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FOREWORD 

 

 

Over the past decades science and technology have been developing at an ever-

increasing pace. The impact of scientific research on the life of humanity has been 

tremendous. Today, scientists all over the world are making efforts to investigate 

those areas which have not been paid close attention to. The role of young researchers 

and their contribution to the advancement of science and teachnology is becoming 

more explixit. 

For the fourth time Tambov State Technical University provided a platform for 

young researchers to share the findings of their scientific investigations with the 

community. On February, 17, 2017 we were happy to welcome the participants of the 

Fourth International Scientific and Practical Conference The World of Science 

Without Borders organized by the Department of International Professional and 

Scientific Communication of Tambov State Technical University (Russia) in 

collaboration with Karaganda State University named after E.A. Buketov 

(Kazakhstan). 

The plenary session speakers deserve special thanks for putting a lot of effort in 

preparing and giving presentations to the conference participants. 

Almost 100 papers were delivered and presentations made on a variety of topics, 

from engineering to humanities.  

A selection of extended abstracts available in this volume can be of interest to 

students, young researchers and specialists actively involved in scientific research. 

 

Natalia Gunina, 

Head of Department ñInternational  

Professional and Scientific  

Communicationò, TSTU 
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ARCHITECTURAL SCENES  OF TAMBOV.  

URBAN CONCEPT 

 

M.O. Vorobieva, A. P. Tolstosheeva 
Tambov State Technical University, Tambov, Russia 

e-mail: vmo-68@yandex.ru 

 

Abstract: Formation of the urban environment is not a matter of one century itôs the work of 

many generations. Each century leaves its mark on the appearance of some city, on the specifics of 

stylistic solutions for buildings.  

One of the primary tasks related to the development of urban space, is to preserve the historic 

streets. Today, the historic environment requires the most careful attitude, it canôt be distorted by 

excursive elements.  

There are many means of harmonization, which allow to achieve the unity and artistic 

expression of the planning structure of the city. One of such means is the stability of the composite 

shape, based on reasonable functional zoning. This approach to harmonization of spatial 

environment is based on the use of functional, three-dimensional and architectural-artistic 

composition of the city. 

Keywords: architecture, panorama of the city, town planning. 
 

The method of the city environment harmonization is based on graphic 

techniques that affect the transformation of the planning structure of the city in the 

process of its development. Harmonization techniques predetermine the possibility of 

placing new objects in different ways. 

The combination of old and new buildings should be very harmonic. The 

successful integration of neighboring buildings only emphasize the merits and 

features of all buildings. However, it does not always harmoniously work to 

ñinscribeò new buildings into existing historical buildings without destroying its 

unique integrity. 

Inevitably, there is a contrast between the old and the new. But our past canôt be 

completely forgotten or crossed out, as without knowledge of history and the past 

there canôt be our future. Of course, time brings changes, new needs of people, the 

need for the construction of certain types of buildings, but the historical buildings and 

the more architectural monuments should remain the main criterion for designing 

new facilities of the urban environment. 

The problem of preservation and development of architectural and artistic 

originality of the environment is one of the major professional creative problems at 

the current stage of development of domestic and foreign architecture. This approach 

is reflected in numerous publications, discussions of modern architectures. 
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All this determines a need for the further development of research dedicated to 

the problem of artistic image of the architecture as a whole, and the general solution 

of problems associated with the study of the architectural and artistic originality of 

the regional urban planning systems. 

In theoretical studies the problem of the artistic image of architecture is examined 

in domestic and foreign authorsô works. Among them there is a study of the problem 

of artistic image in general theoretical terms, in terms of perception, interpretation 

and meaning of the architectural environment, in the context of the relationship of the 

urban fabric, its structure and landscape.  

The broad panorama of urban planning for creating the image of the river town 

comes to the fore when compared with other means that are specific to other cities, 

because the one-time perception is a specific feature of the coastal city. However, the 

analysis of works on the problem demonstrates the lack of theoretical research in this 

area, that certainly has a negative impact on design, and construction. 

Thus, the problem is that despite the fact that the panorama of most seaside and 

river cities is characterized by specific architectural and artistic features it is 

insufficiently studied. 

Practical significance of the method is the ability to use the main results of the 

study in the architectural and urban planning. Primarily this refers to Tambov, namely 

to practical recommendations. 

The study of such phenomenon as the architectural view, prosumes first of all the 

analysis of the role and importance of the panorama in the formation of architectural 

and artistic image of the city as it is obviously in close relationship with such 

concepts as the structure, shape, composition, appearance and image of the city. 

The complexity of the spatial structure and morphological structure of most major 

cities predetermine fragmentary development of the human environment. Under these 

conditions, a complete image arises as a result of the gradual formation of concepts 

based on the synthesis of visual artworks. However, in a complex system of 

environment the streamlining perception requires certain "costs" for the organization 

of vision so that the scattered fragments merged into a generalized image. From this 

point of view the broad urban panorama is very important as many elements of the 

city in their visual relationship are covered hereby and the position of each in the 

whole picture appears extremely bright. 

The panorama is a view at the landscape, opening from an appropriate point,  

characterized by a good review space and a wide viewing angle. 

Thus, the architectural panorama is a specific form of manifestation of the urban 

environment. The fundamental basis of it is a visual-spatial integrity of the elements 

of the city at single perception of large urban structures. As a main form of visual 

projection of the urban structure for a certain type of urban, architectural panorama is 

the most important condition and method of forming a holistic visual image. 

As for Tambov it was founded on April 17th, 1636. The fortress was situated on 

the left bank of the river Tzna at the confluence with the river Studenetz. 

Analyzing plans of Tambov of different periods the following stages of the 

planning structure can be noted: a fortress (17th century), a fortress with surrounding 
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settlements (18th century), a regular plan and its implementation (the last third of the 

18th century and 19th century), the development outside the regular plan (the last 

third of the 19th century and early 20th century), the modern planning structure. The 

main stage, which created the historical and cultural value of the town, was the third 

one, which began with the development and approval of the regular plan and ended in 

its full realization, that took about a hundred years. 

In 1968, the city received a general plan, which provided the regulation of 

buildings. In 1986 another general plan was developed. The concept of urban 

development, implicit in it is based on the principle of the continuity of the main 

provisions of the previous plan, with the inclusion of a number of new proposals [1]. 

The compositions of historical planning structures showed its disharmony. The 

compositions are based on three series of factors: 

1. Analysis of directions of the town formation and development of the road 

network, which shows of the possibility to ensure the coherence of this area with 

other areas of the city, as well as the nearest villages.  

2. Landscape analysis of the topography of the city.  

3. Functional zoning districts.  

Analysis of the functional composition of the city, affecting itôs planning 

structure, leads to the identification of the nature and composition of the city planning 

parameters. 

1. The transport system requires additional means of communication between the 

parts of the city; 

2. The nature of the relief area refers to the hilly plain of central Russia.  

3. The accumulation of functional areas provides the opportunity to organize their 

accumulation. 

The study highlighted the need to develop and improve the streets: Naberezhnaya, 

Proletarskaya, Karl Marx. There are still problems relating to the conservation of 

individual unique appearance and planning structure of the central part of Tambov. 

The efficient use of the urban environment can be increased with the help of 

completion of previously unfinished blocks of buildings. Itôs possible to form an 

"open" planning structure that provides opportunities for the development of main 

functional areas of the city. 
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ɸʥʥʦʪʘʮʠʷ: ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʥʝ ʷʚʣʷʝʪʩʷ ʜʝʣʦʤ ʦʜʥʦʛʦ ʩʪʦʣʝʪʠʷ, ʵʪʦ 

ʪʨʫʜ ʤʥʦʛʠʭ ʧʦʢʦʣʝʥʠʡ. ʂʘʞʜʦʝ ʩʪʦʣʝʪʠʝ ʦʩʪʘʚʣʷʝʪ ʩʚʦʡ ʦʪʧʝʯʘʪʦʢ ʥʘ ʛʦʨʦʜʩʢʦʤ ʦʙʣʠʢʝ, 

ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʪʠʣʝʚʦʛʦ ʨʝʰʝʥʠʷ ʟʜʘʥʠʡ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʝʡʰʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʛʦʨʦʜʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʷʚʣʷʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʫʣʠʮ. ʉʝʛʦʜʥʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʨʝʜʘ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʝʨʝʞʥʦʛʦ ʢ ʩʝʙʝ ʦʪʥʦʰʝʥʠʷ, ʥʝʣʴʟʷ ʠʩʢʘʞʘʪʴ ʝʝ ʯʫʞʜʳʤʠ ʝʡ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʩʪʚ ʛʘʨʤʦʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʥʫʪʴ 

ʝʜʠʥʩʪʚʘ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʠ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʦʨʦʜʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʬʦʨʤʳ, 

ʦʙʦʩʥʦʚʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʦʥʠʨʦʚʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʛʘʨʤʦʥʠʟʘʮʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʦʙʲʝʤʥʦ-

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʡ ʛʦʨʦʜʘ, ʚʳʨʘʞʝʥʥʳʭ 

ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʘ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ. 
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Abstract: The paper describes a holistic design approach, which focuses on the 

relationships between structural elements as a single whole. Its main principle is integrity and 

combination of aesthetics, comfort, efficient use of space and sustainability. The author offers a 

planning solution for a theatre of modern art from the perspective of holistic design. Holistic design 

has multiple benefits, including reduced operating costs of buildings and landscape, open space 

protection, without harming peopleô health and environment.  

Keywords: space planning, environment, sustainable design, people, holistic design, land, 

environmentally friendly materials. 

 

Introduction  

Currently, designers and architects are changing their views on public spaces, 

making them more natural and comfortable for people. Out of this need, a new 
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15 

approach called holistic design has emerged. Holistic design considers the object 

being designed as an interconnected whole, which is also part of something larger. 

However, the concept of holistic design is much wider than a planning or 

architectural solution. It is a vision of the human environment as single whole that 

incorporates aesthetics, comfort and sustainability.  

Concerns about the environment as well as the quality of life of those who are 

using the building is primary consideration in holistic design. Designers take into 

account a variety of factors, such as the impact of the design on the environment, the 

level of comfort and integration of the structure with the existing environment.  

Obviously, designers attempt to reduce the negative impact on the environment 

by using environmentally friendly building materials. Such materials are quite 

expensive but it is possible to reduce costs by using natural ventilation and solar 

energy. Also, they offer space-planning solutions that make place comfortable for 

people. For example, public places like shopping malls, theaters, museums and 

cinemas must be easy to access by public transport and close to community. They 

must have enough places to eat, and have easy access for handicapped people.  

A unique feature of holistic design is its aesthetic characteristics that influence 

the perception of the structure as part of something bigger. To achieve harmony 

designers consider the role of the lighting, planting and stylistic peculiarities of the 

surrounding buildings so as the structure naturally fits into the environment.  

Holistic design is not only about architecture and construction. It is also a 

message that designers want to convey to the public. It is about satisfying the unmet 

needs of people.  

Modern theatre building as an example of holistic design  

Holistic design in public places is a set of facades and exterior of the Theatre of 

Modern Art created by myself. 

 

 

Fig.1 Theatre of modern art. Brownfield construction 

 

Fig 1 shows the example of building structures on a brownfield ï a former 

rural land but not used anymore. Currently, brownfields are underestimated and as a 
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result are usually abandoned. My building site will occupy the least attractive piece 

of land to many peopleôs mind. However, this land will have a new life it is re-

developed. 
 

   

Fig.2 Theatre of modern art on developed land 

 

Fig 2 shows contemporary facades. The main idea of Theatre of Modern Art is 

that it is multifunctional. The same architectural approach applies to facades. They 

are all contemporary and easy to install. The theater can change design for different 

occasions and events. Most of these facades are made of light and easy to install 

materials such as fabrics, bamboo and environmentally friendly plastic. 
 

 

Fig. 3 Park zone around theatre with holistic landscape concept 

 

As for park zone, it is very natural with lots of green space. Instead of concrete, 

which contains a lot of dust and has low durability, huge stone tiles were installed. 

Lighting is very important as well. I decided to use solar powered street lights.  Street 

lights are made of aluminum and glass and have very beautiful gloss effect. The 

whole area is flat to let handicapped people walk easily without obstacles. On the 

back entrance, there is a fountain made of pieces of rocks and glossy aluminum pipes 

to run the water. 

Conclusion  

Holistic design is a way modern architects and designers should use to create 

interior and exterior constructions. Innovative technologies, durability and 

sustainability are the main goals of holistic design.  
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The new model of education must meet the needs of the present and future 

generations of humanity, which has the goal to survive and maintain the environment. 

It is necessary to learn not only the achievements of the past, but also the technology 

that will be useful in the future. Hence, the validity of an organized school requires a 



 

 

18 

different school infrastructure. 

In the second half of the last century, Soviet architects successfully conducted 

research of new-formed school buildings, but their projects were based on the class-

lesson learning system. It is necessary to study the long-term experience in the 

construction of school buildings, to identify positive aspects that can enrich the 

architecture of Russian schools. 

Modernity appeals to the creation of an educational institution, capable to adjust a 

standardized and straightforward system of schooling for a child. We need different 

teaching methods designed for different categories of students. 

It is easy to notice that in most successful projects there is a tendency to separate 

a school building into blocks, which include administrative, sports and entertainment 

parts facing the street, and an "educational part". The last one is hidden from the eyes 

of pedestrians, protected from noise and open on the sunny side. Blocks are also 

divided into zones for elementary and high school. All these parts are commonly 

connected by the passages, which may contain a library or recreation centers. The 

latest engineering and energy saving technologies should be actively introduced to 

make school become on economically viable object. Modern technologies of 

landscape design are actively used in many instances: vertical gardening classrooms, 

green roofs and facades of the school building. 

Unplastered brick and natural materials, having their texture, are often used in the 

furnish of a school. The modern building is assembled from modular elements 

(boards, panels) of several types. This allows you to receive various forms of 

construction. More attention is paid to the internal organization of the building. 

Designing of the interior space takes into account the tendency of children to change 

actions frequently. The actual layout of school buildings is a large hall, surrounded by 

zones that form a space for playing and learning activities. 

In the organization of the interior space of high school, we must take into account 

changes in educational requirements. School buildings can be constructed of 

individual sections of various levels of "flexibility": general (with a removable 

functional program), specific (with the stationary equipment) and service 

(communications and sanitary cabins). These sections can be used to assemble a 

school building for different learning systems. 

One of the principles of organization of the learning environment is the 

transformation of the interior space by mobile partitions, cabinets or mobile 

equipment. The internal layout of schools should take into account the use of school 

buildings as centers of communication and culture of a residential area, the 

independent use of the gym can be provided in projects, libraries and workshops. The 

main trend in modern school building architecture becomes an inseparable unity with 

the nature, the interpenetration of nature and buildings. This interpenetration is not so 

much about the external effect of "fitting in" in nature, but about "disclosure" of the 

interior and the entire complex of buildings inside the nature and inclusion of natural 

elements in its interior. The architecture varied in form and content creates positive 

and emotional environment for children. 

The school must be located in the service area, as well as on public transport 
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routes. Paths leading to the school should be safe for pedestrians. Educational blocks 

should not be oriented to the northwest, north and northeast, with the exception of 

drawing rooms and specialized classrooms. We need to protect classrooms against 

excessive sun heating. The area of window openings should be at least 1/5 part of the 

floor area. Extending constructions (balconies, etc.) must be taken into account by 

adding their area to the floor area. If the width of classrooms is 6.5 m or more we 

need to design a two-way natural light. Walls and ceilings in the classrooms and 

workshops should be made of non-burning materials. School buildings with six or 

more classrooms must have two separate outputs. Fire alarm and fire extinguishing 

devices should be installed. In other cases, schools with five or less classes or work 

space should have a fire extinguisher. Classrooms and workshops should be protected 

from noise by means of structural measures, which provide sufficient sound 

insulation and good acoustic quality. Avoiding the appearance of noise sources in the 

building is one of main points too. Existing sources of noise should be provided with 

soundproofing. 

An example of the modern Russian school architecture is an experimental school 

for 1000 pupils on Khodynka Field in Moscow, designed by architect U.V. Ilin-

Adaev. The school is divided into three blocks: elementary school, secondary school 

and a sports block. Gyms can be used by the district residents at non-academic time. 

The important features of modern school should be: the ability to transform the 

educational environment; the planning of large functional zones; the formation of an 

"open" space systems; availability of mobile equipment in classrooms; new system of 

technical utilities location, the possibility of autonomous existence, the availability of 

energy-efficient systems. 

Thus, the new modern school will focus on the development of non-academic 

disciplines. Flexible space-planning structure of school buildings is an instrument of 

overcoming their functional aging. To meet the changing social and educational 

requirements for school is also a very important moment. 

In Russia, the problem of the architecture of modern school buildings is relevant, 

but more often discussed issues are related to the education system, competence of 

teachers, improvement of material and technical base, etc. It seems to us that there is 

no future for modern teaching systems in older buildings. This new school 

architecture can change the standard ideas about education, create a flexible training 

system, which will be aimed at a child's individuality formation. 
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There are many trends and directions that can satisfy all tastes and ambitions in 

modern architecture. One unusual style is gaining in popularity: the invisible 

architecture. Various methods of masking are used in the construction of buildings in 

the style of invisible architecture. There are some of them. 

Mirrors. The main raw material for the production of mirrors is a glass sheet. 

Building glass as a building material is characterized by durability, high resistance to 

moisture, solar radiation, temperature changes, frost resistance, incombustibility, 

rigidity and universality. The main physical property of the mirror is its reflection. 

Mirrored fa­ade is used in the construction of homes in the suburbs of Warsaw in 

Poland (Fig. 1). In this case, the mirror coating is laid only on the first floor of the 

building. It seems that the second floor is floating in the air. The appearance of the 
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house changes quite often together with nature: you can expect the change of seasons 

and the changes associated with the time of the day [1].  
 

 

Fig. 1. - A house in the suburbs of Warsaw. 

Metal. As it is known, metals are characterized by a special "metallic" luster, 

which is determined by their ability to strongly reflect the rays of light [2]. This 

property was successfully used by the architects in the design of a new facade of 

Louis Vuitton store which is located in Tokyo (Fig. 2). They used an aluminum shell 

with a perforated pattern. Aluminum sheets mask steel frame and reinforced concrete 

structures of the existing building.  

 

 

Fig. 2. - Louis Vuitton shop in Tokyo. 

Camouflage. The house also may become conditionally invisible if it is in 

harmony with the environment [3]. For example, you can see çJuniper Houseè which 

blends perfectly with the landscape of the island of Gotland in Sweden (Fig. 3). The 

facade is decorated by a translucent fabric which has a picture of juniper bushes. 
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Fig. 3. - çJuniper Houseè in Sweden. 

The common phenomenon is the greening of facades [4]. Plants reduce transport 

noise, purify and freshen the air, have a positive emotional impact. The use of vertical 

gardening of facades helps to regulate thermal conditions of the interior of the 

buildings, gives the chance to disguise ugly buildings and create optimal 

microclimatic conditions, reduce the noise level, the power of the wind, increase 

humidity, provide shade, enrich the air with oxygen, absorb harmful gases and dust. 

House in California National Park creates such an impression that it is a part of 

the area and it was created by nature out of sand and stone through the use of cement, 

glass, copper and steel (Fig. 4). 

 

 

Fig. 4. - House in California National Park. 

Materials for masking buildings are common in our country, so we can use this 

effect. This will help the buildings to blend with existing buildings or blend in with 

the landscape and not to disrupt the composition as a whole. 
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Architecture is an integral part of the human environment, which is formed over 

many centuries and decades based on the conditions of time, place, used building 

materials, methods, tools and traditions in construction. Historical architectural 
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buildings, carrying layers of cultural strata of different epochs, determine the 

individuality of places and the image of cities, play the main role in the continuity of 

cultures of different epochs. Study, use and the presence of historic buildings in the 

modern architecture of the city is one of the factors of formation of national identity. 

The attractiveness of the historic cities in Europe for tourists all over the world is 

precisely that. Using historical architecture they learn about the culture and traits of 

people. The architecture is associated with identity in the context of the place.  

Because of this, the problem of preservation of historical buildings has a 

particular relevance at the present stage of the development of the society.  

The purpose of this article is to identify the importance of maintaining 

compositional and artistic integrity of historical buildings in the contemporary world, 

to identify the most optimal methods of reconstruction of the historical buildings of 

cities [1, 2]. 

The city as a complex organism develops continuously, that is manifested in 

increase of population; in change of the size and intensity of use of developed areas; 

in the increase of technical capacity and the complexity of the information field of the 

city. 

The reconstruction of the cities that have preserved valuable historical and 

cultural heritage is based on independent techniques with different goals and 

objectives. The differences may be between the cities that preserve the unique and 

inimitable nature and between regions, functional design parts of the same city (city 

center, residential area, industrial area). 

Reconstruction of the historically formed environment of the central part of the 

city implies the preservation of this environment as a unique phenomenon, 

exceptional in each case. To preserve this environment, it is necessary to make it 

viable, and this should not only be preserved but continuously reconstructed. This 

process is complex, including restoration, regeneration, rehabilitation, repair, and 

improvement and new construction. 

Methods of reconstructive measures: 

In practice, the reconstruction methods are described in the "implantation" of new 

buildings in historical environment: 

1. Hidden reconstruction 

2. Stylistic imitation 

3. Contrast solution 

The method of covert reconstruction must be used in order not to result in the 

destruction of the building in case of its reconstruction.  

There are two fundamentally different situations of the use of covert 

reconstruction: 

In the first case, the goal of reconstruction is to create a rich urban environment, 

the calculated mass flows of visitors, diverse and permeable in all directions. So, the 

use of old buildings in the old housing in the former quality may be impossible. 

In the second case, traditionally proposed for the centers of old cities, the path 

reconstruction, decompression, and rehabilitation (to ensure the necessary standards 

of insulation and ventilation, landscaping, improving sanitation, and maintenance) 
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seems feasible. 

In conditions of densely built-up districts with acute shortage of available 

territories the technique of vertical zoning can be used. This technique includes: 

- overlapping the inner yard at the level of 2-3 floors; 

- the 1-floors under the service institutions of the basements under the garages of 

technical and warehouse premises; 

- the inclusion of intra in the space of the passage and premises for different types 

of commercial and recreational activities; 

- accommodation of auditoriums, restaurants, pedestrian crossings at various 

levels; 

- the upper floors are reserved for housing; 

- the complex has a connected system of pedestrian communication on several 

levels [3]. 

The principle of stylistic imitation is used to restore the facade of the historic 

neighborhoods as an imitation of the style of old buildings. New buildings must 

rather rigid requirements: the preservation of the silhouette of the building (limitation 

of height and volume), correct plastic facade of the new building (the proportions of 

windows, decoration) depending on the neighboring facades of the solution to the 

texture, the color (material of lining). 

The practice of building new buildings on the principle of stylistic imitation has 

many examples of successful incorporation of these buildings into an ordinary 

historical building of the street. Most often this principle is applied in the case of a 

firewall construction in order not to violate the architectural and artistic appearance 

of the street usual for this city. 

Method of height restrictions is particular for the historic core and forms a clear 

recommendation system to select the height of new buildings in different parts of the 

city, the formation of the silhouette of the new building does not violate historically 

formed contours. 

New buildings in the old quarter of the surrounding historic buildings play a 

significant role in the forming of a new building because the new building should 

integrate harmoniously into the historic environment and not distort the historical 

appearance of the old street. The importance of the historic buildings should be 

considered not only from the point of view of humanity to the past, and the 

preservation of compositional and artistic integrity. Historicism in architecture plays 

an important role. Without recourse to historicism, we cannot speak about the 

development of the history of architecture. One of the methods to harmonize the 

environment is an appeal to the roots of our past, namely the use of historicism in the 

design of modern buildings. 
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Construction in the mid-60s was aimed at solving the housing problem in the 

shortest possible time, the formation of new systems of enclosed courtyard spaces, 

regional and district development with integrated public buildings. 

Residential areas of Naberezhnaya Street are closed systems situated near other 
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buildings of other periods, with adjacent recreational areas along the river Tsna. 

Disadvantages of the quarter are pedestrian permeability, lack of organized platforms 

inside courtyards, parking areas, fire driveways not corresponding to SNIP standards 

[1]. 

Houses built in the 1960-70s are standard four-five-storey brick residential 

buildings with three load bearing walls. Thus, the bearing skeleton consists of three 

longitudinal and transverse load-bearing brick walls - two external ones and an 

internal wall between the stairwells. 

While remodeling houses it is recommended to dismantle the walls in double 

and triple apartments, to combine kitchens and living rooms, replacing  gas stoves 

with electrical, in double and triple apartments replacing combined bathrooms into 

separate ones, redevelopment of one-bedroom apartments is not recommended. 

Structural transformation includes strengthening of bearing structures 

(foundations, walls), insulation of walls, superstructure of additional floors, roof 

reconstruction, extension of lifts, lobbies device. 

Redesign of apartments includes increasing the area of the bathroom and 

kitchen, creating a more comfortable layout by replacing internal partitions. In the 

center of the building one-room apartments are joined into two-bedroom apartments, 

because they do not meet the norms of isolation. 

Accomplishment of territories near houses requires an individual approach, due 

to the features of the relief (strong bias) and a small area. This includes passages 

device in accordance with the standard organization of sites for various purposes in 

accordance with SNIP [1] and the SP [2] and VSN 58-88 [3], demolition of 

dilapidated houses, the resettlement of residents from dilapidated housing in new 

residential high-rise building in the quarter, the organization of zones of landscaping. 
 

 

Fig. 1 ï Cultural and leisure area of Naberezhnaya Street in Tambov. 

It is worth noting the value of Naberezhnaya str. for Tambov in the urban 
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development plan  (fig. 1). This is a cultural and recreational zone of the city, along 

which there are numerous parks, alleys, playgrounds, catering, cultural centers, in the 

southern part of the organized beach area, including organized sports grounds, 

swimming areas (fig. 2). 

 

 

 

 

 

 

 

 

Fig. 2 ï Development scheme. Recreational development. 
 

Integration of the quarter to the urban environment must take into account the 

natural dominant of the River Tsna. It will create the finished look of Naberezhnaya 

street, will raise the quarter (district) indication of the comfort of living in the city of 

Tambov. For visitors and residents of the city, the development of this area can 

become a kind of attraction, and undoubtedly a great contribution to the 

modernization and transformation of the city of Tambov. 
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Abstract: Ecology of the urban environment is a very relevant problem addressed by many 

scientists. The task of urban planners, architects, environmentalists is to work together to improve 

the environment of the city. In this article, we consider the issue of ecology of the urban 

environment.  

Keywords: city, environment, health, noise, people, pollution, problem. 
 

Introduction  
With the increasing growth of cities and urbanization of the population, the 

problem of the ecological condition of the urban environment becomes increasingly 

important. Since the city is the environment where there are all processes of human 

activity. Humans are biosocial beings, and thus a vital factor for people is the quality 

of air, food and water. There is also a number of other environmental factors that 

affect the health of urban residents. These include noise, radiation and vibration 

exposure. The problem of urban ecology will be discussed in this article. 

The history of creation of the urban environment 
During the centuries of urbanization of the planet urban methods have been 

formed and perfected by trial and error. In this case, the dream of all the participants 

in the process of urbanization, including urban planners, architects and residents, was 

the city with the perfect environment. Ideas about the ideal city were various. Some 

saw them as small towns, some as large dynamic metropolitan areas, some as small-

scale green "cities of the sun", and some as giant cities with glass skyscrapers. 

Urbanization of the planet has a long history ð from the first small settlements to 

large cities [1].  

The first human settlements were mostly simple environments, which served to 

meet their basic needs (shelter, procreation, protection from enemies, etc.). 

Subsequently, cities developed into more complex structures, with the increased 

needs of humanity.  

Technological progress was not only a key point in the development of cities, 

but also had a significant impact on the ecology of the city. Every year there are more 

cars that not only pollute the air with emission gases, but also provide a tremendous 

noise and vibration impact on the environment. The increase in built-up area and 

roads resulted in the reduction of green spaces, which are a source of oxygen.  

Environmental problems of the urban environment 
Pollution affects the health of the urban population greatly. This is evidenced, in 

particular, by significant differences in the health condition of the population in 

separate areas of the same city. 

Health of citizens is affected by many factors, in particular the characteristic 
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features of urban life ð lack of physical activity, increased nervous stress, transport 

fatigue and a number of others, but the greatest problem is environmental pollution.  

The most visible negative consequences of environmental pollution in a major city, 

are manifested in the deterioration of the health of the residents compared to rural 

residents.  

Along with air pollution, human health is negatively impacted by many other 

factors of the urban environment. 

Noise pollution in cities is almost always local and it is mainly caused by means 

of transport ð cars, trains and plains. The noise levels on main roads of big cities 

already exceed 90 dB and have a tendency to increase annually by 0.5 dB. This is the 

largest environmental hazard in the areas close to busy highways. Medical studies 

show that increased noise levels contribute to the development of neuropsychiatric 

diseases and hypertension. The protection from noise in central areas of cities is 

hampered by the density of existing buildings which make construction of noise 

screens and broadening highways and green areas to reduce noise levels very 

difficult. Thus, the most promising solutions to this problem is to reduce the intrinsic 

noise of vehicles (especially trams) and to build soundproofed buildings on the main 

highways additionally as well as to install green facades and triple glazed windows 

(with a simultaneous application of mechanical ventilation) [2]. 

A particular problem is the increase in the level of vibration in urban areas, the 

main source of which is transport. This issue is under research, but there is no doubt 

that its importance will increase. 

Vibration contributes to a more rapid deterioration and destruction of buildings 

and constructions, but most significantly, it can adversely affect the most accurate 

technological processes. It is especially important to emphasize that vibration harms 

advanced industries the most and, accordingly, its growth may have a limiting effect 

on the ability of scientific and technological progress in metropolitan areas [3]. 

Conclusion  
The way to create the environment in the city that will be comfortable for life 

of people is very long and tedious. At the present stage of development, when the city 

is over-populated compared to other settlements, the relevant problem about the 

ecology of the urban environment raises. At the moment, the main task of 

environmentalists, urban planners and architects is to create the most comfortable 

conditions for human life. This will require a tremendous amount of work so that the 

modern city could enjoy all the benefits of scientific progress, while remaining 

ecologically suitable for the life of people. 
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Abstract: The article focuses on studying geometrical forms of foundations bases of buildings 

being reconstructed. It also considers the geometric characteristics of such bases. In the 

reconstruction of buildings we are dealing with existing foundations, so a new foundation that will 

be constructed nearby, should be a complex form. It is necessary to consider mutual influence of 

foundations. This study is relevant today, because the construction is developing more and more 

every year. We are surrounded by a huge number of "old" buildings that must be reconstructed. 

Many of these buildings are architectural monuments, so it is important to keep them in a good 

condition. 

Keywords: coefficients, foundation bases, geometric characteristics, geometric forms, 

reconstruction, torque loads. 

 

Introduction  
In this paper we have studied geometric forms and geometric characteristics of 

foundations bases of buildings being reconstructed. Foundations are an essential part 

of buildings, which transmits loads from the building structure on the soil. To settle 

the new foundations in limited conditions of the existing underground structures of 

buildings being reconstructed the foundations of complex forms have to be often used 

and the impact of existing and newly constructed foundations must be taken into 

account [1]. In this paper we have studied the most common types of foundations 

bases used in the reconstruction of buildings. 

2. Types of foundations bases and their characteristics 
The choice of the type of the foundation base depends on the load and the 

presence of underground structures. 

Foundations with symmetric T-beam base are used when there are significant 

alternating torque loads or when it is required to reduce the length of the base of 

developed underground structures. 

Foundations with T-shaped base are used for torque loads of one direction and 

under the same conditions as foundations with symmetric T-beam bases, when the 

distance from the gravity centre of the base to one of its edges should be minimal. 

Foundations with L-shaped base are used in cases of significant torque loads in 

mutually perpendicular planes, or when the conditions specified for T-shaped 

foundations, must be followed in relation to two adjacent edges of the base. 
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Closely-shaped strip foundations rectangular in plan are used under the separately 

located structures and under porches to buildings. These porches are separated from 

the buildings by expansion joints. 

Cross-shaped foundations are used instead of rectangular foundations in case 

where the rectangular foundations include concrete posts to provide support for 

stands and other structures for various purposes. 

Ring-shaped and round foundations are used under different round structures. It is 

recommended to use ring-shaped foundations for relatively small loads. These 

foundations are separate supporting structures; their moments can act in different 

directions. 

Polygonal foundations are often used instead of round foundations, as they are 

easier to work with and it takes less time to produce the formwork.  

These types of foundations are also successfully used for various types of 

equipment and other technological devices [2; 3]. 

Geometrical characteristics of foundation bases of various forms and their values 

are given in table 1. The values of the geometric characteristics of the polygonal 

bases (a) in the table correspond to the location of the bases, illustrated on the left, 

and the values of (b) are shown on the right. 

 

Table 1. Geometric characteristics of foundations bases of various forms 

Scheme Form F xc/ yc  I y  I x  Wy  Wx  
1 2 3 4 5 6 7 8 

 

Rectangular 

k1ɸɺ 

0,5ɸ

0,5ɺ  

k2ɸ
3
ɺ

 

k3ɸɺ
3

 

k4ɸ
2
ɺ  k5ɸɺ

2

 
 

T-beam 

symmetrical 

 

Closely-shaped 

strip foundations 

rectangular in plan 

 

Cross-shaped 

 
T-shaped 

ɛʭɸ

0,5ɺ  

Wmax=

= k4ɸ
2
ɺ 

 
Wmin=

= k4
'
ɸ

2
ɺ 

Wmin=  
= k5ɸɺ

2

 
 

Wmax=  
= k5

'
ɸɺ

2

  

L-shaped 
ɛʭɸ

ɛʫɺ
 

 
Ring-shaped, round k1 Rʥ

2
 R

ʥ  k2 Rʥ
4

 k2 Rʥ
4

 k4 Rʥ
3

 k4 Rʥ
3

 

 
Hexagonal k1ʘ

2

 

a) 
ɛ
ʘ

ɛ
ʘ

'  

b) 
ɛʘ

'

ɛ
ʘ

 
k2ʘ

4

 k3ʘ
4

 

ʘ) 
k4ʘ

3

 

b) 
k5ʘ

3

 

ʘ) 
k5ʘ

3

 

b) 
k4ʘ

3
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Octagonal 

a) 
ɛ
ʘ

ɛ
ʘ

 

b) 

ɛʘ
'

ɛ
ʘ

'  

ʘ) 
k4ʘ

3

 

b) 
k5ʘ

3

 

ʘ) 
k4ʘ

3

 

b) 
k5ʘ

3

 

 

F ï the area of the bases; 

ʘ ï the side of the base in the form of a regular polygon; 

xc, yc ï the distance from the gravity center of the square base to its edge along the x-

axis and y-axis, accordingly; 

Iy, Ix ï the base area inertia moments relative to the axes y and x, accordingly; 

Wy, Wx ï the base area resistance moments relative to the axes y and x, accordingly; 

ɸ, ɺ ï the length and width of the base, accordingly; 

Rʥ, Rʚ ï the outer and inner radii of the ring-shaped base, accordingly. 

 

The values of the coefficients ki, Õ, Õ' for different types of foundations are given 

in [1], where these foundations are discussed in detail. 

3. Conclusion 
In this paper we have studied the possible geometric forms of foundations bases 

of buildings being reconstructed. We have also considered the geometric 

characteristics of foundations bases of various forms and considered the conditions of 

application of each type of foundations bases. The study has shown that the geometric 

forms of foundations bases are very diverse, so they can be applied in various fields 

of construction. 
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ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʘʢʪʫʘʣʴʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʪʦʤʫ ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ 

ʚʩʝ ʙʦʣʴʰʝ. ʅʘʩ ʦʢʨʫʞʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ çʩʪʘʨʳʭè ʟʜʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ ʟʜʘʥʠʡ ʷʚʣʷʶʪʩʷ ʧʘʤʷʪʥʠʢʘʤʠ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʦʵʪʦʤʫ 

ʪʘʢ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʠʭ ʚ ʜʦʩʪʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
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Abstract: This article is devoted to developing ʘ way of decreasing the deformation of cement 

bonded particle board (CBPB). The method will be developed on the basis of investigating the 

major factors that have an impact on physical-mechanical properties of CBPB. The goal of the 

work is achieved by considering the principle of reinforcing CBPB with composite fitting. It is 

supposed that reinforcement of CBPB is able to refine its durability and effectively strengthen the 

construction of the material. This method has an important practical significance because it helps 

to increase fields where CBPB can be applied as well as its performance characteristics.  

Keywords: cement bonded particle board (CBPB), composite fitting, deformation, 

reinforcement. 

 

Introduction  
In recent times the application of CBPB is becoming more widespread. The 

production of CBPB allows to get competitive construction material and also it helps 

use wood and recycle wood residue. Therefore, the elaboration of the method which 

can help to increase the strengthening characteristics is given a great attention. 

One of the main disadvantages of CBPB is the low bending strength, so it leads to 

deformations, which appear during storage, installation and maintenance of boards. 

The reinforcement of CBPB with composite fitting 
The previously proposed methods of improving the physical-mechanical 

characteristics of CBPB were investigated in the course of the work. This method  

introduces such options as reinforcing glue nanostructures [1], the modification of the 

size and the placement of wood particles [2], the revision of manufacturing 

technology [2], the change of wood filler [3]. 

      This research allowed to find out that structure of the material is one of the main 
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factors, which affect the CBPB strength. 

The durability of CBPB is provided by a unique three - layer structure. Panels are 

made of  two layers of fine wood particles on the external sides and a layer of larger 

particles inside [4]. However, this multi-layered structure ensures good tensile and 

compression strength.  

The reinforcement of CBPB with composite fitting will help to create a bending 

resistant material. Composite fitting is not an additive in the composition of the 

investigated material, so it will not enter into the reaction in the process of hardening. 

Composite fitting will be placed in the CBPB in the form of reinforcing mesh. The 

pitch and diameter of reinforcement are determined by the result of calculations. 

Correct compound of CBPB with composite fitting and properly created bond 

between them will decrease the deformability of the material. If the reinforcing area 

is too large, it will lead to lower strength characteristics.  

In the method of reinforcement, it is important how CBPB transfers stress to 

composite fitting. If this transfer is carried out without energy loss, the overall 

strength of the material will be high. 

 

Fig 1. The composite mesh 

Conclusion 

On the basis of theoretical overview, we have investigated the properties of the 

CBPB and previously studied ways of reducing deformations. It was revealed that a 

significant influence on the effectiveness of the reinforcement is provided by the 

geometry of the fitting and its location.  

The application of this method in practice will make easier the process of 

installation the CBPB and reduce the spoilage during transportation. Also if the 

material has a good bending strength, it can be used in different new ways. 
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Abstract: In this article designs of floorings of high-rise buildings are reviewed and studied. 

The high safety of load-bearing elements in high-rise buildings demands such constructive solutions 

which meet the increased requirements of strength, rigidity, fire resistance, low level of dead load. 

Thus designs of floorings should have high economic parametres: a small building height and 

specific materials consumption, fabricability aimed at domestic building experience. 

Keywords: composite, facture strength, flooring, high-rise buildings, monolithic house 

building, steel sheet reinforcement. 

 

Introduction  
In this article, we have studied the system of floorings of high-rise buildings. A 

system of composite floorings, meeting all requirements of high-rise buildings has 

been developed for the construction of high-rise buildings nowadays. This system 
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uses developments of Reinforced Concrete Research Institute which were made 

under the guidance of professor I. G. Ljudkovskoy. 

The modern system of flooring. 
The basic element of the system is steel sheet reinforcement which carries out the 

following functions: it completely takes a lateral force; due to apertures in sheets they 

act like templates for building a reinforcement core; in the frame junctions area sheet 

reinforcement creates an çeffect of a clipè, thanks to the restriction of concrete 

deformations; the sheet reinforcement works like a fixed shuttering; decreasing  the 

weight of a plate due to the installation of light-concrete inserts. 

Advantages of the offered system of floorings: 

- It excludes destruction of joints. Joints are impossible due to full perception of 

the lateral force, thus there is a real possibility to decrease the height of flooring and 

not to use chapiters. (Fig. 1). 

 

 

 

 

 

 

 

 
 

Fig. 1. Two schemes of work peculiar for the traditional joint and the joint developed by RCRI. 

 

- It increases the rigidity of the frame. Due to the installation of sheet 

reinforcement, there appears the area of increased flexural and shift rigidity, the so-

called çcollarè working as the rigid stamp. It essentially influences the rigidity and 

fracture strength of the flooring structure. (Fig. 2a); 

- It increases the quality of reinforcement installation. The high quality of 

reinforcement installation is attained due to exact cross-sectional positioning of a 

reinforcement bar. It is especially important in frame joints where the insignificant 

error in a reinforcement arrangement on sectional height can essentially lower the 

strength of the section and rigidity of the joint. Steel prefabricated sheets with 

apertures for the reinforcement bars serve as a pattern for its installation in a final 

position. (Fig. 2b); 
 

 

Fig. 2. Rigid insert in floorings in the çcollarè area. 
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1. It allows to make separate concreting of the frame joint by special concrete 

(high-strength polymer concrete,  fibrous concrete) [2]; 

2. The offered system of floorings allows to create a system of hidden girders 

combined by frame joints which provides the space stability of a framing during the 

assembling process. (Fig. 3); 

 

 

Fig. 3. Installation of a hidden frame ï the first stage of building floorings. 

3. A big variety of section layous configurations and constructive schemes is 

allowed in steel sheet elements system; 

4. It provides reliable work under dynamic loads [3]; 

5. It allows the construction of flooring with fire-resistance. 

Conclusion 
The proposed system of flooring completely corresponds the domestic practice of 

monolithic house-building, and is aimed at V25-V35 concrete. Sheet elements of 

hidden girders can be produced even by poorly equipped plants, which is confirmed 

by the experience of their in-situ production. 

The instances of the suggested designs made it possible to estimate the 

expediency of the proposed floorings system: 

- Floorings of stylobate part with span up to 18 m, loading ï up to 3 tonns. The 

thickness of flooring on a supporting structure was 500 mm, the size of haunch - 2 m, 

the thickness of flooring - 250 mm.  

 - Due to the use of light-concrete inserts, floorings of a standard storey with 12 m 

span have the resulted thickness of 130 mm. 
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Abstract: The article deals with the issues of relocating residents from hazardous and 

ramshackle buildings, construction of new housing to replace those that have a state of failure. It is 

proposed to apply the light gauge steel framing technology under the restrictions of the economic 

crisis. A new cluster of pre-fabricated economy class housing with minimal capital investments 

allows to build a new cluster of pre-fabricated economy class housing with minimal capital 

investments. This technology offers an opportunity to reduce the amount of the hazardous and 

ramshackle housing in Tambov. 

Keywords: cost-effective construction, hazardous and ramshackle housing, light gauge steel 

framing technology, pre-fabricated economy class housing. 
 

Introduction   

A state of failure is a category of the technical state of a building or a construction 

and structure in general that is characterized by damages and deformations indicating 

the loss of carrying capacity and damage of failure [2]. 

In accordance with the Regional targeted program on relocation of residents from 
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hazardous housing situated on the territory of the Tambov region, the total area of the 

regional housing fund, that does not meet the technical standards of living, is now 

747,0 thousand square meters, or 2,8 percent of the whole housing fund [3].  

Problem analysis and ways of their solution  
The rate of increase of the housing fund in the Tambov region now exceeds that 

of its liquidation. At the same time, it is the ramshackle buildings with the high 

percent of the physical deterioration of constructions. 

The solution of the above-mentioned problems is impossible only with the use pf 

developed programs aimed at the relocation of people from hazardous and 

ramshackle buildings; there is a necessity for a new effective solution that will also 

result in the growth of cost efficiency of construction and the reduction of 

commissioning time for new housing facilities.  

Taking into account all facts mentioned above, there is a proposal to introduce the 

prospective technology of new housing construction applying LGSF. The rapid speed 

of buildings construction buildings with the application of this technology is 

determined by the operational compatibility of their structural elements. Due to the 

metal structural element having light specific weight, there is no longer any necessity 

to use heavy-weight deep foundations, that make construction cheaper and reduce the 

labor intensity of work to a large extent. 

The outer walls (panels) are made from thermostructures in which light gauge 

framing structures are laid, that creates a rigid framework of a light weight, that in its 

turn allows not to use heavy-payload construction machines. The panels are 

characterized by the fast assembly, both at the factory and the construction site. Their 

composition includes mineral wool protected with the vapor-barrier and diffusion 

sheet from excessive moistening [1]. 

In addition, the application of the effective heat insulation in the framework made 

out of perforated profiles allows considerably reducing the cost for the housing 

maintenance as well as reducing the load on municipal services providing heat.  

As for cost effectiveness, the technology is characterized by low cost price. The 

production cost for 1 square meter of the LGSF-made building depends on its 

complexity and number of storeys and varies from 16000 to 30000 rubles.  

