ha yCTAHOBKY CHCTEMBI.

CepuitHOCTh,  yYMTHIBAOMmIAsi  OCOOEGHHOCTHM  TepepadaThIBaeMbIX  JTAHHBIX,  OTpa)kaeT
HEO/IHO3HAYHOCTh KpuTepueB 3¢ ¢dekTuBHOCTH mporpamMMm. OHM HE CBOIATCS JIMIIL K TPEOOBAHUIO
OINNTUMH3AlIMKM — MHHHUMU3AIUN I KOHKPETHBIX BBIYMCIICHUI BPEMCHU BBIIIOJIHCHUA I/I/I/IHI/I
HEOOXOaUMON maMaTh. BBIOOp TOro WM HWHOTO QJIrOPUTMa JO/DKEH YYHMTHIBATH Hapsay C
0COOCHHOCTSIMH 00padaThBaeMbIX JAaHHBIX APXUTEKTYPY BBIYHCINTEIBHOW CHUCTEMBI, HAa KOTOPOM
BBIITOJIHACTCA IIpOrpamMma. Ecan craBurtcs 3aga4da CO6JHOI{CHI/I$I OINITUMAJIBHOCTH [JId PAa3HBIX
APXHUTEKTYP — 3TO XapaKTEPHO Uil OOJILIIMHCTBA BHIYUCIUTEIBHBIX OMOIUOTEK — TO CEPUHHOCTD
9acTo yaaercs o0ecreuuTh 3a CYeT KOMIWIALMH, U TOTAa MOXXHO TOBOPHTBH, YTO IOJIE30BATEIIO
npejaaraeTcs eAnHas MOJETb BBIYMCICHUH. B mpoTHBHOM ciyyae pemieHue o BBHIOOpEe BapHaHTa
mporpaMMbl OOJDKCH MNMPUHHUMATL IIOJB30BATCIIb, AJIA KOTOPOro BCC TAaKUC BApHUAHTbBI €CTECCTBEHHO
paccMmarpuBaTh Kak cepuro. [IpumMepom cepuifHOCTH B 000MX aCHeKTaX MOXKET CITy>KUTh OMOIHOTeKa
Krylov [5], npemna3naveHHast il pEIICHHS CBEPXOOJBIINX CHCTEM JIMHEHHBIX ypaBHCHHH.
Anroputmel penieHus (OPMaNbHO OJHON U TOH JKe 3aJayd CIEIUAIM3UPOBAHBI IS Pa3IMYHBIX
O0COOEHHOCTEM MATPHUI[ C IEIbI0 TMOBBIIICHUS MPOU3BOJUTEIHPHOCTA pacueToB. [ 3amaHHBIX
napaMeTpoB 33/1a41 B aBTOMATU3MPOBAHHOM HII PYYHOM PEKUME MOXKET OBITh BBIOpaH TOT BapHaHT,
KOTOpLIﬁ na€T MUHUMAJIbHOC BpEMA CUCTA.

Eme Oonee HeomHO3HAYHBI MHTEP(EHCHBIE KPUTEPHHU, U 3TO 00YCIIOBIMBAET CEPHH, CBSI3aHHBIE C
BapuMaHTaMHU yIpaBjieHUs. PasHble mMoib30BaTeNd O00JIAJAIOT MHIAMBUAYAJIbHBIMH M TPYIIIOBBIMU
MICHXOJIOTHYECKUMH OCOOCHHOCTSIMH BOCIIPHATHS, M, KaK CIEACTBHE, ISl UX TMPOAYKTHBHON pabOTHI
TpeOyIOTCS pa3uuHbIe CIIOCOOBI B3aMMOJICHCTBUS € MTPOrpaMMHON cucTeMoil. Ha mosnbp3oBaTensckue
KPUTEPUH MPEANIOYTEHHS BIHUSAIOT M YPOBEHb IPEIBAPUTEILHOM MTOATOTOBKH, U IPUBBIUKH, H TO, YTO
M0 MEpe OCBOEHHSI CHCTEMBI TPEOYIOTCS pa3InuHble YPOBHH NOSCHEHHUH, TOMOIIX | T.1. B 3T0M CBSI3M
MOXXHO CTaBUTh 33jJ[auy KOHCTPYMPOBAaHHS JUHAMUYHOrO WHTepQelica, T.e. SBHO W/WIM HESIBHO
HACTpamBaeMOro Ha 0COOEHHOCTH TOJIb30BATEIbCKOTO MPEANOYTEHHS U BOCTIPUATHS HH(DOpMAaIHH.

B kauecTBe HarysIHOW WILTFOCTPAIIMM 3TOTO TOJIOKEHUS YMECTHO YIOMSHYTH O TOM, Kak, K
npumepy, opaysep Chrome [6] unu YouTube [7] oTOupaer u ynopspounBaeT WHGOPMAIUIO JIs
NPpEABABIICHUSA ITOJIB30BATCIIO C YUCTOM UCTOPUHA BSaHMOHeﬁCTBI/IH ¢ HuM. ITo MOHATHBEIM IIpUuiIrHaM
nepBas U3 3TUX CHCTEM JeJlaeT 3TO Ha OCHOBE 0oJjiee TIyOOKOro aHam3a.

3. Ilpu cpaBHEHMHM NUpPOTrpaMMHBIX HW3ICIHHA CIEAYeT pa3TPaHUYMBaTL COIOCTABICHUE HX

(GYHKIMOHATLHOCTH, 3P PEKTUBHOCTH U HHTEPEIHCOB.

Ha mpakTike 5TO pa3rpaHWYeHHE 3a4acTyl0 WIHOPUPYETCS, YTO CHHXKAeT IOJIE3HOCTh
nHGOpPMAaLUMK A7l TOJIb30BAaTENILCKOr0 BBIOOpa MOAXOsIero u3aeinus. Eciiu npu mpoeKTHpoBaHUH
(hyHKIIMOHANBHOCTD SABISETCS 3aJ@aHHBIM KPUTEPHUEM IPHUTOJHOCTH OYAYIIETO W3IeNus, TO TNpPH
CPaBHEHHH MPOTPaMM €€ POJIb JBOSKA.

Bo-nepBbiX, (yHKIMOHAJIbHBIE XapPaKTEPUCTHKH OIPEACISIOT NPAaBOMEPHOCTH HCIHOJIb30BAHUS
MporpaMMbl Ul aBTOMATH3allMHd KOHKPETHOH NEsTEIbHOCTH. 31eCh, CKOpee, CIeAyeT CpaBHUBAThH
Ha3HA4YCHUE CONOCTABIIACMBIX IMPOrpaMMHBIX ITPOJAYKTOB, @ HE TaKUC CBOﬁCTBa, KaK IIpUMCHHUMOCTD
UX JJIs MaccoBOTO oniepupoBaHust (3¢ PpeKTUuBHOCTH) M y10OCTBO AJIs MTOIB30BaTelIs (MHTEpdeEiic).

Bo-Broprix, cpaBHeHHME 3(PQPEKTHBHOCTH HEBO3MOXKHO O€3 BBISBJICHHS TOYEK IIEpEeceyYeHus B
Ha3HAUYCHUH aHAU3UPYEMBIX IMPOTPAMMHBIX HW3EHHHA, T.e. 03 BBIACICHUS HX (DYHKIIMOHATHHOM
0OITHOCTH. DTOT aCIEeKT CPaBHEHHS TOCTATOYHO SICEH, U OOBIYHO A(h(PEKTUBHOCTH MPOBEPSIETCS Ha
o0mux 3agadax. TeM He MeHee, MHOTJa HE YUYUTHIBAETCS, YTO (YHKUMOHAIBHAs OOLUIHOCTh —
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MIOHATHE OTHOCHTENbHOE. Tak, cpaBHeHHE >(PQGEKTHBHOCTH KOMIIMUIATOPA, KOTOPHIA paboTaer
napajjieNbHO C TOJIb30BATENbCKUM BBOAOM MPOTPaMMBbI, U AaBTOHOMHOIO KOMIMJISTOpPa, CKOpee
BCero, OyZeT B MOJIb3Y MOCIEAHEr0, a MPOCTON peJakTop MPOorpaMM MOXKHO ClieNlaTh 0ojiee OBICTPBIM,
4YeM TeKCTOBBIHA mporeccop. PasHas ObICTpOAEWCTBUSA 37€Ch HE SIBIAETCS KPUTEPHEM KadecTBa: IO
BHEITHEW CXOKECTH MPUMEHEHHsI MPOTpaMM HeNb3sl CYIOUTh 00 WX (YHKIMOHAIFHOCTH B IIEIIOM.
Cutyanus MeHsieTcs, Korjaa cpaBHUTENbHAs 3()()EKTUBHOCTD HE SIBISICTCS KpPUTEPUEM KadecTBa, —
JIOCTUTHYTa TpHUeMJIeMas CKOPOCTh pabOTBHI MPOTPaMMBI, T.€. KOTJIa C TOYKH 3PEHUS IMOJIE3HOCTH
MIPUMEHEHUS HET CMBICTIA MOBBIIIATH €€ 3PPEeKTHBHOCTb.

He meHee BaXHO pasrpaHMYeHHE TPEX COCTABISIOIIMX KadecTBa IUIA CpaBHEHHs MHTepdericoB
nporpamM. [IpoextupoBanue naTepdeiica B O0bIeii CTEIEHN HCKYCCTBO, YeM TEXHOJIOTHS, TIO3TOMY
JUTS HETO ¥ KpUTepHH KadecTBa Oosee cyObekTHBHBEL. Ho Korna cpaBHeHHe HHTEP(]ECcOB OTAETEHO OT
COIOCTABJICHUs] MPOrpaMM MO APYTHM COCTAaBISIOLUIMM KayecTBa, BO3MOXKHA MOCTAaHOBKA OOIIMX
BOIIPOCOB, OTBETHI HA KOTOPBIE TIO3BOJISIIOT CAeNaTh OLeHKY HHTepdelica 00beKTUBHEE.

4. llpu omeHKe KadecTBa MPOTPAMMHON CHCTEMBI OE30THOCHTEIHHO K JPYTMM aHAIOTHYHBIM
W3JENUAM HET CMBICIIa TOBOPUTH O XOPOIIEM WM IUIOXOM MPOJYKTE, €CIH SBHO HE
0003HAYHTh JIEATEIILHOCTh, B KOTOPOH W3JICNIUE JOJHKHO HCIOJIB30BaThCsl. TOJNBKO € 3TOM
TOYKH 3PEHUS MPaBOMEPHBI YTBEPKACHHUS O (YHKIMOHAIBLHON MPUTOJHOCTH CHUCTEMBI, 00
s dexTnBHON Wi HEdIPPEKTUBHOW ee peanu3aiui, 00 ymoOCTBaX IIOIH30BATEIHCKOTO
YIIpaBIEHUSL.

YMecTHO pasrpaHu4uBaTh JABa poJa ACATCIBbHOCTH, IJIA NOAACPIKKHU KOTOPBLIX MPEAHA3HAYACTCA
MIPOTpaMMa; a8MOMAMuU3UpyemMas 0esameilbHOCMb, CYIIeCTBYIOIas 1 0e3 IPUMEHEHHS TPOTPaMMHBIX
CPEICTB, U HOB8As 0esimebHOCHIb, KOTOpast ObLTa Obl HEBO3MOXKHA 0€3 OIlEHUBAEMOM TPOTPaMMEI.

B IEpBOM CJi1ydac nmporpaMma — OJUH U3 MHCTPYMEHTOB JACATCIbHOCTU, U €€ MOKHO CpaBHUBATH
C TIO3WIIMW 3aMEHSEMBIX WU JOMOIHSIEMBIX HEaBTOMATH3MPOBAHHBIX aHAIOTOB. VMHBIMH clioBamw,
3/1ech aHajoramu (PMKCHpOBaHa (PYHKIIMOHAIBHAS MOJEIh, a O Ka4eCTBE M3/CTHs MOXKHO CYIUTH 10
TOMY, HACKOJBKO 3(h(heKTHBHEE OKa3ajaach BBHIIOIHAEMAs C MOMOIIBIO TPOrPaMMBI JESTEIBHOCTD T10
CPaBHEHHIO C HEAaBTOMATH3MPOBAaHHBIM BapuaHTOM. [IoHATHO, uTO UMeeTcs B BUILY SPPEKTUBHOCTH
NESTeNLHOCTH, @ HEe MPOrpaMMbl. KaK BOIUIOIIEHUS Mojend. B wactHocTH, 3(pPEeKTUBHOCTh Takon
ACATCIIBHOCTH CYHICCTBCHHO 3aBUCUT OT QaACKBATHOCTU YIIPABIAIOUINX BO3Z[GI710TBPII7], T.€. OT
npeiaraeMoro uHTepdetica. MoxxHO Kiaccu(UIMPOBATH BO3MOXKHBIE WHTEpQEliCHBIE CPEACTBA MO
CTETIeHN WX BIUSHUS Ha 3()PEKTHBHOCTH NEATENBHOCTH, no0Oupams unmepgetic Ol KOHKPETHBIE
YCJIOBUS IPUMEHEHWSI POTPaMMBI, aHAITU3UPYS TIOTydaeMble Pe3yIIbTaThI.

Bo BTOpoM ciydae aHanoroB NmporpaMMHOTO WHCTPYMEHTa HET, a NMOTOMY KPUTEPHH KadyecTBa
MEHSIOTCS: OIIEHKOM MPOrpaMMHOTO W3JIENHS CTAHOBATCS PE3yJbTaThl HOBOW JEATEIBHOCTH, TO, KaK
OHa BCTpPaWBAaeTCS B CHUCTEMY IpPYTHX jAesterabHocTei. Takum oOpazom, BkIaa 3(pQekTHBHOCTH U
uHTEpdeiica B OIIEHKY KavyecTBa MPOrpaMMbl MEHEE BECOM IO CPaBHEHUIO C (YHKIHOHAILHOCTHIO.
Tem He MeHee, eclM H3JeNHE NPETCHIAYET Ha JOCTATOYHO JIONTO€ CYHIECTBOBAHUE, BOMPOCHI
a¢ddexkTuBHOCTH M WHTepdelica Takke MOIDKHBI paccMaTpUBAThCA Kak cyllecTBeHHbIE. [loatomy
BMECTO TOJ00pa HMHTEPPEHCHBIX CPEJACTB MOXKET OBbITh PEKOMEHJOBAaHA CTPAaTErus HACTPOUKH
uHTEpdeiica, OCyIIecTBIsieMas IOJIb30BaTeIeM: B X0JI€ SKCIUTyaTallii IPOTrPaMMHOMN CUCTEMBIL, OyayT
BBISIBJICHBI JKeJlaTenbHble "TOUYKH pocTa" ee 3(PQPEKTUBHOCTH M JOMOJHHUTEIbHBIE YIPaBIISIONINE
BO3AEHCTBHA. BO3MOXXHOCTB H 11eNIeCO00Pa3HOCTh TAKOTO Pa3BUTHS MPOrPaMMBbI HA/I0 MJIAHUPOBATE.

3. 3apgaua KOHCTpyMpoBaHUA UHTepdeiica

Pa3BuThle TEXHOJOrMH NPOIPAaMMHPOBAHMS  IPEIOCTABISIOT  Pa3HOOOpPA3HbIE  CpelCTBa
peanu3anuy MOJENeH BBIUMCICHUN CIOXHBIX MPOTPAMMHBIX CHCTEM M JIOCTIDKEHHUS TpeOyeMoit
s¢dexktuBHOCTH. Kak mpaBUiIO, OHUM HMCXOIIT W3 BHEINIHHX CHEMUPUKAIUN KOHCTPYHUPYEMOTO
IIpOrpaMMHOIO MPOAYKTA, B KOTOPBIX MOXXHO JOCTAaTOYHO TOYHO @HKCI/IpOBaTL, qTO HOJIDKHO GBITI)
C/IeNIaHO, a CJIeJOBaTelbHO, NMpOBepKa (DYHKIIMOHAILHOCTH W OIpEJelieHHe JOCTHUTHYTOTO YPOBHS
3((HEeKTUBHOCTH B IPUHITUIIE HE 3aTPYIHUTEIHHEI.

Wuaue obOctout nmeno ¢ uatepdericom. Koraa untepdelicHple KpUTEPUN YIaeTCs ONUCATh SBHO
(HampuMep, B ciydyae MEXMOIYJIbHOrO HHTEpdeiica), ero pa3padoTka He TpeOyeT 0COObIX YCHIUH U
CBOJIUTCS K TIOJIAIOIIUMCS paIllHOHAM3AIMH coryiacoBanusiM. HTepdhelicHbIe TPy THOCTH BO3HUKAIOT
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IpH KOHCTPYHPOBAHHHU TOJIB30BATEILCKOTO IPECTABICHHSI CUCTEMBI. [ J1aBHAsi MPUYMHA MX B TOM,
4TO pa3pabOTYMKK YacTO C1abo MPEACTABIAIOT ceOe, KTO M Kak OyAeT NMPUMEHITh HUX H3IeIHe.
WHorna oHM Jjaxe 3asBISIIOT NpPUMEpHO cieaymomiee: "Bam mpenocraBieHa mporpamma C
OTIpeIeIICHHBIM HAa0OpOM CPENICTB, a KaK pacHopsSIuThCS MMH — Bama mpobiema". OTo B KOpHE
HEBEpHOE YTBEpXKICHHE — 3a00Ta O TEXHOJIOIMH MPUMEHEHHs MpeiaraeMoro (Iporpamm,
000pyIOBaHMs, JOKYMEHTAIMK U Jp.) — Ba)KHas 33ja4a OTBETCTBEHHBIX Pa3pa0OTYMKOB, UMEHHO
OHH MOTYT U JJOJDKHBI TOYHEE IPYIHX OTBETHTh Ha BOIPOCHI O HA3HAYCHHUHU H3/ICIHSL.

bes yuera mpum paspabortke "moprpera" moip3oBarens, 0e3 MPOAYMBIBAHUS PErIaMEHTOB W
METOZIOB TPUMCHCHHUsT TMPOTPAMMbBI  MOTPEOMTENbCKAs I[IEHHOCTh MPUIOKEHUS  CHUKACTCS.
DYHKIMOHATBHO XOPOIIUE MPOTPAMMBI HE BCET/a B COCTOSHUH YAOBIETBOPUTH MOJIB30BATEIS C €T0
3ampocamu, 00yCIOBICHHBIMU OCOOCHHOCTSIMHU €r0 KOHKPETHOM JiesiTeNbHOCTH. VIHOT 1A pHeMIIeMBblit
ISl OJHUX 1elell uHTepdeiic OKa3bIBaeTCs HEYyTOOHBIM IS IPYTHX H3-32 CMEIICHHH MEXIy
HAa3HAYCHUEM M MPUMEHEHHEM MPOrpaMMbl (COOTBETCTBYIOIINE MPUMEPHI YAAUHBIX M HEYIAuyHBIX
HHTEPENCHBIX PEIIeHni MOKHO HaiTH B [8]).

[IpoGema pa3zpadoTku nHTEpherica, COOTBETCTBYIOIIETO TOTPEOHOCTSAM TOIH30BATEICH, COCTOUT
B TOM, YTO 3apaHee ONpPEJCIUTh WCTUHHBIC MOTPEOHOCTH MONydYaeTcsl najieko He Bcerma. Jlms
peUICHUA ITOMU HpO6HeMBI MBI IIpe€JjiaraéM BOCIIOJIB30BAaTLCA CIICHUAJIBHBIM IIPHUEMOM, OTBCUAIOIICM
PACCMOTPEHUIO CHCTEMbI KaK COBOKYITHOCTH aKTHBHBIX W/MJIHM TACCUBHBIX 27eMeHmos. B KaxIplid
MOMEHT 3JIEMCHT HaXOIUTCS B OJHOM M3 3apaHee ONPENCIICHHBIX COCMOSHUL, XapaKTePU3YIOIINX
BO3MOKHOE nosedeHue d1eMeHmd, T.e. €ro CIOCOOHOCTD BBIMOJHATH ONPEICICHHBIC Jelcmeus, B TOM
YUCIIC YCMAHOBKY W PA3pblé Cési3ell DIEMEHTOB, a TaKkXKe MX CO3[JaHHe M yJajeHHE 3JEMEHTOB U
JOCTYIHOCTh WX JICHCTBHM /IS BBIONHEHUS. Bce 3TO COOTBETCTBYET XOPOLIO H3BECTHOMY IIAOIOHY
npoexTupoBanus mporpammubsix cucrem MVC (Model, View, Controller) [9]. Ero ocnoBroe
TpeGOBaHUE CBOIUTCS K HEOOXOAUMOCTH IPH MPOEKTUPOBAHUU pa3rpaHUYMBATh TPU KOMIIOHEHTA
CHUCTEMBI.

* Mooenv sviuucnenuii (Model) — ompenenser u dukcupyer TpeOyemyro (GyHKIHOHATILHOCTH
pa3pabaTbIBaeMOW CHCTEMbI KaK MHO)KECTBO JIOMYCTHMBIX MOCJIEI0BATEIFHOCTEH COCTOSHUIA
3JIEMEHTOB MO/ICITH B IIEJIOM;

e [Ilpeocmasnenue (VieW) — onpenenser u Qurcupyer (GOPMBI 3aJaHMs ¥ IIPEIbABICHUS
nepepadaThIBaeMBbIX JTAHHBIX U JAPYrod HHGOPMALUK IEMEHTOB CHCTEMbI, HEOOXOAUMYIO LIS
peanu3aimu MOJICIIH;

«  Vnpaenenue (Controller), — onpenensier u GpukcupyeT AeHCTBYSA U BO3IEHCTBHS SJIEMEHTOB,
KOTOpbIe TpU (PYHKIIMOHHUPOBAHUU MOJICNIM AKTUBU3UPYIOT (ParMEHThl BBIYMCICHUN B
3aBUCUMOCTU OT NOCTyHaromux Jid YHOPaBJICHUA JaHHBIX W TPHUBOAAT K HU3MCHCHHIO
COCTOSTHUSI MOJICITU BBIYHCIICHHI B [IETIOM.

WupopManust O COCTOSHHH JJIEMEHTOB MAOCTYIHA JUIA TMPUHATHS PEIICHHH O TOM, Kakue
BO3JICHCTBHS HY)KHO OCYIIIECTBUTb JIJIs IEPEBO/IA CUCTEMBbI U3 TEKYIIIETO COCTOSIHUS B jkenaemoe. OHa
nepeaaeTcsi Kak cO CTOPOHbI MOJETH, TaK OT YIPaBICHHS B TNPEACTABICHUE JUIs BHEIIHETO
UCIIONB30BaHus. B3auMOJICHCTBHE MONB30BAaTeNlsi C MPUIOKEHHEM OCYLICCTBISETCS — 4epes
npejcTaBiaeHue. M3 3Toro cieayer HEOOXOAMMOCTh ydera TOrO, 4YTO ISl pa3HbIX THIIOB
M0JIb30BaTElCH MOTYT TPEOOBATHCS Pa3IHUHbIC TPE/ICTABICHHSI.

Ipu pa3paboTke MpeACTaBICHUI HEOOXOAUMO MOHHUMATh, YTO KaXIbIH MOJIb30BATEIb MOHUMAET
MOZCIIb U YIPABJICHUC NPUIIOKCHUSA ITO-CBOEMY. DTO CBSI3aHO C TEM, UTO OH BCTPAMBACT IMPUIIOKCHHUEC
B CBOIO ACATCIIBHOCTHL B Ka4Y€CTBEC MHCTPYMECHTA. A IMOCKOJIBKY 3Ty JACATCIIBHOCTH IOJIB30BATCIIA U
CBSI3aHHBIC C HEil JPyrue AEATENbHOCTH MPEICcKa3aTh HEBO3MOXKHO, HE CTOUT HAJEAThCS Ha TO, YTO
MOJIB30BATENILCKOE MOHMMAHUE MOJCIM W YIpaBlieHUs OyIyT COBMAgath C TEM, YTO MHpeiaraeT
nporpamMMa TMPHJIOKEHHs. 3ajada KaKJ0ro W3 TMPECTABICHUH, MpeIiaraeMbIX pPasHbIM THIIAM
MOJIb30BATEIICH, COCTOMT B TOM, YTOOBI MIOCTPOUTH COOTBETCTBUE MEKIY MOJCIBIO U YIpPaBICHHEM
OPWIOKEHUS U ToNIb30BaTesell. ViMes: BBUAY HEOOXOIMMOCTh TMOJICPKKH 3TOrO0 COOTBETCTBHS MPH
paboTe MPUIIOKEHUSI KaK OCHOBBI €r0 MOJIE3HOCTH, WM, YTO TO e, F03a0WIMTH MPOTrpaMMHON
CHUCTEMBI B LIEJIOM, 3a0ayd KOHCMPYyuposanus unmepdeica pazousaemcs Ha 08¢ 4acmu:

» PaspaboTka cpeocme e3aumooleticmeus cucmemvl C TOIH30BATEIEM B BHIEC MPOrPAMMHBIX

uHTepdeiicoB,  KOTOpble  OOECIEYUBAIOT  OCYIIECTBUMOCTH  BBIMOJHEHUS  BCE
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(hYHKIIMOHANBHOCTH TPWIOKEHUS. KOMIIIEKT TakWX CpPEOCTB HA3BIBACTCS AOCHPAKMHbIM
unmepdheticom.

* Pa3pa0oTka BU3YaIbHBIX W/UIH UHBIX CPEOCHE NPeObsasieHuss UHpopmMayuy JUIS TI0Ib30BaTes

Y 3aJaHus BO3/ICUCTBUI Ha CHCTEMY, KOTOpPBIE PEaTU3yIOTCs Kak oOpalleHue K dJIeMEHTam
abctpakTHOoro wWHTepdeiica. KoMIUIEKT Takmx CpeACTB  HA3BIBACTCA  KOHKDEMHbIM
unmepdheticom.

[lousiTHs aOGCTPaKTHOTO W KOHKPETHOTO HMHTEPQECOB B TOYHOCTH COOTBETCTBYIOT MOHATHSAM
abCTPaKTHOTO M KOHKPETHOT'O CHHTAKCHCOB M3 00JIACTH KOHCTPYHPOBaHUs KOMIHITOpoB (cm. [10]):
U B TOM, U B JpYyroM ciiydyae aOCTpakTHOE SIBJSICTCS HWHBapUAHTOM MHOXKECTBA KOHKPETHOTO,
MPUBOIAIIETO K OJHUM U T€M ACUCTBHUSIM MOJENU U YIpPaBICHUs. AHAIOTUS PacIpOCTpaHseTcs U Ha
paszenenue 3a7a9u KOHCTPYHPOBaHUs HHTepdelica Ha BE YaCTH: B apXUTEKTYPe KOMITUISTOPOB EMY
COOTBETCTBYIOT ONIEPHPOBAHUE CEMaHTUUECKOW MH(OpMaIel 1 CHHTAKCUYECKUI aHaJH3.

Ha pucynke 1 mpencraBneHa cxema, HIUTIOCTPUPYIOIIAs 3aady KOHCTPYHpOBaHUS UHTepdetica,
corjacoBaHHOro ¢ madiioHoM mpoektupoBanus MVC. IllabiaoH ecTecTBEHHBIM 00pa3oM 3amaeT
«BOJIOpa3Ie» MEXAYy aOCTPaKTHBIM (OTHOCSIIMMCS K BBIYHCIICHHSIM) U KOHKPETHBIM (CBSI3aHHBIM C
JACATCIBbHOCTBIO HOJII)?,OBHTCJ'I}I) YPOBHAMH TPUITIOXKCHUA, K KOTOPBIM OTHOCATCA [OBE YacCTU
uHTepdeiicHol 3amaun. Ha cxeme oHM pasfeneHbl )KUPHOHU JHHUEH. Mozenb U yrpaBleHHEe ¢ TOUYKH
3peHUsl  TOJIb30BaTedsl 0003HAYEHBl 3aIITpUXoBaHHbIMH Onokamu U-Model u  U-Control,
COOTBETCTBEHHO.

N\ MonbaoBaTenb

o
KOHKpPETHBbIK
- o
— uHTepdeic
ABCTpaKkTHbIA @]
uHTEepdeic

hh

3apgaua r?’\ uHTepdelica
=]

q:'YHHLIHOHHpD BaHWe CMCTEeMBI

PucyHoK 1: Mogenb MVC, abcTpaKTHbIM M KOHKPETHbIN MHTepdenChl

4. [leaTenbHOCTb N0/Ib30BaTeNA U pa3paboTka uHTepdeiica npunoxKeHua

JlBa acmekTa 3aJauu KOHCTPYHMPOBaHUs WHTep(deiica, KOTOpPbIE MBI TOJBKO YTO ONPEICIHIH,
TpeOYIOT pa3jIMYHBIX METOJOB pelieHus. Pa3paboTka KOHKPETHOTrO HMHTepdeiica UCXOAUT U3 TaKUX
MOHATUM, KaKk JAW3ailH 3KpaHa, 3PrOHOMUYHOCTb, MCUXOJOTHMUYECKHWE OTPAaHWYEHHS, UCIIOIb30BaHUE
CTaHJIaPTOB M CIIOXKUBIICUCS MPAKTUKH OPOPMIICHUS B3aUMOJICHCTBHIA C MPOTPaMMHON CHCTEMOM.
[Ipu nmocTpoeHnn abCTpaKTHOrO MHTEpdeiica cuTyalus uHasl. 37eCh IIIaBHBIM SABJISCTCS 00eCIIeYeHHE
ABTOMATU3UPYEMOM MPUIIOKEHUEM JIESTETLHOCTH MaKCUMaJIbHO BO3MOXKHOM noiepxKoid. [ToHsTHO,
YTO 3TO TOJIEKO TOTEHIMAIbHAS BO3MOXKHOCTH, KOTOPasi MOKET ObITh HAYMCTO YHHUYTOXKEHA TIOXUM
KOHKPETHBIM uHTepdeiicoM. [loaTBepxkaeHne TOMy MOXHO HAHTH HA KoM mary. W 3To 1oBOJIBHO
noyuutenbHo. Tak, npumepsl, npeactapieHHbie [k, PackunbsiM B [1], mo3Bosniu chopMyiupoBaTh
PSAJ YHHBEPCAIBHBIX MPUHIIUIIOB Pa3pa0OTKH MHTEP(PEHCOB ¢ YYETOM KOTHHTHUBHBIX OCOOCHHOCTEH
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Bocrpusitst uHpopMmarmi. K coxanenuto, 3ToT aBrop 00CYXKJIaeT EHCTBUS MOJIb30BaTEINs, HE
CBsI3bIBasi MHTEP(HEHC C aApPXUTEKTYpOW, U HE YUYHUTHIBAs Pa3IMYMs TUIIOB IOJIb30BATEIICH.
[TogoOnbIe ommOKHM, paccyxaas o0 wmHTepdeiicax, momyckaer u JIx. Crojcku B cBoei
3aMeuaTellbHOM CepHH CTaTei mpo mporpamMmHoe obecrieueHue [2]. B pesynbrare pasyMHbIe
peKoOMeHJalud O0OMX aBTOPOB MJisi HMHTEp(ENCHBIX pEHICHUH 3a4acTyl0 OKa3bIBAIOTCS
HECOBMECTHUMBIMH, a IOPOK MPAMO MNPOTHUBOMOJIOKHBIMUA. B CBOE€ BpeMs HaM TaKxke He
ynaiock u30ekxaTb MOZOOHOTO HEMOCTaTKa: AaHAJIN3 JPrOHOMHYECKHX W ICHXOJOTHMYECKUX
OTpaHUYCHHH, @ TAKKE BIUSHUS NPUBBIYCK W CIOXMBIIUXCS CTUXUIHO CTaHIAPTOB Ha KauyeCTBO
NpOrpaMMHON Pa3pabOTKH, NMpeACTaBICHHbIH B padote [8], Mor ObITh Gosiee TOUHBIM, eciu Obl OH
BBITIOJTHSICS Pa3/IesIbHO [Tl KOHKPETHOTO M a0CTPaKTHOTO HHTEP(dEHCOoB.

[ToHsATHO, YTO B CBA3M C TOHATHSIMH aOCTPAKTHOTO M KOHKPETHOTO HHTEp(EeHcoB ecTh
HEOOXOIUMOCTh Pa3BUTh MH(OPMAIMIO, MPEACTABICHHYIO B YKa3aHHBIX MyOJHKAlMAX, a TaKKe
Ipyrux Oosee mo3mHUX paboTtax. B mociemyroneM U3I0KEeHUH MBI 00CYKIaeM B OCHOBHOM BOIIPOCHI
KOHCTPYHPOBAHUS a0CTPAKTHBIX HHTEP(EHCOB U JIUIIH YaCTUYHO KacaeMcs pa3paboTKi KOHKPETHBIX
untTepdericoB. s 3TOro ecTh nBe NMpU4MHBL. Bo-nepBhIX, pa3paboTka aObCTPakTHOrO MHTEpdeiica
6ce20a 00MCHA Npeouecmeosams PEIICHUI0 BOINPOCOB O KOHKPETU3ALUU IOJIb30BATENbCKUX
CPEICTB M METOJIOB KOHCTPYHPYEMOW NpOrpaMMHOHM cHCTeMbl. MOXHO YTBEpXKAaTh, YTO B
Ka4eCTBEHHO MPOPa0OTaHHOM TPOTPAMMHOM IMpPOEKTe abCTpakTHBIN MHTEpQerc cTaHOBUTCA 0a3oif
JUIsL TIPOEKTHPYEMBIX CPEICTB KOHKPETHOro HMHTepdeiica. Bropas mpuunHa cBs3aHa C pa3IUuueM
cTuis paboOT, BBHIMONHAEMBIX B paMKaX KOHCTPYHMPOBAaHHS [BYX HHTEP(EHCHBIX acHeKTOB:
abcTpakTHBIH HWHTEpdeiic sBIseTcss Ooliee TEXHOJIOTHMYHOW MAESITeThHOCTHIO, YeM KOHKPETHBIMH,
KOTOPBI MOKHO C TOJHBIM Ha TO OCHOBaHHEM CUHMTATh MCKYCCTBOM. MCXOIs M3 3THX NMPHYHH MBI
paccMmarpuBaeM METOJBI PA3BUTHUS IMIPOSKTOM C MO3UIIMU METOIOJIOTMIECKON TEOPUH JEeITEILHOCTH.

4.1 O6bwume NonoxKeHUa AeATeNbHOCTHOro Nnoaxoaa

Ilonstne ACATCIIBHOCTH — KIIFOUCBOC JII MMPOCKTHUPOBAHUSA NPOTPAMMHBIX CUCTEM, U 3TO TEMa
OTACIBHOI'0 PAaCCMOTPCHUS. 3I[CCI) MBI PAaCCMOTPUM JIMIIb TE€ €€ aCHCEKTbl, KOTOPLIC HNMCIOT

OTHOIIICHHE K pa3paboTke uHTep(dercoB. M mepBoe, HA YTO CTOUT OOpPATUTh BHHUMAaHUE, — 3TO
cmMpyKmypa OesimenpbHOCmuy: U3 KaKuX DIIEMEHTOB OHAa COCTOWUT? EcCTecTBEHHOE OrpaHWYeHHE MPH
OTBETE Ha 5TOT BONPOC — pAacCMAaTpUBaTh TOJNBKO IeJIEHANpaBlieHHbIe JesTenbHocTh. Kak
CJIEICTBHE, MOSBIISIIOTCS CICAYIONINE dieMeHmbl OesimenbHocmu (CM. puc.2):
* [lenv — I 4ero OpPraHU3yeTcs JESATEIbHOCTh, T.C. KAKHE MPOAYKTHI U C KAKHMM ypPOBHEM
KauecTBa MPEANNUCAHO TOJYYUTh ITPH €€ BBIMOJIHEHUH;
*  Pesynomam — 49TO (HAaKTUUECKU NPOAYILHUPYETCS B XOJAE BBIMOJIHECHUS JEATEIBHOCTH.
PesynbTar He Bcerja COOTBETCTBYET IeNd. Eciy OH BKIIIOYAET BCE, YTO MPEINUCAHO IEIbIO,
JeSITENTBHOCTh CUMTACTCS YCICNIHOM, HMHAaYe — HeycrnemHoi. B ob0oux ciydasx mpu

BBITIOJTHEHUN JIEATENbHOCTH HE TOJNBKO T€ TPOAYKTHI, KOTOpPHIE COOTBETCTBYET IIETH
(HampuMep, ONBIT pa3pabdOTIYNKOB, OTXO/BI U JIp.);

*  Cybvexm — TOT, KTO BBIIIOJHAET AEATEIBHOCTb. DTO HE00S3aTEIbHO HHIUBHILYYM, TIOCKOJIBKY
JEeSTETbHOCTh MOKET BBITIOJHATHCSI aBTOMATHYECKH, M HEO0A3aTeIbHO PealbHbIN HHANBUIYYM,
T.K. JIGATEIILHOCTh MOXKET OBbITh KOJJICKTHBHOW, M TOTJA YJAOOHO TOBOPHUTH O BHUPTYalbHOM
cyobekre. He mo60ii cyOBbeKT NpUroAeH JUIsl BBIOJIHEHUS IS TEbHOCTH, a 3HAYHT, OH JOJDKEH
o0najgate  BIOJNHE  ONpENENCHHBIMH  arpuOyTamMyd  (HampuMep,  COOTBETCTBYIOLICH
KBasM(hUKanei ), KOTOpble HEOOXOIUMBI JJIsl BBITIOTHEHUS I€ATEIHHOCTH,

*  Mamepuanvr u pecypcbt — TO, U3 4ET0 NPOAYLHUPYIOTCA PE3YIbTaThl AEATEIBHOCTH.
Marepuansl MOTYT OBITh KaK MaTepuajbHbIE, TaK U MHOOPMAITMOHHBIC, & PECYPCHI —
pacxoayeMbIMH UM HE OTPAaHHYEHHBIE (CUUTAIOTCS TAKUMHU );

*  Cpeocmea u uHcmpymeHmbl — € IOMOILBIO YETO MIPOLYLUPYIOTCS PE3YJIbTaThl JESITENbHOCTY;

* MemoObi — YyKa3bIBaIOT Ha TO, KaK BBIMOJHATH [EATENBHOCTH JJISI TOJYYEHHUS LEIEBBIX
Pe3yIbTATOB, MOTPEOIISIs e MaTepHalbl U PECYPCHI.

JlesTenbHOCTh MOXKET HaXOAUTHCSA B OJTHOM U3 €€ COCMOsHUL, KOTOPbIE MOKHO pacCMaTpuBaTh B

Ka4yecTBE XapaKTEPUCTUKU BBIIIOJHEHUS JeATeabHOCTH. Ha MHOXKECTBE COCTOSHUIl OIpeneneHo
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OMHApHOE OTHOIICHUE BO3MOXKHOCTH ITEPEX0/1a U3 OJTHOTO COCTOSIHHSA B Jipyroe. Tem camMbIM 3a1aeTcs
rpad cocrosHuil. [lepexom Mexay COCTOSHUSIMH (€CIM OH BO3MOXEH) MPOUCXOIUT B PE3YJIbTaTe
Oeticmeuti CyOBEKTa, WCIONB3YIOMIETO JJIEMEHTHI JAEATENLHOCTH. JlomycKaroTcs W3MEHEHUs
COCTOsIHMI 1 6€3 y9acTusi cy0beKTa (mpuMep — KOHKYPEHTHOE UCTIOIh30BaHHUE Pecypca, O0IIero as
pPa3HBIX AEATEILHOCTEH ).

Hean

MarepuaJjibl
U pecypchl

CybbeKT Pe3ynbrar

CpencrBa u

HHCTPYMEHTHI Meroant

PUCYHOK 2: DnemeHTbl AeATeNIbHOCTH

B rpade cocrosHuil BBIACNCHBI HaYAIbHOCE COCMOAHUE, B KOTOPOM JEATEILHOCTD
AKTHUBU3UPYETCSI, 1 MHOXECTBO 3aKMOUUMENbHBIX COCMOAHUL, B KAKIOM U3 KOTOPBIX IESTEIbHOCTD
MOJKET 3aBepIINTHCS. HeKOTOphle M3 3aKIIOYMTENBHBIX COCTOSHUU ONPENEINsIOTCS KaK yenegvle —
CUUTAETCS, YTO B HUX IIEITH JCSITEIbHOCTH JOCTUTHYTHI.

ITocieoBaTenbHOCTh COCTOSIHUH, KOTOPAst BRICTPAUBACTCS B PE3yNIbTaTe ACHCTBUI CyOBEKTa,
Ha3bIBACTCSI ONEPAYUOHHBIM MaApuipymom JesTeabHOCTH. ONepaluoHHbI MaplIpyT Ha3bIBaeTCS
NOAHBIM, €CIIM OH BEJeT OT HavyaJbHOTO COCTOSHHSA B 3aKiiouuTenbHOe. [1oNHBIN omnepanuoHHbIH
MapuipyT, NPHUBOAALIMHA K LEIEBOMY COCTOSIHUIO, CUMTAaeTCs ycnewmviM. B oTamume oT Tak
Ha3bIBAEMBIX CYEeHApues, KOTOPbIE IJIS MOMAaJaHusl B LEJIEBOE COCTOSIHUE MPEANUCHIBAIOT CYOBEKTY
OIpe/ieNIeHHbIE  MOCJEeOBATEIFHOCTH  JCHCTBHM, OINEpPAl[IOHHBIE MAaplIpyThl BBICTPAUBAIOTCS
CyOBEKTOM, T.€. JOMYCKAIOT CBOOOHBIN BEIOOpP OYEPETHOTO COCTOSIHUS, YTO 0OJiee TOYHO OTpakaeT
peanbHOCTD LeJICHANPABICHHBIX e TEIbHOCTEH.

JesiTenbHOCTE BCerja BBIIOIHACTCS B HEKOTOPOM OKPYICeHUU, N3 KOTOPOTo IOCTABIISIFOTCS
€e DJIEMEHTEHI, U B KOTOPOE MEPEAIoTCs €€ Pe3yIbTaThl B KAUECTBE DIIEMEHTOB JPYTUX JEATEIbHOCTEH
n3 OKpykeHus. CBs3aHHBIE 3TUMM OTHOLICHHSMH JIESITEIbHOCTH MOTYT I'PYNIIUPOBATHCS, U TaKHe
IPyNIIBI MOXXHO TPAaKTOBATh KaK CaMOCTOSTENBHBIC ESTEIBHOCTH CO CBOMMH OKPYKEHHSIMU H
aneMeHTaMu. TakuMm o00pa3oM 00pasyloTcst cucmema OesmenbHOCMell, B KOTOPOW KaKaas W3
JeSITENIBHOCTEH COCTaBIISIETCS U3 IPYTHX JESITEIBHOCTEH, aKTYyIM3UPYIOIINX DIIEMEHTBI TPYIIIL.

CucteMsl JesTeIbHOCTEH 00pa3yroTCsi HA OCHOBE OTHOLICHHS MCIIOJIB30BAHUS HMPOIYKTOB U
pe3yIbTaTOB, MEpeaBaeMbIX OT OJHOM JEATENLHOCTU JIPYrOi. DTH M CBSI3aHHbIE C HUMHU TOHSTHUS
YTOYHSIFOTCS CJISAYIOIIMM 00pa3oM:

*  Pesynomam Oesmenvhocmu — BC€, YTO TPOM3BOJAMTCS B HEH, HE3aBHCUMO OT TOTO,
UCTONB3yeTCcd 3TO WM HET B KaKOH-MMOO Ipyroi nesTedbHOCTH (B TOCIEAHEM clydae
WCTIOJIb30BaHKUE PACCMATPUBACTCS BHE N3Y4aeMOM CUCTEMBI);

*  Ilpooyxkm Oesamenvrocmu [, — ta 4yacte pesynbrarta [, KOTOpas ucnoissyemcs B Ipyrou
JesITeNbHOCTH [, B KauecTBe KaKoro-To ee 3JeMeHTa. MHOKECTBO TaKUX JeaTellbHOCTer A =
{dut, ..., Jun} oueHb Benmmko. B 4acTHOCTH, OHO CONEPKHUT BCE BapUAHTBHI MCIOJIb30BAHUS
BCEX MOJIb30BaTEJEH MPOIYKTA;

*  Ienesoii (ocHogHot) npodykm Oeamenvhocmu [, — To, 4To 3asByieHO B [, KaK ee 1eb, T.e.
o0o3HaueHbl Hekue nestenbHOCTH = {Mui, 1 € {1, ..., n} | s € A}, 0 KOTOpHIX
IpeIoIaraeTcs, 4To OHU OYAyT UCITIONIB30BaTh MPOAYKTHI [l;1);

»  Tlobounwiti npooykm [y—Ta 4acTb pe3yibpTara, HE SBISIOMIASACS LEJEBBIM MPOIYKTOM, IS
KOTOPOM €CTh MCIOIb3YIomIas ero aesrenbHocth dy € A\ {IU...U i} i € {1, ..., n}.

*  Conymcmeytowuti npooykm — TOT TPOAYKT (BO3MOXKHO, IPYTroil IesTeNbHOCTH), 0e3
KOTOPOTI'0 UCIOJIb30BAaHHE 1IEJIEBOI0 MPOJAYKTa 3aTPYAHUTENILHO (B Pa3HOM CTENEHH).
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Puc. 3 wmoctpupyer BBeleHHbIE TOHATHS. (CBETNBIE CTPENKH YKa3blBalOT Ha OJIOKH,
PACKpBIBAIONINE PE3YJIBTAThl JIEATCILHOCTEH, KOTOpPHIC NPEAOCTABJISIOT IIEJCBhIE U IMOOOYHEIC
MPOJYKTHl JPYTHM JIEATSILHOCTSAM (OHM BBIJIICIICHHBIX OBaJaMu). TEMHBIC CTPEIKU OTPAXKAIOT
WCTIONTE30BaHMUE MPOYKTOB.

ABTOMaTH3aHA JAEATEIHPHOCTH — 3TO TMOAMEHA KaKWX-TO €€ DJIEMEHTOB IMPOrpaMMHBIMHA
aHayioramu. Takasl MOJIMEHa HEU30CIKHO BJICUECT U3MECHEHUE U IPYTHX DJIEMEHTOB 332 HCKIIIOUCHUEM €€
[IeTH — HOBBI WHCTPYMEHT TpeOyeT HOBBIX METOJOB PabOThl C HHUM, APYrod KBaIH(HKAIHAN

cyowsekta u mp. Jnsg sddexTuBHOrO (BO BCEX CMBICTAX) BBIMOIHEHHS CyOBEKTOM IESTETHHOCTH
HE00XOUMO, YTOOBI €ro HOBBIC OICPAIMOHHBIE MAapIIPYThl OBUIM OBl CXOJHBIMH C paHee
peaiM3yeMbIMA MapIpyTaMH, B YaCcTHOCTH, OHHM HE JOJDKHBI JIOMaTh IPUBBIYHBIC CTaHIAPTHI
B3aUMOJICHCTBUSL C CUCTEMOW. DTO CIpaBeIUIMBO W MPH KOHCTPYHPOBAHHU HOBOH JICSITEIBHOCTH,
KOTOpasi MPEeJIoJiaracT JOCTHKCHUE HOBBIX Iieneid. B 000ux ciydasx aHajaorus IOMOTaeT OCBOCHUIO
ABTOMAaTU3UPOBAHHOM JIEATEILHOCTH.

~

LileneBsble
NPOAYKTbl  ~

-Ll,eneBb-lé -
NPOAYKTbI

ConyTcTBYlOWME NPOAYKTbI

MobouHble
NPOAYKTbI

\ / 3 oy I

cu Me
\_/

[
{JNobounsie
1 mpoayktel |

PucyHokK 3: Pe3ynbTaT 1 NPOAYKTbl AeATeNbHOCTU

CX0ACTBO HOBOrO OINEPALMOHHOTO MapLIpyTa C paHee OCBOCHHBIMH IOJIb30BATEISIM,
YKa3plBaeT Ha TO, 4YTO JEATENBHOCTb, KOTOPYIO peaJin3yeT HTOT MapupyT, pa3OuBaeTcs Ha
(parMeHTHBIE JESITEIBHOCTH, W HEKOTOphle M3 HHUX COOTBETCTBYIOT C(HOPMHPOBABIIMMCS Y
MOJIb30BATENsl  MOBEJCHYECKMM WM HHBIM  cTepeoTHnaMm. Korja CTepeoTHIIbI  OTBEYArOT
SPrOHOMUYECKAM UM KOTHUTHUBHBIM OTPAHWYEHUSIM, TNPOU3BOIUTEIBHOCTh TPyAa II0JIb30BATEN
MOBBIILIACTCS. DTO HAOJIIOJCHUE PACIPOCTPAHIETCS M Ha pelleHHe 3a7ay KOHKPETHOro mHTepderica.
Jna pazpaboTku abcTpakTHOTO HMHTep(deilica OHO MOXKET CIYXHTh PEeKOMEeHAalued s BBIOOpa
MOIXOAAUIMX A0JOHOB B KauyecTBE aTOMAapHBIX €IMHUI] ACHCTBUH, TaK HA3bIBAEMBIX BHIKETOB —
MPUMHUTHBOB rpad)rudeckoro nHTepdeiica monbp30BaTessl, UMEIOIUN CTaHAAPTHBIM BHEIIHWUN BHI H
BBITIOJTHSFOIINN CTaHAapTHBIE AeicTBus [11].

4.2 KoHCcTpynpoBaHUe abcTpakTHOro uHtepdeiica

[Ipensiaymee oOcyxIeHHE MOKA3bIBAET, YTO AJsl pa3paOOTKH aOCTPakTHOro WHTepdeiica
HEOOXOIUM  aHAIU3 ONEPAYUOHHBIX MAPWPymog, TPU KOTOPOM peIIaeTcs, umo JIOJDKHO
MPENbSBIATHCS TIOJB30BATENI0 B KauecTBe MHPOPMAIIUK U IS BHIOOpA BapUaHTOB JICHCTBUH, HO HE
Kax 3TO IPeAbSBIAETCS: IOKa3blBaeTCs, pacckasbiBaercss U ap. llocienHee — 3ajaua aHanu3a U
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(hopMHUpOBaHUs NPENCTABICHNI KOHKPETHOIO HHTEp(erica, KOTOPYIO HyKHO peIaTh 110cje TOro, Kak
MPUHSATHI pelIeHHs Ha a0CTPAKTHOM YPOBHE.

BapuaHToB onepanroHHBIX MapIIPYTOB CIUIIIKOM MHOTO, YTOOBI IIBITATHCSI OXBAaTUTh UX BCE.
BmecTto sTOro menecooOpasHO CTPOUTH THIIOBBIE CLEHAPUM II0JIb30BATEIBCKON JESTEIbHOCTH,
KOTOpBIE OrPaHWYMBAIOT PACCMOTPEHHE MOCIECAOBATEIBHOCTAMUA COCTOSHHN NEATENBHOCTH IIPU
IBIKEHHHM K ILend. B oTnmume oT cleHapueB, NpeiaraéMbIX I[IOJIb30BAaTEN0 B KadyecTBE
PYKOBOJCTBA, aHAIMTUYIECKUE CLIEHAPUHU ISl KAXKIOr0 COCTOSIHUS CONPOBOKAAIOTCS HH(POpMaren o
T€X COCTOSIHMAX, B KOTOpBIE MOXHO Iepeiitu B npuHuune. C TOUKH 3pEHHs OTAEIBHOIO CLEHAPHS
OonblIas 4acTh MEPEX0J0B B TAKHE COCTOSHHS — 3TO omuOKkH. OHAKO HE HCKIIOYEHO, YTO APYTHE
CIIEHApUU OPTaHU3YIOT IIOCIENOBAaTENbHOCTH COCTOSIHMM, JUI1 KOTOPBIX JaHHBIE MEpeXo/sl
mpaBoMepHEI. [lone3sHoe cocrosiHue HE OyJeT YIymIeHO He TOJBhKO, KOraa APYro cleHapuid yke
BXOJUT B YHCJIO THUIOBBIX, HO M ClIy4asX, KOrJa €ro IOJE3HOCTh BBIACHUTCS B JajbHEHIIeM, U
MIPUJIETCS] MOJEPHU3UPOBATh CUCTEMY.

B pesynpraTe aHanmza ONEPalOHHOIO MapLIpyTa pa3paOOTYMKM JOJDKHBI AL KaKIOro
COCTOSIHMSI OIIPEIEIUTh:

e Kakue »s5eMEHTBl JAEITEIbHOCTH HCIONB3YIOTCS B IOJB30BAaTENIBCKOM JIEHCTBHM, Kak

HM3MEHSIOTCA DJIEMEHTHI 1eATeIbHOCTH;

* Kakoil pe3yiapTarT NpoOXyLHUPYETCS IMpHU TEpexoie B HOBOE COCTOSHUS U B KaKUX

JESATENBHOCTAX HCIIOJIB3YIOTCS IPOIYKTHI;

* B kakoli nporpaMMHON NOIJEPKKE HYKAAKOTCS 3TH JCHCTBUSL.

Ha ocnoBe mH(popManuu o0 OMepalMoOHHBIX MapIIpyTaxX BBITOIHIECTCS CICIYIOIIUHA IIar
aHalmM3a — npoeepKa (QYHKYUOHANLHOU NOAHOMYbL, T.€. COOTBETCTBHE IpeIIaraeéMbIX CpPEICTB
MOJTHOMY HaOopy aBTOMAaTHU3UPYyeMbIX (YHKUUH, HEOOXOIUMBIX AJISI IOJIb30BATEIbCKUX NCHCTBUIL.
[TonHoTa mpoBepseTcst UCXOAA U3 TEKYLIEro MOHUMAaHUs NOTPEOHOCTEH MOIb30BaTENs, WIH, YTO TO
e, Ha OCHOBE BCEX JCHCTBHI CyOBEKTa Ha BCEX MPOAHAIM3UPOBAHHBIX OMEPAUOHHBIX MapIIPyTax.
Ecnmu B mpouecce pa3pabOTKu MPOrpaMMHOIO NPOAYKTAa WIM JaXe B XOAE €ro 3KCIUTyaTalluH
BBISICHSICTCS HapyIIeHHE (YHKUMOHAJIBHOM MOJHOTHI, TO KOMIUIEKT IIpeAaracéMblX CpPEICTB
pacuupsieTcs, ¥ MpoBepKa MOBTOPSETCS.

