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иНфОРМАЦиОННые сисТеМы кОНТРОлЯ 
кАчесТВА зНАНий

Бабешко В.Н.

Совершенствование образовательной системы связывают с 
необходимостью управления качеством образовательных услуг. 
Контроль качества знаний является важной частью ученого про-
цесса. Проникновение компьютеров во все области деятельности 
меняет подходы и технологии, которые ранее в них применялись.

Ключевые слова: автоматизация; диагностика; качество; 
кон троль; сетевой; система; технология; тестирование.

INforMAtIoN SYStEM                                            
qUALITY CONTROL kNOwLEDgE

Babeshko V.N.

The development of the educational system is associated with the 
need to control the quality of educational services. Quality control 
knowledge is an important part of the scientific process. The penetra-
tion of computers into all areas of activities changing approaches and 
technologies that previously they were used.

Keywords: automation; diagnostics; quality control; network; sys-
tem; technology; testing.

Потребители образовательных услуг все большое внимание 
уделяют их качеству, оно становится социально востребованной 
категорией. Проблема контроля качества знаний всегда была и 
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остается крайне актуальной. Сегодня в педагогических исследо-
ваниях изучаются средства и способы повышения эффективно-
сти обучения и образования. Педагогический контроль является 
необходимой составляющей педагогического процесса и любой 
технологии обучения, в дистанционной он приобретает особо вы-
сокую значимость [1, с. 151]. 

В последнее время уделяется большое внимание разработке 
сетевых автоматизированных обучающих систем, позволяющих 
студенту в интерактивном режиме изучать и закреплять материал, 
а также проверять полученные знания. Положительные качества 
сетевых автоматизированных систем для компьютерного тести-
рования очевидны. Они позволяют освободить преподавателя от 
мало эффективной работы при проведении экзаменов и промежу-
точной оценке знаний в традиционном учебном процессе, а при об-
учении с использованием дистанционных технологий становятся 
основным средством контроля. Использование автоматизирован-
ных многопроцессорных информационных систем во всех сферах 
деятельности изменяет подходы и технологии, которые ранее в них 
применялись [2, с. 3]. Большое влияние эта тенденция оказала и на 
технологии организации учебно-воспитательного процесса. 

С понятием «педагогическая диагностика» связано понятие 
«тестирование» как перспективный метод педагогической диа-
гностики – направление на стыке педагогики, теории измерений, 
математических моделирования и статистики, автоматизации с 
использованием современных и перспективных средств вычисли-
тельной техники. Эта процедура контроля легко формализуется, 
следовательно, легко автоматизируется и реализуется в сетевых 
инфраструктурах. Тестирование является педагогическим явле-
нием, имеющим многоплановое определение, сущность которого 
сводится к пониманию его как метода исследования и наиболее 
эффективного и объективного средства контроля, как часть совре-
менных и перспективных образовательных технологий [3, с. 79].
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Концепции современного обучения рассматривают содержа-
ние образования как совокупность курсов, курс – как систему за-
нятий, а занятие – как систему образовательных действий, каждое 
из которых, в свою очередь является совокупностью простых 
действий. Такая структура находит отражение в системе кон-
троля знаний. При оценке качества знаний контролю подлежат 
не только их полнота, но и умение использовать их взаимосвязи, 
это можно сделать только в том случае, если предварительно со-
ставить структурную схему тестового задания и реализовать ее в 
современной сетевой инфраструктуре [4, с. 327], обозначить от-
дельные образовательные действия и их логические или причин-
но-следственные связи. Необходимо, чтобы тест проверял зна-
ния, умения и навыки обучаемого по реализации этих переходов 
с использованием современного высоко технологичного оборудо-
вания. Количество заданий по курсу достигает нескольких сотен 
и более, что свидетельствует о большой трудоемкости процесса 
создания тестов, а его функциональность может быть ограничена 
производительностью современных сетевых многопроцессорных 
комплексов [5, с. 161].

Выделяют показатели качества знаний, на которые контроль 
оказывает наибольшее влияние: соответствие полученных ре-
зультатов поставленным целям; мотивация обучаемых; познава-
тельная активность; производительность использования сетевых 
тестирующих систем. Рассматривая влияние системы контроля 
на повышение качества знаний, умений и навыков отмечают ее 
непосредственное влияние на данный критерий.

Большинство информационно образовательных ресурсов, со-
держащих тестовые материалы, можно разделить на две категории: 
ориентированные на прохождение студентами тестов в письмен-
ной форме с дальнейшей их проверкой (бланочное тестирование); 
автоматизированные системы тестирования с соответствующими 
программными компонентами [6, с. 105]. Положительные качества 
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второй категории тестовых ресурсов очевидны. Именно в автома-
тизированных системах тестирования с сетевой архитектурой в 
наибольшей степени проявляются основные преимущества такого 
контроля знаний. 

В инструментальном отношении тестирование является совокуп-
ностью последовательных педагогических действий, нацеленных 
на определение эффективности образовательной системы. Каче-
ственными характеристиками средств контроля являются: функци-
ональное соответствие средств контроля дидактическим задачам, 
содержанию и избранным методам контроля в соответствии с требо-
ваниями стандарта и программы, потребностями и возможностями 
участников учебно-воспитательного процесса и эффективность се-
тевых компьютерных средств тестирования [7, с. 243].

Качественными характеристиками организации контроля яв-
ляются: проведение и организация контрольных процедур в соот-
ветствии с требованиями программы и потребностями участников 
учебно-воспитательного процесса; реализация этих процедур в 
определенной психологически обстановке; вовлечение обучаемых 
в процесс проведения тестирующих процедур с целью формиро-
вания навыков самоконтроля; оптимальность и систематичность 
тестовых процедур; реализация этих процедур в определенной 
программно-аппаратной среде. Существует достаточное количе-
ство различных программ для тестирования, большую часть кото-
рых можно найти во «всемирной паутине». Однако некоторые из 
них является узконаправленными программами, созданными для 
поведения тестирования только по одному предмету. Многие те-
стирующие программы страдают отсутствием наглядности, в них 
нельзя задавать сложные формулы и иллюстрации что связано с 
особенностями их информационного обеспечения [8, с. 13]. Неко-
торые недостатки обработки, анализа, интерпретации и выдачи ре-
зультатов тестирования обусловлены особенностями архитектуры 
и методики расчета производительности в таких инфраструктурах. 
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В настоящее время наиболее распространены программы диа-
гностики уровня подготовки студентов в виде тестов. Это самая 
легкая и простая форма программы, предполагающая следующую 
методику: вопрос – несколько вариантов ответа, один из которых 
правильный. Возможны вариации тестовых программ, когда ка-
ждому варианту ответа, в зависимости от степени его правильно-
сти или полноты присваивается весовой коэффициент, а конечная 
оценка выводится на основе анализа этих коэффициентов. 

В связи с тем, что одной из основных задач контроля являет-
ся развитие структур мышления, памяти, внимания, то примене-
ние автоматизированных многопроцессорных средств контроля, 
спроектированных или составленных в соответствии с основными 
принципами программного обеспечения таких систем [9, с. 13], бу-
дет способствовать переходу тестируемых на следующий уровень 
компетентности.

Оптимально разработанные тесты должны соответствовать не 
только предмету обучения, но и его задачам: готовится специфи-
кация теста, в которой указываются тестируемые области, задачи 
обучения и тестирования, связи данного теста с другими и особен-
ности каждой темы.

Функциональность тестовых заданий тесно связана с методикой 
обучения и особенностями программного обеспечения – текст не 
только сообщает знания, но и развивает мышление обучаемого. Эта 
концепция проверяется сложно формализуемыми вопросами на срав-
нение, обобщение, доказательство. Содержание заданий раскрывает 
понимание фактов, их связей и обобщений с использованием соот-
ветствующего программного обеспечения. Используется следующая 
последовательность возрастания сложности заданий: воспроизведе-
ние фактического материала; раскрытие причинно-следственных, 
временных и других связей; систематизация знаний. 

Система автоматизированного педагогического контроля позво-
ляет не только констатировать достигнутый уровень компетентно-
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сти, но и способствовать переходу обучаемых на следующий уро-
вень: средства педагогического контроля проектируются на основе 
требований образовательного стандарта и программы обучения 
по предмету; средства контроля проектируются или составляются 
для нескольких уровней компетентности, при этом принимается во 
внимание возможность выбора заданий соответствующего уровня. 

В качестве примера можно привести разработанную программ-
ную платформу VinEx, представляющую собой контролирующую 
систему, реализующую сетевую модель взаимодействия, работаю-
щую с базой ответов и вопросов [10, с. 60]. Они могут включать в 
себя графические изображения и аудиоинформацию, которые реали-
зуются на многопроцессорных вычислительных системах. Результа-
ты ответов анализируются в зависимости от заданной шкалы оценок, 
ответы проверяемого фиксируются, имеется возможность их про-
смотра. Опыт работы с данной контролирующей системой показал 
ее удобство, быстроту и эффективность оценки знаний, возможность 
работы в сетевой инфраструктуре учебного заведения [11, с. 7].
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CorPorAtE INNoVAtIoN SYStEM

Kukushkin S.N., Yankovskaya V.V.

This paper presents an enterprise in terms of the system analysis in 
interaction with the environment. A corporate innovation system is stud-
ied as part of the enterprise’s organizational system, formed consciously 
by a willful decision of the management to implement effectively the en-
terprise’s goals and objectives. The issue of financing of the innovative 
activity is studied independently.

Objective: Development of the concept model of the corporate inno-
vation system.

Keywords: enterprise as a system; corporate innovation system; 
properties and characteristics of a corporate innovation system; sys-
tem mechanism.

кОРПОРАТиВНАЯ                                                             
иННОВАЦиОННАЯ сисТеМА

Кукушкин С.Н., Янковская В.В.

В статье рассматривается предприятие с точки зрения си-
стемного анализа во взаимодействии с окружающей средой. Ис-
следуется корпоративная инновационная система как составная 
часть организационной системы компании, формируемая осознан-
но, волевым решением менеджмента для эффективной реализа-
ции целей и задач фирмы. Отдельно рассматривается вопрос фи-
нансирования инновационной деятельности.

Цель: разработка принципиальной модели корпоративной ин-
новационной системы.
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Ключевые слова: предприятие как система; корпоративная 
инновационная система; свойства и характеристики корпора-
тивной инновационной системы; механизм системы.

An enterprise as a system was and is studied by many authors [1; 
2]. This approach is a result of formation of cybernetics and systems 
analysis, based on which was formed an approach, known as the 
systemic paradigm of economic development [19]. In the analysis of 
the enterprise as a system, it is required to focus the objective and 
a subjective assessment. The objectivity is the presence of forces of 
mutual influence between the elements (components) of the system. 
They allow the system to reserve the configuration. Generally, the 
objectivity is based on the self-reproduction and self-preservation. 
The subjectivity is manifested in the following aspects: 1) the re-
searcher himself determines the parameters, defining the system and 
2) there is a significant difference between the identification and the 
description of the parameters of the system. The identification is the 
distinguishing of it from other similar objects for comparison. The 
description is the registration of the information about the system in 
an orderly manner.

The system concept of the enterprise implies a descriptive part (i.e. 
the way of performance of the enterprise) and regulatory (i.e. how 
should the enterprise perform).

In order to describe the enterprise as a system j. Kornai [18; p. 10, 
p. 154–161; 14, p. 118–120] identifies the following principles.

1. The integral system, interacting with other systems, including 
the system, the part of which it is (for example, industry, market, etc.).

2. The preferences, specific to relatively independent parts and el-
ements of the system, “are mostly the products of the system itself” 
[18, p. 10].

3. The system is developed by virtue of its own evolution and in 
the view of adoption of special administrative decisions. In this re-
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gard, “the researcher, ... should look for the explanation in history”, 
especially, in the history of development of this system. Given that, 
the attention should be “paid not only to the events or processes per se, 
but rather to a more permanent institutions in the framework of which 
these events and processes occur and which determine their course” 
[16, p. 118], mainly, to the “institutions appeared historically and de-
veloping evolutionary” [16, p. 120].

4. “All systems have their specific weaknesses or dysfunctions” 
[18, p. 161].

5. The qualitative and quantitative comparison of the properties of 
the system being analyzed with the relevant properties of other sys-
tems is the applicable the method of analysis.

Based on these principles, the following conclusions can be made:
– the enterprise is a multi-dimensional and multi-spatial system 

[see 17, p. 144–154];
– the links between the enterprise and its external environment 

are of a dual nature;
– the internal environment of the enterprise is sufficiently satu-

rated, it contains the objects of different quality and the spaces, 
structured to varying degrees [20; 21]. Various theories offer 
us various options for the contents of the internal environment: 
1) the neoclassical theory offers technologies; 2) the neoinsti-
tutional offers contracts of different nature; 3) the evolutional 
offers traditions and customs; 4) the managerial – the staff and 
managers interacting in the framework of the management sys-
tem; 5) the cognitive – the knowledge and the mechanisms for 
its update; 6) the cultural – organizational (corporate) culture; 
7) the political – the “power” centers within the enterprise etc.;

– the interaction of the enterprise with the environment is man-
ifested through pressure and assistance. The pressure occurs 
when the external environment by means of the combinations 
of sanctions and incentives reduces the possibility of the enter-
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prise, making it take certain decisions. The assistance1, on the 
contrary, increases the possibilities by creation of the additional 
alternatives for a decision making;

– the purpose of the formation of the enterprise is expressed in 
independent terms. The systemic paradigm allows to overcome 
the limitations of traditional economic theory – the determi-
nated causality as a principle of explanation of the economic 
behavior. In this case the interaction is the basic form of the 
relationship between the objects, rather than the unidirectional 
causality [8; 9; 17, p. 159];

– the assertion that every system has its unique disadvantages, 
does not contradict to the desire of the enterprise to perfection. 
This principle emphasizes the multicriteriality of this task. The 
dysfunctions are not stable, the recognition of such indicates 
the unattainability of perfection by all criteria simultaneously. 
That system dysfunctions are the source of differences between 
the enterprises. A variety of enterprises, necessary for function-
ing of the market, is provided by dysfunctions that occur in the 
course of creation of the enterprise and the initial stages of its 
formation, as well as by direct and indirect influence of the fac-
tors of the external environment on it;

– the enterprise and the external stakeholders [12; 13; 14; 26]. 
The systemic paradigm implies the differentiation, classifica-
tion and grouping of the persons interested in the performance 
of the enterprise. For example, the following groups may be 
distinguished: 1) non-strategic minority investors – the tem-
porary shareholders; 2) the shareholders whose behavior can 
be regarded as a stable, permanent system, resulted in strategic 
decision making. In addition to the above, there are other ones 
(see [22; 27]).

1 The assistance is considered by us as the conditions in which the enterprise op-
erates, particularly, performs the innovative activity.
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– the internalization and externalization. The internalization means 
the presence of temporary (episodic) subsystems and can be ex-
pressed, for example, in the general meeting of the shareholders. 
The externalization is the formation of the permanent sub-sys-
tems, such as the product sales subsystem (marketing) [11].

Any enterprise theory is expressed in the development of a sys-
tem of provisions based on a relatively small number of original as-
sumptions. Provided that, the result depends on which provisions are 
admissible in this theory. The further study of the enterprise in terms 
of this theory depends on the kind of system-containing identification 
space where the enterprise was defined as a system. The neoclassics 
define the enterprise as a functional unit, converting the resources into 
products. According to the contract (neoinstitutional) theory of the 
firm, the enterprise is defined in the space as a system combining the 
assets, the employees, the managers and the owners, bound by certain 
contractual relationships. G.B. Kleiner [12] considers the following 
groups of factors, affecting the activities of the enterprise:

– macroeconomic: the exchange rates, the interest rates, etc.;
– nanoeconomic: the orientation of the behavior of the managers, 

the employment opportunities, etc.;
– a combination of the above mentioned factors;
– the inter-level factors.
The enterprise as a system has important quality property – the integ-

rity, which is the irreducibility of its properties to the properties of the 
elements, and vice versa. At that two basic conditions should be followed:

– the availability of the independent elements;
– the interaction between these elements. 
The enterprise is formed in the informal environment, the equilibri-

um of which is disturbed by occurrence of some ordered, resistant ele-
ments in it. In the course of formation some systems (subsystems) are 
formed in a natural way, for example, the communication system. Other 
ones are formed consciously, for example, various technical systems.
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Unlike the enterprise the corporate innovation system is formed 
consciously by the willful decision of management. This is due to the 
fact that the innovative system is designed for the efficient implemen-
tation of the objectives of the enterprise.

Any enterprise can be represented as a system of objectives, which 
includes:

– the global objective – the survival. This objective can be mea-
sured by three indicators: the achievement of the objective, the 
effectiveness and the efficiency;

– the main objective – the maximum satisfaction of the customer;
– the organizational or strategic objectives. These objectives with 

respect to the first two objectives can be considered as operational.
The achievement of the objectives of the enterprise is possible as a 

result of creation and implementation of the innovations in the market.
Being an integral part of the organizational system of the enter-

prise, the corporate innovation system (subsystem) has a number of 
common proprieties:

– the system should be based on a material substance, once the 
materia in the modern sense includes the substance, the energy 
and the information, then the systems based on such substances, 
are crucial. There is a lot of serving, secondary systems, which 
in turn have the auxiliary formations of the class of systems pro-
viding a successful performance of these systems. This creates a 
hierarchy of systems, based on the principle of self-sufficiency;

– each system consists of a number of elements specific by the 
tasks to be solved, but their performance is subjected to the 
global objective of the system and constituting its purpose. Oth-
erwise, the structure of the system is determined by the stated 
purpose, and the parts of the system taking no part in solving 
the main task are the rudiments and die historically;

– the elements of the system must be linked together in order to 
achieve a global objectives in the framework of the system, and 
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therefore should share substantionally the materia, the energy, 
the information;

– the inherent propriety of the system is the ability to evolve, to 
adapt to new conditions through the creation of new links, ele-
ments with their local (private) links and means of their achieve-
ment.