Conclusion 
Therefore, with the implementation of this technology in solving problems of 

hazardous and ramshackle housing in the Tambov region it is possible to significantly 

ease the situation in the housing sector and contribute to the improvement of 

residential requirements for the community as a whole and for some families in 

particular. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʘʨʠʡʥʦʝ ʠ ʚʝʪʭʦʝ ʞʠʣʴʝ, ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʦʝ ʞʠʣʴʝ ʵʢʦʥʦʤ- ʢʣʘʩʩʘ, 

ʪʝʭʥʦʣʦʛʠʷ ʣʝʛʢʠʭ ʩʪʘʣʴʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʵʢʦʥʦʤʠʯʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 
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Abstract: Metal cylindrical gridshells are popular and promising structures due to a wide 

range of applications. However, in the literature it is extremely difficult to find a detailed method of 

calculation of these structures. The main objective of this article is to analyze the literature focused 

on the calculation methods of metal gridshells and optimal design of spatial metal structures. The 

article contains a review of scientific works of Russian and foreign authors on the given subject and 

the main conclusions based on these woks are made. 
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Introduction  
Metal cylindrical gridshells for coating industrial buildings, trade and exhibition 
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halls, as well as for the frames of greenhouses, are quite widely used in construction. 

However, such arches, compared to flat structures, are not fully utilized. This 

situation can be explained by the fact, that there are not many scientific works, which 

help with practical application and calculations of these constructions. There are no 

works dedicated to the analysis of patterns and structures of gridshells formation, 

comparison of options with different ratio of lifting height to span from the point of 

view of their sustainability and techno-economic indicators.  

This research aims to present scientific data, that are directly or indirectly 

associated with the calculation of metal cylindrical gridshells and the optimum-

design of spatial metal structures.  

Literature r eview  
In the last few decades there has been some theoretical and experimental research 

in the field of folded arches having a constant thickness between the edges and nodes 

of the arches, which has been conducted in the USSR and Russia. Theoretical 

research, which was related to the latticed arches and shells, was mainly conducted 

by A. G. Trusheva [1], V. S. Eremenko [2], V. A. Ignatyev [3], V. A. Lebedev and L. 

N. Lobo [4]. In these works, it is noted that the loss of the bearing capacity of mesh 

design begins with a loss of stability of separate truss elements. But this work does 

not consider the possible overall shape of the buckling mesh design, as complex 

spatial systems. 

Until to 1950, Popov I. G and a number of the author [5] had conducted 

theoretical and experimental study to clarify the calculation of net systems in the 

form of a cover of Foppl. In these vaults under the assumption of spatial joints, 

calculated forces in the rods differed from the experimental results. It was 

established, based on the research work of these authors, that the cause of the abrupt 

change of stresses in the rods of the gridshell, on the assumption of the hinges at the 

nodes, is basically not the rigidity of the nodes of a flat farm, but stiffness of joints of 

plane trusses. 

Among foreign authors, who studied the problem, are G. Ruhle [6] A. Rothe [7] 

and J. Brodka and M. Lubanski [8], but the problem is discussed in general and in 

these works you can find only the classification of shells and bases of calculation. 

In the works on engineering, concerning to arches, you can see only 

approximation static analysis and verification of general stability by using a 

simplified design scheme in the form of two-hinged arches. 

G. I. Pshenichnov in his book [9] presents the theory of thin elastic latticed shells 

and its application in engineering. The author gives the system of differential 

equations of equilibrium for elements of a cylindrical shell with diamond and square 

mesh. Pshenichnov proposes to use the simplified formulas and tables for 

calculations. 

Now, there is a need of developing a more accurate method of static and structural 

analysis of these arches and checking the various forms of buckling them. It has 

become possible thanks to the improvement of software systems, intended for the 

calculation of structures by finite element method. 

Over the last decade there has been a lack of experimental studies of gridshells in 
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Russia. A. N. Rajewski and V. I. Kostenecka presented the results of theoretical and 

experimental research of coverings of greenhouses in the form of a rod metal folds. In 

the past it was shown that compressed elements with structural flexibilities to 180 can 

be used in the frames of the greenhouses. 

A number of studies were conducted on the problem of convertible rod and fold 

systems of modular elements. A transformed system (rod or plate) is a state change 

associated with a change in the position of individual elements and the system as a 

whole. The ability of the system to transform the batch status allows you to facilitate 

the delivery of an entire frame or its part to the place of erection. 

It should be noted that there are very few published works, which are dedicated to 

the optimal design of spatial metal steel structures. Perhaps it is due to the fact that 

the development of design methods was hampered by the development of computers 

and mathematical programming methods. 

However, the optimal methods of designing the individual elements of spatial 

structures were considered in detail. 

A large number of works are devoted to the searching of the rational type of 

transverse river section of construction elements [10]. 

The monograph of Klyachin A. Z. [11] has a great importance for parametric 

optimization of spatial metal mesh constructions. The author investigated the effect of 

the structures parameters such as the change of the height of the structure, on the 

weight of the structure. He analyzed the degree of rationality of the outlines of the 

structural plates and various types of structural designs.  

Conclusion 
Thus in this article we have made an attempt to analyze works connected with 

metal gridshells. However, there is a relatively large amount of works, which are 

indirectly related to this issue. We want to note that there is a lack of scientific works, 

which are directly dedicated to the problem. You can only find general descriptions of 

the structures and abstracts. So there are many problems concerning metal gridshells, 

which should be investigated. 

 
References 

1. Trushchev A.G. Prostranstvennye metallicheskie konstrukcii [Spatial metal construction]. 

Moscow, Stroyizdat, 1983. 270 p. (Rus) 

2. Eremenko V.S. Metody issledovaniya napryazhenno-deformirovannogo sostoyaniya sterzhnevyh 

konstrukcij [Methods of stress-strain state of beam structures]. Kiev, Kiev. inzh.-stroit. in-t, 1977.  

78 p. (Rus) 

3. Ignatyev V.A. Raschet sterzhnevyh plastinok i obolochek [Calculation of core plates and shells]. 

Saratov, iz-vo Saratovskogo G.U., 1988. 159 p. (Rus) 

4. Lebedev V.A., Lubo L.N. Setchatye obolochki v grazhdanskom stroitelstve na Severe [Retina in 

civil engineering in the North]. Leningrad, Stroyizdat, 1982. 136 p. (Rus) 

5. Popov I.G. Cilindricheskie sterzhnevye sistemy [Cylindrical rod system]. Moscow, Gosstroyizdat, 

1952.  112 p. (Rus) 

6. Ruhle G. Prostranstvennye pokrytiya [Spatial coverage]. Moscow, Stroyizdat, 1974. P. 98. (Rus) 

7. Rothe A. Statika sterzhnevyh system [Static rod systems]. Moscow, Stroyizdat, 1974.  509 p. 

(Rus) 

8. Brudka YA., Lubinskij M. Legkie stalnye konstrukcii [Light steel structure]. Moscow, Stroyizdat, 

1974. 344 p. (Rus) 



 

 

45 

9. Pshenichnov G.I. Teoriya tonkih uprugih setchatyh obolochek i plastinok [Theory of thin elastic 

latticed shells and plates]. Moscow, Nauka, 1982. 352 p. (Rus) 

10. Berdichevskiy M.M., Gordeev V.N. O podbore sechenij szhatyh i rastyanu-tyh ehlementov v 

zadache optimal'nogo proektirovaniya ferm [About the selection of sections and compressed 

stretch-ies of the elements in the problem of optimum design of trusses]. Moscow, TSNIIPSK, 

1972. P. 47-52 (Rus) 

11. Klyachin A. Z. O racionalnyh formah sechenij tonkostennyh gnutyh profilej [Metal lattice 

spatial structures regular structures]. Ekaterinburg, Diamond, 1994. 276 p. (Rus) 

 

ʉʆʉʊʆʗʅʀɽ ɺʆʇʈʆʉɸ ʇʆ ʂʆʅʉʊʈʋʂʊʀɺʅʆʄʋ ʈɽʐɽʅʀʖ 

ʉʊɸʃʔʅʓʍ ʉɽʊʏɸʊʓʍ ʉɺʆɼʆɺ 
 

ʉ.ʉ. ʀʚʘʥʦʚʘ, ʉ.ʃ. ʋʩʥʷʥ 
ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʤʙʦʚ, ʈʦʩʩʠʷ 

e-mail: Ivanova.Svetlana1@mail.ru  

 

ɸʥʥʦʪʘʮʠʷ: ʉʪʘʣʴʥʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʚʦʜʳ ʷʚʣʷʶʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʥʘʰʝʜʰʠʤʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ, ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʥʘʡʪʠ ʧʦʜʨʦʙʥʦʝ ʦʩʚʝʱʝʥʠʝ ʚʦʧʨʦʩʘ ʨʘʩʯʸʪʘ ʜʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʦʧʳʪʢʘ ʘʥʘʣʠʟʘ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʩʯʸʪʦʤ ʩʪʘʣʴʥʳʭ ʩʝʪʯʘʪʳʭ ʩʚʦʜʦʚ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦ ʜʘʥʥʦʡ ʪʝʤʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʫʙʣʠʢʘʮʠʠ ʨʫʩʩʢʠʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʵʪʠʤ ʨʘʙʦʪʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʩʝʪʯʘʪʳʝ ʩʚʦʜʳ 

 

________________________________________________________________ 

 
ʋɼʂ  69 

ɹɹʂ H42 + ʋ9(2) 

            M - 523 

 

MONITORING PROBLEMS AN D TASKS OF WALLING IN PROVIDING 

ECOLOGICAL PARAMETERS OF RESIDENTIAL BUILDINGS  

 
N. P. Merkusheva 

Tambov State Technical University, Tambov, Russia 

e-mail: natasha_monastyreva@mail.ru 
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Ecological parameters of habitation are defined to a large extent by the quality of 

walling. Thatôs why the fulfillment of requirements imposed to walling in the context 

of hygiene and ecology is necessary in its designing, building and exploitation. The 

providing of these requirements is possible under the condition of the presence of the 

reliable system of the monitoring of walling. Nowadays such monitoring either 
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doesnôt exist or it isnôt fulfilled completely from the perspective of providing 

ecological requirements. 

The purpose of monitoring the building envelope at the operation stage is the 

organization of a permanent or periodic monitoring for changes in the status of 

protection. At the same time the measurement and evaluation of various indicators of 

constructions should be carried out, which are the main elements of the building and 

determine the operational safety of fencing in concordance with various parameters. 

The examples of such controllable indicators for heat-shielding constructions are the 

reduced total thermal resistance of fencing, air permeability resistance, water vapor 

permeability resistance. In some cases, the assessment of change in the moisture 

content of the insulant, the assessment of change in the layer thermal inertia, etc. may 

be carried out. As for the sound-insulating constructions, such indicators are the index 

of isolation of the air noise, the index of the reduced impact noise under the 

overlapping. [1] 

Ongoing monitoring shouldnôt be just a fixed quantity of controlled actions, but 

the analysis of the dynamics of these changes should be also carried out during the 

entire measurement period. The availability of information on the dynamics of 

changes makes it possible to obtain reliable information about the causes of the 

deterioration of monitored indicators and to take the necessary actions on its basis for 

controlling and completing the elimination of the changes, both at some certain 

construction facility and at the future constructed facilities. 

The negative change of controlled parameters can be individual and peculiar just 

to some certain construction facility. They may occur, for example, because of 

blunders of a designer who is designing a certain walling, or due to blunders of 

builders performing this construction. The result obtained in these cases is important 

only for the given construction and has a little effect on the overall improvement of 

the quality of these enclosing structures at other construction facilities. 

The shortcomings which negatively influence the future exploitation of the 

walling may frequently occur because of the systematically happening violations in 

constructing buildings, such as technical regulations, the requirements of standards of 

building constructions, recommendations on their organization, on carrying out 

specific conditions of constructing and so on.  [2] 

In the construction process it is necessary to provide the control for ensuring the 

quality of constructed facilities by the monitoring which is carried out in combination 

with the research-and-technical support of the construction. [3] 

In this case, monitoring is the process of: 

- systematic and periodic monitoring of the strain-stress state structures, or the 

deformations of buildings as a whole, the state of soil and groundwater bases in the 

construction zone; 

- the timely capture and evaluation of deviations from the project, the 

requirements of regulations; 

- comparing the results of forecasts of the mutual influence of the construction 

facility and the environment with the results of observations for the purpose of  the 

operational prevention or the elimination of the identified negative phenomena and 
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processes. 

Nowadays the monitoring of environmental requirements during the construction 

of buildings is carried out just in isolated cases. There are at least three important 

reasons to explain this situation. 

The first reason is the lack of a regulatory framework and guidance papers 

allowing to organize this type of monitoring efficiently. 

The second reason is the technical difficulties that are caused by deficiency, and 

sometimes even the complete lack of the necessary instrumentation required for 

monitoring. 

The third reason is connected with the need of creating some specific conditions 

in the process of monitoring, which artificially recreate the conditions of exploitation 

of the walling.  

The exclusion of these reasons may encourage the organization of environmental 

monitoring at all stages of the building, create favorable environmental parameters 

inside the premises and, ultimately, provide a comfortable environment for human 

life. 

Nowadays the system of monitoring the walling is developed not only at the stage 

of building exploitation, but also at the stage of their construction within the 

framework of the research of civil buildingsô walling technical state SETS "TSTU" -

NIISF RAASN. As a result, nowadays the system of evaluating the sound insulation 

qualities of walling and, in particular, translucent window fillings is proposed. The 

proposed assessment method is used in TSTU and NIISF of building physics of 

RAASN. 
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Abstract: The building material wood concrete, its advantages and disadvantages are 

considered in the article. Wood concrete successfully combines the best traditions and innovative 

technologies. As the combination of wood and high-grade concrete provides reliability and 

durability of any construction built with its use. The use of wood concrete will reduce construction 

costs. This material is very practical but it is not widely used. We have tried to analyze the main 

characteristics of this material and prove that it is an environmentally friendly and energy-efficient 

building material. 
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Introduction  
Currently, such concepts as green building and energy efficiency of buildings, 

which increase the production of environmentally friendly building materials and 

constructions made of them are gaining in popularity in our country. 

The results of public opinion polls show that more than half of the population of 

our country would like to improve their living conditions. [1] However, because of 

the high cost of construction of modern houses and flats not many people can afford 

do buy then. The cost of residential buildings construction can be reduced 

considerably by using more fuel-efficient building materials. The use of a material 

such as wood concrete will reduce construction costs. 

2. Analysis of wood concrete properties 
Wood concrete is a lightweight concrete macroporous structure, which is a result 

of the mixture of organic cellulose filler, mineral binder, water, and chemical 

additives. [2] 

The production of wood concrete has been known for more than half a century, 

but with the collapse of the USSR it was forgotten. Today, it is beginning to return to 

the building market. 

There are two types of wood concrete: 

¶ Structural wood concrete. It is used for the construction of load-bearing 

structures of the building or interior walls. 

¶ Thermal insulating wood concrete. It is used for thermal, acoustic and noise 

insulation. 

The difference of wood concrete from other building materials is shown in Table 

1. [3] 
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Table 1 - The difference of wood concrete from other similar materials. 

Material 
Density, 

kg/m3 

Thermal 

conductivity, 

W/(mĬÁʉ) 

Frost resistance, 

cycles 

Compressive 

strength, MPa 

Wood concrete 400-850 0.08-0.17 25-50 0.5-2.5 

Ceramic brick 1550-1700 0.6-0.95 25 2.5-25 

Lime brick 1700-1950 0.85-1.15 25 5-30 

Expanded clay 

lightweight 

concrete 

900-1200 0.5-0.7 25 3.5-7.5 

Aerated concrete 600-800 0.18-0.28 35 2.5-15 

Foam concrete 200-1200 0.14-0.38 35 2.5-7.5 

Wood 450-600 0.15 - 1.5-4 

 

The wood concrete-based construction is currently relevant because it performs 

several functions: 

- it is one of the most economical materials in the production and operation; 

- the material which has a low thermal conductivity, high specific heat, which makes 

it one of the most energy-efficient materials; 

- the wood-concrete blocks are convenient to carry and stack, which allow you to 

work without the use of construction machinery, as a result it greatly reduces the 

construction time; 

- it is light (it is easy to drill and cut it); 

- the low specific gravity allows to erect light walls, therefore, a massive foundation 

isn't needed; 

- the wood-concrete block has a rough surface, which gives a better grip on the raster; 

- environmentally safe because it does not emit harmful substances during operation; 

- permeable (wood concrete absorbs evaporation); 

- it is flame-resistant (flammability group - G1; group flammability - B1; smoke-

forming ability - D1); 

- it has a unique plasticity, which gives it resistance to compressive loads. Upon 

reaching the limit load of compression wood concrete continues to compress by more 

than 10%. Then the compression is not so intense, and when the load increases by 

about 180% of the estimated one, the material is destroyed gently without causing 

chipping and crumbling. This is explained by the fact that it has a lot of wood 

components (80% is made up of wood chips) in its composition, which greatly 

improves the elasticity; 

- wood-concrete blocks provide a good sound insulation; 

- it is biologically resistant (group 5). 

The disadvantages of wood concrete are as follows: 

- high moisture permeability (the use of plasters solves this problem); 

- wood concrete appearance; 
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- the high cost of wood-concrete blocks due to the lack of automation of production 

processes, the degree of elaboration of technology and modest production volumes. 

[4] 

 
Fig. 1 - wood concrete block 

  

Fig.1 shows the wood concrete block. 

 

Conclusion 
The application of wood concrete in low-rise construction has many advantages. 

It is superior to similar construction materials according to techno-economic and 

operational indicators. Its main advantage is cost savings, both during the 

construction of the house, and during its operation. [5] 

The main advantages of using wood concrete include: low thermal conductivity 

and high heat capacity; soundproofing; fire-resistance; eco-friendliness; vapor 

permeability, biological stability. Considering the strength characteristics of the 

material in compression, there is a possibility of wood-concrete use in buildings in 

seismic zones. 
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Abstract: Spatial structures are used practically in all sectors of economy and construction, for 

example in shipbuilding, bridge building and in a variety of industrial and civil objects, including 

the construction of unique buildings. Spatial structures have creative bases allowing you to 

diversify the city architecture. 

Key words: cladding design, experimental studies, production, spatial structures, spatial design. 

The purpose of the research is to learn more about spatial structures, their 

advantages and disadvantages, areas of use and the application in construction. 

Spatial structures are effective and they should be used in large-scale designs. The 

possibilities of changing the shape of spatial structures are virtually unlimited. 

Scientists have a great experience in using spatial structures. 
There are three main methods of determining the critical state of spatial plates: 

Å static method, consisting in the analysis of perturbed equilibrium forms; 

Å energy method, present to the study of energy integrals; 

Å dynamic method, present to study the perturbed motion system. 
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The upper and lower critical loads are taken into account in calculating 

construction. 

The calculations should take into account the effect of the initial distortion known 

as the shape of the construction.  

The equilibrium equations are of the form:  

Dᶯ4 w+ kɳ
2 īʟq= 0;

1

Eh
ᶯ4 īʟɳ

k
2 w= 0.
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wī  deflection of the shell;ʟīstress function; k1 and k2

ī  the curvature surface of 

the shell in the direction of coordinate lines,Ŭandɓ respectively; hīcoating 

thickness; qī in stability problems represented by a fictitious lateral load equal to the 

sum of the projections of moment-free effort NŬ, Nɓand S the direction normal to 

the curved surface of the shell: 
q=ī( NŬx1+Nɓx2+2Sɢ);  

 
x1 , 

x2 the changes of the curvatures along Ŭ and ɓrespectively, ɢī the change in 

the curvature of torsion. 

The experiments were aimed at:  

Å identification and analysis effort, strain and stress in the basic elements of the 

coating under various schemes of loading;  

Å investigation of the dependence of VAT compliance and tightening the reference 

circuit;  

Å study of the effect of pre-membrane voltage in the coating operation. 

Theoretical studies in the form of pre-stressed shell gipar carried out on the basis 

of the nonlinear theory of moment-free shallow shells with the initial efforts of pre-

stressing.  

Experimental studies of membrane coating in the form of gipar carried out on a 

large scale model of the coating with a side of 4660 mm, boom slack mm. Steel 

reference circuit was in the form of a through construction. The shell was made of 

aluminum sheets of 1.5 mm thick. The package of plates and aluminum sheet were 

attached to the reference contour tensioning bolts. Connection plates of 780 mm in a 

continuous spatial membrane were produced by spot welding (with plug) consumable 

electrode. 
 This Olympic indoor stadium with a ratio of the principal axes of 1: 1.2, the 

relative sag coating (1/15 ... 1/18) for the small and large diameters. Scale models 1: 

600. Tests were carried out at an average flow Vʩʨ= 28,35  m / s speed, the Reynolds 

number Rʝ= 70,5ẗ10
4

. 
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.  
Fig. 1 Lines of equal pressure on the cover of the indoor stadium: Ŭ (degrees): a - 0, b ï 90. 
 

The results of experiments determined deflection diagrams, longitudinal forces 

and bending moments, normal stresses, education zones and folds for different 

voltage circuits and load levels. 
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Abstract: The article focuses on the appropriateness of using geosynthetic materials to 

reinforce asphalt coatings, depending on road-and-climatic zone. An increase in reserve 

maintenance periods of asphalt concrete pavement is examined. 

Keywords: geomaterial, professional context, reinforcement of asphalt concrete, road-and-

climatic zone. 

 

 

Introduction  

Asphalt coatings are capable of maintaining high strength characteristics for a 

long time. However, over time, road evenness and continuity are exhausted under 

impact of high loads. To increase the strength and extend the service life of asphalt 

coatings different methods are used. One of the most common methods is the 

reinforcement of asphalt layers by geosynthetic materials. The result of the study 

reveals that from among all the different variants geomaterial is the most practical 

and reliable one. 

 

Scheme of reinforcement asphalt coating 

During experiments it was found that when laying geogrid, attention is paid 

not only to the strength characteristics of the material, but also how it has to be laid 

depending on the type of repair works and climatic conditions. According to this, 

there are 5 road-and-climatic zones (RCZ).   

When working RCZ in I and II, continuous reinforcement is more effective. 

For overhaul and cement concrete pavements repair in I RCZ a combined 

reinforcement pattern with additional laying of reinforcing bars above the 

transverse and longitudinal seams between the plates can be used (figure 

1,2,3)..When selecting a precinct reinforcement pattern the operating experience of 

asphalt concrete pavement reinforced by this pattern that showed positive results in 

areas with relatively mild climate should be taken into account [1]. This pattern is 

not recommended for use in RCZ I and II as after a harsh winter the cracks on the 

pavement are often formed next to the reinforcing bars.  
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Fig. 1 - Scheme of laying geogrid: A - continuous; 1 - geogrid fabric. 

 

 
Fig. 2 - Scheme of laying geogrid: B - precinct; 1 - geogrid strip; 

 

 
Fig. 3 - Scheme of laying geogrid: C - combined; 1 - "old" cover with seams (cracks); 2 - 

geogrid strip; 

 

 In these cases taking into account a constructive and technological decision on 

reducing the thickness of the asphalt concrete pavement due to its reinforcement by 

GM overhaul and pavements repair timing is accepted without change and is defined 

according to 2. Without reducing the thickness of the asphalt concrete pavement 

overhaul and pavements repair timing provided for in case 2 should be increased 

(extension of the timing is not provided for the precinct pattern of GM laying). A 

longer service life is justified by a slowdown in crack formation, rutting and potholes 

formation in the reinforced coating, which in turn helps to preserve the evenness of 

the coating and its distribution capacity. 

 

Conclusion 

Reinforcement of asphalt concrete pavement under the schemes in Fig.1,2,3 

promotes redistribution of tensile stresses and prevents excessive horizontal 

deformation due to the long-term temperature effects, and the impact of multiple 

vehicles. At present, studies on the cyclic loading of asphalt concrete at positive 
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and negative temperatures, the effectiveness of the reinforcement in conducting 

overhaul and reconstructions of the pavement and subgrade are being carried out. 
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Abstract: Energy efficiency in construction is particularly relevant now, as all renewable 

resources of the planet and many minerals used in power generation for homes can dry forever 

in the near future. Also great prices for utility services inhibit the ability of many people to 

ensure themselves a normal life, as many spend most of their salary to pay for these services. 

Keywords: energy efficiency, energy conservation, resource conservation. 
 

Natural sources producing thermal energy for the last century are organic and 

natural mineral materials: oil, gas and coal. These materials are a strategic factor, 
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as their reserves are gradually being depleted. In our country, 40% of the produced 

energy is consumed for heating civil and industrial buildings. The most important 

condition for reducing this figure is to reduce heat loss through the building wall 

structures during their operation in different geographical areas of the country. At 

the moment, priority is given to improve the properties of building structures, to 

increase resource and energy savings both in construction and in operation. Due to 

the necessity of correct consumption of fuel and energy resources, demands for 

thermal resistance barriers increase. 

You can select different ways to improve the thermal resistance of modern wall 

materials: 

- the use of macroporous concrete (drywall); 

- reducing the density fillers used for making wall blocks and panels; 

- the use of multi-layer fencing structures, including structural and thermal 

protection layers; 

- increase in the thickness of the fence (although this leads to an increase of 

material consumption); 

- porization light concrete mixture (requires an air-entraining additives); 

- use as a filler effective materials (polystyrene, perlite) 

All of these methods are used in the modern construction industry, which 

requires the creation of new high-strength and lightweight building components 

and structures. Production of these products and structures is directly related to the 

use of new lightweight materials and development of their structure, based on the 

increased requirements for heat-shielding properties enclosing structures. 

The main advantages of thermal insulation enclosing wall construction method 

of spraying polyurethane foam is: 

- lightweight insulation 

- the lack of joints (cracks), 

- the absence of cold bridges, 

- long service life up to 50 years, 

- turnaround time is 10-15 times faster. 

Cost-effectiveness of increasing the thermal protection of protecting designs is 

determined by comparing the non-recurring costs and operating costs for the 

building envelope with a high level of thermal protection in comparison with the 

basic design. Reducing operating costs is obtained by reducing heat loss through 

the building envelope. Additional non-recurring costs are determined by the cost of 

the heat-insulating facade or installing a window unit. Calculation of economic 

efficiency is based on the provisions of the "Guidelines on the assessment of 

investment projects", Moscow, 2000 (approved by the Ministry of Economic 

Development, Ministry of Finance of the Russian Federation, the Russian State 

Construction Committee), SNIP 23-02-2003 "Thermal protection of buildings" 

Å improving the thermal protection of external walls by the device mounted 

facade system with ventilated air layer; 

Å improving the thermal protection of windows; 

Å increase the resistance to air permeability of window units; 
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The payback period of such energy-efficient implementations is around 20-30 

years. 

Thermal energy saving in the implementation of energy saving measures 

reached by the considered houses typical series by an average of 41%, including: 

- 25% - by increasing the thermal protection of exterior walls and attic floors in 

cold attics; 

- 10% - by increasing the thermal protection of windows; 

- 6% - by reducing the excess air in the apartments; 

Energy saving building heating leads to a reduction in carbon emissions in the 

atmosphere as carbon dioxide. 

With a decrease in the air-conditioning energy consumption of buildings as a 

result of the introduction of these measures comes the release of power-generating 

facilities. This allows the power consumption of new buildings without the 

expense of commissioning of new capacities. The latter circumstance significantly 

affects the decrease of the payback period. 
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Abstract: This article views the possibility of practical application of the excessive heat 

insulation of enclosing structures and its environmental impact, as well as the possible economic 

impact of its application. Excessive insulation can reduce energy consumption for heating and air 

conditioning of facilities. Moreover excessive insulation facilitates project implementation for 

buildings with "green" technologies such as using of solar energy, wind energy, etc.  

Keywords: building industry, economic effect, heat insulation. 

 

Introduction  
In today's economic environment, all participants of the construction process 

from the customer to the developers seek to reduce their costs and increase profits. 

Manipulation of the product final value is limited by purchasing power (very low in 
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the Russian Federation), so more often they go on ways to reduce costs. And if the 

construction company has sufficient human and technical resources for the 

optimization of technological processes, the identification of modern high-technology 

and its critical assessment in order to reduce costs, the customer is often deprived of 

such an opportunity. Thereby there is a need to popularize modern technologies and 

materials in the broad masses with the aim of improving the quality of constructed 

objects, as ultimately it is the customer that determines their basic parameters. 

In the contemporary building industry at the cutting edge of science is the 

development of a number of areas, united by common trends. These include eco-

friendly and green building, construction techniques of "smart" homes on active and 

passive technologies. All of these modern trends of building industry development fit 

into the global cross-industry trends, designed to decide issues which are common to 

all mankind. In developed countries, unlike Russia, is a large-scale campaign to 

promote these areas, including in the construction industry. In Russia recently 

developed an interest in the issues under consideration [1]. 

The main constraint of practical application of modern domestic and foreign 

developments is the lack of awareness of the customer and the number of technical 

experts of the existence of these technologies, their features and benefits. 

Methods and materials 
One of the most common methods of achieving the objectives in the 

implementation of environmental and energy-saving programs in the construction is 

an excess insulation of inclosing structures. Despite the significant tightening of 

thermal regulations in Russia at the turn of the millennium, the implementation of the 

thermal insulation in accordance with current regulations allows only the minimum 

allowable thermal resistance from the point of view of energy efficiency. Excessive 

insulation makes it possible to significantly reduce power consumption both for 

heating and air conditioning at the premises, improve the microclimate and allows to 

get close to the realization of projects for "smart" technologies using renewable and 

alternative energy sources. The mass use of this method in addition to the economic 

benefit of lower maintenance of engineering systems costs can significantly reduce 

the human impact on the environment. 

Measures taken by the Government of the Russian Federation in the field of 

popularization of such decisions are insufficient and are reduced to the introduction 

of energy certificates and the development of regulatory documents in that field. 

These works, of course, are necessary, but they do not solve the main problem - 

the customers in Russia are not ready to bear the increased costs for solving 

environmental problems. It is estimated that losses incurred during the construction 

phase cannot be compensated and slightly stretched in time benefit from reduced 

energy costs. Another problem is a lack of adequate information about the 

possibilities of modern industry available to a wide range of the construction process 

participants. 
Table 1 

Type of 

insulation 

Thickness 

of 

Qh, 

kWh 

qh, 

kJ/(m2Ŀd  □CĿdays) 

Qh,sp, 

ʄJ/m2 

The cost of 

electricity for 
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material insulation 

material, 

mm 

heating, 

rouble/m2Ŀ year 

Calculation values 

1. Mineral rock 

wool 

 

150 25,88 211,25 1014 837,56 

2. PENOPLEX È 

35 

100 29,06 237,26 1138,85 940,69 

3. PENOPLEX È 

35 

150 21,75 177,50 852 703,75 

4. Non-pressed 

expanded 

polystyrene -35 

100 37,03 302,26 1450,85 1198,40 

 

Table 1 [2] presents the results of research and energy efficiency of different 

insulation materials of frame-panel house enclosing structures with a standard 

(according to building regulations) and with excessive insulation. The calculations 

used not only insulating properties but the materials and cost of operation and their 

features in structures, mechanical and physic-chemical characteristics [3,4]. 

Results and discussion 
Table 1 shows that the selection of different insulation materials (1,2,4) is not 

equivalent with standard insulation. Use of more expensive materials (2) leads to 

lower costs and excessive insulation (3) enhances resulting effect. At the present time 

in Russia they often use mineral wool slabs (1) for the insulation of panel-frame 

buildings. Replacement of this slabs with more energy-efficient insulator with use of 

excessive insulation (3) saves 133.81 rubles for 1 square meters per year. Thus, after 

10-15 years of service additional investment in the construction associated with the 

use of more expensive materials, and their excessive installation pays off, and the 

customer starts to make a profit from the investments made in the form of reduced 

operating costs for maintenance of the building. Increased operating characteristics  

[3,4] of used materials  (3) make it possible to increase the effectiveness of monetary 

investments by increasing the interval between maintenance works. Inflationary 

processes make these investments more attractive. 

Conclusion 

If the customer during construction of the object has full information about the 

possibilities of the modern construction industry, including the benefits of using 

excessive insulation of enclosing structures in buildings, there will be an increase of 

the use of modern solutions in construction. On the basis of this analysis it is possible 

to recommend to use excessive insulation more widely in the construction industry, 

which will bring economic benefits to the customer and significantly improve the 

environmental situation in the construction area. 
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Abstract: The article focuses on the influence of the foundation base tilt on the soil 

deformation. The experimental task to study interaction of the sunken foundation and the base 

under the eccentric and inclined load is set in the article. It also contains the analysis of particular 

cases in which inclined loads and modified angle of foundation base influence the foundation. 

Conclusions are made on the base of experimental results.  

Keywords: foundation base, inclined load, soil deformation. 

 

Nowadays there are many cases of base and foundation failure and deformation, 

which can result in the destruction of the whole building. In many cases, the change 
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of a tilt angle of foundation base changes natural properties of soils. 

The article contains the research of influence of rectangular foundations bases 

tilt to the horizontal plane and the relative depth of models, load value and the 

displacement of the base and the foundation. Studying this influence, we made 

several series of field experiments in which special attention was paid to preservation 

of natural structure of soil during the process of building foundations. Conducting the 

experiments, we applied a unified approach to the results of different series of 

experiments to get a general idea about the interaction of deep foundations and soil at 

different angles of tilt of model bases.  

The angle of load inclination to the horizontal plane  was constant and equal to 60Á, 

and the angle of the model to the horizontal plane  was changing and had the value 

of  0, 5, 10 and 15Á. The experiments were carried out with two depressions of the 

gravity center of the plate:  = ǎ/2 ɚ and   =  + ǎ /2 (figure 1). The 

corresponding relative depth  = 0,  = 0,5.  The averaged limit values of loads are 

given in table 1 

 

   a)                                         b)                                            c) 

 

d) 

 

 

a, b, c ï diagrams of models and tracks of sliding surfaces; d ï dependence 

between the horizontal displacements and loads at different angles of models base 

tilts  1 ï ; 2 ï ; 3 ï ; 4 ï  

Fig. 1 ï Experiment with rectangular foundation models 
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Table 1 ï Averaged limit values of the loads 

ɚ 
Ultimate load (kN) when  = 60Á and  

0 5 10 15 

1 2 3 4 5 
0 10 11.7 15 18 

0.5 12.4 18.6 20 22 

All experiments show a significant (up to 50 %)) drop of load after reaching maximum 

(peak) value. Let us estimate the influence of a tilt angle of force on the base load-bearing 

capacity.  The extreme load under  = 0  and  = 60Á is  4 (ɚ = 0) and 8 times (ɚ = 0.5) less 

than this index under  = 0 and  = 90Á. 

The model settlement in all experiments was not significant and did not exceed 0,5 cm. 

The limit state was attained at the horizontal movements 1-2 cm and came with continuous 

structure drift with a certain bank yard. Slide faces were determined by means of a cut of 

vertical posts of the dyed sand.  
The destruction of the base increased the tilt and horizontal displacement. Some 

cracks coming towards the back edge of the model appeared. The results of the 

research correlate with the findings represented in [1, 2, 3]. 

In conclusion, the greater the angle of inclination of the foundation base is, the 

stronger the destruction of soil is. 
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Abstract: The flight connection development is the most valuable direction of economic and 

social evolvement today. The Tambov region is not an exception.  The location of Tambov and its 

population impel the government and investors to find out optimal ways to solve related problems. 

One of them is insufficient heat transmission resistance of the enclosing structure.  

Key words: airport, calculation of heat transmission resistance, flight connection, pebble-

dash plaster, thermal insulation. 

 

Introduction  
The requirements for the quick and comfortable services, whether it is a visit to 

the doctor, shopping or a trip to other cities increase with the continuous process of 

globalization in the world. We have learned to cope with most of these common tasks 

remotely. Today it is possible to arrange appointment on the Internet, or to browse a 

list of necessary things in an online store. However, what to do with the services 

which we cannot receive owing to the lack of conditions for this action. 

For example, the trip from our city to another country can take a long time and 

huge financial expenses. In many respects, it is bound to undeveloped network of air 

transport in our region. If we turn back to history, we will see that Tambov was 

connected with 35 settlements by air not long ago but today air traffic is limited to 

two constant directions (Vnukovo International Airport, Moscow; Pulkovo Airport, 

Saint Petersburg). 

Problems of the modern airport building. The need for alternative air 

service. 
Tambov Airport can again become an international one in the next 5 years 

thanks to the state program "Development of transport system and road economy of 

the Tambov region for 2014-2020". According to the vice governor, the airport will 

be able to accept such planes as "Boeing 737" and "Airbus A320".  At the same time, 

the passenger traffic will increase from 20 to 250-400 thousand people per year.   

Thermovision inspection of airport buildings 
The airport consists of a group of buildings united by the functional process. The 

airport building and the maintenance buildings are included into this group. Problems 

of planning and lack of necessary rooms in this building will be solved on design 

stages of architectural concepts. However, the second important problem is creation 

of such a cover of the building, which will allow to minimize thermal losses or to 

eliminate them at all.   

 In the modern realities, the group of airport buildings has been considered as an 

interdependent system of objects influencing each other. The main reason of thermal 
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losses of the building is continuous window and lack of thermal covering of the 

protecting designs. However, replacement of inappropriate elements is not enough.  

The most important part of thermal research of the building is a thermovision 

inspection. The specified equipment is necessary for this task. That is why a 

thermographic camera was taken to explore existing isolation conditions. The result 

of the thermovision inspection is given below. 
 

 

Fig. 2.2.1 - Thermovision inspection. Flanning. 

 

 

Fig. 2.2.2 - Thermovision inspection. Pedestal. 
 

As we can observe, the greatest heat flow can be noticed under window units, 

and at the joints of covering walls and covering wall with garret floor. 

Overall, it is the main reason of the thermal losses the building. It has been 

suggested that modern insulation system and materials are necessary for the 

protection of the negative temperature consequences.  

The calculation of the thermal isolation of the coverings was completed to find 

out optimal solutions for each element. The calculation was made with respect to 

current Set of Rules 50.13330.2012 ï Thermal performance of buildings. 

Calculation of thermal insulation of containing walls 

The design of the containing walls is presented in Figure No.2.3.1. TEHNOFAS 

mineral wool plates are accepted as an insulant. 
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Fig. 2.3.1 - Thermal insulation of the containing walls. 

Basic value of the required heat transfer resistance is determined by the formula:                                       

                                      R0
req

= aẗGSOP+b ,                                         (2.1) 

where ʘ=0,00035, b=1,4 ï coefficients are determined by table 3 [5].     

   GSOP ï heating degree-days are determined by the formula: 

GSOP = (t inīth)ẗzh= (22ī(ī3,7))ẗ201= 5165,7  ÁCĿday/year,        (2.2) 

R0
req

= 0,00035ẗ5165,7+1,4 =  3,208 (m2 ĿÜʉ)/W    

The normative value of the specified heat transfer resistance of the protecting 

design: 

               R0
norm

= R0
reqẗmr= 3,208ẗ0,63=  2,03 (m2Ŀ Üʉ)/W                    (2.3) 

The thickness of an insulant is determined according to the formula:          

                     R0
rel=

1

Ŭin

+×Rs+
1

Ŭout

= R0
norm

,                              (2.4) 

where R0
rel

is conditional heat transfer resistance of the homogeneous part of a 

fragment of a heat-shielding envelope of the building, (m2ĿÜʉ)/W; 
Ŭin  is heat-transfer coefficient of an internal surface of the protecting design, W/(m2 

ĿÜʉ); 
Ŭ

out is heat-transfer coefficient of an external surface of the protecting design, 

W/(m2ĿÜʉ); 

×R
S is the sum of thermal resistance of layers of the homogeneous sites of a design 

which is determined as 

                                   
×RS=×

ŭi

ɚ
i ,                                              (2.5) 

where ŭi  is thickness of i-layer of the homogeneous site of the protecting design,  
ɚ

i is heat conductivity of i-layer of the homogeneous site of the protecting design 

(application. ʊ [5]).  

Ŭin= 8,7
W

m2ẗ°ʉ (table 4[7]),   Ŭout= 23
W

m2ẗ°ʉ (table 4[7]). 

R0
rel=

1

Ŭin

+×
ŭi

ɚi
+

1

Ŭout

=
1

8,7
+

0,02

0,7
+

0,51

0,7
+
ŭi

0,038
+

0,02

0,19
+

1

23
= 2,03  (m2ĿÜʉ)/W 

ŭinsul= 0,04 m.  
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The heater thickness equal to 0,09 m is accepted.  

R0
rel=

1
8,7

+
0,02
0,7

+
0,51
0,7

+
0,09
0,038

+
0,02
0,19

+
1

23
= 3,39  (m2ĿÜʉ)/W 

R0
mod

= 3,39ẗ0,63= 2,13 (m2ĿÜʉ)/W 

R0
mod

= 2,13 (m2Ŀ Üʉ)/W > R0
norm

= 2,03 (m2Ŀ Üʉ)/W 

Let's check a temperature drop between temperature of internal air and 

temperature of an internal surface of the protecting design. The temperature drop is 

determined by the formula:  

ȹt
0
=

nẗ( t
in
īt

out
)

R
0
reqẗŬ

in

=
1ẗ( 22ī(ī28))

3,208ẗ8,7
= 1,79°C                      (2.6) 

The condition is satisfied as the normative temperature drop ȹtin= 4,0°ʉ for 

people care facilities between temperature of internal air and temperature of an 

internal surface of an external wall is provided. 

Thus, on the basis of calculation it is established that for providing the condition 
R0ÓR0

norm
 it is necessary to arrange thermal insulation by mineral wool plates with 

density ɔ0 = 120 kg/m3 and 90 mm thickness. 

Conclusion 
Based on the above statements, it is easy to understand that using pebble-dash 

plaster as a construction material for the thermal insulation is the most appropriate 

thermal insulation type for the given purpose. It will allow us create modern view of 

the building and conform current requirements.   

The lack of optimal conditions for targeted flight connections is one of the main 

problem with air traffic in our region, which gives us a motivation to produce new 

comfortable and sustainable airport system.  
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Abstract: Engineering design of solar systems of hot water supply starts with obtaining 

reliable values of the intensity of solar radiation coming onto the surface disposed at an angle to 

the flow. For the intensity of solar radiation simulation randomly oriented surface it is convenient 

to use the method of sharing the available reliable experimental data for specific moments in time 

and computer modeling results for the remainder of the time domain. 

Keywords: identification; solar flux; solar radiation. 

 

We consider the use of the proposed method for solving the problem of 

identification of solar radiation onto a horizontal surface model in terms of Tambov 

(52.430 north latitude). In general terms, the model can be written as 

ù
ú

ø
é
ê

è
=

dt

ti
KI

dt

tI
m

)(
cos

)(
0 ,     (1) 

Where 0I  is the solar energy flux density at the top of the atmosphere to the 

surface perpendicular to the direction of sunlight (solar constant);mK is coefficient 

taking into account the weakening of the direct solar radiation as it passes through a 

layer of air mass m,i  is the angle of incidence of sunlight on a given surface. 

A method of calculating the cosine of the angle of incidence of solar radiation 

onto an arbitrarily oriented surface is described in detail in a number of publications, 

for example in [5]. The values of the coefficient of the model (1) were determined by 

the search, the results obtained by the model were compared with data from the 

NASA satellites. 

  
Fig. 1. The hourly average values of solar radiation by month for Tambov 
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Fig. 1 shows the change of 3D-graphics average hourly solar radiation onto a 

horizontal surface for months, and Fig. 2 shows a three-dimensional picture of the 

change in average hourly intensity of solar radiation for the average settlement day of 

the month throughout the year, resulting from the use of models (1). 
 

 
Fig. 2. Model of changes in solar radiation throughout the year for the city of Tambov 

 

The proposed identification method allows using computer simulations with high 

accuracy for the space-time areas, where due to these or other causes values of solar 

radiation intensity are absent.The developed method is suitable for any geographical 

point of observation. 
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Abstract: Lack of energy is one of problems of our time. The dynamic and steady functioning 

of the fuel and energy complex, as well as effective operation of the existing oil and gas fields 

influences the economic growth and well-being of the population. The energy supply is one of the 

greatest challenges of the XXI century.  
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Understanding and meaning of the term "energy" in each period of time of 

development are consistent with our knowledge, our technical capabilities and the 

level of our responsibility to future generations for lavish spending of natural 

resources, and therefore are constantly changing with the development of this 

problem. In conditions of economic crisis, energy saving becomes a government 

priority because it allows using relatively simple measures of state regulation to 

reduce significantly the load on budgets of all levels, to restrain the growth of energy 

tariffs, increase the competitiveness of the economy and increase supply in the labor 

market. 

The purpose of energy conservation is energy efficiency improvement in all 

sectors, all settlements and in the country as a whole. 

It is especially necessary to send all the power to: 

- energy efficiency of buildings; 

- improving energy efficiency in residential buildings; 

- improving the efficiency of production; 

- and of course, increasing the energy efficiency of equipment. 

These are the priority areas. 

The basic principles of energy policy in he Russian Federation include: 

- the priority of efficient use of fuel and energy resources; 

- implementation of state supervision over efficient use of energy resources; 

- mandatory accounting of produced, obtained, or consumed energy resources; 

- introduction of efficiency indicators in the standards for equipment, materials and 

construction, the vehicle energy; 

- development of national and regional energy saving programmes and their 

financing; 

- harmonization of normative documents in accordance with the requirements of 

reducing the energy intensity of material production, services and lifestyle; 

- creation of system of financial-economic mechanisms, ensuring economic interest 

of manufacturers and users in the effective use of fuel and economic resources, 

involvement in the fuel and energy balance of alternative and renewable energy 

sources, as well as in investing in energy saving measures; 

- implementation of state expertise of energy efficiency of design solutions; 
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- certification of fuel consuming, energy consuming, energy saving and diagnostic 

equipment, materials, constructions, vehicles and energy resources. 

