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MULTILEVEL SENSOR NETWORKS FOR PRECISION FARMING AND
ENVIRONMENTAL MONITORING

Volodymyr Romanov, Valeriya Gribova, Igor Galelyuka, Oleksandr Voronenko

Abstract: Plants as all alive suffer from impacts of natural or anthropogenic stress factors. Creation of
wireless smart biosensors and wireless sensor networks on their base for express-diagnostic of plant
state on large territories under impact of stresses of different origin provides to apply managerial
measures in time to decrease the negative impact of natural and anthropogenic load on the state of
agricultural lands and green plantations of megalopolis, national preserves, woodlands and parklands.
The applications of wireless technologies in agriculture and ecological monitoring are considered. The
main aim of the multilevel sensor network is real-time data acquisition of state of plants on large
territories, on-line data processing and timely decision making according to specified criteria. Multilevel
sensor network has two levels. The low level is intended for plant state data acquisition and consists of
several wireless sensor networks as primary data acquisition systems. The high level of multilevel
sensor network works in "cloud" environment and the main purpose of this level is data storage, data
analysis and managerial decision making. The main work purpose is development of low-cost wireless
smart biosensors for express-diagnostics of common state of plants and creating the proper software
and methodical support for integration of these wireless biosensors into wireless sensor network and
multilevel sensor network for express-diagnostics of plant state on large territories, what make possible
to spread the application of new information and communication technologies to industrial agriculture,
ecological monitoring and environmental protection.

Keywords: wireless sensor network, agriculture, ecology, environmental monitoring.

ACM Classification Keywords: J.3 Life and Medical Sciences - Biology and Genetics

Introduction

In modern industrial agriculture and ecological monitoring it is needed to obtain data about the real-time
influence of climatic and anthropogenic stress factors on the state of the crop or agrarian plants and
use special means for their protection. For protecting the plant cover of the megalopolises, national
parks, woodlands or parklands similar data and means are needed too. The application of modern
achievements of microelectronics, biosensors, communication and information technologies makes it
possible to solve this rather complicated problem of real-time monitoring of plant state on large
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territories. The most perspective technology for realization of data acquisition and processing systems
is wireless sensor network (WSN).

Several years ago portable computer devices of "Floratest" family were developed and prepared for full-
scale production [Romanov, 2012]. The main purpose of these devices was diagnostics of plant state in
real-time mode in laboratory and field conditions. Industrial precision farming and ecological monitoring
are main application fields of these portable devices. But, the field testing in German and Ukrainian
agrarian farms showed some restrictions during active work with "Floratest" device in the field
conditions. In particular, experienced specialist had to run measurements and the one measurement,
including dark adaptation, took a long time. For speedup of measurements in general it is necessary to
use a large number of autonomous portable devices. To avoid these restrictions it was started
development of wireless sensor network. Such approach allowed centralizing running of
measurements, made with many devices, and accumulating obtained information in the control center
on server. This handling lets to cover by monitoring a large territory of agricultural lands, parklands or
woodlands.

There are many advantages of wireless sensor networks in different applications. It gives a lot of
benefits to users in science, industry, medicine and defense. In different applications WSNs include
from tens to hundreds of nodes equipped with micro power battery supplies. Taking into account the
variety of the deployed environments and resource constraints on radio communication, sensing ability,
calculation means and energy supply, it is a very challenging task to design optimal WSN topology and
predict its performances before deployment and usage.

State of the art of WSN applications in precision agriculture and environmental monitoring was briefly
considered in our paper [Palagin, 2013]. In examined papers developed systems measure different
parameters of soil, plants and environment, but any system doesn't measure and process such
important parameter, as plant photosynthesis, but in some described systems the leaf chlorophyll
content is measured. It is well known that photosynthesis is the main process of plant life activity and if
it is necessary to know the state of plants the best way is to measure photosynthesis parameters.

The work purpose is development of low-cost wireless smart biosensors for express-diagnostics of
common state of plants and creating the proper software and methodical support for integration of
these biosensors into wireless sensor network for express-diagnostics of plant state on large territories,
what make possible to spread the application of new information and communication technologies to
industrial agriculture, ecological monitoring and environmental protection, for example, for estimating of
viral and bacterial load, control of influence of climatic conditions and express-diagnostics of common
level of impact of stress factors of natural or anthropogenic origin on agricultural crops, green
plantations of megalopolis, national preserves, woodlands and parklands.



International Journal "Information Technologies & Knowledge" Volume 9, Number 1,2015 9

Wireless Sensor Network and Engineering Design

Today it is impossible to imagine the precision farming technology or ecological monitoring system
without such important element as decision-making and managerial decision generating system. Data
from system of primary sensors, placed directly on observable objects or territories (for example,
agricultural fields, parklands, woodlands gardens and etc.), can be used as basis for decision making.
Quality and completeness of data acquisition determine the correctness of decision making about
implementation of necessary operations for harvest increasing, costs reducing, protecting plants and
fruit trees, avoiding losses of plants or harvest from influence of stress factors of natural or
anthropogenic origin.

It is necessary to note, that functional possibilities of decision-making system in precision farming or
environmental monitoring significantly are determined by quantity, quality and frequency of data
acquisition from fields and data processing. Meteorological data, information about soil state and, not
less important, information about state of plants can be referred to data, which are acquired directly on
the field, forest or garden.

Therefore, acquisition of live and objective data of plant cover state in most cases is very important
factor, which causes future strategy of keeping agricultural lands, trees of woodlands, parklands or
gardens and proper decision making. Certainly, it would be ideal to obtain information about
improvement or worsening of plant cover state beforehand, but not after the event. It lets to protect
plants from losses, decrease cost of plant protection and avoid some negative influence of stress
factors of different origin.

Modern achievements in microelectronics and information and communication technologies after
detailed analysis show possibility of creating WSN for express-diagnostics of state of plants on large
territories with using the same effect of chlorophyll fluorescence induction, on which the operation of
devices of "Floratest" family is based on. Application of microsensors for measuring additional
parameters of air and soil in WSN gives possibility in indirect method to measure not only the general
state of plant, but also such parameters, as pesticides content in soil, water and plants, level of soil
corrosion, level of pollution in air etc.

Wireless sensor network for our applied problem has to satisfy requirements to typical sensor network
for application in agriculture and environmental protection. Development of WSN depends on many
factors, including failure-resistance, scaling, manufacture cost, type of operational environment,
topology of sensor network, hardware restrictions, data transferring model, energy consumption and
etc. Schemas for initial placing of nodes of sensor network have to satisfy requirements of cost
reducing of installation, removing necessary of preliminary planning of placing schemas, improving
flexibility of node placing, and assisting self-organization and failure-resistance. Nodes of our wireless
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sensor network are deployed in static mode. Since nodes of sensor network sometimes fail because of
battery discharge or physical impacts, the structure of sensor network has to change its topology very
often after the sensor network has been deployed. Changes of topology cause modification of
characteristics of network nodes, notably location, accessibility (because of noise, moving obstacles
etc.), battery charge, failures, changing of node functions in network. It is specified possibility to include
additional nodes in WSN for replacement of non-working nodes or expansion of network or network
functions.

The proposed WSN covers the large territory of crop, woodlands or parklands and microelectronic
sensors with radio channel are situated directly on the leaves of plants. Every sensor includes
transceiver and it makes possible to join separate sensors to WSN later, after network deployment.

Development of wireless sensor network for precision farming and environmental monitoring was begun
from development of certain node of such network. As base it was used typical architecture of such
node, which includes several basic units: data acquisition unit, data processing unit, transceiver and
supply unit [Akyildiz, 2002]. Presence of additional units depends on application task of wireless sensor
network. Such units, as GPS unit, power generator and mobilizer can be considered as additional
elements. Data acquisition unit, as rule, includes sensor and ADC.

Designing WSN we have to pay attention on to important aspects: in-network data handling and
organization of communication between network nodes. Data handling includes development of sensor
interfaces, data acquisition, data compression, and data aggregation, data processing, decision-making
and report forming. Organization of communication between network nodes includes adjustment of
wireless modules, network synchronization, planning MAC-protocols, topology control, strategy of
network relations, and common organization of data dissemination.

For designing pilot elements of WSN it was chosen the wireless microcontroller JN5168, manufactured
by NXP Company. Microcontroller includes 32-bit processor with 1-32 MHz clock speed, 2,4 GHz
|IEEE802.15.4 compliant transceiver, 4-input 10-bit ADC and a comprehensive mix of analogue and
digital peripherals etc. This microcontroller complies with the network nodes requirements. It supports
data acquisition, data storage and data transferring via wireless channel.

The standardization and unification requirements to WSN are determined by 802.15.4 standard, which
defines features of creation of networks with low data throughput. In additional ZigBee and JenNet-IP
protocols determine requirements to network routing and security. We selected JenNet-IP protocol for
our applied tasks.

The JenNet-IP protocol combines IEEE802.15.4-based wireless network technology and the Internet
Protocol (IP) to achieve integration between the two domains, supporting the wireless "Internet of
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Things". Due to the nodes of a wireless network are to be controlled both wirelessly and from IP-
connected device, such as a smart remotely located phone or tablet.

Topology control layer support the determination of data transfer energy consumption for certain units
and type of communication of such units. As a rule, the minimum transmission delay in the network has
to be reached for minimum energy consumption. Optimal selection of in-network data transfer protocol
lets to get optimal ratio of above mentioned parameters.

On the initial development stages for proposed tasks it was proposed to use simple tree-like topology of
WSN. The part of WSN topology, which was created as base fragment (cluster) of network, is shown on
Figure 1.

O MNetwork coordinator (base station)

. Network node

Figure 1. Fragment of WSN topology

Normally, there are two classes of nodes in developed network. The first class is the full-function node.
This node can be used as coordinating node (coordinator) for separate fragment of WSN. Such
coordinator realizes the communication model, which allows communicating network nodes. Also the
coordinator can interact with higher level of multilevel sensor network. The second class is nodes with
limited functions. That is simple nodes with micropower battery resource and low requirements to
network. Normally such nodes can communicate with full-function nodes and can't serve as network
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coordinators. The main purpose of these nodes is acquisition of data of state of plants and data
transferring. As a rule, such nodes can retransmit data from remote nodes to network coordinator.

Multilevel Sensor Network

Multilevel sensor network is intended for express-diagnostics of plant state, knowledge base filling and
managerial decision making. The network include such elements: wireless sensor network or networks
as primary data acquisition system, knowledge bases about current and normal (reference) states of
plants, processor for managerial decision making and user interface. The schema of proposed
multilevel sensor network is shown in Figure 2. Knowledge base contains information about state of
different plants in normal climatic conditions, acceptable deviations of these conditions, and means for
compensation of influence of external stress factors and etc. Knowledge base is filled in real-time mode
with information about current changes of state of plants or trees, what were caused by stress factors of
natural or anthropogenic origin. Information about plant state is formed by means of proposed above
wireless sensor networks. Nodes of these WSNs are placed directly on the plant or tree leaves.
Processor of multilevel network works in "cloud" environment, what improves the results of managerial
decision making during fast changes of knowledge about current state of plant state because of climatic
changes and anthropogenic impacts. User interface is developed as web-interface, what ensures the
interaction with different types of data and knowledge and gives the possibility to adopt such interface
with the user requirements.

So plant state data are passed from WSN to next level of multilevel sensor network. The managerial
decision "to water or not to water", or "to fertilize or not to fertilize", "to add herbicide or not", and so on
is determined with data processing. It is expected that knowledge database is permanently replenished
with new data of stress factor influence to plant state, the processors of cloud system generates
managerial decision in real time, and user Web-interface supports the filling knowledge database from
different information providers.

Today the main elements of proposed WSN and cloud environment for precision farming and
environmental monitoring are developed within two international projects. The first field tests of wireless
sensor will be held in the end of this year. During this year the preliminary variant of methods for
managerial decision making will be developed. Next year we plan to test whole system and the test
results will be published.
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CLOUD ENVIRONMENT

Sub-base of Sub-base Sub-base Sub-base
common data | of plant 1 of plant 2 of plant N

v v v v

Processor

Wireless sensor network N

Wireless sensor network 1

Wireless sensor network 2

Figure 2. Schema of multilevel sensor network

Conclusion

Implementation of proposed multilevel sensor network and wireless sensor networks to industrial
agriculture, environment protection and ecological monitoring makes it possible to increase efficiency
and quality of agricultural products, spare fertilizers, water and energy resources, timely protect
agricultural plants, woodlands and parklands from infections and anthropogenic impacts.

Bibliography

[Akyildiz, 2002] I.F. Akyildiz, W. Su, Y. Sankarasubramaniam, E. Cayirci, "Wireless sensor networks: a survey",
in "Computer Networks", 2002, Ne 38, pp. 393-422.

[Palagin, 2013] O. Palagin, V. Romanov, |. Galelyuka, O. Voronenko, D. Artemenko, O. Kovyrova, Ye. Sarakhan.
"Computer devices and mobile information technology for precision farming”, in Proceeding of the 7th IEEE
International conference on "Intelligent Data Acquisition and Advanced Computing Systems: Technology and
Applications", IDAACS'2013, Berlin, Germany, 2013, September 12-14. — P. 47-51.



10 International Journal "Information Technologies & Knowledge" Volume 9, Number 1, 2015

[Romanov, 2012] V.Romanov, D.Artemenko, Yu.Brayko, I. Galelyuka, R. Imamutdinova, O. Kytayev,
0. Palagin, Ye. Sarakhan, M. Starodub, V. Fedak, "Portable Biosensor: from Idea to Market", in International
Journal "Information Theories & Applications", Vol. 19, Number 2, Sofia, Bulgaria, 2012, pp. 126-131.

Acknowledgement

The paper is published with partial support by the project ITHEA XXI of the ITHEA ISS ( www.ithea.org
) and the ADUIS ( www.aduis.com.ua ).

Authors' Information

Volodymyr Romanov — Head of department of V.M.Glushkov Institute of Cybernetics
of National Academy of Sciences of Ukraine, Doctor of engineering sciences, professor;
Prospect Akademika Glushkova 40, Kiev-187, 03680, Ukraine; e-mail:
VRomanov@i.ua; website: http.//www.dasd.com.ua

Valeriya Gribova - Head of Intelligent system laboratory of The Institute of Automation
and Control Processes of Far eastern branch of Russian academy of sciences, Doctor
of engineering sciences, professor; Radio str., 5, Vladivostok, 690041, Russian
Federation; e-mail: gribova@iacp.dvo.ru

Igor Galelyuka — Senior research fellow of V.M.Glushkov Institute of Cybernetics of
National Academy of Sciences of Ukraine; Candidate of engineering sciences; Prospect
Akademika Glushkova 40, Kiev-187, 03680, Ukraine; e-mail: galelyuka@gmail.com;
website: http.//www.dasd.com.ua

Oleksandr Voronenko - research fellow of V.M.Glushkov Institute of Cybernetics of
National Academy of Sciences of Ukraine; Prospect Akademika Glushkova 40, Kiev—
187, 03680, Ukraine; e-mail:  alexander.voronenko@dci.kiev.ua;  website:

http://www.dasd.com.ua



International Journal "Information Technologies & Knowledge" Volume 9, Number 1, 2015 11

EMGNEU: MOBILE HEALTH APPLICATION FOR NEUROMUSCULAR DISORDERS
DIAGNOSIS

Nahla F. Abdel-Maboud, Bassant Mohamed ELBagoury,
Mohamed Roushdy, Abdel-Badeeh M. Salem

Abstract: Neuromuscular disorders term refers to all diseases that affect nerves and muscles.
Amyotrophic Lateral Sclerosis (ALS, also called Lou Gehrig’s disease) is one of the most common
neuromuscular diseases worldwide. Individuals with ALS may suffer from voluntary muscles (legs and
arms muscles) weakness and difficulty in swallowing or breathing. Recently, mobile technology is used
in the health sector to improve the quality of and access to health care. Mobile health applications help
patients to monitor their treatments when it becomes difficult to obtain attention from health workers
reqularly.

EMGNeu is a mobile health application that aims to help ALS patients to discover their disease once it
occurs based on EMG signal. That is by focusing on new trends of integrating artificial intelligence
methodologies as support vector machines into mobile telemedicine solutions. EMGNeu doesn't only
help patients to track their neuromuscular conditions but it also helps their physician as well. Physicians
are able to track their patients by receiving alerts when the disease is discovered and sending
recommendations to the patients to help them monitoring their emergency case until they could obtain
medical help.

Keywords: mHealth, Neuromuscular disorders, EMG signal, SVM Classifier, Bioinformatics

ACM Classification Keywords: .2 Artificial Intelligence; 1.2.1 Applications and Expert Systems -
Medicine and science

Introduction

E-Health can be defined as the use of information and communication technologies in health sector
[World Health Organization, 2015]. M-Health is one of the most important technologies among
information and communication technologies which are widely used recently. It conducts both patients
and physicians to track and monitor diseases and public health which are known as e-Health. It
improves quality and capacity of health care systems as it deals with mobiles utilities including

Bluetooth, GPS (Global Positioning System), messaging service and many other applications. In
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addition to patient safety, m-Health saves time and expense to patient and physician as well as

managing the deadly diseases.

There are two types of muscle diseases namely: (a) Neuromuscular disorders, and (b) Myopathy
(MYO). Neuromuscular disorders include diseases that affect nerves and muscles and causes muscle
numbness, weakness and twitching. Amyotrophic lateral sclerosis (ALS) is a motor neuron disease that
affects nerve cells in the brain and the spinal cord. Myopathy (MYO) includes diseases of skeletal or
voluntary muscles and causes theses muscles to become weak but they don't affect the nerve system.
Electromyography (EMG) signal shows the electrical activity of a muscle which represents the muscle
response during different actions and it provides significant information for identification of various
diseases like neuromuscular diseases, muscle degeneration and nerve injury. In order to use EMG
signal as a diagnosis signal, significant features must be extracted from the raw signal as using the raw
signal itself in the classification process results in poor classification system with very low accuracy. So
that the feature extraction process is considered the most important phase in building a successful
diagnostic system. In the last decade, wavelet transform (WT) approved its efficiency in analyzing non
stationary biomedical signals such as EMG signals. It transforms the signal into both time and

frequency domains.

This work presents the initial results for a simple Mobile Health (mHealth) application for
Neuromuscular Disorders diagnosis. The application is based on the wavelet transform approach for
features extraction process and SVM model for classification process. This paper is organized as
follows: Section 2 includes the related work, Section 3 discusses the support vector machine
classification model for Electromyography Signal, Section 4 presents the modules of EMGNeu mobile

health application and the role of each module and finally, Section 5 concludes the paper.

Related Work

Many of recent researches used support vector machine (SVM) in EMG signal classification either for
actions and movements identification or for neuromuscular disorders classification. More recent,
Gurmanik et al. [Kaur, 2009] proposed a technique for diagnosis of neuromuscular disorders based on
multi-class SVM and autoregressive (AR) features. Bassam et al. [Moslem, 2011] proposed the use of a
committee machines with a Support Vector Machines as the component classifier in order to boost the
classification accuracy of multichannel uterine (EMG) signals. Kouta et al. [Kashiwagi, 2011] also

proposed a classification system for four waist motions by constructing a strong multi-classifier using a
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combination of four SVMs. SVM was also hybridized with particle swarm optimization (PSO) by

Abdulhamit [Subasi, 2013] to improve the EMG signal classification accuracy.

There are other classification algorithms have been employed to classify EMG signal such as k-nearest
neighbor [Fattah, 2012], extreme learning machine (ELM) [Sezgin, 2012], radial basis function neural
networks [Diab, 2012], fuzzy logic and probabilistic neural network [George, 2012]. Support vector
machines are also widely used in researches of mobile health applications based on artificial intelligent
techniques. Alan [Michael, 2012] used SVM in developing a Smartphone based mobile medical
application to discriminate between Parkinson’s postural tremor and essential postural tremor based on
the internal built-in accelerometer sensor of a Smartphone. Patrick et al [Kugler, 2013] proposed two
applications they performed on their developed framework. The first application was a real-time
classification of fatigue during running and the second is using EMG for the detection of Parkinson's
disease during walking. In both applications they used SVM as the classifier. Edmond et al [Mitchell,
2013] presented a framework that allows for the automatic identification of sporting activities using
commonly available Smartphone’s based on their internal accelerometers sensors. They used DWT to
extract features from sensor data and then those features have used as input to a SVM-based

classifier.

The Support Vector Machine Classification Model for Electromyography Signal

Database Description

The proposed method in this study was tested on a dataset includes real single - channel EMG signals
detected from normal, myopathic and neuropathic muscles using a standard concentric needle
electrode during low and constant level of contractions [Nikolic, 2001]. The dataset consists of a normal
control group, a group of patients with MYO and a group of patients with ALS. The control group
consisted of 5 normal subjects aged 21 - 37 years, 2 females and 3 males. All of them were in general
good shape. None in the control group had signs or history of neuromuscular disorders. The group with
MYO consisted of 5 patients; 3 males and 2 females aged 26 - 63 years. All 5 had clinical and
electrophysiological signs of myopathy15. The ALS group consisted of 5 patients, 3 males and 2
females, aged 35 - 67 years. Besides clinical and electrophysiological signs compatible with ALS, 3 of
them died within a few years after onset of the disorder, supporting the diagnosis of ALS. Signals
recorded from brachial biceps were selected to test our system as they were the most frequently
investigated in the three groups. 15 datasets are utilized from the whole datasets. Each dataset

contains a total of 262,134 samples of SEMG signal with a sampling rate of 23,438 samples per
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second. Thus, the time duration of each of these datasets is 11.184 sec. Each dataset was subdivided

into 64 distinct frames, each consisting of 4096 samples.
Features extraction approach

Wavelet transform is one of the more efficient techniques for processing non stationary signals such as
biomedical signals (e.g. EMG). Wavelet transforms the signal into its time-frequency domains. There
are two types of wavelet analysis, discrete wavelet transform (DWT) and continuous wavelet transform
(CWT). Both of them consume low time for signal processing. CWT is more consistent, but DWT
approved its efficiency in analyzing non stationary signals although it yields a high-dimensional feature
vector. In our research, discrete wavelet transform (DWT) is used for analyzing EMG signal and
extracting significant features which are very useful in identification of healthy, myopathic and

neuropathic subjects.

Five features of EMG signal are taken into consideration in this research. Root Mean Square (RMS),
Mean Absolute Value (MAV), Zero Crossing (ZC), Slope Sign Change (SSC) and Standard Deviation
(SD). Each one of these features is used as input to the classification process which is the next phase

after feature extraction process. CWT can be expressed by the following equation:

Y(a,b) = \/%w(t;b) (1)

Where parameter a is the scale, b is the time location and 1 (t) is the ‘mother wavelet’ which can
be taken as a band - pass function. The factor ./(|a|) is ensures energy preservation, which is the

same for all values of a and b. The equation of DWT can be given by:

[oe]

X = Y Y dlkD)2ip@ ke - 1) 2)

k=—c0 |=—c0

wherea = 2k,and b = 2kl, and d(k, 1) is a sampling of W (a, b) at discrete points k and L.

In this work Daubechies wavelet function of degree four (db4) was applied on each frame of the
healthy, MYO and ALS subjects in training and testing data so that the next step is to extract time and

time-frequency features from the resulted processed signal.
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Successful classification system is mainly dependant on the efficiency of feature extraction stage.
There are two approaches for extracting significant information from EMG signal. Those approaches
are spectral and temporal approaches. This section presents the various set of time and time-frequency

features we employed in our research.

(a) Mean Absolute Value (MAV)

Mean Absolute Value (MAV) is the average of the absolute value of all time samples. It can be
represented by the following function:

N
1
MAV = Nzlx"l’ fori=1,..,1—1 (3)
i=1

The parameter N is the number of samples and I is the number of channels.

(b) Standard Deviation (SD)

Standard Deviation (SD) represents the deviation of the mean value around the origin axis of a given
segment of signal. SD can be defined as

1 N-1
o= == Y - w? @
i=0

where x; is the signal, u is the mean, N is the number of samples and o is the standard deviation.

(c) Root Mean Square (RMS)

Root Mean Square is related to standard deviation and is used to calculate constant force and non -
fatiguing contraction [Phinyomark, 2009]. It can be defined by:

RMS =
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(d) Zero Crossing (ZC)

Zero Crossing (ZC) counts the number of times that the EMG signal changed from positive to negative.
A threshold condition should be considered to extract this feature from noisy SEMG signal. This feature
provides an approximate estimation of frequency domain properties [Phinyomark, 2009]. It can be

expressed by the following function:

N-1
ZC = Z[Sgn(xn X Xnt1) N | = Xyl 2 t],
©)
1, ifx>t
sgn(x) {0, otherwise

t represents the threshold parameter.

(e) Slope Sign Changes (SSC)
Slope Sign Changes (SSC) is similar to ZC. It represents the number of slope changes between
positive and negative among three consecutive segments of the signal [Phinyomark, 2009]. It also

requires a threshold condition to avoid the interference in SEMG signal. SSC can be defined by

N-1

SSC = Z[f[(xn = Xp-1) X (tn = Xni)]],

ifx>t
otherwise

roly

where t is the threshold parameter.

Signal Classification

Various classification techniques have been proposed by many researchers. SVM is a powerful
learning method which aims to find the best the best hyper plane that can separate data perfectly into
its two classes. Multi-classification was recently achieved by combining multiple SVMs. There are two
schemes of SVM multi-classifier: (a) One Against All which classify each class against remaining
classes and (b) One Against One which classify between each two classes. In our research, One

Against All SVM classifier with Gaussian radial basis kernel function (RBF) and sigma equal 1 was
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used in identification of ALS subjects against myopathy and healthy subjects. RBF used in selected

SVM can be represented as

K(xq,xp) = €Xp (— M) (8)

202

The results shown in Table 1 indicate the performance of applying SVM for each group and with

different set of features.

Table 1. SVM Classification Table

Disorder/Feature | MAV | RMS | SSC SD ZC | MAV,RMS,SSC,SD,ZC

ALS 94.9% | 98% | 67.6% | 97.8% | 7T7% 92.7%

As shown in Table 1, the higher accuracy for ALS classifiers was obtained by using RMS feature as

input to the SVM with accuracy 98%.

EMGNeu: Mobile-Health application

EMGNeu application includes an intelligent remote diagnosis technique for m-Health Application in
neuromuscular disorders. This will focus on new trends of integrating artificial intelligence
methodologies as SVM into mobile telemedicine solutions. This application will display EMG signal
through the mobile device which will process this signal, alerts patient and sends urgent events to the
responsible physician as shown in Figure 1.