At the same time the innovative system has a number of specific 
proprieties:

– it is an open system, i.e., it is influenced by its environment;
– it is a complex system, it consists of several hierarchical levels, 

types and subtypes of interacting subsystems;
– it is a socio-technical system. This feature applies only to the 

economic systems, and it is based on two principles: the social 
medium – the association of people who created this system, 
this system is for a human and a human contributes to its devel-
opment; techno – the material objects of natural and artificial 
origin, which are exploited by a human in the course of cre-
ation, distribution and consumption of goods.

The innovative system has a number of internal and external pro-
per ties:

– the interconnection of the system environment and the ex-
istence of the system itself. The environment is not only the 
backbone of the system, but any system is surrounded by the 
environment in the framework of which it lives and performs, 
the environment affects it and, in turn, the system has an impact 
on the environment. Often, the system is created only in order 
to change the properties of the environment;

– integrity. The internal unity, the principal irreducibility of the 
properties of the system to the sum of the properties of its con-
stituent elements are recognized, i.e., the system has the pro-
prieties “of the whole, conceivable as the plenty” [25]; Such a 
unity of the whole makes the formation a system and reduces 
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the role of its elements to the provision of the performance of 
the whole;

– stability. Maintaining the stability is the inside objective of 
the system, as opposed to the outside one, characterizing the 
relationship with the environment. Consequently, the system 
should be organized so as to ensure its own survival, stability 
in a changing world and at the same time, the development, the 
evolution, the approach to some objective;

– conservatism. It is characterized by the resistance to the at-
tempts to transform the system, resistance to influence, includ-
ing the controlling ones. On the other hand, the need for pur-
poseful change, the movement toward the objective, perfection, 
requires the system to modify, configure and implement the 
control functions. It seems that this contradiction is typical for 
the systems of any complexity;

– the implementation of the functional properties of the system is 
possible in the informational interaction between the elements 
and, consequently, the availability of not only communication 
channels but also their material completeness of the signals. 
Then of course the question on the methods of implementation 
of the informational entity arises, IE the question on the seman-
tics and the semiotics. These system properties are appropriate-
ly called informationality;

– complexity. The bulkiness of the description of the system, the 
need to involve the developed mathematical apparatus in the 
study of it, the multi-dimensional dynamics complete with the 
bifurcation points are the evidence of non-triviality of the sys-
tem and are characteristic for the complex systems. However, 
even based on the objective perception of the study process, it 
is impossible to distinguish the simple and the complex system, 
and, therefore, it is impossible to give a definition of complexi-
ty, nor, moreover, to formulate the indicator of complexity. One 
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of the simplest approaches, for example, is that the complexity 
can be defined as the number of elements of the system and the 
links between the system and its environment, as well as the 
same within the system;

– hierarchy. Stratification in the construction of a system by a hu-
man or by nature was a natural reaction to the complexity of 
the system, namely, to the expansion of the number of its tasks 
and their inconsistency. This was reflected in the functional and 
structural differentiation, when the introduction of the princi-
ple of hierarchy allowed to obtain another degree of freedom 
to expand a system: it became possible to develop vertically a 
variety of equal systems due to the introduction of the principle 
of subordination.

The corporate innovation system refers to a set of business pro-
cesses determining the control mechanism aimed at the most complete 
disclosure of potential of the enterprise, the development of the inno-
vative products, processes and business models.

In our view, the objectives of the corporate innovation system are:
– the implementation and building of the potential of the enter-

prise;
– the increase in the market share of the enterprise on the market;
– the increase in the economic efficiency of the performance of 

the enterprise;
– the stimulation of the creative and innovative activity of the 

personnel.
The corporate innovation system, in our opinion, includes the fol-

lowing elements (Figure 1):
– Information – both internal and external information sources;
– Bank of ideas – the fund, accumulating, forming and distribut-

ing the innovative ideas;
– Promotion system;
– Innovation financing fund;
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– The technical means providing a link between the participants 
of the innovation process and the distribution of the ideas.

Fig. 1. Schematic model of a corporate innovation system

According to the results of the empirical research, one of the most 
important elements of the enterprise and the corporate innovation sys-
tem is the organizational culture described more detailed in [3; 4; 5; 6].

The organizational culture allows to define the informal firm man-
agement procedures, eliminating the bureaucratic barriers and thereby 
reducing the obstacles to the distribution and introduction of the inno-
vations. At the same time the organizational culture can motivate the 
activity of the staff of the enterprise and contribute to the implementa-
tion of the innovations [3; 4; 5; 6].
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The model of the corporate innovation system can be represented 
as the function in the following form: 

S = f(I,M,F) → N,
where

S is the corporate innovation system;
I is the information, knowledge;
M is the incentives and the motivation of the innovation;
F is the financing of the innovation projects;
N is the innovation.

Fig. 2. Mechanics of the innovation process

In our view, the corporate innovation system mechanism can be 
described as a process model, including the following business pro-
cesses (Figure 2):

– the planning of the innovative activity;
– the search for innovative ideas;
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– the expertise of the innovative ideas;
– the design and implementation of the innovations;
– the communication in the innovation process;
– the marketing of the innovations;
– the financing of the innovative activity;
– the motivation of the innovative activity.
The planning of the innovative activities is performed in the strate-

gic and medium-term, the innovative activity plans should be updated 
at least once a year.

The strategy developed determines the general direction of the 
activity of the enterprise and generates a demand for the necessary 
innovations: product, process, organizational and social. The strategic 
plan, being the policy document of the enterprise, defines the objec-
tives for the medium-term period. In the medium term plan the bud-
gets are formed for the implementation of the planned innovations: 
material, labor, financial and others.

The sources for the search for the ideas can be divided into internal 
and external ones.

The search for the innovative ideas in the external environment is 
based on an active benchmarking. These sources include:

– the study of the business literature, analytic and news Internet 
resources;

– the analysis of the experience of the competitors;
– the technological brokerage;
– the feedback from customers received directly through the sales 

representatives of the enterprise, the website of the enterprise 
and in other ways.

The internal sources are the staff of the enterprise [see 7, 21 for 
details]. The activation of the innovative activity of the staff can be 
conducted in the form of a enterprise-wide competition:

– General search competition. The objective – to search for the 
possible points of growth of the enterprise. In this case, the 
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problem should be formed as wide as possible to find as many 
options as possible;

– Specialized search. In this case, the restrictions and criteria for 
the most efficient solutions, based on availability of the resourc-
es and existing business processes are stipulated in advance.

All proposed ideas must necessarily take an objective expertise. In 
the course of expertise both qualitative and quantitative methods can 
be used. The choice of method is determined by practical necessity 
and the specific challenges faced by the enterprise.

Qualitative methods include: cost and benefit analysis, Delphi 
method, the theory of inventive problem solving. The expertise should 
be carried out in several stages, and only at the last stage the analysis 
of compliance of the innovations with the strategic and tactical prob-
lems solving should be performed. This approach would not miss the 
ideas that can be highly effective in the long term.

The use of the quantitative methods is based on a system of eco-
nomic indicators: the sales volume growth, the increase in the added 
value, the material and labor costs saving, the payback period, the 
profitability etc.

The process of implementation of the innovative ideas in the op-
eration activity is carried out through the implementation of the proj-
ects. For the implementation of the projects the enterprise must have a 
specialized unit dealing with development and design. But given that 
innovation projects are very different in nature, the enterprise must 
have a special Centre to coordinate the activities of all the project 
teams [see 10].

To improve the effectiveness of development and implementation 
of the projects, they should be classified not only by the type of inno-
vation (subject / process, organizational and social), but also by the 
category. There may be several categories of the projects. The follow-
ing may serve as the criteria for attribution to a particular category:

– the volume of funding and the design period;
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– the complexity (for example, the ability to cover several busi-
ness processes) or specialized (intended for a specific business 
process);

– the efficiency and payback period, etc.
The project life cycle should comprise the following stages:
– initiation, preparation, protection of the project idea and the 

method of motivation;
– approval of the request for proposal;
– formation of a group to carry out the pre-project stage and proj-

ect development;
– approval of the proposal for pre-project funding;
– preparation of the business plan, the financial conclusion for the 

project, the approval of the order on inception of the project;
– project implementation;
– stage-by-stage control;
– evaluation of the final results, approval of the project manager 

report;
– approval of the order on termination of the project. Awarding 

of the participants according to the results of development and 
implementation of the project.

An important component of the corporate innovation system is the 
communication with the mandatory feedback. At the same time the 
communication of the enterprise should be kept from the unautho-
rized access (in any form) in order to protect the trade secrets and the 
interests of the enterprise. Modern communication in the innovation 
system must contain the following elements:

– the corporate bank of ideas. It is required at the stages of search 
and examination of the innovation. The employees of the enter-
prise should have free access to the bank of ideas. This will allow 
a free and open discussion of the ideas and their transformation;

– electronic document management. It is used at the stages of 
design and implementation of the innovations. The users are 
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the project team and the management. It serves as a source of 
knowledge about all the realized projects.

The challenges of the marketing in the innovation system are re-
duced to the promotion of the innovations. To oversee the develop-
ment and implementation of the projects (project stages) the reports 
must be drawn up, stipulating the financial results and significance for 
the development of the activities of the enterprise and the enterprise 
itself. It is desirable for the project team to complete the article about 
the project for the in-house and / or external placement.

The financing of the innovative activity should have two components:
– financing of the strategic, long-term developments of impor-

tance for the future of the enterprise;
– financing of the tactical and operational developments, mainly, 

updates and improvements.
The financing of the strategic innovations by the enterprise can be 

performed either at their own expense or with the participation of the in-
volved ones. The Own funds are formed at the expense of the part of the 
capitalized profit (the profit remaining at the disposal of the enterprise).

But the own funds may be sufficient for the design and develop-
ment, but not sufficient for the implementation, development and mar-
ket penetration. Therefore, the enterprise should attract the investors’ 
funds, which can be formed from the following sources:

– additional contributions of the founders (major shareholders) of 
the enterprise;

– funds obtained due to the initial public offering – IPO.
The financial resources of the bank (loans) may be attracted only in 

the most extreme case.
Thus, the funds of the development fund of the enterprise should 

be divided into two parts:
– the investment fund – financing of the innovations requiring the 

funds not only for design and development, but also the funds 
for investments. The disbursement is long-term;
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– the financial fund for the financing of the projects and develop-
ments requiring insignificant capital investment. The disburse-
ment is performed within one fiscal year.

The main objective of the system of motivation of the project 
team and the innovators is the launch and the support of the mecha-
nisms of the innovative and effective development of the enterprise 
given the active participation of its staff. The system of motivation 
should be built and adjusted based on the experience of the innova-
tive activity of the enterprise itself, as well as other business organi-
zations and rely on the resources for the management of the develop-
ment of the enterprise. The motivational system should contain two 
subsystems [6]:

– material incentives (incentive fund);
– moral incentives.
The subsystem of material incentives is built on the basis of two 

components:
– the formula of motivation;
– the amount of incentives (remuneration).
The formula of motivation formula defines the relationship be-

tween the level of achievement of the degree of profitability of the 
project and the volume of funds allocated in the incentive fund. The 
volume of the material incentive fund indicates the amount of remu-
neration in terms of value and is included in the project budget. It 
must be paid in case of 100% (or close thereto) achievement of the 
project objectives. The development of the motivation formula must 
be commenced at the initial stages of the project (preparation and pro-
tection of the proposition). The final wording of it must be acquired in 
the project business plan. The remuneration of the participants of the 
project is determined individually, depending on the outcomes of the 
project and the degree of participation of each participant.

The incentive fund should be formed depending on the type of 
project. For projects with the determinable direct financial result the 
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fund is formed in proportion to the financial result. The volume of the 
fund should be based on the following criteria:

– the importance of the project for the enterprise;
– the complexity and novelty of the design solution;
– the complexity and history of the project.
For projects without direct financial result (or where it is difficult to 

determine) the volume of the incentive fund can be determined by an 
expert. The amount of the incentive is determined based on:

– the importance and complexity of the project;
– the labor intensity of the project;
– the opportunity cost of the design work, for example, by out-

sourcing.
Given that, the amount of remuneration for the projects without 

direct financial result shall not exceed the threshold for these types of 
projects established by the enterprise.

The incentive of the project team members is applicable for [see 10]:
– the idea;
– the participation in the development of the project;
– the results obtained.
The proportions of the remuneration should be established at the 

initial stages of development and should be adjusted in the develop-
ment of the business plan.

In addition to the direct cash payments for the innovation and de-
sign activity, the project participants may receive other types of mate-
rial incentives.

A constant monetary compensation, royalty, may be established for 
a definite proposal and may be in the form of:

– a percentage of sales volume within a specified period;
– a percentage of the financial result obtained for the sales or other-

wise.
Also, the innovator may be rewarded for the idea with a stake, or 

with a position of the founder of the enterprise.
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In addition to material incentive and motivation system should 
contain a subsystem of moral incentive. Moral incentive has more 
powerful effect.

The following may be used as the moral incentive:
– the awarding with the diploma, pennant, etc. for the results 

achieved;
– the best in the profession;
– the best innovator of the enterprise, etc.
The innovative activity is always associated with high risks. There-

fore it is necessary to form a control system for the monitoring of 
the innovative projects. This system is independent of the corporate 
control system. Its main challenge is to predict the effectiveness and 
profitability2 of the projects being developed and their results. The 
monitoring should be carried out in the following areas: 

– the use of funds for the implementation of the project;
– the evaluation of the results of the project development stages;
– the assessment of the future profitability and business efficiency;
– the need for additional financing of the project;
– the assessment of the further development of the project or its 

termination.
Therefore, in planning and developing of the project schedule it is 

required to determine the “control points” for prediction of the future 
outcomes. The monitoring should be carried out by the top-managers 
of the enterprise, the involvement of the independent, external experts 
is possible in case of necessity. 

Conclusion
The corporate innovation system is the targeted complex system. 

The main objective of the system is the sustainable development of the 
enterprise (firm). This system includes the following main elements: 

2 The term “profitability” is understood by the author as the possibility of making 
a profit in future periods.
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the internal and external information; the bank of ideas; the incentive 
system; the innovation financing fund; the technical means. The inter-
action among the elements of the system is ensured by the following 
processes: the planning and marketing of the innovative activity; the 
search and expertise; the design and implementation; the communica-
tions; the financing; the motivation and the incentives.
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CoNtrollABlE ModEl of MultIModAl 
TRANSPORTATION

Nikolaev A.B., Ivakhnenko A.A., Pashayev V.V., Tregubov P.G.

This article discusses the construction of multimodal transporta-
tion models based on controlled networks. The developed model is pa-
rameterized by statistical data on international motor transportation. 
It is proposed to implement cargo traffic models through mechanisms 
of controlled networks. At the same time the flow in the controlled net-
work determines how the transportation of goods comes from the top 
of the graph (source) to another (drain) on its arcs.

Cargo movement around the selected graph arc is performed in 
accordance with the selected direction. Loads moved from the source 
to the drain are represented as the units of cargo.

Keywords: Multimodal transportation; cargo traffics; controlled 
networks; graphs; statistical analysis; autocorrelation; spectral con-
centration.

1. Introduction 
At the present time, development of transport networks and corri-

dors allows logistics system to choose the objects more dynamically, 
since they make up the transport network on a set of performance 
indicators in order to reduce transport costs [16].

The main objectives in this case are: the formation of more effi-
cient routes of goods transportation on the transport network, taking 
into account the business constraints (objects schedule, bandwidth of 
facilities, the availability of facilities, integral characteristics of vehi-
cles and motive power). Also, when choosing an effective transport 
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plans of multimodal transportation system you must take into account 
restrictions on the haul distances of logistics network [5, 9].

Therefore, for example, the work of the international logistics cen-
ters operator can be built on the following choice principles [3, 4]:

● information on all available terminals;
● site selection for cross-docking;
● rating for transportation in the multimodal transport system;
● selection of vehicle types to assess their availability zone and 

adequate load capacity;
● definition of the set of available routes;
● generalized criterion selection for evaluating the effectiveness 

of consolidation and deconsolidation;
● formation of the vehicles control methods;
● quantitative assessment of vehicles on the basis of the availabil-

ity restrictions or fixed quotas;
● problem solution of building a load in a container based on the 

set of restrictions and rules;
● formation of stacking pattern in the form of tier;
● identification of the set of goods on their possible compatibility 

and incompatibility.
Failure of some or at least one element or object from the Auto-

mated Storage & Retrieval System (ASRS) for undetermined reasons 
can lead to the disruption of the supply chain in the logistics scheme 
of multimodal transportation [1, 2, 12]. As a result, such violations can 
potentially ruin the business relationships with the customer. Typical-
ly, the ASRS is very complex, so the role and characteristics of each 
object cannot be evaluated without the relevant models and further 
statistical analysis [7, 8].