W3 QyHKIMOHATBEHO MOTHOTO HA0Op CPENCTB BBIACISIOTCS 0Oa306bie 91eMenmbl MOJCIU
BBIYUCICHUHA M TpeOyeMoro ymnpasieHHs aOCTpakTHOro ypoBHsS. Habop 3TuX 31€MEHTOB JOJDKEH
OBITH JIOCTATOYEH JJISl peall3alii BCEX aBTOMATH3MPYEMBIX (DYHKIHMH, YTO O3HAYaeT TpeOoBaHHE
peanu3ayuonHol noaHOMel. ITO JOCTHTAETCS MTyTeM YHU(UKAIMA 1 KOMOMHUPOBAHHUS 3JIECMEHTOB, a
IpU HEOOXOTUMOCTH, MX JEKOMHO3WIMH. Peanm3amuss 0a30BBIX 3JIEMEHTOB OCYLIECTBISETCS B
paMKax NPHUHATBIX I TPOEKTa APXUTEKTYpPHBIX pelleHuid M TpeboBaHui 3¢ddexTuBHOCTH C
WCTOJIb30BaHUEM KaK OOIIECUCTEMHBIX, TaK U CHEIHAIBHBIX MPOrPaMMHBIX CpeAcTB. B pesyibrate
paboT, CBA3aHHBIX C OOECIEYEHHEM pEAIN3ALHOHHON IOJHOTHI, B APXUTEKTYpe (UKCHPYETCS
JNOCTUTHYTBIH YpOBeHb (PYHKIIMOHAIBHBIX BO3MOXKHOCTEH. B Tepmunax mabiaona MVC sto o3Hauaer
criennUKaIMI0 MOJICIH, YIPABICHUS M pealn3alliOHHON 4YacTH mpezcraBieHus. [locnennee ectb
OCHOBa KOHCTPYHPOBaHUs KOHKPETHOTO HHTepdeiica — BTOpas 4acTh MPeJICTABICHUSI.

Hapsany c¢ ¢yHKuMOHaNbHOW M pean3allMOHHON MOJHOTOH HMMEET CMBICT PaccMaTpUBaTh
unmepdeticnylo noamomy, TNOHMMAs €€ KakK 3aJaHHe s3bIKa YIPABJICHUsS IOBEJCHHEM MOJEIH,
aJICKBATHOTO BOCIPUATHIO IPOrpaMMHOM CHCTEMBI IOJIb30BaTesieM. Eciu 3amada oIpeneneHus
abctpakTHOro MHTep(eiica penieHa, TO ONpeneiIeHa U CeMaHTHKa Takoro si3bika. M Torma MoskHO
noadupaTh BapuUaHTHl BO3MOXHOTrO HHTep(eiica, y4YUThIBas SPrOHOMUYECKME M KOTHUTHBHBIC
OTpaHWYCHMS, O KOTOPBIX yOeamtenbHO ToBOpuT JIk. Packmu [1]. Camblif TIaBHBIM acHeKT
WHTEPPEHCHON TONHOTHI — TOJAJEPKKA BCEX CTOPOH aBTOMATH3HPYEMOH JIeSITENbHOCTH, B
YaCTHOCTH, B MHTepQeiice T0KHBI OBITh Paclio3HaBaeMbl BCE JJIEMEHTBI 3TOH JESATEIbHOCTH.

B cBsi3M ¢ mpemIOKEHHONM METOIMKONH KOHCTPYHUpOBaHHS aOCTpakTHOro uHTepdetica
HE00X0MMO TIOAYEPKHYTh cleayromniee. Pa3paboTduk mporpaMMHOI CHCTEMBI HE JIOJDKEH I0JIarathb,
YTO ero pemeHus o0 ONepaldOHHBIX MapUIpyTaXx OKaKyTCS €IWHCTBEHHO NpPaBWIBHBIMH, a
BBIMOJIHEHHAS. UM MPOBEpKa (QYHKIHMOHAIBHON M pealn3alliOHHAast MOJHOTHI CTAaHET TapaHTHEeW 3THX
Ka4decTB JJIA MoJb30BarTens. IIpakTuka MoKas3pIBaeT, 4TO ACHCTBUTEIBHO HYKHBIE JUIS ITOJIB30BATENIECH
[IPOrpaMMHBIE CHCTEMBI — 3TO MPOAYKTHI, KOTOPbIE NMOCTOSIHHO Pa3BUBAIOTCA M yAOBIETBOPEHHUS
MOJIb30BaTENILCKUX TMOTpeOHOCTer. Ilpnm mepexonme K pa3paboTKe KOHKPETHOrO WHTepdeiica, s
KaKIOr0 BapHaHTa IPEAJIaracMoro IOJIB30BaTeNsIM U yIOBJICTBOPAIOIIETO OIPaHUYCHUAM HYXKHA
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IIPOBEpKa TOro, NOCTHTHYTa JIM HOJJAEP’KKA BCEX CTOPOH aBTOMAaTHU3MPYEMOH AeATeNbHOCTH. U
MEepBBHIM IIArOM B JTOM TPOBEPKE SBISETCS BBISICHEHHE €ro COOTBETCTBUS aOCTPaKTHOMY
uHTepdeiicy. B To ke BpeMsi, cpei KpUTEPHUEB KauyecTBa HE MOCIEIHEee MECTO 3aHUMAeT TOYHOCTB!
Cpeay MPEeNOCTaBISAEMbIX JIEMEHTOB M300paXEHUH, 3BYKOBBIX U MHBIX CUTHAJIOB HE IOJDKHO OBITH
HUYEro JIUIIHETO.

IIpencraBneHHas TOJBKO YTO CX€Ma NPUMEHEHHMS MPHUHLUIIOB IIOJHOTHI HYXJaeTcsi B
NONIOJIHEHUH, KOTAA PEe3yJIbTaTbhl IPOBEPKH IIOJIHOTBI W TOYHOCTH HEYJOBJICTBOPUTEIBHBI U
Heo0XoIuMa peBHU3Hs IPOEKTa. B 3TOM ciiydae cienyer BepHYThCS K 3Tally, KOTOPBIN CTal NPUYMHON
nedekra. YTOYHEHHas cxeMa MoAJePKKH KOHCTPYHPOBaHUsI HHTepdeiica mpencTaBieHa Ha puc. 4.

5. 3aknwoueHue

B nanHO¥ myOnMKayMy MpeCcTaBIeHbI JUIbL T€ aCTIEKThl Pa3paboTKU MPOTPAMMHBIX CHCTEM,
KOTOpbIC 3aTparMBalOT KOHCTpyHWpoBaHHe wuHTepdeiicoB. Kak mokaspiBaeT aHaiM3 MHOTHX
MPOrPaMMHBIX MPOSKTOB, OYECHb YacTO TMOMJICPKKA JICATSIBHOCTH B IICJIOM IOJMEHSICTCS
peanuzanued Jmnib TpeOyembix (QyHKIMHA O0e3 3a00Thl O TOM, KaK M JUIS 4Yero IO0JIb30BaTelb
AKTHUBM3UPYET 9TH (PYHKIMH. DTa MO3MIHUSA TPUEMIIEMa, KOTJia B JACATCILHOCTH IOJB30BATEIIS
HCIIONIB3YETCsI, K MPUMEPY, JIMIIb BBHIYUCIMTEIBHBIA PE3yJIbTaT, MOJIyYeHUE KOTOPOro He Tpelyer
yrnpasiaeHus. Eciu jke mporpamma mnpenjiaracTcsi Kak HHCTPYMEHT JESTEILHOCTH, HEOOXO0IUMO
MOHUMAHHUE BCEX AacCMEKTOB JTOW JEATCNHLHOCTH, T.€. KOMIUIEKCHBIH CHCTEMHBIH TMOIXOA K
OpTaHU3alliy MPEIbIBIAEMBIX CPEICTB.

v ¥ | Her
¢3:gﬁﬂgﬂ1?:30 BbiaenatoTca Mposepka _
= nonHbIii Habop | 6asoBble anemeHTbI, peanusaymMoHHOWN
MOZENN BblYUCNEHUMN NONHOTBI
cpeAacTs
t ) Na
| Het 1
Hocturaetca nu 0
npeaenAaeTca
= nosHoTa no,qp,epmxyw 3 CT';DJ'aKTHoe
s «
g asroma‘msupyen%ou ynpas/ieHme
ki AeATeNIbHOCTU
yAa ] Her
Onpegenawtca [
BapUaHTbl Hocturaetcs nu fla
BO3MOHbIX g HHTePd?EHC!';aﬂ
nHTepdencos ROAHOTA:
|
| Het

PUCYHOK 4: Cxema NpuMeHEHMNA NPUHLMMA NOHOTbI

KomrutekcHOCTE  aBTOMATH3AIMHM  TIOJIB30BATEIIBCKOW IESITETHHOCTH TPEAINoiaraeT, dYTo
pa3paboTUMKN TpH KOHCTPYHUPOBAHWH TPOTPAMM HE OTPAaHHYUBAIOTCS YUETOM IPTrOHOMHUUYECKHX,
KOTHUTUBHBIX U TICUXOJIOTUYECKUX OrPAHUYCHUN, a CTPEMATCS K JOCTH)KCHHIO COOTBETCTBUSA
MpeAJIaraeMbIX CPEACTB CTPYKTYpE ACSTEIbHOCTH, IOHUMAIOT, YTO aBTOMATU3UpyeMasi eATeIbHOCTD
€CTh 4YacTh OOJIBIION CUCTEMBI JIEATCIIbHOCTEH, MTHOPHUPOBAHHE KOTOPOI MPUBOIUT HEOOXOIUMOCTH
pucrocabIBaThcss K OCOOSHHOCTSAM TporpamMmbl. Ha 3TO yXe JOBOJIBHO JaBHO YyKasbIBall
['ILIenpoBunkuii B WUCCIENOBAHUAX 1O OOIIEH TEOpHH IEATEILHOCTH W €€ NPUIOKEHHIO K
MIPOEKTHPOBOYHOM NesiTenbHOCTH. Ero crareio [12] MOXKHO paccMaTpuBaTh Kak METOOJIOTHYECKYIO
OCHOBY MPOBEJACHHOTO B HACTOSIIECH pad0OTe aHAIM3a U BBIIBUTAEMBIX MIPUHITUIIOB KOHCTPYUPOBAHUS
HUHTEP(ENCOB.

PaccMoTpenue 3amaud KOHCTPYUPOBAaHUS MHTEPPEHCOB C MO3UIUMN TCOPUM JCATSIbHOCTH
MIPUBOJIUT K TOMY, YTO XOPOIIO ceOs 3apeKOMEHI0BaBIINI mabaoH mpoektupoBanust MVC momxken
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OBITh JOIOJNHEH IOHATUSMHM aOCTPAaKTHOIO M KOHKPETHOro HHTEp(]eHcoB, Ha OCHOBE KOTOPBIX
npearaeTcs 0coOblid MOAX0/ K MPOSKTUPOBAHMIO U peanu3anuu natepdericoB. OnauM u3 Haubomee
BaKHBIX COIVIALIEHMH 3TOTO MOAXO0Ja SBISETCS MPUHIUI MOTHOTHI MOAAEPKKH aBTOMAaTH3UPyeMOn
NeSITEIbHOCTH, KOTOPBI €CTECTBEHHBIM 00pa30M NPOSABISETCS B (GYHKIMOHAIBHOM, pean3allMOHHON
" HHTEpPEHCHOM TTOTHOTE.

[Toaxon, KOTOPBIA MBI MpeJiaraeM IUisi KOHCTPYHUPOBAaHUS HE TOJBKO MHTEp(deicoB, HO U
IPYTUX COCTABIISIOIIMX Pa3pabOTKU IPOTPAaMMHBIX IPOEKTOB B PSAIE ACIEKTOB MEPEKIUKAETCS C TEM,
uyro mpemaaraercs B gokymente PMBOK [13] (Project Management Body of Knowledge). Onnako
HENB3sl HE OTMETUTh mpuHIunuanbHoe ommune: PMBOK opueHTHpoBaH Ha HpPOLECCHOE
MpeacTaBiIeHUEe TPOCKTHOH AEATENbHOCTH, B KOTOPOM HET MecTa CyOBbeKTaM, pa3rpaHHuCHHIO
MIPOAYKTA U pe3ylbTaTa. B pe3ynbraTe NPOEKTHBIE NEATENBHOCTH H UX YaCTH OKa3bIBAIOTCSI YEPHBIMU
SIIUKAMH CO BXOJAaMH M BBIXOJAaMH, pPa30aBICHHBIMM HWHCTPYMEHTaMH, KOTOpBIE BIHUSIIOT Ha
BBITNIOJIHEHHE TIpolecca. [lo 3Tol mpuumMHEe KOHLEMUUS AESITEIbHOCTOrO NMPEACTaBIEHUS NPOEKTOB
npencrasisiercss Oojiee MEpCHEKTHBHOM TeMm Oosee, Korza pedb HAET O KOHCTPYHPOBAaHUU
nHTEp(ErcoB.

bomee rubkum 1o cpaBHenmto ¢ PMBOK, xors omHOBpeMeHHO ©  Ooiee
crienuanu3upoBaHHbiM  siBisietcst  cranmapt SWEBOK  [14] (Software Engineering Body of
Knowledge), nperenayrommuii Ha posib PyKoBoACTBa K CBOJY 3HAHHIA 11O MPOTPAMMHON WH)KCHEPHH.
Tem He MeHee, U K 3TOMY CTaHJapTy MOXKHO NPEABSBUTH aHAJIOTUYHbIE TPETEH3UH.

[TogBoas WTOr HalIeMy WCCIENOBAHWIO MPOOJIEMBI aIeKBATHOH pa3pabOTKH MPOTPaMMHBIX
uHTEpQEHcoB, MOXHO cIenaTb BBIBOA O TOM, YTO 3Ta TEMAaTHUKAa DPa3BHBAETCS HEIOCTATOYHO
MHTCHCHBHO M ITOKA TIOYTH HE BBIXOJUT 32 PAMKH SKCIIEPHUMEHTOB H CITyYaWHBIX PEIICHHH.
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Pa3paboTka Beb6-cepBUCOB AN KOMMJIEKCHOrO uUccneaoBaHUM
OKpy)Kalowen cpeabl Ha OCHOBE OTKPbITbIX CTaHAAPTOB
MoAennpoBaHuA

Anexcannp b. Cron6os

YUnemumym ounamuxu cucmem u meopuu ynpaenenus umenu B.M. Mampocosa Cubupckozo omoenenus
Poccuiickoi akademuu nayx (MJCTY CO PAH), ya. Jlepmonmosa 134, Hpkymck, Poccus

AHHOTauuA

Cratbs mocBslleHa pa3pabOTKe MPOTOTUIIOB  BEO-CEPBUCOB  JUIS  KOMIUIEKCHOTO
MOJICIIUPOBAHUS OKPY>KaloIlell cpeabl, OPUEHTUPOBAHHBIX Ha HcclefoBaHus baiikambckoit
npupogHoii Tepputopun (BIIT). IlpemmaraemMoe pelieHHe OCHOBAaHO Ha OTKPBITHIX
cranmaprax momenuposanus (BMI - Basic Model Interface) u ¢popmarax manueix (NetCDF),
unTerpuposansbix B reonopran MACTY CO PAH. Omnucansl KiIIOYEBbIE THIIBI CEPBHCOB:
npenoOpaboTKM JaHHBIX, KOHBEPTAIMM W Aarperandi JaHHBIX, a TakkKe pean3anud
cranmapra BMI. Tlpaktudeckas TNPUMEHHMOCTbh JEMOHCTPUPYETCS Ha IpUMeEpe
rugponorundeckoii Mogemn MOSART-WM, peanusyromieid CKBO3HON IMKI CIIEHAPHOTO
MOJICTUPOBAHUS OT MCXOAHBIX ITAHHBIX JO BH3YalM3alldH PE3YJIbTATOB C HCIOIB30BAaHHEM
rhpoBoii mIaTdopMel reomopTaa.

KnioueBble cnoBa
KOMHJ’IGKCHOG UCCIICAOBAHUC OprX(a}OHICﬁ Cpe}lbl, OTKpLITLIe CTaHI[apTI)I MOI[GJ'II/IpOBaHI/ISI,

Be0-CEpPBUCHI, TEOTIOPTAIT

1. BeBepgeHue

CoBpeMeHHBIE HCCIICAOBaHMS B OOJIACTH KOMIUIEKCHOT'O MOJEJIMPOBAHMUSA OKPY)KAIOLIEH Cpebl
TpeOyIOT HE TOJNBKO pa3BUTUS MaTEeMaTHMYeCKUX MOJeNiel, HO M CO3AaHHs MaclTaOupyeMol u
JNOCTYITHOH MH(PACTPYKTYpPbI, ClIOCOOHONH OOBbEIMHUTH MHOTOYHMCIICHHBIE JaHHBIE U 00ECIEeUnTh HX
OIEepaTUBHYIO 00paboTKy. B mocnennue roabl HameTWIICS YCTOMYMBBIA MEPEXOi OT JIOKAJIbHBIX
BBIYUCIUTEBHBIX Cpel K 00JauHbIM BeO-CepBUCAM, MPENOCTABISIONIAM JOCTYI K MOJAETSM U UX
KOMIIOHEHTaM 4epe3 CTaHAapTH3HpoBaHHBIE MHTepdelichl. KioueBoit mpoOieMol MpakTHYECKOTO
MIPUMEHEHUS TAKOTO MOIX0a OCTAETCS CI0KHOCTh HHTETPALIMH Pa3HOPOJHBIX HCTOUHUKOB JTAHHBIX H
Mojenedl. Penrenue »ToM mpoOiembl TpeOyeT CO3[aHUsi €IUHOH Cpelbl, YeMy MOCBSIICHBI
KOJIJICKTHBHBIC YCHJIMS HAYYHOTO COOOIIECTBA, B YACTHOCTH Pa3BUTHE TaKOH MEXIUCIUILTHHAPHON
JUCLUIUIMHBI KaK KOMILIEKCHOTO MOJENMpoBaHMs OKpyskatomeil cpensl (Integrated Environmental
Modeling — IEM) [1-3].

Cyts |IEM 3akirowaercs B CO3MaHUM METOJAOJIOTHH, TpeOYIomell HHTErpanui pa3HOPOJHBIX
KOMITOHEHTOB, BKJIIOYas MaTEeMAaTHYECKHE MOJENN pPAa3JIMYHBIX TMPUPOAHBIX W AHTPOIOTCHHBIX
MIPOLIECCOB, MPOCTPAHCTBEHHBIE JAHHBIC, PE3yJIbTaThl MOHUTOPUHIA U CLIEHAPUU BO3ACUCTBUN I
W3Y4YEeHHS B3aWMO3aBHUCHUMOCTH MEXIY SKOJIOTHMYECKUMH, THIPOJIOTHMYECKUMH, aTMOC(HEpPHBIMH U
COIMANTbHO-OKOHOMHUYECKUMH  (akTopamu. KoHewHOW Tenblo SBISETCS MONYYCHHE HaydHO
000CHOBaHHBIX MPOTHO30B COCTOSHHUS OKPY KAIOLIEH Cpelbl M OLICHKH MOCIEICTBUN MPUPOAHBIX WIN
AHTPONOT€HHBIX U3MEHEHUH B 3aBUCUMOCTH OT PA3JINYHBIX YCIOBHIA.

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
EMAIL: stolboff@icc.ru (A. 1)
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3anada pa3pabOTKH BeO-CEPBUCOB SBISICTCS €CTECTBECHHBIM Pa3BUTHUEM PE3yNIbTATOB, MOTYYCHHBIX
OpU CO3JaHUM HWH(POPMAIMOHHOM CHUCTEMBI O MaTeMaTHYECKMX MOJACISIX OKPYXKAalolled Cpeabl,
MOJJICP)KUBAIOLIMX OTKPBIThIE cTanaapThl MoaenupoBanus — UC KMOC [4]. [lanHas cTaThsi BHOCHT
BKJIQJI B 9TO HAIIPaBJICHUE B KOHTEKCTE pa3pabaThiBaeMOW B paMKax rpaHTa MUHHCTEPCTBA HAYKH H
BBICIIETO OOpaszoBanmss P® 1mmdpoBolr MmmaTdopMbl HCClIenoBaHUsA baiikaabCkod MPHUPOTHOM
teppuropuu (BIIT).

2. Beb6-cepBuCbl 4NA KOMNAEKCHOrO UCC/IeA0BaHUM OKpYIKaloLWwen cpeabl

OcHoBHas 3afjada pa3paboOTKH BeO-CEPBHCOB MPEAOCTABUTHh YHH(DHUIIMPOBAHHBIA W ITOCTYITHBIN
yepe3 BeO-MHTEp(EHC MHCTPYMEHTApUH AJIS BBIIOJIHEHHS IIOJIHOTO IMKJIA CIGHAPHOIO aHalu3a,
ONMMpasiCh Ha OTKPBITBIC CTaHAAPThl MOJCAHpPOBaHUS [5-6] u KOHIENIMY, 3ajJ0KECHHbIC B
KOHIIETITYaIbHON MOJIEH KOMILIEKCHOTO MOJEIHpOBanust okpysxarorieit cpeast (KM KMOC) [4, 7].
Tak, snementst KM KMOC ommchBaroT WHpOpPMANMIO O TpeOOBaHUAX K BBIYUCIUTEIHLHON
HHPPACTPYKTYpE U COBMECTHUMOCTH TUTIOB JIAHHBIX M OPMATOB (aisioB; crieHu(HKe TPUMECHIEMBIX
KapKacoB MOJEITUPOBAHUS; O XapaKTEPUCTUKAX MAaTEMAaTHYECKUX YPAaBHEHHH, YMCIICHHBIX METOOB,
OTpaHMYCHHUAX Ha O0O0NacTh ONpEenNesICHUs] NEPEeMEHHBIX COCTOSHHUS M JOIYCTHMbIC AMANa30HBI
apaMeTpoB MOAEIICH

B Hacrosimem ucciie[oBaHUU OCHOBHBIMH CHCTEMaMH, K U3yYEHHIO KOTOPHIX OyIyT MPUMEHSTCS
paspabaTsiBaeMble CEPBUCHI, SBISIFOTCS 00BbEKTHI balikaabCKOW MIPUPOTHON TEPPUTOPHH, & B KAUECTBE
1eneBoll MH(GOPMAITMOHHO-KOMMYHHUKAIIMOHHOH TuTaThopMbl uctonb3yercs: reonoptan UACTY CO
PAH [8]. Takum oOpa3zom, mpeaiaraeMpie CEpPBUCHI sl KOMILICKCHOTO HUCCIICAOBAHUH OKpPYIKAIOIIeH
cpensl  dakTudecku OyayT CepBHCAMH TeOolopTaia C PACHIMPEHHOW (QYHKIHOHAIBEHOCTHIO,
obecneunBatomieiicst 3a cu€t Bo3mMoxkHocteih UC KMOC. B kauecTBe 1eeBoro CTaHmapTa BBIOpaH
BMI (Basic Model Interface) — 310 OTKpBITBI ¥ YHUGHUIMPOBAHHBIA MPOTrpaMMHBII HHTEpdEFic,
paspaborannbiii coodecteom CSDMS (Community Surface Dynamics Modeling System) [5], Tak
KaK I10 pe3yJibTaTaM MpeIblIyIero ananusa [4] seisercst Ha JaHHBI MOMEHT HauboJiee MOy ISIPHBIM
1 aKTHBHO HCTIOJB3YIOMIMMCS WIH IUNIAHUPYEMBIM K BHEJPEHHIO B CPE/Ie CIIELUATIICTOB.

PaccMoTpuM NPUHIMIMAIBHYIO CXEMY B3aUMOJICHCTBUS I10JIB30BATENEHN C CEpBUCAMU Ha IIPUMEPE
HEKOTOPOW  NPOCTPAaHCTBEHHO-pAcHpenesiEHHOH  MoJenu  OOBeKTa  OKpyJXKamomeil  cpeasl,
MPECTABICHHYIO Ha PUCYHKE 1.

OCHOBHBIMHM MCTOYHHKAMM JAHHBIX SIBJISIOTCS:

e Bxemmnue xpaHwnuma Brio4anoT udposbie Mozenu pensedpa (DEM), nannbie

JMCTAaHIIMOHHOTO 30HAMPOBAHHSA, KIMMATHYECKUE PsIbI, KapThl 3€MJICTIONB30BAHUSI U ApPYTHE

reONpOCTPaHCTBEHHBIE JaHHbIE, peneBaHTHbIE A BIIT.

e  DKcmepT HISHTU(QUIMPYET U MPEeJOCTaBIseT crenupHIecKre mapaMeTpbl MOACIUPOBAHUS,

HamnpuMep, CHENUANTUCT-THAPOJIOT MOXET Yyka3aTh kod(duiueHT MaHHHMHTA AJs1 Pa3IM4HBIX

THUTIOB TIOBEPXHOCTH W KaHAJIOB, TOUYKH CTOKa, ITapaMeTphbl BOJOXPAHUIIUII U JIp. DKCIEPT TaKKe

OLIEHMBAET Ka4€CTBO UCXOAHBIX U OATOTOBJICHHBIX JJAHHBIX.

OCHOBHBIMHM THIIAMHU CEPBHCOB SIBJISAIOTCS !

1. Cepsuchl mpenoOpabOTKK JAaHHBIX IIOJYYalOT ChIpble JaaHHble (Hampumep, DEM) u

BBITIOJIHSIOT KPUTHYECKH BaXkKHBIE TpeoOpazoBanus. Hampumep, Ha ocHoBe OuOmmoTeku pysheds

[9] mokeT ObITH peanu3oBaHa ciieayronas GyHKIMOHATBHOCTS!

e  ycrpanenue apredaxToB-snaguH B DEM s oGecrieueHust HempephIBHOTO CTOKA,

e  oOpaOotka miockux ydactkoB DEM, no6aBneHrne MUHUMANBHBIX YKIOHOB JJIsI ONIPEeTIeHUs

HaTpaBJICHUs CTOKA,

e  pacuer HampaBieHHH cToka (popmat D8);

e  aBTOMAaTHYECKOE WIJIM II0JIyaBTOMaTHYecKoe (C 3aJaHMeM TOYKH CTOKa OKCIEPTOM)

BbIJICJICHHE I'PAHUI] BOAOCOOPHBIX 0acCEeHHOB;

®  pacueT HaKOIUICHHOTo cTOKa (Upstream area);

®  U3BIICUEHHE CTPYKTYPHl PEUHON CETH IO 3aJ]aHHBIM MOPOTOBBIM 3HAYEHHSIM HAKOTUICHHOTO

CTOKa.

2. CepBHCBHl KOHBEpPTALlMM M arperamyu IMpeodpa3yloT oOpabOTaHHBIC TI'€OMPOCTPAHCTBCHHBIC
TaHHBIC ¥ IpyTUe BXOJHbIC JaHHBIC B (hopmaTsl, TpeOyemble KOHKPETHOW MoJenbio. Hanpumep, s
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OOJIBITUHCTBA MOJIEJIEH, MOJICPKUBAIONIMX OTKPBITBIC CTAHAAPTHI MOJCIUPOBAHHS, TPHUMEHSIIOTCS
clenyromue popMarh:

OaHHble

(DEM,...)

- KoadhdonureHT MaHHWHra
- TOuKa CTOKa (BbIXO[,

NaHHble—»

A 4

Bopoc6opa) rCepBMCbI
eonoprana
WMaCTY

SkenepT

oueHKa /npoBepka

HaHHble ana [aHHble B
Moaenu: thopmartax
NetCDF, CEepPBKCOB: NUMPY,

-_—
napameTpbl ANA 3anycky
——»{ 3anyck mogenu

OnbITHLIA
nonb3oBaresb
Pesynbrathl
Bbl4UCNEHUN
NetCDF
«€——NpocMoTp KapT—| Cepauckl P
leonoptana
WOCTY
MNonb3oBartens

PucyHok 1: MpoToTn cxembl B3aUMOAENCTBUA NONb30BaTeNel ¢ cepBucamm reonoprtana UACTY CO

PAH Ha npumepe ruaponormyeckon moaenu.
e NetCDF (Network Common Data Form) — ocHoBHO# IiefeBoii (opmar sl ONMHCAHHS
BXOJIHBIX/BBIXOJIHBIX JAHHBIX M TMapamMeTpoB JJs BbIYUCIUTENbHBIX Moxened IME. Tlpu atom
cepBuchl no/vkHBI yuuThiBaTh CF-conventions (Climate and Forecast Metadata Conventions):
Ha0Op pEeKOMEHJANWi W CTaHAapTOB s odopmiieHus MeTamgaHHbIX B daitmax NetCDF,
pa3paboTaHHBIN IS 00ECHICUSHHS COBMECTUMOCTH, MEPEHOCUMOCTH M OJTHO3HAYHOTO MOHUMAaHUS
KJIIMMATUYECKUX, THIPOJIOTHMUECKUX, OKeaHOrpaUYecKuX U JAPYruxX reo(u3ndecKux HabOpOB
JTAHHBIX.
e  [lomyisspHble CEPBUCHI BU3yaIU3aluy UCTIOIb3y0T numpy, GeoTIFF, GeoJSON.
2.  CepBuCHI sl peau3alyd OTKPBITOTO CTaHIApTa MOJCIMPOBAHUS KaK MUHHUMYM JOJDKHBI
BKITIOYATH CJIETYOIIIE METO/IbL:
e  Meroasl A5 ynpaBieHue npoleccoM Beraucienuit: update(), initialize() u ..
e MeToapl i yhOpaBlieHWE JaHHBIMHA  (TIEPEMEHHBIMH W TapamMeTpaMH) MOJCIH:
get_start_time(), set_value(...), get_input_var_names() u 1.11.
e MeToapl Ui yIpaBIeHHs CTEKOH (Kaxas mepeMeHHast MOJIEIH ONPEIeIIIeTCs C MPUBSI3KON K
1D, 2D unu 3D): get_var_location(...), get_var_grid(...) u T.1.
OCHOBHBIMH THIIAMH T0JIL30BaTeJIel ABIAIOTCS
e DKCHepT — Y4YacTByeT Ha JTalle HACTPOHKM MNapamMeTpoB 3allycKa, MOXKET BBIIOJIHSITH
MpeBapUTENbHBIC 3aITyCKH JJIsl OIICHKH aJIeKBATHOCTH JIAHHBIX W MapaMeTPOB Iepe]] OCHOBHBIMU
pacueramu.
e  OnbITHBIN TOJNB30BATENh — 3aa€T MapaMeTphl 3aITycka, BEIOMPAET MOATOTOBICHHBIH HA00D
BXOJHBIX IAaHHBIX U 3aITyCKaeT MOJIENb Yepe3 CEPBHUC.
e  OOBIYHBIH TOJIB30BATENh — IPOCMATPUBAET HMCXOJHBIC M IOJATOTOBJICHHBIC IaHHBIC Ha
WHTEPAKTHBHOW KapTe; 3allycKaeT NpeAoNpe/ieieHHble CIICHApUU BU3yanu3anuu  (KapTel,
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BpPEMEHHBIC TpauKh) IS Pe3ylbTaTOB MOJCIHPOBAHMSA; TPOBOIAMT CPABHHUTCIBHBIM aHAIN3
Pa3HbIX CIEHAPHEB; SKCIIOPTHPYET JaHHbIE U rpaduKu.

3. UnnoctpaTUBHDLIA Npumep

B kadectBe wutocTpatuBHOro mnpumepa Obuta BeiOpana MOSART-WM (Model for Scale
Adaptive River Transport — Water Management) [10] BbruriciuTenbHasi THAPOIOTHYESCKAS MOICITb,
npeaHa3sHaYeHHAs Ui pacu€ra pevyHOro CTOKa M YIPaBICHHS BOJOXPAHWIHIIAMH B COCTAaBE
komruiekcHbix ESM (Earth System Models). B nHacrosiiiee BpeMsi TecTHpOBaHHE PabOThI CEPBHUCOB
OCYIIECTBIISICTCS HA YCIOBHBIX TaHHBIX. Pe3ybTaThl MPUBEICHBI HA PUCYHKAX 2 U 3.

102 104 106 108 110 112
Longitude

PUCYHOK 2: Mpnmep NpUMEHEHUA cepBuca AN pacyéTa HanpaBaeHMA CTOKa (Ha YC/I0BHbIX AaHHbIX)

N3meHeHuns nocne resolve flats

0 = 7
500 - g -
‘ v
1000 - =
1500 - "3
0 1000 2000 3000 4000 5000

PucyHok 3: lMpumep nNpUMeEHEHUA cepBuca ANA YCTPAHEHWA MJIOCKMX YYaCTKOB (Ha YCNOBHbIX
OaHHbIX)

Mopnenp o0MamaeT CIEAYIOUMME OTIMYUTENLHBIME OCOOEHHOCTAMU: moanepxkka BMI API;
aJaNnTUBHBIM BPEeMEHHOH miar (OAWH IUMKI 0a30BOW Mojenu pa3duBaercs Ha 3 mara MOSART;
BHYTPHM KaXXJOTO IIara pacy€ra CTOKa CO CKJIOHA BBIMONHSETCS 4 mara BBIYMCICHHH OTHOCHUTEIHHO
pycia; JIoOKallbHO€ W3MEHEHHE Iara 1o YKJIOHY, IIMPUHE W JITMHE KaHaia),; MacIiiTabupyeMOCTh —
paboTtaer Ha paspemeHusx oT 1 kM (okanbHble Oacceinbl) g0 100 kM (rjo0anbHbIe PacyEThl).
BubGnuorexn aist pacu€ToB MO MOJIENU OBUTM YCIENTHO YCTAHOBJICHBI W 3alylIeHbl Ha IU(POBOIA
miatpopme reonoprana UJITCY CO PAH. Ilpu 3ToM B KauecTBe Mojesiu penbeda Takke OblH
KCIIONIb30BaHbl JaHHBIE FEOMOPTAIA.

4. 3aKknwuyeHue
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B cratpe mpesacraBieHbl TiepBBIE Pe3yIbTaThl aBTOpa MO pa3pabOTKH MPOTOTUIIOB BeO-CEPBUCOB
JUIT KOMILJIEKCHOTO MOJICIIMPOBAHUSL OKPYXKAIOIIEH cpeasl HAa OCHOBE NPOTPAaMMHBIX OHMOIHOTEK,
peanu3yomux OTKPBITHIE CTaHAAPTHl MOJCTUPOBAaHUS, B YAaCTHOCTH Ha JaHHBIH MOMEHT
npumerstTuch NetCDF (mms xpanenus u ooMeHa ganasiMA) 1 BMI (i opramsaiiny BEIYHUCICHHMIA).

Juia neMoHCTpaIuy MPUHIAITHATBHON BO3MOXHOCTH MPUMEHEHHUS! CO3/IaHHBIX MPOTOTHIIOB ObLa
BbIOpaHa mpocrtas ruapoiorudeckas monens MOSART-WM. Ha e€ ocHoBe Obul peannzoBaH
CKBO3HOW IMKJI CIICHAPHOTO MOJCIHUPOBAHMSI. OT HCXOMHBIX maHHBIX (DEM) uepe3 cepBHCH
npenodpadoTku u hopmupoBanusi BXogHeXx NetCDF daiinoB no 3amycka BeIYHCIEHHH Ha THPPOBON
mwiardopme reonoprana UJICTY CO PAH.

5. bnarogapHoctu

Pabora BeImonHeHa B pamkax rpanta Ne 075-15-2024-533 MunwucTepcTBa HAyKH W BBICIIETO
obpazoBanus PD Ha BbINONHEHHE KPYNHOI'O HAYYHOI'O MPOEKTA 10 MPUOPUTETHBIM HalpaBlICHHUSIM
Hay4YHO-TEXHOJIOTHYECKOro pa3BUTUA (MpoekT «PyHIaMeHTaJbHbIE HCCleqoBaHUsA balikanbckoi
MPUPOAHON TEPPUTOPUM HA OCHOBE CHCTEMBI B3aWMOCBS3aHHBIX Oa30BBIX METOJIOB, MOJIENEH,
HEHPOHHBIX ceTeil u MU POBOI IAT(HOPMEI IKOJIOTHIECKOTO MOHIUTOPHUHTA OKPYIKAIOIIEH CPEIbI»).
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MeToguKka co34aHuA KOMMNO3ULMUIA cepsucoB AN
60TaHMYECKNX nccnegoBaHUM

Poman Koncrantuaosuu ®énopos.! Anna Bacuibesna Bepxosuna?

v Unemumym Ounamuxu cucmem u meopuu ynpaénenus umenu B.M. Mampocosa Cubupckozo omoenenus
Poccuiickou akademuu nayk (Mpxkymck, Poccus), Upkymcxk, yn. Jlepmonmosa 134, 664033, Poccus

2 Cubupckuii uncmumym @usuonozuu u 6uoxumuu pacmenuii Cubupckozo omoenenus Poccuiickoii akademuu
nayk (Mpxymck, Poccus), Upxkymck, ya. Jlepmonmosa 132, 664033, Poccus

AHHOTauuA

Bosbinoe konn4yecTBO cepBUCOB 00paOOTKHU JAHHBIX Y€ NMPUBOIUT K CIOXHOCTH MOMCKA
peNieBaHTHBIX CepBUCOB. [Ipy MOJTHOM COOTBETCTBHMHU OMNMCAaHUS CEpBHCA pEIlaeMOl 3a/aye
HEOOXOJMMO MPOBEPUTH COBMECTUMOCTH IMapaMeTPOB, UYTO 3HAYHMTEIBHO 3aMEIUISeT TOUCK
ceppuca. Peanuzanus MeTomukd [UIsi OOTAaHMYECKUX MCCICOBAHUW IO3BOJIMJIA IS
MPEeIMETHBIX CIEIUATUCTOB TOKa3bIBaTh B IEPBYI0 OYepelb CBSI3aHHBbIE C HMX JaHHBIMU
CEpBHCHL. B paMKkax METOJVKH HCIIOJIL30BAHHE METOK JIJISl CO3JaHUs KOMITO3UITUN CEPBHCOB
00BEIUHACT MPEUMYIIIECTBA IPUMEHEHUS SKCIICPTHBIX 3HAHUN, OHTOJIOTHYECKUX KOHIICTITOB,
aHalM3a CTaTUCTMKH MPUMEHEHHs CcepBHCOB. [Ipe/uiokeHHass METOIUKa SIBJISACTCS
IBPUCTUYECKOH, OKOHYATEIhbHOE peIIeHHe 10 TPUMEHEHHIO CEpBHCAa JIOKHUTCS Ha
moJib30BaTelsd. TeM He MeHee, pealm3alus MOJEIH NPEAMETHOW 00JacTH W ajirOpUTMBI
MO3BOJISIIOT BBIABUTH HauOoliee peleBaHTHBIE CEPBUCHI, PACIIPOCTPAHUTH YCTEUIHBIN OMBIT
MPUMEHEHUSI CEPBHCOB CPEIU MPEIMETHBIX CIICIUAIMCTOB M YBEIUYUTh KOJIHYECTBO
MIPUMEHSEMBIX CEPBHCOB.

KnioueBble cnoBa

CepBuc-opuentupoBanHas apxutekrypa, OGC WPS, o00paboTka MIpOCTPaHCTBEHHBIX
MAHHBIX, aBTOMATH3aIUsI OOTAHUYECKUX UCCIIEIOBAHUN

1. BeBepgeHue

B 00iacTi GOTAaHMYECKMX WMCCIIEOBAHUM yUYeHBIE aKTHBHO BEAyT paboTy mo cOOpy JaHHBIX O
pactpoCTpaHEHHH PA3IMYHBIX BHIOB. HakKoIUIeHbl OOJIBIINE MACCHUBBI JaHHBIX, B TOM YHCJIE B
AIIEKTPOHHOM Bujie. [l aHAIM3a TaHHBIX OOTAHUYECKUX UCCIIE0OBAHUI aKTHBHO PacTeT KOJMYECTBO
METOIOB aHaimu3a B pamMkax CepBHC-OpHEHTHPOBAHHOM apxuTekTypsl [1]. Hanpumep, 3T0 CepBHCHI
MPEIOCTABIICHNS JAHHBIX JUCTAHI[MOHHOTO 30HIMPOBAHWS 3€MJIHM, 00pabOTKHM MPOCTPAHCTBEHHBIX
JTaHHBIX U T. 1. Jyis 00paboTKK MPOCTPAHCTBEHHBIX AaHHBIX Pa3pabOTaH W aKTUBHO HCIOJIb3YETCS
craugaptr OGC WPS [2], yaudunupyromux paboty ¢ ceprucamu. Co31aHHbIE CEPBUCH 3HAYUTEILHO
YIPOIIAIOT pelreHne MHOTHX 3a1a4d. OJHAaKO CO3JaHHBIE CEPBUCHI JOCTATOYHO PEAKO MPUMEHSIIOTCS
O CJIE/YIOIIAM MPHYUHAM:
® QOJBINOE KOIUYECTBO CEPBHMCOB, CPEAM KOTOPHIX HEOOXOAWMO BBIABUTH CEPBUCHI JUIS

MPOBE/ICHUS] OOTAaHMYECKUX HCCIICAOBAHUN YacTO TPU OTCYTCTBUH MM YACTHYHOM HATMYUN

METaIaHHbIX;
®  HEOOXOAMMOCTH MPOBEPKH COBMECTHMOCTH MTAPaAMETPOB CEPBUCOB;

OTCYTCTBHE HEOOXOIMMOM KBaIM(DHUKAITUK B HHPOPMAIIMOHHBIX TEXHOJIOTHSIX.

ITouck peneBaHTHBIX MPEAMETHONW OOJIACTH CEPBUCOB U YMPOIICHUE WX MPHUMEHEHHS SBISICTCS
aKTyalnbHOW 3ajadeil, MO3BONSIONICH TMOBBICUTE 3PPEKTHUBHOCTH TMPONECCOB TOJTOTOBKH H

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
EMAIL: fedorov@icc.ru (A. 1); allaverh@list.ru (A. 2)
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MPOBEJICHUSI HAYYHBIX SKCIIEPUMEHTOB MO PENICHUIO 3aJ1a4 B 00JIACTH OOTAHUYECKUX MCCIICIOBaHUMA
3a CUET aBTOMATH3AIINHU MOCTPOCHHS U MPUMEHCHUST KOMIIO3UITH# cepBUCOB [3].

B pamkax CepBHC-OpUEHTHPOBAHHOW HH(DOPMAINMOHHO-aHATUTUYCCKOW Cpellbl  00paboTKU
npoctpancTBeHHBIX nmaHHBIX (COUAC) paspaborana u amnpoOupoBaHa METOIWKA CO3TAHHS
KOMITO3UIIMIA JUUIsl OOTAaHWUYECKUX WCCieAoBaHuid. JlaHHAs METOJMKa OCHOBBIBACTCS HAa METOJIC
CO3MIaHMsT KOMITO3UIMU CepBUCOB [4], KOTOPBIH MPOBOAUT KOMIUICKCHBIH aHATW3 METaAaHHBIX,
OHTOJIOTHI, SKCIEPTHBIX 3HAHWN W CTATHCTUKU NMPHUMEHCHHUs cepBHCOB. Jlajee omuieM OCHOBHEIC
3Tarbl METOIUKH.

2. MocTtpoeHue moaenu npeameTHou obnactm

Ha mepBom 3Tare npou3BOAUTCS MOCTPOCHHUE MOJETH PEAMETHOMN 00aCTH, KOTOPOE BKITIOYACT:
e omnpejeicHUE OCHOBHBIX MOJICNICH JAHHBIX U CO3JJaHNE CEPBUCOB JAHHBIX;
® pa3paboTKa CEPBHCOB OOPAOOTKH JaHHBIX;
®  OMHCaHHE OHTOJOTHYCCKON MOIETH U HOPMHUPOBAHUE SKCIIEPTHHIX 3HAHUI.
IMocTpoeHne Mopaenu NpPEAMETHOH 00JacTH MO3BOJSIET CO37aTh OCHOBY JUIS (DOPMHPOBAHHUS
KOMIIO3UIIMI CEPBUCOB, MPEJIOKUT MOJIH30BATENIO TEPBOHAYATBHOE MHOXKECTBO BO3MOXKHBIX
KOMITO3UILIMH M0JIb30BATEIIO.

2.1. Co3paHune cepBUCOB AAHHDbIX

[Ipu mpoBeneHUH OOTAHMYECKHX HCCIIEOBAaHMII OCHOBHBIMH JIQHHBIMHU SIBISIIOTCS TepOapHbIC
JUCTHI, KOTOpBIE onpeneneHsl crangapramu TDWG Darwin Core u Access to Biological Collections
Data (ABCD) [5] u cocToAT wu3 CleQyrolMx TMOoJieli: Ha3BaHWE BH/A, MECTOHAXOXKICHHE,
MecToOOuTaHKe, 1aThl cOOpa, OMpPEIEICHNUS, KOJUICKTOP, aBTOP OMpe/esieH s, repbapHas KOJICKIHS,
KOOPJIMHATBI, YUCIO XPOMOCOM, IMOJEBOM HOMEp, MpUMeYaHus U T. A. J{is WHTerpanuy JaHHBIX
pa3HBIX KOJUIEKTHBOB coO3[1aHa Monenb ngaHHbix «Core collectiony», ¢ wa6opom moneit TDWG u
ABCD. C nomonipto @abprky cepBUCOB BBOJA U PEIAKTHPOBAHUS PEIISIIHOHHBIX JaHHBIX HA OCHOBE
NPEUI0KEHHON MOJIENU CO3/IaHbl CepBUCHI TaHHBIX (PrCyHOK 1), KOTOpBIE MMO3BOJIMIN KOJUICKTUBAM
OpraHM30BaTh pACMpPEACICHHBII cOOp JAaHHBIX. JImsl KaXIOro cepBHca JaHHBIX ONPEICIICHbI
MOJIL30BATEIN U WX TPaBa.

BoJIbIIMHCTBO HMCCe0BaTeNei HOMONMHUTEIBHO K 9TOMY Habopy mojieil coOuparoT crienuduuHbie
JaHHbIE, HEOOXOIMMBIC U NPOBENCHUS HMX HCCIeqoBaHuid. [Ipu 100aBICHHM HOBBIX MOJIEH
chopMHUPOBaHBI TTOJIH30BATEIBCKUE TOYEPHHE MOIEIIH.

Core collection

scientificname

locality

IRK BRIO Bioappearance

adventive chromosomes naturalizaion level

Pucynoxk 1: Uepapxus Tabnui, co3nanHbix Ha ocHoBe «Core collectiony

Hcnonb3oBanue oO0IIel Mojaenu MO3BOJISET OBICTPO CO3/1aTh HOBBIE TAOIUIIBI, YYUTHIBAIOIIUC
MOKeJIaHUA UcclieioBaTeNneH, yHU(UIUPOBaTh CTPYKTYPY COOMpPAeMbIX JaHHBIX, a 3aTeM 00bEeANHUTD
JaHHblE W MPOBOAUTH COBMECTHbIM aHamu3. C momompio Pabpuku cepBUCOB BBOJA H
PEeNaKTUPOBAHUS PEJILUOHHBIX JAHHBIX CO3/IaHbl CIEIYIOILINE CEPBUCHI:
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1. B «l'epbapwmii cocymnucTsix pacteHnid CHOMPCKOTO WHCTHTYTa (DH3HONOTHH M OHOXUMUH
pactenmii CO PAH» (IRK);

2. BJl «'epbapuii mxoB Cubupckoro HHCTUTYTa (u3noiorun u omoxumun pactenuii CO PAH»

(IRK);

B/l «AnBeHTHBHBIE BBl COCYIUCTHIX pacTeHuit FOxuoit Crubupm»;

B/I «IlepBble HaxXOIKK Uy>KEPOIHBIX BUJOB pacTeHU Ha Tepputopuu balikanbckoit Cubupu

(Xponouorwus, reorpadus)y;

B «®nopa cocyaucTeix pacteHwii 3amoBeaHoro [Iprbaifkanbsy;

BJ1 «Pb10bI»;

b/l «JInmaiHukm»;

b1 «Ileaenounniey;

. B/l «Moxoo0pa3Hbiey;

0. BJI «I'pubb» u T. .

hw

RO ~No O

2.2, OnucaHme OHTONOrMYECKOU mogenn U ¢opmMmupoBaHue
9KCMNEepPTHbIX 3HAHUI

Jis Bcex cepBHCOB JaHHBIX, CO3MaHHBIX Ha ocHoBe mozenu Core Collection, ykazaHa MeTka
http://rs.tdwg.org/ontology/voc/Collection. Bce wmerkm 0a3oBoro cepBuca aBTOMATHYECKH
YKa3bIBAIOTCSl B METAJIaHHBIX JTOUYEPHUX CEPBHCOB. B KauecTBe SKCIEPTHBIX 3HAHWU sl TAOIHIL
OTIpe/IeNICHBI CIIeTYIOIIE METKH:

1) geoportal:mark:relationaltable — manHas MeTka mpucBanBaeTCsl BCEM CEPBUCAM, CO3AHHBIX C
nomonisio Pabpuky CEpBUCOB BBOAA M PEIAKTUPOBAHUS PEISILUOHHBIX JAHHBIX, & TAKKE BXOJHOMY
napameTpy cepBucoB table2json, table2csv u table2xls. [IpuMmeHeHHME 3TOM METKH IO3BOJISET
IpeJiaraTh MoJjb30BaTEeNsAM BOCIOIb30BATHCS OMHUM U3 CIIOCOOOB COXPAaHEHHS AaHHBIX TaOIHIIBL.

2) geoportal:mark:geometryrelationaltable — manHas MeTka mprcBamBaeTCs BCEM CEpBHCAM,
CO3JIaHHBIM C TIoMolIpt0 DabpuKK CEepBUCOB BBOJA M PEAAKTUPOBAHMS PEISIHOHHBIX JAHHBIX U
cogepxkamuM atpudyT ¢ tunoM GEOMETRY. JlanHas MeTka yka3aHa y BXOJHOTO Mapamerpa
cepsuca table2shp. JlanHbIe TaOIUIBI MOTYT OBITH IEepeiaHbl cepBUCY table2shp, KoToOpEIil coxpaHseT
MpocTpaHcTBeHHbIE AaHHbIe B Gopmate SHAPE.

2.3. PaspaboTka cepBucoB 06paboTkm AaHHbIX

Peanu3oBanbl cepBHChI KOHBepTaluK JaHHbIX: table2shp — coxpansier nanubie B popmate SHAPE;
table2json — coxpansier mannbie B popmare GeoJSON, KOTOPBI HCIONB3YeTCs Uil KOMITO3UIIMI
CEepBHCOB, 3aJIaHHBIX C TMoMolIbio JavaScript; table2csv — koHBepTHpYyeT naHHBbIE B TEKCTOBBIN
tdopmar Comma-Separated Values (CSV); table2xls — ucrons3yercs ajst SKCropTa JaHHBEIX B hopMmar
Excel ¢ ykazanuem He0OXOIUMBIX THIIOB JaHHBIX.

[IpocTpaHCTBEHHBIH aHANKU3 PacIpPOCTPAHEHUs! BUIOB ABJSIETCS HAaUOOJEe YacTO HCIONb3YEMbIM
JUIs. TIPOBEJIeHNsT OOTaHWYECKUX HUccleoBaHuil. [ mpoBeieHus] MPOCTPAHCTBEHHOTO aHAllM3a Ha
ocHoBe OuOmoreku GDAL [6] pazpaboransl cepBuckl onepauuii anredOpsl GRID nan daiinamu B
dopmare GeoTIFF: raster sum, raster subtraction, raster division wu raster_multiplication. [{ns
pacTepu3aluy TOYeUHBIX BEKTOPHBIX JaHHBIX pa3paboraH cepBuc vector2grid, KOTOphIi TPUHIMAET
Ha BXxoJ| naHHble B ¢opmare SHAPE u mpousBojuT KOHBEpTAIMIO JaHHBIX B PacTpoBbIi (opmar
GeoTIFF. [laHHbII cepBHC MCTIONIB3YETCs, HAIPUMED, JUIsl MOJICUETa YUCIIa BUJIOB B sSTUEHKe, aHaIM3a
KOH(UTYpaIlyy U TNIOTHOCTH apeaia BUJIOB.

Paspaboran cepsuc relief_get points, koropserii mpomsBoauT 00pabOTKY MaHHBIX peibeda.
[TpumensieTcst cepBHC JUIS BBIYUCICHUS yKIIOHA (aHT — slope) 1 akcro3uimu (aHr — aspect), a taxxe
IUIs1 ONIPEIETICHNS BBICOTBI TOUKH.

Paspaboran cepsuc diagram st oToOpakeHHs JuarpaMm U rpadMKoB, apaMeTpaMu KOTOPOTO
SIBIISIIOTCS TaHHBIE U MOZENb 0ToOpaxkeHus. Pa3aeneHne JaHHBIX M MOJETH OTOOpaKeHUE T03BOJISET
aBTOMAaTHYECKU CO3JaBaTh AUArpaMMsbl U rpa)uky Ha OCHOBE 33/1aHHON MOJIENH JIJIs Pa3HbIX JaHHbBIX.
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3. Komno3uyuu cepsBrcos

Ha ocHOBe MOCTpOCHHON MOZEIN TPEAMETHON 00JACTH CO3MAOTCS KOMIIO3HMIIMUA CEPBHCOB B
ABTOMAaTHYECKOM M PyYHOM PEKUME.

3.1. Komnosuuus cepsucos ana nocTpoeHun apeana
pacnpocTpaHeHus

IIpn m3yueHuy TOro WM HMHOTO BUAA PACTCHHMH SIBISETCS BaKHBIM HCCIIEIOBAHUE apeajia ero
pacnpoctpanenusi. OIHUM M3 CHOCOOOB aHaIW3a MPOCTPAHCTBEHHOTO paclpenesieHus] 00bEKTOB
SBIISIETCSL TIOCTPOCHUE KapThl IUIOTHOCTH (TeruioBass kapra). C TOMOILIBIO CEpBUCOB JaHHBIX
CIeLuaIucTaMu coOupaeTcs MH(opManysa O HaXOAKaxX Pa3IM4YHbIX BHIIOB PACTEHUH B PEIIILIMOHHBIC
tabmuupl. s co3maHuMs KapThl IJIOTHOCTH PAaclpoOCTPaHEHUS BHIAa B paMKax METOIUKH
MOJIb30BATEIh UCIIONB30BAJ CICAYIONINE CEPBUCHL:

1) table — cepBuc qaHHBIX, B KOTOPOM MOKHO HACTPOHUTH (DUIIBTPAIIMIO /TSI OTYUCHHUS TaHHBIX
OJHOTO BHJIA U Ha ONPENICIICHHYIO TEPPUTOPHIO;

2) table2shp — coxpansier oThuabTpOBaHHbBIC AaHHBIC B BeKTOpHBIA popmar SHAPE;

3) vector2grid — BBIMOJHSAET MOJACYET KOJMYECTBA PACTEHHH B sSYCHKAaX PErYJSAPHOW CETKH,
KOTOpHIiA coxpaneH B popmare GeoTIFF;

4) Map — co3naet KapTy apeaa paclpOoCTpaHCHHUS BUA.

