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Abstract

News reading has shifted more towards online platforms in recent years. Understanding and
distinguishing genuine facts will help prevent misleading information to the general consensus.
In this paper, text processing is applied by classifying fake news articles in Malay language
with the help of several neural network architectures. The study provides a comprehensive
evaluation study by utilizing a recently compiled dataset specifically in Malay language. A
more adequate fake news dataset is derived after processing and filtering the original version.
Innovative elements are presented with the study on a proposed stacked model, the precision-

recall trade-offs and the effect of article summary on model performance.
Keywords: neural networks, transformer networks, text classification, fake news, binary
classification, Malay, artificial intelligence, deep learning.

Introduction

Text processing can be generally defined as
the process of automating the generation and
modification of electronic text in terms of its
theory and implementation. Text classification
is one of the applications of text processing and
specifically the study in this paper attempts to
classify fake news articles.

Fake news is generally understood as
articles that are written with misinformation
or deliberate deception regardless of its
distribution whether via online platform or
conventional news media. The heavy focus of
onlinenewsdistributioninrecentyearsincreases
the risk for the spread of misinformation, the
result of which may even threaten the social
integrity of a nation. This can be seen in
Malaysia where the government introduced
a law to investigate and charge those who
spread online fake news related to COVID-19
based on the article written by New Straits
Times' on February 5, 2020. It is mentioned
that instigating specific racial impacts of

the virus is inflammatory to a harmonious
society of diverse culture and religion.

Prior work related to text classification in
Malay language mostly focuses on lexicon-
based and machine learning methods. Tan et
al. [1] proposed a novel Malaysian dictionary
to help analyze sentiments from Twitter
related to local telco companies. Meanwhile,
Alsaffar et al. [2] compared the accuracy
between different combinations of machine
learning classifier and feature selection
methods. Isa et al. [3] and Puteh et al. [4]
attempted to classify online news articles
based on their sentiments using different
machine learning configurations. The few
studies that implemented neural networks for
text classification in Malay are centered on
Multilayer Perceptron (MLP) as seen from
Mohamad et al. [5] and Noh et al. [6].

This research is motivated to study the
appropriate neural network model architecture
for a classification task in Malay language,
specifically for fake news classification. As a
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way to overcome the problem statement, the
study aims to classify fake news articles using
a new open-source Malay language dataset
[7] with the help of a Malay natural language
toolkit [8]. The scope covers fake news
classification based on the aforementioned
dataset using selected neural network
architecture from recent literature works.

A more adequate fake news dataset can be
derivedusingtheapproachesdefinedinthisstudy.

Literature Review

The development of neural networks
has presented a better alternative for text
classification. However, unstructured text must
first be converted into mathematical objects
such as embedding vectors. Global Vectors
for Word Representation (GloVe) proposed by
Pennington et al. [9] and Word2Vec proposed
by Mikolov et al. [10] are two methods for
obtaining word embeddings. Word2Vec is
further divided and depends whether to predict
the current word based on its surrounding
context with Continuous Bag-of-Words
(CBOW), or vice versa with its Skip-gram
model. The learned word embeddings may
reveal different relations between individual
words and may also be provided as inputs to
neural networks.

One of the neural network methods for
solving text classification is presented by Yoon
Kim [11] using Convolutional Neural Network
(CNN). One-dimensional (1D) convolution is
performed on word embedding inputs using
multiple filters producing different features
via varying window sizes. Even with little fine
tuning of hyperparameters, CNN model may
yield good results thus further demonstrating
that pre-trained vectors can be universally
used as a feature extractor to solve multiple
tasks. Zhang et al. [12] then proposed a
character-level approach instead of word-
level by making use of one-hot encoding on
the input characters.

In text classification, it is important for
the model to memorize parts of sentences
related to input words being processed. In
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1997, Hochreiter et al. [13] introduced a
new architecture, Long Short-Term Memory
(LSTM) which uses the concept of Recurrent
Neural Networks (RNN) where the output of
previous layer is concatenated with the current
input to produce a new output. The novelty of
LSTM is the introduction of ‘forget-gates’ to
leave unnecessary inputs outside the range
of requirement. A study by Nowak et al. [14]
then compared the performance between
LSTM, Bidirectional LSTM (BiLSTM) and
Gated Recurrent Units (GRU), a simplified
version of LSTM for faster processing. The
study concluded that GRU is more suitable for
simpler tasks for acquiring faster results while
LSTM and BiLSTM are more accurate but
longer training time required.

Spatial features of a sentence can be
learned by means of convolution filters in
CNN but word sequence association may be
lost after convolution operations. Meanwhile,
LSTM retains sequential correlation of
sentences due to its architecture yet unable
to parallelly obtain features. A newer method
called C-LSTM by Zhou et al. [15] combined
the ability of CNN and LSTM networks to
achieve the best of both techniques. In contrast,
Recurrent Convolutional Neural Network
(RCNN) proposed by Lai et al. [16] has a
similar approach but with a different order for
combining CNN and RNN. Instead of using
LSTM, the study uses bidirectional RNN first
before proceeding with CNN structure.

Over the recent years, the focus has shifted
from pre-trained word embeddings to pre-
trained language models. This has been made
possible with the discovery of ‘attention’
mechanism. Early version of ‘attention’ is
described by Bahdanau et al. [17] where RNN
is used to solve the task of neural machine
translation. Instead of wusing embedding
sequences as inputs, at different iteration of
each hidden units, different contextualized
vectors are fed as inputs to the network.
A study by Vaswani et al. [18] suggested that
operating with attention is all that is necessary

1 https://www.nst.com.my/news/nation/2020/02/562775/those-who-spread-fake-news-related-2019-ncov-will-face-law.

6
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for deep learning. Using an encoder-decoder
type structure, the proposed Transformer
model obtained the best result compared to
previous state-of-the-art models.

Afterwards, a variation of Transformer
called Bidirectional Encoder Representations
from Transformer (BERT) is proposed
by Devlin et al [19]. As suggested by its
name, BERT makes use of eclements from
Transformer model but focusing only on the
Encode part. BERT then stacked the Encoders
of the Transformer model into several layers
depending on different variations of BERT.
BERT outperformed all previous state-of-
the-art architectures in a number of NLP task
using standardized benchmark.

Methodology

In order to evaluate the neural network
architectures discussed in the previous section,
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vector representation or embeddings of Malay
words must first be derived. The word vectors
are trained using Malay Wikipedia dump as
of March 01, 2020 [20]. Word2Vec Skip-gram
[10] method is applied to train the embedding
vectors. They are trained over 5 iterations,
with each word trying to predict their context
window size of 5 and its embedding vector
size set to be 300.

1.1. Malaya Dataset

Malaya Dataset is a group of textual data
provided by an open source project [7]. It
includes a group of news articles to be used
for classifying fake news. The articles are
mostly regarding politics and entertainment
industry. Approximately a third of the articles
are fake articles while the rest are real news.
The version being used in this paper is pulled
from the source on February 19, 2020.

Table 1
Information on Malaya Fake-News Dataset [7]

Variable Value
Number of Target Classes, ¢ 2
Dataset Size, N 39,511
Number of Fake News, N ke 14,216
Number of Real News, N 25,295
Total Number of Words, /| 17,000,914
Average Sentence Length, 430,28
Maximum Sentence Length, / 2,546
Vocabulary size, |V| 193,972
Number pre-existing words in pre-trained vectors, |VW| 61,423

1.2. Model Architectures

Based on the reviews in the previous
section, six architectures are identified
for application and they are trained using
10-fold cross validation. The training is
performed in a Google Colab environment.
The available GPUs vary over time and they
include Nvidia K80, T4, P4 and P100. The
program is developed in a Python language
environment with the help of a Malay natural
language toolkit [8] on top of TensorFlow

and Keras programming libraries. Word2Vec
embeddings are provided as the input to
all these models and they are kept static
throughout the training while only parameters
inside the model are optimized. Vectors of
unknown words are randomly initialized. The
maximum sequence length is set according to
the maximum sentence length i.e. 2,546 (in
the original dataset) for all models except for
fine-tuned BERT (FT-BERT) and BERTCNN.
All architectures utilize binary cross-entropy

Becmuuk HL B)KI Ne4 (46) 20204



as their loss function. Additionally, Adam
[21] optimizer is employed with default Keras
library values for all architectures apart from
FT-BERT and BERTCNN that use AdamW
[22]. The final output layer for all models is a
fully connected layer consisting of 2 neurons
with softmax activation.

CNN: This architecture has a similar setup
to the study by Yoon Kim [11]. The convolution
layer consists of three 1D convolutions with
window sizes 3, 4 and 5 and each of them
producing 100 feature maps individually. The
feature maps are max-pooled, concatenated
and passed to the output layer with a dropout
rate of 0,5. The CNN model is trained with a
batch size of 50 and trained over 4 epochs.

BiLSTM: This model is selected due to the
findings by Nowak et al. [14]. The dimension
of the input embeddings and the number of
units in the LSTM layer are both 300. The
LSTM layer is wrapped inside a Bidirectional
layer so that the model processes both the
forward and backward contexts. The output of
the Bidirectional layer with the size of 600 is
passed to the output layer with a dropout rate
of 0.3. The BiLSTM model is trained with a
batch size of 50 and trained over 2 epochs.

C-LSTM: Research by by Zhou et al.
[15] found that using a single 1D convolution
with a window size of 3 yields the best
result when combing CNN and LSTM for
classification. The CNN layer produces 300
feature maps that are supplied to the LSTM
layer with backward context traversal which
also produces an output with the size of 300.
Dropout rate of 0,5 is applied at the output
layer. The C-LSTM model is trained with a
batch size of 50 and trained over 2 epochs.

RCNN: Research by Lai et al. [16]
concatenated the input word embeddings
with its left and right contexts that is obtained
from RNN. This paper applied a similar
technique but using LSTM instead. The new
concatenated inputs are passed through a 1D
CNN layer that performs a hyperbolic tangent
transformation producing 100 features. They
are then max-pooled and provided to the
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output layer. The RCNN model is trained
over 2 epochs with a batch size of 50.

FT-BERT: The fine-tuned BERT [19]
(FT-BERT) model is applied by taking a
pre-trained model as provided by [8]. BERT-
Small configuration is selected for hardware
suitabality. It consists of 6 Attention Encoder
layers with maximum allowable sequence of
256. Each input will produce a hidden unit of
size 512 with this configuration. A dropout
rate of 0,5 is applied at the output layer. The
input maximum sequence length is set to 128
and FT-BERT is trained with a batch size of
64 for 2 epochs.

BERTCNN: This method is derived based
on early initial results of the precision-recall
curve (PRC) plots between all models showing
that FT-BERT and CNN achieved the two best
PRCs. All configurations are similar to FT-
BERT and CNN as they are stacked together.
The BERTCNN model takes an input with
maximum sequence length of 128 in a batch
size of 64 and trained over 2 epochs.

1.3. Dataset Improvements

A number of modifications are performed
on the original (Normal) dataset to improve
the model performance.

Less than 1000 (<1000) Dataset: The
few articles with a length of more than 1000
words which make up only about 0,06% of
the original dataset are removed as an attempt
reduce computational complexity.

Truncated at 128 (Truncl128) Dataset:
This variant of dataset has exactly similar
construction like the ‘Normal’ version but with
input sequences truncated to have a length of
128. This does not affect the execution of FT-
BERT and BERTCNN.

Summarized Dataset: Article summary
is performed using a similar method by
Voronkov et al. [23] to retain the most
important information using Term Frequency-
Inverse Document Frequency (TF-IDF)
scores and Hopfield network. Note that the
maximum sentence length is still truncated
to 128. The intuition behind this is that after
summary, the most important information of
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each input sequence is now arranged at the
beginning. The length before truncating may
be initially larger than 128 to consider the
exceptional ‘first sentence after summary’ that
is longer than 128.

Filtered Dataset: Outliers or noise data may
corrupt the performance of a system. There are
a number of articles that cannot be correctly
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classified by all architectures even after
10-fold cross wvalidation. For all the
architectures, all the incorrectly classified
articles are identified and compared with. If the
articles exist in all the sets, they are then treated
as noise and removed from the original dataset.
The hypothesis is that removing the noise
will improve the performance of all models.

Table 2
Information on Dataset Improvements
Dataset <1000 Truncl128 | Summarized Filtered
Number of Target Classes, ¢ 2 2 2 2
Dataset Size, N 39,486 39,511 39,511 37,592
Total Number of Words, /,_ 16,970,852 | 17,000,914 436,450 16,195,904
Average Sentence Length, [ 429,79 430,28 110,50 430,83
Maximum Sentence Length, / 994 2,546—128 | 1056—128 991
Vocabulary size, |V| 193,148 193,972 104,817 186,873
Number pre-existing words in
pre-trained vectors, |Vpre| 61,334 61,423 45,720 60,562

Results and Discussions

Figure 1 shows the precision-recall curve
for the best fold of different models using
Filtered dataset, which in turn is the best
performing dataset (according to Figure 2).
The plot shows that FT-BERT and CNN has

the best PRC each having an average precision
of 0,89. As the threshold is relaxed, FT-BERT
retains a higher precision for higher threshold
while CNN has better recall as the curve
moves faster towards recall = 1. This is vice
versa for lower threshold section of the graph.

Precision-Recall Curve Comparison Between Different Models

oo

—— Bast Fold, CNN, AP=0.89
= st Fold, BILSTM, AP, 71
Best Fold, C-LSTM, AP=0.77
—— Best Fold, RCNN. AP=0UR2
— Best Fold, FT.BERT, AP=0.89
—— Best Fold. BERTCNN, APwd.71

Rt

Fig. 1. PRC Comparisons between Models (Filtered Dataset)
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Average F1 Score Between Models
ECNN ®BILSTM ®C-LSTM ®RCNN ®FT-BERT ®=BERTCNN

96

FlScore (%}

Mormal <1000 Truncl2s Summarized Filtered
Models

Fig. 2. Bar Plots of Average F1-Score (% ) for All Models

10

1200

Time ()

Average 10-Fold Training Time
ECNN ®BILSTM ®C-LSTM BRCNN ®FT-BERT ®BERTCNN

Normal <1000 Trunc12d Summarized Filtered
Models

Fig. 3. Bar Plots of Average Training Time (s) for All Models

Figure 2 and Figure 3 show the bar plots two best PRC in BERTCNN yields the highest
for average Fl-score and training time average Fl-score of 91,05% but RCNN may
respectively. Focusing on the Normal dataset, be as effective if we consider its standard
it is evident that stacking the models with the deviation. BiLSTM, C-LSTM and FT-BERT




follow closely behind each with less than 1%
difference to BERTCNN. CNN achieved the
lowest F1-score of 89,63% but still within 2%
of the highest average.

Despite the Fl-score, BERTCNN takes
the longest time for training. Using GPU
execution in Google Colab may sometimes set
different types of GPU making the execution
time to be relative though it still gives a general
idea of how much training time is needed for
each model. Meanwhile, even as a relatively
large model, FT-BERT requires an average of
360,20 seconds to train with 128 of maximum
sequence length. CNN is the fastest to train
among all executions even though it uses the
maximum sequence length of 2,546 in the
Normal execution.

Another observation is that <1000 dataset
may not necessarily improve the performance
of all models as only about 0,06% articles are
removed from the dataset. It does however
improve the training time as expected,
especially for CNN, BiLSTM, C-LSTM
and RCNN. Additionally, Trunc128 further
improves the training time for these four
models. It can also be seen that when every
single model has the same sequence length
of 128, FT-BERT and BERTCNN achieved
the best F1-score unlike with Normal dataset.
The bar plots for Summarized dataset show
a substantial penalty in Fl-score for all
models. A possible inference is that words
that are modified to change real news to a
fake one may not have the highest TF-IDF
score due to the infrequency of the words
themselves. The summary algorithm may
have placed the sentences with these words
further behind as it ranks the most important
sentences in the article. In spite of that,
Summarized execution resonates the result
of Truncl128 execution with FT-BERT and
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BERTCNN having the highest F1-score.

Besides that, Filtered dataset is the best
among all executions for all models. Compared
to the Normal datset, every single model sees
a rise of approximately 3% increase in F1-
score. This is rather significant and anticipated
as all the noise data that cannot be classified
correctly by all models are removed. It may be
beneficial in the future to investigate as to why
all the models cannot classify these filtered
data.

Conclusion

In this project, selected network
architectures are applied to classify fake news
article from Malaya Dataset [7]. The results
show that sequence length matters especially
for CNN, BiLSTM, C-LSTM and RCNN when
their F1-score decreased with shorter length of
sequence. The best results for all architectures
are obtained after filtering the dataset from
noise data where an increase of approximately
3% in the Fl-score is observed. With all the
previous information being considered, FT-
BERT may be the most balanced model as it
provides among the highest accuracy and F1-
score, competent training time and the most
robust PRC among all the models. BERTCNN
may further improve the F1-score but with a
noteworthy drawback on the training time.
CNN is the fastest to train among all the
model with good PRC and it is also a good
alternative if approximately 2-3% accuracy
penalty is negligible. The recurrent structure
of BILSTM, C-LSTM and RCNN may provide
better accuracy but with longer training time.
The results of this study showed certain
elements of originality with the analysis and
stacked model. Additionally, a more adequate
fake news dataset can be derived based on the
approach on this project.
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AHHOTALUA

Lenbto paboTh SBISETCS UCCIENOBAHUE W Pa3pabOTKa METOJOB M CPEJCTB aHaJM3a JICH-
CTBHI TIOJIb30BaTEJICH 1 BRISABICHHE OCHOBHBIX 30H HHTEpEca MmoJib3oBares. B pabore paccmo-
TPEHBI METO/IBI BBIJENICHUS (KIIacTEpU3allii) siipa OCHOBHBIX MTOJIb30BATEIICH 1 BBISIBJICHUS Xa-
PaKTEpUCTHK MTOBEIEHUSI OCHOBHOTO sApa Mojib3oBarenei. [yis aTol nenu B padote OblIN Mpo-
aHAJIM3UPOBAHBI HCXO/HBIC JAHHBIC U BEIOPaH ONTUMAIIbHBIA METO] aHan3a. bt peanu3oBan
enuHBINA (opMar TaHHBIX, KOTOPBIA Oy/IeT NCIOIB30BaThCS BO BCEM MPOTPAMMHOM IMPOAYKTE,
1 cOpMHUPOBAH MEXaHU3M aHajIU3a JaHHBIX. B mepBoiil yacTu 1aHHOM pabOTHI MCCIEAYIOTCS
TEOPETUYECKUE ACTIEKThl aHaJN3a W YCOBEPIICHCTBOBAHMS OM3HEC-TPOILIECCOB: MOPSIOK CO-
CTaBJICHUS JKypHajia COOBITHIA, METOJBI aHAIN3a WHPOPMAIMH JKypHAJa COOBITHIA, CIIOCOOBI
MPUMEHEHHS TIOTyYEeHHBIX 3HAHWH M3 aHaJIM3a KypHasa coObiTuii. Bo BTOpOit 9actu paccma-
TPHUBAIOTCS ATAIBI Pa3padOTKH MPOrPaMMHOTO IPOIYKTa JIJIsl MOCTPOCHUS MOJIENIEH MPOIIECCOB
10 KypHaJlaM COOBITHH.

KiroueBsble cjioBa: MoaenupoBaHrue OU3HEC-TPOIIECCOB, KypHAIT coObITHIA, CH.

Abstract

The purpose of this work is to research and develop methods and tools for analyzing user
actions and identifying the main areas of user interest. The paper considers methods for selecting
(clustering) the core of the main users and identifying characteristics of the behaviour of the
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main core of users. For this purpose, the initial data were analyzed and the optimal method of
analysis was chosen. A single data format that will be used throughout the software product
was implemented and a data analysis mechanism was formed. The first part of this paper
examines the theoretical aspects of business process analysis and improvement: the procedure
for compiling the event log, methods for analyzing the information in the event log, and ways
to apply the knowledge obtained from analyzing the event log. In the second part, the stages of
developing a software product for building process models based on event logs are considered.
Keywords: business process modeling, event log, C#.

Beeoenue

XKypHnan coObITHi — CTaHAAPTHBINA CIIOCOO
JUISL IPWIOKEHUN U OTEPALIMOHHON CHCTEMBI
3aMMChIBATh U [IEHTPAIIU30BAHHO XPAHUTh UH-
(hopMaIuio 0 BaXKHBIX MPOTPAMMHBIX U arliia-
parHbix coObITUsX [1]. [Ipy BO3HUKHOBEHUH
OIMMUOKK CHUCTEMHBIH aIMUHUCTPATOP WJIIU
MPEACTaBUTENb CITYKOBI TOIEPIKKHU JTOJKEH
OTIPEICTTUTh MPUYUHY OIIMOKH, TIOIBITATh-
Cs BOCCTAHOBUTH BCE IOTEPSHHBIC JTAHHBIE
U TIPEeOTBPATUTh TOBTOpeHUe omuoKu. [1o-
JIE3HO, €CJIM MIPUIIOKEHUS, ONIepaI[MOHHAS CH-
CTeMa U JIpyTue CUCTEMHBIC CITY>KOBI 3aITUCHI-
BaIOT Ba)KHBIE COOBITHS, TAKME KaK HEXBaTKa
MaMsITH WIA Ype3MEpPHbIE TOMBITKU JAOCTYyIa
K 1aucky. CUCTEMHBINM aJIMUHHUCTPATOpP MO-
KET 3aTeM HCIIOJIb30BaTh KYpPHAT COOBITHIA,
YTOOBI OMPE/IETUTh, KaKUe YCIOBUS BbI3BAIIU
OIIHUOKY, U OMPEJIETUTh KOHTEKCT, B KOTOPOM
oHa npowusonuia. [lepuonnuecku nmpocmarpu-
Basi KypHaJl COOBITHM, CUCTEMHBIN aIMUHHU-
CTPaTOp MOXKET OMPEAETUTh MPOOJIeMbI (Ha-

IIPUMEp, HEUCIIPABHBIN KECTKUHN JUCK), IIpe-
/1€ YEM OHU BBI30OBYT IOBPEXIEHUE [2].

Brnepsrsie API perucrpanuu coObITHI OBLIT
pa3paboTaH /sl PUIOKEHHUH, pabOTaIOIINX
noa omnepauuoHHoi cuctemor  Windows
Server 2003, Windows XP uau Windows
2000. B Windows Vista un¢pactpykrypa
perucTpanun coobITHii OblIa mepepaboTaHa.
[Mpunoxenusi, npenHa3HAYCHHBIC IS pa-
6ot B Windows Vista unu Oonee mo3aHux
OIEPAIIMOHHBIX CHCTEMaX, JOJDKHBI HCIIOJb-
30BaTh KypHaa coobrtuii Windows amns pe-
rucTpanyu coobiThii. OCHOBHBIC JAHHBIC, U3
KOTOPBIX COCTOMT MPUIIOKECHUE PETUCTPALINU
COOBITHH, 3TO — 0OBEKT U CYOBEKT COOBITHIA,
THUII COBEPLICHHOTO COOBITHS, BpEMsl, KOT/a
COBEPUIMIOCH COOBITHE. THITBI COBEPILICHHBIX
COOBITHH OIPEEIAIOTCS COTTIACHO HEOOXO0IH-
MOCTH B KOHKPETHOH 3a/1a4e 1 ObIBAIOT OYCHb
pa3HooOpa3HblI.

[Tpumep TUIIOB COBEPIIIEHHOTO COOBITHS U3
XKypHaina coobiTrii B Microsoft Windows [3].

Tabnuua 1
Tun coBepieHHBIX COOBITHI
WNudopmanust | CoOBITHS yKa3bIBAIOT PEIKHE U BAYKHBIC YCICIIHBIC OMIEPAIIUH.
[Tpenymnpex- | CoObITHS yKa3bIBaIOT MPOOIEMBbI, KOTOpbIE HE TPEOYIOT HEMEJIEHHOTO BMe-
JeHne IIaTeNIbCTBA, HO MOTYT MPUBECTH K OIMOKaM B OyaymieM. [Ipumepom Taxo-
r0 pojia COOBITUI MOXKET CITY)KUTh UCUEpIIaHHE PECYPCOB.
Ommbxa CoOBITHS YKa3bIBAIOT CYIIIECTBEHHBIE TPOOIEMbI, 00BIYHO MPUBOAIINE K
norepe GyHKIMOHATBHOCTH WIH JaHHBIX. [I[pIMepoM MOXKET CITyKHUTb He-
BO3MO)KHOCTb 3aITyCKa CIIy>KOBI TP 3arpy3Ke.
YeneuHslit CoObITHs1 6€301aCHOCTH, KOTOPBIE MPOUCXOAAT IPU YCIEIIHOM 00paIeHu!
ayJuT K ayJupyeMbIM pecypcam. [IpuMepomM MOXKET Iy )KUTh YCIEIIHBIA BXO/ B
CUCTEMY.
Heycnemnpiii | CoObITHsI 0€3011aCHOCTH, KOTOPBIE IPOUCXOIAT MPU HEYCIIEIITHOM O0pariie-
ayJuT HUH K ayTUpyeMbIM pecypcaM. [IpumMepoM MOXKET CIIyKHUTb HOIBITKA OT-
KPBITh (aiis1, He UMes COOTBETCTBYIOLIHX MPaB JAOCTyNA.
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CeroaHst MeXaHHU3M pPETUCTPALUU JIeH-
CTBUH MOJB30BATENsl U CHUCTEMBI HCIOJIb3Y-
eTcsi abCOJIOTHO B JIHOOOM NPOrpaMMHOM
npoaykre. Ecin 310 cucrema 6e3 monb3o-
BaTeJIbCKOro MHTep(elica, TO UCHOIb3yeTcs
OOBIUHBIM MeXaHU3M JIOTHPOBAaHUs, TO €CTh
COOBITHUSL MOTYT HUKAaK HE arperupoBarbecs U
3aMMCHIBaTbCS B TEKCTOBBIA (haiin, 6e3 ¢op-
MatupoBaHus [4].

B Gonee cloXXKHBIX CUCTEMax perucTpanus
NecTBUI MOXKeT PUKCUpOBaThCs B 0a3y AaH-
HBIX WJIHM B OTJENbHbIE (popMaTHbIe (Dailibl,
arperupoBarhbCs B pa3iINyuHbIe CTPYKTYPBI IS
JAJIbHEHIIEr0 aHajau3a WM npocmorpa. Bo
BpEMSI COBEpILEHUS IEHCTBUS TAKKE MOXKET
3aMKUCHIBATbCS W TMOMyTHas uHopMarus o0
o0BekTe u cyObekTe coObITHs, Hanpumep [2]:

— BO3pAcCT;

— T0J;

— reorpadusi;

— CHCTEMHbIE HACTPOMKH KOMIIBIOTEpA
T0JIb30BaTEJIs;

— HacTpoiiku Opaysepa (eciiu Web mipuiio-
JKEHUE).

B 3aBucumocty oT 3aa4yM MOMEHT (hUK-
Caluy JAeUCTBUS MOXKET OBITh peasn30BaH Ha
Pa3HbIX YPOBHSX MPOTrPAMMHOIO MPOIYKTA.

Cpok xpaHeHUs] HHPOpPMALMK B JKypHaJIe
coOBITHI BCeTaa MHAMBUIYaJIeH W BhIOMpa-
€TCsI COTIIACHO yCIIOBHUIO 3a1auu [3]. JlaHHEbIe,
KOTOpble (PUKCHUPYIOTCS Ha KJIMEHTCKON 4Ya-
CTH, TaKHe, KaK IEUCTBUA B TEKYLIEH CECCUH
Ha caiite, XpaHarcsa He Oonblie Hexenu. Ha
YPOBHE JIOTHUKU MPUII0KEHUS COOBITUS MOTYT
(ukcupoBaThCsl S JajbHEHIEro aHalu-
3a paboOTOCIIOCOOHOCTH TPOTPaMMBbI, TaKHe
JaHHbIE HY>KHbI Ha MOMEHT BBEACHHUS IPO-
IrpaMMbl WIH €€ OTJEeIbHOr0 MOAYJS B pa-
Oodee COCTOSTHHE, U XPAHATCS OHU JO TOTO
MOMEHTa, Kak Bce He OyneT nposepeHo. B
0a3e JaHHBIX MOTYT (PUKCHpPOBATHCS COOBI-
TUSl, KOTOPBIE CBSI3aHbI C U3MEHEHHEM COCTO-
SIHUSL WU TI0JIed Ba)KHBIX OOBEKTOB, HAIPH-
Mep, puxcanusi peaakTUpOBaHUS TOKyMEHTa
OyXrajTepckoro ydera, JaHHbIE O TOM, KTO,
YTO U KOTJa U3MEHW]I, MOTYT MOHAaJ00UTh-
CS U CILyCTSI MHOTO JIET, IOATOMY HMX CpOK

Meocdynapooneul gopyn "KDW-2020"

XpaHeHUs] MOXET OBITh HE orpaHuyeH [4].

Memoovl ananuza ungopmayuu xHypraia
cobvimuti

[Tocne onpenenenus Ciucka HEOOXOAMMBIX
Uil pukcanuii coObITHIT U ypOBHS, TA€ ITH
coObITHS OyIyT OTJIaBIMBATHCS, OyIeT chop-
MHpOBaHa TaOJINIIA WX TAOIHIIBI ¢ OOJIBIIAM
KOJIMYE€CTBOM JJaHHBIX, U HE BCET/Ia UX yA0OHO
IpoBepsATH B uncToM Buje. [lepen Tem kak co-
CTaBJISITh AJITOPUTMBbl aHaJIN3a, HEOOXOIUMO
MIPOBEPUTH KOPPEKTHOCTH MOJTYUYEHHBIX JaH-
HBIX [5]. JI71s1 TakuXx 11e51ei co3MarTcs pa3ind-
HbIE MEXaHU3MbI TecTupoBanus. Kak mpumep,
bukcupyeTcsi MajeHbKash BBIOOpKA JIaHHBIX
U npoBepseTcs 06e3 MPUMEHEHUS] Cephe3HbIX
aJTOPUTMOB, MOXET 0Ka3aThCsl, UYTO B JAHHBIX
HEJ0CTAaTOYHO MH(HOPMAIINH UITH €€ H30BITOK.
B Takux ciydasix MoXeT ObITh TepecMOTpeHa
MOJIUTHKA COCTaBJIEHUS KypHasla COOBITHIA,
TaK Kak JlaHHble OyIyT CIMIIKOM XaOTHYHbIE
U HE MOJIyYUTCS COCTAaBUTh €IUHYIO MOJEINb
[6]. Ha Texyiem aTamne co3aareny nporpaMmm-
HOTO TPOJIYKTa MOTYT OCTAHOBUTBHCS H3-3a
HEBO3MOXXHOCTH peajiu3aluu, JU00 Mpoaoi-
JKUTBH CBOIO padoTy.

OCHOBHBIMU METO/IaMU aHaJln3a JAHHBIX
SBIsSTIOTCS [7]:

— TECTOBBII aHAJIN3;

— CTAaTHUCTHUYECKUH aHaJIN3;

— OIMcaTeNbLHBIA aHaJIN3;

— IWaTrHOCTUYECKUH aHaJIN3;

— IIPOTHOCTUYECKUM aHAJIN3.

Kaxnprit 13 HUX MOKET HCIIOIB30BaThCS
MOOIMHOYKE, HO yalle ObIBaeT TpyIina ajro-
putmoB. [lepen ucnonb3oBaHUEM MOJETH €€
HE0OXOJMMO 3aITyCTUTh HA TECTOBBIX JAHHBIX
U TOJBKO MOTOM Ha padbounx. daxruueckas
3ajaya aHajlu3a JAaHHBIX — 3TO IMOJyaBTOMa-
TUYECKUI UM aBTOMaTHYECKHUI aHaIu3 00JIb-
IIMX 00bEMOB JIaHHBIX JIJIS1 U3BJICUEHUSI paHee
HEU3BECTHBIX, HHTEPECHBIX MOAENeH, Takux
KaK TpYMNIbI 3anuceil JaHHBIX (KJIacCTepHBIH
aHaJIM3), HeOOBIUHBIX 3anucell (0OHapyXeHHe
aHOMaJIM) M 3aBUCHUMOCTEH (aHamu3 Tpa-
BUJI aCCOLIMALINY, MTOCIIEI0BATENbHAS 100bIYa
narrepHoB) [8]. DTo 0OBIYHO BKIIIOYAET HC-
MOJIb30BaHUE METOJOB 0a3bl JAaHHBIX, TAKUX
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KaK IPOCTPAaHCTBEHHbIE HHIEKCH [9]. OTH
11a0JI0HBI 3aT€M MOYKHO paccMaTpHuBaTh Kak
CBOETO pojJia CBOJKY BXOJHBIX JAHHBIX, U UX
MOKHO HCITIOJIb30BaTh B JaJbHEWUIIEM aHAIU-
3€ WK, HallpuMep, B MAaIlIMHHOM OOY4YeHUH 1
MpOTHO3HOM aHanmuTuke [10].

Paspabomka npoepammnozo npodykma
01 nocmpoenus Mooenell Npoyecco8 no
JHCYpHANAM COOBIMULI

B pamkax paGor mo HacTpoiike paboTh
CRM nomxkeH ObITh IPOBEACH aHAIU3 3allk-
cell 0 nefcTBUX MoJib30BaTeNnel U HHpopma-
LIMOHHBIX pecypcax U pa3paboTaHO KOMMeEp-
YEeCKOTO MPEIOKEHUSI.

ITo pe3ynbraram aHanusa IEUCTBUN MOIb-
30BaTesl JOKHO ObITh OCYIIECTBIIECHO:

— MPOBEJCHUE aHAIN3a JEUCTBUM MOJIB30-
BaTeliell ¥ BBISIBJICHHE OCHOBHBIX 30H HHTEpE-
ca, BblJeNIeHUs (KJIacTepu3alus) sapa OCHOB-
HBEIX TOITB30BaTENeH;

— BBISBJIEHUE XapaKTEPUCTHK MOBEICHUS
OCHOBHOTO s1/ipa MOJIb30BaTeNeH.

OCHOBHBIM HCTOYHUKOM JAHHBIX IS aHa-
JU3a SBISIeTCS:

— BBITPY3Ka JaHHBIX O 3HAYMMBIX JIEHCTBU-
X MoJb30Barenen (Jior — 1elcTBUi);

— MoKa3arenu SIHaeKC-MEeTPUK MO MOJIb30-
BaTEJISIM.

Jlor peiicTBHIl MoOJB30BaTENEl MpENCTAB-
nsieT coOoi Habop 3anucei:

— 0 JEUCTBUSAX IMOJIB30BATENIEN C OTMETKON
BpEMEHU;

— YHHUKaJIbHBIN UIEHTU(UKATOP MOJIb30Ba-
TeJs;

— Ha3BaHUE 3HAUMMOTO JEHCTBUS U JIpyrast
BCIIOMoOraresabHasi HHPOpMaIusl.

JlaHHbBIE OXBaTHIBAIOT MPOMEKYTOK BpeMe-
vy ¢ 1 mronsa 2016 . mo 20 oxtsi6ps 2019 .
3a 3TO BpeMsi B CUCTEME aHAJIMTUKH MopTaia
3aperucTpupoOBaHoO:

— 16 860 000 3HaYUMBIX COOBITHIA;

— cosepuieHHbIX 986 000 yHUKaJIBHBIMH
T10JIb30BaTEISIMU.

Meacdynapodneul gopym "KDW-2020" 4

C 1enpto IpoBeACHUS aHAJIW3a TpeaBapu-
TeIbHO Obla MpOBe/IeHa MEepBUYHAs arpera-
Vsl ICXOJHBIX JAHHBIX HA TIPEAMET OLECHKH:

— pacrnpenesneHus 4Yuciia JeUCTBUUA B CH-
cTeMax;

— pacmpefiesieHus 4Yucia COBEPIICHHBIX
JIEHCTBHI MOJIL30BaTENICH B CHCTEMAX;

— pacmpefiesieHus 4Yucia COBEPIICHHBIX
JICHCTBHIA,

— pacrpefeneHus aKTUBHOCTH JIEHCTBHI
MOJIb30BATEIIEH 3a IEPUOI.

ApPXUTEKTypa TPHIOKECHHS HMEET TpHU
YPOBHS: KIIUEHT, CEpBEP MPHIIOKEHUH (K KO-
TOPOMY TOJKJIIOYEHO KJIMEHTCKOE MPUIIONKE-
HUE) U cepBep 06a3 TaHHBIX (C KOTOPHIM pado-
TaeT cepBep NPUIOKEHUN).

[lepen co3nanuemM mnpoekTa HEOOXOAUMO
chopMUpOBaTh CTPYKTYpbl OOBEKTOB, KO-
TOpble OyAyT HCIIOJB30BaThCsl BO BCEM IPO-
rpaMMHOM Tponaykre. [ XpaHeHus Takue
00BEKTOB OYJET UCIONIb30BaThCs OMOIMOTEKA
kiaccoB Ha miargopme NET Core 3.1.

HeoOxoqumo y3HaTh OCHOBHBIE MAaTTEp-
Hbl Tepexofa «TUIHYHOTO» IOJb30BaTeNs
CEepPBUCOB 3aKkazumka. [[js 3Toro HeoOXoaum
MOJy/b, KOTOpPBIN OyAeT MpencTaBisTh CO-
0011 OMOIMOTEKY KIIACCOB JIOTHKH U HEOOXO-
JTUMBIX CymHOCTe. CaMoii TJIaBHOM CYIITHO-
CThIO OyneT rpad nepexofoB MOIb30BATENCH.
CrpykTypa kiacca OyaeT UMeTh CJIEeTyIONni
BUJ (puc. 2).

Kpome BepuIvH gaHHBINA KJIacC UMEET Me-
ton DeleteEmptyVertices nist ynaneHus «iy-
CTBIX» BEpIIMH B Cilyyae HEOOXOTUMOCTH.
BepmmHb! cuuTaroTCst MyCTHIMA, €CITH K HUM
HeT pedep.

Jloruka ¢gopmupoBaHus rpada mnepexoaos
HaxoauTcs B kiaacce MainAnalytics. B kimacce
€CTh €IMHCTBEHHBIN MyOIMYHBIA METOJ, KO-
TOPBIM MPUHUMAET KYpPHAJI COOBITHI U Mak-
CUMAaJIbHBI MHTEPBAI MEXKIy IECUCTBUSIMHU,
M0CJIe YCTaHABJIMBAIOTCS BEPIIMHBI Tpada u
pebpa.
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Caut, arsa HeobxoAMM AAR U3MEHEHUA HAaCTPOEeK
NpocMoTPa AaHHbIX

Puc. 1. Apxumexmypa npoepammro2o npooykma

GetEventsGraph({Eve t eventDataTable,

Graph I
EventDataTable = DataTable;

Interval = int

Puc. 3. Dopmuposarue epagha nepexodos
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Vlearcdyrapodnroid popym "KDW-2020

OcraHoBUMCS TOAPOOHEE HA KAXKIOM M3
neiicreuil. [{nst popmupoBaHus BepIlvH Irpa-
(ha mepexo10B KypHaJl COOBITUI TPYNIUPYET-

Setvertex()

value = EventDataTable.

cs o Id meiictBust u nobasnsiercs B rpad B
KaueCTBE BEPIIMHBI.

» row.EventColumnValue). ToList();

Puc. 4. Dopmuposarue sepuiun epaga

®dopmupoBaHue pedep HAUMHAETCS C TPYII-
IIAPOBKH BCEX JEHCTBUM 110 II0JIb30BATENIO0. B
paMKax MOJIb30BaTeNsl JEUCTBUS COPTUPYIOT-
Csl M IIOOYEPETHO MPOBEPSIOTCS HA BBIIIOJIHE-
HUC YCJIOBUSA: BpEMA TCKYLICTO IIGfICTBPISI MU-
HYC BpeMsl CIIEAYIOIIEro ACHCTBUS HE O0ilb-
i€ MakKCUMaJIbHOrO MHTepBasa. Ecnu ycio-

BUE BBINOJIHAETCSA CO3JaeTCsl pedpo MEexAy
IPOBEPSEMBIMU  ACHCTBUSIMM, JHOO eciu
pebpo yxKe CyIIECTBYET K €ro Becy 100aBiis-
eTcst oquH. Hrke mpencraBiieHa peaan3amms
dynkuuonana QgopmupoBaHusi pedep rpada
(puc. 5).

wit ). ToArrayl );

Puc. 5. Popmuposarue pebep epaga
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Puc. 6. Cozdanue u 3anornenue epaga nepexodos

[Tocne Br3oBa GetData Ha kinueHte ¢op-
MUPYETCsl YK€ 3alOoJIHeHHBIH Tpad U ¢ moMo-

& >
v — l::...a-:q...‘. [

o 0w
g,
P e

o r—

nipio JavaScript BeiBonuTcs Ha popmy caiTa.

bty e an

Puc.7. Busyaauzauyus epaga nepexodos

Tekymuii rpa¢ nokasplBaeT MOPSAAOK J€H-
CTBUS «THUIIMYHOIO» IIOJB30BaTENs U 4YEM
KHUpHee pedpo MEXTy BepIIMHAMU, TEM 00JIb-
1I€ MOTOB I10Jb30BaTEICH 110 JAHHOMY Harp-
BJICHUIO.

3axnrouenue

B nanHoil paGore Obula IPOAEMOHCTPU-
poBaHa peajM3anus IPOrpaMMHOIO MPOIYK-
Ta Ui IIOCTPOEHUs MOJEIEH IIPOLIECCOB I10

Cnucok quTeparypsbl

KypHajiam coObITuil mpeanpusTus. B apxu-
TEKType MPOrpaMMHOIO MPOAYKTAa MOXKHO
BBIJICIUTh HECKOJIIBKO OCHOBHBIX OOBEKTOB:
kyacrep cepepoB SQL, cepBep npusoxeHui
U BeO-calT. [y peanuszanuu nocTaBlIeHHBIX
3agay Obu1 BeIOpaH (peiimBopk .Net CORE.
Htorom crama Bu3yanuszauus IOJy4YCHHOH
UHpOpPMaLUN U3 XKypHasla COOBITHI B BUJE
HalpaBJIeHHOTo rpaga.
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AHHOTAUA

Crarbs MMOCBAIICHA aHAJIM3Y KOHLCIIIHU «YMHOT'O IropoJa» € IMPUMCHCHUEM MeTO,Z[OJ'IOFI/Iﬁ

OHTOJIOTUYECKOW MOJIETH U MPOCTpaHCTBa 3HaHUH. [Ipennoxken nepeueHb KOHIENTOB sl OH-
TOJIOTUYECKON MOJIEIM TOPOJCKON cpenbl. PaccMoTpeHa BO3MOXKHOCTh IPUMEHEHHSI CEMaHTH-
ku RDF (Resource Description Framework) nist onucanust mpocTpaHCTBa 3HAHWN TOPOICKON
Cpelbl, a Takke MpUMephI 3arpocoB 1o TexHonoru SPARQL (pekypcuBHBIN akpOHUM OT aH-
miickoro Protocol and RDF Query Language). [Tony4yennsie B cTaThbe BHIBOJBI MOTYT OBITh
WCTIONIb30BaHbI B IUIAHUPOBAHUU MTPOTPAMM CO3AaHUS U PA3BUTHUS YMHBIX TOPOJIOB.

KiroueBble c10Ba: ropoj1, yMHBII TOpo, MPOCTPAHCTBO 3HAHUMN, OHTOJIOTHYECKAsl MOJIETb,
ceMaHTHuYecKHil BeO.

Abstract

The paper is devoted to the analyzes of the «smart city» concept using ontological model
and knowledge space methodologies. A list of concepts for the ontological model of the urban
environment is proposed. This article also considers the possibility of using the RDF semantics
(Resource Description Framework) to describe the knowledge space of the urban environment,
as well as examples of queries using SPARQL technology (a recursive acronym from the
English Protocol and RDF Query Language). The conclusions obtained from the article may be
used in planning programs for creating and developing smart cities.

Keywords: city, smart city, knowledge space, ontological model, semantic web.

TpaIuIMOHHO TEPMHUH «TrOpPOI» paccma-
TPHUBAETCS B KOHTEKCTE COCPEIOTOUCHHUSI HKH-
JBIX JIOMOB B HEIMOCPEICTBEHHOW OIU30CTH
JPYT OT JApyra U o0pa3yroIuX eIUHOE MOCe-
nenue (moapoOHEe O TOPOJCKON KOHIEMIUU

cM. [1]). DneMeHThI TOpoAa, a TaKKe CUCTEMBI
cHaOXeHHsI TOpo/ia pecypcaMu, 00pasyroT B
COBOKYITHOCTH TOPOJICKYIO HH(PACTPYKTYpY.
DBOIIOIHSI TOPOJIOB MpHUBETa K 00bEKTHBHOU
HEOOXOIMMOCTH CO3JaHHUsSI CIIOKHBIX CHCTEM
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yIOpaBICHUS] TOPOACKHUM XO34WCTBOM (MH-
(bpacTpyKTypoii), KOTOpbIe TPEOYIOT OBICTPO-
IO NPUHATUS TOYHBIX pemeHuid. Omubku B
yHOpaBiIeHUH (BKJIIOYasi CTPATETUU Pa3BUTHS)
Hen30eKHO MPUBOAAT K KaTacTpOhUUECKUM
KoJuTarcaM U TpeOyroT 3HAYUTEIbHBIX PECYp-
COB ISl YCTPaHEHMsI MX MOCIEACTBUM. DTO
SIBUWJIOCH TPEANOChUIKAMH pa3pabOTKU KOH-
LENUUU YMHOIO Topoja, KoTopas B uieaie
JOJbKHA obecniednTs 3 dexTuBHOE Oe301IH-
004HOE yNpaBiIeHHE TEKYIIUM COCTOSHUEM U

NEPCIEKTHBHBIM Pa3BUTHEM TOPOJCKON WH-
(bpacTpyKTyphbl.

B nocnennee BpeMs HaOmogaeTcst pe3kuit
POCT MHTEpeca K KOHLIETILIUHU YMHOTO ropoJa.
KocBeHHBIM WHAMKATOPOM STOTO TPEHA SIB-
JSIeTCSl PE3KUM POCT 3allpOCOB B MOUMCKOBUKE
Sunexc o cinoBam «YMHBIN ropony (puc. 1).
Ucrounuk — metpuka SAnaexca [2]. Bunumbrit
pOCT — Ha TOPSIIOK B TIEPUOJE MapT — Mai
2020

Wb rOp0d

fnnexc

Soabun L

WC Tt SOERDCE N0 U0 Sy FOROSS

i T Y e w— e ]

Fiarvanss batopefre

Puc. 1. [00osoii epagur dunamuru 3anpocos 8 findexce no crosam « Ymroli 20po0»

Taxxe cienyer npuHUMarh BO BHUMaHUE
TOT (paKTOp, YTO B CBSI3U C pa3BUTUEM LU(ppo-
BBIX TEXHOJIOTUH CTaJl0 pa3MbIBaTbCs IMOHS-
THE JIOKAJIbHOCTH TOPOJICKOM MHPPACTPYKTY-
pBI (OTYACTH ATH BONPOCHI pacCMaTpUBAIKCh
B [3 u 4]). Tak, Haripumep, cepBepa, Ha KOTO-
PBIX BenmeTcsi 00paboTKa JaHHBIX TOPOICKOM
UHPPACTPYKTYPBI, MOTYT pacIojiaraTbCsi B
ThICSIYAX KHUJIOMETpax OT CaMoro roposna, a
KHUTEIH TOpoIa MOTYT (aKTHYECKH Haxo-
JUTHCS B JIFOO0H TOYKE 36MHOIO LIapa U Ipu
3TOM MOJIb30BATHCS TOPOJCKUMHU peCypcaMu
(Hanmpumep, IPUHUMATh YYacTHE B TOJI0OCOBA-
HUH HA TOPOJICKOM TIOPTaJie WU 00ydaThCs B
ropojckoM yueOHOM 3aBefieHNH). B nepcrek-
THUBE STH TEHICHIMH «Pa3MBITOCTH» OymayT
YCUJINBAThCSI.

[IpakTnueckass peanuszanusi KOHLEMLUU
YMHOTI'O FOpO/ia pernoaraeT Hajauurue Hao-

pa TOYHO M3MEPEHHBIX MOKAa3aTeseu, Xapak-
TEPU3YIOIUX COCTOSTHUE TOPOJACKHX CUCTEM
B KaK/IbIiI MOMEHT BpeMEHU. B uaeanbHOM
Cly4yae JaHHbIE JOJDKHBI MIOCTYIIaTh B IOTO-
KOBOM pekume on-line 24/7, mMOCKONbKY He-
BO3MOKHO YIIPaBJIATH MIPOLIECCAMHU, KOTOPBIE
HE U3MEPAIOTCS. JTH MOKa3aTeId NOCTYNAloT
B LIEHTP KOMIIETEHIIN, OCHAILICHHBI CUCTE-
MaMU MPHUHITHS PELIEHU ¢ BCTPOECHHBIMU
JIEMEHTAMU HCKYCCTBEHHOI'O HWHTEJUIEKTA.
B cnydae BbIABIEHMS OTKIOHEHHMS OT Lieje-
BBIX TIOKa3aTesieil, CUTYallMOHHBIM LEHTP
TE€HEPUPYET BO3ICUCTBUE B BUJIE OIIPEIEIICH-
HOTO YIIPABJIEHYECKOIO PEIICHHUs, peasn3a-
111 KOTOPOTrO MO3BOJISIET BEPHYTH MOKa3are-
i (DYHKIMOHMPOBAHUS TOPOJICKOW HH(ppa-
CTPYKTYPBI B 30HY LIE€JIE€BbIX 3HAYCHUN.
IIpumep — BO3AEHCTBHE TOTOJHBIX YCIIO-
BUH (CUJIbHBIN CHEToMaj) MPUBENIO K BOSHUK-
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HOBEHHUIO OTKJIOHEHHS (DYHKIIMOHUPOBAHUS
rOpO/ICKON MHPPACTPYKTYPbI, KOTOPOE BbIpa-
JKaeTcsl B 3aMEJIEHUU JBM)KEHUS TPaHCIIOp-
Ta, BOSHUKHOBEHMIO MPOOOK, PE3KOMY POCTY
konmuectsa [TII. Yrnpasienueckoe penieHne
— BBIBOJ| MaKCHUMAaJIbHOTO KOJIMYECTBa CHe-
royOOpOYHON TEXHUKH, YCHJIEHHBIH PEXUM
paboThl TOPOXKHBIX CITYKO, TOPOKHOM MOJH-
MU, CIIy>kObl ckopor momoru. Peanuzarus
pelieHns NPUBOAMT K BO3BpATy COCTOSIHUSA
TPaAHCIIOPTHOM CHCTEMBI TOPOJia B 30HY Iie-
JIEBBIX ITOKA3aTelIeH.

Takoli mpormecc Hambosnee 3PPEKTUBHO
OIMCHIBAETCSI B TEPMHHAX OHTOJOTHYECKON
MOJIENM W MPOCTPAHCTBA 3HAHUU TOPOJCKOMN
UH(PaACTPYKTYPBHI.

[Ton ¢opmanbHOl MOIETBIO OHTOJIOTHH
O OyzneM moHuUMaTh yNopsI0YEHHYI0 TPOUKY
Buja {1}:

O0=<X,R,F> {dopmyna 1},

rae X — KOHEYHOE MHOXKECTBO KOHIIEIITOB
(MOoHATUH, TEPMUHOB) MPEIMETHONW 001acTH,
KOTOpYI0 IpezcTaBiser oHronorus O;

R — KOHEYHOE MHOKECTBO OTHOIIEHUU
MEXy KOHIETTaMH (TIOHATUSIMHU, TEPMHUHA-
MH) 33JIaHHON TIPEIMETHON 00I1acTH;

F — xoneuHoe MHOecTBO (YHKIMH HH-
TeprpeTanum, 3aJaHHbIX Ha KOHLIETITaX U/WIN
oTHOIIeHUsAX oHtosnoruu O.

CaM TepMHH «OHTOJIOTHSD» O3HA4aeT BCe-
00BEMITIONTY IO U TIOAPOOHYIO (POpMaTU3AIINIO
HEKOTOpO 001acTH 3HaHUH ¢ TOMOIIIBIO KOH-
uentyaibHoOU cxemsl (popmyna 1). O6bIYHO
Takas CXeMa COCTOUT U3 CTPYKTYpbI JAHHBIX,
coJieprKalleil Bce pejieBaHTHBIE KIacChl 00b-
€KTOB, UX CBSI3U M IPaBUJIA, IPUHSITHIE B 00-
JIACTU PUMEHEHUST OHTOJIOTHH [5].

C oHTONOTHEN TECHO B3aUMOJEUCTBYET
MPOCTPAHCTBO 3HaHWW. [IpUMEHUTENBHO K
KOHIIETIIMM YMHOTO TOpojfia YMECTHO TOBO-
pUTH 0 IU(PPOBOM MPOCTPAHCTBE 3HAHUH, TO
ecTb 00 onudpoBKe MOKa3aTesei, ONMUChIBa-
IOLUX TOPOJCKYI0 MH(pacTpyKTypy. Takoe
MIPEJICTABICHUE JOJDKHO OTpaxkarb Mpea-
METHBIE KOMIIOHEHTBHI MHQPPACTPYKTYpPbhI, UX
B3aMMOCBSI31, XPOHOJIOTHIO BOJIIOLINH, PEaK-
[IMIO HA PA3JIMYHbIE BO3ACHCTBHUS.

Meocdynapooneul gopyn "KDW-2020"

Ha npakTuke npocTpaHCTBO 3HAHUM, OIHU-
CBIBAIOIIIEE TOPOJICKYI0 UHPPACTPYKTYPY, CO-
CTOWT W3 CUCTEMBI cOOopa MH(GOPMAIINH O Te-
KYIIIEM COCTOSIHUU TOPO/ICKON HHPPACTPYKTY-
pBl, CUCTEMBI II€pEeIavn JIaHHBIX B 00padaThI-
BAIOIIMM LIEHTP, CUCTEMBI MPEIBAPUTEIBHON
00paboTKu M (UIBTPALMM [OCTYIAOIIUX
JTAaHHBIX, paclpeaeseHusl MOToKa MOoCTynaro-
IIMX JTAHHBIX B COOTBETCTBUM C MHOYKECTBOM
koHuenTtoB X (popmyna 1).

OHnTONOrMY€ecKast MoJieb JOTOJIHSAET Mpo-
CTPAHCTBO 3HaHMM MHOXXECTBOM OTHOLIE-
HUN MeXIy OUU(pPOBaHHBIMH KOHIENTAMHU
R u MHOXecTBOM (QYyHKUMI HHTEpIpeTaluu
(0OpaboTka [aHHBIX, NPUHATUE PELICHUI)
F (bopmymna 1).

MHOXECTBO KOHIENTOB  ONpENeIseTcs
INPUHATBIMU B MOJENU KilaccupuKaTopamH,
KOTOpBIE OMNPEAENAOT O0OBEKTUBHBIE KpUTE-
pHUH TPYIIIUPOBKH OOBEKTOB B CEMAaHTHUECKHU
KOPPEKTHbIE HE MEePECEKAIONINECs KOHIIETITHI.

K kxoHuenTtam roposa OTHOCSATCS: >KUIION
(GOHJT; TPOU3BOACTBEHHBIE 3/1aHNUs; OPUCHBIE
U TOProBbl€ 37aHMs; 0Opa30BaHUE; 3/1PaBO-
OXpaHEHUE; JOPOTH; AEKTPOCHAOKEHUE; Tra-
30CHa0KEeHUE, BOAOCHAOKEHNE W KaHaJM3a-
1us; Mecta cobopa OTXOAOB; OOILECTBEHHBIH
TPAHCIIOPT; CIY>KEOHBIM TPAHCIIOPT; JTUYHBIN
TPAHCIOPT; PeKpeallMOHHbIE 30HbI; CIOPTUB-
HBIE COOpYKEHUS; TOPOACKOE OCBELICHHUE;
HKOJIOTMYECKHE MOKa3aTenn; 0€301acHOCTb.

[lepeueHb BbILIENIEPEUUCTICHHBIX KOHIIET-
TOB HE SIBJIIETCA HCYEPIBIBAIOIINM, MOXKET
ObITh M3MEHEH NPUMEHUTENIBHO K KaXAou
KOHKPETHOM  IMpakTHUYECKON  peanu3aiui.
Onepauny OOHOBJIEHMsI MPOCTPAHCTBA 3Ha-
HUHM T03BOJIAIOT BKJIIOYATh B MPOCTPAHCTBO
3HaHUU OOBEKTHI, KOTOPbIE HE MOTYT OBIThH
MOJIyY€Hbl B PE3YJIbTATE BBIIOJIHEHUS OIle-
paruii aHaJM3a ¥ CUHTE3a HaJl UMEIOLUMUCS
oObekTamMu. C NOMOIIBIO TaKUX Oleparnui
yCTaHaBIJIMBAETCsl HEOOXOAUMOCTH B J100aBJIe-
HUU HOBBIX OOBEKTOB, MPEACTABISAIONIUX HO-
BbI€ 3HAHUS, TM00 yAaJleHus YK€ UMEIOINXCS
00BEKTOB, HallpUMEP, €CIU B 3HAHUSAX BBISB-
JISIOTCS IPOTUBOPEUHs. ITO HEOOXOIUMO ISt
cobmronenust GpyHAaMEHTATbHBIX MPUHIIAIIOB
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MOJIHOTHI, JOCTATOYHOCTH U HE MPOTUBOPEYH-
BOCTH ITPOCTPAHCTBA 3HAHUM.

B3aumoneiictBue MeXIy KOHIENTaMU
(koMrioHEeHT R B OHTONOTHYECKOW MOIEIN)
peanusyercsi B BUJE CEMAHTUYECKUX CBsI3EH,
OCHOBaHHBIX Ha aHAJIM3€ 3HAHUM.

AHanu3 3HaHUU SBISETCS YBOJIOLMOHHBIM
pa3BUTHEM aHAJIM3a JAHHBIX U MPEICTABISAET
co0oif aHanu3 coOpaHHOM U peaBapUTEIHHO
CTPYKTYpUpPOBaHHOW HH(OpMaLUu B COBO-
KyIHOCTH C B3aUMOJICHICTBUEM MEXIy BbIJe-
JICHHBIMHU KOHIEMIIUAMH. 3HAHUS HAMPSMYIO
HE CoflepXarcsi B BBIJCJICHHBIX KOHIIETITax,
HO SIBISIIOTCSI HOBBIMH TPUOOPETEHHBIMU
CBOMCTBaMH, OCHOBAHHBIMU Ha TIPEABIAYIIIEM
OMbITE, BHEIIHUX aJrOpUTMax oOpadOTKH,
WHTYUIUHU U T.JI.

MoxHO cKa3aTb, YTO aHAJIU3 3HAHUHN — 3TO
Mepexo/1 OT MPEACTaBICHUS 3HAaHUHN B TaMSATH
JKCIEpPTa K MPEICTABICHUSIM WIH CTPYKTYpam
B OHTOJIOTUYECKOW MOJENH, OTpa)Karouum
MMOHMMAHHUE COOTBETCTBYIOLIUM 3KCIIEPTOM
MpeIMeTHOW 001acTu, MHTEpIpeTalud uMe-
foteicst HGOPMAIMU U MOJETISAX MPUHATHS
pelIeHN KaK peaKIK Ha CIOKHUBIIYIOCS CH-
TYyaLHuIo.

[IpuMeHHUTENTHEHO K KOHIEMIIUHA YMHOTO TO-
poJia MOXKHO MPHUBECTH CIEAYIOIINM TpUMeEp.
[IpoBenenne Ha rOpoOACKOM CTaluOHE QyT-
0oibHOrO Marya. JlaHHBIMU SIBIISI€TCS KOJH-
YEeCTBO 3pUTENIEH, BpeMs MPOBEIECHUs MaTya.
3HaHUAMU B JAHHOM CIIydae SIBISETCS pe3-
KO€ yBeJIMYeHHe TpauKka JIBHKEHHUS 10 Ha-
yajla U MOCJ€ OKOHYaHUSl MaTya, CBS3aHHBII
C MaTyeM pOCT KOJIMYECTBA IpaBOHApyIIe-
HUW B ONIM3JIEKAIIUX paiiloHAX, POCT MPOIAK
B ONMu3NeXalux MarasuHax, NpeAnpusTUsIX
oOmiecTBeHHOrO nuTaHus. Takke K 3HaHUAM
OTHOCSITCSl TUIAHUPYEMBbIE B CBSI3M C 3TUMHU
MIPOrHO3aMH MEpPONpUATHS (YaCTUYHOE Iepe-
KpBITHE JBWXCHUS, YCUJIEHUE TaTPyJIUpOBa-
HUS TIOJIMIIUEH, TOTOBHOCTH HH(MPACTPYKTYPHI
00IIEeCTBEHHOTO TUTaHUsl, TOPTOBIIH U T.J1.).

BrlmeckazanHOe OTHOCHUTCS K CUTYallUsSM
PE3KOTr0 OTKJIOHEHUsS ToKaszarenell (QyHKLHU-
OHUPOBAHUSI TOPOJICKON WHQPACTPYKTYPHI
OT LENEBBIX 3HaueHM. Kak HU CTpaHHO, HO
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0ojlee CIIOKHOM 3amadyeil sABIsIeTCs 3ajada
MMOCTOSTHHOTO MOHUTOpPUHTA ITHX IOKa3are-
ner, cOop TEeKyIIUX MaHHBIX ISl CO3MaHUS
HOBBIX 3HAaHUW B oOmactu 3(PPEeKTUBHOTO
yOpaBiIeHUs] TOPOJACKONH HHPPACTPYKTYpOil.
OTO camblii Ba)KHBIM aCIEKT, MOCKOJIbKY IS
ompeeseHUs] MPUINH OTKJIOHEHHUH U BBIOOpa
CIIEHApUs PEIICHUs YCTPAHEHHS dTUX OTKJIO-
HEHUH, JTr00asi CUCTEeMa yMPaBICHUS TOJDKHA
MMOHUMAaTh, — KAKUE JTAaHHBIC BHIOPAHBI, KAKUM
METOJIOM, KaK OHU CTPYKTYPHPOBAaHBI U 00b-
eauHeHbl. B pamkax peanusanuu KOHIETIIUNA
YMHOTO TOPOia, TOPO HAUUHAET YIPABISATHCS
Ha OCHOBE IIPUHSTHIX KOHIIETITOB M TPOCTPAH-
cTBa 3HaHWU. TeM He MeHee, B HACTOSIIEE
BpeMsi OOBEKTUBHOU PEaTbHOCTBIO SIBISETCS
TO, YTO HU KOHIIENITHI OHTOJIOTHYECKOM MOJIe-
7Y, HU IPOCTPAHCTBO 3HAHUU, HU, TaXKe, MPo-
CTO JTJaHHBIE O COCTOSIHMHM TOPOJCKON MH(pa-
CTPYKTYpBI, HE SIBJISIFOTCS HU TOJHBIMH, HH
JIOCTOBEPHBIMU, HU JTOCTATOYHBIMH. DKCIIEp-
TaMH, 3aHUMAIOIITUMUCS 3TUM HaIIPABJICHHUEM,
OBLJIO OTMEYEHO, YTO «CYIIECTBYIOT THICSIUN
pPa3TUYHBIX HA0OPOB TOPOJICKUX MOKa3aTeNIeH
Y COTHH areHTCTB, 3aHUMAFOIINXCS UX COCTaB-
JeHueM U aHanu3oM. OIHaKo 3TH MOKa3aTean
00BIYHO HE CTaHAAPTU3UPOBAHBI, IPOTUBOPE-
YUBBI WM HECOMOCTABUMBI (Ha MPOTSHKEHUH
BPEMEHHU WJIM MEXIY TOPOJAMH), ¥ TIPH STOM
OHM HE UMEIOT JOCTATOYHOTO OI0OPECHMSI JIs
WCIIOJIb30BaHUSI B KAa4ECTBE TEKYIIUX KpPH-
TepueB» [6, 7]. B 3TuX ycrnoBusx ocoOEHHO
Ba)XHA POJIb MHTETPUPOBAHHBIX B CHCTEMY
YIIPaBJICHUS 3JIEMEHTOB UCKYCCTBEHHOTO WH-
TEJJIEKTa, KOTOPbIE JOKHBI 00ECIIEUUTh Clie-
nytonui GyHKImoHan (moapoobuee cMm. [8]):

— CIIOCOOHOCTh TPYNIUPOBATH HEUJCHTHY-
HbIe 00pa3bl B KJIACCHI;

— CHOCOOHOCTh K aJanTHBHOMY H3MEHE-
HUIO TOBEJICHUS Ha OCHOBE OOyYCHHS;

— CHOCOOHOCTh K J€AYKTHBHOMY MBIIII-
JICHUIO — YMEHHIO JIeJIaTh BBIBOJIBI U3 NMEIO-
ITUXCS TTOCHUIOK;

— C0COOHOCTh K MHIYKTUBHOMY MBIIILIE-
HUIO0 0000IIEHHIO, YTO MPEIOIaraeT CIoco0-
HOCTB TTOPOK/IaTh HOBOE 3HAHNUE;

— CIOCOOHOCTh pa3palaThiBaTh U WCIIOJNb-
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30BaTh KOHIIENTyaJbHBIE MOJENH, YTO O3Ha-
YaeT HAIMYKE Y YeI0BeKa HEKOTOPO MOIENH
MHUpa U IPAMEHEHUSI 3TOW MOJIENH TSI TIOHH-
MaHWsI, HHTEPIPETANN U TIPEICKA3aHUS CO-
OBITHIL;

— YMEHHE BHJETh B pEIIaeMbIX 3a/adax
pasHble (HaKTOPBI U OTHOMICHUST MEXKITy HUMHU
Y OLIEHUBATH UX 3HAYCHUE JUTsI PEIICHUS 3a/1a4.

B pamMkax OHTOJOTHUYECKOH Momenu 00-
MeH 3HaHWSMH OPTaHWU30BAaH B BUIE CEMaH-
tryeckoil BeO [9] . dopmarom TpH TaKOM
oomene ciayxut RDF (Resource Description
Framework — rpadoBas momens omnmcanus

Meocdynapooneul gopyn "KDW-2020"

pecypcoB, Ae (GakTo SBISETCS CTaHAApTOM
[0 YMOJYaHHUIO JII CEMaHTH4YecKod BeO).
VYr1Bepxknaenus o pecypcax B mogenu RDF co-
CTOSAT U3 Tpoek (puc. 2). Pecypcel u cBoiicTBa
npencrasisitores B Buge URI, a murepansl B
¢dopmare Unicode. URI mo3Bossier yHUKaIb-
HBIM 00pa3oM UJIEHTU(PUIUPOBATH PECYPCHI B
BeGe, a Unicode pemraer mpo6ieMmy MyJabTHsI-
3pIYHOCTH (ToApoOHee cm. [10]).

Ha puc. 2 Bu3yanu3upoBaH IpUMEp YT-
BepokJeHus B pamkax monenu RDF (Ha ocHo-
B€ aHAJIOTUYHOTO TpumMepa u3 [10]).

SUBJECT PREDICATE OBJECT
WBan NBanos : JKurens : Tyna
Tyna : O06sacTHOM LIEHTP . Poccust

Puc. 2. [lpumep ymeepacoenuii, 3anucanrolx mpotikamu 8 RDF moderu

OObeKT oAHON TPOMKU OHOBPEMEHHO SIB-
asieTcsi CyOBeKTOM Apyrol TpoWku. Taxum
o0pasom, coznaercs rpad, comepkamuii KOH-
LENThl C OJHOBPEMEHHBIM OTPAKEHUEM He-
papxuu cBsa3eil Mexay HuMu. [[nst 3ampocoB
K COJIEp’)KUMOMY XpaHWIMILA C TAKOH OpraHu-
3alMel Co3/laH ClelHaIbHbINA S3bIK 3aIPOCOB
SPARQL (cwm., naripumep, [11]), koTopslii siB-
JSIeTCSl PE3YJIbTAaTOM OIPENIEIeHHON HBOJIIO-
uuu mupoko usBectHoro SQL. Mcnonb3oa-
Hue SPARQL 3anpocoB mo3BOSIET MOTyYaTh
HOBBIE 3HAHUS, KOTOpPbIE MNpPSIMO HE COIep-
JKarcsl B UCXOJIHBIX JaHHBIX. Tak, MCIONIb3ys
MpuMep pHC. 2, MOXKHO CJIeIaTh CIIETYOITUI
3anpoc: «Haltu mroned, KOTopble KUBYT B
Poccun». O0wvenuusisi nBa dakra — 1. VBan

WBanoB xuseT B Tyne u 2. Tyna obnacTHOI
neHtp B Poccuu, monyyaem HOBO€ 3HAHHE —
NBan MBanos xuBet B Poccun.

[IpuMeHeHne BBIIEU3I0KEHHOTO METO/Ia
MO3BOJISIET HCIIONB30BaTh YK€ HAKOIJICHHBIE
3HAHUS O TOPOJIE COBMECTHO C HOBOW MH(OP-
Mallien, MoaydyaeMor U3 Pa3InYHBIX CHCTEM
TOPOJICKOM WH(MPACTPYKTYpPHI, TATIYUKOB, Ka-
Mep BUACOHAOIIONEHUS, APYTHUX UCTOYHUKOB.
Hcnone3yst B KauecTBe (opmara XpaHEHHs
RDF, M0OXHO TOCTaBIsATH HOBBIE 3HAHHS B
LEHTPHl TPUHATHS PEIICHUN B YIPaBICHUHU
rOpO/IOM.

PaccMotpennslii panee npumep ¢ GyTOO0Ih-
HBIM MardeM, Oyzmer o0paboTaH CIeAyIOIINM
obpa3zom (puc. 3):

SUBJECT PREDICATE OBJECT
®K Apcenan : 17 nrons 2020 r. : Crajinon
CrannoH ’ ButeTs . Kurenu

Cranuon . | LlenTpanbHslii paiion : Tyna

Puc. 3. Hugpopmayus o pymoborbrnom namue 8 mepmunax RDF

3anpoc SPARQL: MaccoBble CKOIUIEHUS
mozaeit B Tyne B utone 2020 .
Ortset Ha 3amnpoc: 17 ntons B Tyne B Llen-

TPaJILHOM pailOHE MPOTHO3UPYETCS MaCCOBOE
CKOIUIEHUE JIFOIEN B KOJIMYECTBE <KOJIUYECTBO
MIPOJITAaHHBIX OMJIETOB MU OOJIBIIIE™.
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AHaJIOTHYHBIM 00pa30M B paMKax KoHIlen-  Poccuiickoil ¢penepanun.
MU YMHOTO TOPOJIa MOYKET OBITh TIPE/ICTaBIIC- HaubGonee cmokHBIM BOIIPOCOM, TpeOyro-
Ha 1 oOpaboTana npyras nHopmarus. UM OTJEIBHOTO PACCMOTPEHUS, SIBISETCS
PaccmoTpeHHBIH METOIl MOXKET OBITh MPHU-  MPOoOJIeMa TOCTaBKU aKTYaJIbHBIX 3HAHHHA 10
MEHEH Tpu pa3paboTKe KOHICMIMH YMHOTO IIEHTPA NPUHSATHS PEIICHHA.
ropoga B MYHUIIHMIIAJIBHBIX 00pa30BaHMIIX
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AHHOTAIUA

CpaBHeHHE KOJIMYECTB HapyLUICHUI U TPaHCHOPTHBIX MpoucuiecTBuil. Vcnons3oBanus pe-
3yJbTaTa KJIACTEPHOTO aHaju3a JUisl MPOBEACHUS UcclienoBanus. [IpoBeneHre nccieaoBaHus
10 CPaBHEHHUS JIOMYIIEHHBIX HAPYIIICHNH paOOTHIUKAMH XO3SHCTBA ABMKSHHS U OIIMOOK, JTOITY-
UIEHHBIX [TPH IPOBEJCHUH TecTHpoBaHMs Ha 3HaHUe [ITD. Ananus pesynbrara ciaenoBaHUs Ha
OCHOBE KYJIBTYphI Oe30macHoCTH. OnpeaeneHne o0muX PEKOMEHIANH 110 TIOBBIIIICHHIO YPOB-
HsI TOHUMAHMS PABUJI TEXHUYECKOW SKCIUTyaTaluu )KeJIe3HbIX Jopor Poccuiickoit @eaepanuu.

KiroueBblie ci1oBa: 0e30MacHOCTh IBHKEHUS MOE370B, KyJIbTypa Oe3omacHocTH, [IpaBuia
TEXHUYECKOM SKCIUTyaTaluu KeIE3HbIX J0opor PO.

Abstract

The comparison of the number of violations and traffic accidents. The usage of cluster analysis
for conducting research results. Conducting research on comparing violations committed by
employees of the movement economy and errors made during testing to a knowledge of the
operating rules. Analysis of the following results based on the safety culture. Definition of
the general recommendations for increasing the level of understanding the Railway Operating
Rules of the Russian Federation.

Keywords: the safety of trains movement, safety culture, Railway Operating Rules.

[To cratHcTUYeCKUM JaHHBIM, 3a MOCTEN-
Hue 5 net ot 50 1o 99% Bcex ciyuyaeB Hapy-
ieHust 0€30MacHOCTH Ha TPAHCIIOPTE MPOUC-
XOJISIT 110 BUHE «4eloBeueckoro ¢gakropay» [1].
Jlis onpeneneHus BIUSHUS «4Y€IOBEYECKOTO
(hakTopa» B Bompocax 0E30MacHOCTH JBHXKE-
Hus noe3noB B OAO «PX]I» 6buto cdopmu-
poBaHo HampasneHue «Kynprypa Oe3omac-
HOCTH» [2], KOTOpOE JOKHO OOEeCIeYnBaTh
3aMHTEPECOBAHHOE OTHOILIEHUE MEepCoHaNa K
0€30MacHOCTH JBUKEHUSA U MOHHUMAaHHUE MU

mpo0Oem B 3Toi obnacTH [3].

AHanu3 TpPaHCHOPTHBIX MPOUCHIECTBUN
M0 BUHE DPAOOTHUKOB CITYXKOBI KEJIE3HOJO-
POXKHBIX TIepeBO30K 3a mnepuon ¢ 2012 mo
2017 rr. mokaszaj, 4TO0 NPUMEPHO MOJOBHUHA
BCEX JIOMYIICHHBIX MPOMUCIIECTBUNA MPUXO-
JIUTCS Ha IO PaOOTHUKOB CO CTaXeM pado-
TBhI B TOJDKHOCTHU 110 3 JIeT, 1o 1 roma. B Tom
YHCJIe Ha JIOJIIO0 BBIMTYCKHUKOB TPAHCIIOPTHBIX
By30B npuxonutcs ot 15% no 44% napyme-
Hui (puc. 1).

2012r. I I .

2013r. . | | | T— [

2014r. N | | | I L

2015r. N | | | L

2016r. N | | | | | ==

2017r. . | | | [ B

0%  10%  20%  30%  40%  50%  60%  70%  80%  90%  100%

2017 2016r. 2015r. 2014r. 2013r. 2012r.
Ha01ropa 27% 15% 24% 25% 26% 44%
| 011803 ner 26% 43% 26% 25% 32% 18%
ot 3005 net 15% 11% 15% 20% 6% 10%
‘morSpo10ner | 21% 4% 2% 10% 14% 11%
Cot10a015neT, 2% 17% 7% 12% 8% 8%
L 10% 11% 7% 8% 14% 8%

mBonee 15 net

Puc. 1. B3aumocsaso uucaa mpaHcnopmmolx npouculecmsuti om cmasica pabomniol 8
J0AHCHOCMU NePCOHANA XO3AUCMBA HEAL3HOOOPOMCHLY NePeBO3OK
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C uenblo OLEHKM KadyecTBa IMOATOTOBKH
BBIITYCKHUKOB TPAHCIIOPTHBIX BY30B OBLIO
MIPOBEICHO TECTUPOBAHME HA 3HAHHME OCHOB-
HBIX HOPMATHUBHBIX JIOKYMEHTOB 110 BOTIPOCAM
0€30MacHOCTH JIBU)KEHUS 10e3/10B. B yacTHo-
CTH, B HAIlIEM CJIy4ae TECTUPOBAHHUE KACAIOCH
[IpaBun TeXHUYECKOW SKCILTyaTalluy KeJe3-
HbIX fopor P® (manee — [1TD P®D) [4]. 3arem
ObLIO BBIMIOJIHEHO CpPaBHEHUE JOMYLICHHBIX
BBIITYCKHHKAMHU OIMIMOOK MPU OTBETaxX Ha BO-
MIPOCHI TeCTa C HapyLIEHUSIMU TpeOOBaHUN U
MpaBuwil 0E30MACHOCTH JIBU)KEHUS, KOTOpPbIE
JIOTTYCKalOTCs paOOTHUKAMU XO34HCTBa Tepe-
B030K OAQO «PX]I».

CpaBHeHuE IPOBOJIMIOCH 110 TEM MyHKTaM
[ITD P®, mo xoTtopbiM ObUTH 3aUKCHPOBA-
Hbl HapylleHus TpeOOBaHMU U TpaBui Oe3-
OMACHOCTH JIBUKEHHUS ITIEPCOHAIIOM XO351CTBA
MEPEBO30K. IJTO HCCIEOBAHUE COAEPKAIO
YeThIpe dTana:

1. IloaroToBka BONPOCOB TECTA.

2. ®opmupoBaHue TaOIHIl B3aUMOCBSI3U
MEXKIy HapyLIeHUSIMH, BOIIPOCAMHU TecTa M
KJIaCTepaMHU HapyILIEHUN.

3. IlpoBeneHne TEeCTUPOBAHHE PECIOH-
JICHTOB.
4. CpaBHEHHE MOJYUYEHHBIX PE3yJbTaTOB

HCCIIEIOBAaHMSI C UMEIOLIUMUCS HapyllIeHUs-
MU TpeOOBaHM 1 IpaBUJI O€30M1aCHOCTH JIBU-
HKEHHUSL.

Ilepeuviti sman uccreoosanus

ns mpoBenenus tectupoBanus u3 166 Bu-
JIOB HapylleHui TpeOoBaHMM U mpaBui 0e3-

Meocdynapooneul gopyn "KDW-2020"

OMACHOCTHU JIBUYKEHUS, JTOIyCKaeMbIX padoT-
HUKaMu xo3saicTBa nepeBo3ok OAO «PX]»,
ObUIM OTOOpaHbI HapyIIECHHUS, Kacarolluecs
HecoOmonenuss TpeboBanuii  [Ipmnoxenus
Ne 6 TITD P®. Ilo stuMm HapymeHUsIM ObLIO
pa3zpabotano 47 TeCTOBBIX BOMPOCOB, 3 KOTO-
pBIX 46 BOIPOCOB HA 3HAHHWE HEMOCPEICTBEH-
Ho yHKTOB [Ipunoxxenust Ne 6 II'TO Pd u 1 Bo-
poc Ha 3HaHue oo1ux Tpedosanuii [T PO.