In practice, in order to optimize the above factors you usually have 
to apply a variety of means to reduce the computational operations. 
Thus, the corresponding operations can be very cumbersome for large 
quantities of ASRS items or objects [6, 10].
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2. Controlled network model 
Models of cargo traffics are invited to implement through the 

mechanisms of controlled networks (CN) (Figure 1). The flux in the 
CN determines how the transportation of goods (in general, arbitrary 
objects) comes from the graph vertex (source) to another (drain) on its 
arcs [4, 5].

Cargo movement through the selected arc is performed in accor-
dance with the selected direction.

Loads moved from the source to the drain are represented as the 
units of cargo traffic [7, 11, 14].

Fig. 1. Controlled network

The task of finding the maximum flow graph with any number of 
sources and drains was also reviewed. For this purpose, two additional 
peaks, the main sources and drains, are determined (Figure 2). In this 
case, the main source is connected to all the sources of the original CN 
s1, s2, ... by arcs (S, s1), (S, s2), …. It is assumed that the capacity of 
the new arcs, linked to the main drain and source, has no restrictions. 
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Similarly, the original CN drains t1, t2, ... are engaged with the main 
drain T. Thus, the arcs capacity (t1, Т), (t2, T), …, is also considered 
unlimited.

Thus, the flow in the expanded graph from the main drain in the 
main flow actually corresponds to the flow in the original graph from 
the set of available sources in a set of drains.

It is also possible to show that the converse proposition is hap-
pened. The maximum flow value for the extended graph (Figure 2) 
corresponds to the maximum value of the flow in the original graph 
(Figure 1). As a result, the maximum flow search procedure for or-
dinary graph can also be used for the flow search in the extended 
graph [13].

Controlled network is a set of core network and its partial finite set 
of subnets. Partial subnet is obtained by exclusion of several arcs of 
the core network. The configuration of the controlled network is the 
same partial subnet of the core network.

Fig. 2. Graph with multiple sources and drains

It is assumed that the flow passes through the controlled network. 
This control is realized by selecting the current topology or network 
configurations.
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In order to determine the selection rules of the network configura-
tion the vector control is used

u = [u1…uM]T, u ∈ U = U1 × U2 × UM,                    (1)
where ui ∈ Ui = {0,1,…, }, ∈ Z+, , Z+ – set of positive 
whole numbers.

Each arc of the core network is associated with some component 
of the control vector.

Under certain values the components of the control vector and 
coupled arc with it are excluded from the core network topology that 
defines one of the possible configurations of CN. One of the control 
vector components can be engaged with a set of CN arcs. Finite set 
of values is defined by basic CN for each arc, the control vector arc-
linked component may receive them and wherein the selected arc is 
not excluded from the core network.

3. A formal description                                                                       
of controlled network cargo traffics 

For the formation of the control procedures in the transport and 
logistics network based on the CN, the graph structure of the core 
network is described by an adjacency matrix

А = [aij], aij ∈ {0,1}, ,                           (2)
where L – the number of core network nodes.

To formalize the communication elements of the control vector  
u = [u1…uM]T with the graph structure (i.e., arcs) of core network the 
control matrix is used

С = [cij], cij ∈ {0,1,2,…,M}, ,                      (3)
where cij – serial number of the control vector component, that is as-
sociated with the core network entity or arc, outgoing from the i-node 
to the j-node. In the absence of arcs between nodes i and j, value will be 
cij = 0, if aij = 0, .

Control vector component takes a set of values, for the formaliza-
tion of which the matrix of permitted phases is used
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F = [Fij], Fij ⊆ Ucij
, ,                             (4)

where Fij – component of the matrix F is the set of values taken by the 
corresponding component ucij

 of the vector control u=[u1…uM]T for the 
core network arcs from i to j, which remain in the core network graph. 
Therefore Fij = ∅, when aij = 0, .

For formalized task of decreasing procedure the value of the flux 
vector elements (for example, for i, 1≤i≤L) you should reduce the val-
ues of the components of the total throughput capacity of the arcs that 
originate from the node i, for the defined CN configuration.

If the value of the element xi is currently less than the total capacity 
of all output from the selected node arcs, then on the basis of the usual 
arithmetic subtraction you can obtain values less than zero compo-
nents.

Let the controlled network be a basic graph shown in Figure 3.

Fig. 3. Basic graph of the controlled network

Controlled network has four nodes, L = 4, of those the node 1 is 
source and node 4 is drain.

As a result of the statistical parameterization necessary matrices 
were found. The set of controlled network configurations are shown 
in Figure 4.

Let’s consider nine control strokes, . On each stroke we 
choose an arbitrary value of the control vector u = [u1 u2]

T .
The amount of flow is defined for continuous distribution matrix D. 

The simulation results are represented in Table. 1.
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Fig. 4. Set of controlled network configurations 

Table 1.
Simulation Results

k [u1 u2]
T [x1 x2 x3 x4]

T

0 - [1000 0 0 0]T

1 [0 0]T [973 12 15 0]T

2 [0 1]T [961 12 21 6]T

3 [0 1]T [949 12 27 12]T

4 [1 1]T [949 0 33 18]T

5 [1 2]T [949 0 21 30]T

6 [1 2]T [949 0 9 42]T

7 [0 2]T [937 12 0 51]T

8 [1 0]T [922 6 21 51]T

9 [1 1]T [922 0 24 54]T

In the table on the zero stroke, k = 0, the third column gives the 
initial value of the flow vector, x(0) = [1000 0 0 0]T.



48 IJAS, Volume 6, Number 2, 2016

4. the parameterization of flows and its forecast 
For the above model of flows, the time series can be decomposed 

into two components – the deterministic and random yt=f(t)+et. As a 
result of the conducted correlated data analysis ASMAP, a significant 
relationship between the cargo traffics (Table 2), which can be used 
to improve the quality of forecasts and therefore the choice of routing 
schemes, is showed [45, 106].

Table 2.
Correlation table

Fig. 5. Time series of transportation volumes
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Fig. 6. The autocorrelation functions of cargo traffics
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The analysis was conducted for cargo traffics on imports from Eu-
rope in three checkpoints. The corresponding graphs are shown in Fi-
gure 5.

It should be noted that the autocorrelation functions of flows through 
point 37 and 39 (Figure 6) have a sufficiently large value, which means 
the considerable stream inertia.

For a more adequate model of cargo traffic forecast during the 
work it is proposed to use spectral analysis, which makes it possible to 
assess the seasonality of the time series [15].

As graphic form of the results visualization the following periodo-
gram is used: Pk = sin(K)k

2 + cos(K)k
2 * N/2 , where Pk – the periodo-

gram values obtained at the frequency νk, and N – the total duration of 
the time series. These values can be interpreted as a variation of the 
data at a given frequency. when visualizing the periodogram it can be 
displayed depending on the periods or frequencies.

Constructed periodogram of analysed series of cargo traffics gave 
quite interesting results.

Thus, for cargo traffic through the point 39 there are three distinct 
components of seasonality (Figure 7).

The highest amplitude value corresponds to the period of 7 days 
(week). Similar results were obtained for cargo traffic through the 
point 37.

However, in this flow two frequencies prevail, namely 7 days, 
which corresponds to the periodogram value 0.15, and the frequency 
corresponding to half weeks is added. There are three prevailing fre-
quency of 7 days, 3.5 days and 2.33 days for cargo traffics. Similar 
results were obtained for traffic through the point 37. However, in 
this flow two frequencies prevail, namely 7 days, which corresponds 
to 0.15 periodogram. To solve the problem of forecasting cargo traf-
fics as the base model the usage of time series model is proposed:                                                                                                             
Xt = b + et, where b – constant and e (epsilon) – random error. More-
over, the decreasing weight is set in the exponential smoothing 
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method for more distant observations under exponential law. Unlike 
the moving average all the values of the time series are taken into 
account.

Fig. 7. Cargo traffic periodogram through the 39 point

5. Conclusion 
It is proposed to implement the cargo traffics simulation through 

the theory of controlled networks, in which the flow determines how 
the transfer of some objects will come from one vertex to another 
on its arcs. The main elements of the network are the source and the 
drain, which characterize the points of sending and receiving of goods. 
Control, bandwidth and distribution matrices, which are aimed at a 
formal problem solution of cargo traffic maximizing, were formed. 
The process modelling problem of cargo consolidation, which allows 
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us to estimate the numerical characteristics of random variables deter-
mining cargo traffics, was set and solved.

One of the objectives is to convert the input streams of small vol-
ume, which come from shippers on the vans to the output streams, 
representing the volume of the container as the goods accumulation 
belonging to the same recipient.
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кОМПьЮТеРНые МеТОды                 
геНеТическОгО АНАлизА

Осипов А.Л., Трушина В.П., Чентаева Е.А.

Рассматриваются основные статистические методы, кото-
рые используются при проведении генетического анализа призна-
ков человека. Исследованы методы сегрегационного анализа, ана-
лиза сцепления и аллельных ассоциаций. Разработано программное 
обеспечение для реализации этих методов.

Ключевые слова: сцепление; ассоциация; принятие решений; 
статистические методы; программирование; картирование; вы-
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CoMPutEr MEthodS of gENEtIC ANAlYSIS

Osipov A.L., Trushina V.P., Chentaeva E.A.

The basic statistical methods used in conducting the genetic analy-
sis of human traits. We studied by segregation analysis, linkage anal-
ysis and allelic associations. Developed software for the implementa-
tion of these methods support.

Keywords: clutch; association; decision making; statistical meth-
ods; programming; mapping; sampling; analysis.

Генетический анализ — это область генетики, занимающая-
ся выяснением механизмов генетической детерминации различ-
ных признаков. В рамках этого раздела решаются вопросы о том, 
сколько и, каких генов участвует в обеспечении полиморфизма 
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признака, где они локализованы, как функционируют, взаимодей-
ствуют ли друг с другом, модифицируются ли внешними факто-
рами и др. [2, с. 6]. Одним из важнейших этапов генетического 
анализа является картирование генов, которое позволяет полу-
чать информацию о позиции гена и оказывать огромное влияние 
на понимание механизма зарождения и развития многих болезней.

Рис. 1. Главная форма приложения

Целью работы является разработка программного обеспечения 
для генетического анализа признаков человека с помощью стати-
стических методов анализа сцепления и ассоциаций. Основная 
идея картирования с помощью анализа ассоциаций заключается 
в следующем. Если у большинства больных в популяции мутант-
ный аллель имеет общее происхождение, окружающие маркеры 
находятся с ним в неравновесии по сцеплению. Для локализации 
гена, контролирующего болезнь, надо найти такой маркер, один 
из аллелей которого преобладает у больных [3, с. 381]. С помо-



57МЖПИ, Том 6, №2, 2016

щью анализа ассоциаций можно картировать как простые бинар-
ные, так и количественные признаки. Материалом для анализа 
могут служить случайные выборки из популяции, независимые 
группы больных и здоровых людей или выборки родственных 
особей [1, с. 34]. Многообразие дизайнов эксперимента привело 
к созданию большого количества статистических методов ана-
лиза, соответствующих типу признака, числу и типу маркеров, 
структуре выборки. В разрабатываемом программном приложе-
нии имеется одна главная форма, представленная на рис. 1.

Рассмотрим работу приложения на примерах с использовани-
ем реальных данных. Пусть маркерный локус представлен тремя 
аллелями, распределение которых у больных и здоровых показа-
но в таблице 1.

Таблица 1.
Пример данных для метода Case-control

Аллели Больные Здоровые
1 104 75
2 86 33
3 56 104

На рис. 2 показана форма Case-control и расчет показателей:

Рис. 2. Форма Case-control 

Результат теста, полученный с помощью метода case-control 
при расчете критерия хи-квадрат, показан на рис. 3:
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Рис. 3. Результат теста с помощью метода case-control 

Рассмотрим еще один пример. Пусть в группу больных попали 
28 человек с генотипом MM, 48 – с генотипом Mm и 19 человек с 
генотипом mm. В группе здоровых 29 человек с генотипом MM, 
17 – с генотипом Mm и 8 человек с генотипом mm. Из этих данных 
легко получить распределение аллелей маркерного локуса среди 
больных и здоровых людей, которое и заносится в таблицу на фор-
ме Case-control. Произведем расчет критерия Odds Ratio, выбрав его 
из списка справа, от таблицы. На рис. 4 показана форма Case-control 
после ввода данных контрольного примера и расчета показателей.

Рис. 4. Форма Case-control после ввода данных 

Результат теста, полученный с помощью метода case-control 
при расчете критерия Odds Ratio, показан на рис. 5:
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Рис. 5. Результат теста с помощью метода case-control при расчете OR

В качестве примера для метода HHRR рассмотрим выборку, 
состоящую из 100 больных детей и их родителей, и сформируем 
таблицу, характеризующую трансмиссию аллелей, данные кото-
рой приведены в таблице 2:

Таблица 2.
Пример данных для метода hhrr

Переданные аллели
Непереданные аллели

аллель 1 аллель 2
Аллель M 93 31
Аллель m 63 13

Значения, приведенные в этой таблице, используем для вычис-
ления критерия HHRR. На рис. 6 показана форма HHRR после 
ввода данных:

Рис. 6. Форма HHRR после ввода данных 
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Результат теста с помощью метода HHRR показан на рис. 7:

Рис. 7. Результат теста с помощью метода HHRR

В качестве данных для примера тестирования с помощью ме-
тода TDT рассмотрим значения, приведенные выше в таблице 2. 
На рис. 8 показана форма TDT после ввода данных.

Рис. 8. Форма TDT после ввода данных 

Результат теста, полученный с помощью метода TDT при рас-
чете обычного критерия, показан на рис. 9:
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Рис. 9. Результат теста с помощью метода TDT 

На рис. 10 показана форма TDT после ввода данных и расчета 
критерия TDT, основанного на отношении правдоподобия.

Рис. 10. Форма TDT после ввода данных 

Результат теста, полученный с помощью метода TDT при рас-
чете критерия, основанного на отношении правдоподобия, пока-
зан на рис. 11:
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Рис. 11. Результат теста с помощью метода TDT при расчете критерия,                   
основанного на отношении правдоподобия

В качестве примера возьмем выборку, состоящую из трех 
ядерных родословных, в которых не известны генотипы обо-
их родителей, но генотипировано по несколько потомков, среди 
которых встречаются как больные, так и здоровые. Эти данные 
были внесены в таблицу на форме S-TDT и выделены в ней розо-
вым цветом. На рис. 12 показана форма S-TDT после ввода дан-
ных и расчета статистики.

Рис. 12. Форма S-TDT после ввода данных и расчета статистики

Результат, полученный с помощью метода S-TDT, показан на 
рис. 13:
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Рис. 13. Результат теста с помощью метода S-TDT

Рис. 14. Форма «Дисперсионный анализ» после ввода данных 

Заполним таблицу на форме «Дисперсионный анализ» значе-
ниями количественного признака у особей с различными геноти-
пами маркерного локуса. 

На рис. 14 показана форма для ввода данных и анализа ассоци-
аций с помощью дисперсионного анализа после загрузки данных 
из файла и расчетов: 
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Результат дисперсионного анализа показан на рис. 15:

Рис. 15. Результат дисперсионного анализа

Для расчета равновесия Харди-Вайнберга возьмем выборку, 
состоящую из двухсот неродственных особей, которые были ге-
нотипизированы по десяти SNP маркерам. Результаты генотипи-
рования представлены в таблице 3.

Таблица 3.
Пример данных для расчета равновесия Харди-Вайнберга

Номер 
маркера

Наблюдаемые численности генотипов
NO 

MM NO 
Mm NO 

mm NNA

1 114 80 6 0
2 56 111 32 1
3 168 29 3 0
4 167 26 7 0
5 60 96 44 0
6 95 90 14 1
7 51 110 39 0
8 118 48 22 12
9 121 60 19 0
10 79 95 25 1

На рис. 16 показана форма для расчета равновесия Харди-Вай-
нберга после загрузки данных из файла:

На рис. 17 показана эта же форма после расчета статистики. 
Полужирным шрифтом и розовым цветом в последнем столбце 
выделены отличия на уровне значимости p < 0.5. Это говорит о 
том, что численности генотипов трех из десяти маркеров не со-
ответствуют ожидаемым при равновесии Харди-Вайнберга, и 
указывает на присутствие ошибок. Для устранения этих ошибок 
проводят коррекцию данных с последующим тестированием.
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Рис. 16. Форма «Тест на равновесие Харди-Вайнберга»                                              
после загрузки данных из файла

Рис. 17. Форма «Тест на равновесие Харди-Вайнберга»                                                  
после расчета статистики

Перечисленные выше методы, а также тест Хайди-Вайнберга, 
применяемый для контроля генотипирования случайной выбор-
ки особей из популяции, были реализованы в виде программно-
го приложения для генетического анализа признаков человека на 
языке C# в среде Visual Studio 2012. Созданная программа будет 
полезна специалистам в области генетики, и поможет гораздо бы-
стрее проводить генетические тесты.
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МОделиРОВАНие кОНЦеНТРАЦиОННыХ 
ПРеделОВ НА ОсНОВе НейРОННыХ сеТей

Осипов А.Л., Трушина В.П., Павлик И.О.

