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For the sake of comparing regions it is practical to characterise the economic situation of the region by the indicators of the

spatial economic structure. The spatial economic structure of the region or the microregions of the region depends to a great
extent on the spatial social structure of the region or the microregions of the region 1, 2.

Spatial structure means the summary of territorial relations and processes. The discussion of the relations within the spatial
structure contains the summary of the decisive processes in the territory.

Spatial structure does not only mean the territorial scope of economic and social processes and a summary thereof but also
represents in a spatial structure the variety, internal structure, interaction, mutual determination and controversies of processes
going on in the various territorial units. The spatial structure is a scheme built of spatial elements and the spatial relations among
them, a real phenomenon, the interpretation and description whereof being substantially determined by the mode and views of the
approach.

We can establish on the basis of Hungarian technical literature that there may be many indicators for the spatial structure.
The contents of the spatial structure are varied but they can be examined in a complex way, too. The basis for examining the

spatial structure is provided by numerical information and data relating to the territorial units.
The most important types of processes for the generation of complex indicators are as follows:
– Rank number method: This is the simplest method both from a theoretical and a practical point of view. From a given “n”

number of ordinary or such indicators (rankings) as have been made ordinary, a complex indicator can be generated by the
addition thereof. In such a case we will regard such region as having the most favourable situation as has the lowest total of the
rank numbers.

– Complex indicator Bennett:  In this process the particular values of each indicator are expressed as a percentage of the
maximum of the given indicator. The non-weighted arithmetical average of these values result in a complex indicator the values
whereof fall theoretically in the range 0 to 100. It is very rarely for the value of a complex indicator to reach 100 where the value of
the same territorial unit is the most favourable, that is, maximal for each indicator studied. In practice, the theoretically possible
minimum, that is 0, can also rarely be observed.

– Factor analysis: In deploying this method, we generate such independent factors out of the linear combination of the
variables to be analysed as explain the biggest possible portion of the total variances of the original variables. This operation is
advantageous for us because – at the expense of some lost information – the many separated variables are united to form fewer
groups of indicators comprising factors whereby it is easier to handle and interpret the system. The factor weights in the resulting
factor matrix refer to the extent the particular variable takes part in forming the particular factors. In the process, the original
variables are standardised during which they lose their unit of measure and dimensions, that is, they hence become comparable
without limitation. Beside this, a common feature of standardised variables is that their arithmetic average will exactly equal zero
and their dispersion will be 1. Consequently, the average of the factor values belonging to the factor values will also be zero and
their dispersion will be one. The factors have absolutely no correlation with each other. In examining the spatial structure we can
talk about spatial economic structure and spatial social structure.

The exploration of the spatial economic structure covers the presentation in terms of economics of various regions such as
regions, counties, microregions and settlements, the display in space of their features and thereby the analysis of the spatial
aspects of the economy 3.

The range  of  indicators  to  be  used  for  exploring  the  spatial  economic  structure  is  rather  limited,  which  means,  that
practically data broken down by territory only are available, a number of data are available on a county level only and an
additional problem is the limitation of the possibility to express numerically the spatial aspects of the economy.

We explore the quantitative and qualitative characteristics of the spatial structure of the economy, whereby complex
indicators need to be assigned to the spatial structure; however, the absolute and relative numbers cannot be incorporated in them
at the same time.
In the following evaluation of the spatial economic structure from the aspects of area development, the indicators used by VÁTI 4
in the year 1998 are presented.

The area studied is 28 microregions in the Northern Hungarian region and the territory level of the study is that of the
microregion.

According to the combined analysis of status and changes of the 10 indicators used for the study, one can distinguish among
5 types of regions having a different path of development, and the particular microregions were classified by the use of the factor
analysis method in 5 types according to their status of development and changes in their status:

-          Dynamically developing regions,
-          Developing regions,
-          Emerging regions,
-          Revitalising regions,
-          Stagnating regions.
Table 1 contains the classification of the Northern Hungarian region according to the above region types and one of the most

important  indicators  of  the  10  indicators  for  foreign  capital  investment,  that  is,  the  share  of  foreign  working capital  as  a
percentage of the total subscribed capital.

Table 1 – The key economic indicator of the microregions of the Northern Hungarian region
Microregion Region type Foreign capital as % of

the subscribed capital
Borsod-Abaúj-Zemplén megye   
Bodrogközi Stagnating region 11-30
Sátoraljaújhelyi Stagnating region 11-30
Sárospataki Stagnating region 11-30
Abaúj-Hegyközi Stagnating region 0-10
Tokaji Stagnating region 11-30



Szerencsi Stagnating region 11-30
Szikszói Stagnating region 0-10
Encsi Stagnating region 0-10
Edelényi Stagnating region 0-10
Miskolci Developing region 31-50
Tiszaújvárosi Dynamically developing

region 51-91
Mez csáti Dynamically developing

region
Emerging region

11-30

Mez kövesdi Emerging region 11-30
Kazincbarcikai Stagnating region 11-30
Ózdi Revitalising region 31-50
Heves megye   
Egri Developing region 31-50
Gyöngyösi Developing region 51-91
Füzesabonyi Emerging region 0-10
Hatvani Developing region 31-50
Hevesi Stagnating region 0-10
Pétervásárai Developing region

Revitalising region 31-50
Bélapátfalvai Developing region 31-50
Nógrád megye   
Balassagyarmati Revitalising region 11-30
Salgótarjáni Stagnating region 11-30
Rétsági Revitalising region 51-90
Pásztói Revitalising region 31-50
Bátonyterenyei Revitalising region 31-50
Szécsényi Stagnating region 11-30
Human resources comprise individual skills and endowments belonging to the individual immanently but remaining partly

unutilised or unused in the given structure of economic conditions.
Others hold that human resources are to be understood as the knowledge, abilities and behaviour of subordinates and managers
and what they regard as valuable.

The quality and availability of human resources determine to a great extent the competitiveness of a region.
HDI, the human development index, one of the most important indicators of the indices characterising the human resources of the
Northern Hungarian region is presented below.

Table 2 – HDI values regarding the microregions of the Northern Hungarian region
Microregion HDI value
Borsod-Abaúj-Zemplén megye  
Bodrogközi No data
Sátoraljaújhelyi 0,321
Sárospataki 0,337
Abaúj-Hegyközi No data
Tokaji No data
Szerencsi 0,313
Szikszói 0,286
Encsi 0,212
Edelényi 0,182
Miskolci 0,566
Tiszaújvárosi 0,480
Mez csáti No data
Mez kövesdi 0,402
Kazincbarcikai 0,498
Ózdi 0,304
Heves megye  
Egri 0,668
Gyöngyösi 0,609
Füzesabonyi 0,386
Hatvani 0,532
Hevesi 0,246
Pétervásárai 0,392
Bélapátfalvai No data
Nógrád megye  
Balassagyarmati 0,520
Salgótarjáni 0,515
Rétsági 0,469
Pásztói 0,399
Bátonyterenyei 0,381
Szécsényi 0,296

The value of HDI 5 is constituted by the arithmetic average of three indices. Each of them is generated by projecting the
numerical values between 0 and 1. Before, the values 0 and 1 were constituted by the two extreme figures, however, for the sake
of comparison on a yearly basis, (rather voluntarily) fix values were determined: 25 and 85 years for life expectancy, 100 and 40
000 USD for GDP where logarithmical conversion is used, while 0 and 100% for the literacy rate and the gross enrolment ratio.
The three indices are as follows:

-            life expectancy index:

                                                                                                                                  (1)
-            education index:



                                                                                                                           (2)
-            GDP index:

                                                                                                                (3)
Where: LE = Life expectancy, ALI = Adult literacy rate, GEI = Combined gross enrolment ratio, GDPpc = GDP per capita at
purchasing power, in dollar.
HDI values published by KSH 6 in the year 2002 regarding the microregions of the Northern Hungarian region are set out in
Table 2.

According to the previous datas, which are almost concurrent for the purposes of this study, Fig.1 shows the relation
between HDI and the region type in relation to the Northern Hungarian region.

Fig. 1 – Relation between HDI and region types

Pursuant to the straight linear trend as per Fig.1, it  can be established that the region type and the value of HDI are
essentially in direct proportion to each other, that is, the more dynamically the microregion is developing, the higher the value of
the HDI.

According to the previous datas, which are almost concurrent for the purposes of this study, Fig.2 shows the relation
between HDI and the foreign capital.

Pursuant to the straight linear regression line as per Fig.2, it can be established that the two indicators are essentially in
direct proportion to each other, that is, the higher the extent of foreign capital investments, the higher the value of the HDI.

Relations between the spatial economic structure and the human development index of the microregions of the Northern
Hungarian region have been examined in this publication.

On the basis of the study it can be stated that the more developing a microregion is, the higher the human development
indices in the particular microregion and if in a microregion the human development indices are high, the microregion is more
attractive for the inflow of foreign capital.

 

Fig.2 – Relation between HDI and foreign capital

It can be established that where a microregion is developing more and more and the higher the presence of foreign capital in
the particular microregion, the more it can develop and the higher its competitiveness.