Bmopou sman uccnedosanus

Hcnonp3yst mpuembl BHU3yalu3alluu Kila-
CTEpHOTO aHaju3a, Oblla IOCTPOEHa TOIMOJIO-
rudeckas kapra Koxonena [5, 6] mo Bumam
HapylIeHu TpeOoBaHUN M MpaBuil Oe3orac-
HOCTH JBWXXEHHS [7] ¢ pa3MelnieHueM Kax-
JIOTO BHJIa HApYyIIEHUS B COOTBETCTBYIOIEM
KJIacTepe.

[lanee npoBeeHO COMOCTAaBIEHUE KaXKI0-
ro BHJa HapyleHU TpeOoBaHWM M IpPaBHII
0€30IacCHOCTH ABM)KEHHUSI U BOIPOCOB TECTa.
OHO mokazano, 4yTto u3 47 BOMPOCOB TECTa,
40 BOIpPOCOB — 3TO BOMPOCHI, KaCarOIIUECS
27 BUJIOB HapylleHus: TpeOOBaHUI U MpaBUI
0€30MacHOCTH JBMXKEHHUSI U 7 BOIPOCOB Ha
3HaHUe o0IUX U Apyrux nyHkToB [Ipunoxe-
Hust Ne 6 [1TD P®, xoTopsie BaXKHbBI B IPAKTHU-
YECKOH JesATeTbHOCTH PAOOTHUKOB XO3SIHCTBA
MepeBO30K. 3aTeM Obla Ipou3BeaeHa BEIOOP-
Ka KOJIM4ECTBA HApYyIIEHUI i 27 BUIOB Ha-
pyLIEeHU U3 OO0IIero KojaudecTBa JOIMYIIEH-
HBIX HapylUleHUH paOOTHUKAMU JIBUYKEHUS

(tabm. 1).

Taomuna 1
Bbi0opka kon4yecTBa HApyLICHU I
Homep kiacrepa KosimuecTtBo BU10B KosmmuecTBo HapyuieHui
HapyLIeHU HApYyLUICHUH

1 1 744
2 9 3908
3 6 3257
4 4 1844
5 1 2122
6 1 785
7 4 2438
8 - -

9 1 1529
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Tpemuti sman ucciedosanus

Ha nanHoMm sTane ObU10 MPOBENEHO TECTU-
poBanue 131 pecnoHaeHTa, KOTOPBIM MpEMI-
Jarajiocb OTBETUTH Ha 47 BompocoB (mudpa
| — mpaBuIBHBIN OTBET, 2 U 3 HENMPaBUJIbHBIN

Meacdynapodneul gopym "KDW-2020" 4

oTBeT). PecrnongeHTaM mpu 3TOM paspera-
JIOCh MOJB30BaTbCcs JOKyMeHTOM [ITD P®.
PesynbraTel TECTUpOBaHMS MPEICTABICHBI B
TaoI. 2.

Tabmuma 2
®parmMeHT Ta0JAMLbI OTBETOB PECIOHAEHTOB HA BONPOCHI TECTOB
No pe- Homepa BonpocoB Tecta
CIIOH-
eHTa 11231456789 ]10 42143144145 46 | 47
1 L{1|1f[1]1 11 (1313111 f[11]1 1
r{rjrfrjprf{3frjryp1r 311|111 (212]1 1
Brf{1rf{rf{rf{rfrfryrfrjpryprypryrjpryp1y]1 1|1

Yemesepmuiii sman ucciedosanus

OnHOoll W3 1eeill JaHHOTO JTama ObBLIOo
orpesieNieHue BO3MOXKHOM CBSI3U PE3yJIbTaToB
MIPOBEICHHOTO TECTUPOBAHMS U HAPYIICHUUN
TpeOOBaHUI U TTPaBUI OE30MACHOCTH JIBHKE-
HUs, JTOMYIICHHBIX PaOOTHUKAMH XO3SMCTBA
nepeBo3ok B OAO «PX». [ns mpoBeneHus
KJIACTEpHOTO aHasin3a Obuio 0ToOpaHo 27 BU-
JIOB HapylIeHUW TpeOOBaHUN M MpaBuil 0e3-
onacHoOCTH ABWKeHUS. [IpoBeneHHbIN aHaIn3
MO3BOJINJI YCTAHOBUTD:

a) KOJIMYECTBO HAPYIICHUN B Ka)KJIOM KJa-
CTepe HApYILICHHI;

0) MPOIIEHTHOE COOTHOIIIEHNUE KOJIUYECTBA
HapyIICHUH K YKCITy HapyIllIeHUH 1o 8 KiacTe-
pam U paHr KjacTepa.

Panr knactepa omnpeneinsuics ClEoyOMUM
00pa3zoM: KiacTepy ¢ HauOOJBIIUM KOJIHYE-
CTBOM HApyIIEHWUN ITpucBanBaicsa | panr, na-
Jiee paHT IPUCBANBAJICS KaXJI0My KJIacTepy B
MOPSI/IKE YMEHBIICHUST KOJIUYECTBA HapyIle-
HHM.

Pesynprar mo ycTaHOBIEHHIO paHra Kia-
CTEPOB 110 KOJINYECTBY HApPYyILIEHUH MTPEICTaB-
JeH B Talm. 3.

Tabmuna 3
Panr kiacrepa 1o KoJu4ecTBY HAPYIEHHI
Knacrep 1 2 3 4 5 6 7 9
Komawectso mapy- | -,0 | 3908 | 3257 | 1844 | 2122 | 785 | 2438 | 1529
INCHUU
% ormomerme | 4475 |23.504| 19,589 | 11,090 | 12,762 | 4.721 | 14.663 | 9.196
Panr 8 1 2 5 4 7 3 6
AHanoruyHbIM 00pa3oM, ObUI ONpEJENeH IYIICHHBIX NPH TECTUPOBAHUH, IPEICTaB-

paHr KJ1acTepa U 1o pe3ynbTaTaM HENpaBUiIb-
HBIX OTBETOB Ha BOINPOCHI PECIOHIECHTAMH.
KonnuecTBo HapyleHuil B Ki1acTepe onpese-
JISUIOCH C UCTIONIBb30BaHUEM Tao. 3.
Pesynbrar omnpeneneHus paHra xiacrepa
HapylmIeHWH 10 KOJIWYECTBY OLIMOOK, JO-

JeH B Ta0m. 4. J[ist OLleHKH COTTIacCOBAaHHOCTH
pe3yabTaTOB IONTYYEHHbIE 3HAUEHUS PAHIOB
KJIACTEPOB MO KOJIMYECTBY HApyLIEHUH U TO-
Jy4eHHbIE 3HAYEHMsI PAHIOB KJIACTEPOB IIO
KOJIMYECTBY OIIMOOK CBE/IEHBI B TAOIM. 5.
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Tabmuma 4
Panr kiiacrepa HapyleHMid 0 KOJIMY€CTBY OIINOOK, JONYIIEHHBIX MPHA TeCTUPOBAHUHU
Knacrep 1 2 3 4 5 6 7 9
Kommiectso mapy-| 4| 58 | 117 | g1 6 3 10 | 25
HICHUH
% oTHOILIEHUE 1,005 |39,698]29,396| 20,351 | 1,507 | 0,753 | 2,512 | 6,281
Panr 7 1 2 3 6 8 5 4
Tabauna 5

OneHka coracoBaHHOCTH Pe3yJILTATOB KJIACTEPOB

Kiacrep Panr knacrepa | Panr kmacrepa | Cymma panros | Cymma kBagpara
HapyLIEeHUN HapylIEeHU! HA | HapylIeHWH Ha paHra
OCHOBE BBISIB- OCHOBE
JIEHHOT'O KOJIM4Ye- | JOIYIICHHBIX
CTBa HapylIeHHWH | OMMOOK MpH
TECTUPOBAHUU
1 8 7 15 225
2 1 1 2 4
3 2 2 4 16
4 5 3 8 64
5 4 6 10 10
6 7 8 15 225
7 3 5 8 64
9 6 4 10 100
HUroro: 72 798

3areM ObLT paccuutad mo gopmyie 1 ko-
s umment konkopaanuu Kenmamma W [8] .

12 (1)

W= m’(n*-n)

rJie m — KOJIM4E€CTBO IPOU3BEIECHHBIX Olle-
HUBaHUH 0 paHraM KJIacTepoB (HapyLIEeHUI
1 HeTMPaBUIIbHBIX OTBETOB);

N — YKUCIIO KJIACTEPOB HAPYIICHUH;

S — cymMMma KBaJpaToB pa3HOCTEH PaHTOB
(OTKJIOHEHUH OT CPEAHETO).

[Ipm sTOM CcymMMa KBaapaToB pPa3HOCTEH
paHroB ompeensiack no Gopmysne

Zni:l (ZZITIJ':II{iJ')2
S=zni:1(zmj:1Rij)2- n— (2)

e (X" R,)- cymma KBajpara panra;
n m _

> 2" R, — cymma paHros.

Wcrnonb3ys nanHble TAOIUIBI S5, TIOTydaeM

s=798-%2= 150

WZIZXI 50 =0,893
2% (8%-8)

UTOo CBHAETENBCTBYET O BBICOKOW COIVIa-
COBAaHHOCTH PE3YyJIbTaTOB, TOJYYEHHBIX MMPHU
MIPOBEICHUH TECTUPOBAHUS PECIIOHIEHTOB, C
JIOTYIIIEHHBIMU HAPYIICHUSIMU paOOTHHUKAMU
XO351CTBA MEPEBO3OK.

CBOJHBIE JAHHBIE IO KOJIHYECTBY JOITY-
IIEHHBIX OIMMOOK MPEJICTABICHBI Ha PHC. 2.
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Puc. 2. Koauuecmeso owubok, donyujeHHolx pecnoHoenmamu

AHanu3 pe3ylbTaToB TECTUPOBAHUS pe-
CIIOH/ICHTOB TOKa3al, uTo u3 131 pecnonnen-
Ta TOJIbKO 2 pPECHOHJIEHTa OTBETUJIM Ha BCE
BOIIPOCHI TecTa MpaBuwiIbHO. 13 47 Bompocos
TecTta 0e3 OMMOOK PECIOHACHTHI OTBETHIIH
Ha 12 Bompocos, ¢ 11 Bompocamu y pecrioH-
JICHTOB BO3HHUKJIM HAWOOIBIINE TPYTHOCTH
IIpU OTBETAaX.

CBOoJHBIE JaHHBIE O KOJIWYECTBY MOIy-
IICHHBIX OIIMOOK B TECTaX MPEICTABJICHHI B
Tab. 6.

N3 6157 Bompoca TeCTOB, pPECHOHICH-
Thl HEMPaBWJIBHO OTBETWJIM Ha 563 Bompoca.
Cpennuii MpoOIEHT NMPaBUIIbHBIX OTBETOB CO-
craBui 91%.

HauOonpiiee KOIMUECTBO HEMPABUIBHBIX
OTBETOB M HapylICHUHA TpeOOBaHHWH U Ipa-
B 0€30MacCHOCTH JBMKEHHSI OTHOCHUTCS
Ko 2 u 3 xiacrepy HapyleHuit (Tabmn. 5 u 6).

IIpoananu3upoBaB pe3ynbTaTbl TECTUPO-
BaHUs, MOXKHO CZEJIaTh CIEAYIOLINE BHIBOJIBI:

1. VYpoBeHb 3HaHUIl pECHOHJEHTaMH IIO-
noxeHuit [1TD PO B nenom Bellle CpeHETO,
HO IIPY 3TOM PECIIOHACHTHI HE B I0CTATOYHOMN
CTEIIEHU BJIAJCIOT TEPMUHOJIOTUEH, UCIIOJb-
3yeMOM Ha JKEIEe3HOLOPOKHOM TPaHCIIOPTE.
Tak, Tonpko 55% pecrnoHAEHTOB MPaBUIBHO
OTBETUJIM Ha Bompoc: «UTo peniaMeHTUpyoT
ITpaBuiia TEXHUUECKOM 3KCILTyaTaluu JKEJIe3-
HBIX gopor PO?».

TaOuma 6
KosimuecTBO 01IMOOK, 1ONMYIIEHHBIX B TECTE
Koan4ecTeo 0 1-2 3-8 bomee 8
OIMHAG0R
Koan4ecTeo 12 12 12 11
EONPOCOE TecTa,
e JONVIIEHBI
ORI
[% coormomenme [255% [25.5% [15.5% [ERI NG
Na KomxaecTeO
BOMPOCA | HeNPABHTEHEIX
OTBETOB
1 59
4 11
5 91
12 71
17 33
24 39
28 72
37 55
43 14
44 14
[46 [ 26
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2. He Bce pecnoHAEHTHl OAHO3HAYHO MO-
HUMAIOT TpeOOBaHUS OTHENbHBIX ITYHKTOB
[Ipunoxenuss Ne 6 I[ITD PD, xacarommxcs
BaYKHBIX BOIIPOCOB 0€30MaCHOCTH JABUKEHUS,
TaKHX KakK:

— «KaKU€ CTPEJIOYHbIE MEePEBOJIbI TOJKHBI
HAXOJIUTHCS B HOPMAJILHOM TIOJIOKEHUNY,;

— «KOTJa MAIIMHUCTY TO€3/1a BBIIAeTCs
CIIpaBKa O TOPMO3ax»;

— «KaKOM MOJBUKHON COCTaB 3aIlpelaeTcs
pachopMUpPOBBIBaTh TOTYKAMU M pacIycKarhb
C COPTUPOBOYHOU FOPKW»;

— «UTO JTOJKEH 00eCeuuTh ASKYPHBIH MO
CTaHIMM B YaCTU OpraHU3aluy IpHUeMa Moe3-
JIOB» U PAJIl APYTHUX.

Kpome Toro, pesynbrarsl MpPOBEIEHHOTIO
SKCIEPUMEHTAa IMOKa3ajd HaJIU4Yue B3aUMOC-
BA3M MEXAY OUIMOKaMHM, JONMYIIEHHBIMU pe-
CIOHJIEHTaMH TpU OTBETaX Ha BONPOCHI Te-
CTa, U HApYyILIEHUSIMH, TOMYIEHHBIMU B IpaK-
TUYEeCKOH paboTe pabOTHUKAMH XO0341CcTBa
nepeBo3ok OAO «PXI». Onnoit U3 nmpuuuH
JIOTIYIIEHHBIX HapylIeHUH pabOTHUKAMU XO-
3s1iicTBa MEPEBO30K U OIIMOOK TP OTBETAX Ha
BOIIPOCHI IIPU TECTHUPOBAHUM PECIIOHACHTOB
SBJISIETCS. OTCYTCTBHE METOAMYECKOM OKY-
MEHTAIUH, KaK MOSICHSIOUIEH WiIN OOBSACHS-
IOLLEH CMBICIIOBYIO Harpy3ky T€X WJIM HMHBIX
nyHkToB [ITO P®, Tak u ux nmpuMmeHeHue B
npakThuueckoil padore. OTcrona HENmpaBHIIb-
HOE TOJKOBAaHHWE M MOHMMAHHUE OTAEIbHBIX
nyHkToB I1TO Ha sTame oOyuyeHus B mocie-
JYIOIlEM NPUBOAUT K CKPBITBIM OIIMOKaM B
NEHCTBUSX MepCOHalla, KOTOPbIE JA0CTaTOYHO
TPYZIHO BBISIBUTH U UCTIPABUTb.

CrnenyeT Takke OTMETUTb, YTO METOAMKA
MpernofaBaHus  MpPoQeccopCKo-MpernoiaBa-
TEIbCKUM COCTaBOM M CaMOCTOSTEIbHOIO
n3yuenus crygeHramu IITO P® wnemocra-
TOYHO 3(P¢exTuBHbl. CerofaHs MpakTUYeCKU
MOJIHOCTBIO OTCYTCTBYET BH3yalH3alUs CIy-

Cnucok Jaureparypbl
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yaeB 10 HapyuleHusiM myHKToB [1TD PD, ne
BBIPAOOTaH CHCTEMHBIM TOIXOM K M3YUYEHHUIO
[ITD P®, B ToM umcie, U ¢ NMPUMEHEHHEM
MYJBTUMEANINHBIX TEXHOIOTHH [9].

OneHnBasi pe3ysbTaThl YKCIIEPUMEHTA Ye-
pe3 acmeKThl U IIEHHOCTHU KYJIBTYphI Oe3o1mac-
HocTH [10], TakMX Kak BOCTIpUATHE, TTOBEJIE-
HUE, COCTOATEILHOCTh, MOXKHO CKa3aTh, UTO
oOyueHue B y4eOHOM 3aBEICHUHU, B MEPBYIO
ouepenb, SBISETCS BaXHBIM (HaKTOpOM Ha
MyTH TIOHUMAHUS U BOCTIPUATHS KYJIBTYPhI
Oe3omacHocTH. bomee Toro, cienyer orme-
TUTh, YTO OT TOTO, KaK BBIMTYCKHUKH TPAHC-
MOPTHBIX BY30B YCBOWJIM 3TH IIEHHOCTH, TaK
W BIIOCJICICTBHM OHU MPOSBATCS HA Hadajlb-
HBIX 3Tamax paboThl HA MPEANPHUATHSIX Ke-
JIE3HOJOPO’KHOTO TPAHCIIOPTA. YUYUTHIBAsT TO
00CTOSTENHCTBO, UTO YPOBEHb UX TEOpETHUYE-
CKOHM MOJITOTOBKM HE OYEHb BBICOK, C IAHHOM
Kareropueil paOOTHUKOB Ha MPEIIPHUATHUIX
BO3HHMKHET HEOOXOJUMOCTH MOBTOPHOTO 00-
yueHus Ha 3HaHue [1TD PO.

dopMUpOBaHUE 1ETOCTHOTO TOHUMAaHUS
tpeboBanuii [1TD PO paboTHuKamu xemnes-
HOJIOPOKHOTO TPAHCTIOPTA W BBITYCKHUKAMH
TPAHCIIOPTHBIX BY30B SIBIISIETCS IIEPBOOUYEPEI-
HOU 3aaueil. Pemenne nocraBieHHON 3a1a4u
MO3BOJIUT TIEPEUTH HA HOBBI Kaue€CTBEHHBIN
YPOBEHB MPOBEJCHUS MPOPUITAKTUISCKON pa-
OO0THI B XO35HCTBE >KEJIE3HOJOPOKHBIX TIepe-
BO30K, YTO, B CBOIO OYepeib, Oy/IeT Ccrmocoo-
CTBOBaTh YCHEIIHOMY Pa3BUTHIO KYJIBTYPhI
6e3omacHocTH [11].

Jns popmupoBaHusT €IUHOTO MTOHUMAHHMS
BBIITYCKHUKaMH BY30B — OyIyIIUMU paOOTHHU-
KaMU JKEJIE3HOJOPOXKHOTO TpaHCIOpTa Tpe-
O0oBaHMII 110 O€30TACHOCTU ABUKCHUS TPEI-
JlaraeTcsl Ha CTapIInX Kypcax TPaHCTOPTHBIX
By30B BBECTH B YUCOHYIO MPOTPAMMY JUCITH-
winHy «Kynbrypa 6e30macHoCT.

1. CnoGonckwuii, A. JI. Pucku B ynpaBieHun rnepcoHayiom : yueoHoe nocooue / A. JI. Crno-
o6onckuii. — Cankt-IlerepOypr : U3a-Bo CIIOIYD®D, 2011. — 155 c.

2. Metoanueckue peKOMEHIAIMH 110 Pa3BUTHUIO U OIIEHKE KYJIBTYpbl 0€30aCHOCTHU JIBUXKE-
Hus B xonauHre OAO «PX/» : Pacniopstxkenne OAO «PXKI» Ne 2957p ot 10.12.2014 . — Mo-
ckBa, 2015. — URL: http://rly.su/sites/default/files/metodicheskie rekomendacii po razvitiyu
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kultury bezopasnosti dvizheniya.pdf (mara oopamenus: 19.06.2020). — TekcT: 3I€KTPOHHBIN.

3. Crparerus obOecrieueHus TapaHTUPOBAHHOW OE30MACHOCTH M HAJIEKHOCTH TEPEBO30Y-
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http://base.garant.ru/55170488/ (nara oopamenus: 19.06.2020). — TekcT: AIEKTPOHHBIH.

5. Koxonen, T. Camoopranusytromuecs kapthl : HayaHoe uznanue / T. Koxonen; Ilep. 3-ro
anr1. m31. — Mocksa : BMUHOM; Jlaboparopus 3nanuii, 2008. — 665 c.

6. Proc. Conf. on Artificial Inteiiigence Res. in Finland / B. Back, G. Oosterom, K. Sere,
M. V. Wezel. — 1994. — Ne 12. — 140 p.

7.  bepectok, H. O. Knacrepusiii ananu3 HapymieHU 0€30MacHOCTH JIBHKEHUS TTOE3/10B
1o mpu3Hakam KyaeTypsl O0e3omacHoctu / H. O. bepecrok, B. A. Ko63es, E. A. OBunHHUKOBA,
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AHHOTALUSA

PaccmarpuBaroTcs pe3ynbTaThl IPUMEHEHHUST METOa HOPMHUPOBAHHOTO pa3maxa XEpcra
(R/S-ananuza) 1uig aHanu3a BpeMEHHOTO Psijia JAHHBIX 00 MHTEHCUBHOCTHU TPAHCIIOPTHOTO TIO-
TOKa C LENbI0 BBISIBICHUS HANUYUS TpeHJa (MePCUCTEHTHOCTH) U BO3MOXHOTO U3MEHEHUS B
JanbHEWIIeM MHTEHCUBHOCTH ABM)KEHHUS aBTOMOOUIIEH MO aBTOMOOUIIBHBIM IOpPOTaM COBpE-
MEHHOTO Topoja. JlaHHbIE 0 KOJMYECTBE MPOE3KAIOIINX aBTOMOOHIIEH B TeUEHUE CEMU CYyTOK
(omHa Hemens) Mmomy4yeHsl ¢ ucnoiab3oBanueM komruiekca KUIIT «AsumyT 2.0», ycTaHOBIICH-
HOTO Ha OJTHOM M3 OXKUBIIEHHBIX opor ropoaa [lepmu. IHTeHCUBHOCTH TPAaHCIIOPTHOTO MOTOKA
orieHUBajIach Kaxapie 10 MuHyT, uTo cooTBeTcTBYeT 1008 crraraeMbpIM BpeMEHHOTO psisia (oHa
Henens ). st ananmu3a ucnonb3oBanbl BeIOOpkH B 50, 100, 250, 500 u 1000 cmaraemsix. [Tomy-
YeHHbIE B pe3yabTraTte o0paboTKU JaHHbBIE MOKA3bIBAIOT HEOOXOAUMOCTh afaNnTalud METOJUKN
HOPMHUPOBAHHOTO pa3Maxa JJis 1efiel aHaan3a HHTEHCUBHOCTH TPAaHCIOPTHBIX MOTOKOB, KOP-
PEKTUPOBKH M Pa3BUTHS 3TON METOAMKH C y4E€TOM OCOOEHHOCTEN IBUKEHHS aBTOMOOMIIEH Ha
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yiuiax ropoaa. PaccMOTpeHHBIN MOIX0A MOKET OKa3aThbCsl MEPCIEKTUBHBIM C TOYKU 3PEHUS
pa3paboTKu CpeACTB MIPOrHO3UPOBAHMS U TNIAHUPOBAHUS pabOT MO PEKOHCTPYKIIUH CYIIECTBY-
FOILEN YIIMYHO-TOPOKHOU CETH U MMPOEKTUPOBAHUIO HOBBIX TPAHCIIOPTHBIX MArucTpaiei.

KiroueBble c10Ba: MeTO]] HOPMHUPOBAHHOTO pa3Maxa, moka3areib XEpcTa, HHTEHCUBHOCTh
TPAHCIIOPTHOI'O IMOTOKA, TPAHCIIOPTHBIC MarucCTpaan, YIM4YHO-A0POXKHBIC CCTH.

Abstract

The article considers the results of applying the normalized Hurst span method (R/S analysis)
to analyze a time series of data on the intensity of traffic flow in order to identify the presence
of a trend (persistence) and possible changes of the intensity of traffic on the roads of a modern
city in the future. Data on the number of passing cars for seven days (one week) was obtained
using the azimuth 2.0 KIPT complex installed on one of the busiest roads in Perm. The intensity
of the traffic flow was estimated every 10 minutes, that corresponds to 1008 terms of the time
series (one week). Samples of 50, 100, 250, 500, and 1000 terms were used for the analysis. The
results of processed data demonstrate the necessity to adapt the normalized span method for the
purpose of analyzing the intensity of traffic flows, adjusting and developing this method taking
into account the peculiarities of car traffic on city streets. The considered approach may be
promising in terms of developing tools for forecasting and planning work on the reconstruction

of the existing road network and for the modeling of new highways.
Keywords: method of normalized amplitude, Hurst exponent, the intensity of transport flow,

highways, road network.

Beseoenue

Meron HOPMHMpPOBAaHHOIO pasMaxa XéEp-
cta [1] — cpaBHUTENIBHO HOBOE HalpaBIEHUE
aHaJIM3a CTOXaCTUYECKUX BPEMEHHBIX PSIOB,
aKTUBHO pa3BHUBAIOILEECSd U MCIIOJIB3YEMOE
HapsAIy ¢ TeopHel karactpod, ppakTaibHBIM
aHAJIM30M, HEHPOCETEBBIM MOIEIMPOBAHUEM
[2]. Ha ocHOBe 3TOTO MIOAXOAA pazpadarkiBa-
10TCcsl MeToAb! [3] 06paboTKM BpeMEHHBIX Psi-
JIOB, TIO3BOJISIIOIINE PACKPHITH OCOOCHHOCTH
UX JIOKAJIBHBIX CTPYKTYP, a TAKKE YUUTHIBAIO-
LI1€e MOBEACHUE PACCMAaTPUBAEMON CHCTEMBbI
HE TOJIBKO B JIaHHBIM MOMEHT, HO U UCTOPHIO
€€ pa3BUTHIL.

ITokazarens Xépcra IMIUPOKO NPUMEHS-
€TCsl IPU MPOTHO3UPOBAHUHM CTOUMOCTH (pu-
HAHCOBBIX AaKTHMBOB HAa OCHOBE KOHLENLUU
(bpaKkTaIbHON CTPYKTYpPbI PbIHKA U JOJITOBpPE-
MEHHOM MaMsTH PBIHOYHBIX LIEH, AJIA IMpen-
CKa3aHHsA HEPETYISIPHBIX NEPUOIUYECKUX
Kojie0aHMi KypCOB BajIOT, CTOMMOCTH aKIMH
1 OMp>KEeBBIX KOTHUPOBOK [4], Ipu MoAeIupo-
BaHUU M OLIEHKE YKOHOMUYECKUX PUCKOB [5],
B KaueCTBE MHCTPYMEHTa UcclieioBaHus (HoH-
JIOBOT'O pbIHKA [6] 1 mpou.

OTOT METOJl aKTUBHO MCIIOJIb3YeTCs B Me-
IUnvHe U Gu3noaoru [7], Ans uaeHTUpuKa-

LMY NIPUYMH TpaBMaTtusma [8], npu aHaiuse
COCTOSIHUS AMHAMHUYECKHUX T'MIPOJIOTHYECKUX
cucteM [9], MO3BOJISAIOT MOBBICUTH HAJICK-
HOCTb IIPOTHO3MPOBAHMSI  3EMIIETPSICEHUM
[10]. Ompenenens! (hpakTagbHble OKA3aTENN
Tpa(UKOB pPa3IMUHBIX COLMAJBHBIX CETEeH B
3aBUCUMOCTU OT JHsA Hexenu [11], uccaeno-
BaHa 3(p(PEeKTUBHOCTH YHUBEPCUTETCKON CETH
3NeKTpoHHOro oOyuenus [12]. Merox Xeép-
CTa HaxXOOUT IPUMEHEHUE IPU aHAIU3E KO-
nebaHuil coaHeyHoro Iukia [14], yto umeer
IIPUHILIAIIAAIBHOE 3HAUEHUS JUIs IPOrHO3UPO-
BaHUS COJIHEYHOW aKTUBHOCTH.

OTa MeToAMKa Halula NPUKIAJHOE IpH-
MEHEHHUE B IIPOMBIIIJIEHHOM [IPOU3BOJCTBE U
cenbCcKoM xo3siicTse [ 15, 16].

B TpancnopTHOIl oTpaciau 4yucio myonu-
Kallui, TOCBSILEHHBIX IPUMEHEHUIO T0Ka3a-
Tenst Xépera Ul aHalu3a JBUKEHHs TPaHC-
IIOPTHBIX IIOTOKOB, CPABHUTEIILHO HEBEJIMKO.
C nomompro mokasarenss Xépcra yCTaHOB-
aeHo [17], 94To B yCIOBMSIX YMEPEHHOIO M
MHTEHCUBHOIO JIBUKEHMS IOSIBIICHUE TpaHC-
IIOPTHBIX CPENCTB Ha TPAHCIOPTHBIX Maru-
CTpaJsiX MpOsBISET (ppakTalibHBIE CBOICTBA.
B uccnenosanuu [ 18] nokazarens Xépcra uc-
HOJb3YeTCsl Ul JI0Ka3aTelbCTBa (ppakTalib-
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HOTO XapakTepa (PU3noIOrHIecKux moxka3are-
JIe BOJAWTENICH U KUHEMAaTUYECKUX XapaKTe-
PUCTUK TPAHCIIOPTHOTO cpeactBa. B pabdote
[19] mpemraraeTcss METOAMKA MCITOJIB30BAHUS
MHJeKca XEpcTa I OLEHKHU MOoKa3aress co-
CTOSTHMSI TOPO’KHOTO JIBUKCHHS Ha TOPOCKOM
MarucTpaJIn.

B oreuectBeHHOM uTEpaType, MOCBIIIEH-
HOM aHalIM3y CTAaTUCTHUYECKUX XapaKTepH-
CTUK TPAHCIIOPTHBIX ITOTOKOB, HHJEKC XEpcTa
HCTONB3YyeTCsl 4Ype3BblYaiiHO Majo. Hampu-
Mep, Ha OCHOBaHMH OOpaOOTKM JaHHBIX [22]
METOZIOM HOPMHPOBAHHOTO pa3Maxa cjaejaH
BBIBOJ] 00 3(pPEeKTUBHOCTH MPOTHO3ZUPOBAHUS
MOBEICHUSI BPEMEHHOTO psijia ¢ JaHHBIMH 00
YCKOPEHHUH JIBHKYIIETOCST aBTOMOOMIIS.

MeToauka MpOBEICHHS UCCIICTOBAHUS

B ocnoBe nonxona Xépcra JekKUT anmpokK-
cuMmarus 6e3pazmepHoro mokasarens R/S cre-
MIEHHOH 3aBUCUMOCTHIO Bua (at)?, tne am H
— KOHCTaHTBHI, { — BpeMsl. 37ech 0003HaYEHO:

N
SRY=\L X [x-X(R)p]*)
— CPEIHEKBAJpPATUYHOE OTKIIOHEHWE 3Ha-
YEHUH X, CITyYalHOW BEJIMYUHBI X OT CpejiHe-
IO 3HAYEHUS

N
X®p=13._x
R )

R(X) TgfagzxZ(T, N)I—STSZQZ(I, N)-

— HAKOIUIEHHBIM pa3Max OTKJIOHEHHU
Z(t,R)=x*_ [x.-X(1))] ciyyaiiHO} BeTUIUHBI
X ot cpennero 3Ha4eHus (X) a1 BCETo Bpe-
MEHU HaOIIOIeHN.

B 3aBucumoctu ot 3nauenus H noka3zare-
JIs1 cTereHu (MoKa3atesib XEpeTra ) pa3inuyaroT
TPH BU/Ia BpEMEHHBIX PSAIOB [4]:

H=0,5 — paccmarpuBaeMbie POLIECCHI SIB-
JISIOTCS CITy4alHbIMH 1 HE UMEIOT KaKOTO-JIH-
00 TpeHJa, UCTOpUS U3MEHEHUS CllaraeMbIX
paccMaTpuBaeMOro BpEMEHHOTO Psijia HE BIIU-
sIeT Ha MOCIEeAYIOUIIe 3HAYCHHUS;
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0<H<0,5 — aHTUINIEPCUCTEHTHbIC MPOLEC-
CBl, JJI KOTOPBIX XapaKTepHa 3HaKOIepeMeH-
Has TEHJEHIUSA, TO €CTh (PAKTUYECKH pedb
UJEeT O HEyCTOMYMBOCTH 3HAYEHHH paccMma-
TPUBAEMOIO BPEMEHHOTI'0 Ps/Ia;

0,5<H<I,0 — nepcCUCTEeHTHbIE MPOIECCHI,
JUISL KOTOPBIX XapaKTepHO COONIOJEHHE Ha-
OmromaemMoil TeHJEHIIUU, UCTOPHS (POPMUPO-
BaHUSl ClIaraéMbIX paccMaTpuBaeMoro Bpe-
MEHHOTO Psi/1a OKa3bIBAET BIMSHUE HA TOCe-
JyIOIll€e 3HAYEHUSI.

B pszae pabor [2, 3 u ap.] oTMedaercs, 4To
nokaszaresib X€pcra oTpaxaer (pakTalibHbIe
CBOICTBa MpOIIECCOB, MOPOKIAIOIINX Bpe-
MEHHBIE Dpsiibl. B 9acTHOCTH, mOKa3aTenb
Xépcra H cBsizad ¢ ¢pakTaqbHON pa3MepHO-
CTbIO D COOTHOIIIEHUEM

D=2-H

B macrosimieir paGote paccmarpuBaeTcs

WHTEHCHUBHOCTH TIOTOKA TPAHCTIOPTA

Ne=Ln),

KaK CiIydaiiHas BeJIu4MHa. B npuBeneHHOM
BbIpaKEHUH N(t) — KOJIMYECTBO aBTOMOOMIIEH,
MPOUIEIIINX Yepe3 KOHTPOJbHBIA pyOex 3a
NepUOJl BpEMEHH OT

t-A2 no t+A2. B paccmarpuBaeMoMm Ciy-
yae Ui ONpeieIeHUs] THTEHCUBHOCTH TPaHC-
MIOPTHOTO TOTOKA B3ST HHTEpPBaj BpPEMEHU
(A=1)73 uaca, To ectb A=20 munyt. U3mepe-
HUE€ MHTEHCHBHOCTb TPAHCIIOPTHOTO MOTOKA
BBITIOJIHSUIOCH B TEUEHUE HE/IENIU C MHTEpBa-
goM B 10 muHyT. Takum oOpazoM, Koimye-
cTBO 10-MUHYTHBIX OTPE3KOB BPEMEHHOTO
psaa cocraswio 1008. M3mepenue komuue-
CTBa aBTOMOOWJIEH BBIMOIHSIIOCH HA OCHOBE
JAHHBIX BUICO(MUKCAIIMH C MUCTIOIB30BaHUEM
komruiekca KUIIT «Azumyt 2.0», ycTaHOB-
JIEHHOTO Ha OAHOM M3 gopor ropoaa llepmu,
CBSI3BIBAIOIIUX OT/IAJICHHbIE MUKPOPAOHBI.

Pesynbrarel 00paboTKH TaHHBIX HAOTIOIE-
HUM

Ha puc. 1 npuBeneHsl 3aBUCUMOCTH HH-
TEHCUBHOCTH TIOTOKa TPAaHCIIOPTa OT BpeMe-
HU HaOJIO/IEHUS! B TEUEHHUE CYTOK U HEAEIH.

1 Bcmpeuaromes unvle Ha36anus. UHOEKC, SKCHOHEHmMa uiu nocmosiuas Xépcma
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Hpe,I[CTaBJIeHHHe KpUBBIC HMCIOT OIIpCIc-
JICHHOC HO,[[O6I/IC, H B TO K€ BPCM:A B 3HAYU-
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TEIbHON CTENEeHU EMOHCTPUPYIOT CTOXACTU-
YECKHI pa30opoc 3HAYCHUH.

250 4
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N

33 4

Bl

150 |

150

2000

0D 4000

10 ¢

T B0

alnn

Puc. 1. Cymounas (a) u nedeavras (0) 3asucumocmu om spemeru t (MUH) UHIMEHCUB-
Hocmu mpancnopmuoeo nomoxka N (asm/u)

Puc. 1, a coorserctByror X =144 unrepsa-
JaM BpeMEHH HaOIIO/IEHUsl JUIMTEIbHOCTHIO
10 MUHYT B TE€UYE€HHE OJHHMX CYTOK, pHC. 2, O
— X,=1008 muTepBamam BpeMeHH HaOIHOIE-
HUS TOM K€ JJIMTEIbHOCTH B TEUEHUE OJHOMN
HeZIeNu, TO €CTh MPOJOKUTEIBHOCTBIO CEMb
CYTOK.

Ha puc. 2, a npencraBieHbl 3aBUCUMOCTH
OT BpEMEHU CcpeHero 3HaueHus (X)u cpeane-
KBaJIpaTUYHOTO OTKJIOHEHUS S MHTEHCHBHO-
CTH TPAHCIIOPTHOTO MOTOKAa HAa MPOTSKEHUU
Henenu. M3smenenue cpegHero 3HadeHus (X)
WHTEHCUBHOCTH TPAHCIIOPTHOTO MOTOKA MO-
KeT ObITh OMMCAaHO KaK MOHOTOHHOE BO3pac-

tanue (X) ¢ HAJOKECHHOW MEPUOAMYECKU H3-
MEHSIOIICHCS (QYHKIIMA C yMEHBIIAOIICHCS
aAMIUTMTYION, KaXKJash BOJIHA KOTOPOM COOT-
BETCTBYET JIHIO Henenu. [locTenenno critaxu-
BAIOIIMECS OCHWUISAIMN CPEAHETO 3HAYCHUS
(X)(xkpuBast 1) oTpakaroT CyTOYHOE HU3MEHE-
HUE UHTCHCHUBHOCTH TPAHCIOPTHOTO TOTOKA.

CpenHexBaipaTHYHOE OTKJIOHEHNUE UHTCH-
CHBHOCTH TPAHCIIOPTHOTO MOTOKa (KpuBas 2
Ha pHUC. 2, a) BBIXOJUT HA CTAIlMOHAPHOE 3HA-
YEHHE CPABHUTEIBHO OBICTPO, MPAKTUYECKU B
TeyeHue 40 yacoB, TO €CTh MEHEE YeM 3a IBOE
CYTOK.
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Puc. 2. Basucumocmu om epemenu t (mun) cpedneeo anavenus X (a, kpusasa 1,
a8m/tt), cpedrneksadpamuurLo2o omkaionenus S (a, kpusas 2, a@m/tt)
Ha NPOMAINCeHUU Hedeau U HAKONAeHHO20 pasmaxa R (0) omKkaoHeHul caydatiHotl e-
AUYUHbL UHMEHCUBHOCMU MPAHCNOPMHO20 NOMOKA OM CPEOHe20 3HAUeHUS
Ha npomsiceruu Heoeau

HakonneHHbIM pa3Mmax R umHTEHCHUBHOCTH BUIC aHCpHOHH‘IeCKOﬁ (I)YHKI_II/II/I C NCPEMCH-
TPaHCIIOPTHOTO ITIOTOKA, IMOKa3aHHBIM Ha puc. HOHU aMHHHTYHOﬁ. BI/I,[[HO, 4TO B 3TOM CJIy4dac
2, 6, B 9TO K€ BPEMS TAKIKC NCMOHCTPHUPYCT (1)YHI(I_[I/ISI HAKOINJICHHOT'O pa3dMaxa HE JOCTUra-
HapacCTaHue ¢ HaJIOKCHHOM OCHWIILINEH B €T CTAlUOHAPHOI'O 3HAYCHU.
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Puc. 3. 3asucumocmu om spemenu t Hopmuposarno2o pasmaxa R/S (R) u annpokcu-

mupyroueil pyrnkyuu (aX) “H (—) npu koauvecmse unmepsaros HabA0OeHUs.
N=50 (a), 100 (6), 250 (8), 500 (2) u 1000 (0)
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Ha puc. 3 ¢ ucnonb3oBaHueM JBOWHBIX JIO-
rapu(pMUYECKUX KOOPIWHAT TPUBEIACHBI 3a-
BUCHUMOCTH OT BPEMEHU t HOPMHPOBAHHOTO
pasmaxa R/S MHTEHCUBHOCTH TPaHCIIOPTHOTO
MOTOKAa B TEUYCHHE HEICIIH, TTOCTPOCHHBIE Ha
OCHOBE BBIOOPOK BPEMEHHBIX PSIOB pa3ind-
Horo oowema (X = 50, 100, 250, 500 u 1000

Meocdynapooneul gopyn "KDW-2020"

3HAYEHUH ), MOKa3aHHBIX HA pHUC. 1 1 2.

B Tabnuiie npencraBieHbl 3HaYECHUS KOA (-
¢dbunuenta a u nokazarens H Xépcra crenen-
HOH (pyHkmmu (ak)"H, anmpoxcuMupyromei
(GYHKIMIO HOPMHPOBAHHOTO pa3Maxa R/S B
3aBHCHMOCTH OT 4ncia N HHTepBajoB HaOro-
JICHUSL.

Tab6muma

ANnpokcuManus HOPMHUPOBAHHOTO pa3maxa R/S crenennoii pynkumeii (aR)"H B 3aBu-
CUMOCTH OT YHCJIa N HHTEPBAJIOB HAOII0AeHUS

No < Bpewmst Habmronenus, Koodmiment a HOKa?aTeJ'IL H
MHUH Xépcra
1 50 500 0,1163 0,7631
2 100 1000 0,0302 1,0401
3 250 2500 0,0412 0,9914
4 500 5000 0,1803 0,7569
5 1000 10000 0,7529 0,5506

[Ipu manom nepuone HabmomeHus N=50
(500 mun, nm oxono 1/3 cyTok) BUIEH Tpak-
THUYECKH JJMHEHHBIN (B JTOTapu(PMUUECKUX KO-
OpAMHATaX, pUcC. 3, a) pOCT OTHOIIEHUs R/S,
XOPOIIIO OTMCHIBAEMBIN CTENIEHHOH (pyHKIMEH
Xépcra 0,1163t°0,7631. 3nauenue H=0,7631
CBUJIETEJILCTBYET O IEPCUCTEHTHOCTH paccMa-
TPUBAEMOTIO IPOLiecca, TO €CTh CIEIYET OXKU-
J1aTh, YTO UHTEHCUBHOCThH TPAHCIIOPTHOI'O TO-
TOKa Oy/IeT COXpaHsATh 3a()UKCHPOBAHHYIO Ha
3TOM IPOMEXKYTKE BPEMEHHU TEH/ICHLUIO K Ha-
pacTaHuio. JTa TeHACHIINS, OUEBUIHO, UMEET
MecTO B AelcTBUTENbHOCTH (puc. 1, a). 3aBu-
CUMOCTb OT BPEMEHHM MoKa3zaress Xeépcra st

BpEMEHHOTO0 psiaa B quanasone 10 Mun<t<500
MUH TIOKa3aHa Ha puc. 4, a.

[Tpu nepuone nabmronerus N=100 (1000
MUH, WIH OKOJIO 2/3 cyTOK) oTHOIIeHHe R/S
Kak (DyHKIIMSI BpeMeHH (B TeX ke JIorapupmu-
YEeCKMX KOOpAMHATaxX, puc. 3, 0) B MEHBIIEH
CTEIIEHU COOTBETCTBYET JIMHEWHOW 3aBHUCH-
MOCTH, OTIMCHIBAEMBIN CTETIEHHON (pyHKIHEn
0,0302t*1,0401. 3nauenue moxazarenst XEp-
cta H = 1,0401 Bce Tak e CBUAETEILCTBY-
€T O MEePCUCTEHTHOCTH, TO €CTh O COXpaHe-
HUU TEHJICHIUU B Pa3BUTHH MHTEHCUBHOCTHU
TPAHCIOPTHOTI'O MOTOKA.

H H
1,00 150
100
0,44
0,50
0,00
0,00
L050
L0500
L1.00 E1,00
i 100 200 00 u ] S00 G000 ¢ LI, 200 404 L] 00 1000 1X00 1
a &
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Meorwcdyrnapodroiti hopym
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Puc. 4. Basucumocmu om spemernu t nokazameas H Xépcma npu koauuecmse urnmep-
saros Habaodenua X = 50 (a), 100 (6), 250 (8), 500 (2) u 1000 (0)

Puc. 1, a moka3pIBaeT, 4TO ACHCTBUTEILHO
Ha 3TOM NPOMEXKYTKE BPEMEHU M Ha HEOOJb-
oM OJFKaiIeM MocenyrolieM WHTepBaie
UMEeT MECTO HapacTaHWe WHTEHCHUBHOCTH.
3aBUCUMOCTb OT BpEMEHHU NOKa3arens Xépcra
JUTsl BpEMEHHOTO psifa B quanaszone 10<t<1000
MUH TIOKa3aHa Ha puc. 4, 0.

VYBenuueHue rmnepuona HaOMIONEHHS 10
NX=250 (2500 muH, i oxoso 1,7 cyTok) npu-
BOJUT K JIOCTATOYHO PE3KOMY H3JIOMY Ha KpH-
Boi R/S (puc. 3, B), COOTBETCTBYIOIIEMY Bpe-
MeHHU t = 1850 MuH. DTOT MOMEHT BpeMEHU
COOTBETCTBYET TOYKE Hadaja MEepBOTO Craja
Ha kpuBoii R(t) Ha puc. 2, 6, Ipu 3TOM 3aBH-
CUMOCTB S(t) B OKPECTHOCTH TOM K€ TOUKE U3-
MEHSeTCS HE3HAUYUTENbHO. AMMPOKCUMAIINS

Xépcra I 3TOi BHIOOPKH BPEMEHHOTO psijia
nmeet Bua: 0,0412t°0,9914 3naucHue mokasa-
tenst Xépcra H = 0,9914 Heckonbko yMeHb-
LIMJIOCh, OJJHAKO MO-TPEKHEMY YKa3bIBaeT Ha
NIEPCUCTEHTHOCTh PacCMaTpUBAEMOro Ipo-
1ecca, HECMOTpPs. Ha HaJM4YMe PEe3KOro cra-
Jla THTEHCHUBHOCTH TPAHCIIOPTHOTO MOTOKA B
nepuoj Bpemenu ¢ 1000 mun 1o 1700 mun u
JIAJIbHEMIIIMI MHTEHCUBHBIN TIOJIbEM B IIEPUOJ
¢ 1700 mun mo 2000 mun (puc. 1, 6). 3aBu-
CUMOCTB OT BPEMEHH MoKa3arens Xépcra Juist
BpEMEHHOI0 psaa B nuana3zone 10<t<2500 c
MoKa3zaHa Ha puc. 4, B.

Jis  BBIOOPKM BpPEMEHHOTO psga IpH
NX=500 (5000 mun, niau oxojno 3,5 cyTok) 3a-
BUCUMOCTh OTHOWIEHHS R/S or BpemeHu
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MpeTepreBaeT LENbI Psii Pe3KuX H3JIOMOB
(puc. 3, r), annpoKkcUMaIus cTerneHHo (QyHK-
nueir mpuaumaet Bua 0,1803t70,7569. 3na-
yeHne mnokazarenss H Xépcra ymeHbIIMIOCH
1o 3HadeHus 0,7569, HO moO-peKHEMY YyKa-
3bIBA€T HA MEPCUCTEHTHOCTh MHTEHCHUBHOCTHU
TPAHCIIOPTHOTO MOTOKA. 3aBUCUMOCTH OT Bpe-
MEHHU TMoKazatens Xépcra Uisi BPEMEHHOIO
psana B quanasone 10<t<5000 muH mnpexacras-
JIeHa Ha puc. 4, .

W nakonen, 1isi BBIOOPKH BPEMEHHOTO
psnga npu X=1000 (10000 mMuH, 4TO MpPaKTH-
YeCKU COOTBETCTBYET 7 CyTKaM, WM HeJle-
Je HaONIONEeHUs) 3aBUCUMOCTH OTHOIICHUS
R/S or BpemMeHu HamoMHHAaeT MOBEIECHUE
(byHKIIMM HaKoOIUIEHHOTOo pa3smaxa R (pwuc.
2, 0), TIOCKOJIBKY CPEIHEKBaIpaTUIHOE OT-
KJIOHEHHE S CTAHOBUTCS NPAKTUYECKH CTa-
LMOHAPHOM BEJWYMHOW (KpuBas 2, puc. 2,
a), U COZIEPKUT IOJITOpa JECATKA Mepernoon
(puc. 3, 1). Annpokcumanus creneHHo! QyHK-
[UEeH JIJIs1 BCETO MHTEpPBaJia HaOIIOIEHUS TTPH-
aumaet Bug 0,7529t70,5506. 3nadeHune moka-
3arenst H Xépcra yMeHbIIUIOCh 40 3HAYEHUS
0,5506. 3aBUCUMOCTB OT BpEMEHU MOKa3aTesl
Xépcra s BPEMEHHOIO psiia B JAMANa3oHe
10<t<10000 mMun mpencrasieHa Ha puc. 4, 1.
W3 sTOr0 pucyHKa BUIHO, UTO 3HAUEHUE MOKa-
3arenst Xépcra, BO3MOXKHO, aCUMITOTHYECKU
crpemurtcs K Bennunae 0,5.

3nauenne H=0,5 yka3biBaeT ciyyallHOCTb
paccMaTpuBaeMoro Inpoiiecca, He UMEIOIIETo
KaKoro-mubo TpeHaa. JTo, B YaCTHOCTH, 03-

Cnmcok Jiureparypsl
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HA4aeT, YTO UCTOPUS M3MEHEHUS CliaraeMbIX
paccMaTpuBaEMOTO BPEMEHHOTO Psijia TPaKTh-
YECKH HE BIIUSAET Ha MOCICAYIONINE 3HAYCHUSI.

Boi6o0wi

[Ipumenenne wmeToma HOPMHUPOBAHHOTO
pasmaxa XEépcTa Mpu aHalin3e BBIOOPOK Bpe-
MEHHOTO Psi/ila UHTCHCUBHOCTH TPAHCIIOPTHO-
ro IOTOKA MOJKET OKa3aThCs ITOJIC3HBIM IS
BBISIBJICHUS HAIW4Usl TpeHAa (MIEPCUCTEHTHO-
CTH) B U3MEHEHUU WHTEHCUBHOCTH JIBH)KCHHS
aBTOMOOWJIEH TIO aBTOMOOWJIBHBIM JOpPOTaM
COBPEMEHHBIX METaIlOJIMCOB. DTOT TOAXOJ
MOXKET OKa3aThCsl TMEPCIEKTHBHBIM C TOUYKH
3peHust pa3pabOTKH CPENCTB MPOTHO3UPOBA-
HUS W TIEPCTIIEKTUBHOTO TUIAHWPOBAHUS, WH-
CTPYMEHTapus JJisi 000CHOBAHUS U TIPUHSTH
YIPABICHUYECKUX PEHICHUH IO PEKOHCTPYK-
UM CYIIECTBYIOIIECH YINYHO-AOPOKHON CETH
U TPOCKTHPOBAHUIO HOBBIX TPAHCIIOPTHBIX
MarucTpaiei.

Bwmecre ¢ Tem momydeHHBIE B pe3yabTare
00paboTKU JTaHHBIC TMOKA3BIBAIOT HEOOXOIH-
MOCTh JajibHEWIero uccieaoBanus ¢ dex-
TUBHOCTH METOJMKH HOPMHUPOBAHHOTO pa3-
Maxa Ui Ieledl aHajau3a HHTEHCUBHOCTH
TPAHCIIOPTHBIX TIOTOKOB, KOPPEKTUPOBKH U
Pa3BUTHS TOH METOAMKUA C YYETOM OCOOEH-
HOCTEH NBW)XCHHS aBTOMOOWJIEH Ha YIUIax
ropofia: TEPUOANYHOCTH, CTOXaCTHUYHOCTH,
KOPPEISIMOHHBIX 3aBUCUMOCTEHN, TIOJTHOTHI 1
KOPPEKTHOCTHU JaHHBIX HAOMIOACHUH, IMOTyYa-
€MBIX C MCTIOJIB30BAHUEM CPEICTB IUCTAHIIH-
OHHOTO HAOJIONIEHUS, U TIPOY.
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AHHOTALUA

Crarbs noCBsIIEHA aHATTN3Y MPOOTIEMBI «ITU(GPOBON 0Opa30BaHKE B BBHICIICH IIKOJIE U 00IIIe-
CTBO», KOTOpasi pacKpbLIach NEPHO TUCTAaHIIMOHHOTO 0OpazoBaHus 2020 I. Kak Ype3BbIYAHO
ocTpas u 6onesHeHHas. [Ipexe Bcero, oOLUeCTBEHHOE BHUMaHUE ObLIO HAIMIPAaBJIEHO HA IPO-
OsieMy OHJIAaWH-TIPOBEPKHU 3HAHUI, TO €CTh dK3aMeHa B mudpoBoi cpene. [ludpporoe obdpazo-
BaHHE BBIABISICT, PACKPBIBACT T€ MPOOJIEMBI, KOTOPBIE YK€ Ha3pelld B paMKaxX TPaJAHIIMOHHON
CHCTEMBI: 00CYXKIEHHUE MTOKA3aJI0, YTO OOIIECTBO HE 3aMHTEPECOBAHO B ITOJHOLIEHHOH MPOBEP-
Ke 3HaHWH B opMe SK3aMeHa, UTO MPETOAaBaTeIN M CTYJACHTHI KaK COIMAaIbHBIC TPYIIIBI 10-
pa3HOMY NOHMMAIOT Ha3HA4YeHUe 3K3aMmeHa. KpoMe Toro, B paMkax Tak Ha3bIBAEMON «HOBOW
STUKW» IK3aMEH BOOOIIE MMOJIBEPraeTcsi 00IECTBEHHOMY OCTpPaKu3My, OCOOEHHO B YCIIOBHSIX,
KOTJIa TPOBEPUTH YECTHOCTH CTY/IEHTa HEBO3MOXKHO. Ha3pesime mpoOiemMbl TOIKHBI OBITH pe-
IICHBI B ONvoKaiiliee BpeMsi, TaK KaK dK3aMeH KaK COIUAIbHBIA HHCTPYMEHT SIBJISIETCS OTHOM
13 OCHOB BBICIIETO 00pa30BaHMs KaK COIMAIBHOTO HHCTUTYTA B IIETIOM.

KaroueBble ciioBa: Beiciiee 00pa3oBaHKe, IK3aMEH, OHJIAWH-00y4YeHUE, YHUBEPCUTET KaK
COLIMAJIbHBIA HHCTUTYT.

Abstract

The article is devoted to the analysis of the problem «digital education in higher education
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and society», which revealed at the period of distance education in 2020 as extremely acute
and painful. First of all, public attention was focused on the problem of online knowledge
verification, exam in the digital environment. Digital education reveals the problems that are
already ripe within the traditional system: the discussion showed that society is not interested
in a full-fledged assessment of knowledge in the exam form, that professors and students as
social groups have different understanding of the purpose of the exam. In addition, within the
framework of the so-called «new ethicsy», the exam is generally subjected to public ostracism,
especially in conditions where it is impossible to test the integrity of the student. These problems
should be resolved as soon as possible, since the exam as a social tool is one of the foundations

of higher education as a social institution in general.
Keywords: higher education, exam, online training, University as a social institution.

OmHOM U3 BaXKHENIIINX COCTABIISIOIINX 00-
pa3oBaHMs B BBICILIEH ILIKOJIE SIBJIETCS OLIEH-
Ka paboThI CTyJeHTa Ha Sk3aMeHe. Kak Obl HI
MEHSUTUCh (POPMBI AK3aMeHa (TECTUPOBAHUE,
JIeJI0Basl Urpa, pe3eHTanus, 10KiIal, Tpaau-
LIMOHHBIN YCTHBIN OTBET HA BOIPOCHI OHJIETA),
CTYICHT JOJKEH MOJTYYUTh UTOTOBBIE OallIbl.
Hecmotpst Ha TO, uTO GaNIbHO-pEHTHHIOBAs
cucTeMa IMpHu3BaHa YpaBHATH pabOTy CTy/EH-
Ta BO BPEMs CEMECTpa U Ha SK3aMEHE, TEM HE
MEHee, UIMEHHO UTOTOBBIN IK3aMEH SIBJISIETCS
I10Ka3aTeJIeM €ro JOCTHKCHUM.

B uem npuumnHa 3toro? «CoBeplieHHO
OYEBHUJIHO <...> UYTO DK3aMEH JOMHMHUPYET B
YHUBEPCUTETCKON KM3HHU, TO €CTh HE TOJIBKO
B IIPEJICTABICHUSIX U MPAKTUKAX areHTOB, HO
U B OpraHu3anuu ¥ (QpyHKIIMOHUPOBAHUU HH-
cTUTyTa 00pa3oBaHus. Mbl yXe JIOCTaTOYHO
onucanu OecroKOHCTBO mepes BceoObeMITto-
IIMMHU, OpyTaJIbHBIMUA U OTYACTH HEIpEeaCKa-
3yEMBIMU BEPAUKTAMU IPU TPaJULHOHHBIX
(opmax MpOBEPKH, a TAaKKe apUTMHIO, CBOM-
CTBEHHYIO CUCTEME OpPTraHU3alUU ILIKOJIbHOTO
TpyZda, KOTOpast B CBOMX Hanbojiee aHOMHUYe-
cKuXx (hopMax MbITAeTCs HEe MPU3HABATH HUKA-
KOTO JPYroro CTUMYyna, KpoMe abCOIIOTHOM
HEU30eKHOCTH cpoka pacruiatel. [leiicTBu-
TEJIbHO, 9K3aMEH HE IIPOCTO CaMO€ HAITIAAHOE
BBIpAQ)KEHUE IIEHHOCTEH 00pa30BaHUS M HMM-
TUTMLIUTHBIX BEIOOPOB CUCTEMBI 00pa30BaHUS:
B TOM Mepe, B KaKOW OH 3aCTaBiIseT IIPU3HATD
COLIMAJILHOE OIPENEICHUE 3HAHUSA U MaHEpy
€r0 IPEIbSIBICHUS B KaU€CTBE 3aCily’KHUBalo-
IIETO YHUBEPCUTETCKOTO OJ00pEHUs], IK3a-
MEH CIIY’)KMT OIHUM M3 CaMbIX JEHCTBEHHBIX
MHCTPYMEHTOB BHYILIEHHUS JOMUHUPYIOLIEH

KYJITYpbI U LICHHOCTEU 3TOU KYJIBTYpbI <...>
Bo BcsikoM cityyae, eciii BEpHO, YTO 9K3aMEH
BBIPAXKAET, BHYILIAET, CAHKL[UOHUPYET U OCBsI-
LIACT COJIMIAPHBIE LIEHHOCTH ONPENCIEHHON
OpraHu3ali CUCTEMBbI 00pa3oBaHMs, OIpe-
JeJIEHHOM CTPYKTYpbl HHTEJUIEKTYaJIbHOIO
IIOJIA U TIOCPEACTBOM HTOrO JTOMHUHUPYIOLIEH
KyJBTYpbI, TO IIOHATHO, YTO BOIIPOCHI, CTOJIb
HE3HAYUTEIbHbIE HA MEPBbI B3NIAL, Kak
YHCII0 ceccuil mpu oOydyeHuu Ha OakajaBpa,
LIMPOTA MPOTPaMM MM METOAbI KOHTPOJI,
MOTYT BBI3bIBAaTh CTPACTHBIE CIIOPBI, HE TOBO-
psl yKE€ O HETOLYIOLIEM COIIPOTUBIICHUH, KO-
TOpOE BCTpeyaeT Jito0asi MOCTaHOBKA MO BO-
POC MHCTUTYLMOHAIBHBIX (POPM, B KOTOPBIX
KPUCTAJNIN3YEeTCd MHOKECTBO ILIEHHOCTEN,
— nucanu [Isep Bypnwé, Kan-Knox ITaccpon
[4]. U Bo ¢paniy3ckoii cucreme oOpaszoBa-
HUs, U B POCCUMCKOM DK3aMEH SBJISETCS TaKOU
dbopMoii MPOBEPKHU 3HAHUH, KOTOpas SBISACT-
Csl MHCTUTYLIMOHAJIBHOM, T.€. OIIpEEsIoIeH
0a30BbIe OCOOEHHOCTH CaMOM CHCTEMBI BBIC-
miero obpazosanusi. [IpobiaemMbl OIleHUBaHUS
CTy[CHTa Ha dK3aMeHe OOCYXIalaHuch B psle
uccnenoBanuii [1, 2, 8].

OpHako 3HAYMMOCTH 3K3aMEHa KaK COLM-
aJIbHO 3HAUMMOI'0 MHCTUTYTA BHYTPU YHUBEP-
curerckoro obpasosanus B Poccun, B omiu-
4uhe OT €BPONEHCKUX M aMEPUKAHCKUX YHH-
BEPCUTETOB, B MOCJIEIHUE TOJIbl PE3KO yana
(He cirydaitHO (UpPMBI ITpU IIpUeMe Ha padoTy
IPOBOSAT CBOU COOECENOBaHUs, HE TOBEPSI
JUIUIOMY): OT IOCTM)KEHUH CTy[EeHTa He 3a-
BUCHUT €ro JajJbHEWIEe TPYAOYyCTPOMCTBO U
Kapbepa. DK3aMEeH NPEBPATUIICS B HEKYIO yC-
JIOBHOCTb, OT KOTOPOH HY>KHO OCBOOOAUTHCS
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KaKk MOYKHO ObICTpee paau MpernojaBarens, a
HE CBOMX 3HAaHUMU.

DTOT «KPU3HUC» 3K3aMeHa APKO MPOSBUIICS
BO BpeMsI TUCTAHIIMOHHOTO 00yueHus. bonee
TOTO, MOJUYEPKHEM: TUCTAHIIMOHHOE 00pa3o-
BaHUE YKPYIIHSET, YCUJIMBAET, BBISBIISAECT, Jie-
JlaeT OYE€BUIHBIMU T€ MTPOLIECCHI, KOTOPBIE CY-
LIECTBYIOT B CUCTEME 00pa30BaHUS B IIEJIOM.

Ecnu onnaiiH-o0y4yeHHe TEOpeTUYecKu U
MIPaKTUYECKH BCE K€ BBICTPOEHO 3a IMOCHeN-
HUE TO/bl, TO CHCTEMa OHJIAWH-IK3aMEHOB
oKazajach IOCTaBjeHa IOJA ydap B IMEpPHOA
JTUCTaHIIMOHHOTO oOpa3zoBanus. [loHsTHO,
YTO 3TO BBI3BAJIO OOJIbIIE BCETO CIIOPOB B Ca-
MBIX HIMPOKHUX Kpyrax pOCCHICKOro o0Oiie-
CTBa B paMKax MpoOieMbl «yHUBEPCUTET U
0O0IIIECTBOY.

[lepBoe pemienue npoOIeMbl — OTKa3aThCs
0T 9K3aMeHOB. Takoe perieHue Iajnoch He-
serko, ogHako OI'D B 9 knaccax mikonsl, EI'D
JUISL HE TIOCTYHAlOIIMX B BY3bl U HEKOTOpPbHIE
roCyAapCTBEHHBIE SK3aMEHBI JJIsl CTY/IEHTOB B
MepUOJ TUCTAHIIMOHHOTO 00y4yeHus B 2020 r.
ObUIM OTMEHEHbI. B cyliHocTH, 3TO 3HaK Io-
paXeHUs CO CTOPOHBI TE€X, KTO OpraHU3yeT
cucteMy obpazoBanus. HecmoTpst Ha MHEHUS
MIPOTUBHUKOB 3K3aMEHOB B 1I€JIOM, HEOOX0/1U-
MO MPHU3HATh, YTO SK3aMEH KaK TaKOBOH (B €ro
«HJleaJbHOM» BapuaHTe — HE BCErJa JIOCTH-
KUMOM Ha TIPAKTHUKE) HEOOXOIUM HE TOJBKO
JUIS TOTO, YTOOBI €r0 pe3ysbTaThl ObUIN MPeb-
SBJIEHBI OyyIIUM paboTOAaTe s IM: MOArOTOB-
Ka K HEMY MO3BOJISIET CUCTEMaTUu3upoBaTh Ma-
TepHall, OCMBICIUTh KYypC B LI€JIOM, IPOBEPSET
pe3yabTaTel 00y4eHHs Ha BCEX YPOBHSX (3Ha-
HUS U KOMIIETEHITUN ).

OpHako Korja sK3aMeH MpoBoAuiics, 00o-
CTPUJIUCH Ha3pEeBIINE MPOOIEMbI CUCTEMBI 00-
pazoBanus B Poccun: KOHQUIUKT Mexay Ipe-
MOJIaBaTeNsIMU U CTYJJEHTaMH KaK COLUaIbHbI-
MU Ipynrnamu, KOHQIIUKT, KOTOPbIN SBISETCS
U1t 00pa30BaHUs TYOUTEIbHBIM — [IOTOMY YTO
OHO B IIPUHLIUIIE CTPOUTCS HA TOBEPHH MEXKTY
ydacTHUKaMu auaiora [9]. JlucranmumonHas
MIpOBEpKa 3HaAHUI 000CTpHIIa CUTYAIIHIO «B3a-
MMHBIX NPOTUBHUKOBY, CUTYallUI0 HapyIlIeH-
HOM KOMMYHHUKAIIUH.
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[Ipexxne Bcero, mpernojaBaTesd CTOJIKHY-
JUCh ¢ 0OMaHOM CO CTOPOHBI CTyAeHTOB. Hc-
MOJIb30BAJIMNCh pa3Hble MPHEMbI: CKPBIThIE
HAyIIHUKH, MOJCKa3Ka CO CTOPOHBI OJIHO-
TPYNITHUKOB, KOTOPbIE HAXOAMIUCH B TOM K€
MOMEILIEHUH, UCTIOIb30BAHUE BTOPOTO «OKHA
Ha JKpaHe U MOMCK OTBETa B BEPXHHUX CTPOU-
Kax I[IOMCKOBBIX CHCTEM (IIOTOMY OTBETHI
ObUIM KpaiiHe HU3KOTO YpOBHS), UCIIOIb30Ba-
HUE KOHCIIEKTOB U y4e€OHHMKOB, KOTOpbIE CTa-
BUJINCH COOKY OT 3KpaHa; kamepa TenedoHa
3aKpBIBAJIACH JIUCTOM OyMaru U M300paskeHne
CTAHOBHWJIOCh MyTHBIM, 3aTEMHEHNE KOMHATHI;
CTYACHT CaJWICS TIPOTUB CBeTa (TIPOTUB OKHA)
u T.1. Bo Bpems camoro sk3ameHa CTY/IEHTBI
KaTeropu4yeckd OTPULIATIH, YTO OHU YUTAIOT
OyMaKHBIM WUJIM 3JIEKTPOHHBIM TEKCT, HECMO-
TPs Ha TO, UTO TpEnojaBaresb XOPOIIO BUIET
IJ1a3a YUTAIONIEro, JBUTAIOIIMECS TOPU30H-
TaJIbHO, JIETKO HAXOAMJI — OH TaK)Ke MOJIb3yeT-
Csl KOMITBIOTEPOM, O Y€M 3a0bIBAIOT CTY/IEHTHI,
— CcailT, KOTOPBINA B CBOMX OBICTPBHIX MOUCKAX
OTKPBUI CTYZI€HT, U T.II.

Kone4yHo, B 1aHHOM cily4ae MOMOIVIH Obl
0ocoOble, HETpaJUIMOHHBIE, TBOPYECKHE BO-
npockbl. OJJHAKO TO HE BCETria BO3MOXKHO.

Psaa nucuumuive mpennonaraer HeoOXoau-
MOCTb 3HaTh U YYUTh HAU3YCTh OIpENEsIeH-
HBIII 00beM Mmarepuana. MemuKu JOJKHBI
3HaTh AHATOMHUIO, Y JINTEPATypOBEIOB HEOO-
XOJIUMO MTPOBEPUTH IPYIAULIMIO U YTCHHE TEK-
CTOB, y MaTeMaTUKOB — 0a30BbIe (OPMYIIBI U
T.7. ONIMOHEHTHI 3TOM TOYKU 3pEHUS MoJara-
IOT, UTO BCE 3HAHMS MO>KHO HAalTH B CIIpaBOY-
HuKax. Ho ecTp TOT Kpyr 3HaHMI, KOTOPBIN
dbopmupyeT TpodeccCHoHANTBHOE MBIIIJIEHHE
— UMEHHO OHO, @ HE TaK Ha3bIBa€MbIE «KOM-
NEeTeHIMW» SIBJISIETCSI UTOTOM YHHBEPCUTET-
CKOTO 00pa30BaHUsI U HEBO3MOXKHO 0€3 TOTO,
YTO €CTh TO, YTO BBIy4E€HO U 3anioMHEHO. [1po-
BEpKa 3THUX 3HAHUM JOJKHA OBITH MEPBBIM
sTanoM sk3ameHa. CuTyanus OHJIaiH-00pa3o-
BaHUS BBISIBUJIA, YTO Ja’K€ OIpPaHUYEHHBIE TI0
BPEMEHH TECTbl HE TapaHTUPYIOT oOMaHa Cco
CTOPOHBI CIIAIOLTHX.

Hamu Obl10 mpoBeneHO aHKETHMpPOBAHHE
CTYJIEHTOB TOcje 3K3aMeHa. Bcero sk3ameH
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cnaBamu 150 crtymentoB, n3 HuXx S50 ObuH
OCTaBJIEHbI [JIsl TEepeclaud B CIEAYIOUIYIO
ceccuto. bpiu mosyueHsl Takue OTBETHl Ha
Borpoc «Ilouemy Brl He Belyuminm marepuan
U MPEANowIN MOWTH Ha XUTPOCTh MPHU OTBE-
Te?» (OTMETHM, Marepuasl, KOTOPbIH HYKXHO
OBLIO BBIYYHTb, ObUT OTPaHUYEHHBIM MO 00b-
€MY): «IIPUBBIUKA €I11€ CO LIKOJIbI», «KMHTEpeC-
HO OOMaHyTh MpENojiaBaTess», «MEHS STOT
MpeIMET HEe MHTEPECYEeT», «HEKOINa YUHUThHY,
«HUYETO He TIOHUMAIO», «HaJessIcs, YTo Ipe-
MOJIaBaTelNb HE JI0TaJaeTCsi».

Psin By30B MCIONB30Basl CUCTEMBI MPOKTO-
punra winn miarpopmy «Examus». B atom
clly4ae Hy»KHO JaTh JOCTYH K (paiiiaMm cBOero
KOMITbIOTEpA, YCTAHOBUTDH JIBE KaMephl — JJIs
OTBETa U Kamepy, KOTOpasl MOKa3bIBaeT cla-
toutero. [lpuHIMNBI npokTOpHHra 00CYyXa-
Juch, HanpuMmep, k rpymme delicoyka «Coro3
npodeccuoHanoB IUCTAaHIIMOHHOTO 00pa3o-
BaHus [6]. TexHudecku 3TO HE Bcerma BO3-
MOJKHO, a ITIaBHOE, BBI3bIBAJIO SIPOCTHBIN MPO-
TECT CTYAEHTOB KaK «yHHKEHHE.

B psane ciywaeB mpernonaBaTeln HCKalu
JOCTYIHBIE JUIsl HUX CIIOCOOBI yA0CTOBEPUTH-
Ccsl, YTO CTYAEHT npopaboTan marepuai. ITH
CUTyallMl BBI3bIBAJIM OypHOE OOIIECTBEHHOE
oOcyxaenue. Tak, OOLIECTBEHHYIO PEAKIIUIO
BbI3BaJI NIOCT AHHBI HapuHckoil ot 19 nronHs
[3]: «Crana cBumerenem!!! ucrnonHeHUs CTy-
JeHTaMH TpeOOBaHMs OTBEYATh C 3aKPbITHIMU
Ia3aMy BO BpeMs 3K3aMeHa 1o 3ymy. (D10
MPEeIOCTOPOKHOCTh, 4YTOO CTYIEHT HE Ha-
JIOKHJI DKpaH ¢ OTBETaMU Ha OKHO yaTa U He
yyrtai ¢ Hero). Co ctoponsl BeIsuT YYJ10-
BUIIIHO (umenno takumu OyxBamu). Cra-
Ja BBISICHSTH — OKa3bIBA€TCS, BIIOJHE YacTOe
Ha 3TOM ceccuu TpeboBanme. He B enuHmu-
HOM By3e. Bompoc: Heyxenu maydme BOT Tak
YHHKaTh CTY/IEHTOB, a HE MOTPYIUTHCS IMpPO-
JyMaTh 3K3aMeH, YTO00 TaM He ObLIO OTBETOB,
KOTOpbI€ HYXHO 3ay4MBaTh (BeIb TOJIBKO TOT-
Jia oArsiAbIBaHue momoraet)?» [1ocT BeI3Bai
246 xkOMMeHTapueB. B cooTBETCTBHM C NPUH-
LUIIAMU «HOBOM 3THKM» Mpoch0a OTBEYATh C
3aKpBITHIMU TJIa3aMH ObLIa OLICHEHA KaK «Ha-
CUJIME HaJl TMYHOCTBIO»: YHH)KATh CTY/IEHTOB

Meocdynapooneul gopyn "KDW-2020"

— €CTECTBEHHAasi OTPEeOHOCTh OOJIBIIMHCTBA
CETOAHSIIHUX TperoaaBaTesieid. ITo kak Ma-
kap JleByIIKUH yHIKaJ KyxapKky MaBpy», «a
HE Ka)KeTCs JIM BaM, YTO MOHITh HEI0CTaTOu-
Ho. [lomycTum, npenon ckaxet: «5 gymato, s
MOHMMAaI0, Thl CIUCHIBaclIby. M emy HHUeEro
JIOKa3bIBaTh HE HAJ0. ITO OYEHb TOHKHUH JEN
1 00JIbIIIO€ MTPOCTPAHCTBO JJI11 MAHUITYJISLIUMN.
Oco0enHo ecnu 3170 COKOJIOB MIJIM KaKOH JIpy-
roi cagucT», «KMHE KaXKEeTCs, BOIIPOC BCE K€
HE B JIETSX, a B 9k3ameHaropax. Kakoro xpena
UM IPUXOJUT B TOJIOBY TaK YHHKaTh JItoAei?!
Kakue uectnble onenku toro crosar?! Crein
Kakoi (((», «rOBOPUTH C 3aKPHITHIMU IVIa3aMU
O4YeHb CIIOKHO. MBICIb paboTaet nHave. Kcra-
TH, MOXHO BOOOIIEe 3acHyTh. Hy a cornama-
10TCS — oueBUHO. BoT ThI moctynaens. Ot-
KaXelbesi — He moctynuiiby [3]. OTMmeTum,
YTO IPO «3aCHYTh» — SIBHOE MPEYyBEINUEHUE.
B ogHOM 13 KOMMEHTapueB ObUIO CKa3aHO:
«bpen u xamcTBo. Sl cama npuHKUMaJa IK3aMe-
HBI ¥ 324€ThI B By3€ U TOYHO MOTY CKa3aTh, YTO
MIpernojaBaTesib BCeraa BUIAUT U IMOHHMAET,
CIIUCAHO WUJIM 3HaeT. JlocTaTouHo 3a7aTh napy
YTOUHSIOIIKUX BOIPOCOB, TOMNPOCHUTH MpH-
BECTU NpHUMEp, Mopaccykaarb. Te, KTO TyIo
CIucal, 3aBUCAIOT U OOJbIle HE BKIIIOYAIOT-
cs))» [3]. K coxxanennro, cuctema KOMMYHH-
Kallud MEXJy CTYIEHTOM U IperojaBaTesieM
MOCTpOEHAa TaK, YTO CTYAEHT JOJKEH «CO-
IJIaCUTHCSD) C YTBEPKICHUEM IPEroiaBaTeis,
YTO OTBET HEYAAYEH — €CJIH ITO PacCyKIACHHE,
TO CTYyAEHT MOXKET yTBEpPXkJaTh, YTO «OTBET
COCTOSUICS, HE BU/ISI IPUMUTHUBHOCTH CBOETO
paccyKJIeHus, a 3aTeM >KaJloBaThCs B IEKaHAT.
B eBpomneiickux yHUBEpCUTETax IPHUHATO
IIPOBOJIUTh AK3aMEH TOJBKO B MHUCHbMEHHOMN
dopme, npasaa, B aynuropuu. OpHaKo Kade-
CTBEHHBIW aHAJIN3 MUChMEHHBIX 0TBETOB (150
MUCBbMEHHBIX padoT), MPOBEAEHHBIX HAMH,
mokasai, 4to 130 u3 Hux ObuIH 0€3 KaKUX-JIH-
00 u3MeHeHuil 3auMcTBOBaHbI U3 MHTEepHeTa
U Marepuall He ObLI Ja)Ke CKOPPEKTUPOBAH B
COOTBETCTBUU C (POPMYIUPOBKOIN 3aJaHUs:
KpeaTHBHBI BOMPOC HE CTaj TOJYKOM JIJIst
KpeaTuBHOro otBera. Ha Bompoc anketsl: «B
YeM IPUYUHBI TOTO, YTO MHUCHBMEHHOE 3aja-
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HUE, BHIIIOJTHEHHOE HE B ayIUTOPHH, a B yCIIO-
BUSX JTUCTAHIIMOHHOTO 00Opa30BaHUs 10Ma, HE
BBI3BIBACT IMOTPEOHOCTH J1aTh COOCTBEHHBIN
OTBET?» — CTYIACHTHI OTBETHJIU: «TaK JIEruey,
«TaK TPUBBIKIN B ILKOJE», «HUKTO U3 Ipe-
rojiaBaTesiell He MPOBEPSET U MPOCTO CTABST
OIICHKY 3a caM (pakT caqu paboThI», «4€CTHO
CKaXy, HE MPUBBIK JyMaThy.

be3ycinoBHO, paBUIILHO OPraHU30BAHHBIN
9K3aMEH JOJKEH COCTOATh U3 HECKOJIbKUX
ATaroB: MpPOBEpKa 0a30BbIX 3HAHHM, WHDOP-
MaTHUBHOM COCTABJISIONICH AUCIIUIIINHEI, OT-
BET Ha KPEAaTHBHBIA BOIPOC, MPOBEPSIOUINN
YMEHHE TyMaTh, Pa3MbIIUISATh, IPUMEHSS 110-
Jy4eHHbIE 3HaHUsA. XOpOoImIo Obl, YTOOBI IK3a-
MEH ObUT MyOJIMYHOM TTPOBEPKOM 3HAHUI: TTy-
OJMUYHBIN ycrexX U caMO CTpEMJIEHHE K HEMY
CTaHOBSTCSI TOJTYKOM JIJIs1 BHYTPEHHETO POCTa.
B ycnoBusix oHnalH-’K3aMe€Ha 3TO BpAI JIU
BO3MOKHO, B TOM YHCJI€ U U3-32 HEBO3MO)KHO-
CTH YIEIUTh KaXKJIOMY CTYACHTY CTOJIBKO Bpe-
MeHH: «S1 BOT pa3Besna JUCKYPC U MOXKaJIeNa))
repesesia 3k3 B MHUCbMEHHBIN popmar — no-
BOJILHO 00BEMHOE 3a/JaHK€e, aBTOPCKOE, TO €CTh
peanbHO HajAO aenarb camomy. Hy u B urore
noy4mia oK. 70 mucbMEeHHBIX paboT, Ha/T KO-
TOPBIMU J1aXKe TeM, KTO XalTypHJl, MPHUILLIOChH
nopaboTaTh U Kak ObI BCE MOCTapaJiuCh BCE
PaBHO ¥ HEOOXOAMMOCTD Ka)KTyt0 BHUMATEIb-
HO IIPOYUTATh U HANKUCATh, BBIXOAUT, 70 MUCH-
MEHHBIX OT3bIBOB (TO €CTh BEKJIMBO, CTPYK-
TypUpOBaHO, O€3 OIeYaToK, ¢ COONIOIEHUEM
BCEX MPaBUJI MYHKTyallMH), BCEM HUHAMBHUIY-
aJbHO OTIPABUTh, U ITO <...>, KOHEYHO))))
B odumaitn popmare MHE ObI ciamu OyMaXkKKH,
MBI ObI HEMEJICHHO YCTHO OOCYIWIM U BCeE,
9TO YKJIAJIBIBACTCS B mapy Ha rpymnmy» [3].