Изучаются модели прогнозирования концентрационных преде-
лов с использованием нейросетевых технологий.   Разработано про-
граммное обеспечение для реализации этих моделей. Показана эф-
фективность работы системы на экспериментальном материале.

Ключевые слова: моделирование; нейронные сети; принятие ре-
шений; программирование; концентрационные пределы; выборка; 
структурная формула.

ModEllINg of CoNCENtrAtIoN lIMItS 
BASED ON NEURAL NETwORkS

Osipov A.L., Trushina V.P., Pavlik I.O.

We study the forecasting model with the concentration limits is-the 
use of neural network technology. The software for the implementa-
tion of these models. It is shown that the efficiency of the system in the 
experimental material.

Keywords: modeling; neural networks; decision-making; program-
ming; concentration limits; sampling; structural formula.

Для проведения эффективных мероприятий по обеспечению 
пожаровзрывобезопасности, а также создания безопасных усло-
вий труда необходимо правильно и полно оценивать пожаровзры-
воопасные и физико-химические свойства исследуемых соедине-
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ний, таких как адиабатическая температура горения, температура 
вспышки, верхний и нижний концентрационные пределы воспла-
менения и др. [4, с. 41]. Зачастую сведения по пожаровзрывоопас-
ности новых или еще только синтезируемых химических веществах 
отсутствуют. В связи с тем, что экспериментальное определение 
показателей пожаровзрывоопасности сопряжено с трудоемки-
ми исследованиями, в настоящее время единственным способом, 
который удовлетворяет возрастающую потребность в данных о 
пожаровзрывоопасности, являются расчетные методы, которые 
требуют эффективных математических моделей. Расчетные мето-
ды полезны как для прогнозной оценки пожаровзрывоопасности 
используемых веществ, так и на этапе проектных исследований из-
за необходимости оценки влияния возможных колебаний составов 
реакционных смесей в химико-технологических процессах.

В последние несколько лет наблюдается большой интерес к 
нейронным сетям. Нейронные сети являются наиболее эффектив-
ным инструментом для задач прогнозирования, применяемому 
практически в любой ситуации, когда имеется связь между пе-
ременными-предикторами (входами) и прогнозируемыми пере-
менными (выходами), даже если эта связь имеет очень сложную 
природу и ее трудно выразить в обычных терминах корреляций 
или различий между группами. 

Концентрационный предел распространения пламени (КПР) – 
одно из значимых пожаровзрывоопасных свойств веществ, опре-
деление которого является необходимым действием при опре-
делении категории помещений и зданий по взрывопожарной и 
пожарной опасности, при разработке мер по предотвращению 
пожаров и взрывов в технологическом оборудовании и т.д.

Концентрационный предел распространения пламени (вос-
пламенения) (КПВ) – минимальное/ максимальное содержание 
горючего вещества в однородной смеси с окислительной средой 
(окислителем), при котором возможно распространение пламени 
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по смеси на любое расстояние от источника зажигания. По мак-
симальному и минимальному содержанию горючего в воздухе 
различают соответственно верхний концентрационный предел 
воспламенения (ВКПВ) и нижний концентрационный предел вос-
пламенения (НКПВ). Между ними находится интервал (область 
воспламенения), характеризующий пожарную опасность газов, 
паров, пылей, жидкостей. Содержание горючего в воздухе (размер-
ность КПР) может выражаться в % (по объему) или в г·м3 [1, с. 27].

Экспериментальный способ определения пожаровзрывоопас-
ных свойств, в том числе и определение НКПВ, достаточно затра-
тен и трудоемок [1, с. 35]. Намного эффективнее и удобнее является 
использование компьютерных программ, реализующие наиболее 
точные алгоритмы и математические модели расчета таких пока-
зателей [3, с. 89]. Разработка программных средств в целях пред-
сказания пожаровзрывоопасных свойств химических веществ на 
основе нейросетевых технологий является актуальной задачей.

Для прогнозирования НКПВ отобрана информация о 300 со-
единениях, относящиеся к различным классам химических ве-
ществ: наименование вещества, класс, структурная формула, зна-
чение НКПВ [1, с. 57; 2, с. 65]. 

Задача прогнозирования решается путем обучения нейронной 
сети выборкой из химических соединений с заданным показателем 
НКПВ. Имея готовую нейронную сеть, можно ввести структурную 
формулу вещества и получить предсказанное значение НКПВ для 
химического соединения. Программа также позволяет вносить 
в базу данных информацию о новых веществах, значения НКПВ 
которых достоверно подтверждены. С учетом этих новых данных 
имеется возможность переобучения нейронной сети, а также экс-
портировать отчеты по результатам прогнозирования в MS Excel.

На синапсы нейронов первого слоя подается информация о 
наличии и количестве дескрипторов, присутствующих в струк-
турной формуле. В качестве таких дескрипторов отобраны сле-
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дующие фрагментарные составляющие формулы: атомы с уче-
том валентного состояния или атом-связь-атом. Таким образом, 
на входы каждого нейрона первого слоя подается следующая 
информация: 0 – если соответствующий фрагмент отсутствует в 
структурной формуле, и в случае наличия фрагмента в формуле – 
цифра, показывающая их количество.

Для того, чтобы программа могла прогнозировать нижний 
концентрационный предел воспламенения необходимо обучение 
нейронной сети. Это обучение происходит с помощью алгоритма 
обратного распространения ошибки. 

Алгоритм обратного распространения ошибки является одним 
из методов обучения многослойных нейронных сетей прямого 
распространения, называемых также многослойными персептро-
нами. Многослойные персептроны успешно применяются для 
решения многих сложных задач.

В качестве входных данных используются готовые соедине-
ния и их коэффициенты воспламенения, полученные экспери-
ментальным путем.

Общий алгоритм обучения представлен ниже:
1. Инициализировать веса маленькими случайными значени-

ями.
2. Подать обучающую выборку на вход сети и подсчитать вы-

ходы каждого узла.
3. Для выходного слоя рассчитывается

δk = ok(1 – ok)(tk – ok),
где δ – производная выходного слоя; ok – выходной сигнал, tk – 
предполагаемый выходной сигнал.

4. Для каждого слоя, начиная с предпоследнего вычислить
δj = oj(1 – oj)  δk wj,k

где δ – производная промежуточных слоев; oj – выходной сигнал 
слоя; wj,k – вес слоя.
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5. Далее происходит подстройка весов
∆wi,j = α∆wi,j + (1 – α)ηδjoi,

где wi,j – вес слоя, α – произвольная константа, η – множитель, за-
дающий скорость «движения», δ – производная промежуточных 
слоев, oj – выходной сигнал слоя.

wi,j = wi,j + α∆wi,j,
где wi,j – вес слоя, wi,j – градиент.

6. Повторить обучение с 2 шага, если существуют еще обуча-
ющие выборки.

Так же нужно отметить, что нейронная сеть в описываемой 
программе использует сигмоидальную функцию активации, что 
позволяет более точно определять прогнозируемое значение. В 
качестве примера сигмоидальных функций можно привести ло-
гистическую (1) и гиперболический тангенс (2):

,                                  (1)

где Y – выходной сигнал слоя, α – параметр наклона сигмоидаль-
ной функции активации.

,                                         (2)

где Y – выходной сигнал слоя, α – параметр наклона сигмои-
дальной функции активации. В представленной нейронной сети 
использован гиперболический тангенс. На рис. 1 представлена 
блок-схема обучения по алгоритму обратного распространения 
ошибки.

Сведения о веществах хранятся в файле chemicals.yml. yAML- 
человекочитаемый формат сериализации данных, концептуально 
близкий к языкам разметки, но ориентированный на удобство 
ввода-вывода типичных структур данных многих языков про-
граммирования. Непосредственно в файле chemicals.yml хра-
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нится информация о наименованиях химических соединений, 
фрагментарных элементах, которые они содержат, их связей и 
дескрипторы этих соединений, а также Smiles-формулы. При за-
пуске программы открывается основное диалоговое окно, содер-
жащее следующие элементы (рис. 2):

Рис. 1. Алгоритм обучения сети

– молекулярный редактор, позволяющий строить структур-
ные формулы исследуемого соединения либо путем пере-
таскивания на рабочую область с панели элементов соот-
ветствующие элементы и соединять их связями, либо по 
Smiles-формулам; 

– справочные окна, показывающие информацию о содержа-
щихся в формуле дескрипторах (наличие и количество) и 
значение НКПВ;

– пункты меню «Файл» – содержащие стандартные команды 
работы с программой;
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– пункты меню «Сервис»: Соединения – позволяет выбрать 
соединения из базы данных для исследования, Обучение – 
позволяет открыть соответствующие диалоговые окна для 
обучения нейронной сети, Отчет – для экспорта результа-
тов обучения в MS Excel; Экзамен – проверка качества про-
гнозирования на экзаменационной выборке;

– кнопка, вызывающая диалоговое окно для добавления но-
вого соединения в базу данных.

Рис. 2. Молекулярный редактор

Диалоговое окно для добавления нового вещества в базу дан-
ных содержит поля: Наименование, Smiles-формула и коэффици-
ент НКПВ (рис. 3).

Для начала работы программы необходимо ввести структур-
ную формулу химического соединения одним из трех способов: 
либо построить в молекулярном редакторе, используя панель 
инструментов, либо выбрать уже готовое соединение из списка, 
либо ввести формулу в формате SMILES в текстовое поле в верх-
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ней части экрана. Программа проверяет информацию о вводимом 
химическом веществе на наличие его в базе данных. Если сведе-
ния о таком веществе уже хранятся в ней, то автоматически выво-
дится его название, в противном случае существует возможность 
добавления информации о веществе в базу данных: название, 
SMILES-формула, значение НКПВ.

Рис. 3. Добавление нового вещества в базу данных

После ввода структурной формулы программой подсчитыва-
ются дескрипторы: в соответствующем окне показывается их на-
личие и количество. 

После подсчета дескрипторов программа приступает к рас-
чету коэффициента НКПВ. Для этого подгружается обученная 
нейронная сеть, и в нее загружаются уже готовые дескрипторы. 
Когда сеть подстроит значения согласно весам, она выдаст рас-
считанное значение НКПВ.
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Обучение сети можно провести, выбрав пункт меню Сервис – 
Обучение. Окно Обучение представляет собой таблицу, в столб-
цах которой содержится информация о наличии и количестве 
дескрипторов соединения и значении НКПВ, подтвержденным 
надежными источниками (рис. 4). По строкам таблицы располо-
жены сведения о конкретном соединении из базы данных. 

Рис. 4. Окно «Обучение»

Обучение нейронной сети начинается после нажатия кнопки 
«Обучить».

Для демонстрации работы программы из базы химических со-
единений выбран случайным образом Гептан (рис. 5). 

В окне молекулярного редактора отобразились его структур-
ная формула, наличие и количество дескрипторов, входящих в 
формулу, а также значение коэффициента НКПВ (рис. 6).

В ходе исследований осуществлена возможность прогнозиро-
вания нижнего и верхнего концентрационных пределов воспла-
менения, добавления в базу данных веществ с известными зна-
чениями НКПВ и ВКПВ, переобучение нейронной сети с учетом 
этих значений, а также экспорт отчетов по результатам прогнози-
рования в MS Excel. 
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Рис. 5. Выбор соединения для прогнозирования НКВП

Рис. 6. Структурная формула выбранного соединения
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В ходе проведенных экспериментов были получены следую-
щие результаты: при обучении и тестировании нейроной сети на 
экзаменационных выборках выдаются результаты, имеющие точ-
ность, адекватную точности экспериментального определения 
НКПВ и ВКПВ. Таким образом, можно сделать вывод, что про-
грамма пригодна для прогнозирования НКПВ и ВКПВ широкого 
класса органических соединений, и это позволяет рекомендовать 
ее для практического использования.

Список литературы
1. Корольченко А.Я., Крольченко Д.А. Пожаровзрывоопасность ве-

ществ и материалов и средства их тушения: справочник: в 2ч. М.: 
Асс. «Пожнаука», 2004. Ч.1. 713 с.

2. Корольченко А.Я., Крольченко Д.А. Пожаровзрывоопасность ве-
ществ и материалов и средства их тушения: справочник: в 2ч. М.: 
Асс. «Пожнаука», 2004 . Ч.2. 774 с.

3. Криветченко О.В., Павлик И.О. Компьютерная система про-
гнозирования нижнего концентрационного предела воспла-
менения //Информационно-телекоммуникационные системы 
и технологии (ИТСиТ-2014): Материалы Всероссийской на-
учно-практической конференции, г. Кемерово, 16–17 октября 
2014 г.; Кузбас. гос. техн. ун-т им. Т.Ф. Горбачева. Кемерово, 
2014. С. 88–89.

4. Осипов А.Л., Криветченко О.В. Компьютерная оценка нижнего 
концентрационного предела воспламенения химических веществ 
// В мире научных открытий. Красноярск: Научно-инновацион-
ный центр, 2013. №10.1(46) (Математика. Механика. Информати-
ка). С. 34–45.

References
1. Korolchenko A.ya., Krolchenko D.A. Pozharovzryvoopasnost’ vesh-

chestv i materialov i sredstva ikh tusheniya [Fire hazard substances 



78 IJAS, Volume 6, Number 2, 2016

and materials and their extinguishing agents]. M.: Ass. «Pozhnauka», 
2004. Part 1. 713 p.

2. Korolchenko A.ya., Krolchenko D.A. Pozharovzryvoopasnost’ vesh-
chestv i materialov i sredstva ikh tusheniya [Fire hazard substances 
and materials and their extinguishing agents]. M.: Ass. “Pozhnauka”, 
2004. Part 2. 774 p.

3. Krivetchenko O.V., Pavlik I.O. Komp’yuternaya sistema prognoziro-
vaniya nizhnego kontsentratsionnogo predela vosplameneniya [The 
computer system of forecasting lower flammable limit // Information 
and Telecommunication Systems and Technologies]. Informatsion-
no-telekommunikatsionnye sistemy i tekhnologii (ITSiT-2014): Mate-
rialy Vserossiyskoy nauchno-prakticheskoy konferentsii, g. Kemerovo, 
16–17 oktyabrya 2014 [Proceedings of the All-Russian scientific-prac-
tical conference, Mr. Ke-mers, on October 16–17, 2014]; Kuzbas. gos. 
tekhn. un-t im. T.F. Gorbacheva. Kemerovo, 2014, рр. 88–89.

4. Osipov A.L., Krivetchenko O.V. V mire nauchnykh otkrytiy. Kras-
noyarsk, 2013. №10.1(46), рр. 34–45.

дАННые ОБ АВТОРАХ
Осипов А.л., Трушина В.П., Павлик и.О.
 Новосибирский государственный университет экономики 

и управления
 ул. Каменская 52/1, г. Новосибирск, 630099, Российская Фе-

дерация
 alosip@mail.ru

DATA ABOUT THE AUTHORS
Osipov A.L., Trushina V.P., Pavlik I.O. 
 Novosibirsk State University of Economics and Management
 52/1, Kamenskaya Str., Novosibirsk, 630099, Russian Fede-

ration
 alosip@mail.ru



79МЖПИ, Том 6, №2, 2016

doI: 10.12731/2227-930X-2016-2-79-87

ПРиНЯТие РешеНиЯ О фОРМе 
дифРАкЦиОННыХ сТРукТуР В зАдАче 

РАссеЯНиЯ РАдиОВОлН

Преображенский А.П., Чопоров О.Н.

В работе рассматривается задача рассеяния электромаг-
нитных волн на различных дифракционных структурах. Решение 
задачи рассеяния осуществляется на основе метода интеграль-
ных уравнений. По диаграммам обратного рассеяния при разных 
частотах падающей волны принимается решение о форме иссле-
дуемого объекта.

Ключевые слова: дифракция; интегральное уравнение; рассе-
яние радиоволн; радиосвязь; дифракционная структура; метод 
моментов; радиоизлучение.

thE dECISIoN of forM for dIffrACtIVE 
StruCturES IN thE ProBlEM of SCAttErINg 

OF RADIO wAVES

Preobrazhensky A.P., Choporov O.N.

This paper considers the problem of scattering of electromagnetic 
waves in different diffraction structures. The solution of the scattering 
problem is based on the method of integral equations. On diagrams of 
backscattering at various frequencies of the incident wave, the deci-
sion about the form of the object is carried out.

Keywords: diffraction; integral equation; scattering of radio 
waves; telecommunication; diffraction structure; method of moments; 
radioirradiation.
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Для того, чтобы проектировать и оценивать эффективность 
современных радиолокационных систем требуется знать апри-
орные характеристики рассеяния исследуемых объектов [1–4]. 
Вследствие развития техники и способов обработки радиолока-
ционных сигналов возникают возможности для увеличения числа 
и точности измеряемых параметров поля, которое рассеивается 
от объектов при рассмотрении процессов радиолокации. Следует 
отметить, что актуальной является задача, связанная с разработ-
кой новых подходов и алгоритмов, направленных на  обнаруже-
ние и селекцию радиолокационных сигналов [5–8].

Информацию, связанную с состояниемпринимаемых электро-
магнитных волн можно использовать для того, чтобы обнаружи-
вать и проводить селекцию радиосигналов по соответствующим 
признакам [7].