HNudopmarus 06 ncnonb30BaHUN CEPBUCOB coXpaHeHa B Tabnuiy Log. [lanee nmpousBeneH aHanus
tabmmipl L0g. Ha ocHOBe aHain3a aBTOMAaTHYECKH CO3/1aHa KOMITO3HUIIHs cepBUCcOB (PuCyHOK 2).

table @ ———> table2shp ———> vector2grid ——— >  Map

Pucynok 2: KoMIo3uIus cepBHCOB JJIsl TOCTPOSHHUS apeaa pacipoCTpaHeHUs

3.2. Komno3uuus cepBuUcoB NPOrHO3npoBaHUA U3MeHeHusA
dnopuctnueckoro cocraBa baKkanbcKoro permoHa

Pa3paboTaHa KOMIO3MIMS CEPBHCOB aHAlM3a pacipocTpaHeHus Bupa. B komnosuiuu (PucyHok
3) peanr30BaHbI CIIEIYIONIHE [IArH:

1) popmupoBaHue KapThl GIOPUCTHIECKON N3yUYEHHOCTH,

2) GopMupoBaHHE pEryJISIPHONH CETKH, TJIe¢ B KaXIOil sueiike cTaBuUTCs (iar Hanudus
HCCIEAYEMOT0 BUJA;

3) A KaXmoM SUEHKH PpEryIspHOM CETKH TPOM3BOAUTCS OIEpalys JOTHYECKOTO «m» ¢
COOTBETCTBYIOIIEH sSYeHKOM KapThl (hIIOPUCTHUYECKON U3yYeHHOCTH. B pesynbraTe moiryyaem KapTy ¢
sYeKaMu, T/1e B sIUEHKU yCTaHOBJICH (uIar Mpy HAJMYUK BUAA U (PIOPHUCTUUECKON U3YUEHHOCTH;

4) TpOM3BOAUTCS MOACYET SUEEK C YCTAHOBJICHHBIM (DJIarOM W BBIYMCICHUE OTHOLICHUS C
KOJINYECTBOM SiUeeK, (PIOPHCTHUECKH N3yUEHHBIX.
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table = —> table2shp —> vector2grid —> gridcondition Map

|

Raster

table —> table2shp —> vector2grid —> o
multiplication

—> gridcondition — Map

count — dataset/add

Pucynok 3: KoMmo3unus cepBHCOB aHAlTN3a pacpOCTPaHEHUS BHIA

JlaHHBI CEpBHC BBIYUCISIET, HA KaKyl 4YacTb TEPPUTOPUU PACIPOCTPAHWIICS BHJ, IIPU 3TOM
paccMaTpuBasi TOJBKO M3y4eHHBIE PpparMeHThl TeppuTopuu. [Ipy BHIMOTHEHUN JaHHOW KOMITO3HIIMU
TIOJIE30BATENI0 HEOOXO0MMO BEIOPATh KOMIIO3HIIAIO CEPBUCOB M YKa3aTh TaOIHILY.

3.3. Komno3uuyua cepsmcos anAa pacyeta ructorpammbl BbiCOT

JInst mroObIX TaONMMYHBIX CEPBUCOB JAHHBIX, COAEpXalMX atpuOyT Tuma Point (koopauHaThI
TOYEYHOTO0 OOBEKTA) CO3/1aHa KOMIIO3HIIMS CEPBHCOB Ui OTOOpakKeHHs rpaduka pacrpeeieHus
BoicoT (Pucynok 4). Jlnst pemenust stoii 3amaum ucnons3yercs WPS cepsuc relief_get_points,
KOTOpBIN Uil To4ek, 3a7aHHbIX B (opmare WKT, BbITaeT BBICOTY Hall YPOBHEM MOpPS B MeTpax.
Co3nanue rpadvKoB MPOU3BOAUTCS cepBUcoM diagram, B KOTOPOM BXOIHBIMHU JITAHHBIMH SIBJISIFOTCSI
Mozienb otoOpakeHus u naHHble B ¢popmate GeoJSON. Ha BwIXOje cepBuCa reHepupyeTcs CChLIKA,
10 KOTOPOH MOXKHO TOCMOTpeTh Tpaduk (PucyHok 5).

table2
multipoint

relief_get

_points
/ —

Y

(: table )7

\_—/

multipoint2
heights

diagram

table2json

PHCYHOK 4. KOMHO3I/ILII/I$[ CCPBUCOB AJId pacyC€Ta ruMCTOrpaMMBbl BBICOT
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© MaOcCTy CO PAH

Pucynok 5: T'ucrorpamma aist Bua Waldsteinia ternata (Stephan)

4. AsTOomMaTtunyecKoe cBA3biBaHUe CepBUCOB

JInsi aBTOMaTHYECKOTO CBSI3bIBAHUSI CEPBHCOB B KOMIIO3UIIMU HCIIONBb3YETCS MEXaHHU3M METOK.
MeTrka — 3TO CTPOKOBOE YHHKanpHOe 3HadeHume. OHa WCHONb3yeTcss Uil HWICHTU(QHKAINN
BO3MOKHOCTH TIepeadr JaHHBIX MKy CEpPBHUCAMH, T. €. €CJIM BHIXOHOI MMapamMeTp OJJHOTO CepBHCca
M BXOJHOW MapaMeTp IPyroro CepBUCa UMEET OJHY M TY K€ METKY, TO MEKIYy HUMU BO3MOXKHA
nepenada JaHHBIX. KaxkaomMy mnapaMeTrpy cepBHCa MOXKET COOTBETCTBOBAaTh HECKOJIBKO METOK.
MeTkamMH MOTYT SIBISAThCS 3aJaHHBIC MOJB30BATENIEM 3HAYEHHs, aBTOMATHUECKH CTeHEPUpPOBAaHHEIC
3HA4YEHUS M OHTOJIOTMYECKUE KOHIENTHI, 3aJanHbie ¢ momomipio URI. Tlonp3oBarensckuii naTEpdEiic
reornopTana Juisi CEepBHCOB JAHHBIX MPOU3BOJHUT MOUCK CPEIU BXOIHBIX MApaMETPOB CEPBUCOB U
KOMITO3MIIMH, y KOTOPBIX HMMEIOTCS T€ JK€ METKHM CepBUCa JaHHBIX. HaiileHHbIe CepBHUCHI
Mpe/IaraloTCs OJIb30BATENO IS IpUMeHeHHs1. [IpruBeieM HECKOJIBKO PHUMEPOB.

Kommo3uius 3a c4eT 3KCIepTHhIX 3HaHWil. [lojb30BaTesib MOXKET SBHO yKa3aThb COOCTBEHHBIC
METKH JUIS CBSI3BIBAHUS CEPBHCOB. KOMITO3HMIUS CEpBUCOB ISl pacdyeTa TUCTOTPAMMBI BBICOT MOXKET
NPUMEHSTBCS U BCEX TAONMYHBIX JAHHBIX HMEIONIMX aTpuOyT, 3aJarolluii TOYKYy Ha KapTe B
dopmare WKT. UroObl faHHAss KOMITO3UIIMS Mpeaaraiach BCEM IOJIb30BATEISIM TaKHX CEPBHUCOB
JTaHHBIX, B Tmapamerpe cepBuca table ykasana wmertka «geoportal:mark:geometryrelationaltabley.
JlaHHass MeTKa HMMeEeTCs y BCeX CEpBHCOB JIaHHBIX, MMEIOIIMX aTpuOyT Toyka. B pesyibrare
KOMITO3HIIHSI CEPBHCOB JUIS pacyeTa MMCTOrPaMMbl BBICOT OyJeT MpeyiarathCsi MOJIb30BATEIO IS
BCEX TAKUX CEPBUCOB JIAaHHBIX.

3anoMHHAaHHE TPUMEHEHUS CEPBUCOB. YCIICIIHOE BBHINOJHEHUE CEPBUCA C HCIOJIb30BAaHUEM
pE3yJIbTaTOB JIPYroro cepBUCa 3allOMUHAETCS CHCTEMOM, TeHEPUPYETCsl YHUKAIbHAS METKa, KOTopast
MPUCBAaNBAETCsl 000UM cepBUCaM. DTO MO3BOJISET YCIEIIHYI KOMITO3HIIMIO Mapbl CEPBUCOB OJHOTO
MOJIB30BATENISl aBTOMATUYECKH TPeIaraTh APYTUM MOJIb30BATEIISM.

Komnosumust cepBrcoB ¢ o0miei Moaeblo gaHHbIX. Co3/1aHue CEpBHCOB AaHHBIX MPOU3BOIUTCS
Ha OCHOBE MOJENH JaHHbIX. Hampumep, miusi OOTaHMYECKHX HCCIIEAOBAHUIA YacTO HCIOIb3YeTCs
mozenb «Core Collection». [lns BceX CepBHCOB JaHHBIX, CO3JAQHHBIX C ITOMOIIbIO 3TOW MOJEINH,
ykazana metka «http://rs.tdwg.org/ontology/voc/Collectiony. IlpuveHeHHe KOMNO3UIMU CEPBHUCOB
MOCTPOCHHMS apeaia PaclpoCTPaHeHUs ISl CepBHUCa JAHHBIX C JTAHHOW METKOIl IPHBEIO K TOMY, YTO
JlaHHas MeTKa 3alicaHa B METAJaHHBIX KOMMO3MIUH. [locie 3TOro [gaHHAas KOMITO3HUIIUS
npeJIaraeTcs BCeM MOJIb30BaTeNsIM, PaOOTAIOIIUM ¢ JaHHBIMU Ha ocHOBe Mojenn «Core Collectiony.
Pe3ysbrar paboThl KOMIIO3UIIMY MIPEACTABICH Ha PrucyHKke 6.
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Pucynok 6: Co3znanue KapThl apeasia pacpoCTpaHEHHs BHI0B

5. 3aKknwuyeHue

Bonpiroe KOMMYECTBO CEPBUCOB YK€ NMPHUBOAMUT K CIOKHOCTH TOUCKA PEIEBAHTHBIX CEPBUCOB.
[Ipy TOJIHOM COOTBETCTBHHM OINKCAaHHS CEpBUCA peIIacMoi 3ajaue HeoOXOAUMO MPOBEPUTH
COBMECTHMOCTh NapaMeTPOB, YTO 3HAYMTENBHO 3aMeUIsIET MOMCK cepBUca. Peanusanus MeTOIUKH
111 OOTAaHWYECKUX MCCIIeIOBAHUH MO3BOJIIIIA JUIS IPEAMETHBIX CIICIMAINCTOB IOKA3bIBATH B IIEPBYIO
odepenb CBS3aHHbIE C UX JNAHHBIMH CEPBHUCHL. B paMkax METOIWKH HCIIOJIB30BaHHE METOK Ui
CO3JIaHHS KOMIIO3UIIMM CEPBHCOB OOBEAMHSET MPEUMYIIECTBA MPUMEHEHUSI JKCIIEPTHBIX 3HAHWM,
OHTOJIOTMYECKUX KOHLIENTOB, aHAJIN3a CTATUCTUKN MPUMEHEHHS cepBUCOB. [IpennoxenHas METoAHKa
SIBIIIETCS IBPUCTUYECKOM, OKOHYATEIbHOE pEUIeHHe M0 TMPUMEHEHHIO CepBHCa JIOKUTCS Ha
nosnb3oBaresis. TeM He MeHee, pealn3alys MOJCNIU MPEAMETHOW 00JacTH U aJrOPUTMBI TO3BOJISIOT
BBISIBUTH HanOoJiee PeIeBaHTHBIE CEPBHUCHI, PACIPOCTPAHUTD YCIICIIHBINA ONBIT HPUMEHEHHSI CEPBHUCOB
CPeIH NPEAMETHBIX CIIEHUAIINCTOB U YBEJINYHUTh KOJINYECTBO IPUMEHIEMBIX CEPBHUCOB.

6. bnaropgapHocTu

PaGora BeimonHeHa B pamkax rpanta Ne 075-15-2024-533 MunwucTepcTBa HayKHd W BBICIIETO
o0Opa3zoBanus P® Ha BHITIONHEHHE KPYITHOTO HAYYHOrO MPOEKTA MO MPHOPUTETHBIM HAIPABICHUSIM
HAYYHO-TEXHOJOTHUECKOTO pa3BuTHs (TpoekT «DyHIaMEeHTallbHBIE HCCeIoBaHus balikanbckoit
NPUPOJHON TEPPUTOPUU HAa OCHOBE CHCTEMbI B3aMMOCBSI3aHHBIX 0a30BBIX METOIOB, MOJICICH,
HEHPOHHBIX ceTel U MU(POBOI MIATHOPMBI IKOJIOTHIESCKOTO MOHUTOPUHTA OKPYIKAIOIICH CPEIBI» ).

7. Jlntepartypa
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Pa3paboTKka cepBUC-OpUEHTUPOBAHHOMN Cpeabl MOAENUPOBAHUSA
NPUPOAHO-TEXHUUYECKUX CUCTEM

Anexcanjp deokTucro?, Muxann Bocko6oitHHKOB?, Hrops Berukos?, Asexceii Enxenes?

Y Unemumym Ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa CO PAH, yn. Jlepmonmosa,
0. 134, 664033, Upxymck, Poccus

2 Uncmumym cucmem ouepzemuxu um. JILA. Menenmvesa CO PAH, yn. Jlepmonmosa, 0. 130, 664033,
Upxymcx, Poccus

AHHOTauuA

[IpenyoxeH HOBBIN MOAXO0J K CO3JaHUI0 CEPBUC-OPUEHTHPOBAHHOMN BBIYMCIUTENLHON CpelIbl
JUIE MOJICIIMPOBAHUS W OIEHKH (DYHKIIMOHUPOBAHUS W PAa3BUTHSA TPHUPOTHO-TCXHHUUYCCKUX
CUCTEM C HCIOJb30BAaHHEM BBICOKOIIPOW3BOJMTEIBHBIX  BBIYMCIUTEIBHBIX  CHCTEM.
[IpencraBieHa cxeMa MPOTHO3UPOBAHUS PAa3BUTHS W OIEHKH COCTOSHUS JIOKaJHHOTO
SHEPreTHYECKOT0 KOMILIEKCa. ANpodaIys MpeI0KEHHOT0 TT0IX0/1a BEITIOTHEHA Ha IPUMEpe
pelIeHusT 33aJa4d KOMIUIEKCHOW OIEHKH KPUTHYHOCTH 3JIEMEHTOB TPAHCIOPTA JIOKAIBHOM
CHCTEMBbI ra30CHA0KEHHMS.

KnioueBble cnosa
[IpupoaHO-TEXHUYECKUE CUCTEMBI, MOIECIIUPOBAHUE, CEPBUCHIL, TPUIIOKECHHUS

1. BeBepgeHue

B Hacrosmee Bpemsi oOecrieueHHe MOMICPKKH pENICHHS OONBIINX PECYpPCOEMKHUX 3ajad
uccienoBanus (YHKIMOHUPOBAHUS W pa3BUTUsA HOpupojHo-TexHuueckux cuctem (I[ITC) B
BBICOKOITPOU3BOAUTEIBHON BRIYMCIUTEIILHOW Cpelie CIeNUaINCTaMi Pa3HbIX MPEIMETHBIX 00jacTen
SIBIIIETCS] aKTyabHOU mpoOiieMoil. B wactHOCTH, BaxkHBIM Ki1accoM [ITC sSBISFOTCS SHEpreTHYECKUe
KOMIUIEKCHl Pa3HBIX YPOBHEH UX CTPYKTYPHO-OTPACIEBON HEpapXuH, T.K. OHM OTHOCSTCS K
KPUTHYECKH BaKHBIM MHGpacTpyKTypaM. KpyrHbie BHEIITHHE BO3MYIICHHSI MOTYT BbI3bIBATh OTKAa3bl
3JIEMEHTOB SHEPreTUYECKUX KOMIUIEKCOB, KOTOpPbIE B CBOK O4Ye€pelb MOTYyT MPUBOAUTH C
CYIIIECTBEHHBIM HEJIOTIOCTaBKaM »JHEPruM TOTPEOUTENsIM W HETaTUBHBIM BO3JIEHCTBUSAM Ha
OKpY>KalOIIyIO Cpeny.

B oroit cBa3m B gokiaje mpezsaraeTcs MOIXOA K pa3pabOoTKe W TNPUMEHEHHIO0 CepBHC-
OPHUEHTHPOBAHHON Cpefbl Ui WCcIeNoBaHUS (YHKIMOHUPOBAHUS M PAa3BUTHA JIOKAIBHBIX
IHEPreTUUECKUX KOMILICKCOB, pacroiararonmxcs Ha baiikanbckoit npupoanoii Teppuropun (BIIT).
B pamkax npemiokeHHOTro 1moaxoaa 0ocoboe BHUMaHUE yICTSeTCs CO3JJaHUI0 CPEICTB aBTOMATHU3AIINH
pa3paboOTKM W TPUMEHEHUS CEePBHC-OPUEHTHPOBAHHBIX TPWIOKEHUH Ui MOAEIUPOBaHUS,
CTPYKTYPHO-TIApaMETPUUECKON ONTUMHU3AINH, IKOJIOTHUSCKOW M TEXHUKO-3KOHOMUYECKON OIEHKH
JIOKAJTBHBIX YHEPTETUICCKUX KOMILIEKCOB.

2. MeTtoabl 1 cpeacTea

B pamkax uccienoBaHMs SHEPreTHUECKUI KOMIUIEKC MPEACTABICH ero (pU3nYeckoil MOAeIbio —
CTEHJIOM HMUTAIMOHHOTO MojenupoBanus [1]. Crenn mozpenupyeT Hambojiee BaKHBIE MPOIECCHI
PpaboThI KOMIUIEKCA B YCIOBHAX BO3MOYKHBIX BHEITHHUX BO3IEHCTBUIl U3 OKPYKAIOIMIEH CPEIbl.

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
EMAIL: agf@icc.ru (A. 1); mikev1988@mail.ru (A. 2), bychkov@icc.ru (A. 3), flower@isem.irk.ru (A. 4)
ORCID: 0000-0002-9127-6162 (A. 1); 0000-0003-3034-4907 (A. 2); 0000-0002-1765-0769 (A. 3); 0000-0003-2219-9754 (A. 4)
© 2025 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
ICCS-DE 2025 Workshop Proceedings

DOI: 10.47350/ICCS-DE.2025.17
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Mogenu U MeTOIpl aHaIN3a, MPOTHO3MPOBAHUS PA3BUTUSL U OLEHKH COCTOSHHS JIOKAJIBHBIX
SHEPreTHUECKMX KOMILUIEKCOB pPEalM3yIOTCsl B BUAE CEPBHUC-OPHEHTHPOBAHHBIX MPHIOKCHUH.
[punoxenus Beimonsstores B [ PBC, koTopast MOKET HHTETPUPOBATh CYNIEPKOMITLIOTEPHBIE PECYPCHI
[IEHTPOB KOJIJIEKTUBHOTO TMOJIb30BaHUs, pecypchl Grid-cuctem, pecypchl OONAaYHBIX W TyMaHHBIX
1aT$opM B IPOLIECCE PELICHUS OOIbIINX HAYYHBIX U IPUKIATHbBIX 334a4.

PesynbTathl MOAenMpOBaHHS TMPENOCTABISIOTCS KCIEPTaM, KOTOpBIE MPOBOAAT WX aHANU3 C
momomnsio cucreMsl GeoARM m cpencts reomopranma HWIACTY CO PAH [2]. Ha ocHose
[IPOBEIEHHOIO aHAJIM3a BBIPA0ATHIBAIOTCSI PEKOMEHIALMHM 10 (OPMHUPOBAHHMIO MEPONPHSITUI 10
Pa3BUTHIO UCCIIETyEMBIX KOMILICKCOB.

JaHHBIE O COCTOSHMM M Tpoueccax (QyHKOuoHHpoBaHHs crteHaa u [PBC mpenoctaBustoTcs
CICLUAIN3UPOBAHHBIMIA CHCTEMaMH MOHUTOPHUHIA. OTH CHCTEMbI IIO3BOJISIIOT TaKKe BHOCHTH
HE0O0XOIMMBIE BO3ACHUCTBHS MO YIPaBICHHIO NpoueccaMu GyHKuuoHupoBanus crenna u [PBC.

Pazpabotka crenmanuzupoBaHabix APl crcreM MOHUTOpPWHTa, CEPBUCOB U MPHUIOKEHUH, a TaKkKe
opranu3zaimsi [PBC ocyIecTBisieTcst ¢ OMOIIbI0 HHCTpYMeHTanbHoro komiuiekca FDE-SWFs [3],
KOTOPBIA OTHOCHTCA K KJIacCy CHUCTEM YIpaBlieHWs HaydHbIMH paboummu mpoueccamu (HPII).
Banmumanus naHHeIX U BepuUKaNMsS TPUKIAJIHBIX MOJIYJICH W CEPBHCOB OCYIIECTBIIACTCS Ha
UCTIBITATENFHBIX CTEHAAX, KOTOpBIE Takxke paspadarbiBatorcsi cpenctBamu FDE-SWFs B Bupe
cucremHbix HPII. B oTnmume OT HM3BECTHBIX MHCTPYMEHTOB MoaoOHOTO HazHadeHws, FDE-SWFs
oOecrieunBaeT NOJACPKKY psia cTaHAapToB pa3paborku u npumeHenus HPII. OH mnossosser
npeacrasiaste HPIT Ha s3eike Business Process Execution Language (BPEL) u mommepskuBaeT
craumapt Web Processing Service (WPS) ot korcopuuyma Open Geospatial Consortium. ITogaepskka
WPS-cepBrcoB 0co00 BakHa Ui pEIICHHS 3a1ad JIKOJOTHYECKOr0 MOHHTOPHUHTA TPUPOIHBIX
TEPPUTOPUI, UPE3BBIYANHO aKTyaIbHBIX B HACTOAILEE BPEMSL.
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3. 3KcnepumeHTa/lbHble Uccneao0BaHUA

B kaugecTBe mpuMepa pacCMOTPUM CEPBHC-OPHEHTHPOBAHHYIO cpemy (puc. 2) s KOMIUIEKCHON
OLICHKHM KPUTUYHOCTH 3JIEMEHTOB TPAHCIIOPTA CUCTEMBI T'a30CHA0KEHHsT MUKpOCeTH (pHC. 3) ¢ TOUeK
3peHHsT €ero TONOJOrMM M (QyHKUMOHAIBbHOCTH. KoHQurypamus CHCTEMBl ONMCHIBAETCS
opueHTupoBanHbIM rpadom G = (V,E), rne V — MHOXKeCTBO Y37IO0B (MCTOYHHKOB H TOTpeOUTENEH
raza), E — MHOXkecCTBO ayr (00bEeKTOB TpaHCHOpTa Tra3a). Ha puc. 2 HCTOYHUKH U MOTpEOUTENH Trasa
[OKa3aHbl COOTBETCTBEHHO OBajaMM M NpsIMOYyroJpHUKaMu. HOBH3HAa MOCTAHOBKM 3aJauH
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3aKJII0YaeTCs B TOM, YTO KPUTHYHOCTH OIIEHMBACTCS KaK 10 OTHOIICHHIO K CHCTEME B LIEJIOM, TaK U
OTHOCUTENIBHO OTHCNBHBIX Ppa3IM4YHBIX Tpymn moTpeOuTeneid. PazauuyHble METOAbl OLECHKH
KPUTUYHOCTH DJIEMEHTOB CHCTEMBI PEali30BaHbl B BHJEC CEPBUC-OPHCHTHUPOBAHHBIX MPHIOKCHUH.
PaGoune mporecchl  BBIMONHEHB monx  ympaelenweM  aumcnerdepa HPIT  FDE-SWFs,
B3aMMOJICHCTBYIOIIETO C CHCTEMOMW yIMpaBieHHs MpoxoxaeHueMm 3amanusmu HTCondor. 3amaua
pelieHa TNPUMEHUTEIbHO K KiacCUQUKAMH JYyr HCCICIyeMOW CHUCTeMBl OTHOCHTENBHO HX
KPUTHYHOCTH.
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PucyHok 3: Cepsuc-opmeHTUpOBaHHaA cpesa

[Ipunoxxenusi, peanu3yromniye pa3Hble MOAX0IbI K OI[EHKE KPUTUIHOCTH 3JIEMEHTOB BBIITOJIHEHBI HA
BBIYUCITUTEBHBIX pecypcax, Hanbosee MOJXOMSAIINX C TOYKH 3PEHUS BBIYACIUTENFHON CIIOKHOCTH
pemaeMbIx 3a1a4. Pe3ynbTaThl SKCIEpUMEHTOB NpHUBeACHbI B Tabnuue 1. s ynoOcTBa BOCIIPUSATHS
BCE 3HAYEHMsI MOKa3aTeNiell KpUTHYHOCTH MaciuTabupoBanbl ¢ kodpunuentom 1000, Hanbomnbinue
3HAYEHUS B KXKJIOM CTOJIOIE BBIJEIEHBI KHUPHBIM MIPHUPTOM, & MAKCHMAIbHBIC 3HAYCHUS BBIICIICHBI
LBETOM. AHaJlN3 3Ha4YEHUH MO3BOJSAET BBIACIUTH JBE IPYIIIBI YSI3BUMBIX 3JIEMEHTOB M OJHY T'PYIILY
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y3kux Mect. [lepBas rpynma ysS3BUMBIX 3JIEMEHTOB (TIepBbIe JIBE CTPOKH TAOJIHIIBI) UMEET HaWBBICIITHE
3HAUCHUS TEPEUUCICHHBIX MOKa3aTenei. 3a Hell cienyeT BTOpas MO BaXKHOCTU TPYIA YSI3BUMBIX
3JIEMEHTOB (CTPOKH TAOJHIIBI ¢ TPEThEH MO MATY0). Y3KHUX MECTa CHCTEMBI TIPEICTABICHBI B TAOIHIIE
MocIeAHUMA TpeMsa cTpokamMu. OHH SBISIOTCS PE3epBHBIMU MYTAMH TpPaHCIOpPTa ra3a B Ciydae
0TKa3a ysS3BUMBIX JIEMEHTOB U3 MIEPBON TPYTIITHI.

Tabnunua 1. Pe3ynbtathbl CpaBHUTENbHOIO aHaAN3a

O6bekT P1 P, P3 Pa Ps Pe p7 Pg Pq Pio | P11 | P12 | P13
440500-140500 | 331] 682 1054 747 872 524 29 5| 323 5 4 32 0
140500-140300 207 438 692 63| 149 188 47 3| 409 3 6 70| 0.010
112100-111000 106 235| 390 2 10 79 37 13( 169 13 3 7| 0.004
140200-112100 135( 290| 468 0 16 98 68| 11 312 11 8 42| 0.004
140300-140200 135( 298| 489 5 36| 108 92 8| 401 8 9 53| 0.006
140400-112200 0 43| 127 0 1 74 34 34 1 34 0 38 0
140400-140300 0 43| 127 0 3 79 50 37 15 39 1 29| 0.005
140600-140500 0 431 127 1 0 84 53 47 2 47 0 58 0

[lokasarenn  KPUTMYHOCTH  DJEMEHTOB  HHTEPIPETUPYIOTCA  CIEAYIOLMM  00pa3oM:
p; — OICHKAa BKJaJa JJIEMEHTa B CyMMapHbIE IMOCIEICTBHSI OT peanu3anuyd Habopa MHOXKECTB
oTka3oB F pasmepa k; p, ¥ p3 — ONCHKH BKIaJa 3TOTO DJEMEHTa BO MHOXKECTBA OTKa30B

pasmepHOCTH 2 U 3; py U Pg — OLEHKHU o MeTony Cobouisi BIMSHUS W3MEHEHUS! IPOU3BOACTBEHHOM
MOILIIHOCTH 3JIEMEHTa Ha CHCTEMHYIO MPOU3BOJIUTENIBHOCTH;, Pg — HMHIEKC YYBCTBUTENBHOCTH IO
meroay Delta; p; — 4uciao mpoxomoB MakCHMalibHOTO IOTOKA IO Ayre CETH; Pg — OICHKA 4YhCia
BXOXKICHUH TyTM B MUHMMAaJbHBIE Pa3pe3sl CETH; Pg — BKIAJ AYTH B MAaKCUMAaJbHBIN IIOTOK O CETH;
P10 — MOTEHIMAIBHOE Y3K0€ MeCTO (OTHOIICHUE MOTOKA 110 Jyre K €€ NPOIYCKHON CIOCOOHOCTH; P11
— TIOKa3aTeNlb, HHTETPUPYIOMUN Pg U P1g; P12 — LEHTPAIBHOCTH AYT MO MOCPEIHUYECTBY; P13 —
CTEeIeHb 1a/ICHUSI TOTIOJIOrHYeCKON 3()(HhEKTUBHOCTH CETH BCICACTBHE yIAICHHS AYTH.

Pe3ynpratel mpoBeneHHOW KOMIUJIEKCHOW OIIEHKM KPUTUYHOCTH OOBEKTOB TpaHCIOpTa
HCCIIETyeMON CHCTEMBI Ta30CHAOKEHUS TOCIYXKUIM 0a3ucoM Ui BBIIEJICHUS 3HAYMMBIX IS
XKHUBYYECTH MCCIEAYEMOH CUCTeMBbI 3JieMeHThl. Kitaccuukarus 311eMeHTOB 1OKasana, 4YTo KIII0YeBbIe
O00BEKTbl TPAHCIIOPTA, BXOJSIIME B TPYIMIy YA3BUMBIX BJIEMEHTOB, OJZHOBPEMEHHO MOTYT OBITh
3aBHCHMBIMH 3JieMeHTaMu. Kpome Toro, rpymnma ysS3BUMBIX 3JIEMEHTOB HE MEepeceKaeTcsl ¢ Tpynnon
«Y3KHX» MECT, KOTOpblEe 00€CIIeUrBalOT PE3EPBHBIC IYTH ITOCTaBKHU NPHUPOIHOTO ra3a NoTpeOUTensM
B Cllydyae OTKa3a KIIOYEBBIX YA3BHUMBIX DJIEMEHTOB. Pe3ylbTaTbl 3KCIEPUMEHTOB IMOKa3aldH, 4YTO
pa3paOoTaHHast cpefga IO3BOJISET 3a IPUEMIIEMOE BpeMs MPOMU3BOIUTH KOMILIEKCHYIO OIIEHKY
KPUTHYHOCTH 3JI€MEHTOB HE TOJIBKO MO OTHOIICHHIO K MTPOU3BOAUTEIHHOCTH CHCTEMBI B IIEJIOM, HO U
TaKXXe JJIS1 OTIEJIBHBIX IPYIIT MOTPeOUTEINEH.

4. 3aKknwuyeHue

[IpoBeneHHoe nccenOBaHme MOKA3aio, 9YTO pa3paboTKa CEepBUC-OPHEHTUPOBAHHBIX MPUIOKEHHMH,
OCHOBaHHBIX Ha HAYYHBIX PabOUYHX IMPOIECCax, ABISCTCS MEPCICKTUBHON MapajurMon IS PeIICHUS
IIUPOKOTO CIIeKTpa (PyHAAMEHTAIBHBIX W TPUKIANHBIX 337ad B PA3IMYHBIX OOJACTSIX 3HAHUM.
Hcnonp30oBanne BBICOKOMIPOM3BOIUTEIBHBIX BBIUYUCIUTEIBHBIX CHCTEM O00ECIIEUYMBAET BBICOKYIO
3¢ (eKTUBHOCTh TIpoliecca pelleHus 3aaad. [IpuMeHeHHe WHCTpyMEHTalbHOro komiuiekca FDE-
SWFs obecrieuniio ruOKoCTs B pa3padOTKe W MPUMEHEHUH CEPBUC-OPUEHTUPOBAHHBIX MPIIIOKEHUIH
Ha OCHOBE HAayYHBIX pabOUYMX MPOIIECCOB.

OddexTuBHOCTE  pa3pabOTKHM W NPUMEHEHHS  CEPBHC-OPUEHTHPOBAHHBIX  MPHIIOKEHUH
MPOJIEMOHCTPUPOBAaHA HAa TIPUMEpPE PEIIeHUS 3a7ad OLECHKH KPUTHYHOCTH OOBEKTOB TpAHCIOPTa
JIOKAJILHOW cHcTeMbl Ta3ocHaOxeHus. Pa3paboTaHHas BBIYMCIMTENbHAs cpela IMO3BOJMIA 3a
MPUEMIIEMOE BPEMsI IIPOU3BOJIUTHh KOMIUIEKCHYIO OLICHKY KPUTHYHOCTH 3JIEMEHTOB 3HEPreTUUYECKOU
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HHPACTPYKTYPHI HE TOJIBKO 10 OTHOLICHHIO K MIPOM3BOAUTEIBHOCTH CUCTEMBI B LIEJIOM, HO U TaKXKe
IUISL OTAEIBHBIX TPYII NOTpeOuTenei.

[IpennoxeHHbIN MOAXO K OpraHU3alUM CEPBUC-OPUEHTUPOBAHHON BBHIYUCIUTEIBHON Cpeabl A
MOJICJINPOBAHMSA U OLICHKH ()YHKLIMOHUPOBAHUS M Pa3BUTHUS JIOKAJIBHBIX YHEPTeTHUECKUX KOMIUIEKCOB
JONyCKAaeT CBOE €CTECTBEHHOE pa3BUTHE U 00O0OIIEHHE IPUMEHHUTEJBHO K JPYTUM Kiaccam
MIPUPOTHO-TEXHUYECKUX CUCTEM.
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Application of information and computing systems in a hybrid
power grid

Vladislav Badenko?, Alexander Kozlov?!
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Abstract

The work focuses on a hybrid energy system containing a biomass-based gas generator and
solar panels. To control and optimize such a multi-component system, analysis, monitoring,
and modeling tools are needed. A monitoring system is proposed for the hybrid microgrid,
which collects information on various characteristics. This system allows data analysis,
prediction of system behavior, and decision making for control or modification of the energy
system. A mathematical model was proposed for the biomass utilization component of the
microgrid, and an original numerical method was applied to obtain the input data of the model.
This approach allows to increase the efficiency of power generation in this unit, which directly
improves the efficiency of the microgrid as a whole. Thereby, the paper proposes methods and
tools aimed at analyzing, modeling and management of a multicomponent hybrid energy
system.

Keywords

Hybrid energy system, Kinetic analysis, CFD-modeling

1. Introduction

This paper focuses on a power system based on renewable energy sources such as biomass and solar
energy. During the implementation of renewable energy sources in existing energy systems or during
the creation of new energy systems, the key role is played by the collection and interpretation of
information on various system parameters, both during normal operation and during testing [1]. The
importance of analytical studies of the operation of power systems with renewable energy sources is
due to the structure of these systems: the presence of units with different energy sources, interaction
with energy storage systems, and inconsistent generation of some components (e.g., solarenergy) [2].

In addition to the collection and analytical processing of data on the system as a whole, the
considerationandoptimizationof individual unitsisalso animportanttask. Special attentionis required
for units performing thermochemical conversion of biomass for fuel production and further electricity
generation, since their efficiency is determined by the operating conditions, composition and properties
of the feedstock used, reactor design and purification systems. Accordingly, there are tasks to improve
the efficiency of energy system. When solving these problems, it is relevant to use instrumental
complexes to study the properties of feedstock and mathematical modeling to assess the processes
occurring in the reactor zone [3].

In this paper, a monitoring system that collects information on various characteristics has been
proposed for a hybrid microgrid. This system allows data analysis, prediction of system behavior, and
decision making for control or modification of the power system. A mathematical model has been
proposed forthe microgrid component involved in biomass usage, and an original numerical method
has been applied to obtain the input data of the model. This approach enablesto increase efficiency in
this component, which directly improves the performance of the microgrid as a whole.
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2025, Irkutsk, Russia
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Therefore, the paper proposes methods and tools aimed at analyzing, modeling and controlling a
multi-component energy system on renewable energy sources. The schematic diagram of the hybrid
microgrid is shown in Fig. 1.

AC DC 2x280 W-24V
Gas generator Data collection ) | - PV
Syngas 2x2 =100 Ah—12V
Electrical Energy storage
generator unit
Energy network Consumer

Figure 1: Schematic diagram of a hybrid microgrid

2. Monitoring system

Because the ability to graphically visualize and access key parameters of the hybrid microgrid is of
great importance, a monitoring system was created. An example of the hybrid microgrid monitoring
system interface is shown in Fig. 2.

—— PV input voltage, V
PV input power, W

in 7a In sce —— PV input current, A

300
200
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. . e AT e
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Figure 2: An example of using a monitoring system to study a microgrid. The characteristics of solar
cells for a daily period are shown

At the stage of designing the hybrid microgrid, the task of the highest unification of the recorded
data to assist in analytical work was established. This task was solved by means of correct selection of
a controlnode in the formofan inverter and its corresponding software, as well as auxiliary subroutines
for data processing.

Data on microgrid parameters require processing by the server structure for correct display.
Conversions of data formats, writing to arrays and filtering are performed using the JavaScript
language. Reflection of the hybrid microgrid parameters is performed by means of a web page
implemented in the HTML hypertext markup language with CSS.

When working with a hybrid microgrid, there is an important task of identifying patterns and
forming predictive recommendations. Combining monitoring data, environmental data (for systems
with photovoltaic cells), and experimental observations into a database allows to solve this task. The
collected analytical data, together with subsequent studies, provide a basis for experiments on scaling
up, expansion and implementation of the hybrid microgrid.
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3. The modeling of the gas generator

In order to perform computational experiments in modeling any object, reliable input data are
required. These data can be obtained by using various instrumental complexes. In the context of
thermochemical conversion reactors, the input data are properties of feedstock, and as instrumental
complexes synchronous thermal analysis complexes and application of standardized methods of
technical analysis are used. On the basis of the data characterizing the behavior of the investigated
sample under thermochemical conversion conditions, a kinetic analysis can be performed. In this way,
the inverse kinetic problem is solved under conditions of a regular heating regime.

A model of computational hydrodynamics of the pyrolysis reactor was created using data from
instrumental studies and kinetic analysis. Modeling of pyrolysis specifically is conditioned by the fact
that during active release of gaseous conversion products, access of oxidant to fuel particles is difficult
[4]. Therefore, pyrolysis data are of great importance and determine the energy efficiency of the
microgrid node. The result of the model is shown in Fig. 3.
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Figure 3: Comparison of modeling results and experimental values on formation of H, and CH, at
biomass pyrolysis (the computed data are labeled as “comp”)
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On an Improvement to the Next-step Procedure
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Abstract

In this paper, we address a next-step procedure for solving nonsmooth integer programming
problems, where the objective function is given as a maximum and the constraints include
both equalities and inequalities. We propose two modifications of the original procedure
aimed at significantly reducing the number of operations required to obtain a solution.

Keywords
Integer programming, nonsmooth optimization, minimax problem, next-step procedure

1. Introduction

Modern computing is inseparable from parallel processing. It is now virtually impossible to find a
computer or smartphone equipped with a single-core processor. Moreover, many devices are equipped
with heterogeneous cores—high-performance and energy-efficient—requiring specially designed
software to balance the computational load across them.

Load balancing problems of this kind are relevant not only for large-scale computing centers [1],
where workloads must be distributed across multiple compute clusters, but also for service systems
such as healthcare, where, for example, patients in infectious disease hospitals must be allocated
among available physicians [2].

In many cases, such multi-resource systems can be described mathematically, and the task of
assigning jobs or requests can be formulated as an optimization problem—typically, one that
minimizes the maximum load across all resources. However, these problems often include the
constraint that individual tasks (or patients) cannot be divided among multiple resources, which
necessitates the development and application of specialized solution methods that explicitly account
for such indivisibilities.

2. Next-step procedure

We consider the problem (TPy) of performance optimization in the case of parallel processing of
N computational scenarios using n processing resources:

X1 X2 Xn . (1)
TPy) : = {—;—;...;—}l , Xy € N,
(TPy) : fu(x) = max 2, a a, ;2)1}1}] N
n
XN:in=N, 0<x;<¢, i=1,n. (2)
i=1

where x; is the number of scenarios processed by resource i; a; € N denotes the performance
(capacity) of resource i; X is the available set of values for x, which is a subset of the n-dimensional
vector space with non-negative integer coordinates (Ng) and satisfies the constraints (3.2); N >0
represents the total number of scenarios to be processed; ¢; = 0 is the maximum number of scenarios
(in terms of execution time or memory usage) that resource i can handle.
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In addition, we define the function p(x):
(x) 2 ( )_<x1+1x2+1 xn+1)
p X) = pl;pz;--.;pn - al ) az ) aeey an

We are now in a position to describe the solution procedure for problem (TPy).

, x €N 3)

Next-step Procedure (NSP)
Step 0. Set k :=0, x* := 0, p(x¥) —(— L. i)

a,’a;’ an
Step 1. IFk < N, THENfind j = argmm {p:}, where x; + 1 < ¢;, ELSE STOP.
i€{1,2,..,n}
Step 2. Set
k+1 _ Kk C
. =p;, Vi#],
xkHL = {xlkﬂ S v p(x**1) = P; p;lc 1 : : 4)
x}l‘:x}‘+1; p]+1—pj+a—;

i
k ==k + 1 and loop to Step 1.

2.1. Firstimprovement

It is evident that applying the Next-step procedure to solve the problem requires o(N) operations.
In practical cases, the value of N is often significantly large (e.g., exceeding 100,000), which
inevitably leads to a considerable slowdown in code execution. Nevertheless, it is not required to
begin the search with k = 0; rather, it is enough to identify an initial vector x*1 with a uniform
distribution of the k scenarios. For example, let N, = N and

k . n
k X; t= =q14,, lf q1a;, < Ci k
1 | 1 5
X . k ) xl . ( )
! Zz 14

Xt =c, if q1a;,= cj; o

where |... | denotes the floor function, which rounds a number down to the nearest integer.

If, for some xfl, we have xfl = ¢;, this means that the inequality corresponding to this component
holds as an equality, and the associated resource processes the maximum number of scenarios it can
handle. Hence, the number of unprocessed scenarios is calculated as:

N; = Ny — k. (6)

We can repeat this allocation process (excluding fully loaded resources), while Ny < N, where
s is a counter. Thus, the computational cost of the NSP is equal to o(n) + o(Ny).

2.2. Second improvement

The second improvement to the Next-Step procedure concerns the vector function p(x). It can be
observed that at each iteration, only a single component of p(x) changes, while the others remain
unchanged. Thus, if we sort the components of p(x) in ascending order p(x) = (p(x), <), the desired
component j (Step 1 in NSP) will appear in the first position.

Then, after each step, there is no need to search for the minimum in the entire array (which has a
computational complexity of o(n)); it is sufficient to compare the updated first component with the
second one (with computational complexity o(1)) and, if necessary, adjust its position relative to the
others (with complexity o(n)). This implementation can lead to a significant reduction in the number
of operations in certain cases.

3. Numerical testing

We conducted numerical testing on a set of test examples for the original procedure, as well as for
its three modifications: with Improvement 1, with Improvement 2, and with both improvements
combined. The testing results are presented in Table 1.
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Table 1
NSP modification testing

Type Average execution time (s) Memory usage (GB)
Original NSP 4.2174 s 1.1824
NSP with Improvement 1 0.0114 s 1.1825
NSP with Improvement 2 3.9546 s 1.1824
NSP with both Improvements 0.0107 1.1825

4. Conclusions

The numerical results demonstrate that the first improvement to the NSP significantly accelerates
code execution—by a factor of 371. In contrast, the second improvement alone yields only a modest
speedup of 1.06 times. However, when both improvements are applied simultaneously, the overall
performance increases dramatically, resulting in a 394-fold reduction in execution time. At the same
time, the memory usage of the computing system increases only slightly.
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OGVHEHME npeacrasleHUAM 3NEKTPOHHbIX AOKYMEHTOB
Amnnpeii Esrennesny Anekceesl, Auspeit Anatonsesnu Muxaiinopl?

Y Unemumym Ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa Cubupckozo omoenenus
Poccuiickoii akadoemuu nayx, Poccus, 664033, . Hpkymck, yn. Jlepmonmosa, 134

2 Uncmumym cucmemmoz2o npozpammuposanus um. B. IT. Heannuxosea Poccuiickoii axademuu nayx, Poccus,
109004, 2. Mocksa, ya. Anexcanopa Conxcenuysing, 0. 25

AHHOTauuA

B pabote paccMaTpuBaeTcst MeTO OOy4EHHs MPEICTABICHUN 3JIEKTPOHHBIX JTOKYMEHTOB C
HCTIOJIb30BAaHAEM CaMOOOYYCHUs] M WHBapHaHTHON kiactepuzanun. OCHOBHOC BHUMAaHHUE
yaensiercs npuMeHeHnro Mertonga IIC (Invariant Information Clustering) s aHamuza
SIIEKTPOHHBIX JOKYMEHTOB. KCIEPUMEHTHI MOKa3pBaioT, uyto Meron IIC chocoben
BBISIBIISITH MH(OPMATHBHBIC TNPU3HAKK W3 H300pPAKCHUN TOKYMEHTOB U CHHXATh
3aBHCHUMOCTB OT PYy4YHOH pa3MeTKH. Pe3ynbTarhl KiacCuUKAIMU JEMOHCTPUPYIOT BHICOKYEO
TOYHOCTh P MUHUMAILHOM KOJIHMYECTBE PA3MEUCHHBIX JaHHBIX.

Kntouesble cnosa

caMo00y4eHHe, MHBapUAHTHAS KJIACTCPH3allUs, DJICKTPOHHBIC NOKYMEHTHI, 0OyueHHe 0e3
YUUTEJIsI, aHAHU3 JOKYMEHTOB, KJIACCU(PHUKALUS TOKYMEHTOB, KOHTPACTHOE 00yUCHHE.

1. BeBepgeHue

B coBpemeHHOM Mupe paboTa ¢ JOKYMEHTaMH SIBISCTCS HEOTHEMJIEMOM YacThIO MHOTHX cdep
nesitensHOCTH. OfHAKO aBTOMaTH3arusi o0pabOTKH JOKYMEHTOB BCE emé TpeOyeT 3HAYMTEIbHBIX
yewmmid. OHOW W3 KIIFOYEBBIX 3ajad SBISIETCS 00ydeHHe KOMITBIOTEpa aHATN3y W WHTEPIpETaIiH
JIOKYMeHTOB. B maHHOI paboTe paccMaTpuBaeTCsl METOA OOYYCHHS MPEACTaBICHHUN 3JICKTPOHHBIX
JIOKyMEHTOB C HCITOJIb30BAaHUEM T01X0/1a MHBapuaHTHOU kinactepu3aruu (11C).

2. 0630p pabor

CamMo00yueHre BKIFOYAeT pa3IndHbIe MTOAXO/IbI, CPEAN KOTOPHIX BBIJEISIOTCS METOJIBI Ha OCHOBE
MpeaBapUTeIbHBIX 3amayd  [2,3,4], koHTpacTHOe oOyueHue [5,6,7], TeHepaTHUBHbIE METOJBI U
KOMOMHHMpOBaHHbIC moaxozisl [8,9,10,11,12]. B obyactu 00y4eHUs NPEACTABICHUM 3JIEKTPOHHBIX
TOKyMeHTOB Moxenb LayoutLM crama mnepBoil TpancpopMmepHOW MOJENb0, OOYYEeHHOH C
COBMECTHBIM HCIIOJIb30BaHHEM HHGOPMAIMM Ha YpPOBHE TEKCTa JOKYMEHTa M JIBYMEPHOTO
MO3UIIMOHHOTO TpejacTaBicHus Tekcta. Metox IIC peanusyeT noaxom k oOydeHHIO 0e3 yduTels,
OCHOBaHHBIH HAa MaKCHMH3AIMM B3aWMMHON WHGOpMAIMM MEXIY KIACTEPHBIMH Ha3HAUYCHUSMU
MapHBIX 00pa3loB JaHHBIX. [IpoBenEéHHBIE OSKCIEPUMEHTH JAEMOHCTPUPYIOT 3HAYUTEIHHOE
npeBocxoAcTBO IIC 1Mo cpaBHEHHIO € CYMIECTBYIONUMH METOIaMH.

3. Metopa 06yuyeHua NnpeacTaBNeHUAM 3NEeKTPOHHbIX 0KYMEHTOB

Hamr moaxon ocHoBan Ha pabote [1]. ABTOpBI MpeAcTaBWiId METOA OOyUeHHs MPECTaBICHUSM,
OCHOBAaHHBIH Ha KOHTPAaCTHOM oOy4yeHHH. OTIMUUTENbHAs OCOOCHHOCTh JIAHHOTO METOAa
3aKITI0YaeTCsl B UCIIOJIb30BAHWY B3aMMHOW MH(QOpMAIMK B KauecTBe (PYHKIIUH ITOTEPb.
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OcHoBHas unes 3akiaodaercs B 00ydennu otobpaxenus @ : X — Y, KoTopoe coxpaHseT ooirue
JUTS X M X' 9ePTHI U OTOPAChIBACT YHUKAIBHBIC [Tl KAXKIOTO SK3EMIUISIpa 0COOCHHOCTH.

4. JKCnepuMeHTbl

Apxutektypa (ppeiiMBOpKa, MpeJHa3HAYCHHOTO AJIs1 COMPOBOXKICHHUS HAYUYHBIX MEPOTIPHUSITUH,

Jia Harmero moaxo/1a BaXKHO, YTOOBI KIacChl XOPOIIIO KiacTepu3oBaiich. ClieZjoBaTENbHO, HYKHO
0TO0OpaTh KJIAcChl, KOTOPbIE BU3YyaJIbHO OTJIMYAIOTCS APYT OT APYra U ColepKaT YETKO BBIPaKCHHBIC
YHUKaJIbHbIE PU3HAKH, XapaKTepHble AJs AaHHOTO Kiacca. Mcxoas u3 3Toro otoOpaHsl cienyromye
TpU Kjacca: 4YeK, MachopT W BOJUTENHCKOE YIOCTOBEpeHHE. OKCIEPUMEHTHl MPOBOAMINCH Ha
kommeiotepe ¢ GPU NVIDIA GeForce RTX 4070 (12GB) u 8-saepasiM niporieccopom AMD Ryzen 7
5700X. Koudurypanus Brimouana 32GB omeparuBHON mnamsTH. J[IsS  OlleHKM KadecTBa
KJIaCTEepU3allii HCIONb30BaANHCh cieayromue Merpuku: Adjusted Rand Index (ARI) — 0.909,
Homogeneity — 0.909, Completeness — 0.893. Ha ocHoBe kiacTepu3anuu Obla peIlIcHA 3aaya
Kiaccu(uKauyu JOKyMEHTOB. [l 3TOro moHagoOWiIMCh METKH KiaccoB 5% oT ofmiero pasmepa
naraceta. COOTHOIIEHHE METOK KJIAacCOB C pe3yjbTaTaMH KJacTepU3allMH IOKa3bIBAET TOYHOCTH
moxenu (accuracy) 0.969, 4ro sBIsIeTCSs XOPOIIMM PE3yNbTAaTOM I KilaccHu(puKamuu ¢ ydE€ToM
cOaaHCUPOBaHHOW BBIOOPKH.

5. 3aknwoueHue

B xome mpoBenéHHOro ucciiefoBaHUsA ObUT u3ydeH W amantupoBan Mmeton [IC mns 3amauun
o0ydeHus] TPEeACTAaBICHUH AIEKTPOHHBIX JOKYMEHTOB. OKCIEPUMEHTHI MOATBEPIMIA BBICOKYIO
3¢ (HEeKTUBHOCTh METOJIA B YCIIOBUSAX OTCYTCTBHS Pa3MEUCHHBIX JAHHBIX, UTO SBJSCTCS 3HAYUTEIBHBIM
MPEUMYIIECTBOM B KOHTEKCTE aHalIW3a CIOXKHBIX HECTPYKTYPHPOBaHHBIX maHHbIX. Meton IIC
MIPOJIEMOHCTPUPOBAT CIIOCOOHOCTh BBIABIATh HMH(M)OPMATHUBHBIE TPHU3HAKH W3 H300pakeHHUN
JIOKYMEHTOB, YTO IIO3BOJISIET CHHU3UTHh 3aBHUCHMOCTH OT PYYHOW Pa3METKH W TIOBBICUTH KadeCTBO
BEKTOPHBIX  TIpeACTaBiIcHU. Pe3ympTaThl JIKCIEPUMEHTOB IMOKA3ald  BBICOKYIO  TOYHOCTB
KJIACCU(UKAIY JTaKe TPU MHUHHMAJIHbHOM KOJIMYECTBE PAa3MEUYCHHBIX JTaHHBIX, YTO TOJTBEPIKAAET
MPAKTUYECKYIO MPUMEHUMOCTh METOa B 00JIaCTH aHanm3a JOoKyMeHToB. Takum oOpazom, meton 1IC
MPEJICTABISIET COOOW MEPCIEKTUBHOE PEIICHUE JUIS MOCTPOCHUS MacIITaOUPYEeMBbIX M yCTOHYMBBIX
CHUCTEM aHaJin3a JJOKYMEHTOB Ha OCHOBE METOJIOB 00yueHus Oe3 yuutelns. [loigydeHHbIe pe3yibTaThl
OTKPBHIBAaIOT HOBBIE BO3MOXKHOCTH I aBTOMATH3allid O0pa0OTKM W aHaliu3a JIIEKTPOHHBIX
JIOKYMEHTOB, YTO MOXKET HAUTH IMIUPOKOE TPUMEHEHHUE B Pa3IMYHBIX cpepax AesTeTbHOCTH.
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PA3BUTUE CUCTEMDI MOHUTOPUHTA CTEHAA
MWMUTAUUNOHHOIO MOAENTUMPOBAHUA MUKPOCETHU

Maxcum bomgHiok

Hnemumym ounamuxu cucmem u meopuu ynpaenenwus um. B.M. Mampocosa CO PAH, yn. Jlepmonmosa,
0. 134, 664033, Upxymck, Poccus

AHHOTauuA
[IpencraBiieHo pa3BUTHE apXUTCKTYPbl W (DYHKIIMOHAIBHBIX BO3MOkHOcTed CM creHma
HMHUTAIIIOHHOTO MOJICTIHPOBAHUS MHUKDPOCETH. [Noxazansr MpEeuMyIIeCTBa

MOJU(PULIUPOBAHHON apXUTEKTYPhl B CpPaBHEHHM C 0a30BOH. [lOCTUTHYThIE MpeUMyIIecTBa
IIOATBEPIKACHBI OKCIICPUMCHTAJIBHBIMU PE3YyJIbTaTaMU.

KnioueBble cnosa

MuxkpoceTh, IMUTAIIMOHHBIN CTEH]T, HHOOPMAITMOHHO-U3MEPHUTEIbHAS CHCTEMa, MOHUTOPHHT

1. BeBepgeHue

[TpuMeHeHne MHKpOCETEH SIBISETCS aKTyaJbHBIM HAIlPaBICHHEM DPa3BUTHS SHEPTETHKH KakK B
Poccum, Tak u 3a pyoeskom. [Ipy 3TOM BO3HUKAIOT MPOOIEMBI C BEIOOPOM ONITUMAIBHOM CTPYKTYPHI U
napaMeTpoB paboThI cereil. [IpoBeieHIe IKCIIEPUMEHTOB C pPeabHBIM YHEPreTUUECKHM KOMILIEKCOM
CONPSDKEHO C BBICOKMMH BPEMEHHBIMH M (DPMHAHCOBBIMH 3aTpaTaMH, a TaKkKe C HEOOXOIMMOCTHIO
oOecriedeHus] HaZIeKHOCTH U 0€30MacHOCTH paboThl ¢ ero obopynoBanueM. [loaToMy mccnenoBaHus
3a4acCTyr0 MpOBOJAT HA UMHUTAIIMOHHOM CTCHAC MUKPOCCTH, KOTOpBIﬁ IMMO3BOJIACT MMPOAHAIN3UPOBATH
CTPYKTYpPY CETH, ONpEIEeTUTh OCHOBHBIE XapaKTEPUCTHKH W ONTHMAaJbHBIE PEXUMBI €e pPadOTHI
BaXHBIM CBSBYIOIIMM 3BEHOM MEXIy CTCHIOM M CIEHHAJIHCTaMH, WCCIEIYIOIIUMHA MHKpPOCETH,
spisiercs: cucrema MoHutopuHra (CM) paboTel cteHaa. B naHHOW paboTe MpeioskeHO pa3BHTHE
0azoBoii apxutekTypbl (BA) CM cTeHia MMHTAlMOHHOTO MOJEIUPOBAHHUS MUKPOCETH TEXHOIapKa
HpKyTCKOro HaIMOHAILHOTO UCCIIEI0BATEIECKOT0 TEXHHYECKOro yHIBepcureTa [1].