KoHneyHo, KOMMYHUKaTUBHBIA  IIPOBa
OTIpe/IeTISIeTCS HE TOJNBKO CTYIEHTOM, HO U
npenogaBareneM. CloXKUBIIAsCS B POCCHIA-
ckux yHuBepcurerax emnie ¢ XIX Beka cu-
cTeMa 5K3aMeHa KaK HaKa3aHHs CTyJeHTa,
MpUILEANas W3 MPYCCKUX YHUBEPCHUTETOB,
MPOBOLUPYET  MPOM3BOJI  IMpernojaBarers.
B nosectu JIsBa Toncroro «}OHOCTB» ecTh
XII rnaBa, NOCBSIIEHHAS YK3aMEHY 10 JIAaTHH-
CKOMY 513bIKY. B ee ocHOBe, HECOMHEHHO, C00-

CTBEHHbIE BOCIIOMHMHAHHs aBTOpa Kak ObIB-
niero cryaeHtra Kazanckoro yHuBepcurera, a
«CTpamHbii mpodeccopy» B kKu3HU ToscTOro
— HE IperojaBaTellb JIaThIHU, a Ipodeccop
ucropun H. MBanoB. Xapakrepuctuka my-
IIEBHOTO COCTOSIHUSI CTY/IE€HTa BecbMa IIO-
Ka3zareibHa B 3TOM OTpbIBKe: «EIe ¢ mepo-
IO 9K3aMEHa BCE C TPENEeTOM paccKa3blBasd
po JIATHHCKOTO Tpodeccopa, KOTOPHIH ObLI
OynTo OBl KakoW-TO 3BEepb, HACIAKIABIIUKCS
ru0eiibl0 MOJIOABIX JIIOIEH, 0COOCHHO CBOE-
KOIIITHBIX, ¥ TOBOPUBIINI OyATO OBI TOJIBKO HA
JIATUHCKOM WJIA TPEYECKOM s3bIke. <...> Bce
YTPO TOJIBKO ¥ OBIJIO CIBIIITHO, YTO O TOTHOETH
TeX, KOTOPBIE BBIXOJWIN MPEXKIE MEHS: TOMY
MOCTaBWJI HYJIb, TOMY €IHHHUILY, TOTO €Ile pa3-
6paHI/IJ'I M XOTEJ BBITHATh U T.J., U T.O. <...>
HecnpaBennmBoCcTh 3Ta 10 TakoW CTENEHU
CWJIbHO TMOJCWCTBOBANa HA MEHS TOTJa, YTo,
exenn Obl 51 OB CBOOOICH B CBOMX IMOCTYTI-
Kax, s Obl He MoIIes OoJbIIe 9K3aMEHOBAThCSI.
S motepsn Besikoe decTonmooue (yKe Heb3st
OBLJIO M TyMaTh O TOM, 4TOO OBITH TPETHUM),
U OCTaJbHbIE DK3aMEHBI s CIyCTu1 0e3 Bcs-
KOTO cTapaHus U gaxe BoiHeHus» [7]. Cry-
JEHTBI, MPUBBIKIINE K SK3aMEHY KaK CTpaxy,
MPUXOIAT Ha pabOTy B CUCTEMY 00pa30BaHMs
U TPAHCIUPYIOT 3Ty CUTYAIMIO CTpaxa cleay-
IOLUM TTOKOJICHUSIM.

BepneMmcs k murare, ¢ KOTOpOM Hadayiach
JaHHAasl CTaThs, U K HJiee 00 MHCTUTYLIMOHAIIb-
HOM Hauajse sk3ameHa. Cutyanus ¢ 3K3aMeHa-
MU B BBICIIEH IIKOJIE BO BTOPOM, BECEHHEM Ce-
MecTpe, MoKa3ajia, 4YTo B CaMOM BBICIIEM 00-
pa30BaHUM KaK COLIMAIILHOM WHCTHTYTE BO3-
HUKJIA TTyOodaifime mpoodaemMbl. ITO HE MPo-
OneMbl OHJTAH-00pa30BaHUs, 3TO MPOOIEMBI
caMoro 00pa3oBaHMsl, SIPKO MPOSBUBIITHE CEOsT
1 00OCTpUBIINECS B CUTyalluu qucTanta. OH-
JailH-7K3aMeH B Ipoliecce AMCTaHLHOHHOIO
oOydenust BecHor u jgetom 2020 1. B Poccun
1 OOIIIECTBEHHOE 00CYKICHHE dTOW CUTYyaIH1
MOKa3aju, 4YTO CUCTEMa KOMMYHHUKAIIUU «IIpe-
M0JIaBaTeb-CTYCHT» OKa3aJlaCh pa3pyIlleH-
HOM, HY OJIHA U3 CTOPOH, 32 UCKIIIOYEHHUEM OT-
JENbHBIX JIIOJIeH, He 3aHTEPECOBaHa B YECT-
HOM mpoBepke 3HaHUM. CTYyIEHTHI OLIYIIAI0T
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ceds CKopee «BOJbHOCTYIIATENISIMUY, TTOTOMY
SPOCTHO MPOTUBSTCS OLIEHKE PEe3yJbTaToB Ha
sK3aMeHe. Takoil moaxox ObUI OB BO3MOYKEH
IIPY YMEHUU CaMOCTOSITENIbHO TPOpadaThiBaTh
MaTepual, KOTjia JEKLIUU MPernoiaBaTes yka-
3bIBAIOT O0Illee HAIpaBJICHUE ISl CaMOCTOsI-
TEIHLHON PabOThI, OJJHAKO IIKOJIBHOE 00pa3o-
BaHMe B Poccuy B TaHHBI MOMEHT HE TOTOBUT
BBIITYCKHHUKOB K TaKoi yueOe B YHUBEPCHUTETE.

OOpatumcs ele pas K CyKJIECHUSIM B CETH
HNutepHer: «... cnuceiBaloT. B »ToM Mpak.
3Hal0 IOBOJILHO MHOTO MCTOPUIA PO dK3aMe-
Hbl B 3yMe, KOIZla M 4aTATCs, U CIIHCHIBAIOT,
U T.J. MHe 3T UCTOpUM OBUIM paccKa3aHbl
C XapakTEpHbIM CTYIEHYECKUM CMEIIKOM.
DTO 3aMKHYTBIA Kpyr. DTO BTOpas OoJbImas
TeMa Mpo YHHUBEP (Kpome XapaccMeHTa). S He
OTIPaB/bIBAIO TPENO0B HUYYTh. DTO MEP3KO.
Ho B 3T0i1 ricTopun (3K3aMEHOB B By3aX) HET
YB@)KEHUSI HUKOTO HU K KOMY, B T.4. CTY/IEH-
TOB K camuM cebe. U Tak yxe oueHb naBHo. U,
10 MOMM HaOmroneHusiM, cutyarus 3a 20 jgeT
cTana ToJbKO Xyxke. CIUCKIBATh CTAJI0 MPSMO
COBCEM HOPMOM. Sl Jymaro, 3TO CBA3aHO C TEM,
YTO YK B TYMaHUTApHBIX AUCLUITIMHAX TOYHO
9K3aMEHbI HaJl0 MeHsTh. J[aBHO BceM mopa re-
PEXOIUTh HA MPOEKTHbIE PabOThI, 3cCe U T.1.
DTO ropaszo CcloXHee, ropa3o MUHTEepecHee
u TpedyeT Oonee rIyOOKOTO 3HAHUS M — aHa-
nu3a. [locnennee, BmpoueM, HaAO HAYMHATh
emié B IIKOJIE, @ Y HAC B IIKOJIE C 3TUM ILIOXO,
Kak npaBuio. CTyqeHTbl NPUBBIKIN 3yOpUTh

Cnucok Jureparypsbl

Meocdynapooneul gopyn "KDW-2020"

(TouHee, mMcaTh MIMOPhI) U OTPHITUBATH KYpPC
JIEKUMH Ha 3K3aMEHE U YBEpEHbI, YTO UX pac-
CYXKJCHHSI HUKOMY HE CIaJiCh (MX TaK Hay4u-
nm, pazymeercs). Eciau ux npocuis Hanucarb
scce a-Jisl 3arnaJHblid SK3aMeH, OHU IUILYT pe-
depar Ha ypoBHe 6 kiacca mkoibl, Ha 80%
cocToAmui u3 nutar. Yurana takue padoOThI
B [llanmnke. ['pycTHO 3TO BCe B 0Omem» [3].

B 1845 r. B Kazanckuii yHUBEpCUTET MpHU-
eXaJqu TPU MOJOABIX MpEnojaBaTeiisi, B TOM
yucne — topuct .M. Meitep. Onun u3 cry-
JIEHTOB BCIIOMHUHAJI, KaK Ha MEpBOU JEKUUU
B ayJUTOPHIO BOLIEJ MaJCHbKHI 4YeIOBeK:
«CTyneHTbl CTapajuch HE MPOPOHUTH HU OfI-
HOTO CJIOBA, TIIATEJILHO 3aMKUChIBAIN; ObUIH OT
HEro B BOCTOPI€ U >KJajH €ro JIEKIHH, CIOB-
HO Tpa3aHuka. Mexy Tem, Ha K3aMeHaX OH
OBLT CTpOT, TpeOOBATEIICH — OTHENIAThCS OT
HEro KOH-KaKMMH OTBETaMH, ¢pazaMu ObLIO
HEMBICITUMO; a JIIO0OBb K HEMY M TMOMYJSp-
HOCTb pOciia ¢ KaXJIbIM 4acoM... K ctynentam
OH ObLI OJM30K, OTIIMYHO BCEX 3HAJ, OHH €T0
MOCEIIANU U MOJIb30BAJINCh COBETAMU U KHHU-
ramu; Meliep BCTynajl ¢ HUMH B IIPEHUSI U CTa-
pa’jics BbIBEAAaTh B CTYACHTE yesioBeka» [LluT.
no: 5, c. 132-133].

K coxanenuto, cutyanus oHJIalH->K3aMe-
Ha B HalleM BhICIIEM O00Opa30BaHMU BBISBUIIA
1 000CcTpuIiIa 10 HAPSDKCHHSI HA3PEBITYIO 00-
IIECTBEHHYIO MPOOIEMy: 00€ CTOPOHBI BUIAT
JIpyT B Ipyre NpOTUBHUKA, HO HE YeJIOBEKa.
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MEPCIEKTUBbI JIOKAJIN3ALUH PROSPECTS FOR LOCALIZATION AND
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AHHOTAIHUSA

B crarbe paccMOTpeHbI IEPCIEKTUBHI JTOKATU3ALUU U Pa3BUTH KJacTepa 3JIeKTPOABTOMO-
6unectpoenus: B EBponeiickoif yactu Poccuiickoit ®enepanuu. VccnenoBana quHaMuka po-
CTa KOJIMUECTBA 3JIeKTpoMoOmiIell B pa3BUThIX cTpaHax 3anaaHoit EBponsl u CIIA. IIposenen
aHaJu3 BIMSHUSA COAJaHCUPOBAHHOTO CLEHAPUS PA3BUTHUS PBIHKA JIEKTPOMOOUIIEH Ha aBTO-
npeanpusaTus. [IpencrapieH cKOppeKTUPOBAHHBIM COCTAB KJIacTepa 3IEKTPOMOOUIECTPOCHUSI.
ObocHoBaHa 1eneco00pa3HOCTh co3nanus Poccuiickoro kiactepa 3JIEKTPOMOOHIECTPOCHUS
Ha Tepputopun IIpuBomkckoro geaepaibHOTo OKpyra.

KiroueBble c10Ba: sHEpreTHKa, MaIMHOCTPOEHHE, aBTOMOOUIIECTPOECHHUE IEKTPOMOOHIIB,
3apsiiHble CTAHIMM, UHTEJUICKTYalbHasl CeTh, HAKOMUTENN HEPIrUuu, THOPUIHBIA 3IIEKTPOMO-
OUJIb.

Abstract

This article considers the prospects for localization and development of the electric car
manufacturing cluster in the European part of the Russian Federation. The dynamics of growth
in the number of electric vehicles in developed countries of Western Europe and the United
States is studied. The analysis of the impact of the balanced scenario of the development of the
electric vehicle market on automobile enterprises is carried out. The adjusted composition of the
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electric car manufacturing cluster is presented. The expediency of creating a Russian cluster of

electric car manufacturing on the territory of the Volga Federal district is substantiated.
Keywords: energetics, mechanical engineering, car manufacturing, electric car, charging

stations, smart grid, energy storage, plug in hybrid electric vehicle, plug in electric vehicle.

YceroitunBoe pa3BUTHE, SHEProcOepexeHne
U TIOBBIILIEHUE dHEPreTHYecKoi 3¢hhekTuBHO-
CTH SIBJIAIOTCS KJIIFOUEBBIMM 3a/1a4aMU COBpE-
MeHHocTH [1]. PanimonansHoe, 3QpexTuBHOE
HCIIOJIb30BAaHUE DHEPIETUYECKUX PECYPCOB B
MaciuTabax HallMOHAJIbHON SKOHOMUKH YKpe-
IUISIET SHEPreTUYEeCcKyl0 0e30MacHOCTh CTpa-
HBI, 00€CIeYnBaeT pOCT BAJIOBOIO BHYTPEH-
Hero npoaykra (BBII) u koHKypeHTOCTIOCO0-
HOCTb NpoayKuuu. [2] OgHUM U3 NPU3HAKOB
pacTyiero 6:1arocoCTOsIHUS CTajl IMYHBIN aB-
ToMOOWIIb. KOHCTpYKTHBHAs cXxeMa KOTOPOTro
HacuuThIBaeT Oosee 135 et u B Halle Bpemst
€l IPEJICTOUT CaMO€ CEPhE3HOE CPAKEHUE 3a
JIUAEPCTBO. AKTYyalbHOCTh TEKTOHUYECKUX
C/IBUTOB B aBTOMOOMJIECTPOCHUU HPOTUKTO-
BaHa psAAOM (YHIAMEHTAIbHBIX (HaKTOPOB
B UHUCJIE KOTOPBIX 3KOHOMUYECKAs LIEIECO0-
Opa3HOCTb, DJKOJIOTHYECKas Oe30MacHOCTb,
yA00CTBO H3KCIUTyaTallkd U MHOTHE Jpyrue
[3-7]. Haxonsuuecs B CBOEro pojia pe3epse
y BEAYLIMX aBTONPOU3BOIUTENEH TEXHOIOT MU
IEKTPOTATH, CETO/IHS PACCMATPUBAIOTCS KaK
HauOosee MEepCreKTUBHbIE U TOAJIEpKHUBAE-
Mble norpedutensamu [8]. CymMMapHOe KOJIH-
YECTBO ABTOTPAHCIIOPTHBIX CPEACTB B MHUPE
pacTeT nporpeccupyromumu remnamu. Onpe-
JeTUTh UX TOUHYIO LU(PY B IUIAHETAPHOM
MaciuTade npakTUYeCKu HEBO3MOXKHO. 3HAKO-
BBIE UCCIIE0BaHMs IpoBena MexxyHapoaHast
accouuanusi apronpousBoguteneit (OICA).
[To nanneiM 3kcneproB, Ha 2015 rox B mupe
9KCIUTyaTUpOBaJIOCh 947 MIH JIETKOBBIX M
335 MIH KOMMEpPYECKMX aBTOMOOMIIEH.
ITo mporuozam Navigant Research, B Omnu-
Kaiimem  OyIylieM TOJOBbIE  NPOAAKHU
JIETKOBBIX aBTOMOOWJIEH MOTYT BBIPACTH
10 126,9 man mryk. ITpu takom mokasarene
yxke K 2035 1. MUpOBOI1 aBTOMAPK JOCTUTHET
2 mapa. BriepBeie 3a MWIIMApAHYIO OTMETKY
KOJIMYECTBO TPAHCIOPTHBIX CPEICTB Iepe-
marnynos 2010 . [9].

B naHHOl cTarbe Mbl XOTUM pacCMOTPETH

NIEPCIIEKTUBBI JIOKAJIN3ALMUA U Pa3BUTHUSA KIla-
cTepa anekTpoaBTomMoOmnectpoenus (Plug
in Hybrid Electric Vehicle, Plug in Electric
Vehicle) B EBpomneiickoit yactu Poccuiickoit
@denepallil Ha OCHOBE CYILECTBYIOIIUX Ma-
LIMHOCTPOUTENbHBIX MPEANPUATUH, aBTO3a-
BOJIOB M XUMUYECKHUX IIPOU3BOJICTB.

C 2018 mo 2019 . B mupe ObLJIO NMPOAAHO
nopsiika 4 MIIH 3J€KTpOMOOMIIEH, YTO BIBOE
Oonblie, yeM 3a BCE MpPEIbIIYyLIHE TOAbI.
Hanauano 2020 . B MUpe 3KCILTyaTUPOBAIOCh
nopsinka 8 MiaH EV aBromoOueit. OcHoBHBIE
npopaxu npuxoxasrcs Ha Kurail, EBpony n
CHIA [10-11]. MupoBo# pbIHOK 3JE€KTPOMO-
Ouseil OpICTPO paciupsieTcs, MO NPOTrHO3aM
Acumen Research and Consulting cpennero-
noBoii poct B niepuof ¢ 2019 mo 2026 r. co-
craButT 25,6%. Ilo nmporuoszam rioGanbHOTO
pykoBoauTens aHanuTHkU S&P Global Platts
Kpuca Mumxmu k 2040 1. KOTMYECTBO 3JI€K-
TpomoOuiieit B Mupe npeBbicut 400 MIIH IIT.

I'psimymui Ka4eCTBEHHBIN NIEpeIell PhIHKA
aBTOTPAHCIIOPTA, IVIABHBIM CHMBOJIOM KOTO-
pOro cTajia MHHOBAaLlMOHHAs KomnaHus Mio-
Ha Macka, co3ziaet OnaronpusiTHbIE yCIOBHS
s Poccutickont denepanuu 3aKpenuTh TEX-
HOJIOTUYECKOE M IIPOM3BOJICTBEHHOE JINJEP-
ctBo B cermenre Plug in Electric Vehicle.
Pecny6nuka TarapcTtaH Kak LEHTPaJbHBIN
3JIEMEHT Hay4YHO-00pa30BaTeIbHOTO U IPOU3-
BOJICTBEHHOTO TIOTEHIMaJIa IOBOJIKbS JOJIK-
Ha CTaTh TOYKOW pOCTa KjlacTepa 3JIEKTPOMO-
6uneil. Ha Teppuropun Tarapcrana u cocen-
HUX PETMOHOB COCPENOTOUEHBI MAILIMHOCTPO-
UTEIIbHBIE U TPOMBIIUIEHHBIE NPEANPUATUS
HaIpsAMYIO BKJIOYEHHBIE B IIPOU3BOJACTBEH-
HBIE LENIOYKH aBTOUHYCTPUH CETOAHSIIIHErO
JHSA. A 3HaUUT COLUAJIbHO-D)KOHOMMYECKAs
YCTOMUYUBOCTD U Oy/yIliee 3TUX NPEeApUITUI
3aBUCST OT ONEPATUBHOCTH U IOJIHOTHI UHTE-
I'palliy B HOBBIN PBIHOK.

Krnaccuueckoe noHuMaHue Kinacrepa rnpei-
nojaraeT HaJu4yue TpyHmbl reorpaduyecku
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TEPUBYIONIUXCSI OOITHOCTHIO YKOHOMUYECKUX
WHTEPECOB U JOMOJHSIOMUX APYT APYyTra.
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Puc. I. Mexanuueckue xapakmepucmuri cuL0BbLX YCIMAHOBOK
CAeBA: ACUHXPOHHO20 MS208020 INeKMPOoO0BUcAMEeNs NPU YACMOMHOM YNPABAeHUL
cnpasa: cospemennoeo 4 yuauHoposo2o du3eabHoeo 08ueanens

Cy111ecTBEeHHBIM KOHCTPYKTUBHBIM OTJIH-
YUEM AJIEKTPOMOOUIIEH SBISIOTCS THIT CUIIO-
BOIl YCTAHOBKM M 3HAUUTEIBHO YIPOIICHHAS
Tpancmuccus. Beicokuii KI1/] acuaxpoHHOTO
TSATOBOTO JIEKTPOABUTATENS MO YaCTOTHBIM
ynpasneHueMm (85-95% nportus 35% y JIBC)
B COBOKYITHOCTHU C 0oJiee MpUCIOCOOIEHHOM
K IEPEMEHHBIM CKOPOCTSIM U Harpy3kam Kpu-
BOIl MOMeHTa (puc. 1) ompenenstoT Jydiine
Moka3aTesid JAMHAMUKH U SKOHOMHYHOCTH,
YTO OCOOCHHO 3aMETHO MPHU HAIPSHKEHHOM
DKCIUTyaTallid aBTOMOOWJISI B TOPOJICKOM
yepre. B TO ke BpeMs CTOUT OTMETUTH CY-
[IECTBEHHYIO JIOJIIO HAClIEAyeMbIX TE€XHOJIO-
THYECKHUX U IPOU3BOACTBEHHBIX 0a3, a TaKKe
KOHIIGHTpAINIO J0OaBJICHHONW CTOMMOCTH B
CEerMEHTEe DJIEKTPONPUBOJA, CUJIOBOH, cla-
OOTOYHOM SIIEKTPOHMKH U B OoInbIICH CTe-
MIEHU B HAKOMHUTENSX SHepruu. B kauectse
HAIUISIIHOTO TIPUMEpPA PACCMOTPHUM pe3yiib-

TaThl CPABHEHUSI CTPYKTYPbI CTOUMOCTH MO-
nenei-nBoMHUKOB Nissan 3KOHOM CEerMeHTa
— Oen3uHOBOM Versa Note v AIEKTPOMOOMIIS
BEV ¢opmara LEAF. (puc. 2) Ky3oB 1 mexa-
HUYECKHUE y37Ibl Y HUX HJICHTUYHBI. YPOBEHb
0€30MacHOCTH, OCHAIEHHE COBPEMEHHBIMU
ACCUCT-CUCTEMaMH M OILHUAMU HaXOAUTCSA
Ha OJTHOM YPOBHE. A 3HAuUWT, MEPeOpPUECHTA-
U IPOU3BOAMUTENEH aBTOMOOUIICH Ha AIeK-
TPOMOOUIIM TMPOU3OUIET MPH BKIIOYCHHUH
B HOBOM KayeCTBE M MHOW HOMEHKJIATypou
U3 B KIJIACTEp aBTOMOOMIIECTPOCHUS
NpeanpUITUn ANIEKTPOMAITUHOCTPOCHHS,
AKKyMYJISITOPHBIX 3aBOJIOB, MPOU3BOIUTENECH
CHJIOBOM M CJTa00TOYHOM 3J1eKTpoHUKH. KiTto-
YEBBIM TOCTABLUIMKOM JIHEPrOpPEeCcypcoB IS
aBTOMOOMIIBHOM oTpacyu B k 2040 1. momkHa
CTaTh AEKTPOIHEPIeTHKA.
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LewaVersa [BC  TonnweHas KN Jatpare  Anektpo- Cunogan KN CrosmocTe  Lewa
Mote SR W BRI NOMHAA 38 BhIMETOM  MOTOP W 33PAOHEA batapew LEAFS
CHETEME TRAHCMHECHN HERTPOHHRA H

Merogmes: WEON Cansulling
Puc. 2. Cmpykmypa sampam mpaduyuoOHH020 a8MOMOOUAL U INEeKMPOMOOUNS
na npumepe Nissan Versa Note ([IBC) u LEAF (BEV). USD

WEIGHT ~180 kg
POWER ~140 kW

WEIGHT/POWER  ~0.8 kW/k

Puc. 3. Xapakmepucmurxu dsueamens 8HympeHHe20 ccoparus (cresa)
U ACUHXPOHHO20 M208020 dsueamers (cnpasa)
YHOMSIHYTBI BBINIE TPOM3BOACTBEHHBIN  u3BoAuTEsiME aBTromMobOmiein 'K «PocTex»,

IIOTCHIIMAJI HpHBOJ’DKCKOl"O (I)C,I[epaJ'IBHOFO ((COJIJICpC)) n ((PYCCKI/IG MalIWuHBD)
OKpyra MpEACTaBJICH MPCANPUATHAMU IIPO-

Ta0muna 1
Beaymme asronpeanpustus IIpusoskckoro ¢genepanbHOro okpyra

Ne [ ABrompousBoauTeh Jlokarus O06beM npou3BoI- MarepuHckas
CTBa B THIC. IITYK KOMIaHUs
1 KamA3 Tarapcran 35,8 I'K Pocrex
2 BA3 Camapckast o0JI. 352,6 I'K Pocrex
3 Nx ABto Yamyprus 129,0 I'K Pocrex
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Oxonuanue Tadunel 1

4 Hedas bamkoprocran 0,9 I'K Pocrex

5 ®opu-Connepe Tarapcran 29,2 Connepc

6 VA3 VYrbsHOBCKast 001. 41,9 Comnnepc

7 I'A3 HHKGI;%I;IOILCKM 75,6 Pycckue mammnbl

Hcnonb3ys HayKOEMKHH M BBICOKOTEXHO-
JIOTUYHBIN TMOTEHIMAl JOYEePHUX MpearnpH-
aruil ['K Poctex nocnenoBarensHo pa3BUBaeT
BBIMYCK MPOAYKIIMU TPa)<TaHCKOTO Ha3Hade-
Hus. B 2017 . monst rpaxa1aHCKON MTPOTYKITUN
nocturia 25% ot obmiero oObema MpoOU3BO/I-
CTBa, a K 2025 r. mnanupyercs BoIATH Ha 50%.

Crparernueckoe BHJIEHUE U 3HAYUTEINb-
Hasi JIOJsl CerMEHTa aBTOMOOWJIECTPOCHHS B
I'K PocTex o0ycnaBiauBaeT MOBBIIIICHHOE BHH-
MaHue pasBuTHiO TpoekToB Plug in Electric
Vehicle:

— B ¢eBpane 2020 r. ObITI0 OOBSABICHO O
3aKJIIOYEHUH COTIAIIEHUSI O COTPYJHUYECTBE
B 007MacTH pa3pabOTKH HOBBIX TEXHOJIOTUMN
XpaHEHUsI PHEPruM Ui AIIEKTPOTPaHCIOp-
Ta MexAy XoJauHroM «PocanekTpoHuKa»
rockopnopanuu Poctex u xommanuei Titan
Power Solution (Titan Power Solution uHxwu-
HUPUHIOBasE KOMIAaHUS, 3aHUMAIOIIAsICS pa3-
paboOTKON M MPOU3BOJCTBOM CYNEPKOHJEHCa-
TOPOB, SIBJIETCS MaPTHEPOM F0KHOKOPEHUCKOM
Nesscap Energy, siBnsietcst pesuieHToM (oH-
na «CKOJIKOBO®);

— B asrycre 2019 r. Ha ceapMoM Mexy-
HaponHoM EBpaswiickom ¢opyme Takcu
(ME®T) B Mockse, «KananrHukoBy mpejicra-
BUJI HOBYIO BEPCHIO AJIEKTPUUYECKUX aBTOMO-
ouei Mk UV-4;

— B mae 2018 r. IIpaBuTensrcTBO MOCKBBI
npoBejo 2 ayKIMOHAa Ha TOCTaBKY »JIeK-
TpoOycoB. IloGemurensmu cramum KamA3
('K POctex) u «I'pynma T'A3» (pumman
JIuA3). Kaxxnplii U3 HUX 10 KOHTPAKTY JIOJ-
JKEH MOCTaBUTh

100 snexTpobycoB, MpeaoCTaBUTh 15-1eT-
HEE CEePBUCHOE OOCITY)XMBAaHHE M YCTAHOBUTH
62 3apsiIHBIE CTAHITUH.

Kpome toro, I'K Poctex ¢ 2018 1. akTUBHO

corpyaandaeT ¢ I[TAO Poccern B chepe mo-
CTPOEHHUSI CUCTEM WHTEIIEKTYaJbHOTO y4eTa
AIIEKTPOIHEPTUHU, obecredeHuss MHPopMaIlm-
OHHOM 0€30IacHOCTH CETEBOTO XO3sICTBA,
pa3BUTHS TEJIEKOMMYHUKAIUHN, peanu3aiiu
npoektoB «{udposas nogcranuus» u «ud-
POBBIE aKTUBHO-a/IalITUBHBIE CETH», BKIIOUASI
MIPOM3BOJICTBO COOTBETCTBYIOIIETO 000PYyI0-
BaHUSl U MPOTPAMMHBIX MPOAYKTOB Ha Oaze
npeanpusatuii Pocrexa.

C y4eToM BBILIEU3TI0KEHHOTO MOXKHO KOH-
CTaTUPOBATh BBICOKYIO MPOU3BOJICTBEHHYIO U
TEXHOJIOTUYECKOK TOTOBHOCTh EBpomneickoi
yactu Poccuiickoil denepanuu K pa3BUTHIO
cektopa osnekrpomodbuneit. IlorpeOurens-
CKUH DPBIHOK HAXOJUTCS B PEXHUME OXKHUAA-
Husi (Mexnaynaponnoe wucciefoanne GfK
Electric Vehicle ycTaHOBHIIO TTOJIOKHUTEIIBHOE
OTHOIIIEHHE K 31ekTpomobmism y 72% Poc-
CHSH), TVIaBHBIMU CIIEP>KMBAIOIIUMU (paKTOpa-
MU U CETOJIHS OCTAIOTCS BBICOKAsi CTOMMOCTh
U OTCyTCTBUE HMH(ppacTpyKTyphl. Pa3Butne B
pecnyOike KOMOMHUPOBAHHOM CEeTH 3aps-
HBIX CTaHIMH SJIEKTPOMOOHIIEH, HHTETPUPO-
BaHHBIX co Smart grid Kazanckux snextpu-
YECKHUX CETeHl CTaHeT KIII0YEBBIM JIpaiiBepoM
pocta »HepreTuku TarapcraHa. YuYeHBIMH
Kazanckoro ynuBepcurera B Koymabopamnuu ¢
kosieramu u3 Typuun, Texaunueckoro (KAN),
HHEPreTUYECKOT0 YHUBEPCUTETOB M apXUTEK-
TYpHO-CTPOUTEIHHON aKaJeMUU 3araTeHTo-
BaHa MHTETPUPOBAHHASA CETh KOMOMHHMPOBAH-
HBIX 3aps/IHBIX TEPMHUHAJIOB C MOIICPIKKOU
Smart Grid, pa3paboTaHbl TEXHUYECKHE TpE-
OoBaHUS K CEMEWCTBY POCCHMCKUX smart 3a-
PSAHBIX CTAHIMN M MPOTHO3HAS MOJENb pas-
BUTHSI dNIekTpomobuiier B Poccutickoit dee-
paruu Ha npuMmepe Pecniyonuku Tarapcras.
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AHHOTAIHUA

B pabote paccmarpuBaroTcsi akTyajabHbIE BOIIPOCHI U3MEHEHUs (popmara MpoBeJeHUs Mac-
COBBIX MEPONPUATHH, TAKUX KaK BHICTABKH, B CBSI3U C IMOCTHAHIEMHAIbLHON 0OCTaHOBKOH, OT-
CYTCTBHEM JKEJIaHUS TPATUTh 3HAYUTEIBHBIE PECYPCHI HA TPOBEICHUE BBICTABOK M y4acTBOBATh
B HUX y KOMIIAaHUH, @ TAK)KE B CBSI3M C MaZIEHHEM 00IIero ToBapooOMeHa B 3KOHOMUKeE. [laHHBIH
BOIPOC OCOOCHHO aKTyaJIeH B BUY BBICOKOM 3a00JIeBa€MOCTH, COKpAIIICHUS aBUAIIEPEIETOB U
aBUAINEPEBO30K, IICUXOJOTHUECKUX 0apbepoB y JIONCH Mepes MOCeeHHeM MaCcCOBBIX MEpO-
NpUATUI 1 KOMaHAUPOBOK. [IpakTHyeckast 3HaUUMOCTh UCCIEA0BaHMs 00yCIIOBIEHA TPUMEHH-
MOCTBIO MPE/ICTaBIEHHON OM3HEC-MOJIENIN HA PEATLHOM PBIHKE C BOBMOYKHOCTBIO U3BIICUCHHS
npubsli. HoBu3Ha craTbu 00yciIOBI€HA OTCYTCTBHEM MCCIIEOBaHUM B 3Toi obmactu. [lpu
HanMCcaHuM padoThl ObUTH MTPOAHAIM3UPOBAHBI POCCUICKHUE U 3apyOeKHbIE TPAKTUKH IIPOBEIE-
HUS OHJIAMH MEPONPUATHI, a TaKXKe psAJl HaAyYHBIX paObOT, MIMEIOLINX OTHOIIEHHE K BBICTABOY-
HOM JEATEIbHOCTH U MACCOBBIM MEPOIIPHUATHUSM.

KiroueBble cjioBa: BHICTAaBOUHAs JIESITEIBHOCTh, OHJIAH MEPONIPUATHS, UHHOBAIIMH, LU(-
pOBasi SKOHOMHKA.

Abstract

The paper considers the topical issues of changing the format of mass events, such as
exhibitions, due to the post-pandemic situation, lack of will to spend significant resources on
exhibitions and participate in them for companies, as well as due to the fall in the overall
exchange of goods in the economy. This issue is particularly relevant referring to the high
incidence of diseases, reduced air flights and air transportation, psychological barriers for people
before attending mass events and business trips. The practical significance of the research is due
to the applicability of the presented business model in the real market with the possibility of
making a profit. The novelty of the article is due to the lack of research in this area. In this paper
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Russian and foreign practices of conducting online events, as well as a number of scientific
papers related to exhibition activities and mass events were analyzed.
Keywords: exhibition activities, online events, innovations, digital economy.

Beeoenue

Becnoii 2020 r. EBpona npussana psg Mep
no 6opnbe ¢ Covid-19. Poccus siBnsiercs oa-
HOM W3 CTpaH, KOTOpas BBEJIa JOCTAaTOYHO
cTporue Mepsl At 60pbObI ¢ 3a00eBaHUEM,
4TOOBI MPENOTBPATUTh €€ CTPEMUTENBHOE
pacnpocTtpanenue [1]. Mocksa kak ropoz, rae
IIPOU30LLIN IIEPBBIE Cllydyand 3apa)KeHUsl BU-
pycoM, pa3pabaTbiBaia U TECTHpPOBaja Mephl
60pb0bl. OnHuM 13 3(p(HEKTUBHBIX CpPENCTB
060pbOBl OBUIO MPU3HAHO BBEJCHHUE pPEKHUMA
CaMOM3OJIALUM JJIS XKUTEIIEH TOpo/ia, a TaKKe
3aIllpeT Ha BEJICHUE IEATEIbHOCTH, CBA3aHHON
C CKOIUICHHE JIIOJEN.

Bce BbicTaBOUHBIE MEpPONPUATHS ObUIM
IIPEKPALLEHB] U3-32 BBEJIECHUS PEXKHUMA CaMO-
U30JSIUM M TPEKPALICHUs aBUACOOOILICHHUS.
UYro moBnekino 3a co0oil OTMEHY MepoIpH-
ATHN, 3aMOPaXUBAHUE JIEHEXKHBIX CPENCTB,
MHOTOUYHCIIEHHBIE 1006l U TPeOOBaHUS BEp-
HYTb yIJIAYEHHBIE ICHEKHBIE CPEACTBA U KOM-
MIEHCUPOBATh MOTEPH [2].

JlonoiaHUTeNnbHOM mpobieMoil  sBiseTcs
TO, YTO IOCJIE CHATHS KapaHTUHHBIX MEpP BbI-
CTaBOYHAs JAEATEIbHOCTb HE MOXET OBICTPO
BOCCTAaHOBHUTHCSA, TaK Kak TpeOyeT mpopadboT-
KM JIOJITOCPOYHBIX IIJIAHOB M 10roBopos. Co-
OTBETCTBEHHO €UIE JI0JT0€ BPEMS ONEPaTOphI
BBICTABOK Oy/lyT TepHeTh YObITKU WU UX Jiesl-
TEJILHOCTDH OyAeT 3aMOPOXKEHA.

[Tangemuss ocraHOBWIIA €XETOAHBIA IPHU-
poct B 7,1% B oTpaciu BBICTAaBOYHOU Jesi-
tenbHOCcTU B Poccum [3]. Ilpu pasnuunbix
CLIEHApUsAX BBIXOAA W3 NAHAEMHUU KOHIpeEcC-
HO-BBICTABOYHAs JIEATENBHOCTh MOXKET II0-
TepaTh oT 6 no 20 mupa. py6. Ilpu camom
IUIOXOM Hucxoze 0e3 paboTbl MOTYT OCTaTbCs
10 000 genosek [4].

B cBs3u co crnoxuBmielcs 00CTaHOBKOH
HEOOXOIMMO MpEeIIpUHUMATh MEphl, B0300-
HOBJIAATH BBICTABOYHYIO JESATEIBHOCTD, NCKATh
HOBBIE IIyTH IIPOBEACHUS MEPOIPUITHH U
TpaHC(HOPMHUPOBATH IPUBBIUHYIO KOHIETIIHUIO.

Memoouxka uccnedosanus

[Ipu HamucaHuu cTaTbu HaMH OBbLTH pac-
CMOTPEHBI OTYETHI POCCUICKHX U 3aPYOEIKHBIX
AQHAJINTHYECKHMX areHTCTB, YTO IO3BOJIUIIO CO-
OpaTh AOCTaTOYHBIN 00beM HH(DOPMALIUU IS
BBIIBIDKEHUSI CY)KIIEHUH OTHOCHUTEIBHO TIO-
CJIEJICTBUS MTAHJIEMUU ISl KOHTPECCHO-BBICTA-
BOUHOM JIeATENbHOCTU. B pe3ynbrare aHanmsa
coOpanHON MH(pOpMAIMKU HAMU OBLJIO BBIJBH-
HYTHI PSi/i CY’KJIEHUH OTHOCUTENBHO MPOTHO-
3upyeMoro OaHKpOTCTBa psifa YYaCTHHUKOB
OTpaciu, a TaKKe YYaCTHHKOB W3 OTpaciieit
HSKOHOMHKH, JESATEIBHOCTh KOTOPBIX CBsI3aHA
C BBICTaBKaMH, HallpuMep TOCTUHHUYHOTO OU3-
Heca, IJIaBHBIM KJIMEHTOM KOTOPOTO SIBIISIOT-
CS IOCETHTEIM BBICTABOYHBIX KOMILICKCOB.
beutn mpoaHanu3upoBaHbl KIOYEBbIE OM3HEC
COCTABJISIIONINE BHICTABOUHOM ACATEIBHOCTH,
a TaKke BO3MOXKHOCTh UX TpaHC(HOpMaInu.

MeTon MOAENUPOBAaHUS HCIIOIB30BAJICS
IpU COCTAaBJICHUU BUACHHUS HOBOTO oOpasa
KOHI'PECCHO-BBICTABOYHOI JIESATEIIbHOCTH,
OMHMCAHUM XapaKTEPHBIX YEpPT B YCIOBHSX
U (POBON IKOHOMHUKH.

Ha ocHoBanum coOpaHHOTO Marepuana
U TPOBEJCHHOIO aHajau3a Oblla MOCTPOEHa
OW3HEC MOJENb C OMMCAaHUEM KOHEYHOIO I10-
Tpeburessi, OTIMYUTEIbHBIX OCOOEHHOCTEH,
3aTpar U UCIIOIHUTEICH.
[Ipu wHamucanuu pabOTBI MBI  H3y4a-
T paboThl psga POCCUICKUX aBTOPOB:
K.A.CyneiimanoBoii,E.B.®enoposoii,
O.B.Boponosoii, A.C.JIsamyxka, C.A. CMupHO-
Boil, M.O. benokyposoii, E.J[. PyOunmreiina,
O.H. baunosoii, 11.B. Po3gonsckoii., Jlenos-
cxkoii MLE., B.B. JIsicenko., 11.C. boaoToBoii.

Ha ocHoBanuu paboOT yKa3aHHBIX aBTO-
poB ObUT caenaH BHIBOJ O HEOOXOAMMOCTH
KOHI'PECCHO-BBICTABOYHOM JIeSITCIIbHOCTH
JIIS. SKOHOMUKH U OM3HECa B YACTHOCTH, YTO
MOJATBEPKIACT HEOOXOAMMOCTh CPOYHOH ee
TpaHchopMaIi BBUIY OTCYTCTBHUS BO3MOXK-
HOCTH OBICTPOTO BOCCTAHOBJICHUS U BEPOAT-
HOCTH BTOPOU BOJHBI KOPOHABUPYCA.
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Pezynomameut

Jlnst pazpaboTku cTpareruu TpaHchopma-
MU KOHTPECCHO-BBICTABOYHOM JIEITEIILHOCTH
He00X0IMMO ONPEAEIUTh OCHOBHBIE MOTPEO-
HOCTH, KOTOPBIE 3aKPbIBACT OU3HEC, YUACTBYS

Meacdynapodneul gopym "KDW-2020" 4

B BBICTaBKax. Taxxe HE0OXOIMMO ompene-
JUTHh OCHOBHBIC 3aTPaThl U HEYI00CTBa, BO3-
HUKAOIINME B XO0A€ IMOATOTOBKU U y‘IaCTI/Iﬂ B

BBICTaBKe (Tadm. 1).

Tabmuma 1

OcHoBHbIE NPUYIMHLI YHaCTHA B BBICTABKE M 3aTPAaThI

Briroasr

3arparbl

Pexnama cBoero ToBapa B CMU

Tpatel Ha TOTHCTUKY (IOCTaBKY, pa3MEIICHUE
TOBapa)

B03MOXXHOCTB IEMOHCTpALIMH MPOTYKITHH

3arparbl Ha apeH]ly cTeH/a

Bo3MokHOCTh TOCMOTPETH U TONIPOOOBATH
MIPOIYKIHIO KOHKYPEHTOB

Bpemennsle 3aTpaThl Ha BBICTaBKY

Bo3MoxHOCTH HailTH apTHEpa

3arpatsl Ha 0OpMIIEHHUE TOKYMEHTOB

Bo3MokHOCTB 3auHTEpecoBaTh OyIyIIero
KJIMEHTA U 3aKJII0YUTh C/IETIKY Ha MeCTe

3arpaThl Ha MIMTAaHUE U Pa3MEIEHNEe COTPY/I-
HUKOB U TIEpeJIeT

Bo3moxxHOCTE COOpaTh 1IEHHBIE KOHTAKTHI

3arparbl Ha JeTyCTaluio U Mpo0y IPOaAyKLIUN
JMIAMU, HE 3aMHTEPECOBAHHBIMU B CIEJIKE

[IpoBenenue oddaiin BEICTABOK JaeT He-
KOTOpBIEe TpenMyInecTBa. OCHOBHBIM IIpe-
HUMYIIECTBOM SBIISETCS TO, YTO MPOAYKIIUIO
MOXKHO TOMPOOOBaTh, 3TO JOJDKHO OBIThH
B)XHO JUIsl MUIIEBON MPOMBIIIJICHHOCTH, HO
B JICHCTBUTENLHOCTH  3aMHTEPECOBAHHBIC
MapTHEPHI BCE PAaBHO MPOCST BBICIATH UM 00-
pasIbl A1 OLEHKH MPOAYKIIUH CIICIIHATNCTa-
MU, OONBIION 00beM OOpa3IOB TPATUTCS HA
JrOfIel, M3HAYaJbHO HE 3aWHTEPECOBAHHBIX
B MPHUOOPETEHUU NPOIYKLUHU, MPOOYIOMINX
MIPOCTO M3 MHTEpeca. BhICTaBKU CTPOUTEINb-
HOW OTpaciy WM MaTepHalIOBeTYECKHE He
MOTYT MPEJOCTAaBUTh Ha MPoOy 00pas3ibl, TaK
KaK UX CBOMCTBAa MOXKHO OIICHUTH TOJBKO B
paboTe WIu NpU UCTIBITAHUSX.

Takum 00pa3oM, OCHOBHOE TNpEUMYIIe-
CTBO OQduaiiH BBICTABOK — BO3MOXHOCTH
NornpoOoBaTh MPOAYKIMIO — TEPSET CMBICIL.
A 3HauuT, BCTaeT BONPOC, 3a4eM MPOBOAUTH
BBbICTaBKH o dmaitn?

3aTpaThl Ha MPOBEICHUE TAKOTO poja Me-
POIIPUATHUS TAaKXKe BBHICOKHA CO CTOPOHBI KOM-
naHuu. Tparel Ha IepeBO3Ky 00pa3IoB U CTEH-
JIOB MOTYT cocTaBisATh 10 30% OT cTOUMOCTH
camux oOpasnoB [5]. K atomy nobapnsitorcs

COITyTCTBYIOIIME 3aTpaThl Ha odopmieHue
JIOKyMEHTOB, pa3MelleHrue COTPYIHUKOB [6].
BwMmecrte Bce mosydaercst JOCTaTOYHO J10POTO.

Tpertuii ¢pakTop, CHUKAIOMNN 3HAYUMOCTh
oddmnaifH BeICTAaBOK, — MaHAEMUYecKas 00-
CTaHOBKAa. B yCIIOBHSIX 3MHIEMUH MacCOBBIE
CKOIUICHUS JIIONEH SIBISIOTCS OMACHBIMHU U
MOTYT HPUBECTH K TSKEJIBIM TTOCIIEICTBUSM.

C nameil ToYKu 3peHusi, OCHOBHBIM ILITIO-
COM SIBJISIETCS HAJIMYME BO3MOXXHOCTH YyOe-
JUTh TOTEHIIMAIILHOTO ONTOBOTO KJIHMEHTa B
MOKyInKe ToBapa. TemM He MeHee, 3a4acTyio
NpeACTaBUTENN OU3HECA HE 3aKIIIOYAIOT CIIe-
KA Ha MeCTe, a IPEeANOoYUTaI0T CHadajga 00-
MEHHMBAThCSI KOHTAKTaMM, Ha3HauaTh BCTPEUy
B o(huce M TONBKO MOCIIE COTIACOBAHUS BCEX
JleTajiel 3aKiirouarb Aorosop. Ilpu s3tom nep-
BBl KOHTAKT C TIOKyIaTesleM He 00s3aTeIbHO
NPOBOAMTH OYHO Ha BBICTABKE, JIOCTATOYHO
BBICTIATh MOAPOOHYI0 MH(OPMAIUIO U CBS-
3aThCsI ¢ KOMIIETEHTHBIM JIMIIOM OHJIAIH.

MpI cuuTaeM, 4TO HEOOXOIWMO TpaHC-
dbopmupoBaTh KOHT'PECCHO-BBICTABOYHYIO
JeSITETIbHOCTh B OHJIAHH-MEPONIPUSATHS C BO3-
MOXHOCTBIO TPEIOCTABICHUS HECKOJIBKHUX
CEPBHCOB:

62

Becmﬂurc HIL B)K/I Noe4 (46) 2020



1) Co3naBaTh JUYHBIN KaOUHET (CTEH.)
KOMITaHUU;

2) OmnnaitH IeMOHCTpAIUU Ha TTOIUYME;

3) DHIUKIONENS U yCIYTH, TPEIOCTaB-
JsieMble KOMITAaHUSIMU;

4) BO3MOXHOCTH OCTaBJIATH OT3BIBBI U
MIpeI0KEeHN ST KOMITaHUSIM;

5) Bo3MoOXHOCTH 3ampalirBaTh KOMMEp-
YeCcKoe MpEAIoKEeHHE U Mpeiararb 03HaKo-
MUTBCS ¢ HHPOpMaIIHEii;

6) CoznaBaTh TapreTUHIOBYIO DPEKIIaMy
CBOETO CTEH/IA;

7) IlpomnuceiBaTh akuuu MU MpeJIOKe-
HUS;

Meocdynapooneul gopyn "KDW-2020"

8) Bo3moxHOCTH OOMEHMBATHCSI KOHTAK-

TaMH, BECTHU 4aT MEPEroBOPhbl, CO3BAHUBATHCA,

9) Bectu npsimyio TpaHCIALHNIO;
10) IIpoBoauTh OTKpPBITUS, KOHI'PECCHI,

KpyIJIbI€ CTOJIBbI, Bpy4aTh IIPEMUU;

11) My3bIKanbHO-3BYKOBOE COIPOBOXK/IE-

HUEC.

PaccmorpuM  mpuMepsl  CyHIECTBYIOIIMX

OHJIAMH BBICTABOYHBIX MepomnpusTHil. bynem
pa3fensaTh Mo JByM Kareropusim: 1) Toproso-
MOKa3aTesIbHbIe MEPOIPUATHS; 2) KYJIbTYpHO-
MPOCBETUTENbCKHE (TA0M. 2).

Tabmuma 2

IIpumeps! OH/1A1H BBICTABOK

HA3BAHUE | CAUT

OITMCAHUE

TIJIYOCBI

MUHYCbI

TOPI'OBO-ITOKA3ATEJIbHBIE BBICTABKHU

Omnnaita-3kcno [7] https://online-

expo.com/ru/expo/

[Tnardopma anst opraHu3alii BUPTyaib-
HBIX BBICTABOK, OPIraHU3aLUNA MapKET-

OObenuHseT MapKeTIUICIC, CEMUHAPHI U BbI-
ctaBky. OObeIMHAET MHOKECTBO MEPOTIPUATHIA

exhibitions/ ieiica 1o npojake TOBapoB, MIIAT(GOPMEI
U1l IPOBECHHS CEMHUHAPOB
[JTFOCBI Munycel

HeB03MOXKHOCTh TOCMOTPETH APXUB BbI-
CTaBOK, YTOOBI OLIEHUTH IIIATHOPMY

https://industryuk.
online/

CreHibl MPOEKTUpY-
et https://Www.v-ex.
com/conferences/

NunycTpuanbHas oH-
JIaliH BBICTaBKa, IIPOEK-
THUPOBILUK BUPTYyaIbHBIX
CTeHJI0B [§]

[{udpoBoii ABOWHUK peabHON BBICTABKU
C TOUHOU nU(POBOY KOMUEH CTCHIOB

[JTFOCBI
Paboraet nmocTossHHO, KpacuBoe 0QOopMIICHHUE
BUPTYAJIbHBIX CTCHAOB, €CTh BO3MOXHOCTB OILIC-
HUTH [IJIJAHUPOBKY CTEH1a OHJIANH

MUHYCBI
JIns MOIOI0M TEXHOJIOTMYECKOM
KOMITAaHHUH JI0POTO CIIPOEKTUPOBATH CTEH

[IpogymaHHas CTpyKTypa [MOKa3bIBAEMOTO KOH-
TEHTA, JIOTHYECKU-BbICTPOCHHBIE CBSI3U

[Tnardopma VHair [9] https://www.vfairs. | LudpoBoii qBOMHUK THOOBIX OU3HEC 00B-
com €KTOB: KOH(EpEHIUil, KOMIaHUM, BBICTA-
BOK, II0Y
[JTFOCBI MUHYCBI

Henonnas JcTalu3alus 00BEKTOB

KVIIBTYPHO-ITPOCBETUTEJIbCKME BBICTABKI

https://www.virtual.
arts-museum.ru/
data/vtours/main/
index.html

[Tnarpopma Bupryanu-
3auuu MyseeB B Poccun
[10]

VR BrIcTaBKa, 00eCeUnBaiomas Mak-
CUMAaJIbHO BO3MOXKHOE TIOTPYKEeHHE 0e3
JIOTIOJIHUTEIBHOTO 000pyIOBaHUS (KpoMe
KOMITBIOTEPA)
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IJTYOCBI
Ouenb xopoluias CBsI3b C peaIbHOCTBIO

MHNHYCbI
Jloporo, HEBO3MOKHO XOJUTh B IIPOCTPAH-
CTBC, TOJILKO ICPCABUTATHCS 110 OTPUCO-
BaHHBIM TOYKaM

nash-mi-noviy

[Tnardpopma ot koM- https:// JlaeT Ha BBIOOpP HECKOIBKO PabOT XyI0XK-
nannu Google artsandculture. HUKOB C IOJIPOOHBIM PACCMOTPEHHEM,
(artsandculture.google) [ google.com/exhibit/ |omucanuem, mOAPOOHOCTSIMH O IETATISX,
[11] BO3MO)KHOCTBIO MPHOIMKEHUS H300paxe-
HUSI ¥ MY3BIKQJIBHBIM COTIPOBOXICHHEM
[JTFOCBI MUHYCBI
[MoapoOHBIii pacckas U My3bIKaJbHOE OtcyTcTBHE PUOIMIKEHHS K PEaTbHOCTH,
COIPOBOJK/ICHHE HET BO3MOXKHOCTHU XOJIUTh MO MY3€I0
I'ocynapcTBeHHbI My3eit http://www. [TepeBenennsie B popmar VR
UCTOpUM penuruu [12] gmir.ru/_virtual/ MIOMEILEHUS MY3€esl
expo/expo.

php?f=a 1904 mi-

IIJIFOCBI
Xopolas BU3yajau3auus

MHNHYCbI
He naet npuOnm3nuThCs K SKCIIOHATY

[IpencraBnenHple NOpUMEpPHl WIUIFOCTPH-
PYIOT pasHble CIOCOOBI CO3/aHus MUGPOBBIX
BBICTABOK. Y Ka)KJIOro crocoba ecTbh CBOH
MperMyIIecTBa U HemocTaTku. Habmromaercs
00paTHO-TIPONIOPIIMOHABHAS ~ 3aBUCUMOCTD
MTOJTHOTHI U TPOPaOOTaHHOCTH MPEIIOKEHHO-
TO peIIeHUs W 3aTpaTr Ha CO3JaHUE U IPOBe-
JICHUE BBICTaBKH. VcaibHOE pelieHre BOC-
CO37aTh CTEHJbl B BUPTYyAJIbHOW PEAIBHOCTH
OKa3bIBACTCS JOCTATOYHO JIOPOTHM B IPOM3-
BojicTBe. OMATH Ke Ype3MepHas IeTaTH3aIus

CTEH/1a MOXET IIPUBECTH K [TOTEPE YACTH BaXkK-
HOM MH(OPMaLIUU TOCETUTETIEM.

[IpencraBuM Hail BapuaHT BUJACHUS LUQ-
POBOI BBICTaBKHU, IPOpaOOTaHHBIN HA IpUMeE-
P€ BBICTABKH MUIIEBBIX IPOTYKTOB.

[Tnardopma cOCTOMT U3 TPEeX OCHOBHBIX
pas3zenoB: oOuiasi KoMHaTa (IIpUeMHast), J14-
HOTO KaOMHeTa KOMIaHWH, SHIIMKJIONEINH.

[Ipuemnast — 310 epBoe, YTO BUJUT IOCe-
tutens mwiargopmel (puc. 1).

AHoHC, BaHHepsl, BelBecKa

Pexnama

OHHD TRAHCAALMEA MEDONPHATHA:
OHAFAH TREHCIALMA NPOAYHLWE KaK
Ha nogMyme, Buaso nMHedkn
MR HEAH @OATHREE T KEn N,
CemuHapa KomMNadHMK, Pernamis

HUHbopmayma o
KOMMAHWK K
NPOAYKLMHK C

LeHaMM

Mpasaeas mispopmadimd

Yart AnA BONPOCOB

FRETHOR ON B8 Me Y eaiTHAHD B
{PDF)

Puc. 1. Iloouym ownnaiin evicmasounoti niamgopmol
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CBepxy Ha CTpaHHUKe MPEACTABIEH aHOHC
MEPOIPUATHS, KOTOPBIA AaeT KIUEHTY COpHU-
E€HTHPOBATbCA U MOHATH, YTO OH IPAaBUIIBHO
npomen no ceeuike. Ilocepenune HaxonuTes
00JIbI1I0€ OKHO C MOCTOSIHHBIM TOKa30M Ipo-
OYyKIAWA TPOU3BONUTENEH U  COIPOBOXKIA-
IOIIUM KpaTKuM paccka3om o Hux. Cnpasa
HaxonuTcss WHGOpMalus O MOKa3bIBAEMOM
npoaykre. BHU3y HaxoauTCs 4ar sl KOMMEH-
TapueB M BonpocoB. CieBa — MPOCTPAHCTBO
JUISL pEKJIaMHBIX MaTepralioB, BHU3Y MpaBoOBast
nH(popMaIus, TO €CTh NOJUTHKA ITPOBEICHUS

Meocdynapooneul gopyn "KDW-2020"

MEpOMNPHUATHS, TOJIB30BATEIBCKOE COMIAIIe-
HUE, TOJUTUKA O IEePCOHAIbHBIX JIAHHBIX.
BaxHOW JeTanpl0 CTpaHMIBI SIBISETCS KapTa
YYaCTHUKOB, TO €CTh KPAaTKO€ OIMCAHUE BCEX
KOMITaHUH, KOTOPOE MOYKHO CKa4aTth B (hopMa-
te PDF. Ctpanuia no3BoisieT HOCTOSIHHO Ha-
OmronaTh MPOAYKT MPOU3BOAUTENIEH, CIyIIATh
MIPSIMBIE TPAHCISILAYA U CEMUHAPBI.

Kpome rmaBHOM cTpaHHUIIBI, OCHOBHBIM 3JI€-
MEHTOM IUT1aT(OPMBI ABJISIOTCS JIUYHBIE KaOu-
HETBI — CTEH bl KOMIIAaHUH (puc. 2).

JloroTun

Buaeo 0 KoMNaHWKW, TOBAPHOM
NUHEHKE U NPefnOMeHHI.
NpoBeaeHWe CEMWHAPOB 1

OHAAWH BCTPEY

OT13bIBbI

Hommepqecioe
MpEgAamEHHE

OnMcaHue KoMNaHKK K
MHbOPMALKMA O HEH W NUHEWKE
TOBapOB B CTPYKTYPMPOBAHHOM

dopme C BOIMOMHOCTLIO BeiDopa
nogpasgena

Yar

Puc. 2. Jluunoiil kabunem — cmeHo KomMnanuu

CTpaHnYKa KOMITAHUH JTa€T MaKCHMaJIbHO
nmonpoOHy0 MHGOPMAIUIO 0 HEll U cHabXa-
eT KJIMEHTA MPE3CHTAlMOHHBIMU MaTepHuaia-
mu. CripaBa BBEpXy Ha CTPaHUIIC HAXOIAUTCS
jorotun kKommaHud. [1o HEHTpy HaxomuTcs
OKHO JJIsl IGMOHCTPAIIMXA TOBAPHOH JIMHEHKU
B BUjieo (hopmare, /Ui IPOBEIICHHSI CEMHUHA-
POB M MacTep-KJIaCCOB, Ui OHJIAH 00IIe-
HUS ¢ KiueHTamu. [loj BUIECO-OKHOM Ha-
XOJUTCS ONMCAHUE TPOIYKIIMUA KOMITAHUH C
BO3MO)XHOCTBIO (PHIIBTpAIMU HYKHBIX TIO3H-
i, CripaBa HaXOMUTCS YaT JUIsi BOIIPOCOB U
obmieHusi. OT3BIBBI O MPOAYKIIUH KOMITAHUU
MOXXHO MTOCMOTPETh CBEpPXY crpana. [lox mo-

TOTHIIOM KOMITAHUY HAXOAUTCSI OKHO JJIsI KOM-
MEPUYECKOTO MPeIOKEHUS, M0 JKETaHHUIO Tya
MOXKHO 3arpy3uTh JIpyrylo UHGOpPMAIHIO.
Jlnunblii kaOuHeT oOecreyuBaeT HaJE)KHOE
oO1ieHue mpoAaBIia U MOKymaTesns, ooecneyu-
BaeT HANISAHYIO JEMOHCTPAIMIO TOBapHOTO
MPEJIOKEHHUS, YTO MOJIHOCTHIO 3aMeHsIeT Qu-
3UYECKUU CTEHI.

Tperunii BakHBIN pazzien maaThopMbl — 3TO
SHIMKJIONEANSI, TO €CTh COOpPHHUK HH(pOpMa-
IIUU O TOBapax, riue MoTpeduTeab MOXKET IO0-
CMOTpETh HH(OPMAIIUIO, OMTUCAHUE, OT3BIBHI O
ToBape (puc. 3).
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AHOHC, BanHepel, Beipecka

I Pasgen || Pasgen || Pazaen II Paagen II Pasaen || Paxaen I

lpoaysT HBaAYET HIPpOAYHT VpoayHET NpayeT
LPedmunr| [ Pedirunr] | Pedmanr | [ Pedmvnr] [ Peidmunr |
Noapaigens Pernama
Mpogyrr MNpoaywr Mpogyst Mpogykr Mpogykr
[Fedrunr] [Pedrunr] [Peditunr] [Pedtvnr] [Pedimanr]

Puc.3. Snyuxkaonedus mosapos u yciye

DHIMKIONEIUs] MO3BOJSIET MOTPEOUTEINIO
3apaHee MOJIpPOOHO O3HAKOMMTBLCS C TOBapa-
MU YYaCTHUKOB, YTOOBI MOHATH KaKUe CTEH-
Il CTOUT MoceTuTh. CTpaHUIa COCTOUT U3
GuIBTPOB (pa3nenos, MOPa3eNnoB), a TAaKXKe
MKOHOK CaMHUX TOBapoOB, Ha)kKaB Ha KOTOpbIE
MOXHO TOIIAaCTh HA CTPAHUUKYy ToBapa. Tax-

e MPHUCYTCTBYIOT HA CTPaHUIIC peKiIaMa U
BBIBECKA.

Kpome cocrapnenus onucanus miardop-
MBI, TO €CTh TEXHHYECKOW COCTaBJISIOLICH
NPOEKTa, HEOOXOAMMO PACCMOTPETh €ro Om3-
HEC-COCTABIISIONIYI0, TO €CTh OW3HEC-TIaH
(Tabm. 2).

Tabmura 2
Bu3Hec-11aH OHJIANH BBICTABKH
KJIIOYEBBIE IIOTPEBUTEJILCKUE KAHAIJIbI CBBITA:
JESITEJIbBHOCTU: CEI'MEHTEI:

- O6cmy>)xMBaHUE OHJIAHH
BBICTABOYHOM TIJIAT(OPMBI

- Pexirama xommanmii

- [ToMoIIpb B 3aKJIIOYEHUHT
OHJIAWH-CIEIKHA

- Xypnanucrckas nmesTenb-
HOCTb

(BeICHHME SHITMKIIOTICIUN )

- IlpoBenenue OIEHKH TIPO-
TyKIIAN

- BricTaBo4uHast AeITEIbHOCTD

-Kommanumn,

-Komnanuu npousBogutenu
-Komnanuu pereitsiepbl
-UacTHble ua AJis MOoMy4eHus
uH(bOpMaIUHU O TPOAYKTAX

HBIC B PECKJIaMC

- «Capadannoe paauo»

- Tapretunr B nTepHete
- HapabGorannas 6a3a

- IlepconanbHble mpuria-
HICHUSA

- Paccpuika undopmanmu
M0 aCCOLMALIUAM

3aNHTCPCCOBAH-
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I[NTOTOKU ITOCTVYIUVIEHUA
JOXOIOB:

Oxa3aHue yciyr KIMeHTaM:

-CO3/1aHHE OHJIAalH CTEH/OB

- pexyiama Ha uiatTgopme

-HallUCaHWe MaTrepuaioB o

MIPOAYKIUH

-TIPOBEJICHNE OLIEHKU MPOIYK-

1NN

B3ANMOJIECTBUE [IEHHOCTHBIE

C KIIMEHTOM: [MPEVIOXKEHUWA:
-MunuBunyansHast pabora c |-CokpalieHue H3IepiKeK
KIINCHTOM Ha NPOBCACHUC BLICTABOK
-Oxazanue ycinyru mo paspa- [-OrcyrcTBue  HEoOXOmu-

0OTKE ACKHM3a COBMECTHO C KJIH-
€HTOM

-ITonnep;xanne KOMMyHHKaLUU
C KJIIMCHTOM B TEUEHHE BCETO
CpOKa U3TOTOBJIICHUS 3aKa3a

MOCTH KOMaHIUPOBOK
-OtcyTCcTBUE pUCKa
3apazuthess COVID-19

CTPYKTVYPA U3JIEPXKXEK:
- Coznanue mnar(opMsl
- Belmiarsl qu3aiiHEpCKUM

KJIFOYEBBIE ITAPTHEPHI:
- CyliecTByIOIIME BHICTABKU
- T'oc. opransl

KJIFOUEBBIE
PECYPCEHI:
- Komanma

MacCTepPCKUM
- Pexilama
- Hanmorun
- 3apaboTHas miaTta u coil.
OTYHCJICHUS

- baza kineHToB
- OnobIT

UYeTko pacmucaB BCE COCTaBISIONINE OU3-
Heca ¥ UMesl MPEICTaBIeHUE O CTPYKTYpE UH-
TepHET-TIaT(GOPMBI, MOXKHO pa3padaThiBaTh
MapKETUHIOBYIO CTPATETHIO, TO €CTh OAPOO-
Hee OMUcaTh KJIMEeHTa, OMUCATh ITyTH POJIBU-
JKeHHUs ¢ OIOMKETOM, OIHMCATh METOIbI B3aH-
MOJICHCTBUS C KIIUEHTOM, MPOAHAIN3UPOBATH
PBIHOK.

Boi6o0wi

B ycnoBusix moctmnanaeMuanbHOR 06cTa-
HOBKH U OOIIETO CHIKEHHS SKOHOMHUYECKOMH
AKTUBHOCTH HEOOXOAMMO 3aJyMBIBAThCS O
COKpAIICHUH U3JIEP>KEK Ha MPOBEICHUE BBI-
CTaBOYHOU JieATenbHOCTU. TpelyroTcs HOBbIE
TpaHchopMupoBaHHbIe (HOpMaThl KOHTpECC-
HO-BBICTABOYHOM JEATENHHOCTH.

TakuM WHHOBAallMOHHBIM PEIIEHUEM MO-
JKET CTaTh CO3/IaHNE OHJIANH MIAT(OPMBI IS

Cnmcok Jimreparypsl

IIPOBEJICHUS] OHJIAaH MEPOIIPUATHUN.

[Tnardopma momkHa COCTOSATH U3 OOIIEH
BUTPUHBI C HEIIPEPHIBHOU TPAHCIALUEH KOM-
NaHUl U UX TPOAYKUHWH, JTUYHBIX KaOWHe-
TOB — CTEHIOB, IJIE MOXXHO OYZIeT 3aKIIIOYHUTh
KOMMEPUYECKYIO CIIEJIKY MM 03HAKOMUTHCS C
npoaykuuen. Baxxasim anemeHToM miardop-
MBI SABJISIETCS PA3AEN SHUUKIONEANS, TIE 110-
TpeOUTETh MOXKET U3YUYUTh TOBAPHI, OT3BIBBI O
HUX, BBIOpPATh HUHTEPECYIOIINE €T0 TTO3UIIHH.

Jns  ycnemHoro  (pyHKIIMOHUPOBAHUS
poeKkTa HeoOXoauMo mpopaboTarh OuszHec-
IUIaH, TPUMEpP TMOAOOHOTO Ou3HEec-IIaHa
IIPEACTABIIEH B CTAThE.

JlanbHeWmume  UCCIEJOBaHUS  MMEET
CMBICJI IPOBOAUTS C LENBI0 MAPKETUHIOBOTO
aHajM3a MHHOBAIIMOHHOTO OW3HEca OHJIAlH
BBICTABOK.

1. Bisla, A. COVID-19 facts and preventive measures / Amarjeet Bisla, Gitesh Saini,
Vinay Yadav, Amandeep Singh // Poultry punch. —2020. — Ne 60. — P. 74-78.

2. Govindasami, V. COVID-19
Govindasami, J. Mahalaxmi, G. Kaavya,

emerging protective measures / Vivekanandhan
S. Vivekanandhan, N. Ajithkumar, G. Arul,

N. Singaravelu, Senthil Kumar, S. Mohana Dev // European review for medical and
pharmacological sciences. —2020. — Ne 24 (6). — P. 3422-3425.

3. Looi, M.-K. Risky Business :

lessons from Covid-19 / Mun-Keat Looi,
Coombes // BMJ. —2020. — Ne 369. — P. 2221.
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4. Gamette, P. Business beneath Covid-19 / Pius Gamette, Angelina Agyeiwaa // Business-
Science topic. —2020. — Ne 10. — P. 13.

5. Ganesan, K. Logistics and E- Logistics Management : Benefits and Challenges /
Kanagavalli Ganesan // International Journal of Recent Technology and Engineering. — 2019. —
Ne 8 (4). — P. 98-108.

6. Cimini, C. Smart Logistics and The Logistics Operator 4.0 / Chiara Cimini, Alexandra
Lagorio, David Romero, Sergio Cavalieri, Johan Stahre // Conference : 21st IFAC World
Congress. 2020. — URL: https://www.researchgate.net/publication/340952295 Smart
Logistics_and The Logistics Operator 40 (accessed: 12.07.2020). — Text: electronic.

7. The online platform Online-Expo to perform exhibitions. — URL: https://online-expo.
com/ru/expo/exhibitions/ (accessed: 28.06.2020). — Text: electronic.

8. Online industrial exhibition. — URL: https://industryuk.online/ (accessed: 28.06.2020).
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9. Online digital platform for digital-twins Vfair. — URL: https://www.vfairs.com/
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10. Russian Museums online Virtual platform for digitalized exhibitions. — URL: https://
www.virtual.arts-museum.ru/data/vtours/main/index.html?lp=14 6&lang=ru (accessed:
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11. Google platform for online art exhibitions Google Arts and Culture. — URL: https://
artsandculture.google.com/exhibit/UgKCjKX9IMXThlw?hl=ru (accessed: 28.06.2020). — Text:
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AHHOTAUA

WNnentudukanus o6beKTOB M0 N300paKeHUSIM Ha MOBEPXHOCTH 3€MJIM OCJIOKHSAETCS MHO-
XKECTBOM (DAKTOPOB: HU3KUM pa3pelIeHueM 0ObEKTOB HACHTU(PUKAIIMY HA U300paKEHUH, pa3-
MBITOCTh TPAHUI], TTOBOPOTaMU OOBEKTOB MACHTHU(PHUKAINNA OTHOCHTEIHHO JIETATEIFHOTO all-
napata, pa3HbIM YPOBHEM OCBEIIEHHOCTH 00bEKTOB HIeHTH(UKaIK. B craTthe mpennaraercs
TSt uAeHTH(DUKAITIN 00bEKTOB Ha TOBEPXHOCTH 3E€MITH PA3/ICIHUTh 3a/1a4y Ha HECKOJIBKO 3a/1a4:
paszeneHne 00bEKTOB MICHTH(PHUKAIINK Ha KIACCHl TI0 pa3Mepam, BbIIeJICHHe 00hEKTOB U/ICH-
TU(UKaLIKUU HAa U300paKEHUH B BUJI€ KOHTYPOB U T.1I.

KuoueBble ciioBa: uneHTuGUKaIms, paclio3HaBaHHE 00BEKTOB, COMTOCTaBIIEHNE N300paxe-
nui, BITJIA.

Abstract

Identification of objects in the images on the earth's surface is complicated by many factors:
low resolution of identification objects in the image, blurred borders, turns of identification
objects relative to the aircraft, different levels of illumination of identification objects. The
article proposes to divide the problem into several tasks for identifying objects on the earth's
surface: to divide identification objects into classes by size, to highlight identification objects in
the image as contours, and so on.

Keywords: identification, object recognition, comparison of the image, unmanned aerial
vehicle, drone.

Llenbto cuCTeMBbl WACHTHU(HUKALMU TPAaHC-  HBIX MPOMCIIECTBHUM I BbI30BA SKCTPEHHBIX
nopTHbIX cpenctB (nanee — TC) ¢ 6ecnminor-  ciyx0, KOHTpoJIb 3a nepemenienneM TC, KoH-
HBIX JIETaTeJIbHBIX anmnapaToB (nanee —BbIIJIA)  Tponb HapylleHUs MpaBUJ JTOPOXKHOTO JIBU-
ABJISIETCS BBbISIBICHHE JOPOXKHO-TpaHcmopT- skeHus [1-3]. Unentuduxanus TC, ocnoxus-
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eTcs pAAOM (PaKTOPOB: HU3KUM pa3pelIeHHEM
00BEKTOB UACHTU(DUKAIINHI Ha U300paKCHHSIX
¢ BIUJIA (necsitku mukcesneil), 3alIyMIeHHO-
CThIO M300paxeHus, OonbmmM yuciom TC
pasHoro pasMepa W OJIM3KUX MPOTOPIIUH,
Pa3MBITOCTBIO TpaHUI] 0OBEKTOB UIACHTU(DU-
Karuu Ha u3o0paxeHusx (puc. 1). Odmenpu-
HATBIE METOABl HIASHTU(UKAIUU OOBEKTOB
Ha OCHOBE COIIOCTaBJIEHMSI OCOOBIX TOYEK
(OT) Ha n300paxeHU! U ATAJTOHHBIX N300pa-
wenusix, Hanpumep, SIFT u SURF we nator
MPUEMJIEMYIO TOYHOCTB, T.K. TNPEIBABISIOT
Kk OU yeTkocTh rpaHull, OTCYTCTBUE HIYMOB
n3o0paxkenus. 3o0pakeHus: 0ObEKTOB C Ka-
Mep BIIJTA wacto mosy4aroTcsi HU3KOro pas-
pemenus, OT Ha n300paxkeHUH MOTYT OBITh
Pa3MBITBI U MOTYT OBITH HE OOHApYKEHBI Ha
n3o0pakennu. Heiponnsie cetu (mamee —
HC) naror xopoume pe3ynbTarsl pu GUKCHU-
POBAHHBIX YCJIOBUAX MOJY4YEHUS U300paxe-
Hull ((puKcHpoBaHHBIE PACIOJIOKEHHE KaMe-
pbl OTHOCHUTEIIBHO O0BEKTa, (PUKCUpPOBaHHAS
ocsemieHHocTh) [10-6]. IIpumenenne HC k
unentudukanuu TC Ha mM300pakeHusx (Ta-
KHMX Kak Ha puc.l, a)), momyuenHsix ¢ BIUIA,
JTaeT HEYJOBJIETBOPUTENbHbBIE I TMPaKTHU-
KM pe3y/lbTaThl M3-3a BBILIENEPEUHCIECHHBIX
(daxtopoB. 111 OOBEKTOB HACHTH(PUKAIINH
tuna TC (OU) nHauOonplIyio CIOXKHOCTh
MIPEJICTABIISIIOT pa3MbITHE TPAHUI] U TTOBOPO-
el OW. Huxe onuchIBaeTCst METOA, KOTOPBII
MO3BOJIIET CHU3UTh BIHAHUE 3THX (PAKTOPOB
st unentudukanmun TC. Cyte metona 3a-
KJIOYaeTCs B pa3ZielieHuu 3a/1aui UIeHTUuu-
kanuu Ha psag 3amad. TC mpemmaraercs pas-
nenuth Ha kiacesl TC no pa3mepam. [lepsas
onepaius ¢ MO oTHecTu ero k ompezeseH-
HOMY KJIacCy M OIpEeleIuTh yrojl IOBOPOTa
OT orHocutenbHO HanpasiaeHus bBIUJIA.
Koutyp OUN cpaBHHMBaeTcst mo pasmepam ¢

L

Meorwcdyrnapodroiti hopym

NPSIMOYTOJIBHUKOM  (IIaOJIOH-KOHTYpa), CO-
OTBETCTBYIOIIETO KJIacca M yIvla IOBOPOTA.
OU MOXeT MMETh yroji HaKJIOHA OTHOCHTEIb-
HO HanpasieHus asrxeHus BITJIA. MoxHo
BbIUUCIUTH pazMepsl OU no ocu X u ocu Y.
Haxoauwm yron naknona OU. [11aGnoH-KOHTYD
NpY pa3HBIX YITIax MOBOPOTA MMEET Pa3iind-
Hble pa3Mepsl 1o ocu X u ocu Y. Ilogo6pas
11a0JI0H-KOHTYP, HaxouM yrou nosopora O
otHocutenbHo BIIJIA. [lamee ams kaxkaoro
o0nekra xitacca TC co3mgaercs mabioH-MacKa
(puc. 2, a). 3nas yron Hakiona OU, kinacc OT
1 Mest alIoHbI-MacKu-171s pa3ubix TC Haii-
JIEHHOTO KJ1acca M HalJIeHHOTO yIia IOBOPOTa
HasiokeaneM OW BHyTpW KOHTypa-I1adIioHa,
M0 MUHUMaJIbHOW ommOku HamoxxeHus OU
U KOHTYypa-11a0JioHa MOXeM HJIEHTU(PUIUPO-
Bath OU.