The economic development of a microregion entails the development of human resources, too, and where human resources
are  on  an  advanced level  in  a  region,  the  region becomes  more  attractive  to  the  investors  and thus  the  economy and the
technological systems of the region can also start developing.
 
References: 1. VÁTI (2003): Research into new dimensions facilitating the study of the spatial economic structure and the relevant methods, VÁTI kiadvány, Budapest,
2. Berey K. - Kulcsár G.  (2000): Summarising of the report to the Parliament on area development, Falu, város, régió, Budapest,  3. Salamin G.  (2004): Recent
processes in the formation of the spatial economic structure, Falu, város, régió, Budapest, 4. VÁTI (2003): Situations of microregions, www.vati.hu, Budapest, 5. KSH
(2006): The human development index, Statisztikai tükör, Budapest, 6. KSH (2003): Teritorial statistical book of the year, www.ksh.hu, Budapest.
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The basic physical laws and quantitative estimations of phase permeability of collectors in the appendix to extraction of stocks which are resulted are

difficultly taken.
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The basic laws and quantitative estimations of movement of oil and gas in natural collectors are resulted, technologic canfull for leading by this

movement.
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An approach of cutting tools edges defects and microdefects recognition with using the different signs of their projections and sections, which are

registered with contact and optic sensors, is considered.
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THE ANALYSIS OF TASKS OF DEVELOPMENT AND REENGINEERING PROCESS OF RELIABILITY

COMPUTER NETWORKS FOR CRITICAL TECHNOLOGIES
 

The analysis of tasks of development and reengineering of computer networks of information-control (I&C) systems of critical technologies (CT) using
opened network technologies and the commercial network equipment is executed. Formal tasks of development and reengineering of computer networks I&C
systems of CT are formulated and the initial data, necessary for their decision are analyzed. The principles of profile formation bases of the computer networks
based on open standards, variants of a network structure and their choice are considered in view of the requirements showed to reliability, quality of service, to
functional and other characteristics of computer networks. These procedures can be realized as the tool utilities, which allowing to automate the process of
computer systems designing.

Keywords: Computer networks, critical technologies, reverse engineering, reengineering, reliability improvement, computer systems profiling
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1. Introduction
The solution of the traditional problems, connected with the analysis of time characteristics and calculation probability of

non-failure operation of modern computer networks, their optimization, distribution of information streams and structural
synthesis in practice is connected with a number of problems.

First of all, it’s a problem of a computer network dimension, which especially seriously comes now, when the computer
network, even concerning the small enterprise or establishment, can unite from several tens, up to hundreds of computers.

Next problem is profiling of computer networks. Introduction of a technique of profiling in process of computer systems designing
is one of conditions of protection against inefficient network decisions which do not meet showed requirements to functional, reliability
and to other computer systems characteristics.

Other problem is a problem of uncertainty, which consists in absence of some authentic data for calculations and complexity of
their prediction, for example intensity of information streams between the computers in a network. Moreover, the information traffic of
modern computer networks is dynamic and is characterized high "explosion alike", i.e. high value of the pulsations coefficient
determined as the quotient of the maximal traffic in a network to its average value.

As consequence, some from traditional tasks of the analysis and synthesis of computer networks now do not find practical
application as do not reflect a modern level of development of network technologies and the existing network equipment.

Modern computer networks is the complex hierarchical systems constructed on the basis of the commercial network
equipment and the software, which correspond to open standardized network technologies.

By results of the analysis which has been lead by firm « IBM Consulting Group » [1], 68 % of network projects exceed
scheduled terms, 55 % exceed the scheduled budget, thus of 88 % pass through procedure of repeated designing. Introduction of a
technique of profiling in process of designing  is one of conditions of protection against inefficient network decisions which
do not meet showed requirements to functional, reliability and to other characteristics of computer networks, and also restrictions
at cost and terms of designing.

Tasks of choosing a route for transferring the information effectively enough are solved by means of standardized reports of
routing, which provide an optimality of the chosen route (by various criteria), dynamic reaction to a condition and availability of
liaison channels, are characterized by high speed of convergence and provide balance of loading on several routes.

Another bright example is that at use of modern high-speed technologies (speed of transfer up to 10 Gbit / and more) for
construction of territorially distributed computer networks the delay of transfer of the information is determined mainly by speed
of distribution of an electromagnetic signal in a liaison channel, but not by bit speed of transfer.

At the same time, today we see the tendency of application of the modern network technologies based on opened standards,
at designing and modernization of info-control systems of critical technologies (I&C S CT), for example, in atomic energy [2, 3].

FME (C) A (Failure Modes, Effects (and Criticality) Analysis), allowing to present as the systematized list the information
on the reasons and kinds of refusals for various component of I&C S CT and their consequences. It can be applied also to support
of processes of reengineering of systems which can assume functional, topological and reliability components [4], classification
of the Service-Oriented Architecture specific errors and failures, Web Services Development Toolkits [5].

This fact causes an urgency of the new tasks connected with the development and reengineering of computer networks for
critical applications at usage of opened standardized network technologies and the commercial network equipment, the analysis
and maintenance of their conformity to regulating and normative requirements [6].

The purpose of article is the analysis of development problems and reengineering of computer networks of critical
application, profiling of standards of computer networks, which is directed on perfection of process of designing, and
formulation of the formalized tasks of their synthesis at usage of opened network technologies.

2. The analysis of initial data for solving tasks of development and reengineering of computer networks
Process of developing the computer networks, based on opened standards, is quite complex and requires to take into

account different factors, such as the information about quantity and arrangement of computers (subscribers of a network),



requirements of the customer and normative documents, conditions of network standards and also a number of limiting factors,
including

Cost of designing and exploitation of the network, provided level of reliability and quality of service.
Results of the analysis of the initial data, necessary for the solution tasks of development and process reengineering of

computer networks are shown in fig. 1.

Fig. 1 – The initial data used during development
and process reengineering of computer networks

The initial data include set of computers, HOST = {hi} - final units of the future computer network, the circuit of their
physical accommodation and a function chart (I&C system architecture), reflecting functional connections and character of
interaction between separate computers of information system and their groups. Geographical coordinates of each computer
define its site on the circuit of physical accommodation, PhS, and are set by ensemble {xi, yi, zi}. The function chart, FS, is set
usually in any shape with the help of figures and the text description, however can be formally submitted as crossed functional
subsets of ensemble HOST:

                                                 ;

                                                     .
In some cases as entry conditions can be determined earlier established network components.
After the analysis of functional structure, proceeding from function, application domains and requirements of normative

documents, requirements to a projected network are formed - R, including requirements to functional characteristics of a network,
the requirement to reliability and quality of service:

                                         .
On the basis of the analysis of initial data from all set of standards of the computer networks, which make “type forming”

base, the choice of the concrete network reports and technologies is being in progress (i.e. the structure of a network is being
formed -  PRNET) [4], the logic structure of a network is being developed, LS, the nomenclature of the corresponding network
equipment is being defined - HW, the software - SW and the basic physical circuit of a network - PhS, which establishes
interrelation between the network equipment with binding to geographical coordinates of its accommodation is being formed.

The software of computer networks generally can be divided into earlier developed system - SYS and applied commercial
- APP, and also applied specialized - SPEC. Hardware maintenance represents a set of the typical network equipment, including
elements of cable system - SCS, concentrators - HUB, switchboards - SWITCH, routers - ROUTER, the network adapters placed
in computers - NET CARD, etc.

                                              ;

                    .
Each unit of the network equipment included into one of the specified subsets, except a set of characteristics, the common

for the given type of devices, can have a set of individual properties, for example, the concrete model of a router is characterized
by the certain quantity and type of ports of the connection, used reports of routing, algorithms of priority processing of packages,
algorithms of processing the overloads, etc.

3. Criteria of optimization in tasks of development and reengineering of computer networks
By development and modernization of computer networks it is necessary to consider the fact, that all variety of standards of

the network technologies, included into the structure of “type forming” base, forms coherent multilevel hierarchy (in a classical
case - seven-layer, according to levels of conceptual model of opened systems interaction - OSI). Each of levels carries out the
certain functions by organization of interaction between final computers and has a set of corresponding characteristics, which
should be considered while choosing this or that network technology or the report.

Financial expenses by designing a computer network - C include cost of the purchased equipment and the software, and also
an expense for performance of starting-up and adjustment works (installation of the network equipment, adjustment of hardware
and software, etc.). Besides the computer network demands constant financial expenses while it’s servicing for administration,
repair or replacement of broken equipment and modernization of a computer network.

As the basic criteria of optimization at designing modern computer networks the following can be allocated:
1) Quality of service;



2) Reliability of functioning;
3) Cost of development and exploitation.
For I&C S CT computer networks the task of optimization by criterion of cost is characteristic at the set level of reliability

and the certain requirements to maintenance of service quality. Thus requirements of reliability and quality are expedient
concretized by levels of network model of interaction OSI proceeding from features of each level.