Signal Processing and Classification Implementation

All signal processing phases such as signal analysis, feature extraction and signal classification were at
first implemented on MatLab 2013a using wavelet toolbox, statistics toolbox and SVM and then the
MatLab code was translated into C# to be implemented on windows phone OS 7.1 and the application
was tested on windows phone emulator. For signal classification phase, RMS feature was extracted
and used as input feature to SVM classifier with RBF kernel function. As shown in Table 1, this
classifier approved its efficiency in classifying EMG signal with an accuracy of 98%.
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Figure 1. Proposed application architecture for patient emergency

Application Modules
(a) Profile and Settings Module

This module will be for both patient and physician. The module will be responsible for the application
user profile and settings. The user selects whether he is patient or physician. If the user is the patient
then he is enabled to select his application settings such as displaying an alert directly after ALS
disorder diagnosis, sending messages and emails automatically after the disease is diagnosed. Figure
2 shows a screenshot of profile and settings module.
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Figure 2. Profile and Settings Module Screenshot
(b) Physician and Patient data module

This module is for both the patient and the physician. Though this module, the patient can save his
physician communication data in the application so that the application can send alert to the physician
according to his data. Also the physician can save his patient communication data in the application so
that the physician can send recommendations to the patient through the application according to this
data. As a feature, the patient can call his physician and the physician can call his patient through this
module. Figure 3 shows screenshots of physician and patient data module.
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Figure 3. Physician and Patient data module Screenshots

(c) Signal Displaying and Alert Module

This module is for the patient and it is the main module in the application. It will be responsible for
displaying real-time EMG signal of the patient so that the patient will be able to track his own
neuromuscular condition based on EMG signal. This module is also responsible for EMG signal
analysis, features extraction and signal classification phases. As a result from the classification phase,
if ALS disorder has been detected from the displayed signal the patient will be informed with an alert,
and a message and an email will be sent to his physician according to the physician data saved in
physician data module. The alert will be displayed and message and email will be sent to the physician
according to the patient settings. Screenshots of this module are shown in Figure 4.
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Figure 4. Signal Display and Alert Module Screenshots

(d) Sending Recommendations Module

This module is for the physician. After the physician receives the alert message or email that tells him
that the application has detected ALS disorder from the EMG signal of his patient, he may certainly
need to send recommendations to the patient to help him monitoring his disease until he could visit and
check him. This module enables the physician to send recommendations through a message or an
email to his patient according to patient communication data saved in the application. Figure 5 shows
screenshots of this module.

Conclusion

Amyotrophic lateral sclerosis is one of the most common neuromuscular disorders worldwide. It is a
progressive motor neuron disease which in a later stage its patients may become totally paralyzed. As
a result, the patients always need to track their health conditions and response to any emergency
events as soon as possible. EMGNeu mobile health application developed in this research will enable
patients to track and monitor their neuromuscular conditions based on EMG signal. The application is
consisted of four modules: profile and settings module, patient and physician data module, signal
displaying and alert module and sending recommendations module. The main and the most important
module in the application is signal displaying and alert module. In this module patient EMG signal is
displayed and ALS disorder is detected from the signal. ALS detection system was developed through
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three phases. At first the signal is analyzed using discrete wavelet transform. Then, RMS feature is
extracted from the analyzed signal and used as input feature to the classifier. Finally, SVM classifier
with RBF kernel function is used in classifying the signal and detecting ALS disease. If ALS was
detected from the signal, this module displays an alert to patient and sends another to the responsible
physician. The used SVM classifier approved its efficiency in ALS diagnosis with a high accuracy of
98%.

EMIG Mew

Ta: 02

please calm down, do not
ga aut, keep inside and be
waiting for me|

, & space

& ©® O

Figure 5. Send Recommendations Module Screenshots
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AGENT-BASED MODEL OF ECONOMICS: MARKET MECHANISMS, DECISION
MAKING, TAXATION

Leonid Hulianytskyi, Diana Omelianchyk

Abstract: This paper describes the elaborated agent-based model of functioning of economics. We
also include different ways of implementation of main structural components of the model (economic
agents) and methods of their interaction (market mechanisms). The procedures of making production
decisions by agents are being of particular attention to us. The final part of this article presents results
of the computational experiment designed to analyze dynamics of tax revenues depending on the tax

rate value.

Keywords: mathematical modeling; agent-based modeling; intelligent agents; mathematical

economics; tax rates.

ACM Classification Keywords: H.4.2 Information Systems Applications: Types of Systems: Decision
Support, 1.2.11 Computing technologies: Artificial intelligence: Distributed artificial intelligence:
Multiagent systems, 1.6.5 Computing Methodologies: Simulation and modeling: Model development, J.4
Computer applications: Socio and behavioral sciences: Economics.

Introduction

Traditional economic theory showed its inability to discover preconditions of the global crises in time.
Therefore, the need of qualitatively new approaches to the economic system modeling was established.
Agent-based modeling is one of the most modern techniques of mathematical modeling. The main idea
of this approach is in conception of economics as the complex adaptive system whose behavior is
defined by multiple interactions between autonomous heterogeneous economic agents that feature
various behavior patterns and ability to learn.

Using mathematical methods, researchers of agent-based models (ABM) are able to create computer
simulations of the real world, where they gain an opportunity to explore consequences of different
scenarios, forecast evolution of economic systems or analyze cause-effect relations between variables.

The goal of this paper is to present the elaborated ABM of functioning of economics and formalize main
stages of its construction, as well as market mechanisms and decision making processes. We illustrate
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performance of our ABM with computational experiment on analyzing dependence between tax
revenues and changes of tax rate values.

General structure of ABM of economics functioning

Agent-based approach to economic system modeling enables creating computational models with
numerous degrees of freedom and extraordinary flexibility. In fact, a real tool of the modeler would be a
model constructor, i.e. an opportunity to modify a particular implementation of the model without
changing its structure and compare results. Proposed ABM of economics functioning [Hulianytskyi,
2014] is also a family of models with homogeneous structure and alternative implementations of the
independent components.

Our model contains three types of active agents: raw materials producers, consumption good producers
and households. They interact indirectly, via special mediator entities — market of raw materials,
consumption good market and labor market.

Each iteration of the model consists of the following structural action blocks, which are performed in the
presented order:

¢ |Interaction between producers and households on the labor market;
e Production of raw materials;
e Pricing of raw materials;

e Interaction between raw materials producers and consumption good producers on the raw
materials market;

e Production of consumption goods;
e Price formation of consumption goods;
e Determination of consumption budget;

¢ Interaction between consumption good producers and households on the consumption good
market;

e Taxation;

e Decision making by firms.
Each structural block can be implemented in different ways, depending on the goals of the research,
and independently from implementation of other blocks. Below, we present the key aspects of
implementation of the specified blocks in the proposed ABM and we also briefly note alternative
approaches that will be implemented in future.
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Market mechanisms in the model

Labor market. Labor market describes labor demand from firms. Firm's request for vacancy filling
includes the needed number of workers and suggested wage. Labor market is populated by
unemployed households and by workers unsatisfied with their salary. Labor market interaction between
firms and households is implemented using modified version of the matching algorithm proposed in
[Dawid, 2009]:

e Firms post vacancies at the labor market;

e Unemployed households and households unsatisfied with their current salary consider opened
vacancies and apply for interesting jobs;

e Firms receive applications and send invitations to selected households. The number of such
invitations cannot exceed the number of lacking workers;

e Households consider received invitations and choose the most profitable option in sense of
wage;

e Firms update their information in correspondence with decisions of households.
Matching cycle is performed twice and then is aborted even if firms could not fill all opened vacancies.
Note that in this model, labor market is common for raw materials and consumption good producers.
Consumption good market. Consumption good market interaction takes place exclusively between
consumption good producers and households. We assume that firms are able to produce only one kind
of consumption good, which is also homogeneous, i.e. goods differ only by their price. Produced
consumption good are sent to the consumption good market, where households could buy them. Good
offer consists of unit price and available amount of consumption good.
Household’s need in consumption good can be measured in conventional monetary or natural units. In
our ABM, household’s need is estimated via consumption budget that is used to buy goods.
On the consumption good market, household selects one of the offers randomly with probability of
selecting an offer being inversely proportional to its price. Therefore, if we denote the value of good to
the household by v(p)=—Inp, where p is the price, then a probability prob; to select good of firm

j is given by the formula [Deissenberg, 2008]:

If there is not enough of selected good on the market, i.e. after purchase household still has some
money designated for consumption, then it selects next offer and tries to spend the rest of the budget
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on the purchase. This process is repeated until the consumption budget is totally spent, or there are no
more offers on the market.

Note that the presence or absence of assumption about infinite divisibility of good is extremely
important to the model specification. In the latter case, household can find itself in situation when it
cannot use non-zero consumption budget on purchase of good because prices are too high. This can
significantly affect the profit of firms and correspondingly their decisions.

Raw materials market. The main idea of modeling raw materials market is the same as for consumption
good market described above. However, in this case interaction takes place exclusively between
consumption good producers and raw materials producers. Consumption budget is represented by
assets allocated for raw materials purchase during decision making process.

Production processes

Production activity of firms is defined by its production function, which associates available capital and
labor with the quantity of output. In the developed ABM we assume that productive capacities of the
firm are not exposed to significant changes during the observable period. Therefore, only labor is
relevant to the production process, i.e. the quantity of output Y is expressed by formula

Y=al,
where o — productivity of labor, L - actual number of workers.

Well-known production functions of Cobb-Douglas or CES (with constant elasticity of substitution) could
be used as alternative production functions in the proposed ABM.

On the other hand, the quantity of output of consumption good is limited by the availability of
appropriate amount of raw materials. Thus, if we denote need in raw materials to produce a unit of
consumption good with g and with raw - available amount of raw materials, then the quantity of

output of consumer good Y can be defined with expression

Y =raw/f.

Decision making by agents

Pricing. The price of good is one of the main control parameters of firms, i.e. by changing price
producer can directly affect the reaction of the environment. In the developed ABM we use the
approach from [Nagle, 1987], according to which price is defined via interrelation between the cost of
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unit production and elasticity of demand. Therefore, raw materials producers can compute the unit price
of raw materials p,,,, using expression

w

raw

Praw = 1+ 1e

H
raw raw )

where w,,,, — proposed wage, «,,, — productivity of labor, ¢, — elasticity of demand of firm’s good.

In turn, producers of consumption good need to include the cost of raw materials in their price.
Appropriate formula for price computation is

B- (W, -L+raw)

cons

Peons =~ aw (1+1/¢

cons )

where w___ — proposed wage, €,

cons cons

— elasticity of demand of firm’s good.

Consumption budget. Life cycle of households in the model includes consumption of goods produced
by firms. In the existing implementation of the ABM, household’s needs are estimated with consumption
budget B, . Hereby previous income, received by the household in earlier periods, is taken into
account implicitly, using average level of income. Therefore, the final formula for consumption budget is
expressed with

B 1l =1,
"™ \T =1, otherwise,

_ T
where [ =)/, /T — average income of the household over the observed period, /.,, — household
i=1

income at the time moment T +1, which is determined by wage if the household is employed, or by
unemployment benefit otherwise.

Alternatively, household’s needs may be measured with utility function.

Decision making by firms. In each iteration, firms-producers should make a decision about proposed
wage and desired number of workers. In this version of the ABM we suggest doing this by determining
budget (financial) constraints on raw materials purchase and wage payments as shares of profit [Ballot,
1999].

Producers of raw materials spend their financial assets exclusively on provision of the wage fund

money.,, -
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0,57,if (sold > 0) A (7 > 0),
money,,,, =10.,5|x|,if (sold > 0),
0,3 - money,otherwise,
where 7 - received profit, money — total current financial assets of firm.
Producers of consumption good distribute their funds between wage payments money,,. and raw

materials purchase money ., :

0,37x,if (sold > 0) A (7z > 0), 0,37,if (sold > 0) A (7r > 0),
money.,., =+ 0,3|z|,if (sold > 0), money,,,, =10,3|z|,if (sold > 0),
0,2 -money,otherwise, 0,2 -money,otherwise.

After evaluation of budget constraints, firms can directly determine values of the main control
parameters that are used to interact with the environment. Thus, to determine the number of desired
workers, firms estimate the required amount of production via measuring level of demand for good. To
do so, we use one of the intuitive approaches to learning, which says that future repeats a trend from
the past. Therefore, the desired number of workers L, can be expressed by

é'VT-i_(l_g)' E Vk/t
LT_ k=T-t

a

where Y, - firm sales at the time moment k, t — interval of smoothing, & — smoothing coefficient.
Sales time series is smoothed in order to avoid excessive oscillations of production plan. Therefore,
firms could be inert in adjusting sales volumes to real needs of buyers.

Wage w in this case is determined, knowing suggested amount of wage payments:

_money,,..,
—

t

Computational experiment

In this stage of the ABM development, we consider solely profit tax [Omelianchyk, 2013], which is
collected from firms that had received profit in the current period. The general scheme of taxation is
presented below:

tax - m,if £ > 0,

money,, =
Youe {O, otherwise,
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where money,,, — collected profit tax, tax — profit tax rate.

Note that in this ABM an individual entity like state budget, where tax revenues are handled and
accumulated, is not modeled. The computation of the total amount of tax revenues is conducted on
each individual iteration of the model run and is not extended to other periods.

To illustrate capabilities of the developed ABM, we suggest a computational experiment that helps us to
find an answer to the following question: How do tax revenues change depending on the tax rate?

Assume that firms need some time to adapt to the conditions of the environment, which include
availability of workforce, demand and tax rate. We consider two options: fixed tax rate is either
increased or decreased by the same value. Computational experiment is used to analyze observed
dynamics of tax revenues in this case.

Initial conditions are defined as follows: f_, =2,f, . =3,h=500,money,,. =500,money,,, =300,

ons

L, =50,e,, =20,

raw cons

=5, =4,e =—1.5,money! = money, =1000, where f_, - number of raw

aw

materials producers, f, .. — number of consumption goods producers, h — number of households, w,

1 “cons

— initial wage, L, - initial desired number of workers, ¢, — productivity of labor while producing raw

materials, «

cons

— productivity of labor while producing consumption goods, B — amount of raw
materials, required to produce a unit of consumption good,s - elasticity of demand, money; n

money, - initial financial assets of firms and households correspondingly.

Figure1 below shows dynamics of tax revenues when tax rate has been altered from 10% of profit to (1)
5% and (2) 15% correspondingly.

Therefore, we can assert that tax rate increase really causes growth of tax revenues during initial
periods. However, decrease of tax rate enables firms to have larger financial assets, which they can
use for further investments in production. Thus, in the long-term perspective tax revenues with
decreased tax rate begin to exceed the ones with increased tax rate. However, we should take into
account that both increase and decrease of tax rates makes sense only to some threshold value. The
problem of finding this value, as well as optimal tax rate, remains the subject of our further research.

Conclusion

This article describes the elaborated ABM of economics functioning. On the first stage of creating of this
model, the purpose was to establish mechanisms of interaction between main economic agents, firms
and households, on the markets of raw materials, consumption goods and labor. The procedures of
making production decisions were of great interest to us as well. The second stage was dedicated to
the analysis of adequacy of various intelligent agents learning algorithms for appropriate modeling of
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firm behavior and comparison of their results. In future, we plan to extend capabilities of the model by
introducing new types of agents (bank, government, and external market), new mechanisms of
interaction (bank loans, openings of deposits) and new subsystems of national economics (region,
field).
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Figure 1. Tax revenues changes in correspondence with tax rate change
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Abstract: The role of knowledge representation in IIS is considered in current article. Features of
interaction of different categories of users in the learning process are presented. Methods of knowledge
formalization have been analyzed. Features and advantages of usage of tools based on UML for
knowledge representation are identified.
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Introduction

To archive the high level in modern cultural, social, economic, scientific and technological development
Ukraine requires comprehensively developed, professionally trained specialists. That is the reason why
the problem of development and practical implementation of the most effective information technologies
of studying, which are corresponding to the general concept of education, is becoming increasingly
relevant. The essence of this concept is to prepare the individual, who has not only basic knowledge,
sufficient for the requirements of the current level of production, science, culture and the state, but who
also has the ability to actively creative professional and social activities. An important role is given to
the new software and technological tools of individualization of learning process [Kazymyr, 2013].

Each of the directions of the development of information technologies for learning is based on the
methodological and theoretical principles and has inherent advantages and disadvantages in the
solution of different problems in the organization of the knowledge acquiring process.

From the beginning the development and usage of learning computer technologies in terms of
methodology has been developed in two directions.
The first direction is based on the idea of programmed learning [Dxopax, 1984].

Automated learning systems (ALS) for various academic disciplines are developed and operated as the
key element of the current direction. The core of the ALS is the author's systems that allow teacher
(developer) to enter his course materials in the database and to program algorithms of its study by
using of special author's languages or other means.

The second direction of implementation of computer technology in learning is closely associated with
the processes of informatization of various branches of human activity.
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Learning computer programs, software packages, elements of automated systems designed to
automate the time-consuming calculations, optimization, investigation of the properties of objects and
processes based on mathematical models etc. has been developed in this direction.

Features of the functioning of IIS

Since the beginning of the 1980s new trend in the computerization of education called intelligent
learning system (IIS) was rapidly developed. IIS is based on works in the area of artificial intelligence
[XongwHr, 1991].

Among the variety of learning software only one class of such systems — IS - provides the flexibility of
learning. Knowledge models are used as the basic element of IIS. Knowledge models can be divided to
the following varieties:

e knowledge about the subject domain of the course, considered as a reference model;

e knowledge about the subject domain of the course, formed in the learner representation;

e knowledge about the learning process.
The characteristic feature of IIS is the presence of specific user category - knowledge engineer.
Knowledge engineer is a specialist, which main task is formalization of knowledge, design of knowledge
base and filling it with knowledge about the subject domain of the course.
In the IIS it is necessary to represent the knowledge not only in text and graphic form, but also in a
formalized form - that is the responsibility of knowledge engineer. Together with the standard categories
of users - the learner, tutor, expert - knowledge engineer forms a complete set of IIS users.
The interaction of different types of users in the learning process is presented below (Fig. 1.).
The main function of the expert in the subject domain is to prepare the course about the subject domain
e.:

e selection of materials necessary to study;

e representation of knowledge in text form;

e development of accompanying illustrative materials;

e design of tables, graphs, and other supporting materials.
Structured text and graphic materials of course (table of contents, alphabetical terminological pointers,
etc.) are stored in a database. The knowledge engineer extracts them from database and formalizes
the knowledge about the subject domain, namely he prepares reference model of subject domain.
Actually, the knowledge engineer performs following functions:

e designs the model of knowledge base fragment based on structured text and graphic materials
of the course;

e determines matches of text and graphic material with a formalized kind of knowledge;

e generates a set of formalized questions for the course section based on the subject domain of
the section;

e creates a reference model of subject domain;

e verification of the subject domain.
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After this tutor determines the strategy of learning and sequence of work with partitions, based on the
text and graphic information obtained from the database. Also he provides the learner a portion of text
and graphic material of learning courses and conducts follow-up testing after studying of learning
material.

It is assumed that the learning course is divided into a number of fragments - portions.

The main task of the learner is to read the portion of text and graphic material of the course, which was
given by tutor, and answer a set of questions on it. Portion of the course, which were presented to
learner to study, can be restructured using correct answers on the testing.

After reading the portions learner gets a set of testing questions, which he can answer selecting one of
the proposed options. That is the way to form subject domain of knowledge about the course, formed in
representations of learner.

Next, the reference subject domain model and subject domain model formed in learner representations
is compared, and the mismatch of A of these subject domains is determined. On the basis of A a set of
links to re-study of the text of learning material is constructed, and a set of questions to be asked a
learner after re-study of the course is formed. These steps are repeated while condition A< p on the
fragment is reached, where p- threshold value of number of unstudied elements of subject domain.

To the tasks of knowledge engineer is added next: generation of questions to test knowledge about
unstudied material of fragment, generation of links to the re-learning of the text fragment.

v v
s
> Database PN Knowledge bhase
Expert Reference model of
Structured text and subject domainand
graphic materials of formalized questions for
course it
Tutor || Learner
v ‘nowled Model of subject domain
Portion knowledge of learners
Knowledge representation
engineer -
9 Control algorithm of
Tests learning
Results of testing Algorithm of analysis of
the answers
P

Fig. 1. The interaction of different types of users in the learning process

Considering the interaction of all categories of users of IIS, it becomes clear that a formalized subject
domain model of the course is stored in the knowledge base, and if it is necessary, is used to create
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flexible learning scenarios, depending on the level of learner knowledge in current section. Also there is
formalized correspondence between text and graphics representation and formalized representation of
the course, the reference domain model, and formalized learner models, created based on the test
results about fragment of subject domain of the course in the knowledge base. Also there are control
algorithm of learning, algorithm of analysis of the answers, which contains the formalized questions
about a fragment (portion) of subject domain, generated tests of the unstudied material of fragment and
generated link to the re-learning of the text fragment.

The algorithms, presented below, are not considered in this article. At the initial stage of development of
IS the main task is to develop a domain model, so the main question is to select form of representation
of formalized knowledge.

Formalized domain model gives own structure of course, independent of the subjectivity of domain
experts. On the basis of these elements there is a possibility to construct the system of tests and to re-
create a formalized subject domain model for learner, which can be different from the reference subject
domain.

Standard methods of knowledge representation

As it can be seen from Fig.1, almost all blocks of learning system work with knowledge. Therefore it is
necessary to analyze the object of research more detailed.

There is a wide range of methods of knowledge representation [Ya+o, 1989):

logical methods;
semantic networks;
frames;

production systems.

Logical methods. The main idea of the approach of the construction of logical models of knowledge
representation is that all the information required for solution of applied tasks, is considered as a
collection of facts and statements, which are presented as formulas of some logic. Knowledge is
represented as a collection of such formulas, and obtaining of new knowledge is reduced to the
implementation of procedures of logical inference. The concept of a formal theory is the basis of logical
models of knowledge representation and is determined by cortege,: S = (B, F, A, R), where B - a
countable set of basic symbols (alphabet), F - set, which is called the formula, A - selected subset of a
priori true formulas (axioms), R - a finite set of relations between formulas, called rules of inference.

Semantic networks. Model of knowledge representation using semantic networks consists of vertices,
called nodes, corresponding objects, concepts or events, and arcs that link them and describe
relationships between objects that are considered [Ckparr, 1983]. Arcs can be determined by different
methods. Usually arcs type «IS-A» (relationship «is») and «HAS-PART» (relationship «has part of») are
used to represent the hierarchy. They also create an inheritance hierarchy in the network. It means that
the elements of the lower layer in network can inherit the properties of elements of higher level. It saves
memory, because information about inheritable properties does not need to be repeated in each
network node.
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Frames. This model of knowledge representation using frames where the frame is a data structure
representing a stereotypical situation like being inside some sort of a living room or gathering for a
party. Several kinds of information attached to each frame. Part of this information describes the way of
frame usage. Other part contains information about what we can expect hereinafter. Other part is
dedicated to the information what should be done if these expectations are not confirmed [Munckui,
1979]. The organization of frame model is in many ways similar to the semantic network. It is a network
of nodes and relationships that are organized hierarchically: the upper nodes represent general
concepts, and their subordinate units are the special cases of these concepts. In the system based on
frames, the concept of each node is determined by a set of attributes-slots and values of these
attributes. Each slot can be associated with specific procedures that are performed when the
information in the slots (attribute values) changes. Each slot can be associated with any number of
procedures.

Production systems. In such model knowledge is represented as a set of rules such as «lIf - theny.
Knowledge processing systems, which use such representation, are called production systems. The
structure of a production system includes the rule (knowledge) base, working memory and the
interpreter of the rules (solver), which implements a specific inference engine. The facts are presented
in the form of pairs: attribute - value, and in cases, where there are several objects with identical
attributes - in the form of triples: object - attribute - value. Operational knowledge is represented like the
rules of type: condition — action or condition - goal. The rule is interpreted as: to achieve the rule goal it
is necessary to achieve the goals of the condition. To solve the problem the control program selects a
goal and tries to achieve it.

The main approaches to choose of formalized knowledge representation

However, we tend to follow the views of Y. Klykov about knowledge representation. According to the
views of Y. Klykov knowledge is a set of data, facts and inference rules about the world which include
the information about the properties of objects, regularity of the processes, phenomena and rules that
are used by this information to make decisions [Knbikos,1980].

Since information about world is concerned, knowledge is a set of models describing certain
phenomena and features of the world, its structure or behavior. In this sense, systems theory, theory of
similarity, models theory is the ideal foundation for a formal knowledge representation.

In general form, as well as system, models of phenomena, that form the knowledge, can be considered
as <X , R}, where X - set of concepts, R ¢ X x X - set of relationships between concepts. However
this form can be represented as a description of object models that are specific representatives of the
world, and a description of models of classes of specific objects - S ={s. },ie N,.

Typically, in the theory of artificial intelligence knowledge is determined as description of the model
classes, at the same time the specific representatives of classes are the facts.

This distribution of roles for models allows formulating a number of tasks of knowledge:

o tasks of operations on sets for knowledge;
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e tasks of determination of fact belonging to the selected class (type of knowledge)
e tasks of construction of knowledge model on a given set of facts;

o tasks of generation of facts for a given class (knowledge models);

o tasks of optimal choice of fact for a given class (knowledge models);

e tasks of identifying of incompletely determined fact to fact of a given class;

o tasks of identifying of relationships between knowledge, etc.

Knowledge representation as a set of concepts and relations between them is well combined with
structural models, which tend to be static generally, and in which the time factor does not play a
significant role. There are also more specialized means of description of static structural systems, for
example, formal grammar, logical calculus, neural networks, etc.

To describe such models many specialized formalisms to set behavior dynamics of systems was
developed. There are a system of differential equations, finite automata [[nywkos, 1961], Markov and
semi-Markov processes [Kopontok, 1982], aggregative model [bycneHko, 1973], Petri nets [[uTepcon,
1984], logic-dynamic models Kyk, 1975], etc. All these means of dynamics description in explicit or
implicit form deal with set of system states and transitions between states. They are used to describe
both the facts and the knowledge of a given class. Models, reflecting the dynamics of behavior, are
often called dynamic models.

Dynamic models are characterized by the fact that tasks to be solved for the structural model are
included in the list of classes of solving tasks, but they are complemented by the prediction tasks or
reachability of states, tasks of admissible trajectory of behavior, tasks of determining the moments of
the crash of the trajectory, etc.

Conducting the analysis of learning system as a system of storing, actualizing, performing the
transformation of knowledge and providing them to users, it is necessary to specify the main
features of the above functions.