- the creation and wide dissemination of environmentally clean and safe energy 

technologies, providing safe population of the state of the environment in the process 

of using the fuel economic resources; 

- implementation of demonstration projects of high energy efficiency; 

- information support for energy saving activities and promotion of advanced 

domestic and foreign experience in this field; 

- training of production personnel and population methods of saving fuel and energy. 

- the creation of other economic, informational and organizational conditions for the 

implementation of energy saving principles. 

Energy saving is one of the strategic tasks of the state, being both the primary 

method of providing energy security, and the only real way to maintain high revenues 

from hydrocarbon exports. Energy resources required for the internal development of 

can be obtained not only by increasing the extraction of raw materials in remote areas 

and construction of new power facilities but at a lower cost, due to energy directly to 

the centers of consumption. 

Becoming part of the global economic system, the Russian economy is forced 

to make a technological breakthrough, otherwise it will finally turn into fuel and raw 

material at the periphery of the developed countries. Energy saving is the key word of 

the new economic policy of the country. 

The continuing high rate of economic growth of national economy is possible 

only under condition of increase in the level of energy saving in industry, housing and 

utilities sector, in the production, transportation and distribution of energy. 

Resource efficiency should be considered as one of the energy resources of the 

future economic growth. 

In solving issues of energy saving and energy efficiency it is important to 

organize efficient interaction with the business community and involve the human 

factor, providing information and educational support on energy saving and energy 

efficient use of fuel and energy resources at the international, federal, regional and 

municipal levels. The continuing high rate of economic growth of national economy 

is possible only under condition of increase of energy saving level in industry, 

housing and utilities sector, in the production, transportation and distribution of 

energy. 
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ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ. ʉʥʘʙʞʝʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ ʟʘʜʘʯ XXI ʚʝʢʘ. ʆʪ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʟʘʚʠʩʠʪ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʪʨʘʥʳ ʠ ʫʨʦʚʝʥʴ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. 
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Abstract: The paper focuses on the importance of energy saving for industrial companies and 

the countryôs economy. The types of thermal equipment were selected and compared. The ways of 

reducing energy consumption are summarized. 
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The problems of energy saving are becoming more urgent with the exhaustion of 

fuel reserves and increasing tariffs for thermal and electric energy. Thermal 

equipment is one of the main sources of consumption of energy.  

Thermal processes are important in heat power engineering and in other of 

industrial processes including the manufacture of radio components. They are the 

most energy-intensive and widely spread in machine-building, metallurgical and 

chemical industries, etc. Refinery and petrochemical industries keep a leading place, 

and chemical industry takes the second place in heat consumption, which is 12.6 and 

11%, respectively of the total heat consumption in the national economy. The cost of 

electricity and fuels for industries is crucial and affects the efficiency and 

competitiveness. A large part of energy consumption falls for heat exchangers, 

heating installation, furnace and other devices that have thermal processes. 

The exergy analysis of heat power engineering plants is used to assess the 

effectiveness of the optimal control of thermal equipment. This method is the most 

useful for thermal processes, for example, in the analysis of energy-saving 
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technologies and assessment of thermal efficiency of fuel usage. This method helps 

us to calculate the loss of heat. 

The research showed that with the optimal control, the decline in energy 

consumption reaches 20% or more provided that algorithms of synthesis of optimal 

control are performed by simple and cheap microprocessor devices. The highest level 

of energy saving is achieved when the following conditions are satisfied: 

1) optimal control of dynamic modes heating; 

2) maintaining the required temperature at the set time; 

3) elimination of deviations of controlled variable from the initial value with a 

minimum value of energy consumption. [1] 

In the market economy there is a tendency for separation of the technological 

process of heating by creating the structures, which lead to poor service and 

limitations. Thus, in recent years, the question about the replacement of central 

heating with individual heating is raised. To evaluate the energy-saving effect of 

individual heating systems, we need to understand the processes in thermal system 

from the perspective of heat losses. 

 

The calculation of heat losses is performed by the formula: 

,                                                                 (1) 

 

where T1 is the temperature at the beginning of the process-cycle, ÁC; 

T2 is the temperature at the end of the process-cycle, ÁC. 

This means that the lower T2 is, the more effective is the heat function, and the 

higher the ratio of fuel usage is, the less energy is required for pumping heat transfer 

fluid. 

Thus it is necessary to raise T1 and to reduceT2. But if the decrease in T2 is 

limited by the temperature environment, the increase in T1 depends on the 

development of heat-resistant material. 

The important role is played by the division of objects by the type of the energy 

source and the operation modes. Thermal objects can be subdivided into monoobjects 

(Fig. 1 a) which use one type of energy source. Also, there is a wide class of thermal 

objects, which use the products of the combustion of gaseous and liquid fuels for heat 

exchange. 

Recently hybrid objects (Fig. 1 b) have become quite popular. They use a 

combination of functionals as a weighted sum of the fuel consumption and cost of 

energy. These include machines with electric drive, heating systems, hot water 

boilers, operating on the principle of simultaneous use of different energy sources and 

heating systems, boiler plants working on the principle of sequential use of energy. 

Energy costs in the process of heating can be reduced by: 

1) raising productivity of technological equipment, decreasing downtime in the 

working condition; 

2) increasing the reliability of electrothermal equipment; 

3) improving heat insulation. 
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Fig. 1. Classification of thermal objects by types of energy saving: 

Iʊ ï fuel consumption; Ieï energy costs; Ce ï the weighting factors;  

a ï monoobject; b ï hybrid objects. 
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Abstract: The paper considers a capacitive method of non-destructive quality control. The 

article describes the differences between capacitive method and other methods.  
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NDT methods are based on observation, registration and analysis of interaction 

of physical fields or substances with the test object. The nature of this interaction 

depends on the chemical composition, structure, status structure of the controlled 

object, etc. 

Electrical methods are based on:  

- an electric field is generated in the test object, or an electric field is applied to the 

object 

- indirectly, through the impact of perturbations of non-electrical nature (e.g., 

thermal, mechanical, etc.). 

Electrical characteristics of the control object are used as a primary informative 

parameter. 

One of the electrical methods is the capacitive method of non-destructive 

testing. The  capacitive method provides for the introduction of the test object or of 

the investigated area in the electrostatic field and the definition of the desired 

characteristics for the resulting back-reaction on the source of this field. Electric 

capacitor is used as the source of the field, which is also the primary  

electric capacity converter. The capacitor performs the transformation of the physical 

and geometric characteristics of the control object  in the electrical parameter. The 

reverse reaction of the transmitter is manifested as a change in its integral parameters. 

Most often two parameters, the first describes "capacitive" properties of the 

transducer, and the second characterizes the dielectric loss (e.g., capacitance and 

tangent of losses in components of the complex conductivity).  

Informativity is determined by the dependence of primary informative parameters of 

the transducer on the characteristics of the control object directly from the electrical 

characteristics (e.g., dielectric constant and dielectric loss factor) and geometric 

dimensions (thickness) of the test object.  

We study the dielectric characteristics of the material  ï  quantities to be 

measured and represents the source information for the solution of many problems of 



 

 

78 

quality control of materials.  

The capacitive control method eliminates the shortcomings in the way of its 

development: 

- rigorous theory of calculating the basic parameters of overhead capacitive 

transducers is absent; 

- calibration of measuring devices is carried out by experimentation, without taking 

into account the actual conditions; 

- development of non-contact methods and control provided insufficient attention; 

- capacitive method gives a lot of information about the properties of the material of 

interest to researchers. 

The method can determine other physical characteristics of the material 

indirectly: Density of components in heterogeneous systems, humidity, degree of 

polymerization and aging, mechanical properties, etc. The most informative 

geometrical parameters of the test object should include the thickness of the plates, 

shells and insulating coatings on the conductor and non-conductive substrates, the 

transverse dimensions of linearly extended conductor and dielectric products (yarn, 

rods, strips, rods), localization of conductive and dielectric inclusions, and others. 

For example, applying for this purpose the ultrasonic method is accompanied by 

an additional measurement error. By changing the material properties of the damping 

ultrasonic vibrations occur in the material, dispersion of the signal on uneven 

surfaces, interfaces and layers of controlled speed change and the wavelength of the 

ultrasonic vibrations. The electromagnetic method of measuring the thickness of non-

metallic materials used in the presence of a conductive layer on the opposite side, 

which in most cases is equivalent to the requirement of measurement with two-way 

access. 

Thus, the capacitive method has several advantages over other methods. With 

the improvement of this method, it can be used for a number of solutions to complex 

problems. 
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Abstract: The load on Induction Motor is not constant and varies as per load requirement, so 

speed must be change as per load. If the supply voltage decreased motor torque also decreases, for 

maintaining same torque, slip decreases hence speed falls and motor speed is directly proportional 

to supply frequency, hence to maintain a speed, the supply V/F ratio must be vary accordingly. 

Adding a Variable Frequency Drive (VFD) to a motor driven system can offer potential energy 

saving in a system in which the load varies with time.  
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The induction motor is mostly used in various industrial applications. The loads 

on induction motor always vary as per its application but the speed of induction 

motor is constant and cannot match with the load demand. If the load on induction 

motor decrease, the speed of induction motor cannot decrease as per the load. Hence 

it takes rated power from supply so the energy consume by the motor is same. Hence 

there is energy consumption is same during load varying condition also. To overcome 

this problem a VFD is used in industrial application to save the energy consumption 

and electricity billing. Variable frequency drive (VFD) usage has increased 

dramatically in industrial applications. This device uses power electronics to vary the 

frequency of input power to the motor, thereby controlling motor speed.  

Variable Speed Drive (VSD) applies to devices that control the speed of either the 

motor or the equipment driven by the motor (fan, pump, compressor, etc.). This 

device can be either electronic or mechanical. 

As noted in [1], the speed of induction motor is directly proportional to the supply 

frequency and number of poles of motor. Variable speed drive by using frequency 

control method is commonly used to control and change the speed of single phase 

induction motor. It can vary the desired speed by changing the frequency using 

switching sequence of Insulated Gate Bipolar Transistor (IGBT). 

The VFD includes the following stages of operation: 

1 Rectifier Stage. A full wave bridge rectifier converts single phase or three phase 

50 Hz power from standard utility supply to either fixed or adjustable Dc voltage. 

One diagonal pair of rectifier will allow power to pass through only when the voltage 

is positive. A second diagonal pair of rectifier will allow power to pass through only 

when the voltage is negative. So two diagonal pair of rectifiers are required for each 

phase of power. 

2 Inverter stage. Electric switches-power transistor or thyristor switch the 

rectified DC on and off, and a produce a current or voltage waveform at the desired 
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new frequency. The final section of the VFD is referred to as an ñinverter.ò The 

inverter contains transistors that deliver power to the motor. IGBT is a common 

choice in modern VFDs. The IGBT can switch on and off several thousand times per 

second and precisely control the power delivered to the motor. The IGBT uses a 

method named ñpulse width modulationò (PWM) to simulate a current sine wave at 

the desired frequency to the motor.  

3 Control stage. An electronic circuit receives feedback information from the 

driven motor and adjusts the output voltage or frequency to the selected values. 

Usually the output voltage is regulated to produce a constant ratio of voltage to 

frequency (V/Hz). Controllers may incorporate many complex control functions. 

Converting DC to variable frequency AC is accomplished using an inverter. Most 

currently available inverters use PWM because the output current waveform closely 

approximates a sine wave. Power semiconductors switch DC voltage at high speed, 

producing a series of short-duration pulses of constant amplitude. Output voltage is 

varied by changing the width and polarity of the switched pulses. Output frequency is 

adjusted by changing the switching cycle time by using microcontroller. 

As VFD usage in heating, ventilation and air conditioning (HVAC) applications 

has increased, fans, pumps, air handlers, and chillers can benefit from speed control. 

As noted in [2], variable frequency drives provide the following advantages: 

1. Energy savings: the primary function of VFD is to provide energy saving. The 

VFD can save the energy up to 50%.  

2. Low motor starting current: at the time of starting the motor start with low 

frequency so it takes low current at starting therefore VFD can be used as starter. 

3. Reduction of thermal and mechanical stresses on motors and belts during 

starts: by using VFD the thermal and mechanical stress on motors and belts during 

starting get reduced hence chances of wear and tear of various part get decreased. 

4. Simple installation: As VFD is single unit and it does not require any concrete 

construction so its installation is simple. 

5. Lower kVA: as VFD has nearly unity power factor it has lower kVA rating. 

Motor-driven centrifugal pumps, fans and blowers offer the most dramatic 

energy-saving opportunities. Many of these operate for extended periods at reduced 

load with flow restricted or throttled. In these centrifugal machines, energy 

consumption is proportional to the cube of the flow rate. Even small reductions in 

speed and flow can result in significant energy savings. In these applications, 

significant energy and cost savings can be achieved by reducing the operating speed 

when the process flow requirements are lower. 

Hence we conclude that VFDs provide the most energy efficient means of 

capacity control. This drive performs in a leading role for energy saving products for 

the all industries using electrical motors. Adding a VFD to a motor-driven system can 

offer potential energy savings in a system in which the loads vary with time. The 

operating speed of a motor connected to a VFD is varied by changing the frequency 

of the motor supply voltage. This allows continuous process speed control. Motor-

driven systems are often designed to handle peak loads that have a safety factor. This 

often leads to energy inefficiency in systems that operate for extended periods at 
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reduced load. The ability to adjust motor speed enables closer matching of motor 

output to load and often results in energy savings. VFD can be used for the number of 

applications of Induction motor and speed can get control as per load requirement so 

energy consumption get reduced hence VFD becomes very reliable and economically 

beneficial. 
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In modern industry, filtration is used for the separation of gas or liquid 

heterogeneous systems. Cleaning gas or liquid from any suspended particles is more 

effective than the deposition process, and, hence, it brings a higher yield of the 



 

 

82 

product (if the product is the solid phase of the suspension) [1]. 

 Most processes are accompanied by some amount of dust or other solid particles. 

To prevent the pollution of atmosphere by industrial emissions it is necessary to 

improve the processes, reduce harmful emissions to a minimum and introduce closed 

non-waste technological processes in the manufacture. To solve these problems is not 

possible, one should use the most efficient and economical means of purification of 

gases and air before its emission into the surrounding atmosphere [2, 3]. 

Special high performance filters and installation are used for industrial cleaning 

of gases from impurities (ash, dust, and other debris). Their work is based on the use 

of electrostatic deposition as one of the most effective ways of removing particulate 

matter from the gas. the quality of filtration through porous layers and partitions, 

flushing gases and the separation of the particles improves due to the impact of 

gravitational forces, i.e. inertial separation [4]. 

 When filtering, solid particles contained in the gas or liquid may stick on the 

surface of the filter walls, thereby forming a precipitate, or may pass through in the 

depth of the material of the walls, lingering in the pores. 

 The driving force of filtration is the pressure difference before the filter and after 

it. If this is the difference created by using any of the devices - a compressor, pump or 

a vacuum pump, filtering is done by the action of differential pressure. If it is created 

with the help of centrifugal forces, then there is a centrifugal filtration (different- 

centrifugation). 

One of the promising methods for utilization of stillage is to develop schemes for 

obtaining dry bards using dryers. To implement this method it is necessary to develop 

various laboratory filters and test them at specified operating conditions [5]. 

Thus, the quality of the final product is a task with high practical relevance. In 

other words, stillage is dried using dryers (spray, vacuum, freeze, etc.) without the 

use of the evaporation stage with the lowest possible price (i.e., the process and the 

equipment meets the requirements of the energy resource, sanitary norms and rules) 

is [6]. 

Gas cleaning from dust is done by filtration. Gases pass through porous partitions, 

which have the ability to pass only gas particles and to retain eventual solid particles. 

When selecting a porous partition, factors such as temperature and chemical 

properties of gas and the size of solid particles, from which it is necessary to clean the 

gas, are relevant. 

The filtration rate is determined primarily by the amount of gas passing through 

the filter wall per unit time. In addition, the rate of filtration depends on the resistance 

of the filter septum and the gas pressure. 
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Abstract: The current trend of increasing the adhesion properties of sprayed coatings is 

aimed at increasing the speed of the sprayed particles. However, not enough attention is given to 
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To cope better with this challenge, it is necessary to choose the most suitable method of preparing 
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In modern industrial production, one of the solutions to the issue of the creation 

of new materials with unique properties is the application of special coatings on 

structural materials. a method of thermal spraying has a significant place among the 

many known coating methods. 

Thermal spray coating refers to a number of processes in which a substrate is 

coated to improve its functional performance. Many types of coating materials can be 

applied by thermal spray processes. Coatings can range in thickness from a 

thousandth of an inch up to an eighth of an inch. Thermal spray coatings have been 

used to protect parts from wear, abrasion, corrosion, high temperatures, etc. and to 

build dimensions on undersized parts. 

Chemical interaction, intermolecular forces and mechanical gearing determine 

the connection of the sprayed coating to the base. In this regard, it is greatly 

influenced by the composition and structure of the basic material; roughness 

parameters, basic mechanical properties of the surface layer, hardness, density, 

thermal properties, magnitude and sign of residual stress, thickness and properties of 

oxide films and adsorbed layers, the presence and basic characteristics of the 

intermediate sublayers. 

Pre-treatment of the substrate surface is one of the main factors for the high 

strength adhesion of the coating to the substrate, because in most cases the 

connection of the sputtered coating with the material of the part is the result of a 

mechanical clutch. Therefore, in order to spray particles that impinge and deform 

about the basis, firmly bonded with the coating surface, the substrate must have an 

optimal roughness. 

These methods of surface pre-treatment before deposition of thermal coatings 

include: 

-mechanical methods of machining with removal of chips: torn thread cutting, 

milling cut milling grooves, wedge-shaped, notch grooves with a chisel, cutting ring 

grooves; 

-mechanical processing methods of machining: thread rolling, oblique mesh 

rolling, processing methods of surface plastic deformation; 

-combined methods of machining: threading and stitching, thread-cutting and 

blasting abrasive; 

-processing by free abrasives: vibration, centrifugal, ultrasonic, blasting; 

-prior application of the sublayers of molybdenum, Nickel, Nickel alloys, 

composite powders by means of thermal spraying; 

-electrical discharge machining Nickel electrode; 

-chemical etching; 

-activation of the substrate arc discharge; 

-cleaning glow discharge, cathodic sputtering. 

In accordance to GOST 9.304-87 as the preferred method of processing for 

roughening the surface and cleaning of oxides is recommended to subject to jet-

abrasive treatment. The recommended surface roughness Ra is 6.3 to 16 Õm. The 

mechanism of formation of a developed roughness by the method of jet-abrasive 

processing was described in the works of A. D. Dvoeglazova and B. A. Popovkin, 
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A.Yu. Medvedev, and others. However, the harmful effects on human health and the 

environment encourages scientists to explore and develop alternative methods of 

surface preparation for coating, which include: machining, coating layers and 

electrical discharge machining. 

Of course, different ways of handling give different surface roughness, and 

hence different degree of connection of the deposited layer to the substrate. Table 1 

shows the main methods of surface preparation of parts and adhesion of coatings to 

the substrate. 
Table 1 

Methods of 

surface 

preparation 

The purpose of the 

processing 

Adhesi

on 

strengt

h MPa 

Advantages Disadvantages 

1 2 3 4 5 

 

Knurling 

Preparation of steel 

unhardened parts 

(HRCÒ35) 

100.0 Manufacturability and 

simplicity of process 

Only suitable for 

parts with 

cylindrical shape 

Cutting the 

ripped thread 

During deposition of 

coatings of a thickness 

exceeding 1 mm to the 

details working in 

conditions of high stress 

152.0 Manufacturability and 

simplicity of process 

Not suitable for 

processing hard, 

soft materials and 

surfaces of 

irregular shape 

Sandblasting The increase in 

roughness 

34.5 Low power 

consumption and high 

performance 

Environmentally 

ñdirtyò method 

Preliminary 

application of 

sub-layers of 

thermal coating 

Applied if there is a big 

difference of 

coefficients of thermal 

expansion of the coating 

material 

33.1 High performance and 

the ability to use any 

shapes of details 

High cost 

repairable parts 

Electrical 

discharge 

machining 

Preparation of surfaces 

of parts made of low 

carbon steels during the 

deposition of thick 

layers on the plane and 

surfaces of revolution 

167.0 Possibility of use for 

parts of various shapes 

with surface hardness  

HRC>40  

Relatively low 

performance 

 

In electrical discharge machining processing, there is good adhesion between the 

coating and the substrate by increasing the roughness. Moreover, the method allows 

processing the surface hardness is HRC>40, and unlike machining techniques can be 

used for parts of various shapes and sizes. Spark electrical discharge machining is an 

environmentally friendly method that allows you to control the adhesion strength of 

the coating to the substrate not only by increasing the roughness, but also by 

changing the chemical composition of the surface layer by using different materials 

as electrodes. 

Performance analysis of the basic methods used for surface treatment before 

deposition of gas-flame coatings showed that the highest adhesion strength of the 

deposited coating to the substrate provides electrical discharge machining. 
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The method allows control of adhesion strength in a wide range by changing the 

chemical composition of the surface layer by using different materials as electrodes. 

Electrical discharge machining is an environmentally safe method and allows to 

handle surfaces with a hardness of HRC>40, which is important for regenerative 

repair of machine parts. 

The solution to the problem of improving the adhesive strength of gas-flame 

coatings with the base is advantageously carried out by applying an electric spark 

machining for surface preparation. 
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Abstract. This paper discusses the characteristics of welding power supply, and offers the 

design ideas on the improvement of welding power. A full-bridge configuration of the power source 

is described. 
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Introduction  
With the advancement of power electronics, microelectronics, intelligent control, 

and the constant introduction of new devices, advanced control technology, new 

materials and technology, welding technology is rapidly developing. Advanced 

control methods, digital signal processor (DSP) as well as the soft switching 

technology are used in the welding power supply continuously, which makes it 

possible to decrease the volume and weight of the power source and improve its 

intelligence. 

Flow diagram of the welding power source 
The welding inverter is an inverter which can not only realize the conversion 

from direct current to alternating current but also provide the desired mode  for arc 

welding technology. Fig. 1 shows the flow diagram of the welding power source. 

Working principle is as follows. First of all, single-phase or three-phase AC is 

rectified by input rectifier ZL1 and filtered by filter LC1 to form DC with smaller 

ripple. Then through the high-frequency alternating switch function of inverter NB 

constituted by IGBT, this DC is inverted into AC. Finally, by a high-frequency 

transformer T, the AC is declined to dozens of voltages that are suitable for welding. 

For DC welding, the AC voltage must be rectified by rectifier ZL2. 
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Fig.1 Scheme of welding inverter power source 

 

Soft switching technology 
In the conventional PWM inverter, the power electronic switching device is turn-

on or turn-off under the control of gate in high voltage or current conditions. It is the 

process of forced turn-off, i.e. the hard switching circuit. In the case of high 

frequency operation hard switching circuit may give rise to the following major 

issues:  

power consumption and temperature rise; 

electromagnetic interference can occur at in high-frequency, interelectrode 

capacitances of switching devices and the stray inductance in a circuit, that will affect 

the work of circuit on the whole. 

In order to solve the problems in hard switching circuits, a number of scholars 

and experts have proposed to change the switches trajectory, so that voltage or 

current could be reduced to zero or a small value when switching device is turned on 

or off. This is the so called soft switching technology. This technology allows 

improving the frequency of switching devices, while the loss is decreased, which 

makes weight and size of the inverter smaller. 

Using the soft switching technology in welding power sources enables to the 

power switching devices be switch on or switch off under the condition of zero 

voltage and/or zero current. This can lower the devices junction temperatures in 

running, decrease electromagnetic interference (EMI), break the limit of working 

frequency of hard switching and overcome the hard switching of PWM inverter 

circuit shortcomings fundamentally. 

Control Strategy of Inverter Welding Machine 
Due to the continuous requirements for improved performance of modern 

production, the traditional controlled methods can not satisfy the demands well. The 

direction of the intelligent control research can be divided into: fuzzy control 

technology, neural control network and expert system. 

Conclusion 
This paper described the soft switching inverter main circuit, and analyzed its 

working principle. Due to efficient and rapid dynamic response of the soft switching 

welding power source, it is one of the most promising in this class. The development 
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will relate to power electronic technology, digital signal processing and computer 

controlling technology in the future. 
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Abstract: The paper deals with the temperature distribution in a two-layer polymer-metal 

constructions as a result of theirtreatment with the local round heater with the constant power 

which acts on the surface of the polymer coating made of polyurethane foam. 

The obtained numerical results allow for making a conclusion about short-term one-

dimensional distribution of heat across the thickness of the polyurethane coating and 

implementation of the regulation mode of the thermal process for the local area of the 

constructions. 
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Polymerïmetal constructions with heat-insulating coverings on the basis of 

polyurethane foam (PUF) are manufactured with the method of filling of PUF in a 
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mold ("shells" for pipelines, plates, sandwich-panels, etc.). It is possible to exercise 

non-destructive quality control of such polymeric and metal constructionswith a 

thermal method of treating thermal properties (TP) of layers [1 - 3]. Thermal 

properties are defined with the use of measuring systems [4 ï 7]. TP are shown 

through a temperature response (thermogram) of the studied constructions to thermal 

influence to which an object in the organized experiment is exposed [1 ï 3]. 

The purpose of this work is to conduct a numerical study of temperature fields in 

a method of non-destructive thermal monitoring of double-layer polymeric and metal 

constructions. The steel constructions in the form of a plate with a polymeric 

covering from PUFare investigated. 

The design consists of two layers with thermal properties(TP): the first ï ɚ 1, 1͊, ɟ 

1;the secondï ɚ2, 2͊, ɟ2.Thickness of layers ïh1, h2.TP of materials of which a 

research object is made are shown in the table. 
 

Table. - Thermal properties of materials. 

Blocktag 
Heat conductivity 

ɚ, W/(ʂĿm) 

Thermal capacity ʩ, 

J/(kgĿʂ) 
Density ɟ , kg/m3 

Coating 

(polyurethanefoam) 
0,041 1470 80 

Heater (copper) 400 385 8890 

Probesubstrate(ripor) 0,028 1270 50 

Plate (Steel 40) 47 462 7800 

 

Thermal impact on a surface of a construction is carried out by means of the 

heater of constant power which is executed in the form of a disk. It is built into the 

measuring probe (MP). The MP substrate is made of heat-insulating material ï a 

ripor. Probe radius isRMP (fig. 1). The sizes of the MP substrate and a metal plate are 

picked up so that they can be considered semi-restricted. Temperature in points of 

monitoring of the surface of a polymeric covering is taken by means of 

thermoreceivers (T1, T2). During measurements, thethermograms showing the 

dependence of temperature on time are recorded. 



 

 

91 

Operations of modeling temperature 

fields for the purpose of identification 

of the mode of a regularization, is 

executed by a finite element method 

with the software package of Elcut 

Student. 

The task (its geometry, properties of 

environments, heat sources, boundary 

and other conditions)is described. 

Creation of a grid of finite elements is 

executed. 

Figure 2 shows the distribution of 

temperature on thickness of a covering 

and substrate MP on an instant ï 300 s. 

MP sizes: substrate height ï 20 mm; 

radius ï 25 mm. Double-layer 

constructions with the thickness: a heat-

insulating polyurethane foam covering ï 

1 mm, the metal basis ï 10 mm. The 

heater from copper: radius ï 10 mm, 

height ï 1 mm. 

Numerically determined temperature 

in points which are located on a heater 

axis: on a demarcation of the MP 

substrate and a heat-insulating 

polymeric covering from PUF; in the 

middle of a coat layer; on a demarcation 

of the covering and metal. 

The results of a research of 

temperature profiles received in this 

work allow to draw a conclusion on 

short-term one-dimensional distribution 

of heat on thickness of a polyurethane 

foam covering and realization of the 

mode of a regularization of thermal 

process for local area of a constructions. 

 
Figure 1. ï Metering circuit of a method. 

 

 
 

Figure 2. ï Distribution of temperature on 

covering thickness from polyurethane foam and 

probe substrate thickness from a ripor. 

Thus, there is an opportunity to allocate on thermograms the working sites which 

are characterized by independence of time of the relation of a heat flux in any point 

of a covering to heat stream on its surface.The analytical dependences describing a 

thermogram on working sites are received on the basis of the solution of the 

corresponding boundary value problems of heat conductivity. Detailed descriptions 

of algorithms of receiving and application of these decisions for calculation of 
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thermal properties of layers and determination of thickness of a covering are 

submitted in works [8, 9]. 
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Abstract:  The main problem of the field is creation of authentic mathematical models of 

heating of pressure equipment elements and creation on their basis of the engineering calculation, 

design and optimization procedures allowing lowering of energetic, time and material expenditures. 

We suppose that such tasks need to be completed with the help of the modern systems of reverse 

engineering (CAE) in cooperation with automated design engineering systems (CAD). The primary 

target is development of domestic technologies of supercomputersô design on the basis of a scalable 

network of microprocessors, detailed predictive simulation by creation of perspective products of 

mechanical engineering, new power plants, and design process of control systems technologies on 

the basis of scalable hardware and software complexes. Creation of such technologies considers 

basic and applied researches in different fields, including math, microelectronics, information 

technologies, computing systems, informatics and telecommunications. The complex of the listed 

problems can be watched by design of elements of hydraulic presses for rubber products 

manufacturing.  

Keywords: design methods, hydraulic press, modeling of the process, rubber products, 

temperature factor, thermal field, vulcanization accelerator. 

 

The competitiveness of the Russian manufacturing sector in the global market is 

nowadays impossible without supercomputing, mass information technologies and 

nanotechnologies.  

The vulcanization process in molding tools on hydraulic presses with inductive 

heating plates is more often used by rubber products manufacturing. Furthermore, the 

temperature conditions of the vulcanization process is paid much attention to, i.a. 

getting of the temperature fields of special configuration on the working fields of 

heating plates.  

For modeling of the temperature fields of the pressesô heating plates, i.e. for 

temperaturesô profiling on their working fields itôs possible to use different 

approaches, differed by the difficulty of mathematical descriptions, established 

assumptions, computation algorithms etc.  

The processes of rubber products manufacturing using the vulcanization of 

hydraulic press are very power-intensive: the electric power costs are comparable to 

that of raw materials. An optimal temperature control of press heating plates taking 

into account the delay is an important reserve of the power consumptionô curtailment 

by production of rubber products. The majority of existing control algorithms do not 

consider thermal properties of constructions of devices with electroheating and errors 

in the establishment of initial conditions that results in the considerable energy 
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overexpenditure in the dynamic modes. The features of a hydraulic press (Fig. 1) for 

vulcanization with heating plates as a controlled object include:  

Å the considerable time share of a press operation constitute the heat-up 

processes;  

Å the quality of production is defined by the temperature condition of 

vulcanization during the whole cycle of manufacturing;  

Å the process of vulcanization belongs to the class of difficult chemical and 

technological processes;  

Å the main perturbing factors in case of vulcanization processô control are 

temperature disturbance and instability of thermophysical properties of raw materials;   

Å the chemical composition and overall dimensions of the vulcanized product 

have significant effect on the temperature condition of vulcanization.  

 
Fig.1. The vulcanization press with inductive heating plates  

1 ï case; 2 ï entablature; 3 ï heating plates; 

 4 ï dashboard; 5 ï sliding table; 6 ï recharging table; 7 ï ram. 

 

Therefore, energy saving process control of vulcanization is an urgent and very 

complex challenge. The main difficulties of its decision are:  

1) development of a dynamic model, which, on the one hand, reflects 

temperature conditions of the environment correctly and, on the other hand, is 

suitable for the operational analysis and synthesis of optimal control;  

2) mathematical description of the thermal properties of the vulcanizing 

equipment. 

The input variables of the considered process are:  

Å a plate geometry ï its length, width, height and height of the cover;  

Å material of a plate, cover and inductors;  

Å inductor wireôs diameter;  

Å parameters of an electrical network ï tension and frequency.  

The output variables are the temperature values in any point of volume of a plate 

at any moment (a nonstationary temperature field of a plate). 

Productivity of the method of molding is defined mainly by the processing rate. 

Properties of the detail received by molding depend largely on a mathematical model. 

The form and the size of pressing define the form of a finished detail and the need of 
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carrying out additional operations that is of great importance by determination of 

production cost.  
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ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʩʰʪʘʙʠʨʫʝʤʦʡ ʩʝʪʠ 
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Abstract: Literature review of existing and prospective distillery dregs processing technologies 

was performed. Problems of utilization of distilleryôs industry drains were described herein. 

Advantages and disadvantages of proposed methods were compared, recommendations on their 

choice considering the realties of the Russian producers are given. 

Key words: processing of dried distillery dregs; dried distillery dregs, distillation industry; 

ecology. 

 
Introduction  

Currently, the demand for these products is high; this is due to the development of 

livestock and consequently a large need for quality feed. At the same time, these 

industries do not have a management system that meets modern requirements and 

ensures stable quality of the product. 

Consequently, the development of the automated control system of the process is 

an urgent task. 

Dried distillery  dreg fodder is a natural high-value protein and vitamin 

containing feed for livestock and poultry. Solid product in powder form, which can be 

used as a separate feedstuff or as an additive for an animal feed production. 

In the process of alcohol production from grain raw materials there is a 

significant amount of production dreg - liquid distillery dreg, which causes 

environmental pollution when discharged into drains. At the same time, the distillery 

dreg has a certain nutritional and feeding value because the whole grain protein 

remains in the dreg after processing of starchy components into ethanol. 

At present time the automation of technological process of dried distillery dreg 

production does not meet modern requirements for control quality, monitoring and 

alarming of some emergency modes of equipment operation takes place. Temperature 

measurement in dryers is carried out with mechanical thermometers; pressure - 

mechanical pressure gauges, control of the amount of energy consumed by the 

technology is absent. Adjustment and control of process parameters performed 

manually. 

The complexity of the process and the use of almost exclusively manual process 

control often leads to a violation of the codes of technological regulations, 

appearance of pre-emergency and emergency situations. Automatic control and 

adjustment of the basic technological parameters will allow reducing the occurrence 

of adverse factors. 

Local Automation Facilities (Local Control System or LCS) can provide a 
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solution only to problems of stabilization. For processing of more or less complex 

solutions (solving problems of optimal process control) it is necessary to use modern 

microprocessor-based automation tools, as well as to apply multi-level automatic 

process control system (APCS). 

The proposed technology: 

1. Combined schemes. 

2. Functional diagram 

Distillery dregs recycling can solve problems of processing of liquid wastes from 

the alcohol production: 

¶ Inability for complete utilization of distillery dregs and of centrate through the 

construction of treatment plants. The reason - the absent of developed 

mircroorganisms-bacterias cultures for processing of centrate. Question of centrate 

utilization with the use of treatment facilities has not been resolved in the world 

practice. 

¶ To purify the contaminated drains (including dregs) in the distillery industry up 

to date the filtration fields are applied. This leads to infection and pollution of the 

ground water, open water bodies and the atmosphere. It requires large areas for 

filtration fields. 

¶ The presence in distillery dreg of solid substances in the range from 8 to 10% 

of the total volume requires usage of the equipment for separation (filtration) into 

solid and liquid fractions. 

¶ After the mechanical separation of distillery dreg, the solid fraction has a high 

moisture content up to 80%. If the cake would not be dried, after short storage the 

ferment processes will start. 

¶ The resulting humidity in case of separation by decanter - 75-80%, by the 

pressing-auger separator - 60-65%. After separation by decanter the cake is a fluent 

a clot with a water content of 2,8 times higher than in case of pressing-auger 

separator. 

¶ Usage of the centrate evaporation technology, as one of solutions for utilization 

of distillery dreg and centrate, can lead to bankruptcy of virtually any manufacturer. 

The reason - the 20th century technology with an enormous energy consumption. 

Without increase of procurement prices of alcohol or objective support from the 

state, this technology is hopeless. 

Automation of distillery dreg production process is one of the decisive means of 

improving of the technical and economic efficiency of that production.  

Development and introduction of the modern automated control system based on 

using of advanced automation technologies will allow to significantly improve staff 

working conditions, improve labor discipline, reduce the impact of human factors, 

reduce the number of accidents, significantly reduce the cost of maintenance and 

operation of the distillery dreg production process control system. 

Conclusion 

Automation of technological process of production of dry stillage is one of the 

decisive means of increasing technical and economic efficiency of this production. 
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Abstract: The variants of feed dosing into individual and group feeders were studied; the 

construction of feeding machine with screw hoppers was suggested; the experimental results of the 

hopper test by dosing into group feeders were quoted. 

Keywords: dosing, feeder, suspension screw. 

 

In the feed making and feeding lines of livestock farms dosing by volume 

hoppers is made in accordance with one of the following principles: 

¶ continuous feed dosing on a predetermined feed level with a small adjustment 

in time; 

¶ continuous feed dosing with possibility to change feed from peak to peak in the 

process swiftly; 

¶ portion dosing: a hopper is set on a constant optimal level, a dose is determined 

by time in use of operating device; 
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¶ portion dosing: a dose is changed from point to point by dosing flap position; 

¶ portion dosing: a certain volume of dose is formed in advance and supplied 

according to a time schedule; 

¶ portion dosing: a certain volume of dose is formed in advance and supplied 

without time schedule. 

The most difficult task is to do a portion dosing with high quality indicators and 

with possibility to change a dose and comply with a time schedule.  

To solve this problem it is introduced a hopper installed on a feeding machine for 

pigs (Fig.1), which was produced in Tambov State Technical University.  

 

 

 
 

ʘ)                        
1-mobile cart; 2-screw feed end; 3-rearward motion channel; 4-additional screw; 5-discharging 

flap; 6-lever; 7-wall; 8-roller; 9-discharging screw part; 10-bin; 11-shut-off flap; 12-distributing 

screw; 13-pin; 14-plate; 15-spring; 16-discharging port; 17-feeder; 

a) scheme of feeding machine. 

Fig. 1. The feeding machine 

In this variant of the feeding machine a running gear is used. Its scheme is shown 

in Fig. 2. 
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Fig.2. Scheme of a running gear of the feeding machine. 

1-frame; 2-lower disc; 3-drive wheels; 5.28-lever system; 6-electromagnets of operating stroke; 7-

electromagnets of no-load operation; 8-grip; 9-clutches; 10-hydromotor;11-steering tube; 12-

actuator; 13.18.32-clutch; 14-throttle; 15-hydrolic distributor;16-safety valve; 17-hydropump; 19-

electromotor; 20-filter; 21-tank; 22-driven wheels; 23-sliders; 24-bridge; 25-steering geometry; 

26-trunnion; 27-brake; 29-detent lever; 30-steering wheel; 31-clamper; 33-reduction gear. 

 

The application of the running gear on pneumatic-tire wheels with steering 

control on driven shaft and with electrohydraulic mechanical drive on control shaft 

helps the feeding machine move along a feeding line independently. The 

electrohydraulic mechanical drive of control shaft that was taken from the hay mill 

IRT-165 helps the feeding machine start pull-free and change forward speed of 

movement gradually.   
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Abstract: The article analyzes the design of the teeth and spring harrows, as well as the 

introduction of resource saving and soil conservation technologies. It discusses the advantages and 

disadvantages of different types of harrows. 
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The analysis of modern Russian and foreign resource-saving technologies in crop 

production reveals the important role of technical equipment of agricultural 

enterprises of machines and mechanisms, characterized by high performance, 

reliability, high performance and ease of maintenance [1, 2, 3]. 

We have identified and analyzed the particular features of the structure and spike-

tooth harrow and harrows aggregates of the variety of tillage machines. That allows 

identifying the factors that determine the trend in the construction of power harrows 

and make recommendations for their use in the realization of various farming 

systems. 

Harrows aggregates have traditionally been widely used to keep moisture in the 

ground of plowed fields and fallow fields, to level fields and crush lumps, to destroy 

the soil crust and destruct weeds in the process of pre-emergence and germination 

harrowing of crops, taking care of meadows and pastures, etc. 

Reduction of employees engaged in agricultural production, new technologies of 

cultivation of agricultural crops, the need to conserve resources - have changed the 

requirements for machines used for harrowing. First, agricultural enterprises cannot 

spend a much money on resources recruitment on aggregation harrows aggregates, 

harrows transportation to remote fields, maintenance and repair of harrows. 

Crop management technologies, which do not reduce the amount of plant 

resources on field (green manure, straw), make it impossible to use traditional 

harrows that clog plants and make the process of purification extremely difficult. 

Thus, the disadvantages of traditional spike-tooth harrow: 

- the complexity of aggregate acquisition; 

- problems of moving aggregates from one field to another one and impossibility 

of using public roads for such operations; 

- inability to use the harrow on the fields with many plant residues; 

- problems with sticking soil on fields with high humidity; 

- the need to all time-consuming work to restore worn teeth; 

- unsuitability for use in case soil conservation technologies are applied; 
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- the minimum possibility to regulate the influence of teeth on the ground. 

However, the towed spike-tooth harrows are successfully used in traditional 

technologies, and some designs are used to overcome their disadvantages.  

For small farms, it is advisable to use a folding frame design with sections of 

spike-tooth harrows, mounted on the tractor hitch. 

The use of spring-tooth harrows is becoming popular nowadays. Taking into 

account today's technologies and harrows labor shortages, spring-tooth harrows are 

gradually replacing traditional hard-harrow teeth. Spring-tooth harrows are more 

productive, they can be used in any cropping system with conventional, minimum or 

zero tillage. Spring-tooth harrows, which have a large working, width can be 

compactly folded into the transport position and are serviced by only one tractor 

driver (Fig. 1). 

 

 

Fig.1 - Spring-tooth harrow at work and transport position 

 

Long spring teeth vibrating in the longitudinal plane, better loosen topsoil, cab 

clean adhering soil and crop residues, have less wear, do not require maintenance and 

repair, have a wide range of fine adjustment of the pressure on the soil and loosening 

intensity. 

The impact of the spring-tooth harrow on soil depends on the thickness of the 

tooth [4]. In connection with this spring harrows can be used not only for intensive 

loosening and leveling the soil when soil is  harrowed and moisture is kept (heavy 

harrows), but also for the harrowing of crops of grain and weed control in crops of 

cultivated crops (light harrows) (Fig. 2). The latter is especially important for 

reducing the number of row cultivation and the chemical load on the ecosystem. 

 

 

Fig. 2 - The harrowing of cultivated crops 

 

Spring-tooth harrows used to keep moisture have a number of significant 

advantages over conventional teeth: greater productivity due to high speed movement 

of the unit and the efficient use of working time, the opportunity to work even on wet 

and sticky soils, as well as reducing clogging of working bodies with plant residues. 

Spring-tooth harrow, are effectively used in soil conservation technologies for 
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leveling straw, pre-emergence soil tillage, harrowing crops with simultaneous 

application of fertilizers, herbicides, and for seeding small-seeded crops, sowing 

grass and green manure (Fig. 3). 

 

 

Fig.3 - Spring-tooth harrows with fertilizers 

 

They are used together with modern combined tillage machines for crumbling 

and leveling of the soil. 

Thus, the modern farmer has a wide range of spike-tooth harrows, depending on 

the use of crop cultivation technologies, the volume of work performed, the 

availability of human and financial resources [6]. 
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Abstract: Noise in a passenger compartment is a constant problem of many domestic cars. In 

this article, we consider the materials developed for improvement of noise isolation of the car and 

installation for check of everyone on sound absorptivity. Pluses and minuses of the proposed 

technology are considered. Also, we will note that this compounding has a wide range of properties 
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Any car contains a lot of different sources of noise of different nature. If  

manufacturers of business-class cars pay o lot of attention to comfort and noise 

insulation for their cars, more affordable cars have only factory manufactured noise 

insulation system that is not enough. That is why many Russian car owners complain 

about poor noise insulation of the vehicle and about annoying sounds which are 

called çcricketsè. This is a huge problem of Russian car industry. Noise insulation   is 

one of the main factors of comfort and features of luxury cars. The low level of noise 

insulation of the passenger compartment affects driversattention and increases his or 

her fatigue. This is especially noticeable at high speeds, when the general buzz in the 

car cabin gives the impression that the car will  take off. That is why you do not feel a 

speed in luxury cars. Good noise insulation allows the car to reveal its sound audio 

system. Very often clients notice that the sound becomes better after itôs been 

repaired. Literature review (1-6) showed there are few approaches to the preparation 

of noise insulation compounds. We developed and manufactured the original facility 

for experimental research into anti-noise properties of polymer composites (Fig. 1) 

 

 

 
 

 

 

 

 

 

 
Fig. 1 - Experimental facility for noise insulation properties based on polymer solutions 

 

The facility contains: 

Ritmix RCMmicrophone - 101, SmartBuyFest speaker, PVC pipe with 100 

millimetres diameter,  rubber seals and plug. 
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The microphone characteristics are as follows: 

Condenser Microphone; 

Directional type is omnidirectional; 

Sensitivity is up to 110 dB; 

The type of connection is wired 

The speaker characteristics are as follows: 

A power of 2 W;  

Power is based on 220V  

Line input (stereo), mini jack connector. 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2  - Experimental samples: Sample 1 100% ABS plastic; Sample 2 60% ABS + 30% 

UHMWPE+ 10% talc; Sample 3 60% ABS + 30%  fluoroplastic + 10% talc; Sample 4 SOUND 

OFF;  Sample 5 48% ABS + 32% UHMWPE + 20%  talc; Sample 6 38% ABS 29% UHMWPE + 

15% talc + 18% fluoroplastic. 