In tab. 1 the basic methods of maintenance of reliability and quality of service, which are necessary for taking into account
and using at designing computer networks, are submitted.

 
Table1 – The basic methods of maintenance of reliability and quality of service in computer networks
 

Methods of maintenance of reliability Methods of maintenance of quality
Reports with an establishment of connection
and acknowledgement for protection from
distortion, loss and duplication of the staff
(packages).
Hardware and reports of diagnostics and
reconfiguration of network at refusals and
failures;
Algorithms of noiseproof coding.
Reservation of liaison channels, network
adapters and ports of the communication
equipment;
Application of the shielded and fibre-optical
cable for protection against electromagnetic
handicaps

Maintenance of overlapping throughput and
non-blocking switching (routing);
The determined methods of plural access;
Priority processing the staff (packages) in
switchboards and routers;
Reservation of resources of switchboards
(routers) and a guarantee of characteristics of
quality

 
Reengineering of I&C S CT computer networks can be completed with the purpose:
1) Increase of reliability and quality of service;
2) Expansion of functional characteristics;
3) Expansion of a computer network (support of the greater number of subscribers);
4) Increase in scale of a computer network.
Result of development or reengineering is the unique computer network adequate to given requirements and constructed

according to standards of existing network technologies with usage of typical communication devices and network software
developed earlier.

4. Technique of profiling
4.1. The analysis of a problem of computer networks profiling
The computer networks are the integral part of modern information and control computer-based systems. The main function

of computer networks is the transmission of information between a geographically-distributed computers and access providing to
a shared network resources. For implementation of this function in the I&C S CT, i.e. aerospace computer-based systems, I&C
NPPs, etc., traditionally the specialized networks were developed and used. However recently, within the framework of the
COTS-approach ("Commercial off the Shelf"), the tendency to usage of commercial network equipment and software based on
open standardized network technologies for I&C S CT was outlined. The tasks of the reliability ensuring of computer network
based on the open standards and models (for example, the OSI or TCP/IP models) and used for critical technologies according to
the COTS approach [7] are decided at various layers of these models.

Introduction of a technique of profiling in process of computer networks designing is one of conditions of protection against
inefficient network decisions which do not meet showed requirements to functional, reliability, and to other computer networks
characteristics, and also restrictions at cost and terms of designing.

Development of elements of a profiling technique of standards of computer networks, which is directed on process
perfection of computer networks designing by formalization of a choice procedures of network technologies, hardware and
computer network software.

The purpose of this report is the correspondence analysis between possibilities of the open standardized network
technologies and normative requirements to the I&C S CT, and also development of a method of profile design and reliability
assessments of computer networks for critical applications.

4.2 Principles of profiling. Formation of profiling bases of computer networks
Profiling is one of effective methods of positions harmonization of various normative documents and their adaptations to

concrete information projects [8,9]. Main principles of construction of the OSI -structures of information systems, including the
computer networks based on open standards, are incorporated in normative documents ISO/IEC TR 10000-1,2 [10]. According
to these documents the developed structure should have  the hierarchy corresponding to a conceptual model of the
open systems interaction. The concrete set of the standardized network technologies used in this or that computer network, forms
a structure of this network.

Now there is a plenty of the network technologies used for construction of computer networks. Their variety explains an
urgency of profiling creation the base including the most full set of systematized standards of network technologies. Thus,
creation several specialized (on type or scale of a network) profiling bases, for example profiling bases of network technologies
of local and separately global networks can be expedient.

The standards of network technologies included in profiling base structure, can be systematized according to the accepted
hierarchy of levels of reference model of the OSI. For this purpose the profiling base network can consist of vertical hierarchy of
profiling bases on each of levels of the OSI model. Thus each of levels can be detailed on some sublevels, according to



functional interrelation of network standards, which included in it:

        ,
Where NET - full profiling base network uniting set of all standards of network technologies; 1, 2, 3, 4, 5,

6, 7 - profiling bases on levels of conceptual model of the open systems interaction, containing a set of standards of the
network technologies concerning to each concrete level.

As a result of the analysis and ordering of existing standards of network technologies the base, which fragment is shown on
fig. 2 has been received by profiling.

4.3 Formation and a choice of variants of a network structure
The multilevel approach, based existing network models, assumes independent interaction of the reports which are taking place

at different levels of models. However, in practice realization of the “protocol-independent principle” is carried out far from being
always, that it is necessary to take into account in selection of the network technologies from of the profiling bases. The analysis of
an opportunity of various network standards sharing can be executed by experts in the field of network technologies, and the result of
such analysis is submitted in harward graphs, which supplement each other. For this purpose it is offered to use profiling gpaph
GPROF, which tops are the standards included in profiling base while edges set a condition of compatibility between standards
according to the information contained in matrix COMP, and also restrictions, superposable on the previous variant of a choice. The
structure profiling the graph is submitted on fig. 3.

Fig. 2 – The fragment of profiling bases of computer networks

Fig. 3 – Structure of profiling graph GPROF
The routes connecting the uppermost and bottom tops the column and distinguished even by one edge, form set of alternative

variants of a network structure. These variants are convenient for fixing as matrix  PROF, dimension K  to which lines

corresponds  k-variants  of  a  network  structure,  and  -  m-standards of network technologies and reports ,

The choice of this or that variant of a network structure should be based on the analysis of the initial data (diameter of a
network, quantity of computers - subscribers of a network, etc.), and also the requirements showed to functional characteristics of
a projected network, reliability and quality of service.

The generalized algorithm of a choice includes the following operations:
1. The cycle on levels (sublevels) of the OSI model from top to down is carried out.
2. At a level 7-B it is fixed the tops determining necessary kinds of network services. Further at each level the graph is carried
out consecutive tops.



3. For each top of the i-th level the subset of adjacent tops (network standards), belonging to underlaying levels among which
gets out unique, satisfying showed requirements is analyzed.
4. Staying non-withdrawn tops and incidental it edges leave from the graph GPROF.

Received as a result of the listed operations a graph G ’ (being a part of the graph GPROF) corresponds to the variant of a
structure chosen according to showed requirements

5. Formalization tasks of development and reengineering of computer networks
On the basis of the made researches can be formulated following optimization tasks of development computer networks for

I&C S CT:

 
The general task of reengineering of computer networks can be written down as:

                              
Conclusions
In the article the analysis of tasks of development and reengineering of computer networks info-control systems of critical

technologies with usage of opened network technologies and the commercial network equipment has been made.
Formal tasks of development and reengineering of I&C S CT computer networks have been formulated and the initial data,

necessary for their decision have been analyzed.
The profiling base has the multilevel architecture corresponding to conceptual model of the OSI.
Various variants of a network structure and their choice in view of the requirements showed to reliability, quality of service,

to functional and other characteristics of computer networks. Besides the offered technique of profiling can be added with results
of the analysis of conformity of various variants of structures of the computer networks constructed under open standards,
requirements to control systems of critical objects, for example, to informational-managing systems of the nuclear power plants
[12].

The further researches can be directed on the way of detailed elaboration of the formulated tasks considering the concrete
applied area and development of methods for their accomplishment.
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It is established, that at interaction of not charged particles of deterioration and particles  they dissipate on corners 80–140  and of 50 nm

move on circular trajectories in diameter. The charged particles of deterioration dissipate on corners 152–175  and of 150 nm move on channels in diameter.
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POSSIBILITY OF ENVIRONMENTAL IMPACTS OF CARBON-DIOXIDE EMISSION OF POWER PLANTS
 

The paper investigates the technical and economic (cost) parameters of the release, capture and disposal of CO2 from the flue gases of power plants
using fossil fuels (coal, natural gas), making comparisons and generalisations on the basis of the analysis of a wide range of data in the literature. 

First, the paper gives reasons why the topic is a hot issue and proves the role of fossil fuels in future energy supply with forecast data. During the
technological improvement of power plants in the last 50 years, block capacity has shown a considerable, 5-8 times increase with thermal efficiency increasing
by 50-60%, resulting in a 30-40% decrease in specific carbon dioxide release. The paper briefly refers to the theoretical possibility of the sequestration of CO2
in geological formations.

The effects of the implementation of CO2 capture on increasing investment costs and decreasing fuel utilisation (thermal) efficiency are analysed. The
efficiency of CO2 capture and the parameters of atmospheric carbon dioxide emission are given for the different fuel types and technological solutions.

In relation to the technological solutions of capture, it is indicated what amount of specific costs (USD/tCO2) is expected for CO2 capture-avoidance
and to what extent the costs of electric energy production are increased by capture-avoidance.

 
1. Introduction: Financing CCS (Carbon Capture and Storage) projects
Like every fundamentally new technological solution, the research and development of energetics systems of large capacity

integrating a wide range of technologies and their industrial application require considerable financial resources. The complex
technical tasks of large capacity energetics systems (involved in fuel production, processing, combustion, the conversion of heat
energy into electrical energy, the treatment and disposal of the combustion products – in this case, those of flue gas CO2 content),
exceedingly high investment costs and  long lifecycle raise specific problems. The risks involved in technological solutions and
financial (economic) investments also deserve separate consideration.