TC Ha U300pakeHUSIX CBEPXY MOMHO OIU-
catp npsmoyroiabHHKoOM. [lepBas 3amaga 3a-
KJII04aeTcs B pa3oueHne o0beKTOB UIeHTUH-
kauuu (OU), B Hamem cinywyae TC, Ha knacchbl
TC no pazmepaM ¢ TOUKU 3pEHUS U300paKEHUS
¢ BIUJIA (manpumep, xknacc TC, cocrosmuii u3
TSTa4a ¥ TONTYTPHUIIETIa MOXKHO TIPEICTABUTD,
B 3aBHUCHMOCTH OT MAacIITada, MpsMOYyTOJb-
HUKOM, Harpumep, B 15x55 nukceneii). ABTo-
OyChI ISl MEXIYTOPOIHUX MEPEBO30K MOTIa-
natot B apyrou kiacc, TC momuduxaruun TC
«I'A3enp» u «Cobonb» B CIEAYIOMINN Kilacce
u T.1. [l kaxaoro oobexTa uaeHTUUKAIIT
HeoOxomuMo (hopMHupoBaTh MIa0IOHBI-KOHTY-
pel. [llabnon-koHTYp (mpUMep Ha puc. 2, B)
COOTBETCTBYET IA0JIOHY-KOHTYPY KallOTHOTO
TsArada) U M1abJIOHBI-MacKi 00bEKTa (J1eTalb-
HOEe M300pakeHue OObEKTa NJIsi paclo3HaBa-
HUSI, Hal[pUMEp, Ha pUC. 2, a) Tpe/ICTaBICHA
mrabnon-macka TC kinacca KarnoTHbIE TSATaun).
OTnnyus no pazmepaM KOHTYpoB kiiaccoB TC
oTnu4aroTcs Ha 1-3 mukcens.

Puc. 1. a) Ppaemernm o0Honmor-
HO20 U306pasicenus dopoau
u TC (80x90 nukceaneii.

6) Obvekm udenmugpurkayuu 8
OKHe ckanuposanus 44x44 nuk-
cean (koumyp TC c puc. 1, 6)
44x44 nukceas)
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=

By |

E)

Puc. 2. a) lllabaon-nacka OH kracca kanomnoiii maeau; 6) Konmyp TC, CS2 —ceue-
Hue Konmypa no Y maxkcumaroHotl orunol, BS1 —ceuenue no X makcumaroHot OAuUHbL;
8) Hzobpancenue wabrona-konumypa TC muna cedeavroiii maeaw (N = 3)

[Ipu unentuduxauun TC Tpebyercs, yTo-
Obl 00BEKT MIEHTU(UKALMK HE pacrajcs Ha
OTJeNIbHbIE CerMeHThl. Pa3MbITHE IpaHull 3a-
BHCHUT OT YPOBHSI OCBEIIICHUS U yIJIa MMaCHUs
coiHeyHoro cBera. Ha puc. 2, 6 npencrasieH
KOHTYp 00BbeKTa /1715 uIeHTU(UKauuu (B 1aH-
HOM cliyyae OeCKarnoTHBIN TSArad) MOCJE Bbl-
JieJIeHnsl Ha (OHE JOPOKHOTO MOKPHITHSL.

[To XKOHTYpYy MOXXHO OIpEeNUTh TPaHHY-
HBIE KOOPIMHATHI KOHTYypa B TIHKCEISIX Ha
nzobpaxenun: AB — pasmep OU no ocu Y,
CD — pasmep OU mo ocu X. Jlms kaxaoro
OU MOXXHO MOCTPOUTH JIBa BEKTOpa, Xapak-
tepusytomue OU: BexTop niun ceuenuit O
MEPIIEHANKYISPHBIX OCH Y (pa3MepHOCTh

BEKTOpa Mo ocu Y paBHA JJIMHE OTpe3Ka
AB B nukcensix). [Ipumep ogHoro cedenus mo
ocu X — niuHa otpes3ka CS1 , amo ocu Y —
muiHa otpeska BS1. [Ipu macmrabupoBanumn
1a0JIOHOB-KOHTYPOB JT00ABJISIOTCS TTUKCEIIN
CBEpXy U ciieBa (Cpe3bl MabioHa yBETUYH-
BatoTcs Ha | MHUKCeNb AJs MPSMOYTOJIbHUKA),
3HaueHue N OCTaeTcsi HEU3MEHHBIM TpU H3-
MEHEHHH MaciiTada n300pakeHUs.

Kaxxnprit mabnoH xapakTepusyercs Kiac-
coM oObekTa K (Hampumep, Tdrady KanoTHBIH
C TIONYTIPUIICTIOM, TSITa4 OE€CKAMOTHBIN U T.1T.).
B cBoro oyepenp B Kiacc TArad KaroTHBIN C
noyynpuienoM MoryT BxomuTb OW omgHmMX
rabapuToB: (yproH, LIUCTEPHA, JIECOBO3 U T.1.

= |

Yy

Puc. 3. a) llpumep wabrornos — koumypos OH (N = 0);06) [Ipumep uabrorn-macku
Kanomnoeo msaeau; 8) Konmyp OH muna cedenvrolll ¢ Har0xHCeHUEM
wabaron-koumypa (N=8)
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[I1abnoH-KOHTYp Kjacca MOXKET XapakTe-
pu30BaTbcs KOoAOM Kiacca K, KoJoM yIa mo-
BOpoTa N OTHOCUTENIbHO OCH Y, TakuM o0pa-
30M, H,, — mabnoH-KOHTYp Knacca K ¢ Kopom
yriia noBopota N. ONBITHBIM IyTEM YCTaHOB-
JIEHO, YTO JUIsl 0OBEKTOB C Pa3MbITBIMH Kpasi-
MH MOXKHO CTPOHTH Ia0ioHbl ¢ marom 10°.
Taxkum o6pazom, mabaoOHbI MOTYT UMETh HO-
Mep KJacca M Koj yria nmoBopota N (N=0, ais
yria 0°, N=7 ms yrna 700 u 1.1.). Beero mst
Ka)K0ro 111a0JIOHa-KOHTYpa MOKET OBbITh I0-
CTpOEHO 35 BapHaHTOB 11a0JIOHA-KOHTYpa (Ha
puc. 4 mabnoH-koHTYp ¢ N=3). Kaxxaplii mia-
OnoH-KOHTYp H,, MOXHO XapaKTepHU30BaTh
JBYMSI YUCJIAMH - JUTMHAMU MPOEKUUHN B MHK-
cemsix Ha ocb X (4,C ) wocu Y (B,D,). O60-
3HAUMM JUIMHY NTPOEKIUK Ha OChb X vepes /.,
a Ha ock Y uepes J, . Jlng mabnona-koHTypa
MOKHO BBECTH 2 BEKTOpa CeYeHHH IabioHa
1o ocu X (pasmepHocTeio [, ) 1 Y (pasmepHo-
creio J, ) - R, (1) m R, (j) (T.€. uucnno mmn
nukcesneit OU mpu pukcupoBaHHBIX 3HAYCHUS
KOOpAMHATHl X WM y OT OAHOW TPaHUYHOU
toukun OU no camoii mocienHel rpaHUIHON
TOUYKH 11a0JI0HA-KOHTYpa). JlocTaTouHo mosy-
YUTh 3HAYEHUs1 BEKTOPOB R*, . (1) u R’ (j) B
MIEPBOM KBaJ[paHTE, OCTaJbHbBIE MOIYYArOTCS
3a cueT cuMMmeTpuu. COOTHOILIEHHE CTOPOH
1abI0Ha-KOHTYpa OCTAaeTCsd HEW3MEHHBIM
MIpU U3MEHEHUHU BBICOTHI nosieta JIA.

AHaJOrM4HO TmapaMmeTrpaM  1abJIOHOB-
KOHTYpOB MOKHO 3anarh it O (HazoBem
MeTpHuKamH): JuinHy npoekuuu OM Ha ochb
X o6o3nauum vepe3 10 , a Ha och Y uepes J’
U 3aJaTh BEKTOpa cedeHuit (i) u r’(j). Ecom
CEUeHHUe MPOXOIUT Yepe3 HECKOJIbKO IpaHny-
HBIX TOYEK, TO BBIOMpPAEM CamMylo yIaJeHHYIO
TOYKY Ha CEUEHUHU.

Ha puc. 2 B mpencraBieHO HalOKEHHE
m3o0pakennst OU Tuma cenenpHBIN TITa4 U
1abI0Ha-KOHTYpa THIIA CENEeNbHBIA TArau.
Pazymuo npeanonoxuts, uto metpuku OU u
1abJI0HA-KOHTYPa JOJKHBI OBITH OJTU3KH.

[Ipumem, yto mabnon-koutTyp H,  cOOT-
BercTByeT OU, eciin BBIMOITHSIIOTCS YCIOBHUS:

|IKN_ Il=o
[y S <0
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3HayeHust 0 U B MoIOMParOTCS OMBITHBIM
MyTeM. ODTH 3HAYEHHsI ONPEAEIISIOTCS IMapa-
MeTpaMu Kamepsl. B ciydae naentuduxanmu
TC B ycnoBusix cuiibHOTro uckaxxenust OU ue-
Jecoo0pa3Ho u3MeHuTh ycioBue (3). B xaue-
ctBe xapaktepuctuk O u mabnoHa-KoHTypa
OpaTb He ceueHus, a MAaKCUMaJIbHbIE CEUECHUE
mo X u o Y (puc. 1). B xauectBe ceueHus
mwabsona-KouTypa H, , Oparh CeueHHe MaKcH-
MaJbHOU JUTHHBI. Beipakenue (3) usmeHurcs
Ha:

(R )+ (R 1)) < B

s upentuduxauu O Heodxoaumo 3a-
JlaTh MHOXECTBO I1a0JIOHOB-KOHTYpOB K U
3HaueHue N Ui KaXJI0oro mabjioHa-KOHTY-
pa onpenenuts 3Hadenus [, J, ., R¥ (1) u
RyKNO). Hns kaxnaoro OW onpeaenuts ngajnee
YTOUYHUTH [IPOBECTU CPABHEHHE C I11a0JIOHOM-
MAacKOH 1 3aJaHHEIX 3HadueHul K u N.

Eciun xoTyp OU CHIIBHO MCKaXkeH, TO yc-
JIOBUSIM MACHTU(DUKALIMM MOTYT Y/IOBJIETBO-
PUTh HECKOJIBKO MIa0JOHOB-KOHTYPOB (OHH
no rabaputam oTiau4aroTcs Ha 1-3 mukcens),
HapuMep, KaloTHBIN TATaY C ITTUHHBIM TOJTY-
MIPUILIETIOM, KAIlOTHBIN TArad ¢ KOPOTKUM I1O-
JYTIPULIETIOM, OECKANOTHBIN TATay ¢ JUIMHHBIM
noJynpuuenoM u T.ja. s kaxxaoro BapuaH-
Ta H, TpuaeTcs NpoBOJAUTL CPABHEHUE HC-
xoaHoro uzobpaxkenust OU (puc.2) ¢ mabdio-
HaMHU-MackaMH (TI0CJIeé COOTBETCTBYIOIIETO
MOBOpOTa 11abJI0HAa-MacKu Ha yroj COOTBET-
CTBYIOIIUI 3HaueHW0 N malioHa-KOHTYPA).

[Ipouecc naeHTUPUKAIIMY pa3aenseTcs Ha
PSi OTAIoB.

[lepBsiii oTamn. Beigenuts Ha H300paxeHnu
JIOpokHOE MoKpeiTHE. Metonom KaHHM BbI-
JenuTh KOHTypbl OW Ha JTOPOXKHOM IOKpPBHI-
TUH, YIAJIUTh IPAaHUYHbIE OOBEKTHI, OOBEKTHI
menbie OU. IIpoectn Mopdonorudeckyro
o0paboTtky OU st ynaneHust TMHUN BHYTpH
koHTypa OU. 3anucare BCce TOUKM KOHTypa B
¢aiin. Boamoxkno, ato OU, Ho He TC (nampu-
Mep, aBTOOyCHasi OCTAHOBKA SIBJISIETCSI OObEK-
TOM THIA 3aMKHYTBIA KOHTYp, HO He TC, HO
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MOJKET CIIY’KUTh JJI ONpEesIEeHUs] MeCTOIO-
noxenus JIA, HO 3TO mpyras 3amada).

Bropoii atan. [Momyuuts qist OU 3HaveHus
.1, ur.

Tperuii atan. [logo6pare kmaccer st OU
abJIoHBI - KOHTYPHI, T.€. H,  (Y10BIETBOPS-
tomue yeiaosusiM (1)-(3) wiu (1),(2),(3)).

Yerseprsiit 3tamn. Ilo xmaccy K u N noa-
Oupaem 1mabnoH-macky. [IpoBoaum moBopot
n300paxeHus 1abjJoHa-MacKd Ha Yroia co-
orBercTBytonmii N. IIpoBoaum onepanuio
HAJOXKEHUS HMCXOIHOTO M300pa)KeHHsl W Iua-

Meocdynapooneul gopyn "KDW-2020"

HampaBJeHUs, HapuMmep, kKaObuHa cjaeBa U Ka-
O6una cripaa). [lo MUHMMaBHON OMIKUOKE TIPH
HaJOKEHUH HMCXonHOro m3zobpaxenus OU u
mabaoHa — MacKH ompenessieM Hanbosee Be-
postHbIil Tun TC Ha U300pakeHUH.

Ho monxox mo3BossieT uACHTU(GUIIUPOBATH
¢ BepossiTHOCTHIO 0,9 TC Ha n300pakeHusX.

3axnouenue

Pa3paboTanHblif METO MO3BOJISIET UACHTHU-
¢unuposatrs TC ¢ BIIJIA B ycnoBusix HU3KO-
TO paspenieHus 00beKTOB UICHTU(DUKAIINN Ha
M300paXeHUSIX U 3alIyMJIEHHOCTBIO HM300pa-

OJ0Ha-MacKu IOCIEe IOBOPOTa JBAXKIbl (C  KEHUS.

Y4€TOM, 4YTO OU MoxkeT UMETH JABa PAa3sHbIX
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AHHOTAUA

B crarbe mpoBoauTcs aHanmM3 mpolecca MUPpPOBU3ALMU 00pa30BaHUs U €€ BIUSHMS Ha
3¢ deKTUBHOCTL 00yueHHs. BocnpusTie JeKUT B OCHOBE MO3HABATENIbHBIX MPOLECCOB, BIIU-
SIOIUX Ha Pe3yJbTaTUBHOCTh 00yueHMs. B pesynbrare npoBeIeHHOrO JIOTUKO-AEAYKTUBHOTO
aHaJlu3a M yCTHOTO ONPOCa MAarucCTPaHTOB M aCIMPAHTOB MEAATOIMYECKON clielaanu3aliy B
nporecce GOKyCHPOBAHHOTO I'PYNIIOBOIO HHTEPBBIO JENIAETCS BBIBOJ O TOM, YTO BOCHPHUSATHE
1uppoBOro 0O6pa3z0BaATENILHOTO KOHTEHTA 3aBUCUT OT M3MEHEHHUS XapakTepa KOMMYHMKaLU
IIPU IUCTAHIIMOHHOM OOY4€HHUH, OT UHIAMBHYaJbHBIX 0COOEHHOCTEH BOCIPUATHS U MPEIIO-
YTeHUH BbIOOpa LU(POBOTrO KOHTEHTA, OT BO3SMOXHOCTH JUCTAHIIMOHHBIX TEXHOJIOTUI OpHUEH-
TUPOBATHCS Ha 3aIPOChl NOTpeduTeae 00pa30BaTeIbHOIO KOHTEHTA.

KiroueBble cjioBa: BoCIpUsTHE KaKk MO3HABaTeIbHbIN Ipolecce, LuppoBoil 06pa3zoBaTeb-
HBI KOHTEHT, IeJaroruueckue KOMMYHHUKAIUH, IUCTaHIIMOHHOE 00pa30oBaHue.

Abstract

The article analyzes the process of digitalization of education and its impact on the
effectiveness of training. Perception is the basis of cognitive processes that affect the effectiveness
of learning. As a result of the logical-deductive analysis and oral survey of undergraduates
and postgraduates of pedagogical specialization in the process of focused group interviews,
it is concluded that the perception of digital educational content depends on the change in the
nature of communications in distance learning, on individual characteristics of perception and
preferences for choosing digital content, on the ability of remote technologies to focus on the
needs of consumers of educational content.

Keywords: perception as a cognitive process, digital educational content, pedagogical
communications, distance education.

HudpoBuzamnus Hamel >XU3HA TPAKTH-
YEeCKU BO BcexX c(epax OT rocyaapCTBEHHBIX
yCIyr 710 MOJAIOTOBKHM NPO(PECCUOHATIOB U
MIPAKTUKU CPETHEr0 OOpa30BaHHUs, a TaK¥Ke
pa3BUTHS TEXHUKU M XO3AUCTBA, aKTyaJlU3U-
pyeT uccienoBaHus B o0NacTy BIUSHUSA JIU-
TUTAJIM3UPOBAHHOMN CpeJibl Ha MOJIb30BaTeeit
uugposbix yeiyr. Ludposuszanus penaet
HaIlly JKU3Hb yJOOHOW ONTHUMHU3UPOBAHHOM,
HO TaK)X€ U MEHSET MBIIIJIEHHE U KOMMYHH-
Kauuu Jroned. OcoOeHHO Ba)XXHO OOpPaTUTh

BHHMaHue Ha cdepy oOpa3oBaHMs, TaK Kak
CMEHa KOTHHUTHUBHBIX YCTaHOBOK, CIIOCOOOB
MBIIUICHHS, BHUMAHHUS M TAMSATH MEHSCT U
MOBEZICHUE, U OOIIeHNe moTpedutenei mud-
POBOTO KOHTEHTA.

HeobOxogumocTs (opcupoBarh BKIIHOYE-
HUE B JUCTAHIIMOHHOE OOpa30BaHUE B CBS3U
C TaHJACMHCH IMOCTaBMJIA 3a7a4y YCKOPCHHS
nepexoia Ha JAUCTAHIIMOHHBIC TEXHOJOTHHU
6e3 0co00# MOATOTOBKU M TMOAJECPKKH IPO-
1ecca COOTBETCTBYIONIUMH HAyYHBIMH HC-
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cienoBaHusIMU. CTOPOHHMKH M NPOTUBHUKH
JUCTAHIIMOHHBIX TEXHOJIOTMH B 00pa30BaHUU
U, KaK CJIeICTBUA, IM(PPOBU3ALNN 3KOHOMU-
KM aKTHBHO CHOpPSAT 00 MX IOJb3€ U BpEIE.
OpnHako, JBMKEHHE B MOJIb3Y HUGPOBU3ALNU
— HEM30eKHBIM TEXHOJIOTHYECKHUI Mporpecc.
[ToaTOMy HaM Ba)KHO MOHSATh, KaK 3TOT HpO-
L[eCC OTpa’kaeTcs Ha YeJIOBEYECKOM KalluTa-
Jie, KaK MCIIOJIb3YET MOTEHIIMAIbHbBIE BO3MOXK-
HOCTH Y€JIOBEKa, a KaKHE €ro CrocoOHOCTH
OCTaIOTCsI HE BOCTPEOOBAHHBIMU U HE 3a/1CH-
CTBOBAHHBIMU. B 3TOM KOHTEKCTE CTaHOBATCS
aKTyaJbHbIMU  IICHXOJIOTO-II€1arOrMuecKue
HCCIIEIOBaHMSI TOTO, KaK MPOIEeCcChl IUPPOBU-
3allMM OTPAXKAIOTCS Ha MBIIIJICHUHN U MTOBEIe-
HUU YEJIOBEKa.

Bocnpusitie kak oJuH U3 O3HABATEIbHBIX
MIPOLIECCOB, HAPSAAY C BHUMAHUEM, MaMSThIO,
BOOOpa)KEHUEM, MBIIINIEHUEM U JIp., SIBISAETCS
OTIPE/IECTISIONIUM CcofiepkaHue Nncuxuku. Kak
YeJIOBEK BOCIIPUHUMAET MUP, TaK OH B HEM U
nencTByer. Hackoinbko BO3MOYKHO yHPAaBIIATH
MEpLENTUBHBIMU MIPOLIECCAMU B 00pa30BaHUU
Y KaK MO)KHO MX YYHUTHIBATH?

Hexotopeie ¢unocodckue TeueHus, Ha-
MpUMep, AK3UCTEHIMAIN3M, IPEAINOoIararorT,
YTO BOCIIPUHUMAEMOE YEJIOBEKOM HE SIBIISET-
Csl B IOJIHOM Mepe OTpaK€HUEM PEaIbHOCTH,
a SIBJISIETCS] OTPAKEHNUEM €0 aKTyaJIbHBIX I0-
TpeOHOCTEH, yCTaHOBOK, TOTOBHOCTH K BOC-
MIPUSTHIO, ONIPEENIIEMON YPOBHEM BOCIIUTA-
Hus 1 oopazoBanus. A.H. JleoHTbeB Ha3bIBA
3Ty CXEMY peallbHOCTH «00pa3zoMm Mupa» [5].
To ecTh 4eIOBEKOM BOCIPUHUMAEMOE (PHITb-
TpyeTCsl Yepe3 ero nepekMBaHue W UHIUBU-
NyaJbHYI0 TCUXHWYECKYH peanbHOCTh. Ha-
IpUMeEDp, TPH BOCTIPUSITHNA KAPTHHBI, YEIOBEK
MIPOELMPYET B HEE CBOU UYBCTBA U NEPEKU-
BaHUs, HO, €CIIM OH MMEET XY/I0)KECTBEHHOE
oOpa3oBaHMe, TO NMOHMMAHHUE KapTUHBI CTa-
HOBUTCSI IIyO)kKe M MHOTOTpaHHEe, TaK Kak
BOCIIPUSITHE OTIPENETSAETCS €Ie U 3HAHUSMU,
B 001acTU Xy[dOXKECTBEHHOI'O TBOpPUECTBA U
KUBOIUCH ¥ TIOHUMAaHHUEM, KaK XYIOXKHHKY
yAaJIoCh JOCTUTHYTh Takoro macrepctna. [lo
M. baxTvHy BOCHPUHUMAIOIIANA CTAaHOBUTCS
COAaBTOPOM BOCHPHUHHMAEMOro IpPOU3BEIE-
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HUS, TaK KaK MPOYUTHIBAET €ro MO-CBOEMY
[2, 3].Takum 00pa3oM, Ha BOCIPUSATHE BIIH-
AI0T MepeXUBaeMble YyBCTBA U COZEpKAHHE
npeauiecTBytoniero oopazosanus. Ho, Boc-
PUHUMAEMOE TAK)KE BIMSET U Ha paclIupe-
HUE Kpyro3opa 4eJloBe€Ka M Ha €ro BO3MOXK-
HOCTb PaCIIUPSATh CIIEKTP CBOETO OTHOILIEHUS
K OKpY’KalollleMy, €ro BbIOOpHI U MOBEIACHHE.
[lcuxuueckast (BHYTpEeHHsIsI) peajbHOCTb
TOJIBKO «KapTa» YBHUJEHHOTO, HO HE cama
«reppuropusi». B cdepe oOpazoBanus ans
IPOEKTUPOBAHUS 00pPa30BaTEILHOTO PE3YIIb-
TaTa Ba)KHO MOHUMATh 0COOEHHOCTH BOCIIPH-
ATHS y4eOHOTO COAepKaHUsI.

B KOTrHUTHBHON TICHUXOJOTHM Mpearoa-
raloTcsl Kak CO3HareJbHbIE MpOoIecchl oOpa-
00TKM BOCHpPUHUMaeMOW MHpOpMAIUH, TaK
u Oecco3HarenbHble. Bce mno3HaBarenabHbIE
IIPOLIECCHI CBSI3aHbl MEXy cO0O0M M TO, YTO
BOCIIPUHUMAETCS, 3aBHCUT OT YCTaHOBKH,
OKUJAHMS, BHUMAHMS, MpPEAIIECTBYOMEN
uHbOpMaIK, XpaHALIEHCcsS B MaMsITH U aK-
TUBHOCTH BocmnpuHumarouiero. [lepnentus-
Hbl€ BO3MO)KHOCTH TaKXKe OIPEAEISIOTCS
XapaKTEPOM OKPY’KaIOIIEH Cpelibl, B KOTOPOH
OKa3bIBAa€TCsl BOCHPHUHMMArOMH. Bocnpus-
THE U3y4alocCh B rellITaJIbTIICUXOJIOTHUH, B Te-
OpUH NEPUETITUBHBIX JICHCTBHUI U Ap.

Ha Bocmpustue yuyeOHOro Mmarepuaa
BJIMSIET XapaKTep MEeAaroruyeckux KOoMMY-
HUKanuii. JluctaHmonHoe 0oOpa3oBaHHE HE
yOupaet yueOHOe B3auMoJielcTBUE U3 0o0pa-
30BaTeJIbHOTO MpPOLECCca, XOTS 3HAYUTEIBHO
yMeHbIaeT ero oowsemM. OJHaKo, XapakTep
y4eOHBIX KOMMYHUKAIIMA MPH JUCTAHIIUOH-
HOM 00pa30BaHHUM MPETEPIIEBAET 3HAYUTEIIb-
Hble U3MeHeHus. B o0meHnn npucyTcrByer
BepOanbHas U HeBepOaibHAs YacTh KOMMYHHU-
kauuu. [Ipu oOydyeHuu B ayIlUTOPUU CTYAEHT
MOJIyyaeT 4yacTb MHGOpMAIMK HE TOJBKO B
YCTHOM TEKCTE, a CUUTHIBAsi SMOIIMU U peaK-
IIUM [IPEro/aBaTeis Ha B3aUMOAEHCTBUE, Ta-
KUM 00pa3oM 1oirydast 0OpaTHyIo CBSI3b 0 ceOe
U CBOUX JIEHCTBUSX, KaK HEMOCPEICTBEHHbIE
peakuuu npenojasarens. [Ipemnonasarento
JUIsl IOHUMaHUS, KaK BOCIIPUHUMAETCS yueo-
HBII MaTepual, TaKke BaXKHO BUAECTh YMOLIUU
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U peakuuu cryiaeHTa. [lpu aucTaHIMOHHOM
o0y4yeHUHM HE BCerjga CTy[AEHTaMH HCIIOJb3Y-
€TCsl BUJIEOCBS3b, U MPENojaBaTeib 4acTo Obl-
BaeT JIMIIEH ATOW BAXKHOM JUIsl Tipolriecca 00-
yueHust unpopmanuu. B Buneonexuu npermo-
JlaBaTeb BOCIPUHUMAETCS KaK 4yacTh U po-
BOT'0 00pa30BaTeIbHOTO KOHTEHTA, HO B BU/IE0
OTCYTCTBYIOT HEIIOCPE/ICTBEHHBIE PEaKlUu Ha
ayJUTOPHIO U y CTY/IEHTOB OTCYTCTBYET BO3-
MOKHOCTb 33J1aTh BOIPOC U MOITYYUTh HA HETO
OTBET U PEaKIMIO NMpenoaBaress.

JI.B. MarBeeBa Ha3bpIBaeT ONOCPENOBaH-
HYI0O TEXHUYECKHUMHU CpeACTBAaMU HH(OpMa-
LUI0 «Pa30pBaHHOI», Tak Kak MHGpOpMaIus
CO3/1a€TCsl Ha OJJHOM «KOHII€» KOMMYHHUKaIU-
OHHOM IIETI0YKH, a MOTPeOseTcss Ha JIPYroM.
DTa KOMMYHUKAIMS aCUMMETPUYHA BCIIE-
CTBUE OTCYTCTBHS €IMHCTBA MPOCTPAHCTBA U
BPEMEHHM KOMMYHHKAITUH, a TAKXKE 3aTPyTHEH-
HOCTH OBICTpOI 0OpaTHOM cBsiz3U. DaKTOPOM,
OMOCPENYIOUINM JIaHHYI0 KOMMYHHKAIHIO,
SIBIISIFOTCST HE TOJLKO MeHa, HO U 0COOEHHO-
CTH BHYTPEHHETO M BHEIIHETO >XW3HEHHOTO
Mupa oOMeHHBarouxcst nHpopManuei [7-9].

OO0pa3oBaTenbHbIi IPOLECC B BY3€ CTPOUT-
Csl MPEUMYIIIECTBEHHO HA OCHOBE MyOIMYHOM
KOMMYHHKAIIK, a JUCTAHIIMOHHBIE TEXHO-
JIOTUHM TIPUBHOCST B ATOT MPOILIECC XapaKTep
MacCOBOM KOMMYHHKAIIUU, MPU3HAKAMU KO-
TOPOU SIBJIIETCSA HAJIUYUE IIUPOKON aHOHUM-
HOW ayJuTOpUHU, COOOIIEHHE [JIsi KOTOpPOH
OIOCPEIOBAaHO TEXHUYECKUMH CpEe/ICTBaMH,
oOparHasi CBs3b 3TOH ayAUTOPUN OTCpOUYEHA U
He 00s3aTenbHO ocyllecTBiseTcsa. B By3e Mbl
HaOoaeM Kak HENOCPEJICTBEHHbIE, TaK U
OIIOCpEI0BaHHbIE TEXHUYECKUMU CPEJCTBAMU
kommyHuKauu (DOPsI, onmaita kypcest). O0-
pa3oBaTeabHbIA MPOIECC B ATOM CiIy4ae MpH-
oOperaeT uyepThl MaccOBOM KOMMYHHUKAlUH,
B KOTOpOoM HHQpopMalus 00e3IMUYNBaAETCS.
J.B. Oumnpiianckuii  onpeaenser MacCOBYHO
KOMMYHUKAIMIO KakK IpolecC MPOM3BOJICTBA
“H(pOpMAIMU U €€ MIUPOKOTO pacIpoCTpaHe-
HUS, OCYIIECTBIISIEMBIN C TTIOMOIIBIO TEXHUYE-
ckux cpencts [10].

KommyHuKaiuys, npoucxoasimasi 1mo THITY
MyOMMYHOM U MacCOBOW, MOXET MPOSIBIISATh-
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Ci KakK «IICEBJOKOMMYHHUKaLus» (HECOCTo-
SIBITMICS JMAJOr B CHJIy OTCYTCTBHS aJeK-
BaTHBIX MHTEPIPETAlii KOMMYHHUKAaTHBHBIX
MHTEHIUH) U «KBAa3UKOMMYHUKaLUs» (PUTY-
albHOE JIEHCTBO, MOJAMEHSIONIEE OOIIEHUE U
HE MpeArNoaraouiee Juanora rmo UCXoJHOMY
ycioBuio) [4].

MaccoBasi KOMMYHHUKAIHsl YBEIHYUBACT
KOJIMYECTBO YYACTHUKOB KOMMYHHKALIUU U
IIPETo/IaBaTellb B ATOM ClIyyae — BbIpa3UTEb
WJIeH TPYIIBI T€X, YbH HJEH OH 3aUMCTBYET.
[IpenonaBarens SBIsSETCS JIUIEPOM OOIICHHUS,
C POCTOM YHCIJIEHHOCTH I'pYyMNIbl POJib JUAEpa
BO3pacTaeT, yCUJIMBAETCS BJIACTh JKCIEPTa,
noposkaaromass MHGOPMAIMOHHYIO 3aBUCH-
MOCTh (HecBOOOay BbIOOpa MHGpOpMAUU U
ee MHTepHperanuu). 9Ta 0COOEHHOCTh IpO-
SIBIISIETCS TIPY UCTIOJIh30BAHUN WHTEPHET TEX-
HOJIOTHI B 0Opa3oBaHuM. Takas KOMMyHHKa-
1[Us IEPEBOJUT OOLIEHHE C MEXIINYHOCTHOTO
YPOBHSI Ha TPYNIIOBOI, HO C HEKOTOPBIMU (-
(dexTamMu MEXITMIHOCTHOTO OOIICHUSI.

OTmeuaeTcsi, YTO MaccoBas KOMMYHMKa-
WSl BIMSIET HAa CTPYKTYPY MEKIUYHOCTHBIX
OTHOIIICHHUI: YMEHBIAIOTCS KOHTAKTHI, YeIo-
BEK TPATUT MHOTO BPEMEHH Ha HAKOILJICHHE
nHpopmaruu, a He Ha ee iepepadboTKy B oOpa-
30BaTeNbHBIM MpoaykT. CkaunBaHuE HEOOXO-
TMMOH HH(OpMaIK HE TapaHTHPYET, YTO ITa
uHpopMaius OyneT B JajbHEHIIEeM aKTUBHO
UCIOJIb30BaThCcsl B 00PAa30BATENbHBIX LEISIX.
Bocrnpusitue yxe gaer nepBoHayalbHYIO H3-
OuparenbHy0 IpopabOTKy BOCIPUHHUMAEMO-
ro marepuana. B ciyuyae ¢ ucnonab3oBaHUEM
1M pPOBOro KOHTEHTA, JIEJKAIIEero Ha M1aTgop-
Max, BOCTIpUSTHE HOCUT (POpPMabHBIN Xapak-
Tep, nHpopManus o0e3TM4YeHa, OHa HE YCBau-
BaeTCs/MIpUCBaNBAETCs, a 3aMacaeTcs Ha raj-
)keTax. MeHee akTUBHOM CTaHOBUTCS IIaMSTh,
QHAIUTUYECKUE CIIOCOOHOCTU NPUTYILISIOT-
cs1, 00pazoBaTeIbHBIN MPOIECC TPEBPALIACTCS
B HH(popManmoHHbIN (MHPOpManus Oe3 nepe-
pabOTKM M aHAJIM3a TIPOCTO HAKATLITUBACTCS).

Cama undopmalus, mnepenaBaemas TeX-
HUYECKHMHU CpEICTBAaMH B 00pa3oBaHUM HE
TOJBKO KOHCTATHUPYIOIIAsi, OHA MOXET OBITh
OpraHM30BaHa U KaK MOOyIUTENIbHAs, OpUEH-
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TUPOBAaHHAs Ha CTUMYJIMPOBAHHE JEHCTBHSI.
Ho u noOGymutenbHas uHpOpMaLMs MOXKET
BOCIIPUHMMATBCS KaK KOHCTaTupymoias, 0e3
MOTHBAIIMHU K aHanmu3y u nepepadborke. Kanan
nepeaavu — IEKTPOHHBIN 00pa30BaTEIbHBIN
pecypc (B BUJ€ MEYaTHBIX TEKCTOB WU CChI-
JOK Ha HHUX) W BUACO-JICKIIUH WA OHJIAHH
JEKIUU TO0-pa3HOMY BIUSIOT Ha XapakrTep
BocpusTHsT MHpopmanuu. Tak meyaTHbI
TEKCT 4Yallle HOCUT XapaKTep KOHCTaTHpYIo-
LIETO COOOIEHHUS, a BUAEO JEKIHU MU OH-
JIAaiH JIEKIIMA KMMEIOT OOJIbIIIE IIAHCOB BBI-
3BaTh 3MOLMOHAJIBHYIO PEAKIUI0 ayIuTOPUH
1 0071a1a10T TOOYAUTEIBHBIM TTOTSHITHAIOM.

[loreHunanpHas aynuTopusi, Ha KOTOPYIO
OpPUEHTHUPYIOTCS IIEKTPOHHBIE 00pa30BaTeb-
HbIE pecypchl U3BECTHA U U3BECTHBI €€ Xapak-
TepucTUkH. OHAKO 3alIUCH BUEO JIEKIUH B
UHTEpHETe, BeOWHAphl U JIpyrue MnoaoOHbIe
oOpa3zoBareibHble (OPMBI HOCAT XapakTep
MaCCOBBIX KOMMYHHUKAITUH, C TOYKH 3PEHUS
HEBO3MOYKHOCTH ONPEAEIUTh O0bEeM ayau-
TOPUU U €e xapakrep. JTa oOpa3oBareibHast
ayauToOpHs 00IagaeT CBOMCTBAMU TEKYUYECTH,
HeoO0s3aTeNbHOCTH, a M3-3a HEOJAHOPOIHO-
CTH ayAMTOPHUH, C Pa3HBIMHU MEPICTITHUBHBIMHU
(BOCTIpMHUMAIONIMMH) BO3MOXKHOCTSMH, HE
JAIONIMMH OCYILIECTBUTH MOACTPOMKY K ay-
JTUTOPHH, B 3TOM CIlTydae MPaKTUYECKU JTr0ast
nH(pOpMAaITUs MOXKET BBI3bIBATh AUCHYHKITNO-
HaJbHBIN 3¢ dekt. DpdekTnBHOCTH 00pazoBa-
TEJBHOTO MpoIiecca B 3TUX YCIOBUSIX CBA3aHA
C ILEJICHAIIPAaBIEHHOCThIO 00pa30BaTEIbHON
ayAMTOPHUH, TTIOOYIUTEILHBIM XapaKTepOM ITe-
penaBaeMoil mHpOpPMAIIUU, C y4eToM 00OpaT-
HOM CBSI3M OT CTYAEHTOB O TOM, KaK M Kakou
MaTepuai BOCIIPUHUMAETCS.

OcoOenHoctu TpaHchopMaluu Meaaro-
THYECKUX KOMMYHHUKAIIMH B AUCTAHIITHOHHOM
00pa30BaHUH M UCTIOIBE30BaHUS IIUPPOBBIX U
OHJIAalfH-pECypCOB CTYJAEHTaMH IeJaroruye-
CKOM MarucTparypbl U3ydajauCh C IOMOIIBIO
(OKyC TPYII W aHKETHPOBAHUS HAMH paHee
[1, 5]. Ognako manHO€ MccnenoBanue He (o-
KyCHUpOBaJOCh Ha H3Yy4YE€HHUU OCOOEHHOCTEH
BOCIPUATHS LU(POBOro 00pa30BaTENLHOTO
KOHTEHTA.
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JIJIs1 TOCTPOCHUST HAIIIETO TPEICTABICHUS
0 BO3MOXHBIX OCIIOKHEHHSX TIPH OCBOE-
HUU MH()OpMALIUHY, MOTy4aeMOl C MOMOUIbIO
ndpoBoro 00pazoBaTEIHLHOTO KOHTEHTA, MBI
ONMPAJIUCh HAa CHCTEMHBIH, COIHOKYJIBTYP-
HBINA, aKCHOJIOTHYEeCKUH moaxonsl. Mccimeno-
BaHME HOCUT MEXKIUCIHMIUTMHAPHBIN Xapak-
TEp ¥ OMMUPAETCS Ha JOCTHKEHUS punocoduu
00pa3oBaHMsl, TICUXOJOTHHU, COIMOJIOTHH |
MeTarOTUKH, a TaK)Ke HOBOTO HAy4YHOTO Ha-
NpaBJICHUs — KOMMYHHKOJOTHH. JlorwmKo-me-
JTYKTUBHBIA METOJ TTO3BOJIMII PAcKphITh OC-
HOBHBIE 3aKOHOMEPHOCTH BOCHPHUATHS y4eO-
HOTO MaTepuasa, Iepe1aBaeMoro mpero/iaBa-
TEJIeM, B TOM YHCJIE U TUCTAaHIIMOHHO. MeTon
(OKYCHPOBaHHOTO TPYIIIIOBOTO HMHTEPBBIO C
YYaCTHHKaMH 00pa30BaTeNbHOTO IpoIecca
BBISIBIJT POOJIEMBI BOCIIPHUATHS, 03BYUCHHBIC
MarucTpaHTaMH M aCTIHPAaHTAMU TeAarornye-
CKOTO TPOHUIISL.

C 1enplo BBISIBIEHUSI T€X OCOOCHHOCTEN
BOCTIPUATHS II(PPOBOTO KOHTEHTA, KOTOpPHIE
OTMEUAIOT CaMH ydaliuecs, ObUT TPOBEICH
OTPOC C TMOMOIIBIO0 TPYMIIOBOTO (HOKYCHUPO-
BAaHHOTO MHTEPBBIO. ONPOIIEHBI TBE TPYIIITHI
MarucTpaHToB | Kypca W OffHa TpyTIa aciu-
paHTOB 2 Kypca (o01iee koauuecTBo 36 yeno-
BeK: 26 1 10 COOTBETCTBEHHO).

DoKyCHpPOBaHHOE TPYNIIOBOE HHTEPBHIO
(pokyc-rpymnmna) — HMHTEpPBbIO, CHOKYCHPO-
BaHHOE Ha UCCIIEyEeMOI TeMe, KOTOPOe Mpe/l-
1oJIaraeT 03ByYMBaHHE YIaCTHUKAMU TPYTIITHI
OTBETOB Ha MOCTABJICHHBIC BEIYIIUM BOIPO-
CBI, aJIPECOBAaHHBIC K JIMYHOMY OTIBITY WJIH OT-
HOILIEHUIO K YeMY-JIN0O y4acTHUKOB. OTBETHI
Y4acTHUKOB (UKcHpyroTcs. B mponecce ¢o-
KyC TPYIIIBI 00CYKIaIiCh BOITPOCHI, KaK BOC-
NPUHUMAETCST KOMMYHUKAIMS C TIPeroiaBa-
TeJIeM; KaK BO3MOXKHOCTh BHJIETh M CIIBIIIATH
NperoaBaTellsl BIUAET Ha BOCTIPUSATHE y4eO-
HOTO Marepuaja, KOTOPBIA TMpeNCcTaBlieH Ha
3aHSTHH; KaK BOCIIPUHIMAETCS caM y4eOHBIH
Marepual, MpeICTaBICHHBINH B BHIE TUPPO-
BOTO KOHTEHTA; KaK BOCIIPHHUMAETCS TU3aiTH
y4eOHOTO Kypca B IeJIoM U 1p. Tak kKak mpu
UCTIOJIG30BaHAM 3TOTO METO/a 3aTparuBa-
IOTCSl TIIyOWHHBIE W JIMYHBIC TePEeKUBAHUS
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Y4aCTHUKOB, OHU BOBJIEUEHBI B ITPOLIECCHI Ca-
MoOaHaJln3a U (PUKCUPYIOT CBOE BHUMaHHE Ha
COOCTBEHHBIX CTpaTErusiX y4eHHs!, OCO3HAHNE
KOTOPBIX B JlaJbHEHIIEM MO3BOJIUT UM CaMUM
ONTHMHU3HPOBATH ITOT MPOIIECC.

[Ipu orBeTe Ha BOmpocC, KaKk BOCIpPUHUMA-
eTcs y4eOHBIM Marepuall, MpeACTaBICHHBIN
B BUJE IU(PPOBOTr0 KOHTEHTA, PECIIOHAECHTHI
OTBEYAJIH, YTO y4eOHOE COIepKaHUE JTOJIKHO
OBITH KpaTKUM, HH()OPMATUBHBIM, MOHSATHBIM
U WUTIOCTPUPOBaHHBIM. Jlydilie BocipuHuMma-
eTCsl MaTepual, pa3/leJIeHHbII Ha HeOobIINe
4acTH, COMPOBOXKAAEMbIE HECIOKHBIMU 3a]1a-
HUSIMU, MTO3BOJIIOIIMMU 3aKPENUTh Y4eOHbII
MaTepual.

CryzneHTbl OTMEUaloT, 4To (Gurypa mnpemno-
JaBaTesisl MO-MPEKHEMY OCTaeTcsl Ba)KHOM
JUISL HUX B Mpoliecce o0pa3oBaHMsI, HECMOTPSI
Ha BO3MOXXHOCTH CaMOCTOSITEJIbHOTO BbIOOpA
y4e0HOTrO CoJepKaHUsI U3 MHOTOYHUCICHHBIX
OHJIAl{H KYPCOB U PA3JINYHBIX TOCTYIHBIX HH-
TEpHET pecypcoB. B cBOoMX OTBETAax OHM OT-
MeYalii, YTO BUJIETH IJ1a3a U BHIPAYKEHUE JIHUIIA
MpernojiaBaress A1 HUX Ba)KHO, TaK Kak Ta-
K1M 00pa3oM OHM MOJTY4aloT 0OpaTHYIO CBA3b
0 TOM, KaK BOCIIPUHUMAIOTCSI UX OTBETHI.

OO6cy>x1ast MpUBJIEKaTeIbHOCTD IU(POBBIX
pecypcoB, YYacCTHHKH TPyHHOBOro (OKycCH-
POBAHHOTO WHTEPBBIO JTOMOJIHUTEIBHO K Ha-
3BaHHBIM B aHKETE NMPUYMHAM BbIOOpa IU}-
POBOIO KOHTEHTA, OTMETUIIU 3aBUCUMOCTb OT
KaHana Bocnpustus. CTyIeHThI, OlLl€HHBAlO-
e cedst Kak BU3yaJsbl, yTBEPKIAJIH, UTO BbI-
OuparoT BuAeOMaTeprasibl UM TEKCT, COMpPO-
BOXK/IA€MBIN MJUTFOCTPALUSAMU U cXeMaMH. Te,
KTO OIpenesis ce0s Kak ayJualibl, BbICKa3bl-
BaJlIi MHEHME, YTO UM Ba)KHO CJIBILIAThH, a HE
TOJIBKO BUJETh TEKCT.

B cBoux oTrBeTax pecrnoHAEHThl OTMETH-
JM, YTO HE TOTOBbI MOJHOCTHIO MEPEXOAUTH
Ha JMCTaHLUMOHHOE 00yUYeHHe U elle pa3 noj-
YEpKHYJIM BaXKHOCTh OYHOTO OOIEHUS C Ipe-
nofasareneM. [IpenonaBarens AJisi CTYIEHTOB

Cnmcok Jiureparypsl
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SBJISIETCS. BaXKHBIM CyOBEKTOM 00pa3oBaTelib-
HBIX OTHOIICHWHA KaK HOCUTENh Mpodeccro-
HaAJBbHBIX Ka4E€CTB M KaK JIMYHOCTBH, AArOoIlas
HEOOXOMMYI0 OOpaTHYIO CBA3b O PAa3BUTUU
cTyneHTa. Jlaxxe acnmupaHTBl OTMEYalld BaXK-
HOCTBH OYHOTI'O 06IHeHI/I${ HE TOJIBKO C HAYYHbBIM
PYKOBOIUTENEM, HO M C TIPENOaaBaTelsiMH,
KOTOpBIE€ B UX CITydae BISAIOTCS OOJIbIIe KOH-
CyJIbTaHTaMH W KOMIICTCHTHBIMHA CO6CC€I{HI/I-
KaMH, 10 BOJHYIOIIUM HX NPO(eCcCUOHAIb-
HBIM BOIIpOCaM, CBA3aHHBIM, B TOM YHUCIIC, C
JIVICCEPTAIMOHHBIM HCCIICIOBAHUEM.

PecrnioHieHTI OTMEYAIM TaKKe HEOOXOIH-
MOCTH BJIaJACTh HABBIKAMU CAMOCTOATCIIBHOI'O
WCIIONIB30BaHusl ITU(GPOBOro 00pa3oBaTeib-
HOI'0 KOHTCHTA, HAaBBIKaMHM CaMOOpraHu3a-
Oy MIpyU KOHUOCHTPHUPOBAHWHW BHUMAHUWA Ha
y4eOHOM MaTepuaie, Pa3BUTHS BOCIPHUATHS
1 HEOOXOIMMOCTH MMETh XOPOIIYI 00pa3o-
BaTEJIbHYIO MOJTOTOBKY, TO3BOJISIONIYIO BOC-
MMPpUHHUMATDb Hpe)IJ'IO)KeHHI)Iﬁ KOHTCHT B TOM
yucie B cpepe cBoero npodeccuoHaIbHOTO U
JIMYHOT'O pa3BUTHA.

Takum 006pa3zom, pe3ysbraT ycBoeHus 1ud-
pPOBOTO 00Pa30BaTEIHLHOTO KOHTEHTA 3aBUCHT
HE TOJBKO OT Ka4eCTBa €r0 OpraHU3aIiH, HO U
OT 'OTOBHOCTH ayIUTOPHUHU €TI0 BOCIIPUHUMATD,
KaK coJiepKaHue, TpeOyrolee MBICITUTEbHON
nepepadOTKU M Pa3BUBAOIIEE BOCTIPUHIMAIO-
miero. Brimtouenne camoaHanusa ¥ BHUMaHUS
K COOCTBCHHBIM OCOOCHHOCTSIM U CTPATETHSIM
oOyd4eHus, caMoaHann3 M pediIeKkcus — Bax-
HBIE OCHOBBI /ISl aKTyaJlbHOTO OOpa30BaHUs
u camooOpasoBanus. [lampHelme uccieno-
BaHUs B 001acT JOUCTAHIIMOHHOTO U OHJIAaWH
00pazoBanms TPeOYIOT Ka4€CTBEHHOTO aHAJIH-
3a CyOBbEKTUBHBIX YCTAHOBOK U MEPEKUBAHUIN
YYaCTHUKOB  0Opa30BaHMs, IO3BOJISIONINX
YUUTBIBaTh OCOOCHHOCTH ayJUTOPUH TTOJB30-
Bareneil 1udpoBoro oOpa3oBaTEIbHOTO KOH-
TEHTa, OCYIIECTBISIONIEH 00pa30BaTEIbHBIN
MPOIIECC CAMOCTOSATENBHO.

1. Asafova, E. V. Features of using digital and online resources by students of master's
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AHHOTANUA

B crartbe PACCMOTPCHO TMOHATHC KI/I6ep6OJ'I63HI/I, IMpOaHaJIU3UPOBAHBI METO/bI, UCITIOJIb3YyC-
MBIC paHEC IS YMCHBIICHUA YYBCTBUTCIIbBHOCTH K KI/I6ep6OHe3HI/I, MMpCIJIOKCH HepCOHI/I(bI/ILII/I—
pOBaHHLIﬁ noaxon KOM6I/IHI/IpOBaHI/I$I BCCX IMOAXOJO0B HAa OCHOBC pAHXHPOBAHUS IMOJTYUCHHBIX

JIAaHHBIX (OMOHEHUPOCUTHAJIOB).

KuarwueBsle ciioBa: VR, kubepOosne3Hb, MOpckas 00Jie3Hb, BUPTyadbHasl PEaTbHOCTh, IO-
rpyxenne, ononeiipocurnainsi, D01, OKI, D0I, EEG, PPG, GSR, EMG, ECG, EOG, GCS.

Abstract

The paper considers the concept of cyberbullying, analyzes the methods previously used to
reduce the sensitivity to cyberbullying, and suggests a personalized approach for combining all
approaches based on ranking of the received data (bioneurosigns).

Keywords: VR, cyberbullying, seasickness, virtual reality, immersion, bioneurosigns, EEG,
ECG, EOQG, EEG, PPG, GSR, EMG, ECG, EOG, GCS.

Beeoenue

BuprtyanbHas peaqbHOCTb MpoIiia 10CTa-
TOYHO JIOJITUH My Th OT NMEPBLIX HAYYHBIX MIPO-
totunoB «Headsight», caemanHoro amepmu-
KaHCKUMU BoeHHbIMU B 1961 1. [1] n «Jlomo-
KioBa Meua» AiiBeHa Cazepienna u3 1968 r.
[2]. Y1, HecMOTps HA TO, UTO EPBBIA KOMMEP-
YECKUU MPOEKT BUPTYAJIBHOW peabHOCTU
«RB2» [3] 6b11 3anymieH B 1984 1. J[xaporom

Jlanbe, a mo3Ke CBOM MOMBITKU JIeaId MHO-
rue GUpMbI OT MaJIOU3BECTHBIX /10 TUTAHTOB
TakuX, kak Sega u Nintendo, 1y1si IUPOKOTO
Kpyra IoJib30BaTesiell TEXHOJIOTHUs cTaja J0-
crynHa b B 2016 1. ¢ Beimyckom Oculus
Rift [4]. C sToro MmoMmeHTa cTajia O4YE€Hb aK-
TyajilbHa Te€Ma KauecTBa IMOTPYKEHHS MOJIb-
30Barelisi B UMMEPCUOHHYIO cpeny. OnHOM U3
OCHOBHBIX IIPOOJIEM B IOTPYKEHUU CTajla KH-
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oepoone3nn (Cybersickness) [5]. TIpobmema
MOTPY>KEHHS BayKHA HE TOJIBKO JIJIST KOMMEpYe-
CKOTO PBIHKA, HO ¥ JUTSl TATbHEHIIINX HCCIIe0-
BaHWI TIOBEJCHNUS YEIIOBEKa B IMMEPCHBHBIX
cpenax, MOCKOJIbKY BHPTyallbHAs PeaTbHOCTh
SBISIETCS. OYeHb INMMPOKOW TUTOIMIAIKON st
HCCIIEIOBAHMS YEIIOBEUECKOTO MOo3ra [6].

[To cBoelt mpupone kubepooe3Hb PakTu-
YECKH SIBIISIETCSl YKAaYMBAHUEM TOJIH30BATEIS
B BUPTYAJIBHOW Cpeze, BBI3BIBAIOIIEE TaKHE
CHMIITOMBI KaK TOJIOBOKPYKEHHE U JC30PHCH-
TAIMIO B TPOCTPAHCTBE.

B [7] ananusupytorcs npyrue (paxTopsl,
BO3MOYKHO CIIOCOOCTBYIOIIIME BO3HHUKHOBE-
HUIO K1Oep3aboseBaHMii, TaKUe KaK TEXHUYE-
CKHE XapaKTEPHCTUKU CUCTEM BUPTyaJTbHON
pealbHOCTH, WHANBHyaJbHBIE 0COOCHHOCTH
MOJIb30BaTeNell TaKUX CHCTEM, creuuduxa
BBITIOJTHSIEMBIX JIFOIBMH 3aJ1a4, BKIIOUasi CH-
TyaIll¥ TaK Ha3bIBa€MOW MHOT033/Ia9HOCTH.

ImaBHBIM  (aKTOpPOM, TPOBOIUPYIOIINM
yYKa4MBaHUE, SBISIETCS PACCHHXPOHU3AIUS
CUTHAJIOB, KOTOPBIE MO3T IIOJIb30BaTEIs MOJTY-
YaeT U3 OKpyxatomen cpensl [8, 9, 10]. I'maza
TMIOJTH30BATENISI BUJIAT, KAK OH IepeMeniaeTcs B
BUPTYaJIbHOM IPOCTPAHCTBE, HO BECTHOYIISP-
HBIW ammapar MmpH 3TOM COOOIIaeT MO3Ty, 4TO
TEJI0 HAXOAWTCS B COCTOSHUM TOKOs. Mo3r
BOCTIPUHMMAET 3TO KaK OMIMOKY W IPOBOIIH-
pyer cocrosiHue ykaumBanus [11, 12]. Oc-
HOBHOU 3a7aueii B 6opb0e ¢ KuOepOoIIe3HbIO
SIBISIETCS. YMEHBIIIEHUE TaHHOW pacCHHXPO-
HU3AIUH.

Takyto pacCMHXpOHH3aLMIO MbI HaOIIOa-
JM ¥ B COOCTBEHHBIX OIBITAX C BUPTYaJTbHON
PEabHOCTBIO — MTPHUBEIEM MPUMEPHI HCTIOTh-
30BaHHBIX (HEMEPCOHU(PUIIMPOBAHHBIX) pe-
LIECHU:

1) B BUpTyalbHONH OMOTEXHOJIOIMYECKOM
naboparopuu [13] B KadecTBe peIICHUS
YMEHBIIICHUSI YKaYWBaHUS ObUTH TIPUMEHEHA
TaKTHKA «TEIETIOPTUPOBAHMSY;

2) B BUPTyaJIbHOM XHUPYpPruyeckou orepa-
IUOHHOM [14] HET MPeAnOCHIIOK ISl YKaIH-
BaHU, TaK KaK MCIOJIB3YyeTCs MepeMeleHrne
B BUPTYQJIIBHOU Cpe/ie, CHHXPOHU3UPOBAHHOE
¢ (U3NYECKUM NEpEMELICHUEM;
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3) B BHUPTyaJdbHOM TpEHAXXEpe JUIs
KpUMHHAIACTOB  [15]  mns  cHuxKeHuUs
TOJIOBOKPYKEHHUH MPU PE3KON CMEHE BHUPTY-
aJbHOTO TIOJOXKEHUS HCIOJIb3yeTCs TyHHE-
nupoBanue [16] — TexHWKa, KOrJa MpHU JIBH-
KeHUH nepudepuitHoe 3peHne MoJIb30BaTels
orpaHMYMBaeTcs, obpe3asi KaMepy B IIEHTpe
JKpaHa.

OnucaHHble paHee METO/IbI ISl yMEHbIIIe-
HUS TIPOSIBIIEHUN KuOepOoe3Hu

Ha tekymiee Bpemst aJig 3TOil 3amauu uc-
CJIEIOBAJIOCH U TPUMEHSIIOCH MHOXXECTBO
MeTonoB (cM., Hanpumep, [17]), HO ToKa HU
OJIMH M3 HUX HE MPUBEJ K €€ MOJTHOMY pellie-
HHUIO.

CaMbIM TPOCTBIM CIIOCOOOM H30€KaHuUs
KuOepOoJIe3HH ABISIETCS OTKa3 OT (pakTa JIBU-
JKEHHsI TPOCTPAHCTBA BOKPYT UIPOKa, OCY-
HIECTBIIATh €r0 MEepeMELIeHHE C MOMOUIbIO
TEJeNnopTalnu, TO €CTh MTHOBEHHBIM Iepe-
MEIIEHUEM B MPOCTPAHCTBE B YKa3aHHYIO
TouKy. OJTHAKO 3TO HaKJa/JbIBAET MHOXKECTBO
HappaTUBHBIX OTPaHUYEHU (CM., HaIIpUMep,
[18]) m manHas maest maneka OT MOJHOTO TO-
IPY’KEHUS B BUPTYaJIbHYIO PEaJIbHOCTb.

B neckonbkux paborax (cm., Hampumep,
[19, 20]) ¥ MHOTHX UTPaxX UCIOJIB3YETCS II0-
KaulBaHUE» TOJIOBOM MJi TepeMeIICHHUs.
CMbICI METO/1a COCTOUT B IIIaraHUU HA MECTE,
YTO BbI3bIBAET [IOKAYUBAHKE IOJIOBBI, 10 KOTO-
pOMYy UMMEpCUBHAs Cpeia ONpeaessieT xKea-
HUE [10JIb30BaTeIs IBUTaThCs B IPOCTPAHCTBE.
Merton He cnuIIKoM yao0eH (pU3HUECKH, TaK
K€ JIBM>KEHUS FOJI0BOI MOTYT OIIMO0YHO BOC-
MPUHUMATBCS KaK MOMBITKA MEPEMEIICHHUS.

B 2018 1. [21] mccmemoBaioch IMOI0KH-
TeIbHOE BIMAHHE Ha KuOepOoJie3Hb MpH
CY)KEHUHU TOJIs1 3peHus. Takxke NaHHBIA Me-
ToJ mpuMmeHsercs B mpoekre Espire 1: VR
Operative [22]. WccnemoBaTenn OTMEYArOT
40% >¢deKkTUuBHOCTD, HO JaHHBIA METOJ BCE
emnié HaKJa/JbIBaeT oNpeaeNeHHble HappaTuB-
HbIE OTPaHUYEHUSI.

Jlns mepenayu OLIyIIEHUS TBUKEHUS HC-
noJib30BaJICs nake Berep. B [23] ormeueHa
BbICOKas 3(h(heKTUBHOCTH 00yBa JIHIIA MOJIb-
30BaTels MpU NepeIBmkeHnn. A B [24] oTMe-
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YaeTcsl Jake BIMSHME 3araxa Ha yYMEHbIIIe-
HUE YKAaYMBAHHUS.

CamMbIM TEXHOJIOTUYHBIM PEIICHUEM 3a-
nadyd KuoepOoJie3HN Ha JTaHHBIA MOMEHT SIB-
JISIETCS  TaJIbBAHUKO-BECTHOYISIPHAS CTHMY-
s (galvanic cutaneous stimulation, umu
GCS) [25]. Hanusriii meton onenuBaetcs 80%
s dextuBHOCTHIO. CyTh METOMA 3aKITIOYACT-
Cs B CTUMYJISILIUMA BECTUOYJISIPHOTO arrapara
BO3/ICHCTBHEM Ha MUHIAICBUIHBIC OTPOCTKH
C TIOMOIIBIO0 MAJIOTO TOKA.

Opnako paHHBIE OIEHKH AH(HEKTUBHO-
CTH BCEX NPHUBEICHHBIX BBIIIC METOIOB BBI-
3BIBAIOT COMHEHHE, MOCKOJIbKY IS OIICHKH
3¢ (PEKTUBHOCTH TIOYTH BCETAA MPUMEHSIIUCH
TecThl-onpocHuKU. [Ipobnema nmonoOHbIX Te-
CTOB B CYOBEKTUBHOCTHU PE3YyJIHTATOB. A 3Ha-
YUT, JAHHBIC PE3YJIBTAThI HE TIOJTHOCTHIO OTpa-
JKAIOT PeakKIMI0 OpraHu3Ma Ha BO3JCICTBHE.

[TosToMy B mociemHue rofbl MOMYISIPHO
orieHuBaTh YPHEeKTUBHOCThH, OCHOBBIBASICh Ha
(buzmonornueckux AaHHBIX (CM. [26] — 60JTb-
I0€ HCceoBaHWEe 1O OWOCUTHAjIaM MpU
kubepoOone3nn). [Ipu ncrnonp3oBaHUM CUTHA-
JIOB Tena I OIeHKU 3(PPEKTUBHOCTH OYEHb
Ba)KHA TIPABWJIbHAS WMHTEPIPETAIUS ATUX
curHaiuoB. /laHHyto 3a/1auy peuaroT npu pac-
MO3HaBaHUN YMOITHI.

CuntbiBaHuE OMOCUTHAJIOB YEJIOBEYECKO-
ro Tela MOCPEACTBOM TaKHX METOIOB Kak:
o0beMHOe apTepuanbHoe nasieHue (BVP),
temneparypa (TEM), koxHas ranbBaHude-
ckasi peakuus (GSR), anexrpookynorpadus
(EOQG), »onexrposnnedanorpamma (EEG),
anekrpomuorpamma  (EMG), anexrpoxkap-
muorpamma (ECG) u apyrue metonsr [27] —
TO3BOJISIET CO3/1aBaTh PA3IMYHBIC TOAXOIBI,
BKJIIOYas OMOMHCIUpHpOBaHHbIE [28], g
WHTEPIPETAIMU COIMyTCTBYIOIINX HW3MEHE-
HUSM TToKazareiied smormii. Hama mo3umms
0 HEOOXOMMMOCTH OMOMHCTIHPUPOBAHHOCTH
BBIYHCITUTEIIBHBIX ITOIXO0B JUISI KOTHHTHB-
HBIX apXUTEKTYp MnpeacTasieHa B [29].

Paboter mo m3mepenuto CS ¢ MOMOIIBIO
OMOCHUTHAJIOB TPEJCTAaBJIEHbl B psle padoT
(cm. Hammpumep, [30, 31, 32]).

Tema wuccnemoBaHMii SMOLMK YeEIIOBEKa,
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MOTPY’KEHHOTO B BUPTYaJIbHYIO0 PEaJIbHOCTD,
HaOMpaeT akTyaJIbHOCTb MO JBYM MIPUUYMHAM:

1. Dty uccnenoBaHus MO3BOJISIOT YINIY-
OUTb U3yYEHHUE paclo3HaBAHUS SMOIHIT yeno-
BEKa C IOMOIIIbIO CO3IaHUs Cpeibl ¢ Oobleit
BOBJICYEHHOCTBIO, & 3HAUUT C JIyqIled IMOLH-
OHAJIBHOW OT/AA4Y€H OT UCIIBITYEMOTO.

2. Pacno3zHaBaHMe 5SMOLMH  YJIy4dIlaeT
NoHMMaHue (aKTOPOB, BIUSIOLUIMX Ha BOBJIE-
YEHHOCTh M AYMOIIMH YelloBeKa B VR, a 3HaumT,
MO3BOJISIET YBEJIIMYUTh YPOBEHb IMOIPYKEHUS
YyeJI0BEKa B BUPTYaJIbHYIO CPELY.

Taxum 00pa3om, 3TU NPUUHUHBI TOTIOTHSIOT
U BIIUSIOT IPYT HA JIpyra, O3BOJIsis YIyUIIUTh
JanbHEUINE UCCIeI0BAaHUS U YAYUYIIUTD OMBIT
MOJIb30BATENsl B BHUPTYaJbHOW pealbHOCTH.

IIpeonazaemwiii n00xo0

VYuuteiBas crnocoObl perieHus BCEX BbI-
LIETIEPEYNCICHHBIX 3a/a4, Jy4dlled uaeu
It 60peOBI ¢ KMOEpOOJIe3HBI0 HA JAHHBIN
MOMEHT SIBJISIETCSl NpaBHJIbHAs KOMOWHAIMS
BCEX ATUX MeTooB. Hama runoresa coctout
B KOMOWHAIIMU Pa3IMYHBIX METOJOB YMEHb-
nieHust kubepOone3Hu u pacuera >3PPeKTHB-
HOCTH JJAaHHBIX METOJIOB C IOMOIIBIO OLIEHKU
(bU3HOIIOrMYECKUX CUTHAJIOB TeJa.

Taxum 00pa3oMm, MbI MPEANONAraeM Moiy-
YUTh 3HAYMUTEIHLHO YMEHBIIAMOIINN KruOepOo-
JIE3Hb METO/I C HAMMEHBIINMH HappaTUBHBIMU
OTpaHUYEHUSIMU JJI YBEJIUYEHUS TOrPYKEH-
HOCTHU ToJib30Barens. Ui pemeHus JaHHON
3a1a49u He0OXOUMO:

— pazpaboTaTh YCTPOWCTBO JISI OIEHKH
CUMITOMOB KHOepOOIe3HY;

— MPU MOMOIIU JTAHHOTO YCTPOWCTBA MpPO-
BEPUTH U MIPOPAHKUPOBaTh Haubosee 3pPex-
THUBHBIC METOJIbI OOPHOBI ¢ KHOEPOOIE3HBIO;

— pa3paboTraTh NPUIOKEHHUE, IO3BOJISIO-
nee KOMOMHUPOBATh pa3IUYHbIE BapUallUU
JTAHHBIX METOJIOB;

— MIPOBECTH CEPUIO IKCIIEPUMEHTOB, TI03BO-
JSIOUIYI0 OnpenensTh 3(p(EeKTUBHbBIN BapuaHT
JUTSI KOHKPETHOTO MOJIb30BATENs B PEXKUME pe-
aJIbHOTO BPEMEHU;

— IOCTPOUTD CEPUIO SIKCIIEPUMEHTOB B pa3-
JUYHBIX UMMEPCHUBHBIX Cpelax, IMO3BOJISIO-
Iy OIEHHUTHh 3PPEKTUBHOCTH MPEIIIOKEH-
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HOTO TIO/IXOJIa TIEPCOHU(PHUIIMPOBAHHON METO-
JUKH TIPEOIOJICHHS] KHOepOOoIe3HN.

Buemnee yctpoiicTBo A nepcoHupunn-
POBaHHOM OLIEHKH KHOepOoIe3HH

[IpemaraeMoe MAIOTHOE pelIeHUE BHEIII-
Hee ycTpoicTBO (nmanee cokpamenHo PCSE
— ot Personal CyberSickness Estimation)
COCTOMT W3 CJIEIyIIUX KOMIIOHEHTOB
(cm. puc. 1) HaGopa-koHCTpyKTOpa Bitronics
Lab [33], no3Bossitouux cobuparb B pealib-
HOM BPEMEHHU CTAaTHUCTHKY, OCHOBaHHYIO Ha

— EEG — Monynb a1 ©3BMEpEeHHsI MO3TOBOM
aKTHBHOCTH;

— PPG (ontrueckuit metuzMmorpad) — mMo-
JTYJTb TSl K3MEPEHHST YaCTOTHI ITYJTbCa;

—TEM — natuuk temneparypsl;

— GSR — Momynb st ©U3MEpPEHUsT COMpo-
TUBJICHUS KOXKU;

— EMG/ECG — Monynb ajis U3MepeHus
MBIIIEYHON aKTUBHOCTH;

— EOG — s u3mepeHus KoJaudecTBa Mop-
TaHui;

JNEUCTBUTEITLHOM  (DU3UYECKOM  COCTOSTHUH — MoXHO HCIIONB30BaTh Takke (PoTopesu-
IIOJIB30BaTECIs, HAXOAAIETOCA U IEPEMCIIAI0-  CTOP.
LIEroCsl B BUPTYaJIbHOU PEAIbHOCTH:
Human
v v v v v v v
EEG FPPG TEM GSR EOG EMG ECG
| I | [ | [
h
Arduino
PC
DataBase

Puc. 1. 9remenmapnoie komnonernmol PCSE

[To3zke OymyT oOmMHMCaHBI AKCIEPUMEHTHI,
MOTBEPKIAIONNE BEPHOCTh CHATUS JTaHHBIX
[34].

Jpyras 3agaya, KOTopas CTOUT Mepe HaMu
— 9TO BBIOOP PaHKUPYIOIINX TAKTHK, KOTOPHIE
MO3BOJISIT ONTUMAJIBHO MAHUITYJIUPOBATh WH-
TepIpeTareil CHATHIX JaHHBIX.

Obcyacoenue pe3ynibmamos

[Ipennoxena cxema yCTpOMCTBa JJIsl CHS-
THS OMOCUTHAJIOB C TMOCTEAYIOMIEH OIEHKOM
C MPUMEHEHHEM TaKTHK PAaH)XAPOBAHUS, UTO
SIBJIIETCS. OCHOBAaHUEM ISl Iepexojia Kak K
pa3paboTKe NHJIOTHOIO YCTpPOWCTBA, Tak U
OCO3HAHHOT'O BbIOOpa U 0OOCHOBAHUS TaKTHUK
pPaHXUPOBAHUS TIOTYUYCHHBIX JIAHHBIX.

BriOpanHas TakTHKa MOCITYXUT 0a30M 1St

pa3pabOTKH JIETANTBHOTO ajJropuTMa IpUMe-
HEHHS TIEPCOHAIM3UPOBAHHOTO MPEOIOICHHUS
Kk1OepOoJIe3HN Ha OCHOBE MOJYYEHHBIX OHO-
CUTHAJIOB B PEXKHMME peasbHOTO BpeMeHH. Pa3-
paboTKa MWIOTHOTO anmapaTHO-IIPOTPaMMHO-
ro komiuiekca u3 ycrpoiictsa PCSE, Taktuku
PAHKUPOBAHUS W  TEPCOHATUIUPOBAHHOTO
aNropuT™Ma  MPEONOJICHUsT  KuOepOoe3Hn
JIOJDKHBI OBITH TIOATBEPIKACHBI BEIYUCIUTEIh-
HBIMH DKCIIEPUMEHTAMH Ha DPENpe3eHTaTHB-
HOU TpymIie, YTO MO3BOJHUT C YBEPEHHOCTHIO
NPUMEHATHh TOJYYCHHBIH TOAXOA B TIPOEK-
TUPOBAaHWM HOBBIX TapHUTYP BUPTYAIbHOU
pearlbHOCTH, OCBOOOXIash TOIH30BATENs OT
HETaTHBHBIX MTOCJIEACTBUNA UIMMEPCHUBHOTO I10-
TPYKCHUSI.
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3axnrouenue

[Ipennaraemoie ycrporictBo PCSE u Tak-
TUKa paH)XKMUPOBAHMSI TIO3BOJISAT IPOBECTHU J10-
Ka3areJabHbIH aHajJu3 NMPUMEHUMOCTH Mpea-
JI0’KEHHOT0 MOX0/1a /U1l IEPCOHAIM3UPOBAH-
HOTO IPEOIoJIeHUsI KNOepOoIe3HU B peKUMe
peanbHOro BpEMEHH Ha OCHOBE peIpe3eHTa-
TUBHOW CTaTUCTUYECKOW BBIOOpKHU. BHempe-
HUE TaKOTO KOMIIOHEHTA B TIPHUJIOKCHHS BUP-
TyaJIbHOW peajbHOCTU JOJKHO CIIOCOOCTBO-
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BaTh YIIyUIICHHUIO ITOJIb30BATEIBCKOTO OTIBITA.
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AHHOTaAIUSA

B coBpeMeHHBIX YCIOBUSIX B POCCHMCKHMX PErHOHax Bce OoJiblliee BHUMAHUE YIENSETCS
WHHOBAI[MOHHOMY Pa3BUTHIO OTJENIBHBIX XO3SWCTBYIOUIMX CYOBEKTOB. [0l MHHOBAIIMOHHBIM
MOTEHIIMAJIOM PETMOHA MOHUMAIOT COBOKYITHOCTb SIBHBIX PECYPCOB U CKPBITHIX HEHCIIOIb3Ye-
MBIX BO3MO)KHOCTEH, a TaK K€ yCIOBHUS, BIMSIIOIUE HA ACATEIbHOCTh IKOHOMHUECKOTO CYOh-
eKTa ¥ (OPMHUPYIOIINE TOTOBHOCTh, HEOOXOIUMOCTh, BO3MOKHOCTb, CHIOCOOHOCTh CyObEKTa K
YCIIEIIHOM HHHOBAIMOHHOMU JI€ATENIbHOCTU. B cTaThe npeacTaBiIeH aHaIu3 TMHAMUKH HHHOBA-
LIUOHHOM eaTenbHOCTH npeanpustuii B Pecrryonuke Tarapcran. [Ipoanann3npoBaHa HHHOBA-
LIUOHHAs aKTUBHOCTh NPEANPHUATUN PEeCIyOINKH, pACCMOTPEHBI IIOKA3aTeNN MO OTTPYKEHHOMH
MHHOBAIIMOHHON MpoxyKIuu. JlaHa XxapakTepuCcTHKa OCHOBHBIX MOKa3aTenel o Tpanchepy u
KOMMEpLHUAIN3alUU THHOBAIIMOHHBIX T€XHOJOTHHi. O000IIEeHbl HTOTM MHHOBALIMOHHOM nesi-
TEJILHOCTU NPEANPHUIATUN Ha PETHOHAIBHOM YPOBHE.

KiroueBble cjioBa: MHHOBALMS, MHHOBAIIMOHHAS IESTEILHOCTh, YPOBEHb MHHOBAIIMOHHOMN
aKTUBHOCTH, 00bEM MHHOBALIMOHHBIX TOBAPOB U YCIYT, MPOU3BOACTBO MPOAYKIUH C UCIOIb-
30BaHMEM HAHOTEXHOJIOTHH, TpaHC(hep MHHOBAIIMOHHBIX TEXHOJIOTUI, KOMMepIUaIn3alus HH-
HOBALIMH, SKCTIOPT TEXHOJIOT W, UMIIOPT TEXHOJIOTUH, CTPYKTYpa UMIIOPTa TEXHOIOT UM, CTPYK-
Typa 9KCIOpTa TEXHOJIOTUH.

Abstract

In Russian regions under current conditions greater attention is paid to the innovative
development of individual economic entities. Under innovative potential of the region is
understood as a set of obvious resources and hidden unused opportunities, as well as conditions
that affect the activity of an economic entity and form the readiness, necessity, opportunity, and
ability of the entity to successful innovation. The article presents an analysis of the dynamics
of innovative activity of enterprises in the Republic of Tatarstan. The innovative activity of
enterprises of the Republic is analyzed, the indicators for shipped innovative products are
considered. The characteristic of the main indicators for the transfer and commercialization of
innovative technologies is given. The results of innovative activity of enterprises at the regional
level are summarized.

Keywords: innovation, innovation activity, level of innovation activity, level of innovative
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goods and services, production of products using nanotechnologies, transfer of innovative
technologies, commercialization of innovations, technology export, technology import,
structure of technology import, structure of technology export.

Beeoenue

Crparernueckasi 1eb Pa3BUTUS POCCHIA-
CKOM SKOHOMMKH COCTOMUT B TEPEX0/ie Ha UH-
HOBAIIMOHHYIO MOJIeNb pa3BuTusi. @opmupo-
BaHME HAllMOHAJIbHON MHHOBALIMOHHOU CHCTE-
MBI ¥ CO3/[aHE MHHOBAIIMOHHOM HH(paCTPyK-
Typhl, OO€CIeunBalolell TEXHOJIOTHYECKYIO
MOJICPHM3AIMI0 SKOHOMHKH, MOBBILICHUE €€
KOHKYPEHTOCITIOCOOHOCTH Ha OCHOBE Iepe-
JIOBBIX TEXHOJIOTHH, MpeBpallleHue Hay4uHOTO
MOTEHLIMaja B OJAMH U3 OCHOBHBIX PECYPCOB
YCTOMYMBOIO 3KOHOMUYECKOIO pPOCTa OIpe-
JICJIEHbl KaK IVIaBHbIE 3aJjadyd B MpOTrpamMm-
HBIX PEIIEHUSAX MPAaBUTEIbCTBA CTpaHbl [1].

AKTHBM3AIMsl WHHOBALIMOHHOW JI€ATENb-
HOCTH Ha PETMOHAJIILHOM YPOBHE SBIISIETCS
CTpPaTernyecKkom 3aJaded SKOHOMMYECKOIO
pasButus PecnyOomuku Tarapcran. Ympas-
J€HUE WHHOBALIMOHHBIMU NPOLECCAaMU Ha
pEeruoHaNbHOM YpPOBHE TpeOyeT 3HaHus 3a-
KOHOMEPHOCTEH, nmpoliieM 1 CrenupuKd uH-
HOBAIIMOHHOM JesitenbHOCTU. CTpaTterus pas-
BuTHs [IprBOIMKCKOTO (hemepaqbHOTO OKpyTa
Ha nepuon 10 2020 r. B KauecTBe OJHOTO U3
MEXaHU3MOB JOCTHXKEHHUSI CTpPAaTErn4eCcKux
Lenerd  mpeaycMarpuBaeT  HE0OXOIUMOCTD
YCWJIEHUSI POJIM WHHOBALlMM B COLMAJIbHO-
SKOHOMMYECKOM Pa3BUTUHU PETHOHA.

B 37011 cBSI3U npecTaBIsAETCS AKTyaIbHBIM
paccMOTpeHHe JUHAMHUKHA MHHOBALlMOHHOTO
pPa3BUTHS U UHHOBALIMOHHOW aKTUBHOCTH pe-
ruoHa Ha npumepe Pecriyonuku Tartapctan, ¢
LIEJIbI0 PACKPBITUS OCHOBHBIX BO3MOYKHOCTEM
U NPEeUMYIECTB UHHOBALIMOHHOIO Pa3BUTHS
peruoHa.

Memoouka uccnedosanus

st obecniedyeHns COTIacOBaHHOTO (YHK-
LMOHUPOBAHUSI CYObEKTOB HMHHOBAI[MOHHOM
JeSITeTbHOCTH, TOBBIIEHUS 3()(HEKTUBHOCTH
rOCyAapCTBEHHOTO  PETYJIMPOBaHUS HMHHO-
BAIIMOHHON CQepbl B PETHOHE U JOCTHKE-
HUSL €r0 OCHOBHBIX OPUEHTHPOB HEOOXOAUM
aHaJau3 IOKa3aTelie MHHOBAILMOHHOW Jies-
TEJIbHOCTU. AHaJIW3 WHHOBALMOHHOTO pa3-

Butus B Pecriyonuke Tatapctan ObL1 mIpoBe-
JIeH TI0 JJaHHBIM TeppuTOpHaIbHOrO opraHa
@enepaibHON  CIykObl  roCyaapCTBEHHOU
craructukn 1o PT 3a mocnennue necsArts
jaeT. MerogoM wHccieloBaHUsl CTalld CpaB-
HUTEJIbHbIE  TOKa3aTed  HMHHOBAILIMOHHOM
JIESTEIIbHOCTU TPEANPUATHI B pPECITyOIIHKeE.