 

The operating principle of this facility is as follows. As shown in Fig. 2, samples 

are successively placed between two parts of the pipe. The microphone and the 

speaker are connected to a personal computer. This computer has installed çDecibel 

meterè program that is made publicly available, which measures the volume in 

decibels. For the research, we also used çSound Generatorè that is also available in 

the public domain. In this program, we used the frequency range from 20 to 2000 Hz 

and took readings from the microphone at the same time. We prepared a solution 

based on BSA plastic for creating our noise insulation composition. We used 

"Acetone" as a solvent. The polymer solutions for experimental studies were prepared 

as follows: we put a predetermined amount of the polymer solution and the calculated 

amount of additives into measured capacitance. In order to obtain the desired 

viscosity of noise insulation composition you need to add the solvent. Then add the 

obtained compositions to the prepared pre-metal samples. Those samples sound 

insulation characteristics are being investigated on this particular facility.  
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Abstract: Standardization is of great importance both for machine industry and national 

economy. Standardization ensures uniformity and quality of products by introduction of special 

binding reference documents called standards. 
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Standardization of machine parts and components includes: 

- design rules - general rules, classifications, glossaries, calculation methods 

and drawings rules; 

- structures - basic parameters, mounting  and overall dimensions; 

- manufacturing process parameters- engineering procedure and tools; 

- quality level and usage environment ï materials, drawings, technical 

requirements and testing methods. 

Machine parts standardization ensures: 

a) quantity production of standard elements; labor intensity in the quantity production 

is far less than that in the small-scale and individual production;  

b) standard cutting, deforming and measuring tools; 

c) easy replacement of broken parts; 

d) great saving of labour; 

e) design quality upgrading. 

It is difficult to imagine the great amount of labour to be spent to work out 

individually all screws, rolling element bearings, lubricating arrangements and other 

standardized elements and components for every machine.  

It is important to design machines taking into account the possibility of 

components and parts unification with other machines, which are similar in size and 

design. That is why the integrated design of machines size spectrum is actually 

efficient.  

Experience in the machine industry proves a great efficiency of machinesô 

building block design, i.e. machinesô manufacturing by using special standardized 

elements called aggregates and assemblies. Machinesô building block design is 

generally used for small-scale machines and individual productions that provide 

commercial manufacturing of aggregates, thereby making the production cheaper and 

faster.  

The great efficiency of the quantity production in contrast to that of the small-

scale and individual productions makes the designers use the aggregates and even 

machine parts which have been already manufactured massively. 

Machine parts cannot be manufactured with absolute accuracy and always have 

some deviations from nominal dimensions. However, interchangeability of parts is 

crucial for operation, manufacturing and design of machines.  

Interchangeability is the ability of independently produced parts to take their 

places in the car and provide good-quality work without additional processing. 

Interchangeability allows independent processing of parts by means of high-

performance techniques (as it eliminates the need to fit a mating piece to another), the 

effective application of the production and assembly-line, high-performance, easy 

and reliable control of products using calibers, fast replacement of defective machine 

parts by prefabricated spare, acceleration design, etc. 

Interchangeability (full or partial) depreciating standard system limit of 

tolerances and landings. 

Size tolerance is the difference between the largest and smallest size limit 

values. Zone between the sizes of the field is called tolerance. Tolerances are 
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established in accordance with the ten classes of accuracy: 1, 2, 2a, 3, 3a, 4, 5, 7, 8 

and 9. 

The 1st accuracy class is used: 

a) for part determining the work accuracy of special precision machines, precision 

machines, separating machines; 

b) for particularly stressed parts in high-speed machines where accuracy largely 

determines the distribution of the load or stress; 

c) for parts in noiseless high-speed mechanisms if necessary. 

The 2nd accuracy class is considered to be the prevalent one in modern 

production. 

The 3rd accuracy class is characteristic for parts in medium-speed machines and 

other machines and mechanisms of average accuracy. 

The 4th accuracy class is used for elements, parts and machines of low 

precision, mainly low-speed ones; it provides for the possibility of partial use of the 

parts made without chip removal from bright-drawn round steel and pipes, cold-

formed elements etc. 

The 5th accuracy class is used in the most minimal requirements for accuracy, 

generally, for auxiliary devices, it is focused on the manufacture of elements without 

chip removal. 

The 7th, 8th and 9th accuracy classes are for parts of free size, i.e. the size of 

mismatching surfaces and workpieces for sizes after pretreatment. These classes of 

accuracy are formed as a result of stamping, drawing, casting in a mold, the rough 

turning and milling etc. 

The numerical values of tolerances in the range of generally 1-500 mm size are 

taken proportional to the cube root of the size. 

The connection of the mating parts is determined by the fit, which limits the 

value of tightness or gaps in the joint. 

Landing is divided into three groups: interference fit, landing with a gap and 

transitional. 

An interference fit (pressed) is mainly used for the fixed connection of the 

parts without additional fastening. 

Transitional planting, i.e. planting, which can be both interference and 

clearance (depending on the combination of the actual sizes of the mating parts), is 

used for the fixed connection of the parts with additional mounting dowels, pins and 

screws. These plantations are mainly used for centering of the mating parts. 

Landing with a gap (sliding) is used in mobile mates (kinematic pairs); the fit of the 

slip is also used in fixed connections while the machine is working, but it is subject to 

frequent assembly and disassembly. 

Landing of the 2nd (main) accuracy class is arranged in order to decrease the 

preload and increase the gap: 

1. With interference 

2. Transitional 

3. With a gap 

4. Hot 
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5. Deaf 

6. Slip 

7. Press 

8. Tight 

9. Sliding 

10. Light-press  

11. Tense 

12. Running 

13. Push  

14. Free-running  

15. ʉoarse clearance  

16. Thermal running gear 

Landing are selected by calculation or by experience. 

For press fits, interference is calculated by the condition of the required load 

transmission, and for running fits, the most appropriate gap fluid friction is based on 

thermal strains. The gap is often limited by accuracy requirements. 

Various planting is carried out by varying tolerances of only one of the mating 

parts, and tolerances for the second part of the nominal size and accuracy class 

remain constant. This reduces the required number of tools (reamers, broaches and 

gauges). 

If the tolerances are stored (for a given diameter and accuracy grade) constant in 

the female part - holes, then the system of tolerances and fits is called the hole 

system, and if the male part - the shaft, this system is called the shaft system. 

The nominal size in the hole system coincides with the lower limiting size of the 

hole and the hub tolerance zone is located in the hub body. The shaft system, the 

nominal size coincides with the greatest limiting size of the shaft and the shaft 

tolerance zone is located in the shaft body. 

The main application in engineering has the hole system provides for a reduction 

range of expensive tools for machining of the holes. 

Application of the shaft system is caused by the following: 

1) use of a bright-drawn calibrated shaft material without further processing (in the 

agricultural and textile engineering and some areas of the instrument engineering); 

2) implementation of the seating surfaces of the outer rings of rolling bearings for 

shaft system (to avoid the release of bearings with different permissible deviations on 

external diameter); 

3) the ability to deliver a smooth shaft instead of a stepped one. 

Tolerances and landing are put on the drawings behind the designation of the 

nominal size. At planting assembly, drawings are denoted by fraction, the numerator 

refers to the hole, and the denominator to the shaft; on the working drawings, the 

tolerance is represented in a line with the size. In the hole system, the letter A is used 

for the hole, and the symbol of the corresponding tolerance is used for the shaft. In 

the shaft system, the letter B is used for the shaft, and the symbol of the 

corresponding tolerance is used for the hole.  

By using non-standard tolerances and landings, as well as by the absence of the 
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required limit gauges it is possible to put numerical values of permissible 

dimensional deviations on the drawing. 

 Itôs important to design machines given the possibility of components and 

parts unification with other machines, which are similar in size and design. 
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Abstract: The paper considers the problem of implementation of adaptive filtering of radar 
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Radar automated air traffic control (ATC) systems are one of the main tools that 

gain access to the information on the traffic situation. Monitoring and control 

procedures, implemented with that systems, must provide the safety of aircrafts, 

while maintaining their regularity and cost-effectiveness. On the other hand, the ATC 

radars operate under the impact of various types of background returns, which are 

radar signals reflected from hydro/meteo-formations underlying surface, and sporadic 

reflection. The presence of clutter affects the quality of information provided by ATC 

radar. Listed clutters have various characteristics that may hinder their subsequent 

identification and filtering. For these reasons, the choice of optimal radar signal 

processing algorithms, especially considering adaptive algorithms. 

Filtering procedure implies the presence of a radar signal of the useful signal and 

interference signal. Useful signal contains information about the observation objects 

(aircraft), which, in general, may include both the coordinate and non-coordinate 

information. 

Surveillance and aircraft control procedures include the implementation of the 

various stages of processing radar information. Each stage characterized by a unique 

set of parameters. Filtration solutions clutter reducing by a certain time interval, 

during which the measurement is an average of the radar signal. For the selected time 

interval the statistical characteristics of the desired signal and the interference amount 

can be regarded as quasi-stationary, i.e. not different from those of known 

characteristics at a steady process. 

The problem of choice of the radar signal averaging interval can be reduced to 

the optimum detection threshold is exceeded initially given squares of the 1st and 2nd 

primary moments and instantaneous process values. 

A necessary condition for quasi-stationary process is the synchronous 

exceeding of both of these thresholds. Failure detection of at least one of these 

characteristics deteriorates the filtration system. If we abandon the definition of 

https://teacode.com/online/udc/62/621.396.967.html
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instantaneous values, the possible omission of important information "emission" of 

the useful signal. Rejection of the analysis of the second moment (average power) 

process can lead to a "pass" important information from the point of view of the slow 

and insufficiently centered intensive variation of the desired signal [1,2,3]. 

Adaptive filtering process is as follows. At the time of establishing, the desired 

signal the current averaging interval integrator takes a minimum value, and then 

begins to increase linearly. This procedure realized by calculating filter parameters, 

which fed to the data inputs of the threshold calculator. The inputs of the subtractor 

serves both signals. Process, obtained at the output, used to analyze subtractor 

stationarity. With the integrator and squarer the system produce first initial moment. 

With the help of the other integrator and squarer stands second initial moment. The 

output of the second squarer signal used to detect instantaneous emission. 

ʉomparator detects the excess of these parameters over the rapids. When exceeding 

at least one threshold comparator outputs a signal to the calculator thresholds As a 

result, node resets filter parameter calculator and all the integrators to the initial 

condition and the evaluation process repeated in the same sequence. 

The characteristics of the adaptive filtering procedure compared with other 

possible algorithms for adaptive filtering background returns. It shows that the 

adaptive filter have more flexible characteristics, for example, in comparison with the 

filtration method of "sliding windows". 
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The rapid development of new technologies of information transmission increases 

every year. But even modern storage and transmission of information are not able to 

meet the full extent of all the needs of today's digital society. The existing resources 

are being depleted due to their restrictions on the volume and speed of data 

transmission. 

Information transmission method using radio waves is not fully utilized. Despite 

the load of the radio spectrum, there are wide bands which can be remain for the 

developed using of technical facilities: circuitry devices, antennas and other things 

[1]. 

Modern 4G network standard designed for the operating range of 2665 MHz, 

capable of providing data transfer rate up to 100 Mbit/s, which is an acceptable result 

for most users. But as mentioned above, progress does not stand still and is projected 

4G network resource professionals can no longer be sufficient in the coming years. 

Using millimeter-wave radio waves to create an ultra-high performance wireless 

transport networks 5G mobile network traffic is the most promising at the moment. 

Such networks are now capable of providing data rates up to 10 Gb/s, using a simple 

modulation methods without the use of additional coding algorithms [2]. 

High data rates are hundreds of times more than the existing indicators and the 

possibility of reducing the dimensions of antenna systems, resulting in decrease wind 

load on the antenna, which is very significantly affects the cost of the communication 

system, can be attributed to the benefits of the fifth-generation network standard. 

Also, the transmission and / or reception of data based on a narrow directional beam, 

refers to the positive parameters of ultra-wideband access systems. Due to this, 

interference between adjacent base stations will be absent, power will be increased, 

and the range of the millimeter-wave communication channel will be increased.  

Therefore Vivaldi emitters can be recommended as a primary radiator for a given 

range. Along with the traditional radiators of this range, it has a number of 

advantages, such as weight and size parameters, improved electrodynamics 

characteristics over a wide frequency band and ease of manufacture and tuning, 

which is an important parameter for this type emitters. 
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As the authors of the article "Features of designing millimeter-wave 

communication systems radio waves" E.V. Omelyanchuk, A.V. Tikhomirov, A.V. 

Krivosheev, broadband and the ability to create on their basis of compact and 

practical design is the main feature of Vivaldi antennas. In drawing up the lattice of 

these antennas and sufficiently small (less than half the wavelength at the highest 

frequency operating range), the distance between them, their mutual relationship 

improves the matching of the antenna as a part of the antenna array [3]. This feature 

allows you to build ultra-wideband DF ring lattice with a good matching and 

satisfactory directional properties in ultra-wide band [3]. 

Working band of this type of antennas is capable cover the frequency range 

between 300 MHz to 15GGts. A schematic view of the transmitter is presented in 

Figure 1. 

 
Fig. 1 - Schematic view of the Vivaldi antenna (transmitter)  

 

UWB printed antenna has a fairly good agreement between the input resistance 

and starts to effectively radiate electromagnetic waves at a slit width Óɚ / 2 [4]. 

Surface wave formed in inhomogeneous slotline which extends simultaneously 

several types of electromagnetic waves, which can lead to creation of a significant 

component of polarized stray fields containing up to 20-30% of the radiated power 

[4]. The level of cross-polarization can be reduced by reducing the thickness of the 

dielectric substrate, but this will increase the width of the main lobe [4]. The partial 

removal of the dielectric (eg, creation of holes in it) leads to a reduction of side lobes 

without broadening the beam [4]. 

Figure 2 shows the radiation pattern in the far field. The radiation pattern of the 

Vivaldi antenna addressed to the wide end of its conical gap [5]. 

 
Fig. 2 - Three-dimensional radiation pattern of the Vivaldi antenna in the far zone modeled 

using COMSOL Multiphysics 
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SWR graph presented in Fig. 3 shows that Vivaldi antenna has good impedance 

matching over a wide frequency band and has a bright minima and maxima of the 

SWR [5]. The ratio is of the form 2:1 for most of the range that is acceptable for use 

in transmitting radio communication systems [5]. 

 

 
Fig. 3 - The results of the simulation in the form of the CWS schedule in COMSOL Multiphysics 

 

Thus, the use of this type of emitters to 5G standard broadband systems will 

provide the desired characteristics of high-speed data transmission in a wide range of 

operating frequencies at relatively low cost to manufacture required equipment. 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʪʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʠʭ 
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Abstract: Currently, the development of distance education in engineering areas is faced with 

challenges because of the lack of opportunities for full organization of a laboratory practicum. This 

is explained by the fact that some students live in remote areas. Also, one of the most important 

tasks of the society is inclusion of people with disabilities in modern life, and that is especially 

important in the education process. 

In view of the above problems, the project of laboratory complex with remote access is 

proposed. 

Keywords: laboratory complex, laboratory stand, remote access, remote education, controller 

 

The purpose of the project is the development of an educational laboratory 

complex to perform remotely laboratory work of students with disabilities, students 

of distance and correspondence forms of education, the implementation of career 

guidance activities to a qualitatively new level. 

Problems addressed by the Project are as follows: 

1. It is worth noting the current activity of the RF government for rehabilitation of 

people with disabilities and their integration into modern life, including the education 

process. To address this problem the government supports the program "Accessible 

Environment" [1,2]. A laboratory complex with remote access solves important social 

problems. The complex offers an opportunity to citizens with disabilities, or people 

who for health reasons cannot personally be present in the classroom to get a decent 
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education. 

2. Educational goals. The use modern engineering approach in solving 

educational problems, in particular the remote execution of laboratory work with full 

visual control and management of laboratory equipment is a promising area of 

research.  

The developed system allows teachers to deliver consultations and lectures in on-

line remote access and includes software with algorithmic and methodological 

function, as well as automated submission of the results of work in electronic form 

and automatic checking of the results. 

The laboratory complex server stores electronic educational publications 

necessary for the development of lectures, performing laboratory and independent 

work. 

3. Career Guidance. Laboratory complex with remote access allows you to raise 

the professional work to a qualitatively new level, making it possible for students to 

work with the university laboratory equipment via remote access using the Internet. 

4. Economic goals. This complex reduces the training costs associated with the 

transportation costs, and compared to similar products it has a significantly lower cost 

and flexible configuration. 

 
Fig. 1 Structure of laboratory complex 

 

The complex (Fig.1) consists of: a personal computer (server), master controller, 

connected to the server via the USB port, laboratory installations connected to the 

controller, web-camera, connected to the server, the main computer allows 

controlling the modes of laboratory complex and students actions. 

The controller (Fig. 2), which is based on the complex (Fig. 1), has a redundant 

power supply system, the ability to connect various sensors, as well as the protection 

of input and output (isolation and Darlington modules) from static discharges, 

overloads and short circuits.  
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Fig. 2 Block diagram of the controller 

 

The functional principle of the controller is to change the status of the outputs, 

depending on the input commands received from the computer, the Internet or from 

the remote control. Software that is installed on the server, together with the 

controller provides a solution to laboratory equipment management tasks. 

The complex has the ability to voice control laboratory equipment, uses advanced 

technologies and algorithms of recognition and synthesis of human speech that allows 

people with disabilities to make a minimum of physical effort in working with 

laboratory equipment. The user has direct visual contact with the stand via a web-

camera and broadcast installation work in the on-line most of the student closer to the 

real work environment. 

At this stage, the project developed a prototype of the controller and software, as 

well as the generalized algorithm of educational laboratory complex with remote 

access (Figs 2, 3). 
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Fig. 3 The algorithm of the laboratory complex 

 

In developing this project, we can improve the quality of engineering education 

for people with disabilities, students of the remote and distance learning, to reduce 

the carrying out of training courses costs. Also, the laboratory complex can be 

successfully used for the research work of undergraduate and graduate students as 

well as the flexible structure of the complex allows integrating new hardware with 

minimal effort. 

 
References 

1. S.I. Maslov. Informatizacija inzhenernogo obrazovanija [Computerization of  Engineering 

Education]. M., 2006. Retrieved from URL  

http://mami.ru/science/aai77/scientific/article/s14/s14_11.pdf  (Access date 01.10.16) 

2. Gosudarstvennaja programma Rossijskoj Federacii çDostupnaja sredaè na 2016 - 2020 gody. 

[State program of the Russian Federation "Accessible Environment" for 2016 - 2020 years]. 

Retrieved from: URL http://www.rosmintrud.ru/ministry/programms/3/0 (Access date 01.10.16) 

 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʁ ʃɸɹʆʈɸʊʆʈʅʓʁ ʂʆʄʇʃɽʂʉ ʉ 

ʋɼɸʃɽʅʅʓʄ ɼʆʉʊʋʇʆʄ 

 
ɼ.ɸ. ʌʝʜʦʪʦʚ  

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʤʙʦʚ, ʈʦʩʩʠʷ 

e-mail: subs1stem@yandex.ru 

ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʠʥʞʝʥʝʨʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʩʪʨʝʯʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʣʥʦʮʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʞʠʚʘʥʠʝʤ 

ʥʝʢʦʪʦʨʳʭ ʩʪʫʜʝʥʪʦʚ ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ, ʩʣʦʞʥʳʤ ʛʨʘʬʠʢʦʤ ʠʭ ʨʘʙʦʪʳ. ʊʘʢ ʞʝ, 

ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ 

http://www.rosmintrud.ru/ministry/programms/3/0


 

 

120 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʞʠʟʥʴ, ʠ ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʦ, ʚ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʝʢʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʫʜʘʣʝʥʥʳʤ ʜʦʩʪʫʧʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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Abstract: The paper considers the principles of construction of signals in communication 

systems with OFDM technology. The article describes existing methods of reducing influence of the 

peak-factor in digital communication systems. The conclusion provides the options of energy 

efficiency of the transmitter with OFDM modulation. 

Keywords: digital communication, efficiency, OFDM, peak-factor, transmitter. 

 

The cost of electricity that powers the transmitter is a significant portion of the 

costs of transmission of radio signals. The operation of the output stage in class C 

mode is used to increase efficiency of transmitter. But in some cases, the peak factor 

of the transmitted signal must be reduced. At present, Orthogonal Frequency Division 

Multiplexing (OFDM) of technology is widely used in digital communication and 

television. It is one of perspective directions in the field of high-speed systems of 

radio access. Modern digital communications systems use multi-level types of signal 

modulation such as m-QAM. but they are prone to intersymbol interference due to 

multipath propagation. OFDM systems allow solving the problem of frequency-

selective signal fading. 

The method OFDM is as follows. Carrier frequencies are in-band  broadcast 

channel in the amount of from 2 to 8 thousand. Each carrier is modulated with low 

rate data stream. Data transfer rate for each elementary stream is equal to the total 

system rate divided by the number of carrier. The frequency distribution of carrier in 

the band of the radio channel is provided, that spectral components pass through zero 

at the center frequency. As a result, group power spectrum is formed, which is close 

to a rectangular spectrum. This gives the maximum efficiency of radio channel band.. 

OFDM signals are described by a relatively high ratio of the peak and the average 

capacity. Two technologies are used which reduce this ratio by about 20%. And this, 

in turn, significantly reduces energy costs. We are talking about the following two 

technologies: 
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1) redundancy of tone. In this case, 1% of carrier remains in reserve, not 

transferring any data, but can be used by the transmitter for the introduction of signals 

smearing peaks; 

2) active extension of phase constellation. In this case, some of the extreme points 

of the constellation are moved farther from the center to reduce peaks. As the changes 

relate only to extreme points, it has no significant effect on the ability of the receiver 

to decode the data [1]. 

Distorting and non-distorting methods reduce peak-factor. The method of limiting 

the amplitude is distorting method. Non-distorting methods include: selective 

mapping (SLM), tone reservation (TR) and tone injection (TI). The increase dynamic 

range of linear power amplifier reduces its efficiency. The use of non-distorting 

methods requires reducing the bandwidth of the system, because a small part will be 

used to transmit information.  

The SLM method requires the transmission of additional information. The TR 

method requires you to keep part of the unmodulated pilot-tones. The TI method 

requires increased power for the injected tones. 

Thus, reducing the value of the peak-factor in OFDM systems is possible only by 

degradation of any characteristics of the system. For example, the introduction of 

additional reserve strengthening will reduce the efficiency of the transmitter. 

Reservations the carrier frequency will reduce the speed of transmission. The non-

linear restriction will reduce the noise immunity. The combination of error-correcting 

codes and methods to reduce the peak-factor are parameters for obtaining the 

maximum energy saved and the efficiency of the transmitter. 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʠ ʩ 

ʪʝʭʥʦʣʦʛʠʝʡ OFDM. ʆʧʠʩʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʜʝʡʩʪʚʠʷ ʧʠʢ-ʬʘʢʪʦʨʘ ʚ 

ʩʠʩʪʝʤʘʭ ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ. ʇʨʠʚʝʜʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʜʘʪʯʠʢʘ ʩ OFDM ʤʦʜʫʣʷʮʠʝʡ.  
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Abstract: The article refers to a fundamentally new approach to the taxonomy and information 

security methodology. This approach will be discussed in detail and applied to post-graduate thesis.  
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The problem of modern society is a non-optimal use of resources. This problem is 

relevant to information security. Modern methodology involves solving optimization 

problems by using explicit variables, but this approach limits the scope of the study.  

The dissertation proposes the methodology of the formation of information 

security. The novelty of the work lies in two features:  

- application of fuzzy variables instead of clear; 

- using of fuzzy approach as a key in the formation of the methodology. 

Considered studies with sufficient consideration may lead to the development of a 

new concept of information security. 

Information security of the state ï the state of preservation of information 

resources of the state and the security of the legitimate rights of the individual and 

society in the information sphere. Information security ï is the process of ensuring 

the confidentiality, integrity and availability of information. 

At the moment the main resource of accumulation of information is the Internet, 

hence information security issues are being resolved in the network security issues.  

The Internet as a network of networks originally is an association of local 

networks. Structured and organized in a certain way a local network can be 

considered as a network information system. 

Network Information System (abbreviation: NIS) is an information system for 

managing networks, such as electricity network, water supply network, gas supply 

network, telecommunications network. Implementation issues in optimal information 

security model is a most important at the present time. 

Research methods and information security algorithms confirmed that the secure 

information system may be represented as structure-parametric model. 

In 2012 Arkov PA, graduate student of Volgograd Technical University presented 

the information system in the form of structural-parametric model. The classification 
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of information security techniques was given in this paper. Thus, the author proposed 

the following hypothesis: security model of network information system can be 

protected by a "wildcard". 

This dissertation aims to expand the knowledge of the study area through the 

introduction of fuzzy variables. 

The following hypothesis was formed in the course of the study: fuzzy variables 

can expand the scope of their original values without classification. The main 

advantage of fuzzy variables is not trivial description of the input parameters. It also 

gives the opportunity to work with no concrete solutions, and ranges of acceptable 

values. 

The membership function of a fuzzy set is a generalization of the indicator 

function in classical sets. In fuzzy logic, it represents the degree of truth as an 

extension of valuation. Degrees of truth are often confused with probabilities, 

although they are conceptually distinct, because fuzzy truth represents membership in 

vaguely defined sets, not likelihood of some event or condition. Membership 

functions were introduced by Zadeh in the first paper on fuzzy sets (1965). Zadeh, in 

his theory of fuzzy sets, proposed using a membership function (with a range 

covering the interval (0,1)) operating on the domain of all possible values. 

In mathematics, fuzzy measure theory considers generalized measures in which 

the additive property is replaced by the weaker property of monotonicity. The central 

concept of fuzzy measure theory is the fuzzy measure which was introduced by 

Choquet in 1953 and independently defined by Sugeno in 1974 in the context of 

fuzzy integrals. There exists a number of different classes of fuzzy measures 

including plausibility/belief measures; possibility/necessity measures; and probability 

measures which are a subset of classical measures. 

The study revealed a new property network information system ï alterability. The 

peculiarity of this parameter is changed in the manner, the structure of the system 

property, hence parametric optimization at all levels must constantly readjust. To do 

this, must to create an algorithm of parametric optimization of resources in advance. 

Optimization of information security resources system should own, at the level of the 

algorithm, implement the reorganization. Optimization of information security 

resources system should happen like algorithm. 

The simplest example of an information system structure changes - changes in 

routing inside. This can occur for various reasons including fatal failures in the 

network. In this situation, routing, and security settings change is reflected in the 

router.  

A router is a networking device that forwards data packets between computer 

networks. Routers perform the traffic directing functions on the Internet. A data 

packet is typically forwarded from one router to another router through the networks 

that constitute the internetwork until it reaches its destination node. 

The problem of modern algorithms is that their use is highly dependent on the 

certainty of the incoming values. That is why it is important to develop intelligent 

optimization-parametric methodology, which will be to choose not only a new route 

(as a router). The transition from the fuzzy variables to develop an algorithm enables 
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precise. This algorithm will be translated into machine language and put into 

operation microcontrollers, software and network tools. 

At the moment, there is a formation of the algorithm of structural and parametric 

optimization. The results of this work will be presented in a separate article in the 

international scientific-practical conference. 

The dependence of the choice of optimization models from the initial parameters 

and priorities has been studied and analyzed. 

Problem of the lack of techniques to identify and eliminate non-optimal use of 

information security resources is studied. 

The advantages of the all popularly method are outlined. 

Found a brand new setting network information system. 

Considered area of research is of particular importance in the field of information 

security. On the one hand, any information system should automatically prevent 

occurrence vulnerabilities on the other hand ï when creating intelligent system 

reorganization resource information security will is done, professionals will lose their 

jobs. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʤ ʧʦʜʭʦʜʝ ʢ ʩʠʩʪʝʤʘʪʠʢʝ ʠ 

ʤʝʪʦʜʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʠ 

ʧʨʠʤʝʥʝʥ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʘʩʧʠʨʘʥʪʘ ʊʘʤʙʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ï ɺʠʭʣʷʝʚʘ ʉ.ʅ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʯʝʪʢʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʘʤʫ ʦʙʣʘʩʪʴ 

ʧʦʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ 

ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʷʱʠʭ ʟʥʘʯʝʥʠʡ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨ ʤʦʜʝʣʠ ʠ 

ʘʣʛʦʨʠʪʤʦʚ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʩʫʨʩʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʪʝʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ 

ʤʦʜʝʣʠ, ʩʝʪʝʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. 
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Abstract: Currently, much attention is paid to energy conservation, which is due to high energy 

prices. Solving the problem of minimizing heat losses for facilities producing, transmitting, or using 

heat energy depends on the quality of applied thermal insulation materials. One of the most 

important quality characteristics of these materials are their thermophysical properties such as 

specific heat, thermal conductivity and thermal diffusivity [1].   

Modern methods allow determining promptly thermophysical properties without material 

destruction. To determine the quality of the products it is necessary to measure thermophysical 

properties of a few areas that are prone to damage and loss of thermal properties.  

As a rule, the record of thermophysical properties evidence involves manual labor. Therefore, 

our task is to develop a robotic system for monitoring of process parameters for massive products 

from the thermal protection materials.  

This requires elaborate manipulator that is moved to the desired path across the surface the 

material for recording sensor readings. 

Keywords: nondestructive testing, heat-shielding material, thermophysical properties. 

 

At present, many publications are devoted to the development of methods of 

measuring and control devices, thermophysical properties of solids and disperse 

materials. Numerous methods for measuring of thermophysical properties differ in 

the methods recording of heat compensation, shape and size of samples, placing 

heaters, methods of registration and processing of measurement information. 

Modern thermophysical methods and devices are based on the fact that the sought 

thermophysical properties are shown through the test sample temperature response to 

the external heat impact, which the sample is subjected to at a special experiment. [2]. 

One of the main conditions for improving the efficiency and quality of complex 

thermophysical experimental and computational research are their planning, which 

involves selection of main factors in the experiment, depending on the type and 

number of the desired parameters of the control method and the specified accuracy of 

their determination. Modern level of computer technology brings new products to 

address the control of the thermal protection of material, namely to fully automate 

management of the course of the experiment, its precision and promptness. 

Thus, the development of new and effective methods of investigation of 

thermophysical properties of devices and products made of thermal protection 

materials it is necessary to address the following key issues: 

1. Reasonable choice of mathematical models of the thermal process in the 

sample while testing, formulation and solution of non-stationary boundary value 

problems of heat conduction. 

2. Possibility of software experiment on newly developed techniques. 
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The present level of computer technology allows solving nondestructive testing 

problems, namely: fully automate the management of the course of the experiment, 

automatically produce a thermal mode adapting to the changed conditions of 

nondestructive testing, carry out the continuous collection and processing of 

information on several measurement channels with high accuracy and efficiency. 

The main criterion when designing the installation is the maximum automation of 

the process of the experiment. 

Availability of the Russian high-precision digital instrumentation allowed for the 

development of the installation based on them. 

The machines are designed on the basis of the following requirements: 

- Fully automated heating process and the collection of information during the 

experiment; 

- Use of modern tools of measuring and computing, automation and electronics 

components; 

- Installation of control with absolute ease. 

To implement the method of control of heat-insulating materials, a robotic 

installation "a probationary table", shown in Fig. 1 was designed. 

The basis of the robotic installation was a table manufactured at the plant 

çTwitteè.  

 
Fig. 1. A probationary table.  

1 - table, 2 - axis movement, 3 - mobile probe [3]. 

 

Using robotic manipulators of automated measuring system, there is no need to 

use manual work of the operator who can make errors in the carrying out of control. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʙʣʝʤʝ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʩʦʢʠʤʠ ʮʝʥʘʤʠ ʥʘ 

ʵʥʝʨʛʦʨʝʩʫʨʩʳ. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʤʠʥʠʤʠʟʘʮʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʜʣʷ ʦʙʲʝʢʪʦʚ, 

ʧʨʦʠʟʚʦʜʷʱʠʭ, ʧʝʨʝʜʘʶʱʠʭ ʠʣʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

(ʊʌʉ), ʪʘʢʠʝ ʢʘʢ ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ [1]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʥʝ ʧʦʜʚʝʨʛʘʷ ʤʘʪʝʨʠʘʣ ʨʘʟʨʫʰʝʥʠʶ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʢʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʠ ʧʦʪʝʨʝ ʪʝʧʣʦʚʳʭ ʩʚʦʡʩʪʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʥʷʪʠʝ ʧʦʢʘʟʘʥʠʡ ʊʌʉ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʫʯʥʦʡ ʪʨʫʜ, ʧʨʠ ʵʪʦʤ ʯʝʣʦʚʝʢ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩʦʚʝʨʰʘʝʪ 

ʤʦʥʦʪʦʥʥʫʶ ʨʘʙʦʪʫ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʝʛʦ ʫʪʦʤʣʷʝʤʦʩʪʠ ʠ ʩʥʠʞʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʥʘʰʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ ʫʯʘʩʪʢʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ.  

ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʥʠʧʫʣʷʪʦʨ, ʧʝʨʝʜʚʠʛʘʶʱʠʡʩʷ ʧʦ ʟʘʜʘʥʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʥʷʪʠʷ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ, ʪʝʧʣʦʟʘʱʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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Abstract: The article reviews the process of authentication of users in access control system 

based on two-factor authentication graphics. We made a comparative analysis of the currently 

existing technologies used in access control systems. We determined the most efficient technology of 

creating identifiers for ACS - QR-code. We created a unique mechanism of protection from 

counterfeiting identifier with an additional invisible QR-code. We developed an algorithm of work 

for ACS applying the identifier. We found the optimal hash algorithm for storage of information on 

the pass in ACS. We showed the most promising areas of application of this technology. We 

conclude that the ACS based on two-factor authentication graphic is promising solutions for safety 

on site. 

Keywords: authentication, access control, two-factor graphical authentication, QR-code, user 

ID, pass, one-time pass, security, protection of identifier. 

 

Today, the relevance of the installation of access control systems (ACS) is 

evident. Even within a single company there is a need to limit a range of eligible 

employees who work with information or documents, depending on the position. 

There are many remedies that will not only prevent the leakage of sensitive data, but 

also avoid serious financial losses. 

At present, there exist the following technologies: contactless RFID cards and 

tags, magnetic cards, Wiegand cards, touch memory, linear and multi-dimensional 

barcode labels. 

The current research analyzed the currently existing technologies, such as the 

RFID, barcode, QR - code. The analysis of these technologies shows that IDs 

performed by QR-code technology have significant advantages compared with the 

others. These identifiers have a minimum value, are not subject to interference by 

electromagnetic fields, which is a significant problem RFID-technology can operate 

at label damage. 

Reed-Solomon code with an 8-bit code word is used for correcting errors in the 

QR-codes. There are four levels of redundancy: 7, 15, 25 and 30%. Due to error 

correction, it becomes possible to consider the code, even if it is damaged by 30%, 

which is not possible when working with his peers. [3] 

On the basis of the conducted researches for the production of IDs, we chose the 

technology of QR code. 

One disadvantage of QR-codes is the possibility of their counterfeiting as a QR-

code itself is not directly protected. In this paper, we propose a new method that 

allows you to avoid it. 

User ID protection will be carried out in the following manner. 

The front side of the pass (Fig. 2) contains identification characteristics of 



 

 

129 

organization and QR1-code comprising an identifier (ID) of the user. 

 

 

Fig. 2 ï The front side (the left side), the reverse side pass in the visible (the right side ) and 

infrared (bottom) 

 

It is not possible to find any information in the visible range on the reverse side of 

the pass. However, if its scan is in the infrared range, it is possible to detect the 

second QR2-protection code pass from forgery. 

Protective QR2-code is applied to pass special infrared ink from the printer. It 

will carry a value of SALT and Hash (PIN) cards that are unique for each pass. In 

fact, this specific information confirms the authenticity of the card in the access 

control system. 

User authentication is performed in the ACS calculation using the hash value 

from two QR-codes, but because QR2 will not take both meanings, but only SALT 

card. 

 
As a result of comparing the value Hash (ID + SALT) with the value Hash*(ID + 

SALT), stored in the database server, the authentication result gives permission or 

prohibition of entry into the controlled area. 

Work algorithm 

To use the system a user should be registered in the database (DB) organization. 

Adding user data in the database holds the system administrator. Thereafter, a 

registered user can be recognized. 

At the beginning of the system it is necessary to bring the user ID to the reader 

device. There will be reading two of QR-codes from different sides of the identifier. 

As a result, QR1 will be obtained from the identifier (ID) the user, and is extracted 

from SALT QR2 and Hash (PIN) card. 

When the system is in normal mode, the server sends a request passing the 

authentication procedure. This query is sent to the server Hash () - maps generated by 

adding the user ID, extracted from QR1 and SALT, extracted from QR2. 

The server checks the data received from the terminal, with the data stored in the 

database. 

After the check procedure, the server sends a response, allowing or denying 

access in the controlled area. 

If you experience problems on the network, that is, when sending a request to the 

server is not possible, the second mode of the system begins to function. 

The user presents their ID. The system, knowing that it cannot send the request to 

the server, asks the subject to enter the PIN, which can be known only to the 

authorized user of the system. 

The terminal calculates the hash value from the PIN entered by the user. 
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Thereafter, it compares it with the Hash value (PIN), QR2-stored in the code. 

Terminal authentication result issued is to enable or disable the input of the controlled 

area. 

 

QR1

outer

internal

QR2

Access subject

User terminal, reader

QR2 ᴼSALT+ PIN 

Cinternal ᴼR: Hash(SALT)  

QR1 ᴼIdentificator  

Couter ᴼR: Hash(ID)  

Hash(ID+SALT) DB

 
Fig. 3 ï A fragment of the block diagram of ACS algorithm based on two-factor authentication 

graphics 

 

The hash function used in the system should have a minimal set of collisions. His 

choice fell on the functions of the length of the message digest of 512 bits. Let us 

analyze some of the existing hash functions (Table 1). 
 

Table 1. Comparing the hash-functions 

 

 
Digest 

sizes 
Block size Rounds 

Algorithm 

complexity 

Max message 

size 

MD6 
Variable,  

0<dÒ512 
512 

Variable. 

Defʶ r=40+d/4 
O(1) 264-1 

SHA-2 (SHA-

512) 
512 1024 80 O(1) 2128-1 

SHA3-512 512 576 24 O(1) Is't limited 

GOST-34.11-

2012 
256/512 512 12 O(1) Is't limited 

BLAKE-512 512 1024 12 O(1) 2128-1 

 

Based on the study in ACS we use the hash-function GOST 34.11-2012. It meets 

the necessary requirements, and it is made with a minimum number of iterations, and 

thus has a minimum set of mismatches. 

As part of the development of a two-factor authentication system graphic, the 

approach of using technology as a subject identifier of QR-codes was proposed. This 

technology allows you to protect a pass from forgery, while making a minimum of 

material, physical and financial costs. 

The implemented approach makes it possible not only to increase the degree of 

identity protection, but also to solve the problem of the cost of the implementation of 

security systems, as it is cheaper. 
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High rates of informatization of modern society lead to tightening of 

requirements for the methods and information storage technologies. One of the most 

popular data storage technology is the relational database (RDB) [1]. RDB is a set of 

related tables each containing a set of records (rows) according to the logical 

structure of the table. Growing number of rows in the table increases requests 

processing time, which leads to a problem of slowing down the entire information 

system, which often cannot be solved by increasing the computing power of the 

database server. In this regard, it becomes relevant to accelerate query performance in 

a relational database. 

Design methods of RDB  

The main objectives of the database design include [2]:  

- provision of data and links between them, necessary for all the major 

applications of the system and any groups of its users; 

- creation of a data model that can support the implementation of any required 

data requests; 

- development of the preliminary version of the project, the structure of which can 

satisfy all the basic requirements for system performance. 

Design of the logical structure of a relational database is based on the model 

"entity-relationship" by P. Chen [3] or extended relational model by E. Codd [4]. 

"Entity-relationship" model 

Design based on the model "entity-relationship" is as follows: the same type of 

object classes called entities are allocated of the subject area. Each entity has a set of 

properties called attributes of the entity. Each instance of an entity adopts the specific 

values for each attribute of the set of possible values for this attribute. For example, 

the essence of "Man" has attributes "Gender" and "Age", which for each instance of 

the entity (for each person) will take values from the set values: 

- gender: male or female; 

- age: integer 1-150 (in years). 

Each entity in this case is not an excessive set of attributes called the primary key. 

The primary key can uniquely identify any entity instance. 
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After separation of entities and their inherent attributes, links between entities, 

resulting in a semantic network, are established. 

Extended relational model 

Post-relational data model is an extended relational model, which abolished the 

requirement attributes atomicity. Therefore, post-relational model is called ñnon-first 

normal formò (NF2) or "multi-dimensional database." It uses a three-dimensional 

structure, allowing you to store other table fields. Thereby the possibilities for the 

description of complex real-world objects are expanding. The query language uses 

several advanced SQLs, allowing to retrieve complex objects from one table without 

connecting operations. 

Normalization of relationships 

When designing the database by the "entity-relationship" to ensure data integrity 

and the lack of redundancy relations normalization method is used. The normal form 

is a requirement for the structure of tables in the relational database theory to 

eliminate the excess of base functional dependencies between the attributes (fields, 

tables) [5] . Relations normalization involves decomposition of relations in line with 

the requirements of normal forms. There are the following normal forms: First 

Normal Form (1NF), Second Normal Form (2NF), Third Normal Form (3NF), 

Boyce-Codd Normal Form (BCNF), Fourth Normal Form (4NF), Fifth Normal Form 

(5NF), Domain-key Normal Form (DKNF) and Sixth Normal Form (6NF). 

Optimization of SQL-queries 

Optimization of SQL-queries to the database is an important part in ensuring the 

performance of the information system. The query optimization techniques are as 

follow [6-8]: 

- Optimizing SELECT queries (limiting the number of returned attributes, use 

LIMIT, etc.); 

- Optimization of INSERT / UPDATE queries; 

- Other "tips" (not to use queries in a loop, not to use the sort ORDER BY RAND 

and others). 

All modern DBMS provide the design, enabling to see the query execution plan, 

the optimizer built database. For example, in MySQL the keyword is EXPLAIN [9]. 

EXPLAIN can determine the non-optimal part of the request (absence of non-optimal 

table index, the presence of extra unions, non-optimal type of binding tables, etc.). 

Indexing 

Indexes are a special table, which allows the database to speed up the search 

strings in the database. Index field in this table is stored in sorted order, which greatly 

accelerates the necessary data search process. The indexes should be used for those 

attributes that are involved in the ORDER BY clause and WHERE. The disadvantage 

of using the indexes are: 

- An increase in size of the database by creating additional index tables; 

- Reducing the speed of INSERT and UPDATE requests, as you add or change the 

record, you must make changes in an index table followed her resorting. 

The paper discussed the main methods of database design and existing methods 

of optimization and analysis of SQL queries. Firstly, the use of a particular method of 
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optimization of queries depends on the logical structure of the database and its 

applications. If the database is mainly used to record (for example, log data, statistical 

data, etc.) rather than to read, you should not use the indexing fields. Secondly, the 

logical structure of the database depends on the subject area, with the result that there 

are situations when small de-normalization of relations not only slows down the 

information system, but also accelerates it. A typical example is the binding RANGE-

tables (search values included in the range), which can denormalize, duplicating 

linkable identifier tables in the linking table. The third subject area can be represented 

by the temporal data, i.e., change over time, for example, exchange rates. It is 

necessary to have more than one (last) attribute value for each instance of the 

essence, and a set of values for the analysis and statistics (e.g., dynamics of exchange 

rates), which further complicates the problem domain in terms of design and 

simulation. 

To date, there is no universal method of designing a database for any subject area, 

so the problem is relevant for consideration and solution. 
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Introduction  

Addressing issues of energy and resource saving, as well as manipulate objects 

in real time is especially important. One of the stages of development of the system 

optimal control problem is the problem of mathematical modelling of control objects. 

Also, selected models of knowledge representation are created by mathematical 

models of dynamic objects and the managed processes. 

Identification  

Identification is usually regarded as a separate phase of the implementation of a 

major project to develop a control system that uses a mathematical model of the 

object. In the design of radio-electronic means a mathematical model is necessary not 

only to control, but also perform calculations on thermal mode, mechanical loads, 

reliability, etc. 

The mathematical model of the object is used to solve the problem of 

identification of dynamic objects. Here, the object is usually presented in the form of 

a dynamic system input u (t) and the output z (t), a diagram of which is shown in 

Fig.1. 

 

 

 

 
Fig.1 The structure of the object identification 

 

Description of the behavior of objects using of differential equations is 

borrowed from classical mechanics. The connection between the input variable u = u 

(t) and output y = y (t) is expressed by the equation: 
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In place of the initial conditions for the diy(0)/dti, i=0,1,én-1. If the object has 

a clear lag, then u = u (t-Ű). One of the coefficients can be chosen arbitrarily such as 

a0=1. 

In the linear case, the coefficients aj, bj are independent of u and y and their 

derivatives. In addition, if  they do not depend on the time, we get an equation with 

constant coefficients. This is the simplest case. If these factors are time dependent, 

then the equation is called a linear equation with variable coefficients, linear or non-

stationary. If any of these coefficients are dependent upon their derivatives, the object 

is called nonlinear. 

Linear and nonlinear objects, superposition principle 

The main difference between linear and non-linear objects is that for the 

superposition principle it does not hold the latter. According to this principle, if y1 is 

the output signal, which is input u1, then y2 is the output signal due to the input u2. So 

when transmitting for Ŭu1 +ɓu2 signal to the object, we observe signal Ŭy1 +ɓy2 at the 

output. 