In relation to the financing of research and particularly investment costs, the different countries apply different solutions.
Experts indicate public-private partnership as the precondition for the successful elaboration and actual implementation in
industry of CCS or other technologies of similar effect.

The situation in Germany, where RWE Power AG operates two CCS projects bearing the full risks and financial burdens of
research  and the  demonstration  plant,  is  almost  unique.   [1]  One of  these  projects  involves  the  development  of  an  IGCC
(Integrated Gasification Combined Cycle) coal-fired power plant of zero CO2 emission and 450 MW output while the other is
concerned with the implementation of a lignite-fired plant of 1,000 MW output with CO2 scrubbing.

The condition of development financing is state support, in lack of which economic considerations favour power plants
without capture. According to expert opinion, the state should bear the first specific risks of construction and capture.
Expectedly, these risks may only be eliminated in the long run. In all probability, it will be unavoidable to compensate first
users and initial risk takers.

 
2. Development of coal-fired power plant technologies towards CO2 emission reduction (capture and storage)
 
If one has just a brief overview of the 50 years’ past (the period since 1950) and the (currently foreseeable) 15-20 years’

future development of coal-fired (coal, brown coal, lignite) power plant technologies, one can say that there is an almost ‘paved’
way to the minimisation of carbon dioxide emission, and the solution of CO2 capture from flue gases and its related storage.

In the period between 1950 and 1970, block capacities of 50, 150 and 300 MW operated with thermal efficiency varying
between 25-31%. In the period between 1970 and 1990, unit capacity increased to 300-600 MW, which raised thermal efficiency
to 31-36% by about 30%. Coal combustion first applied AFBC (Atmospheric Fluidized Bed Combustion) and then PFBC
(Pressurized Fluidized Bed Combustion) optimized technology for brown coal fired power plants (German abbreviation: BoA).
The current (1990-2010) technology makes 1,000 – 1,100 MW block outputs possible, thus enhancing the parameters of the
31-36% thermal efficiency of the previous period by another 30% and yielding 40-45% efficiency.

In the general course of development, BoA-Plus technology (involving flue gas scrubbing) achieves 38-41%, while CGCC
(Coal Gasification Combined Cycle),   IGCC (Integrated Gasification Combined Cycle) and gas- and steam-operated (GuD)
power plants yield 38-43% efficiency. In addition to enhancing technical parameters (250-270 atm pressure, 500-700°
temperature) and flue gas scrubbing, BoA-Plus technologies provide 41-43% efficiency. In this area, the further increase
possibilities of technical parameters (p, T) are limited by material quality problems. The technologies of the future (2010-2020)
aim at 45-50% efficiency with CO2  capture  although  the  latter  may  actually  result  in  an  efficiency  reduction  of  8-12%.
Technologies beyond 2020 represent the day after tomorrow with the promise of 55-60% efficiency in the case of certain
solutions. (Hybrid-KW 58-63%, SOFC (Solid Oxide Fluid Cell) 50-57%) [9]

The other basic development trend, aiming at the mitigation of adverse environmental impacts, is desulphurisation flue gas
scrubbing, widely applied in practice. The development trend of our age and the future is the minimisation of carbon dioxide
emission. An essential, reasonable solution to specific carbon dioxide release has been and may remain an increase in thermal
efficiency (tCO2/MWh, gCO2/kWh) in the future, as well. Any increase in efficiency reduces specific CO2 release and emission
proportionately. With 150 MW blocks, CO2  release  is  1.3  tCO2/MWh while with 600 MW units, this value is 1.15-1.20
tCO2/MWh. With BoA-Plus technology, specific CO2 is only 0.8-0.9 tCO2/MWh while with BoA-Plus +700°C, IGCC and CGCC
technologies, not even 0.7-0.8 tCO2/MWh  is  impossible.  It  is  a  fundamental  objective  for  the  technologies  of  the  near
(2010-2020) and more remote (2020 and beyond) future to achieve CO2 capture (minimisation of emission) and the achievement
of zero emission (ZEC, ZECA) with the ‘final’ sequestration and storage of the CO2 captured [10].

These  latter  technologies  of  the  future  (Oxyfuel,  Hybrid-KW, SOFC) take  into  account  a  decreasing,  600-700 g/kWh
specific CO2 release even without capture.

 
3. Variation of power plant investment costs for different fuel types, and technologies with or without CO2 capture
 
At the turn of the millennium, fossil fuels accounted for more than 85% of the world’s energy demand. On the basis of the

investigation of coal and hydrocarbon reserves and the prognostication of the changes in energy demands, several experts are of
the opinion that until the middle of the 21st century, the rate of fossil fuels will surely be between 50 and 80% [15, 16, 17, 18,
19].

In the investigation of this topic, it is often crucial to compare the ‘use’ features of the different fuel types, i. e. coal and
hydrocarbons.

With a traditional steam turbine system (PC), specific investment cost is 760 USD/kW with gas combustion and 1,600
USD/kW with coal combustion, the rate being 210%. The surplus specific investment cost of the gas combustion system is 520



USD/kW with a combined steam-gas cycle while that of the coal combustion system with IGCC is 1,700 USD/kW, the latter being
327% of the former. With steam injected gas turbines, the values 410/3,100 give a rate of 317%. The rate of the extra cost of coal
use is 258% (400/1,300) with a steam-injected gas turbine with intermediary cooling and 167-188% (600-800/1,000-1,500) with
‘state-of-the-art’ fuel cell technology [20].

The technical implementation (and, naturally, the energy demand) of CO2 capture increases power plant investment costs
considerably. Different capture technologies and obviously, different cost enhancing factors present themselves for the different
fuel types (gas, coal) and the application of different combustion technologies.

According to 2004 data, the specific investment cost for the gasification combustion of bituminous coal is 1,410 USD/kW
without  capture  and 1,917 USD/kW with  capture,  the  extra  cost  amounting  to  507 USD/kW or  36%.  For  the  gasification
combustion of sub-bituminous coal, specific investment cost is 1,502 USD/kW and 2,190 USD/KW, respectively, with an
increment of 688 USD/kW or 46%. With the combustion of lignite of lower heating value, for gasification and amine flue gas
scrubbing, the increment is 1,184 USD/kW with a rate of 72% for the respective values of 1,644/2,828 USD/kW. For oxyfuel
combustion technology, the increment is 2,330 USD/kW equalling a rate of 142% for the respective values of 1,644/3,974
USD/kW. The latter technology requires more than double investment costs to solve capture due to oxygen use and the ‘recycling’
of carbon dioxide [21].

In their paper, J. David and H. Herzog [22] developed a complex costing model of CO2 capture drawing on publications in
this topic.

They calculated  the  ‘additional’  investment  cost  for  a  1  kg/h  CO2  capture capacity, as well. The specific additional
(surplus) cost of CO2 capture capacity (performance) is lowest for coal powder combustion [~ 300 USD/(kg/h)] while it is ~ 500
USD/(kg/h) for combined cycle coal combustion and 800-900 USD/(kg/h) for gas combustion. The significant, two or three times
difference is due to the difference between the CO2 concentrations and pressure parameters of the flue gas produced and appears
in the energy demand of capture, as well.

With gas combustion, flue gas CO2 concentration is ’only’ about 3% and the energy demand of capture is 0.354 kWh/kgCO2,
while with coal powder combustion, concentration is about 13% and the specific energy demand of capture is 0.317 kWh/kgCO2.
In IGCC power plants, carbon dioxide is in a concentrated flow at a relatively high pressure so the specific energy demand of
capture is lowest here with a value of 0.194 kWh/kgCO2 (year 2000 data). Forecast values of specific energy demand for the year
2012 are: 0.297 – 0.196 – 0.135 kWh/kgCO2. 

 
4. Efficiency of electricity production and heat use for different fuel types and technologies
 
From the aspect of the technological-economic assessment of the different technologies and the variations of flue gas

production rate, one of the essential parameters is thermal efficiency. In addition to thermal efficiency, the different sources give
specific heat use and also often, relative energy output as basic parameters. As the energy demand of CO2 capture reduces
efficiency parameters (gross-net efficiency), it may serve as one of the qualifying parameters of the technological and economic
characterisation of capture.

In the investigation of paper [20], the comparative assessment of the different fuel types gave the efficiency values of 36%
for gas combustion in a traditional steam turbine system, and 34% for coal combustion in the same period. With coal combustion,
thermal efficiency was 94% compared to that of gas combustion. In the case of a combined steam and gas cycle, 47-42% is the
efficiency parameter achieved, with the efficiency of coal combustion being ’only’ 89% of that of gas combustion. For a steam-
injected gas turbine, the respective values of thermal efficiency are 40% and 36%, the thermal efficiency of coal combustion
being 10% lower. For the gas-injected gas turbine technology with intermediary cooling, thermal efficiencies are 47% and 42%,
giving the rate of 89%. With a modern heating cell solution, estimated efficiency values are 50-55% and 45-52%, with a rate of
90-95%.