Идентификация объектов в радиолокационной сфере может 
осуществляться по спектрам отраженных сигналов и значениям 
эффективной поверхности рассеяния (ЭПР). По удаленным (то-
чечным) рассеивателям ЭПР рассматривается как мера их види-
мости для радаров. Так как точных решений задач определения 
ЭПР для произвольных тел в общем случае не найдено, были 
разработаны несколько способов ([9–11]) для того, чтобы ее при-
ближенным образом решать: аналитические, численные и комби-
нированные. 

Когда размеры тел являются сопоставимыми с длиной падаю-
щей плоской монохромной волны l – то мы говорим о зоне резо-
нансного рассеивания здесь эффективными являются метод ко-
нечных элементов (МКЭ) в частотной области и метод моментов 
(МоМ).

В данной работе мы рассматриваем задачу об определении 
формы дифракционной структуры на основе информации о угло-
вых зависимостях ЭПР. Примеры рассматриваемых структур 
приведены на рис. 1.
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Рассмотрим решение задачи в рамках метода интегральных 
уравнений. Запишем интегральное уравнение Фредгольма второ-
го рода для электрического тока [12] при учете граничных усло-
вий для поверхностей идеально проводящих объектов (рис. 1)

,                (1)

где G = exp(-jkr)/r – является трехмерной функцией Грина, отно-
сящейся к свободному пространству, она будет являться решени-
ем уравнения Гельмгольца когда δ-образный источник; s – обо-
значает поверхность объектов; n – показывает внешнюю нормаль 
к поверхности объекта для точки наблюдения;

Рис. 1

JS = [n × H] – является поверхностной плотностью эквива-
лентного электрического тока; Hi(r) =  – является 
вектором первичной плоской электромагнитной волны, которая 
вертикально поляризована.
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Для того, чтобы определить неизвестные поверхностные 
электрические токи JS(r) на поверхности анализируемых струк-
тур проводится решение интегрального уравнения (1) на осно-
ве метода моментов [12] таким образом. Определяем систему 
базисных функций, относительно которых происходит разложе-
ние электрических токов на поверхности структур. Для нашего 
случая в качестве базисных функций мы выбираем кусочно-по-
стоянные функции. Потом требуется ввести систему пробных 
функций. Пробными функциями в нашем случае были взяты 
δ-функции Дирака. Применение такой системы с точки зрения 
физики показывает, что выполнение граничных условий по маг-
нитному полю происходит не для всех поверхностей объектов S, 
а только для дискретного числа точек. Анализ показывает [12], 
что когда выбирается достаточное количество точек, по кото-
рым происходит удовлетворение граничных условий, мы можем 
получить высокую точность решений, когда осуществляется мо-
делирование рассеяния электромагнитных волн на различных 
объектах.

Как результат применения метода моментов интегральное 
уравнение (1) превращается в систему уравнений:

,                        (2)

здесь Jx, Jy, Jz – являются компонентами плотности поверхност-
ных электрических токов.

В указанной выше системе для вычисления блоков в матрице 
U используются следующие выражения:

;

; ;
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; ;

;(3)

; ;

,

где m, n = 1, ..., N, где N – количество точек разбиения поверхно-
сти объектов.

Здесь dmn – является символом Кронекера,

,                    
(4)

где  – рассчитывается в виде единичного вектора, направ-

ленного из точки источника в точку наблюдения [12].
Для вектора-столбца свободных членов записываются такие 

выражения:
;
;                    (5)

.
После того, как решена приведенная система уравнений (2) 

происходит вычисление рассеянного электромагнитного поля для 
дальней зоны, которое связано с определенным электрическим 
током JS(r) таким образом[12]:

,        (6)

где k – является волновым числом; 
 – представляют собой 

магнитную и электрическую постоянную;
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r´– является радиус-вектором точки источника;
r – является радиус-вектором точки наблюдения по дальней 

зоне.
Проводится расчет ЭПР объекта на основе такой формулы [13]

σ = .                                (7)

Определение формы объекта может быть полезным в различ-
ных автоматизированных системах [14, 15]. Для того, чтобы при-
нять решение о форме объекта, мы будем рассматривать случаи, 
когда сначала падает электромагнитная волна с частотой f1, а за-
тем с частотой f2, причем их значение отличается на порядок.

Характеристика рассеяния объекта, приведенного на рис 1а, в 
обоих случаях будет иметь характерный максимум при нулевом 
угле наблюдения. 

Объекты, приведенные на рис 1б и 1г, по характеристикам рас-
сеяния отличаются тем, что во втором случае их значения отли-
чаются на большие величины, что позволяет принять решение, 
что объектом является полая прямоугольная структура. При от-
носительно небольших изменениях (не более 5–6 дБ) для сектора 
углов 0°–20° принимается решение, что рассматривается струк-
тура, приведенная на рис. 1б.

Для того, чтобы принять решение о том, что мы рассматрива-
ем объект, приведенный на рис. 1в, необходимо провести анализ 
изменений характеристик рассеяния в секторе углов наблюдения 
0°–30°. Если значения изменяются не более, чем на 2–3 дБ, то мы 
принимаем решение.

Вывод
В работе рассмотрены вопросы принятия решения о форме 

объектов на основе анализа характеристик рассеяния при различ-
ных частотах падающей волны. 
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МОделиРОВАНие РАссеЯНиЯ 
элекТРОМАгНиТНыХ ВОлН НА углОВыХ 

сТРукТуРАХ

Преображенский А.П., Чопоров О.Н.

В работе рассматриваются особенности рассеяния электро-
магнитных волн на угловых дифракционных структурах. Реше-
ние задачи проводится на основе метода интегральных уравне-
ний. Проведен сравнительный анализ характеристик рассеяния 
структур с различной формой.

Ключевые слова: дифракция; интегральное уравнение; рассе-
яние радиоволн; радиосвязь; угловая структура; метод момен-
тов; радиоизлучение.

thE SIMulAtIoN                                                                    
of SCAttErINg of ElECtroMAgNEtIC 

wAVES ON ANgULAR STRUCTURES

Preobrazhensky A.P., Choporov O.N.

The paper discusses the characteristics of scattering of electromag-
netic waves on the angular diffraction structures. The solution of the 
problem is based on the method of integral equations. A comparative 
analysis of the scattering characteristics of structures with different 
shape is carried out.

Keywords: diffraction; integral equation; scattering of radio waves; 
telecommunication; angular structure; method of moments; radioirra-
diation.
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Для современного этапа развития общества характерно то, что 
повсеместно внедряются инфокоммуникационные комплексы в 
различные области человеческой деятельности [1–4]. Большой 
рост количества радиоэлектронных средств определяет высокую 
территориальную плотность размещения источников радиоизлу-
чения, происходит усложнение электромагнитной обстановки, 
ухудшается электромагнитная экология [5–8]. При освоении но-
вых частотных диапазонов можно столкнуться с тем, что возник-
нут технические трудности и финансовые затраты.
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Рис. 1

Среди элементов, входящих в состав радиоэлектронных си-
стем, выделяют большое количество дифракционных структур, 
формирующих обратное поле рассеяния [9–11]. Представляет 
интерес рассмотреть особенности рассеяния электромагнитных 
волн на угловых структурах.

Примеры угловых структур приведены на рис. 1.
Для того, чтобы определить плотности токов на поверхности 

исследуемой дифракционной структуры, мы воспользуемся урав-
нением Фредгольма первого рода, в которое входит плотность ис-
комого электрического тока для случая Е-поляризации [12]:

,

,                                             
(1)

здесь  – представляет 
собой расстояние между точкой наблюдения и точкой интегриро-
вания,  – является продольной составляющей для напряжен-
ности падающего электромагнитного поля для точки, лежащей на 
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контуре. Задание контура структуры осуществляется параметри-
ческим образом: , здесь  – 
являются первыми производными соответствующих функций, 

, λ – обозначает длину падающих электромагнитных волн.
Когда решается интегральное уравнение на основе метода 

моментов требуется правильным образом описать особенность 
сингулярности ядра в интегральном уравнении. Например, в 
случае, когда совпадают координаты точки наблюдения и ин-
тегрирования, т. е. при L0 → 0, для двумерной функции Грина 
мы имеем  →  [13], где γ = 
0,577215664 – обозначает постоянную Эйлера. 

На основе полученных в результате решения системы уравне-
ний компонент [Jm] мы определяем рассеянное поле.

3. Базируясь на интеграле Кирхгофа [14] определяем рассе-
янное электромагнитное поле, которое связано с полученными 
электрическими токами Jz(r) таким образом:

,         (2)

где θr – является углом наблюдения; k – волновым числом; r – ра-
диус-вектором точки наблюдения, относящейся к дальней зоне.

4. Эффективная площадь рассеяния (ЭПР) связана с рассеян-
ным электромагнитным полем на основе формулы [15]:

2.                                  (3)
Подход, связанный с анализом характеристик рассеяния дву-

мерных структур может быть расширен для того, чтобы осущест-
влять оценку характеристик рассеяния трехмерных структур 
[16–18]. На основе приближенной формулы двумерную ЭПР пе-
ресчитывают в трехмерную ЭПР [13]:

,                                   (4)

где w – является размером структуры в направлении, перпендику-
лярном плоскости чертежа (рис. 1).
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Рис. 2
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На рис. 2 приведены рассчитанные значения ЭПР в зависимо-
сти от угла наблюдения. Рис. 2а соответствует рис. 1а, рис. 2б 
соответствует рис. 1б, рис. 2в соответствует рис. 1в. Кривая 1 
соответствует L=4λ, кривая 2 соответствует L=5λ, кривая 3 со-
ответствует L=6λ, кривая 4 соответствует L=7λ, кривая 5 соответ-
ствует L=8λ, кривая 6 соответствует L=9λ, кривая 7 соответствует 
L=10λ. При расчетах b=2λ, h=2λ, a=20°.

В результате анализа было установлено, что в секторе углов 
наблюдения от 0° до 30° наибольший разброс для ЭПР соответ-
ствует случаю, приведенному на рис 1б. При изменении L от 4λ 
до 10λ величина средней ЭПР для сектора углов наблюдения от 5° 
до 90° изменялась не более, чем на 0.3 дБ.

Вывод
В работе на основе метода интегральных уравнений прове-

дено моделирование и исследованы характеристики рассеяния 
угловых дифракционных структур.
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ОПТиМизАЦиЯ кОНфигуРАЦии 
элекТРОдиНАМическОгО ОБъекТА 

с ТРеБуеМыМи ХАРАкТеРисТикАМи 
РАссеЯНиЯ

Преображенский А.П., Чопоров О.Н.

В работе рассматривается задача оптимизация характери-
стик рассеяния электромагнитных волн на периодической элект-
родинамической структуре. Решение задачи рассеяния осущест-
вляется на основе метода интегральных уравнений, оптимизация 
характеристик проводится на основе генетического алгоритма. 
Даны рекомендации по параметрам периодической структуры 
при заданных углах наблюдения.

Ключевые слова: дифракция; интегральное уравнение; рассея-
ние радиоволн; радиосвязь; дифракционная структура; оптимиза-
ция; генетический алгоритм.

thE oPtIMIzAtIoN of ElECtrodYNAMIC 
CONFIgURATION OBJECT wITH THE DESIRED 

CHARACTERISTICS OF SCATTERINg

Preobrazhensky A.P., Choporov O.N.

This paper considers the problem of optimization of the characteris-
tics of scattering of electromagnetic waves on periodic electrodynamic 
structure. The solution of the scattering problem is based on the method 
of integral equations, the optimization of the characteristics is based 
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on the genetic algorithm. Recommendations on the parameters of the 
periodic structure under given angles are given.

Keywords: diffraction; integral equation; scattering of radio waves; 
telecommunication; diffraction structure; optimization; genetic algo-
rithm.

Задачи рассеяния электромагнитных волн встречаются во мно-
гих практических приложениях, в том числе и при проектирова-
нии систем радиосвязи [1–5].

При математическом моделировании объекты представляют-
ся как совокупность жестко связанных отражателей, имеющих 
определенные параметры.

В ряде случаев мы можем использовать интегральные урав-
нения для того, чтобы исследовать периодические структуры, в 
том числе для дифракционных решеток, образованных бесконеч-
но пластинами, которые имеют произвольную форму и идеально 
проводящие [6]. 

Задачу, связанную с определением токов на периодической 
структуре, когда на ней происходит рассеяние электромагнитной 
волны, мы решали в рамках метода интегральных уравнений [7–
9]. Для одного периода плотности тока есть возможность записи 
интегрального уравнения [10]

,
где                    ,

.                    (1)
Если рассматривать случай одномерной линейной гребенки, 

то уравнение (1) приводится к бесконечной системе интеграль-
ных уравнений. Для одного из элементов гребенки мы назначим 
нулевой индекс и проведем нумерацию остальных элементов 
(рис. 1). В этом случае уравнение системы, для которого точка 
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наблюдения находится на нулевом объекте, записывается в таком 
виде

  (2)

.

Для всех элементов структуры можно сказать, что они явля-
ются идентичными, и есть отличие по одинаковым точкам эле-
ментов лишь в координатах на величину, которая кратна периоду 
d. Разница в фазах плотностей токов по одинаковым точкам эле-
ментов будет ψ = kdcosθ. В результате, уравнение (1) мы можем 
свести к следующему интегральному уравнению

   
(3)

.
Этот результат мы можем обобщить для двумерной гребенки. 

Поскольку система является однородной, то, как и для одномер-
ного случая, разница токов по одинаковым элементам будет лишь 
в фазах:

,                         (4)
где                  , .

Обобщение (3) для двумерной гребенки ведет к уравнению

      (5)

. 
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Рис. 1. Одномерная линейная гребенка (вид сверху)

Рис. 2. Схема генетического алгоритма
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Интегральное уравнение решается на основе метода моментов.
Варьируемыми параметрами являются размер элемента и рас-

стояние между элементами.
Для решения задачи, связанной с достижением требуемого 

уровня характеристик рассеяния гребенки для определенного 
угла наблюдения мы воспользуемся генетическим алгоритмом 
(ГА) [12]. Схема ГА приведена на рис. 2. 

Хромосома в нашей задаче имеет 4 гена: q, x, c и d. Поскольку 
ген представляет собой целое число, которое меньше чем 30, то 
для того, чтобы осуществить коди рование каждого гена мы мо-
жем применять 5 битов. В этом случае хромосо ма представляется 
в виде, изображенном на рис. 3.

Рис. 3. Схема хромосомы

Например, для того, чтобы сделать поиск решения, мы исполь-
зуем популяцию из 5 хромосом. Сначала осуществим генерацию 
5 случайных возможных вариантов решений:

F(q,x,c,d), q,x,с,d ∈ {1, 2, 3…30},                  (6)
и сделаем связь каждого варианта и ошибки в решении: 

δ = | F(q,x,c,d) – FD(q,x,c,d) |.                      (7)
В табл. 1 дана демонстрация вариантов решений (использует-

ся десятичный код).
Основная идея функционирования ГА состоит в том, чтобы про-

исходило выживание хромосом, которые имеют меньшую ошибку 
в решении. В этой связи относительная пригодность хромосомы 
описывается на основе формулы ОП=1/δ.
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Таблица 1.
Варианты решения

Номер хромосомы Вариант (x1, x2, x3, x4) Ошибка δ ОП
1 (1, 29, 14,4) 82 0.013
2 (13,8,1,3) 23 0.039
3 (12,4,6,2) 25 0.037
4 (22,8,15,18) 131 0.0071
5 (8,12,4,1) 26 0.034

Для того, чтобы вычислить вероятность отбора хромосомы для 
будущей популяции, мы можем воспользоваться формулой

                                       (8)

Результаты использования этой формулы показаны в табл. 2.

Таблица 2.
Вероятность отбора хромосом

Номер i Pi Ui, %
1 0.013/0.135=0.096 9.6
2 0.039/0.135=0.288 28.8
3 0.037/0.135=0.274 27.4
4 0.0071/0.135=0.05259 5.259
5 0.034/0.135=0.2518 25.18

Для того, чтобы сделать дальнейший выбор хромосом мы вос-
пользуемся методом колеса рулетки. При этом для каждой из хро-
мосом мы ставим в соответствие сектор на колесе Ui (рис. 4).

После того, как произошло каждое вращение колеса, происхо-
дит выбор какого-то сектора, то есть хромосомы. После того, как 
произошло 15 вращений колеса, отбираются 15 хромосом, из них 
на основе случайного закона происходит формирование 5 пар для 
того, чтобы осуществлялось скрещивание. Результаты расчетов 
приведены в табл. 3.
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Рис. 4. Распределение секторов рулетки

Таблица 3.
Результаты отбора на основе метода колеса рулетки

Номер i отца Номер i матери
2 2
4 3
2 5
3 4
4 4

В соответствии с табл. 2 самую плохую хромосому 4 мы ни 
разу отобрали для скрещивания. Хромосому 1 мы выбирали для 
скре щивания всего один раз, а хромосомы 2, 3и 5 мы отбирали 
часто, так как им соответствует высокая OП.
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Следующей генетической операцией является скрещивание. 
Средней ошибкой решения для популяции потомков является 37, 
Но для первоначальной популяции значение этого коэффициента 
было 57.

Рассмотренный подход может быть использован для широкого 
класса электродинамических структур [13–17].

В результате оптимизации нами было установлено, что для 
частоты 10 ГГц при угле наблюдения 30° величина уровня эф-
фективной площади рассеяния не превышает 20 дБ при размерах 
элемента периодической структуры 1.5λ и расстоянии между эле-
ментами 3.2λ.