As an illustration, it can be given the following simple example: 

 
Linear differential equation 

yô+ay=u. 

Hence we have 

yô1 + ay1=u1; 

yô2 + ay2=u2 

Nonlinear differential equation 

yô+ay3=u. 

Hence we have 

yô1 + ay1
3=u1; 

yô2 + ay2
3=u2 

(y1ô+y2ô)+a(y1+y2) = u1+u2 

If you put u1 +u2= u3, y1 +y2= y3, from whence 

y1ô +y2ô= y3ô,  the y3ô +ay3= u3 

(y1ô+y2ô)+a(y1
3+y2

3) = u1+u2 

If you put u1 +u2= u3, y1 +y2= y3, 

from whence y1ô +y2ô= y3ô, 

the (y1
3+y2

3)  Í(y1+y2)
3=y3

3 

and y3ô+ay3Í  u3 

 

In the linear case, the amount of signals is the subject to the same differential 

equation as the original signals, but in the nonlinear case it doesnôt work. The 

principle of superposition is performed with respect to both initial conditions (general 

solution) and input signals (partial solution).We note that the superposition principle 

holds for linear equations with variable coefficients. However, in engineering terms 

the presence of variable coefficients results in insignificant differences. 

Conclusion 

We described the development of dynamic objects. The creation of 

+ + 



 

 

137 

mathematical models needs control systems, perform calculations on thermal modes, 

mechanical stress and reliability. The development will relate to the issues of resource 

conservation, control of objects, signal processing and computer technology control 

in the future. 
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Abstract: In order to improve operation efficiency of information control systems (ICS) the 

formalization problem of the description of the goals and the means of the decision-making 

problems (DM) in determining ICS status are considered because these problems are needed to be 

structurized and their formulation is needed to be corrected.  

Key words: information control systems (ICS), decision-making task (DM). 

 

In different sources [3, 4, 5] DM objectives are represented by tuples of different 

lengths, determined by the complexity of the problem, consisting of properties of the 

medium DM classes and their mutual mappings. In the classical formulation [5] DM 

task is represented as a twos {W, OP}, containing a set of alternatives (W) and the 

principle of optimality (OP). The presence of multiple alternatives determines a 

representation implicitly purpose, which leads to the problem of choosing the best 
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alternative according to a selected optimality principle. Elementary DM tasks weôll 

assume three {G, S, f}, where G ï is the goal of solving the problem, S ï is a set of 

tools to achieve the objectives and f - are rules of using the means of achieving 

objectives. This presentation reflects a meaningful statement and a verbal description 

of the problem. Description of goals should include all the requirements, restrictions 

and other conditions that must be taken into account in the decision. It is very 

important to have the description of the complete list of all available S means, 

because the availability of funds is the basis for the successful achievement of 

objectives. DM Task occurs when some elements of the troika are not specified or are 

not completely defined [7]. The most common problems are solved by DM with 

unknown rules of selection tools and their use, so the bulk of the work on the DM is 

dedicated to the identification, modeling and construction of these rules with the 

participation of decision makers (decision maker). In order to improve operating 

efficiency of ICS formalizing description of objectives and resources in decision-

making problems (DM) status is considered in determining ISC since it is necessary 

to structure these objects and their correct setting, as well as the possibility of using 

the computer in the process of decision. 

We assume that in the initial position we have a meaningful verbal description of 

the DM problems. Structuring will be considered complete when the goals and means 

of achieving them will be presented in the form of formal variables and will be found 

to match between them, indicating funds which can or should be used for purposes. 

Structuring tasks can be divided into several stages. On the first stage of construction 

there is an unstructured model of the problem in the space properties. To do this, we 

need to make the analysis of meaningful description of the problem, resulting in the 

formation of the set of ends properties and means used in the problem, and built 

compliance (D) between the sets:   

,G: ­CG                                                                                                    (1) 

where X - are property assets, G ï is a properties goal. To display this it is 

possible to formalize the laws (D), the properties of the X and G which should be 

presented in a measurable form. Every property is expressed in its manifestations. For 

the analysis of measurability it is necessary to identify and list all the manifestations 

of the property in question, i.e., to determine 

{ }.x,..,x,...,x,x hi21=C                                                                                         (2) 

The property is an alternative, if all its manifestations are mutually incompatible. 

This property can be represented by a variable, whose range is the set of alternative 

manifestations, i.e. 

{ }.x,..,x,...,x,x hi21=C                                                                                       (3) 

In mathematics, the measurability is associated with the job on a set of 

manifestations of non-negative (I), the additive (II) and monotonic (III) function, as 

well as (IV) - units, which, like all mathematical objects, are the idealization of real-

life action in real systems [3]. For a description of the actual properties of the 

medium PR we use the weakest notion of measures for which only the condition (IV) 

is obligatory and which actually corresponds to the requirement of alternativity of 

manifestations. Consequently, the property is measurable if its display is alternative. 
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Many manifestations will be considered as complete medium DM if, in principle, the 

property cannot be other than those listed, or generated by a given law, 

manifestations. Alternativity, manifestations indicate the complexity of the properties. 

In this case, a variable presentation of realized classification X is compatible 

displayed, and regarded as the equivalence of (E), i.e.  

{ };x,..,x,...,x,x tj21=C  

{ };x,..,x,...,x,xx
j

ɻ
j

S
j

2
j

1
j

jj
=                                                                                (4) 

.hɻ;t,1j;ɻ,1S;xx jjj
j

1
j

Sj
=== SE  

As you can see, a complex property has complex meanings given classes of 

compatible displays. Compatibility is the most subtle manifestation of equivalence on 

the set. Based on the terms of the problem, it can be given a rough equivalence, an 

extreme case of which is the equivalence of all manifestations. Then the property is 

expressed by the two alternative variables. 

{ };x,xX 10=  

{ };x,..,x,...,x,xx,x hi21
10 =Å=                                                                              (5) 

.h,1i;xx 1i =E  

Compatibility indicates that the values are different manifestations of components 

xi of the complex X property. Components can be identified by the analysis of 

meaningful description of the feature and by its decomposition  

{ }ki21 X,..X,...,X,XX=                                                                                        (6) 

Structuring properties of X is carried out by decomposing it into measurable 

components and aggregation of these components (if necessary) back into a single 

variable X, as in the expression (6) components Xi may be measured in the different 

scales. The only possible method of aggregation is the Cartesian product 

{ }ki21 X...X...XXX *****=                                                                              (7) 

If components (6) are in the ranges 

{ },x,..,x,...,x,xX
ni

i
ji

i
2

i
1

ii =                                                                                   (8) 

the variable X will have a range of values 

{ };x,..,x,...,x,xX
nj21

=  

{ };x,..,x,...,x,xx ki21 j
k

j
i

j
2

j
1

j =                                                                               (9) 

nnX
i

i ==Ô  

The order of relation Ri => designates the Cartesian product of a partial order on 

the set of aggregated values {xj}. If the conditions of the problem admit a 

factorization of these values, their number is reduced to 

).1( --S= kn
i

X                                                                                      (10) 

Equations (9) and (10) are only valid for non-interacting components Xi. 

Interaction of the properties is defined by the existence of the relationship between 

the properties and their values. 

Interaction property values are reflected in the fact that the adoption of any values 

by one or more properties limits the ranges of possible values of the properties of the 
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other components in Cartesian product. The reason for this is the incompatibility of 

the components xiji  values in sets (9). Such sets xj are impossible and are excluded 

from the field of X values. 

 The interaction of components can be installed if they are defined as the 

comparability and mutual disparity Xi, if a strict order is set for {X i}. This means that 

on the set of orders Ri there is the inclusion relation specifying that the R1 is rougher 

R2, etc. In the limiting case the inclusion relation becomes a membership relation.  

At the same time on the set of components of X i the lexicographical order is set, 

which leads to a complete strict ordering of the Cartesian product. The proposed 

general approach is the basis for the structuring the description of goals and means. 

However, the degree of complexity, the study of the properties, their role and other 

factors give rise to a number of features of structuring.  
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Abstract: An algorithm of optical coherence tomography (OCT) images simulation based on 

voxel approach for object inner structure construction is described. Experimental OCT images were 

used to determine geometry of an object. Poisson distribution, Henyey-Greenstein scattering 

function and Beer-Lambert law were used to calculate light propagation inside biological tissue. 

The comparison of simulated and experimental images demonstrated the efficiency of the proposed 

algorithm. 

Keywords: Monte Carlo methods, optical coherence tomography, photon transport. 

 

Optical coherence tomography (OCT) is one of the most rapidly developing 

methods of medical imaging which uses light to obtain images of object inner 

structure. The main limiting factor of OCT is relatively small imaging depth, which 

equals to 1-2 mm in skin examinations and 3-5 mm in ophthalmologic examinations. 

Small imaging depth is a result of multiply light scattering inside biological tissue, so 

in order to improve OCT full understanding of this process is to be obtained [1]. In 

this paper, we present the algorithm that will allow studying light scattering and its 

influence on OCT images. 

The process of light propagation inside biological tissue can be divided into 

several steps. On the first step we launch a photon packet according to Gaussian 

distribution: 
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where 0w is source radius, r is radial position of photon packet. It means that its 

starting position could be determined as follows: 

 

,cos10 dAwx iai Ö+ÖÖ= jx  

,sin10 ai wy jxÖÖ=  

,0=z  

 

Where 2x - is a random number uniformly distributed between 0 and 1, iA  - is 

current A- scan index, ʘj  - is azimuthal angle. 

After that we are determine photon packet step size sof flight between two points 

of interaction with tissue according to Poisson distribution [2]: 
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where am and sm are absorption and scattering coefficients of the media. 

The Henye-Greenstein scattering function used to describe scattering angle every 

time photon travels distance s: 

 

2/32

2

)cos21(2

1
)(cos

q
q

gg

g
p

-+

-
=  

 

whereqis scattering angle, g is anisotropy factor of media. After that, statistical 

weight of the packet was decremented using Beer-Lambert-Bouguer law: 
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s
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m  

 

where W is statistical weight of the photon. The whole process was repeated until 

photon reaches object boundary or its weight dropped below threshold. 

The voxelization approach to object representation allows constructing geometry 

of an object with absolutely complex geometries. The main idea of this technique is 

to use large amount of cuboids with different optical properties to build object 

geometry. This approach was considered ineffective because for each iteration of 

photon packet movement ray-cuboid facets intersection equation should be solved. 

We are presenting a way to sufficiently improve performance of this approach. The 

main feature of it is to use the Smith algorithm to voxel boundary intersection 

problem solving. 
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where zyx dbdbdb ,, are distances to voxel facet plane, ʩʩʩ zyx ,, are photon current 

position, zyx ddd ,, are voxel edge length, xyz ,, are coordinates of lower voxel 

boundary. Each distance compared and lower values represent step size to 

intersection point. Resolution of optical properties distribution depends on number of 
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voxels and their size [2]. 

Experimental OCT images could be used to construct studied object in simulation 

after appropriate processing which could be done using layer detection algorithms 

[11]. Pixelated image where each color represents biological tissue could be 

transformed to 3D object for simulation using voxelization approach. To study 

efficiency our algorithm we are performing simulation of OCT images of human skin 

using appropriate experimental OCT images (figure 1) [3]. 

 

 
                           ʘ)                                                   b) 

 Fig. 1.Experimental (a) and simulated (b) OCT images of human skin. 

 

 

Correlation coefficient of images is equaled to 0.87. The total time required for 

simulation of single image of 400 A-scans (lines) equaled to 6 hours, which was ~3 

times smaller than that in the previously presented algorithm [4]. 

High performance and correlation coefficient of images confirmed the efficiency 

of the proposed algorithm and possibility of its application in the study of light 

scattering influence on OCT images. 
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ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʩʨʝʜʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʇʫʘʩʩʦʥʘ, ʬʘʟʦʚʘʷ ʬʫʥʢʮʠʷ 

ʍʝʥʴʠ-ɻʨʠʥʰʪʝʡʥʘ ʠ ʟʘʢʦʥ ɹʝʨʘ-ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʤʠʛʨʘʮʠʠ 

ʬʦʪʦʥʦʚ ʚʥʫʪʨʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʦʧʪʠʯʝʩʢʘʷ ʢʦʛʝʨʝʥʪʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʤʠʛʨʘʮʠʷ 

ʬʦʪʦʥʦʚ. 
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Abstract: Indication errors of sensor are considered and formulas derivation is given. 

Dependences of sensor errors on the angle of incidence of the laser beam are found. Charts of 

dependences are plotted. 

Keywords: error, laser, measurement, non-contact, sensor, distance. 

 

A sensor based on the reflection of light from the liquid surface was designed for 

non-contact measurement of distance to a liquid surface. The sensor can be used in 

non-contact aerohydrodynamic methods measuring surface tension, density, and 

viscosity [1, 2].  

The sensor may have indication errors which depend on angle of incidence of the 

laser beam and liquid level change [3]. The aim of this paper is to define these errors. 
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Fig. 1. Scheme of non-contact sensor of distance to a liquid surface 

1 ï laser diode, 2 ï liquid surface 

Within the zone of error when changing the liquid level D reflection point O can 

be moved along light beam from a given point ʆ1 to ʆ2. 

Indication error of liquid level D can be defined as follows: 

Consider triangle ʆ1ʆʆ', we have  

j

d

2sin
1=OO ;      (1) 

jÖ= sinOOȹ 1 ;     (2) 

Using formulas (1) and (2), we get 

j
=
d

D

cos2

1
. 

By Fig.2, it follows that the smaller the angle j, the less error; the error increases 

1.4 times by changing the angle j in the range from 30Á to 60Á.  

 

 
Fig. 2. The dependence of the reduced width of the dead band sensor distance from the incident 

angle of the laser beam 

 

From analysis of light emission from the sensor the two essential values were 

found. They are angle j of incidence and distance H from the liquid surface to the 

point photoresistor converter (fig. 3). 
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Fig. 3. To definition dependence of the sensor errors of the distance H on the angle ɝ deviation of 

optical system from the predetermined position 

 

To simplify the schematic image rotation of the sensor is realized by turning the 

liquid surface at the angle x. We take vertical distance OO' as indication error of 

measuring liquid level. Taking into account fig.3 and sine theorem, we obtain  

j
=

sin

H
OB ;  

BOO

OB

BOO

OO

11

1

sinsin
= ; 

'sin

'

'sin 11

1

OOO

OO

OOO

OO
=  

from where we get 

)22sin(sin

2sin

sin

sin

1

1
1

x-jÖj

xÖ
=

Ö
=

H

BOO

BOOOB
OO ; 

)cos(sin

sin
'

x-jÖj

xÖ
=D= x

H
OO . 

Fig. 4 shows errors reduced to H on the interval [-3; 3]. The graphics plotted at 

angles j equal to 20Á and 70Á are approximately the same. 

 

Figure 4. The dependence of the indication error of distance H 

the angle ɝ deviation of the optical system of the detector: solid and dashed lines correspond to the 

values of the angle ű 20Ü and 70Ü 
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Based on the above, the choice of the angle j has little effect on the error.  
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Abstract: In the present article, we focus on existing methods for non-invasive measurement of 

blood sugar based on different physical process, consider disadvantages of these methods and 

propose a new method for monitoring of blood sugar by somatic temperature. 

Keywords: blood sugar control, diabetes mellitus, measurement of blood glucose, non-invasive 

measurement, somatic temperature 

 

Diabetes mellitus is a group of metabolic diseases characterized by 

hyperglycemia resulting from defects in insulin secretion, insulin action, or both. The 

chronic hyperglycemia of diabetes is associated with long-term damage, dysfunction, 

and failure of various organs, especially the eyes, kidneys, nerves, and blood vessels.  

People with diabetes need to manage their disease to stay healthy. They must 

change lifestyle and diet, but the main thing is control of blood sugar. Measurement 

of blood sugar is one of the most frequent biochemical analyses in medicine. 

According to the World Health Organization (WHO), there are about 422 million 

people have diabetes worldwide. Itôs the huge number of patients, which is in want of 

a daily control of sugar level in blood. 

Nowadays almost methods of control of blood sugar are invasive. 

Nevertheless, these methods are very uncomfortable and painful for a patients and 

have a lot of limitations: a probability of getting an infection and poor blood 

circulation. That is why modern scientists try to create a non-invasive method based 

on different physical process. There are spectrographic, ultrasonic, infrared methods, 

etc. They can be fast, painless and safe alternative. However, there are explicit 

disadvantages of these methods. For example, low accuracy of measurement and high 

influence of the ambient. 

The aim of the scientific study is to develop a special method for monitoring of 

sugar concentration in blood. This method of non-invasive analysis of glucose 

concentration in blood by somatic temperature of patients is worked out. The 

proposed invention belongs to the field of medicine, particularly to endocrinology, 

and can be used to control of blood glucose concentration. Such a method allows to 

completely increasing accuracy and reliability of analyzing blood at the expense of 

systematic errors.  
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To achieve the aim of our research we used different methods such as:  

1. Methods of comparison of non-invasive glucose concentration in blood.  

2. Method of analytical control 

3. Metrological effectiveness improvement 

The proposed method included two stages: 1 ï calibration of thermogram 

parameters and 2 ï calibration of glucogram parameters. First, we obtained two 

values of somatic temperature: 1 ï on an empty stomach and 2 ï with glucose-

containing food. Further, we found glucose concentration in the developed program 

because the level of blood glucose depends on thermogram.  

After getting the results, the graphs were made. (Fig. 1, 2, 3) 

Fig. 1 illustrates the dependence of somatic temperature on time (thermogram). 

 

 
Fig.1. The graph of the measured thermogram values 

 

The ordinate shows the somatic temperature, çUè and the abscissa axis displays 

time of experiment.  

Fig. 2 illustrates the dependence of because level of blood sugar on somatic 

temperature (glucogram). 

 

 
Fig.1. The graph of the measured glucogram values 

 

The ordinate shows the somatic temperature, çPè and the abscissa axis displays 

time of experiment.  

This graph shows the curve ç1è which is the monitoring done with the 

proposed method and curve ç2è is the monitoring done with the help of a prototype.  
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Fig.3. Comparison of received results with the sample graph 

 

The glucose analyzer has been developed. The following goals were achieved 

as the results of the research: 

¶ Information analysis of existing methods is made 

¶ Metrological effectiveness has increased  

¶ Increased efficiency not less than 3 times  

¶ The use of the innovation along with the existing methods strongly 

complement clinical picture of the disease and improve the quality of 

monitoring concentration blood glucose 

 

References 

1. Jelôbaev D.A., Akaeva S.A., Kurdanov H.A. Sposob opredelenija koncentracii gljukozy v krovi 

[The method for determining the concentration of glucose in blood]. Patient Russia, 

no.2198586.2003 (Rus) 

 

 

ʅʆɺʓʁ ʄɽʊʆɼ ʀɿʄɽʈɽʅʀʗ ʂʆʅʎɽʅʊʈɸʎʀʀ ɻʃʖʂʆɿʓ 

ʂʈʆɺʀ 

 
ʆ.ʂ. ɸʙʫʣʘʜʟʝ, ʖ.ɹ. ʉʝʨʛʝʝʚʘ 

ʂʘʬʝʜʨʘ: ɹʠʦʤʝʜʠʮʠʥʩʢʘʷ ʪʝʭʥʠʢʘ. 

ʊɻʊʋ, ʊʘʤʙʦʚ, ʈʦʩʩʠʷ 

e-mail: abuladze94@mail.ru, ulya_sergeeve94@mail.ru 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʥʝʠʥʚʘʟʠʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ, ʚʳʷʚʣʝʥʳ ʠʭ 

ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʣʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʨʝʥʠʝ ʛʣʶʢʦʟʳ ʢʨʦʚʠ, ʢʦʥʪʨʦʣʴ ʩʘʭʘʨʘ ʢʨʦʚʠ, ʥʝʠʥʚʘʟʠʚʥʦʝ 

ʠʟʤʝʨʝʥʠʝ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ 

 

 

 

 

 

mailto:abuladze94@mail.ru
mailto:ulya_sergeeve94@mail.ru


 

 

151 

ʋɼʂ 621.384.3 

ɹɹʂ 32.97 

 

 A NEW METHOD OF GLUCOS E ANALYSIS  

  
A. P. Babashkina, D.V. Akhtyamov 

Tambov State Technical University, Tambov, Russia 

e-mail: anuta.babashkina@yandex.ru, user_spk@mail.ru 

 
Abstract: The present article focuses on non-invasive measurement of glucose concentration in 

blood. As the number of people suffering from diabetes grows steadily, it is necessary to measure 

glucose level in blood. Nowadays, invasive methods of finding glucose concentration concerning 

penetration in the organism are the most widespread.  

We have investigated glucose concentration in blood and offered the nonïinvasive 

measurement of glucose concentration in blood. A device for the integrated analysis has been 

developed.  

Keywords: diabetes, glucose control, glucose concentration, measurement, non-invasive 

measurement. 

 

Diabetes refers to the group of the diseases that are characterized by 

hyperglycemia; its symptoms are fatigue, a large amount of urine, leading to relative 

dehydration and problem with power exchange in the organism. The analysis of 

glucose concentration in blood is one of the most frequent biochemical analyses in 

laboratories. It is also the most important component of continuous çglucose controlè 

in case of diabetes. The analysis is needed for monitoring diabetes and its treatment. 

It is a widespread chronic metabolic disease, which more than 1 million people from 

Great Britain and 100 million people in the world have. A great number of patients 

with diabetes need a daily analysis of glucose level in blood. 

Modern progress of clinical diagnostics is characterized by the improvement of 

research methods which have been developed due to the practical implementation of 

essentially new ways of determining  glucose concentration in blood.[1] 

Patients with diabetes are forced to analyze glucose level in blood in domestic 

conditions. This information makes it easier to correct their diet, physical activities, 

the usage of insulin etc. Scientific research allowed creating various types of devices 

and methods of determining glucose concentration in blood. 

The scientific study aims to make express analysis for analyzing glucose 

concentration in blood. The method of non-invasive analysis of glucose concentration 

in blood by the currentïvoltage characteristics is developed. It allows measuring 

glucose concentration in blood through optimization its maximum options of glucose 

and skin conductivity. Such a method allows increasing the accuracy and reliability of 

the analyzed blood to avoid systematic errors. 

To achieve the goal of the research we used such methods as:  

4. Methods of analysis and comparison of non-invasive glucose concentration in 

blood.  

5. The creation of methods for prototypes by defining their inter dependence. 

6. Metrological effectiveness improvement 
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The following device was used for glucose analysis in blood. It consists of 

separate components. The first one is voltmeter. It is used to measure current 

characteristics of the patientôs skin. Another component is a microcontroller, it is 

used to connect the previous device with the computer which analyses the 

received data by comparing results of the suggested method with the existing 

method. 

 

 
Fig.1.Components for the complex analysis  

 

A 4-electrode receptor is connected with the patientôs body, and the 

programme developed by the authors. 

After getting the results, graphs were made (Fig. 2, 3). 

Fig. 2 shows the graph of dependence of glucose concentration on the skin 

conductivity 

 
Fig.2. The graph of the measured values 

 

The ordinate shows the glucose concentration, çPè in mmol per litre and the 

abscissa axis displays the skin conductivity, which is the represented by çyè and 

measured in Simens. 

Fig 3 shows the comparison of the received results.  
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Fig.3. Comparison of the received results with the sample graph 

This graph shows the curve ç1è which is the measurement done with the 

suggested method and curve ç2è is the measurement done with the help of a 

prototype. (Fig.3) 

 
Fig.4. The error line 

This graph shows an error line which is much lower than in the suggested  

method. (Fig.4)  

The glucose analyzer was developed. The following goals were achieved as the 

results of the research: 

¶ Information analysis of existing methods is made 

¶ A principally new method of glucose concentration defining method has 

been developed   

¶ Metrological effectiveness has increased  
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ɸʥʥʦʪʘʮʠʷ: ʉʪʘʪʴʷ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʠʥʚʘʟʠʚʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʯʠʩʣʦ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʦʪ ʜʠʘʙʝʪʘ ʥʝʫʢʣʦʥʥʦ 

ʨʘʩʪʝʪ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʫʨʦʚʝʥʴ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ. 

ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʠ ʧʨʝʜʣʦʞʠʣʠ ʥʝʠʥʚʘʟʠʚʥʦʝ ʠʟʤʝʨʝʥʠʝ 
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Abstract: In this article, we consider a method for determining circulatory disorders in the 

distal fingers. The effectiveness of the method was evaluated. 

Keywords: blood, diseases, disorder, finger, criteria. 

 

Currently, diagnosis of vascular diseases is of paramount importance in today's 

world, as more and more people are susceptible to repetitive stresses, temperature 

fluctuations. 

Blood vessels perform a variety of functions. Firstly, they provide differential 

distribution of blood in the tissues. Secondly, blood vessels actively synthesize and 

secrete vasoactive substances that regulate vascular tone, as well as antithrombogenic 

agents that maintain blood flow and vascular permeability. Thirdly, blood vessels 

provide delivery and distribution of cells of the immune system to infected tissue. 

Peripheral vascular disease entail violation of these important functions. 

Peripheral vascular study can be conducted using conventional survey methods 

(manual, tool and hardware), as well as thermal imaging diagnostic method. 

The purpose of this work - to improve the accuracy of the thermal imaging 

method diagnostics of the functional state of peripheral vessels. 

The object of research is the functional state of peripheral vessels, the subject of 

research is thermal imaging method for the diagnosis of the functional state of 

peripheral vessels. 

An analysis of the literature [4] made it possible to identify the main factors 

influencing the temperature of the distal phalanges of limbs, as well as to identify the 

relationship of the temperature of the distal phalanges of limbs and condition of the 

organism. Temperature model is the state of the human body. 

The main factors affecting the temperature of the distal phalanges are state of 

the thyroid gland, blood pressure human, the condition of blood vessels and 

environmental parameters. 

The research was conducted in a dark room at a temperature of 20 - 22Á C with a 

prior adaptation of the test person for 15 - 20 minutes. In addition, we had to measure 

the human blood pressure. The research was conducted in the control group of 3 

people. These people did not have inflammatory diseases which could raise the 

average level of body temperature. 

The results obtained and analyzed for each of the seven patients are given in Table 1, 

which shows the parameters measured for each patient. 

 

 

mailto:a.89606699545@yandex.ru


 

 

155 

Table 1 - Temperature dependence of the parameters of the occlusion of the test of time. 

 ʈ1 , mm. 

Hg. Art. 

ʊ1, 

ęʉ 

ʊmin, 

ęʉ 

ʊmax, 

ęʉ 

ʊf, 

ęʉ 

ʊdpf, 

ęʉ 

æʊ1,  

ęʉ 

æʊ2 , 

ęʉ 

æʊ3 , 

 ęʉ 

Patient 1 154/94 33.675 32.1 34.4 36.3 33.4 1.575 2.9 0.725 

Patient 2 89/61 32.2 32.3 34.4 34.9 32.2 -0.1 2.7 2.2 

Patient 3 124/63 33.825 31.8 34.3 35.3 33.6 2.025 1.7 0.475 

 

We developed criteria of evaluation of the functional state of peripheral 

vessels, taking into account the differing impact of the state of the thyroid gland 

(Table 2). 

 
Table 2 - Criteria for evaluating the functional state of peripheral vessels 

The result of the 

survey 
Diagnosis 

ʊmax Ó ʊ1 
Compliance of the norm. Hallmark violations endothelium regulation of 

vascular tone is not observed. 

ʊmax<ʊ1 
There is a sign of disturbances of endothelium-regulation of vascular 

tone. 

æʊ3<0 

 
Hyperemic type of microcirculation. 

æʊ3 Ò 2 ęʉ 

 
Normotonic type of microcirculation. 

æʊ3>2 ęʉ Spastic type of microcirculation. 

 

In this paper, we proposed a method for diagnosing the functional state of 

peripheral vessels given the influence of the state of the thyroid gland, made 

additional temperature measurements of the distal phalanges of the fingers and 

forearm temperature, calculated the difference of these temperatures. 
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Abstract: The paper presents a method to reduce radiation doses during fluoroscopy. The 

method consists of selecting parts of images of a person, overlapping the optical image of the 

patient's body and processing the resulting image. The proposed method reduces the radiation dose 

for patients, improves the efficiency and reliability of diagnosis in general. 

Key words: combining images of medical diagnostics, fluoroscopy, radiography, research 

methods, thermography. 

 

Image processing is a fundamental task in various spheres of human activity. The 

processing of images obtained using a wide range of modern medical apparatus, 

instruments, systems and complexes for diagnosis of various diseases of particular 

interest. Currently, such tasks are most relevant, as medicine moves forward and 

provides the possibility of diagnosing patients very quickly. Modern equipment 

allows obtaining a large amount of diagnostic information. However, this information 

involves multiple hardware examinations, some of which (e.g., x-rays) caused 

significant harm to the patient. In this regard, there is a need to protect the patient 

from harmful effects of the equipment or reduce this impact to a minimum. Image 

processing is able to solve this problem [1]. 

Fluoroscopy is an x-ray method, which is the formation of an image of the object 

on a fluorescent screen or a television screen by x-ray machines. Fluoroscopy is a 

very informative method, so the doctors examine patients in such a way very often. 

However, this method has its disadvantages: high dose and low spatial resolution. 

These disadvantages are essentially different, it is therefore necessary to divide the 

study into two stages: search of the way to reduce radiation doses received from 

fluoroscopy and an increase of the reliability of the resulting image. 

The first stage of research aims to reduce a radiation dose. Frequent fluoroscopic 

procedures should not only reduce doses, but also the area of the irradiated surface of 

the patient's body. The information about a required area of exposure can provide a 

thermographic picture of a patient's body, as the temperature anomaly of the skin 

surface occurs in case of many internal pathologies. It is therefore necessary to obtain 

the thermal picture of the necessary area of exposure at the same time with x-ray 

studies [1]. 

When the location of temperature anomalies is analyzed, it becomes possible to 

narrow the area of x-ray irradiation. To eliminate unnecessary information of the 

thermal pattern it is necessary to select the portion of the corresponding zone of 

temperature anomalies related to the normal distribution of temperatures on the 

patient`s body surface. During preparation for an x-ray examination a fragment of the 

temperature anomalies is optically superimposed on the corresponding part of the 
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patient̀s body. The structural scheme of the installation is shown in Fig. 1. 

Thus, the apparatus combines three devices to generate images with different 

ranges. In this image, infrared and optical images are combined. 

 

 
Fig. 1 ï Structural scheme of the complex x-ray, thermal imaging and video systems 

 

Ultimately, the use of thermography during x-ray examination will greatly reduce 

the radiation dose on the patient [2]. 

The second stage of the research is aimed at improving the information content of 

the resulting image because much attention is paid to the accuracy of medical 

diagnostic equipment. A reliable diagnosis can be obtained by using iconic 

instruments with different ranges. In this case, two objects are combined into one, 

increasing the informative content of the obtained graphic data. 

However, the usual combination of images may not solve this problem because in 

this case, the image may acquire a mosaic structure. To eliminate this disadvantage it 

is necessary to process combined images. The Interpolation of images is used for 

smoothing the mosaic structure [2]. 

Let us consider the results of images processing using cross-interpolation. 

Television images (video) almost entirely coincide with the picture of the observed 

object. The image details depend on the sensor resolution, the bandwidth of the 

communication line and the monitor resolution. However, a significant drawback of 

video is the lack of information on the thermal picture of the object.  

 Thermal imaging equipment (infrared camera) allows you to observe objects in 

the infrared frequency range [3]. Modern thermal imagers form an image in near, 

middle and far infrared ranges with a resolution of 0.1 degree Celsius. However, the 

thermal picture does not detail the object, so you must have a video image of a 

monitored object in the thermal range with an infrared image of the surface of the 

human body. Therefore, we have combined infrared and visible images. The 

combination must satisfy several requirements: the image must be formed at the same 

angles of view of the camera and thermal imager, the area of observation should be 

the same. Combining TV and infrared images will provide a more informative picture 

of the observed object [4,5]. 

The advantage of the combined images is demonstrated by the example (Fig.2). It 

shows the video image of the infrared image of a person and a combined image. The 

composite image clearly shows the temperature change; in this image, it is possible to 
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accurately identify the person. 

 

 
Fig. 2 ï a) TV image; b) infrared image; c) combined image 

 

Many pathological processes alter the normal distribution of the temperature on 

the surface of the body. In many cases, temperature changes are ahead of other 

clinical manifestations. Therefore the results of thermography can be an additional 

informative parameter for assessing the status of the patient. 

The paper presents a method of reducing the radiation dose during fluoroscopy-

based selection of fragments of images of the person by overlapping the video image 

of the patient's body and processing the resulting image. The proposed method 

provides the possibility to reduce a radiation dose, improve the efficiency of 

diagnosis and patient safety. 
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Abstract: Existing methods of monitoring epileptic attacks are considered in the article, 

disadvantages of these methods are described, the method of monitoring epileptic attacks is 

proposed and the evaluation of its effectiveness is made. 
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Introduction  

According to the world health organization, there are about 50 million people 

diagnosed with epilepsy in the world. This disease can be treated, but we need 

information about the frequency of epileptic attacks to analyze the effectiveness of 

this treatment and the dosage of medicines.  

There is a syndrome of sudden unexpected death of patients, who suffer from 

epilepsy, according to the American Professor of Neurology David Fiker, the 

prevalence of this syndrome is 2 per 1,000 patients aged 20-40 years. According to 

the American Professor of Neurology Paul Shraeder, the cause of this syndrome is the 

development of cardiac arrhythmia or respiratory arrest. 

The method of electroencephalography (EEG) is highly prevalent in diagnosing 
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and monitoring of epilepsy. Electroencephalography is a method of brain research, 

which registers the difference of electrical potentials projected from the brain on the 

head skin. Accordingly, EEG by recording electrical potentials of the brain shows its 

functional activity. There are inpatient and outpatient methods of EEG. 

In addition to the EEG recording, the following method of collecting information 

about patient can be used: 

¶ The journal of the patientôs self-report; 

¶ The observer's report; 

¶ Video camera. 

In the journal of the patientôs self-report, the lather notes down the number of 

epilepsy attacks and all changes in his organism. Self-report is the main form of 

monitoring the patientôs behavior during the ambulatory EEG records. 

The observerôs report can be used by medical staff or relatives; this report is a 

supplement to the patientôs report.  

The video is the main and most effective way of monitoring the patientôs behavior 

in stationary conditions. Simultaneously with the EEG the video of the patient's 

behavior (VEEG) is recorded. The observation on the part of the medical staff, the 

patient's self-report and computer analysis of the EEG in the automatic mode allow to 

select episodes, which can be epileptic attacks with high degree of probability. 

The methods used for monitoring epileptic attacks cannot be used continuously, 

and they are not able to be used for the analysis of cardiac and respiratory activity. 

Their interruption can take place during an epileptic attack and cause the patientôs 

death.  

Consequently, there is a need to improve methods of monitoring epileptic attacks 

and cardiac and respiratory activity during epilepsy attacks. 

Materials and methods 

To improve the efficiency of epilepsy monitoring a new method is proposed. The 

proposed method differs from existing methods in the way it is not based on the 

results of the EEG. The evaluation of the patientôs motion activity is used for it. In 

addition, cardiac and respiratory activity is monitored during an attack of epilepsy. 

The methodology of the monitoring is organized in two phases that are performed 

cyclically. 

The first phase is continuous monitoring of motion activity of a sleeping patient. 

During the sleep the patient may make a series of single movements that are not 

related to the attack of epilepsy, therefore it is important to assess motion activity for 

signs of seizures. If the motion activity takes a paroxysmal form, then this point is 

considered to be the beginning of an epileptic attack and the time, when it takes 

place, should be recorded. Further monitoring transfers into the second phase of the 

methodology. 

During the second phase, the device records the seizure activity of the patientôs 

hand, which is necessary for the further evaluation of the intensity of epilepsy. Given 

the strong frequency irregularity of motion paroxysms, it is required to register the 

average frequency of motion activity, over a time interval equal to five seconds. 

Furthermore, the heart pace (HP) is registered and cardiac activity for the presence of 
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arrhythmia is analyzed and types of arrhythmia are classified. Simultaneously, the 

respiratory system is examined by monitoring peripheral oxygen saturation. If 

irregularities in the cardiac or respiratory system are noted, they are registered 

immediately. Then, if the seizure activity continues the second phase is repeated 

again, and when there is no seizure, the end time of epilepsy attack is fixed, and the 

first phase of the methodology starts again. 

At the end of monitoring, the accumulated data are analyzed, which allow to 

assess the adequacy of the treatment, to adjust the dose of medicines, taken by the 

patient, depending on the frequency of attacks and to timely detect the influence of 

epileptic attacks on cardiac and respiratory activity. 

Conclusion 
The use of the proposed method will significantly improve the efficiency of 

epilepsy monitoring and as a result increase the quality of treating the patient with 

such a diagnosis. 

The effectiveness of monitoring is enhanced by continuous monitoring of the 

patient's state of health at home. Thus, according to the proposed method, the total 

clinical picture of the disease will be supplemented with the information about the 

frequency of motion activity, the precise duration of epilepsy, the information about 

cardiac arrhythmia and its variations, as well as continuous monitoring of the 

patientôs respiratory activity. 

Thus, the application of the proposed method will allow to decrease reports about 

the patientôs state as such reports are less informative than the studied method. 
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Abstract: The paper presents a mathematical description of a four-chamber model of the 

cardiovascular system, consisting of four series-connected resilient chambers. The authors discuss 

the problem of modern diagnostic circulation and the need to use a mathematical model of the 

cardiovascular system to predict the state of the patient as a result the treatment modality. Modeled 

hemodynamic of the cardiovascular system is graphically presented. The necessary clinical and 

physiological parameters are described. 
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Introduction  

When assessing the medical condition of a patient in the intensive care ward, the 

picture received on the basis of only one characteristic (e.g., arterial pressure) is one-

sided and does not reflect the real state of the patient. Even with multiple 

dependencies (e.g., pre and post strain, or spasm hypervolaemia and resistance 

vessels), a random choice dependency can also lead to disparate results, which can 

affect the value of a decision. 

One of the problems of modern diagnostics is the absence of possibilities for deep 

algorithmic data analysis and the evaluation of acute blood circulation disorders. 

Existing protocols, standards, algorithms, guidelines and recommendations on the 

diagnosis, classification and measurement of blood circulation disorders generalize a 

large clinical experience. However, most of these are verbal and do not have software 

implementation. At the same time, diagnosis and treatment processes in modern clinic 

are so complex and multifaceted nature that verbal description is not sufficient. 

In the treatment of blood circulation disorders, especially acute ones, the doctor 

needs to make quick assessment of the medical condition of the patient and a make an 

informed decision based on it. In most cases, this procedure the doctor makes a 

decision using the rules, clinical guidelines, protocols and treatment 

recommendations. This process requires time and attention, which may prove to be 

the decisive factor in the outcome. 

Consequently, creating a mathematical model of circulation is quite relevant. It 

will make it possible to predict the patient's condition as a result the treatment 

modality. 

A study of the circulatory system was conducted in three main directions. The 

first direction covered the study of the structure, function, reactivity of single 

kardiomyocytes, individual arteries and arterioles. The second direction focused on 

the total response of organ blood flow, general and specific laws regulating the 

regional blood flow. The third direction studied the system vasomotor reactions, 
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blood flow redistribution mechanisms in active hyperemia and other operational 

loads. A large database on the structure and function of the cardiovascular system, a 

neurohumoral regulation of blood circulation, formulated the basic principles of 

organization and circulation control system is accumulated. However, many of the 

laws of the cardiovascular system are still far beyond oneôs comprehension. 

Comprehensive knowledge of the functions of individual vessels do not give a 

complete picture of the regulation of the entire vascular tree. For this, you must take 

into consideration the architecture of the bloodstream, wall stiffness, the caliber of 

vessels of different generations of branching and a number of other factors. The 

solution to such problems is impossible without the use of mathematical modeling. 

There are many mathematical models of the entire circulatory system and regulation 

of blood flow patterns in individual organs. In our case, a four-chamber mathematical 

model of circulation is acceptable. 

Model 

The starting point of research is to create a model that includes the left and right 

ventricles, large and pulmonary circulation. It can be represented as four series-

connected resilient chambers (Fig 1.) 

 

 
Fig. 1. The chamber structure of circulation models 

 

At each time point of the i-th chamber the cardiovascular system is characterized 

by the blood volume V(t), the pressure P(t) in the chamber wall, the input blood flow 

rate qinput(t) and the output blood flow qoutput(t), the absence of stress volume U(t). The 

initial and final conditions of the model are adopted for blood flow q0 and pressure 

P5, respectively. 

Diagram resilient chamber is shown in Fig. 2. 

 
Fig. 2. Diagram of cardiovascular model chamber  

 

In accordance with the law of mass conservation, the equation for the volume of 

the i-th chamber is written in the form: 
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where  is the vector of input blood flow (cm3/s);  is the vector 
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of output blood flow [2]. 

The total volume of blood, stretching the vascular bed (V) is equal to the sum of 

the volumes, stretching every tank containing: 
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When finding the pressure Pi(t) in the wall of the i-th chamber, we assume that 

the more blood goes into the chamber, the more its walls are stretched, and the more 

pressure is created in the chamber wall. Then the pressure is calculated as: 
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where ei is the rigidity of the chamber wall (Torr/cm3); Ui is the volume of blood, 

without stretching the chamber wall (cm3). 

In accordance with Frankôs concept of the elastic chamber, the vascular pressure 

in the systemic circulation is proportional to the generalized rigidity and the 

difference between the volume of blood in it and the volume of blood filling the 

vascular wall without stretching: 
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Likewise, we write the equation for the pulmonary circulation, left and right 

ventricle: 
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Distending blood volume is the greatest part of the total volume of the chamber 

filling, which does not stretch the chamber wall. Filling the chamber, the blood 

spreads its, and only then, when the amount is sufficient, it stretches the wall [3]. 

Blood flow is found according to the Poiseuille law: 
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where ɟinput, output  is communication conductivity (cm3/(Torr Å s)). 

Blood flow qPC, LV of the pulmonary circulation (PC) into the left ventricle (LV) 

and from the systemic circulation (SC) in the right ventricle (RV), respectively is 

proportional to the pressure in the pulmonary circulation and the systemic circulation: 
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We assume that the blood flow f from the left ventricle into the systemic 

circulation, and from the right ventricle into the pulmonary circulation is proportional 

to the pressure difference between the chambers and the conduction between them: 
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Limiting static mode allows to record the ratio: 
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Besides the description of a four-chamber model circulation it is necessary to be 
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aware of clinical and physiological parameters of the circulatory system that 

correspond to the current control of the monitor, reflecting systematically the related 

physiological processes that provide blood circulation, subsystems and 

communication, responsible for dysfunctions. 

Table 1 shows the necessary parameters and the relationships between them: 

 
Table 1. Parameters of circulation 

Symbol Parameter Formula 

W Weight  

G Growth  

BSA Body Surface Area W0.425*G0.725*71.84*10-4 

IV=SE=IE 
Impact volume =Systolic ejection 

=Impact emissions 
103*MVB/HR 

HR Heart rate  

BPsystolic Blood pressure is the systolic  

BPdiastolic Blood pressure is the diastolic  

BPaverage Blood pressure is the average BPdiastolic +( BPsystolic - BPdiastolic)/3 

PPPA 
Pressure plugging of the pulmonary 

artery 
 

CVP Central venous pressure  

MVB Minute volume of blood IV*HR / 103 

CI 

Cardiac index = amount of blood 

ejected by the left ventricle for 1 minute 

at the rate of for each m2 BSA 

MVB / BSA 

SI*HR 

MWLV  Minute work is left ventricular 0.0144*MVB*(BPaverage ï PPPA) 

MIWLV  Minute index work is left ventricular MWLV  / BSA 

PWLV Pulse work is left ventricular 0.0144*IV*( BPaverage ï PPPA) 

PIWLV Pulse index work is left ventricular PWLV/ BSA 

CPVR Common peripheral vascular resistance 80*( BPaverage -CVP) / MVB 

 

These parameters are used to determine macrocausality which causes 

pathological changes in the cardiovascular status on clinical monitor control system 

[4] . 

Simulation of hemodynamics of the cardiovascular system is produced in Matlab 

software environment. 

The initial conditions are the volume and blood flow of the first chamber, the 

pressure of the fourth chamber. Fig. 3-5 show graphs of pressure values, blood flow 

and volume: 
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Fig. 3. Calculated values of pressure in the chamber 

 

Fig. 3 shows the calculation of pressure values in the chamber at a predetermined 

pressure in the fourth chamber. The graphs show how the value of the pressure 

changes during the passage of the blood flow from one chamber to the other. 

 

 
Fig. 4. Calculated values of blood flow in the chambers 

 

Fig. 4 shows the calculation of blood flow values in chambers for a given initial 

value of the blood flow in the first chamber. 

 

Figure 5. Calculated values in the volume of the chamber 

 

Fig. 5 shows the calculation of volume values in chambers for a given initial 

value of the volume in the first chamber. 