2. Pe3synbTaTtbl UCcCnegoBaHnA

CymecTByeT IUPOKUM CIEKTp CHUCTEM MOHHTOPHHIA WHXXEHEPHOH WHQPPACTPYKTYPHI
9HEPreTHUECKUX KOMIUIEKCOB [2]. OHaKo noMHO(YHKIMOHATIBHBIE CUCTEMBI SBIISIFOTCA, KaK MIPaBUIIo,
IIaTHBIMU. [lpyrue cucTeMbl 3a4acTylo He TOAXOIST Ui MOHUTOPHHIa KOHKPETHOTO 000PYIOBaHHS
W3-32 OTCYTCTBHSI HEOOXOJHMMBIX TMPOTPAMMHO-AINApaTHLIX KOMIIOHEHTOB, HECOBMECTUMOCTH
(hopMaTOB 1 MPOTOKOJIOB NIepeadn AaHHBIX. [[03TOMYy BO3HMKaeT HEOOXOIMMOCTh Pa3pabOTKH HOBOH
WM cyliecTBeHHOW Moaudukaryu cymectByromeid CM [3]. Ha puc. 1 nokazana BA. O6opynoBaHue
CTeHJ]a BKIFOYaeT OJIOKH OJHO(A3HBIX HCTOYHWKOB THTAHWS, OJHO(MA3HBIX TPaHCHOPMATOPOPOB,
u3MepuTeneit napaMeTpoB oiHo(da3HOM ceTH, Mojelel TpaHC(POPMATOPHBIX TOACTAHIINN 1 HATPY30K,
JUHUHK BJIeKTporepenaun, npeodpaszoBarens untepgeiicoB. B pamkax BA npunoxenue MasterOPC
BBIMOJIHSIET COOp JAaHHBIX CO CTEH/AA B PEXHMME PEaJbHOTO0 BPEeMEHH IO MpoTokoidy Modbus u ux
nepeaayy B TpHIoXKeHue oneparopa. OmnepaTop MOXET TNONy4aTh 3HAYCHUS HAOII0IaeMBbIX
napameTpoB OJIOKOB M pEryJMpoBaTb B PYYHOM pPEKUME H3MEHSEMbIE MapaMeTpbl OJIOKOB B
MPUIOKEHUH omepaTropa. Brimouenne/oTkiroueHne 6JI0KOB ONepaTopoM BO3MOXKHO TOJIBKO B PYYHOM
pexume. K coxkanenuto, BA peanm3yer TOJIBKO 4aCTh HEOOXOIUMBIX BO3MOXHOCTEH.
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PucyHok 1. BA.

B pabote mpemmoxkena mommdummpoBanHas apxurektypa (MA) CM (puc. 2). B pamkax MA
pa3paboTaHbl ClIeAYIOIME HOBbIE KOMIOHEHTHI: IPMIIOKECHUE YIPaBJICHHUs IapMeTpaMu OJIOKOB U UX
BKJTIOYEHHEM/BBIKITIOUYCHHEM B aBTOMATHUECKOM PEKMME Ha OCHOBE MTPSIMOT0 0OMeHa TaHHBIMH MEXKTY
OIIEPaTOPOM U CTEHIOM 10 MpoToKoy Modbus, a Takke MKy ONepaTOPOM U BHEITHUMHU CUCTEMaMU;
MPWIOKEHUE U BU3yalIN3alluy KaK JaHHBIX B PEAIBHOM BPEMEHHM, TAK U UCTOPUYECKUX JAaHHBIX 3a
yKa3aHHBIH Tepuoj; pemsiuuoHHas 6Oa3a gamseix (BJ]) SQLite s XpaHeHHsl pe3yibTaToB
Monutopunra, APl mist obecrneueHust noctymna crenpanuctaM kK CM depe3 BHEIIHHE CHCTEMBI,
o0ecreunBalOIMK  TONy4YE€HHE JaHHBIX MOHUTOPMHIA IO 3alpocy, UX arperupoBaHue,
CTPYKTYpUpPOBaHHE M (PUIBTpaLuI0 MO 33JaHHBIM BPEMEHHBIM HHTepBaiaM. B ormmume ot BA,
BO3MOXXHOCTH MA HE OTpaHUYMBAIOT YHCIIO H3MEPSIEMBIX TapaMeTpoB OJIOKOB CTEHa, 00eCIIeUNBAIOT
BO3MOXHOCTb  XpaHCHHMsS [JaHHBIX MOHHUTOPUHIA, MOJJNEPXKHUBAIOT OOMEH JaHHBIMH B
TEJICKOMMYHUKAMOHHOM CETH, MOBBIIIAIOT TOYHOCTh M3MepseMblx napamerpoB ¢ 0.1 mo 0.001 u
MI03BOJISAIOT BU3YAIM3UPOBATh BPEMEHHBIE PSI0B KaK TEKYIIHX, TAK U PETPOCIEKTUBHBIX JaHHBIX.

Texnomapk BHemmsis
Pl em API |« > CHCTEMA Cneruanucr
Omepatop o
«—
©) | [ TIpusnosenne ol IIpunoxenue W
YIpaBICHUS | |Crenn BU3YallU3aluy
- JIAHHEBIX

PucyHok 2. MA.

MA anpo6upoBaHa Ipy MOJETUPOBAHUH PAOOTH aBTOHOMHON MUKPOCETH TYPHCTHUYECKOT'O J1areps,
pacnonoxeHHoro Ha balikansckoit mnpupomnoit Tepputopum (BIIT), B ycnoBusXx KpyIHBIX
BO3MYIICHWH. BJIOKM cTeHIa HCMONb30BAIMCh ISl UMHUTAIMH Pa0OTHl TpaHC(OPMATOPOB, JIMHHMA
JJIEKTpoIepelaud U MOTpeOUTENe MHUKpPOCETH C Y4YeTOM pPa3HOro pojia Harpy3ok. B pesynbrare
MMUTAIlMOHHOTO MOJEJIMPOBAHUS ONPEJEIICHBl arpernpoOBaHHBIE TOKA3aTeIN OCHOBHBIX IIEPHOAOB
ee paboThI B YCIIOBUSIX KPYITHBIX BOBMYIIIEHUN M BBISIBICHBI HANOOJIEE YSI3BUMBIEC SJIEMEHTHI CETH.

3. 3aKknwueHue

OcymectrneHo passutue bA CM crenaa TexHomapka. B pesymnprare yckopeH oOMeH JaHHBIMHU U
noBeilieHa ux TO4YHOCTH 70 0.001. PabortocmocoOHOCTh M 3¢ dexkTuBHOCTE padotei MA CM
anpoOUPOBAHBI B TIPOIIECCE MOJIENNPOBAHHS pab0Thl aBTOHOMHOM MHKPOCETH TYPUCTHIECKOTO JIarepsi,
pacnonoxennoro Ha BIIT. PaGora BeimonHena B pamkax rpanTa Ne 075-15-2024-533 MunoOpHayku
P® Ha BBINMOJIHEHHE KPYMHOTO HAYYHOTO NPOEKTA IO IMPHUOPUTETHBIM HANPABICHUSM HAy4YHO-
TexHosornueckoro pazsutus (Ne roc. per. 124052100088-3).

4. CnUcoK nutepartypbl

[1] O Texnomnapke. URL https://www.istu.edu/deyatelnost/nauka/baza/tekhnopark.

[2] B. M. JleBumn, II. A. Tlerymkos, M. A. lIBeu. JIuCTAHIIMOHHBIII MOHUTOPUHT U YTIPABICHUE
COCTOSIHUEM TPaHC(OPMATOPOB B PACIPEACTUTEIBHBIX DIEKTPUUECKUX CeTAX. V3BeCTHs BBICIINX
yueOHbIX 3aBeaeHui. [IpobieMsl sHepretuku, 2023, 1. 25, Ne 2, ¢. 97-109. doi:10.30724/1998-
9903-2023-25-2-97-109.

[3] IO. A. Kaumenxko, S. E. JIsBoBuy, A. Il. IlpeoOpaxenckuii. [IpoexTupoBaHre KOHTPOJILHO-
W3MEPUTENBHBIX KOMIIOHEHT paclpeleluTelbHbIX dJHepretuyeckux cucteMm. Advanced
Engineering Research (Rostov-on-Don), 2024, 1. 24, Ne 1, ¢. 88-97. d0i:10.23947/2687-1653-
2024-24-1-88-97.
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CermeHTaumsa KJIKT-cHuMKoB Ha ocHoBe U-Net
ApPXUTEKTYpPbl

Awnron bynax ’

" HHCTHTYT MaTeMaTHKH H HH(OPMAIHOHHBIX TEXHOJOTHH MPKYTCKOro rocyaapcTBEHHOTO YHHBEPCHTETE,
bynsB. arapmna, x. 20, Hpkytck, 6640003, Poccrust

AHHOTaUMA

B nanno# paboTe paccmarpuBaeTcst 3ajadya aBTOMATHYECKOW CErMEHTAIMHM MEJUIIMHCKHUX
M300pakeHUH, MOJYYCHHBIX C IMOMOIIBI0 KOHYCHO-TYYE€BOH KOMITBIOTCPHOH ToMoOrpaduu
(KJIKT). [ns BBIIENEHHWS] aHATOMUYECKHX CTPYKTYyp Yepera HCIONb3YeTCs CBEPTOUHAs
HelpoHHast ceTb ¢ apxutTekTypoil U-Net. IlpenctaBieHbl OCHOBHBIE 3Tambl MOATOTOBKH
JAHHBIX, OOyUYCHHUS MOJEIH M e€ NPUMEHEHHs JUIS PEIICHUS 3aJa4d CeMaHTHUYECKOU
cerMeHTauuu. llpuBeseHbl NpUMEpPHl pPe3yJbTaTOB pabOThl MoOJENd U O00CYKAAITCA
MEPCIEKTUBBI JAIbHEHIIETO Pa3BUTHUS TOAXO0A.

Knioyesble cnoBa
CerMeHTanmss MeOWIUHCKHX u300pakeHuid, U-Net, KOHYCHO-IlydeBas KOMIIBIOTEPHAs
tomorpadusi, rirybokoe o0yueHue, 00paboTka MeAUIUHCKIX JaHHBIX

1. BBepeHue

Konycno-nyueBas kommnbtotrepHas Tomorpadus (KJIKT) mupoko npumeHseTcs B CTOMaTONOTHH,
OPTOJIOHTUH W YENIOCTHO-JIMLIEBOW XUPYPIHU Ul TOJNyYeHHS OOBEMHBIX H300paKEHHH KOCTHBIX
CTPYKTyp uepena. TpagulMOHHO NpOILECC aHajih3a TaKUX CHUMKOB TpeOyeT pydHOH pa3sMeTKH
HMHTEPECYIOIMX 00NacTell — BepXHEH W HUKHEH 4enmocTeHd, 3yOOB, KOPHEBBIX KaHAJIOB M JPYTUX
KOCTHBIX CTPYKTYp deperna.

Py‘lHaH CEeTrMCHTalusA ABJIACTCA pr,Z[OéMKOﬁ n 3aBUCUT OT KBaJ'II/Iq)I/IKaI_H/II/I crenuaimncTa.
ABTOMaTI/I3aL[I/I$I 9TOro IMmponecca IMO3BOJISICT IMOBLICUTH B(b(l)eKTI/IBHOCTL pa6OTI>I, CHU3UTH PUCK
OIIMOOK 1 YCKOPUTD MOJTYYCHUC PCIYJILTATOB.

2. MeToabl U MaTepuanbl

JAist oCTHKEHHsI TOCTaBIICHHOM LEJIN HCIOIb30BAINCh METOIbI Ha OCHOBE TIyOOKOro 00y-
yenus. Mconp3oBanack Onbmmoreka MONALI [1], mpou3Bomiiioch 00y4eHHE MOJIEITH
HeiiponHo# cetn U-Net. [2] st Toro, 4To0b1 COOpaTh HOBBIM HA0OP JAHHBIX, UCIOIH30BAUCH
pasmeuenbie KJIKT-canmku ToothFairy2 Dataset [3]. OOy4yeHnue Monenu npoBOANIOCH B
GoogleColab.

!7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
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3. Pe3synbTaThl

B pe3yabTaTe HpOBeZLéHHOFO HUCCICA0BaHUA ObLIN MOJIy4YCHBI CJICAYIONIUC PE3YJIbTAThI:

] Co3aaH u moAroToByiieH Habop maHHBIX, conepxkammidi KIIKT-cHUMKH B COOTBETCTBYIOIIHE
UM pa3MEUYeHHBIC MACKU;

. OOyuena momenp Ha ocHoBe U-Net, IEMOHCTpHpYOIIAs CETMEHTAIMI0 aHATOMHYECKHUX
CTPYKTYD;

. Brmonrena nmocrobpaboTka pe3ynbTaToB, KOTOpas MO3BOJIHUT YIYUYIIHTh YETKOCTh TPAHUI] U
LIETIOCTHOCTD BBIJCIIEHHEIX 00BEKTOB.

4. BhiBOAbI

B xome paboTel ObUT CO37MaH HOBBIA HAOOp JAHHBIX M OOyYeHA MOJENb, OJHAKO PE3yJbTAThI
TECTUPOBAHHMS MMOKA3AIH CPEAHUE 3HAUCHU. TaKke, Ha TAaHHOM 3Tare paboThl, MOJIENTb HE BKIFOUACT
B ce0sl CerMEHTAIMIO TaKUX OTICIOB Kak 3yObl M MX KOpHEBas cHCTeMa. DTO MOKA3bIBACT BAXKHOCTh
MOPIOJDKCHUST MCCICMOBAaHUN W 1000yueHHus Mozeian. HeoOXoauMo TOATBEPIUTHh THUIIOTE3y O
MOJIOXHUTEILHOM BIMSIHUH — aBTOMarndeckoro mpeodpasoanusi KJIKT-cHUMKOB, ONTHMHU3AIMH
APXUTEKTYPbl MOJICTH M HWCCIICAOBAHUU METOAOB 00pabOTKU H300pakeHUM, KOTOphIe e He ObUH
WCIOJb30BaHbI B pa0oTe.

5. BbiBOAbI

[Tonyuyennsie pe3ynbTaThl NOTYEPKUBAIOT CIOXKHOCTH 3amaun cermeHTanuu KJIKT-cHUMKOB u
HEOOXOAMMOCTh HCIOIb30BaHUsI KOMIUIEKCHOTO IIOJX0/ia, KOTOPBIM BKIFOYaeT B ce0s HE TOJIBKO
riry0oKoe 00y4eHue, HO | TIIATEIBHOE NMPEI00YyICHUE U MOATOTOBKY JTaHHBIX.

6. CNUCcoK nutepaTypbl

[1] MONAI Consortium. MONAI: Medical Open Network for Al // https://github.com/Project-
MONAI/MONALI .

[2] O. Ronneberger, P. Fischer, T. Brox, U-Net: Convolutional Networks for Biomedical Image
Segmentation , MICCALI, 2015.

[3] M. S. Petrov, D. A. Kopylov. ToothFairyDataset2: Dataset for Dental Image Segmentation and
3D Reconstruction // Data in Brief, 2023. — Vol. 47. — P. 108952.
DOI:10.1016/5.dib.2023.108952.
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Pa3paboTka meTtoa0B nporpammHoON cumynauum pabotoi LIDAR
Development of software simulation methods LIDAR operation

1 1
Enusasera Bukynosa *, Anton Tonctuxun

1
Hucmumym Ounamuku cucmem u meopuu ynpasienus um. B.M. Mampocosea Cubupckozo omoenenus
Poccuiickou akadoemuu nayx, Poccus, 664033, 2. Upxymck, ya. Jlepmonmosa, 134

AHHOTauuA
B pamkax maHHOW pabOTHI paccMaTpuBaeTcs 3ajgada pa3pabOTKH METOIO0B MPOTPAMMHOM

cumyssiiuu pabots! LIDAR s npuMenenus B pobororexHuueckoM komiuiekce TEMAR. B
JAaHHOM  KOMIUIEKCe ycTaHOBKa peanbHbIX LIDAR-maTunkoB  HEBO3MOXHA IO
SKOHOMHYECKHUM M KOHCTPYKTHBHBIM IpHUYMHaM. [l pemieHus 3ajadyl IpeIararorcs 1Ba
MOJAX0Ja: MTEPaTHUBHBIM U  aHaNUTHYeCKui. B  pesynbraTe mpoBeneHHOM cepuu
SKCTIEPUMEHTOB OBUI BBIABIEH HamOoiee YCIEIIHBIH IO TOYHOCTH W CKOPOCTH PaOOTHI
MOAXOZ.

Kniouesble cnosa
LIDAR, xoMIblOTEpHOE 3peHHUE, MOACIUPOBAHNE, IPEIISITCTBUE

1. BeBepeHue

CoBpeMeHHBIE TEXHOJIOTMH aBTOMATH3aluu TpeOyrT A EKTUBHBIX CHUCTEM BOCIPHATHS
OKpyxaroieit cpezpl, cpean kKotopeix LIDAR [1, 2] siBasiercst KIIFOYEBBIM HHCTPYMEHTOM JIJIsI
TOYHOTO M3MEPEHHUs pACCTOSHUA M CO3/IaHUs TPEXMEPHBIX Mojelieil. B  yclmoBusix BBICOKOH
CTOMMOCTH ¥ CJIOHOCTH WHTETpAllid pPeajbHBIX JAaTYNKOB B POOOTOTEXHHUYECKHUE CHUCTEMBI
pa3pabatrhiBatOTCS METOIbl HporpamMmuoi cumyisiunu LIDAR, mo3Bossiiolimue MoJEIUpOBaTh €ro
paboTy Ha OCHOBE JaHHBIX C KaMep M aJTOPUTMOB KOMIIBIOTEPHOTO 3peHHs. B nmaHHO# pabote
MpenJIaralTcsl UTEPATHBHBIN W aHANUTHYECKUH moaxonsl k cumyisinuu LIDAR, 4ro mosBosser
MOBBICUTh TOYHOCTh W 3(PQPEKTUBHOCTH CHUCTEM BOCHPHUATHS B YCIOBUSX HEBO3MOXXHOCTH
WICTIOJIb30BAHUS PEATbHBIX JATYHKOB.

2. Uccnepayemble noaxoabl U YCNOBUA NPOBeAEHUA IKCMNEPUMEHTOB

Hannas paboTa 3akio4aeTcs B pa3padOTKe METOJOB MPOrpaMMHON cumyisinun pabotsr LIDAR
JUTS TaNbHENIITEro uX mpuMeHeHus B pamkax komiuiekca TEMAR [3]. B manHOM citydae ycTaHOBKa
peaNbHBIX JIATYMKOB HAa MOOWIILHBIX POOOTOB KOMIUIEKCA HEBO3MOXKHA IO KOHCTPYKTHBHBIM U
SKOHOMHYECKHM cooOpakeHHsiM. OJHaKO, NPUCYTCTBYET CHUCTEMa KaMep M IPOrpaMMHOE
o0ecriedeHne C MCIOJb30BAHUEM aJITOPUTMOB KOMIIBIOTEPHOTO 3pEHHS, CHOCOOHBIE Paclo3HaBaTh
MPensITCTBUSA Ha CTeHue. Takum oOpasom, 3amaded moayist cumyssiiuun LIDAR seisercss otOop
TaHHBIX, JOCTYITHBIX pO0OTY, a TAaKXKe UX MPeoOdpa3oBaHNE B COOTBETCTBYIOMINI (opMar.

UtepatuBHbiii monxon [4, 5], OCHOBaHHBIM Ha MOCIECIOBATEILHOM MMOCTPOCHUH JIyueil ¢
(PMKCHPOBAHHBIM IIIATOM, SBJSIETCS 0Aa30BBIM METOIOM, KOTOPBIM MO3BOJSET IJOCTATOYHO TOYHO
BocrpousBecTn pabory peampHoro LIDAR. 3Ortor Metoj mnpoct B peanu3aluy, HO H3-3a
(UKCUpPOBAHHOTO IIara MOXET o0ecledynBaTh HEJOCTAaTOYHO BBICOKYIO TOYHOCTH M Tpedyer
3HAYUTENIBHBIX BBIYMCIHUTENBHBIX PECYPCOB, OCOOCHHO NMPH 00pabOTKE CIOXKHBIX CLEH C OOIbIINM

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
EMAIL.: vikulizavet85@gmail.com (A. 1); madstaylerd93@gmail.com (A. 2)
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KOJINYECTBOM 00BEKTOB. B aHHOI paboTe OH MCHOJIB3YeTCsl KaK TAJIOH AJsl CPABHEHMS C JPYTUMHU
JBYMSI METOJJaMH.

[Ipenyio>keHHBI aHATUTUYECKUI TOAXOJ, B CBOIO O4YepeAb, BKIIOYACT JBa METOJA: ONHCAHHE
NPENATCTBUN € HKCHOJNB30BaHMEM (PAa30BOrOo MPOCTpaHCTBA U AlIPOKCHMALMIO KOHTYPOB
MIPENATCTBUNA. MeTo ] ¢ HCImoap30BaHreM (a30BOTr0 MPOCTPAHCTBA, OCHOBAHHBIN Ha MPeoOpa30OBaHIH
Xada [6, 7], mo3BossieT 3h(HEeKTUBHO HAXOMUTH MPSIMBIC, OMHUCHIBAIONIHE TPAHUIIBI 0OHEKTOB, 3a CUET
aHaJIM3a [1ePeceueHUH CUHYCONJAIbHBIX KPUBBIX. ANIIPOKCUMALIUS KOHTYPOB C IOMOIIbIO aJlrOpUTMa
Pamepa-/lyrnaca-Ilexepa [8] mo3BossieT COKpaTUTh KOJIMYECTBO TOYEK, OMUCHIBAIONIUX MPEISTCTBH,
coxpaHssi ux (QOpMy, YTO CHIKAeT BBIYMCIHMTENBbHYIO Harpysky. [locnme ompeneneHus TpaHHMIl
MPEeMNSTCTBUN MpeasaracTcsi METO A MOUCKa TOYEK, KOTOPBI MO3BOJISIET MOIYYUTh MAacCHB KOOPAUHAT
9TUX NpensaTcTBUd. CTOUT OTMETUTh, YTO CIIOKHBIC BBIYMCICHUS IPOBOAATCS €IUHOXKIBI, B CIIydyae
CTallMOHAPHBIX MPEMATCTBHM, YTO CYIIECTBEHHO CHIDKAET BBHIUYMCIUTEIBHYIO HArPy3Ky W MOBBIIIACT
3¢ deKTHBHOCTh paboThl anroputMma. [locne dero Tpebyercsi TOJIBKO aHATU3UPOBATH IEPECEUCHHUS
MPSIMBIX.

st mpoBepkH KadecTBa pabOThI MPEIIOKEHHBIX MMOAXOAOB Obljla MPOBEAEHA Cepusi TECTOB Ha
MOJITOTOBJICHHBIX HM300pakeHUsiX B KonmuecTBe 10 mryk. TecThl MPOBOAMIKMCH C Pa3TUYHBIMHU
CIIO)KHOCTSIMH CIICH, @ UMEHHO: OJTHO MJIM HECKOJIBKO MPEMSTCTBUH BBITYKJION U HEBBITYKIIONH ()OPMEI.
®opmar m3oOpaxenwit JPG, kaxmoe W3 KOTOPBIX NPEICTABISIET COOOW CTAaHAAPTHBIA Kaap B
useroBoit monenu RGB u mpeacraBneno B Tpex pazpemenusx: 450x300, 800x500 u 1800x900
nukceneil. Pazpaborana mporpamma B MHTErpHpoBaHHOHN cpene paszpabotku IntelliJ IDEA na si3bike
pOrpaMMUpPOBaHMsl Java ¢ TIPUMEHEHHEM JITOPUTMOB KOMIIBIOTEPHOI'O 3PEHHUS, B YaCTHOCTH,
ucnonb3yercs oubmmoreka OpenCV [9]. TpeGoBaHmMii K ONEPAIIMOHHON CHCTEME HE BBIIBUTAIOCH.

KitoueBbiM kpuTepueM Ui oneHKH 3()()EKTUBHOCTH NMPHUMEHSEMBIX METOAOB SBISIETCS BpEMsI
00pabOTKH OJHOTrO U300PAKEHUS, BBIPAKEHHOE B MUJUTMCEKYHAaX. [ MOBBILIEHHS OOBEKTUBHOCTH
Pe3yIbTaTOB PAacCUMTBHIBAETCA CpEJHEE BpEeMs Ha OCHOBE CTa TECTOBBIX 3allyCKOB ISl Ka)KAOTO
n300pakeHns. ITO MO3BOJSIET CHU3UThH BIHMSIHUE CIyYalHBIX (AKTOPOB U TMOIYYUTH O0Jiee TOUHYIO
OLIEHKY TIPOM3BOMTEIEHOCTH.

3. Pe3ynbtartbl

Ha pucynkax 1-3 mpuBeleHbl TpUMEpBl PaOdOTBI MOIYNSA, A KaXKJIOTO U3 HCCIEIyeMbIX
nojxo/10B. Ha Hux 3enenas Touka obo3Hauaet nonoxenne LIDAR, cupeHeBble Kpyru npecTaBisiioT
coOOl HaleHHblE TOYKM TPAHMLBl MPENATCTBHUSA, KOTOpble OBIIM BBISIBICHBI C IIOMOILBIO
COOTBETCTBYIOIIETO METO/IA.

a) b)

PucyHok 1: Mpyvmep BXOZHOTO M306pakeHUs ANs ABYX BbINYKAbIX MPEMATCTBMI C Pa3/iMYyHbIM
KONMYeCTBOM yrnoB (a) n pesynbTaT paboTbl uTepatnsHoro noaxoaa (b)
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a) b)
PUCyHOK 2: Mpymep BXOAHOTO M306pakeHnn Ans ABYX BbIMYKAbIX NPENATCTBUI C PasNnYHbIM
KOJIMYeCcTBOM Yr/10B (a) 1 pe3ynbTaTt paboTbl aHAaIMTUYECKOTO NoAX0Aa C MCNO/Ib30BaHNEM $Ha30BOro
npocTtpaHcTaa (b)

a) b)
PucyHok 3: lMpyvmep BXOAHOrO M306paKeHUs Ans ABYX BbINYKAbIX NPenATCTBUIN C PasNMYHbIM
KosMyectBOM yrnoB (a) M pesynbtaT paboTbl aHa/NMTUYECKOrO Noaxoda C WMCMNO/Jb30BaHUEM
annpokcumaumm (b)

Ha PUCYHKE 4 MNPEACTABJICHBI CPABHUTCIBHBIC PE3YJIbTAThl MNPCAJIOKCHHBIX aJIrOPUTMOB. B
Cj1ydya€ aHAJIMTHUYCCKUX MCTO/I0B BpEMs O6pa6OTKI/I N3MEPATIOCH JBAXbI: C HAXOXJICHUCM TI'pPaHHI]
npensTcTBUi u 6e3 Hero. Tak kak B kommiekce TEMAR npenstcTBust OCTarOTCs CTaTUYHBI, CJIOXKHEIE
BBIUUCJIICHUA HYXHO IIPOBOAUTH CIAWHOXIbBI. HOBTOMY CIIpaBCJINBO OLCHUBATH BpPEMA KaK C
MMOCTPOCHHUEM KapThI (HOI/ICKOM HpeHﬂTCTBHﬁ), Tak u Oe3 Hero.

t, mc
14 B MTepatueHbIit Nnoaxon
12 Pa30Boe NPOCTPaHCTBO
Annpokcumauma
10 ®azoBoe npocTpaHcTeo (Be3 noucka NpenaTcTawia)

AnnpoKcumauma (6e3 nomcka NpenaTcTBMIA)

ol

(450 x 300) (800 x 500) (1800x 900) pa3mepbl MzobpaeHns,
px

PUCYHOK 4: Pe3ynbTaTtbl paboTbl anropuTmos

Ha ocHOBe NOJy4YeHHBIX PE3yJbTAaTOB, MOXXHO CJIEJaTh BBIBOJ, YTO MTEPATUBHBIA ITOIXOJ
OTIIMYAETCS JUHEHHOM pocToM ciokHOCcTH O(N), 3aBUCAIIUM OT pa3zMmepa u300pakeHus. JlaHHBINA
METOJl TpeOyeT 3HAYMTEILHBIX BBIYUCIIUTENBHBIX PECYpCOB H3-3a HEOOXOIUMOCTH TPOBEPKH
0oJpIIoro Komu4yecTBa ToueK. (PUKCHUPOBAHHBIN IMar YCJIOXKHSET TOYHOE OIpEeIeHHe TPaHHUIIBI
o0BbeKTa. YMEHBIIEHHWE IIara A TMOBBIIICHHS TOYHOCTH BEAET K YBEIWYECHHIO KOJIHUYECTBA
MPOBEPSAEMBIX TOYEK M, KaK CJIEJCTBHE, BpeMEHH 00pa0oTku. B pesymbraTe, MOCTHKEHHE YETKOU
IpaHUIBI 00BEKTA CTAHOBUTCS MPAKTHUECKHA HEBO3MOXHBIM M3-32 OTCYTCTBHUS KOMIIPOMHCCA MEKTY
pa3MepoM Iara W BBIYUCIHMTEILHBIMU 3aTpaTtaMu. OmHako, oH Oymer 6osee 3h(EeKTHBEH B Ciydyae
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HECTAIlMOHAPHBIX MPEMATCTBUI, KOTAa OOBEKTHl M3MEHSIOTCS WJIA MEHSIOT CBOE TIOJOXKEHHE BO
BpPEMEHU WJIM IPOCTPAHCTBE.

[IpenyioxkeHHbIE aHATUTHYECKHE METOBI B CIIydae, KOIrJa OCYIIECTBIISIETCS MMOUCK MPEeMsSTCTBUI
(mocTpoeHmne KapThl) XapakTepU3YIOTCS JHUHEWHOH ciokHOCThIO O(N), KOTopas Takke Kak U y
WTEPaTUBHOTO METOJIa 3aBUCHUT OT pa3Mepa BXOTHOTO m3o0pakeHus. OHAKO, MPH YCIOBUH PabOTHI
CO CTalMOHAPHBIMH TPEMATCTBUAMH, BBIYMCIUTENbHAS CIOXKHOCTh 3HAYUTENLHO CHWXKAETCH,
MTOCKOJIBKY CJIO’KHBIE BBIYHCIIUTENBHBIE TPOIETyphl TpeOyeTcs MPOBOIUTH TOIBKO OAWUH pa3. B
TATbHEHIIEM OCYIIECTBIIETCS TOJNBKO aHANIW3 MepPecedeHus] MPSMBIX, YTO TO3BOJSET JOCTHYB
MPAKTUYECKU KOHCTaHTHOW cioxHoctd O(1), He 3aBHcAIIEeH OT pa3Mmepa U300pakeHUs Ha BXOJE.
Taxko#t moaxoz obecnieunBaeT Oojiee YETKOE ONpeAeTIeHNE IPaHull OOBEKTOB U SBISICTCS €r0 SIBHBIM
MPEeNMYIIecTBOM. MeToJ C HCIoNb30BaHHEM (a30BOrO MPOCTPAHCTBA 0O0JamaeT Oonee HU3KOH
CKOpOCTBIO pabOTHI 3a cUeT OOJIBIIEr0 KOJMYeCTBa HAaWACHHBIX TPaHHUI] MPeniTcTBUi. B nemom, oba
METOAa TOKAa3bIBAIOT XOPOINYK CTaOWIBHOCTE H  3PQPEKTHBHOCTh, YTO TOATBEPKAACTCS
pe3yIbTaTaMu SKCIIEPUMEHTOB Ha Pa3IMYHBIX TPUMEPaX.

YunteiBas, 9To B paMkax koMmruiekca TEMAR mpensaTcTBus SBISIOTCA CTATUIHBIMEA OOBEKTaMH,
HanboJiee TOAXOSAIIUM JJIsl BHIOOpa SIBISACTCS aHAIMTHYECKUI TOAXO0J C MCIOJIb30BaHHEM METOJa
anmpoKCUMAalWKd MHOXKECTBa TOYEeK KOHTypa. KoTopelii mokazanm Jyudmiee Bpems o0paboTKu
M300paKeHUS CPEIU BCEX PACCMOTPEHHBIX MTOIXO0B.
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0630p meToa0B NPenobpaboTKU MyAbTUMOAANbHDBIX AAHHbIX,
coAaeprKalwmx KAMmaTudeckyro MHGopmaumio, Npu reHepauum

BEKTOPHDbIX ﬂpe,qCTaBl'IEHMﬁ AadHHbIX
Onspra KOpnseBHa FaBeonl‘z, Hatanbs AsiekcanipoBHA Iamox?

! Hnemumym ounamuxu cucmem u meopuu ynpasnenusa um. B.M. Mampocosea CO PAH, ya. Jlepmonmosa, 134,
a/a 292, Upxymck, 664033, Poccus

2 Qedepanvublii  UCCTI008AMENLCKULI YEHMDP UHPOPMAYUOHHBIX U  GbIYUCTUMETLHBIX MEXHONO2UL, Np-m
Axademura Jlaspenmoesa, 6, Hogocubupck, 630090, Poccus

AHHOTauuA

I'eHepaliyisi BEKTOPHBIX MMPEACTABICHUN SIBIISETCS BAKHON TEXHOIOTHEH 00pabOTKH aHHbIX,
MO3BOJISIONICH TPEOIOJICBAaTh CEMAHTHYCCKUE Pa3pbIBBI MEXIy (OPMATBHO pPa3HBIMU
JAaHHBIMH H  of0ecrieunBaromiel S(GQPEKTUBHBIA CEMAHTHYCCKUA TMOUCK M aHaJu3
B3aUMOCBsI3eil. DTO C€O3Mae€T OCHOBY [UIsl HHTErPALiM MYJIbTUMOMAAIBHBIX JAHHBIX U
pa3paboTKH CIIOKHBIX MHTEIUICKTYAIbHBIX cHcTeM. KauecTBeHHas mpenoOpaboTka MaHHBIX
BBICTYIIACT BaXKHBIM JTAIOM, HAMPSIMYIO BJIUIIOIIAM Ha KAYECTBO BEKTOPHOT'O TIOMCKA CPE/IH
UTOrOBBIX 3MOenauHroB. OCOOEHHO 3TO aKTyallbHO Ui PabOThl € MYJIbTHMOJAIBHBIMU
KIUMAaTHYECKUMH JaHHBIMU, TJ€ HEOOXOIMMO VYUYHUTHIBATH CICHU(PHUKY Pa3TAIHBIX
¢dhopmaTtoB.

B crathe mnpenctaBiieH 0030p Ha METOIbI TPenoOpabOTKH JaHHBIX, COICPIKAITHX
KJIMMATHYeCKyr0 ~ MHOOpPMAIMIO, B  YaCTHOCTH,  TEKCTOBBIX,  rpapuuecKux  H
KapTorpauueckux. ITH METOJAbl HEOOXOJMMBI TPH pa3pabOTKe HHTEIUICKTYaTbHBIX
HHGOPMAITHOHHBIX CUCTEM XpaHEHHMsI, 00pa0OTKH U aHAIHM3a KIIMMATHYSCKOW HH(POPMAIIHH.

KntouyeBble cnosa
BekTopHble npencTaBieHus, mpenoopadoTka JaHHBIX, MyJIbTUMO/IAIbHBIEC TAHHBIE

1. BeBepgeHue

3a/ada reHepanyuy BEKTOPHBIX TPEACTaBICHUH (IMOCIINHTOB) M3 Pa3HOPOAHBIX JaHHBIX — M3
TEKCTa, W300pa)KeHWs, ayauo3alliCH, BHUJIEO0 WIM HHBIX — 3aHUMAeT IEHTPaJbHOE MECTO B
COBPEMEHHOM MAIIMHHOM OOYYEHWH W HCKYCCTBEHHOM HHTEIJIEKTE. DTa TEXHOJOTHS SBIISETCS
(byHIaMEHTaJIbHON, IMOCKOJBKY IO3BOJIAET pEIIaTh 33/a4d CEMAaHTHYECKOro IOHMCKAa M aHalIu3a
B3aUMOCBsI3el Mex1y o0bekTaMu. KiroueBasi IEHHOCTh TaKOH TEXHOJOTHH 3aKII0YaeTcsi B TOM, YTO
SMOEAIMHIY J1al0T BO3MOKHOCTH HAXOAWUTh JOKYMEHTHI WJIM BJIEMEHTHl JaHHBIX, OOJajaroliue
OJMM3KUM CMBICIIOBBIM COZIEPKaHHEM (CEMaHTHUECKOH OJNM30CTBIO), Ja’ke e€CH Ha MOBEPXHOCTHOM
YpoBHE (HampuMep, B JIEKCHKE TEKCTa WM BHU3YaJbHBIX NETANAX H300paKeHHsS) OHH Ka)KyTCs
JaJeKUMH 110 CBOUM (POPMaJIbHBIM MJTH CHHTAKCHYECKUM XapaKTepUCTUKAM.

[Iponecc renepanuu 3MOEIAMHIOB 3aKII0YaeTCd B TpaHc(opMalMyd HECTPYKTYPHUPOBAHHBIX MU
CTa0OCTPYKTYPHUPOBAHHBIX JAHHBIX (KOTOpBIE CIOXKHO 00pabaTeiBaTh anropuTMamu HamlpsMyio) B
(opManu30BaHHOE BEKTOPHOE IIPOCTPAHCTBO BBICOKOW pa3MepHocTH. B 3TOM mpocrpaHcTBe
MaTeMaTHYECKOE PACCTOSIHUE MEXIy BEKTOpaMH (HalpuMep, BBIYHCIIEMOE 4Yepe3 KOCHHYCHYIO
OJIM30CTh WIIM €BKIIMAOBY METPUKY) HAMPSAMYIO KOPPETUPYETCS C COAEPKATENbHON (CEMaHTHIECKON)
OJU30CTBIO MPEJCTABISIEMbIX HMH OOBEKTOB. TakuM 00pa3oM, CEMaHTHUYECKHE OTHOIICHUS MEXIY
pEaIbHBIMHM JTaHHBIMM MAaTE€pPHAIU3YIOTCS B BHJIE€ I'€OMETPHUUYECKHMX OTHOLIEHMH WX BEKTOPHBIX
npencrasieHuil. IMeHHO 3Ta TexHonorusi odecreurnBaeT 3P(EeKTUBHYIO MHTETPALUIO PA3HOTHUITHBIX
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JAHHBIX (MYyJIbTHMOJATEHOCTE), CO3JIaBasi OCHOBY JUISl Pa3pa0OTKU CIIOMKHBIX MYJIbTUMOJATBHBIX
CHUCTEM aHajh3a JaHHBIX W WHTEUIEKTYAJIbHBIX CHCTEM TMPHHATHS pEIleHHH, CHOCOOHBIX
00pabaThIBaTh ¥ CHHTE3UPOBATH MH()OPMALIHIO U3 PA3THYHBIX UCTOUHHKOB.

IIpenobpaboTka BXOJTHBIX JAHHBIX SBISETCS BKHBIM 3TANOM IEpei M3BICUCHUEM MPHU3HAKOB U
HEIMOCPEJICTBEHHO TeHepamnuend »moeqauaroB. KadecTBo mpenoOpabOTKH HAmpsSMYyIO OIpenesseT
KayecTBO HTOTOBBIX BEKTOPHBIX NpeacTaBieHuid. Llenp 3Toro srama — moaroToBUTH 'ChIpble
JaHHbICE TaKUM O00pa3oM, 4YTOOBI MOJENbh MOIJIa BBICIUTh W3 HHUX Hawboliee 3HAYUMBIC H
pelieBaHTHBIC TPU3HAKKM JUIsl MOCIenyromero obydenus. BakHo, 4ToOBI, B pe3ynbTare padOThI
MOJIEJIM, MHTYHTUBHOE IMOHMMAaHUE CMBICIOBOH OJNM30CTH OOBEKTOB YEJIOBEKOM HAXOIHMJIO CBOE
TOYHOE OTpakK€HHE B OJIM30CTH COOTBETCTBYIOLIMX BEKTOPOB B CO3AaHHOM MpocTpaHcTBe. HBIMU
CJIOBaMH, €CJIM YEJIOBEK CUUTACT JBa JIOKYMEHTA WM M300pa)KCHUS CEMAHTUYECKU MOXOKHMH, UX
SMOEAIMHT Y TIPH Ka4eCTBEHHOM T'eHEpalluy JOKHBI OBITh PACHION0KEHB B BEKTOPHOM IPOCTPAHCTBE
OIU3KO JPYT K JIPYTY.

B nmanHOi#l pabote mpeactaBieH 0030p Hambojiee YacTO MPUMEHHUMBIX alTOPUTMOB TEHEPalnuu
BEKTOPHBIX TPEACTABICHUA W3 HCXOJHBIX JAHHBIX C IENBI0 JaTbHEUIIEro MX WCIOJIh30BAHUS B
WHTEJUIEKTYalbHOW cucTeMe, 00padaThiBalONIMX MYJIbTUMOJAIbHBIE KIUMaTHUECKUE JaHHbBIE
pasnuuHoro gopmara.

2. MNMpepobpaboTKa gaHHbIX

[lockonbky peub MIET UMEHHO O AAaHHBIX, KOTOPBIE MOTYT COAEP)KaTh B ce0€ KIMMAaTHYECKYIO
WHPOPMALIUIO, IEHTPATFHBIMH THITAMH JJAHHBIX OMpEACINM TEeKCTOBBIE, TpapUecKie U reoaHHbIe, B
4acTHOCTH, KapTorpaduueckue. IlpeacraBnsercs, YTO THIOB AAHHBIX, MOJIC3HBIX NIPU pPaboTe ¢
9KOJIOTHUECKUMH JAaHHBIMH, CYLIECTBYET OOJbILIE, YeM PACCMOTPEHHBIX, ITOCKOJIBKY BO3MOXKHO
WCTIONIb30BaHUE U TAKUX JAHHBIX, KaK YHCIIOBBIE, B BU/IE TaOJIHILI.

2.1. TeKcrtoBble AaHHbIE

[Tepen u3BICYCHHEM MPU3HAKOB M3 TEKCTA HEOOXOAMMO €ro MPEABAPUTEIHHO MOArOTOBUTH TAKHM
00pa3oM, YTOOBI TEKCTOBBIC [aHHbIC CTATM MPUTOAHBIMU JUIS HCIOJNB30BaHUS CIEIHAIBHBIX
QJITOPUTMOB, TPEAHA3HAYCHHBIX JUIS HCIOJb30BAaHMS B pPaMKaX HMCKYCCTBEHHOTO HHTEIUICKTAa U
MAIIMHHOTO O00y4yeHus. B cilydae ¢ TEKCTOBBIMHM JaHHBIMH HET KaKHX-TH0O OCOOCHHOCTEH,
CBSI3aHHBIX C HAXOX/CHHEM M BBIICICHHEM KIMMATHYECKOW HH(POPMALMHA B CBHIPHIX JaHHBIX,
HO3TOMY Ipe1oOopabarka NpeCTaBIseTCsl CTaAHIAPTHOM.

OmHMM H3 OCHOBHBIX IIaroB B MpenoOpabOTKe MaHHBIX SBISETCS TOKEHH3AIHs, TO €CTh
npeoOpa3oBaHWEe TEKCTa B  IOCIEAOBATEIFHOCTh OTICIHBHBIX OJIOKOB JaHHBIX — TOKCHOB.
[penmnonaraercs, 4TO NMpU TOKSHM3AIMU 0a3a 3HAHWI pa3feiseTcs Ha HEKOTOPhIE CEMaHTHYECKU
CaMOCTOSITENIbHBIE (PPArMEHTHI TEKCTa, U TOKEH JO0JDKEH COOTBETCTBOBATH JIOTHUESCKU 3aBEPIICHHOMY
AIIEMEHTY 3HaHHii. B KauecTBe TOKEHOB MOTYT OBITh OIPEIEIICHbI CII0BA, CHMBOJIBI, YHCIIA (3a9aCTYIO
C UCIIOJIb30BAaHUEM JIOTIOJTHUTEIBHBIX MaTEMAaTHYECKIX CHMBOJIOB; TaK, TOKEH «+50» u TOkeH «-50»,
BEPOSTHO, OY/IyT CYMTATHCS PAa3HBIMH, TAK KaK HECYT Pa3HyrO CMBICIOBYIO HArpy3Ky), GOpMYJIbI HITH
MOJICTPOKH, B 3aBUCHMOCTH OT 3a7a4u. CyIIECTBYIOT pa3jMYHbIe MOJEINA TOKCHU3AIIUH, HAPUMED,
ucnons3dyembie  OpenAl B wuucTpymenrte tiktoken [1]; takme momenmm, kak GigaChat Ttaxke
UCIIONB3YIOT TOKEHH3ALUIO TIPU CO3JIaHUU SMOeIMHTOB [2].

CrnenyronumM IaroM B Ipeao0paboTKe MOXeT ObITh HopMmayn3anus. Kakaplii TOKEH MOXKET
MOJBEPTHYTHCSI HOPMAJIU3AIUK, TO €CTh NMPUBEICHUIO CIOB M CHMBOJIOB K €IMHOOOPAa3HOMY BHIY,
KOTOPBIN yIpOIIaeT JaTbHEHIINI aHAIN3 U TeHEepaluio MO IMHroB. B 1aHHOM citydae peusb uaer
HE 0 MacIITaOMPOBaHUU YHCIIOBBIX JaHHBIX, & O CTAHIAPTU3ALNH TEKCTOBBIX 3JIEMEHTOB, TAKHX Kak
perucTp, IyHKTyalusi WIM HanucaHue. Hopmanmzauust 00ecreunBaeT KOHCHCTEHTHOCTh
TeHEpUPYEMbIX ASMOCIVIMHIOB, YTO BIHUSIET HAa KauecTBO paboTel Mojened. OpnHako mpu €€
peau3alyy ClieqyeT yYUTHIBATh CIICHU(UKY TEKCTa, MOCKOJIbKY B HEKOTOPBIX CIydasX «JIHIIHHE)
ANIEMEHTHI (HAalpHMep, SMOLMOHAIbHAS ITyHKTYallls) MOTYT OBbITh BaKHBI Ul 3a1ad aHaIu3a
TOHAJILHOCTH MJIM CTHJISL.
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Crenyromie mard — CTeMMHHT, (ymanenue ¢uiekcuil); jemMMaTu3aius (MpUBEICHUE CIIOB K
KaHOHMYeCKOW (opme) u uymcTka (ygaJeHWe HE HECYIIMX CMBICIOBOH HAarpy3Kd CIIOB) —
MPUMEHSIOTCS HE TaK YacTo, MOCKOJIEKY MOTYT MPHUBOAMTH K MOTEPE JUHTBHCTUYCCKH PEIICBAHTHON
nHpOpMaIIu.

2.2. T[paduyecKkue aaHHble

OnnuM w3 HambOolee paHHUX TOAXOJOB TEHEpalMd BEKTOPOB W3 HM300paKEHUH C LENbIo
JajJbHEHIIero MOMCKa MOXO0XKUX HM300paKEeHWH OBbLIO MCIOJIb30BaHHE IIBETOBBIX TucTOrpamm [3],
MTO3BOJISIONIEE OCYIIECTBISTH IMOUCK IO IIBETOBBIM MPOQIIISAM, YTO YIpOIIaeT paboTy ¢ OONBIIMMU
o0beMamMu JaHHBIX. B manHOM moaxofe npenoOpabaTeiBaTh M300paykeHUS HE TpeOyeTcs, MOCKOIbKY
Ipu TeHepaluu AMOCIMHIOB B JIAHHOM Ciydae u3o0pakeHue koHBeptupyercs B RGB-dopmar,
MocIie 9ero pa3OMBaeTCsl HA TPU IBETOBBIX KaHANlA: KPACHBIA, 3€NEHBIM W CHHUM, MOCIE Yero s
KaKIO0r0 KaHala CTPOUTCS THCTOTpaMMa, TAe 1Mo ocl X — 3HaveHue mneera (0—255), a mo ocn Y —
KOJHMYECTBO MHKCeNel ¢ 3TUM 3HadyeHueM. KoHeuHble BeKTOpa MOJMy4yaloTCs KOHKaTeHaluen
THUCTOTPaMM.

WHuave mponcxoanuT Npy UCTIONH30BAHUN O0JIee TTO3THUX MOJIETIe TeHepaIlii BEKTOPOB.

Jlokanbubie neckpuntopsl, Takue kak SIFT (Scale-Invariant Feature Transform) [4] u SURF
(Speeded-Up Robust Features) [5], BBIOEOAOT KIOYEBBIE TOYKM W TEKCTYPhI, YCTOWYMBEHIC K
Macmrady, MOBOPOTY W OCBEIICHHIO, YTO IIO3BOJIAET CpPaBHUBATh H300paKEHUS IO JIOKATHHBIM
mpu3HakaM. OHaKO 3aBHCHMOCTh OT PYYHOW HACTPONKH MapaMeTPOB W BBHICOKAS BBIYUCIHATENbHAS
CIIO)KHOCTbH JIENIAIOT UX HEMPAKTHYHBIMHU 1Sl paOOTHI ¢ OOJIBIIMMHU MACCHBAMH JIAHHBIX.

Takue apxutektypsl, kak AlexNet [6] u ResNet [7], aBToMaTH9IeCKH U3BJICKAIOT HEPAPXUUYECKHUE,
BIIO’KEHHBIE JIPYT B Ipyra MPHU3HAKH — OT KPaéB M TEKCTYpP 1O CIIOKHBIX CEMaHTHYECKUX OOBEKTOB.
BekTopbl, TmONy4YEHHBIE M3 TMOCIEJHUX CIOEB TAaKUX CETEM, KOJUPYIOT BBICOKOYPOBHEBYIO
WH(POPMAIIUIO, YTO MOBBIIIAET TOYHOCThH MOUCKA, TTOCKOJIBKY BEKTOP B JaHHOM Cllydae KOJIUPYET B
cebe HEKOTOPOE «CMBICIOBOE» 3HAYEHHE N300paKeHUs.

Kak wror, mpemobpaboTka H300paKeHHWI CHIBFHO 3aBUCHUT OT TPEHHPOBOYHOTO IalTuIaliHa
mojienu. Hampumep, Takue MOAXO0/bl, KaK HOpMalIM3allds MHUKCEJed — MNpPUBEIACHUE 3HAYCHUH K
muanazony [0, 1] wnu cranmaptuzanus (ams ImageNet: Beruntanne cpeaanx [0.485, 0.456, 0.406] n
JeJieHne Ha craHfapTHbele oTkioHenus [0.229, 0.224, 0.225]) — MoOryT yiydmaTh CXOAUMOCTbH
moneneit. KouBepramms mnBeroBoro mnpoctpanctBa (RGB, HSV, Lab) mnosposiser BwIaenaTh
cnennpUIecKue MPU3HAKH, TaKKe KaK TEeKCTYPhl WK ocBelleHue. M3MeHeHne pazMepa n300paeHus
1o ¢ukcupoBanHoro ¢opmata (Hampumep, 224x224 s ResNet) ¢ UCIIONp30BaHUEM HHTEPIIONSIIAN
WM 00pe3Ku 00ecTIeYnBaeT COBMECTUMOCTD C BXOJTHBIMH CJIOSIMH HEHpOCeTel, IPH TOM COXpaHEHHE
ACIEKTHOT'0 COOTHOIICHHUS! KPUTHYHO JIJISI 33]1a4, T7Ie BasKHBI TIPOITOPIIMH 0OBEKTOB.

2.3. Tpaduueckue gaHHble

[IpenobpaboTka reorpaduuecKkux u KapTorpadMuecKuX NaHHBIX Uil TeHepauud 3MOEIJUHIOB
MIpeCTaBIsIET CO0O0M KOMIUIEKC IIaroB 10 MOATOTOBKE MPOCTPAaHCTBEHHOM nH(popmMarnu. Haunraercs
OHa C yHH(QUKAIMH W KOHBEPTAIMM PA3HOPOIHBIX HCXOIHBIX JAHHBIX (BEKTOPHBIX (HOpMATOB H
PacTpOBBIX H300paKEHHUH KapT WJIM CHUMKOB) B CTPYKTYPHUPOBaHHOE TPEICTaBICHUE, IPUTOTHOE IS
MOJIeJIeH MAIIMHHOTO 00yUYeHHS.

B kauecTBe peneBaHTHBIX CEMAaHTHUECKHX NMPU3HAKOB JUISI BEKTOPHBIX JaHHBIX MOTYT BBICTYIIATh
KOOPAWHATHI, FTEOMETPUUECKHE XapaKTEePUCTUKHU (TUIOIAb, IEPUMETP), TOTOJIOTHYECKUE OTHOIICHHS
(cocencTBo, mepeceyeHre) M KaTeropualibHbIE aTpUOYTHI, U PAaCTPOBBIX NAHHBIX MPHUMEHSIOTCS
METOJIbI KOMIBIOTEPHOTO 3pPEHHSI U TIIyOOKOTO OOy4YeHHs, CIEeOBaTENbHO, PEeIEBAaHTHBIE MPU3HAKU
MOTYT OBITh CXOXHUMH C TpauuecKHMH JaHHBIMH, a IArd 1Mo NpeaoOpadoTke MOTYT COBMANATh C
maraMu npenoopaboTku m3o0paxkeHuil. OAHAKO BaXHBIM TaKXKe MPEICTABISICTCS CBOETO pPoAa
«COeTMHEHUE» Pa3HBIX BUIOB KapT B OJUH HAOOp JaHHBIX, H, COOTBETCTBEHHO, O0OTaIleHUe TaHHBIX:
B KaueCTBE JIOTOJIHUTENBHBIX TIOTOKOB B M300paKeHWH KapThl BOBMOXKHO 00aBieHne rpadudecKon
uHpOpMauMK O BBIOpOCax ra3oB, BHICOTE HaJ YPOBHEM MOps, THNAaxX 3JaHUH Ha ONpEAesICHHOM
TEPPUTOPUH, YTO IMOBBIIIAET CEMAHTUYECKYIO HACBHIIIEHHOCTb. TaKOH MOJXOJA HCIOJB3YyeTCs, B

165



JaCcTHOCTH, B Mojeisx tuma Loc2Vec [8], B KOTOphIX 3MOEIIHHTH HECyT B ceOe 3aKOAUPOBAHHYIO
nH(GOPMAITUIO KaK O TeOrpapUueCKuX, TaK U CEMAaHTHYCCKUX MPU3HAKOB, OIMHUCHIBAIOIINX OKPYKCHUE
MecTa.