Вывод. В работе проведено моделирование рассеяния элек-
тромагнитных волн на электродинамической периодической 
структуре. Рассмотрен алгоритм оптимизации (генетический ал-
горитм), с использованием которого возможно определение па-
раметров электродинамической структуры, при которых достига-
ются требуемые значения характеристик рассеяния для заданного 
угла наблюдения.
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CoMPoNENt SuPPlY ModEl for rEPAIr             
ACTIVITIES NETwORk UNDER CONDITIONS  

OF PROBABILISTIC INDEFINITENESS

Stroganov V.Yu., Faddeeva E.Yu., Sakun B.V.,                                                                  
Satyshev S.N.

This article contains the systematization of the major production 
functions of repair activities network and the list of planning and con-
trol functions, which are described in the form of business processes 
(BP). Simulation model for analysis of the delivery effectiveness of com-
ponents under conditions of probabilistic uncertainty was proposed. It 
has been shown that a significant portion of the total number of business 
processes is represented by the management and planning of the parts 
and components movement. Questions of construction of experimental 
design techniques on the simulation model in the conditions of non-sta-
tionarity were considered.

Keywords: repair; delivery; transportation; planning; inventory man-
agement; simulation modelling.

1. Introduction
The widespread application of advances in new information tech-

nologies requires the improvement of decision-making support sys-
tems in the field of enterprise management based on a powerful hard-
ware and software base [1]. Acting under conditions of market econo-
my the principle of self-financing requires providing of the company’s 
interest in a realistic assessment of components transportation costs 
in the production network of repair activities [8–10]. The structure of 
the transport link in the repair activities network should be flexible 
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enough to ensure frequent and 24/7 delivery of goods in order to main-
tain the rhythm of the production cycle [11, 12]. For the systematic 
and balanced development of any business, especially for large repair 
activities that provide transportation across the region, it is necessary 
to introduce new technological and technical solutions, information 
and telecommunication technologies, new forms of management solu-
tions, development and implementation of methods for rapid collec-
tion and analysis of survey results during inflow of component orders 
[10, 13, 14].

2. Problem statement 
In general, the transport component of the repair activity network 

with geographically distributed structure can be formalized in the 
form of a weighted graph [11]:

G=<{Wш: i=1.. Io}, {Ej,j : i, j=1.. I}>,
where: {Wi} – the set of graph nodes corresponding to the produc-
tion sites of repair activity; {Ej,j} – set of arcs of the graph G, which 
define the intensity of the flows on the component transportation in 
the form of distribution P={Pj,j}. According to annual data, the sta-
tistical analysis of the needs of various component categories was 
conducted for the purpose of the simulation model parameterization 
(figure 1).

Indeed, for category A and B the common share was about 20%, 
while for category D – more than 60%. More uniform situation was 
observed in groups of components.

Thus, the replacement of hydraulics was more than 20%, of engine 
parts – 16%, of units and chassis together – about 11%, etc. In terms 
of supplying companies out of 25 thousand obtained components were 
HITACHI (11721 pcs.) and FIAT-HITACHI (3601 pcs.), which ac-
counts for over than half of all deliveries.

The joint distribution of components in categories and groups is 
represented in Table 1.
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Fig. 1. Component distribution diagrams by categories

One of the objectives is aimed at modelling the delivery of compo-
nents for the circular route, the general scheme of which is shown in 
Figure 2. Suppose we have N sites of repair activity. At each site there 
is a need for a random amount of components from another ξn (Pois-
son distribution  is anticipated in the operation). The number 
of intermediate sections at movement of each component position is 
also determined by a random variable h with parameter b (independent 
from the binomial distribution) [2]:

)                                (1).

Table 1.
The ordered quantity of components of different categories

Amount per field zcom ABCD
Group A B C D Total
Machinery 31 75 247 547 900
Hydraulics 76 342 1460 2522 4400
Motor 122 275 782 2269 3448
Buckets 5 31 102 163 301
Oils 56 32 51 107 246
Implements 35 94 389 840 1358
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End of the Table 1.
Others 390 511 1459 4453 6813
Spare parts service 64 36 58 103 261
Filters 611 227 248 487 1573
Chassis 227 227 453 595 1502
Electrical engineering 17 44 139 451 651
Grand total 1634 1894 5388 12537 21453

Fig. 2. Parameterization model scheme by circular route

The first task of modelling is to generate the sample path simula-
tion of random processes of the loaded (Kin), unloaded (Kout) and 
the remaining amount (K) of components. As the timeline the serial 
numbers of sites that define the transport facility route are used.

As initial conditions the following values Kinn=0, Koutn=0, Kn=0 
are chosen.

At each site the process of loading/unloading of components is 
modelled, which is taken place by the scheme:

1. The component unloading – Koutn (calculated in the previous 
steps).

2. Playing a number of embedded parts with the Poisson distribu-
tion (Kinn=rpois(1,ln)).

3. Calculating the number of components remaining in the trans-
port facility:

Kn:=Kn-1-Koutn+ Kinn:                                 (2)
4. For each loaded component the number of intermediate sections 

is taken place by the binomial distribution No=rbinom(1, N, m). Fur-
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ther, the processes merge in a single cycle of this route with their ref-
erence to the numbers of sites.

The interest in this case is the problem of stationary process es-
timating [6–8]. To solve it, you can exclude the first few cycles, and 
then combine the remaining for statistical processing and subsequent 
evaluation of the integral characteristics [3, 4].

The initial state of the model greatly influences the stationary path 
(Figure 3a). The graphs show that in the first cycle (the initial state of 
empty transport facility) of circular route there is a clearly non-sta-
tionary process.

A more detailed analysis is shown in Table 2. It is evident that 
the initial stage represents the growth of the average value during the 
variance fall. Furthermore, the skewness of the first cycle is clearly 
different from other cycles.

Built autocorrelation function of the vehicle load process (Figure 3b) 
suggests the possibility of a sufficiently accurate forecast in view of 
inertial nature at an early stage.
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а) Vehicle workload            b) Process autocorrelation
Fig. 3.

Table 2.
Descriptive statistics of component supply cycles

Vari-
able

Descriptive adjectives 

Aver-
age

Confi-
dence 

interval 
-95,000

Confi-
dence 

interval 
+95,000

Me-
dian

Mini-
mum

Maxi-
mum

Vari-
ance

Stan-
dard 

devia-
tion

Stan-
dard 
error

Skew-
ness

K1 41,30 35,01 47,58 42,00 8,00 63,00 180,11 13,42 3,00 -0,65
K2 47,05 43,58 50,51 47,00 34,00 61,00 54,68 7,39 1,65 0,16
K3 52,90 50,57 55,22 52,00 46,00 61,00 24,72 4,97 1,11 0,10
K4 49,00 45.52 52,47 47,00 36,00 60,00 55,05 7,42 1,65 0,08
K5 46,70 44,37 49,02 45,00 38,00 56,00 24,74 4,97 1,11 0,44
K6 50.05 46,48 53,61 60,00 38,00 63,00 57,94 7,61 1,70 0,20
K7 41,70 39,69 43,70 42,00 34,00 49,00 18,32 4,28 0,95 0,05

The developed simulation model allows you to load the vehicle 
on an unlimited capacity for circular route. Figure 4 shows a load di-
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agram for the input streams, where on the objects 5 and 12 there is an 
increased flow of loading components.

The diagram shows the cyclical nature of the vehicle load, which 
is determined by the structure of the input streams on the movement 
of certain groups of components. Such information provides the basis 
for calculating the required number of the vehicles under probabilistic 
indefiniteness.

In terms of evaluation of non-stationary processes during the work, 
the trend concept G(t)=Mξ(t|S0) of conditionally non-stationary pro-
cess is used as the basic models, where S0 – is initial simulation con-
ditions.

Thus, the process is inertia-free when ∀t>0 G(t)=0. This condition 
is satisfied only when the sample values are independent, and their 
mathematical expectation – unbiased functional estimator. The pro-
cess is inertial when ∃t*>0: G(t*)≠0 and .

Fig. 4. Diagram of vehicle capacity on circular route
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The condition of the limit existence is performed because of the 
existence of a stationary test process distribution. It is shown that the 
monotone trends are rather typical for the simulation of output deliv-
ery processes under probabilistic indefiniteness [4, 5]. 

Monotony properties make it possible to investigate the quality char-
acteristics of the processes, which include the stochastic procedure be-
tween random variables ξ1 and ξ2, which is determined by the ratio

  .              (3)
where “ ”– stochastic order ratio; Ф1,Ф2 – distribution functions of 
random variables ξ1 and ξ2.

The planning procedure of simulation model experiment in the 
conditions of non-stationarity is provided below. The described steps 
of simulation can be represented in the form of static structure dia-
grams of simulation classes and dynamic charts of activity, conditions, 
sequence and interaction diagrams.

As an experiment plan for the simulation model it is proposed to 
use rotatable design, in which the optimality criterion is the condition 

 at the same distance of experiment points from the center.
If there are two-factor plans, the plans are examples of rotatable plans 

represented by the vertices and at least one central point of any (n-1)-di-
mensional regular polygon, which can be inscribed in a circle [12].

Uniform location of points on the sphere results in degenerate ma-
trices.

To eliminate the degeneracy the zero-radius sphere with several 
central points is used.

Thus, the estimated coefficients are calculated on the basis of the 
following ratios [16]:

                    (4)

      (5)
 

,                              (6)
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where Nw – the number of points on a radius sphere Pw; k – sphere 
number (k=3).

Check of coefficient significance is conducted by t-Student’s test.
Estimates of the coefficients variance are calculated according to 

the formulas
,                  (7)

Check of the model adequacy is based on the use of Fisher’s me-
thod [16].

The proposed experimental plan for the simulation model is used 
to solve the problem of optimizing the components delivery, which 
has internal contradictions. In terms of customers (industrial areas) 
it is profitable to assign more vehicles of increased capacity. For the 
transport link it is economically feasible to carry out the transportation 
of the smallest possible amount of vehicles. 

As a compromise criterion it is proposed to use a minimum of re-
duced expenditures (E), which is the value of loss of waiting time and 
Auto-Transport Enterprise costs EАТE on transport facility operation, 
i.e., , where ТΣ – the total cost of the waiting time of 
all components; С – cost estimate of waiting loss. In expanded form, 
this criterion can be written as

                         (8)

where: m – number of areas; Texji – the average loss due to the expecta-
tion of appropriate component in the i-period of time; Sji – the intensity 
of the applications for the component transportation on the j-site in the 
i-period of time. All variables expressions are counting functions and 
tonnage of the vehicle.

The problem of motive power selection is under the condition, 
when vehicle capacity (V) is selected from a predetermined number 
of fixed values [14, 15].

A special feature of this approach is to examine the capacity and 
amount of vehicles (N) as the independent variables, i.e., both of these 
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parameters are calculated on the basis of the available flows of appli-
cations for moving of components. 

To solve the optimization problem we propose to use numerical 
methods based on the search engine optimization [4]. Algorithmic di-
agram of the motive power selection is shown in Figure 4.

Fig. 4. A generalized diagram of the vehicle number and optimization                                      
of their capacity

The ideal case is when it is possible to select and use in different 
periods of time (depending on the intensity of the application flows for 
moving of components) the transport facilities of different sizes and 
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in the required quantity. However, in most cases it is not possible to 
change the rolling stock. If such a possibility appears, the optimization 
is carried out for each such period. Therefore, taking into account the 
different needs of moving parts in time, modification of the above de-
scribed algorithm was developed, in which the capacity of the vehicle 
is selected constant during the operating time and the number of the 
vehicle is differentiated by a predetermined time period (Figure 5).

Fig. 5. The algorithm scheme of vehicles quantity optimization                                             
and their increased capacity

Block 4 calculates the minimum number of the vehicle at a given 
capacity for each stationary period of passenger traffic flow. Block 5 
optimizes the vehicle number of this capacity for the next stationary pe-
riod of applications flow for moving the components on the basis of the 
operations provided in blocks 5–12 of scheme shown in Figure 4. Block 
10 implements a choice of minimum allowable capacity of a given 
number of capacities under the number of vehicles, corresponding to 
the intense flow stationary period.
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In block 11 the capacity optimization is performed for the most 
intense flow stationary period of applications for the movement of 
components on the basis of the operations provided in blocks 17–21 
of scheme shown in Figure 4. 

Each iteration process includes the optimal capacity of the vehi-
cle, corresponding to the most intense period, and then it determines 
the optimal vehicle quantity of this capacity for each of the periods.

The condition for ending the decision making search in this case is 
found by coincidence of vehicle cargo capacity and the vehicle quan-
tity for each of the periods on current and previous iteration.

3. Conclusion
Therefore, basic systematization of production functions of repair 

activities network and the list of planning and control functions, de-
scribed in the form of business processes (BP), were made. The formal 
description of BP “Planning, accounting and control of movement of 
components”, allowing you to create a work schedule of vehicle, is 
offered for transport-level repair facility. There is a simulation model 
of the movement of components under probabilistic uncertainty that 
allows us to estimate the vehicle congestion on the route depending on 
the intensity of the input stream and the average number of sections of 
the production repair activity network. The statistical analysis of the 
needs of different groups of components and accessories categories 
was conducted according to annual data for the purpose of parame-
terization of the simulation model. The planning procedure of the ex-
periment on the simulation model in the conditions of non-stationary 
applications flow was proposed. Stages of simulation are presented in 
the form of static structure diagrams of classes and dynamic charts of 
activity states, sequence and interaction diagrams.

The problem of motive power selection is under the condition, 
when vehicle capacity is selected from a predetermined number of 
fixed values. A special feature of this approach is to examine the ca-
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pacity and number of the vehicles as the independent variables. In or-
der to solve the optimization problem we propose the use of numerical 
methods based on search engine optimization.

The algorithm for selecting the composition of the vehicle based 
on the non-stationary applications flow for movement of components 
was developed.
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CoNCEPtuAl ModEl of INforMAtIoN                
SYStEM of thE AgrICulturAl ENtErPrISES

Uladzimir Buts, Zhang Tszindong

Abstract. Research subject represented by the theoretical and prac-
tical issues use of information resources in the agricultural business.

Research aim is to formation of a conceptual model of information 
system of agricultural enterprises according to the requirements of 
sustainable development.

Research methods. The work is prepared on basis of several sci-
entific methods and approaches including monographic, analytical, 
computational and constructive methods of mathematical and struc-
tural logic simulation of information systems.

Research results. Based on the assessment of the results of research 
information systems in agribusiness, as reflected in the theoretical re-
view, the author designed principles of the information system for the 
agricultural enterprise for sustainable development of agribusiness. 

Sphere of application of the research results. State and regional au-
thorities of economic regulation. Agricultural enterprises and farmers.

Keywords: agricultural enterprise; information system; sustain-
ability agricultural production; software.

1. Relevance of the problem
Strong recovery of China’s economy, a substantial increase in the 

gross domestic product (GDP), while the economic development of 
China’s agriculture is relatively slow, China’s agricultural economy 
in the proportion of the total GDP is declining. How to accelerate the 
development of agricultural economy, enhance the effective utilization 
of agricultural information resources, active modernization of China’s 
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agricultural become the point of China’s Computerization construction. 
China’s agricultural Computerization construction and development of 
agricultural economics is to develop and the use of agricultural infor-
mation resources for the core, to promote the government agricultural 
departments’, agribusiness’ and farmers’ use of information technology, 
to promote agricultural production Computerization, agricultural opera-
tion Computerization, agricultural management Computerization, agri-
cultural services Computerization for the goal. At present China’s rapid 
agricultural development of information resources use and develop, also 
has a certain foundation scale, but equally highlight many problems:

– Such as category of agricultural information resources is com-
plex, classification is not clear;

– The low-quality agricultural information resources, poor time-
liness, inefficient use; feeding and receiving of agricultural in-
formation resources appear interruption;

– The Farmers insufficient attention to agricultural information 
resources lead to cuts and reduction;

– The enterprises have no enthusiasm to develop agricultural in-
formation resources due to the weak of IP-building.

This paper through studies the Utilization efficiency of agricultural 
information resources affect the economy of agriculture by TAM/TTF 
integration model ,to explore the importance of agricultural informa-
tion resources and the role of agriculture information resources in ag-
riculture economic aspects.

1.1. Problem investigation degree
Increased activity of scientific research application of information 

systems in the economy connected with the beginning of the XX cen-
tury. In the world of economic thought special attention paid to these 
problems neoclassical and neoinstitutionalists. Notable researchers 
use information systems in the economy and society should be men-
tioned, such as Ch. Babbage, F. Hayek, F. Knight, K. Boulding, j. Sti-
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gler, j. Stiglitz, D. Akerlof, R. Coase, K. Arrow , D. North, M. Spence, 
F. Machlup, T. Umesao, I. Masuda, M. McLuhan [1, 2]. As result of 
their studies formed the economic theory of information. In a study of 
the impact of information and information technologies in the devel-
opment of production, special attention should be working T. Sakayi, 
T. Stewart, P. Pilzer, L. Edvinsson, M. Malone, E. weizsacker [3, 4]. 
The study of the practical aspects of the use of various information 
technologies in the management of enterprises engaged P. Drucker, 
P. Strassman, D. Trout, S. Bir, R. Ackoff, y. Malhotra, T. Davenport, 
B. Goldstein, G. Poppel, L. Prusak , B. Lev, M. Earl [5, 6, 7].