 

Conclusion 
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As can be seen from Fig. 3-5, the pressure values, blood flow and blood volume 

passing through chamber are changing. The qualitative analysis of the charts to 

evaluate the dependence of hemodynamic parameters in the current chamber of the 

values in the previous one allows visually explore the simple laws of dynamics 

processes of the cardiovascular system. It is worth noting that this model of the 

cardiovascular system is the base one. Further development of the model is planned 

by increasing the number chambers, and a more detailed description of the model 

elements. For example, the pressure in the ventricles of the heart requires the 

introduction of additional coefficients, taking into account the compression and 

stretching of the myocardium of the elementary strips, and characterizing the elastic 

properties of the myocardium. 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʯʝʪʳʨʝʭʢʘʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʸʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ 
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ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʝʯʝʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɻʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʤʦʜʝʣʠʨʦʚʘʥʥʘʷ ʛʝʤʦʜʠʥʘʤʠʢʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. ʆʧʠʩʘʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʢʣʠʥʠʢʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ. 
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Abstract: Assorted chocolates differ from sweets of other types in compounding, and in 

preparation. These chocolates are prepared with a liqueur filling, the alcoholized fruit and berries. 

Nowadays, almost total absence of vitamins, carotenoids, alimentary fibers, macro - and 

micronutrients in chocolates is the biggest disadvantage of confectionery. Therefore, the use of the 

new and nonconventional components containing biologically active agents, having functional 

properties and improving organoleptic indicators and structure of a product is topical. The purpose 

of our research is development of a compounding and technology assorted chocolates with liquid 

fillings enriched with vitamins, mineral substances and alimentary fibres. 

Keywords: assorted chocolates, fillings, functional food, sweets. 

 

The level of consumption of confectionery products in Russia gradually 

approaches consumption level in the countries of the European Commonwealth and is 

at the fourth place in the world (after Great Britain, Germany and the USA). The 

chocolate industry is one of the most dynamically developing segments of a 

consumer sector of economy. The severe competition induces producers to expand 

the assortment and to create more and more new and interesting products. 

According to specialists, almost total absence of vitamins, carotenoids, alimentary 

fibers, macro - and microelement in chocolates is the biggest disadvantage of 

confectionery. Therefore, the use of the new and unconventional components 

containing biologically active agents having functional properties and improving 

organoleptic indicators and structure of a product is topical [1]. 

The production of assorted chocolates with liquid fillings is topical today. The 

range of chocolates with liquid fillings is quite monotonous, therefore, creation of 

new flavoring combinations will allow to expand an assortment and to create 

essentially new product. Also, the use of liquid fillings will allow to create a product 

of functional purpose with high comprehensibility of nutrients as liquid fillings is an 

optimum form for enrichment of an organism biologically active agents. Because 

now technologies for such products are practically absent, there is a need for studying 

the problems which occur when receiving such types of confectionery products [2]. 

The main technological production stages of assorted chocolates are preparation 

of chocolate weight, preparation of fillings, formation of cases, selection of forms and 

packing. The chocolate cover for all types of chocolates is prepared from chocolate 
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weight with content of fat of 35%. Thickness of a cover depends on filling type, the 

viscosity of a filling is less, the cover is thicker. Chocolate covers fill with fillings, 

condense and cast a bottom. For casting of a bottom use chocolate weight with high 

content of cocoa butter (to 41%) [3]. 

In assorted chocolates the main role is played by fillings, therefore the following 

requirements are imposed: 

Å to be resistant in case of storage  

Å not to change the tastes and consistency 

Å not to contain perishable components.  

Å not to interact with the casing of sweets and to dissolve it 

Å to have a uniform consistency and to have sufficient viscosity. 

In addition, concentration of sugar has to be close or equal in a filling to 

concentration of saturation at a formation temperature. Sucrose in a liquid filling has 

to form saturated or slightly supersaturated solution. If the solution is not saturated, 

then the dissolution of sugar occurs in the case of chocolate and on a surface of a 

product filling droplets are formed. At excessively supersaturated solution on the 

internal surface of the case at storage the large crystals of sugar worsening taste of a 

product are formed. Considering that density of a filling is less than density of the 

case, it is necessary to create a crust on a filling surface when cooling it, for the 

prevention of mixture of a filling and case. 

Now the most popular liquid fillings are liqueur and honey. Liqueur fillings 

contain sugar, treacle, alcohol or wines. Alcohol in these fillings defines taste of a 

product. It is the best of all to apply the substances from 60 % concentration of 

alcohol which are not entering interaction with the candy case. Liqueur fillings must 

contain no more than 21 % of alcohol: at its bigger share there is a deformation of the 

chocolate case, and it sticks to chocolates. Honey fillings represent the boiled-down 

sugar molasses syrup with natural honey and various additives. Additives are 

different types of fruit puree which increase viscosity of filling [4]. 

There is method of production of chocolates on the basis of herbal mixes of 

several herbs containing mix extracts to receipt of the functional chocolates enriched 

with food fibers and vitamins, such as sage, peppermint, rebaudiana, plantain, etc. 

The method of production of functional fillings from fruit and berry raw materials, 

sugar, treacle and a product from a brown alga is also known. Application of such 

methods will allow to enrich a product with a complex of biologically active 

agents [5].  

The method of production of confectionery with the filling located in the center is 

of special interest. This method assumes filling of a cover with the temperature of 71-

105  C with a filling with the temperature of 49 ÁC or is lower in a concentric nozzle 

for partial glazing of a stuffing, a jigging of partially glazed filling in a form cavity, 

complete glazing in a cover, at the same time the filling cools a cover with hardening 

of a layer of a filling adjacent to a cover. 

Today there are various types of hardware and machine registration of a stage of 

formation of chocolates, both simple, and irregular shape, and also the scheme of 

formation of candies according to the çOne Shotè scheme [6, 7].  
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Considering all the above, it is obvious that the quality improvement of 

confectionery by developing their consumer properties is the urgent task which has 

scientific and practical value. 

Thus, the purpose of our research is development of a compounding and 

technology of candies with liquid and semi-fluid fillings. For achievement of an 

effective objective it is necessary to perform the following tasks: 

1. Development of a compounding of receiving functional candies with liquid 

fillings 

2. Definition of the optimum modes of filling of cases of candies with a liquid 

fillings. 

3. Research of rheological properties of cases and fillings. 

4. Improvement of a stage of preparation of fillings and a stage of formation of 

technology of receiving functional candies with liquid fillings. 

5. Definition indicators of the developed products. 

Having achieved objectives, we will receive essentially new type of sweets 

having the increased nutrition and biological value, making favorable impact on an 

organism which will be interesting to adults and children. 
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ɸʥʥʦʪʘʮʠʷ: ʐʦʢʦʣʘʜʥʳʝ ʢʦʥʬʝʪʳ çɸʩʩʦʨʪʠè ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʬʝʪ 

ʜʨʫʛʠʭ ʛʨʫʧʧ ʢʘʢ ʧʦ ʨʝʮʝʧʪʫʨʝ, ʪʘʢ ʠ ʧʦ ʩʧʦʩʦʙʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʊʘʢʠʝ ʢʦʥʬʝʪʳ ʛʦʪʦʚʷʪ ʩ 

ʣʠʢʝʨʥʦʡ ʥʘʯʠʥʢʦʡ, ʟʘʩʧʠʨʪʦʚʘʥʥʳʤʠ ʬʨʫʢʪʘʤʠ ʠ ʷʛʦʜʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 
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ʪʘʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʠ ʩʧʦʩʦʙʥʳ ʫʣʫʯʰʠʪʴ ʢʘʢ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʪʘʢ ʠ ʩʦʩʪʘʚ ʠʟʜʝʣʠʷ. ʀʩʭʦʜʷ ʠʟ 

ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʮʝʧʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʢʦʥʬʝʪ çɸʩʩʦʨʪʠè ʩ ʞʠʜʢʠʤʠ ʥʘʯʠʥʢʘʤʠ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʠʪʘʤʠʥʦʚ, 

ʤʠʥʝʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ, ʢʦʥʬʝʪʳ çɸʩʩʦʨʪʠè, ʥʘʯʠʥʢʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʨʦʜʫʢʪʳ. 
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Abstract: The majority of containers for foodstuff are made by casting under pressure, in which 

the manufacturing process is important as industrial control, occurring at all stages of the process. 

Production control includes 3 types of control: input, output, and out functional. For the 

organization of the production control scheme developed technological control of production, which 

ensures the production of high-quality and safe products. There are 15 possible types of casting of 

defect, their solutions, as well as some of their methods of quality control. 

Keywords: control, control methods, defect, package, production control, technological control. 

 

The majority of a container is made for foodstuff by casting under pressure. In 

case of process of production such component as production supervision is important. 

Production supervision is the production control of products at all stages of 

engineering procedure including technical and chemical, microbiological control, etc. 

depending on production type. Production control includes three types of control:  

- is entrance a quality evaluation of raw materials, auxiliary, packaging materials 

and a container which are included into the technological scheme of production of a 

projectable type of finished goods; 

- output is a quality evaluation of finished goods; 

- out functional is a control of observance of technological parameters of 

production (Ű, ɟ, ʩ, t) and qualities of a semi-finished product on all technological 

transactions. 

Schemes of technological production control, according to the chosen 

technological scheme, requirements of the technological instruction, standards on 

raw materials, auxiliary, packaging materials and a container, finished goods and 

control methods are developed for the organization of production supervision. 

Production control of products according to the schemes developed taking into 

account requirements of technological instructions provides development of high-
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quality and safe products. 

Casting flaw. Types of flaws and ways of their elimination: 

1) junctions  

2) undulating surface  

3) silvery strips  

4) flash  

5) scorch  

6) rhe increased thickness of the products 

7) overweight products  

8) fluctuation of product's weight  

9) bad removing of products  

10) insufficient gloss  

11) incomplete filling  

12) buckling  

13) shrinkage cavity  

14) emptiness  

15) holes 

Control methods: 

1. Monitoring of indexes of quality is carried out on the container exemplars 

beforehand sustained not less than 3 clocks at a temperature plus (20Ñ2) C after its 

manufacture.        

2. Definition of appearance and color. 

Appearance and color of a container check visually without use of magnifying 

devices, by their comparison with a control specimen and (or) an approved sample. 

The approved sample is approved at the enterprise in accordance with the established 

procedure for every color and coordinated with the customer. 

3. Overall dimensions of a container check the range L-500 in accordance with 

GOST 427 and a caliper of çSHTS-P-200-0,1è in accordance with GOST 166-89 or 

other measuring tool with similar metrological characteristics. 

4. Determination of durability of a container at compression in the axial direction 

is carried out according to 9.10 state standard specification GOST P 51760. 

5. Definition of resistance of a container to hot water is carried out according to 

9.12 state standard specification GOST P 51760. 

6. Migration of dye is determined by wiping of a container a white cotton or the 

cotton plug beforehand moistened with water with the temperature of 30-40 C. Apply 

fabric of black color to monitoring of the container painted in white color. 

At the end of termination of rubbing on fabric or a tampon there should not be dye 

traces. 

7. Density of shutting of covers is controlled by shutting of products by them for 

which they are intended. The cover has to be put on a product densely. 

8. Definition of a heat resistance of a container is carried out according to item 

9.15 state standard specification GOST P 51760.    

Exemplars of a container place in the climatic cell, establish temperature 

(+40Ñ2)Üʉ. Exemplars maintain in the camera within 2 clocks. Then exemplars take 
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out from the camera, maintain at ambient temperature within 30 min. After endurance 

carry out an inspection of appearance, parameters and sizes. Exemplars consider 

passed tests if they conform to the established requirements. 

9. Definition of frost resistance of a container is carried out according to item 

9.16 state standard specification P 51760. Exemplars of a container place in the 

climatic cell, establish temperature (minus 25Ñ 2) Üʉ. Exemplars maintain in the 

camera within 2 clocks. Then exemplars take out from the camera, maintain at 

ambient temperature within 30 min. After endurance carry out an inspection of 

appearance, parameters and sizes. Exemplars consider passed tests if they conform to 

the established requirements.   

10.  The mass of products is determined by weighing on an analytical balance by 

3 or 4 classes of accuracy in accordance with GOST 24104-88 with the greatest limit 

of weighing of 1000 and accuracy of weighing of Ñ0,01 g or others with similar 

metrological characteristics. 

11. Determination of rated capacity of a container is carried out according to item 

9.5 state standard specification P 51760. 

          Volumetric control method using volumetric glassware. Each sample was 

filled with water from the volumetric glassware temperature (20 Ñ 5) Á C. For 

capacity product samples the arithmetic mean value of the volume of water poured 

into the controlled sample containers. Capacity products must conform to the value 

specified in the working drawings for the product.   

12.  Monitoring of hygienic indexes. 

When determining hygienic indexes the choice of model environments and 

preparation of extracts for a research are carried out on point 7. Organoleptic indexes 

also determine by point 7. The choice of controlled indexes is carried out on point 1. 

Indexes determine by the methods given in point 1, 8 or another, approved by bodies 

of çRospotrebnadzorè in accordance with the established procedure. 
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ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 3 ʚʠʜʘ ʢʦʥʪʨʦʣʷ: ʚʭʦʜ, ʚʳʭʦʜ ʠ ʚʳʭʦʜ ʬʫʥʢʮʠʦʥʘʣ. ɼʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ 

ʧʨʦʜʫʢʪʦʚ. ɽʩʪʴ 15 ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ ʣʠʪʴʷ ʜʝʬʝʢʪʦʚ, ʠʭ ʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʠʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ, ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ, ʜʝʬʝʢʪ, ʫʧʘʢʦʚʢʘ, ʢʦʥʪʨʦʣʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ,, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ. 

________________________________________________________________ 

mailto:gepard-xxx68@mail.ru


 

 

174 

ʋɼʂ 663.15/67.08 

ɹɹʂ 30.69. 

 

PROCESSING OF MYCELIAL WASTAGE OF  BIOTECHNOLOGICAL 

MANUFACTURING  
 

A.I. Bushkovskaya, I.A. Bogdanov, P.A. Moseev 

Tambov State Technical University, Tambov, Russia 

e-mail: moonyblack@yandex.ru 

 

Abstract: This article is devoted to ways of utilization of mycelial biomass. Literature review of 

some ways of biomass processing is held. The possible way of processing of mycelial biomass is 

offereʚ and flowchart of this technology is given. 
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Biotechnology is one of the key directions for innovative development of modern 

economy. It has a great importance for economic modernization and development of 

various industries. More than 80% of biotechnological products consumed in Russia 

are imported (for example, fodder proteins, enzyme preparation, antibiotics, organic 

acids and other food ingredients). At the same time volumes of consumption of 

biotechnological production remain very low in comparison with other countries [1]. 

According to the development strategy till 2020 the bioeconomy share in GDP (gross 

domestic product) has to make constitute approximately 1%, by 2030 ï not less than 

3%, which means increase in biotechnological productions in the nearest future.  

Biotechnological productions are characterized by lower environmental impact in 

comparison with the chemical manufacturing. However, there are specific wastage in 

such as air-gas emissions with biological particles, or the significant amounts of 

biomass. So the biotechnological productions using microscopic fungi as producers 

interfere with a problem of utilization of mycelial biomass, e.g. in producing of 

antibiotics of tetracyclines with Streptomyces aureofaciens, in biosynthesis of a citric 

acid (with Aspergillius niger), cyanocobalamin (with Nocardia rugosa), in receiving 

technical and purified enzyme preparations.   

There are three groups of processing types of mycelial biomass according to the 

literature review.  

Coking, gasification and liquefaction fall into thermochemical technologies. 

Using those methods biomass is incinerated or turned into valuable energy. At the 

same time the profit depends on the cost of manufacturing equipment, transportation 

of biomass and energy sources. And costs of receiving biofuel from biomass depend 

on local conditions in foe agriculture it will be below average level.  

Processing of biomass with physical and chemical technologies allows receiving 

substances using extraction and a chemical treatment or bioconversion to products, 

which are used as biodiesel.  

Biochemical processing of mycelial biomass with fermentation allows receiving 

substances which can be used as liquid or gaseous fuel or fertilizers.  

Works on a solution of the problems of utilization of mycelial wastage continues 

in several main directions, which are: 
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1. Using mycelial wastage for the technical purposes as additives in concrete 

grouts, gauge staffs or fired materials, for receiving fuels, sorbents.  

2. Using nutritional chemicals of biomass in agriculture for biofertilizers. 

  Biochemical method of processing of biomass is based on bio-composting. 

Biomass is mixed with biologically active agent as a carrier of compost 

microorganisms and the organic material, which sorbs free water. It can be wood 

scraps, straw and some renewable natural material as peat. One of these methods 

based on application of vermiculturing. Mycelial biomass is mixed with organic 

materials and is processed with using a compost worm. The received mass provides 

further using as fertilizer [2].  

The attractive option of processing biomass is using biomass as foam-forming 

addition in getting hollow compressions. Firstly biomass is hydrolyzed to foam-

forming substance, which is implemented in the production of construction materials 

[3].  

Micelial wastage are used as components of broths for microorganisms with a 

pretreatment by enzymatic hydrolysis. That allows to release larger amount of the 

used raw materials, to reduce costs of purchase of expensive and scarce components 

of mediums. 

The problem of utilization of biomass is urgent for the biotechnological 

enterprises producing fodder ferment preparations. At the moment the domestic and 

foreign enterprises for production of biotechnological production send biomass (as 

by-product) for burial. Usually it is subjected beforehand to a thermal or chemical 

treatment for the purpose of an inactivation of viable cells. Processing 

biotechnological wastage into biohumus presents one of the most using methods of 

biotechnological ways of utilization, based on available materials. 

There are two problems: ecological and economic. Ecological problem is 

elimination of pollution of the air environment from the territory of burial. Economic 

problem is receiving the product to be used it as organic fertilizer. The flowchart of 

biomass processing in agriculture by bioconversion is proposed. 

The proposed flowchart is presented in the form of functional model (Fig. 1). 

 
Fig. 1 ï Functional model of technology of processing of mycelial biomass in industrial 

conditions. 

I ï myceliam pre-treatment stage, II ï inactivation stage, III ï bioremediation stage, IV ï 

receiveing a commodity form; 
1 ï mycelium accumulation, 2 ï filtration, 3 ï heat treatment, 4 ï desintegration, 5 ï mixing 

with organic addition, 6 ï biocomposting, 7 ï accumulation of a bioproduct, 8 ï dosing, 9 ï 
packaging. 
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Biomass is collected in the tank, and then is dehydrated on press filters. The 

dehydrated biomass is exposed to thermal treatment within an hour at a temperature 

of 135-140 ÁC in acidic environment. The neutralized biomass is exposed to 

disintegration then mixes up with the organic addition containing natural 

microorganisms. Then there is a biocomposting. The processed bioproduct is 

collected, then is packaged and stored.   

There is an urgent need of the development in technology of  biomass processing 

is making enviroment safe and cost efficient. This way allows to receive fertilizers for 

use both in agriculture, and at private owners of garden sites as the received weight 

will possess the useful nutrients for plants growth and the useful microflora due to 

mixture with organic material. 

According to the current legislation in Russia the enterprises that violate sanitary 

and environmental standards have no right for operation and have to be reconstructed 

or closed. In this regard, development of technologies for processing of industrial 

biowaste is extremely topical. 
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ɸʥʥʦʪʘʮʠʷ: ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤ ʫʪʠʣʠʟʘʮʠʠ ʤʠʮʝʣʠʘʣʴʥʦʡ 

ʙʠʦʤʘʩʩʳ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʣʠʪʝʨʘʪʫʨʥʦ-ʧʘʪʝʥʪʥʳʡ ʦʙʟʦʨ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʧʦʩʦʙʦʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʮʝʣʠʘʣʴʥʦʡ ʙʠʦʤʘʩʩʳ. ɹʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚʦʟʤʦʞʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʝʝ ʩʭʝʤʘ.  
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Abstract: The article studies the influence of process conditions on the manufacture of low-

lactose fermented milk drink. The optimal dose of enzyme was applied and the type of dairy starter 

cultures was selected. The obtained fermented milk drink was evaluated for physico-chemical and 

organoleptic indicators. 
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The implementation of priority directions of state policy in the field of healthy 

nutrition involves the development of new food products using biotechnology 

achievements. Currently fermenting microorganisms with new functional properties, 

and enzymes that generate high digestibility and biological value, the flavour and 

texture of fermented milk products are extensirely used [1]. The use of both types of 

organic products sold in developing dairy products for people with lactase 

intolerantly. Fermented milk drinks partly in prove the physiology of nutrition in 

secondary lactose intolerance, but primary require special nutrition with the use of the 

products, partially or completely devoid of lactose. The lactase enzymatic hydrolysis 

is implemented to obtain such products. 

A study to determine the dose of the enzyme to obtain low-lactose dairy 

substance [2] and selection of the type of starter culture was conducted for the 

manufacture of lactose-free dairy drink (Table 1). 
 

Table 1 ï Characteristics of starter cultures 

The name of the 

starter 

Composition and types of 

microorganisms ferment 

The titer of microorganisms 

"Vivo:Yogurt" 

Str. thermophilus, Lac. delbrueckii ssp. 

bulgaricus, Lac.acidophilus, Bb. lactis, 

Lac. ssp. lactis, lactose. 

ICD ï 2Ĭ109 CFU/g; 

Bifidobacteria ï 2Ĭ109 

CFU/g. 

"Bifivit"  

Str. thermophilus, to Milk. delbrueckii 

marked ssp. Bulgaricus Milk. 

acidophilus, Bb. ctis, Milk. marked ssp. 

cremoris, Lac. marked ssp. milk, Milk. 

milk marked ssp. milk var. diacetylactis 

Lactic acid bacteria 2Ĭ109 

CFU/g; 

Bifidobacteria - 2Ĭ109 CFU/g. 

"Kefir"  

Kefir fungi, Str. thermophilus, Bb, Lac. 

delbrueckii ssp. bulgaricus 

Lactic acid bacteria - 5Ĭ108 

CFU/g; 

Yeast ï 103 CFU/g. 
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Out of the manufactured experimental samples of fermented milk drink using 

three types of starter cultures, there was a preference for the product on the starter 

"Yogurt", which had a delicate sour taste, dense clot and was used in subsequent 

experiments. 

In studying the effect of chemical composition on properties of milk in the 

fermented milk drink the samples were manufactured from normalized milk with fat 

content 2.5 %, 3.0 % and 3.9 % of the milk with the same fat content, but processed 

by ɓ-galactosidase from the calculation of the 7000 activity units per 1 dm3 of milk. 

The fermentation was carried out by incubation method in order to avoid infection at 

a temperature of 38 ÁC 8 hours and up to 24 hours the drinks were kept at 5 ÁC [3]. 

Physico-chemical parameters, the content of lactose, SNF were measured in the final 

samples was (Table. 2).  
 

Table 2 ï Physico-chemical parameters of samples 

Sample 
Dry nonfat 

milk rest, % 

Lactose 

content, % 
Acidity, ÁT pH 

The viscosity 

of the 

expiration, s 

Whole milk 7.91 4.6 19 6.58 1.82 

low-lactose milk treated with the enzyme 

Fat = 2.5 % 8.1 3.96 80 4.51 7.31 

Fat = 3.0 % 9.3 3.44 83 4.57 8.56 

Fat = 3.9 % 9.7 2.25 77 4.63 3.23 

milk not treated with enzyme 

Fat = 2.5 % 8.0 4.4 80 4.61 3.15 

Fat = 3.0 % 9.3 3.6 83 4.54 8.08 

Fat = 3.9 % 9.5 4.2 82 4.58 4.75 

 

Every two hours from the start of fermentation within 8 hours active and titratable 

acidity was measured, as the clot at the time of expiration of fermented mass. The 

diagram (Fig. 1) clearly shows that an active increase of acidity was observed in milk 

samples treated with enzyme, the product of 3% processed milk. For samples based 

on whole milk indications of defined targets were close to the drink from fermented 

milk with 2.5% fat content. A slow accumulation of lactic acid in full-fat milk after 

the processing of ɓ-galactosidase was observed. During exposures up to 24 hours the 

in a refrigerated state fermented drinks continued to build-up acidity, this was 

especially manifested in samples treated with fermented milk. 
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Figure 1 ïDiagram of the changes of acidity of the samples 

 

Changes of the viscosity of samples depending on the fat content of the mixture, 

the treatment with enzyme and time of ripening are presented in chart form in Figure 

2. 

 

Fig. 2 ï Diagram of change of the viscosity of samples 

 

At the end of fermentation sensory characteristics from six samples of the 

finished product were also evaluated (Fig.3) on a ten point scale. 
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Fig. 3 ï Diagram of organoleptic characteristics of drinks 

 

Preference was given to products with fat content of 3.0 % and 3.9 %, treated 

with the enzyme. They had a sweet, dairy flavor, creamy flavor and delicate texture. 
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Abstract: The description of the value of soy and its use in animal breeding, human 

nutrition, manufacturing, pharmaceuticals and construction is given. The types of planters used for 

planting soybeans are described and their shortcomings are listed.  

We have proposed a sowing machine, including disks with cells forms and dimensions, 

which correspond to the seeds of soybean with the aim of improving the quality of sowing. 
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The country development strategy till 2020, is to increase the productivity of 

crop and livestock production 1.6-1.7 times and to achieve in this result, the world 

average [1]. 

For the implementation of this program a forage base is needed, which will 

allow us to organize the production of a full research-based recipe feed with the 

maximum use of high-protein legumes - peas, soybeans, beans, lupin, canola.  

The most valuable culture of the bean is soy, which contains 36...48% 

biologically complete protein (all essential amino acids), which is an alternative                   

to expensive animal protein. It contains 20...26% fat, a lot of different vitamins and 

other biologically active substances, which makes soy a valuable additive for animal 

feed. 

In addition to high nutritional value,  high quality soybeans are important in 

modern agriculture. This crop can improve water-physical properties of the soil. 
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Fixing nitrogen from the air and returning it to the soil through rhizobia bacteria. It 

can utilize nutrients inaccessible substances from the deep layers of the soil, which 

makes it a valuable precursor for many crops, especially under irrigation. 

Soy, as a source of cheap protein food, is also used to make pharmaceuticals, 

cosmetics and food of the population. 

Therefore, soybean is a strategic crop for increasing livestock production, 

especially pigs and poultry [2]. 

According to statistics, in 2007, the total sown area of soybean in the world has 

made 90,19 million hectares and total production was 220, 5 million tons [3]. 

According to the statistics of Tambov region in 2012-2015 years the acreage of 

soybeans increased from 7.81 to 44.05 thousand hectares i.e. 5-6 times, and the yield 

rose from 14.92 to 18.60 kg/ha and the gross harvest from 11.64 to 81.61 thousand 

tons. 

Tambov region is an the area of intensive pig breeding and takes the third place 

in meat production in the country [4]. 

Cultivation of soybeans is a priority for the further development agriculture of 

the Russian Federation and the Republic of Kazakhstan. Quality sowing is one of the 

conditions for obtaining high yields of this crop, which is provided by the use of 

machines for precise seeding. 

Attempts to design other crops have not been successful due to the mismatch of 

the technological process of their work, dimensional, physical, mechanical and 

technological characteristics of the zoned seeds of soybean. 

Along with the increase in acreage one of the important conditions of soybean 

gross yield increase is its increase in yields mainly due to the correct introduction of 

intensive technology of cultivation, based on modern scientific and technical 

achievements and best practices. 

The correct introduction of intensive technology of cultivation leads to an 

increase in gross harvest of soybeans. 

ʊhe scientific validity of each operation, their focus on improving conditions 

for growth and development of plants; high quality and timely execution of all 

processes, the availability of the necessary funds in strict accordance with the modern 

agro-technical requirements are the main conditions of high efficiency of new 

technology of cultivation. 

Integrated combination units for row crops American or European production 

ensure high productivity and quality of soybean cultivation. 

However, the majority of rural households in Russia cannot buy expensive 

imported equipment due to financial and economic problems. 

In addition, maintenance of imported equipment in Russia requires much time 

for its execution, which leads to the violation of agrotechnical terms of performance 

of technological processes and, consequently, a reduction in the yield of agricultural 

crops [5]. 

Nowadays in Russia and abroad many devices have been developed for 

seeding grain, small-seeded and little loose materials of various designs and styles: 

coil, straight, spiral, different-sized grooves with a herringbone arrangement of 
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grooves and screw, disc. 

A reel-to-reel and disk sowing machines had the greatest distribution of 

available ones, which have drawbacks: the irregularity of seeding on the length of the 

row; intermittent seeding rate - deviation Ñ 4 %; increased consumption of seeds; the 

injuring of seeds more than 1%, which did not satisfy the agricultural requirements 

[6,7,8]. 

This is because of bobbin and the disk apparatus can sow the seeds of certain 

geometric sizes and shapes only at a given seeding rate (optimal), compliance with 

speed limits, uniformity of soil surface before sowing and appropriate, and customize 

the planter for optimal operation [9]. 

Advanced sowing machine for soybean is the disk with cells, the shape and 

dimensions of which correspond to the seeds of soybean. Therefore, the development, 

substantiation and research of the sowing apparatus for sowing of soybean seeds is an 

important task, which has important economic and commercial value. 

Development of designs of sowing machines is aimed at the improvement of 

technological process of seeding. It provides for higher yields, improves their 

productivity, reduces metal consumption and labor costs for technical and 

technological services. 

Also, great importance is attached to modernization of existing and creation of 

new planting machines for better performance of technological process of sowing. 
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Abstract: The article presents data from a study of enzymatic hydrolysis of lactose whey after 

thermoacid coagulation proteins with ɓ-galactosidase fungal origin. The reaction rate and 
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Biochemical processes in the manufacture of products from recycled milk and 

raw milk are actively involved in the stages of formation of nutritional and 

organoleptic properties of the products, and provide security and stability during 

storage. It should be noted that biochemical processes involved in the processing of 
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secondary raw milk ï whey, buttermilk ï have less pronounced activity, except when 

the fermented drinks based on them are produced. This group occupies a special place 

in the production of food products for people suffering from lactose intolerance, the 

preparation of which involves the use of an enzyme preparation ɓ-galactosidase for 

digestion of lactose. 

In developing whey-based drinks it was decided to produce lactose-free whey 

drinks. The feedstock was secondary dairy raw material generated in the production 

of soft cheese by thermoacid coagulation. 

Features of raw materials 

The advantages of whey produced in this way, compared to cottage cheese and 

cheese are as follows: a small amount of protein crisps, sweet-sour taste, fat 

concentration in the range of 0.3-0.8%, pH 5.5-6.1. Furthermore, whey is virtually 

sterile due to the high temperature of 92-94ÁC of the milk required for clot formation. 

We made a series of samples of whey beverages with herbal supplements in the form 

of syrups - cherry, rosehip, orange, - providing for the original organoleptic 

characteristics and changes in the physiological value by increasing the mineral 

content (Figure 1). 

The produced drinks have a good taste and quench thirst well, but are 

characterized by the presence of easily digestible carbohydrates, including whey 

lactose. In order to reduce the proportion of sugar and milk in the beverage with low 

whey lactose was obtained by enzymatic hydrolysis of beta-galactosidase of 

microbial origin using Aspergillus oryzae fungus.  

 Fig. 1 ï Mineral content in whey drinks 
 

Determination of the velocity of hydrolysis of lactose 

To clarify the flow of the enzyme preparation and the conditions of its use in 

beverage production we carried out experimental studies of kinetic regularities of 
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catalysis of lactose in whey medium after thermoacid coagulation of milk proteins. 

This is important, as chemicals in whey lactose can affect the catalytic activity of the 

enzyme. To determine the Michaelis constant we used the Leinweber-Burke graphical 

method of reciprocals. We found experimentally the lactose hydrolysis reaction rate 

and the amount of lactose that was not hydrolyzed (Fig. 2). 

 

Fig. 2 ï Graph of Leinweber-Burke linear transformation of double return values 

 

According to the obtained value of the direct Michaelis constant Km for this case 

is 1.14 mM, in agreement with the order of magnitude of half the data for ɓ-

galactosidase, obtained from various biological materials (1 to 2.5 mmol). Using the 

Michaelis-Menten, the equation rate of lactose hydrolysis reaction in the presence of 

whey enzyme ɓ-galactosidase preparation is obtained. As a result of the experiments 

the velocity of lactose enzyme catalysis reaction was ɡ = 0.01 g / s. The magnitude of 

the reaction rate can be used to calculate the time of the enzymatic hydrolysis of 

lactose. 

To clarify the optimal conditions for catalysis of whey lactose in thermoacid we 

determined dependence of the rate of the hydrolysis reaction on the pH value. In the 

pH range of 5.5 - 6.0, the velocity of the hydrolysis reaction had a maximum value. It 

is known that the optimal temperature for lactose hydrolysis is in the range 32-45ÁC. 

To clarify the process conditions for processing whey as a substrate a complex 

chemical composition, and the individual components which may have an inhibitory 

effect on ɓ-galactosidase, we studied the effect of temperature on the reaction mixture 

during the hydrolysis of lactose. It was found that the maximum rate of hydrolysis of 

lactose in whey was observed in the temperature range of 33-37ÁC. 

The findings form the basis for the development of process instructions for 

making lactose-free whey drinks. The cost of such a drink would be 5% higher than 

the whey drink with lactose. According to preliminary calculations, processing of 1 

ton of whey requires about 70 grams of enzyme with the activity of 700 units. 
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Abstract: The article describes a method of improving the basic design of the reactor for the 

production of formaldehyde. The existing methods of production of this product are unprofitable in 

relation to the economic component and from the technological part of production. We propose a 

method of improving the design of the reactor by using a stainless steel grid made with the argentic 

catalyst placed on it. 

Keywords: formaldehyde, technology, reactor, catalyst, chemical engineering, technology 

equipment. 

 

Introduction  
Formaldehyde is a very active chemical compound that easily reacts with other 

substances forming a big class of new connections. It was found out that a classical 

method of production of formaldehyde is very expensive; therefore, we propose to 

enhance a basic design of the reactor by using corrosion-resistant grid with the 

argentic catalyst. 

The method of production of formaldehyde involves oxidizing of methanol by 

dehydrogenation of air oxygen under high temperature on the argentic catalyst. At the 

same time, the catalyst in the reactor is placed so that the distance from a pipe grid of 

the shell and tube heat exchanger to a surface of a layer of the catalyst makes 2 cm. 

The method allows to reduce the formation of by-products and to increase selectivity 

of process [1]. 

The reactor consists of a vertical cylindrical device in which the lower part is 

the shell and tube heat exchanger, where the interpipe space water condensate moves, 

and reactionary gases pass on the pipe space. The catalyst is located on two layers of 

a corrosion-resistant grid, with the electrofuse from above (Fig.1).  

At start-up, the warming up of the contact weight up to the temperature of 300 

ÁC was carried out by an electrofuse, and further rise in temperature occured due to 

the heat of reactions.  

The reactions of contact gases in the catalyst layer resulted in the formation of 

methanol-air mix: formaldehyde, hydrogen, carbon dioxide, carbon monoxide, 

nitrogen, water vapors, non-reacted methanol.  
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Fig.1. The reactor 

 

For prevention of thermal decomposition of formaldehyde and termination of 

collateral reactions, the contact gases coming out the engagement zone were sharply 

cooled in the subcontact refrigerator up to the temperature of 200 ÁC by evaporation 

of the water condensate coming from a steam collector to interpipe space of the heat 

exchanger, a steam collector from heatpoint from a collector. 

 The device represents a vertical welded structure made from stainless steel. It 

is integrated in it so that it is possible to select the upper cylinder-conic chamber in 

which the lower part of the catalytic agent layer, the pipe bundle and the lower 

cylinder-conic chamber are located. A heat-exchanging part (a pipe bundle) consists 

of a cylindrical casing and two fixed pipe grids in which heat-exchanging pipes are 

fixed. To compensate non-uniformity of temperature deformations of the casing and 

heat-exchanging pipes on a cylindrical shell of a pipe bundle lens compensators are 

set. 

The device is also supplied with necessary links for submission of the initial 

components and exit of a product, exit of cooling liquid and units for monitoring of 

process parameters. The parts of the device have flanges plane welded with a sealing 

surface like overhang trough. 

In the course of work, we developed the route card of an operational 

production process of a pipe grid. 

Pipes in the grid of the heat exchanger are the punched round parts with the 

openings located on them. They are used for placement of heat exchange tubular 

elements.  

The pipe grid consists of a disk with a diameter of 2055 mm, with a large 

number of openings (3333 pieces) with a diameter of 25 mm ocated on tops of the 

correct hexagon. The height of a pipe grid was 30 mm, with two facets 2.5x45 ↔ and 

1ʭ45 ↔ in the openings. The method of fixing pipes in the pipe grid was flaring in two 

flutes (the length of flaring was 26 mm), the width of a flute was 3 mm, the distance 
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between the flutes was 7 mm. 

Proceeding from the fact the pipe grid has a big diameter it is reasonable to use 

the sheet hire. 

In the process of manufacture of the pipe grid we performed: 

1. procurement, i.e. cutting procurement from a sheet; 

2. Turning, i.e turning of four surfaces for 2 sets; 

3. Marking, i.e. 3333 openings with a diameter of 25 mm were marked up, the 

opening with a diameter of 10 and an opening with a diameter of 12 mm for 3 sets 

were marked up; 

4. Drilling operations included drilling, chamfering and core-drilling of 3333 

openings with a diameter of 25 mm, chamfering of facets and boring of two flutes. 

Then the opening with a diameter of 10 mm and facets were drilled. In nother set an 

opening with a diameter of 12 mm was drilled, chamfering of a facet in this opening 

was carried out and the carving was cut with a radial-drilling machine 2A554. 

5. Testing 

The proposed design of the reactor allows: 

¶ to reduce account coefficient on raw materials; 

¶ to increase the selectivity of process; 

¶ to increase the conversion of methanol. 
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Abstract: In this article, we propose to use carbon nanotubes (CNT) and nanoporous carbon 

(NPC) as an adsorbent. We have carries out various experiments on water purification from 

organic molecules. The adsorption capacity was 380 mg/g and 780 mg/g for the CNT and NPC. 

Keywords: adsorption, adsorption capacity, carbon nanotubes, mesoporous carbon, methyl 

orange. 

 

Currently, much attention is paid to the complex purification of fresh water and 

technical water treatment. The main problem is not only limited water resources, but 

also their disturbed elemental composition. This formulation contains many 

contaminants. All living organisms consist of water to 70-80%. This confirms the 

importance of water resources [1-3]. 

High rates of development of industry and urbanization and anthropogenic factors 

(people cut down forests, discarded household and industrial waste into the 

environment, etc.), are the main causes of the lack of quality water. 

Scientific developments are aimed at solving global environmental problems. 

Scientists propose to modify the known sorbents, create new material. All these 

materials have improved sorption properties for water purification from organic 

materials. 

Water purification processes are different, but the adsorption methods are the 

most widespread. These methods can remove up to 90% of the pollutants molecules. 

The volume of the pore space of the material and structural characteristics affect their 

adsorption properties [4-5]. 

The work is aimed at studying the properties of carbon nanostructured materials, 

such as CNT and NPC. 

The authors studied the structural characteristics of sorbents using SEM with 

Raman spectroscopy (Raman, Raman). SEM images were obtained at the 

Interdisciplinary Center of "Analytical Microscopy" at Kazan (Volga) Federal 

University, using a field emission scanning electron microscope (CARL ZEISS, the 

accelerating voltage of 5kV, InLins SE detector) (Fig.1). 

Also, the authors obtained Raman spectra (Center for collective use "Preparation 

and Use of multifunctional nanomaterials TSTU"). We used the Thermo 

SCIENTIFIC (USA). 
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    ʘ)      ʙ) 

Fig.1. SEM image of the surface of carbon materials (a - CNT, b - NPC) 

 

We obtained spectra of the carbon material. Lanes G and D lie in the range of 

1500-1600 sm-1 and 1250 - 1450 sm-1 [6]. 

These data show a low content of single-wall carbon nanotubes, and amorphous 

carbons. The Raman spectrum of NPC shows the uniform and orderly structure of the 

sample. 

The authors conducted experiments on the purification of aqueous solutions from 

pollutant molecules. Methylene orange dye was used in the experiments as a 

pollutant. The researchers used a technique of carrying out the experiment with 

GOST 4453-74. We poured into 25 ml of solution volume in the flask was added the 

mass of 0.03 g sorbent in the rotator flasks were shaken at 120 rev / min. The 

experiment lasted exactly 45 minutes. These tubes were centrifuged at 10 000 rev / 

min. To determine the concentration of the solution in a test tube we used a 

spectrophotometer PE-5400. Experimental data were counted and plotted (Fig. 2) [7-

8]. 

 

 
 

Fig. 3 Sorption isotherms of organic dye on the carbon nanotubes and mesoporous carbon 

 

Adsorption is 50 mg / g for a standard activated carbon, adsorption on CNTs and 

NPC was 380 mg / g and 780 mg / g, respectively. These results confirm the 
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promising applications of nanomaterials as adsorbents. 

Thus, the authors have shown improved properties of nanoporous materials in 

comparison with conventional adsorbents. 
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Abstract: Economic growth is characterized by the value of scientific and technological 

progress and by the intellectualization of the basic factors of production. Nanoproducts help to 

improve the properties of products and contribute to the economic growth in general. The paper 

studies the state of the nanotechnology market in Russia and assesses the prospects of the domestic 

production of nanoproducts. 

Keywords: nanoproducts, domestic production, global market, economic level, increase in 

effectiveness. 

 

The leading role in the intensive development of the economy belongs to 

qualitatively new industrial technologies, which provide an increase in equipment 

productivity and the emergence of materials with new properties and possibilities of 

their application. The production of nanomaterials and adding them into the products 

contributes to such development. Currently, the majority of nanomaterials are 

different kinds of coatings, membranes and powders, which can be used in the 

production of materials for the improvement of consumer characteristics. 

For several years, there have been debates and discussions about the prospects 

of development of nanotechnologies. Carbon nanomaterials are not unique in foreign 

manufacturing. The market of domestic production of nanoproducts is in its infancy 

now. But at the same time, the leading Russian research organizations obtain 

significant results in the field of synthesis of carbon nanostructures. 

Therefore, the results of scientific research and industrial production of carbon 

multi-wall nanotubes conducted by Tambov State Technical University are extremely 

interesting. The process of creation of technology and equipment for industrial 

production of carbon multi-wall nanotubes is done in cooperation with çTambov 

Plant çKomsomoletsè named after N.S. Artyomovè and Tambov Innovativeï

Technological Center of Mechanical Engineering. The result of this work is the 

reactor for the synthesis of CNT "Taunit", the chemical and technological scheme of 

production of CNT "Taunit" and distribution of these products abroad. Such results of 

small-scale industries give us hope that the development of nanotechnologies in 

Russia may increase the economic level of the country.  

However, nanotechnologies in Russia constitute a very small part of all used 

materials. The expected return in the nearest years remains low and a growth of 

investments has not changed over the past few years. However, further development 

of this sphere can lead to a significant increase in the effectiveness of the industry, as 

well as the final transition of the country from the natural-resource economy to the 

knowledge-based economy. It means the significant reduction in the influence of 

natural resources and the increase in the influence of human capital on the national 

https://teacode.com/online/udc/66/661.66.html
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economy. Small companies, which produce CNT, need more financing and support of 

the government to enter the global market. Increase in the volume of nanoproducts 

and entering the global market cannot only promote the economic growth of the 

country, but in general can allow changing the direction of economic development of 

the Russian Federation. 

Also, there are some advantages of such support for the government. 

Investments in nanotechnologies and creation of strategy can really bring huge 

economic benefits, the basis of which is the increase in the effectiveness of the 

economy as a whole, rather than a large-scale production of nanotechnologies. 

Meanwhile, the emergence of innovative products and new industries can create an 

opportunity for significant change in the regulation of power in the world. Eventually 

it is impossible to win the race of technologies by investing more and more resources 

in it, but it is possible by evaluating the impact of the nanotechnology market on the 

economy and by using the effective strategy. 
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ʈʦʩʩʠʠ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘʥʦʧʨʦʜʫʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʧʨʦʜʫʢʮʠʷ, ʦʪʝʯʝʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʠʨʦʚʦʡ ʨʳʥʦʢ, ʫʨʦʚʝʥʴ 

ʵʢʦʥʦʤʠʢʠ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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Abstract: The paper studies the basic environmental risks and the causes of their occurrence. 

The projects of young scientists of Tambov State Technical University are the example of effective 

work to identify and eliminate potential environmental risks. 

Keywords: environmental risks, innovative project, environmental safety. 

 

In the XXI  century competitiveness of the company is becoming increasingly 

important. Competitiveness implies a detailed analysis of the company activity 

through market research, which consists of demand for products, the wishes of 

consumers, the development of innovative products and promotion of them on the 

market and as a result, the profit. Itôs important to make this process constant because 

nowadays it is the main factor of success [3].  

But working on an innovative project at any stage of its realization may be 

accompanied by different risks. Along with the external political and economic risk 

there is environmental one, because the elimination of its damage requires a 

significant investment. 

Environmental risk can be defined as the one which entails environmental 

degradation manifested in the deterioration of the environment and human health [1]. 

The main causes of environmental risks are frequent changes in legislation, especially 

in the sphere of environmental requirements;  industrial accidents; changes in 

attitudes to government project [2]. 

There is a great problem that risk factors, and especially environmental, are not 

taken into account during the creation of inter-sectoral criteria for the evaluation of 

the effectiveness of the innovation project. But the ratings of investment 

attractiveness of the industry are created on the basis of these evaluations. 

The task of reducing environmental risks becomes relevant during the work on 

large innovative projects, which are characterized by rapid development of 

production and accompanied by conflict of interests of economic growth and the 

environment protection. Generally, business owners and various types of institutions: 

the social, administrative and political one spread such interests.  However, their 

interests often have a dual character. 