3. 3aKknwueHue

[IpencraBnennpii  0030p  cmenmuPUYecKUX  OCOOCHHOCTEW — Iporecca  MpeaoOpadOTKH
KIIMMATUYECKUX JTAaHHBIX HEKOTOPBIX (POpMATOB (TEKCT, M300paXKeHUs, TCOAAHHBIC) MPEIOCTABIISICT
HEO0XOJUMYIO OCHOBY JUIsl TOCTPOSHUS 3()(DEKTUBHBIX MHTEIUICKTYaIbHBIX CUCTEM. TaKHe CHCTEMBI,
OIMUPAIONIHMECs] Ha KAaYeCTBEHHBIE BEKTOPHBIC MPEICTABICHHUS, CIOCOOHBI PEIIaTh CIOXKHBIC 3a/1a41
aHaJu3a, MOMCKa M MPOTHO3HUPOBAHUS B c(hepe SKOJIOTHH M KIMMATOJIOTHUH, CHHTE3UPYS 3HAHHS W3
Pa3HOPOAHBIX HCTOYHUKOB HH(OPMAIIHH.
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MeTopabl NOCTPOEHMUA MaTpuLbl nepcnekTUBHOro

npeobpasoBaHua ANA CLULUBKU N306parkeHnn

Hanexna Qymkuna t, Anton Toncruxun !

Y Uncmumym Ounamuxu cucmem u meopuu ynpasaenus Um. B.M. Mampocosa, CO PAH, ya. Jlepmonmosa,
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AHHOTauuA

B naHHOW cTaThe paccMaTpUBAIOTCS METOIBI IIOCTPOEHHS MATPHULbl NEPCIEKTUBHOIO
npeoOpa3zoBaHHus JUII  aBTOMATHUYECKOW CIIMBKH HW300pakeHuil. I[lpoBeneH aHamu3
TPaAUIIMOHHBIX MOAX0J0B, BKIto4as RANSAC u meron HauMeHbInx kBaapatoB (MHK), a
TaKXKe MpeAnoXeH TuOpuaHblii anroput™, coderaronmii MHK ¢ poeBelM MeTonom
ontumuzaimn GWO (Grey Wolf Optimizer). DkclepuMEHTaIbHO IOATBEPKIACHO, YTO
koMOuHupoBaHHbIH MeToq MHK+GWO obecnieunBaer Jrydiiee COOTHOLIEHUE CKOPOCTH U
KayecTBa CIIMBKU 10 CPAaBHEHUIO C KIACCHUECKMMH pelleHusMH. Pa3paboTaHHbI moaxon
MOXeT OBITh IPIMEHEH B CHCTEMaxX KOMITBIOTEPHOTO 3pEHHSI M pOOOTOTEXHHKE, B YACTHOCTH,
B IporpammHo-anmapatHoid cucreme TEMAR. IlepcneKTUBHBIMM  HamlpaBiICHUSIMHU
JaTbHENIINX UCCIIEIOBAHUM ABIISIOTCS aalTallsl aropuTMa Ui paboThl C BUACONOTOKAMHU
B peaJbHOM BPEMEHH M HHTETPaLsl ¢ METOaMH IITyOOKOTro 00y4eHHsI.

Kniouesble cnosa

CummBka wu300pakeHUH, TMEPCIEeKTUBHOE TNpeodpa3oBaHue, MaTpulla TNpeodOpa3oBaHMHIA,
RANSAC, meron HamMeHBIIMX KBaApaToB, poeBbie amroputMmbl, GWO, onrtnmmzarnms,
koMmmbioTepHOE 3perne, TEMAR

1. BeBepgeHue

B coBpemeHHOM MWHpe, Tlie BU3yalbHas HH(OpMAIMs UTpaeT KIIOYEBYIO POJIb, MOTPEOHOCTH B
LIMPOKOYTOJIBHBIX U ACTATU3UPOBAHHBIX U300paKEHUAX MOCTOAHHO pacTeT. OqHuM U3 3 (HEeKTUBHBIX
METO/IOB TOJIyYeHHsI TAKHX W300paKCHUH SBISIETCS TEXHOJIOTHS CHIMBAHUS (CKIEHKa) HECKOJIbKUX
n3o0paxkeHuilt B oJHO 1enoe [1]. Takasi TEXHOJOTHUS SIBISETCS OJHOW M3 PACHPOCTPAHEHHBIX 3a/ad
00paboTKH, Mopa3syMeBaeT o coO0H NOTy4YeHHE eOIMHOM MaHopaMbl MM U300paKEHHUS C BBICOKMM
pas3pelIeHneM U3 HECKOJIbKUX MEPEKPBIBAIOIINXCS N300pakeHUH, KOTOphIE MOTYT OBITh TOJIyY€HBI B
pa3Hoe BpeMs, ¢ pa3HBIX TOUEK 3PEHUS UITH C Pa3HBIX JaTYUKOB.

CmmmBanue n300paXeHUH uMeeT OOJbIIOE 3HAUYCHHE B O0JACTH MEIWIMHCKON BU3yaIH3alluy,
KOMIIBIOTEPHOT'O 3pEHHMS, CIIyTHHUKOBBIX IAHHBIX, & TAaK)K€ BO3HUKAET MpPU a’3po(OTOCHEMKE HIIH
MHUKPOChEMKE JUIMHHON Jetand. [IpakTudeckas 3HAYUMOCTH Pa0OThl 3aKIIFOYAETCSI B BOBMOXKHOCTH
MIPUMEHEHHUsI pa3pabOTaHHOTO AalTOpPUTMa JUIsI aBTOMAaTHYECKON CIIMBKH HW300pakeHWH BHYTPHU
nporpaMMHO-aIapaTHoii cuctemsl MonenupoBanuss TEMAR (Testbed Environment for Multiple
Autonomous Robots) [2], cymectByromeii Ha 06a3e MHCTHUTYTa IUHAMHKHA CHCTEM M TEOPHH
ynpasienust umenn B. M. MarpocoBa Cubupckoro otieieHus: Poccuiickoil akajjeMun HayK B TOpoOJIe
Upxyrcke.

2. JTtanbl CO34aHUA CLUUTOrO M306pa)KEHMﬂ

B memsix permnenus 3a1auu CITUBKE N300paKEHUH HUCITONIB3YeTCS METO] CKIICUBAHUS M300paKeHUH
Ha OCHOBE KJIIOYEBBIX TOYEK U JIECKPUITOPOB, MOCKOJIBKY 3TOT METO]I SIBJIAETCS YHUBEPCAIBbHBIM U
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MOOXOAUT [UIs pelleHuss OONbLIMHCTBA 3anad. s BBHINONHEHHWS CKICUBaHMA HM300paKeHU
HEOOXOIMMO PEIINTh CICAYIONINE 3a1aUH:

1. HalTH KOOPAMHATHI KJIIOYEBBIX TOYEK, BBIACINB HEKOTOPOE YHCIIO UX Tap;

2. TOCTPOHTH MATPHIly NEPCIEKTHBHOIO TNPeoOpa3oBaHUsl Ul HCKAKEHUS BTOPOTO

n300paKeHNs] HA OCHOBE HalJCHHBIX KJIFOYEBBIX TOYEK;

3. HalTH KOOpAWHATHI HOBBIX KIIOYEBBIX TOYEK IJIsi BTOPOrO H300PaKEHHUS, MPH MOMOIIN

MIOCTPOEHHOM MaTpHLBI U3 IyHKTA 2;

4. NpPUMEHUTH MaTPHUILy KO BCEMY BTOPOMY M300PaXEHHUIO, MIOJIyYUTh €T0 NCKAKEHHYIO KOIIUIO;

5.  cIHTh U300paskeHHs, COMOCTABIISS KIIOYEBBIC TOUKH;

6. OIICHWTH BEIMYHHY OIIMOKH COMOCTABJICHHSI KIIOUEBBIX TOUYCK.

KiroueBble TOUKH MPEACTABIAIOT COOON 3HAYMMBIE XapaKTEPUCTHKH, TAKHE KaK YIJIOBBIE TOUKH
WM TEKCTYPHBIE 3JIEMEHTHI, KOTOPHIE MOYKHO HUCIIOJIb30BaTh AJIsl COMOCTaBIeHus. Jpyrumu cioBamu,
KIIOYEBbIE TOYKH — XapaKTepHbIE TOYKH H300paKCHHUS, T.€. TOUYKH, KOTOpPBIC CHIIBHEE BCETO
OTIHYalTCs OT Apyrux obnacteit [3]. OOBIYHO 3TO YIJIBI, MEPECEUCHUs JTMHHUN HIM TEKCTYPBI C
PE3KUMH TIepexo/iaMH, HampuMep, Ha IaXMaTHOM ITOCKE XapaKTepHOH TOYKOW OyIeT mepexoa w3
YepHOH KIETKH B Oellyr0. DTH TOUKH CITy>KaT OMOPHBIMH MapKepaMH, KOTOpbIE TIOMOTal0T MallnHAM
AHAJIM3HUPOBATL W HHTCPIIPECTHUPOBATDH BH3yaJILHI>II>'I KOHTCHT. OHpCI[CJICHI/Ie KIIFOUEBBIX TOYCK
OCYLIECTBIISETCS, HanpuMep, npu nomouy anroputMoB ORB, SURF, SIFT u ap.

I[HH YCTAHOBJICHHUA COOTBETCTBUI MCXKAY KIIFOYEBBIMH TOYKaMU JIBYX H306p3)K€HPII71 BBIIIOJIHACTCSA
MOMApHOE CpaBHEHHE WX JCCKPHUIITOPOB C IMOCIEIYIONIUM BbIIEIeHHEM HauboJiee CXOXUX Map Ha
OCHOBE 33JJaHHON METPUKH CXOJCTBA.

[lo pesynpratam poccuiickoro uccnemoBanus [4] anroputM FAST u3 rpynmsl TpaaullmOHHBIX
QITOPUTMOB TPOSIBHI ce0s KaK JIydIIMi aqroOpuTM AJIs TOMCKa KIFOUEBBIX TOUYeK. B maHHOW paboTte
npumensiercst anmroputm BRISK  (Binary Robust Invariant Scalable Keypoints) [5], xortopsrii
s dexTrBeH Uil MacIiuTaOMpOBAaHUS U IIOBOPOTOB, B €r0 OCHOBE HCIIOJb30BaH YIyYIIEHHBIH
anroput™ FAST. On coueraer B cebe addekruBHOCTS OuHapHBIX MeTonoB (kak ORB, FAST) c
YCTOHYMBOCTBIO K U3MEHEHHIM MaciiTada u nosopota (kak SIFT, SURF).

Ilo nammuumio apredakToB HA H300pPaKEHMM, HCIOJB3YS BU3YaJbHYIO OLIGHKY, MOXHO 0€3
JOIMIOJTHUTCJIIBHBIX yCI/IJII/Iﬁ U1 OGOPYI[OBEIHI/IH ONpeaACINTb Ka4Y€CTBCHHO CHIUTO 1/1306pa>1<eH1/1e 501050
HeT. ApredakTsl Ha HM300paKEHHH — 3TO Je(EeKThl, KOTOPbIE TPOSBISIOTCS B BUJIE HCKaKEHHBIX
MUKceNei nin GpparMeHTOB C H3MEHEHHBIMU IIBETAMH.

[loMumO BHU3yaJIbHOW OLICHKM KadecTBa CIIHUTOIO HW300pa)KeHWs, CYLIECTBYIOT pa3iUYHbIC
YHCJICHHBIC MCTPUKH, IMO3BOJIAIOINHUE OLUCHUBATH KAa4YCCTBO CHIMTOIO I/I306pa)KeHI/I$I 0 pa3jIn4HbIM
KputepusaM. V3MepeHne HeCOOTBETCTBUSI MEXIY NMPEICKA3aHHBIMM HO3ULMSIMU Ha M300paKEHUH H
(akTHUECKN HaOMIOJaeMbIMU TO3MLIMAMH OyAeM paccMaTpuBaTh KaK BEIWYMHBI CIIEAYFOLINX
oMbOK, KOTOpbie BhIpaxeHbl Gpopmynamu (1 — 3):

e  cpenHeapu(pMETHUECKOE OTKIOHEHHE;

®  CpPEOHEKBAAPAaTHUECKOE OTKIOHEHHUE;

¢  MaKCHUMallbHOE OTKJIIOHEHHE.

> x| 5
E =-—— —>min,
n
> —xf i
E,=2——— > min,
n
E, = max |, — x| — min. (3)

I<i<n
3)1er N — 3TO KOJMYECTBO KJIKYEBBIX TOYCK, X; — 3TO KOOpJAHHATA KJIIOYEBOM TOYKHM Ha IIEPBOM

U300paKEeHHH, X; — 3TO KOOPIMHATA KIFOYEBOM TOYKH Ha BTOPOM HM300PaKEHHH, BHIPAXKEHHAS B
KOOPJMHATHOM IIOCKOCTH MEPBOTO U300paskeHUsI.
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2.1. Metoabl NOCTPOEHMA MaTPULbl NpeobpasoBaHuA

Martpunia npeoOpa3oBaHuil MPUMEHSETCS JUIsl BHIYUCICHUS HOBBIX KOOPIWHAT OOBEKTa MPH €ro
Tpancopmanun. M3MeHsst 3IeMeHThl MaTpHIbl PeoOpa3oBaHUsI, MOKHO NMPUMEHSTh K OOBEKTaM
moObple  TpaHcPopManuy, TakWe Kak MacIITaOMpOBaHHE, 3€pPKaIbHOE OTpPakKeHHE, IIO0BOPOT,
nepemenicHre U apyrue. [IpeoOpa3oBaHue MexIy JBYMsS CHCTEMaMU KOOPJMHAT MPEACTABICHO B
BHJIC MAaTPUIIBI 3%3 U 3aMKUCHIBACTCS CIICIYIOIIUM 00pa3oM:

hi1 hiz hys (4)
H = h21 hzz h23
hs1 hs; hss

KoopaunatHele mpeoOpa3oBaHusi BBIPAXKAIOTCSl B BUAE MAaTPUUYHBIX yMHOXeHHH. Ilpumenss k
N300paKEHNUI0 EIMHUYHYI0 MaTpHIly, TIOIyYuM HEUCKakEHHOe n3oOpaxkeHue. [Ipu 3ToM KauecTBO
MOJMYYEHHOTO0 M300paKeHUS BO MHOTOM 3aBUCHT OT HAaXOXICHHS W TOCTPOSHHS MAaTPHIIBI
MEPCHIEKTUBHOrO Npeobpa3oBanus. B nanHoi pabote a1 €€ MOCTPOSHUs CPABHUBAIOTCS CIIEIYIOLIHIE
METO/IBI:

— RANSAC (RANdom SAmple Consensus) [6] — mupoko UCIOIb3yeMblii B HACTOSIIIEE BPEMsI

WUTEpaIlMOHHBIN METO, TipeyIoKeHHbIN B 1981 rogy ®Ounuiepom u bomiecom.

— Meroa Haumenbinux kBaaparoB (MHK) [7] — 6a30BbIii MeTO pErpeCCHOHHOTO aHATM3a IS

OLIEHKM HEU3BECTHBIX IMapaMETPOB PETPECCHOHHBIX MOAEIEH IO BHIOOPOUHBIM TaHHBIM.

IIpoBenennble TecTbl HOATBEPAMWIN 3PPEKTUBHOCTH MPEIIOKEHHBIX METOAOB AJISl PEIICHUS
3agauu ciuBKM n3o0paxennii. MHK mpoaeMoHCTpHpOBa BHICOKYIO CKOPOCTh PabOTHI U HEILIOXO0E
KauecTBO CIIMBKH, B TO k€ BpeMsi RANSAC, sBISSCh alTOPUTMOM YCTOWYMBBIM K BBIOpOCAM,
ITOKa3ajl XOpOIINE Pe3yJIbTaThl B KPUTEPUHU Ka4eCTBa CIIMBKH, HO 3HAYUTENBHO YCTYIIHII [0 CKOPOCTH
npenpiymemMy Merony. VMes B KkadecTBe IpenMyIlecTBa CKOpocTh pabotel, meron MHK
MIPEIOCTABISAET BOBMOYKHOCTD I yITyUIICHHUS.

2.1.1. TnbpupgHbIN meToa,

PoeBble anrOpUTMBI  CTOXAaCTHYECKOW oONTUMHU3AaLMKU [8] — aurOpUTMBIL, CTPEMHUTEIHHO
HaOMparolIye MoMmyJIsSPHOCTh B 3a7ja4axX ONTUMH3AIINY, TJIABHBIM MIPEUMYIIECTBOM KOTOPBIX SBIISETCS
BO3MOXHOCTh MapaJjieN3aldy BBIYHCICHUH. B JgaHHOM wuccnenoBaHnu OyJeT WCIONb30BaH
aJITOPUTM TMoKcKa ceprix BosikoB (Grey Wolf Optimizer) [9].

[Ipennoxum mnpUMEHEHHE pPOEBOTO0 AITOPUTMA IJIsl HAXOXKJIEHUS MaTpULbl TEepCHEKTUBHOTO
npeoOpa3oBaHus B 3a[aue CHIMBKH M300paKEHUH /sl yIyYIICHUs MaTPUIbl, HAHIEHHOH METOJI0M
MHK. B sTOM citydae Ha BXOZ pO€BOMY aJITrOpUTMY MOJAETCS HAWJCHHAs paHee MaTPHIAa U alTOPUTM
Ha4YMHAET TOUCK PELIEHMs, UCXOAsl U3 3TUX JaHHbIX. B pe3ynbrare Takoro MCHOIb30BaHUS POEBOTO
anropuTMa ObUIa MOy4eHa CIINBKA, MIpeIcTaBiIeHHas Hibke (puc. 1). B cpaBHeHUH ¢ MpenpIyumMu
CIIMBKaMH 3TOM Mapbl H300paKEHHM, HAOIIOAAETCS 3HAYUTENFHOE YIyUIIEHHE: BRIPOBHEHA ATa)KHAS
JIECTHUYHAs TUIOIIAIKa, COIOCTABICHBI NIEPCIIEKTUBHBIE JIMHUKM B BepXHElH dacTu n3oOpakeHus. Ha
M300paKeHUH TTPUCYTCTBYET apTedakT, KOTOPHIH He cpa3dy OpocaeTcs B Tla3a — HECOBIAICHUE TCHU
OT OKHa, HaXOJIAIIerocs 3a CuHoi (oTorpadupyroriero.

Tabnuuya 1
PacueT BeNMUMHbI OTKJAOHEHUI ANA KaXA0ro metoaa
OwwnbKa RANSAC MHK MHK+GWO
CpeaHeapudmeTtmyeckan (E1) 4,62 5,97 2,84
CpepHeKkBagpatuyeckas (E2) 87,41 47,34 11,56
MakcumanbHas (E3) 28,75 16,69 8,55
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Pucynok 1: Cmmnroe nzobpaxenne no rudpugaomy merony MHK+GWO

Bpewms, 3atpauenHoe Ha nouck matpunsl mo merony MHK, cocraBuno 377 600 He, ymyuiieHue
mpu nomomu anroputMa GWO — 1 633 000 ue, B cymme momydaeMm 2 010 600 vHe. OT™MeTHM, YTO
XapakTepHOEe Al POCBBIX AJITOPUTMOB CTOXAaCTHYECKOE MOBEICHHUE MPHUBOIUT K CTAaTHCTHYECKH
S3HAaYUMBIM BapualusaM BpPEMCHH BBIIIOJHCHHA, KOTOPOC IIPU IMOBTOPHBIX BBIYMCICHHAX MAaTPUIIbL
npeoOpazoBaHusl MposiBiiseTcss B Koyiebanusax mopsiaka 500 000 HanocekyHn. Takum oOpasom,
o0ecrnednBaeTCsl BRIMTPHIII 110 BpeMeHHU B cpaBHeHHHU ¢ anroputMoM RANSAC, xoTopslit coctaBui 7
270 900 HC, IpH 3TOM KAa4eCTBO CIIUTOTO N300paKeHHs 3HAUUTEIIHHO TTOBBICHIIOCH.

3. 3aKknwueHue

[Tockonbky MaTpuIia peoOpa3oBaHUs SBISICTCS JCBATUMEPHOHN, BAXKHEHIIINM KPUTEPHEM
i e€ moadopa sSBISETCS TOYHOCTh MPH paboTe ¢ MHOTOMEPHBIMHU 3a/1adamMu. B To ke Bpems
3aJ1a4a CIIMBHAS N300pakKeHUSI BHOCUT OTPaHUYCHHE TT0 BPEMEHHU.

B pesynpTate maHHOTO HcclenOBaHUS OBbUIM OMPENENIeHbl JOCTOMHCTBA KaXKIOTO
METOJIa B KOHTEKCTE PEIIaeMOl 3aJjaud, a TAKKe MPOBEICHO UX CPABHEHUE C UCTIOIB3YEMbIM
0a30BBIM METOJIOM CIIMBaHHS W300pakeHWil. Peanm3anuu JaHHBIX aJITOPUTMOB Ha SI3BIKE
Java ObutH oopmIleHBI B BHJIe OMOMMOTEKU Ui yI00CTBa MCIOIB30BaHUS B JalIbHEHUIIIEM
UCCIIETOBAaHHH.
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Y Hucmumym Ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa Cubupckozo omdenenus
Poccuiickoii akaoemuu nayk, Poccus, 664033, e. Upxkymck, ya. Jlepmonmosa, 134

2 Hucmumym cucmemmuoeo npoecpammuposanus um. B. I1. Heannuxosa Poccuiickoti akademuu Hayk, Poccus,
109004, 2. Mocksa, ya. Anexcanopa Coadxcenuysing, 0. 25

AHHOTauuA

B pabore paccmarpuBaercs mpobiiemMa BoccTaHOBJIeHHs TekcTta U3 PDF-mokymeHTOB co
CIIOXKHOU CTPYKTYPOM, HeCTaHIapTHeIMHE IipupTamu [1] u HapyleHHOM KOqUpoBKO# [2], Tae
Tpagunuonusle moxxoabl ocHoBanuele Ha OCR [3,4] okaspiBatoTcst Hed(PPEKTHBHBIMEL
Paspaboran u WHTErpHpoBaH B cHcTeMy DedOC Momysnb, HCIOIB3YIONIMNA aHATH3
BHyTpeHHHX aaHHbIX PDF-(aiinos (CMap-tabmui, MeranHpopMalmu mprdToB, MOTOKOB
comepkumoro). s pacmo3HaBaHUS TNIH(OB IPUMEHSICTCS CBEPTOYHAS HEHPOHHAS CETh,
peanmzoBannas Ha PyTorch. IlpoBemén pebhakTOpWHr apXHUTEKTYyphl, TECTHPOBAHHE U
unterpanusa ¢ APl cucrembsl. MeToa mokasan mpupocT TOYHOCTH Ha 45% 1o CpaBHEHUIO ¢
OCR-nmogxomamu Dedoc.

Kniouesble cnosa
PDF, wussneuenue tekcra, s, CMap, wueiipounas cetp, PyTorch, Dedoc, OCR,
pacro3HaBaHue

1. BeBepgeHue

Wzsneuenne texkcta w3 PDF-mokyMeHTOB mpencTaBisieT CHOXKHYIO 3aqady [P HAITUYAA
HApYIICHHOW KOJIUPOBKM WIPH(PTOB U CIOXKHOTO odopMieHHsA. Takue JOKYMEHTHI TpPYIHO
o0pa0aThiBaTh TPAJAMIIMOHHBIMHU cpencTBaMu Ha ocHoBe OCR, MOCKOJIBKY T€ HE CIPaBIISIFOTCS C
HCKXEHMSIMH U ToTepssMy B nHGopManuu. Llenpro paboThl siBisieTcs pa3paboTka MOy, KOTOPBINA
MO3BOJISIET BOCCTaHABJIMBATH TEKCT 0O€3 NMPHMEHEHHs pPAaclO3HaBaHHA W300paKEHUH, HAMPIMYIO
aHanM3upys BHyTpeHHMe JaHHble PDF-nokymenTa.

2. MUHTerpauma metoaa BOCCTAaHOBNIEHUA TEKCTA B Dedoc

B pamkax paboTtel Obl1 pa3zpaboTaH MOAYIb BOCCTAHOBIEHHS TEKCTa, HCIIOIb3YIOLIUH
BHyTpeHHIOI0 uH(popMammio PDF-mokymenta BMecTo H300pakeHHHA. DTOT MOIYJIb IO3BOJISET
npeonoinets orpanudeHust OCR u obecrieunTs Ooliee TOUHOE M3BJICUEHUE TEKCTOBOW MHPOPMAITUH U3
¢aiinoB ¢ HapyHUIEHHOW KOTUPOBKOW WIJIM HECTaHAAPTHBHIMM MIpHQTaMu. MOIynb MHTEITPUPOBAaH B
cucremy Dedoc — mmatdopmMy A MHTEIUIEKTYalbHOTO aHATU3a JOKYMEHTOB, YTO 00ECTICUMIIO €r0
TECTUPOBAHHE B PEATbHOM apXUTEKTYpe.

2.1. OnucaHue npeaNoXeHHOoro noaxoaa

Mertoa ocHOBaH Ha aHaju3e WpHPTOB 1 KoxupoBkH B PDF-nokymente (puc 1.), BKiIrouas:

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia

EMAIL: mishazagorodnikov@mail.ru (A. 1); mikhailov@icc.ru (A. 2)

ORCID: 0009-0003-9076-4863 (A. 1); 0000-0003-4057-4511 (A. 2)

© 2025 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
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W3Bnedenne BCTPOCHHBIX MPUGTOB U TIU(HOB;

[TocTpoenne nzodpakeHuit raudos;

Pacnoszunasanue riandos ceeprounoii HeiipoceTsro (CNN);
Comocrasienue MM(OB ¢ CHMBOJIAMH Ha OCHOBE METAJIaHHBIX;
BoccraHoBieHHE TEKCTOBOTO CIIOSI.

|/ Hauamo

\__NporpammbI

v
ConocTaBnenune
PDF-,E],DKyM&HT;..- Mndoe ¢
'ﬁi' cUMBOMamMu B
TekcTe
M3ene4yeHne
LwpucbToB l
l BoccraHoBneHne
TekcTa
3ene4yeHne
rmucpos
1
PacnosHaeaHue
n3obpaxeHnin
rmndpoB ¢
MOMOLLIBH
CBEPTO4HON
HENPOHHOW CETK
L

PucyHok 1: Cxema meTtoaa

Takum oOpa3om, yaaercs oboiitu orpanuderusi OCR-cucTeM U BOCCTaHOBUTH TEKCT C BBICOKOM
TOYHOCTBIO.

2.2. ApxuteKtypa peanmsaumu
2.2.1. OCHOBHbI@ KOMMNOHEHTbI

Moyb TOCTPOCH Ha OCHOBE CJICAYIOIINX KOMIIOHEHTOB:

e PDFReader — kiacc, usBiekamonmii Bce HeoOXxoauMbie nanHbie u3 PDF-mokymenra, K
KOTOPOM OTHOCATCS, IIPU(THI U UX MIHU(BI, ¥ BOCCTAHABIUBAIOIIUN TEKCT IO MOJTYYCHHOU W3
PDF-noxymenTa nHGOpMaIUH;

e  FontForgeWrapper — kiacc Jiis B3aumojieiicteus ¢ npuioxenueM fontforge, mo3sossromui
paboTaTh ¢ mpudTamu Jr0bIX HOPMATOB;

e  CNNModel, Model — cBéprounast HeiipoceTh u uHTEpdEic K HEl;

o PDFTextCorrector — mMoaysib [ist TOCTOOPAaOOTKU TEKCTA;

e  PDFBrokenEncodingReader — kmacc, nacinemyemsrii ot knacca PDFBaseReader u3 npoekra
Dedoc, mis B3aUMOJCHCTBUS C apXUTEKTYpPOH CHCTEMBI, HCHOJIB3ymomuid Reader, koTopsiit
BoccTaHapnuBaeT TekeT PDF-nokymeHT.

2.2.2. OnTumun3auma n nepeHoc

JI71st TOBBIIIEHHSI CKOPOCTH U cOBMeCTUMOCTH ¢ DedOC ObLTi BHECEHBI CIIEAYIONIHE H3MECHEHHS:
e [lepesox umeitpocetn ¢ TensorFlow na PyTorch;

o [logmepxka makeTHOH 00pabOTKH M300pakeHMH (0aTan);

e [lepexoxa Ha BpeMEHHBIE TUPEKTOPHH XPAHECHUSI JAHHBIX;

e Pedakropunr c cobmoaeanem PEP-8 u ynmydmenuem unraemMocty Koza.
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2.3. WHTerpauma v TectTupoBaHue
2.3.1. UnTerpauuna c Dedoc

Jnst coBmectumoctu ¢ apxutekTypoid Dedoc Obutn peanusoBanbl uHTEepdeiichl can read u read,
co3/1aH KOH(UTYpalMOHHBIN Qaitn, momudunupoBan Dockerfile, a Takke HacTpoeHa 3arpyska
moxenu ¢ HuggingFace.

2.3.2. Pe3ynbTaTtbl TECTUPOBAHUA

TectupoBanne nposeneHo Ha 14 PDF-gokymenTtax, copep:kalux HapylIEHHYIO KOJIUPOBKY,
cIIOXHBIA QoH [5] U HecTaHHapTHYIO CTPYKTYpy [6]. CpemHsisi TOUHOCTh BOCCTAHOBJICHHUS TEKCTa,
paccuntaHHas no Merpuke JleBeHmreiina, cocraBuna 95% mpotuB 50% y OCR Dedoc. Dto
JOKa3bIBa€T MPUMEHUMOCTH TIPEAJIOKEHHOT0 METOIa K "poOIeMHBIM" TOKYMEHTaM.

3. bnaropgapHocTtu

PabGora BbImOMHEHA NpH TOAJCP)KKE TOCYJapCTBEHHOTO 3aJaHMs MUHHCTEPCTBA HAyKH H
BbICIIEro obpasoBanus Poccuiickoit @eaepariu (tema Ne 1023110300006-9).

4. CnucokK nutepatypbl

[1] Haralambous Y. Fonts & encodings. — "O’Reilly Media, Inc.", 2007.

[2] Tauber J. K. Character encoding of classical languages // 2019). Digital classical philology:
Ancient Greek and Latin in the digital revolution. — 2019. — C. 137—158.

[3] Awel M. A., Abidi A. I. Review on optical character recognition // International Research
Journal of Engineering and Technology (IRJET). — 2019. — T. 6, No 6. — C. 3666—3669.

[4] A detailed review on text extraction using optical character recognition / C. Thorat [u ap.] / ICT
Analysis and Applications. — 2022. — C. 719-728.

[5] An adaptive thresholding algorithm-based optical character recognition system for information
extraction in complex images / D. Akinbade [u ap.] // Journal of Computer Science. — 2020. —
T. 16, No 6. — C. 784—801.

[6] DocBed: A multi-stage OCR solution for documents with complex layouts / W. Zhu [u ap.] //
Proceedings of the AAAI Conference on Artificial Intelligence. T. 36. — 2022. — C. 12643—
12649.
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Uudposasn TpaHchopmauma Hay4YHO-OpPraHU3aLMOHHOM
AEATeNbHOCTU: TeopeTUdyecKMe noaxoabl K paspabotke
cneuyuanmnsMpoBaHHoOro ppenmeopKa

1
WMean Huxonaesuu UrHaTheB

1
Huemumym Ounamuku cucmem u meopuu ynpasienus um. B.M. Mampocosea Cubupckozo omoeneHus
Poccutickoii akademuu nayx, Poccus, 664033, 2. Upxymck, ya. Jlepmonmosa, 134

AHHOTauuA

B YCJIOBUAX CTPEMHUTEIIBHOT'O PA3BUTUSA I.lI/I(I)pOBI:IX TEXHOJIOTUH BO3pacTacTt HOTpe6HOCTL B
aganTtannuu HaquO-OpFaHHSaHHOHHOﬁ JCATCIIBHOCTU K HOBBIM YCIIOBUAM
I/IH(l)OpMaHI/IOHHOFO BSaHMOI[eﬁCTBHH. B cratne pacCMaTpruBarOTCA TCOPECTUYCCKUE OCHOBBI
cO3/aHusl TMporpaMMHOro (peliMBOpKa, HAMPABICHHOTO Ha TOJEPKKY KIIFOUEBBIX
MPOIIECCOB HAYYHBIX MEPOMPHITHIA: PETUCTPANNIO YIACTHUKOB, MO/IaYy U PELEH3UPOBAHUE
MaTepUaNOB, TIEHEpaldi0  OTYETHOW  JokyMeHTanmuu. (OOOCHOBaHa  aKTyallbHOCTh
I_II/I(l)pOBI/I?,a]_lI/II/I ):[aHHOI71 C(bepm MU BbIACJICHBI OCHOBHBIC TPUHIMUIIBI MNPOCKTUPOBAHUA
IU(GPOBBIX PEIICHUH, OPHEHTUPOBAHHBIX Ha IMOBBINICHHE 3()()EKTUBHOCTH U MPO3PAYHOCTH
Hay4HBIX KOMMYyHUKarui. [IpoBeaéH aHamm3 CyIIEeCTBYIOIIUX PEMICHWH, BBISBICHBI WX
OTpaHHYCHUS U CHOPMYIHPOBAHBI TPEOOBAHUS K HOBOM apXUTEKType (ppeiiMBOpKa.

KnioueBble cnosa
Hayunsle wmeponpusatusi, (peiMBOpK, WHPOPMAIMOHHBIE CHCTEMBI, aBTOMAaTH3AIHS,
peHeHSI/IpOBaHI/Ie, Haquaﬂ KOMMyHI/IKa]_II/ISI.

1. BeBepgeHue

CoBpeMeHHasi Hay4YHO-OpraHH3alOHHAs [esATeNbHOCTh TpeOyeT mepecMoTpa TPaJUuIIMOHHBIX
MOJIX0/I0B K NPOBEACHNUIO KOH(EPEHLINI, CEMUHAPOB U IPYTUX HayYHBIX MeponpusTtuil. Poct 00béma
nHpOpMaLMK, HEOOXOAUMOCTb PabOTBHl C yNAIEHHBIMM YYAaCTHHKAaMH, BBICOKas Harpyska Ha
OpraHm3aTopoB — BCE 3TO 00OCTpsieT MOTPEOHOCTh B HU(POBU3ALUK MPOIECCOB B3aUMOAEHCTBUS
MEX/y YYaCTHHKaMHU, aBTOPaMH, PEIaKTOpaMHU U PelieH3eHTaMH. TeM He MeHee, BO MHOTHUX HayYHBIX
YUPEKACHUSIX MO-TIPEKHEMY HCIIONB3YIOTCS PYUYHbIE METOMABI PErHCTPALlUM, NMpHEMa MaTepHaloB U
oOMeHa JIOKYMEHTaMH, YTO NPHUBOAUT K HEd(D(HEKTUBHOCTH, MOTEPSM JAHHBIX M OTPaHHYCHHUIO
Mmacirraba MpoBOANMBIX MeponpusTuii [1].

Hudposast tpanchopmanuss 3Toii cdepsl TpeOyeT HE HPOCTO aABTOMATU3ALMH OTIEIBHBIX
Omepaluii, a CO3JaHusl KOMIUIEKCHBIX peIIEHWH, YYHMTBHIBAIOUIMX CIEUU(PHUKY HaydHOU
KoMMyHHKannd. OJHUM W3 TaKuX pelmIeHWi SABIsSeTcs pa3pabdoTKa CHenHaIn3upOBAHHOTO
MporpaMMHOTO (ppeliMBOpKa, MPEeTHA3HAYEHHOTO JUISI TOAJAEPKKH IIOJHOTO >KM3HEHHOTO ITHKJIa
HAyYHOTO MEPOIPUATHSI — OT PErucTpalud YYaCTHUKOB A0 (OPMHUPOBAHHS HMTOTOBOM
TOKyMeHTanuu. Takoil ¢ppelMBOpPK JODKEH OBITh THOKHM, PACIIUPSIEMBbIM M aJIalTUPOBAHHBIM MO
3aJlaul KOHKPETHOU opraHm3anuy. Ero TeopeTmyeckas OCHOBA JOJDKHA ONMHPATHCS Ha COBPEMEHHBIE
KOHLIETIMY [U(POBU3ALUKN, NPOLECCHOTO MOJCTUPOBAHUS M NPUHIMIIOB APXUTEKTYPHOH
MOJYJIBHOCTH, YTO JI€JAaeT TEMY aKTyaJbHOM Kak C MPUKIAJHOW, TaK U C METOJ0JIOTMYECKOH TOUKU
3peHus. [IporpaMMHBII KOMILIEKC

7th International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia

EMAIL: ignatievanyaya@mail.ru (Ignatev I.)

ORCID: 0009-0002-5323-9122 (Ignatev 1.)
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2. AKTyanbHOCTb U NpobiemaTuKa

Hayunbie MeponpusTHsi — BaKHBIH SJIEMEHT aKaJeMHYeCKOH KM3HHU, 00ecTieunBalonil 0OMeH
3HaHUSIMU, O0CYXXKJCHHE Pe3yNIbTaTOB HCCIeJOBaHUN U (hopMUpoBaHUE NMPO(HECCHOHATIBHBIX CBSI3EH.
OnHako OpraHU3alOHHBIE NPOLIECCHI, CBA3aHHBIE C UX IPOBEIEHHEM, YaCTO OCTAIOTCS Ha yPOBHE
py4HOTO TpyAa. Permcrpaumsi y4acTHHKOB, NPHEM TE3HMCOB, pPELEH3UPOBaHHE H OQOpMIICHHUE
WUTOTOBBIX MAaTEpPHUAlOB TPAAMLUUOHHO BBINOJNHSIOTCS Yepe3 OJCKTPOHHYIO IOYTYy WIH C
HCHONb30BaHUEM (OPMAIbHBIX O(QUCHBIX HHCTPYMEHTOB, HE OOECIEUYMBAIOLIMX ILIEJIOCTHOCTU U
MIPOCIICKNBAEMOCTH 1aHHBIX.

Takve METOABI CONPSHKEHBI C PSAOM TMPOOJIeM: BBICOKUH PHUCK OMMOOK MpU PYyYHOM BBOJIE
nHGOpPMALMM, HEBO3MOXXHOCTh 3()()EKTUBHO OTCIEXKHMBATH CTATYChl 3agBOK M MAaTepHUaJOB,
CJIO)KHOCTH IIPU B3aUMOJEWUCTBHM MEXIY aBTOPaMH, peJakTOpaMu M peleH3eHTamu. Kpome Ttoro,
OTCYTCTBHE LEHTPAIU30BAHHOW CHUCTEMBl XpaHCHHUS W OOpaOOTKH JaHHBIX TPHBOAWUT K
(parMeHTanMu MHOOPMAIIMU U 3aTPYIHICT MOBTOPHOE HMCIIOJNB30BAHUE HAKOIUICHHBIX JAHHBIX MPHU
MIPOBEIEHNH HOBBIX MEPOIPHUSTHH.

B koHTekcTe Ti100aIbHOTO mepexoaa K NUppoBBIM GopMaTaM B3aHMMOJCHCTBUS OCOOEHHO OCTPO
BCTaET 3aga4a MOACPHHU3AIMM HHCTPYMCHTOB, IMMOAACPKHUBAIOIINX HAYYHO-OpPraHU3allMOHHBIC
mportiecchl. LndpoBnsanus 3Toi cdepbl AODKHA HE TONBKO IMOBBICUTH 3(P(EKTHUBHOCTH PabOTHI
OPTraHU3aTOPOB, HO U 00ECHEUUTh YYACTHUKAM YAOOHBIA AOCTYN K (PyHKIMAM HOAAYH MaTepHaoB,
MOJTYYEHHUsT 0OPATHOM CBSI3U M COITPOBOKACHUS CBOCTO YYACTHSI B MEPOTIPHUSITHH.

Opnako cymectBytomue atdopmsel, Takue kak EasyChair, ConfTool i Google Forms, wacto
00 Ype3MepHO YCIOXHEHbl M OPHUEHTHPOBaHBI Ha MEXKAYHApPOIHbIE KOH(pepeHuuu, Iubo He
o0yajaloT HEeoOXOAMMOW THUOKOCTBIO M WHTErpaluedl ¢ BHYTPEHHHMH CHCTEMaMH Hay4YHbBIX
yupexaeHuid. B pe3ynbraTe BO3HUKaeT MOTPEOHOCTH B pa3paldoTKe CIeUaTU3UPOBAHHBIX IU(POBBIX
pelLIeHH, OMUPAIOIIUXCS Ha TOTPEOHOCTH KOHKPETHOTO aKaJIeMHUUYECKOT0 KOHTEKCTA.

Takum oOpaszom, cozganue HpeliMBOpKa, OPUEHTUPOBAHHOTO HA aBTOMATH3ALMIO M YNPOIIEHHUE
HAYYHO-OPTaHU3AI[MOHHOHN JIeATeNFHOCTH, CTAHOBUTCS Ba)XKHOW 3ajaveid, coderaromeil B cebe Kak
MPUKJIAHbIE, TAK ¥ METOIOJIOTHYECKHE acleKThl. Takoi (GpedMBOPK OJDKEH YUUTHIBATh HE TOJBKO
TEXHUYECKUE TPeOOBaHUs, HO U 0COOEHHOCTH HAYYHOTO B3aUMOJAEHCTBHUS, UTO TPEOYEeT MPHUBIICUEHUS
MEXIUCLIUMINUIMHAPHBIX ITOJIX0JI0B K €ro NPOEKTHPOBAHMUIO.

3. TeopeTnyeckue OCHOBbl NMPOEKTUPOBAHUA (PPENMBOPKOB ANA HAYYHOM
chepbl

[IpoextupoBanne (GpeiiMBOPKOB TSI TOAAEPKKH HAYyYHO-OPTaHM3ALMOHHON JEeSTeNbHOCTH
JOJDKHO ONMpaThCsl Ha CUCTEMHBIN MOAXOA K MOAEIMPOBAHUIO IPOLECCOB M ApXUTEKTYPHBIX
pemeHnidi. B ocHOBe nexuT KoHUenuus (GpeiiMBOpKa Kak HaOOpa B3aHMMOCBA3aHHBIX KOMIIOHEHTOB,
00ecCIeYnBalONIMX PEIICHUE TUIOBBIX 3a]ad B OMpeNeNIEHHON IMpeaMeTHoW obnactu. B HaydHol
chepe STO 3amauM PErHCTPAlMM, T[OAAaYM M PEUEH3UpOBaHUs padoT, HHOOPMALMOHHOTO
B3aMMOJCHCTBUS MEXIY YYaCTHHKAaMH, a TakKe aBTOMAaTH3UPOBAHHOI'O (POPMHUPOBAHHUS BBIXOIHBIX
JIOKYMEHTOB — TIPOTpamM, COOPHHUKOB U CEPTU(PUKATOB.

OmHMM W3 KITFOYEBBIX MOHITHHA, TPUMEHSEMBIX B TEOPETHUYECKOM OOOCHOBAHMHM HEOOXOIUMOCTH
mudposuzanun, sisercs moaenb AS-IS / TO-BE. Ona mo3BossieT onmcath TEKyIIee COCTOSHHE
npotieccoB (AS-IS), BBISIBUTH UX HemocTaTku U chopmupoBath nenesoe cocrosaue (TO-BE) — To
€CTh ONTHMH3WPOBAHHYIO, ABTOMAaTH3WPOBAHHYID MOJETb, KOTOPYIO JOJDKEH pealn30oBaTh
mporpaMMHBIA TponyKT. IlprMeHeHue 3TO MOJAENM MOMOTaeT CUCTEMHO IOJOWTH K BEIOOPY
(YHKLIMOHANBHOCTH, APXUTEKTYPHBIX KOMIIOHEHTOB M MIOCJIE0BATEILHOCTH BHEIPEHUSL.
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WCTONb3YETCA B: ABTOP: Urkatbes Usan pata: 1e.11.2024paseasatbisactcs YATATENL [ATA KOHTEKCT:
NPOEKT: PpeiimBopk PEBM3VS: 18.11.2024]  YEPHOBMK
WACTY CO PAH PEKOMEHIOBAHO [ ]
SAMEUAHWSE: 12345678910 NYBIVKALMA
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ApMuHMCTpaTOp PeLeH3eHThI 4 »
W TexnoAnepika A [unnomsl,

noprana cepTUdnKaThl

Betka: AD HasBaHue: Homep: 2
MpoBeaeHne HayuHbX MEPONPUATHIA NHCTNTYTa

PucyHoK 1: Mogenb TO-BE paspabaTbiBaemoro ppelimBopKa

OpeliMBOPK, OPUEHTUPOBAHHBIN HAa HAYYHBIC MEPOIPHSTHS, NOJDKEH PEAN30BbIBATH IPUHIIUAIIBI
MOJIYJIbHOCTH, TOBTOPHOTO WCIIOJIb30BAaHUS WM PACHIMPSAEMOCTH. DTO MpPEIojaraeT BhIICICHHIS
(YHKIMOHANBHBIX OJIOKOB (perucrpaiys, mojada paboT, peleH3UPOBAHUE, JTOKYMEHTHI), KOTOpbIC
MOXKHO aJanTHpPOBaTh IMOJ] pa3Hble TUIBl MEPONpUSATHH Oe3 TMepenrChIBaHUs BCEH CHCTEMBI.
Teoperudecku Takash apXUTEKTypa MO3BOJISET OOECHEYUTh MAcIITA0MPYEMOCTh PEIICHUS WU €ro
JIOJITOCPOYHYIO MPUMEHUMOCTh B PA3JINYHBIX KOHTEKCTaX.

Ocoboe BHHUMaHHE B TEOPETUYECKUX MOJIENISIX YACISIeTCs POl mosib3oBarens. CucreMa J0JKHa
6BITL OpHUCHTHUPOBAaHA Ha BSaHMOHeﬁCTBHe C pa3HBIMH KaTCropusaMu MOJIb30BaTeIIeH: Y4aCTHUKaMHU,
OpPraHHM3aTOpaMH, PENaKTOpaMH W peleH3eHTaMH. JTO TpeOyeT CO3[JaHHs pOJIEBOH Monmeinw |
obecrieueHust KOHTPOJIA JOCTYyIIa K (1)YHKI_H/I$IM B 3aBUCUMOCTH OT POJIM, YTO ABJIACTCHA CTaHZIapTHOfI
MIPAKTUKOM B MMPOSKTUPOBAHUH CUCTEM C PACIIPEICIEHHON OTBETCTBEHHOCTBIO.

Takum 00pa3oM, OCHOBOM Ui TIPOSKTHUPOBaHHS (PEHMBOpPKA BBICTYIIAET COBOKYITHOCTH
METOJIOJIOTUYECKUX  TMPUHIMIIOB [U(POBOH  TpaHchoOpMmanuu, apXUTEKTYPHBIX  KOHICTIHN
pa3paboOTKH M NPUKIAIAHBIX TpeOOBaHMU Hay4HO#H cpenbl. Takas Teoperuueckas 0a3a He0OXoauMa
JUTS CO3JaHUS yCTOMYMBOTO, BOCIIPOU3BOINMOTO U aIalITUPYEMOT0 IIU(PPOBOTO PEIISHUSI.

4. Metoaonornyeckue TpeboBaHUA K apxuTeKType pperMmBopKa

Apxutektypa (periMBOpKa, NPEAHA3HAUYECHHOIO JUIS COMPOBOXKICHHUS HAYYHBIX MEPONPHUSITHM,
JOJDKHA OTHPAThCS HAa YETKO CTPYKTYPHUPOBAHHYIO MOJCNb XHU3HCHHOTO ITUKJIA MEPOIPHUATHS U
COOTBETCTBOBaTh  TpeOOBaHWUSAM  THOKOCTH, HaAS&KHOCTM W Maciurabupyemoctu. Ha
METOI0JIOTHIECKOM YPOBHE 3TO 03HAYaeT HEOOXOUMOCTh PEeai3alii MOAX0/1a, OPUCHTHPOBAHHOTO
Ha mporieccsl (process-oriented design), mpu KOTOPOM KasKIBIH 3TAall MEPOIIPUATHS IIPEACTABIIEH KaK
MOJIYJIb CO CBOUMH BXOJIaMH, BEIXOIaMU U MHTEpQeiicaMu B3aUMOJICHCTBUS C JPYTUMU MOYIISIMH.
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KinroueBbM TpeGOBaHMEM SIBISIETCS HAJWMYUE €IUHOTO II0JIb30BAaTEIbCKOIO IPOCTPAHCTBA, B
KOTOPOM YYacTHHK MOXET CO3[aThb M PEOaKTHpPOBaTh Npoduib, MoAaTh 3asBKYy Ha ydacTue,
MPUKPETNTH AOKIA, OTCICKHUBATH ATAIBI €r0 PACCMOTPEHHUS U MOJIyYaTh UTOTOBbIE JOKYMEHTHI. J{ist
OPTaHU3aTOpPOB, B CBOIO 0YEPEb, JODKHO OBITh IPEAYCMOTPEHO aAMUHHCTPATUBHOE IPEACTaBICHUE
COOBITHI: yIpaBJIEHUE PerucTpalueil, pacupeaeicHue 3asiBoK, KOHTPOJb CTaTyca PpeleH3upOBaHus U
reHepanusi BEIXOJHOH JOKyMEHTauuu. Beck 3TOT (yHKUIHMOHAN JOJKEH OBITh OPraHW30BaH BOKPYT
LEHTPaIN30BaHHON 0a3bl JAHHBIX U CUCTEMbI POJIEBOTO JOCTYIIA.

Cy1ecTBeHHBIM SIIEMEHTOM apXHTEKTYpPhl CTAHOBUTCS MEXaHHU3M 00pabOTKM HAay4dyHBIX padoT. OH
JOJDKEH TpelycMaTpUBaTh BO3MOKHOCTH 3arpy3KH M 3aMeHbl (ailyioB, Ha3HaYCHUS PEJAKTOPOB H
PELIEH3EHTOB, OTOOpPaKEHUS WCTOPUM HM3MEHEHHH W (HUKCALUN PEUeH3Ud B CTPYKTYPUPOBAHHOM
BHAe. OTO TpeOyeT COo3MaHusl MOJCHUCTEMBI COTJIACOBAHHOTO JTOKYMEHTOO0OOPOTa, HCKIIOYAIOIIeH
pacchUIKy (haiIoB MO AIIEKTPOHHOM MOYTE U 00ECTICUYNBAIOIIEH MPO3PAYHOCTh B3aUMOACHCTBHS.

ABToMaTH3anus (HopMaTLHON YacTH MEPONIPHATHI TaKkkKe TpeOyeT METOIOJIOTHYECKOTO MOIX0/1a.
dopMupoBaHHE IPOTrPaMMbI MEPOIIPUATHSL, CIMCKOB YIaCTHUKOB, Ol kel 1 cepTU(PUKATOB TOIHKHO
OCYILLIECTBIIATECS HAa OCHOBE INAOJIOHOB, CBSI3aHHBIX C JaHHBIMH K3 0a3pl. Takas opraHuzaunus
MO3BOJISIET CHHU3UTh BPEMEHHBIC 3aTpaThl W MHHUMH3HPOBAaTh OLIMOKM TpH OQopMIIEHUH
AOKYMCHTallMH, OCO6€HHO IIPpU MAaCCOBBIX MECPONPUATHUAX C COTHAMHU YUaCTHUKOB.

Takum 00pa3oM, METOMOJOTHYECKass OCHOBA apXUTEKTYpHl (peliMBOpKa BKIIOYAaET B ceOs
MPOIECCHBI TOAXO0J, MOIYJIBHYIO CTPYKTYpy, OpPHEHTAllMI0 Ha POJH MOJb30BaTelied W
LIEHTPAJIM30BaHHYI0 pabOTy C JaHHbIMH. TakoiW TOAXOJ O0ECICYMBACT YCTOMYUBOCTH U
BOCIIPOM3BOIMMOCTD PELICHUs, 00Jeryast ero ajanTaldio MoJ HYXAbl KOHKPETHBIX YUPEXKACHUH U
pacmmpenne (yHKIINOHATBHOCTH B OYAYIIIEM.

5. 0630p CyLLECTBYIOLMX PELUEeHUIi U NOCTAaHOBKA 3a4a4u pa3paboTku

Ha ceromusmmHuii J1eHb Ha pBIHKE TIPEJCTaBICHO HECKOIBKO IHQPOBBIX IIAThOpM,
npeHa3HAYeHHbIX JUIS TOUICPKKH HAYYHBIX MEPONPHATHH, CPEIH KOTOPHIX HamuboJiee M3BECTHBI
EasyChair, ConfTool u Microsoft Forms [2]. DTu pelieHus HCHIOIB3YIOTCS ISl TPOBEICHUS
MEKTyHapOIHBIX KOH(PEPEHINH, HO HUMEIOT ONpe/IeIEHHBIE OTPAHUYCHUS B KOHTEKCTE IPUMEHEHUS B
aKaJIeMUYECKHX YYPEXKICHUSIX, OCOOCHHO B YCIOBHUSX OIPAaHUYCHHBIX PECYPCOB M OTCYTCTBUS
MOJIEP)KKA ~ MHTETpAallMd ¢ BHYTPEHHHMH cucTeMaMd. Kak mpaBwiio, Takue IUIATHOPMEI
OpPHECHTHUPOBAHbI HAa aHTJIOSN3BIYHYIO ayAWTOPHIO, TPEOYIOT OIUIaThl WM OO0NaJaloT 3aKpPBITHIM
MCXOJHBIM KOZIOM, YTO OIPaHMYMBACT BO3MOKHOCTH HX a/IalTAIHH.

[Ipocteie uaCcTpyMeHTHI Bpojie Google Forms miau Microsoft Excel wacto nmpuMeHSIIOTCS B MaJIbIX
HayYHBIX KoJulekTuBax. OJHAKO OHU HE O00ECIEYMBAIOT IIEJIOCTHOCTH Tpolecca: PErHCTpaIys,
nojilaya MaTepualioB, PELIEH3UPOBAHHWE U JTOKYMEHTUPOBAHHE OCYLICCTBIISIOTCS Pa3pO3HEHHO, YTO
MPUBOIUT K YBEJIMUYEHHUIO HArPy3KH Ha OPraHM3aTOPOB M CHMXKEHHUIO Ipo3pauHocTd. OTCyTCTBHE
MeXaHW3Ma aBTOPW3AIlMH, [EHTPAJIM30BAHHOTO XpAHEHUS JaHHBIX, WCTOPUU U3MEHEHUH W
aBTOMAaTH4YECKOr0 (OPMUPOBAHMS OTUYETHBIX MATEPHAIOB JAENAeT TaKUE PELICHHs BPEMEHHBIMU U
Hea(pPEeKTUBHBIMU B JONTOCPOYHON TIEPCTIEKTUBE.