1.2. Problem statement
Agricultural information resources can divided into two categories: 

one for the traditional use of natural resources for agricultural produc-
tion; the second comprises the features of modern agricultural produc-
tion, which characterizes it as a socio-economic information. Among the 
first category of information, information on natural resources, including 
climate, information on soils, water resources, the growth of crops, pest 
and diseases, natural disasters. Among the social and economic encour-
aged provide information on the functioning of agricultural markets, le-
gal and administrative, achievements of agricultural science and educa-
tion. Information on the use of natural resources is a fundamental part of 
agricultural information resources, independent of traditional agricultur-
al production and use of long-term information, is the modernization of 
the basic information needed for agricultural production. Socio-econom-
ic information differs from the information for the traditional agricultur-
al tools to improve production efficiency and improving its structure.

2. Model and methods
Now agricultural information Resources seemingly larger volume 

and variety, it is important that agricultural producers in the utilization 
of agricultural information resources. On China’s utilization of agri-
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cultural information resources evaluation methods, the paper selected 
TAM / TTF integrated model, the use of the complementarity between 
TAM model and the TTF model, the formation of a complete evaluation 
of the utilization of agricultural information resources (see Figure 1).

Figure 1. Integrated theoretical model of TTF and TAM [8–12]

TAM model. In 1986, Fred Davis rational behavior based on the 
theory proposed technology acceptance model in his doctoral thesis, 
tried to explain the reasons affect the user to accept or reject an in-
formation technology [8]. This model is constantly being tested and 
expanded, and is proven to be successfully used in a large number 
of prediction, interpretation and evaluation information system analy-
sis. TAM believe the intent usability and usefulness of intent are two 
key factors affecting the use of information resources system, external 
variables indirectly affect attitudes and behavior intended use and, ul-
timately, used to establish the model in Davis and other researchers to 
technology acceptance model-based model for the expansion of estab-
lished, there are 10 pairs of relations:

1) eases of intent – intent usefulness,
2) Use of fullness of intent – use attitudes,
3) Eases of intent – use attitudes,
4) Attitude – Behavior intent,
5) Usability – behavioral intention,
6) Usefulness – behavioral intention,
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7) Attitude – end use,
8) Behavioral intentions – end use,
9) Ease – end use,
10) Usefulness – end use.
TAM model established from the user to explore the attitudes and 

behavior information resource system usage, but there is no informa-
tion technology for its own internal factors, it is not conducive to the 
quality of the IT itself on the use of information resources systems 
analysis and interpretation.

TTF model. Goodhue and Thompson (1995) believe that the model 
was use to study information systems such as TAM [9]. TRA is mainly 
targeted users of the information system by the attitude and behavior 
of the final effect of the use of the model, without considering the actu-
al use (Users and Technology) and adaptation of tasks and technology 
between the Tasks of technical adaptation therefore proposed model. 
TTF considered a match between information technology and it needs 
to complete the task can be a good evaluation and interpretation of 
the information system. TTF model has four main factors: The first is 
the task characteristics and technical features, which together affect 
the task of technical adaptation, technology adaptation and task forces 
ultimately affect the final intended use and actual use [10].

TAM/TTF Integration Model. Dishaw and Strong (1999) first time 
TAM model and combine to form TTF model TAM / TTF integration 
model for interpretation and evaluation of information systems [11]. 
TAM model will focus on users and the lack of IT itself TTF model. Fea-
tures and you need to focus on information technology and adaptation 
between tasks characteristic integrate the use of user behavior and men-
tality, through the internal factors (functional information system tech-
nology to affect the user behavior) as well as external factors (user behav-
ior affect the user’s cognitive information systems) both more complete 
interpretation and evaluation of information systems. There for this paper 
TAM / TTF integrated model for the utilization of agricultural informa-
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tion resources in China to study the function of internal factors from both 
agricultural information resources people use behavior affecting. Agri-
cultural information resources for agricultural producers and agricultural 
producers from both external factors awareness of the usefulness of ag-
ricultural information resources and ease China cognitive research utili-
zation of agricultural information resources both to further explore the 
relationship between China and the utilization of agricultural information 
resources in agriculture between China’s economic production [12].

3. Results
Information technology and systems that enhance the quality of 

information to ensure the economic stability of the enterprises are en-
couraged to consider by economic sustainability.

Organizational stability characterizes the stability of the internal orga-
nizational structure (Company structure and relationships of its main di-
visions) and established and operational links between the Departments, 
the efficiency of joint work depends on the regularity of procedures and 
processes paperwork. Our studies show that 75% of staff time utilized 
on training, maintenance, filling up, search and transmission of various 
documents. It consequently the introduction of electronic document man-
agement system, which is a set of software and hardware, providing the 
automation of work with documents throughout their life cycle and pro-
cesses of information interaction of employees across the enterprise.

Today the market offers information services systems such as the 
“platform for managing business processes and documents DocsVision» 
(Company «DocsVision»); “Document Management: software LanDocs» 
(LANIT group); “BUSINESS” (company “Electronic Office Systems”); 
“The system of electronic document management and office automation” 
Euphrates-Document Management “(Company Cognitive Technologies);

Since 2001, the increasing popularity began to gain the concept of 
“enterprise content management (Enterprise Content Management – 
ECM) ». ECM-system – the system of enterprise content management, 
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which developed for storing and processing unstructured data (text 
documents, images, spreadsheets, etc.). Common data applications 
ECM-system allows to not only create and access them from different 
sources and easily manipulate them. The main objective of ECM-sys-
tems – to ensure efficient management of the accumulated information 
assets of the enterprise in order to increase productivity and ensure the 
company’s sustainable competitive advantage.

The level of technical stability of agricultural enterprises in the con-
temporary economy largely depends on the technical base of the compa-
ny, corresponding to modern requirements of scientific and technologi-
cal progress. Modern agricultural machines presented on the market di-
verse range of brands and models. Of particular interest are the machine 
tools based electronics and information technology, the use of which is 
aimed at improving the quality and quantity of output, fuel economy, as 
well as to improve the comfort of work, management techniques and 
monitoring of technological operations. As a result, documentation of 
production processes and product quality indicators of farm managers 
receive quality information for production management.

For example, the system CLAAS TELEMATICS allows you to get 
information from the combine. with it you can diagnose the car, find out 
what the performance, whether all adjustments, which employs proces-
sor, whether the fuel is used efficiently, etc. The system can be installed 
on all harvesters CLAAS. Information System AFIS Agrotron company 
DEUTz-FAHR includes a terminal display and service through which 
you can manage all hinged instruments with the appropriate equipment.

Solutions using GPS systems enable us to satisfy the requirements 
of precision farming. These systems help the driver to precisely the 
band when working with tools with a large width, regardless of the 
time of day and weather conditions. The navigation system works 
with an accuracy of a few centimeters, allowing better use of work-
ing width and achieve higher performance. In addition, fuel economy, 
which is especially important in light of the highenergy prices.
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Production stability characterized by the ability of the enterprise 
to achieve planned business results through effective use of available 
resources.

Animal of the XXI century is inconceivable without electronic 
control systems herd – automated system that allows you to keep all 
the data on the status of the animal in a computer database. Because of 
this, all the information about diseases, pregnancy, and must always 
be available to those skilled in the farm. Electronic control systems 
make it possible to keep track of virtually all parameters of heredity 
in the herd. Daily information on technical and veterinary data, allows 
you to organize the work of specialist dairy farm based on reliable in-
formation, fully control the situation on the dairy farm, to take timely 
managerial decisions and develop a plan of action.

Examples can serve as a system of farm management DelPro ™ 
(company DeLaval) for farms with a stanchion, herd management 
system ALPRO ™ (company DeLaval), computerized farm manage-
ment company SAEAFIKIM and others. The software package FARM 
software company Agrovision, is the most common software product 
Management for pig farms in Russia (more than 40 pig farms) and in 
most European countries. FARM software is a versatile software prod-
uct that allows real-time to keep records of livestock farming, to an-
alyze the situation in the economy and generate reports on the move-
ment of livestock, for reproduction, fattening, calculation of cost, etc.

Social sustainability. The successful development of the agricul-
tural enterprise depends largely on the personnel of the enterprise, its 
qualifications, ability and desire to work productively. Therefore, one 
of the key places in the overall strategy of the company is addressing 
the issue of effective human resource management. Over the last de-
cade, the complexity of the problem of human resource management 
in diversified businesses increased significantly. This is due to the con-
tinued expansion of the functions assigned to personnel services, in-
creasing the degree of diversity of information that must be processed, 
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or at least take into account, in personnel services, constant changes in 
the requirements as to the contents of this information and its presen-
tation in various instances.

Today the market of information technologies can offer a range of 
full-featured system for personnel management is not inferior to west-
ern counterparts either in functional or in technological capabilities. 
These systems allow you to perform tasks such:

Management structure and staffing of the enterprise; personnel Man-
agement; maintenance of personnel records; time management; timecard 
management; calculation and payroll, bonuses, taxes, single social tax; the 
administrative workflow management personnel and accounting work, 
certification and identification of needs (education, training) employees;

Formation of statistics, forms, and a variety of reports for internal 
and external use.

Examples of systems for personnel management can serve as a “sys-
tem of Alfa / Personnel Management” (company “Informkontakt”); 
automated personnel management system BOSS-Personnel (Company 
“boss. HR Systems”), the contour of “Human Resources” (Corporation 
“Galaxy”), “1C: Salary and Personnel Management 8” (1C). An inter-
esting development represented by 1C. “1C: Enterprise 8. Evaluation of 
staff” is a complete solution for automation of processes of personnel 
evaluation and design teams or teams on the basis of psycho-diagnostic 
test that allows you to automate testing during recruitment, appraisal, 
and to plan and monitor the development of the employees.

Environmental sustainability. In the second half of the twentieth cen-
tury was the most pressing problem of reduction in crop production con-
tent of vitamins and minerals and accumulation products, both crop and 
livestock production of harmful substances (nitrates, pesticides, hor-
mones, antibiotics, and so on. N.). the Reason – the degradation of soils. 
Unfortunately, in time the problem is not completely solved, neverthe-
less, it may be noted many positive achievements. An example is the 
GIS products, GIS technology, GIS services, which described above.
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The functionality of the program “AdeptIS: Master planning in agri-
culture Version 3” for the 1C: Enterprise 8.0 include the ability to input 
the results of soil analysis (based on the chemical content), whereby 
using classifiers formed registers of land use and is determined by the 
need for fertilizer for each field. Results of analyzes of soil visual (color) 
are presented in the fields of electronic maps. There is also a possibility 
of optimal (cost) selection of fertilizers, providing the identified need 
for macronutrients.

Financial stability. The current stage of economic development char-
acterized by an increase in volume of information resources, not in pro-
duction only, investment, marketing activity, primarily in the financial 
activity of the enterprises. Efficiency and adequacy of the information 
display of financial transactions, the possibility of their accounting and 
analysis, prediction and control to extent depend on the implementation of 
the management of financial flows of modern information technologies. 
A significant role in the process of enterprise management plays account-
ing, where about 60% of all information. Computer accounting software 
market in Russia is represented by a wide range of options – from the 
most simple to branched, carrying out a wide range of operations with 
deep intelligence, “1C: Enterprise 8. Accounting agricultural enterprise” 
(the company “1C” and the company “AgroSoft”); “1C: Enterprise 8. 
Accounting poultry farm” (“1C” and “1C-Rarus” and “1C-Rarus NN”); 
“AdeptIS Accounting and records of agricultural organizations” (zAO 
AdeptIS); Info-Accountant 10 (the company “INFO”) and others.

Marketing stability. The term CRM (Customer relationship manage-
ment – Customer Relationship Management) designate, as a rule, not 
only information systems containing functions of customer relationship 
management, but also the very strategy of customer orientation, the es-
sence of which – to combine different sources of information about cus-
tomers, sales, responses on marketing activities, market trends, for the 
most close relations with customers.

Usually CRM-solution includes support for managing sales, mar-
keting and customer service. Examples of these solutions are:
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CRM-system “Marketing and Management” (“Compass”); CRM- 
system “Sail” (“Corporation SAIL”); 1C: Enterprise 8. CRM TRAC 
(joint solution “1C” and “1C-Rarus”).

Improve the economic stability of the whole will promote the use of 
corporate information systems, whose main task is to automate all func-
tions from enterprise management business planning to analyze the re-
sults of the company. In larger enterprises it is expedient to implement 
information systems class ERP, for example, “Galaxy ERP» (corporation 
“Galaxy»), Microsoft Dynamics AX (Corporation Microsoft), IT-compa-
ny (Corporation “Information Technology”), and others. Corporate infor-
mation systems are complex, expensive and require customization.

The market information systems presented as complex information 
systems, which do not belong to the class of ERP systems, but aimed at 
the implementation of the set of management tasks. Examples include:

“1C: Enterprise 8. Management of agricultural enterprise” (the 
company “1C” and the company “INTECO Black Earth”); “AdeptIS: 
Agricultural complex” system “1C: Enterprise 8” (zAO AdeptIS); the 
Software product “Sail-agriculture” (“Corporation SAIL”), and others.

Most enterprises implemented several information systems, such 
as electronic document management system, the system of person-
nel management, accounting package, CRM-system. In this case, it 
is necessary to solve the problem of the data consolidation, so it is 
necessary to choose a system compatible with each other, having the 
possibility to work with a common database.

4. Discussions
Revealed the following problems of the use of agricultural infor-

mation resources of China and the Republic of Belarus:
1) The deficit of the market and scientific and technical information;
2) Information flows not aimed at the maintenance of the rural 

population;
3) The backlog of information technology on modern require-

ments for the construction of information systems;
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4) Lack of close international exchanges between China and Be-
larus in the field of information systems in agriculture.

It proposed to allocate the following basic directions of informa-
tion flows within the information system of agricultural enterprises:

 Definition of the market status of the enterprise (organization);
 Determination of the objectives and strategies of its activities;
 Decision of tools and instruments of the strategy.
Modern conditions of production in agricultural enterprises require a 

large amount of information resources. The most important components 
of a socio-economic information based on accounting data. For the pur-
poses of strategic planning, economic analysis and monitoring proposed 
to divide flows of socio-economic information on the areas of accounting:

 Administrative,
 Financial,
 Tax.
According to the established concept of the agricultural informa-

tion system of the enterprise, information, aggregated by fields of ac-
counting, management transferred to the enterprise, which decides:

 Volume and product mix;
 Purchase of material and technical resources;
 Sale of finished products;
 Introduction of innovative technologies.
Expected results from the implementation of a new information 

system of strategic management:
 Optimization the relationship between the units;
 Streamlining electronic document;
 Increase staff motivation;
 Achieving positive financial results of the company.

5. Conclusions
Scientific article for authors highlighted the problem of the use of 

information resources in agribusiness (in the context of improving the 
sustainability of agricultural production):
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Existing information systems do not provide the stability of the 
complex, and affect only certain types of sustainability,

Existing diversity of software products requires adaptation to each 
other in terms of information exchange and sharing.

During for new approaches to these problems, the author a concep-
tual model of information system of the agricultural enterprises. The 
essence of the conceptual model is that it integrates the methodologi-
cal principles of the agricultural information system of the enterprise. 
The effectiveness of the model tested on the example of the function-
ing of the agricultural enterprises of the Republic of Belarus and the 
People’s Republic of China.
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ProgrAM ANd goAl-orIENtEd                                
dEVEloPMENt of thE MuNICIPAlItY

Yankovskaya V.V.

The article presents weaknesses of the Socio-Economic Development 
Program (SED) with further optimization and formulation of the strat-
egy. Dubna SED is studied by means of qualitative modification of the 
system of indicators used to assess SED Program priorities. Qualitative 
analysis of the Program of Socio-Economic Development of naukograd 
Dubna 2011–2015 enabled to assess its opportunities and prospects. 
Theoretical aspects of planning as a function of local government have 
been studied while analyzing activity of the municipality. Analysis of 
target values of key social indicators in the town for 2012 and 2014 fi-
nally resulted in a vivid picture of qualitative modification of the system 
of indicators for assessing SED Program priorities in this municipality. 

The research was based on actual materials referring to Dubna 
SED, namely, target programs, forecasts, development strategy, and 
the Mayor’s reports on local government activity.

Keywords: program; SED; municipality; performance indicators; 
planning principles.

ПРОгРАММНО-ЦелеВОе РАзВиТие 
МуНиЦиПАлиТеТА

Янковская В.В.

Сегодня осуществляется попытка выявить слабые стороны 
Программы социально-экономического развития (СЭР), с последу-
ющей оптимизацией и разработкой стратегии, рассматривает-
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ся социально-экономическое развитие города Дубна, посредством 
качественной модификации системы показателей, используемых 
для оценки приоритетности целей программы СЭР. Качествен-
ный анализ Программы социально-экономического развития нау-
кограда Дубна на 2011–2015 гг. позволил оценить её возможности 
и перспективы. В ходе анализа деятельности муниципалитета ис-
следовались и теоретические аспекты планирования как функции 
органов местного самоуправления. Анализ контрольных значений 
основных показателей социально-экономического развития г. Дуб-
ны за 2012 и 2014 гг., дал в конечном итоге наглядную картину 
качественной модификации системы показателей для оценки при-
оритетности целей программы СЭР данного муниципалитета. 