The authors of paper [22], relying on a technological and cost model elaborated during the investigation of the issue,
characterise the impact parameters of reference (traditional) and capture technologies on the basis of specific heat consumption.
In the paper, the dimension of specific heat consumption is Btu/kWh, where the dimension of Btu equals approximately 1,055
Joule.

Data published for the years 2000 and 2012 as per technology (Table 1)
Table 1 – Specific heat consumption for different technologies (2000 and 2012)

Technology year
Specific heat
consumption

without capture
[Btu/kWh]

Specific heat
consumption with

CO2 capture
[Btu/kWh]

Reduction of
specific energy

output due to capture
[%]

PC 2000 8,277 11,037 25.0
2012 8,042 9,461 15.0

IGCC 2000 8,081 9,462 14.6
2012 7,137 7,843 9.0

NGCC 2000 6,201 7,131 13.0
2012 5,677 6,308 10.0

 
As it can be seen from the data presented, the reducing effect of CO2  capture on thermal efficiency may generally be

10-15%, depending on technology. For some projects under planning, it is 6-12%, and according to the paper published in 2007,
it is 8% with more state-of-the-art coal-lignite fired systems. The combined reducing effect of capture + disposal  (including
transportation?) may be 14-28%, according to paper [12].

 
5. The amount of carbon dioxide released during combustion, the efficiency of CO2 capture for different technological

solutions
 
In the use of fossil fuels – especially nowadays, when carbon dioxide release is, in a justified or doubtful way, a hot issue

due to technological, economic and environmental considerations – carbon dioxide release/production and atmospheric emission
are major considerations and as good as primary assessment parameters. The amount of CO2 released during fuel combustion
basically depends on the type (natural gas or coal) and quality (coal, brown coal, lignite) of fuel and the type, performance,
up-to-dateness and thermal efficiency of the combustion system (power plant). Atmospheric emission depends on the flue gas
cleaning technology also affected by flue gas CO2 concentrations and the technological solution and efficiency of CO2 capture.

With a traditional steam turbine technology, specific CO2 output is 510/920 g/kWh, with a rate of 180 % (+80 %) while
with a combined steam-gas cycle, it is 370/730 g/kWh, with a rate of 197 % (+97 %). With gas injected gas turbines, this value is
440/880 g/kWh, with a rate of 200 % (+100 %) while in the case of steam injected gas turbines with intermediary cooling, the
respective values are 370/730 g/kWh, giving a rate of 197 %. For  state-of-the-art fuel cell technology, a 330-370/620-700
g/kWh CO2 release is expected with a forecast rate of 188-189 %.

For the different coal types and the different combustion-capture technologies related to them, data can be found in



publications [21] and [23]. Presumably, the authors of both relied on the same input data (Table 2).
Table 2 – Specific CO2 release for different fuels and technologies

Fuel technology
Release  
emission
efficiency

Bituminous
coal

Gasification

Sub-bituminous
coal

Gasification

Lignite
Gasification

Lignite
Amine

scrubbing

Lignite
Oxyfuel

CO2
release
[g/kWh]

[21] 771 852 883 883 883

[23] 766 851 892 880 885
Capture
[g/kWh]

[21] 641 750 701 823 738
[23] 650 740 710 820 740

Capture
efficiency

[%]

[21] 87 92 85,7 95 90

[23] 85 87 80 93 84
Emission
[g/kWh]

[21] 130 102 182 60 145
[23] 116 111 182 60 145

From the data presented and taken from various publications, it can be concluded that with the currently operating or
planned coal (coal, lignite) combustion technologies, CO2  release/production is generally 800-900 g/kWh  (0.8-0.9 t/MWh)
amount of CO2. With natural gas (gas) combustion, specific CO2 release is 300-500 g/kWh, exactly half of the amount for coal
combustion. (Naturally, it is another issue that with gas combustion, flue gas CO2 concentration is considerably lower (1/3-1/4)
than with coal combustion, which increases the technological and cost parameters of capture/concentration).

The efficiency values of CO2 capture from flue gas are (80) 85-90 (95) %, atmospheric emission is 80-190 g/kWh with coal
combustion, 60 g/kWh with flue gas scrubbing, and 40-50 g/kWh with gas combustion. (with 90 % efficiency)

     
6. Costs of capture and avoidance
 
In the assessment of fossil fuel use, on the one hand, the technological parameters investigated for the main components give

orientation and, on the other hand, it is worth investigating and comparing economic/cost indicators, as well. The effect of CO2
capture on investment/establishment costs has already been covered. Now, the effect on operational and total production costs is
going to be investigated. The costs of production and CO2 capture generally include investment costs, as well.

Paper [22], which, using a cost model, takes into account detailed input data (e.g. 1.24 USD/MMBtu fuel costs for PC and
IGCC technologies, 2.93 USD/MMBtu for NGCC, which is more than two times higher for gas), as well as capital, operational
and maintenance costs in production costs, presents the following parameters.  (Table 3)

Table 3: Specific costs of CO2 capture for different technological solutions
Technology, period

Cost
PC IGCC NGCC

2000 2012 2000 2012 2000 2012
Electricity cost without
capture [USDc/kWh] 4.39 4.10 4.99 4.10 3.30 3.10

Electricity cost with
capture [USDc/kWh] 7.71 6.26 6.69 5.14 4.91 4.33

Cost enhancing effect of
capture [%] 76 53 34 25 49 40

Cost of CO2 capture 
[USD/tCO2] 49 32 26 18 49 41

 
From the assessment of the mostly actual data on CO2 capture or avoidance highlighted above, which are confirmed by

several other sources, it can be calculated that during the application of current power plant technologies or power plant
technologies forecast for decades ahead, the specific cost of CO2  capture  is 30-80 USD/tCO2  while the cost of avoidance
(capture + disposal) is 50-100(120) USD/tCO2. CO2 capture from flue gases increases the costs of electricity production by
40-80% (or by 100-120% with oxyfuel technology).

 
7. Summary, conclusions
 
According to forecasts concerning the meeting of future energy demands, fossil fuels, i..e.  hydrocarbons and coal, will

remain  dominant  in  the  long run,  for  another  30-50 years.  In  view of  this  fact,  it  is  worth  investigating  the  technological
development possibilities of power plants along with expected technological and economic parameters. It is a particularly
important current task to specify expectable environmental impacts and particularly, the extent of carbon dioxide production, to
forecast technological and economic parameters of capture technologies and define their efficiency, to investigate the chance of
minimising CO2 capture and specify the cost limits involved.

1.   It is demanded and expected that R&D on CO2  release, its capture from flue gases and disposal in (underground,
undersea) storage places, the establishment of pilot plants, R&D organisations involved in this topic as well as production plants
– with the exception of RWE – will mostly be financed from state/central resources.

2.  In the last 50 years, the technological development of power plants using fossil fuels (oil, natural gas, coal, lignite) has
been in the direction of modernisation and the enhancing of unit performances. In the last decade, developments have been
focussing on the capture of flue gas components (SO2,  CO2) causing adverse environmental impacts (SO2, CO2) and the
minimisation of their impact. As a result of power plant technological developments, thermal efficiency has increased from 30-32
% to 42-50(55) %-ra, with the direct consequence of a proportionate decrease in specific carbon dioxide release (g/kWh).

3.  The techological implementation of capture from flue gases considerably enhances power plant system investment costs.



According to sources, with the currently operating systems, the extra investment costs due to capture amount to 40-90 %, with the
new developments, this value is 30-70 %. According to more recent data, for coal, CO2 capture increases specific investment
costs from 1.2 · 106 EUR/MW to 1.68 · 106 EUR/MW (~40 %), and for lignite, from 1.35 · 106 EUR/MW to 1.75 · 106 EUR/MW
(~30 %).

4.  Depending on the fuel type used and the capture technology applied, the application of CO2 capture generally reduces the
thermal efficiency of the system by 10-15%. For some projects currently under planning, a 6-12% reduction in efficiency is taken
into account. A more recent paper gives the value of 8% for state-of-the-art coal-lignite combustion.

The joint efficiency reducing effect of capture + disposal (transportation, sequestration) may amount to 14-28 %.
5.  A wide range of the publications considered take into account a CO2 release of 800-900 g/kWh (0,8-0,9 t/MWh) for coal

(coal, lignite) combustion and 300-500 g/kWh CO2 release with gas combustion.
The efficiency of CO2 capture from flue gases is (80) 85-90 (95) %, while atmospheric emission is 80-180 g/kWh for coal

combustion, 60 g/kWh for flue gas scrubbing and 40-50 g/kWh for gas combustion with 90% efficiency.
6.  With respect to the specific costs of CO2 capture/avoidance and its enhancing effect on electricity costs, it is not an easy

task to interpret and assess data found in professional literary sources. Data may come from different periods (effect of inflation)
and in many cases, ’cost data content’ is not unambiguous, either. The enhancing effect of capture (avoidance) on specific
electricity costs may considerably depend on fuel types and the capture technologies applied, as well.