Hcxons w3 BbIIEyKa3aHHBIX HENOCTAaTKOB, (opmupyercst uéTkas 3afadya — pa3padboTarh
CHEIMaTN3NPOBAaHHBIA (PEHMBOPK, OPHEHTHUPOBAHHBI Ha TOTPEOHOCTH POCCHUHCKUX HAyYHBIX
opranmzauuii. Takoil QppeliMBOPK NOIKEH OBITH OTKPBITHIM, MOIYJIBHBIM, JETKO PaCIIUPSEMBIM H
COOTBETCTBOBaTh TpeOOBaHUSIM IUPpPOBOH TpaHchopMmanuu HaydyHOH chepsl. Ero apxurexrtypa
JOJDKHA TIPEAyCMaTpPHBaTh MHOTOYPOBHEBYIO POJIEBYIO MOJEIb, HHTETPAIUIO C JIOKAIHHBIMU
ciucreMamu (HarmpuMmep, 0a3aMu y4acTHUKOB, apXUBaMHU ITyOJIMKAIUiA), TIOANEPKKY MHOTOS3BIYHOTO
uHTEepdeiica, a TAKKe BOZMOXKHOCTH aBTOMAaTH4YeCKOro (POpMUPOBAaHUS JOKYMEHTOB T10 HIa0JIOHAM.

Oco0oe BHHUMaHHME B ITOCTAHOBKE 33a4M YACNACTCS YAOOCTBY HCIIOIB30BAaHUS M MHHUMHU3AINU
pyanoro Tpyzaa. Ilomp3oBaTenbckuili mHTEepdeiic NOMKEH OBITh MHTYWTHBHO IOHATHBIM Kak JUIs
YYaCTHUKOB, TaK W Ui OpPraHU3aTOpoB MepompusaTus. CucTeMa OOJDKHA TO3BOJSTH MOBTOPHOE
UCTIONIb30BAaHNE JIaHHBIX, MCKIIOYash HEOOXOAMMOCTh BBOJA OXHOH M TOH e nHpoOpManuu Ipu
Ka)XJJOM HOBOM MEPOTNPHATHH, a TaKXKe 00eCIednBaTh CBSI3b MEXIy aBTOPOM U €ro paboTamu Jaxke
IpH MO31HeH peructparmu [3].
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Takum oOpazom, 00OCHOBaHHWE HEOOXOAMMOCTH COOCTBEHHOTO (peiiMBopka OaszmpyeTcss Ha
aHAJIM3€ TEKYIIUX PEIICHUH W WX HECOOTBETCTBUS TPEOOBAHUSIM JIOKAIBHBIX HAYYHBIX MWHCTUTYTOB.
3amaya MPOCKTHPOBAHUS 3aKIIIOYACTCS HE TOJIBKO B TEXHHUSCKOM pealin3aiuy, HO U B (hopMaIu3aiuu
MPOIIECCOB HAYYHOH KOMMYHHKAITUH, aIallTHPOBAHHBIX TIOJ] IU(PPOBYIO CPEy.

6. 3aKnwueHue

Hudposast Tpanchopmauusi HaydHO-OPTaHM3ALMOHHOW MESATEIBHOCTH MPEACTAaBIsIET COOOi
Ba)KHOE HaIpaBJICHUE PAa3BUTHS COBPEMEHHOW akaaeMuueckod MH(pacTpykTypbl. Kak mokasano B
TEOPETUYECKOM aHaJN3€, CYIIECTBYIOIIME MHCTPYMEHTHI JHOO HE OXBATHIBAIOT BECH >KU3HEHHBIH
LUK/ HAyYHOT'O MEpPONPHTHUS, JINOO OKa3bIBAIOTCS HEAOCTATOYHO I'MOKMMH M aJalTHPOBAHHBIMHU K
cnennpuKe KOHKPETHBIX YYpexJeHWd. ITo co3gaér HeoOXoAMMocTh B pa3paboTke
CIELUAIN3UPOBAHHOrO (PpeiMBOpPKa, CIIOCOOHOT0 00ECIEUYUTh KOMIUIEKCHYIO MOJAEPKKY IPOLIECCOB
— OT PErucTpaly YIaCTHUKOB 0 PELIEH3UPOBAHUS U BBIITYCKA HTOTOBOM JOKyMEHTALIUH.

TeopeTnueckre OCHOBaHHS MPOSKTHPOBAHUS TaKOTO (pEeHMBOpKa BKIIOYAIOT B CEOSl MPUHIIMITBI
MOJYJIBHOCTH, POJIEBOTO [OCTYMA, MEHTPAIM30BAHHOW pabOThl C JaHHBIMH M OpUEHTAlUM Ha
MOBTOPHOE HCIOJb30BaHNE MH(popManuu. Mcnoip3oBaHue Mojesei On3Hec-poLeccoB, TAKUX Kak
AS-IS/TO-BE, 1no3BoJisieT CHCTeMHO MOJOMTH K IM(POBU3AIMU HAYYHBIX MEPONPHATHH, YCTpPaHss
y3KHE MECTa TPAAULUOHHBIX METOIOB OPraHU3aIMK U 00ecrieunBast MPOCIeKUBAEMOCTh BCEX ITAIOB.

Takum 00pazom, TPOEKTUPOBAHUE U BHEIPEHHE (PpEeHMBOpKA /ISl HAYYHBIX MEPOIPHUITANA — 3TO
HE MPOCTO 3ajladya aBTOMATH3allMH, a mar K (OPMHUPOBAHUIO YCTOWYMBOWH LH(POBON CpEmsl,
crocoOHOl obecrieunTh OoJiee BBICOKOE KayecTBO HAyYHOW KOMMYHUKAI[MH, CHU3WUTh HArpy3Ky Ha
OPTaHU3aTOPOB U MOBBICUTH MPO3PAYHOCTh aKaJeMUYECKUX mpouenyp. PaspaboTka Takoro pemeHus
TpeOyeT He TOJIBKO TEXHUYECKUX, HO ¥ METOJOJIOTUYECKUX YCUIMH, YTO NOAUYEPKHUBACT aKTyaJIbHOCTD
TEMBI KaK B IPUKJIAAHOM, TaK U B HAYYHOM KOHTCKCTC.

7. CNUCOK UCNO/1Ib30BaHHbIX UCTOYHMUKOB
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3awmrta  OT He3ameTHbIX aTtak Ha mogean NLP ¢
ucnonbsosaHnem omornudos

v 1 . Lo 12
Annpeint Anexcaniposry Ky3Henos, =~ Axjpeit Anatonsesndy MuUxXanaoB

Y Hucmumym Ounamuxu cucmem u meopuu ynpaenenus um. B.M. Mampocosa Cubupckozo omdenenus
Poccuiickoii akaoemuu nayk, Poccus, 664033, e. Upxkymck, ya. Jlepmonmosa, 134

2 Hucmumym cucmemmuoeo npoecpammuposanus um. B. I1. Heannuxosa Poccuiickoti akademuu Hayk, Poccus,
109004, 2. Mocksa, ya. Anexcanopa Coadxcenuysvina, 0. 25

AHHOTauuA
B pabore paccmarpuBaercs mpobiiema aTak Ha CUCTeMbl 00paOOTKH €CTeCTBEHHOTO S3bIKa
(NLP), peanusyeMbIX ¢ IPUMEHCHMEM OMOITH()OB — CHUMBOJIOB, KOTOPbIE BH3yalbHO

WIAGHTUYHBI WM CXOXH, HO O0NagaroT pasMuyHbIME 3HaueHusAMH. Ilpemmaraercss HOBBII
MOJAXOJl, OCHOBAHHBII Ha NpPUMEHEHHMHM Mojenu TpaHcpopMepa TS, obyueHHO mms
KOPPEKTUPOBKHU Opdorpapuyeckux OmMUOOK Ha CHHTETUYECKU CO3laHHOM KOpIIyce JIaHHBIX,
B KOTOPOM CHMBOJIBI OBUT 3aMEHEHBI Ha uX OMoOrnudel. Pe3ympTaTsl 3KkcmepuMeHTa
JIEMOHCTPUPYIOT BHICOKYIO TOYHOCTH MOJIEINH B MICIIPaBICHUH aTaKOBAaHHBIX PHMEPOB

KnioueBble cnosa
00paboTKa eCTECTBEHHOTO A3bIKa, 3alTUTa OT aTaK Ha SI3BIKOBBIC MOJICITH, OMOTIIH(BI

1. BeBepgeHue

C pa3BurueM riyOOKMX HEWPOHHBIX ceTell B 00yacTh 0OpabOOTKM €CTECTBEHHOI'O SI3bIKa CTaJo
OUYEBUIHBIM, YTO MOJIOOHBIE CUCTEMBI YS3BUMBI JUUIS aTak, UCKa)KaIOIUX BXOHBIE TaHHbIe. B oTiamune
OT aTak B 00JIaCTH KOMITBIOTEPHOTO 3pEHHS, aTaku Ha sI3bIKOBbIe Mojean B NLP moryT ObITh Gonee
3aMEeTHBIMHM, HalpuMmep, Hapymenue opdorpaduu win nepedpasupoanue. Bo3sMoXKHOCTh U3MEHUTh
TEKCT, HE M3MEHSS €ro BHU3yaJbHO, MOXKET OBITh HCIIOJNB30BaHA 3JI0YMBIIUICHHUKAMHU Ui 00X0zaa
MEXaHU3MOB (UIbTPAIllMA KOHTEHTa, HEKOPPEKTHOrO MANIMHHOIO TepPEeBO/a, YXYIIICHUS KauecTBa
3aIlpOCOB U MPEISATCTBUS MHIEKCALUHU IOUCKOBBIX cucteM [1].

2. 0630p pabor

CoBpeMeHHbIC PabOThI B O0JIACTHM aTaKk Ha MOZEIHM OOpabOTKHM €CTECTBEHHOTO s3bika [2,3,4]
MPeUIaraloT pa3IMYHbIe CIIOCOOBI 3aIUTHI, KOTOPhIE MOXHO Pa3elUTh Ha CIIEAYIOIINE TOIXObI:

e Cucrema, ocHOBaHHas Ha mpaBmiax 3ameHbl (rule-based recovery). CyTh 3akimouaercs B
CHUMBOJIFHOM IIPOXOJ€ MO BXOJHOH CTPOKE M 3aMEHE CHMBOJIA, OTIMYHOIO OT S3bIKa
opuruHana. [IpoOiema AaHHOTO pELIeHUs 3aKI4aeTcs B TOM, YTO NOJOOHAas cucreMa
CTPOUTCSI TOJBKO JJISl OJTHOTO SI3bIKA.

o CocrazarenbHoe o0yuenue (Adversarial Training). ba3oBeiii BapuanT 3ammtel NLP Mojeneit
OT COCTSI3aTENBHBIX aTak — J00aBlieHHE «BPa)JICOHBIX» MPUMEPOB B Mpoliecc OO0YUCHHUS
Monenu. HenmocraTkamMy JaHHOTO peIICHUs SIBIAIOTCS yBEIMUYCHHE 3aTpaT Ha oOydueHHe
WCXOJIHOW MOJIEIIH Y HETIOJHOIIEHHAs 3allIUTa OT COCTA3ATEIbHBIX IPUMEPOB.

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
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o CoznaHue BEKTOPHBIX MPEACTABICHUH Ui Kaxaoro cumBoia. Ciemyromias rpymmna padboT
MpeyiaraeT co31aBaTh BEKTOPHBIC MPEJCTABICHUS JUIS KaXKJIOTO CHUMBOJA W, CPaBHHBAS C
COCEIIMU, HAXOJAUTh OJIMKAUIITUE aHAIOTH CPEIU IPYTUX NPECTABICHHUM.

o Koppekius BU3yalbHO CXOXKHUX CIIOB. B paboTe Mo KOppeKIHu BU3yadbHO CXOXKUX CJIOB B
apaOCKOM sI3BIKE YIOMHHACTCS CIOCOO Ha OCHOBE JBYHAIIPABIICHHBIX PEKYPPEHTHBIX
HelpoHHBIX cereld (BiLSTM), ananm3upyrommii KOHTEKCT CIOBa KaK B TPSMOM, Tak M B
00paTHOM HaIpaBICHUH.

o Koppekius u jaerekius oMord(OB B TEKCTE HAa OCHOBE CBEPTOYHBIX HEHPOHHBIX CeTEH
(CNN). B npouecce paboTel reHepupyeTcsi H300pakeHHEe Ha OCHOBE BXOJHOTO TEKCTa, B
KOTOPOM MOTYT MPHUCYTCTBOBAaTh OMODNIH(BI, 3aTEM OHO TMOCTYMAeT HA BXOJ MOJECIH JIs
MocJeIytonIel JeTEKIIMHA U KOPPEKIIHH.

3. MeTtopa koppeKkuun omornmdos

JInst petieHns 3a1a4u KOPPEKIUH OMOTIH(OB TPEUIaraeTcsi UCIOIb30BaTh S3bIKOBYIO MOJICIh Ha
0aze Tpanchopmepa, a UMEHHO MOAeNs ceMelicTBa T5. ['maBHOM €€ 0cCOOEHHOCTBIO SIBISETCS TO, YTO
oHa npenoOydeHa Ha OOJIBIIIOM MacCCHBE TEKCTOBBIX JAHHBIX, TOKpPHIBAarOIIEeM 00BEMHBIHN ciekTp NLP
3a7a4 U MCIOJB3YyeTCsl Uil J000yueHusi moja KoHkperHelie nenu. Ham mertom, TS5-GlyF (Glyph
Fixing), ocuoBan Ha mpoekTe SAGE xomanmer SberDevices, B koTopoM Mmoxenb Ha 0Oaze T5
BBITIOJTHSACT KOPPEKIHIO ophorpaduiIecKix  MyHKTYAIMOHHBIX OIIMOOK Ha PYyCCKOM M aHTIIHHCKOM
s3pikax. s co3maHus OoJNbIIOro OO0ydarollero Kopiyca aBTopamMHu OblUT pa3paboTaH alrOpUTM
AyrMCHTAllU1 JaHHBIX, KOTOpBIﬁ HUMUTHUPOBAJI OHH/I6KI/I YCJIOBCKA B IIPaBOIMUMCAaHUH.

4. JKCNepuMeHTbl U pe3yNbTaTbl

PazpabotaH anroputm reHepanuy BO3MYLIEHUH C HCIIOJIb30BAaHUEM OMOTITTH(OB.
CreHepupOBaH JaTaceT ¢ MOMOIIBIO Pa3pab0TaHHOIO aIrOPUTMA.

[IpoBeneHo 00y4ueHHE MOJIEIIN Ha CTEHEPUPOBAHHOM J1aTaceTe.

Pesynpratel 00ydeHHS OEMOHCTPHPYIOT BBICOKYIO TOYHOCTH MOJENM B HCIPaBICHUU
aTaKOBaHHBIX NMPUMEPOB: 99% g aHrnumiickoro s3bika U 96% mnpu 100aBIEHUH PYCCKOTO
SI3BIKA.

5. 3aknwoueHue

HckaxxeHne BXOIHBIX JaHHBIX Ha OocHOBe omoriudoB B obmactu NLP sBisercs cepbé3HOi
yrpo3oil ans sA3bIKOBBIX Mojeneil. Pemenne Ha ocHoBe Tpancdopmepa, T5-GlyF, okazanocsh
OTJIMYHBIM BapHaHTOM CHUCTEMBI 3allUTHl MPOTHB aTaK C HCIIOIb30BAHUEM OMOTIH(OB COTIIACHO
NPOBEAEHHBIM TECTUPOBaHMSIM Ha peanbHbiXx NLP 3amagax. Hama cucrema 3amuThl yCHEIIHO
CIpABIIICTCSI C aTaKOBaHHBIMH C TOMOILIBIO OMOTJIH(OB BXOAHBIMU AaHHBIMH, @ B CiIydae, KOI/a
HUKAKOH aTaku HeT, 3()(PEeKTUBHOCTD LENIEBON SI3IKOBON MOAEIH OCTAETCsl HEM3MEHHOM.

6. bnaropapHocTu

PaGoTta BbITIONHEHA TP TOJJIEPIKKE TOCYIAPCTBEHHOIO 3ajaHusi MHHUCTEpPCTBA HAyKd |
BhICIIEro oopasoBanus Poccuiickoit @eneparynm (tema Ne 1023110300006-9).
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MnaHupoBaHue Ha ocHoBe GOAP B 3asaue NoucKa obbekTa
rpynnoit mobumnbHbiX poboTos

Anexceii JIunssekuit 12 1 Hanesxna Haryn 2

Y Upxymcxuii 2ocyoapcmeennuiii ynueepcumem nymeti coobwenus, yi. Yepuviuesckozo, 15, Upxymcek, 664074,
Poccus
2YNICTY CO PAH um. B.M. Mampocoea, yn. Jlepmonmosa, 134, 664033, Upxymck, Poccus

AHHOTauuA

B nokmage paccMarpuBaeTcs MOIXOJ K ABTOMATHYECKOMY IUIAHUPOBAHUIO TMOBEICHUS
ABTOHOMHOTO MOOMJIBHOrO poboTta Ha ocHoBe apxutekTypbl GOAP (Goal-Oriented Action
Planning). Ilokasanbl mnpuMepsl (opMaau3aldd BO3MOXKHBIX JEHCTBHH pPOOOTOB IS
npumenenuss GOAP, prBeeHbI IPHUMEPHI OTyYaeMbIX IUIAHOB [T PEIICHHUS 3a/1aUH IIOMCKa
U UCCIIEIOBaHUS 00bEKTOB, PACIIONOKEHHBIX B HEKOTOPOU 00JIaCTH C MPETATCTBHSAMH.

KnioueBble cnosa
ABTOHOMHBIE MOOMIIBHBIE POOOTHI, aBTOMATHIECKOE TNITAHUPOBAHKE, IPUHATHE PEIICHUN

1. BeBepgeHue

Goal-Oriented Action Planning — mmpoko nmpuMmeHsieMasi B KOMITBIOTEPHBIX HUTPax apXUTEKTypa
wiaHupoBanus aedcteuii Tak HaspiBaeMbix NPC (Non-Player Character), mo3Bossitorias 10CTHYb
BUJIUMOCTH ©CTECTBCHHOTO HWHTCIUICKTYaIbHOTO IOBeaeHuss mnepcoHaxker [1, 2]. GOAP Obut
npencrasieH B 2005 rogy kak momudumkanus rmnanuposmuka STRIPS (Stanford Research Institute
Problem Solver [3]), HanpaBleHHAs Ha YCKOPEHHE ITOCTPOCHUS TUTAHOB B IMHAMUYECKHX CpelaX U UX
ynpoineHue s 6onee a3 dexktuBHOM peanusanuu [4]. Kak 1 B qpyrux mianuposiiukax, cyte GOAP
COCTOWT B COCTaBJICHHMHM IIaHA JOCTHXKCHHUS BBIOPAHHOM IIEIHM M3 JOCTYIHOTO B TEKYIICH CUTYyalluu
OTpaHUYEHHOTO HabOpa NIeHCTBHIA, UMEIOIIHX YCIOBYS IJISl X BBITIONTHEHMS ¥ 3(pPeKThI, HacTynaromme
nociie BemmoaHenus. B ormane ot STRIPS, kaxpomy neficTBuio Oblila HA3HAYEHA CTOMMOCTD, KOTOPast
KCIIOJIb30BAIaCh B Ka4€CTBE IBPUCTUKU I aJrOpUTMa A* JUIs MOMCKa B MPOCTPAHCTBE COCTOSIHUMN
mupa. Kpome toro, GOAP ncrnons3yeT npoueaypHbie IpeayCciIoBUs, C TOMOIIBI0 KOTOPBIX CHCTEMA B
MpoIIecCce BBHIMTONHEHM TUIaHa MOXKET HCIOJB30BaTh 00Jiee CIIOXKHYIO JIOTHKY, HApUMeEp, BHI3bIBATH
(YHKIUH IIJIAHUPOBAHUS MIYTH WIIM Paclio3HaBaHMs 00BEKTA.

[peumyriecrBom GOAP siBiisieTcst BO3MOYKHOCTD peain3aliy CJI0KHBIX TIOBEICHHH 00BEKTOB, JJIs
KOTOPBIX HETPUMEHHUMBI TPAIUIMOHHBIE AITOPUTMBI ITUIAHUPOBaHUS. W3BECTHHIM IOAXOJIOM K
IUIAHUPOBAHUIO U TIPUHATHIO PEIICHUM SIBISICTCS ommcanue 3amad B si3bike PDDL u mpumeHeHue
CHeIMaTN3UPOBAaHHBIX coiBepoB. OqHako paszpaboTka PDDL-mumanupoBiyka npeacTaBiseT coboi
TPY03aTPATHYIO pabOTy, IPU 3TOM €0 (QYHKIIMU MOTYT OKa3aThCsl HEBOCTPEOOBAHHBIMU B PEIIACMBIX
3amavax. B mokmane paccMaTpuBaeTcs BO3MOXKHOCTh UCIONL30BaHUs nonxoaa Ha ocHoBe GOAP mis
yIpaBieHUs] aBTOHOMHBIMU MOOMIIBHBIMU POOOTaMH B MPOIIECCEe UCCIEAOBAHUS 3aJaHHON 00JIacTH
HEKOTOPBIX OOBEKTOB B HeH. B TO BpeMs Kak sl pelieHusl YacTH 3a/1ay, COCTABIISIONUX MHCCHUIO
po0OoTOB, HampuMmep, Ui IJIAHUPOBAHHS IyTH W Ha3HAYCHWs 3a/JlaHUM, MCIOJNB3YIOTCS HW3BECTHHIC
ANTOPUTMEI [5, 6], IPUHATHE PENICHWA O TOW WIJIM WHON IOCIICIOBATEIIBHOCTH BHICOKOYPOBHEBBIX
neicTBHii ocylnecTisieTcs ¢ momorisio GOAP.
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2. Goal-Oriented Action Planning

B kauecTBe BXOAHBIX AaHHBIX TuIaHUPOBIIMK GOAP npuHHMAaeT: MHOXKECTBO areéHTOB, MHOXKECTBO
BO3MOJKHBIX NEWCTBHHA KaXKJIOTO areHTa, MHOXKECTBO 3aJad, HadalbHBIC COCTOSHHA M Iend. llemn
MIPEICTABISIIOT COOOM COCTOSIHUS, KOTOPOE areHT JOJDKEH IOCTUYh M3 HAYaIbHOTO WM TEKYIIETO
cocrosHus (puc. 1). B o0mem ciydae, cOCTOSHUS PaBHBI TOTJa M TOJIBKO TOTNA, KOTrJa HaOOPHI
MapaMeTPOB COCTOSHHIA COBITAIAIOT, a TAKXKE COBIAIAIOT 3HAYCHUS NTApaMeTPOB BHYTPH HAOOPOB.

curPos: (0.5, 0.5)
path: [(2.5, 0.5), (3.5, 1.5),
(1.5, 3.5)]

curPos: (2.5, 0.5)
path: [(3.5, 1.5), (1.5, 3.5)]

length: O length: 0
color: 0 MoveToPathPoint _color: 0
ignored: [] > ignored: []
sample: null sample: null
cargo: [] cargo: 1|
curWeight: 0 curWeight: 0

isSampleRemoved: false

isSampleRemoved: false isinGroup: false

isInGroup: false

PucyHoK 1: NMpumep coctosHuit poboTa. Kaxkgas cTpoka npeacTtasaseT coboi HEKOTOpPbI NapameTp.

Kaxnoe nevicteue B GOAP onuceIBaeTcs cielyrolmuMy KOMIIOHEHTaMH (puc. 2):

*  BeC JACWCTBUS - HCIIOJIB3YETCS ISl OLCHKH PEJIEBAHTHOCTH ACUCTBHS B MOMEHT IIJIAHUPOBAHHUS;
*  MPEIyCIOBHS - YCIOBHS, HEOOXOAUMBIE ISl BBITIOJHEHUS ICHCTBHS;

* 3¢ deKTHl - COCTOSHIE, KOTOPOE areHT NPUHUMAET MOCIE BBITOTHEHUS ICHCTBUS;

*  AITOPHUTM peaau3alyy ACHCTBUS.

Heicteue:
Mpenycnoeus: LeaveGroup(point) .
) - SdpdhekThl:
|sln(groue trute isInGroup = false
curFos = poin Bec: (islnGroup ? 0.25 : 1)

PucyHoK 2: OnucaHue gencteuns 8 GOAP

IpencraBienne B GAOP npenBaputenbHBIX yciaoBUi U 3¢ (eKTOB JSHCTBUI B BHIE MacCHBOB
MEPEMEHHBIX COCTOSIHUSI CHCTEMBbl (DMKCHPOBAHHOTO pa3Mepa MO3BOJIIET ObIcTpee HAaWTH JeicTBUE,
KOTOPOE MOIJIO Obl YMEHBIINTh PAa3HUIYy MEKAY HAdaJbHBIM M LEJIEBBIM COCTOSHHEM IOCPEICTBOM
NpSMOTO CpPaBHEHHUsS] MacCHBOB. [ImaH W3 JeWCTBUI cOCTaBisieTcsl TakuM 00pa3oM, YTOOBI
MTOCJIE0BATENBHOCTD AEUCTBUH MTPHBEIIa HAYAIBHOE COCTOSIHHAE K KOHEYHOMY - I1eNd. I MOCTpOEeHHS
mrana B GOAP, kak u STRIPS, wucnonm3yercs oOpaTHOe IJIaHUPOBAaHHE, TaK HAa3bIBAEMOE
IJIaHUPOBaHME OT 1enu [1].

3. 3apgaua uccnegosaHua obvekToB rpynno AMP

PaccMmoTpuM crieyronty o MUCCHIO AJISl TPYIIIBI U3 TPEX aBTOHOMHBIX MOOHMIIBHBIX po00TOB (AMP).
Ilycte 3amana HekoTopass 00JacTb, M MOCTPOCHBI MapIIPYTHI JIBWXKEHUS Kaxkaoro u3 AMP s
COBMECTHOT'O CKaHUPOBAHUA 00/1aCTH B IMOMCKAaX MECT CKOIUICHUS HEKOTOPBIX MPEAMETOB, BO3MOXKHO,
MPECTaBISIFONINX HHTEPEC s TajbHeIero uceienosanvs. [Ipu oOHapyKeHHU CKOTIIICHUST 00pa3IoB
POOOT MOKET OTAETUTHCS OT TPYMIbI AJISI CAMOCTOSITEIBHOTO MX HMCCIIEAOBaHMSA, OO0 BCs Tpymna
MIPOBOJIUT HCCIIEIOBAHNE COBMECTHO. [IpmBeeM HECKOJIBKO BO3MOXKHBIX ACHCTBHIT Kaxaoro AMP
TpYIIIbL:

1. JIBmxkenme mo myTH rpymmoii: rpynma AMP nsmxercs k Touke point B path.
GroupAction: MoveToPathPointGrouped(point)
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Weight: dist(curPos, point) / (10 * (isinGroup ? 1.5 : 1))
Preconditions:
isinGroup = true
Ipath.isEmpty()
pathExists(curPos, point)
lingored.contains(point)
Effects:
curPos = point
2. Bwpixoa u3 rpymnsi: AMP nepectaét qBUratbcs B Tpymie U HauuHaeT paboTaTh OTAEIBHO OT
IPYIIBI U3 TOYKH POInt.
Action: LeaveGroup(point)
Weight: (isInGroup ? 0.25 : 1)
Preconditions:
isinGroup = true
curPos = point
Effects:
isinGroup = false
3. Hccaenoanue oopazua: AMP BeinonHseT oOcienoBanue oopasiia B Touke pPoint.
Action: ScanSample(point)
Weight: 1
Preconditions:
isinGroup = false

color=0

length=0
Effects:

color!'=0

length 1= 0

sample = getSampleByColorLength(color, length)
4. HWrHopupoBanue odpa3ua: AMP 3amuceiBaet obpaser sample B urnopupyemsie ignored.

Action: Ignore()
Weight: getWeight(sample)
Preconditions:
sample = null
Effects:
isSampleRemoved = true
ignored += [curPos]
5. TloausTue oopaszua: AMP cobupaet obpaser sample B cBoi Tpy30BOii OTCEK.
Action: TakeSample(sample)
Weight: getWeight(sample) * curWeight
Preconditions:
sample !'=null
curWeight + getWeightCost(sample) <=1
Effects:
cargo += [sample]
curWeight += getWeightCost(sample)
sample = null

B 3aBmcumoctu ot TEKYHUICTO COCTOAHUA CUCTEMBI, ITPUCBOCHHBLIC HeﬁCTBHHM B€Ca BIIMAKOT Ha
BBIOOP OZHOM M3 BO3MOXKHBIX [IOCIIEI0BATENLHOCTEH AeHCTBUM, POopMuUpys TakuM oOpa3oM miaH. J{is
MOCTPOEHHUs IJIaHa HCIob3yercs: anroputM A*. Ha puc. 3 mBeTroM BBIAENCH peanu3yeMblil IUIaH,
BBIOpAaHHBIH 110 MapaMeTpaM UCCIIeIOBAHHOTO 00pasiia v Beca KX JI0ro U3 JIeHCTBUI.
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curPos: (0.5, 0.5)
path: [(2.5, 0.5), (3.5, 1.5), MoveToPathPoint

(1.5,3.5)] Grouped
length: O

LeaveGroup

color: 0 )
ignored: [] L ScanSample

cargo: []
curWeight: 0
isSampleRemoved: false
isInGroup: true

MoveToPathPoint

—>» DestroySample

2>

Ignore

TakeSample
_|—> DeliverToShip
._) ie— 771

CallHelp

_I——> isSampleRemoved: true

\1

Y

Y

MakeHeapGrouped CallShip

—>| MakeHeap

PucyHoK 3: Bo3moKHble niaHbl, nonydeHHble GOAP ana rpynnbl AMP. BbibpaHHbIM naaH nomeyeH
3e/IeHbIM LBETOM.

4. 3aKknwuyeHue

B noxmane omucanbl npuHNOUIE ucnonb3oBaHuss GOAP i TutaHUPOBaHUST BBICOKOYPOBHEBBIX
NneicTBUii MOOMWIBHBIX Po00TOB. [locTpoeHMe 1UiaHa MPOBOIWIOCH NI MHIUBUAYAJIBHOTO po0OTa,
OJIHAKO B JaJIbHEHIIIEM OyayT UCCIeT0BaHbI BO3MOKHOCTH mpuMeHeHus GAOP ¢ koonepupyonmmMucs
areHtamu [7], a Takke pacCMOTpeHBI OoJiee CIIOKHBIE MOAXO0bI K TUIAHWPOBaHUIO, Takue kak HTN
(Hierarchical Task Network), B KOTOpOM WCIIONB3YIOTCS TIPUHIUIBI HEPApXUHM 3a7ad U WX
nexomnosuus [4]. OnucaHHas B JOKJaJe MHCCHS OyAeT peajan30BaHa B POOOTOTEXHUYECKOM
kommiekce TEMAR 115t TectupoBaHust IpeaioKeHHOT0 NOIX0/1a.

CnucoK nutepatypbl
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NMocTtpoeHue aJiropuTmos MalUMHHOIo 06yqe|-|ma Ana
AETEeKTUpoBaHnNA CalNTOB-MOLUEHHUKOB

JlykbsinoB /Ivutpuit A. , Jlanuna Mapus A. , Jlanun Butanuii ['. | Kyuepos Hukomnaii H.

Cesepo-Kasxasckoeo gpedepanvrozo ynusepcumema, Iywxuna 1, 355000, Cmasponons

AHHOTauuA

B Hacrosimee BpeMs ¢ pa3BUTHEM WH(POPMAITMOHHBIX TEXHOJIOTHI II(POBBIC NPECTYIIICHUS
CTAId  CEephE3HOW  yrpo3o UId  KOH(PHMICHIMATbHOW HHPOPMANMW H  JaHHBIX
nosb3oBaTenei. VICKyCcCTBEHHBIH HHTEIUIEKT CIIOCOOCH aHATM3HPOBAThH IapaMeTphl CaliTOB U
OIpeIeNATh HAIMYUE Yrpo3 A WHGpOpMaIruu. B Xoje BBHINOIHEHUS HCCIEAOBaHMS OBUIH
pa3paboTaHBl METOABI MAIIMHHOTO OOy4YeHHs IO OOHApY)KEHHs (HIIMHIOBBIX CalTOB,
MIOCTPOCHBI CXEMbI, KOTOpBIC IO3BOJIAIOT MOAETAM MAIIMHHOTO OOy4YCHHS NPaBHIBHO
peoOpa3oBbIBaTh JaHHbBIE Ul MOJayd UX B Mojenu. B pesynbraTe pa®oThl pa3paboTaHbl
METOJBI TOMCKA (PHIIMHTOBBIX aTak C HCIOJIh30BAaHHEM MOJENeH MalIMHHOTO OOydeHus,
KOTOphIe OBUIM TNPOTECTUPOBAHBI HA MMEIOIIUXCS JAHHBIX, HA OCHOBE IIOJIyYCHHBIX
Pe3yNbTaToOB IOCTPOCHBI TI'paUKH H3MEHEHHS TOYHOCTH OOHAPYKCHMS HEIECTMTHMHBIX
CalTOB OT U3MEHEHUS HACTPOEK MOJIENIEH.

Kniouesble cnosa:

MalMHHOe O0y4eHus, QumuHr, caiT-momeHHHK, KNIME, kuGepnpectymHocTh, KHOEp-
aTaky, OUCK ysI3BUMOCTEHN, UCKYCCTBEHHBIH HHTEIUIEKT.

1. BeBegeHue

QOUIHHT — THIT UHTEPHET-MOILICHHUYECTBA, LIETbI0 KOTOPOTO SBISETCS MMOMyYeHNE TIEPCOHATBHBIX
JAHHBIX TTOJIb30BATENsI: MApOJH, AaHHBIE KPEIUTHBIX KapT, OAaHKOBCKHE CUETa, IIOYTHI, MACTIOPTHEIC
JaHHbIe W Apyras KoHuneHuuanpHas uHGopmanys [1]. OUIIMHTOBBIMU aTakaMH MOTYT SIBISITBCA:
MOJAETbHBIC NMUChMa Ha 3JEKTPOHHYIO IOYTY OT OaHKOB, HPOBAaWIEpPOB ¢ NpOochO0il OOHOBUTH
nepcoHaibHble JaHHble. TepMuH “OuinuHr”’ BriepBsle Mpo3Bydai 2 sHBapa 1996 roga. YnomuHanue o
TTAHHOM SIBIIGHHUH BIIEPBBIEC TOSBUIIOCH B rpymme HoBoctel “Usenet” mox HazBanuem “AOHello” [2].
B sHBape 1996 rona Obina mpoBeneHa nepBasi B HICTOPHU (UILTUHTOBAs aTaka.

b

1. XaI\’CP OTIPABAALCT

4. Xakep

A\ 4

WCITOAB3VET
AAaHHbIC

TTOAB30BATCAIO TIMCHMO C
TMOAB30BAT

CCBIAKOW Ha d)m_um—lmm)m caiT
CAA HA

OPUTHHAAD
HOM caiite

5 X‘JKCP l'IOA}'LIZICT J

AAHHBIC m
MOAB3OBATCASL. 2. JKeprsa nepexoant Ha

CalT MOLLICHHMUKA

Pucynok 1 — I1lnan ¢ummnroBoii araku.
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B nacrosiee Bpemst U3-3a pa3BUTUS KOMIIBIOTEPHBIX TEXHOJOTHH U IIHUPOKOTO PACIPOCTPAHEHHUS
MHTEpHETA 3alIuTa OT (PUIIMHTOBBIX aTak cTaja HaJA&KHee, HO XaKepbl MPUIYMBIBAIOT HOBBIE METOIbI
aTak. Beigensior cremyromue TUMB (QUITMHTOBBIX aTak: IeneBod ¢umuHTr [3], vishing [4], kIoH-
¢ummHr [ 5], GUIIMHT B TOMCKOBBIX CUCTEMax [6].

CymectByromue MeTosl 3amuThl (punbrpanuss URL [7], nByxdakTopHas ayreHTudukanms [8],
oOyueHme monb3oBareneir [9], Opayszepubie pacmmpenuss [10]) He oOecrmeynBaOT MOTHON
Oe3onacHocTH. B CBSI3M ¢ 3THM akTyallbHOMW 3aadeld CTaHOBUTCS pa3paboTKa aBTOMATH3MPOBAaHHBIX
crcTeM Ha ocHOBe MammHHOro oOyuyenus (MO), cOCOOHBIX aHAIM3UPOBATh MapaMeTphl CAUTOB U
BBISIBIIATH (DUITMHTOBBIE YTPO3HI.

2. MawunHHoe obyyeHue

MammaHOoe 06y4enne (MO) — 3To 001acTh UCKYCCTBEHHOTO WHTEIJIEKTA, KOTOPAs TIO3BOJISIET MY
HaXOIUTh 3aKOHOMEPHOCTH B JaHHBIX M JeiaTh MPOrHO3bl. [IporpamMMa aHammM3upyeT AaHHBIE,
HaxXOIUT B HUX IOCJICAOBATEIbHOCTU U 3aKOHOMEPHOCTH, 00y4aeTcsl U NMPHUMEHSET pe3ybTaThl Ha
MPAaKTUKE, IPOTHO3UPYS AaHHBIE.

Jinst paboThl ¢ MalIMHHBIM OOy4deHHMeM HeoOxoauMm Habop naHHBIX (mataceT) [11], B kKoTopom
BHECCHBI OCHOBHBIC XapaKTePUCTHKH CANTOB M pe3ynbTar. J[laHHBIA jgataceT co3maH IS
oOHapyXeHus! (PUIINHTOBBIX CAaTOB, KOTOPBIE MACKUPYIOTCS IOJ JISTUTUMHBIMH PECYPCaMH, YTOOBI
YKPacTh JJaHHBIE T10Jb30BATEIEH.

Hnst paboTel C BBIOpaHHBIM JAaTAaCETOM HEOOXOIUMO BBHIOpaTh AHATUTHYECKYIO IUIATGOpMY,
KOTOpasi IPEJOCTaBIsIET BO3MOXKHOCTh paboTaTh ¢ MaLIMHHBIM 00y4deHueM. B naHHOM nccienoBanue
Ut paboTHI ObliTa BRIOpaHa aHATUTHYECKas TaTdopma ¢ OTKPBITEIM KomoMm — KNIME [12].

3. Moaenu mawmMHHOro obyueHus

Jlist paboThI ¢ MOAEIAMH HEOOXOANMO IMOCTPOUTH CXEMY, TO3BOJISIOILYIO aHATU3UPOBATh JAHHBIE.
O6o0maromnast MoIeTh TaHHBIX MOJeJel MoKa3aHa Ha PUCYHKE 2.

Random Forest Learner  Random Forest Predictar

CwE OB

Naive Bayes Leamner Naive Bayes Predictor

-
> PiA
>
Tree Encemble Learner

Regression)

X-Partitiorler Machine
MNumber to Sixng
x

-

CSV Reader Column Filver Pca Leaning

»
e

[ - A -5

- Scorer

Mg

-
Tree Ensembie Leamnar Tee Ense °

e ® °

RPros MLP Leammer  MliiLayerPerceptran Predicior

= g - 2

Random Forest Lear. Random Farest Predictsr
(Rearession) Regressisa)

PucyHnok 2 — Mojienu MammmHHOTO 00yYeHUsI.
Hauny4ime pe3ynbTaTel moka3ain ancaMOIeBble METO/IBI:

1. Random Forest [13] — TounocTtb 96,6% (rmyOuna nepesa 20).

2. Gradient Boosted Trees [14] — TounocTth 97,34% (ryouna aepesa 10).
3. Tree Ensemble [15] — TouHOCTE 96,59% (TI1yOnHAa nepesa 20).
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Pucynok 3 - O6o0maromntuii rpaguk pe3ynbTaToB.

AmncambneBsie Metoabl (Random Forest, GBM, Tree Ensemble) mokazamu sydmime pe3ylbTaThl

Omaromapsi:

1. CrocoGHOCTH aHATTM3UPOBATH CIOKHBIC HETMHEHHBIE 3aBUCHMOCTH B IAHHBIX.

2. YCTOWYMBOCTH K IEpEOOYUEHHIO 3a CUET OATrTHHIa/0OyCTHHTA.

3. ABTOMaTH4ecKOMY OTOOpY 3HAYMMBIX MPH3HAKOB, YTO KPUTUYHO IS 3a/a4 C MHOXXECTBOM
napaMeTpoB.

4. BbiBOp,

HccnemoBanne TMMOKa3bIBACT, YTO HMCIIOJIB30BAHUE MAIIMHHOTO OO0y4YeHHS B OOHApyKCHUU
IIOTCHIMAJIBHO OIIACHBIX CaliToOB U ACTCKTUPOBAHUN (I)I/IIHI/IHI“OBI)IX aTaK NCPCIICKTUBHO, IIOTOMY 4YTO
oOyJeHHe U JajbHEHIIee UCTOb30BAHNE UCKYCCTBEHHOT'O HHTEIUIEKTA TIO3BOJIUT Pa3BUBATh JAHHYIO
cdepy, co3iaBasi H yCOBEPIICHCTBYS MOJICIH MAIIMHHOTO 00YYEHUs, MO3BOJISISl UM OBICTpEE W TOYHEE
HaXOOWUTb 3aKOHOMCPHOCTU B IapaME€Tpax MW NPOTHO3HUPOBATH JICTUTUMHOCTDH CaﬁTOB, InuceM u
yBegoMieHui [16]

5. bnarogapHocCTb

HccnemoBanne BBITONHEHO 3a cyeT TpaHTa Poccmiickoro HaygHoro ¢orma Ne 25-71-30007,
https://rscf.ru/project/25-71-30007/
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AsTomaTusauua DevOps B pacnpeaeneHHON BblUUCAUTE/IbHOIMA
cpeae NPUMEHUTENbHO K HayUYHbIM NMPUIOXKEHUAM

Esrenunii Hukomaen

HUnemumym  Ounamuxu cucmem u meopuu ynpaeienus um. B.M. Mampocosa Cubupckozo omoeneHust
Poccuiickoii akademuu nayx, Poccus, 664033, . Hpkymck, yn. Jlepmonmosa, 134

AHHOTauuA

Hommepxxka DevOps mNpUMEHHUTENHHO K HAYYHBIM IMPUIOKCHHAM B TETEPOTCHHOMN
pacnpenencHHol BbrauciutenbHOM cpene (I'PBC) sBisercs clIOXHOH U aKTyaJbHOM
npo0OJieMoii. M3BeCTeH IMMPOKUH CIIEKTP WHCTPYMEHTOB, PEaM3YIONINX OTACIbHBIC JTaIlbI
DevOps. K coxaneHnto, roTOBOE pelieHre M0 MX COrJIACOBAHHOMY aBTOMAaTH3HMPOBAHHOMY
HCTIONB30BAHAIO NMPUMEHHUTENBFHO K HAYYHBIM MPWIOKEHHUSM, padodre MpOIecchl KOTOPHIX
BeImonHsioTess B 'PBC ¢ momMomnipio cucteM yIipaBieHuUs IPOXOKICHUEM 3aJaHUSMI, aBTOPY
HE M3BECTHO. B 3TOM KOHTEKCTe NpeaaokeH IOAXO0J K AaBTOMATH3allMU IIPOLIECCOB
HENPEephIBHON MHTErpallui U KOHTEIHEepU3aIliK NPUKIIAJHOTO U CUCTEMHOTO IIPOrPaMMHOT0
o0ecrieueHNs, HCIONB3yeMOr0 IIPH  BEIIONHEHWH pabodmx  TPOIECCOB  CEpBHUC-
OPHEHTHPOBAHHBIX HAYYHBIX IPUIIOKCHUN Ha BEIYUCIUTENILHOM Ki1acTepe. B pamkax moaxona
npuMeHseTcs cBsi3ka cucteM Ansible, Docker u Kubernetes. OkcriepuMeHTsI 10 anpodanuu
MoIX0Jia TIOKa3alli €ro pabdoTOCIOCOOHOCTh M 3(P(PEKTHBHOCTh, a TaKXKe CYIIECTBEHHOE
COKpaIlleHHe BPEMEHH pa3BEepTHIBAHUSA M HACTPOHKH HEOOXOAMMOTO TIPHKIAJHOTO H
CHCTEMHOT'0 IIPOTrPaMMHOT0 00eCTIeUEHUs.

KnioueBble cnosa
CepBHC-OpHEHTHPOBAHHBIE IPHIIOKEHIMS, PaboUre POLECCHI, TeTePOreHHast pacipeaeaeHHast
BBIUMCIIUTENBHAs cpena, DevOps

1. BeBepgeHue

Hayunass mpobnema mnomaepxku DevOps TpUMEHUTENHbHO K HayYHBIM TPWIOKEHHSM B
reTeporeHHoN pacnpeneieHHONW BbuucauTenbHoil cpene (I'PBC) 3akmiouaercs B Hamuuue
CYIIIECTBEHHBIX HAKJIAQIHBIX PAcCXOJOB Ha JIOCTAaBKY, pa3BepThIBaHHE, HACTPONKY, TECTUPOBAHUE U
3amyck mporpammuoro obecrneuenus (I[10) B pyunom pexume [1]. Bosiee Toro 3T pacxoibl
CTPEMHTEJIbHO BO3PACTAIOT MpPHU YBEJIWYEHUH YHCIAa Y3J0B cpenapl. KiltoueBbIMHM —acrieKkTamu,
BIIMSIOLMMH Ha CTETIEHb CI0KHOCTH PELLICHUS JaHHON MPOOJIEMBI, SIBIISIFOTCS CIIEAYIOIHUE:

®  pa3NIMYMA B XapaKTEPUCTHKAX (apXUTEKType, MPOU3BOAUTENFHOCTH, Pa3Mepe ONEepaTUBHON U

JIMCKOBOM MaMSTH, MHTEPKOHHEKTE U Jp.) U mporpaMmHoM okpyskerun (OC, Bepcusx OMOIHOTEK,

3aBUCHUMOCTSIX U T. I1.) Y3JIOB CpEAbI;

®  CHIDKEHHUE HaJe)KHOCTH M OTKa30yCTOMYMBOCTH MTPOTPaMMHO-aNIIapaTHBIX CPEJCTB CPEAbI, HA

KoTopelx [IO pa3BepHYTO B pYYHOM pEXKUME, U B CJIEACTBUU O3TOTO BO3pPACTAHUE pPHUCKA

BO3HWKHOBEHHSI HEIITATHBIX aBApUHHBIX CUTyallni TpH BeITOHEHUH 3Toro [10;

e  crnenuuKa pemeHus 3aaad A KaxX 101 MpeMeTHON 00JIaCTH C TOMOILBIO Pa3BOPaYHBAEMOT0O

[10.

Pa3zpaboTka aBTOMaTH3MPOBAHHON TEXHOJIOTMH YIpaBieHHus >ku3HeHHbIM mukiom [10 B I'PBC
MO3BOJIHT JIOCTUYb CIEAYIOMUX 3PPEKTOB: CYNIECTBEHHO CHU3UTH HAKIIAJIHBIE PACXO/Ibl, CBI3aHHBIE C
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PY4YHOI MOCTaBKOH, pa3BepThIBAHWEM, HACTPOWKOH, TecTupoBaHMeM u 3amyckoMm 110O; obecreunTs
BOCIIPOU3BOAUMOCTE dKcrepuMeHTOB B ['PBC; moBBICHUTH HaAeXKHOCTh U OTKa30yCTOWYUBOCTH
MPOrpaMMHO-aINIapaTHBIX CPEJICTB Y3JIOB CPEIbl; alanTHpoBaTh mporecchl DevOps mop crieruduky
pelIeHns 3a7a4 a pa3HbIX MPEAMETHBIX 00IacTsX.

B pamkax maHHOTO HCCIeIOBaHUS OCYIIECTBICHHI BEIOOP W mMHTErpanus DevOps-HHCTPYMEHTOB,
ompeJiereHa TEXHOJOTUS HEMPEepPhIBHOM MHTErpanuu U koHteHepusanu I10, ucmonb3yemoro mpu
BEITIOJTHEHNHA pabodnMX TPOIECCOB  CEPBUC-OPHEHTHUPOBAHHBIX HAYYHBIX MPHIOKEHUH Ha
BBIYHCIUTEIFHOM KJIacTepe, M aBTOMaTH3UPOBaHA HACTPOIKa PeCcypCcoB BRIYHCIUTEIHHOTO KIacTepa.

2. MeTtoabl 1 cpeacTBa

PazpaboTka HayyHBIX NPHUIOKEHHH M UX pabOYMX MPOLECCOB OCYLIECTBISIETCS C MOMOIIBIO
WHCTpYMeHTanpHOro Komiuiekca FDE-SWFs [2]. Jlns peanu3anmu othaenbHbIX dTamoB DevOps
MPUMEHHUTENIBHO K CUCTEMHOMY M HpukiagHomy I[10, HeoOXomumomy [Uis BBIIOJHEHHs Pabodux
MPOIIECCOB, MOXKET UCIIOJB30BATHCS Ps/I U3BECTHBIX MHCTPYMEHTOB [3]. Ilpu 3TOM MX KOMIUIEKCHOE
MpUMEHEHHE, KaK MpaBUIo, ONpeAessieTcsl B KaKIOM cliydae MHIUBHIYalTbHO, UCXOJS U3 CIIEKTpa
noJAep>kuBaeMbIX 3TarnoB DevOps, 1conb3yeMbIX BEIMHCIUTENBHBIX PecypcoB, npumensieMmoro 110 u
ap. B pamkax maHHOTO McCIe0BaHuUs BIOpaHa cBsi3ka cucteM «Ansible [4] + Docker [5] + Kubernetes
[6]», ucnonb3oBaHue KOTOPOoU pexomeHaoBaHo B [1]. HacTtpoiika y3moB, pasmemienue Ha HuX [10 u
Mo uKanus KOHQUTYpaIHOHHBIX (BailioB ocyiecTsisercs ¢ momoiipio Ansible. Cucrema Docker
MPUMEHSIETCSl Ul CO3aHHMA KOHTEHHEPOB, 3aIlyCK KOTOPBIX M YHPABICHHE HMH BbIIOIHACTCS
cuctemoir Kubernetes. B ofmem cityyae moAroroBka W MPOBEACHHE JKCICPUMEHTOB B paMKax
MPEUIOKEHHOTO MOIX0/1a BKJIIOYAET CIEIYIOIIUe OCHOBHBIE ATaIlb (puc. 1):

1. TlomroroBka y3noB 'PBC u c6op urdopmaiiu o HuX ¢ momoiibto cuctemsl Ansible, Bkiodas

ycranoBky Kubernetes.

2. UWnrerpanus cucremuoro 10 u3 Git-peno3utopusi B 6a3oBsiii 06pa3 (BO) cucrembr Docker.

BO coszmaercst mog OC Linux. Ou comepkuT KOMIOHEHTHI aucrerdepa u CYTI3.

3. Tocrpoenne Habopa crnenuanusupoBaHHbIX 00pa3oB COy, ..., CO, myTem aganranuu bO k

0COOEHHOCTSM HCHOJIB3YEMBIX PECYPCOB CPE/IbI IIyTEM HACTPOWKU KOH(PHUTYPAIMOHHBIX (aiiyioB ¢

noMomnslo cucteMel Ansible. OtraenbHbI 00pa3 COAEPKUT  YIPABISIIOIIUN  KOMIIOHEHT

HeHTpaibHOro y3ia cpensl — Central Manager (CM). CM ynpagsiisier pabourMu y3JaMu Cpesibl —

Execute.

4. Wurerpanus npuknaanoro [10 (Momynei npuiioskeHus:, HEOOXOAUMBIX BHEITHHX OMOIMOTEK

n3 Git-perno3uTopuss ¥ KOMIIOHEHTOB CHCTEMbl MOHHTOPMHIA BBIYHCIUTENBHBIX PECYPCOB H

MPOIIECCOB), MOJAKIIOUYEHHE BpeMeHHOH Oa3bl maHHbIX (BBJI) aist XpaHeHHsT MPOMEXKYTOUHBIX

pacuetoB B COy, ..., COn ¥ cOOpKa Ha UX OCHOBE MHTErpupoBaHHbIX 00pa3os (MO) U0y, ..., UO,.
5. Pasmemenne Oy, ..., MO, Ha pecypcax ¢ momoIisio cucrembl Ansible.

6. TIpoBepka coeMHEHHI U TECTUPOBAHUE PECYPCOB.

7. 3amyck koHTeitHepoB Ha ocHOBe MO4, ..., MOy, ux KOHGUTYpUPOBaHHUE M OPKECTpAIUs Ha

pecypcax ¢ nomolusio cucteMbl Kubernetes.

8. 3amyck u BIIOJHEHHE pabodero mporuecca aucrneriepoM padouux npoueccoB FDE-SWFs B
I'PBC u ero MOHUTOPHHT.

9. CoxpaHeHHe pe3yIbTaTOB PACUCTOB U OCBOOOXK/ICHHE PECYPCOB.

3. DKcnepuMeHTaNibHbIA aHaNn3

B kadecTBe mnpuMepa TpUMEHEHHS MPEIIOKEHHOTO TOAXoAa K apromarmzamuu DevOps
paccMaTpuBaeTCs IMOATOTOBKA M IPOBEACHHE DKCIEPUMEHTOB IO PEIICHHIO 3aJadyd II100ajbHOrO
aHaJIM3a YyBCTBUTEIBHOCTH [ 7. [IpritoskeHue 11 pelieH s 3a1a4 BKIIOYAET OIMH HayYHbIA padounii
rporiecc (puc. 2), COCTOSIIUI U3 JIEBATH NMapaMeTPOB W PEaU3yeMbIi C MOMOIIBIO MSATH MOIYJICH,
MPEICTABICHHBIX B BHJIC CEPBUCOB. BhIUMCIIMTENBbHAS Cpela BKIOYACT TPU y3J1a CO CJCIYHOIIUMU
XapakTepucTUKamu: onepanuonHas cucrema — Ubuntu 22.04, pasmep oneparuBHON namsatu — 4012
MO0, 4uncIio mporeccopoB — 5, 00beM BuaeonamsTi — 16 MO. YnpaieHue 3aJaHusIMU OCYIIECTBISETCS
¢ nomomipto CYII3 HTCondor [8]. ComocTaBieHue OllEHOK HAKJIAaIHBIX PACXOJIOB C HAKOHUTEIHHBIM
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UTOTOM Ha MOATOTOBKY W TPOBEIEHHE SKCIEPHMEHTOB, NMPHBEIACHHBIX HA PHC. 2, TOKA3bIBACT MX
COKpateHue 3a cueT apromatuzannn DevOps B cpaBHEHHH C PYYHBIM peXUMOM Ooliee YeM B [Ba C
MoJIOBUHOH pa3a. Hanbombiee cokpalienne J0CTUraeTcs Ha dTanax HaCTPOUKK KOH(PHUTYPaLMOHHBIX
¢aitmoB HTCondor n obecrieueHus ceTeBOT0 B3aUMOJEHCTBHA MEXKIY Y3JIaMH KiacTepa.
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Homep 3T1ana
PucyHoK 2: OueHKa HaknagHbIX pacxogoB C HAKONUTENbHbIM UTOFOM Ha NOArOTOBKY M NpoBedeHue
SKCMnepumeHTOB

4. 3aKknwuyeHue

[Ipennoxen MOmX0J K aBTOMAaTH3allMM HEMPEpPBIBHON HHTerpanuu M KoHTeiHepmzamun [10,
HEOOXOIMMOT0 Ul BBIOJIHEHHUs PabOYMX IPOLECCOB CEPBUC-OPUEHTUPOBAHHBIX IMPHUIIOKEHUH, C
nomomIsio cBsi3ku «Ansible + Docker + Kubernetes». PaborocnocodHocts 1 3¢ (heKTHBHOCTD
MPUMEHEHUS TAHHOM CBS3KU MPOJEMOHCTPUPOBAHBI Ha PEATLHOM TPUMEPE PEIICHUs MPaKTHYECKOM
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3amaqn. [TokazaHo, 9T0 aBTOMaTH3aNs HENPEPHIBHOW HHTETPAITUU 1 KOHTeHepr3anwu 110 Ha ocHOBe
MPEJIOKEHHOTO TOAX0Aa O0ECICYMBACT CYIISCTBEHHOE COKpAIICHHE BPEMCHHM IIOJATOTOBKUA U
MIPOBEACHUS SKCIIEPUMEHTOB.