Целью статьи является выявление слабых сторон Програм-
мы СЭР, с последующей оптимизацией и разработкой страте-
гии. На примере социально-экономическое развития подмосков-
ного города Дубна. 

Исследования проводились на основе фактических материалов 
о социально-экономическом развитии г. Дубны, в частности це-
левых программ, прогнозов, стратегии развития, отчетов Главы 
города о деятельности органов местного самоуправления.

Ключевые слова: программа; социально-экономическое раз-
витие; муниципалитет; показатели эффективности; принципы 
планирования.

In Russia, as in a federal state, challenges of government control of 
regional development are met at a federal and regional level.

The federal subjects of Russia control development of their terri-
tories, first of all, elaborating and implementing SED strategies and 
programs within their powers.

Planning is one of the main functions of the local government. 
Planning determines development goals, ways and methods, and in-
spection standards needed to achieve these goals.
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Principles of municipal planning are as follows: 
1. Deputies, administrative employees, specialists and experts are 

to be involved in planning. It enables to set the priorities.
2. Planning is a recurrent process. while planning, it’s necessary 

to take into account results of the previous planning period and, 
if necessary, to make adjustments.

3. Possible changes in “external environment”, assuming changes 
in the plan, are to be considered at planning.

4. Planning involves “horizontal” coordination. “Vertical” inte-
gration is effected when local government authorities partici-
pate in execution of different federal and regional programs.

5. Arrangement of necessary conditions for plan fulfillment.
6. Scientific character of planning.
7. Process of municipal planning is to be controlled by the special 

body (planning committee), formed from representative of dif-
ferent departments chaired by the head of administration or his 
deputy [8]. 

At the moment, medium-term planning is the basis of the SED 
municipal planning. Municipal budget is enacted for 1 year; financial 
plan and SED forecast are made for 3 years. 

Town goal-oriented programs are set up for 3–5 years. Today, two 
long-term federal programs are effective in the town: Naukograd De-
velopment Program for 25 years and Program for Establishment of the 
Technology Innovative SEz since 2007 to 2017 is revised. 

Now, the Program of Socio-Economic Development of Dubna as a 
naukograd of the Russian Federation 2012–2016 is implemented in 
the town. For the last four years the program has not been essen-
tially amended.

The author thinks that the regional SED strategy is to be composed 
of two main blocks. The first block (the strategy) means the most im-
portant long-term goals and priorities of regional SED (10–15 years), 
as well as their substantiation. The second block means the regional 
SED program for the next planned period (five years). 
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In S.A. Nekhaev’s view, the president of the network holding 
wEB-PLAN Group, regional SED programs, elaborated and imple-
mented today according to the Federal Law of the Russian Federation, 
have some methodological miscalculations that do not enable to make 
the most of the regional potential and the whole variety of existing 
investment vehicles, technologies and instruments, and thus, in fact 
cannot encourage additional investments to the region and cannot use 
extra-budgetary resources for financing regional programs [3].

V.V. Kukushkina, the author of the monograph Models and Meth-
ods of Strategic Planning and Development, underlines the following 
methodological approaches used to elaborate SED forecasts, strate-
gic programs and plans [2]: system-comprehensive approach; sys-
tem-program approach; system-multiplier approach; system-norma-
tive approach; system regime of economy; system-dynamic approach. 
Having studied the monograph, it may be concluded that system-nor-
mative and system-program approaches were used to elaborate the 
Program of Socio-Economic Development of Dubna as a naukograd 
of the Russian Federation. The Program contains social targets provid-
ing for achievement of a special level of the social system, Program 
implementation period and sources of financing. In order to improve 
quality of programs it is necessary to assess them, that will enable to 
find out their advantages and/or disadvantages on different stages, as 
well as to ensure timely and proper adjustment.

The SED municipal program is to be analyzed according to the 
main assessment criteria based on the following stages [7]: structure 
and internal consistency. Thus, we pass to the qualitative analysis of 
the Program of Socio-Economic Development of Dubna as a nauko-
grad of the Russian Federation 2012–2016.

Program structure analysis 
Analytical part includes characteristics of economic and geograph-

ical position of the town, its socioeconomic status, and the key results 
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of the Program of Socio-Economic Development of Dubna as a nauk-
ograd of the Russian Federation 2008–2013.

The forecast of the Program includes basic lines of complex SED 
of the town and target values of key indicators of the Program of So-
cio-Economic Development of Dubna as a naukograd of the Russian 
Federation 2013–2017.

Competitiveness of the town and possible effect of environment, 
determining municipal development conditions, are not assessed in 
the Program. External challenges and threats for the municipality, ag-
gregate potential and opportunities of the town are not identified.

A SwOT analysis enabling to make recommendations on the most 
effective way of using strengths and neutralization of weaknesses 
of the municipality was not carried out at Program elaboration. The 
Program does not include its implementation arrangements: program 
management, monitoring and evaluation. There are no arrangements 
to adjust Program activities. The Program contains no resource provi-
sion forecast. Extent of financing is fixed at budgeting for the follow-
ing financial year on the basis of relevant budget opportunities. Thus, 
the author offers to reach program consistency, and then to implement 
it stepwise. Namely:

Program internal consistency
1. Adequacy (conformance of initial conditions with the main 

(strategic) goal and priorities of municipal economic and social 
development). 

The Program offers the innovation strategy as a basis for town de-
velopment. The innovation strategy provides for establishment of the 
Dubna science park, which is among the projects for formation of 
growth areas in the country due to intensification of innovation activity 
based on naturally interacting basic modules: territorial scientific and 
technological clusters; innovation belt around jINR and other scientific 
and engineering organizations of the town; University “Dubna” as a in-
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novation-educational center of the naukograd; IT science park Russian 
Programming Center; Technology Innovative SEz. Dubna economic 
priorities are as follows: development of information and telecommu-
nication infrastructure, innovation infrastructure and research-and-pro-
duction complex. Besides, the Program underlines development and 
implementation of the recreational potential of the town.

At the same time, elaboration and realization of the youth policy, 
formation of positive environment for entrepreneurship are not singled 
out as the main development lines. Today, only innovation projects are 
supported in the town. So, it’s necessary to support not only innovation 
projects, but other submitted projects as well, primarily concerning the 
household sphere. One of the main tasks of forming positive environ-
ment for entrepreneurship is to create conditions stimulating the youth 
to do business. 

Ecologic problems also are not among the main lines of complex 
SED of the town, although Dubna has a potentially dangerous object. 
jINR constitutes a danger of disastrous radiation pollution. Dubna is 
a flood-prone area due to the Ivankovo hydroelectric dam. Although 
official unemployment in Dubna has been growing since 2004, the 
Program has no measures to solve this problem. Besides, the Program 
does not contain such chapter as Investment Activity that includes a 
list of attractive investment projects holding information on number 
of working places, calculation of economic efficiency of the project, 
estimated production volume, payments into the budget, profitability 
and returns.

Thus, the Program places a premium on development of the sci-
entific and innovation potential of the town. Status of the town “nau-
kograd” promotes it. But, the naukograd Program at the same time is 
the complex SED Program of the town. It determines conditions for 
developing such spheres as: social, housing and community amenities, 
health service, culture, sport. Unfortunately, at present these lines of 
development are considered as supporting ones in Dubna.
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Logic
Municipal SED goals and tasks, first, are to make allowance for the 

strategic direction, set in the regional Program, second, to be oriented 
at global problems and situations of municipal SED.

The Program is to contain logically successive interconnected 
elements: “strategic directions, tasks to achieve and solve them, ac-
tivities, effective results that are not only expected but estimated as 
well”. It is the principal condition of Program efficiency [7].

In the Program the logic chain is broken due to lack of activities 
to achieve some tasks. Thus, for example, one of the key tasks of 
the Program is a stable growth of the taxation basis of all bud-
gets, but there are no factors and activities stimulating this growth. 
One more task is to keep world leadership in scientific, scientific 
and technological and innovation activities, experimental devel-
opment, trials and staff training being the priorities for the town. 
Nevertheless, as it was already mentioned above, the Program has 
no analysis of competitive environment, opportunities and external 
threats. Foreign economic activity is not determined as a line of 
development.

The Program does not consider development of a staffing system 
at enterprises of the scientific-and-production complex and the spe-
cial economic zone, although this task was specified as a priority.

Program activities are insufficiently worked over many priorities, 
such as culture, informatization and telecommunication, commerce 
and services, development of the recreational potential of the terri-
tory. 

Program activities financing plan is insufficiently thrashed out. It 
resulted in a discrepancy between some planned and actual values. 

In 2012 the Development Strategy 2013–2017 was adopted in the 
town. Now, we can state that priority directions and specific activities, 
fixed in the Strategy, differ from the ones, fixed in the current Devel-
opment Program. 
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Relevancy
In the course of Program implementation it is necessary to evalu-

ate correspondence of indicators to the stated goals. That’s why it is 
needed to find out, if conditions are fulfilled to achieve the system in-
dicators, namely, timely and full information provision, but minimum 
interim values and indicators.

For the last four years the Program has not been sufficiently amend-
ed, and as a result we can see a divergence between some planned and 
actual values. 

In order to assess the Program efficiency it is offered to analyze 
target values of SED key indicators, fixed in the Program, comparing 
them with the actual figures for the given years (Table 1). In our coun-
try transition to the market economy started in 1990. Before, the long-
term planning based on extrapolation was practiced in the country. 
Nowadays, we can see a transition to the strategic planning enabling 
business and municipal entities to adapt to the quickly changing exter-
nal environment and to make full use of their potential. 

Analysis results show the feasibility of the SED indicators forecast, 
fixed in the Program. In 2012 we could see a minimum positive effect 
of program activities; in 2014 the effect was negative and equaled -5 
of possible +11.

while planning municipal SED, first of all, local potential and pro-
duction capabilities are taken into account. At that, a market analysis 
and investigation of its dynamics are nearly non-existent. Managerial 
staff often does not see the difference between strategic and long-term 
planning. If it is a long-term program, that is, valid for 5 years and 
more, it becomes a strategic one without a substantial correspondence 
with this notion. And strategic planning is understood as development 
and implementation of similar development programs. Besides, the 
problem is that in Russia almost there are no regulations of system-
ic character in strategic planning. In the Dubna Program there is no 
system monitoring of the external environment and the market. As a 
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result, in the course of implementation the Program is not amended 
according to the changing conditions of development. 

Table 1.
Analysis of target values of key social indicators,                                                      

Dubna, 2012 and 2014 [4, 5, 6]

Performance Indicators Units

2012 2014

Performance Indicator Values Performance Indicator Values
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RF tax revenue 
from the taxpayers 
registered in Dubna

Mln.
RUB

1642.1 2702.6 1.646 +1 1966.0 2640.0 1.343 +1

Resident population 
(average annual)

Thous.
people

68950 62534 0.907 -1 71000 65400 0.921 -1

Average salary 
in the town

RUB/
month

17826.0 16148.64 0.906 -1 24395.0 17410.26 0.714 -1

Retail turnover
Mln.
RUB

3551.4 4532.9 1.276 +1 4831.7 5544.3 1.147 +1

Paid services 
to the general public 

Mln.
RUB

1500.0 1605.72 1.070 +1 2120.0 1758.39 0.829 -1

Average housing 
per capita

Sq.m/
man 

21.7 23.85 1.099 +1 23.4 24.14 1.032 +1

Commissioning 
of residential houses 

built due to all sources 
of finance 

Thous. 
sq.m 

65.00 54.4 0.837 -1 90.0 68.0 0.756 -1

Residential floor area
Thous. 
sq.m 

1501.51 1490.9 0.923 -1 1666.51 1579.0 0.947 -1

Employment 
in economy 

person 37100 33460.0 0.902 -1 38600 32500 0.842 -1

Total salary budget 
in the town

Mln.
RUB

5530.0 6484.0 1.173 +1 7830.0 6790.0 0.867 -1

Fixed investment 
due to all sources (bud-
get allocations for the 
special economic zone 

excluding) 

Mln.
RUB

4315.5 4812.6 1.115 +1 6183.9 4464.8 0.722 -1

TOTAL + 1 - 5
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Fig. 1. Recorded unemployment 2011–2014, % [4]

Development indicators, fixed in the Program, and yearly perfor-
mance indicators are inconsistent. Thus, it is necessary to elaborate 
the unified SED indicator system in order to analyze efficiency and 
performance of program activities, adjust goals and methods for their 
achievement. In spite of the fact that tax revenues are growing yearly, 
a lot of SED indicators, for example, recorded unemployment, avail-
ability of preschool facilities, have a reverse dynamics. 

Fig. 2. Availability of preschool facilities, 2011–2014                                                        
(places per 1000 preschool children) [4]
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Table 2.
Calculation of municipal social indicators 

Indicator and area for improvement Formula Value
Goal: Economic development.
1. Production volume per capita F1=Vt / Чt 231.630
2. Production growth rate F2=(Vt -Vt-1 )Vt 1.099
3. Small business development level as a ratio 
of population employed in small business to 
total economically active population

0.278

4. Share of profit-making companies F4=П t(+)/П t 0.857
5. Total internal investment resources as a sum 
of depreciation and profit remaining at the dis-
posal of local enterprises per capita 

F5= AS t /Ч t 219.198

Goal: Social development.
6. Living standards of population as a ratio of 
average money income and income in kind (in 
value terms) per capita 

F6=D t /Ч t 0.291

7. Number of cars per population (per 1000 men) F7=1000 A t /Ч t 367
8. Availability of landline (per 1000 men) F8=1000 Т t /Ч t 798
9. Availability of hard roads F9=W t / (sqrtЧ j S j) 0.042
10. Paid services for populations (per capita) F 10 =U t /Ч t 25.637
Goal: Ecologization of the territory

11. Pollution level 23.601

12. Accumulated anthropogenic change of the 
territory evaluated by the town natural protec-
tion factor 

F 12 =(S j1 +0,8S j2 +0,6S 
j3 +0,4S j4 +0,2S j5)/S j 

S j1 – wooded lands, 
S j2 – trees and shrubs 

lands falling outside the 
forest fund, S j3 – swamps, 

S j4 – agricultural lands, 
S j5 – underwater lands.

0.492

In order to determine the development priority, calculations set 
forth in Table 2 should be made [8].

Then, we scale the indicators and calculate the arithmetical average 
of the indicators by goals.

Economic development: 0.0906. 
Social development: 0.2380.
Ecologization of the territory: 0.0112.
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In the furtherance of identified issues the author offered to form a 
working group on the basis of the Department of Public Administra-
tion at the University “Dubna”, which would cooperate with the town 
administration on elaboration of the next SED program. Functions of 
a working group: SwOT, STEP, ETOM analyses of the municipal for-
mation Dubna Urban District; determination of the town cumulative 
potential and its competitive advantages; elaboration of the system of 
SED indicators to forecast and monitor Program implementation, all 
plan documents of the town; determination of the Program structure; 
coordination of Program activities with town priorities. At the moment, 
these offers are admitted to examination by the town administration. 

Conclusion
– Medium-term planning is the basic planning in Dubna. 
qualitative assessment of the SED Program enabled to find out 

the following weaknesses of the Program. A SwOT analysis was not 
carried out at Program elaboration. There is no evaluation of town 
competitiveness and possible external influence. The Program does 
not include its implementation arrangements and arrangements to ad-
just Program activities. The Program contains no resource provision 
forecast. The Program places a premium on development of the scien-
tific and innovation potential of the town. At that, it does not provide 
activities on some areas of concern, such as decline in unemployment, 
implementation of the youth policy, etc. As a result, the logic chain 
“priorities-tasks-program activities-expected results” is broken. Pro-
gram activities and their financing plan are insufficiently worked over 
such priorities as culture, informatization and telecommunication. It 
resulted in a discrepancy between some planned and actual values. 

– Based on the comparative analysis of the Development Strategy 
2013–2017, adopted in 2012, and the Development Program we 
can state that priority directions and specific activities, fixed in 
the Strategy, differ from the ones, fixed in the current Develop-
ment Program. 
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– Target values of SED key indicators for 2012 and 2014 have been 
analyzed. In 2012 we could see a minimum positive effect of pro-
gram activities; in 2014 the effect was negative and equaled -5. 

– The current Dubna Program is not a strategic one. There is no 
system monitoring of the external environment and the market. 
As a result, in the course of implementation the Program is not 
amended according to the changing conditions of development.

– Development indicators, fixed in the Program, and yearly local 
government performance indicators are inconsistent.

– In spite of the fact that tax revenues are growing yearly, a lot of 
SED indicators, for example, recorded unemployment, avail-
ability of preschool facilities, have a reverse dynamics. 

– Following the SED Program analysis, the author offered to 
form a working group of teachers and students on the basis of 
the Department of Public Administration, which would cooper-
ate with the town administration on elaboration of the next SED 
program, namely: SwOT, STEP, ETOM analyses of the munic-
ipal formation Dubna Urban District; determination of the town 
cumulative potential and its competitive advantages; elabora-
tion of the system of SED indicators to forecast and monitor 
Program implementation; determination of the Program struc-
ture; coordination of Program activities with town priorities.

– The research resulted in identification of instruments and direc-
tions for improving the system of indicators to assess priorities of 
the municipal SED Program, to evolve its implementation strate-
gy and algorithm that will finally produce a synergetic effect. 
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