1. Forms of knowledge representation, which are used for storage:

e Natural-linguistic textual-graphical form of representation is a form, which is used in almost
every system, including modern learning system. This form took an important part in the
interaction the learner with learning system, playing the role of a friendly user interface.
However, it has serious disadvantages in the organization of the structuring of knowledge,
assessing of the level of received knowledge and adaptation of learning scenarios for a
particular user.

e Formalized form is a form, where the elements of storing are programs and structures of
knowledge bases, where features of formalisms are reflected and used to express the structure
and dynamics of the models that form the knowledge and facts. Since these formalisms are
very strongly linked to the subject domain of learning, it is impossible to claim that there is a
better formalism for knowledge representation. That would be equivalent to the assertion about
the existence of the best mathematical theory in the simulation of systems.

Selection of formalized form of knowledge representation depends on many factors: the type of the
considered systems (discrete, uninterrupted, discrete-uninterrupted etc.), tasks solved in the courses of
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learning system, level of difficulty of obtaining secondary knowledge from primary knowledge, for
example, obtaining values of the characteristics of the studied system, complexity of maintaining of
knowledge up to date, and others.

2. Methods of maintaining knowledge up to date

It is known that the external world is changing. Quality learning should be carried out on the up to date
models. That's why there is the undeniable importance of this function in the learning system. Its
complexity depends heavily on knowledge representation forms.

Most simply, it is implemented with natural-linguistic textual-graphical form by editing old text and
entering of new one.

Formalized storage form of knowledge has two ways to update:

e knowledge engineer works directly with formalized representation by editing old formal
representations and adding new ones;
e training of system.
The first method is suitable in almost all forms of formalized knowledge representation, the second one
is suitable only in case of knowledge representation in the form of a neural network.
Regarding the second method, there were identified methods of updating the models with teacher and
without teacher, and special training methods, which are specific to different types of neural networks.

3. Methods of knowledge transformation

Actually, solution of tasks using models is a process of transformation of primary knowledge and facts
into secondary (derivatives) knowledge. An example is the calculation of the characteristics of quality
the system model. Transformation in the learning system can be maintained by creation of individual
calculation procedures of derived indicators, or by using of standardized procedures for these
purposes. The last one is usually associated with the method of knowledge representation, more
precisely, to standard procedures that are typical for one or another formalism.

The standard procedures used for obtaining the secondary knowledge for some formalism are
considered below.

Formal grammar is grammatical parsing procedures and procedures for generating of sentences of a
language using grammar.

Logical calculus is procedures of logical inference of theorems, for example, the method of resolutions
or algorithms of formulary transformation.

Petri nets are algorithms of testing reachability of the network from the initial.
Neural networks are calculation procedures of output values of network for given input.
Finite state machines are procedures of testing reachability of a given state from the initial.

ER models are model validation procedures or procedures for assessing of quality parameters of the
model.

Returning to the interpretation of the concept of knowledge, there is still no answer to the question:
what is the best representation of knowledge. Especially considering the fact that we are often faced
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with a situation where during teaching of discipline it is sometimes necessary to use models based on
different formalisms.

Selection of the most appropriate knowledge representation transforms to choosing the most
appropriate tool.

And there is the most obvious decision to perform the choice of such tool. These tools should be based
on a set of formalisms. The most well-known tools of similar class are the tools of Rational Rose [IBM
official website, 2014], which used Unified Modelling Language (UML) as input language.

Well known [Douglass, 1999], UML is a multi-language system with the possibility of assignment of
structural models (class diagrams), scenarios of interaction of models elements (sequence diagrams
and interaction of objects diagrams), setting of dynamics of the system (state diagram), the interaction
of parallel processes (activity diagrams), etc.

Such a wide range of languages within a single tool allows effective usage of such tools with knowledge
systems, particularly in learning systems.

Using system tools based on UML it is possible to perform the transformation from one type of
formalized knowledge representation in the other and return. An example is a transformation from
representation of procedural knowledge represented by object oriented algorithmic language to the
structural representation in the form of class diagrams. This transformation is often called the reverse-
engineering [Samuelson, 2002].

4. Knowledge representation for learners should be conducted within natural language
constructions. This assumes that in the learning scenarios feedback references from natural language
elements to formalized elements and backward should be represented. Refinement of scenario should
be conducted on the basis of learner’s test results. The reason for this can be the automatic creation of
formalized domain model of learner and its comparison with reference model.

Conclusions

Knowledge is used almost on every phase of functioning of learning systems and is stored in systems
knowledge bases. The importance of the questions about the knowledge representation and knowledge
determination increases.

It can be concluded from the article that knowledge can be presented in different forms: from text and
graphics representation to formalized representations. Since knowledge can be considered as complex
of models that reflect the world around us, the formalisms, which are used to represent them, are quite
varied.

And the problem of choosing the correct formalism for learning systems, oriented on a variety of
learning courses, includes not only the choice of the optimal formalism, but also the choice of tools,
allowing the usage of a variety of formalisms.

In our opinion, such tools of representation of subject domain are the systems, which use the UML.
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Introduction

As a rule, education and training are considered in the context of training in specialized learning
institutions. For a variety of "classical" specialties such approach may be justified. Indeed, the basic
principles of physics or the theory of materials strength do not change during the "life span” of a typical
industrial engineer. It is only needed to maintain proficiency from time to time, which also takes place in
educational institutions. However, such approach does not work now for engineering and technical
personnel found at the edge of scientific and technological progress, namely, nuclear energy,
aerospace, chemical and biological industry and of course information technology. These days,
implementation of complex projects requires continuous improvement of education level for personnel
of all key stakeholders, including both a direct executor of certain activities and a final consumer. This
issue is embodied in project management guides, quality manuals, and for the industry associated with
increased risk in governmental rules and regulations. For example, in the nuclear industry sphere
educational standards, frequency of additional training and knowledge tests of various categories of
personnel, a need to arrange specialized training centers and the requirements for their fitting out are
legislated. The largest commercial companies are doing the same by arranging or financing specific
departments or affiliates not only for R&D, but also to train their employees. As a rule, the basis for this
is a lack of flexibility of the state educational institutions, as well as the nature of business of such
companies. In other words, one might talk of a gap between a need of advanced industry for the
continuous training of its employees and traditional education system.
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Chernobyl NPP and surrounding 30 km Exclusion zone is such a territory where these problems
emerged in the most keenly way both in Ukraine and in the work at large. The accident at Chernobyl
NPP is the largest man-made catastrophe of the twentieth century which required considerable efforts
of the world community to overcome its consequences. Before April 26, 1986 the world has never faced
such a challenging problem. About 600 thousand people participated in elimination of consequences of
the largest accident in the history of nuclear power, 160 thousand people were evacuated and 220
thousand relocated, 5 million people were living on contaminated area that not require relocation.
[WHO, 2006]

Most ChNPP projects are characterized by acquiring new knowledge and creation of systems which are
unique in the industry which means that classical approaches for projects implementation and, in
particular, personnel training are ineffective. Besides since there are representatives of various
countries and cultures at the site, interaction and communication issues have appeared which were
caused not only by a need to interwork with the help of an interpreter and/or “international English” but
also by a variety of engineering schools, methods, technical norms, management methods, and quality
assurance. The above leads to negative consequences like missed deadlines and budget overruns.

The above problems called for developing of a special project management methodology for the
ChNPP site, which has successfully been implemented by the Chernobyl NPP management,
international "Shelter Implementation Plan" Project Management Unit (SIP-PMU), and strongly
supported by the Ukrainian Management Association by the Ukrnet projects (hereinafter UPMA). More
than 100 specialists of the ChNPP received second higher education to implement this methodology -
the master degree in the field of project and program management, and more than 30 Chernobyl NPP
experts were certified per International Project Management Association IPMA system, two experts
were certified by Japanese Project Management Association PMAJ. [Bushuyev, Medintsov, 2013].

At the same time developed methods embraced large capital-intensive projects, primarily in the field of
construction, dismantling, installation of new equipment, but did not take into account the specifics of
the IT-projects implementation, their iterative nature, liability to changes and special requirements for
personnel. In addition, the unique conditions at the ChNPP and object "Shelter" have created such
specific requirements, that performers could assess their complexity only in the course of the project.
For example, existing limitations on safety requirements, personnel health may not provide for
immediate access to the ChNPP site or required equipment by a specific expert, and consequently
would require taking a decision remotely, based on incomplete data.

The above conditions of projects implementation at the Chernobyl NPP pose the problem of effective
knowledge transfer between IT-project stakeholders, primarily from ChNPP experts who have
knowledge of the object and the specific conditions of the site and Contractor specialists, as well as
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from project performers (as a rule from international companies) to the ChNPP’s experts as the end
user of new systems and technologies. And if the second task is usually finds a solution through formal
training cycles for the Client's personnel during the transmission of a new system or object, than the
need to address the first problem is usually being considered only when the project begins to
experience challenges.

IT-Projects Implementation Methods at the Chernobyl NPP Site

Since the majority of IT-projects at the ChNPP are financed by international institutions such as the
EBRD, US DOE, the European Commission, they are implemented via an approach typical for such
organizations: the tendering process for the "turnkey" work within the framework of a Contract with a
fixed value, for example a FIDIC contract type. Particularity of this type of contract is that in their
standard form they do not intend any other project life cycle model other than a waterfall model. In
addition, if it is not specifically defined in the special conditions of the contract, arrangement of "turnkey"
work implies a shift of all project risks related to errors committed at the time of the system installation,
or, worse yet when it is handed over to the Client. And in this case, all project participants are at a
disadvantage, the Contractors suffer financial and image losses; the Client does not get the system of
proper quality, and the funding agency spends money inefficiently. In other matters, shortcomings of the
waterfall model when implementing the IT-projects for which such model does not fit, are well known
and description thereof is not the purpose of this article. It is worth noting here that these shortcomings
have proved themselves to the full within the ChNPP site.

lterative methodology for creating automated systems and software, based on a synthesis of GOST-34
(government standard for automated systems creation effective within the post-Soviet space) and
recommendations of the RAD and Agile methodologies [Saveliev, 2013] was developed to overcome
the negative experience of the ChNPP projects implementation. RAD and Agile methodologies
contribution included extensive involvement of the Client at early stages, i.e. domain screening,
development of requirements to the system and its design decisions. And GOST-34 gave a set of
mandatory formal documents and requirements for its content. The proposed methodology links the
release of two system prototypes by the Contractor together with a Draft Design and Technical
Specification — formal documents with a standard structure. The purpose of the prototype release is to
demonstrate to the Client the conceptual feasibility of concept design offered to the Contractor under
the Clients specific conditions.

Then an alpha version and release candidate are issued at the stage of Technical Design and Working
Documentation respectively. Final solution is aligned with successful completion of a trial operation. In a
graphic form this methodology is given in Figure 1.
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Fig 1. Methodology of IT-Projects implementation at the Chernobyl NPP

A key feature of this methodology is to refine requirements and design solutions by creating an
analytical simulator of the future system, deployed in parallel both within the Contractor and the Client’s
site. The abovementioned analytical simulator is a controlled stimulator of domain (CSD) and actually a
model of system being created (MSC). CSD generates input signals from the external environment to
the newly designed system, as well as simulates the environment reaction to the output system signals.
Immediately prototypes and versions of the system being developed appear for MSC which might be
effectively achieved by applying modern virtualization technologies of computing systems. Interfaces
between CSD and MSC are unified at the most to the real system and its environment, which is
achieved by reusing design solutions.

Cycles of report documents review by the Client preceded by presentations in which the Contractor
does not only tell about the content and structure of the submitted design decisions, but mostly trains
the Client on how these solutions can be checked using analytical simulation.

The main benefit of this methodology is to minimize the impact of inevitable changes in the system
requirements on the newly created system. The latter is achieved by the Client's early learning of the
automated system, even before its actual creation. Thus, a need for change is shifted to early stages of
the system creation. This can be illustrated by the following graph, see Fig. 2.
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v

+——¢  The desire to change the system.

. . Knowledae about the system.

Fig.2. Connection between the knowledge of the system and the desire to change it.

In the classical waterfall model, with its misuse, the Client gains knowledge of the system at the final
stages when the funding and timing have been exhausted and at this moment an urgent need for
change appears. In these cases, project managers who are not experienced in IT-projects
implementation start seeking the cause of problems in the insufficient quality of the source data in the
best case, and in a "sabotage" of the Client at the worst.

On the other hand the methodology proposed at the ChNPP encourages the Client to obtain knowledge
of the system at early stages, through joint work on the development and refinement of requirements,
as well as the designing of software and hardware solutions.

Client’s Personnel Training by Involving into Project Implementation

As part of the described above method of the IT-project implementation the Client creates a project
management team for the project’s life circle at the initial stage, which in addition to the project
manager and supporting staff (project controls engineers, translator, contract and financial specialists)
includes the Client's leading technical experts of information technology for complete or partial
operational subordination to project manager. Technical experts engaged in the project management
team shall undergo compulsory training of the project management basics, design regulations and
standards effective at the Client's enterprise if they are involved for the first time.

Project implementation team is formed out of the Client's personnel comprising future operators and
maintenance personnel which reports to the object’s manager - usually the manager of the enterprise
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structural unit in which the IT-project result will be deployed. The personnel are to be familiarized with
goals and objectives of the project, their future roles both during the project and after its completion. It is
important to clearly define a new work schedule of Client’s personnel, set time for project activities, as
well as time for self-study. If the current level of the personnel qualification does not correspond to the
level required for the future system operation, corresponding training theoretical courses should be
planned and held.

As a rule participation in such implementation group gives the Client's personnel a chance to switch
from regular operating activity which can motivate and almost always initially accepted with enthusiasm.
Another thing is that if this enthusiasm will not be supported by the creative activity under the project - it
will quickly fade out. At the same time, the project is a new activity that will inevitably break the
established position in the Client's organization, so some resistance from the Client’s personnel can be
expected both in active and passive forms. Managers need to understand that the maximum
commitment of the personnel can be expected only when the personnel will feel "safe", i.e. he will
understand that participation in this new activity will not jeopardize him.

Upon the formation of the project implementation team, the Contractor shall be informed about its
structure, goals, and objectives.

In the initial phase of the project during the survey of the automation object, the Contractor makes
mandatory acquaintance with members of both abovementioned the Client’s project teams, interviews
them to collect requests and requirements to the system. In parallel to this, the Contractor begins to
create a prototype of the system and simulation of the controlled object - a model of system being
created (MSC) and controlled stimulator of domain (CSD). The aim of this work is to convey the
concept of the future system to the Client’s personnel as soon as possible and to get a feedback.

After creating MSC and CSD they are deployed at the Client’s site, and project implementation team
starts their operation. As the project progresses the abovementioned models are to be updated, and
the personnel are to be trained to use new features if there is a need. Information systems like bug-
tracking performed well as a way of organizing of feedback from the Contractor.

Acquisition of new technologies always creates difficulties with aging of a person, and this should be
considered carefully. In addition, new technologies often have a high cost; therefore people have a
psychological fear of responsibility of "breaking an expensive thing," which is a powerful brake when
mastering new knowledge. At the same time, experiments on the model of the system being created
remove this psychological factor, which soon gives a way to satisfaction of learning new skills. The
author recurrently has had to observe how first timid attempts to influence the user interface of the
future system are gradually replaced by a wish to test their prowess and find new "bugs".
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It should be noted that the efforts taken to create the MSC and CSD bring additional benefits for the
project participants. During the pre-commissioning, certain modules and parts of the simulator can be
used to customize the operation of the final product or to test for example an emergency condition
which is impossible to do on the working object, and then at the operation stage to isolate a fault of
equipment, for example by connecting the device simulator, instead of replacement of its modules.

It should be mentioned that the regulatory framework of the USSR, and then of modern Ukraine
requires for systems important for safety of nuclear plant, to train operating personnel one year prior to
operation. In the same way GOST-34, which regulates the types of automated systems tests, intends
that the Client's personnel will have theoretical knowledge by a preliminary test, and will acquire
practical knowledge and skills of the system work during the trial operation [GOST-34, 1992].

These requirements have not lost their relevance in view of information technology development and
they should be considered when planning the IT-project schedule. And here again the early training of
the Client through involving him into the project implementation enables to optimize terms of relevant
works and project schedule.

The Clients and the Contractor’s Personnel Roles when Implementing a IT-Project

Without going into details of differences of various types of Clients and Contractors organizational
structures, it should be noted that in general classification of Contractor and Client personnel per their
roles in a project can be illustrated by the following diagram.

Contractor

VT ANNY;
Software Eng.

|Project Manager| Quality Manager| | Architect |
Product Manager | Test Engineer | |Hardware Eng.|

Client

<
<)\

Manager

Y

<Reports to>

'I
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Project Manager

Operator

AI

Site Manager

|Hardware Eng. | | Software Eng. |

Fig.3. Hierarchy of the Clients and Contractors’ personnel roles
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The principal feature shall be noted here the influence of which on the project success is often
underestimated. Both hierarchies of the personnel roles are very similar to each other. Besides,
relations between the similar roles arise naturally when forming communication between the Client and
Contractor, for example between Client and Contractor’s programmers. And one might overlook the fact
that the end user of the IT-project outcome is operating personnel — an Operator, but not supporting
(maintenance) personnel, such as electronics and programmers engineers. Such roles as a Site
Manager, Process Engineer, and Operator are the source of information about an object being
automated, while the Software and Hardware Engineers are the source of information about potential
features of designed automated system.

Specialization of roles means specialization of knowledge, but for successful management of IT-project
reviews and meetings involving all participants in the project should be carried out on a regular basis
during which the system at large shall be discussed to support the understanding of the general system
concept from the personnel side, to inform the participants of the current steps of the project
implementation, and items of concern. The interest of the project participants to related knowledge
should also be encouraged.

Practice of the Chernobyl NPP has shown that the meetings between the project teams of the Client
and the Contractor should be held 1 time per week. Technical reviews at least 1 time per month. Major
meetings and project review should be planned for each milestone of the project schedule.

As mentioned above, in the course of communication between the Client and Contractor's specialists
there is tendency to form pairs between matching the Client - Contractor roles, namely Client's Project
Manager - Contractor's Project Manager, Client's Software Engineer - Contractor's Software Engineer,
etc. As a rule, Contractor's Architect - Client's PMU IT Expert and Contractor's Test Engineer - Client's
Operator pairs would also be combined. A bilateral transfer of knowledge is observed between such
pairs, just as it does when pair programming in Extreme Programming (XP) methodology which is now
becoming more popular. And experience shows that this is happening in the same effective way.
Another thing is that the contract or budget limitations of the projects do not always allow maintaining
the truly work is pairs between the Client and the Contractor for a long time.

Knowledge Check within the Continuous Learning

Classical training involves the following chain: planning of training - theoretical learning - practical
training - examination (test) - updating the curriculum. At first glance, the proposed method of
continuous learning through involvement into the project implementation relies on intuitive self-
education. This is not quite true. Indeed self-education and self-development through participation in
community activities plays a key role. But it should be mentioned that the reporting documentation
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(terms of reference, technical and working designs, maintenance and operating manuals) developed by
the Contractor plays the role of theoretical material with which the Client should get familiar, analyze
and give its comments. Such work on documents plays a role of practical lessons to master theoretical
material. Experiments on the simulator play a role of training to get into practical skills. In addition, the
Contractor is acting as an examiner, by forming responses to the Clients comments. This allows
identifying gaps in knowledge and taking them into account when preparing programs and system
testing procedures. Finally, the test of the system itself, including trial operation, is a sort of examination
for both the Contractor and the Client.

Conclusion

The existing practice proves that the above approach ensures a real involvement of the Client's staff to
the project and elimination communication barriers in the project. An effective knowledge transfer takes
place about peculiarities of the domain as part of particular application on the subject is effectively
transferred from the Client's staff to the Contractor. And knowledge transfer from the Contractor
personnel to the Client about key aspects of the future system and the technologies used is equally
effective. The Client immediately identifies design errors and system defects. And the Contractor
controls the quality of the Client’s knowledge mastering about the system and process.

Analytical simulator designed to create a system carries on as a trainer to maintain proficiency and to
train new operating personnel, since it simulates emergency modes of system operation, impossible to
be simulated at the real operating equipment.

The given approach implements the principle of "Tell me and | forget, teach me and | may remember,
involve me and | learn" by Benjamin Franklin. Such project-based learning takes place through creating
a joint "Contractor-Client" model of the future system and testing it. Models testing together with review
of reporting design and technical documents contribute to the knowledge acquisition as well as allow
identifying the quality of gained knowledge. Operational feedback allows effective personnel shifting
engaging engineers and trainers with needed skills.

Practices for personnel training given here proved to be effective not only during implementation of
several projects at Chernobyl NPP, but also found successful use for training students of Slavutych
branch of National Technical University of Ukraine "KPI".
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FOUR INTELLECTUAL PRODUCTS DIALOGUE, KNOWLEDGE, WISDOM AND
SOLUTION

George Bejitashvili, David Khelashvili

Abstract: On the ground of relevant literature review the purpose of this paper is to demonstrate
knowledge as power Dialogue strategies and similarities between organization and civilizations.
Knowledge and Solution have many definitions and it is difficult to give a commonly accepted definition
for them. Starting with the ideas of knowledge. Generally speaking, while knowledge is an intellectual
product of the mental activity of human beings concerning mainly the true description of the related
objects or states of affairs, Solution is an intellectual, emotional, volitional and spiritual characteristics of
some human beings in relation not only to the true knowledge of the objects but also to the true
knowledge of the self, and to the valuable words and virtuous actions Knowledge has been a branch of
philosophy since the 17th century; [Lefstein, 2010] and epistemology deals with such issues as the
nature and derivation of knowledge, the scope of knowledge, and the reliability of claims to knowledge.
Finally demonstrates the idea of dialogue among civilizations and idea of league of civilizations to
overcome the global financial crises from the arguments given by political leaders as well as great
thinkers of civilizations studies. This study can be helpful for practitioners in refining their way of

thinking about Knowledge.

Keywords: Dialogue, Knowledge, Solution, Wisdom, Intellect, dialogue, Idea, Argument.

Introduction

Francis Bacon also said, “Knowledge is power”. In the same line of thinking, President John F. Kennedy
said at white house welcoming winners of Nobel Prize in 1962. “In a time of turbulence and change, it is

truer than ever that knowledge is power”.
In this paper we can be summarized in the following 2 claims:

1. Dialogue and knowledge, as communicative activities, involve multiple dimensions, including the
ideational, interpersonal. Thinking about educational dialogue or productive interaction is incomplete

without taking all four communicative dimensions into account.
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2. Communication and Solution, including dialogue, involves tensions: between participants, between
ideas, and between the concerns raised by each dimension. The institution of schooling constrains the
ways in which dialogue can be conducted within its domain. Thinking about productive dialogue needs
to accept and work with these constraints rather than ignoring them or wishing them away [Yaran,

2003]. In terms of disciplinary perspectives, | focus primarily on philosophical approaches to dialogue.

The dialogic ideal

A plurality of theories of dialogue reflects the lengthy genealogy of the concept and the plurality of
issues and contexts to which it has been and is applied. Nevertheless, most theories share some core
qualities and address similar concerns. In the following discussion, We explicate those commonalities,
and highlight the tensions between and within central approaches. Before discussing the content of the
concept “dialogue”, it is useful to look at the contexts and manners in which it is commonly employed.
We follow who notes that “words have meanings: some words, however, also have a ‘feel”. Like
‘community”, which is the focus of Bauman'’s study, “dialogue” feels good. Even prior to agreeing about
what it means — or perhaps because agreement has not yet been attempted — there is general
consensus that “dialogue” is beneficial, an ideal worth striving toward and that it doesn’t happen as
often as it ought. “Dialogue” suggests plurality and equality in opposition to authoritarian voices that try
to dominate all others; it suggests openness and thoughtfulness as antidotes for the combativeness
and dogmatism that commonly characterize argument and debate; and it offers a path toward

understanding in instances in which interlocutors have become deaf to one another’s concerns.

The Socratic Legacy

The roots of the dialogic ideal can be traced back to the image of Socrates. And what does Socrates
do? He seeks out conversational partners and inquires into their ideas. He questioned them at length,
subjecting their ideas and commonly held doctrines to intense critical scrutiny. He was driven to
dialogue by passion for knowledge coupled with awareness of his own ignorance. He did not always
infect his interlocutors with that passion, but he invariably provokes thinking. But we prefer to be refuted
than to refute, for we believe that the former poses the greater benefit, since it is better to be cured of

an evil than to cure another [Burbules & Bruce, 2001].
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The Dialogue of Knowledge and Wisdom

Knowledge and Wisdom in the Abrahamic Religions and Ancient Philosophy: When looked at to the
relationship between knowledge and wisdom from the historical perspective, it is seen that they are
accompanying concepts and in a complementary and productive dialogue. There are lots of verses in
the Bible and the Quran concerning knowledge and wisdom, and some of them are stated together.
This shows that they are neither identical nor unconnected concepts. These verses emphasize and
encourage both the relationship between them and their relationship with virtue, happiness, and
eschatological reward. As everybody knows, the etymological meaning of the word of philosophy is the
love of wisdom. Socrates conceives the love of wisdom as the pursuit of self-knowledge. He locates the
intersection of things, human, and divine in the task of self-knowledge. For Plato, wisdom is the highest
phase of four cardinal virtues, for it inspires and regulates the whole inner life. Aristotle drew a sharp
distinction between practical wisdom and speculative wisdom, which is wisdom par excellence. The
productive dialogue of knowledge and wisdom kept on going later Hellenistic philosophers, Neo-

Platonists, and early Christian thinkers.

Dialogue of Knowledge and Wisdom in Modern Times

The dialogue of knowledge and wisdom has broken off in modern times both in the Western world and
in the Islamic world. But their preferences have been different; one has preferred knowledge and
neglected wisdom, and the other has done the reverse. As modern philosophy has developed since
Descartes, the connection of knowledge to its accompanying concern with wisdom or self-knowledge
has been set aside. Philosophy as the love of wisdom that considers the true to be the whole has been
replaced by the pursuit of method and the truth of the part. In regard to the Socratic tradition of self-
knowledge, philosophy has lost its way. The spirit of the modern age has been strictly rationalistic in the
sense that it makes human reason the highest authority in the pursuit of knowledge, and naturalistic in
that it seek to explain the inner and outer nature without supernatural presuppositions. At the end,
knowledge without wisdom has made modern man spiritually homeless, alien to himself or herself, and
has made the humanity and the earth challenged by many global cultural and environmental crises.
Rationalist and positivist epistemology followed by an atheist and naturalist ontology and by relativist
and nihilist ethic brought to modern world more knowledge but less wisdom, more power but less virtue,

and more pleasure but less peace [Ehlich, 1985].