5. bnaropgapHoctu
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HEIIETCPMUHUPOBAHHBIX ~ pacHpeneieHHpIXx  cpemax» (per. Ne 121032400051-9) wu  rpanT
Ne 075-15-2024-533 Ha BBINOIHEHUE KPYITHOTO HAYYHOTO MPOCSKTA MO MPUOPUTETHHIM HANPABICHUSIM
HAYYHO-TEXHOJOTHYECKOoro pa3suths (per. Ne 124052100088-3).
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KoHuenuusa noaxoaa K pewueHunio 3agaum otseta Ha
BOMPOCHI No TabnnuHom nucgopmayun c
MCNO/Ib30BaAaHVEM BbIUUCINTENbHbIX FrpadoB.

Usan A. Ilogny6usrit!, Hukura O. Jopomasix’

"HMnemumym dunamuku cucmem u meopuu ynpaenenus umenu B.M. Mampocosa Cubupckozo omdenenus Poccuiickoii
akademuu Hayk (MJCTY CO PAH), 664033, Hpkymckas obnacmy, e. Hpkymeck, yn. Jlepmonmosa, 0. 134,

AnHoTan g

B pabore paccMaTpuBaeTCs METOM IIPeIBAPUTEILHOTO 00yUeHNs A3BIKOBOI MOEIN IJI FeHepalin
OTBETOB Ha TaOJIIMYHBIE 3aIIPOCHI C MCIIOIb30BAHMEM JIHEApM30BaHHBIX BEIUMCINTEIBHBIX IpadoB
BMecTO TpaauionHoro SQL. 9xcniepumenTs! ¢ mogensio BART-large Ha cuHTETHUECKOM JaTaceTe
IIOKa3aJIM HM3KYI0 TOYHOCTh Ha TecTOBBIX HaHHBIX WiKiSQL, uro ykassIBaeT Ha OIrpaHIMYEHHOCTH
IIpeUI0KEHHOTO ITOJX0a ¥ HeOOXOJMMOCTD NaJbHEeMIINX MCCIeOBaHMUIA B 061acTy 3 PeKTIBHOro
IIpeACTaBIeHNs TaOIMUHOI MHpOpMaLM I 3a7aY aBTOMATIUECKOI0 OTBeTa Ha BOIIPOCHL.

Keywords
OrBeThI Ha BOIIPOCHI 110 TabumyHoI nHpopmaruy, Berancanrensasiit rpag, Ilpexsapurensaoe 06yue-
Hue, SI3pIKOBast MOMEIb,

1. BBeaeHue

TabnnuHble qaHHbIE HINPOKO MCIIONb3YIOTCA AJIA CTPYKTYPUPOBAHHOTO XpaHEeHVISI U aHATI3a
nHpOpMaILINY B pa3INUHBIX chepax, OTHAKO NX HEOTHOPOTHOCTD U OTCYTCTBYE SBHOI CeMaH-
TUKM 3aTPYTHAIOT aBTOMATUUEeCKyI0 00pab0TKy B MHTENIEKTyalIbHbIX cucTeMax [1]. Ogaum us
MepCIEKTUBHBIX HAMIPABJIEHNI pellleH s 9Toi mpobieMsl spisgercs Table Question Answering
(TQA)[2], mo3Bostoiiee GOpMUPOBATH OTBETHI HA BOIIPOCHI K TAOIMUHBIM JaHHBIM Ha ecTe-
CTBEHHOM IJIM JIOTuecKoM f3bIke. CoBpeMeHHbIe MeToaAbl TQA, BKIIouasg ceMaHTUUEeCKUI
pasbop u reHepaTUBHBIE MOJEN, CTAIIKMBAIOTCA C TPYAHOCTSIMI B UJMCJIOBBIX PaCCy)KIeHN-
AX U yuéTe KOHTEKCTa, HeCMOTPSI Ha HOCTUTHYTHIN mporpecc. Mcmnonxs3oBaHue rpadoBBIX
mpejcTaBiIeHniI[3] mokasano moTeHUAaN AJIsl MOBbIIeHN 3 (EeKTMBHOCTH 3a CUET IIepeHoca
YacTy BBIYMCIIEHUI Ha BHELIIHYIE MOIYJIIL.

ITonbITKM KOMOMHMPOBATH Pa3IMUHbIE IIOAXOABI AJIS YIYUIIeHNS IIOHVMSIHIS 3aIIPOCOB
Ha €CTEeCTBEHHOM f3bIKe He IIPUBENN K YIIYUIIEHUIO Pe3yJIbTaTOB, UTO aKTyaJIMU3VPOBAJIO
3apauy Oosiee TIIyOOKOTO MOHMMAHUS TaONMUHOI MHPOpMALUK A3BIKOBBIMU Mofensmu. Hau-
6oJjiee 3aMeTHBIM pellIeHneM B 310l obsactu crana moaens TAPEX [4], memoHCcTpupyrolas,
uTo BhInoHeHMe SQL-3aIpocoB CBUeTEIBCTBYET O TIOHNMaHny Tabanu. B manHoit pabore
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IpeIaraeTcsl albTePHATUBHBIN OAXO0: IpeABapUTEIbHOE 00yUeHe I3bIKOBOI MOIENN
Ha rpadOBBIX ONMMCAHUAX 3aIIPOCOB BMecTo SQL, a Taxxe aHANM3MPYETCS BIMSHIE TAKOTO
MpeCTaBIeHNUs Ha KauecTBO paboThI MOJIENIIL.

2. MeTopa reHepauuv OTBETOB MO 3anpocy B Buae
nMHeapusoBaHHoro rpada

Meton npegBapuTeILHOTO 00yUYeHMs reHepaluyl OTBETOB Ha 3aBIIPOCHI B hopMare JMHeapu-
30BaHHOT'O BBIYVICIUTEIBHOTO Ipacda BKIOYAET CIIeAYIOIINe ITAIIbI:

1. SQL 3ampoc mpeobpasyercs B mepeBo ¢ momorisio SQLGlot.

2. U3 nepesa popmupyercs rpad.

3. JIumeapusauus rpada. IlonyueHHas cCTpoKa COCTOUT M3 Y3JIOB BHIUMCINTENIBHOIO Tpa-
¢da B popmare "NODE turm ysna | BIOKEHHOCTS | apryMeHTHI. Y3IIbl PACIIOJIOKEHBI B
HaIpaBJIeHNN OT JIVICTbEB K KOPHIO.

4. TeHepauys OTBETa MOZEIBIO.

5. CpaBHeHMe pe3ysibTaTa leHepaly ¢ OTBETOM 13 Habopa JaHHBIX.

3. Habop paHHbBIX

B xauecTBe JaHHBIX ObLI B3AT CMHTETUYECKUIT HAOOp, KOTOPBIT NCIIOIB30BAJICST B padoTe [4]
IUI TIpegBapuTebHOTo o0yueHns. OH BkiiouaeT B cebs 5 MuIH. nmpumepos: SQL-sampoc,
tabnmua, oTBet. [l JaHHOrO Habopa BBIOIHSIACH IIpegBapuTeNbHasI 00paboTKa 110 SKpaHu-
poBanuio yacreit SQL 3ampoca mis ero nmapcuara uepe3 SQLGlot, a Tax sxe puiabrpanms mo
MpEBBILIEHNI0 paMepa BXOIHOI II0CIeX0BATEIbHOCTI TOKEHOB Hall MAKCUMAIbHO JOIIYCTH-
MBIM I Mofesn. B pesysnprate Ha6Op OBLI YMEHBIIECH 1O 3.5 MIIH.

4. [letanu peannsauuun

B xauecTBe s13p1K0BOIT MOTenu 0bL1 ucronb3oBaH BART-large [IpenBapurensHoe o6yueHme
BoinonHstock Ha 3 GPU NVIDIA A100 80 GB PCle ¢ 6aTuem 16 Ha KaKIyI0 KapTy U K0ad-
¢UIMeHTOM aKKyMYyJIMPOBaHN IpafyeHTa 5, uTo qaeT oot 6ary paBHbIi 240. [Ipn aTom
seed = 544, ckopocTb o6yuenns = 3e-5. Kourpoapublie Touknu (checkpoints) coxpansucs B
KoHIle Kaxaoii sroxu. O6yueHne Ha moarorosieHHoM Habope manubix TAPEX mummocs 3
aIoXM U 3aHA0 15 mHell. B pesysbraTe Takoro obyuenns Oplia roiyueHa MOIENb, KOTOpast
TeHepUpYeT OTBET II0 3aIIpOCy B BUJE JMHeapM30BaHHOIO rpada.

5. PesynbTarsl

Orenka IpoBOAMIIACH HA TECTOBOM 1 BanmparmonHoMm Habope WiKiSQL [5] mocie Toukoit Ha-
CTPOIIKM B TeueHuUN 20 3II0X C AHAJIOTMYHBIMIY IIpeJBAPUTEIHHOMY O0YUEHIIO IapaMeTpaMu
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HO ¢ 6atuem 120 TpeHnpoBounom Habope WiKiSQL. B kauecTBe METpUKM OL[€HKU MCIIOIH30-
Basiach TOUHOCTH meHoTarmu (DA):

DA = P/N,

rae P — KotmuecTBO TOUHO COBIIATAIOIINX 1A «BOIIPOC-0TBET»; N — 00111ee KOJIMUECTBO
rmap «BOIIPOC-OTBeT». [loTyueHbI OLleHKM I TECTOBOTO U BaJIIVDKalMOHHOro Habopa 12% u
14% COOTBETCTBEHHO I UEKIIOMHTA C MUHUMAJIBHBIM JIOCCOM Ha BAIUAAIMOHHOM Habope.
[TonyueHHbIe 3HAUEHNS TOBOPAT O IIPOBAIILHOM O0yUeHUN U Aerpafanmuy 6a30B0Oil MOIEN.

6. 3aknwoueHune

B xome nmpoBeR€HHOTO JCCIeOBAaHMA OBLI IPeJIOKEH U pealn30BaH MeTO IpeaBapUTeIbHO-
ro o0yueHs A3BIKOBOIT MOJENN AJII TeHepaluyyl OTBETOB 10 TabIMUHBIM 3aIpocaM B popmare
JIMHeapM30BaHHOTO BHIUMCINTENBHOTO rpada. HecMoTps Ha BHICOKMII IIOTEHIMAT MCIIOIB30-
BaHVS BBIUMCIIVTENIBHBIX TpadoB B aHATOTMUHBIX paboTax ¥ MCIIOIb30BaHMe COBPEMEHHBIX
nucrpymentoB (BART-large, SQLGlot, cuarernuecknit gatacet TAPEX), pesynbrars! akciiepu-
MEHTOB I10Ka3aJIy HI3KYI0 TOUHOCTh AeHoTaruu (12% Ha TecTOBOM 1 14% Ha BaIMAaLMOHHOM
Habope WiKiSQL), uTo cBMaeTeabCTBYeT 0 Hea(hdeKTUBHOCTM IPENJIOKEHHOTO MeTOAa U
merpagaruy 6a3oBoit Momenn. [losyueHHbIe faHHBIE YKa3bIBAIOT Ha HEOOXOOMMOCTD Jajlb-
HEJIIIero IOKCKa U pa3paboTky Gosiee 3¢ eKTUBHBIX CTPATETNIT IpeaCTaBIeHNs 1 06paboTKI
tabanuHoi nHpopmanmu ais 3agad Table Question Answering.

BnarogapHoctn

PaGora BBINOIHEHA TIPU MOIIEPKKE TOCYaPCTBEHHOTO 3alaHuss MUHUCTEPCTBA HAYKU U
BhIcIIero obpasoBanus Poccuiickoit Peneparium (tema Ne 1023110300006-9).

Cnucok nutepartypbl

[1] S. Zhang, K. Balog, Web table extraction, retrieval, and augmentation: A survey, ACM
Transactions on Intelligent Systems and Technology (TIST) 11 (2020) 1-35.

[2] N.Jin, J. Siebert, D. Li, Q. Chen, A survey on table question answering: recent advances,
in: China Conference on Knowledge Graph and Semantic Computing, Springer, 2022, pp.
174-186.

[3] R. Mouravieff, B. Piwowarski, S. Lamprier, Training table question answering via sql query
decomposition, arXiv preprint arXiv:2402.13288 (2024).

[4] Q.Liu, B. Chen, J. Guo, M. Ziyadi, Z. Lin, W. Chen, J.-G. Lou, Tapex: Table pre-training via
learning a neural sql executor, arXiv preprint arXiv:2107.07653 (2021).

[5] S.Yavuz, L Giir, Y. Su, X. Yan, What it takes to achieve 100% condition accuracy on wikisql, in:
Proceedings of the 2018 Conference on Empirical Methods in Natural Language Processing,
2018, pp. 1702-1711.

198



Apantauua noaxoga SIimCLR K aHHOTUpOBaHUIO cTON6LO0B
PYCCKOA3bIYHbIX Tabauy,

Kupuin To6onal, Huxkwnra I[opoz[HLle

! Hucmumym ounamuxu cucmem u meopuu ynpasnenusa um. B.M. Mampocosa CO PAH, ya. Jlepmonmosa, 0.
134, 664033, Hpxymck, Poccus

AHHOTauuA

Tabnuipl 4YacTo JIMIICHBI SBHOH CEMAHTUKH, 4YTO 3aTPyIHSACT UX MAIIUHHYIO
uHTepnperauo. Jns uHTerpauumu ¢ rpadamu 3HaHUE OCOOCHHO aKTyajbHA 3ajaya
CEeMAHTUTYECKOH  HMHTEPIPETAllid  CTOJNOIOB  PYCCKOSI3BIUHBIX  TaOJHI[,  OIHAKO
CYIIECTBYIOIIUE METOABI OTPAHWYCHBI HEXBATKOW pPAa3MEUCHHBIX JaHHBIX U SI3BIKOBOM
cnenudukoii. B pabore npenyoxeH Moaxoa Ha OCHOBE aJalTallid KOHTPACTHOTO OO0YJeHUs
u3 paborer SIMCLR mmst pycckosi3pransix Tadmum, ucrnons3ytonmid DistilIBERT B kagectBe
6a30BOT0 KOJUPOBIIKKA JUIs 00pabOTKM HepasMEYeHHBIX MaHHBIX Kopiyca Russian Web
Tables. Pe3yaprarsl /151 331841 CEMaHTHIECKOTO aHHOTHPOBAHUS PYCCKOS3BIYHBIX CTOJIOIIOB
MPEBOCXOAAT 0a30BbIe METOJBI, TMOATBepkIas 3(Q(PEeKTHBHOCTh TpH paboTe C PEIKHMHU
TUIIAMU U PYCCKOS3BIYHBIMU TAHHBIMU.

KntoueBble cnosa
Pycckos3pranbie TaOIMIbI, TAOINYHBIE JaHHBIC, CEMAHTHYECKOE aHHOTHPOBAHUE CTOJOIOB,
rpadbl 3HAHUH, KOHTPACTHOE O0YYCHHE, TAOIMIHBIE TPEICTABICHUS.

1. BeBepgeHue

TabnuyHble JaHHBIE TNPEJCTABISAIOT COOOW (QyHIAMEHTAIBHBIH (OpMaT CTPYKTYpUPOBAHHOTO
Npe/CTaBICHUsT MH(POPMAIMKM, LIMPOKO HCIOJIB3YEeMblii B HAay4YHBIX HCCIEIOBAHUSAX W OW3HEC-
aHanmuTuke. OIHAKO aBTOMAaTU3UPOBaHHAs 00pabdOTKa TaKMX JAHHBIX CONPSLKEHA CO 3HAYUTEIbHBIMU
TPYAHOCTSIMH, OOYCJIOBJICHHBIMH OTCYTCTBHEM SBHOH CEMAHTHYECKOW pa3METKH, 4TO OCOOEHHO
aKTyalbHO JUIsi TaONMYHBIX JAaHHBIX Ha s3bIKaX, OTJIMYHBIX OT aHriwmiickoro [1]. B wacTtHOCTH,
PYCCKOSI3bIYHBIC TAOJNUIBI CTAIKHBAIOTCSA C JIONMOJHUTEIBHBIMH OTPAaHUYCHHSMH, CBS3aHHBIMH C
HEIOCTATKOM CIIECIUATU3UPOBAHHBIX WHCTPYMEHTOB U aHHOTHPOBAHHBIX KOpITycoB. CylecTBYOIIHE
METO/bI, OcHOBaHHBIE Ha apxuTekType BERT [2—4], neMOHCTpHPYIOT BBICOKYIO AP (EKTHBHOCTD, HO
TpeOyIOT 3HAUYUTEIbHBIX 00BEMOB Pa3MEUYCHHBIX JaHHBIX, KOTOPBIE JJISI PYCCKOTO SI3bIKAa OCTAFOTCS
orpaHuueHHbIMH. KpoMe TOro, aHIIOS3bIYHBIC PEHICHUs JEMOHCTPUPYIOT HHU3KYIO aJanTHBHOCTH K
PYCCKOSI3BIYHBIM TaOJIUIAM U3-32 Pa3InYUi B TOKEHU3AIUN U CEMAaHTHIECKUX OCOOCHHOCTSIX SI3bIKA.

2. Mpepgnaraembi noaxoa,

Hacrosimee wuccrnenoBaHue mnpenjgaraeéT HMHHOBALIMOHHBIM METOJ, CEMaHTHYECKOM aHHOTalUU
CTOJIOIIOB PYCCKOSI3BIYHBIX TAOMWYHBIX MAHHBIX, OCHOBAaHHBIM Ha TMPUMEHCHHH KOHTPACTHOTO
o0Oyuenus B pamMkax apxuTekTypbl SIMCLR [5]. [IpeanaraemMsiii moaxo1 Ho3BOJIsET MUHUMU3UPOBAThH
po0JIeMy HEJOCTATOYHOTO 00heMa Pa3MEUCHHBIX JaHHBIX 32 CUET MCIIOJIb30BaHUS HEPa3MEUCHHBIX
NPUMEPOB U BBIABICHHUA CKPBITHIX CEMAaHTUYECKUX 3aKkoHOMepHocTeu. KitoueBas 3amaua
CEMaHTHYECKOW HHTEPIIPETALMH CTOJIOIOB 3aK/IHYaeTCs B aBTOMATHYECKOM ONPEACICHUM HX
ceMaHTH4YecKoro Tuna (Hanpumep, «CroprcMen», «JIutepaTypHblii )KaHP» U aHAJIOTHYHBIX ).

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia

EMAIL: kirilltobola@icc.ru (A. 1); tualatin32@mail.ru (A. 2)

ORCID: 0009-0006-1014-451X (A. 1); 0000-0001-7794-4462 (A. 2)
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Meropoiorudeckas OCHOBA HMCCICIOBAHUS 3aKIIOYAcTCs B pa3paboTKe CIECHHATN3HPOBAHHOTO
PYCCKOSI3BIYHOTO ~ KOJMPOBINMKA JUII TEHEPAlMM YCTOMYUBBIX TAOJIMYHBIX MPEICTABICHUI.
[TomyueHHBIE BEKTOPHBIC MPEACTABICHUS ISMOHCTPUPYIOT 3()(PEKTUBHOCTh MPH PEIICHUH 3aJa4d
CEMaHTHYECKOW MHTEPITPETAIINH CTOJIOIOB B PYCCKOSI3BIYHBIX Ta0IAIIAX.

2.1. Anroputm obyueHusn

[Ipennaraemplii KOAMPOBUIMK TAOIMYHBIX MpPEACTaBICHHH ObUT 00y4YeH Ha MOIU(PHUIMPOBAHHOM
Bepcun HaOopa npaHHeix RWT (Russian Web Tables) [6], coxepkameir 4,6 wmmwuirona
HEepa3ME4YEHHBIX CTOJIOIOB, C UCIIOJIB30BAHNEM METOAA KOHTPACTHOTO 00yUCHHS.

KontpactHoe oOyuenme mpexacraBisier co0oil Meronm camMooOydeHUWs, HalpaBJICHHBIA Ha
¢dbopmupoBaHre HHPOPMATHBHBIX BEKTOPHBIX MpecTaBIcHn. OCHOBHOW MPUHIMI IAHHOTO MOIX0/a
3aKJII0YaeTCs] B MAaKCHUMHU3ALMM MEPhl CXOJCTBA MEXKIY IIOJIOKUTEIbHBIME TAapaMu OAaHHBIX H
OJHOBPEMEHHON MHUHHMMH3AIMK CXOACTBA MEXIY OTpULATENbHBIMU. Takoil MexaHu3M obecrieunBaeT
s exTrBHOE 00yueHHE Ha Hepa3MeUeHHBIX JaHHbIX. [Iponenypa oOydeHHs BKIIOYAET CIEIYIOIHE
STaIbI:

1. Co3znanue AByX ayrMEHTAIHIA IS K&KIO0Tr0 CTOIONA (MOI0KUTEIbHAS TTapa).

2. KoampoBaHue UX B BEKTOpHBIE MIPEICTABICHHS.

3. COmmxeHrne BEKTOPOB IOJIOKUTEIBHOW Mapbl U OTAAJICHHUE BEKTOPOB OTPHUIIATENBHBIX Iap
(oTpuLaTeNnbHBIMU TApaMHM  CUUTAIOTCSl AYIMEHTAlMM, IOJIYyYEHHbIE U3 DPAa3IUYHBIX HCXOJHBIX
CTOJIOITOB).

B kadecTBe AByX ayrMeHTauuii ObUIM BBIOpAaHBI: CiIydailHOE yJalleHHE SYeeK B CTOJIONE |
MEPECTaHOBKA CTPOK BHYTPH CTOJIONA.

2.2. Pesynbrarthl

OKCrepUMeHTal bHasT YacTh KCCIENIOBAaHUS ObLIa BBITIOJHEHA HA BBIYHCIUTEIHHOM KIlACTepe
«Axkanemuk B. M. Marpoco»y. OOydeHne MOJACIM KOJUPOBIIMKA TAOJUYHBIX MPEICTABICHUN
ocymecTBiIsuioch B TedeHne 100 3moX ¢ WCMONB30BaHWEM YeTHIPEX TpadU4YecKuX YCKOpUTenei
NVIDIA A100 (3arpaueno 9 aueii 9 yacos u 290 I'b BuaconamsTn).

[Mocne 3aBepiieHUs OOYYCHHS KOJUPOBINMK OB HMHTEIPUPOBAH B apXUTEKTYPy MOJCIH
RuTaBERT [7] u noobyuen Ha pa3meueHHOM Habope naHHbix RWT-RUTaBERT [8] mns peurenus
3a/la4ll CEMAaHTUYEeCKOW WHTEPIIPETaliy CTOJOIOB PYCCKOS3BIYHBIX TaOmuil (3arpadeHo 2 mHs 20
yacos 1 MeHee 10 I'b BuneomamsTn).

B kadectBe OCHOBHOIO KpuTepus 3p(HEKTHUBHOCTA MOJEIHM HCIONb30Banack Fl-mepa. YuuteiBas
HecOanancupoBanHocTh Aaraceta RWT-RuTaBERT, npumensnuce mukpo-F1 u makpo-F1 metpuku.

Juisa onienku 3(h(heKTUBHOCTH TIPEUIOKEHHOTO MOAX0/1a OBLTN POBEICHBI CPAaBHUTEIBHBIC TECTHI C
momensmu Doduo [4] u 6asoBoii Bepcueir RuTaBERT wa nHabope mamabix RWT-RUTaBERT.
Pe3ynbTaThl SKCTIEpUMEHTATLHOM OIEHKH MPEACTaBICHE B Tabmure 1.

Tabnuuya 1
Pe3ynbTaTbl 3KCNEPUMEHTANIbHON OLEHKM ANA 33afa4uM CEMAHTUYECKOW WMHTepnpeTauumn ctonbuos
PYCCKOA3bIYHbIX Tabany, Ha Habope RWT-RuTaBERT.

Mogenb Mukpo F1 Makpo F1
DODUO 96,2% 89,1%
RuTaBERT 96,4% 90,0%
Mpepnaraembiii nogxop, 96,9% 91,0%

PesynpTaThl uccienoBaHUS CBUAETENBCTBYIOT O INEPCHEKTHMBHOCTU IPEIUIOKEHHOTO IOIXO0Ja.
Habnronaemoe ymyumenne nokasarens makpo F1 wa 1-2% peMOHCTpUpYeT €ro MOBBIIICHHYIO
3¢ PEKTUBHOCTh B IPOTHO3HPOBAHMUHM PEIKO BCTPEUAIOMIMXCS CEMAaHTHUECKMX THIOB. JlaHHOE
OOCTOSITENILCTBO IIO3BOJISIET CcHeNaTh BbIBOJ O Oosee BbICOKOW 00o0OImaromeil CrocoOHOCTH
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pa3pabOTaHHOTO METO/a, YTO OOYCIIOBICHO NPUMEHEHHEM YCTOMYHMBBIX TaOJIWYHBIX MPEACTABICHUN
KOAMPOBIINKA, C(QOPMUPOBAHHBIX B MPOIIECCE KOHTPACTHOT'O OOYUIEHHSI.

Taxke ncnonbp30BaHME METOJA MO3BOJHMJIO JIOCTHYL IMEPEAOBBIX MMOKa3aTesled MpH MEHBIINX
BBIYHMCIIUTEIBHBIX 3aTpaTaXx. B 4acTHOCTH, MpeioKeHHBIH MeToxn TpeOyeT MpUMEpHO B TPU pasa
MEHBIIIE BUICONIAMATH B Mpolrecce OOy4eHHs, YTO JeNaeT BO3MOXKHBIM €ro NpHMEHEHHE Ha
CTaHAAPTHBIX pPa0OYMX CTaHUOUAX Oe3 HEOOXOOUMOCTH MWCIHOJIb30BaHUS CIEHUATU3UPOBAHHOTO
00opymoBaHMsL.

3. 3aKknwueHue

B nmamnoif paboTe TpencTaBiIeH METOJ CEeMaHTHYeCKOro AHHOTHUPOBAaHHS  CTOJOIOB
PYCCKOSI3BIYHBIX TAaOJMYHBIX JaHHBIX, OCHOBAHHBI Ha TPHHIMIAX KOHTPACTHOTO OOYYCHHS.
Pe3ynbraThl MpOBEIEHHBIX 3KCHEPHMEHTOB CBHUICTEIBCTBYIOT O TOM, YTO MPEIIOKEHHBIH IOIXO.
MO3BOJISIET MPEOJOJICTh 3aBUCHMOCTD OT 3HAYUTEIBbHBIX 00BEMOB Pa3MEUCHHBIX JTAHHBIX Oyaronaps
MeXaHU3My CaMOOOYUEHHsI Ha Hepa3MEUCHHBIX TaOIHIIaX.

CpaBHUTEIbHBINM aHANN3 MOKa3aj, 4TO pa3pabOTaHHBIH METOA AEMOHCTPUpPYET Oojee BBICOKYIO
3 (EeKTUBHOCTh MO CPABHEHUIO C CYNIECTBYIOIIMMH Oa30BBIMH DEIICHHUSMH. Tarxke TOCTHTaeTcs
3HAYHUTENILHOE TIOBBIIICHHWE BBIYUCIUTEIbHON S(PQGEKTHBHOCTH: TpeOOBaHUS K 00BEMY MaMSTH
rpadUUecKuX MpoLeccopoB cokparatorcs Ha 60% OTHOCHTENFHO aHAIOTOB.

[Ipenmaraemplii MOAXOJ CO3MAeT TEPCIEKTHBBI JUIS Pa3pabOTKH YHHBEPCAJTBHBIX CHCTEM
CEMaHTUYECKOM MHTEPIpETAMU TaOJMYHBIX TaHHBIX, YTO MPEACTABIIET 0COOYI0 aKTyalbHOCTD JUIS
3a]a4 MHTETPALlUU Pa3HOPOAHON CTPYKTYPHUPOBAHHON M C1a00CTPYKTYPUPOBAHHOM HH(POPMAIHIH.

4. bnaropgapHocTu

PaGora BrIMONIHEHAa TpPH TOIEPKKE TOCYNApCTBEHHOTO 3amaHus MUHHCTEPCTBA HAYKH U
BbICIIEro obpasoBanus Poccuiickoit @emepariu (tema Ne 1023110300006-9).

5. CNUCOK UCTOYHUKOB

[1] LiulJ., Chabot Y., Troncy R., Huynh V.-P., Labbe T., Monnin P. From tabular data to knowledge
graphs: A survey of semantic table interpretation tasks and methods. Journal of Web Semantics,
volume 76, 2023, 100761. doi: 10.1016/j.websem.2022.100761.

[2] Deng X., Sun H., Lees A., Wu Y., Yu C. TURL: Table Understanding through Representation
Learning. Proc. the VLDB Endowment, volume 14, no. 3, 2020, pp. 307-319. doi:
10.14778/3430915.3430921.

[3] YinP., Neubig G., Yih W. TaBERT: Pretraining for Joint Understanding of Textual and Tabular
Data. Proc. the 58th Annual Meeting of the Association for Computational Linguistics, 2020, pp.
8413-8426. doi: 10.18653/v1/2020.acl-main.745.

[4] Suhara Y., LiJ., Li Y. Annotating Columns with Pre-trained Language Models. Proc. the 2022
International Conference on Management of Data (SIGMOD’22), 2022, pp. 1493-1503. doi:
10.1145/3514221.3517906.

[5] Chen T., Kornblith S., Norouzi M., Hinton G. A simple framework for contrastive learning of
visual representations. Proc. the 37th International Conference on Machine Learning (ICML’20),
Online, 2020, pp. 1597-1607. doi: 10.5555/3524938.3525087.

[6] Fedorov, P., Mironov, A., Chernishev, G. Russian Web Tables: A Public Corpus of Web Tables
for Russian Language Based on Wikipedia. Lobachevskii Journal of Mathematics, 2023, pp. 111-
122.

[7] Tobola K., Dorodnykh N. Semantic Annotation of Russian-Language Tables Based on a Pre-
Trained Language Model. Proc. the 2024 Ivannikov Memorial Workshop (IVMEM), Velikiy
Novgorod, Russian Federation, 2024, pp. 62-68. doi: 10.1109/IVMEM®63006.2024.10659709.

[8] RWT-RuTaBERT, 2025. URL: https://huggingface.co/datasets/sti-team/rwt-rutabert.

201



MeToguka NnpUMeHeHUA UHCTPYMEHTAJIbHOTO KOMMJIeKCa ANA
MOAEeNNPOBaHNA B3aUMOLENCTBYIOLLUX MUKpOCeTEN

Muxann Aunpeesnd Yekan *

Y Unemumym ounamuxu cucmem u meopuu ynpaenenmus um. B.M. Mampocosa Cubupckoco omoenenus
Poccuiickoii akadoemuu nayx, Poccus, 664033, . Hpkymck, yn. Jlepmonmosa, 134

AHHOTauuA

Jokman TOCBSIMIEH WHCTPYMEHTAIFHOMY KOMIUIEKCY aBTOMAaTH3allMd MOJEIHPOBAHUS
BSaI/IMOI[eI\/'ICTBI/ISI MI/IKpOCGTCI\/'I Ha OCHOBC MyJ'H;TPIaI‘eHTHOﬁ Cpe€abl. PaCCMOTpeHa APXUTCKTYpa
KOMILJIEKCa, ONKMCaHa METOJMKA HACTPOWKH M 3aITyCcKa CIieHapreB MojenupoBanus. Kommekce
mpeljiaracT BU3yallbHBIE CPENCTBA KOH(QUTYpallid MOJIEIBHOM Cpelapl, B TOM YHUCIE
MexaHu3sMa oOMeHa SHEpropecypcaMu M MOBCIACHUA Ar€cHTOB Ha OCHOBE HCPAPXUICCKUX
MaIliH COCTOSHUM. HpI/IMeHeHI/Ie 9TUX CpPCACTB IIO3BOJIACT CYHICCTBCHHO CHHU3HUTH
TPYJ03aTpaThl Ha pa3paboTKy U MPOBEACHUE MOICITHPOBAHHS.

KnioueBble cnosa
MI/IKpOCGTL, MOI[eJ'II/IpOBaHI/Ie, Cpe)lCTBa aBTOMATHU3aIllnnu

1. BeBepgeHue

Muxkpoceru (anri., microgrid) — 93TO JEIEHTpaIM30BaHHBIC SHEPIrETUYECKHE CHUCTEMBI C
HEOOJIBIINM YHUCIIOM TEHEpPaTopoB (B TOM 4YHCIE BO30OHOBISAEMBIX HMCTOYHHUKOB) M HAKOMHUTEINEH
SHEPTHUH, a TAKKE JIOKAJIbHBIMHU Harpy3kaMu. MHUKpOCETh MOXKET B3aMMOAEHCTBOBATDH C III00AIBbHOM
CHCTEMOH JHEPreTHKH, TaK U CYLIECTBOBATh HM30JMPOBAaHHO OT He€. Takue cHCTeMBl MMEIOT PsA
MPEUMYIIECTB, BKJIIOYAIOIIUX B CE0S CHIDKEHHE IMOTEPh MOIIHOCTH W OOJBIIYI0 THOKOCTH IIpH
yIpaBIeHUH 3HepromnorpedieHneM. MukpoceTs ob6nagaer Oojbliell 3HEProHE3aBUCHMOCTBIO U
XKHUBYYECTbIO NPH BO3JACHCTBUM BHEIIHUX BO3MYLIEHHH. MccnenoBaHne MUKpOCeTel B YHUKAJIBHBIX
MPUPOJHBIX 30HAaX, Takux Kak baiikanbckas mpuponHas teppuropus (BIIT), manpasierno Ha
yIy4llIeHHe SKOJIOTHYHOCTH U TpUpoocOepekeHust. By iyuu 4acTbio KpuTHYECKOH HHOPACTPYKTYPHI
(K KOTOpBIM OTHOCHTCSI JHEPreTHKa), MUKPOCETb TaKXKe SBIISETCS CIOXKHOW B3aMMOCBSI3aHHON
CHCTEMOH, YTO OOOCHOBBIBAET BEAYILYIO POJb MOJECIMPOBAHUS B MPOESKTUPOBAHUM U MCCIECIOBAHUU
MHUKpOCeTel, a Takke WX B3auMojehcTBus. Kak ciieicTBue, cylecTByeT MOTPeOHOCTh B Pa3BUTHIX
WHCTPYMEHTAIBHBIX CPEJCTBaX aBTOMATH3AIMK HCCIEAOBAaHUS MUKPOCETEH U MX B3aMMOJEHCTBUS C
MPUMEHEHUEM BBICOKOIIPOU3BOAUTENBHBIX BbIYMCIEHUNA. OJHUM U3 NIEPCIEKTUBHBIX MOJIX0I0B B 3TOM
cdepe SABISSTCS UCIIOJIB30BAHUE MYJIbTHATCHTHOTO MOIeIupoBanust [1].

B nmaHHOM joKiaze paccMaTpUBAeTCs WHCTPYMEHTANBHBIM KOMIUIEKC, aBTOMATHU3UPYIOIIU
pa3BEPTHIBAHME  MYJIbTHAreHTHOW  Cpelbl  MOJACIHMPOBAHHMA  B3aMMOJACHCTBHUS  MHUKPOCETEH,
(bYHKIMOHUPYIOIINIA Ha OCHOBE MOJICIH, TIPEACTABICHHOM B [2].

2. MporpamMmmHbIii KOMNAEKC

[IporpaMMHBIII  KOMIUIEKC MOJEJIMPOBAHUS  B3aUMOJCHCTBHS  MHUKPOCETEH COCTOMT W3
MYJIBTHAareHTHOM cpe/ibl Ha ocHoBe mutaTgopmbl JADE [3] u HagcTpoiiku B BUIE BEO-TIPHIIOKEHHS IS
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CO3JIaHHS CIICHApPHEB, KOHPUTYPUPOBaHUS CPEIbl U TIOJTOTOBKH arcHTOB. APXUTEKTypa KOMILIEKca
MpeACTaBIeHa Ha PUCYHKeE 1.
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PUCYHOK 1: ApxuTeKTypa nporpaMMHoro KOoMnMN/eKca

3. MeTtoauka

[Iponiecc mnpuUMEHEHUS HMHCTPYMEHTAJIHHOTO KOMIUIEKCA BKJIIOYaeT B ce0sS JTambl 1O
pa3BEPTHIBAHUIO CAMOT0 KOMIUIEKCA, KOH(UIypaluu €ro KOMIIOHEHTOB M HEIOCPEICTBEHHOTO
BBITIOJTHEHHS MOJIEITMPOBAHHNS C MTOCIEYIOIINM aHAJIN30M €r0 Pe3yIbTaTOB.

PaseépreiBanne mnardopmsl JADE 1 HaacTpoWKH MPOU3BOANTCS Ha BBIYUCIUTEIEHOM Y3JI€ TIOJ
ynpasineaneM OC Ha ocHoBe Linux ¢ mpenmycranoBienHsiMu Git u Java JDK Bepcun 15 u Bbimie.
Pa3BépTrIBaHNE OCYIIECTBIAETCS aBTOMATHIECKH IIOCPEICTBOM CKPHIITA IEPBUYHOTO Pa3BEPTHIBAHHUA,
BBITIOJTHSIOIIETO YCTaHOBKY, TPETHACTPONKY 3aBUCUMOCTEHN, U OPraHM3alIMI0 aBTO3aITyCKa CEPBHCOB.

Hactpoiika komIuiekca BKJIIOWaeT B ce0d YKa3aHHME HCIIOJIb3YEeMBIX KOHTEHHEpPOB TIpHU
pacnpeleniéHHbIX CIEHApusX MOICIUPOBAaHUS, B 3TOM CiIydae sl KaxAoro ysna TtpeOyercs
o0ecredynTh 0CTyIl K HeMy MOCpPEeACTBOM NpoTokoia SSH, BBINONHUTH pa3BEPTHIBAHME areHTHON
1aThopMEI M CepBrCa MOHUTOPUHTA, a TAKXKe YOeTUThCS B JOCTYITHOCTH 3allyCKaeMOro KOHTeiHepa
B IIpEIENax BBIYUCIUTENEHON CETH.

BeG-untepdeiic HaaACTPOHKM HCHOIB3YyETCS AJS 100aBJIEHUS UCTOUYHUKOB AAHHBIX (AJIS1 YTEHUS
MapaMeTpoB M 3allUCH Pe3yJbTaTOB), MOJKIIOYEHHUS NPUKIAJAHBIX MOAYJIEeH (IsI BBIMOJIHEHUS
BBIUUCITUTEIHHBIX OTEpalii B paMKaX MOJEIH), a TaKKe KOHQUTYpAIMA areHTOB M IKOHOMUYECKUX
MEXaHU3MOB. AreHTbl pa3padaTblBalOTCs Ha s3bIKE Java Bpy4HYH JHOO C HCIOJIb30BaHUEM
BHU3YaJIbHBIX CPEJICTB MPOEKTUPOBAHUS M KOJOTEHEepallil Ha OCHOBE HEPApXWYECKHX MAIIUH
cocrostHuit  [4]. DKOHOMHYECKHE MEXaHM3Mbl HACTPAHBAIOTCS C MOMOIIBI  OTACIBHOTO
KOH(}UTrypaTopa, KOTOPBIH IpeyiaraeT Habop TUIIOBBIX MEXaHU3MOB C HACTPOWKAaMHU U BO3MOXXHOCTBIO
MOJKJIIOUEHHS BHEITHETO MPUKJIaTHOI0 MOAYJIS ISl pealu3aluy TOW WM MHOM ()YHKIMOHAIBHOCTH B
pamMKax MexaHHu3Ma.

Touxoii cOOPKH BBIILICOMTUCAHHBIX 3JIEMEHTOB SIBISETCS CIEHApUI MOAETUPOBAHMS, KOTOPBIHA TakxKe
KOHpUTypHUpYyeTcs dYepe3 HaJACTPOHKY C YKa3aHMeM [apaMeTpoB, YYaCTBYIOUIMX AareHTOB,
WCTIONE3YeMOT0 MEXaHM3Ma M BXOJHBIX MaHHBIX. llocie 3amycka crieHapusi HaJACTpPOWKa MO3BOJISIET
OTCJIEKMBATH MPOIIECC BBHITTOTHEHHSI MOIEIMPOBAHNA (3KypHAII UCTIOTHEHHUS TIIATGOPMBI) U BRITPY3UTh
pe3yNbTaT MO 3aBEPLICHIUH MOACTHPOBAHMS.

4. OueHKa Tpyao3aTpar

JI71st OLIeHKH KauecTBa aBTOMATH3aLlMK BEIIIOJTHEHO CPaBHEHHE TPYA03aTpaT Ha pa3pabOTKy OJHOTO
areHra, MPeICTaBIIONIEr0 B3aWMOJEHCTBYIOIIyI0 MHKpoceTh B muardopme JADE. Pesynprar
CpaBHEHHMS NpeACTaBlieH Ha pucyHke 2. Pa3paboTka areHra BKJIIOYaeT B ceOsl:
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e  Co3manme KapKkaca areHTa (MamrHa COCTOSIHUM ¢ 00paboTKOH COOOIICHII M peTUCTpaIiei B
Directory Facilitator). Pyunast peanuzarus tpeOyeT 0Kojo 4—6 4eI0BEKO-4acOB, MCIOIb30BAHUEC
CPEJICTB KOJIOTEHEPAIIUH ¢ BU3YAIIbHBIM pelakTopoM — 1-2 yenmoBeko-yaca.

e  [IpoekTupoBaHNE SKOHOMHYECKOTO MEXaHH3Ma U JIOTUKU MPUHATHS pelieHui. 3anumaer 10—
15 4enoBeKo-4acoB B pyYHOM UCIIOJHEHHH, 6—8 4acOB C UCIIOJIb30BAHUEM BH3YaIbHBIX CPEJICTB.

e [logkiroueHre arenra K miaTgopMe U pa3MenieHne ero B BRIYUCIUTENFHON cpee. 3aHnMaeT
oxoJo 0,51 gac mpu py4dHOM HACTPOHWKE MYJIbTHATE€HTHOW CPEJIBI, TIPY UCITOIF30BAaHUH HAICTPONKH
— oxouo 0,25 yaca.

ii 0 = JADE
) 12 JADE + HapgcTtpoiika
()
é 10
3 8
o 6
T2
0 I [ I
Paspabotka Peanusauusa [NopkntoveHne Pa3meluenne

Kapkaca areHTa [elcTBumn areHTa areHTa K JADE areHta B VIBC

PUcyHOK 2: CpaBHeHMWe Tpy4,03aTpaT no pa3paboTKe areHTa MUKPOCETH

Takum 00pazoM, NCTIONB30BaHNE KOMIUIEKCA COKPAIIIAET 3aTPaThl HA pa3padOTKy areHTa B CpeHEM
Ha 50-60%, 9TO sABISIETCS BAXKHBIM (hAKTOPOM MPH MACIITAOMPOBAHUH MOJIENH HA OOJNbIIEe YHCIIO
arcHTOB. OTI[CHI)HI)IM MNPEUMYIICCTBOM ABJIACTCSA MHKAIICYJIALUA TUIIOBBIX onepaum‘/'l C MOJCJIbIO, YTO
COKpaIllaeT BEPOSITHOCTh OIIMOOK U, KaK CIIEACTBUE, 3aTPaThl HA UX aHAJH3 U UCIIPaBJICHUE.

5. 3aknwoueHue

B noxmane paccMoTpeHa apXUTEKTypa MPOrpaMMHOIO KOMIUIEKCA IJIs1 aBTOMATH3aLUN ar€HTHOTO
MOJIETTUPOBAHMS B3aMMOACHUCTBUS MHKPOCETEH C HCIIOJIb30BAHUEM 3KOHOMHYECKHX MEXaHHW3MOB
PETYJIMPOBaHUs CIIpoca U mpeiokeHus. KoMiieke BKirodaeT B cedst cpeacTea opranuzanuu MAC,
aBTOMAaTHU3alUK Pa3pabOTKH areHTOB M KOH(UIYpUpOBaHMS 3KOHOMHYECKHMX MEXaHU3MOB. Takxe
OIMCaHa METOAMKA MIPUMEHEHHS 3TOTr0 KOMITIEKca JIsl OpraHU3alui MOJIETUPOBAHKS.

[IpuMeHeHne cpeicTB B cocTaBe KOMIUIEKCAa, B TOM YHUCIe BeO-WHTepdeiica U BU3yaIbHOTO
penakTopa TOBEAEHHUS areHTOB, I[O3BOJISIET CHHU3UTHh YPOBEHb HEOOXOOMMOM TEXHHUYECKOM
kBanmudukanuu npu paspadorke MAC mox KOHKpPETHBIH CIIEHApUi MOJEIMPOBAHMSA, YTO C OAHOM
CTOPOHBI ITO3BOJIAET PEAMETHOMY CHEIMATINCTY ObICTpee MOIyUYnTh Pe3yNbTaT, C Apyroil — n30exars
THUTIOBBIX OIIMOOK, CBSI3aHHBIX C HACTPOMKON M MPOTPaMMHPOBAHUEM areHTOB.

[IpencraBieHHBIH KOMILIEKC MOXKHO IPUMEHSTH IPH HACTPOWKE MyJIbTHAT€HTHOT'O MOJIETTUPOBAHUS
B JIPYTUX MPEIMETHBIX 00JIACTAX, MPEINOIararnx 00MeH pecypcamMy IOCPEICTBOM SKOHOMUYECKOTO
MexaHu3Ma. B nanpHeimeM TulaHUpyeTCsl pacHIMpeHue MpeiaraeMod (QyHKIHMOHATBHOCTH JUIS
obecriedeHus1 0ombIeii rTHOKOCTH MPOEKTUPOBAHUS areHTOB M MEXaHNW3Ma UX B3aUMOJICHCTBUSI.

6. CNncoK ncnosb3oBaHHbIX UCTOYHUKOB
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MO}],I/ICI)I/IKaI_ll/Iﬂ meTtona aeneHus umcen B Cucreme
OcTaTtouHbix Knaccos

Erop M. Hlupsie’, Muxann I'. BaGenko'

TCesepo-Kasxasckuil Pedepanvhuiii Yuusepcumem (CK®Y), yn. [Mywxuna, 1, Cmaspononv, 355017, Poccuiickas
dedepayus

AHHOTauMA

,E[eneHme LOEJBbIX YMCEJI B CUCTEME OCTATOUHBIX KJIACCOB IIPEACTABIIAET 006017[ MaTeMaTn4YeCKIl Uu
BBIUMCIUTEIBHO CIIOKHYIO 3a1a4y, HAIIPSIMYIO He peann3yeMylo Tak jke 3(p(HeKTUBHO, KaK Ollepariun
CJIOKEHUS VI YMHOXEHUA. B JIaHHOI7I pa60Te paccMaTpmUBaIOTCA TP METOAa NEJIEHNS: KJIACCITUECKUII
METON [eJIeHMsI C IIpeoOpa3oBaHMeM, UYepe3 OOpATHBIN JJIEMEHT, M IIPeJIOKeHHas MOAM(UKALS
IIOKAHAJIBPHOTO OEJI€HU. OLIeHKa nux HpOI/IBBO,HI/ITeJII)HOCTI/I II0 BpeMeI—H/I n InmaMAaTm npOBe,ueHa
C JMCIIOJIb30BaHMEM CEPUM TECTOB Ha Ha60an B3alIMHO IIPOCTBIX MOI[yJIeﬁI pasm/mﬂoﬁ OMTHOCTH.
HOqueHHble Ppe3yIbTaTbhl OEMOHCTPUPYIOT BBICOKYIO 3(1)(1)6KTI/IBHOCTI) IIOKAaHAJIBHOTO MeETOoaa IIO
HpOI/ISBOHI/ITeJII:HOCTI/L

Knwouesble cnoBa
CucreMa OCTaTOYHBIX KJIaccoB, [leneHue MOAYJSIpHBIX uyces, Kuraiickas teopema 00 OCTaTKax,
Kpunrorpagns,

1. BBeaeHnue

Cucrema octarounsix kiaccoB (COK) — aro mpencraBieHne unces uepe3 HabOp MX OCTATKOB
10 B3aMMHO IPOCTHIM MOXYJIAM. Takoe IpenCcTaBIe€HME ITO3BOJISET BBIIOJIHATE CIOKEHNE,
BBIUNMTAHIE ¥ YMHOXeHNe IIapajule]IbHO, 0e3 HeoO0XOOUMOCTM ofpalleHNs K IIOJHOMY
sHaueHMio umciaa. OpHako omepauus geideHns B COK ocraercs omuoit m3 Hamboiee
TPYOOEMKUX ¥ IIIOXO (POpManms3yeMbIX OIlepalyif. ITO CBI3aHO C TeM, UTO JeleHue He
SBJISIETCS OIlepaliiell, eCTECTBEHHO OIIpefesIeHHON 110 MOAYJI0. B wacTHOCTH, pe3ynbrar
nenenys aByx uncen B COK He MoskeT GBITH BEIpasKeH Uepes He3aBJMCUMBbIE JeJIEHIS OCTaTKOB
110 MOZYJIO.

Tem ne menee, adpdextnsroe nenenne B COK meobxommmo B pspme 3agmau. Cpemu
HUX MOKHO BBINENUTh KpUITOTpadumueckue IMIPOTOKONbI [1], umdpoBywo o6paboTKy
CUTHAJIOB [2] 1 yCKOpeHHBIE BBIUMCIEHNS B ocTaTouHOi apudmeruke [3]. B takmx 3amauax
TpebyeTcs MO0 TOUHOE BOCCTAHOBJIEHME pe3yJbTaTa HeleHUs, Jubo IpUOIVIKeHHbIE
MeTOo[bI, ObecreunBaroye CTabIIIbHYI0 CKOPOCTh IIPU KOHTpoanpyemoir ommnbdke. [lostomy
UCCIIeIOBaHIe aJITOPUTMOB AeJIeHNI U UX CPaBHUTEJbHBIN aHAIU3 SABISIOTCI aKTyalbHOII
3amauent.

7-011 Me>XayHapoIHBII ceMUHap 10 MHPOPMALMOHHBIM, BHIYVCINTEIBHBIM I YIIPABJIIIOIIM CUCTEMAM IS
pacnpegenenHsix cpex (ICCS-DE 2025), 7-11 Urons, 2025, UpkyTck, Poccust
Q& shiryaev.jegor@yandex.ru (Shiriaev E.); mgbabenko@ncfu.ru (Babenko M.)
® 0000-0002-2359-1291 (Shiriaev E.); 0000-0001-7066-0061 (Babenko M.)
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2. OnucaHune peanu3oBaHHbIX METOAOB

2.1. Knaccnueckune noaxoabi

TpaauIVOHHBI TOAXOM IOApasyMeBaeT BBIIIOJIHEHMEe AeJeHNs B IIO3MLIMOHHOM (opMme ¢
IIepeBOJIOM YJCeJl B IIO3MUIMOHHYIO CICTeMY U Iociie qeneHns ooparao B COK.

Kiaccunyecknm crmoco6om menenus B COK cumraeTcss MeTon, B KOTOPOM IIPOM3BOMUTCS
BOCCTaHOBJIEHI€ JCXOMHBIX UNCEJI M3 OCTaTKOB, [ajee OCYLIeCTBIAeTCS HaXOXIeHNe
o6parHoro aimementa Y ! mod P, rme P = [ p;, u BeImONHAETCS yMHO)eHUe X - Y1 mod P.
AnropuTMMUecKy OH 06asmpyeTcs Ha MCIIOIb30BAaHMM PACIIMPEHHOTO anropmtMa EBxmmma
M KUTAJICKOI TeopeMbl 06 ocTaTKax [4]. I'JlaBHBII HeJOCTaTOK MeToma — HEOOXOXMMOCTD
nepexojia K IOJIHOMY IIpe/ICTaBJIe€HNIO, UTO HapyllIaeT MapajuleIbHOCTb.

2.2. MokaHanbHbI MeTo (Npeanaraemas moandukauns)

B xauecTBe asbTepHATUBBI KJIACCMUYECKMM IIOAXOAAM, OCHOBAaHHBIM Ha BOCCTAHOBJIEHUN
MOJIHOTO 3HAaueHMs, HaMy Oblla IpemoKeHa MOOMQUKALNS, 3aKI0YAomascsa B
BBIIIOJTHEHNN OIlepal(ui AeJeHNs B KaKJOM KaHajle He3aBMCUMO. VIHBIMU CIOBaMU, pedyb
MIET O BBIUMCIEHNM pe3ysbTaTa B KaXIOM MOAyJe p; 6e3 BOCCTAHOBJIEHUS IJI00AIBHOIO
npepcraBieHns yucen. [Ipu sToM TpebyeTcs, YTOObI OCTATOK HeIUTeN Y; ObUI 06paTuM I10
MOJYJIIO pj, TO €CTb:

ged(y, pp) = 1. (1)

TIp¥ BEITIOTHEHWUN 3TOTO YCIIOBUSA MOKHO BEIYMCITUTD OOPATHBI 3IeMeHT ) | € Z, p;» TAKOI
UTo:

%oy t=1 (mod p). (2)

Torpa pe3ybrar feJleHUs B i-M KaHaJle pOPMATIbHO BHIPAKAETCH KakK:
_ 1
z=x-y; > mod p, (3)
a COBOKyHHOCTb BCE€X TAKUX Zi O6pa3yeT HpeJICTaBJIeHI/Ie pe3y'JII)TaTa:

z=(21,23,...,2) . (4)

HaHHbe/I METO OTJINMUYAETCA OTCYTCTBIIEM H€06XOI[I/IMOCTI/I B onr€panmsax BOCCTAHOBJIEHNA
7 IIOCIIEQYIOIIIETO HpeO6pa30BaHI/IH. Bce BhIumciieHUs BBIMOJHAIOTCSI IIOKaHaJIbHO, 4YTO
ITIO3BOJIAET BBIIIOJIHSATD ITApAJJICIIBHY IO 06pa60TKY.