Ocnoeénas uacmo

OneHka AMHAMMKA MHHOBAallMOHHOM Jes-
TEJBHOCTH MPEANPHUATHIA pecryOnuKu 3a ae-
CATH JIET MOKA3bIBAET, YTO KOJIMYECTBO MHHO-
BallMOHHO aKTUBHBIX NPEIIPUATUN B NIEPHOJ
¢ 2007 mo 2017 1. xapakTepusyeTrcs €xKeroj-
HBIM yBEJIMYEHUEM. YPOBEHb HWHHOBALIMOH-
HOW aKTUBHOCTH TPEANIPHUITUHN B pecIryOnKe
3a MOCJIeHUE JAECsTh JeT Belpoc ¢ 14,1% B
2006 T. 10 22,2% B 2017 1.

NHHOBaMOHHOW JIeATENBHOCThIO B Pe-
cnyonuke Tarapcran B 2017 T. 3aHUMAaNHChH
167 opranuzanuu, wim 22,2% Bcex oOcie-
JIOBAaHHBIX MPEIIPUATANA M OpraHU3ALMM.
VHHOBAIIMOHHBIE TIPOIIECCHI B pecIyOnnKe
XapaKTepHbl B OCHOBHOM I MPOMBIIILIEH-
HBIX MIPEINPUITHNA, UX A0S cocTaBiseT 76%
BCEX UHHOBALIMOHHO AKTUBHBIX OpraHU3alIHil.
B Hacrosimiee Bpemsi BaxkHasi pojb B MHTEH-
CU(pUKAMM WHHOBAIMOHHBIX  IPOIIECCOB
IPUHAUISKUT Manomy OusHecy. B 2017 r.
YHUCIJIO MaJIbIX MPEINPUITHH, 3aHUMAIOIINXCS
MHHOBALIMOHHOW JIEATEIBHOCTBIO COCTAaBUIIO
43 equantbl (B 2015 . — 33 equnautsl, B 2009 T
—28 equnun, B 2011 . —39, 8 20131. — 36) [3].

Bxnang wHHOBAaIMII M HOBBIX TEXHOJIOTHHU
B Pa3BUTHE DKOHOMHKH PECHYOJIHKH TOCTO-
SHHO YyBenuuuBaeTcs. VIHHOBalMOHHBIE TO-
Bapbl U HOBBIE TEXHOJOTMU O00ECIEUMBAIOT
HE TOJBKO POCT BaJOBOIO PETMOHAIBHOIO
IIPOYKTa, HO U €r0 KaueCTBEHHOE, Iporpec-
CHUBHOE H3MEHEHHE, POCT KOHKYPEHTOCIIO-
COOHOCTH DJKOHOMHKH pecnyOonmuku. Jloms
N00aBIEHHONH CTOMMOCTH HWHHOBAIIMOHHOMN
IPOAYKIIMH B BaJOBOM DPETMOHAIBHOM IpO-
nykre PecnyOonmukm Tarapcran cocTtaBuia
B 2017 . 20,6%. Ilo cpaBuenuto ¢ 2007 t.
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JIAHHBIN TTOKa3aTeab yBeau4wics Ha 5,1 ..,

B 2007-2017 rr.
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Puc. 1. /lunamuxa doaru unrosayuorrotl npodyxyuu 6 BIIP Pecnybauku Tamapcman

KoHeuHbIM pe3ynbTaroM WHHOBAI[MOHHON
JeSITEIbHOCTH SIBIISICTCSI BHEJPEHUE B IIPO-
U3BOJICTBO Oosiee 3(h(hEeKTUBHBIX BHIIOB TEX-
HOJIOTH, CBHIpbSi, MarepuajoB, CO3laHUE H
COBEPILIECHCTBOBAaHME JICHUCTBYIOIIMX BHJIOB
npoaykuuu. B 2017 . B pecnyOnuke mpen-
NPUATUSIMH U OpPraHU3alUsAMH ObUIO BBI-
MOJTHEHO MHHOBAIIMOHHBIX TOBAapOB, PabOT U
ycnyr Ha cymmy 4355577 man py0. 3a mo-
CIIE[IHAE TATH JIET POCT 3TOTO TOKa3aTesst

25

cocraBui 1,5 pasza. Jlons WHHOBaIMOHHBIX
TOBApOB, padoT, ycIyr B 00meM o0beme OT-
Ipy’KCHHOU IPOAYKIUY Npeanpustuil Pecmy-
omuku Tarapcran cocrasmusier 19,6%. Makcu-
MaJIbHBIN MTOKa3aTeb M0 J0JIU OTIPYKEHHBIX
MHHOBAI[MOHHBIX TOBAapOB, paboT U yCIyT B
o0meM oObeMe OTTPYKEHHOH NPOAYKLUHU B
pecnyonuke Habmonancs B 2013 1., cocTaBui
21,1%, puc. 2.

JHEAMHEA I0TH 0TTPVAeHE0E HHEOBALIHOHHOT MpoIy KNI
B ofmen ofbeMe OTTPVAEHEM MpOTyKIHE
B 2007-2017 rr.

(B mpoueHTAT)

Z0

1 s 204

19,6

106

15

10

2007 2008 200 2010 2011

2012

2013 2014 2015 2016 2017

Puc. 2. Jlunamura 0oau omepyxrceHHol UHHOBAYUOHHOL NPOOYKYUL 8 00wem obveme
omepyiHce ol NpoOYKYULL
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[IpeanpusTUsIMU TPOMBIIIUIECHHOCTH OT-
IPy’K€HO HMHHOBAIlMOHHBIX TOBapoB, pPadoOT
u yciyr Ha cymmy 435557,7 mun pyO, win
68,9% B o0meM o0beMe OTTPYKEHHOU TPOo-
IyKIIMA OOCJIeNOBaHHbIX opraHuzamuii. Op-
rauuzamusamu cheprel ycayr B 2017 . or-
IPy’K€HO MHHOBAIMOHHBIX YCIYI Ha CyMMY
9033,3 mmH pyo., unu 1,2% B o01iem oobeme

Meacdynapodneul gopym "KDW-2020" 4

OTIPY’KEHHOW TIPOMYKIUU OOCIICOBAHHBIX
OpraHu3aIuu.

O0beM OTTpyKEHHON NpPOAYKLIHUU Ha-
HOWHJyCTPUU B 4YacTH TOBapOB W YCIyT
B 2017 1. coctaBun 285451,7 muH pyo., unu
29,3% B oO1meM o0beMe OTTPYKEHHOU TIPO-
YK WHHOBAIMOHHBIX TPEINpHUIATAN (B
20151.39009,9 M= py6., unu 10,5%), Tabm. 1.

Tabmuma 1

O0bem OTIpyKeHHbIX HHHOBALIMOHHBIX TOBAPOB, padoT M yCJIyr

B % ot o6beMa nHHOBa-
M py6nei LMOHHBIX TOBApOB, pabOT
U yCIIyT
2015 2017 2015 2017
MHHOBaIIMOHHBIE TOBAPHI, paObOTHI U
YCIIYT, 110 BCeM BHAaM 3koHomuueckou | 373171,3 | 435557,7 100 100
JESITEIIbHOCTH
B ToM uucne
VHHOBAIIMOHHBIC TOBAPHI, PAOOTHI U
yCIIyTu opraHuzanuii npomsinuieHHoro | 3323334 | 3365244 89 68,9
MIPOM3BOJICTBA
HMHHOBaIMOHHBIC TOBAPEL, paboTHI U 5725.1 90333 15 12
YCIYTH OpraHu3anuii ceprl ycayr
ST;FIEZ’“’HO HPOAYKIUH HAHOMHAY= 39009,9 | 2854517 | 10,5 29,3

JIunepamu no o0beMy OTIpy’KEHHOU HHHO-
BallMOHHOM MPOIYKLUHU CPEIU MYHULIUIATb-
HBIX oOpa3oBanmii Pecryonmku Tatapcran B
2017 r. cTanu NpOMBILUIEHHO-Pa3BUTHIE paii-
oHbl. Jlonms ropoma ANBMETBEBCK B 00IIEM
00beMe OTIpYKEHHOW MHHOBALIMOHHOM Mpo-
IyKnuu B 1enoM no Pecmybnuke Tarapcran
coctraBmia 35,3%, ropona Kazans — 15,6%,
ropoaa 3eneHonoasck — 15,5%, ropoga Hux-
HekaMmcK — 14,5%, ropona Habepexusie Uen-
HbI — 9,9% [10].

[Ipn sToM HauOoNBIIMI YIEIbHBIA Bec
WHHOBAIIMOHHON TPOJAYKIHUU B 00IEM 00b-
eMe OTTPYXEHHOH MPOAYKIMH OTMEYEH
B MeH1eneeBckoM MyHHUIMIIAJIBHOM  paii-
oHe (69,4%), 3eneHOMOIBCKOM MYHHUIIH-
nanbHoM paiione (15,5%) u Hwmxuexam-

CKOM MyHHUIMNaIbHOM paiioHe (15,4%).
3Hauenne mokazareisi «00beM MHHOBAIIU-
OHHBIX TOBAPOB, padOT U yCIIyT» CyIIECTBEH-
HO pa3inuyaeTcsl M0 BHJAAM SKOHOMHUYECKOMH
JIeSITeIbHOCTH, UTO OOBEKTUBHO 3aBHCHT OT
cnenuUKA BHYTPUOTPACIEBON CTPYKTYPHI,
B YAaCTHOCTH, Pa3u4us B YPOBHE WHHOBAIIH-
OHHOIl AaKTHBHOCTH BHJOB 3>KOHOMHYECKOM
JIeATeTLHOCTY MPEANPUATHH, HAIMYNE BBICO-
KOM JJOJIA CHIPHEBOM COCTABIAIONIEN U T.I.
Hawnbonpimii 00beM HHHOBAILIMOHHBIX TO-
BapoB, padot u yciyr B 2017 . oTMeueH 1o
CJIEIYIOIIMM BHJIaM JIE€ATEILHOCTH: M00bIYa
MOJIE3HBIX UCKOTIaeMbIX — 245556,8 MutH pyo0.
(56,4% ot ob11ero o0bema OTrpy>KEHHBIX UH-
HOBAIMOHHBIX TOBApOB), MPOU3BOACTBO He-
¢drenpoaykToB u kokca — 40740,1 maH pyo.
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(9,4% ot obiero o0bemMa OTTPYKEHHbBIX MH-
HOBAIIMOHHBIX TOBAPOB), XHMHUYECKOE TTPOH3-
BoACTBO — 39871 muH py6. (9,2% ot obmero
00beMa OTIPY’KEHHBIX HHHOBAITMOHHBIX TOBA-
POB), TIPOM3BOJICTBO PE3NHOBBIX U TIACTMAC-
COBBIX m3nenuit — 26950,5 muH pyo. (6,2% ot
o01mero oobeMa OTrpyKEeHHBIX WHHOBAIIMOH-

Meocdynapooneul gopyn "KDW-2020"

HBIX TOBapOB), MTPOU3BOJICTBO TPAHCIIOPTHBIX
cpenctB u odopymoBanus — 22232,5 muH pyoO.
(5,1% ot oOuiero oobeMa OTTPYKEHHBIX HH-
HOBaIlMOHHBIX TOBApOB), HAYYHBIC HCCIIENO-
BaHUs U pa3zpaboTku — 7152,7 miH py6. (1,6%
0T 00111er0 00beMa OTIPYKEHHbIX UHHOBALIU-
OHHBIX TOBApOB), puc. 3.

OTrpy-aeHo HHHOB ALIIOHHBIT TOBAPOE, paloT H YOI3T Mo
Pecnyiimire TaTapcTaH, M0 BILTAM IK0HOMITUEC KO
FegTeabHocTH B 2017 ©, san pyi.

22232571527
260505

- WP

B Dodi s MOA S B K FHORDNAERMEE

245556,8

B MpOHSSCCTES HORDE 1 RS pogy o

[ EMmpeCa0s TDOEIBOAITED

B MpOHSS0ALTEC PEHEOSE 1 FINSITRACCDE R0 PELTR I

I MpoH o, CTe0 TR CTOpTHEN CREACTS 1 sdopynoesrme
W HaEyr e HOTEQOSEMHA W PRIpACOTRH

Puc. 3. Omepyaceno uHHOBAUUOHHbLX MOBAPO8, pabom u ycaye no Pecnybauke
Tamapcman, no sudam skoHomuveckoll deamesvrnocmu 8 2017 e.

B 2017 r. no cpaBaenuto ¢ 2016 . BeIpocna
JI0JIsI MHHOBAITMOHHOW TPOIYKIIMHA B OOIIEM
o0beMe OTIPYKEHHBIX TOBAPOB B IIEJIOM TIO
PecryOnuke TarapcTad B CIEIYIOIIMX BUIAX
HKOHOMHUYECKOW JEeSATETBLHOCTH: J00bIYa TMO-
J€3HBIX MCKOMAEMBIX — Ha 5 TL.IL., TIPOU3BO/-
CTBO HE(TEMPOMYKTOB M KOKca — Ha | ..,
Hay4YHBIC WCCIICMIOBAHMUSA W pa3pabOTKu — Ha
1 n.o. [7] Ilo npyrum BuaM 3KOHOMHYECKOMN
JeSITeIbHOCTH HaOJII0/1a7I0Ch CHUKEHUE J0JIN
WHHOBAIIMOHHON TPOMYKIMH B 00IEM 00b-
€Me OTIPY)KCHHBIX TOBapOB: XHMHUYECKOE
MIPOU3BOJICTBO — HA 2 TI.II., TPOU3BOJCTBO pe-
3MHOBBIX M TUIACTMACCOBBIX M3JEIUN — HA 2
I1.11., TIPOU3BOJICTBO TPAHCTIOPTHBIX CPEJCTB U
o0opynoBaHus — Ha 7 ILIL., puc. 4.

[Tpon3BOACTBO MPOIYKIMU C UCIIOJIB30Ba-

HUEM HaHOTEXHOJIOTHH OBLIO XapaKTepHO IS
NPEANPUSTHN 10 AOOBIYE TTOJIE3HBIX HCKOIIA-
eMbIx — 97455,4 muH py6. (94% ot obmiero
o0beMa OTrpyKEHHOW MPOIYKIMH, CBSI3aHHOM
C HAHOTEXHOJIOTHSIMU ), IPOU3BOZICTBO PE3UHO-
BBIX M IIJJACTMACCOBBIX M3ACIUi — 2984,2 MiIH.
py0. (2,9% ot obmiero o0beMa OTTPYyKEHHON
IPOIYKIIMH, CBI3aHHOM C HAHOTEXHOJIOTUSIMH )
U TIPOM3BOACTBO HE(PTENPOIYKTOB M KOKCa
— 2613,4 muH py0. (2,5% ot obmiero oobema
OTTPYKEHHOM MPOAYKIMH, CBI3aHHOW C HAHO-
TEXHOJOTUAMHM) [3].

B 2017 r. npennpusartusamu Pecriyonuxu Ta-
TapcTaH OTTPYKEHO MHHOBAIIMOHHBIX TOBAPOB,
pabot u ycayr Ha cymmy 426524,4 mMaH pyo.
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ancp'r'mmun
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EHAMSECHDE NpasIBoIoTRo

MpOM=Z=0A TS0 HOKA | BSpTENpOSysToE

D00 bi4A TSI biX MCHONBEMEK

7152, 7
5733,2

222325

DéBen HHHOBAUNOHHEIT TOBAPOE, padoT H YoIyT Mo
Pecnvianxe TaTapeTad, Mo BIIAM IROHOMIYECROI
TeATeIbHOCTH (MIH pyid.)

24555§,8
1DEETR A

1] 50000 100000 150D 2 0NN 2 Sa0Di00 500000

2017 M2016

Puc. 4. Ob6ven unrosayuoHHrslx mosapos, pabom u ycaye no Pecnybauke Tamapcman,
1o sudam akoHomuueckotl desamerovHocmu 6 2016-2017 ee.

O pe3ynbTaTUBHOCTH MHHOBAIIMOHHOW Jie-

past cocTaBuiIa B 00beMe OTTPYKEHHOH Ipo-

SITEJIBHOCTH MOYKHO CYIHUTh IO J0JI€ MPOAYK-
LMY, BHOBb BHEAPEHHOM WJIM MOJBEPraBIUIEH-
¢Sl 3HAYUTEIILHBIM TEXHOJIOTHUYECKUM M3MEHE-
HHUSIM B TEUECHUH MOCJIEIHUX TPEX JIET, KOTO-

nykuuu 31,1%, npoaykius, moaBeprapiascs
YCOBEPILIEHCTBOBAHUIO B TEUYEHUU TOCIIETHUX
Tpex et — 68,9%, Tabm. 2.

Tabmumua 2

YpoBeHb HHHOBAIIMOHHOM OTIPY3KH OPraHU3aNUIl NMPOMBIIIJIEHHOT0 TPOU3BOACTBA

M pyOneit

Jloiist B 00111€M 00bEME MH-
HOBALMOHHOM MpoayKuuu, %

2016

2017 2016 2017

OTrpy>X€HO HHHOBAIIMOHHBIX TO-
BapoB, paboT, yciryr

381783,1

426524,4 100% 100%

B toMm yucie

BHOBb BHEJIPEHHBIE WIH I1O/I-
BEpraBLINECs 3HAYUTEIIbHBIM
TEXHOJIOTHYECKUM U3MEHEHUAM

B TEYECHUE MOCIIEIHUX TPEX JIET
MHHOBAI[MOHHBIE TOBAPHI, PaOOTHI,
YCIIyTH

139175,5

132458,3 36,5 31,1

MOJIBEPIaBIINECS YCOBEPIICHCTBO-
BaHUIO B TEUCHHUE MOCIEIHUX TPEX
JICT MHHOBAI[HOHHBIC TOBAPBI,
paboThI

242607,6

294066,1 63,5 68,9
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OreHKa pe3yIbTaTUBHOCTH OCYIIICCTBIICH-
HBIX MHHOBAIlU{ CITy’)KAT KOCBEHHBIM HH/IH-
KaToOpoM KauecTBa MHHOBAIIMOHHOTO MEHE/-
KMEHTa Ha PETHOHAIBHOM ypoBHE. Dddek-
TUBHOCTH BBITIOJTHAEMBIX TEXHOJOTHYICCKUX
WHHOBAIIUA XapaKTepHU3yeTCsl MOKa3aTeIsIMU
0 BO3/ICHCTBUU PE3yJIbTaTOB MHHOBAIIMOHHOMN
NEeSATETLHOCTH Ha PA3BUTHE MPOMBIIIICHHO-
TO MPOU3BOJCTBA, CO3aHME HOBBIX PHIHKOB
cOBITa MPONYKIIMH M YCIIYT, HA KA4€CTBO TMPO-
MBIIIJICHHOTO TToTeHnuana [10].

PeanbHON BO3MOXHOCTBHIO TOBBIIIEHHUS
KOHKYPEHTOCIIOCOOHOCTH  OTE€YECTBEHHOMU
MPOAYKIIUU SIBJISICTCS BHEIPEHHUE pE3yibTa-
TOB HAyYHO-HCCIIEIOBATEIICKUX Pa3padOTOK
myTeM TpaHcdepTa TEXHOIOTUH. 3aorom
ycrexa 3/1eCh CIY)KUT HaJudue CTPaTerhu

pa3BUTHA, TMPEAIoJaraomed MOCTOSHHOE
BHEJpPEHUE HMHHOBAaLMHA B MPOU3BOJICTBO U
BBIBEJICHNE HAa PHIHOK WHHOBAIIMOHHOM IPO-
nykuud. B aTo# cBsizu 0cob0e 3HaYCHUE UMe-
10T TpaHcep U KoMMepLHaIn3anus HHHOBA-
A ¥ WHHOBAITMOHHBIX TeXHojormii. Tak, B
2017 r. KOIMYECTBO MPUOOPETEHHBIX HO-
BBIX TE€XHOJOTHUU cocTaBWio 956 emunwmil (B
2016 . — 260 enunun), uz HUX 37, umu 4%
3a npenenamu P®. B crtpykType Hanboib-
LM yAEIbHBIM BEC MPUXOINUTCS HA MOKYIIKY
TexHosorui — 46%, npuodpeTeHue npas Ha
MaTEeHThI, JIULIEH3UN Ha HCIOJb30BaHUE H30-
OpeTeHHi, MPOMBIIIUICHHBIX 00pa3IoB, IIO-
JIE3HBIX Mojienelt — 2,6% 1eneHanpaBiIeHHBINA
pUeM Ha paboTy KBATHU(PHUIIMPOBAHHBIX CIIe-
uamucToB — 2,6%, puc. 5.

CTpyETYpa NpHoGpeTeHHBIT H MePeIAHHLIT OPTAHN3AMHAMH
HOBBIZ TexHooornl g 2016-2017 rr.

LEASHINPAEASHHDIH NpHer (nepexog) wa
paboTy KBanwdMUMPOBAHHBY CNEUMAANCTOE

MIEYNED TEXHOACTHA

HOY-X3Y, COTARWEHMA Ha NEPeaayy
TEXHOAOrHM

PE3YALTATY MOCASQOBaHHA W paspaboTox

NPE3 HA NATEHTH, AMLEHIHH Ha
HCMIOAB30EEHHE HIOODETHMH, .

525,

0,0%

10,0% 20,0% 30,0% 40,0% 50,0% 60,0%

2017 2016

Puc. 5. Cmpyxmypa npuobpemerHolx OpearU3AUUAMU HOBbLX MEXHOA02UL
82016-2017 ee.

B 2017 r. coxpaHuiach €XerojaHas TEH-
JIEHITUS TPEBBIIICHUS YHClia TPUOOPETEHHBIX
HOBBIX HMH(OPMAIIMOHHBIX TEXHOJIOTUN Haj
nepeJaHHbIMU, KOJIMYECTBO KOTOPBIX CO-
craBuio 184 emunuipl. B cTpykType nepe-
JTAHHBIX HOBBIX TEXHOJOTWH mpeobranaiu:

pe3ybpTaThl MCCIEAOBAHUN M pa3padOTOK —
43,5%, mpaBa Ha MATEHTHI, JINIICH3UU Ha HC-
I0JIb30BaHUE U300PETCHHIA, POMBIIIIICHHBIX
00pasioB, mone3nbx Mmozaeneu — 16,8%, mpo-
Jaka HOBBIX TexHosorui — 14,7%, puc. 6.
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43,5%

B NPaEa Ha NETEHTS, AMLEHIMHM H3 HCNOABZ083 HWE H20GPETEHMN, NPOMBILLTEHHDE
ofpazuos, NoAeIHLE MOgenEH

B peayALTATH WCCABLOEIHME W pazpabioTos

HOY-X3Y, COTNZWSHKA Ha NEPEAaHY TEXHOAOTMH

B NPOgEHa HOSBIX TEXHENOTHA

Puc. 6. Cmpyxmypa nepedartolx opearuzayuamu Hosolx mexroroeuti 8 2017 e.

OnHMM M3 MIaBHBIX (AKTOPOB Pa3BUTHUS
MHHOBAIIMOHHOW J1eATEIbHOCTHU SABISETCS KO-
orepaiys ¢ napTHEPaMy B paMKax LN Mo-
CTaBOK MHHOBAIIMOHHOM MPOIYKLUHU B LENIIX
JNOCTHXKEHUS TOJIOKUTEIIBHOTO CHUHEPTeTH-
4ecKoro 3(p¢eKra U MOBBIIIEHUS KOHKYpEH-
TOCHIOCOOHOCTH ~ MHHOBAIIMOHHO-aKTHBHBIX
NPEANPUATHI B 1EI0M. YUCI0 COBMECTHBIX
IIPOEKTOB MO BBIMOJHEHUIO HUCCIIEIOBAHUN U
paspaborok B 2017 1. coctaBmio 1660, yBe-
JUYUIIOCh Mo cpaBHeHHIO ¢ 2016 . Ha 15%.
B ux ctpykrype HauboibIIyI0 J0II0 3aHUMa-
I0T: KOOMNEpalus ¢ NOCTaBIIUKaMH 000pyI0-
BaHUs, MaTe€pHalioB, KOMIUIEKTYIOIIHUX, MPO-
TPaMMHBIX CpeACTB — 58,9%, morpedurensimu
TOBapoB, padot u yciuyr — 19,1%, npeanpu-

ATUSMU B cocTaBe rpynmnsl — 13,2% [3].
[Tpennpusitusimu Pecny6onuku Tartapcran
B 2017 r. 6b110 3aKiroueHo 48 corvamieHui ¢
3apyOeKHBIMHU MTAPTHEPAMU TI0 IKCTIOPTY TEX-
HOJIOTUH M YCIIyI T€XHUYECKOTO XapakTepa,
gto Ha 23% OGombire, yem B 2016 1. [9]. Cro-
UMOCTh NpEeaMeTa COMNIALIeHHs] COCTaBHWIIa
14023,1 teic. momn. CIIA (2016 . — 17514,3
thiC. Aosut. CIIIA). B neHexxHOM BhIpaKEHUHN
HauOOJNBIIMN YyACNBbHBIA BEC B CTPYKType
AKCIIOPTAa TEXHOJOTUH M YCIYT TEXHUYECKO-
rO XapakTepa Mo KaTeropusiM KOMMEPYECKHUX
COTJIAIICHUN OTMEUEH CpeAy MATeHTHBIX JIW-
neH3uii Ha uzooperenue (75,1%) — 10536,0
ThIC. 1osu1. CIIIA ¥ MH)KMHUPUHTOBBIC YCIYTH
(21,3%) — 2993,3 thIC. momn. CILA, Tabm. 3.

Ta0muna 3

Kommepueckue cae1Kku Mo IKCIOPTY TEXHOJIOTHI M YCJIYT TEXHHYECKOT0 XapaKkTepa

DKCIOPT TEXHOJIOTHI
U YCIYT TEXHHUYECKOTO

Nmnopt TexHonoruii
U YCIYT TEXHUYECKOTO

XapakTepa XapakTepa
2016 2017 2016 2017
Yucno cornmameHui 39 48 245 255
CroumMocCTh nipeaMeTra
COTJIAIICHUS THIC. 175143 14023,1 807904,1 1153918,7
noiutapoB CHIA
96
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Jlns uMIiopra TEXHOJOTHH XapakTepHa
MPOTHUBOIIONOXKHAs TeHAeHIH. [IpeanpusTu-
smu Pecybnuku Tarapcran B 2017 1. Ob110
3aKJII0YEHO 255 comnmamieHuit ¢ 3apyOeKHbI-
MU MapTHEpaMU MO UMIIOPTY TEXHOJIOTUH U
yCIIyT TEXHUYECKOTrO Xapakrepa, 4to Ha 4%
6ompmie, yem B 2016 . CTouMocCTh mpeame-
Ta comnamieHus cocrasmina 1153918,7 Teic.
nomn. CIHIA (2016 . — 807904,1 Tbic. mom.
CIIA) [8]. B nenexHOM BBIpa)KEHUU HaU-
OONBIINK yHAENbHBI BEC B CTPYKType HM-
MOpTa TEXHOJOTHH U YCIYr TEXHUYECKOTO
XapakTepa MO KaTeropusM KOMMEPYECKHUX
COMIAIICHUH OTMEYEH CPEIr WHKUHUPHUHTO-
BeIX ycuyr (52,5%) — 604777,9 Teic. moin.
CHIA, ToBapHbIx 3HakoB — 21,7% — 250892,7
teic. goiur. CIIA, mareHTHBIX JUIICH3UN Ha
nzooperenue (13,5%) — 155476,1 thic. momnm.
CHIA.

Boi60o0bi

[TonBenem WUTOTHM pa3BUTHUS WHHOBAIIMOH-
HOM JesTenbHOCTH Tpennpustuil Pecry0mu-
ku Tarapcran:

— VIHHOBAaLIMOHHOM ACATEIBLHOCTHIO B Pe-
cnyonuke Tarapcran B 2017 r. 3aHMManuch
167 opranumzaruii, wim 22,2% Bcex oOcie-
JIOBAaHHBIX TMPEANPHUATHN W OpraHu3anuii (B
2010 . - 14,9%, B 2014 1. — 20,5);

— Jlonst moGaBiIeHHON CTOMMOCTH MHHOBA-
[IMOHHOW MPOIYKIIMH B BaJJOBOM PErHMOHANb-
HOM mpoaykre PecnyOnuku Tarapctan co-
craBuia B 2017 r. 20,6%;

— B pecnybmuke npeanpusTHsIMH U Opra-
"Husanusamu B 2017 1. ObUIO BBIIOIHEHO HHHO-
BAI[MOHHBIX TOBApOB, pabOT U yCIyT Ha CyM-
My 435557,7 mnn pyo.;

— Jlonss MHHOBAIIMOHHBIX TOBAapOB, PabOT,
yCIIyT B 0011eM 00beMe OTTPY>KEHHOU Mpo-
nykiuu npeanpustuii Pecnyonuku Tarap-
ctaH coctaBiseT 19,6%;

— HauOompmmii 00beM WHHOBALIMOHHBIX
TOBapoB, paboT u ycayr B 2017 . oTMedeH 1o
JI00BIYEe IOJIE3HBIX MCKOIMaeMbIX — 245556,8
MJH py0. (56,4% ot obmiero oobema oTrpy-
YKEHHBIX HHHOBAIIMOHHBIX TOBAPOB);

— Jlugepom 1mo o0beMy OTTPYKEHHON HH-

Meocdynapooneul gopyn "KDW-2020"

HOBAallMOHHOM MPOAYKLUHMH CpPEeaud MYHHIU-
nanabHbIX OOpazoBanuii PecnyOnuku Tarap-
crad B 2017 1. cran ropoa AJbMETHEBCK, B
olmeM 0o0bemMe OTTPYKEHHOH WHHOBAIIMOH-
HOM mpoxyKiuu B 1iesioMm no Pecny6nuke Ta-
TapcTaH ero Bkjiaj coctaBui 35,3%;

— IIpou3BoACTBO MPOAYKIUU C UCIIONB30-
BaHMEM HAHOTEXHOJOTHM XapaKTepHO Jis
NPEANPUATHHA O A00BIYE MOJIE3HBIX HCKOTIa-
eMbIX — 97455,4 muH py6. (94% ot obiero
0o0beMa OTrpy>KEHHOU MPOIYKIIUH, CBI3aHHOM
C HAHOTEXHOJIOTHSIMHU );

—Yuci0 COBMECTHBIX MPOEKTOB MO BBITOJI-
HEHUIO HCCIIeIOBaHUH 1 pa3paboToOK B peciy-
omuke B 2017 1. cocraBuno 1660, yBennyu-
nock 1o cpaBHeHuto ¢ 2016 . Ha 15%;

— pennpustusimu Pecniy6nuku Tatapcran
B 2017 r. ObUIO 3aKir0ueHO 48 CorTameHui ¢
3apyOeKHBIMH IMAPTHEPAMU 110 IKCIIOPTY TeX-
HOJIOTMIM M yCIyI TEXHMYECKOIO XapakTepa,
yTo Ha 23% Oomabmie, yem B 2016 r.;

— pennpustusimu Pecniyonuku Tatapcran
B 2017 1. OBbLIO 3aKIIOYCHO 255 COMIAIICHHH C
3apyOeKHBIMH TTApPTHEPAMHU 110 UMIIOPTY TeX-
HOJIOTMM M yCIIyI TEXHHYECKOIO XapakTepa,
yTo Ha 4% Oonbie, yeM B 2016 T.

3axnouenue

[IpoBeneHHbI aHAIU3 WHHOBAIIMOHHOM
JIEeSTENbHOCTH  mpennpustuii PecmyOnuku
TarapcTran CBUJIETEIBCTBYET O TOM, YTO TEM-
bl MHHOBAIIMOHHON aKTHUBHOCTH MpPEANpHusi-
TUM HEIOCTATOYHBI. [ TTaBHBIM HampaBiIECHUEM
COBEPILICHCTBOBAHUSI PETHOHAIBHOM HSKOHO-
MUKH SBIJISIETCS IEPEX0/] HA MHHOBALIMOHHYIO
MOJZICJIb Pa3BUTHUS, CO3JaHHE COBPEMEHHOTO
MexaHu3Ma 3(QQPEKTUBHOTO YMPaBICHUS WH-
HOBAIIMOHHBIMH MTPOIECCAMU.

dopmupoBaHue HOBOH d(PPEKTUBHON KO-
HOMHUKH, OCHOBAaHHON Ha 3HAHUSX, PA3BUTHE
WHHOBAIIMOHHOM JI€STEIbHOCTH, BBICOKOTCX-
HOJIOTUYHBIX CEKTOPOB HKOHOMHMKH, MaJjo-
ro MpeaNnpUHUMATEIBCTBA KaK OCHOBHOTO
MPOBOJIHMKA MAaCCOBBIX MHHOBAIUUA TOJKHBI
CTaTh MPUOPUTETHHIM HaINpaBJICHUE WHHOBA-
IMOHHOM nonuTuku Pecmybnuku TarapcraH.
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AHHOTaNUA

[IpencraBien o6muk MUGPOBU3UPOBAHHOTO ABTOMOOMIBHOTO TPAHCIIOPTA, CHOPMYITUPOBA-
HBI MYTH JOCTKEeHHSI HanOoubIero 3ddexra ot nudpoBu3aimy, ykazansl (akTopbl, Onpee-
JSIFOIME CTeTeHb JocturaeMoro s¢dexra. OnpeneneHsl OCHOBHBIE HarpaBleHHUs MU(POBU-
3alli¥, BBIJICJIEHO KPUTUYECKOE HAMpaABICHUE U MPEIOKEHO MPOPBIBHOE PELICHUE [T HETO.
[Ipennoxen KOMILIEKC Mep, 00ECTICYUBAIOIINX BBICOKYIO 3(DPEKTUBHOCTh OpraHu3amnuu padboT
1o HU(pPOBU3AINH ABTOMOOMIFHOTO TPAHCIIOPTA.

KiroueBble ciaoBa: 1mudpoBu3anys aBTOMOOMIBHOTO TPAHCIIOPTA, OOIUK IH(PPOBU3UPO-
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BaHHOTO aBTOMOOWJIBHOTO TpaHcmopTa, 3PdekT oT 1mudpoBU3ai aBTOMOOUILHOTO TPaHC-

MOpTa, OCHOBHBIEC HAIIPABIEHUS LU(PPOBU3ALINH.

Abstract

This paper presents the image of digitalized road transport, formulates the ways to achieve
the greatest effect from digitalization and indicates the factors that determine the degree of
the achieved effect. The main directions of digitalization are defined, a critical direction is
highlighted and a breakthrough solution for it is proposed. A set of measures that ensures high
efficiency of the organization of works on digitalization of road transport is proposed.

Keywords: digitalization of the road transport, the image of digitalized road transport, the
effect of digitalization of road transport, main directions of digitalization.

dopmupoBaHue UPPOBOKH IKOHOMHKH
Poccuiickoit @enepauuu  ABISETCA  OAHUM
u3 HauboJsiee aKTyalbHBIX HAIPaBICHUN CO-
UAJIEHO-9KOHOMHUYECKOTO PA3BUTHUSl CTPAHbI
[1]. OcHOBHBIE MOJIOKEHUS peaih3aluu 3TO-
rO HaNpaBJICHUS ONPEACICHbI MPOrpamMMOi
«Hudposas sxoHomuka Poccuiickoii ®ene-
paumum» [2]. B nokymente [3], pa3paboran-
HOM BO HCIIOJTHEHHE YKa3aHHOHW MPOrpaMMBbl,
JlaeTcsl CIEAyIollee ONpe/ieiICHUe MOHATHS
IU(pPOBU3ALIIN:

Hudposuzamus (LludpoBoe paszpurue) —
MPOIIECC OPraHU3alUy BBIMOIHEHHUS B LU(D-
poBoii cpene GyHKIUHN U AeITenTbHOCTH (OU3-
HEC-TIPOLIECCOB), paHEee  BBINOIHABIIUXCS
JIObMH M OpraHu3alsiMu 0e3 HCIOIb30Ba-
HUs 1UGpoBeIX MpoaykToB. LudpoBuzanus
MperoiaraeT BHEAPEHUE B KKl OT/IENb-
HBIA aCMeKT AEATEIbHOCTH WH(POPMALMOH-
HBIX TEXHOJIOTUH.

Hudpouzanust aBTOMOOMIBHOTO TpaHC-
MopTa €CTh MaKCHMMAaJbHO LIMPOKas aBTOMa-
TU3AIMsl U UCIOJIb30BaHHE IU(PPOBBIX TEX-
HOJIOTH B MH(OPMALIMOHHBIX U yIIpaBJIeHYEe-
CKHUX IpoIleccax Ha TPAHCIOPTE.

Munuctp tpancnopra PO E.M. Jlurpux
oTrMmeuaeT: «TpaHCIOPT HYKIAeTCs B CaMBIX
COBPEMEHHBIX LU(POBBIX TEXHOJIOTHUIX, YTO-
Obl OCTaBaTbCsd KOHKYPEHTOCIIOCOOHBIM Ha
MHPOBOM PBIHKE, 00€CIIeUNBaTh MOTPEOHOCTH
B TIEPEBO3KaX BO3PACTAIOLINX OOBEMOB Mac-
CaXHUPOB U TPy30B, 00ECHEYMBATH JOCTYII-
HOCTb M KaYE€CTBO OKa3bIBAEMBIX yCiIyr» [4].

Hcxonst U3 mocTaBieHHBIX TAKUM 00pa3oM
3a7a4, He0OX0IMMO NPEACTaBUTh OOIHUK HU(D-
POBHU3MPOBAHHOTO aBTOMOOMJIBHOTO TpaHC-
1opTa U JUHAMUKY €0 U3MEHEHHs, a TaKKe

OTpENICNIUTh PALMOHAJIbHBIC HANPaBICHUS
dbopMupOBaHUs TAKOTO 00JIMKa, 00pa3yIoUe
CTPATEeTHIO Ppa3BUTHUS  ABTOTPAHCIOPTHOTO
KOMILIEKCA.

O6nmuk  1M(POBU3UPOBAHHOTO  ABTOMO-
OMJIBHOTO TpaHCopTa B 0003pUMOl mep-
CIEKTHUBE MPEJCTABISACTCS CIEAYIOUIMM 00-
pasom.

1. Hcnome3yrorcs TpaHCHOPTHBIE Cpel-
ctBa (manee — TC) ¢ paznuyHbBIM ypOBHEM
aBTOMAaTH3allMK BOXKJICHHUS — OT HEABTOMATH-
3MPOBAHHBIX JI0 MOJIHOCTHIO ABTOMATHYECKHUX
npu Bo3pactanuu A0au TC ¢ BBICOKMM ypOB-
HEM AaBTOMAaTH3aLMU BOXJIEHHUS M YpOBHEH
ABTOMAaTH3aIMH BOXKICHUSI.

2. Co3pnana nopoxHas HHPPaCTPyKTypa,
oOecrieynBaroNas ABMKCHUE U (PYHKIIMOHU-
poBanne TC ¢ BBICOKUM ypOBHEM aBTOMa-
TU3AIUHM BOXKACHUS, B TOM 4YuCIie IH(pOBbIE
MOJIETTH JIOPOT.

3. Bce nnmu noutu Bce TC ocHalieHbl
A0OHEHTCKUMHU TeJIeMaTHYECKUMHU TEepPMUHA-
Jamu, 00eCIeYnBAOIIUMU HHPOPMAIIMOHHOE
B3aumoznencteue mexay TC, a takxke TC ¢
UH(POPMAITMOHHBIMU CHUCTEMaMHU aBTOTpaH-
crioptaoit tenematuku (MCAT) u mo3Bossi-
IOIIMMHA OOMEHUBATHCS JAHHBIMH O MECTO-
NOJIOKEHUH, JIBUKEHUHU, COCTOSHUM, ITyHKTE
Ha3HA4YCHUs TPAHCIIOPTHOTO CPENCTBA, CO-
CTOSIHMM €T0 BOJUTEJIS], ACCAKUPOB, IPY30B
U CIEIHAIBHOTO 000pYAOBaHMS, YCIOBUSIX
JOPO)KHOTO  TBM)KEHUS, BPEIHOM BO3/CH-
CTBHM aBTOTPAHCIIOPTHBIX CPEICTB HA OKpY-
JKAIOLIYIO Cpeny.

4. Bces wnM moyTH Bes YIAMYHO-IO0POXK-
Has CeTh OXBau€Ha 30HAMM OOCITY>KUBaHHS
B3aMMOJICHCTBYIOIINX MEXIy co00il Jo-
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kanbHbIX MCAT, KOTOpBIE pelIatoT NIUPOKUA
Kpyr MH()OPMALMOHHBIX U YIPABIECHYECKUX
3aJlad B MHTEpecax rocyJapCTBEHHBIX Opra-
HOB (yNpaBjI€HHUE JOPOKHBIM JBUKEHHUEM, B
TOM YHCJI€ B YCIOBHSIX UpPE3BbIYAMHBIX CUTY-
anuii, peanusanys KOHTPOJIbHO-HAJ30PHBIX
¢bynkuwmii, ynpaeinenue TC rocymapcTBeH-
HBIX OpPTraHOB), XO3SMCTBYIOIIMX CYOBEKTOB
(ympaBiieHHe TPY30BBIMH M TACCaXUPCKU-
MU TI€pEeBO3KAMM, HUCIOJIb30BAHHEM CIICIH-
albHBIX MalIMH Ha 0a3e aBTOTPAHCIOPTHBIX
CPEICTB, IOPOKHBIMH pabOTaMH, OCYIIECT-
BJICHHE 3JIEKTPOHHBIX IUIAaTeKed U Jp.), BO-
mureneit TC, spasromuxcs Baageabnamu TC,
pabOTHUKAMU TIO HalWMy JIMOO BPEMEHHBIMH
nosp3oBaressiMu TC (BeiOop mapmpyta TC,
nH(pOpMUpOBaHUE BOAMUTENEH, OOECIICUCHHE
0€301acHOTO BOKJICHHS U Jp.), MMACCAKUPOB
(TutTaHupoBaHuEe TMOE310K, MHHOPMHUPOBAHUE
O JBWIKEHUU OOIIECTBEHHOTO TPAHCIIOPTA),
TMENIEX0/10B U IPYTUX YUYACTHUKOB JIOPOKHOTO
nBIKeHUs (MHGOPMUPOBaHHE O OE30MaCHBIX
YCJIOBUSIX NBYOKEeHHUS) [5-8].

5. B cocTtaB rocygapCTBEHHbIX, MYHH-
UUOATbHBIX W YaCTHO-TOCYIAapCTBEHHBIX
NCAT BxoasT aBTOMaru3UpPOBAHHBIE CH-
CTEMbl YIIPABIICHUS JTOPOKHBIM JBUKEHHUEM
(ACY 1), obGecrieunBaroniye ONTUMAIbHOE
yOpaBlieHHE TPAHCHOPTHBIMU  IOTOKaMH,
ONTUMAJIBHOE HCIMOJb30BaHue mapkoB TC u
ONTHMHU3ALMIO BbIOOpa MapuipyTa KasKJoro
TPAHCIIOPTHOTO CPE/ICTBA, UMEIOIIETO CBA3b C
NCAT [9].

6. HWnadopmanmst 0 ABMKEHUU U COCTO-
sanu TC, pakarmmBaeMas B MCAT, ucmoib-
3yeTcsl il COBEPUICHCTBOBAHUS METOJOB U
CPEICTB yIpPaBICHUS JOPOKHBIM IBUKEHUEM,
aBTOMaTU3MpoBaHHOMN quarHoctuku TC u pe-
mwenus apyrux 3agad MCAT.

Haubonpmmii 3¢pdext or nudpoBuzanuu
aBTOMOOMJIBHOTO TpPaHCIOpPTa JIOCTUTaeTCs
B pe3yJbpTare ONTHUMM3AIUHU YNPaBICHUS J10-
POXHBIM JIBJKEHUEM, HCIOJIb30BAHUS Tap-
koB TC u BeIOOpa MapiIpyTa Kak10ro TpaHc-
MIOPTHOTO CPEACTBA, KOHTPOJIS ACSITENIbHOCTH
BOAMTEICH, pabOTaIOMIUX 10 HAMY, aBTOMa-
TU3MpoBaHHOU nuarHoctuku TC u oneparus-
Horo pearupoBanus Ha A TII n Bo3HuKaromue

ne(eKThI TOPOKHON CETH.

Crenenp pocturaemoro 3 dexra onpene-
JSIeTCs CIEAYIOIUMU (paKTopaMu:

— nponey TC, ocHalEeHHBIX A00HEHTCKUMU
TeJIeMaTUYECKUMU TEPMHUHAJIaMU M yCTaHO-
BuBIINX CBI3b ¢ UCAT;

— JloJIel MPOTSHKEHHOCTU YIUYHO-IA0POXK-
HOM CeTH, OXBAaYCHHOW 30HAMH OOCITy>KHBa-
musa UCAT;

— 00bEMOM ONTHUMHU3ALMOHHBIX U JAPYTUX
MH(GOPMAIIMOHHBIX U YIPaBIEHUYECKUX 337134,
pemaeMbiX UH()OPMALMOHHBIMU CHCTEMaMU
ABTOTPAHCIIOPTHO TEJIEMaTUKH;

— nosieid TC ¢ BBICOKUM ypOBHEM aBTOMa-
TU3ALUY BOXKICHHUS;

— 00bEMOM M KaueCTBOM MOATOTOBKU JI0-
POXKHON WHOPACTPYKTYPHl K 00€CTICUEHHUIO
newkeHus u pyaknuonuposanus TC ¢ BbICO-
KUM YpPOBHEM aBTOMAaTHU3allMU BOXKICHUS;

— 3((EeKTUBHOCTHIO OpPTaHU3AIMHU pa3pa-
OOTKH, BHEIPEHHUS U UCIIOJIb30BaHUS UHOP-
MAaIMOHHBIX CUCTEM aBTOTPAHCIIOPTHOM TeJie-
MaTHKH, BKJIIOYas aDOHEHTCKUE TeJaemMaruye-
CKH€ TEpPMHUHAJIbI, a TAKXKE JOPOXKHOU nH(pa-
CTPYKTYpBI, 0OecleunBaronieil IBUKEHHE U
¢dynaknuronupobanue TC ¢ BBICOKUM YPOBHEM
aBTOMaTHU3aIK BOXKJICHUS;

— COIVIaCOBAaHHOCTHIO Pa0OT, MPOBOAUMBIX
B pa3NMYHBIX HAMpaBJICHUAX, MO COAepxKa-
HUIO, MECTY U BPEMEHHU.

— OCHOBHBIMH HaIlpaBJICHUAMU HUDPOBU-
3allUU SBJISIOTCA:

— pa3paboTka W MPHUHITHE HOPMATUBHO-
paBoBOM 0a3bl ucnonb3zoBanus TC ¢ BbICO-
KM YpOBHEM aBTOMAaTH3allMU BOXJIEHUSA, a
TaKke MHQOPMALMOHHBIX CUCTEM aBTOTpaH-
CIIOPTHOM TEJIEMAaTUKHU;

— pa3paboTka U BHEIPEHHE METOAO0B H
CPEICTB ONTHUMAJIbHOTO YNPABICHUS AOPOXK-
HBIM JIBUKEHHEM, ONTHMAJIbHOTO HCIOIb30-
BaHus mapkoB TC M onTUMU3AIKMKH BBIOOpA
MapupyTa KaxkJIOro TPAHCHOPTHOTO Cpe-
ctBa, uMmeroniero cBsa3b ¢ UCAT;

— pa3paboTka M BHEAPEHUE JIOKAJIbHBIX
NCAT;

— pa3paboTka aOOHEHTCKHUX TeleMaThye-
CKHUX TEpPMHUHAJIOB U OCHAIICHHE UMHU OOJb-
meit yactu TC;
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— co3nanue u BHeapeHne TC ¢ BBHICOKUM
YpOBHEM aBTOMATH3AINH BOXKICHUS;

pa3paboTka W BHEAPECHHE IOPOKHOW HH-
(bpacTpyKTypbl, 0OecreunBaroiel JBUKEHNE
u ¢ynxnuonupoanue TC ¢ BBICOKUM ypOB-
HEM aBTOMAaTH3allii BOXKACHUS, B TOM YHUCIIE
BBICOKOTOYHAS T€O/Ie3MUECKas MIPUBSI3KA d1e-
MEHTOB JIOPOT, BKJIFOYasi pa3MeTKy, H TPHI0-
POXHBIX OOBEKTOB.

Kputnueckum HampaBieHueM mudpoBH-
3alUU C TOYKH 3PEHHS TPOIOIDKUTEITHHOCTH
sBIsieTcs pa3paboTka aOOHEHTCKUX Tele-
MaTUYECKUX TEPMHUHAJIOB M OCHAICHHE UMHU
6onbieit yactu TC.

B nacrostiiee Bpemst 00IbIMHCTBO HHPOP-
MAIMOHHBIX CHCTEM aBTOTPAHCIIOPTHOM TeJte-
MaTHKH, CO3aBAEMbIX MIPU TOCYIaPCTBEHHOM
YYaCTHH, OPUCHTUPOBAHBI Ha MCITOJIH30BAHNE
CIeNUabHO pa3paboTaHHBIX a0OHEHTCKHUX
TEJIEMaTHYECKNX TEPMHUHAIIOB, 3aKPEIICH-
HBIX Ha aBTOTPAHCIIOPTHBIX cpeacTBax (6op-
TOBBIE TEJIEMAaTHYECKUE TEPMHUHAITBI). OTHAKO
TEMITBl OCHAIICHUS TAaKUMH TEpPMHUHAIAMHU
uMeroT nopsaaok 2-3% ot oluiero Komuye-
CTBa aBTOTPAHCIIOPTHBIX CPeACTB B roi. [Ipu
TaKWX TEMIIaX JOCTIKCHHE NaKe ISATHICCS-
TUIPOIIEHTHOTO OCHAIIIEHUS ITapKa aBTOTPaH-
CHOPTHBIX cpeAcTB noTpedyet Oonee 10 jer,
a TOJy4YeHHE CYIIECTBEHHOro 3ddekra oT
nH(pOpMaTH3aM aBTOMOOWJIBHOTO TpaHC-
MOpTa OTOABHUTAETCS 3a TPEIEIbl 0003PHUMOI
MEPCIIEKTHBHI.

[IpopbIB Ha JaHHOM HATPABICHUU MOXKET
OBITh JOCTUTHYT ITyTEM HCIIOJIB30BAHUS MO-
OWJIBHBIX YCTPOUCTB € (YHKIMSIMH CITyTHH-
KOBOM HAaBUTAIIUU M COTOBOH CBsI3U (cMapTdho-
HOB, TUIAHIIIETOB U T.Il.) B KaueCTBE aOOHEHT-
CKHUX TeJleMaTHueckux TepmunanoB Ha TC, He
MOJISKAINX TOCYJApPCTBEHHOMY KOHTPOJIIIO
W HAA30pY, B MEPBYIO OUepeab Ha JIETKOBBIX
ABTOMOOWJISIX, TPUHAIISKAININX YaCTHBIM
BJIQ/IETIbLIAM.

[To maHHBIM TIPECCHI, KOIUYECTBO MOJIH30-
Barenieil cmaptdoHoB B Poccum Ha konen 3
kBaprasa 2018 r. npeBpicHIIO 91 MITH "enoBEK.
3TO YHCIIO 3aMETHO IMPEBBINIAET KOJIUIECTBO
ABTOTPAHCIIOPTHBIX CPEJICTB, UMEIOIINXCS B
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Poccuu (Ha nHayano 2018 r. — okono 56 miH
enunui). Takum o0pa3oMm, HCIONB30BaHKE
cMapT(OHOB C COOTBETCTBYIOIUMHU MOOMIIb-
HBIMHU TIPHJIOKEHUSIMU B KadecTBe aOOHEHT-
CKMX TeJIEMaTUYeCKHX TEPMUHAJIOB, TOJ-
KITFOUYEHHBIX K HH()OPMAIIMOHHBIM CHCTEMaM
ABTOTPAHCIIOPTHOW TEJIEMAaTHKH, ITO3BOJISIET
B KOPOTKHE CPOKH JIOCTHYh MPAKTUYCCKH
MIOJTHOTO OXBAaTa aBTOTPAHCTIOPTHBIX CPEICTB
cBs3simu ¢ UCAT.

Opnako okono 85% aBTOTPAHCIOPTHBIX
CPEJCTB — 3TO YaCTHbIE aBTOMOOUIIH, /TSl KO-
TOPBIX YCTaHOBJIEHHE OO0s3aTeIbHOCTH TOA-
KITIOUeHHUsI K WH(QOPMAIMOHHBIM CHCTEMaM
ABTOTPAHCIIOPTHON TEJIEMaTHKH He TMpel-
CTaBIISIETCSI BOBMOXHBIM. PereHne o Takom
MOAKITIOYCHUH JOJDKSH IPUHUMATh BIIaIeTIel]
(BoaMTENh) aBTOTPAHCIOPTHOIO CPEACTBA,
npudeM MHOTHE BOIWTENH IIOJIarafoT, YTO
MOJKJIIOYEHNE aBTOTPAHCIOPTHOIO  CpeJ-
CTBa K MH()OPMAIIMOHHBIM CHCTEMaM CO3/1aeT
NPEANOCHIIKH TSl HApyIIEeHHUsI HEMPUKOCHO-
BEHHOCTH yacTHOM u3Hu. [losTOMy Lieneco-
00pa3HO Ha 3aKOHO/ATENILHOM YpPOBHE yCTa-
HOBHTH, BO-TIEPBBIX, MEPHI CTUMYIIUPOBAHHS
MOAKIIIOYCHUST aBTOTPAHCIIOPTHBIX CPEICTB
K WH(POPMAINMOHHBIM CHCTEMaM aBTOTpaH-
CTIOPTHOM TENIEMaTUKH M, BO-BTOPBIX, KOM-
IUIEKC MEp IO MPeIOTBPALICHUIO BO3MOX-
HOCTEH HECAHKIIMOHUPOBAHHOTO IOTyYCHHS
nH(bOpMaIMH O MOEe3JKax I'paxkJaH Ha aBTO-
TPAHCIIOPTHBIX CPEICTBAX.

Bricokast 3¢ (eKTHBHOCTh OpraHu3aluu
pabotr mo nuQpoBHU3AIUK ABTOMOOMIHHOTO
TPAHCIIOPTA MOXET OBITh JOCTUTHYTA MyTEM
NPUHSTHS CIETYIONINX Mep.

1. Pa3paborka u mpuHsATHE Ha rocyaap-
CTBEHHOM YPOBHE TPOTPaMMBI pabOT, OXBa-
THIBAIOIICH BCE BBINICTICPEUNCIICHHBIE Ha-
MIpaBJICHUS] U OMPEACIISIONIEH 3a1a4u padoT,
CPOKH UX BBITIOJTHEHHUS, 00bEMBI 1 HCTOYHHKH
(buHaHCUpPOBaHUS.

2. Pa3pabotka W mnpuUHATHE HA TOCY-
JAPCTBEHHOM YpOBHE IJIaHA CO3JaHUSl HOP-
MaTUBHO-TIPABOBOM  0a3bl  MCIIOIb30BaHHS
TC ¢ BBICOKMM ypOBHEM aBTOMAaTH3aIllMU BO-
KIIEHUS, a Tak)Ke WHPOPMALMOHHBIX CHCTEM
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aBTOTPAHCIOPTHON TeneMatuku. [lpu 3TOM
HE00X0MMO MPEAYCMOTPETh TECHOE B3aHMO-
NeiicTBre ¢ MPOPUIBHBIMU MEXKIyHapOIHbBI-
MU OpraHu3anusMu, 00ecTeunBaroIIee Tap-
MOHM3AIUI0 POCCUICKUX M MEXyHapOIHBIX
HOPMaTHUBHBIX JOKYMEHTOB.

3. Pa3paboTka THIIOBBIX METOIOB U
CPEICTB ONTUMAIbHOIO YIPaBJICHUS JOPOXK-
HBIM JIBH)KEHUEM, ONTHUMAJIbHOTO MCIIOJIB30-
BaHus napkoB TC u onTumu3zanuu BbIOOpa
MapiipyTa KaXJOro TpPAaHCHOPTHOIO Cpel-
ctBa, uMmeroniero cBsa3b ¢ MCAT, mpuromHerx
JUISL THPAKUPOBAHMS M UCIIOJIb30BaHUS B pa3-
anaabix ACY J1J1.

4. Cosnanue HOPMAaTHBHO-METOINYE-
CKOW OCHOBBI pa3pabOTKHU JTOKaJIbHBIX HHPOP-
MAaI[MOHHBIX CUCTEM aBTOTPAHCIIOPTHOM Telle-
MaTuKM B BUJe HanlmoHanpHON apXUTEKTYyphl
W CAT, Bximrouaromniei:

— KOMIUIEKC CTaHJapTOB, 00s3aTENbHBIX K
WCIIOJIb30BAaHUIO MPU pa3pabOTKe U Pa3BUTUU
rOCyAapCTBEHHBIX, MYHUIIUIIAIBHBIX U YacT-
Ho-rocynapctBeHHBIX CAT u comeprkamux
KOMIIOHEHTHI THIOBBIX MPOEKTHBIX PEIICHUH,
obecnieunBaommX 3(PPEKTUBHOE CO3IaHHE,
HapallluBaHWE BO3MOXXHOCTEH WU B3aUMOAEH-
cTBUE Mexay JokanbHbIMU MCAT;

— CHCTEMY aBTOMAaTH3UPOBAHHOIO MPOEK-
tupoBanus ynokaiabHbIx MCAT, oGecneunBa-
o1IyI0 (OPMHpPOBaHUE IPOEKTOB CO3JAaHUS
U Pa3BUTHUSI CUCTEM, COOTBETCTBYIOUIMX IO-
TPEOHOCTSIM 3aKa34MKOB, IPU MHUHUMAJIbHBIX
3arparax BpeMEHHU U CPECTB;

— HaOOpbl MPOTrPaMMHBIX KOMITOHEHTOB,
o0ecrneunBaoIuX peleHne ONTHUMHU3AINOH-
HBIX ¥ UHBIX HanboJiee CIIOKHBIX B HAYyYHOM U
BBIYHMCIIUTENILHOM CMBICIIE 3a]1ay.

[IpunaTne HaunuoHambHON apXHUTEKTYpHI
HNCAT, oOsi3aTenbHONM K HCIIOJIB30BAaHUIO B

Cnucok Jureparypsbl

MIPOEKTaxX C IMOJIHBIM WM YaCTHUYHBIM TOCy-
JTApCTBEHHBIM (DMHAHCHUPOBAHUEM, MO3BOJIUT
UCKJIIOYUTh MHOTOKpaTHOE ayOiaupoBaHHE
IIPOEKTHBIX paboT B Pa3IUYHBIX TOpojax M
peruoHax, C3KOHOMHUB 3a CUET 3TOr0 3HauU-
TeJbHBIE CPEACTBA U BpeMms [5].

5. PazpaboTka aOOHEHTCKHUX TeJIeMaTH-
YECKHUX TEPMHUHAJIOB, YHU(DUIIMPOBAHHBIX JJIS
paznnunbix kareropuit TC (rpy3oBsle, crienu-
aJbHBIC, JICTKOBBIE aBTOMOOWJIM, aBTOOYCHI,
TPOJIIEHOYCHI, TPAaMBaK ) U 00ECIIEUHBAIONITNX
pellIeHre BCEeX TeJIeMaTHUeCKuX 3a1a4, B TOM
YyHclie KOHTPOJIb PeKUMa TpyAa U OTIbIXa BO-
JUTeIeH, SIEKTPOHHbIE IATEKU U Jp., a TaK-
K€ CO3JlaHuE ONMAronpUATHBIX YCIOBUH IS
ocHareHust umu o6ompineit wactu TC [10].

6. Pazpaborka o0mmx TpeOOBaHUI K
TC ¢ BBICOKMM YPOBHEM aBTOMaTHU3alllH BO-
KJIEHUs, TapMOHHM3UPOBAHHBIX C MEXIyHa-
POIHBIMU TPeOOBAHUSMHU, METOIOB UX CEPTHU-
¢dukanuu, TpedoBaHUN K MOPSAKY MHPOpMa-
uoHHoro oomena mexay TC u mexay TC u
NCAT.

7. PazpaboTka oO0mmx TpeOOBaHMIA K 10-
POXXKHOUM MH(]pACTPYKTYype, 00eCTIeunBarOIICH
neuxkenne u ¢ysHknuonuposanue TC ¢ BbI-
COKMM YpOBHEM aBTOMAaTH3allMU BOXKJIEHUS,
TapMOHHU3UPOBAHHBIX C MEXIYHapOAHBIMU
TpeOOBaHUSIMU, METOAOB cepTU(UKaLUH,
TpeOoBaHUIN K MOPAAKY HH(DOPMALMOHHOTO
obmena Mexay TC u 1opoxHOM HHppacTpyK-
TypOH.

Takum 00pa3oM, TpensioKeHbl OCHOBHBIC
HaMpaBJIeHUs] pallMOHAIBLHON LU(POBU3ALIUI
aBTOMOOMJILHOTO TPaHCIOpTa, 0OecreynBaro-
MM MOJyYeHHE CYIECTBEHHOTO COLUAIbHO-
T'O ¥ 9KOHOMHUYECKoro A pexTa B Hauboee Ko-
POTKHME CPOKH NPU OTPAHUYEHHBIX 3aTpaTax.
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AHHOTAIUSA
Bo BcéMm mupe 10pOoKHO-TPAHCIIOPTHBIE MPOWCHIECTBHS SBJISIOTCS OCHOBHOW NMPUYMHON
CMEPTHOCTH (MHBAJIMJIHOCTH) JIIOACH, TIPH ITOM OOIIasi TEHACHIUS Pa3BUTHS TEXHOCHEPHI

Becmnur HL B)K/T Ne4 (46) 2020 105




Meacdynapodneul gopym "KDW-2020" 4

MpeoNaraeT MOCTOSHHOE yBeTHUeHHe 00hEMOB TIEPEBO30K aBTOMOOHMIBHBIM TPAHCIIOPTOM.
OpHuM U3 (QakTOpOB, BIUSIOMIMUX HA JIOPOKHO-TPAHCHOPTHYIO aBapUUHOCTbH, SIBISETCS 0e3-
OIMMAaCHOCTHL MapuipyTa ABUKCHUS. Kaxk CJICACTBUC HeO6XO)II/IM HHCTPYMCHT 000CHOBaHUSI pammn-
OHAJILHOTO (0€30IMacHOr0) MaplIpyTa JIBUKEHHUS aBTOMOOMIIBHOTO TpaHcnopTta. JlaHHas mpo-
O1eMa paccMOTpeHa Ha TPUMeEpPEe NMEPEBO30K aBTOMOOMILHOM TPAHCTIOPTOM OIACHBIX TPY30B.

KuoueBble ci10Ba: MOTEHIIMATBLHO OMACHBIM 00BEKT, YpOaHU3UPOBAHHASI TEPPUTOPHS, J10-
POKHO-TPAHCIIOPTHOE IPOUCIIECTBUE, OMACHBINA I'Py3, MAPLIPYT MEPEBO3KU, MOJEIb OLCHKH
oxkunmaemoro konnuectBa [TII, pacnpenenenue Ilyaccona.

Abstract

All over the world, road accidents are the main cause of death (disability) of people, while the
general tendency of the technosphere development implies a constant increase in the volume of
road transport. One of the factors that influence on road accidents is the safety of the route. As a
result, there is a necessity of the tool for the rational justification (and safe) route of movement
of automobile transport. This problem is considered on the example of road transportation of

dangerous goods.

Keywords: potentially hazardous object, urbanised areas, traffic accident, dangerous goods,
route of transportation, model for estimating the expected number of traffic accidents, Poisson

distribution.

Beeoenue

UpesBblyaiiHple CUTyaluud IIPUPOAHOIO
U TEXHOTEHHOI'O XapakTepa IpeJCTaBIIsIIOT
yIrpo3y Ul KU3HU M 3]J0pOBbSl HACEJICHMUS,
SKOHOMHUKHU U 3KoJIoTuH pernoHoB [ 1]. [To Tep-
putopun Poccuiickoin @enepannu €KXerogHo
niepeBo3utcst 6onee 700 MIH TOHH OMACHBIX
rpy3oB. K Takum rpys3am oTHOCSTCS BOCILIa-
MEHSIIOITUECS JKUJIKOCTH (Hanmpumep, OEH3UH
WM METaHOJ), II0BUTHIE U TOKCUYHBIE BEllle-
CTBa, (Takue Kak acOecT win OEH3011), a TAKXKe
psa Apyrux omacHbIX BeuiecTB. Heobxonumo
OTMETHUTh, YTO U3 00IIEeTo 00beMa Tpy3omepe-
B030K 20% COCTaBIISIIOT OMAaCHbIE I'Py3bl, U3
KOTOPBIX 65% MepeBO3UTCSI aBTOMOOUIBHBIM
TPAHCIIOPTOM.

[TepeBo3ka onacHbIx Tpy30B (nanee — OI)
aBTOMOOMJIBHBIM TPAHCIIOPTOM 3TO CIIOKHBIN
TEXHOJIOTUYECKUH MPOLECC, PErIaMEHTUpY-
€MbIil 3aKOHOM, OJJTHAKO OTCYTCTBYIOT KaKHe-
a00 METOAMYECKUE TOAXOABI 10 BOMPOCY
BbIOOpa 0€301acCHOr0 MapuipyTa IEepPeBO3KH
or (2, 3].

AxmyanbHocmb memMamuKy u CO8pemMeHHoe
cocmosHue npobiemul.

[Ipobnema BrIOOpa GE30MaCHOTO MapUIPy-
Ta UMEET BAKHOE 3HAUEHUE, TaK KaK aBTOMO-
OWJIBHBIM TPaHCHOPT, YYaCTBYIOLIUI B Iepe-
BO3KE ONACHBIX I'PY30B, MOXKET CTaTh y4acT-

HUKOM JIOPO’KHO-TPAHCIIOPTHOTO IIPOMCIIIE-
crBus (manee — J1TII), T.e. sBAsS€TCS UCTOYHHU-
KOM 4YpE3BBIYaWHON CHUTYallUM TEXHOI'€HHOIO
xapakrepa. B pesynbrare JITII, kak npasuio,
IIPOUCXOAUT yTpaTa OIACHOIO I'Py3a U Pe3KO
BO3pacTaeT PUCK BO3HUKHOBEHMS TEXHOICH-
HOU upe3BbIvaitHoi cutyanuu (nanee TUC)
[4].

Ilocmanoexa 3a0auu

IIpouecc nepeBo3KH OMACHBIX I'PY30B MO-
KeT OBITh MPE/ICTABICH KaK CUCTEMa B3aUMO-
JIEUCTBUSI YETHIPEX AIIeMEHTOB (puc. 1).

IIepBbIil JIEMEHT 3TO NEPEBO3UMBIN OIAC-
HBIH IPy3, BTOPOU — BOAUTEIb, YUACTBYOIIHAN
B IIPOIIECCE MEPEBO3KMU I'py30B. Tperuii aie-
MEHT — aBTOMOOWIIb, HA KOTOPOM OCYIIECT-
BIISIETCA IIEPEBO3KA OIIACHOTO I'Py3a U YETBED-
TBIM — MapuUIPyT MEPEBO3KH ONIACHOTO Ipy3a.

B3anMoneiicTBuEe yKa3aHHBIX 3JIEMEHTOB
MOJKET NPUBOAUTH K BO3HUKHOBEHHUIO UpE3-
BBIYaTHOW CHUTyallUd TEXHOTCHHOI'O Xapak-
Tepa, NMPUYUHOM KOTOPOU SABIISETCS ITOPOXK-
HO-TpaHCIOpPTHOE npoucuiectsue. [Ipu sTom
puck TUC onpenensercs TpeMsi OCHOBHBIMU
baxTopamu:

— NEUCTBUSIMH BOIUTENS;

— HCIPaBHOCTBIO TPAHCIIOPTHOIO Cpea-
CTBa;

— OIIACHOCTBIO MapUIpyTa INEPEBO3KHU.
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Lens PyHKIMOHHPOBAHMA CHCTEMBI — IePEBO3Ka OMAaCHBIX

rpysoB aBTOMOOHUJIBHBIM
MapipyTam.
dieMeHT 2
Cucrema
Aemomobus,

nepeeozsawuil O

TpaHCNIOpTaM no

BbIOpaHHBIM

& Bodumeab asmomobus,
nepegossauje20 onacHbuLll

Mapwpym nepegosku
onacHoz2o 2py3a

7\

JneMeHT 3

JnemenT 4

Puc. 1. Cucmena: onacroitl epys, 800umenrsd, a8momoOULbHbLL MPAHCROPI, MAPULPYM

C y4€roM TOro, 4To MpOILECC MEPEBO3KU
OI" aBTOMOOMIBHBIM TPAHCTIOPTOM PETIIAMEH-
THPOBAH, 32 UCKIIOYEHUEM crioco0a BeIOOpa
ONTHUMAJILHOTO MaplIpyTa JBUKEHHS, UCCIe-
JTyeM TOJIbKO PUCK BOBHUKHOBEHUS TEXHOTEH-
Hoii YC Ha mapuipyTe NEpeBO3KHA OMACHOTO
rpysa.

B Hacrosimiee Bpemsi B JTaHHO#M 00J1acTH Cy-
LIECTBYIOT NPAKTHUYECKHE U TEOPETHUECKHE
npotuBopeursi. HopmaruBHOM mpaBoBoOi Oa-
300 ompejeneHbl TpeOOBaHuUs K MOCTPOCHUIO
6e3onmacHoro mapmipyta nepeBo3ku OI, HO
Ha TIPAKTUKE COONIOIEHNE ITHX TpeOOBaHUM
MPaKTUYECKH HEBO3MOXKHO, TaK KaK TaKoil
METOAUYECKUI amnmapaTr OTCYyTCTBYeT. B wc-
CJIeIOBaHUU OBLT YYTEH ONBIT PabOThI OT-
€UECTBEHHBIX U 3apyOeKHBIX CIECIHUATUCTOB
B oOmactu oOecriedeHusi 0€30MaCHOCTH TPU
MIEPEBO3KE IPY30B.

Hayunas 3amava uccrnenoBaHus 3aKiroya-
eTcs B pa3paboTKe HayYHO-METOAUYECKOTO arl-
napara o0OCHOBaHUS PallOHAJIBLHOTO Mapii-
pyTa IBH)KEHUS aBTOMOOMJIBHOTO TPaHCIIOp-
Ta MpHU MEPEBO3KE OMACHBIX I'PY30B C YUETOM
(u3MYecKUX M TeOMETPUYECKUX CBOWCTB
JIOpOTH, PEKUMa JBUKEHUS TPAHCHOPTHBIX
MMOTOKOB U HWHBIX (HaKTOPOB, CIOCOOCTBY-
IOIIUX BO3HUKHOBEHUIO TeXHOreHHbIX YC.

Teopemuueckas uwacmo

CyTb TaHHOM 3aJ1a4¥ CBOAMUTCA K MOCTpOE-
HUIO WM BBIOOPY TAKOTO MapIIpyTa MepeBo3-
KU OMAaCHBIX I'Py30B, HA KOTOPOM PHUCK BO3-
HUKHOBEHUS TEXHOTEHHBIX YpEe3BBIYANHBIX
cutyanuii MuaumaineH. [locraHoBka 3a1auu B
TaKOM BU/JIE TOKJECTBEHHA TOMY, YTO HEO0XO-
JTUMO BBIOpaTh Takod MaplIpyT, Ha KOTOPOM
BEepOSITHOCTH Bo3HUKHOBeHMs JITII Oynet mu-
HUMAaJIBHOM.

Pesynomamer sxcnepumenmanvHulx uccie-
006aHUlL

1. Monenb OLIEHKH BEPOSITHOCTH BO3HHK-
HOBEHMS UpE3BbIYANHBIX CUTYalMil TEXHOT€H-
HOTO XapaKTepa Ha y4yacTKe MapHIpyTa.

Ha puc. 2 npencraieHo aepeBo 1eneil, B
BUJE JEKOMIO3UIMH HAyYHO-METOIUYECKO-
ro amnmapara OIeHKHM PUCKa BO3HUKHOBEHUS
TEXHOT€HHON 4Ype3BBIYAMHOW CUTyallud TpHU
MEPEBO3KE OMACHBIX IPY30B.

Cauxenue pucka YC Ha Mapuipyte n0-
CTUTAeTCs MO CIEAYIOUIMM HAlpaBICHUAM: —
MEPBBIX ITO MOBBIIIEHNE YCTOWYNUBOCTH OTac-
HBIX T'PY30B K BHEIIHUM BO3A€HCTBUSIM. BTo-
pO€ U TpeThe HAIPaBIECHUE — 3TO MOJATOTOBKA
BOJIUTENISI B COOTBETCTBUU C TPeOOBaHUSIMU
[TpaBus1 mepeBO3KM OMACHBIX I'Py30B U 00e-
CIICUEHHUE UCIPABHOTO COCTOSHUS CIEIHallb-
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HOTO TPaHCIIOPTHOTO cpenctsa. M geTBéproe
HaIlpaBJI€HUE COCTOUT B OCTPOCHHUH paLno-
HaJbHOTO MapuIpyTa JIBHKEHHUS [5].
VYuureiBas TOT (PakT, 4TO uUpe3BbIYAMiHAsA
CUTyallMsl Ha MapIpyTe JBM)KEHUS MOXKET
MIPOM30MTH TOJBKO JIUIIL 1O NPUYUHE BO3-

Meaicdynapodneii gopym "KDW-2020"

P

HUKHOBEHUS JTOPOKHO-TPAHCIIOPTHOTO IPO-
WCHIECTBHSI, TO BBOJUTCS CTPOTO€ YCIIOBHE.
BeposTHOCTE BOZHUKHOBEHUS YPE3BBIYANHON
CUTYyallUM TOXKJIECTBEHHA BEPOATHOCTH BO3-
HUKHOBEHHUS JTOPOKHO-TPAHCIIOPTHOTO IPO-
HCLIECTBHS.

CHAMEHRHE DHCKA TEXHOMEHHBIX
Y npw nepesozke OF
BETOMOGMNBHBIM TR HCTODTON

I

MNoaknuerke MoaroToasa PauMoHanbHb R MapLIpyT HenpasHoCTE
YCTORUMEDCTH BOAMTENA T/C NEPEEOFHM TREHCMOPTHOND
ar CPEACTEA
Pa— Ouerrna
BEOATHOCTH
T
1
I I
fTonasameny BepOATHOCTh | BanmuecTeo 17T
| I I I
{TpoeHue Peaxoin Meteo, Ocobbie
Filedalely’ AEHHSHUA YCMOBMA YCIOEHA
Panmoper
| PanTop 1 | | dranrop 1 | I PanTop 1 I I Pawrop 1 I
| DarTop 2 | awrap 2 | daxTap 2 | dawTap 2
| Pawrop n, | | draktop n, | PaKTOD Ny DaxTopn,

Puc. 2. [lepeso yeaetl

[Tokazarenem panMOHAILHOCTH MapIIpyTa
sIBJIsIeTCS outaemoe kojauuecto JITTI.

B kadecTtBe (pakTOpOB, BIUSAIONIMX HA KO-
JIMYECTBO JIOPOKHO-TPAHCIIOPTHBIX TPOUC-
MIECTBHM, BBICTYMAIOT (PU3NYECKUE U CTaTH-
CTUYECKHE CBOICTBA MapIIpyTa JIBUKEHUS,
KOTOPBIC MOTYT OBITh pa3/ieJICHbI Ha TPYIITIBI

Hapuc. 3 npencrasiieH npuMepHbIN CIUCOK
(hakTOpoB B BHJIe AMarpaMMbl VICHKaBbI, r1e:

— repBas Tpymna — CTpOCHUE JOPOTH. Y Ur-
THIBAIOTCS (U3UYECKUE M TEOMETPUYCCKHE

CBOMCTBA JJOPOTH;

— BTOpasi rpymnmna — pekuM JABHKEHUS.

B nannoit rpymnme cocpenoroueHsl (ak-
TOPBI, KOTOPbIE BIUSIOT Ha CKOPOCTh U ILJIOT-
HOCTb TPAHCIIOPTHBIX [TOTOKOB;

— TPEeThs rpyIIa — METeOpoJIOTHYECKUE yC-
JIOBHS;

— 4eTBepTasl rpynmna — ocoOble yCIIOBHS.
K HuUM MOryT OBITH OTHECEHBI BpeMs CYTOK,
JIeHb HEJIeNH U T.J1. (HarpuMmep, HoBwlii ro).
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Pexmm OBr#eHHA

AT ka mapwpyTe

MeTeoponormieckue
YENOBHA

Betep

TymaH
Oeaghm

TemngpaTypa ——*

Nepetpeitie gopory—
MecTa rorueHTpayun OTH——
Obwexrol YO ———»

MapkoBY W CTOARKE ——

MNewexoaHe nepaxes——*

KonuuecTRS NONOC QEWHEHRA —

NpUMBKEIOWHE 0opOrH ——— OnacHocTe

Nepespecrin ——— MapwpyTa

Ce3gHHoETs
Due wegenn———»

BpemacyTok———*

Y¥noH gopo ——=,

Ocobele ycnosua

Tun NOKpBTHA

PazgenuTensHan nonoca
Wupusa gopord ———

KpuaizHa gopory ———=

CTpoeHUe AOpOrd

Puc. 3. [luaepamma nputtuHHo-credcmserHoLx cesa3etl

Cornacuo IlpaBunam AOpPOXKHOIO JIBHIKE-
HUs, MApUIPYT MOYKET COCTOATH TOJIBKO U3 CO-
BOKYITHOCTH OCOOBIX yYacCTKOB JIOPOTH:

— aBTOMOOMJIbHAS 10POTa;

— KEJIE3HOJOPOKHBIN [TEpEee3L;

— HACeJIEHHBIN ITYHKT;

— IpUJIeTaras TEPPUTOPHUSI;

— IELIEXOHBIN IIEPEXON;

— MEPEKPECTOK.

Js mocTtpoeHuss MOJEIM OLEHKH Bepo-
aTHOCTH BO3HMKHOBeHMs UC mpousBonutcs
OLIEHKA 3HAYMMOCTH (PAKTOPOB, B pe3ysbTare
KOTOPOM MPUHUMAETCS PelIeHne — Kakue (ak-
TOpBI OyIyT YYUTHIBATHCSA B MOJENH, a KaKHe
HET.

3HauUMOCTh  (PAaKTOPOB OLICHUBACTCS C
MIOMOILBI0  SHTPONUNHHOTO KO3 uIMeHTa
B3aMMHONM WH(pOpPMALMU, KOTOPBHIA JaeT Be-
POSATHOCTHYIO OLEHKY CTEIIEHH HeOompee-
néuHoctu (pakropoB. Cpenu ucCCleT0BaHHbBIX
20 ¢axropoB 6buH 0TOOpaHb! 10, Kak camble
3HAYMMBIE.