Neither Western nor Islamic world, which brought off the dialogue of the accompanying and

complementary concepts of knowledge and wisdom for three centuries, could not have escaped from
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various crises and could not have arrived at totally a more ideal situation. Muslim intellectuals (the
modernists) became aware of the crisis in their world about 100 years ago; and Western intellectuals
(the postmodernist) became aware of their crisis about 50 years ago. But the searches for solution do
not give so much hope in either world because the solutions are too simple, that is, to reject your past
and offer the other extreme edge of the dichotomy: Forget knowledge, reason, rationality, truth,
objectivity, science, universal values and virtues, and embrace their completely opposites, better to say,
“‘Anything goes”. Or, forget wisdom, heart, spirituality, goodness, subjectivity, religion, traditional values

and virtues, and embrace the opposites, better to say, just reason and science.

Conclusion

Knowledge is the main of organizational life, economy life, culture life, and civilization life. Managing
knowledge at organizational life bore fruit by knowledge organizations / learning organizations as it has
been highlighted in the research work by Peter Senge and other thinkers of knowledge. Managing
knowledge effectively in civilization dialogue is the key to competitive survival among the comity of
Nations. In our Simple model Dialogue and knowledge, as communicative activities, involve multiple
dimensions. Communication and Solution, including dialogue, involves tensions: between participants,

between ideas, and between the concerns raised by each dimension.

So here is the need of strategy which is “dialogue” is imperative because all civilizations are different
and through strategic dialogues, they can come close to each other and understand each other values,
disciplines, beliefs, forms of consciousness and convictions because of strength of relationship
depends upon the understanding of other point of views and perspectives but at present it seems that

there is a knowing doing gap among major civilizations.
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MHOIOKPUTEPWUAIBbHbLIE METO[bl KOHKYPCHOIO OTBEOPA MPOEKTOB B
HAYYHOM ®OHAE

Anekcen MeTpoBckuin, Buktop BonyeHko,
Anna 3aboneeBa-30ToBa, TaTbsHa LLiuToBa

AHHOmauyusa: B pabome paccmampugaomcs 603MOXHble no0Xolbl K (hOPMUPOBaHUIO Hay4HOU
noNUMUKU U KOHKYpCHOMYy ombopy 3asi80K Ha 2paHmbl 8 20Cy0apCmeeHHOM HayyHOM (hoHOe C
noMouwbto Memodos MHO20KpUMeEPUabHo20 8bI6opa U 2pynnogo2o sepbarnbHO20 aHanu3a peLweHud.
Memodbi npedHasHaqeHb! Ons ynops0oyeHUs U Kiaccugukayuu 06bekmos, onuckisaembiX MHO2UMU
KayeCmeeHHbIMU  Npu3Hakamu, U OCHO8aHbl Ha MEOPUU  MEempPUYEeCKUX  NpocmpaHcms
MynbmumHoxecms. NpusedeHbl NpUMePb NPaKMUYECK020 NPUMEHEHUSI npednoxeHHbIX No0xodos 8
Poccutickom ¢hoHOe ¢hbyHOameHmarnbHbIX uccredogaHull u Pocculickom 2ymaHumapHOM Hay4YHOM
¢hoHOe.

Knioyeeble cnoea: HayyHas nonmumuka, KOHKYPCHbIG 0m6op, MHO20KpUMeEpUasbHbIl 8bibop,
gepbarnbHbIli aHaNMu3 PeweHul, MHO20NPU3HaKo8ble 06BEKMbI, MeopUsi MynbMUMHOXECms
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BBepgeHue

KoHKypCHbIN OTOOp 3asiBOK Ha NpOBEAEHWE WCCMEeSOBaHWA SBMSETCS OCHOBHLIM HanpaBieHUeM
[EATENbHOCTU TOCYAAPCTBEHHbIX HayyHbIX (DOHAOB. KOHEYHbIM pe3ynbTaT KOHKYPCHOMO LUMKNa —
BblAENEHNe U3 MHOXeCTBa NPOCTYNUBLUMX 3asBOK MPOEKTOB, MPUHUMAEMbIX K (PUHAHCUMPOBAHWIO.
KoHKypCHbI 0TOOP OCYLLECTBNSETCA HA OCHOBE AKCMEPTM3bl, KOTOPAs COCTOUT U3 HECKOMbKMX 3TarnoB
W COYETaeT MHAMBUAYANbHYIO OLIEHKY 3asBOK 3KCNEpTamm 1 NocneaytoLlee KonnekTueHoe obeyxaeHne
9KCMEPTHbIX 3aKMKOYEHUM Ha 3KCnepTHOM coBeTe PoHAA MO COOTBETCTBYKOLIEN 0OMacT 3HaHWA.
[MepBOHAYanbHO Kaxdbld MPOEKT HE3aBUCMMO pacCMaTpUBAETCS HECKOMbKMMU IKCMepTamu, Kak
npaBuno, TPEMS WNM OBYMS, KOTOPble AAlOT apryMEHTUMPOBAHHbIE MHOMOKpUTEpPUANbHbIE OLEHKM
CoAepXaH1s 3asiBK1, a TaKkKe pekoMeHaauuy no Noaaepkke uccnegoBaHms. Kayectso nccnenoBaHns
OLIEHMBAETCS MO CrneumanbHbIM KPUTEPUAM, BKITHOYEHHBIM B SKCMEPTHbIE aHKETbl. B pasHbix Buaax

KOHKYPCOB MPUMEHSIOTCS CBOM Habopbl KpUTepueB, HO BO BCEX KOHKYpcax KpUTEPUM UMET
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BepbarnbHble LUKamnbl OLEHOK C Pa3sBEPHYTbIMW CROBECHBIMI (HOPMYNMPOBKaMW rpajauuii kayecTsa.
Takoi noaxopd No3BOMSET ONepupoBaTh OLEHKaMW, B ONPEAeNeHHON CTeneHn YHUMULUMPOBAHHLIMU
ANs NpefcTaBMTENEN pasHblXx 006nacTei 3HaHWW, M NOMyYnTb OT 3KCMepTOB Oonee [OCTOBEPHYHO
WHOpMaLWMIO.

OKCnepTHbI coBeT PoHAa paccMaTpuBaEeT PEKOMEHAALMN IKCMEPTOB, NX OLIEHKM 3asBOK W JaeT CBOE
3aKMYEHNe 0 NOAAEPKKE HOBbIX NPOEKTOB, 0O bEMaX X uHaHcUpoBaHus. OKOHYATENBHOE PELLEeHNE
0 NOAAEPKKE MPOEKTOB M pacnpeaeneHni AeHeXHbIX CPeACTB NpuHUMaeT coBeT PoHAaa, onupasich Ha
3aKIIOYEHNs1 COOTBETCTBYIOLUMX OKCMEPTHbIX COBETOB. [nA peanu3aumm CBOEN MOMUTUKM K
obocHoBaHHOrO 0TbBOpa npenniokeHun pykoBoACTBO ®PoHAa AOMKHO WMETb B 060BLIEHHOM K
KOHLIEHTPUPOBAHHOM BMAE MHEHWE SKCMEPTHOrO COOBLLECTBA, OCHOBAHHOIO HA MHOTOKPUTEPUATbHBIX
9KCMEPTHBIX OLIEHKAX W 3aKIHOYEHUAX MHOTUX SKCMEPTOB, KOTOPbIE MOTYT ObiTb Kak CXOXMMW, TaK M

NPOTMBOPEYMBLIMM.

[ns aHamu3a 6oOMblIMX MAaCCHBOB 3KCTEPTHbIX OLEHOK M WX WHTEprpeTauun CyLecTByioT
crneuyanbHble MeTOAMYECKNe MPOLEMYPbI, KOTOpble, B YACTHOCTM, MO3BONAKT 0TOMPaTh 00BHEKTHI B
COOTBETCTBUW C 3afaHHbIMK TPebGoBaHUSMK K UX XapaKTepucTukam. ITO 0COBEHHO aKTyanbHO Ars
Hay4HbIX (DOHOOB, KyAa MOCTynaeT ThiCAYM 3asiBOK Ha rpaHTbl. Heobxogumo ynopsigouutb W
CTPYKTYPMPOBATb MPOLEAYPbI SKCMEPTU3bI, CNOCOOLI BbISIBNEHNSI MHEHUIA 3KCNEPTOB 1 060OLLEHNS 1X
OL|eHOK, BCTPOUTb MX B €AMHYI0 CUCTEMY, KOTOpasi No3BoNuna bl OpraHy, NPUHUMAIOLLEMY PeLLeHUs,
3a[1aBaTb CBO MOMUTUKY 1 0OecneunBaTh 0TOOP KOHKPETHbIX MPOEKTOB M3 pasHbix 00NacTeit Hayku, B

MaKCUMasibHOW CTENEHM COOTBETCTBYOLLNX 3TUM NPEONOHTEHNAM.

B paboTe npeanoxeHbl noaxoabl K OpMUPOBaHMI0 NONUTUKN HAY4HOrO (hOHAA U KOHKYPCHOMY 0TGOpY
3asIBOK Ha MOMYyYEHNE rPaHTOB, OCHOBAHHbIE Ha MPUMEHEHNN METOLI0B MHOTOKPUTEPUAIbHOMO BbiGopa

W rpynnoBoro BepbanbHOro aHann3a peLLeHuil.

OcobeHHOCTH NpeanaraeMoro noaxoaa

Mpeanaraemblin NOAXOA K BbIGOPY COBOKYMHOCTM MPOEKTOB, PEKOMEHAYEMbIX K (MHAHCMPOBAHWIO, 13
MCXOOHOTO MHOXECTBA PACCMOTPEHHbIX 3asIBOK C Y4eTOM MPEANOYTEHUA PYKOBOACTBA, SKCMEPTHbIX
COBETOB 1 3KcnepToB ®oHOA OCHOBaH Ha UCMOMb30BaHUM (hOpManM30BaHHbIX NpoLeayp rpynnupoBKi

MHOIOMPU3HaKOBbIX obbekToB. Noaxog CTPOUTCA Ha crnedyownx MeTogm4ecknx nocblnkax.

[ns HayuHblX (DOHAOB TUMWYHBI CUTyaUuW, KOTA@ W3 ThiCAY 3asiBOK Heobxogumo BbiGpaTh
OrpaHN4YeHHoe 4ncno ,Haubonee AOCTOMHBLIX". CTPYKTYpbl, MOATOTABNMBAOLLME NPEANOXKEHUS MO
0T6OpY NPOEKTOB (IKCMEPTHBIE COBETHI), U OpraH, MPUHUMAIOLLMIA OKOHYATENbHOE PeLLEHne No UToram
KOHKypca (coBeT ®oHAa), He B COCTOSHAM AETaNbHO W COepXaTenbHO NpoaHann3npoBaTh BCE 3asiBKM.
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Mo cyTn, UX ponb CBOAMUTCA K YTBEPXAEHWUIO PEKOMEHOALMI 3KCNepTOB. TeM CaMbIM OKOHYaTesbHbIN
BbIOOP BO MHOMOM MpefonpefenéH yxe Ha NepBod CTagum 3kcnepTusbl. ITum obycriosreHa
0BbekTMBHas NOTPEBHOCTL B CpeacTBaxX PopManm3oBaHHON rpynnmpoBKN BOMbLLIMX MAacCUBOB 3asBOK
no pasnuyHbiM Habopam NpU3HAKOB M NPEACTaBREHUS WHQOPMaLuK, CTeneHb arpervpoBaHus W
COAEPXaHNe KOTOPOW ONpeaensieTcs YpOBHEM M XapakTepoM NPUHUMAEMbIX PELLEHUA.

JKCnepTn3a 3asiBOK B pasfnyHbIX 06MacTsx Hayku NPOBOAUTCSA C UCMONb30BAHUEM e4VHON CUCTEMbI
KPUTEPUEB OLIEHKM, JOCTATOMHO NOAPOBHO M BCECTOPOHHE OTpaxatowux Haubornee CylecTBEHHble
acnekTbl npeanaraemMbix uccnegoBaHnin. COBOKYMHOCTb AKCMEPTHBIX OLEHOK COAEpXaHUs MpoekTa C
Pa3BEPHYTON apryMeHTauuen akcnepta B NOMb3y BbIOPAHHOMO ,YPOBHS KayecTBa” MO KaXOoMy U3
KpUTEPUEB SABMSETCA YHUPUUMPOBAHHBIM ,MH(OPMALMOHHLIM NOPTPETOM”™ NMPOEKTA, OMUCHIBAOLLUM
Hanbonee CyWECTBEHHbIE AN MPUHATUA  PELUEHWA  acmekTbl  (XapaKTEPUCTUKM) W Jalowum
BO3MOXHOCTb aBTOMATU3MPOBaTh CTPYKTYPUPOBAHWE MAacCUBOB NPOEKTOB Mto6OI pasMepHOCTU.

Mexgy pekomeHZauusMu akcnepTa ,noaaepxatb” unu ,0TKIOHWUTL' NPOEKT W Habopamu OLEHOK Mo
KPUTEPUAM  CyLLEeCTBYET OMnpeaeneHHas 3aBMCUMOCTb, KOTOPYK) MOXHO BbISIBUTb C  MOMOLLbIO
cneuuansHo paspaboTaHHbIX cpeacTs. [ns dyHAamMeHTanbHbIX UCCeaoBaHWi, K KOTOPbIM OTHOCUTCS
OONMBLUMHCTBO NOCTYNalWmMX B (POHAbI 3aSBOK, XapakTepHa BbICOKas CTeneHb HeonpenenéHHOCTH
NepCrnekTUBHOCTY NPOEKTOB U BUAA KOHEYHOTO pedynbTaTa. BbiBOAbI 3KCNEPTOB B 3HAYUTENBHON Mepe
OCHOBaHbl Ha WHTyUUMM 1 oBLiemM BreyaTneHnn O paccmaTpuBaeMblX 3asiBkax M He MOryT ObiTb
MOMHOCTbI0 0BYCNOBNEHbI OLEHKaMW MO KPUTEPUSM, KOTOpble, Kak 1 ntobas MOAenb, He B COCTOSHUM
OTPa3nTb BCE HIAHCHl CTOMb CMOXHbIX 0OBEKToB. [l0o3TOMYy CyllecTBylOWas 3aBUCUMOCTb
peKOMeHZauuMM 3KcnepTa OT OLEHOK MO KPUTEPUSM HE HOCWUT XapakTepa B3auMHO-O4HO3HAYHOro
cooTBeTCTBUSA. Bceraa umeetca aktop HenpeackasyemocTh, KOTOpbIA OrpaHUYMBAET BO3MOXHOCTY
hopMann3oBath AKCNEPTHbIE NPOLeaypbI.

Takum 06pa3om, B KCNEPTU3Y HAy4HOrO NPOEKTa M3HAYaNbHO 3amnoXeHbl 4Ba NPOTUMBOPEYNS: MeXaY
OOHO3HAYHBIM ~ XapPaKTEPOM MPUHMMAEMOro  pelleHnst (MPUHATb WKW OTKMOHUTL  NPOEKT) U
HedhopmanuayembiM BOCMIPUATEM €r0 3KCMEPTOM, a Takke Mexzay 60MbLLION pasMePHOCTLIO MaccuBa
3a%BOK M HeobXoaMMOCTbl WX COAEepXaTenbHOro aHamusa. [ns MeToguyeckm KOpPPEeKTHOro
NpeoponeHns 3Tux MNpOTMBOPEYMA B MNpeanaraemoMm NOAXOAE NPedyCMOTPEHO  COYeTaHue
WHCTPYMEHTOB  (hopMann3oBaHHOM 0BpaboTkn BoMblMX MacCMBOB  SKCMEPTHBIX  OLEHOK U
COAepXaTenbHOM MHTEPMpeTaLmMn Nx KOMOMHaLWIA, He NoaaatoLLMXcs popmanmsaLmm.

PaccmoTpum cnocobbl hopmani3oBaHHOr0 0TOopa MPOEKTOB, UCMOMb3YLLME WX ONUCaHWE B BUAe
HabopOB OLIEHOK MO KPUTEPUSIM 1 NpeLycMaTpuBatoLe pOpPMUPOBaHIE Ha 3TOI OCHOBE Pa3inYHbIX
CXeM TpEeACTaBMEHNst NPeanoYTeHuir pykoBoacTea @PoHga W 3KCmepTHOro coobuiectea, B
COOTBETCTBUW C KOTOPbIMM W OCYLLECTBASIETCS 0TOOP.
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®opmMpoBaHMe Hay4HON NONUTMKK

HayyHas nonumuka ®@oH0a dopMUpyeTCs PYKOBOACTBOM U 3KCNEPTHbIMU coBeTaMn PoHAa, KOTOpble
NPeACTaBnAoT HayyHoe COOoOWEeCTBO B NuUe BedylWX Y4YéHblX, obnagjatolmx He TOMbKO
NPOECCHOHANbHBIMIA 3HAHUAMW B OTAEMNbHbIX 00MACTAX W LUMPOKOWM HAayYyHOW 3pyauunen, HO W
OMbITOM PYKOBOACTBA HAYYHLIMM KOMNEKTUBAMMU W MPUHATUS PELUEHWH.

HayyHas nonutuka 3apaétcs B Buae HabopoB BepbanbHbIX XapakTEPUCTUK MPOEKTOB MO MHOMUM
KpUTEPUSM M SBNSIETCH  KOMMMEKCHOM MHOrOAacnekTHOM HEYMCIIoBOW OLEHKo npoekta. [lpu
NCNONb30BaHWW NOPSAKOBLIX BepbanbHbIX LKan 6onee BbiCOKAsk OLEHKA MO KaXgoMy KpUTEPUIO
03HavaeT 6onee BbICOKMM YPOBEHb COOTBETCTBYIOLLETO KayecCTBa, YTO JAET psg NpeuMmyLlecTs no
CPaBHEHWIO C MCMOMb30BAHNEM EOMHCTBEHHOTO MHTErParnbHOrO YMCIIOBOrO nokasartens B ,6annax’, B
KOTOPOM ,CMeLLaHb!” KONIMYECTBEHHbIE OLEHKM MO MHOTUM YaCTHbIM KPUTEPUSIM.

TpeboBaHws k NpoekTam 3a4alTCst B JOCTATOYHO OOLLUMX U YHUBEPCANbHbBIX KAaTEropusiX, MPUMEHUMbIX
AN OLEHKM WCCrefoBaHUiA B pasHbIX 0OMacTAX 3HaHUS M afeKBaTHbIX BOCTPUSTUIO OCHOBHbIX
acnekToB COCTOSIHMSI HayKM Ha BbICLUMX YPOBHSIX MPUHATUS peluenuit. MMoatomy dopmupoBaHie
€OMHON MONMUTMKM Ha AOCTAaTOMHO LUMPOKOM CMEKTpe AMCUMNIMH He TpebyeT 3HaHus cyrybo
crneumanbHbIX BOMPOCOB, M3y4aeMblX B pamkax KOHKPETHbIX MPOEKTOB. ATO — 3adadva 3KCMepToB B
KOHKPETHBIX HanpaBMneHWsX, KOTOPble WHTEPNPEeTUPYIOT CoAepkaHUe OTAENbHbIX 3asiBOK, 3aaBas

OL|eHKM N0 KpUTEPUAM.

ImeeTcs BO3MOXHOCTb JOCTAaTOMHO MMBKO BapbupoBaTh Kak obwme TpeboBaHMs, Tak W aKUeHTbl B
pamKax OTAenbHblx 06nacTen, pasnnyHbIX BUOOB KOHKYPCOB. O4YeBMOHO, YTO ,HayyHas 3HA4YNMOCTb
pesynbrarta’, ,aKTyanbHOCTb TeMbI”, ,KOMMMEKCHOCTb MpeanaraemMoro MccriefoBaHus” HeobXoauMbl
ANS 3a58BOK MpaKkTUyeckun BO Bcex obractax. Ho B pasniuyHbIX Haykax MOryT ObITb pacCTaBfieHbl
[ONONHUTENbHbIE aKLUEHTbl, Hanpumep, B OTAENbHbIX HanpaBneHUsX CerogHs BaxHbl paboTbl
MeTOA0NOrNYECKOro NnaHa, B TO BpEMS Kak B Apyrux Hambonee WHTepecHbl 1 BOCTpeboBaHbl HOBble
KOHLenTyarbHble NOAXOAbl MPY ONUCAHMM U3yYaeMblx SBEHUI. B criyvyae Heo6X0AMMOCT BO3MOXKEH

UTEpaTVBHbIN NPOLLECC KOPPEKTUPOBKM NONMMUTUKA NYTEM U3MEHEHUsI KOMBUHALWA TpeGoBaHMIA.

lMpegnaraemas Cxema B COYETAHUM C TEMATUYECKUMW NpuopuTeTamm (MPUHaANEXHOCTb K 3afaHHOM
TEMaTUYECKOM 06MacTy MOXET paccmMaTpuBaTbCs Kak AONONHUTENbHOE TpeboBaHNe) MOXeT CryXuTb
NOMesHbIM METOANYECKUM WHCTPYMEHTOM, NO3BONSIOWMM  (DOPMann3oBatb C  MUHUMANbHLIMU
,NOTEPSAMU coep)aHns” NonUTUKY (OHOOB U BbISBUTL B UCXOOHOM MaccuBe Te 3asBKU, KOTOpble B
HanbonbLLen CTeneHn OTBEYAIOT 3ToN nonuTuke. MNpoueaypa oTbopa, OCHOBAHHAs Ha COMOCTaBIEHUM
OL|EHOK NMPOEKTOB C anpuopu 3agaHHbIMK TpeboBaHusMK, 06ecneynBaeT Npo3payHOCTb U NOrMYHOCTb
NpUHUMaeMblx peleHnin. CTaHoBUTCS 6onee SACHbIM, MO KakUM KPUTEPUSAM KOHKPETHbIN NPOEKT
cooTBeTCTBYET TPeBOBaHMSAM, a MO KaKMM OTKMOHSETCS.
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[TpednoumeHusi akcnepmHbIx cosemog ®oHOa HOPMUPYIOTCS EXEroAHO A0 NPOBEAEHMS JKCMEePTU3bI
3adBOK B BMOe Habopa TpeboBaHMM Ha Lkanax KputepueB. Takue TpeboBaHWs, OTpaxarole
npeacTaBneHne 0 HeobXxoaumom YpOBHE KayecTBa (,HayyHOM CTaHgapTe”) MPOEKTOB, AOCTOMHbIX
NOAAEPXKKX, ONPedensoTCa Ha OCHOBE aHanmsa COCTOSIHAS U TEHAEHUMA pa3BUTUS UCCNeLoBaHUN B
COOTBETCTBYIOWMX 0BNacTax Hayku M npefctaBnswT coboi cBoeobpasHbin ,3TanoH’, ¢ KOTOPbIM
CPaBHMBAOTCS 3KCMEPTHbIE OLIEHKM MOCTYMUBLUMX 3asiBOK. 3asiBKW, OLIEHKW KOTOPbLIX MO KPUTEPUSIM
PaBHbI UV NPEBBILIAIOT UCXOAHbIE TPEGOBAHNS, NPU3HAKOTCS 3aCYXMBAIOLMMIA NOLLEPXKKM.

Pa3bueHne MCXO4HOMO MHOXeCTBa MPOEKTOB Ha [ABa MOAMHOXECTBA MOXET OblTb OCYLLECTBIEHO
NyTéM 3afaHus HEKOM ,MOTPAHNYHON” KOMBUHALMM OLEHOK: MPOEKTbI, Y KOTOPbIX OLIEHKU Bbile WUn
HWXe 3afjaHHbIX YPOBHEW, COCTaBNSAOT, COOTBETCTBEHHO, NEPBOE ¥ BTOPOE NOAMHOXeCTBa. [1pn aToM
Kaxabll NPOEKT M3 NEpBOr0 MOAMHOXECTBA ,ydwe” moboro nmpoekta W3 BTOPOro. 3HayeHus
MOrpaHNYHON KOMBMHALMM OLEHOK 06Pa3yloT HWXKHMIA MOPOr KavyecTsa, LONYCTUMbIA A1 NOAAEPKK
NPOEKTOB (,NOPOr NOAAEPKKN’) U MOTYT MHTEPNPETMPOBATLCS Kak Habop TpeboBaHWN, OTpaXKaroLLimMi
NPEAnOYTEHNs OpraHa, MPUHUMAIOLLETO PELLEHUs: YAOBNETBOPEHME 3TUM TpebOBaHWAM  CRyXWUT

HE06X0aAMMbIM UCXOAHbIM YCINOBMEM NMPUHATUNA 3aABKU.

Takoe opmanbHoe pas3bueHne, ECTeCTBEHHO, HE MOXET OblTb OAHO3HAYHO BEPHLIM K
OKOHYaTeNbHbLIM. BO-NepBbIX, OLEHKM JKCNepTOB CyOBEKTMBHBI 1, BO-BTOPLIX, Ntobas hopmanuiauus B
cthepe yHOAMEHTaNbHOA HaykW He Y4MTbIBAET MHOTME COAEepXaTesNbHble HKAHChl KOHKPETHbIX
MPOEKTOB, KOTOPbIE HEBO3MOXHO OTPA3NTb Ha LUKanax kputepues. OOHaKo MOXHO yTBepKaaTb, YTO B
yncno oTobpaHHbIX MO JAHHOW CXeMe MPOEKTOB C GOMbLUOK BEPOATHOCTbIO MOMagyT UMEHHO Te
MPOEKThI, KOTOPbIE MO COBOKYMHOCTW NMPU3HAKOB, XapaKTEPU3YIOLLMX HAY4YHbIA YPOBEHb N OTPaKEHHbIX
B CUCTEME KPUTEPUEB, NPEBOCXOASAT NPOEKTbI, MONYYMBLUME OLIEHKM, He COOTBETCTBYIOLME 3a4aHHbIM

TpeboBaHMAM.

KonnexmugHble npednoymeHusi 3KCnepmHoeo coobujecmea ans oT6opa NpoexkToB opMuUpyoTes ¢
MCTIONb30BaHMEM KOMGUHALMA JKCMEPTHBIX OLEHOK MO  KpUTEpUsM MyTEéM COMOCTABMEHNS C

3ajaHHbIMKN Tpe60BaHVIFIMVI.