3. AHanus u NHTepnpeTaunsa pe3ylibTaToB

[T KaKooro M3 ONMCAHHBIX METONOB OBbLIM IPOBENEHBI TECThI HAa HabOpax B3aMMHO
IIPOCTBIX MOAYJIEN, COCTOAINMX U3 IATU YMCeN, IIMHA KOTOPBIX BapbMpPOBaJIach OT 16 Ao 64
OMIT C IIIaroM B 8 OUT.
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CpaBHeHue namaTu npu geneqHnu 8 RNS
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Pucynok 1: Pesynbratsl Mmoaenuposanus: (a) nponssoautensHoctu; (b) notpebnerHns namsatu

PesynpTaThl JOeMOHCTPUPYIOT IIPEBOCXOACTBO IIOKAHAJIBHOTO MeTOAa II0 BpeMeHHU
BermotHeHNsA. OpHako IO mapaMeTpy IIaMATM OH IIOKasbIBaeT pPe3yJbTaT XyKe, dYeM
KJIaCCUYECKII.

4. 3aknwueHue

HpOBeI[eHHI)HZ aHaJIN3 IIOKa3aJl, UTO oIlepaumda AEJIE€HUSI B CUCTEME OCTAaTOUHBIX KJIACCOB
MOXKET OBITh peannsoBaHa pa3INMUHbIMI cocobaMm ¢ pasHbBIMU XapaKTE€pPpUCTUKaMIU.
Hpe]lJIO)KeHHLIf/l TIOKaHAJIbHBIN METOM OKa3bIBaeTCS HaVJIydIINM II0 IIPOM3BOAMUTEIBHOCTIU,
IIpy 3TOM €ro HEAOCTATKOM SABJIAETCH HecTaOMIbHOE HOTp€6JICHI/I€ maMatu. B 3agavax,
KPUTHUUYHBIX K CKOPOCTH BBIIIOJHEHNA M JOITYCKAIOINX KOMIIPOMICC IIO IIaMSATHU, OaHHBIN
METOO MOJKET MCIIOJIB30BAaThCA KaK 9(1)(1)CKTI/IBHaH AJIbTEPHATMBA KIIACCUYECKNM CXEMaAM.

BYI[YI_I_H/IC nucciaenoBania  MOTYT OBITH HaIlpaBJIEHBI Ha KOM6I/IHI/IpOBaHHI)Ie C
IIOKaHAJIbHBIM OEJICHIMEM U HpI/I6J'H/DKeHHI)Ie METOIBI.
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METOAMUKA PA3PABOTKU MPUNOXEHMUA ANA NONYYEHUA,
OBPABOTKU U AHAJZTU3A METEOAAHHbIX

Esrenuii FOmarmes

Huemumym Ounamuku cucmem u meopuu ynpasienuss um. B.M. Mampocosa CO PAH, ya. Jlepmonmosa,
0. 134, 664033, Upxymck, Poccust

AHHOTaumA

B pabote npennoxeHa METOAMKA pa3pabOTKU CEPBUC-OPUEHTHPOBAHHBIX MPUIOKEHUN IS
HOJTydeHHs, OOpaboTKM W aHajum3a MeTeoJaHHbIX. CepBUCH TPHIOKEHHS MOTYT
BSaHMO,I[eP'ICTBOBaTI) C BHCIIHHUMHU IMPOTrpaMMHBIMH CUCTEMAaMH U HICTOYHUKAMU JaHHBIX. Ounun
BBITIOJIHAKOTCSI B reTeporeHHoﬁ pacnpeneneHHOI‘/’I BBIYHUCIIMTEIbHONU cpene. HpeIUIOX(eHHaSI
METOIMKA YCIEIIHO ampoOupoBaHa Uil pa3pabOTKM M TNPUMEHEHHS IPHUIOKEHHS
CTPYKTYpPHO-ITapaMETPUUYECKOH ONTUMH3ALNHA aBTOHOMHOI'O SHEPreTHYECKOI0 KOMIUIEKCa.

KntouesBble cnosa
MeteoaaHHbIe, IOIy4YeHUE, 00pabOTKa M aHAIN3 JaHHBIX, CEPBUCHI, METOTUKA

1. BeBegeHue

MeteonaHHble HIMPOKO HCIONB3YIOTCA TPU pEIIeHWH 3a7ad SKOJIOTHYECKOr0 MOHHUTOPHHIA
NPUPOJHBIX TEPPUTOPHUA. M3BECTHBI pa3inuyHBbIe OTKPBITHIE UCTOYHMKU TaKUX NaHHBIX (rp5.ru [1],
BHUUTU-MIIJ] [2] u ap.). OqHako aBTOMAaTH3UPOBAHHOE IIOIyUYEHHE KAUeCTBEHHBIX METEOIaHHBIX
M3 TOMOOHBIX HCTOYHHKOB M oOOecredeHue BBICOKOYPOBHEBOW MOANEPKKHA Pa3padOTKH THOKHX
CpPE/CTB MX NAIBHEHIIETro NCTIOF30BAHMUS SIBISIOTCS B HACTOSIIEE BPEMsI aKTyalbHBIMU IPOOJIEMaMHU.
B nanHo#i paboTe mpeioskeHa HoBasi METOIMKA Pa3padOTKU CEPBUC-OPUEHTUPOBAHHBIX MPUIOKEHUH
JUTA TIONTydeHMsI, 00pabOTKM M aHAIN3a BPEMEHHBIX PS/IOB METEOIaHHBIX.

2. Metoauka

CxeMa NpPUMEHEHUS METOAMKM TMOJYYCHHUS, aHajdu3a M 0o0pabOTKM BpPEMEHHBIX PpSIOB
METCOaHHbIX BKIIFOYAET CJICAYIOIIMEe OCHOBHBIC JTambl (puc. 1): paspabomka npunodcenus
(omucanue BBIYMCIUTENHFHOW MOAETH TPUJIOXKEHHS (ITapaMeTpOB W OMNEpanuid, BBIMONHAEMBIX Hal
3TUMH mapaMerpamu) B wuHCTpyMeHTapun FDE-SWFs [3], BbiOOp roToBBIX Moayiei u3
NPOrpaMMHBIX CHUCTEM M OHONMOTEK WM pa3paboTka HOBBIX Moaylieil Ha sizpike Python s
peanm3anuy  omepanuil BBIYUCIUTENBHOW MoOJenu, reHepanus WPS-cepBHCOB, peann3yromux
MOIyJNH, MX pasMmemienne Ha WPS-cepBepe, MOCTpoeHHE KOMIIO3UIMH CEpPBHCOB, (HOPMHpPOBAHUE
reTeporeHHoi pacmnpeneneHHod BeuucautenbHoi cpensl (IPBC), nmocraBka W pasmerieHue
nporpaMmHoro obecneuenus (I10) Ha y3ibl cpeabl, TeCTUpOBaHHWE M HACTPOHKA IMPOrpaMMHO-
anmapaTHoro obecrnedenus, koHTeHepm3anus 110 ¢ momompio cuctemsl Docker); noozomoexa
axcnepumenma (BbIOOp cepBHCAa WIM KOMITO3UIIMM CEPBHUCOB, 3aJaHME HWCXOAHBIX JIAHHBIX);
npogedenue dxcnepumenma (3alyCK CepBUCAa WJIM KOMIIO3MLIMM CEPBHCOB, KOHTPOJb CTaryca
BBITIOJTHEHHS, B3aNMOJICHCTBHE C BHEITHHUMH CHCTEMamH, cOOp, XpaHEHWE M Tepefada pacyeTHBIX
JAHHBIX, yBEJAOMJICHUE ITOJb3oBaTenel). [IpumeHeHne gaHHOW METOAUKHM TO3BOJISET CO3/1aBaTh
CJIO)KHBIE KOMITO3UIIMM CEpPBUCOB W ympaBiaATe uX BbmoiaHeHneM B ['PBC. Cepsucbl moryt
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EMAIL: yumashevgeny@mail.ru (A. 1)
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00MEHMBATHCS TAHHBIMHU C BHEITHUMHU CHUCTEMaMU TOCpeACTBOM 3amnpocoB. Konreinepuzanus [10 ¢
MOMOIIBIO CHCTeMBI DOCKEr ocyIecTBaseT U30JIAIUI0 BEIYUCIUTENBHBIX MPOIECCOB, 00ECIeUnBacT
COBMECTUMOCTh TPOTPAMMHBIX CHUCTEM W OHOIHOTEK, YCTpaHSeT BO3MOXXHOCTh BO3HHKHOBEHUU
KOH()IMKTOB U TIOBBIIIACT HAAEKHOCTh BblumciacHuit. Cranmapr WPS mnossosser pabotath ¢
TCOJIAHHBIMH U OTCJICKHUBATH CTATYC BBINOJHEHUS CEPBUCOB C JJIUTEILHBIM BPEMEHEM PacueToB.

Bremmne ncTouHuKH JaHHBIX
Pa3paboTurk NpUIIOKEHHS gy FDE-SWFs “«— L+

@ python «— | EIH WPS-cepeep <—>J<_ o«

— l<_> W ‘\Y\:
Hpoéial;ﬁ;ﬂ;e CHCTEMBI -n ‘ji \ }_‘
g TS

Bbaza pacuerHpix

¥ OMOIHOTEKH JIaHHBIX

ot I'ereporennas
I[Tomne3oBaTeny @ docker pacmpeenenHas
IIpunoxeHus ¥ BHENHUX CHCTEM I'eomopran KoHrelHepu3anust BBIUUCIUTENbHAS CPEaa

PucyHok 1: Cxema peanunsaumn 1 npMMeHeHNA MeToANKU

3. lMpunoxkeHue

MeTtoauka ycHemHo HpUMEHeHa Npu pa3paboTKe NMPHIOKEHUs IS IMONydeHusi, oOpaboTku u
aHanM3a METCOMaHHBIX. [IpUIOKEHHE BKIIOYAET CEPBUCHI MOIYUYCHHS MAaCCHBOB METEOJaHHBIX (Sq),
NOCTPOCHUSI ~ MOJEJel  METeOpOoJOoruueckoro roxa  (S;), MPOTHO3UPOBAHMS  BBIPAOOTKH
JJIEKTPOIHEPTHH COJTHEYHOM Oatapen (S3) M BBIPAOOTKH DIEKTPOIHEPTHH BETPOTEHEpaTopoM (S,), a
TaKke (OPMHUPOBAHUS BPEMEHHBIX PSIOB METCOMAHHBIX (S5). CepBHC S; MOIyYaeT METEOaHHbBIC C
OTKpPBITOTO HCTOYHHKA [PS.ru. CepBHC TPOM3BOAWT HAXOXKICHHE MPOMYCKOB MAaHHBIX M HUX
3aroyiHeHue (TepeBo]l KaTeropuadbHBIX AAHHBIX B YHCJIOBbIE, 00y4eHHE MOJAETH MPOTHO3UPOBAHUS
MIPOIYCKOB JIAHHBIX, AHAJIN3 BPEMEHHOTO PsJia C LENbIO BBIABICHUS IPOIYCKOB JaHHBIX, 3all0JIHEHUE
MPOITYCKOB JTaHHBIX Ha OCHOBE OOYYEHHOW MOJENH), a TaKKe OMpeelieHue aHOMaJMii 3HAa4YeHUH
JTAaHHBIX BPEMEHHOTO psifa (HOPMAIM3ALMIO JAaHHBIX, aHAJIM3 BPEMEHHOIO psAga METEOJAaHHBIX C
LEJBI0 BBISIBICHUS WHAWBUAYAJIbHBIX aHOMAIHMM, CMSITYCHHWE WHAWBUIYAIbHBIX aHOMANUH, aHAIU3
BPEMEHHOTO psia METCOJNAaHHBIX C IEJIbI0 BBISIBICHUS KOHTEKCTHBIX aHOMAaJud, CMSTYECHHE
KOHTEKCTHBIX aHoMaiwii). IIpoBeJieH CpaBHHUTENBHBINA aHAIU3 CIEAYIOMMX XapaKTePUCTHK IPS.ru u
BHUNT'U-MI: reorpadusi cObopa naHHbIX (Cq), MPEACTAaBICHUE NAHHBIX [UIS OJHOW JIOKAIUU
OJTHUM apXHuBOM (C;), MPEJCTABICHUE JAHHBIX JJISI HECKOJIBKUX JIOKAIMHA OJHUM apXHUBOM (C3), YHUCIIO
JOCTYIHBIX METEOCTAHIHH (C4), BO3MOXHBIN MEPHOJI MPEAOCTABICHUS TaHHBIX (C5), TEPUOTHIHOCTD
JaHHBIX (Cg) M TPOILCHT YCIEIIHOTO BBIIOJIHEHUS TECTOBOrO Habopa 3ampocoB (c;). Pesynbrarh
CPaBHHUTEIBHOTO aHAIIN3a XapaKTEePUCTHUK C;, BECOBBIX KOX(QQHUIMEHTOB W; U CTENICHE! d; MOIICPKKU
(1.00 — mostHas moiepxka, 0.75 — Gosbias creneHb noaaep Kk, 0.50 — yactiuynas moaepxka, 0.25
— HU3Kas CTENEHb MOJIEPXKH, 0 — OTCYTCTBHE MOMICPKKH) - XapaKTEPUCTHUKH [UIS KaxKIIOTO
MICTOYHHKA JAHHBIX MpecTaBieHsl B Ta0. 1, i = 1,7. CymMapHas olieHKa XapaKTepUCTHK HCTOUYHUKA
JAHHBIX paccyuTanHa mo ¢dopmyne s = Y.._, d;w;, Tae Y., w; = 1. BecoBble kod(HUIMEHTH W;
OTpaXXaloT COBOKYIIHBIE CYOBEKTHBHBIC OLICHKHM I10JIb30BaTeleld MCTOYHHKOB AaHHBIX. CyMMapHbIe
ornenku p5.ru m BHUUT'M-MIJ coctaBumm cootBercTBeHHO 0.83 1 0.45. O4eBUIHO, YTO OIICHKA
Ip5.ru CymecTBEHHO MPEBOCXOIUT COOTBETCTBYIOIIYI0 oneHky BHUUIUM-MIIJl, uto BOo MHOTOM
00YCIJIOBJICHO CTENEHBIO MOJACPKKU BaKHBIX XaPaKTEPUCTHK Cq, Cq, Cg U C7.

[Ipunoxenue ycnemHo NpUMEHEHO B MPOLECCE PELIEHUs 3alayd CTPYKTYpPHO-IIapaMeTpUIECKOn
ONTUMHU3AIMM  ABTOHOMHOTO OJHEPreTHYECKOT0 KOMIUIEKCA, YCIOBHO pPACIOJIOKEHHOTO Ha
Baiikaneckoil MpUPOAHON TEeppUTOPHH. DTOT KOMIUIEKC BKJIIOYAET COJTHEYHYIO 3JEKTPOCTAHIIHIO,
COJIHEYHbIE HMHBEPTOPHI, MHBEPTOPBHl CHUCTEMBbl XpaHEHUsl DHEPTUH, aKKyMyJSATOpPHbIE OaTapen W
JU3ETIBbHYI0 3JIEKTPOCTaHLMIO. B paMKkax HMcclieqoBaHUsS KCIOJIb30BaHA KOMIIO3HIIMS TPEX CEPBUCOB
NpUJIOKEHUs: S; — S, — S3. OnTuMmMuzanus TpoBeJeHA Ha OCHOBE MOJETH THUIMYHOTO
METEOPOJOTHUECKOr0 TO0/a, KOTOPBIH CTPOUTCS CEPBUCOM S, C HCIOJIb30BAaHHEM MAaCCHBOB
METEOJJaHHBIX, ITOJly4aeMbIX CepBUCOM S; C IPS.ru. CepBUCOM S; BBITIOJNHEHA OIEHKA BBIPAOOTKH
SJIEKTPOAHEPTUHM COJTHEYHOM »3JeKkTpocTaHuuer. B pesynpTare pelieHus 3aadyd  OmpeiesieHa
ONTUMAaJIbHAS KOH(UTYPALIHUI0 KOMITICKCa (pUC. 2): COJIHEUHAs JICKTPOCTaHIUs MOIHOCTHIO 30 kBT,
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AKKyMYJISITOPHBIE OaTapen eMKOCThI0 96 KBT * 1 u mu3enpHast 3JeKTPOCTaHIUS MOIIHOCTHIO 60 KBT.
BriOpanHoe oOopynoBaHue obecreynBaeT MHHUMAIBHYIO Ce0eCTOMMOCTH 3JeKTposHepruu — 21.7
py0./kBT*4 npu roroBom notpetiieHNH AU3EIBHOTO TOIJIMBA, HE IpeBbIIaonieM 19.5 ToHH.

Ta6nuua 1. Pe3ynbTaTbl CPaBHUTEILHOMO aHaN3a

ACIIeKThI XapaKTEPUCTHK d;

€ Wi rp5.ru BHUUTU-MLY] rpS.ru | BHUUTU-MIL
c1 0.20 | Ilo Poccun u 3a pyGexom ITo Poccun 1.00 0.50

o 0.05 + - 1.00 0

(o 0.05 - + 0 1.00

Cy 0.20 9800 13-521 0.75 0.25

Cs 0.10 C 2000 r. 1o H. B. C 1950-70-x 1o H. B. 0.25 0.50

Co 0.20 [TouacoBble CyTOuHBIE U MECSIUHBIC 1.00 0.50

C; 0.20 99.9% 49.7% 1.00 0.50

40.0 425
" 40.0
-
37.5 375 ZE
35.0 " 35.0 =
3
I~ (=¥
325 325 &
" 30.0 @
Q
30.0 o
27.5 " 25.0
25.0

v
" KBy, 100 100 w\\\\\“

PUCYHOK 2: Pe3ynibTaTbl CTPYKTYPHO-NapameTpruyeckon onTummnsawmm

4. 3aKknwuyeHue

PaccMoTpeHbl  akTyanbHblE IMPOOJIEMBI aBTOMAaTH3MPOBAHHOTO TIOJNYYEHHUsS KadeCTBEHHBIX
METEOJIAHHBIX M3 OTKPBITBIX UCTOYHUKOB M 00ECIieueHNsI BBICOKOYPOBHEBOM MOJICPIKKU Pa3paboTKu
THOKUX CPENCTB MX JalibHeWIero ncnonb3oBaus. C IETbI0 PEelIeHUs] 3TUX MpoOJIeM MpesiokKeHa
HOBasi METOJIMKA pa3pabOTKU CEPBHC-OPUEHTHPOBAHHBIX MPHIOKEHHUHN ISl OTyYeHHUs, 00pabOTKH U
aHaJM3a BPEMEHHBIX DPSJIOB METEOJaHHbIX. [IpoBe/ieH aHaIM3 BO3MOXKHOCTEH W BBHIOOP M3BECTHBIX
UCTOYHUKOB JaHHBIX. Pa3paboTaHO NpUIIOKEHHE, KOTOPOE YCHEIIHO IPUMEHEHO B IIpolecce
ONTUMH3ALNHU KOH(PUTYypaK aBTOHOMHOTO SHEPreTHUECKOI0 KOMIUIEKCa, YCIIOBHO PACIIONOKEHHOTO
Ha baiikansckoii mpupogHOi TeppuTopun. PaboTa BhImonHeHa B paMkax rpanTta Ne 075-15-2024-533
MunoOpHayky P Ha BBIMONHEHNE KPYITHOTO HAYYHOTO MPOEKTA MO0 MPUOPUTETHBIM HANpPaBICHHIM
Hay4HO-TeXHosIoruueckoro pazsutus (Ne roc. per. 124052100088-3).
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CUCTEMA MOHWUTOPUHTA MPOrPAMMHO-AMNMAPATHOM
WHOPACTPYKTYPbI BbIYUCIUTENIbHOM CPEADI

JImutpuii SAkoBineB, Aniekcanip @EOKTUCTOB

Hnemumym ounamuxu cucmem u meopuu ynpasnenus um. B.M. Mampocosa CO PAH, yn. Jlepmonmosa,
0. 134, 664033, HUpxymck, Poccus

AHHOTauuAa

B pabore mpencraBieHa cucreMa MOHUTOPUHIA Y3JIOB TETEPOr€HHOW pachpenereHHOM
BBIUMCIIMTENILHOM CPEJibl, OCHOBAHHAS! HA MUKPOCEPBUCHON apxuTekType. OHa obecriednBaeT
cbop, 00pabOTKy, arperupoBaHWe W AaHaIU3 JaHHBIX MOHUTOPHHTA BBIYHCIUTEIbHBIX
IPOIECCOB M Y37I0B B cpeabl. llemb paboOTBI cHCTEMBI MOHHTOpPHHTA 3aKIIOYacTCsl B
IPEIOCTaBICHUH AaKTyanbHOW HH(OpPMALUM IUCIETYEPy HAYIHBIX pPAaOOUMX MPOLIECCOB,
HEOOXOAMMON eMy JJIsi TPHUHATHS pElIeHHl 10 IUIAHUPOBAaHHUIO BBIUMCICHUN U
pacIpeeneHUI0 BEIYUCIUTEIBHBIX PECYPCOB CPEIBL.

KnioueBble cnosa
FeTeporeHHaﬂ pacnpeneneHHaﬂ BBIYMCIUTCIIbHAA cpe;la, BBIYUCIIUTCIIBHBIC Hpoueccm,
MOHI/ITOI)I/IHF, ynpaBneHI/Ie BBIYMCIICHUIMHU

1. BeegeHue

MOHUTOPUHT TPOrPAMMHO-AIIAPATHON HWHPPACTPYKTYPHI SBISAETCS BaXKHOM COCTABJISIONICH
poOJieMbl yIpaBlieHHs] BbIUMCIEHUSMHU. Kak mpaBuimo oH BKIIoyaer: cOOp JaHHBIX O 3arpyske
MpoIeccopa M OMEPaTHBHON MaMsTH Ha y3j1aX; MOHUTOPHHI TOTPEOJIEHHS PECYpCOB IPOIIECCAMU,
MOHHUTOPHUHT JIOCTYITHOCTH CEPBHCOB M 00opymoBaHus. OOmiasi cxemMa MOHHTOPHHIA MPOTPaMMHO-
armapaTHoi HHGPACTPYKTYphI IPEACTaBICHA HA puC. 1.

IIpunoxenue || Pe3ynbTaThl BHIUKCIEHUI

| i

oToK 3amaHmii Cucrema ynpasnenust | _ | Cucrema
a2 BBIUUCICHUSIMU MOHUTOpPHHTA
VY3en V3en VY3en AJIMUHHUCTpPaTOPHI

! i i |

PucyHok 1: O6wasn cxema MOHUTOPWHIA NPOrPamMMHO-annapaTHoOM MHPPACTPYKTYpPbI

W3BecTeH mmMpOKHiA CIIEKTP CPENCTB MOHHTOPWHTA BHIUYMUCIHUTENBHBIX cucteM [1]. OmHako mpu
HCIOJIB30BaHUH MOJOOHBIX CHCTEM 3a4acTyl0 BO3HHKAeT MpobieMa HHTErpalyy IpenonpeneeHHOro
Habopa [JaHHBIX, IOJYYaeMBIX, OT KOHTPOJIbHO-U3MEPUTEIbHBIX CHCTEM, C JIOINOJHHUTEIBbHON
HEOOXoOUMOM uHGpOpManued OT Cioyk0 ONepalMoOHHBIX CUCTEM M aJAMUHHCTPATOPOB Y3JIOB
reTeporeHHon pacnpeneneHHoil BeruucaurensHoi cpenpl (I'PBC). K coxanenuto, momyuenue u
00paboTka Takoil HHpOpMaIMHK SBISIETCS] TPOOJIEMOH ISl U3BECTHBIX CPEACTB MOHUTOPUHTA. B aTOM

7t International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
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KOHTEKCTE B paMKax JIaHHOT'O MCCIIC/IOBaHMs TIpeUiokeHa cuctema MmonuTopunra (CM) y3mos 'PBC
C LENBI0 cOOpa, 00pabOTKU, arperupoBaHMsl U aHAIW3a JAaHHBIX MOHHUTOPHUHTA M WX HHTErPAIUU C
nH(popMaIuei OT CITy)KO ONEepPaMOHHBIX CUCTEM M aIMUHUCTPATOpoB cpeabl. CM paspaborana Ha
OCHOBE MUKPOCEPBHUCHOI0 MoAXoAa [2].

2. Pe3ynbTtatbl UccnenoBaHuA

Paszpaborana HoBas CM y3ioe I'PBC ¢ mensio cbopa, 00pabOTKM, arperMpoBaHMsI M aHAJIM3a
JaHHBIX O BBIYHCIHUTENBHBIX Tpoleccax M y3nax cpeapl. CM mpenocraBisier oOpaboTaHHBIE,
arperupoBaHHbIe W IPOAHAJM3UPOBAHHBIE JaHHBIC IHMCIETYEPY HAYYHBIX paboyMX TMPOLECCOB
uHCTpyMeHTalbHOro komiiekca FDE-SWFs [3]. [lucrnieTuep ucnonb3yeT 3TH JaHHbIE JUIs IPUHATHS
pelIeHnH Mo MIaHUPOBAHUIO BBIYMCICHUH M paclpeielIeHU 0 BEIUUCIUTENBHBIX PECYPCOB CpPElbl TIPH
BBITIOJIHEHUH TTOTOKOB 33J[aHUH IOJIb30BaTENLCKUX NMPHIIOKeHNH. OTnruuTenbHas ocodeHHocts CM
3aKITI0YAeTCsl B MHTETPUPOBAHHOM HCIOJIB30BAaHHH JIAHHBIX OT KOHTPOJIBHO-M3MEPHUTENBHBIX CHCTEM,
CIly0 OIepalnroHHbBIX CHCTeM B agMuHUCTpaTopoB y3imoB ['PBC. Apxutekrypa CM mpencrabiieHa
Ha puc. 2.

API niist paGoTBI € KOHTPOJIBHO- JlucrieTyuep Hay4YHBIX
U3MEpUTEIbHBIM 000pynoBanueMm ['PBC paboy4mx Mmpoueccon

I 1

g V3en 1 V3en 2 V3enn
end | @ ©
[ Eporer0 | ©
| Exporter 1 | @ @ | Exporter 1 [@ Q) | |~ Exporter 1 |2 ©
{Eporez]® © {Eporez]® © ez ] O
B3] O B3 | © [Epore3] @ O

PUCyHOK 2: Apxutektypa CM

CM BruIrodaeT MOAYJIh yNpaBJIeHHA, a TakKe Tpu Habopa Momynei mis cOopa mHbopMaIm 00
y3nax ['PBC u MOHUTOpHHTa BBIYUCIUTENBHBIX MPOIECCOB. B3anmMomeiicTBue nucneryepa pabodnx
MpOLIECCOB C JAHHOW CHUCTEMON OCYIIECTBISETCS C MHOMOIIBKO crenranin3supoBaHHoro API s
paboTHI C KOHTPOIBHO-I3MepuTENbHBIM 0obopynoBanueMm I'PBC. Omun u3 y3nos ['PBC Ha3Hauaercs B
KavyecTBE OCHOBHOTrO y3ia. J[Ba komroHeHTa Momyiisi ympasienus (cepuchl Backend u Exporter 0)
pa3MeInarTcs Ha OCHOBHOM y3ie. Ha 3Tom e y3ie pasBeprhiBacrcsi cucrema Prometheus [4],
npeqHa3HadeHHas Uit coopa um xpaHeHust umHpopmanuu o0 ysmax ['PBC. Cepsuc Exporter 1
WCHOJIB3YETCsl Ul TONYyYEHUs] XapaKTEepUCTUK 00 y3Jie, TaKMX KaKk OObeM ONEepaTHBHOM HaMATH,
MIPOU3BOAMUTEIBHOCTD Mpoueccopa u Ap. CepBuc EXporter 2 BeImosHseT MOHUTOPHHI PECYpCOB IO
CIMCKY 3alaHHBIX mpoueccoB. CepBuc Exporter 3 BbIogHsET MOHUTOPUHT BCEX MOIb30BATEIBCKUX
MPOLIECCOB ONEPALMOHHON CHCTEMBI. B pamkax qaHHON pabOThI TOMOJHUTENBEHO Pa3padOTaHbl HOBbIE
¢ynxkumn CM juia pacuera Ko3(¢HUIMEHTOB HAAEKHOCTH BBIYMCIUTENBHOIO Y3j1a M pacdera
HAJEKHOCTH CXEMBbl pelleHusl 3ajad. OTH (QYHKOUM peasn3oBaHbl Ha s3blke Python ¢
ucrons3oBanuem Oubimorekn SymPy [5]. B Hacrosimiee BpeMsi BBINONHSETCS —Pa3BUTHE
pa3pabotanHbix cpencts CM H MX HCHONBb30BaHUE B HHCTpYMeHTanbHOM KoMiuiekce FDE-SWFs st
oIpezieTIeHNs] HaIeKHOCTH BBIITOJIHEHNSI HAYYHBIX pabo4mx mporeccoB B BEIOpaHHBIX y3max [ PBC.

B Ttabauue 1 nmpuBemeHo cpaBHeHHE (YHKIMOHAIBHBIX BO3MOXHOCTEH CM ¢ BO3MOXHOCTSIMU
M3BECTHBIX KOHTPOJILHO-U3MEPHUTENBHBIX cucTeM [1]. CuMBoONbl '+' M “—’ 03HAYAIOT COOTBETCTBEHHO
HaJIW4YMEe W OTCYTCTBHE BO3MOXXHOCTH. basupysicb Ha pe3ynbraTax CpaBHUTEIBHOIO aHaIM3a
(YHKLIMOHANBHBIX BO3MOXHOCTEH cucteM B Tabimue 1, MoxxHO BHzaerb, yto CM mpenocraBiser
MOJHBI HaOOp BO3MOXKHOCTEH, TpeOyeMmbIx sl 3((EKTHBHOTO YNPABICHUS BBIYMCICHUSIMU
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AUCTIICTYCPOM HAYUHBIX pa6oq1/1x mpoueccoB, BKIIHOYad HOBYIO OOIMOJIHUTCIBHYIO BO3MOXHOCTH
aHaJin3a MoKa3aTeliel HaJeKHOCTU IMPpOICCCOB U Y3JIOB.

Ta6nnuya 1. PyHKUMOHANbHbIE BO3MOMXKHOCTU CUCTEM

(yHKUHORANE A Lapta| Disparity | ClustrX |Zabbix| Ganglia |Nagios| Ovis2 | Xymon | CM
BO3MOYKHOCTh
3alaHKe HOBBIX METPHK | — - - + + — - _ +
MoHUTOpUHT + + N N N N N N N
IIPOLIECCOB U Y3JI0B
COop naHHBIX 00
WCIIOJIb30BAHUH + + + + + - - _ +
pecypcoB IpoLieccaMu
ArperupoBaHue JaHHBIX | — + + + + — + _ +
Amnanu3 nokazatenen
HaJEeKHOCTH IIPOLIECCOB | — - + - - _ _ _ +
U y3710B

CM ychnemHo mnpUMEHEHa Ha TPAKTUKEe B IMPOIEecCe BbIOOpa aJrOPUTMOB ONTHMH3AIMH
HHOPACTPYKTYPhI SHEPIETUYCCKUX KOMILJIEKCOB JUIS ONpeneieHus 3(PpGeKTUBHOCTH HCIOIb30BaHHUS
BBIUMCITUTENBHBIX PECYPCOB HccrenyeMbiMu  anroputmamu  [6]. Tlpumenenne CM  103BOIHIIO
OCYIIIECTBUThL BBIOOp HamOONEee TMOIXOIANIMX aJIrOPUTMOB JUISI Pa3HBIX KJIACCOB  MOJEIEH
OHEPTEeTMYECKUX KOMIUIEKCOB C TOYKH 3PEHUS KPUTEPHEB BIAJENBIEB PECYPCOB (3arpys3Ku
MIPOIIECCOPOB, UCIIOIH30BAHUS OIEPATUBHOMN MaMATH M HAJISKHOCTH pabOTHI y3IJI0B).

3. 3aKknwueHue

Pazpaborana CM c menbio coopa, 0OpabOTKH, arperupoBaHUs M aHAJM3a JAHHBIX MOHHUTOPHHTA
BBIYMCIUTEIbHBIX MporieccoB u y3oB ['PBC. Ee ornuumrenbHas 0COOEHHOCTh 3aKIOYAaeTCs B
WHTETPUPOBAHHOM HCIIONF30BAHUM JAHHBIX OT KOHTPOJIHHO-W3MEPUTENBHBIX CHCTEM, CIYXO
OITEPAIIOHHBIX CHCTEM U aMUHUCTpaTopoB y3imoB ['PBC.

4. bnarogapHocTU

Pabora BeimonHeHa B pamkax rpaHTta Ne 075-15-2024-533 MunoOpHayku P®D Ha BBIOIHEHHE
KPYITHOrO HAyYHOTO TMPOEKTa [0 NPHOPUTCTHHIM HAIMPABICHUSAM HAYYHO-TEXHOJIOTHYECKOTO
passutust (Ne roc. per. 124052100088-3).
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O6pa3oBaTenbHbiU YaT-60T B Telegram c Al-reHepauueit Tectos

Bragumup B. Jamuu', Oxcana A. ECTa(bI/Ia,I[I/Il, Anexcenn C. CMI/IpHOBZ, Annna P.
BarayriuHosa’

LI'BOY CK «lumnazus Ne25y, Cmasponoins
211770 «IToucky, Cmasponons
3 Cesepo-Kasxasckozo (pedepanvrozo ynueepcumema, Cmasponoiv

AHHOTauuA

B coBpemenHOM Mupe, TIe AOCTYyN K WH(QOpMAIMA W OOYYCHHMIO CTAHOBHTCS BCe Ooiiee
MOOHJIBHBIM U IEPCOHANIM3UPOBAHHBIM, BO3HHKAET MMOTPEOHOCTh B HWHCTPYMEHTAX,
CIOCOOHBIX aJaNTUPOBAThCS K WHIMBUAYalbHBIM 3alpocaM Mojb3oBareneidl. Yar-00Thl B
MeCCeHIDKepaX, TakuX kKak Telegram, yke mokazamu cBoro 3(p(QEeKTHBHOCTh B pPa3IUYHBIX
o0JacTsax, BKIIt04ast oOpasoBanue. OHU MO3BOJIAIOT ABTOMATU3UPOBATH HPOIIECCHI O0YUCHHUS,
MPEIOCTABIISS TI0JIb30BATESIM BO3MOXKHOCTh IOJy4aTh 3HAHUS B YAOOHOe BpeMsi U B
WHTEpaKTUBHOW  ¢opme. Paspaboran oOpa3oBarenbHBIM 4YaT-00T amsa  Telegram,
UCTIONB3YIOIIUN UCKYCCTBEHHBIH HHTEIUIEKT (Al) U1 TeHepaluu TeCTOB, YIPaBICHUS
KJlaccaMl M aHaJlu3a pPe3yJabTaToB. BOT aBTOMATH3HMpYeT TMPOIECC CO3MAaHHS YYCOHBIX
MaTepuasoB, agalnTHPYeT 3aJaHus [OJ YPOBEHb 3HAHHUN YyYAlIMXCAd W NPEIOCTABIISAET
YUUTEISIM aHATUTUKY. [IpoeKkT HampamiieH Ha MoBbIeHuE 3PHEKTUBHOCTH U JAOCTYIHOCTH
00pa3oBaTeIbHOro Ipoliecca.

KnioueBble cnoBa
gar-60t, Telegram, #CKyCCTBEHHBIM HWHTEUICKT, TEHEpPAIMsI TECTOB, O0Opa3oBaHME,
MEPCOHATN3UPOBAHHOE 00yUCHIHE

1. BeegeHue

Hcnonb3oBaHre NCKYCCTBEHHOTO HHTEIIEKTA JIJIsl TeHEPAIlUH TECTOB JI00ABIISIET HOBOE U3MEPEHHUE
B o0OpasoBarenbHble TexHOJOrHU. Al CcrmocoOeH aHaTM3UpoBaTh YPOBEHb 3HAHUI TOJB30BATES,
MoJIOUPaTh 3aJaHHs COOTBETCTBYIOIICH CIOXHOCTH W CO3/1aBaTh YHUKAIbHBIC TECThI, YTO JCNACT
mporecc o0yueHus: 0osiee THOKMM M 3(PQPEKTUBHBIM. DTO OCOOCHHO Ba)XXHO B YCIOBHSX, KOTJa
TPaJMIMOHHBIC METOJbl OOYUYEHHsI HE BCErJa MOTYT YAOBJIECTBOPUTH MOTPEOHOCTH COBPEMEHHBIX
YYAIIUXCS, CTPEMSIIUXCS K CAMOCTOSITEIIBHOMY M HEMPEPHIBHOMY 00Pa30BaHHUIO.

Kpome Toro, Telegram kak muathopma it oOpasoBaTenbHOTO 00Ta 007amaeT  PsAaoOM
MPEUMYIIECTB: BBICOKAs IMOIMYJSPHOCTh CPEAX MOJIb30BaTelNel, KpoccmiaTrhOpMEeHHOCTh, YA00CTBO
WCTOJIb30BaHNs U BO3MOXXHOCTh MHTETPAIUM C JAPYTHMMH CEpBHCAMH. DTO JIENIAeT €ro HAcalbHBIM
WHCTPYMEHTOM I BHEJPEHHs WHHOBAIIMOHHBIX 00pa3oBaTENbHBIX pemeHnd. Takum o0Opazom,
pa3paboTka oOpa3oBaTeabHOro 4dar-00Ta ¢ (ynkuueit Al-reHepaliuu TECTOB HE TOJBKO OTBEUYACT
TEKyIIMM TpeHJaM [u(POBU3ANUN O00pa30BaHUs, HO M OTKPHIBACT HOBBIE BO3MOXHOCTH JUIS
MTOBBIIIICHHUS KAYECTBA U JOCTYITHOCTH OOYUYCHHSL.

Brenpenne o0pa3oBaTeNbHBIX 9aT-00TOB MPEICTABISET COOOM MHOTO3TAITHEIHN MpoIiece, KOTOPBIN
Tpe6yeT y4u€Ta TEXHUYCCKHUX, NCAArorutde€CKux U OpraHn3alliOHHBIX aCIICKTOB. O)IHOI71 N3 KJIIHOYEBBIX
OCOOCHHOCTEW SIBIISICTCSI MHTErpaius 00Ta B CYIIECTBYIOIIYIO 00pa30BaTENbHYIO SKOCHCTEMY, UYTO
[oJipa3yMeBaeT HE TOJIbKO TEXHHUYECKYI0 HACTPOHKY, HO W aJaNTalldio I0Jib30BaTelied K HOBOMY
HHCTPpyMeHTY. Ha HauyanbHOM 3Tale Ba)KHO ONPEACIMTDH ICJICBYIO ayAMTOPHUIO W 3aJa4yd, KOTOPBIC
Oyner pemarts 00T. Hampumep, 3To MoOxxeT OBITh aBTOMAaTH3alMs IMPOBEPKU 3HAHUWM, T'eHeparus

7" International Workshop on Information, Computation, and Control Systems for Distributed Environments (ICCS-DE 2025), July 7-11,
2025, Irkutsk, Russia
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MHIVBHUIYaIbHBIX 33IaHWH WIN TPeNOCTaBIeHHe cnpaBouHoi uH(popmarmu. [locine ompeneneHns
nesnell HeoOXOAMMO pa3paldoTaTh apXUTEKTypy OoTa, KOTopas BKIIOYaeT B ceOS MOIYNTH IS
00pabOTKH 3aMpOCOB, XpaHEHHsI JAHHBIX 1 B3aUMOJEHCTBUS C TIOJIb30BaTeNsIMH. BaXkKHBIM 3J1eMEeHTOM
SBISIETCA BHIOOp IUMAaTGOpPMBI IS pa3paboTKh, Takoil kak Telegram, xoropas IpemxoCTaBiIsIET
yno6usii APl 1 mmpokre BO3MOKHOCTH ISt HHTETPAIIH.

Crenyromuii 3Tamm — 3TO CO3AaHUE KOHTEHTA M aJropuTMOB paboTsl Oota. st oO6pa3oBaTenbHBIX
4aT-00TOB OCOOEHHO Ba)KHO 00ECTIEUNTh Ka4eCTBEHHYIO TEHEPAINIO TECTOB M 3aJaHUii, 4TO TpeOyeT
UCTIONIB30BAHMS CIICIHAIN3UPOBAHHBIX alTOPUTMOB U 0a3 maHHBIX. Hampumep, MOKHO MCIIOIb30BaTh
Ia0JIOHBI 7Sl CO3[JaHUsI BOIPOCOB Pa3HBIX THIIOB: MHOKECTBEHHBIH BBIOODP, OTKPHITHIC BOIPOCH HIIH
3aJjaHusl Ha cOOTBeTcTBHE. Kpome Toro, HeoOXOIMMO MPEAyCMOTPETh BO3MOXKHOCTH aJalTalluH
3aJaHui 10J] YPOBEHb 3HAHMH MOJIB30BATENS, YTO MOXKET OBITh PEalM30BAaHO C IOMOIIBIO aHAIN3a
MPebIAYIINX OTBETOB U PE3YIbTATOB.

Ocoboe BHUMaHHE CIIeAyeT YIAeIUTh TECTUPOBAHMIO U NopaboTke O0Ta mepex ero 3amyckoM. Ha
3TOM 3TaIle Ba)KHO NMPOBEPHUTH paboTy BceX (YHKIMH M BBIIBUTH BO3MOXKHBIC OmMOKH. Hampumep,
MOYHO ITPOBECTH TECTOBBIH 3aITyCK CpeAn HEOOIBIION TPYIITEI OI30BATENICH U COOPATh UX OT3BIBBI
Ui yiydmieHus ¢yHkuuoHana. Ilocne 3amycka HE0OXOAWMO PETYNSPHO OOHOBISATH KOHTEHT H
ITOPUTMBI pabOTHI 00Ta, YTOOBI OH OCTABAJICS AKTYaJbHBIM U ITOJIE3HBIM JIJISI TTOJIb30BATENCH.

Takum o00pa3oMm, cXema apXHTEKTyphl daT-00Ta JIEMOHCTPUPYET IIOCIEOBATEIbHOCTD
B3aUMOJICHCTBHS MEXIy ToJib3oBaTeneM, miatdopmoit Telegram, cepsepom, 6azoii manubsix u Al-
MonyneM. KaxIplii 2JIEeMEHT CUCTEMBI UTPAcT BaXKHYIO POJIb B oOecriedeHnd (YHKIMOHAIBHOCTH H
ya00CTBa HCIONF30BaHUS 00pa30BaTENLHOTO YaT-00Ta.

2. Apxutektypa Tenerpamm-60ta

Apxutektypa Telegram-60ta cocTOUT U3 HECKOJIBKHUX KITFOYEBBIX KOMIIOHEHTOB:

Telegram API: npenocraensier APl mis B3aumopeiictust ¢ 6oramu. Yepez APl Gor momydaer
COOOIIEHNS OT MOJB30BaTeNeil U oTnpasiseT oTBeThl. [ pabotel ¢ AP| ucmonb3yercs Oubmmuoreka
python-telegram-bot, koropast ynporaer B3aumo ieiicTere.

Anpo Gorta (JIoruka): 3T0 OCHOBHOM MOJYJIb, KOTOPBI 00pabaThIBAET BXOJSIIME COOOIICHUS,
BBITIOJIHSACT KOMaHIbI M TE€HEepHpyeT OTBeThl.JIornka MOXKeT BKIIOYaTh 00pabOTKy TEKCTa, BBI3OB
BHemtHUX APl (Hanpumep, ais TeHepanuu TECTOB), paboTy ¢ 0a3aMu TaHHBIX H T.II.

baza mannbIx (ommpoHanbHO): J{Ms XpaHeHHs NAaHHBIX MOJb30BaTeNeH, pe3yabTaTOB TECTOB WIIH
JPYTHX JaHHBIX HCIOJIB3yeTcs 0a3a naHHbiX (Hanpumep, SQLite, PostgreSQL waun MongoDB).

BHemane cepBUCH (OMIMOHAIBHO: OOT MOXKET B3aHMMOJCHCTBOBATH C BHEIIHUMHU CEPBUCAMH,
TakuMU Kak Al-MoJienu 11t TeHepalui KOHTEHTA, TUIATeXKHBIE CUCTEMBI HITH 00JIauHble XpaHUITUIIA.

Ceprep: bor momkeH ObITh pa3MmellieH Ha cepBepe, 4ToObl pabotath 24/7. Iy 3TOro MOMXKHO
UCIIOJIb30BaTh 00auHble wiathopmel, Takue kak Heroku, AWS wu VPS.

Hmxe Ha pucyHke | mpuBeneH npuMep npocroro Telegram-6ota, KOTOpbIi reHepUPyeT TECThI Ha
OCHOBE BXOSIINX COOOIIEHUI.

Jlnst pa6oter ¢ Telegram APl u reneparmeii Tekcra ycraHoBuM Oubimotexu: pip install python-
telegram-bot transformers
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question_generator = pipeline("text2text-generation”, model="

generate_questions(text, num_questions=3):
questions = []
for _ in range(num_questions):
result = question_generator(text, max_length=50)
question = result[0]['ge ed_text'].strip()
questions.append(ques
questions

-f start(update: Update, 1itext: CallbackContext):
await update.message.reply_text("Mpuser! Otnpasb MHe T A co3paMm Tect."

handle_message(update: Update, context: CallbackContext):
text = update.message. text
questions = generate_questions(text)

test = "Bor TBOW n\n"

for i, question numerate(questions):
test += f"{i + 1}. {question}\n"

await update.message.reply_text(test)

f main():

application = ApplicationBuilder().token("YOUR_TELEGRAM_BOT_TOKEN").build()

application.add_handler(CommandHandler("start", start))
application.add_handler(MessageHandler(filters.TEXT & ~filters.COMMAND, handle_message))

application. run_polling|()
if __name__ == ain__":
main()

PucyHoK 1: MNpumep npoctoro Telegram-60Ta, KOTOPbIN FrEHEPUPYET TECTbl HAa OCHOBE BXOAALLUX
coobLeHn.

DTOT KOA TpeacTaBiseT coboii peanmsanuio Telegram-6ora ma Python, xoTopeIii HCHONB3yeT
oubarorexy python-telegram-bot mist B3aumoneiicteus ¢ Telegram APl u mozens transformers s
TeHepalui BOIPOCOB Ha OCHOBE TEKCTAa. BOT MO3BONSAET MOJNB30BATENI0 OTHPABISATH TEKCT, MOCTC
Yero aBTOMaTHYECKH TEHEPUPYET TECT ¢ BOIPOCAMH U OTIIPABIISIET €r0 00paTHO MOJIB30BATEIIO.

Kaxxplit KOMIIOHEHT CHCTEMBI BBITIOHAET ONpe/ielieHHbIe (DyHKITHH:

IMonb3oBarens: B3aumosmeiictByer ¢ 6otom depe3 Telegram, ormpariisier KOMaHIBI U TOJyYaeT
00paTHyO CBS3b.

Telegram Bot: O6pabarsiBacT KOMaH/IbI, YIIPABJISIET B3aUMOJICHCTBHEM MEKIY MMOJIb30BATEIEM U
API, ocymectsisier moaxmodeHue k Yandex GPT.

Yandex GPT API: Co3naer TecTOBbIE 3aaHUs M YIIPABISET UX TeHepaIueii.

Kuaccsr (bot_data): Xpauut uHpopmMaimio o kiaccax, MX CTyIeHTax U KoJax JO0CTyTa.

Tectsi (bot_data): Xpanut uHpOpMAIHIO O CO3aHHBIX TECTaX M UX MapamMeTpax.

Pesynerarter (bot_data): Xpanut pe3ynsTaTsl TECTHPOBAHMUS, BKITIOYAS ECTATM3MPOBAHHEBIE TaHHbIE
10 KaX/IOMY YYCHHKY.

3. Ucnonb3lyemble TEXHO/I0TUU

Jiist peanu3anyy NpOEKTa UCIOIB3YIOTCS CIIeLyIOIIIE TEXHOIOTHHU:

1. Python 3.10+: OcHOBHOI $3bIK pPa3paOOTKH, BHIOpPAHHBIH 332 €ro MPOCTOTY W MOIIHBIC
oubimoreku 1 paboTsl ¢ APl 1 acHHXpOHHOTO POrpaMMUPOBAHHS.

2. pyTelegramBotAPI: bubmmoreka mis padorer ¢ Telegram Bot API, mo3Bosnstomast jierko
YIPaBIsATh COOOLICHUSAMHI U KOMaHAAMH.

3. aiohttp: Acwuuxponnas OubOmuoteka mas BeimoiaHeHumst HTTP-zampocos. ObGecrneunBaer
3¢ (HEeKTUBHOCTh W IMO3BOJISIET 00padaThiBaTh HECKOJIBKO 3allPOCOB OJHOBPEMEHHO, YTO
KpUTHYHO U1t paboTsl ¢ API.

4. JSON: ®dopmar st XpaHEHHS JaHHBIX — HCIOJB3YETCS JIOKAJIbHO Ui XpaHCHHS
UHPOPMALIMN MEXY CECCUSIMU PAOOTHI.

Ha pucynke 2 npencrasnena pabota TenerpamMmm-60Ta
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Istart 5193

Bosouka
Istart

Buibepute geficteve: 1.5

@ Write a message... @/
Co3paTh Knacc
Cospatb TecT
MpocmoTpeTh TecTbl
HasHaunTb Tect

PucyHoK 2: Hauano pabotbl Tenerpamm-60oTa

MpocMmoTpeTs TecTbl 5155 o7

¥ Cnuvcok BalLmX TecTos:

€ ID:1

Tema: TeopuecTso lMyluKUHa
CNoXHOCTL: CpeaHuA
Bonpocos: 5

Knacc: *7A

€ D:2

Tema: kanuTaHcKkas Aouka
CNIOXHOCTL: CpeaHnii
Bonpocos: 5

Knacc: *7A

@ D:3

Tema: poccusa
CNoXHOCTL: CpeaHui
Bonpocos: 5

Knacc: He HazHaueH

€ ID:4

Tema: appuika
CNoXHOCTL: CpeaHuii
Bonpocos: 1

Knacc: He Ha3HaueH

€ ID:5

Tema: appwuka
CNoXHOCTL: CpeaHuii
Bonpocos: 1

Knacc: He HazHaueH

€ ID:6

Tema: appuka
CNOXHOCTb: CpeaHniA
Bonpocos: 1

Knacc: He Ha3HaueH

€ ID:7
PucyHok 3: [IpocMoTp TecToB 4aT-00Ta

HasHauntb TeCT 5195

Bosouka
HasHauuts Tect

Buﬁepme TeCT ANA HasHaueHus: ;q.9g

TectID: 11 - yMHOXeHVe 5195

Bosouka
Tect ID: 11 - yMHOXeHMe

Bu6epwre KNnacc AN\ HasHa4yeHus Tecta: ;.o

Knacc: 8r 5555 21:26 &

BoBouka
Knacc: 8r 5555

Tecr ID: 11 ycnewHo HazHayeH knaccy 8r 5555. 5154

PucyHok 4: Pabora yar-6ota
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4. BbiBOp,

[Ipoektr gemoHcTpupyeT 3(h(QEKTHBHOE HCIIOJIB30BAHUE COBPEMEHHBIX TEXHOJOTHH, TAaKUX Kak
Telegram Bot APl u Yandex GPT, mms pernenus 3amad B chepe oOpasoBanus. Paspaborka 6orta,
OPHCHTHUPOBAHHOI'O HA aBTOMATH3AIMIO yYEOHBIX IMPOIECCOB, CO3/IAET HOBBIC BO3MOXKHOCTH JUIS
ONTHUMU3AIUU PabOTHl YUYHUTENICH, MOBBINICHUS BOBJICUCHHOCTH YYCHUKOB M YJIYYIICHUS KadyecTBa
obpasoBareipHOrO mpoiiecca B renom. Telegram Bot APl mpemoctaBniser ymoOHBIH ¥ MOITHBIH
WHCTPYMEHT JUIS CO3/IaHusI O0TOB, KOTOPBIE MOTYT B3aUMOJICHCTBOBATH C MOJIb30BATEISIMUA B PEXKUME
peabHOro BpeMeHH, Jienas o0pa3oBaTeNbHbBIN mporecc 0oyiee JOCTYMHBIM U WHTEPAKTHBHBIM. boT
BBICTYIIa€T B POJM TOCPEIHUKA MEXKAY VYYCHHKAMH M YYCOHBIMH PECypcaMu, I1O3BOJISS
aBTOMATHU3UPOBATh TaKHE 33/1a4M, KaK reHepalys TeCTOB, MPOBEPKa OTBETOB M aHATN3 Pe3yJIbTATOB.
Wurerpamst  Yandex GPT, MomHO# s3bIKOBOM MOjeNH, MO3BOJSET OOTYy TEHEPUPOBATH
OCMBICJICHHBIC M PEJICBAHTHBIC BOIPOCHI Ha OCHOBE NPEJOCTABICHHOTO TEKCTAa, YTO 3HAYUTEIHHO
SKOHOMHT BpEeMsl y4YUTeJeld M TMOBBIIIAET KAayecTBO Y4YEOHBIX MaTepHaioB. YUUTENs MOIy4aroT
BO3MOXHOCTh COCPEIOTOYUTHCS HAa WHAWBUAYATLHONH paboTe C YYCHHKAaMHU, B TO BpeMs Kak OOT
OepeT Ha ce0si pyTHUHHBIC 3a/1aYH, TAKHE KaK CO3JIaHUE TECTOB U IpPOBEpKa OTBETOB. i yYEHUKOB
00T cTaHOBUTCA yIOOHBIM HMHCTPYMEHTOM, KOTOPBIH ajanTUpyeT TECThl MOJ MX YPOBCHb 3HAHHIA,
MPEOCTABIIACT MIHOBCHHYIO OOpPATHYIO CBSI3b M JieNiaeT o0ydeHHe Ooliee MEepCOHATM3UPOBAHHBIM U
MHTEpeCHBbIM. VICTONb30BaHNE SIEMEHTOB TeiMU(UKAIINY, TAKAX KaK OaJuTbl M PEHTHHTH, MOBBIIIACT
MOTHBAIIMIO YYEHHKOB W JieJlaeT y4eOHbId mporecc Oolee yBiekaTenbHBIM. Kpome Ttoro, 6ot
cobupaeT TaHHbIC O pe3yNbTaTaX TECTHPOBAHMUS, YTO MO3BOJSICT YUUTEISAM aHAM3UPOBATEH MPOTPecc
YYCHHUKOB M KOPPEKTHPOBaTh YYeOHBIH MpOIeCC B COOTBETCTBHU C HMX MOTpeOHOCTAMU. Takum
00pa3oM, MPOEKT HE TOJNBKO ONTHMHU3UPYET paboTy yduTeNei, HO W CO3JaeT YCIOBHUS sl Oojee
3G (GEKTHBHOTO M BOBIICYEHHOTO OOYYEHHS, EMOHCTPHPYS, KaK COBPEMEHHBIE TEXHOJOTUH MOTYT
OBITh UCTIOJIE30BAHbI JUTS YAYYIICHHUS Ka4eCTBa 00pa30BaHHS.
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