Unfortunately, most consumers do not care about the productôs safety, but 

about its low cost. That is why society is not the main element, which influences the 

decision of environmental safety management. 

Today, the government increases the restrictions in the area of air protection, 

water use, waste management and soil pollution, what should positively affect the 

environmental safety of the country in their opinion [3]. 

But how effective this policy is? After all, for its productive realization which 
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involves the creation of the necessary enabling mechanisms, we need to compensate 

the appearing environmental risks which get a lot of attention nowadays. 

In economic terms, the cost of environmental elaboration of projects, including 

the environmental risk evaluation, should be made at the early stages of projects 

realization, because the return in this case comes from the environmental payments 

by creating effective management of reduction of risks in the innovative project. But 

the practice shows that at the initial stage of the project environmental safety does not 

get enough of attention [2,5]. 

But it should be noted that evaluation of the environmental risks of innovative 

projects has serious methodological and practical importance that has been confirmed 

many times in the process of realization of innovative projects. 

Environmental risks management or their elimination at the preliminary stage 

is a challenging task for project managers. That is why one of the most effective ways 

of risk prevention is the analysis of possible environmental risks and their 

classification at the early stages. It can help to control them during the further work.   

While working on the projects, young researchers of Tambov State Technical 

University consider potential environmental risks. For them the environmental safety 

and protection is becoming one of the most important tasks, as an opportunity for 

financial gain and economic growth as whole. At the preliminary stage scientists 

analyze the main components of innovative products, one of the main criteria for 

which is environmental safety. 

For example, in the project "The long-term heat storage based on sodium 

acetate modified by graphene", environmentally friendly products were initially taken 

and the causes of environmental risks were fully worked out from the stage of 

inception of the idea to the stage of product utilization [7]. 

A primary goal of the project "Investigation of lubricants modified with CNM" 

is the removal of the treatment of the most dangerous materials concerning human 

health and environment [6]. 

The project "Development of the program for promotion and improvement of 

international competitiveness of domestic innovative products using the example of 

carbon nanotubes series "Taunit " and equipment for its synthesis" aims not only to 

explain the effectiveness of using carbon nanotubes (increase of material strength, its 

main characteristics and the optimization of weight and size parameters) but also to 

prove its environmental safety [4,5]. 

Thus, we can conclude that the using of elaborate mechanisms which can 

compensate the environmental risks leads to the successful implementation of 

innovative projects. 
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Abstract: Raman spectroscopy is one of the methods of studying the grapheme layers 

structure of carbon nanotubes (CNTs). In this work were studied Raman specters of CVD-processed 

CNTs. Changes of characteristic peaks and defectiveness parameters after liquid-phase 

functionalization at 65% nitric acid and gaseous-phase processing by fluorine steams were 

investigated. Decreasing of defectiveness parameters, what may be due to removing amorphous 

phase of carbon, with short processing time was noticed. Oxidizerôs aggressive effect provokes a 

growth of defectiveness with increasing of processing time. Possibility of studying optimal modes of 

functionalization with minimal destruction of CNTs was shown.  
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 Carbon nanotubes can be used as filler of composite materials with improved 

mechanical and electric properties. For getting this result necessary to solve problem 

of uniform allocation CNTs in different types of material. It can be reached with 

chemical processing in solutions of acid and other compounds and their steams. In 

processing of this different functional groups are created on surface of graphene 

layers, which improves interaction between them and composite matrix.  

 The most popular methods of functionalization is oxidation and fluorination. It 

is known that some defects are created in locations of functional groups formation. 

Character and placement of this depends of chemical processing conditions. This 

properties can affect to mechanical and electric characteristics of CNTs and 

composites based on it. Destructive changes of CNTs after functionalization can be 

very essential [1]. Raman spectroscopy can be used for qualitative assessment of 

graphene layers of CNTs. Raman spectra of CNTs includes some typical peaks [2]: D 

(~1250 sm-1, presence of carbon in sp3-hybridization state, defective surface area), G 

(~1550 sm-1, presence of carbon in sp2- state, non-defective surface area), 2D, D+G 

and 2G (~2650 sm-1, ~2950 sm-1 and ~3210 sm-1, combined overtones of D and G 

peaks, changing of graphene layers structure). Analysis of their intensity and areas 

and calculating of ratios can give information about power of surface defectiveness. 

 The purpose of the study was discovering influence of functionalization 

methods (oxidation and fluorination of CNTs) to continuity of graphene layers by 

Raman spectroscopy based on inelastic scattering of visible and near infrared 

radiation.  

 As samples were used multiwalled carbon nanotubes "Taunit-M" 

("NanoTechCenter", Tambov), which was processed by: a) oxidation in H2O2 steams 

with 140ÁC during 2-30 hours; b) oxidation in 65% nitric acid with 100ÁC during 0.5-

6.5 hours; c) gaseous fluorine with 150-250ÁC and pressure 0.8-1.0 atm. up to 2 

hours.  

 Fig.1 shows Raman spectres of initial and processed CNTs by hardest 

conditions (temperature or duration). Processing by nitric acid provokes growth of 

areas of D and G peaks. But their relative growth is different. This leads to high 

increasing of D/G ratio, which is defectiveness parameter, and illustrate partial 

destruction of surface layers of CNTs. Oxidation by H2O2 steams characterized by 

decreasing of D/G ratio. It illustrates regenerative effect to CNTs surface, but relative 

growth of the peaks is small, which indicates low power of functionalization. It 

confirmes by [3]. Fluoridation is not affecting to value of D/G ratio. Growth of areas 

of the peaks is small, which says about low power of functionalization. 
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Fig. 1. Raman spectra of CNTs: 1) initial; 2) fluorinated at 250ÁC during 2 h; 3) oxidized at H2O2 

steams at 140ÁC during 30 h; 4) processed by 65% nitric acid at 100ÁC during 6.5 h 

 Fluorinated and oxidized CNTs is effectively using as composite modificators 

with increased mechanical properties. Therefore influence of chemical processing 

modes to power of functionalization is interesting for studying. Analysis of Raman 

spectra presented in tab.1.  

 

Table 1. Data of Raman specters analysis of fluorinated and oxidized CNTs ñTaunit-Mò 

Type of 

processing 

Conditions of process D/G Average peaks area 

2D D+G 2G 

initial CNTs - 1.011 7184 1098 491 

Oxidation by 

HNO3 

1000ʉ, 0.5 hrs. 0.941 7695 1089 380 

1000ʉ, 2.5 hrs. 1.340 7782 2274 591 

1000ʉ, 3.5 hrs. 1.350 10702 2479 321,4 

1000ʉ, 6.5 hrs. 1.577 12659 5687 797 

Fluorination 1500ʉ, 0.9-1.0 atm., 2 hrs. 1.166 4856 1084 752 

2500ʉ, 0.9-1.0 atm., 2 hrs. 1.114 4564 1082 609 

1500ʉ, 0.8-0.9 atm., 2 hrs. 1.063 5739 1003 679 

1500ʉ, 0.8-0.9 atm., 10 min 0.895 7253 692 776 

1000ʉ, 0.8-0.9 atm., 9 min 0.953 5424 845 648 

  

Processing with nitric acid dirung 0.5 h reduces defectiveness parameters of 
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CNTs. This is due to removing amorphous phase of carbon on first stages of  

oxidation. Further growth  of D, G, 2D and D+G occurs because of new defects 

creates. Intensity of 2D peak decreases up to 3.5 h and later starts to grow up.  

 Functionalization with gaseous fluorine characterized by slight increasing of 

D/G parameter in the long processing and decreasing in the processing less than 10 

minutes. Totally, short processing time characterized by decreasing of 2D and D+G 

peaks. Also it can be explained as removing of amorphous phase. Long time 

processing with increasing temperature and decreasing pressure reduce growth speed 

of defectiveness parameters of CNTs. 

 In this work was presented possibility of researching of functionalization 

modes, which minimizes destruction of grapheme layers of CNTs to exclusion 

negative effects of processing.  
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Abstract: The importance of crystallization is emphasized by the fact that the problems at this 

stage not only have effect on the quality of the finished product, but also create additional energy in 

the final stages of production. 
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Production of sulphamic acid (SA) is one of the strategic directions of the 

Pigment Chemical Company. In recent years, a significant reconstruction of the 

technological schemes of sulphamic acid production was carried out, as well as the 

technology changed the parameters, resulting in improved product competitiveness in 

the Russian Federation. 

However, the level of competitive prices on SA of similar quality produced in 

China and India is no more than 18.5 rubles / kg in the world market, while the level 

of the cost of manufactured SA - 39.2 rubles / kg. In this context, the issue of 

reducing non-productive and direct costs is quite sharp and is a high priority [1]. 

The crystallization step (recrystallization) and isolation determines not only the 

desired product particle size distribution, but also indicators such as the share of main 

substance and impurities, and the product yield. The importance of crystallization is 

emphasized by the fact that the problems at this stage not only have effect on the 

quality of the finished product, but also create additional energy in the final stages of 

production. 

In view of the fact that the sulphamation step is carried out with 15 - 20% excess 

of oleum, with a mass fraction of 24% sulfuric anhydride in the crystallization 

process, 1) the solubility of SAH in the presence of sulfuric acid is reduced and, 

consequently, a coarse phase cannot be obtained; 2) the presence of acidic medium 

significantly increases the hydrolysis rate (2-2.5), and decreases the hydrolysis 

initiation temperature. 

To neutralize the high acidity during the sulphomass crystallization step water is 

added to bring the total mass concentration based on the sulfuric acid to the range 270 

- 300 g / dm3, with the formation of side reaction with sulfuric acid. 

Upon completion of centrifugation, the filtrate obtained as sulfuric acid with an 

impurity content of about 4-6%. The resulting filtrate containing 80 to 90% H2SO4 is 

not used. It is stored in the storage pond and is securely isolated prior to injection into 
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deep aquifers. 

For the purposes of resource and energy-saving the possibility of re-use of 

sulfuric acid in related industries is considered. The main difficulty for this decision 

are the content of impurities in the acid, about 3-4% ammonium bisulfate and the 

presence of fine crystalline phase of sulphamic acid, which cannot be completely 

filtered on a centrifuge, due to too small crystal size (from 15 to 25 microns). 

The main process parameters that affect the shape and size of the crystals are the 

rate of cooling and hydrodynamic conditions in the machine. Complete extraction of 

the target substance and the formation of the crystal structure also depends on the 

initial and final temperatures of the crystallization process [2]. 

The expected results of the study: preparation of sulphamic acid with a mass 

fraction of the basic substance to 99% and reduction of impurities to 0.5%; obtaining 

crystals with a size of 40-45 microns, which would reduce the SA content in the 

filtrate to 0.8 - 1.0% and make valid use of the spent sulfuric acid in related 

industries. 
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The main indicator of the quality of the final form of pigments and dyes is a 

concentration of the color palette (I,%), i.e. the ability of the pigment to influence the 

color of the final product. The concentration of the color depends on many factors: 

the shape of the crystal structure of the chemical elements included in the structural 

formula, the spatial structure of the molecule, composition and concentration of 

impurities. 

Impurities have a great influence on the properties of the pigments. During 

synthesis salts are formed in pigment pastes. This results in reduced product quality 

indicators. We need to find solutions to improve the process of removing the water-

soluble salts from azopigments pastes. 

The main industrial cleaning method is to wash the residue on the filter septum. 

The first is the formation of a precipitate, washing it and then this sequence leads to 

an increase in energy costs and high costs of the wash water. 

We need to separate the step of removing soluble impurities from the filtering 

stage. We conduct decantation in azo coupling device. This method is suitable for the 

laboratory and for small flexible multi-type production. The method that allows to 

remove the mother liquor is more complete than when the precipitate is washed on 

the filter septum. The essence of the method is the overflow from the settled sludge. 

The method is one of the most simple and thorough to maintain the structure of azo 

crystals. 

The main disadvantage of this method is the long time of division phase azo 

pigment / water. When nanometals are added to water flushing, they: 

1) increase the rate of phase separation; 

2) increase the solubility of the salts. 

Improvement of these parameters was observed when using water in the melt, 

or by passing the water through a layer of carbon sorbent of high reactivity (USVR). 

Inserts of thin metal powders have a particle size of 50-100 nm. Micellar 

solutions are used in an organic solvent, with a particle size of 3-5 nm. Positive 

washing effect was achieved with the introduction of wash 0.0005% (wt.) 

nanomaterials. This result is explained by the change due to its restructuring solvent 

properties. To control changes in the structure of the process water its electrical 
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conductivity, density, and surface tension were measured. 

It has been demonstrated that the results affect the water structure and 

nanometals as shown in the example of F Orange pigment paste having been washed 

with six times the volume of water. Decantate was analyzed for the presence of 

soluble impurities by determining the conductivity of PP-50 solution to the liquid 

analyzer Sartorius AG, since this value indicates the number of dissolved salts, and 

the dynamics of the process shows the efficiency of various cleaning pastes with 

water cluster structure. 

To assess the relative ability of the dye (concentration), hue and color purity, 

the color difference in the total binder offset F Orange pigment is dried at a 

temperature of 70-80 Á C and then assayed by the standard method and visual 

colorimeter complex "Macbeth" to calculate the concentration of the pigment to the 

color type, color characteristics and tolerances in the shade lightness net difference in 

total color in CIE LAV system [3]. 

Different types of water were used: 

1) artesian; 

2) artesian melt; 

3) the well water is passed through CMHC layer. 

4) artesian water, passed through CMHC. 

Coloristic concentration increased by 3% when nanostructured metals (Au, Ag, 

Cu, Ni, Fe, Ni-Cr) were added to wash water. It was also found to increase the color 

concentration of 5.6%. Data on the impact of the integrated use of structured water 

and nanomaterials are presented in Table 1. 
 

Table 1. Orange color pigment G indicators 

Cleaning technology  
Instrumental evaluation 

ȹE ȹL ȹC ȹH I, % 

Traditional technology 0.33 -0.24 -0.23 0.04 101.4 

6-fold washing of artesian water 1.00 0.60 -0.75 0.25 103.4 

6-fold washing of artesian water, passed 

through  CMHC 
0.87 -0.4 0.69 0.35 105.8 

 

6-fold washing with well water that 

has passed through CMHC containing 

nanostructured material  

Au 2.386 0.184 2.29 0.642 109.3 

Ag 4.402 0.778 4.218 0.989 121.4 

Cu 3.691 0.453 3.585 0.752 115.9 

Ni 10.09 -1.77 9.6 2.36 157 

Fe 10.12 1.95 9.64 2.38 159 

Ni.Cr 3.79 1.076 3.469 1.115 121.9 

 

Using the purified water makes final product cleaner. This increases the 

concentration of the color (I = 105,8%). 

The use of nanomaterials increases the concentration. Ni and Fe demonstrated 

the highest efficiency. 

Experimental results showed that the structure of water and nanostructured 
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materials: 

1) improve the qualitative properties of organic pigments; 

2) influence the solubility of the salts in the pastes of organic pigments. 

The total decrease in the amount of water used to flush the pigment and the 

amount of waste water is reduced four times in comparison with washing on the filter. 
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Electroplating is one of the most dangerous sources of pollution, mainly 

surface and underground waters, due to the formation of a large amount of 
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wastewater, as well as a large amount of solid waste. 

Electroplating wastewater outlets are characterized by the fact that they contain 

dirt which cannot be removed by filtration or other methods commonly used for the 

treatment of municipal sewage. 

Such pollutions are strong poisons, capable of destroying, in certain 

circumstances, all life in natural waters or installations of biological treatment of 

municipal wastewater.  Currently, environmental problems caused by electroplating 

have attracted widespread attention largely because of the continuing pollution of the 

environment with heavy metal ions. [4]. 

A diverse range of coatings applied by electroplating methods causes the 

variety of contaminants that are in the waste water. Based on the phase state of the 

substance in solution, all impurities may be divided into four groups:  

1. Suspensions as fine suspensions and emulsions.  

2. The colloids and macromolecular compounds.  

3. Organic substances dissolved in water. 

 4. Salts, acids, bases, dissolved in water. 

Each group has its own pollution cleaning methods. So, for the purification of 

water from the first group of substances the most effective methods are based on the 

use of gravity, flotation, and adhesion. For the second group, it is the coagulation 

method. Contaminants of the third group are more efficiently extracted from the 

water during the adsorption treatment, and the fourth group of contaminants which 

are electrolytes, the ions are removed from water soluble compounds in the transfer, 

using the method of reagent or desalting methods. 

Cleaning methods can be divided into seven groups:  

1. Mechanical  

2. Chemicals  

3. Coagulation-flotation  

4. Electrochemical  

5. Sorption  

6. Membrane  

7. Biological 

However, none of the methods alone ensure the full implementation of modern 

requirements: 

Cleaning up the ceiling standards, especially for heavy metal ions; a return of 

90-95% of the water circulating in the cycle; low cost of treatment; small-sized 

installations, recycling of valuable components such as acids, alkalis and metals. 

Achieving environmental regulations often worsens the already bad financial 

situation of many companies. One way out of this situation is to improve means of 

wastewater treatment methods and optimize the organization of treatment systems 

[7]. 

In high-volume production on local treatment systems it is appropriate to use 

electrochemical methods and membrane, and the general treatment system based on a 

combination of several methods:  

1. Reagent and ion exchange  
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2. Reagent and electroflotation 

3. Reagent and electrodialysis. 

With a small amount of production membrane and electrochemical methods 

should be preferred [3].  

Electrochemical cleaning methods have several advantages over chemical 

methods:  

1. A simplified flow diagram of the operation of production facilities.  

2. Easy to automate their work.  

3. Smaller production facilities necessary to accommodate the sewage treatment 

plants  

4. The possibility of treating wastewater without prior dilution  

5. Permanence effluent salinity and reduced rainfall after treatment of wastewater. [5]. 

Electroplating cannot function without treatment plant, as it is one of the most 

dangerous sources of environmental pollution. Therefore, the cost of production of 

galvanic products must include the costs of diversion of liquid waste disposal and 

solid waste disposal, of which the largest are the costs of waste disposal and in 

particular the treatment of wastewater. These costs are determined by the cost of 

pollution control equipment and its maintenance, as well as the cost of consumables. 

That is, a process wastewater treatment, and the type of purifying equipment to a 

large extent affect the cost of production [6]. 

Organization of electroplating, meeting environmental safety requirements, and 

modern treatment facilities to the mandatory use of automation and computerization 

of the main production processes will help to solve environmental problems cost-

effectively [8] . 

An important factor in solving this problem is that technologists of the 

production plant and environmentalists work together since the initial stage of the 

selection of technological solutions. It is necessary that the main principle of the 

organization of production was the maximum prevention of contamination, i.e. it was 

economically advantageous for the treatment plant to prevent water pollution than to 

clean the contaminated water [1]. 
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The structural components used in modern automobiles and aircraft 

manufacturing are subject to stringent requirements, such as having a lightweight, yet 

mechanically robust design. Among other things, this ensures structures with 

improved crash behavior and excellent vibration and sound damping properties. 

Adhering to such demanding specifications requires the use of innovative materials 

like carbon or glass fiber reinforced polymer, high-strength steel and lightweight 

metals, which are often combined into hybrid components. As these type of materials 

can quickly cause end products to fail, material flaws need to be uncovered at an 

early stage - and this is where nondestructive testing (NDT) plays a key role. To be 

effective, NDT processes must have sufficient flaw detection limits and be easy to 

automate without impacting the material under inspection. 

NDT methods are based on similar physical principles, conventionally grouped 

into types within and classified by three criteria: 

ï nature of the controlled object interaction with the physical field or 

substance; 

ï primary informative parameters (characteristics permeate or physical 

field, which is registered after its interaction with the object of control); 

ï in a manner that receives the initial information (primary information - set 

of characteristics permeate or physical field recorded after interaction with 

the controlled object). 

Magnetic method based on the analysis of interaction between controlled 

object and the magnetic field. They are usually used for the detection of internal and 

surface defects of objects made of ferromagnetic materials. 

The magnetic NDT methods include magnetic particle, flux-gate, and 

magnetographic induction methods. The most common and reliable among NDT its 

kind is magnetic particle - based on the occurrence of non-uniformity of the magnetic 

field over the defect site. 

The most common and reliable among NDT methods is magnetic particle 

method based on the occurrence of inhomogeneities of magnetic field over the defect 

site. The main magnetic NDT methods include magnetic particle, flux-gate, and 

magnetographic induction method. The most common and reliable among NDT its 
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kind is magnetic particle - based on the occurrence of non-uniformity of the magnetic 

field over the defect site. 

Eddy methods are based on a study of the interaction of electromagnetic fields 

with eddy current transducer induced in the test object electromagnetic field eddy 

current having a frequency of up to 1 million Hz. 

In practice, this method is used to control the objects that are made of 

conductive materials. This method is used for obtain information about the chemical 

composition and the geometrical dimensions of the product, the structure of the 

material from which the object is made and detecting defects occurring on the surface 

and in the subsurface (at depths of 2-3 mm). 

Ultrasonic methods based on registration and analysis of the parameters of 

elastic waves, which are excited and / or occur in the control object.  

Elastic waves, or rather, their parameters are closely related to some of the 

properties of the material (anisotropy, density, elasticity, etc.). If we take into account 

the fact that the acoustic properties of solid objects and the air vary greatly, it 

becomes clear why using acoustic method can identify the presence of the smallest 

defects 

 

Ultrasonic testing is one of the major NDT methods  for inspecting multilayer 

materials because it overcomes the disadvantages of coupling materials like (water, 

gel, oil etc.). 

Ultrasonic method for non-destructive inspection of multilayer materials are 

becoming more and more popular as a way of provide product integrity and quality. 

With the improvement of this method, it can be used for a number of solutions to 

complex problems. 

 
References 

1. Klyuev, V. Enciklopediya. Izmerenie, kontrol', diagnostika, testirovanie [Encyclopedia. 

Measurement, control, testing and diagnostics]. / V. V. Klyuyev. 3-7 T.ï M.: Mashinostroenie, 2001. 

ï 160 p. 

2. Ermolov E.N. Ul'trazvukovoy nerazrushajuschiy kontrol' [Ultrasonic nondestructive testing]. / 

E.N. Ermolov. High school,1991. ï 283 p. 

 

 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ʄɽʊʆɼ ʅɽʈɸɿʈʋʐɸʖʑɽɻʆ 

ʂʆʅʊʈʆʃʗ 
 

ɺ.ʖ. ɼʤʠʪʨʠʝʚ 

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʤʙʦʚ ʈʦʩʩʠʷ  

e-mail: vladhanter@gmail.com 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʢʫʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʄʅʂ. 

 

mailto:vladhanter@gmail.com


 

 

212 

ʋɼʂ 574   

ɹɹʂ ʆ145 

 

PROSPECTS OF POLYMER COMPOSITE MATERIALS WITH 

ELECTRICAL INSULATING REPAIR OF MOTOR VEHICLES  

 
A.I.  Mishachenko, A.B Efremov, D.E. Kobzev  

Tambov State Technical University, Tambov, Russia 

e-mail: Rus.andy95@gmail.com 

 
Abstract: The world's first cars were almost entirely composed of metal. Now, the situation 

is different. Many parts of modern cars are made from plastic. Plastic products in any device are 

subject to breakage, cracks, bending, melting and deformation. In connection with this a new 

technology was created to repair car plastic parts. 

Keywords: road transport, repair and service of cars, polymeric materials, costs, improved 

technology. 

 

Road transport is developing qualitatively and quantitatively at a rapid pace. 

Currently the global car fleet increases annually by 10-12 million units. Every four 

out of five of the total world fleet of vehicles are cars and they account for over 60% 

of passengers carried by all modes of transport. However, motorization process is not 

limited to the growth of the car park. The rapid pace of vehicle development has 

caused certain problems whose solution requires a scientific approach and the 

significant costs are associated with the repair and maintenance of vehicles. 

Plastics are used in the car bodywork and cab design as well as in large and 

small-size parts for construction and decorative purposes, heat-insulating and 

soundproof parts, etc. The use of polymers (plastics) in the automotive industry: 

Å improves the appearance of the car; 

Å decreases its mass; 

Å reduces noise while driving; 

Å improves structural design details; 

Å increases the service life of components; 

Å reduces the labor intensity of production; 

Å reduces costs of production of parts. 

Replacing metals with plastics in the manufacture of parts of complex 

configuration provides significant technical and economic effect, since many plastics 

parts can be produced on automated systems with a minimum waste of material. 

The use of plastics for the manufacture of cabs, bodies and large parts is 

especially promising; it accounts for about half of the vehicle mass and ~ 40% of the 

cost. Bodies of corrosion-resistant plastic materials are more reliable and durable in 

operation, than those made of metal (70% of the vehicles with a metal body cannot 

withstand the 10-year service life due to corrosion of the metal), and their repair is 

cheaper and easier. 

Polyester and fiberglass laminates based on phenolic resin and fabric made of 

plant fibers are most widely used in the manufacture of cabins and car bodywork. For 

example, hot pressing of fiberglass is used in the car bodywork of çCorvetteè (USA) 
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and the bonnet and tail of the truck çFordè L. Glass was also used for the 

manufacture of the cockpit "Fawn" truck (Germany) and car bodywork of "Navy" 

sports car model 1100 (United Kingdom) by contact molding. In the GDR the 

passenger car "Trabant" was produced with the fiberglass bodywork assembled of 

panels made by compression. Typically, the individual body parts are mounted on a 

metal frame. 

Plastic insulating materials 

Currently, there is a very large number of industrial polymer insulation 

materials that differ in their characteristics and origin. These types of materials have a 

considerable strength, heat resistance, shock resistance, moisture resistance, and some 

of them have even dielectric, electrical and chemical-resistant properties that can find 

application in various industries and extend the life of structures and mechanisms. 

There is quite a lot of experience of using polymer materials as insulators and various 

types of protective coatings. The choice of polymer material, modifying agent and 

designing its geometrical dimensions is based on the studies of prototypes using 

different methods. 

Production of insulators is possible by both classical methods of processing of 

polymer materials and methods of solid-state technology. The products obtained by 

these methods have improved performance. 

However, a large amount of research is conducted on the use of polymer 

composite materials, which do not exceed the properties of modified polymers. The 

use of such materials is possible when applying protective insulating coatings for the 

repair of car parts. Improvement of technologies of repair and maintenance of 

vehicles is an urgent task, as it can bring significant economic effect. 

In conclusion, it should be noted that research into improved technology of car 

repair of plastic parts and the application of insulating coatings of composite 

materials is a very important and promising direction, achievement of which will 

improve the reliability and service life of different types of equipment. 
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ɸʥʥʦʪʘʮʠʷ: ʇʝʨʚʳʝ ʚ ʤʠʨʝ ʘʚʪʦʤʦʙʠʣʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʷʣʠ ʠʟ ʤʝʪʘʣʣʘ. 

ʊʝʧʝʨʴ ʞʝ, ʩʠʪʫʘʮʠʷ ʦʙʩʪʦʠʪ ʠʥʘʯʝ. ʆʯʝʥʴ ʤʥʦʛʦ ʜʝʪʘʣʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʟ 

ʧʣʘʩʪʤʘʩʩ. ʇʣʘʩʪʤʘʩʩʦʚʳʝ ʠʟʜʝʣʠʷ, ʙʫʜʴ ʪʦ ʚ ʤʘʰʠʥʝ ʠʣʠ ʚ ʣʶʙʦʤ ʜʨʫʛʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʣʦʤʘʪʴʩʷ, ʪʨʝʩʢʘʪʴʩʷ, ʚʳʛʠʙʘʪʴʩʷ, ʧʣʘʚʠʪʴʩʷ, ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʨʝʤʦʥʪʫ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʷ. 
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Abstract: The repair of radiators leakage is a very time-consuming process. In this article, we 

consider the repair process, develop a formula and improve the technology of repair coating 

application. Benefits and implications of the proposed technology are examined. We also note that 

this formula has a wide range of properties, including dielectric ones that extend the application 

range. 

Keywords: polymer, cooling system radiator, composite materials.  

 

In the transport (repair) production, various kinds of synthetic materials (plastics) 
become popular by component parts reconditioning. They are used by clearing of 
mechanical damages on details (cracks, breaches, spallings, etc.), by wear 
compensation of partsô working surface, and by part joining with the help of bonding. 
It is due to simplicity of the technical process and the used equipment, low process 
complexity, quite high physical and mechanical characteristics of plastics and their 
low cost.  

Today to restore serviceability of vehicles that have a leak of coolant in radiator it 
is necessary to replace a radiator or to solder tubes in a leak spot, or to plug defected 
tubes. 
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The main disadvantage of radiator repair with solder application is that it can be 
used only when a leak spot is determined precisely and it is accessible for solder. It is 
possible to plug tubes of demountable radiators only. Plugging of leak in tubes by 
special products, which are poured into cooling system, helps restore serviceability of 
vehicles for a while.   
To implement the technical process of coating and to repair vehiclesô radiators 

with the help of polymer compound solution it is necessary to choose material and to 
make a composite formula on its base. It is suggested to use ABS plastic, aluminum 
powder, ñAcetoneò solvent (Fig. 1). 

 

 

Fig.1 ï materials for radiatorsô repair: 1 ï Acetone, 2 ï ABS plastic, 3 ï Solution of ABS 

plastic, 4 ï Aluminum powder, 5 ï Solution of ABS plastic with aluminum powder. 

The main tasks are to make a composite material formula on the base of ABS 

plastic, that meets the requirements of the vehicle repair industry, and to enhance 

repair coatings technologies with the help of polymer compound melt.  

 

Fig. 2 ï Repaired vehicle cooling system radiator 

 

This paper introduces a devised cooling system radiatorsô repair technology with 
the help of polymer composite material solution. This technology consists in the 
filling of a local defect area with polymer composite material solution. Fig. 2 
illustrates a vehicle cooling system radiator with a punched tube. Half of thin 
aluminum partitions were removed from this radiator to prepare a cavity that is filled 
with polymer composite solution.  

Radiators with such defects have been rejected until the present. The introduced 
repair technology of vehicle cooling system radiator is unique and helps repair 
radiators with almost all types of defects.  
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A cleared area is degreased; a radiator is put on a flat surface. Under the cleared 
area, aluminum foil is put. Aluminum foil prevents leakage of solution from the 
repair area, as it is a repair cavity bottom. Then the repair cavity is filled with 
polymer solution to the level of upper radiator surface. It is necessary that air does 
not remain in the repair cavity. It can be done with the help of slight stirring by any 
tool, for example by screwdriver, awl, etc.  Solution should dry out naturally more 
than 12 hours after the repair cavity was filled. After that the radiator is ready to use.  

Aluminum powder was used as a bulking agent of polymer solution based on 
ABS plastic, because this type of radiator is made of aluminum. With the help of the 
introduced technology not only vehiclesô cooling system radiators can be repaired but 
also protective coatings including insulating ones can be applied, and use for it 
solutions of unmodified polymer materials.  
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ɸʥʥʦʪʘʮʠʷ: ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʜʠʘʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʪʝʯʴ, ʢʨʘʡʥʝ ʪʨʫʜʦʝʤʢʠʡ ʧʨʦʮʝʩʩ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʝʤʦʥʪʘ, ʨʘʟʨʘʙʦʪʘʝʤ 

ʨʝʮʝʧʪʫʨʫ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʤ ʪʝʭʥʦʣʦʛʠʶ ʥʘʥʝʩʝʥʠʷ ʨʝʤʦʥʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɹʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʧʨʝʜʣʘʛʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʊʘʢ ʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʘʷ 

ʨʝʮʝʧʪʫʨʘ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ, ʯʪʦ 

ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 
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Abstract: the article presents a study on optimal selection of tool material for machining of 

steel 20X13 on the stress strain state of the material and thermal analysis of the material using solid 

modelling software. 
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The history of metal processing development shows that one of the effective ways 

to increase productivity in engineering is the use of new tool materials. For example, 

the use of high-speed tool steel instead of carbon has increased the cutting speed by 

2-3 times. This required substantial improvements in the design of machine tools, 

primarily to increase their rapidity and power. A similar phenomenon was also 

observed when carbide was used as a tool material. 

The tool material should have a high hardness to be able to cut chips for a long 

time. A significant excess of the tool material hardness as compared with hardness of 

the workpiece must be maintained during heating. The ability of tool material to 

maintain its hardness at a high temperature of heating determines its red hardness 

(heat resistance). The cutting part of the tool must have high wear resistance under 

high pressures and temperatures. 

An important requirement is a sufficiently high strength of the tool material, as 

insufficient strength of cutting edges causes tool breakage when mowing. 

Tool materials must have good processing properties, i.e. they must be easily 

handled during manufacture and regrinding tools as well as be relatively inexpensive. 

Currently, for the manufacture of cutting tools, steel elements are used (carbon, 

alloyed and high-speed), carbides, mineral ceramic materials, diamonds and other 

superhard and abrasive materials. 

The study was conducted with the purpose of selecting the optimal tool material 

for machining steel 20X13. The two options of tool materials have been proposed: 

single-carbide hard alloy VK8 and three-carbide hard alloy TT8K6. To refine the 

selection, I analyzed the stress-strain state of the material and conducted the thermal 

material analysis. The results of the study are described below. 
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The results of the stress strain analysis of the material condition. 

 

 

 
Fig. 1 ï The first basic voltage BK8 

 

 

 

 
Fig. 2 ï The second main voltage BK8 
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Fig. 3 ï The first basic voltage TT8K6 

 

 

 

 

 
Fig. 4 ï The second main voltage TT8K6 

 

 From the analysis of the voltage of the two materials BK8 and TT8K6 it is clear 

that the processing of the application of the best TT8K6 material. Because TT8K6 

safety factor = 3.05> 2.52 BK8. 
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The results of the thermal analysis of material status 

Calculation of the heat resistance of a tool material BK8 

 
Fig. 5 - Detail - Study 1 ï Thermal 

 

 
Fig. 6 - Detail - Study 2 - Thermal 

 

Calculation of the heat resistance of a tool material TT8K6 

 
Fig. 7 - Detail - Study 1 ï Thermal 

 

 
Fig. 8 - Detail - Study 2 - Thermal 

 

From the analysis of the heat resistance can be seen that the tool with the material 

handling TT8K6 harvesting less stable heat resistance than tool BK8 material. 

The studies showed that for 20X13 working steel is preferred from the tool three-

carbide TT8K6 carbide due to better heat resistance and high strength. 
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Layered composite materials, including bimetal products, are increasingly 

coming into use in modern technical equipment because composite materials allow 

obtaining products with high corrosion resistance, electrical conductivity, wear 

resistance, etc. At the same time, the problem of development and application of 

energy-saving technologies of such materials production is becoming more urgent.  

This paper proposes the ways to modernize the existing methods of layered 

metallic materials production that reduce energy consumption by eliminating the 

intermediate annealing operations, shortening the production time and improving the 

quality of the finished material due to the introduction of information and measuring 

system of quality characteristics control. 

The solution to this problem lies in the modernization of conventional methods 

of cold controlling of bimetallic materials with simultaneous impact of high density 

pulse current and subsequent control of the quality characteristics of finished bimetal. 

The quality control is carried out directly in the production process by non-

destructive methods.  

The structure of information and measuring system consists of the separate 

channels for the control of geometrical parameters of initial half-finished products 

after their preparation for cladding, the control of the bonding strength of layers and 

the ratio of their thickness after cold rolling, as well as the determination of the 

material rate before and after the rolling mill [1-2].  

The peculiarity of the proposed method is that the conventional co-rolling of 

sheet material is effected by high density pulse current, which leads to the appearance 

of so-called electroplastic effect. This effect was discovered in 1970 and is used 

mainly for the plastic deformation of single materials (wire drawing, rolling of steel 

sheet, etc.). This paper suggests the use of this effect for the rolling of bimetal, as it 

will increase the bonding strength of layers due to the temporary loss of strength of 

materials and the increase of their plasticity under the influence of this effect.  

It is known that the temperature of the substance increases under current 

exposure, while its power increases in accordance with the following law 

imim tSIUtIUtPTmcQ ÖÖÖ=ÖÖ=Ö=DÖÖ= imim ,    (1) 

where imP  is pulse power; U is pulse current voltage; I is current; J is current 

density; S is area through which the current flows; t is impulse time. 

The dependence of the temperature alteration on the parameters of root-mean-

square current is determined from this equation  
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where D is diffusion coefficient; aE  is activation energy; R is gas constant; t is 
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interaction time; T is absolute temperature; 0D  is pre-exponential factor; x is depth of 

diffusing material penetration; c is density of probability of atom location at distance 

x at time t. 

The calculations have shown that the temperature in the contact zone between 

layers under the influence of pulse current reaches about 1400ÜK, this leads to the 

formation of solid solution of two materials, and the thickness of one layer material 

penetration into another is approximately dcl = 2,5Ŀ10
-5ʤ  for the whole area in the 

zone of plastic deformation. It suggests that this production technology provides the 

reliable bonding of layers with guaranteed diffusion of one layer into another, which 

in turn helps to reduce the pressure on the rolls and contributes to the subsequent 

elimination of energy-intensive annealing operation for structure normalization.  

*The work is performed under the supervision of Ph. D. in Engineering Sciences, Associate 

Professor of the department ñRadio Engineeringò S.P. Moskvitin 
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The high level of acoustic comfort in the driver's cabin is one of the most 

important tasks in the production and tuning of vehicles. Car assembly lines, 

specialized centers and tuning shops use different technologies. The demand for 

services on soundproofing of vehicles creates supply and, consequently, stimulates 

producers of equipment and materials to improve their products and develop new 

ones. 

Taping of internal and some external surfaces with soundproofing or damping 

materials has been considered a traditional method of aftermarket sound insulation of 

a vehicle until recently. This paper proposes to use solutions, which are based on 

polymers for enhancing the acoustic comfort. 

Polymeric materials are increasingly used in the production of vehicles, 

especially the application of polymers on different surfaces. This paper proposes to 

use soundproofing compositions based on polymer solutions for enhancing the 

acoustic comfort of a vehicle. 

The polymer solutions are of great practical importance. The use of polymers in 

the manufacture of plastics, varnishes, adhesives, films, artificial fibers is associated 

with the processes of dissolution of polymers. 

The literature survey [1 - 6] clarifies that one of progressive methods of using of 

polymeric materials is sound insulation of the vehicle and the application of 

protective coatings, including insulating. This paper proposes to improve the 

ergonomics of a vehicle by enhancing its acoustic comfort. The choice of avenues of 

research is relevant because all auto enthusiasts today are concerned about the level 

of comfort of their vehicles. 

In the process of noise insulation of a vehicle, the preparation of the treated 

surface is an important step. It comprises the removal of all impurities from the 

surface before applying the material; removal of the plugs covering the technological 

holes, drilling of additional holes using special drills if necessary; removal of all 

detached old coatings and pockets of rust using a metal brush or another tool; 
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washing and drying of the car bodywork; blowing with dry compressed air of hidden 

cavities and seams to remove moisture; removal of the remains of rust, using a 

convertor; protecting the parts that are not subject to treatment with tape or paper 

from the insertion of the applied materials. Special attention should be given to 

electrical connectors and sensors. The bare metal surfaces are recommended to prime 

before applying soundproofing composition. It is advisable to use an effective 

anticorrosive primer to create an additional layer of protection and enhance the 

adhesion of the treated surface.  

The next step is treatment of hidden cavities. It is advisable to use tools and 

extensions for better access to hard-to-reach areas. Special nozzles are inserted into 

the part and soundproofing composition is applied under high pressure. The 

composition can applied on the open surfaces, using anticorrosive mastic or brush. 

Coating should be dried for at least 8 hours after applying the composition. At the end 

of work, the tape is removed and the removed plugs are reinstalled. The car 

bodywork is wiped with special compositions to remove dirt. 

 

 
Fig.1 ï Process engineering of applying of polymeric-based soundproofing materials 

 

The process of applying soundproofing coating is shown in Fig. 1. 

Soundproofing materials must comply with the following safety precautions: 

3. Keep the materials in tightly closed package away from sources of heat and 

electrical devices; 

4. Keep the materials out of reach of children and pets; 

5. Do not spray solvent-borne materials near an open flame; 

6. Work in a well ventilated area or outdoors; 

7. Use individual protective gear, namely, goggles or mask, respirator, gloves 

and overall; 

Thoroughly wash hands and face with soap and water after completing work; 

In case of contact with skin or eyes, rinse it with plenty of water. 
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Introduction  

In the Russian Federation, over the past decade there has been high growth rate of 

motorization. During this period the number of vehicles has increased by more than 2 

times. Currently, 1000 Russians have 284 units of all types of vehicles. The total 

number of motor vehicles is more than 48 million units. [1] 

Recently, transport sector is increasingly becoming a bottleneck for economic 

growth, despite its dynamic development. 

Methods and Materials 

Traffic conditions in urban areas are increasingly complex. The annual growth of 

traffic is 10-20%, however the capacity traffic of the road network does not exceed 

5%. The road network in many large and medium cities has already exhausted its 

traffic capacity, road accidents, congestions and traffic jams are typical for many road 

networks in cities. The average speed of traffic has decreased in many parts of the 

road network over the past 5 years by almost 40% and in metropolitan areas it 

reaches 15-30 km/h, in the big cities it is 20-40 km/h, and in the "rush hour" it  falls 

to 5 -10 km /h. [1] 

In the city of Tambov, the problem of insufficient development of the road 

network is primarily due to the historical buildings, and narrow streets. Therefore, the 

city of Tambov has limited opportunities to expand the roadway. 

The high rates of motorization create additional preconditions for the 

deterioration of the situation with the accident rate on the roads. The annual fleet 

growth in the city has been from 5 to 15 thousand units over the last three years. 

Currently, 1,000 residents own for more than 250 cars, and, as shown by the 

analytical data in a few years, the number of cars per thousand people will be 300 - 

350. [2] 

The aim of the study is development of measures aimed at increasing the capacity 

of the road network in the city of Tambov. 
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After analyzing the traffic situation in the city, the site on which the unevenness is 

observed daily and constant congestion is Karl Marx street. 

The object of research is Karl Marx street. This street is one of two in the city, 

which connects the northern and central part of the city. It plays an important role in 

solving transport problems of farm located in the area of economic development. 

The uneven traffic flow on Karl Marx street during the day is observed at the 

intersection area from the street. Proletarskaya street to the Magistralnaya street. The 

busiest sections are of K. Marx street intersection with streets Ryazanskaya street, 

Pushkarskaya street, Boulevard  Enthusiastov street, Schlichtera street. 

 
Table 1 - Indicators of intersections congestion in K. Marx street 

The name of the 

intersection 

Number 

direction 
ji

N ,units/h. 
Number of 

bands 
cji
ʇ , units./h. zji

K  

1. Karl Marx street 

ï Ryazanskaya 

street 

1 1568 1 1800 0.87 

2 1422 1 1960 0.73 

2. Karl Marx 

streetï 

Pushkarskaya 

street 

1 1704 1 1980 0.86 

2 1496 1 1880 0.8 

3. Karl Marx 

streetï Boulevard 

Enthusiastov street 

1 1244 1 1860 0.67 

2 900 1 1820 0.5 

 

The congestion factors at intersections are almost 1. This indicates congestion at 

intersections in the "rush hour". 

One of the method of the organization of traffic, appropriate for busy roads, 

which can increase the road capacity is contra-flow traffic. 

The main criteria for the feasibility of the introduction of contra-flow traffic are 

regular "pendulum flows" when a traffic flow has a ratio of 1: 3 and the presence of 3 

or more lines [3]. 

The analysis of the intensity of vehicle traffic showed non-uniformity of traffic in 

the morning (from 8-00 to 9-00 hours) and evening (from 18-00 to 19-00 hours) "rush 

hour". Figure 1 shows the traffic flow in Karl Marx street during "rush hour". 
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Fig. 1 - The intensity of the traffic flow in Karl Marx street in "rush hours" 

 

ɸnalysis of the intensity of traffic flow on Karl Marx street satisfies introduction 

of contra-flow traffic is regular "pendulum flows" in the ratio of 1: 3. 

The presence on this stretch of road 3 lanes satisfies the second condition for the 

introduction of this method of organization traffic. 

Results and Discussion 

Based on the above it can be concluded that the introduction of contra-flow traffic 

on Karl Marx street (in the intersection area from Proletarskaya street to  

Magistralnaya street) road capacity increases by 2 times, congestions factors are in 

the normal range, indicating free movement of vehicles on the lanes (Table 2). 

 
Table 2 - Indicators of congestion at intersections of Karl Marx street in the projected 

conditions 

The name of the 

intersection 

Number 

direction ji
N , units./h 

Number of 

bands cji
ʇ ,units./h. zji

K  

1. Karl Marx street 

ï Ryazanskaya 

street 

1 1388 2 3960 0.35 

2 1390 2 3970 0.35 

2. Karl Marx street 

ï Pushkarskaya 

street  

1 1692 2 3993 0.42 

2 1452 2 3860 0.38 

3. Karl Marx street   

ïBoulevard 

Enthusiastov street 

1 1136 2 3976 0.29 

2 800 2 3940 0.2 

 

The contra-flow traffic lane is usually the middle lane which allows the direct 

movement. The far right lane allows the movement to the right. 

The work of contra-flow traffic lights is developed in accordance with the traffic 

intensity. 