CornacHo perfniameHTy NpOBEAEHUs 3KCMepTu3bl 3asBOK MO psay KOHKYpCcoB Poccuickoro thoHga
byHoameHTanbHbIx nccnegosaruii (POOU) n Poccuinckoro rymanmtapHoro HayuHoro goHga (PFH®)
9KCNEPT Hapsay C OLUEHWBaHWEM OTAEMbHbIX ACMEKTOB KaxgoW 3asiBKM AOMKEH BbiCkadaTb CBOE
MHEHMEe O LenecoobpasHOCTW MOAAEPXKKM WKW OTKMNOHEHUS MpOeKTa. FBHO  BblpaxeHHas
,PE3YNbTUPYILLAs pekoMeHaaumus” akcnepta (PaKTUYECKU YCTaHABMMBAET 3aBUCUMOCTb  MEXOY
KOMOMHALME OLEHOK COOTBETCTBYIOLIETO MPOEKTa MO KPUTEPUSM W €ro OTHECEHMEM (COrnacHo
peKoMeHZauun aKkcnepTa) K OQHOMY U3 KIacCoB, 3aCNyXWUBAIOLLMX NOALEPXKKN UK OTKNOHEHUS. Mpu
TaKoi MOCTAHOBKE 3adaun BbIOOpa MCMONb3yeTcs B ONpeAenéHHOM cCMmbicne ,0bpaTHas” noruka:
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roporoBasi KOMOMHALS OLIEHOK ONpeaensieTcs He GE30THOCUTENBHO K KOHKPETHBIM MPOEKTaM B Biae
HEKOTOpOro 3apaHee 3a[jaHHOro ,3TanoHa”, eAMHOrO NSt BCeX 3asBOK ANs [JaHHOTO BMAA KOHKYPCOB, a
CKNaJbIBaeTCs y 3KcrnepTa NPUMEHUTENBHO K KOHKPETHOMY NMPOEKTY B NPOLIECCE ero OLeHUBaHMS.

ArpervpoBaHHble onpedeneHHbIM 06pa3oM MHAMBUAYanbHbIE, B TOM YMCNE W MPOTUBOPEYMBLIE
PEKOMEHAALMN 3KCNEPTOB B COBOKYMHOCTM C MOPOroBbIMW KOMOMHALMAMM BepbanbHbIX OLEHOK Mo
KpUTEpWAM NpeacTaBnatoT ,peLlaioLime npasmna’, KoTopble, N0 MHEHWO YbeauTensHOro 6onbWwNHCTBA
9KCMEepTOB, AOCTATOYHbI ANS MOALEPXKKA UMM OTKNOHEHWS MPOEKTOB. Takue pellarolue npasuna
MOXHO paccmaTtpuBatb Kak BbIpaXEHNE KOHCONMAMPOBAHHbIX NPeAnoYTEHUI
BbICOKOKBAIIM(PULMPOBAHHBIX  YYEHbIX, MPUBNEKAaeMbIX K OLEHKe 3asBOK. WX MOXHO Takxe
WHTEPNPETUPOBATL KaK COPMUPOBAHHYKD ,CHU3Y" HAYYHYIO MOSIMTUKY MHOMOYUCAEHHOW rpynnbl
akcneptoB. B pesynbtate OyayT nonyyeHbl  anbTepHATWBHbIE MOAMHOXECTBA  MNPOEKTOB,
PEKOMEHYEMbBIX 1 HE PEKOMEHAYEeMbIX Ans NoAAepkku. [Ans pelweHns nogobHon 3aaaun MoryT 6biTh
NCNONb30BaHbl  METOAbI  rpynnoBoro  BepbanbHOrO aHanusa peleHnid  [lletposckui, 2009a;
MeTposckuin, 20096; Petrovsky, 2008].

MocTpoeHue pewarowmx npaBun gna otoopa NPOEKTOB

lMpvBeaemM B kayectBe npuMepa npouedypy, kotopas No3BONSET CGHOpMUPOBATL NPEAnOYTEHUS
9KCMepTHOro coBeTa (PoHAa B Buae Habopa peLuatowmx npaBun Ans pekomeHgauuin no noaaepxke u
OTKIOHEHUIO  KOHKYPCHbIX 3asBoK [boiveHko u gap., 2015]. [Mpouepypa oxBaTbiBaeT ABa
nocrnegoBaTenbHbIX 3Tana npouecca 3KCMepTU3bl:  MHOTOKPUTEPUANbHYID  SKCMEPTHYID  OLIEHKY
MOCTYNMBLUMX 3a5iBOK M NOArOTOBKY HA OCHOBE 3KCMEPTHbIX 3aKMOYEHUN MPearioKEHUA MO NepeyHto
3a5BOK, PEeKOMeHIyeMbIX Ans NoJAePXKN POHAOM.

Ha nepsom 3amane NpOBOAMTCS OLEHKA 3asBOK MO KPUTEPUSIM, KOTOPbIE OTPaXatoT pasfinyHble
acnekTbl npeanaraeMon nNpobnemMbl 1 UccrefoBaHus (HayyHast 3Ha4YUMOCTb, HOBU3HA, akTyanbHOCTb, U
np.) ¥ OCHOBHble COCTaBMALIME NOTEHUMANa WCNONHUTENen, Onpefenstme BO3MOXHOCTb
NONyYeHNs 3asiBMEHHOrO pesynbTata (HayyHas KBanuuKauusi, aHanuTUYeCKUn MHCTPYMEHTapun,
KOTOpbI ByaeT MCrnonb30BaH MpU MPOBEAEHWW UCCreaoBaHUs M T.n.). Kaxabll Kputepun uveet
MOPSOKOBYK LKAy, COCTOsLYK M3 TpEX rpajauui, KOTopble OMWUCHIBAKT MOCNEeLOBaTENbHO
ybbIBatOLLME YPOBHM ,KayecTBa’ MO AaHHOMY KPUTEPUIO: BbICLUMIA (OLEHKa ,a"), CpeaHuin (oueHka ,6"),
HW3WWIA (OLeHKa ,B"), O3HAYAIOLMA OTCYTCTBME AAHHOTO acnekTa. [na Kaxaon rpajauun Ha Lwkane
KpUTEPUS MPUBOAMTCA  Pa3BEPHYTas (HOPMYNMPOBKA, PacKPbIBAKOWAs CMbICTIOBYK TPAKTOBKY
COOTBETCTBYHOLLETO YPOBHS Ka4ecTBa.
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B cooTBeTCTBMM C pernameHTOM KOHKypca Kaxdas 3asBka paccMaTpuBaeTcs Tpems 3JKcrnepTamu.
JKCnepT OTMeYaeT Ha LKane Kaxaoro KpuTepus rpajauwio, B Hauborblien  CTeneHu
COOTBETCTBYIOLLYIO, MO €r0 MHEHUI0, YPOBHIO KayecTBa paccMaTpuBaeMon 3asiBKM MO AaHHOMY
Kputepuio. Kpome TOro, 3KCMepT COMpOBOXAAET Kaayl NPOCTABMEHHYID OLEHKY Pa3sBEPHYTbIM
KOMMEHTapueM C aprymeHTauuei Bblbopa MMEHHO TakOW OLeEHKW. [MOMUMO apryMeHTUpPOBAHHbIX
OLEHOK 3KCMepT nWLIET WTOrOBOE 3akniuveHne, B KOTOPOM 0OOCHOBBLIBAETCA OAHA W3 TPEX
peKkoMeHaaunit:
,A” — NpoekT 6e3ycnoBHO noaaepxars;

,b” — TNpOEeKT noaaepkatb MpW ONPefenéHHbIX YCroBUSX (Hanpumep, npu  BblAEneHUn
[OMOMHUTENbHBIX CPEACTB Ha [AaHHOe HayyHOe HampaBreHWe WnKW yMeHblueHu obbema
(DMHAHCMPOBAHMS Ha MPOEKT);

,B” = NPOEKT OTKIMOHUTb.

Habop aKCMepTHbIX OLEHOK MpOeKTa MO KPUTEPWSIM MOXET He COoBMajaTb C PEKOMEHLyeMbIM
9KCnepToM pelleHnem. lMpuMepamu Takux ,HEMOTUYHBIX" COYETaHUA OLEHOK MO KPUTEpUSM, He

COrNacyHLLMXCA ¢ pekoMeHaaLmen akcnepTa, MOryT CIyXWUTb CriedytoLe KoMOuHaLmm:

— OueHKa ,0” N0 BCEM KpUTEPUAM He COYeTaeTCs C pekomeHaaumen A’
— OueHKa ,B” X0Ts Obl N0 OAHOMY KPUTEPUIO HE COYETAETCs C pekomeHaaumen ,A”;

— pekomeHaauus ,A” BO3MOXHa TOMNbKO, €CNn Mo kputepuio ,MeTtoanka nccneaoBaxns” BoibpaHa
OLeHKa ,a”, a Mo 0CTanbHbIM KPUTEPUAM OLiEHKa ,0”;

— OleHKa ,B" no kputeputo ,MeTtoamnka uccneaosanns’ npu niboM CoYeTaHUN OLEHOK NO ApYrum
KpUTEPUSM BIEYET pekomenaaumio ,B”;

— OueHKa ,B”" o TpéM 1 bonee KpUTEPUSM BNEYET pekomeHaauuio ,B”;

—  pekomeHngauus ,B” HenornyHa, ecnu HWU No OLHOMY KPUTEPUIO He MPOCTaBleHa oLeHka ,B”.
Takve ,HenornyHble” COYETAHMS 3aJalTCH MPU  PACCMOTPEHUM  JKCMEPTHLIX  3aKMIOYEHWA U
obcyxaatoTcs ¢ aKCnepTamm C Lienblo UCKMIOYEHNS TEXHUYECKON OWNBKM unu Hepgopadymenust. Ecnu
9KCMepT HacTamMBaeT Ha CBOEM MHEHMM, 3asiBKa nepefaéTcsd B CEeKUMo COOTBETCTBYHOLLETO

9KCNEePTHOrO COBETA /151 COAEePKATENbHOTO PACCMOTPEHMUS U MPUHSTUS PELLEHNS.

Ha emopom 3mane Ha OCHOBE KOMOMHaLMM TpeX OKCMEPTHbIX 3aKMYeHnd opMUMpYOTCS
obobuarowme pekomeHgaumn — pewatowwe npasuna: M. Mogaepxats npoekt”, MNo. Mogaepxatb
NPOeKT YCIOBHO",
M3. ,OTKNOHWTL NpoeKkT’. MOXHO BbIAENUTH HECKOMbKO TWUMOB TakWX KOMOWHALWMIA 3aKMHOYEHUN,
3afaloLmMX peLlatLLe npasnuna Ans OTHECEHWS COOTBETCTBYHOLLMX 3asiBOK K OAQHOM W3 BblAENEHHbIX
KaTeropuit, Hanpumep:
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— BCe TpW 3KCMepTa eauHOAYLWHbl B CBOMX 3akntoueHusx (kombuHaumm AAA, BBB n BBB),
OTHECEHWe 3asiBOK K COOTBETCTBYIOLMM KAaTETOPUAM OYEBUAHO;

— B komMBuHaLUuK ecTb ABe oguHakosbl pekomeHgauun (AAB, AAB, ABE, BBEB, ABB, BEBB), Torga
NPUMEHSIETCS NpaBuno BONbLIKHCTBA FONMOCOB U ,0000LaLLei” CYUTAETCa peKOMeHaaLus,
BblOpaHHas ABYMS 3kcnepTamm U3 Tpéx.

B pesynbTtate hopMupyoTCS Knacchl NPOEeKToB, NONy4YMBLLMX pekomenaauum A", ,B" n B”.

Knacc 1. lNoppepxuBatoTca 3asBkM, NOMyYMBLUME KOMOWHaUMM pekomeHaaumin akcneptos: AAA w
AAB.

Knacc M2. YCnoBHO NoAAepXMBalOTCS 3asiBKM, NONYYMBLUME KOMBWHALMM PEKOMEHAALMA JKCIepToB:
BBA v BBEB.

Knacc 3. OTKNOHSAKTCA 3asBku, NONyYMBLUME KOMBWHALMKM pekoMeHgauuin akcneptos: ABB, BBB u
BBB.

B otaenbHbIn knacc s nonagaroT 3asBku, umetoLme kKomouHaumum 3aknoyeHnin akecnepToB ABB, AAB,
BEB, kotopble He MOryT ObiTb (DOpManbHO OTHECEHbI K OAHOMY W3 nepevHen. [lBe nocnegHve
KombuHaumy nognagaloT nog opmarnbHylo Knaccudukaumio, HO pekomeHgauws B’ ogHOro w3
9KCMEePTOB  UCKMKOYAET BO3MOXHOCTb aBTOMATUYECKOTO OTHECEHUS COOTBETCTBYIOLUMX 3asBOK K
NepeoMy WM BTOPOMY Krnaccam. 3asiBku, MONyuYMBLUME Takue KOMOMHALMM 3aKntoueHwid, TpebyroT
crneLmanbHoro pacCMOTPEHNUS.

AHanu3 utoros KOHKYPCOB NPOEKTOB

[ins aHanu3a UTOroB KOHKYPCHOrO 0T6opa NPOEKTOB, BbINOMHAEMbIX N0 rpaHTaM POOU n PTH®, 6bin
NCMONb30BaH HOBbIA METOLMYECKNA WHCTPYMEHTapWi, KOTOPbIM OCHOBAaH Ha MeTOAax rpynnoBoOro
BepbanbHoro aHanuaa pewexni [Petrovsky, 2008; Metposckui, 2009a].

B koHkypce POOU npoekToB LeneBblX (yHOAMEHTalbHbIX WCCNEO0BaHWN, BbIMOSHAEMbIX B
WHTepecax (pedepanbHbIX areHTCTB M BeAOMCTB Poccuu, akcnepTusa 3asBOK nposogunace no 11
Ka4yeCTBEHHbIM KpUTEPUSM, KOTOpble 06beayHeHbI B ABE PYnMbl: Hay4YHas XapaKTepuUcTMKa NpoekTa u

OLleHKa BO3MOXHOCTEWN NPaKTUYECKON peannsaLmm npoekTa.

lpynna ,HayyHas xapaktepuctuka npoekta” coctosna wu3 9 kputepues: Qi1. YpoBeHb
byHOameHTanbHocTn npoekTa; Q12. OpueHTMpoBaHHOCTL pesynbTaTta; Qq3. Llenn ncenegosanns; Qia.
MeTtogbl AOCTWXeHUs Lenu npoekta; Qis. Xapaktep uccnefoBaHun; Qqe. HayyHas 3HAuMMOCTb
npoekta; Qi7. CTeneHb HOBM3HbI mpednaraemblX peliennit; Qis. MoTeHuman ucnonHutenent; Qio.

TexHnyeckast OCHaLLEHHOCTb.
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B rpynny ,OueHka BO3MOXHOCTEN NPaKTUYECKOW peanusauun npoekta’ Bxoguno 2 kputepus: Qos.
3aBeplianllas cragus  (yHOAMeHTamnbHbIX WUCCNefoBaHWi, npegnaraeMblx B npoekte; Qoo
MacLutabbl NPUMEHUMOCTY PE3YNbTaTOB 3aSBMEHHbBIX UCCIIEL0BaAHMN.

Kaxabii Kputepui, 3a UCKNIOYEHNEM Kputepust Qrz, UMEn MOPSOKOBYKO WM HOMMHAMbHYIO LuKary
OLiEHOK C pa3BepHyTbIMM COBECHbIMM (DOPMYNMPOBKAMM rpafaumii kayecta. Hanpumep, Lkana
kputepust Q17. CTeneHb HOBM3HbI NpeanaraeMblX PELLIeHUIA BbIrnsaena cneayoLmm 06pasom:

x17' = pelleHuns copMynmMpoBaHbl BrepBble U CYLLECTBEHHO NPEBOCXOAAT YPOBEHb UMEHOLLMXCS
peLLeHuit;

X172 - peleHne HaxoanTca Ha YpoBHE NMEIOLLINXCA peLueHvl|7|;
x17% - pelleHue yctynaeT UMerLnUMCa peLLEeHNAM.

Ukana kputepus Qq2 obbeauHsna, No CyTW, ABA KPUTEPWS, XapaKTEPU3YHLLMX HanpaBneHHOCTb
pesynbTata Ha pa3BUTWE HOBbIX TEXHOMOMMA U WX WCMOMb30BaHWE B Pa3MUYHbIX OTPAcHsX
(bepepanbHbix areHtcTBax). [lo aTon npuunHe kputepuid Q2 BbiN WUCKMIOYEH W3 JarnbHenwero
PaCCMOTPEHMS.

Mo KaxgoMmy NPOEKTY KaXabl 9KCMepT AaBan TakKe CBOE 3akoYeHue O LenecoobpasHocTu
NOAAEPKKM NPOEKTa, MPOCTABNAA CREAYLLME OLEHKM: r1 — 6E3YCNOBHO nogaepxartb (oueHka ,5"), r2 —
LenecoobpasHo nogaepxatb (oueHka ,47), r3 — nopdepxka BO3MOXHa (oueHka ,3), rs — He
nopaepxueatb (OUeHka ,2"). 3TU OUEHKM HEe CyManmcb LMGPOBLIMM, C HUMM HEe BbINOMHAMMCH
apudmeTryecKue onepauum.

MogenbHas 6a3a aaHHbIX BKIOYana B cebs akCnepTHbIe OLEHKM NPOEKToB koHkypca POOU 2006 roga
no obnactam 3HaHuin: 02. du3nka M acTpoHOMWS (BCEro npeactaBneHo 127 npoekTos, M3 Hux 39
nopaepxaHo u 88 oTknoHeHo); 04. Buonorus v MeguuuHcKas Hayka (BCEro npefcraBneHo 252

NpoeKTa, 13 H1X 68 nogaepxaHo 1 184 OTKNOHEHO).

[Ons kaxgon w3 ykasaHHbIX obnacten 3HaHuin ¢ nomowbto mMetoga MACKA (MHuoroAcnekTHas
CornacoBaHHas Knaccudmkaums AnbTepHaTiB) AN rpynnoBON KnaccumKkaLumy MHOrONPU3HAKOBbIX
obbekToB [Metposckuin, 20096; Metposckun n ap, 2010] Gbinu NOCTPOEHLI TPYNNOBbLIE PELLAKOLMNE
npasuna Ang ortbopa 3asBOK, OCHOBAHHbIE Ha MHOTOKPUTEPUANbHBIX OLEHKaX MPOEKTOB W
PEKOMEHOALUMAX MHOMMX 9KCMEpTOB, 3anuCaHHbIX B BuAe MynbTUMHOXeCTB. CornacoBaHHoe
arperMpoBaHHoe rpynnoBoe MPaBUNO ANs NPUHATUS NPOEKTa, 3anuCaHHOE Ha eCTECTBEHHOM A3blke,
BbIrNsAgeno cnegyowum obpasom: ,[poekt crnegyeT 6e3ycrioBHO noagepxatb, €Cli OH UMeeT
NCKIHOYNTENBHO BbICOKYIO WK 3HAYUTENbHYIO HAYYHYH 3HAYMMOCTb (OLEHKM X16' UMK X162); MACCOBBIN
WM MEXOMCUMNAMHAPHBIN MacwTabbl MPUMEHMMOCTW PE3yNbTaToOB 3asiBMEHHbIX WCCRea0BaHuiA
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(oueHkn Xx21' MM X212); mpepnaraeMble B MPOEKTE MCCEAOBaHWA 3aBepLuarTcs nabopaTopHbiM

06pa3LiOM UK KMYEBbIMU AMEMEHTaMI Pa3paboTKM (OLIEHKN Xao! UMK X202)".

MocTpoeHHble npaBuna KnaccudukaLun NPOEeKTOB NO3BOMMNM ONpedenuTb Haubornee 3HauuMble
KPUTEPUM, KOTOPble OKa3blBAKT peLlalollee BhUsiHWE Ha OTOOP MPOEKTOB, OLEHUTb KAayecTBO W
COrNaCcOBaHHOCTb AKCMEPTHBIX OLIEHOK, BbISIBUTL CYLIECTBEHHbIE PACXOXKAEHUS B MHEHUSIX SKCMEPTOB.
AHanu3 UToroB 3KCMepTH3bl MPOEKTOB MOKa3ar, YTo YPOBEHb COMMACOBAHHOCTI MHOTOKPUTEPUATbHbIX
9KCMEPTHLIX OLEHOK MPOEKTOB MO KPUTEPUAM W MHOMBMAYamNbHbIX 3aKIOYEHWUA 3SKCMEPTOB MO
MOAAEPXKKE MPOEKTOB OKa3arcs HEBbLICOKUM. BbiNo BbISIBNEHO 1OCTATOYHO MHOTO NPOEKTOB, UMEIOLLINX
PACXOXKOEHUSI MEXOY OLEHKOM WX COAepXaHUst U 3aKMIYEHUSIMU SKCMEPTOB. ATW NPOEKTbI TPebyT

JONOJIHATENBbHOIO aHanusa.

B koHkypce PIH® wHWUmMaTVBHbIX (hyHAAMEHTaNbHbIX WCCMEdOBaHWA  3KCMepTHas OLEeHKa
cogepxaHus 3asBok nposoaunack no 20 Ka4yecTBEHHbIM KpUTEpUSM, OObEAWHEHHbIM B YeTbipe
rpynnbl: OLEHKa Hay4yHOrO YPOBHA MpOEKTa, OLEHKa MOTeHUMana peanu3auuu npoekTa, OLeHka
Hay4HOW KBanMUKALMK UCMOSTHUTENEN NPOeKTa, OLEeHKa (PUHAHCUPOBaHMS NPOeKTa.

[Mepsas rpynna ,OLeHKa Hay4HOro YpoBHS NpoekTa” BkNtoyana 7 kputepues: Q1. PyHOAMEHTaANbHOCTb
uccneposannsg; Q. HayyHas 3HAUMMOCTb  OXWUZAEMbIX pesynbTaToB  uccrefoBaHus; Qs
AKTyanbHOCTb Hay4Hom npobnemsl uccnefosaHns; Q4. KomnnekcHocTb uccnegosanns; Qis. Hayyras
HOBM3Ha uccnegosaHus; Qie. COBPEMEHHOE COCTOSIHWE MCCReaoBaHWA No npobneme npoekta; Qi7.
CoOTBETCTBME HA3BaHWA MPOeKTa Hay4HOWU Npobneme uccnesoBaHus.

Btopas rpynna ,OueHka noTeHuuana peanusauuu npoekta” coctosna u3 7 Kputepues: Qo1
AnekBaTHOCTb METOLOB  MCCMEAOBaHMS M MPUMEHSIEMOrO  MHCTpyMeHTapus; Q2. HoBu3Ha
METOANYECKOrO MHCTPYMeHTapus uccnenoBannst; Qus. ALEKBATHOCTb MH(MOPMALMOHHLIX W ApYriX
pecypcoB 3agadam uccnegoBaHns; Qos. O6LWMiA nnaH paboTbl; Qos. YETKOCTb N3NOXKEHUS U NOTUYECKas
B3aMMOCBSI3aHHOCTb LieNn, 3aday, MeTofdoB MccrefoBaHus, obulero nnaHa paboTbl U OXuaaeMblx
pesynbTaToB; Q. PopMa npeacTaBneHns pesynbTaTtoB npoekTa; Qz7. MoTeHUManbHble BO3MOXHOCTY
NCMOSb30BaHWSA Pe3ynbTaToB UCCMELOBAHNS NPY PELLEHUM NPUKaaHbIX 3agau.

B tpetbio rpynny ,OueHka Hay4HOW KBanMuKaLmm UCMONHUTENEN NpoeKTa” BXOAWMIO S KpUTepues:
Q31. Keanudmkaums pykosogutens npoekta; Qsz. KBanudukauus ucnonHutenen npoekta; Qss.
HayyHblin 3agen no npoekTy; Qs4. Y4yacTue MHOCTpaHHbIX ucnonHuTenen; Qss. BospacTHoW cocTaB
UCNOSHUTENEN.

UetBeptas rpynna ,OueHka duHaHCMpoBaHMA npoekta” coctosna w3 1 kputepusi:  Qai.
O60CHOBaHHOCTb 3asBNIEHHOrO 06beMa PUHAHCUPOBAHNS.

Kaxapbli Kputepuin MMen NopsiaKoBYHO MW HOMWUHANBHYHO LLUKany OLEHOK, COCTOSALLYI0 U3 2-3 rpagauun
Ka4yecTBa C pPas3BEPHYTbIMM CMOBECHLIMA (DOPMYNMPOBKaMK, 3@ WUCKIOYEHNEM Kputepus Qos, LKana
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koToporo umena 7 rpagauun. K npumepy, wkana kputepus Q2. HayyHas 3HauMmocCTb OXuOaeMblx

pe3ynbTaTtoB UCcneaoBaHuna BblrnAanena cneayownm 06p330MI

X12! — pesynbTaTtbl MOrYT KayeCTBEHHO W3MEHUTb COBPEMEHHble MPeACTaBneHus O MpuUpoae,
CTPYKTYpe 1 3aKOHOMEPHOCTSX SABNEHNA (0BEKTOB), M3yHaeMblx B JaHHOM 06nacTu Hayku;

X122 — pesynbTaTbl MOMYT CnocoOCTBOBATb YriyONEHWMIO CYLLECTBYIOLEA CUCTEMbI 3HAHWIA O

sBneHnsx (06bekTax), COCTaBNALMX AaHHYI0 NPeAMETHY0 06nacTb Hayku, 1 X B3aMMOCBS3N.

Mo KaxOoW 3asiBKE Kaxdbl SKCMEPT AaBan Takke CBOK PEKOMeHZAuMio MO NOAAEpXKKe MPOekTa,

NpOCTaBNsAs OAHY W3 CrieAyHOLMX OLEHOK: 1 — NOAAEPXATb, 2 — HE NOAAEePXMBATb.

MogenbHas 6a3a gaHHbIX BKIoYana B cebs aKkCnepTHbIe OLEHKM 3asBOK Ha koHkypc PIH® 2013 roga
no Hanpasnenuto 06-210. ObLyas ncuxonorusi, UCTOPUS M METOAbI NCUXONOTMKM (BCETO NPEACTaBNEHO
39 npoektoB, 3 Hux 10 6bin0 nopgepxaHo U 29 OTKNOHEHO). MHOrokpuTEpUarnbHble OLEHK
KOHKYPCHbIX 3as1BOK, 3an1caHHble B BUAE MYNbTUMHOXECTB, Oblnn ynopsiaodeHbl YeTbIpbMs METOLAMM
rpynnoBoro nNpuHaTus pelwenuin: metogom APAMUC (ArpernpoBanne n PaHxupoBaHue AnbTepHaTuB
okono  MHoronpusHakosbix — WMgeanbHbix  Cutyauwit),  npouegypon  bopga,  meTogom
neKkcuKorpacyeckoro  ynopsigouMBaHns, MEeTOAOM TPYNMoBOA  MEepapXW4eckom  Knactepusauumn
[MeTposckuir, 20093, 6].