According to source [21], capture enhances production costs by 40-90% (120% for oxyfuel technology) while source [23]
gives the value of 50-90 (110) % for the cost enhancing effect of capture (avoidance?).

Relying on cost model calculations, paper [22] indicates a 50-80 % increase in production costs for traditional coal powder
technologies, 25-35 % for IGCC, and 40-50 % for gas combustion (NGCC) due to CO2 capture.

The commonly used parameter for the specific costs of CO2 capture is usually given in USD/tCO2. According to several
publications, depending on fuel and technology type, specific capture costs may amount to 30-80 USD/tCO2 with the cost of
avoidance (capture + disposal) being 50-100(120) USD/tCO2.

With natural gas combustion, CO2 concentration in flue gases is ’only’ 1/3-1/4 of the 8-12 % value for coal combustion, and
the cost of CO2 capture (USD/tCO2) exceeds the costs with coal combustion considerably: capture from flue gases increases the
costs of electricity production by 40-80 % (by 100-120 % with an oxyfuel technology).

7.  On the basis of both the specific capture costs (USD/tCO2, USDc/kWh) given in the sources, and Hungarian technological and
cost data concerning CO2 sequestration, approximate values are specified for CO2 ’avoidance’ for the different receptive geological
formations. In an average case, 9(10)-14(16) HUF/kWh cost may be estimated for coal (lignite) combustion, practically equalling
the cost of the current technologies (without CO2 capture), which means that avoidance costs would increase present production
costs by a round 80-100 %, in itself a higher value than the full cost of nuclear power plant electricity production.
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List of abbreviations

Abbreviation                       Full English version
BoA or BOA                      Best Optimized Plant
GuD                                    Gas and Dampf Process
MEA                                   Mono-ethanol amine
CCS                                     Carbon(dioxide) Capture and Storage
CLC                                    Chemical Looping Combustion
NGCC                                Natural Gas fired Combustion turbine/combined-cycle
IGCC                                 Integrated Coal Gasification Combined Cycles
PC                                       Pulverized Coal-fired simple cycles
CGCC                                 Coal Gasification Combined Cycle
AFBC                                 Atmospheric Fluidized-Bed Combustion
PFBC                                  Pressurized Fluidized-Bed Combustion
SOFC                                  Solid Oxide Fuel Cell
ZEC                                    Zero Emission Coal
ZECA                                 Zero Emission Coal Alliance
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Some investigations on productivity and accuracy of explicit finite element simulations of no steady-state machining operations are represented in this

article. Element formulation, hourglass method, contact algorithm, explicit integration time step and their parameters are discussed. The recommendations for
increasing of analysis productivity are proposed.
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The changes of the mechanical properties of the materials during cutting were investigated. It was shown that it is reasonable to use the maximal yield

strength of a material to characterise the mechanical properties. It is reached by equal strengthening and softening during deformation under adiabatic
behaviour.
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The technique of tests of shaped precision ruling rollers not demanding the expensive special equipment is considered. The developed technique has

received experimental acknowledgement and will well be co-ordinated with the theoretical approach to process of precision editing.
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Finishing processing of the pieces (samples) which cutted from the spiral drills that made of steel P6M5 determined the influence caused by vacuum

ion-plasma coatings on the roughness, surface microhardness and fractal dimension of the different operations like : grinding, sandblasting, polishing and
ultrasonic treatment (for cleaning). Coating leads to an increase in microhardness and fractal dimensions of the surface at all the different operations
treatment. Influence of coating on the surface roughness is very clear reduced and how its depends on the parameters of surface roughness parameter.
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The contact length increase of cutting tool edges with a processed material at change of its cutting part geometry and parameters of cutting essentially

influence growth of deformation loadings and size of friction force, and also on increase in a level of arising temperatures accompanying these phenomenon in
various points of a contact zone. This article is devoted to modelling of contact length of cutting edges for single-point and radius tools with a cut material
depending on feed value and cutting depth.
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Precision values of punching-cutting shearing operations with the use of the air-percussion equipment have been analyzed. Error values under

high-speed punching-cutting operations, the cause of their initiation, pattern and level of influence on the precision of the cutout have been determined.
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Essentially new schemes of dimensional processing of viscoelastic polymeric materials are developed. The hypothesis about the mechanism of sliding

milling of viscoelastic polymeric materials is formulated. The schematised physical model of sliding milling of polymeric materials is shown.
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In the articles presented basic theoretical approaches are to forming of the system of connections of integral power criterion of cutting process at the

clean sharpening of staley by a hard-alloy instrument, citizen to previous strengthening influence, with the modes of cutting and strengthening of instrument.
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The important component of designing, engineering and manufacturing are the sensitivity analysis of characteristics to small variations of constructive

parameters. On the united science methodological base effective methods for the sensitivity analysis methods of systems are created. The complexes of
theoretical, calculable and applied questions of sensitivity analysis are studied. The developed mathematical apparatus applications are examined.
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Research on wear resistance of coverings from nanostructuring composite materials.
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The technique of carrying out of experiments is described. Results of researches of processing of apertures of sleeves of hydrocylinders are resulted. The

analysis of factory manufacturing techniques of hydrocylinders is carried out. Lacks of this technology are unsatisfactory accuracy and a roughness of a
surface of sleeves. The basic directions of improvement of processing of sleeves are defined.

 
, .

, . 
 – , 

 " "  [1,2]. 

.  437 
 432 , ,  ( .1). 

: ; 
,  ;  ,  

 1,5 . 

.  (  415,  426  431)
. 

 425 ( .1, .1),  " ", 
. , 
.

 
 1 – 

, , 
,

3 , 
 437-02 -43253 15200 5300 17±1,0 4100

 437-50 -533702
-533701 16150 5300 17±1,0 5500

 432-01 -437041 10100 3250 12±0,3 4100
 432 -432921 11200 3050 10±0,3 3900

 433-1 -3307/3309 8000 1720 8,0 3510

 4264* -43253 15200 3860 17±1,0 5740
-533702 16150 3960 18±1,0 5890

 415 * -53215
-53213 19500 4130 22,5 9370

 431-02** -432921 11200 2260 13±0,5 5050

 431-03** -437041
-437030

10100
11500 2260 13±0,5 3200

 431-04** -4308 11500 2260 13±0,5 3510

 425-01 -437041 11000 1050

 –
10,0

 –
6,5

–5,0

 –
3940

 –
4300

–4100
 425  3307/3309 8100 1250 5,0 2800

*  – 500 
**  – 650 
 



. 1 –  – " ",  425

. .
, 

:  – 0,1–0,15 , 
 – 7– 9  Ra 0,05–Ra 0,15. 

 35  45
.

, 
, , 

,  [2–4 .]. , 

/2. , 
, , 

Ra 0,16–0,32  (  1 ) .
, 

, , , .  15 .
  – 

, 
, .

. 
:  80 8, Ra0,16,  782  (8  12 . )  165 9,

Ra0,16,  1993  (1 . ) [2]. 
,  – . 

, , ,  ( , ,
, , ) , , – 

: , - ,
, , 

.

. 
, , , 

, 
-600,  3-02  071.2. 

 35  45. 
. 

. 15 5 (
) 15. 

.  0,02–0,2 .
: 

 " " -
; ; 

; 
; 

. 

. 
, 

 ( ,
, , , - ). 



.
, . 

.
, , 

 ( ) . 
 (  ± 1%)  (  ± 12,5%). ,

. 
,  3–5 , 

 Ra10–Ra20,  0,5 , , 
. 

. 
.2 .  35, 

" .  ,  ,  
 ( ,

, , , , ). , 
,  S , 

. .2
: S  =  1 ;  Ra13,5;  .  

, 
 S = 0,6  ( .2 ), 

: Ra2,39; Ø 80 7; . , 
 –  ( .2 ): Ra0,564 (  Ra0,16); Ø

80 8; .

  
                                                                                                              

  
                                                                                                         

.2 – :  – ;  – ;  – 
;  – .

  
:

– 
;

– 
:  ( ) 

 –  – ;  – 
 – .

 
: 1. :   /  .:   " ",  2008.  –  14  .  2.

.  /
,  ,   //  ,  ,  

. – .: , 2000. – .10. – .89–97. 3.  .  / ,
,  // . – 1975. – .3. – .44–46. 4. .