OneHka BEpPOSTHOCTH  BO3HMKHOBEHMS
JTII na uccnenyeMoM y4acTKe IIyTH pellaeT-
Csl CIIEAYIOIUM 00pa3oM:

— JIaHO MHOKECTBa reorpauueckux Koop-

nuHat mect JITII u y4acTKOB yIu4HO-A0pOXK-
HOM CETH UCCIIEyEMOU TEPPUTOPUH;

— KaXXJIOMy Y4YacCTKy IOPOXKHOW CETH CTa-
BUTCS B COOTBETCTBUE CYMMAapHOE€ KOJIMYe-
cteo JTII 3a ompenenéHHbI MPOMENKYTOK
BpEMEHU (Hampumep, roa);

— I KaXKJO0ro y4acTKa JOPOXKHOU CeTu

onpeseneHsl  (akTopbl, CHOCOOCTBYIOLIME
BO3HUKHOBEHHUIO  JIOPO’KHO-TPAHCIIOPTHOI'O
IIPOUCLIECTBHUS.

N cobctBeHHO, CyTh (DOopManpHO TO-
CTAaHOBKM 33J1a4¥ CBOAUTCS K OIPEIACIICHUIO
AHAJIMTUYECKOTO BU/1a 3aKOHA PACTIPEICIICHUS
JTII Ha yyacTke B 3aBUCHMOCTH OT (JaKTOPOB.

OOt BU 3aKOHA pacIpe/le]ieHUs orpe-
JIEJII€TCS. CBOMCTBAMM CIIYyYaiiHOW BEJIMYMHBI.
B kauecTBe CityyaliHOW BEJIMYMHBI BBICTYyIlA-
et xosmuectBo JTII Ha ydacTtke Mapuipyra.
VYKka3zaHHas ciydailHas BeJIMYMHA SBISETCSH
HEOTPULATEIbHOW U JUCKPETHOW, YUCIIO Ha-
OmronieHuit BeNMuKo. J{OpO’KHO-TPAaHCTIOPTHBIE
[IPOUCLIECTBUS IPOUCXOIAT HE3ABUCUMO JPYT
OT JpyTa, pacCMaTpuBaeMble COOBITHSI IPOUC-
XOZAT B OJJMHAKOBBIX IIPOMEXKYTKAX BPEMEHH.

Haubonee amekBaTHBIM 3aKOHOM pacmpe-
JIEJICHUs] JUIsI TAKOM CIIy4aiiHOM BEJIWYUHBI
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BbIcTynaeT 3akoH [lyaccona.

KnroueBoll BeNIMUYMHONM, KOTOpas Xapak-
TEpU3yeT STOT 3aKOH, SBISETCA MapaMeTp
JIAMBIIA (A). Ilpu yBenuueHuu 3Toro mnapa-
MeTpa IUIOTHOCTh paclpeesIeHUs] CMELaeTCst
BIIPaBO, a IPU YMEHbBILIEHUH — BIIEBO.

[Tapamerp nsimbaa (A) obnamaer duszuye-
CKUM cMbIciioM. Ero 3HaueHue xapakrepu-
3yeT cpefHee, T.e. OXKUIAEMOE KOJIUYECTBO
JTII 3a onpeneneHHblil MPOMEKYTOK BpeMe-
HU Ha OIPEJIEJICHHOM y4acTKe MapIpyTa.

Takum 00pa3om, yeM MeHbIIE 3HAYEHUE
napamerpa JsmMOaa (A), TEM MEHbIIE YPOBEHb
OIACHOCTH y4acTKa JIOpOTH, U HA000POT, 4eM

Meorwcdyrnapodroiti hopym

Oomb1ie stMO1a (L), TeM O0JIbIIe BEPOATHOCTD
Bo3HUKHOBeHUs I TII Ha yyacTke mapuipyTa.

OcHOBHOI Te3uc pabOThI COCTOUT B TOM,
4yTO napamerp jasmoOaa (A) umeer (yHKIHO-
HaJIbHYIO 3aBUCHUMOCTb OT 3Ha4eHHH (axTo-
POB, XapaKTEpU3YIOLIUX yYacTOK MapIlpyTa.
T.e. mo 3HaueHUsAM (aKTOPOB MOKHO BOCCTa-
HOBUTb 3aKOH paclpeieseHus Uis Ka)JI0ro
y4acTKa, OLIEHUTh BEPOSITHOCTh BO3ZHUKHOBE-
Hust JITII u oxxuiaemoe KoInyecTBoO.

Jns  BOCCTaHOBJEHMS]  AHAJIUTUYECKO-
ro BHJA 3aKOHa pacIpeleeHHs] Ha y4acTKe
MaplIpyTa UCXOAHbIE JaHHbIE NPEICTABIAIOT-
cs B Ta0nuIle, mpuMep u300pak€H Ha puc. 4.

[lapameTpbl yyacTka
S| A| k|- [h [V ]  Heswseemso
fir | he fin | M N Ha y4yacTKe
2| fa1 | fa2 fon | Y2
Homep y4acTka
L fu | fe fo |

Puc. 4. [Ipumep mabauyol ¢ ucxooHoiMU OQHHbBIMU

Kaxxgas crpoka TaOnMIlbI COOTBETCTBYET
OJTHOMY y4acTKy moporu. Kaxmeiii cromber
— 9T0 (haKTOPBI, XapaKTEPU3YIOIINE yUaCTOK
noporu. B mocneanem ctonbiie yka3bIBaeTCs
konmuuectBo [TII, xoTopsle mpousouuim Ha
JJAHHOM Y4YacCTKE 3a ONPEACIICHHBIM IpOMe-
KYTOK BPEMEHHU.

[TapameTpsl 3aKk0Ha pacnpeneseHusl Haxo-
JATCSL METOJIOM MaKCHUMaJIbHOTO IPAaBAOIO0-
ousl.

DyHKIMOHAJ, I KOTOPOro HILETCS Mak-
cuMaJiIbHOE 3HAUYCHHE:

POV, fovrif )T, o ' 1T, B

WWIfifor s fur6) _ 0
20,

00; \
J

l . ,
z Ine—Qi=10:if) M)
1

[TockonbKy (yHKIIMOHAI IPEICTABIISAET CO-
0011 mpou3BeieHNe MHOXKUTEINEH, TO B3sIB JIO-
rapu@m ot 3Toro (yHKIMOHAA, MAKCUMAaJIb-
HOE 3HAYECHHE HE MEHSETCS, HO YIPOLIAITCS
BBIUUCIICHHUS.

In(pYVf.of e f ,6) =zll; zn(e'LZﬂi:JQ,flﬁyZﬂi:IQéﬁy
- .

—max.

I[J'IH OTBICKaHUs MAaKCHUMAJIbHOI'O 3HAYCHUA
pemacTCs CTpOro OITUMU3ALMOHHAA 3a/iavda C
MMOMOUIBIO TPAAUCHTHOI'O CITyCKa.

=0=0.
y!
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B pe3ynbrare pemieHus 3a1a4u HaxOAsATCs
OINTUMAJIBHBIC 3HAYCHUS ITapaMETPOB 3aKOHA
pacnpenenenus [lyaccona. IloxcraBuB Haii-
JIEHHBbIC 3HAUCHUsI B 3aKOH pacIpeesieHHUs,
moJiyda€M MHCTPYMCEHT OUCHKH BECPOATHOCTHU

Meocdynapooneul gopyn "KDW-2020"

Bo3HUKHOBeHUsI [[TIl m umx konuyecTtBa Ha
KaKJIOM y4acCTKE MapIlIpyTa JBUKECHHUS.

JI1s1 o1ieHKH KauecTBa NOJyYeHHON MOZEIIH

NpPUMEHSIICS KOA((ULMEHT JeTepMUHALIUY.

I(Y,f) =HX)—-HIf),
H(Y)=-M(n(p(y)) = - z p() In(p(y)),

HYVI) = =M M[n(eGIN) [F1) = = Y p(£) ) pGilH In(pGil)
j i

Hns storo Ha 80% HMCXOAHBIX JAaHHBIX
cTpousiack Mozenb, Ha 20% — mpoBepsuioch
KaueCTBO NOCTPOCHHON MOJIEIIH.

R2=1— p(Y1f1,f2,fn,0)
p(Y)

YcTaHOBIEHO, YTO BBHIOpaHHAsh MOJICIb U
METOJI TIONCKa €€ MapaMeTpPOB 00JIaaeT XO-
polell CXOAMMOCTBIO pe3ynbTaToB. s mo-
Jy4eHHOU Mozenu KodhUIIMEHT qeTepMuHa-
uu paseH 0.76.

Raxnouenue

HoBu3zHa noiyuyeHHOro pesynbTara cocTo-

Cnucok Jureparypbl

HT B TOM, 4YTO:

— MpOBEIECHA CHUCTEMaTU3alus U KJIacCHu-
¢dukarus  GakTOpoB, KOTOPBIC OMPEIALCISIIOT
OMAacHOCTh MapIIpyTa;

— ompezAesiieHa CTaTUCTHUYECKas 3HA4Yu-
MOCTbH (PaKTOpOB;

— BbIOpaH W 00OCHOBaH BHJI 3aKOHa pac-
npenenenus konudecrsa JITII Ha ywacTkax
MapuipyTa;

— IIOCTPOEHA MareMaTu4eckasi MoJielib, KO-
TOpast MO3BOJISIET OLEHUTh BeposaTHOCTh J[TTI
Ha MapuipyTe NepeBO3KH ONAaCHOrO rpy3a.
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AHHOTANUA

B crarbe npeanoxkeH MOAXOA K aHAIM3y M300pa)keHui 1opoxHbIX 3HaKoB. [loaxox Ga3u-
pyeTcsl Ha UCMOJIb30BaHUM BECOBBIX MOJIEJEH, KOTOPbIE CTPOSATCS C MOMOLIbIO BeHBIET-IIpe-
oOpa3oBaHusl. PaccMOTpeHbl BeCOBbIE MOZIEIH, ITpEeJHA3HAYECHHBIE /11 KOHTYPHOH UM LIBETOBOI
CerMeHTaluu U300paKeHUH JOPOKHBIX 3HAKOB. BecoBas mozenb mpencraBiseT coboil co-
BOKYITHOCTb 3HAUE€HUM — BECOB, OTPAKAIOIIUX 3HAYMMOCTh MUKCEIeH N300pakeHHs ¢ TOUKH
3peHMs pelIeHUs ONpeAeTIeHHON 3a1aun. B pe3ynprare npuMeHeHHs ONMUCaHHbIX MPOLEAYD C
MUKCENIIMU MCXOJIHOTO M300paKeHHs acCOLMUPYIOTCS HaOOpbl NPU3HAKOB, KOTOPBIE B COBO-
KyIHOCTH 00pa3yroT ero Npu3HaKkoBoe onucanue. JlaHHoe onrucaHue MOXKHO UCIIOJIb30BaTh JUIs
OoOHapy>KeHUs M paclo3HaBaHUs JOPOXKHBIX 3HAKOB Ha M300pakeHUsIX. Jl0CTOMHCTBOM Ipen-
JIOKEHHOTO MOJX0/1a ABJSETCS MPOCTOTA Peau3ali U OTHOCUTENIBHO BBICOKAsi CKOPOCTh 00-
paboTKH.

Ki1roueBble cJ10Ba: TEXHOJIOIMH KOMITBIOTEPHOTO 3PEHUS, U300paKEHUS IOPOKHBIX 3HAKOB,
KOHTYpHasl CerMEHTalusl U300pakeHu, [IBETOBasi CerMeHTalMs N300pakeHui, BelBiIeT-mpe-
o0Opa3oBaHKe N300paKeHUI, BECOBbIE MOJENIN U300paXeHUH.

Abstract

This article includes an approach to analyzing images of road signs. The approach is based
on the usage of weight models, which are built using a wavelet transform. Weight models
that are designed for contour and color segmentation of road sign images are considered.
A weight model is a set of values-weights that reflects the significance of image pixels in terms
of solving a particular problem. As a result of applying the described procedures, feature sets
are associated with the pixels of the source image, which together form its feature description.
This description can be used to detect and recognize road signs in images. The advantage of the
proposed approach is the simplicity of implementation and relatively high processing speed.

Keywords: computer vision technologies, road sign images, contour segmentation of the
images, color segmentation of the images, wavelet transformation of the images, weight models
of the images.

Beseoenue

[IpoexkTupoBaHue COBPEMEHHBIX ABTOMO-
OWJIBHBIX CUCTEM Oa3upyeTrcss Ha NpUMeEHe-
HUU MHOYKECTBA Pa3IMYHbIX TEXHOJIOIHH, Ha-
pUMep, TeXHOJorui reouHdopmaruku [1],
3amuTel uHGOpmaruu [2, 3], obecredyeHus
rnomexo3antuiieHHocTu [4, 5] u np. Onaumu
13 0a30BBIX TEXHOJIOTHMH B JaHHOH 00jacTh

NpeaACTaBIIAIOTCA TCXHOJOTMH KOMIIBIOTCP-
HOI'0 3pCHHA, KOTOPLIC IMPUMCHAIOTCA JId
CO3/IaHUs MPOTPAMMHO-AIIIAPATHBIX CPEICTB
00paboTKu M aHanu3a uzoOpaxeHuil. Takue
CpeACTBA, KaK JJId NUJIIOTUPYEMBIX, TaK U JJIA
O€CITMIIOTHBIX aBTOMOOUIICH, UMEIOT OOJIBIIIOE
3HAYCHHE, MMOCKOJIBKY ¢ UX MOMOIIBIO MOJIe-
JUPYETCs MPOIECC MONyYEHUsT U 00pabOTKH
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BU3yaJIbHOM MH(OpMalUU B 3pUTEIBHOU CH-
CTEME YeJI0BEKa-BOJIUTEISL.

B nmpouecce ympasieHuss aBTOMOOUIIEM
MMEHHO 3pUTEIbHAsl CUCTEMA YEJIOBEKa SIBJISI-
eTcsl HanOoJsee BaXKHBIM KaHAJIOM TOTYUYEHUS
U NEepBUYHON 00pabOTKK MH(OPMALIUHU, K KO-
TOpOM, HampuMep, OTHOCUTCS HHpOpMAaIUs
O JIOPOXKHBIX 3HAKaX, JOPOXKHOW pPa3METKH,
CUTHajlaX CBETO(OpPOB, MOBEIECHUU IPYTUX
YYaCTHUKOB JIOPOJKHOTO JIBWXKEHUSI M T.JI.
[ToaTomy pa3paboTka HOBBIX MOAXOAOB 00-
paboOTKU M aHaNIM3a U300paKeHUH JOPOKHON
00CTaHOBKHU SIBIII€TCA 3ajjadeil akTyaJbHOU U
MPAKTUYECKU 3HAYMMOM.

CymiecTBeHHOM nH(OpMaIuelt, BIUsIomen
Ha MPUHATHE PEIICHUN B MPOLIECCe ynpaBiie-
HUS KaK TWIOTUPYEMOT0, TaK U OECITUIIOTHOTO
ABTOMOOWIIS SIBJISIETCSI THGOPMALIHSI O TOPOXK-
HBIX 3HaKaX. DTH 00BEKThl Ha N300paKEHUAX
XapaKkTepU3yrTCd KOHTYPHOU U [IBETOBOM MH-
dbopmarnueit. [TosTomy mpouenypsl 06padboT-
KM COOTBETCTBYIOINX U300paKEHUI C LIETbIO
OIIEpaTUBHOIO U TOYHOTO UX OOHApYXEHUS U
pacrno3HaBaHMsI JJOJKHBI 0a3UPOBATHCS HA U3-
BJICUEHUU U aHAJIN3€ KOHTYPHBIX U LIBETOBBIX
MIPU3HAKOB.

CymiecTByeT OOJBIIOE KOTUYECTBO METO-
JIOB M3BJICUEHMSI U3 N300pakeHUHN yKa3aHHBIX
npusHakoB. Hanpumep, yacTo npuMeHSIOT 1151
aHanM3a U300pakeHUM Takue MPHU3HAKU, Kak
TUCTOTpamMMa I[BETOB [6], BEKTOp IBETOBOI
CBA3HOCTH [7], Koppenorpamma IBeTOB [8],
LIBETOBbIE MOMEHTHI [9], JECKPUITOP JOMHU-
HanTHoOro 1BeTa [10], nennsie koue! [11], dy-
pee-aeckpuntopsl [12], curnatypsr [13] u ap.

3ajaua W3BJICUEHUS TPU3HAKOB COCTOUT
B BBIMIOJIHEHUH JIByX IIAroB — CErMEHTAIUs
M300paKeHHsI U ONMCAHUE TOJIYUYEHHBIX CEr-
MEHTOB B BHUJE BEKTOPOB KOJIMYECTBEHHBIX
3HaueHui. B paccmarpuBaemom ciydae mo-
IYT NPUMEHSTHCS KOHTYpHas CErMEeHTaIus
u 1BeroBas cermeHtauus. Ha mpaxTuke uc-
MOJIB3YIOTCSl PA3JIMYHbIE IMOIXOJbI JJISI BBI-
MOJIHEHUS] YKa3aHHBIX BHJIOB CErMEHTALUU.
Psn monxonoB 0a3upyercs Ha NpPUMEHEHUU
BeliBneT-npeoOpazoBanuii [14].

[Ipumenenne  BeiiBieT-ipeoOpazoBaHUl
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JUIsL peleHusl 3a7ad oOpabdOTKU U aHalu3a
n300paskeHnit BOOOIIE U 3a/1a4 CerMeHTaIlun
B YaCTHOCTH OCHOBaHO Ha MHOTOMAacIITaOHOM
npeacTaBieHud. Takoe mpeacTaBieHUE Io-
3BOJISIET JIOKAJIN30BaTh XapaKTepHble 0COOECH-
HOCTH 00BEKTOB Ha n3o0pakenusx [ 15]. Kpo-
M€ TOTO, Pe3yIbTaThl UCCIIEIOBAaHUM TOKA3bI-
BAIOT, UTO BEUBIET-NPe0oOpa30BaHUs [T03BOJIS-
0T MOJIEJTUPOBATH MPOIIECChl 00PabOTKH WH-
dopmau B 3pUTEIBLHON cUCTEME YelloBeKa
¥ BBICOKOOPTAaHMU30BAaHHBIX XKUBOTHBIX [16].

C yderoM H3JIOKEHHOIO, Oa3upyrOIIN-
Cs Ha OPTOTOHAJBHOM KpaTHO-MacIITaOHOM
BEUBJIET-IPe0OPa30BaHNN MOAXOA K aHAIHU3Y
M300paKeHUH JOPOKHBIX 3HAKOB, ONMCAH-
HBI B JJaHHOW paboTe, MpeACTaBiseTCs 3a-
CITy’KMBAIOIIMM BHUMAaHUS.

CermeHTanus M300paXeHU HAa OCHOBE
BECOBOW MOJIENIN

JI7151 KOHTYPHOU ¥ IIBETOBOM CErMEHTAIIMU
M300paXeHU, Ha KOTOPBIX MPHUCYTCTBYIOT
JIOPOYKHBIE 3HAKH, B paMKax paccMmarpuBae-
MOTO MOJX0/la MpPEIaraeTcsl MCMOIb30BaTh
BecoBbIe Mojenw [17].

BecoBast mogens mpencraBiseT co0oi co-
BOKYITHOCTb 3HAQUE€HHH — BECOB, OTpa)karo-
IIMX 3HAYUMOCTh IMHUKCEIeH M300paxeHus ¢
TOYKH 3pEHUs PEIlIeHUs] ONPEIEIEHHOM 3a1a-
yn. Hanpumep, npyu BBIITOJIHEHUH KOHTYPHOU
CEerMEHTAllUd BEC IMHUKCENs XapaKTepU3yeT
HACKOJIBKO €r0 MOYKHO CUMTATh MPUHA/IJIeKA-
UM HEKOTOPOMY KOHTYpY.

BecoByto Mojiesib MOKHO MOCTPOUTH pas3-
JUYHBIMH CHOCOOaMH, YUUTHIBAIOIIUMU yC-
JIOBUSI €€ MOJy4eHMsl U npuMeHeHus. B nan-
HOM ciy4yae ObUIM MPUMEHEHbI CIENYIoIne
POLEAYPBHI.

Briuncinenne BecoB JJISI IIBETOBOM CeET-
MEHTAI1H:

1. Paznenuth 11BeTHOE M300pakeHHUE HA
TPH MOJIyTOHOBBIX U300PAKEHUS [ KasK10M
IIBETOBOM KOMIIOHCHTHI;

2. BoimonHuth KpaTHO-MallTabHoe
BEHBJIET-IIpe00pa3oBaHue Kax/Ja0ro IMOIyTO-
HOBOT'O U300paKeHUs, B pe3yJIbTare KOTOPOro
(bopmupyeTcsi peacTaBIeHUEe U300paKeHUS
B BUJIE MHOYKECTBA aIllIIPOKCUMUPYIOLIUX KO-
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5 QUIMEHTOB YPOBHS j, U JE€TAIU3UPYIOIMX
k03¢ duunentos yposrei j,, j, + 1, ....J —
1, tne J — MakcUMaJIbHO BO3MOXKHOE YHCJIO
YPOBHEW Pa3JIOKEHUS;

3. BbUUCIUT HOPMHUPOBAHHBIC 3HAUeE-
HUS aNIpOKCHUMUPYIOMKX KO3 (HUIIMEHTOB

YPOBHS j:
Ljo (mfo My )

max {Ljo (mjo My

L}o (mjo’njo): (1)

rae Ljo(mjo,njv)' — HOPMHpPOBAHHBIE 3HAUYe-
HUS aNIpOKCHUMUPYIOMKX KO3 (HUIIMEHTOB
B 103ULMN (m,,n,)) HA ypoBHE ji; L, (m,,n,)
— 3HAUEHUS ANMPOKCUMUPYIOIIUX KOAPPHUIIH-
CHTOB B IIO3UIIMK Ha YPOBHE j; {L,(m,n,)}
— MakCUMyM Cpelu 3Ha4eHUH armpoKCHMHU-
pyromux Ko3Qp(HUIHEHTOB Ha YPOBHE j;

4. BpUUCINT, HOPMHUPOBAHHBIC 3HaUe-
HUSL BECOB JICTAIM3UPYIOMIHUX KOAPPHUIIHEH-

TOB Ha ypoBHsX j oT jO o J — 1:

E;(m;,n;)
max{E;(m;,n;}

2

Ei(mj,n;)=

rae E(mn)— HOPMUPOBAHHbIC 3HAYCHUS Be-
COB JICTATM3UPYIOIINX KOAPPHUIIUEHTOB B I10-
3UIIHT (mjn ,) Ha ypOBHE |; Ej(mjn ,) — 3HAUCHUS
BECOB JICTAIM3UPYIONINX KOA(P(UIEHTOB B
TTO3UIINH (mjn ]) Ha YPOBHE j; {Ej(mjn 1) )} — Max-
CHMYM CPEI 3HaUCHHUI BECOB JCTATH3UPYIO-
mmx Kod(pGUIMEeHToB Ha ypoBHE j. st mo-
Jy4YeHHsI 3HAYCHUI BECOB JIETAIM3UPYIOMINX
K03((HUIIMEHTOB MPUMEHseTCs popMmyra:

Ej(mj,nj)z\/H jz.(mj,nj)+H i(mj,nj)%-H Jz'(mpn_j)

e LHj(mjn ]) ,HLj(mjn j), HHj(mjn ,) — 3HAYEHUsI
TOPU30HTAILHOTO, BEPTUKAIBHOTO W JIUAro-
HAJIBHOTO JIETATM3UPYIOLINX KOAPPHUIINEHTOB
B MO3UILINH (m/n ]) Ha YpOBHE J;

S. Brraucnuts Beca Ha ypoBHE j

Wi, (mm”iﬂ):L,in (m ”in)JrE;'n (m,.m.)

6. Breraucnuts Beca Ha ypoBHSIX j OT j, +
1 goJ-1:
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wi(m,n)=w, (m;/2,n;12)+ Ej(m,n,)

(6)

7. 33.,[[8.TL Beca IMHUKCeIeH YPOBHA UCXOO-
HOTIO I/I306pa)KGHI/I$I (HO OIPEACIICHUTO YPOBCHDb
HCXOOHOI'O I/I306pa)KeHI/I$I COOTBCTCTBYCT J)Z

(7)

8. llpuBectu Beca k nuana3ony ot 0 1o
255:

w,(m,,n,)=w,_(m,;/2,n,/2)

w,(m;,n;)

max {w,(m,,n,}

x 255

w(my,n;)=

(8)

B pesynbrare npuBeneHHON MNpoUETypbI
U1 KaKIOM IIBETOBOU KOMITIOHEHTEI ITUKCEIS
HCXOIHOTO IIBETHOTO M300pakeHus1 OyzeT mo-
Jy4eH BEKTOP U3 TPEX BECOBBIX 3HAYCHUIA.

Brrunciienue BecoB il KOHTYPHOU Cer-
MEHTAIMN OTJIMYaeTcs OT ciayyas AJis IBETO-
BOIl CErMEHTaluu TeM, YTO Ha MEpPBOM LIare
BBITIOJIHSIETCS TPe0Opa30BaHUE [IBETHOTO U30-
OpakeHUs B MOJIyTOHOBBIN B, I11€ C KAXKIbIM
nuKcenaeM OyIeT acCOLMUPOBAHO 3HAYEHUE
spkocTtu. Kpome Toro:

1. mpomyckaercsi TpETUM 1Iar;

2. Beca Ha YpPOBHE j, ONPENEISIOTCS
TOJILKO HOPMUPOBAHHBIMU 3HAUYEHUSIMU BECOB
JIETATU3UPYIONTUX KO PHUITMESHTOB:

!
) - Ejo (mjo M, )

W (mjo ’njo

)
3. Beca Ha ypoBHsAX j oT j, + 1 mo J — 1
BBIYHUCIISIFOTCS CIIEAYIOIIUM 00pa3oM:

wiy(m; [2,n;12)/4+ E;(m;,n;) (10)

wi(m,n;)=w

B ocramsHOM, mporienypa BBIYUCICHUS
BECOB JUISI KOHTYPHON CErMEHTallly COBMA/Ia-
€T C TPOIIeTy POl BEIYHCIICHUS BECOB IS I[BE-
TOBOM CerMEeHTaIUU.

Ha puc. 1 npuBeneHsl UCXoaHble U300pa-
JKEHUS JOPOXKHBIX 3HAKOB (CBEPXY) U PE3Yib-
TaThl BBIMIOJTHEHUS KOHTYPHOU (ITOCEpeIuHe)
U IIBETOBOH CerMeHTaIK (CHU3Yy) HAa OCHOBE
MPUMEHEHUS ONMCAHHBIX MPOIISTYP BBIUUCIIC-
HUs BecoB. VIcXomHbIe N300pakKeHUS B3SITHI U3
0a3bl aBTOHOPOXKHBIX 3HaKOB RSTD [18].
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BecoBbie u300pakeHuss TOPOXKHBIX 3HA-
KOB, TIOJyYEHHBIE C TOMOIIBIO TPEJIOKEH-
HBIX MPOILEIYp, MOTYT OBITb HOJBEPTHYTHI
JOMOJHUTEILHOMY aHallu3y, Halpumep, ¢
LETBI0 TOCHENyIonEero (popMupoBaHus BEK-

Meorwcdyrnapodroiti hopym

TOPOB NpU3HaKoB. Hanpumep, KOHTYpHBIE Be-
COBBIC M300pAKEHUS MOXXHO OWHAPH30BATH, a
I[BETOBBIC BECOBBIE N300PaAKCHHUSI — KJIACTCPH-
30Bath (puc. 2).

Puc. 1. H3obpasiceruss 00poxcHbLX BHAKOB 1L COOMBEMCmMaYoujue
secosovle U3006padceHUs

h.-li-'...'.'.‘..u

@ &

s r- "':.

Puc. 2. bunapusayus u kaacmepusayus 8ecogulx u3obpascerutl 0OpOIHbIX 3HAKOS

B pesynbrare onucaHHbIX oneparuii oopa-
OOTKH C MUKCENISIMU UCXOJHOTO U300pakeHUs
aCCOLMMPYIOTCS HAOOPBI MPU3HAKOB, KOTOPHIE
B COBOKYITHOCTH 00OpPa3ylOT €ro Mpu3HaKoBOE
onucanue. JlaHHOe ONUCaHUE MOYKHO B JIaJlb-
HEHIIeM HCIOIb30BaTh JUIsl OOHAPYKEHHS U
pacro3HaBaHUs JOPOKHBIX 3HAKOB.

JIOCTOMHCTBOM IPENIOKEHHOTIO I0AXO0Ja
SBJISICTCS MPOCTOTA pealTMu3alud M OTHOCH-
TEJILHO BBICOKasi CKOpOCTh 00Opaborku. Ha-
IIpUMEp, IPU UCIOIb30BaHUM 64-pa3psiiHON
IPOrpaMMHOM peanu3anuu, pazpaboTaHHON
Ha s13pIke C++ B cucTeMe NporpaMMHUpOBaHUS
Microsoft Visual Studio 2017 ¢ ucnons3osa-
HUEM OHOJIMOTEKH KOMIIBIOTEPHOTO 3pEHUs

OpenCV 3.4.9, Ha nepcoHaJIbHOM KOMIIbIO-
Tepe Ha 0a3e YEThIPEXSAAECPHOrO MPOIECCOo-
pa Intel(R) Core(TM) i5-8300H CPU@2.30
GHz u omneparuBHoii mamsatu odbema 8 [0
107l YIPABJICHUEM OIEPALMOHHON CHCTEMbI
Microsoft Windows 10 cymmapHoe Bpems
paloThI 17151 OTY4YEHUsI N300pakeHU Ha pH-
cyHKax | u 2 cocraBiser B cpeHeM 2 Mc (uc-
XOJTHBIE M300paKeHUsI UMEIOT pa3Mepsl 48 X
48 nukceneit). /g u3o0paxkeHUs: OPOKHOU
00cTaHOBKHU (Takke u3 0a3bl aBTOJOPOIKHBIX
3nakoB RSTD) Ha puc. 3 (cieBa), UMEIOIIETO
paszmepsl 1280 x 720 nukcesneil, cyMMapHoe
BpEMS COCTaBIAET B cpeaHeM 260 mc.

Puc. 3. H30bpacerue dopoxcHotl 06cmaro8KU L COOmMB8emcmasyrouiue
gecosvle U3006padtceHs
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3. 3axnouenue

Takum 00pa3oM, IPEITIOKEHHBIN MOAXOT K
aHaJM3y U300paKCHUI TOPOKHBIX 3HAKOB HA
OCHOBE NOCTPOEHUSI U 00pabOTKU BECOBBIX
M300paKEHHSI MOXKET OBITh MCIIOIB30BaH ISt
(hopMupoBaHUs MPU3HAKOBOTO OMTMCAHUS, T10-
3BOJISAIONIETO OOHAPY)KMBATh M PACIIO3HABATH

Meocdynapooneul gopyn "KDW-2020"

HOW 0OCTaHOBKHU.

OnucaHHble MPOLETYpPhbl BHIUMUCICHUS Be-
COBBIX 3HAYEHWM MUKcenell u300pakeHust
MO3BOJISIIOT IMOJIYYUTh OBICTPOJECHCTBYIOLIME
IIPOrpaMMHBIE peasin3allui U MOTYT OBbITh UC-
MI0JIb30BaHbl B aBTOMOOMJIbHBIX CHCTEMaX Ha
0a3e TEXHOJIOIMI KOMIIbIOTEPHOTO 3pEHUSI.

JaHHBIE OOBEKTHI HA M300PAKEHUAX TOPOXK-
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AHHOTAIUSA

ABTOMOOUJIBHBIN TPAaHCHOPT OKa3bIBACT HEraTHBHOE BO3/CHCTBHE HA OKPYKAIOUIYIO Cpe-
1y, B 3HAYUTEIBHON CTENEHH 3TO KacaeTcs 3arpsA3HEeHUs: aTMOC(HEpHOTro Bo31yxa ypOaHU3UPO-
BaHHBIX TEPPUTOPUI B YCIOBHUAX MHTEHCHUBHOTO POCTa aBTOMOOMIN3auu HaceneHus. Llenbio
CTaThU SBJSIETCS MCCIIEIOBAaHIE TPUMEHUMOCTH UMUTAIIMOHHBIX MOJIETIeH /ISl POTHO3a BO3-
MOYXHOTO CHIIKCHHUSI HETaTHBHOTO BO3JICHCTBUS aBTOTPAHCIIOPTA HAa OKPY)KAIOILIYIO Cpely 3a
cueT HHPPACTPYKTYPHBIX U YIIPABICHUECKUX PEIICHUN. B cTarbe mpuBeneHb! pe3ynbTaThl aHa-
JM3a UCCIIeI0BAaHUM, HAIIPABJICHHBIX Ha CHUKEHUE 00BEeMOB BHIOPOCOB aBTOTPAHCIIOPTA, B TOM
qrcie, 32 CUeT 3aMEHbI OCH3WHOBBIX JBUTaTelei Ha Ooliee SKOJIOrHuHbIe ra3oBbie. [TockombKy
MHOTHE MapaMeTpbl (MHTEHCUBHOCTD MTOTOKA, B TIEPBYIO OYEPE/lb) UMEIOT CTOXaCTHYECKUH Xa-
paxTep, To d3PPEKTUBHBIM METOAOM OIIEHKH HKOJIOTUYECKOTO BO3ACHCTBHS Ha OKPYKAIOIILYIO
cpeay SBJISIeTCS MPUMEHEHHE NMUTAIIMOHHBIX MOJieneld. ABTopaMu pa3paboTaHa UMUTAIIMOH-
Hasi MOZIETb, KOTOPYIO MO>KHO HCIIONIB30BATh ISl TPOBEICHUS KOMIIBIOTEPHOTO SKCIIEPUMEHTA
C LEJIBIO TTIO100pa ONITUMAIBHBIX TAPAMETPOB TPAHCIIOPTHBIX MOTOKOB HA KOHKPETHOM y4YacTKe
YAUYHO-IOPOKHOM ceTn ropona Habepexxusie Yennpl. KoHeuHas mens — onpenesieHne OmnTH-
MAaJIbHBIX MapaMeTpoB (KOJMYECTBO MOJIOC, JOMyCTUMAsi HHTEHCUBHOCTD JIBIKCHHUS), 38 CUET
KOPPEKTUPOBKU M3MEHIEMBIX MapaMeTpoB (BHI0-BO3pacTHAs CTPYKTypa NapKa, YUCIIO U JJTH-
TENBHOCTH (ha3 paboThl CBETO(MOPHBIX 0OBEKTOB) /ISl JOCTHKCHHUSI MUHUMAIHHOTO 3HAYCHUS
¢ynkumonana. Cpena Aist MOCTPOCHUS MMHUTAMOHHOW MOJENIHM — MPOTPAMMHBIA KOMILIEKC
AnyLogic. B npumepe B kauecTBe 1eneBOr (pyHKIMK ObLITH BBIOPaHBI CyMMapHbBIE 0ObEMBI
BpEIIHBIX BEIIECTB B BHIOpOCAX OTPAOOTABIIMX ra30B TPAHCIIOPTHBIX CPEACTB, B KAYECTBE M3-
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MEHSIEMBIX TTapaMeTPOB — JUTUTEITHHOCTH (Pa3 cBETO(OPHOTO 0OBEKTA, a TAKXKE JOJIST aBTOIapKa
Ha Ta30MOTOPHOM TOIUIMBE. 3a/iadya HaXOXICHHUS SKCTpEeMyMa IeIeBOTO (YHKIMOHAIA OCY-
MIECTBIsICTCS TpH moMoIy ontumu3aTtopa OptQuest, KOTOpbIi pencTaBIseT co00il KoMOu-
HAaILMIO YBPUCTUK, HEMPOHHBIX CETEH M METOJOB MaTeMaTH4ecKor ontnMmusanuu. HalineHnsie
IIpH IMMOMOIIX SKCIICPUMCHTA HA MOACIIN 3HAYCHUA IMapaMCTPOB MOKHO MCITIOJIB30BaTh KaK OII-
TUMAaJIbHYIO CTPATEruio, 00eCIeynBaroIlyt0 MUHUMaIbHbIE 00bEMBI BEIOPOCOB OTPaOOTaBIINX
ra30B aBTOTPAHCIIOPTA NPHU TMepecedeHnr nepekpectka. C MOMOMIbI0 MOJETH MPOOJIEMHOTO
ydacTKa TPaHCIIOPTHOU CETH, MOKHO 000CHOBATh PallMOHAILHOCTH BHEIPEHMUSI ITpeijlaraéMbIxX
MEPOTIPUSTHIH TT0 «03€JICHEHUIO» TpaHcmopTa. [Ipu TakoM moaxoie MOXKHO TOBOPUTH O Oojiee
BBICOKOW TOYHOCTH PacyeToB.

KuaroueBble ci10Ba: 3€J€HBIN TPAHCIIOPT, UMUTAIMOHHOE MOJEIUPOBAHUE, ONITUMHU3AI[MOH-
HBIW KCIIEPUMEHT, Y9aCTOK TPAHCIIOPTHOM CETH, SKOIOTHIECKast 0€301MacHOCTb.

Abstract

Automobile transport has a negative impact on the environment, to a large extent it concerns
air pollution in urban areas during intensive growth of the population's motorization. The purpose
of the article is to study the applicability of simulation models to predict a possible reduction
in the negative impact of vehicles on the environment through infrastructure and management
decisions. The article presents the results of the analysis of studies aimed at reducing the volume
of vehicle emissions, including by replacing gasoline engines with more environmentally
friendly gas ones. Since many parameters (in the first place, flow rate) are of a stochastic nature,
the use of simulation models is an effective method for estimating the environmental impact on
the environment. The authors have developed a simulation model that can be used to conduct a
computer experiment in order to select the optimal parameters of traffic flows on a specific road
network section in Naberezhnye Chelny city. The goal is to determine the optimal parameters
(the number of lanes, the permissible traffic intensity), by adjusting the variable parameters
(species-age structure of the park, the number and duration of the operation phases of traffic
light) in order to achieve the minimum value of functionality. The environment for building
a simulation model is the AnyLogic software package. In the example, the total volumes of
harmful substances in the exhaust gas emissions of vehicles were selected as an target function,
and the duration of the traffic light phases, as well as the proportion of the vehicle fleet running
on gas fuel, were selected as variable parameters. The task of finding the extremum of the target
functional is carried out using the OptQuest optimizer, which is a combination of heuristics,
neural networks and methods of mathematical optimization. The values of the parameters found
by an experiment on the model can be used as an optimal strategy that ensures the minimum
volumes of exhaust gas emissions from vehicles when crossing an intersection. Using the
model of the problematic transport network section, it is possible to justify the rationality of the
implementation of the proposed measures for the «greening» of transport. With this approach,
we can talk about a higher accuracy of calculations.

Keywords: green transport, environmental safety, optimization experiment, simulation,
transport network segment.

Introduction

Policies increasing environmental
friendliness of transport play a key role in
the development of a green economy. One
of the measures that will significantly reduce
emissions of harmful substances into the
atmosphere from automobile transport is the

transition to alternative sources of fuel. For
automobile manufacturers, improving the
efficiency and environmental friendliness of
vehicles is also one of the ways to expand
the markets for their products in the context
of increasing competition. This is due to
the growing demand for vehicles with
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fundamentally new properties: hybrid and
gas-powered vehicles, electric vehicles,
autonomous and  connected  vehicles
[Gabsalikhova et al, 2018].

In recent years, the objective prerequisites
for the growth of interest in gas as a motor
fuel are higher energy and environmental
characteristics compared to petroleum fuels.
Of all mass-used motor fuels and technologies,
natural gas provides the safest exhaust
emissions and has less impact on motor oils
(by 30-40%). The growing concentration of
the population in urban areas makes us to
think about the need for increasing use of
public transport that meets environmental
requirements. This can be facilitated by
replacing an old bus and special vehicles fleet
(garbage trucks, delivery vehicles) with their
gas counterparts.

One of the factors in the deterioration of
the transport situation is the congestion of
the road network associated with the growth
of the vehicles’ fleet. At the same time, the
increase in the gas contamination of the streets
is also associated with the operating mode of
vehicles in heavy traffic conditions: engine
idling modes, as well as the «stop and go»
mode. Numerous researches are devoted to
modeling and estimating total emissions with
changing traffic conditions [Tong et al.,2015;
Blokpoel et al,2017; Jaworski, 2017]. Features
of the road surface, weather conditions, driver
behavior and the type of intersections, all this
affects emissions from vehicles. The purpose
of this research is to develop tools to reduce
environmental impact on the roads of an
urbanized area.

Methods of reducing emissions of harmful
substances by road transport

Road transport is a source of environmental
pollution. The pollutants contained in the
exhaust gases of engines, depending on the
chemical transformations that underlie their
formation, are divided into the following
groups:

a) carbon-containing substances - products
of the complete and incomplete combustion
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of hydrocarbon fuels: carbon dioxide CO?2,
carbon monoxide CO, hydrocarbons CnHm,
including polycyclic aromatic hydrocarbons
(PAHs) with proven carcinogenic activity,
black carbon C;

b) substances whose formationisnotdirectly
related to the process of fuel combustion; these
include nitrogen oxides NxOy formed by the
thermal mechanism as a result of dissociation
of air components;

¢) substances whose emission is associated
with impurities contained in fuel (sulfur
compounds, metals), air (quartz dust,
aerosols), as well as formed during the wear
of parts (metal oxides).

Measures to reduce emissions of harmful
substances from automobile exhaust gases
can be divided into technical measures related
to improving the design of engines, vehicles,
fuels; organizational measures aimed at
organizing the safe operation of vehicles and
their control; management activities related to
the improvement of traffic.

Technical measures aimed at reducing
emissions from vehicles associated with the
use of alternative energy sources. One of the
most promising strategies for reducing CO2
in human settlements is to focus on the use of
electric vehicles [Hofer, 2018; Gabsalikhova
et al., 2018].

Reducing emissions from  vehicles
contributes to the control of driving style
(human factor) [Andrieu et al., 2012; Ho et
al., 2015]. So, in Melbourne and Sydney, a
series of researches were carried out using
the MetroScan-TI integrated estiation system
to research how changes in driver behavior
can affect emissions [Stanley et al., 2018]. In
the research [Mensing et al., 2014] the author
found that the formation of economic as well
as environmental behavior in the field of eco-
driving shows a significant decrease in energy
consumption due to the choice of a rational
speed and acceleration. Thus, training drivers
to be competent in road behavior (eco-driving)
will reduce emissions from vehicles.

A choice of rational traffic routes plays
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a special role to reduce the environmental
burden from vehicles in urban conditions. As
a tool for estimating the effectiveness of this
measure, simulation is used. So in the study
[Pratama et al., 2019], the analysis of the
road network characteristics was performed
using the Vissim simulation package, and the
analysis of exhaust emissions from vehicles
using the EnViver software. In the document
[Ullo et al., 2018] the project idea of creating
an innovative public transport system is
presented. The proposed system is based on
the use of small vehicles with low emissions
following flexible routes that will be adapted
inreal time to meet customer needs, taking into
account traffic congestion and the availability
of other transport services. To implement this
system, it is important to have information on
the positions of vehicles, other types of public
transit supply, traffic and environmental
conditions in real time.

In the article [Palconit et al., 2017] there
is shown that public transport contributes
significantly to total CO2 emissions. T analysis
ofthe collected data showed that the difference
in CO2 emissions between vehicles moving
uphill and downbhill was about 33%; between
vehicles moving uphill and on a straight road,
amounted to 16% - 27%; between vehicles
moving on a straight road and downbhill, it was
10% - 20%. In addition, vehicles moving from
40 km/h to 50 km/h emits less CO2 compared
to vehicles driving at lower speeds. Thus, the
speed of the vehicle also affects environmental
pollution and it is necessary to avoid traffic
jams in which the nature of the movement is
characterized as “stop-and-go”.

The authors of the paper [Yang et al, 2019]
research a roundabout, proposing a new
model of traffic flow based on a social theory
of power. This model takes into account such
features of movement as heterogeneity, the
absence of separation of the traffic lane and
irregular border.

In the study [Shaaban et al, 2013] describes
that reducing lane width and maintaining
the number of lanes reduces the intersection
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travel time. In the study [Yang et al., 2016]
it is demonstrated that reducing lanes at the
entrance (or exit) to the intersection and the
combination of motor vehicles, non-motorized
vehicles and pedestrians can significantly
reduce the traffic capacity of the intersection
with areas of pedestrian and bicycle crossings.
Therefore, when planning the configuration of
such road sections, it is necessary to ensure
that the intersection approach and exit are
unobstructedandsetaseparationfornon-motors
and pedestrians to avoid mixed traffic flow.

It should be noted that many researchers
cite a comprehensive study of the existing
road network as the basis for improving traffic
[Makarova et al., 2018; Kazhaev et al., 2018].
However, a simple extension of the road
network does not have a significant positive
effect and may even stimulate additional
motorization, which will lead to greater
emissions CO2 [Hofer et al, 2018]. The most
effective approach is the reconstruction of
the geometry of the existing road network
(changing the number of lanes, barrier fences
and road signs) and optimizing the work of
traffic lights on the basis of studying the traffic
intensity in a specific section [Bento et al.,
2019; Gorodokin et al., 2017].

Interest in technology based on alternative
energy sources is growing among companies
providing utilities for the removal of solid
household waste, since it is possible to reduce
emissions of harmful substances into the
atmosphere in settlements. The article [Lee
et al., 2017] developed a fuel cell garbage
truck to reduce CO2 emissions. The analyzed
results in the study [Doh-Won Lee et al.,
2011] showed that trucks on compressed
gas generally produced about 20% lower
CO2 emissions and significantly lower NOx
emissions than diesel counterparts.

To reduce emissions from automobile
exhaust gases, economic instruments are
needed. They will facilitate the transition
to vehicles with alternative energy sources.
Measures to limit the use of personal vehicles
at certain hours, optimizing traffic flow to
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reduce congestion are also needed. All this
will help to reduce the environmental load.

Comparison of diesel and gas engines for
environmental

The average mileage of the bus is 80,000
km per year, and the average fuel consumption
at a flow rate of 40 liters per 100 km is 32,000
liters. The average consumption will be
0.4 liters per minute. We can estimate how
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Such city gas buses as NEFAZ 5299-30-
51 and NEFAZ 5299-40-51 (fig. 1) run in
Naberezhnye Chelny.

b)
Fig. 1. a) NEFAZ 5299-30-51 [NefAZ 5299-30-51, 2020/ ;
b) NEFAZ 5299-40-51 [NefAZ 5299-40-51 51, 2020]

much emissions of toxic substances into the
atmosphere will decrease during operation
of one bus if it uses gas fuel instead of diesel
(table 1).

Table 1

Annual volumes of toxic substances in exhaust gases per bus using diesel and gas

Indicators Diesel fuel Gas fuel
CO, kg 800 640
NOX, kg 1152 673
CH, kg 256 179
Carbon black, kg 96 0

Replacing diesel and gasoline equipment
with a new gas engine will lead to a significant
reduction in the amount of harmful emissions
into the atmosphere.

Construction of a simulation model of a
transport network section

As part of the training course «Methods and
Models of Decision Support» of the direction
«Intelligent Systems and Technologiesy,
students were invited to create a model of
the intersection of Chulman Avenue and
Narimanov Street, Naberezhnye Chelny city,
taking as a basis a satellite image of the area,

which shows the nuances of this transport
network section [21]. Both roads are two-
way, and have a different number of lanes for
traffic in each direction. From Narimanova
street there is an exit to a gas station.

The city bus route no. 27 passes through
this intersection (intensity - 5 buses per hour).

The environment for building a simulation
model is the Russian AnyLogic® software
package. When developing a model, a traffic
library is used.

In addition to specifying the geometry of
the road section, it is also necessary to enter
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information on the traffic intensity in each
direction, the duration of the phases of the
traffic light, the number of channels and the
average service time in a gas station, the share
of a gas fuel fleet.

The next step is to determine the logic
of the traffic light. In this case, the traffic
light will operate in a two-phase mode: the
first phase will be green for traffic along
Narimanova Street in the permitted directions,
the second phase will be green to enter the
intersection from Chulman Avenue and turn
right from Narimanova Street. The green light
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will always be on for drivers leaving the gas
station, but the drivers of this road will have to
give way in any case.

AnyLogicprovides the user with convenient
tools for collecting statistics.

You can view the statistics of the moving
time through this section using the diagram. It
is also useful to turn on the traffic jam display
in order to better understand how roads are
loaded at a given mode of operation of traffic
lights (a section of the road is highlighted in
green if the vehicle speed is above 60 km/h
and red if it is below 10 km/h).
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Fig. 2. Intersection simulation model structure

The goal of building a simulation model
is to determine the optimal parameters (the
number of lanes, the duration of the traffic
light phases, the permissible traffic intensity,
the model and age structure of the fleet, the
parameters of the infrastructure objects) to
achieve the minimum or maximum value
of a certain functional. Using optimization,
in which the selected model parameters
are systematically changed, it is possible to
achieve a selected target functional.

In this case, the total volume of harmful
substances in vehicle exhaust emissions is

selected as the objective function. Green and
red traffic signal operating hours, the share of
the fleet using gas fuel are used as variable
parameters. The task of finding the extremum
of the target functional in AnyLogic® is
carried out using the OptQuest optimizer,
which is a combination of heuristics, neural
networks and mathematical optimization.

The found values of the parameters can
be used in the model as the optimal strategy
that ensures the minimum volumes of exhaust
gases produced by vehicles at the intersection.
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Fig. 4. Results of the optimization experiment

Summary

In this work, an example of a simulation
model of a transport network section as a
means of developing managerial decisions
is shown. The practical significance of the
model is a possibility of conducting an

experiment that will determine the optimal
traffic light control mode, which will reduce
the idle time of vehicle engines in this section
of the transport network, and thereby reduce
the amount of exhaust gas. This approach has
an advantage over analytical models, since
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it provides higher calculation accuracy. This
fact is confirmed by comparing the average
travel time of the road segment by vehicles,
obtained during the model run and during
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the fleet (in particular, public transport and
municipal vehicles) to gas fuel.

PaGora BbInonHeHa npu (pUHAHCOBOM MOJ-

field measurements. The deviations between
them were about 3-5%. In addition, with the
help of this model, it is possible to estimate
the possibility of reducing the environmental
burden on the city atmosphere when changing
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AHHOTAIUSA

WuTennekryanbHble TpaHCIOPTHBIE cucTeMbl (nanee — M TC) siBistoTcss OAHUM U3 Hanbo-
Jiee MEePCIEKTUBHBIX HANpPaBICHUH pa3BUTHS COBPEMEHHBIX IOPOAOB. 3HAYUTEIbHBIE YCUIIUS
IPU TPOEKTUPOBAHUHU TONOOHBIX CHCTEM PACXOAYIOTCS HAa OpraHU3alMi0 LEHTPATU30BaH-
HOTrOo cOopa AaHHBIX OT pazanyHbIX UTC KOMIOHEHT M moBbImeHHe 3(P(PEKTUBHOCTH HX 00-
paboTKH MyTéM MPUMEHEHHs METOAOB MHTEJUIEKTYaJIbHOTO aHaiMu3a JaHHBIX. COBpeMeHHbIE
WTC BriovaoT B ce0s MHOKECTBO TOACUCTEM CO CBOMM (DYHKIIMOHAJIOM M PEIIaeMBbIMU 3a-
nadamu. [1oaxo/ K arperupoBaHUIO JaHHBIX U3 PA3TMYHBIX HCTOYHUKOB Ha €IUHOM I1atdopme
C LIEJIBIO0 UX MHTEJUIEKTYaJIbHOTO aHaJIN3a M03BOJISAET PACIIMPUTh CIIEKTP PEIIaeMBbIX 3aJa4 I0-
JOOHBIX CHCTEM, a TaK)Ke MOBBICUTH KAaYe€CTBO PELICHHS CYIIECTBYIOIUX. B HacTosIel cTaThe
MIPEUIOKEHA TEXHOJIOTUS IPOTHO3UPOBAHMS 00beMa TPAHCIIOPTHHIX MOTOKOB Ha OCHOBE aHa-
JM3a arperupoBaHHON MHPOPMAIUH, TOJYYSHHOH OT CUCTEM BHCOHAOIIOICHNS U (POTOBH/IE-
oduxcarnmuu B Peciyonuke Tarapcran. Jlis pemieHus 3a1a4u mMpOTHO3UPOBAHUS OBLITH HCIIOJb-
30BaHbl Pa3HOTUIIHBIE MOJIEIM UCKYCCTBEHHBIX HEMPOHHBIX ceTel. [IpeiokeHHbIil oaxon K
arperupoBaHMIO UCXOAHOM MH(pOPMAIIUK U3 IByX HCTOYHUKOB ITO3BOJIUII 3aIIOJTHUTH UMEIOIIH-
ecsi MpoOJIeMBbl B IaHHBIX U TIOBBICUTH TOYHOCTH Pa0OTHI AJITOPUTMA.

KuroueBble cioBa: horoBuneodukcanus, IporHo3UPOBaHNE TPAHCIIOPTHBIX MTOTOKOB, HC-
KyCCTBEHHBIE HEPOHHBIE CETH.
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Abstract

Intelligent transport systems (ITS) are one of the most promising areas of modern «smart»
cities development. At the same time, significant efforts in the design of ITS are spent on
increasing efficiency of collecting and intellectual processing of information from their various
components. Modern ITS include many subsystems with their own functionality and tasks to
be solved. However, the application of an approach to the aggregation of collected data from
various sources on a single platform for the purpose of their further intellectual analysis allows
us to expand the range of tasks to be solved, as well as improve the quality of solutions to
existing ones. This approach improves the efficiency of decision making in traffic management
systems. This article proposes an approach for predicting the volume of traffic flows based on the
analysis of aggregated information received from video surveillance and photo-video recording
systems in the Republic of Tatarstan. In order to solve the problem of predicting the traffic
load, different types of models of artificial neural networks are applied. The proposed approach
of aggregating initial information from two sources makes it possible to fill the existing data

problems and reduce the level of errors.

Keywords: video enforcement, traffic flow forecasting, artificial neural networks.

Beeoenue

B coBpemenHom mupe HaOmomaercs He-
MIPEPHIBHOE yBEIMYEHHE KOJMYECTBAa TpaHC-
MOPTHBIX cpeAcTB (nanee — TC) Ha TOPOACKUX
Joporax. 3HaUUTENbHOE YBEIMYEHUE KOJIH4e-
CTBa aBTOMOOWJIEH HEW30€KHO TPHUBOIUT K
YMEHBIIEHUIO IPOMYCKHOW CIIOCOOHOCTH A0-
POT, YBETTMUEHHUIO YU CIIA TIOPOKHO-TPAHCTIOPT-
HBIX POUCIIECTBUH, MOBBIIEHHOMY BBIOpOCY
BpE/IHBIX BEUIECTB, YBEIMUEHHUIO pacxojia To-
mmiBa U T.II. C OJHON CTOPOHBI YBEJIMYECHUE
MPOMYCKHOM CITIOCOOHOCTH IOPOT MOXKET OBITh
peanr30BaHoO MyTeM MPOEKTUPOBAHUS U CTPO-
WTEJbCTBAa HOBBIX MHOTOYPOBHEBBIX Pa3Bs30K,
HO JTAHHBIH ITOIX0] MOXKET OBITh HEAP(HEKTHB-
HBIM C TOYKH 3pEHUS BPEMEHHBIX U JCHEX-
HbIX 3arpar. C Apyroi CTOPOHBI, JaHHAS MPO-
OeMa MOXKET OBITh peIlleHa IMyTEM aHaln3a
nH(pOpMaIuK, XapaKTepU3yIolleld ABHKEHUE
TPAHCIOPTHBIX CPEJCTB C MPUMEHEHHUEM CO-
BPEMEHHBIX HMH(OPMALMOHHBIX TEXHOJIOTUH.
CoBpemeHHast J1IopokHass HHQpaACTpyKTypa
BKJIIOYAeT B ce0si MHOJKECTBO IMOJICUCTEM, KO-
TOpBIE MOTYT CTaTh MCTOYHUKAMU IOJI00HOMN
nHpopmaruu. Coop mogoOHON uHOOpMAITUH
JIOJDKEH OBITh OCYILIECTBIEH B paMKaxX €IMHON
matgopMbl. TakoW MOAXOJ TO3BOJIUT CyM-
MapHO YMEHBUIUTh KOJIWYECTBO HEMOIHBIX/
HEJOCTOBEPHBIX JTaHHBIX Ka)KJJOTO MCTOUYHUKA
JaHHBIX TI0 OTAEIBHOCTH (OTCYTCTBYIOILIUE
JTaHHbIE, HEKOPPEKTHBIE JaHHBIE U T.11.).

B Hacrosimee Bpems B PecnyOnmuke Ta-
TapctaH BHeapeH psan UT-cucrem, ocymiect-
BISIIOIUX COOp WHGOPMAIMK O JABHKCHUH
TPAHCIOPTHBIX CPEJCTB, KOTOPast MOKET ObITh
MCIIOJIb30BaHa JJis MPOTHO3UPOBaHUS 00beMa
TPaHCHOPTHBIX MOTOKOB. K HUM crexyeT oT-
HECTHU CUCTEMbI YIPABICHUS JOPOKHBIM J[BU-
KEHHEM, CHUCTEMbl BUICOMOHUTOPUHIA, KOM-
JIeKChI GOTOBUICODUKC ALY, TIPETHA3HAYCH-
HBIE JIJIS1 YTIPABJICHUS 3JIEMEHTaMH JTI0POXKHOM
UHQPACTPYKTYPbl, KOHTPOJISI TPAHCIOPTHBIX
MOTOKOB U o0ecrieueHus: oOuiecTBEHHOU 0e3-
OMACHOCTH.

1. Ocnoenvie UT-pewenus, npumensemvie
ons coopa unpopmayuu 0 08uUICEHUU MPAHC-
nopmmuuix cpedcms 6 Pecnyonuxe Tamapcman

1.1. Aoanmuenas cucmema ynpasieHus
00POIHCHBIM OBUNCEHUEM

C 2012 r. B . Kazanu BBezneHa B AKCILTY-
aTalyio aJanTUBHAs CHUCTEMa YNpPaBJICHUS
TOpokHBIM JBIKeHHeM (manee — ACYIJI),
BKJIIOYAIOIIAsl B €IMHYI0 HHQOPMALMOHHYIO
cucremy 144 nepekpectka ropojaa. B pamkax
ACYIIJ1 ocymecTsisieTcs: cOop:

— uH(pOpMaUU O COCTOSHUU TPAHCIOPT-
HBIX IOTOKOB, METEOpPOJIOTUYECKOM COCTOS-
HUU U COCTOSIHUU JOPOKHOTO MOKPBITHS;

— BHJIEONIOTOKA C YYACTKOB IOPOXKHOM ceTn
Y aBTOMarucTpalei;

— uHpopMaIUU 0 pekuMe paboThl 0ObEK-
TOB YIIPaBJICHUSI.
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Cornacno craructuke, BHenpenne ACYJLJ]
MO3BOJIWJIO YBEIUYHUTH MPOIYCKHYIO CIIOCO0-
HOCTb JJOPOT OOIIIETO MOJIH30BaHUS B CPEAHEM
Ha 25%. ITomumo 3TOro Ha 0ase JaHHON CH-
cTeMbI ObUT peaju30BaH MPOEKT MPUOPUTET-
HOTO mpoe3na nepekpectkoB ais TC skcTpeH-
HBIX CITYKO0.

1.2. Komnnekcw homosudeopuxcayuu

Kommuiekcwl poroBumeodpukcannu Hadamu
ucrnonb3oBaThecsi B Pecriyonuke Tartapcran c

Meowcdyrnapodnoiti popym "KDW-20

2008 r. B Hacrosee Bpems B Peciyonuke Ta-
TapcTaH HacuuThiBaeTcs 810 cranmoHapHBIX,
179 mepenBuwxHBIX U 34 MOOWJIBHBIX KOM-
miekca ¢potoBuaeoduxcauu. Pacronoxenue
CTAIIMOHAPHBIX U MEPEIBIKHBIX KOMIUIEKCOB
npencrasieHo Ha puc. 1. C 2008 no 2019 .
KOJIMYECTBO HApPYyIIEHHH CKOPOCTH, OOHApY-
JKCHHBIX 3TUMH CHCTEMaMH, YBEJIWYHIIOCH C
2% 1o 85,7% ot o01iero ux 4ucia.

Puc. 1. Mecma pasmeuwjerus komnaekcos hpomosudeourcayuu 8 e. Kasanu

B nexabpe 2018 1. B Pecniy6nuke Tarap-
CTaH ObUI BBEJIEH B KCIUTyaTalMIO POEKT IO
ocyluiecTBiIeHUI0 « TOTanbHOro KOHTPOJIS» CO-
OJIo/IeHNs] YCTAaHOBJICHHONW CKOPOCTH JIBHIKE-
Hus TC. B pamkax npoekra Ha defepanabHbIX
aBTogOoporax PecnyOmmku ObIJI0 YCTaHOBIECHO
100 koMIIeKCOB, pabOTAIOIINX B aBTOMAaTH-
YECKOM pexuMe, sl KoHTpodsa 290 yyact-
KOB JIOPOT' CYMMApHOU MPOTSHKEHHOCThIO 924
kusiomerpa. Kommiekcsl npenHa3Ha4eHbl 171
(bukcaruu MrHOBEHHOM M CpeIHEeH CKOPOCTH
JBUKEHHUST aBTOMOOMJIEH Ha yCTaHOBJICHHOM
ydacTke, oOecreunBasi HENPEpPbIBHBIA KOH-
TPOJIb Ha BCEM MapIIpyTe.

1.3. O630pHnble udeokamepul

IIpoext «be3onacHblii ropom» B Pecmy-
omuke Tarapctan Obul peanusoBad B 2005 T
B pamkax mpoekra 3a 14 netr B ropone ObLIO
ycTaHoBJIeHO Oojiee 50 ThIC. Kamep BHJICOHA-

omonenusi. OTnenbHbIE KaMephl MpeaHa3Ha-
YeHbI 17151 HaONIIOACHUSI 32 TOPOJICKUMHU aBTO-
JIOpOraMu.

1.4. Pacwupenue 803MoxcHOCmelu UHmer-
JIeKMYaNbHbIX MPAHCNOPMHBIX CUCTEM

Kommtekcwl (otoBuaeodukcanmm u 00-
30pHBIE BUJEOKAMEPhI TEHEPUPYIOT OONIBIION
00BeM JTaHHBIX, KOTOPBI MOXET OBITH HC-
MOJIb30BAH JUIsl PEIICHUs DPA3IUYHBIX 3a/1a4
M0 HMHTEIJICKTyaJIbHOW 00pabOTKe TaHHBIX.
CoBMecTHOE MPUMEHEHHE AAHHBIX ATHX HC-
TOYHUKOB MOXET ObITh HCIIOJIB30BAHO JJIs 10~
Jy4yeHUs MHPOpMAIMKU O CPeIHEH CKOpOCTH
aBTOMOOMJICH, TEKYIIEH MPOIYCKHOM CITOC00-
HOCTH JIOPOT U IJIOTHOCTH ABMkeHus. [Tomu-
MO 3TOTO CYIIECTBYET ONpEeNIeHUs] CpeaHe
ckopoctu TC, oObemMa TPaHCTIOPTHOTO TOTO-
Ka, U BBISIBICHUS POOOK Ha JIOporax ropoaa

(puc. 2).
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Puc. 2. [lhomuocme dsuscenus u cpeoHsas CKOpOCmo HA PA3HBLLX YUACKAX
u Hanpasienusx, e. Kasano

ArpervpoBaHue JaHHBIX U3 BBIIIE NEpe- IKEHUE MPOOOK Ha JA0porax), OyAeT moiaydarb
YHCJICHHBIX HMCTOYHHUKOB TIO3BOJIUT YMEHb- OKCTPEHHYIO HH(pOpMaLUI0 00 aHOMaIHAX
LIUTh YMCJIO HENOJHBIX JAHHBIX U PEIIATh 3a-  Ha JOpOorax v IpUHUMAaTh COOTBETCTBYIOLINE
Jaqy MPOTHO3UPOBAHUS 00BEMOB TPAHCIIOPT-  MEPHI.

HBIX TIOTOKOB C OoJblIei TOYHOCTHIO. [Ipo- 2. I1o0x00 K npocHO3upOBaHUI0 MPAHC-
THO3MPOBAHHUE TPAHCIIOPTHOT'O ITOTOKA MOXKET  HOPMHBIX NONOKO8
OBITH peajM30BaHO HA CYIIECTBYIOIIMX KOM- [IporuosupoBanue 06beMa TPAHCIIOPTHBIX

wiekcax (oTtoBuacopUKcaMd U O0030pHBIX  MOTOKOB — aKTyaslbHAs 3a]a4ya /Ui COBPeMEH-
KaMepax BHJeOHAOMIofeHUss 0e3 yCTaHOBKM  HBIX ropogoB. CyIIecTByeT HECKOJIBKO pas-
JIOTIOJIHUTENBHBIX YCTPOWCTB. AHAjaW3 JaH- HOBHUJIHOCTEH CTaTUCTUYECKUX aJTOPUTMOB
HBIX C CYIIECTBYIOUINX YCTPOMCTB B IEPCIIEK- U aJTOPUTMOB MaIIMHHOTO 0OyueHwus |1, 2],
TUBE I[IO3BOJIUT OCYULIECTBIIATH BBISBICHUE  HCIOJIb3YEMbIX JUIS PELIEHUsS ITHX 3aj1ad. B
MpOOJIEMHBIX 30H, IJITAHUPOBAHUE JOPOKHBIX  HACTOAIIEE BPEMSI MCKYCCTBEHHbBIE HEWPOH-
paboT, WHTEeUIeKTyalnbHOe yrpasieHue cBe- Hbie cetu (MHC) ¢ monroBpeMeHHON mamsi-
TO(GOPHBIMU OOBEKTAMH M ONEPATUBHOE MH-  THIO HIMPOKO HCIIOJIB3YIOTCS AJISI IPOTHO3U-
(hopMHpOBaHuE TPAKIAH O JOPOKHOM 00CcTa-  pOBaHMSA JAHHBIX MPEICTABICHHBIX B (hopme
HOBKE C UCTIOJIh30BAHUEM TA0JIO IEPEMEHHOW  BPEMEHHBIX psAnoB [3, 4] ¢ UCTIONB30BaHHEM
uHpopmanuu. Jloructuueckue KOMIIAHMM  CPEAHEKBAIPAaTHUECKOW OIIMOKON Momenu
MOTYT HCIONB30BaTh MonoOHy0 uHpopma- (RMSE) nns onenku TogyHoCcTH [3, 6].

LU0 JJIS YIPABJIEHUS MPOIECCOM JOCTABKH. 2.1. Ocnoenas uoes

Curyarmonnsiii nearp PecnyOnuku Tarap- IIpencraBuM TEXHOJOTHIO B BUJAE psla
CTaH, NPEICTABISIIOIINNA €IUHYI0 TPAHCIOPT-  IOCJIEA0BATENbHbIX AelcTBUNA. CxeMa TEXHO-
HYIO cpeny (MHTeIJIeKTyallbHas 00paboTka M JIOTMHU B TpaueCcKoM BUE IPEICTABICHA Ha
aHaJINU3 BUJCONOTOKOB, ONTUMU3ALUS TPAaHC-  pHUC. 3.

MOPTHBIX MOTOKOB, aBTOMaTUYECKOE OOHApy-
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Puc. 3. Cxema mexHoroeuu
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N3HagaibHO WCXOJHBIC JAHHBIE ¢ 0030p-
HBIX BHJICOKaMepP MPOXOJIAT MPOLEAYPY Mpei-
BapUTEIbHON 00paboTku. Momyns mpeaBa-
pUTEIBHON 00pabOTKM NaHHBIX (opmMupyer
nHpopmaruio o tekyuei ckopoctu TC, te-
KyIIeM BPEMCHH, MECTOIOJOXKCHUH KaMepbl
Y HOMEPHOM 3HaKe OT CTAIIMOHAPHBIX CHCTEM

- ssar-f

Kommaewe

dorosmscodmrenunn 1 e

doTonnaeoducannm 2

P

BusieoHaomoneHust (puc. 4). s ynanenus
MEPCOHATBHBIX JTAHHBIX M BO3MOXHBIX IIPO-
0en0B BXO/HbIE JaHHBIE QUIbTpYIOoTCA. B 3a-
KIIIOYEHUN BBIYUCISETCS CPEIHSST CKOPOCTh
TPAHCHOPTHBIX CPEJCTB JIIsl TEKYIIETO MECTO-
MIOJIOKEHUH BHUJIE€OKaMEPBI.

Puc. 4. Yuacmok 0aa mecmuposarus

Buneonotokn ¢ 0030pHBIX BHUIEOKAMEP
oOpabaTbiBaeTCsl C HCIOJIB30BAHUEM MOYIIS
Buaeoananutuku (puc. 5) [7]. Ilocme storo
BBITIOJHSIETCST OOHapyXeHue/ OTCIEKUBAHUE
TPAHCIIOPTHOT'O CPEACTBA U PACUYET CKOPOCTH.
B uTtore, paccuntbhiBaeTCsA CpeqHsis CKOPOCTh
TPAHCIIOPTHBIX CPEIACTB ISl TEKYIIETr0 y4acT-
Ka JIopord, (pukcupyeMoro o030pHOI BUIEO-
Kamepou.

Nudopmanus u3 Momynas MpenBapUTelib-
HOM 00pabOTKM NaHHBIX U MOIYNS BUIEOA-
HAJUTUKU (CpelHsis CKOPOCTb aBTOMOOMIIS,
BpeMs, MECTOIIOJIOKEHUE) OTMpaBIsIeTCs B
MOJyJIb MHTETpalliy JaHHBIX B IIEHTpPE 00pa-
00TKU aHHBIX. MOayNb UHTErpalluu JaHHBIX
oObenuHseT MH()OPMALIUIO W3 JBYX MCTOY-

Ki

HUKOB JIJII TOTO, YTOOBI TOJIyYEHUS YCpe-
HEHHBIX BPEMEHHBIX PSJIOB CO CPEIHEH CKO-
POCTBIO JIBMOKEHHS TPAHCIIOPTHBIX CPEJCTB.
YcpenHeHue CKOPOCTH OCYIIECTBISICTCS Ha
OCHOBE WH(pOPMALIMH, TOIy4aeMOW M3 JBYX
HMCTOYHHKOB B OJHOM MecTe. Takoi moaxop
MO3BOJISIET YCTPAHUTh BO3MOXKHBIC IPOOE-
JbI B HEOOPAaOOTAHHBIX JAHHBIX, HA KOTOPHIC
BJIMSICT, HAllPUMEp, OLIMOKAa pacro3HaBaHHS
HOMEPOB CHCTEMOW BHJICOHAOIIONCHUS WU
omurOKa CUCTEMBbl OOHAPYKEHHsI aBTOMOOU-
Je MOIyJIeM BHUJICOQHATUTHKH. Takoil moj-
XOJ] TAK)KE MO3BOJISIET CHU3UTh YPOBEHbB OIIIH-
OOK MpH ONpECICHUH CKOPOCTH aBTOMOOKIIS
OJIHMM HMCTOYHHMKOM JIaHHBIX.

uvskaya Damba UKZ1

Puc. 5. Onpedeaenue ckopocmu mpaHcnopmHuolx cpedcms Ha 0030pHOIL sudeokamepe
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2.2. Ucnonvzyemvie mooenu HHC

B paGore 6b110 HCCIEn0BaHO IPUMEHEHUE
HECKOJIbKO Pa3HOBHUJIHOCTEM pPEKYPPEHTHBIX
HelpoHHbIX cereil: LSTM, nByHanpasieHHas
LSTM u GRU (puc. 6) nist nporHo3upoBaHus
MOTOKa Tpauka B HEKOTOPHIX MECTax Ha OcC-
HOBE KOMOWMHHPOBAHHBIX BPEMEHHBIX PS/I0B.

Meocdynapooneul gopyn "KDW-2020"

[TepBbie Moy m + 1 LSTM unu GRU mpu-
HUMAIOT I0CJIEe0BATENbHOCTh YHCen (Cpel-
HSIl CKOPOCTb) B KaU€CTBE BXOJHBIX JIAHHBIX.
B kauectBe BbIxOIa QopMHpYyeTCs MOCIEN0-
BaTEJIbHOCTh MPE/ICKa3aHHbIX 3HAYEHUH Cpel-
HEW CKOPOCTH. [[7s OLIEHKH TOYHOCTH TMpO-
rHo3upoBaHus Obul BbIOpaH RMSE.

=1 2 .| Ha
¥ . &
|
LETM — LBTM — LETM — LBTM — LSTM — LETM
-m - t
a)
i
Gy - GRU - GRY - GAU -  GAU
=m - 1
€)

LsT™M - LSTM - L1 ) LETM - s - LETH

b)

Puc. 6. Hcnoaosyemole modeau Hetiporrolx cemetl (a — LSTM,
b — /lsynanpasaennas LSTM, ¢ — GRU)

3. Oyenxa npeonosicenHo20 nooxooa

OrneHka NpeAsoKEeHHOrO MoJX0Ja MPOBO-
JUJIaCh Ha peajbHbIX JAHHBIX C TECTOBOIO
yuacTka I. Kazanu (puc. 4). beuin ucnomnb3o-
BaHbl CYUIECTBYIOIME KaMepbl BUACOHAOIIO-
nenus U GortoBuaeodpukcanuu. beut nucnons-

30BaH YacOBOW WHTEPBaJl BPEMEHHBIX PsI0B
JUIsl IporHo3upoBaHusi. Mcropuueckue naH-
HBIE 3a IATH MECSIEB HCIIOIb30BAIUCH IS
oOyueHusi, a AJig1 TECTUPOBAHUS — UCTOpUYE-
CKHe€ JTaHHbBIE 33 MECSIL.

3.1. Iloocomoeska oannwvix

. . Tabmuna 1
OO0mme napamMeTpbl TECTHPOBAHUSI HEHPOHHBIX ceTel
[TapameTp 3HaueHue
O6wem paracera 4598
O06beM 00yJaroux TaHHBIX 3218
O6beM IpoBEepPOUHBIX JaHHBIX 1380
Pasmep mapruun 48

Bo-niepBbix, B Moayne mnpenodpaboTku
JTAaHHBIX, CKOPOCTh TPAHCIOPTHOIO IOTOKA
TEHEPHUPYETCST U3 HEOOpaOOTaHHBIX JTAHHBIX
KOMILJIEKCOB  (poToBHIACOPUKCAIIMM  ITyTEM
U3BJICUEHUSI TEKYLIEH CKOPOCTH M BPEMEHH
poesjia TPAaHCHOPTHOIO CpEACTBA. 3aTeM
3HAUYEHUS YCPEAHSIIOTCS C HMHTEpBajioM B 1
yac, a TaKXKe BBIMOJIHIETCS OYMCTKA JIaHHBIX.
Ecnm momyns oOHapy:XuBaeT pa3phiB B JIaH-

HBIX, OHU JIOIIOJHSIOTCS 3HAYEHUEM JJISI TOTO
e BpEeMEHH, HaOIromaeMoro B mpouuioM. B
TO K€ BPEMSI, UCTIONB3YSI aITOPUTMBI KOMITHIO-
TEPHOTO 3PEHHsI B MOJYJIC BUICOAHATUTHKH,
MOJIy4YCHBI JIAaHHBIE O CKOPOCTH TPAHCIIOPTHO-
r'o MOTOKA. 3aTeM ObLIM O0LEeIMHEHBI JJAHHEIC,
MOJIYYCHHBIE M3 JIByX MCTOYHUKOB, B MOIYJIE
00BeMHEHUST JTaHHBIX, KOTOPBIH YCpEIHSET
3HAYEHUsI CKOPOCTH TPAHCIIOPTHOTO TIOTO-
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Ka Ha yyacTke Joporu. Takum obpazom, ObLI
MOJTOTOBJIEH HAa0Op AAaHHBIX i1 OOydYeHUs
1 TECTUPOBAHMS MOJEIEH HEUPOHHBIX CETeU

e KOMANEKE
|I'. $oTCRMEROHMKIaLAM
= Df0opan BUIROKIMIDS

L)
o
i

— CPOEHOE IHAINOHE

CropocTb (Km/u)
=} z

&
[=]
i

0 5 10 15 20 25
WHpekc

Meancdyrapoonowl gopym "KDW-2020" 4

CKopocTb (KM/u)

(puc. 7). Nanee Obuta mpoBeneHa padboTa 1o
OLCHKE TOYHOCTHU IMPOTrHO3UPOBAHUA B MOAYJIC
MIPOTHO3UPOBAHUS TPAHCTIOPTHOTO TIOTOKA.
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201

3000 4000

HAEKC
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Puc. 7. Yepedrnernue danHblx, nOAYy4eHHbLX U3 08YX PAZHbLX UCMOYHUKOS (CAe8a)
u pasbuerue Ha HaOOPbL MPEHUPOBOUHBLX U MECMOBbLX OaHHbIX (Cnpasa)

3.2. Oyenxa

B paGore Oblma paccMoTpeHa 3ajiada Kpa-
TKocpouHoro (1 wac) mporHo3upoBaHus U
OLIEHEHA TOYHOCTh IPOTHO3UPYEMBIX JaHHBIX
B 3aBHCUMOCTH OT apXUTEKTYpbl HEUPOHHOU
cetd (1 cioit ¢ 64 win 128 Heliponamu u 2
ciosi c 64 + 64, 128 + 64 u 128+ 128 ueiipona-
MH) U KOJIWYECTBA BXOJHBIX 3HAUEHUH (Talm.
2). Kpome Toro, Obu1a paccCMOTpeHA OICHKA
TOYHOCTH INPOTHO3UPOBaHUS Ha 2 MU 3 yaca
BIIEpEel MUl DPA3JIUYHBIX HEHMPOHHBIX CETEU
(puc. 11). JIns oOy4eHus: HEHPOHHON CETH HC-

mojb30BaI0Cch 200 310X, CI0H HMCKIIIOUYCHUS,
4100l M30€KaTh MEePeoOyUCHHsI, U AITOPUTM
onTuMHU3auu Anama.

Taxoke ObuTa MpoBeieHa paboTa Mo J0TMoJI-
HUTEJIBHON OLIEHKE TOYHOCTH JJIsi HECKOJb-
Kkux HelpoHHbIx ceret (puc. 10). Bo Bpems
OLICHKH IIpOrHo3a, HeilpoHHas cetb LSTM c
2 cnosMu u 64 HellpoHaMHM B Ka)J0M CJIO€,
MoKaszajia Jy4dlldidi pe3yisTar. beuio momyue-
HO JIyullle€ CPEIHEKBAIPaTUYECKOE 3HAYCHHE
omnbku = 0,052594.