Bce yeTbipe MeToga danu oveHb 6nuskue pesynbTathl. HavanbHble 4acTu [BYX PaHXUPOBOK,
nocTpoeHHbIx Metogamn APAMUC 1 nekcukorpadMyeckoro ynopsimoyeHns, NoONHOCTLI0 CcoBnaaan.
Takas e 4acCTb paHXMpOBKK, MOCTPOEHHOW C MOMOLLBI NpoLeaypbl bopaa, o4eHb Mano oTnuyanach
OT NepBbIX ABYX PaHXMPOBOK. JlNwb y ABYX map NpOeKToB Habroganach nepectaHoBka MECT, YTO
NPaKTUYECKN HE MEHSNO 0bWwmin nopsgok. [JoctaToyHO XOpOLO COBMajanu TakKe CpeaHue U
KOHEYHble 4acTu BCEX TPEX PaHXMPOBOK, Kyaa BXOAUIN OTKITOHEHHbIE NPOEKTbI 1 Ba PEKOMEHOYEMbIX
ANS (PMHaHCKUPOBaHMS NpoekTa. Heckonbko 6ombLue pacxoamnoch C paHXMpoBKkaMi pasbueHmne 3asBok
Ha [Ba knactepa: nepBbli, rae NpuCyTCTBYET 14 NpOEKTOB, B TOM uucrne 7 NOAAEPXaHHbIX W 7
OTKMOHEHHbIX, 1 BTOPOIA, cofdepxalynii 25 NpoeKkToB, U3 HUX 3 NOAAEPXaHHbIX M 22 OTKIOHEHHbIX.
AHanus pesynbTaToB, MONYYeHHbIX METOAAaMM [PynnoBOro BepbanbHOrO aHanusa, nokasan ux
NPaKTUYECKN NOSHOE COBMafEHNE C 3aKMOYEHNEM CEKLMM JKCMEPTHOrO coBeTa PoHAA O nogaepkke
NPOEKTOB, YTO CBUAETENLCTBYET O OCTATOYHO BbICOKOM Ka4YeCcTBe MPOBEAEHHON 3KCNEPTU3bl, a Takke
0 HaJieXHOCTU W afleKBATHOCTM UCMOMNb30BaHHbLIX MeTO40B 06paboTKM AKCNEPTHBIX OLEHOK.
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3aknioyeHue

MpaHTOBas (hopma MOAAEPXKKA Hayku MpefcTaBnsieT CoOOM XOpOLO CTPYKTYPUPOBAHHY U MHOTVe
LECATUNETUS  YCMELLHO (DYHKUMOHMPYIOLYIO CUCTEMY CTUMYNIMPOBAHUS WCCMEROBaHMIA, KOTOpast
OCHOBaHa Ha €AMHbIX OCHOBHbIX MPWUHUMNAX W WCMOMb3yeT CXO4Hble OpraHW3auuoHHble U
MeTOAMYECKME WHCTPYMeHTbI, y6eauTenbHO AokasaBlume CBOK paboTocnocobHocTb. epecmotp u
nepeoLieHka MPMBLIYHOMO CTUNSA PaboTbl HayuHbIX (POHAOB M YCTOSBLUMXCA MPOLELYP MPOBEAEHWS
KOHKYPCOB AMKTYeTCS MoBbilieHneM TpeboBaHWn K 060CHOBAHHOCTM peLLeHWn No 0TOOpY MPOEKTOB,
onpeaensiemMbiX HOBOW POIbo 1 OTBETCTBEHHOCTbIO (DOHAOB B NOAAEPKKE (DYHAAMEHTAmNbHON HayKu.

[MpeanoxeHHble Noaxoabl U MeToabl 0BpaboTkM SKCMEPTHBLIX OLEHOK 3asiBOK Ha MOSTyYeHne rpaHToB
noKasanu CBOK NPAKTUYECKYI NMPUrOAHOCTL NMPU aHanu3e MTOroB KOHKYPCHOrO OTOOpa MpOeKToB B
Hay4YHbIX (poHaax. KoppekTHoe MCnonb3oBaHMe paspaboTaHHOTO METOAMYECKOTrO MHCTPYMEHTapUs
ByneT cnocobCTBOBaTH MPO3PAYHOCTU AKCMEPTHBIX NPOLEeAyp W, COOTBETCTBEHHO, 060CHOBAHHOCTY
NPUHUMAEMbIX PELLEHNA.
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Multi-Criteria Methods of Competitive Selection of Projects in the Science Foundation

Alexey Petrovsky, Victor Boychenko, Alla Zaboleeva-Zotova, Tatiana Shitova

Abstract: The paper deals with possible approaches to the formation of scientific policy and
competitive selection of applications for grants in the State Science Foundation by the methods of multi-
criteria selection and group verbal decision analysis. These methods provides for ordering and
classifying objects described by many qualitative characteristics, and are based on the theory of metric
spaces multisets. Examples of the practical application of the proposed approach in the Russian
Foundation for Basic Research and the Russian Humanitarian Foundation are considered.
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WCCNEOQOBAHUE U NPOBEPKA NOANUHHOCTW 3ALLUTHBLIX TONOrPAMM

PomaH TenatHukoB, MBaH LLymckuit, Muxaun bensukuin, FOpuin KapsakuH

AHnHomauus: B pabome onucbigaemcsi opuauHarnbHoe ycmpolicmgo 015 uccrnedosaHusi U KOHMPOSS
nodnuHHOCMU  ompaxamenbHbix eonoepamm. [lpuHuyun Oelicmeus ycmpolicmea OCHO8aH Ha
U3MepeHuU napamempo8 COCmasnsouwux 20102pammy OUGPaKUUOHHBIX PEeWemoK U Nomy4eHuu
OUEHKU ee nOOMUHHOCMU NymeMm UX CPaBHeHUs C 3MarOHHbIMU 3HaYeHUsMU. WM3mepeHue
napamempos OubpaKUUOHHbIX PEWemoK OCHOBaHO Ha Cceolicmee ompaxamesbHbIX 20/102paMm
pa3nazamb Ceem HEKO2ePEHMHO20 UCMOYHUKA Ha cnekmparbHbie cocmaesnswue. CkaHupogaHue
207102pamMmbl N00 pasHbIMU yeramu no asumymy U yerny Mecma noseosnsem nomyqums 06bem
uHghopmayuu, docmamoyHbili Ons pacyema 8HYMPEHHUX nhapamempos 20/02pamMmbl No 8cell ee
nmowaou.

Knrouesnie cnosa: 2omozpamma, NodmUHHOCMb.

ACM Classification Keywords: CCS - Applied computing - Computer forensics - Investigation
techniques.

BBepeHue

PbIHOK ronorpaduyeckon npoaykuuu orpomeH. [lpuyem XypgoxecTBeHHas ronorpagus B Buae
06BbEeMHbIX (DOTOPEANMCTUYHBIX KOMUA Pa3nnyHbIX LIEHHOCTEN M NPOU3BEAEHUI UCKYCCTBA COCTaBNSET
BeCbMa Manyo ero Yactb. OCHOBHas 4OMNs NPOM3BOAMMBIX CErOfHS roriorpamMm npeaHasHaveHa ans
3almMThl OT MOAAEenKW Apyron npodykumn. W ecnu B Havane pasBuTUS rofiorpacpuyeckon UHOYCTpum
CTOMMOCTb M CIIOXHOCTb 06OpYyAOBaHUS AeACTBUTENBHO obecneyvBana pelleHne 9ToW 3agayu, To
ceiyac ronorpammbl CTamuM CaMW HyXOaTbCs B 3aliuTe OT NOAOENKM, a COOTBETCTBEHHO - B
pa3paboTke cnocoboB 1 YCTPOMCTB KOHTPONS UX NOANMHHOCTU. Hanbonee pacnpocTpaHeHHbIN cnocob
3alMTbl roNorpamMMbl — BHEZPEHWEe B HEe TaK Ha3blBaEMbIX CKPbITbIX METOK, KOTOpble MOryT 6bITh
BM3Yanu3upoBaHbl CheuuanbHbIMKM - MOpTaTUBHLIMKA  fa3epHbiMu  npubopamu. OpHako Hamuume,
MECTOMNOMNOXEHNE W BUA METKW 3a4acTyld COCTaBMSeT KOMMEpYECKyl TauHy. 3afjadva co3faHus
YCTPOWCTBA, CMOCOOHOr0 NPOKOHTPOIMPOBAaTL COOTBETCTBME NapaMeTpoB UCCIeayeMOoi ronorpammbl
3a0aHHbIM 3HaYeHUs OcTaeTcs akTyarbHoW. B nogobHOM yCTpOACTBE 3auMHTEPEcOBaHbl B NEPBYHO
ovepedb KPUMUHANMCTUYECKMEe OpraHbl Kak [nd BbiSBNEHWs akta noggenku, Tak W Ans
Knaccudmkaumy Buaa Nnoaaenku ¢ Lenbto obHapyXeHUs HOBbIX Npou3BoauTenen KoHTpadakTta. Kpome
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TOro, npAMyr 3auMHTEPECOBAHHOCTb BblKasblBalOT W CaMW  NpOM3BOAUTENW ronorpamMm  And
obecneyeHns KOHTPOJ1A Ka4eCTBa Ha Pa3nuyHbIX CTaAnAX NPou3BOACTBa.

Onucanune npubopa

O6wwmn Bug npubop nog HassaHuem ,Peryna 2303 npeactasneH Ha pucyHke 1 [[laTeHTHas 3asiBka
PB, 2013]. Mpubop ocHaLLeH LMPPOBOIA 5-TM MEranuKCENbHOM KaMepPon N MaTPUYHBIM OCBETUTENEM.
Ocsetutenb npeacraenset u3 cebs matpuuy NxM nonynpoBOOHWMKOBBIX MCTOYHMKOB cBeTa 6enoro
LuseTa. Bo Bpems npoBefeHMs UccnefoBaHUs MOXHO BKMTOYaTh J1I0BON NCTOYHUK CBETa U3 MaTpuLpbl,
KaKk WMHAMBWAYanbHO, Tak U OfHOBPEMEHHO C [PYrUMW WCTOYHMKAMU W3 MaTpuupl B IItoBoN
KoMOuHaumM. 310 Heobxoammo Ans (POPMMPOBaHMS pPa3nuyHbIX HOPM Anarpamm HanpaBnEHHOCTY
oceeTutens, obecneuuBatowmx  Tpebyemoe  Bu3yanuampyemoe  U3oOpaxeHue - rororpammbl
(Makcumm3aums OudpakuMOHHON 3DdEKTUBHOCTI, CENEKTUBHAS BKU3yanu3auns OTAEMNbHOrO nnaHa
ronorpammbl 1 T.n.). OCBETUTEND MOXET BpaLlaTbCs BOKPYr obbekTa nccnegosanus Ha 360 rpagycos
C OUCKPETHOCTHLIO B 1 rpagyc.

Puc 1. BHewwHwuit Bug yctpoinctea ,Peryna 2303”
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[nsa nonyyeHus cepun NPUroAHbIX AN NPOBEPKU MOASIMHHOCTY LMPOBLIX N306paKeHnin 3aLLnTHBIX
ronorpamm npubop "Peryna 2303" cogepxuT B CBOEM COCTaBe ABE LMPOBble Kamepbl C
BO3MOXHOCTbHO  M3MEHEHMs  (DOKYCHOTO  PacCTOSHUS.  XapaKTEepUCTWKW  paspelleHns npubopa

npuBegeHbl B Tabnnue 1.

Tabnuua 1. PaspeLuatowas cnocobHocTs npubopa ,Peryna 2303”

Mukpocbemka
MakpocbeMka | MunumansHoe yBenudeHne | MakcumarnsHoe yBennyeHme
(1 kpar) (12 kpar)
Mone 3peHus, um 92 x 69 29 x 22 24x1,8
Pa3spelueHue, dpi 710 2260 27 500
Pa3mep nukcens, Mk 36 11 0,92

MporpavMmHoe oGecrieyeHne yCTPOCTBA MO3BONSIET HACTPOUTb M COXPaHWTbL CLEHapWi MPOBEPKM
NOANUHHOCTI UCCTEeAyeMOoit ronorpamMmbl: NapameTpsbl LMGPOBLIX Kamep, UCNOMb3yemble Auarpammbl
HanpaBMeHHOCTM OCBETUTENS B TOYKAX CKaHWPOBAHWs, MOCNEAOBATENBHOCTL NEPEKMIOYEHNS
CBETOAMOOOB Ansi 0OEecreyeHnst BO3MOXHOCTM pacyeTa napameTpoB AMGPaKLUMOHHBIX PELIETOK
ronorpamMmbl. Mpuvep U306paXeHNi ronorpammbl, UCMONb3YEMO ANS 3allMTbI LUEHTEHCKOI Bi3bl NOA

pa3nnyHbIMK yrnamm OCBELWEHUA U NPU Pa3SIM4HOM YBENUYEHUN NpeacTaBneHbl Ha PUCYHKE 2.

Mukpo (1 kparT) Mwukpo (2 kparT) Mwukpo (4 kpar) Mukpo (12 kpar)

Puc 2. dparmMeHT ronorpamMmmbl LLEHrEHCKOW BU3bl MOA pasHbIMK YriiaMu OCBELLEHUS (BEPXHUIA psa) v

MpW Pa3HOM YBESTMYEHWUN (HWKHWUIA psg)
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MpuHuMn paboTbl npubopa

B cratbe onucbiBaeTcA [anbHeullee passuTMe annapatypbl W obpabaTbiBalowux anropuTMoB
npeacTaBneHHoro Ha koHdepeHumn ,HoloExpo-2013” npubopa "Peryna 2303", npeaHasHaYeHHOro Ans
ncenefoBaHWs 1 KOHTPONS NOASIMHHOCTY ronorpamm [bensukui u gp., 2013].

Pabota npubopa "Peryna 2303" ocHoBaHa Ha MonyvyeHWW W aHanuse UMdpOBLIX N30OPAKEHUI
roflorpaMmbl, OCBELLAEMO HEKOrepeHTHbIMW UCTOMHWKaMM 6enoro ceeta C pasnnyHbIX YrioB Mo

BEPTMKANM W MO rOpU30HTanM.
B pamkax ynyJLeHus hyHKUMOHarna yCTpoiCTBa Oblnk peLLeHbl CrieayioLLme 3agaym:

1) TlonyyeHne WHQoOpMaUUM O MUKPOCTPYKTYpe TronorpaMMbl  Ha OCHOBE — aHanusa
MaKpOM3MEPEHNI (COBOKYMHOCTW M30BpaxeHui ronorpaMmbl).

2) Paspabotka MetogoB 06ecneyveHust MHBAPUAHTHOCTM MPOLEAYPbl KOHTPOMS MOAMMHHOCTY
ronorpammbl K 4ONYCTUMbIM UCKKEHWUSM.

HeobxoanmocTb pelleHns faHHbIX 3agadq 00ycrioBeHa TeM, YTO rofiorpamMma COLEPXUT SNEMEHTbI,
pa3mepbl KOTOPbIX COM3MEPUMbI C ATMHOM BOMHbI UCTOYHMKA CBETA, U NPU LMGPOBOM CKaHUPOBAHMM
ronorpammbl MOSyYeHHble M300paxeHnst CyLLECTBEHHO MEHSIOTCA NPU HE3HAUMTENbHOM CABUME
ronorpammbl OTHOCUTENbHO OOLEKTMBA M MUCTOYHMKA cBeTa. Mcnonb3oBaHWe B KayecTBe 3TarioHOB
rpacnyecknx 13006paxeHun ronorpaMmmMbl NPUBOAUT K HECTabWUIbHOCTM pesynbTaToB aHanusa U
CpaBHEHWSI TECTUPYEMOMN rOMnorpaMmMbl C 3TanOHHbIMKW 0bpasamu U genaeT npoueaypy KOHTpons
NOANMHHOCTM HeadhdekTMBHON. [oaToMy, B HOBOW Bepcun npubopa cpaBHWUBAKOTCA Mexay cobomn He
ronorpaguyeckue n3obpaxeHns, a noy4YeHHbIE Ha UX OCHOBE MHOrOMEPHbIe 06pasbl, MHBapUaHTHbIE

K B3aMMHOMY pacnosioXeHUo muccnegyembix ronorpamm, NICTOMHMKA CBETA U obbekTuBa.

B ocHOBY npoueaypbl KOHTPOMS NONOXEHa WAes CPaBHEHWS C 3TaNOHHLIMM 3HAYEHUSIMU TaKWX
XapaKTepUCTUK rofiorpamMmbl Kak:

nepuoa audpakynoHHomn peweTtku (OP) d;
opveHTauus P a;

yrnosas cenektusHoCTb [IP AB;

—  AndpakuMoHHas 3¢PEKTUBHOCT I).

Mpu 3TOM ronorpamma NpeacTaBnseTcs kak COOTBETCTBYHOLWMIA OTCKAHUPOBAHHOMY M300paxeHuo
pacTp F, B KOTOPOM Kaxzoe 3HayeHue nukcens fj npegcraBnsercs B BULE MHOrOMEPHOTO BEKTOPA,
cofepxallero MHGhopMaLmio 0 XxapakTepucTUKax PacnonoXeHHOW Nog HUM AMgPaKLUMOHHON peLLeTKu
(d, a, AB, n). He npuHagnexalyue ronorpamMmme nUKCENY pacTpa He aHanuaupyoTes.

CylwiectByeT CBSisb Mexay paspeluatolieir CnocobHOCTbIO pacTpa (pasmepom nukcens Le) u
pasmepamu AndpakLMOHHBIX peLweTok Lp, M3 KOTopbIX coCTaBneHa ronorpamma. [ns ogHO3Ha4HOro

onpegenexus napametpos [P Heobxoammo obecneunTts BbinonHeHne yenosus Lr < Lp. B npoTneHOM



76 International Journal "Information Technologies & Knowledge" Volume 9, Number 1, 2015

cryyae nukcenb pactpa OyaeT WHTErpupoBaTb XapaKTEpPUCTUKM Monafatlmx B ero obnactb
Heckonbkux [P C pasHbiMM  xapakTepucTukamu. Yctpoicteo "Peryna 2303" obecneunBaet
BbINOSHEHNE YKa3aHHOTO YCNOBMS AN151 3aLLMTHBIX FONorpamm, y KOTopbix pasmepbl AP 6onblue 1 Mkm.

Ha aTtane uccnefoBaHWs ronorpaMMbl aHanu3npyloTcs OTCKAHMPOBaHHbIE NOJ BCEMU BO3MOXHbLIMY
yrnamu n3obpaxexns. B pesynbtate aHanu3a opmmpyoTcs:

1) aTanoHHoe onucaHue (0bpas) ronorpammel B Buae pactpa F(d, a, A6, n) n

2) CcLeHapwit KOHTPONS NOAMHHOCTM roforpamMMbl.

JTan aBTOMaTN4eCcKoro KOHTpPOJ1A NOANNHHOCTYK rofiorpaMmmbl COCTOUT U3 TPEX LIAroB.

Ha nepBoM ware BbINOSHSETCS ONEpPaTUBHOE CKAHWMPOBAHME FONOrpaMmbl C HECKOSIbKUX PaKypCoB.
OTOT wWar Heobxoaum Ans pacno3HaBaHWs no umetowenca B[l Twna ronorpammbl, a Takke
[ETEKTUPOBAHMSA PACMOSIOKEHNS rofiorpaMmbl B Kafpe, OLEHKU ee OpUeHTaUun 1 npeaBapuTesibHoON
OLIEHKN FEOMETPUYECKNX UCKXKEHNIA.

WNHdbopmaLms 0 pacrionoXeHuu 1 OpUeHTaLMM ronorpaMMbl YYNTLIBAETCS B CLEHAPUM CKAHMPOBAHMS
BO BPEMS BbIMOMHEHUS BTOPOrO Lara: noryYeHus 3a4aHHOro CLEHapUeM MHOXECTBA M300paKeHMuil
ANs pacyeTa napameTpos pacTpa F.

Ha TpeTbeM wware OCyLLEeCTBNAETCA CPaBHEHME NapaMETPOB pacTpa uccneayemon ronorpaMmmbl Fucen
C napameTpamm 3TafioHHOro pacTpa Far. Ha 3TOM Lare AONONHWUTENbHO Y4YUTLIBAETCA UHDOPMAaLUS O
FeOMETPUYECKUX WUCKAXKEHUSX WUCCIIEAyEMON rofiorpammbl C Lienblo obecnevyeHns MHBapUaHTHOCTY
npoueaypbl K TEXHOMOMMYECKM U ApYriM aedhopmaLmnsam (CxaTtue/pacTtskeHune, uarnbbl/HenpuxaTocTb
nT.n.).

Buabl paccornacoBaHuin napameTpoB KNacCUUUMPYIOTCS Ha [OnycTUMble WM HeponycTumble. K
[OMYCTUMbIM  OTHOCATCH  UCKaXeEHWs!, CBA3aHHble C HENmnoTHbIM MpuUreraHneM rororpammbl K
NpeaMETHOMY CTOMMKY YCTPOWCTBA M3-3a AeOopMaLn OCHOBbI, HA KOTOPYK HaHeceHa roforpamma.
Bcrnencteue Takux gedopMaunii HEKOTOpble y4acTk ronorpammbl MOTYT NPUNOGHMMATLCA W/
WMETb HaKMOHbI MO BEPTUKANM U FOPU3OHTANIM OTHOCUTENbHO MIIOCKOCTU CTONMKA. [punogHATOCTb U
HaKMoOH MO BepTWKanW NpUBOAAT K oOwwnbkam pacdyeta wara [IP d, a HakmoHbl MO ropuU3oHTanu
NpVBOAAT, B NEPBY oyepedb, K owwnbkam pacyeta opueHTaumn [P o M B MeHbLUEN CTENEHU K
paccornacoBaHuio napameTpos A6 u 1.

AnropuT™M CpaBHEHWUS| Y4WUTbIBAET AOMYCTUMbIE 3HAYEHWS BCeX BWUAOB Aedopmauni npu pacyeTe
WHTerpanbHON OLIEHKN CXOXECTW UCCIeAyeMON rornorpaMMbl ¢ 3TanoHHoW. [Insg y4acTKoB ronorpaMmbl,
KOTOpble UMEOT HeZOoNyCTUMbIE OTKMOHEHWUS anrOpUTM CPaBHEHUS BblgaeT AMarHo3bl C BENNYMHaMM
paccorfiacoBaHus Mo CrWUCKy KOHTpornupyemblx napametpoB (d, a, A8, n). YuutbiBas OrpomHywo
N36bITOYHOCTb BOMBLUMHCTBA FONIOrpaMM, faxe 3HaYUTENbHbIE ONYCTUMbIE UCKKEHNS HE MPUBOAST K
OLWKBKe NPy NPUHATUM PELLEHUS O NOAMMHHOCTM TecTpyemoro obpasua.
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B obuwem Buage cxema paboTbl npubopa npeacTaBneHa Ha pUCYHKe 3.

CKaHHpOBAHHE 10 QopMEpOBaHHE
OmneparuBHOE Pacno3HaBaHue
CIEHAPHUI [IA KapTe!
CKaHHPOBAaHHE THIIA
3aIaHHOTO THIIA romMorpaduu
baza nanHsx
(ommcarme romorpam)
CpaBHeHHE
Peaynerar = OrcEe Pacuer pactpa
pacTpoe KOMIICHCAIIIS
KOHTPOILS : F _{d a, A0 n)
F.uF, HCKaKeHHi QHCCT 7 el

Puc 3. Cxema paboTbl npubopa npu npoBepke NodIUHHOCMU 20/102paMMb

3aknoueHune

Pa3spaboTaHHast TEXHOMOrMA KOHTPOMS MOASIMHHOCTW rONorpaMMbl, NMPUMEHEHHAs B YCTPOWCTBE
"Peryna 2303" obecneunBaer:
a) B OTNMYME OT CYLLECTBYIOLMX NAa3epPHbIX AETEKTOPOB KOHTPOMb BCEW MIOWaau 3aliuTHOM
ronorpaMmbl;
b) ycToiuMBOCTL MpoLedypbl KOHTPONS B CUY €€ HEYyBCTBUTENBHOCTW K TEXHOMOrMYECKUM
NCKaXXeHWaM 1 aedopmam camom ronorpammbl;
C) CHWKeHWe TpeboBaHUl K MO3ULMOHWPOBAHWMIO rOMOrpaMMbl B MOME 3pEeHUs  Kamepbl
yCTpOMCTBa.
B cBoto ouvepeqb, HOBas Bepcus NpoLeaypbl KOHTPONS NOASMHHOCTW FOMorpamMMbl, KOTopas 8Mecmo
cpasHeHUsi  U306paxeHull  KOHTPONMUPYET  pacXOXOeHWe  napaMeTpoB,  XapaKTepUayHLLMX
MWKPOCTPYKTYpY ronorpamm {d, a, AB, n) obecneyuna:
a) CHWkKeHWe TpebOBaHWA K BbIPABHWUBAHWMIO [OMOrPAMMbl B FOPU3OHTANbHOM MAOCKOCTY
(NpwxaTocTn K NpeaMETHOMY CTONMKY npubopa);

b) BbisiBNEHME HECOOTBETCTBUII HA YPOBHE MapameTpoB AndpaKkUMOHHbIX peweTtok F(d,a,A8,n)
ncecnegyemon ronorpamMmbl;

C) BO3MOXHOCTb 3afj@aHWs NOPOroB AETEKTMPOBaHWUS (hakTa NoAAEenkM pasaensHo No Kaxaomy v
kpuTepues pactpa (d,a,A8,n);
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Examination and Authenticity Control of Secure Holograms

Raman Tsialiatnikau, lvan Shumsky, Mikhail Beliatski, Yuri Kariakin

Abstract: The paper describes the original device for the examination and control of authenticity of
reflection holograms. The operating principle of the device is based on measuring the parameters of
diffraction gratings constituting the hologram and obtains estimates of its authenticity by comparing
them with the reference values. Measurement of diffraction gratings parameters is based on the ability
of the reflection holograms to decompose the white light into it spectral components. Scanning the
hologram at different angles allows obtaining sufficient information for calculating the internal
parameters of the hologram throughout the area.