 / , ,  // . – 1987. – 7. – .8–9.
 26.06.2009



 378.147
 

. . , . . , , 
 

 
Basic directions and approaches of development of engineering education are rotined, and also history and reasons of appearance of this direction is

analysed in education. The renewed system of engineering education is most full answered by approach, which accents attention on the results of education,
which go out outside the traditional system.
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The purpose of given article is search of the latent reserves in sphere of bank experts preparation  and their uses for increase of efficiency of crediting of

the enterprises and associations of mechanical engineering. In article the questions connected c by preparation of bank workers, with use of new approaches
and modern technologies are considered. Methods offered by the author can be used for development of remote training the Baltic international academy in
Ukraine.
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УДК 621.923
 

С. Е. Сазонов, С. М. Братан, д-р техн. наук, Севастополь, Украина
 

ИССЛЕДОВАНИЯ ВЛИЯНИЯ РЕЖИМОВ ПРОЦЕССА
ДОВОДКИ СВОБОДНЫМ АБРАЗИВОМ НА ПАРАМЕТРЫ

ТОНКОЙ КРИСТАЛЛИЧЕСКОЙ СТРУКТУРЫ
ПРЕЦИЗИОННЫХ ДЕТАЛЕЙ ПРИБОРОВ

 
In the article the results of x-ray photography researches are rotined as evaluated by distortions of crystalline grate of beryllium bronze after polishing diamond pastes
 
Введение
Непрерывное развитие промышленности: приборостроительной, автомобильной, сельскохозяйственной, станкостроительной и других отраслей, связано с использованием ответственных сопрягающихся

узлов и  деталей  машин.  Качество  функционирования  таких машин  непосредственно  определяется  показателями  качества  контактирующих поверхностей  и  эксплуатационными  характеристиками
сопрягающихся деталей [1]. Так, например, в настоящее время актуальной и не полностью решенной является задача обработки маятников акселерометров, применяемых в приборостроении (рисунок 1).

a) б) в)
Рис. 1 – Пример обрабатываемых поверхностей.

Данное  изделие  работает  при  циклических знакопеременных нагрузках.  Исследованиями  ученых доказано  что  наибольшую  долговечность  имеет  изделие  с  минимальными  искажениями
кристаллической решетки (обеспечивается методами электро-химической обработки и электро-химического полирования) [2]. Для обработки таких изделий применяются методы фрезерования и
шлифования, после которых в поверхностном слое изделия формируется наклеп в пределах 0,03–0,2 мм, что отрицательно сказывается на работоспособности изделий. [3]. Другим методом обработки
прецизионных поверхностей является доводка свободным абразивом, после предварительного шлифования и термической обработки[4].

Цель работы: доказать что методами доводки возможно получение деталей с минимальными искажениями кристаллической решетки, лежащими в поверхностном слое не превышающем 2 мкм.
В данной работе был проведен эксперимент по доводке маятников акселерометров, изготовленных из бериллиевой бронзы БрБ2. Доводку образцов производили методом «жестких осей» на

специально разработанной установке (рисунок 2. а, б) алмазными пастами из микропорошков зернистостью: 60/40-1/0.

а) б)
Рис. 2 – Схема экспериментальной установки

а) – общий вид установки; б) – приспособление для установки и закрепления маятника.

Исследование влияния режимов процесса доводки на параметры тонкой кристаллической структуры (ТКС) выполняли на дифрактометре «Дрон-2» в  излучении рентгеноструктурным
методом (рисунок 3). [6, 8].

Текстуру изучали методом наклона (методом Шульца). Съёмку производили в железном неотфильтрованном излучении при напряжении 25 кВ и токе трубки 5 мА.
Информация, получаемая при исследовании, определялась путем регистрации рентгеновского излучения с последующим анализом профиля рентгеновской линии. Рентгенографирование образцов

производили при скорости движения счетчика автоматической регистрации интенсивности излучения  град/мин, скорости движения диаграммной ленты 600 мм/час.  При сильном размытии
дифракционной линии второго порядка, отражения регистрации линий производили по точкам. Для исследования ТКС рентгенографировали линии 111, 220, 311.

Характеристики ТКС (размеры блоков, микроискажения) изучали рентгенографическим методом аппроксимации [6, 9].
Для выделения физического уширения при исследовании ТКС исключали из общего уширения долю уширения, связанную с условиями съемки. Это осуществлялось с помощью стандартного

образца (эталона), для которого ширина линий определялась только геометрией съемки. Регистрацию линий эталона производили в тех же геометрических условиях, что и для исследуемых образцов.
Такой эталон был изготовлен из материала с крупными блоками (размеры блоков превышали 1500 А),  в котором отсутствовали микроискажения. Эталон был получен при отжиге исследуемых

материалов до температуры начала  рекристаллизации с  последующим охлаждением. При  этом линии   и   эталона  полностью разделялись на  линии с большими углами.  Качество эталона
проверяли съемкой в расходящемся пучке рентгеновских лучей. На рентгенограммах были видны мелкие, равномерно распределенные линии без фона между ними. Далее рентгенографировали линии

, ,  исследуемых образцов, изготовленных доводкой свободным абразивом из холоднотянутой ленты на следующих режимах:

– окружная скорость притира =0,33 м/с;

– величина усилия прижима на притир  = 0,2÷0,8 кг/см2;

– движение подачи притира в продольном направлении =1,6·10-3 м/с.

В настоящей работе разделение дублета рентгеновских линий на  и  проводили методом Решингера [5].
Ширину исследуемых линий образцов и эталона определяли по формулам:

,

,

где  – истинная ширина линий образца, зависящая от состояния структуры и условий съемки с учетом поправки на  и  дублет;  – геометрическое уширение (линии эталона);  и  –

интенсивность линий исследуемых образцов и эталона;  и  – максимальная интенсивность линии эталона и образца;  – бреговские углы отражения от плоскости; , , , ,  –
углы, при которых рентгеновская линия сливается с фоном.

С учетом поправки на инструментальное уширение определили физическое уширение:

,

где  – распределение интенсивности рентгеновских линий с учетом инструментального уширения.
Общее уширение вычисляли как среднее геометрическое физических уширений при аппроксимации функциями Коши и Гаусса:

.
По данным  тонкой  кристаллической  структуры рассчитывали  микроискажения  кристаллической  решетки,  размер  блоков и  плотность  дислокаций.  По  изменению  плотности  дислокаций

определяли толщину наклепанного слоя исследуемых образцов.
С целью устранения погрешности исходной структуры образцов, полученных вырезкой из холоднотянутой ленты, перед доводкой их поверхности рентгенографировали, затем путем селективного

отбора формировали партии с одинаковой исходной структурой.
Точность решения задач, проводимых с помощью данного метода, в первую очередь зависит от качества проведенного эксперимента.
Основные требования, предъявляемые к качеству дифракционной линии, сводились к тому, чтобы интенсивность линии была выше флуктуаций фона и ошибка при определении интенсивности не

превышала 5%. Необходимо отметить, что определение параметров ТКС по одной линии дает некорректные результаты. Для корректного определения параметров ТКС проводили съемку минимум
двух линий, отличающихся порядком отражений. При экспериментальном затруднении съемки линий второго порядка отражения проводили анализ иных линий с соответствующей корректировкой
методик расчета параметров ТКС [5].

При исследовании ТКС БрБ2 рентгенографировали линии 111-220 или 111-311.
Оценка точности дифрактометрических исследований является основой для получения надежных данных ТКС исследуемых материалов.
Для анализа погрешности измерения параметров тонкой структуры была проведена и рассмотрена оценка статистических ошибок счета при измерении интенсивности рентгеновского излучения

дифрагированных лучей.
Известно, что интенсивность излучения, которая регистрируется счетчиком, определяется скоростью счета импульсов.

,
где  – число импульсов, зарегистрированных отметчиком за определенное время .

Вероятность  попадания  кванта  рентгеновского  излучения  распределена  во  времени  равномерно  (при  неподвижном  счетчике  и  высокой  стабильности  работы  всех электрических схем)
определяется распределением Пуассона.

Абсолютная  и относительная  погрешности, обуславливаемые статической природой потока квантов, определяются соответственно следующими выражениями:



Расчеты величин этих погрешностей методом измерения времени накопления постоянного числа импульсов приведены в таблице 1.

Таблица 1 – Значения погрешностей при постоянном числе импульсов

№, имп 104 105 106

, имп/с 102 3,2×102 103

, % 2 0,32 0,10

При измерении интенсивности дифрагированного излучения  в присутствии фона  и времени  измерения интенсивности линии  и фона получим:

Величина относительной погрешности измерения интенсивности линий при различных значениях  приведена в таблице 2.
Таблица 2 – Относительная погрешность измерения интенсивности рентгеновских линий с учетом фона

, c-1 1000 1000 1000 600

, с 100 100 100 1000

, с
-1 50 500 200 200

, с
-1 950 500 200 200

0,05 1 2 2

, % 0,34 0,77 1,6 0,5

Видно, что точность измерения возрастает при увеличении времени измерения, уменьшении интенсивности фона и увеличении интенсивности рентгеновского рефлекса.
При проведении исследований время подбиралось таким образом, чтобы относительная погрешность измерений не превышала 0,5-0,1%. Если интенсивность определяется интенсиметром с

записью дифракционной линии на самописце, то максимальная относительная погрешность измерения скорости счета может быть найдена по формуле:

.

Для =100-4c и =1000-1 c при =2 c максимальная погрешность равна соответственно 5% и 1,6%, а при =2000-1c, =2 c – 1,1%.
Рассчитаем потери счета из-за конечной величины мертвого времени счетчиков. Известно, что мертвое время гейгеровского счетчика равно примерно 200 мкс (150-200), для приборов типа

СРС-1мкс. Если  – измеренная счетчиком скорость счета импульсов, то не будет сосчитано  импульсов и, таким образом, реальная скорость счета импульсов равна:

.
Тогда относительная погрешность при измерении может быть вычислена по формуле:

.