Tabmuma 2

Ounenka TouHoctd (RMSE) nporao3upoBanusi TpaHCHOPTHBIX OTOKOB B 3aBUCHMOCTH
OT ABYHamnpasJieHHoi#i apxutektypsl LSTM. (1 yac)

Koanue- Komnue- KonnyecTBO BXOIHBIX 3HAYCHUHN
CTBO CJIOEB | CTBO HEM- 1 1 T o 3
POHOB

1 64 0,05371 0,054357 0,054617 0,056532 0,082625

128 0,055065 | 0,052918 0,053061 0,061329 0,063546

2 64+64 0,054049 | 0,057104 0,065034 0,063976 0,067466
128+64 0,05267 0,055668 0,061015 0,064911 0,060639

128+128 [ 0,051955 | 0,057804 0,064435 0,063711 0,067638
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007
0,065

RMSE
[}
&

128+64 1133-11

mLET 0.055937 D,059656 0052554 0056944 0,053736
B Bidirectional L5TR 0054617 00533061 0065034 00610105 0,064435
mGRU 0052712 0,053E19 0055953 0055363 0.05464

0,055

0.05 in.
64

1ZE Bd+64

HOAMMECTE0 HEHPOHOE

M L5Thd  mBidirectional L5TM W GRU

Puc. 8. Ouenka mounocmu (RMSE) npoero3uposarnus mpancnopmmolx nOmMoKos 8
sasucumocmu om apxumexmypot dsyrnanpasierrot LSTM
(Koauuecmeo 8x00HbLx OaHHbLX — 2)

0.12
0.1
0,08

(5§
= 0.06
= o
0,02
o

1 2 uaca 3 yaca

| 5TH = ymanpasnesHan LS5TH] s GR1

Puc. 9. Ouyenka mounocmu (RMSE) npoernosuposarnus mpancnopmmaoeo nomoka 014
pasnolx HHC 6 3asucumocmu 0m HecKOAbKUX BbLXO0HbLX OAHHbLX NPOCHOSUPOBAHUSL
BpemeHHbLX uacos (Koauuecmso 8xo00Hulx 0arnHolx — 12, 8oix00HbLX OaHHbLX — 3)

Ha puc. 12 npencraBieHsl pe3ybTaThl Ipo-
THO3MPOBAHMsI BPEMEHHBIX PSAOB, IJE€ 3Ha-
YUTEJIBHOE CHIKEHHE CpPEIHEH CKOPOCTH Ha
yuacTKe JIOpOrd ObUIO MpeiCKa3aHo 3apaHee.
Bce 3 Moznenu nporHo3upoBaHus OKa3aiu He-
IUI0XHE pe3yabrarel. Hanmyummii nokasarenb
TOYHOCTH OB MOJIy4€H HPU UCIIOJIb30BaHUU

OJIHOCJIOMHOW HEUPOHHOM CETU C apXUTEKTY-
poit GRU. OgHako Mcnonb30BaHUE HEMPOH-
Hoil cetu LSTM ¢ nByms ciosMu mokasayio
HeOOoJIbIIIOe YIyYIlIeHHe IoKa3areis TOYHO-
ctu 1o cpaBHeHuto ¢ GRU, Torna kak pesynb-
tat Tecta AsycroponHero LSTM oka3zancs Ha-
MHOTO XyXe€ 1o cpaBHeHuto ¢ LSTM u GRU.
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3axnouenue

[Iporno3upoBanne 0O0BEMOB TPAHCIOPT-
HOro MOTOKa — 3()()EKTUBHBIA HHCTPYMEHT
ONTUMU3AINK MapIIPYTOB U BBISBICHUS aHO-
MaJILHBIX CXEeM JBIDKEHUS. B 3TOM cTarhe
OBLT TIPEIJIOKEH TOIX0A K TMPOrHO3UPOBA-
HUIO TPAHCHOPTHBIX TOTOKOB, OCHOBAHHBIN
Ha MHTETPAIlMU JTAHHBIX U3 JBYX MCTOYHHKOB
(kaMepsl BUICOHAOTIONCHHSI U KaMepbl BH-
neoHabmoneHus1). TakolW TOIXOM TTO3BOJHII
YCTPaHUTh BO3MOXKHBIE MpOoOeNbl B HeoOpa-
OOTaHHBIX JAHHBIX, HA KOTOPBIC BIIMSET, Ha-
npuMep, omudKa pacrio3HaBaHUS HOMEPOB

Meacdynapodneul gopym "KDW-2020" 4

aHATUTUKA. JIaHHBIN MMOJXOJ MO3BOJWI CHU-
3UTh KOJMYECTBO OLIMOOK IPHU OIpeeICHUH
CKOpPOCTH aBTOMOOMJISI TIO OJTHOMY UCTOYHUKY
JTaHHBIX. B pesynbrare orneHku ObLia Moy-
yeHa TouyHOCTh (RMSE) mporno3upoBanus
TpaHCIOpTHOro mnoroka pasHoe 0,0526 npu
WCIIOJIb30BAaHUM  JIBYXCIOMHOW HEHWPOHHOU
cetu LSTM c 64 ueiiponamu. JlanpHeiimas
pabora, Oe3ycioBHO, OyIeT MPOMOJDKEHA U
HACIIONB30BaHA B KadeCTBE OJHOM M3 YacTeH
TOCyAapCTBEHHOM TPAHCHOPTHOW CTpaTeru-
yecko tiargopmel. CleayromuM BaKHBIM
[IarOM  SIBJIICTCSI OMTHUMU3AIMS CTPYKTYPBI

CUCTEMON BHICOHAOIIONEHU WA OIINOKa
0oOHapy>KeHUs aBTOMOOMIICH MOIYJIEM BHUIICO-

JIAHHBIX U €€ JanbHeias oopaboTka.
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AHHOTAIUA

B crarbe paccmarpuBaeTcs anropuTM pacro3HaBaHUS TEKCTYP, OCHOBAHHBIM Ha HCIOJIb-
30BaHMM MOMEHTHBIX IPU3HAKOB, CIIOCO0a BHIOOpA YYaCTKOB M300pakeHUsI NP W3BJICUCHUN
MIPU3HAKOB, IPUMEHEHHSI METOI0B CUCTEMHOTO aHAIU3a JUIsl IPUHATHS PELICHUM, apaijielib-
HOM HEMpOCeTeBOM apXUTEKTYPHI. J{71s1 pa3paboTKu aJiropuT™Ma peann3aliii CrelnalbHONW Hell-
pOCETEBOM apXWUTEKTYpPBl, aAaTUPOBAHHON K NPUMEHEHUIO TEOPHUM INPUHATHSA PELICHUN W3
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CUCTEMHOI'0 aHaJln3a, NIPUMEHEH MOJXO0J pacipeneneHus HHOOPMALMOHHBIX TOTOKOB MEXKIY
HECKOJIbKMMHM HEHPOHHBIMH CETSMHU C LENbI0 YX0/a OT MpoOJIeMbl MepEeHaChIEHUS] HEHPOH-
HOU ceTHu npu O6y’~IeHI/II/I HECKOJIbKUMU PAa3IMYHBIMHU KJIaCCaMM BXOAHBIX CHUI'HAJIOB. HO)IXO)I,
WCTIOJIB3YIOIINI MOMEHTHbIE TPU3HAKH, YUUTHIBAET I100aIbHbIE IPU3HAKY Ha TIEPBOM YPOBHE
pa3OueHus, a 3aTeM JIOKaJIbHbIE TIPU3HAKH, XapaKTepHBIC IS KaXKI0i U3 00iacTeil, Ha BTOpOM
YpPOBHE pa30oueHusi. AJTOPUTM OOYYECHHSI CETH PEaIM30BaH MPOTPAMMHO C HMCIIOIh30BAHUEM
Microsoft Visual C++ u texnomorun Component Object Model.

KurroueBble ci10Ba: anropuT™ pacro3HaBaHUs TEKCTYP, MOMEHTHBIE IPU3HAKH, METO/IbI HEN-
POHHBIX CeTeH, apXUTEKTypa HEHPOHHOW CETH, BHIXOJHOM CUTHAJI, 00y4eHHE HEHPOHHOU CeTH.

Abstract

The article discusses a texture recognition algorithm based on the use of instant features, a
method of selecting image areas when extracting features, the use of system analysis methods
for making decisions, a parallel neural network architecture. To develop an algorithm for
implementing a special neural network architecture adapted to the application of decision theory
from system analysis, the approach of distributing information flows between several neural
networks was applied in order to avoid the problem of supersaturation of the neural network when
learning several different classes of input signals. The instant characteristic approach takes into
account the global characteristics on the first split level and then the local characteristics specific
to each of the regions on the second split level. The network training algorithm is implemented

programmatically using Microsoft Visual C++ and Component Object Technology.
Keywords: texture recognition algorithm, snapshot features, neural network methods, neural
network architecture, output signal, neural network training.

Beeoenue

Cpenu 3amau pacrio3HaBaHus M300pake-
HUH 3a71a4u paclio3HaBaHUS TEKCTYp 3aHUMa-
10T ocoboe Mecto. [Ipu moctpoenuun cucrem
YIPaBJICHUS IBIKEHUEM MOOMIIBHBIMU POOO-
Tam#, 00paboTKe H300pakeHmid a’podoTo-
ChEMKH, TNPU HEpa3pylIalolleM KOHTpOJe U
MIpU TIOMCKE M300pakeHnit B WH(OPMAITIOH-
HBIX CHCTEMax IMOsIBIIETCS HEOOXOAUMOCTh
pacrio3HaBaHusi (ParMeHTOB H300paKeHMUSI,
uaeHTuGuKauu  (PaKTUISCKH  OTNpeesiéH-
HBIX YYaCTKOB Ha M300pakeHUH, B TOM YHUCIIE
u Tekctyp. [Ipobiema MraHoBeHHOU 1 3P dek-
TUBHOU HUACHTHU(PUKAIMU O0OpPa30B SIBISICTCS
OJTHOW M3 CaMbIX CIOXKHBIX. CylIecTBYIOT
pa3IuyYHbIe MOIXO/IbI K PELICHUIO 3TOM 3a/a-
YH, OJIHAKO OHU MMEIOT MAacCy HEJIO0CTaTKOB,
U TOATOMY OTBICKAHHME APYTHUX MEepPCHEKTUB
1 TOJIXO/IOB K PELICHUIO 3a/1aul pacro3HaBa-
HUS TEKCTYp Ha H300pakeHUU OCTACTCS aKTy-
aJpHOM mpobaemoit [1].

Hcnonvzoeanue metipocemesou apxumex-
mMypol NPU pacno3HaA8aHUU 00pa308

PaccmarpuBaeMasi B cTaTb€ METOJOJIOTHUS
OIHCHIBAET AJITOPUTM CTPYKTYpbI paclo3Ha-

BaHUS TEKCTYP U CXeMY pabOThI TaHHOM cucTe-
Mbl. [Ipu 3TOM peraroTcs 3a1aun yCTpaHeHus
MePEHACHIIICHNUS] HEUPOHHOU CeTH Mpu o0yue-
HUW U TOYHOH (HOpPMaIBHOW HMHTEPIIpPETAIluU
BBIXOJJTHOTO CHTHAJla CETH B Ipoliecce Kiac-
cuukamuu. DdDEeKTUBHOE pelieHne 3THUX
po0sieM SBISETCS KIIOUEBBIM MOMEHTOM ISt
nepexosia K MporpaMMHON peaan3aluu CUCTe-
Mbl Ha BBICOKMH Kau€CTBEHHBIN ypoBeHb. Bo
MHOTUX TPWIOKEHUSAX IJIs HHTEpPHIpeTaluu
OTKJIMKa HEUPOHHOW CETH HCIMOJB3YyeTCs aI-
napar QyHKIHOHAIBHOTO aHaJIN3a — BBIYUCIIE-
HUE PACCTOSHUSA, MPEICTABICHHOTO COOTBET-
CTBYIOIIICH HOPMOW, HapUMEP, BUIA

IIRi||=\](Z(D(iJ)—0(i,]))2; (1)
J

e R, — pacCTOSAHUE MEKTY OKMIAEMBIM
HaOJII01aeMbIM OTKJIMKAMU;

D(i,j) — j-# oxuAaemblii OTKIWK -l HEH-
POHHOM CETH;

O(i,)) — j-¥1 HaOMOTAEMBIN OTKIIHMK i-U HEH-
POHHOM CETH.

Hcnonp30BaHue TaKoro npaBujia MPUHATUS
pereHuit sBisieTcs 3hHEKTUBHBIM BBUTY CBO-
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ell QpyHIaMEeHTaJIbHOCTH M MpOCcTOTHl. [lpum
9TOM HMEETCSI BO3MOXHOCTH CYLIECTBEHHO
paclIMpUTh MaT€MaTUYECKUW ammapar Hewu-
POHHBIX CE€TeH IOCPENCTBOM peaTu3alnun
CIIELMAJIbHOM HENUPOCETEBOM ApXUTEKTYPHI,
aJaNTUPOBAHHOM K NPUMEHEHUIO TEOPUU
MIPUHATHS PEIIEHUN U3 CUCTEMHOIO aHaJIM3a
[2].

K pazpaboTke omucheiBaeMoro ajaropurma
ObLI MPUMEHEH IOJXOJl pacIpe/eeHus] UH-
(OpMaIIMOHHBIX IOTOKOB MEXKIY HECKOIIb-
KMMU HEHPOHHBIMHU CETSMH C LEIBbI0 yXOJa
OT H3BECTHOW MNpoOIeMbl NEPEHACHIIIEHUS
HEUPOHHOU CETH TIPU 00yUYECHUH HECKOJIbKUM

— \
/—(_ Cetb Nei -}
. — [\
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pa3IMYHBIM BHIaM IH(DPOBBIX UMITYIHCOB.

Hetiponnas ectb coaepxut B cebe N Heil-
POCETEBBIX JIEMEHTOB, KK M3 KOTOPHIX
peanusyeT mpolieMy KakKoro-JTM0O OIHOTO
BU/Ia BXOJHBIX UMITYJIbCOB, a, IMEHHO, — He-
KOTOpOTO KJlacca HU300paXeHUU TEKCTYP.
Kaxnas n3 N HelipoHHBIX ceTell oOnamaer P
BxoznaMu 1 M Bbeixonamu (puc. 1). Ilpu atom
M<P, uro 00yC/IOBIEHO OTrpaHUYEHUSIMHU Ha
NPOM3BOJAMTEIBHOCTh CHCTEeMBL.  [Iporecc
00yuyeHUsI OJHOMY 3JIEMEHTY U3 oOydaromien
BBIOOPKHU BBITIOHSAETCS TOJBKO JIST HEUPOH-
HOW CeTH, KOTOpasi COOTBETCTBYET JaHHOMY
KJIaCCy BXOJIHBIX CHTHAJIOB.

—_— ||

I -

|

! .II |IH
.'rl '

| Cotb Ne2 ———!
‘\_‘

—

e

\ - \ /
— FCBTh NeN ——

i

Puc. 1. Obwas cxema cucmemol HetlpoHHOU 0Opabomku

Jlns mepexoza K 3ajjaue CUCTEMHOIO aHaIu3a
Ha OCHOBE MOJYYEHHBIX B IpoLecce padoThl

HEWPOHHBIX CETE BEKTOPOB BBHIXOAHBIX JIaH-
HBIX CTPOUTCS MAaTpULlAa IPUHATHS PEILICHUN:

D(0,0)-0(0,0) ... D(0,j)-0(0,j) ... D(0,M)-O(0,M)

R:

D(i,O)-é(o, 0) ..'.“D(i,j)—O(i,j) 'IS(i,M)-oﬁ,M) (2)

D(N,0)-O(N,0) ... D(N,j)-O(N,j) ... D(N,M)-O(N,M)

rne R — maTpuna paccTossHU MEXIY OXKHU-
JTAa€MbIM ¥ HaOJITI0MaeMbIM OTKIMKAMU;

D(1,j)) — j-#i oxumaeMblii OTKJIMK -U HEM-
POHHOM CETH;

O(i,)) — j-# HabIIOMaEeMbIN OTKIIUK -H HEH-
POHHOM CETH.

VYnoOHBIM SIBISIETCS HCMOJIB30BAHUE Ma-

TPHILIBI PUCKOB — MATPULIBI A0COITIOTHBIX OT-
KJIOHEHHH (haKTHUECKUX 3HAUYCHHH, TTOJTyYeH-
HBIX B pe3ynbTare padoThl HEHPOHHOW CeTH,
OT 3HAYECHMM »KejmaeMoro OTkiuka. Ilyrem
NIOWCKa HauboJiee ONTUMAJILHOTO PEIeHHUS,
IIPEICTABIICHHOIO IPUEMJIEMBIM C TOYKH
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3peHHsI BRIOPAHHOTO TpaBWJIa TPUHSATHS pe-
IIEHUST 3HAYCHUEM PHUCKa, JIETKO MOXKHO TIPO-
W3BECTH MHTEPIPETALNIO PE3YJbTaTOB 00pa-
OOTKHM BXOJHOTO BEKTOpa HEUPOCETEBHIM Ka-
ckagoM. Takum oOpa3om, B ciiydae 0OydeHHUs
OT/IEJIbHBIX HEMPOHHBIX CETEN KacKaja Xapak-
TEPUCTUKAM OTPECIICHHBIX KJIAaCCOB M300pa-
JKEHUH, 3a]1aua pacro3HaBaHUS MOCPEICTBOM
HelpoceTeBoll 00pabOTKHU CBOAUTCS K MOJI-
3a/1a4e MPUHSITHS PEIICHUS ¢ MUHUMAIbHBIM
PHICKOM Ha OCHOBE MaTPHUIIbl OTKJIOHEHUH BHI-
XOIHBIX CUTHAJIOB HEUPOHHBIX CETEH TAHHOTO
Kackana [3].

Ha mpakTrke BO3MOXXHO IPUMEHEHUE JTO-
OBIX METOJIOB MIPUHSITHS PEIICHUN U3 CUCTEM-
HOTO aHanu3a. Bompoc mpeBocxoicTBa Tex
WM HMHBIX METOAOB B JAHHOW KOHKPETHOMU
3a/1a4e SIBISETCS BECbMa BaXHBIM U TpeOyeT
JeTaabHOTO M3ydeHus B OymaymeM. B moctpo-
€HHOM aJITOPUTME HIACHTU(MUKAIIUU TEKCTYP
TOYHOCTh PACIO3HABAHUS, PACCUUTHIBAEMast
B MPOIEHTAX KaK OTHOIICHHE BEPHO Pacro3-
HaHHBIX U300paKeHUH KO BCeMy 00BEMY dJie-
MEHTOB B 0a3e M300paKeHUM, CYIIECTBEHHO
OTJIMYAETCSl OT TOTO, KaKOH M3 CIOCOOOB OT-
O0opa aJbTepHATHB CpPeAM PEIICHUI BHIOpATh
[4]. DOMnupuyeckuM myTéM ObUIO yCTaHOBIIE-
HO, YTO ONTUMAaJbHAs Mepa CBOWCTBA MHTEP-
MIPETAIMN OTKJIMKA CETH JOCTUTACTCS MPHU UC-
TOJIb30BAaHUHU KPUTEPHS TPOU3BEACHUN BUIA

M
b ~TIDG)-0G) ()
L

e bij — OIICHKa TI0 BBIOpAaHHOMY KpHUTe-
U0 IPUHATHSI PEIICHU;

D(i,)) — j-# oxumaemblii OTKIUK -U HEH-
POHHOM CETH;

O(i,)) — j-# HabmogaeMbli OTKIIMK -i1 HEil-
POHHOM CETH.

[Ipu ka’x10M IPOBEEHHOM 3KCIIEPUMEHTE
JAaHHBIN MOJXOJ OKa3bIBAJICS HAMHOTO OoJee
3¢ (PEeKTUBHBIM, YeM TOIXOM KJIACCHU(PUKAIINH
1M300paXeHU Ha OCHOBE CPABHEHMSI HOPM
BBIXOJIHBIX CHTHAJIOB HEHPOHHOW ceTu (sB-
JISIFOLIMIACS Ha CETONHSAIIHMI NeHb Hamubolee
pacrpoCTpaHEHHBIM ), TAK KaK TAKUM 00pa3oM
ObLi1a pelieHa 3a/1aua MpeoTBpaIeHUs repe-
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HACBILEHUS] HEUPOHHOM CETH OJHOBPEMEHHO
C 3aJa4yeil MOCTPOCHHS CHCTEMBI Mapajlieib-
HOM HelipoceTeBoi 00padOTKH.

[IpuBOomMMBIN TOAXOA TNPUMEHSIETCS AJIA
HEHpPOCETEeBOTO MPeoOpa30BAHUS PA3IUIHBIX
MHOTOCJIOKHBIX CUTHaOB. HemocpencTeH-
HO JK€ TIPY PEIIeHUH 3a/1aud PacliO3HABAHUS
TEKCTYp HEMAJIOBKHOW SIBISIETCS MOJ3a1a4a
CHEIMAIIBHOTO BBIMOIHEHUS 11000 060co-
OneHHoi HelpoHHo# cetu. Ha mepBom sTame
paboThI CHCTEMBI CTPOUTCS HAYaIbHOE TPE00-
pasoBaHue (hparMeHTa, B UTOre KOTOpPOTo Ha-
XOJISITCSl TIPU3HAKH BCSIKOTO M30JUPOBAHHOTO
AIIEMEeHTa N300paKESHUS. 3aTeM ITH TIPU3HAKA
B OIIPE/ICIIEHHOM TTOPSIIKE MTEPEIA0TCs B HEM-
POHHYIO CETh JJIsi 00paboTku (00yueHus WiIu
pacriozHaBanus). [lepen momadeir mpu3HAKOB
Ha BXOJ] CETH CIIIyeT UX IepepadoTaTh TaKUM
00pa3zoM, 9ToOBI ATO TTOMOIVIO ONTHUMAJIBLHOMN
pabote cetu u ee oOyuenuto. HeoOxomumbim
YCIIOBHEM JUIsI KOPPEKTHOTO PacIiO3HABAHUS
OOBEKTOB  SIBISCTCS  PENPE3ECHTAaTUBHOCTH
MIPU3HAKOB OOBEKTOB, MCIIOJIE3YEMbIX TIPU pa-
0ote cucTeMsl [5].

Pacnosznasanue mexcmyp ¢ nomowwio mo-
MEHMHBIX NPUSHAKOS

B 3amade pacno3naBanusi M300pakeHHUI B
KaueCTBE MCXOIHBIX JTAHHBIX TPU HEHpoceTe-
BOIl 00pabOTKe MOTYT, HalpuMep, UCIOIb30-
BaTbCsl HETIOCPEJCTBEHHO 3HAYCHUS SIPKOCTH
no 6asucy RGB B mo0oii m3onupoBaHHOMN
Touke u300pakeHus. OAHAKO MTaHHOE TIPeI-
cTaBlieHHe 00pasa OyaeT n30bITOYHBIM, T.€. OY-
JIET CO/IePIKaTh JINIITHEE KOJMYECTBO JTaHHBIX,
4eM 3TO HYXHO. [lJ1s1 Toro, 4TOOBI yCTpaHHUTh
ATOT HEJOCTATOK, IPUMEHSIETCS COOTBETCTBY-
IOIIast TMPOLEypa U3BJICUCHHS MTPH3HAKOB U3
n300pakeHus. Belaenum criepyronme craTv-
CTHUYECKHE TIPU3HAKU M300paKeHUs: MaTeMa-
TUYECKOE OXHJIaHHE MHTCHCUBHOCTH IIBETOB
0asuca, cpeHee OTKJIIOHEHHE (QYHKIIMH SPKO-
ctu 1BeToB Oasuca RGB or maremarnuecko-
ro OKHJAHWS WIA TPUOIKEHHOE 3HAYCHHE
Mozbl sipkocTH. [lpm mcmomb30BaHUM ATHX
XapaKTepUCTUK HE BBISBISIOTCS OT/CIIbHBIC
JeTanu u3o0pakeHui, U TeM Oosee He ydu-
TBIBAETCS B3aMMHOE PACTIONIOKEHHE TOUYEK
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M300paXKeHHsl U OTAEIbHBIX (ParMeHTOB U30-
OpaxxeHHsl, YTO MPUBOAUT K MOTEpe OOJIbILIO-
ro oobema uHpOpMaIH, KOTOpas MOXKET HC-
TIOJIB30BATHCS JIJIS pacro3HaBanus [6].

B kawectBe mpu3zHakoB B paccmaTpuBae-
MOM QJITOPUTME HCIIONIb3YIOTCS LIEHTPAIbHbIE
MOMEHTHI IepBoro nopsiaka [2] suna (4), Bbl-
YHCIIIeMbIe OTAEIBHO M0 KaXJA0My KaHany R,
GuB:

O ]
W, =B o (x,y)xdxdy,u, =[]B (x,y)ydxdy,
D D

=B y(x,y)xydxdy, 4)

e B, (X,y) — 3aBMCMMOCTb Ul IPKOCTH
KpacHOM COCTaBIISIIOIICH;

B, (X,y) — 3aBUCUMOCTb JUIS IPKOCTH 3€Ie-
HOM cOCTaBJISIONLIEH;

B, (X,y) —3aBUCHMOCTB JUIS APKOCTH CHHEN
COCTaBIISIOLEH.

Jlna naxoxnaeHus B (4) UHTerpaja B 4uC-
JIEHHOM BBIPQ)KEHUU MHCIIOJIb3YIOTCS H3BECT-
HbIE€ YMCJICHHBIE METO/IbI, ONMCAaHHBIE B MaTe-
MAaTHYECKOM JINTEpATypE.

BaxxHoil 0COOEHHOCTHIO JIaHHOTO AaJro-
putMa [3] SIBISIETCS TO, YTO BBIYUCIICHUE MO-
MEHTOB OCYIIECTBIISIETCSI B OMNPEAESIEHHBIX
oOmactsix wu3o0paxeHus. [laHHble obOmacTH
MOJTy4aroTcs MyTeM pa3ouneHus (5) UCXOAHOTo
M300pakeHHs Ha psAl 00IacTei:

VV;H:{XHI |xi+1€ VV;H.'Xt. "WlOd"pZO}
I_IHI:{yiH |yi+1€]—Ii+1'.yi "mod"” p:O} (5)

T7e p — mar pa3oueHus n300pakeHus;

W, H— mHOXecTBa Touek pa3OHEHMs IO
ocsaM X B Y COOTBETCTBEHHO;

X, y— 21eMeHTbl MHOXeCTB W 1 H.

Meocdynapooneul gopyn "KDW-2020"

B npuBeneHHoM mnpumepe u3zoOpaxeHue
MOKHO pa30uTh Ha 4 MoA00JaCTH Ha NEPBOM
ypoBHE pa3dueHus u 6 nmogodmacTeil Ha BTO-
poMm ypoBHe pa3Ouenus. [lanpHeiimee pas-
Ouenue wu3z00pakeHHst OyAeT NPUBOIUTH K
CYIIECTBEHHOMY YBEJIMYCHHIO OOBEMOB BBI-
YHUCIICHUN U TIPU 3TOM — K CHHYKEHUIO HH(OP-
MaTUBHOCTH MPHU3HAKOB KaXKJ0W U3 001acTei.
[TosTOMy Ha BTOpPOM ypOBHE IpOLECC pazOou-
eHHMs paccMaTpuBaeMoro o0Opasza Ha oOiacTu
npekparniaercs [7].

Jlst kaxxioro n3 RGB-kananos o ¢popmy-
ne (4) onpenensitoTcss MOMEHTBI TIEPBOTO TIO-
psiaKa — 3TO MOBTOPSIETCS B OT/IEJILHOM YPOBHE
pazOueHust U B Kaxaou u3 nmogobnacteit. Ta-
KAM 00pa3oM, Ha BXO/l HEHPOHHOM CeTH moja-
€TCs MOJIyYEHHBIM BEKTOP CUTHAJIOB, KOTOPBII
B JJaJIbHEWUIIIEM MOXKET OBbITh UCIIOJIB30BaH /IS
oOyueHus: uiau pacno3HaBaHusl. JlaHHbBIN 1O-
XOJ1 TIO3BOJISIET NPUHATH BO BHUMaHHE Oolee
o0mye Mpu3HAKW Ha TIEPBOM YpPOBHE pazOu-
€HMsI, a 3aTeM JIOKAJIbHbIE MPU3HAKH, Xapak-
TEpHBIE ISl KAKAO0H U3 00acTeid, Ha BTOPOM
ypoBHE pa30ueHus. BaxHoW sBiseTcs BO3-
MOYKHOCTb y4y€Ta B3aUMHOIO MECTOMOJIOXKE-
HUSI DIIEMEHTOB H300pakeHMsI, O0ObsCHsIEMas
CYLLIECTBOBAaHUEM TMPUBSA3KU MEXIy IOJ0-
OnacTaMM H300pak€HUST U MEXKHEHPOHHBI-
MU BxojaMu. Tak Kak MMeeTcsl COOTBETCTBUE
MEXy MOPSAKOM IMOJ00IACTH M300paKeHHS
U TOPSIIKOM MEXHEHPOHHOTO BXona (puc. 2)
Y OHO B3aMMHO OJJHO3HaYHOE, TO aCCOIMATUB-
Hasi NaMsATh HEHPOHHOU ceTu OeCCO3HATENbHO
IIPUHUMAET BO BHUMAHUE PACIOI0KEHHUE IIPU-
3HaKoB. Ecny aneMeHTsl n300paxeHuii OymyT
IIPEJICTaBIEHbl HE3aBUCUMBIMU MOAYJISIMU, TO
HEHUPOHHBIE CETU MOT'YT UCII0JIb30BaTh TPeOy-
EMYI0 apXUTEKTypy B 3aBUCHUMOCTH OT HaMe-
YEHHOTO pe3yJibTaTa [8].
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JNanHble nogofinacTv 1

Puc. 2. Csa3b yuacmxos us3o0bpaxcerus u CUHANMmMuU4eckux 8x0008

[IpencraBneHHble pacCyKAEHHS JAIOT BO3-
MOYKHOCTb M3Y4YHUTb IOBEICHUE Pa3JINYHBIX
HEUPOHHBIX CETEH IIpU PACIIO3HABAHUU H30-
OpaxeHwuii, 4T0 0OecreunBaeT BO3MOKHOCTh
BbIOOpA ONTUMAIBHON apXUTEKTYphl KaXKJI0-
IO OTJENbHOIO BBIYMCIUTEIBHOIO BIIEMEH-
Ta. B KauecTBe BBIUMCIMTEILHOTO 3JIEMEHTA
HCII0JIb30Baach IOJHOCBA3HAs HEHMpOHHAs
CEeTh C CUTMOU/IAJIbHON (PyHKIMEH aKTUBALUU
BHja (6) CO CIIy4ailHBIM Ha4albHBIM pacrpe-
JICJICHUEM CUHAIITUYECKUX BECOB B MHTEpBa-

ne [-0,5; 0,5]:

1

(I+e=), (6)

7€ X — TOYKa BBIYMCIICHUS (PYHKLUY;

C — IMapameTp, 3aJal0IUi KPyTU3HY CHUT-
MOM/IBI.

Jns oOydeHus: CeTH MCIOJb30BaJICs Ipa-
JMEHTHBIN MeToj onTuMu3alnu ¢ marom 0,01
u tpedyemoii morpemHocTthio 0,1. JlaHHBII
BBIOOp TpeOyeMoil MOrpemHocTH 00yCIIOB-
JIeH HEOOXOIMMOCTBIO YCTpPaHEHHUsS INepeHa-
CBIIIICHUS HEHPOHHOM CETH MNpH OOy4YEeHUH
60JIbIIIOMY KJIacCy MPUMEPOB Pa3IMYHOTO CO-
Jeprkanus. B nenom, B 3aBUCHMOCTH OT UnCiIa
paccMaTpuBaeMbIX BUIOB 0ObEKTOB, BO3MOX-
HBI pa3IMYHbIC IyTH BBIOOPA JAHHOTO IMapa-

Sigm(x,c)=

METpa, MPH 3TOM HAJAEKHOCTb MPUMEHEHHS
ITOJIHOCBA3HOM TOIIOJIOTUA HEMPOHHOM CETH
Obula TIOATBEP)KACHA B XOJIE 3KCIIEPUMEH-
TOB. MaJjo3HauuMble CHHANTUYECKHE CBS3U
npy BBIOPAHHOW TOMOJOTMU OTOPACHIBAIOT-
Csl TOCPEICTBOM IPHCBOCHHUS MaJo3HAYH-
MBIX BECOBBIX Koa(duuuentos [9]. Tomono-
rust OBICTPBIX HEMPOHHBIX CETeH, Kak Oonee
CJI0KHAas1, SIBISIETCS BBIPOJKICHHON CXEMOU
MOJTHOCBSI3HOM CETH M, COOTBETCTBEHHO, MO-
KeT OBITh MOJTyueHa IyTeM Ipoliecca yMEHb-
IIEHUS] BECOBBIX KO3(PPUIIMEHTOB HEHPOHOB
IIOJIHOCBSI3HOM CETH.

HenocrarkoM ncnonb30BaHMs TOJTHOCBS3-
HOU CEeTH SBJISIETCS MEHbILAsi CKOPOCTh 00pa-
OOTKU JTaHHBIX, KOTOPOH MOXKHO MpeHeOpeyub
Ipy TPOBEJCHUM HMCCIEIOBAHUM, a TAaKXKe C
IEJIBIO TIOBBIIIEHUS HAZIS)KHOCTU CHCTEMBI.

[Tporiecc  oOyueHHsT OTHAEIBHO B3STO-
My TNpHUMEpY BBIMOJHSACTCS B CUCTEME Ia-
paJUIeIbHO Ha KaXJIOM BBIYMCIUTEIHLHOM
BNIEMEHTE C HCIOJIb30BAHUEM Ppa3IMYHBIX
pE3yJIBTUPYIOLIMX CUTHAJIOB. To ecThb Ha
BXOZIC HEUPOHHOM CETH MOXKHO MCIIOJIb30-
BaTh NPU3HAKU HM300pa)KEHUs, MOJyUYCHHBIC
MIOCPE/ICTBOM IPUBEJCHHOM BBIIIE CXEMBI,
a Ha BBIXOJIC — BEKTOP BEJIMYUH M3 OOJIACTH
[0, 1], onpenensitolinii OLIEHKY BEPOSTHOCTH
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MIPUHAJJIEKHOCTH M300pakeHUsl K JaHHOMY
KJIacCy, MPEJCTaBICHHOMY TEKYIIUM BbIYHC-
JUTEITBHBIM 371eMeHTOM [ 10].

OnucaHHBIA aNTOPUTM PEATH30BaH IPO-
IrpaMMHO c Hcnonb3oBanueM Microsoft Visual
C++ u Texnonmorun COM. B nporpammuoit
peanu3any CHCTEMbI MPEAyCMOTpEHa BO3-
MOXXHOCTh MOAM(UKALNU Tara pa3oueHus
M300paKeHHsl C ILENbI0 HU3Y4YEHMs BIIHUSHUA
croco0oB pa3doueHus n300paKeHUsT Ha TPO-
LIeCC U3BJICYEeHMS NTPU3HAKOB. [IporpaMMHBIi
KOMITJIEKC PEaJIN30BaH C YYETOM BO3MOXKHO-
CTH HCIOJIb30BAaHUS PA3IUYHBIX TOIMOJOTUMN
HEUPOHHBIX CETEH B Ipoliecce paboThI CUCTE-
MBI. APXHUTEKTypa CHCTEMBI PacIO3HABaHU
TEKCTyp MOKa3zaHa Ha puc. 3. Paccmorpum
OCHOBHBIE KOMITOHEHTHI CUCTEMbI paclio3Ha-
BaHus TekcTyp [11].

[loncuctema BBOJA-BBIBOAA  peaU3yeT
XpaHeHHe JaHHBIX Ha WH(QOPMAIMOHHBIX

Meocdynapooneul gopyn "KDW-2020"

HOCHTEJISIX M OTepanuy 1o (ailioBoMy BBO-
Iy-BBIBOILY, XPaHEHUIO H TPeoOpa30BaHHIO
M300pakeHU, OTOOPaKEHUIO PE3YJIbTaTOB
paboTHI TMONIB30BATENIO, a TaKXke (HOpMHUpYyeT
Ha0Op BXOIHBIX CHTHAJIOB, IPEACTABIISIFOIINX
coboii HabOp XapaKTEPUCTHK ITOTO M300pa-
KEHHUs, WCIIONB3yeMBIX 3aTeM Npu padoTe
HEUpOHHOW ceTH. KOHTpOJb Haa Mpoueccom
oOyueHust 1 popMHUpOBaHHE BXOIHBIX U 3Ta-
JIOHHBIX CHUTHAJIOB OCYIIECTBIISIET MOJCHCTE-
Ma ynpasienus. [loncucrema HelipoceTeBon
00paboOTKH MPOM3BOIUT OOy4YEHHE U pacyer
pe3ysibTaToB 00pabOTKM BXOJHOTO CHUTHAJA.
IToncucrema NMpUHATUS PEIIEHUH OCYILIECT-
BIISIET WHTEPIPETAIMIO BBIXOIHOTO CHUTHAja
CETH B MPOIIEcCce pacIio3HaBaHUS U TPHHUMA-
€T pellIeHre Mo BhIOOpy HamiTydiero (Hanoo-
Jiee BEPOSITHOTO C TOYKH 3PSHHS CETH) KJlacca
Ha OCHOBE PE3YJIbTAaTOB, MMOJYYSHHBIX B XOZIC
HelpoceTeBoit o0paboTku [12].

»  NPOMEXYTOYHOMD knacca 1
Qavena - HeipoxHan ceTs
Y Knacca 2
Obyvaiowui npouece  (— >
- HelpoHHaRA ceTk
Mogcuctema ynpasneHun Kknacca N
MNogcuctema Y
( WMaoGpaxerue Ha avcke ) HelpoCeTeaoil BriGop Hanny-wero
\ 06paBoTKN paayn*mara
(()'roﬁpameuue pe3ynbTaTos WagneyeHne onucaHus
Mopcucrema BBOAA-BLIBOAA MoacKCTEME NPHUHATURA PELLIEHWA|

Puc. 3. PynKkyuoHarbHaASL cCXeMa CMPYKMYPHOLU OPeaHU3AYUL CUCTEeMbl
pacnosrasarnus 0o6pasos

TecTupoBaHue MporpaMMHON peanu3alnuu
pa3pabOTaHHOTO aJrOpUTMa IMOKAa3aso, 4YTO
cpeaHee Bpemsi OOy4eHHUS CHUCTEMbI OJHO-

My STaJOHHOMY H300PaKEHUIO COCTaBISET
3,3 CekyH[bl, a CpelHEe BpeMs paclio3HaBa-
Hus coctasiseT 0,57 CeKyHIbL.
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Jnist ipoBeNieHHsI TECTUPOBAHUST CHCTEMBI
OblIa MCMOJIb30BaHA BBIOOpPKA HM300paXKEHHI
TEKCTYp, cocrosmas u3 5000 moJHOLBETHBIX
M300paKeHUd U TIPU 3TOM KOJIMYECTBO Ipa-
BUJIPHO PACIIO3HAHHBIX N300PAKEHUN TEKCTYP
coctaBmiio 93,3%. 3T0 TOBOPUT O IpaKTUYe-
CKOM 3HAYMMOCTH WCIIOJIb30BAHHUS MOMEHT-
HBIX MTPU3HAKOB B AJITOPUTME PACIIO3HABAHMUS
TEKCTYp M 1LIeJIeCO00pa3HOCTU MPOAOIIKEHUS
WCCIIeIOBAaHHI JAHHOTO TIOAXO/1A.

Bv1600wb1

[IpennoxxeHHbI MOAXOA Ui pacro3HaBa-
HUSl TEKCTyp sBisieTcss 3(P(EKTUBHBIM Cpel-
CTBOM /ISl PEUICHUsT MPOOJIEMBI pacio3HaBa-
HUST N300paKCHNUH, YTO TOCTUTAETCS 33 CUET
WCTIOJIB30BaHMsI: METOJJa MOMEHTOB, TIOPSIIKa

Cnucok Jimreparypsl
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BbIOOpA YyYacCTKOB M300pakeHUsl MpU HU3BIIE-
YEHUH MPU3HAKOB, TEOPUH CHUCTEMHOIO aHa-
JM3a 7S IPUHATHUS peLIeHH, TapajuieTbHOM
HEUPOCETEBOM apXUTEKTYPHI.

OnucaHHBI  QJITOPUTM TIO3BOJSIET J0O-
CTHYb CJIEAYIOUIMX pPEe3ylIbTaTOB: BO3MOXK-
HOCTH 3(()EKTUBHOTO HCIIOJIIB30BAHUSI HaU-
0osee MpOCThIX HEMPOCETEBBIX APXUTEKTYP,
HE JaloUIMX JIOCTaTOYHOTO YPOBHSI TOYHOCTHU
IpU OOMICTIPUHATOM IOJAXOJ€ IMOCTPOEHUs
HEUPOCHUCTEM; aJanTallMi HEHPOCETEBOM ap-
XUTEKTYpBbl Ul MapajulelIbHONM HelpoceTe-
BOIl 00pabOTKH, yBEIMYHMBAIOIIEH CKOPOCTH
peaKkliy CUCTEMBI B peKUME PaclO3HABAHMUS,
yhpolleHue Gopmaln3aluy mnporecca Mnpu-
HATHS PEUIEHUN B HEHPOCETEBBIX CHCTEMAX
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AHHOTAIUA

B crarke npencraBieHbl pe3yabTaThl HCCIAEIOBAaHUM CIEIHMAINCTOB AJIBMETHEBCKOTO TOCY-
JTApCTBEHHOTO HE(PTAHOTO MHCTUTYTA, HHCTUTYTa « TarTHUIIHedTH», IeHTpa nHdopmarmon-
HbIX TexHonoruit [IAO «TarHedTh» MO co3manntio HHPOPMAITMOHHO-TIPOTPAMMHOTO UHCTPY-
MEHTa JIOJTOCPOYHOTO TUTAHUPOBAHUS MHBECTUIIMH 1 3P PEeKTUBHOU pa3pabOoTKu HEDTIHBIX
MECTOpOXKIAEHU. PaccMOTpeHbl BO3MOXHOCTH HCHOJB30BAHUSI HEHPOCETEBBIX IMOAXOJIOB B
pelIeHnr 3a7jadil KJIacTepHU3allK paclpeiesieHHbIX M0 rofam rokasareseid 3QpPeKTUBHOCTH
TUTAHUPYEMBIX MEPONPUATUN IJISi COKpAIICHUs Pa3MEPHOCTH ONTHUMM3AIIMOHHON 3a/1aun. AB-
TOMaTH3UPOBAaHHAs FeHepaIusi MHOJKECTBA CLIEHAPHEB Pa3pabOTKH HEPTIHBIX MECTOPOXKICHHIMA
BBINOJHAETCS Ha Tpokcu-Moaessix APM reosora «JIABYPUT) ¢ BbIUKCIEHHEM TEXHUKO-IKO-
HOMUYECKHX TToKa3zareneit mianupyeMbix [ ' TM. Jlonrocpodnast mpou3BOACTBEHHAS porpaMMa
MO3BOJIIET HA OCHOBE MCIIOJIb30BAaHUS MaKeTa HEMPOCETEBBIX U ONTHUMM3AIMOHHBIX alTrOpPHUT-
MOB BbIOpaTh Hanbosee 3GPeKTUBHBI HAOOP MEPONPHUATHH, YIOBICTBOPSIONINN MaKpO- MH-
KPOOKOHOMUYECKUM U PECYPCHBIM OTPaHUYCHHUSIM U MaKCUMU3UPYIOIIUN YUCTBIA JUCKOHTH-
POBaHHBIN 10XOA. YYHUTHIBAETCS paclpe/ie]ieHHe TOMOIHUTEIBHON JOOBIYU OT MPOBEACHUS
MEpPOIPUATHI Ha neproa 0oJiee MIATH JIET, a MyJIbTUCLIEHApHAsI OLIEeHKAa HAOOPOB MEPOIIPHUITHIA
MIPOUCXOIUT BHYTPH KaXKJIOTO FOJ0BOTO MEepHOa MIaHUPOBAHUS.
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KiroueBble cjioBa: M3BJIEKaeMbIC 3aMachl, OCTATOYHBIC 3aITaChl, TEOJIOTO-TEXHUYECKHE Me-
porpuATHd, 6ypeHI/Ie OKCINTyaTalMOHHBIX CKBaXXWH, OIITUMAJIbHOC IIJIAHUPOBAHUEC ITPOBCACHUA
I'TM, mamnHHOe 00yueHne, HeMpOHHASI CETb.

Abstract

The article presents the software tool for long-term investment planning for effective
development of oil fields created by specialists of the Almetyevsk State Oil Institute, the
TatNIPIneft Institute, the Information Technology Center of Tatneft PJSC. Possibilities of
using neural network approaches in solving the issue of clustering the performance indicators
of planned measures distributed over the years to reduce the dimension of the optimization
problem are considered in development of these tools. Automated generation of many scenarios
of the oil fields development is performed on proxy models of the workstation of the geologist
«LAZURIT» with the calculation of technical and economic indicators of the planned production
enhancement operations. The system of long-term production program formation allows one
to choose the most effective set of measures that meet the specified macro/microeconomic and
resource constraints using the package of neural network and optimization algorithms. The
distribution of additional production from operations for a period of up to five years is taken
into account, and a multi-scenario assessment of measure sets takes place within each annual
planning period.

Keywords: recoverable reserves, residual reserves, production wells drilling, geological
and technological activities, optimal planning of geological and technical activities, machine

learning, neural network.

B nacrosmmit MomeHT B [TAO «Tarnedtb»
UHUIIMUPOBAH Pl KPYIMHBIX MPOEKTOB, CBS-
3aHHBIX C LU(]poBHU3aIMEN BCEX 3JIEMEHTOB
MPOU3BOJICTBEHHBIX [EMOYEK, IIeNIbI0 KOTO-
pBIX sIBISIETCS Tody4deHue HPQPEeKToB Mpu
(dhopmupoBanun UPpPoOBBIX Mozeel pusnye-
CKHX U SKOHOMUYECKHUX MPOIECCOB HAa OCHOBE
NPUMEHEHHUsI COBPEMEHHBIX MOAXOI0B 00pa-
OOTKH JIaHHBIX, BKIIIOYAOIIUX B CE0SI CIOIb-
30BaHUE CHUCTEM BBICOKOIIPOU3BOAUTEIBHBIX
BBIUMCJICHUI U MAIIMHHOTO O00y4YeHUSI.

B nepuon 2016-2017 rr. cnenuanucramu
entpa nHpOpMaMOHHBIX TexHoaorui [TAO
«TarunedTh» ObLIIa TPOpabOTaHA METOOIOTHS
pelleHns 3aJaud M peajn30BaH IMPOrpaMM-
HBI UHCTPYMEHT GopMupoBaHus 3PPeKTuB-
HOTO MHBECTUIIMOHHOTO MOPT(hesss KOMIaHUU
B YCIIOBHUSIX OTpaHUYECHUN HAa 00bEMBI 100bI-
YU MPOAYKLIMM M KanuTajbHbIE 3arparsl [1].
OcHOBHOE OTJIMYME PEaTU30BAaHHOIO pelle-
HUS OT UMEIOIIMXCS HA PhIHKE TPOrPaMMHOTO
o0ecredeHus IPOIyKTOB COCTOSIIO B TOM, YTO
Uit (hOPMUPOBAHUS ONITUMAJIBLHOTO TOJJOBOTO
IUIaHAa TEOJIOTO-TEXHUYECKUX MEPONPUSTUI
(I'TM) ucnionb30Baics MOAX0 MHOTOKPATHO-
ro pacyera u nepegopmupoBanus noprdeneit

B YCJIOBHUSIX U3MCHSIFOIIIUXCS] OTPAHHMYCHHI T10
HAIpaBJICHUSIM MHBECTUPOBAHUS U 1ICJIEBOTO
3HaueHHsI 00BEMOB JTOOBIYM HA TICPBBINA TOJ
addexTa mo MeponpusTHIM. bbiio mokasaHo,
YTO TaKOW TOAXOJ TO3BOJIIET CYIIECTBEHHO
YBEIUYUTh TUIOTHOCTh TPOW3BOACTBEHHOU
POTPaMMBI TI0 TPHHUMACMBIM MEPOTIPUSITH-
SIM U TIOJYYHUTh 3HAYUTEIILHBIA MPUPOCT YH-
CTOTO JJMCKOHTUPOBAHHOTO JI0X071a (hOpMHPY-
€MOTo0 MOPTQEls MPH 33JJaHHBIX OTPAHHYCHH-
SIX Ha 00bEMBI JIOOBIYM HA NIEPBBIH TOJT U 1A~
HUPYEMbIC MHBECTUIIUM OTHOCHTEIBHO 0a30-
BOTO croco0ba (hopMHUpPOBaHHUsI IPOTPAMMBI —
PaH)KUPOBAHHUS T'€OJIOTO-TEXHHUUECKUX MEpO-
NPUSATHI TI0 MTOKa3aTessiM UX 3PHEKTUBHOCTH
(PI, NPV, IRR u ap.). OnTuMuzanuonHas 3a-
Jla4a pelajgach Ha OCHOBE HCIIOIb30BAHUS
MOAM(HUKALINNA TEHETHYECKUX alTOPUTMOB,
METOJ1a BETBEH U TPAHMUIl, METOJIOB CTOXACTH-
YECKOM OMTUMHU3AIUH.

BMmecre ¢ Tem ykazaHHOe peleHHe 00i1a-
JIAJI0 CIICTYIONUMHE HEIOCTaTKAMU:

— IJTAHUPOBaHHE HAOOPOB MEPONPHUSATHIMA
OCYIIECTBISIOCh CHEIMATUCTaAMU TEOJIOTH-
YEeCKHUX CIYKO Ha OCHOBE SKCIICPTHOMN OIICH-
KU JIOCTHXHMBIX OOBEMOB JIOTIOIHUTEIHHON
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N00BIuM U MoKa3arenei 3 (HeKTUBHOCTH;

— peleHue ONTHUMHU3ALMOHHON 3a7a4uu
OTPaHMYMBAJIOCh KPAaTKOCPOYHOW IepCreK-
TUBOM M OXBaThIBAJIO MPOLIECC IMPOBEICHUS
MEpONPHUIATHI Ha IEPBBIN IO/ INTAHUPOBAHUS;

— ucnonb3oBanue kinactepa Ha CPU orpa-
HUYMBAJIO BO3MOXKHOCTU  HCIOJIb30BaHU
METOJIOB CTOXaCTHUYECKOM ONTUMHU3ALUHU, a
IIPHU YBEJIMYEHUU Pa3MEPHOCTH 3a/1aui Cylie-
CTBEHHO COKpAIaJI0 BEPOATHOCTh JOCTHXKE-
HUS LEJIEBOTO ONTUMYMA.

Hcnonp3oBaHue ajiropurMoB MalIMHHO-
ro oOydeHusi, BBHJY OTCYTCTBHUSI BBICOKO-
MIPOU3BOAUTEIbHBIX BBIUUCIUTEIBHBIX Y3-
noB Ha rpaduueckux mporeccopax (GPU)
Ul TTyOMHHOTO OOYyYeHMsI, OTpaHUYMUIIOCH
OIICHKOW 3(PPEKTUBHOCTH TPOBEICHUS Me-
ponpusiTUil  moazepkaHus  HedTeoTnaun
IJIaCTOB Ha HAarHeTarelbHOM (OHJE CKBa-
)KMH Ha OCHOBE 0aleCOBCKHX CETEH, KOTO-
pble, OJHAKO, MO3BOJWIM 3aJIOKUTh METO-
JIOJIOTUYECKUE  OCHOBBI ~ BEPOSITHOCTHOTO
moaxoja K 3adade noadopa reosoro-Tex-
HUYECKUX MEpPONpUATUH B 3aBUCUMOCTH

-

i A
L Hauano )

J_—\- -. 2

f

OT TEXHOJIOTMM M YCJIOBUU mposeneHus [1].

B Hacrosimuii MOMEHT B MHCTUTYTE «Tar-
HUIINuedTH» pa3paboraHa MeTonuka, MO-
3BOJISIFOLIAs] B aBTOMATU3UPOBAHHOM DPEKUME
BBITIOJHSTH ITOATAIHYIO PACCTAHOBKY MPOEKT-
HBIX CKBQ)XMH IO KPUTEPUSM INPUMEHUMOCTH
JUISL BBO/IA B TIPOMBIIIEHHYIO 3KCILTyaTallio
[2]. MeTtoauka OCHOBBIBA€TCS Ha TPOKCHU-
monensix APM reonora «JIABYPUT» u pe-
aJM30BaHa B IMPOrPAMMHOM MOAYJE€ TEXHU-
KO-9KOHOMHMYECKO OLIEHKH 3amacoB He(Tw,
KOTOPBII BKJIFOUEH B IIPOIPAMMHBIN KOMIUIEKC
«KHUM Dxcnepr» [3, 4].

Crneunamucramu uHctutyta «TatHUIIU-
He(Th» MPOU3BOAMIIACH NPOpPadOTKa pele-
HUS 33]1a4d aBTOMaTHYeCKOro popMUpPOBaHUS
MHOYKECTBA CIIEeHapueB pa3pabOTKH HEPTIHBIX
MECTOPOXKACHUN C yU4ETOM 3aJJaHHBIX OIpaHu-
YEHU, KOoTopasi BKJIIoYana B ce0s METOIUKY
IUTAHUPOBAHUS OypeHUs U pacCTaHOBKHU IPO-
€KTHBIX CKBaXHH, pacyeTa TEXHUKO-3KOHOMHU-
YECKUX IOKa3aTesiell B epCIeKTUBHBIX Bapu-
aHTax (puc. 1).
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Puc. 1. baok-cxema popmuposanus MHONICECMBA CUeHapues
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Kak u3BecTHO, IM1aBHBIM c110COOOM BOBJIE-
YEeHMsI 3aI1acoB B pa3pabOTKy SIBISIETCS BBOJ
B DKCIUTyaTallMI0 HOBBIX CKBAaXXUH, U HUMEHHO
nocyie OypeHHs MOSIBISETCS BO3MOXKHOCTD
MIPUMEHEHUS METOOB YBEJIMYEHHS] METOJIOB
HeTeoTnauu M JPyrux TIeoJIoro-TeXHUYe-
ckux MeponpusTuil. [loatomy Oypenue ckpa-
KUH 3aHUMaeT 0co00e MECTO B CIHCKE IJjia-
HUPYEMBIX MEPOTIPUSATHUH.

bnox mnnanupoBanus Oypenust (puc. 1)
OIHCHIBAET Ipolecc (OPMUPOBAHUS MacCHBa
MIPOEKTHBIX TOYEK BEPTUKAIbHBIX U TOPU30H-
TaJbHBIX CKBAXKHH.

[Iporpamma popMupyeT MaccuB IJIaHUPY-
€MBIX MEPONPUATUHN MO0 CKBAKMHAM C YUETOM
3aJIaHHBIX OTPAaHUYEHUI IO MUHUMAJIBHO He-
00XOMMON IKOHOMHUYECKOH 3¢ (EeKTUBHO-
CTH T€0JIOro-TEXHUYECKOTO MEPOIPUSATHS U
JOTyCTUMOMY YPOBHIO T'€0JIOTMUECKHX pH-
ckoB [5-7]. B aBTOMaTu3upoBaHHOM peXHME
BBINIOJHSIETCS] MO3TAIlHAsl paccTaHOBKa Mpo-
€KTHBIX TOYEK C IOCJe0BaTeIbHbIM YBEIU-
YeHHEM Il1ara CeTku ckBaxxuH. [Ipu sTOoM Ha
Ka)KJIOM JTare OLEHUBAETCS] pEeHTA0EeIbHOCTD
KaKIOW CKBaXXUHBI M MCKIIIOYAIOTCSl CKBa-
YKUHBI, HE Y/IOBJIETBOPSIOIINE 3a/laHHBIM YC-
noBusiM. Ha kxakioM BpeMEHHOM Iiare mpo-
HCXOJIUT TMepepacipeeieHHe OCTATOYHBIX
3aracoB € y4eTOM X BbIpaboTaHHOCTHU. B pe-
3yJbTaTe BHINOIHEHMS aJITOPUTMA CO3AETCsI
HEpaBHOMEpHAsl MPOEKTHAsI CETKa CKBAXKUH,
KOTOpasi YJOBJIETBOPSAET TEXHOJIOIMUECKUM
U SKOHOMHYECKHM OTPAaHUYEHHUSIM U HUMe-
€T MaKCUMaJbHO BO3MOXKHYIO IIJIOTHOCTb.

Pa3menienue Topu30HTaIBHBIX CTBOJIOB
MIPOM3BOAMTCS TOCJE BBITOJHEHUS MO3Tal-
HOM pacCcTaHOBKU BEPTHKAJIBHBIX MPOEKTHBIX
TOYEK B 30HAX MX BBICOKOM IUIOTHOCTH. YC-
JIOBHO 32 TPAEKTOPHUIO TOPU30HTAIBHOMN CKBa-
KUHBI TPUHUMAETCS OTPE30K, COCTUHSIOLINI
rapy TOYEK, YKa3bIBAIOLIMX Ha pPacIoioXKe-
HUE paHee CreHEpUPOBAHHBIX BEPTUKAIbHBIX
MIPOEKTHBIX CKBAKUH.

B kauectBe nmomomnutensHbix ['TM pac-
CMaTpUBAIOTCS 3ape3ka OOKOBBIX CTOJIOB, Ie-
PEBOJI CKBaXXKMH Ha JPYTOi TOPU30HT, UCIIOJb-
30BaHUE TEXHOJOTUU OJHOBPEMEHHO-pa3-

Meocdynapooneul gopyn "KDW-2020"

nenpHOM aKcIutyaTtanuu (nanee — OPD), mpo-
BEJICHHE T'MJIPaBIMYECKOTO pa3pbiBa IJIacTa.

bnok reneparopa BapHaHTOB OIHUCHIBAET
KJIIOUEBOH Ipolecc B o0miel cxeme Gpopmu-
pOBaHMsI MHOXKECTBA CLIEHapUEB pa3padOTKU
HedTssHOTO Mectopoxaenus (puc. 1). Ipo-
LIECC COCTOMT W3 HECKOJbKHUX 3TanoB. Ha
NEpPBOM IIIare clydailHO BBIOUpAETCS TIOJ
nposeaenuss ['TM. DOto mno3Boisier u30e-
rarb M3pacxo/0OBaHMsI BCEX IJIAHUPYEMBbIX
I'TM B nepsslie ke roasl. Ha BTOpoM mare Ha
BbIOpaHHBIN T01 M0 BceM Buaam ['TM ompe-
JeNsieTcs cllydailHOe UX KOJIMYECTBO, UCXO/S
U3 OTPAaHUYEHUN Ha OJJUH TOJ U Ha BECh CPOK
nposenenus I'TM. Ha Tperbem miare no kpu-
TEpUSIM MPUMEHUMOCTH MEPOTIPUSATUI BBIOU-
paroTCsi KOHKPETHBIE CKBa)KMHbI-KaHIUJAaThl
st nposenienust ['TM cormacHo paHee omnpe-
JICJIECHHOMY MX KOJIMYECTBY Ha BBIOpaHHBIN
rox [5, 6]. Ilpu aToM mpoBoaMTCS MpPOBEPKa
Ha YHUKaJbHOCTb CKBa)XMHbBI HA 3aJlaHHBIN
Bux ['TM. Ilonmbp30Barens Takxke MOXKET 3a-
JIaTh JJIMTEIBHOCTD IJIAHUPOBAHUS MEPOIIPU-
ATUN B TOAAX W ONPEAEIUTh JO0JTOCPOYHOE
WIM KpPaTKOCPOYHOE IUIaHuWpoBaHue. Takum
obpaszoMm, (dopmupyeTcss HaOOp MHOXKECTBA
cueHapuen. i1 KaXa0ro CIieHapusi paccyu-
THIBAIOTCSl TEXHUKO-DKOHOMUYECKHE IOKa3a-
Tenu, popMupyeTcs npoPuiib J0ObIYN HEPTH
U JKMJIKOCTH 10 TojaM. TexHOIornyeckuMu
KPUTEPUSMHU BBIOBITHS CKBAXKHH U3 pa3paboT-
KU SIBIISIIOTCSI MaKCUMaJlbHasi OOBOJJHEHHOCTh
U MUHUMAaJbHBIA 1eOUT CKBaXXWHBI. Bee pe-
3yJBTaThl M0 Ka)KJJOMY BapUAHTY XPaHSITCS B
0a3e IaHHBIX JAJIS MOCIEAYIOUIEro aHalau3a U
BbIOOPA ONTUMAJIBHBIX PELIEHUH MPH JOJTO-
CPOYHOM IIJITAHUPOBAHUM WHBECTHLIMH JUIs
3¢ deKkTuBHON pa3paboTKN HEPTAHBIX MECTO-
POXKAECHUM.

brox oOwbeauHEHUsT TpemycMaTpUBaET
00beIMHEHUE MTPOEKTHBIX CKBAXKUH B CIIydae
UX COBIAJECHMS B OOILEM IUIAHE U NEPEBOJ
CKB)KMH BBIIIEJIEKAIMX TOPU3OHTOB U3 Ka-
TEropuu «IpoeKTHas» B Kareroputo «OPDO»,
YTO MPUBOJUT K MOBBIIIEHUIO 3 (EKTUBHO-
CTH 3a CYeT 3KOHOMHUH 3arparT Ha OypeHue,
obycTporictBo U obopynoBanue [7]. Como-
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CTaBJICHUE BENETCs MOCIEeNI0BaTeNIbHO OT ca-
MOT'0 HIKHErO TOPHU30HTA IO IUIaHy (CHU3Y
BBepx). [losnb30BaTenb MOXKET 3a/1aBaTh paiu-
yC NoucKa OJM3KHX B IUIaHE MPOEKTHBIX TOYEK
U JIOIYCTUMOE PACCTOSIHUE MEXTy 00BbEKTaMu
MPHUOOIIEHUS, JOCTATOYHOE [UJIsl YCTaHOBKHU

o0opynoBaHus
JKCIUTyaTalllu.

OO0beAMHEHHUIO MTO/ITIeKAT CKBAKHUHBI, Y/I0B-
JeTBOPSIONINE 000UM 3aJaHHBIM KPUTEPHUSIM.
[Ipu 3ToM ckBakuHe 0a30BOrO TOPU30HTA U
CKBa)KMHE MPHOOIIIaeMOT0 TOPU30HTA IIPUCBA-
uBaetcs oomuii HoMep. CleayronuM maromMm
SBIISIETCS. pacyeT TEXHUKO-IKOHOMHYECKHUX
MoKazaTesiel ¢ y4eTOM YMEHBIICHUs 3aTpar
Ha OypeHHe 3a CueT MPHUOOIICHUS CKBAKHUH.
Kak moxka3zamum pacueTHble SKCIIEPUMEHTHI,
TEXHOJIOTUYECKHE U SKOHOMUYECKHE IMOKa3a-
TEJIM BapuaHTa ¢ MPUOOIIEHUEM 3HAYUTEIBHO
BBIIIE aHAJIOTMYHBIX MOKa3aTelell BapuaHTa
0e3 puoOIIECHUSI.

K 2019 1. o0e rpymbl crienuainucToB IeH-
Tpa HH(GOPMAIIMOHHBIX TEXHOJOTUN U UHCTHU-
tyta «TarHUIIUHeDTHY [TAO «TarHedTh»
CTOJIKHYJIMCh C HEO0OXOJMMOCThIO MpHUBJEYe-
HUS K PELIECHUIO TTOCTABIEHHBIX 33124 CUCTEM
BBICOKOTIPOU3BOIUTENIbHBIX BBIYUCIICHUH, KO-
Topasi o0yciaBlIMBajgach pOCTOM KOJIMYECTBA
BapHaHTOB:

— IUIaHUPYEMbIX K IMPOBEIECHUIO MEpO-
MPUATHA U NEPUONIOB IUIAHUPOBAHHUS MO TO-
JlaM TIpU pelieHUH ONTHMM3AIMOHHON 3ana-
Yl IJIAHUPOBAHUS JTOJITOCPOYHON MPOU3BOJI-
cTBeHHOU mporpammsl ['TM;

— IUIAHUPOBaHUSI pa3pabOTKU MEeCTOPOXK-
neHuil npu (HOpMUPOBAHHWU BapUAHTOB HE
TOJBKO Ha OCHOBE IUIAHUPOBaHUS OypeHwus,
HO U C MPUBJIEYEHUEM JPYTHMX BUIOB MEPO-
MPUATHHA, BKIIOUAIOIIUX METO/bI YBEIUYEHUS
HedTeoTnauu, TUAPOPA3pPhIB IUIACTa, MEPO-
MIPUSATHS BXOASILIKE B KOHTYP KalUTaabHOTO U
MOJI36MHOT'O PEMOHTA CKBa)KHH.

— Pemenue mpoOnembl OBUIO HAWIEHO B
coBmectHoM yuactuu I[TAO «Tarnedts» B
KaueCcTBe MH]IyCTPUAIbHOIO MapTHepa U Allb-
METBEBCKOTO TOCYIapCTBEHHOTO HE(TSIHOTrO
WHCTUTYTa B Kaue€CTBE OCHOBHOI'O MCIIOJIHU-

OJIHOBPEMEHHO-Pa3AEIbHON

TeJs B KOHKYpCE Ha BBIOJHEHHE MEpOTpHs-
tus 1.2 «IIpoBeaeHne npuKIagHbIX HayYHBIX
UCCJIEJIOBAHNS NIl Pa3BUTHUSL OTpacieil 3Ko-
HOMUKN» (eiepalbHON 1eJIeBOM MPOrpaMMbl
1o teMe «OTOop MHHOBAIIMOHHBIX ITPOEKTOB,
HalpaBJIEHHBIX Ha MPOBEICHUE MPHUKIIATHBIX
HayYHBIX UCCIICIOBAHUH U MTOyYSHHE PE3YITb-
TaTOB, HEOOXOMUMBIX JJIsl peau3aliu TpH-
OpPUTETOB HAyYHO-TEXHOJIOTHYECKOTO pPa3BH-
st Poccuiickoin denepannu, ONpeaeaIeHHbIX
Crparerueil Hay4yHO-TE€XHOJIOTUYECKOTO pas-
Butus Poccuiickoit @eaepanuny [8].

— B pamkax peanuzanuu npoekra 1o Teme
«Co3/1aHue TEXHOJIOTUH JIOJTOCPOYHOro IJa-
HUPOBAaHUS WHBECTUIMH U 3(P(PEKTUBHOMN
pa3paboTKu HEe(TIHBIX MECTOPOXKICHHUN Ha
OCHOBE BBICOKOIIPOM3BOJUTEIBHBIX BHIYHCIIC-
HUI 1 MaIIUHHOTO 00YYCHHS» TIIAHUPYETCS:

— MPHBJICUYCHUE TEXHOJOTHI BBICOKOIPO-
M3BOJIUTEILHBIX BBIYMCICHUI C MPUMEHEHH-
€M BBIUMCJICHHI Ha rpaduuecKux MpoIecco-
pax (GPU);

NPUBJICYCHNE TEXHOIOTUI TITyOMHHOTO 00-
yUeHUs JJIsl Toa00pa U OLEHKH YPPEKTUBHO-
CTH T€0JIOTO-TEXHUYECKIX MEPONPUSATHH B 3a-
BHUCUMOCTH OT UX XapaKTEPUCTHK M yCIOBHUU
MIPOBEICHUSL.

®opMupoBaHHE JIOJITOCPOYHBIX IIJIAHOB
pa3paboTKu HEPTIHOTO MECTOPOKICHUS Oa-
3UpyeTcs Kak Ha OCHOBE JIMIICH3MOHHBIX 005-
3aTeNbCTB  KOMIIAaHUHU-HEPOIOIb30BaTEs,
TaK 1 Ha OCHOBE Ie0JI0r0-IIPOMBICIOBOIO aHa-
JM3a TEKYIIETO COCTOSIHUSL pa3paboTKH, CIIO-
JKUBILIETOCS 110 UCTOPUU OMBITA MPOBEIACHUS
reoJIOTO-TEXHUYECKUX MEpOTPHUITUH, YHH-
KaJbHOCTH TEOJOTMYECKUX U (PUIBTPALMOH-
HBIX CBOMCTB 00BEKTa Pa3pabOTKH.

[InanupoBanue B paMKax KpyIHOW KOMIIa-
HUH TpeOyeT KpoMe 3TOTO y4eTa BHEITHEIKO-
HOMHUYECKHX YCJIOBUH, OrpaHUYeHUN (pUHAH-
COBBIX pecypcoB, nuddepeHmanmu Hagora
Ha JTOOBIYY TOJIE3HBIX HMCKOMAEMBIX, CTpaTe-
TMYECKUX IeJIeH KOMITAHUH B LIEJIOM.

Y4uTeIBas TO, YTO B pa3pabOTKE HAXOAT-
Csl IECATKU MECTOPOXKICHUH, M0 KKIOMY U3
KOTOPBIX BO3MOXKHBI HECKOJIBKO CIIEHapUeB
pearupoBaHHUs Ha HM3MEHSIOLINECS YCIIOBHS,
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MIOCTPOEHUE ONTHUMAJIBLHOM MPOU3BOICTBEH-
HOU TIPOrpaMMBbl, a TeM 0o0Jiee JOJITOCPOUHOMH,
TpeOyeT pa3pabOTKU CHEeNHaATU3UPOBAHHBIX
QJITOPUTMOB U MTPOrPAMMHBIX HHCTPYMEHTOB.

CoBpeMeHHbIE MTPAKTUKU YIPaBICHUS pa3-
paboOTKOM HalleJIeHbl HAa UCIIOIB30BAaHUE TPEX-
MEpPHBIX T'€0JIOTUYECKUX U (UIBTPALIMOHHBIX
MOJIENEH, IS KOTOPBIX XapaKTEPEH BBICOKHI
YpOBEHb HEOINpPEAEIEHHOCTEH, 00yCIOBIEH-
HBI TIpUpOAHBIM (akrTopoM. MToromas mo-
IPEUIHOCTh TPEXMEPHON MOJenH, KOoTopas
SBIISIETCS. PE3YJIBTATOM CIIOKEHHSI MOTPEIIHO-
CTell ompezeNeHus: IeCITKOB Ie0JOTHYECKUX
MapaMeTpoB, 3a4acTyI0 MPEBBIIIAET MOPSI0K
nporuozupyemsix dddexro. Kpome Toro, Hu
OJIUH U3 TMPOMBIIUICHHBIX CHUMYJISTOPOB HE
COJICPKHUT B ce0€ MOTHOIICHHBIX (PU3MUECKUX
MOJIeJIeN BCEro cnekrpa npoBoauMsix I'TM u
HE TMO3BOJISIET, K MPUMEPY, CIPOTHO3UPOBATh
4acTOTy MPOBEJIEHUS MPOMBIBOK IMPHU3a00K-
HBIX 30H KapOOHATHOTO KOJIJIEKTOpa, 4To Cy-
LIECTBEHHO BJIMSET Ha MEpeYeHb MEpONpusi-
TUA TPU TJTAHUPOBAHUU TPOU3BOJACTBEHHOM
nporpamMmsbl. [loatomy mpu mondope ontu-
ManbHBIX ['TM Ha HEDTAHBIX MECTOPOXKICHHU-
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AX, a TaKxke Mpu (POopMUPOBAHUU AOITOCPOY-
HOM TPOM3BOJCTBEHHON NpOrpaMMbl paspa-
OOTKH MECTOPOXKJIEHHUI B yCIIOBUSX HEOIpe-
JIEJIEHHOCTH, XapaKTepu3yIoLeiics pa3HOTHUII-
HOCTbIO, HEUETKOW MPUPOION M HEMOIHOTOU
MCXOJHBIX JaHHBIX, IUTAHUPYETCS pa3zpadoTka
U TPaKTUYECKOE HCIOJIb30BAaHUE HHTEJUICK-
TyaJlbHBIX CHUCTEM IOJIJEPKKU MPUHITHS pe-
HIEHUH MPOTYKIIMOHHOTO THUIA, OCHOBAHHBIX
Ha MOCTPOEHUU HEYETKHX MOJIElei OLIEHKH
COCTOSIHUSI OOBEKTOB. YKa3aHHbIE MOJEIH
BO3MOXKHO (hOPMHUPOBATH C MPUMEHEHUEM Ma-
TEMaTHYECKOro arrapara HEYeTKOH JIOTHKH,
HEYETKOTO JIOTUYECKOTO BBIBOJIA U HEYETKUX
HelpoHHbIX ceTel [9-11]. Mcnonb3oBanue Ta-
KHX CHCTEM TTO3BOJIUT MPUHUMATH Oojiee 000-
CHOBAHHBIE M apPTYMEHTHUPOBAHHbIE PELICHMUSI,
MOCKOJIbKY HCHOJb3yeMble B HHUX HEYETKO-
MIPOAYKIMOHHBIE MIPABUJIa OTPAXKAIOT 3HAHUS
YyeJloBeKa-dKCIepTa U, COOTBETCTBEHHO, IO-
HATHBI JUISI JIUIA, MPUHUMAIOIIET0 OKOHYa-
TEJIbHBIC PELICHUS.

bnok-cxema miaHupyeMoro K peanusaiuu
pelIeHrs MOXET ObITh Mpe/CTaBlIeHa B clie-
nytomieM Buge (puc. 2).

CDOpMI/IpOBaHVIe BapunaHToB
nposefexns MM ¢ yyeTom 3anacos
n pac4yeToOM TEXHUKO-3KOHOMUYECKNX

nokasaTenen

v

Bnok oueHku
chopMUPOBaHHbIX 3asiBOK Npu
nomoLwmn HeﬁpO—HeHeTKMX
moaenen

4—< Basa aaHHbIx «KUM BkcnepT» O

Basa gaHHbIX XpaHeHus
3asiBok 'TM 1 BapuaHTOB
ONTUMWU3NPOBAHHBIX
noptcenen MM

|

Bnok hopmmnpoBaHus
orpaHu4eHuii Ha
06bemMbl 40BbIUN N

)

A

A

Ha6op 3asiBok
reornoro-
TEXHUYECKMX
MeponpuaTuii

Bnok XpaHeHus 3asaBOK,
noptdenen MMM,
pesynbTaToB pacyeToB
3

A

A

Bnok BeiBOAA

K I_,

1

HanpasneHuam
KanuTtanbHbIX 3aTpaTt

(akBanamnsep
orpaHuyeHuin)

|

Bnok aBTomaTuyeckoro

BapuaTuBHoro nogéopa

orpaHu4eHunii u cnocoba
pacueTos

Bnok nog6opa cnoco6a

ONTUMU3ALIMOHHBIX
pacyeToB (opkecTpaTop
onTUMarnbHbIX
peLueHwui)

Bnok knactepusaumm
napameTpos
cchopMUPOBaHHbIX
noptdeneit F'TM
(cuHTes3aTop KnacTepos

v

peLueHwuit)

Brnok

A

pe3ynbTaToB u oT4éTOB

ONTUMU3AUMNOHHbBIX
pacyeToB

Puc. 2. baok-cxema peaiusyemoeo peuteHus no hopmuposaruo 00L20CPOUHOLL UHBe-
CMUYUOHHOU NPOPAMMBL PA3PADOMKU MECMOPOIOeHULL
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TexHuueckuM pe3ynbTaToM MpezJiarae-
MOTO peuieHusi OyAeT SBIAThCSA paciliupeHue
apceHalia TEXHUYEeCKUX CPEJICTB BapUaTUBHO-
ro gopmupoBaHusi HAOOPOB, TUIAHUPYEMBIX K
nposeaennto I'TM, npuHMMaemMbIX B A0JTO-
CPOUHBII KOPIOPATUBHBIM MOPT(HEb, MOBbI-
ieHre 3¢p(HeKTUBHOCTH KallUTaJbHBIX 3aTpar,
yBEJIMYEHUE TMOKazaresned 3PPEeKTUBHOCTH
chopmupoBanHbix mnoprdeneit. Ilpeacras-
JIEHHAsI CHCTeMa CONIEPKHUT OJIoK (hopMHpO-
BaHUS TEXHUKO-3KOHOMUYECKUX TOKa3aresneit
MeporpusaTiuii B moayine «KMM Oxcnepr»,
OJIOK OLIEHKHM MapaMeTpOB IeoJIoro-TeXHUYe-
CKHUX MEPOIPUATHI C pacnpeneeHHbIMU 110
roflaM XapakTepUCTHUKaMHM Ha HeHpo-HeueT-
KHX MOJENsX, 010K (OpMUPOBAaHUS OrpaHU-
YEHUH I10 HAINpPaBJIEHUSM WHBECTULMN U pe-
CypcHI (9KBaJIaif3ep OrpaHuueHuni), OJI0K MO/I-
6opa crocoba ONTHMHU3ALMOHHBIX PACUETOB
(opkecTpaTop ONTUMATBHBIX PEIICHHI ), OJIOK
ONTHMHU3ALIMOHHBIX pacyeToB, OJIOK BapHa-

Cnucok ureparypsbl
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TUBHOTO 1M0100pa OrpaHWYEeHHH MO Harpas-
JICHUSIM WHBECTULIUH, OJIOK KiacTepu3aluu
napamMeTpoB CcGOpPMUPOBAHHBIX MOpTdenei
(cuHTE3aTOp KJIACTEPOB PEIICHUI), ONOK W
CPEICTBO XpaHEHMsI PE3YJIbTaTOB pacueTosB,
OJI0K BBIBOZIA PE3YJIbTaTOB PACUETOB U XapaK-
TEPUCTUK C(HOPMUPOBAHHOTO MOPTdeEns Me-
PONPHUATHI HA TOJITOCPOYHBIN IEPHOLL.
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Abstract

A dynamic model of a control system and forecasting the loading of an automated elevator-
type warehouse for a digital manufacturing enterprise is considered. The analysis of the business
process of the automated warehouse is carried out, the embeddedness of the automated warehouse
in the general information system of the enterprise is investigated, the main forecasting tasks
are identified. A generalization of the results is possible in the form of a dynamic forecast model
of the control system.

Keywords: Dynamic model, automated warehouse, forecasting, intelligent module, digital
production.

Introduction

In recent years, there has been an intensive
growth in the use of integrated technologies
throughout the entire production and
distribution value chain. This interconnection
of digital and physical systems, known as
Industry 4.0, combines everything from
designing and planning products to the supply
chain and directly to production. However,

in addition to the processes of designing
and manufacturing goods, Industry 4.0
technologies can also influence the way goods
are moved, stored and distributed [1-2].
Industry 4.0 technologies also enable
warehouse facilities to adapt to changes in their
processes. Recently, there has been a migration
from inventory to high-speed operations,
which has led to an increase in the number
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of products due to the same physical assets
while reducing overall costs. Warehouses are
an important component of the supply chain
infrastructure and are increasingly viewed not
as cost centers, but rather as strategic tools to
ensure competitive advantage [3-4].