Keywords: hologram, authenticity
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MOAENUPOBAHWUE U AHAITU3 NEKTPOMATHUTHBIX PEXXUMOB
ANEKTPOSHEPIETUYECKUX YCTPOWUCTB

EBreHun 3abyackun

AHHomayus: Co30aHa Ha OCHO8E MEOPUU HeUHEUHbIX 3MEKMPUYECKUX U MacHUMHbIX uenel
0b0obweHHass  MamemMamuyeckas  MOOefb  J7IeKMPOMacHUMHbIX — pexumog  ycmpolcme ¢
WUXMOBaHHbIM Ma2HUMonpogodoM NPOU3BOSLHOU KOHCMPYKUUU U YIIOXEHHbIMU Ha HEM 0B6MOMKaMmu.
Pa3pabomaHb! anzopumm U npospamMMHasi peanusayus modenu. [poaHanusupogaHb! 8axHble Onsi
NpakKmuKku HopMasibHble YCMaHOBUBWIUECS 31eKMpPOMacHUMHbIe pPexuMbl pabombl peakmopos;
nepexo0Hble NPOUECChl, BO3HUKAKWUe npu KOMMymauusx 8 uyensx obMOmoK; HECUMMEMPUYHbIe
PEXuMbl, 00yCroeneHHble Hecummempuel numarwel cemu, camux ycmpolicme U HazpysKu;
AB/IEHUS, BO3HUKalOWUe npu HaMazHu4yusaHuu MagHUmonposodos;, OaHbl pekomeHdayuu no
8030eliCmeUK Ha Ka4eCcmeo 31eKmMpPOMazHUMHbIX NPOUECCO8 OCYUECMBIEHUEM PasiUuYHbIX PEXUMO8
HaMagHU4UBaHUS.

Knioyeenble cnoea: ynpaenﬂeMb/a peakmop, 3r1ekmpoMazHUMHbIL Pexum, MameMamu4yeckas moderib

ACM Classification Keywords: G.4 Mathematical Software - Algorithm design and analysis

BBepeHue

K aneKkTpoaHepreTnyeckum yCTpoincTBam OTHOCATCS HacbILatoLecs 1 ynpaensemble peaktopbl (HP 1
YP). ABnsscb cpeacTBOM aBTOMATUYECKOrO PErynMpoBaHus PeakTBHOM MOLHOCTM, OHU HEOOXOANUMbI
AN YNpaBfeHns pexmMamn 3MeKTPOSHEPreTUYECKUX CUCTEM C LieNblo PELLeHns Criedylolwmx 3aaay:
KOMMeHcauust M3bbITOYHONM 3apsigHON MOLHOCTM JIOM M MOBbIWEHME UX MPOMYCKHOW CMOCOBHOCTM,
OrPaHUYEeHNe KOMMYTALMOHHBIX MEPEHanpPSHXKEHNA, OrpaHNYeHUe TOKOB KOPOTKOrO  3aMblKaHUS,
YMeHbLUeHNe KonebaHWi HanpskeHus, pauuoHanbHOEe pacnpefenieHne HanpskeHus M Toka W ap.
[Zabudsky, 2003].

PeakTop 3TO CTaTUYECKOe CUIMOBOE HEMMHEHOE YCTPONCTBO, paboTa KOTOPOro OCHOBaHa Ha SIBNEHUN
ONEKTPOMArHUTHOM  MHAYKUMM. PeakTMBHAs MOLUHOCTb, noTpebnsemas pPeakTopoM, MNaBHO

perynupyetca 3a C4eT N3MEHEHNA HaCbILLEHUA (MaFHI/ITHOFO COI'IpOTI/IBJ'IeHI/IFI) €ro marHuTonposoa.

AKTVBHas YacTb peakTopa COAEPKUT OAHY UMW HECKONBKO 0BMOTOK W MarHUTONPOBOA, BbIMOHEHHbIN
W3 3MNEKTPOTEXHNYECKON CTanu. B peaktope MoryT 6bITb crieaytolimne otaenbHole 06MoTku: 1) paboyas
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obwmortka (PO). OHa npeaHa3HayeHa 45 BKIIOYEHUS B SNEKTPUYECKYHO LieMNb, B KOTOPOW UCNONb3yeTcs
WHOYKTMBHOCTb peakTopa; 2) obmotka ynpasnewus (OY). OHa npegHasHayeHa AnNs CO34aHus
yNpaBnsLLEro MarHUTHOro nons. B 60NbLUMHCTBE CryyaeB 3TO MOCTOSHHOE MarHUTHOE Mofe Unu
nomne, UMEKOLLEE 3HAYMTENbHYIO MOCTOSIHHYKD COCTaBMSIOLLYI0; 3) KOMNEHCAUMOHHas oOMoTKa; 4)
thasocasurarowias 0bmoTka. OyHKUMM OTAENbHbIX 0BMOTOK MOXET BbINOMHATL OAHA COBMELLEHHas
obmoTtka. MarHuTonpoBOg M3rOTOBMNSETCA WNW CTEPXKHEBBIM, NOLOBHO MAarHUTOMPOBOAY CWOBOTO
TpaHcdopmaTopa (peaktop TPaHC(OPMATOPHOTO TWUMA) WAM KOMbLEBbLIM, MO TUMY MarHMTONpPOBOAA
9NEKTPUYECKON MalUMHbl MEepPEeMEHHOr0 TOKa C  HESIBHOBbLIPAXEHHbIMU  Mosocamu — (peakTop

9MEKTPOMALLMHHOTO TUNa), HO C HEMOLBMXKHBLIM POTOPOM.

[IOCTOMHCTBO PEaKTOPOB TpaHCHOPMATOPHOrO TUMA COCTOMT WM B TOM, YTO OHM BbINOMHSAKTCS Ha
TPaHChOPMAaTOPHbIE HAMPSKEHUS 1 NO3TOMY MOryT ObiTb BKIIOYEHbI B dHeprocuctemy 6e3
MPOMEXYTOYHOr0  TpaHcopmaTopa. PeakTopbl  3MEKTPOMALUMHHOMO  TWMA  OTNMYalOT — Takue
MONOXWTENbHbIE KAYecTBa, Kak KOMMAKTHOCTb M MPOCTOTA KOHCTPYKUMM MpU  MHOrochasHoM
UCMOMHEHWN, OTCYTCTBUME B3aMMOWHAYKTUBHbIX CBS3el Mexay OOMOTKaMW U, ChefoBaTerbHO,
MOBbILLEHHOE ObICTPOAENCTBIE, a TakKe CUMMETPUYHOCTb 1 CUHYCOMAAMNbHOCTL paboyero Toka.

Hacblwarowmecs W ynpaBnseMble peakTopbl NpedHa3HayeHbl ANS MCMONb30BaHUS B BO3AYLUIHbIX
NMHKAX 3NeKTponepesayum TPAAMLMOHHOIO KOHCTPYKTUBHOMO UCMOMTHEHNS 1 NOBLILIEHHOW HATYpanbHOM
MoLHocTh [Zabudsky, 2003], B pacnpeaenuTenbHbIX 3NIEKTPOCETAX U B CUCTEMAX SNEKTPOCHABXEHMS
NPOMbILUMEHHbIX NPEANPUSATUIA, MNOSTOMY BaXHOE 3HAYEHWEe WMEET aHanu3 dNeKTPOMArHUTHbIX
PEXUMOB MX paboTbl B 3TUX S3HEPTOCUCTEMAX.

WccrienoBaHMio  peXMMOB, XapaKTepUCTUK M MPOLECCOB YCTPOWCTB AOMKHA MPEeALIecTBOBaTh
peanusauus Tpuagbl “MOAenb - anroputM - nporpamma’. B pesynbTaTte OCyLECTBASETCS 3aMeHa
YCTPOICTBA €T0 MOAENbI0, KOTOPasi 3aTeM aHanM3upyeTcs NOCPEACTBOM JKCnepUMeHTUpoBaHus Ha MK
MpY NOMOLLY BbIYMCIIUTENBHO-NIOMYECKNX aNrOPUTMOB.

MatemaTtuyeckas Mogenb rnybxe BCKPbIBAET BHYTPEHHWE CBSA3M YCTPOWCTBA, AA€T €ro TOYHble
KONIMYECTBEHHbIE XapPaKTEPUCTUKW. BbIMMCINTENbHBIA  SKCMEPUMEHT YaCTUYHO MMM MOSHOCTbIO
3aMEHSIET HaTypHOE SKCMEPUMEHTUPOBAHME, MO3BOMSS YMEHBLUMTL CPOKM M CTOMMOCTb paspaboTok.
YHMBEpPCANbHOCTb MaTeMaTMYeckux MOAEnen, anropuTtMOB W MporpaMm  [aeT BO3MOXHOCTb
onepaTMBHO M 6e3 AOMOMHUTEMbHBIX 3aTPAT NEPEXOANTb OT PELLEHUs OAHO NPoBremb! K Apyroi.

Ha ocHoBe paspaboTaHHOi 0606LIEHHON MaTeMaTUYeCKod MOAENK SNEKTPOMArHUTHBLIX PEXUMOB U
SIBMEHUA, BO3HWKAKOLMX NPY  HaMarHM4MBaHUM  MarHWTOMPOBOZA, MWCCredyeTcss NOBEAEHUE
(“domanonorns”) B 3NEKTPOIHEPreTMYeckMx cucTemMax  [BYX  TWUNMYHbIX — peakTopoB: HP
TpaHcgopMaTopHoro Tuna U YP anekTpoMallMHHOrO Tuna. YCTPOMCTBO (“aHaToMus”) peakTopoB
ONTUMU3MPOBAHO Ha OCHOBE Teopum nons [Zabudsky, 2013].
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OnncaHue U3roTOBMEHHbIX W YCTAHOBMEHHbIX Ha 3KChiyaTauulo YCTPOWCTB, pa3paboTaHHbIX
NPOrpamMMHbIX NPOAYKTOB C BO3MOXHOCTbH0 CBOBOAHOMO KOMMPOBAHUS HEKOTOPbIX 13 HUX pean3oBaHbl

Ha Web-caitTe aBTopa http://zei.narod.ru.

1. Hacblwarowumiica peaktop TpaHcopMaTopHOro Tuna

PaspaboTtaH TpexdasHbiil HP akTBHas YacTb KOTOPOrO COCTOWUT M3 CTEPXXHEBOTO MarHUTOMPOBOAA U
OOHOM coBMelleHHon obmoTkn (Puc. 1). Peaktop npegHasHayeH Ans pabotbl B Cxeme
napameTpruyeckoro Ctabunusatopa HanpsikeHWst C LieMnbio OrpaHnyeHnst konebanui HanpskeHus B
CUCTEME 3MEKTPOCHABXEHWS NPOMBILMEHHbIX NPEANPUATUA, KOTopble 0BYCroBNeHbl Harpyskon. OH
Takke MOXeT OblTb WCMONb30BaH A9  KOMMEeHcauun U3BbITOYHOM PEeaKTUBHOA  MOLLHOCTM
9HEProcuUCTEMbI B CXEMe CTaTU4EeCcKoro KOMMEHcaTopa pPeakTUBHON MOLLHOCTW. YCTPOWCTBO U Teopust

HP paccmotpeHbl B [Zabudsky, 2003].
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Puc. 1. OnektpomartuTHas cxema HP ¢ naTbio KaTyLwkamu B Kaxaon ase.
Crpernkamu nokasaHo HanpasneHue Toka B hasax {—» )

1 HanpasneHne MarHMTHOro NMOTOKa B CTEPXHAX H )
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1.1. MaTemaTuyeckas Moaenb 3NMEKTPOMArHUTHbIX pexumos HP

MaTtemaTyeckas Mofenb COCTaBMSETCS HA OCHOBE 9KBMBANEHTUPOBAHUS peanbHOro yCTpoWcTBa
anektpuyeckoir (Puc. 2) u  wmarHutHoM (Puc. 3) cxemamm 3aMelieHns € HenuHenHbIMM

cocpefoTodeHHbIMKM napameTpamu [Mishin, 1981; Zabudsky, 2003].

Ha Puc. 2 npuHsatel cnegytowme 0603HaueHnst: 1) Uas, Usc, Uca — MIHOBEHHBIE 3HAYEHUS NIMHENMHBIX
HaNpsXKeHUA, NOABEAEHHbIX K COBMELLEHHOW TpexdasHoW 0BMOTKe; 2) i1a, i1B, iic — MFHOBEHHbIE
3HaYeHNs JNIMHEMHBIX TOKOB (MCKOMble BenuuuHbl); 3) Ra, Re, Rc — aKTMBHble CONPOTMBREHMS (a3
06MoTKY; 4) Loa, Lo, Loc — MHBYKTUBHOCTK, 0BYCNOBNEHHbIE MArHUTHLIMM MOTOKaMW paccesHus a3
06MoTKM; ) Raw, Rew, Rcw — HENUHENHbIE COMPOTUBIIEHUS, WX 3HAYEHWUS NPUBIVKEHHO YYUTBIBAKOT
noTepu B CTanu MarHuTonpoBoga; 6) p = d/df — cumeon auddepeHUMpoBaHns No Bpemenn £ 7) p¥a =
-ea, p¥s, pWc — MrHoBeHHble 3HauyeHus J[C, MHOYKTMPOBAHHbIX B (hazax OOMOTKM OCHOBHbLIMU

MarHuTHbIMK noTokocuennexunamn Wa, We, We atux das.
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Puc. 2. Snektpnyeckas cxema 3ameLleHns TpexdgasHoro HP
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Ha Puc. 3 npunstel 0603Havenus: 1) iiWh, iiWe, iriWe, i = A, B unn C — MrHoBeHHble 3HaveHus MIC
KaTyLlek a3 CoBMELLEHHOM TpexdasHom 06MoTku; 2) @1, Po,..., Pg — MArHUTHLIE MOTOKM B CTEPXKHAX
(uckomble BenmmumHbl); 3) Rci, Rco,..., Rcog — HenuHemHble auddepeHumantHble MarHuTHbIe
COMPOTUBMEHUS CTEPXKHEN. T CONPOTUBNEHUS OMPESensaTCa Ha OCHOBE anmpoKCUMAaLWW KPUBOA
HaMarHM4MBaHUs  3MNEKTPOTEXHWYECKOW  CTanu  MarHUTonpoBoda  Kybuyeckum  CnnanHoMm.
OKCNepuUMeHTanbHas KpuBasi HaMarHMYMBaHWA CriaxuBanacb METOLOM HaMMEHbLUMX KBaapaTtos; 4)

Rs1, Rs2,..., Rsg — NMHEIHbIE MArHUTHbIE COMPOTUBNEHUS SKBIUBANEHTHBIX 3a30PO0B.

. 9 1 . 7 . 3
Reo [ IRs1 | |Ress
R c9 R ol R c?
(L‘ﬁ QDnT [@ﬁ %T
1-U mogysp

Puc. 3. MarHutHasi cxema 3amelleHns TpexdasHoro HP

Mocne pspa npeobpasosavuii  [Zabudsky, 2003]), obobujeHHas MaTemaTnyeckas Mogenb,
npeacTasnsowas coboin cucTeMy HeNMHENHbIX OObIKHOBEHHbIX AudepeHUmManbHbIX YpaBHEHUI

(0L1Y), sanuceiBaeTcs B BuAe cuctembl (1).

Pa3spaboTtaHbl anroput™ 1 nporpammHas peanusauus mogenm Ha MK [Mishin, 1981; Zabudsky, 2003].
Pe3ynbTaTtoM NOCNeAHen SBRSKTCS WCKOMble 3HAYeHMsl: TOKOB OOMOTOK, MarHWTHbIX NOTOKOB,

I/IHJJ,yKLI'VIVI W OPYruX BENUYMH, nonty4aemblX KaK Q)yHKLI'VIVI BPEMEHN.

Cuctema HenuHenHblx OLY (1), oTHOCUTENBHO NPOW3BOAHBIX OT noTokoB pd;, i = 1, 2,.., 9 1 OT TOKOB
Pita, Pitg, Pi1c, SBNAETCA CUCTEMOW NWHeWHbIX anrebpandveckux ypasHeHun (JTAY). lepen ee
pelleHremM HeobxoaMMo 3aaaTb BCe BENUYMHBI, BXOAALIME B MATPULY KOIPPULMUEHTOB U B BEKTOP-
ctonbey cBobOAHbIX 4neHoB cuctembl JIAY, a HenuHelHble AnddepeHunancHble MarHUTHbIE
COMPOTUBIIEHUS, U HENWHEWHbIE COMPOTMBEHMUS, MPUBIKEHHO YYWUTbIBAKOLME MOTEPU B CTany,

paccuutatb. llocne pewenus cuctembl JIAY W HaxoXOeHWst 3HAYEHUM MPOM3BOOHBLIX OT MOTOKOB M
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TOKOB, OHU WHTErPUPYKOTCS YMCTIEHHBIM METOLOM W ONPeaenstoTCA UCKOMble MIHOBEHHbIE 3HAYeHUs
MOTOKOB ¥ TOKOB AN HEKOTOPOro MOMEHTA BPEMEHM t nexallero Ha MHTepBane WHTErpupoBaHms.
PesynbTaTbl WHTErPUPOBAHUS MCMOMb3YITCA NpU  (hOPMUPOBaHUKM  MaTpuLbl KOSGMUUMEHTOB K
BeKTopa-cTonbua cBo6OAHbIX YNEHOB cuCTeMbI (1) C LEeNbIO ee peLleHns 4ns NocneayoLwero MoMeHTa
BPEMEHM, KOTOPbIM  ONpedensieTcs MepeMeHHbIM  LIaroM  WHTEerpupoBaHMs. 3HaveHue Liara
WHTErPUPOBAHMA BbIYMCIISETCS NMPOrpaMMHO  AnA  AOCTUXEHUS 3afaHHOM TouHocTw. [pouecc
NPOAOIKAETCA A0 TEX NOP, NOKa He ByaeT NponaeH BECb MHTEPBA UHTETPUPOBAHUS.

MaTemaTiyeckas Mogenb ANEKTPOMarHUTHBIX PEXMMOB HAChILLAKLLErOCs peakTopa TpaHchopMaTopHOro Tuna

o W] W] [
ECRH; We Pe,
EEQ; We| Wy P,
EEZ(; Wy | ~We pQDS
5%4; Ws pe,
e We) Wy| |POs) (1)

3%6; W | W] | P®s
5‘[%}2 Ws| |p®,
i?Rags We| | p®,

We |=Wg | Weyy [ W Wo | -W | W, Wyl Loa|—Log phia|  [Mas—UA(Ra+Raw) 18R e+Ram)

W, Wy | We | We | Wey | Wor| W |—We Lyg|Loc| |Phig| [Upc—tisReRaw)HicRe+Rov)
o olie

MaTemaTnyeckas MoJenb  ONeKTPOMAarHWTHbIX  PEXWMOB U SBNEHWW, BO3HUKAKOLMX  Npu
HaMarHM4MBaHUM ApYrUX CTATUYECKUX YCTPOWCTB Pa3nMYHOro  (HYHKLMOHANBbHOTO HasHaYeHus,
aKTWBHAs YacTb KOTOPbIX COAEPKUT MarHNTONPOBOg ¢ 06MoTkamu, bygeT CTPyKTypHO coBnaaarth ¢ (1).
O10 cnegyet u u3 conoctasnedns (1) u (3). O6o6WeHHas MaTemaTnyeckas Mogenb B
CTPYKTYpVPOBAHHOM (B10YHOI) MaTpU4HON (hopMe 3anuchbiBaeTCs CreaytoLMm obpasom:

Rc1(B01)+R8i : WMar p(l)l _______ Q _______
W., L || pi |=|U£iR+R,(By)) @
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[ins pasnuyHbIX yCTPONUCTB (2) ByaeT OTnMYaThCs NNLLb YACIOM YPaBHEHWUA M NOPSAKOM 3aMOMHEHMS
BbleNeHHbIX NYHKTUPHBIMA NMHUAMKU 6oKOB B MaTpuue KoadduLUMEHTOB 1 B BekTopax-ctonbuax,
KOTOpblE ONpedenstoTcs, B OCHOBHOM, KOHCTPYKTMBHbIMA W CXEMOTEXHUYECKUMU OCOBEHHOCTSMM
ycTponcTB. B CBA3M C 3TUM, nporpaMmHas peanu3auusi MaTemaTyeckon MOAEnM PasfnyHbIX
YCTPOWCTB C TOYKM 3PEHUS anropuTMa He npeTteprneBaeT NPUHLMIUANbHBIX U3MEHEHWI.

3 aHanu3a matematunyeckoir mogenu (1) cnegyet, 4to npu npefcrtaeneHun ee B MexayHapogHow
cucteMe eguHuy Sl B BekTop-cTonGel WCKOMbIX, a Takke B MaTpuly KOIPMUUMEHTOB BXOLAAT
BEMUYMHbI, KOTOPble UMEIT CYLLECTBEHHO OTNMYaloLmecs nopsaku. MocneaHee YCNoXHSET peLleHne
cuctembl JTAY metogom aycca 1 nocrneaytoLlee MHTerpupoBaHue 3HavyeHWn NPOU3BOAHBIX METOLOM
Pynre-Kytta. [ns BblpaBHMBaHWS MOPSOKOB BEMMYMH MpOrpaMMHas  peanusaums Mogenu
npeacTasnseTca B npeobpasosaHHoin cucteme eauuny (MCE), otnuvatoweincs ot Sl Tem, 4yto
eanHnya anuHel B MCE npunHsta B 102 pa3 6onblieit eamHuubl AnuHel B Sl lMocne BbINONHEHMS
pacyeToB Ha [K Bce BenuYMHbI, BbIBOAMMBIE HA NeyaTh, NpeacTaBnsoTcs B cucteme Sl.

MaTemaTuyeckas mogenb (1) No3BONSET aHanuaMpoBaTb PasfiNYHbIE SMEKTPOMAarHUTHbIE PEXMUMbI
PeaKkTopoB, B YaCTHOCTW, MPW COOTBETCTBYIOLLEM M3MEHEHUN 3HAYEHWI AKTUBHbLIX COMPOTUBIEHWI
0OMOTOK, MHAYKTUBHOCTEN paccesHnst 0OMOTOK UM YMCen UX BUTKOB, PeannayeTcsl HECUMMETPUYHbIN
pexumM paboTbl YCTPOWUCTB, 0BYCOBMEHHbI HECUMMETpUen 0BMOTOK. Ecnn BapbupoBaTh 3HaYeHUs
reOMEeTPUYECKX pa3MepoB Y4aCTKOB MarHUTOMPOBO4A, Peanu3yeTcs HEeCUMMETPUYHBIA PEXUM
paboTbl peakTopoB, O0OYCNOBNEHHBIA HECUMMETpUEN MarHuTonpoeoga. Ecnu ke u3MeHsTb
COOTBETCTBYIOWMM 00pa3oM 3HAYEHUS HanmpPsXKeHWA MOABOAMMBLIX K 0BMOTKaM YCTpOWUCTBa, TO
Mogenupyetcs pabota ero npu HECUMMETPUM MOLBOAUMBIX HaNpsKeHUW. 3afaBas PaBHbIMU HYITHO
YMCNO BMTKOB KaTyleK TOM WM MHOM OOMOTKM, MOXHO WCCregoBaTb PONb M BO3AEMCTBME ITOM
0BMOTKM Ha paboTy ycTponcTBa. 3MeHss BENNYMHBI CONPOTUBMEHNIA HArpy3Ku, MOXHO NePeXoanTb OT
peX1ma XOrocToro Xo4a K Pexumy Harpysku, B TOM YMCie, W K HECUMMETPUYHOMY, U [anee — K
KOPOTKOMY 3aMblIKaHWIO.

Kpome TOro, Ha OCHOBE MOAENU aHaNWU3WPYKTCS SBMEHWS, BO3HUKAKOLLME MPWU HaMarHU4MBaHUM
MarHWTONpoBoOAa YCTPOWUCTB. OTW sABNEHWS O0OYCNOBMEHbl HACbIWEHMeM MarHUTHOW Lenu. Onu
COMPOBOXZAKOTCA MOSIBIIEHNEM TapMOHUK B HamarHM4MBatlleM TOKe peaktopa, TO eCTb B
HaNPSHKEHHOCTWN MArHUTHOTO MOAs, W (MNK) NosiBNEHNEM rapMoHuk B O[1C, TO eCTb B MHAYKLMM NONS.
Hannume rapMOHMK B MarHUTHOM None OTpULATENbHO CKasblBAETCS Kak Ha paboTe camoro peaktopa,
Tak 1 Ha paboTe SHeprocucTeMbl, B KOTOPYK BKIIOYEH peakTop, a Takke Ha pabote Brmsnexaiymx
NWHWIA cBA3W. HacbllleHne MarHMTONpoBoAa PeakTopoB MOXET ObiTb ~ 2 Tn u Heckonbko Gonblue,

noaTomy amnamtygpl 2, 3,...,12, 13-i, ... rapMOHWK HACbILLEHNS MOTYT JOCTUYb 3aMETHbIX BENWUYMH.
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AHanu3 siBNeHUn HamarHN4MBaHWS UAMIOCTPUPYET KAYECTBO YCTPOMCTB C TOUKM 3PEHUsi MPOSIBNEHNS
BbICLUMX TapMOHWK, MOATBEPXAAET A0CTaTOYHOCTb Mep, BblpabOTAHHbIX ANs WX MOAABMEHMS, U
Mo3BONSIET MPUHSTL PEKOMEeHAALWW, HeoOXOAMMble Ans MPOEKTUPOBAHUS YCTPOACTB C y4eTOM
COOTBETCTBYIOLMX FapMOHUK. Pe3ynbTaTbl MCCNEAOBaHUS MOryT BbiTb WMCMOMb30BaHbl U B TEOPUM
CUNOBbIX CEPUIHBIX TPAHCHOPMATOPOB.

1.2. AHanu3 anekTPoMarHuTHbIX pexumos HP

Hwxe NpuBOASATCS pacyeTHble 3aBMCMMOCTU, MOMYYEHHbIE B pe3ynbTaTe peanu3aumn MaTemMaTuyeckon
mogenu (1) Ha IMK.

Ha Puc. 4, a noka3aHa 3aBUCUMOCTb JIMHENHBIX TOKOB B (hasax TpexdasHoM COBMELLEHHON 0BMOTKM
HP npu cnegywowmx nepexogHbix npoueccax: 1) fh=0.00c - Bknoyenne HP Ha 3-chasHoe
HanpsbkeHue; 2) t1=0.06 ¢ — Habpoc Hanpsikenus; 3) f = 0.14 ¢ — 10-npoueHTHbIN cOpoc ero. Kak
BMOHO M3 puCyHKa, 1-i npouecc anutcs B TeyeHne ~0.02 ¢; 2 n 3- NpoLecchl 3akaH4YMBaKOTCS 3a
~0.01 c. Kak cnegyeT u3 npuBeaeHHOM 3aBMCUMOCTM, hOopMa KPUBOW TOKA SABMSIETCS NPaKTUYECKM
CUHycouaansHon. B Toke oTcyTcTBytoT 5, 7, 11 u 13-9 rapmoHuku. BekTtopHble anarpammbl SLC no
rapMOHVKaM 3TOro nopsiaka NpeacTaBnslT coboi 3aMKHYTbIE MHOTOYrONbHWKK, MO NSTb BEKTOPOB B
Ka)X4OM, COOTBETCTBEHHO MATW KaTyLlkaM, 13 KOTOPbIX COCTOUT hada 06MoTkW. OTCYTCTBYIOT B TOKE
rapMOHVKK, KpaTHble TpeM. B Toke nposBnstotcst 17 M 19-9 rapMOHMKM, amnnuTydbl KOTOPbIX
HEBENMKM.