При измерении скорости счета 100 и 1000 имп/с для счетчиков МСТР-4 и СРС вычисленные значения поправки , относительной погрешности измерений без поправок  и относительной
погрешности величины  представлены в таблице 3.
Таблица 3 – Погрешности скорости счета с учетом мертвого времени счетчика

Тип счетчика МСТР-4 СРС
Мертвое время, с

2×10
-4

10
-6

, с-1 100                    1000 100                      1000

, с-1 102                    1250 100                      1001

,%
2                      20 0,01                      0,1

, % 0,02                   3,1 5×10-7                   5×10-7

Для счетчиков дифрактометра Дрон-2 ошибка в потере счета при интенсивности, меньшей 104 имп/с, не превышает 1%. Величина направленного дифракционного максимума  с учетом фона 

 и измеряемого максимума  может быть найдена по формуле:

.
Для дифрактометра Дрон-2 скорость счета без учета мертвого времени равна 900 имп/с, а с учетом - 901 имп/с, при относительной погрешности измерения интенсивности без учета мертвого

времени – 0,11%. Поэтому при измерении интенсивности линий на дифрактометре Дрон-2 учет мертвого времени не производился.
Для повышения точности измерений параметров ТКС при измерении интенсивности размытых дифракционных линий в проведенных исследованиях вводилась поправка на угловой множитель

 (угловой множитель равен произведению кинематического, поляризационного и геометрического множителей). Профиль рентгеновской линии пересчитывали в истинный делением ординат
(высот над фоном) на соответствующий множитель.

.
Исправленные значения интенсивности позволили более точно определить интегральную интенсивность уширения и параметры ТКС. Анализ работ [5, 6, 11] показывает, что суммарная ошибка

измерения интенсивности, обусловленная нестабильностью источника излучения и детектора, дрейфом этих устройств, потерями счета, составляет величину, меньшую 2%.
Следует учесть, что уширение дифракционной линии связано также с несовершенством геометрии съемки.
Причиной этого искажения являются:

·         характерный профиль рентгеновского излучения;
·         дефокусировка луча вследствие вертикальной и горизонтальной расходимости пучка;
·         проникновение излучения в глубь образца.

Конечная ширина счетчика приводит к симметричному размытию дифракционного излучения.
Уменьшение инструментального уширения производили точной юстировкой гониометра и выбором оптимальных отношений геометрии съемки. Учет инструментального уширения вводили

съемкой соответствующего эталона.
В ходе работ было проведено определение случайной погрешности ТКС. Расчеты показали, что величина случайной погрешности при определении микроискажений не превышает 10%. Этот

результат согласуется с данными работ [7, 10, 12], в которых показано на основе многократной съемки одного и того же образца, что величина относительной погрешности составляет соответственно 5
и 15%.

Таким образом, можно утверждать, что в проведенных исследованиях суммарная погрешность измерения не превышала 10% – 15%.
В результате эксперимента наблюдался процесс незначительного упрочнения перемычки маятника на небольшую глубину, что было подтверждено рентгеноструктурным анализом. Результаты

рентгеновских исследований (таблица 4) показывают, что в процессе доводки свободным абразивом при определенном сочетании технологических режимов могут быть получены поверхности с
ненаклепанным поверхностным слоем.

Таблица 4 – Результаты рентгеновских исследований

Образец

№

Режим

обработки

Уширение

линии, мм

Физическое

уширение,

град

Микро-

искаже-ния

Плотность

дислокаций

Размер

блоков

,

кг/см
2

111 311 111 311
, см

-2

1 Эталон 22 82      

2
Прокат

(исх.пов.)
35 108 0,45 1,17 1,87 10-10 319,3

3 0,2 26 96 0,23 0,83 1,74 2,0·10-11 1867

4 0,4 27 97 0,26 0,86 1,75 3,7·10-11 1356

5 0,6 29 99 0,35 0,93 1,77 5,2·10-11 814

6 0,8 34 102 0,43 1,1 1,80 9,2·10
-11 336

Сравнивая ширину (рисунок  4)  рентгеновских образцов, обработанных алмазными пастами с линиями образца, полученного электрохимическим полированием,  можно констатировать, что

процесс доводки свободным абразивом (при данных условиях обработки) не вносит существенных дополнительных напряжений в исходную структуру обрабатываемых поверхностей.



Рис. 4 – Плотность дислокаций в поверхностном слое детали из бериллиевой бронзы

БрБ2 после доводки алмазными пастами с зернистостью 60/40-1/0.

1 – Прокат в состоянии поставки; 2 –  кг/см2; 3 –  кг/см2;

4 –  кг/см2; 5 –  кг/см2.

Выводы:
Исследование тонкой кристаллической структуры образцов из бериллиевой бронзы БрБ2 после доводки свободным абразивом позволяет сделать вывод о существенном влиянии усилия прижима

, действующего в радиальном направлении, на характер пластической деформации. Установлено что при обработке с усилиями  лежащими в диапазоне 0,2÷0,5 кг/см2 обеспечивает глубину

дефектного  слоя (с  микроискажениями  кристаллической  решетки)  порядка  2 мкм.  С увеличением  усилия прижима   увеличивается ширина  дифракционных линий,  плотность дислокации  и

микроискажения кристаллической решетки. Таким образом, управляя технологическими режимами, можно влиять на степень и глубину наклепа при доводке маятников.

Помимо исследования параметров искажения кристаллической решетки следует провести испытания обработанных изделий на долговечность, что представляет собой перспективы дальнейших

разработок в данном направлении.
 

Список литературы: 1. Абразивная и алмазная обработка материалов. Справочник / Под ред. А.Н. Резникова.- М.: Машиностроение, 1977.—390 с.; 2. Подураев В.Н. Автоматически регулируемые и комбинированные процессы резания/ В.Н Подураев. –

М.: Машиностроение, 1977, 304 с.; 3. Новоселов Ю.К. Динамика формообразования поверхностей при абразивной обработке/ Ю.К. Новоселов. – Саратов: Изд-во Сарат. ун-та, 1979.—232 с.; 4. Братан С.М. Технологічні основи забезпечення якості і

підвищення стабільності високопродуктивного чистового тонкого шліфування: автореф. дис. на здобуття наук. ступеня докт. техн. наук: спец. 05.02.08 «Технологія машинобудування»/ С.М. Братан. – Одеса, 2006.—35 с.; 5. Баракин В.В., Олейникова Т.М.

Исследование тонкой кристаллической структуры, работы выхода электронов и коррозионной стойкости электролитического железа // Защита металлов, 1979, № 6, с 708–710.;

6. Баракин В.В., Королёв В.И. Тонкая кристаллическая структура и некоторые свойства электролитических железо-кобальт-никелевых сплавов после отжига. // Тез. док. Всесоюзной конференции: Средства автоматизации и контроль источников тока. –

М., 1975, с. 63–64.;

7. Гинье А. Рентгенография кристаллов: Теория и практика // Пер. с франц. – М.: Физматгиз, 1961, 604 с.; 8. Горелик С.С., Расторгуев Л.Н. Рентгенографический и электронно-оптический анализ. – М.: Металлургия, 1970, 218 с.; 9. Кривоглаз М.А.,

Рябошапка К.П. Рассеяние рентгеновских лучей кристаллами, состоящими из блоков и содержащими дислокации // Вопросы физики металлов и металловедение: – К.: Труды института металлофизики АН УССР, 1963, с.25–31.; 10. Кристаллография,

рентгенография и электронная микроскопия. / Уманский Я.С., Скатков Ю.А., Иванов А.Н. и др. – М.: Металлургия, 1982, 632 с.;

11. Лаборатория металлографии / Панченко Е.В., Скатков Ю.А., Кример Б.И. и др. – М.: металлургия, 1965, 245 с.; 12. Лысак Л.И. Определение упругих искажений и размеров дисперсионных блоков. // Физические основы прочности и пластичности

металлов. – М.: Гос. научн.-техн. из-во по черной и цветной металлургии, 1963, с. 153–171.

 

Поступила в редколлегию 15.06.2009



 621.922.04
 

. , . , . ,  
. , . , . , , 

 

 
A model for temperature field distribution in multi time turning into the workpiece of the sub micro crystalline titanium is considered. Same special

experimental and theoretical techniques were developed for model parameters estimation using laboratory experiments.
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Ideological basic for synthesis of support system for coated goods performance is proposed. As a principle concept about optimal architecture and

properties of surface layers, which are purposefully created subject to conditions of operating loading, is taken
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In the article the features of co-operation of diamond circles are considered with the nanostructure hard alloy of «WolKar». On the basis of these
features workability of nanostructure hard alloy of «WolKar» is determined.
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Automation of the education process management under the condition of the credit-modulus system is considered as an actual task of the modern

education. The article proposes a double contour model of management and a functional diagram of the automated management system of the education
process.
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Determination of mass balance gases of reagents in the causing ions-plasma coverage
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