Industry 4.0 technologies can also
provide a transition to an automated robotic
warehouse, allowing automated systems to
solve problems more efficiently. Technologies
such as low-cost sensors, computer vision,
augmented reality (AR), drones, Internet
things (IoT), robotic preventiveness, robot
security, analytics and high-performance
computing inherent in Industry 4.0 provide
great opportunities for improving management
efficiency [5]. At the same time, they allow
the use of new types of intelligent automation,
which can help significantly improve many
processes in warehouse operations [7-9].

Description of the business process of the
automated warehouse

One of the most important factors in the
work of successful enterprises is the correct use
of the warehouse. Continuous improvement
of warehouse activities allows us to increase
the efficiency of the entire organization as a
whole, providing new competitive advantages,
ensuring the efficiency of the entire production
process.

However, the process does not stand
still and now new systems for warehousing
have appeared on the market — «Intelligent
Warehouse», which in many respects surpass
WMS-systems that are already familiar to
us. It is an automatic storage system, which
is a fully robotic technology of high-density
targeted storage of palletized goods, with
minimal human involvement. It is used both
for small warehouses (up to 500 pallet places)
and medium-sized warehouses from 500 to
5000 pallet places or more.

Intelligent  systems  for  managing
warehouse processes, in addition to locating
goods, provide the manager with information
by which decisions are made to optimize
inventory items. They also allow youto analyze

Meocdynapooneul gopyn "KDW-2020"

any movement of goods in the warehouse.
When placing goods in a warehouse, various
factors are taken into account: turnover, shelf
life and storage conditions, weight, size, free
space, shelf life, etc.

In the structure of Intelligent Warehouse,
the information environment of warehouse
accounting and specialized equipment are
represented by a single organism. This
makes it possible to maximize the efficiency
of the entire supply chain: receiving goods,
identifying and tracking individual freight
units, managing the placement of goods and
optimizing the use of warehouse territory,
determining the best inventory processing
strategy, organizing order processing and
confirming them, simple and quick inventory
and statistical analysis.

The operation of the systems is based
on automatic identification technology,
technology for remote management of
goods and materials by personnel, and the
principle of address storage. Due to automatic
identification, traceability of goods and
materials is ensured throughout the entire
production process, from procurement to the
final point of consumption. The use of these
technologies will allow the company to get
the actual composition of the products, which
will track the party responsible for the work
performed, thereby ensuring the quality of the
products.

Integration of an automated warehouse
into the general information system of an
enterprise

Based on the analysis of various scenarios
of operations with goods and materials, as well
as a synthesis of the most acceptable solutions
from world leaders in the field of integrated
logistics, in this paper a variant of the concept
of embedding an automated warehouse into a
common information system is proposed.

In this case, for example, the warehouse
sees that according to the plan, through
K-periods, an order for the production of
N products must be fulfilled, but by that
time there will not be any necessary parts in
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the warehouse. The warehouse (intelligent
module) signals this to the ERP system (to
purchasers), then parts are purchased or they
are ordered in-house. If a new product sample
is being developed, then first all design takes
place in the PLM system, then the purchase
/" manufacturing order for the necessary
components is automatically sent to ERP.

Receipt of ordered products to the assembly
site may occur in boxes. In the case of their
own production, they should already be
marked with barcodes, rfid, etc. In the case of
delivery from third-party suppliers, you can
use technical vision to recognize the goods,
which recognizes what is in the boxes, then
the receipt to the assembly area (but not to
the warehouse) is automatically displayed in
the WMS system, the boxes are marked with
barcodes orrfid, then they are loaded onto aroad
train, which at the right time drives up to them
and takes them to an automated warehouse.
Near this warehouse, the robotic arm scans
and lays out parts immediately optimally on
the shelves (the shelves automatically descend
from their shelves).

Instead of a road train, a drone or robot
similar to the Kiva, AGV trolleys can be used,
which lifts the box and carries or carries it to
an automated warehouse.

Similarly, there can be a movement between
warehouses, as well as a write-oftf of goods.
Inventory in this case is carried out on-line.

Storage of components in warehouses
should be formed taking into account the
possibility of quick picking for shipment to
production, for example, nuts immediately
with the corresponding bolts, as well as certain
standard sets. For this, it is necessary to conduct
an analysis of inventories intended directly for
assembly, to identify enlarged, most commonly
used assemblies of inventories, deficient
positions of assemblies of inventories, etc.
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Generalization of the results in the
form of a dynamic predictive model of the
control system. The concept of a control and
forecasting system foranautomated warehouse
proposed in the work is characterized by the
presence of an intellectual module. It, along
with the coordination of data exchange
(inside the warehouse, as well as with MES,
ERP, etc.) will contribute to the integration
and optimization of warehouse and other
production processes in real time.

The features of an intelligent system are,
first of all, in the possibility of operational
re-planning based on forecasting and
tracking inventories taking into account
both the current production situation and the
intellectual analysis of statistical content.

At the same time, production logistics can
also be optimized (for example, reducing the
time for completing orders for the supply
of components), ensuring that orders for
production are completed by a certain date,
and that orders for purchasing components
are completed by the time they are to be used
in production), etc.

The formation of the optimal scenario in a
dynamic mathematical model for any change
in the production situation is the selection of
the parameters of the dynamic process from the
inductive knowledge base based on clustering
methods and the associative search method of
analogues - as an alternative to querying MES
and other information and control systems,
followed by on-line recalculation of optimal
parameter values, which takes significantly
longer.

Thus, an intelligent module becomes
an organizational and functional core
(Fig. 1), interacting with MES, ERP and
other systems based on data exchange,
both in  automatic and interactive
modes, depending on functional tasks.
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workshop

Production plans and timetables

Production monitoring processes

inventory
request

knowledge base

information on the
composition and
placement of
inventory items

warehouse employee
workstation

predictive models

schedule is adjusted
according to the
forecast

Fig. 1. Functional diagram of a control and forecasting system for a warehouse
based on a dynamic model

At the same time, the information
capabilities of RFID technologies and
technical vision should play a decisive role
in improving the efficiency of warehouse
process management in the context of the
transition to digital production.

So, inrelation to the considered assessment
and forecasting problems that arise when
managing an automated warehouse, the result
of scenario forecasting is determined and
management recommendations are formed:

If the factors of a possible deviation of the
lead time for the delivery from the contractual
value for any particular item have taken such
and such a value, and the current demand for
this item has taken such and such a value (for
example, increased compared to the previous
period), then time t:

— there will be a deficit in such and such a
volume;

— overestimated delivery time will
necessitate the use of stock in such a volume;

— such and such places for storing newly

arriving units will be freed up at the warehouse,
and, therefore, it will be necessary to make the
movement of other nomenclature units in the
warehouse in accordance with the forecast for
their demand;

— it is necessary to transmit information
on the forecast of demand to the ERP (for
the formation of purchases in the following
periods),

— as well as the forecast for the delivery
time of this inventory for the next period,
taking into account the current delay.

“It is also necessary to submit to MES a
forecast of the current delivery time in order
to adjust the production schedule.”

— in parallel, the task of minimizing the
movement of the nomenclature inside the
warchouse after the release of positions at
higher priority goods and materials within
the estimated time of shipment of goods and
materials from the warehouse, etc.

Thus, it is possible to interactively view
various options (taking into account, for

Becmnuk HI[ B)K/T N4 (46) 20204

157



example, the forecast of prices from suppliers
and the forecast of the cost of transportation
from different carriers or the seasonality
factor).

The main tasks of forecasting for an
automated warehouse

A generalization of the obtained results
in the form of a dynamic model is described
by an equation [10-12] compiled on the basis
of models of individual problems. As an
example of constructing a generalized model,
we consider the case when the following
basic forecasting problems for an automated
warehouse are solved.

Task 1: Forecast of the delay in the
execution of the order for the delivery of the
m inventory

Task 2: Model forecasting needs for
nomenclature units.

Task 3. The algorithm for grouping and
redistributing goods and materials to storage
locations in an automated warehouse.

Task 4. An optimization algorithm to
reduce time costs for inventory and other
operations. For this, an online inventory is
used. In this case, the intelligent module
itself initiates and simultaneously makes
requests to the WMS, ERP, MES systems
for the movement of goods and materials
(receipt, write-off and transfer). The ability
to flexibly configure planned recalculations
allows intelligent module to create tasks for
cell recalculation using a combination of
criteria for topology and inventory. Until the
conversion results are agreed upon when a
discrepancy is found between the system data
and the actual quantity, this quantity can be
blocked for backup and transfer operations.
All operations can be documented in WMS.
Based on these data, you can always find out
who and when worked with this product line
and who performed the recount and agreed on
the results. Intelligent module, in contrast to
well-known systems, provides flexible online
inventory, configuration and recounting of
goods in stock. This should lead to a significant
reduction in costs in the long run and make
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inventory accounting more transparent and
less dependent on the human factor and
greatly simplifies planning and forecasting.

Task 5. Modeling the scheme for the release
of parts of goods and materials from the
"wheels" without moving to the warehouse.

Task 6. Determining the size of the
reservation for scarce positions, taking into
account the projected needs. The costs of
storing the required (in accordance with the
results of demand forecasting) volume of
inventories (and, accordingly, the supply
volume for replenishing the stock) represent
the costs of material, financial, information,
labor and other types of resources necessary
to ensure the safety and maintenance of the
quality of inventory values in stock.

Note that some of the factors of the
predicted value may also affect the predicted
value of the other of the two considered
values. For example, the forecast of demand
for the m-th inventory and materials at
the next moment of time to some extent
(unknown to us) depends on the delay time of
delivery, if a scheme is adopted when some of
the supplied components are not to be placed
in the warehouse, but immediately delivered
to production.

If the statistical dependence of one
predicted value on a number of factors is not
significant, the algorithm will automatically
determine the values of the corresponding
coefficients of the generalized model as equal
to zero. If the corresponding coefficients are
non-zero (which will indicate the presence of
such a dependence that is hidden from us but
detected by the algorithm at this particular
moment), this in itself will be an occasion for
analyzing the production situation.

Scenario forecasting provides the most
detailed perspective with a certain choice of
options for action and allows you to flexibly
adjust the management of the warehouse
process in real time.

To achieve, for example, real inventory
optimization, generally speaking, it is
necessary to model the entire supply chain.
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This ensures that all parts of the supply chain
are optimized at the same time. Modeling
only internal own objects does not allow to
take into account valuable information about
demand and the policy of variability and
provides only conditionally optimal results.
Online optimization of the entire supply chain
allows you to create an inventory strategy that
really reduces the level of security for each
item [13-15].

If, for certain reasons, the movement of
material flows must change locally, then the
optimization in the new situation should be
local, so as not to calculate the entire scheme
for the implementation of all warehouse orders
again. This is achieved through multi-agent
logistics technology.

Conclusion

The use of multi-agent logistics technology
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Abstract

Distant education in regional universities during the COVID-19 pandemic was not widely
covered in scientific researches due to its intensity and fast-pace. There are many benefits to
quick engagement in a pandemic, and it is quite important to identify the criteria of internet
threads. The present study examined the resource analysis for safety at different humanitarian
departments at the regional university. This study lends additional support to the point not
to worry and choose between risk and safety-related technologies and has implications for
understanding factors related to the initial safety and threads during distant education at the
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beginning of global pandemics.
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pandemic.

Introduction

At the beginning of 2020, the world has
been an un-armed watcher in the spreading
of a new strand of Coronavirus named
COVID-19. The contagion became pandemic
for a short period of time forcing a great
number of countries to declare lockdown
status [World Health Organization, 2020]. In
this context of quarantine, many countries are
experiencing a serious crisis; and education
is the sphere which has to be changed too. In
order not to lose time almost all high schools
in big and regional cities were tend to become
distant. Remote education or education from
home using the internet environment has
some advantages; however the understanding
of safety internet position is fundamental for
governments and university administrations
to establish reopening strategies and we are
going to demonstrate some links for being
safe during internet studies.

PA. Kislyakov stresses that media
education is designed to help students to master
the internet environment; it is also aimed for
providing knowledge as well as at the ability
to understand information messages, to realize
the results of their impact and to use them
for solving educational problems, to be able
to assess and provide personal information
security [Kislyakov, 2018]. In his article
they together with some other researchers
showed that, media education can serve as
means of ensuring the student’s information
by developing critical thinking, forming a
subjective stance, an interest in theoretical
thinking and theoretical knowledge in the
field of information security.

Provision of information and psychological
safety implies the awareness by the individual
of the negative information and some
psychological effects, as well as the skills for
information and self-defense [Ezhevskaya,
2011; Tylets, V.G., Krasnyanskaya, T.M.,
2017]. At the same time the internet students’

safety should take the first place of importance
during the distance learning technologies
realization.We can see that problem of internet
safety is relevant for modern science. It is
studied by D.V. Lopatin, M.S Anuryeva.,
(2013-2014), Da A. Veiga, N. Martins (2017)
and some others.

Methodology

The experimental method was used in this
study.

The following methodological positions
were taken into account when organizing the
experiment and choosing diagnostic methods:

— The need to establish the criteria of
internet threads.

—The need to establish the resource analysis
for safety.

— The need to establish the initial safety
state.

The experiment was conducted for three
months (April, May, and June 2020) on the
basis of Pskov State University at the discipline
«Foreign language» at the beginning of the
global pandemic. The distance learning of
English was held with the help of different
educational platforms: Moodle, Skyeng,
Courcera and some on-line courses, created
by High Economic School (Russia).

51 students of different educational fields
of PskovSU (History, Biology, Defectology,
Pedagogical departments) took part in the
experiment. The age of the group members is
18-21 years. The average age is 19 (more than
60%).

The position of establishing the criteria
of threads is based on the research of
D.V. Lopatin and others (2014). For all social
groups (students getting high education are
included here), the following internet threats
can be distinguished:

— Internet addiction, that is, an obsessive
desire for a virtual stay on the Web;

—  Viruses, trojans, hacker attacks, etc.;

— Online fraud;
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— Inappropriate content (illegal content);

— Manipulation of the consciousness
and actions of users (harassment, cyber-
harassment, illegal contact, cyberbullying,
etc.) [Lopatin, D.V., Anuryeva, M.S., 2014].

The scheme developed by T.N. Le-Van is
suggested for using in performing resource
analysis. Here students are to answer the next
questions:

— What is presented on the site (product,
service, personality, organization, way of
thinking, etc.)?

— Who created this site? Whose point of
view is expressed in it?

— How is our attention drawn?

— Which sign systems are used (words,
pictures, photos, symbols, colors, schemes
and graphics, familiar images, noises, music,
etc.)?

— What rational and emotional arguments
are involved in the message?

— Is the message content different from
reality?

— What way of life, values and viewpoints
are presented explicitly and implicitly?

— What is the purpose to create the site and
who is the beneficiary? [Le-Van, 2014].

After Grebenyuk and Gavrilova we’ve
found the problem of a dynamic model of
distant interaction to be very interesting and
up-to-date [Grebenyuk, Bulan, 2015]. E. L.
Gavrilova considers it’s necessary to create
a dynamic model of interaction between a
teacher and a student in the system of open
distance professional education. The integrity
of this system is manifested in the unity and
mutual influence of its three most important
components - joint activity, communication
and mutual influence. The author notes that the
activities of the teacher should be dominated
by the functions of organization, management
and design of mutual activities, motivation
and information sharing [Gavrilova, 2003].

The control of establishing the initial safety
state was carried out at the end of experiment.

Research results

Previous studies have identified younger
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age to be correlated with more preventative
internet behaviors. At the current moment
the vast majority (97%) of respondents
actively use information and communication
technologies in the lockdown. During distant
education more than 8 hours per day are spent
in the network. 65% of students constantly
have certain network services on their
computers or mobile devices.

Among these, 3 hours a day are spent for
education processes by 45% of students, 4
hours a day by 15 %, from 1 up to 2,5 hours
- 20%. All other per cent are spread among
the lowest (less then ah hour) and the highest
criteria (5-7 hours). Students of History and
Defectology departments use educational IT
platforms more often then students of Biology
and Pedagogical departments.

At the same time students of Biology and
Pedagogical departments show they can face
a lower level of internet threats in comparison
with the others. It means they are smart
enough to escape them and not to be trapped
in any way.

Almost 87% of senior courses students in
comparison with the fresh ones demonstrate
the low level of internet threats. It can be
explained by the presence of professional
competencies in the educational field and
experience.

However, despite this, about half of the
first year students (54%) as a whole show
only an average level of knowledge and are
able to counteract some finite set of threats.

At the end of investigation the results prove
the idea that there is a positive dynamics in all
groups in general that means students have a
subjective feeling of improvement.

Conclusions

Great focus was placed on internet students’
safety behavior in the early stages of the
COVID-19 global pandemic. The following
conclusions were obtained as a result of the
study: the final safety state of students of all
departments is not as low as the initial one.

Taking into account the specifics of
teaching a foreign language and in order to
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avoid a purely formalized approach, we offer
the following recommendations for organizing
distance English education:

— Pedagogical, methodological and IT
support at studying foreign languages on-line
in case of difficulties;

— Receiving regular feedback from students
regarding the proposed virtual tasks and self-
assessment of the dynamics of development of
their language skills;

—  Conducting

online face-to-face
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consultations at the closed well-known
platforms (Skype, Zoom, Discord);

— Using digital platforms that work without
restrictions on time and number of participants
and at the same time which are closed for the
reason of safety;

— Using a dynamic model of interaction
between a teacher and a student in the system
of distance professional education; mutual
activities, motivation and information sharing
in the safe distant learning.
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Abstract

The study analyzed the necessity of automatic control for the exoskeleton application and
proposed the idea of applying an automatic gait control system developed for a small humanoid
robot to the exoskeleton lower limbs to compensate the external and internal disturbance.
Analyzed automatic gait control system based on zero-moment-point (ZMP) developed for
a small humanoid robot. The gait control system changes the angles of the foot joints to form
the correct position of zero moment point. In order to study the effect of the control system
on the human-exoskeleton system helping to people with mobility restrictions or providing
movement of people in extreme situations in the presence of external and internal disturbances.
The study simulated the disturbance by changing the position of the human-exoskeleton system
mass center by adding to the human exoskeleton system an additional load located outside the
plane of symmetry of the system. Used the planned gait obtained through the gait planning
algorithm based on interpolation and optimization algorithms. The gait simulation of the human-
exoskeleton system is carried out for three situations: system without disturbance, system with
disturbance but without control, and system with disturbance and control. The planned gait
can ensure that the robot without interference walk normally. The simulation results show that
the proposed stability control method ensures the stability of the movement of the human-
exoskeleton system intended for use in emergency situations and for ensuring the mobility
of people with limited walking functions under conditions of force and moment disturbances

caused by both external and internal factors.

Keywords: exoskeleton, humanoid robot, stability, disturbances, zero-moment-point.

Introduction

The development of active exoskeletons is
one of the promising directions in robotics and
mechatronics. There are two main areas ofusing
exoskeletons: increasing the effectiveness of a
person's walking in emergency situations [1]
and ensuring motor activity of people who have
lost the ability to walk independently, partially
or completely [2]. Improving the efficiency
of walking implies an increase in a person's
physical capabilities by increasing the walking
speed, the ability to move through difficult
places, carrying goods and ammunition. First
of all, such devices are supposed to be used
for military purposes and for human work in
emergency situations [3]. The application of
mechatronics system can restore the mobility
ability of people who have lost their walking
function. In both cases, the exoskeleton is
controlled by a person using the exoskeleton
through a traditional interface, myographic
interface or neurointerface [4, 5].

The external environment has a lot of
uncertainty in all these exoskeleton application
fields. The main factors of uncertainty are
the fluctuations of the walking surface, the

possible vibration of the surface, internal and
external forces, and torque interference. The
manual control of the exoskeleton through the
above interfaces can be used to compensate
these influences, but this distracts the operator
from performing the target tasks of moving,
using tools, interacting with other people and
solving other tasks.

So, it is proposed to use the automatic gait
controlsystemsdeveloped foranthropomorphic
robots. This article discussed the control of
the exoskeleton in the event of interference
caused by the external environment or the
manipulation of counterweights or tools. Such
disturbances can occur in all the considered
areas of exoskeletons application.

Gait control of humanoid robot based on
ZMP

When modeling a person with a lower
limb exoskeleton exoskeleton, the kinematic
scheme and mass-inertial characteristics of
the AR-601 robot produced by the Scientific
and Production Association  «Android
Technology» were used, the characteristics of
which are close to a person aged 10-12 years.
The model is shown in Figure 1.
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Fig. 1. Structural diagram of a bipedal robot used to simulate a person wearing a lower
limb exoskeleton

The state of the system without the influence
of disturbances is shown on the left, the
center of gravity of the system is in the plane
of symmetry. On the right is the simulation
of disturbance, which is realized by adding
load to the point point out of the plane of

symmetry to offset the system center of gravity.
Such disturbances may occur when the person
manipulates a loaded or generated external
force or moment. The specific dimensions of
the robot are shown in Table

Table 1

Robot dimensions

Name Length/mm

Name Length/mm

Ankle height 105.5

Body length 300

Shank length 280

Arm length 400

Thigh length 280

To solve gait control problems, the point
of zero moment method (ZMP) was used,
so as authors stabilized the gait of a small
anthropomorphic robot [6-8]. ZMP is the point
of action of the calculated ground reaction
force on the robot under the condition that
the robot will not tip over [9]. When the robot
moves dynamically, the ground reaction force
will act on the ZMP, which is balanced by
the robot's weight and inertial components.
The formula for calculating ZMP is given in
equation (1).

n n
ym. (z, +g)x, -y miz,
i=1 i=1

om g

x =
zmp

ES nzi(2i<+é;lyi_§§rnéyfa

y = i i=1
o n .
' vm (z, +g)
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where: m_ is the mass of the i-th link, x, y, z,
is the position of the center of mass of the i-th
link, g is the acceleration of gravity.

To ensure the stability of the robot during
walking, the ZMP must always be located
within the convex polygon formed by the
robot foot on the contact surface. It is better
if the ZMP is at a certain distance inward
from the boundary of the contact surface. The
area within this distance is called the desired
stability area of the robot. The distance from
ZMP to the boundary of the desired stability
area will be denoted by .

There is the effective way to place the ZMP
inthe desired stability area - to control the angle
of the ankle joint in real time while the robot is
walking. People with gait problems often lose
stability while walking, so the exoskeleton
must to control the angle of the ankle to bring
the ZMP back into the desired stability area.
A similar problem arises when healthy people
use exoskeletons in extreme conditions,
where are external and internal disturbances.
To form the control, the parameter presented
above is used. The equation for controlling the
angle of the ankle joint due to the position of
the ZMP is as follows:

A6, (nT,)=3.50,(JT,)
j=l

ADAMSNiew model name: MODEL_1

Meorwcdyrnapodroiti hopym

Kac * dZMP (.]Ts )’

dyp >0
T =
) _KasAea ((J_I)TS)’

dZMP <0
where T is the sampling period of the servo

cycle, nT is the current time, dzyp (JT,) is
the distance from ZMP to the desired stability
area, K, and g, are coefficients, 4, >0
indicates that ZMP is outside the desired
stability area. 4,,,, <0 indicates that the ZMP
is within the predetermined stable region,
control the ankle angle of the exoskeleton
returns the planned value.

Simulation and result analysis

In order to evaluate the effectiveness of
the proposed control algorithm, the gait of
the robot was simulated in the absence of
disturbance (without load attachment) and
in the presence of disturbance (with load
attachment). To plan the gait of the human-
exoskeleton system (HES), we use the robot
gait planning method based on algorithms
for interpolating the trajectory of the foot and
optimizing the stability margin and walking
smoothness [10, 11]. For simulation, ADAMS
and MATLAB, SIMULINK were used.
simulation, we obtained the planned gait and
trajectory of the center of gravity of the HES,
as shown in Figure 2.
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Fig. 2. The trajectory of the center of mass when walking without disturbance

It can be seen from the figure that the
planned gait can ensure that the robot without
interference walk normally.

The robot model in ADAMS is controlled
by the algorithm in SIMULINK. The
trajectories of the HES center of gravity with
a load attachment as a disturbance without
control are shown in Fig. 3a, b, with control
in Fig. 3c, d. The disturbance due to the
application of an asymmetric load leads to a
rapid loss of stability and the fall of the HES

as seen from Fig. 3a, b., The exoskeleton will
not be able to perform its functions when such
disturbance applied.

It can be seen from fig. 3c, d that the
disturbance on the HES 1is successfully
counteracted by the ZMP position control
system by controlling the angle of the ankle
joint, and the exoskeleton with the control
system ensures the performance of its
functions.
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Fig. 3. Trajectory of the center of gravity of the robot, a), b) - with disturbance without
control, c), d) with disturbance and ZMP control

Conclusions

Developed for small-sized anthropomorphic
robots gait stability control method is
applicable to ensure lower limb exoskeleton
gait stability. The proposed control method

stability movement for use in emergency
situations and for mobility ensuring for
people with limited walking functions under
conditions of force and moment disturbances
caused by both external and internal factors.

ensures

the

human-exoskeleton

system
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AHHOTAIUS

Ha ceronnsiiiamii aeHs Ha Tepputopun Pecryonuku TarapcTtan GyHKIIMOHUPYET OOJIBIITOE
KOJIMYECTBO THAPOTEXHUUECKUX COOPYKEHUMN, KOTOPhIE OTpabOTaaIu CBOM HOPMATHUBHBINA CPOK
cyx0bl. Craperonye THAPOTEXHUYECKUE COOPY)KCHHS B COYETAHWUU C PACTYIIEH 4YacTOTOM
OTIACHBIX TMPUPOJIHBIX SBJICHUN TPEICTABISIOT OCCIPEIEACHTHBIA PUCK JIJIsi BCErO OIu3IexKa-
IIETO HACEJICHUsI, OKPYIKAIOIIEH cpeibl M MHPPACTPYKTYPHI B IIEJIOM BO BceM Mupe. Paspyie-
HUS TUIOTHH MPUBOIST K BEICOKUM YKOHOMHUYECKHM MOTEPSAM U COIMAIIBHBIM TOCIICICTBHAM.
[TockoNbKyY MIIOTHHBI MOTYT OTKAa3aTh B JIFOOOH MOMEHT BPEMEHH, B JTIOOOM BO3pacTe, MPeaoT-
BpaIlleHUE pa3pylIeHUs TUIOTUHBI JOHKHO OBITh 3()(PEKTUBHBIM B TEUCHHE BCETO KU3HEHHOTO
IMKJIA TUIOTUHBI, OT BBOJIA /IO BBIBO/IA M3 KCIuTyararuu. [loBeimenne 3¢p(HeKTHBHOCTH MOHH-
TOPUHTA 32 IJIOTHHAMH, 0€3 COMHEHHS, SBIJISICTCS JIYUIIICH CTpATEeTHe CHIKEHUS PUCKOB.

KiioueBble cj10Ba: THAPOTEXHUYECKUE COOPYIKEHUS, TUIOTHHBI, aBAPHsl, YPE3BbIYANHBIC CH-
TyaIuu, pa3pylieHus, 0e30MacHOCTh, MOHUTOPHHT.
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Abstract

Today, a large number of hydraulic structures operate on the territory of the Republic of
Tatarstan, which have fulfilled their standard service life. Aging hydraulic structures, coupled
with growing natural hazards, pose a barren risk to the entire surrounding population, the
environment and infrastructure in general worldwide. The destruction leads to high economic
and social consequences. In any case, preventing the destruction of the dam at any time.
Improving the effectiveness of dam monitoring is undoubtedly the best risk mitigation strategy.

Keywords: hydraulic structures, dams, accident, emergency situations, destruction, safety,

monitoring.

C Havana mpouuloro BeKa TUAPOTEXHH-
YECKHUE COOPY>KEHUS, BO3BOAUMBIE AJIS IIPO-
U3BOZACTBA DHEPIMM, OPOLIEHUS, MUTHEBOTO
BOJIOCHA0OXKEHMS M 3alUThl OT HABOJHEHMUH,
ObICTpO 3aBoeBanM MHTepec. Torga u Haua-
JOCb MAacCOBOE€ CTPOUTENBCTBO TUAPOTEX-
HUYECKUX COOpYXEHMH. ['maporexHuueckue
COOpYXEHHUs1 KiIaccu(puuupyrorcs 1o yc-
JIOBUSIM HCIIOJIB30BAaHUSl HAa IOCTOSIHHBIE M
BpEMEHHBIE, 10 KJlacCaM B 3aBUCUMOCTH OT
IUIOIIAJM OpolleHust (Bcero ux 4), mo Ha-
3HAUEHUIO OBIBAIOT BOJONOJINOPHBIE, BOJO-
cOpOCHBIE, BOIOMPOBOJALINE, PETYIUPOBOY-
HbIE, COMNpsrarolIfe, I'MIPOIHEPreTHUECKUE,
TPAHCHOPTHbIE, MEJIMOpaTUBHBIE U PbIOO-
X034HMCTBEHHbIE. B 3aBucumocTH OT Mare-
puana, U3 KOTOPOrO BO3BOIATCS, IUIOTHHBI
MOJPA3/EIAIOTCA HA I'PYHTOBBIE, KAMEHHBIE,
OCTOHHBIE U JEpeBSHHbIC, WU COUYETAHUE
9TUX Marepuasos. [Io Tuny muoTuHel nogpas-
JIeTISIOTCSL Ha OETOHHBIE: T'PABUTALMOHHBIE,
apouyHble, KOHTP(OpPCHBIC, MHOTrOapOYHBIE;

M HaChIMHBIC: 3eMJIIHbIE M KameHHble [1].

ComnacHo CTaTUCTUKE, U3 BCEX UMEIOIINX-
Csl THIOB IJIOTUH OCOOEHHO YSI3BUMBIMU $IB-
JSIOTCS 3eMIIsIHBIE TUIOTHHBI (Tabn. 1). Hawu-
OoJiee pacnpoCTpaHEHHOW MPUYMHON UX paz-
PYLUEHUS SBIISIETCS IEPENIUB BOABI YEPE3 TEJIO
wiotunsl (31% B KauecTBE OCHOBHOM MPUYH-
HbI), 32 KOTOPBIM CJIeyeT BHYTPEHHSS 3p0O3us
B Tene mioTuHbl (15% B KauecTBe OCHOBHOU
NPUYMHBI) U B Pa3pyLIeHUE OCHOBAHUS IUIO-
TuHbl (12% B KauecTBe OCHOBHOUN MPUYUHBI).
B GeronHbIx muiotuHax npoOnemsl ¢ ¢yHaa-
MEHTOM SIBJIAIOTCS Hamboiee pacrnpocTpa-
HEHHOI NPUYMHON pa3pylIeHHs, OCOOEHHO
BHYTpeHHss 3po3ust (20%) 1 HeyCTOMYUBOCTh
OTKOCOB (26%), 3a KOTOpOIl clienyeT nepenus
Boabl (20%). Haubonee pacnpocTpaHeHHOU
NPUYMHON pa3pylIeHus KaMEHHbIX IUIOTHH
ABJIIETCS IIEPEIIUB BOJIbI UEPE3 TENO IIOTHUHBI
(43%), 3a KOTOPBIM CJeIyeT BHYTPEHHSS 3pO-
3ust ocHoBaHus (29%) [2].

Tabmuna 1

CooTHoLIeHHe aBapuil IVIOTHH PA3JIMYHBIX THIOB [2]

Tun NI0THHBI Yacrtora aBapuii, %
3emuisiHas 53
Kamennbie 4
beTtoHHas rpaBuTalnOHHAs 23
ApouHas xene300eToHHas 3
[InoTHHBI APYTUX TUIIOB 17

Xopouio U3BECTHO, YTO BBICOKHI MPOIIEHT
MHIMIEHTOB, CBSI3aHHBIX € 0€30IaCHOCTBLIO
IUIOTUH, MPOUCXOJUT B TEUCHHUE IMEPBBIX Je-
CATH JIET SKCIUTyaTalllK; IEPBbIE TObI JKU3HU
MIOTHHBI — caMble ornacHble. bombioe koan-
YECTBO OTKAa30B MPOU3O0ILIO HA IUIOTUHAX B

Bo3pacte 0-10 net, B OCHOBHOM M3-3a HeTpa-
BUJIBHOI'O INIAHUPOBAHUA W CTPOUTCILCTBA
OCHOBAHMUSI. JIJ'I?[ IJIOTHH, NEPCKUBIINX OTU
NEPBLIC KPUTHUYCCKHUE TO/bI, )IHI/ITGJIBHBIﬁ,
OYE€BHUIHO YCHGHIHBIﬁ Neproa SKCIUTyaTallunu
HE MCKJTIOYAET MpoOJieM ¢ 6€30MaCHOCTHIO WK
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0a3bl
aBapuil MJIOTHUH W MHIUACHTOB, CBSI3aHHBIX C
Oe3omacHOCThIO BO BceM Mupe (puc. 1) [3].

OTKa30B B TEUEHHE OCTABIIErOCs CPOKA CITYK-
ObI TuTOTHHBL. Ha puc. 1 mokazaHsl cTaTuCTH-
YeCKHe JaHHbIe Ha OCHOBE OOJBIION Mex-

JIyHapOJIHOM JTAHHBIX HMCTOPUYECKUX

450
412
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Puc. 1. Koauvwecmso paspyulenHolx nA0MuH 8 3asucumocmu om gospacma [3 ]

Ha Teppuropun PecnyOmuku Tarapcran
uMmeetrcsa 1225 rUapOTEXHUYECKUX COOpPY-
JKEHUH, U3 KOTOPHIX 69 IJIOTHH HUMEIT 00-
i o0beM BoAbl Oojiee 1 MuH KyO. M, Tak
Ha3bIBa€Mble MPYIbI-MUUIMOHHUKU. bBosb-
miasi 4acTh IUIOTMH B pecnyOliiKe SBISIOT-
CA HACBIMHBIMM W mpuHauiexar [V kmaccy.
OHu ObUTM BO3BENEHBI TOCJIE BTOPOM MH-
poBoii BoHHBI, B 60-70-¢ IT. MpOIUIO BEKa,
U cedvyac HaxoIsATCs B IUJIAYEBHOM COCTOS-
Huu. Ha puc. 2 mokaszana kapra Pecrmy6mu-
ku Tarapcran ¢ mecropacnonoxenuem ['TC
obveMom Gomee 1 muH Ky0. M (puc. 2) [4].

UKCneHHOCTh MUPOBBIX KPYITHBIX TUIOTHH
cocTasisgeT auib 0koo 10% ot ob1iero ymc-
Ja TioTHH. Bo BceM Mupe npeobnaaaer yuc-
JI0 MaJbIX ¥ cpeaHux miotuH [3]. Ha 6e3omac-
HOCTbh KPYIHBIX TUIOTMH OOBIYHO BBIJEISIOT
JIOCTaTOYHO YEJIOBEYECKUX M (DMHAHCOBBIX
pecypcoB, MOCKOJIbKY OHM SIBJISIFOTCSI TOJIU-
TUYECKU BaXXHbIMU oObekTaMu. Ha mainbie u
CpeIHUE MJIOTUHBI BBIACTSIOT MEHbILIE PECYp-
COB, B CBSI3U C 9THUM OHU CKJIOHHBI K BO3pacT-
HOU nerpagauuu. OTCyTCTBUE HAJIEKAILETO
(buHAaHCHPOBAaHUS U HEOOXOIUMBIX MEPOTIPH-
ATUN YBEJIMYMBAET BEPOSITHOCTh HECUACTHBIX

cinydaeB. J[J11 MOHUTOpPHHra MajbIX U Cpel-
Hux ['TC He UCHONb3yIOT HOBEUIINE TEXHU-
yeckue pa3paboTKu, U OHH MOTYT CKpbIBAaTh
B ce0e CKPBIThIE HETOCTATKH MTPU MPOEKTHUPO-
BaHUU WM CTPOUTEIILCTBE. YIpaBiIeHUE 0e3-
OIMACHOCTBIO CTApEIOLUX ITUIOTHH, BEPOSTHO,
SBIISIETCSI HaOOJIee CIOKHOW M aKTyallbHON
npo0eMoii. IT0 0COOEHHO BaXKHO JIJISl CTape-
IOLIUX CPETHUX U MaJbIX IUIOTHUH, YYUTHIBAS
UX KOJIMYECTBO.

KonmuecTBO MIIOTHH €O CpeTHUM BO3pac-
TOM 60 JIET ¢ KaXKIbIM F0JIOM YBEJIUYUBAETCS,
KOTJ]Ja HOMHHAJIbHBIA PACUETHBIA CPOK CITYXK-
OblI ioTuH coctasirteT S50 jset. B HacTosmee
BpEeMs 3TH IJIOTUHBI TPEOYIOT cUCTeMaThye-
CKOTO KOHTPOJISl UX TEXHUYECKOTO COCTOSHUS
U COOTBETCTBYIOLIUX PEMOHTHBIX padoT, OT-
BEYAIOIIMX COBpEMEHHBIM TpeOoBaHusM. [1o
MEHbIIEH Mepe 68 U3 ATUX IMJIOTUH, HAXOMs-
IIMXCSl Ha TEPPUTOPUHU pecIyONuKu, Mpe-
CTaBJISIFOT BBICOKYIO OIACHOCTh Pa3pyIlIeHUs,
U I UX BOCCTAHOBIIEHUSI MOTYT MOTpPedo-
BaThCsl OTPOMHBIE cpezcTBa. [lanHast mpoOie-
Ma HaOIIOAeTCs HE TOIBKO MO PeCcIyOIuKe,
HO U IO BCEMY MUDY.
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Puc. 2. Kapma Pecnybauxku Tamapcman ¢ mecmopacnoaodxiceruem
I'TC o6vemon 6oaee | man kybd. m

Yacto MOCTBHI, OCHOBHBIE aBTOMOOWJIbHbIE
U KEJIe3HOAOPOKHBIE TOPOTH, OOBEKTHI TPO-
W3BOJICTBA M TEpeJady JIEKTPOIHEPTHH, MY-
HUIUTIATBHBIE CUCTEMBI OYHCTKH U pacrpe-
JICJICHUsI BOJBI U CTOYHBIX BOJ, OOBEKTHI IO
00pAaIIeHUIO ¢ TBEPABIMU OTXOJaMH, KOMMEP-
YEeCKUe YUPEeXKJEHHsI, OOJbHMIIbI, CKIIAJICKHE
U pacrpeenuTeNbHble HEHTPBI, adpOMOPTHI,
peUHBbIE CYIOXOJJHBIE COOPYKEHHUS U HACENeH-
HbIE TIYHKTHI PUCKYIOT OBITh 3aTOIJICHHBIMH,
€CJIM OJIHA U3 THUX IJIOTHH BBIHAET U3 CTPOS.
B nocnennue roasl BO BpeMsi HENPEKPAILAK0-
IIMXCS JOXKJIEH 1 BECEHHETO CHErOTasiHUS CITy-
YaJuCh YacThle pa3pyleHus miotuH. Hampu-
Mep, B anpese 2018 1. Bo BpeMst HHTEHCUBHO-
T'O BECEHHETO CHEroTasiHbsl B PpIOHO-Criobos-
CKOM paifoHe NMpOon30I1lIa aBapus Ha OTHOU U3
IJIOTHUH, TIOCTpOeHHOH B 1968 1. ABapust npo-
W30IIUIa B pe3yjbTare MpoBaja BOIOCIUBHON
TPYOBI U3-32 HACBIIICHUS TPYHTOBOM TUIOTHHBI
Bojoi. Kak crenctBue, yactb IrpyHTa mpoce-
Jla ¥ yBeJa 3a co0Oi 4acTh JOPOTH, MPOXOIs-
e Haja m1oTuHou. Taxke B Beicokoropckom
pailioHe Ha IJI0THHE, BOo3BeAeHHO B 1971 T,
nepecran paboTarb OCHOBHOM BOJocOpOC M3-
3a 1e(eKTOB, BEI3BAHHBIX KOPPO3UEH U cTape-
HueM. Celfuac BMECTO HUX pabOTaOT TOJIBKO
aBapuiiHble BOMOCOpocChl. Eme omHOW mpo-

OsieMOM Ha TaHHOM TJIOTUHE SIBJISIETCS MPOBAJ
IpyHTa HaJl aBapuHHBIMHU BOIOCOpOCaMH, Hall
HUMU IPOXOAMT Ipoezxas nopora. Eciu Bo-
BpeMs HE yCTPaHUTh JaHHbBIE MPOOIEMBI, TO
OHM MOTYT NPUBECTU K CEPbE3HBIM IOCIE-
CTBUSIM, Ha yCTPAHEHHE KOTOPBIX YUIyT He-
Manble cpeacTsa. Kak oka3anoch, Ha JaHHBIX
TUIPOTEXHUUECKUX COOPYKEHUSIX HU pa3y He
IIPOBOJIMJICS KallUTaabHBIA peMOHT [5]. Taknux
PUMEPOB MHOXECTBO I10 BCEH peCITyOsIHKe.
K cuacTpro, OONBIIMHCTBO U3 IIJIOTHH OBLIN
HEOONBIINMH, UX pa3pylleHHe OKa3alo He-
3HAYUTEILHOE BIIUSHUE.

Taxoke B PecryOnuke Tatapctan He Bceria
JIOJDKHBIM  00pa3oM BEIyTCSl TOCYIapCTBEH-
HBIE PEECTPbl TMJIPOTEXHUYECKUX COOpYIKeE-
Huil. Y Hexotopeix ['TC HET cOOCTBEHHUKOB,
T.€. 3@ UX COCTOSHHUEM HHKTO HE CIEOUT U
KAalUTaJbHbIA PEMOHT 3TUX COOPYKEHUW HE
npoBonutcs. Jlanasie 6ecxosznbie ['TC mMoryT
HECTH B ce0e OTPOMHYIO ONaCHOCTH C YPE3BBI-
YalHBIMU MOCJIEICTBUSIMU [6].

OTO 03HAyYaeT, uYTO IMPENOTBpALICHHUE pa3-
pYIICHUS TJIOTHHBI JIOJDKHO OBbITH 3(]dek-
TUBHBIM Ha MPOTSDKEHUU BCErO >KM3HEHHOI'O
LIMKJIA TUIOTUHBI — OT €€ NMPOEKTUPOBAHUS J10
BBIBOJIA U3 DKCILTyaTal1H.

YacToTy mpobieM, CBA3aHHBIX ¢ Oe3orac-
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HOCTBIO TIOTUHBI, MO’KHO OOBSICHUTH CIIENy-
IOLIUM 00pa3oM: MOTeHIMAJIbHBIE Cl1a0ble Me-
CTa IJIOTHHBI, TAKHE KaK CKPBITHIE HEJIOCTATKH
B IPOCKTHPOBAHUH, CTPOUTEIHCTBE MU B 00-
CIIy’>KMBaHUU, OOHAPYKUBAIOTCS B pe3yJIbTaTe
aBapuii 7], KOTOpbIE CITy4arOTCsl B HEU3BECT-
HOE BpeMs Tociie CTPOUTENhCTBA HU3-3a B3a-
MMOJICCTBUSI HECKOJIBKUX MPUYUH (puc. 3):
— BO3/CHCTBHE MOTEHLMAILHO OMACHBIX
MPUPOIHBIX SIBICHUH (HABOIHEHUs, 3eMIIe-
TPSICEHUS U 1. );
— BO3HHMKHOBEHHE HECTaHIAPTHBIX COOBI-
TUN (TEXHOTEHHbIE COOBITHS, YelloBeuecKast

omnokKa);
— paspyuieHue (pas3pylieHne OCHOBAHUS

Meocdynapooneul gopyn "KDW-2020"

TIJIOTHHBI).
Crapenue orpeiesieTcsi Kak H3HOC IUIOTH-

HBI B TEUCHHE €€ KU3HEHHOTO IHKJIa, CBSI3aH-
HBI C BPEMEHHBIMH W3MEHEHUSIMU CBOWCTB
CTPOMTENIbHBIX MaTepuajioB, KOHCTPYKIIUH
IVIOTHHBL U ee QyHaameHnta [2]. CrapeHue
MJIOTUH BBI3BIBAET BCE OOJIBIIYIO 03a00YCH-
HOCTb, YYUTHIBasi OOJIBIIIOE KOJIHYECTBO CY-
MIECTBYIONIUX TUIOTHH, KOTOPBIE SKCIUTyaTH-
PYIOTCSl JCCATUTIETUSIMH.

[IpoGnemsbl, BhI3BaHHBIE CTapEHUEM, JBO-
JTIOIMOHUPYIOT CO BPEMEHEM, TPEKIe UYeM
MPOU3BECTH OIIyTHUMBIE 3(PdeKTh (Tpoca-
YHUBaHUE, U3MCHECHHE JaBJICHUS, CMEIICHHS,

pacTpecKHBaHUE H T.1.).

Apapue

&

JeMmeTpECEEe

Hagano paspy ey MIoTEEN

—

.-"'.. : e
/ Hapomeesme
. I'I 'j;
Beemase HakTopH f MITEPHANOE
Ommbza opH "f#?
TPOSETHpOBIENH p
[ Tenozenecam: HecTaBEIapTELIE
__________-? CTpoRTTECTES gaxTop CofuTER
Hempasamsoe " /
oBcmyaEaEme I.'
CRpBITBIE METABEIMEL 0TRAZL

Puc. 3. [Ipuuurol paspyuierus nAOMuH

[mo6aneHbI KOAPPUITUEHT 0€30MTaCHOCTH
M3MepseT 3armac MPOYHOCTH, KOTOPBIA OTHe-
JsieT PaKTHYECKUE yCIOBHUS PaOOTHI ITIOTUHBI
OT YCIJIOBHH, IPUBOAIINX K €€ pa3pylICHHIO
(puc. 3) [8]. o Tex mop, 1moka pa3pyIieHue He
00HapyXEHO, IPOIIECC CTAPCHUS PA3BUBACTCS
HE3aMETHO, YMEHbIIas I00aIbHBINA K03 du-
[IUEHT 0e301MaCHOCTH TUIOTHHBI, U HUKTO 3TO-

'O HC 3aM€YacT.

UYepes HEKOTOpOE BpPEMS CTApPEHUE MOXKET
aKTUBUPOBAaTh MEXAaHU3M pa3pylICHUs, MPU-
BOIAIIMKM K aBapuu. Kpome TOro, mioruHa
CTaHOBUTCS BCce OoJiee yA3BUMOM K BHEITHUM
BO3/ICHCTBHUSIM M HECTAHJAPTHBIM COOBITHSIM
C BO3paCTHBIM CHIKeHHEM (hakTopa Oe3omac-
HOCTH.

Kak mokazano cxemarnuecku Ha puc. 4,
1o OJIOK-CXeMe «TaJICTyK-0a0ouka» Tpedyer-
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Csl TIOCJIETOBATEIbHOCTh MTPEBEHTUBHBIX MEpP,  TUIOTHHBI, KOTOPOE MOXKET MPUBECTH K UPe3-
9TOOBI M30€KaTh MOCTETICHHOTO Pa3pyIlIeHUs BbIYAHOW cuTyaruu (puc. 4).

3.5
= ‘-"‘"—-—
= 3
=
&
E 25
B 2
2
15
E
% 1
=
% 0.5
ﬁ a
& 0 W 20 30 40 S0 G0 0 B0 S0 100 110 120 130
==

MpogosmuTeAsHOCTE mEUsHE nnoTHns [rog)

Puc. 3. ¥xyowerue erobarvroeo koagguyuernma 6esonacHocmu nAOMUH
us-3a cmapenus [8]

«/locTynHOe Bpemsi 10 Hayajla aBapuu»  TyallMH C IOMOIIbIO COOTBETCTBYIOIIUX Mep.
OTIpPEIeIIACTCS MIPOAOIDKUTEIBHOCTBIO BpeMe- B 3aBUCHMMOCTH OT 3a01aroBpeMEHHOrO WIN
HU MEX[Y NEepBbIM 00pa30BaBIIMMCS JedeK-  3amo3qajioro OOHapyKeHus JedopMaluu OH
TOM U HEM30€XKHBIM pa3pyILICHUEM IUIOTH- MOXKET BapbUPOBATHCS OT HECKOJIBKUX JIET 110
Hbl. COOCTBEHHUKY IUIOTHHBI JOCTYITHO 3TO  HECKOJIBKHX YacoOB.

BpeMmsi, 4TOObl M30€XKaTh YpE3BbIUANHON CHU-

| EremeEme fakTopsl |

| HenpaermeHoe 000 Ty EHBAHEE

Cone !l

OTEAza / OIECHOCTE,
Ommfiza mpeE Ommbtza mpe BOCCTAHOBHTEILERD Pabor
CTPOETEIRCTEE ;
POEETHOEAERH ¥,
Tegerma
paboTte Ip0aHATHINPOBAHE]
AetesTEr 1TEODA |
MATEPHATOR
\ | E
0BT RN Oreaz ki
dazTop rd BomeChpoCEED HseeTcs  EpeME
HecragzapTake TpyE xﬂmﬂ -
— CEHTETE ABIDHE  He
cod X MEpONpRTTI IPOEOOITA.

Puc. 4. baok-cxema «earcmyx-6abouxkas coboimuil, sedyujux k asapuu na I'TC
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Ou4eBUIHO, YTO YBEIMYECHHUE STOTO JTOCTYTI-
HOTO BpeMEeHH (IIyTeM paHHero oOHapy>KeHUs
ne(EeKTOB) M YCKOPEHHE CKOPOCTH OLIEHKH
OIACHOCTH, OIpPEIEICHNUS U OCYIIECTBICHUS
Mep 0 YCTPaHEHMIO MOCJEICTBUN SBISIOTCS
3¢ peKTUBHBIMU CTIOCOOAMU CHIKEHUS PHUCKA.

[TockonbKy mporecc cTapeHHUs MOXKET Ha-
yaTbcs B JII000O€ BpeMsi B TEUEHHE BCETO CPo-
Ka CIIy’KOBI IJIOTHUHBI, TPEAOTBpAIllEeHUue pa3-
pyLIEHUI 3aBUCUT OT 3a01aroBpeMEHHOTO
oOHapyKeHHs aHOMAJIbHOTO TOBEICHUS ILIO-
TUHBI. BOT mouemMy ocMOTp ¥ MOHHMTOPHHT, a
Tak)ke OBICTPBIN aHaJIU3 JTAaHHBIX UTPAIOT pe-
MIAIOIIYIO POJTh B 00ecTieueHnr 6€30macHOCTH
10TUH. TakuM o0pa3oM, 3TU MPEBEHTUBHbIE
Mepbl JOJHKHBI OBITh BCTPOEHBI B OOBIUHYIO
OPTaHU3AIMOHHYIO0 CTPYKTYPY MEpOIPHITHI
1o obecrneyeHnto 6€30MacCHOCTH MJIOTHUHBI.

O¢ddexTUBHOCTH MpoIlecca MOHUTOPUHIA
3a MJIOTUHAMU 3aBUCHUT OT:

— CTPYKTYpHO-TEXHHUYECKHX Mep, TaKuX
KaK pa3MelleHue, MPOeKTUPOBAHUE U IKCILTY-
aranus cucteM pU3NYECKOro MOHUTOPUHT A,

Cnucok Jureparypsbl

Meocdynapooneul gopyn "KDW-2020"

— OpraHW3alMOHHBIX Mep, TaKHUX Kak
CTPYKTYpa, yIpaBiIeHUE U OpraHU3alusl JIULL,
OTBETCTBEHHBIX 3a 3(P(EKTHBHOE OCYIIECT-
BJIEHME OCMOTpA, MOHMTOPUHIA M aHalu3a
JAHHBIX [9].

B xoHTekcTe cTapeHus MJIOTUH OpraHu3a-
IIUOHHBIE MEpbI SBISIIOTCS JTOMUHHPYIOIIN-
MU, MOCKOJIbKY B OOJBIIMHCTBE CIIy4aeB CH-
cTeMa MOHUTOPHHIA, TOAABIISIONIAs TPOLECC
CTapeHUs U €ro BO3MOXKHBIE IOCJEICTBUS,
YCTaHABIIMBAETCS BO BpPEMSI CTPOUTEIHCTBA.
CymiecTBytomue cucteMbl HAOMIOAEHUS TO-
3BOJISIFOT BBISIBUTH Clla0ble MecTa B yIpaB-
JICHYECKUX M OpraHU3al[MOHHBIX MEXaHNU3MaxX
MOHMTOPHHTA 32 MJIOTUHAMHU.

[IpoGnema BO3MOXHBIX aBapuil Ha ILJIO-
THUHAX, BBI3BAHHBIX UX CTapEHUEM, OCTAETCH
akTyaibHOM. C Ka)abIM TOJIOM 3Ta npoliema
BO3pacTaeT, M JHIIb 3a0JIarOBPEMEHHO BBI-
OpaHHbIE OpPraHU3allMOHHBIE U TEXHUYECKHE
MEPOIPUITUS. MOTYT HPEIOTBPATUTh HACTY-
IUIEHUE HETaTHBHBIX COOBITHH, CBSI3aHHBIX C
pa3pylLIeHHEM IIOTHH.
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3eneesa Bepa llemposHa, K.ieN1.H., TOUEHT
OI'BOY BO «Kazanckwuii (ITpuBomkckuii) de-
JiepajbHbId YyHUBEpCUTET», I. Kazanb, Poccus;

3enun Heopv Bradumuposuu, 3aMecTH-
TeIb JUPEKTOpa — HAYaIbHUK YIIPABICHUS
10 00ECIIEUCHHIO JICATETLHOCTH W PA3BUTHIO,
I'AY Tynwckoit oomactu «Llentp nundopmaru-
OHHBIX TEXHOJOTU», I. Tyna, Poccus;

Ucmaunos [[mumpuii [ebosuy, aciupaHT

Berceit mikonsr U”TUC OI'AOY BO «Ka3an-
ckuit (IIpuBoimkckmii) henepanbHbIA yHUBEP-
cuteT», I. Kazanb, Poccus;

Kupuuenkoe Hukuma Pomano6uuy, CTyIEHT
4 xypca kadpenper MICYUP, pakynsreT HaHO-
MarepuajioB U HaHoTexHosioruid @I'bOY BO
«Ka3zaHcknii HaMOHAIBHBIM UCCIIEN0BATEb-
CKUH TEXHOJIOTMYECKUN YHUBEpCUTET», T. Ka-
3aHb, Poccus;

Kob63es Banepuii Aumamonvesuu, I.T.H.,
npodeccop kadeapsl «Kene3HOTOPOKHBIC
CTaHIIMM U TPAHCHOPTHBIE Y31bl», Poccuii-
CKMH YHMBEPCUTET TpaHcmopra, . MockBa,
Poccus;

Kooonosa Hpuna Apkaovesna, x.3.H., 0-
nent, ®I'AOY BO «Kazauckmii (ITpuBomxk-
ckuil) dhenepasbHBIA YHHUBEPCUTET», MHCTH-
TYT YIpaBlIEHUS, SKOHOMHKU U (DPUHAHCOB,
[ToBomkckass rocygapcTBEHHasi — akKaJeMHs
buznyeckoil KyabTypbl, COpTa U TypH3Ma,
r. Kazann, Poccnus;

Komapos Bumanuii Bacunveéuu, K.T.H.,
JIOLICHT, MEPBBIA 3aMECTUTENb FeHEPATbHOTO
nupektopa OAO «HayuHo-uccnenoBaTenb-
CKUH MHCTUTYT aBTOMOOWJIBHOTO TpaHCIOp-
Ta», I. Mockaa, Poccus;

Kopobkosa Examepuna Anexcanopoéna,
K.T.H., gouent, ®I'bOY BO «Ka3zanckwmii Ha-
LHUOHAJIBHBIM  MCCIIEIOBATEIbCKUN  TEXHU-
yeckuii yHuBepcurer uM. A.H. Tynonesa —
KAy, r. Kazaus, Poccus;

Kyeypaxosa Bnaoa BraoumuposHa, X.T.H.,
JIOLIEHT Kadeapbl MPOrpaMMHON HHKEHEPUU
Berceit mkonsr U”TUC OI'AOY BO «Ka3an-
ckuit (I[IpuBomkCckHit) henepanbHBIA yHUBEP-
cuteT», I. Kazanb, Poccus;

Kysomuna Hpunma Anexcanopoeua, K.h-
M.H, norieHT PI'AOY BO «Kazanckwuii (I1pu-
BOJDKCKHH)  (enepanbHBIi  YHUBEPCUTET,
r. Kazans, Poccns;

Kyzomun Anexcanop Buxmoposuu, K.T.H.,
crapmmii  mpenogaBatenb kKadenpsr «IIpo-
MBIIIIEHHAS U DKOJIOTMYecKast 0€30MacHOCThY
OI'bOY BO «Kazauckuii HalmoHAaIbHBIA HC-
CIE0BATEILCKUI TEXHUYECKUN YHUBEPCUTET
uM. A.H. Tynonesa—KAW»,r. Kazanp, Poccus;

Jlamughyniun Dapum Munneaxmemosuy,
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K.T.H., BEeIyIIMi Hay4yHbIi CcOTpyAaHHK, WH-
ctutyt TarHUIIMuHedTh, T. ANbMETHEBCK,
Poccus;

Jlawesa Cmenna Anvbepmoéna, K.T.H.,
JOLIEHT Kadeapbl MPHUKIAJIHON MaTeMaTUKU
u unpopmaruku ®I'BOY BO «Kazanckuii
HAIIMOHAJIBHBIA HCCIEN0BATEIbCKAN TEXHU-
yeckuil yHuBepcurer uM. A.H. Tymonesa —
KAy, 1. Kazans, Poccus;

Maxkaposa Hpuna Buxmoposena, n.T.H.,
npodeccop, 3aBeayromasi kadeapsl cepBuca
TpPaHCIOPTHBIX cucteM, HabepexxHoueTHUH-
ckuil uHCTUTYT (punuan) GPIAOY BO «Ka-
3anckuil (ITpuBomkckuil) GpenepanbHbIil yHU-
BepcuteT», I. Habepexusie YUennsl, Poccus;

Munnuxanoe  Pugpxam — Hypeanuesuu,
I.T.H., mpodeccop, 3aBenyromuid kadeapoi
«MHTemneKkTyalbHble TPAHCIIOPTHBIE CHCTE-
MbD» THCTUTYTa KOMITBIOTEPHBIX TEXHOJIOT U
u 3amutel uHpopmarun PI'BOY BO «Ka-
3aHCKHUU HAIIMOHAJIBHBINA MCCIIEIOBATEILCKUN
TexHuyeckud yausepcuteT uMm. A.H. Tymo-
neBa — KAWNy», r. Kazans, Poccus;

Muxees Muxaun FOpvesuu, n.T.H., TIPO-
(heccop, 3aBenyromuii kadenpoit «Mupopma-
LIMOHHBIE CUCTEMBI U TEXHOJIOTUW», [leH3en-
CKMH TOCYIapCTBEHHBIA TEXHOJIOTHYECKHUI
yHuBepcurer, T. [lensa, Poccns;

Mypasvesa Enena Bukmopoena, n.nen.H.,
npodeccop, 3aBenytomas kadeapoi «IIpo-
MBIIIJIEHHAasl M JKoJloThyeckas Oe3omnac-
noctey DPI'BOY BO «Kazanckuii Haimo-
HaJILHBIA MCCIIEIOBATEbCKUN TEXHUYECKUN
yHuBepcuteT uM. A.H. Tynonesa — KAy,
r. Kazann, Poccus;

Hacvibynnun Apcnan Banepveeuu, n.T.H.,
npodeccop, 3aBemyroommuii  kadenpor Pu-
OHI'M, AnbMeTheBCKUN TOCYIapCTBEHHBIN
He(TSIHOW UHCTUTYT, T. ATbMETBEBCK, Poccust;

Haszapos Anexceii Hukonaesuu, n.T.H.,
npodeccop, MocKkoBCkHil (PU3UKO-TEXHUYE-
CKUH MHCTUTYT (HAallMOHAJIbHBIM HCCIIe0Ba-
TENbCKUI yHMBEpPCUTET), I. JloNronpyaHslid,
Poccus;

Osuunnuxosa Enena  Anexcanoposna,
K.T.H., TOLIEHT Kadeapsl «Kene3HoqopoxKHbIe
CTaHLIMHM W TPaHCHOPTHBIE Y31bD», Poccuii-

A HALLUU ABTOPbLI

CKHI YHUBEPCUTET TpaHCcmopTa, I. MockBa,
Poccus;

Cabumos Pycmam Aduesuy, X.T.H., C.H.C.,
norent, ®I'bOY BO «Kazanckuii Haimo-
HaJIbHBI MCCJIEIOBATEIbCKAN TEXHUYECKHI
yauBepcuteT uM. A.H. Tynonesa — KAy,
r. Kazann, Poccns;

Cabumos Illamune Pycmsmoéuu, K.T.H.,
noueHt, ®I'AOY BO «Kazauckuii (Ilpu-
BOJDKCKUI) (enepanbHbIl  YHUBEPCUTETY,
r. Kazann, Poccns;

Cammapos Pamunv 3atimynosuy, K.T.H.,
Benymnii uHxkeHep, Muctutyr TarHUIIN-
He(1h, . AbMeThEeBCK, Poccus;

Cexepun Bnaoumup [Imumpuesuu, n.3.H.,
npodeccop, 3aBeayroniuii kadenpoit « IKoOHO-
MHKa ¥ OpraHu3anus», MoCKOBCKUH MOJUTEX-
HUYECKUI yHUBEpcHUTeT, I. MockBa, Poccus;

Cmupnosa [ynvnapa Cepeeegna, K.T.H.,
nouent, ®I'bOY BO «Kazanckuii Haimo-
HaJIbHBI MCCJIEIOBATEIbCKAN TEXHUYECKHI
yauBepcuteT uM. A.H. Tynonesa — KAW»,
r. Kazann, Poccus;

Tpeecybos Braoumup Muxaiinosuy, K.T.H.,
JOTICHT, TUPEKTOP HHCTUTYTA KOMITBIOTEPHBIX
TexHoNorui 1 3amuThl “HGopmanuu GI'EOY
BO «Kazaackuii HarmoOHaJIBHBIA MCCIIEq0Ba-
TEIbCKUM TEXHUYECKUM YHUBEPCUTET HM.
A.H. Tymonesa — KAW», 1. Kazans, Poccus;

Tpugponosa Enena Banenmumogna, crap-
U TIpenoaBaTeb Kadeapbl HHOCTPAHHBIX
SI3BIKOB [IJIS1 HEJTMHTBUCTHYECKUX HaIpaBJie-
HUll (akynpreTa pycckoil (uionoruu u HHO-
CTpPaHHBIX S3BIKOB HMHCTUTYTa TYMaHUTAPHBIX
HayK U SI3bIKOBbIX KoMMyHHKanuii ®I'BOY
BO «IlckoBckuii rocyaapCcTBEHHBIH YHUBEp-
cureT», I. IIckoB, Poccus;

Daiizpaxmanos Imuns Mapamosuu, Ma-
ructpanT kadeapsl «Cuctembl MHPOpMAIIH-
OHHOM Oe3omacHOCTH» MHCTUTYTa KOMITBIO-
TEPHBIX TEXHOJOTUN U 3aIUTHI HHPOpMAITUN
DI'BOY BO «Ka3zanckuil HarlmoHaIbHBIN HUC-
CJIeI0BaTENbCKAN TEXHUYECKUN YHUBEPCUTET
uM. A.H. TynoneBa—KAI», . Kazans, Poccus;

Yupuxun Anexcanop Braoumuposuu, Be-
nymmii onsHec-ananuTuk [TIAO «TaraeThy,
I. AmbMeThbeBCK, Poccns;
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Hlaxkuposa Ancy HnvnypoeHna, acCUCTEHT
Kadeapbl MPOMBINUICHHOW W JKOJIOTHYECKOU
6e3onacoctu ®I'BOY BO «Kazanckuit Ha-
LMOHAJIBHBIA  MCCJENOBATEIbCKUM  TEXHHU-
yeckuil yHuBepcuter uMm. A.H. Tynonesa —
KAWM», r. Kazanas, Poccus;

Hlnevimosuy Muxaun I[lemposuy, K.T.H.,
JIOTICHT, 3aBEAYIOIMNMA Kadeapoil aBTOMaTHU3H-
POBaHHBIX cucTeM 00pabOTKK MHGOPMALIUU 1
yrnpasiennss PI'bOY BO «Kazanckuii Hauu-
OHAJILHBIN UCCIIENOBATEIILCKUN TEXHUYECKUU
yHuBepcuteT um. A.H. TynoneBa — KAy,
r. Kazans, Poccus;

Hlopnukosa Tamvana AnexcanoposHa,
K.T.H., TO1eHT Kadenprsl «Maremarrnka u du-
3uKka» [IeH3eHCcKuil rocyapCTBEHHBIM TEXHO-

JOTU4ecKuil yHuBepcureT, I. [len3a, Poccus;

lIlybenkosa Kcenus Anopeesna, X.T.H.,
JIOLIEHT Kadelpsl cepBHUCa TPAHCHOPTHBIX
cucteMm, HabepeXHOUETHUHCKUN HMHCTUTYT
(punman) ®TAOY BO «Kazanckuit (Ilpu-
BOJDKCKUI) (enepanbHbIl  YHUBEPCUTETY,
r. HaGepexnsie Yennsl, Poccus;

Ulymckuii Cepeeti [lemposuu, K.T.H., JIO-
1eHT Kadeapsl «Kene3HoqopoxKHbIe CTAHLIUN
U TPaHCIOPTHBIE Y31bl», Poccniickuil yHU-
BEpCUTET TpaHcnopra, I. Mocksa, Poccus;

FOcynosa Jlunusa Mupeazvanosna, K.3.H.,
JoueHT, MHCTUTYT ympaBiieHusl, 5JKOHOMUKH
u punanco ®PI'AOY BO «Kazanckuit (I1pu-
BOJDKCKUI) (enepanbHbll  YHUBEPCUTETY,
. Kazann, Poccust.
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- TPEBOBAHUA K NYBJIMKYEMbIM CTATbSA

Yeasicaemvie konnezu!

Penaxums sxxyprana «Bectank HIIBXK/]» npurnamniaer aBTopoB, MHTEPECYIOMIMXCS TPoOIie-
MaM# 0€30TacHOCTH, MPHUCHUIATh CBOM CTAaThH, OTKIMKH ¥ MPUHIMATh HHOE YYaCTHE B BBIITY-
CKax JKypHaJa.

PyOpuku xypnana: «IIpubopoctpoeHue, MeTponoruss U HHGOPMAIMOHHO-U3MEPUTENb-
HBIE TIPUOOPHI M CUCTEMBI», «be30macHOCTh NesATenbHOCTH uenoBeka», «llemarormdeckue
Haykn»,«OxpaHa Tpyaay».

B penaximro mpeacTapiseTcs deKTPOHHAs BEpCHs cTaThi. Harpapisiemble B )KypHaJ CTaTbU
cienyet ohOpMHUTH B COOTBETCTBUH € TPEOOBAHUSIMU, IPUHATHIME B )KypHasie. [Ipu nmepecpuike
Ha 2JeKTpOoHHBIN asipec (guncbgd@mail.ru) B ctpoke «Tema» ormetuth: «Craths». Pemenne o
My OITMKAIH IPUHIMAETCS PeIaKIIMOHHON KoJuternei )kypHaia. [Tyonmukarms rmiiaTHoe, roHopap

HE BBIIIJIAYMBACTCA.

[Tpu mepeneyarke cChUIKA HA KypHAI o0s13aTebHA. Peakiins He 3HAKOMHUT aBTOPOB C TEK-
CTOM BHYTPEHHUX peleH3nid. [lepeunciieHHpIe CBeIeHNs HY)KHO TPE/ICTABIIATH C KaX 10 BHOBb
MOCTYTAOMIEH CTaThbell HE3aBUCHMO OT TOTO, IyOIHUKYETCsT aBTOP BIIEPBBIE WIIH TOBTOPHO.

[Tonubie TpebGoBaHUs K 0QPOPMIIEHHUIO CTaTel OMyOIMKOBAHO Ha caiite vectniknebgd.ru
TpeGoBanus K Ny0JMKyeMbIM CTAThAM
[Ipencrapnsiemple PyKOIUCH JIOJKHBI COOTBETCTBOBATH TEMATHKE KypHaja, ObITH OpH-

TMHAJIBHBIMM, HE OINYOJIMKOBAHHBIMHU paHee
B JPYTUX MEYaTHBIX WJIN AJIEKTPOHHBIX M3[a-
HUSIX.

B nauane crateu JOMKHBI OBITH YKa3aHBI
CIIeyIOIlKE JaHHBbIE!

1. Csenenust 00 aBTopax

— (Qamunms, UM, OTYECTBO BCEX aBTO-
POB TOJIHOCTBIO (Ha PYCCKOM M AHIJIMHCKOM
SI3BIKE);

— IIO0JIHO€ Ha3BaHME OpraHHU3alUU — Me-
CTO pabOThl KaXK/10ro0 aBTOpa B MMEHMTEIIb-
HOM IMaJIe)Ke, CTpaHa, ropoj (Ha pPyCCKOM H
aHrnuiickom si3bike). Ecau Bce aBTOpBI cTa-
THU Pa0OTAIOT B OHOM YUPEKIACHUHU, MOKHO
HE YKa3bIBaTh MECTO pabOThI Ka)KJJ0r0 aBTOpa
OTJIENbHO;

— TOJpa3/eleHUe OpraHMu3al|H; JOJIK-
HOCTb, 3BaHUE, YUEHasl CTENEHb; Apyras WH-
dbopmarus 00 aBTOpAX.

— aApec JJIEKTPOHHOM MOYTHI I Kax-
JIOTO aBTOPA;

—  KOPPECHOHJEHTCKHUH ITOYTOBBIN aapec
U Tese(OoH /11 KOHTAKTOB C aBTOPAMHU CTaTbU
(MOXXHO OJIMH Ha BCEX aBTOPOB).

2. HaszBaume cTaTbmu

IIpuBonuTCS HA PyCCKOM U aHINIMMCKOM sI3bIKaX

3. AHHOTanus

[IpuBonuTCS Ha PYyCCKOM M AHIIMHCKOM
s3pIKax B o0beme 5-10 cTpok.

4. KurouesBble cji0Ba

KittoueBsie cioBa B o6beme 8-10 cioB npu-
BOJIAITCS HA PYCCKOM M aHIJIMICKOM SI3bIKaX.

5. Temaruueckasi pyopuka (Kom)

O6s3arenpHO ykazanue koga YK

6. Iloamucu K puCyHKam

[Tonmucu K pucyHKaMm OQOPMIISIFOTCS
mpudrom Times New Roman 14 kri1 6e3 kyp-
CHUBa.

7. Cunucok uteparypsl u References

O0beM crucka JUTEpaTypbl HE JOJKEH
npeBbimark 10 wuctounukoB. Odopmisercs
B cootBerctBuM ¢ [OCT P 7.0.100-2018 u
MeXIAyHapoIHbIMH cTaHaaptamu; References
— B pOMaHCKOM aJihaBUTE.

Tekct cTatbu JOMKEH ObITH HAaOpaH B TEK-
croBoM penakrope Word, mpudt Times New
Roman, pasmep mpudra — 14, MEKCTPOUHBIHA
uHTepBaT — 1,5, abzamueii orctym — 1,25 cwm,
TI0JIs CBEPXY, CHU3Y, CJIeBa, CIipaBa — 2 CM, HyMe-
paiusi CTpaHMIl CIUIONIHAS, HAYMHAs C MEPBOM.
Cuocku oopmisirores B []. [pumep: [1, c. 44],
TO €CTh, UICTOUYHUK Nel, crpanuiia Ned4.

O0bem cTaTbu AJs1 MyOIUKALUA
B ’KypHaJie — 5-12 crpanuu.
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Mexaynapoanbiii popym Kazan Digital
Digital Week — 2021

B niepuon ¢ 21 o 24 centsopst 2021 roga
B cronuue Pecnyonuku Tarapcran 1. Kazanu
cocroutcsi MexayHnapoausiii ¢popym Kazan
Digital Week — 2021. Meponpusitue, opueH-
TUPOBAaHHOE Ha Pa3pabOTYMKOB U MOJIb30BaTE-
Jei mudpOBbIX UHTEIUIEKTYaIbHBIX TEXHOIO-
THil, CO3MaHHBIX HA UX OCHOBE CHUCTEM, Cep-
BHCOB U YCIYT, IUTAHUPYETCS IPOBECTU B CMe-
maHHoM (odmaitn + onsailiH) gopmare B co-
BPEMEHHOM MeX1yHapOIHOM BBICTABOYHOM
uenrpe «Kazanp DKcmo», KOTOphIM OCHAICH
BBICTABOYHBIMU MMaBHJILOHAMHU, CECCUOHHBIMU
3ajlaMi, OTKPBITBIMHU JEMOHCTPALIMOHHBIMU
IUIOIIA/IKaMU, KOM(QOPTHON TPaHCIIOPTHOM U
peKpeanroHHON HHPPACTPYKTYPOM.

B cootBercTBUM ¢ TopyueHuem IIpesunen-
ta Pecty6onuku Tarapctan P.H. Munanxanosa
Kabunerom MunuctpoB Pecnyonuku Tatap-
cTaH (opMHUPYETCS OpraHU3aUOHHbBIN KOMU-
ter KDW — 2021, kyna BOAyT pyKOBOJUTEIN
MUHUCTEPCTB, BEIOMCTB, BEIYLIUX rocyrap-
CTBEHHBIX OpraHU3allMii M YaCTHBIX KOMIIa-
HUM, OCYIIECTBISIONMNX UPPOBU3ALNIO CU-
CTEMBbl TOCYJapCTBEHHOTO YIIPaBIICHUS, JKO-
HOMUKH ¥ COLIMAJIbHO-TYMaHUTapHOH chephl.

PaGouas rpynma mo moarotoBke U MpoBe-
neHuro Gopyma HaleneHa Ha To, 4ToObI Bce
3arIaHupPOBaHHBIE MEPOTIPUATHUS 0OECTIeUMIIN
MaKCUMAaJIbHO TIOJTHOE YJIOBJIETBOPEHUE HAyu-
HBIX, KOMMEPYECKUX, KOMMYHHUKAIIUOHHBIX U
MO03HABATEJIbHBIX HHTEPECOB MOTEHIIMATBHBIX
ydacTtHuKoB. [Iporpamma nudpoBoii Henenu
Oynet cokycupoBaHa Ha IUGPOBBIX MHTEI-
JICKTYalIbHBIX TEXHOJOTUSX M HHHOBALMOH-
HBIX IPOAYKTaX, CO37aBaeMbIX HAa MX OCHO-
Be. OCHOBHBIE TEMaTHYECKUE HAIPABICHUS
KDW —-2021:

«/HTemeKkTyalibHble TPaHCHOPTHBIE CHU-
CTEMBI»;

«CuTyalluOHHBIE LIEHTPBI»;

«dudpoas uaaycrpus 4.0»;

«JxocucreMa QUHTEXY;

«Kunbepbe3omacHOCThY;

«IHHOBAIMH, IHTETPUPOBAHHBIC BOM3ZHECY;

«IIudpoBsie TexHONMOTMU B chepe oOpa3zo-
BaHUS;

Meacdynapodneul gopym "KDW-2020" 4

«udpossie TexHOIOTUH B Chepe KyIbTy-
PBI»;

«IudpoBsie TeXHONIOTHHU B cepe 3apaBo-
OXPAHEHUS».

Wnes, ypoBeHb OpraHM3alii U pe3ysbra-
Thl TpoBeAeHUs MexyHapoaHoro ¢opyma
Kazan Digital Week — 2020 nomyuunu BbI-
COKYIO OLICHKY, a TemaTuka u muccusi KDW
— 2021 — Pacmmmpenue miangapma TEXHOJO-
TUYECKOTO MPOpbIBa — OJ0OpEHUE CO CTOPO-
Hbl [Ipeacenarens IlpaBurenscrBa Poccuii-
ckort @enepaunn M.B. MunryctuHa, 4ieHOB
[IpaButensctBa Poccuiickoit  ®Deneparuu,
ry0epHaTopoB, PYKOBOAUTENEH KPYIMHEHIIINX
NT-xoMmaHuii — y4aCTHUKOB €BPOa3HATCKOTO
PBIHKA BBICOKMX TEXHOJIOTUN M BBICOKOTEXHO-
JIOTUYHBIX MTPOAYKTOB.

B HacTosiiiee Bpemsi ueT akTUBHAs opra-
HU3aLMOHHO-TIOATOTOBUTENbHAs paboTa U UH-
(dbopMaloHHas MpUITIaCUTeNIbHAs KaMITaHus,
dbopMupyeTcsi KBOPYM COOPraHU3aTOPOB U
MapTHEPOB 110 HOBBIM HaIpaBlIeHUsIM UPO-
BBbIX TEXHOJOTHI U MPUKIAIHBIX pa3paboToK.
PaGoueiil rpynmnoii ¢popyma BeiOpaHa HaIex-
Has 1udposas miargopma, odecrnedrnBaroIas
KBaJIM(ULIMPOBAHHYIO TEXHUYECKYIO U Opra-
HU3ALMOHHYIO TOAJEPKKY OHJIAliH-COCTaB-
JSOUIEH  3aljJaHUpPOBAaHHBIX MPOTPAMMHBIX
MEPONPHUATHH.

Bes HeoOxonaumas uHpopmanus o coObl-
TUH, YCJIOBUSAX PErHUCTpallid, OYHOM U OH-
JaiiH ydacTuu, myOJIMKalUd HAyYHBIX U TEX-
HUYECKUX CTaTel, ((MHAHCOBBIE YCIOBUS yua-
ctus B Mepornpusatusax Kazan Digital Week —
2021, a Tak)Ke OTKPBITBIN apXHUB MaTEpUAIIOB,
OT3bIBOB, CTAaTUCTUKW M aHanuTHKu Kazan
Digital Week — 2020 npencraBieHsl Ha caiiTe
kazandigitalweek.ru / kazandigitalweek.com.

['0TOBBI OTBETUTH HA JIIOOBIE BONIPOCHI, CBA-
3aHHBIE C y4aCTHUEM U MPEACTaBUTEILCTBOM Ha
Mexnynapomaom popyme KAZAN DIGITAL
WEEK 21 - 24 cents6ps 2021 rona!

KontaktHoe nmuno: Cadpun Aprem Pycna-
HOBMY, BEAYLIMH crienuanucT nHGOpMaIuoH-
Horo otnena ['bY «be3onacHOCTh TOPOXKHO-
ro aBwkeHus». Tenedon: +7 987 211-26-95;
e-mail: Artem.Safin@tatar.ru.
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