Puc. 4, 6 unniocTpupyeT nepexoaHbli npouecc npu obpbise dasbl A NMUTAIOLEro HaNPsKeHNs (Havano
npouecca cooTBeTCTBYET MOMEHTY Bpemenm f1 = 0.06 c). Mpu £ > 0.06 ¢ dhopma KpuBbIX TOKOB B (hasax
B v C nckaxaeTcs 3a cyeT TPeTbel rapMOHUKY, 1 HopManbHas pabota HP HapyliaeTcs.

Ha Puc. 5, a npuBeeHO U3MEHEHNe MarHUTHOW UHAOYKLWW BO BPEMEHW B CPeOHUX CTepxHaX 1,4 n 7
COOTBETCTBEHHO 1, 2 1 3-ro Moaynen peaktopa. YnnoweHHas ¢hopmMa KpuBbIX CBUAETENbCTBYET O

HanU4MM B MarHUTHOM none 3-i rapMOHUKN MHLYKLWK.

Ha Puc. 5 6 npeacraeneHa 3aBUCUMMOCTb 3-€M  TApMOHMKA  WMHAYKUMW  Bsa, Bap, Bac = f(f),
COCTaBNSIOLLEN CUMMETPUYHYIO 1 CUHYCOMOANbHYIO TpexdasHyl CUCTEMY, TaK Kak B KaXOblX TPex
crepxHsx 1,4, 7; 2,5, 8 n 3, 6, 9 nepsas 1 BbICLUME FAPMOHUKM UHAYKLMM NOpAaKkoB 6-k+1, k=1, 2,

3,.. B3aMHO YPaBHOBELLMBAIOTCS.
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Puc. 4. ameHeHne nuHeinHbix TokoB paboyen o6moTkm HP: B nepexogHbIx npoueccax,
HaYMHaOLLMXCA B MOMEHTbI BpEMeEHM fo, B, to (a); npu 0bpbie dhasbl A (6)
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Tpexdasnyto cuctemy O[C yTPOEHHOM 4acTOTbl MOXHO CHATb C COOTBETCTBYHOLMM 06pa3om
BbINOSIHEHHOW BTOPWUYHOM OOMOTKM. Ha 3TOM MpuHLMNE OCHOBaH YTPOUTENb YacToTbl, 0bnagatoLuii

nprMemneMbIMi TEXHUKO-3KOHOMMYECKIUMM nokasaTenamu [Zabudsky, 2003].

Bnaropaps GbiICTpOMY napaMeTpUYeckoMy M3MEHEHWMIO PEaKTUBHOM MOLLHOCTM peakTopa B (hyHKLMN
MPUNOXEHHOrO HAampsKeHUs M OTCYTCTBMIO MaparnnenbHblx  BeTBel B obmotke, HP obGnapaet
MpaKTYeck GesbIHEPLUMOHHBIM MPUHLMNOM AEACTBUS, YTO AenaeT 0COOEHHO 3PdEKTUBHbIM €ro
Ucnonb3oBaHue Ans CTabunmsauui HanpsKeHUs B CETU C pe3konepeMeHHON Harpyskoi. Beneacteue
MOHWKXEHHOrO COAEPXaHUsI BbICLIMX FAPMOHUK B KPUBOM TOKa, a Takke [PYrUX MONOXUTENbHbIX

kayecTB, HP aBnsetcs Hanbonee yacTto ncnonb3yemMblM TUMOM PEAKTOPOB.

2. YnpaBnsiemblii peakTop aNeKTPOMALMHHOrO Tna

YnpaBnsieMble peakTopbl 3TOr0 TWMa WU3rOTOBMSKTCA HA OCHOBE MAarHUTOMPOBOAA SNEKTPUYECKUX
MaLLWMH NepeMeHHOr0 Toka OBLLENPOMBILLMNEHHOTO HasHaveHus. AKTUBHAs YacTb peakTopa COOepXuT
MarHMToOnpoBoA W Tpu 0OMOTKM: TpexdasHas NpOCTPaHCTBEHHO pacnpefeneHHas pabodas obmoTka
(PO) 1 B 0buwiem crnyyae ase konblesble 0bmoTku ynpasnenus (OY1 n OY2) (Puc. 6). YcTporcTso u
Teopust YP paccmotpeHbl B [Mishin, 1977; Mishin, 1981; Zabudsky, 2003].

Puc. 6. [NonepeyHoe ceyveHne akTUBHOM YacTu yNpaBiseMoro peaktopa dneKTpoOMaLLMHHOrO Tuna

(n30BpaxeHne cxemaTu4eckoe)
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TpexdpasHas PO peaktopa MOXeT ObiTb BbIMOMHEHA Ha HanpsbkeHWe He GOnbluee CTaHAAPTHOMO
HanpsXKeHUs CUHXPOHHOTO reHepartopa, Mo3TOMY NPeAnoyvTUTENbHEE UCMONb30BaTh PEakTop B
pacnpeaenuTenbHbIX ANEKTPOCETAX U B CUCTEMAX SNEKTPOCHAGKEHNS NPOMBILLNEHHBIX NPEaNPUATUN,
TaK Kak B 3TOM Crly4ae OH NOAKMIOYaeTcs HernocpeacTBEHHO, 63 NPOMEXYTOYHOrO TpaHcdopmaTopa.
PeakTop 1cnonb3yetcs B kKavyecTBe PerynupytoLlero aneMeHTa B CXeMe CTaTUYeCKoro KoMneHcatopa
PEaKTMBHOM MOLLHOCTM, B CXeMe napaMeTpuyeckoro crabunusatopa HanpskeHus (B 9TOM Cryvae
0OMOTKW yNpaBneHns He HyXHbI, 1 YCTPOCTBO PaboTaeT B PEXMME HACBILLAKOLLErOCH peakTopa) 1 ap.

B peaktope opraHnuHO peanuayeTcs (6e3 YCNOXHEHWS YCTPOWACTBA) PEXUM CUMMETPUYHOMO
HamarHuumeaHus (CH), xapakTepusyloLMNCS OTCYTCTBMEM YETHbIX TAPMOHUK MPOCTPAHCTBEHHO-
BPEMEHHOrO CMEKTPpa, U B MHOYKLUMM, U B HAMPSHXKEHHOCTW MarHUTHOrO MONS Npu NogMarHn4MBaHum
MarHMTONpoBoAa MOCTOSIHHbIM TOKOM. Peaktop B pexume CH BbIrOgHO OTNMYaeTCs OT peakTtopa B
PeXuUMe BbIHYXOEHHOrO HamarHuumsaHua (BH) psgom kadvects. [Ana peanusaumn  pexuma CH
HeobxoanmMo, YToBbl Npu pPaBeHCTBE Pa3MEPOB MOMEPEYHbIX CEYEHUN BHELLHETO U BHYTPEHHETO SpM,
paBHble MOC Foa n Foi 0BMOTOK ynpaBneHws, AEeNCTBOBanM BCTPEYHO OTHOCUTENBHO KOHTYpa
BpaLLatLLEerocs MarHUTHOrO Moss.

2.1. MaTtemaTnyeckas Mogenb 3NEeKTPOMarHMTHbIX pexumon YP

MaTemaTnyeckass MOAenb COCTABMSETCH Ha OCHOBE SKBMBANEHTUPOBAHWS peanbHOr0 YCTPOWCTBA
anekTpuyeckoir (Puc.2 n Puc. 7) n marHutHon (Puc. 8) cxemamu 3aMeLieHunsi C HenMHEeRHbIMM
cocpefoToYeHHbIMM napameTtpamu [Mishin, 1977; Mishin, 1981; Zabudsky, 2003]. Cxema 3amelleHus
TpexcdasHoit obMOTKM YP maeHTU4Ha cxeme npeactaBneHHon Ha Puc. 2. Ha Puc. 7,a,6 npusegeHbl
CXeMbl 3aMeLleHus KonbleBblx 0BmoToK ynpasneHus. OgHa u3 Hux (OY1) ynoxeHa BOKpyr
nonepeyYHoro ceveHns sipma cratopa, apyras (OY2) - BOKpyr ceyeHums spMa poTopa.

Ha Puc. 7,a,6 npuHsatel o6o3HaveHns: 1) Uoa, Uoi— 3Ha4yeHNst HanpsikeHUMM MOCTOSHHOTO TOKa,
NoABEOEHHbIX COOTBETCTBEHHO K 0BmoTkam OY1 u OY2; 2) ioa, ioi — MTHOBEHHbIE 3HAYEHUSI TOKOB
NoAMarHM4m1BaHus (MCKOMbIe BENMYNHBI); 3) Roa, Roi — akTuBHbIE conpoTuneHns obmotok OY1 n OY2;
4) Lsoa, Lsoi — VHOYKTMBHOCTH, 0BYCIOBMEHHbIE MArHUTHBIMU NOTOKaMM paccesHus obmoTok OY1 u
OY2 B nepexogHom npouecce; 5) pYWoa = -€oa, pP¥oi — MrHOBEHHbIE 3Ha4eHUst SLC, MHAYKTMPOBAHHbIX B
obmotkax OY1 u OY2 oCHOBHbIMM MarHWTHbIMM noTokocuenneHuamm Woa, Woi aTuX 06MOTOK B
nepexoaHoM npoLecce.
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a
9

Puc. 7. OnekTpnyeckas cxema 3ameLLeHns KonbLEBOI (TopomaansHomn) obmoTku ynpasnexns OY1 (a)
nOY2 (6)

Kamywka 0Y1 Ha 12-wm ® Rat2 R
yuacmke gpMa cmamopa at

YRt = Ror TRyt +R 21 tR 2 +2Rs;
YLR72= Roz tRiztR 2 HR 3 +2R;;
YR33= Rgg tRis R tRx +2Rs;
YR44= Ros TRiy Ry R +2Rs;
YRs 5= Res +Ris HRss R +2Rs;
YRss= Res TRigtR 5 tRz +2Rs;
® SR77= Rag #Rir Ry +Ris +2R5;
Raz  IRss™ Ras tRigths tRe +2Rs;
YRgs= Rag TRigtR 29 tR 01 2Rs;
YRpp= RaotRuotRa0tRa1 +2Rs;
Rqg URyy= Rar Rt 211+R212+2HR(5;
ERyy= Rae R g tRo+2Rs +J;Ril;
Wig = Wy + Wo5 Woe = Wo + W

Kamywka 0Y2 Ha 5-m
yuacmke gpmMa pomopa

@ A-X5
S /2 -ycaoBHbie obosHaueHus < B-Y :
Up="lam crmopoH kamywek o3 PO:

Re7 '@ ® Ras o=l /2] Cc-Z

Tn =l

Puc. 8. MarHuTHas cxema 3aMeLLeHN st peakTopa 3reKTPOMALLMHHOIO Tuna (a); YCrnoBHbIE

0bo3HayeHns, npuHaTbIe Npu 3anucu cuctemsl OAY (3) (6)
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Ha Puc. 8 nokasaHa cxema 3amelleHunst MarHutHoi uenn YP. MpuHaTel o6o3HaveHuns: 1) ira, i, itc —
MFHOBEHHbIE 3HaYeHMs TOKOB a3 ABYXCIONHON TpexdasHon obmoTku; 2) Wa, Wa, We — yucna ButkoB
NasoBbIX KaTyllek a3 ABYXCMOWHON TpexdasHoi 0OMOTKM; 3) ioa, foi — MTHOBEHHbIE 3HAYEHWSI TOKOB
obmotok OY1 u OY2); 4) Woa, Woi — umcna BuTkoB na3oBblx katyLwek obmotok OY1 n OY2; 5) @1, Oo,...,
®13 — KOHTYpHbIE MarHWUTHbIE MOTOKM (MCKOMblE BennuMHbl); 6) Ra1, Ra2,..., Rat2 — HENUHeRHble
anddepeHUmanbHble MarHUTHbIE COMPOTMBEHMS y4acTKoB spma cratopa; 7) R, Re,..., Ria2—
HenvHenHble auddepeHuUnanbHble MarHUTHbIE CONPOTUBIIEHUS Y4acTKOB spMa potopa; 8) Rz1, Rx,...,
Rz12 — HenvHelHble  auddepeHumancHble MarHUTHble COnpoTuBNeHus 3ybuos; 9) Rs — nuHenHoe

MarHuTHOe COMPOTUBIEHNE PaananbHOTo 3a3opa MeXay CTaTopoM 1 POTOPOM.

MaTemaTnyeckas MOAenb 3MeKTPOMAarHUTHbIX PEXWUMOB peakTopa U SBMEHWA, BO3HUKAKOLLMX Npu
HaMarH14MBaHMM MarHWTOMPOBOAQ, COCTaBMEHA aHanoryHo Mogemu ans HP  (pasgen 1.1).
MatemaTnyeckass mopenb — 370 cuctema HenuHenHbix OfY (3), Bknovawowas 18 ypasHeHuM.
Hen3BeCTHbIMM B Hel SBNSAIOTCH TPUHALLATb KOHTYPHbIX MarHUTHbIX MOTOKOB, TPW FIMHEMHbLIX TOKa
[BYXCNOWHON TpexdasHon 0BMOTKM W [Ba TOKa KOMbLEBbIX OOMOTOK ynpaBneHus.. Anroputm u
nporpaMMHas peanusauus MaTeMaTieckoin MoLenu NPUHLUMNUANLHO He OTINYAKTCS OT TaKOBbIX NS
HP.

Matematuyeckas Moaenb ANEKTPOMarHUTHbIX PEXMMOB YNpaBnAemMoro peakropa 3neKTpoMalluHHOro Tuna

IR 2 R p R | 20 Woal Wil |,
:E?ERM:E? “Ryi Ry | "Wa We ["Woo| Woi &
R ERs R Ry | Ry, e[ Woal Wil |p®s
B R RS Rl Ra| | We| We [Wao] War| [p02s
R bR B2 Re|Re| 208 oo Wil |pOs
e loReg BT Re | Re; | Wa | Wa | [Wool Woi| [p0g
7R R Ry | Ry 2W4 Vool Woi| [p®;]
:E?ZR&B:E(? Ret | Rt | Wa | [We "Wool Woil |p®s
FoloRag R0 LRy Ry 2V Vol Wei| |p®s| .

:§§162R‘°vWO:E§ﬁ’R10i’Rmi Wa [-We [Woo| Wai| [pPig
:E?]ER"M:E?R R Mg Woo| Wai| [pry
e Riz | Ris| Rua| R | Ris | Rir | -Ria |-Ris | "R v g ZRua SRui| Wa| Wo | | Whal 1G] |,
Rit [Riz | Ris | R | Ris | Ris|Rir|Rig| Rio| RirdRird 2R SR W [p0g

2Wa| Wa “Wa | 2Wa|-Wag 24| ~Wa W | 2Wa| Wag Loa|Lss & Uyg Ly RuHRug HgRe +Roy)

We | 2We| Wac| 2Wa| Wa “We [72Wo Wac|~2Wg ~“We Los | Lac @ Uge Ry L, R +Re,)
1] plic

Wag Wag Wad Wa| Wa| Wae| Woo| Vol Whel Who| Whal Who Losl | |pos U ToaRon

Woi|“Woi|-Woi|"Woi|-Wor|-Woi|-Woi|-Woi|-Woi|-Wori|-Woi| 1TW5 125 Loi| |Plo; Up=ToiRos
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2.2. AHanu3 aneKTPOMarHUTHbIX pexumon YP

Hebonbluoe npeasapuTenbHOe nogMarHuymBaHue YP no3BONSeT COKpaTUTb BPEMS MEepPexomHOro
npouecca [Mishin, 1981]. [MpuBoAMMbIE HUXeE 3aBUCUMOCTM, MOMNYYeHHbIe B pe3ynbTaTe peanusaLmm
matematuyeckon wmogenu (3) Ha [K, COOTBETCTBYOT npeaBapuTenbHO  NOoAMarHUY4eHHOMY
MarHuTOnpoBOAY.

Ha Puc. 9,a,6 npuBeseHbl 3HaY4E€HUS MarHUTHOM MHAYKUMKM B, B NONEPEYHOM CEYEHUM SpMa cTaTopa U
B; B nonepey4HOM ceyeHmm 3ybLa M3MeHsoLWMECs B PYHKLMM BPEMEHM.
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Puc. 9. M3meHeHWe nHayKLUM MarHUTHOroO Nons W TOKOB nogmMarHnyineanus B pexumax BH (a) u CH

(6). Mpu t; = 0,1 ¢ paboyas 0bMOTKa NpeABapUTENBHO NOAMArHUYEHHOTO peakTopa BKIKYaeTCs B CETb
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Puc. 9,a COOTBETCTBYET pEXUMY BbIHYXOEHHOrO HamarHuunsanus (BH)

a Puc. 9,6 - pexumy
CUMMeETpUYHOro HamarHnumeanus (CH). Kak cnegyeT 13 aHanmsa Kpuebix, B pexume BH B marHutHOM

WHOYKUMA COLepxaTcs YeTHble rapMoHWKM, a B pexume CH OHW OTCYTCTBYKOT, YTO MOSIHOCTbIO
cornacyercs ¢ akcnepuMeHTanbHbIMu fanHbiMu (Puc. 10,a)

pexum BH
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Puc. 10, a. Ocumnnorpammbl MarHUTHOrO notoka ®, n ®, COOTBETCTBEHHO B CEYEHUSIX ipMa M 3ybua

B pexumax HamarHumyusanns BH v CH. ioa, foi — TOKM nogmarHuynsanns B o6MoTkax ynpasnerus OY1
n0Y2; e2 — 3C, NHAYKTMPOBaHHAS 2-11 rapMOHWKON Nons
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Puc. 10, 6. Ocuunnorpammel TokoB B thazax PO (kpuBble i14, i1, irc)

1 BuBpaumn marHuTonposoga (kpusas fz) B pexxumax HamarHnumeanus BH n CH
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Ha Puc. 11,a,6 nokasaHa 3aBMCMMOCTb TOKOB, MpOTEKalLMX B (pasax TpexdasHon oOMOTkM v B
obMoTKax ynpasneHus, 4ns cnegyowwmx nepexogHbix npoueccos: 1) to = 0.0 ¢ — BkntoyeHne YP Tonbko
Ha HanpsbkeHus Uoa,  Upi moctosHHOro Toka; 2) t=0.1c¢ — BknoveHne YP Ha TpexdasHoe
Hanpsbkenune; 3) f=0.17 c—0bpbiB asbl A nuTarowero HanpskeHns. Puc. 11,a cootBeTcTBYET
pexumy BH, a Puc. 11,6 — pexumy CH npu npouux oguHakoBbIX ycrioBusix. Kak cregyet w3
COMOCTaBNEHNS KPUBbIX, peaktop B pexume CH oTnmyaeTtcs cnegytowmmnm JOCTOMHCTBaMW: 1) B
pexume CH TOKM nogmarHWuMBaHWs M TOK TpexdasHon paboyen OOMOTKM  MpUHUMAKOT
ycTaHoBwBLLeecs 3HayeHne ~ yepe3d 0.015 ¢ nocne nogaun TpexasHoro HanpskeHns, a B pexume BH
9TO BpEMS CyLIECTBEHHO Gonblue; 2) AnanasoH perynupoBaHnst Toka B pexume CH 6onblue, yem B
pexume BH npumepHo Ha 15...20 %; 3) otcytcTBuem “Tpscywmx” Bubpauuii  MarHUTOMPOBOAA, YTO
noaTBepxaaeTcs AaHHbIMM akcnepumeHTa (puc. 10,6). Mpu obpbiBe dasbl A nUTaLEero HanpsxeHUs
B 0BOMX pexumax HamarHW4MBaHWS B TOKax NOAMAarHUYMBaHUS MOSBNAIOTCH YETHble rapMOHWKK, a B
NIMHENMHBIX TOKaX — HEYETHble TapMOHUKM, KpaTHble Tpem, K pabota peakTopa CTaHOBUTCH
HEBO3MOXHOM.
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Puc. 11. MameHeHWe TpexdasHoro Toka 1 TOKOB nogMarHnimnBanms B pexumax BH (a) u CH (6).Mpu t

= 0,1 ¢ paboyasi 06MOTKa NpeBapUTENBHO NOAMArHUYEHHOMO peakTopa BKIKYaeTCs B CeTb
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/3roToBneHbl Ha OCHOBE MPOCTPAHCTBEHHOTO BWTOTO MarHMTOMPOBOAA MpOM3BOACTBA MUHCKOrO
TpaHCHOPMATOPHOrO 3aBOfa [Ba COBMELLEHHbIX YNPaBAsieMblX peakTopa-TpaHcopmatopa Ha
mowHocTb 250 kB-A, HanpsikeHune 10/0,4 kB (dpoTtorpacmus Ha Puc. 12) [Zabudsky, 2003]. Ha cTopoHe
BbICOKOTO HanpshkeHust BKNoyeHbl BaTtapen koHgeHcatopoB 3x100 kBap, 6,3 kB. Yctpoiictea
YCTAHOBMEHbl Ha MOACTAHUMSX B pacnpefenuTenbHbIX SMEeKTPOCETAX C  LENbl  BbIMOMHEHNS
creaytowmx  yHKUMK:  TpaHcdopmaums  HanpskeHWsi, KOMMEHCauust PeakTUBHOW  MOLLHOCTM,

ynyyleHne Ka4yeCTtBa 3rEKTPOSHEPIUNA.
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Puc. 12. doTorpadusi akTMBHON YacTy

COBMELLIEHHOr0 YNpaBnsemMoro peakropa-tpaHcgopmaropa YPT-250/10



98

International Journal "Information Technologies & Knowledge" Volume 9, Number 1, 2015

BbiBoAbI

1.

Pa3spaboTaHbl 0600LeHHas MaTeMaTiyeckas MOZerb, ee anropuTM 1 NporpaMmHas peanusaums,
9NEKTPOMArHUTHbIX PEXWMOB YCTPOWCTB C LUMXTOBAHHbIM MarHWTOMNPOBOAOM MPOM3BOSBHOM
KOHCTPYKLWW 1 YNIOXEHHBbIMI HA HEM 0BMOTKamMu.

MpoaHan1anpoBaHbl BaXHble 41 NPaKTUKA HOPMarbHble YCTAHOBMBLUMECS 3NEKTPOMArHuUTHble
PEXUMbl paboTbl PEAKTOPOB; NEPEXOAHbIE MPOLECChI, BO3HMUKAMOLME MPU KOMMYTALMSIX B LiensiX
0BMOTOK; HECUMMMETPUYHbIE PEXMMbI, 0BYCNOBMEHHbIE HECUMMETPUEN MUTAIOLLEA CEeTU, CaMnX
YCTPOWCTB M Harpysku; sIBNEHNUS, BOSHWKAOLLME MPY HaMarHW4YMBaHWM MarHUTOMPOBOLOB; AaHbl
pekoMeHaaLuy no BO3OENCTBUID Ha KayeCTBO 3MEKTPOMArHUTHbLIX MPOLECCOB OCYLUECTBREHNEM
Pa3NNYHbIX PEXNMOB HaMarHU4MBaHMS 1 Mp.

YCTaHOBMEHO, YTO Ka4YeCTBEHHO SNEKTPOMArHUTHbIE NPOLECChl B peakTopax TpaHC(opMaToOpHOro
W 3MEKTPOMALLUMHHOTO TUMOB MNPOTEKAlOT MpaKTUYECKM OaMHaKoBO. [103TOMy WCCreaoBaHus
PEAKTOPOB 3TUX TUMOB OCYLLECTBASIOTCS NapannenbHo, A0NONHSS APy Apyra, YTO CrocobCeTByeT
Goriee MONHOMY W3YYeHWKO YCTPOICTB, PasBUTUIO WX TEOPUM W YIyYLIEHMIO TEXHMKO-
9KOHOMMYECKUX MoKa3aTeneil. BMecTe ¢ TeM, BbisiBNEHbI KOMMYECTBEHHbIE Pa3nuymus B XapakTepax
9NEKTPOMArHMTHbIX MPOLLECCOB, OOYCMOBMEHHbIE CXEMOTEXHUYECKAMU W KOHCTPYKTUBHBLIMM
0COBEHHOCTSIMI PeaKTOpOB Yka3aHHbIX TUMOB.

ALeKBaTHOCTb MaTeMaTM4eckoil MOZenu MOATBEPXAAETCS SKCMNEPUMEHTANbHBIMU AaHHBIMK 1
onpeaensieTcsl B OCHOBHOM MPUHATLIMU AOMYLUEHUSIMA, B COOTBETCTBUM C KOTOPbIMM YCTPOCTBA
TPAKTYIOTCS KaK QreKTpUYeckMe W MarHuTHble LEMW C HENUHENHbIMU COCPEAOTOYEHHBLIMM
napameTpamu. Mpu NpUHATBIX LONYLLEHNsIX BbICTPOAEACTBIME NPOrPaMMHON peanuaalun Mogenm
SIBMNSIETCS BMOSHE NPUEMNEMBIM.

Mpu BBOAE B 00OOLIEHHYO MaTeMaTUyeckyld Moaerb AnddepeHUMansHOro  ypaBHEHNS
[BWXEHUS, BO3MOXHO MCCNENoBaTb, NMPU COOTBETCTBYIOLIEN KOPPEKUMN ee, He TONbkO
9MEKTPOMArHMTHbIE, HO W 3MEKTPOMEXaHWYecKMe pPexuMbl paboTbl SMEKTPUYECKUX MalLLVH,
KOHTaKTOPOB, perne v ap.
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Modeling and Analysis of Electromagnetic Modes of Electric Power Devices

Evgeny Zabudsky

Abstract: Generalized mathematical model of the electromagnetic modes of devices with interleaved

core of an arbitrary design with placed windings is created. Algorithm and software implementation of

the model are developed. Practically important normal electromagnetic steady-state modes of reactors’

operation, transient processes occurring at commutation within the winding circuits, non-symmetrical

modes determined by non-symmetry of the supplied circuitry, and phenomena originating due to
magnetic core magnetization are analyzed. Recommendations on electrical processes quality
influencing with different magnetization modes are provided.

Keywords: controlled reactor, electromagnetic mode, mathematical model.
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