The calculation results showed a significant increase in road capacity, as well as 

reduction in the negative impact of vehicles on the environment and reduction in the 
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delays of vehicles at intersections. 
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Abstract: The analysis of the current state of urban roads and streets is given. The typical 

pavement defects are described and analyzed. The methods and equipment used to perform the work 

connected with the road surface repairs in urban environments are considered. Advantages and 

disadvantages of the methods are exampled. The recommendations that improve the quality of 

pavement repair using modern equipment and technology are given.  

Keywords: asphalt, mixture, network, pavement, repair, road. 

 

The length of the road network is about 331.9 km in Tambov. The total area is 

more than 3310 thousand m2. Currently, 70% road of urban roads and streets is in an 
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unacceptable condition. Some streets have not been repaired for more than 20-25 

years. We conduct an analysis of the most common defects on the city roads 

according to the standards 218.1.052-2002 "Evaluation of the strength of non-rigid 

road pavements" 

At present, the streets of the road network of the city are not in the best 

condition. Maintenance periods of capital repairs are not observed. Currently, the 

frequency of repairs of city roads is every six 6 years. As for capital repairs, the 

period is 13 years. The length of the service life of the pavement depends on current 

repairs and maintenance of roads.  

The maintenance and repair of the road surface is carried out all year round, 

including spring and autumn, summer and winter periods. Depending on the time of 

the year (ambient air temperature, precipitation, etc.) repair and restoration of the 

road surface are done by various methods, which are discussed below. 

1. Fig. 1 shows repairing of asphalt pavement using hot bituminous material. This 

method is appropriate in case of positive ambient temperatures and low humidity. 

Fig. 1. Repairing of asphalt pavement using hot bituminous material. 

 

2. Fig. 2 shows pavement repairing with cast asphalt by "recycling" road equipment. 

This method allows us to produce patching at considerably lower ambient 

temperatures and high humidity (temperature of the mixture is 190 0ʉ). 

Fig. 2. Pavement repairing with cast asphalt by "recycling" road equipment. 
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3. Fig.3 shows repairs of pavement with injection method. The method of pneumatic 

spraying of a mixture of emulsion and stone powder is used. The work is done by 

road repairer "Madpatcher". In this method, the ambient temperature must be above 

zero. 

Fig. 3. Repair of pavement with injection method. 

 

The selection of technological process with patching must meet the following 

requirements and criteria: 

- the quality of potholes must comply with the main part of the road surface 

(parameters of durability, density, smoothness and roughness); 

- the durability of the repair area; 

- the availability of the required materials and mechanisms to carry out repairs with a 

particular method; 

- the ability to use the repair method for a variety of weather conditions; 

- the economic feasibility of the applied technology of repair in the field. 

Much attention should be paid to the preparation of the repaired section of the 

road, which should include the following steps: 

- surface treatment of potholes; 

- marking of the boundaries of intact coating layer (in the case of a few potholes, 

close at a distance of 3-5 cm, they are noted in one circuit); 

- cutting the material on the marked loop on a pothole depth, but not less than the 

thickness of the coating layer, the side contour of the wall should be cut vertically; 

- treatment of the walls and bottom potholes with liquid or liquefied bitumen, 

bitumen emulsion. 

The temperature mismatch is the main disadvantage of asphalt patching. As a 

result, we get lack of its seal. It is manifested especially clearly in the joints between 

the edges of the main pavement. There is an initial destruction at the site of the joint. 

Conclusion 

As the research of current patching shows, the most problematic periods of the 

year are autumn and spring, associated with high humidity (large amounts of 

precipitation and sharp temperature fluctuations), as well as the winter, which is 

characterized by a low negative ambient temperature, so and sudden changes in 

temperature at 0 0ʉ. This fact leads to the rapid destruction of the road surface, and 
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the execution of works related to patching is not to observe the temperature seal of 

asphalt mix. 

Organizations that work on the repair and maintenance of urban roads and streets 

should provide year-round, continuous and safe movement of vehicles with preset 

speeds and loads, the safety of roads and road facilities. 

The technology of work by using infrared heaters, or by the "adhesions". The 

name of a method refers that potholes joint place will be unnoticeable, and it will 

indicate the quality of the repair. 
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ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʷ ʛʦʨʦʜʩʢʠʭ ʜʦʨʦʛ ʠ ʫʣʠʮ 

ʛ.ʊʘʤʙʦʚʘ. ʇʨʠʚʝʜʝʥʳ ʠ ʦʧʠʩʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʝʬʝʢʪʳ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʋʢʘʟʘʥʳ 

ʧʨʠʯʠʥʳ, ʚʳʟʳʚʘʶʱʠʝ ʧʦʷʚʣʝʥʠʝ ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, 
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ʨʝʢʦʤʝʥʜʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʨʝʤʦʥʪʘ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ 
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Abstract: The article discusses the problems of traffic safety in the city of Tambov, Russia. Ways 

of improving the organization of traffic in one of the interchanges in Tambov are proposed. 
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A large number of cars leads to an increase in traffic delays and accidents at 

interchanger . In 2015 in Russia, over 1000 people had 284 units of vehicles. The 

total number of motor vehicles was more than 40 million units. 

Roundabouts help to reduce the level of accidents. The advantages of 

roundabouts include: 

- high traffic safety, which is achieved by reduction in conflict points (8 instead of 

32) and the speed when approaching the interchange; 

- increased road capacity, which is above normal compared to interchanges with 

traffic light control; 

- improved environmental situation (less noise and exhaust from cars). 

The disadvantages of roundabouts are as follows: 

- they need a large area. The ñislandò in the middle cannot be used for traffic; 

- organization of the flow of pedestrians and cyclists is complicated, as there is no 

traffic signalization. The length of pedestrian crossing is increased;  

- congestion at the entrances when the traffic is heavy as cars can not enter the 

roundabout. But this disadvantage can be seen at conventional interchanges as well. 

In the city of Tambov, the problem of insufficient development of the road 

network is primarily due to the historical buildings, and narrow streets. Therefore, the 

city of Tambov has limited opportunities to expand the roadway. 

The high rates of motorization create additional preconditions for the 

deterioration of the situation with the accident rate on the roads. The number of cars 

has grown from 5 to 15 thousand units over the last three years. Currently, 1,000 

residents own more than 250 cars, and, as shown by the analytical data in a few years, 

the number of cars will be 300 ï 350 per thousand people. 

The aim of the study is to develop the measures aimed at increasing the capacity 

of the road network in Tambov. 

Having analyzed the traffic situation in the city, we propose to use roundabouts at 

the interchange of 40-let Oktybry and Kikvidze streets. 

The object of research is the crossroad of 40-let Oktybry and Kikvidze streets. 

This crossroad is one of the two in the city, which distributes the flow of incoming 

cars from other cities and connects the western, northern and central parts of the city.  

The uneven traffic at the crossroad is observed in the morning and evening. 
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Table 1 - Indicators of the crossroad of 40-let Oktybry and Kikvidze streets. 

 ̄ Type of vehicle 

 

Direction 1 Direction 2 Direction 3 Direction 4 

            

1 car (1) 516 348 130

7 

17

8 

93

3 

51

1 

10

4 

84

7 

28

2 

64

2 

92

7 

26

4 

2 bus (2,5) 0 0 6 0 5 2 0 2 0 12 5 0 

3 freight car (2) 12 6 10 1 7 12 2 18 3 12 10 0 

Present traffic 

intensity 

540 360 133

2 

18

0 

96

0 

54

0 

10

8 

88

8 

28

8 

69

6 

96

0 

26

4 

 

The research on the traffic accidents showed that a large number of them occurred 

in the "conflict zones". This is the place where different movements of vehicles 

intersect in the same zone. Often, this happens at interchanges. Some conflicts occur 

at transpositions of cars in the lines (maneuvering) and during walking of pedestrians 

on the road but not at the interchange. 

There is an opportunity to assess the potential danger areas according to the 

number of "conflict zones". 

The number of interflows and junctions determines the traffic intensity in conflict 

zones. The intensity in the "conflict zones" is calculated by the formula (1):  

                          (1) 

where  are the number of inflows and junctions; 

is the lowest intensity. 

We determine the index for the existing interchange (before reconstruction): 

m = 0.01[1(264+288+360+180+360+696) + 

+3(960+108+288+540+696+180)+5(888+888+360+360+696+888+888+360+540+360+1

80+180+180+180+180+108+108+108+108+108+108+360+888+888+360+360+360+180

+696+696+108)=0.01[1*2148+3*2772+5*12672] = 0,01*73824 å 738. 

Figures 1 and 2 show the "conflict zones" at the interchange. 
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Fig. 1. "Conflict zones" at the interchange. 1 ï deviation zones; 2 ï inflow zones; 3 ï intersection 

zones. 
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Fig. 2. "Conflict zones" at the interchange. 1 - deviation zones; 2 - inflow zones. 

We calculate the index of conflict at the interchage after reconstruction: 

m = 0.01[1(180+108+108+108) + 3(180+108+108+108)= 

=0.01[1*504+3*504] = 0.01*2016 å 20 

 

The analysis of "conflict zones" before the reconstruction and after the reconstruction 

showed that the number of accidents is lower at the roundabouts. 

The construction of roundabouts can help to increase the road capacity and the 

speed, as well as reduce accidents. 
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Abstract: Accident rate on the roads is one of the main problems in the world. Road accidents 

in the world result in 1.3 million casualties and from 20 to 50 million people are injured. To reduce 

the accident rate we propose to increase traffic safety by taking the following measures: improve 

drivers training in driving schools; solve the problem of technical inspection of cars; increase the 

sizes of penalties; improve the condition of the road surface; to improve the organization of traffic 

on the road.  

Keywords: road accidents, organization of road traffic, traffic regulations, traffic safety. 

 

Road accidents (RA) in the world result in 1.3 million casualties and from 20 to 

50 million people get injured. Most of them are young people aged from 15 up to 30 

years. The growth in the accident rate and the number of road accidents is increasing 

because of the following problems: ignorance of traffic regulations, issue of medical 

certificates to people who for health reasons should not be allowed to drive cars; 

problem of technical inspection of cars, alcoholic or drug intoxication, organization 

of traffic, poor quality of roads, etc. 

 In the Russian Federation, the growth of road accidents fell in 2006 - 2007 and 

2010 - 2013. Since 2013 a considerable recession of road accidents has been 

observed. In 2015, there were more than 180 thousand road accidents in which more 

than 23 thousand people died and more than 230 thousand were injured (Fig 1). [1] 

In 2016, during the period from January to April there were already more than 40 

thousand road accidents in which more than 4 thousand people died and more than 55 

thousand were injured. [1] 
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Fig.1 ï The analysis of road accident rate in the Russian Federation for 2006-2015. 

 

Generally, road accidents happen because of non-compliance with traffic 

regulations. In 2015, there were more than 26 million violators of traffic regulations 

including 23 million of drivers, more than 2 million of pedestrians and more than 190 

thousands of passengers. [1] 

In the Voronezh region the number of accidents decreased for 2012 ï 2015. In 

2015, there were more than 3 thousand traffic accidents, in which more than 500 

people died and more than 4 thousand were injured (Fig 2). [1] From January till 

April, 2016 there were about 800 road and transport incidents in which more than 100 

people died and more than 1 thousand were injured. [1] 
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Fig. 2 - The analysis of road accident rate in the Voronezh region for 2006 - 2015. 
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In the Voronezh region in 2015, there were 230 thousand violators-drivers. 

Passenger cars registered more than 250 thousand violations, trucks had more than 20 

thousand, buses had more than 4 thousand, and motorcycles had more than 4 

thousand. [1] 

To reduce the accident rate we propose to increase traffic safety by taking the 

following measures: 

- improve drivers training in driving schools; organize a final examination on 

driving both in summer and in winter. It will allow drivers to behave more surely 

when driving in all seasons of the year.  

- solve the problem of the technical inspection of cars. It is necessary to eliminate 

the human factor in conducting the technical inspection. The main technical 

inspection task is to ensure the safety of the vehicle on the road. The driver must be 

very interested in the fact that his car was undamaged. Because due to a faulty 

vehicle, of road accident can happen. 

- to increase the sizes of penalties. 

- to improve the condition of the road surface. The set of accidents happens 

because of an unsatisfactory condition of highways. To hold various events among 

road services.  

- to improve the organization of traffic on the road: to organize various outcomes 

in different levels; roundabout; the unilateral, reversive movements; installation of 

traffic light objects; installation of the video cameras and radars monitoring violations 

of traffic regulations; for safety of pedestrians to build underground and elevated 

passages; to pay much attention to the movement in night-time, etc.  
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ɸʥʥʦʪʘʮʠʷ: ɸʚʘʨʠʡʥʦʩʪʴ ʥʘ ʜʦʨʦʛʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʤʠʨʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ (ɼʊʇ) ʚ ʤʠʨʝ ʝʞʝʛʦʜʥʦ ʧʦʛʠʙʘʝʪ 1,3 

ʤʠʣʣʠʦʥʘ ʯʝʣʦʚʝʢ ʠ ʝʱʝ ʦʪ 20 ʜʦ 50 ʤʠʣʣʠʦʥʦʚ ʧʦʣʫʯʘʶʪ ʪʨʘʚʤʳ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ 

ʘʚʘʨʠʡʥʦʩʪʠ  ʚ ʈʦʩʩʠʠ ʠ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʝʝ ʩʥʠʞʝʥʠʶ: ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʦʪʥʝʩʪʠʩʴ ʢ ʦʙʫʯʝʥʠʶ ʚʦʜʠʪʝʣʝʡ ʚ 

ʘʚʪʦʰʢʦʣʘʭ; ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʪʝʭʦʩʤʦʪʨʘ; ʫʚʝʣʠʯʠʪʴ ʨʘʟʤʝʨʳ ʰʪʨʘʬʦʚ; ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ; ʫʣʫʯʰʠʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʋɼʉ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʧʨʦʠʩʰʝʩʪʚʠʷ; ʦʨʛʘʥʠʟʘʮʠʷ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ; ʧʨʘʚʠʣʘ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
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Abstract: The article considers the problems safety and quality of passenger transport, 

discusses the proposals of different authors and offers the author's point of view. 

Keywords: method, passenger transport, problems of passenger transport, safety traffic, 

quality. 

 

Introduction  

I report here on the studies of problems on public transport. There are several 

problems that influence the quality and safety of traffic: traffic capacity, wear of 

vehicles and qualification of drivers. 

For many years now scientists have speculated about problems of quality and 

safety (Varelopulo, 1990; Mirotin, 2004; Gudkov, 2008; Penshin, 2010). 

Each author offers his assessment criteria, bit single approach has not been 

worked out. 

Methods and Materials 

In this research I will analyze approaches of different authors in assessment of the 

quality and traffic safety. 

The basic principles of sustainable development of passenger transport system in 

the cities are quality assurance and safety on public transport. For this purpose many 

researchers offer the methods for their assessment. 

The approach proposed by L. B. Mirotin, the quality of transport service is 

mailto:ushackova.marina@yandex.ru


 

 

242 

determined by total costs of time for a trip and distance of pedestrian approaches to 

the closest urban passengers stop. Also important are the following requirements: 

traffic safety, speed, convenience and comfort of a trip, low price. [2] 

G. A. Varelopulo determines the quality of service of urban passenger transport 

many indicators: availability, comfort of a trip, minimum costs of time for trip around 

the city, high reliability of work of vehicles, movement regularity. [4] 

N. V. Penshin gives the following assessment of the quality of service indicators: 

reliability of travel (it is determined by time of travel of the passenger by a route); 

availability (frequency of trip in a certain period of time); high culture of servicing of 

passengers; necessary requirements on the way. [3] 

V. A. Gudkov considers that the most important components in evaluating the 

quality of service can be: environment (purity of interior, technology equipment, type 

of the vehicle and staff); reliability (lack delays of transport, execution çjust in 

timeè); responsibility (guarantee of performance of service); completeness 

(availability of necessary skills, knowledge and competence of personnel); 

availability; comfort; safety (lack of risk); politeness of staff; skill to communicate of 

personnel. [1] 

N. V. Penshin defines safety of transport as a trouble-free work, a property of 

vehicles to execute their functions for a given period of time. [3] 

Many researches offered to use annual intensity of transit of places of 

concentration of road accident on a route as the main quantitative characteristic of the 

level of traffic safety. 

Another evaluation method of safety is the method of assessment of potential 

danger of road accident. The method investigated the potential danger determined for 

each point of the conflict, which is summed up within the conflict zone, for each then 

defines the probable number of road accidents. It is equal to the amount of accidents 

in the conflict zones of the crossroad. 

The classic approach to traffic safety evaluation is classification of accidents by 

type and severity. 

Results and Discussion 

The passenger transport is an important part of modern life in cities. The main 

purpose of urban public transport is transporting people with minimal time and 

money, high comfort and minimum cost of operation of transport companies. 

One of the main problems of the public transport is strong wear and 

unsatisfactory rate of renewal of vehicles. 

To understand the scale of this problem, we will address Table 1in which the 

degree of wear of vehicles of different types of passenger transport in Russia for 2015 

is shown. 

As a result of wear of vehicles, the level of technical reliability and safety of 

passenger transport falls, the number of the working buses decreases. The fullness of 

interior of vehicles increases and in rush hours it reaches a physical limit. The 

minimum level of comfort and necessary conditions for safety is not provided. 
 

 

 



 

 

243 

Table 1 ï The degree of wear of vehicles of different types passenger transport in Russia in 

2015 

Vehicles The degree of wear, % 

Bus 70 

Trolleybus 65 

Tram 65 

Underground 80 

 

In spite of the fact that the absolute measure of number of road accidents with 

participation of passenger transport has decreased, problems on roads are still 

relevant. The causes of accidents with the regard to public transport are as follows: 

1. Low skill level and transport discipline of drivers and non-compliance with 

Traffic regulations. 

2. Unsatisfactory technical condition of vehicles. 

3. Insufficient development of a road net of cities, leads to formation of road 

accident. 

4. Insufficient control of work of drivers on the route. 

5. Imperfection of the legislation regarding responsibility of legal entities and 

individual entrepreneurs for life and health of passengers. 

6. Insufficient level of pre-trip and post-trip inspections of drivers. 

These problems can be solved by taking the following actions: 

- to oblige transportation companies every 5 years to confirm the license; 

- to renew license on the transportation which is used for business purpose; 

- to deprive the license of transportation companies which do not carry out pre-

trip medical examinations and allow to driving of vehicles drivers who are in a 

condition of alcoholic or drug intoxication; 

- to create a single city base of technical inspection and repair, at the same time 

passenger transport will be tested under control of officers of State Inspection for 

Road Traffic Safety; 

- to normalize harmful emissions on passenger transport; 

- to register requirements to a sanitary condition and appearance of buses; 

- to designate requirements of the category of driver rights, describe methods of 

selection and training,  

- to constitute timetable of passing of instructing and courses of retraining for 

drivers. 

In actual practice can be more important a comparative characteristic of the 

quality of transport service which performed by one transportation company with the 

same characteristic which perform by other transportation company.  

I offer for assess the quality on passenger transport to use the following 
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indicators: coefficient of filling of buses, release coefficient, movement interval, 

average time of a trip and number of claims to the transportation company per year. 

For traffic safety assessment, I propose the following indicators: the number of 

road accident per year in the company, the number of road traffic violations by 

drivers, the number of failures of vehicle on a route, the severity of consequences 

from road accident, volume of transportations and road density. 

Conclusion 

Due to the growth and development of the city load of public transport increases, 

there are problems connected with provision of transport service to the population.  

The biggest problems in the provision of service to passengers on public transport 

arise because of wear of vehicles, limited road capacity, reduced quality of service 

and safety. The taken measures for the solution of these problems have insufficient 

character. 
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Abstract: The article touches upon one of the urgent problems of Russian cities - increase in the 

level of traffic. This process contributes to the growth of urban population and an increase in the 

level of material life. The traffic noise impact on adjacent residential buildings is explored using the 

example of one of the newly built rote pipes.  

Keywords: traffic; growth; noise. 

 

The growth rate of cars leads to a constant increase in the influence of the traffic 

noise on the population living in the areas adjacent to the road. Because of this, the 

inhabitants of these areas do not have time to adapt to it, resulting in a detrimental 

effect on their health. Also, the increased traffic noise adversely affects the 

productivity and quality of people`s life. 

The structure of the internal historical transport links in Tambov cannot withstand 

modern traffic load and therefore requires adjustment. In this context, the object of 

the study of traffic noise impact on the surrounding buildings is a newly built road 

pipe in Magistralnaya Street. The project was developed in 2011. The basis for the 

design was Decree ˉ7928 of 10.09.2010 "On approval of the plan of perspective 

development of the street and road network of city district - the city of Tambov for 

2010-2012". 

The development of the project was based on the intensity of traffic of motor 

transport on the territory of Tambov in 2011. Currently, in Magistralnaya Street a 

significant increase in traffic associated population growth in the northern part of 

Tambov and increasing motorization level in the Tambov region is recorded. 

To evaluate the utilization of the area of the street under the SP 34.13330.2012 the 

estimated traffic volume should be total in both directions on the basis of field survey 

data. In this case the settlement should take the intensity, reduced to the cars. 

Based on the above, we can conclude that the growth of car ownership in the city 

of Tambov leads to an increase in the influence of all city highways on the noise 

situation in the residential areas. Thus, the problem requires a more in-depth study 

and implementation of measures to protect people from noise discomfort. 
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Abstract: Traffic light control is one of the main means of ensuring safety at intersections. 

The number of intersections equipped with traffic lights in big cities with a high level of car 

ownership is constantly increasing, and in some cases reaches the ratio: one traffic light object on 

1.5-2 thousand residents of the city. In recent years in our country and abroad intensively working 

on the creation of complex automated systems with control of electronic computers, automation, 

remote control, dispatch communication and television for traffic management on the scale of a 

large area or a city. Experience in the operation of such systems is convincing evidence of their 

effectiveness in solving transport problems. 

Keywords: traffic management, transportation delays, automatic coordinated control system. 

 

Road traffic, which involves almost the entire population of the state and millions 

of cars, plays an important role in modern society. Currently, traffic management is 

not possible without technical means of traffic organization (TMTO) and construction 

of roads. The constant increase in the vehicle fleet has set humanity serious problems 

related to the prevention of accidents and at the same time ensuring high speeds. 

This theme is currently very topical, because the number of vehicles is increasing 

exponentially over time and this leads to an increase in traffic. The rapid growth of 

car ownership leads to serious problems such as increasing transport delays, 

congestion and traffic jams.  

All this leads to a decrease in traffic flow, excessive fuel consumption, increase in 

mailto:lerka-chukanova@mail.ru


 

 

247 

wear of vehicles, an increase in road accidents. 

Organizations of traffic on the existing (current) road network contribute to the 

quality of traffic in cities. Architectural and planning activities require a significant 

capital investment, quite a large period of time, while organizational activities can 

bring a relatively rapid effect. In some cases, organizational measures can be the only 

tool to solve transport problem. 

Automation of traffic management is one of the leading places in the complex of 

measures aimed at the solution of the problem to ensure quick and safe movements in 

modern cities, in terms of increased motorization. The process of implementation of 

coordinated motion control passes extensively automated systems in recent years. 

The experience of operation of such systems indicates that they are effective in 

reducing delays at intersections, increasing speeds, increasing the capacity of urban 

roads and the level of traffic safety. 

We mean the organization of movement in the historical part of town, which is 

not subject to reconstruction. Because it architectural monument. In addition, the 

development of the road network is often associated with the elimination of green 

space that is not feasible. When implementing measures for the organization of 

movement, a special role belongs to the introduction of technical equipment: traffic 

signs and road markings, traffic light control means, guiding traffic devices. Traffic 

light is one of the main means to ensure traffic safety at intersections. 

The aim of the development activities is to improve traffic management in the 

real sections of the road network of the city. The development of alternative technical 

solutions and their assessment on the effectiveness of the existing criteria. 

Coordinated traffic control ("green wave") helps to reduce waiting time of 

vehicles before the intersection. Traffic lights united into a single control system 

enable to perform uninterrupted traffic flow on the main roads of the city. However, 

we must take into account that, depending on the time of day, the load on the RN is 

different. After a full-scale investigation, we can determine that in the morning and 

evening the traffic flow is different, depending on the direction of flow. Green wave 

must cover major highways, considering secondary streets. Taking into account all 

the nuances and adjusting the system of co-ordinate traffic management can ensure 

the discharge of the road network. 
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Abstract: The paper discusses the ways of improving materials accounting through the effective 

use of document management system. The author focuses on the importance of using automated 

workstations for company accountants. The applicable documents and usernames registers must be 

constantly improved and the level of automation of the accounting and computing operations must 

be increased. 

Keywords: accounting; inventories; materials accounting; accounting documents; 

improvement. 

 

Materials accounting plays a significant role in the economic sector of any 

organization. Materials accounting is a time-consuming and challenging task for 

organizations of all forms of ownership. 

Economic indicators and company performance rely on data accuracy. A lot of 

attention is paid to automation of solutions for accounting, control, analysis and audit 

of inventories using 1C software package. 

Improvement of materials accounting in the enterprise should meet the following 

requirements: 

- simplification of operations on inventory receipt and consumption of materials; 

- improvement of methodology of inventories accounting; 

- monitoring of timely inventory. 

Rationalization of document management is an important aspect in the 

improvement of the organization of timely materials accounting. The variety of forms 

of accounting documents considerably complicates the work of accounting materials 

in warehouses of industrial divisions. The problem is that accounting documents are 

formed for certain periods and their processing and at the end of the month is a big 

challenge for the company warehouse. 

Therefore, documents used for accounting of raw materials and other supplies 

must be standardized. It is possible to offer the use of quota cards that reduce the 

number of single documents. Calculations of limits and issuing of quota cards using 

modern computers make it possible to increase the validity of countable limit and 

reduce the complexity of operations. 

It is also possible to introduce quota cards in case of centralized delivery of 

materials from the storage space to production halls. Procurement services issue a 

special operational document (plan-card), reflecting the limits and terms of delivery 

of materials. Based on this document, the staff issues an invoice for the materials 
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within the monthly limit and make the transfer of materials.  

The problem of materials accounting can be solved using modern computer 

technologies. By introducing an effective automated accounting system, it is possible 

to organize less time-consuming accounting and control of materials. 

Another important issue is raising individual and social responsibility of the staff 

involved in materials accounting. Organizations should comply with the rules of 

industrial reserves of the materials used. 

Document management system, automation of the materials accounting can 

improve materials accounting of resources. Currently, it is very important to have 

automated workstations for accountants. 
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Abstract: This article is dedicated to the problem of attacting investments for realization of 

specific projects of non-profit organizations. The article considers PR-technologies to attract funds 

to the çthird sectorè. The author reveals the main trends in financing, as well as the motives of 

banks, funds, commercial entities to invest money in social and cultural projects. A specific example 

of using PR-technologies to attract investment in a non-profit organization for the impelematation 

of a big PR-project.    

Keywords: fundraising, non-profit organizations, investments, project, PR-technologies, 

sponsor, sponsoring.  

 
The search for investments to fund specific projects remains an urgent problem. 

In many ways, this problem concerns non-commercial organizations using funds 

collected by themselves. G. Broom and S. Cutlip, the authors of the well-known book 

çEffective public relations. è belive that non-profit organizations in solving the most 

important problems rely on PR more than the other public sector [1]. 

In the first stage of development of PR-concept the organization's mission, as 

well as its image should be in the cenre of attention. These two components create a 

single image of a non-profit organization, both for employees and its customers and 

partners. Funding depends on the latter to a large extent. 

What kind of projects are likely to get financial support in Russia? Serious 

research in this area has not been carried out, but according to the results of local 

surveys and the experience of many non-profit organizations, there following projects 

have better chances of attracting investment (descending popularity): social 

assistance, namely, social and medical rehabilitation; assistance for children; culture 

and art; health care; ecology; social services; education; human rights protection. 

What drives banks, foundations, commercial entities to invest funds in social and 

cultural projects? This can be: a request, a personal interest in solving the problem, a 

great public interest in the project, advertising, religious motives, good reputation, a 

similar field of interest. 

The most widespread PR-technologies used to attract investments are sponsorship 

and fundraising.    

According to A.N. Chumikov, sponsorship is a kid of support provided by the 

sponsor to the organization to finance a certain event. It involves working out of 

sponsorôs development package, selecting and organizing of the event at the request 

of the sponsor, preparing and publishing a report covering sponsorôs  participation in 

the project. 
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Fundraising is a purposeful systematic use of sponsorôs funds for the 

implemenation social and meaningful projects (programs and actions) and support of 

social and meaningful institutions [2]. 

Fundraising can get different forms. They include donations, grants, direct 

funding, arrangement of purposeful or charitable activities.  

Targeted activities, which are organized by members of non-profit organizations 

within those social groups whose interests they represent, firstly, allow collecting a 

sufficient amount of cash if concrete and realistic achievable goals are set. Secondly, 

the organization has the right to dispose of the collected funds at their own discretion. 

Foundations have some limitations in distributing funds. 

Sponsorship and fundraising involve several options for participation of sponsors 

in the project: major sponsor (pays 100% of the project cost); general sponsor (pays 

50% of the project cost); official sponsor (pays 25% of the project cost); sponsor 

party. The amount of advertising resource depends on the investments in the project. 

I consider an example involving the sponsor in the charity event. Since 2006, the 

"Lifeline" foundation has been holding an annual charity event "Red Nose - Good 

Heart". The organizers pursued the two goals. Firstly, they intended to raise funds for 

operations for children with cardiac diseases and purchase medicines for their 

subsequent recovery. Secondly, they wanted to promote a charity "Helping people is 

pleasant and joyful". 

How did they do it? During the campaign the foundation partners were selling 

rubber red noses, and the money was spent on treatment of seriously ill children. The 

main partner of the action was " Svyaznoy". Red noses were sold in all stores of the 

company. So a small share grew into a major PR-project. Organizers used a variety of 

PR-tools: media coverage, running the official site, endorsement. Celebrities who 

endorsed the event were Oscar Kuchera, Andrei Malakhov, Elena Malysheva, etc. 

Each organization has its own traditional approaches to fundraising. Here is an 

incomplete list of possible ways to attract investment, which are widely used in many 

non-profit organizations: distribution of calendars, mailing letters, sports 

competitions, excursions, charity events, marathons, selling things, distribution of 

advertising materials, lectures, auctions, contests.  

To sum up, financial resources and non-profit organizations  are two inseparable 

concepts. The main thing is not how much money the organization can raise and what 

methods it uses. Without effective sponsorship and fundraising, very few projects 

would get a decent response in society.   
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ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɸʚʪʦʨʦʤ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʤʦʪʠʚʳ ʙʘʥʢʦʚ, ʬʦʥʜʦʚ, ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʚʢʣʘʜʳʚʘʪʴ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʚ ʩʦʮʠʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʧʨʦʝʢʪʳ. ʅʘ ʢʦʥʢʨʝʪʥʦʤ 

ʧʨʠʤʝʨʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ PR-ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʧʨʠʚʣʝʯʴ ʠʥʚʝʩʪʠʮʠʠ ʚ ʅʂʆ ʠ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʙʦʣʴʰʦʡ PR-ʧʨʦʝʢʪ.  
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In modern conditions of development of Russian society, the problem of labour 

remuneration is one of the most important. Western economists E. Lawler, J. Kind, R. 

Walton, A. Cairns, and V. Elsker argued that the main factor of the employee's work 

must be job satisfaction as a result of self-realization and expression. Such motives as 

wages, career growth and promotion are of secondary importance. In modern society, 

people's attitudes towards material evaluation of their work and career growth have 

changed. One of the main principles of the organization of wages in the modern 

economy is the principle of material interest of workers in the results of their work.  

A few decades ago, the state covered the costs and cared about the lives of 

people, providing them with jobs, housing, salary, pension. Employees worked not 

only for wages but also for the opportunity to obtain housing, social benefits and 

promotion, etc. The public consciousness played an important factor; people worked 
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"for idea".  

In modern conditions, the wage is practically the only way to buy housing, pay 

for children's education, accumulate savings, and often just a means of survival. 

Therefore, the predominant number of workers in modern Russia cannot afford to 

obtain job satisfaction and a sense of their value and usefulness detriment of their 

wages. The vast majority of employees determine the material factor as paramount. 

For the employer, wages are one of the cost items and the most powerful material 

incentive to arouse employeesô interest in the growth of labor efficiency. Thus, it 

raises the effectiveness of production in general. For employees, wages are income, 

which they receive for the work performed. Ideally, wages should entirely depend on 

the quality and volume of work performed, as well as skills, knowledge and efforts of 

employees. That is, the efficiency of the enterprise and maximization of profits 

largely depends on the system of motivation of employees. Unfortunately, many 

employers believe that it is sufficient to provide employees with a decent salary to 

encourage them to work. They tend to forget that in order to get something, it is 

necessary to give something. 

One of the tools of the motivation system is bonuses. Oddly enough, in many 

companies bonus is not a mean of promotion and but also the way of punishment for 

violations and misdemeanors. This happens in cases where the bonus amount is 

predetermined and, as if that is a part and parcel of wages. The scheme occurs when 

the prize doesn't need to work better ï need to work not worse than usual. The 

employee is not motivated to improve efficiency in their field of activity, increase 

working time, if necessary, develop new projects, etc., he seeks to do its work in the 

framework of the previous months. The negative role played by this award and in the 

socio-psychological atmosphere of the team. If the person is related with a greater 

responsibility and interest in their duties than an employee with similar functions, 

does not see tangible result of the effort in the form of promotions or increase in pay, 

it is possible that he will reduce his efforts to the level necessary minimum, which 

will undoubtedly affect the efficiency of the department or the whole enterprise. 

In addition, the incentive system can be applied to services and benefits for 

employees: medical care, life insurance, financial assistance, additional leave, free 

meals, use of car, stay in motels, etc. 

Thus, we can conclude that proper motivation of personnel to improve efficiency 

ensures enterprise success in the market and making a profit. 
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Abstract: The article examines the experience gained in the field of the analysis of financial-

economic activity of enterprises, the set of indicators used in the analysis and their normative 
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Introduction  

Nowadays in market conditions, it is necessary to have an idea of a financial 

position not only of your own enterprise, to make timely effective management 

decisions, but also of the partner enterprises. The instrument of receipt of information 

on a financial position of the entities is the analysis of their financial and economic 

activities. It allows to estimate a property status of an enterprise, degree of its 

dependence on loan sources of financing, a capability of an enterprise to repay its 

liabilities, availability of the equity for financing of its current activities, then by its 

results to make reasoned short-term and long-term management decisions. 

The examination of the nature and problems of the analysis of financial and 

economic activities, assessment of its prospects. 

Domestic and foreign practice of the analysis of financial and economic activity 

has gained a lot of experience. However, there are discussions about the stages and 

structure of the indicators used in the analysis. 
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Table 1 presents the approaches to the understanding the analysis of financial and 

economic activity of various authors. 

The table allows us to draw a conclusion that the result of the analysis of financial 

and economic activity is to provide information about the financial position of the 

economic entity, its development opportunities in the implementation of its financial 

policy and the identification of factors influencing the current dynamics. 

 
Author The essence of the analysis 

Bogdanova L. S. Analysis and management of financial resources of the enterprise as main 

and priority type of resources. 

Kovalyov V. V. The process of systematization and analytical processing of information 

of a financial nature to provide recommendations to the user - is the basis 

for management decisions. 

Liferenko G. N. The method of the financial mechanism of the enterprise, of the processes 

of formation and use of financial resources for its operational and 

investment activities. 

Novashina T. S. The method of scientific research that applies to information processing 

about financial activities of an economic entity. 

Savitskaya G. V. A comprehensive and systematic studying of the financial condition of the 

company and the factors of its formation in order to assess the degree of 

financial risk, and for prediction of the level of return on capital. 

Table 1 - Approaches to understanding the essence of the analysis of financial and economic 

activity 

 

In practice there are problems when carrying out the analysis of financial and 

economic activities in the Russian conditions. 

Firstly, the analysis of financial and economic activity is often reduced to the 

calculation of the structural relationships of indicators and their dynamics. In this 

case, the depth of the research is limited to the identification of improvement or 

deterioration trends. 

Secondly, in many cases, results of the analysis may be based on unreliable data 

that can be distorted by both objective and subjective reasons. Therefore, to assess the 

reliability of the source of information it is necessary to conduct an independent audit 

to detect of intentional and unintentional distortions. 

Thirdly, a comparative analysis of financial and economic activity of Russian 

companies is difficult due to the lack of available industry average indicators, which 

would allow assessing more precisely the strengths and weaknesses of the enterprises 

and their development prospects in the industry. Existing normative values of the 

indicators make it impossible to adequately take into account the peculiarities of the 

functioning of all enterprises. 

Finally, due to inflationary processes there are difficulties during carrying out 

horizontal analysis, and therefore in the assessment of trends in the dynamics of 

indicators of financial and economic activity it is necessary to calculate the 

comparable prices on the basis of application of official indicators-deflators. 

In the process of development of market economy, new challenges are put before 

the analysis of financial and economic activities, new directions are determined. First 
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and foremost the further development of the analysis is reduced to the solution of 

existing problems. Promising prospects are opened up with the advent of new 

information technologies. In recent years, intelligent systems are actively developing, 

allowing automating the process of collecting, processing and use of the knowledge 

of highly qualified specialists. These expert systems are one of the priority directions 

in the development of the analysis of financial and economic activity. 

Recently computers are also successfully used for modeling of the continuous 

dynamic objects working the mode of real time. For this purpose the special 

algorithms that allow to program modeling tasks in the most rational way are 

developed. 

In market conditions the system of indicators characterizing the activity of the 

enterprises, is constantly changing. The new indicators require new methods of 

research and higher professional level of specialists. 

Conclusion 

Thus, in the existing system of the analysis of financial and economic activity, 

there are some problems and difficulties associated primarily with insufficient or 

inaccurate information base. They require further development and improvement of 

the theory and practice of the analysis. Prospects of development of the analysis 

consist mainly in the expansion of analytical framework, as well as in the 

introduction of modern technologies. 

 
References 

1. Askerov, P. F. Analiz I diagnostika finansovo-hozjajstvennoj dejatel'nosti organizacii [Analysis 

and diagnostics of financial and economic activity of the organization]. Moskva. Nauchno-

issledovatel'skijcentr INFRA-M, 2015. 176 p. (Rus) 

2. Bogdanova L. S., Lyashko E. F. Finansovo-jekonomicheskij analiz v aviastroenii [The financial 

and economic analysis in aircraft industry]. Ul'janovsk. UlGTU, 2006. 18 s. (Rus) 

3. Kovalyov, V. V. Analiz hozjajstvennoj dejatel'nosti predprijatija [Analysis of economic activity of 

the enterprise]. Moskva. Prospekt, 2014. 42 s. (Rus) 

4. Liferenko G. N. Finansovyj analiz predprijatija [Financial analysis of the enterprise]. Moskva. 

çJekzamenè, 2014. 16 s. (Rus) 

5. Novashina, T. S. Finansovyj analiz [Financial analysis]. Moskva. MFPA, 2005. 19 s. (Rus)  

6. Savitskaya, G.V. Analiz hozjajstvennoj dejatel'nosti predprijatija [Analysis of economic activity 

of the enterprise]. Moskva. Novoeznanie, 2012.74 s. (Rus). 

 

 

ʉʋʑʅʆʉʊʔ, ʇʈʆɹʃɽʄʓ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ɸʅɸʃʀɿɸ 

ʌʀʅɸʅʉʆɺʆ-ʍʆɿʗʁʉʊɺɽʅʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ 

 
ʀ.ʖ. ʊʫʣʫʧʦʚʘ, ɽ.ʇ. ɹʘʟʥʘʤʠʥʘ 

ʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʘʤʙʦʚ, ʈʦʩʩʠʷ 

e-mail: baznamina.elena@yandex.ru  

 

ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʫʝʪʩʷ ʦʧʳʪ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʠ 

ʠʭ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦ-



 

 

258 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʮʝʥʢʘ 

ʧʝʨʩʧʝʢʪʠʚ ʘʥʘʣʠʟʘ, ʧʦʢʘʟʘʪʝʣʠ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʦʙʣʝʤʳ ʘʥʘʣʠʟʘ 

ʬʠʥʘʥʩʦʚʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

________________________________________________________________ 

 

 

 
ʋɼʂ621.384.3 

ɹɹʂ 32.97 

 

 INVENTORY MANAGEMENT  IN THE ENTERPRISE  

  
V.A. Uglyanskiy 

Tambov State Technical University, Tambov, Russia 

e-mail: vuglyanckiy@bk.ru 

 

Abstract: This article focuses on cost management of the enterprise. Inventory management 

plays an important role in improving the efficiency of companies, their competitive position in the 

market. Inventories have become one of the main conditions characterizing the performance and 

profitability of firms. The way we organize management of inventories influences the rate of 

production and the quantity of material resources, the degree of service and satisfaction of end 

consumers. 

Keywords: inventories, the profitability of firms, the efficiency of the company 

 

In the existing situation, companies are challenged to find a balanced solution 

between the immensely considerable inventory, and this allows course continuity of 

production within the designated cycle, and low level of losses when organizing 

inventory, minimizing possible lack of material resources. 

At the same time, companies with the lowest costs earn a higher degree of service 

and quality products. Companies are seeking reserves to reduce costs. In this context, 

the need for improving management of production inventory in large diversified 

companies through the establishment of a mechanism for good governance at each 

step of the inventory management process and make interdependent decisions on the 

best allocation of the resource user groups is considered to be timely and relevant. 

By definition, inventories are "idle" production. However, this is only refers to 

"stocked" products in the process of production or consumption. The fact is that these 

processes are continuous. Production is impossible to interrupt or stop without big 

losses for the producer. 

The development of economy and growth of stocks of products is caused by: 

1) the increase in the scale of production (The more products are made, the 

greater is the value of stock to be constantly engaged in the process of creating new 

products.); 

2) the increase in traffic (Production is concentrated in some centers, and its 

customers are often located around the world. The increase in the amount of products 
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influences the process of transportation.); 

3) the process of division of labor (The division of labor leads to the emergence 

of new industries, and therefore the emergence of new reserves (some of the parts, 

components, etc.)); 

4) the increase in the range of products (The increase in the types of products 

leads to increased inventory). 

All inventories (raw materials, materials, etc.) are items that involve human labor 

to make the finished product. In contrast to the means of labor, and spare production 

process, the objects of labor include travel costs for this product and are replaced 

after each production cycle. Industry uniformly increases the expenditure of 

inventory items. 

Depending on the importance played by the different inventories within the 

production, they are divided into the following categories: 

1) raw materials, 

2) auxiliary material, 

3) purchased semi-finished products, 

4) waste fuel, 

5) spare parts, 

6) accessories and household accessories. 

Inventories need to be managed, that is why there are many management 

technologies. The basis of inventory management is the notion of order, i.e., quantity 

of production, which is necessary to make up for decrease in the relevant stock 

required for smooth functioning of the company.  

The organization has the opportunity to choose accounting policies for production 

costs. New chart of accounts offers the use of a choice of several schemes of 

accounting of production costs. The choice of a particular option depends on a 

number of factors, such as the specifics activity, organizational structure, 

technological structure, organization management. 

In all cases two concepts ï standard costs and estimated costs are widely used. 

The standard costs are used to assess unit cost of production, and estimated costs are 

used to calculate the entire volume of activity. The standard method of cost 

accounting per unit of product allows us to perform a detailed analysis of the 

differences between actual and planned estimates and provides more effective cost 

management, including planning. 

Monitoring of inventories should ensure a persistent mapping of normative 

parameters with the actual ones, i.e. to act as a "tracking system". 
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ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʠʟʚʣʝʢʘʝʤʳʭ ʠʟ ʩʬʝʨʳ ʦʙʨʘʱʝʥʠʷ, ʥʦ ʩʪʝʧʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʧʘʩʳ, ʧʨʠʙʳʣʴʥʦʩʪʴ ʬʠʨʤʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 
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Abstract: The paper explores the possibilities of using video-resources in teaching English 

as a foreign language to secondary school learners. The advantages of using video-resources for 

developing listening skills as well as selection critter for video-resources are determined. 
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Domestic and foreign experience in organizing educational activities shows 

that educational system is undergoing dramatic changes, which include the 

integration of innovative methods of teaching with traditional ones. The use of video-

resources in teaching foreign languages has become a common practice for many 

reasons. The feasibility of using video in the learning process is explained by: 1) the 

availability of video materials through a variety of media, including open access 

resources, such as the Internet; 2) availability of video equipment and other digital 

devices; 3) possibility of organizing more creative activities in the classroom.  

Development of communicative competence in a foreign language is a 

challenging task. Authentic movies, audio and video courses can be used to cope with 

this challenge and make learning more enjoyable.  

Authentic materials are created by native speakers and can be used in the 

learning and teaching process. This agrees well with the communicative approach to 

teaching a foreign language which empathizes the importance of exposing the 

learners to real, genuine language without any cuts or adaptations. What is more, 

authentic audio and video materials simulate ñimmersionò of the learners into a target 

language.  

Video-resources include any TV products (news, interviews, talk shows, ad 

units, and so on. D.), as well as feature films, documentaries, animated films used as 

didactic materials in a multiple viewing mode with a possibility of  quick search of 

the desired fragment [1, p. 8]. 

Dave Willis distinguishes the following positive characteristics of using video 

in the learning process:  

Å the room does not require a blackout, and hence contact of the teacher and learners 

is continuous; Å a teacher can use different working modes, for example stop-overs, 

video track only (audio track turned off), etc.;  

Å different types of work can be organized: individual work, pair work, group work[2, 
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